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რეზიუმე 
sainJinro uzrunvelyofis mniSvnelovan faqtors 

warmoadgens gadasalax winaaRmdegobebze samxedri xidebis ageba, 
romlebic, Tavisi funqciebidan gamomdinare, aris sami saxis: 
droebiTi xidebi, romlebic igebian sakomunikacio zonaSi; 
sajariso nawilebis moZraobis marSrutebze Seqmnili, 
swrafadasagebi, egrT wodebuli gamyoli Tu gamcilebeli xidebi; 
da, uSualod sabrZolo viTarebebSi gamosayenebeli, 
swrafadasagebi, gasaSleli meqanizebuli xidebi, romlebic didi 
warmatebiT SeiZleba gamoyenebul iqnas samoqalaqo miznebisaTvis 
eqstremalur situaciebSi da sagangebo viTarebebSi. 

warmodgenili samuSao Seexeba metad aqtualur problemas. 
arsebul saieriSo xidebTan da maT xidgamdebebTan SedarebiT, 
romlebic Tanamedrove etapze iZlevian saSualebas erT 
satransporto_samontaJo saSualebaze – xidgamdebze 
ganTavsebuli, maqsimum 12÷16 metris sigrZis mqone dakecili 
paketiT, dajavSnuli tankidan ekipaJis gadmousvlelad 3_7 wuTSi 
gadon xidi dabrkolebaze, romelTa sigane Seadgens 22÷30 metrs, 
Seiqmnas ufro didi 32÷48 metri malis mqone gasaSleli 
meqanizebuli xidebi da maTi xidgamdebi. 

aRniSnuli amocana, warmodgenil naSromSi, miiRweva 
etapobrivad, transformirebadi sistemebis Teoriis gamoyenebiT, 
romelsac safuZvlad udevs gaSla_dakecviT formaTwamoqmnis 
ormagi da sammagi tipis transformaciebi, nacvlad arsebul 
saieriSo xidebSi relizebuli erTi tipis transformaciebisa, 
miuxedavad imisa Tu romeli – “wamocmis” Tu “gadabrunebis” 
meTodiT xdeba maTi gadeba dabrkolebaze. 

aseTi logikiT pirvel etapze ganxilulia saieriSo xidebi, 
romelic ori tipis transformacia udevs safuZvlad. 

gasaSleli xidi, romlis konstruqcia agebulia 
transformirebadi sistemebis “dakecvis princips”+”teleskopis 
principiT” formaTwarmoqmnis principebiT, xasiaTdeba 
transformaciis maRali xarisxiT. igi saSualebas iZleva 
dakecil satransporto paketidan, romlis gabaritebi Seesabameba 
arsebuli samxedro xidebis dakecil gabaritebs da wonas, 
gaSlis safuZvelze miRebul iqna 48 metri sigrZis xidi. 

amasTan, aRniSnul xidebs gaaCnia mravali cilindruli 
kvanZebi, rac sabrZolo viTarebebSi garkveuli naklovanebebis 
matarebelia, da amasTan misi sixiste Runvisadmi xidis grZivi 
mimarTulebiT aris SedarebiT dabali, rac mis mniSvnelovan 
nakls warmoadgens. 

amdenad, Semdgom etapze daisva amocana, Seqmniliyo 
gasaSleli xidi, romlis ZiriTadi mzidi elementebi, romlebic 
maRali sixistis arian, gaSlis etapze asruleben sistemis 
transformaciis ZiriTadi meqanizmebis funqcias, xolo xidis 
transformaciis bolo etapze, rodesac xdeba transformirebadi 
sistemis fiqsirebuli saeqspluatacio formis miReba, aRniSnuli 
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elementebi ukve gvevlinebian xidis zeda savali nawilis da 
sartyelis mzid elementebad. 

am moTxovnebiT Seiqmna gasaSleli xidis konstruqcia, 
agebuli transformirebadi sistemis formaTwarmoqmnis |dakecvis 
princips” + “daxvevis principiT”. samuSaoSi ganxilulia xidis 
konstruqciis ZiriTadi sqemebi, misi gaangariSeba da Seqmnili 4,8 
metri sigrZis modelis eqsperimentuli kvleva. 

Sesrulebulma kompleqsurma kvlevebma warmoaCina xidis 
dadebiTi Tvisebebi, rac aRniSnuli xidis Seqmnis 
mecnierebatevadobiT da teqnologiurobiT aris ganpirobebuli. 
amasTan, gazrdili malis SemTxvevaSi, daaxloebiT 38m÷48m 
diapazonSi, izrdeba xidis dakecili satransporto paketis 
simaRle, rac garkveul farglebSi zRudavs xidgamdebis 
mobilurobas. xidgamdebis konstruqcia, romelic tankis bazazea 
Semnili, xasiaTdeba samintaJo isris didi simaRliT, rac xidis 
SeniRbvas uSlis xels da bolos garTulda awyobis sqema xidis 
qveda, dasaxvevi, maRali simtkicis bagirebisagan Seqmnili 
sartyelis. 

xidis modifikaciaSi, romelic agebulia “dakecvis princips” 
+ “dakecvis principiT’, bevri uaryofiTi Tviseba aRmoifxvra, 
magram gasaSleli xidis dakecili paketis simaRle kvlav maRali 
darCa. 

aRniSnuli, sarekordo sigrZis malis xidebi, romlebic 
sistemurad, Tanmimdevruli logikiT Seiqmna Tavisi yvela 
parametrebiT mTlianad akmayofileben maTi samoqalaqo 
gamoyenebis moTxovnebs. samuSaoSi sakiTxi Seexeba mxolod da 
mxolod forsirebis operaciebSi xidebis da xidgamdebebis 
gamoyenebas, rac TavisTavad samxedro xelovnebaSi urTules 
procedurad aris miCneuli da igi TviT xidgamdebisagan da 
xidisagan ganskuTrebuli parametrebis dakmayofilebas moiTxovs. 
am mizniT, ormagi transformaciis principebidan, gasaSleli 
xidebis formaTwarmoqmnisaTvis sammagi transformaciis 
principze gadasvla gaxda saWiro, amasTan axali xidgamdebis 
Seqmnis mizniT gamoyenebul iqna sammagi transformaciis 
principze Seqmnili gasaSleli xidis gadasalax winaaRmdegobaze 
xidgamdebis mier kompleqsuri meTodi _ “wamocmis meTods” + 
“gadabrunebis meTodiT” gadeba. 

aRniSnuli transformaciis principebis da xidgamdebis mier 
xidis dabrkolebaze gadebis kompleqsuri meTodis 
klasificirebiT da sistematizaciiT damuSavda sabazo varianti 
saieriSo, gasaSleli, meqanizebuli xidgamdebis da xidisa maliT 
32÷48 m. xidis sruliad gansxvavebuli konematikuri sqema, misi 
realizaciisaTvis moiTxovs aseve ori tipis sakvanZo kompleqsis 
gamoyenebas, rac arsebul Tanamedrove xidebis konstruqciebSi 
ukve gadawyvetilia da gamoyenebuli, rac xidis sqemis kinetikis 
dadebiTi Tvisebaa, radganac amiT kidev ufro azrdeba sabazo 
xidis damzadebis teqnologiuroba. 

Seqmnili xidi damzadebulia maRali simtkicis aluminis 
Senadnobisagan. misi dakecili satransporto paketis gabaritebia: 
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sigane 4,1 m; sigrZe 12 m.; xolo simaRle Seadgens 2,6 metrs, rac 
metad mniSvnelovania. xidis mali jer iyofa SuaSi da 
urTierTSemobrunebiT ikeceba. dakecvis dros xdeba xidis ori 
nawilis erTmaneTSi Sesvla, Semdeg ki, malis ganapira nawilebis 
gadaadgilebiT xidis satransporto paketi aRwevs Tavis 
minimalur zomebs. gansxvavebulia da optimaluri xidgamdebis 
sqema, romelic Seqmnilia tank “leopard_2”-is bazaze. tankidan 
xidis montaJi xorcieldeba xidis win wamweviT, Semdeg 
xidgamdebis baqnis gruntze dayrdnobiT da xidis konsolurad 
montaJiT. procesi iTvaliswinebs yvela SesaZlo datvirTvebs da 
xidgamdebis fiqsacias, amoyiravebis sawinaaRmdegod. xidis wona 
Seadgens 19,5 tonas. 

SemoTavazebuli xidis transportireba da montaJi aseve 
SesaZlebelis avtomobilidan da vertmfrenidan, rac metad 
mniSvnelovania sabazo xidis samoqalaqo miznebiT 
gamoyenebisaTvis da amasTan vertmfreniT saieriSo xidebis 
montaJi, sruliad Seesabameba samxedro xelovnebis Tanamedrove 
moTxovnebs. 
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Abstract 
 
Important factor of engineering provision is building military bridges over 

obstacles, the bridges being of three types according to their functions: temporary 
bridges being built in communication zones; rapidly layable, the so called escort 
bridges implemented on troops displacement routs; and rapidly layable deployable 
mechanical bridges directly usable in military situations that can very successfully be 
used in civil conditions, extreme situations and in emergency circumstances alike. 
The present work touches upon a topical problem – to develop deployable mechanized 
bridges of a bigger span of 32÷48 meters and their bridgelayer in comparison with 
conventional assault bridges and their bridgelayers which enable to lay a bridge over 
an obstacle of 22÷30 meters in width in 3-7 minutes by means of a stowed package of 
12÷16 meters in length that is placed on a single vehicular means – bridgelayer,                      
without the crew having to exit the armored tank 

The mentioned task can be fulfilled with staged approach, with the application 
of transformable systems theory based on double and triple type transformations of 
shaping by deployment-folding, instead of a single type transformations realized in 
conventional assault bridges, no matter what method is used for laying them over an 
obstacle  - whether it is “putting on” or “inverting”. 

At the first stage, assault bridges based on two types of transformation are 
considered at the initial stage. 

The deployable bridge construction based on the “folding principle”+”telescope 
principle” of shaping is characterized by high quality. It enables to assume a 48 meters 
bridge by deploying the folded transport package of which sizes correspond to the 
sizes of existing folded military bridges. 

Besides, the mentioned bridges have multiple cylindrical units, that is 
disadvantageous in battle situations, and their stiffness against bending is relatively 
low in longitudinal direction, which can be regarded as serious drawback as well. 

Thus at the further stage, a task of developing a deployable bridge that would 
have high stiffness load-bearing elements playing a role of main mechanisms of the 
system transformation at the deployment stage was set, where the elements would 
have to be load-bearing  ones of the upper running part and chord of the bridge at the 
final stage of transformation when a fixed operation shape of the transformable system 
is assumed. 

Based on these requirements, a deployable bridge construction by application of 
“folding”+”rolling” approach of shaping has been developed. The work overviews 
general designs of the bridge, its calculation and experimental study of the developed 
model of 4.8 meters in length. 

The conducted complex studies revealed advantages of the bridge, conditioned 
by high-end technology of the bridge development. It should be noted that in case of 
enlarged span, approximately within the range of 38m÷48m, the height of the stowed 
transport package of the bridge increases, which leads to limiting the bridgelayer 
transportability. The bridgelayer construction that is developed on the tank basis is 
characterized by considerable height of mounting, which hampers the bridge to be 
blanked off, and the assembling of the lower rollable chord made of high stiffness 
cables became difficult. 

In the modification of the bridge which is built on the base of “folding 
principle”+”folding principle”, many disadvantages were eliminated but the stowed 
transport package of the bridge still remained high. 
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The mentioned record-breaking length span bridges developed by systematic, 
step by step approach, completely fulfill the requirements of civil application by all 
their parameters. The work deals with the use of bridges and bridgelayers in forced 
operations only, which is regarded as an extremely difficult procedure in the military 
art and requires from a bridge and bridgelayer fulfilling special parameters. To this 
end, it was necessary to use the triple transformation approach for shaping instead of 
the double transformation approach, and a complex method - “putting on method” + 
“inverting method” of laying a deployable bridge developed by triple transformation 
approach over an obstacle was used for the purposes of developing the new 
bridgelayer. 

By application of the mentioned transformation approaches and by classifying 
and systematizing the complex method of laying the bridge over an obstacle by a 
bridgelayer, basic modifications of a deployable mechanized assault bridgelayer and a 
32÷48 m. span bridge were developed. The completely different kinematical design of 
the bridge requires use of two types of key complexes that are already used in modern 
bridge constructions, which is the advantage of the bridge kinetics due to the fact that 
manufacturability of the basic bridge is improved even more. 

The developed bridge is manufactured by high stiffness aluminum alloy. The 
sizes of its stowed transport package are: width 4.1 m; length 12 m; and height is 2.6 
which is very important. The bridge span is divided in the middle initially and then it 
is folded by mutually turning. When it is folded, the two parts of the bridge enter each 
other, and then, by displacement of the span edge parts, the bridge transport package 
attains its least sizes. The bridgelayer design which has been developed on the basis of 
the tank LEOPARD-2 is unusual and optimal. The bridge is mounted from a tank by 
displacing it ahead and then by resting the bridgelayer platform upon the ground and 
mounting the bridge in cantilever fashion. The process envisages all possible loads 
and fixing the bridge against overturning. The bridge weight is 19,5 tonnes. 

The bridge can be transported and mounted also by a motorcar and helicopter 
which is very important in terms of use the basic bridge for civil purposes, and the 
mounting of assault bridges by a helicopter completely corresponds to the modern 
requirements of the military art. 
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შესავალი 

samxedro-sainJinro dargi farTod moicavs saxelmwifos 

sainJinro momzadebas TavdacvisaTvis da brZolebisa da 

operaciebis sainJinro uzrunvelyofas [1]. 

samxedro-sainJinro dargi ZiriTadad ganixilavs Semdeg 

mimarTulebebs: 

— sakuTari ZalebisaTvis da mosaxleobisaTvis mobilurobis 

Seqmnis sainJinro uzrunvelyofa; 

— mowinaaRmdegis Zalebis maqsimaluri Seferxebis da 

dabrkolebebis sainJinro uzrunvelyofa; 

— sakuTari Zalebis, teqnikisa da obieqtebisaTvis sicocxlis-

unarianobos SenarCunebisaTvis sainJinro RonisZiebebis 

uzrunvelyofa; 

— zogadi inJineria; 

— topografiuli inJineria. 

aRniSnuli procedurebis kvleva da maTi gamoyenebis 

meTodebis da xelovnebis dadgena xorcieldeba samxedro-

sainJinro mecnierebis farglebSi. 

samxedro-sainJinro xelovnebis Teoriuli safuZvlebis 

praqtikuli gamoyeneba wydeba operatiul-strategiuli, 

operatiul da taqtikur doneebze. 

operatiul-strategiul doneze, xorcieldeba saomari 

moqmedebebis Teatris da saxelmwifos samxedro-sainJinro 

momzadeba TavdacvisaTvis – omisaTvis. operatiul da taqtikur 

doneebze xorcieldeba brZolebis, operaciebis da sabrZolo 

moqmedebebis sainJinro uzrunvelyofa. 

mSvidobianobis, omis samzadisis da gansakuTrebiT 

brZolebisa da operaciebis sainJinro uzrunvelyofis dros, 

gansakuTrebulad mniSvnelovania sainJinro viTarebis Seswavla. 

sainJinro viTareba, im faqtorebisa da pirobebis 

erTobliobaa, romlebic axasiaTeben adgilmdebareobas da mis 

sainJinro mowyobas, mowinaaRmdegisa da sakuTari sainJinro 
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jarebis mdgomareobas da SesaZleblobebs, sxva jarebis, Zalebisa 

da saSualebebis SesaZleblobebs da moqmedebebs sainJinro 

uzrunvelyofis amocanebis Sesasruleblad. 

teritoriis sainJinro Seswavlis Semdeg, rac gamoavlens 

sainJinro viTarebas, iwyeba sainJinro uzrunvelyofa. 

sainJinro uzrunvelyofa aris operatiuli uzrunvelyofis 

saxeoba da im sainJinro RonisZiebebisa da amocanebis kompleqsi, 

romelic sruldeba jarebisaTvis xelSemwyobi pirobebis 

Sesaqmnelad, maTi drouli da faruli win wawevis, gaSlis 

manevrisa da sabrZolo amocanebis Sesrulebis, dazianebis 

sxvadasxva saSualebebisagan dacvis amaRlebisaTvis, agreTve, 

mowinaaRmdegisaTvis danakargis miyenebisa da misi moqmedebebis 

gaZnelebisaTvis. 

sainJinro uzrunvelyofis erT-erTi umTavresi proceduraa 

adgilmdebareobis swori mowyoba, romelSic gansakuTrebuli 

adgili ukavia samxedro infrastruqturis mowesrigebas da 

Seqmnas. igi aris qveynis saomari moqmedebebis Teatris 

stacionaruli da arastacionaruli obieqtebis sistema jarebis 

ganlagebis, swavlebis, gaSlis uzrunvelyofis da operaciebis, 

sabrZolo moqmedebebis warmoebisaTvis. 

stacionaruli da arastacionaruli obieqtebis udides 

nawils warmoadgens sainJinro nagebobebi, romlis aqtualuri 

komponentia samxedro xidebi, romlebic iqmneba dabrkolebebis 

gadasalaxad. 

taqtikuri daniSnulebisa an sabrZolo gamoyenebis 

pirobebidan gamomdinare ganasxvaveben samxedro xidebis Semdeg 

saxeobebs: 

— uSualod brZolis velze asagebi, egreT wodebuli - 

“saieriSo” xidebi, romelTac gaaCniaT mkacrad SezRuduli 

dro dabrkolebaze gadebisa da igi Tanamedrove taqtikuri da 

operatiuli moTxovnebiT Seadgens 3 _ maqsimum 10 wuTs [2]. 

— sajariso SenaerTebis marSrutze asagebi, egreT wodebuli – 

“gamcilebeli” an “gamyoli” xidebi, romelTa agebis dro, 
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magaliTad 48-metriani sigrZis xidisaTvis – 30÷90 wuTs 

Seadgens. 

— sakomunikacio zonaSi ganTavsebuli, egreT wodebuli – 

“zurgis” xidebi, romelTa daCqarebuli agebis dro 

SezRuduli TiTqmis ar aris. 

amasTan, “saieriSo” xidebi, romlebic rogorc Setevis, aseve 

ukandaxevis dros forsirebis operaciebSi Rebuloben 

monawileobas, rodesac xidze xorcieldeba sacecxle 

zemoqmedeba, gadasalax dabrkolebaze aigebian erTi 

satransporto-samontaJo saSualebiT – tankiT da xidgamdebis 

ekipaJis javSanteqnikidan gadmosvlis gareSe. Tanamedrove 

samxedro “saieriSo” meqanizebuli xidebi, rogorc wesi, arian 

erTmaliani da maTi sigrZe gaSlil mdgomareobaSi Seadgens 24 _ 

maqsimum 32 metrs, xolo dakecil mdgomareobaSi igi 

ganTavsebulia satanko xidgamdebze da misi sigrZe Seadgens 

12_13,5 _ maqsimum 16 metrs. 

amdenad, gansakuTrebuli taqtikuri da operatiuli 

mniSvneloba aqvs “saieriSo” xidebis malis gazrdas 32÷48 metris 

farglebSi, rac samxedro xidmSeneblobaSi aqtualuri 

problemaa. 

mniSvnelovania da bolo periodSi gansakuTrebiT 

aqtualuria gasaSleli didi sigrZis malis mqone “saieriSo”, 

meqanizebuli xidebis gamoyeneba samoqalaqo miznebisaTvis 

eqstremalur situaciebSi da sagangebo viTarebebSi. 

saqarTvelosaTvis gasaSleli gazrdilmaliani “saieriSo” 

xidebis Seqmna, romelTac analogi ar gaaCniaT, mniSvnelovania 

ara marto sakuTari samxedro da samoqalaqo miznebis misaRwevad, 

aramed misi komercializaciis pirobebSi saqarTvelo xdeba 

konkurentunariani, mecnierebatevadi da maRalteqnologiuri 

samxedro-sainJinro teqnikis realizatori samxedro teqnikis 

saerTaSoriso bazarze. 

amdenad, miznad iqna dasaxuli 32÷48 metri malis mqone 

“saieriSo” xidis da misi transportirebisa da montaJis 
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dajavSnuli manqanis – satanko xidgamdebis Seqmna, romelic 

Semdeg moTxovnebs unda akmayofilebdes: 

— gasaSleli, meqanizebuli xidi unda iyos erTmaliani; 

— gasaSleli xidis dakecili paketi, romelic ganTavsebulia 

xidgamdebze, unda akmayofilebdes paketis zRvrul, 

transportirebisaTvis dasaSveb moTxovnebs da aseve satanko 

xidgamdebis mzidunarianobis Sesabamisi wonac unda gaaCndes; 

— xidgadebis procesi unda ganxorcieldes umoklesi drois 

intervalSi 3÷10 wuTSi, amasTan igi unda iyos teqnologiuri, 

stabiluri, kontrolirebadi da marTvadi; 

— xidgadebis da, asveve, xidis dabrkolebidan aRebis procesi 

unda ganxorcieldes gadasalaxi dabrkolebis orive 

napiridan mxolod xidgamdebiT da misi ekipaJis tankidan 

gadmousvlelad; 

— xids unda gaaCndes saTanado saeqsploatacio pirobebi da 

parametrebi; 

— xidi unda iyos daculi sasargeblo tvirTis uaryofiTi 

zemoqmedebisagan da naklebad dazianebadi sacecxle 

zemoqmedebiT; 

— sacecxle zemoqmedebis Sedegad, xidis dazianebis SemTxvevaSi, 

igi umetes wilad unda iZleodes saSualebas xidgamdebiT 

misi garkveuli formiT akecvisa da satanko xidgamdebiT 

brZolis velidan gatanisa; 

— gasaSleli xidi unda iyos mravaljeradi gamoyenebis. 

aseTi kompleqsuri miznis miRweva SesaZlebeli gaxda 

dasmuli amocanis gadawyvetisaTvis mecnieruli siaxleebis 

damuSavebiT, rac SemdegSi mdgomareobs: 

— naSromSi SemoTavazebulia gansxvavebuli sistema gasaSleli 

xidebis mier formis miRwevisa, romelic efuZneba sainJinro 

transformirebadi sistemebis formaTwarmoqmnis Teorias; 

— naSromSi SemoTavazebulia klasi axali gasaSleli xidebisa, 

romelTa formaTwarmoqmna ganpirobebulia SeTavsebuli, 
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ormagi da sammagi transformaciis principiT, maSin rodesac 

SemoTavazebuli meTodiT dgindeba, rom arsebuli gasaSleli 

xidebi efuZneba transformaciis erT romelime princips; 

— transformaciis rTuli – SeTavsebadi principiT Seqmnili 

gasaSleli xidebis sqemebis mixedviT, konstruirebis logikis 

safuZvelze damuSavda xidebisa da xidgamdebebis konkretuli 

gadawyvetebi; 

— Seiqmna gasaSleli xidis sabazo struqtura sammagi 

transformaciis principiT da xidgadebis ormagi principis 

SeTavsebiT da sinTezuri struqturis teqnikuri da 

teqnologiuri gadawyvetiT, ramac mTlianad uzrunvelyo 

xidisa da xidgamdebisaTvis dasaxuli parametrebis srulad 

dakmayofileba. 

— Catarda eqsperimentuli kvelevebi, sadac, aseve Teoriuli da 

eqsperimentebis Sedegebis monacvleobiT, xidis modelis 

struqturis formaTwarmoqmnis da gansakuTrebiT formis 

fiqsaciis sistema damuSavda; 

— Seqmnili gasaSleli xidebisaTvis miRweulia saangariSo 

sqemebis modelebis Seqmna, romelic Seesabameba sistemis 

daZabul_deformirebul suraTs transformaciis 

formaTwarmoqmnis yvela etapze – dakecili satransporto 

paketidan dawyebuli, sistemis gaSlis procesis da formis 

saboloo fiqsaciis etapis CaTvliT. 

SemoTavazebuli mecnieruli siaxleebi dafuZnebulia 

transformirebadi sainJinro sistemebis Teoriaze, konstruirebis 

logikaze, gaangariSebis Tanamedrove programul 

uzrunvelyofaze, romelSic maTematikuri modeli saangariSo 

sistemisa sasrul elementTa principiT aris Sesrulebuli da 

Teoriuli Sedegebis eqsperimentuli kvlevebiT dasabuTebaze. 

miRebuli Sedegebis praqtikuli gamoyeneba SesaZlebelia 

xidmSeneblobaSi – swrafadasagebi, gasaSleli xidebis saxiT, 

romlebic arian transportirebadi da mravaljeradi gamoyenebis. 
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I. გასაშლელი ხიდების ფორმათწარმოქმნის ახალი 

სისტემატიზაცია და ორმაგი ტრანსფორმაციის  

სქემებზე გადასვლა. 

 
I. 1. ტრანსფორმირებადი სისტემების ფორმათწარმოქმნის  

ძირითადი სქემები. 

 
meqanizebuli xidebis agebis ZiriTadi procesis gaSla-

dakecvis analizi mravalmxrivad Catarebuli da aseve 

literaturaSi saTanadod Sefasebulia. magram, Tu davisaxavT 

miznad gazrdili malis mqone, axali saieriSo xidis Seqmnas, 

maSin kompleqsuri amocanis gadawyveta aucilebeli xdeba.  

pirvel rigSi, saWiroa Zieba axali konstruqciuli 

masalebisa, romelTa eqnebaT didi saaingariSo winaRoba da aseve 

maRali drekadobis modeli. 

aseT masalebad dRes ganixileba minaplasti, naxSirplasti 

da sxva kompoziciuri da polimeruli masalebi. am mxriv, 

mravali kvlevebia Catarebuli, romelTa nawilobriv asaxva hpova 

gasaSleli xidebis calkeul elementebSi da mTlianad 

konstruqciebSi [3] [4] [5]. 

axali masalebis erT-erT damaxasiaTebeli niSniT unda iyos 

misTvis formis miniWebis maRali teqnologiuroba da maTi 

gamoyenebiT miRweuli ekonomiuri efeqti. 

meore rigSi aucilebelia TviT struqturuli analizis 

safuZvelze, gasaSleli xidebis mzidi da savali nawilebis 

Sesrulebis konstruqciuli saxecvlileba an maTi gaumjobeseba. 

es RonisZiebac miznad unda isaxavdes xidis konstruqciis 

sakuTari wonis Semcirebas da misi damzadebisas elementebis 

fragmentebis da calkeuli konstruqciuli kvanZebis damzadebis 

teqnologiuri pricesebis gamartivebas [6] [7]. 

magram, kompleqsuri amocanis gadawyvetaSi, xidis malis 

gazrdis da misi dakecili satransporto paketisaTvis dasaSvebi 
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gabaritebis SenarCunebis mxriv wina planze gadmodis xidis 

transformaciis procesiT formaTwarmoqmnis axali sqemebis 

Seqmnis aucilebloba _ xidis gaSla_dakecvis axali speqtriT 

warmoCena. 

aseTi logikiT ganxilva gasaSleli xidebisa – rogorc 

transformirebadi sistemebisa, iZleva maTi satransporto 

dakecili paketidan gacilebiT meti gabaritebis xidebis Seqmnis 

SesaZleblobebs. 

swored gasaSleli xidis analizi, transformaciis 

mixedviT, formaTwarmoqnis TeoriiT da saTanado daskvnebis 

gakeTebiT, warmoadgens kvlevis erT-erT ZiriTad mizans, 

romelic am TavSia mocemuli [8]. 

Tu meqanizebul xids warmovidgenT transformirebad 

sistemad, maSin igi Sedgeba ori ZiriTadi blokisagan: 

— xidgamdebis bloki, romelic warmoadgens saTanado 

meqanizmebiT aRWurvil satransporto-samontaJo 

saSualebas; 

— xidis blokebisagan, romelic erTi an ramodenime 

elemenrebisagan Sedgeba. 

maTi mTlianobaSi, transformirebad sistemebad ganxilvisas 

SeiZleba orive bloki iyos formaTwarmoqmnis monawile, an 

SesaZlebelia mxolod xidis bloke asrulebdes transformaiis 

procesebs. 

meqanizirebuli xidebi, ganapirobeben saxide konstruqciisa 

da sabazo manqanis gansazRvrul damoukideblobas. es yovelive, 

uzrunvelyofs misi damzadebis teqnologiisa da mTliani 

konstruqciis SedarebiT simartives da qmnis sabazo manqanebis 

saxiT, meqanizirebuli xidebis manqanaTa, seriulad warmoebis 

SesaZleblobas, rac gansazRvravs aseTi gaerTmTlianebis 

ekonomikur mizanSewonilobas. 

sabazo manqanis specialur xidgamdeb manqanad gadaqceva, 

iZleva misi gauniversalurebis saSualebas. erTidaigive 

xidgamdebi, mimdevrobiT SeiZleba gamoyenebul iqnas, ramodenime 
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zRudeze xidis gadebisaTvis, rogorc sakuTari xidgamdebiT 

gadasatani, aseve saTadarigo, Cveulebrivi transportiT 

gadamtani saxide konstruqciebisaTvis. es faqti zrdis SesaZlo 

ekonomikur efeqts, vinaidan meqanizirebuli xidebis sakmaod 

ZviradRirebul nawils warmoadgens xidgamdebi. 

meqanizirebul xidebSi, xidgamdebis meSveobiT, arsebobs 

xidis gadebis ramodenime meTodi: wamocmiT an gadabrunebiT, 

rogorc mTeli, aseve dakecvadi maliani nagebobebis da an saxide 

blokebisa. 

miuxedavad amisa, gasaSleli xidebis, rogor 

transformirebadi sistemebis, formaTwarmoqmnis Teoria, maT 

erTianobaSi ganixilavs. amis safuZvels warmoadgens 

transformirebadi sistemebis Teoria [9]. 

gasaSleli xidebis konstruirebis logikis mixedviT, 

mniSvnelovania transformirebadi sistemebis Teoria, romelSic 

ganxilulia formaTwarmoqmnis sami ZiriTadi principi: 

1. daxvevis principi. (fig. I. 1) 
 

aseT modelSi sistemis daxvevis an 

gaSlis dros, Sesabamisad adgili 

aqvs misi sapirispiro mxareebis (+ _) 

urTierT-daaxloebas an daSorebas, 

rac simboloebis mixedviT 

Semdegnairad daiwereba: 

 
 

 
2. dakecvis principi. (fig. I. 2) 
 

aseT modelSi sistemis dakecvis an 

gaxsnis dros Sesabamisad adgili 

aqvs misi erTidaigive mxareebis (+ ; 

+) da (_ ; _) erTmaneTan daaxloebas 

an daSorebas, rac simbolebis 

mixedviT SemdegnairaT daiwereba: 

 

fig. I.1 
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3. teleskopis principi. (fig. I.3) 

 

aseT modelSi sistemis 

dakecvisa da gaxsnis dros, 

adgili aqvs sxvadasxva elemen-

tebis, sxvadasxva simboloebis 

(+ _) mqone zedapirebis 

urTierT grZivad gadaadgile-

bas. es iwvevs dakecvasa da 

gaxsnas, rac simboloebiT 

Semdegnairad daiwereba: 

 
 

 

ganxiluli principebis mixedviT, Tu gavakeTebT 

sistematizacias, maSin gasaSleli erTmaliani xidebis gaSla-

dakecva da gadasalax winaaRmdegobebze gadebis Semdeg logikur 

sqemebs miviRebT, romlebic mTlianobaSi or ZiriTad jgufad  

iyofa. 

transformaciis procesebis or ZiriTad jgufad dayofa, 

gamowveulia imiT, rom sistemebis analizisaTvis moxdes 

gancalkeveba procesebisa, rac dakavSirebulia xidis, rogorc 

erTiani transformirebadi sistemis  damoukideblad ganxilvisa, 

imisda mixedviT igi winaaRmdegobaze gaideba “wamocmis” Tu 

“gadabrunebis” meTodiT. 

 

I. 2. ტრანსფორმირებადი სისტემების პრინციპული სქემების განხილვა 

“წამოცმის” მეთოდით ასაგებ ხიდებში. 
 

zRudeze xidis gadeba, rogorc erTiani konstruqciuli 

sistemisa, rig SemTxvevaSi, xorcieldeba “wamocmis” meTodis 

gamoyenebiT. 

aseT SemTxvevaSi xidis erTiani malis naSeni xidgamdebis 

saSualebiT gadaadgildeba gadasalaxi dabrkolebis 

fig. I.2 

fig. I.3 
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mimarTulebiT. mTliani, gaxsnili konstruqcia eyrdnoba 

dabrkolebis mopirdapire napirs da mxolod amis Semdeg xdeba 

misi mocileba xidgamdebidan, dabrkolebis uaxloes napirze 

daSvebiT. manmade xidi, rogorc erTiani konstruqciuli sistema 

omyofeba konsolur mdgomareobaSi, romelic Camagrebulia 

xidgamdebis specialur mowyobilobaSi. 

xi di s ko nst r uqc i a dakecva–gaSl i s gar eSe mi i t aneba da gai deba 

gadasal ax wi naaRmdego baz e “wamo cmi s” meT o di T  (fig. I.4) 
 

 

 

 

 

 

 

 

fig. I.4 

1. - satransporto saSualeba; 2. - samontaJo saSualeba; 3. - xidis 
konstruqcia; 4. - gadasalaxi winaaRmdegoba. 

 

aRniSnuli sqema saieriSo xidebisa farTod iyo 

gamoyenebuli adrindel gadawyvetebSi. amis magaliTad SeiZleba 

ganvixiloT modifikaciebi rusuli xidgamdebisa - МТУ (fig.I.5). 

aseTi xidebis sigrZe, gamomdinare misi satransporto paketis 

zRvruli gabaritebidan, ar SeiZleba yofiliyo 12 metrze meti  

[10]. 

a) b) 

             g) 

 
 
 
 

fig. I.5 xidis gadebis procedura gadasalax dabrkolebaze 
Sesrulebuli xidgamdebis mier “wamocmis” meTodiT. 
a) xidi konsolurad aris gamoweuli xidgamdebidan; 

b) xidi daeyrdno gadasalaxi winaaRmdegonis Soreul napirs; 
g) xidgamdebba dauSca xidi axlo napirze. 
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xidis konstruqciis gadebis procesi gadasalax 

winaaRmdegobaze, rodesac is xorcieldeba xidgamdebze 

“wamocmis” meTodiT, aumjobesebs xidgamdebis momsaxure 

personalis xedvis areals. samuSao zonis xedva sakmao 

diapazonSia rogorc xidis gadebis. aseve misi dabrkolebidan 

axsnis procesSi. da es procedura, rogorc wesi, xorcieldeba 

xidgamdebis ekipaJis _ momsaxure personalis javSanmanqanidan 

gadmosvlis gareSe. 

gansakuTrebuli upiratesoba xidis gadebisa “wamocmis” 

meTodiT aris misi gaSla da aRebis procesSi, xidis mudmivi 

mdebareoba dabal doneze da amasTan erTad horizontalur 

mdgomareobaSi, rac maqsimalurad uzrunvelyofs masze sacecxle 

zemoqmedebis warmoebas. 

mTlianobaSi, xidis dakecili konstruqciis satransporto 

paketi, romelic ganTavsebulia xidgamdebze unda akmayofilebdes 

daSvebul satransporto gabaritebs. es SezRudva Seexeba mis 

sigrZes, romelic Seadgens 12_13 an ukeTes SemTxvevaSi 15_16 

metrs, da mis simaRles, rac myarad aris gansazRvruli 

sxvadasxva qveynebis mixedviT da misi minimaluri mniSvneloba 

aRwevs 4m-s. 

rac Seexeba xidis siganes, igi taqtikuri da operatiuli 

moTxovnebidan gamomdinare aiReba maqsimum 4,2 metris toli. 

amdenad, garkveuli winapirobis Semdeg, dabrkolebaze xidis 

gadebis “wamocmis” meTodiT SesaZlebelia transformaciis 

Semdegi martivi procesebis ganxilva. 

I. xi di s mal i s danawevr ebul i  bl o kebi T  da t el esko pur i  i sr i T , 

xi di s mal i s naSeni s mo wyo ba gadasal ax wi naaRmdego baz e (fig. I.6). 
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fig. I.6  
1. satransporto saSualeba; 2. samontaJo saSualeba; 3. teleskopuri 

isari; 4. xidis malis danawevrebuli blokebi; 5. gadasalaxi 

winaaRmdegoba. 
 

aRniSnuli meTodi garkveulwilad gulisxmobs transfor-

mirebadi sistemebis,  Cvens mier zemoT ganxiluli, “teleskopis 

princips”. amasTan, masSi gansakuTrebiT xidis ori blokis 

gaerTianeba malis naSenad SeiZleba SevadaroT asawyobi 

elementebisagan konstruqciis montaJs. yvela SemTxvevaSi  

warmodgenili sqema pirvel etapze warmoadgens asawyobi xidis 

malis naSenisaTvis teleskopuri bazis Seqmnas da Semdgom 

massze, malis blokebis mimdevrobiTi “dacurebiT”  da 

gaerTianebiT, gadasalax winaaRmdegobaze xidis ageba [11]. 

analogiuri sqemiT xorcieldeba, erT satransporto 

saSualebaze ganTavsebuli germanuli xidis MLC70 LEGUAN 

montaJi. igi tank “leopardis” bazazea Seqmnili. misi saSualebiT 

26 metriani winaaRmdegobis daZleva SeiZleba (fig. I.7). 

a) 

 

b) 

 
fig. I.7 – a) xidgamdebi, romelic xids gadasalax winaaRmdegobaze debs 

“wamocmis” meTodiT satransporto mdgomareobaSi; b) xidgamdebi, 
teleskopis isris gamoyenebiT amontaJebs “teleskopis principiT’ 

transformirebad xids. 
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aseTi principi, SedarebiT Sromatevadi da rTulia 

“saieriSo” xidebisaTvis. amasTan, igi Zalian efeqturad 

gamoiyeneba egreTwodebuli “gamyoli” xidebis Seqmnisas. 

gamyoli xidebis agebisas, romelTa sigrZe 48-60 metrsac ki 

aRwevs, gamoiyeneba specialuri samontaJo teqnika da mraval 

satransporto saSualebebze ganTavsebuli xidis malis 

calkeuli blokebi. amasTan, montaJis dro 30- 45 - 120 wuTamdec 

ki izrdeba (fig. I.8). 

 

 

 
 
 

 

 

fig. I.8 _ samontaJo elementebi da maTze agebuli xidis mali 

1. -xidis montaJis meqanizmi; 2. isari, romelic igeba teleskopurad an 

TanmimdevrobiTi montaJiT; 3. gadasalaxi winaaRmdegoba; 4_5. xidis 

sayrdenebi napirze; 6. malis calkeuli blokebi; 7. xidze Sesasvlelebi. 
 
 
 
 
 

yvelaferi es, montaJis dros satransporto saSualebebis 

raodenobisa da momsaxure personalis manqanidan gadmosvlis 

gamo, miuRebelia “saeriSo” xidebisaTvis. 

unda aRiniSnos, rom xidis ageba samontaJo isris gamoyenebiT 

farTo gavrcelebas poulobs egreT wodebul “gamyol” xidebSi. 

Seqmnilia mravali erTmaliani gamyoli xidebi. maT Soris 

aris Sveduri FAST BRIDGE 48 (FB 48) da germanuli DoFB (fig. I.9; 

fig. I.10). 

a)                                                   b) 
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g)                                              d) 

fig. I.9 – Sveduri, 48 metri malis, “gamyoli” asawyob-dasaSleli xidi. 
a) xidis “isris” ageba; b) sanapiro blokis mowyoba; g) xidis mzidi 
konstruqciis asawyobi blokebis montaJi; d) xidi saeqsploatacio 

mdgomareobaSi. 
a)                                        b) 

  
g)                                         d) 

  
fig. I.10 – germanuli, 48 metri malis, “gamyoli” asawyobi _ 

transformirebadi xidi. 
 

a) xidis sayrdeni “isris” montaJi; b) xidis mzidi transformirebadi 
blokis firmaTwarmoqmnis procesis ganxorcieleba; g) gaxsnili 

transformirebadi xidis blokis montaJi; d) xidi saeqsploatacio 
mdgomareobaSi. 

 

SemoTavazebuli didi zomis erTmaliani xidebi zomiT 48÷60 

metri, romlebic mzidi karkasis isris gamoyenebiT xorcieldeba, 

ar SeiZleba gamoyenebuli iqnas egreT wodebul “saieriSo” 

xidebSi. damatebiT ori pirobis gamoc. 

jer erTi, isini saWiroeben did dros mzidi karkasisa da 

Semdgom masze malis nawilebis mosawyobad da, meorec is, rom 

maTi ganTavseba xdeba mraval satransporto saSualebaze. 
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II. xi di s mal ebi s danawevr ebul i  bl o kebi sagan mT l i ani  mal i s 

naSeni s mo wyo ba da mi si  gadeba gadasal ax wi naaRmdego baz e 

(fig.I.11). 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

fig. I.11 

1. satransporto saSualeba; 2. samontaJo saSualeba; 3. xidis malis 

konstruqcis danawevrebuli blokebi; 4. gadasalaxi winaaRmdegoba. 
 

gansxvavebiT wina SemTxvevisgan, xidis montaJi aRniSnuli 

sqemiT warmoadgens tipiur SemTxvevas transformaciiT formis 

Seqmnis mesame principisa. aq xdeba urTierTgasrialeba xidis 

konstruqciis blokebisa da, bolo etapze, maTi gaerTianeba [12]. 

figuraze (fig. 12) warmodgenilia konkretuli magaliTebi 

mocemuli meTodiT xidebis agebisa, saTanado kompaniebis da 

xidgamdebebis taqtikuri da teqnikuri parametrebis CvenebiT. 

a)                                           b) 
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fig. I.12 - LEGUAN sistemis xidgamdebi, gasaSleli xidiT. 

a) xidgamdebi da masze ganTavsebuli 26 metri sigrZis xidis ori 
nawilisagan Semdgari paketi; b) gamTlianebuli xidi, romelic 

konsolur mdgomareobaSi emagreba xidgamdebs. 
 

LEGUAN-1 sistemis xidgamdebis da xidis ZiriTadi 

parametrebia: 

saerTo wona _ 50,00 t; xidis savali nawilis sigane _ 3,850; 

xidgamdebis maqsimaluri simaRle dakecil paketTan erTad _ 4,01 

m; xidis dakecili paketis sigrZe _ 13, 37 m; xidis sruli sigrZe 

_ 26 m; samxedro tvirTis klasi _ MLC_70; konstruqciuli 

masala – aluminis Senadnobebi; xidis wona _ 10,8 t. 

LEGUAN-is sistema aseve ganxorcielebulia pnevmo-

sagoravebian transportze ganTavsebiT (fig. I.13) da (fig. I.14). 

 
 

 

 

 

 

 

 

 

 

 

 

fig. I.13 - LEGUAN-is sistemis gasaSleli xidi ganTavsebuli 

avtomisabmelian saavtomobilo satransporto saSualebaze. 
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fig. I.14 – LEGUAN-1-is sistemis xidis gaSlis procesi. 

 

aRsaniSnavia, rom saavtomobilo xidgamdebebi farTod 

gamoiyeneba rogorc samxedro miznebisaTvis “gamyol” xidebadac 

da aseve samoqalaqo miznebisaTvisac eqstremalur situaciebSi 

da sagangebo viTarebebSi. 

xidgamdebis mier xidis agebis “wamocmis” meTodi sakmaod 

arTulebs xidgamdebze mowyobil meqanikur sistemebs. isini 

faqtiurad warmoadgenen mravalfunqciur agregatebs, romlebic 

xid emagrebian satransporto mdgomareobaSi, smTlisnebs mas 

montaJis win, risTvisac xidis calkeuli blokis 

gamaerTianebeli kvanZebis montaJic xidgamdebis mowyobilobam 

unda uzrunvelyos, da rac mTavaria, konsolurad “ukaviaT’ 

mTliani, gaSlili xidis konstruqcia, romlis Semdeg aseve 

xidgamdebis meqanikam unda uzrunvelyos misi daSveba gadasalaxi 

dabrkolebis napirebze. 

miuxedavaT aseTi sirTuleebisa, xidmSeneblobaSi gamoiyeneba 

ara ori blokisagan Sedgenili xidebi, romlebic urTierTis 

mimarT “gasrialebis principiT” aigebian, aramed sami 

blokisaganac xdeba xidebis Seqmna (fig. I.15) [13]. 

a)                                                     b) 

 

 
fig. I.15 – xidgamdebi xidis PSB2 sami blokiT datvirTuli 

a) xidgamdebi satransporto mdgomareobaSi;  

b) xidi saeqsploatacio mdgomareobaSi. 
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xidgamdebi, swrafadasagebi modelebiani xidisa PSB2 

warmoadgens xidmSeneblobis axali Taobis SesaZleblobebs: 

moduluri, maqsimaluri mobilurobiT brZolis velze da 

minimaluri danaxarjebiT gadasasvlelze. es inovaciuri 

produqti gamoirCeva teqnikuri Sesrulebis srulyofiT. PSB2 

imarTeba orkaciani razmiT da miekuTvneba MLC-70 klass muxluxa 

saSualebebisa da MLC100 Tvliani satransporto 

saSualebebisaTvis. LEOPARD 2 chassis Sasi uzrunvelyofs 

mobiluribas da saimedoobas, agreTve saerTaSoriso 

standartizacias da sistemis Tavsebadobas. 

sami saxide moduli, TiToeulis sigrZe 9,7 m, SesaZlebels 

xdis dabrkolebis siganis Sesabamisad moaxdinos kombinacia da 

Sesabamisad vRebulobT – 9,7, 18,7 da 27,7 metiris xids.  

PPSB2 ZiriTadi maxasiaTeblebia: 

• samxedro tvirTis klasi MLC 70/100 xidisaTvis; 

• xidebis moduliri sistema, romelic Sedgeba sami modelisagan, 

TiToeuli 9,7 m. 

• erTi modulis wona 5,040 kg. 

• modulebis sami kombinacia: 9,7, 18,7 da 27,7 m. xidis TiTo 

kombinaciis Sesabamisi wona: 5,040 kg, 10080 kg, 15120 kg. 

• horizontaluri gaSla. 

• gaSlis dro _ 5 w. (moklemaliani xidisaTvis), 10 w. 

(grZelmalian xidisaTvis). 

• cveTa – 30 weli (1000 gadalaxva 3000 gaSla). 

gaSlis (gasaSleli) mowyobiloba, xidis saWirosigrZis 

Sesabamisad, uzrunvelyofs “saxide modulebis gamowevas “saxide 

sawyobidan”. 

miuxedavad CamoTvlili mravali dadebiTi Tvisebebisa, 

“saieriSo” xidebSi, romlebic teleskopis principiT gulisxmobs 

formaTwarmoqmnas, warmoiSoba malis SezRudva _ 24, maqsimum 32 

metris farglebSi. amis Semdeg SeuZlebeli xdeba misi zrda, rac 

pirvel rigSi xidis blokebiT datvirTuli xidgamdebis 

gabaritebis, upiratesad ki simaRlis pirobiT aris SezRuduli. 
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amitom, rig SemTxvevaSi, malis gazrdisaTvis SemoTavazebulia 

or xidgamdebze ganTavsebuli xidebi [14] [15]. 

 

I. 3. ტრანსფორმირებადი სისტემების პრინციპული სქემების განხილვა 

“გადმობრუნების” მეთოდით ასაგებ ხიდებში 

 
samxedro gasaSlel meqanizebul xidebSi farTod 

gamoiyeneba xidgamdebis mier xidis gadasalax dabrkolebaze 

“gadabrunebiT” agebis meTodi [16] [17]. 

rodesac xidgamdebis mier xidis agebis meTods ganvixilavT, 

kvlav avRniSnavT, rom aRniSnuli meTodi ar gulisxmobs TviT 

xidis transformaciis procesebs. aq xidis konstruqciis 

formaTwarmoqmna ki ar ganixileba, aramed sakiTxi Seexeba xids, 

rogorc erTiani konstruqciis gadasalax winaaRmdegobaze 

xidgamdebis mier agebis meTods. sqematurad es meTodi 

warmodgenilia fig. I.16-ze. 

xi di s ko nst r uqc i i s “gadabr unebi s” meT o di T  gadeba gadasal ax 

wi naaRmdego baz e (fig. 16). 

 
 
 
 

 
 

 
fig. I.16 

 

1 _ satransporto saSualeba; 2 – xidis malis konstruqcia; 

3 _ gadasalaxi winaaRmdegoba. 
 
aRniSnuli meTodis mixedviT Seqmnilia mravali xidgamdebi. 

maT Soris didi britaneTis SeiaraRebaSi arsebuli “Titan” _ 

Armoured Vehicle Launcher Bridge (AVLB). xidgamdebebi agebulia 

ZiriTadad mZime tankebis Chie Ftain da Chellebger-2–is bazaze 

(fig.I.17).  

xidis ageba “gadabrunebis” meTodiT aiolebs dasayenebeli 

meqanizmebis marTvas, vinaidan mZRol-meqanikosisTvis umjobesdeba 

xidis agebisaTvis saWiro arialis xedva, magram mowyobilobebis 
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sistema da sxva meqanizmebi, romelTa meSveobiTac xorcieldeba 

xidis gadabruneba, garkveulwilad uzRudavs mZRol-meqanikoss 

xedvis arialis garCevadobas. 

 

fig. I. 17 – “Titan”-is klasis erTmaliani da erTblokiani xidis montaJi, 

xidgamdebidan misi ”gadabrunebiT”. 

 

meqanizirebul xidebSi, saxide konstruqcia, specialuri 

meqanizmebi da sabazo manqana, rogorc savele svlisas, aseve 

xidis gadebisas, konstruqciulad mudmivad dakavSirebulni arian 

erTmaneTTan. Tavad sabazo manqana warmoadgens xidis sabjens. 

amgvari meTodis gamoyenebiT, ukeTaa SesaZlebeli, rom xidis 

dabrkolebaze gadebis yvela amocana gadawyvetil iqnas, ekipaJis 

manqanidan gadmousvlelad. amasTan, SesaZlebelia miRweul iqnas, 

xidis zRudeze gamoyenebis mzadyofnis maRali xarisxi da agebis 

swrafi tempi. 

“gadabrunebis” meTodiT SemoTavazebuli xidebis did 

nawilSi gamSleli energetikuli meqanizmebi TbiT gasaSlel 

xidSia ganTavsebuli [18]. 

aseve gasaTvaliswinebelia is garemoeba, rom “gadabrunebis” 

meTodiT xidis agebis, misi radioaqtiur adgilas eqspluataciis, 

an misi talaxiT Zlieri dabinZurebis Semdeg xidis xidgamdebze 

ganTavsebamde aucilebelia savali nawilis gulmodgine 

gasufTaveba da mxolod ukve amis Semdeg, misi akecva da 

xidgamdebze datvirTva. es aixsneba imiT, rom mTeli maliani 
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nageboba xidgamdebze, ideba savali nawiliT qvemoT da 

Sesabamisad mTeli mowamluli grunti xvdeba sabazo manqanis 

transmisiasa da xidis dasayenebel meqanizmebSi. es procedurebi 

ar aris iolad Sesasrulebeli da isini garkveul dros 

moiTxoven. 

aseve gasaTvaliswinebelia xidis “gadabrunebis” meTodiT 

gamoyenebisas, xidis vertikalur poziciaSi yofnisas misi ganivi 

mdgradobis Semcireba. 

rogorc aRiniSna “saieriSo” xidebi SeiZleba xidgamdebze 

ganTavsdes, rogorc erTiani konstruqcia misi danawevrebis da 

danawevrebul nawilebs Soris kavSirebis mowyobis gareSe, aseve 

transformirebadi sistemis saxiT [19]. 

swored “gadabrunebis” meTodiT xidis agebisas, 

transformirebadi xidebis SemTxvevaSi farTod gamoiyeneba xidis 

formaTwarmoqmna “makratelis” da “ormagi makratelis” sqemebis 

mixedviT. 

es principi iZleva saSualebas xidis satransporto 

gabaritis – sigrZis Semcirebisa imis sanacvlod, rom igi 

Sedgeba saxsrulad dakavSirebuli ori an sami blokisagan. 

pirvel rigSi ganvixiloT xidis formaTwarmoqmna 

“makratelisebri” konstruqciisagan. 

I. xi di s mal i s “makr at l i sebr i ” ko nst r uqc i a (fig. I.18). 

 

 

 

 

 

 

 

 

 

 

 

fig. I.18  
 



84 
 

1 _ satransporto saSualeba; 2 _ samontaJo saSualeba; 3 _ ori 

nawilisagan Semdgari, makratelas principiT gaerTianebuli malis 

konstruqcia; 4 _ gadasalaxi winaaRmdegoba. 

 
xidis malis sidide, satransporto paketSi misi 

danawevrebuli dakecvis gareSe, rogorc wesi, ar SeiZleba iyos 

12 metrze meti, Tumca arsebobs 16 metri sigrZis satranspirto 

paketebic, rac zogadad transportirebis pirobiT aris 

SezRuduli. amitom gasaSleli xidebi da, miT umetes, samxedro 

xidebi, ZiriTadad “makratelis” principis mixedviT xorcieldeba. 

am mxriv, realurad ganxorcielebulia mravali xidis 

konstruqcia da maTi modifikaciebi (fig. I.19). 

 
 

 

 

 

 

 

 

 

 

 

 
fig. I.19 – gasaSleli xidis “makratlisebri” konstruqcia. 

 

ganxiluli xidgamdebi da “makratlisebri” xidis 

konstruqcia saSualebas iZleva gadailaxos dabrkoleba maliT 

24,5 metri. mTlianad ganxiluli xidis zoma sigrZeSi Seadgens 26 

metrs. 

garda fig. I.15-ze warmodgenil saieriSo xidis da 

xidgamdebis sqemisa, romelic  yvelaze metad iyo da aris 

gavrcelebuli, saieriSo xidebSi aseve SesaZlebelia sami 

nawilisagan Sedgenili, saxsrulad dakavSirebuli, xidis malis 

konstruqciis gamoyenebac. 
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II. xi di s mal i s o r saxsr i ani  dasakec -gasaSl el i  ko nst r uqc i a 

“o r magi  makr at el i ” (fig. I.20). 

 

 

 

 

 

 

 

 

 

 

fig. I.20  

1 _ satransporto saSualeba; 2 _ samontaJo saSuleba; 3 _ sami 

blokisagan Semdgari, erTmaneTTan saxsrulad dakavSirebuli xidis 

malis konstruqcia; 4 _ gadasalaxi winaaRmdegoba. 
 

xidis dakecili paketis aseTi konfiguracia gaaCnia rusul 

gasaSlel erTmalian xids – МТУ-90, romelic xidgamdebzea 

ganTavsebuli (fig. I. 21). 

 
a)B                         

 

 
 

                 
                        b) 

 
 

fig. I. 21 – xidgamdebi “ormagi makrateliani” xidiT. 

a) xidgamdebi sam nawilad dakecili xidiT; b) “ormagi makrateliani” 

xidis transformaciis procesi. 

 
aRsaniSnavia, rom MТУ-90-Si xidis gadeba da aReba 

SesaZlebelia gadasalaxi winaaRmdegobis orive mxridan. 
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amdenad, erTmaliani gasaSleli xidis Seqmna SesaZlebelia 

transformirebadi sistemebis formaTwarmoqmnis daxvevis 

principiT da dakecvis principiT. 

satanko xidgamdebi  MTУ-90 gaTvaliswinebulia erTmaliani, 

liTonis 24 metriani xidis gasadebad, romlis tvirTamweoba 50 

tonas Seadgens. xidis konstruqcia Sedgeba erTmaneTTan 

saxsrulad dakavSirebul sami nawilisagan. maTgan erTi – Sua 

nawili orqanobiania da mas orive mxridan emagreba calqanobiani, 

samkuTxa formis nawilebi.  

“gadabrunebis” meTodiT xidebis agebis magaliTia 

xidsabjeniani manqanebi, romlebmac sxvadasxva konfiguraciebiT 

hpoves gavrceleba. 

xidebSi sabazo manqanebi gamoiyeneba Sualeduri sabjenebis 

saxiT. xidis asagebad, manqanas uwevs zRudeSi Sesvla da Tavis 

sam iarusad dakecil maliani nagebobis gaSla. 

meqanizirebuli xidebis ZiriTad naklad SeiZleba CaiTvalos, 

maTi gazrdili damokidebuleba zRudeebis xasiaTis mimarT. 

manqanis zRudeSi Sesasvlelad, saWiroa sakmaod myari grunti, 

xolo wylis siRrme ar unda aRematebodes 1.5÷1.8 m-s. es 

ukanaskneli, xsnis sabazo manqanebis hermetizaciis sakiTxs, 

gansakuTrebiT im zeda nawilisas, sadac ganlagebulia maliani 

nagebobis gaxsnis meqanizmebi.   

 

III. xi di s mal ebi  o r mxr i vi  gadaSl i T  (fig. I. 22). 

 

 

 

 

 

 

fig. I. 22 

1 _ satransporto saSualeba; 2 – xidis uZravi mali;  

3 – gadasaSleli malebi; 4 _ dabrkoleba. 
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magaliTad SeiZleba moviyvanoT inglisuri varianti 

xidgamdebisa, romelsac orive mxares aqvs saxsrulad 

mierTebuli malebi (fig. I. 23). 

 
 
 
 
 
 
 
 

 

 
 

fig. I. 23 – inglisuri xidgamdebi, romelsac aqvs ormxrivad 

gadasaxsneli malebi. 
 

analogiuri varianti damuSavda saqarTvelos teqnikuri 

universitetis negebobebis, specialuri sistemebisa da sainJinro 

uzrunvelyofis institutSi (fig. I. 24). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

fig. I. 24 – malebis ormxrivi gadaSlis samxedro xidis proeqti. 

 
 

IV. ხიდის მალის “მაკრატლისებრი” კონსტრუქცია სატრანსპორტო 

საშუალებაზე მიმაგრებით (fig. I. 25). 
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fig. I. 25 
 

1 _ satransporto-samontaJo saSualeba; 2 _ “makratlisebri” mali;  

3 _ xidze Sesasvleli; 4 _ dabrkoleba. 

 

aRniSnuli tipis xidebis konkretuli ganxorcielebis 

variantia franguli “Jilua”-s tipis xidgamdebi. 

borblebian sabazo manqanas, gaaCnia specialuri hermetiuli 

korpusi sigrZiT 11.65 m da siganiT 3.05 m. manqanis baqanis zeda 

nawili, warmoadgens xidis saval nawils. savele mdgomareobaSi, 

sabazo manqanis korpusis zemodan, mTlian sigrZeze, Tavsdeba 

korpusTan saxsrulad SeerTebuli da ~makratelas~ sqemis 

mixedviT dakecili maliani nageboba. korpusis ukana nawilSi, 

mdebareobs gadamayiravebeli apareli. 

manqanis saerTo simaRle, Seadgens – 3.9 m-s. xidis agebisa da 

eqspluataciisas, savali nawilis Tvlebi Sedian korpusis 

SigniT. ~Jiluas~ manqanebi iZlevian saSualebas erTmaliani da 

ormaliani xidebis agebisa. 

erTmaliani xidis, sigrZiT 22 m, warmosaqmnelad, manqana 

dgeba napiris kidesTan axlos, an napiridan cotaodeni 

gadakidebiTac. manqana eSveba korpusis ZiriT gruntze da 

meqanizirebuli xidis gaSlisas, misi gadabrunebis Tavidan 

asacileblad, sxva manqanis wonis dawolis Sedegad, 

simyarisaTvis, anxorcielebs jdomas gruntSi. maliani nageboba 

iSleba ~makratelas~ sqemis mixedviT da eyrdnoba kidiT 

sapirispiro napirs. 
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aRniSnuli tipis xidebis yvelaze mniSvnelovan nakls 

warmoadgens sapirispiro napirze xidis aSlis SeuZlebloba. 

~Jiluas~ xidis ukanasknel nimuSebSi, aucileblobis SemTxvevaSi, 

SesaZlebelia maliani nagebobis korpusidan gamocalkeveba. 

garda “wamocmis” an “gadabrunebis” meTodebiT xidebis 

agebisa, praqtikaSi aseve gvxvdeba xidis gadeba gadasalax 

dabrkolebaze gansxvavebuli meTodebiT. maT Soris yvelaze 

gavrcelebulia gidis gadeba gadasalax winaaRmdegobaze amwis 

isridan an kidev, Tundac vertmfrenis ganTavsebuli jalabris 

saSualebiT. 

aseT SemTxvevaSi erTiani xidi, romelic SeiZleba iyos aseve 

transformirebadi, srulyofili, gaSlili saxiT, dabrkolebis 

napirebs paralelurad uaxlovdeba, xolo Semdgom gaideba 

gadasalax winaaRmdegobaze. 

am meTods pirobiTad vuwodeT xidis “paraleluri” 

gadaadgilebiT agebis meTodi. 

I. xi di s mal i s daxveul -gasaSl el i  ko nst r uqc i a (fig. I. 26). 

 

 

 

 

 

 

 

 

 

 

fig. I. 26  
 

1 _ satransporto saSualeba; 2 _ mimyoli satransporto saSualeba;  

3 _ samontaJo elementebi; 4 _ dasaxvevi xidis konstruqcia;  

5 _ vertmfreni; 6 _ gadasalaxi winaaRmdegoba. 

 

mocemul SemTxvevaSi dasaxvevi “saieriSo” xidis konstruqcia  

metad danawevrebulia. amasTan, konstruqciuli Taviseburebebidan 

gamomdinare rTuldeba misi daWera sxva mdgomareobaSi, garda 
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saeqsploatacio mdgomareobisa. swored amitom iqna montaJis 

sqemebSi gamoyenebuli ori vertmfreni, rac aseve arTulebs misi 

gadebis samuSaoebs gadasalax winaaRmdegobaze. 

miuxedavaT aseTi sirTuleebisa, SeiZleba iTqvas, rom 

aRniSnuli “daxvevis sqemiT” miRweulia konstruqciuli 

gadawyevata xidisa, romlis mali aris 32_48 metri, xolo wona 

17_20 tonas Seadgens. 

aRniSnuli tipis _ “daxvevis sqemiT” realuri 

konstruqciebis Seqmna da isic saieriSo xidebisaTvis kvlav 

moiTxovs axali variantebis Seqmnas da Seswavlas, rac 

xorcieldeba saqarTvelos teqnikuri universitetis nagebobebis, 

specialuri sistemebisa da sainJinro uzrunvelyofis 

institutSi. 

 

 

I. 4. ტრანსფორმაციის მარტივი სქემებიდან ხიდის სისტემების რთულ, 

ორი ტიპის შეწყვილებულ ფორმათწარმოქმნის  

სქემებზე გადასვლა. 

 

Tu SevafasebT warmodgenili sistematizaciiT erTmaliani 

xidis gadasalax winaaRmdegobaze gaSla-dakecvis logikur 

sqemebs, sxvadasxva dros sxvadasxva variantebs eZleodaT 

upiratesoba. 

miuxedavaT amisa, sqemebi praqtikulad ar Seesabameba 

mocemul etapze gasaSleli xidebis konstruirebis logikas. es 

aris mcdeloba arsebuli erTmaliani xidebis klasikuri sqemebis 

daWris, saxsrebis dayenebis da kompaqturad dakecvis, romlis 

Semdeg xdeba maTi gamoyenebis adgilas gaSla da winaaRmdegobaze 

gadeba. 

sqemebis mixedviT maTi klasifikacia Semdegi saxisaa: 

A. gasaSleli xidebi ageba “wamocmis” meTodiT: 

I sqema  _ teleskopis principi – gasaSlel isarze gasrialebiT; 

II sqema – teleskopis principi – xidis konsolurad CamagrebiT. 

B. gasaSleli xidis ageba “gadabrunebis” meTodiT:     
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I sqema – dakecvis principi; 

II sqema – daxvevis principi; 

III sqema – dakecvis principi; 

IV sqema – dakecvis principi. 

 C. gasaSleli xidis ageba “gadaadgilebis” meTodiT: 

I sqema – daxvevis principi. 

 

rogorc ganxiluli klasifikaciidan Cans, arc erTi sqema 

xidis gaSla-dakecvisa ar Seicavs rTuli gaSlis principebs, 

romelSic gaerTianebuli iqneba ori an sami principi 

formaTwarmoqmnisa. swored warmodgenil kvlevaSi es midgoma 

daedeba safuZvlad axali, ufro didi malis mqone xidebis 

sqemebis Seqmnas. 

amasTan, unda iqnes daculi xidis dakecili satransporto 

paketis zRvruli gabaritebi, gansakuTrebiT ki sigrZe, romelic 

12 metrs uaxlovdeba. aseve, misi zRvruli wona, rac 

satransporto pirobebiT aris gansazRvruli. 

amdenad, SeiZleba iTqvas, rom erTmaliani xidebi, romlebic 

gankuTvnilia saieriSo sistemad: 

― ver akmayofileben moTxovnebs malis gazrdisa 32_48 metramde; 

― aRniSnuli malebis SemTxvevaSi veRar xerxdeba maTi swrafad 

ageba; 

― amasTan, rig SemTxvevaSi, moTxovnebs emateba samuSaoebis 

Catareba meore napirzec; 

― da gazrdili malis SemTxvevaSi izrdeba samontaJo da 

satransporto saSualebaTa ricxvi, rac miuRebelia saieriSo 

sistemebisaTvis. 
 

aqedan gamomdinare, ZiriTadi mizania: 

― Seiqmnas erTmaliani, didi zomis – 48 metramde malis mqone, 

gasaSleli xidis konstruqcia, romlis satransporto paketis 

sigrZe iqneba 12 metrze naklebi da igi ganTavsdeba erT 

samontaJo-satransporto saSualebaze; 



92 
 

― xidis montaJi da demontaJi ganxorcieldeba drois umcires 

SualedSi – maqsimum 10 wuTis intervalSi; 

― xidis montaJi da demontaJi ganxorcieldeba momsaxure 

personalis samontaJo-satransporto saSualebidan 

gadmosvlis gareSe; 

― xidis transportireba da gadasalax winaaRmdegobaze gadeba, 

garda satanko xidgamdebisa, SesaZlebeli iqneba 

avtomanqanidan da vertmfrenidanac. 

aRniSnuli moTxovnebis mixedviT damuSavda mravali sqema 

saieriSo, 48 metri malis mqone xidebisa. maT safuZvels 

warmoadgens transformirebadi konstruqciebi, romelSic 

gadmocemulia gasaSleli sistemebis formaTwarmoqmnis logika. 

mis safuZvelze Seiqmna gasaSleli xidebis axali, sruliad 

gansxvavebuli konstruqciuli sqemebi. 

transformaciis mixedviT ganisazRvra rTuli saxis 

formaTwarmoqmnis sqemebi. TiToeuli maTgani Sedgeba ori 

martivi formaTwarmoqmnis sqemisagan: 

I – dakecvis principi + teleskopis principi; 

II _ dakecvis principi + daxvevis principi; 

I principis  – dakecvis principi + teleskopis principi – 

gansxvavebuli konstruqciuli sqemebis mixedviT ganisazRvra 

mesame SemTxvevac: 

III _ dakecvis principi + teleskopis principi. 

rodesac xdeba gaSlis principebis ganxilva, unda 

SevTanxmdeT, rom erTi da igive transformaciis principiT 

SeiZleba SeirCes sxvadasxva tipis konstruqciuli sqemebi. 

— arsebul “saieriSo” meqanizebul xidebSi, romlebic 

gadasalax dabrkolebaze aigebian “wamocmis” an 

“gadabrunebis” meTodiT, ver akmayofileben moTxovnas 24÷32 

metris zemoT malis zrdisa, rac pirvel rigSi SezRudulia 

xidis dakecili paketis satransporto gabaritebiT. 

— arsebuli “saieriSo” meqanizebuli xidebis, gadasalax 

dabrkolebaze xidis dasrulebuli, gaSlili formis 
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warmoqmnas, rogorc transformirebadi sistemebis 

formaTwarmoqmnis Teoriidan gairkva, axorcieleben 

transformaciis saxeobebida erTi romelime principiT. 

— disertaciaSi dasaxuli miznis misaRwevad, rac warmoadgens 

meqanizebuli, erT satransporto saSualebaze ganTavsebuli, 

saieriSo gasaSleli xidebis malis, Semdgom 24_32 metrze 

meti sididiT Seqmnas, aucilebelia xidebis transformaciis 

ara erTmagi, aramed pirvel rigSi ormagi transformaciis 

principze gadasvla. 

 

 

II. გასაშლელი ხიდის კონსტრუქცია აგებული 

ტრანსფორმირებადი სისტემების ფორმათწარმოქმნის ორმაგი 

პრინციპით _ “დაკეცვის პრიბციპი” + “ტელესკოპის 

პრინციპი”. 

 

II.1. ხიდის კონსტრუქციული სქემის აღწერა. 

 

gasaSleli xidis konstruqcia (fig. II.1) Sedgeba ori 

liandisagan 1. liandebi xidis grZivi mimarTulebiT erTmaneTTan 

dakavSirebuli arian ganivi cenraluri lilvebiT 2. aRniSnul 

Reroebze, liandebis mixedviT, wyvil-wyvilad, centraluri 

cilindruli kvanZebiT 3, mimagrebulia pantografebis Reroebi 4. 

pantografebis Reroebi grZivad erTmaneTTan dakavSirebuli 

arian cilindruli zeda kvanZebiT 5 da cilindruli qveda 

kvanZebiT 6, romlebic ganivad aseve urTierTdakavSirebulia 

ganivi lilvebiT 7. 

pantografuli Reroebi, centraluri cilindruli kvanZebis 

zemoT ufro meti sigrZisaa vidre centraluri cilindruli 

kvanZis qvemoT. aseTi sxvaoba maT sigrZeebSi iZleva saSualebas, 
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pantografebis sistema grZivad ganlagdes wriuli moxazulobis 

TaRze. 

xidis qveda nawilSi, ganapira lilvebze 8 emagreba xidis 

moqnili bagirebisagan damzadebuli qveda sartyelebi 9, 

romlebzec mimagrebulia drekadi Reroebi 10. am Reroebis meore 

bolo (fig. II.2) mimagrebulia pantografebis berketebSi 

Camagrebul zambarebTan 11, raTa xidis gaSlis an dakecvis 

momentSi, bagiriani sistema mudmivad iyos winaswar daZabul 

mdgomareobaSi, rac gamoricxavs maT arakanonzomier dakecvas da 

erTmaneTSi gadaxlarTvis SesaZleblobas. 

aRniSnuli bagirovani sistemis daZabuli stadia Tanmxvedria 

sistemis saboloo, fiqsirebuli formisa [21]. 

xidis (ix. fig. II.1. da fig. II.2) savali nawili Seicavs 

filebiT 12 or rigad  Sedgenil saval liandebs. filebis erTi 

bolo dakavSirebulia pantografuli meqanizmebis zeda 

saxsrebTan, sdac xidis centrisken mimarTebiT, amave saxsrebze 

Semobrunebis SesaZleblobiT (fig. II.3), filebs aqvs  drekad-

moqnili ubnebi 13 savali zedapiris sisworis uzrunvelsayofad.  

TaRovani formis filebs meore mxares aqvs gamonaSverebi 14, 

am filebis pantograful meqanizmze Sesrulebul budeebSi 15 

dasafiqsireblad (fig. II.4).  

aRsaniSnavia, rom konsoluri wagrZelebebis bolo nawilis 

Camagreba budeebSi xorcieldeba warmodgenili xidis gaSlis 

bolo etapebze. warmodgenil etapze xidis zeda sartyeli 

moRunuli da gaWimulia, gamonaSverebi advilad ganTavsdeba 

budeSi, xolo Semdeg, xidis sayrdenebze daSvebis etapze 

gamonaSverebi mWidrod mieyrdnoba budis kides imis gamo, rom 

zeda sartyeli Rebulobs saproeqto mdgomareobas da igi ukve 

ikumSeba.  

pantografuli meqanizmebis (ix. fig. II.3) ganapira saxsrebze 16  

mierTebulia swori zedapiris  mqone savali ubnebi 17. 
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xidis sayrdens aqvs gruntze dasadgmeli qusli 18 da masze 

grZivi mimarTulebiT srialis SesaZleblobiT dayenebuli 

zednadebi fila 19. 

aRniSnuli principis mixedviT SesaZlebeli gaxda 

gasaSleli xidis daproeqteba, romlis sruli sigrZe gaSlil 

mdgomareobaSi aRwevs 2,66 metrs (ix. fig. II.1 da fig. II.2).  

rac Seexeba xidis dakecil satransporto pakets, misi sigrZe 

Sedgens 10,820 metrs, xolo simaRle aRwevs 2,5 metrs. 

aseTi gasaSleli xidis saerTo wona winaswari 

gaangariSebebiT aRwevs 20 tonas. 

xidis pantogarfuli meqanizmis gaSla-dakecvisaTvis 

gamoyenebulia eleqtrojalambrebis sistema 20, 21 da igi 

aRWurvilia bagirebis 22, 23 damxvevi dolebiT 24 (ix. fig. II.3). 
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fig. II 1. – gasaSleli, “dakecvis princips + teleskopis principi”,  

xidis konstruqciis xedebi 

a) gasaSleli xidis aqsionometria; b) gasaSleli xidis gverdxedi;  

g) gasaSleli xidis zedxedi; d) gasaSleli xidis, dakecili  

satransporto paketi. 

 

 

 

 

fig. II.2. – gasaSleli xidis dakecili paketis grZivi Wrili 
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fig. II.3. – xidis gaSlis konstruqciis kinematikuri sqema 

 

 

 

 

 

 

 

fig. II. 4. - xidis savali nawilis TaRovani konsoluri filebis 

boloebSi ganTavsebuli gamonaSverebis budeSi Camagrebis 

konstruqciuli sqema 

a) xidi gaSlil mdgomareobaSi, oRond dayrdnobis gareSe 

uzrunvelyofs zeda sartyelis wagrZelebas, ris gamoc konsoluri 
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filebis boloebSi ganTavsebuli gamonaSverebi TavisTavad Cadis 

budeebSi; b) xidis dayrdnobis Semdeg, xidis zeda sartyelis sigrZe 

iklebs, ris gamoc konsoluri filis gamonaSverebi, buddebSi Caiketeba 

da aRar aqvT ukan amowevis saSualeba. 

 

bagirebi gadakidebulia pantografis berketebis boloebze 

arsebul gorgolaWebze, romlis boloebi mimagrebulia Sua 

pantografis berketebis kvanZebze 25. xidis gaSla xdeba 

bagirebis eleqtrojalambris dolebze daxveviT. gaSlis 

procesTan erTad xdeba qveda sartyelis bagirebis 9 da drekadi 

Reroebis 10 daWimvac. 

xidis dakecva xdeba eleqtrojalambrebis 21 dolebze 

bagiris 23 daxvevis Sedegad. 

 

II. 2. ხიდის კონსტრუქციის ტრანსფორმაციის პროცესი 
ხიდგამდების ბაზაზე. 

 

ganxiluli xidisda xidgamdebis urTierTSeTavsebis mravali 

sqema iqna ganxiluli, romelTaganac moxda optimaluri 

variantis dazusteba [22] [23] [24]. 

xidgamdebi warmoadgens muxlovan satransporto-samontaJo 

saSualebas, romelic Sesrulebulia tankis bazaze. 

tankze saTanadod mowyobili gamosawevi da aseve amwe 

mowyobilobebi, romlebic uzrunvelyofen xidis transformacias 

(fig.II.5) da Semdgom mis gadebas gadasalax winaaRmdegobaze. 

xidgamdebis baqanze 1 ganTavsebulia xidis 2 dakecili 

satransporto paketi. xidgamdebs gaaCnia kompleqsi Zalovani 

danadgarebisa, romlebic uzrunvelyofen xidis transformaciis 

mTel process, xidis gadasalax winaaRmdegobaze gadebis 

CaTvliT. 

ori hidrocilindri 3, romelic asrulebs xidis awevis 

movaleobas, ganlagebulia xidgamdebis moZravi baqnis 1 niSaSi, 

xolo maT Soris ki moTavsebulia amwe isari aRWurvili 

teleskopuri tipis hidrocilindriT 4. tvirTis aweva da daSveba 

xorcieldeba satvirTo jalambriT, Sedgenili hidroamZraviT 5, 
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bagiris damxvevi doliT da aRWurvilia Camketi muxruWiT. 

satvirTo jalambari moTavsebulia uZravi platformis 6 kideze 

da bagiriT 7 dakavSirebulia teleskopuri isris boloSi 

moTavsebul xidis Camosakid mowyobilobasTan 8. 

xidis gaSlis dros warmoqmnili gadambruni momentis 

gasaneitraleblad saWiro gaxda moZravi baqanis gamoyeneba, 

romelsac SeuZlia tankis Sasze uZravi baqanis 6 mimarT 

gadaadgileba. 

baqani aRWurvilia meqanikuri sayrdenebiT 9, romlis 

boloebze mimagrebulia gruntze dasayrdeni filebi 10. 

sayrdenis mobruneba saeqsploatacio mdgomareobaSi xdeba 

amZravebis 11 saSualebiT. 

dakecili transformirebadi xidis aweva da gaSla xdeba 

Semdegnairad: mbrunav CarCoze 12, romlis erTi bolo saxsrulad 

mimagrebulia moZravi baqanis boloze 13, xolo CarCos meore 

bolo kvanZebis saSualebiT mimagrebulia CarCoze mimagrebul 

mimwol hidrocilindrebTan 3. amave CarCoze Camagrebulia 

teleskopuri isris 4 hidrocilindris bolo da amdenad 

hidrocilindrebis 3 mowoliT CarCoze, erTdroulad xdeba 

CarCosa da hidrocilindris mobruneba cilindruli saxsris 

garSemo. 
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fig. II.5. – xidis konstruqciis xidgamdebze ganTavsebis da misi 

gamosawevi – amwe meqanizmebis sqemebi. 

a) xidgamdebi da masze ganTavsebuli xidis dakecili paketi 

satransporto mdgomareobaSi; b) da g) xidgamdebis gamosawevi baqnis 

gverdxedi da zedxedi; 

d) xidgamdebis amwe mowyobilobis sqema. 
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mbrunav CarCoze da Camosakid mowyobilobaze specialuri 

samagris saSualebiT mimagrebulia transformirebadi xidi. 

xidis awevis mocemul kinematikur sqemaSi gamoyenebulia ori 

mcire zomis teleskopuri hidrocilindrebi, romelTa 

daniSnulebaa xidis sawyisi wamoweva, rata Seuqmnas mxari amwev 

hidrocilindrebs da amgvarad gazardos miwolis Zala CarCoze. 

amwes isris daxris kuTxis Secvla xdeba hidrocilindrebiT, 

xolo xidis aweva da daSveba xorcieldeba satvirTo jalambriT. 

aRniSnuli sistemas bazaze xdeba xidgamdebidan xidis 

momzadeba gasaSlelad, misi transformacia da gadasalax 

dabrkolebaze gadeba (fig. II.6). 

sqemebze etapobrivadaa warmodgenili sruli cikli 

xidgamdebisa, romelic moicavs I÷XI poziciebs: 
 

I pozicia – gadasavlelis mowyobis adgilis SerCeva. 

II  pozicia – moZravi baqnis gadaadgileba da sayrdenebis 

gamoSveba. 

III da IV pozicia – mimwoli hidrocilindrebiT xidis aweva 

vertikalur mdgomareobamde. 

V pozicia – teleskopuri isriT xidis aweva maqsimalur 

simaRleze. 

VI pozicia – teleskopuri isris xidis dakecil paketTan erTad 

daSveba xidis pirvelad gasaSlel mdgomareobamde. 

VII pozicia – xidis transformaciis procesi “dakecvis principi” 

+ “teleskopis principis” mixedviT. 

VIII pozicia – gaxsnili xidis daSveba sayrdenebze. 

IX pozicia – xidis amwesTan Cabmis konstruqciis Caketva. 

X pozicia – xidis amwis kauWis axsna. 

XI pozicia – xidi gadebulia dabrkolebaze srul 

saeqsploatacio pirobebSi. 
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fig. II. 6. – xidgamdebis sruli ciklis sqemebi. 

 

rac Seexeba gasaSleli xidis konstruqciis 

transportirebas, montaJs da demintaJs vertmfrenis 61 

gamoyenebiT, is identuria gasaSleli xidis konstruqciis 

saxmeleTo satransporto-samontaJo saSualebebiT gaxsnisa da 

dakecvis (fig. II.7) [25]. 
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fig. II. 7. – xidis transportireba da montaJi dabrkolebaze  

vertmfrenis gamoyenebiT. 

a) vertmfreni xidiT; b) dabrkolebis Tavze vertmfrenze Sekiduli 

xidis transformacia; g) vertmfreniT gaSlili xidis gadeba gadasalax 

dabrkolebaze. 
 

aqve warmodgenilia Sewyvilebuli sistemis kinematikuri 

sqemis mqone gasaSleli xidis konstruqciis II varianti dakecil  

da  gaSlil  mdgomareobaSi (fig. II.8), sadac, erTis mxriv, 

pantografebi gaormagebulia da, meores mxriv, xids gaaCnia 

iribnebi. amdenad, TaRovani xidis konstruqcia gadaiqca 

segmentur, iribnebian fermad, romlis zeda sartyeli 

kombinirebulia [26].  

aseTma gadawyvetam Secvala xidis muSaobis suraTi. 

statikurad urkvevi sistemidan igi gadaiqca statikurad rkvevad 

sistemad. saeqsploatacio mdgomareobaSi zeda sartyelis Runva-

kumSvaze muSaobis unariT igi uSualod iTvisebs xidze moZravi 

teqnikis mier gamowveul mRunav moments da aseve xidis zeda 

sartyelSi aRZrul mkumSav Zalvebs. 
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 a)  

 

 

 

 

 

 

 

 

 

 

    
 
b) 

 

fig. II. 8. Sewyvilebuli sistemis kinematikuri sqemis mqone  

gasaSleli  xidis  konstruqcia  dakecil (a)   

da  gaSlil (b)  mdgomareobaSi. 

 

miuxedavad amisa, kvlav darCa uaryofiTi Tvisebebi, 

magaliTad savali nawilis da misi Cabmis kvanZebis SedarebiT 

mcire zomebi, rac qmnis saSiSroebas 50-60 tona satransporto 

saSualebis mier, xidze gadaadgilebisas sxvadasxva Zalovani 

faqtorebiT maTi dazianebisa. amas garda, konstruqciis 

damzadeba ukve iTxovda misi pantografebis urTierTCamagrebis 

preceziulobas, rac arTulebda xidis konstruqcias Tavisi 

Sesrulebis momentSi. amdenad, warmodgenili xidis konstruqcia 

isev svamda sakiTxs misi Semdgomi daxvewisa. 
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II. 3. “დაკეცვის პრინციპს” + “ტელესკოპის პრინციპის” მიხედვით 

შექმნილი გასაშლელი ხიდის, მზიდი პანტოგრაფული სისტემას 

სტრუქტურული და კინემატიკური ანალიზი. 

 

ganxiluli gasaSlel-dasakeci xidis transformaciis 

meqanizmi, romelic konstruqciuli gadawyvetiT lakoneri da 

martivi aris, struqturuli analizis mxriv, rac mis kinematikas 

Seexeba, metad rTulia. 

erTi SexedviT ℓ1 da ℓ2 berketebisagan Semdgari 

pantografebi, romlebic ℓ1>ℓ2 principis gamo wriul 

moxazulobas aRweven pantografebis mier jaWvuri sqemiT 

gaerTianebis SemTxvevaSi, TiTqos yovelTvis inarCuneben 

traeqtoriis simrudis erT da igive mniSvnelobas R-s 

pantografebs Soris nebismieri kuTxis φ SemTxvevaSi. magram es 

ase ar aris. 

gaSlis sawyis periodSi, rodesac pantografebis berketebs 

Soris kuTxe φ aRwevs Tavis minimalur mniSvnelobas φ1-s 

pantografebisagan Sedgenili jaWvis simetriis RerZi 

ganTavsebulia wrexazze, romlis radiusia R1 (fig. II.9.a). 

amis Semdeg iwyeba pantografebis Soris arsebuli kuTxis φ-

is mateba da igi aRwevs φ2-s. swored am momentSi pantografebis 

jaWvis sismetriis RerZi ukve ganTavsdeba wrexazze, romlis 

radiusia R2 (fig. II.9.b). 

es Tviseba, pantografuli jaWvebisa, romelic vlindeba 

regularuli konturis SemTxvevaSi, romlis TiToeuli bloki 

warmoadgens arasimetriul berketul meqanizms iwvevs mraval 

kanonzomierebas sistemis transformaciiT formaTwarmoqmnis 

SemTxvevaSi. 

es kanonzomiereba mdgomareobs imaSi, rom gaSlis pirvel 

etapze simrudis radiusi – R SedarebiT didi sididisaa da misi 

mniSvneloba klebulobs gacilebiT naklebad vidre sistemis 

gaSlis bolo etapebze. 
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a) b) 

g) 

II.9 – TaRovani sistemis saangariSo sqema – 

a) arasimetriuli pantografuli blokebisagan Sedgenili regularuli sistema 

dakecil mdgomareobaSi; b) arasimetriuli pantografuli blokebisagan Sedgenili 

regularuli sistema gaSlil mdgomareobaSi; g) sistemis simrudis radiusebi dakecil 

da gaSlil mdgomareobaSi. 
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amis gamo, xidis formaTwarmoqmnis procesSi, gaSlis sawyis 

etapebze, xidis awevis isari aris Zalian mcire da bolo 

etapebze xdeba misi swrafi zrda. 

es Tviseba ganapirobebs aseve amwis gamoyenebis sirTuleebs 

xidis gaSlis SemTxvevaSi, roca amwis bagiri xidis centralur 

kvanZSia Cabmuli. aseT viTarebaSi amwis isari moiTxovs did 

sigrZes da did daxras, rac iwvevs konstruqciuli gadawyvetis 

sirTuleebs. 

rac Seexeba gaSlili xidis geometriuli parametrebis 

gaangariSebis meTods, igi SemoTavazebulia Semdgom TavSi. 

 

 
 

II. 4. შეწყვილებული სისტემის კინემატიკური ანალიზი 

 

kinematikuri analizi ganxilulia konkretuli malis xidis 

sqemis mixedviT, sadac dazustebulia yvela sawyisi parametric: 

mali _ L; xidis awevis isari, sayrdenebis donidan RerZis 

maqsimaluri simaRle _ f; pantografis berketis zomebi _ ℓ1 da ℓ2; 

TaRis ganivkveTis simaRle, zeda da qveda saxsrebs Soris 

manZili _ h. 

Sesabamisad, aRniSnuli ZiriTadi parametrebis mixedviT unda 

ganisazRvros xidis transformirebadi sqemis kvanZebis 

koordinatebi formaTwarmoqnis nebismier etapze da aseve am 

etapis Sesabamisi neitraluri RerZebis radiusis sidide. 

miuxedavad imisa, rom ZiriTadi amocana aris jaWvuri sqemiT 

ganlagebuli pantografuli sqemis regularuli sistemis 

ganxilva, romelsac gaaCnia Sewyvilebuli berketebi, pirvel 

etapze analizurad dgindeba neitralis RerZis radiusi, martivi 

pantografuli sistemiT agebuli regularuli jaWvisa. 

am mizniT ganvixiloT xidis pantografuli sistemis 

saangariSo kinematikuri sqemis gamartivebuli, ara Sewyvilebuli 

fragmenti (fig. II.10.a). 
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fig. II. 10. a. – sistemis kinematikuri sqema – gamartivebuli 

araSewyvilebuli sqemis fragmenti. 
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fragmentze naCvenebia sami seqcia kinematikuri, regularuli 

sistemis jaWvisa. igi Sedgeba araTanabari sigrZis berketebisagan. 

neitraluri RerZis  zemoT _ centraluri saxsrebis zemoT 

ganTavsebulia berketis nawili, romlis sigrZe aris ℓ1, xolo 

neitraluri RerZis _ centraluri saxsrebis qvemoT 

ganTavsebuli berketis nawilis sigrZe _ ℓ2. 

aRniSnuli berketebi gadajvaredinebulia centralur 

kvanZSi, romelic neitralur simetriis RerZze mdebareobs, xolo 

berketis boloebi cilindruli saxsrebiT ukavSirdeba mezobeli 

seqciis berketis Sesabamis boloebs, romlebic imave cilindrul 

kvanZSia Camagrebuli. 

neitraluri, simetriis RerZis simrude ganisazRvreba 

simrudis radiusiT - R-iT, romelic berketebis urTierTis 

mimarT φ kuTxis cvalebadobiT Semotrialebis SemTxvevaSi 

sxvadasxva sidides Rebulobs. 

amasTan, kinematikur saangariSo sqemaSi centralur kvanZebze 

gamavali simetriuli RerZi da pantografebis jaWvis zeda da 

qveda kvanZebze gamavali mrude xazebi Secvlilia kvanZebs Soris 

gatarebuli swori monakveTebiT. 

zeda da qveda kvanZis SemaerTebeli xazebi ikveTeba erT _ 

“O”@wertilSi, romelic warmoadgens simrudis radiusis sawyis 

wertils, romlidanac koncentruli wrexazebia gatarebuli zeda 

kvanZebze, qveda kvanZebze da centralur kvanZebze. 

aRniSnul sqemaze (ix. fig. II.10.a) datanilia yvela saxasiaTo 

Reroebis ganzogadoebuli sigrZeebi da kvanZebSi Reroebis 

urTierTgadakveTiT Seqmnili ganzogadoebuli kuTxis sidideebis 

aRmniSvnelebi. 

Sesabamisad warmodgenilia (nax. II.10.b) aRniSnuli 

Sewyvilebuli sistemis kinematikuri sqemis gamartivebuli 

araSewyvilebuli  pantografebis gadakveTis erTi seqciis sqema. 

aRniSnuli sqemebis grafikuli gamosaxuleba daedo 

safuZvlad  gaangariSebis  process,  romlis   mizania  dadgena 
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pantografuli jaWvis regularuli sqemis simetriis RerZis 

simrudis radiusis sididis _ R-is damokidebulebisa 

pantografis berketis centraluri kvanZis mimarT zemoT da 

qvemoT sigrZeebisa _ ℓ1 da ℓ2 da maT Soris ganTavsebul, aseve 

cvalebad kuTxes 𝜑𝜑–s Soris.  

amasTan 𝜑𝜑–s nebismieri mniSvneloba Seesabameba mezobel 

centralur kvanZebze, gatarebuli RerZis simrudis radiusebs 

Soris centraluri kuTxis 𝛼𝛼_sidide, romelic 𝜑𝜑–s mimarT aseve 

cvladi damokidebulebisaa. 

 
II.10.b. – sistemis kinematikuri sqema – gamartivebuli,  

araSewyvilebuli sqemis erTi seqcia 
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warmodgenili sqemis mixedviT (ix. nax. II.10) 

∆ KON sadac < OKN=90°;  𝑅𝑅 = 𝐾𝐾𝐾𝐾 ∙ 𝑠𝑠𝑠𝑠𝑠𝑠 𝛼𝛼
2
 . 

∆ KNB-dan sinusebis TeoremiT 

𝐾𝐾𝐾𝐾

sin⁡(𝜑𝜑2 − 𝛼𝛼
2)

=
ℓ1

sin(90° + 𝛼𝛼
2)

 

saidanac 

𝐾𝐾𝐾𝐾 =  
ℓ1 ∙ 𝑠𝑠𝑠𝑠𝑠𝑠(𝜑𝜑2 − 𝛼𝛼

2)

sin(90° + 𝛼𝛼
2)

 

Sesabamisad saTanado gardaqmniT 

𝐾𝐾𝐾𝐾 =  
ℓ1 ∙ 𝑠𝑠𝑠𝑠𝑠𝑠(𝜑𝜑2 − 𝛼𝛼

2)

cos𝛼𝛼2
 

amdenad  

𝑅𝑅 =  ℓ1 sin �
𝜑𝜑
2
−
𝛼𝛼
2
� ∙

𝑠𝑠𝑠𝑠𝑠𝑠 𝛼𝛼2
𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼2

   ან    𝑅𝑅 =  ℓ1sin⁡�
𝜑𝜑
2
−
𝛼𝛼
2
� 𝑡𝑡𝑡𝑡

𝛼𝛼
2

 

analogiuri msvlelobiT SeiZleba R-is sididis gansazRvra 

sxva gziT. 

∆ OKF sadac < KFO=90°;  𝑅𝑅 = 𝐾𝐾𝐾𝐾 ∙ cos⁡(90° − 𝛼𝛼
2

)  anu  𝑅𝑅 = 𝐾𝐾𝐾𝐾 ∙ 𝑠𝑠𝑠𝑠𝑠𝑠 𝛼𝛼
2
 . 

aseve ∆ KFD-dan < KFD=90°; 𝐾𝐾𝐾𝐾 = ℓ2 ∙ sin⁡�𝜑𝜑
2

+ 𝛼𝛼
2
� 

amdenad 𝑅𝑅 = ℓ2 ∙ sin⁡�𝜑𝜑
2

+ 𝛼𝛼
2
� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠 𝛼𝛼

2
 

aRniSnuli ori gziT gansazRvruli erTi da igive sididis 

R-is mniSvneloba qmnis imis pirobas, rom daiweros toloba: 

ℓ1 ∙ sin �
𝜑𝜑
2
−
𝛼𝛼
2
� ∙

𝑠𝑠𝑠𝑠𝑠𝑠 𝛼𝛼2
𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼2

= ℓ2 ∙ sin⁡�
𝜑𝜑
2

+
𝛼𝛼
2
� ∙ 𝑠𝑠𝑠𝑠𝑠𝑠

𝛼𝛼
2
 

saTanado gardaqmnebis Semdeg miiReba, rom 

ℓ1

ℓ2
=
𝑠𝑠𝑠𝑠𝑠𝑠 𝜑𝜑2 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼2 + 𝑐𝑐𝑐𝑐𝑐𝑐 𝜑𝜑2 ∙ 𝑠𝑠𝑠𝑠𝑠𝑠 𝛼𝛼2
𝑠𝑠𝑠𝑠𝑠𝑠 𝜑𝜑2 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼2 − 𝑐𝑐𝑐𝑐𝑐𝑐 𝜑𝜑2 ∙ 𝑠𝑠𝑠𝑠𝑠𝑠 𝛼𝛼2

∙ 𝑐𝑐𝑐𝑐𝑐𝑐
𝛼𝛼
2
 

aniSnuli gamosaxuleba amyarebs funqcuonalur 

damokidebulebas kuTxe φ da kuTxe 𝛼𝛼 Soris. imdenad, ramdenadac 

aRniSnul gamosaxulebaSi garda 𝛼𝛼 –si yvela sxva sidide 
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cnobilia rogorc sawyisi piroba – ℓ1 ; ℓ2 da φ. gamosaxuleba 

iZleva saSualebas konkretuli mniSvnelobis Casmis Sedegad, 

transformaciis formis nebismier momentisaTvis davadginoT 𝛼𝛼-s 

mniSvneloba. es, Tavis mxriv, iZleva saSualebas 𝛼𝛼-s dadgenis 

Semdeg ganisazRvros simetriis RerZis simrudis _ R-is 

mniSvneloba transformaciis Sedegad formaTwarmoqmnis 

saTanado momentSi, radganac gamosaxulebaSi 𝑅𝑅 =  ℓ1sin⁡�𝜑𝜑
2
− 𝛼𝛼

2
� 𝑡𝑡𝑡𝑡 𝛼𝛼

2
 

yvela sidide, garda R–isa ukve gansazRvruli iqneba. 

axla gadavideT rkaluri Sewyvilebuli berketuli 

sistemis amZravi konturis konematikuri parametrebis 

gansazRvris konkretul magaliTze (fig. II.11), romelic 

ganxorcielda grafikulad kompiuteruli programis – 

“avtokadis” bazaze. 

grafikulma eqsperimentma aCvena, rom kinematikurma sqemebma 

konstruqciis gaSlis sxvadasxva etapebze Secvala ara marto 

simetriis RerZis simrudis radiusi R, aramed pantografebis 

sistemiT agebis dros aseve icvleba zomebi TviT saxsrebs Soris. 

 

ℓ = 7349 mm; ℓ1= 1882; ℓ2= 1850; ℓ3=1821; ℓ4=1795;    R1=72653 

ℓ = 7349 mm; ℓ1= 1881; ℓ2= 1851; ℓ3=1822; ℓ4=1794;    R1=171112 

ℓ = 7349 mm; ℓ1= 1881; ℓ2= 1851; ℓ3=1822; ℓ4=1794;    R1=223783 

ℓ = 7349 mm; ℓ1= 1881; ℓ2= 1851; ℓ3=1822; ℓ4=1794    R1=228245 

                                          

saxsrebs Soris manZilis cvlilebebi, konstruqciulad 

SeiZleba gamoswordes saxsrebSi, Reros grZivi mimarTulebiT 

garkveuli sididis luftebis momatebis gziT, rac konkretul 

SemTxvevaSi sul ramodenime milimetriT ganisazRvreba. 

aRniSnuli sirTuleebi, kidev erTi damatebiTi pirobaa im 

mosazrebebTan erTad, rac gamoiTqva Sewyvilebuli 

pantografuli sistemebis mimarT, rom uari vTqvaT mis 

gamoyenebaze didi tvirTamweobis mqone gasaSlel xidebSi. 
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fig. II.11 – sistemis amZravi konturi kinematikuri parametrebis 

gansazRvrisaTvis – sistemis dakecvis etapebi gaSlili  

mdgomareobidan xidis dakecil paketamde 
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gasaSlel xids gaaCnia dadebiTi Tvisebebi: 

— xidis konstruqciuli sqema saSualebas iZleva gadailaxos 48 

metri siganis winaaRmdegoba;  

— xidi iSleba drois mcire monakveTSi;  

— xidis gaSla warmoebs misi transformaciis procesSi 

adamianis Carevis gareSe; 

— xidis satransporto paketis zomebia 11.2x4.1x2.85 metri; 

— xidis wona 17 t; 

— xidi gaSlis Semdeg ar saWiroebs damatebiT Camketebs; 

— xidis savali nawili erTveba xidis TaRis saerTo muSaobaSi 

da amiT miiRweva masalis ekonomia. 
 

gasaSleli xidis uaryofiTi Tvisebebia: 

— xidis konstruqciaSi mravali cilindruli saxsrebis 

arseboba, romlebic Tavisi ganlagebiT iwveven xidis ganivi 

mimarTulebiT gadaadgilebis xarisxis zrdas; 

— xidis montaJi SesaZlebelia misi SekidebiT Sua nawilSi, rac 

iwvevs damatebiTi masalis xarjs xidgamdebis saTanado 

aRWurvisaTvis, gansakuTrebiT ki 28_30 metri sigrZis 

teleskopuri isris mowyobisaTvis; 

— xids montaJis dros aqvs Zalian dabali sixiste grZivi 

mimarTulebiT Runvaze, radganac gaSlis dros muSaobaSi 

aris CarTuli xidis mxolod da mxolod 

urTierTgadajvaredinebuli elementebi. maT gaaCniaT 

kritikuli wertilebi, sadac misi sixiste minimaluria. 
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III. გასაშლელი ხიდის კონსტრუქცია აგებული 

ტრანსფორმირებადი სისტემების ფორმათწარმოქმნის 

პრინციპით – “დაკევის პრინციპი + დახვევის პრინციპი” 
 

III.1. ხიდის კონსტრუქციული სქემის აღწერა 

 
“dakecvis princips” + ”daxvevis principi”, rogorc trans-

formirebadi sistemis formaTwarmoqmnis kinematikuri sqema, 

gamoyenebul iqna avtoris mier kosmosuri refleqtoris 

damuSavebisas [28]. 

yovelive zemoaRniSnulis gaTvaliswinebiT SemuSavda 

gasaSleli xidis konstruqciis axali varianti (fig.III.1, fig.III.2). 

xidis konstruqcia gamoirCeva imiT, rom pantografuli 

sqemiT urTierTdakavSirebuli xisti elementebi, romlebic 

erTmaneTs gadajvaredinebulad ukavSirdebian centraluri 

cilindruli saxsrebiT da ganapira cilindruli saxsrebiT, 

gaSlis etapebze emsaxurebian da warmoadgenen mxolod da 

mxolod gaSlis elementebs, romlebic uzrunvelyofen 

transformaciiT formaTwarmoqmnis process, magram xidis gaSlis 

bolo etapze isini ganlagdebian TaRis moxazulobiT da ukve 

warmoadgenen xidis zeda savali nawilis sartyels.  

transformirebadi sistemis aseTi gadawyveta im mizniT 

moxda, rom gasaSleli xidis yvelaze ufro masiuri da Runvaze 

didi sixistis mqone, savali nawilis mzidi sistemebi, xidis 

gaSlamde asrulebs ZiriTadi elementebis rols, romliTac 

formaTwarmoqmnis procesi xorcieldeba. 

 xidi Sedgeba aRmavali pantografebisagan 1 (ix. fig. III.1 da 

fig. III.2) da daRmavali pantografebisagan 2. pantografebi 

urTierTikveTebian, sadac mowyobilia mTavari cilindruli 

saxsrebi, romlebic ganTavsdeba ganivad ganlagebul centralur 

lilvebze 3. aRsaniSnavia, rom pantografebis ori saxeobidan an 

aRmavali an daRmavali pantografebi centralur lilvTan 



131 
 

xistad arian Camagrebuli. analogiuri sqemiT aris mowyobili 

xidis ganapira seqciebi, sadac liandebis 4 mixedviT, 

centraluri lilvi or nawilad aris gayofili. 

liandebis mixedviT gadajvaredinebuli pantigrafebis 

calkeuli seqciebi, grZivad dakavSirebulia mezobel seqciebTan. 

es kavSiri xorcieldeba aRmaval da daRmaval pantografebs 

Soris mowyobili saxsrebiT, romlebSic gayrilia zeda lilvebi 

5 da qveda lilvebi 6. 

aRsaniSnavia, rom aRmavali da daRmavali pantografebis 

makavSirebeli zeda lilvebi da qveda lilvebi ganTavsebulia 

mTavar centralur lilvze gamavali liandebis ukiduresad 

dacilebul wertilebSi. 

swored maTi dacilebis manZilebs Soris sxvaoba aniWebs 

pantografebs, xidis gaSlis momentSi, poligonalur an wriul 

moxazulobas. 

aseTi moxazulobis miReba, saTanado geometriuli 

gaTvlebis gareSe SeuZlebels xdis sistemis gaSla_dakecvas, 

amitom amis Sesaxeb calke analizi iqneba ganxiluli. 

xidis ganapira gancalkevebul lilvebze, aseve, 

Camagrebulia xidis sayrdenebi 7, romlebsac gaaCniaT TviT 

sayrdenebis mimarT xidis garkveuli gasrialebis unary, rac 

aucilebelia xidis qveda moqnili sartyelebis 8 dasaWimad. 

moqnili sartyelebi, romlebic maRali simtkicis 

masalisagan arian damazadebuli, Camagrebulia qveda sartyelis 

kvanZebSi 9. boloebi ki emagreba qveda lilvebze mowyobil 

kvanZebSi. 

qveda sartyelis kvanZebSi, aseve, Camagrdeba xidis iribnebi 

10. es kavSiri xorcieldeba qveda sartyelis ganivi Reroebis 11 

saSualebiT. ganiv Reroebs aqvT unari, xidis dakecvis dros, 

daixvion qveda moqnili sartyeli Tavis Tavze. 

meore boloTi iribnebi cilindruli kvanZebiT emagreba 

centralur lilvebze. 
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fig. III. 1. – xidis konstruqciis gaSlis sqemebi. 

a) xidi dakecili satransporto paketis gabaritebiT; 
b) xidis transformaciis pirveladi etapi. 
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fig. III. 2. – xidis konstruqciis gaSlisa da fiqsaciis sqemebi. 

a) xidis transformaciis meore etapi; 

b) xidis konstruqcis gaSlil, fiqsirebul mdgomareobaSi. 

 

fig. III. 3. – xidis konstruqciaze ganTavsebuli qveda moqnili 

sartyelis damcavi firfitebi da iribnebze mowyobili  

damatebiTi kavSirebis sqema. 

a) xidis sivrciTi sqema; b) xidis zedxedi. 

 
xidis gaSlis meqanizmebi, mocemul SemTxvevaSi 

warmodgenilia eleqtroamZravis 12 saxiT. igi emagreba aRmaval 

iribnebs, xolo Tavis brunviT centraluri lilvis irgvliv 

atrialebs daRmaval iribnebs, rac uzrunvelyofs sistemis 

gaSla_dakecvas. 

xids qveda sartyelis ganapira sibrtyeebze, ganTavsebuli 

aqvs moqnili firfitebi 13 dakavSirebuli qveda sartyelis 
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moqnil ReroebTan (fig. III.3). aseTi gadawyveta aucilebelia 

imisaTvis, rom xidis dakecvis momentSi, pantografebis qveda 

makavSirebel kvanZebSi ar moxdes moqnili qveda sartyelebis 

arakontrolirebadi Cakecva. 

xidis or rigad ganlagebuli liandebi erTmaneTSi 

damatebiT erTiandebian kavSirebiT 14, romlebic xidis 

iribnebzea mowyobili. 

ganxilvas moiTxovs zeda da qveda pantografebis, xidis 

sruli gaxsnis dros, makavSirebeli Camketebi. isini or variantad 

aris warmodgenili (fig. III. 4; a da b). 

pirveli varianti (ix. fig. II. 4. a) Semdeg principzea 

agebuli. pantografebis SemaerTebel zeda ganiv lilvze 1, 

cilindruli saxsriT damagrebulia sataci 2, romelsac aqvs 

qveda ganivi Reroebis 3 Casasmeli bude 4. sataci yovelTvis 

daZabul mdgomareobaSia. mas ebjineba sabjeni 5, romelsac awveba 

zambara 6 ganTavsebuli zambaris budeSi. 

xidis sruli gaSlis Semdeg xdeba, qveda ganivi Reroebis 

gasrialeba satacze da misi Sesvla damWer budeSi. xidis gaxsnis 

dros sataci miizideba eleqtromagnitiT 7 da xdeba qveda ganivi 

lilvis gaTavisufleba satacidan. 

meore varianti (ix. fig. II. 4. b) Semdeg principzea agebuli. 

pantografebis SemaerTebeli zeda ganiv Reroebze 1, cilindruli 

saxsriT damagrebulia sataci 2, romelsac aqvs qveda ganivi 

Reroebis 3 Casasmeli bude 4. 

satacs aqvs figuruli  amonaWeri  5, romelSic moZraobs 

damWeris 6 TiTi 7. damWeris meore bolo 8 ki gadaadgildeba 

eleqtro. amZraviT 9, riTac xdeba budeSi qveda ganivi Reros 

ganTavseba an misgan gaTavisufleba. 

ganxilul xids, romelsac mravali dadebiTi Tviseba 

gaaCnia, gaSlis bolo etapze, pantografebis makavSirebeli zeda 

ganivi Reroebis da qveda ganivi Reroebis urTierTmakavSirebeli 

Camketebis mxriv garkveuli problemebi axasiaTebs. 
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garTulebulia xidis gaSlis bolo etapebze yvela Camketis 

erToblivi Caketva, ramac SeiZleba Seqmnas arasaStato viTareba. 

amasTan, xidis geometriuli Taviseburebebidan gamomdinare, 

TiToeul pantografis simaRlis 50 santimetramde gazrdis 

SemTxvevaSi, pantografebis makavSirebeli zeda da qveda 

cilindruli saxsrebi da, miT umetes, ganivi Reroebi SedarebiT 

mcire sididis diametris aris. es ki, garda muSaobis statikuri 

da dinamikuri suraTis sirTulisa, aseve, xidis eqspluataciis 

pirobebidanac qmnis bevr siZneles, radgan masze muxluxebiani 

mZime tanki gadaadgildeba, rac iwvevs xidis savali nawilis, 

mcire farTiT urTierTSemxebi zedapirebis Telvas. 

 aRniSnuli naklovanebebis aRmofxvra SesaZlebelia, magram 

48 metri malis SemTxvevaSi, savali nawilis TiToeuli blokis, 

pantografebis ganivkveTis simaRlis kidev ufro meti momateba 

iwvevs xidis dakecili paketis saerTo simaRlis zrdas, rac 

arTulebs xidis transportirebas. xidis sxva yvela komponenti, 

Seesabameba gazrdilmaliani gasaSleli xidis moTxovnebs, 

rodesac misi sruli sigrZe 48 metramde aRwevs. 

axla kvlav davubrundeT xidis konstruqciuli 

struqturis transformaciis procesebs. 

rogorc aRiniSna xidi gaSlil mdgomareobaSi warmoadgens 

segmentur kombinirebul fermas, romelsac gaaCnia zeda Runva-

kumSvaze momuSave xisti sartyeli, xisti, centralur kvanZebSi 

saxsrulad Camagrebuli iribnebi, romelTac samkuTxa formis 

ganlagebis sqema aqvT da qveda moqnili sartyeli, romelic 

xidis dakecvis dros iribnebis SeerTebis qveda saxsrul 

kvanZebSi exvevian iribnebs SemaerTebel ganiv RerZebze. 

xidi Sedgeba ori liandisagan, romlebic erTmaneTs 

ukavSirdebian centralur saxsrul kvanZebs mierTebuli mTavari 

lilvebiT. aseTi sqema xidis dakecili satransporto paketidan, 

vidre gaSlis Sedegad ar miiRweva forma dasrulebuli xidisa, 

romelic uzrunvelyofs mis srul eqspluatacias, gamoirCeva 

didi mzidunarianobiT da, amasTan erTad, sakuTaro wonis 

SemsubuqebiT. rac miiRweva konstruqciul masalebSi maRali 
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simtkicis aluminis Senadnobebis garda, aseve maRali simtkicis 

foladis bagirebis gamoyenebiT da savali nawilis filis xidis 

konstruqciis saerTo muSaobaSi CarTviT. 

gasaSleli xidi (ix. fig. III.1 da fig. III.2) pirvel etapze 

warmoadgens satransporto paketis saxiT dakecil konstruqcias 

(ix. fig. III.1.a). 

Semdeg etapze iwyeba xidis transformacia (ix. fig. III.1.b. da 

III.2.a), xolo bolo etapze transformaciis procesi mTavrdeba da 

miiReba xidis gaSlili konstruqcia (ix. fig. III.2.b). 

rogorc vxedavT, transformirebadi konstruqiis magaliTze, 

xids gaaCnia pirvelad fiqsirebuli forma, dakecili 

satransporto paketis saxiT; funqcionaluri formebi, rimlebic 

transformaciis procesSi warmoiqmneba; da saeqsploatacio 

funqcionaluri forma gaSlili xidis saxiT. 

amrigad, Seqmnili xidi srul SesabamosibaSia 

transformirebadi sistemebis TeoriiT gansazRvrul 

ganmartebasTan, romlis mixedviT _ transformirebadi sistema 

aris erTmaneTTan garkveuli wesiT dakavSirebuli elementebis 

erToblioba, romlebic warmoSoben mTlianobas, romelsac 

axasiaTebs mravali fiqsirebuli, maT Soris funqcionaluri 

forma, romelTa dros elementebis urTierTganlageba inarCunebs 

ra urTierTkavSiris mTlianobas, icvleba drosa da sivrceSi. 

warmodgenili xidi, aseve warmoadgens meqanizmebisa da 

nagebobis SerwymiT miRebul erTobliobas, romelsac safuZvlad 

udevs konkretuli konstruqciuli gadawyveta. 

 

III. 2. ხიდის მონტაჟისა და დემონტაჟის სქემები სატანკო 

ხიდგამდების გამოყენებით. 

 

xidis transportirebisa, gasaSlelad momzadebisa, 

transformaciisa da gadasalax dabrkolebaze mowyobosaTvis 

Seiqmna gansakuTrebuli konfiguraciis xidgamdebis proeqti (fig. 

III. 5. da fig. III. 6). 

xidis daniSnulebis adgilamde misatanad SeiZleba 

gamoyenebul iqnas muxluxa satransporto saSualeba, romelsac 
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Sasize 1 deyenebuli aqvs grZivi mimmarTvelebi 2.MmimmarTvelebi 

kiCos mxares gaerTianebulia erTmaneTTan ganivas 3 meSveobiT. 

mimmarTvelebSi sriala saxsrebiT  Casmulia gamosawevi koWebi 4. 

gamosawevi koWebis masis wona mxaris boloebs aqvs 

damakavSirebeli RerZi 5. RerZze dayenebulia 90° Semobrunebis 

SesaZleblobis mqone amwev-damwevi sayrdenebi 6 amwe isris 7 

aweva-dawevisaTvis.A 

amwev-damwevi sayrdenebi aRWurvilia hidrocilindrebiT 8, 

romlebic sasxrulad mierTebulia gamosawev koWebsa da amwev-

damwev sayrdenebze. koWebis damakavSirebel RerZze Semobrunebis 

SesaZleblobiT mierTebulia amwe teleskopuri isari.G amwe isris 

Tavze 9 damagrebulia bagiris 10 erT-erTi bolo. Bbagiris meore 

bolo damagrebulia ganivaze dayenebul amZravian dolze 11. amwe 

isris Tavze dayenebulia damatebiTi amZraviani doli 12 masze 

daxvevis SesaZleblobiT damagrebuli satacis 13 sawevi bagiriT 

14. xolo gamosawev koWebTan saxsrulad gverdebze gawevis 

SesaZleblobiT dakavSirebulia Zelebi 15. Zelebis boloebze 

mierTebulia amwev-damwevi Reroebi 16 maTze saxsrulad 

mierTebuli sayrdeni filebiT 17.  

muxluxa xidgamdebze xidi 18 dakecil mdgomareobaSi 18 

gverdiT dayrdnobilia mis gamosawev koWebze da damagrebulia 

satacze 19 samagri elementis maryuJis meSveobiT. satacis sawevi 

bagiri 20 daxveulia dolze 21.Aamwe isari da misi amwev-damwevi 

sayrdenebi dakecilia. 

xidis winaaRmdegobaze gaSlisaTvis xidgamdebs miayeneben mis 

napirTan. marTvis pultiT moqmedebaSi modian grZiv 

mimmarTvelebSi dayenebuli koWebi, romlebic gasrialdeba  

mimmarTvelebze da gaiwevs winaaRmdegobisken. amZravis amuSavebiT 

warmoebs koWebTan saxsrulad mierTebuli Zelebis gverdebisken 

gaweva. Semdeg xorcieldeba Zelebis boloebze  mierTebuli 

amwev-damwevi sayrdenebis sigrZis regulireba manam, sanam  

sayrdeni filebi miebjineba grunts.  
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fig. III. 5. – xidgamdebisa da xidis urTierTSeTavsebuli procesebi. 

a) xidgamdebi da masze ganTavsebuli xidi satransporto 

mdgomareobaSi; b) xidgamdebis mier xidis konsoluri gamoweva; 

g) xidgamdebis sruli momzadeba xidis montaJisaTvis. 
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fig. III. 6. – xidis transformaciis sqemebi gadasalax dabrkolebaze. 

a) xidis transformaciis procesis sastarto mdgomareoba; 

b) xidgamdebis teleskopuri isris vertikalurad gaSla; 

g) teleskopuri isari daxril mdgomareobaSi. 
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fig. III. 7. – xidis gadasalax dabrkolebaze gadebis procesebi. 

a) xidgamdebis isari dakavSirebulia xidis Casabmel mowyobilobasTan; 

b) xidgamdebma daasrula xidis dabrkolebaze gadebis procesi; 

g) xidi saeqsploatacio mdgomareobaSi.  

 

Semdeg etapze marTvis pultidan  hidrocilindrebis 

amoqmedebiT xorcieldeba amwe teleskopuri isris qveS 

mowyobili amwev-damwevi sayrdenebis 90°-iT aweva, romelsac Tan 

axlavs amwe isris aRmarTva. amis Semdeg xdeba teleskopuri amwe 

isris gaSla da winaaRmdegobisken gadaxra iqamde, sanam moxdeba 



142 
 

dakecili xidis winaaRmdegobaze gaSlisaTvis xelsayreli 

mdgomareobis dakaveba da warmoebs xidix gaSla. xidis 

sayrdenebis napirebze mibjenisas sataci Tavisufldeba xidis 

misabmeli mowyobilobis 22 maryuJidan (fig. III.7). 

amis Semdeg xdeba xidgamdebis dakecva. Semdgom, xidgamdebi 

gadaivlis xids da misi meore bolos mxridan awarmoebs 

misabmeli elementis maryuJze satacis kauWis moWidebas, xidis 

awevas, dakecvas da xidgamdebze dayrdnobas axali daniSnulebis 

adgilze gadasatanad. gasaSleli xidis demontaJi xorcieldeba 

reversiT montaJis procesisa. 

xidis daniSnulebis adgilamde misatanad aseve SeiZleba 

gamoyenebul iqnes vertmfreni. am SemTxvevaSi dakecili xidis 

Casabmel maryuJSi gaeyreba satacis kauWi bagiriT.  vertmfrenis 

jalambarze bagiris daxveviT warmoebs  misi aweva da 

winaaRmdegobasTan gadatana. jalambaris amoqmedebiT xdeba 

bagiris zRudisken CaSveba, distanciuri marTvis pultis 

gamoyenebiT amoqmedebian xidis saketebis madeblokirebeli 

eleqtromagnitebi, rasac moyveba xidis gaSla. winaaRmdegobis 

napirebze sayrdenebis dayrdnobis Semdeg grZeldeba bagiris 

CaSvebas iqamde, sanam daikeceba xidis Casabmeli mowyobilobis 

teleskopuri Reroebi da Casabmeli maryuJi Caiweva savali 

nawilis koWebs  Soris. xeliT an distanciuri marTvis pultiT 

xidis Casabmel maryuJs aTavisufleben satacebisagan, ris Semdeg 

xidi Rebulobs saeqspluatacio mdgomareobas.  

 

III. 3. გასაშლელი ხიდის გაანგარიშება 

 

“dakecvis princips” + “daxvevis principiT” Seqmnili “48 

metri malis mqone, saieriSo gasaSleli xidi da xidgamdebi” 

warmodgenili 92 gverdze Sesrulebuli samuSaos da misi dacviT 

2008 wels giorgi meZmariaSvils mieniWa magistris akademiuri 

xarisxi. 
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naSromSi, sxva sakiTxemTan erTad ganxilulia xidis 

konstruqciis gaangariSeba. amdenad, aq warmodgenilia xidis 

gaangariSebis da konstruirebis ZiriTadi Sedegebi, romelic 

mTliani saxiT ganxilulia aRniSnul naSromSi. 

gasaSleli samxedro xidis klasia _ MBC70, rac xidis 

tvirTamweobis mixedviT mianiSnebs 70 tona sasargeblo 

datvirTvas. 

xidis dakecili satransporto paketis sigrZe Seadgens 11,2 m; 

sigane _ 4,1 m; simaRle ki _ 3 m. 

gasaSleli xidis saerTo sigrZe 48 metria. xidis gaSlis 

sangariSo dro 7 wuTia. 

xidis malis naSenis winaswar SerCeuli masala aluminis 

Senadnobia, markiT 1915T. misi saangariSo winaRoba gaWimvaze, 

kumSvaze da Runvisas Seadgens Ri = 2000kg/sm2. masalis drekadobis 

modulia E = 710000 kg/sm2. Zvris modulia G = 270 000 kg/sm2. 

puasonis koeficientia μ = 0,3. temperaturisagan xazobrivi 

gafarToebis koeficienti Seadgens K = 0,23∙10-4. simkvrivis 

saSualo mniSvnelobaa ρ = 2,7 t/m3. 

xidis konstruqciebSi, aseve, gamoyenebulia foladis 

Senadnobebi, romlis saangariSo winaRobaa R = 2100kg/sm2, xolo 

drekadobis modelia E = 2 100 000 kg/sm2. 

xidis konstruqciaSi qveda moqnili sartyelebi 

Sesrulebulia maRali simtkicis bagirebisagan, romelTa 

normatiuli winaRoba R𝜎𝜎 = 14 000kg/sm2. 

xidze moZravi datvirTva Seesabameba standarts _ НГ _ 60-s. 

xidis konstruqciis gaangariSeba xdeba sam etapad: 

I etapi. xidis miaxloebiTi sainJinro gaangariSeba. am etapze 

literaturaSi arsebuli miaxloebiTi formulebiT da meTodebiT 

xdeba xidis konstruqciis miaxloebiTi angariSi. 

II etapi. xidis winaswari konstruireba, sakuTari kveTebiT, 

woniT da droebiTi tvirTiT gaangariSdeba yvela SesaZlo 

datvirTvebze. es etapi Sualedur angariSs moicavs, romlis 
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Sedegis mixedviT, ukve xdeba saboloo kveTebis zustad 

gansazRvra da saboloo angariSis Catareba. 

III etapi. xidis konstruqciis saboloo angariSi 

saeqsploatacio da teqnologiur datvirTvaze, iZleva Sedegebs, 

romlis mixedviTac kontroldeba yvela kveTSi Zalvebi. amasTan, 

am etapzec mosalodnelia rigi cvlilebis Setana konstruqciis 

elementebis kveTebSi. 

gaSlil mdgomareobaSi xidis brtyeli principuli sqema 

warmodgenilia fig. III.8-ze. 

 

Wrili 1-1 

 

fig. III.8. – xidis gverdxedis sqema da zeda kombinirebuli sartyelis 

Wrili 1_1. 

 

zeda kombinirebuli sartyeli struqturaSi warmoadgens 

fermebs, gasivrcoebuls fermebis zeda da qveda sartylebis 

muSaobaSi CarTuli filebis saxiT. (fig. III. 9).  

 

fig.  III. 9. zeda sartylis struqturis sqema. 
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konstruqciis angariSi, saTanado saangariSo sqemis da 

saangariSo modelis Seqmnis Semdeg moxda programuli 

uzrunvelyofiT “Lira 2008”. 

angariSis analizis Sedegad, SesaZlo kritikul 

datvirTvebidan Seiqmna maqsimaluri Zalovani faqtorebi: 

 

𝑀𝑀მუდმივი = 40,6759 ∙ 0,08855 = 3,6 ტ. მ. 

𝑀𝑀დროებითი = 3,58428 ∙ 7 = 25,08996 ტ. მ. 

𝛴𝛴𝑀𝑀 = 3,6 + 25,1 = 28,7ტ. მ. 

𝑁𝑁მუდმივი = 224,165 ∙ 0,08855 = −19,85 ტ. 

𝑁𝑁დროებითი = −24,165 ∙ 7 = 173,06 ტ. 

𝛴𝛴𝑁𝑁 = −19,9 − 173,1 = −193,0 ტ. 

𝑁𝑁ქვედა მუდმივი = 281 ∙ 0,08855 = 24,883 ტ. 

𝑁𝑁ქვედა დროებითი = 26,3012 ∙ 7 = 184,11 ტ. 

𝛴𝛴𝑁𝑁ქვედა = 24,9 + 184,2 = 219,1 ტ. 

𝑁𝑁გაჭიმული ირიბ.  მუდმივი = 30,9 ∙ 0,08855 ∶ 2 ∶ 2 = 1,4125 ტ. 

𝑁𝑁გაჭიმული ირიბ.  დროებითი = 7 ∙ 7 ∶ 2 ∶ 2 ≈ 25 ტ. 

𝛴𝛴𝑁𝑁გაჭიმული ირიბანი = 1,4125 + 25 = 27 ტ. 

𝑁𝑁შეკუმშული ირიბ.  მუდმივი = −20 ∙ 0,08855 ∶ 2 ∶ 2 = −0,9 ტ. 

𝑁𝑁შეკუმშული ირიბ.  დროებითი = −4 ∙ 7 ∶ 2 = −14  ტ. 

𝛴𝛴𝑁𝑁შეკუმშული ირიბანი = −0,9 − 14 ≈ −15  ტ. 

 
 aseve dasadgenia gadaadgilebebi, romlebic aris x da z 

RerZebis mimarT. 

�Δx  მუდმივი=137 ∙0,08855 =12,1მმ=1,21სმ
Δx  დროებითი=9,62∙7=67,34მმ=6,7სმ� zeda kombinirebul sartyelSi 

adgilobrivi mRunavi momentisagan gamowveuli 
 

ΣΔx
max = 1,2 + 6,7 ≈ 8 სმ 

�Δ𝑧𝑧  მუდმივი=716 ∙0,08855 =65,4მმ=6,54სმ
Δ𝑧𝑧  დროებითი=58∙7=406მმ=40,6სმ � fermis qveda sartyelSi 

ΣΔz
max = 6,54 + 41 ≈ 47,5 სმ 
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mocemuli Zalovani faqtorebis mixedviT SeirCa 

konstruqciis elementebis ganivkveTebi. 

 unda aRiniSnos, rom xidis elementebis wonebis gansazRvraSi 

mocemul etapze ar Sesula xidisaTvis aucilebeli damatebiTi 

elementebis wonebi, romlebic aucilebelia realur pirobebSi 

xidis agebisa da eqsploataciisaTvis. 

 

xidis wonis specifikacia 

1. zeda savali nawilis liandad ganlagebuli filebi _ 1 calis 

wona 1087 kg. 

G1 _ mTliani wona 10870 kg 

masala aluminis maRali simtkicis Senadnobi 1931. 

2. qveda moqnili trosebisagan (bagirebisagan) Semdgari, or 

nawilad gayofili sartyeli _ masala foladis Senadnobebi. 

trosi (bagiri) Ø11 mm. 

Rტროსი=10.000 kg/sm2 

n=84 cali    n1=42cali 

G2 _ saerTo wona 3100 kg  

3. aluminis Senadnobebis iribanebis saerTo wona 

G3 _ Seadgens 2460 kg. 

4. liTonis lilvebi diametriT Ø11 mm. filis sigane δ=5mm da Ø 40 

mm. kedlis sigane δ=10mm maTi wona  

G4 _ Seadgens 612 kg. 

5. aluminis Senadnobebis sayrdenebi _ 4 cali maTi saerTo wona 

G5 _ Seadgens 714 kg. 

6. liTonis gaxsna-dakecvis ori Zrava da amZravi. maTi saerTo 

wona  

G6 _ Seadgens 200 kg. 

ΣG= G1+ G2+ G3+ G4+ G5+ G6 

ΣG=17896 kg. 

“dakecvis princips” + “daxvevis principiT” Seqmnil 

gasaSlel xids, romlis mali 48 m-s aRwevs, gaaCnia Semdegi 

dadebiTi Tvisebebi: 
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— gasaSleli xidis zeda kombinirebuli sartyeli, romelic 

savali nawilis muSa elementia, Sedgeba didi sixistis mqone, 

Runvaze kargad momuSave, jvaredini sqemiT Sedgenil da 

urTierTdakavSirebul pantografebisagan. 

pantografebi, xidis transformaciis, gaSla_dakecvis 

procesSi, asruleben ZiriTadi mzidi elementebis rols, 

romlebic uzrunvelyofen formaTwarmoqmnas. xolo ukve 

gaSlili, saeqsploatacio mdgomareobaSi myofi xidisaTvis, 

aRniSnuli pantografebi warmoadgenen xidis savali nawilis, 

Runva_kumSvaze momuSave, kombinirebul sartyels fermisa. 

amasTan, xids gaaCnia naklovanebebi: 

— xidis satransporto paketis SedarebiT didi simaRle, rac 

rogorc arsebul meqanizebul xidebSia, Cvens SemTxvevaSic, 

aseve, uaryofiTad moqmedebs Sasze agebuli xidgamdebis 

manevrulobaze. 

— xidis konstruqciis zeda sartyelSi, misi SezRuduli 

simaRlidan gamomdinare, adgili aqvs mravali, SedarebiT 

mcire diametris lilvebis da RerZebis gamoyenebas, rac 

meqanizebuli xidebisaTvis, romelzec mZime da uxeSi 

datvirTva _ tankebi gadatardeba, garkveul naklad unda 

CaiTvalos. 
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IV. გასაშლელი, “დაკეცვის პრინციპს” +  

“დახვევის პრინციპით” შექმნილი ხიდის,  

4,8 მეტრი მალის მქონე მოდელის ექსპერიმენტული კვლევა. 

 
IV. 1. ხიდის მოდელის კონსტრუირება 

 
gasaSleli xidis konstruqciis funqcionaluri, 

gansakuTrebiT kinematikuri maxasiaTeblebis Sesaswavlad, 

romlis saboloo mizani, aseve iyo misi Sedareba Teoriuli 

gaTvlebis SedegebTan, daproektda da damzadda 4,8 metri sigrZis 

xidis modeli, xidgamdebTan erTad. 

realur konstuqciasTan SedarebiT modelis masStabma 

Seadgina 1 : 10-Tan. xidis gamosacdeli modeli Seiqmna realuri, 

48-metriani gasaSleli xidis konstruqciebis zomebis 

maqsimaluri Tanafardobis dacviT. aseve, modelSi ZiriTadad 

SenarCunebulia calkeuli kvanZebis, detalebisa da konstruqciis 

mTliani fragmentebis Sesabamisoba realur konstruqciasTan. 

konstruqciis zeda kombinirebuli sartyelis da sayrdenis 

dasamzadeblad gamoyenebul iqna aluminis maRali simtkicis 

Senadnobebi, iribnebi damzadda foladisagan, xolo qveda 

moqnili sartyelebi Sesrulebulia maRali simtkicis bagirebis 

gamoyenebiT. 

aseTive wesiT da imave masStabSi damzadda xidis 

satransporto-gamSleli mowyobilobis _ xidgamdebis modelic, 

romlis masalad gamoyenebul iqna foladi. xidis modelis 

gamSleli mowyobilobis daproeqteba_damzadebis dros 

gaTvaliswinebuli iqna is pirobebi, romelSic muSaobs realuri 

gamSleli mowyobiloba (fig. IV. 1). 

 modelis egreT wodebuli xidgamdebis konstruqcia 

warmoadgens oTxi wyvili borbalis 1 saSualebiT gadaadgilebad 

Sass 2, romelzec ganTavsebulia xidis satransporto pirobebSi 
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tarebisa da gadasalax dabrkolebaze gaSlis samontaJo 

mowyobilobebi. 

 

 
fig. IV. 1. – xidgamdebis modelis konstruqciuli sqema 

a) gverdxedi; b) zedxedi 

  

moZrav Sasze mimagrebulia uZravi baqani 3, romelSic 

ganTavsebulia gamosawev_Sesawevi baqani 4. misi gamowevis Semdeg, 

gruntTan myari fiqsaciisaTvis, moZravi baqnis bolos 

ganTavsebulia gamosawevi, asawev_dasawevi sabjenebi 5. 

moZrav baqanze ganTavsebulia, masTan cilindruli kvanZebiT 

Camagrebuli ZiriTadi RerZi 6, romelzec damagrebulia 

asawev_dasawevi CarCo 7 da masTan erTad gasaSleli 

teleskopuri isari 8. 

baqanze, CarCos wamosawevad vertikalur mdgomareobamde, 

erTi boloTi Camagrebulia hidrocilindris meqanikuri 

imitatorebi 9, romlebic meore boloTi emagrebian asawev CarCos. 

teleskopuri isari gaSla_dakecvas axorcielebs bagirovani 

sistemiT, romlebic aseve gorgolaWebzea 10 gadatarebuli. 
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fig. IV. 2-ze warmodgenilia zomebis mixedviT damzadebuli 

xidgamdebi.   

 

 

fig. IV. 2. – xidgamdebis modelis saerTo xedi 

 
eqsperimentuli kvlevebis dagegmvis dros gansakuTrebuli 

yuradReba daeTmo gasaSleli xidis modelis funqcionalur da 

gansakuTrebiT kinematikur Sesabamisobas realur 48-metrian 

konstruqciasTan. 

modelSi xidis mTliani sigrZe Seadgens 4873,05 mm-s (fig.IV.3). 

modeli Sedgeba aRmavali 1 da daRmavali 2 

pantografebisagan (fig. IV.4). 

pantografebisagan Sedgenilia ori lianda 3. TiToeuli 

pantografis ganivkveTia 50 mm. x 18 mm. isini damzadebulia maRali 

simtkicis aluminis Senadnobisagan. TiTo liandaSi grZivad 

gaerTianebulia xuTi pantografi. centraluri kvanZi 4 

ganTavsebulia centralur lilvze 5, romelic foladisaa da 

misi diametri Seadgens D=12 mm-s. aRmavali da daRmavali 

pantografebi, erTmaneTis mimarT jvaredini ganlagebiT 

centraluri kvanZebiT da centraluri lilvebiT, arian 

urTierTdakavSirebuli. pantografebis boloebi 

urTierTmonacvleobiT, grZivi mimarTulebiT erTmaneTs 

ukavSirdebian pantografebis ganapira kvanZebSi gayrili zeda 
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ganivi ReroebiT 6 da qveda ganivi ReroebiT 7. aRniSnuli 

Reroebi damzadebulia foladisagan da maTi diametria d=6 mm. 

manZili zeda ganivi lilvisa da qveda ganivi lilvis cetrebs 

Soris aris 36 mm. 

yoveli liandis ori pantografi xistad aris Camagrebuli 8 

centralur lilvSi. liandis danarCeni sami pantografi ki 

moZravad ukavSirdeba lilvs. aRsaniSnavia, rom liandis ganapira 

pantografebs gaaCniaT 24,25 mm Taroebi xidis savali nawilis 

sruli siganis 158,5 mm-s misaRwevad [29]. 

pantografebi damzadebulia maRali simtkicis aluminis 

Senadnobisagan. ganivkveTSi TiToeuli maTganis inerciis momentia 

=7,5 sm3, xolo erTdroulad aTive pantografis inerciis 

momento Seadgens Σℐ=75sm3-s. aluminis Senadnobis saerTo wonaa 

ρ=2,700 t/m3, xolo masalis puasonis koeficientis μ=0,3. rac 

Seexeba farTs, pantografis ganivkveTis farTi erTi 

pantografisaTvis Seadgens F=9sm2, xolo mTliani farTi zeda 

sartyelis ganivkveTisa aris ∑𝐹𝐹 = 90sm2. 

liandebs Soris ganTavsebuli xidis modelis gamSlel-

damkeci meqanizmi warmoadgens eleqtro amZravs DP_09, 

planetaruli reduqtoriT, romelzec morgebulia Wiaxraxnuli 

reduqtori, rac qmnis pantografebis urTierTis mimarT 

mobrunebis erTian meqanizms 9 (ix. fig. IV.4) da (fog. IV.5). 

Wiaxraxnuli reduqtoris Wiakbilanis RerZi, torsiuli 

gadacemiT dakavSirebulia centralur lilvze moZravad 

damagrebul pantografTan, xolo reduqtoris korpusi, 

ganmbrjeniT damagrebulia berketis meore mwkrivze _ uZrav 

pantografTan. 

yoveli monacvle pantografi, makratlis principiT, 

erTmaneTis mimarT qmnian wyvil Zalas, romelic brunvis RerZze 

warmoqmnis mbrunav moments. 

aRsaniSnavia, rom xidi aRWurvilia ori gamSleli 

meqanizmiT, romlebic, rogorc ori muSa sistema, gaerTianebuli 
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erT Zalovan meqanizmSi muSaobs iZulebiTi sinqronulobis 

reJimSi. 
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fig. IV. 4. – xidis modelis zeda kombinirebuli sartyelis 

Wrilebi 

fig. IV. 3-is mixedviT. 
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fig. IV.5. - xidis gamSlel-damkecavi erTiani eleqtro amZraviani 

meqanizmi reduqtorebiT 

modelSi aseve aris mowyobili pantografebis saproeqto 

mdgomareobaSi yofnis dros zeda da qveda RerZebis Camketebi 10 

(ix. fig. IV.4), romlebic xidis fiqsirebuli saproeqto mdgoma-

reobis dros aerTianebs – ketavs zeda da qveda ganiv lilvebs. 

garda zeda kombinirebuli sartyelisa, modelSi, realuri 

konstruqciis proeqtis principebTan maqsimaluri msgavsebiT 

(fig. IV.6) daproeqtda iribnebi 11, romlebic zeda sartyelis 

centralur lilvzea erTi boloTo damagrebuli, xolo meore 

boloTi ki emagreba qveda sartyelis kvanZebis ganiv RerZs 12 (ix. 

fig. IV.3). 

iribnebi damzadebulia foladis Senadnobisagan. 

rac Seexeba qveda daZabul, moqnil sartyelebs 13, isini 

ganapirebze emagrebian ganapira centralur lilvebze 

ganTavsebul wamosacmelebs 14, xolo Sualedur kvanZebSi 

uZravad fiqsirdebian qveda sartyelis ganiv ReroebTan. qveda 

sartyelebs gaaCniaT sigrZis maregulirebeli mowyobiloba 15 

(fig. IV.7). 
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fig. IV.6. - xidis modelis fragmenti zeda kombinirebuli 

sartyelis urTierTkavSirebis, iribnebis, qveda sartyelis  

ganvi Reroebios da moqnili qveda sartyelis CvenebiT.   

 

 qveda moqnili sartyelebi damzadebulia maRali sintkicis 

bagirebisagan, romelTa gawyvetis Zabva Seadgens 14000 kg/sm2. 

sistema aRWurvilia ganapira centralur lilvebze 

mowyobil, mobrunebis saSualebis mqone xidis sayrdeni 

sabjenebiT 16, romelTagan erTi uZravad eyrdnoba dabrkolebas 

napirze, meore ki gadaadgildeba dasayrdnobi zedapiris mimarT. 

amis aucilebloba ganpirobebulia imisaTvis, rom, xidis modelis 

orive napirze dayrdnobis Semdeg, mas gaaCndes saSualeba qveda 

sartyelis gaWimvisa da zeda sartyelis srulad Caketvisa, rac, 

rogorc wesi, qveda sayrdenis gadaadgilebiT miiRweva (fig. IV.8). 

aqvea naCvenebi modelis zeda sartyelis centraluri kvanZis, 

pantografebis ganapira kvanZebis da qveda sartyelis kvanZis 

realuri, modelSi arsebuli gadawyvetebi. 
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     g)

 

             d)

 

e)                           v)                       z) 

   

 
fig. IV. 8. – modelis sxvadasxva kvanZebi 

a) sayrdeni moZravi kvanZi; b) sayrdeni uZravi kvanZi; g) 

centralur lilvze iribnebis Camagrebis kvanZi; d) centralur 

lilvze ganapira iribnebis Camagrebis kvanZi; e) pantografebis 

boloebis urTierTdakavSirebis kvanZi; v) pantografebis 

boloebis urTierTdakavSirebis ganapira kvanZi; z) qveda 

sartyelis kvanZi. 
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rac Seexeba zeda sartyelSi ganTavsebul pantografebs, 

kvanZidan kvanZamde maT aqvT ortesebri formis ganivkveTi. 

amasTan, iribnebi erTiandebian CarCosebri kavSirebiT 17 (fig.IV.9). 

 

 

fig. IV. 9. – xidis modelis Wrilis aqsionometriuli fragmenti 

 

miuxedavad aseTi sawyisi pirobebisa modelis konstruirebis 

mxriv, statikur datvirTvebze, magram ara konstruqciis rRvevis 

stdiamde, Catarda kvlevebi, romelmac Semdegi Sedegebi aCvena: 

1. Zalvebi konstruqciis zeda da qveda lilvebSi, 

datvirTvebis pirvel etapebze, sanam moxdeba kvanZebSi arsebuli 

uzustobebis da teqnologiuri “luftebis” Sevseba, nawilobriv 

gansxvavdeba Teoriuli Sedegebisagan. 

Teoriuli Sedegebi, Sesabamis datvirTvaze, miRebuli iyo 

konstruqciis modelis sivrciTi sqemis gaangariSebiT programa 

“Lira-2000”-iT. 

datvirTvis Semdeg etapze sartyelebSi aRZruli Zalvebis 

mniSvnelobebi Teoriul SedegebTan 7%÷3%-iT gansxvavdeba, rac 

sruliad misaRebia. 

2. gansxvavebuli Sedegebi miRebulia da gaangariSebul iqna 

xidis modelis qveda moqnili RerZebiani sartyelis muSaobis 

Seswavlisas (fig. IV.10). 
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fig. IV. 10. – xidis modelis qveda sartyelis ganTavsebis sqemebi, 

Semdgari xuT-xuTi maRali simtkicis foladis bagirebisagan. 

a) qveda sartyelis xedi Sualedur sayrdenebs Soris; b) qveda 

sartyelis Camagreba ganapira kvanZebSi. 

 

xidis modelis erTi liandis qveda sartyeli warmoadgenda 

grZivad ganTavsebul xuT maRali simtkicis bagirs. TiToeuli 

bagiris diametria D = 3 mm. rogorc iTqva, bagirebi ganapirebze 

Cabmulia ganapira ganiv lilvebTan, xolo SualedebSi, qveda 

kvanZis ganiv ReroebTan (fig. IV.11). 

es Reroebi sivrceSi fiqsirdeba Sualeduri ganivi 

sayrdenebiT, romlis boloebi Camagrebulia iribnebis 

boloebTan. TavisTavad iribnebi, romlebic sxvadasxva sigrZisaa, 

sxvadasxva Zalvebs iTviseben da aseve isini ganicdian xidis 

savali nawilidan gadmocemul sxvadasxva gadaadgilebebs. ganivi 

Reroebi sivrceSi, maRali simtkicis bagirebTan SedarebiT, ufro 
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deformirebadia, amitom aRniSnuli bagirebi SeiZleba, sxva 

elementebTan SedarebiT, ufro damyol sayrdenebze Camagrebulad 

ganvixiloT. 

 

fig. IV. 11 – qveda sartyelis xuTbagiriani Camagrebis saangariSo 

sqema 

 
rac Seexeba qveda sartyelis fiqsacias boloebSi, igi 

maRali sixistis sayrdenebad SeiZleba ganvixiloT. qveda 

sartyelis  moqnili Reroebi Camagrebulia lilvze, sadac, aseve 

masiuri, Runva_kumSvaze momuSave, pantografebis boloebia 

Camagrebuli. aRniSnulma sayrdenebma A – A, SeiZleba ganicados 

gadataniTi moZraoba xidis liandebis grZivad, rac gamowveulia 

zeda sartyelis grZivi deformaciebiT. 

aseT viTarebaSi gvaqvs sqema qveda sartyelis Semadgeneli 

bagirebis Camagrebisa xist blokebSi A da B. 

rogorc eqsperimentma aCvena, garTulebulia bagirebis 

sruli sigrZeebis ise SerCeva qveda sartyelebSi, rom yvela 

maTganSi erTnairi sididis Zalvebi warmoiqmnas da TiToeulSi 

Seadginos 
𝑁𝑁
5
 . 

miuxedavad saproeqto sigrZeebis mravaletapiani SerCevisa, 

eqsperimentiT qveda sartyelis bagirebSi Zalvebis cvalebadoba 

35%-mde sxvaobiT dafiqsirda. es gamoiwvia iman, rom erT xist A 

an B diskSi mravali, Cvens SemTxvevaSi 5, bagiri magrdeba, 

romelTa sawyisi sigrZeebis didi sizustiT erTmaneTis mimarT 

toloba Znelad misaRwevi aRmoCnda [30] [31]. 

meore mxriv, Sualeduri sayrdenebis sxvadasxva sidideebiT 

deformaciebi, aseve ganapirobeben Zalebis araTanabari 

gadanawilebas bagirebSi. 
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miRebul iqna gadawyvetileba da eqsperimentis procesSive 

moxda qveda sartyelis sqemis cvlileba (fig. IV. 12). 

 

fig. IV. 12. – qveda sartyelis orbagiriani Camagrebis sqema. 

 
bagirebis raodenobis Secvlam, 5-dan 2-mde, ganapiroba 

stabiluri suraTi qveda sartyelis mier aTvisebuli Zalebis 

Tanafardobisa. 

am principiT moxda saboloo saxiT calkeuli liandis qveda 

sartyelSi ori bagiris mowyoba (ix. fig. IV.6). 

xidis modelis mTlianma wonam, damatebiT mowyobilobebiT, 

meqanikuri kvanZebiT da sxva damatebiTi elementebiT, Seadgina 

58,725 kg. aRniSnuli wona Tanabari tvirTis saxiT q = 12,23 kg/m 

gadanawildeba xidis grZivad. 

eqsperimentisaTvis dadginda, misi damzadebisaTvis 

gamoyenebuli calkeuli konstruqciuli masalis drekadobis 

moduli, ramac Seadgina: aluminis Senadnobisagan damzadebuli 

zeda sartyelisaTvis - E = 710000 kg/sm2; iribnebis, centraluri 

lilvebis, ganivi lilvebis da ganivi ReroebisaTvis, romlebic 

damzadebulia foladis Senadnobebisagan - E = 2 100 000 kg/sm2; 

maRali simtkicis foladis trosebi - E = 1 800 000 kg/sm2 . 

moqnilReroebiani, bagirovani qveda sartyelis ganivkveTis 

jamurma farTma Seadgina ΣF=70,69sm2. 

ganisazRvra saangariSo wonadobebi: aluminis 

SenadnobebisaTvis Rსაანგარიშო=1750 kg/sm2; foladis SenadnobebisaTvis 

Rსაანგარიშო=2100 kg/sm2 da maRali simtkicis foladisaTvis 

Rსაანგარიშო=10000 kg/sm2. 

ganapira pantografebis Taroebi, arc eqsperimentSi da arc 

Teoriul gaTvlebSi ar iqnba gaTvaliswinebuli. 
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IV. 2. ხიდის მოდელის კონსტრუქციული სტრუქტურის  

დაძაბულ-დეფორმაციული სურათი სტატიკური  

დატვირთვის პირობებში. 
 

konstruqciuli modelis ageba moxda, elementebis 

ganivkveTebis da sigrZeebis proporciuli SemcirebiT, realur, 

48-metrian xidis konstruqciasTan SedarebiT. es imitom gakeTda, 

rom realurad Sefasebuliyo konstruqciis saeqsploatacio 

Tvisebebis SenarCunebisaTvis aucilebeli kvanZebis saerTo 

muSaobis suraTi da sistemis kinematika. amdenad, konstruqciis 

modelSi daculi ar aris geometriuli msgavseba realur 

konstruqciasTan. amis gamo modelis konstruqciis elementebis 

mzidunarianobis urTierTfardoba, romelic 48-metrian 

konstruqciaSi TiTqmis 1,2-s uaxlovdeba, mocemul gadawyvetaSi 

7÷12-is tolia. 

garda amisa, mocemul eqsperimentSi upirvelesi da 

gadamwyveti mniSvneloba qonda zeda sartyelis kinetikur 

analizs, rac saboloo jamSi misi sruli gaSlis da Camketebis 

amoqmedebiT transformaciis saeqsploatacio formis fiqsaciiT 

unda damTavrebuliyo. gamomdinare am moTxovnebidan aqcenti 

gakeTda modelsa da realur konstruqcias Soris proporciebis 

dacvis mxriv. 

 

IV. 2. 1. გასაშლელი ხიდის, ზედა სარტყელის განზოგადოებული 

გეომეტრიული პარამეტრები. 

 

gasaSleli saieriSo xidis zeda sartyelis wriuli, an 

wreze ganTavsebuli texili moxazuloba, unda ganisazRvros 

zeda sartyelis centraluri kvanZebis centrze gamavali 

wrexaziT, romlis radiusi aris R. rac Seexeba xidis saangariSo 

mals L_s, igi aiReba toli ganapira centraluri kvanZebis 

centrebs Soris manZilisa. rac Seexeba zeda sartyelis awevis 

isars _ 𝑓𝑓𝑜𝑜 , igi warmoadgens maqsimaluri manZilis ganapira 
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centralur kvanZebs - SemaerTebeli xazidan zeda sartyelis 

simetriis RerZis wrexazis moxazulobamde (fig. IV.13). 

  

fig. IV. 13. – sawyisi saangariSo parametrebis geometriuli sqema. 
 

  wris radiusi   𝑅𝑅 = 0,5 𝑓𝑓0 + 0,125 𝐿𝐿2

𝑓𝑓0
                   (IV.1) 

L da 𝑓𝑓𝑜𝑜 gansazRvruli wrexazis sigrZe davyoT n tol 

nawilad da SevaerTod wrexazis centrTan _ O-sTan, n nawilad 

dayofili wrexazis monakveTebi Sesabamisad avRniSnoT c-Ti. 

aseTi geometriis pirobidan – 

sin 𝑛𝑛𝑛𝑛
2

= 0,5𝐿𝐿
𝑅𝑅

              (IV.2) 
𝑛𝑛
2
𝛼𝛼 = 𝑎𝑎𝑎𝑎𝑎𝑎 sin 𝑛𝑛𝑛𝑛

2
       (IV.3) 

𝑐𝑐 = 2𝑅𝑅 ∙ sin 0,5𝛼𝛼     (IV.4) 
axla ganvixiloT fig. IV.14. 

radiusis marTobsa da pantografis berketis qveda 

daboloebas Soris mdebare kuTxe - < γ, winaswari pirobiT ar 

SeiZleba iyos uaryofiTi mniSvnelobis. 
 

< 𝛾𝛾 ≥ 0       (IV.5) 
misi sidide konstruqciuli pirobiT SeirCeva. rac ufro 

metia γ-s dadebiTi mniSvneloba, miT ufro maRalia ganivkveTis 

simaRle zeda kombinirebuli sartyelisa. TavisTavad aseTi 

piroba aumjobesebs konstruqciis saerTo muSaobas, magram xidis 
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dakecili satransporto paketis maqsimaluri simaRlidan 

gamomdinare γ cvalebadobs 0,6°–1,2° Soris. yvela SemTxvevaSi γ-s 

sidide gansazRvrulia da igi winaswar cnobil parametrebis 

jgufs miekuTvneba. 

 

∆𝑂𝑂1𝐾𝐾𝐾𝐾 −დან         < 𝑂𝑂1𝑁𝑁𝑁𝑁 = 90𝑜𝑜 − 𝛾𝛾;    ასევე     

∆𝑂𝑂𝑂𝑂1𝐾𝐾 −დან              < 𝑂𝑂1K𝑁𝑁 = 90𝑜𝑜 −
𝛼𝛼
2

;          რაც შეეხება    ∆𝑂𝑂1𝐾𝐾𝐾𝐾 − ში  

< 𝐾𝐾𝑂𝑂1𝑁𝑁    იგი ტოლია  180𝑜𝑜 − (90𝑜𝑜 − 𝛾𝛾) − �90𝑜𝑜 −
𝛼𝛼
2 
� ; ე.ი. < 𝐾𝐾1𝑂𝑂𝑂𝑂 =

𝛼𝛼
2

+ 𝛾𝛾 

sinusebis TeoremiT ∆𝑂𝑂1𝐾𝐾𝐾𝐾 −Si SeiZleba daiweros: 
𝑂𝑂1𝐾𝐾

sin(90𝑂𝑂 − 𝛾𝛾) =
𝑂𝑂1𝑁𝑁

sin �90𝑂𝑂 − 𝛼𝛼
2�

      ეს იგივეა,რაც     
𝐶𝐶

2 sin(90𝑂𝑂 − 𝛾𝛾)

=
ℓ2

sin �90𝑂𝑂 − 𝛼𝛼
2�

 

am tolobaSi ucnobia ℓ2. 

ℓ2 =
𝑐𝑐 ∙ sin �90𝑂𝑂 − 𝛼𝛼

2�
2 ∙ sin(90𝑂𝑂 − 𝛾𝛾)                 (𝐼𝐼𝐼𝐼. 6) 

aqve davweroT meore toloba sinusebis TeoremiT: 

𝑂𝑂1𝑁𝑁

sin �90𝑂𝑂 − 𝛼𝛼
2�

=   
𝐾𝐾𝐾𝐾

sin �𝛼𝛼2 + 𝛾𝛾�
 ეს იგივეა,რაც  

ℓ2

sin �90𝑂𝑂 − 𝛼𝛼
2�

 

=  
ℎ2

sin �𝛼𝛼2 + 𝛾𝛾�
                    

sadac ucnobia ℎ2. 

ℎ2 =
ℓ2 ∙ sin �𝛼𝛼2 + 𝛾𝛾�

sin �90𝑂𝑂 − 𝛼𝛼
2�

             (𝐼𝐼𝐼𝐼. 7) 

ganvixiloT ∆𝑂𝑂1𝑀𝑀𝑀𝑀 da sinusebiT Teoriis mixedviT 

CavweroT: 

𝑂𝑂1𝑀𝑀

sin �90𝑂𝑂 + 𝛼𝛼
2�

=
0,5𝑐𝑐

sin(90𝑂𝑂 − 𝛼𝛼 − 𝛾𝛾)     ეს იგივეა,რაც   
ℓ1

sin �90𝑂𝑂 + 𝛼𝛼
2�

=
0,5𝑐𝑐

sin(90𝑂𝑂 − 𝛼𝛼 − 𝛾𝛾)  

  



166 
 

 

fig. IV. 14. - wrexazze ganTavsebuli pantografebis centraluri 

kvanZebis da pantografebis berketebis SeerTebis kvanZebis 

mdebareoba sibrtyeebze, gansazRvruli wris radiusiT. 

 

  
aq ucnobia ℓ1 
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ℓ1 =
𝑐𝑐 ∙ sin �90𝑜𝑜 + 𝛼𝛼

2�
2 ∙ sin(90𝑂𝑂 − 𝛼𝛼 − 𝛾𝛾)            (𝐼𝐼𝐼𝐼. 8) 

aseve ∆𝑂𝑂1𝑀𝑀𝑀𝑀-dan  sinusebis Teoremis mixedviT Caiwereba: 

 
𝑀𝑀𝑀𝑀

sin �𝛼𝛼2 + 𝛾𝛾�
=   

𝑂𝑂,𝑀𝑀

sin �90𝑜𝑜 + 𝛼𝛼
2�

            
ℎ1

sin �𝛼𝛼2 + 𝛾𝛾�
=   

ℓ1

sin �90𝑜𝑜 + 𝛼𝛼
2�

     

aq ucnobia ℎ1. 

ℎ1 =
ℓ ∙ sin �𝛼𝛼2 + 𝛾𝛾�

sin �90𝑂𝑂 + 𝛼𝛼
2�

            (𝐼𝐼𝐼𝐼. 9) 

 

Sesabamisad – 

ℎ = ℎ1 + ℎ2        (𝐼𝐼𝑉𝑉. 10)      და       ℓ = ℓ1 + ℓ2      (𝐼𝐼𝐼𝐼. 11) 
mocemuli sqemis mixedviT, aseve SeiZleba ganisazRvros 

𝑂𝑂1𝑂𝑂1, amisaTvis ganvixiloT <𝐹𝐹𝐹𝐹𝑂𝑂1da <𝑂𝑂1𝐸𝐸𝑂𝑂1 - isini tolebia, 

radgan erTmaneTis Sesabamisi gverdebi, urTierTis mimarT 

marTkuTxa ganlagebisaa, amitom: 

< 𝐹𝐹𝐹𝐹𝑂𝑂1 =< 𝑂𝑂1𝐸𝐸𝑂𝑂1 =
𝛼𝛼
4

 
amdenad  

𝑂𝑂1𝑂𝑂1 =
𝑐𝑐
2
𝑡𝑡𝑡𝑡
𝛼𝛼
4

      (𝐼𝐼𝐼𝐼. 12) 
rac Seexeba 𝑂𝑂1;𝑀𝑀;𝑁𝑁 და  𝐾𝐾 ganzogadoebul mdebareobas 

sibrtyeze, seqciebis mixedviT igi koordinatTa sistemaSi OX da 

OY RerZebis mimarT Semdegnairad Caiwereba: 

𝑋𝑋𝑀𝑀𝑀𝑀 = 𝑅𝑅𝑀𝑀 sin �
𝛼𝛼
2

(𝑖𝑖 − 1)�             (𝐼𝐼𝐼𝐼. 13) 

𝑌𝑌𝑀𝑀𝑀𝑀 = 𝑅𝑅𝑀𝑀 cos �
𝛼𝛼
2

(𝑖𝑖 − 1)� 
სადაც   𝑅𝑅𝑀𝑀 = 𝑅𝑅 + 𝐾𝐾𝐾𝐾               (𝐼𝐼𝐼𝐼. 14) 

𝑋𝑋𝑘𝑘𝑘𝑘 = 𝑅𝑅 sin �
𝛼𝛼
2

(𝑖𝑖 − 1)�                  

𝑌𝑌𝑘𝑘𝑘𝑘 = 𝑅𝑅 cos �
𝛼𝛼
2

(𝑖𝑖 − 1)�                (𝐼𝐼𝐼𝐼. 15) 

𝑋𝑋𝑁𝑁𝑁𝑁 = 𝑅𝑅𝑁𝑁 sin �
𝛼𝛼
2

(𝑖𝑖 − 1)�                    

𝑌𝑌𝑁𝑁𝑁𝑁 = 𝑅𝑅𝑁𝑁 cos �
𝛼𝛼
2

(𝑖𝑖 − 1)�             (𝐼𝐼𝐼𝐼. 16) 

სადაც 𝑅𝑅𝑁𝑁 = 𝑅𝑅 − 𝐾𝐾𝐾𝐾                  (𝐼𝐼𝐼𝐼. 17) 

𝑋𝑋𝑂𝑂1𝑖𝑖 = 𝑅𝑅𝑂𝑂1 ∙ sin
𝛼𝛼
2
𝑖𝑖                      (𝐼𝐼𝐼𝐼. 18) 

𝑌𝑌𝑂𝑂1𝑖𝑖 = 𝑅𝑅𝑂𝑂1 ∙ cos
𝛼𝛼
2
𝑖𝑖 
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სადაც  𝑅𝑅𝑂𝑂1 = 𝑅𝑅 − 𝑂𝑂1𝑂𝑂1            (𝐼𝐼𝐼𝐼. 19) 
warmodgenili gaangariSebis mixedviT SeiZleba 

ganisazRvros ganzogadoebuli parametrebis mqone gasaSleli, 

“dakecvis princips” + “daxvevis principiT” agebuli xidis 

geometriuli parametrebi. aRniSnuli meTodiT gaangariSda xidis 

modelis konstruqciis geometriuli parametrebi. 

 

IV. 2. 2.  ხიდის ტრანსფორმაციის პროცესების ექსპერიმენტული კვლევა 

მუდმივი დატვირთვის ზემოქმედებისას. 

 

transformaciis procesebis SeswavlisaTvis, dasadgenia 

sacdeli modelisaTvis im ZiriTadi parametrebis SerCeva, 

romlebiTac xidis konstruqcia formaTwarmoqmnis process 

axorcielebs. amdenad, ZiriTadi parametrebi, nawilobriv 

gansxvavdeba sacdeli xidis im ZiriTadi parametrebisagan, 

romelic modelis aRweris dros iqna gamoyenebuli. amis 

magaliTia xidis zeda sartyeli. misi ganivkveTis simaRle zeda 

da qveda ganivi lilvebis doneze Seadgens 50 mm., magram, roca 

virCevT im geometriul parametrebs, romlebic formaTwarmoqmnis 

maxasiaTeblebia, igive zeda da qveda ganivi lilvebis doneze ara 

pantografebis mier miRweuli ganivkveTis sruli simaRle, aramed 

zeda da qveda lilvebis simetriis RerZebs Soris manZili _ 

35,95mm miiReba.  

aseTi midgomiT gasaSleli xidis, gaSlili mdgomareobis, 

sabjenebze dayrdnobili xidis Semdegi ZiriTadi da ZiriTadidan 

warmoebuli parametrebia (fig. IV.15) _ 

ZiriTadi parametrebi: 

— xidis mali AB𝐴𝐴𝐴𝐴 = 𝐿𝐿 = 4766,64  mm; 

— xidis zeda sartyelis awevis saangariSo isari 𝑂𝑂𝑂𝑂 = 𝑓𝑓𝑜𝑜 =

182,73 mm; 

— xidis zeda sartyelis awevis isari xidis sayrdenebis 

SemaerTebeli 𝐴𝐴𝐴𝐴 xazis donidan 𝑂𝑂1𝐾𝐾 = 𝑓𝑓 = 198,96 mm; 
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— xidis zeda da qveda ganivkveTebis centrebs Soris manZili 

𝑀𝑀𝑁𝑁 = ℎ = 35,95 mm; 

— xidis zeda sartyelis TiToeuli blokis sugrZe 𝑀𝑀𝑀𝑀 =

959,84 mm; 

— xidis qveda sartyelis TiToeuli blokis qveda donis sigrZe 

𝑁𝑁𝑁𝑁 = 957,53 mm; 

— xidis TiToeul blokSi, trapeciaSi diagonalebis 

urTierTgadakveTis wertilebSi – 𝐶𝐶 gadaerTebuli zeda an 

qveda xazis 𝑀𝑀𝑀𝑀-is an 𝑁𝑁𝑁𝑁-is paraleluri xazis 𝐾𝐾𝐾𝐾 mier 

Sedgenili kuTxe TiToeul diagonalTan < 𝑁𝑁𝑁𝑁𝑁𝑁 da < 𝑀𝑀𝑀𝑀𝑀𝑀 

tolia 0,5𝜑𝜑 = 2,15°. 

— 𝑀𝑀𝑀𝑀 monakveTis mimarT, 𝑁𝑁 wertilSi, 𝑀𝑀𝑀𝑀 xazis marTobulad 

gavlebul wirsa da trapeciis diagonals 𝑀𝑀𝑀𝑀 Soris kuTxe 

𝛾𝛾 = +0,63°. 

— monakveTis sigrZe 𝑀𝑀𝑀𝑀 = ℎ1 = 18,01 mm; 

— monakveTis sigrZe 𝐾𝐾𝐾𝐾 = ℎ2 = 17,94 mm; 

— monakveTis sigrZe 𝑀𝑀𝑀𝑀 = ℓ1 = 480,34 mm; 

— monakveTis sigrZe 𝐶𝐶𝐶𝐶 = ℓ2 = 479,18 mm; 

— monakveTis sigrZe, romelic 𝐶𝐶 wertilze gaivlis 𝑀𝑀𝑀𝑀𝑀𝑀 = ℓ =

599,52 mm. 
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warmoebuli parametrebi: 

— wriuli zeda sartyelis 𝑀𝑀 wertilze gamavali wrexazis 

radiusi 𝑅𝑅𝑀𝑀 = 14992,9804 mm; 

— wriuli zeda sartyelis 𝐾𝐾 wertilze gamavali wrexazis 

radiusi 𝑅𝑅𝐾𝐾 = 14974,7499 mm; 

— wriuli zeda sartyelis 𝑁𝑁 wertilze gamavali wrexazis 

radiusi 𝑅𝑅𝑁𝑁 = 14956,9999 mm; 

— wriuli zeda sartyelis 𝐶𝐶 wertilze gamavali wrexazis 

radiusi 𝑅𝑅𝐶𝐶 = 14967,3020 mm; 

rac Seexeba modelis sxvadasxva kvanZebis koordinatebs, 

isini mocemulia cxrilSi 1. 
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cxrili  IV.1 - modelis kvanZebis koordinatebi 

 

sakontrolo 
wertilebi 

 

 

 

X (mm) 

 
 

Y (mm) 

M1 2,78 200,88 

N1 2,78 182,88 

O1 0,00 0,00 

C1 476,39 167,59 

M2 956,73 170,31 

N2 955,53 152,35 

O2 946,65 30,34 

C2 1432,80 106,42 

M3 1912,32 78,39 

N3 1907,73 42,69 

A3 2383,32 15,83 

 

aRniSnul parametrebiani gasaSleli xidis modeli daikeca 

satransporto paketis saxiT da ganTavsda xidgamdebze (fig. 

IV.16). aseT mdgomareobaSi, xidgamdebi xidiT ikavebs sawyis 

pozicias gadasalaxi winaaRmdegobia napirTan, misi kidesagan 

winaswar gansazRvrul manZilze. 
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F 

fig. IV.16. - xidgamdebi sawyis poziciaze 

 

xidgamdebis CarCodan dabrkolebis mimarTulebiT gamodis 

Sida CarCo masze damagrebuli mzidi isriT da xidis 

konstruqciiT. gamosawevi Sida CarCo wina mxridan aRWurvilia 

sayrdenebiT, romlebic Camoiwevian da xdeba xidgamdebis mzidi 

CarCos dayrdnoba gruntze sayrdenbiT (fig. IV.17). xidgamdebis 

teleskopuri mzidi isari masze damagrebuli  dakecili xidis 

konstruqciiT iwyebs brunvas sayrdeni RerZis garSemo da 

wamodgomas vertikalur mdgomareobamde. vertikaluri  

mdgomareobaSi myofi Cakecili oTxsafexuriani teleskopuri 

mzidi isari bolomde iSleba  da agrZelebs brunvas sayrdeni 

RerZis garSemo. am momentidan xidis dakecili konstruqcia 

Tavisufladaa dakidebuli isarze (fig. IV.18.) da (fig. IV.19). 

F 
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fig. IV.17. - xidgamdebi gaSlili CarCoTi 

 
 

F 
 
 
 
 
 
 

 
 
 
 

fig. IV. 18. -  teleskopuri mzidi isari iwyebs wamodgomas 
 

vertikaluri  mdgomareobis gavlis momentidan muSaobaSi 

erTveba Semakavebeli _ damzRvevi bagirebi, romlebic 

uzrunvelyofen isris usafrTxo gaSlas da daxras (fig. IV.19). 

teleskopuri mzidi isris bolo aRwevs gadasalaxi 

winaaRmdegobis Sua wertils da fiqsirdeba am mdgomareobaSi. am 

momentidan dakecili xidis paketi mzadaa gasaSlelad (fig. IV.20. 

da fig. IV.21). irTveba eleqtro Zravebi da xidis konstruqcia 
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iwyebs gaSlas. bagiris Cabmis wertilis garSemo konstruqciis 

rxevebis da horizontalur sibrtyeSi mobrunebis Tavidan 

asacileblad konstruqciis meore da meoTxe saxsrebSi Cabmulia 

damatebiTi masinqronizebeli bagirebi, romelTa meSveobiT xdeba 

gaSlis procesis kontrolireba da koreqtireba (fig. IV.22) da 

(fig. IV.23). gaSlili xidis konstruqcia Tavisi boloebiT exeba 

napirebs, magram misi wonis ZiriTad nawils jer kidev mzidi 

isari aRiqvams (fig. IV.24). xdeba napirebze nawilobriv 

dayrdnobil xidis saxsrebis Caketva da xidis qveda sartyelis 

bagirebis  moWimva (fig. IV.25). xdeba xidis mzidi bagiris moSveba 

da Caxsna. xidi mTlianad aRiqvams sakuTar wonas, moyvanilia 

saeqsploatacio _ muSa mdgomareobaSi (fig. IV.26) da 

SesaZlebelia modelis gamocda Sesabamis datvirTvebze, 

risTvisac TviT xidgamdebi gamoiyeneba. 

 
 

 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

fig. IV.19. - teleskopuri mzidi isari vertikalur mdgomareobaSi 
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fig. IV.20 - dakecili xidis paketis gadaadgileba winaaRmdegobis 

centrisken 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

fig. IV.21. - dakecili xidis modelis paketi winaaRmdegobis 
centrSi 
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fig. IV.22. - xidis modelis gaSlis procesi 

 
 
 
 
 
 
 
 
 

fig. IV.23. - xidis modelis gaSlis procesi 

 

 
 
 

 

 

 

fig. IV.24. - xidis modelis boloebi exeba napirebs 
 
 
 

 
 
 
 
 
 
 

 
fig. IV.25. - saxsrebis Caketva da qveda sartyelis moWimva 
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fig. IV.26. - gaSlili xidis modeli 
 
 

 

 

eqsperimentis dros xidis modelis gaSla xdeboda, xidis 

samontaJo mdgomareobaSi damWeri bagiris Cabma, centralur 

nawilSi, pantografebis urTierTkavSiris zeda ganiv lilvebze 

an pantografebis urTierTkavSiris qveda ganiv lilvebze. 

pirvel SemTxvevaSi, rodesac gasaSleli xidis bagirebze 

Sekideba xdeboda zeda ganiv lilvaze, xidis gamSleli 

eleqtroamZravi xidis gaSlis momentidan iwyebda didi 

datvirTviT muSaobas – igi moiTxovda gazrdili energoresursis 

daxarjvas xidis gaSlisaTvis(fig. IV.27). 

rac Seexeba im SemTxvevas, rodesac damWeri bagiri Cabmuli 

iyo qveda ganiv lilvze, xidi iwyebda gaSlas eleqtroamZravis 

gareSe. ufro metic, am momentSi xidis gaSla saWiroebs 

transformaciis didi siCqaris Senelebas, gaSlis procesis 

dempfirebas, rasac modelSi asrulebda is eleqtroamZravi, 

romlis ZiriTadi funqcia sistemis gaxsnis uzrunvelyofaa. 
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gasaTvaliswinebelia is, rom xidis gaSlis bolo etapze, 

gansakuTrebiT ki damWeri bagiris zeda lilvze Camagrebisas, 

saWiro xdeba eleqtroamZravis mier xidis transformaciis 

aqtiuri uzrunvelyofa. 

aRniSnuli daZabul_deformaciuli suraTi xidis modelis 

gaSlisa bolo etapze, saTanado energouzrunvelyofiT, 

eqsperimentul kvlevaSi Seswavlili iqna rogorc Teoriulad, 

aseve praqtikulad modelis gamocdebis pirobebSi. 

rogorc gairkva, aRniSnul “safiniSo” situaciaSi ori 

ZiriTadi faqtori moqmedeba _ damWeri bagiris Cabmis wertilis 

SerCeva da zeda sartyelis wriuli moxazulobis simrudis 

radiusis Secvla. 

rac Seexeba damWeri bagiris Cabmis wertilis SerCevas, 

modelis mravaljeradi gaxsna_dakecvis Semdeg, gadawyda, rim igi 

unda Caebas pantografebis makavSirebeli Sua, qveda lilvSi. 

aseTi gadawyvetileba gacilebiT mosaxerxebelia ori faqtoris 

gamo _ gaxsnis pirvel etapze konstruqcia ixsneba sakuTari 

wonis ΣP zemoqmedebis Sedegad da amZravi, pasiur reJimSi 

asrulebs dempferis rols, xolo bolo etapze konstruqciis 

gaxsnisa amZravi gacilebiT naklebi energosaxsrebiT 

uzrunvelyofs transformaciis Sedegad xidis modelis 

funqcionaluri formis warmoqmnas. 

xidis modelSi gacilebiT rTuli gamodga transformaciis 

bolo etapis stabiluri formaTwarmoqmnis procesis 

uzrunvelyofa zeda sartyelis wriuli moxazulobis simrudis 

radiusis cvlilebis gamo, rasac adgili aqvs xidis montaJis 

dros, misi sakuTari wonis zemoqmedebis gamo (fig. IV.28). 

eqsperimentis Sedegad dadginda, rom xidis sruli gaSla, 

sanam is amwis bagirzea Camokidebuli da sabjenebiT ar eyrdnoba, 

imis gamo, rom igi damatebiT iRuneba, ar moxerxda. 
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amis ZiriTadi mizezi aris is, rom xidis modelis 

pantografebis SemaerTebeli zeda ganivi lilvis centrsa da 

qveda ganivi lilvis centrs Soris manZili h1 aris ufro meti,  

vidre am manZilis saproeqto mniSvneloba _ h. 

garda amisa, rodesac aRniSnuli manZili h1 aRemateba h=32 mm, 

ar xerxdeba zeda ganivi lilvis da qveda ganivi lilvis Caketva, 

radganac Camketis konstruqciis mxari, swored 36 mm-is dros 

ketavs sistemas. 

amis piroba ase Caiwera 𝑅𝑅𝐶𝐶1 < 𝑅𝑅𝐶𝐶 ; 

ℎ = 36მმ < ℎ1; 𝑓𝑓 = 198,96 <  𝑓𝑓1; 

 ∆ = 35 მმ − ს;  ℓ1 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐;  ℓ2 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐;  ℓ = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐. 

amasTan, 𝑅𝑅𝐶𝐶1 zeda sartyelis gayolebaze cvladi sididea. 

amis Semdeg, roca xidis modeli daeSveba sayrdenebze, 

moixsneba masze modebuli reaqcia, bagiris Cabmis wertilidan, 

warmoiqmneba reaqciebi sayrdenebze _ 
𝑄𝑄
2
 = 29,3625 kg., gasrialdeba 

xidis ganapira centraluri lilvebi sayrdenebze 35 mm + 35 mm, 

zeda sartyelis radiusi  R   miaRwevs aseve saproeqto sidideebs 

RC = 14967,302 mm, xolo awevis isari zeda sartyelisa 𝑓𝑓  Seadgens 

198,96 mm-s, mxolod maSin zeda ganivi da qveda ganivi lilvebis 

centrebs Soris manZili h utoldeba saproeqto sidides – 36 mm 

da am mdgomareobaSi saketebi Caiketa. 

miuxedavad imisa, rom modelis mravaljeradi gamocdis 

Sedegad, gaSla_dakecvis 25 ciklis SemTxvevaSi, saketebis 

srulad Caketvam miaRwia 85%-s. unda aRiniSnos, rom arsebuli 

kvanZi moiTxovs iseT cvlilebas, romelic mas miscemda 

saSualebas zeda da qveda ganivi lilvebis centrebs Soris 

saproeqto manZilis _ 36 mm-is SemTxvevaSi, Caketvaze muSaoba 

daewyo 45 mm-dan da “ZaldatanebiT” mieyvana kvanZebi saproeqto 

mdgomareobamde. 

Catarebuli eqsperimentuli kvlevebis Sedegad, realuri 

konstruqciis proeqtSi, swored saTanado rekomendaciebiT moxda 

Camketis konstruqciaSi cvlilebis Setana. 
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eqsperimentis bolos moxda xidgamdebis modelis gadatareba 

xidze (fig. IV.29) da xidis axsna meore mxridan. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

fig. IV.29. - xidis modelze xidgamdebis gadasvla 
 

xidis modelis eqsperimentuli kvleva miznad isaxavda: 

— xidis modelis statikuri datvirTvebis da konstruqciaSi 

warmoqmnili Zalvebis Sedarebas Teoriul gaTvlebTan; 

— xidis gaSla_dakecvis SesaZlo sqemebis dadgenas; 

— xidis gaSla_dakecvis SerCeuli sqemebis saimedoobis 

dadgenas; 

— xidis modelis transformaciis uzrunvelyofas ori 

eleqtroamZraviT, romelTa parametrebis mixedviT xidis 

gaSlis drom Seadgina 3 wuTi da 25 wami; 

— xidis transformaciis kinematikuri sqemis kvlevas da mis 

Sedarebas Teoriul parametrebTan; 

— xidis qveda, moqnili, mravali bagirisagan Sedgenili 

sartyelis muSaobis pirobebis Seswavlas; 

— xidis konstruqciuli elementebis da kvanZebis Sesabamisobis 

dadgenas realuri9 konstruqciis Seqmnis moTxovnebTan. 

dadginda: 

— xidis modelis statikuri datvirTvebisagan warmoqmnili 

Zalebi xidis konstruqciis elementebSi datvirTvebis 
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etapebis Sesabamisad 7%÷3% gansxvavdeba xidis modelis 

Teoriul gaTvlebTan SedarebiT.^amave dros, maqsimaluri 

gansxvaveba modis modelis statikuri ZalebiT datvirTvis 

pirvel etapze, sanam moxdeba xidis konstruqciis kvanZebSi 

arsebuli “luftebis” da aseve konstruqciis damzadebis 

teqnologiuri uzustobebis “amoyras” modelis 

konstruqciis daZabvis Sedegad. 

— xidis modelis gaSlis optimaluri sqema, rodesac xidis 

damWeri bagiri ebmeba qveda ganiv kikvze, riwvevs pirvel 

etapze xidis TviTgaSlas da aq xidis gamSleli 

eleqtroamZravebi da reduqtori gvevlineba xidis 

elementebis sivrceSi swrafi gadaadgilebis dempferad, 

xolo bolo etapebze xdeba xidis gaSla mcire 

energetikuli resursiT. 

— xidis gaSla_dakecvis _ misi transformaciis procesi, Tu 

ar CavTvliT bolo etapze Camketebis srul Caketvas, ramac 

gaSlebis raodenobis 85% miaRwia, gamoirCeva maqsimaluri 

saimedoobiT da igi Catarebuli 25 ciklis Semdeg xidis 

modelis gaSla_dakecvis ciklisa Seadgens 100%. 

— xidis modelis konstruqciis formaTwarmoqmnis procesi, 

xidis dakecili satransporto paketidan misi 

saeqsploatacio formis miRwevamde, Seadgens minimum 3 wuTs 

da 57 wams – maqsimum 4 wuTsa da 9 wams. am mxriv saSualo 

statikuri gadaxra 25-cikliani gaSla-dakecvis dros 

Seesabameba 10%_15%, rac stabiluri Sedegia. rac Seexeba 

xidis modelis gaSlis drois gazrdas eleqtroamZravebis 

da reduqtoris Teoriuli gaangariSebebidan gamomdinare, aq 

ori pirobaa gasaTvaliswinebeli _ pirveli is, rom 

TeoriaSi ar iyo Seyvqnili xaxunis Zalebi da, meore, TviT 

ori Zravis maxasiaTeblebis realuri sxvaoba. 

— xidis modelis konstruqciis transformaciis procesis 

eqsperimentuli kvlevebis dros gansxvavebuli adgili 
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daeTmo formaTwarmoqmnis kinematikis Seswavlas da 

Sedegebis Sedarebas Teoriul gaTvlebTan. 

aRsaniSnavia is, rom moxda maqsimaluri Tanxvedra 

formaTwarmoqmnis eqsperimentuli Sedegebis Teoriul 

gaTvlebTan, risTvisac sistemis transformaciis geometriis 

mxriv mniSvnelovani Teoriuli kvlevebi iqna Catarebuli 

disertaciis samuSaos farglebSi. 

— xidis modelSi, eqsperimentulma kvlevebma moiTxova 

cvlilebebis Setana qveda sartyelis konstruqciaSi, sadac 

ganapira xist blokebSi, Camagrebuli iyo mravali moqnili 

bagiri. aRniSnulma gadawyvetilebam ar gaamarTla, radganac 

maRali teqnologiebis gamoyenebiTac ki ar iqna miRweuli 

yvela bagiris Tanabari sawyisi sigrZeebi, rac ganapirobebda 

maT Soris Zalvebis uTanabrobas saSualod 35%-is 

farglebSi. 

     miRebuli iqna gadawyvetileba, TiToeuli liandis qveda 

5-bagiriani sartyeli Secvliliyo ufro didi diametris 2-

bagirian sistemad, ramac SedarebiT naklebi sxvaoba 10% _ 

12% gamoiwvia Zalebs Soris qveda sartyelSi.  

— miuxedavad imisa, rom xidis modelis eqsperimentulma 

kvlevam warmoaCina konstruqciis zogadi naklovanebebi, 

kvanZebis SesaZlo saproeqto zomebis simciris mxriv, 

gansakuTrebiT aRsaniSnavia Camketi kvanZebis modernizaciis 

aucilebloba. kvanZi, miRebuli saproeqto zomebTan 

SedarebiT pantografebis SemaerTebeli zeda da qveda 

lilvebis centrebs Soris manZilisa, Caketvis Zalovan 

proceduras unda iwyebdes aRniSnul zomebTan SedarebiT 

12% _ 15% meti zomis diapazonSi. 
 

am rekomendaciiT SevarCieT Camketi kvanZebi xidis 

sistemebSi, romlebic sadisertacio samuSaoSia ganxiluli. 
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V. ტრანსფორმაციის ორმაგი პრინციპით აგებული გასაშლელი 
ხიდების კონსტრუქციული  

სრულყოფა და ტრანსფორმაციის სამმაგ  
პრინციპზე გადასვლის აუცილებლობა 

 
V. 1. “დაკეცვის პრინციპს”+”დახვევის პრონციპით” შექმნილი ხიდის 

შეცვლა “დაკეცვის პრინციპს” + “დაკეცვის პრინციპით” შექმნილი 

ტრანსფორმირებადი ხიდით. 

 

Catarebulma Teoriulma da eqsperimentulma kvlevebma da 

gansakuTrebiT “dakecvis princips” + “daxvevis principiT” 

Seqmnili xidis sqemis konstruirebis logikam, wina planze 

wamowia is mimarTulebebi cvlilebebisa, romlebic gaamartiveben 

konstruqcias da Seamcireben misi dakecili satransporto 

paketis simaRles, rac esoden mniSvnelovania [32] [33] [34]. 

am mxriv, “dakecvis princips” + “daxvevis principiT” Semnili 

transformirebadi xidis sqemaSi (ix. fig. III.1 da fig. III.2) moxda 

Zireuli cvlilebebi xidis gisosis da qveda sartyelebis 

sqemebSi. amasTan, SenarCunebuli iqna zeda kombinirebuli 

sartyeli, romelic gasaSleli xidis formaTwarmoqmnisas 

ZiriTad funqcias asrulebs xidis transformaciis procesSi, 

xolo xidis gaSlis bolo etapze gadaiqceva savali nawilis 

mzid konstruqciad (fig. V .1). 

 

fig. V.1. - “dakecvis princips” + “dakecvis principiT” Seqmnili 

gasaSleli xidis konstruqciuli sqemebi. 
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a) gasaSleli xidis aqsionometriuli xedi; 

b) xidis dakecili satransporto paketis xedi. 

rogorc aRiniSna, gasaSleli xidis zeda sartyelebi 1, 

romlebic gaSlili xidis mdgomareobaSi saval nawils 

warmoadgenen, sistemaSi ucvleli saxiT darCa. 

rac Seexeba iribnebs, isini Seicvala dgarebiT 2 da 

jvaredinad ganlagebuli iribnebiT 3. 

dgarebi, romlebic ZiriTadaT iTviseben mkumSav Zalvebs 

xisti elementebisagan, profilebisagan aris damzadebuli. rac 

Seexeba jvaredinad ganTavsebul iribnebs, isini mocemul 

SemTxvevaSi gamWimavi Zalvebis aTvisebazea gaTvaliswinebuli ise, 

rogorc es iyo gau-Juravskis xeliTonis fermebSi. 

iribnebi zeda sartyelze emagreba dgarebis Camagrebis 

kvanZebSi 4, romlebic ganTavsebulia zeda sartyelis centralur 

lilvebze 5, romelTa irgvliv brunavs zeda sartyelis 

pantografuli elementebi, romlebic, rogorc iTqva, gaSlili 

xidis mdgomareobaSi zeda sartyels  warmodgens (fig. V.2) 

 

 

fig. V.2. – xidis konstruqciis ganivi, vertikaluri Wrili  

gamaval dgarze. 

 

qveda sartyelTan 6, romelic mocemul SemTxvevaSi 

damzadebulia liTonis gaWimuli Reroebisagan, iribnebi aseve 

dgarebTan erTad aris Camagrebuli kvanZis 7 saSualebiT. 
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imis gami, rom sistemaSi iribnebi da qveda sartyelebi 

iTviseben mxolod gamWimav Zalvebs, maTi kveTis SerCevis dros 

aRar aris saWiro kveTis gazrda grZivi Runvis gaTvaliswinebiT. 

xidis qveda sartyelebi boloebiT, cilindruli saxsrebiT 

Camagrebulia xidis sabjeni filebis 8 Tavze ganTavsebul 

lilvze 9, sadac aseve cilindruli saxsrebiT emagreba 

sartyelis boloebi (fig. V.3) 

 

fig. V.3 – gasaSleli xidis sabjenebi 

 

warmodgenili cvlilebebi mocemul sqemaSi aseve ZiriTadaT 

ganxorcielda imisaTvis, rom, jer erTi, mravalbagiriani qveda 

sartyeli Secvliliyo, rac iwvevda qveda sartyelis bagirebis 

araTanabar daWimulobas da, meore mxriv, im motiviT, rom 

gaadvilebuliyo sistemis dakecva. 

amisaTvis iribnebi da qveda sartyelebi warmodgenilia 

Rvedis tipis cilindruli saxsrebiT 10 da maT Soris mowyobili 

CanamatebiT 11 (fig. V.4). 

amas garda, dakecvis sqemis realizaciisaTvis, iribnebi da 

qveda sartyelebi ganTavsebulia paralelur, erTmaneTis mimarT 

acilebul sibrtyeebze. 

dakecili xidi xidgamdebze ganTavsdeba “dakecvis princips”+ 

+ “daxvevis principiT” ganxorcielebuli xidis analogiurad. 
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analogiuria misi gadasalax winaaRmdegomaze gadebis mTeli 

procesi da xidgamdebidan moxsnis da xidgamdebze xelaxali 

gadebis sqemebi. 

 

 
I etapi – xidi dakecil mdgomareobaSi 

 

 
II etapi – xidis gaxsnis sawyisi faza 

 

 
III etapi – xidis gaxsnis Sualeduri faza 

 

 
IV etapi – xidis gaxsnis saboloo faza 

 

 
V etapi – xidi gaSlil mdgomareobaSi 
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fig.  V.4 – “dakecvis princips”+”dakecvis principiT” Seqmnili xidis 

transformaciis etapebi, gasaSleli xidis dakecili satransporto 

paketidan xidis srul gaSlamde. 

 

V. 2. “დაკეცვის პრინციპს” + ”დაკეცვის პრინციპით” შექმნილი,  
48 მეტრი მალის მქონე გასაშლელი ხიდის  

გაანგარიშება და კონსტრუირება 
 
gasaSleli xidis sigrZe Seadgens 48 metrs, awevis isari 

sabrjenebis donidan 1,981 metria, xidis siganea 4,1 metri. amasTan, 

xidis dakecili satransporto paketis simaRlea 3 metri. 

dakecili xidis paketis gabariti sigrZeSi 11,2 metria. gasaSleli 

xidis klasi tvirTamweobis mxriv aris MLC 70, rac samxedro 

xidebisaTvis Seadgens 70 tonas droebiTi sasargeblo tvirTis 

saxiT [35] [36] [37]. 

xidi mTlianad mzaddeba aluminis Senadnobisagan, 

konkretulad ki SenadnobiT, romlis markaa 1917T. misi 

saangariSo winaRoba Seadgens Ri=2000kg/sm2. amasTan, drekadobis 

modelia E=710000 kg/sm2, xolo Zvris modeli G=270000 kg/sm2. 

puasonis koeficientia μ=0,3. xidis konstruqciuli masalis 

simkvrive ρ=2,7 t/m3. temperaturisagan xazovani gafarToebis 

koeficientia K=0,23∙10-4.  

xidis gaSlis xangrZlivoba Seadgens 7 wuTs. xidze moZravi 

datvirTva Seesabameba standarts _ НГ_60-s. xidis sakuTari wona 

winaswari miaxloebiTi angariSiT Seadgens 20t-s. xidis 

saangariSo sqema mocemulia fig. V. 5-ze. 

xidis datvirTvebis sqemebi poziciebis mixedviT mocemulia 

cxrilSi 1, xolo Sesabamisi datvirTvis poziciisaTvis xidis 

konstruqciis CaRunvis da elementebSi Zalvebis da Zabvebis 

mniSvnelobebi, SerCeuli datvirTvebis kritikuli 

kombinaciebisaTvis, mocemulia crilSi V.2. 

xidis gaangariSeba ganxorcielda programuli 

uzrunvelyofiT “Lira-2008”. saTanado angariSis Semdeg SeirCa 
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kveTebi da jamuri specifikacia wonebisa, ris Sedegadac 

gasaSleli xidis saerTo woman miaRwia 19t-s. wonaSi 

gaTvaliswinebuli ar aris xidis damatebiTi konstruqciuli 

elementbis wonebi, romlebic aucilebelia misi normaluri 

eqspluataciisaTvis.  
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cxrili V.1 – xidis datvirTvis sqemebi poziciebis mixedviT

# liandis datvirTvis sqemebi. 
datvirTvis klasi _ НГ-60 

1  

 
2  

 
3  

 
4  

 
5  

 
6  

 
7 
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cxrili V.2 – xidis konstruqciis CaRunvebis da elementebSi Zalvebis da Zabvebis mniSvnelobebi 

 

 
# 
 

 
maqsimaluri deformaciebis, 
Zalvebis da Zabvebis 
mniSvnelobebi 
 

 
datvirTvis sqemebi 

 

1 2 3 4 5 6 7 

1 CaRunvebi (sm) 11.4 16.6 21.5 34.6 35.6 41.2 - 

2 grZivi Zalvebi qveda 
sarTyelebSi (t) 

13.27 34.0 66.6 76.6 65.0 71.5 64.25 

3 grZivi Zalvebi ZiriTadi 
fermis gisosSi (t) 

4.449 22.64 33.3 25.5 32.5 35.7 32.1 

4 grZivi Zalvebi zeda 
sartyelis fermis gisosSi (t) 

0.344 

- 0.337 

3.52 

-3.296 

2.851 

-3.157 

3.745 

-3.773 

2.894 

-3.2 

3.588 

-3.624 

2.315 

-2.648 

 
gaangariSeba konstruqciis muSaobiT drekad-plastikur stadiaSi 

 

5 grZivi Zabvebi qveda filaSi 
(t/m2) 

1481.2 20215.3 10974.9 10869.1 7771.0 8543.3 8623.6 

6 grZivi Zabvebi zeda filaSi 
(t/m2) 

1578.8 18046.5 11272.4 14546.8 11044.3 14181.0 10147.7 
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miuxedavad garkveuli cvlilebebisa xidis konstruqciaSi 

kvlav SenarCunebuli iqna Semdegi dadebiTi da uaryofiTi 

Tvisebebi. 

xidis dadebiTi Tvisebebi: 

— xidis konstruqciuli sqema saSualebas iZleva gadailaxos 

48 metri siganis winaaRmdegoba;  

— xidi iSleba drois mcire monakveTSi;  

— xidis gaSla warmoebs misi transformaciis procesSi 

adamianis Causvlelad; 

— xidis wona 19 t. 

amas daemata - 

— xidis montaJis dros gaizarda xidis grZivi sixiste 

vertikalur mdgomareobaSi; 

— xidis gaSlis meqanizmi gaSlis bolo etapze gadaiqceva 

xidis saval nawilad – fermis zeda kombinirebul 

sartyelebad; 

— xidis didi ganivi sixiste; 

— xidis gaSlisa da dakecvisaTvis SesaZlebelia ar iyos 

gamoyenebuli xidis energetikuli meqanizmebi. 

xidis uaryofiTi Tvisebebi: 

— xidis gaSla da dakecva SesaZlebelia mxolod da mxolod 

misi Sua wertilidan, rac aseve iwvevs xidgamdebebis 

samontaJo elementebis wonis zrdas; 

— garTulebulia bolo etapze xidis kvanZebis Caketvis 

procesi, rac ar eqvemdebareba prognozirebad kontrols; 

— xidis saval nawilSi gamoyenebuli SemaerTebeli kvanZebis 

zomebi SezRudulia, rac arasaimedos xdis maT muSaobas 

didi dinamikuri Zalebisa da dartymis dros; 

— ver iqna miRweuli sasurveli suraTi qveda sartyelis 

elementebis daxvevisa da Semdgomi modernizeba dakecvis 

variantisa; 

— gaizarda xidis satransporto paketis zomebi 11.4x4.0x3.4 m. 
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cxrili V.3 _ taqtikur_teqnikuri parametrebis Sedareba 

 

msoflioSi arsebuli “saieriSo” meqanizebul xidebTan, 

sadisertacio naSromSi ganxiluli “dakecvis pribcips” + 

“dakecvis principiT” Seqmnili gasaSleli xidis 

taqtikur_teqnikuri parametrebi mocemulia cxrilSi 3.  

aRiSnuli naklovanebebis aRmofxvris mizniT damuSavda 

axali sqema xidisa. 

 

V.3. გასაშლელი ხიდის ორმაგი ტრანსფორმაციის –  

“დაკეცვის პრინციპს” + “ტელესკოპის პრინციპით” 

შექმნილი სქემა 
 

miuxedavad sxvadasxva variantebis Seqmnisa, romlebic 

iZlevian saSualebas 32÷48 metri malis mqone gasaSleli, 

saieriSo meqanizebuli xidebis Seqmnisa, formaTwarmoqmnis 
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ormagi transformaciis principiT sxvadasxva kombinaciebisa, ver 

iqna miRweuli dakecili paketis simaRlis sagrZnobi Semcireba. 

amdenad, daiwyo Zieba, gasaSlel xidebSi sufTa teleskopis 

principiT Seqmnili xidebis analogiebisa, rac SemdgomSi 

gaxdeboda safuZveli “dakecvis princips” + “teleskopis 

principiT” xidis konstruqciuli sqemis Seqmnisa [38] [39] [40] [41]. 

aRniSnuli sqemis mixedviT SemuSavda xidis konstruqcia, 

romelic warmodgenilia fig. V.6-ze. 

konstruqcia Sedgeba or centralur savali nawilisagan 1, 

romlebic erTmaneTs ukavSirdeba cilindruli saxsariT 2, da 

romelSic ganTavsebulia kexi 3. TiToeuli savali nawili 1 

Sedgeba ori liandisagan 4, xolo TiToeuli liandi warmoadgens 

damoukidebeli koWebis 5 grZivad ganlagebul rigebs. koWebi 

urTierTdakavSirebulia mxolod kexis nawilis 3 siaxloves. 

aRniSnuli koWebi 5, TiToeuli cal-calke, teleskopuri CasmiT, 

moTavsebulia ganapira savali nawilis blokebSi 6. aseTi 

ganapira blokebi aris sul oTxi cali. ganapira or-ori bloki 

xidis kexis mxares gaerTianebulia, xolo meore boloebi maT 

Tavisufali aqvT. 

xidis konstruqcia qvemodan aRWurvilia moqnili iribnebiT 

7, xisti dgarebiT 8, gamSleli mowyobilobebiT 9 da moqnili 

qveda sartyelebiT 10. xidis dakecvis dros yvela maTgani 

ganTavsdeba aseve dakecil mdgomareobaSi myof centralur 

nawilebsa da ganapira blokebs Soris. 

xidis konstruqcia ganTavsdeba satanko xidgamdebze. igi 

damagrebulia xidgamdebTan erT-erT ganapira blokis 

saSualebiT. xidis gaSla gadasalax winaaRmdegobaze xdeba 

warmodgenili sqemis mixedviT (fig. V.7). 

xidgamdebze 1 mowyobil uZrav baqans 2 gaaCnia gamosawevi da 

gruntze dasayrdnobi moZravi baqani 3, romelzec Camagrebulia 

hidrocilindrebi 4. 
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fig. V.6. gasaSleli xidis, “dakecvis princips”+”teleskopis principiT”, 

Seqmnili konstruqcia 

a) xidis winxedi; b) xidis zedxedi; g) gaSlili xidis konstruqcia 

 

hidrocilindrebis saSualebiT vertikalur mdgomareobaSi 

wamoiweva moZravi baqnis boloSi mowyobil RerZul cilindrul 

saxsarSi 5 Camagrebuli CarCo 6. 

CarCosTan erTad vertikalur mdgomareobaSi modis RerZul 

cilindrul saxsarSi Camagrebuli moZravi isari 7, romelzec 

mimagrebulia gasaSleli xidis 8 ganapira lianda. 

moZravi isars meore boloSi Cabmuli aqvs bagiri 9, romelic 

gadatardeba uZravi baqnis boloSi mowyobil gorgolaWze 10 da 

exveva jalambars 11 dolze 12, romelic xidgamdebze – tankzea 

mowyobili. 
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fig. V.7 – xidis dabrkolebaze gadebis transformaciis sqemebi. 

a) xidgamdebi gasaSleli xidis satransporto paketTan erTad;  

b) xidgamdebi moyvanilia mzadyofnaSi xidis gadasalax 

winaaRmdegobaze gasaSlelad; g) xidgamdebi xidis gaSlis sawyis 

momentSi; d) xidis gaSlis procesi; e) gasaSleli xidi saeqsploatacio 

mdgomareobaSi. 

 

 xidis konstruqciis dakecili paketis simaRlem, sxva 

gadawyvetebTan erTad, iklo 23_27% da 48 metri malis mqone 

xidisaTvis Seadgina 1,9÷2,1 metri. xidis wona dasaSvebis 

farglebSia da igi 32÷48 metri malebis SemTxvevaSi icvleba 17÷24 

tonas Soris. 
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gansakuTreviT aRsaniSnavia xidgamdebis sqema _ misi moZravi 

baqani, romelic, erTi mxriv, zrdis manZils xidis sayrdenidan 

tankis sabjenis centramde, rac aucilebelia xidis mdgomareobis 

SesanarCuneblad mis amoyiravebis sawinaaRmdegod da, meore 

mxriv, xidgamdebis mTliani konstruqciuli sqema gamartivebulia, 

rasac aseve ganapirobebs moZravi baqnis bolo nawilis 

dayrdnoba gruntze. 

— xidis konstruqciuli sqema uzrunvelyofs, zemoT 

ganxiluli xidebis dadebiT TvisebebTan erTad, aseve, 

satransporto paketis simaRlis Semcirebas da igi mocemul 45÷48 

metri malis SemTxvevaSi Seadgens 2 metrs. 

— gansakuTrebiT aRsaniSnavia is, rom xidSi aRar aris 

gamoyenebuli mcire zomis da didi raodenobis cilindruli 

saxsrebi, xolo misi gaSla SesaZlebelia xidgamdebis mokle 

samontaJo nawilis ganapira blokSi CabmiT, rac amsubuqebs 

xidgamdebis konstruqciis wonas.  

— xidis gaSla da dakecva xorcieldeba meqanizmebiT, 

romelTa energetikuli uzrunvelyofa xorcieldeba 

xidgamdebebidan. 

— aRniSnuli xidebi Seswavlili iqna gaSlis da gaSlili 

procesebis daZabuli mdgomareobis mxriv, ramac daadastura 

xidebis Seqmnis realoba. 

amdenad, SeiZleba gakeTdes daskvna imis Sesaxeb, rom 

SemdgomSi swrafadasagebi xidebis malis zrda SesaZlebelia 

mxolod da mxolod transformirebadi sainJinro sistemebis 

formaTwarmoqmnis martivi principebidan rTuli, ori an orze 

meti formaTwarmoqmnis principebis SeTavsebiT erT 

konstruqciul sqemaSi. 

— amasTan, xidis konstruqciaSi garTulebulia teleskopuri 

liandebis erTmaneTSi Casma, romelic teqnikurad da 

teqnologiurad moiTxivs adgilobrivad kvaTebis sagrZnob 

momatebas. aseve xidis uaryofiT Tvisebad unda CaiTvalos 

liandis damoukidebeli koWebisagan Sedgena, rac moiTxovs 
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koWebs Soris garkveuli sididis 7_70 santimetris Riobis 

datovebas.  

— rac Seexeba transformaciis Sedegad formaTwarmoqmnis rTul 

– Sedgenil principebze dafuZnebuli konkretuli 

konstruqciuli sqemis optimalur variantis SerCevas, es ukve 

Semdgom amocanas warmoadgens. 

 

 

 

VI. სამმაგი ტიპის ტრასფორმაციის და ორმაგი შეთავსებული 

ტიპის გადების ახალი გასაშლელი, საიერიშო, ერთმალიანი 

მექანიზებული ხიდი მალით 32÷48 მეტრი 

 
VI.1. ახალი გასაშლელი ხიდის ტექნოლოგიური და  

კონსრუქციული თვისებები 

 

 
rogorc ganxiluli masalidan Cans, ormagi transformaciiT 

miiRweva didi malebis mqone gasaSleli xidebis Seqmna, magram 

maT amave dros axasiaTebs zogierTi is naklovanebebi, rac 

gaaCniaT arsebul samxedro meqanizebul xidebs [42]. 

es naklovanebeba, pirvel rigSi maTi satransporto paketis 

didi simaRle, rac, sxva uaryofiT TvisebebTan erTad, didi 

gabaritebis gami iwvevs satransporto saSualebebis 

mobilurobis Semcirebas. 

aseve gasaTvaliswinebelia xidgamdebis _ tankis maRali 

tvirTiamweobis unari, rac aucilebelia didmaliani xidebis 

tarebisa da montaJisaTvis. 

amasTan, sruliad gansxvavebul gadawyvetas moiTxovs 

xidgadebis meqanizmebi da konstruqcia, romelic Sesabamisi unda 

iyos xidis gadebisas xidgamdebebis stabilurobis SenarCunebis 
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mxriv da aseve unda ganaxorcielos xidis swrafi gadeba da 

axsna gadasalaxi dabrkolebidan. 

gansakuTrebiT aRsaniSnavia xidis principuli kvanZebis 

konstruireba, romelmac ar unda gamoiwvios garTulebebi axali 

sqemiT xidis SeqmnaSi. 

aRniSnuli miznebisaTvis SesarCevia Tanamedrove tankebis 

tipebi, romlebic SesaZloa gamoyenebul iqnas axali xidis 

transportirebisa da montaJisaTvis [43] [44]. 

sabazo tankad SeiZleba ganxilul iqnas: ,,Celenjer-2”; 

,,vikkers” Mk7; “merkava 2 A5”; C-1 ,,ariete”;  T-80Б;  MIA2 ,,abramsi”; 

,,lekleri-2”; NKP da ,,leopard”-2. 

aRniSnul tankebs gaaCniaT Zravis didi simZlavre 1000-

1500cx.Z, saTanado sigrZe da sxva parametrebi, romlebic 

aucilebelia didi gasaSleli xidebis transportirebisa da 

montaJisaTvis. 

Cvens SemTxvevaSi teqnikuri, teqnologiuri da komerciuli 

miznebiT mocemul etapze upiratesoba eniWeba “leopard 2”-is 

gamoyenebas. 

sabazo tanki “leopard 2” (fig. VI.1) warmoadgens dajavSnul 

manqanas 12 cilindriani dizelis ZraviT, romlis simZlavrea 

1500cx.Z, brunviT 2600br/wT. tankis wona koSkis, zarbaznis da 

sabrZolo Wurvebis gareSe Seadgens 40 tonas. 
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fig. VI. 1. – tank “leopard 2”-is xedebi sacecxle koSkos 

zarbaznis da sabrZolo Wurvebis gareSe. 

a) gverdxedi; b) winxedi. 

igi anviTarebs 73 km/sT siCqares gzatkecilze. saSualo 

svlis maragi Seadgens 550km-s. winaRobis daxrilobis gadalaxvis 

kuTxe tolia 600(320)-is. gruntze xvedriTi dawola utoldeba 

0.88km./sm2. tankis klinersia 0,52 da 0,49 metri. 

aRniSnul tankze, rogorc xidgamdebze moewyo xidis 

gadmoxsnis, gaxsnis da gadasalax winaaRmdegobaze gadebis 

meqanizmebis konstruqcia, romelic daproeqtda ZiriTadi ori 

parametris mixedviT: _ xidis satransporto, dakecili paketis 

gabaritebis, misi wonis da satanko xidgamdebis gabaritebisa da 

wonis Sesabamisad. 

xidis dakecili paketis sqema mocemulia (fig.VI.2) misi 

gabaritebia: sigrZe _ Lo = 12,3 m.; sigane _ B = 4,01 m.; simaRle _ h = 

2,235 m., xolo wona _ G, Seadgens 19200 kilograms, rac Seexeba 

xidis mals L igi Seadgens 39 metrs. 

Sesabamisad, pirvel rigSi, xidis dabrkolebaze gadeba-aRebis 

momentidan gamomdinare, moxda xidgamdebis geometriuli 

parametrebis SerCeva. 
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fig. VI. 2. – xidis dakecili paketi ganTavsebuli xidgamdebze 

xidi Sedgeba gawyvilebuli ori tipis liandebisagan 1, 2. 

yoveli lianda warmoadgens kompleqsur sistemas. centralur 

mbrunav kvanZSi 3 urTierTdakavSirebulia sistemis Sida 

liandebi 1. mbrunavi kvanZis irgvliv brunviT miiRweva xidis 

gaxsna an dakecva. dakecvis dros liandis wiboebi 4, romlebic 

grZivi RerZebis sxvadasxva mxares arian ganlagebuli, erTmaneTSi 

jdebian. aseTi formiT miiRweva dakecili paketis minimaluri 

zomebi. rac Seexeba liandis filebs 5, 6 _ saval nawilebs 

dakecil mdgomareobaSi, isini paketis sxvadasxva mxares 

ganTavsdebian (fig. VI.3). 

yovel Sida liandis, savali nawilis zemoT, ganTavsebuli 

aqvs “П”-magvari formis gare lianda, Sida da gare liandebis 

kavSiri miiRweva gare liandis wibiebis 7 srialiT Sida liandis 

saval nawilze mosriale kvanZebis 8 saSualebiT. 

paketis gaxsnis procesSi jer urTierTSemobrunebiT ixsneba 

Sida liandebi, Semdeg ki urTierTgasrialebiT gaSlas iwyeben 

gare liandebi.  

gare lianda aseve Sedgeba savali nawilis filisagan da 

wiboebisagan. 

liandebis urTierTgadanacvlebis bolo momentSi muSaobaSi 

erTveba liandebis qveda sartyelebi, romlebic aseve rTul, 



ccv 

Sedgenil konstruqcias warmoadgens 9, 10. isini gancalkevebulad 

ori nawilisagan Sedgeba. pirveli, es aris xisti, fermis an 

furclovani wibos qvemoT ganTavsebuli sartyelis nawili da, 

meore, maRali simtkicis vanti, romelic liandis qveda xist 

sartyelebSia ganTavsebuli. xidis gaxsnis procesSi vantebi 

gamodian budeebidan da xisti qveda sartyelis gagrZelebiT 

qmnian xidis mTlian qveda sartyelebs. 

vanturi Reroebi 10, Sida liandisTvis, meore boloTi 

emagreba xidis sabjenebs 11. xolo mosriale gare 

liandebisaTvis, romlis boloebze sabrjenia ganTavsebuli, qveda 

moqnili bagirovani sartyeli aerTianebs sapirispiro mxares 

ganTavsebul mosriale liandebis qveda xist sartyelebs. 
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 fig. VI. 3. – sammagi tipis transformaciis da ormagi tipis 
gadebis 

saieriSo, meqanizebuli xidis sqemebi 
 
 

a) xidi gaSlil mdgomareobaSi; b) gaSlili xidis xedi qvemodan;  
g) naxevrad gaSlili xidi, rodesac ganapira liandebis 

gasrialebiT, moxda xidis transformacia; d) xidis dakecili 
satransporto paketi, miRebuli naxevradgaSlili xidis 

centraluri kvanZebis, SemobrunebiT da erTmaneTSi CaketviT; e) 
xidis wiboebis srialis kvanZis sqema; v) xidis sabjenebis sqema; 
z) xidis liandebis blokirebis sqema misabjenis gamoyenebiT; T) 
liandebis urTierTbrunvis principi sabjenebis gamoyenebiT. 
saproeqto mdgomareobaSi xdeba Sida da gare mosriale 

liandebis saval nawilebs Soris droebiTi misabjenebis 12 

gamoweva. 

rac Seexeba TviT amZrav meqanizmebs 13, isini ganTavsebulia 

xidis Sua nawilSi. bagirebiT da polispasturi sistemebiT xdeba 

rogorc liandebis urTierTgadaadgileba, aseve Sida liandebis 

urTierTmobruneba, risTvisac damatebiTi sabjenebia 14 

gamoyenebuli. 

xidi gaerTianebulia xidgamdebTan, romelic sqematurad da 

konstruqciulad aris gadawyvetili (fig. VI.4.a). 

xidi ganTavsdeba satanko xidgamdebis 15 konsolur 

gamonaSverebze 16, romlzec specialuri amZraviT xdeba xidis win 

gamoweva. kritikul wertilSi xidis dakecili paketi iwyebs 

amotrialebas. es procesi kontrolirdeba paketis fiqsatorebiT 

da jalambrebiT (fig. VI.4.b da VI.4.g). 

xidis konstruqcia ganTavsebuli uZrav isarze 17, romelic, 

xidis montaJis dros, meore boloTi eyrdnoba grunts, ikavebs 

sastarto pozicias (fig. VI.5.a). am mdgomareobaSi uZravi isridan 

xdeba dgarebisa 18 da moZravi isris 19 erTdrouli gadayvana 

vertikalur mdgimareobaSi hidrocilindrebiT 20. es procesi 

kontrolirdeba bagirovani sistemisa 21 da jalambrebis 

saSualebiT. 

vertikalur mdgomareobaSi moZravi isari, romelzec orive 

mxridan, specialuri kvanZebiT emagreba mosriale, ganapira 

liandebi, iwyebs daxras tankis sawinaaRmdego mimarTulebiT. es 
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procesi, aseve, kontrolirdeba ukve sxva jalambrebiT da 

bagirebis sistemiT (fig. VI.5.b da VI.5.g). 

aseT mdgomareobaSi xidis paketi iSleba. pirvel etapze 

xdeba misi gaSla SemobrunebiT. meore etapze ki Semobrunebis 

procesis Semdeg iwyeba gasrialebis procesi (fig. VI.6.). 

 

 

 

fig. VI.4. – xidis dakecili paketi ganTavsebuli xidgamdebze da 

misi win gamoweviT dayrdnoba gruntze 
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a) xidi xidgamdebTan erTad satransporto mdgomareobaSi; b) 

xidgamdebis da xidis urTierTganTavseba xidis win gawevisa da 

gruntze dayrdnobis etapze – gverdxedi; g) xidis win gawevis da 

gruntze dayrdnobis sqema – aqsionometria. 

 

 

fig. VI.5. – xidis gaSlis sastarto pozicia da xidis gaSlis 
pirveli etapi. 
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a) xidgamdebTan dakavSirebuli xidi gaxsnis wina etapze; b) xidis 
gaSlis pirveli etapi; g) xidis gaSlis pirveli etapis 

dasasruli, romlis Semdeg transformaciis procesSi erTveba 
ganapira liandebi. 

 

 

 

fig. VI.6. – xidis gaSlis meore etapi 

a) ganapira liandebma daiwyes srialiT gadaadgilebas Siga 
liandebis mimarT; b) kompleqsuri transformaciis procesi, 

rodesac formaTwarmoqmna xorcieldeva rogorc centraluri 
kvanZis mimarT liandebis urTierTSemobrunebiT, aseve aRniSnul 
liandebze ganapira liandebis srialiT; g) xidis gaSlis finiSi. 
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 am saxiT, srulad gaSlili xidi gaideba gadasalax 

winaaRmdegobaze (fig. VI.7.). 
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xidis axsna gadasalax winaaRmdegobidan xdeba ganxiluli 

procesis reversiT, romelic iZleva saSualebas xidis kvlav 

ganTavsebisa tankze. 

 

VI.2. ტრანსფორმირებადი ხიდის და ხიდგამდების პროექტირების  

საკვანძო საკითხები 

 
xidis Seqmnis gansakuTrebuli principebia: 

— xidis gadeba dabrkolebaze warmoebs kompleqsuri meTodiT 

Semobruneba + gasrialeba; 

— xidis dakecili paketi, zomebis Semcirebis mizniT, 

erTmaneTSi jdeba _ “teleskopis principi”; 

— xids gaaCnia aseve transformaciis ori principi _ “daxvevis 

principi” + “teleskopis principi”; 

— xidis samontaJo konstruqcias aqvs gazrdili  mxari, 

romelic zrdis manZils samontaJo mowyobilobis sabjenidan 

tankis simZimis centramde, rac didi mabrunebeli momentis 

aTvisebis saSualebas iZleva; 

— xids aqvs, teqnikuri da teqnologiuri TvalsazrisiT, ori 

ZiriTadi kvanZi, romelTa praqtikuli realizacia sruliad 

SesaZlebelia ukve arsebul meqanizebul xidebSi 

ganxorcielebuli konstruqciuli gadawyvetilebis 

proncipebis gamoyenebiT (fig. VI.8) da (fig. VI.9). 

 germanuli xidgamdebi da xidi leguani – “LEGUAN” 

Seqmnilia da warmoebaSia germaniis federaciul respiblikaSi. 

leguanis xidgamdebi xidiT warmodgenilia fig. VI.9-ze misi Sasi 

agebulia tank “leopard-2”-is bazaze. xidi gaSlil 

mdgomareobaSi aris 26 metris [45]. 

aRniSnuli klasis da modifikaciis xidebSi erT-erTi 

gamorCeulia “wamocmis” principze Seqmnili da warmoebaSi myofi 

amerikis SeerTebuli Statebis xidi xidgamdebiT, HAB – “Volverine” 

(fig. VI.10) [46]. 
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b) 

 
 

fig. VI.8. – centraluri kvanZis mimarT liandebis 
urTierTSemobrunebiT ganxorcielebeuli transformaciis 

procesi gazrdilmalian  
xidSi da realurad arsebuli konstruqciuli sistema  

centraluri kvanZis mimarT mbrunavi liandebisa. 
 

a) axali konstruqciuli sistema;  
b) realurad arsebuli konstruqciuli sistema. 
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b) 

 

 

fig. VI.9. – liandebis urTierTgasrialebiT ganxorcielebuli 
transformaciis procesi gazrdilmalian xidSi da realurad 

arsebuli konstruqciuli sistema xidgamdebidan 
gamosrialebuli liandebisa, romelsac xidgamdebi konsolurad 

afiqsirebs. 
 

a) axali konstruqciuli sistema;  
b) realurad arsebuli konstruqciuli sistema 

 

 

 

a) 
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b) 

 

fig. VI.10. – xidgamdebis da xidis “Volverine”  

a) satransporto pozicia; b) xidgamdebis pozicia. 

 
mizanSwonili iqneba ganvixiloT bolo miRweva “saieriSo” 

gasaSleli, meqanizebuli xidgamdebis da xidisa HAB – “Volverine”, 

romelic amerikis SeerTebul StatebSia damzadebuli. aRniSnuli 

umaRlesi klasis xidis sigrZe, miuxedavad yvela mcdelobisa, 

Seadgens 32 metrs, xolo dakecili satransporto paketis sigrZea 

16 metri, rac Zalian arTulebs tankis da xidis erTdroul 

gadaadgilebas. 

HAB-is taqtikur-teqnikuri maxasiaTeblebia: 

sabazo tanki – “abramsi” M1 A2. 

ekipaJi _ 2 kaci. 
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tvirTamweobis klasi _ 70 t. 

gabaritebi _ 

sigrZe  _ 16 m. 

sigane _ 4 m. 

simaRle _ 4 m. 

saxide fermis sigrZe _ 3 m. 

 masa _ 

saerTo _ daaxloebiT 52 t. 

saxide ferma _ 16 t. 

xidis winaaRmdegobaze gadebis dro _ 5 wT. 

svlis siCqare _ 701 km/sT. 

Zravis simZlavere _ 1500 cx. Z. 

mZime satanko xidgamdebi HAB (aSS) SeiaraRebaSi miRebulia 

1986 wels. xidgamdebi damuSavebulia sabazo tankis MI ~abramsis” 

bazaze. mas aqvs liandisebri saxide ferma, Semdgari ori xidis 

seqciisagan sigrZiT TiToeuli 7 m, ori SemaerTebuli elementiT 

sigrZiT TiToeuli 1 m da ori 7,5 m aparelebi fermis 

gamoyenebisaTvis gadasalax winaaRmdegobaze gamoiyeneba 

avanbekebi. 

meqanizebuli xidi REMB (aSS) SeiaraRebaSi miRebulia 1986 

wels. gamoyenebulia iseTive liandisebri ferma, rogorc mZime 

satanko xidgamdebze. xidis malis gazrdisas 50 metramde 

gaTvaliswinebulia bagirebis gamaZlierebeli kompleqtis 

gamoyeneba. 

REMB-is taqtikur-teqnikuri maxasiaTeblebia: 

Sasi – saavtomobilo. 

ekipaJi _ 2 kaci. 

tvirTamweobis klasi _ 70 t. 

gabaritebi _ 

sigrZe _ 16 m. 

sigane _ 4 m. 

simaRle _ 4,3 m. 

xiduri fermis sigrZe _ 31 m. 
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masa _  

saerTo _ 37,6 t. 

saxide fermisa _ 16 t. 

xidis winaaRmdegobaze gadebis dro _ 5 wuTi. 

svlis siCqare _ 88 km/sT-mde. 

Zravis simZlavre _ 440 cx.Z. 

 aseve SeiaRarebaSi arsebuli, da mocemul etapze erT-erTi 

bolo variantia, inglisuri xidi xidgamdebiT – “Titan”-i. igi 

agebulia tank “Celenjer-2”-is bazaze. xidis klasia MLS-70. xidis 

sigrZe gaSlil mdgomareobaSi Seadgens 26 metrs. mTliani wona 

tankTan erTad aRwevs 70 tonas (fig. VI.11) [47]. 

 

fig. VI. 11. – xidgamdebi xidiT – “Titani” agebuli tank “Celenjer-

2”-is Sasze. 

amasTan, sammagi tipis transformaciis da ormagi tipis 

gadebis axali gasaSleli, saieriSo, erTmaliani, meqanizebuli 

xidis Seqmnisa da proeqtirebisaTvis aucilebeli 

gansakuTrebuli moTxovnebi, romlebic zogadad “saieriSo” 

xidebs waeyenebaT, mniSvnelovani sakiTxia xidis konkretuli 

variantis daproeqtebis stadiaze. 
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paragraf VI.2-Si ganxiluli sikiTxebi naSromSi 

warmodgenilia im mizniT, rom srulyofili gaxdes xidis 

proeqtirebis meTodika. amasTan, axali saieriSo, sabazo 

gasaSleli xidis Seqmnis gansakuTrebul principebisgan 

gansxvavebiT, konstruqciis Taviseburebebis gaTvaliswinebiT, 

ganxilulia sxva konkretuli sakiTxebi _ Semobrunebis kvanZis 

daproeqtebisa da gaangariSebis Taviseburebebi, romelic 

Sedgenilia arsebuli literaturuli wyaroebis mixedviT [48] [49]. 

xidis konstruqciebis ganxilvis dros, erT-erTi 

sapasuxismgeblo kvanZia liandebis urTierTis mimarT 

Semobrunebis mowyobiloba (ix. fig. VI.8). 

calkeuli liandebis SemTxvevaSi, liandebis 

urTierTSemobrunebisa da maTi wertilebis urTierTSi Sesvlis 

gamo kvanZs Semdegi sqema aqvs (fig. VI.12). 

 

fig. VI. 12. – manWvalebiani kvanZis sqema 

Zalvis erTi yunwidan meoreze gadacema, rogorc 

literaturuli wyaroebidan aris cnobili, xorcieldeba 

manWvalis saSualebiT, romelic naxvretSi Casmuli lilviT 

xorcieldeba, romlis Sedegad xdeba Zabvis araTanabari 

ganawileba naxvretis garSemo yunwis masalis siRrmeSi da 

manWvalSi (fig. VI.13). 
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fig. VI.13 – Zabvebis koncentracia manWvalis ganivkveTSi. 

 

deformaciis SesaZlo xasiaTi da manWvaliani SeerTebis 

rRveva (fig.VI.14), damokidebulia manWvalisa da yunwebis zomaTa 

Sesabamisobaze da aseve, maTi Semadgeneli masalis Tvisebebze. 

 arasakmarisi ganivkveTebis farTebis gamo, aseve 

SesaZlebelia mrgvali naxvretis ovalurad gadaqceva, an 

arasakmarisi kveTebis pirobebSi  manWvaliani SeerTebis 

xangrZlivi eqsploatacia datvirTvis qveS (fig.VI.15).   

manWvalian SeerTebSi wriuli naxvretis ovalurad 

gadaqcevis aRmosafxvrelad, aucilebelia gaizardos yunwis 

ganivkveTis farTi da manWvalebi iseTi zomis damzaddes, 

rodesac ZabvaTa koncentraciis adgilebSi ar moxdeba Zabvebis 

masalis denadobis zRvramde miRweva. 

  

 
 
    a)                b)              g)              d) 



ccxix 

  

 

fig. VI. 14 – deformaciebis SesaZlo saxeebi kvanZis elementebSi 

a) masalis amotexva; b) yunwis masalis xleCva; g) kvanZis 

elementebis didi deformaciebi; d) manWvalis gakveTa. 

  

 

fig. VI.15. – wriuli naxvretis 

ovalurad gadaqceva manWvaliani  

SeerTebis xangrZlivi 
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normatiuli masalebis mixedviT, aRniSnuli efeqtis 

misaRwevad, winaswar mowmdeba yunwi da manWvali, romelTa 

Tanabarsimtkicis pirobidan aiReba yunwis naxvretiT 

dasustebuli kveTi F toli _ 2𝑎𝑎1𝛿𝛿2 (fig.VI.16) 

 

 

fig. VI.16. – manWvaliani SeerTebis saangariSo sqema 

a) gverdxedi; b) zedxedi. 

 

warmodgenili sqemis mixedviT yunwis ZiriTadi zomebi unda 

akmayofilebdes pirobas: 

𝑘𝑘 = 0.56 + 0.46 𝑎𝑎2
𝑎𝑎1
− 0.1 𝑏𝑏

𝑑𝑑
≤ 1       

 
sadac K koeficienti iTvaliswinebs yunwis simtkiceze yunwis 

ZiriTadi zomebis zegavlenas. 

manWvaliani SeerTebis simtkice ganisazRvreba Semdegi oTxi 

pirobis mixedviT: 
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1. yunwis gaWimvisas F=2𝑎𝑎1𝛿𝛿2, farTobze, simtkicis probis Tanaxmad 

𝜎𝜎 = 𝑁𝑁
2𝛼𝛼1𝛿𝛿2𝑘𝑘 ,

≤ 𝑚𝑚𝑅𝑅0,       

sadac 𝑅𝑅0 _ ZiriTadi saangariSo winaRobaa. 

2. yunwis Telvisas, simtkicis pirobis Tanaxmad 

𝜎𝜎 = 𝑁𝑁
𝑑𝑑𝛿𝛿2

≤ 𝑚𝑚 𝑅𝑅თელ
ყ

      

sadac, 

𝑅𝑅თელ
ყ

   _ yunwis Telvis winaRobaa, romelic aluminis 

SenadnobebisaTvis miiReba 𝑅𝑅თელ
ყ = 1,2𝑅𝑅𝑜𝑜 ;  

m _ muSaobis pirobis koeficientia, romelic uzrunvelyofs 

narCeni plastikuri deformaciebis SezRudvas. naklebad 

dasaSvebia naxvretis ovalad gadaqceva manWvalian SeerTebebSi, 

romlebic warmoadgenen saxrebs. am SemTxvevaSi miiReba m=0.8. 

mosaxsneli SeerTebisaTvis m=1.0. 

3. Runvaze manWvalis simtkicis pirobidan, misi drekad-

plastikur stadiaSi muSaobisas 𝜎𝜎 = 𝑀𝑀
𝑊𝑊პლ

= 𝑉𝑉(2𝛿𝛿1+4𝑐𝑐+𝛿𝛿2)
8𝑊𝑊პლ

≤ 𝑅𝑅ღ
მანჭ  

sadac 𝑅𝑅ღ
მანჭ

 _ manWvalis Runvis saangariSo winaRobaa; 

Wpl _ manWvalis winaRobis plastikuri momenti Wpl=1.7∙ 0.1 ∙

𝑑𝑑3 

4. ormagi Wris manwvalis dros simtkicis pirobis Tnaxmad  

𝜏𝜏 = 𝑁𝑁

4𝜋𝜋𝜋𝜋
2

4

= 𝑉𝑉
𝜋𝜋𝜋𝜋 2 ≤ 𝑅𝑅ჭრ

მანჭ
 ,  

sadac 𝑅𝑅ჭრ
მანჭ

 _ manWvalis Wris saangariSo winaRobaa. 

yunwis ybebSi Zabva maT^sisqeze nawildeba araTabrad. 

amasTan Sesabamisad manWvalian foladis SeerTebebSi yunwis 

sisqesTan SedarebiT gaTvaliswinebulia ormagi yunwis ybebis 

jamuri sisqis gazrda 10%-iT, xolo msubuqi Senadnobebisas _ 

15%-iT. 

simtkicis pirobis mixedviT yunwebs Soris RreCo 

rekomendirebululia Seadgendes 𝑐𝑐 = 0.1𝛿𝛿2 xolo SeerTebis 

awyobisa da daSlis pirobidan, saerTod iReben 2÷ 3mm-is tols. 

manWvalsa da naxvrets Soris RreCo, zogadad Seadgens 1÷ 1.5mm-s. 
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sartylis mimarT Sesapirapirebeli SeerTebis acilebiTi 

ganlagebisas gaiTvaliswineba damatebiTi mRunavi momentis 

moqmedeba, romelic Cndeba sartylis RerZis mimarT manWvalis 

centris gadanacvlebis gamo. 

aRniSnuli sakiTxi aq moyvanilia xidis konkretuli 

variantis konstruqciuli Sefasebisa da misi Semobrunebis 

kvanZis daproeqtebisaTvis. 

saieriSo xidis konstruqciis erT-erT Tvisebas warmoadgens 

rTuli _ transformaciis samparametriani gaSla-dakecvis 

mdgomareoba. 

aseTi midgomiT zogadad Tu ganvixilavT xidis gaSlisa da 

dakecvis mrocess misi mdgradobis gaTvaliswinebiT SeiZleba 

ganvacalkeoT ori SesaZlebeli SemTxveva: 

I varianti _ etapobrivi varianti xidis gaSlisa: 

1. xidis gaSlis pirveli etapi moicavs mis gaSlas, 

~SemobrunebiT”; 

2. xidis gaSlis meore etapze xidis elementebi iwyebs 

~teleskopis” principiT urTierTis mimarT wagrZelebas. 

II varianti _ xidis kompleqsuri gaSla: 

1. xidis kompleqsuri gaSla xorciledeba erTdroulia 

rogorc ~SemobrunebiT”, aseve ~teleskopis” principiT 

elementTa urTierTgadaadgilebiTac. 

amdenad, gaSlis procesSi xidze, formaTwarmoqnis etapebis 

Sesabamisad, sxvadasxva sididiT, moqmedebs rogorc gare Zalebis 

mier warmodgenili jamuri momenti ΣM, aseve xidis 

gasrialebisas warmodgenili jamuri Zalvebi T. ZalviT 

aRniSnuli faqtorebi ΣM  da T, saboloo saxiT gadaecema 

xidgamdebsac. amdenad, aris mniSvnelovani maTi 

urTierTSeTavsebis Sefaseba gaSlis sxvadasxva etapebze, rom, 

erTi mxriv, Semowmdes xidis konstruqciis mzidunarianoba misi 

gaSlis dros warmoqmnil Zalvebze da, meore mxriv, moxdes 

xidgamdebis samontaJo mowyobilobis dagegmareba ise, rom ar 
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moxdes xidgamdebis amoyiraveba rogorc misi grZivi RerZis 

sibrtyeSi, aseve mis marTobulad. 

literaturidan cnobilia, rom normatiuli maCveneblebis 

mixedviT ΣM= MG+ MW+ MJ+ Mxax, sadac jamuri momenti Sedgeba 

xidis konstruqciis wonisa da mrudxaras wonisagan gamowveuli 

winaRobis ZalTa jamuri momentis _ Mg, qaris wnevisagan 

gamowveuli winaRobis ZalTa momentis _ MW, inerciul ZalTa 

jamuri momentis _ Mj da xaxunis ZalTa momentisagan _ Mxax. 

xidis gasrialebiT gamowveuli mTliani datvirTva, romelic 

gadaecema xidgamdebis saangariSo datvirTvis sidides _ T-s.  

𝑇𝑇 = 𝑃𝑃𝐺𝐺 + 𝑃𝑃𝑗𝑗 + 𝑃𝑃𝑤𝑤 + 𝑃𝑃xax 

sadac 𝑃𝑃𝐺𝐺 _ aris xidis konstruqciis sakuTari wonis 

mdgeneli;  

𝑃𝑃𝑗𝑗 _ xidis konstruqciis masis inerciis Zalebi, 

romlebic transformaciis procesSi icvleba; 

𝑃𝑃𝑤𝑤 _ qaris wneva; xolo  𝑃𝑃xax _ xaxunis winaRobaa. 

saerTod, xidis malis nawilebis urTierTgasrialebis 

siCqare Seadgens 0,4_1,4 m/wm. 

xidis da xigamdebis mdgradoba rogorc grZivi, aseve ganivi 

mimarTulebiT miiReba 𝑘𝑘 =1,2 _ 1,35. 𝑘𝑘 samxedro meqanizebul 

xidebSi gaangariSdeba 𝑘𝑘 =  
𝑀𝑀მასტაბილიზებელი

𝑀𝑀გადამყირავებელი
. 

amasTan, xidis da xidgamdebis grZivi mdgradoba xidis 

konstruqciis transformaciis da fiqsaciis momentSi, aiReba im 

SemTxvevisaTvis, rodesac gadasalaxi dabrkolebis napirze, 

zRudis mxares daxra Seadgens 10°÷12°, xolo ganivi mdgradoba 

xidis da xidgamdebis iseT profilSi dgomiT, roca maTi ganivi 

gadaxra Seadgens 7°-s. 

mniSvnelovania is, rom xidi dabrkolebis orive napirze 

unda ebjinebodes iseTi fizikur-meqanikuri Tvisebebis mqone da, 

amasTan, fizikur-meqanikuri Tvisebebidan gamomdinare, xidis 

dabjenis iseTi geometriuli parametrebiT, rom ar moxdes 

gruntis CamoSla an Camongreva. es piroba unda iyos daculi 
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xidze sasargeblo datvirTvis gadatarebis, autrigeris gruntze 

dawolis da sxva gaTvaliswinebuli Tu gauTvaliswinebeli 

datvirTvebis dros. aRniSnulidan gamomdinare, xidis sruli 

sigrZe da mis mier dabrkolebis gadasalaxi malis sidide 

yovelTvis gansxvavdeba erTmaneTisagan da zogjer sakmaod 

naklebia dabrkolebis gadasalaxi mali _ 𝐿𝐿ხიდი > 𝐿𝐿დაბრკოლების მალი. 

proeqtis mizania _ Seiqmnas samxedro meqanizebuli, 

gasaSleli erTmaliani sabazo xidi gazrdili maliT 38-48 

metris farglebSi. 

amasTan, xidma unda daakmayofilos stransporto paketis 

zRvruli gabaritebi _ sigrZe 12-13 metri da xidgamdebis simaRle 

3.8_3.9 metri. 

garda amisa, didi malis, xidgamdebis xidis gadasala 

winaaRmdegobaze montaJis mowyobilobam unda uzrunvelyos 

xidgamdebis didi mastabilizebeli mabrunebeli momentis sidide, 

gaSlili xidis mabrunebeli _ amomyiravebel momentTan 

SedarebiT. 

garda aRniSnulisa, xidgamdebma unda daakmayofilos Semdegi 

ZirTadi moTxovnebi: 

− xidis satransporto _ dakecili an danawevrebuli nawilebis 

satransporto paketis gabaritebi iyos standatruli an  

standartebTan miaxloebuli ise, rom ar uSlides mis 

gadaadgilebas da montaJs. 

− xidis mTliani wona iyos satransporto saSualebis 

mzidunarianobis Sesabamisi. 

− xidi iyos erTmaliani. 

− xidis sigrZe _ malis sigrZe iyos rac SeiZleba meti. 

− xidis gadasalax winaaRmdegobaze montaJis da demontaJis 

dro ganisazRvros ramodenime – 2 – 5 – 7 maqsimum 10 wuTiT. 

− xidis montaJis dros ar iyos saWiroeba misi momsaxurebisa 

gadasalaxi winaarmdegobis meore napirzec. 
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− xidis momsaxure ekipaJi iyos ganTavsebuli satransporto-

samontaJo saSualebaSi. 

− xidis samontaJo-satransporto saSualeba iyos SeTavsebuli 

da erTi erTeuli. 

− xidis samontaJo-satransporto saSualeba iyos dajavSnuli 

da sxva mravali. 

− xidis dazianebis SemTxvevaSi, masze Wurvis an naRmis 

moxvedris Sedeg, xidma metnaklebad unda SeinarCunos 

mzidunarianoba da saeqspoloatacio Tvisebebi da amis Semdeg 

unda SesaZlebeli iyos misi axsna dabrkolebidan, xidis 

samontaJo xidgamdebis saSualebiT, sxva teqnikuri 

saSualebis gamouyeneblad. 

• axali tipis xidgamdebis danergva jarebSi da  

Sesabamisi taqtikuri monaxazebis da procedurebis 

Camoyalibeba kidev ufro gazrdis qarTuli SeiaraRebuli 

Zalebis moqnilobasa da samanevro SesaZleblobebs, 

saSualebas miscems maT maqsimaluri efeqturobiT iqnas 

gamoyenebuli svlidan forsireba da moxerxdes 

mowinaaRmdegis dajabna lokalur mobilurobasa da brZolis 

tempebis sakiTxebSi. 

• sagangebo mdgomareobis Sedegebis _ maT Soris bunebrivi da 

teqnogenuri katastrofebis likvidaciis operaciis sawyis 

etapze yvelaze mizanSewonilia qarTuli grZeli malis mqone 

saieriSo xidebis gamoyeneba. 

• saxide nagebobis Zarad SesaZlebelia gamoyenebuli iqnas 

tanki, satvirTo avtomanqana, sarkinigzo vagoni,aseve 

gadatanili da damontaJebuli iqnas vertmfreniT _ rac 

mniSvnelovnad zrdis mis universalizaciis xarisxs. 
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 ძირითადი დასკვნები 

* damuSavebuli gasaSleli xidis konstruqcia, agebuli 

transformirebadi sistemebis formaTwarmoqmnis ormagi “dakecvis 

princips” + “teleskopis principi”. axali, 48 metri malis mqone, 

gasaSleli, mravaljeradi xidi Seesabameba samoqalaqo pirobebSi 

– eqstremalur situaciebSi da sagangebo viTarebebSi gamoyenebis 

Tanamedrove moTxovnebs. 

* damuSavebulia gasaSleli xidi da misi gadasalax 

winaaRmdegobaze gadebis xidgamdebi. xidi Seqmnilia 

transformirebadi sistemebis formaTwarmoqmnis “dakecvis 

princips” + “daxvevis principiT”. gasaSleli xidi, maliT 48 

metramde, Seesabameba sajariso nawilebis da sakomunikacio 

zonis momsaxurebis pirobebs. aseve, misi gamoyeneba metad 

efeqturia samoqalaqo pirobebSi. 

 aRniSnuli xidis bazaze, aseve, damuSavda gaumjobesebuli 

variant konstruqciisa, romelic emyareba transformirebadi 

sistemebis “dakecvis princips” + “dakecvis principi”. 

* Catarebulma eqsperimentulma kvlevebma, romelic 

ganxorcielda transformirebadi sistemebis “dakecvis princips” 

+ “daxvevis principiT” Seqmnili xidis 4,8 metri sigrZis da 

saTanado xidgamdebis modelze, aCvena sruli Sesabamisoba 

gasaSleli xidis Teoriuli Sedegebsa da eqsperimentul 

Sedegebs Soris, rogorc statikuri datvirTvebis mimarT, aseve 

transformirebadi sistemebis formaTwarmoqmnis mxriv, rogorc 

kinetikuri sistemisa. eqsperimentis Sedegebis mixedviT moxda 

calkeuli kvanZebisa da detalebis cvlileba da modernizeba. 

* naSromSi damuSavebulia sammagi tipis transformaciis da 

xidis gadebis ormagi tipis, SeTavsebuli, axali, sabazo, 

saieriSo erTmaliani gasaSleli meqanizebuli xidi maliT 32÷48 

metri da gansxvavebuli sqemis xidgamdebi, romelic yvela 

Tanamedrove moTxovnebiT Seesabameba brZolis velze gamoyenebis 

pirobebs. misi gamoyeneba SesaZlebelia samoqalaqo viTarebaSi. 
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