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                              reziume 

 

vagoni warmoadgens rkinigzis moZravi Semadgenlobis 
ZiriTad erTeuls, romlis daniSnulebaa mgzavrebis gadayvana da 
tvirTebis gadazidva. miuxedavad imisa, rom vagonebi TavianTi 
daniSnulebiT sxvadasxva tipis da konstruqciisaa maTi ZiriTadi 
kvanZebis principuli mowyobiloba TiTqmis erTnairia, es 
kvanZebia: vagonis CarCo, damrtymel-sawevi mowyobiloba, 
samuxruWe sistema, savali nawilebi, romelTa gamarTulobas da 
saimedoobas umTavresi mniSvneloba eniWeba matarebelTa 
usafrTxo moZraobis sakiTxSi. CamoTvlili kvanZebidan, mocemuli 
sadisertacio naSromis kvlevis ZiriTad mimarTulebas 
warmoadgens vagonis savali nawilebis, kerZod ki wyvilTvlebi. 

wyvilTvali, romelic Sedgeba RerZisa da masze xistad 
moTavsebuli ori Tvlisagan, warmoadgens vagonis erT-erT 
mTavar da sapasuxismgeblo nawils, romlis daniSnulebaa miiRos 
vagonis Zaris mier gadacemuli datvirTva da vagons moZraobis 
dros misces saTanado mimarTuleba. wyvilTvlebs muSaoba 
uxdebaT mZime pirobebSi, maT gadaecemaT statikuri da 
dinamikuri datvirTvebi, romlebic warmoiqmneba matarebelTa 
moZraobisas, ris gamoc isini ganicdian garkveul cveTas da 
dazianebas.  

aRsaniSnavia, rom am sakiTxis irgvliv, anu vagonebis 
eqspluataciisas wyvilTvlebis cveTis, gaumarTaobebis gamomwvevi 
mizezebis Seswavlaze da Sesabamisad, maTi Semcirebis gzebze 
mravali mecnieris mier Catarebul iqna kvlevebi da miRebul iqna 
Sesabamisi daskvnebic, Tu ra iwvevs am gaumarTaobaTa warmoqmnas, 
maT gazrdas da a.S, magram mecnierTa mxridan vagonebis 
wyvilTvlebis gaumarTaobebis, cveTebis Semcirebis irgvliv 
SemoTavazebuli winadadebebisa da rekomendaciebis miuxedavad, 
unda aRiniSnos, rom dReisaTvis saqarTvelos rkinigzaze, misi 
geografiuli mdebareobidan gamomdinare, ris mixedviTac 
mTliani gzis saSualod 30-35%-s Seadgens sxvadasxva mcire 
radiusiani mrudebi da xSiria vagonebis moZraoba am mrudebze, 
vagonebis wyvilTvlebis qimebis intensiuri cveTis problema isev 
aqtualuria, rasac mowmobs Cems mier Catarebuli kvlevebic, 
kerZod: 

1. Catarebuli praqtikuli dakvirvebebiT, romelic 
mimdinareobda gzis rTuli profiles mqone mrud ubanze moZrav 
vagonebze  gamovlinda, rom Tu swor monakveTbeze vagonebis 
moZraobisas wyvilTvlebis qimebis cveTa yovel 20.000 km-Si 
Seadgens saSualod 1,2 mm-s, mcire radiusian mrudeebSi 
eqspluataciisas qimebis cveTam 20.000 km-is gavlisas Seadgina 2,5 
mm, rac warmoadgens erTob uaryofiT maCvenebels. 
     2. Tbilisis, xaSuris, baTumis, samtrediis savagono depoebSi 
saremontod Sesuli wyvilTvlebis anlizma aCvena, rom im 
ZiriTadi gaumarTaobebidan, rogoricaa: danaduRi, amocveTa, 
Tanabari cveTa, wriuli damuSavebani, amotexiloba, araTanabari 
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cveTa, Tvlis adgilobrivi gafarToeba, qimis damuSaveba da sxva, 
maT Soris umetesobas, anu 70%-s warmoadgens qimebis cveTa da 
dazianeba (maxvili qimi da qimis daTxeleba), romlis 
instruqciiT dadgenil normebSi moyvanisaTvis (30-33 mm), zemoT 
CamoTvlil sxva defeqtebTan SedarebiT saWiroa gacilebiT meti 
samuSaoebis Catareba da xarjebis gaweva, kerZod:  wyvilTvlis   
gorvis    zedapirze    danaduRis   adgilobrivi gafarToebis 
da sxva amgvari dazianebis dros gaumarTaobis aRmosafxvrelad 
saWiroa mxolod dadgenili wesis Sesabamisad zedapiridan maTi 
mocileba, es ki ise xdeba, rom am SemTxvevaSi raime zedmet 
danakrgebs da xajebs adgili ara aqvs, xolo gacveTili qimis 
dros, magaliTad, Tu igi aris ukve 23 mm, rac iwvevs vagonebis 
liandagidan acdenis saSiSroebas, gegmiuri SekeTebidan 
gamosuli wyvilTvlebis instruqciuli moTxovnebis Tanaxmad 
maTi 30 mm-mde SevsebisaTvis saWiroa mocemuli zomebis sxvaoba 
(30-23), anu 7 mm gavamravloT 2-ze da am raodenobis, e.i. 14 mm 
fersos sisqe aviRoT, es ki warmoadgens erTob did danakargs, 
radganac dadgenili zRvari, romlis mixedviTac yovel 20.000 km-
Si wyvilTvlebis saSualo cveTa Seadgens 1 mm-s, 14 mm sisqis 
fersos saRi zedapiris aRebiT vkargavT 280.000 km-is resurss, 
romelic SeiZleba gaiaros wyvilTvalma normaluri 
eqspluataciis pirobebSi,  rac kidev erT-erTi dasturia imisa, 
rom aRniSnuli problema marTlac Zalze aqtualuria da, rom 
vagonebis eqspluataciisas wyvilTvlebis qimebis xSiri cveTis, 
dazianebis gamomwvevi procesebis sakiTxebi jer kidev ar aris 
bolomde Seswavlili da moiTxovs am mxriv damatebiT kvlevas 
da maTi SemcirebisaTvis garkveuli rekomendaciebis SemuSavebas. 

zemoTdasmuli problemidan gamomdinare Cven vawarmoveT 
aRniSnuli sakiTxis Seswavla, kerZod: literaturuli wyaroebidan 
arsebuli formulebis bazaze Cvens mier SemuSavebul iqna 
wyvilTvlebis qimebis  cveTis maxasiaTeblis saangariSo maTematikuri 
formula, ris safuZvelzec  Catarda gaangariSebebi da miRebul iqna 
qimis cveTis maxasiaTeblis ricxviTi mniSvnelobebi gzis sxvadasxva 
radiusian ubnebze vagonebis sxvadasxva siCqariT moZraobisas da  
agebul iqna qimebis cveTis maxasiaTeblis damokidebulebis grafikebi 
matareblis moZraobis  siCqaris da liandagis simrudis radiusis 
cvalebadobaze, yovelive aman ki mogveca saSualeba dagvenaxa, Tu 
rogor icvleba (gazrdis, an Semcirebisaken) qimis cveTis 
maxasiaTeblis sidide gzis sxvadasxva radiusian mrudeebSi 
matareblebis sxvadasxva siCqariT moZraobisas, kerZod: grafikebidan 
ikveTeba, rom qimebis cveTis maxasiaTeblis gansakuTrebuli zrda 
xdeba 600-dan 100 m-mde radiusis mrudebSi vagonebis moZraobisas, 
maT Soris mkveTrad 300 dan 100 m radiusebze, xolo 601-dan 1000 
m-mde radiusis mrudebSi  moZraobisas qimebis cveTa klebulobs, 
aseve gamoikveTa, rom matareblis siCqaris momatebiT da mrudis  
radiusis SemcirebiT yvela SemTxvevaSi adgili aqvs qimebis cveTis    
zrdas, xolo mrudis radiusis gazrdiT da siCqaris SemcirebiT qimis 
cveTis  sidide klebulobs. 
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zemoaRniSnulidan gamomdinare, radganac Cvens mier 
dadgenil iqna,  rom qimebis intensiuri cveTis erT-erT mTavar 
mizezs  warmoadgens, rogorc gzis mrudi monakveTebi, aseve 
matarebelTa moZraobis  siCqare  gazrdili cveTebis  Semcirebis  
mizniT  viZleviT rekomendacias,  rom  gzis  im monakveTebze   
vagonebis  moZraobisas, sadac mniSvnelovnad izrdeba 
wyvilTvlebis qimebis cveTa, anu  600-dan 100 m-mde radiusian 
mrudeebSi  vawarmooT matareblis moZraobis siCqaris Semcireba,  
kerZod:  300 dan 100 m-mde  radiusian  mrudebSi  dadgenili 40 
km/sT siCqaris  nacvlad rekomendirebulia satvirTo 
matareblebma  imoZraos  30km/sT  siCqariT,  xolo  600-dan  301 
m-mde radiusian  mrudebSi  dadgenili  60 km/sT siCqaris  
nacvlad 50km/sT siCqariT, rac saerTo jamSi gvaZlevs vagonis 
wyvilTvlebis qimebis cveTis 17%-iT Semcirebis saSualebas. 
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                              Summary 

      
Carriage represents the basic unit of rolling stock, it’s purpose is to transport 

passengers and cargo. Despite the fact that carriages with their function are different 

types and construction, their principal device nodes are almost the same, these  nodes 

are: carriage frame, shock-bascule device, brake system, auto parts, which reliability 

and functionality is the most important in the safe movement of trains. From the listed 

nodes, this thesis research is to focus on parts of the train traffic, in particular 

wheelsets.  

Wheelset, which consists of the axis and two wheel placed it on a large scale, is 

one of the main and responsible part of the body of carriage, whose purpose is to take 

the transmitted  strain by the body of carriage and to give the appropriate destination 

to the carriage during the movement. Wheelsets have to work in difficult conditions, 

they will be given to static and dynamic loads, which arise in carriers of the motion, 

which is why they suffer some depreciation and damage. 

It should be noted, that around this issue, or Carriages operating wheelsets 

depreciation, to study the causes of failure and accordingly, their ways of reducing the 

number of studies have been carried out by scientists and adopted the conclusions 

about what causes this failure formation, their growth, etc., but despite the summary 

of proposals from the scientists about wheelsets failure, depreciation reduction over 

the proposed suggestions and recommendations, it should be noted that over the 

railway, its geographic location to which the whole of the road an average of 30-35% 

of all small radius curves and it’s frequent movement of carriages on this curves, it’s 

again actual the problem of wheelsets crests intensive depreciation, which is proved 

by my research as well, namely: 

1. With the practical observations, which was in progress on the profile of a 

complex curve of the road section, detected on the moving carriages, that if in the 

moving of the correct sections of the carriages  wheelsets crests depreciation in 

every  20.000 km  is about 1.2 mm , in exploitation of  minor radius curves crests 

depreciation reached to-2,5mm, that is very negative indicator. 

2. Logged repair wheelsets analysis showed in the carriage depots of 

Tbilisi,Khashuri,Batumi,Samtredia, that from the major failure, as it is: weeding, 

depreciation out, equal depreciation , circular processing, break out, nonequal 

depreciation, local expansion of wheel, processing of the crest and others, between 

them most of all, 70% is crest depreciation, and damage (stress crest and thinness of 

the crest), for the regulations set standards for the cultivation (30-33 mm), other than 

the abovenamed defects its necessary to make many more works and make expenses, 

concretely: local expansion of weeding on the surface of wheelset roll and to eliminate 

failure at the time of other damages like that, is necessary their removal from the 

surface only according to the rull set, that happens so, that there isn’t any more losses 

and expences, at the time of the spillway crest, for example, if it is already 23 mm, 

that couses the danger of carriages  thrown from the rails, after 

the scheduled  maintenance in accordance with the requirements of instructional 

wheelset it’s necessary to fill their 30 mm, distinction of the given sizes (30-23), or to 

multiply 7 mm on 2 and to take from this quantity,14 mm thickness rim, this is large 

loss, because according to the margin in every 20.000 km average depreciation of 

wheelset consist 1 mm, we loss 280.000 km resourse with the given of 14 mm 

thickness rim from the sober surface, which may pass wheelset in the conditions of 

normal exploitation, that is one of the confirmation, that marked problem is really 
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actual and that frequent depreciation of the wheelset crests during the exploitation of 

carriages, processes  causing  the  damage  is not yet  fully  explored and 

requires  further  research  int  field and some recommendations for their reduction.  

From the abovequestioned problem we have studied marked issue, concretely: 

on the formules base    from  the  literature   sources  numeral   meanings   of  the   

wheelset   crests   depreciation  characteristic at the time of the moving  with various 

speed on the various radius precincts and built schedules of the crests depreciation 

characteristic’s dependence on the moving speed of train and radius variation of the 

rail-track, these everything took us possibility to show, how changes size of the crest 

wear characteristic (increasing or decreasing) at the time of moving with various 

speed in the various radius curves of the road, concretely:  appears from 

the graphs that crest depreciation characteristic’s special increase happens at the time 

of  moving in from 600 to 100 m. radius curves, between them sharply on the radiuses 

from 300 to 100, and at the moving in the curves from 601 to 1000 radius crests 

depreciation decreases, also it’s clear, that with the increase speed of train and 

decrease of  radius of curve in any case crest wear increases, and with increase of 

curve radius and with decrease of speed crest depreciation size decreases. 

Based on the above, as determined by us, that the reason of the crests intensive 

depreciation is, as curve sections of road, also with the purpose of decrese of trains 

moving increase speed depreciations we give recommendation, that at the time of 

moving of carriages on this sections of road, where significantly increases wheelsets 

crests depreciation, or make train moving speed decrease in the curves from 600 to 

100 m. radius, concretely: instead of established speed 40 km/h in the curves  from 

300 to 100 m. radius it’s recommended for trains to move with 30 km/h, and instead 

of established speed 60 km/h in the curves from 600 to 301m. radius, that in sum gives 

us possibility of decrease crest  depreciation’s 17% of carriage wheelsets. 
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                     Sesavali 
  

transportis arsebul saxeobaTa Soris gansakuTrebuli 

adgili uWiravs sarkinigzo transports, romelic qveynis 

meurneobis umniSvnelovanesi dargia. mas mWidro teqnikur-

ekonomikuri urTierToba aqvs mrewvelobasa da soflis 

meurneobis sawarmoebTan, romelic garkveul wilad monawileobs 

warmoebebis kopirebaSi, axali ekonomikuri raionebis aTvisebasa 

da sawarmoo ZalTa racionalur ganlagebaSi. sarkinigzo 

transporti erTmaneTTan akavSirebs qveynis raionebs, mxareebs, 

calkeul regionebs da sxva. misi muSaoba mWidrod erwymis 

warmoebebis muSaobis teqnologiebs, da mniSvnelovan rols 

asrulebs mosaxleobis materialur-kulturuli donis amaRlebasa 

da socialuri ganviTarebis daCqarebaSi. rkinigzis transporti 

mowodebulia maqsimalurad uzrunvelyos Tanamedrove gazrdil 

moTxovnilebaTa dakmayofileba tvirTzidvisa da mgzavrebis 

gadayvanaze. mas wamyvani adgili uWiravs erTian satransporto 

sistemaSi, romelic mTeli tvirTbrunvisa da mgzavrnakadis 

udides nawils asrulebs. transportis es saxeoba aseT 

prioritetul da wamyvan mdgonareobas masobriv gadazidvebSi 

jer kidev didxans SeinarCunebs. amasTan erTad, transportis sxva 

saxeobebTan SedarebiT, rkinigza gadazidvebs axorcielebs wlisa 

da dRe-Ramis nebismier dros, e.i. transportirebis procesi 

damokidebuli ar aris klimatur pirobebze. 

Cveni qveyana mtkiced daadga ekonomikuri ganviTarebisa da 

reformebis realuri ganxorcielebis mimarTulebas. aseT pirobebSi 

seriozuli amocanebi isaxeba transportis, gansakuTrebiT ki 

rkinigzis winaSe. sruliad axali moTxovnebi waeyeneba 

sarkinigzo transports da mis saeqspluatacio muSaobas, romlis 

mravalferovani da daZabuli muSaoba damokidebulia masSi 

Semavali ZiriTadi dargebis teqnikur simZlavreze, e.i. 

Tanamedrove teqnikiT aRWurvasa da teqnologiebis gamoyenebaze. 
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erovnuli meurneobis Semdgomi ganviTareba moiTxovs rkinigzis 

qselis saTanado ganviTarebas da gaZlierebas. saxeldobr: arsebuli 

rkinigzis sadgurebis rekonstruqcia-ganviTarebas, Tanamedrove 

moZravi SemadgenlobebiT savagono da salokomotivo parkebis 

Sevsebas, liandagebis da saliandago meurneobis muSaobis srulyofas, 

Sromatevadi procesebis meqanizaciasa da avtomatizacias, moZravi 

Semadgenlobis SemkeTebeli sawarmoebis Tanamedrove teqnologiebiT 

da mowyobilobebiT aRWurvas da sxva im ZiriTad procesebs, 

romlebzedac rkinigzis transportis jansaRi muSaobaa damokidebuli. 

Cvens qveyanaSi sarkinigzo transporti erovnuli meurneobis 

erTaderTi dargia, romelsac gaaCnia Sesabamisi SesaZleblobebi 

stabilurad da usafrTxod uzrunvelyos tvirTzidva da 

mgzavrTa gadayvana. saqarTveloSi mrewvelobisa da soflis 

meurneobis winaT arsebuli donis aRdgena da perspeqtiuli 

winsvlis dasaxuli mimarTulebani satranzito gadazidvebis 

maqsimaluri uzrunvelyofa did da seriozul amocanebs usaxavs 

rkinigzas da aucilebels xdis mis Semdgom ganviTarebas, rac 

epirvelesad damokidebulia masSi Semavali salokomotivo, 

saliandago, savagono da sxva ZiriTadi dargebis ganviTarebaze.  

savagono meurneoba rkinigzis transportis erT-erTi 

wamyvani dargia, romlis teqnikur gamarTulobasa da muSaobis 

swor organizebaze rogorc aRiniSna didadaa damokidebuli, 

rogorc rkinigzis aseve saxalxo meurneobis ganviTarebisa da 

zrdis perspeqtivebi. savagono parki ZiriTadad iyofa or 

nawilad: satvirTo da samgzavro vagonebis parkad. samgzavro 

vagonebis daniSnulebaa mgzavrTa gadayvana, xolo satvirTo 

vagonebis ZiriTad amocanas ki tvirTebis gadazidva warmoadgens. 

miuxedavad imisa, rom vagonebi TavianTi daniSnulebiT sxvadasxva 

tipis da konstruqciisaa, maTi ZiriTadi kvanZebis principuli 

mowyobiloba TiTqmis erTnairia. aseT elementebs miekuTvnebian: 

vagonis CarCo, damrtymel-sawevi mowyobiloba, samuxruWe sistema, 

savali nawilebi (wyvilTvlebi), romelTa teqnikuri gamarTuloba da 

saimedooba udides gavlenas axdens matarebelTa usafrTxo 
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moZraobaze. savagono dargis warmatebuli muSaoba miiRweva savagono 

parkis ukeT gamoyenebiT, maTi brunvis (datvirTva-dacla) da 

SekeTebaSi yofnis drois SemcirebiT, aseve vagonebis eqspluataciisas 

misi kvanZebis gaumarTaobaTa gamomwvevi mizezebis  maqsimaluri 

aRmofxvriT da Sesabamisad maTi saeqspluatacio vadebis 

gaxangrZlivebiT.  

 swored zemoT aRniSnuli warmoadgens mocemuli 

sadisertacio naSromis ZiriTad mimarTulebas, romelic Seexeba 

vagonis erT-erTi sapasuxismgeblo kvanZis, wyvilTvlebis 

eqspluataciisas warmoqmnil gaumarTaobaTa kvlevas, am 

gaumarTaobebis sistematizacias, aRmofxvris optimizacias da 

saimedoobis amaRlebas. 
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                 1. literaturis mimoxilva 

 

savali nawilebi maT Soris wyvilTvlebi vagonis erT-erTi 

mTavari da sapasuxismgeblo kvanZia. wyvilTvali Sedgeba RerZisa 

da masze xistad moTavsebuli ori Tvlisagan (nax. 1, 2, 3, 4), 

Tvlebi ZiriTadad mzaddeba mTliani uartaxo, xolo motoriani 

vagonebisa da lokomotivebisaTvis, Sedgenili artaxiani. RerZebi 

erTmaneTisagan ganirCevian dasaSvebi datvirTvis sididiT, RerZis 

yelisa da ganivi kveTis formiT, garda konstruqciul niSanTa 

sxvaobisa, RerZebi iyofa masalisa da damzadebis mixedviTac.  

wyvilTvlebis tipi ganisazRvreba RerZis tipisa da Tvlis 

diametriT. dReisaTvis saqarTvelos rkinigzis arsebuli 

savagono parki aRWurvilia Semdegi tipis wyvilTvlebiT:        

1. РУ1 950 RerZis tipiT  РУ1, Tvlis diametriT 950 mm. 

2. РУ1 Ш 950 RerZis tipiT  РУ1Ш, Tvlis diametriT 950 mm. 

,,РУ" aRniSnavs gorgolaWebian unificirebuls, e.i. maTi 

gamoiyeneba SesaZlebelia, rogorc samgzavro, aseve satvirTo 

vagonebisaTvis. matarebelTa moZraobis usafrTxoeba didad aris 

damokidebuli wyvilTvlebis konstruqciaze, masalaze, damzadebis 

teqnologiasa da SekeTebis xarisxze, aseve maT saTanado gasinva-

Semowmebaze. wyvilTvlebis konstruqcia da maTi gamarTuli 

mdgomareoba eqspluataciaSi gavlenas axdens matareblis mdore 

svlaze, wyvilTvlebsa da relsebs Soris warmoqmnil Zalebis 

sididesa da moZraobis winaRobaze, ris gamoc wyvilTvlebis 

konstruqcia unda iyos mtkice, saimedo da yovelTvis gamarTul 

mdgomareobaSi. 

wyvilTvlebs muSaoba uxdebaT mZime pirobebSi, maT 

gadaecemaT statikuri da dinamikuri datvirTvebi, romelic 

warmoiqmneba matarebelTa moZraobis dros. amasTan, mrud ubnebze 

gavlisas Rebuloben damatebiT datvirTvebs, ris gamoc isini 

ganicdian garkveul cveTas da dazianebas.  
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nax. 1. satvirTo vagonis urika 
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nax. 4.  wyvilTvlis Tvali WrilSi 
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sarkinigzo transportis ganviTarebisaTvis erT-erT 

mniSvnelovan sakiTxs warmoadgens swored zemoT aRniSnuli 

vagonis kvanZebis, maT SoriswyvilTvlebis, rogorc konstruqciul, 

aseve  eqspluataciur sakiTxebSi warmoqmnili naklovanebebis 

srulyofa. am mniSvnelovani amocanis ganxorcielebisaTvis ki 

saWiroa vagonebis eqspluataciis procesebis Seswavla, romlis 

kvlevis ZiriTadi mizania minimumamde iqnes dayvanili moZravi 

Semadgenlobebis da rkinigzis konstruqciebSi aRZruli mavne 

rxevebi da dinamikuri Zalebi.  

arsebobs vagonebis eqspluataciis Seswavlis ori meTodi: 

eqsperimentuli da analizuri. eqsperimentuli meTodi 

damyarebulia ukve arsebuli vagonis Zalur gamocdaze 

laboratoriul pirobebSi, xolo analizuri meTodis gamoyenebiT 

SesaZlebelia ara marto arsebuli vagonis dinamikuri 

parametrebisa da maxasiaTeblebis gamokvleva, aramed 

dagegmarebis procesSi myofi vagonis optimaluri dinamikis 

dadgenac. analizuri meTodi ZiriTadia vagonis eqspluataciis 

kvlevisas, xolo sxva meTodebi warmoadgens analizuri kvlevis 

Sedegebis damadasturebel saSualebebs.. kvlevebis srulyofilad 

CatarebisaTvis sasurvelia gamoyenebul da gacnobil iqnes am 

mxriv adre Sesrulebuli samuSaoebis Sedegebi da   uaxloesi 

miRwevebi am sferoSi.   

unda aRiniSnos, rom arsebulma Sesrulebulma samecniero-

teqnikuri samuSaoebis anlizma aCvena, rom didi wvlili moZravi 

Semadgenlobis maT Soris vagonebis kvanZebis srulyofis 

sakiTxebis gadaWraSi Catarebulia ruseTisa da sxva ucxo 

qveynebis mecnierebis mier, kerZod: zogadad sxeulTa xaxunisa da 

cveTis irgvliv Rrma Teoriuli da praqtikuli kvlevebi  

Catarebuli aqvs gamoCenil mecniers i. v.  kragels, mis mier 

dadasturebulia, rom xaxunisaTvis aucilebel pirobas 

warmoadgens moxaxune zedapirebis siRrmeSi meqanikuri Tvisebebis 

dadebiTi gradientebis arseboba, rac uzrunvelyofs moxaxune 
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sxeulebis urTierTqmedebis lokalizacias Txel zedapirul 

fenaze. [1], [2], [3]. 

gamoCenilma mecnierma n. p. petrovma Seadgina da amoxsna 

sarelso gzebze moZravi Tvlebis centris diferencialuri 

gantoleba da amasTan  erTad ganixila Tvlebisa da gzis 

uTanabrobis moqmedebis gavlena relsis daZabulobaze. rkinigzis 

transportis Seqmnis Semdeg mecnierebisa da inJinrebis 

yuradRebas iwvevda matareblis moZraobis winaaRmdegobis 

Zalebis Seswavla n. p. petrovis gamokvlevamde maT upiratesad 

gansazRvravdnen empiriuli, gziT n. p. petrovma es amocana 

gadaWra Teoriulad, ramac saSualeba misca sworad Caetarebina 

wevis gaangariSebebi, Seefasebina vagonebis konstruqciuloba da 

dinamika. mis mier Sesrulebulia Rrma gamokvlevebi moZravi 

Semadgenlobebisa da gzebis urTierTqmedebaze. man pirvelad 

SeimuSava araresoruli masebis inerciis ZalTa Teoria, 

romelmac miiRo sayovelTao aRiareba. [4]. 

saintereso Teoriuli samuSaoebi [5] Catarda moZravi 

Semadgenlobis  dinamikaze, romelic ekuTvnis gamoCenil mecnier  

n.b. Jukovskis, igi gaxldaT Tanamedrove aerodinamikis 

fuZemdebeli man Seasrula gamokvlevebi grZiv dinamikaSi, mis 

mier SemoTavazebul iqna ori saangariSo sqema: a) matarebeli 

iTvleba, rogorc myari RerZi tvirTiT erT boloSi, b) matarebeli 

iTvleba myari sxeulebis sistemad, romlebic SeerTebulni arian 

mWidro kavSirebiT, aseve mis mier gamokvleul iqna moZravi 

Semadgenlobebis Tavisufali rxevebi grZiv, ganiv da vertikalur 

sibrtyeSi da SemoTavazebul iqna am rxevebis amplitudebis 

koeficientebis ganawilebisa da sixSiris gansazRvris meTodebi.  

mecnier i.v. Bbiriukovis naSromebSi moyvanilia lokomotivebisa 

da vagonebis calkeuli SenaerTi elementebis da resoruli 

Camokidebis kvanZebis Teoriuli da eqsperimentuli kvlevis 

Sedegebi, rogorc eqpluataciaSi, aseve specialur stendebze, 

rac sabolood mimarTulia maTi savali nawilebis 

gaumjobesebisa misaRwevad [6]. 
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mecnierebisa da teqnikis damsaxurebulma moRvawem, teqnikur 

mecnierebaTa doqtorma profesorma m. f. verigom Seiswavla 

rkinigzasTan vagonebis zemoqmedebis da pirvelad ganixila isini, 

rogorc stoqastikuri dinamikuri procesebis problemebi, man 

Teoriulad daasabuTa albaTobis kanonebi, risTvisac iyenebda 

SemTxveviTi procesebis Teorias. m. f. verigom SeimuSava Zalebis 

gansazRvris gamoTvlis meTodebi, romlebic uzrunvelyofen 

relsze wyvilTvlebis qimebis Sesvlis SeuZleblobas. yvela am 

gamokvlevebis safuZvelze mimosvlis gzaTa saministrom (gms-ma) 

1962 wels miiRo ZiriTadi moTxovnebi, proeqtirebadi moZravi 

Semadgenlobebis rkinigzaze zemoqmedebis sakiTxSi [7], [8]. 

profesor T. Dd.  grigoraSvilis  mier gamokvleul iqna  

20% meti qanobis daxrilobis mqone gzis mcire radiusian 

mrudeebSi samgzavro vagonebis moZraobisis warmoqmnili 

problemuri sakiTxebi da mis mier SemoTavazebulia am 

probleburi sakiTxebis gadaWris meTodebi.  [9]. 

profesor s. m.Kkucenkos naSromebSi gamokvleul iqna 

vagonebis  CarCoebis, Zarebis da savali nawilebis, maT Soris 

wyvilTvlebis, urTierTqmedebis  sakiTxebi [10]. 

teqnikis mecnierebaTa doqtorma, moskovis transportis 

sainJinro institutis (m.i.i.t.)-is profesorma v. n. filipovma 

SeimuSava mravalRerZiani vagonebis iZulebiTi sivrcobrivi 

rxevebis gamokvlevebis Teoriuli meTodebi da daamtkica maTi 

savali nawilebis mizanSewonili parametrebi Zaridan urikaze 

vertikaluri da horizontaluri datvirTvebis gadacemis 

calkeuli sqemebiT, Mmis mier SeimuSavebul iqna  avariuli 

reJimebisas vagonebis konstruqciaze dinamikuri zemoqmedebis 

meTodebi, romlebic eqsperimentalurad aris damtkicebuli, aseve 

avariuli situaciebis dros saSiSi tvirTebis cisternebis 

qvabebis dasacavi mowyobilobebis konstruqciebi, romlebic 

Semdgom  ganxorcielebuli iqna  vagonmSenebel qarxnebSi [11]. 

pirveli samuSaoebi Tavisuflad moZravi wyvilTvlebis 

dinamikaSi ekuTvnis profesor f. v. kartens, mis NnaSromebSi 
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ZiriTadi yuradReba gamaxvilebulia wyvilTvlebis zigzagur 

moZraobis sakiTxebze [12]. 

mniSvnelovani wvlili moZravi Semadgenlobisa da liandagis 

urTierTqmedebis sakiTxebSi ekuTvnis gamoCenis mecniers g. v. 

maress, mis naSromebSi safuZvlianad aris damuSavebuli 

wyvilTvlebis relsebze srialis hipoTeza da gaSuqebulia 

vagonebisa da lokomotivebis rxevebis fizikuri mxareebi [13].  

moZravi Semadgenlobis gverdiTi rxevebis sakiTxebi 

damuSavebulia a. a. kovalevis naSromebSic, mis mier ganxilulia 

wyvilTvlebis zigzaguri moZraobebi relsze, rogorc avtorxeviTi 

procesebi, sadac gardamavali Zala damWeria moZraobisa, 

romelic warmoiqmneba da imarTeba TviTon moZraobiT. avtoris 

mier, aseve gamokvleul iqna  wyvilTvlebis rxevis gadamcemi 

ciklebi qimebis relsze Sexebis gaTvaliswinebiT im 

ekipaJebisaTvis, romelTac gaaCniaT maRali da dabali simZimis 

centrebi [14]. 

gansakuTrebuli wvlili dinamikis TeoriaSi, aseve moZravi 

Semadgenlobis simtkicis sakiTxebis srulyofaSi miuZRvis iseT 

mecnierebs, rogorebic iyvnen: e.p. bloxini,  m.f. verigo, s.v. 

verSinski, l.a. kalnicki, a.a kamaevi, v.a. kamaevi, v.n. korutanovi,  

m.l. korotenko,  v.a. lazariani, v.v. lukini, g.m. Saxunianci, l.a. 

Saduri, i.i. Celnokovi da sxvebi, isini gvaZlevs rig 

kanonzomierebebs vagonebis dinamikuri rxevebis Sesaxeb, kerZod:  

vagonebis sworxazovani moZraobis sakiTxebi ufro metad 

ganxilulia. v.a. lazarianis [15], [16], m. l. korotenkos [17], [18] 

naSromebSi. maT mier Seswavlil iqna wyvilTvlebis grZivi da 

ganivi kavSiri urikis CarCosTan da SemoTavazebul iqna erTob 

seriozuli rekomendaciebi, romlebic uzrunvelyofen drois 

garkveul intervalSi vagonebis siCqariT moZraobas, qimebis 

relsebze dartymis gareSe. 

grZivi dinamikis Teoriam mniSvnelovani ganviTareba hpova 

ukrainis mecnierebaTa akademiis akademikosis, teqnikur 

mecnierebaTa doqtoris, profesoris, ukrainis mecnierebaTa 
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damsaxurebuli moRvawis, ukrainis saxelmwifo premiis 

lauriatis v.a. lazarianis naSromebSi. mis kalams ekuTvnis 300-ze 

meti  samecniero naSromi. man Seqmna mecnier-meqanikebis skola. 

v.a. lazariani da misi mimdevrebi did mniSvnelobas aniWebdnen 

matareblis moZraobis reJimebs da maT gamokvlevebs, aseT 

reJimebs miekuTvnebian: matareblis daZvra, damuxruWeba, gzis 

gardatexiT monakveTebze moZraoba, Semadgenlobis gaSveba da 

formireba. vagonmSeneblobis mecnierebasa da teqnikaSi v. a. 

lazarianisa da misi skolis ZiriTad wvlils warmoadgens 

moZravi Semadgenlobebis eqspluataciis gamokvlevebis mecnierulad 

dasabuTebuli meTodebis danergva da SemuSaveba, aseve vagonisa 

relsebis urTierTzemoqmedebis problemebi, romelTac isini 

ganixilavdnen, rogorc  erTian dinamikur sistemas, misi yvela 

elementebis inerciuli da disipatiuri Tvisebebis gaTvaliswinebiT 

[19], [20], [21], [22]. 

profesor s. v. verSinskis naSromebSi ganixilulia vagonis 

mrudSi moZraobis SemTxveva grZivi, gamWimavi Zalebis zemoqmedebiT, 

romlis gverdiTi mdgeneli cdilobs gadaiyvanos vagoni mrudis 

SigniT, am dros ganixileba iseTi procesi, rodesac gare Tvali 

ganitvirTeba, xolo Siga Tvali gasrialdeba mrudis centridan. 

naSromis avtorma sxva mecnierebTan erTad Caatara didi masis 

mqone matareblebis farTo Semowmebebi da misi analizis Sedegad 

miRebuli GgrZivi Zalebis gameorebisa da sididis warmoSobis 

kanonzomierebebi Setanilia vagonebis proeqtirebis normebSi. man  

SeimuSava formula vagonebis simtkicis koeficientis 

gansasazRvravad, aseve Seiswavla vagonis simtkice grZivi Zalebis 

zemoqmedebisas [23]  [24].   

mecnier v. i. doroninis naSromebSi gamokvleulia relsebze 

wyvilTvlebis rxevebis iseTi SemTxveva, rodesac erT-erTi 

Tvlis qimi mudmivad miWerilia relsze, aseve naCvenebia, rom 

wyvilTvlebis qanaobidan gadasvla qimis SexebiT qanaobaSi 

iwvevs wyvilTvlebis kuTxuri siCqariT swraf gadaxtomas [25].  

samecniero-kvlevTi institutis vniiJt-is (ruseTis sarkinigzo  
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transportis samecniero kvleviTi instituti) mier gasul wlebSi 

SemuSavebul iqna vagonebis wyvilTvlebis gorvis zedapiris 

axali profili, (nax. 5) saeqspluatacio gamocdebisa da 

xangrZlivi dakvirvebebis Sedegad dadginda, rom aseTi profilis 

Tvlebis qimebis cveTa 1,5_2 jer mcirdeba standartulTan 

SedarebiT. qimebis gareTa waxnagis daxris kuTxis 65°-mde 

gazrdam gazarda Tvlebis liandagze mdgradobis koeficienti da 

moZraobis usafrTxoeba. aseTi profilis Tvlebs amzadeben 

evropis mTel rig qveynebSi. matareblebis mdovre moZraobisaTvis 

didi mniSvneloba aqvs Tvlis gorvis zedapiris konusurobas. 

iaponiasa da evropis mTel rig qveynebSi Cqarosnuli vagonis 

wyvilTvlebis gorvis zedapiris 1:20 daxris nacvlad amzadeben 

1:40. aseTi Tvlebi karg Sedegs iZleva, naklebad cvdeba da 

rxevebic sagrZnoblad mcirdeba [26]. 

mecnier d. Aa. Bbukokis mier  gasul wlebSi gamoqveynebul 

iqna rigi samecniero statiebi, sadac ganxilulia orRerZiani 

urikis mqone vagonebis mdgradobis sakiTxi gzis rTuli 

profilis mqone ubnebze moZraobisas [27]. 

profesor a. Aa. Ddolmatovis  naSromebiT daadgenilia, rom 

vagonebis drekadi Camokidebis kvanZebis gverdiTi aCqarebis 

sididis gansazRvrisaTvis matarebelTa maRali siCqareebis dros 

ZiriTads warmoadgens wyvilTvlebis intensiuri klaklini 

moZraoba [28], [29], [30].  

profesor n. n. Kkudriavcevis naSromSi dadastuirebulia, 

rom xaxunis Zala Tvlebsa da relss Soris damokidebulia 

moxaxune zedapirebis mdgomareobaze maT Soris warmoqmnil 

Zabvaze, gverdiT Zalebze, romelic gadaecema urikis CarCodan 

wyvilTvals, datvirTvis ganawilebaze, gare relsis SemaRlebaze, 

mrudis radiusze, aseve wyvilTvlis dacilebis manZilze ekipaJis 

mrudSi mobrunebis polusTan, wyvilTvlis mdgomareobaze, 

kerZod Tavisufladaa is Tu maszed moqmedebs  wevisa da 

samuxruWe Zalebi [31]. 

  profesorebis a.a. Ddolmatovis da b. f. ukaSovis naSromebSi 
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dadasturebulia, rom mrud ubnebze vagonebis iolad CawerisaTvis, 

xolo swor ubnebze saTanado standrtuli moTxovnebis 

uzrunvelsayofad, wyvilTvlebi urikis CarCosTan unda 

imyofebodnen garkveul drekad kavSirSi, romlebic uzrunvelyofen 

wyvilTvlebis swor ubanze Tavisufal moZraobas, arbileben 

horizontalur dartymebs da amcireben wyvilTvlebis dartymiT 

Serbenas relsze [32], [33]. 

profesor v. d. danoviCis naSromSi ganxilulia samgzavro 

vagonebis mdgradobis sakiTxebi, romelTac gaaCniaT sabuqse 

kvanZebis urikis CarCosTan SeerTebis sxvadasxva konstruqciebi 

[34].    

mecnierebisa da teqnikis damsaxurebulma moRvawem, teqnikur 

mecnierebis doqtorma, profesorma i.i. Celnokovma [35] ganaviTara 

vagonis resoruli Camokidebis konstruqciebis da gamoTvlis 

Teoria, SeimuSava hidravlikuri da friqciuli rxevis Camqrobebis 

axali konstruqciebi. Mmisi xelmZRvanelobiT Seqmnilia 

unikaluri stendebi vagonebis rxevis Camqrobebis da resoruli 

Camokidebis gamokvlevisaTvis. igi aris mravali saswavlo 

saxelmZRvaneloebis avtori. mis erT-erT kvlevebSi naCvenebia, 

rom vagonis Zarisa da urikis mcociebs Soris zoma xaxunis 

dros ar unda aRematebodes dadgenil normebs, rac  aZnelebs 

vagonis mrudSi Caweris sakiTxebs da zrdis wyvilTvlebis qimis 

cveTas.  

moZravi Semadgenlobis dinamikis kvlevis sakiTxebi gzis, 

rogorc swor aseve mrud profilze ganxilulia a. a. kamaevis 

[36], [37] naSromebSi. mis mier SemuSavebul iqna ekipaJebisa da 

mrudi ubnebis urTierTqmedebis fizikuri modeli, ris 

safuZvelzec Camoayalibebul iqna erTob unikaluri stendi, 

romelic iZleva moZravi Semadgenlobebis resoruli Camokidebis 

optimaluri parametrebis SerCevisa da liandagze maTi 

zemoqmedebis mniSvnelovan rekomendaciebs. 

profesor g.a. dlinmanis naSromebSi safuZvlianadaa ganxiluli 

liandagebze im ekipaJebis moZraobis sakiTxi, romelTac gaaCniaT 
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TviTmomwyobi wyvilTvlebi, rac uzrunvelyofs mrudSi moZravi 

wyvilTvlebis radialur ganlagebas, warmoqmnili winaaRmdegobis 

Zalebis da relssa da wyvilTvals Soris cveTis Semcirebas [38].     

profesor  o. p. erSkovis mier SemuSavebul iqna gverdiTi, 

mimmarTveli da CarCos Zalebis gaangariSebis meTodebi, romlis 

saSualebiTac agebulia am Zalebis ,,grafik-pasportebi’’ ganivi 

uqrobi aCqarebebis gaTvalswinebiT [39]. 

profesorebis: g. Mm. Saxuniancis, x. Aa. Senkis, g. Nn. Sefolis  

naSromebiT miRebulia maTematkuri modeli, romelic iZleva 

saSualebas ganxilul iqnes oTxRerZiani vagonis resoruli 

Camokidebis dinamikuri rxevebis sakiTxebi [40], [41], [42]. 

profesor s. v. verSinskis naSromebiT dadgenilia, rom  

vagonebis mrud ubnebze moZraobisas vagonis  TiToeuli urikis 

erTi, an orive Tvali  SeiZleba miWerili iyos mudmivad relsze, 

rac iwvevs  qimebis  intensiur  cveTas,AaRniSnuli ki sabolood 

warmoqmnis qimis vertikalur CaWras da maxvil daboloebian 

nagors, aseve misi kvlevebiT dadasturebulia, rom vagonis mdore 

moZraobisaTvis aucilebelia wyvlTvlebis geometriuli 

parametrebis standartuli normebis dacva, winaaRmdeg 

SemTxvevaSi  parametrebis normebidan gadaxra vagonis dinamikuri 

rxevebis aRZvris da misi kvanZebis cveTebis daCqarebis ZiriTadi 

wyaroa. magaliTad  borblis gorvis wreebis diametris didi 

sxvaobis dros (dasaSvebi 1mm-mde) naklebi diametris mqone Tvali 

liandagis, rogorc sworxazovan aseve mrud ubanze gavlisas 

miawveba relsis Tavis  gverdiT zedapirs, ris Sedegadac 

mcirediametriani borblis qimi intensiurad cvdeba, xolo didi 

diametris mqone borblis gorvis zedapirze warmoiqmneba 

arawesieri formis naglini da e. w. cruqimi  [43]. 

profesor g. s. SaraSeniZis mier damuSavebul iqna vagonis 

moZraobisas rxeviTi procesebis maTematikuri da fizikuri 

modelirebis sakiTxebi, sadac aRniSnulia, rom  vagoni-liandagi, 

rogorc rTuli meqanikuri sistema SeiZleba Seswavlil iqnes 

laboratoriul pirobebSi Sesabamisi modelebis gamoyenebiT. 
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modeli es realuri, naturaluri movlenis saxecvlilebaa, xolo 

modelireba naturalurad arsebuli movlenis Seswavla 

specialuri modelis gamoyenebisas laboratoriul pirobebSi. 

vagonebis dinamikis ZiriTadi sakiTxebis gadasawyvetad miRebulia 

modelirebis ori saxe: fizikuri da maTematikuri. fizikuri 

modelireba gulisxmobs iseTi modelis kvlevas, romlis 

Semadgenloba da funqcia iseTivea, rogorc naturaluri realuri 

sistemisa, magram gansxvavdeba misgan geometriuli parametrebis 

mixedviT. maTematikuri modelireba ki  modelirebis   iseTi 

saxea, romlis drosac gamosakvlev sistemasa da mis Sesabamis 

models gaaCnia gansxvavebuli fizikuri arsi, magram mimdinare 

procesis aRmwer gantolebebs aqvs erTnairi saxe da gansxvavdeba 

mxolod koeficientebiTa da sidideTa ganzomilebebiT. modelireba 

saSualebas iZleva jer kidev vagonis dagegmarebis etapze 

vagonis konstruqciis Seqmnamde SeviswavloT misi dinamikuri 

Tvisebebi da Tu saWiroa modelirebiT miRebuli Sedegebis 

mixedviT, SeviswavloT Sesworebani parametrebis dadgenaSi. 

maTematikur modelirebas aqvs ori ZiriTadi mimarTuleba: 

pirveli gulisxmobs modelis agebas pirdapiri maTematikuri 

analogis mixedviT, roca modelisa da realuri sistemis 

gamosakvlevi procesi sxvadasxva fizikuri arsis pirobebSi 

aRiwereba erTnairi maTematikuri gantolebebiT. meqanikuri 

sistemebis dinamikuri kvlevis dros didi gamoyeneba hpova 

eleqtrulma mamodelirebelma mowyobilobebma, romelTaTvisac 

dalamberisa da kirxhofis kanonebiT Sedgenili diferencialuri 

gantolebani savsebiT identuria. am principis mixedviT iqna 

agebuli eleqtrointegratori, romlis daxmarebiTac SesaZlebelia 

movaxdinoT SemadgenlobaSi myofi vagonis grZivi rxevebis 

maTematikuri modelireba. maTematikuri modelirebis meore 

mimarTuleba gulisxmoba specialuri gamomTvleli manqanis 

Seqmnas, romlis daxmarebiTac SesaZlebelia maTematikuri 

gantolebebis modelireba [44].  
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profesor  v. s.  lisiukis naSromebSi gaSuqebulia sakiTxi, 

sadac aRniSnulia, rom vagonis mrudSi moZraobisas urikebSi 

aRZruli damatebiTi dartymiTi Zalebi, romlebic iwveven 

wyvilTvlebis qimebis cveTis gazrdas gamowveulia SemadgenlobaSi 

warmoqmnili grZivi gamWimavi, kvazistenturi Zalebis gazrdiT, 

aseve mis naSromebSi yuradReba gamaxvilebulia samecniero 

institutis vniiJtis mier SemoTavazebuli axali r65nnk da r75nnk 

tipis relsebis dadebiT mxareebze (nax. 6), romelic iZleva 

saSualebas wyvilTvlebis eqspluataciisas faqtiurad gamoiricxos 

maxvili qimebis warmoqmna [45]. 

profesor n.n. kudriavcevis naSromSi ganxiluli sakiTxi, 

romelic exeba vagonebis moZraobisas wyvilTvlebze warmoqmnil 

rogorc grZiv, aseve ganiv Zalebs da SemoTavazebulia am Zalebis 

gazomvis meTodebi specialuri tenzorezistorebis saSualebiT.  

naSromis avtorma vagonebis buqsebis vertikaleri traeqtoriebis 

gamokvlevebis safuZvelze SeimuSava gzebis araTanabrobis 

klasifikacia, ramac farTo gamoyeneba hpova vagonebis dinamikis 

Teoriuli gamokvlevebisas,  mis mier SemuSavebul iqna aseve 

sarelso gzis da Tvlebis Seswavlis saangariSo sqemebi da 

dinamikuri eqsperimentaluri gamokvlevebis da vagonebis 

araresoruli nawilebis gamZleobis meTodebi [46]. 

profesor k. v. motovilovas SemoTavazebuli aqvs moxaxune 

zedapirebis cveTebis Semcirebis meTodi maTi qimiur-Termuli 

damuSavebiT (cementacia, azotireba, fosforireba), aseve 

zedapirebis siTburi energiiT damuSaveba specialuri lazeruli 

dasxivebiT [47].  

profesor v. a. Mmartovskis  naSromebiT SemuSavebul iqna, 

rogorc vagonebis aseve lokomotivebis eqspluataciisas 

wyvilTvlebis  qimsa da relss Soris warmoqmnili xaxunis Zalis 

Semcirebis  meTodi  lokomotivebze  liandagis specialuri  

sazeTi mowyobilobis dayenebiT [48].   

uralis vagonmSenebelma qarxanam 2004 wlidan daiwyo 18-578 

tipis satvirTo urikebis  damzadeba, romelTac gaaCniaT  
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modernizirebuli drekad-moZravi horizontaluri mcociebi 

saeqspluatacio gamocdebisa da xangrZlivi dakvirvebebis Sedegad 

dadginda, rom aseTi tipis mcociebi uzrunvelyofen vagonebis 

mrudSi Tavisuflad moZraobas [49]. 

profesor v. n. Ddanilovis naSromebSi aRniSnulia, rom  

matareblebis  mdovre svlis SesanarCuneblad, agreTve  gverdiTi 

Zalebis Sesamcireblad, rac ufro sagrZnobia matarebelTa 

maRali siCqareebiT moZraobisas, mizanSewonilia SeZlebis-

dagvarad Semcirdes wyvilTvlebis ganivi gadaadgileba relsebis 

mimarT, es Tavis mxriv  amcirebs  wyvilTvlebis da liandagis 

elementebs Soris cveTas, moZraobisadmi winaaRmdegobas da 

zrdis wyvilTvlebis liandagze mdgradobas.A avtoris mier, aseve 

gamokvleul iqna wyvilTvlebisa da relsebis urTierTqmedebebi 

maTze araswori zedapirebis arsebobisas da SeimuSavebul iqna 

relsisa da wyvilTvlis urTierTzemoqmedebis ZalTa gamoTvlis 

meTodebi Tvlebis araTanabari cveTisas, vagonebis texili 

moZraobisas, mrudSi Sesvlisas, saisre gadamyvanebSi gadasvlisas 

[50].    

teqnikur mecnierebaTa doqtorma m. v. vinokurovma vrclad 

Seiswavla satvirTo da samgzavro vagonebis sakuTari da 

iZulebiTi rxevebi, SeimuSava rekomendaciebi vagonebis  resoruli 

Camokidebis srulyofisaTvis, man daadgina Tanafardoba vagonis 

bazis da Zaris inerciis radiuss Soris, gansazRvra vagonis 

centris mdgomareoba simtkicis uzrunvelyofis gaTvaliswinebiT. 

mecnierma Seafasa resoruli Camokidebis  arawrfivobis   

zemoqmedeba  vagonis  svlis simdovreze,  gansazRvra  relsze  

wyilTvlebis mrudSi moZraobis talRebis sigrZe da kritikuli 

siCqaris mniSvneloba vagonis rxevebis cvlilebisas, mis mier 

SemoTavazebuli iyo Zaris dayrdnobis idea gverdiT horizontalur 

srialebze vagonis rxevebis cvalebadobis Casaqrobad [51]. 

vagonebis gverdiTi rxevebis TeoriaSi mniSvnelovani 

Senatani gaakeTa teqnikis mecnierebaTa doqtorma profesorma n. 

a. kovalevma, romelmac Seiswavla relsebisa da Tvlebis qimebis 
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urTierTqmedebis procesebi  ara marto drekadi srialebis 

dargSi, aramed Casolvis drosac [52], [53]. 

profesorma a. a. lvovma gamoikvlia oTx, eqvs da 

rvaRerZiani vagonebis rxebebi, SeimuSava resoruli Camokidebis 

parametrebis gansazRvris meTodebi, romlis drosac vagonebis 

moZraoba xdeba myari. man Teoriulad da eqsperimentalurad 

Seiswavla vagonis rxevebi maTi arasimetriuli datvirTvisas, 

aseve Caatara kvlevaTa kompleqsi, Cqarosnuli vagonebis 

racionaluri parametrebis gamoyenebis SesaZleblobebiT [54]. 

profesorma l. a. Sadurma, ganazogada ra gamokvlevebi 

gansaxilvel dargSi SeimuSava satvirTo vagonebis ZiriTadi 

parametrebis optimizaciisa da tipebis arCevis meTodi Tanamedrove 

gamoTvliTi teqnikis safuZvelze. misi xelmZRvanelobiT 

MSemuSavda efeqturi meTodi da algoriTmi, romelic iZleva 

saSualebas ganisazRvros vagonebis optimaluroba Sesabamisi 

kriteriumebiT. algoriTmi iTvaliswinebs vagonis taris 

dazustebuli gansazRvris SesaZleblobis proeqtirebas gzis 

horizontalur da vertikalur araswor ubnebze. man gaaumjobesa 

satvirTo vagonebis urikebis gverdiTi CarCoebis da resorzeda 

Zelebis gamoTvlis meTodebi da miaRwia maTi masis Semcirebas. 

l. a. Saduris xelmZRvanelobiT Catarebulia kompleqsuri 

gamokvlevebi, romelic mimarTuli iyo satvirTo vagonebis  

daproeqtebis gasaumjobeseblad  [55].    

teqnikis mecnierebaTa doqtorma m.i.i.t-is profesorma v. d. 

xusidovma, SeimuSava rvaRerZiani vagonebis arawrfivi rxevebis 

maTematikuri modelebi da maTi analizis meTodebi, misi 

xelmZRvanelobiT SemuSavebulia gzis swor da mrud ubnebze 

vagonebis moZraobis modelirebis sistema, ris meSveobiTac 

irkveva vagonis Cavardnisa da avariebis mizezi igi aris 

monografiis da saxelmZRvanelos Tanaavtori [56], [57].  

STanmTqmeli aparatebis Zaluri maxasiaTeblebi energo 

moculoba da sxva parametrebi arsebiT gavlenas axdenen 

matarebelTa  moZraobaze.  am  gamokvlevaSi   udidesi   wvlili 
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miuZRvis mecnierebisa da teqnkis damsaxurebul moRvawes, 

teqnikur mecnierebaTa doqtors, profesor l. n. Nnikolskis,  man 

ara stacionaluri xaxunisas friqciuli procesebis gamokvlevis 

Sedegad Seqmna  avtosabmis STanmTqmeli aparatebis proeqtirebis 

da gamoTvlis  samecniero Sromebi. nikolskis mier SemuSavebuli 

Teoriis safuZvelze Seqmnilia rezinoliTonuri da 

metalokeramikuli tipis STanmTqmeli aparatebi. [58], [59].  

erTiani meqanikuri sistemis gamoTvlis meTodebi 

ukukavSirebiT vagonis galopirebisas (grZivi rxevebi) da 

rxevebis meryeobisas, sadac gza miRebuli, rogorc usasrulo 

inerciuli Zeli modicirebul drekad fuZeze, xolo vagoni, 

rogorc meqanikuri sistema SeimuSava teqnikur mecnierebaTa 

doqtorma, profesorma a. i. koganma. man Seqmna vagonTa gzebze 

gaangariSebis statikuri meTodebi grZivi da gverdiTi Zalebis 

cvalebadobisas, rogorc myari, aseve aramyari moZraobisas. igi 

gaxldaT monografiis Tanaavtori [60]. 

SemTxveviTi rxevebis warmoqmnaze gamokvlevebi Seasrula 

ukrainis mecnierebaTa akademiis wevr _ korespondentma, profesorma 

v. f. uSakovma. man amoxsna statikuri dinamikis amocanebi 

resorebzeda nagebobebis elementebis saboloo simagris 

gaTvaliswinebiT da SemoTavazebuli aqvs konkretuli 

konstruqciebis dinamikuri Zabvebis prognozirebis meTodika [61]. 

quTaisis saxelmwifo universitetis sainJinro teqnikuri 

kaTedris profesoris p. yifianis mier SemuSavebul iqna vagonebis 

wyvilTvlebis gacveTili qimebis aRdgenis sakiTxebi, (nax. 7) 

maTze specialuri daduRebis  meTodis gamoyenebiT [62]. 

ruseTis mimosvlis gzaTa saministros mier analizi 

gaukeTda vagonebis eqspluataciisas wyvilTvlebis ZiriTad 

gaumarTaobebs, maTi warmoqmnis mizezebs da aRmofxvris gzebs 

[63], [64]. 

mniSvnelovani gamokvlevebi, romlebic mimarTulia vagonebis 

konstruqciebis mdgradi da saimedo elementebis Seqmnaze, 

Seasrules teqnikis mecnierebaTa doqtorebma:  
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profesorma vladimer nikolozis Ze maxovma (metalis dartymiTi 

siblantis zemoqmedeba RerZebis simtkiceze); vladimer afanasis 

Ze kislinkma (metalis meqanikuri Tvisebebis da TermodamuSavebis,  

qimiuri   Semadgenlobis  zemoqmedeba  wyvilTvlebis 

simtkiceze), nikoloz pavles Ze zoblinma (wyvilTvlebis 

RerZebTan Cawnexvis simtkice); timofe vasilis Ze larinma 

(wyvilTvlebis cveTebis Teoria, maT sawarmoeblad saxelmwifo 

standartebis SemuSaveba). am dargSi didi damsaxureba miuZRvis 

ukrainis mecnierebaTa akademiis eleqtroSeduRebis instituts, 

romelic Seqmnilia 1934 wels,  mis pirveli direqtori gaxldaT 

ukrainis mecnierebaTa akademiis akademikosi, socialusturi 

Sromis  gmiri e. o. patoni.  

institutis koleqtivma udidesi Senatani gaakeTa vagonebis 

SeduRebuli konstruqciebis SeqmnaSi da SeduRebis teqnologiis 

gaumjobesebaSi. institutma gaanaliza mSenebare cisternis 

qvabebis konstruqcia da daadgina, rom am konstruqciisaTvis 

damaxasiaTebelia mTeli rigi naklovanebebi, romlebic arTuleben 

maT mSeneblobas da amcireben maT simtkices. am analizis 

safuZvelze institutma 1938 wels SesTavaza gaemzadebina qvabis 

cilindruli nawili grZivad ganlagebuli furclebisagan, ramac 

saSualeba misca yofiliyo nakerebis mxolod ori tipi da 

Seemcirebina maTi ganfeniloba (101-dan 68 m-mde). yovelive aman 

gamoiwvia cisternebis simtkicis gazrda da vagonis taris 

Semcireba.   

savagono mecnierebis ganxilul mimarTulebebSi garda 

zemoT moyvanili avtorebisa,  mniSvnelovani wvlili miuZRviT 

teqnikur mecnierebaTa doqtorebs: g. i. bogomazis, i. p. 

boronevkos, i. v. dioninis, n. m.  erSovas, s. n. kisilevas, a. s. 

lisovskis da sxva gamoCenili moRvaweebs. vagonmSeneblobis, 

savagono meurneobis da sarkinigzo transportis mimarTulebiT 

farTo gamokvlevebi Caatares rkinigzis transportis samecniero  

kvleviTi institutis da sxva samecniero organizaciebis 
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koleqtivebma, aseve rkinigzis transportis da manqanaT-

mSeneblobis saswavleblebis kaTedrebma.  

arsebobs SemoTavazebul siaxleTa teqnikur-ekonomiuri 

efeqtianobis gansazRvris ori meTodi: gamosyidvis vadisa da 

wliuri dayvanili xarjebis jamis minimumis gansazRvriT. 

SemoTavazebul rekomendaciebis ekonomikuri Sefaseba gamosyidvis 

vadis mixedviT iTvaliswinebs im vadis gansazRvras, romlis 

ganmavlobaSic  yovelwliuri ekonomia saeqspluatacio xarjebze 

gaabaTilebs damatebiT kapitalur xarjebs [65], [66], [67], [68]. 

winamdebare sadisertacio naSromSi analizi gaukeTda 

vagonebis eqspluataciisas wyvilTvlebis cveTis mimdinareobis 

process, sadac gamovlinda rom mrud ubnebze vagonebis 

moZraobisas wyvilTvlebis cveTis intensivoba 2_2,5 jer aRemateba 

swor ubanze wyvilTvlebis cveTas [69]. 

dakvirvebebiT gamovlinda, rom mTian ubanebze vagonebis 

moZraobisas matarebelSi meti samuxruWe Zalis warmoqmna 

Tvlebis artaxebze xundebis xSiri  miWeris Sedegad, maRali 

temperaturis ganviTarebiT iwvevs wyvilTvlis Semadgeneli  

liTonis struqturul cvalebadobas, rac  Tavis mxriv 

warmoadgens wyvilTvlebis gaumarTaobebs gamomwvev  erT-erT 

mizezs  da  amcirebs maT saeqspluatacio vadebs [70]. 

arsebuli formulebis bazaze, Cvens mier disertaciaSi  

SemuSavebul iqna wyvilTvlebis qimebis cveTis maxasiaTeblis 

saangariSo maTematikuri formula, ris safuZvelzec Catarda 

gaangariSebebi da miRebul iqna qimis cveTis maxasiaTeblis 

ricxviTi mniSvnelobebi gzis sxvadasxva radiusian ubnebze 

matarebelTa sxvadasxva siCqariT moZraobisas, yovelive amis 

safuZvelze agebul iqna qimebis cveTis maxasiaTeblis 

damokidebulebis grafikebi matareblis moZraobis siCqaris da 

liandagis simrudis radiusis cvalebadobaze. [71], [72]. 
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                 2.  Sedegebi da maTi gansja 

A  2.1. vagonebis wyvilTvlebisadmi wayenebuli moTxovnebi       
                     eqspluataciaSi 

 
        

     vagonebis liandagze usafrTxo moZraobisuzrunvelsayofad       

dacul unda iqnes wyvilTvlebis fersoebis Sida waxnagebs Soris 

manZili. amisTvis vagonebi romlebic moZraoben 120km/sT 

siCqaremde  es zoma Seadgens 1440 mm gadaxrebi gazrdisa da 

Semcirebisaken dasaSvebia 3 mm-mde. Mmatareblis  mdore svlis 

SesanarCuneblad, rac ufro sagrZnobia maRali siCqareebiT 

moZraobisas da agreTve gverdiTi Zalebis Sesamcireblad, 

romlebic wyvilTvlebidan relsebs gadaecema, mizanSewonilia 

Semcirdes wyvilTvlebis ganivi gadaadgileba relsebis mimarT, 

es Tavis mxriv amcirebs wyvilTvlebisa da liadagebs Soris 

cveTas da zrdis wyvilTvlebis mdgradobas liandagze.   

  erT RerZze moTavsebuli Tvlebis  gorvis zedapirebis 

diametrebi erTi zomis unda iyos. sxvaoba dasaSvebia 1mm-mde. Ees 

piroba aucilebelia imisTvis, rom ar moxdes vagonis gadaxra da 

adgiliar hqondes relsze Tvlis gacurebas, rac Tavis mxriv 

gamoiwvevs wyvilTvlebis araTanabar cveTas. wyvilTvlebis 

formirebisa da meqanikuri damuSavebis dros dauli unda iqnes  

misi mTavari zomebi, rogoricaa: Tvilis Sida waxnagebs Soris 

manZili, gorvis wreebs Soris manZili, RerZis yelebis centrebs 

Soris manZili da gorvis wris diametrerbis zomebi. erT-erTi 

mTavari moTxovna, romelic wyvilTvlebs eqspluataciaSi 

waeyeneba, aris maTi gawonasworeba (dabalanseba), rasac 

gansakuTrebuli mniSvneloba eniWeba vagonebis maRali 

siCqareebiT moZraobisas. Ddaubalansebel wyvilTvlebs 

moZraobisas SeuZlia didi inerciis Zalebis warmoqmna da 

radganac es Zala pirdapirproporciulia moZraobis siCqaris 

kvadratisa aucilebelobas warmoadgens, rom igi 

gaTvaliswinebuli iyos.  
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Tvlebsa da liandags Soris urTierTracionaluri 

zemoqmedebisaTvis didi mniSvneloba aqvs Tvlis gorvis 

zedapiris formas da profils, Tvlis gorvis zedapirs SigniTa 

mxares aqvs qimi, romelic wyvilTvals icavs relsidan 

gadasvlisagan, qimis zomebia: qimis simaRle 28 mm, qimis 

maqsimaluri sisqe 33mmm, minimaluri sisqe ki aiReba 24-dan 30 mm 

mde vagonebidan gamomdinare. Qqimis gareTa  waxnagi daxrilia 60 

gradusiani kuTxiT da fuZesTan Seadgens 40 mm-s. Ggorvis 

zedapirs 60 mm sigrZeze aqvs konusoba 1/20, 30 mm sigrZeze 1/7 da 

fersos gareTa waxnags wriulad SemoWrili aqvs  nazoli 6x6. 

Ffersos mTliani sigane Seadgens 130 mm-s.  

Ggorvis zedapiris pirveli konusi 1/20 daniSnulia L misces 

wyvilTvlebs centraluri mimarTuleba vagonis swor ubanze 

moZraobisas, e.i. ar moxdes fersos calmxrivi dawola relsze, 

rasac adgili eqneboda gorvis zedapiris cilindruli formis 

SemTxvevaSi, igive konusuri zedapiri uadvilebs wyvilTvals 

mrudSi moZraobas, radganac am dros gareTa relsis sigrZe metia 

Sida relsze, amitom wyvilTvlis gareTa Tvalma ufro meti 

diametriT unda imoZraos, vidre Siga Tvalma. Ffersos gare 

mxareze ufro metad daxrili konusi 1/7 da nazoli 6x6 

saSualebas aZlevs wyvilTvals Tavisuflad gaiaros saisro 

gadamyvanebsa da jvaredinebze, CamoWrili nazoli, aseve 

saSualebas iZleva moiTavsos gorvis zedapiridan daTelvis 

Sedegad gadaadgilebuli  liToni da amiT xeli Seuwyos 

wyvilTvlis usafrTxo moZraobas liandagze, radganac fersos 

gorvis zedapirs konusuri forma aqvs amitom Tvlis diametri 

gorvis zedapiris sxvadasxva wertilSi sxvadasxva  zomisaa. 

Tvlis diametrad miRebulia im wris diametri, romelis 

mdebareobs fersos Sida waxnagidan 70 mm manZilze da mas gorvis 

wre ewodeba. Aam sibrtyeSi  izomeba rogorc fersos sisqe, aseve 

wyvilTvlebis diametri. F 

 miuxedavad imisa, rom Tvlebis gorvis zedapiris 

konusuroba xels uwyobs vagonebis mrudSi Tavisufal gavlas  
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da swor ubanze  centralur mdgomareobaSi dabrunebas, mas 

arsebiTi uaryofiTi mxarec gaaCnia. Kkonusuroba iwvevs 

liandagze Tvlebis zigzagur moZraobas da vagonis rxevebs. 

    akrZalulia matarebelSi iseTi vagonebis CarTva da 

eqspluataciaSi gaSveba, romlis wyvilTvlebsac aqvs qvemoT 

CamoTvlil uwesivrobaTagan Tundac erTi: 

a) bzarebis arseboba  Tvlis an RerZis nebismier adgilze, 

aseve Tvlis mosusteba (daZvra) RerZze; 

b) RerZis Sua nawilis gaxexiloba siRrmiT 2,5 mm da 

diametriT 5 mm.; 

g) RerZis nebismier nawilSi eleqtro SeduRebis kvali; 

d) Tanabari cveTis qimisa da fersos sisqis zomebis sidide, 

romelic ar Seesabameba cxril 1-Si mocemul monacemebs; 

e) amocveTa, metalis dagroveba satvirTo vagonebisaTvis 1 mm-

mde, xolo samgzavro vagonebisaTvis _ Sesabamisad 1 mm da 0,5 mm.  

Tu Sualedur sadgurSi matareblis moZraobisas vagonebze 

SemCneul iqneba amocveTa an metalis dagroveba 1-dan 2 mm-mde, 

aseTi vagonis moZraoba dasaSvebia uaxloesi teqnikuri 

momsaxurebis punqtamde siCqaris SezRudviT satvirTo 

matareblebisaTvis 70 km/sT-mde, xolo samgzavro matareblebze 

100 km/sT-mde. 2-dan 6 mm.-mde arsebobisas dasaSvebia vagonebis 

moZraoba uaxloes sadguramde 15 km/sT siCqaris SezRudviT. 6-dan 

12 mm.-mde _ aseve uaxloes sadguramde araumetes 10 km/sT siCqarisa, 

xolo rodesac dazianeba 12 mm.-s aRemateba, dasaSvebia vagonis 

msvleloba uaxloes sadgurmde araumetes 10km/sT siCarisa im 

pirobiT, rom gamoiricxos Tvlis brunvis SesaZlebloba;  

v) araTanabari cveTa 2 mm-mde, xolo iseTi RerZebi, romlebic 

aRWurvilia reduqtor-kardanuli mowyobilobebiT, 1 mm-mde; 

z) Tvlis Siga waxnagebs Soris manZili satvirTo da 

samgzavro vagonebisaTvis, romlebic 120km/sT siCaremde moZraoben, 

1440±3mm.,  
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cxrili 1.   

eqspluataciaSi wyvilTvlis elementebis cveTis 
 dasaSvebi zomebi 

 

 

# 

 

  vagonis tipi 

Tanabari 
cveTa. 

araumetesi 
mm. 

qimis sisqe mm. 
fersos 
sisqe 

araumciresi 
mm. 

ara-
umetesi 

ara-
umciresi 

1 satvirTo 

vagonebi 

      9     33      24      22 

 

 

 

2 

 
 
samgzavro 
vagonebi Soreuli 
mimosvlisaTvis, 
romlebic 
moZraoben saaTSi: 
120-km/mde; 
120-dan 140-mde; 
140-dan 160-mde; 

 
 
 
      
 
     
     
     7 
     5 
     5 

 

 

       
 
      
 
     33 
     33 
     33 

 
 
 
 
     
      
 
     25 
     28 
     30 

 
 
 
      
 
      
 
     30 
     35 
     40 

 

 

3 

samgzavro 
vagonebi 
adgilobrivi da 
sagareubno 
mimosvlisaTvis 
120km/sT 
siCqaremde 

      

    

   8 

 

    

    33 

  

     

     25 

 

      

     30 

    

T) amotexiloba satvirTo vagonebisaTvis dasaSvebia 

siRrmiT 10mm. sigrZiT 50mm., xolo samgzavro vagonebisaTvis 

siRrmiT 10mm. sigrZiT 25mm. Sualedur sadgurSi samgzavro 

vagonebis gasinjvisas Tu SemCneuli iqneba amotexiloba sigrZiT 

25mm, magram araumetes 40mm, aseTi defeqtiT SesaZlebelia 

vagonebis gaSveba siCqaris SeuzRudavad, xolo 40-dan 80mm-mde 

arsebobisas SesaZlebelia vagonebis gaSveba matareblidan axsnis 

gareSe araumetes 100km/sT siCqariT im uaxloes punqtamde, sadac 

aris wyvilTvlis gamocvlis saSualeba; 

i) wriuli damuSavebani gorvis zedapirze qimis fuZesTan 

dasaSvebia 1mm.-mde siRrmiT, siganiT araumetes 15mm.-isa, xolo 

daxraze 1:7 siRrmiT 2mm, siganiT 15mm. Tu gorvis zedapiris sxva 
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adgilebze SemCneul iqna wriuli damuSavebani, maTi dawunebis 

normebi warmoebs rogorc qimis fuZesTan; 

k) Tvlis adgilobrivi gafarToeba 55mm.-mde; 

l) fersos Camotexiloba 10mm.-mde im pirobiT, rom Tvlis 

sigane darCenili iyos 120mm.-mde; 

m) qimis vertikaluri CaWra da maxvildaboloebiani nagori; 

maxvili qimi; 

n) Tvlis sigane 126 mm; 

o) vagonis qveS Segorebul urikebSi wyvilTvlis Tvlis 

diametrebis sxvaoba erT urikaSi arsebul or wyvilTvals Soris 

dasaSvebia satvirTo vagonebisaTvis 20mm, xolo samgzavro 

vagonebisaTvis _ 10mm. or urikaSi arsebul wyvilTvlis Tvlis 

diametrebs Soris sxvaoba satvirTo vagonebisaTvis dasaSvebia 

40mm, xolo samgzavro vagonebisaTvis _ 20mm. rvaRerZiani 

cisternebisaTvis erT oTxRerZian urikaSi diametrebis sxvaoba 

dasaSvebia 20mm. amave urikaSi arsebul erT orReZian urikaSi 

10mm, xolo or oTxRerZian urikebSi ki _ 40mm.  

matarebelTa usafrTxo moZraobisaTvis da wyvlTvlebis 

movla-Senaxvis ganxorcielebisaTvis, raTa droulad gamovlindes 

gaumarTavi da dazianebuli wyvilTvlebi dadgenilia 

wyvilTvlebis Semowmebisa da gasinjvis sami saxe: wyvilTvlebis 

sruli Semowmeba, wyvilTvlebis Cveulebrivi Semowmeba, 

wyvilTvlebis Semowmeba vagon qveS.  

 wyvilTvlebis sruli Semowmeba mimdinareobs Semdeg 

SemTxvevebSi: 

a) wyvilTvlebis formirebisas da maTi elementebis 

SecvliT SekeTebisas; 

b) rodesac gaurkvevelia bolo sruli Semowmebis damRebi 

RerZis yelze; 

g) matareblis marcxisas, avariisas; 

d) kapitaluri da kapitalur-aRdgeniTi vadis gagrZelebiT 

SekeTebis dros; 
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e) satvirTo vagonebSi wyvilTvlebis orjer, xolo 

samgzavro vagonebSi erTxel gadaCarxvisas; 

v)  buqsebis sruli reviziis dros; 

z)  vagonebis liandagidan acdenisas acdenil urikaze; 

T) gorvis wreze ori da meti araTanabari cveTisas, 2mm da 

meti amocveTisas, erT RerZze arsebuli Tvlebis diametrebis 3mm-

ze da meti sxvaobisas satvirTo vagonebisaTvis. samgzavro 

vagonebisaTvis ki 1mm da meti amocveTisas, 0,5mm da meti metalis 

dagrovebisas da 2mm da meti araTanabari cveTisas, xolo 

reduqtor-kardanuli RerZebisaTvis 1mm da meti araTanabari 

cveTisas; 

i)  buqsSi reduqtoris zeTis aRmoCenisas; 

k) vagonebze an urikaze SesaduRebeli samuSaoebis warmoebisas 

saTanado instruqciuli miTiTebebis gauTvaliswineblad. 

satvirTo vagonebSi wyvilTvlebis sruli Semowmeba 

tardeba yovel 5 weliwadSi erTxel, xolo samgzavro vagonebSi 

_ yovel 4 weliwadSi erTxel. 

wyvilTvlebis sruli Semowmebisas mimdinareobs Semdegi 

samuSaoebi: 

a) wyvilTvlebis winaswari daTvaliereba gasufTavebamde, 

raTa gamovlenil iqnas Tvlis daZvra RerZze an bzarebi mis 

elementebSi; 

b) buqsebis demontaJi Siga da labirinTuli rgolis 

moxsnis gareSe. maTi moxsna xdeba im SemTxvevaSi, Tu maTze 

aRmoCenil iqna raime gaumarTaoba, an saWiroa wyvilTvlebis 

ganformireba; 

g) wyvilTvlebis elementebis gasufTaveba; 

d) morgqveSa wina nawilis da RerZis yelis Semowmeba 

magnitur-defeqtoskopirebiT Siga da labirinTuli rgolebis 

moxsnisas. Tu aris imis aucilebloba, rom unda moixsnas erTi 

rgoli, maSin mimdinareobs darCenili sami rgolis moxsnac; 

e) sakisris Siga rgolis Semowmeba magnituri 

defeqtoskopirebiT RerZis yelidan mouxsnelad. im RerZis yelsa 
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da morgqveSa wina nawils, romlidanac Siga da labirinTuli 

rgoli ar ixsneba, mimdinareobs maTi Semowmeba ultrabgeriTi 

defeqtoskopirebiT specialuri saceciT; 

v) RerZis yelis Sua nawilis Semowmeba magnituri 

defeqtoskopirebiT; 

z) morgqveSa nawilis Semowmeba magnituri defeqtoskopirebiT 

Capresvis win an ultrabgeriTi defeqtoskopirebiT Tu 

wyvilTvalze  araa G Catarebuli Capresvis samuSaoebi; 

T)  Tvlebis defeqtoskopireba; 

i)  wyvilTvlis elementebis yvela zomis gadamowmeba 

dadgenil normebTan SesabamisobaSi; 

k)  buqsebis sruli revizia. 

sruli Semowmebis Catarebis Semdeg wyvilTvlis marjvena 

RerZis yelze da saWdeze,  imisaTvis, rom is gamarTulad da 

vadianad CaiTvalos, amoitvifreba niSnebi da damRebi dadgenili 

instruqciis Sesabamisad (nax. 8). 

 wyvilTvlebis Cveulebrivi Semowmeba mimdinareobs vagonebSi 

yoveli maTi Segorebisas garda im wyvilTvlebisa, romlebic 

bolo sruli da Cveulebrivi Semowmebis Semdeg minimum 6 Tvis 

ganmavlobaSi ar imyofebodnen eqspluataciaSi. wyvilTvlebis 

Cveulebrivi Semowmebisas mimdinareobs Semdegi samuSaoebi:  

a) wyvilTvlebis winaswari daTvaliereba gasufTavebamde, 

raTa gamovlindes Tvlis mosusteba RerZze an bzarebi mis 

elementebSi; 

b) wyvilTvlebis elementebis gasufTaveba; 

g) RerZis Sua nawilis magnituri defeqtoskopireba garda im 

wyvilTvlebisa, romlebic sruli da Cveulebrivi damowmebis 

Semdeg ar imyofebodnen eqspluataciaSi minimum 6 Tvis 

ganmavlobaSi; 

d) RerZis ultrabgeriTi defeqtoskopireba im wyvilTvlebi-

saTvis, romlebic damzadebulia 5 da meti wlis win; 

e) Tvlis defeqtoskopireba; 
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                 nax. 8.   damRebi RerZze 
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      v) wyvilTvlis elamentebis zomebis gadamowmeba im mizniT 

aris Tu ara SesabamisobaSi dadgenil normebTan; 

 z) buqsebis Sualeduri revizia. 

   wyvilTvlebis Semowmeba vagonqveS mimdinareobs: 

sadgurSi matareblis Semosvlisas, formirebisas, gasvlisas. im 

sadgurebSi, sadac grafikiT gaTvaliswinebulia matareblis 

dgoma vagonebis teqnikuri momsaxureobisaTvis, vagonebis 

dasatvirTad miwodebisas da matarebelSi CarTvis win vagonebis 

liandagidan acdenisas, matareblis avariisas, marcxisas da aseve 

vagonebis mimdinare axsniTi SekeTebisas. wyvilTvlebis vagonqveS 

Semowmebisas sruldeba wyvilTvlis elementebis mdgomareobis 

Semowmeba da maTi zomebis Sesabamisoba dadgenil normebTan. 
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       2.2. wyvilTvlis saimedoobis da mdgradobis                  
                        kriteriumebi  
 

wyvilTvlis saimedoobis da mdgradobis uzrunvelyofis 

mizniT aucilebelia: dacul iqnes urikis awyobis teqnologiuri 

ruka; Tavidan iqnes acilebuli borblis liandagze Serbenis an 

gadasvlis movlena; gatardes RonisZiebani borblis qimisa da 

relsis Tavis gverdiTi cveTis Sesamcireblad. 

praqtikulad, urikis TiToeul kvanZsa da nawils aqvs 

nominaluri zomebidan gadaxra, ris Sedegadac urikis awyobisa 

da eqspluataciis Semdeg yalibdeba wyvilTvlebis RerZebis 

paralelobis darRveva, maTi urTierTwanacvlebis movlena da 

borblebis gorvis zedapirebis radiusebis araTanabroba. 

yovelive es zemoqmedebas axdens relsisadmi borblis srialis 

siCqareze, agreTve relssa da borbals Soris arsebuli xaxunis 

Zalis mniSvnelobaze. gamodis, rom nominaluri parametrebis 

darRvevas mivyavarT vagonis dinamikuri parametrebis cvlilebamde. 

vTqvaT, awyobis teqnologiuri darRvevisa da nominaluri 

zomebidan gadaxris gamo, urikis wyvilTvlebi gadaxrilia 

nominaluri mdgomareobidan ψ1 da ψ2  kuTxeebiT (nax. 9). am 

kuTxeebs urikis wina da ukana wyvilTvlebis RerZebs gadaxris 

kuTxeebi ewodeba. naxazze urikis simetriis RerZi gadis 

wyvilTvlebis kinematikur centrebze da aRniSnulia 2-2 wrfiT. 

Tu urikis 2-2 simetriis RerZi gegmildeba liandagis 1-1 RerZze, 

maSin urikis asset mdgomareobas saSualedo ewodeba. 

wyvilTvlebis kinematikur centrebs Soris manZili urikis bazas 

warmoadgens. mocemul saangariSo sqemaze (nax. 9) urikis awyobis 

teqnologiis darRvevisa da nominaluri zomebidan gadaxrebiT 

gamowveuli kuTxe liandagis RerZsa da urikis simetriis RerZs 

Soris aRniSnulia ψ asoTi. urikis simZimis centri gadaweulia 

liandagis RerZidan γ sididiT. mocemul SemTxvevaSi 

wyvilTvlebis gadaxris kuTxeebi cnobili sidideebia da  
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                   nax. 9.  urikis saangariSo sqema 
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SeiZleba dazustdes  naturaluri  gazomvis saSualebiT, xolo γ  

da ψ paraetrebi cvladi sidideebia. 

cvladi sidideebis povnis mizniT vadgenT moZraobis 

diferencialur gantolebebs im saxiT, rogorc idealurad 

gamarTuli urikis SemTxvevaSi 
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             (1)                     

sadac um  aris urikis masa; 

       gU  _ urikis winsvliTi gadaadgilebis siCqare; 

         _ drekadi srialis koeficienti; 

        zuI  _ urikis masis inerciis momenti z  RerZis mimarT; 

       s  _ liandagis siganis naxevari;  

       ul  _ urikis bazis naxevari; 

       n  _ borblis gorvis zedapiris konusuroba; 

       r  _ borblis gorvis wris radiusi.  

Tu wyvilTvlebis RerZebis gadaxris ψ1 da ψ2  kuTxeebi nulis 

tolia,   e.i.   urika   awyobilia   gadaxrebis  gareSe,  maSin (1)   

diferencialur gantolebaTa sistemaSi tolobebis marjvena 

nawilebi gautoldeba nuls da miviRebT urikis zigzaguri 

moZraobis diferencialur gantolebaTa sistemas, erT-erTi 

ucnobis gamoricxvis gziT (1) sistemidan miviRebT meoTxe rigis 

or diferencialur gantolebas γ  da ψ ucnobebis mimarT, 

romelTa amoxsna gvaZlevs 
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TiToeuli amonaxsnis bolo Sesakrebi warmoadgens koordinatTa 

mniSvnelobebs, romelTa mimarT urika asrulebs rxeviT 

moZraobas. 

dadginda, rom garkveuli daSvebebiT awyobili urika 

liandagis swor ubanze moZraobisas daiZvreba pirveli an meore 

relsis mimarT. Zvris sidide miT metia, rac naklebia borblis 

gorvis zedapiris n konusuroba da rac metia wyvilTvlis RerZis 

gadaxrebis ψ1 da ψ2  kuTxeebi. gamodis, rom Cqarosnuli 

matareblisaTvis 0,025 an 0,01 konusurobis mqone borblebiani 

urika unda aiwyos meti sizustiT, vidre urika 0,05 standartuli 

konusurobis mqone borblebiT. wyvilTvlebis RerZebis gadaxris 

kuTxeebis gazrdili mniSvnelobebis dros borblis qimi 

miebjineba relsis Tavis muSa gverdiT zedapirs, romlis 

Sedegadac adgili aqvs borblis qimis gazrdil cveTas an 

CamoWras.  Tvlis  qimisa da relsis Tavis gverdiTi cveTa 

gamowveulia Υ mimmarTveli Zalis zemoqmedebiT. borblis qimi 

relsis Tavis gverdiT zedapirs awveba myisi brunvis Ο-Ο 

RerZidan b manZilis daSorebiT (nax. 10). Ο-Ο RerZis garSemo 

borblis TiToeuli Semobrunebis dros relsis Tavze borblis 

qimis xaxuniT ixarjeba garkveuli energia.  

Tvlis elementaruli dγ kuTxiT Semobrunebisas xaxunis energia 

gamoiTvleba tolobiT 

, bYdMdA                            (3) 

sadac   aris xaxunis koeficienti; 

      Y _ xaxunis Zala; 

 b _ e.w. `garbeni~, romlis mniSvneloba 

                        ;tgtgtrb                             (4) 

t  _ manZili relsis Tavidan borblis qimisa da relsis 

kontaqtis wertilamde vertikalur sibrtyeSi )10( smt ; 

  _ borblis qimis muSa dedapiris horizontisadmi daxris 

kuTxe (axali borblisaTvis  =60); 

  _ relsze borblis Serbenis kuTxe.  
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Tu cnobilia urikis RerZidan misive mobrunebis centramde 1x  

manZili, maSin:  

                 ,sin 1

R

x
                               (5) 

sadac R  liandagis simrudis radiusia. 

(3) da (4) formulebis (5) tolobaSi SetaniT miviRebT 

                   .1

R

x
trYA                               (6) 

sxvadasxva tipis vagonebisaTvis  , r  da t  sidideebi 

TiTqmis erTnairia, amitom borblis qimisa da relsis Tavis 

gverdiTi zedapiris cveTis maxasiaTeblad miRebulia e.w. `cveTis 

faqtori~, romelic tolia  

                    Y
R

x
 1 .                              (7) 

vagonis urikis wina wyvilTvlis borblebi liandagis swor 

an mrude ubanze moZraobisas qimis saSualebiT Serbis relsis 

Tavis gverdiT waxnagebze, romlis Sedegadac mosalodnelia 

borblis relsidan gadasvla. Serbenis α kuTxe (nax. 10) SeiZleba 

udrides 0,01 radians an iyos masze meti (mrude ubanSi gavlisas). 

 Tu relsze borblis dinamikuri dawolis horizontaluri 

Semdgeni gacilebiT didia vertikalur Semdgenze (nax. 11)  rac 

gamowveulia vagonis rxevis Sedegad borblis gantvirTviT, maSin 

adgili aqvs borblis relsidan gadasvlas. am movenas xels  

uwyobs borblis qimis relsze asvlis dros xaxunis μ 

koeficientis zrda. relsidan borblis gadasvlis movlena 

dakavSirebulia mraval faqtorTan. am faqtorebs miekuTvneba: 

Serbenis α kuTxe; borblis qimis daxris β kuTxe; xaxunis μ 

koeficienti; urikis gauresorebeli nawilis wona; wyvilTvlis 

      RerZze vertikaluri dawolis Pv Zala da liandagis 

vertikaluri sixiste. kritikuli mdgomareoba borblis relsidan 

gadasvlis momentisaTvis specialur teqnikur literaturaSi 

sxvadasxvagvaradaa gadmocemuli. amerikisa da inglisis 

rkinigzisaTvis igi xasiaTdeba nadalis formuliT 
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g                         (8) 

relsidan borblis gadasvlis movlenis Tavidan acilebis mizniT 

aucilebelia davicvaT Semdegi piroba 
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             (9) 

    (Pv:Pg) kritikuli fardobis mniSvneloba sxvadasxva 

qveynisaTvis sxvadasxvaa. iaponiis rkinigzebze misi mniSvneloba 

aRwevs 0,8-mde, roca borblis Serbenis kuTxe α=1°. amerikisa da 

inglisis rkinigzebisaTvis (Pv:Pg)=1, Tu α=65°.bolo dros 

vagonebis dinamikuri maxasiaTeblebis SefasebisaTvis gamoiyeneba 

(Pv:Pg)=0,6 mniSvneloba, xolo xis Spalebis gamoyenebis 

SemTxvevaSi _ (Pv:Pg)=0,5.  

      nadalis (8) formulis gamoyenebiT SeiZleba damyardes 

damokidebuleba (sxvadasxva sididis xaxunis koeficientis 

gaTvaliswinebiT) borblis qimis daxris kuTxesa da (Pv:Pg) krit. 

sidides Soris (nax. 12). relsis Tavze borblis Serbenis movlena 

araa myisi procesi, igi mimdinareobs gansazRvruli tg drois 

ganmavlobaSi, romlis drosac borbali gaivlis raRac lg gzas. 

Tu am dros mdgradobis km samarago koeficienti vagonis Zaris an 

gauresorebeli nawilis rxevis Sedegad gaxdeba erTze meti, 

maSin borbali Cacurdeba dabla, relsis Tavze asvlis procesi 

Sewydeba da vagonis moZraoba usafrTxo gaxdeba.  

     relsze asvlis momentSi borblis brunvis myisi centri 

gadaadgildeba b manZiliT marjvniv (nax. 10), xolo borblis qimsa 

da relsis Tavis gverdiT zedapirs Soris arsebuli kontaqtis 

wertili gadaadgildeba vertikaluri mimarTulebiT. 

gadaadgilebis siCqare                        

                            Z ,                              (10) 

sadac   aris borblis kuTxuri siCqare; 

         _ kontaqtis wertilis Semobrunebis radiusi relsis 

Tavze asvlis momentSi.  
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nax. 11.  qimisa da relsis Tavis kontaqtis wertilSi 

 moqmedi Zalebi 
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nax. 12.  qimis daxris kuTxis damokidebulebis grafiki xaxunis 
         koeficientis sxvadasxva mniSvnelobisaTvis 
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 tgtgr
z

z k ,                          (11) 

  _ borblis winsvliTi moZraobis siCqare; 

kr  _ kontaqtis wertilis brunvis radiusi  mmk 10 rr . 

Tu siCqaris am mniSvnelobas CavTvliT mudmivad da 

davuSvebT, rom borbali aiwevs relsis Tavze 
zh  simaRliT 

 sinhhz  , sadac h  warmoadgens borblis qimis muSa zedapiris 

msaxvels, maSin relsze borblis asvlis an relsidan Casvlis 

dros 

       







 tgr

rhh
t

z

cos
sin 




k

g .                     (12) 

 

relsis Tavze borblis qimis asvlisas ganvlili gza 

  





tgr

r
htl

cos


k

gg .                        (13) 

magaliTad, Tu 03,0h  m; 475,0r  m; 30  m/wm; 60 ; 

01,0tg , maSin 485,010  rrk  m; 

xolo relsis Tavze borblis asvlis (Casvlis) dros 

ganvlili manZili da moZraobis dro Sesabamisad tolia 

        637,0
01,0485,0

5,0475,0013,0





gl  m;                 (14) 

021,0
01,030485,0

5,0475,0013,0





gt  wm.                 (15) 

rogorc Cans, relsis Tavze borblis qimis asvlas sWirdeba 0,021 

wm, xolo am droSi qimi gaivlis 64 sm.-is tol manZils, qimis 

moZraobis dro axlosaa vagonis gauresorebeli nawilis, anu 

borblis relsis mimarT rxevis naxevarperiodTan. radgan vagonis 

siCqaris gazrdiT izrdeba misi gauresorebeli nawilis inerciis  

Zalebi, amitom am Zalebis gavlena urikis mdgradobis samarago 

koeficientze siCqaris zrdasTan erTad izdeba. 

aqve SegviZlia moviyvanoT profesor a. galeevis mier 

SemoTavazebuli da profesor m. verigos mier damuSavebuli 
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meTodi, romlis saSualebiTac SeiZleba srulyofilad Catardes 

relsze borblis qimis asvlis movlenis sruli analizi. 

saangariSo sqemas eqneba aseTi saxe (nax. 13). 

davuSvaT, rom relsis Tavze qimis asvlis movlena daiwyo 

marcxena borblis maRla aweviT. borblisa da relsis Tavis 

gorvis zedapirebs Soris gaCndeba garkveuli sididis RreCo, 

xolo qimis muSa zedapiri daeyrdnoba relsis Tavis gverdiT 

zedapirs. kontaqtis Ο wertilSi aRiZvreba reaqciis Zala, 

romelic mimarTuli iqneba borblis qimis muSa zedapirze 

gamavali oy RerZis gaswvriv. marjvena relsis reaqciis Zala 

modebuli iqneba relsis Tavis Sua wertilSi da mimarTuli 

vertikalurad _ qvevidan zeviT. Tu marcxena borbali daiwyebs 

dabla Camocurebas, maSin relsis Tavsa da borblis qimis 

daxril zedapirs Soris aRiZvreba xaxunis μN1 Zala, xolo meore 

borblis gorvis zedapirsa da relsis Tavs Soris __ xaxunis μN2 

Zala. imisaTvis, rom marcxena borblis qimma imoZraos relsis 

Tavidan qveviT aucilebelia, rom borblis qveviT 

gadamaadgilebeli Zalebis jami toil an meti iyos xaxunisa da 

sxva saxis Zalebis jamze, romelTa moqmedebiTac borbali 

gadaadgildeba zeviT, relsis Tavisaken. Tu relsis Tavze 

borblis asvlis momentSi wyvilTvalze moqmed Zalebs 

davagegmilebT x da y RerZebze, miviRebT zemoxsenebuli pirobis 

maTematikur interpretacias 

211 cossin NNYN   C                   (16) 

       0sincos2 1121212   NNIIkPPN ,         (17) 

sadac  1N  aris marcxena borblis reaqcia;   2N  _ marjvena 

borblis reaqcia; 21,PP  _ wyvilTvlis yelis Sua nawilSi mosuli 

vagonis   garesorebuli nawilis woniT gamowveuli Zalebi; 

 k  _ kontaqtis wertilSi moqmedi wyvilTvlis wonis  naxevari; 

21, II  _kontaqtis wertilSi modebuli vertikaluri inerciis  

Zalebi, gamowveuli gorvis zedapirebze arsebuli uTanabrobebiT;  

CY  _ CarCos Zala.  
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nax. 13. wyvilTvalze moqmedi Zalebi relsze borblis  
   Sexebis momentisaTvis 
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gamovsaxoT reaqciis Zalebi danarCeni moqmedi Zalebis 

saSualebiT. amisaTvis sakmarisia daiweros wyvilTvalze moqmedi 

yvela Zalis momentebis jami O wertili mimarT.  

              012122211  sNskIbPbPRrYC               (18) 

sadac  r  aris wyvilTvlis yelis radiusi; 

  R  _ xorblis gorvis wris radiusi; 

  1s  _ liandagis sigane. 

Tu (17) gantolebidan ganvsazRvravT 1N -s, xolo (18) 

gamosaxulebidan ki 2N -s da miRebul mniSvnelobebs SevitanT (16) 

gantolebaSi, miviRebT marcxena borblis wonasworobis pirobas, 

anu borblis qimis ganuwyvetlivi qveviT daSvebis 

sauzrunvelyofo maTematikur Caweras 

,
1

B
P

Y
C  

sadac 

   
    

    
     

     
     



























tgRrsP

tgktgIIs

tgRrsP

tgbsbP

tgRrs

tgbsb
B

11

121

11

2122

1

111

      (19) 

praqtikulad, miRebulia 25,0 , rac Seesabameba '1314  

xaxunis kuTxes, xolo k  sididis mniSvneloba centraluri 

Camokidebis mqone orRerZiani urikisaTvis gamoisaxeba tolobiT      

                     

 ,
4

1
uPk                               (20) 

sadac uP  urikis wonaa; 

(9) gamosaxulebis msgavsad, sidides   

                   B
P

Y
:

1

C                              (21) 

wyvilTvlis mdgradobis maragis koeficienti ewodeba moZraobis 

usafrTxoebis mizniT igi erTze meti unda iyos. 

P1 da P2 Zalebis mniSvnelobebze gavlenas axdens vagonis 

garesorebuli nawilis rxeva, gansakuTrebiT ki gverdiTi rweva. 
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magaliTad, 80 km/sT an meti siCqariT vagonis moZraobisas 

gaucveTavi borblis qimis SemTxvevaSi xSirad P1=0. am dros 

mcire YC CarCos Zalis moqmedebiTac ki SesaZloa relsis Tavze 

borblis Serbena. borblis Serbenas xels uwyobs zemoT 

mimarTuli l1  inerciis Zalac.  

relsze borblis Serbenis process xels uwyobs CarCos YC 

Zalis warmoSoba. es Zala cdiloba erT-erTi relsis adgilidan 

daZvras. eqsperimentebiT dadgenilia, rom relsis daZvras CarCos 

Zalis moqmedebiT adgili aqvs maSin, roca CarCos Zala Tavisi 

mniSvnelobiT aWarbebs vagonis RerZuli datvirTvis 40%-s, e.i. 

moZraobis usafrTxoebisaTvis aucilebelia davicvaT piroba 

                  4,0CY .                             (22) 

 sxvadasxva qveyanaSi (22) tolobiT gamosaxuli piroba 

sxvadasxvaa. magaliTad, safrangeTis rkinigzebisaTvis mocemuli 

piroba Caiwereba aseTi saxiT 

             






 


3
185,0CY .                           (23) 

vagonis ganxiluli mdgradobis kriteriumebis dacva 

uzrunvelyofs Semadgenlobis usafrTxo moZraobas.  
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2.3. vagonebis wyvilTvlebze dakvirvebebiT gamovlenili 

  gaumarTaobebis sistematizacia da disertaciaSi 

 gansaxilveli amocanis dasma 

 

sarkinigzo dargSi  Catarebulma samecniero  gamovlevebis 

mimoxilvam da analizma cxadyo, rom mecnierTa mxridan 

mniSvnelovani yuradReba eqceva matarebelTa moZraobisas 

warmoqmnil sxvadasxva uaryofiTi procesebis Seswavlas da maT 

gavlenas vagonebis kvanZebze.  

naSromebSi Tanmimdevrulad aris ganxiluli vagonebis 

eqspluataciisas warmoqmnili rxeviTi procesebis gavlena urikis 

kvanZebze, maT Soris wyvilTvlebze, aseve Catarebuli kvlevebis 

safuZvelze SemuSavebul iqna wyvilTvlebis elementebis cveTis 

Semcirebis sxvadasxva meTodebi ekipaJebis (vagonebis) gzis 

rogorc swor, aseve mrud monakveTebze moZraobisas. 

magram unda aRiniSnos, rom mecnierTa mxridan gamokvleuli 

samuSaoebis didi moculobis miuxedavad dReisaTvis saqarTvelos 

rkinigzaze misi geografiuli mdebareobidan gamomdinare, ris 

mixedviTac saSualod mTliani gzis 30-35% Seadgens sxvadasxva 

mcire radiusis mqone mrudeebi, moZravi Semadgenlobis, maT 

Soris vagonebis wyvilTvlebis qimebis intensiuri cveTis 

problema isev aqtualuria, rasac mowmobs vagonebze Cvens mier 

Catarebuli praqtikuli dakvirvebebis Sedegebi, kerZod: 

1. Catarebuli eqsperimentaluri dakvirvebebiT, romelic 

mimdinareobda rTuli profilis mqone mrude ubanze moZrav 

vagonebze gamovlinda, rom Tu swor monakveTebze vagonebis 

moZraobisas wyvilTvlebis qimebis cveTa yovel 20000 km-Si 

saSualod Seadgens 1,2 mm-s, mrude ubanze vagonebis moZraobisas 

wyvilTvlebis qimebis cveTam 20000 km-is gavlisas Seadgina 2,5 mm, 

rac  warmoadgens erTob uaryofiT maCvenebels. (Sedegebi 

mocemulia cxrili 2-Si).  
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cxrili 2  

 wyvilTvlebis qimebis cveTis analizi 
 

 
    

gavlili 
manZili 

       km 

 
qimebis cveTa 

swor ubanze mrud ubanze 

         0           32,00 mm        32,00 mm 

       2000           31,87 mm        31,55 mm 

       4000           31,74 mm        31,10 mm 

       6000           31,61 mm        30,65 mm 

       8000           31,49 mm        30,21 mm 

      10000           31,37 mm        29,76 mm 

      12000           31,25 mm        29,32 mm 

      14000           31,13 mm        28,88 mm 

      16000           31,11 mm        28,45 mm 

      18000           31.00 mm        28,02 mm 

      20000           30,79 mm        27,50 mm 

  jamuri cveTa    
   20000 km-Si 

       
         1,2 mm 

  
      2,5 mm 

 

      2. Tbilisis, xaSuris, samtrediis, baTumis savagono 

depoebSi wlis ganmavlobaSi saremontod Sesuli wyvilTvlebis  

analizma (cxrilebi 3, 4, 5, 6, 7) aCvena, rom im ZiriTadi 

gaumarTaobebidan, rogoricaa: danaduRi, amocveTa, Tanabari cveTa 

wriuli damuSavebani, amotexiloba, araTanabari cveTa, Tvlis 

adgilobrivi gafarToeba,  Txeli qimi maT Soris umetesobas, anu 

70% warmoadgens  qimebis  cveTa,  dazianeba (nax. 14, 15)   romlis 

eqspluataciur normebSi  moyvanisaTvis (24-33mm), CamoTvlil 

defeqtebTan SedarebiT saWiroagacilebiT meti samuSaoebis 

Catareba, kerZod: wyvilTvlis gorvis zedapirze danaduRis, 

Tvlis adgilobrivi gafarTovebis da sxva amdagvari dazianebis 

dros gaumarTaobis aRmosafxvrelad (nax. 16) saWiroa mxolod 

dadgenili wesis Sesabamisad zedapirze maTi mocileba, es ki ise 

xdeba, rom raime zedmet danakargebs adgili ar aaqvs, xolo 

gacveTili qimis dros magaliTad Tu igi aris 23 mm, (iwvevs 
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vagonebis liandagidan acdenas) 30mm-de SevsebisaTvis, rac erT-

erTi instruqciuli moTxovnaa gegmiuri SekeTebidan gamosuli 

wyvilTvlebis elementebisa, saWiroa mocemuli zomebis sxvaoba 

30-23, anu 7mm gavamravloT 2-ze da am raodenobis e. i. 14mm fersos 

sisqe aviRoT, rac warmoadgens did danakargs,  radganac  zemoT 

aRniSnuli dadgenili zRvari, romlis mixedviTac yovel 20.000 

km-Si wyvilTvlis cveTa Seadgens 1mm-s, 14mm  saRi zedapiris 

aRebiT vkargavT 280.000 km-is resurss, romelic SeiZleba gaiaros 

wyvilTvalma normaluri eqspluataciis pirobebSi, es ki kidev 

erT-erTi dasturia imisa, rom aRniSnuli problema marTlac 

Zalzed aqtualuria da rom, vagonebis eqspluataciisas 

wyvilTvlebis qimebis xSiri cveTis, dazianebis (maxvili, CaWrili 

qimi) gamomwvevi procesebis sakiTxebi jer kidev ar aris 

bolomde Seswavlili da moiTxovs am mxriv damatebiT kvlevas 

da maTi SemcirebisaTvis garkveuli rekomendaciebis SemuSavebas.  

  

                                                           cxrili 3 

wyvilTvlis gaumarTaobaTa analizi 
         

 

               

 

                          

 Tbilisis savagono depo 

    wyvilTvlis gaumarTaobebi 
    ricxobrivi 
    maCvenebeli                

   procentuli 
   maCvenebeli                          

#  dazianebis dasaxeleba saerTo raod. 1500         100%   
1 danaduRi         105        7% 
2 amocveTa         75        5% 
3 Tanabari cveTa         135        9% 
4 wriuli damuSavebani         45        3%  
5 amotexiloba         60        4% 
6 araTanabari cveTa         30        2% 

7 Tvlis gafarToveba         15        1% 
 
8 

  
 qimebis cveTa, dazianeba  
 (maxvili, CaWrili qimi) 

        
        1035 

        
        69% 
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 cxrili 4 

                 wyvilTvlis gaumarTaobaTa analizi 

 

   

                                                

                                               cxrili 5 

wyvilTvlis gaumarTaobaTa analizi 
                           

             

                             

                  xaSuris savagono depo 

   wyvilTvlis gaumarTaobebi 
   ricxobrivi 
   maCvenebeli    

  procentuli 
   maCvenebeli                          

# dazianebis  dasaxeleba saerTo raod. 3000        100%   
1 danaduRi        180       6% 
2 amocveTa        150       5% 
3 Tanabari cveTa        240       8% 
4 wriuli damuSavebani        90       3%  
5 amotexiloba        90       3% 
6 araTanabari cveTa         60       2% 
7 Tvlis  gafarToveba        30       1% 
 
8 

  qimebis cveTa, dazianeba      
  maxvili, CaWrili qimi) 

       
      2160 

       
      72% 

                             

samtrediis savagono depo 

   wyvilTvlis gaumarTaobebi 
   ricxobrivi     
   maCvenebeli 

   procentuli 
   maCvenebeli                          

# dazianebis  dasaxeleba saerTo raod. 2400          100%   
1 danaduRi        144        6% 
2 amocveTa        144        6% 
3 Tanabari cveTa        240        10% 
4 wriuli damuSavebani        48        2%  
5 amotexiloba        72        3% 
6 araTanabari cveTa        48        2% 
7 Tvlis  gafarToveba        24        1% 
 
8 

qimebis cveTa, dazianeba    
(maxvili, CaWrili qimi) 

    
      1680 

       
       70% 
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                                            cxrili 6 

             wyvilTvlis gaumarTaobaTa analizi 

                       
                             

                 baTumis savagono depo 

   wyvilTvlis gaumarTaobebi                                                                                                                  
   ricxobrivi  
   maCvenebeli 

procentuli 
maCvenebeli                          

# dazianebis  dasaxeleba saerTo raod. 3600       100%   
1 danaduRi         216       6% 
2 amocveTa         216       6% 
3 Tanabari cveTa         180       5% 
4 wriuli damuSavebani         108       3%  
5 amotexiloba         144       4% 
6 araTanabari cveTa         108       3% 
7 Tvlis  gafarToveba         72       2% 
 
8 

qimebis cveTa, dazianeba     
(maxvili, CaWrili qimi) 

         
       2556 

       
      71% 

 

                                                

    cxrili 7 

                  wyvilTvlis gaumarTaobaTa analizi 

        
                          

                    saerTo raodenoba 

   wyvilTvlis gaumarTaobebi                                                                                                                  
  ricxobrivi      
  maCvenebeli 

 procentuli 
  maCvenebeli                          

# dazianebis  dasaxeleba  saerTo raodenoba        100%   
1  danaduRi         645       6,25% 

2  amocveTa         585       5,5% 

3 Tanabari cveTa         795        8% 

4 wriuli damuSavebani         291       2,75%  

5 amotexiloba         366       3,5% 

6 araTanabari cveTa         246       2,25% 

7 Tvlis  gafarToveba         141       1,25% 

8  qimebis cveTa, dazianeba     
 (maxvili, CaWrili qimi) 

        
       7431 

      
    70,5% 
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           nax. 14. wyvilTvlis ZiriTadi gaumarTaobebi 
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1. danaduRis warmoqmnas ZiriTadaT iwvevs lokomotivis, an vagonis 

samuxruWe sistemis gaumarTaoba, romlis Sedegadac xdeba Tvlis 

gorvis zedapirze liTonis fenis dagroveba, rac dasaSveb normaze 

metis dros (satvirTo vagonebze 1 mm-de,  sagzavroze vagonebze 0,5 mm) 

wyvilTvlebis moZraobisas iwvevs dartymebs da qmnis Tvlis an relsis 

gatexvis saSiSroebas. 

2. amoceTis warmoqmnas ZiriTadaT iwvevs lokomotivis an vagonis 

samuxruWe sistemis gaumarTaoba, romlis Sedegadac xdeba Tvlis 

zedapiris garkveuli nawilis amocveTa, rac dasaSveb normaze metis 

dros (satvirTo vagonebze 1 mm-de, sagzavroze vagonebze 1 mm)  

wyvilTvlebis moZraobisas iwvevs dartymebs da qmnis Tvlis an relsis 

gatexvis saSiSroebas. 

3. gorvis zedapiris Tanabari cveTa warmoiqmneba Tvalsa da relss 

Soris xaxunis Sedegad am gaumarTaobis dasaSveb normaze metis dros 

(satvirTo vagonebze 9 mm-mde, samgzavroze vagonebze 8 mm-mde) xdeba 

qimis simaRlis gazrda, rac iwvevs relsebis gadabmis kvanZis 

darRvevas da vagonis liandagidan acdenas. 

 4. wriuli damuSavebani Tvlis zedapirze warmoiqmneba samuxruWe 

xundebis zemoqmedebisas, romlis dasaSveb normaze metis dros 

(satvirTo da samgzavro vagonebisaTvis qimis fuZesTan siRrmiT 1 mm-

mde, siganiT 15 mm-mde, xolo daxraze 1:7 siRrmiT 2mm-mde, siganiT 15mm-

mde) moZraobisas iqmneba Tvlis gatexvis saSiSroeba. 

 5. gorvis zedapirze amotexiloba warmoiqmneba liTonis Ee. w. 

daRlilobiT am dazianebis dasaSveb normaze metis dros (satvirTo 

vagonebisaTvis siRrmiT 10mm-mde, sigrZiT 50 mm-mde, samgzavroze 

vagonebisaTvis siRrmiT 10mm-mde, sigrZiT 25 mm-mde) moZraobisas 

dartymebis Sedegad iqmneba Tvlis gatexvis saSiSroeba. 

 6. araTanabari cveTa warmoiqmneba Tvlis zedapirze liTonis 

araerTgvarovani Semcvelobis Sedegad am dazianebis dasaSveb normaze 

metis dros (satvirTo vagonebze 3 mm, samgzavroze vagonebze 2mm) 

moZraobisas dartymebis gamo iqmneba Tvlis an relsis gatexvis 

saSiSroeba. 
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 7.  Tvlis adgilobrivi gafarToveba warmoiqmneba liTonis sxmulis 

Sida defeqtebiT am dazianebis dasaSveb normaze metis dros 

(satvirTo da samgzavro vagonebisaTvis 0,5 mm-mde) iqmneba vagonis 

liandagidan acdenis saSiSroeba mis saisre  gadamyvanebSi 

moZraobisas. 

 8. qimis cveTa, dazianeba warmoiqmneba Tvlisa da relsis xangrZlivi 

zemoqmedebiT am dazianebis dasaSvebze metis dros (satvirTo 

vagonebze 33_24mm, samgzavroze vagonebze 33_25mm) iqmneba vagonis  

liandagidan acdenis saSiSroeba. 
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  nax. 15. qimis cveTa  da  dazianeba 
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               nax. 16. Tvlis gaumarTaobaTa analizi  
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    2.4.  disertaciaSi dasmuli gansaxilveli amocanis 

                        gadaWris meTodi 

 
2.4.1.  xaxunis da cveTis zogadi Teoria 

 

erTi sxeulis meoreze moZraobisas warmoiSoba  winaRobis 

Zala, romelic xels uSlis sxeulis Semdgom gadaadgilebas is 

mimarTulia moZraobis sawinaaRmdego mxares,  amcirebs sxeulis 

kinetikur energias da ewodeba xaxunis Zala, ramdenadac  

sxeulis nebismier elementarul gadaadgilebaSi SeiZleba 

gamoiyos  winsvliTi moZraoba  da brunviTi moZraoba, imis 

mixedviT, Tu ra moZraobas asrulebs sxeuli, ganasxvaveben 

xaxunis or saxes: srialis xaxuns da gorvis xaxuns. Mmraval 

literaturul wyaroSi calke ganixileba brunvis xaxuni, 

romelic warmoadgens  srialis xaxunis saxesxvaobas  Semxebi 

zedapirebis calkeuli elementebisaTvis.  kidev arsebobs xaxunis 

saxeoba–mSrali anu srialis xaxuni: mis Sesaxeb laparakoben 

maSin, roca erTi myari sxeuli srialebs meoreze. imisTvis, rom 

gaagrZelos moZraoba, aseT sxeuls  sWirdeba Zala. am Zalas 

uwodeben xaxunis Zalas. misi warmoSoba-friad rTuli sakiTxia. 

orive Semxebi zedapiri araTanabaria, Tu maT davaTvalierebT 

atomis doneze. Sexebis wertilebSi atomebi exebian; sxeulze 

zewolisas gadabma wydeba da warmoiSoba rxeva (yovel 

SemTxvevaSi, raRac msgavsi). adre fiqrobdnen, rom xaxunis 

meqanizmi martivia: zedapiri dafarulia uswormasworobiT da 

xaxuni aris Sedegi am uswormasworobaze mosriale nawilakebis 

amosvlisa. magram es araa swori, maSin xom adgili ar eqneboda 

energiis dakargvas, sinamdvileSi ki xaxunze energia ixarjeba. 

dakargvis meqanizmi sxvagvaria: srialis dros uswormasworoba 

moixsneba, warmoiSoba rxeva da  atomebis moZraoba, da siTbo 

gaedineba orive sxeulSi. aq ki sruliad moulodnelad 

aRmoCndeba, rom empiriulad es xaxuni SeiZleba aRiweros martivi 

kanoniT. …sakmaod kargad miaxlovebisas  SeiZleba CaiTvalos, rom 
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xaxunis Zala proporciulia normaluri Zalisa metad an 

naklebad mdgradi koeficintiT, es formula aris kargi 

empiriuli wesi, romelic saSualebas iZleva daiTvalos, ra Zalaa 

saWiro amaTu im praqtikuli an sainJinro   garemoebebisas.     

mxolod  maSin, roca  normaluri  Zala, an moZraobis siCqare 

Zalian maRalia, kanoni ar moqmedebs: siTbo gamoiyofa Zalian 

didi raodenobiT. mniSvnelovania imis gaazreba, rom nebismiers am 

empiriul kanonTagan gaaCnia SezRudva, romlis gareTac isini ar 

muSaoben, gansxvaveba xaxunSi warmoiSoba zedapiris nawilebis 

gansxvavebuli sigluviTa an simyariT. bevrs sjera, rom xaxuni, 

romelic unda gadailaxos, raTa sxeuli movides moZraobaSi 

(statikuri), aris meti, vidre Zala, romelic saWiroa, raTa 

SenarCunebul iqnas  ukve warmoSobili moZraoba (srialis 

xaxuni), magram mSral liTonebze Znelia raime gansxvavebis 

SemCneva.  Zalian Znelia sizustis miRweva xaxunze raodenobriv 

cdebSi, da dRemde xaxuni sakmarisad kargad araa gaanalizebuli, 

miuxedavad imisa, rom aseTi analizis mniSvneloba teqnikisaTvis 

Zalian didia, Tumca kanoni F= µ N standartuli zedapirebisaTvis 

TiTqmis zustia, maRal siCqareze  cdebisas unda vizrunoT, rom 

sxeulebi ar irxeodes, Torem xiluli xaxuni  maSinve mcirdeba. 

yovel SemTxvevaSi, xaxunis es kanoni exeba naxevrad cdiseul 

kanonebs, romlebic bolomde ara gagebuli da arc xdeba gasagebi,  

miuxedavad uzarmazari Zalisxmevisa. adre ukve vTqviT, rom 

mcdelobas, gaizomos µ, wminda sxeulebis (spilenZis spilenZze) 

srialisas, mivyavarT saeWvo Sedegebamde, radgan Semxebi 

zedapirebi aris ara wminda spilenZi, aramed oqsidebis narevi da 

sxva dabinZurebebi. Tu Cven gvinda miviRoT sruliad sufTa 

spilenZi, Tu gavasufTavebT da gavaprialebT zedapirs, movaxdenT 

nivTierebis degazirebas vakuumSi davicavT sifrTxilis 

aucilebel zomebs, maSinac ki µ ver miviRebT, radgan spilenZis 

ori  naWeri erTmaneTs Seewebeba. koeficienti µ ,zomierad xisti 

zedapirebisaTvis Cveulebriv, erTeulze naklebi,a aq izrdeba 
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ramdenime erTeulamde. aseTi moulodneli qcevis mizezi 

mdgomareobs SemdegSi:  raRac sxeulis, romelic Tavisi zedapiriT 

eyrdnoba sxva umoZrao sxeuls, Tanabari wrfivi winsvliTi 

moZraobis SesanarCuneblad moZravi sxeulis mimarT gamoyenebul 

unda iqnas mudmivi (saSualod) Zala, romlis muSaoba ixarjeba 

elementarul procesebze, romelic mimdinareobs Semxebi 

sxeulebis sakontaqto fenaSi. sakontaqto fenaSi moiazreba 

sivrce, romlis safuZvelia sxeulTa kontaqtis geometriuli 

(nominaluri) farTobi da Zalian mcire sisqe. sivrcis calkeul 

wertilebSi mimdinareobs energiis gardaqmnisa da gadacemis 

procesebi. cxadia, rom fenis ara yvela wertili warmoadgens 

xaxunis procesis centrs, aramed mxolod isini, romlebSic 

warmoiqmneba energiis gardaqmnisa da gadacemisTvis Sesabamisi 

fizikuri pirobebi. xaxunis procesis ganxorcielebisaTvis 

ZiriTadi fizikuri pirobaa erTmaneTze mosriale sxeulebis 

garkveuli siaxlove. es siaxlove saSualod uzrunveliyofa 

gansaxilveli sxeulebis normaluri urTierTwnevis ZaliT. 

saWiroa imis gaTvaliswineba, rom erTmaneTze mosriale 

sxeulebis sistemis normaluri urTierTwnevis Zalas SeiZleba 

gaaCndes sxvadasxva bunebis ori komponenti. erTi maTgani 

SeiZleba modiodes sxeulidan, romelic ar miekuTvneba sistemas, 

anu aris gare Zala. Ees komponenti, Cveulebriv, gaiTvaliswineba  

xaxunis procesSi. Mmeore SeiZleba gamowveuli iyos sxeulTa 

mizidulobiT, gvevlineba ra sistemis Sida Zalad. es  

komponenti, Cveulebriv, ar gaiTvaliswineba xaxunis procesSi. 

N—is mniSvnelobad Cven moviazrebT orive komponentis jams: 

NiNeN   .                            (24) 

 Tumca  Sida komponenti Ni ar eqvemdebareba  uSualo 

gazomvas. energiis gardaqmna da gadacema, rogorc nebismieri 

procesi, xorcieldeba drois garkveul monakveTSi, amitom 

moZravi sxeulis gadaadgilebis siCqare uZrav sxeulTan 
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mimarTebaSi  aris meore ZiriTadi, ganmsazRvreli maxasiaTebeli 

xaxunis procesisa, radganac siCqare zRudavs energiis gardaqmnisa 

da gadacemis elementaruli procesebis xangrZlivobas. meore 

mxriv mudmivi siCqarisas SesaZlebelia cdiseuli gziT  gaizomos 

xaxunis Zala klasikuri meqanikis  inerciis kanonze dayrdnobiT. 

Tanabari da wrfivi winsvliTi moZraobisas yvela Zala, romelic 

moqmedebs sxeulze, Tanabrdeba amgvarad mizidulobis Zala 

tolia da sapirispiro xaxunis Zalisa. xaxunis procesi 

mimdinareobs sakontaqto fenaSi, Tumca misi geometriuli zomebi 

mniSvnelovan rols ar asrulebs  Semdegi mizezis gamo: myari 

sxeulis wrfivi winsvliTi moZraobis SesanarCuneblad 

aucilebelia, rom SenarCunebul iqnas wrfivi traeqtoriis 

monakveTebi sakontaqto fenis sul mcire, sami SemTxveviTi 

wertilisa, romlebic ganlagebuli araa erT wrfeze da 

romlebic kontaqtis zedapiris mcire deformaciis wyalobiT 

droTa ganmavlobaSi gadaiqcevian Sexebis laqebis rigad; maTi 

farTobi Seadgens sakontaqto fenis safuZvlis umniSvnelo 

nawils da ewodeba faqtiuri kontaqtis farTobi. faqtiuri 

kontaqtis farTobi, Tavis mxriv, ar warmoadgens xaxunis 

procesis ZiriTad maxasiaTebels, radgan igi damokidebulia 

sxeulebis farTobebis normalur urTierTwnevaze da maTi 

gadaadgilebis siCqareze.maS ase, srialis xaxunis procesis 

ZiriTadi maxasiaTeblebebia: 

                              N -normaluri wneva, V-srialis siCqare 

                             da maTze damokidebuli xaxunis Zala-T 

SeiZleba mogveCvenos, rom aRniSnuli maxasiaTeblebiT 

SemofargvliT Cven gamovacarieleT erTmaneTze mosriale 

realuri sxeulebis xaxunis fizikuri arsi, magram es ase araa. 

aseTi mtkicebulebis safuZvlad SeiZleba gamoviyenoT Semdegi: 

imisgan damoukideblad, Tu ra  fizikuri Tvisebebis mqonea 

nivTierebebi, romlebic urTierTqmedeben erTmaneTze xaxuniT, 
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yovelTvis aqvs adgili disipacias energiis, romelic 

warmoadgens xaxunis process. sxva sityvebiT rom vTqvaT, 

erTmaneTze xaxuniT moqmed wyvilSi sxeulis Secvla sxva 

sxeuliT  ar cvlis tolobis struqturas, romelic erTmaneTTan 

akavSirebs sam maxasiaTebels  N,V,T icvleba mxolod  tolobaSi 

Semavali koeficientebis ricxobrivi mniSvnelobebi. 

xaxunisaTvis aucilebel pirobas warmoadgens moxaxune 

zedapirebis siRrmeSi meqanikuri Tvisebebis dadebiTi 

gradientebis arseboba, rac uzrunvelyofs moxaxune sxeulebis 

urTierTqmedebis lokalizacias Txel zedapirul fenaze. 

es urTierToba xasiaTdeba kontaqturi zedapirebis 

urTierTCanergviT, sakontaqto  uTanabrobebis   Zalian  mcire 

siRrmeze  da  maT Soris adgeziuri kavSiris warmoqmniT. Tu 

procesi ganmeorda mravaljer maSin is gamoiwvevs moxaxune 

sxeulebis Txeli zedapirebis mniSvnelovan cvalebadobas. xSir 

SemTxvevaSi maTi Tvisebebi sruliad gansxvavdeba ZiriTadi 

masalis Tvisebisagan. 

unda aRiniSnos, rom urTierTqmedeba warmoebs mxolod 

nominaluri kontaqtis calkeul ubnebze. es ubnebi, romelic 

ganfenilia ramodenime mikronad srialis dros iSleba da 

formirdeba Tavidan. maSasadame friqciuli kontaqti warmoadgens  

erTgvar fizikur sxeuls, romelsac gaaCnia mcire sisqe, 

gansakuTrebuli TvisebebiT da mas vuwodeben friqciuli 

kontaqtis mesame sxeuls. calkeuli ubnebi, romlisaganac 

warmoiqmneba es sxeuli aris friqciuli kavSirebi. 

am mesame sxeulis gansakuTrebulobas warmoadgans is, rom 

srialis dros mudmivad mimdinareobs maTi daSla da formireba. 

Zala romelic ixarjeba srialis dros daSlaze tolia xaxunis 

Zalisa. mis damokidebulebas normalur datvirTvasTan ewodeba 

srialis xaxunis koeficienti. 

yoveli myari sxeulis ZiriTadi maxasiaTebelia, winaaRmdegoba 

gauwios gare datvirTvebs. mrudi Zabva _ deformacia warmoadgens 

myari sxeulis ZiriTad maxasiaTebels. gansaxilveli mesame 
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sxeulisaTvis mniSvnelovans warmoadgens tangenciuri mxebi 

Zalisa da tangenciuri mimarTulebis deformacias Soris 

damokidemuleba, romelic xasiaTdeba uZraobidan srialis 

kontaqtze gadasvliT, gadasvlis es movlena dadgenil iqna 1926 

wels mecnierTa a. v verxovskis da renkinis mier da wodebul 

iqna ,,winaswari gadaadgilebis” saxelwodebiT mas aqvs didi 

mniSvneloba, ara marto gare xaxunis bunebis SecnobisaTvis, 

aramed teqnikisaTvis, rodesac gare xaxuni gamoiyeneba moZraobis 

gadasacemad, radganac winaswari gadaadgilebis reJimSi muSaoben 

yvela saxeobis transportis wamyvani Tvlebi. nax. 17-ze naCvenebia 

principuli xedi mrudisa Tu, rogor aris damokidebuli 

winaswari gadaadgileba tangenciuri Zalis miyenebaze. wertili A 

Seesabameba srialze gadasvlas. Ppirdapiri a-a vels yofs or 

nawilad _ marcxena Seesabameba gadabmis zonas.Aam zonaSi xaxuni 

gamoiyeneba  moZraobaSi mosayvanad, rac ufro maRalia wertili 

a grafikze miT ufro srulyofilad muSaoben ekipaJebis wamyvani 

Tvlebi. 

nax. 18-ze gamosaxulia winaswari gadaadgilebis mrudi, 

wyvilisaTvis  ,,foladi _ foladi~ cikluri datvirTvis dros, 

rogorc vxedavT adgili aqvs ara marto drekad aramed narCen 

deformaciebs.  

datvirTvis gazrdis dros kavSiris simWidrove e.i. 

damokidebuleba datvirTvis gadaadgilebasTan izrdeba. moZraobis 

180 gradusiT Secvlis dros, winaswari gadaadgileba izrdeba 

daaxloebiT orjer. winaswari gadaadgilebis gamokvlevis 

Sedegebi mdgomareobs SemdegSi: 

winaswari gadaadgileba umniSvnelod izrdeba kumSvadi 

Zalis gazrdiT, romelic moqmedebs kontaqtze. winaswari 

gadaadgilebis dros adgili aqvs, rogorc drekad aseve 

plastikur deformaciebs. datvirTvis gazrdis SemTxvevaSi 

drekadi deformacia mcirdeba.  

kumSvadi Zalis gazrdiT kavSiris sixiste da 

proporciuloba tangenciur Zalasa da  winaswar gadaadgilebas  
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nax. 17.  winaswari gadaadgilebis da tangenciuri Zalis 

    damokidebulebis grafiki 
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   nax. 18. winaswari gadaadgilebis mrudi 
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Soris izrdeba. am dromde ar iyo dadgenili analitikuri 

damokidebuleba winaswar gadaadgilebasa da masze moqmed 

plastikur kontaqts Soris. formulirebulad warmodgenilia 

zogierTi mosazreba am sakiTxze (n. m.Mmixini). 

   plastikuri kontaqtirebis dros vivaraudoT, rom xisti 

mqise zedapiri, modelirebuli sferuli erTnairi radiusis 

burTulis saxiT, inergeba absoliturad gluv, plastikur, 

deformirebad zedapirSi. ganvixiloT kontaqtirebis ori etapi: 

pirveli _ normaluri datvirTvis (uZravi kontaqti) da meore _ 

normaluri da tangencionaluri datvirTvis dros (winaswari 

gadaadgileba) i - normaluri  datvirTvis miyenebis dros, 

burTulebi Ni Zalis moqmedebiT CaRmavrdeba, sanam Zabva 

kontaqtze ar iqneba srialis    toli. Canervis sidide    

                           
si

i
i

cR

N
h

2
 ,                           (25) 

sadac:  iR  burTulis Canergvis radiusia; 

        ts qc   _ saSualo dawola kontaqtze; 

   s  _ koeficienti formis a.i. iSlinskis mixedviT 

ganxiluli SemTxvevisaTvis C=3.  

CaRrmavebis dros erTeuli burTula ganxiluli, rogorc 

sferuli identori, garSemortymuli iqneba yovelmxriv 

madeformirebeli masalisagan (nax. 19). tangenciuri Zalis 

miyenebiT, daZabuloba izrdeba miyenebuli Zalis mimarTulebiT 

da sferuli burTula iwyebs gadaadgilebas, plastikurad 

gaswevs masalas. Aamis gamo burTulis ukana naxevarzedapiri BE 

aRmoCndeba bolomde gantvirTuli, e.i. is mowydeba 

deformirebadi masalisagan Zalebi N da T imoqmedeben mxolod 

wina naxevarzedapirze AB.  

gansaxilveli amocanis miaxlovebiT plastikur TeoriasTan, 

xisti sferuli identoris moZraobisa plastikur naxevarsferoSi 

gviCvenebs, rom saSualo daZabuloba kontaqtze q miaxlovebiT 

tolia  saSualo  daZabulobisa qst. uZrav  mdgomareobaSi, rac  
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nax. 19. erTeuli burTulis CaRrmavebis sqema 
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damtkicebulia eqsperimentiT. naTelia, rom srialis dawyebis 

momentSi, sayrdeni farTi identoris wina naxevarzedapirisa unda 

gaizardos, riTac kompesirdeba misi arseboba ukana 

naxevarzedapirze. es ganapirobebs identoris CaRrmavebas, sanam 

wina naxevarzedapiris farTobi ar gaxdeba anabeWdis farTobis 

toli, statikur mdgomareobaSi. Sesabamisad gaizrdeba 

tangenciuri Zala, romelic zedapiris gaTanabrebisas miaRwevs 

Tavis maqsimalur mniSvnelobas. sayrdeni farTebis gadanawilebis 

procesi Seesabameba gadasvlebs arasruli xaxunis Zalidan 

uZraobis sruli xaxunis Zalamde.  

     maSasadame winaswari xaxuni ganpirobebulia, burTulis 

sayrdeni zedapirebis  urTierTgadanawilebaze,   xolo   misi  

sidide _ manZilze, romelzedac mTavrdeba es procesi, Sexebis 

zedapirebis gadanawilebisa. amavdroulad xdeba tangenciuri 

Zalebis zrda nulidan maqsimum mniSvnelobamde. imdenad 

ramdenadac qkin=qst, srialis dros CaRrmaveba.  

 

                          212 fhh  stkin                        (26) 

sadac sth  _  aris CaRrmaveba mxolod normaluri datvirTvisas.  

winaswari gadaadgilebis sididis gansazRvrisaTvis, koordinatis 

sawyisi ganvaTavsoT sibrtyeze, anabeWdis proeqtis centrSi da 

ganvixiloT masalis deformireba miyenebuli Zalis moqmedebiT. 

vertikaluri datvirTvis moqmedebiT, sfero CaRrmavdeba 

sidideze  sthZ   tangenciuri datvirTvis moqmedebiT T sfero 

iswrafvis usasrulo mcire manZilze dx, am gadaadgilebas 

Seesabameba CaRrmaveba dz. ra sakvirvelia, ,dxtgdz   sadac 

,211   BAOEO  saidanac  

                ;
11

2
2

2




tg

tg
tgtg


    

r

z
tg  ,               (27) 

sadac r  aris Sexebis kvalis radiusi. sakmarisi sizustiT 

SeiZleba miviRoT        

                             Rzr 2 ,                            (28) 
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sadac R  aris identobis radiusi. miviRebT 

                     dzZ
R

dx
2

1

2



 .                          (29)                 

winaswari gadaadgilebis sidide 

             dzZ
R

x

h 2

1

h
2





kin

st

.                         (30) 

miviRebT winaswari gadaadgilebis sidides erTeuli    

identorisaTvis: 

             
















 112 2

2

1

f
c

N
x

s
                    (31) 

sadac sc  aris simyife brineliT;  

        f    _ simqise;  

               N  _   dawolis Zala. 

 
        

 
2.4.2. liandagis swor ubnebze wyvilTvlebis 

     moZraobis Teoriuli analizi 

  

liandagis sworxazovan ubanze moZraobisas vagoni 

horizontalur sibrtyeSi aRwers ara sworxazovan, aramed rTul, 

talRisebr traeqtorias. traeqtoriis sirTule gamowveulia 

vagonis rTuli gadaadgilebiT liandagis grZivi RerZisa da 

iamve dros ganivi kveTis mimarT. liandagis ganivi kveTis 

mimarTulebiT gadadgilebisas vagoni iwyebs Semobrunebas 

vertikaluri RerZis garSemo. rTul moZraobas, romlis drosac 

vagoni erTdroulad asrulebs sworxazovan da sakuTari 

vertikaluri RerZis garSemo brunviT moZraobas, zigzaguri 

moZraoba ewodeba. vagonis ganivi gadaadgileba sruldeba drois 

mcire monakveTSi, amitom zigzagur moZraobas Tan axlavs vagonis 

didi inerciis Zalebis aRZvra, romelTa zemoqmedebiT izrdeba 

gverdiTi dawolis Zala relsis Tavze.  
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vagonis zigzaguri moZraoba gamowveulia wyvilTvlis 

zigzaguri moZraobiT, amitom movlenis Rrmad Cawvdomis mizniT 

pirvel rigSi, aucilebelia wyvilTvlis zigzaguri moZraobis 

Seswavla. 

wyvilTvlis zigzaguri moZraoba SeiZleba ganviTardes ori 

gziT: wyvilTvlis moZraobiT relsis Tavze gasrialebis gareSe 

da wyvilTvlis uwyveti gasrialebiT relsis Tavze. cxadia, 

wyvilTvali liandagze moZraobs rogorc srialiT, aseve 

srialis gareSec. 

ganvixiloT wyvilTvlis zigzaguri moZraoba relsze 

srialis gareSe (nax. 20) igulisxmeba, rom orive borblis 

brunvis kuTxuri siCqareebi tolia, borblebis diametrebi 

erTnairia da orive xistadaa dasmuli saerTo RerZze, borblebs 

aqvT erTnairi gorvis konusuri zedapiri da am zedapirze ar 

moipoveba uTanabroba nacocis saxiT. 

borblebis gorvis zedapirebis konusurobis gamo 

zigzaguri moZraobis pirobebSi marcxena da marjvena borblis 

gorvis wreebi gansxvavdeba erTmaneTisagan Tu gaviTveliswinebT, 

rom 0 wertili warmoadgens wyvilTvlis mobrunebis myisa 

centrs, 0c _ wyvilTvlis geometriul centrs, xolo ganxiluli 

myisi momentisaTvis marcxena da marjvena borblebis gorvis 

wrexazebis radiusebi sxvaoba gamosaxeba δr sididiT, maSin ACO  

da BDO samkuTxedebis msgavsebidan gamomdinare SeiZleba 

daiweros 

                  
DO

CO

BD

AC
                                                           (32) 

                            
proporciaSi TiToeuli wevris mniSvnelobis Setana gvaZlevs  

 

                                              
sp

sp

rr

rr









,                              (33) 

 

sadac r aris borblebis gorvis wreebis saSualo radiusi; 
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             s _ wyvilTvlis borblebis gorvis wreebs Soris manZilis 

naxevari;        

       p _ wyvilTvlis geometriuli centris moZraobis 

traeqtoriis simrudis rasiusi. ukanaskneli tolobidan 

miviRebT 

                                sr                                                         (34) 

                                                              P =  ___                                                                         
                                                                      r 
Tu mxedvelobaSi miviRebT, rom mrudis amozneqiloba vrceldeba 

uaryofiTi mimarTulebiT, xolo wyvilTvlis RerZis mobrunebis 

kuTxe xoy sibrtyeSi usasrulod mcirea, maSin drois nebismieri 

momentisaTvi 

                               d
2
y       1 

                                                            ___ =  __                           (35)         
                              dx

2
         p  

 

(34) tolobis ZaliT (35) gamosaxuleba gardaiqmneba ase 

                             d
2
y        δr 

                                                         ___ =  __ =0.                         (36)            
                             dx

2
        sr  

konusuri gorvis mqone zedapiris mqone borblebisaTvis gorvis 

wreebis radiusebs Soris sxvaoba δr pirdapirproporciulia 

wyvilTvlis geometriuli centris gadaadgilebisa liandagis 

Suaxazisadmi, e.i. δr = ny, amitom (36) formula miiRebs saxes 

                           d
2
y         n 

                                                    ___ =  __ y = 0.                        (37)                     
                           dx

2
        sr  

sadac n aris borblis gorvis zedapiris konusuroba 

(standartuli borblisaTvis n=0,05); 

        y _ wyvilTvlis geometriuli centris ordinata. 

idealurad swori liandagis ubnisaTvis wyvilTvlis 

geometriuli centris y ordinatis  mniSvneloba emTxveva  

borblis  sibrtyeSi  gorvis wris sibrtyis relsis Tavisadmi 

gadaxris mniSvnelobas, xolo liandagis RerZis Seusworeblobis 

SemTxvevaSi aRniSnuli damTxveva gamoricxulia.   
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 miRebuli diferencialuri gantolebis amoxsna gvaZlevs 

                                         y=Asin px+B cos px,                                         (38) 

sadac p aris wyvilTvlis zigzaguri moZraobis kuTxuri sixSire 

da       

sr

n
P  ,                                                         (39) 

                                                     

 A,B  _ integrirebis mudmivebi. 

Tu (37) diferencialuri gantolebis amoxsnisaTvis aviRebT 

x=0 ; miviRebT wertils, romelSic y=0. am mniSvnelobaTa (38) 

amonaxsnSi CasmiT gveqneba B=0. xsenebuli pirobebis gamo 

y=A sin px,                                                     (40)                                                      

sadac A rxevis amplitudaa (relsis gverdiT waxnagsa da 

borblis qims Soris arsebuli RreCo) ;\ 

RreCos δ mniSvnelobis mxedvelobaSi miRebiT ukanaskneli 

toloba Caiwereba aseTi saxiT 

y=  sin px                                                         (41) 

miRebuli tolobidan Cans, rom wyvilTvlis geometriuli 

centri imoZravebs idealurad sworxazovan liandagze 

sinusoiduri traeqtoriiT, romlis talRis sigrZe (zigzaguri 

moZraobis talRis sigrZe) iolad miiReba Semdegi tolobidan 

 
sr

n

L
P 

z

2
                                                       (42) 

saidanac zigzaguri moZraobis talRis sigrZe 

                                     
n

sr
L 2z .                                                           (43)         

 zigzaguri moZraobis talRis sigrZe pirdapirproporciulia 

liandagis siganisa da borblis radiusis namravlisa, xolo 

ukuproporciulia borblis gorvis zedapiris konusurobisa. 

CavsvaT miRebul formulaSi sidideTa mniSvnelobani: s= 0,8m;    

r = 0,5m; n = 0,05m; maSin wyvilTvlis zigzaguri moZraobis talRis 

sigrZis ricxviTi mniSvneloba 
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zL  m.                   (44)                     

unda aRiniSnos, rom borblebis gorvis zedapirebis cveTis 

Sedegad izrdeba n konusurobis mniSvneloba, diddeba p kuTxuri 

sixSire, Sesabamisad mcirdeba zigzaguri moZraobis  Lz talRis 

sigrZe. 

wyvilTvlis geometriuli centris horizontaluri aCqareba 

y sididiT normaluri mdgomareobidan gadaxris SemTxvevaSi 

                         d
2
y           d

2
y   

                                         ag =  ___ = v
2
 ___ = - u2

 p
2 

 sin px,             (45)          
                         dt

2
           dx

2 

xolo am aCqarebis  maqsimaluri  sidide  miiReba  maSin,  roca 

sin px=1, e.i. 

                        ag(max) = u
2
 p

2                            (46)          

 Cans, rom erTgvarovani dasaSvebi  
δ RreCos arsebobisas, 

wyvilTvlis gverdiTi horizontaluri aCqarebis sidide 

damokidebulia mxolod vagonis siCqarisa da zigzaguri 

moZraobis kuTxuri sixSiris sidideebze. am parametrebis 

dasaSvebi zRvrebis SenarCunebis pirobebSi wyvilTvlis 

horizontaluri aCqarebis sidideze did gavlenas axdens δ 

RreCos mniSvneloba, an rac igivea, borblis gorvis zedapiris 

cveTis sidide. borblis gorvis zedapiris cveTa, romlis 

Sedegadac izrdeba borblis gorvis zedapiris konusuroba, 

uaryofiTad moqmedeba borblisa da liandagis urTierTqmedebis 

procesze, gansakuTrebiT vagonis didi aCqarebiT moZraobisas. 

   Tu wyvilTvlebi isea SeerTebuli urikis CarCosTan, rom 

gamoricxulia wyvilTvlebis ganivi gadaxrebi liandagSi gavlis 

dros, aseTi urikis zigzaguri moZraobis talRis sigrZe 

                          



m

i
ia

ns
LL

1

2

2

1
1zzu                                                    (47) 

             

sadac Lz aris wyvilTvlis zigzaguri moZraobis talRis   

sigrZe;  
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     ai _ urikis Suaxazidan i-uri wyvilTvlis daSoreba; 

    m _ wyvilTvlebis raodenoba erT urikaze. 

(47) formulidan Cans, rom zigzaguri moZraobis talRis 

sigrZe urikisaTvis SeiZleba gaizardos masSi Semavali 

wyvilTvlebis raodenobis gazrdiT, ganivi gadaxrebis sasurveli 

likvidaciis pirobebSi. magaliTad, 1,8 m bazis mqone orRerZiani 

urikisaTvis ganivi gadaxrebis likvidaciisas, zigzaguri 

moZraobis talRis sigrZe diddeba 150%-mde, anu n=0,05. 

konusurobisaTvil talRis sigrZe Lzu= 27m. 

wyvilTvlis zigzaguri moZraobisas masSi aRiZvreba 

inerciis Zala, romelic warmoqmnis damatebiT ganiv Zalas 

relsis Tavis gverdiT zedapirze. inerciis Zalis ganivi 

mdgeneli Zala zigzaguri moZraobisas centridanuli Zalis 

tolia 

                                 mv
2
 

                           Hc=  ___                             (48)                         
                                  p 

viciT, rom  
ny

sr
P  , amitom zigzaguri  moZraobis  inerciis 

Zalis SemcirebisaTvis aucilebelia Semcirdes borblis 

konusuroba. Cqarosnuli moZravi SemadgenlobisaTvis 

rekomendebulia borblis konusurobis Semcireba 0,1-mde. 

wyvilTvlis zigzaguri moZraobis intensivobis Semcirebis 

erT-erTi gzaa misi amlitudis Semcreba liandagis siganis 

Semcirebis xarjze. magaliTad, wyvilTvlis borblebis qimebsa da 

relsebis Tavebis gverdiT zedapirebs Soris jamuri RreCos 6 mm-

iT Semcirebisas, rac RreCos nominaluri mniSvnelobis 40%-s 

Seadgens, amdenive procentiT Semcirdeba zigzaguri moZraobiT 

gamowveuli reaqciis Zalis sididec. 

ganxiluli zigzaguri moZraoba exeboda idealurad 

gamarTuli wyvilTvlis moZraobas idealurad swor (gamarTul) 

liandagis ubanze. zigzaguri moZraobis xasiaTze gavlenas 

axdens ara marto relsis Tavsa da relsis Tavis gverdiT 

zedapirs Soris arsebuli RreCoebi, aramed is gadaxrebic, 
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romlebic arsebobs liandagis an moZravi Semadgenlobis 

parametrebis nominalur da realur mniSvnelobaTa Soris.  

ganvixiloT teqnikurad gaumarTav mdgomareobaSi myofi 

liandagis parametrebis gavlena vagonis wyvilTvlis zigzagur 

moZraobaze. vTqvaT, wyvilTvali moZraobs iseTi uTanabrobis 

mqone liandagze, roca liandagis sibrtyeSi erT-erT relss aqvs 

talRisebri forma faqtobrivad, liandagis nebismier ubanze 

xdeba liandagis RerZis gadaxra, rasac RerZis Sesworebis 

darRvevas uwodeben. am movlenas mivyavarT wyvilTvlis 

zigzaguri moZraobis damatebiT arasasurvel mdgenlamde. 

imis gamo, rom erT-erT relss aqvs η(x) amplitudis mqone 

talRisebri konturi, amave dros imis gaTvaliswinebiT, rom δr = 

ny  da y sidide relsis uTanabrobisas ganisazRvreba axali (y- 

η(x)) mniSvnelobiT, xolo s sidide icvleba (s+ η(x)) mniSvnelobiT, 

(34) formula Caiwereba aseTi saxiT 

   
))(( xyn

sr
p


                          (49)                             

maSin wyvilTvlis zigzaguri moZraobis (3.8) diferencialuri 

gantoleba relsis talRisebri konturis gaTvaliswinebiT 

miiRebs saxes 

                       )(
2

x
sr

n
y

sr

n

dx

yd
 ,                      (50)         

sadac y aris wyvilTvlis geometriuli centris traeqtoriis 

ordinata, gazomili liandagis Suaxazidan; 

       η(x)_liandagis RerZidan gazomili horizontaluri 

uTanabroba. 

(50) diferencialuri gantolebis amoxsna SeiZleba or 

etapad: 1. sakuTari rxevebis gansazRvra, romelTac adgili 

eqneboda idealurad swori liandagis SemTxvevaSi; 2. iZulebiTi 

rxevebis gamokvleva, romelTac adgili eqneboda liandagis 

horizontaluri uTanabrobis mxedvelobaSi miRebiT. 

relsebis faqtobrivi mdgomareobis Seswavla saSualebas 

iZleva davasvnaT, rom pirveli miaxloebisas η(x) uTanabroba 
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SeiZleba warmovadginoT sinusoiduri mrudis saxiT. maSin (50) 

diferencialuri gantolebidan miviRebT 

                       t
sr

n
y

sr

n

dx

yd
 sin

2

 ,                     (51) 

sadac α, ώ relsis faqtobrivi mdebareobis parametrebia; 

 Tu η(x) uTanabrobas warmovadgenT aseTi saxiT 

                    x
l

x



2

cos)( 0 ,                           (52) 

maSin am gamosaxulebis gaTvaliswinebiT (50) diferencialuri 

gantolebis amonaxsni 

                











 pxvx
l

v
l

p

p
y cos

2
cos

22

2

0




 ,                   (53) 

sadac l aris relsis talRisebri uTanabrobis talRis sigrZe 

horizontalur sibrtyeSi; 

 v _ vagonis moZraobis siCqare. 

(51) diferencialuri gantolebis marjvena nawili da (53) 

amonaxsnis analizi adasturebs, rom erT-erTi relsis 

horizontaluri uTanbrobisas SeiZleba Seiqmnas rezonansuli an 

rezonansulTan miaxloebuli movlena, romlis drosac mkveTrad 

izrdeba rxevis amplituda. amplitudis sididis Semcirebis erT-

erTi saSualebaa maTi CaxSoba. am mizniT mizanSewonilia Seiqmnas 

xaxuni vagonis Zaris CarCos mimarT urikis mobrunebisas. 

(50) diferencialuri gantoleba gamoiyeneba wyvilTvlis 

moZraobis gamokvlevisaTvis iseT wriul mrudze, romlis 

radiusi wyvilTvlis geometriuli centris moZraobis 

traeqtoriis simrudis radiusze metia liandagis RerZidan 

wyvilTvlis maqsimaluri gadaxris pirobebSi. 

Tu CavTvliT, rom wyvilTvlis geometriuli centris 

maqsimaluri gadaxra ganisazRvreba relsis Tavis gverdiT 

zedapirsa da borblis qims Soris arsebuli RreCos sididiT, maSin, 

(34) formulis mixedviT, wyvilTvlis geometriuli centris 

moZraobis traeqtoriis simrudis radiusis minimaluri mniSvneloba                                    
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                                   1000
008.005.0

495.08.0
min 









ny

sr

r

sr
P .                              (54) 

 aqedan gamomdinare, 1000 m da meti simrudis radiusis 

mqonemrudebi unda CaiTvalos damrec (daqanebul) mrudebad. 

 liandagis mcire ubnebze wriuli mrudebi SeiZleba 

Sicvalos kvadratuli paraboliT 

                         
R

x
x

2
)(

2

 ,                             (55)                 

sadac R  wriuli mrudis radiusia. 

Tu liandagis RerZidan gadazomili horizontaluri 

uTanabrobis sidides, gamosaxuls (55) tolobiT, SevitanT (50) 

diferencialuri gantolebis marjvena nawilSi, miviRebT gorvis 

konusurzedapiriani wyvilTvlis moZraobis diferencialur 

gantolebas idealuri wriuli mrudis gaswvriv gadaadgilebis 

SemTxvevaSi. 

srR

nx
y

sr

n
y

2

2
2  .                        (56)                  

ukanasknel amonaxsns eqneba saxe 

                   
Rn

sr

R

x
xBxAy 

2
cossin

2

 .                (57)                     

gamodis, rom wyvilTvali moZraobs damreci mrudis 

zRvrebSi rTul traeqtoriaze, romelic wriuli mrudia 

sinusoiduri gadaxrebiT. (57) gamosaxulebaSi tolobis marjvena 

nawilis bolo wvero uaryofiTia (nulze naklebia), amitom 

wyvilTvlis geometriuli centris traeqtoriis wriuli Semdgeni 

gadaadgilebulia relsis damreci mrudis centrisaken sididiT, 

romelic ganisazRvreba am bolo wevris sididiT. Tu gavavlebT 

liandagis wriuli RerZis xazidan  dasaxelebuli sididiT 

daSorebul mruds, miviRebT wriul mruds, romelsac wriuli 

mrudis kinematikuri RerZis ewodeba. wyvilTvlis geometriuli 

centri moZraobs ma RerZis mimarT iseTive sinusoiduri 

traeqtoriiT, rogoriTac idealurad swori liandagis RerZis 

mimarT. imis gamo, rom wyvilTvlis moZraobis kinematikuri RerZi 
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gadaadgilebulia liandagis gare relsis mxares, wyvilTvlis 

zigzaguri moZraobis maqsimaluri amplituda δ = sr/Rn sididiT 

naklebi unda iyos idealurad swor liandagze zigzaguri 

moZraobis amplitudaze, e. i. wyvilTvlis zigzaguri moZraobisas 

damrec mrudze vagonis dinamikuri maxasiaTebeli iqneba 

SedarebiT ukeTesi, vidre idealurad swor liandagze zigzaguri 

moZraobisas. 

rogorc irkveva, mrudis daqaneba damokidebulia 

wyvilTvlis  borblis  gorvis  zedapiris  konusurobaze.  Tu 

n= 0,05, maSin daqanebuls miekuTvneba 1000m da meti radiusis 

mqone mrudebi; Tu n=0,025, maSin damrecad CaiTvleba 2000 m da 

meti simrudis radiusis mqone mrudebi. borblis gorvis 

zedapiris konusurobis SemcirebiT izrdeba daqanebuli mrudebis 

radiusi. borblebis cveTis didi mniSvnelobisaTvis daqanebuli 

mrudebis zRvari ufro naklebia vidre axali borbliT 

sargeblobis SemTxvevaSi. 

liandagis RerZis Sesworebis mniSvneloba wriul mrudebze 

zigzaguri moZraobis SemTxvevaSi iseTivea, rogorc liandagis 

sworxazovan ubanze moZraobisas. saWiroa vicodeT, rom 

liandagis sworxazovan ubanze moZraobisas wyvilTvlis 

geometriuli centris moZraobis traeqtoria mdebareobs 

liandagis RerZis simetriulad, xolo wriul mrudze 

moZraobisas igi kinematikuri RerZis simetriulia. 

wyvilTvlis zigzaguri moZraobisaTvis damaxasiaTebelia 

TviTaRgznebadi ganivi rxevebi, romelTa arseboba gamowveulia 

wyvilTvlis siCqariTa da borbalsa da relss Soris aRZruli 

urTierTqmedebis ZalebiT. rxevebis warmoqmna dakavSirebulia 

kritikuli siCqaris aRZvris movlenasTan. saerTod, asebobs 

zigzagur moZraobasTan dakavSirebuli ori kritikuli siCqare, 

romelTagan TiToeuli gansazRvravs zigzaguroi moZraobis 

saxes. zigzaguri moZraobis erTi saxe SeiniSneba SedarebiT 

dabali kritikuli siCqaris dros, daaxloebiT 40-80 km/sT-is 

zRvrebSi. aseTi zigzaguri moZraoba gamowveulia vagonis Zaris 
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ganivi rxevebiT. rxevebis xasiaTi rezonansuli mdgomareobis 

msgavsia da SeiZleba vareguliroT vagonis Zarasa da urikis 

CarCos Soris garkveuli raodenobis rxevaTa Camqrobis 

moTavsebiT. 

didi siCqareebis, daaxloebiT 120-160 km/sT-is pirobebSi, 

zigzaguri moZraoba gamovlindeba wyvilTvlebis mTeli sistemisa 

da urikis ganivi iZulebiTi rxevebis saxiT. aseTidinamikuri 

mdgomareoba nebismieri nebismieri moZravi Semadgenlobis 

damaxasiaTebeli movlenaa da SeuZlebelia misi Tavidan acileba, 

radgan damokidebulia RerZul datvirTvaze da borblisa da 

relsis urTierTqmedebis Zalebis sidideze. 

vagonis savali nawilis realur konstruqciaSi 

wyvilTvlebis RerZebi dakavSirebulia erTmaneTTan da vagonis 

ZarasTan, magram, miuxedavad amisa, gaaCnia garkveuli moZraobis 

Tavisufleba. rac meti Tavisufleba eqneba calkeul RerZs, miT 

metia albaToba imisa, rom wyvilTvalma SeiZinos miulevadi an 

zigzaguri moZraobis zrdadi xasiaTis rxeva. samsaxuris vadis 

xangrZlivobasTan erTad rxevebic izrdebada bolos myardeba e. 

w. aramdgradi zigzaguri moZraoba. moZraobis aramdgradoba 

ufro xSirad vlindeba kritikul siCqaresTan miaxloebisas.  

liandagis sworxazovan ubanze wyvilTvliszigzagur 

moZraobas axasiaTebs mudmivi an cvalebadi amplituda. 

amplitudis sidides gansazRvravs borblis qimis mdebareoba 

relsis Tavis gverdiTi zedapiris mimarT, amitom amplitudis 

sidide ar SeiZleba iyos wyvilTvlis borblebis qimebsa da 

relsebis Tavebi gverdiT zedapirebs Soris arsebuli jamuri 

RreCos naxevarze meti. amplitudis maqsimalur mniSvnelobazea 

damokidebuli vagonis inerciis Zalebi, romelTa gazrdisas 

aucilebeli xdeba moZraobis siCqaris SezRudva. am mxriv 

zigzaguri moZraoba mavnea. meore mxriv, zigzaguri moZraoba 

sasargebloa borblis qimis cveTis TvalsazrisiT, radgan am 

moZraobisas qimi mokle ubnebze exeba  relsis Tavs e. i. 

zigzaguri  moZraobis  mTliani  Caqroba mizanSeuwonelia, 
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saWiroa mxolod SeizRudos misi amplituda da gaizardos 

talRis sigrZe, risTvisac aucilebelia Semcirdes RreCo 

borblis qimsa da relsis Tavs Soris. 

 
 

2.4.3. liandagis mrud ubnebze wyvilTvlebis 
    moZraobis Teoriuli analizi 

  

vagonis moZraobisas Tvlebis relsze dartymis an dawolis 

Sedegad aRiZvreba ara marto vertkaluri, aramed liandagis 

RerZis marTobuli ganivi horizontaluri Zalebic. relsze 

Tvlis Serbenis momentSi relsis Tavis muSa gverdiT waxnags 

gadaecema horizontaluri ganivi Zala, romelsac mimmarTveli 

Zala ewodeba (nax. 21) aRvniSnoT es Zala Y  asoTi. garda amisa, 

relsis Tavis gorvs zedapirze Tvlis gasrialebisas warmoiSoba 

xaxunis H  Zala.  

xaxunisa da mimmarTveli Zalebis algebrul jams gverdiTi 

Zala ewodeba. Tu gaviTvaliswinebT xaxunis Zalis mimarTulebas 

mimmarTveli Zalis mimarT, maSin gverdiTi 'Y  Zalis mniSvnelobas 

miviRebT aseTi saxiT.  

                     HYY '                              (58) 

an     

 HYY '                             (59) 

cxadia, rom Tvlis qimis mier relsze gadacemuli gverdiTi 

Zala tolia relsis mier miRebuli gverdiTi Zalisa (relsis 

reaqciisa) da xasiaTdeba sapirispiro mimarTulebiT. 

vagonis moZraobisas wyvilTvali vagonis CarCos an urikas, 

gverdiTi Zalebis garda, gadascems ganiv Zalebs, romelTac 

CarCos Zalebi ewodeba. xaxunis Zalis gaTvaliswinebiT CarCos 
C

Y  

Zala SeiZleba Caiweros Semdegi gamosaxulebiT.  

                          HYYh  '                             (60) 

an                        

HYYh  ' .                            (61) 
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gamovTvaloT gverdiTi Zalis mniSvneloba mrude ubanSi 

orRerZiani urikis Sesvlis momentisaTvis. warmovidginoT, rom 

urika SeerTebulia vagonTan O wertilSi (nax. 22) da 

moZraobisas Segordeba erTi TvliT relsze Serbenis 
1  kuTxiT. 

gaviTvaliswinoT, rom vagonis Zaris masa ramdenjerme metia 

urikis masaze (mZ>>my). 

msjelobis gamartivebis mizniT warmovadginoT urikis 

moZraoba, rogorc swori monakveTis moZraoba liandagSi, romlis 

sigane Tvlis qimisa da relsis Tavis gverdiT zedapirs Soris 

jamuri RreCos tolia, (nax. 23) aseTi sqematizaciis mixedviT 

irkveva, rom Tvlebis qimebis urTierTsawinaaRmdego waxnagebi 

uaxlovdeba erTmaneTs da warmoqmnis erT wirs, xolo liandagis 

sigane Sesabamisad mcirdeba da utoldeba Tvlis qimisa da 

relsis Tavis gverdiT zedapirs Soris jamuri RreCos 

mniSvnelobas.  

 saangariSo gardaqmnili sqemidan (nax. 23) Cans, rom Tvlis 

relsze asvlis SemTxvevaSi relsi ikumSeba dy sididiT da urikis 

CarCos gadasvlisas AB -dan '''' BA  mdgomareobaSi relsis 

reaqciis moqmedebis gamo igi Semobrundeba raRac d  kuTxiT. 

mobrunebasTan erTad aRiZvreba urikis mobrunebis inerciis 

Zalebi, agreTve xaxunis Zalebi artaxsa da relss Soris. urikis 

mobrunebis sawyisi kuTxe 

,sin 11
a

OB
                          (62) 

xolo urikis mobruneba saboloo momentisaTvis  

  '.'2
2 B

a

O
                            (63) 

naxazidan SeiZleba davweroT  

dxtgdyOBOOdyOBBO  212 '' ,              (64) 

sadac dy  relsze Tvlis Serbenisas borblis mier dx manZilis 

gavlis dros relsis Tavis horizontaluri drekadi SekumSvaa.  

urikis mobrunebis kuTxis namati 
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                   dxtgdy
a

d  
1

12 ,               

an     









 


tg

dx

dy

adx

d 1
.                           (65) 

Tu davuSvebT, rom consttg  , maSin  

   
2

22 1

dx

yd

adx

d
x




               (66) 

 

ukanasknelidan, imis gaTvaliswinebiT, rom vagonis moZraobis 

siCqare mudmivia da utx  , vwerT 

  
2

22 1

dx

yd

adx

d
x




.                   (67) 

 

ganvsazRvroT tabikis mimarT urikaze moqmedi yvela Zalis 

momenti.  

aRvniSnoT tabikis mimarT relsis reaqciis Zalis momenti 

r
M  asoTi:  

aYM  '
r

, 

sadac 'Y  Tvlis gverdiTi Zalaa, xolo a  urikis bazis naxevaria. 

Tavis mxriv, cyY ' , sadac c  liandagis gverdiTi sixistea, xolo 

y  _ relsze Tvlis Serbenis momentSi relsis drekadi 

horizontaluri gadaadgileba. maSin  

 cyacyYM  '
r

.                           (68) 

Tvlis gorvis zedapirsa da relss Soris xaxunis Zalis momenti 

    PM 3
xax

,                            (69) 

 

    sadac P  aris relsis mier borblisagan miRebuli datvirTva; 

  _ Tvlisa da relsis gorvis zedapirebis xaxunis koeficienti. 

unda gaviTvaliswinoT, rom daxunis Zalis momentSi Sedis 

mxolod sami da ara oTxi Tvlis relsis mimarT xaxunis Zala, 
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radganac relsze asuli Tvlis xaxunis Zala ukve Sedis 'Y -is 

mniSvnelobaSi.  

urikis mobrunebisas aRZrtuli inerciuli Zalebis momenti  

2

2
0

dt

d
IM




i
,                           (70) 

sadac 0I  urikis inerciis polaruli momentia tabikis mimarT. 

dalamberis principis mixedviT sistemaze moqmedi yvela 

Zalis momentebis jami nulis tolia, e.i. SegviZlia davweroT 

                  0
xaxir

MMM , 

anu     

Pacya
dt

d
I 


3

2

2

0  .                (71) 

(66) formulis CasmiT (67) gamosaxulebaSi, xolo Semdeg 

gantolebis orive nawilis a -ze gayofiT, miviRebT 

               
0

2

0

2

2

2 3

I

Pa
y

I

yca

dt

yd 
 .                 (72) 

SemovitanoT aRniSvna 
0

2
2

I

ca
k  , 

maSin (72) gantoleba gardaiqmneba ase:  

   
c

Pa
yk

dt

yd 22

2

2 3
 .              (73) 

ukanaskneli amonaxsni 

      
c

P
ktCktCy

3
cossin 21  .                   (74) 

sawyisi pirobebis gaTvaliswinebiT, roca 0t  (relsze 

Tvlis Serbenis monetSi), 0y , xolo 
c

P
C

3
2  . vvaraudobT, rom 

Tvlis resze Serbenis momentSi relsis reaqciis Zala nulis 

tolia, amitom sawyis momentSi relsis gadaadgilebis siCqare 

tabikis gadaadgilebis siCqaris tolia liandagis RerZis 

marTobi mimarTulebiT, e.i.  

                         utgU 
gaw

,                      
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xolo     

 uUutg
dt

dy
 sin .             (75) 

relsis mimarT Tvlis maqsimaluri horizontaluri 

zemoqmedebis Zala miiReba maSin, roca urikis tabikis ganivi 

siCqare miaRwevs maqsimalur mniSvnelobas, e.i. roca   kuTxe 

gaxdeba maqsimaluri.   kuTxis maqsimumi axasiaTebs im movlenas, 

roca vagonis baza (tabikebs Soris manZili) moTavsdeba 

ukiduresad daxril mdgomareobaSi relssa da qims Soris 

arsebul RreCoSi, e.i. roca  

        
v
l

tg



2

max , 

maSin     

u
l

ktkC
dt

dy

v




2
cos1 .                     (76) 

Tu vagonis bazas gamovsaxavT urikis bazis saSualebiT, e.u. 

nal 2
v

, maSin 0t  momentisaTvis 

kna

u
C


1 .                             (77) 

gamodis, rom  

 kt
c

P

kna

u
y cos1

3






.                    (78) 

relsis Tavis y  SekumSva maqsimums miaRwevs maSin, roca   

2


kt , e.i. 

c

P

cna

Iu
y

3
2

0

max 


 .                 (79) 

Tvalze moqmedi gverdiTi Zalis maqsimaluri mniSvneloba 

relsze Serbenis momentSi  

    cyy  maxmax' , 

ukanaskneli gamosaxuleba (79) formulis gaTvaliswinebiT 

SeiZleba Caiweros aseTi saxiT 
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    P
na

cIu
y 3'

2

0

max 


 .                    (80) 

miRebuli formula gviCvenebs, rom gverdiTi Zala izrdeba 

moZraobis siCqaris, liandagis c  gverdiTi sixistis da urikis 

inerciis momentis zrdasTan erTad, xolo mcirtdeba urikisa da 

vagonis bazis SemcirebiT. viciT ra 
na

tg


max , zogadi 

SemTxvevisaTvis (80) formula miiRebs saxes 

   P
a

cIutg
y 


3'

0

max  .               (81) 

cxadia, aseTive sididis gverdiTi Zala aRiZvreba ara marto 

liandagis swori ubnidan mrude ubanSi Sesvlisas, aramed 

vagonis gavlis drosac saisro gadamyvanebSi. saisro gadamyvanSi 

gverdiTi Zalis gansazRvrisaTvis sakmarisia vicodeT relsze 

Tvlis Serbenis   kuTxis mniSvneloba (nax. 24) saisro 

gadamyvanSi Sesvlisas   kuTxe ingariSeba gamosaxulebiT                                                            

                       



na

,                (82) 

sadac  aris relsis Tavsa da qims Soris jamuri RreCos 

naxevari;   _ CarCos relssa da saisro gadamyvanis  kalmis  

muSa  waxnags  Soris Seqmnili kuTxe. (82) tolobis CasmiT (81) 

gamosaxulebaSi, miviRebT gverdiTi Zalis saangariSo formulas 

saisro gadamyvanSi moZraobis SemTxvevisaTvis.  

    

              P
a

cIu

na
tgy  3'

0

max 










 .                    (83) 

 

analogiuri midgomiT ganisazRvreba Tvlis gverdiTi dawolis 

Zala gardamavali mrudis gavlisas. gardamavali mrudisaTvis 

Tvlis Serbenis kuTxe inagariSeba formuliT 

                               3 9
par

c


 ,                        (84) 
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sadac 
par

c  e.w. gardamavali mrudis parametria. 

ukanaskneli tolobis SetaniT (81) formulaSi miviRebT Tvlis 

gverdiTi Zalis mniSvnelobas gardamavali mrudisaTvis         

 

                   P
a

cI

c
utgy 39'

0
3.

max 












 


par

.               (85) 

relsze Tvlidan gadacemuli gverdiTi Zalis sidide 

SeiZleba gamovTvaloT sxva gziTac. am SemTxvevaSi urikis 

damyarebuli moZraoba ganixileba, rogorc brunva mrude ubnis 

simrudis radiusis centris mimarT mudmivi kuTxuri siCqariT. 

wyvilTvlis moZraobis siCqare ganixileba rogorc mrudis 

centris garSemo brunvis kuTxuri siCqarisa da sakuTari RerZis 

garSemo brunvis kuTxuri siCqaris jami. xaxunis Zalis 

mniSvneloba Tvalsa da relss Soris aiReba siCqarisagan 

damoukideblad.  

     relsze Tvlis Serbenis kuTxisa da simZlavris gabnevis 

(xaxunis Zalis) mixedviT dgeba mxebi Zalebis saangariSo 

formulebi. simZlavris gabnevis minimumis pirobidan gamomdinare, 

TiToeuli wyvilTvlisaTvis gamoiTvleba brunvis kuTxuri 

siCqare. ifi calkeuli wyvilTvlisaTvis sxvadasxvaa. miRebul 

formulebSi ucnobi iqneba mxolod relsze Tvlis Serbenis   

kuTxe da Tvlis gverdiTi dawolis y  Zala. isini ganisazRvreba 

urikis wonasworobis pirobidan. N(nax. 24)  

    miRebulia CaiTvalos, rom urika idealuria, e.i. 

awyobilia yovelgvari gadaxrebis gareSe. es daSveba SeiZleba 

dakompensirdes Semasworebeli koeficientis SemotaniT, romlis 

ricxviTi mniSvneloba dgindeba eqspermentis gziT. sabolood 

miiReba Tvlis qimis relsze gverdiTi dawolis Zalis 

saangariSo formula:  
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2

c

xax

H
CBF

R

a
kAN 








 4 ,                    (86) 

sadac K aris cocvadobis koeficienti; R _ mrudwiruli ubnis 

simrudis radiusi; Fxax. _ Tvalsa da relss Soris xaxunis 

koeficienti; Hc.-urikis simZimis centrze moqmedi centridanuli 

Zala; A,B,C _ eqsperimentiT miRebuli Sesworebis koeficientebi, 

romlebic iTvaliswinebs gamoTvlebSi arsebul daSvebebs; a – 

urikis bazis naxevari. 

  

 

       2.4.4.  wyvilTvlebis eqsplutaciisas qimebis cveTis 

        SemcirebisaTvis SemuSavebuli rekomendaciebis 

     maTematikuri dasabuTeba 

 

disertaciaSi dasmuli amocanidan gamomdinare, romelic 

mdgomareobs vagonebis eqspluataciisas maTi wyvilTvlebis 

qimebis intensiuri cveTis gamomwvevi rigi mizezebis dadgenaSi 

Dda Sesabamisad maTi SemcirebisaTvis garkveuli rekomendaciebis 

SemuSavebaSi, Cveni mxridan aRniSnuli sakiTxis gadasaWrelad, 

literaturuli wyaroebidan gamoyenebuli iqna cveTis procesebis 

saangariSo  zogadi maTematikuri formula (87) da qimis relsze 

dawolis Zalis saangariSo maTematikuri formula (88).  

1212
2

1









 f

sc

N
T


                     (87) 

 sadac:   sc - moxaxune sxeulebis simyife brineliT; 

           f    -   moxaxune sxeulebis simqise;  

           N  -  moxaxune sxeulebis urTierTdawolis Zala; 

                  

2

c

xax

H
CBF

R

a
kAN 








 4                         (88) 

sadac:  K - cocvadobis koeficienti; 

        R -  ubnis simrudis radiusi;  

                Fxax. _ Tvalsa da relss Soris xaxunis koeficienti;  
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        Hc. _ urikis simZimis centrze moqmedi centridanuli   

Zala;  

     A,B,C _ eqsperimentiT miRebuli Sesworebis koeficientebi,    

romlebic iTvaliswinebs gamoTvlebSi arsebul 

daSvebebs;  

       a – urikis bazis naxevari; 

zemoaRniSnulis safuZvelze, mocemuli cveTis procesebis 

zogadi maTematikuri saangariSo formula (87), rom 

gamogveyenebina, rogorc vagonebis eqspluataciisas qimebis 

cveTis sididis dasadgen formulad, Cven vawarmoeT mocemuli 

(88) formulis (87) formulaSi Setana, ris Sedegadac miviReT 

gzis mrud ubanze  vagonebis eqspluataciisas wyvilTvlebis 

qimebis cveTis saangariSo dazustebuli maTematikuri formula 

(89).  

               1212
2

2

4

2
1



































 f
sc

gR

V
P

P
CBF

R

a
kA

T



xax.

.          (89) 

Tu (89) formulaSi mrudis R radiusis mniSvnelobas 

aviRebT, rom aris  usasrulobaa, maSin miviRebT axal 

maTematikur formulas (90), romelic mogvcems saSualebas 

ganvsazRvroT wyvilTvlebis qimebis cveTis sidide vagonebis 

swor ubanze moZraobisas. 

 

 

,                      

                

                     

                     (90) 

                                   

 

1212
2

2

4

2
1







































 f
sc

gR

V
P

P
CBF

R

a
kA

T



xax.

sw.

1212

2
1















 f

sc

BF
T


xax.

sw.
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liandagis mrud da swor ubanze wyvilTvlebis qimebis cveTis 

saangariSo (89 da 90) formulebis SefardebiT, vRebulobT qimis 

cveTis     maxasiaTeblis    saangariSo   axal     maTematikur 

formulas (91).   

 

                       

212

212
2

4

2
2

1

2

2
1

2










































f
s

BF

f
s

gR

VP
CBF

R

a
kA P

Q







c

c

xax.

xax.

cv.m.
   , 

 

                   

 

             (91) 

sadac:   K - cocvadobis koeficienti; 

         R -  ubnis simrudis radiusi;  

                  Fxax. _ borbalsa da relss Soris xaxunis koeficienti;  

                   _ urikis simZimis centrze moqmedi centridanuli    

         Zala;  

                A,B,C _ eqsperimentiT miRebuli Sesworebis koeficientebi;     

        romlebic iTvaliswinebs gamoTvlebSi arsebul daSvebebs;  

        a – urikis bazis naxevari; 

SemuSavebuli (91) formula saSualebas gvaZlevs 

ganvsazRvroT, Tu rogori cvalebadobiT mimdinareobs 

wyvilTvlebis qimebis cveTa matareblis siCqarisa da liandagis 

simrudis radiusis cvalebadobisas.  

Qcv.m. gaangariSeba Catarda sxvadasxva radiusis mqone mrudeebze 

(100-1000m) vagonebis sxvadasxva siCqariT (30-110km/sT) moZraobisas, 

qimis cveTis maxasiaTeblis sididis ganmsazRvreli 

mniSvnelobebi mocemulia cxrilSi 8, romlis safuZvelzec 

movaxdineT gzis simrudis radiusze da moZraobis siCqareze Q 

cveTis maxasiaTeblis damokidebulebis a, b da g  grafikebis 

xax.
cv.m. BF

gR

V
P

P
C

R

a
kA

Q 2

2

4

1
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ageba (nax. 25, 26, 27 ), saidanac naTlad Cans, rom (91) formulaSi 

Semavali parametrebis - simrudis radiusis Semcirebisa   da   

moZraobis  siCqaris  momatebiT  yvela SemTxvevaSi gamokveTilia  

cveTis maxasiaTeblis gazrdis tendencia, kerZod: grafikebidan 

ikveTeba, rom qimebis cveTis mniSvnelovani zrda xdeba 600 dan 

100 m-mde radiusis mrudebze vagonebis moZraobisas, maT Soris 

gansakuTrebulad 300m dan 100m-mde radiusis mqone mrudeebze, 

xolo 600-dan 1000 m radiusis mrudebze vagonebis moZraobisas 

qimis cveTa klebulobs. e.i. Sualeduri simrudis radiusi, sadac  

                                                                  

                                                                 cxrili 8.  

           

                    qimebis cveTis maxasiaTeblis sidideebi 

                                                            

 
 
# 

  
mrudis  
radiusi 

m 

         
   mrudze moZraobis siCqare km/sT-ebSi 

 
30 

 
40 

 
50 

 
60 

 
70 

 
80 

 
90 

 
100 

 
110 

 
1 

 
100 

 
3,37 

 
4,31 

 
5,27 

 
6,24 

 
7,23 

 
8,22 

 
9,21 

 
10,21 

 
11,21 

 
2 

 
200 

 
2,49 

 
3,13 

 
3,79 

 
4,47 

 
5,16 

 
5,83 

 
6,55 

 
7,25 

 
7,96 

 
3 

 
300 

 
2,11 

 
2,62 

 
3,15 

 
3,69 

 
4,25 

 
4,81 

 
5,38 

 
5,95 

 
6,52 

 
4 

 
400 

 
1,90 

 
2,32 

 
2,76 

 
3,24 

 
3,71 

 
4,20 

 
4,68 

 
5,18 

 
5,67 

 
5 

 
500 

 
1,75 

 
2,12 

 
2,52 

 
2,93 

 
3,35 

 
3,78 

 
4,21 

 
4,65 

 
5,09 

 
6 

 
600 

 
1,65 

 
1,98 

 
2,33 

 
2,70 

 
3,08 

 
3,47 

 
3,87 

 
4,26 

 
4,66 

 
7 

 
700 

 
1,57 

 
1,87 

 
2,19 

 
2,53 

 
2,88 

 
3,24 

 
3,60 

 
3,96 

 
4,33 

 
8 

 
800 

 
1,50 

 
1,79 

 
2,08 

 
2,39 

 
2,72 

 
3,05 

 
3,38 

 
3,72 

 
4,07 

 
9 

 
900 

 
1,46 

 
1,71 

 
1,99 

 
2,28 

 
2,58 

 
2,90 

 
3,21 

 
3,53 

 
3,85 

 
10 

 
1000 

 
1,42 

 
1,65 

 
1,90 

 
2,18 

 
2,47 

 
2,76 

 
3,06 

 
3,36 

 
3,66 
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                                                           grafiki a     

 

 

 

Nnax. 25. qimis cveTis maxasiaTeblis damokidebulebis grafiki 

       sxvadasxva mrudis radiusze da siCqareze 
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                                                      grafiki b                                                              

          

 

 

Nnax. 26. qimis cveTis maxasiaTeblis damokidebulebis grafiki 

        sxvadasxva mrudis radiusze da siCqareze 
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                                                            grafiki g 

 

 

 

        

 

 

Nnax. 27. qimis cveTis maxasiaTeblis damokidebulebis grafiki 

        sxvadasxva mrudis radiusze da siCqareze 
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ukve iwyeba qimis cveTis koeficientis mniSvnelovani 

cvalebadoba (gazrda, Semcireba) aris 600 m.  

 amrigad, miRebuli gaangariSebebidan da Sesabamisad mis 

safuZvelze agebuli grafikebidan  (nax. 25, 26, 27) SeiZleba    

gavakeToT   Semdegi daskvna, kerZod:  

zemoaRniSnulidan gamomdinare, radganac dadgenil iqna,  

rom qimebis intensiuri cveTis erT-erT mTavar mizezs  

warmoadgens matarebelTa moZraobis  siCqare  da  gzis  mrudi 

monakveTebi, gazrdili cveTebis  Semcirebis  mizniT  viZleviT 

rekomendacias,  rom  gzis  im monakveTebze   vagonebis  

moZraobisas, sadac mniSvnelovnad izrdeba wyvilTvlebis qimebis 

cveTa, anu  600-dan 100 m-mde radiusian mrudeebSi  vawarmooT 

matareblis moZraobis siCqaris Semcireba,  kerZod:  300 dan 100 m-

mde  radiusian  mrudebSi  dadgenili 40 km/sT siCqaris  nacvlad 

rekomendirebulia satvirTo matareblebma  imoZraos  30km/sT  

siCqariT,  xolo    600-dan   301 m-mde  radiusian   mrudebSi  

dadgenili 60 km/sT siCqaris  nacvlad 50km/sT siCqariT, rac 

saerTo jamSi gvaZlevs vagonebis wyvilTvlebis qimebis cveTis 

17%-iT Semcirebis saSualebas. 
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 2.5.  SemuSavebuli rekomendaciebis teqnikur-ekonomikuri    

                            efeqti 

 

samecniero-teqnikur siaxleTa SemuSavebisas gansakuTrebuli 

mniSvneloba eniWeba maTi tenikur-ekonomiuri  efeqturobis 

gansazRvras. winamdebare sadsertacio naSromSi SemuSavebuli 

rekomendaciebi, vagonebis wyvilTvlebis qimebis cveTis 

Sesamcireblad maqsimalurad pasuxoben rkinigzis eqspluataciis 

Tanamedrove moTxovnebs da uzrunveyofen, rogorc wyvilTvlebis, 

aseve mTlianad vagonebisa da matarebelTa moZraobis 

usafrTxoebis saimedoobas. naSromSi SemoTavazebuli winadadebebi 

iZleva saSualebas garkveulwilad Semcirdes vagonebis 

eqspluatacisas wyvilTvlebis qimebis intensiuri cveTa da 

gaizardos maTi eqspluataciis xangrZlivoba.     

SemuSavebuli rekomendaciebis tenikur-ekonomiuri 

efeqturobis dasadgenad Catarebul iqna Sesabamisi 

gaangariSebebi wyvilTvlebze dakvirvebebis  Sedegad miRebuli 

monacemebis safuZvelze, kerZod: 

a) Catarebuli praqtikuli dakvirvebebiT miviReT, rom Tu 

gzis swor monakveTebze vagonebis eqspluataciisas wyvilTvlebis 

qimebis cveTa yovel 20.000 km-is gavlisas Seadgens 1,2 mm-s, mrude 

ubnebze vagonebis moZraobisas wyvilTvlebis qimebis cveTam imave 

manZilis gavlisas Seadgina 2,5 mm, aqedan gamomdinare saerTo 

saSualo cveTa Seadgens 1,85 mm-s. 

b) SemoTavazebuli rekomendaciebis safuZvelze gveZleva 

saSualeba, rom vagonebis eqspluataciisas  yovel 20. 000 km-is 

gavlisas wyvilTvlebis qimebis 1,85 mm cveTis intensivoba 

SevamciroT 17%, anu  1,85 - 0,3 = 1,55 mm.  

g) Catarebuli kvlevebis safuZvelze  miviReT, rom wlis 

ganmavlobaSi gzis  maStabiT, anu Tbilisis, xaSuris, samtrediis 

da baTumis savagono depoebSi, rodesac qimebis cveTis 

intensivoba Seadgenda 1,85 mm-s  saremontod Sedioda sul 7431 

wyvilTvali, miRebul rekomendaciebiT, radganac qimebis cveTis 
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intensivobam Semcirda 1,55 mm-mde, romelic pirdapirproporciulia 

remontSi Sesuli SesakeTebeli wyvilTvlebisa, (e. i. ramdeni 

procentiTac  izrdeba, an mcirdeba qimebis cveTa, Sesabamisad 

imdeni procentiT izrdeba, an mcirdeba am mizeziT saremonto 

wyvilTvlebis raodenoba), sabolood vRebulobT, rom amJamad 

imave periodSi Txeli qimis mizeziT saremontod Seva 7431 – 1285 

(7431-is 17%), anu 6146 wyvilTvali, yovelive amis safuZvelze ki 

gveZleva saSualeba 19%-iT gavzardoT wyvilTvlis muSaobis 

resursi (cxrili 9, 10).                              

  
cxrili 9 

 
      SemuSavebuli rekomendaciebis teqnikur-ekonomikur efeqti 
 
 

 

 

 

 

 

                                                                                                                    

 
# 

mrudis radiusi 
m 

moZraobis 
siCqare 
km/sT 

cveTis 
maxasiaTebeli 

procentuli 
maCvenebeli 

% 

  
 

 

1 

100   40 ---  30    4,31 ---  3,37           21,8 

200   40 ---  30    3,13 ---  2,49           20,4 

300   40 ---  30    2,62 ---  2,11           19,4 

400   60 ---  50    3,24 ---  2,76           14,8 

500   60 ---  50    2,93 ---  2,52           13,9 

600   60 ---  50    2,70 ---  2,33           13,7 

saSualo   
raodenoba    

 

5 

   

 0,3 

        

       17,0  % 

 
 
 
2 

cveTis 
sididis 

maCvenebeli 

saremonto 
wyvilTvlebis 
raodenoba 

 
procentuli maCvenebeli 

   1,85 mm 7431                             70,5% 

   1,55 mm 1285                             17,0% 

             0,3  mm  6146                              53,5% 

 
3 

1 wyvilT. 
gaCarxva 57,48 

lari 

     
 1285 wyvilT. gaCarxva -  73861  lari       
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cxrili 10 

 
     SemuSavebuli rekomendaciebis teqnikur-ekonomikuri efeqti 

 
 

 
# 

Ggavlili 
manZili 

      km 

Qqimis cveTis 
sidide 

mm 

Ggavlili  
manZili 

km 

qimis cveTis   
   sidide 

mm 
 
 
 
1 

20000 1,85 20000 1,55 

20000 1,85 20000 1,55 

20000 1,85 20000 1,55 

20000 1,85 20000 1,55 

17297 1,60 20000 1,55 

0 0 16129 1,25 

97297  33 - 24= 9 116129 33 - 24= 9 

 
2 

damatebiT 

გავლიli 
manZili 

   

                                      18832  კმ   -19% 

 
 
 
 
 
3 

vagonis axsnaze     
dakarguli 

saSualo dro 

siCqaris SemcirebiT 
dakarguli 

saSualo dro 

   
 
 

0,71 sT – 43 wT  

    
      350km   -  58km/sT  -  6,00 sT                                
   350km -  53 km/sT -  6,60 sT  

  
 0,60 sT anu 36 wT 
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                      3. daskvna 

 

1. saqarTvelos rkinigzaze, misi geografiuli mdebareobidan 

gamomdinare, saSualod mTliani gzis 30-35% Seadgens sxvadasxva 

mcire radiusis mqone mrudeebi, romlebic vagonebis 

eqspluataciisas iwveven, maTi wyvilTvlebis qimebis intensiur 

cveTas, kerZod: Tbilisis, xaSuris, samtrediis, baTumis savagono  

depoebSi wlis ganmavlobaSi saremontod Sesuli wyvilTvlebis 

analizma aCvena, rom wyvilTvlebis ZiriTadi gaumarTaobebidan, 

umetesobas, anu 70% warmoadgens qimebis cveTa da dazianeba, rac 

sagrZnoblad amcirebs maT muSaobis resurss da zrdis 

saeqspluatacio xarjebs.  

2. sarkinigzo dargSi bolo wlebSi  Catarebulma 

samecniero  gamokvlevebis mimoxilvam da analizma cxadyo, rom 

mecnierTa mxridan mniSvnelovani yuradReba eqceva vagonebis 

eqspluataciisas wyvilTvlebis gaumarTaobaTa warmoqmnis da 

Sesabamisad maTi Semcirebis sakiTxebs, magram unda aRiniSnos, 

rom mecnierTa mxridan SemoTavazebuli rekomendaciebi da 

winadadebebi srulad ver iTvaliswineben am problemuri 

sakiTxis gadawyvetas, risTvisac saWiroa AaRniSnuli kuTxiT,  

sakiTxebis  damatebiT Seswavla da maTi SemcirebisaTvis 

garkveuli rekomendaciebis SemuSaveba. 

3. literaturuli wyaroebidan arsebuli formulebis bazaze 

disertaciaSi SemuSavebul iqna wyvilTvlebis qimebis cveTis 

maxasiaTeblis saangariSo maTematikuri formula, ris 

safuZvelzec Catarda gaangariSebebi, aigo grafikebi da miRebul 

iqna Sesabamisi daskvnebi, kerZod: radganac dadgenil iqna,  rom 

vagonebis eqspluataciisas wyvilTvlebis  qimebis  intensiuri 

cveTis erT-erT mTavar mizezs  warmoadgens, rogorc gzis mrudi 

monakveTebi, aseve matarebelTa moZraobis  siCqare,  gazrdili 

cveTebis  Semcirebis  mizniT  viZleviT  rekomendacias,  rom  

gzis im monakveTebze vagonebis moZraobisas, sadac mniSvnelovnad 
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izrdeba wyvilTvlebis qimebis cveTa, anu  600-dan 100 m-mde 

radiusian mrudeebSi  vawarmooT matareblis moZraobis siCqaris 

Semcireba,  kerZod:  300 dan 100 m-mde  radiusian  mrudebSi  

dadgenili 40 km/sT siCqaris nacvlad, rekomendirebulia 

satvirTo matareblebma  imoZraos  30km/sT  siCqariT,  xolo  

600-dan  301 m-mde radiusian  mrudebSi  dadgenili  60 km/sT 

siCqaris  nacvlad, 50km/sT siCqariT, rac saerTo jamSi gvaZlevs 

vagonis wyvilTvlebis qimebis cveTis 17%-iT Semcirebis 

saSualebas. 

4. qimebis cveTis 17%-iT Semcirebam mogvca saSualeba, rom 

17%-iT Sevamcirod wlis ganmavlobaSi savagono depoebSi qimebis 

cveTis mizeziT saremontod Sesuli wyvilTvlebis saerTo 

raodenoba,  anu saremonto wyvilTvlebis maCvenebeli 70,5%-dan 

dayvanil iqna 53,5%-mde  da  19%-iT gavzardoT wyvilTvlebis 

muSaobis resursi. 
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