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reziume 

 

     moZraobis gardaqmnis da simZlavris gadacemisTvis  Tanamedrove 

teqnikaSi gamoiyeneba sxvadasxva  saxis brtyeli da sivrciTi 

berketuli meqanizmebi. brtyeli meqanizmebi ukve safuZvlianad aris 

Seswavlili analizis sinTezis,  sistematizaciis TvalsazrisiT. 

sferuli da sivrciTi meqanizmebis gamoyenebis sfero sul ufro 

farTovdeba teqnikis TiTqmis yvela dargSi. es aixsneba imiT, rom 

amgvari meqanizmebi gacilebiT zustad asaxaven mdebareobis mocemul 

funqcias,  vidre brtyeli gadamcemi  meqanizmebis sistema; isini ufro 

kompaqturia martivi da saimedo muSaobisas, da umetes SemTxvevaSi 

moxerxebuli konstruqciebis Seqmnis saSualebas iZlevian. 

    am meqanizmebis kompaqturobis miuxedavad, maTi rgolebis 

sivrciTi traeqtoriebis gansazRvra  dakavSirebulia Sromatevad 

gamoTvlebTn. amitom, TiToeuli samuSao, romelic amartivebs 

sivrciTi  obieqtis proeqciul gamosaxulebas da iZleva saSualebas, 

ganaxorcielos misi rekonstruqcia elementaruli agebebiT, riTic 

amartivebs meqnizmebis analizsa da sinTezs,  aris aqtualuri.  

      sainJinro-teqnikuri muSakebisTvis ufro TvalsaCino da 

xelmisawvdomi grafikuli agebebi,  farTodaa gavrcelebuli 

praqtikaSi. maTgan yvelaze metad gamoiyeneba ageba orTogonaluri 

proeqciis sistemaSi, anu monJis meTodis mixedviT. 

     am sferoSi mravali kvlevis Sedegad Cndeba axali 

mimarTulebebi, romlebic saproeqto-sakonstruqturo samuSaoebis 

avtomatizirebisaTvis kompiuteruli programebis gamoyenebis 

saSualebas iZleva.      

     xelis SemSlel mizezad am meqanizmebis praqtikaSi ufro 

farTod danergvasTan dakavSirebiT SeiZleba dasaxeldes maTi 

kvlevis praqtikuli, efeqturi da martivi meTodebis ar arseboba, 
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romlebic SeiZleboda gamoeyenebina rigiT inJiner-konstruqtors 

yovelgvari specialuri momzadebis gareSe.  

          mxazvelobiTi geometriis meTodebis gamoyenebiT SesaZlebeli 

da mosaxerxebeli xdeba yvela dasaxuli amocanis amoxsna.  Sedegi 

SeiZleba miviRoT sxvadasxva meTodebis gamoyenebis gziT. calkeuli 

SemTxvevebis gaTvaliswinebiT esa Tu is gza aRmoCndeba ufro 

martivi. sxvadasxva geometriuli amocanebis amoxsnisas, esa Tu is 

saSualeba gamoiyeneba mravaljer, amitom didi mniSvneloba aqvs 

ufro martivi da racionaluri gzis SerCevas.  

     warmodgenil naSromSi ganxilulia brtyeli da sivrciTi 

meqanizmebis mdebareobis funqciis gansazRvris meTodi. rogorc 

analizis aseve sinTezis amocanebis gadawyvetisas, meqanizmis 

mdebareobis funqciis gansazRvra warmoadgens ZiriTad problemas. 

SemoTavazebulia sxvadasxva geometriuli figuris sferos zedapirze 

moZraobis amocanebis amoxsnisadmi TvalsaCino da nakleb 

Sromatevadi midgoma, romelic saSualebas iZleva martivad da 

efeqturad ganisazRvros meqanizmebis calkeuli wertilebis 

koordinatebi. 

      geometriuli xasiaTis Tanamedrove teqnikuri amocanebis 

amoxsna umravles SemTxvevaSi analizuri meTodebis saSualebiT 

xdeba. miuxedavad imisa, rom am dros kvlevis Sedegebi miiReba 

winaswar mocemuli sizustiT, mainc unda aRiniSnos grafikuli 

meTodebisaTvis damaxasiaTebeli mTeli rigi upiratesobebi. 

      amJamad Tanamedrove kompiuteruli teqnikis da programebis 

SesaZleblobebi saSualebas iZlevian axali maTematikuri modelebis 

damuSavebis safuZvelze gadavwyvitoT nebismieri sirTulis 

teqnikuri amocana da praqtikulad gamoviyenoT meqanizmebis kvlevis 

nebismieri meTodi winaswar dasaxuli sizustiT. 

         winamdebare naSromSi warmodgenili meTodi xels uwyobs 

efeqturad iqnas gamoyenebuli Autodesk-is kompiuteruli programebis 
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AutoCAD-isa da Inventor-is SesaZleblobebi, kinematikuri analizisa da 

berketuli meqanizmebis sinTezisaTvis, rac konstruqtors axali 

meqanizmebis daproeqtebisas,  saSualebas aZlevs Sualedur amoxsnebs 

Tvali adevnos monitorze. Semdeg, Sualeduri grafikuli agebebis 

Sedegebis analizis safuZvelze, konstruqtors SeuZlia Caerios 

proeqtirebis procesSi, daiyvanos miRebuli  gamosaxulebebis forma 

da struqtura sasurvel Sedegamde. aseve, muSa procesis nebismier 

etapze SeuZlia  moaxdinos modelis modificireba da aseve Seitanos 

cvlilebebi proeqtSi. 

     warmodgenili naSromis mizans warmoadgens sainJinro 

praqtikisaTvis misaRebi moZravi meqanikuri sistemebis kvlevis  

martivi da TvalsaCino grafikuli meTodis damuSaveba Autodesk-is 

programebis AutoCAd-isa da  Inventor-is gamoyenebiT.  

          Autodesk Inventor-is daxmarebiT eskizirebis stadiaze SeiZleba 

meqanizmis ZiriTadi parametrebis cvalebadobis gavlenis gamokvleva 

da optimaluri konstruqciis SerCeva. SemdgomSi proeqtirebis 

stadiaze SesaZlebelia meqanizmSi Semaval rgolebze parametruli 

SezRudvebis damatebiT miviRoT meqanizmis modeli. am programaSi 

sakmaod martivad aris xelmisawvdomi 3D xelsawyoebis kompleqti 

romelTa daxmarebiT SesaZlebelia samganzomilebiani modelebis 

Seqmna da Semowmeba. es yvelaferi amcirebs Tanamdev xarjebs da 

iZleva drois ekonomias. swored amitom kvlevebisaTvis gamoviyeneT 

Autodesk Inventor-i. 

     naSromSi ganxilulia brtyeli saxsruli, aseve sivrciTi 

(kerZod sferuli) meqanizmis awyobis zogadi meToduri sakiTxebi. 

struqturuli da kinematikuri analizisa da sinTezis Casatareblad 

Sedgenilia samrgola, oTxrgola, xuTrgola da maRali klasis 

saxsruli meqanizmebis Sesabamisi algoriTmi, kompiuteruli 

programebis gamoyenebiT. 
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       vfiqrobT, rom Cvens mier damuSavebuli kompiuteruli 

modelebi mniSvnelvan rols Seasrulebs sferuli meqanizmebis 

daproeqtebis gamartivebaSi da teqnikis sxvadasxva sferoSi maT 

efeqtian dangrevaSi. 

             naSromSi ganxilulia meore mesame, meTxe, mexuTe da meeqvse 

klasis, brtyeli da sivrciTi samrgola, oTxrgola, xuTrgola, 

eqvsrgola da rvargola saxsruli meqanizmebi. Seqmnialia maTi 

modelebi da maTi saSualebiT gansazRvrulia zogierTi maTganis 

traeqtoria da koordinatebi.  

            zemoT aRniSnuli meqanizmebisaTvis, gansazRvrulia calkeuli 

wertilebis traeqtoriebi da Sedgenilia koordinatebis saTanado 

cxrilebi.  

           aqve aRvniSnoT, rom zogierTi maTgani, gansakuTrebiT maRali 

klasis rogorc brtyeli aseve sivrciTi meqanizmebi dRemde saerTod 

ar aris Seswavlili. 
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Summary 

 

     To transform the motion and transfer power in up-to-date engineering are applied the 

various types of planar and spatial lever mechanisms. The planar mechanisms have been 

thoroughly studied in terms of analysis, synthesis, systematization. The field of application 

of spherical and spatial mechanisms is more and more expanding in almost all fields of 

engineering. This can be explained by the fact that these mechanisms are more accurately 

reproducing the stated position function, rather than a planar transmission mechanisms 

system; they are more compact, simple and reliable in operation, and in most cases gives 

the possibility to create convenient structures. 

 Despite the compactness of these mechanisms, the definition of their links spatial 

trajectories is related with complex calculations. Therefore, each work that simplifies 

spatial object projective image and gives the possibility to carry out the reconstruction with 

elementary constructions, which simplifies the analysis and synthesis of spherical 

mechanisms, is topical. 

      For Engineers more clearly and accessible graphical constructs are widely distributed 

in practice. From them mostly are used the construction in orthogonal projection system, 

or accordingly of Monge method. 

     As obstructive for this mechanism’s practice related with more broadly implementation 

would be nominated the lack of their practical, cost-effective and simple research methods 

that could be used without any special training by ordinary structural engineers. If four-bar, 

and sometimes multi-link mechanisms kinematic research is conducted without any special 

effort, by Descriptive Geometry methods, for spatial three-bar mechanisms, would be 

applied these methods. 

          By the application of Descriptive Geometry methods is available and convenient the 

solution all the tasks. Results can be achieved through the application of various methods. 

In some cases the certain way would be more simple. For solution of various kinematic 

problems certain method will be multiply used, so the great importance have a selection of 

simpler and more rational ways. 

In the presented work are considered the determining method of position functions of 

plane and spatial mechanisms. For the solution of the analysis as well as synthesis problems 



ix 
 

the determining of position function of the mechanism represents the basic problem. Is 

offered for a variety of geometric figures visible on the surface of sphere clear and  less 

time-consuming approach for the tasks solution that gives the possibility to easily and 

efficiently mechanisms determine the coordinates of individual points of spherical 

mechanisms. 

      The solution of geometric nature modern technical problems in most cases is carried 

out by analytical methods. Despite that at this time the results of the research will be 

obtained by preliminary stated accuracy, it should be noted a number of advantages 

characterizing the graphical methods. 

      Now the possibilities of modern computer hardware and software gives the possibility 

grounded on new mathematical models to solve the arbitrary complexity technical task and 

practically apply the arbitrary research method for mechanisms with preliminary stated 

accuracy. 

   The offered in this work presented method promote to effectively apply the Autodesk 

computer programs AutoCAD and Inventor's abilities, for the kinematic analysis and 

synthesis of the lever mechanism that gives the possibility to designer to observe interim 

solutions onto monitor. After the analysis of interim graphic designs results, designers 

would intervene in the design process, reduce the obtained images shape and structure up 

to the desired result. Also, at any stage of the working process to modify model (prototype) 

and also make changes in the project.  

     The aim of the presented work is to develop simple and obvious as well as acceptable 

for engineering practices method moving mechanical systems by application of Autodesk 

software AutoCAd and Inventor programs. 

     Due Autodesk Inventor on sketching stage is possible to study influence of the basic 

parameters of mechanism changing as well as selection of the optimal kinematic solution. 

Then on the design stage by addition of parametric constraints of the mechanism constituent 

links  to obtain a prototype of the mechanism. In this program is quite easily set of 3D tools 

possible by them is possible to create three-dimensional models and its inspection. All this 

reduces costs and allows for subsequent time. That is why for researches we use the 

Autodesk Inventor. 
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     In the work is considered the planar hinged, as well as spatial (in particular, spherical) 

mechanism assembly general methodological issues. For carrying out structural kineic 

analysis and synthesis are drawn up three-bar, four-bar, five-bar and high-class hinged 

mechanisms appropriate algorithm using computer programs. 

       By our opinion developed building us computer models would play important role in 

facilitating the design of spherical mechanisms and in their effective implementation in 

various areas engineering. 

In the work are considered the second, third, fourth, fifth and sixth class planar four-

bar, six-bar and eight-bar hinged mechanisms. Are developed their models (prototypes) and 

by their means are defined trajectory and coordinates of some of them. 

            Also are developed spatial three-bar, four-bar, five-bar  and six-bar mechanisms 

and their models (prototypes) and by them are defined the trajectory and the coordinates of 

some of them. 

           It should also be noted that some of them, especially high-class planar as well as 

spatial mechanisms has not been yet studied. 
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Sesavali 
 

        manqanebis da meqanizmebis ganviTarebis istoriis manZilze, 

araerTxel daisva da amoixsna manqanebis muSa organoebis calkeuli 

wertilebis moZraobis amocana, romlebic mocemuli kinematikuri 

parametrebis mixedviT, akmayofileben teqnologiuri procesis 

moTxovnebs. am amocanebis amosaxsnelad iqmneboda sakmaod 

mravalferovani mowyobilobebi gamoyenebis miznebis mixedviT. msgavsi 

mravalfunqciuri mowyobilobebis Seqmnis aucileblobam, Tavis 

mxriv,    wamowia manqana-meqanizmebis principulad axali sqemebis 

agebis amocanebi.  

      axali, ufro mwarmoebluri da Tanamedrove mravalfunqciuri 

manqanebis Seqmna moiTxovs ukve arsebuli meqanizmebis Rrma analizs, 

rac aucilebelia maTi Semdgomi gaumjobesebisTvis. magaram, amJamad, 

am meqanizmebis kvlevis da proeqtirebis meTodebi ar aris saTanadod 

SemuSavebuli. amis erT-erT mizezad SeiZleba CaiTvalos kinematikuri 

wyvilebis da Caketili kinematikuri jaWvebis klasifikaciis  da maTi 

struqturis warmoqmnis principebis ararseboba, aseve, Sesabamisi 

kinematikuri jaWvebis warmoqmnis kanonebis sistematuri kvlevis da 

maTi saerTo Tvisebebis kvlevis  ararseboba.  

      Tanamedrove gamoTvliTi teqnika sul ufro da ufro farTo 

gamoyenebas poulobs sainJinro praqtikaSi. kompiuteruli teqnikis 

gamoyeneba iwvevs axali maTematikuri meTodebis damuSavebis 

aucileblobas, romlebic saSualebas gvaZlevs gadavwyvitoT 

teqnologiuri procesebis mimdinareobis dros aRZruli nebismieri 

teqnikuri amocana. 

      realurad SesaZlebeli gaxda iseTi amocanebis gadawyveta, 

rogoricaa saxsriani meqanizmebis optimaluri zomebis dadgena, 

muSta meqanizmebis racionaluri zomebis SerCeva, mravalsafexuriani 

planetaruli da rTuli kbila-berketuli meqanizmebis sinTezi, 

perioduli gaCerebebis mqone meqanizmebisa da xelsawyo-danadgarebis 
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meqanizmebis dinamikuri gaangariSeba yovelgvari daSvebebisa da 

miaxloebebis gareSe da sxva.  

           Tanamedrove  manqanebis calkeuli kvanZebis SemuSavebisa  da 

konstruirebis ZiriTadi amocana  aris maqsimaluri samuSao 

siCqareebis miRweva uaxlesi kvlevebis gamoyenebis meSveobiT. maRali 

warmadobis mqone manqanebi warmoadgenen, sxvsdasxva  meqanizmebis  

Semcvel, mravali mowyobilobis erTobliobas, romelTagan  

Sesabamis adgils ikaveben sferuli meqanizmebi. maT kompaqturobas, 

sxva dadebiT TvisebebTan erTad,  ganapirobebs maTi gamoyenebis 

efeqturoba. manqanaTmSeneblobis teqnikis progresi da meqanizmebis 

eqspluataciis intensifikacia iwvevs swrafmoqmedi Tanamedrove 

manqanebis damuSavebis mimarT moTxovnebis amaRlebas, amasTan 

dakavSirebiT Tanamedrove manqanebisa da apartebis daproeqtebisas 

gansakuTrebiT mniSvnelovan rols TamaSobs meqanizmebis iseTi 

SerCeva, rom maT uzrunvelyon maqsimaluri sizuste mcire 

gabaritebisas. 

            brtyeli da sivrciTi moZravi meqanikuri sistemebis 

Semsrulebeli organoebis geometria saSualebas gvaZlevs efeqtianad 

gamoviyenoT sxvadasxva saxis mowyobilobebi, romelTac brtyel 

meqanizmebTan SedarebiT rigi cnobili upiratesobebi gaaCnia, Tumca 

maTi Seswavlisa da daproeqtebis meTodebi bevrad ufro rTulia, 

radgan maTi rgolebis calkeuli wertilebis rTuli traeqtoriebis 

gansazRvra dakavSirebulia Sromatevad maTematikur gamoTvlebTan. 

            moZraobis gardaqmnis da simZlavris gadacemisTvis  

Tanamedrove teqnikaSi gamoiyeneba sxvadasxva  saxis brtyeli da 

sivrciTi berketuli meqanizmebi. brtyeli meqanizmebi ukve 

safuZvlianad aris Seswavlili analizis sinTezis,  sistematizaciis 

TvalsazrisiT; zogierTi SezRudvebiT, es exeba sferul 

meqanizmebsac. samecniero-teqnikur literaturaSi izrdeba sivrciTi 

meqanizmebis fuZemdebluri naSromebis ricxvi. am meqanizmebis 

gamoyenebis sfero mtkiced farTovdeba teqnikis TiTqmis yvela 
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dargSi. es aixsneba imiT, rom amgvari meqanizmebi gacilebiT zustad 

asaxaven mdebareobis mocemul funqcias,  vidre brtyeli gadamcemi  

meqanizmebis sistema; isini ufro kompaqturia, martivi da saimedo 

muSaobisas, da umetes SemTxvevaSi moxerxebuli konstruqciebis 

Seqmnis saSualebas iZlevian.  

            ukanasknel wlebSi, oTxrgolian da xuTrgolian berketul 

meqanizmebTan erTad, romlebic kargadaa Seswavlili da farTod 

gamoiyeneba warmoebaSi, mzardi aRiareba moipoves aseve samrgolianma 

meqanizmebma, romelTa mTavari upiratesoba aris sivrciTi  gadacemis 

ganxorcieleba meqanizmis mcire gabaritebis da rgolebis minimaluri 

raodenobis (ori moZravi rgoli) SemTxvevaSi. es Zalian 

mniSvnelovania didi raodenobis meqanizmebis mcire moculobaSi 

moTavsebuli manqanebisTvis. amJamad, sivrciTi samrgoliani 

meqanizmebi (gansakuTrebiT Semxebi berketebis meqanizmebi) farTod 

gamoiyeneba soflismeurneobis, safeiqro, poligrafiul manqanebSi, 

saaviacio, kavSirgabmulobis mowyobilobebsa da avtomatebSi, 

manqanaTmSeneblobis sxvadasxva gamzom mowyobilobebSi. 

        sivrciTi berketuli meqanizmebi warmoadgenen Rerovani 

sistemebis Semdgom bunebriv ganzogadebas samganzomilebian sivrceSi 

da gamoiyeneba myari sxeulis sivrciTi moZraobis gardasaqmnelad.  

sivrciTi berketuli meqanizmebi floben udavod unikalur 

SesaZleblobebs sxvadasxva saxis meqanikuri moZraobis aRwarmoebaSi.  

gansakuTrebiTi mniSvneloba sivrciT berketul meqanizmebs  eniWebaT 

teqnikis iseT Tanamedrove dargebSi, rogorebicaa robotebis da 

manipulatorebis konstruireba da warmoeba, romelTa erT-erT 

ZiriTad Semadgenel nawilsac Tavad warmoadgenen. Tu Semavali da 

gamomavali rgolebis moZraobis kanoni, rodesac  rgolebis 

moZraobis RerZebi paraleluria,  SesaZlebelia gadaices brtyeli 

meqnizmebis meSveobiT, maSin   urTierTgadamkveTi RerZebiT amocanis 

amoxsnisas, rac xSirad gvxvdeba Tanamedrove  manqanebSi, gamoiyeneba 

sferuli meqanizmebi,  romelTa gamoyeneba ganpirobebulia, meqanizmis 
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rgolebze moqmedi Zaluri faqtorebis SemcirebiT, moZraobis 

gadacemis pirobebis gaumjobesebiT, mcire gabaritebiT, 

kompaqturobiTda saimedoobiT. 

     am meqanizmebis kompaqturobis miuxedavad, maTi rgolebis 

sivrciTi traeqtoriebis gansazRvra  dakavSirebulia Sromatevad 

gamoTvlebTn. amitom, TiToeuli samuSao, romelic amartivebs 

sivrciTi  obieqtis proeqciul gamosaxulebas da iZleva saSualebas, 

ganaxorcielos misi rekonstruqcia elementaruli agebebiT, 

amartivebs sferuli meqnizmebis analizsa da sinTezs da aris 

aqtualuri.   

    meqanizmis rgolebis savaraudo moZraobebis mravalferovnebas da 

sirTules, maT uzarmazar struqturul mravalsaxeobas,  

kinematikuri wyvilebis konstruqciasTan dakavSirebul mraval 

Taviseburebebs, mivyavarT im daskvnamde, rom dReisaTvis Teoriulad 

arsebobs brtyeli da sivrciTi berketuli meqanizmebis klasebi, 

ojaxebi da sxvadasxva modifikaciebi, romlebic jer ar aris 

Seswavlili. 

     amJamad Tanamedrove kompiuteruli teqnikis da programebis 

SesaZleblobebi saSualebas iZlevian axali maTematikuri modelebis 

damuSavebis safuZvelze gadavwyvitoT nebismieri sirTulis 

teqnikuri amocana da praqtikulad gamoviyenoT meqanizmebis kvlevis 

nebismieri meTodi winaswardasaxuli sizustiT. sivrciTi berketuli 

meqanizmebi da maT Soris sferuli meqanizmebi gamoyenebas pouloben 

mrewvelobis sxvadasxva dargSi da mtkiced imkvidreben adgils 

Tanamedrove teqnikaSi. 

     zemo aRniSnulidan gamomdinare dReisaTvis ar arsebobs 

manqanaTmSeneblobis arcerTi dargi sadac ar iyos gamoyenebuli 

sivrciTi meqanizmebi. 

     xelis SemSlel mizezad am meqanizmebis praqtikaSi ufro 

farTod danergvasTan dakavSirebiT SeiZleba dasaxeldes maTi 

kvlevis praqtikuli, efeqturi da martivi meTodebis ar arseboba, 
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romlebic SeiZleboda gamoeyenebina rigiT inJiner-konstruqtors 

yovelgvari specialuri momzadebis gareSe.  

             winamdebare naSromSi, nulovani ojaxis  sam, oTx, xuT, eqvs da 

rvargola meqanizmebis Teoriuli kvlevebis safuZvelze (akademikos 

i.i. artobolevskis klasifikaciis mixedviT) gadaWrilia moZraobis 

erTi da ori xarisxis mqone kinematikuri jaWvis warmoqmnis 

sakiTxebi; SemuSavebulia brtyeli da sivrciTi berketuli 

meqanizmebis struqturuli, kinematikuri analizisa da sinTezis 

meTodebi, romlebic praqtikuli amocanebis amoxsnis saSualebas 

iZlevian. 

             am sferoSi mravali kvlevis Sedegad Cndeba axali 

mimarTulebebi, romlebic saproeqto-sakonstruqturo samuSaoebis 

avtomatizirebisaTvis kompiuteruli programebis gamoyenebis 

saSualebas iZleva.  

            praqtika gviCvenebs, rom meqanizmebisa da xelsawyoebis 

konstruireba umravles SemTxvevebSi SeiZleba wavmarToT ufro 

racionalurad da efeqturad, Tu gamoviyenebT kompiuterul teqnikas. 

sasurvelia TiToeuli amocanis gadawyvetisas visargebloT 

orTogonaluri gegmilebiT, rame Tu maTi gamoyeneba teqnikur dargSi 

moRvawe nebismieri inJinrisaTvis xelmisawdomia da ar Txouloben 

kadrebis specialur momzadebas. aqve aRvniSnoT rom, Tanamedrove 

kompiuteruli programebis gamoyenebiT SesaZlebeli gaxda 

meqanizmebis kinematikuri da dinamikuri gaangariSeba da 

konstruireba Catardes sainJinro praqtikisaTvis misaRebi sizustiT. 

      amgvarad, inJiner-teqnikur personalsa da sxvadasxva dargSi 

momuSave konstruqtorebs eZlevaT ganusazRvreli SemoqmedebiTi 

SesaZleblobebi xelsawyoebis, meqanizmebisa da manqanebis kvlevis 

meTodebis SerCevisas.  

            winamdebare naSromSi warmodgenili meTodi xels uwyobs 

efeqturad iqnas gamoyenebuli Autodesk-is kompiuteruli programebis 
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AutoCAD-isa da Inventor-is SesaZleblobebi, kinematikuri analizisa da 

sferuli meqanizmebis sinTezisaTvis, rac konstruqtors axali 

meqanizmebis daproeqtebisas,  saSualebas aZlevs Sualedur amoxsnebs 

Tvali adevnos monitorze. Semdeg, Sualeduri grafikuli agebulebis 

Sedegebis analizis safuZvelze, konstruqtors SeuZlia Caerios 

proeqtirebis procesSi, daiyvanos miRebuli  gamosaxulebebis forma 

da struqtura sasurvel Sedegamde.  

        zemoT ganxiluli naSromebis analizis Sedegad SesaZlebelia 

davaskvnaT, rom miuxedavad bevri ucxoeli Tu qarTveli wamyvani 

mecnierebis mier Sesrulebuli warmatebuli kvlevisa da 

SemoTavazebuli sxvadasxva meTodebisa, meqanizmebis kinematikuri 

analizisa da sinTezis sakiTxebis kvleva aqmde arsebuli meTodebiT 

sakmaod rTuli da Sromatevadia. brtyeli da sivrciTi meqanizmebis 

Seswavlisa da maTi praqtikuli gamoyenebis mizniT mravali 

mecnieruli Sromaa Catarebuli magram praqtikis moTxovnebidan 

gamomdinare SeiZleba iTqvas rom am mxriv kidev Zalian bevria 

gasakeTebeli.  

             sadisertacio naSromis mizans warmoadgens sainJinro 

praqtikisaTvis misaRebi moZravi meqanikuri sistemebis kvlevis  

martivi da TvalsaCino grafikuli meTodis damuSaveba Autodesk-is 

programebis AutoCAd-isa da  Inventor-is gamoyenebiT.  

      AutoCAD-i  msoflioSi gamoCenisTanave yvelaze popularuli 

sainJinro programuli paketi gaxda. dResdReobiT ki igi lideria. 

sistemis saxelwodeba aris Sekvecili saxeli Automated Computer Aided 

Drafting and Design_avtomaturi kompiuteruli xazva da daproeqteba. 

            Autodesk-i aris msoflioSi programebis mwarmoebeli erT-erTi 

udidesi kompania. CAD  (computer-aided design avtomatizebuli 

daproeqteba). Autodesk-is teqnologia gamoiyeneba Sesaqmneli 

konstruqciis cifruli modelebis vizualizaciisaTvis, 

modelirebisa da analizisaTvis daproeqtebis stadiaSi. igi gvaZlevs 
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ara marto modelis ekranze danaxvis, aramed misi gamocdis 

saSualebasac. amJamad msoflioSi Autodesk-s cxra milionze meti 

momxmarebeli hyavs.  

     kompania Autodesk-i Camoayaliba jon uolkerma (John Walker) 1982 

wels TanamoazreebTan erTad. Autodesk-is centri mdebareobs san-

rafaelSi (kaliforniis Stati, aSS).  

            Autodesk-is pirveli produqtia AutoCAD-i, romelic 1982 wels 

Seiqmna. AutoCAD-is avtomatizebuli daproeqtebis sistema, im 

droisaTvis gankuTvnili iyo mikrokompiuterisaTvis, romelsac 

SemdgomSi personaluri kompiuteri ewoda. igi iZleoda naxazisa da 

modelebis Seqmnis saSualebas. 1992 wels kompanias saTaveSi Caudga 

pirveli qali prezidenti kerol barci. man miznad daisaxa, rom 1999 

wlisaTvis kompaniis Rirebulebas mieRwia erTi miliardisaTvis da 

Seemcirebina kompaniis damokidebuleba AutoCAD-ze, romelic 

warmoadgenda kompaniis ZiriTadi Semosavlis wyaros. imave wels 

Autodesk-ma Sewyvita axali versiebis Seqmna operaciuli 

sistemebisaTvis UNIX, APPLE MACINTOSH, xolo 1997 wlidan MS-DOS-

isaTvis da gaagrZela muSaoba mxolod MICROSOFT WINDOWS-isaTvis, 

magram 2010 wlidan, axali prezidentis daniSvnis Semdeg, Autodesk-ma 

ganaaxla axali versiebis Seqmna sxva operaciuli sistemebisaTvisac. 

1990 wlidan Autodesk-ma gaaaqtiura AutoCAD-is specializebuli 

versiebis Seqmna sxvadasxva sferosaTvis. kerZod rogoricaa 

samoqalaqo mSenebloba, arqiteqtura, manqanaTmSenebloba da a.S. 2000 

wels kompaniam gamouSva axali produqtebi, romlebic ar aris 

dafuZnebuli AutoCAD-ze. es produqtebia Senobis informaciuli 

modelirebis sistema REVIT (gamococxleba, aRdgena, modernizacia) da 

cifruli modelis (prototipis) teqnologiis sawyisebi INVENTOR 

(gamomgonebeli).  

       2004 wels AutoCAD-i gaxda msoflioSi erT-erTi yvelaze 

gamosayenebeli, lideri programa. failebis formati DWG da DXF, 
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romlebic Seqmnili iyo specialurad am paketisaTvis, aseve gaxda 

farTod gamosayenebeli monacemebis gacvlisaTvis sxva CAD 

programebisTvisac (mag: ArchiCAD, ZwCAD Professional, imsi TurboCAD 

Professional, VariCAD, Ashampoo 3D CAD, CorelDraw Graphics Suite   da a.S.).  

       dRes Autodesk-i uSvebs daaxloebiT as sxvadasxva programas. 

Autodesk-is ZiriTadi produqtia AutoCAD-i. 

              AutoCAD-i aris avtomatizebuli daproeqtirebis sistema or-da 

samganzomilebiani proeqtebisa da xazvisaTvis. AutoCAD-is Zveli 

versiebi operirebdnen elementaruli obieqtebis saSualebiT 

(rogoricaa wrewiri, wrfe da a.S., romlebic SemdgomSi qmnis ufro 

rTul obieqtebs). Tanamedrove etapze programas SeuZlia 

kompleqsuri samganzomilebiani modelireba, maT Soris zogadi 

formebis, samganzomilebiani zedapirebis modelebis Seqmna da 

redaqtireba. AutoCAD-Si SesaZlebelia parametruli xazvac. rac 

saSualebas gvaZlevs  obieqts mivaniWoT geometriuli da zomebis 

SezRudvebi. es niSnavs, rom proeqtSi nebismieri cvlilebis Setanis 

dros garkveuli parametrebi da adre Seqmnil obieqtebs Soris 

damyarebuli kavSirebi SenarCunebuli iqneba.  

       aqve unda aRvniSnoT rom nebismieri meqanizmebis daproeqtebis 

dros umjobesia gamoviyenoT AutoCAD Mechanical. es aris 

specializebuli programa mrewvelobisaTvis bazirebuli AutoCAD-ze 

gankuTvnili meqanikuri sistemebis proeqtebisaTvis. igi Seicavs 

damatebiT xelsawyoebs da biblioTekas orientirebuls 

manqanaTmSeneblobaze. xolo samganzomilebiani modelebis, 

prototipebisa da kvanZebis Sesaqmnelad umjobesia gamoviyenoT 

kompania Autodesk-is mier Seqmnili programa Inventor-i.  

       Autodesk Inventor _ es aris kompania Autodesk-is sistema 

samganzomilebiani myari sxeulebisa da zedapirebis parametruli 

proeqtirebisaTvis. igi gankuTvnilia samrewvelo produqciis 

cifruli prototipebis Sesaqmnelad. Inventor-i saSualebas gvaZlevs 
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SevqmnaT ara marto dizainisa da proeqtirebis sruli cikli, aramed 

aseve SesaZlebelia saproeqto dokumentaciis Seqmnac. 

Inventor-Si SesaZlebelia: 

 or da samganzomilebiani modelireba (2D/3D);  

 produqciis Seqmna furclovani masalisagan da misi ganfenis 

miReba; 

 eleqtro da milsadeni sistemebis Seqmna; 

 plastmasis produqciis Camosasxmeli samarjvebis proeqtireba; 

 dinamiuri modelireba; 

 kvanZSi Semavali detalebis da TviT kvanZis daZabulobisa da 

deformaciis parametruli gansazRvra;  

 produqciis vizualizacia; 

 saproeqto dokumentaciis avtomaturi ganaxleba (dokumentaciis 

gaformeba ЕСКД-sTan SesabamisobaSi. Единая система конструкторской 

документации sakonstruqtoro dokumentaciis erTiani sistema. ISO-

sTan International Organization for Standardization standartizaciis 

saerTaSoriso organizacia) 

         Autodesk Inventor-is daxmarebiT eskizirebis stadiaze SeiZleba 

meqanizmebis ZiriTadi parametrebis cvalebadobis gavlenis 

gamokvleva da optimaluri kinematikuri gadawyvetis SerCeva. 

meqanizmebis sxvadasxva variantebis Sefaseba xdeba, organzomilebiani 

kinematikuri modelebiT, romelic miRebulia eskizuri blokebis 

kombinirebiT. es blokebi warmoadgenen meqanizmis uZrav da moZrav 

komponentebs. SemdgomSi proeqtirebis stadiaze SesaZlebelia am 

blokebisagan parametruli SezRudvebis damatebis Semdeg miviRoT 

meqanizmis samganzomilebiani modeli. am programis 3D xelsawyoebis  

daxmarebiT SesaZlebelia samganzomilebiani modelebis Seqmna da 

Semowmeba. es yvelaferi amcirebs Tanamdev xarjebs da iZleva drois 

ekonomias. swored amitom kvlevebisaTvis gamoviyeneT Autodesk Inventor-

i. 

http://ru.wikipedia.org/wiki/%D0%95%D0%A1%D0%9A%D0%94
http://ru.wikipedia.org/wiki/%D0%95%D0%A1%D0%9A%D0%94
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1. brtyeli da sivrciTi berketuli meqanizmebis 

kvlevis meTodebis  Sesaxeb literaturis mimoxilva 

da samuSaos mizani        

     dReisaTvis teqnikaSi gamoiyeneba ramodenime aTasi brtyeli da 

sivrciTi berketuli meqanizmi simZlavris gadacemisa da moZraobis 

gardaqmnis mizniT. brtyeli meqanizmebi ukve Zirfesvianad aris 

Seswavlili analizis sinTezis sistematizaciis TvalsazrisiT. 

mcireodeni SezRudviT es Seexeba agreTve sferul meqanizmebsac. 

samecniero-teqnikur literaturaSi ganuxrelad izrdeba 

fundamentaluri xasiaTisa da specialuri samuSaoebis ricxvi 

sivrciTi meqanizmebis Sesaxebac. Aam meqanizmebis gamoyenebis sfero 

sul ufro da ufro farTovdeba teqnikis TiTqmis yvela dargSi. es 

aixsneba imiT rom aseTi meqanizmebi ufro zustad axorcieleben  

mocemul mdebareobis funqcias vidre brtyeli gadamcemi meqanizmebis 

sistemebi. isini ufro kompaqturi, martivi da saimedoni arian 

muSaobaSi da saSualebas iZlevian umravles SemTxvevaSi Seqmnan 

ufro da ufro mimzidveli konstruqciebi. 

     sivrciTi meqanizmebis warmoSobisa da Teoriis ganviTarebis 

istoria as welze mets moicavs. DdReisaTvis  sxvadasxva mecnierebis 

mier am dargSi gamoqveynebul naSromTa raodenoba uamravia.  

     manqanebisa da meqanizmebis Sesaxeb Teoris skolis warmoSobis 

periodad SeiZleba dasaxeldes me-19 saukunis Sua wlebi. 

     erT-erTi pirveli samecniero naSromebi am dargSi ekuTvnis 

p.CebiSevs [106] da a.erSovs [69]. p.CebiSevis naSromi sufTa maTematikur 

xasiaTs atarebs. man mravali samecniero kvlevis Teoris ganviTarebas 

daudao safuZveli. a.erSovis samecniero naSromSi, meqanizmebi 

dayofilia or nawilad. pirvel nawilSi ganixileba moZraobis 
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gadamcemi meqanizmebi, xolo meore nawilSi moZraobis gardamqmneli 

meqanizmebi.  

      sivrciTi saxsrovani meqanizmebis ganviTareba da Camoyalibeba 

logikurad warmoadgens brtyeli meqanizmebis Teoriis gagrZelebasa 

da ganviTarebas. 

      sivrciTi berketuli meqanizmebis Teoriis ganviTarebis pirvel 

nabijad unda CaiTvalos v.p. goriaCkinis [46] kvlevebi. romelic 

muSaobda soflis meurneobis manqanebis Seqmnis sakiTxebze.   

      sivrciTi  meqnizmebis Teoriis ganviTarebasa da SeswavlaSi 

didi damsaxureba  miuZRvis prof. n.i mercalovs. SemdgomSi misi 

ideebi mocemul sferoSi ganavrces misma mowafeebma, gansakuTrebiT 

aRsaniSnavia akademokos i.artobolevskis damsaxureba, romelmac 

Tavisi kvlevebis udidesi nawili sivrciTi meqanizmebis Seswavlas 

dauTmo.  

            akademikosma i.artobolevskim [29,30,31,32,37] Tavisi gamokvlevebis 

didi nawili miuZRvna sferuli meqanizmebis sinTezis sakiTxebs. man 

daamuSava sivrculi kinematikuri jaWvebis warmoqmnis Teoria, maTi 

struqtura da klasifikacia. mis mier SemuSavebuli principebi xels 

uwyobs kinematikuri da kinetostatikuri gamoTvlebis Catarebas. man 

daamtkica, rom im meqanizmebis struqtura, romlebic asruleben 

sferul moZraobas, iseTivea, rogoric brtyeli meqanizmebis 

struqtura. akad. i.artobolevski amtkicebs, rom brteli meqanizmebi 

warmoadgenen meqanizmebis zogierTi zogadi jgufis kerZo 

SemTxvevebs. man daamuSava sxvadasxva klasis meqanizmebis, pirvel 

rigSi, sferuli meqanizmebis kinematikuri gamokvlevis zogadi 

meTodebi, romelTa miRebis SesaZlebloba brtyeli meqanizmebis 

analogiuria. 

            SemdgomSi prof. v.dobrovolskim, Tavis naSromebSi, 

artobolevskis ideebi miiyvana maT logikur dasasrulamde, ramac 

saSualeba mogvca ganvixiloT sivrciTi  meqanizmebi ara rogorc 

meqanizmebis magaliTebi, rodesac TiToeuli maTganisaTvis saWiroa 
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kvlevebis specialuri meTodebis SemuSaveba,  aramed adgilis 

Sesabamisad, romelic TiToeul maTgans uWiravs am sistemaSi.  

      v.dobrovolskim SeimuSava sferuli meqanizmebis Teoriis 

ZiriTadi debulebebi, mis mier warmodgenili meqanizmebis 

sistemasTan Sesabamisad, warmoaCina sferuli geometriis da 

kinematikis, sferuli meqanizmebis analizisa da sinTezis meqanizmebi, 

sivrciTi  meqanizmebis kinematikuri da kinetostatikuri amocanebis 

amoxsnisas sferuli gamosaxulebis meTodis  gamoyeneba. 

v.dobrovolskim [57,59,61,62], Camoayaliba am Teoriis ZiriTadi 

debulebani. sferos sibrtyesTan Sesabamisobaze dayrdnobiT man 

SeZlo moeca yvela aucilebeli ageba sibrtyeze, nacvlad 

samganzomilebiani sivrcisa. amgvarad, eyrdnoba ra gaegmilT 

sibrteSi agebebs, prof. v.dobrovolski, sferuli moZraobis 

geometrias ganixilavs rogorc sferos kinematikas da ayalibebs mis 

ZiriTad debulebebs. sferuli meqanizmebis gulmodgine analizis 

Sedegad igi adgens, rom maTi gamokvleva unda Catardes brtyeli 

meqanizmebis struqturis mixedviT da ara rogorc sivrciTi 

meqanizmebis kerZoO saxe. amasTan, sferuli meqanizmebis kinematikuri 

analizisTvis saWiro yvela grafikuli ageba daiyvaneba gegmilT 

sibrteze agebamde. 

      unda aRiniSnos sivrciTi meqanizmebis kerZo saxeebis 

gaangariSebis meTodebis damuSavebisadmi miZRvnili ara erTi naSromi. 

v.dobrovolski, meqanizmebis kinematikuri da kinetostatikuri 

amocanebis amosaxsnelad iyenebs stereografiul meTods. 

      g.g.baranovi aRrmavebs sivrciTi berketuli meqanizmebis 

Teorias da gvTavazobs grafikul meTods Svidrgola sivrciTi 

berketuli meqanizmebis mdebareobis gegmis agebisaTvis, ris 

safuZvelzec mis mier damuSavebuli iqna ufro martivi garfikuli 

meTodi sivrciTi meqanizmebis sxvadasxvs modifikaciis 

meqanizmebisaTvis. 
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             n.g.brueviCi zemoT CamoTvlili avtorebisagan da sufTa 

grafikuli meTodebisagn gansxvavebiT amuSavebs gaangariSebis 

grafoanalizur meTods. 

      sainteresoa prof. f.dimentbergis [50,55] samuSaoebi, romlebic 

moicaven brtyel da sferul meqanizmebs Soris Sesabamisobas. man 

daadgina, rom brtyeli da sferuli meqanizmebis gamavali rgolebis 

Sesabamisi kuTxeebis tangesebi wrfiv damokidebulebaSia. aqedan 

gamomdinare, man miuTiTa am meqanizmebis msgavsebaze da sferuli 

meqanizmebis kinematikuri analizisa da sinTezis rigi amocanebis 

maTi Sesabamisi brtyeli meqanizmebis daxmarebiT amoxsnis 

SesaZleblobaze. 

       profesorebis e.e.peisaxisa da v.a.nesterovis mier aRwerilia, 

brtyeli berketuli meqanizmebis, struqturuli da kinematikuri 

analizisa da sinTezis urTierT dakavSirebuli amocanebis amoxsnis 

meTodebisa da algoriTmebis daproeqtebis sistema. Mmoyvanilia 

brtyeli berketuli meqanizmebis, sxdasxva struqturuli sqemebis, 

Sefasebis kriteriumebi, romlebic saSualebas iZlevian 

ganaxorcielon sinTezirebuli meqanizmis struqturuli sqemebis 

racionaluri SerCeva. moyvanilia maRali klasis berketuli 

meqanizmebis analizisa da awyobis identifikaciis algoriTmebi. 

      e.e.peisaxis mier gansazRvrulia orsadaviani da samsadaviani 

nulovani jgufebis rgolebis mdebareobi. gansakuTrebiT 

mniSvnelovania berketuli meqanizmebisaTvis moZraobis gadacemis 

kriteriumebi, aseve ganxilulia berketuli meqanizmebis 

optimizirebul sinTezTan dakavSirebuli gaangariSebisa da 

konstruirebis sakiTxebi. 

         profesor u.a.joldasbekovis mier ganxilulia maRali klasis 

brtyeli berketuli meqanizmebis kinematika. damuSavebulia maRali 

klasis berketuli meqanizmebis analizisa da sinTezis grafo-

analizuri meTodi.  
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      mecnierebisa da teqnikis damsaxurebuli moRvawe saqarTvelos 

mecnierebaTa akademiis akademikosi daviT TavxeliZe aris erTaderTi 

qarTveli mecnieri meqanikosi, romelic Setanilia biografiul 

cnobarSi ,,maTematikosebi da meqanikosebi”, aRiarebuli cnobili 

mecnierebis – akad. i.artobolevskis akad. brueviCis da sxvaTa 

gverdiT. akad. d.TavxeliZis [92, 93,94,96] naSromebi ZiriTadad exeba 

sivrciTi da, maT Soris, sferuli meqanizmebis sinTezis amocanebis 

amoxsnas. gamoiyena ra mis mier SemoTavazebuli rgolebis 

mdebareobis gansazRvris meTodi, avtorma miiRo mudmivi parametrebis 

mniSvnelobebi, romlebic saSualebas iZleva amyol rgols gadasces 

Tanabari, Senelebuli an aCqarebuli moZraoba. 

         mniSvnelovani wvlili, sferuli meqanizmebis TeoriaSi, Seitanes 

misma mowafeebmac. maTi naSromebi eZRvneba sferuli  oTxrgoliani, 

xuTrgoliani, eqvsrgoliani da Svidrgoliani  meqanizmebis 

kinematikur analizsa da sinTezs. profesori s.gamrekelis kvlevis 

ZiriTadi obieqtia   sivrciTi meqanizmebis brtyeli analogebi [1,2,3]. 

man geometriuli sxeulebis (meqanizmebis topologiuri sivrcis) 

sibrtyeze gaSlis safuZvelze daamuSava sivrciTi meqanizmis 

brtyeli analogis warmoqmnis principi. es saSualebas iZleva 

brtyeli analogis struqturuli Tvisebebis gamoyenebiT gamoyvanil 

iqnes analizuri damokidebuleba Semavali da gamavali rgolebis 

mobrunebis kuTxeebs Soris. 

     prof. n.daviTaSvili [6,7,8,48,49] SromebSi ganixilavs sferuli 

meqanizmis sinTezis amocanebis amoxsnis meTodebs. man SeZlo 

sivrciTi oTxrgola meqanizmebisaTvis miRebuli formulebi 

daemuSavebina da gardaeqmna iseTnairad, romlebic Seesabameba 

sferul meqanizmebs. 

     mecnieruli siaxliTa da praqtikuli mniSvnelobiT yuradRebas 

ipyrobs j.uflisaSvilis [98,99,100,103] Sromebi, sadac 

SemoTavazebulia sivrciTi meqanizmebis brtyeli modelirebis 

meTodebi sivrcis geometriuli gardaqmnis gamoyenebiT. am gardaqmnis 
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gamoyeneba mravalrgola sivrciTi meqanizmebis analizisa da 

sinTezis rTuli sivrciTi amocanebis amoxsnisas ganapirobeben 

brtyeli meqanizmebis Teoriis Sedegebis gadatanas sivrciTze. 

       n.javaxiSvilma Tavis sadisertacio naSromSi SemogvTavaza 

meTodebi, romlebic saSualebas iZleva miviRoT sferuli 

meqanizmebis sxvadasxva modifikaciis brtyeli modelebis sqemebi da 

amiT kinetikuri analizisa da sinTezis amocanis amoxsna gadavitanoT 

sivrcidan sibrtyeze. avtoris mier SemoTavazebuli sferuli 

oTxrgola berketiani meqanizmebis brtyeli modelirebis meTodi 

adgens inversiul gardaqmnebze dayrdnobil urTierTSesabamisobas 

brtyel da sferul oTxrgola meqanizmebs Soris. 

       Pprof. m.demetraSvilma Tavis sadisertacio naSromSi 

gadawyvita sivrciTi meqanizmebis kinematikur analizTan da 

sinTezTan dakavSirebul konkretuli amocanebi. gansakuTrebiT 

aRsaniSnavia, rom m.demetraSvilis inversiuli gardaqmnis meTodi 

warmatebiT gamoiyeneba mravalrgola sivrciTi meqanizmebis 

gamokvlevisas. meTodi emyareba meqanizmis rgolebis danawevrebas or 

konturad da maTi Sepirapirebis pirobebis gansazRvras. 

            profesorebis i.papalaSvilis da l.zurabiSvilis mier 

damuSavebulia sxvadasxva modifikaciisa da zogierTi saxis sivrciTi 

samrgola, oTxrgola da xuTrgola meqanizmebis kinematikuri 

parametrebis gaangariSebis meTodika. 

      profesor g.namgalaZis mier sivrciTi meqanizmebis brtyeli 

modelirebis Teoris gamoyenebis safuZvelze, damuSavebulia 

wyvetili sferuli berketuli meqanizmebis struqturuli analizisa 

da sinTezis amocanebi. 

          zemoT ganxiluli naSromebis analizis Sedegad SesaZlebelia 

davaskvnaT, rom bevri maTgani miZRvnilia sferuli meqanizmebis 

kinematikuri analizisa da sinTezis sakiTxebis Seswavlisadmi. 

SemoTavazebulia sxvadasxva meTodebi am amocanebis amoxsnis 

algoriTmebis gasamartiveblad. es meTodebi saSualebas iZleva 
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warmatebiT amoixsnas rTuli amocanebis mTeli rigi, romlebic 

gvxvdeba mravalrgola sferuli meqanizmebis sinTezis gamokvlevisas. 

          sferuli meqanizmebis daproeqtebis dargSi arsebuli garkveuli 

miRwevebis miuxedavad, am mimarTulebiT grZeldeba ufro metad 

xelmisawvdomi da TvalsaCino meTodebis Zieba. sakiTxis ase dasmis 

dros gansakuTrebiT aqtualuria meTodebi, romlebic Tanamedrove 

personaluri kompiuterebis uSualo gamoyenebis saSualebas iZleva, 

rac arsebiTad ganapirobebs konstruirebis procesis avtomatur 

reJimSi gadaviyvanas. 

     axali, ufro mwarmoebluri da Tanamedrove mravalfunqciuri 

manqanebis Seqmna moiTxovs ukve arsebuli meqanizmebis Rrma analizs, 

rac aucilebelia maTi Semdgomi gaumjobesebisTvis. magaram, amJamad, 

am meqanizmebis kvlevis da proeqtirebis meTodebi ar aris saTanadod 

SemuSavebuli. amis erT-erT mizezad SeiZleba CaiTvalos kinematikuri 

wyvilebis da Caketili kinematikuri jaWvebis klasifikaciis  da maTi 

struqturis warmoqmnis principebis ararseboba, aseve, Sesabamisi 

kinematikuri jaWvebis warmoqmnis kanonebis sistematuri kvlevis da 

maTi saerTo Tvisebebis kvlevis  ararseboba.  

     ukanasknel periodSi gaZlierda kompiuteruli teqnikis roli 

specialistebis momzadebis gaumjobesebis saqmeSi. umaRles 

saswavleblebSi igi warmoebs saswavlo procesis srulyofisa da 

kompleqsuri miznobrivi midgomis safuZvelze, rac xels uwyobs 

swavlebis teqnikuri saSualebebisa da progresuli meTodebis 

danergvas. swored am mizniT aris SemoTavazebuli axali midgoma 

swavlebis meTodis gasaumjobeseblad.  

           amocanebis gaangariSebis algoriTmi iseTnairad aris 

Sedgenili, rom SesaZlebelia maTi gamoyeneba amJamad arsebuli 

uaxlesi kompiuteruli teqnikis meSveobiT. meqanizmebisa da manqanebis 

daproeqtebis Tanamedrove meTodebis gamoyeneba da mis bazaze 

manqanaTmSeneblobis dargSi momavali specialistebis momzadeba 
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uTuod win gadadgmuli nabiji iqneba teqnikuri progresisa da 

meurneobis Semdgomi aRmavlobis saqmeSi.  

              amgvarad zemoT aRniSnuli sakiTxebis analizidan gamomdinare 

Cvens mier SemoTavazebuli meTodika unda CaiTvalos droulad da 

aqtualurad. 

 

1.1. meore rigis zedapirebis TanakveTa, rogorc berketuli  

meqanizmebis warmoqmnis geometriuli aparati 

 

teqnikis ganviTarebis Tanamedrove etapze geometriuli xasiaTis 

amocanebis amoxsna xdeba grafikuli an analizuri meTodebiTa da 

kompiuteruli teqnikis gamoyenebiT.  

maTematikuri TvalsazrisiT, zedapiris ganmartebis qveS 

igulisxmeba im wertilTa simravle, romelTa koordinatebs Soris 

SeiZleba damyardes funqcionaluri damokidebulebani 0),,( ZYXF

saxiT, sadac nZYXF ),,( xarisxis mravalwevri_polinomia. 

mxazvelobiT geometriaSi geometriuli figurebi mocemulia 

grafikulad. amitom mizanSewonilia zedapiri ganxilul iqnas, 

rogorc raime wiris sivrceSi Tanamimdevruli garkveuli kanoniT 

gadaadgilebis Sedegi. 

meore rigis zedapirs iseT zedapirs uwodeben, romelic 

dekartis sistemis mimarT gamoisaxeba me-2 xarisxis samcvladiani 

algebruli gantolebiT. misi zogadi saxea: 

       )1(0222  KLzHyGxFyzExzDxyCzByAx  

imis mixedviT, Tu rogori mniSvneloba aqvs KCBA .....,,

koeficientebs, miviRebT xvadasxva saxis zedapirs. 

meore rigis zedapirebi meore rigis wirebis erTgvar analogs 

warmoadgenen, amitom isini Seiswavleba imave meTodebiT, rogorc me-

2 rigis wirebi. 
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roca (1) gantolebis marcxena mxare iSleba I xarisxis or 

namdvil mamravlad, maSin aseT gantolebas Seesabameba ori sibrtyis 

erToblioba. SesaZlebelia agreTve, rom (1) gantoleba iZleodes or 

TanamTxveul sibrtyes, wertils an warmosaxviT geometriul adgils. 

aseT SemTxvevas uwodeben me-2 rigis zedapirebis gadagvarebas. 

Tu (1) gantoleba ar warmoadgens me-2 rigis zedapiris 

gadagvarebis erT-erT SemTxvevas, maSin koordinatTa sistemis 

moxerxebuli SerCeviT aRniSnuli gantoleba SeiZleba daviyvanoT 

erTerT CvenTvis sasurvel saxeze. 

zedapirebis formebis Seswavlis TvalsazrisiT iyeneben kveTis 

meTods. Seiswavlian gansaxilavi zedapiris kveTas romelime 

sakoordinato sibrtyis, magaliTad xoy  sibrtyis paraleluri 

sibrtyeebiT. analizurad es niSnavs Semdeg gantolebaTa sistemis 

Sedgenas: 

                         0),,( zyxF ;       nZ  . 

      sadac n  nebismieri mudmivia. zedapiris aseTi sibrtyiT kveTa, 

cxadia, warmoadgens wirs. swored aseTi wirebis SeswavliT SeiZleba 

davadginoT TviT zedapiris formac. aseve Seiswavleba zedapiris 

kveTa nx   an ny   sibrtyeebTan. ganvixiloT zogierTi magaliT. 

me-2 rigis konusis  umartivesi saxis gantolebaa: 0
2

2

2

2

2

2


c

z

b

y

a

x
    

cba ,,  dadebiTi ricxvebia. miviRoT  ba Tu gadavkveTT hz   

sibrtyiT miviRebT elifs. 

1

2

22

2

2

22

2



c

hb

y

c

ha

x
 

sadac  
c

ah
 da 

c

bh
 elifsis naxevarRerZebia 

advili SesamCnevia, rom zemoT aRniSnuli gantoleba aris 

konusuri zedapiri, romelic aRniSnul elifsze gadis da romlis 
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wvero koordinatTa saTaveSia. roca ba   maSin miviRebT wriul 

konuss oz  RerZiT. 

elifsuri paraboloidi.  misi umartivesi saxis kanonikuri 

gantolebaa: 

z
p

y

q

x
2

22

  

sadac p  da q  dadebiTi ricxvebia. amasTan, qp   es gantoleba 

Seicavs mxolod x  da y  koordinatebs kvadratebSi, amitom zedapiri 

simetriulia yoz  da xoz  sibrtyeebis mimarT. Tu ox   da oy   

sibrtyeebi gadakveTs gansaxilvel zedapirs pzy 22   da qzx 22   

parabolebze ohz   sibrtyiT gadakveTa iZleva elifss.  

1
22

22


ph

y

qh

x
  naxevarRerZebiT pha 2  da qhb 2  zedapiri 

moTavsebulia xoy  sibrtyis zemoT da gadis koordinatTa saTaveze, 

e.i. elifsuri paraboloidi SeiZleba warmovidginoT rogorc 

zedapiri, miRebuli im elifsebis moZraobiT, romelTa sibrtyeebi xoy  

sibrtyis paraleluria da romlebic Tavis Tavis msgavsi rCebian, 

xolo misi wveroebi srialeben zemoTmoyvanil parabolebze (nax. 2), 

roca ba   aRniSnuli elifsi wrewirad gadaiqceva da zedapiri 

pzy 22   parabolis oz  RerZis garSemo brunviT miiReba. 

brunvis konusi, (nax. 1) romlis fuZis centria )0,,(1 baO , wrewiris 

radiusi R da wvero ),,( hbaS ganisazRvreba Semdegi gantolebiT 

 













hz

hz
h

R
byax

2

)()( 2

2

2
22

             (1) 
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nax. 1                          nax. 2 

 

  aq yoveli fiqsirebuli z SeirCeva  hhz z 2,0  Sualedidan oxy

sibrtyis paraleluri zhz    sibrtyis konusTan gadakveTisas 

miRebuli wrewiris radiusi zR iqneba 

)2(hh
h

R
R zz   

parabola, romlis wvero ),,(3 ocaO  wertilSia ax   da oyz

sibrtyis paraleluria ganisazRvreba gantolebiT: 2)(2 cypz  . 

parabolis p parametris sapovnelad saWiroa vicodeT 

parabolaze mdebare romelime M  wertilis koordinatebi.  

magaliTad ),,,( gmaMM     maSin  
g

cm
P

2


    da 

parabolis gantoleba Semdeg saxes miiRebs 

)3()(
)(

2

2
cy

cm

g
z 


  

      (3) gantolebiT gansazRvrul parabolas, Tu vabrunebT 3O

wertilze gamavali z RerZis paraleluri simetriis i  RerZis 

garSemo, miviRebT paraboloidas, romlis gantoleba Caiwereba 

Semdegi saxiT 

)4(
)(

)()(
2

22 z
g

cm
cyax 


  

 

O1(a,b.0) 

a 

b 

y 

x 

z 

O 

S(a,b,h) 

O2(a,b,2h) 

C(a,(b+R),0) 

D(a,(b+R),0) 

 

i 

a 

c 

y 

x 

z 

O 

O
3
(a,c,0) 

M(a,m,g) 
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(4)-iT gansazRvruli paraboloidis oxy  sibrtyis paralelur 

  ;0zhz SualedebSi aRebuli sibrtyeebiT kveTebi mogvcemen 

wrewirebs, romelTa gantolebebia:  

            )5(
)(

)()(
2

22 hz
g

cm
cyax 


  

                   )6(
g

h
cmR z

i   

 

 

nax. 3 

oxyz  koordinatTa sistemaSi avagoT )1(  da )4( gantolebebiT 

gansazRvruli konusi da paraboloidi. davamyaroT funqcionaluri 

damokidebuleba konusisa da paraboloidis mudmiv da cvlad 

parametrebs Soris  maTi urTierTkveTis SemTxvevaSi (nax. 3). es imas 

niSnavs, rom unda amovxsnaT gantolebaTa sistema 

     

   
 


















z
g

cm
cyax

hz
h

R
byax

2
22

222

     (7) 

miviRebT              

 

 

i 

O
3
(a,c,0) 

O
1
(a,b.0) 

C(a,(b+R),0) 

S(a,b,h) 

x 

y 

z 

O 

a 

b 

c 

1 

6 

D(a,(b+R),0) 
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  )8(;0
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)()()()()(

2
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22222242 






 


g

cmh
cyaxgRbyaxcmR  

(8) warmoadgens konusisa da paraboloidis urTierTkveTis wiris 

gegmils oxy sibrtyeze. igi me-4 xarisxis aracxadi saxis algebruli 

gantolebaa x sa da y is cvladebis mimarT. 

davadginoT  hz ;0  da   ;hz  intervalebidan im ihz   

mniSvnelobebis cvalebadobis sazRvrebi, romlis drosac adgili 

eqneba konusisa da paraboloidis urTierTkveTas. 

jer davweroT ),,( hbaS  da )),(,( oRbaD  wertilebze gamavali 

msaxvelis, agreTve ),,( hbaS  da )),(,( oRbaC   wertilebze gamavali 

msaxvelebis gantolebebi. 

              SD  msaxvelisaTvis     )9(
R

bh
hy

R

h
z   

               SC  msaxvelisaTvis )10(
)(

R

hRb
y

R

h
z





  

amovxsnaT Semdegi sistemebi 
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         (20) 

advili misaxvedria, rom roca  hz ;0 , maSin  41; zzhi  , xolo 

roca   ;hz , maSin  32 ; zzhi  . 

axla ganvixiloT kerZo SemTxveva (kompiuterze agebuli naxazis 

Sesabamisi monacemebiT): 

konusisaTvis:      20,10,5,0  hRba  

parabolisaTvis:   2,16,8,0,0  pgmca  

angariSis Sedegad miviRebT: 

,5641 y   5642 y          3562181 z     562182 z  

34243 y   34244 y    342343 z    7,14344384 z  

axla vipovoT  hzhi ;0  da  41; zzzhi   SualedSi konusisa da 

paraboloidis urTierTkveTis wiris wertilebis koordinatebi. 

amovxsnaT gantolebaTa sistemebi im pirobiT, rom ,41 );( ihzzz  maSin 

yovel aseTi ih Tvis miviRebT oxy  sibrtyis paraleluri ihz   
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sibrtyis konusTan da paraboloidTan gadakveTisas miRebul 

wrewirebs radiusebiT 
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amrigad, Tu es ukanaskneli piroba dakmayofilebulia konussa 

da paraboloids eqnebaT urTierTkveTa ihz   sibrtyeSi or wertilSi 

),,( 11 ihyxN da ),,( 22 ihyxN . 

axla amovxsnaT (7) gantolebaTa sistema zemoT moyvanili 

konkretuli monacemebisaTvis: 
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aRniSnuli monacemebis CasmiT (23) da (24)-Si miviRebT  



40 
 

3,371,10)3,7(64)
2

50

10

1664
(64

3,25.28.4
2

50

)50(2

1664

2)(2

22

12

22



























x

bc

bc

RR
y

parkon

 

e.i. 
).4;3,2);3,3(),,(

)4;3,2;3,3(),,(

222

111





NhyxN

NhyxN

i

i  

        axla igive amocana gadavwyvitoT grafikuli meTodiT. 

rogorc cnobilia nebismieri ori geometriuli figuris saerTo 

wertilebis gansazRvra (garda ori wrfisa da im SemTxvevisa, roca 

erT-erTi figura magegmilebelia), mesame geometriuli figuris 

daxmarebiT xorcieldeba. Tu erT-erTi figura magegmilebelia, 

saerTo wertilis, wrfis an wiris (sivrciTi an brtyeli)  erTi 

gegmili epiurze gansazRvrulia yovelgvari agebis gareSe, xolo 

meore-misi wrfis, sibrtyis an zedapirisadmi  kuTvnilebis pirobidan 

gamomdinare aigeba. 

      

                                        nax. 4                                                                  nax. 5 
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brunvis paraboloidis gadakveTa brunvis konusTan. Tu brunvis 

zedapirebis brunvis RerZebi urTierTparaleluri wrfeebia, 

damxmared brunvis RerZebis perpendikularuli sibrtyeebis 

gamoyeneba iqneba upriani, radgan aseTi sibrtyeebi orive zedapirebs 

wrewirebze gadakveTen, xolo brunvis RerZebis magegmilebeli 

mdebareobis SemTxvevaSi kveTaSi miRebuli wrewirebi gegmilTa 

sibrtyeze naturaluri sididiT aisaxebian. (aqve aRvniSnoT, rom Tu 

brunvis RerZebi magegmilebel wrfeebs ar warmoadgenen gegmilebis 

gardaqmnis meTodebis gamoyenebiT SesaZlebelia maTi gegmilTa 

sibrtyeebis mimarT aRniSnuli  mdebareobareobis wrfeebad 

gardaqmna). 

      ganvixiloT brunvis paraboloidis da brunvis konusis 

(romlTa brunvis RerZebic П1 gegmilTa sibrtyis perpendikulerulia) 

urTierTkveTis wiris agebis magaliTi (nax. 4).   radgan  zedapirebs 

П2 sibrtyis   paraleluri saerTo simetriis sibrtye gaaCniaT, kveTis 

wiris frontaluri gegmilis xilvadi da uxilavi nawilebi 

erTmaneTs SeuTavsdeba.  kveTis wiris maxasiaTebeli wertilebi  

orive zedapirisaTvis  mTavari meridianis β sibrtyeSi iqnebian 

moTavsebuli. β sibrtyeSi mdebare brunvis paraboloidis da konusis 

mTavari meridianebi,  radgan  β||П2  gegmilTa sibrtyisa,  П2_ze 

naturaluri sididiT aisaxeba. maTi urTierTkveTa ki saZiebeli wiris 

1 da 6 wertilebis frontalur 12 da 62 gegmilebs mogvcemen. 

horizontaluri 11 da 61 gegmilebi kavSiris wrfeebiT β1_zea agebuli. 

wiris nebismieri Sualeduri wertilebi Π1 gegmilTa sib-rtyis 

paraleluri α1; α2......α5 sibrtyeebis gamoyenebiT moiZebneba. magaliTad:  

α5  sibrtye orive zedapirs Sesabamisad a da b wrewirebze kveTs. maTi 

horizontaluri gegmilebis (wrewirebis) urTierTkveTa saZiebeli 

wertilebis horizontaluri N11 da N1
2 gegmilebia. frontaluri 

gegmilebi  α25_zea agebuli. kveTis wiris xilvadoba  П1  gegmilTa 
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sibrtyeze, kveTaSi monawile zedapirebis xilvadobis 

gaTvaliswinebiT (orive zedapiri xilvadia) xilvadia.     

axla movaxdinoT grafikuli da analizuri meTodebiT 

miRebuli Sedegebis sizustis procentuli Sefaseba  

               100



x

xx
x ;  100


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y

yy
y ;   100


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z

zz
z  

SevadginoT ih s Sesabamisi 1R is, 2R s da  s cvalebadobis 

cxrili (cxrili 1): 

 

 

                                                    cxrili 1 

 

 

 

 

 

 

 

   

      zemoaRniSnuli masalis analizis safuZvelze SegviZlia 

gavakeToT Semdegi daskvnebi: 

1. geometriuli xasiaTis amocanebis amoxsna SeiZleba rogorc 

analizuri, ise grafikuli meTodiT; 

2. analizuri meTodiT kvlevis dros SegviZlia Sedegi miviRoT 

winaswar dasaxuli nebismieri sizustiT. kvlevis am meTodis 

uaryofiT mxared iTvleba saangariSo formulebis sirTule, 

rac aZnelebs maTematikur gamoTvlebs; 

3. grafikuli meTodi xasiaTdeba simartiviTa da TvalsaCinoebiT, 

magram Sedegs vRebulobT naklebi sizustiT, is 

# 

rigi 
hi R1 R2 

δ% 

δx δy δz 

1 4 8 4 2,1 1,4 0,02 

2 6 7 4,899 1,42 0,8 0,01 

3 8 6 5,674 0,95 0,6 0,02 

4 10 5 6,32 1,12 1,1 0,01 

5 12 4 6,93 1,7 0,75 0,01 
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damokidebulia mxazvelis kvalifikaciaze da ar SegviZlia 

SevafasoT sizustis xarisxi, Tumca sainJinro amocanebis 

gadasawyvetad savsebiT misaRebia. 

    zemoT aRniSnuli kvlevis meTodebis uaryofiTi mxareebi, 

sruliad martivad SeiZleba gamosworebuli iqnas, kompiuteruli 

programebis gamoyenebis saSualebiT. 

aRniSnuli meTodebis dadebiTi da uaryofiTi mxareebi gansaz-

Rvraven maTi gamoyenebis areebs. 

 

1.2. brtyeli da sivrciTi meqanizmebis  struqturuli 
analizisa da sinTezis sakiTxebi 

 

B     brtyeli da sivrciTi saxsruli meqanizmebi farTod gamoiyeneba 

manqanebsa da xelawyodanadgarebis konstruqciebSi.  

     saxsruli meqanizmebis daproeqtebasTan dakavSirebul 

sakiTxebTan sistemuri midgoma gulisxmobs: 

1.     meqanizmis struqturuli sqemis SerCevis dros winaswar 

iqnas gaTvaliswinebuli sxvadasxva modifikaciis struqturis 

meqanizmebis potenciuri funqcionaluri SesaZleblobebi, 

romlis realizaciac xdeba SemdgomSi kinematikuri sinTezis 

etapze. 

2.     meqanizmis kinematikuri sinTezi xorcieldeba meqanizmis 

proeqtirebis mTels etapze teqnikuri davalebis yvela pirobis 

gaTvaliswinebiT. rac gulisxmobs yovelgvar konstruqciul da 

kinematikur SezRudvebs da aseve moZraobis gadacemis xarisxis 

kriteriumebs. 

3.      kinematikuri analizi ganixileba ara rogorc mxolod 

kvlevis erT-erTi etapi sinTezirebuli meqanizmisa, aramed 

rogorc procedura, romelic mravaljeradad gamoiyeneba 
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meqanizmis optimizaciis an analitikur-optimizaciis sinTezis 

dros. 

meqanizmis sqema SeiZleba gamosaxuli iqnas Semavali rgolis 

mdebareobis Sesabamisad, magram am dros aucileblad 

gaTvaliswinebuli unda iyos awyobis procesi. gamokvleulia am 

problemis mxolod zogierTi aspeqti, romlis gamoyenebac 

SesaZlebelia konkretuli meqanizmebis struqturul sqemebSi, xolo 

zogadi Teoriuli saxis kvleva am mimarTulebiT praqtikulad ar 

ganxorcielebula. 

       meqanizmebisis struqturuli analizTan da sinTezTan 

dakavSirebuli amocanebis gadasawyvetad pirvel rigSi saWiroa 

ganxilul iqnas brtyeli saxsruli, aseve saivrciTi, kerZod sferuli 

meqanizmis awyobis zogadi meToduri sakiTxebi. 

       aseve saWiroa ganxilul iqnas saxsruli meqanizmebis 

moZraobis gadacemis xarisxis kriteriumebi. am kriteriumebis 

gansazRvra aucilebelia, raTa dadgindes meqanizmis muSaobis 

SesaZlebloba, misi struqturuli analizisa da sinTezis etapze. am 

kriteriumebs aqvT sufTa geometriuli xasiaTi, radgan 

damokidebulebi arian mxolod kinematikuri sqemis mudmivi 

parametrebisa da meqanizmis ganzogadoebuli koordinatis 

mniSvnelobebze. sawyis etapze gadacemis kriteriumebis dasaSvebi 

mniSvnelobebis SemTxvevaSi ukve SesaZlebeli iqneba struqturulad 

momuSave meqanizmis proeqtireba, xolo proeqtirebis Semdgom etapze 

gamoiyeneba ukve sxva Sesabamisi kriteriumebi. 

       rogorc cnobilia, arsebobs brtyeli saxsruli meqanizmebis 

struqturuli klasifikaciis sxvadasxva principebi, maT Soris 

ZiriTadad SesaZlebelia miCneuli iyos assurisa da griubleris 

principebi. 

       assuris principi mdgomareobs SemdegSi: Semaval rgolsa da 

dgars uerTdeba rgolebis nulovani jgufi. Cven ganxiluli gvaqvs 

assuris nulovani jgufebis Semcveli meqanizmebi, romlebic Seicaven 
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mexuTe klasis kinematikur wyvilebs amitom Wj=3n -2P5, sadac n_aris 

rgolebis ricxvi, xolo P5_ki mexuTe klasis kinematikuri wyvilebis 

raodenoba. 

       rac Seexeba griubleris princips igi efuZneba kinematikuri 

jaWvis Caketilobis cnebas. meqanizmis klasifikacia, warmoqmnili 

griubleris principiT, iwyeba kinematikuri jaWvebis klasifikaciiT. 

       kinematikuri jaWvis klasifikacia Seicavs sxvadasxva klasis 

kinematikur wyvilebs, romlTa moZraobis xarisxic Seesabameba maTgan 

Semdgari meqanizmis da jaWvis Tavisuflebis xarisxs. 

       artobolebskisa da baranovis klasifikacia eyrdnoba assuris 

princips. 

       moZraobis gardaqmnis da simZlavris gadacemisTvis  

Tanamedrove teqnikaSi gamoiyeneba sxvadasxva  saxis brtyeli da 

sivrciTi berketuli meqanizmebi. brtyeli meqanizmebi ukve 

safuZvlianad aris Seswavlili analizis sinTezis,  sistematizaciis 

TvalsazrisiT; zogierTi SezRudvebiT, es exeba sferul 

meqanizmebsac. samecniero-teqnikur literaturaSi izrdeba sivrciTi 

meqanizmebis fuZemdebluri naSromebis ricxvi. am meqanizmebis 

gamoyenebis sfero mtkiced farTovdeba teqnikis TiTqmis yvela 

dargSi. es aixsneba imiT, rom amgvari meqanizmebi gacilebiT zustad 

asaxaven mdebareobis mocemul funqcias,  vidre brtyeli gadamcemi  

meqanizmebis sistema; isini ufro kompaqturia, martivi da saimedo 

muSaobisas, da umetes SemTxvevaSi moxerxebuli konstruqciebis 

Seqmnis saSualebas iZlevian.  

      sivrciTi berketuli meqanizmebi warmoadgenen Rerovani 

sistemebis Semdgom bunebriv ganzogadebas samganzomilebian sivrceSi 

da gamoiyeneba myari sxeulis sivrciTi moZraobis gardasaqmnelad.  

sivrciTi berketuli meqanizmebi floben udavod unikalur 

SesaZleblobebs sxvadasxva saxis meqanikuri moZraobis aRwarmoebaSi.  

gansakuTrebiTi mniSvneloba sivrciT berketul meqanizmebs  eniWebaT 
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teqnikis iseT Tanamedrove dargebSi, rogorebicaa robotebis da 

manipulatorebis konstruireba da warmoeba, romelTa erT-erT 

ZiriTad Semadgenel nawilsac Tavad warmoadgenen.   

       Tumca, rgolebis savaraudo moZraobebis mravalferovnebas da 

sirTules, maT uzarmazar struqturul mravalsaxeobas,  

kinematikuri wyvilebis konstruqciasTan dakavSirebul mraval 

Taviseburebebs, mivyavarT im daskvnamde, rom sivrciTi meqanizmebis 

Teoria XX saukunis dasawyisamde praqtikulad ar arsebobda.  

            pirvelad msoflioSi, akademikos i.i. artobolevskis naSromSi 

SemuSavebuli iyo sivrciTi meqanizmebis struqtura da sistematika. 

manve aseve SeimuSava  udabalesi kinematikuri wyvilebis mqone 

sivrciTi berketuli meqanizmebis grafikuli da grafo-analizuri 

meTodebi. 

      sivrciTi berketuli meqanizmebis kvlevisas gansakuTrebuli 

yuradReba unda daeTmos parametrebis dadgenas, romlebic im 

RerZebis mdgomareobas gansazRvraven, romlis  mimarTac xdeba 

rgolebis meqanizmis brunva an gadaadgileba (an orive erTad). 

      Tu rgolis Tavisuflebis xarisxs warmovidgenT rogorc 

zogierTi RerZis garSemo brunvis an am RerZebis gaswvriv 

gadaadgilebis SesaZleblobas, maSin yvela klasis kinematikuri 

wyvilebi, am RerZebis raodenobis gaTvaliswinebiT, SeiZleba daiyos 

erTRerZianebad, orRerZianebad da a.S. 

      ori gadajvaredinebuli RerZis ganlageba sivrceSi 

ganisazRvreba ori ZiriTadi parametriT: 

1. manZili - RerZebs Soris umoklesi manZili h, (saerTo 

perpendikularis sigrZe);  

2. gadajvaredinebis kuTxe γ.   

     kinematikuri wyvilebis  RerZebis ganlagebis mixedviT, anu  

gadajvaredinebis manZilis h  da gadajvaredinebis kuTxis γ  
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mniSvnelobis mixedviT,  vRebulobT brtyel, sferul da sivrciT 

meqanizmebs; 

   ase magaliTad,  

              Tu  h≥0    da    γ =0  miviRebT brtyel meqanizms; 

              Tu   h=0      da   γ >0  - sferuls; 

                                   Tu   h>0      da   γ >0  - sivrciTs. 

Tu brtyel berketul meqanizmebSi rgolebis SeerTeba SesaZlebelia  

mxolod mexuTe da meoTxe klasis kinematikuri wyvilebis meSveobiT, 

maSin sivrciT meqanizmebSi am miznebisaTvis arsebobs yvela klasis 

kinematikuri wyvilebis gamoyenebis SesaZlebloba. swored es 

gaxlavT sivrciTi meqanizmebis upiratesoba brtyelTan SedarebiT.  

      rogorc cnobilia, meqanizmebis proeqtirebisas ganasxvaveben 

Semdeg etapeps:  

1. meqanizmis sqemis struqturuli proeqtireba;  

2. meqanizmis konstruqtiuli elementebis da zomebis proeqtireba. 

      amave etapebs gadis  kinematikuri wyvilebis proeqtireba,  

romelic  iTvaliswinebs struqturuli, metruli da konstruqtiuli 

elementebis da zomebis SemuSavebas. rgolebis kinematikur wyvilebSi 

SeerTebis saSualebebi an kinematikur wyvilebSi Semavali rgolebis 

geometriuli elementebis urTierTkavSiri mravalferovania. amitom 

kinematikuri wyvilebis kvleva maTi struqturuli niSnebis 

TvalsazrisiT daiyvaneba  Semxebi zedapirebis geometriuli formebis 

kvlevamde.   

       didi yuradReba eTmoba kinematikuri wyvilebis klasifikacias 

da maT konstruqtiul gaformebas. am Teoriis ganviTarebaSi udidesi 

wvlili Seitanes mecnierebma x.i. goxmanma (romelmac gamoaqveyna 

Tavisi naSromi 1890 wels), akademikosma i.i. artobolevskim, agreTve 

sxva mecnierebma.  

       TvalsaCinoebisTvis da meqanizmebis gamosaxulebis da 

kinematikuri miznebis gamartivebisTvis, iyeneben kinematikuri 
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wyvilebis da rgolebis pirobiT gamosaxulebebs, romlebmac ukve 

moipoves sayovelTao aRiareba.  

       msgavs gamosaxulebebSi gaTvaliswinebulia meqanizmebis 

mxolod is mudmivi geometriuli maxasiaTeblebi, romelTa  Secvla 

gamoiwvevs maTi rgolebis moZraobis kanonis Secvlas.  

      yvelaze martivad iTvleba orrgoliani meqanizmi, romelsac 

aseve sawyis meqanizms uwodeben. aseTi meqanizmebi erTi moZravi 

rgoliT da erTi wyviliT, romelSic moZravi rgoli dakavSirebulia 

uZrav rgolTan, assuris klasifikaciis mixedviT warmoadgens  

pirveli klasis pirveli rigis meqanizms (nax. 6). 

 

nax. 6 

       Tanamedrove manqanaTmSeneblobaSi gamoiyeneba sxvadasxva 

ojaxis meqanizmebi. akademikos  i.i. artobolevskis klasifikaciis 

mixedviT, nulovan ojaxs miekuTvnebian iseTi kinematikuri 

wyvilebisgan Semdgari  meqanizmebi,  romlebic rgolebis moZraobaze 

ar anxorcieleben  saerTo bmis pirobebs.  

       v.v. dobrovolskim gamoiyvana meqanizmebis saerTo 

struqturuli formula, romelic saSualebas iZleva miviRoT 

sxvadasxva ojaxis Sesabamisi formulebi.   

      formula Semdegnairad gamoiyureba:  

            𝑊 = (6 − 𝑚)𝑛 − ∑ (𝐾 − 𝑚)𝑃𝑘
𝐾=5
 𝐾=𝑚+1                           (26) 
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       sadac m - aris meqanizmis rgolebis moZraobaze ganxorcielebuli 

saerTo bmaTa ricxvi,  romlebic Tanmimdevrulad Rebuloben m 

=0,1,2,3 da 4  mniSvnelobas.   

       K - kinematikuri wyvilis klasis nomeri, romelic bmaTa ricxviT 

ganisazRvreba: 

K= 5,4,3,2,1; 

    Sesabamisad nulovani ojaxis  meqanizmebisTvis m = 0,  e.i. 

gaSlili saxiT miviRebT somovi-maliSevis cnobil formulas:    

                                      W = 6n-5P5 - 4P4 - 3P3 - 2P2 - P1                                             (27) 

      Tu meqanizmis SemadgenlobaSi Semavali rgolebi erTmaneTTan 

dakavSirebulia mxolod mexuTe klasis kinematikuri wyvilebiT, da 

Tu winasawr viciT, rom moZraobis xarisxi udris erTs, maSin: 

                                                  W = 6n - 5P5  = 1                                        (28)  

aqedan,  

                                             n = 
5P5+1

6
                                        (29) 

Tu P5  = 1, maSin n =1 da miviRebT sawyis meqanizms (nax. 6) 

       sawyis meqanizmTan misaerTebeli jgufis Tavisuflebis 

sxarisxi unda gavutoloT nuls: 

                   Wჯგ = 6𝑛 − ∑ 𝐾𝑃𝑘 = 0𝐾=5
 𝐾=1                             (30) 

aqedan 

                                               n = 
∑ 𝐾𝑃𝑘

𝑘=5
𝑘=1

6
                            (31) 
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ნახ. 7 

              im SemTxvevaSi, Tu misaerTebel jgufebSi Semavali rgolebi  

asruleben erT-erT SesaZlo moZraobas, SerCeuli koordinatTa  

sistemis RerZebis mimarT, e.i. rgolebi dakavSirebuli arian 

erTmaneTTan mexuTe klasis kinemetikuri wyvilebiT,  

                                                            maSin         K =5; 

   amitom        n = 
5𝑃5

6
 

  Tu        P5=6, 

  maSin      n =5. 

       sawyis meqanizmTan misaerTebeli umartivesi saxis jgufi 

nulovani ojaxis meqanizmebisTvis, warmodgenilia me-7 naxazze. aqve 

naCvenebia sawyisi meqanizmi (nax. 7) da Sesabamisi Svidrgoliani 

meqanizmi. 

sivrciT berketul meqanizmebSi aris yvela klasis kinematikuri 

wyvilebis gamoyenebis SesaZlebloba. radganac garkveulia sawyis 

meqanizmTan misaerTebeli jgufis rgolebis raodenoba, maSin cxadia, 

rom  samrgoliani, oTxrgoliani, xuTrgoliani, da a. S. meqanizmebis 

misaRebad, Sesabamisad, SerCeul unda iqnas sxvadasxva klasis 

kinematikuri wyvilebi. brtyeli berketuli meqanizmebisaTvis 

Sedgenilia cxrili 2. 
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                                                     cxrili 2.   

 

 

 

 

 



52 
 

1.3. brtyeli da sivrciTi meqanizmebis kvlevis algoriTmebis  

Sedgenis saerTo principebi 

 

              manqanebisa da xelsawyoebis konstruqciebSi, gamoyenebulia 

sxvadasxva klasisa da rigis berketuli meqanizmebi. Cvens mier 

aRwerilia praqtikulad nebismieri erTi moZraobis xarisxisa da 

zedmeti (Warbi, pasiuri) bmebis gareSe berketuli meqanizmebis 

kinematikuri analizis erTiani algoriTmi. gamosakvlevi meqanizmis 

struqturisagan damoukideblad unda Sesruldes Semdegi SezRudvis 

pirobebi: 

1. meqanizmis Semavali rgoli dgars uerTdeba mexuTe klasis 

brunviTi kinematikuri wyviliT: 

2. meqanizmis Semadgeneli TiToeuli rgoli sxva rgolebTan 

mierTebisas qmnis ara umetes sam kinematikur wyvils. 

      zemoT aRniSnuli algoriTmis safuZvelze SemuSavebulia 

universaluri sistemuri kompiuteruli programa Autodesk Inventor-i, 

romelic gankuTvnilia berketuli meqanizmebis struqturuli da 

kinematikuri kvlevisaTvis.   

       meqanizmebis analizi sruldeba, Semavali rgolis 

Semobrunebis kuTxis rgolis 1 –is Tanmimdevruli mniSvnelobebis 

Sesabamisad. 

       berketul meqanizmebSi rgolebis zomebi ise unda iyos 

SerCeuli, rom vRebulobdeT realur meqanizmebs, winaaRmdeg 

SemTxvevaSi sistemuri kompiuteruli programa Inventor-i moaxdens 

reagirebas da meqanizmi Seqyvets moZraobas.  

        meqanizmis kinematikuri kvlevis dros saWiroa Semavali 

rgolis mocemuli moZraobis kanonebis mixedviT ganisazRvros 

meqanizmis Semadgeneli yvela rgolis moZraoba. 

        kinematikuri analizis ZiriTadi amocanebia: 
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1. brtyeli da sivrciTi meqanizmis  rgolebis mdebareobisa da 

calkeuli wertilis traeqtoriebis gansazRvra; 

2. wrfivi da kuTxuri siCqareebisa da aCqarebebis gansazRvra 

(xdeba kinematikuri kvlevis Semdgom etapze, cnobili meTodebis 

gamoyenebiT). 

       sadisertacio naSromSi, struqturuli da kinematikuri 

analizisa da sinTezisaTvis Sedgenilia samrgola, oTxrgola, 

xuTrgola da maRali klasis saxsruli meqanizmebis Sesabamisi 

algoriTmi kompiuteruli programebis gamoyenebiT. 

            sadisertacio naSromSi mocemulia brtyeli da sivrciTi 

geometriuli amocanebis Sinaarsisa da gaangariSebis Tanmimdevroba, 

dasmuli amocanebis gaangariSebis algoriTmebisa da Sesabamisi 

sqemebis Sedgenis meTodika, miRebuli Sedegebis analizi da maTi 

momzadeba daproeqtebis Semdgomi etapisaTvis. 

       arsebuli samecniero naSromebis analizis safuZvelze, 

aucilebelia gadWrili iqnas erTi da ori moZraobis xarisxis mqone 

brtyeli da sivrciTi meqanizmebis struqturul, kinematikur 

analizTan da sinTezTan dakavSirebuli amocanebis amoxsnis 

meTodebi.   

      teqnikis ganviTarebis Tanamedrove etapze interess iwvevs 

saxsruli meqanizmebis awyobis procesi. gamokvleulia am problemis 

mxolod zogierTi aspeqti, romlis gamoyenebac SesaZlebelia 

konkretuli meqanizmebis struqturul sqemebSi, xolo zogadi 

Teoriuli saxis kvleva am mimarTulebiT praqtikulad ar 

ganxorcielebula. 

            radgan maRali klasis brtyeli da sivrciTi berketuli 

meqanizmebis kinematikuri analizisa da sinTezis sakiTxebi dRemde 

ar aris saTanado siRrmiT Seswavlili, amitom Cvens mier 

SemoTavazebuli midgoma, SeiZleba gamoyenebul iqnas inJiner-

konstruqtorebis mier da danergili iqnas praqtikaSi. 
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Tavi II Sedegebi da gansja 

2. berketuli meqanizmebis struqturuli sinTezis 

procesis optimizireba  Autodesk-is kompiuteruli 

sistemuri programebis AutoCAD-isa da  Inventor-is 

gamoyenebiT 

 

        meqanizmebis sinTezis nebismieri amocana SesaZlebelia 

dayvanil iqnas sinTezis iseTi parametrebis moZebnaze, romlis 

drosac sruldeba SezRudvebi, xolo miznobriv funqcias gaaCnia 

minimaluri mniSvneloba. Tu miznobrivi funqciis optimaluri 

mniSvneloba Seesabameba mis maqsimalur mniSvnelobas, maSin 

gamoiyeneba Sebrunebuli mniSvnelobebi, am SemTxvevaSi yovelTvis 

SesaZlebelia maqsimumis gansazRvris amocanis dayvana minimumis 

GgansazRvris amocanamde. 

         sinTezis saZiebeli parametrebis mcire raodenobis 

SemTxvevaSi, parametrebis miznobrivi funqciis minimumis 

ganmsazRvreli pirobebi  SesaZlebelia miviRoT ramodenime cvladis 

funqciis eqstrimumis cnobili pirobebidan gamomindire. sinTezis 

parametrebis didi raodenobis SemTxvevaSi amocana analizuri 

meTodiT ar amoixsneba. amitom iZulebuli varT saZiebeli 

parametrebi ganvsazRvroT meqanizmebis sxvadasxva variantebis an 

SemTxveviTi SerCeviT, an mizanmimarTuli SerCeviT. aseTi 

SesaZlebloba faqtiurad gamoCnda eleqtro gamomTvleli manqanebis 

gamoCenis Semdeg. miTumetes am naklis gamosworeba SesaZlebelia 

Tanamedrove kompiuteruli programebis gamoyenebiT. 

         SevTanxmdeT, rom meqanizmis sinTezis optimizacias 

vuwodebT, sinTezis gamomavali parametrebis gansazRvras, miznobrivi 

funqciis minimumis pirobidan gamomdinare. agreTve 

gasaTvaliwinebelia meqanizmis struqturul da metrul 
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parametrebTan dakavSirebuli SezRudvebi. parametrebis didi 

raodenobis arsebobis SemTxvevaSi optimizireba yovelTvis 

xorcieldeba eleqtro gamomTvleli manqanebis gamoyenebiT da 

daiyvaneba sinTezis parametrebis kombinaciaze. axla ukve 

SesaZlebelia optimizaciis meTodebi, dayvanil iqnas sam jgufamde:  

1. SemTxveviTi Zieba; 

2. mizanmimarTuli Zieba; 

3. kombinirebuli Zieba. 

 SemTxveviTi Ziebis meTodi, romelsac agreTve monte-karlos 

meTodsac uwodeben efuZneba imas, rom calkeuli parametrebis 

SerCevisas kvlevaTa Catarebis erTidaigive raodenobis 

SemTxvevaSi, miRebuli Sedegebis albaToba optimalurTan 

SedarebiT, SemTxveviTi Ziebis dros ufro maRalia vidre, 

mudmivi intervaliT Tanmimdevrulad gadaTvlis dros. 

 miuxedavad imisa, rom Tanamedrove eleqtro gamomTvleli 

manqanebi, meqanizmebis erTmaneTTan Sedarebis asiaTasobiT 

variantebs iZlevian, mainc saWiroa SevecadoT gamoTvlebis 

Sromatevadobis Semcirebas. meqanizmebis daproeqtebis procesis 

gaiafebis TvalsazrisiT, Sromatevadobis Semcireba SeiZleba 

miRweul iqnas mizanmimarTuli Ziebis gamoyenebiT, anu sinTezis  

saZiebeli parametrebis iseTi SerCeva, romlis drosac 

parametrebis erTi kombinaciidan gadasvla meoreze xdeba ara 

SemTxveviT aramed mizanmimarTulad, miznobrivi funqciis 

Semcirebis mizniT. 

 zemoT ganxiluli orive meTodi xasiaTdeba Zalian didi 

moculobis gamoTvlebiT, da amitom mimarTaven kombinirebuli 

Ziebis meTods, romelic aerTianebs zemoT aRniSnuli meTodebis 

dadebiT mxareebs. 

      zemoaRniSnuli masalis analizidan gamomdinare, berketuli 

meqanizmebis struqturuli sinTezis procesi warmoadgens metismetad 
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rTul kompleqsur problemaTa erTianobas. mecnierebi cdiloben 

daamuSaon sxvadasxva efeqturi meTodi, brtyeli da sivrciTi 

berketuli meqanizmebis proeqtirebis procesis optimizirebisaTvis. 

swored aseT meTods miekuTvneba Autodesk-is Tanamedrove moqnili 

kompiuteruli sistemuri programebi AutoCAD-i da Inventor-i.  am 

programebis SesaZleblobebis gamoyeneba saSualebas gvaZlevs, 

kvlevebi CavataroT uSualod modelebze, rac berketuli 

meqanizmebis struqturli sinTezis procesis optimizirebis myar 

safuZvels iZleva. Aamave dros SesaZlebelia sasurveli sizustis  

miRwevac da rac  ufro mniSvnelovania, SesaZlebelia monitorze 

vizualurad Tvali vadevnoT TiToeuli rgolis ara marto 

gadaadgilebas aramed martivad avagoT traeqtoriebi da 

ganvsazRvroT meqanizmis nebismieri wertilis koordinatebi.  

       winamdebare naSromSi, nulovani ojaxis  sam, oTx, xuT da 

eqvsrgola meqanizmebis Teoriuli kvlevebis safuZvelze (akademikos 

i.i. artobolevskis klasifikaciis mixedviT) gadaWrilia moZraobis 

erTi xarisxis mqone kinematikuri jaWvis warmoqmnis sakiTxebi;  

SemuSavebulia zogierTi modifikaciis sivrciTi berketuli 

meqanizmebis kinematikuri kvlevebis da sinTezis grafikuli da 

analizuri meTodebi; miRebulia analizuri damokidebulebebi, 

romlebic praqtikuli amocanebis amoxsnis saSualebas iZlevian. 

 

2.1. brtyeli da sivrciTi  samrgola meqanizmebis analizi da 

sinTezi kompiuteruli sistemuri programebis AutoCAD-isa 

da  Inventor-is gamoyenebiT 

 

        ukanasknel wlebSi, oTxrgolian da xuTrgolian berketul 

meqanizmebTan erTad, romlebic kargadaa Seswavlili da farTod 

gamoiyeneba warmoebaSi, mzardi aRiareba moipoves aseve samrgolianma 

meqanizmebma, romelTa mTavari upiratesoba aris sivrciTi  gadacemis 
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ganxorcieleba meqanizmis mcire gabaritebis da rgolebis minimaluri 

raodenobis (ori moZravi rgoli) SemTxvevaSi. es Zalian 

mniSvnelovania didi raodenobis meqanizmebis mcire moculobaSi 

moTavsebuli manqanebisTvis. amJamad, sivrciTi samrgoliani 

meqanizmebi (gansakuTrebiT Semxebi berketebis meqanizmebi) farTod 

gamoiyeneba saTvlel-saangariSo manqana-avtomatebSi, soflis 

meurneobis, safeiqro, poligrafiul manqanebSi, saaviacio, 

kavSirgabmulobis mowyobilobebsa da avtomatebSi, 

manqanaTmSeneblobis sxvadasxva gamzom mowyobilobebSi.  

     rogorc zemoT iqna aRniSnuli, sivrciT berketul meqanizmebSi 

aris yvela klasis kinematikuri wyvilebis gamoyenebis SesaZlebloba. 

radganac  garkveulia damokidebuleba sawyis meqanizmTan 

misaerTebeli jaWvis rgolebs Soris, maSin naTelia, rom  

samrgoliani, oTxrgoliani, xuTrgoliani, da a. S. meqanizmebis 

misaRebad, Sesabamisad, SerCeul unda iqnas sxvadasxva klasis 

kinematikuri wyvilebi. ase magaliTad, oTxrgoliani sivrciTi 

berketuli meqanizmebis misaRebad, sawyis meqanizmebs unda miuerTdes 

iseTi nulovani jgufebi, romlebic Sedgeba ori rgolisgan da sami 

kinematikuri wyvilisgan, raTa am wyvilebiT ganxorcielebuli bmaTa 

ricxvi ar aRematebodes 12-s. 

    Tu analogiurad vimsjelebT, rom sawyis meqanizms unda 

miuerTdes ori kinematikuri wyvilis mqone erTi rgoli: 

                                      ∑ 𝐾𝑃𝑘 = 6𝐾=5
𝐾=1                                                  (32) 

radgan  SesakrebelTa ricxvi udris ors, SegviZlia davweroT 

K1 + K2 =6 

Tu  K1  =1;                K2  =5;  1 + 5 = 6; 

Tu  K1  =2;                K2  =4; 2 + 4 = 6; 

Tu  K1  =3;    K2  =3; 3 + 3 = 6; 
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Tu  K1  =4;    K2  =2; 4 + 2 = 6; 

Tu  K1  =5;    K2  =1; 5 + 1 = 6. 

sadac  K1 da K2  - nulovan jgufSi Semavali kinematikuri wyvilebis 

klasebis saerTo aRniSvnebs warmoadgenen. 

         Tu sawyis meqanizmad miCneulia dgarTan cilindrul 

kinematikur wyvilTn dakavSirebuli rgoli, maSin sawyis meqanizmze 

misaerTebeli jgufis Tavisuflebis xarisxi udris:   

                       𝑊 = 6𝑛 − ∑ 𝐾𝑃5 = −1𝐾=5
 𝐾=1                                     (33) 

                                                      ∑ 𝐾𝑃5 = 7𝐾=5
 𝐾=1                                                   (34) 

anu,  K1  + K2    = 7 

                Tu  K1  =2;             K2  =5; 2 + 5 = 7; 

                Tu  K1  =3;             K2  =4; 3 + 4 = 7;  

                Tu  K1  =4;             K2  =3; 4 + 3 = 7; 

                Tu  K1  =5;             K2  =2; 5 + 2 = 7. 

radgan,   

                         𝑊 = 6𝑛 − ∑ 𝐾𝑃5 = 1𝐾=5
 𝐾=1                                 (35) 

Cvens SemTxvevaSi miviRebT 

                                                        ∑ 𝐾𝑃𝑘 = 11𝐾=5
 𝐾=1                                                      (36) 

   Tu moZraobis erTi xarisxis mqone samrgoliani sivrciTi 

meqanizmebis misaRebad davwerT sxvadasxva cifrebis yvela SesaZlo 

kombinacias, sabolood miviRebT: 

5 + 1 + 5 = 11; 

5 + 2 + 4 = 11; 

5 + 3 + 3 = 11; 
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4 + 3 + 4 = 11.                   

                                                         cxrili 3 

 

       amrigad,  miviRebT sivrciTi samrgoliani meqanizmebis oTx 

sxvadasxva saxeobas. es meqanizmebi, imis mixedviT, Tu moZraobis 

ramdeni xarisxi gaaCnia sawyis meqanizms, iyofa or klasad, xolo 
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misaerTebel jgufSi Semavali kinematikuri wyvilis  umciresi 

klasis gaTvaliswinebiT, maTi dayofa SeiZleba kidev  saxeobebad 

(cxrili 3).                                         

      sivrciTi meqanizmebis saerTo Teoriidan cnobilia, rom 

arsebobs sivrciTi meqanizmebi, moZraobis zedmeti xarisxebiT 

(meqanizmebi „mocurave rgolebiT“) da meqanizmebi pasiuri kavSirebiT. 

Cvens mier ganxilul meqanizmebSi es sakiTxebi gaTvaliswinebulia. 

      amrigad, sxvadasxva mecnieris mier SemuSavebuli  

struqturuli klasifikaciis Teoriis safuZvelze, miRebulia 

moZraobis erTi da ori xarisxis mqone samrgoliani meqanizmebis 

yvela SesaZlo modifikacia, Seswavlilia nulovani ojaxis 

samrgoliani meqanizmebis warmoqmnis zogadi kanonebi.  

   sivrciTi berketuli meqanizmebis kinematikis amocanebis 

amoxsnisas Cndeba kvlevis racionaluri meTodis SerCevis sakiTxi.  

      sivrciTi berketuli meqanizmebis  kvlevebis analizuri 

meTodebis  damuSavebisas, saukeTesod iTvleba is SemTxveva, rodesac 

saZiebo sidideebi uSualod arian dakavSirebuli mocemul 

parametrebze, Sesabamisad, SesaZlebelia sxvadasxva daskvnebis 

gakeTeba saZiebo sidideebTan mimarTebaSi, rac amartivebs kvlevas 

rogorc analizis, aseve sinTezis dros.  

      me-8 naxazze warmodgenil meqanizmSi, rgolebi dakavSirebulia 

erTmaneTTan Semdegi kinematikuri wyvilebiT: 

1. wamyvani rgoliT (1) ukavSirdeba dgars - IV klasis  

cilindruli wyviliT; 

2. wamyvani amyols  (2) ukavSirdeba - III klasis sferuli  

kinematikuri wyviliT; 

3. amyoli rgoli (2) ukavSirdeba dgars   - IV klasis  

      cilindrul kinematikuri wyviliT. 

I - I  da  II - II kinematikuri wyvilebis RerZebi acdenilni 

arian. 

     mudmivi kinematikuri parametrebia: 
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r  - wamyvani rgolis sigrZe (1)  O1 (X1Y1Z1)  wertilidan  A (X2Y2Z2)  

wertilamde; 

L -  amyoli  (2) rgolis sigrZe  A wertilidan B  (X3Y3Z3)  

wertilamde; 

 -  I - I da II - II  RerZebis gadajvaredinebis kuTxe; 

h - umoklesi manZili  I - I da II - II  RerZebs Soris. 

 

 

nax. 8 

 

     cvladi kinematikuri parametrebia: 

φ  - Semavali rgolis mobrunebis kuTxe, romlic aiTvleba 

horizontalyri sibrtyidan saaTis isris moZraobis 

sawinaaRmdegod; 

β - amyoli  rgolis mobrunebis kuTxe;  

S1 - wamyvani rgolis (1) gadaadgileba I - I  RerZis gaswvriv,  

romlis aTvla xdeba O1  (0,0,0 ) wertilidan. 

S2 - amyoli  rgolis (2) gadaadgileba II - II  RerZis gaswvriv,  

aTvla xdeba O  (0,0,0 )  wertilidan; 
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X Y Z  koordinatis sistemas  varCevT ise, rom  OY  RerZi 

emTxveodes II - II  RerZs, xolo RerZi OZ emTxveodes h; 

X O Y  sibrtye gadiodes II - II  RerZze, I - I  RerZis paralelurad.  

naxazidan Cans, rom 

                        
x1 

 −y1 
= tgγ ,   Z1= h                                                  (36) 

amitom 

X2  =-Y1 tg γ + cos γ cos φ, 

Y2 = - Y1 +r sin γ   cos φ, 

Z2 = h + r sin φ;   X3 =0; Y3=S2   Z3=0 

   radganac amyoli rgolis gegmili  AB,   XOY sibrtyeze  OX 

RerZis paraleruria, maSin ordinata Y2  = Y3 = S2, xolo abscisa X2  

ganisazRvreba Sefardebidan 

                                                     X2 = √L2 − z2                                          (37) 

meores mxriv 

                                              X2 =- Y3tg γ +r cos γ cos φ                             (38) 

Tu gavaTanabrebT am sidideebs, vipoviT  mniSvnelobas y1 :  

                   Y1 = rcos γ ctg γ cos φ - ctg γ√L2 − (h + rsinφ)2                  (39) 

maSin 

                           X1 = - rcos γ cos φ + √L2 − (h + rsinφ)2                         (40) 

xolo wamyvani rgolis  I – I  RerZis gaswvriv gadaadgileba 

ganisazRvreba formuliT 

              S1 = ±√x1
2 + y1

2= ±[rctg γ cos φ −
1

sinγ
√L2 − (h + rsinφ)2]       (41) 

S2  -is gansazRvrisaTvis  y1   mniSvnelobas CavsvaT  y2  

gamosaxulebaSi: 

                                     S2=
rcosφ

sinγ
-√L2 − (h + rsinφ)2 ∙ ctgγ                       (42) 
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     amyoli rgolis (2) moxbrunebis kuTxe II – II  RerZis mimarT 

ganisazRvreba formuliT: 

                                                β= arc sin 
z2

l
= arcsin

h+rsinφ

l
                                    (43)  

      meqanizmebis Teoriis Semswavleli mecniereba, moicavs 

meqanizmebis sinTezis teqnikuri amocanebis gansaxilvel yvela 

sakiTxs: meqanizmebis agebulebas, praqtikis moTxovnis safuZvelze 

arsebuli meqanizmebis analizisa da sinTezis meTodebs, meqanizmebis 

parametrebis gansazRvras. 

          axali manqanebis konstruirebisas meqanizmebis sinTezs gaaCnia 

udidesi mniSvneloba. Tumca, amJamad, sinTezis amocanebi 

srulyofilad amoxsnilia mxolod umaRlesi kinematikuri wyvilebis 

Semcveli  muSta  da kbilana meqanizmebisaTvis.  

     meqanizmebis sinTezis TeoriaSi arsebobs ori ZiriTadi 

mimarTuleba: analizuri da geometriuli.  

     analizuri meTodis fuZemdebeli gaxlavT  rusi mecnieri p.l. 

CebiSevi, xolo geometriulis - germaneli mecnieri l. burmesteri. 

analizuri an geometriuli meTodiT, damuSavebulia iseTi amocanebi, 

rogorebicaa meqanizmis daproeqteba, misi mocemuli traeqtoriis  

mixedviT, gamavali rgolis mocemuli zRvruli mdebareobebis 

mixedviT, an mxreulis rxevis kuTxis mixedviT, amyoli rgolis 

moZraobis saSualo siCqaris cvalebadobis koeficientis mixedviT, 

amyoli rgolis mocemuli siCqareebis, dawnevis zRvruli kuTxis 

mixedviT da a.S.  

     amJamad, meqanizmebis sinTezis meTodebis ganviTareba unda 

mimdinareobdes ori mimarTulebiT. pirveli mdgomareobs mocemuli 

pirobebiT meqanizmis sqemis parametrebis moZiebis meTodebis 

ganviTarebaSi, Tu CavTvliT rom  sqemac da pirobebic  

gansazRvrulia manqanis daniSnulebis Sesabamisad. meore 

mimarTulebas warmoadgens meqanizmis sqemis SerCevis meTodi, 
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romelic moicavs saWiro moZraobis Sesasruleblad  ama Tu im sqemis 

saimedoobis da ekonomiurobis Sefasebis meTods, aseve im meTodebs, 

romelTa meSveobiTac gaTvaliswinebuli teqnologiuri 

procesisaTvis SesaZlebelia meqanizmis proeqtirebis amocanis 

Sedgena.  radganac, analizuri  meTodiT sivrciTi samrgoliani 

meqanizmis kinematikuri kvlevisas Cvens mier miRebulia uSualo 

funqcionaluri damokidebulebebi mudmiv da cvlad kinematikur 

parametrebs Soris, maSin,  Sesabamisad, maTi gardaqmnisas SegviZlia 

ganvsazRvroT saZiebo parametrebi am meqanizmebis proeqtirebis 

amocanebis amoxsnelad.  

     meqanizmis arsebobis pirobebis dasadgenad, ganvixiloT 

formulebSi 39-42 Semavali gamosaxuleba: 

                        √L2 − (h + rsinφ)2                                            (44) 

     iracionalobis Tavidan asacileblad, unda dakmayofildes 

Semdegi piroba 

                                 L2 − (h + rsinφ)2 > 0                                            (45) 

e.i. 

                              𝑟 < 𝐿 − ℎ                                                   (46) 

           swored es aris mrudmxaras arsebobis piroba. amave    

formulebidan Cans,  rom  0 < 𝛾 ≤ 90°.  meqanizmis proeqtirebisas 

zogjer saWiroa wamyvani da amyoli rgolebis svlis gansazRvra rac 

Sesabamisad udris 

                                        H1=S1max - S1min      da     H2= S2max – S2min                                 (47) 

S1   eqstremaluri  mniSvnelobebis povnisas vRebulobT meoTxe 

xarisxis gantolebas: 

              r2sin2γsin4φ+2rhsin2γsin3φ+(l2cos2γ+h2sin2γ-r2) sin2 φ-2rhsinφ-h2=0    (48) 
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      analizuri meTodiT sivrciTi samrgoliani meqanizmebis 

kinematikuri kvlevisas miRebuli formulebis gardaqmnis meSveobiT, 

moZiebulia maTi sqemebis ZiriTadi parametrebi winaswar mocemuli 

pirobebiT; 

      gamoyvanilia mudmiv kinematikur parametrebs Soris 

Tanafardoba, romlTa Sesabamisad SerCeva meqanizmis kinematikuri 

sqema. zogierTi modifikaciis meqanizmisaTvis dadgenilia rgolebis 

Semobrunebis pirobebi. 

      brtyeli da sivrciTi samrgola berketuli meqanizmebis  

analizi da sinTezi, saangariSo formulebis sirTulis gamo, 

CavatareT kompiuteruli sistemuri programebis AutoCAD-isa da  

Inventor-is gamoyenebiT. 

 

2.2. samrgola meqanizmebis calkeuli wertilebis 

traeqtoriebis gansazRvra 

 

      sadisertacio naSromSi agebulia brtyeli da sivrciTi 

samrgola meqanizmebis calkeuli wertilebis traeqtoriebi da 

Sedgenilia Sesabamisi koordinatebis cxrili (nax. 9, nax. 10). 

       nax. 9-ze naCvenebia nulovani ojaxis sivrciTi samrgola 

meqanizmi, romlis moZraobis xarisxi erTis tolia. 

        wamyvani rgoli (1), dgarTan SeerTebulia brunviTi 

kinematikuri wyviliT. 

                amyol rgols (2) warmoadgens Rru wriuli cilindri, 

romelic dakavSirebulia dgarTan IV klasis cilindruli 

kinematikuri wyviliT. 

        wamyvani da amyoli rgolebi erTmaneTTan dakavSirebulebi 

arin umaRlesi rigis kinematikuri wyviliT-burTula milSi. 
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nax. 9 

       mocemulia: almaceri RerZebi I-I da II-II, A wertili, romelic 

warmoadgens sferos centrs da daSorebulia I-I RerZidan r radiusiT, 

II-II RerZi cilindris RerZTan adgens =900 kuTxes.  

       

nax. 10 

 

       saWiroa ganisazRvros amyoli rgolis (2) mdebareoba, 

meqanizmis ganzogadoebuli koordinatis 1 –is mixedviT 

        meqanizmis mudmivi kinematikuri parametrebia: 

 - I-I ReerZisa da II-II RerZis gadajvaredinebis kuTxe; 

h - I-I ReerZisa da II-II RerZis umoklesi manZili; 

r – aris umoklesi manZili A wertilidan I-I RerZamde; 
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h1 – h da r –s Soris umoklesi manZili; 

 –II-II da III-III RerZebs Soris maxvili kuTxe. 

         meqanizmis cvladi kinematikuri parametrebia: 

1 – wamyvani rgolis 1-is mobrunebis kuTxe; 

2 – amyoli rgolis 2-is mobrunebis kuTxe; 

r2 – manZili A wertilidan II-II RerZamde; 

S2 – amyoli rgolis 2 gadadgilebis sidide, II-II RerZis gaswvriv. 

 

  

 

nax. 11 

         meqanizmis amyol rgols 2 ise ganvalagebT gegmilTa 

sibrtyeebis mimarT, rom II-II RerZi iyos frontalur gegmilTa 

sibrtyis marTobuli, xolo I-I RerZi iyos horizontalur gegmilTa 

sibrtyis paraleluri. 

        am SemTxvevaSi amyoli rgolis 2 gadadgilebis saZiebeli 

sidideebi S2 da Semobrunebis kuTxe  2 dagegmildebian horizontalur 

da frontalur gegmilTa sibrtyeebze naturaluri sidideebiT. 

aRsaniSnavia, rom am meqanizmSi SesaZlebelia meqanizmis 
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konstruqciuli da kinematikuri saxecvlileba, amyoli rgolis 2 

mudmivi parametrebisa da konfiguraciis cvlilebiT (mrudwiruli 

cilindri).   

      me-11 naxazze naCvenebi meqanizmebisaTvis, calkeuli wertilebis 

traeqtoriebi SeiZleba aigos analogiurad. 

              

2.3. samrgoliani  meqanizmis  kinematikuri  analizi eileris 

kuTxeebis daxmarebiT 

  

      sivrciTi samrgola meqanizmebis mravali  SesaZlo 

modifikaciidan, romlebic gvxvdeba manqanaTmSeneblobis da 

xelsawyoTmSeneblobis praqtikaSi, yuradrebas ipyrobs, me-12 naxazze 

naCvenebi meqanizmi.  

 

nax. 12 

 

      wamyvan rgols 1 warmoadgens O1A   (1),  romelic dakavSirebulia 

dgarTan  IV klasis  cilindrul kinematikuri wyviliT,  xolo 
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amyoli rgoli (2) aris AO, romelic dakavSirebuli IV klasis sferul 

kinematikur wyvilTan.  Tavis mxriv, amyoli rgoli   dgarTan erTad 

warmoqmnis III klasis sferul kinematikur wyvils. 

meqanizmis mudmivi kinematikuri parametrebia: 

r- wamyvani rgolis (1) sigrZe O1  (x1 , y1 , z1 ) wertilidan,  A (x1 , y1 , z1 )  

wertilamde;   

e – dezaqsialis sidide; 

R  – OA  gamavali rgolis sigrZe. 

      meqanizmis cvladi kinematikuri parametrebia: 

S=X1 – wamyvani rgolis brunvis centris abscisa; 

1 - O1A wamyvani rgolisESemobrunebis kuTxe - meqanizmis 

ganzogadoebuli parametri. 

           wamyvani rgolis brunvis RerZi ganlagebulia  xOy sibrtyeze  OX 

RerZis paralelurad. 

   naxazidan Cans, rom  

 

radgan,  

R2= (X2 -0)2 + (Y2 -0)2 + (Z2-0)2 , 

amitom 

                                                            X22= R2- Y22- Z22.                                                                    (50)       

       Tu (49) formulidan y2   da   z2   mniSvnelobebs SevitanT  

(50) -Si, Sesabamisi gardaqmnebis semdeg gveqneba,                            

 S=X1= X2=√A − 2re cos 1 , (51) 

(49)       
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sadac 

A=R2-e2-r2. 

        (51) gamosaxulebis drois mixedviT diferencirebis Semdeg, 

vpoulobT wamyvani rgolis brunvis centris X RerZis gaswvriv 

gadaadgilebis siCqares da aCqarebas. 

 V= 
𝑑𝑥1

𝑑𝑡
 = 

𝑑1

𝑑𝑡
 

𝑟𝑒 sin1

√𝐴−2𝑟𝑒 cos1

,  (52) 

 a=
𝑑2𝑥1

𝑑𝑡2
=

𝑑2
1

𝑑𝑡2
 𝑟𝑒

𝐴 cos1−𝑟𝑒 𝑐𝑜𝑠2
1−𝑟𝑒

(𝐴−2𝑟𝑒 cos1)3 2⁄
.    (53) 

 

        X1-is eqstremaluri mniSvnelobebis gansazRvrisTvis X1–is 

warmoebuls  1-iT   vutolebT 0-s,    
dx1

dα
=0 da miRebuli gantolebis 

amoxsniT, vpoulobT 1  Sesabamis mniSvnelobebs, romelTa Casma X1 –is 

gamosaxulebaSi gvaZlevs saZiebo sidideebs. 

       miviRebT, rom  rodesac                  

1   =0 °  gvaqvs           x1min =√A − 2re, 

 xolo, rodesac  

 1   = 180 °                       x1max =√A + 2re. 

                radgan amyoli rgoli asrulebs brunviT moZraobas O  uZravi 

wertilis garSemo, maSin, am meqanizmis Semdgomi kinematikuri kvlevis 

Catareba mosaxerxebeli iqneba eileris kuTxeebis  daxmarebiT. 

        eileris kuTxeebis gansazRvrisaTvis virCevT OX'Y'Z' moZrav 

koordinatTa sistemas: OZ'  RerZs mivmarTavT OA-mimarTulebiT, OX'  

RerZad miviCnevT X'OY'   da  OA- AO1  sibrtyeebis gadakveTis xazs, xolo 

OY'  RerZs  mivmarTavT ise, rom  OX'Y' Z'  sistema iyos marcxena. 

        gvecodineba ra, O da A  wertilebis koordinatebi, SegviZlia 

davweroT OA wrfis, ese igi  OZ'  RerZis,  gantoleba 

                          
𝑥

𝑥2
=

𝑦

𝑦2
=

𝑧

𝑧2
.               (54) 
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radgan sibrtye  x'Oy'     Oz' -is  perpendikularulia,  misi gantoleba 

iqneba: 

  X2X +Y2Y+Z2Z=0 (55) 

x'Oy'   da  xOy  sibrtyeebis gadakveTisas vRebulobT O∆  wrfes, 

romelsac nutaciis RerZi (kvanZebis wrfe) ewodeba, romlis 

gantolebasac Semdegi saxe aqvs.  

                     x2x +y2y+z2z=0                                             (56) 

                                                                     Z=0 

an 

𝑥

𝑦2
=  

𝑦

−𝑥2
. 

     aseve SegviZlia davweroT O,A, da O1  sam mocemul wertilze 

gamavali  sibrtyis gantoleba:  

 

ან 

                                 XY1Z2- YX1Z2+Z(X1Y1-X2Y2) =0.                                     (57) 

       Tu gaviTvaliswinebT, rom OX' RerZi aris  x'Oy'  da  OA- AO1 

sibrtyeebis gadakveTis xazi, miviRebT 

                 




0=X2Y1)-Z(X1Y2+YX1Z2-Y1Z2X

0=Z2Z+Y2Y+ X2X
                          (58)                                                                                       

an 

      
𝑥

𝑦2 
2 𝑥1 −𝑥2𝑦1𝑦2+𝑧2

3𝑥1    

=
𝑦

𝑧2 
2 𝑦1 −𝑥1𝑥2𝑦2 𝑥2

2𝑦1
=

𝑧

−𝑥1𝑥2𝑧2−𝑦1𝑦2𝑧2
.                 (59)  

O∆  da OX'  wrfeebs Soris kuTxe warmoadgens sakuTari brunvis kuTxes 

φ=arccos
𝑦2

3𝑥1−𝑥2𝑦2
2𝑦1+𝑧2

2𝑥1𝑦2+𝑥1𝑥2
2𝑦2−𝑥2𝑧2

2𝑦1−𝑥2
3𝑦1

√(𝑦2
2+𝑥2)2 ⌊(𝑦2

2𝑥1−𝑥2𝑦2𝑦1+𝑧2
2𝑥1)2+(𝑧2

2𝑦1−𝑥1𝑥2𝑦2+𝑥2
2𝑦1)2+(−𝑥2𝑥1𝑧2−𝑦1𝑦2𝑧2)2⌋

             (60)                   

O∆  da OX  wrfeebs Soris kuTxe aris ψ  precesiis kuTxe:  
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                                                ψ= arc cos 
y2

√x2
2+y2

2
.                                                        (61) 

OZ da OZ'   RerZebs Soris kuTxe aris θ - nutaciis kuTxe: 

                                   θ = arc cos 
z2

√x2
2+y2

2+z2
2
.                                                          (62) 

(60), (61) da (62) formulebSi (49)- dan mniSvnelobis CasmiT, sabolood 

miviRebT:   

φ= arc cos R cos 1 √
A−2re cos 1

(R2−r2sin2
1 )(A−2re cos1 +e2sin2

1 )
 

                                  ψ=arc cos 
−(e+r cos1 )

√lR2 −r2sin2
1 

                                          (63) 

θ= arc cos  
r sin1 

R
. 

 

 

nax. 13 



73 
 

 rodesac gansazRvrulia  φ, ψ da θ eileris kuTxeebi, mocemuli 

meqanizmis Semdgomi kvleva SeiZleba Catardes meqanikaSi ukve 

cnobili formulebis mixedviT. 

rogorc davinaxeT eileris kuTxeebis gamosaTvleli 

formulebi sakmaod rTulia. kompiuteruli teqnika saSualebas 

iZleva modelis saSualebiT martivad swrafad da vizualurad 

gadawydes es amocana.  

me-13 naxazze naCvenebia eileris kuTxeebis gansazrvra kompiuteruli 

programi AutoCAD-is gamoyenebiT. rogorc naxazidan Cans 

gansazRvrulia: 

φ - sakuTari brunvis kuTxe. kuTxe O∆  da OX'  wrfeebs Soris; 

ψ - precesiis kuTxe O∆  da OX  RerZebs Soris kuTxe; 

θ - nutaciis kuTxe, kuTxe  OZ da OZ'   RerZebs Soris;  

O∆ - nutaciis RerZi (kvanZebis wrfe), x'Oy' da xOy sibrtyeebis   

     TanakveTis wrfe. 

      analogourad aris SesaZlebeli eileris kuTxeebis gansazrvra 

meqanizmis sxva mdebareobebisTvisac. 

 

 

nax. 14 
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      me-14 naxazze naCvenebia zemoT aRniSnuli meqanizmis gamomavali 

rgolis nebismieri M wertilis traeqtoria da saTanado 

koordinatebi eileris kuTxeebis daxmarebiT.  

 

2.4 brtyeli da sivrciTi oTxrgola berketuli meqanizmebis 

kinematikuri kvleva kompiuteruli sistemuri programebis AutoCAD-

isa da  Inventor-is gamoyenebiT 

 

        rogoc cnobilia, sferos zedapirze mdebare wertilze 

sferos kuTvnili uamravi wrewiris ageebaa SesaZlebeli. amitom 

sferos zedapirze mdebare N wertilis mdebareobis gansazRvrisaTvis, 

jer sferos kuTvnili nebismieri n wrewiri avagoT (nax. 15 a) da Semdeg 

masze N wertili movniSnoT.  

        davuSvaT, mocemulia  O centri, da =1 radiusian sferos 

zedapirze mdebare ori wertili. saWiroa ganisazRvros amave 

zedapirze mdebare iseTi C wertili romelic aRniSnuli 

wertilebidan winaswar mocemuli <COA da <COB sferuli manZilebiT 

iqneba daSorebuli. cxdia rom sferos zedapirze aseTi ori wertili 

iarsebebs, isini sferos im segmentebis fuZeebis gadakveTis 

wertilebi iqnebian, romelTa wveroebi A da B wetilebia, xolo 

msaxvelebi Sesabamisad   AC და  BC  მონაკვეთების ტოლი (ნახ. 15 ბ). 

 

 
ნახ. 15F 

ა ბ გ 
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                zogad SemTxvevaSi erTi an ramdenime moZraobis xarisxis mqone 

berketuli meqanizmi miiReba wamyvan rgolTan an rgolebTan erTi an 

ramdenime struqturuli jgufis mierTebis gziT. kinematikuri 

kvlevis Catarebis da am jgufebis mierTebis Tanmimdevroba erTmaneTs 

emTxveva (identuria). maTi gaTvaliswinebiT SeiZleba miviRoT 

berketuli meqanizmebis kinematikuri kvlevis erT-erTi cnobili 

struqturuli modeli standartuli kompiteruli programebis 

gamoyenebiT. umartivesi saxis orsadaviani jgufebisaTvis cnobili 

iqneba gare kinematikuri wyvilebis mdebareobebi da kvlevis mizans 

Seadgens Sua, kinematikuri wyvilis mdebareobis gansazRvra. 

kinematikuri kvlevis es midgoma marTebulia yvela saxis da 

modifikaciis berketuli meqanizmisaTvis. ase magaliTad: 

 
 

ნახ. 16 

 

       CavataroT oTxrgola sferuli berketuli meqanizmis 

kinematikuri analizi grafikuli da kompiuteruli programa  

AutoCAD-isa da Inventor-is gamoyenebiT. 

mocemulia: 1. sferuli oTxrgola berketuli meqanizmis  
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                       kinematikuri sqema (nax. 16);   

             2.  ganzogadoebuli koordinatis cvalebadobis funqcia  

                  drosTan kavSirSi f1 = f1(t);    

                        3. a1, a2, a3, a4 - mrudxaras, barbacas, mxreulis, dgaris   

              centraluri kuTxeebi (nax. 16). 

          saWiroa ganisazRvros ABCD berketuli meqanizmis mdebareobis 

funqcia f3 = f (f1).   

           mocemulia oTxrgola berketuli meqanizmis naxevrad 

konstruqciuli sqema (nax. 17). 

      kuTxeebi a1, a2, a3, და a4, - rgolebis zomebi Semavali rgolis 

mobrunebis kuTxis - (ganzogadoebuli koordinatis) cvalebadobis 

funqcia drosTan kavSirSi = f(t) saWiroa ganisazRvros meqanizmis 

mdebareobis gegma. 

 

ნახ. 17 

       kinematikur kvlevas vawarmoebT Semdegi TanmimdevrobiT: 
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1. SevasruloT erTeuli radiusis mqone sferos ganfena. 

2.  miRebuli ganfenis saSualebiT SevqmnaT ori naxevarsferuli   

    zedapiri. 

3.  davfaroT miRebuli zedapirebiT zemoT aRniSnuli sfero. 

4.  movniSnoT sferos zedapirze ori uZravi A da D wertili. 

5.  A wertilidan rogorc centridan SemovxazoT wrewiri |AB| 

qordis toli radiusiT. movniSnoT a-a wrewirze erT-erTi B 

wertili.   

6.  moniSnuli erT-erTi wertilidan, Cvens SemTxvevaSi B2–dan, 

rogorc centridan, |BC| qordis toli radiusis mqone b-b rkali  

       SemovxazoT. 

7. analogiurad D  wertilidan, |DC| qordis toli radiusiT   

   SemovxazoT d-d rkali. 

8.  b-b da d-d rkalebis TanakveTis wertili aris saZiebeli C wertili. 

 

ნახ. 18 

         A,B,C da D wertilebi SevaerToT saTanado rkalebiT. Sedegad 

miviReT meqanizmis mdebareobaTa gegma.  

          Tu mrudxaras Semobrunebis kuTxeebs mivcemT sxvadasxva 

mniSvnelobebs, anu Sesabamis wrewirs davyofT ramdenime (Cvens 

SemTxvevaSi 12) tol nawilad, maSin miviRebT meqanizmis sxvadasxva 

mdebareobebs. amiT ganisazRvreba CD rgolis mdebareobebi.  zemoT 

aRniSnuli operacia SesaZlebelia gavimeoroT 12 jer ris Semdegadac, 

saTanado monacemebis gaTvaliswinebiT SesaZlebelia, diagramis  
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3= f (1) ageba. miRebuli Sedegebi SegviZlia gamovsaxoT grafikulad da 

avagoT diagrama (nax. 19). 

 

 

nax. 19 

 

      berketuli meqanizmebis kinematikuri analizisaTvis SeiZleba 

gamoviyenoT kvlevis sxvadasxva meTodi. kvlevis Sedegad unda 

miviRoT funqcionaluri damokidebulebani ama Tu im kinematikuri 

parametris cvalebadobasa da meqanizmis ganzogadoebul 

koordinatebs Soris. 

      vinaidan Tanamedrove teqnikaSi gamoyenebuli meqanizmebis 

umravlesoba miekuTvneba meore klasis meqanizmebs, romlebic 

miiRebian sawyis meqanizmTan assuris orsadaviani jgufebis 

sxvadasxva kombinaciiT mierTebis Sedegad, amitom saWiroa gavecnoT 

am jgufis kinematikuri kvlevis algoriTmis Sedgenis saerTo 

principebs. 

       am saxis meqanizmis mdebareobis funqciis gansazRvris dros 

winaswar cnobili iqneba, misaerTebeli nulovani jgufis ganapira 

kinematikuri wyvilebis elementebis (A da C)  centrebis koordinatebi 
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globalur XOY koordinatTa sistemaSi da rgolebis lAB da  lBC 

sigrZeebi. 

        virCevT moZrav (lokalur) koordinatTa AX1Y1 sistemas da 

vsazRvravT C wertilis daSorebas A wertilidan.  

                                           Lac= √(𝑥𝑐 −  𝑥𝑎  )2 + (𝑦𝑐  −  𝑦𝑎 )2                            (64) 

AX1Y1 koordinatTa RerZebis orientaciis kuTxe OXY sistemis mimarT 

gamoiTvleba formuliT 

ac=arc tg 
𝑌𝑐− 𝑌𝐴

𝑋𝑐−𝑋𝐴
 

OXY sibrtyeze A da C wertilebis urTierTganlagebis zogadi 

SemTxvevisaTvis unda visargebloT Semdegi pirobebiT: 

        

B wertilis koordinatebi AX1Y1 sistemaSi: 

                                  XB1=
lAB+
2

lAC−
2

lAC
2

2𝑙𝐴𝐶
;    YB1=√lAB−

2
XB1

2
                           (66) 

B wertilis koordinatebi OXY sistemaSi: 

XB=XB1cosYx1 - YB1sinYx1+XA; 

YB=XB1sinYx1 + YB1cosYx1+YA. 

rgolebis  2 da  3 daxris kuTxeebi X RerZis mimarT: 

 

(65) 

(67) 
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      kvlevis Sedgenis meTodika SeiZleba gadavwyvitoT 

kompiuteruli programis AutoCAD-is gamoyenebiT.   

      rogorc ukve aRvniSneT saWiroa aigos B wveroTi da BC 

msaxveliT gansazRvruli segmentis fuZe da aseve D wveroTi da CD 

msaxveliT gansazRvruli segmentis fuZe. segmentebis fuZeebis 

(wrewirebi) TanakveTis wertili iqneba saZiebeli C wertili. 

  

  
ნახ. 20 

     Tavdapirvelad kompiuterul programa AutoCAD-Si avagoT 

erTeuli radiuis mqone sfero, Semdeg movniSnoT dgaris wertilebi 

A da D. segmentebi SeiZleba Seicvalos brunvis  konusebiT romelTa 

wveroebi iqneba B da D  wertilebi, brunvis RerZebi Sesabamisad BO da 

DO, xolo msaxvelebi ki mocemuli manZilebi BC da CD. aseTi brunvis 
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konusebis ageba kompiuterul programa AutoCAD-Si araviTar 

sirTules ar warmoadgens.  am konusebis fuZeebis (wrewirebi) 

TanakveTa gvaZlevs saZiebel or wertils C da C*. aSkaraa, rom am ori 

wertilidan WeSmariti SeirCeva meqanizmis Tanmimdevruli 

mdebareobidan gamomdinare. kompiuterul programa AutoCAD-i 

saSualebas gvaZlevs ganisazRvros berketuli meqanizmis nebismieri 

wertilis koordinatebi, aseve maT Soris manZili praqtikisaTvis 

misaRebi sizustiT (nax. 20). 

 

2.5. brtyeli da sivrciTi oTxrgola berketuli meqanizmebis 

barbacovani  wirebis ageba kompiuteruli sistemuri 

programebis AutoCAD-isa da  Inventor-is gamoyenebiT 

 

      sadisertacio naSromSi Catarebulia   brtyeli da sivrciTi 

oTxrgola berketuli meqanizmebis kinematikuri kvleva 

kompiuteruli sistemuri programebis AutoCAD-isa da  Inventor-is 

gamoyenebiT (nax. 21). 

      

nax. 21 

 

       ganxilulia am meqanizmebis uZravi da moZravi rgolebis 

urTierT fardobiTi mdebareobebis yvela SesaZlo varianti. 22-e 
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naxazze rgoli AD warmosdgens dgars, xolo meore gamosaxulebaSi 

dgari aris AB.  

      analogiurad aris SesaZlebeli, rom dgari jer BC gavxadoT 

Semdeg ki CD.  

     kompiuteruli sistemuri programebis  Inventor-is da AutoCAD-is 

gamoyenebiT aseve Catarebulia sferuli oTxrgola meqanizmebis 

kinematikuri kvleva (nax. 23).  

 

      

nax. 22 

 

   

nax. 23 
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      sferuli oTxrgola berketuli meqanizmis kerZo SemTxvevas 

warmoadgens hukis universaluri saxsris anu kardanis meqanizmi. 

romelSic <AOB=<BOC=<COD da   165 <AOD 1800 (nax. 24).  

      naSromSi, naCvenebia cnobili mecnierebis mier Seqmnili 

zogierTi saxis meqanizmebis moZravi modelebi, rogoric aris: 

robertsis, CebiSevis, uatis, artobolevskis, evansis, hukis, delones, 

silvestre-kempes, poselies, da sxva. 

 

   

nax. 24 

 

        ganvixiloT robertsis saxsruli oTxrgola ABCD meqanizmi 

(nax. 25). robertsis meqanizmi warmoadgens oTxrgola meqnizms ori 

mxreuliT AB da CD. AD warmoadgens uZrav rgols xolo, BC ki 

barbacas. es meqanizmSi unda akmayofildebodes Semdeg pirobebs: 

AB=CD;  AD=2.2AB; BC=0.9AB da BE=CE=1.4AB. rodesac mxreuli AB 

brunavs uZravi A RerZis irgvliv maSin samkuTxedis E wveros mier 

aRwerili q-q traeqtoriis zogierTi ubani warmoadgens wrfesTan 

miaxloebul wirs, romelic AD dgaris paraleluri iqneba.   
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nax. 25 

 

                   

nax. 26   

         Autodesk-is kompiuteruli programa Inventor-i saSulebas 

gvaZlebs, yovelgvari analizuri da grafikuli meTodebis 

gamoyenebis gareSe, vizualurad miviRoT TvalsaCino efeqti. 

      nax. 26 naCvenebia CerbiSevis saxsruli oTxrgola ABCE 

meqanizmi, romelic akmayofilebs pirobebs: BC=CE=CD=2.5AB,  AE=2AB. 

AB rgolis uZravi A wertilis irgvliv brunvis dros, BC rgolis D 

wertili aRwers q-q traeqtorias. B wertilis d-a-b rkalze moZraobis 

dros, D wertili gadaadgildeba q-q traeqtoriis TiTqmis 

sworxazovan monakveTze.  
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nax. 27 

 

      ganvixiloT CerbiSevis kidev erTi saxsruli oTxrgola ABCD 

meqanizmi (naz. 27). meqanizmi akmayofilebs pirobebs BC=CD=CE=3.12AB,  

AD=2.94AB, xolo kuTxe < BCE= 1200. aRniSnuli meqanizmis AB rgolis 

A uZravi wertilis irgvliv brunvis dros, meqanizmis BCE rgolis E 

wertili aRwers q-q wirs, romelic warmoadgens miaxloebiT wrewirs. 

            samecniero-teqnikur literaturaSi izrdeba sivrciTi 

meqanizmebis fuZemdebluri naSromebis ricxvi. am meqanizmebis 

gamoyenebis sfero mtkiced farTovdeba teqnikis TiTqmis yvela 

dargSi. es aixsneba imiT, rom amgvari meqanizmebi gacilebiT zustad 

asaxaven mdebareobis mocemul funqcias,  vidre brtyeli gadamcemi  

meqanizmebis sistema; isini ufro kompaqturia, martivi da saimedoa 

muSaobisas, da umetes SemTxvevaSi moxerxebuli konstruqciebis 

Seqmnis saSualebas iZlevian.  

        28-e naxazze warmodgenilia sivrciTi oTxrgola berketuli 

meqanizmi, romelic farTod gamoiyeneba manqanaTmSeneblobis 

praqtikaSi. aqve naCvenebia barbacaze mdebare sxvadasxva wertilebis 

mier aRwerili traeqtoriebi. 
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  nax. 28 

 

2.6 brtyeli da sivrciTi saxsruli xuTrgola berketuli 

meqanizmebis struqturuli da kinematikuri analizi kompiuteruli 

tenikis gamoyenebiT. 

 

     manqanaTmSeneblobis swrafma zrdam mecnierebisa da 

konstruqtorebis winaSe dasaxa mTeli rigi praqtikuli amocanebi. 

maT Soris erT-erT aqtualur problemad iTvleba sxvadasxva saxis 

rTuli zedapirebis mqone  detalebis racionaluri damuSaveba da 

manqanebis muSa organoebis calkeuli wertilebis mocemuli 

traeqtoriebiT moZraobis ganxorcialeba. 

     manqanaTmSeneblobaSi sxvadsxva teqnologiuri amocanebis 

gadawyvetisas xSiradaa saWiro meqanizmis calkeuli wertilebi 

gadaadgildebodes sruliad garkveuli traeqtoriiT. es 

traeqtoriebi mTel rig SemTxvevebSi srulad an calkeul ubnebSi 

emTxvevian romelime  cnobil algebrul wirebs. amitom 

konstruqtorebs TavianTi praqtikuli  moRvaweobis ganmavlobaSi 

xSirad sWirdebaT daaproeqton Sesabamisi meqanizmebi. am rTuli 

amocanebis gadawyvetis  Semsubuqeba SesaZlebelia Tu winaswar iqneba 

cnobili meqanizmebi, romlebic aRweren ama Tu im wirebs. amis Semdeg 
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konstruqtors SeuZlia SearCios mxolod Sesabamisi meqanizmi da 

CarTos igi meqanizmebis saerTo sistemaSi. 

     meqanizmebis mier algebruli an sxva saxis wirebis 

warmoqmnisaTvis  aucilebelia winaswar detalurad iqnes 

Seswavlili wirebis ZiriTadi parametrebi da maTi warmoqmnis 

pirobebi, rac mogvcems SesaZleblobas SevarCioT am wirebis 

warmomqmneli meqanizmi. praqtikaSi sasurveli wirebis misaRebad 

gamoiyeneba udablesi kinematikuri wyvilebis  Semcveli brtyeli da 

sivrciTi meqanizmebi. rogorc wesi aseT meqanizmebSi gvaqvs erTi 

wamyvani rgoli, danarCeni parametrebi mudmivia da TiToeuli 

meqanizmi SesaZleblobas iZleva miviRoT erTaderTi wiri. 

traeqtoriis Sesacvlelad aucilebelia SevitanoT cvlilebebi 

meqanizmis kinemetikur sqemaSi. 

      rogorc cnobilia, nebismieri saxis wiris miReba, SesaZlebelia 

agreTve, umaRlesi kinematikuri wyvilebis Semcveli meqanizmebiT. 

amasTan, aseTi meqanizmebi xasiaTdebian mTeli rigi uaryofiTi 

TvisebebiT da rac mTavaria, isini mxolod erTi wiris warmoqmnis 

SesaZleblobas iZlevian. magaliTad sxvadasxva  traeqtoriebis 

misaRebad cvladi muStebis profilebis gamoyeneba dakavSirebulia 

mTel rig siZneleebTan, kerZod konstruqciuli xasiaTis 

siZneleebTan, amitom, rogorc wesi, umaRlesi kinematikuri wyvilebis  

Semcveli meqanizmebi gamoiyenebian mxolod erTi gansazRvruli wiris 

warmosaqmnelad. 

      Tu aviRebT ori an sami Semavali rgolis mqone meqanizms da 

maT erTmaneTTan davakavSirebT garkveuli funqcionaluri 

damokidebulebiT, maSin miviRebT erTi moZraobis xarisxis mqone 

meqanizms da am dros rgolebis calkeuli wertilebi aRweren 

sruliad garkveul traeqtoriebs. im SemTxvevaSi Tu Cveni survilis 

mixedviT SevcvliT adre SerCeul funqcionalur damokidebulebebs 

cxadia, miviRebT meqanizmis struqturuli sqemis Seucvlelad axal 

traeqtoriebs. amgvarad, miviRebT ganusazRvreli raodenobis axal 
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wirebs, rac konstruqtorebs saSualebas miscems daaproeqton axali 

ufro srulyofili  optimaluri konstruqciis meqanizmebi.  

   

nax. 29 

 

               rTuli traeqtoriebis aRwarmoebisTvis SeiZleba 

gamoyenebul iqnas ori moZraobis xarisxis mqone xuTrgola brtyeli 

(nax. 29a) da sferuli (nax. 29b) berketuli meqanizmebi. meqanizmze 

damatebiTi kinematikuri bmebis ganxorcielebis Semdeg, viRebT erTi 

Semavali rgolis mqone meqanizms. ori moZraobis xarisxis mqone 

Caketil kinematikur jaWvebSi damatebiTi bmis pirobebis 

ganxorcieleba SesaZlebelia sxvadasxva saSualebebiT. radganac 

damatebiTi rgolebis ricxvi da jamuri bmaTa ricxvi erTmaneTTan 

dakavSirebulia damokidebulebiT 

                                    W=3n-∑ (𝐾 − 3)𝑃𝑘 = −1,𝐾=4.5                          (68) 

da Tu gaviTvaliswinebT, rom aseTi meqanizmebis SemadgenlobaSi 

SeiZleba Sediodnen mxolod meoTxe da mexuTe klasis kinematikuri 

wyvilebi. amitom, 

                    ∑ (𝐾 − 3)𝑃𝑘 = 2𝑃5 + 𝑃4 .𝐾=4.5                         (69) 

bolo ori gantolebidan Cans, rom  

                                                   2P5+P4 = 3n+1                                         (70) 

a b 
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damatebiT kinematikur jaWvSi Semavali rgolebis raodenobidan 

gamomdinare,  gveqneba gansxvavebuli variantebi: 

1. ar aris damatebiTi rgoli (n=0) 

amasTan  P5=
1−𝑃4

2
; 

Tu  P4=1,   maSin  P5 =0 

2. erTi damatebiTi rgoli  (n=1) 

amasTan      P5=
4−𝑃4

2
; 

Tu  P4 =0,    maSin   P5 =2   Tu  P4  =2,     maSin      P5=1    Tu  P4 =4,     maSin        

P5=0. 

3. ori damatebiTi rgoli    (n=2). 

amasTan  P5=
7−𝑃4

2
; 

Tu   P4=1 maSin  P5= 3            Tu   P4=3 maSin    P5=2 

Tu   P4=5 maSin    P5=1           Tu   P4=7 maSin    P5=0 

4. sami damatebiTi rgoli (n=3). 

amasTan   P5=
10−𝑃4

2
; 

Tu    P4=0 maSin     P5= 5        Tu    P4=2 maSin     P5= 4 

Tu    P4=4 maSin    P5= 3         Tu    P4=6 maSin     P5= 2 

Tu    P4=8 maSin     P5= 1        Tu    P4=10 maSin     P5= 0. 

Teoriulad SesaZlo variantebis Semdgomi ganxilva ar aris 

mizanSewonili  maTi praqtikuli realizaciis ararsebobis gamo.  

    im SemTxvevaSi, rodesac ori Tavisuflebis xarisxis mqone 

kinematikuri jaWvi warmoadgens xuTrgola berketul meqanizms, maSin 

praqtikulad misaRebia damatebiTi bma ganvaxorcieloT Semdegi 

pirobis dacviT:   

n=0  P5=0  P4=1 
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                                                    cxrili 4 
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    Tu gaviTvaliswinebT ZiriTad funqciur daniSnulebebs, 

meqanizmebis calkeuli rgolebis moZraobis gardaqmnebs  da maT 

sxvadasxvagvar struqturul maxasiaTeblebs, maSin Caketili 

kinematikuri jaWvebisaTvis SeiZleba SevadginoT klasifikaciis  

ganzogadebuli  sqema (cxrili 4). 

     amgvarad, struqturuli klasifikaciis Teoriis safuZvelze  

miRebuli iqna moZraobis erTi xarisxis mqone Caketili kinematikuri 

jaWvebis yvela SesaZlo modifikacia, Seswavlilia maTi warmoqmnis 

zogadi kanonebi, Sekrebilia da klasifikaciis  sistemaSi moyvanilia 

am meqanizmebis ZiriTadi saxeebi. 

     zemoT RniSnuli Teoriuli masalis analizis safuZvelze 

SegviZlia ganvixiloT sxvadasxva saxisa da modifikaciis xuTrgola 

berketuli brtyeli da sivrciTi meqanizmebisaTvis kinematikuri 

analizi da sinTezis sakiTxebi kompiuteruli programebis 

gamoyenebiT. 

 

nax. 30 

     brtyel da sferul berketul meqanizmebSi rgolebis zomebi 

gansazRvraven im konkretul ubans, romelSic SeiZleba moTavsebuli 

iyos wertilis saZiebeli traeqtoria. magaliTad 30-e naxazze 

mocemulia =1 radiusiani sfero P centriT. sferuli xuTrgola 

meqanizmisaTvis B wertilis mier aRwerili traeqtoria moTavsebuli 
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iqneba sferos zedapiris daStrixul ubanSi. es ubani 

SemosazRvrulia erTis mxriv wrewiris rkalebiT O wertilidan 

(AB+OA) da D wertilidan (DC+CB) radiusebiT da meores mxriv igive 

centrebidan (AB-OA) da (BC-DC) radiusebiT. Tu OA rgolis uwyveti 

moZraobisas DC rgols aqvs perioduli gaCerebebi, maSin am dros B 

wertilis traeqtoria iqneba C wertilidan Semoxazul CB radiusian 

rkalze. barbacebze mdebare sxvadasxva wertilebis traeqtoriebis 

ubani ganisazRvreba analogiuri gziT. 

      sainteresoa, sferul xuTrgola berketul maqanizmebSi erTi 

da ori mrudxaras arsebobis pirobebis gansazRvra. rodesac OA 

rgoli daikavebs OA1 mdebareobas (nax. 31), romelic emTxveva dgars 

marjvena mxares, maSin DC im SemTxvevaSi SeZlebs sruli brunis 

Sesrulebas Tu mas eqneba SesaZlebloba Tavis traeqtoriazeAA1 

wertilidan uSoresi C1 da uaxloesi C2 mdebareobebi daikavos.  

 

nax. 31 
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        roca OA rgoli Semdgomi moZraobis dros daikavebs OA2 

mdebareobas romelic emTxveva dgars marcxena mxridan, anu A 

wertili daikavebs C wertilis traeqtoriidan uSores mdebareobas, 

am dros miviRebT or sferul samkuTxeds A2B2C1 da A2B
I
2C2. Tu 

visargeblebT samkuTxedis gverdebs Soris cnobili TanafardobebiT, 

maSin mivalT Semdeg daskvnamde: sferul xuTrgola berketul 

meqanizmebSi ori mrudxaris arsebobisaTvis saWiroa rgolebis 

zomebi akmayofileben Semdeg pirobebs: 

1. <APB + <BPC <OPD + <CPD + <OPA 

2. <APB - <CPB OPD – (<DPC + <OPA) 

3. <CPB - <APB   OPD – (<DPC + <OPA) 

      im SemTxvevaSi Tu zemoT xsenebuli pirobebi ar aris daculi 

miviRebT erT mrudxarian meqanizms. 

     nax. 32-ze mocemulia brtyeli xuTrgola berketuli meqanizmis 

barbacaze mdebare M wertilis koordinatebi da traeqtoria 

meqanizmis damoukidebeli 1 ganzogadoebuli parametris 

cvalebadobis mixedviT. 

 

nax. 32 
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      or mrudxariani brtyeli da sferuli xuTrgola meqanizmis 

barbacaze mdebare C wertilisaTvis agebulia traeqtoriebi da 

gansazRvrulia koordinatebi meqanizmis Semavali da gamomavali 

rgolebis gadacemaTa ricxvis sxvsdasxva mniSvnelobebisaTvis 

kerZod u14=1:1, (1),  u14=1:2, (2), u14=1:3, (3) (nax. 33 –nax. 34). 

     

 

      nax. 33    

                           

 nax. 34 
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                                                  cxrili 5 

 

 

 
2.7. maRali klasis eqvsrgola da rva rgola berketuli 

meqanizmis analizisa da sinTezi kompiuteruli sistemuri 

programebis AutoCAD-isa da  Inventor-is gamoyenebiT 

 

      teqnikis ganfiTarebis Tanamedrove etapze sakmarisad srulad 

aris Seswavlili brtyeli da sivrciTi erTkonturiani meqanizmebi, 

romlebisTvisac damuSavebulia analizisa da sinTezis  sxvadasxva 

meTodebi da maTTvis Seqmnilia programuli uzrunvelyofa 

eleqtro gamomTvleli manqanebis gamoyenebiT. es uzrunvelyofs 

meqanizmebis proeqtirebas samecniero kvlevebis safuZvelze. 

amasTan erTad aRsaniSnavia, rom arsebobs rTuli struqturis mqone 

maRali klasis meqanizmebi romlebic praqtikulad sruliad ar 

aris Seswavlili. maT ricxvs miekuTvnebian mravalrgola meoTxe, 

mexuTe, meeqvse da a.S. maRali klasis brtyeli da sivrciTi 

berketuli meqanizmebi. 
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      sadisertacio naSromSi ganxilulia, mesame klasis, brtyeli 

da sivrciTi (sferuli) eqvsrgola berketuli meqanizmebis 

kinematikuri analizi. agebulia barbacovani wertilebis 

traeqtoriebi (nax. 35). 

 

   

nax. 35 

     naSromSi ganxilulia maRali klasis brtyeli da sferuli 

eqvsrgola da rvargola berketuli meqanizmebis analizi da 

sinTezi kompiuteruli sistemuri programebis AutoCAD-isa da  

Inventor-is gamoyenebiT.     

     Catarebulia, kinematikuri analizi meoTxe klasis, brtyeli da 

sferuli eqvsrgola berketuli meqanizmebisaTvis (nax. 36). 

      

 nax. 36 
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       35-e naxazze naCvenebia maRali klasis rvargola brtyeli 

meqanizmis kinematikuri kvleva da agebulia barbacovani 

wertilebis K da M-s traeqtoriebi (nax. 37). 

 

nax. 37 

      kinematikuri kvleva Catarebulia agreTve meeqvse klasis 

rvargola berketuli meqanizmisaTvis (nax. 38).  

 

 

nax. 38 
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3. ZiriTadi daskvnebi 
 

Catarebuli kvlevebis safuZvelze SeiZleba  Semdegi ZiriTadi 

daskvnebis gakeTeba: 

1. kinematikur wyvilebSi rgolebis SeerTebis saSualebebi da 

kinematikur wyvilebSi Semavali rgolebis geometriuli 

elementebis urTierTkavSiri  mravalferovania. amitom kinematikuri 

wyvilebis kvleva, maTi struqturuli niSnebis TvalsazrisiT, 

daiyavneba urTierTSemxebi  zedapirebis geometriuli formebis da 

am zedapirebis urTierTSexebis pirobebis da xasiaTis kvlevamde.  

2. mniSvnelovania samrgoliani kinematikuri jaWvis  saerTo 

struqturuli parametrebis dadgenis sakiTxi, radganac es 

parametrebi saSualebas gvaZleven kinematikuri analizisa da 

sinTezis amocanebis amoxsnas mivudgeT yvela saxis sivrciTi 

meqanizmebisTvis  saerTo  poziciidan.  

3. imis gaTvaliswinebiT, rom samrgoliani berketuli meqanizmebi 

yalibdeba or kinematikur wyvilSi Semavali rgolis sawyis 

meqanizmTan mierTebiT,  da radganac nebismieri   am wyvilTagan,    

romelime kinematikuri jaWvis eqvivalenturia, yvela samrgoliani 

sivrciTi meqanizmidan  SeiZleba miviRoT ZiriTadad oTx, xuT, eqvs 

da Svidrgoliani sivrciTi meqanizmebi.  

4. samrgolian berketul meqanizmebisaTvis miRebulia 

erTrgoliani jgufebis  sxvadasxva modifikaciebi, romelebic 

SeiZleba Sediodnen miTiTebuli meqanizmebis SemadgenlobaSi  

amyoli rgolebis saxiT.  

5.  SemoTavazebuli meTodis gamoyeneba saSualebas iZleva yvela 

modifikaciis brtyeli da sferuli meqanizmebis kinematikuri 

analizisa da sinTezis amocanebis amoxsna Catardes erTnairi 

midgomis safuZvelze, amasTan TiToeuli amocanis amoxsna 
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martivdeba. meqanizmebis kvlevis Sedegad miRebuli funqcionaluri 

damokidebulebebi saSualebas iZlevian davsvaT sakiTxi mTeli 

procesis optimizaciis Sesaxeb. 

6.  warmodgenili meTodis gamoyeneba SesaZlebelia mecnierebisa da 

manqanaTmSeneblobis nebismier sferoSi Cvens mier miRebuli 

kvlevebis  Sedegebi gansakuTrebiT mniSvnelovania saswavlo 

procesis gaRrmavebisa da masalis aTvisebisaTvis, rameTu igi 

efuZneba Tanamedrove, martiv, TvalsaCino da praqtikul meTodebs. 

amasTan dasmuli amocanebis gadawyveta xdeba inJiner-

konstruqtorebisaTvis cnobili analizuri geometriis ZiriTadi 

debulebebis gamoyenebiT. 

7.  7. ori da orze meti moZraobbis xarisxis mqone berketuli 

meqanizmebi SeiZleba gamoyenebuli iqnas rogorc martivi 

algebruli aseve maRali rigis wirebis misaRebad. 

8. xuTrgola berketul meqanizmebSi ori mrudxaras arsebobis 

pirobad unda CaiTvalos rgolebis zomebs Soris Semdegi 

Tanafardobebi: 

<APB + <BPC <OPD + <CPD + <OPA 

<APB - <CPB  <OPD – (<DPC + <OPA) 

 <CPB - <APB  <OPD – (<DPC + <OPA) 

9. xuTrgola berketuli meqanizmebis calkeul wertilebs 

SeuZliaT zustad an miaxloebiT aRweron wrewiri, wrfe an 

romelime sxva algebruli wiri. 

10. sxvadsxva saxisa da ori moZraobis xarisxis mqone meqanizmebSi 

wirebis miReba SesaZlebelia Semavali da gamavali rgolebis 

brunvis mimarTulebis Secvlis Sedegad. 

11. xuTrgola berketul meqanizmebSi Semavali rgolis 

mrudmxarobis dros gamavali rgoli SeiZleba iyos mrudxara, 

mxreuli an asrulebdes moZraobas perioduli gaCerebebiT. 
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12. damuSavebulia universaluri maTematikuri modeli da zogadi 

midgoma, brtyeli da sivrciTi meqanikuri sistemebis struqturis, 

kinematikuri analizisa da sinTezis problemebis gadasawyvetad. 

SemoTavazebuli meTodika iZleva myar safuZvels kinematikuri 

analizis avtomatizaciisaTvis. 

13. SemoTavazebuli maTematikuri modelebis efeqturoba da 

universaluroba, agreTve SemoTavazebuli analizis amocanebis 

amoxsnis meTodikis utyuaroba mtkicdeba mTeli rigi praqtikuli 

amocanebis amoxsniT.   

14. sadisertacio naSromSi warmodgenili algoriTmebi 

SesaZlebelia uSualod gamoyenebul iqnas momavalSi berketuli 

meqanizmebis avtomaturi proeqtirebis sistemebSi (САПР) 

programuli uzrunvelyofis saxiT. 
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