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samuSaos zogadi daxasiaTeba 

Temis aqtualuroba. 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 sainJinropraqtikaSi. 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 meqanizmebis dinamikuri gaangariSeba, 

yovelgvari daSvebebisa da miaxloebebis gareSe da sxva.  
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      ukanasknel periodSi gaZlierda kompiuteruli teqnikis 

roli specialistebis momzadebis gaumjobesebis saqmeSi. umaRles 

saswavleblebSi igi waroebs saswavlo procesis srulyofisa da 

kompleqsuri miznobrivi midgomis safuZvelze, rac xels Seuwyobs 

mis intensifikacias, 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 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. 

samuSaos mizani. brtyeli da sivrciTi meqanikuri moZravi 

sistemebis sainJinro praqtikisaTvis misaRebi struqturuli- 

kinematikuri analizisa da sinTezis universaluri, efeqturi, 

martivi da TvalsaCino meTodikis damuSaveba kompiuteruli 

teqnikis gamoyenebiT; Tanamedrove kompiuteruli teqnikis da 

programebis gamoyenebiT maTematikuri modelebis damuSavebis 

safuZvelze, rTuli teqnikuri amocanebis gadawyveta da 

meqanizmebis kvlevis nebismieri meTodis gamoyeneba praqtikisaTvis 

misaRebi sizustiT. 

         dasaxuli miznis realizebisaTvis disertaciaSi gadaWrili 

iqna Semdegi ZiriTadi amocanebi: 

     brtyeli da sivrciTi geometriuli amocanebis Sinaarsisa da 

gaangariSebis Tanmimdevrobis, dasmuli amocanebis gaangariSebis 

algoriTmebisa da Sesabamisi sqemebis Sedgenis meTodikis 



 5 

damuSaveba, miRebuli Sedegebis analizi da maTi momzadeba 

daproeqtebis Semdgomi etapisaTvis. 

        meore rigis zedapirebis TanakveTis wirebis gansazRvris 

meTodikis damuSaveba, rogorc berketuli  meqanizmebis warmoqmnis 

geometriuli aparati. 

               brtyeli da sivrciTi, yvela klasis berketuli meqanizmebis 

Sesabamisi struqturuli analizis Catareba. 

        meore, mesame, meoTxe da maRli klasis brtyeli da 

sivrciTi berketuli meqanizmebis kinematikuri kvlevis meTodikis 

damuSaveba. 

         meqanizmis sawyisi mdebareobis SerCevis, kinematikaze 

gavlenis gamokvleva. 

   samuSaos mecnieruli siaxle SemuSavebulia universaluri 

maTemetikuri modeli da ganzogadoebuli midgoma  brtyeli da 

sivrciTi berketuli meqanizmebis struqturuli analizisaTvis 

kompiuteruli sistemuri programebis AutoCAD-isa da  Inventor-is 

gamoyenebis bazaze.  

      damuSavebulia struqturuli da kinematikuri analizis 

amocanebis gaangariSebis meTodika samrgola, oTxrgola, 

xuTrgola, eqvsrgola da rvargola meqanizmebisaTvis, udablesi 

kinematikuri wyvilebis, sxadasxva urTierTganlagebis Sesabamisad.  

       damuSavebulia meTodika samrgoliani  meqanizmis  

kinematikuri  analizis Casatareblad eileris kuTxeebis 

daxmarebiT 

       dadgenilia, brtyeli da sivrciTi xuTrgola berketul 

meqanizmebSi ori mrudxaras arsebobis pirobebi.  

              miRebulia samrgola, oTxrgola, xuTrgola, eqvsrgola da 

rvargola brtyeli da sivrciTi berketuli meqanizmebis rgolebis 

calkeuli wertilebis traeqtoriebi da maTi Sesabamisi 

koordinatebi. 

kvlevis obieqti. brtyeli da sivrciTi moZravi meqanikuri 

sistemebi. 
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samuSaos aprobacia. disertaciis ZiriTadi masalebi moxsenebuli 

iqna: 

82-e Ria saerTaSoriso samecniero konferenciaze ,,sainJinro 

grafikisa da teqnikuri meqanikis” seqciaze moxsenebiT ,,sferuli 

meqanizmebis barbacovani wertilebis mdebareobis gansazRvra” da 

moipova I adgili. (Tbilisi, 2014) teqnikuri universiteti  

publikaciebi. disertaciis masalebis mixedviT gamoqveynebulia 5 

samecniero naSromi. 

samuSaos struqtura da moculoba. disertacia Sedgeba Sesavalis, 

2 Tavis, daskvnebisa da gamoqveynebuli literaturis nusxisagan. 

samuSao moicavs kompiuteriT nabeWd 107 gverds, maT Soris 38 

naxazsa da 5 cxrils. 

 
samuSaos mokle Sinaarsi 

SesavalSi dasabuTebulia disertaciis Temis aqtualuroba. 

warmodgenilia samuSaos mizani, dasaxuli ZiriTadi amocanebi, 

samuSaos mecnieruli siaxle da mokledaa gadmocemuli naSromis 

arsi. gaanalizebulia moZravi sivrciTi meqanikuri sistemebis 

konstruirebis sakiTxebis mniSvneloba axali saxis Tanamedrove 

maRalmwarmoebluri meqanizmebisa da manqanebis warmoebis 

procesSi. 

pirvel TavSi mocemulia brtyeli da sivrciTi saxsrovani 

meqanizmebis kvlevis qarTveli da ucxoeli mkvlevarebis mier 

Seqmnili meTodebis mimoxilva. gakeTebulia maTi analizi, 

gamovlenilia dadebiTi da naklovani mxareebi. yovelive amis 

safuZvelze ganmartebulia Temis aqtualuroba da dasabuTebulia 

Cvens mier dasaxuli kvlevebis upiratesobebi.  

    zemoT aRniSnuli naSromebis analizis Sedegad SesaZlebelia 

davaskvnaT, rom bevri maTgani miZRvnilia brtyeli da sivrciTi 

berketuli meqanizmebis struqturuli kinematikuri analizisa da 

sinTezis sakiTxebis Seswavlisadmi. SemoTavazebulia sxvadasxva 

meTodebi am amocanebis amoxsnis algoriTmebis gasamartiveblad. 

es meTodebi saSualebas iZleva amoixsnas rTuli amocanebis mTeli 
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rigi, romlebic gvxvdeba mravalrgola meqanizmebis sinTezis 

gamokvlevisas. 

      aqtualurad migvaCnia brtyeli da sivrciTi berketuli 

meqanizmebis kinematikur analizTan da sinTezTan dakavSirebuli 

sivrculi amocanebis amoxsna kompiuteruli sistemuri 

programebis gamoyenebiT. 

            amave TavSi ganxilulia, meore rigis zedapirebis, TanakveTis 

amocanebi, romlebic warmoadgenen berketuli meqanizmebis 

warmoqmnis geometriul aparats.  

 maTematikuri TvalsazrisiT, zedapiris ganmartebis qveS 

igulisxmeba im wertilTa simravle, romelTa koordinatebs Soris 

SeiZleba damyardes funqcionaluri damokidebulebani 

0),,( ZYXF  saxiT, sadac nZYXF ),,(  xarisxis 

mravalwevri_polinomia. zedapiri ganixileba, rogorc raime wiris 

sivrceSi Tanmimdevruli gadaadgilebis Sedegi, romelic dekartis 

marTkuTxa koordinatTa sistemis mimrT gamoisaxeba meore 

xarisxis sam cvladiani algebruli gantolebis saxiT: 

0
222

 KLzHyGxFyzExzDxyCzByAx  

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

koeficientebs, miviRebT xvadasxva saxis zedapirebis. magaliTad:  

    nax. 1-ze naCvenebia oxyz  koordinatTa sistemaSi konusi da 

paraboloidi, romelTa gantolebebia:

0
222

 KLzHyGxFyzExzDxyCzByAx  da 

z
g

cm
cyax 




2
)(2

)(
2

)( , agebulia maTi TanakveTis wiri.  

 igive amocana amoxsnilia grafikuli meTodiTac. Catarebulia 

SedarebiTi analizi, miRebul Sedegebs Soris.  
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nax. 1 

axla movaxdinoT grafikuli da analizuri meTodebiT 
miRebuli Sedegebis sizustis procentuli Sefaseba  

               100



x

xx
x ;  100




y

yy
y ;   100




z

zz
z  

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

cxrili: 
                                         cxrili 1 

 
 
 

   

 

 

 

 

 

amgvarad SedarebiTi analizi gvaZlevs safuZvels, rom 

miRebuli Sedegebi savsebiT misaRebia sainJinro praqtikisaTvis.  

sadisertacio naSromSi ganxilulia brtyeli da sivrciTi 

berketuli meqanizmebis struqturuli analizisa da sinTezis 

sakiTxebi, romelSic gansakuTrebuli mniSvneloba eniWeba im 

RerZebis urTierTmdebareobis gansazRvras, romlis  mimarTac 

xdeba meqanizmis rgolebis brunva an gadaadgileba (an orive 

erTad). 

 

 

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) 

 

 

# 
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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      cnobilia meqanizmebis saerTo struqturuli formula, 

romlis meSveobiTac dgindeba  meqanizmis moZraobis xarisxi,  

rgolebis raodenobebs, kinematikur wyvilebs, klasebis nomrebs, 

am wyvilebis raodenobebsa da rgolebis moZraobaze dadebuli 

calkeuli  bmebis saerTo pirobebs Soris damokidebuleba.  

zemoaRniSnulidan gamomdinare, am formulidan SeiZleba miviRoT 

sxvadasxva ojaxis meqanizmebis Sesabamisi formulebi. 

       formula Semdegi saxe aqvs:  

𝑊 = (6 − 𝑚)𝑛 − ∑ (𝐾 − 𝑚)𝑃𝑘

𝐾=5

 𝐾=𝑚+1

 

 sadac m -  aris meqanizmis rgolebis moZraobaze dadebuli saerTo 

kavSirebis ricxvi,  romlebic Tanmimdevrulad Rebuloben m 

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

 K - kinematikuri wyvilis klasis nomeri, romelic kavSirebis 

ricxviT ganisazRvreba, ramac Sesabamisad miiRo mniSvneloba: 

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

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 

Tu P5  = 1,  miviRebT sawyis meqanizms (nax. 2) 

 

ნახ. 2 

     sawyis meqanizmTan misaerTebeli jaWvis   saerTo struqturis 

gansazRvrisTvis,   misaerTebeli jgufis Tavisuflebis sxarisxi 

unda gavutoloT nuls: 

Wჯგ = 6𝑛 − ∑ 𝐾𝑃𝑘 = 0

𝐾=5

 𝐾=1
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aqedan 

n = 
∑ 𝐾𝑃𝑘

𝑘=5
𝑘=1

6
 

            im SemTxvevaSi, Tu misaerTebel jgufebSi Semavali rgolebi  

moaxdenen SesaZlodan erT moZraobas,   SerCeuli sistemis 

koordinatis RerZebTan mimarTebaSi, e.i. rgolebi dakavSirebuli 

arian erTmaneTTan kinematikuri wyvilis mexuTe klasis meSveobiT, 

maSin  K =5; amitom  n = 
5𝑃5

6
   Tu P5=6, maSin n =5.   

                                                    cxrili 2.   
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     amrigad, sawyis meqanizmTan misaerTebeli umartivesi jgufi 

nulovani ojaxis meqanizmebisTvis warmodgenilia me-2 naxazze. aqve 

naCvenebia sawyisi meqanizmi da  Svidrgoliani meqanizmi.  

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 brtyeli berketuli meqanizmebisaTvis (cxrili 2). 

            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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meore TavSi brtyeli da sivrciTi berketuli meqanizmebis 

proeqtirebis procesi ganixilulia rogorc urTierT 

dakavSirebuli etapebis sistema:  

I. meqanizmis struqturuli sqemis racionaluri SerCeva-

struqturuli sinTezi;  

II. kinematikuri sqemis mudmivi parametrebis gansazRvra-

kinematikuri sinTezi;  

III. meqanizmebis cvladi kinematikuri parametrebis 

gansazRvra-kinematikuri analizi. 

        meqanizmebis daproeqtebis Semdgomi etapebi Cvens mier ar 

ganixileba.                                                      

     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 

agreTve rogorc procedura, romelic mravaljeradad 

gamoiyeneba meqanizmis optimizaciuri sinTezis dros. 

      aseTi sistemuri midgoma saSualebas iZleva, rom is 

uSualod gamoyenebul iqnas berketuli meqanizmebis avtomaturi 

daproeqtebis sistemebSi.  

      warmodgenil naSromSi ganxilulia brtyeli saxsruli, aseve 

saivrciTi, kerZod sferuli meqanizmebis awyobis zogadi meToduri 

sakiTxebi. struqturuli da kinematikuri analizisa da 
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sinTezisaTvis Sedgenilia samrgola, oTxrgola, xuTrgola da 

maRali klasis saxsruli meqanizmebis gaangariSebis Sesabamisi 

algoriTmi kompiuteruli programebis gamoyenebiT. 

       aseve ganxilulia saxsruli meqanizmebis moZraobis 

gadacemis xarisxis kriteriumebi. am kriteriumebis gansazRvra 

aucilebelia, raTa dadgindes meqanizmis muSaobis SesaZlebloba 

maTi struqturuli da kinematikuri sinTezisa da analizis etapze. 

am kriteriumebs aqvT sufTa geometriuli xasiaTi, radgan 

damokidebulebi arian mxolod kinematikuri sqemis mudmivi 

parametrebisa da meqanizmis ganzogadoebuli koordinatis 

mniSvnelobebze. sawyis etapze moZraobis gadacemis kriteriumebis 

dasaSvebi mniSvnelobebis SemTxvevaSi ukve SesaZlebeli iqneba ukve 

SerCeuli struqturis mqone meqanizmis proeqtireba, xolo 

proeqtirebis Semdgom etapze gamoiyeneba ukve sxva Sesabamisi 

kriteriumebi. 

        rogorc cnobilia, meqanizmebis proeqtirebisas 

ganasxvaveben Semdeg etapebs:  

1. meqanizmis sqemis struqturuli proeqtireba;  

2. meqanizmis konstruqtiuli elementebis da zomebis 

proeqtireba. 

       Tanamedrove teqnikaSi gamoiyeneba sxvadasxva struqturis 

meqanizmebis uamravi raodenoba. struqturuli analizis Catarebis 

gamartivebisTvis, es meqanizmebi iyofa ojaxebad, klasebad, 

jgufebad, saxeobebad, rigebad  da a.S.    

     rogorc zemoT iqna aRniSnuli, sivrciT berketul 

meqanizmebSi aris yvela klasis kinematikuri wyvilebis gamoyenebis 

SesaZlebloba. radganac  garkveulia damokidebuleba sawyis 

meqanizmTan misaerTebeli jaWvis rgolebsa da kinematikuri 

wyvilebis saerTo raodenobas 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 



 14 

miuerTdes iseTi nulovani jgufebi, romlebic Sedgeba ori 

rgolisgan da sami kinematikuri wyvilisgan, raTa  am wyvilebiT 

ganxorcielebuli bmaTa ricxi  ar aRematebodes 12-s. 

      Tu analogiurad vimsjelebT, rom sawyis meqanizms unda 

miuerTdes ori kinematikuri wyvilis mqone erTi rgoli: 

∑ 𝐾𝑃𝑘 = 6

𝐾=5

𝐾=1

 

radgan  SesakrebTa ricxvi udris ors, SegviZlia davweroT 

K1 + K2 =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              

radgan, W = 1 Cvens SemTxvevaSi miviRebT 

∑ 𝐾𝑃𝑘 = 11𝐾=5
 𝐾=1 . 

     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; 

4 + 3 + 4 = 11; 

      amrigad,  miviRebT sivrciTi samrgoliani meqanizmebis oTx 

sxvadasxva saxeobas. es meqanizmebi, imis mixedviT, Tu moZraobis 

ramdeni xarisxi gaaCnia Semaval rgols, iyofa or klasad, xolo 

misaerTebel jgufSi Semavali kinematikuri wyvilis  umciresi 

klasis gaTvaliswinebiT, maTi dayofa SeiZleba kidev  saxeobebad 

(cxrili 3).  
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                                                            cxrili 3 

 

              amrigad sxvadasxva mecnieris mier SemuSavebuli 

struqturuli klasifikaciis Teoriis safuZvelze, miRebulia  

samrgoliani meqaniZmebis  yvela SesaZlo modifikacia, 

Seswavlilia  nulovani ojaxis samrgoliani meqanizmebis 

warmoqmnis zogadi kanonebi. 

      sadisertacio naSromSi ganxilulia brtyeli da sivrciTi 

samrgola meqanizmebis calkeuli wertilebis traeqtoriebi da 

Sedgenili Sesabamisi koordinatebis cxrili (nax. 3).  
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nax. 3 

     disertaciaSi ganxilulia sivrciTi samrgola meqanizmebis 

mravali  SesaZlo modifikaciidan, mxolod isini romlebic 

gvxvdeba manqanaTmSeneblobis da xelsawyoTmSeneblobis 

praqtikaSi, yuradrebas iqcevs meqanizmi, naCvenebi naxazze 4. amave 

naxazze naCvenebia gamomavali rgolis nebismieri M wertilis 

traeqtoria da Sedgenilia saTanado koordinatebis amsaxveli 

cxrili.  amave meqanizmisaTvis kinematikuri kvleva Cataraebulia 

eileris kuTxeebis daxmarebiT. 

 

 

nax. 4 
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      meoTxe naxazze wamyvan rgoli O1A  (rgoli 1), dakavSirebulia 

dgarTan IV klasis cilindruli kinematikuri wyviliT, xolo 

amyoli rgolia OA (rgoli 2) dgarTan da wamyvan rgolTan 

dakavSirebulia III klasis sferuli kinematikuri wyvilebiT.   

      meqanizmis mudmivi kinematikuri parametrebia: 

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

wertilamde,    

e – dezqsialis 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. 

O∆ - nutaciis RerZi (kvanZebis wrfe), miiReba OA-s marTobi 

sibrtyisa da XOY sibrtyeebis TanakveTis Sedegad.  

O∆  da OX'  wrfeebs Soris kuTxe warmoadgens sakuTari brunvis 

kuTxes φ. 

φ= arc cos R cos 1 √
 𝑅2−𝑒2−𝑟2−2re cos 1

(R 2−r2sin2
1)( 𝑅2−𝑒2−𝑟2−2re cos1+e2sin2

1)
      

 O∆  da OX  RerZebs Soris kuTxe aris ψ  precesiis kuTxe:  

ψ=arc cos 
−(e+r cos1 )

√R2 −r2sin21 
 

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

θ= arc cos  
r sin

1
 

R
 

am ukanaskneli formulebidan koordinatebis mniSvnelobis 

Casmisas, sabolood miviRebT:  

          mas Semdeg rac ganisazRvra kuTxeebi ψ, φ, θ eileris 

kuTxeebs, mocemuli meqanizmis Semdgomi kvleva SeiZleba Catardes 

meqanikaSi ukve nacnobi formulebis mixedviT. 
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      sadisertacio naSromSi ganxilulia   brtyeli da sivrciTi 

oTxrgola berketuli meqanizmebi (nax. 5). maTi kinematikuri kvleva 

Catarebulia kompiuteruli sistemuri programebis AutoCAD-isa da  

Inventor-is gamoyenebiT. 

      

nax. 5 

       ganxilulia am meqanizmis uZravi da moZravi rgolebis 

urTierT fardobiTi mdebareobebis yvela SesaZlo varianti. 

naSromSi agreTve ganxililia barbacaze mdebare wertilebis 

traeqtoriebi da Sedgenili Sesabamisi koordinatTa cvalebadobis 

cxrilebi, garda amisa, naCvenebia cnobili mecnierebis mier 

Seqmnili meqanizmebis moZravi modelebi, rogoric aris: robertsis, 

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

silvestre-kempes, poselies, da sxva. 

    

  nax. 6 

     manqanaTmSeneblobaSi sxvadsxva teqnologiuri amocanebis 

gadawyvetisas xSiradaa saWiro meqanizmis calkeuli wertilebi 

gadaadgildebodes sruliad garkveuli traeqtoriiT. rogorc wesi 

aseT meqanizmebSi gvaqvs erTi wamyvani rgoli, da TiToeuli 
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meqanizmis calkeuli wertilebi SesaZleblobas iZleva miviRoT 

erTad-erTi Sesabamisi wiri.  

     rTuli traeqtoriebis aRwarmoebisTvis SeiZleba gamoyenebul 

iqnas ori moZraobis xarisxis mqone brtyeli da sferuli 

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  

saidanac Cans, rom 

2P5+P4 = 3n+1 

damatebiT kinematikur jaWvSi Semavali rgolebis raodenobidan 

gamomdinare,  gveqneba gansxvavebuli variantebi.  

    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 

     Tu gaviTvaliswinebT ZiriTad funqciur daniSnulebebs, 

meqanizmebis calkeuli rgolebis moZraobis gardaqmnebs  da maT 

sxvadasxvagvar struqturul maxasiaTeblebs, maSin Caketili 

kinematikuri jaWvebisTvis 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. 
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cxrili 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     brtyel da sferul xuTrgola berketul meqanizmebSi 

rgolebis zomebi gansazRvraven im konkretul ubans, romelSic 

SeiZleba moTavsebuli iyos wertilis saZiebeli traeqtoria. 

     dadgenilia aseT meqanizmSi ori mrudxaras arsebobis Semdegi 
pirobebi. 
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nax. 7 

 

1. <APB + <BPC l + <CPD + <OPA 

2. <APB - <CPB l – (<DPC + <OPA) 

3. <CPB - <APB  l – (<DPC + <OPA)       

    me-8 naxazze mocemulia brtyeli xuTrgola berketuli 

meqanizmis barbacaze mdebare M wertilis koordinatebi da 

traeqtoria meqanizmis damoukidebeli  1 ganzogadoebuli 

parametris cvalebadobis mixedviT. 

 
nax. 8 

      or mrudxariani sferuli xuTrgola meqanizmis barbacaze 

mdebare M 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. 9). 
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nax. 9 

 
Cvens mier miRebuli kvlevebis  Sedegebi gansakuTrebiT 

mniSvnelovania saswavlo procesis gaRrmavebisa da masalis 

aTvisebisaTvis. am TvalsazrisiT Catarebulia sferos zedapiris 

miaxloebiTi ganfena, rac naCvenebia naxazze (nax. 10). 
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nax. 10 

     sadisertacio naSromSi ganxilulia, mesame klasis, brtyeli 

da sivrciTi (sferuli) eqvsrgola berketuli meqanizmebis 

kinematikuri analizi. agebulia barbacovani wertilebis 

traeqtoriebi da Sedgenilia saTanado koordinatebis 

cvalebadobis cxrilebi (nax. 11). 

 

   

nax. 11 

     sadisertacio naSromSi ganxilulia maRali klasis brtyeli 

da sferuli eqvsrgola da rvargola berketuli meqanizmebis 

analizi da sinTezi kompiuteruli sistemuri programebis AutoCAD-

isa da  Inventor-is gamoyenebiT.     

     naSromSi Catarebulia, kinematikuri analizi meoTxe klasis, 

brtyeli da sferuli eqvsrgola berketuli meqanizmebisaTvis. 

agebulia barbacovani wertilebis traeqtoriebi da Sedgenilia 

saTanado koordinatebis cvalebadobis cxrilebi (nax. 12) 
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 nax. 12 

       Catarebulia maRali klasis rvargola brtyeli da 

sferuli meqanizmebis kinematikuri kvleva  agebulia barbacovani 

wertilebis traeqtoriebi saTanado cxrilebiT (nax. 13). 

         

                nax. 13                              nax. 14 

       kinematikuri kvleva Catarebulia agreTve meeqvse klasis 

rvargola berketuli meqanizmisaTvis (nax. 14).  
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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 urTierT-Sexebis 

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 

martivdeba. meqanizmebis kvlevis Sedegad miRebuli 
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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. 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. 

12. damuSavebulia universaluri maTematikuri modeli da 

zogadi midgoma, brtyeli da sivrciTi meqanikuri sistemebis 

struqturis, kinematikuri analizisa da sinTezis problemebis 
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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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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. 

     In recent years, together with four-bar and five-bar leverage mechanisms, a growing 

recognition have also the three-bar mechanisms that major advantage is to perform of 

spatial transfer with small dimensions of the mechanism and minimum number links. 

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

trajectories is relate4d 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 highly 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 result of lot of researches in this field are created many directions that gives the 

possibility to CAD software in design works. 

     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 
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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 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 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 

kinematic 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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