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რეზიუმე 

teqnologiur procesebs, romlebic xasiaTdebian 

mniSvnelovani sirTuleebiT, meqanizaciisa da avtomatizaciis 

xarisxis amaRlebis mxriv, ganekuTvneba Tanamedrove teqnikaSi, 

kerZod saavejo warmoebaSi, gamoyenebuli rTulprofiliani 

zedapiris mqone detalebis damuSaveba. 

Tanamedrove avejis rTulprofiliani zedapiris mqone 

detalebis damuSavebis meqanizirebisa da avtomatizirebisaken 

swrafvam migviyvana, meqanikuri kopirebis pirdapiri moqmedebis da 

mTliani gare datvirTvis kopiris zedapirze pirdapiri zemoqmedebis 

rigi sakopire-safrezavi da sakopire-saxexi specializirebuli 

Carxebis Seqmnis aucileblobasTan. 

SemuSavebuli da SemuSavebaSi myofi sakopire Carxebis 

analizi gviCvenebs, rom:^ 

− dRevandeli droisaTvis SemuSavebuli mimyoli meqanizmebi da 

saCarxo sistemebi struqturuli sqemebis da konstruqciebis 

garkveuli mravalferovnebis miuxedavad SeiZleba Sevsebul 

iqnen warmoebebis ufro efeqturi axali sqemebiTa da 

konstruqculi gadawyvetilebebiT; 

− CarxebSi gamoyenebuli mimyoli meqanizmebi ganekuTvnebian 

rTul arawrfiv arastacionarul dinamikur sistemebs. 

gansaxilveli mimyoli meqanizmebis damuSavebisa da 

kvlevebis samuSaoebis mimoxilva migvaniSnebs maTSi mimdinare 

dinamikuri procesebis analizisa da sinTezis meTodebisa da 

meTodikebis efeqturobis amaRlebis samecniero teqnikuri 

amocanebis aqtualurobaze.   

naSromis mizans warmoadgens rTulprofiliani detalebis 

damamuSavebeli saCarxo mowyobilobebis funqcionaluri 

SesaZleblobebis TvalsazrisiT axali ufro srulyofili 

struqturulad rTuli mravalganzomilebiani hidromeqanikuri 

moTvalTvale meqanizmebis sqemebis da modelebis, dinamikuri 

kvlevis meTodebisa da meTodikebis SemuSaveba, mimarTuli 

gansaxilveli mowyobilobebis proeqtirebisa da eqspluataciis 

maCveneblebis efeqturobis amaRlebisaken. 

dasaxuli miznis miRwevisTvis kvlevis amocanebSi CarTulia:  

− rTulprofiliani detalebis xexvisaTvis gankuTvnili saCarxo 

mowyobilobebis arsebuli da modificirebuli sqemebi, maTi 

agebisa da dinamikuri kvlevis meTodebis da meTodikebis 

analizi; 

− avtomatikis pnevmaturi da hidravlikuri elementebisa da 

sistemebis Semcveli pirdapiri kopirebis modificirebuli 

sqemebis mqone saCarxo mowyobilobebis SedarebiTi analizi da 

kvlevis amocanebis Camoyalibeba; 

− hidromeqanikuri moTvalTvale sistemis gamoyeneba rTulpro-

filiani detalebis orkoordinatiani kopirebiT damuSavebisaTvis 

gamiznuli rotorul-saxexi Carxis funqcionaluri da 

struqturuli agebis sakiTxebis analizi; 
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− orkoordinatiani kopirebis saCarxo sistemis elementebis 

moZraobaTa struqturuli modelis SemuSaveba; 

− hidroficirebuli rotorul-saxex CarxSi pnevmocilindrebis 

RerZebisa da dasamuSavebel zedapirTan kontaqtis wertilebis, 

mmarTveli rgolisa da Carxis rotoris fardobiT moZraobebis 

ZiriTadi kinematikuri kanonzomierebebis gansazRvra rgolTan 

erTad rotoris wriul brunvasa da dasamuSavebeli namzadis 

grZiv moZraobebTan urTierTkavSirSi; 

− mTliani sistemis  dinamikis modelSi hidravlikuri nawilis 

maTematikuri modelis CarTvis struqturuli sakiTxis 

ganxilva da moTvalTvale sistemebis dinamikis maTematikuri 

modelis ageba; 

− rogorc dafiqsirebuli, agreTve mbrunavi rotoriani 

moTvalTvale sistemis kvlevis meTodikebis SemuSaveba; 

− sakvlevi arawrfivi arastacionaluri hidromeqanikuri 

moTvalTvale sistemebis parametruli sinTezis gamoyenebiTi 

Teoriis SemuSaveba, am Teoriis praqtikuli aprobacia 

konkretuli sawyisi araregulirebadparametrebian sistemaze 

da SemuSavebuli Teoriis SesaZleblobebis analizi.  

naSromis samecniero siaxle mdgomareobs: 

− avejis merqnuli detalebis xexviT damuSavebisaTvis gamiznuli 

orkoordinatiani kopirebis hidromeqanikuri moTvalTvale 

sistemiT aRWurvili Carxis SemuSavebul originalur sqemaSi; 

− agebis originalur kanonzomierebasa da SemoTavazebuli 

Carxis hidromeqanikuri moTvalTvale sistemis dinamikis 

SemuSavebul modelebSi; 

− dinamikuri kvlevebis mimarT gamoyenebul originalur 

meTodologiur midgomebSi da kvlevis miRebul SedegebSi. 

naSromis praqtikul Rirebulebas Seadgenen: 

makopirebeli Carxis SemoTavazebuli originaluri sqemebi, 

sakvlevi arawrfivi arastacionaruli regulirebis sistemebis 

maTematikuri modelebi, kvlevis meTodebi da meTodikebi, 

gamiznuli sakvlevi sistemis parametrebis optimizaciuri 

SerCevisaken.  

Sesaval nawilSi dasabuTebulia sadisertacio naSromis 

aqtualuroba, Catarebulia mravalprofiliani zedapirebis dama-

muSavebeli Carxebisa da saCarxo xazebis agebisa da kvlevis 

sakiTxebis Tanamedrove mdgomareobis analizi. 

gaanalizebulia sxvadasxva daniSnulebis rTulprofiliani 

detalebis formawarmoqmnisaTvis gamoyenebuli meqanikuri 

damuSavebis meTodebi. 

naCvenebia, rom Carxebisa da saCarxo xazebis struqturis 

TvalsazrisiT farTo gamoyeneba hpoves rotorul-saxexma 

makopirebelma Carxebma da saCarxo xazebma. arsebul saCarxo 

sistemebSi gamoyenebuli muSa organoebis fardobiT moZraobaTa 

sqemebis Semdgomi funqcionaluri srulyofis TvalsazrisiT 

SemuSavebulia orkoordinatiani kopirebis fardobiTi moZraobebis 

struqturuli sqema da maszed dayrdoniT hidromeqanikuri 



vi 
 

moTvalTvale sistemiT aRWurvili mrudwirul-fasonuri 

zedapirebis kopirebisaTvis gamiznuli rotorul-saxexi Carxi. 

namzadis, saxexi pnevmocilindrebis, moTvalTvale rgolis da 

makopirebeli Carxis rotoris fardobiT moZraobaTa kinematikis 

analizis safuZvelze miRebulia saxexi pnevmocilindrebis 

RerZebis mdebareobaTa arawrfivi funqciebi, Carxis rotoris 

kuTxur moZraobasTan da namzadis grZivi mimarTulebiT 

miwodebasTan dakavSirebuli moTvalTvale rgolisa da rotoris 

fardobiT gadaadgilebaTa kinematikuri kanonzomierebebi. 

makopirebel mimyol da dinamikur procesebSi fardobiT 

moZraobaTa analizis safuZvelze gamovlenilia dinamikis 

aRwerisaTvis saWiro ganzogadoebuli koordinatebi. agebulia 

kinetikuri, potencialuri energiebis, disipaciur funqciisa da 

ganzogadebul ZalTa gamosaxulebebi. miRebulia moTvalTvale 

rgolis dinamikis maTematikuri modeli. 

sakvlevi sistemis moTvalTvale amZravis hidravlikuri 

nawilis dinamikis aRwerisaTvis gamoyenebuli iqna ZalTa 

balansisa da siTxis xarjebis cnobili gantolebebi agebuli 

iqna mTliani moTvalTvale sistemis dinamikis maTematikosi 

modeli. 

dinamikis SemuSavebuli maTematikuri modelebis xarisxobrivi 

analizis Sedegad SemoTavazebulia sakvlevi orreJimiani 

moTvalTvale hidromeqanikuri sistemis sinTezis gamoyenebiTi 

Teoria, agebuli stacionaruli sistemis parametrul sinTezze 

mocemuli gardamavali procesebis mixedviT da dinamikuri 

mdgradobis pirobis Semotanaze arawrfiv arastacionarul 

sistemaSi. 

Tavis mxriv stacionaruli sistemis sinTezis ZiriTadi 

procedurebia: `sasurveli procesis gawrfivebuli modelis~ 

parametruli sinTezi da gardamavali procesebis miaxloveba 

arawrfiv da wrfiv sistemebSi. 

sakvlevi sistemis mocemuli gardamavali procesebis 

mixedviT sinTezis meTodis proceduraTa realizaciisaTvis 

SemuSavebuli iqna meTodikebi: sasurveli procesebis Semotanisa, 

saZiebeli parametrebis SerCevisa da mdgradobis pirobis 

Semotanisa. 

Catarebulma saangariSo gamokvlevebma gviCvenes sakvlevi 

sistemis inJinruli sinTezis SemuSavebuli Teoriis praqtikuli 

efeqturoba.  
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Abstract 

The engineering processes that are characterized by significant difficulties in 
terms of improving the degree of mechanization and automation, belongs to applied in 
modern technology, particularly in the furniture industry, processing of details having 
complex profile surfaces. 

Trend to mechanization and automation of having complex profile surfaces 
details of modern furniture leads to the necessity of development of specialized direct 
action copy-milling and copy-planning machines for mechanical copying direct action 
and full external load templet on surface of templet. 

The analysis of developed and being under development copy machines shows 
that:^ 
− Despite the some variety of developed nowadays follow-up mechanisms and 

machine tools system’s structural layouts and designs, they would be added by 
more effective new schemes  and constructive solutions; 

− Applied in the machine tools follow-up mechanisms are belonging to complex 
nonlinear dynamical non-stationary systems. 

The review of considered follow-up mechanisms development and research 
work shows on actuality of scientific and technical objectives of improving the 
efficiency of analysis and synthesis methods and methodologies of ongoing in them 
dynamic processes.   

The objective of work is presented in terms of functional capabilities of 
machine tools devices for processing of complex profile details to develop the new 
structurally more perfect multidimensional hydro-mechanical follow-up mechanisms 
schemes and models, development of dynamic research methods and methodologies 
aimed at increasing the effectiveness of the considered equipment design and 
operational parameters. 

For the achievement of objective in the research tasks are including:  
− existing and modified schemes of intended for complex profile details grinding 

machine tools equipment, the analysis of their construction and dynamic research 
methods and methodologies; 

− comparative analysis of having direct copying modified schemes machine tools 
equipment of containing an automatic pneumatic and hydraulic elements and 
systems and formulationof research objectives; 

− analysis of issues of functional and structural construction of application of hydro-
mechanical follow-up system in aimed for processing of complex profile details 
on two-coordinate copying rotor - grinding machine tools; 

− development of structural model of two-coordinate copying machine tool system\s 
elements movements; 

− definition of main kinematic regularities of pneumatic cylinder’s  axes and contact 
points at the processes surface, control link and machine tool’s rotor  relative 
movements in hydraulic rotor-grinding machine tools in interaction with link at 
rotor circular motion and processed work-piece longitudinal movements; 

− in the  dynamics model of full system the consideration of structural issue of 
involving of mathematical model of hydraulic part and construction of dynamics 
mathematical model of follow-up systems; 

− development of research methodologies for fixed as well as for rotational rotary 
follow-up systems; 
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− the development of applied theory of considered nonlinear nonstationary hydro-
mechanical follow-up systems parametric synthesis, practical approbation of this 
theory on initial uncontrolled systems and possibility of developed theory analysis.  

The scientific novelty of work includes: 
− development of original scheme of equipped with follow-up hydro-mechanical 

system two coordinate copying machine tool intended for grinding processing of 
furniture wood details; 

− the original regularities of construction and the proposed machine tools hydro-
mechanical follow-up system dynamics in developed models; 

− Application of original methodological approaches in the dynamical studies and 
obtained results of researches. 

The practical value of work includes: 
The offered original schemes of copying machine tool, the mathematical 

models of considered nonlinear non-stationary control systems, research methods and 
methodology, aimed for researched system’s parameters optimization selection.  

In the introductory part are grounded the actuality of dissertational work, is 
carried out the analysis of recent state of construction and research of machine tools 
and machining lines for processing of multi-profile surface. 

Are analyzed the applied mechanical processing methods for various purposes 
complex profile details shape formation. 

It is shown that in the terms of machine-tools and machining lines structure 
widely are applied rotor - grinding copying machine tools and machining lines. 
Applied in the existing machining systems working bodies the schemes of relative 
movements in the terms of further functional improvement have been developed the 
structural scheme of relative movements of two coordinate copying and grounded on 
it equipped with hydro-mechanical follow-up system aimed for processing of 
curvilinear - shaped surfaces copying rotor - grinding machine. The work-piece, 
grinding pneumatic cylinders, follow-up link and copying machine rotor’s relative 
movements kinematical analysis are accepted grinding pneumatic cylinders axes 
positions non-linear functions, related to the machine rotor angular movement and the 
supply in longitudinal direction of work-piece follow-up link and rotor’s relative 
movement kinematical regularities. 

Grounded on the analysis of relative movements of copying follow-up and 
dynamical processes are revealed required for dynamic description generalized 
coordinates. Are constructed the expressions of kinetic, potential energies, dissipative 
function and the generalized forces. Is accepted the follow-up link’s dynamics 
mathematical model. 

For the description of considered system’s follow-up drive’s hydraulic part 
dynamics are applied the known equations of balance of forces and fluid consumption 
and was constructed the mathematical model of dynamics of follow-up system. 

As the result of qualitative analysis of the developed mathematical models 
dynamics is proposed the applied theory of synthesis of researched two-mode follow-
up hydro-mechanical system, is constructed a based on parametric synthesis of 
stationary system in accordance with transition process and the introduction of 
dynamic stability conditions in nonlinear non-stationary system. 

In turn the basic procedures for the stationary system synthesis are the 
following: “desired process linearized model” parametric synthesis and transition 
processes approximation for nonlinear and linear systems.  
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In accordance with transition processes in researched systems for the 
realization of synthesis method’s procedures have been developed the following 
methodologies: introduction of desired processes, selection of desired parameters and 
condition of stability. 

The conducted reporting study shows the practical effectiveness of 
researched system’s engineering synthesis developed theory. 
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upirveles yovlisa madloba ufals SemweobisaTvis. 

msurs gamovxato madliereba satransporto da 

manqanaTmSeneblobis fakultetis da gansakuTrebiT # 133 

departamentis TanamSromelTa mimarT, romlebic mTeli Cemi 

sadisertacio Tematikis kvlevis periodSi gverdSi medgnen 

rogorc profesiuli, aseve moraluri TvalsazrisiT. 

Tematikis kvlevis procesis sworad warmarTvaSi gaweuli 

gansakuTrebuli RvawlisaTvis, msurs gamovxato madliereba Cemi 

xelmZRvanelis, teqnikis mecnierebaTa doqtoris, profesor b-n 

Tamaz mWedliSvilis mimarT. 
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შესავალი 

samecniero-teqnikuri progresis ganviTarebis Tanamedrove 

etapi mWidro kavSirSia efeqturi teqnologiebis danergvaze 

dafuZnebuli warmoebis srulyofaze da muSebis Sromis 

gamaumjobesebeli, Sromatevadi sawarmoo procesebis meqanizirebisa 

da avtomatizirebisaTvis saWiro maRalmwarmoebluri mowyobilobebis 

Seqmnaze. 

teqnologiur procesebs, romlebic xasiaTdebian 

mniSvnelovani sirTuleebiT, meqanizaciisa da avtomatizaciis 

xarisxis amaRlebis mxriv, ganekuTvneba Tanamedrove teqnikaSi, 

kerZod saavejo warmoebaSi, gamoyenebuli rTulprofiliani 

zedapiris mqone detalebis damuSaveba. 

cnobilia, rom meqanikuri damuSavebiT detalebis 

rTulprofiliani zedapirebis formawarmoqmnas aqvs sakmaod farTo 

teqnologiuri gamoyeneba am mxriv sakopire meqanizmebis 

mrudxazobrivi (gaRunuli da mrudwirul-fasonuri) detalebis 

meqanikurad dasamuSavebeli Carxebisa da saCarxo sistemebis 

Seqmna da Semdgomi srulyofa warmoadgens mniSvnelovan faqtors. 

Tanamedrove avejis rTulprofilian zedapiris mqone 

detalebis damuSavebis meqanizirebisa da avtomatizirebisaken 

swrafvam migviyvana, meqanikuri kopirebis pirdapiri moqmedebis da 

mTliani gare datvirTvis kopiris zedapirze pirdapiri zemoqmedebis 

rigi specializirebuli da sakopire-saxexi specializirebuli 

Carxebis Seqmnis aucileblobasTan. 

SemuSavebuli da SemuSavebaSi myofi sakopire Carxebis 

analizi gviCvenebs, rom:^ 

− dRevandeli droisaTvis SemuSavebuli mimyoli meqanizmebi da 

saCarxo sistemebi struqturuli sqemebis da konstruqciebis 

garkveuli mravalferovnebis miuxedavad SeiZleba Sevsebul 

iqnen warmoebebis konkretuli saxeobebisTvis ufro efeqturi 

axali sqemebiTa da konstruqculi gadawyvetilebebiT; 
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− CarxebSi gamoyenebuli mimyoli meqanizmebi ganekuTvnebian 

rTul arawrfiv arastacionarul dinamikur sistemebs. drekad-

disipaciuri da arastacionaruli kavSirebi, damaxasiaTebeli 

gansaxilveli mimyoli meqanizmebis meqanikuri sistemebisaTvis, 

ganpirobebuli drekadi maxasiaTeblebiT da sistemis calkeuli 

rgolebis mdebareobis arawrfivi funqciebiT, axdenen 

mniSvnelovan gavlenas maTSi mimdinare dinamikur procesebze, 

romlebic Tavis mxriv, mTlianobaSi bevrad ganapirobeben 

saCarxo sistemebis muSaobis teqnikur maxasiaTeblebs. 

gansaxilveli mimyoli meqanizmebis damuSavebisa da 

kvlevebis samuSaoebis mimoxilva migvaniSnebs maTSi mimdinare 

dinamikuri procesebis analizisa da sinTezis meTodebisa da 

meTodikebis efeqturobis amaRlebis samecniero teqnikuri 

amocanebis aqtualurobaze.   

naSromis mizans warmoadgens rTulprofiliani detalebis 

damamuSavebeli saCarxo mowyobilobebis funqcionaluri 

SesaZleblobebis TvalsazrisiT axali ufro srulyofili 

struqturulad rTuli mravalganzomilebiani hidromeqanikuri 

moTvalTvale meqanizmebis sqemebis da modelebis, dinamikuri 

kvlevis meTodebisa da meTodikebis SemuSaveba, mimarTuli 

gansaxilveli mowyobilobebis proeqtirebisa da eqspluataciis 

maCveneblebis efeqturobis amaRlebisaken. 

dasaxuli miznis miRwevisTvis kvlevis amocanebSi CarTulia:  

− rTulprofiliani detalebis xexvisaTvis gankuTvnili saCarxo 

mowyobilobebis arsebuli da modificirebuli sqemebis, maTi 

agebisa da dinamikuri kvlevis meTodebis da meTodikebis 

analizi; 

− avtomatikis pnevmaturi da hidravlikuri elementebisa da 

sistemebis Semcveli pirdapiri kopirebis modificirebuli 

sqemebis mqone saCarxo mowyobilobebis SedarebiTi analizi da 

kvlevis amocanebis Camoyalibeba; 

− hidromeqanikuri moTvalTvale sistemis gamoyeneba rTulpro-

filiani detalebis orkoordinatiani kopirebiT damuSavebisaTvis 
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gamiznuli rotorul-saxexi Carxis funqcionaluri da 

struqturuli agebis sakiTxebis analizi; 

− orkoordinatiani kopirebis saCarxo sistemis elementebis 

moZraobaTa struqturuli modelis SemuSaveba; 

− hidroficirebuli rotorul-saxex CarxSi pnevmocilindrebis 

RerZebisa da dasamuSavebel zedapirTan kontaqtis wertilebis, 

mmarTveli rgolisa da Carxis rotoris fardobiT moZraobebis 

ZiriTadi kinematikuri kanonzomierebebis gansazRvra rgolTan 

erTad rotoris wriul brunvasa da dasamuSavebeli namzadis 

grZiv moZraobebTan urTierTkavSirSi; 

− mTliani sistemis  dinamikis modelSi hidravlikuri nawilis 

maTematikuri modelis CarTvis struqturuli sakiTxis 

ganxilva da moTvalTvale sistemebis dinamikis maTematikuri 

modelis ageba; 

− rogorc dafiqsirebuli, agreTve mbrunavi rotoriani 

moTvalTvale sistemis kvlevis meTodikebis SemuSaveba; 

− sakvlevi arawrfivi arastacionaluri hidromeqamikuri 

moTvalTvale sistemebis parametruli sinTezis gamoyenebiTi 

Teoriis SemuSaveba, am Teoriis praqtikuli aprobacia 

konkretuli sawyisi araregulirebadparametrebian sistemaze 

da SemuSavebuli Teoriis SesaZleblobebis analizi.  

naSromis samecniero siaxle mdgomareobs: 

− avejis merqnuli detalebis xexviT damuSavebisaTvis 

gamiznuli orkoordinatiani kopirebis hidromeqanikuri 

moTvalTvale sistemiT aRWurvili Carxis SemuSavebul 

originalur sqemaSi; 

− agebis originalur kanonzomierebasa da SemoTavazebuli 

Carxis hidromeqanikuri moTvalTvale sistemis dinamikis 

SemuSavebul modelebSi; 

− dinamikuri kvlevebis mimarT gamoyenebul originalur 

meTodologiur midgomebSi da kvlevis miRebul SedegebSi. 

naSromis praqtikul Rirebulebas Seadgenen: 
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makopirebeli Carxis SemoTavazebuli originaluri sqemebi, 

sakvlevi arawrfivi arastacionaruli regulirebis sistemebis 

maTematikuri modelebi, kvlevis meTodebi da meTodikebi, 

gamiznuli sakvlevi sistemis parametrebis optimizaciuri 

SerCevisaken.  
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1. ლიტერატურის მიმოხილვა 

1.1. rTulprofiliani detalebis damamuSavebeli 

saCarxo sistemebis sqemebis mimoxilva da 

gamokvlevis meTodebis samuSaoebis analizi 

 

1.1.1. arsebuli da SemoTavazebuli saCarxo  

sistemebis sqemebis mimoxilva 

 

 rTulprofiliani detalebi da sxva rTuli zedapirebis 

saxeebi, geometriuli parametrebisa da tipozmebis mixedviT 

mzaddeba  damuSavebis sxvadasxva saxeebis gamoyenebiT [1-7]. 

 wina operaciebisas miRebuli zomebis sizustis xarisxisa 

da geometriuli formebis mixedviT, rTulprofiliani detalebis 

Semdgomi damuSaveba xorcieldeba sxvadasxva saxis meqanikuri 

meTodebis gamoyenebiT. 

 asxvaveben detalebis rTulprofiliani zedapirebis forma-

warmoqmnisaTvis gamoyenebuli meqanikuri damuSavebis meTodebis 

or jgufs: 

1) zedapirebis damuSavebas Tavisufali kinematikuri kavSiris 

sistemiT `detali-mWreli-iaraRi~; 

2) zedapirebis damuSavebas mocemuli kinematikuri kavSiriani 

sistemiT `detali-iaraRi~. 

am jgufTagan TiToeuli Tavis TavSi moicavs zedapirebis 

formawarmoqmnis uamrav xerxs. zedapirebis damuSaveba mocemuli 

kinematikuri kavSiriT `detali-iaraRi~ saSualebas gvaZlevs 

miviRoT geometriuli zomebis saWiro sizuste da Tavisufali 

kinematikuri kavSiriani sistemis gamoyenebiT zedapiruli fenis 

saWiro simqise da fiziko-meqanikuri maCveneblebi. 

warmoebaSi zedapirebis formawarmoqmnas Tavisufali 

kinematikuri kavSirebiT iyeneben gasawmendi ganmamtkicebeli 

saxexi da saprialebeli operaciebisas, rodesac zomebisa da 

geometriuli formebis sizuste jdeba winamorbedi operaciis 

daSvebis velis sazRvrebSi, an rodesac zemoT xsenebuli 
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parametrebi teqnikuri pirobebiT naxazze aRniSnuli ar aris. 

winamorbed operaciebs SeiZleba warmoadgenen frezva, Carxva da 

a.S. 

zedapirebis formawarmoqmnas winaswarmocemuli kinematikuri 

kavSiriT `detali-iaraRi~ warmoebaSi iyeneben iseTi detalebis 

damzadebisas, romelTa zomebis sizusteebi da detalebis 

zedapirebis geometriuli maxasiaTeblebi warmodgenilia naxazze 

teqnikuri pirobebiT. am jgufis klasificireba SeiZleba agreTve 

zedapirebis damuSavebiT mimyoli sistemebis gamoyenebiT, an 

gamoyenebis gareSe. 

rTuli zedapirebis damuSavebis meqanizaciis dasawyisi 

SeiZleba mivakuTvnoT me-15 saukunes, roca pirvelad iqna 

Seqmnili xelis miwodebis mqone sakopire-saxarato Carxebi; 

wylis borblebis, xolo SemdgomSi orTqlis manqanebis da 

eleqtroZravebis gamoCenam SesaZlebeli gaxada damuSavebis 

procesebis meqanizireba [1, 2]. Tavidan arsebobdnen mxolod 

pirdapiri moqmedebis meqanikuri kopirebis da kopiris zedapirze 

mTliani gareSe datvirTvis pirdapiri zemoqmedebis mqone 

sakopire Carxebi. SemdgomSi (XX saukunis dasawyisidan) gamoCndnen 

safrezavi, saxarato, sarandi, karuseluri da saxexi sakopire 

Carxebi, romlebSic eleqtrobis, hidravlikis da pnevmatikis 

gamoyenebiT realizebulia kopirze arapirdapiri zemoqmedebis 

meTodebi. 

rTuli zedapiris mqone detalebis damuSavebis saSualebebis 

diapazoni sakmaod mravalferovania – es aris universaluri 

Carxebis specialuri gamarTvebisa da xelsawyoebis gamoyeneba; 

sakopire Carxebi xelis, meqanikuri, eleqtruli, hidravlikuri 

marTviT; programuli marTvis Carxebi brtyeli da sivrciTi 

zedapirebisaTvis [8-10]. 

programuli marTvis Carxebs aqvT rigi upiratesobebi 

sakopire CarxebTan mimarTebaSi: Ria saxis kopirebis damzadebaze 

xarjebis ararseboba, maTi remonti da Senaxva [11, 12]. programuli 

marTvis Carxebis ekonomiuroba miT ufro maRalia, rac ufro 
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rTulia detali, metia kvanZebis gadaadgileba, metia damuSavebis 

dro. magram, maTi marTvis programis momzadebis garkveulma 

sirTuleebma, bevri damcavi da maregulirebeli mowyobilobebis 

arsebobam da garkveuli, aseTi Carxebis specifikasTan 

dakavSirebuli damatebiTi moTxovnebis arsebobam, gansazRvra 

sakopire Carxebis farTod gamoiyeneba. liTondamuSavebaSi 

SeiZleba aRvniSnoT sakopire-safrezavi Carxebi Stampebisa da 

presformebis, saniCbavi xraxnebis frTebis da hidravlikuri 

turbinebis frTebis dasamuSaveblad [4, 12-14]. aseTi daniSnulebis 

Carxebs uSveben safrezavi Carxebis CarxmSenebeli qarxana (q. 

sankt-peterburgi), safrezavi Carxebis qarxana (q.niJni-nifgorodi), 

firma `eSer-visi~ (Esher-Wyss). orenburgi CarxmSenebeli qarxana 

uSvebs sakopire-sarand Carxebs. programuli marTvis Carxebs 

Soris unda aRiniSnos kolimenskis mZime manqanaTmSeneblobis 

qarxanaSi gamoSvebuli  saniCbavi xraxnebis damamuSavebeli Carxi, 

firmebis `kobe~-sa (Kobe Steel Corporation) da `micubiSis~ Carxebi [2]. 

sakopire-saxex Carxebs Soris SeiZleba aRiniSnos niCbebis 

dasamuSavebeli Carxebi, modelis СШЛН, СШВК, УХОЛ, lentur-

saxexi Carxebi gankuTvnili didgabaritiani detalebis xexvisaTvis, 

didi diametris mqone brunviTi fasonuri sxeulebis specialuri 

saxexi Carxebi, Carxi ХШ-152 gankuTvnili wylis turbinis frTebis 

xexvisaTvis. 

xis damuSavebaSi farTo gamoyeneba hpoves Semdegi firmebis 

sakopire-safrezma Carxebma `Reichenbacher~ (gfr) da `Zucerman~ 

(avstria) [15]. 

firma `Reichenbacher~-is erT-erT yvelaze cnobil Carxs 

warmoadgens xisti kopiriT momuSave mravalSpindeliani sakopire-

safrezavi Carxi. 

cnobilia ШлДБ-3 [6] modelis Carxi. mocemuli Carxi 

gankuTvnilia mcire zomis gamoburculi da Sezneqili cilindruli 

da konusuri zedapirebis mqone detalebis gasaxexad. Carxi 

aRWurvilia saxexi diskoTi da babiniT. muSa Spindels gasaxex 

nakeTobaze qargolis marcvlebisagan warmoqmnili grZivi 
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nakawrebis mocilebisaTvis, miniWebuli aqvs RerZuli rxevebi 

(oscilacia). 

Carxze detalebis damuSaveba xdeba namzadebis xeliT 

miwodebiT da Carxis konstruqciuli Taviseburebebis gamo masze 

SeuZlebelia xarisxianad moxdes wriuli kveTis moRunuli 

detalebis damuSaveba. mrewveloba uSvebs agreTve, xis detalebis 

mrudxaziani zedapirebis xexvisaTvis gankuTvnil ШлСЛ-2 [6] 

modelis Carxs. xexva warmoebs wamyvan da amyol Skivebze 

gadaWimuli moZravi uwyveti saxexi lentis meSveobiT, yofili 

ssrk-s saavejo sawarmoebSi merqnisagan gaRunuli detalebis 

damzadeba yvelagan xorcieldeboda ZiriTadad aseTi tipis 

Carxebze, magram detalebis xeliT miwodeba da damuSavebis 

procesSi maTi gadabruneba ver uzrunvelyofda saxexi detalebis 

zedapirebis damuSavebis maRal xarisxs da xexvis maRal 

warmadobas. 

specialurad gardamaval kveTis mqone gaRunuli, 

sworxazovani da mrudxazovani detalebis, agreTve, wriuli 

kveTis mqone gaRunuli detalebis xexvisaTvis mrewveloba uSvebs  

ШлΠΦ-2 modelis Carxs [7]. Carxi Sedgeba sadgarisagan, romelzec 

damagrebulni arian plansayeluri, gadamtani saxexi lentebi, 

gadacemaTa kolofi, mimwodebeli da mimRebi gorgolaWebi, mimWeri 

uToebis gadamaadgilebeli planetaruli meqanizmi, eleqtro da 

pnevmomowyobilobebi, dasamuSavebeli detalebis miwodeba da 

centrireba xdeba mimwodebeli da mimWeri gorgolaWebis 

meSveobiT. 

xexvis procesSi dasamuSavebeli detali gadaadgildeba 

mbrunav plansayelurTan mimarTebaSi. xexvis meqanizmi Sedgeba 

Rru Spindelze damagrebuli plansayelurisa da ori saxexi 

lentisagan. TiToeuli saxexi lenti gadaWimulia sam Skivze, 

romelTagan erT-erTi wamyvania, meore – damWimi, xolo mesame 

aregulirebs Skivebidan lentis Camoqanebas. saxexi lentis 

nakeTobasTan miWera xorcieldeba pnevmatikuri uToebiT. 

sapatento literaturidan cnobilia mravali mrudxazovani  
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da sworxazovani detalebis saxexi Carxi [16], romelic Seicavs 

saxex lentsa da mimwod gorgolaWebian mbrunav mWids, romelTa 

Soris tardeba fasonuri namzadi. Carxs aqvs iseTive naklovanebebi, 

rogorc axasiaTebs ШлΠΦ-2 modelis Carxs. es aris gaRunuli 

namzadebis mimwodebel gorgolaWebs Soris gatarebis 

uzrunvelyofis sirTule, gansakuTrebiT gorgolaWebis erTi 

wyvilidan meoreze gadasvlisas. didi sirTulis mqone detalebis 

damuSavebisas xexvis xarisxi aradamakmayofilebelia, rac 

aixsneba mbrunavi namzadis xSiri mocilebiT saxexi lentidan. 

garda amisa Carxis konstruqciaSi ar aris gamoricxuli 

Skivebidan namzadis damuSavebaze miwodebiT gamowveuli saxexi 

lentis gadmovardnis albaToba. es naklovanebebi nawilobriv 

gamosworebulia Tavisufal lentian [17] mrgvalsaxex CarxSi, 

romelSic mzidi vertikaluri lenti gadaWimulia mqnevaras 

sqemiT Camokidebul saerTo kavSiris mqone Skivebze. qveviTa 

nawilSi lenti zambarebiani uToTi mieWireba dasamuSavebel 

detalTan. 

miwodebis meqanizmi, romelic warmoadgens RerZis mimarT 

kuTxiT dayenebul gorgolaWebs, aniWebs detals erTdroulad 

miwodebiT da brunviT moZraobebs. am Carxze SesaZlebelia 

mxolod wriuli wveTis mqone cilindruli wagrZelebuli 

detalebis damuSaveba. garda amisa aq, mimwodebel gorgolaWebs 

Soris detalis gacurebis gamo, ar aris gamoricxuli amoxexvis 

an detalis zedapirze e.w. `mimwvrobis~ warmoqmnis SesaZlebloba. 

ssg `lenproeqtmebel~-ma SeimuSava rTuli konfiguraciis mqone 

detalebis saxexi Carxi. aq xexva warmoebs uwyveti lentiT; 

miwodeba xorcieldeba mimwodi doliT, romelic miyveba 

misawodebeli detalis rTul profils. 

Carxis naklad iTvleba is, rom masze SeuZlebelia ovaluri 

da mrgvali formis namzadebis damuSaveba. gfr-is sakopire saxex 

CarxSi, romelic aRwerilia naSromSi [18] minimum erTi namzadi 

da kopiri magrdeba urTierTparalelurad or mimWer mowyobilobebs 

Soris da sinqronulad moiyvaneba brunvaSi. kopirisa da namzadis 
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sibrtyeebis orive mxares damagrebulia TiTo brjeni, romelTagan 

TiToeuli Sedgeba kopirTan urTierTmoqmedi moxvevadi mzidi 

milisa da lentur-saxexi Tavakis an sakopire gorgolaWis 

damWerisagan. TiToeuli lentur-saxexi Tavakis SemadgenlobaSi 

Sedian: amZravi sakontaqto lilvaki, mimmarTveli gorgolaWi da 

sxvadasxva tipis abraziuli lenta. kopiris arseboba moiTxovs 

dasamuSavebeli detalis srul Sesabamisobas kopirTan, rac 

gaRunuli detalebisaTvis miuRebelia erTgvarovani detalebis 

simrudeSi didi gansxvavebebis gamo. igive nakli axasiaTebs 

fasonuri zedapirebis saxex Carxs [19] (didi britaneTi). 

firma `Helma Holland B.V~UuSvebs saxex Carxs TS-65 [20], 

romelzedac SeiZleba damuSavdes ovaluri, sferuli, fasonuri 

detalebi (skamis fexebi, najaxis tarebi da sxva). 

xexva warmoebs uwyveti abraziuli lentebis meSveobiT, 

romlebic erTmaneTis paralelurad ganlagebulni arian 

rotorze damagrebul Skivebze. xsenebuli rotori axorcielebs 

dasamuSavebeli namzadis mogorebas. namzadis miwodeba xdeba 

xeliT, TviTmacentrebeli mowyobilobebis daxmarebiT gamorTuli 

rotoris SemTxvevaSi. winaswari RreCo saxex lentebs Soris 

yendeba specialuri Skalebis meSveobiT dasamuSavebeli namzadis 

umciresi kveTis mixedviT. 

Carxis naklovanebas warmoadgens masze kvadratuli da 

mravalkuTxiani namzadebis damuSavebis SeuZlebloba. 

Carx LA-65-s awarmoebs italiuri firma `Sibo~, [21]. saubaria 

wyobilaTi aRWurvil Carxze, romelic gankuTvnilia swori, 

ovaluri da profilirebuli detalebis (mag. gomerSlilis 

ganivi Wrili da a.S.) didi da saSuali seriebiT damzadebisaTvis. 

xexvis Catarebis mizniT, namzadebi avtomaturad amoiReba 

wyobiladan, magrdeba centrSi (an Sverilebs Soris) da miewodeba 

saxexi lentis gaswvriv. 

firma `Zucherman~ (avstria) da `Reichenbacher~ (germania) 

uSveben agreTve xist kopirze momuSave saxex Carxebs. 
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Tbilisis samecniero kvleviTi da saproeqto sakonstruqtoro 

institutisa da saqarTvelos teqnikuri universitetis Semoqmede-

biTi jgufis mier, Tbilisis saskolo inventaris fabrikaSi 

Seqmnili da warmoebaSi danergili iqna avejis sworkuTxovani da 

wriuli kveTis mqone detalebis saxexi naxevradavtomaturi xazi. 

xazis konstruqcia daculia rigi saavtoro uflebebiT (## 

730542, 806376, 865616, 1054027, 1060425, 1135616. 

xazis teqnologiuri sqema (nax. 1.1) Sedgeba magidisagan 1, 

transportiorisagan, Sedgenili amZravi 2 da mimWeri 3 

gorgolaWebis seqciisa da rotorebisgan 4, romelTagan TiToeuls 

aqvs elasturi pnevmocilindriani 5 ori saxexi instrumenti. es 

ukanasknelni gamoirCevian iseTi abraziuli zumfarebiT, romelTa 

marcvlovanoba TandaTanobiT mcirdeba saxexi detalebis 6 svlis 

Sesabamisad.  

xazi muSaobs Semdegnairad: saxex pnevmocilindrebs da 

mimmarTvelebs Soris yendeba RreCoebi simetriulad rotoris  

brunvis RerZis mimarT amZravi da mimWeri gorgolaWebis seqciebi 

yendeba ise, rom uzrunvelyofili iqnas maT Soris miwodebuli 

detalis miWera, romlis simetriis RerZi unda emTxveodes 

rotoris RerZs.  

gorgolaWebi waritaceben detals da gaaTreven mas 

pnevmocilindrebs Soris, romlebic brunaven rogorc Tavisi 

RerZebis garSemo aseve rotorTan erTad detalis RerZis mimarT. 

sworxazovani detalebis damuSavebisaTvis gankuTvnili 

Carxis mimyoli meqanizmis sqema moyvanilia nax. 1.2. meqanizmi 

moicavs mxreulebze 2 da 3 dakidebul pnevmatikur saxex 

cilindrebs 4 da 5 namzadze 1 pnevmocilindrebis miWera 

realizdeba zambarebis meSveobiT. namzadis grZivi miwodeba 

xorcieldeba naxazis sibrtyis marTobuli mimarTulebiT. 

cvalebadi kveTis mqone Zeluri namzadebis xexvisaTvis 

gamiznuli Carxis mimyoli meqanizmis sqema (nax. 1.3) moicavs 

mbrunav rotors 1 mxreulebiT 3, 4 da Tavisi RerZebis irgvliv 

mbrunav saxex pnevmocilindrebs. 
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nax. 1. wriuli da sworxazovani kveTis mqone detalebis 

saxexi xazis teqnologiuri sqema 

 

 

 

 

 

 

 

 

 

4 

4 

4 

6 

1 

2 

3 

5 

5 

5 



26 
 

 

 

 

 

 

 

 

 

 

nax. 2. sworxazovani detalebis damamuSavebeli 

   Carxis moTvalTvale meqanizmis sqema 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3. cvladi kveTis mqone Zeluri detalebis 

saxexi moTvalTvale meqanizmis sqema 
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saxexi pnevmocilindrebi Sesrulebulia rogorc gasaberebi 

da drekadebi, rac saSualebas iZleva SevqmnaT maT garsebSi 

xexvis procesis realizaciisaTvis saWiro wneva. 

rotoris muSta meqanizmi ramkebis iZulebiTi Tanabari 

qanaobiT axorcielebs mcire siCqariT pnevmocilindrebis winsvliT-

ukuqceviT fardobiT moZraobas grZivi mimarTulebiT, rac iZleva 

abraziuli zumfaris mTeli farTis Tanabari gamoyenebisa da 

misi muSaobis xangrZlivobis gadidebis saSualebas. 

aRwerili xazis ZiriTad uaryofiT mxares warmoadgens is, 

rom mas ar SeuZlia mrudwiruli detalebis damuSaveba. 

zemoT aRwerili xazis bazaze damuSavebulia da danergilia 

Tbilisis grexili avejis kombinatSi namzadis mrudxazobriv 

konturze miyoliT realizebuli naxevradavtomaturi saxexi xazi 

(nax. 4). [22-290. axali konstruqciuli gadawyvetilebebi am xazSi 

daculia saavtoro uflebebiT ## 624775, 804380, 876379, 929407, 

931397, 933396, 990478, 1094725. xazSi Sedis gaRunuli skamis ukana 

fexis sferuli Sublas (torecis) saxexi mowyobiloba. 

naxazze 4 warmodgenilia xazis teqnologiuri sqema, 

Semdgari magidisagan 1, amZrav 2 da mimWer 3 gorgolaWebis 

seqciani konveierisa da rotorisagan 4.  

rotorebi dayenebulia mxreulebze 5 qanaobis 

SesaZleblobiT da TiToeuli TavisTavad Seicavs or-or saxex 

instruments abraziul zumfariani elastiuri pnevmocilindriT. 

gaRunuli detalebis damuSavebisaTvis gankuTvnili Carxis 

momyoli meqanizmis sqema (nax. 5) xasiaTdeba unifikaciis 

amaRlebuli xarisxiT sworxazovani Zeluri detalebis 

damamuSavebel CarxTan mimarTebaSi.  

Carxis rotori 2 dayenebulia mxreulebis 4 da 5 meSveobiT 

Sesrulebuli saxsruli paralelogramis barbacaze 3. saxexi 

pnevmocilindrebi 7 da 8 damontaJebulia mbrunav rotorze da 

gaaCniaT brunvis calke amZravebi. zambarebis 9 daniSnulebaa 

meqanizmis wonis ZalTa gawonasworeba. rxevebi CaxSobisaTvis 

ganpirobebulia dempferi 6. 
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nax. 4. mrudxazovani konturuli detalebis xexvis 
teqnologiuri sqema 
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nax. 5. brtyladgaRunuli Zeluri detalebis xexvisaTvis 

gamiznuli moTvalTvale meqanizmis sqema 
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gaRunuli detalis profili simrudis mimarT moTvalTvale 

moZraobis ganxorcieleba miiRweva rotorebisaTvis horizontaluri 

gadaadgilebebis miniWebiT maTi mxreulebze dayenebis meSveobiT. 

saxexi pnevmocilindrebis namzadze miWeris saWiro Zala 

miiRweva RreCos sididiT cilindrebs Soris da maTSi arsebuli 

haeris wneviT. 

detalis mrudwiruli konturi miiRweva CarCos qanaobiT 

mxreulebze. 

radganac konveierebis mier gadaadgilebuli namzadi xexvis 

dros warmoadgens kopirs, saCarxo xazze xorcieldeba didi 

CaRunvis isris mqone namzadebis damuSaveba. 

konveierebis mier gadaadgilebuli gaRunuli namzadebis 

profilis mimarT saxexi prevmocilindrebis moTvalTvale 

moZraoba xorcieldeba pnevmocilindrebze namzadis gaRunuli 

nawilis zemoqmedebiT, rac xorcieldeba erTi pnevmocilindris 

meore cilindrTan SedarebiT meti deformaciis miRebis Sedegad. 

saqarTvelos teqnikuri universitetis `amZravTa sistemebis, 

Carxebisa da kompleqsebis~ kaTedraze, mravalSpindeliani 

safrezi da rotorul-saxexi Carxebis Taviseburebebis analizis 

safuZvelze SemoTavazebuli iqna sakopire-saxexi Carxis 

struqturuli sqema, romelic uzrunvelyofs dasamuSavebeli 

zedapiris miyolis process misi mbrunavi gasaberi saxexi 

pnevmocilindrebiT mogorebis meSveobiT. 

naxazze 6 warmodgenilia SemoTavazebuli sakopire-saxexi 

Carxis struqturuli sqema. 

naxazze: 1 saxexi pnevmocilindria, romelic axorcielebs 

Carxis xorTumis 2 A wertilis garSemo rxeviT moZraobas, masze 

damontaJebuli ZraviT, amZravi meqanizmiT da mWreli instrumentis 

SpindeliT; 
sax..

ω  da −
n

ω saxexi pnevmocilindrisa da namzadis 

brunviTi moZraobebis kuTxuri siCqareebia; −∂T xorTumis kuTxuri 

moZraobis koordinata; −
gr

V saxexi prevmocilindris mbrunavi 

namzadis  3  mimarT grZivi miwodebis siCqare. saxex pnevmocilindrsa  
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nax. 6. sakopire-saxexi Carxis mimyoli meqanizmis 

struqturuli sqema 
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da namzads Soris Zalovani Caketva realizdeba zambara 4-is 

meSveobiT. 

zemoTaRniSnulis ganviTarebiT nax. 7-ze warmodgenilia 

makopirebeli-saxexi mowyobilobis sqema, romlis realizacia 

agebulia saxarato CarxebisaTvis damaxasiaTebeli fardobiTi 

moZraobebis gamoyenebaze. am sqemaze cifrebiT 1, 2, 3 da 4 

aRniSnulia igive struqturuli elementebi, rogorc nax. 6-ze. 

cifriT 5 aRniSnulia Carxis suporti. ganivi gnv  moZraoba 

xorcieldeba qveda nalos gadaadgilebebiT. ganivi nalos da 

misi gadaadgilebis meqanizmis arseboba iZleva saWrisi iaraRis y 

RerZis mimarTulebiT oscilaciuri moZraobebis ganxorcielebis 

saSualebas. 

aRsaniSnavia, rom naxazebze 4-5 moyvanili saCarxo sistemebi 

SedarebiT zemoT aRwerili rotorul-saxexi Carxebisa saSualebas 

iZlevian ganxorcielebili iyos mrudmxara mrudwirul-fasonuri 

detalebis orkoordinatiani xexvis procesi. 

aRniSnuli sakiTxis mxriv zemoT aRwerili saCarxo 

sistemebia. funqcionalur ganviTarebas miekuTvneba cvalebad-

kveTiani mrudwiruli Zeluri detalebis orkoordinatiani 

kopirebis Carxi. 

Carxis struqturuli sqema moyvanilia naxazze 8. 

aRsaniSnavia is, rom aRniSnuli Carxi, rogorc erTkoordinatiani 

kopirebis Carxebis funqcionaluri ganviTareba Tavis struqturaSi 

axal elementebTan erTad moicavs winamorbedi rotorul saxexi 

Carxebis struqturul elementebs. 

Carxis muSaobis dros zambarebiT 7, 12 da 13 sruldeba 

moTvalTvale meqanizmebis (exeba rTulprofiliani namzadis 

figurul, erTis mxriv, da mrudwirul, meores mxriv, konturebze 

Sesaguebel moTvalTvale meqanizmebs) dabruneba sawyis 

mdgomareobaSi, xolo dempferebiT 9 da 14 xorcieldeba aRZruli 

rxevebis Caqroba. 
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nax. 7. makopirebeli-saxexi mowyobilobis 
struqturuli sqema 
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nax. 8. orkoordinatiani kopirebis saxexi Carxi 

 

xexvis teqnologiuri procesis mimdinareobis dros 

rTulprofiliani detalis figurul konturze Segueba CarxSi 

ganxorcielebulia saxiT, erTis mxriv, da oTxrgola meqanizmis 

10, 11, 15 barbacaze 10 dayenebuli rotoris 3 qanaobiT mxreulebze 

11 da 15, meores mxriv, amasTan aqac, rogorc wina ganxiluli 

Carxebis moTvalTvale meqanizmebSi, saxexi cilindrebis namzadze 

miWeris aucilebeli Zala uzrunvelyofilia kumSvis zambarebis 7 

da cilindrebSi haeris wnevis regulirebiT. 

Carxis konstruqcia iTvaliswinebs, rogorc orkoordinatian 

aseve erTkoordinatian reJimebSi muSaobas. 

aRwerili makopirebeli Carxebis mwarmoeblurobisa  da 

damuSavebis xarisxis Semdgomi amaRlebis TvalsazrisiT erT-erT 

prioritetul mimarTulebas warmoadgens aRniSnuli saCarxo 

sistemebis aRWurva pnevmo da hidrosistemebiT [9, 31-36]. 

aRniSnulTan dakavSirebiT aRsaniSnavia pnevmatikuri mimWeri 

meqanizmebis mqone mravalSpindeliani da erTkoordinatiani 
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kopirebis hidromeqanikuri sistemiT aRWurvili rotorul-saxexi 

Carxebi [30], romelTa struqturuli sqemebis aRwera mocemulia 

warmodgenili naSromis Semdgom TavebSi.   

 

1.1.2. meqanizmebis da manqanebis proeqtirebisa da  

   dinamikuri kvlevis samuSaoebis mimoxilva 

 

ama Tu im dasaxuli Tvisebebis damakmayofilebeli 

meqanizmebisa da saCarxo sistemebis agebis amocanis gadawyveta 

iwyeba racionaluri kinematikuri sqemis mqone meqanizmis 

formirebiT. 

meqanizmebis struqturasTan dakavSirebuli sakiTxebi 

pirvelad iqna ganxiluli l.v. asuris da a.g. maliSevis naSromebSi. 

meqanizmebis klasifikaciis Semdgomi ganviTareba asaxulia i.i. 

arTobolevskis, v.v. dobrovolckis [37-42] da r. frankes [43] 

naSromebSi. 

brtyeli meqanizmebis sinTezis sakiTxebs da mravalrgolian 

saxsrovani meqanizmebis kvlevebs ganixilaven Tavis SromebSi n.i. 

levitski [44, 45] da s.a. Cerkudinovi [46]. 

d.s. TavxeliZis, g.a. jabuas da o.s. ezikaSvilis [47, 48] 

Sromebi miZRvnilia brtyeli meqanizmebis kvlevis sakiTxebisadmi. 

g.p. baranovis naSromebi [49] miZRvnilia winaswar dasaxuli 

pirobebis mixedviT meqanizmebis kvlevisa da proeqtirebis 

sakiTxebisadmi, agreTve mravalsafexuriani kbilanuri da rTuli 

planetaruli meqanizmebis kinematikuri kvlevebisadmi. 

s.n. koJevnikovis wignSi [50] Seiswavleba struqturuli da 

kinematikuri analizebis sakiTxebi; dgindeba meqanizmebis 

struqtura da ganisazRvreba rgolebis calkeuli wertilebis 

traeqtoriebi, gadaadgilebebi, siCqareebi da aCqarebebi, agreTve 

rgolebis zomebi winaswar dasaxuli pirobebis mixedviT. 

ganixileba gareSe mamoZravebeli da winaaRmdegobis Zalebis 

zemoqmedebiT gamowveul rgolebis moZraobebis gansazRvris 

meTodebi, moZraobis regulirebis, inerciis Zalebis gawonasworebis 

sakiTxebi da sxva. 
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rxevebis Teoriis safuZvlebi, Tavisuflebis erT da 

mravali xarisxis mqone meqanikuri sistemebis rxevebis Teoria da 

sistemis sakuTari sixSiris gansazRvris meTodebi ganixileba s.p. 

timoSenkos, d.x. iangis, u. uiveris, f.m. czas, i.e. morzes, p.t. 

xinkpas SromebSi [51-53]. 

v.a. iudinisa da l.v. petrokasas naSromebSi agreTve 

SemoTavazebulia meqanizmebis Zalovani gaTvlis meTodebi, 

manqanebis agregatebis dinamikuri analizis da sinTezis zogierTi 

sakiTxebi, romelTac miekuTvneba perioduli rxevebis regulireba 

da manqanebis gawonasworebis amocanebi. 

v.a. kudinovis naSromSi [54] SemoTavazebulia Carxebis 

dinamikuri xarisxis maCveneblebis sistema da mocemulia am 

maCveneblebis mixedviT Carxebis Sefasebis sakiTxebi, Teoriuli 

da eqsperimentuli analizis Catarebis saerTo meTodika. 

miwodebis racionaluri siCqareebi aucilebelia simZlavris, 

teqnologiuri wnevebis gansazRvra, maRali xarisxis da 

damuSavebis sizustis uzrunvelyofis pirobebis uzrunvelyofiT, 

optimaluri warmadobis, gawyobis meTodebi da marTvis sakiTxebi 

ganxilulia f.m. manJosis naSromebSi [55]. 

v.l. bidermanis wignSi [56] gadmocemulia wrfivi da 

arawrfivi meqanikuri sistemebis rxevebis Teoriis safuZvlebi  

da manqanaTmSenebeli konstruqciebis dinamikuri gaTvlisTvis 

saerTo meTodebis gamoyeneba. 

m.f. dimentbergis naSromSi [57] ganxilulia moZraobis 

ramodenime SesaZlebel reJimSi myofi arawrfivi sistemebis rxevebis 

kvlevis sakiTxebi, moyvanilia sistemebis xarisxuri da araxarisxuri 

identifikaciis meTodebi rxeviTi procesebis statistikuri 

analizis safuZvelze. ganxiluli sakiTxebis gadawyveta xdeba 

analizurad, eleqtronul gamomTvlel manqanaze modelirebis gziT. 

v.l. veicis naSromSi [58] meqanizmis kvanZebis aradartymiTi 

urTierTqmedebis amsaxvel dinamikur modelebTan erTad, 

ganxilulia dartymiTi da vibrodartymiTi tipis modelebi. maT 

safuZvelze Catarebulia iZulebiTi rxevebis kompleqsuri kvlevebi, 
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romelic saSualebas gvaZlevs aRmovaCinoT TviTdamuxruWebadi 

sistemebisaTvis damaxasiaTebeli rigi axali movlenebisa. aqve 

mocemulia arawrfivi disipaciuri Zalebis kvlevebi drekad 

rgolebiani meqanizmebis dinamikis amocanebSi. ganxilulia 

disipaciuri Zalebis koreqtuli ekvivalenturi gawrfivebis 

sakiTxebi, agreTve damuSavebuli meTodebis gamoyeneba Tavisuflebis 

erTi da mravali xarisxis mqone sistemebSi rxevebis gaangariSebisas. 

s.i. sergeevis naSromSi [59] ZiriTadi yuradReba eqceva 

hidravlikur dempferebs da erTi an ramdenime adgilSi 

Tavmoyrili blanti xaxunis mqone wrfivi meqanikuri sistemebis 

rxevebis Teoriuli da eqsperimentuli monacemebi amis Sesaxeb 

sakmarisia dempferebis proeqtirebisaTvis xsenebuli meqanikuri 

sistemebiT aRWurvil manqanebSi. 

drekad-plastikuri sxeulebis SemTxveviTi rxevebi 

Seiswavleba v.a. palmovis naSromebSi [60]. sasazRvro amocanis 

amoxsna igeba galerkinis meTodis amonaxsniT sxeulis 

Tavisufali drekadi rxevebis formebis mixedviT rigSi daSlis 

gamoyenebiT. aRniSnulia rxevebis sxvadasxva sixSiruli 

Semdgenebis urTierTzemoqmedeba. 

dinamikis mravali amocanis amoxsnisas mivdivarT efeqturi 

miaxloebiTi ricxviT-analitikuri da ricxviTi meTodebis 

SemuSavebis aucileblobasTan. yvelaze ufro perspeqtiuls 

warmoadgens Tanamedrove egm-ze praqtikulad realizebadi 

farTo amocanebis Semcveli ricxviTi analizuri meTodebi. 

a.p. kartaSovisa da b.l. roJdestvenskis naSromi [61] eZRvneba 

Cveulebrivi diferencialuri gantolebebis Teoriasa da ZiriTad 

ganmartebebs da variaciuli gamoTvlebis martiv amocanebs. 

mocemulia agreTve pirveli rigis kerZo warmoebulis Semcveli 

gantolebebis amoxsnis maxasiaTeblebis meTodebi, diferencialuri 

gantolebebis amoxsnis miaxloebiTi meTodebi, periodul 

koeficientebiani diferencialuri gantolebebis wrfivi sistemebi. 

amerikeli specialistebis j. forsotisa da k. moleris 

gamoyenebiT maTematikasTan dakavSirebul SromebSi [62] aRwerilia 
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wrfivi algebruli sistemebis egm-ze amoxsnis Tanamedrove 

meTodebi. naSromebi [63-65] miZRvnilia manqanebSi dinamikuri 

procesebis Seswavlisadmi. 

dinamikuri procesebis modelirebis da kvlevis 

sakiTxebisadmi miZRvnilia profesorebis d.d. TavxeliZisa da v.n. 

gogilaSvilis naSromebi [66-69]. 

amZravTa meqanikur sistemebSi, warmoqmnili dinamikuri 

movlenebis kvlevaTa gansakuTrebulobis TvalsazrisiT, SesaZloa 

maTi, sxvadasxva movlenaTa saxis klasificireba. 

drekad sistemebSi manqanis yvela elementi, romlebic 

gadascemen moZraobas da iyolieben manqanis nawilebs, miiCnevian 

drekadad; amasTanave elementTa deformacia ar aRemateba sixistis 

zRvars, asec aris narCeni deformaciebi ar gaiTvaliswineba. erTi 

drekadi kavSiris SemTxvevaSi sistemas uwodeben erTkavSirians, 

ori kavSiris SemTxvevaSi – orkavSirians da a.S. drekad kavSirebs 

SeiZleba gaaCndeT mudmivi da cvladi sixisteebi. pirvel 

SemTxvevaSi sistemis rxeviTi procesebisa da drekadi kavSirebis 

gansazRvris kvlevisas, davdivarT rogorc wesi mudmiv 

koeficientiani wrfivi gantolebis amoxsnamde. meore SemTxvevaSi 

igive movlenebis kvlevisas davdivarT arawrfivi gantolebebis 

amoxsnamde. 

sistemebi SeiZleba warmodgenil iqnas Seyursuli masebis 

saxiT dakavSirebuli xisti an drekadi rgolebiT, an kidev 

elementTa ganawilebuli masebis saxiT. pirvel SemTxvevaSi 

dinamikis amocanaTa gadawyveta SeiZleba gamosaxuli iqnas niutonis 

diferencialuri gantolebiT (xisti kavSirebi) an lagranJis 

gantolebiT (drekadi kavSirebi). gamomdinare Seyursul masaTa 

raodenobidan sistema iwodeba erTmasianad, ormasianad, 

sammasianad da a.S. 

ganawilebuli masebis SemTxvevaSi drekadi sistemis dinamikis 

ganxilvisas davdivarT gadawyvetilebamde e.w. talRur 

gantolebebamde. 
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konservatiul sistemebs uwodeben iseT sistemebs, romlebSic 

moqmed Zalebs an Zalur momentebs gaaCniaT potenciali. sxva 

sityvebiT, rom iTqvas konservatiul sistemebSi praqtikulad ar 

arsebobs energiis Semodena da gadena. 

raime gansazRvruli niSnis mqone disipaciuri sistemebi 

(wamyvani rgolis siCqaris SenarCuneba, drois funqciaSi 

datvirTvebis cvlilebis kanonis SenarCuneba da sxv.) xasiaTdebian 

imiT, rom moZraobis procesSi arsebuli CamxSobis an wyaros 

xarjze, rogoricaa magaliTad moZravi cvladi Zalebis 

mniSvnelobebi, romelic dakavSirebulia Zravis TvisebebTan, 

adgili aqvs ukucemas an energiis Semonakads. 

konkretuli sistemebis dinamikuri amocanebis gamoyvana 

advilia, oRond manqanebisa da meqanizmebis muSaobis konkretuli 

pirobebisaTvis iSviaTad gamoiyenebian. 

wonasworuls uwodeben iseT sistemebs, romlebic nebismier 

mdgomareobaSi, gare datvirTvebis ar arsebobisas inarCuneben 

wonasworobas. magaliTisaTvis SegviZlia moviyvanoT meqanizmebi 

an manqanebi, Sedgenili mxolod mbrunavi elementebisagan 

(ventilatori, saxarato Carxis Spindelis mabrunebeli meqanizmi 

da sxv.). 

arawonasworuli sistemebi mxolod zogierT mdgomareobaSi 

wonaswordebian sakuTari wonis ZalebiT (eqscentruli meqanizmi, 

mrudmxara barbaca da sxv.). 

xisti sistemebis dinamikuri amocanebi mdgomareobs imaSi, 

rom mocemuli ZalebiT an momentebiT ganisazRvros sistemis 

moZraobis kanoni (mdgomareiba, nebismieri drois momentSi sistemis 

yvela wertilis siCqare da aCqareba) an mocemuli moZraobis 

kanoniT ganisazRvros Zalebi, romelTa moqmedebiTac igi 

xorcieldeba. 

xisti sistemebi moZravi dayvanili Zalis zemoqmedebis qveS 

(momenti), SeiZleba warmodgenil iqnas erTi dayvanili masis 

saxiT (inerciis momenti). amave dros SeiZleba mkacrad 

ganisazRvros mdebareoba (koordinatebi), dayvanili masis siCqare 
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da aCqareba, mocemul koordinatebis zRvrebSi dayvanili masis 

moZraobis dro, sistemis dinamikuri datvirTvebis saSualo 

dayvanili mniSvnelobebi (rxevebis gauTvaliswineblad). 

dayvanili Zalebi SeiZleba damokidebuli iyos koordinatebze 

x, siCqare v da droze t. dayvanili masis sidide aseve SesaZloa 

iyos cvladi da damokidebuli mdebareobaze (koordinati x). 

aRvniSnoT cvladi dayvanili Zala ),,( tvxP  da dayvanili masa 

)(xm . Tanaxmad energiis Senaxvis kanonisa, sistemis kinetikuri 

energiis namati tolia moqmedi Zalebis elementaruli muSaobisa 

dxtvxPvxmd ),,(
2
)( 2

=⎥
⎦

⎤
⎢
⎣

⎡
 

an 

),,(
2
)( 2

tvxPvxm
dx
d

=⎥
⎦

⎤
⎢
⎣

⎡
. 

diferencirebisas vipoviT 

),,()()]([
2

2

tvxPxm
dx
vdv

dx
xmdv

=⋅ . 

an Canacvlebisas 
dt
dxv =  da gardaqmnisas, 

),,()]([
2
1)(

2

2

2

tvxP
dt
dx

dx
xmd

dt
xdxm =⎟

⎠
⎞

⎜
⎝
⎛⋅+⋅ .              (1) 

miRebuli gantoleba saerTo saxiT maTematikur formaSi 

gamosaxavs niutonis meore kanons, sadac constxm =)(  da 

consttvxP =),,( , igi martivdeba da Rebulobs saxes 

p
dt

xdm =2

2

.                               (2) 

Tu dayvanili sistema warmodgenilia mbrunavi masis 

inerciis momentis )(ϕJ  saxiT, damokidebuli bolo mdebareobaze, 

xolo dayvanili ZalTa momenti M damokidebulia koordinatze ϕ, 

kuTxur siCqareze 
dt
dϕω =  da droze t, maSin energiis Senaxvis 

kanonis diferencialuri gantoleba miiRebs saxes: 
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K),,()]([
2
1)(

2

2

2

tM
dt
dd

d
d

dt
dJ ωϕϕϕ

ϕ
ϕϕ =⎟

⎠
⎞

⎜
⎝
⎛⋅+                (3) 

es gantoleba analogiuria gantolebisa (1) sadac 

constJ =)(ϕ  da consttM =),,( ωϕ  miviRebT 

M
dt
dJ =2

2ϕ
.                               (4) 

garda analitikuri meTodisa, arsebobs rigi saSualebebi, 

xisti sistemebisaTvis dinamikuri amocanebis amoxsnisaTvis, 

rogoricaa grafikuli da grafo-analitikuri meTodebi. 

drekadi sistemebis dinamikis amocanebi mdgomareobs 

TvisebaTa cvlilebebis gansazRvraSi, rgolebis dinamikuri 

datvirTvebis maqsimalur mniSvnelobebSi, periodebsa da sixSirul 

rxevebSi da sistemis rezonansuli mdgomareobis pirobebSi. iseve 

rogorc xisti sistemebisa, manqanaTa realur sqemebs cvlian 

dayvanilebiT. rig SemTxvevebSi (Seyursul masaTa aSkara 

gamovlinebisas) dayvanili sqema gamoisaxeba, erTi an ramdenime 

Tavisuflebis xarisxis mqone sistemis saxiT. dayvanili masebi, 

aseve drekadi rgolebis sixisteebi da moqmedi gare Zalebi (aseve 

moqmedi), SeiZleba iyvnen cvalebadni, damokidebuli mdebareobaze, 

moZraobis siCqareze an droze. 

dinamikuri datvirTvebi yovelTvis ar arian pirdapir 

kavSirSi sistemis drekad rgolebis sixistesTan. yvela meqanikuri 

sistema flobs drekadobas, amitom arasworia imis mtkiceba, rom 

xisti sistemis rgolebze dinamikuri datvirTvebis 

gansazRvrisaTvis saWiro myari sxeulebis dinamikis formulaTa 

gamoyeneba da mxolod drekadi rgolebisaTvis drekadi sistemis 

dinamikis formulebisa. 

ori an meti Tavisuflebis xarisxis mqone drekadi sistemis 

dinamikis amocanaTa amoxsnisas, moxerxebulia miRebuli 

koordinatTa rigi damoukidebeli sidideebisa (mzomi xazobrivi 

an kuTxuri sidideebiT), romelic gansazRvravs sistemis 

mdebareobas.  
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Tanamedrove manqanebis amZravTa jaWvebSi gamoyenebuli 

realuri mimyoli sistemebi, ZiriTadad miekuTvnebian rTul 

arawrfivs, garkveul SemTxvevebSi ki arastacionarul sistemebs, 

rac mniSvnelovnad arTulebs maTi gaangariSebisa da 

daproeqtebis sakiTxebs [65, 33, 35, 70-77]. 

Tavisufali da iZulebiTi rxevebis analizis meTodebi, 

dafuZnebuli a.m. liapunovis moZraobis mdgradobis Sesaxeb 

fundamentur Teoriebze, fazuri sivrceebis struqturis 

geometriul agebasTan dakavSirebuli tipologiuri meTodebi, 

diferencialuri gantolebebis xarisxobrivi Teoriis meTodebi, 

morgebisa, gadamcemi funqciis gansazRvrebaze da sistemebis 

sixSiriT maxasiaTeblebze dayrdnobili sxvaobiTi meTodebi da 

sxva [78, 79], romlebic saSualebas gvaZleven miviRoT mkacrad 

dasabuTebuli Sedegebi, Cveulebrivad Zalian rTulni arian 

dasaproeqtebeli sistemebis struqturisa da parametrebis 

winaswari SerCevis procesSi da inJinruli gaTvlebis praqtikaSi 

gamoyenebisaTvis. amitom analizis zust meTodebTan erTad did 

praqtikul gamoyenebas iZenen miaxloebiTi meTodebi, romlebic 

xasiaTdebian parametrebis winaswari SerCevis procesSi 

praqtikuli gamoyenebis simartiviT da calkeuli struqturuli 

elementebis sistemebis saerTo struqturul mTlianobaSi 

SerwymaSi gamovlenili midamoebis SigniT parametrebis da 

struqturis zusti meTodebis gamoyenebiT Semdgomi dazustebiT. 

amasTan Zalian xSirad meTodis praqtikuli gamoyenebis 

simartives ufro didi mniSvneloba aqvs, vidre maRal sizustes. 

es aixsneba imiT, rom nebismieri xarisxis arawrfiv sistemebSi 

dinamikuri procesebis sakmarisad zusti da detaluri kvleva 

(sxvadasxva sawyis pirobebSi da sxvadasxva gare zemoqmedebisas) 

axlandel droSi SeiZleba ganxorcieldes eleqtronuli 

samodelo mowyobilobebiT da gamomTvleli manqanebiT. 

arawrfiv sistemebSi procesebis miaxloebiTi kvlevisTvis 

farTo gamoyeneba hpoves harmoniuli gawrfivebis da masTan 
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monaTesave-mcire parametrebis, harmoniuli balansis da sxva 

meTodebma [73, 81-84]. 

arawrfivi sistemebis miaxloebiTi gaTvlis meTodebi, 

ganxiluli i.a. orurkis, v.i. stankeviCis, i.i. krineckis da sxvaTa 

SromebSi [81-84], SeiZleba iyvnen gamoyenebuli monotonur 

procesebTan axlos garkveulad SezRudul klasSi myofi 

arawrfivi avtomaturi sistemebis kvlevaSi, romelTa arawrfivi 

funqciebi moicaven erT-or erTmniSvnelovan uban-uban wrfiv 

maxasiaTeblian arawrfiv funqciebs. amasTan erTad, xsenebuli 

meTodebi saSualebas gvaZleven vawarmooT sistemis gaangariSebebi, 

romelime erTi sistemis dinamikuri Tvisebis maxasiaTebeli 

konkretuli kriteriumis dakmayofilebis pirobidan. 

samodelirebeli mowyobilobebis da egm-is gamoyeneba 

dasaproeqtebeli sistemebis sqemebisa da parametrebis 

arCevisaTvis, dafuZnebelia mravalricxovan mosinjvebze 

SemuSavebuli sqemebis parametrebis sxvadasxva SeTanwyobisas. 

radganac sistemaSi Semavali elementebis parametrebis 

SeTanwyoba Zalian mravalgvaria, xolo sistemis struqturuli 

sqemebis ricxvi Zalze didia, amitom yvelaze martivi 

gadawyvetilebis moZebna moiTxovs drois didi raodenobis 

daxarjvas [84]. 

struqturulad rTuli sistemebis efeqtur meTodTa Soris, 

romlebic xasiaTdebian rogorc parametruli, agreTve 

struqturuli sinTezis TvalsazrisiT sakmaod farTo 

SesaZleblobebiT, warmoadgenen sinTezis cnobili meTodebi 

mocemuli gardamavali procesebis mixedviT. maT Soris saWiroa 

aRiniSnos regulirebis wrfivi sistemebis sinTezis maxasiaTeblebis 

gamoyenebaze. 

am  maxasiaTebelTa gamoyenebis  safuZvels  warmoadgens is 

garemoeba, rom maxasiaTeblebis sakmaod zusti damTxvevas 

sixSireTa mniSvnelovan areSi Seesabameba originalebis damTxveva 

[85, 86, 87].   
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originalis )(tf  warmosaxviT sixSireTa maxasiaTebels 

miviRebT )()( tfpF •

•=  gamosaxulebis arguments, sadac р – laplasis 

operatoria, movaniWebT rig sagnobriv р =δ, mniSvnelobebs δ-s 

ganvixilavT warmosaxviT sixSired δω j−=  xarisxSi. 

warmosaxviT sixSireTa maxasiaTeblebis siaxlovis pirobidan 

gamomdinare originalebis siaxlovis principze aris agebuli 

originalebis miaxloebiTi gansazRvris meTodi. 

warmosaxviT sixSireTa maaproqsimirebeli maxasiaTeblebi 

zogadi midgomiT aigebian ganusazRvreli ia  da ib  koeficientebis 

Semcveli Semdegi saxis gamosaxuleba gamoyenebis bazaze 

;)( 33
210

3
210

ppapaa
pbpbbpF
+++

++
=°                    (5) 

2
210

10)(
papaa

pbbpF
++

+
=°                           (6) 

es maxasiaTeblebi pirvel rigSi unda iTvaliswinebdnen 

maxasiaTeblebis )(oF°  da (~)°F  zRvrul mniSvnelobebs. 

sinTezis periodSi ia  da ib  koeficientebi arian mocemulni 

da saZieblebs miekuTvnebian sinTezirebadi sistemis regulirebadi 

koordinatis )( pF  gamosaxulebaSi warmodgenili koeficientebi. 

zogadi midgomiT sinTezirebadi da sasurveli koordinatebis 

gamosaxulebebi SesaZloa Cawerili iqnan ase: 
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sadac ,°M  М, °N  da −N р, garkveuli polinomebi, 

−jσ sinTezirebadi koeficientebi (parametrebi). 

procesebis integraluri miaxloeba 

)(),( pFp j °≅σ .                              (9) 
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gaSlili saxiT miiRebs saxes 

).()()()()()()()(
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miRebuli (10) gamosaxulebis Tanaxmad Caiwereba pirobiTi 

gantolebebi δ=p  aproqsimaciaTa l  kvanZebisaTvis. 

naSromSi [77] rekomendirebulia vδ  sixSireTa ganTavseba 

mocemuli geometriuli progresiis 

,0
v

v q−= δδ  1,,0 −= kv L . 

Tanaxmad, romlis mniSvneli 2=q . 

Semdgom pirobiTi gantolebebi mravldeba )( vv δλ  namravlze. 

am namravlebis (woniTi koeficientebis) gansazRvrisaTvis 

saWiro Teoriuli midgomebi da maTematikuri gamosaxulebebi 

agreTve moyvanilia naSromSi [88]. 

warmosaxviT sixSireTa gamoyenebaze dafuZnebuli sinTezis 

meTodis etaps warmoadgens gaangariSebebiT sinTezirebadi 

sistemis dinamikuri mdgradobis damakmayofilebeli pirobis 

Semotana xorcieldeba ori varirebadi parametris variaciis 

meSveobiT. 

naSromebSi [89-95] warmodgenilia regulirebis arawrfivi 

sistemebis sinTezis meTodi mocemuli gardamavali procesebis 

mixedviT. am naSromebSi arawrfivi sistemebis procesebis 

sasurvel procesebTan integraluri miaxloebis maTematikuri 

aparatis TvalsazrisiT gamoyenebulia gΦ  funqcionalebi 

arawrfivi rgolebis amonaxsnebis mixedviT [87] 

[ ]∫=Φ
gr

igg atttx
0

2 ,)();( εϕ                          (11) 

sadac )(tiε  da −)(txi sasurveli procesebi, −= 0)(tgϕ arawrfivi 

diferencialuri gantolebebi, −gτ drois intervalebi, romlebzedac 

realizdebian integraluri miaxloebis procesebi. 

aRniSnul naSromebSi ganxilulia amocanebi: sasurveli 

procesebis mocemisa, funqcionaluri urTierTkavSiris gansazRvrisa 
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sinTezirebad parametrebsa da sasurvel procesebTa Soris, 

sinTezirebad sistemaSi mdgradobis pirobis Semotanisa. 

sinTezirebadi regulirebis sistemis i-uri arawrfivi 

rgolebis sasurvel Semavali )(tε  da gamomavali )(tx  koordinatebis 

gansazRvrisaTvis arawrfiv sistemasTan SesabamisobaSi Semodis 

konkretuli droSi fiqsirebuli parametrebis Semcveli 

gansazRvruli `sasurveli procesis wrfivi sistema~. aseT midgomisas 

)(tiε  da )(txi  warmoadgenen `sasurveli procesis wrfivi sistemis~ 

i-uri rgolebis Semomaval da gamomaval koordinatebs. 

gansaxilvel sinTezis meTodSi Tanaxmad naSromisa [96] 

mdgradobis pirobis Semotana realizdeba sasurvel procesebSi 

Semotanili kompleqsuri −mz drois masStaburi koeficietis 

variaciis meSveobiT, masTan dakavSirebiT Semaval da gamomaval 

koordinatebs ganvixilavT saxiT 
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warmodgenili meTodi saSualebas iZleva sinTezis 

proceduris ganxorcielebis gardamavali procesebis garkveuli 

maCveneblebis dakmayofilebis pirobidan gamomdinare mTeli rigi 

zemoqmedebebis dros. 

arastacionaruli sistemebis kvlevis sakiTxebisadmi 

miZRvnil SromebSi [97-101] aRwerilia kvlevis esa Tu is SesaZlo 

meTodebi. 

profesor T.T. mWedliSvilisa da misi sxvadasxva 

Tanaavtorebis naSromebSi [102-118] gadmocemulia arawrfivi 

sistemebis kvlevasTan dakavSirebuli sakiTxebi. 

akademikos  r.S. adamiasa  da profesor a.i.  beroSvilis   

naSromebi miZRvnilia amZravTa rTuli sistemebis gaangariSebisa 

da konstruirebis sakiTxebisadmi [119-121]. 
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2. შედეგები და მათი განსჯა 

2.1. hidro da pnevmomowyobilobebiT aRWurvili 

saCarxo sistemebis struqturuli sqemebi 

 

wina TavSi ganxiluli pnevmatikuri saxexi iaraRebiT 

aRWurvili saCarxo sqemebis erT-erT mniSvnelovan nakls 

miekuTvneba is, rom makopirebeli sistemebi mTlianobaSi 

agebulia meqanikuri elementebis gamoyenebaze, rac ganapirobebs 

ZiriTadi da damxmare moZraobaTa meqanizaciisa da avtomatizaciis 

xarisxis dabal dones. 

mimWeri zambaris arsebobasTan dakavSirebulia (nax. 6) 

moyvanil sqemaSi kopirebis procesSi damatebiTi cdomilebis 

Semotana, rac Tavis mxriv gamowveulia mimWeri Zalis 

cvalebadobiT sakmaod mniSvnelovan zRvrebSi. aRniSnulTan 

dakavSirebiT SemuSavebuli iyo nax. 9-ze moyvanili pnevmatikuri 

mimWeri mowyobilobiT aRWurvili makopirebeli Carxis 

struqturuli sqema. 

moyvanil sqemaSi zambara 4-is nacvlad saxexi 

pnevmocilindris miWera dasamuSavebel zedapirze xorcieldeba 

pnevmocilindriT 4, romlis dguSi imyofeba garkveuli wnevis 

zemoqmedebis qveS. 

nax. 9 moyvanilia SemuSavebuli pnevmatikuri [122, 123, 124] 

mowyobilobis sqema, romelic Zalovani Caketvis funqciasTan 

erTad agreTve asrulebs dasamuSavebel namzadebTan da 

kopirebasTan mWreli iaraRebisa da makopirebeli gorgolaWebis 

aCqarebuli miyvanisa da ukusvlis funqciebs. 

am sqemaze: 1 – pnevmatikuri cilindri, 2 – pnevmocilindris 

dguSis Woki, 6 – pnevmogamanawilebeli, 5 – gadasaSvebi (dawnevis) 

sarqveli, 7, 8 da 9 – pnevmoxazebi [123]. 

sistemis muSaobis ZiriTadi ciklebi xorcieldebian 

Semdegnairad. 

1. mWreli iaraRebisa da makopirebeli gorgolaWebis 

dasamuSavebel zedapirebTan da kopirebTan miyvanis procesis 
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realizaciisaTvis gamanawilebeli 6 imyofeba naxazze moyvanil 

mdebareobaSi. moZraoba iwyeba dguSis naxazze wyvetili xazebiT 

gamosaxuli sawyis mdebareobidan da misi moZraoba xorcieldeba 

Semdegi etapebiT: 

 

 

 

   

 

 

 

 

 

 

 

 

nax. 9. pnevmatikuri mimWeri mowyobilobis princialuri 

sqema 

 

a) haeri miwodeba arxiT 7, arxi 9 gadaketilia, dguSi 

aCqarebulad moZraobs zeviT; 

b) iReba haeris arxi 9, muSaobaSi erTveba gadasaSvebi 

sarqveli 5, iwyeba Senelebuli moZraoba; 

g) rogorc Tu ara makopirebeli gorgolaWi miebjineba 

kopirs dguSi Cerdeba da gorgolaWisa da kopiris kontaqtis 

wertilSi qmnis garkveul wnevas. haeris namatebi gadian 

gadasaSvebi sarqvelis 5 gavliT atmosferoSi. miWeris Zala 

ganisazRvreba damokidebulebiT 

22
* SPSPF MKM −= , 

sadac ,1S *
KP  da ,1S  −MP Sesabamisad dguSebis efeqturi farTebi 

da wnevebi pnevmocilindris uWoko da Wokian areebSi, romelTa 

mniSvnelobebi ganisazRvrebian miWeris saWiro pirobidan.  

 II saiaraRo xorTumebis daSoreba namzadebisa da kopirebis 

mimarT. 
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gamanawilebeli 6 aweulia zeviT: 

a) haeri 8 da 9 arxebis gavliT gadis atmosferoSi da 

dguSi axorcielebs aCqarebul moZraobis qveviT; 

b) haeris arxi 8 gadaketilia, haeris gasvla atmosferoSi 

xorcieldeba 9 arxis da gadasaSvebi sarqvelis meSveobiT, 

dguSis moZraoba neldeba; 

g) gadaiketeba arxi 9, ris Sedegadac xorcieldeba 

gaZlierebuli damuxruWeba haeris Caketili moculobiT. 

rogorc es iyo aRniSnuli literaturul mimoxilvaSi 

mrgvali kveTis daRunuli detalebis xexvis procesis 

TvalTvalis siCqareze da Sesabamisad mwarmoeblurobaze 

mniSvnelovan gavlenas axdenen moTvalTvale sistemis moZravi 

nawilis masa, namzadis miwodebis siCqare, rotorisa da saxexi 

pnevmocilindrebis brunvaTa sixSire, dakavSirebuli maT 

gabaritebTan, masebTan da disbalansebTan. 

Catarebuli gamokvlevebi gviCveneben, rom meqanikuri 

mimyoli sistemebiT aRWurvili SemuSavebuli rotorul-saxexi 

Carxebi saSualebas iZlevian Seasrulon detalebis damuSaveba 

saWiro maCveneblebiT miwodebis reJimebiT 0,1 m/wm-mdis. aseTi 

SezRudvebi ganpirobebulia maRali dinamikuri Zaluri 

zemoqmedebebis gaCeniT amaRlebul siCqariT reJimebze muSaobisas, 

romlebic Tavis mxriv ganpirobebulia moZravi elementebis 

inerciuli maxasiaTeblebis arsebiTi mniSvnelobebiT. 

zemoaRniSnulidan gamomdinareobs mimyoli meqanizmebis 

jaWvebSi gaZlierebis hidravlikuri, eleqtrohidravlikuri da 

eleqtromeqanikuri mowyobilobebis gamoyenebis mizanSewoniloba. 

am mimarTulebiT winamorbed TavSi ganxiluli gaRunuli 

detalebis damamuSavebeli saCarxo xazebis bazaze SemuSavebuli 

iqna hidravlikuri mimyoli amZraviT aRWurvili makopirebeli 

Carxi [123, 125]. 

unda aRiniSnos, rom CarxmSeneblobaSi hidroamZravma hpoves 

farTo gamoyeneba avtomatur xazebSi da makopirebel CarxebSi. 

hidroamZravis  gamoyeneba  ganpirobebulia  misi SedarebiT  
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maRali saimedoobiT sawarmoo pirobebSi, maRali swrafqmedebiT, 

SesaniSnavi komponirebadi TvisebebiT, xazovani gadaadgilebebis 

ganxorcielebis simartiviT, siCqarisa da Zalebis regulirebis 

farTo diapazoniT da simartiviT, Semsrulebeli organoebis 

saWiro mdebareobaSi gaCerebis SesaZleblobis simartiviT, 

standartuli elementebisa da kvanZebis anawyobebis gamoyenebiT, 

hidravlikuri amZravebis da sistemebis kompaniebisaTvis saWiro 

logikuri sqemebis ganxorcielebis simartiviT [31-35-123].  

 

nax. 10. makopirebeli Carxis kinematikuri sqema 

 

aRniSnuli Carxis ZiriTadi struqturuli (nax. 10) 

elementebia: saxexi pnevmocilindrebi 1 da 2 barbaca 4-is 

sakisrebSi mbrunavi rotori 3 rotorTan erTad qmnian saxsrul 

paralelograms: mimyoli (moTvalTvale) rgoli 7 da erTmaneTTan 

zeTis xazebiT urTierTdakavSirebuli mmarTveli oTxxvreliani 

mkveTaras 8 da Zalovani hidrocilindrisagan Semdgari 

hidravlikuri mimyoli sistema. 
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saxexi pnevmocilindrebi maT mxreulebTan erTad 

gawonasworebulni arian sapirwonebiT 17. mmarTveli mkveTara 8 

dayenebulia saxsrovani paralelogramis barbacze. saxexi 

pnevmocilindrebi saxsrulad arian damagrebulni Carxis 

rotorze da dazambarebuli arian SekumSvis zambarebiT 10. 

dempferebi 11 ganpirobebuli arian damuSavebis procesSi 

aRZruli rxevebis CaxSobisaTvis. detali 5-is mrudwiruli 

konturis xexva iwarmoebda Semdegnairad. rotoris brunvisas 

namzadi 5 Tavisi mrudwiruli konturiT zemoqmedebs saxex 

pnevmocilindrebze, romlebic gadaadgildebian ra rotoris 

RerZis mimarT, gadaadgileben mxreulebTan 12 da 13 saxsrulad 

dakavSirebuls, 15 berketebis da 14 da 16 zambarebis meSveobiT da 

dazambarebul rgols 7. mimyoli rgolis 7 gadaadgileba 

gadaecema berketebs 15 da Semdgom mkveTaras 8 sacecxle, 

romelic Tavis mxriv marTavs gansaxilveli Carxis namzadis 

gaRunuli RerZis mimarT Carxis rotoris mimyoli moZraobebis 

ganmxorcielebel hidrocilindris 9 dguSis gadaadgilebebs. 

aRwerili hidroficirebuli Carxis Semdgomi funqcionaluri 

da Sesabamisad struqturuli srulyofis TvalsazrisiT 

naSromSi SemoTavazebulia mrudwirul-fasonuri detalebis 

hidroficirebuli rotorul-saxexi Carxi, romlis struqturuli 

sqema moyvanilia nax. 11 [128, 129]. 

nax. 11: 1 – saCarxo rotori, 2 – saxexi pnevmocilindrebis 

RerZuli gadaadgilebebis muSta meqanizmi, 5, 6 da saxexi 

cilindrebis meqanizmis mxreulebi, 7, 8, 4 – specialuri rgoli, 

romelic saxsrulad dakidulia berketuli meqanizmebis meSveobiT 

13, 14, 19-22 Carxis rotorze, 23 – mqnevara, 24 da 25 – mqnevarebi, 

romlebzedac saxsrulad dakidulia mqnevara 23. rgoli 4 

horizontaluri mimarTulebiT (23 mqnevaras sibrtyis gaswvriv) 

zemoqmedebs berketuli gadacemis meSveobiT moTvalTvale 

mkveTaraze, romelic damagrebulia mqnevara 23-ze. es mkveTarebis 

sistema zeTsadenebis meSveobiT dakavSirebulia hidravlikur 

cilindrTan 27, romelic dguSis koWiT dakavSirebulia mxreulTan 
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24. dempferi 17 da 18 gankuTvnilia saxexi cilindrebis meqanizmis 

rxevebis CasaxSobad. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 11. hidromoTvalTvale meqanizmis sqema brtyelmrudwirul 

fasonuri detalebisaTvis 

 

unda aRiniSnos, rom naSromSi [129] moyvanilia Carxis 

modificirebuli struqturuli sqema. am sqemaze makopirebeli 

rgoli 4 ar asrulebs brunviT moZraobebs, riTac aRmofxvrilia 

am rgolis gauwonasworeblobiT gamowveuli hidrosistemis 

rxeviTi moZraobebi. 

rogorc zemoT aRniSnulia hidrosistemis ZiriTad 

elementebs warmoadgenen hidravlikuri mkveTara da hidrocilindri. 

aRniSnuli sistemis struqturuli da funqcionaluri 

Taviseburebebis analizis TvalsazrisiT. 

nax. 12 moyvanilia droseluri regulirebis hidroamZravi, 

romelic muSaobs mudmivi wnevis wyarodan, e.i. constppp слНП =−−  

[31, 99]. 

19, 20, 21, 22 dempferi 

hidrocilindri 

1 
2 

4 

6 

17 
15 

11 
13 9 

7 23 
3 

8 
 5 16 

18 

12 

10 14 

24 

25 

26 27 
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nax. 12-ze ar aris naCvenebi kvebis sistema, radgan mis 

Taviseburebebs aqvs mniSvneloba energetikuli maxasiaTeblebis 

analizis dros. aseTi hidroamZravis, kerZod, hidrocilindris, 

maxasiaTeblebi ganisazRvreba rogorc hidrogamanawileblis da 

hidroamravis parametrebiT, agreTve datvirTvis saxiT da 

sayrdenis da milgayvanilobis sixistis. hidroZravebze moqmedeben 

sxvadasxva Zalebi. maT Soris mniSvnelovani Zala 2

2

dt
dymPm = , 

romelic gamowveuli datvirTvis masis aCqarebiT. blanti 

xaxuniT gamowveuli Zala 
dt
dykP ypy && = ; datvirTvis sixistiT 

gamowveuli Zala ycP nc = ; kontaqturi xaxunis Zala 
dt
dyPP TPTP sgn= ; 

mudmivi Zala 0P . 

 

 

 

 

 

 

 

 

 

 

nax. 12. droseluri regulirebis hidroamZravi moqmedi 

datvirTvebiT, araxisti sayrdenebiTa da gayvanilobiT 

 

Zalebi yP&  da TPP  yovelTvis mimarTulia Wokis moZraobis 

sawinaaRmdegod. Zalebi cP  da 0P  SeiZleba mimarTuli iyvnen 

sxvadasxva mimarTulebiT, rac gantolebebSi aRniSnulia Sesabamisi 

niSniT. mP  Zalis niSani damokidebulia datvirTvis mdgomareobaze. 

hidroamZravis SerCevisa da Sefasebisas Cveulebriv ganixileba 

sami saxis maxasiaTeblebi: statikuri (saregulirebeli), 

energetikuli da dinamikuri. 
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Tu droseluri marTvis hidroamZravi Seicavs mkveTaras 

tipis oTxxvrelian idealur hidrogamanawilebels da ormxriv 

Wokian hidrocilindrs, Tanatoli dguSis efeqturi farTiT nf  

maSin misi statikuri maxasiaTeblebis ganzogadoebul 

gantolebas eqneba saxe [31, 34]:  

Π

Π
Π

Π

−=
−

=
f
Pysngxxkf

P
xP

f
bx

x

y

y 1
sgn

υρ
µυ .               (13) 

gantolebaSi (13) Seyvanilia Cqarosnuli maxasiaTeblis 

daxrilobis koeficienti: 

ρ
µ

υ
Π

Π

=
p

f
bk x , 

es daxrilobis koeficienti axasiaTebs dguSis siCqares 

gamanawileblis mkveTaras gadaadgilebasTan uqmi svlis reJimSi. 

gantoleba (13) SeiZleba agreTve warmodgenili iyos 

ganzomilebis gareSe saxiT, risTvisac is unda gavyoT uqmi 

svlis maqsimalur siCqareze. Tu 0=Py  maqsxx = , maSin 

yy Pxx sgn1−=υ .                         (14) 

ganzomilebis gareSe Zala, romelic moqmedebs Wokze, udris: 

ΠΠ

=
pf

P
P y

y . 

amrigad, maxasiaTeblid gadaxra damokidebulia 

hidrocilindris Wokze moqmedi Zalis sidideze da niSanze. 

es damokidebuleba analogiuria idealuri mkveTariani 

oTxxvreliani droselirebadi hidrogamanawileblis (nax. 13) 

ganzogadoebuli statikuri maxasiaTeblisa. 

idealuri hidroamZravis (hidrogamanawilebeli da 

hidrocilindri xaxunis gareSe) Cqarosnuli maxasiaTebeli 

naCvenebia (nax. 13, a), uwyveti xaziT. realur amZravSi (nax. 13, a) 

wyvetili xazi kontaqturi xaxunis da mkveTaras da gamanawileblis 

masras Soris  arsebuli RreCos gamo Cqarosnuli maxasiaTebels 

aqvs mdore mrudis saxe. es mrudi iwyeba ara koordinatTa 
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sawyisi wertilidan arames abscisis RerZze mdebare wertilidan. 

sidide x∆  gansazRvravs realuri hidroamZravis Cqarosnuli 

maxasiaTeblis aramgrZnobelobis zonas. formulaSi (14) siCqare 

yυ  gavutoloT nuls, maSin miviRebT idealuri hidroamZravis 

Zalovani maxasiaTeblis gantolebas 

1sgn =yPx . 

 

 

 

 

 

 

 

 

 

 

nax. 13. mudmivi wnevis kvebis wyarodan momuSave 

                    droseluri regulirebis hidroamZravis 

                    statikuri maxasiaTeblebi 

 

idealuri da realuri hidroamZravebis Zalovani 

maxasiaTeblebi (Sesabamisad uwyveti da wyvetili xazebi) naCvenebi 

(nax. 13, a, b). Zalovani maxasiaTeblis daxriloba ganpirobebulia 

vardnili maxasiaTeblis saxiT e.i. mkveTaras da masras Soris 

RreCos sididiT. zog SemTxvevaSi siCqaris proporciuli marTvis 

hidroamZravebSi gamoiyeneba erTkoWiani hidrocilindrebi. 

hidroamZravis dinamika unda ganxiluli iqnas muSa siTxis 

kumSvadobis gaTvaliswinebiT. kumSvadobas ganapirobebs siTxeSi 

argaxsnili airebi. muSa siTxis kumSvadobas ganapirobebs 

hidravlikuri sixiste. 

ganvixiloT martivi hidrocilindris sqema (nax. 14). 

hidrocilindri Seicavs absoluturad xis kedlian cilindrs 

da mWidrod morgebul dguSs. maT mier SemosazRvruli moculoba 

a) b) 
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Sevsebulia kumSvadi siTxiT. Tu dguSis farTze f, imoqmedebs 

Zala P∆ , maSin siTxis da airis drekadobis gamo dguSi 

gadaadgildeba sidideze y∆ . moculobiTi drekadobis moduli 

ganisazRvreba 

V
PVE

∆
∆

= . 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 14. martivi hidrocilindris sqema 

 

am SemTxvevaSi 
Π

∆
=∆

f
Pp  da yfV ∆=∆ Π  

maSin 
yf

PVE
∆

∆
=

Π
2  an 

V
Ef

y
P 2

Π=
∆
∆

. 

radgan, Zalis fardoba gadaadgilebasTan axasiaTebs 

sixistes, bolo gantoleba SeiZleba Caiweros iseTi saxiT, 

romelic axasiaTebs martivi hidrocilindris hidravlikur 

sixistes 

V
EfC

2
Π=1

p .                              (15) 

ganvixiloT ormxriv Wokiani hidrocilindri, romelic 

mierTebulia (nax. 15) oTxxvrelian realur droselirebad 

hidrogamanawilebelTan, romlis mkveTara imyofeba neitralur 

mdgomareobaSi. Tu RerZuli gadaxurvebi da yvela oTxi sarkmlis 
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sigane erTnairia, maSin hidrocilindris muSa arebSi wneva P0 

tolia da udris miaxloebiT kvebis wnevis naxevars. amitom siTxe 

imyofeba SekumSul mdgomareobaSi. 

hidrocilindris marcxena muSa kameris sixiste formulis 

(15) safuZvelze udris 
1

2

V
EfC Π=h1 , marjvena muSa kameris sixiste ki 

– 
2

2

V
EfC Π=h2 .  

ormxrivkoWiani hidrocilindris jamuri hidravlikuri 

sixiste iqneba marcxena da marjvena kameris hidravlikuri 

sixistis jamis toli 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=+=+= Π

ΠΠ

21

2

2

2

1

2 11
VV

Ef
V
Ef

V
EfCCC h2h1h . 

Tu gaviTvaliswinebT, rom yoveli muSa kameris moculoba 

Sesabamisad udris 

Π−= fyyV )(1 maqs ;  Π−= fyyV )(2 maqs . 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 15. a) ormxrivWokiani da realuri mkveTara 

gamanawilebliani hidrocilindri; 

b) hidrocilindris uganzomilebo hidravlikuri sixistis 

       damokidebuleba dguSis uganzomilebo gadaadgilebasTan 
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hidrocilindris jamuri sixistis formula miiRebs saxes: 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+

−
=

ΠΠ
Π fyyfyy

EfC
)(

1
)(

12

maqsmaqs

h .                 (16) 

amrigad, hidrocilindris jamuri sixiste damokidebulia 

ara marto moculobiTi drekadobis modulze E, aramed dguSis y 

adgilmdebareobaze. aseTi hidrocilindruli hidravlikuri 

sixiste minimaluri, rodesac 0=y , e.i. dguSis neitralur 

mdgomareobaSi. 

am SemTxvevaSi 

maqsyfCVV n=== 021 . 

amitom formula, romelic gvaZlevs hidrocilindris 

umciresi hidravlikuri sixistis sidides, miiRebs saxes 

0

22
V
EfC Π=h .                            (17) 

ormxrivWokiani dguSis mdebareobis hidrocilindris 

sixisteze gavlenis analizisaTvis moxerxebulia uganzomilo 

hidravlikuri sixistis cnebis gamoyeneba. es uganzomilo sidide 

miiReba (16) gayofiT (17)-ze: 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

+
+

=
yy

C
1

1
1

1
2
1

h .                        (18) 

hidrocilindris uganzomilebo hidravlikuri sixistis 

damokidebuleba dguSis uganzomilebo gadaadgilebisagan 

mocemulia (nax. 15, b). 

dguSis neitraluri mdgomareobidan mcire gadaadgilebis 

SemTxvevaSi sixiste icvleba umniSvnelod. Semsrulebel 

hidroxazebis moculobebis mierTeba afarToebs aseT ares. 

hidroamZravis muSaobaze gavlenas axdens Zalebi, romlebic 

moqmedeben marTvis obieqtze, amZravis sixisteze da sayrdenebis 

sixisteze (nax. 12). 

realur sistemebSi es Zalebi SeiZleba moqmedebdnen Wokze 

cal-calke, yvela erTad da nebismieri SeTanwyobiT. amrigad, 
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hidrocilindris Wokze moqmedi jamuri Zala SeiZleba 

warmodgenili  iyos, rogorc ZiriTadi datvirTvis Zalebis jami: 

0PPPPPP TPcymy ++++= & , 

an 

02

2

sgn|| P
dt
dyPyc

dt
dyk

dt
ydmP TPHyPy ++++= & .             (19) 

hidroamZravis xarjebis gantoleba (nax. 12) SeiZleba CavweroT 

aseTi saxiT (Tu →Π0C  da )0→ΠpC  

Edt
Vdp

dt
dyfxppbx H

2
sgn

+=
−

ρ
µ .                    (20) 

gantolebis marjvena mxaris pirveli wevri gansazRvravs 

xarjs, romelic saWiroa dguSis gadasaadgileblad, meore wevri 

gansazRvravs deformaciul xarjs, rac ganpirobebulia siTxis 

kumSvadobiT. 

wnevebis gantoleba ganisazRvreba dguSze modebuli 

datvirTviT da misi efeqturi farTiT 

Π

=
f
P

P y
.                               (21) 

gantolebebis (19), (20) da (21) erToblivi gaangariSeba (17) 

firmulis gaTvaliswinebiT 

xk
f
p

f
b

υ
µ

=
Π

Π

Π

 da υp
pQ k
f

k
=

Π

. 

gvaZlevs saSualebas miviRoT droseluri regulirebis 

idealuri hidroamZravis dinamikis zogadi gantoleba 

    =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++++⋅−

ΠΠ
02

2

sgn||1sgn1 P
dt
dyxPyc

dt
dyk

dt
ydm

pf
xcxk TPHyPx &hυ  

02

2

3

3

sgn||)( P
dt
dyxP

dt
d

dt
dyCC

dt
ydk

dt
ydm TPHP +⎟

⎠
⎞

⎜
⎝
⎛++++− hυ .          (22) 
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2.2. sakopire-saxexi Carxis mimyoli meqanizmis 

dinamikis modelireba 

 

ganxiluli moTvalTvale sistemis dinamikis maTematikuri 

modelis asagebad pirvel rigSi ganvixilavT Carxis muSa 

organoebis fardobiTi moZraobebis kinematikas makopirebeli 

moZraobebis realizaciis procesSi [125, 127, 128]. amasTan 

dakavSirebiT (nax. 12)-ze warmodgenilia pnevmocilindrebis 

fardobiTi moZraobebis kinematikis sqema, sibrtyeSi, romelic 

perpendikularulia namzadis RerZuli gadaadgilebis veqtorisa. 

nax. 16: 1 – dasamuSavebeli namzadi, 2 – saxexi pnevmocilindri; 

3 – moTvalTvale rgoli; Op  da Oз _ namzadisa da rotoris 

RerZebis mimdinare mdebareobebi, romlebic xasiaTdeba Sesabamisad 

Хр da Xз koordinatebiT, uZrav sakoordinato sistemaSi 0000 zyxO , 

Ok _ rgolis RerZis mimdinare mdebareoba 3; ϕ _ rotoris 

brunviTi moZraobis kuTxuri koordinati; α _ rotoros damWeri 

mxreulis moqanave moZraobis kuTxuri koordinati; 4 – mxreuli, 

romelic kinematikurad aris dakavSirebuli pnevmocilindrebis 

radialur gadaadgilebasTan (mxreulebi 7da 8 nax. 1); 5 – zambara, 

romelic dayenebulia pnevmocilindrebsa da  moTvalTvale rgols 

Soris kinematikur jaWvSi.  

mimdinare gadaadgileba pnevmocilindris namzadTan 

kontaqtis wertilisa y′  RerZis mimarTulebiT koordinatTa 

sistemis mimarT gamoisaxeba damokidebulebiT 

3sin rxy kk += ϕ ,                           (23) 

sadac −kx  K wertilis koordinataa, xolo −3r namzadis kveTis 

radiusi. 

pnevmocilindrebis brunvis centrebis mdebareoba gamoisaxeba 

Semdegnairad [2; 3] 

)(cos)(sinsin 111111 kзpзш xrRxxy +−+−= γδϕϕ ;          (24) 

)(cos)(sinsin 222222 kзpзш xrRxxy −−−−= γδϕϕ ,         (25) 
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sadac δ1 da δ2 _ Sesabamisad aris pirveli da meore 

pnevmocilindrebis mimdinare deformaciebi; 1γ  da 2γ  mxrebis 

daxris kuTxeebi pirveli da meore prevmocilindrebis K1 da K2 

kontaqtis wertilebSi; 1зx  da −2зx namzadis RerZis koordinatebi 

K1 da  K2 kontaqtis wertilebSi; 1шy  da −2шy pnevmocilindrebis 

brunvis centrebis koordinatebi; R _ pnevmocilindris diametri. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

nax. 16. fardobiT moZraobaTa kinematikis sqema 

 

aq 1зx  da 2зx  aris funqciebi 

)(1 kз xfx =  da )(2 kз xfx =  

da TavisTavad −)( kxr ganisazRvreba namzadis kveTis radiusi, 

romelic mrudwirul-fasonuri zedapirebis SemTxvevaSi aris 

cvlad urTierTkavSirSi kontaqtis wertilebis 1K  da 2K  

RerZul mdebareobebTan 

Tanaxmad (24) da (25) 

3 

5 

4 

2 

1 
O0 

y1 
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O3 

Ok Op 

x0 

K0 
K 
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x 

ϕ 

y′ 

x′ 
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111111 )(cossin)(cos шkзpз yxrRxx −++−= γϕγδ ;             (26) 

222221 )(cossin)(cos шkзpз yxrRxx −+−−=− γϕγδ .           (27) 

ukanasknelidan 

[ ])(cossin)(
cos

1
1111

1
1 kзшpз xrRyxx ++−−= γϕ

γ
δ ;           (28) 

[ ])(cossin)(
cos

1
2222

2
2 kзшpз xrRyxx +++−−= γϕ

γ
δ ;         (29) 

2
2

2
121 2

1
2
1 δδ δδδδδ CC +=Π+Π=Π ;                     (30) 

[ ]11112
11

1 )(cossin)(
)(cos шkзpз

ш

yxrRxxC
y

−++−−=
∂
Π∂

γϕ
γ
δδ ;           (31) 

[ ]22222
22

2 )(cossin)(
)(cos шkзpз

ш

yxrRxxC
y

+++−−=
∂
Π∂

γϕ
γ
δδ ;          (32) 

[ ]( )ϕγϕ
γ
δδ sin)(cossin)(

)(cos 11112
1

1 −−++−=
∂
Π∂

шkзpз
p

yxrRxx
C

x
;      (33) 

[ ] ϕγϕ
γ
δδ sin )(cossin)(

)(cos 22222
2

2
шkзpз

p

yxrRxxC
x

−++−−=
∂
Π∂

;     (34) 

2
1111 )(

2
1

kшC yyC −=Π ;                           (35) 

2
2112 )(

2
1

kшC yyC −=Π ;                          (36) 

( )2
12 sin

2
1

pkc xyC −=Π ϕ ;                        (37) 

( ) ϕϕ sin sin2
2

pk
p

c xyC
x

−=
∂
Π∂

;                     (38) 

( ) ϕϕ sin sin2
2

pk
p

c xyC
x

−−=
∂
Π∂

;                   (39) 

)( 11
1

11
kш

ш

c yyC
y

−=
∂
Π∂

;                            (40) 

)( 21
2

12
kш

ш

c yyC
y

−=
∂
Π∂

;                            (41) 

)( 11
11

kш
k

c yyC
y

−−=
∂
Π∂

;                           (42) 
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)( 31
12

kш
k

c yyC
y

−−=
∂
Π∂

,                            (43) 

sadac −δC pnevmocilindrebis sixiste, −1C zambarebis sixiste, 

romlebic dayenebulia moTvalTvale rgolsa da pnevmocilind-

rebis mxreulebs Soris; −2C zambarebis sixiste, romlebic 

moTavsebulia hidravlikuri gamanawileblis mkveTarasa da 

moTvalTvale rgols Soris; 1δΠ , 2δΠ , 11cΠ , 12cΠ  da −Π 2c  

potenciuri energiis Semdgenebi, gansazRvruli Sesabamisi 

drekadi elementebiT. 

lagranJis meore gvaris gantolebis meSveobiT, zogadi 

formiT rgolis dinamikis gantoleba (zemoqmed mowyobilobebTan 

erTad) daiwereba ase: 

21 QQ
yyy

T
y
T

dt
d

ккк

к

к

к ++
∂

Φ∂
−

∂
Π∂

−=
∂
∂

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

&&
;                         (44) 

2
22

2
1

22 )(
2
1)(

2
1)(

2
1)(

2
1

шшшшkкppк ymymymxmT &&&& +++= ,           (45) 

2
22

2
11

2

)(
2
1)(

2
1sin(

2
1

кшшкшшкpкк yymyybyx
dt
db &&&& −+−+⎥⎦

⎤
⎢⎣
⎡ −=Φ ϕ .  (46) 

кT , кΠ  da −Φ к Sesabamisad kinetikuri da potenciuri 

energia da analizebadi sistemis disipatiuri funqcia. 

aq 

к

к

к

к

к

к

к

к

yyy
T

y
T

dt
d

&& ∂
Φ∂

−
∂
Π∂

−=
∂
∂

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

;                         (47) 

1
111

p
ш

к

ш

к

ш

к

к

к Q
yyy

T
y
T

dt
d

+
∂
Φ∂

−
∂
Π∂

−=
∂
∂

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

&&
;                     (48) 

2
2222

p
ш

к

ш

к

ш

к

ш

к Q
yyy

T
y
T

dt
d

+
∂

Φ∂
−

∂
Π∂

−=
∂
∂

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

&
,                   (49) 

xolo ganzogadoebuli Zalebis gamosaxuleba: 

ϕγδδ sinsin 111 CfQ pp = ;                           (50) 

ϕγδδ sinsin 212 CfQ pp = ,                           (51) 
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                   ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

= ϕγ sin31
1

kz
farctg , 

                   ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

= ϕγ sin32
2

kz
farctg , 

sadac 1зf  da −2зf profiluri mrudebis pirobiTi aRniSvnebi 

kontaqturi wertilebis 1K  da 2K  farglebSi; −кz namzadis 

moZraobis grZivi koordinati; −pf Wris Zalis koeficienti. 

ganxiluli makopirebeli Carxis hidromeqanikuri sistemis 

sruli maTematikuri modelis misaRebad, samuSaoSi miRebuli 

kanonzomierebebi unda iyos damatebuli maTematikuri 

damokidebulebebiT, romlebic warmoadgenen safuZvels sakvlevi 

sistemis hidravlikuri nawilis dinamikis aRsawerad. 

Catarebuli gamokvlevebis safuZvelze, romlebic 

dakavSirebulia Carxis muSa organoebis formis Semqmneli 

fardobiTi moZraobebis kinematikur analizTan, gamovlenilia 

sawyisi maTematikuri damokidebulebebi, romlebic warmoadgenen 

gansazRvrul safuZvels diferencialuri gantolebebis sistemas 

gaSlili gamosaxulebebis miRebisaTvis, romlebic aRweren 

makopirebeli Carxis moTvalTvale sistemis dinamikas.  

SegviZlia gadavideT (47)-(49) gantolebebis gaSlil formaze, 

romelic gamoisaxeba Semdegi sistemiT: 

 [ ]+−++−+−+
1

)(cossin)(
cos

1)( 1112
1

21111 ш
yxrRxxCyybym кpзшкшшш γϕ

γδ&&&&  

111 )(
1 pк QyyC

ш
=−+ ;                             (52) 

[ ]+−++−+−+ 2222
2

22222 )(cossin)(
cos

1)( шкpзкшшшш yxrRxxCyybym γϕ
γδ&&&&  

212 )(
2 pк QyyC

ш
=−+ ;                            (53) 

+−+−+−+−+ )()()()( 2121112211 шкшкшкшшкшкк yyCyyCyybyybym &&&&&&  

0|sin|)|sin|(2 =−+ ϕϕ pк xyC .                     (54) 

am gantolebebSi 1шm , −2шm masebi, romlebic gansazRvrulia 

saxexi pnevmocilindrebis masebiT da maTze dayvanili 

erToblivad gadaadgilebadi meqanikuri rgolebis masebiT. 
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gamosakvlevi moTvalTvale amZravis hidravlikuri nawilis 

dinamikis gantolebebi [11, 30, 33] samuSaoebis Tanaxmad SeiZleba 

daiweros Semdegnairad: 

εε ⋅++−=+ signxBxBF
Fp

kkxkF
dt
d

гц
n

vжжгц )(11 121 &&&& ,           (55) 

sadac −np siTxis wneva, romelic moyvanilia mmarTveli 

oTxRarian mkveTarasTan, жk  da −1vk Sesabamisad, sixistis 

koeficientebi da hidravlikuri sistemis dayvanili gaZlierebis 

koeficienti siCqaris mixedviT; −1B koeficienti, romelic 

aRricxavs blanti xaxunis danakargs zeTsadenebSi, romlebic 

aerTebs mkveTarul gamanawilebels hidrocilindrTan; 

−2B koeficienti, romelic aRricxavs danakargs inerciis Zalidan, 

gamowveuls am zeTsadenebSi moTavsebuli siTxisagan; х – 

hidricilindris dguSis gadaadgilebis koordinati; −гцF  

hidrocilindris koWze modebuli Zala. 

Tavis mxriv: 

pmpxmpx
pp

c
oppprгц xsignFQ

xx
xbxmkF &

&
&&& +⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

∂
Φ∂

+
∂
Π∂

++= ∑
,            (56) 

sadac −rk rotoris RerZze da Zaluri pnevmocilindrze modebuli 

Zalebis dayvanis koeficienti: 

pmpmpx xsignCfQ &ϕδδδ cos)( 21 += ;                       (57) 

               −+−=
∂
Π∂ ∑

pкp
p

c xCyCxC
x

ϕϕϕ 4
21

2
1 sin2sin2sin2                          

               −+=− pк xCCyC )sinsin(2sinsin2 4
2

2
1

2
2 ϕϕϕϕ  

        кyCC )sinsinsin(2 2
21 ϕϕϕ +− ,                         (58) 

−mpf mSrali xaxunis Zalis koeficienti; −pm Carxis rotoris 

RerZze dayvanili gadaadgilebadi nawilebis masa; −pb  

dempfirebis koeficienti; −mpxF xaxunis Zala hidrocilindrSi da 

Carxis meqanizmebSi, dayvanili px  koordinatze; Φ – disipaciuri 

funqcia. 
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gaSlili formiT gveqneba: 

         =
∂
Π∂

++⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

∂

Π∂
+

∂

Π∂
+++

p

cг
ppг

pp
гp

г

ж
pppг x

xbk
xx

kx
k
kxbxmk &&&&&& 21)( δδ

 

   ×−++−= )sinsin()(11 121 ϕϕpкгц
n

vж xysignxBxBF
Fp

kk &&&  

         ( ) ϕϕ sinsinpк xy −× ,                                       (59) 

sadac  

         ++++= pкpppppprгц xbxCxCxbxmkF &&&& ϕϕ sinsin2sin2)( 3
2

2
1[  

         =−−⋅++ ]2
2121 sin2sin2cos)( ккккpmp ybyCyCxsignCf && ϕϕϕδδδ  

         −+++= pкpppppr xbxcxCxbxmk &&&& ϕϕ sinsinsin(2)( 3
2

2
2[  

         = ( ) +⋅++−−− pmpккк xsignCfybyCC && ϕδδϕϕ δ cos)(sinsin2 21
2

21  

rpppp kxbxm ]&&& ++ ,                                          (60) 

−F Semsrulebeli hidrocilindris dguSis farTobi 

vpv kkk 11 =  

−1pk mkveTaraze momqmedi, berketis gadacemis ricxvi; −vk gaZlierebis 

koeficienti hidravlikuri sistemis siCqariT. 

gardaqmnili saxiT gveqneba: 

      
⎩
⎨
⎧

++−+++ 11
2

2 cossin)(
cos

1 [ γϕ
γ

Rxxk
k
k

xbkxmk pзг
г

ж
ppгppг &&&&&&  

         ( ) +−+−−+ ϕ
γ

ϕ sin)(
)(cos

1sin)( 12
2

2113 [] pзшк xxyxr  

         ( ) =−++++ ϕϕϕγ sinsinsin)(cos 22232 ] кppгшк ycxbkyxrR &  

   ×−++−= )sinsin()(11 12 ϕϕpкгц
n

vж xysignxBxBF
Fp

kk &&&  

         ( ) ϕϕ sinsinpк xy −× .                                       (61) 

aqve aRvniSnavT, rom miRebuli modeli arawrfivi 

arastacionaruli sistemisaTvis damatebuli unda iyos 

transcendenturi algebruli gantolebebiT: 

11011 sin)( γδ−+= Rzz шк ;                       (62) 
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22022 sin)( γδ−+= Rzz шк ,                       (63) 

sadac 1δ  da 2δ –saxexi pnevmocilindrebis mimdinare deformaciebia. 

SegviZlia CavweroT:         

          +++++ ϕsin2 pppгpжpppгppг xCxbkxkxbkxmk &&&&&&&&  

         +∆+∆+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++ ϕ

γγ
ϕ γ sin

cos
1

cos
1sin

2
2

1
2

2 Rkxkxk гзгpг                     

         =+−∆+∆+∆+ 2
2

21
1

21 cos
sin

cos
sin

sinsin шгшгзкггзг ykykkRrxr
γ
ϕ

γ
ϕ

ϕτϕγ  

   ×−++−= )sinsin()(11 12 ϕϕpкгц
n

vж xysignxBxBF
Fp

kk &&&  

        ( ) ϕϕ sinsinpк xy −× ,                                       (64) 

2
2

2

2

1
1

2

2

cos

sin

cos

sin
ззз xxx

γ

ϕ

γ

ϕ
−=∆ ;                           (65) 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=∆

21 cos
1

cos
1

γγγ RR ;                              (66) 

2
2

2

1
2

1

cos
)(

cos
)()(

γγ
кзкз

кзк
xrxrxr −=∆ ,                            (67) 

miRebuli damokidebulebebis gamoyenebiT vaxorcielebT 

dinamikis gasaSualebul da gawrfivebul modelebze gadasvlas, 

rac warmoadgens rTul arawrfivi arastacionaruli sistemebis 

efeqturi Seswavlis safuZvels. 

upirveles yovlisa ganvixiloT gamosakvlevi  sistemis 

hidravlikuri nawilis arawrfivi da arastacionaluri dinamikis 

gantolebis gawrfivebis amocana. 

gamosakvlevi sistemis hidravlikuri nawilis dinamikis 

gantolebebis marjvena nawilis, romelic xasiaTdeba gansazRvruli 

funqcionaluri damokidebulebebidan kvadratuli fesviT, 

maklorenis mwkrivad daSlis da daSlis pirveli ori wevris 

datovebis Semdeg, gaSlili saxiT SeiZleba davweroT. 

miRebulis gamoyenebiT ganxiluli makopirebeli Carxis 

hidravlikuri moTvalTvale sistemis diferencialuri gantolebebis 

sruli sistema, gardaqmnebis Sedegad daiwereba Semdegi formiT:  
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++−=+++ RCxxCyCCybym pзшшшшш 1
*
11

*
1111

*
11111 cossin)()( γϕ δδδ&&&  

11111)( pкшкк QybyCxr ++++ & ;                       (68) 

      −−−=+++ RCxxCyCCybym pзшшшшш 2
*

22
*

2212
*

22222 cossin)()( γϕ δδδ&&&  

22122 )( pкшкк QybyCxr −++− & ;                       (69) 

      =+++++ ккккшшкк yyCyCCybbym ϕ2
2121121 sin)()( &&&  

  ϕsin2212111 pшш xCyCyC +−= ;                       (70) 

      +++++++ pxpxmpxpxp
r

ж
pprppr xtbxtbxtCxtbx

k
kxbkxmk )()()()( ε&&&&&&&&& &&&  

 [ ] ( )=++++ pmpxmprpvжpx xsign
dt
dFCfkxkkxtC &ϕϕ δε cos  sin)( 1

2
1  

      +++−++= кккypmpкxyкyxкvж ybytCxsigntCytCytbykk &&&&&& )()()()( |sin|1 εϕ  

       |sin||sin|)( ϕϕ γRkxrkxk rкзrзr ∆+∆+∆+ ,             (71) 

sadac 

  ;cossin2sin2)( 3
2

2
1 ϕϕϕϕ &кx bCCtb ++=  

  ;sin6sin2)( 3
2

2
1 ϕϕϕ && CCtCx +=  

  ( );sinsin2)( 1
2

2 ϕϕ CCtCy +=  

  )()( tAtb xmxm ε&&&& = ; 

  )()( tAtb bxx εε = ; 

  ( ) )(sinsin)( 3
2

2
1 tCCAtC cxx εϕϕε += ; 

  );()( tKtb byx ε=&  

  ( ) );(sinsin2)( 2
2

2
1 tCCbKtC кbxy εϕϕ +=  

  [ ] )(cos)(
2

)( 21 tFCf
Fp
kkktC mpxmp

n

vжr
mp εϕδδδε ++= ; 

  );( 2BmKA pbxm +=&&  

  );( 1 pbxB bBKA +=&  

  
Fp
kkk

K
n

vжr
b 2

= ; 

  ( )pxyt ϕϕε 2sinsin)( −= ; 
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  );sinsin(2)( 1
2

2 ϕϕ CCtCy +=  

  ( ) ϕδϕγδγδ γδδϕ sinsinsinsin)( 2211 ∆∆∆ =+= CfCftC pp . 

amis Semdeg mivdivarT sakvlevi sistemis dinamikis 

arastacionarul modelamde, romelic arastacionaruli sistemebis 

analizis cnobili meTodebis Tanaxmad iTvaliswinebs 

gasaSualedebul dinamikur modelebze gadasvlas. 

gasaSualedebul modelebze gadasasvlelad SegviZlia 

gamoviyenoT Semdegi damokidebulebebi.               

           ϕ2cos5,05,0cos2 += ; 

      ϕϕ ϕϕ 2cossin 1ss aa −≈ ; 

      ϕϕ ϕϕ 2coscos 1cc aa +≈ ; 

      ϕϕϕ ϕϕϕ 4cos2cossin 210
3 −−≈ ззз aaa ; 

      ϕϕϕϕ 4cos125,02cos5,0375,0sinsin3 +−= ; 

           ( ) ( ) −++−+= ϕϕϕ ϕϕϕϕϕ 2cos25,05,05,05,05,0sinsin 2010
2

1
23

sзss aaaaa  

               ,6cos25,04cos)5,05,0( 2
2

12 ϕϕ ϕϕϕ ssз aaa +−−  

sadac 

  ;25,05,00 10 ssз aaa ϕϕϕ +=  

  );(5,0 11 ssз aaa ϕϕϕ +=  

  .5,0 12 sз aa ϕϕ =  

Catarebuli gardaqmnebis safuZvelze: 

  ;2cos5,02cos5,0)( 1 pxmкsxmpxmкsxmxm xAyaAxAyaAtb ϕϕϕϕ &&&&&&&&& +−−=       (72) 

ϕϕϕϕϕε 2cos5,02cos5,0)( 1 xbsxpxbкsxbx AaAxAyaAtb &&&&& +−−= ;           (73) 

       +−−−= pcxxкcxyкcxyкcxyx xAyAyAyAtC 0210 4cos2cos)( ϕϕε   

pcxxpcxxpcxx xAxAxA ϕϕϕ 6cos4cos2cos 321 −−+ ;                     (74) 

;4cos2cos)( 210 ϕϕ bxbxbxx aaatb −−=&                             (75) 

;2cos)( 10 ϕyyy CCtC −=                                       (76) 

ϕϕ 4cos2cos)( 220 xxxx CCCtC −−= ;                            (77) 

( ) cpквpкквyx bKxybKtb εϕϕ ≈−= 2sinsin)(& ;                       (78) 
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;2cos)2()2()( 1221 ϕεε ϕ CCKCaCKtС cpвscpвxy −+−≈               (79) 

[ ] ;
2
1)( cpmpxsmpвmp FaCfKtC εδ ϕδε +≈ ∑                            (80) 

;2cos)( 10 ϕyyy CCtC −=                                      (81) 

ϕϕϕϕ 2cos)( 10 CCtC −= ,                                     (82) 

sadac: 

     );5,0(2 120 CaCC cy ϕ+=  

      ;5,0
12210 ssx aCaCCb ϕϕ ++=  

      ;5,0
122 sx aCb ϕ=  

      ;375,0( 2010 CaCAA зcxcxy += ϕ  

      );5,0( 2111 CaCAA scxcxy −= ϕ  

      [ ])5,05,0(375,0 0
2

1210 sscxcxx aaCCAA ϕϕ ++= ; 

           ϕϕϕϕ &cкssbx abaCaCCa +++= 12210 5,0 ; 

           ϕϕϕϕ &11211 )( cкssbx abaaCCa −++= ; 

           ;5,0 122 sbx aCa ϕ=  

      );5,0(2 1121 CaCC sy ϕ+=  

           ;)5,0(3 110 ϕϕϕ &ssкx aabCC ++=  

           ;33 ][ 111 ϕϕϕ &кssx baaCC +−=  

           ;5,1 12 ϕϕ &кsx baC =  

           [ ];25,05,05,0(5,0 201211 sзcxcxx aaaCCAA ϕϕϕ +++=  

           [ ])5,05,0(125,0 2
112 sqscxcxx aaCAA ϕϕ −−= ; 

           223 25,0 scxcxx aCAA ϕ= . 

Tuki SemoviRebT damatebiT gamartivebebs, davwerT: 

;)( 0 cpxmxmxm Abtb ε&&&&&& =≈                                  (83) 

;)( 0 cpxbxx Abtb ε&&& =≈                                    (84) 

,4cos2cos)( 2010 ϕϕ εεεεε xxxxx CCCCtC +−−≈                (85) 

sadac  

    );5,0( 2010 CaCAC зcpcxx ϕε ε −=  
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     );5,0( 2111 CaCAC зcpcxx ϕε ε −=  

     .223 зcpcxx aCAC ϕε ε=  

sabolood gasaSualedebuli sistema SeiZleba daiweros 

Semdegnairad:   

         ++−=++ )(sin 1111
*
111*1111 кppyзшшшшш xCxCxCyCybym ϕδ&&&  

         |sin|)( *11111 ϕδδCfybyCxr pкшккз ++++ & ;                 (86)            

−−−=++ )(sin 22
*
12

*
122*2222 кppyзшшшшш xCxCxCyCybym ϕδ&&&    

      |sin|)( *21112 ϕδδCfybyCxr pкшккз −++− & ;                (87) 

;sin)( 0 pyкккккккк xCffCyCybym −+=++ ϕδ&&&                    (88) 

   ( ) +−++++ pxvжxpnoppxpр xCkkCxkxbxm 010 5,0 ε&&&&&&  

  ( ) ( ) =++++ ∑∆∑∆ pcpmpxcmpbpmpxcmpr xsignFaCfKxsign
dt
dFaCfk && εδδ ϕδϕδ 2

1)(  

 кккyкsvж ybyCyakk &&& ++= 01 ϕ ,                             (89) 

sadac 

     
321 2)(2 ϕδ aCCCCк ++= ; 

     .0 −+= bx
r

ж
n a

k
kk  

aqve aRvniSnavT, rom yvela miRebuli gantolebaTa 

sistemebi, rogorc sawyisi, aseve gasaSualedebuli, saWiroa 

amoxsnili iqnas Semdegi saxis transcendenturi algebrul 

gantolebebTan erTad: 

;sin)( 1101 γδ−+= Rzz шк                        (90) 

2202 sin)( γδ−+= Rzz шк ,                       (91) 

rac gansazRvruli xarisxiT arTulebs maTi dinamikuri 

analizis amocanebs. 

 

2.3. dinamikis maTematikuri modelebi erTkoordinatiani 

kopirebis reJimSi 

 

sakvlevi orkoordinatiani kopirebis Carxis sistema (nax. 17) 

aris orreJimiani. SeuZlia imuSaos rogorc mrudwiruli-
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fasonuri detalebis damuSavebis orkoordinatian, agreTve 

mudmivi kveTis mqone gaRunuli detalebis erTkoordinatiani 

damuSavebis reJimSi. ukanasknel SemTxvevaSi rgoli 4 xistad 

magrdeba berketze 9. 

aRniSnulTan dakavSirebiT sakvlevi orkoordinatiani 

sistemis maTematikur modelebis xarisxobrivi analizisaTvis 

erTkoordinatian reJimTan dakavSirebiT mizanSewonilad 

migvaCnia cnobili [123, 125, 126] naSromebSi moyvanili dinamikuri 

modelirebis sakiTxebis kritikuli ganxilva. 

naxazze 17 moyvanilia namzadis RerZuli gadaadgilebebis 

veqtoris marTobul sibrtyeSi pnevmocilindrebis, mmarTveli 

rgolis da rotoris fardobiTi moZraobebis kinematikis sqema 

Carxis erTkoordinatiani kopirebis reJimSi muSaobasTan 

dakavSirebiT. 

 

nax. 17. fardobiT moZraobaTa kinematikis sqema [126] 
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naxazze: 1 – dasamuSavebeli namzadi; 2 – saxexi 

pnevmocilindri; 3 – moTvalTvale rgoli; pO  da −3O rotoris 

da namzadis RerZebis mimdinare mdebareobebi, romlebic 

koordinatTa 0000 zyxO  sistemaSi xasiaTdeba koordinatebiT pX  

da 3X ; kO rgolis RerZis mimdinare mdebareoba; −ϕ rotoris 

brunvis koordinati; −α mxreulebis 6 kuTxuri moZraobis 

koordinati, kontaqti K wertilis kuTxuri gadaadgileba Y′ 

RerZis mimarTulebiT gamoisaxeba damokidebulebiT [125, 126] 

ϕsinkk xy = . 

pnevmocilindrebis brunvis centrebis mdebareobebi 

ganisazRvrebian ase: 

ззш rRxy +−+= 1111 cos)(sin γδϕ ;                  (92) 

ззш rRxy −−−=− 2222 cos)(sin γδϕ ,                 (93) 

sadac δ1 da δ2 –Sesabamisad pirveli da meore pnevmocilindrebis 

mimdinare deformaciebi; γ1  da γ2 _kontaqtis K1 da K2 wertilebSi 

gamavali mxebis daxrilobis kuTxeebi; 1зx  da −2зx namzadis 

RerZis koordinatebi K1 da K2 wertilebSi; 1шy  da −2шy  

pnevmocilindrebis brunvis centrebis koordinatebi; R _ 

pnevmocilindris diametri. 

meores mxriv koordinatTa sawyisi mniSvnelobebi: 

кзнш yrRy +∆−+= 01 ;                        (94) 

кзнш yrRy −∆−+= 02 ;                        (95) 

(94) da (95)-is gaTvaliswinebiT 

1110 cos)(sin γδϕ −+=+∆− RxyR зк ;              (96) 

2220 cos)(sin γδϕ −−=+∆+− RxyR зк ,             (97) 

sadac −∆0 pnevmocilindrebis winaswari deformaciis sidide: 

−кy rgolis xazovani gadaadgilebis koordinati.  

(96)-(97)-is Sesabamisad  

)cos(sincos 10111 γϕγδ −−−∆+= Ryx кз  
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)cos1(sincos 20222 γϕγδ −+−∆−= Ryx кз . 

ukanasknelidan: 

[ ])cos1(sin
cos

1
101

1
1 γϕ

γ
δ −−∆+−= Ryx кз ;                (98) 

[ ])cos1(sin
cos

1
102

2
2 γϕ

γ
δ −+∆−−= Ryx кз ;                (99) 

2
2

2
121 2

1
2
1 δδ δδδδδ CC +=Π+Π=Π ;                       (100) 

[ ]101
1

2
1 cos1(sin

cos
1 γϕ

γδ
δ −−∆+−=

∂
Π∂ RyxC
y кз

k

;          (101) 

[ ]202
2

2
2 cos1(sin

cos
1 γϕ

γδ
δ −+∆−−=

∂
Π∂ RyxC
y кз

k

;         (102) 

  ( )2
11 sin kpc yxC −=Π ϕ ;                                (103) 

( ) ϕϕ sinsin2 1
1

kp
p

c yxC
x

−=
∂
Π∂

;                           (104)  

( )[ ]2
22 sinsin ϕϕ kpc yxC −=Π ;                           (105) 

 ( ) ϕϕϕ 22
2

2 sinsinsin2 kp
p

c yxC
x

+=
∂
Π∂

;                     (106) 

;21 ppy QQQ +=                                         (107) 

γγδδ sinsin 111 CfQ pp = ;                                 (108) 

γγδδ sinsin 222 CfQ pp = ;                                (109) 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

= ϕγ sin31
1

kz
farctg ;                                   (110) 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

= ϕγ sin32
2

kz
farctg ,                                  (111) 

sadac −δC pnevmocilindris sixiste; −1C zambaris 10 sixiste (nax. 

15), −2C zambara 14 sixiste. 

analogiurad 

( ) kpkp
p

c yCxCyxC
x 111

1 2sin2sin2 −=−=
∂
Π∂ ϕϕ ;              (112) 
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      ( ) =−=
∂
Π∂ ϕϕϕ sinsinsin2 2

2
2

kp
p

c yxC
x

 

kp yCxC ϕϕϕ 2
2

2
2 sin2sinsin2 −= .                        (113) 

jamuri saxiT gveqneba              

   −⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−∆+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+=

∂
Π∂

2
2

1
20

2
2
2

1
2
1

cos
1

cos
1sin

coscos γγ
γ

γγ δδ CxxC
y

зз

к

 

 +⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−⎥

⎦

⎤
⎢
⎣

⎡ −
−

−
− кyCR

2
2

1
2

2
2

2

1
2

1

cos
1

cos
1

cos
)cos1(

cos
)cos1(

γγγ
γ

γ
γ

δ  

кpкp yCxCyCxC ϕϕϕϕ 2
2

2
211 sin2sinsin22sin2 −+−+ .            (114) 

ganzogadoebuli Zalebis gaSlili gamosaxulebaa 

     −
∆

+==
1

0

1
111 cos

sin
cos

1sinsin
γ

ϕ
γ

ϕγδ δδδ CfxCfCfQ pзppp  

кpp yCfRCf
11

1

cos
1

cos
)cos1(

γγ
γ

δδ −
−

− ;                      (115) 

    +
∆

+==
2

0

2
222 cos

sin
cos

1sinsin
γ

ϕ
γ

ϕγδ δδδ CfxCfCfQ pзppp  

кpp yCfRCf
22

2

cos
1

cos
)cos1(

γγ
γ

δδ −
−

+ ,                      (116) 

sadac −pf Wris Zalis koeficienti. 

lagranJis meore rigis gantolebis gamoyenebiT 

moTvalTvale rgolis gantoleba zogadi saxiT Caiwereba ase: 

,21 pp
ккк

к

к

к QQ
yyy

T
y
T

dt
d

++
∂

Φ∂
−

∂
Π∂

−=
∂
∂

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

&&
             (117) 

sadac  

22 )(
2
1)(

2
1

kкpp ymxmT && += ; 

               

2

sin(
2
1

⎥⎦
⎤

⎢⎣
⎡ −=Φ кpкк yx
dt
db ϕ . 

hidravlikuri nawilis gantoleba 

εε ⋅++−=+ signxBxBF
Fp

kkxkF
dt
d

гц
m

vжжгц )(11 12 &&&& .      (118) 

 SegviZlia CavweroT: 
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pmpxmpx
pp

oppprгц xsignFQ
xx

xbxmkF &
&

&&& +⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

∂
Φ∂

+
∂

Π∂
++= ,        (119)  

sadac −rk rotorisa da Zalovani hidrocilindris RerZevze 

modebuli Zalebis dayvanis koeficienti; 

;cos)( 21 pmpmpx xsignCfQ &ϕδδδ +=                        (120) 

    −+−=
∂
Π∂ ∑

pкp
p

c xCyCxC
x

ϕϕϕ 4
21

2
1 sin2sin2sin2  

    ( ) −+=− pк xCCyC ϕϕϕϕ 4
2

2
1

2
2 sinsin2sinsin2  

              ( ) кyCC ϕϕϕ sinsinsin2 2
21 +− ,                                        

−mpf mSrali xaxunis Zalis koeficienti; −pm gadasaadgilebeli 

nawilebis masa, dayvanili Carxis rotoris RerZze; −pb  

demferebis koeficienti; −mpxF px koordinatze dayvanili xaxunis 

Zala hidrocilindrSi da Carxis meqanizmebSi; Φ − disipaciuri 

funqcia. 

gaSlili formis gantolebaTa sistema iRebs saxes: 

   −+=++++ ϕϕ δδ sin)(sin2)(2 2121 ззкккккк ffCyCyCCybym &&&  

ϕγδϕγδϕϕ δδ sinsinsinsinsin2sin2 22111
2

2 CfCfxCxC pppp +−−− ,    (121) 

   ++++++ pкrp
r

ж
ppppr xbCCkx

k
kxbxmk )cossin2sin2()( 3

2
2

1 ϕϕϕϕ &&&&&&&   

     ( ) ( )+⎢⎣
⎡+++ ∑∆ pmprpr xsign

dt
dCfkxCCk &&& ϕδϕϕϕϕ δ cos)sin62sin2( 3

21  

     ( ) −+−⎥⎦
⎤+ кpmpx yCCkxsignF

dt
d

&& ϕϕϕ sinsinsin2( 2
21  

     ( ) =++− кyCCCk &&& ϕϕϕϕϕϕϕ cossinsin2sincos2 2
2212  

      ( ) ×−++−= ϕϕ sinsin(11 121 pкгц
n

vж xysignxBxBF
FP

kk &&&  

( ) ϕϕ sinsinpк xy −× ,                                         (122) 

sadac  

 [ ++++= pкpppppprгц xbxCxCxbxmkF &&&& ϕϕ sinsin2sin2)( 3
2

2
1  
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 ]=−−−⋅++ ккккpmp ybyCyCxsignCf && ϕϕϕδδδ
2

2121 sin2sin2cos)(  

 [ −+++= pкpppppr xbxCxCxbxmk &&&& ϕϕ sinsinsin(2)( 3
2

2
2   

 ( ) +⋅++−−− pmpккк xsignCfybyCC && ϕδδϕϕ δ cos)(sinsin2 21
2

21  

 ] rpppp kxbxm &&& ++ ,                                            (123) 

−np oTxTvala mmarTvel mkveTarasTan moyvanili siTxis wneva; F –

Semsrulebeli hidrocilindris dguSis farTi: 

vpv kkk 1= ; 

−1pk mkveTaraze zemomqmedi berketis gadacemis fardoba; −vk  

hidravlikuri sistemis gaZlierebis koeficienti siCqaris mimarT. 

paragrafis bolos SegviZlia aRvniSnoT, rom wina 

paragrafSi orkoordinatian sistemasTan mimarTebaSi miRebuli 

gantolebebi garkveuli SezRudvebis Setanis Semdeg SegviZlia 

gamoviyenoT erTkoordinatiani kopirebis SemTxvevaSic. 

 

2.4. hidromeqanikuri mimyoli sistemis 

dinamikuri kvleva 

 

2.4.1. dinamikuri struqturuli sqemebi da dinamikuri 

kvlevis Taviseburebebi 

 

zemoT miRebuli maTematikuri modelebi, Seesabameba 

samuSao reJims mbrunavi rotoriT. muSaobis reJimSi, rodesac 

rotori dafiqsirebulia saqme gvaqvs regulirebis stacionarul 

sistemasTan. am miznisaTvis aucilebelia gamoyenebuli iqnes 

Semdegi sawyisi winamorbed amocanebTan SedarebiT garkveul 

wilad saxecvlili gamosaxulebebi  

δ
δ γ

γ
CyrRxx

y шзpз
ш

][ 11
1

2
1

cos)(
cos

11 −−+−=
∂

Π∂
;            (124) 

δ
δ γ

γ
CyrRxx

y шзpз
ш

][ 12
2

2
2

cos)( 
cos

12 −−+−−=
∂

Π∂
;          (125) 

)(2
2

pk
k

c xxC
y

−=
∂

Π∂
;                            (126) 
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)(2
2

pk
p

c xxC
x

−−=
∂

Π∂
;                             (127) 

)( 11
1

11
kш

ш

c yyC
y

−=
∂

Π∂
;                             (128) 

)( 21
1

12
kш

ш

c yyC
y

−=
∂

Π∂
.                             (129) 

sistemis gantolebebSi warmoiqmnebian wevrebi 

   kp yCCxCC && )(2)(2 2121 +−+ ;                        (130) 

;22 kkpk ybxb &&&& −                                    (131) 

   ;)( 21
1

p
n

vж xCC
Fp
kk

+ε   k
n

vж yCC
Fp
kk   )( 21

1 ε+ . 

pp
n

vж xBm
Fp

kk
&& )(

2 2
1 ε+  da  p

n

vж xB
Fp

kk
& 

2 1
1 ε .             (132) 

winagadmocemulis gaTvaliswinebiT stacionaruli sistemis 

dinamikis gantolebebi daiwereba Semdegnairad:  

*11
*
13

*
2221111 δδδδδ CfybyCCxCxCyCybym pкшкpшшшшшш ++++−=++ &&&& ;    (133) 

    +−+−=++ δδδ CrCxCxCyCybym зкpшшшшш )( 2
*

23
*

2222222 &&&   

*11 δδCfybyC pкшк +++ & ;                            (134) 

    [ ] ++++++++ pp
n

vж
pжхpкpxppx xBm

Fp
kkxCCkxbbxm &&&&&&& ε)()(2)2( 2

1
21  

    +++++++ pк
n

vж
p

n

vж
pvжp

n

vж xyCC
Fp
kkxCC

Fp
kkxkkxB

Fp
kk )()( 21

12
21

1
11

1 &ε  

    +++=++ кp
n

vж
кvжp

n

vжmpx
pmpx yxCC

Fp
kkykkxsign

Fp
kkF

xsign
dt
dF )()( 21

1
1

1 &&  

кккк
n

vж ybyCCyCC
Fp
kk

&&& 2)(2)( 21
2

21
1 +++++ .                          (135) 

ganxiluli gantolebebis gawrfivebul formas aqvs Semdegi 

saxe: 

кшкзRpgшшшшш ybyCCrCxCxCyCybym &&&& 1111
*

1
*

11*111 )( −−++−=++ δδδ ;    (136) 

кшкзRpзшшшшш ybyCCrCxCxCyCybym &&&& 3322
**

21*222 )( −−++−=++ δδδ ;   (137) 

кpшшшшкккккк yCxCyCyCyCybym 2221 −−−=++ &&&& ;                  (138) 
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     [ ] +=++++++ кvжpvжpжхpкpxppx ykkxkkxCCkxbbxm 1121 )(2)2( &&&&&&  

ккк ybyCC &&& 2)(2 21 +++ .                                    (139) 

ukanaskneli gantoleba gamsxvilebuli formiT SeiZleba 

warmodgenili iqnes ase:L 

кккккvжpvжppxppкppx ybyCykkxkkxkxbxm &&&&&&&&& 2111 ++=+++ ,       (140) 

sadac  

);2( 211 CCCк +=  

;2 кpxpк bbb +=  

       )(2 21 CCkk жxpx ++= .  

gawrfivebuli stacionaruli sistemis struqturuli sqema 

moyvanilia nax. 18-ze. 

 

 

 

 

 

 

 

 

 

 

nax. 18. gawrfivebuli sistemis struqturuli sqema 

 

aq: 

        δδ CrCxCF зRзвх )( 111
*

1 ++= ; 

        δδ CrCxCF зRзвх )( 212
*

2 +−= ; 

        
1*1

2
1

1
1)(

Csbsm
sW

шш
ш ++

= ; 

        
*2

2
2

2
1)(

Csbsm
sW

шш
ш ++

= ; 

        1)( CsbsW шкш += . 

• 

C2 

• 

 

 

Wкш 

Wy1 

Fвх2 

δC
Cк  

Wгп 
xp Wк 

Wкш 

Wш1 

Wш2 

 

 

δC
Cк  

Fвх1 
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кшк

ш
к Csbsm

CsW
++

= 2)( ;                                              

              ;2)( 2
111 sbsCkksW ккvжy ++=                                          

              
1

33
1)(

vжpxpкpx
c kksksbsm

sW
+++

=Γ ;  

              sbCKsW kky 2)( 1
**

1 ++= ; 

              )(2
21

01
1

* CC
Fp

kkkkK
n

vж
vж ++=

ε
.  

dinamikis maTematikuri modelebis struqturuli da 

parametruli Sedareba gvaCvenebs, rom daZabulobisa da 

dinamikuri mdgradobis TvalsazrisiT stacionaruli sistema 

gasaSualebulisagan gansxvavebiT aris ufro daZabuli. 

amasTan dakavSirebiT miRebuli modelebis gamoyenebiT 

SeiZleba SemoTavazebuli iqnes Semdgomi kvlevebis struqtura, 

romelic damyarebulia parametruli sinTezis proceduris 

realizaciaze stacionaruli modelebis gamoyenebiT sinTezis 

meTodis Tanaxmad mocemuli gardamavali procesebis mixedviT da 

Semdgomi dazustebiT arawrfiv modelebze.  

 

2.4.2. sakvlevis sistemis dinamikuri sinTezi 

 mocemuli gardamavali procesebis  

mixedviT 

 

winamdebare gamokvlevebis rezultatebis analizi [131, 132], 

saSualebas iZleva SejamebiTi saxiT gakeTdes daskvna, rom 

miRebuli modelebis gamoyenebiT SeiZleba Camoyalibebuli iqnes 

dinamikuri gamokvlevebis Tanmimdevroba, romelic agebulia: 

1. gawrfivebuli stacionaruli sistemis parametruli sinTezze, 

romelic iTvaliswinebs am sistemis integralur miaxlovebas 

`sasurveli procesis sistemis~ modelTan; 

2. procesebis integraluri miaxloveba arawrfiv sistemaSi 

gawrfivebul stacionarul sistemaSi; 

3. gamosakvlevi sistemis mdgradobis analizi [134]. 
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gamosakvlevi sistemis parametruli sinTezis amocanis 

realizaciisaTvis misi stacionaruli gawrfivebuli modelis 

mimarT sinTezis cnobili mocemuli gardamavali procesebis 

meTodis gamoyenebis safuZvelze, SemoTavazebulia gamosakvlevi 

moTvalTvale sistemis Sesavalze safexurebrivi zemoqmedebis 

kinematikuri sqema, romelic realizebulia namzadis grZivi 

RerZis safexurebrivi gadaadgilebis meSveobiT ganivi 

mimarTulebiT, e.i. x-RerZis gaswvriv. ganixileba gadaadgilebeli 

sawyisi mdebareobebis mimarT fardobiTi moZraobebi. aqve 

aRvniSnavT, rom principialuri midgomiT SeiZleba daSvebuli 

iqnas 

21 вxвx FF ∆=∆ . 

am SemTxvevaSi sistemis struqturuli sqema iRebs saxes, 

romelic moyvanilia nax. 19-ze. 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 19. sistemis struqturuli sqema 

 

Semdgomi gamokvlevebis CatarebisaTvis pirvel rigSi 

gamovavlenT gadacemis funqciebis sawyis maTematikur 

gamosaxulebebs, romlebic gawrfivebuli sistemebis sinTezis 

procedurebSi gamoiyeneba mocemuli gardamavali procesebis 

mixedviT. 

• 

C2 

• Wк Wy1 
∆Fвх Wгп 

xp 

Wк Wкш 

Wш1 

Wш2 

 

δC
Cк  

Wк Wкш 
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nax. 19-is Tanaxmad ganxilvaSi Semogvaqvs gadacemis 

funqciebi: 

*
2)(

шш

в
ш CsBms

CsW
++

= ;                      (141) 

1)( шшкш CsBsW += ;                            (142) 

ккк

кш
к Csbsm

CsW
++

= 2)( ,                        (143) 

aqve aRniSnulia, rom yvela moyvanili damokidebulebebi, 

romlebic miRebulia ш1 da ш2 gantolebebis Sekrebis safuZvelze 

ufro gazrdili formiT gadavdivarT nax. 20-ze moyvanili 

struqturul sqemaze, romelis Sesabamisad davwerT gadacemis 

funqciebs  

))((
)2(

)(
1

232
1*1

11
vжpxpxpxккк

ккvкш
кгyккг kkskSbsmCsbsm

SbCKkC
WWWsW

+++++
++

=⋅= ;     (144) 

)())((
)(

1
2

*
2

шшкшкккшш

в
mш CBCCsbsmCsBsm

C
sW

++++++
=

∑

.       (145) 

 

 

 

 

 

 

 

 

 

 
nax. 20. gardaqmnili struqturuli sqema  

 

an gaSlili formiT: 

)(
)(2)()(

01
2

2
3

3
4

4
5

5

*11

sB
sA

asasasasasa
sbCKkССsW

кг

кг

кгкгкгкгкгкг

ккшvккш
кг =

+++++
++

= ;       (146)            

)(
)(

01
2

2
3

3
4

4 sB
C

asasasasa
СsW

mш

B

mшmшmшmшmш

B
mш =

++++
= ;         (147) 

C2 

 Wmш 
∆Fвх Wкг 

xp 

δC
Cк  
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aq 

    кpcкг mma =5 ; 

    кpxкpxкг bmmba +=4 ; 

    кpxкpxкpxкг Cmbbmba ++=3 ; 

    )(2 кpxкpxкvжкг Cbbkmkka ++= ;                                              

    )(1 кpxкvжкг Cbbkka += ; 

    кvжкг Ckka =0 ;   

    )(2 *111 KkCCb vккшкг += ; 

    кmш mma ∑=4 ; 

    ккшmш mmmBa ∑+=3 ; 

    ккшкшmш CmmBmCa ∑++= *2 ; 

    шкшкшкшmш BCCBbCa ++= *1 ; 

    **0 шкшкшmш CCCCa += . 

Tavis mxriv Caketili konturis gadamcemi funqcia 

ukukavSiriT daiwereba ase:L  

   =
+

=
)(1

)()(
2

0 sWC
sWsW
кг

кг
кг  

      =
+++++++

+
=

021201
2

2
3

3
4

4
5

5

01

кгкгкгкгкгкгкгкг

кгкг

bCsbCasasasasasa
bsB

  

)()( 020121
2

2
3

3
4

4
5

5

01

кгкгкгкгкгкгкгкг

кгкг

bCassbCsasasasasa
bsb

+++++++
+

= ;    (148) 

gamosakvlevi sistemis gadacemis funqcia miiRebs Semdeg 

saxes: 

0

0
0 )()(1

)()()()(
sWsWC
sWsWsWsW

кгmшк

кгкmш

δ+
= .                    (149) 

gamosakvlevi sistemis srul gadacem funqcias, gaSlili 

formiT eqneba Semdegi saxe: 

           =
⋅⋅⋅+

⋅⋅
==

)()()(1
)()()()(

)(
sWsWsWC

sWsWsW
F

sx
sW

кгктшкб

кгктш

вх

p
о  
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++++++++++
++

=
))(( *01

2
2

3
3

4
4*01

2
2

3
3

4
4

5
5

012

mшmшmшmшmшкгкгкгкгкгкг asasasasaasasasasasa
BsBsB

 

          кгoBкбкгBкб bCCsbCC ++ ,                        (150) 

sadac 
б

к
кб C

CC = . 

elementaruli gardaqmnebis Catarebis Semdeg (150) 

gamosaxulebis mniSvneli daiwereba ase: 

 )(12
2

2
3

3
4

4
5

5
6

6
7

7
8

8
9

9 sBsasasasasasasasasa ггггггггг =+++++++++ ,   (151) 

sadac  

 *

*
9

9
гo

г
г a

aa = ; 

      *

*
8

8
гo

г
г a

aa = ; 

      *

*
7

7
гo

г
г a

aa = ; 

      *

*
6

6
гo

г
г a

aa = ; 

      *

*
5

5
гo

г
г a

aa = ; 

      *

*
4

4
гo

г
г a

aa = ; 

      *

*
3

3
гo

г
г a

aa = ; 

      *

*
2

2
гo

г
г a

aa = ; 

      *

*
1

1
гo

г
г a

aa = ; 

      тшкгг aaa 45
*
9 = ; 

      тшкгтшкгг aaaaa 3544
*
8 += ; 

      тшкгтшкгтшкгг aaaaaaa 253443
*
7 ++= ; 

      тшкгтшкгтшкгтшкгг aaaaaaaaa 15443342
*
6 +++= ; 
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      тшкгтшкгтшкгтшкгтшкгг aaaaaaaaaaa 0514233241
*
5 ++++=  

      тшкгтшкгтшкгтшкгтшoккг aaaaaaaaaaa 0413223*14*
*
4 ++++= ; 

      тшкгтшкгтшкгтшoккг aaaaaaaaa 03122*13*
*
3 +++= ; 

      тшкгтшкгтшoккг aaaaaaa 022*12*
*
2 ++= ; 

      тшкгтшкгтшoккг aaaaaaa 0*00*11*
*
1 ++= ; 

      кгoВкбтшкгг bСCaaa += 0*
*
0 . 

Semdgomi amocana dakavSirebulia parametruli sinTezTan 

gamosaxuleba (150)-os gamoyenebiT, sadac varirebulis saxiT vk  

da pxb  parametrebs, romlebic warmoadgenen gaZlierebis 

koeficienti siCqariT da demfirebis koeficients gamosakvlevi 

sistemis hidravlikuri nawilis formulaSi. 

gawrfivebuli stacionaruli sistemis `wrfivi sasurveli 

procesis sistemis~ parametruli sinTezisaTvis gamoyenebul iqnas 

sinTezis cnobili meTodi mocemuli gardamavali procesebis 

mixedviT. 

sasurveli procesis xarisxSi SerCeuli iqna funqcia 

t
z
u

z
u

mxmx

m
x

pж
mm eAeAA

pN
pM

zapza

pzaA
px

21

1100

0

1
22

20

1
0

)(
)(

1

1
2)(

−−

+−=
++

⎟
⎠
⎞

⎜
⎝
⎛ +

= ,   (152) 

sadac p _ karsonis operatori, −mz drois masStaburi koeficienti, 

01 5,0 AA = . 

dasmuli amocanis amosaxsnelad parametruli sinTezis 

SemTxvevaSi mocemuli gardamavali procesebis sinTezis Tanaxmad 

vwerT koordinatebis sawyis tolobas 

)()( pxpx ржp ≈ . 

gaSlili saxiT gveqneba   

)()()()( 0 sxsxCsWsW ржржкбкгтш ≈− ,               (153) 

sadac −)(sx рж sasurveli koordinatis gamosaxuleba )(tx p , 

gardamavali mrudisaTvis, romelic realizebulia erTeuli 

safexurebrivi Semavali zemoqmedebis SemTxvevaSi.  
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toloba (153)-s gadavwerT Semdegi saxiT: 

)()()(
)()()(

)(

1

sxsxCsW
sBbsBksB

sAkK
ржржкбтш

pxлсvvv

vvкv +≈
++

+
.        (154) 

aq 

             кpxкprкгvs cmbmsasB ++= 5
2)( ; 

             кжкжкжv CksbksmksB ++= 2
1 )( ; 

             sCsCsbmsmsB кккккpx ++++= 224 )()( . 

(154) tolobis gardaqmnisas miviRebT: 

])()()()[()1()()]([ лсpxкvqvржкбmшvккv bsBksBsBsxCsWsAkK +++≈+ . 

an   

      ++−+− лсpxржкбvvржкбкгкv bsBsxCksBsxCskK )()()1()]()()1()([ 1  

0)]()()1()()([ 1 =+−+ sBsxCsWsA vржкбтшv .                   (155)            

gamsxvilebuli saxiT vwerT: 

)()()( 021 sbSks лc Φ=Φ+Φ ν ,                         (156) 

sadac  

)()()()1()( 11 sWksxsBCs кгкvржvкб −+=Φ ;                (157) 

)()()1()(2 sxsBCs ржpxкб +=Φ ;                        (158) 

)()()1()()()(0 sxsBCsWsAs ржvкбкг +−=Φ ν .             (159) 

Semogvaqvs ganxilvaSi warmosaxviTi sixSireebi ωδ j= , 

woniTi koeficientebi λm da vixilavT pirobiTi gantolebebis 

sistema [96, 135, 136]. 

),(),(),( 021 mmлcmvmvлmm zbzkz ννννν δλδλδλ Φ=Φ+Φ ,        (160) 

                     lL,,3,2,1=ν . 

 mniSvnelobebs vδ  da λm-Tvis gamoviTvliT [135] da [136] 

samuSaoebSi moyvanili damokidebulebebis Tanaxmad. 

aseTi saxiT miRebuli pirobiTi gantolebebis sistemas 

davamuSavebT umcires kvadratTa meTodiT da miviRebT: 

)1(
0

)1(
2

)1(
1 DkDbD vлс =+ ;                     (161) 

)2(
0

)2(
2

)2(
1 DkDbD vлс =+ ,                    (162) 
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sadac 

  ( ) ;
1

2
1

)1(
1 ∑

=
Φ=

l

i
mvD λ  

  ( )∑
=

ΦΦ=
l

1
12

2)2(
1

i
mvD λ ; 

  ( )∑
=

ΦΦ=
l

1
10

2)1(
0

i
mvD λ ; 

  
)1(

2
)2(

1 DD = ; 

( )∑
=

Φ=
l

1

2
2

)2(
2

i
mvD λ ; 

  ( )∑
=

ΦΦ=
l

1
20

2)2(
0

i
mvD λ . 

miRebuli normaluri gantolebebis saangariSo sistemis 

Tanaxmad ganvsazRvravT saZiebel parametrebs лсb  da лсk . 

aqve aRvniSnavT, rom miRebuli damokidebulebebis 

gamoyenebisas varirebulebis saxiT SeiZleba aRebuli iqnen aseve 

parametrebi kb  da шb  dinamikur rgolebSi. 

gamosakvlev sistemaSi mdgradobis pirobebis Semotanis 

proceduris realizaciisaTvis ganvixilavT sistemis maxasiaTebel 

gantolebebs. 

imis gamo, rom saqme gvaqvs me-9 xarisxis maxasiaTebel 

gantolebasTan mdgradobis sinTezisaTvis visargebloT uwyveti 

stacionaruli sistemis dinamikuri mdgradobis analizis cnobili 

meTodikiT, kerZod [8] samuSaoSi moyvaniliT. 

aRniSnuli meTodikis Tanaxmad ganixilaven damxmare 

parametrebs iλ , romlebic gamoisaxebian damokidebulebebiT: 

121 ++−= iiiii aaaaλ ,  2,2 −= ni .                      (163) 

Cveni SemTxvevisaTvis gveqneba: 

21301 гггг aaaa=λ ;   32412 гггг aaaa=λ ; 

                 43523 гггг aaaa=λ ;   54634 гггг aaaa=λ ; 

                 65745 гггг aaaa=λ ;   76856 гггг aaaa=λ ; 

                 87967 гггг aaaa=λ . 
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sakvlevi sistemis mdgradobisaTvis sakmarisia, rom 

sruldebodes toloba:  

465,0* ≈< λλi ,   2,1 −=∀ ni ;                    (164) 

89,0**
1 ≈<+ + λλλ ii , 3  ,1 −=∀ ni ;                 (165) 

121 <++ ++ iii λλλ , 4  ,1 −=∀ ni ;                   (166) 

)1)(1( 11 +− −−< iii λλλ ,  3  ,2 −=∀ ni .               (167) 

gardamavali procesebis agebisaTvis gawrfivebul sistemaSi 

viyenebT gamomavali )(tx  koordinatis zemoT miRebul 

gamosaxulebas 

1
1)(

1
2

2
3

3
4

4
5

5
6

6
7

7
8

8
9

9

1
2

2

+++++++++
++

=
sasasasasasasasasa

sbsbsx .    (168) 

gadavdivarT amplitudur-fazur maxasiaTebelze, risTvisac 

(168) gamosaxulebaSi s operatoris nacvlad Semogvaqvs argumenti 

ωj , sadac ω _ wriuli sixSire da j _ warmosaxviTi erTiania. 

viRebT amplitudur-fazur maxasiaTebels 

)(
)()(

ω
ωω

jB
jAjx = .                         (169) 

ukanasknelis gamoyenebiT vagebT sakvlevi sistemis sagnobriv-

sixSirul maxasiaTebels  

)()(
)()()()()](Re[)( 22 ωω

ωωωωωω
AB

BABA

RR
IIRRjxP

+
−

== ,           (170) 

sadac  

       
2

21)( ωω bRA −= ; 

       ωω 1)( bI A = ; 

  
8

8
6

6
4

4
2

21)( ωωωωω aaaaRB +++−= ; 

  
9

9
7

7
5

5
3

31)( ωωωωωω aaaaaI B ++++=  

)(ωAR  da )(ωBR _ warmosaxviTi nawilebi. 

Semdgomi amocana – integraluri miaxloveba procesebisa 

arawrfiv da gawrfivebul sistemebSi. amis miznisaTvis viyenebT 

funqcionals ganxilvadi sistemis hidravlikuri nawilis 

dinamikis arawrfivi gantolebis amonaxsnisagan 
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[ ])();(
0

ttxp

r

н εϕ∫=Φ ,                         (171) 

sadac  

             [ ] ++== ppppнpн xbxmtttx &&&&&)()();( ϕεϕ  

);,.;()(ж εpnvxp xFpktHxk F−++ &&
&                          (172) 

  xppn HxFp εε εFF =),;;( ; 

( )⎢
⎣

⎡
++−= xpppгц

n

ж signxBxBF
Fp

kH εε
&&&

12
11

2F ;              (173) 

px  da −ε arawrfivi sistemisaTvis SerCeuli `sasurveli procesis 

wrfivi sistemis~ koordinatebi; τ – miaxlovebaTa drois 

intervali. 

arawrfivi funqciis )(tH x&&  gaTvaliswinebas funqcionalSi 

ganxorcieleba naSromSi [138] moyvanili meTodikiT. 

sakiTxis zogadi dasmiT sinTezirebad parametrs vk  veZebT 

gantolebidan 

    0=
∂

Φ∂

vk
.                              (174) 

es gantoleba ganSlili saxiT Caiwereba ase 

[ ]∫
−

=−+++
0

0
0

εττ

ε εε dtHkHHxkxbxm xpvxpxpжpppp FF&&
&&&&&& .           (175) 

gamosaxuleba )(txpε  vsazRvravT rogorc )(0 txp -s wrfiv 

deformacias. aq )(0 txp  aris sistemis sasurveli gamomavali 

koordinati. 

aRniSnulTan dakavSirebiT viRebT tolobas 

.)( ***
pоксnopлсppxxp xCxkxbxmt +++= &&&&&&ε                   (176) 

gamoTvliTi operaciebis gamartivebis mxriv damokidebulebis 

(176) amoxsnisaTvis vwerT pirobiT gantolebaTa sistemas 

        ;0)()()( =+++ vxpjxpжjppjpp ktHxktxbtxm ε&&
&&&&&             (177) 

          1,,1,0 ni L= ; 

           
t

n
∆

= 0
1

ετ
; 
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aq t∆  aris drois biji sainterpolacio wertilTa Soris. 

pirobiT gantolebaTa sistemas vamuSavebT umcires 

kvadratTa meTodiT da gadavdivarT normalur gantolebaze. 

[ ] [ ]∑ ∑
= +

=
⎩
⎨
⎧

⎭
⎬
⎫

+
n

i

m

n
jкpjiкpiv ttHttHk

1 1

22
1

1

)()()()( εε εFF  

[ ] )()()()()()( 1
1

jjxp

m

j
jxjpжjppjpp tHttHtxktxbtxm Fε∑

=
+++= &&

&&&&&& .         (178) 

romlis amoxsniT viRebT Hvk -is sasurvel mniSvnelobas. 

rac Seexeba arastacionaruli sistemis dinamikuri 

mdgradobis kvlevis sakiTxebs Cvenis azriT yvelaze mizanSewonil 

midgomas warmoadgens analizi bonjiornos matriculi kriteriumis 

gamoyenebiT [139], romelic saSualebas gvaZlevs sistemisaTvis 

                         { } ytAy
dt
dy )(= ,                         (179) 

sadac −)(tA perioduli koeficientebis kvadratuli matricaa, 

       y_mdgomareobis veqtoria, miviRoT mdgradobis sakmarisi 

pirobebi. 

bonjiornos kriteriumis gamoyenebisaTvis A(t) periodul 

matricas warmoadgenen Semdegi saxiT 

),(~)( 0 tAAtA +=                           (180) 

sadac 0A  da −)(~ tA mudmivi da cvladi Semadgenelebia. 

iZulebiTi moZraobebis kvlevisTvis SeiZleba daveyrdnoT 

naSromebSi (164) moyvanil Tanamimdevrul miaxloebebis meTodebs. 

TanamimderobiTi miaxloebis meTodis gamoyenebis obieqtad 

virCevT arawrfiv models, romelic matriculi formiT SeiZleba 

CavweroT Semdegnairad: 

              { } { } { } { }QxxcxxBxA =++ )()( &&& ;                  (181) 

sadac { } [ ] −= T
kb zx
1

,,ϕϕ ganzogadoebuli koordinatebis veqtor-

svetia; { } [ ] −= T
b FxQ 0,,)( ϕϕϕ ganzogadoebuli Zalebis veqtor-svetia, 

aseve arawrfivad damokidebul ganzogadebul { }x  koordinatebze; 
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)(xB , −)(xc ganzogadebul koordinatebze arawrfivad damokidebuli 

matricebia. 

sistemas (182) ganvixilavT Semdegi saxiT: 

{ } { } { } { } { } { } ),(~)(~)(~
*00 xQxxCxxBQxCxBxA +−−=++ &&&&          (182) 

sadac 0B , 0C  da B~ , −C~ Sesabamisi matricebis mudmivi da cvladi 

Semdgenebia. 

viRebT, ra gasaSualebuli sistemis amonaxsns, rogorc 

pirvel miaxloebas, Semdgom miaxloebiTebs veZebT gantolebebidan  

{ } { } { } { } { } { })()()1(
0

)1(
0

)1( )(~)(~ iiiiiii xxCxxBQxCxBxA +−=++ +++ &&&& ;          (183) 

sadac 
)1( +ix  da −)(ix Sesabamisad )1( +i  da i-s miaxlovebebia. 

zemoTmoyvanili matriculi damokidebulebebis gamoyenebiT 

mdgradobis analizi SeiZleba avagoT gasaSualebuli modelebis 

gamoyenebaze m.z.kolovskis vibromdgradobasTan SeTavsebiT, 

analogiurad, rogorc es moyvanilia naSromSi [123]. 

sinTezis SemoTavazebuli meTodis aprobaciisaTvis vatarebT 

konkretul saangariSo gamokvlevebs. amisaTvis sasurveli 

procesis sawyis parametrebad iqna arCeuli 
wm

1301 =u  da 

.1402
wm

=u  amasTan erTad TviT sakvlev sistemasTan mimarTebaSi 

araregulirebadi parametrebis mniSvnelobebad iqna SerCeuli 

m

n4200=δC , 
m

n21001 =C , 
m

n21002 =C ; 
m

ns510=кb ,
m

n810=жk , кm = 12 kg, 

pm =200 kg. 

am mniSvnelobaTa gamoyenebiT regulirebadi )(tx  koordinatis 

gamosaxuleba iRebs saxes 

   
+⋅+⋅+⋅+⋅+⋅

+⋅+⋅
= −−−−−

−−

5363738393

323

1007,21076,1101008,010001,0
11001,2105,11)(

sssss
sssX  

       11047,2107,21106,48106,55 3233343 +⋅+⋅+⋅+⋅+ −−−− ssss  

gawrfivebuli `sasurveli procesis sistemis~ sinTezis 

safuZvelze miRebuli iqna sinTezirebadi vлk  pxk  parametrebis 
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mniSvnelobebi gamosaxulni urTierTkavSirSi kompleqsur mz  

parametrTan. 

es damokidebulebebi moyvanilia nax. 21.  

sadac: )( mvл zk  funqciis da 2 ki )( mpx zb  funqciis amsaxveli 

mrudebi. amave naxazze mrudiT 3 moyvanilia arawrfiv sistemasTan 

mimarTebaSi Catarebuli gaangariSebebi.  

gawrfivebuli sistemis dinamikuri mdgradobis analizisaTvis 

viyenebT iλ  kieficientebi [137]. 

fardoba Tanamimdevrobas  

nn aa 2− , 13 −− nn aa , 24 −− nn aa  ,..., 31 aa , 20 ,aa .           (184) 

Cvens sistemasTan mimarTebaSi, rodesac mz =1,4 Tanamimdevroba 

(183) aisaxeba cifrebiT 710; 250; 100; 30; 10; 0,5; 0,1. radganac es 

Tanamimdevroba klebadia cifri 2-ze metjer aris naklebi sistema 

mdgradi. 

rodesac mz =0,8 Tanamimdevroba (184) iRebs saxes 

312, 201, 110, 30, 15, 0,6, 0,48, 0,08 

iλ -s  zusti mniSvnelobebia iλ =0,1; 0,2; 0,3; 0,5; 0,04, 0,8, 0,046. yvela 

wevri ar aris 0,465 naklebi, amitom unda gamovTvaloT iλ -s ori 

mezobeli wevrebis jami. 

viRebT Tanamimdevrobas: 0,85; 0,79; 0,75; 0,54; 0,87, 0,246. yvela 

jami aris 0,89-ze naklebi, e.i. sistema mdgradia. 

gadavdivarT gardamavali mrudebis agebaze, safuZvlad 

viRebT amplitudur-fazur maxasiaTebels 

  
+⋅−⋅−⋅+⋅

+⋅
= −−−−

−

63738393

3

1076,1103,01003,010001,0
110101,2)(

ωωωω
ωω

jjjj
juX  

  +⋅−⋅−⋅+⋅+ −−−− 23334353 107,21106,48106,551007,2 ωωωω jjjj  

  11047,2 3 +⋅+ − ωj . 

 

 

 



93 
 

 

 

 

 

 

 

 

 

 

nax. 21. sinTezis Sedegad miRebuli funqcionaluri 

damokidebulebebi: 1 – )( mv zk ; 2 – )( mpx zb ; 

3 – )(н mv zk  
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nax. 22. sistemis sagnobrivi sixSiruli maxasiaTeblebi 
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nax. 23. gardamavali procesebis mrudebi 
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sagnobrivi maxasiaTeblis (183) gamoyenebiT vagebT 

gardamavali procesebis mrudebs [78, 79, 140]. 

nax. 22-ze moyvanilia sagnobrivi sixSirul maxasiaTeblebis 

mrudebi (mrudebi 1 da 2), romlebic Seesabamebian mz -is 

mniSvnelobebs 0,6 da 1,0. 

TviT gardamavali procesebis mrudebi ki moyvanilia nax. 23. 

aq mrudebi 1 da 2 Seesabamebian drois masStaburi koeficientis 

mz =0,6 da mz =1,0, 3 – sasurveli procesis mrudia. 

moyvanili gardamavali procesebis mrudebi erTis mxriv 

gviCveneben maT siaxloves sasurvelTan da meores mxriv imas, rom 

miRebuli sinTezirebadi parametrebi gardamavali procesebis 

mrudebTan SeTanwyobaSi gvaZleven sinTezirebadi parametrebis 

SerCevis saSualebas gardamavali procesebis saWiro maCveneblebis 

miRebis pirobidan gamomdinare. 

 

2.5. rTulprofiliani zedapirebis samkoordinatiani 

kopirebis sistema [129] 

 

naSromSi ganxiluli makopirebeli saCarxo sistemebis 

Semdgomi struqturuli da funqcionaluri ganviTarebis 

TvalsazrisiT SemuSavebulia samkoordinatiani makopirebeli 

saCarxo sistema, romelic iZleva or sibtyeSi gaRunuli 

mrudwirul-fasonuri detalebis xexviT damuSavebis procesis 

realizaciis saSualebas [129]. 

nax. 24-ze moyvanilia Carxis kinematikuri sqema 

aqsonometriaSi, xolo nax. 25-ze – Carxis sqema winxedSi. 

Carxi Seicavs transportiorebs 1, Siga 2 da gare 4 Caketil 

oTxrgolebs, romlebSic Siga oTxrgola mxreulebiT 3 saxrulad 

dakavSirebulia gare oTxrgolasTan 4, romlis mxreulebi 5 

saxrulad ukavSirdebs sadgars. Siga oTxrgolaze wriul 

mimmarTvelebSi 6 damontaJebulia rotori 7, romelzedac 

Tavisuflad aris dasmuli kbila Tvali 8. kbila Tvali 8 

modebulia kbila TvlebTan 9, romelic dasmulia rotorze 7  
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nax. 24. makopirebeli Carxis sivrciTi kinematikuri sqema 
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nax. 25. makopirebeli Carxis kinematikuri sqema 
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dayenebul lilvze 10. rotori brunvis dros zidavs or saxex 

cilindrs 11 da 12, romelTa RerZebi dayenebulia Stangebis 13 

sakisrebSi da zidaven maTze xistad damagrebul kbilanebs 14. 

Stangebi 13 mierTebulia lilvebis 15 RerZebTan, romelTa mimarT 

saxexi cilindrebis 11 da 12 gasawonasworeblad damagrebulia 

tvirTebi 16. lilvebi 15 dayenebulia moqanave CarCoebze 17. 

Stangebi 13 Sedis mimmarTvel milisebSi 18 da saxsrulad 

uerTdeba rotorze dayenebul berketebs 19, romlebic 

gawonasworebuli aris sapirwoneTi 20. amasTan, berketebi 19 

rotorTan saxsrulad aris dakavSirebuli demferebis 21 

saSualebiT. 

mmarTveli rgoli 22 kontaqtSia rotorze diametrulad, 

ori erTmaneTis perpendikularuli mimarTulebiT damontaJebul 

mxreulebze 23 dayenebul gorgolaWebTan 24. kontaqti mmarTvel 

rgolsa 22 da gorgolaWebs 24 Soris xorcieldeba mxreulebTan 

23 saxsrulad mierTebul koWebze 25 Camoxmuli saregulirebeli 

zambarebis 26 daxmarebiT. zambarebi 26 Tavis mxriv eyrdnoba 

berketebs 19. 

mmarTveli rgoli 22 saxrulad aris dakavSirebuli Siga 

oTxrgolas oTxive gverdze dayenebuli horizontalur da 

vertikalur mxreulebTan 27, 28, 29 da 30. mxreulebi 27, 28 

aRWurvilia saregulirebeli zambarebiT 31, 32, 33 da 34. amasTan, 

ori (erTi horizontaluri 27 da erTi vertikaluri 28) kontaqtSia 

Siga oTxrgolaze damagrebul hidravlikur mkveTarebian 

manawileblebTan 35 da 36. mimyoli mkveTarebiani manawileblebi 

35 da 36 hidravlikuri kavSiris daxmarebiT (figuraze naCvenebi 

ar aris) dakavSirebulia Semsrulebel hidrocilindrebTan 37 da 

38. es hidrocilindrebi saxsrulad dayenebulia sadgarze da 

gare oTxrgolaze da WokebiT 39 da 40 saxsrulad uerTdeba 

Sesabamisad gare oTxrgolas mxreuls 5 da Siga oTxrgolas 2. 

saxexi cilindrebis 11 da 12 lilvebze dayenebulia 

konusuri kbilanebi 14 modebaSia lilvze 15 xistad dasmul 

kbilanebTan 41. lilvebze 15 agreTve, dasmulia konusuri 
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kbilanebi 42, romlebic modebaSia konusur kbilanebTan 43. es 

ukanasknelebi xistad dasmulia lilvebze 44. lilvebze 44 

agreTve, xistad dasmulia konusuri kbila Tvlebi 45, romlebic 

modebaSia lilvebze 10 damagrebul kbilanebTan 46. TiToeul 

moqanave CarCis 17 aqvs sabiZgeblebi 47 menjiT 48, romlis ori 

gorgolaWi 49 Semogordeba muStas 50 fersoze, romelic xistad 

mierTebulia rotorze 7 brunvis saSualebiT dayenebul kbila 

TvalTan 51. am ukanasknelis kbilTa ricxvi 1 an 2 kbiliT 

naklebia, vidre kbilanisa 52, romelic xistad aris damagrebuli 

rotorze. kbila Tvlebi 51 da 52 modebaSi aris kbilanebTan 53 

da 54, romlebic xistadaa dasmuli Siga oTxrfolaze 2 dayenebul 

lilvze 55. es ukanaskneli brunviT moZraobaSi modis 

hidroamZravaTi 56. rotorze 7 damagrebuli kbila Tvali 57 

modebaSia kbila TvalTan 58, romelic dasmulia hidroamZravas 59 

lilvze. dasamuSavebeli detali 60 moTavsebulia saxex 

cilindrebs 11 da 12 Soris. hidrocilindrebis 37 da 38 garda 

urTierTkavSiri Siga da gare oTxrgolebs 2, 4 Soris 

xorcieldeba agreTve, maTze boloebiT mierTebuli zambarebiT 

63. analogiurad mxreulebi 5 zambarebis 61 da 62 saSualebiT 

urTierTdakavSirebulia sadgarTan. 

Carxi muSaobs Semdegnairad: dasamuSavebeli detalis zomebis 

mixedviT ewyoba transportiorebi 1. namzadi 60 miewodeba 

transportiorebSi 1, romlebic gadaadgilebs mas saxexi 

cilindrebis 11, 12 Soris RriWoSi. saxexi cilindrebi brunavs, 

rogorc Tavisi RerZebis garSemo, agreTve rotorTan erTad 

detalis garSemo iseTi siCqariT, rom gasaxexi zolis sigane 

damokidebuli saxexi pnevmocilindrebis detalTan kontaqtis 

zomebze, unda iyos namzadis gadaadgilebaze meti rotoris 

naxevari brunvisaTvis saWiro droSi. saxexi cilindrebi brunviT 

moZraobas Rebulobs ori jaWvis mixedviT: a) hidroZravadan 59 

jaWviT 58-57-8-9-46-45-43-42-41-14; 

b) hidroamZravadan 56 – kbila gadacema 54-52, rotori 7 da 

kbilanebi 9 rotorTan erTad Semogordebian kbila Tvalze 8 da 
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Semdeg brunviT moZraobas Rebulobs jaWviT 9-46-45-43-42-41-14. 

amZravis ganxilul sqemaSi kbilanebi 9 warmoadgens diferencia-

luri meqanizmis satelitebs, romlebzedac xorcieldeba 

centraluri kbila Tvalidan 8 da rotoris 7 satarisagan – 

rotorze damagrebuli kbila TvliT 52 miwodebuli moZraobebis 

Sejameba. 

saxexi cilindrebi brunviTi moZraobebis garda, asrulebs 

ukuqceviT-winsvliT moZraobebs, rac aucilebelia saxexi 

garsamosis zedapiris mTliani da Tanabari gamoyenebisaTvis. 

aRniSnuli xorcieldeba CarCoebis 17 saxex cilindrebTan erTad 

qanaobiT. CarCoebis qanaoba xorcieldeba muStasTan 50 

sabiZgeblebis 47 saSualebiT. muStas profili uzrunvelyofs 

sabiZgeblebisa da saxexi cilindrebis Tanabar qanaobas. muStas 

umniSvnelo siCqariT brunva rotoris mimarT miRweulia kbila 

Tvlebis 51 da 52 kbilTa ricxvebs Soris umniSvnelo sxvaobiT (1 

an 2 kbiliT), romlebsac aqvT erTi amZravi hidroZravisagan 56 

kbilanebis 53 sa 54 daxmarebiT. uZravi rotoris dros saxexi 

cilindrebi brunviT moZraobas Rebulobs mxolod jaWviT 58-57-8-

9-46-45-43-42-41-14. am SemTxvevaSi kbilana 54 eleqtroquros 

daxmarebiT (figuraze naCvenebi ar aris) gamoirTveba Zravas 56 

lilvisagan, ris Sedegadac brunviTi moZraoba Zravidan 56 

gadaecema mxolod muStas 50. 

saxexi cilindrebis namzadze aucilebeli miWeris Zala 

uzrunvelyofilia maTSi daWirxnuli haeris wnevis xarisxiT da 

saregulirebeli zambarebis 26 ZaliT. saxexi cilindrebis da 

berketebis dabalanseba xorcieldeba tvirTebiT 16 da 20. 

dempferebis 21 sqemaSi CarTva da mmarTveli rgolis dakavSireba 

Siga oTxrgolasTan mimarTulia saxexi cilindrebisa da TviT 

mmarTveli rgolis 22 rxevebisa da namzadze saxexi cilindrebis 

miWeris Zalis Semcirebisaken. 

sworxazovani simetriuli cvladi kveTis detalis 

damuSavebis SemTxvevaSi, Tu misi RerZi emTxveva rotoris brunvis 

RerZs, detali, miewodeba ra saxex cilindrebs Soris RriWoSi, 
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simetriulad swevs maT rotoris RerZis mimarT (sawyis 

mdgomareobaSi rotoris 7 da mmarTveli rgolis 22RerZebi 

erTmaneTs emTxveva). erTnairi sididiT gadaixreba mimmarTveli 

milisebi 18, berketebi 19, radganac erTnairi zomiT moqmedeben 

zambarebze 26. amasTan, mxreulebi 27, 28 da agreTve, mimmarTveli 

rgoli 22, rotoris RerZis mimarT radialuri mimarTulebiT 

rCeba uZrav mdgomareobaSi. 

erTnairi kveTis sivrciTi moRunuli an mrudwiruli 

detalis damuSavebis SemTxvevaSi, detali, miewodeba ra saxexi 

cilindrebs Soris, Tavisi gamoSverili nawilis gadaadgilebis 

mixedviT, moqmedebs erT-erT saxex cilindrze da gadaswevs mas 

rotoris RerZis mimarT. aRniSnul cilindrze moqmedeba da misi 

gadaadgileba radialuri mimarTulebiT gadaecema mmarTvel 

rgols 22 – erT-erTi zambaris 26 saSualebiT. zambaris 26 mier 

rgolis 22 gadanacvleba xorcieldeba detalze erT-erTi saxexi 

cilindris miWeris mimarTulebis sawinaaRmdego mxridan. 

aseTnairad xorcieldeba mmarTveli rgolis 22 miyola detalis 

RerZis mimarT. rgolis 22 gadaweva rotoris mimarT sibrtyeSi, 

romelic ar emTxveva vertikalur da horizontalur sibrtyeebs, 

iwvevs mxreulebis 27 da 28 mobrunebas. mxreulebis 27 da 28 

kuTxuri Semobruneba iwvevs mkveTarebis gadanacvlebas 

mkveTarebiani manawileblis 35 da 36 korpusebSi. amis Sedegad 

moqmedebaSi modis hidrocilindrebis 37 da 38 Wokebi 39 da 40, 

romlebsac moZraobaSi mohyavs Siga oTxTvala 2 masze dayenebuli 

rotoriTa da mimyoli mkveTariani manawileblebiT 35 da 36, 

riTac miiRweva rotoris mudmivi miyola `mmarTveli~ rgolis 

RerZis mimarT, aqedan gamomdinare dasamuSavebeli detalis 

RerZis mimarTac. 

rotoris Semomwvdomi mmarTveli rgolis gaCereba, anu 

rotorTan erTad brunviTi moZraobisagan ganTavisufleba, 

gvaZlevs mimyoli sistemis dinamikuri mdgradobis xarisxis 

amaRlebis saSualebas, rac pirdapir kavSirSia moTvalTvale 
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procesis dinamikuri sizustisa da swrafqmedebis mniSvnelovan 

gaumjobesebasTan. 

moyvanili Carxis gamoyeneba saSualebas mogvcems xis 

rTulprofiliani detalebis xexvis procesis dros 

ganvaxorcieloT rotoris RerZis orkoordinatiani miyola 

sivrciTi mrudwiruli namzadebis RerZis mimarT, Semsrulebeli 

hidrocilindrebis mkveTri gadasvliTi moZraobebis gamoricxviT. 

SevamciroT Carxis muSaobisaTvis aucilebeli siCqareebisa da 

aCqarebebis sidideebi, da Sedegad Semsrulebeli hidrocilind-

rebis mier gadalaxuli inerciuli datvirTvebi, rasac mivyevarT 

dasamuSavebeli detalebis miwodebis siCqareebisa da rogorc 

Sedegi, agreTve, Carxis mwarmoeblurobis gazrdisaken.  

 

2.6. makopirebeli Carxis samkoordinatian moTvalTvale 

sistemis eleqtrohidravlikuri struqtura 

 

kidev erT Semdgom midgomas rotorul-saxexi saCarxo 

sistemebis struqturul-funqcionaluri da xarisxobriv 

srulyofisadmi warmoadgens moTvalTvale meqanizmebis ageba 

eleqtrohidravlikuri moTvalTvale amZravebis gamoyenebiT. es 

iZleva saSualebas mniSvnelovnad SevamciroT sistemis 

Semadarebeli mowyobilobis Zalovani zemoqmedeba makopirebel 

rgolze, ganvaxorcieloT mTliani sistemis konstruqciuli 

srulyofa. sistemis dinamikuri maxasiaTeblebis amaRlebis 

TvalsazrisiT. 

eleqtrohidravlikuri moTvalTvale amZravebi uzrunvel-

yofen obieqtis mdebareobis da eleqtruli signalis marTvas 

Soris proporciul kavSirs. miRebulia maTi dayofa or saxed: 

eleqtruli ukukavSiriT da hidromeqanikuri ukukavSiriT. aseTi 

pirobiTi dayofa aixsneba imiT, rom xSirad eleqtrohidravlikur 

moTvalTvale amZravebs aqvT kombinirebuli ukukavSiri: 

eleqtruli da hidromeqanikuri [34]. 
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Cveulebriv eleqtrohidravlikuri moTvalTvale amZravebi 

Seicaven hidravlikur kvebis wyaros, eleqtrul maZlierebel-

summatrs, eleqtrohidravlikur maZlierebels, hidroamZravsa da 

ukukavSiris gadamwods. eleqtrohidravlikuri moTvalTvale 

amZravis muSaoba, rogorc wesi ganixileba obieqtis marTvis 

gaTvaliswinebiT, radganac is Cveulebriv xSirad gansazRvravs 

cvalebadi datvirTvis xasiaTs da amZravis maxasiaTeblebs. 

moTvalTvale hidroamZravis statikuri da dinamikuri 

maxasiaTeblebis analizis gasamartiveblad xSirad ganixilaven 

hidravlikuri kvebis wyaros gaJonvis gareSe, Tu es ukanaskneli 

ar axdens am maxasiaTeblebze mniSvnelovan gavlenas. 

eleqtrohidravlikur moTvalTvale amZravebSi xSirad 

gamoiyeneba eleqtruli ukukavSirebi, romlebic saSualebas 

iZlevian martivad uzrunvelyoT moTxovnili statikuri da 

dinamikuri maxasiaTeblebi, moTxovnili maZliereblis koeficientebi 

da eleqtruli signalebis marTvis cvlis xasiaTi da ukuavSiri. 

eleqtruli moTvalTvale amZravis umartivesi sqema 

moyvanilia nax. 26. 

nax. 26. mdebareobis eleqtruli ukukavSiriani  

eleqtrohidravlikuri moTvalTvale amZravis 

principuli sqema 
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is Sedgeba eleqtruli – Semmajameblisagan (1), eleqtro-

hidravlikuri maZliereblis (2), hidroamZravis (5) da mdgomareobis 

uaryofiTi ukukavSiris gadamwodisagan, romelSic Sedis 

potenciometri (12), denis CamrTmevi (6) da firfita (9). 

eleqtrohidravlikuri moTvalTvale amZravis konstruqciis 

ZiriTad elements warmoadgens filtri (3), romelic Cveulebriv 

magrdeba an eleqtrohidromaZliereblis korpusze an 

hidroamZravis korpusze. hidrocilindri (5) magrdeba sadgarze 

(11) Cveulebriv gardamavali cilindris (8) saSualebiT, 

romelSic ganlagebulia ukukavSiris gadamwodebi. am SemTxvevaSi 

mdebareobis ukukavSiris gadamwodebad gamoiyeneba ukukavSiris 

potenciometri (12), romlis firfita magrdeba izolatoris (7) 

saSualebiT hidrocilindris (5) Wokze. cifriT (10) aRniSnulia 

pirobiTi dayrdnobis sixiste. 

eleqtrohidravlikuri maZliereblis nacvlad SeiZleba 

iyos gamoyenebuli nebismieri eleqtrohidravlikuri maZlierebeli, 

romelic uzrunvelyofs proporciulobas hidroamZravis 

Semsrulebeli xazebis xarjsa da denis marTvas Soris. 

ukukavSiris gadamwodad SeiZleba iyos gamoyenebuli ara 

marto potenciometri, aramed nebismieri cvladi denis gadamwodi, 

mag. selsoni, mbrunavi tranformatorebi da sxva induqciuri da 

induqciur meqanikur-eleqtruli gardamqmnelebi, romlebTanac 

muSaobisas gamoiyeneba eleqtruli maZliereblis – summatoris 

nacvlad cvladi denis fazurmgrZnobelobiTi eleqtruli 

maZliereblebi. 

eleqtrohidravlikuri moTvalTvale amZravi (nax. 26) 

muSaobs Semdegnairad. marTvis signalis упрu  gaCenisTanave 

eleqtrohidravlikuri gamanawileblis gardaqmnebis gragnilze 

warmoiqmneba deni, romelic waanacvlebs marTvis elementis 

gamomaval hidromaZliereblis kaskads da aiZulebs 

hidrocilindris (5) Wokma imoZraos marTvis obieqtTan (4) erTad. 

aqedan gamomdinare QWokis moZraobasTan erTad moZraobas iwyebs 



106 
 

maTTan erTad potenciometris (12) firfita (9), rasac mivyavarT 

Zabvis warmoSobasTan ukukavSiris ocu  jaWvSi. es Zabva sididis da 

Zabvis marTvis niSniT Seedreba maZlierebel-Semmajamebels. 

radganac eleqtruli ukukavSiri mdgomareobis CarTulia 

uaryofiTi niSniT, da Zabvis ukukavSiris gazrdiT Semcirdeba 

gauTanxmoebis signali ocuuu −= уприх . rogorc ki is gautoldeba 

nuls, eleqtrohidrogamanawileblis (2) elementebi daikaveben 

neitralur mdgomareobas da hidrocilindris Woki marTvis 

signalis proporciul mdebareobaSi gaCerdeba. 

ganvixiloT eleqtrohidravlikuri moTvalTvale amZravis 

muSaoba inerciuli datvirTvis da araxisti sayrdenis 

gaTvaliswinebiT. eleqtrohidravlikuri maZliereblis magivrad 

SeiZleba gamoyenebuli iyos eleqtrohidravlikuri maZlierebeli-

saqSeni-safari-ukukavSiris gareSe. 

damatebiTi gantolebebi, romlebic aRweren gansaxilveli 

hidroamZravis dinamikas, iqnebian Semdegi gantolebebi, romlebic 

Cawerilia operatiul formaSi. 

ukukavSiris gantoleba 

)()()( sususu ocyBX −= .                       (185) 

eleqtruli gamaZliereblis gantoleba 

)()( Э suksu BX= .                           (186) 

ukukavSiris potenciometris gantoleba, gamomdinare 

pirobidan, rom mdgomareobis gadamwodis damagreba da araxisti 

sayrdenis arseboba operatiul formaSi SeiZleba Caiweros 

Semdegnairad: 

)]()([)( циу sysYksu moc −= .                     (187) 

Zalebis gantolebas, araxisti sayrdenebis da Zalebis, 

romlebic proporciulia datvirTvis siCqaris moZraobisa eqneba 

saxe: 

dt
dy

k
dt

ymdmyc m
ypцOП &+= 2

2

.                     (188) 
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agreTve mkveTariani hidrogamanawilebeli – hidrocilindris 

sistemis xarjis gawrfivebul gantolebas eqneba saxe: 

dt
dp

E
V

dt
dy

f
dt

dy
fPKxK Qm

QpQx 2
0++=− ΠΠ . 

operatorul formaze miyvanisa da erToblivad amoxsnis 

Semdeg, miviRebT gantolebas, romelic dinamikurad akavSirebs 

datvirTvis koordinats da mkveTaras mdgomareobas, inerciuli 

datvirTvis gaTvaliswinebiT da siCqaris xaxunis Zalis datvirTvaSi 

)(
)12(

)( 22 sx
sTssT

k
sy x

m ++
=

ξ
υ .                    (189) 
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kavSiri cilindrisa da datvirTvis masis SefardebiT 

mdgomareobasTan SeiZleba miviRoT gantolebidan (188), romelic 

operatoruli formis dayvanis Semdeg miiRebs saxes: 

)()( 2 sy
c
k

s
c
msy m

O

yp

O
ц ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+=

ΠΠ

&
. 

miRebuli gamosaxulebis Casma gantolebaSi (187) saSualebas 

gvaZlevs miviRoT ukukavSiris gantoleba, romelic gamoxatulia 

datvirTvis koeficientiT: 

)()12()( 22 sysTsTksu mOOonuyoc ++= ΠΠξ ,                (190) 

sadac 
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Π
Π =

O
O c

mT ;  

Π
Π =

O

yp
O mc

k

2
&ξ . 

konturSi, romelic SemosazRvrulia uaryofiTi ukukavSiriT, 

rxeviTi rgolis arsebobas mivyavarT siCqareze vargisianobis 

koeficientis mkveTr SemcirebasTan fazis da amplitudis 

dasaSveb zRvrebSi, aradatvirTuli eleqtrohidravlikuri 

moTvalTvale amZravTan SedarebiT, rac mniSvnelovnad amcirebs 

masiT datvirTuli amZravis swrafqmedebas. 

roca saWiroa miviRoT masiT datvirTuli eleqtrohidrav-

likuri moTvalTvale amZravis maRali swrafqmedeba, maSin 

siCqaris vargisianobis gazrdiT, gamoiyeneba makoreqtirebeli 

mowyobiloba. koreqciis erT-erT efeqtur saSualebas warmoadgens 

damatebiTi uaryofiTi ukukavSiris SemoReba hidroZravis wamyvani 

rgolis aCqarebiT [34]. 

 

2.7. samkoordinatiani moTvalTvale sistemis dinamikuri 

analizis meTodologiuri midgomebi 

 

SemuSavebuli samkoordinatiani makopirebeli sistema (nax. 

25) (rogorc eleqtrohidromeqanikuri, aseve aRWurvili 

eleqtrohidravlikuri moTvalTvale elementebiT) dinamikuri 

kvlevis sakiTxebis gadaWrisas warmodgenili iqneba sakmaod 

rTuli mravalganzomilebiani arastacionaruli dinamikuri 

modelebiT. 

aRniSnulTan dakavSirebiT aseT sistemebTan mimarTebaSi 

Cvens mier SemoTavazebulia ZiriTadi meTodologiuri midgomebi, 

romlebic iZlevian SemdgomisaTvis kvleviTi amocanebis  gadaWris 

efeqturi gamoyenebiTi meTodebis SemuSavebis da praqtikuli 

gamoyenebis saSualebas [141, 142]. 

zogadi midgomiT sakvlevi sistemis maTematikuri modeli 

SeiZleba Cawerili iqnas Semdegi saxiT [143]. 

),()( txFtx =& ,      0)0( xx = ,                       (191) 

sadac 
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               (192) 

im SemTxvevaSi, roca funqciebi nfff ,,, 21 K  ar arian 

damokidebulni droze, maSin sistemas ewodeba stacionaruli 

(avtonomiuri), da (192), (193) aqvs saxe: 

)()( xFtx =& , 0)0( xx = ,                        (193) 

sadac 
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                   (194) 

winaaRmdeg SemTxvevaSi sistemas ewodeba arastacionaruli 

(araavtonomiuri) [143]. orive SemTxvevaSi, roca funqciebi 

nfff ,,, 21 K  cvladebze )(,),(),( 21 txtxtx nK  damokidebulni arian 

wrfivad, sistemas ewodeba wrfivi, winaaRmdeg SemTxvevaSi – 

arawrfivi. wrfivi arastacionaruli sistema SeiZleba CavweroT 

matriculi saxiT: 

)()()()( tbtxtAtx +=& , 0)0( xx = ,                  (195) 

sadac )(tA -s ewodeba sistemis matrica, xolo )(tb -s Tavisufal 

wevrTa veqtori da aqvT Semdegi saxe: 
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,                  (196)  

T
n tbtbtbtb ))(,),(),(()( 21 K= .                       (197) 

roca Tavisufal wevrTa veqtori igivurad tolia nulovani 

veqtorisa, sistemas ewodeba erTgvarovani, winaaRmdeg SemTxvevaSi 

– araerTgvarovani. erTgvarovan sistemas aqvs saxe 

)()()( txtAtx ⋅=& , 0)0( xx = .                    (198) 

rodesac matrica )(tA  aris mudmivi, anu ar aris damokidebuli 

droze, maSin gveqneba erTgvarovani stacionaruli wrfivi 

sistema da Caiwereba Semdegi saxiT: 
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)()( txAtx ⋅=& , 0)0( xx = ,                     (199) 

sadac 
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rogorc zemoT aRvniSneT, dinamikaSi erTi an ramodenime 

rgolis moZraobas SeiZleba hqondes amplitudas zrdis tendencia. 

aramkacrad rom vTqvaT aseT sistemebs ewodebaT aramdgradi. 

sistemis aramdgradobas sxvadasxva SemTxvevaSi SeiZleba hqondes 

sxvadasxva mizezi. am mizezebs ikvlevs dinamikuri sistemebis 

mdgradobis Teoria. arseboben mdgradobis sxvadasxva Teoriebi. 

maT Soris farTo gavrceleba hpova liapunovis mdgradobis 

Teoriam da meTodebma [144]. am Teoriis gacnoba SesaZlebelia 

arsebuli mravalricxovani literaturis saSualebiT, maT Soris 

[144]. Cven SemovifarglebiT mxolod am Teoriis ganmartebebis, 

terminologiis da Sedegebis gamoyenebiT. 

wrfivi, erTgvarovani (stacionaluri da arastacionaruli) 

sistemis nulovani amonaxsni ewodeba (198) an (199) wrfiv 

diferencialur gantolebaTa sistemis kerZo amonaxsns, sawyisi 

pirobiT 0)0( =x . cnobilia, rom [145] araerTgvarovani sistemis 

romelime kerZo amonaxsnis mdgradoba ekvivalenturia Sesabamisi 

erTgvarovani sistemis nulovani amonaxsnis mdgradobisa. rac 

Seexeba arawrfiv (stacionarul da arastacionarul) sistemebs, 

cnobilia Semdegi Teorema [143, 145] (193) sistemis mdgradoba 

pirveli miaxloebiT 

)()()(
0

txAtx
x
Ftx

x

⋅=⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

≈
=

& ,                   (201) 

sadac  
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Tu gawrfivebuli sistemis 

)()( tAt ξξ ⋅=& .                         (203) 

nulovani amonaxsni asimptoturad mdgradia, maSin 

asimptoturad mdgradia (191) sistemac. ese igi, arawrfivi 

sistemis mdgradobaze SeiZleba gavakeToT daskvna Sesabamisi 

wrfivi sistemis mdgradobis mixedviT. 

Tu gaviTvaliswinoT zemoT moyvanil argumentebs, davinaxavT, 

rom wrfivi, erTgvarovani (stacionaruli da arastacionaruli) 

sistemis nulovani amonaxsnis mdgradobis anu ubralod 

mdgradobis pirobebis kvlevas didi mniSvneloba aqvs rogorc 

wrfivi, aseve arawrfivi sistemebis mdgradobis Seswavlis 

sakiTxSi, amitom Cven aq mimovixilavT ZiriTadad, swored wrfiv, 

erTgvarovan (stacionarul da arastacionarul) sistemebs da 

maTi mdgradobis sakiTxebs. aRniSnul sistemebs Soris 

mniSvnelovani adgili uWiravs egreT wodebul periodul 

sistemebs, anu sistemebs, romelTa matrica akmayofilebs pirobas: 

)()( tATtA ++ ,                          (204) 

sadac T raime mudmivi dadebiTi namdvili ricxvia, umciress 

aseTTa Soris ewodeba sistemis periodi. 

CavweroT raime arastacionaruli, sazogadod arawrfivi 

m
n Ppppp ∈= ),,,( 21 K  parametrTa veqtorze damokidebuli procesis 

gantoleba 

),,()( tpxFtx =& , 0)0( xx = .                   (205) 

realuri fizikuri sistemis, romlis miaxloebasac 

warmoadgens (205) procesis gantoleba, parametruli, asimptoturi 

mdgradobis are aRvniSnoT RD -Ti. Cveni amocanaa ganvsazRvroT 
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RDD ⊆  parametrTa sivrcis qvesimravle. romelzedac sruldeba 

piroba: Tu Dp ∈ , maSin (206) asimptoturad mdgradia liapunovis 

azriT. aseT D simravles vuwodoT parametrebis Semdegi gza [143], 

aviRoT liapunovis funqcia )(),(),( txtxLxtx T ⋅⋅=ω , romelic (206)-

dan gamomdinare akmayofilebs pirobebs 

[ ] ⎥⎦
⎤

⎢⎣
⎡ <∧> 0),(0),(

dt
txdtx ωω .                     (206) 

(206) gansazRvravs ωD  ares, romelic (206) asimptoturad 

mdgradia. rodesac ),( txL  gairbens yvela SesaZlo matrica-

funqciaTa simravles, maSin maTi gaerTianeba U
ω

ωDD =  mogvcems 

saZiebel dasaSveb mniSvnelobaTa ares. Tu sawyisi amocana 

mdgomareobs mxolod (205) procesis mdgradobis sakiTxis 

garkvevaSi, da ar gvainteresebs mdgradobis aris gansazRvra, 

maSin sakmarisia vipovoT nebismieri erTi ),( txω  funqcia, 

romelic akmayofilebs (206) pirobebs. aseT SemTxvevaSic ki 

liapunovis funqciis ageba sazogadod sakmarisad rTuli da 

Sromatevadi amocanaa. rodesac sawyisi amocana mdgomareobs (204) 

procesis erT an mravalkriteriumian parametrul optimizaciaSi, 

maSin sasurvelia avagoT mdgradobis are rac SeiZleba srulad, 

vinaidan, miuxedavad imisa, rom D aris SezRudva amcirebs 

optimizaciis ares, izrdeba albaToba imisa, rom optimaluri 

veqtori 
*p  aRmoCndes SezRuduli aris gareT da Cven vipoviT 

nacvlad globalurisa, romelime lokaluri optimumi. am 

SemTxvevaSi D aris Zieba aRwerili pirdapiri gziT Teoriulad 

zusti, magram praqtikulad rTulad gansaxorcielebeli amocanaa. 

am problemis gadaWris mizniT Seqmnilia mravali kriteriumi, 

romelTac gamomdinare konkretuli tipis procesis gantolebidan 

aqvT konkretuli saxe da gvaZleven amocanis pasuxs SedarebiT 

martivi saSualebebiT, vidre aRwerili meTodi. 

rogorc zemoT aRvniSneT, (205) procesis asimptoturad 

mdgradobaze SeiZleba warmodgena viqonioT misi Sesabamisi (202) 

saxis miaxloebiT, anu Semdegi gantolebiT 
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)(),()( txtpAtx ⋅=& ,  0)0( xx =                    (207) 

sadac 
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SemTxvevaTa umetesobaSi matrica ),(),( tpATtpA =+ , anu aris 

T-perioduli. 

vTqvaT 
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aris amonaxsnTa fundamenturi matrica, romelic Seesabameba 

sawyis pirobas EpX =)0,( . (E-erTeulovani matrica). mas ewodeba 

(208) sistemis matricanti [146]. matricantis mniSvnelobas drois 

Tt =  momentSi ewodeba sistemis monodromiis matrica. monodromiis 

matrica aRvniSnoT )( pW -Ti, maSin igi tolia 

),()( TpXpW = .                         (210) 

monodromiis matricis sakuTar mniSvnelobebs ewodebaT 

sistemis multiplikatorebi. (207) sistemis perioduli matriciT 

asimptoturi mdgradobis piroba mdgomareobs SemdegSi: 

1)(
2

<pW ,                            (211) 

anu )( pW  monodromiis matricis speqtraluri radiusi naklebia 

erTze. 

CavweroT monodromiis matricis maxasiaTebeli gantoleba. 
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sadac  
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),()( Tpxp ijij =ω ,  nji ,1, = .                (213) 

(212) maxasiaTebeli gantolebis fesvebi iqnebian p veqtoris 

funqciebi, anu multiplikatorebisaTvis gveqneba 

),,,( 21 mii ppp Kµµ = ,  ni ,1= .               (214) 

(211) Caiwereba: 

1),,,(max 21 <mii
ppp Kµ .                    (215) 

utoloba (215) gansazRvravs parametruli asimptoturi 

mdgradobis D ares (207) sistemisaTvis T-perioduli matriciT. 

cxadia es iqneba asimptoturi mdgradobis are (205) 

sistemisaTvisac. am meTodis sirTule mdgomareobs imaSi, rom 

misi gamoyeneba moiTxovs sistemis matricantis codnas. 

wrfivi, perioduli sistemebis asimptoturi mdgradobis 

sakiTxis gamokvlevisaTvis Seqmnilia mravali kriteriumi, maT 

Soris praqtikaSi gavrceleba hpova bonjiornos kriteriumma. igi 

mdgomareobs SemdegSi [146, 147]: mocemuli gvaqvs wrfivi, 

perioduli, erTgvarovani sistema, romelic Cawerilia Semdegi 

saxiT 

)()()( txtAtx ⋅=& , 0)0( xx = ,                   (216) 

sadac 
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                    (217) 

warmovadginoT sistemis matrica mudmivi da perioduli 

mdgenelebis jamis saxiT [148, 149]: 

)(~)( 0 tAAtA += ,                       (218) 

sadac 

.)()(~
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0

0
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AtAtA

dttA
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                        (219) 

bonjiornos kriteriumis Tanaxmad [417], Tu gasaSualoe-

buli sistema 
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)()( 0 tyAty ⋅=& .                          (220) 

asimptoturad mdgradia da sruldeba piroba 

1)max)(~max 1
0 <−⋅ −jEAtA

i
ω

ω
,                   (221) 

maSin sistema (216) asimptoturad mdgradia. praqtikuli gamoan-

gariSebebisaTvis gamoviyenoT evklides ganzogadoebuli 

matriculi norma. maSin (221) miiRebs Semdeg saxes 

1)max)(~max 1
0 <−⋅ −

EEi
jEAtA ω

ω
.                  (222) 

(222)-is marcxena mxaris pirveli Tanamamravlis gamoTvla 

advilad SeiZleba Semdegi formulis gamoyenebiT: 

KtatA
n

i

n

j
ijiEi

≡⎥
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⎤
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⎡
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= =

2
1

1 1

2 )(~max)(~max .                 (223) 

(222)-is meore Tanamamravlis gamosaTvlelad saWiroa 

aviRoT raime sasruli intervali [ ]Ω∈ ,0ω , davyoT igi ωh  bijiT l 

nawilad, badis yovel kvanZSi gamoviTvaloT matrica 

1
0 )( −−= jEshABs ω , 0=s ; ωh ; Ω=ωω lhh K;2  Bda vipovoT maqsimumi 

2
1

1 1

2
)(max)(max ⎥
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⎡
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= =

n

i

n

j
ijsEsi

sbB ,                 (224) 

sadac )(sbij  aris sB  kompleqsuri matricis )(sbij , sazogadod 

kompleqsuri elementis moduli. 

zemoT miRebuli damokidebulebebi saSualebas iZlevian 

CavataroY rTuli struqturis arastacionaruli sistemis 

dinamikuri mdgradobis analizi [143, 150, 151].  
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3. საერთო შედეგები და დასკვნები 

1. rTulprofiliani zedapirebis mqone detalebis profilirebi-

saTvis gankuTvnili Carxebisa da saCarxo kompleqsebis 

formawarmoqmnis cnobili meTodebis analizi gviCvenebs, rom 

Tanamedrove saavejo mrewvelobaSi aseTi zedapirebis 

damuSavebisaTvis farTod gamoiyeneba makopirebeli xexvis 

procesebi. 

    es procesebi realizebulni arian rogorc saxexi 

lentebis, aseve pnevmatikuri abraziuli cilindrebis saxiT 

warmodgenili gasaberi instrumentebiT. 

    naCvenebia, rom Carxebisa da saCarxo xazebis struqturis 

TvalsazrisiT farTo gamoyeneba hpoves rotorul-saxexma 

makopirebelma Carxebma da saCarxo xazebma. 

2. rTulprofiliani zedapirebis rotoruli xexvisaTvis 

gamiznuli pirdapiri kopirebis cnobili saCarxo sistemebis 

analizi gviCvenebs, rom Tu meqanikuri moTvalTvale sistemebiT 

aRWurvili makopirebeli mowyobilobebi damuSavebis sizustis, 

makopirebeli moZraobebis mdgradobisa da simdovris 

TvalsazrisiT dakavSirebulni arian mniSvnelovan teqnologiur 

SezRudvebTan, rac ganpirobebulia sakmaod didi mniSvnelobis 

Zalovani zemoqmedebebis warmoSobiT siCqaris amaRlebul 

reJimebSi muSaobisas, pnevmaturi da hidravlikuri elementebiT 

modificirebuli saCarxo sistemebi agreTve xasiaTdebian 

gamokveTili SezRudvebiT – pirveli mwarmoeblurobis da 

meore kidev funqcionaluri SesaZleblobebis TvalsazrisiT. 

3. arsebul saCarxo sistemebSi gamoyenebuli muSa organoebis 

fardobiT moZraobaTa Semdgomi funqcionaluri gaumjobesebiT 

SemuSavebulia orkoordinatiani kopirebis fardobiTi 

moZraobebis kinematikuri sqema da masze dayrdnobiT hidro-

meqanikuri moTvalTvale sistemiT aRWurvili mrudwirul-

fasonuri zedapirebis kopirebisaTvis gamiznuli rotorul-
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saxexi Carxis struqturuli sqema. aseTi Carxis erT-erT 

SemuSavebul modelze miRebulia saavtoro mowmoba. 

4. namzadis, saxexi pnevmocilindrebis, moTvalTvale rgolis da 

makopirebeli Carxis rotoris namzadis moZraobis grZiv da 

ganivi sibrtyeebis mimarTulebebiT fardobiT moZraobaTa 

kinematikis analizis safuZvelze miRebulia saxexi 

pnevmocilindrebis RerZebis mdebareobaTa arawrfivi funqciebi 

da agreTve Carxis rotoris kuTxur moZraobasTan da namzadis 

grZivi mimarTulebiT miwodebasTan dakavSirebuli moTvalTvale 

rgolisa da rotoris fardobiT gadaadgilebaTa kinematikuri 

kanonzomierebebi. 

5. makopirebel mimyol dinamikur procesSi fardobiT moZraobaTa 

analizis safuZvelze gamovlenilia dinamikis aRwerisaTvis 

saWiro ganzogadoebuli koordinatebi. agebulia kinetikuri, 

potencialuri energiebis, disipaciuri funqciisa da 

ganzogadebul ZalTa gamosaxulebebi da Semdgom maTi 

gamoyenebiT adre gamovlenil arawrfiv mdebareobis 

funqciebTan erTad lagranJis meore rigis gantolebaSi 

miRebulia moTvalTvale rgolis dinamikis maTematikuri 

modeli.    

sakvlevi sistemis moTvalTvale amZravis hidravlikuri 

nawilis dinamikis aRwerisaTvis gamoyenebuli iqna ZalTa 

balansisa da siTxis xarjebis cnobili gantolebebi. 

   miRebuli iqna mTliani sistemis arawrfivi arastacionaruli 

maTematikuri modeli, romelic Tavis struqturaSi 

diferencialur gantolebebTan erTad Seicavs or 

trancendentul algebrul gantolebas.   

6. sakvlevi makopirebeli Carxis funqcionaluri analizidan 

gamomdinareobs, rom Semdgomi kvlevebis TvalsazrisiT saqme 

gvaqvs rTul orreJimian moTvalTvale sistemasTan: erT 

SemTxvevaSi dafiqsirebuli rotoriT da meoreSi ki mbrunavi 

rotoriT. am reJimebTan mimarTebaSi SemuSavebulia sakvlevi 

sistemis dinamikis maTematikuri modelebi. 
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   pirvel reJimSi muSaobisas moTvalTvale sistema aris 

stacionaruli arawrfivi da misi maTematikuri modeli 

Sedgeba moTvalTvale rgolis wrfiv da hidrosistemis 

arawrfiv diferencialur gantolebebidan. 

   meore reJimSi muSaobisas Carxis moTvalTvale sistemis 

maTematikuri modeli aRiwereba droSi cvalebadi 

koeficientebis mqone diferencialuri gantolebebiT. 

7. dinamikis SemuSavebuli maTematikuri modelebis xarisxobrivi 

analizis Sedegad SemoTavazebulia sakvlevi orreJimiani 

moTvalTvale hidromeqanikuri sistemis sinTezis gamoyenebiTi 

Teoria, agebuli stacionaruli sistemis parametrul 

sinTezze mocemuli gardamavali procesebis mixedviT da 

dinamikuri mdgradobis pirobis Semotanaze arawrfiv 

arastacionarul sistemaSi. 

   Tavis mxriv stacionaruli sistemis sinTezis ZiriTadi 

procedurebia: `sasurveli procesis gawrfivebuli modelis~ 

parametruli sinTezi da gardamavali procesebis miaxloeba 

arawrfiv da wrfiv sistemebSi. 

8. sakvlevi sistemis mocemuli gardamavali procesebis mixedviT 

sinTezis meTodis proceduraTa realizaciisaTvis SemuSavebuli 

iqna meTodikebi: sasurveli procesebis Semotanisa, saZiebeli 

parametrebis SerCevisa da mdgradobis pirobis uzrunvelyofisa. 

   Catarebulma saangariSo gamokvlevebma gviCvenes sakvlevi 

sistemis inJinruli sinTezis SemuSavebuli Teoriis praqtikuli 

efeqturoba. naSromSi agreTve moyvanilia sakvlevi sistemis 

Semdgomi struqturuli srulyofisa da dinamikuri kvlevis 

efeqturobis amaRlebis meTodologiuri midgomebi. 
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