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reziume 

 

saimedooba aris mecniereba, romelic sargeblobs mzardi 
yuradRebiT mTels msoflioSi. ukve mravali wlis manZilze 
saimedoobis uzrunvelyofa, arsebuli donis SenarCuneba da misi 
amaRleba iqca umTavres problemad teqnikis ganviTarebaSi. 
produqciis saimedoobis amaRlebis sakiTxebiT interesdebian, 
rogorc calkeuli mecnierebi da inJinrebi, aseve kvleviTi 
centrebi, laboratoriebi, saxelmwifo dawesebulebebi da sxva 
organizaciebi. 

konkretuli teqnikuri nakeTobisa Tu mTlianobaSi 
sistemis saimedoobis gaangariSeba aris rTuli da kompleqsuri 
amocana, romelic moiTxovs sxvadasxva ganmsazRvreli faqtorisa 
da parametris gaTvaliswinebas. magaliTad, teqnikuri meqanizmis 
saimedoobis gasaangariSeblad saWiroa vicoded misi ara marto 
TiToeuli Semadgeneli elementaruli detalis saimedoobis 
maCvenebeli, aramed am detalis fizikuri-qimiuri Tvisebebis 
ganmsazRvreli parametrebi da saimedoobaze maTi gavlenis 
modelic. 

aqedan gamomdinare, rac ufro mravalferovania sistema 
misi Semadgeneli elementebiT, maTi urTierTkavSirebiT, 
Sesasrulebeli funqciebiT, TiToeul elementze da mTlianobaSi 
sistemaze moqmedi ZalebiT, miT ufro rTuldeba saimedoobis 
Sefasebis amocana. saWiro xdeba Tanamedrove kompiuteruli 
teqnikis gamoyeneba rTuli maTematikuri modelebis amoxsnisa da 
maTi modelirebisaTvis, raTa miRebul iqnas maRali sizustis 
Sedegi drois mcire monakveTSi. 

safreni aparati iseve, rogorc sxva meqanizmi, warmoadgens 
urTierTdakavSirebuli farTo speqtris konstruqciuli 
elementebis erTobliobas, amitomac ase aqtualurad da 
samarTlianad dgeba misi, rogorc calkeuli konstruqciuli 
elementebis, aseve maTi erTobliobis (kinematikuri jaWvebi da 
maTi rgolebi), simtkiceze gaangariSebis progresuli da ufro 
daxvewili gzebis gamokvlevis amocana. aRniSnuli ki pirdapir 
kavSirSia saimedoobasTan. 

Tanamedrove manqanebisa da meqanizmebis kinematikisa da 
dinamikis amocanaTa gadaWrisas kompiuterul-gamoTvliTi 
teqnikis farTo gamoyeneba iwvevs gaangariSebebSi gamoyenebuli 
algoriTmebis daxvewis aucileblobas. amis erT-erT magaliTs 
warmoadgens gaangariSebis zogadi analitikuri meTodebis 
gamoyeneba, Tundac gamoTvliTi samuSaoebis didi moculobis 
miuxedavad, magram programirebisaTvis mosaxerxebeli saxiT. 

dinamikuri datvirTvebis gaTvaliswinebiT meqanikuri 
sistemebis gaangariSebis meTodebis ganxilva-analizis Catrebisa 
da maTi daxvewisaTvis saWiroa aRiniSnos erTi friad 
mniSvnelovani garemoeba. meqanikaSi ganxiluli dinamikuri 
sistemebis umravlesobaSi ZiriTadi yuradReba eniWeba moZraobis 
periodul (ZiriTadi) reJimebs, xolo gardamavali procesebi ki 
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ganixileba mxolod, rogorc sistemis perioduli reJimis 
damyarebis winmswrebi moZraobis etapi. realobaSi ki saxvadasxva 
meqanizmebis moZraobis muSa reJimebi warmoadgenen gardamavali 
procesebis erTobliobas, romlebic Sedgeba Tanamimdevruli 
aCqarebis, damyarebuli moZraobisa da damuxruWebis etapebisagan. 
moZraobis reJimis aRniSnuli arastacionaruloba iwvevs 
saangariSo ZiriTad gadaadgilebebze, romlebic aRiwereba 
cikluri koordinatebis cvlilebis kanonebiT, kinematikuri 
jaWvis rgolebis deformaciiT gamowveuli damatebiTi drekadi 
gadaadgilebebis dadebas. aRniSnuli deformaciebi atareben 
rxeviT xasiaTs da axdenen mniSvnelovan gavlenas, rogorc 
sistemis kinematikur sizusteze, aseve jaWvis rgolebSi 
dinamikuri datvirTvebisa da Zabvebis sidideze. garda amisa 
deformaciis zrdiT matulobs dinamikuri datvirTvebis 
mniSvnelobac, rac Tavis mxriv iwvevs meqanikuri sistemebis 
swrafqmedebis SezRudvas maTi simtkicis kriteriumebis mixedviT. 

ganxiluli sakiTxebisa da dasmuli amocanebis 
mniSvnelovnobidan gamomdinare saimedoobis gazrdis mizniT 
meqanizmebsa da manqanebSi mimdinare procesebis modelirebis 
gansaxorcieleblad saWirod miviCnieT sxvadasxva struqturis 
mqone kinematikuri jaWvebis drekadad dakavSirebul rgolebSi, 
maT mier mocemuli moqmedebebis Sesrulebis Sedegad, 
warmoqmnili deformaciebisa da rxevebis namdvili 
mniSvnelobebiT gaangariSebis amocanis analizisa da sinTezis 
sakiTxebis gadaWra da miRebuli damokidebulebebis safuZvelze 
amdagvari meqanikuri sistemebis proeqtirebis meTodebisa da 
programuli modelebis SemuSaveba. 

Catarebuli kvlevebis safuZvelze ganxorcielda: 
1) kinematikuri jaWvebis moZraobis gantolebaTa gamoyenebiT 

mravalkavSira jaWvuri sistemebis dinamikis analizi da 
sinTezi; 

2) dinamikuri sixistis meTodis gamoyenebis safuZvelze 
sivrculi Ria kinematikuri jaWvis sakuTar rxevaTa sixSiris 
gansazRvris meTodis ageba; 

3) drekadi meqanikuri sistemebis fizikur parametrebze 
(sakuTari rxevebis sixSire) damokidebuli simtkiceze 
gaangariSebis meTodis Camoyalibeba da Sesabamisi 
rekurentuli tipis gantolebebis gamoyvana; 

4)  sixSiris mqone gare harmonuli Zalis zemoqmedebis qveS 
myofi rgolis, rogorc Zelis, rxevaTa analizis safuZvelze 
Sesabamisi pirobis miReba, romelic uzrunvelyofs 
gadanawilebuli masisa da Zelis damyolobis gaTvaliswinebis 
sizustes 1%-is farglebSi. 

5) miRebuli Tanafardobebis meSveobiT upiloto safreni 
aparatis frTis meqanizaciisa da marTvis sistemis 
Semadgeneli mZime saeqspluatacio pirobebSi momuSave 
sxvadasvxa struqturis mqone kinematikuri jaWvebis rgolTa 
kveTebSi moqmedi Zabvebis gansazRvra, ris safuZvelzec 
warmodgenil iqna konkretuli rekomendaciebi meqanizmebis 
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rgolTa simtkicis maxasiaTeblebis gaumjobesebis 
aucileblobaze maTi saimedoobis amaRlebis mizniT. 

6) kompiuteruli modelireba saangariSo procesis 
avtomatizaciisa da miRebuli Sedegebis sistematizaciisaTvis; 

7) saimedoobis SedarebiTi analizi, Sefaseba da gakeTda 
Sesabamisi daskvnebi saimedoobis amaRlebaze mimarTuli 
aucilebeli RonisZiebebis Sesaxeb. 
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SUMMARY 
 

Reliability is the science fild that has increasing interest all over the world. 
During many years providing and rising reliability became one of the main problems 
in development of technique.  About issues of rising reliability are being interested by 
individual scientists and engineers as well as research centers, labs, state institutions 
and other organizations. 

Specific technical piece of work or calculation of full system reliability is a 
difficult and complex task that needs considerations in various determining factors 
and parameters. E.g. When calculating reliability of technical mechanism it is 
essential to know not only its constituent detail’s constructional reliability indicator 
but its physical and chemical determining parameters and the model that effects 
reliability. 

Therefore, the more varied the system is with its constituent elements, with 
interconnections, functions, power that impacts separate element and full system, the 
more difficult is the task of reliability. It is necessary to use not only contemporary 
computer systems for solving difficult mathematical models and its modeling, but the 
consideration of additional initial data in theoretical depictions to receive high 
accuracy result in short time. 

Aircraft, like other mechanical object represents interconnection wide 
spectrum constructive element unity. For this reason it’s urgent to solve the task that 
depicts right and more progressive ways for separate constructive elements as well as 
for its unity (kinematic chains and its rings). Above mentioned is directly connected 
with reliability. 

Currently in order to solve kinematics and dynamic tasks of machines and 
mechanisms, wide usage of computing technique causes the necessity to refine used 
algorithms that are implemented in calculation. One of the examples is the usage of 
analytical methods regardless vast number of calculative work, but it is useful for 
programming. 

Envisaging dynamic loads it is important to note that for estimation methods 
of mechanical systems and it’s analyze and refinement one important circumstance is 
to be mentioned. Within dynamic systems that are discussed in mechanics, main 
attention is given to periodical regime of movement but transitional process is 
discussed as preceding movement step for establishing periodical regime. Actually 
working regimes of various mechanisms represent the unity of transitional processes 
that consists of sequential acceleration, established movement and brake phases. 
Above mentioned non-stationary state of movement regime causes counting 
complications on the main movement that are described by rules of changed digital 
coordinates, also taking into account additional flexible movement that is caused by 
kinematics chain rings deformation. These deformations have vibration and effect 
system’s kinetic accuracy as well tension size and dynamic loads of chain rings. 
Besides by deformation in time increases meaning of dynamic load that by itself 
causes restriction of speed of mechanical activity according to its endurance criteria. 

According to the importance of the discussed issues and set of tasks with aim 
of increasing reliability we consider that for modeling of current processes in 
mechanisms and machines is important to solve tasks about various structures of 
kinematic flexible chain rings, that is the result of activities. Also estimating created 
deformations and vibration’s real meaning and solving task’s analyze and synthesis 
issues. Above mentioned issues causes necessity of developing projection methods 
and programming models. 
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Based on researches the following important issues are: 
1) By implementation of kinematic chains movement equations analyses and 

synthesis of multiple connection chain system dynamics. 
2) Based on usage of dynamic rigidity method, establish method of kinematic 

chain’s own vibration frequency. 
3) Establish endurance method of flexible mechanical systems` physical parameters 

(own vibration frequency) and solve relevant recurrence type equations. 
4)  Frequency harmonic power effects ring and based on its vibration analysis 

relavent condition should be get. That insures 1% accuracy of apportioned  mass 
and beam flaxibility. 

5) Through received correspondence  detarmine operational tension within various 
structural kinematic chain rings`sections in unmanned aircraft`s wing 
mechanization constituent heavy operational terms. Based on above mentioned 
specific recomendations  are presented to improve characteristic of mechanizems` 
ring endurance for rising there reliability. 

6) Computer modeling for automatization of calculating process. 
7) Comparative analysis of reliability was evaluated and made appropriate 

conclusions for necessary arrangements. 
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Sesavali 

 

problemis aqtualoba. saimedooba aris mecniereba, 

romelic sargeblobs mzardi yuradRebiT mTels msoflioSi. 

saimedoobis problema aris gadamwyveti teqnikis ganviTarebaSi 

ukve mravali wlis manZilze. produqciis saimedoobis amaRlebis 

sakiTxebiT interesdebian, rogorc calkeuli mecnierebi da 

inJinrebi, aseve kvleviTi centrebi, laboratoriebi, saxelmwifo 

dawesebulebebi da sxva organizaciebi. 

saimedoobam, rogorc kvlevis calkeulma saganma, udidesi 

mniSvneloba SeiZina mecnierebis sxvadasxva sferoebSi: ekonomika, 

medicina, biologia, qimia, mSenebloba, manqanaTmSenebloba, 

transporti, metalurgia da a.S.. misi mniSvnelovnoba SemTxveviTi 

araa, vinaidan mowyobilobaze dakisrebuli Sesasrulebeli 

funqciis zrda iwvevs aRniSnuli mowyobilobis garTulebasac da 

Sesabamisad mtyunebis an gaumarTaobis warmoqmnis albaTobis 

zrdasac. dauSvebelia, rom mowyobilobebSi, romlebic iTvlian 

mraval aTas eleqtronul da meqanikur elements, mwyobridan 

gamovides erTi maTganic ki da Sedegad dairRvas mTeli sistemis 

muSaobis procesi. teqnikuri mowyobilobebisa an sistemebis da 

maTi Semadgeneli elementaruli nawilebis muSaunariani 

mdgomareobis uzrunvelyofasTan erTad saimedooba warmatebiT 

iTavsebs produqciis ekonomikuri efeqturobis kriteriumebis da 

warmoebis organizebis optimaluri gzebis SemuSavebas, rac Tavis 

mxriv iqca mis centralur _ globalur amocanad. 

saimedoobis erT-erT mTavar amocans aseve warmoadgens 

rTuli kompleqsebis agebis iseTi meTodebis Seqmna, romlebic 

SeZleben uzrunvelyon sistemis saimedo muSaoba calkeuli 

elementebis mwyobridan gamosvlis pirobebSic ki, iseve rogorc 

cocxali organizmis SemTxvevaSi calkeuli dazianebebi ar 

iwveven misi normaluri funqcionirebis darRvevas. aRniSnuli 

mimarTulebiT ukve SemoTavazebulia araerTi principi da aqedan 

gamomdinare ismis saimedoobis uzrunvelyofis Teoriuli 
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safuZvlebis Seqmnis amocana. erT-erTi am amocanaTagania sistemis 

saimedoobis gaangariSeba. 

sistemis saimedoobis gaangariSeba warmoebs ramodenime 

xerxiT: 

_ dafuZnebuli paralelur-mimdevruli sistemebis gamoyenebaze; 

_ damyarebuli logikuri gantolebebis uSualo gamoyenebaze; 

_ dafuZnebuli muSaunarianobaTa sxvadasxva mdgomareobaSi 

nakeTobis gadasvlebis grafis Sedgenaze; 

_ damyarebuli warmomqmneli (mwarmoebeli) funqciebis 

gamoyenebaze; 

_ funqciuri saimedoobis gamoTvla da sxva. 

CamoTvlilTagan TiToeul meTods maTi gamoyenebis 

arealidan gamomdinare gaaCnia, rogorc dadebiTi, aseve 

uaryofiTi mxareebi. aqedan gamomdinare saimedoobis sworad 

gaangariSeba damokidebulia Sesabamisi meTodis zust arCevaze, 

sistemaSi mimdinare procesebis aRwerisaTvis Sesabamisi 

maTematikuri modelis Camoyalibebaze, gamoTvlebSi monawile 

parametrebis sworad SerCevaze, miRebuli ganawilebebis Sesaxeb 

hipoTezis wamoyenebisa da misi dadasturebis sisworeze da a.S. 

sistemis saimedoobis gaangariSeba aris rTuli da 

kompleqsuri amocana, romelic moiTxovs sxvadasxva 

ganmsazRvreli faqtorisa Tu parametris gaTvaliswinebas. 

magaliTad, teqnikuri meqanizmis saimedoobis gamosaTvlelad 

saWiroa vicoded misi ara marto TiToeuli Semadgeneli 

elementaruli detalis saimedoobis maCvenebeli, aramed am 

detalis fizikuri-qimiuri Tvisebebis ganmsazRvreli parametrebi 

da saimedoobaze maTi gavlenis modelic. 

aqedan gamomdinare, rac ufro mravalferovania sistema 

misi Semadgeneli elementebiT, maTi urTierTkavSirebiT, 

Sesasrulebeli funqciebiT, TiToeul elementze da mTlianobaSi 

sistemaze moqmedi ZalebiT, miT ufro rTuldeba saimedoobis 

Sefasebis amocana. saWiro xdeba Tanamedrove kompiuteruli 

teqnikis gamoyeneba rTuli maTematikuri modelebis 
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amoxsnisaTvis, raTa miRebul iqnas maRali sizustis Sedegi 

drois mcire monakveTSi. 

safreni aparati iseve, rogorc sxva meqanizmi, warmoadgens 

urTierTdakavSirebuli konstruqciuli elementebis 

erTobliobas, amitomac ase aqtualurad da samarTlianad dgeba 

misi, rogorc calkeuli konstruqciuli elementebis, aseve maTi 

erTobliobis (kinematikuri jaWvebi da maTi rgolebi), simtkiceze 

gaangariSebis progresuli da ufro daxvewili gzebis 

gamokvlevis amocana. aRniSnuli ki pirdapir kavSirSia 

saimedoobasTan. 

Tanamedrove manqanebisa da meqanizmebis kinematikisa da 

dinamikis amocanaTa gadaWrisas kompiuterul-gamoTvliTi 

teqnikis farTo gamoyeneba iwvevs gaangariSebebSi gamoyenebuli 

algoriTmebis daxvewis aucileblobas. amis erT-erT magaliTs 

warmoadgens gaangariSebis zogadi analitikuri meTodebis 

gamoyeneba, Tundac gamoTvliTi samuSaoebis didi moculobis 

miuxedavad, magram programirebisaTvis mosaxerxebeli saxiT. 

teqnikis sxvadasxva dargSi arsebuli meqanizmebisa da 

manqanebis struqturuli sqemebis udidesi umravlesoba SeiZleba 

mikuTvnebul iqnas mravalkavSira jaWvuri sistemebis klasisadmi. 

aRniSnul klass miekuTvneba is meqanikuri sistemebi, romlebSic 

Semadgeneli rgolebis drekadi Tvisebebis gaTvaliswinebas 

gaaCnia pirveladi mniSvneloba. aseTebia magaliTad, manqanaTa 

rotorebi, gemebisa da safreni aparatebis korpusebi, 

turbomanqanebis niCbebi da niCbebis paketebi, drekadi 

dakavSirebuli didi zomis myari sxeulebisagan Semdgari 

sistemebi, sxvadasxva saxis brtyeli da sivrculi berketuli 

meqanikuri sistemebi da a.S. 

CamoTvlilTagan gamovyoT brtyeli da sivrculi Rerovani 

meqanikuri sistemebis klasi, romlebic gamoiyeneba sxvadasxva 

tipis manqanebSi Semsrulebeli meqanizmis saxiT da warmoadgenen 

sxvadasxva struqturis kinematikur jaWvebs. Sesabamisad, 

kinematikur jaWvur sistemas vuwodebT nebismier rxeviT sistemas, 
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romelic Sedgeba nebismieri struqturis mqone erTi-meoris 

miyolebiT mdgari an moZravad SeuRlebuli an drekadi 

kavSirebis mqone elementebisagan. 

meqanikuri sistemebis dinamikuri datvirTvebis 

gaTvaliswinebiT gaangariSebis meTodebis ganxilva-analizis 

Catrebisa da maTi daxvewisaTvis saWiroa aRiniSnos erTi friad 

mniSvnelovani garemoeba. meqanikaSi ganxiluli dinamikuri 

sistemebis umravlesobaSi ZiriTadi yuradReba eniWeba moZraobis 

periodul reJimebs, xolo gardamavali procesebi ki ganixileba 

mxolod rogorc sistemis ZiriTadi perioduli reJimis 

damyarebis winmswrebi moZraobis etapi. realobaSi ki saxvadasxva 

meqanizmebis moZraobis muSa reJimebi warmoadgenen gardamavali 

procesebis erTobliobas, romlebic Sedgeba Tanamimdevruli 

aCqarebis, damyarebuli moZraobisa da damuxruWebis etapebisagan. 

moZraobis reJimis aRniSnuli arastacionaruloba iwvevs 

saangariSo ZiriTad gadaadgilebebze, romlebic aRiwereba 

cikluri koordinatebis cvlilebis kanonebiT, kinematikuri 

jaWvis rgolebis deformaciiT gamowveuli damatebiTi drekadi 

gadaadgilebebis dadebas. aRniSnuli deformaciebi atareben 

rxeviT xasiaTs da axdenen mniSvnelovan gavlenas, rogorc 

sistemis kinematikur sizusteze, aseve jaWvis rgolebSi 

dinamikuri datvirTvebisa da Zabvebis sidideze. garda amisa 

deformaciis zrdiT matulobs dinamikuri datvirTvebis 

mniSvnelobac, rac Tavis mxriv iwvevs meqanikuri sistemebis 

swrafqmedebis SezRudvas maTi simtkicis kriteriumebis mixedviT. 

naSromis mizani: sxvadasxva struqturis mqone 

kinematikuri jaWvebis drekadad dakavSirebul rgolebSi, maT 

mier mocemuli moqmedebebis Sesrulebis Sedegad, warmoqmnili 

deformaciebisa da rxevebis namdvili mniSvnelobebiT 

gaangariSebis amocanis analizisa da sinTezis sakiTxebis 

gadaWra da miRebuli damokidebulebebis safuZvelze amdagvari 

meqanikuri sistemebis proeqtirebis meTodebisa da programuli 

modelebis SemuSaveba. 
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kvlevis amocanebi. 

aRniSnuli naSromis miznebidan gamomdinare saWiro iyo 

Semdegi amocanebis gadaWra: 

 kinematikuri jaWvebis moZraobis gantolebaTa gamoyvana, 

romlebic mogvcems mravalkavSira jaWvuri sistemebis 

dinamikis analizisa da sinTezis amocanaTa amoxsnis 

saSualebas; 

 drekadi meqanikuri sistemebis fizikur parametrebze (sakuTari 

rxevebis sixSire) damokidebuli simtkiceze gaangariSebis 

rekurentuli tipis gantolebebis gamoyvana, romelTa 

meSveobiTac ganxorcieldeba konkretuli konstruqciuli 

elementis simtkicis parametrebis gaangariSeba; 

 miRebul modelze dayrdnobiT ganxorcieldeba kompiuteruli 

modelireba Semdgomi gamoTvlebis daCqarebisaTvis da 

miRebuli Sedegebis sistematizaciisaTvis, maTi analizi da 

Sesabamisi daskvnebis wardgena saimedoobis amaRlebaze 

mimarTuli RonisZiebebis da maTi gatarebis aucileblobisa 

Sesaxeb. 

kvlevis obieqti. upiloto safreni aparatis frTis 

meqanizaciisa da marTvis sistemis konstruqciuli elementebi. 

mecnieruli siaxle: 

 ganxorcielda kinematikuri jaWvebis moZraobis gantolebaTa 

gamoyenebiT mravalkavSira jaWvuri sistemebis dinamikis 

analizi da sinTezi; 

 gamoyvanil iqna drekadi meqanikuri sistemebis fizikur 

parametrebze (sakuTari rxevebis sixSire) damokidebuli 

simtkiceze gaangariSebis rekurentuli tipis gantolebebi; 

 Camoyalibebuli meTodikis mixedviT ganxorcielda upiloto 

safreni aparatis frTisa da marTvis sistemis konstruqciuli 

elementebis simtkicis parametrebis gaangariSeba; 
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 miRebuli Sedegebis safuZvelze ganxorcielda kompiuteruli 

modelireba saangariSo procesis avtomatizaciisa da 

sistematizaciisaTvis; 

 miRebuli saerTo Sedegebis mixedviT ganxorcielda 

ganxiluli konstruqciuli elementebis saimedoobis 

SedarebiTi analizi, Sefaseba da gakeTda Sesabamisi daskvnebi 

saimedoobis amaRlebaze mimarTuli aucilebeli RonisZiebebis 

Sesaxeb. 
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Tavi 1. literaturis mimoxilva 

 

1.1. zogadi cnobebi sivrculi kinematikuri jaWvebisadmi 

miZRvnili Sromebis Sesaxeb 

 

manqanaTa da meqanizmebis TeoriaSi kinematikuri jaWvebis, 

rogorc sivrculi meqanizmebis, analizisa da proeqtirebis 

sakiTxebi ganxilul da Seswavlil iqna mravali mecnieris 

naSromSi. 

aRniSnuli mimarTulebiT mravali naSromis arsebobis 

gaTvaliswinebiT SemovifargloT mxolod ZiriTadebis 

ganxilviT, romlebic mravalrgola meqanizmebis 

proeqtirebisaTvis ama Tu im moculobiT Seicaven sakvaZo 

mniSvnelobis meTodebs. aqve pirvel rigSi aucilebelia 

aRiniSnos monografia [1], romelSic Camoyalibebulia sivrculi 

meqanizmebis struqturis, klasifikaciisa da kinematikis 

sakiTxebi da romlis kvlevis ZiriTadi nawili moicavs rTuli 

Caketili kinematikuri jaWvebis siCqareTa da aCqarebebis 

gansazRvris meTodebs. naSromSi [2] grafikuli meTodis 

gamoyenebis safuZvelze moyvanilia sivrculi meqanizmebis 

kinematikuri analizi, sadac ganxilulia Svidrgola sivrculi 

meqanizmis mdebareobebis gansazRvris amocanebi. statiaSi [3] 

pirvelad sivrculi meqanizmebisaTvis veqtoruli meTodis 

gamoyenebis safuZvelze gansazRvrul iqna kinematikur jaWvSi 

moqmedi Zalebi. naSromSi [4] ZiriTadi yiradReba daTmobili aqvs 

sferuli meqanizmebis (meqanizmebi, romelTa brunvis RerZebi 

gadaikveTeba erT wertilSi) kvlevis sakiTxebs. 

meqanizmis mdebareobis Sesaxeb amocanis amoxsnis gareSe 

SeuZlebelia mravalrgola sivrculi berketuli meqanizmebis 

kinematikisa da dinamikis sakiTxTa gamokvleva. amasTan 

dakavSirebiT aucilebelia aRiniSnos Sromebi [5, 6], sadac 

gamokvleulia sivrciT oTxrgolebSi mrudmxaras arsebobis 
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pirobebi da aseve naSromi [7], romelSic mocemulia analitikuri 

geometriis gantolebaTa gamoyenebis safuZvelze sivrculi 

oTxrgolas mdebareobis gansazRvris meTodi. naSromSi [8] 

Caketili konturis Semovlis meTodis meSveobiT amoxsnilia 

sivrculi berketuli meqanizmis mdebareobis gansazRvris 

amocana, ra drosac gamoyenebulia matricebi, sadac elementebi 

warmoadgenen dualur ricxvebs. 

meqanizmebis mdebareobis ganmsazRvreli sakiTxebis 

amoxsnasTan dakavSirebuli Sromebis ganxilvisas aucilebelia 

aRiniSnos [9, 10] Sromebi, sadac ganzogadebulia da 

Camoyalibebulia sivrculi berketuli meqanizmebis moZraobis 

kvlevis meTodebi da moyvanilia am meTodebis klasifikacia. amave 

SromebSi, zogadi analitikuri meTodis safuZvelze, mocemulia 

sivrculi Ria kinematikuri jaWvebis kinematikuri analizis 

sakiTxTa gadaWris meTodebi. 

rTuli meqanikuri sistemebis kinematikisa da dinamikis 

nebismieri amocanis Seswavlis progresi damokidebulia 

gamoyenebuli maTematikuri aparatis srulyofilebaze. ase 

magaliTad, sivrculi Ria kinematikuri jaWvebis kvlevisas ufro 

gavrcelebuls warmoadgens meTodika [11], sadac SemoTavazebulia 

meqanizmis struqturis simboluri gantolebis saxiT warmodgenis 

xerxi. mocemul gantolebas SeesabamisobaSi udgeba meqanizmis 

Caketilobis matriculi gantoleba, romelSic SemoRebulia 

wertilis erTgvarovani koordinatebi da koordinatebis 

gardaqmnis meoTxe xarisxis matricebi. 

sxvadasxva struqturis mqone kinematikuri jaWvebis 

gaangariSebisas da maTi moZraobis reJimebis dadgenisas 

gansakuTrebuli mniSvneloba gaaCnia ara marto kinematikuri 

analizisa da sinTezis sakiTxebs, aramed magvari rTuli 

meqanikuri sistemebis dinamikuri maxasiaTeblebis gansazRvrasac. 

Tu ki geometriuli analizi saSualebas gvaZlevs avagoT 

kinematikuri jaWvis mmarTveli koordinatebis cvlilebis 

kanonebi, maSin sistemis dinamikuri gaangariSeba Tavis mxriv 
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saWiroa Zalvebisa da momentebis, romlebic unda warmoiqmnan 

kinematikuri jaWvebis amZraviT an amZravebiT da uzrunvelyon 

aRniSnuli moZraobis kanonebi, droSi cvlilebis kanonebis 

gansazRvrisaTvis. dinamikuri gaangariSeba aseve saWiroa 

kinematikuri jaWvebis moZraobisas maT rgolebSi warmoqmnili 

Zabvebis mniSvnelobaTa povnisaTvis. 

sistemis statikuri datvirTvisas mravalrgola sivrculi 

meqanizmebis saxsrebsa da rgolebze moqmed ZalTa da momentebis 

gaangariSebis amocanebi ganxilulia SromebSi [12] da [13]. 

naSromSi [14] gamoyvanilia nebismieri struqturis mqone Ria 

kinematikuri jaWvis moZraobis gantolebaTa koeficientebis 

gasaangariSebeli zogadi gantolebebi, romelTa meSveobiTac 

calcalke gaiTvaliswineba jaWvis rgolebsa da amZravebze 

modebuli inerciis Zalebis da momentebis moqmedeba. 

magram kinematikuri jaWvebis kvanZebisa da rgolebis 

gaangariSebis ganxorcielebiT mxolod statikuri datvirTvisas 

mivyevarT dinamikis amocanis arasrul amoxsnamde. aRniSnuli 

gansakuTrebiT exeba Ria kinematikur jaWvebs, sadac sistemebis 

dinamikuri maxasiaTeblebi warmoadgenen cvalebad sidideebs, 

romlebic icvlebian meqanizmis rgolebis fardobiTi 

gadaadgilebis dros da romlebic moZraobis dagegmili 

traeqtoriis aRwarmoebisas cdomilebebis warmoqmnaSi 

warmoadgenen erT-erT ZiriTad faqtors. amasTan dakavSirebiT 

sul ufro da ufro imata Sromebis raodenobam, romlebSic 

Seiswavleba Ria kinematikuri jaWvebis problematika da 

warmodgenilia sxvadasxva algoriTmis mqone kompiuteruli 

programebi mravalrgola berketuli meqanizmebis moZraobis 

gantolebaTa gamoyvanis proceduris avtomatizaciisaTvis. 

programirebisas gamoiyenebuli variaciuli meTodebis 

garda farTo gamoyeneba hpoves veqtorulebmac, romelTa 

meSveobiTac zemoxsenebuli meqanikuri sistemebis dinamikis 

amocanaTa amoxsnisaTvis kompiuteruli programirebis kuTxiT 
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SesaZlebeli xdeba erT-erTi srulyofili saxis algoriTmebis 

Sedgena. 

naSromTa Soris, romlebic exeba kinematikuri jaWvebis 

dinamikis kvlevebs maTi rgolebis drekadobis gaTvaliswinebiT, 

aRsaniSnavia naSromi [15], sadac amoxsnilia drekadi rgolebis 

mqone saxsruli meqanizmebis dinamikis analizis amocana, Tanac 

meqanizmebis rgolTa drekadi gadaadgilebebi ganixileba maTive 

mdebareobebis mimarT drekadobis gaTvaliswinebis gareSe. 

mocemul naSromSi saangariSo gantolebebi Sedgenilia 

Tavisuflebis erTi xarisxis mqone saxsruli oTxrgolasaTvis, 

romlis dinamikuri modelic warmodgenilia harmonuli agznebis 

mqone erT an or masiani sistemis saxiT. 

Semsrulebeli meqanizmebis saxiT Ria kinematikuri 

jaWvebis kvlevisa da gaangariSebisaTvis SromebSi [16] da [17] 

miRebulia maTematikuri modeli, romelic ganixileba amZravTa 

modelis qvesistemis, sainformacio sistemisa da marTvis 

sistemis saxiT. Semsrulebeli meqanizmis dinamika aRiwereba 

appelis gantolebebiT, xolo rgolTa drekadoba ki iTvleba 

Tavmoyrilad meqanikuri sistemis rgolTa moZrav SeuRlebebSi. 

mecnierul SromebSi [18, 19] ganxilulia Ria kinematikuri 

jaWvebis, maTi rgolebis drekadobis gaTvaliswinebiT, moZraobis 

modelirebis rekurentuli gantolebebis Sedgenis sakiTxebi, 

sadac drekadi Tvisebebis gaTvaliswinebiT meqanizmis dinamikis 

analizisaTvis saangariSo sqemis saxiT miiReba Ria kinematikuri 

jaWvi, romelic Sedgeba boloebSi Tavmoyrili masebis mqone 

drekadi arainertuli Reroebisagan. amavdroulad meqanikuri 

sistema itvirTeba gare ZalebiTa da momentebiT, romelTa 

mniSvnelobebic gaangariSebulia nominalur reJimSi. 

praqtikaze gvxvdeba meqanizmebis konstruqciebi, romlebic 

Tavis mxriv warmoadgenen uwyvetad ganawilebuli parametrebis 

mqone sistemebs, ris gamoc meqanizmebis rgolebi xasiaTdeba 

Tavisuflebis xarisxis usasrulo ricxviT. aqedan gamomdinare, 

rxevebisas konstruqciis an misi rgolebis drekadi 
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gadaadgilebebis gansazRvrisaTvis ar aris sakmarisi Runvis an 

sxva saxis deformaciebis ordinatTa sasruli ricxvis miniWebiT 

Semofargvla, aramed saWiroa drois nebismieri momentisaTvis 

gagvaCndes drekadi Runvis xazis gantoleba, romelic saSualebas 

mogvcems ganvsazRvroT drekadi gadaadgilebebis sidide 

meqanizmis rgolebis yvela mniSvnelovan wertilSi. 

usasrulo speqtris mqone rxevebisas kinematikuri jaWvis 

rgolebis drekadi gadaadgilebebis gansazRvris sirTule xdeba 

naTeli, Tu ki gaviTvaliswinebT, rom umravles SemTxvevaSi 

praqtikaSi arsebuli xisti kavSirebi, rogorc wesi, cvalebadia, 

xolo masebi gadanawilebulia rgolebs Soris araTanabrad. 

dinamikis gaangariSebebSi dasmuli amocanis amoxsnis 

gaadvilebis mizniT meqanikuri sistemis rgolebi icvleba 

sworad SerCeuli saangariSo sqemiT. amavdroulad saWiroa 

vecadod, rom miRebulma saangariSo sqemam maqsimalurad zustad 

asaxos ara marto gansaxilveli meqanikuri sistemis rgolebis 

Tvisebebi, aramed mTlianobaSi manqanisac. amitimac dinamikis 

gaangariSebebis warmoebisas, rxevaTa TeoriaSi gamoyenebul sxva 

daSvebebTan erTad, aseve xdeba ori ZiriTadi mimarTulebidan 

erT-erTis arCeva. pirveli mimarTulebis Tanaxmad _ 

gadanawilebuli parametrebis mqone sistema icvleba diskretuli 

parametrebis mqone sistemiT, anu TavisuflebaTa xarisis 

sasruli ricxvis mqone sistemiT. meore mimarTulebis Tanaxmad _ 

moqmedi masebi da faqtiuri sixisteebi ama Tu im xerxiT 

daiyvaneba kvlevis qveS myofi meqanizmis rgolebs Soris 

Sesabamisad Tanabrad gadanawilebulebamde. amavdroulad, 

rogorc wesi, pirveli mimarTuleba, romelic mniSvnelovnad 

aadvilebs amocanis amoxsnas, gvaZlevs meqanizmis rgolebSi maTi 

muSaobisas mimdinare dinamikuri procesebis sakmaod uxeS 

amsaxvel Sedegebs, rasac xSirad mivyavarT meqanizmis 

konstruqciuli parametrebis Sesaxeb mcdar daskvnebamde. 

Sesabamisad, sxvadasxva struqturis mqone kinematikur 

jaWvebSi mimdinare dinamikuri procesebis ufro zusti 
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asaxvisaTvis, saWiroa ganxilul iqnas fizikuri parametrebis 

gadanawileba rgolTa gaswvriv mTels sigrZeze. naSromTagan, 

romlebSic Rerovani sistemebi ganixileba uwyvetad 

gadanawilebuli parametrebis mqone rgolTa sistemebis saxiT, 

SeiZleba aRniSnos Sromebi [20], [21] da [22], sadac ZiriTadad 

ganxilulia magaliTebi samSeneblo meqanikasa da 

manqanaTmSeneblobidan, rgolTa Soris kinematikuri kavSirebis 

gavlenis gaTvaliswinebis gareSe. 

zemoTqmulidan gamomdinare naTeli xdeba, rom moZraobis 

gadamcemi meqanizmebis proeqtirebisas aucilebelia maTSi 

warmoqmnili dinamikis procesebis gaTvaliswineba. amavdroulad, 

dinamikis mocemuli procesebi da gansakuTrebiT sistemis 

moZraobisas gardamaval reJimebze warmoqmnili procesebi, 

mniSvnelovan gavlenas axdenen kinematikuri jaWvebis, rogorc 

kinematikaze, aseve maT dinamikaze. 

moZraobis gadamcemi meqanizmebis rgolebSi gardamavali 

procesebis kvlevisaTvis warmatebiT iyeneben operaciul 

aRricxvas. ukanasknelma farTo gamoyeneba hpova mas Semdeg, 

warmatebiT iqna gamoyenebuli wrfiv eleqtrul sistemebSi 

gardamavali procesis kanonzomierebis gaangariSebisaTvis. 

moZraobis gadamcem rTul meqanizmebSi gardamavali procesis 

dinamikis amocanis amoxsna mocemuli meTodis meSveobiT 

daiyvaneba gardamavali procesis maRali xarisxis mqone 

diferencialuri gantolebebis amoxsnamde. cnobilia, rom amgvari 

gantolebebis zogadi amoxsna Tavis mxriv warmoadgens kerZo 

amonaxsnebis wrfiv kombinacias, romlebic Seicaven 

damaxasiaTebel ricxvebs, anu sistemis sakuTari rxevebis 

sixSireebs. sakuTari rxevebis sixSireTa ricxviTi mniSvnelobebi 

miiReba algebruli gantolebebis miaxloebiTi amoxsniT. magram, 

miRebuli sidideebi aSkara saxiT ar Seicaven sistemis 

parametrebs, ris gamoc ikargeba kavSiri gardamavali procesis 

xasiaTsa da moZraobis gadamcemi meqanizmis konsruqciul 

parametrebs Soris. aRniSnulis Sedegad ramdenime Tavisuflebis 
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xarisxis mqone sistemis analizi da sinTezic xdeba TiTqmis 

SeuZlebeli. naTelia, rom moZraobis gadamcemi meqanizmebis 

proeqtirebisas sistemis rxevadobis Sesamcireblad da misi 

optimaluri parametrebis daniSvnisaTvis aucilebelia 

zemoxsenebuli kavSirebis dadgena. 

amasTan dakavSirebiT SromebSi [23, 24] da [25] naCvenebia, 

rom sistemebSi, romlebic aRiwereba maRali xarisxis wrfivi 

diferencialuri gantolebebiT, am mniSvnelovani problemis 

gadaWras ufro miesadageba a.n. golubencevis mier SemuSavebuli 

meTodi [26], sadac optimaluri procesebis maTematikuri Teoria 

agebulia parametrTa sivrceSi sakiTxis wrfivad dasmis 

pirobebSi. aRniSnuli saSualebas gvaZlevs meqanizmebis 

konstruqciuli elementebis SerCevis amocana amoixsnas ise, rom 

am elementTa daniSvnisas, gardamaval procesSi ganviTarebuli 

drekadobis ZalTa momentis maqsimaluri mniSvneloba xdeba 

umciresi, xolo TviTon procesi ki miileva umokles droSi. 

sxvadasxva kinematikuri jaWvebis moZraobis gadamcemi 

meqanizmebis ganxilvisas saWiroa aRiniSnos, rom mocemul 

meqanizmebSi gadamcemi elementebis garda Sedis arawrfivi 

maxasiaTeblebis mqone sxvadasxva kvanZi. Sesabamisad, moZraobis 

gadamcemi meqanizmebis kinematikur jaWvebSi warmoqmnili rxeviTi 

movlenebi yovelTvis ver iqneba Seswavlili wrfivi modelebis 

meSveobiT. umravles SemTxvevaSi mocemuli meqanizmebi unda iqnas 

ganxiluli mravalmasuri sistemebis saxiT, romlebic Sedgeba 

arawrfivi maxasiaTeblebis mqone erTmaneTTan drekadi 

kavSirebiT dakavSirebuli diskretuli masaTa sasruli 

ricxvisagan. 

arawrfivi amocanebis amoxsnis sawyiss warmoadgens mcire 

parametris meTodi, romelic SemoTavazebuli iyo puankares mier 

da gamoiyeneba martivi arawrfivi sistemebis mimarT. mcire 

parametris meTodis daxasiaTebisas saWiroa aRiniSnos, rom 

ukanasknels perioduli amoxsnebis namdvili mniSvnelobisas 

mivyevarT did da xSirad gadaulaxav sirTuleebamde, rac 
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gvaiZulebs praktikaSi puankares Teoriis gamoyenebis arealis 

Semcirebas. 

sxvadasxva saxis rTuli da datvirTuli manqanebis Seqmnam 

ganapiroba simtkiceze gaangariSebis ufro zusti meTodebis 

SemuSavebis aucilebloba im movlenaTa gaTvaliswinebiT, 

romlebic warmoiqmneba gansaxilveli meqanikuri sistemebis 

rgolTa rxevebis procesSi. amasTan dakavSirebiT rxevaTa 

TeoriaSi mkvlevarTa winaSe dadga amocana _ rxeviT sistemebSi 

arastacionaruli procesebis Seswavla. rxeviTi sistemis 

sixSireTa da drekadobis parametrebis cvlilebisas warmoqmnili 

arastacionaruli procesebis Seswavlas eZRvneba mravali 

mecnieris, maT Soris i.a. mitropolskis Sromebi [27, 28]. 

asimptoturi ganSlis gamoyenebaze dafuZnebuli gaangariSebis 

zogadi Teoria Camoyalibebuli iyo, aseve l.s. pontriaginis 

naSromSi [29]. amZravi meqanizmebis arawrfivi amocanebis Seswavla 

warmodgenilia v.l. veicis [30] da sxvaTa SromebSi. miuxedavad 

amisa, meqanikuri arawrfivi sistemebis praqtikuli 

gaangariSebebis Catarebisas, xSirad vawydebiT seriozul 

sirTuleebs, romlebic ukavSirdeba amocanis amoxsnis 

racionaluri meTodebis arCevasa da am meTodebis dakonkretebas. 

amgvari sirTuleebi warmoiSveba arawrfivi maxasiaTeblebis an 

mdebareobis ganmsazRvreli arawrfivi funqciebis mqone drekadi 

rgolebisagan Semdgari sxvadasxva konstruqciis moZraobis 

gadamcemi meqanizmebis analizisa da gansakuTrebiT sinTezisas. 

 

 

1.2. zogadi cnobebi manqanaTa simtkicisa da saimedoobis 

urTierTkavSiris Sesaxeb 

 

manqanaTa detalebis daRlilobiTi daSlis SeCereba xdeba 

sul ufro aqtualuri. aRniSnuli gamowveulia: 
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 pirvel rigSi _ manqanebis masalaTatevadobis Semcirebis 

moTxovniT, rac dakavSirebulia maTi detalebis daZabulobis 

donisa da umTavresad vibrodaZabulobis gazrdasTan; 

 meore rigSi _ manqanaTa resursis gazrdis moTxovniT, rasac 

mivyevarT mTliani msaxuris vadis ganmavlobaSi cvalebadi 

Zabvebis mqone ciklebis gazrdili raodenobisaken da mcire 

cvalebadi datvirTvebis gavlenis zrdisaken, romelTa 

gverdis avlac SeuZlebelia eqspluataciis procesSi; 

 mesame rigSi _ teqnikaSi gamoyenebul masalaTa nakrebis 

gafarToebiT, romelTa daRlilobiTi daSlis mimarT 

winaaRmdegobis maxasiaTebelTa Tvisebebic araa Seswavlili 

srulyofilad. 

amitomac daRlilobiTi daSlis mimarT winaRobis 

sarwmuno maxasiaTebelTa codnas gaaCnia didi mniSvneloba. 

masalaTa daRlilobiTi maxasiaTeblebis Sesaxeb 

informaciis wyaros warmoadgens, rogorc wesi, daRlilobiTi 

eqsperimenti, romlis moculoba da Sromatevadoba SeiZleba iyos 

Zalian didi. 

aRniSnuli mimarTulebiT aRsaniSnavia Sromebi [41, 44], 

sadac ganxiluia konstruqciuli masalebis daSlis 

kanonzomierebebi, safreni aparatebis da zogadad manqanebis 

konstruqciis elementebis mzidunarianobisa da resursis 

Sefasebis meTodebis SemuSavebis sakiTxebi dagrovili 

dazianebebis albaTobis kriteriumis mixedviT. 

naSromSi [43], [45] ganxilulia daRlilobiTi daSlis 

kanonzomierebebi da gamocdebis Catarebis meTodika. naCvenebia 

konstruqciuli, teqnologiuri da saeqspluatacio faqtorebis 

gavlena gamZleobaze da aRwerilia manqanaTa detalebis 

simtkiceze gaangariSebis meTodebi, droSi cvalebadi 

datvirTvebis pirobebSi sakiTxis, rogorc deterministuli 

kuTxiT dasmis SemTxvevaSi, aseve albaTobis aspeqtiTac. 

eqsperimentis Catarebis gareSe an Semcirebuli moculobis 

SemTxvevaSi manqanaTa detalebis resursis prognozirebis 
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amocanis gadaWram didi xania miizida manqanaTmSeneblobis 

mravali dargis mecnieri Tu inJineri. 

am mimarTulebiT unda aRiniSnos m.n. stepnovis [44] 

xelmZRvanelobiT Catarebuli unikaluri kvlevebi, romelTa 

meSveobiTac SesaZlebeli gaxda eqsperimentalurad dadgeniliyo 

daRlilobis winaRobis maxasiaTebelTa gafantvis albaTobis 

kanonzomierebebi. aRniSnuli ki Tavis mxriv safuZvlad daedo 

konstruqciis elementebis simtkiceze da maTi resursis 

gaangariSebis albaTobis Tanamedrove meTodebs. kvlevebis 

Catarebisas gamocdas gadioda araerTi aTasi identuri nimuSi, 

ramac SesaZlebeli gaxada, albaTobisa da saimedoobis kuTxiT, 

dasabuTebuliyo daRlilobis maxasiaTebelTa gafantvis 

aramarto xarisxobrivi kanonzomierebebi, aramed sandoobis 

maRali xarisxiT dadgeniliyo konstruqciis masalebisa da 

elementebis daRlilobiTi maxasiaTeblebis ganawilebis 

fundamenturi kanonebi. 
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Tavi 2. Sedegebi da maTi gansja 

 

2.1. teqnikuri nakeTobebis saimedooba da misi 

uzrunvelyofis problemebi 

 

2.1.1. saimedoobis arsi da daniSnuleba 

 

teqnikis proeqtirebis, warmoebisa da eqspluataciis 

procesebi warmoiqmneba samuSaoTa mimdevrobiTi stadiebis saxiT, 

romelTagan TviToeulis dros mimdinareobs saimedoobis 

kvlevebi, rasac Tan sdevs miRebuli gadawyvetilebebis 

erTobliobis arCeva da dasabuTeba. 

saimedoobis kvlevis mTavar mizans warmoadgens 

RonisZiebaTa SemuSaveba, romelTa gatarebac uzrunvelyofs 

teqnikis usafrTxoebis amaRlebas, teqnikuri eqspluataciis 

procesebis srulyofasa da misi gamoyenebis maRal efeqturobas. 

saimedoobis Teoria, Tavisi arsiTa da daniSnulebiT, 

iTvaliswinebs Semdegi amocanebis gadaWraze mimarTuli 

RonisZiebebis SemuSavebasa da daxvewas: 

1) mtyunebebis warmoqmnis kanonzomierebaTa gansazRvra da 

nakeTobebis muSaunarianobis aRdgena; 

2) nakeTobebSi mimdinare procesebze  gare da Sida zegavlenebis 

zemoqmedebis Seswavla; 

3) proeqtirebis etapze sistemebis saimedoobis gamoTvliTi 

meTodebis SemuSaveba; 

4) konstruirebisa da damzadebisas saimedoobis amaRlebis 

saSualebebisa da agreTve xangrZlivi eqspluataciis 

procesSi misi saWiro donis SenarCunebis gzebis gamoZebna; 

5) saeqspluatacio saimedoobis damaxasiaTebeli statistikuri 

monacemebis Segrovebis, aRricxvisa da analizis meTodikebis 

SemuSaveba; 
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6) saimedoobaze gamocdisa da mocemuli donis dadasturebis 

meTodikebis SemuSaveba. 

maRali saimedoobis uzrunvelmyofeli gadawyvetilebebis 

arCevasa da dasabuTebas axorcieleben kvlevaTa sxvadasxva saxis 

meTodebis gamoyenebiT, romlebic SemuSavebulia saimedoobis, 

eqspluataciis, masiuri momsaxurebis, eqsperimentis dagegmvisa da 

sxva TeoriaTa safuZvelze. aRniSnul samuSaoebs asrulebs 

saproeqto-sakonstruqtoro, mwarmoebeli da saeqspluatacio 

sawarmoebis saimedoobis ganyofilebebi da samecniero-kvleviTi 

organizaciebi. 

proeqtirebis procesebis srulyofisa da teqnikis 

funqciuri sistemebis saimedoobis donis miyvanisaTvis 

vargisianobis normebiT dadgenil mdgomareobamde, saWiroa 

proeqtirebis etapze: 

_ funqciuri sistemebis SemuSavebaze teqnikur davalebaSi 

mocemuli saimedoobis moTxovnebis da ekonomikuri maCveneblebis 

Sesrulebis SesaZleblobis Teoriuli dasabuTeba; 

_ teqnikur-ekonomikuri gaTvlebis safuZvelze 

ganisazRvros rTuli sistemebis agebis sqematur-konstruqciuli 

variantebi makompleqtebeli nawilebis mocemuli maxasiaTeblebis 

gaTvaliswinebiT; 

_ Sefasdes teqnikis yvela nakeTobis konstruqciul 

gadawyvetilebebis dabalansebuloba saeqspluatacio 

faqtorebTan erTobliobaSi; 

_ funqciuri sistemebis saimedoobis mocemuli donis 

uzrunvelyofis mizniT SemuSavebul iqnas teqnikis nakeTobaTa 

saimedoobis amaRlebis RonisZiebebi; 

_ ganisazRvros konstruqciuli RonisZiebebi, romlebic 

uzrunvelyofen teqnikis nakeTobaTa teqnikuri eqspluataciis 

ekonomiurobas; 

_ SeirCes teqnikis nakeTobaTa kontrolisa da 

diagnostirebis optimaluri sistema; 
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_ apriori Sefasebul iqnas damuSavebaTa efeqturoba 

eqspluataciaSi maTi realizaciis SesaZleblobidan gamomdinare 

da a.S. 

Teoriuli da eqsperimentuli kvlevebis, maTematikuri da 

fizikuri modelirebis gaerTianeba iZleva apriori da 

aposteriori informaciis ufro racionalurad gamoyenebis 

saSualebas mimdinare da samomavlo gadawyvetilebebis swori 

miRebisaTvis. 

proeqtirebisas atareben teqnikis sistemebisa da maTi 

Semadgeneli elementebis proeqtis doneze saimedoobis kvlevas. 

amisaTvis warmoebs sistemebis alternatiuli variantebis 

saimedoobis Sefasebis modelebis SemuSaveba, elementebis 

saimedoobis normireba da im variantis arCeva, romelic 

akmayofilebs saimedoobis SezRudvebsa da moTxovnebs. 

saproeqto-konstruqtoruli SemuSavebisa da Catarebuli 

kvlevebis safuZvelze irCeven sistemebis saboloo variantebs, 

romelTa realizebac warmoebs nakeTobis Semdgom sasicocxlo 

stadiebze, da aseve warmoebs nakeTobis saimedoobis 

uzrunvelyofis programis dasabuTebac. 

saimedoobis uzrunvelyofis programa _ es aris 

urTierTganpirobebuli saorganizacio-teqnikuri moTxovnebisa da 

RonisZiebebis ganmsazRvreli dokumenti. aRniSnulis gatareba 

warmoebs nakeTobis sasicocxlo ciklis gansazRvrul etapebze 

da mimarTulia saimedoobis mocemuli moTxovnebis 

uzrunvelyofaze da (an) mis amaRlebaze. 

saeskizo da teqnikuri proeqtebis SemuSavebis etapebze 

saimedoobis uzrunvelyofis RonisZiebaTa ricxvs ganekuTvneba: 

masalebisa da elementebis arCeva, optimizacia, rezervireba, 

konstruqciis kontrol- da remont-gamosadegarobis 

uzrunvelyofa, warmoebasa da eqspluataciaSi kontrolisa da 

diagnostirebis racionaluri meTodebisa da saSualebebis 

SerCeva, teqnikis Seqmnis Semdgomi etapebisaTvis saimedoobis 
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mimarT wayenebuli raodenobrivi da xarisxobrivi moTxovnebis 

dazusteba. 

eqsperimentuli damuSavebis mTavar amocanas warmoadgens: 

saeqspluatacio pirobebis mTels diapazonSi teqnikis 

nakeTobebisa da sistemebis muSaunarianobis kvleva, 

muSaunarianobis maragis Semowmeba, teqnikis damuSavebis procesSi 

saimedoobis uzrunvelyofis RonisZiebaTa efeqturobis Semowmeba. 

damaboloebel gamocdebs atareben eqspluataciis realur 

pirobebTan maqsimalurad miaxloebul pirobebSi da im 

dokumentaciis mixedviT, romelic SemdgomSi gadaecema seriul 

warmoebas da maeqspluatirebel organizacias. aRniSnuli 

gamocdebi qmnian ufro zust warmodgenas teqnikuri sistemisa da 

mTlianobaSi nakeTobis saimedoobis Sesaxeb. 

eqsperimentuli damuSavebis programis dasabuTebisas 

iyeneben Semdeg meTodebs: 

_ struqturul-funqciuri analizis an matricul meTods, 

rac saSualebas iZleva sistemis yoveli elementis mier 

Sesasrulebeli yvela funqciis detaluri gaanalizebisa 

sistemis funqcionirebis nebismier periodSi; 

_ aramuSaunarian mdgomareobaTa da maTi gamovlenis 

eqsperimentuli xerxebis "xis" agebis meTodebs; 

_ grafTa Teoriisa da dagegmvis wriul meTodebs; 

_ msgavsebis Teoriis meTodebs; 

_ eqspertul meTodebs. 

eqsperimentuli damuSavebis programis optimizacias, mis 

determinirebul da stoqastikur SemadgenlebTan erTad, 

axorcieleben dinamikuri programirebisa da statistikuri 

modelirebis meTodebis gamoyenebiT. 

sakontrolo qarxnul gamocdebs (winaswari _ kvleviTi 

warmoebisaTvis; miReba-CabarebiTi, perioduli, tipiuri da 

gamocdebi saimedoobaze _ seriuli warmoebisaTvis) atareben 

teqnikis damzadebis procesSi nakeTobis xarisxisa da sawarmoo 

procesis stabilurobis kontrolis mizniT. 
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mTlianobaSi eqsperimentuli damuSavebis procesi SeiZleba 

daxasiaTebul iqnas efeqturobis kriteriumebiT, romlebic 

gansazRvraven eqsperimentul damuSavebaze, miRebuli Sedegebis 

sizuste-sisworeze da gamocdebis informaciulobaze droisa da 

saxsrebis danaxarjebis efeqturobas. 

eqspluataciis stadiaze teqnikis efeqturobisa da 

saimedoobis kvlevisas warmoebs Semdegi amocanebis gadaWra: 

_ sistemis saeqspluatacio maxasiaTeblebisa da 

eqspluataciis programis optimizacia saimedoobis 

gaTvaliswinebiT; 

_ teqnikis nakeTobaTa teqnikuri momsaxurebis optimaluri 

reJimebisa da strategiebis arCeva; 

_ eqspluataciis obieqtTa saeqspluatacio Tvisebebis 

uzrunvelmyofi rekomendaciebis SemuSaveba regionaluri 

Taviseburebebis gaTvaliswinebiT; 

_ teqnikis teqnikuri momsaxurebis axali meTodebis 

danergva da warmoebis teqnologiuri procesebiT marTva; 

_ teqnikis nakeTobaTa teqnikuri mdgomareobis 

diagnostireba da prognozi; 

_ teqnikis saimedoobis uzrunvelyofa da saeqspluatacio 

vargisianobis SenarCuneba. 

aRniSnuli amocanebis gadaWrisas ekonomikuri 

efeqturobis mTavar wyaroebs warmoadgenen: 

_ teqnikur momsaxurebaze teqnikis dgomis Semcireba 

teqnikuri momsaxurebisa da remontis moculobisa da reJimebis 

optimizaciisa da organizebis srulyofis, teqnikis nakeTobaTa 

xarisxis gazrdis xarjze; 

_ eqspluataciis obieqtTa teqnikuri momsaxurebis 

teqnologiuri procesebis srulyofa; 

_ teqnikuri momsaxurebis optimaluri startegiebis 

gamoyeneba; 

_ kontrolis moculobisa da reJimebis optimizacia, 

diagnostirebis procesebis gaumjobeseba. 
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teqnikis nakeTobaTa saimedoobis uzrunvelmyofel 

samuSaoTa saerTo kompleqsis Semadgenel nawils warmoadgens 

eqspluataciis Sedegebis analizi da nakeTobaTa saimedoobis 

maCvenebelTa Sefaseba. 

eqspluataciaSi teqnikis nakeTobaTa saimedoobis analizis 

mTavar amocanas warmoadgens: 

_ araswori konstruqciul-teqnologiuri 

gadawyvetilebebiT gamowveuli mtyunebebis gamovlena da 

aRmofxvra; 

_ muSaunarianobaze moqmedi saeqspluatacio faqtorebis 

gansazRvra; 

_ saimedoobis maCvenebelTa gansazRvra da sareglamento 

samuSaoTa moculobisa da reJimebis optimizacia; 

_ saimedoobis uzrunvelyofisa da amaRlebis 

RonisZiebebis SemuSaveba da a.S. 

teqnikis eqspluataciisas warmoiqmneba ori 

urTierTsawinaaRmdego procesi (ix. nax. 1): 

_ nakeTobis teqnikuri mdgomareobis cvlileba cveTis 

Sedegad da elementebis struqturis fizikur-qimiuri cvlileba 

maTi funqcionirebisas; 

_ nakeTobis teqnikuri mdgomareobis aRdgenis procesi 

teqnikuri momsaxurebisa da remontis dros. 

saimedoobis ganmsazRvreli konstruqciul-teqnikuri 

faqtorebi gamoixateba: 

_ teqnikis sistemebis struqturuli agebiT, rac adgens 

urTierTkavSirs elementebsa da maTi muSaobis reJimebs Soris; 

_ calkeuli elementebisa da mTlianobaSi sistemis 

konstruqciuli SemuSavebebiT; 

_ teqnikis funqcionirebis realur pirobebTan 

konstruqciuli da sqematuri gadawyvetilebebis Sesabamisobis 

xarisxiT; 



35 

 

_ mtyunebebis warmoqmnis SemTxvevaSi teqnikuri 

momsaxurebisa da muSaunarianobis aRdgenisadmi teqnikis 

nakeTobaTa gamosadegarobis xarisxiT. 

sawarmoo-teqnologiuri faqtorebi ganisazRvreba: 

_ mowinave teqnologiuri procesebis realizebiT; 

_ Tanamedrove aRWurvilobis gamoyenebiT; 

_ teqnikuri dokumentaciis moTxovnaTa dacviT; 

_ teqnikis nakeTobaTa xarisxis stabilurobis 

uzrunvelyofiT. 

saeqspluatacio-teqnikuri faqtorebi ganisazRvreba 

muSaobis pirobebiT da sistemaze moqmedi gare datvirTvebiT 

(rac amcirebs teqnikis saimedoobas) saremonto-profilaqtikur 

RonisZiebebTan erTobliobaSi, romlebic moicaven 

eqspluataciisas sistemis saimedoobis SenarCunebisa da 

uzrunvelyofis procesebis aqtiuri marTvis faqtorebs. 

momsaxurebis sistemaTa kvlevis perspeqtiul 

mimarTulebas warmoadgens eqspluataciis adapturi modelebisa 

da sxvadasxva struqturis mqone eqspluataciis modelebis 

SemuSaveba, romlebic gamoiyeneba informaciis dagrovebidan 

gamomdinare sistemaTa mdgomareobis marTvis xarisxis 

srulyofisaTvis. adapturi modelebis SemuSavebisa da 

teqnikuri 

momsaxurebisa da 

remontis reJimi 

kontrolis 

saSualebebisa da 
meTodebis xarisxi 

teqnikuri 
momsaxurebisa da 

remontis samuSaoTa 

xarisxi 

garemo 

konstruqciul-

sawarmoo faqtorebi

eqspluataciis 
reJimebi 

nakeTobis teqnikuri mdgomareoba 

nakeTobis 

eqspluataciisas 

misi teqnikuri 

mdgomareobis 

cvlilebis procesi

nakeTobis teqnikuri 

mdgomareobis 

aRdgenis procesi 

teqnikuri 

momsaxurebisa da 

remontisas 

nax. 1: teqnikis eqspluataciisas warmoqmnili procesebi 
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gamoyenebisaTvis saWiroa ganisazRvros maTi realizaciis 

teqnikuri SesaZleblobebi da gamoTvliTi baza. 

miRebuli gadawyvetilebebis mocemul moTxovnebTan 

Sesabamisobis xarisxi SeiZleba Semowmdes eqspluataciis 

obieqtis funqcionirebis procesis modelirebis safuZvelze, 

kompiuteruli teqnikis gamoyenebiT, misi sistemebis elementTa 

sxvadasxva mdgomareobebis Sexamebis pirobebSi. 

warmoebis maRali teqnikuri done iTxovs Sesabamis 

saorganizacio donesac. am dros izrdeba sawarmoo proesebis 

mdgomareobaTa Sesaxeb saeqspluatacio informaciis roli, rac 

warmoadgens operatiuli gadawyvetilebebis miRebis safuZvels, 

zrdis sawarmoo procesebis marTvadobas da uzrunvelyofs maTi 

funqcionirebis sizustes. 

marTvis efeqturoba miiRweva aramarto teqnikuri 

momsaxurebisa da remontis progresuli meTodebis gamoyenebis, 

samuSao drois danakargis Semcirebis, sainJinro-teqnikuri 

Semadgenlobis Secdomebis Semcirebis xarjze, aramed teqnikuri 

momsaxurebisa da remontis dawesebulebaTa saorganizacio da 

teqnikuri kulturis donis amaRlebis, warmoebis teqnologiisa 

da organizaciis srulyofis meSveobiTac. 

Tanamedrove teqnikuri mowyobilobebis saimedoobisa da 

usafrTxoebis maRali donis SenarCuneba, aseve teqnikuri 

momsaxurebisa da remontis progresuli meTodebis danergva 

SeuZlebelia uzrunvelyofil iqnas diagnostirebis meTodebisa 

da saSualebebis yovelmxrivi gamoyenebis gareSe. eqspluataciis 

obieqtTa teqnikuri mdgomareobis obieqturi da Tavisdrouli 

Sefaseba da masze dayrdnobiT nakeTobis an misi calkeuli 

sistemisa Tu kvanZis Semdgomi eqspluataciis Sesaxeb 

dasabuTebuli gadawyvetilebebis miReba SesaZlebelia mxolod 

diagnostirebis sxvadasxva meTodebis kompleqsuri gamoyenebis 

pirobebSi. aRniSnuli meTodebi unda efuZnebodes sistemebisa da 

kvanZebis muSaobis ZiriTadi parametrebis cvlilebis, metad 

datvirTuli konstruqciuli elementebis resursis gamomuSavebis 
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intensiurobisa da urRvevi kontrolis saSualebaTa gamoyenebis 

Sedegebis analizs. 

amgvarad teqnikis saimedoobis formireba aris rTuli 

procesi. igi damokidebulia teqnikur da saorganizacio 

faqtorebze, romlebic moicaven proeqtirebis, warmoebisa da 

eqspluataciis etapebs. 

teqnikis maRali saimedoobis uzrunvelyofisaTvis saWiroa 

misi formirebis procesiT marTva, mis calkeul etapebze 

gavlenis moxdena da mmarTveli gavlenebis efeqturobis 

kontroli. am dros gansakuTrebul mniSvnelobas iZens 

gadawyvetilebebis obieqturi Sefasebis saSualebaTa SemuSavebisa 

da eqspluataciaSi teqnikis saimedoobiT marTvis ekonomikurad 

efeqturi meqanizmis Seqmnis sakiTxebi. 

nakeTobis saimedooba axasiaTebs im TvisebaTa 

erTobliobas, romlebic gansazRvraven misi daniSnulebisamebr 

gamoyenebis gamosadegarobas da dakavSirebulni arian 

eqspluataciisas mtyunebebis warmoqmnis SesaZleblobasTan. 

nakeTobis saimedooba, rogorc xarisxis umniSvnelovanesi nawili, 

xasiaTdeba specifiuri TvisebebiT, romlebic damaxasiaTebelia 

mxolod aRniSnuli nakeTobisaTvis da romelTa gamovlineba 

warmoebs misi muSaobis mxolod gansazRvrul pirobebsa da 

reglamentirebuli drois ganmavlobaSi. saimedooba SeiZleba 

CaiTvalos drois mixedviT nakeTobis gadanawilebul xarisxad. 

nebismieri srulyofili da maRalekonomikuri teqnikuri 

mowyobilobis Seqmna gardauvladaa dakavSirebuli mdgradobis, 

simtkicis, TermodaZabulobis zRvruli mniSvnelobebis 

maxloblad misi muSa reJimebis SenarCunebasa da aseve sxva 

mravali parametris optimaluri Sexamebis uzrunvelyofasTan. 

saimedoobis maRali donis mqone nakeTobebis Seqmna 

warmoadgens rTul da kompleqsur amocanas, romlis gadaWrac 

unda mimdinareobdes maTi SemuSavebisa da damzadebis yvela 

etapze. saimedooba unda Caidos proeqtirebisas, uzrunvelyofil 

iqnas warmoebisas da SenarCundes eqspluataciis procesSi. 
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nakeTobis saimedoobis done ganisazRvreba mocemuli 

drois ganmavlobaSi umtyuno muSaobis albaTobiT an namuSevriT 

erT mtyunebaze. 

 

 

2.1.2. saimedoobis ZiriTadi cnebebi da zogierTi 

ganmartebebi 

 

saimedooba, rogorc kompleqsuri Tviseba ar SeiZleba 

daxasiaTdes erTi parametriT an raodenobrivi maCvenebliT. igi 

rTuli Tvisebaa, romelic nakeTobis daniSnulebisa da 

gamoyenebis pirobebze damokidebulebiT Sedgeba TvisebaTa 

nakrebisagan: umtyunebloba, remontgamosadegaroba, xangamZleoba 

da Senaxvadoba. am nakrebis TviToeul TvisebaTagans gaaCnia 

Tavisi daniSnuleba da mniSvnelovnoba. isini Tavs iCenen garemos 

gansazRvruli zemoqmedebisas da eqspluataciis procesSi da 

Sesabamisad aRniSnul Tvisebebs uwodeben saeqspluatacioebs. 

saimedoobis TeoriaSi erTmaneTisagan ganasxvaveben 

sistemebsa da elementebs. sistema gulisxmobs erTad moqmedi 

elementebis erTobliobas, romlebic uzrunvelyofen gakveuli 

amocanebis Sesrulebas. elements ki ar gaaCnia damoukidebeli 

saeqspluatacio daniSnuleba konkretuli amocanis Sesrulebisas, 

igi sistemaSi mxolod da mxolod asrulebs garkveul funqcias. 

xangrZlivi eqspluataciis procesSi sistema Tu elementi 

SeiZleba gadadiodes erTi mdgomareobidan meoreSi. teqnikuri 

mdgomareoba xasiaTdeba nakeTobis TvisebaTa erTobliobiT, 

romlebmac warmoebisa da eqspluataciis procesSi ganicades 

garkveuli cvlilebebi. am cvlilebaTa dasaSvebi donis mixedviT 

ganasxvaveben nakeTobis mdgomareobis Semdeg saxeebs: gamarTuli - 

gaumarTavi, muSaunariani - aramuSaunariani, zRvruli. 
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gamarTuli mdgomareoba _ nakeTobis mdgomareobaa, romlis 

drosac is Seesabameba normatiul-teqnikuri da konstruqciuli 

dokumentaiis yvela moTxovnas. 

gaumarTavi mdgomareoba _ nakeTobis mdgomareobaa, romlis 

drosac is ar Seesabameba normatiul-teqnikuri da 

konstruqciuli dokumentaciis erT moTxovnas mainc. 

muSaunariani mdgomareoba _ nakeTobis mdgomareobaa, 

romlis drosac yvela parametris mniSvneloba, romlebic 

axasiaTeben mocemuli funqciebis Sesrulebis unars, Seesabameba 

mxolod normatiul-teqnikuri dokumentaciis moTxovnebs. 

aramuSaunariani mdgomareoba _ nakeTobis mdgomareobaa, 

romlis drosac erTi parametris mniSvneloba mainc, romelic 

axasiaTebs mocemuli funqciis Sesrulebis unars, ar Seesabameba 

mxolod normatiul-teqnikuri dokumentaciis moTxovnebs. 

zRvruli mdgomareoba _ nakeTobis mdgomareobaa, romlis 

drosac misi Semdgomi eqspluatacia normatiul-teqnikuri 

dokumentaciis Tanaxmad dauSvebelia an araa mizanSewonili misi 

muSaunriani mdgomareobis darRvevis aRmofxvris SeuZleblobiT 

ama Tu im mizezis gamo. aseve aRniSnuli mdgomareoba xasiaTdeba 

muSa parametrebis gasvliT dadgenil sazRvrebs gareT. 

saimedoobis Teoriis ZiriTad cnebas warmoadgens mtyuneba 

_ movlena, romelic mdgomareobs nakeTobis mier saWiro 

funqciis Sesrulebis unaris dakargvaSi anu nakeTobis 

muSaunariani mdgomareobis darRvevaSi. 

nakeTobis muSaobis romeliRac momentSi SeiZleba moxdes 

misi muSaunarianobis darRveva anu mtyuneba. 

ismis kiTxva _ Tu ratom xdeba, Tundac mcire albaTobiT, 

nakeTobis muSaobis drois SemTxveviT momentebSi mtyuneba imis 

gaTvaliswinebiT, rom nakeToba da misi Semadgeneli elementebi 

damuSavebuli iyo maRal teqnikur da teqnologiur doneze 

mecnierulad dasabuTebuli meTodebisa da analogebis 

konstruirebis gamocdilebis gamoyenebiT. 
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obieqturi mizezebi imisa, rom mtyuneba an gaumarTaoba 

aris SemTxveviTi movlena da Cven ar SegviZlia winaswar 

ganvsazRvroT drois romel momentSi moxdeba is, iyofa or 

jgufad. 

pirvel jgufs ganekuTvneba mizezebi, romlebic 

warmoadgenen mocemuli tipis nakeTobis TviToeuli egzemplaris 

damzadebisas gansxvavebis Sedegs: 

_ sawyisi masalebis (nedleulis) fizikuri da simtkicis 

maxasiaTeblebis gafantva; 

_ moZravi da uZravi SeerTebebis geometriuli 

parametrebis arazusti Sesabamisoba naxazebiT gaTvaliswinebul 

mniSvnelobebTan; 

_ teqnologiuri procesebis arastabiluroba. 

meore jgufs ganekuTvneba mizezebi, romlebic 

warmoadgenen muSaobis reJimebisa da eqspluataciis pirobebis 

araabsoluturi identurobis Sedegs: 

_ gare zemoqmedebisa da datvirTvebis Sexamebis 

SemTxveviTi xasiaTi; 

_ sxvadasxva klimatur zonebSi eqspluataciis pirobebis 

mosalodnelisgan gadaxra; 

_ muSaobisas gare pirobebis gansxvaveba sastendo 

gamocdebis Catarebisas aRwarmoebulisgan. 

mtyunebebisa da gaumarTaobebis swori klasifikacia 

saSualebas iZleva saimedoobis TeoriaSi arsebuli kanonebisa da 

gamoTvlis modelebis gamoyenebiT umtyuneblobis gaangariSebis 

procesSi, nakeTobis gamocdebisa da eqspluataciis Sedegebis 

mixedviT, Sesabamisi maCveneblebis Sefasebisas gamovricxoT 

Secdomebi. 

mtyunebebi, rogorc SemTxveviTi movlenebi, gamovlenis 

parametrebis cvlilebaTa xasiaTis mixedviT SeiZleba iyos _ 

damoukidebeli da damokidebuli, erToblivi da araerToblivi, 

TandaTanobiTi da uecari, xolo warmoqmnis mizezebidan 

gamomdinare _ konstruqciuli, sawarmoo da saeqspluatacio. 
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niSanTvisebaTa 

klasifikacia

mtyunebaTa 

saxeebi 
cnebis gansazRvra magaliTebi 

nakeTobis 

parametris 

cvlilebis 

xasiaTi 

uecari 

mtyuneba xasiaTdeba nakeTobis 

mocemuli parametris 

mniSvnelobaTa naxtomiseburi 

cvlilebiT. 

kompresoris pirveli safexuris 

niCabTa CanaWyletebi. 

safreni aparatis dafrenisas 

aviasaburavis daSla. 

TandaTanobiTi

mtyuneba xasiaTdeba nakeTobis 

erTi an ramodenime mocemuli 

parametris TandaTanobiTi 

cvlilebiT. 

aksialur-dguSiani hidrotumbos 

dguSiani wyvilebis saxsrul 

SeerTebebSi folxvis gazrda. 

mtyunebis 

warmoqmnis 

mizezi 

konstruqciuli

mtyuneba warmoiqmneba 

nakeTobis konstruirebisa 

dadgenili wesebisa da (an) 

arasrulyofilebis an 

darRvevis gamo. 

ctabilizatoris Semonakeris 

bzarebi. 

zolurebisa da qanqarebis 

folxvisa da xaxunis zrda, 

gaWedva. 

Zravas marTvis gvarluri 

gayvanilobis daSla. 

sawarmoo 

mtyuneba warmoiqmneba 

nakeTobis da saremonto 

sawarmoSi remontis 

dadgenili procesis 

arasrulyofilebis an 

darRvevis gamo. 

sawvav-zeTovani radiatorebis 

Sida arahermetuloba. 

aksialur-dguSiani hidrotumbos 

dguSiani wyvilebis saxsarTa 

SemWidroebebis daSla. 

sawvavis avz-kesonebis 

arahermetuloba. 

saeqspluatacio

mtyuneba warmoiqmneba 

nakeTobis eqspluataciis 

dadgenili wesebis da (an) 

pirobebis darRvevis gamo. 

saburavis daSla. 

airturbinuli Zravas sawvavis 

miwodebis regulirebis sistemis 

elementebis mtyuneba. 

sawvavis filtris mtyuneba. 

mtyunebis 

gamovlenis 

xasiaTi 

aSkara 

gamovlindeba teqnikuri 

personalis mier nakeTobis 

momzadebisas an misi 

funqcionirebis dros. 

airturbinuli Zravas sakisarTa 

daSla. 

airturbinuli Zravas kompresoris 

pompaJi. 

sawvavis filtris badis gabidvna. 

kompresoris pirveli safexuris 

niCabTa CanaWyletebi. 

faruli 

funqcionirebis procesSi 

TavisTavad ar vlindeba da 

amisaTvis saWiroebs 

diagnostirebis meTodebisa 

da xelsawyoebis gamoyenebas. 

hidrosistemaSi mimtumbavi tumbos 

Semdeg Sida arahermetuloba. 

erT-erTi hidroakumulatoris 

mtyuneba. 

mtyunebaTa 

damokidebuleba

damokidebuli 
nakeTobis mtyuneba 

ganpirobebulia sxva 

nakeTobis mtyunebiT. 

maRali wnevis sawvavis tumbos 

damWirxni kvanZis daSla 

mimtumbavi tumbos mtyunebis gamo.

hidrotumbos samaje SemWidroebis 

daSla amZravis sakisaris daSlis 

gamo. 

damoukidebeli
nakeTobis mtyuneba ar aris 

ganpirobebulia sxva 

nakeTobis mtyunebiT. 

fuzelaJis Semonakeris gare 

zedapiris korozia. 

qanCuri da moqlonuri SeerTebebis 

Sesusteba. 

 

cxrili 1: nakeTobebis mtyunebaTa klasifikacia gamovlenis 
parametrebis cvlilebaTa xasiaTisa da warmoqmnis mizezebis mixedviT 
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mtyunebebis klasifikacia gamovlenis parametrebis 

cvlilebaTa xasiaTisa da warmoqmnis mizezebis mixedviT 

moyvanilia cxrilSi 1. 

damokidebuli ewodebaT mtyunebebs, romelTa warmoqmnac 

ganpirobebulia sxva nakeTobebis mtyunebebiT, xolo 

damoukideblebi ki _ romlebic warmoiqmnebian sxva nakeTobebis 

mdgomareobis miuxedavad. 

sistemis muSaobisas calkeuli elementebis erTdroulad 

warmoiqmnil mtyunebebs ewodeba erToblivi, xolo araerToblivi 

ki _ iseTebs, romelTaganac arc erTi ar SeiZleba moxdes 

erTdroulad. 

TandaTanobiTi mtyunebebi xasiaTdeba nakeTobis erTi an 

ramodenime parametris TandaTanobiTi cvlilebiT (masalaTa 

cveTa, korozia, daRliloba, denadoba). eqspluataciis procesSi 

SesaZlebelia amgvari parametrebis cvlilebis dafiqsireba da 

Sesabamisad muSaunariani mdgomareobis darRvevis savaraudo 

momentis prognozireba Semdgomi profilaqtikuri saremonto an 

SecvliTi samuSaoebis gatarebiT. 

uecari mtyunebebi xasiaTdeba nakeTobis erTi an 

ramodenime parametris naxtomiseburi cvlilebiT. isini 

warmoiqmneba arasasurveli faqtorebisa da SemTxveviTi gare 

zegavlenis, datvirTvebis damTxvevisa da gaerTianebis Sedegad, 

romlebic aRemateba gaTvliT mniSvnelobebs. maTi warmoqmnis 

albaTobaze ar moqmedebs nakeTobis namuSevari da eqspluataciis 

kalendaruli xangrZlivoba. 

nebismieri teqnikuri nakeTobis mtyunebebisa da 

gaumarTaobebis warmoqmnis mizezebis analizisaTvis, rac 

mimarTulia maTi usafrTxo mtyunebisa da umtyuneblobis 

gazrdis efeqturi RonisZiebebis SemuSavebaze, didi mniSvneloba 

gaaCnia maT klasifikacias faqtorebis mixedviT _ fiqsaciis 

momentis, Sedegebis, mizezebis da aRmofxvris meTodebis mixedviT. 

erT-erTi samecniero-teqnikuri problema, romlis 

gadaWrac warmoebs teqnikuri nakeTobebis maRali saimedoobis 
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uzrunvelyofis mizniT, mdgomareobs mtyunebaTa warmoqmnis 

fizikuri arsis dadgenaSi. 

nakeTobis mtyuneba SemTxveviTi movlenaa, magram nebismieri 

mtyunebis warmoqmnis mizezi dakavSirebulia gansazRvrul 

fizikur-qimiur procesebTan, rac ganpirobebulia Semdegi 

urTierTdakavSirebuli faqtorebis zemoqmedebiT (nax. 2): 

_ nakeTobaTa sawyisi masalebis (nedleulis) 

struqturuli arasrulyofilebiT, rac ganpirobebulia 

minarevebis, dislokaciebis, koncentraciis gradientebis da a.S. 

arsebobiT , … , , … , ; 

_ warmoebis procesis konstruqciul-teqnologiuri 

defeqtebiT , … , , … , ; 

_ gare datvirTvebiT ; 

_ gamoyenebis reJimiT . 

CamoTvlili faqtorebis kompleqsuri gavlena 

gansazRvravs nakeTobaSi fizikur-qimiuri procesebis 

erTobliobis mimdinareobas _ , … , , … , , , sadac 

nax. 2: teqnikuri nakeTobebis mtyunebaTa formirebis fizikuri modeli 

, … , , 	

fizikur-qimiuri 

procesebi 

mtyuneba 

, , , ,
parametris kinetika

teqnikuri nakeTobebi 

	
gare datvirTvebi saeqspluatacio reJimi 

, … , , … ,

sawyisi masalebis 

(nedleuli) defeqtebi 
, … , , … ,

konstruqciul-

teqnologiuri defeqtebi

sawyisi masalebis 

(nedleuli)	
sawarmoo procesi
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, , , ,  aris  fizikur-qimiuri procesis, romelic 

gansazRvravs nakeTobaTa Sesabamisi mtyunebis saxes, 

mimdinareobis siCqare, xolo  droa. 

calkeuli nakeTobebisaTvis mtyunebis konkretuli modeli 

ganisazRvreba mtyunebaTa warmoqmnisa da ganviTarebis procesze 

sxvadasxva saxis fizikuri faqtorebis gavlenis xasiaTiT. aseT 

faqtorebs ganekuTvneba masalaTa cveTa da dabereba, 

daRlilobiTi dazianebebis dagroveba, sawarmoo-teqnologiuri 

defeqtebisa da dazianebaTa adgilobrivi koncentratorebis 

arseboba, masalaTa araerTgvaroba, bzarebi, bewvbzarebi, 

faqtiuri pirobebisa da datvirTvebis Seusabamoba gaangariSebiT 

miRebul dasaSveb mniSvnelobebTan. 

rTuli teqnikuri nakeTobebis mtyunebebs gaaCnia 

warmoqmnis sxvadasxva mizezebi da gamovlenis sxvadasxva saxeebi. 

maTi mtyunebebis gamovlenis ufro damaxasiaTebel saxes 

warmoadgens funqciuri sistemebisa da maTi agregatebis sawyisi 

parametrebis gadaxra normatiuli mniSvnelobebidan an maTi 

gasvla dadgenil sazRvrebs gareT, rasac mohyveba bzarebis, 

dazianebebisa da deformaciebis warmoqmna. 

rTuli teqnikuri nakeTobebis mtyunebaTa ganviTarebis 

xasiaTisa da gamovlenis saxeze damokidebulebiT ganasxvaveben: 

_ funqciur saimedoobas _ nakeTobas SeuZlia mocemuli 

funqciebis Sesruleba; 

_ parametrul saimedoobas _ Sesrulebuli funqciebi ar 

akmayofileben sizustis, ekonomiurobisa da efeqturobis 

moTxovnebs; 

_ simtkicuri saimedooba _ nakeTobaTa damtvreva da 

dazianeba. 

nakeTobaTa mtyunebebis warmoqmnis meqanizmi ganisazRvreba 

maTi Tvisebebisa da parametrebis cvlilebiT droSi, rac 

ganpirobebulia mikronawilakebis mdgomareobis cvlilebiT 

mizez-Sedegobrivi kavSirebis kinetikis gamo da Sesabamisad 

mtyunebebis warmoqmnis mizezic xdeba. masalaTa Tvisebebis 
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cvlilebas Tan sdevs erTi saxis energiis gardaqmna meore saxis 

energiaSi. rac ufro didia Sida kavSirebis Zalebi, miT ufro 

meti energiis daxarjvaa saWiro maT dasarRvevad. nakeTobebis 

masalebSi sxvadasxva saxis defeqtebis arsebobis gamo 

warmoqmnili araerTgvarovani mdgomareoba aaqtiurebs masis 

gadamtan procesebs, rasac mohyveba masalis SigniT fazaTa 

ganawilebis sazRvrebze wyveta. mtyunebebs Tan sdevs: lokaluri 

daZabulobebis koncentracia, mikrobzarebis dagroveba, 

koroziuli da eroziuli cveTa, orTqlis, mtverisa da 

fxvnilebis adgezia, dabereba. 

mtyunebis warmoqmna warmoadgens mudmiv kinetikur 

process, romlis mimdinareobis meqanizmi da siCqare 

ganisazRvreba masalis struqturiTa da TvisebebiT, 

daZabulobebiT, temperaturiT da sxva. aqedan gamomdinare 

teqnikuri nakeTobebis mtyunebaTa klasifikacia, maTi fizikuri 

arsis gamo, unda warmoebdes pirvel rigSi mtyunebaTa fizikur-

qimiuri procesebisa da maTi mimdinareobis meqanizmebis mixedviT 

(ix. cxrili 2). 

 

procesebi mtyunebaTa meqanizmebi magaliTebi 

Termuli 
deformaciebi, struqturuli 

da fazuri gardaqmnebi. 
Zravas turbinis elementebi. 

difuziuri 
korozia, bzarebis warmoqmna, 

dislokaciebi. 

korpusis da marTvis sistemis 

elementebi. 

meqanikuri 
meqanikuri cveTa, miwebeba, 

deformaciebi, daSla. 

samuxruWe mowyobilobebi, 

konstruqciis da Sasis 

Zaluri elementebi. 

sorbciuli 
erozia, dabereba, zedapiris 

gaWuWyianeba. 

turbinis niCbebi, Zravas 

dguSebi, Zravas gamWoli an 

gamosabolqvi nawili. 

 

cxrili 2: teqnikuri nakeTobebis mtyunebaTa fizikur-qimiuri 

procesebis da am mtyunebebis damaxasiaTebeli meqanizmebis 

klasifikacia 
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nebismieri teqnikuri mowyobilobis elementTa 

muSaunarianobis uzrunvelyofasa da mtyunebebis warmoqmnaSi 

gadamwyveti mniSvneloba gaaCnia procesebs, romlebic 

mimdinareoben konstruqciis zedapirze, romelic Tavis mxriv 

ganicdis garemos, tenianobis da dabinZurebis uSualo gavlenas. 

detalebis moZrav da uZrav SeerTebebSi warmoiqmneba 

meqanikuri da eleqtroeroziuli cveTis, kontaqturi koroziis 

sxvadasxva saxeebi. fizikur qimiuri procesebis umravlesoba 

warmoadgens Termoaqtiurs, anu procesebis mimdinareobis 

intensiuroba izrdeba nakeTobis SeTbobisas. 

siTbur procesebs ukavia gadamwyveti roli Termulad 

datvirTul mdgomareobaSi myofi nakeTobebis masalaTa 

Tvisebebisa da maxasiaTeblebis cvlilebaSi, daSlisa da 

daberebis procesebSi. 

teqnikuri nakeTobebis mtyunebebisa da dazianebebis 

warmoqmnis meqanizmidan gamomdinare maTi dayofa SeiZleba Semdeg 

jgufebze: 

1) daRlilobiTi xasiaTis daSla _ saeqspluatacio 

datvirTvebiT gamowveuli bzarebis da deformaciebi; 

2) moZravi SeerTebebisa da moqlonuri nakerebis folxva _ 

konstruqciis elementebis nacveTi da cveTis sxva saxeebi; 

3) daSla da deformacia, rac gamowveulia gaTvliT 

mniSvnelobebTan SedarebiT gadaWarbebuli datvirTvis 

erTjeradi moqmedebiT; 

4) sapoxi masalebisa da specialuri siTxeebis mier SemzeTavi 

Tvisebebis dakargva; 

5) laq-saRebavi da damcavi safarebis daSla; 

6) konstruqciis elementebis korozia; 

7) meqanikuri dazianebebi. 

pirveli ori jgufis mtyunebebisa da dazianebebis 

warmoqmna ZiriTadSi dakavSirebulia nakeTobis eqspluataciis 

reJimebTan. 
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mesame jgufis mtyunebebisa da dazianebebis warmoqmna 

dakavSirebulia nakeTobis eqspluataciis xarisxTan. 

mtyunebebisa da dazianebebis Semdegi sami jgufi 

umTavresad damokidebulia eqspluataciis klimatur pirobebze 

da gatarebuli teqnikuri momsaxurebis reJimebsa da xarisxze. 

mtyunebebisa da dazianebebis bolo jgufis warmoqmna 

dakavSirebulia teqnikuri nakeTobis momsaxurebaze mimarTuli 

samuSaoebis organizaciis naklovanebebTan. 

yvela zemoT aRniSnuli jgufis mtyunebebisa da 

dazianebebis warmoqmnas xels uwyobs konstruqciul-sawarmoo 

xasiaTis mqone SemTxveviTi faqtorebi: konstruqciis elementebis 

eqspluataciis pirobebis arasakmarisad Seswavla, nakeTobis 

SemuSavebisas miRebuli mcdari konstruqciuli gadawyvetilebebi, 

uxarisxo masalebis gamoyeneba, damzadebisas damuSavebis 

reJimebis darRveva da a.S. 

teqnikuri nakeTobebis mtyunebaTa mizezebis kvlevas 

gaaCnia gadamwyveti mniSvneloba saimedoobis uzrunvelyofis 

amocanis gadaWrisas. am dros warmoebs nakeTobaTa teqnikuri 

mdgomareobis, maT mier muSaunarianobis dakargvis mizezebisa da 

garemoebebis, mtyunebaTa meqanizmis gamokvleva da keTdeba 

Sesabamisi daskvnebi mtyunebaTa warmomqmneli faqtorebis Sesaxeb. 

teqnikuri nakeTobebis saimedoobis analizi moicavs 

Semdeg umTavres etapebs: 

1) mtyunebaTa mizezebis inJinruli (xarisxobrivi) analizi; 

2) dakvirvebis Sedegebis inJinrul-teqnikuri damuSaveba; 

3) saimedoobis maTematikuri (raodenobrivi) analizi; 

4) saimedoobis raodenobrivi da xarisxobrivi analizis 

Sedegebis ganzogadebasTan da saTanado mmarTveli 

zegavlenebis SemuSavebasTan dakavSirebuli procedurebi. 

teqnikuri nakeTobebis mtyunebaTa mizezebis xarisxobrivi 

analizis mizans warmoadgens im fizikuri movlenebisa da 

procesebis gansazRvra, romlebic ganapirobebs mtyunebaTa 
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formirebas da nakeTobaSi funqciuri sistemebis 

muSaunarianobaze am mtyunebaTa gavlenis sidides. 

dakvirvebis Sedegebis inJinrul-teqnikuri damuSaveba 

miznad isaxavs statistikuri masalis gaerTianebas, misi 

erTgvarobis uzrunvelyofasa da dakvirvebis dajgufebuli 

Sedegebis momzadebas saimedoobis maTematikuri analizisaTvis. 

sxvadasxvagvari saeqspluatacio informaciis inJinrul-

teqnikuri damuSaveba xorcieldeba or etapad. 

pirvel etapze warmoebs: 

_ Canawerebis dawvrilebiTi analizi; 

_ mtyunebebis mizezebis Sesaxeb monacemebis dazusteba da 

Sevseba; 

_ informaciis dajgufeba erTnairi tipis nakeTobebis 

mixedviT. 

meore etapze mimdinareobs nakeTobaTa saimedoobis Sesaxeb 

informaciis klasifikacia da gaerTianeba arCeuli niSnebis 

mixedviT da mtyunebaTa Sedegebis, muSaobis reJimebis, garemos 

gavlenis, mtyunebaTa meqanizmis da sxvaTa gaTvaliswinebiT. 

teqnikuri nakeTobebis mtyunebaTa gamovlenis mizezebisa 

da xasiaTis inJinruli analizis procesSi gansakuTrebuli 

mniSvneloba gaaCnia yoveli mtyunebis ganmsazRvreli 

argumentebis, faqtorebisa da movlenebis swor dakavSirebas. 

aRniSnulis uzrunvelsayofad gaTvaliswinebulia saTanado 

struqturuli sqemebi, romelTa meSveobiTac xorcieldeba 

umniSvnelovanesi kavSirebisa da maTi xarisxobrivi Tvisebebis 

gamoyofa, aseve warmoebs nakeTobaTa srulyofis ZiriTadi 

mimarTulebebis gansazRvra. 

niSan-TvisebaTa erTobliobis mixedviT teqnikuri 

nakeTobebis yvela saxis mtyuneba SeiZleba daiyos Semdeg 

jgufebze: 

1) mtyunebaTa xasiaTis ganmsazRvreli niSan-Tvisebebis 

erToblioba (ix. nax. 3); 
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mtyunebis gamovlinebis saxe 

kontrolisa da diagnosti-

rebis saSualebebis arseboba 

kontrolis reJimebi 

Sromatevadoba 

mtyunebis gamovlenis niSnebi 

mtyunebis Sedegebi 

mtyunebis aRmofxvris xerxi 

mtyunebis aRmofxvris 

Sromatevadoba 

nakeTobis saeqspluatacio 

Tvisebebis aRwera 

nax. 3: nakeTobebis 
mtyunebaTa xasiaTis 
ganmsazRvreli niSan-
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struqturuli sqema 

aS
ka
r
a 

S
ef
er
x
eb
is
 
sa
x
iT

 

S
en
ac
vl

eb
iT

i 

ar
aa
S
ka
r
a 

ko
nt

r
o
l
ir

eb
ad
i 

(e
qv
em
d
eb
ar
eb
a 

d
ia
gn
o
st

ir
eb
as
) 

ar
ak
o
nt

r
o
l
ir

eb
ad
i 

(a
r
 
eq
ve
md
eb
ar
eb
a 

d
ia
gn
o
st

ir
eb
as
) 

u
w
yv
et

i 

pe
r
io

d
u
l
i 

S
ec
vl

a 

sx
va
 
x
er
x
i 

S
ek
eT
eb
a 

r
eg
u
l
ir

eb
a 

o
pe
r
ac
ia
T
a 
r
ao
d
en
o
ba
 

d
a 
S
em
ad
ge
nl

o
ba
 

l
o
d
in
is
 
d
r
o
 

aR
mo
f
x
vr

is
 
d
r
o
 

mo
Ze
bn
is
 
d
r
o
 

mtyunebis saxe 

gamomuSavebis Sedegad 

muSaunarianobis dakargvis 

xarisxi 

mtyunebis gamovlenis xasiaTi
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funqciuri mniSvnelovnoba 

muSaobisas 

mtyunebis warmoqmnis mizezi 

daskvna 

nax. 5: nakeTobebis 
saeqspluatacio Tvisebebis 

ganmsazRvreli niSan-
Tvisebebis erTobliobis 
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nax. 4: mtyunebaTa 
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2) mtyunebaTa meqanizmis ganmsazRvreli niSan-Tvisebebis 

erToblioba (ix. nax. 4); 

3) nakeTobaTa saeqspluatacio Tvisebebis ganmsazRvreli niSan-

Tvisebebis erToblioba (ix. nax. 5). 

niSan-TvisebaTa erTobliobis pirveli jgufi axasiaTebs 

mtyunebas misi funqciuri mniSvnelovnobidan, gamovlinebis 

xasiaTidan, warmoqmnis mizezidan gamomdinare da warmoadgens 

teqnikuri nakeTobebis saimedoobis amaRlebaze mimarTul 

konstruqciul-teqnologiuri RonisZiebebis SemuSavebis 

safuZvels. 

meore jgufi warmoadgens informaciis mniSvnelovan 

damatebiT wyaros, romelic axasiaTebs mtyunebaTa formirebis 

process da warmoadgens dazianebebis dagrovebis sazoms. aseve 

saSualebas iZleva dadgenil iqnas dakvirvebadi movlenebis 

mizezobrivi kavSiri da warmoadgens teqnikuri nakeTobebis 

saimedoobis uzrunvelyofisaTvis konstruqciul-teqnologiuri 

gadawyvetilebebis SemuSavebisa da saeqspluatacio RonisZiebebis 

gatarebis safuZvels. 

mesame jgufi asaxavs nakeTobaTa saeqspluatacio Tvisebebs 

da axasiaTebs teqnikuri momsaxurebis samuSaoTa efeqturobas, 

aseve warmoadgens mtyunebaTa SesaZlo Sedegebis Tavidan 

acilebaze mimarTuli saeqspluatacio RonisZiebebis SemuSavebis 

safuZvels. 

 

 

2.1.3. saimedoobis raodenobrivi maxasiaTeblebi da 

maCveneblebi 

 

nebismieri nakeTobis saimedoobis Sefasebisas iyeneben 

Sesabamis raodenobriv maxasiaTeblebs. 

nakeTobis umtyunebloba raodenobrivad SeiZleba 

Sefasebul iqnas iseTi parametriT, rogoricaa namuSevari 
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mtyunebamde (romelmac gamoiwvia dakisrebuli funqciis 

Seusrulebloba) _ ნ. 

ნ
∑

ნ
																																																													 2.1.1  

sadac: ∑ _ mocemuli tipis nakeTobis jamuri namuSevari 

gansaxilveli periodis ganmavlobaSi; ნ _ aRniSnuli tipis 

nakeTobebis mtyunebaTa, romlebmac gamoiwvies dakisrebuli 

funqciis Seusrulebloba, jamuri raodenoba imave gansaxilveli 

periodis ganmavlobaSi. 

nakeTobis da misi sistemebis umtyuneblobis 

gaangariSebisas farTod iyeneben iseT maCvenebels, rogoricaa 

mtyunebaTa nakadis parametri _ ნ, romelic aris ნ-is 

Sebrunebuli sidide da arsobrivad warmoadgens mtyunebebis 

raodenobas erT saaT namuSevarze. 

ნ
1

ნ
																																																											 2.1.2  

umtyuneblobis maCvenebelTa gamosaxatavad aseve 

gamoiyeneba umtyuno muSaobis albaToba konkretuli drois 

ganmavlobaSi _ , da mtyunebis albaToba _ . 

nebismieri teqnikis proeqtiebis, damzadebis, gamocdisa da 

eqspluataciis procesSi sxvadasxva sainJinro mniSvnelobis mqone 

amocanebis gadasaWrelad saWiroa saimedoobis raodenobrivi 

maxasiaTeblebis gamoyeneba. nakeTobis mtyunebaze namuSevris dro 

damokidebulia bevr faqtorze, romelTa meSveobiTac warmoebs 

mtyunebaTa raodenobisa da maTi warmoqmnis drois ganxilva 

SemTxveviTi sidideebis saxiT. swored movlenaTa warmoqmnis 

SemTxveviToba warmoadgens eqspluataciis obieqtTa saimedoobis 

Seswavlisas arsebuli problemebis damaxasiaTebel 

Taviseburebas. 

amitomac aseTi movlenebis warmoqmnis kanonzomierebaTa 

SeswavlisaTvis saimedoobis TeoriaSi gamoiyeneba albaTobis 

Teoriisa da maTematikuri statistikis elementebi. 
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nakeTobis mtyunebas ganmartaven SemTxveviT movlenad, 

xolo mtyunebis warmoqmnamde muSaobis period -s _ SemTxveviT 

sidided. amgvarad, mtyuneba aris movlena, romlis drosac 

SemTxveviTi sidide  naklebia nakeTobis muSaobis mocemul 

period -ze. Tu ki sruldeba metoba , maSin nakeTobis 

mtyuneba  drois ganmavlobaSi ar warmoiqmneba. 

nakeTobis saimedoobis mTavar raodenobriv maxasiaTeblad, 

romelic axasiaTebs droSi mtyunebaTa warmoqmnis 

kanonzomierebebs, miRebulia umtyuno muSaobis albaToba : 

																																																		 2.1.3  

mtyunebis albaTobas gansazRvraven, rogorc albaTobas 

imisa, rom umtyuno muSaobis dro  naklebia muSaobis mocemul 

dro -ze: 

																																																		 2.1.4  

vinaidan, namuSevari -s nebismieri mniSvnelobisas nakeToba 

SeiZleba iyos muSaunariani an aramuSaunariani, amitom 

WeSmaritia Semdegi toloba: 

1																																																		 2.1.5  

aRniSnuli maxasiaTeblebis statistikuri gansazRvrebebia: 

∗ 1 ;														 ∗ 																									 2.1.6  

sadac:  _ gamarTuli nakeTobebis raodenoba  drois 

momentSi;  _ gamarTuli nakeTobebis raodenoba drois sawyis 

momentSi;  _ nakeTobebis raodenoba, romlebmac ganicades 

mtyuneba  drois ganmavlobaSi. 

eqspluataciaSi myofi nakeTobis saimedoobis cvlilebis 

siCqaris daxasiaTebisaTvis iyeneben umtyuno muSaobis drois 

ganawilebis simkvrives : 

																																																 2.1.7  

aRniSnuli maxasiaTeblis statistikuri gansazRvrebaa: 

∗ ∆ , ∆
∙ ∆

																																																														 2.1.8  
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sadac: ∆ , ∆  _ im nakeTobaTa raodeniba, romlebmac ganicades 

mtyuneba drois intervalSi , ∆ ;  _ gamarTuli 

nakeTobebis raodenoba drois sawyis momentSi; ∆  _ drois 

intervalis xangrZlivoba. 

Tu ki SemTxveviT sidide -s gaaCnia ganawilebis simkvrive 

, maSin: 

1

∞

1 																						 2.1.9  

,  da  funqciaTa miaxloebiTi saxe da maTi 

urTierTkavSiri naCvenebia nax. 6-ze. mrudi -s Taviseburebas 

warmoadgens is, rom farTobi mis qveS yovelTvis tolia erTis. 

saimedoobis erT-erT umniSvnelovanes maxasiaTebels 

warmoadgens mtyunebebis intensiuroba . praqtikaze nakeTobis 

saimedoobis cvlilebis kanonzomierebaTa gamokvleva iwyeba 

swored am maxasiaTeblis agebiT. 

																																																								 2.1.10  

aRniSnuli maxasiaTeblis statistikuri gansazRvrebaa: 

t t0 

1 

f(t) 

 

   

 

nax. 6: ,  da  funqciaTa miaxloebiTi saxe 
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∗ ∆ , ∆
∙ ∆

																																																 2.1.11  

sadac: ∆ , ∆  _ im nakeTobaTa raodeniba, romlebmac ganicades 

mtyuneba drois intervalSi , ∆ ;  _ gamarTuli 

nakeTobebis raodenoba drois momentisTvis ; ∆  _ drois 

intervalis xangrZlivoba. 

ra informaciis matarebelia mtyunebebis an 

gaumarTaobebis ganawileba namuSevris mixedviT? pirvel rigSi is 

axasiaTebs im procesebs, romlebic iwveven mtyunebebis an 

gaumarTaobebis warmoqmnas. arsebobs garkveuli urTierTkavSiri 

nakeTobis funqcionirebis procesSi konstruqciis Tvisebebis 

cvlilebasa da namuSevris mixedviT mtyunebaTa ganawilebis 

maCveneblebs Soris. konstruqciis Tvisebebis cvlilebebze, 

romlebic dakavSirebulia mtyunebebis warmoqmnasTan, ufro 

TvalsaCinod gviCvenebs namuSevris mixedviT mtyunebaTa 

intensiurobis an mtyunebaTa nakadis parametris cvlilebis 

mrudi. 

 maxasiaTeblis mrudis tipuri saxe naCvenebia nax. 7-ze. 

mas gaaCnia sami damaxasiaTebeli monakveTi _ daRmavlobis, 

mudmivi mniSvnelobisa (TiTqmis mudmivi) da aRmavlobis. maT 

Sesabamisad nakeTobis mTliani namuSevaric iyofa sam periodad: 

_ monakveTi I _ eqspluataciis sawyisi periodi, romelsac 

uwodeben misaxmarisebis periods. rogorc wesi aRniSnuli 

periodi arc Tu ise didia da mis ganmavlobaSi mtyunebaTa 

nax. 7: tipuri  maxasiaTebeli 
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intensiurobis daRmavloba da umtyuneblobis amaRleba 

namuSevris mixedviT dakavSirebulia imasTan, rom eqspluataciis 

dawyebasTan erTad vlindeba nakeTobis faruli sawarmoo 

naklovanebebi. maT ganekuTvneba masalaTa naklovanebebi, 

damzadebis teqnologiis darRveva, arazusti awyoba, araswori 

regulireba da sxva. aRniSnuli naklovanebebis mtyunebaTa an 

gaumarTaobaTa saxiT gamovlenis kvaldakval mimdinareobs maTi 

aRmofxvrac da nakeTobis umtyunebloba izrdeba; 

_ monakveTi II _ eqspluataciis meore periodi aris 

ZiriTadi da ewodeba normaluri eqspluataciis periodi. am dros 

umtyuneblobis done ganisazRvreba konstruqciis 

TaviseburebebiT, warmoebis teqnologiiTa da eqspluataciis 

pirobebiT. eqspluataciis aRniSnuli periodis ganmavlobaSi 

nakeTobis mravalricxovan sistemebSi warmoqmnili SemTxveviTi 

mtyunebebi gamowveulia sxvadasxva mizezebiT, maT Soris 

dasaSvebi gadatvirTvebis SemTxveviTi gadametebiTac; 

_ monakveTi III _ eqspluataciis mesame periodi 

warmoadgens damaboloebels da ewpdeba cveTisa da daberebis 

periodi. aRniSnul periodSi nakeTobis umtyuneblobis Semcireba 

da mtyunebaTa intensiurobis gazrda gamowveulia konstruqciis 

daRlilobiTi dazianebebis dagrovebiT, cveTis Sedegad 

SeerTebaTa folxvis gazrdiT dasaSvebze met mniSvnelobebamde, 

sakisrebSi xaxunis zrdiT, mravali masalis koroziiTa da 

struqturuli cvlilebebiT. mtyunebaTa intensiurobis (an 

mtyunebaTa nakadis parametris) gazrda warmoadgens 

konstruqciaSi daberebisa da cveTis procesebis ganviTarebis 

simptoms. rac ufro rTuli da Zviria nakeToba, miT ufro 

xanmokle unda iyos aRniSnuli periodi. daRlilobiTi da 

cveTuri mtyunebebis intensiurobis mkveTri gazrdisas nakeTobis 

Semdgomi eqspluatacia, rogorc wesi, xdeba ekonomikurad 

mizanSeuwoneli. 
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teqnikuri sistemis umtyuno muSaobis albaTobas 

mtyunebaTa intensiurobis meSveobiT drois monakveTze ,  

gansazRvraven Semdegi gamosaxulebiT: 

,
																																								 2.1.12  

Tu 0 da 1, maSin gamosaxuleba miiRebs Semdeg saxes: 

																																																		 2.1.13  

aRniSnuli gamosaxuleba warmoadgens eqspluataciaSi 

myofi nakeTobebis saimedoobis ganmsazRvrel yvelaze zogad 

formulas. 

gansxvaveba mtyunebaTa intensiuroba -sa da ganawileba 

-s Soris mdgomareobs imaSi, rom albaTobis Semadgeneli 

elementi  axasiaTebs nakeTobis mtyunebis albaTobas drois 

elementarul monakveT -ze da amavdroulad ar aris cnobili 

gamarTuli iyo aRniSnuli nakeToba drois am monakveTis 

dasawyisisaTvis, Tu man ganicada mtyuneba muSaobis wina 

periodSi. xolo pirobiTi albaTobis Semadgeneli elementi 

 axasiaTebs nakeTobis mtyunebis albaTobas drois 

elementarul monakveT -ze im pirobiT Tu ki cnobilia, rom 

drois am monakveTis dasawyisisaTvis aRniSnul nakeTobas ar 

umtyunia. 

sxvaoba mtyunebaTa intensiurobasa da simkvrives Soris, 

maTi mcire mniSvnelobebisas, umniSvneloa _ . Tu 0, 

maSin albaToba 1 da 0 0 . magram aseve 0 0  

yvela 1 mniSvnelobebisaTvis. cxrilSi 3 naCvenebia 

urTierTkavSiri saimedoobis maxasiaTeblebs Soris. 

zemoxsenebul funqciebTan erTad aRudgeneli 

nakeTobebisaTvis xSirad iyeneben saSualo namuSevars 

mtyunebamde : 

∙

∞ ∞

																																						 2.1.14  
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cnobili 

funqcia 

ucnobi funqciebis ganmsazRvreli formulebi 

  

 _ 1   
1

∙  

 1  _  
1

1
∙  

   _  

  1 ∙ _ 

 

cxrili 3: urTierTkavSiri saimedoobis maxasiaTeblebs Soris 

 

bolo integrali Seesabameba funqcia -s grafikis qveS 

arsebul farTobs (ix. nax. 6). 

umtyuno muSaobis saSualo dro axasiaTebs nakeTobis 

namuSevars mtyunebis warmoqmnis momentisaTvis. amavdroulad 

eqspluataciaSi myofi erTi tipis nakeTobebidan raRac nawili 

imuSavebs umtyunod  droze didxans, xolo nawili _ ganicdis 

mtyunebas armisuli  dromde. nakeTobis umtyuno muSaobis 

drois gadaxras saSualo mniSvnelobidan asaxavs umtyuno 

muSaobis drois dispersia . dispersia axasiaTebs umtyuno 

muSaobis drois gafantvis sidides maTematikuri lodinis mimarT: 
∞

∙

∞

2 ∙

∞

												 2.1.15  

umtyuno muSaobis drois dispersias gaaCnia ganzomileba _ 

drois kvadrati.gafantvis TvalsaCino daxasiaTebisaTvis 

mosaxerxebelia gamoyenebul iqnas sidide, romlis ganzomileba 

emTxveva SemTxveviTi sidide ∗-s ganzomilebas. aseTs warmoadgens 

saSualo kvadratuli gadaxra : 

√ 																																																												 2.1.16  

umtyuno muSaobis drois ganawilebis funqcia warmoadgens 

eqspluataciis obieqtis saimedoobis amomwurav maxasiaTebels. 

praqtikaSi saimedoobis Sefaseba ufro mosaxerxebelia 

maCveneblebiT, romlebic axasiaTeben nakeTobis Tvisebebs drois 
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garkveuli monakveTis ganmavlobaSi teqnikuri momsaxurebisa da 

remontis dadgenili reJimebisas, aRdgenis samuSaoTa Sesrulebis 

mocemuli pirobebisas da sxva. Tu ki cnobilia ganawilebis 

funqcia, maSin aseT SemTxvevaSi SesaZlebeli xdeba ganisazRvros 

saimedoobis nebismieri maCvenebeli. 

saimedoobis maCveneblebis meSveobiT SesaZlebelia 

Sefasdes nakeTobebis Tvisebebi mocemuli droisa da 

eqspluataciis periodis ganmavlobaSi, maSinac ki, rodesac 

ucnobia mtyunebaze namuSevris ganawilebis funqcia. aRniSnuli 

Tviseba ki Tavis mxriv gansakuTrebiT mniSvnelovania teqnikuri 

nakeTobebisaTvis, romelTa eqspluataciac mimdinareobs 

dadgenili resursebis farglebSi. 

garda amisa, saimedoobis maCvenebelTa Sefaseba iTxovs 

gamocdebis Catarebas (saeqspluatacio dakvirveba) mniSvnelovnad 

naklebi moculobiT, vidre ganawilebis funqciis Sefaseba. 

saimedoobis Sesafaseblad iyeneben erTeulovan da 

kompleqsur maCveneblebs (ix. cxrili 4). erTeulovani maCvenebeli 

axasiaTebs saimedoobis erT-erT Tvisebas, maSin, rodesac 

kompleqsuri _ ramodenimes. 

aRudgeneli nakeTobebis umtyuneblobis maCveneblebs 

warmoadgenen umtyuno muSaobis albaToba , saSualo 

namuSevari mtyunebamde  da mtyunebaTa intensiuroba , xolo 

aRdgenadi nakeTobebis umtyuneblobis maCveneblebs ki _ 

mtyunebaTa nakadis parametri  da saSualo namuSevari 

mtyunebaze . aRdgenadi nakeTobebis umtyuno muSaobis albaToba 

SeiZleba gaangariSebuli iqnas im pirobiT, rom erTnairi 

nakeTobebis Sefasebas awarmoeben TviToeulis pirvel 

mtyunebamde misi Semdgomi gamoricxviT gamosakvlevi 

erTobliobidan. molodinis reJimSi myofi nakeTobebisaTvis, 

romlebic daniSnulia wamieri operaciebis Sesasruleblad, 

saimedoobis maCveneblis saxiT irCeven mzadyofnis koeficients 

მ . Tu ki amavdroulad nakeToba daniSnulia xangrZlivi 
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gamoyenebisaTvis, maSin iyeneben operatiuli mzadyofnis 

koeficients ომ . 

 

saimedoobis 
Tviseba 

saimedoobis 
maCvenebeli 

saimedoobis maCvenebelTa ganmsazRvreli 
formulebi 

parametruli SemTxveva
araparametruli 

SemTxveva 

erTeulovani maCveneblebi 

umtyunebloba

umtyuno muSaobis 
albaToba  

  

saSualo 
namuSevari 

mtyunebamde  

∙  
1

 

mtyunebaTa 
intensiuroba  

∆
∙ ∆

 

saSualo 
namuSevari 

mtyunebaze  
_ 

1
 

mtyunebaTa 
nakadis 

parametri  
lim
∆ →

, ∆
∆

 
∑ ∆ ∑

∙ ∆
 

xangamZleoba

gamma-procentuli 
resursi  1

100
 

1
1

100
 

saSualo resursi 
̅  

∙  
1

 

remontgamo-
sadegaroba 

aRdgenis 
albaToba  ა

ა

 
ა

 

aRdgenis 
saSualo dro ა

∙ ა  
1

 

aRdgenis 
intensiuroba 

_ 
1

ა
 

Senaxvadoba 

Senaxvadobis 
gamma-procentuli 

vada შ  
1 შ

შ

100
 

1
1

100
 

kompleqsuri maCveneblebi 

umtyunebloba 
da remontga-
mosadegaroba

mzadyofnis 
koeficienti მ

1
∙ ექ.ხან.

∙  
1

ა
 

teqnikuri 
gamoyenebis 

koeficienti ტ.გ. რ ა ა
 

ჯამ

ჯამ რ.შ.ჯ. ტ.მ.ჯ.
 

operatiuli 
mzadyofnis 

koeficienti ო.მ. ა
 მ ∙  

cxrili 4: saimedoobis mTavari maCveneblebi 
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gagrZeleba

 _ dakvirvebis qveS myofi nakeTobebis (gamocdebis) raodenoba; 

 _ mtyunebaTa raodenoba  drois ganmavlobaSi; 

 _ SemTxveviTi sididis calkeuli mniSvneloba (namuSevari mtyunebaze, 

resursi, aRdgenis dro); 

 _ mtyunebaTa raodenoba dakvirvebis drois ganmavlobaSi; 

 _  nakeTobis namuSevari; 

 _  nakeTobis mtyunebaTa raodenoba; 

 _ yvela nakeTobis mtyunebaTa jamuri raodenoba; 

 _  mniSvnelobis winamorbed wevrTa raodenoba, romlebic erTiandebian 

variaciul rigSi; 

ა  _ muSaunariani mdgomareobis aRdgenaTa raodenoba mocemuli მ drois 

ganmavlobaSi; 

ექ.ხან. _ eqspluataciis xangrZlivoba; 

 _ muSaunarian mdgomareobaSi  nakeTobis yofnis jamuri dro; 

ჯამ _ yvela nakeTobis jamuri namuSevari; 

რ.შ.ჯ. _ gegmiuri da aragegmiuri remontis Sedegad yvela nakeTobis Seyovnebis 

jamuri dro; ტ.მ.ჯ. _ teqnikuri momsaxurebis Sedegad yvela nakeTobis 

Seyovnebis jamuri dro. 

 

 

saimedoobis maCvenebelTa arCevisas xelmZRvaneloben 

SemdegiT: 

_ aRdgenadi nakeTobebisaTvis uTiTeben resursebs an 

eqspluataciis kalendarul vadebs moxsnisa an CamowerisaTvis, 

xolo aRudgeneli nakeTobebisaTvis _ mxolod moxsnisaTvis; 

_ irCeven mtyunebaTa intensiuroba -s nakeTobebisaTvis, 

romelTaTvisac  eqspluataciis gansazRvruli periodis 

ganmavlobaSi SeiZleba CaiTvalos mudmivad, xolo danarCeni 

nakeTobebisaTvis _ -s an mohyavT funqcia  grafikis an 

analitikurii gamosaxulebis saxiT; 

_ irCeven ciklis ganmavlobaSi umtyuno muSaobis 

albaTobas nakeTobebisaTvis, romlebic yoveli ciklis manZilze 

eqvemdebarebian moxsnas an SekeTebas; 

_ irCeven resursebs nakeTobebisaTvis, romelTa mtyunebis 

an zRvruli mdgomareobis dadgoma ganpirobebulia namuSevriT 

(magaliTad cveTis Sedegad). msaxuris vadebs irCeven 

nakeTobebisaTvis, romelTa mtyunebis an zRvruli mdgomareobis 
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dadgoma ganpirobebulia kalendaruli droiT (magaliTad 

atmosferuli koroziis Sedegad). nakeTobebisaTvis, romelTa 

teqnikuri mdgomareobis cvlileba dakavSirebulia, rogorc 

namuSevarTan, aseve kalendarul vadebTan, irCeven orive 

maCvenebels. 

 

 

2.1.4. saimedoobis fizikuri da maTematikuri modelebi 

 

nebismieri nakeTobis saimedoobis Sefasebisas 

gansakuTrebuli roli ukavia mtyunebebis fizikuri da 

maTematikuri modelebis sworad arCevasa da Semdgom gamoyenebas, 

rac Tavis mxriv gansazRvravs warmoebuli gaangariSebebisa da 

miRebuli Sedegebis siswores. 

teqnikuri nakeTobebis saimedoobis mimarT moTxovnaTa 

mudmivma zrdam, gamoTvliTi teqnikisa da eqsperimentaluri bazis 

ganviTarebam gamoiwvia modelirebis farTod gamoyeneba 

proeqtirebis, damzadebisa da eqspluataciis amocanebis 

gadaWraSi. 

maTematikuri da fizikuri modelirebis meTodebis 

gamoyeneba iZleva saimedoobis gaangariSebis, gamocdebis 

dagegmvis, mtyunebebisa da gaumarTaobebis Sesaxeb informaciis 

Segrovebisa da gamoyenebis organizebis amocanaTa gadaWris 

saSualebas. 

mtyunebaTa warmoqmnis winaswar gafrTxilebis sakiTxebs 

gaaCnia principuli mniSvneloba usafrTxoebis uzrunvelyofaSi. 

aqedan gamomdinare sul ufro meti yuradReba eqceva mtyunebaTa 

prognozirebis Seswavlasa da saimedooba-diagnostirebis 

sferoSi kompleqsuri kvlevebis Catarebas. 

mtyunebaTa ganmapirobebeli fizikuri movlenebis Rrma 

Seswavlisa da yoveli calkeuli situaciis dawvrilebiTi 

gamokvlevis gareSe SeuZlebelia dagrovebul iqnas aucilebeli 
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masala nakeTobis gamosayeneblad momzadebisas Casatarebeli 

teqnikuri momsaxurebis wesebis SemuSavebisaTvis. 

fizikur-qimiuri procesebis formalizeba saSualebas 

iZleva SemuSavebul iqnas modelebi (ix. cxrili 5), romelTa 

safuZvelzec Seiswavleba mtyunebaTa ganviTarebis dinamika, 

iwarmoebs eqspluataciis obieqtebis teqnikuri mdgomareobis 

prognozi, SeimuSaveba optimaluri kontrolis sistemebi da 

teqnikuri momsaxurebis meTodebi. 

 

mtyunebis meqanizmi gamoyenebuli modelebi 

meqanikuri cveTa 
∙ ∙ ∙

1

1 1
∙

∙

 

eleqtroqimiuri korozia 
∙ ∙ ∙

∙  

masalaTa dabereba1 ∙ ∙ ∙
∙

∙  

 _ cveTis sidide;  _ koeficienti (0,15...0,21); ,  _ mikroanaqerclebis 

simrudis siRrme da radiusi;  _ datvirTva;  _ faqtiuri wneva kontaqtis 

adgilze;  _ ciklebis raodenoba, romlebsac mohyveba masalis aqercvla. 

 _ moqmedi datvirTva;  _ masalis siblante;  _ drekadobis moduli;  _ 

namuSevari. 

 _ nivTierebis raodenoba, romelmac moaxdina reagireba;  _ koroziuli 

denis simkvrive;  _ zedapiris farTobi;  _ nivTierebis qimiuri eqvivalenti; 

 _ namuSevari;  _ faradeis ricxvi;  _ gadametZabva;  _ tafelis mudmiva. 

 _ dro daSlamde (xangamZleoba);  _ atomTa siTburi rxevebis periodi, 

romelic daaxloebiT tolia 10 wm; ∙  _ atomTaSorisi kavSirebis 

gawyvetis aqtivaciis energia Termuli fluqtuaciebis zegavlenisas, Tu → 0, 

maSin ;  _ parametri, romelic dakavSirebulia gadametebuli 

Zabvebis koeficientTan da kavSirebis wyvetis saaktivacio moculobasTan;  _ 

absoluturi temperatura;  _ bolcmanis mudmiva. 

 

cxrili 5: teqnikuri nakeTobebis mtyunebebis formirebis fizikur-

qimiuri modelebis magaliTebi 

 

 

                                                            
1 Jurkovis gantoleba. 
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teqnikur nakeTobaTa saimedoobis uzrunvelyofis 

safuZvels warmoadgens damokidebulebaTa dadgena erTis mxriv 

saimedoobis maCveneblebs da meores mxriv mtyunebis warmoqmnis 

calkeul meqanizmis ganmsazRvrel konstruqciul-teqnologiur 

maxasiaTeblebs, saeqspluatacio datvirTvebsa da fizikur-

qimiuri procesebis kinetikas Soris. 

nakeTobebis mtyunebaTa warmoqmnis ganmapirobebeli 

fizikuri procesebisa da movlenebis ganxilvisas saWiroa 

ganisazRvros fizikur-qimiuri analizis detalizaciis 

optimaluri zoma da parametrebis raodenoba, romlebic 

gamoiyeneba mtyunebaTa fizikur-maTematikuri modelebis agebisas. 

aseve aucilebelia sxvadasxva SezRudvebis SemoRebis saWiroebis 

sworad gansazRvrac. 

teqnikuri nakeTobis konstruqciis mtyunebaTa meqanizmis 

aRwera saSualebas iZleva aRmoCenil iqnas faruli mtyunebebi, 

Catarebul iqnas daCqarebuli gamocdebi, sxvadasxva situaciebSi 

gaangariSdes ganmsazRvreli parametrebis cvlileba. 

mtyunebaTa meqanizmis gamokvleva moicavs: 

_ nakeTobebis energiis gardaqmnis variantebisa da 

funqcionirebis fizikuri arsis analizss; 

_ konstruqciaSi Semavali masalebis daniSnulebisa da 

maTi fizikur-qimiuri Tvisebebis gansazRvras; 

_ defeqtebis warmoqmnis mizezebisa da sxvadasxva 

datvirTvebis gavlenis donis Seswavlas; 

_ konstruqciaSi masalebis Tavsebadobisa da fizikur-

qimiuri urTierTaqtiurobis analizss; 

_ simtkicis minimaluri maragis mqone adgilebis 

lokalizebas; 

_ mtyunebebis kinetikurad aqtiuri fizikur-qimiuri 

procesebis amorCevas; 

_ saimedoobis fizikuri, maTematikuri da statistikuri 

modelebis ageba. 



64 

 

saeqspluatacio faqtorebis gavlenis xarisxis Sefasebas 

atareben sabazo mniSvnelobebTan SedarebiT. aqedan gamomdinare 

saimedoobis erT-erTi maCveneblis _ mtyunebaTa 

intensiurobisaTvis  SeiZleba Caweril iqnas modeli zogadi 

saxiT: 

∙ ∙ ∙ … ∙ ∙ 																								 2.1.17  

sadac:  _ konstruqciis elementis mtyunebis intensiurobis 

sabazo mniSvneloba;  _ gavlenis faqtorTa raodenoba;  _  

faqtoris gavlenis koeficienti. 

 koeficientebis modelebis ageba emyareba 

temperaturis, tenianobis, meqanikuri da sxva gavlenis Teoriul 

da eqsperimentul kvlevebs imis gaTvaliswinebiT, rom realur 

pirobebSi muSaobisas nakeTobebze moqmed jamur energetikul 

datvirTvebs gaaCnia sabazo mniSvnelobebTan SedarebiT 

gansxvavebuli sidideebi: 

∑ 1
∙ ⋯ 													 2.1.18  

sadac: ∑ _ jamuri energetikuli datvirTva eqspluataciis 

realuri pirobebisas;  _ energetikuli datvirTva 

eqspluataciis normaluri pirobebisas; , ,  _ 

temperaturuli, tenianobiT gamowveuli da meqanikuri 

datvirTvebi. 

rac ufro metia  koeficientis mniSvneloba, miT ufro 

mkacr saeqspluatacio pirobebSi imyofeba nakeToba da miT 

naklebia misi saimedooba. 

mtyunebebis saerTo meqanizmis mixedviT modelirebisas 

gantolebas eqneba Semdegi saxe: 

∙ 																																							 2.1.19  

sadac:  da  _ mtyunebis meqanizmis raodenoba da nomeri. 
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konkretuli modelis ageba damokidebulia konstruqciis 

ierarqiuli struqturis doneTa raodenobaze da saimedoobis 

fizikuri arsis detaluri analizis Teoriuli da 

eqsperimentuli SesaZleblobebis arsebobaze. 

saimedoobis Sefasebis xerxebis gamoyeneba gansakuTrebiT 

fizikur modelebSi aris SezRuduli, vinaidan fizikuri 

modelebis safuZvelze miRebuli saimedoobis maCvenebelTa 

erToblioba ar iTvaliswinebs mtyunebaTa SemTxveviT xasiaTs da 

axasiaTebs nakeTobis gamoyenebis maqsimalur mniSvnelobas 

eqspluataciis realuri reJimebis gaTvaliswinebis gareSe. 

statistikuri da albaTuri meTodebis sinTezi 

nakeTobebSi, maTi eqspluataciisas, mimdinare procesebis 

fizikur-qimiur modelebTan warmoadgens teqnikuri nakeTobebis 

saimedoobis kvlevis ufro efeqtur mimarTulebas. 

nakeTobebis saimedoobis kvlevis Catarebisas aranakleb 

mniSvnelovania Sesabamisi maTematikuri modelis ageba. 

aRniSnuli procesi iTvaliswinebs nakeTobis umtyuno muSaobis 

albaTobisaTvis analitikuri gamosaxulebis gansazRvras. 

saimedoobis aseTi modeli adgens nakeTobis umtyuno muSaobis 

albaTobis damokidebulebas mis SemadgenlobaSi Semavali 

elementebis saimedoobis maCveneblebze saerTo struqturis 

(saimedoobis struqturuli sqemis saxe) gaTvaliswinebiT. 

magaliTisaTvis, meqanikurad gacveTili nakeTobebis SemTxvevaSi 

elementebis saimedoobis modeli, adgens maTi umtyuno muSaobis 

albaTobis damokidebulebas cveTis procesis parametrebze. 

meqanikurad dazianebuli nakeTobebis SemTxvevaSi, romlebic 

iSleba statikuri da cikluri datvirTvebis zemoqmedebis qveS, 

amgvari modeli adgens umtyuno muSaobis albaTobis 

damokidebulebas daZabulobasa da simtkiceze da a.S. 

SemTxveviTi sidideebis (namuSevari, resursi da a.S.) 

ganawilebis funqciis analitikuri gamosaxulebis dadgena 

saSualebas iZleva gansazRvrul iqnas saimedoobis saWiro 

maCveneblebi (saSualo da gamma-procentuli maCveneblebi, 
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umtyuno muSaobis albaToba da a.S.). am SemTxvevaSi mtyunebebis 

ama Tu im Teoriuli modelis arCeva ganapirobebs saimedoobis 

miRebuli raodenobrivi maCveneblebis garkveul sizustes. zogi 

modelebis saimedoobis maCvenebelTa meTodur cdomilebebs 

SeiZleba gaaCndes didi mniSvneloba. 

mtyunebaTa modelis arCeva, anu ganawilebis funqciis 

analitikuri gamosaxulebis gansazRvra, warmoebs Semdegi 

informaciis analizis safuZvelze: 

1) mtyunebaze namuSevrebis (resursis an Senaxvadobis) 

statistikuri monacemebis; 

2) mtyunebebis ganmsazRvreli degradaciis fizikuri procesebis 

(zRvruli mdgomareoba). 

pirveli gza _ mtyunebaTa warmoqmnis kanonzomierebebis 

dadgena mdgomareobs SemTxveviTi sidideebisaTvis mtyunebaTa 

modelebis saxiT saimedoobaSi cnobili garkveuli ganawilebebis 

gamoyenebaSi. am SemTxvevaSi mtyunebebs ganixilaven, rogorc 

abstraqtul SemTxveviT movlenebs, xolo mtyunebaTa modelebs 

uwodeben albaTur (statistikur) modelebs. 

meore gza _ mtyunebaTa warmoqmnis kanonzomierebaTa 

dadgena xorcieldeba maTi gamomwvevi fizikuri procesebis 

gadinebis statistikuri kanonzomierebebis analizis safuZvelze. 

aRniSnuli midgoma gansazRvravs mtyunebaTa modelebs, romlebic 

specialuradaa agebuli Sesaswavli movlenebis aRwerisaTvis. am 

SemTxvevaSi ganawilebis parametrebs gaaCnia konkretuli 

fizikuri interpretacia, xolo mtyunebebis modelebs uwodeben 

albaTur-fizikurebs. 

rig SemTxvevebSi aris mkafiod gansazRvruli 

damokidebulebebi mtyunebaTa meqanizmebsa da ganawilebis 

funqciebs Soris, rac Tavis mxrriv saSualebas iZleva 

ganxorcieldes maTi dasabuTebuli arCeva. am dros 

mniSvnelovania saimedoobis maxasiaTebelTa aproqsimireba 

cnobili ganawilebis Teoriuli funqciebiT. 
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cxrilSi 6 moyvanilia umtyuno muSaobis drois 

ganawilebis kanonebi maxasiaTeblebiT, romlebsac ufro xSirad 

iyeneben teqnikuri nakeTobebis saimedoobis maTematikuri 

modelebis saxiT. 

saimedoobis modelebis arCeva xorcielldeba mtyunebaTa 

gamomwvevi procesebis fizikuri arsis, eqspluataciaSi arsebuli 

gamocdilebis da analogiuri nakeTobebis mtyunebaze namuSevris 

ganawilebis kanonebis analizis safuZvelze. 

damatebiTi informaciis saxiT iyeneben monacemebs ∗ -s, 

∗ -s da ∗ -s cvlilebis xasiaTis sesaxeb, romlebsac 

gansazRvraven Semdegi gamosaxulebebiT: 

∗ ; 								 ∗ ∆
∙ ∆

;									 ∗ ∆
∙ ∆

.														 2.1.20  

sadac:  _  drois momentisaTvis muSaunariani nakeTobebis 

raodenoba;  _ nakeTobebis saerTo raodenoba; ∆  _ mtyunebebis 

raodenoba  intervalSi; 	∆  _ drois intervali. 

mocemuli maCveneblebis intervalebis mixedviT 

mniSvnelobaTa gaangariSebuli Sedegebis safuZvelze ageben 

histogramebs da gansazRvraven namuSevris mixedviT maTi 

cvlilebis xasiaTs. 

mtyunebaTa modelebis formalizebisas maTi fizikuri 

bunebisa da warmoqmnis mizezebis gaTvaliswineba gansazRvravs 

mtyunebebis fizikur safuZvels da saSualebas iZleva efeqturad 

iqnas gadawyvetili saimedoobis praqtikuli amocanebi. 

umtyuno muSaobis drois ganawilebis funqciis saxiT 

raime hipoTezis miReba warmoadgens sapasuxismgeblo etaps 

saeqspluatacio procesis Sedegebis damuSavebisa da analizis 

dros. eqsperimentalurad dadgenilia, rom uecari mtyunebebis 

gamomwvevi procesebi Seesabameba ganawilebis eqsponencialur 

kanons, cveTis procesebi _ normalur kanons, xolo 

eqspluataciis obieqtis elementTa daRlilobiTi daSlis an 

daSlis saxeobaTa erTobliobis gamomwvevi procesebi SeiZleba 

aRweril iqnas veibulis ganawilebiT. 
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ganawilebis kanoni 
maxasiaTeblebi 

gamoyenebis are 
   

eqsponencialuri: 

 
∙

∙ ∙  
 

gamoiyeneba rTuli 

sistemebis analizisas, 

romlebmac gaiares 

misaxmarisebis periodi. 

aRniSnul kanons 

Seesabameba namuSevari 

Tanamimdevrul mtyunebebs 

Soris damyareebuli 

reJimisas. 

eqsponencialuri funqcia 

kvadratuli maCvenebliT1: 

 

∙

2 ∙ ∙ ∙

2 ∙

 

igi ufro zustad 

axasiaTebs meqanikur 

sistemebSi mimdinare 

procesebs maTi 

elementebis muSaobis 

damyarebul etapze, vidre 

eqsponencialuri 

ganawileba da 

amavdroulad mas ar 

axasiaTebs rTuli 

maTematikuri aparati. 

normaluri: 

1

∙ √2
∙

1

∙ √2
∙

1
∙

∙

1
2

1
2 ∙ Φ ∙

 

  

gamoiyeneba elementebis 

cveTisa da daberebis gamo 

warmoqmnili 

mtyunebebisas, aseve 

sididiT erTnairi didi 

raodenobis faqtorTa 

zegavlenis Seddegad 

warmoqmnili 

mtyunebebisas. 

gnedenko-veibulis: 

∙ ∙

∙

 

  

gamoiyeneba sakisrebis 

msaxuris vadis, simtkicis 

maxasiaTeblebis, 

daRlilobiTi 

mdgradobis, meqanikuri 

sistemebis xangamZleobis 

maxasiaTebelTa aRwerisas.

gamma-ganawileba: 

∙ ∙ ∙

Γ

Γ
∙ ∙ ∙

∙ ∙

∙ ∙

 

gamoiyeneba mtyunebaze 

namuSevris aRwerisaTvis 

cveTisa an dazianebebis 

dagrovebis pirobebSi, 

darezervebuli 

elementebis mqone 

sistemebis mtyunebaze 

namuSevris aRwerisas, 

aseve aRdgenis drois 

aRwerisaTvis (Γ  - 

gamma-funqcia). 

 

cxrili 6: umtyuno muSaobis drois ganawilebis ZiriTadi kanonebi 

 

                                                            
1 aRebulia avtoris wignidan [45] gv.82. 
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maTematikuri modelis arCevis sisworis obieqturad 

SefasebisaTvis iyeneben Tanxmobis kriteriumebs. 

Teoriuli da empiriuli ganawilebis Sesabamisobis 

Semowmebis procedura mdgomareobs kriteriumis gamoTvlaSi, 

romelic axasiaTebs am ganawilebaTa gansxvavebis xarisxs, da 

miRebuli mniSvnelobis SedarebaSi kritikulTan. aRniSnulis 

safuZvelze ki xdeba Sesamowmebeli hipoTezis (modelis) miReba 

an uaryofa. 

Tanxmobis kriteriumTa gamoyenebis umniSvnelovanes 

principul Taviseburebas warmoadgens is, rom Sesabamisobis 

Semowmebis Sedegad SeuZlebelia romelime hipoTezis srul 

Tanxvedraze saubari. miRebuli hipoTeza mowmobs mxolod imas, 

rom arCeuli modeli ar ewinaaRmdegeba kvleviT monacemebs. 

arsebuli kriteriumebis didi jgufidan ufro xSirad 

iyeneben kolmogorovis, -is da romanovskis kriteriumebs. 

kolmogorovis kriteriumis gamoyenebisas gauTanxmoebis 

sididis saxiT iyeneben ricxv -s: 

∙ √ 																																																					 2.1.21  

sadac:  _ ganawilebis empiriuli da Teoriuli funqciebis 

sxvaobis maqsimaluri absoluturi mniSvneloba;  _ intervalTa 

raodenoba. 

gauTanxmoebis sidide -s kolmogorovis ganawilebis 

kvantil -Tan Sedarebis safuZvelze ( -s erTi da igive 

mniSvnelobiT) warmoebs wamoyenebuli hipoTezis miReba " "-s 

SemTxvevaSi an misi uaryofa " "-s SemTxvevaSi. 

 kriteriumis gamoyenebisas gauTanxmoebis sididis saxiT 

iyeneben ricxv -s: 

∙
∙

																																												 2.1.22  

sadac:  _ mtyunebaTa raodenobaa namuSevris  intervalSi;  _ 

intervalTa raodenoba;  _ amonarCevis moculoba (raodenoba);  

_ mtyunebis Teoriuli albaToba namuSevris  intervalSi. 
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-is mniSvnelobis Sedarebis safuZvelze -is kvantilTan 

(Tavisuflebis ℓ xarisxis mqone -s mniSvnelobis ganawileba 

doneebis mixedviT _ ,ℓ) akeTeben daskvnas hipoTezis arCevaze. 

Tu " ,ℓ" hipoTezas iReben, xolo Tu " ,ℓ" hipoTezas 

uaryofen. 

romanovskis mier SemoTavazebuli empiriuli da 

normaluri ganawilebis Tanxvedris Sefasebis meTodi 

mdgomareobs Semdegi fardobis gamoyenebaSi: 

√
3																																																						 2.1.23  

sadac:  _ Tavisuflebis xarisxebis raodenoba. 

Tu aRniSnuli utoloba Sesrulda, maSin araTanxvedra 

iTvleba umniSvnelod. 

miuxedavad teqnikuri nakeTobis sirTulisa (elementi, 

sistema, rTuli sistema rezervirebiT) mas yovelTvis gaaCnia 

namuSevris ganawilebis garkveuli funqcia (mtyunebaTa modeli) 

da Sesabamisad nakeTobis saimedoobis maCvenebelTa Sefasebis 

problema daiyvaneba aRniSnuli ganawilebis parametrebis 

Sefasebamde. 
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Tavi 2.2. Ria kinematikuri jaWvebis dinamika 

ganzogadebuli koordinatebis mcire cvlilebisas 

 

2.2.1. kinematikuri jaWvis monakveTebis dinamikis 

gantolebebi maTi Semadgeneli rgolebis drekadobis 

gaTvaliswinebiT  

 

sivrculi meqanikuri sistemis moZraobisas mis rgolebSi 

warmoiqmneba urTierTdakavSirebuli cikluri da drekadi 

gadaadgilebebi. sistemis TiToeuli rgoli Tavis mxriv 

warmoadgens ganawilebuli masis mqone elements, anu 

Tavisuflebis xarisxis usasrulo ricxvis mqone sistemas. 

Tavisuflebis xarisxis usasrulo ricxvis mqone rTuli drekadi 

sistemis dinamikis Seswavla dakavSirebulia did sirTuleebTan, 

xolo rig SemTxvevebSi gardamavali procesebis dinamikis 

amocanis maTematikurad gadmocema SesaZlebeli xdeba 

gamoTvlebSi garkveuli gamartivebebis SemoRebis Semdeg. erT-erT 

amgvar magaliTs warmoadgens sawyisi dinamikuri sistemis Secvla 

Tavisuflebis xarisxis sasruli ricxvis mqone ekvivalenturi 

dayvanili sistemiT. ganvixiloT Zelis ganivi rxevebis 

gaangariSebis rekurentuli meTodi moyvanili naSromSi [22]. 

aSkaraa, rom ganawilebuli masis mqone Reros dayofiT 

sakmaod didi raodenobis monakveTebze da maTi masebis 

TavmoyriT pirapirebze, miviRebT sasurveli sizustis xarisxis 

mqone diskretul jaWvur sistemas, romelic Tavisi dinamikuri 

TvisebebiT daemTxveva sawyiss. magram amavdroulad gaurkveveli 

rCeba Tu monakveTebis  ricxvis ra sididea sakmaod didi, 

rogoraa damokidebuli mocemuli ricxvi  gansaxilveli 

rxevebis sixSireze da SesaZlebelia Tu ara Tavmoyril masaTa 

(romlebic cvlian Reros monakveTebis gadanawilebul masas) 

inerciuli Tvisebebis ufro swori Sexamebis xarjze SevamciroT 
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am monakveTebis raodenoba ise, rom gamoiricxos gamoTvlebis 

sizustis gauareseba. 

mocemul kiTxvebze pasuxis gasacemad ganvixiloT amocana 

gadanawilebuli masis mudmivi kveTis mqone Reros damyarebuli 

iZulebiTi rxevebis Sesaxeb, romlebic aRigznebian Reros 

boloebze modebuli sinusoiduri ZalebiT.  

koWebis ganivi rxevebi, Tu ki, rogorc keTdeba xolme, 

ugulvebelyofT Runvaze momuSave gadamWreli Zalebisa da 

usasrulod mcire elementebis mobrunebis inerciis gavlenas, 

aRiwereba kerZo warmoebulebiT gamosaxuli cnobili 

diferencialuri gantolebiT (nax. 8): 

∙ 0																																															 2.2.1  

sadac: , sin  _ rxevebisas Reros mimdinare 

gaRunva;  _ koordinati, romelic aiTvleba Reros gaswvriv;  

_ Reros RunviTi drekadoba;  _ Reros sigrZis erTeulis masa. 

Sesabamisi Casmis gakeTebis Semdeg vRebulobT: 

ℓ
0																																																								 2.2.2  

sadac: 
ℓ 																																																																																																										 2.2.3  

(2.2.2) gantolebis saerTo integrals gaaCnia Semdegi saxe: 

ℓ ℓ ℓ ℓ
														 2.2.4  

sadac:  _ nebismieri mudmiva. 

nax. 8: ganivi rxevebis gantolebaTa gamoyvanis Reros Runvis 

saangariSo sqema 
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1
2

cos ;

1
2

sin ;

1
2

cos ;

1
2

sin .

																																							 2.2.5 1 

 mudmivebis sapovnelad saWiroa gagvaCndes oTxi 

zRvruli piroba. kerZod aRniSnuli mudmivebi SeiZleba 

gamovsaxoT monakveTebis boloebze Semdegi mniSvnelobebiT  

da , anu 0 da ℓ , sin მარც sin  an 0 მარც 

SemTxvevisas. 

garda amisa sin მარც sin    an    
მარც

ℓ
მარჯ

. 

amgvarad  mudmivebis mniSvnelobaTa sapovnelad saWiroa 

amovxsnaT miRebuli oTxi wrfivi algebruli gantoleba, 

romlebic Tavis mxriv miiReba gantoleba (2.2.4)-is diferencirebis 

gziT: 

მარც;
ℓ

მარც;

1
ℓ მარც ℓ მარჯ მარც მარჯ ;

1
ℓ მარც ℓ მარჯ მარც Π მარჯ .

																		 2.2.6  

sadac: 

sin cos
1 cos

;
sin

1 cos
;

sin
1 cos

;														
cos

1 cos
;

sin cos
1 cos

; Π
sin

1 cos
.

 

(2.2.6) da (2.2.4) gantolebebis gaTvaliswinebiT SesaZlebeli 

xdeba mRunavi momentebisa da gadamWreli Zalebis mniSvnelobaTa 

                                                            
1 krilovis funqciebi. 
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povna, romlebic Tavis mxriv Runvis sidideebTan dakavSirebulia 

Semdegi TanafardobebiT: 

, ,

, .
 

Tu gaviTvaliswinebT Reros boloebis agznebis 

sinusoidalur saxes, maSin SegviZlia CavweroT: 

მარც sin 0, ; მარჯ sin ℓ, ;

მარც sin 0, ; მარჯ sin ℓ, .
																				 2.2.7  

zRvruli pirobebisa da (2.2.7)-is gaTvaliswinebiT, 

vpoulobT: 

მარც ; მარც ;

მარჯ
ℓ

; მარჯ
ℓ

.
																			 2.2.8  

Sesabamisi gardaqmnebis Catarebis Semdeg miviRebT 

Tanafardobebs, romlebic akavSireben monakveTis boloebze 

moqmedi Zalvebis amplitudebs Sesabamisi gadaadgilebebis 

amplitudebTan: 

მარც ℓ მარც ℓ მარც მარჯ ℓ მარჯ ;

მარც ℓ ℓ მარც ℓ მარც ℓ მარჯ
Π
ℓ მარჯ ;

მარჯ ℓ მარც ℓ მარც მარჯ ℓ მარჯ ;

მარჯ ℓ ℓ მარც
Π
ℓ მარც ℓ მარჯ ℓ მარჯ .

														 2.2.9  

gantolebaTa sistema (2.2.9) matricul formaSi miiRebs 

Semdeg saxes: 

მარც მარც მარჯ;

მარჯ მარც მარჯ.
																																				 2.2.10  

aRniSnul gantolebaSi miRebulia Semdegi aRniSvnebi: 

მარც
მარც

მარც
; 			 მარჯ

მარჯ

მარჯ
; 			 მარც

მარც
მარც

; 			 მარჯ
მარჯ
მარჯ

; 
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ℓ
ℓ

ℓ ℓ

; 	
ℓ

ℓ

ℓ
Π
ℓ

; 	
ℓ

ℓ

ℓ ℓ

. 

moyvanili Tanafardobebidan Cans, rom Tu gadanawilebuli 

masis mqone ganxiluli monakveTi Sedis  sixSiris toli 

harmoniuli rxevebis Semsrulebeli romeliRac drekadi jaWvuri 

sistemis SemadgenlobaSi, maSin SesaZlebelia ganxiluli 

monakveTis Secvla iseTi drekadi sistemiT, romelsac Tavis 

mxriv unda gaaCndes Semdegi Tvisebebi: 

sistemas gaaCnia ori wertili _ marcxena da marjvena, 

romelTagan TiToeuls gaaCnia Tavisuflebis ori xarisxi: 

rxevaTa sibrtyeSi gaRunva da mobruneba. 

sistemis drekadi da inerciuli Tvisebebi iseTia, rom Tu 

mis kidura wertilebze moqmedeben sinusoiduri amgznebi Zalebi, 

maSin am ZalTa modebis wertilebis gadaadgilebaTa amplitudebi 

damyarebuli iZulebiTi rxevebis dros akmayofileben 

gantolebebs (2.2.9). 

zemoxsenebulis gaTvaliswinebiT Semcvleli monakveTis 

parametrebi saWiroa SeirCes ise, rom  sixSireTa 

mniSvnelobebis mocemuli intervalisaTvis Tanafardobebi (2.2.9) 

sruldebodnen raRac winaswar mocemuli sizustiT. amgvari 

cvlilebis ganxorcielebisas SesaZlebelia miviRoT 

standartuli monakveTebis mqone ekvivalenturi diskretuli 

sistema  sixSireTa intervalisaTvis. sistemis standartuli 

monakveTi moyvanilia naxatze 9. 

moyvanili monakveTisaTvis CavweroT Tavmoyril masaTa 

wonasworobis gantolebebi: 

მარც მარც მარც;

მარჯ
∗

მარჯ მარჯ.
																																								 2.2.11  

da deformaciis gantolebebi: 

მარც მარჯ;

მარც მარჯ.
																									 2.2.12  
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Sepirapirebis pirobebis gaTvaliswinebiT: 

∗
მარც	,					 ∗ 																																									 2.2.13  

da (2.2.11)-dan da (2.2.13)-dan ZalvaTa veqtorebis , ∗, , ∗ 

gamoricxviT, vRebulobT: 

მარც მარც მარც მარჯ;

მარჯ მარც მარჯ მარჯ.
																				 2.2.14  

sadac:  _ inerciis armqone SeerTebis sixistis koeficientebis 

matricaa; მარც, მარჯ _ Semcvleli monakveTis marcxena da 

marjvena boloebis mdgradobaa;  _ gadatanis matricaa. 

1 0
ℓ 1

 

(2.2.10) da (2.2.14) gantolebebis gaTvaliswinebiT Sesabamisi 

gardaqmnis Semdeg vRebulobT: 

ℓ
Π

ℓ
Π
ℓ

;

მარც ℓ
ℓ

Π
ℓ

Π
ℓ

;

მარჯ ℓ

Π
ℓ

ℓ
Π

ℓ

.

																							 2.2.15  

 

nax. 9: standartuli saangariSo monakveTis mqone ekvivalenturi 

diskretuli monakveTis sqema 

 

მარჯ 

მარც  მარჯ 

მარც 

მარც 
მარჯ

1
∗

მარც 

1  

მარც  მარჯ

2
∗
 

2

მარჯ 
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movaxdinoT yvela transcendenturi funqciis ganSla 

xarisxis maCveneblian mwkrivebad da miRebul gamosaxulebebSi 

Semovifarglod rgolebiT, romlebic Seicaven α-s meoTxe 

xarisxis CaTvliT. α-s magivrad (2.2.3) gamosaxulebis CasmiT 

vRebulobT: 

4
ℓ

ℓ
42

6
ℓ

13
420

ℓ

6
ℓ

41
420

ℓ
12
ℓ

9
70

;

მარც

ℓ
30

ℓ
12

3 ℓ
20 2

;

მარჯ

ℓ
30

3 ℓ
20

ℓ
12 2

.

																																										 2.2.16  

saWiroa aRiniSnos is garemoeba, rom Reros dayofisas 

gaTvliT monakveTebze aucilebelia maTi sigrZis imgvarad 

SerCeva raTa yvela monakveTisaTvis sruldebodes toloba, rac 

Tavis mxriv uzrunvelyofs Reros gadanawilebul masaTa 

gaTvaliswinebis sizustes ~1%: 

ℓ ,
																																															 2.2.17  

sadac:  _ drekadobis (iungis) moduli;  _ kveTis inerciis 

momenti;  _ gansaxilveli monakveTis masa; ℓ _ gansaxilveli 

monakveTis sigrZe. 

sivrculi kinematikuri jaWvebis dinamikis gantolebaTa 

Sedgenisas pirvel rigSi saWiroa avirCioT ganzogadebuli 

koordinatebi: 

  da  _ rgolTa gaRunva Sesabamisi rgolis RerZis 

(Rero) perpendikularuli mimarTulebiT or urTierTmarTobul 

sibrtyeSi; 

 da  _ Reroebis kveTebis mobrunebis kuTxeebi, 

romlebic Seesabameba gaRunvebs   da ; 
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 _ Reroebis kveTebis grZivi drekadi gadaadgilebis 

koordinati maTive RerZuli xazebis gaswvriv; 

 _ Reroebis kveTebis mgrexi drekadi gadaadgilebis 

koordinati. 

ganzogadebuli koordinatebis amdagvari arCeva ufro 

srulad Seesabameba dasmuli amocanis pirobebs da iZleva 

sivrculi meqanikuri sistemis dinamikis gantolebaTa iseTi 

formiT Caweris saSualebas, romelic uzrunvelyofs ufro 

martiv damokidebulebas rgolTa elementebSi warmoqmnil 

datvirTvebsa da gadaadgilebebs , … ,  Soris. 

Tavmoyrili parametrebis mqone "ekvivalenturi" sistemis 

asagebad meqanikuri sistemis rgolebi davyoT garkveuli ℓ  

sigrZis calkeul elementebad, sadac  aris saangariSo 

monakveTis rigiTi nomeri imis gaTvaliswinebiT, rom saangariSo 

monakveTebis danomvra airCeva "gamWolad" mTeli sistemis mimarT. 

saangariSo elementebis ganivi drekadi gadaadgilebebis 

dinamikis aRwerisaTvis gamoviyenoT Sesabamisi aproqsimirebuli 

gantolebebi. xolo rac Seexeba grZiv  da grexiT  

drekad gadaadgilebebs visargeblod sistemis diskretizaciis 

meTodebiT, romlebic aRwerilia naSromSi [39]. 

mocemuli, dinamikis aproksimirebadi gantolebebi, 

gamoyenebadia mxolod mcire drekadi gadaadgilebebisaTvis da 

maTi gamoyeneba kinematikuri jaWvis marTvadi moZraobebis 

, , …	, 	 mimarT moiTxovs saangariSo sqemaSi, romelic 

gamoiyeneba drekadi sistemebis sakuTar rxevaTa sixSiris 

gansazRvrisaTvis, garkveuli cvlilebebis Setanas. 

jaWvuri meqanikuri sistemis marTvadi moZraobebis 

gavlenis Sedegad, masSi warmoiqmneba damatebiTi inerciuli 

Zalebi da momentebi. amasTan erTad, dasmuli amocanis amoxsna 

moiTxovs aseve rgolebisa da tvirTis wonis ZalTa  

gaTvaliswinebas. inerciis Zalebsa da inerciis Zalebis momentebs 

movdebT saangariSo monakveTebis SeuRlebis adgilebSi. aseve 

movaxdenT wonis Zalebis Tavmoyras rgolTa saangariSo 
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monakveTebis Senawevrebis adgilebSi an TviTon kinematikuri 

jaWvis rgolTa SeuRlebis adgilebSi. 

sivrculi meqanikuri jaWvebis moZraobis gantolebaTa 

gamoyvanis mizniT pirvelyovlisa ganvixiloT sistemis rgolTa 

ganivi rxevebis aRmweri gantolebebi. zemoT moyvanili meTodikis 

safuZvelze movaxdinoT meqanikuri jaWvis diskretizacia, 

meqanikuri sistemis yoveli rgolis saangariSo monakveTebze 

danawevrebisa da ganzogadebuli koordinatebis , , ,  arCeviT. 

saangariSo monakveTis dinamikis gantolebas, 

ganzogadebul  da  koordinatebTan mimarTebaSi, (2.2.14)-is 

Sesabamisad matricul formaSi eqniba Semdegi saxe: 

მარც მარც მარც მარჯ;

მარჯ მარც მარჯ მარჯ.
																				 2.2.18  

(2.2.16)-is gaTvaliswinebiT CavweroT: 

მარც მარც

4
ℓ

6
ℓ

6
ℓ

12
ℓ

ℓ
105

11
210

ℓ

11
210

ℓ
13
55

მარც
მარც

4
ℓ

ℓ
105 მარც

6
ℓ

11
210

ℓ მარც

6
ℓ

11
210

ℓ მარც
12
ℓ

13
35 მარც

2.2.19  

მარჯ მარჯ

4
ℓ

ℓ
105 მარჯ

6
ℓ

11
210

ℓ მარჯ

6
ℓ

11
210

ℓ მარჯ
12
ℓ

13
35 მარჯ

2.2.20

 

 

მარჯ

2
ℓ მარჯ

6
ℓ მარჯ

6
ℓ მარჯ

12
ℓ მარჯ

; მარც

2
ℓ მარც

6
ℓ მარც

6
ℓ მარც

12
ℓ მარც

2.2.21

 

nax. 10: kinematikuri jaWvis rgolis diskretizirebuli 

monakveTis grZivi drekadi gadaadgilebebis saangariSo sqema 
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Sesabamisi koeficientebis Casmisa da algebruli 

gardaqmnebis ganxorcielebis Semdeg, mocemuli matriculi 

gantolebebi gaSlili formiT SeiZleba Caiweros Semdeg saxiT: 

მარც
ℓ

105 მარც
4
ℓ მარც

2
ℓ მარჯ

11
210

ℓ მარც

																		
6
ℓ მარც

6
ℓ მარჯ

																							 2.2.22  

მარჯ
ℓ

105 მარჯ
4
ℓ მარჯ

2
ℓ მარც

11
210

ℓ მარჯ

															
6

ℓ
მარჯ

6

ℓ
მარც

																										 2.2.23  

მარც
13
35 მარც

12

ℓ
მარც

12

ℓ
მარჯ

11
210

ℓ მარც

																	
6

ℓ
მარც

6

ℓ
მარჯ

																			 2.2.24  

მარჯ
13
35 მარჯ

12

ℓ
მარჯ

12

ℓ
მარც

11
210

ℓ მარჯ

														
6

ℓ
მარჯ

6

ℓ
მარც

																				 2.2.25  

rac Seexeba saangariSo monakveTis dinamikis gantolebis 

aRweras  da  koordinatebis mimarT, am SemTxvevaSi 

SesaZlebelia gamoviyenoT Semdegi talRuri gantoleba: 

, 																																									 2.2.26  

dinamikis amocanaTa amosaxsnelad saWiroa sawyisi 

meqanikuri sistemis yoveli rgolTagani  davanawevroT 

elementebad _ sasruli sigrZis mqone saangariSo monakveTebi ℓ , 

ris Semdegac vaxdenT gadanawilebuli masis mqone yoveli 

elementis Secvlas Tavmoyrili masis mqone elementad. 

Tavmoyrili masebi avRniSnoT  da ganvaTavsoT isini 

saangariSo elementebis Sepirapirebis wertilebsa da rgolebis 

SeuRlebis adgilebSi (nax. 10). 

Sesabamisi gaangariSebebisa da saWiro maTematikuri 

gardaqmnis Catarebis Semdeg SesaZlebeli xdeba mTlianobaSi 

meqanikuri sistemis dinamikis gantolebaTa Cawerac. 



81 

 

zemoxsenebulisa da kinematikur jaWvSi elementebis 

Senawevrebisas saxsruli kavSirebis ugulvebelyofis 

gaTvaliswinebiT SegviZlia CavweroT am elementebis Senawevrebis 

gantolebebi, romlebic Tavis mxriv warmoadgenen calkeuli 

saangariSo elementebis dinamikis gantolebaTa Soris 

urTierTkavSirebs. 

Zalebis da momentebis balansis gantolebebi: 

მარც მარჯ

მარც მარჯ
;

მარჯ მარც 0

მარჯ მარც 0 ;

0

0
.

																																								 2.2.27  

 

nax. 11: brunvis horizontaluri RerZis mqone mexuTe klasis 

kinematikuri wyvilebis meSveobiT saangariSo monakveTebis 

(rgolTa SeuRlebis adgilebi) SeuRlebis saangariSo sqema 

 

მარც 

მარც

მარჯმარჯ 

,  

მარც 

მარც 

მარჯ 

მარჯ

მარჯ 

მარჯ
მარც 

მარც
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moyvanili damokidebulebebis analizi gviCvenebs, rom 

calkeuli ganzogadebuli koordinatebisaTvis dinamikis 

gantolebebi aris urTierTdamoukideblebi. 

Zalebis da momentebis balansis gantolebebi brunvis 

horizontaluri RerZis mqone kinematikuri wyvilisaTvis (nax. 11): 

მარც cos მარჯ მარც sin 0

მარჯ მარც ინ
;

მარც მარჯ 0

მარც cos მარჯ მარც sin 0 ;

მარც
′ cos მარჯ მარც sin 0

მარც cos მარჯ მარც sin 0
.

																							 2.2.28  

sadac: მარც
′

მარც მარც
∗  . 

nax. 12: brunvis vertikaluri RerZis mqone mexuTe klasis 

kinematikuri wyvilebis meSveobiT saangariSo monakveTebis 

(rgolTa SeuRlebis adgilebi) SeuRlebis saangariSo sqema 

მარც 

,

მარც

მარჯ 

მარჯ

მარჯ 

მარჯ 

 

მარც 

მარც 

	

მარჯ 

მარჯ 

	

მარც  მარც 
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Zalebis da momentebis balansis gantolebebi brunvis 

vertikaluri RerZis mqone kinematikuri wyvilisaTvis (nax. 12): 

მარც მარჯ 0

მარჯ მარც cos მარც sin 0 ;

მარც cos მარჯ მარც
′ sin 0

მარჯ მარც ინ
;

მარც
′ cos მარჯ მარც sin 0

მარც cos მარჯ მარც sin 0
.

																								 2.2.29  

sadac: მარც
′

მარც მარც
∗  . 

gantolebebSi (2.2.28) da (2.2.29) dadebiT mimarTulebad 

miRebulia kuTxeTa aTvlis saaTis isris sawinaaRmdego 

mimarTuleba. 

Zalebis da momentebis balansis gantolebebi kinematikuri 

wyvilisaTvis, romlebSic brunvis RerZebi emTxveva SeuRlebul 

rgolTa RerZebs (nax. 13): 

მარც მარჯ 0

მარც მარჯ 0 ;

მარც მარჯ 0

მარც მარჯ 0 ;

მარც მარჯ 0

მარჯ მარც ინ
.

																																										 2.2.30  

Tu ki gagvaCnia Ria kinematikuri jaWvi, romlis bolo 

rgoli warmoadgens raime damatebiTi tvirTis matarebels, maSin 

 masis tvirTebis gadaadgilebisas (nax. 13) ZalTa da inerciis 

ZalTa momentebis gaTvaliswinebis mizniT saWiroa gamosakvlevi 

sistemis dayofisas saangariSo monakveTebze (nax. 14) moyvanil 

wonasworobis gantolebebTan erTad ganxilul iqnas Ria 

meqanikuri sistemis Tavisufali bolos wonasworobis pirobebic. 

im SemTxvevisaTvis, rodesac gagvaCnia rgoli Tavisufali 

boloTi  kveTis mimarT (nax. 15), romelic gavlebulia 

rgolis ganapira wertilze, wonasworobis gantolebebs eqnebaT 

Semdegi saxe: 

მარც 0;

მარც 0. 																																																				 2.2.31  
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zRvruli pirobebisas: 

მარჯ
0;

მარჯ
0.																																																 2.2.32  

meqanikuri sistemis Tavisufali bolos moZraobis 

ganxilvisas saangariSo monakveTis dinamikis gantolebebi ganiv 

rxevebTan mimarTebaSi gamoisaxeba Semdegnairad: 

მარც მარც მარც მარც მარც მარც მარჯ

მარჯ მარჯ მარჯ მარჯ მარჯ მარჯ მარც
																						 2.2.33  

მარჯ მარჯ																																																		 2.2.34  

sadac:  _ Tavmoyrili masis inerciuli koeficientebis matrica 

da gaaCnia Semdegi saxe: 

																																																		 2.2.35  

sadac: ℓ  _ sxeulis masuri ekvatorialuri inerciis 

momenti; ℓ  _ inerciis masuri momenti. 

მარც ; მარჯ ∙ ∙ ; მარც ∙ ; მარჯ ∙ 								 2.2.36  

nax. 13: kinematikuri jaWvis rgolis saangariSo monakveTebis 

SeuRlebis sqema kinematikuri wyvilis brunvis RerZis 

Tanxvedrisas rgolis RerZTan 

მარჯ 

მარჯ

მარც

 მარც 

 

მარც 

მარც

მარჯ 

მარჯ
მარჯ 

მარჯ 

	

მარც 

მარც 
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მარც

ℓ

105
11
210

ℓ

11
210

ℓ
13
35

;						 მარჯ

ℓ

105
11
210

ℓ

11
210

ℓ
13
35

.													 2.2.37  

2.2.2. sivrculi Ria kinematikuri jaWvis sakuTar rxevaTa 

sixSiris gaangariSeba 

 

Semsrulebeli meqanizmebis proeqtirebisas rgolebisa da 

amZravebis optimaluri parametrebis gansazRvis TvalsazrisiT 

gansakuTrebul mniSvnelobas warmoadgens Ria meqanikuri 

sistemis sakuTari rxevebis, romlebic warmoiqmneba misi 

nax. 14: rgolis mudmivi kveTis mqone saangariSo monakveTebis 

SeuRlebis sqema RunviT rxevebTan mimarTebaSi 

მარც

მარჯ

2  1 1 2 

nax. 15: Ria kinematikuri jaWvis gamomavali rgolis saangariSo 

monakveTebis SeuRlebis sqema RunviT rxevebTan mimarTebaSi 

 

 

2 1
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konfiguraciis cvlilebisas, sixSiris mniSvnelobaTa 

gaangariSeba. 

sakuTari rxevebis sixSiris mniSvnelobaTa 

gansazRvrisaTvis visargebloT Semdegi saangariSo sqemiT (nax. 

16), sadac yoveli Semadgeneli rgoli dayofilia or saangariSo 

monakveTad. 

sakuTari rxevebis sixSiris mniSvnelobaTa misaRebad 

gamoviyenoT dinamikur sixisteTa meTodi, ris Sesabamisadac 

CavweroT rgolebis saangariSo monakveTebis boloebze moqmedi 

Zalvebis amplitudebsa da am ZalvaTa Sesabamisi gadaadgilebebis 

kavSiris gantolebebi. 

saangariSo monakveTebi 1-2-is SeuRlebis gantolebebi 

Caiwereba Semdegi Tanafardobebis meSveobiT: 

∗

																																											 2.2.38  

mocemul gantolebebSi ∗ aris reaqcia an Zalebi, romlebic 

moqmedeben saangariSo monakveTis marcxena mxareze;  aris 

reaqccia an Zalebi, romlebic moqmedeben saangariSo monakveTis 

marjvena mxareze. 

imis gaTvaliswinebiT, rom am Ria kinematikuri jaWvis 

marcxena mxareze anu saTaveSi arsebuli brunvadi kinematikuri 

wyvilis mqone saangariSo monakveTi I-is SeuRlebas miviCnevT 

 

nax. 16: Ria kinematikuri jaWvis sakuTari rxevebis sixSiris 

gansazRvris saangariSo sqema 

 

2

1

0 

1

0  

0  

1  

1

2 

 

0 

2 
2
∗ 

3
∗∗ 

1 2 3

3
∗

3

4

4

4
∗

23

5
∗∗

2  

3

5
∗

5

5
6 
0 
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xistad, gantoleba (2.2.38) Caiwereba Semdegnairad: 

																																																					 2.2.39  

sadac:  _ matricaa, romelic akavSirebs ZalvaTa 

amplitudebs  gadaadgilebebis amplitudebTan . 

brunvadi kinematikuri wyvili -s momijnave saangariSo 

monakveTebi 2-3-is SeuRlebis adgilisaTvis gantolebebi (2.2.38) 

Caiwereba Semdegi saxiT: 

∗ ∗∗

∗∗ ∗∗ 																																								 2.2.40  

elementebi 1-2 da 2-3-is SeuRlebis pirobebis 

gaTvaliswinebiT miviRebT: 

∗ 																																														 2.2.41  

(2.2.41) gantolebis gaTvaliswinebiT gantoleba (2.2.40) 

gadavweroT Semdegnairad: 

∗∗																																						 2.2.42  

saidanac vRebulobT: 

1 ∗∗																																						 2.2.43  

saidanac Sesabamisad vRebulobT: 

∗∗ ∙ ∗∗ ∗∗																																 2.2.44  

sadac: ∗∗ _ im ZalvaTa matricaa, romlebic modebulia 

saangariSo monakveTi 2-3-is marjvena mxareze saangariSo 

monakveTebi 2-3 da 3-4-is urTierTganlagebis gaTvaliswinebis 

gareSe; ∗∗ _ ∗∗ ZalvaTa moqmedebiT gamowveuli gadaadgilebebis 

matrica. 

avRniSnoT -iT Zalvebi, romlebic moqmedeben saangariSo 

monakveTi 3-4-is mokveTil marcxena mxareze, xolo ∗-iT _ 

Zalvebi, romlebic moqmedeben saangariSo monakveTi 3-4-is 

mokveTil marjvena mxareze. am ZalvaTa Sesabamisi gadaadgilebebi 

avRniSnoT -iT da ∗-iT. 
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mocemuli aRniSvnebisa da  saxsaris geometriis 

gaTvaliswinebiT SeuRlebis pirobebi Caiwereba Semdegnairad: 

∗∗

∗∗ 																																																	 2.2.45  

sadac:  da  _ mobrunebis matricebia, romelTa 

mniSvnelobebic damokidebulia rgolTa SeuRlebis saxsarTa 

brunvis RerZebis mimarTulebebze. 

horizontaluri brunvis RerZis mqone saxsris SemTxvevaSi: 

1 0
0 cos ;										

1 0
0 cos 																					 2.2.46  

vertikaluri brunvis RerZis mqone saxsris SemTxvevaSi: 

cos 0
0 1

;										 1 0
0 1

																				 2.2.47  

(2.2.41) Tanafardobis gaTvaliswinebiT SegviZlia CavweroT: 

∗∗ ∙
														 2.2.48  

Sesabamisad damakavSirebeli matrica iqneba: 

∙ 																												 2.2.49  

monakveTi 3-4-sTvis, gantoleba (2.2.40)-is gamoyenebiT, 

miviRebT: 

∙
																																						 2.2.50  

monakveTi 4-5-sTvis, gantoleba (2.2.49)-is gaTvaliswinebiT 

da im pirobiT, rom mobrunebis matricebs gaaCnia (2.2.46)-s saxe, 

sadac , miviRebT: 

∙
																								 2.2.51  

monakveTi 5-6-sTvis damakavSirebel matricas eqneba Semdegi 

saxe: 

∙
																																										 2.2.52  



89 

 

mocemul gantolebaSi  Tavis mxriv warmoadgens 

kinematikuri jaWvis boloze damagrebuli Tavmoyrili masa -is 

mdgradobas da gaiangariSeba matriculi gantolebis meSveobiT: 

ℓ
11
210

ℓ

11
210

ℓ
13
35

																		 2.2.53  

sadac:  _ meqanikuri sistemis agznebis sixSire;  _ 

Tavmoyrili masa -is inerciuli koeficientebis matrica (ixile 

gantoleba (2.2.35)). 

zemoT moyvanil gantolebebSi , , , , ,  matricaTa 

mniSvnelobebs gaaCnia Semdegi saxe: 

, მარჯ																																										 2.2.54

, 																																																																 2.2.55

, მარც																																																				 2.2.56
 

rac Seexeba ukuqceviT-winsvliTi kinematikuri wyvilebis 

mqone meqanikuri sistemebis sakuTari rxevebis sixSireTa 

gaangariSebas, saWiroa kavSiris gantolebaTa (2.2.38) Sedgenisas, 

saangariSo monakveTebis 2-4-5, 3-4 da 5-6 SeuRlebis adgilebSi, 

gantolebebSi (2.2.54), (2.2.55) da (2.2.56) saangariSo monakveTebis 

sigrZeebisa da masebis mniSvnelobebi aRebul iqnas Sesabamisi 

jamebis saxiT, romlebic iTvaliswineben bolo rgolis wrfiv 

gadaadgilebebs. 

meqanikuri sistemis sakuTari rxevebis sixSiris 

mniSvnelobaTa miRebis mizniT, xaxunis ZalTa moqmedebis 

gaTvaliswinebis gareSe, saWiroa SerCeul iqnas -is iseTi 

mniSvneloba, rom sruldebodes Semdegi piroba: 

Δ 0																																									 2.2.57  

Tavisufali rxevebis dros meqanikuri sistema irxeva gare 

Zalebis modebis gareSe, rac niSnavs, rom gantoleba (2.2.39)-is 

Sesabamis gamosaxulebebSi 0 da 0. magram  ZalTa 

nulis tolobis SemTxvevaSi sistema (2.2.39) Cawerili mTliani Ria 

kinematikuri jaWvisaTvis, Tavis mxriv gardaiqmneba erTgvarovan 
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sistemad, romelic Sedgeba wrfivi algebruli  raodenobis 

gantolebisa da amave  raodenobis  ucnobisgan. aRniSnul 

sistemas, pirobis Tanaxmad, unda gaaCndes nulisgan 

gansxvavebuli amonaxseni, risTvisac aucilebeli da sakmarisia, 

rom ganmsazRvreli Δ  toli iyos nulisa. Sesabamisad, 

Tavisufal rxevaTa sixSire ar SeiZleba iyos nebismieri, aramed 

nulad unda aqcevdes matricis ganmsazRvrels . sxva 

sityvebiT rom iTqvas qvemoT moyvanili piroba (2.2.58) Tavis mxriv 

warmoadgens gansaxilveli Ria jaWvuri meqanikuri sistemis kerZo 

gantolebas. 

vinaidan matricis elementebis  gaangariSeba zemoT 

gamoyvanili rekurentuli formulebis meSveobiT sakmaod 

martivia mxolod maSin, rodesac cnobilia sixSire -s ricxviTi 

mniSvneloba, amitomac (2.2.57) gantolebis amoxsna SegviZlia 

vawarmooT mcdelobaTa meTodiT, anu Δ  grafikis 

agebiT -s gaangariSebisas mocemul intervalSi 

 myofi -s sxvadasxva mniSvnelobebisaTvis da am grafikis 

abscisTa RerZTan gadakveTis wertilTa povniT. dauSvaT, rom ∗ 

aris gansaxilveli sistemis erT-erTi sakuTar sixSireTagani (anu 

∗-s SemTxvevaSi sruldeba piroba (2.2.57)), maSin gantolebaTa 

erTgvarovan sistemas 

0																																																						 2.2.58  

gaaCnia nulisagan gansxvavebuli amonaxsnebi. vTqvaT, rom am 

amonaxsnebis sveti aris ∗ . amgvarad ∗-s SemTxvevaSi CvenTvis 

cnobili xdeba gadaadgilebebi ∗ da zemoTmoyvanili 

rekurentuli Tanafardobebis safuZvelze, monakveTidan 

monakveTze ukumimarTulebiT gadasvliT Cven SevZlebT yvela 

danarCeni gadaadgilebi -s gamoangariSebas _ anu SevZlebT 

miRebuli sixSire -s Sesabamisi Tavisufali rxevebis formis 

gamoangariSebas. 
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Tavi 2.3. dinamikuri maxasiaTeblebis gavlenis 

gaTvaliswinebiT kinematikuri jaWvis rgolebSi 

Zabvebis gansazRvra 

 

2.3.1. kinematikuri jaWvis rgolebSi Zabvebis gansazRvris 

zogadi meTodi 

 

kinematikuri jaWvebis moZraobisas maT Semadgenel 

erTeulebze moqmedeben sxvadasxva saxis datvirTvebi, maT Soris 

dinamikurebic. sayuradReboa, rom meqanikuri sistemis muSaobisas 

gardamaval reJimebze datvirTvebis mniSvnelobebi SesaZloa 

bevrad aRematebodnen dasaSvebebs. Sesabamisad, mravaljaWva 

meqanikuri sitemebis optimaluri proeqtirebis amocanis 

amoxsnisaTvis erT-erT mTavars warmoadgens meqanizmebis 

kinematikuri parametrebis cvlilebis gaTvaliswinebiT 

statikuri da dinamikuri datvirTvebis gansazRvruli 

zemoqmedebiT dakavSirebuli Zabvebis mniSvnelobaTa gansazRvra, 

vinaidan sistemis rgolebis urTierTmdebareobis cvlilebisas 

icvleba kinematikuri jaWvis fizikuri parametrebic. 

sivrculi kinematikuri jaWvis rgolebi Tavis mxriv 

warmoadgenen sxvadasxva konfiguraciis Reroebs da asruleben 

ganiv, grZiv da grexiT drekad gadaadgilebebs. aRniSnulidan 

gamomdinare meqanizmis TiToeuli Semadgeneli rgoli iqneba 

rTul daZabul mdgomareobaSi, romelic Tavis mxriv warmoadgens 

grexiT, gamWimav-kumSviT da ganivi Runvis Zabvebs. 

sivrculi Ria kinematikuri jaWvis rgolebSi Runvis 

ZabvaTa gaangariSebisaTvis gamoviyenebT meqanikuri sistemis 

Rero-elementebis saangariSo monakveTebis ganivi rxevebis aRmwer 

rekurentul Tanafardobebs1. 

                                                            
1 Tavi 2.2.1. gantoleba (2.2.18). 
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miRebuli aRniSvnebis1 gaTvaliswinebiT CavweroT Ria 

kinematikuri jaWvis Rero-elementze gamoyofili saangariSo 

monakveTis wonasworobis gantoleba: 

მარც მარც მარც მარჯ;

მარჯ მარც მარჯ მარჯ.
																		 2.3.1  

gaSlili saxiT gantoleba (2.3.1) CavweroT zemoT 

moyvanili2 Tanafardobebis gamoyenebiT: 

მარც მარც მარც
2
ℓ მარჯ

6
ℓ მარჯ 																	 2.3.2

მარც მარც მარც
6
ℓ მარჯ

12
ℓ მარჯ 															 2.3.3

მარჯ
2
ℓ მარც

6
ℓ მარც მარჯ მარჯ 																 2.3.4

მარჯ
6
ℓ მარც

12
ℓ მარც მარჯ მარჯ 														 2.3.5

 

mocemul gantolebebSi gamoyenebulia Semdegi aRniSvnebi: 

4
ℓ

ℓ
105

;

11
210

ℓ
6
ℓ

;

12
ℓ

13
35

.

 

naxatze 14 moyvanili saangariSo sqemis gamoyenebiT 

CavweroT 	  da 1 saangariSo monakveTebis SeuRlebis 

adgilisaTvis wonasworobis piroba: 

მარჯ მარც 																																															 2.3.6  

amavdroulad aRniSnuli monakveTebis SeuRlebis pirobebi 

Caiwereba Semdegi saxiT: 

მარჯ მარც

მარჯ მარც
																																															 2.3.7  

(2.3.6) gantolebis gamoyenebiT CavweroT  da 1  

saangariSo monakveTebis SeuRlebis adgilebis mimarT ZalTa da 

momentebis balansis gantoleba: 

მარჯ მარც 0																																												 2.3.8  

                                                            
1 Tavi 2.2. 
2 Tavi 2.2.1. (2.2.19), (2.2.20) da (2.2.21) gantolebebis gaTvaliswinebiT. 
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მარჯ მარც 0																																											 2.3.9  

(2.3.2), (2.3.3), (2.3.4) da (2.3.5) gantolebebis gamoyenebiT (2.3.8) 

da (2.3.9) gantolebebi CavweroT drekadi gadaadgilebebis 

gaTvaliswinebiT: 

2
ℓ მარც

6
ℓ მარც მარჯ მარჯ მარც

მარც
2
ℓ მარჯ

6
ℓ მარჯ 0

									 2.3.10  

6
ℓ მარც

12
ℓ მარც მარჯ მარჯ მარც

მარც
6
ℓ მარჯ

12
ℓ მარჯ 0

							 2.3.11  

Zalebisa da momentebis wonasworobis gantolebebi 

saangariSo monakveTi 1-is marjvena mxarisaTvis, gare Zala -

is moqmedebis gaTvaliswinebiT, Caiwereba Semdegi saxiT: 

მარჯ 0

მარჯ
																																																 2.3.12  

drekad gadaadgilebebSi gamosaxuli (2.3.12) gantolebebi 

((2.3.4) da (2.3.5)-is gamoyenebiT) miiReben Semdeg saxes: 

2
ℓ მარც

6
ℓ მარც მარჯ მარჯ 0																	 2.3.13  

6
ℓ მარც

12
ℓ მარც მარჯ მარჯ 														 2.3.14  

Tu gaviTvaliswinebT gantolebebs (2.3.7) da dauSvebT, rom 

saangariSo monakveTi -is marcxena mxare meqanizmis ZirTan 

xistadaa damagrebuli, maSin Tanafardobebi (2.3.10), (2.3.11), (2.3.13) 

da (2.3.14) SegviZlia CavweroT Semdegi saxiT: 

2 მარჯ
2
ℓ მარჯ

6
ℓ მარჯ 0;

2 მარჯ
6
ℓ მარჯ

12
ℓ მარჯ 0;

2
ℓ მარჯ

6
ℓ მარჯ მარჯ მარჯ 0;

6
ℓ მარჯ

12
ℓ მარჯ მარჯ მარჯ .

																			 2.3.15  

mocemuli gantolebaTa sistemis amosaxsnelad CavweroT 

msazRvrelebi. gantolebaTa sistemis mTavari msazRvreli: 
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Δ

2 0
2
ℓ

6
ℓ

0 2
6
ℓ

12
ℓ

2
ℓ

6
ℓ

6
ℓ

12
ℓ

2
2
ℓ

6
ℓ

																 2.3.16  

sadac: , ,  _ aris msazRvreli Δ -is Sesabamisi elementebis 

damatebebi. 

mocemuli msazRvrelis gaSlisas vRebulobT: 

Δ 4
17
ℓ

ℓ
7
ℓ ℓ

24
ℓ

4 						 2.3.17  

(2.3.15) sistemis marjvena mxaris gaTvaliswinebiT 

msazRvrelebi Sesabamisad toli iqneba: 

Δ მარჯ

0 0
2
ℓ

6
ℓ

0 2
6
ℓ

12
ℓ

0
6
ℓ

F
12
ℓ

2
ℓ

6
ℓ

																													 2.3.18  

Δ მარჯ

2 0
2
ℓ

6
ℓ

0 0
6
ℓ

12
ℓ

2
ℓ

0

6
ℓ

F

2
2
ℓ

6
ℓ

												 2.3.19  

mocemul gantolebebSi , , , ,  _ warmoadgenen 

algebrul damatebebs. 

gantolebebi (2.3.18) da (2.3.19) gaSlili formatSi Caiwereba 

Semdegi saxiT: 

Δ მარჯ 4
ℓ

3
ℓ

4
ℓ

																													 2.3.20  

Δ მარჯ 12 2
ℓ ℓ

2
ℓ

																													 2.3.21  
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(2.3.18), (2.3.19), (2.3.20) da (2.3.21) gantolebebis gamoyenebiT 

vRebulobT: 

მარჯ

Δ მარჯ

Δ

4 ℓ 3 ℓ
4
ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

		 2.3.22  

მარჯ

Δ მარჯ

Δ

12 2
ℓ ℓ 2 ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

		 2.3.23  

(2.3.4) da (2.3.5) gantolebebisa da miRebuli Tanafardobebi 

(2.3.22) da (2.3.23)-is gamoyenebiT vRebulobT mRunavi momentisa da 

gadamWreli Zalis mniSvnelobebs, romlebic moqmedeben 

saangariSo  monakveTis pirobiTad wakveTili nawilis marjvena 

mxareze. 

მარჯ

4
ℓ

4
ℓ

12
ℓ 12 2

ℓ ℓ
2
ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

2.3.24  

მარჯ

24 ℓ ℓ
4
ℓ

4
ℓ

24
ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

		 2.3.25  

moyvanil gantolebebSi , ,  sidideebi Seicaven 

gansaxilveli meqanizmis rgolis rxevaTa sixSire -is 

mniSvnelobas. meqanizmis rgolis rxevaTa sixSiris mniSvneloba 

an iniSneba gare Zalis sidididan gamomdinare, romelic icvleba 

geometriuli kanonis mixedviT, an gaiangariSeba Sesabamisi 

meTodikis safuZvelze1. 

cnobilia, rom wminda sibrtyuli Runvisas mRunavi 

Zalvebis sibrtyis mimarTuleba da kveTis neitraluri RerZi 
                                                            
1 moyvanilia Tavi 2.2.2-Si. 
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warmoadgenen gansaxilveli kveTis mTavar centralur RerZebs. im 

SemTxvevaSi rodesac kveTi aris romelime RerZis simetriuli, 

maSin simetriis aRniSnuli RerZi Tavis mxriv warmoadgens 

inerciis erT-erT mTavar centralur RerZs. Sesabamisad, 

vRebulobT wminda Runvas, Tu ki movdebT Sesabamis datvirTvebs 

sibrtyeSi, romelic gadis Reros grZiv da misi kveTis simetriis 

RerZebze. amavdroulad, simetriis RerZis perpendikularuli da 

kveTis simZimis centrze gamavali wrfe warmoadgens mocemuli 

kveTis neitralur RerZs. Tu ki neitraluri RerZis mdebareobas 

miviCnevT -ad, maSin SesaZlebeli xdeba qvemoT moyvanili 

Tanafardobis gamoyenebiT kveTis nebismier wertilSi 

daZabulobis sididis povnac. 

																																																													 2.3.26  

sadac:  - kveTis inerciis momenti  RerZis mimarT. 

udidesi gamWimavi da Tavisi absoluturi mniSvnelobiT 

udidesi mkumSavi Zabvebi moqmedeben kveTis im wertilebSi, 

romelTaTvisac  sididis mniSvnelobebi warmoadgenen  

udidesebs _ anu im wertilebSi, romlebic metad arian 

daSorebuli neitraluri RerZisagan. Tu gamoviyenebT naxat 17-ze 

moyvanil aRniSvnebs, maSin gansaxilvel kveTSi normaluri 

Zabvebis zRvrul mniSvnelobebs eqnebaT Semdegi saxe: 

; 							 																																	 2.3.27  

rogorc cnobilia  warmoadgens kveTis winaRobis 

moments da Cveni SemTxvevisaTvis . kveTis 

winaRobis momentebis mniSvnelobebi gaWimvisa da kumSvis 

deformaciisaTvis erTnairia, avRniSnoT isini -iT. 

; 							 																																				 2.3.28  

moyvanili gantolebebis safuZvelze,  da 1 saangariSo 

elementebis SeuRlebis adgilSi, romelic gamoyofilia 
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gansaxilvel kveTSi, elementarul farTobze moqmedi 

maqsimaluri normaluri Zabvis mniSvneloba toli iqneba: 

მღ

32
4
ℓ

4
ℓ

12
ℓ 12 2

ℓ ℓ
2
ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

2.3.29  

sadac:  _ Rero-elementis mTliani (Rrus gareSe) mrgvali 

kveTis diametri. 

 

nax. 17: sivrculi meqanizmis Rero-elementis kveTSi ZabvaTa 

gansazRvris saangariSo sqema 

 

1 1 

	

 

 

 

გრ

მარჯ  

 

1მარჯ  

მარჯ

1მარჯ
მარც 1

1მარც 1
 

1 

გრ.  

 

1

1მარც 1

მარც 1

 

1
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zogad SemTxvevaSi Reros kveTebSi Runvis deformaciis 

gansazRvrisaTvis, garda mRunavi momentisa, saWiroa 

gaTvaliswinebul iqnas ganivi Runvis gamomwvevi ganivi Zala 

მარჯ -s moqmedebac. 

vinaidan mRunavi Zalva da Sesabamisad mRunavi momentic 

dakavSirebulni arian normalur ZabvebTan, amitomac ganxilvaSi 

ganivi Zalvebis moqmedebis SemotaniT icvleba gansaxilveli 

kveTebis elementebSi moqmedi normaluri Zalebis mniSvnelobebic. 

aqedan gamomdinare, nebismieri elementis wonasworobis 

mdgomareobis SenarCuneba Sesazloa mxolod mxebi Zabvebis 

arsebobisas, romlebic icvlebian Reros simaRlis mixedviT. 

Tavisufali konfiguraciis mqone Reros kveTis SemTxvevaSi mxebi 

Zabva  RerZze proeqciisas ganisazRvreba Semdegi gantolebis 

meSveobiT: 

																																			 2.3.30  

an mudmivi kveTis mqone Reros SemTxvevaSi Juravskis gantolebis 

gamoyenebiT miviRebT: 

																																																				 2.3.31  

sadac:  _ neitraluri RerZi -is mimarT kveTis nawilis 

statikuri momenti, romelic warmoiqmneba am kveTis gadakveTiT 

 RerZis paraleluri swori xaziT da romelic am RerZisagan 

daSorebulia  manZiliT;  _ kveTis segmentis sigane. 

cnobilia, rom Reroebis kveTebSi, maTi konfiguraciis 

miuxedavad, mxebi Zabvebi icvleba kveTis simaRlis mixedviT 

paraboluri kanonis Sesabamisad. aqedan gamomdinare, naxat 17-ze 

moyvanili Reros kveTSi mxebi Zabvebis maqsimaluri mniSvneloba 

iqneba elementSi . 

Tu ki gamoviyenebT (2.3.25)-Si da (2.3.31)-Si moyvanil 

Tanafardobebs, maSin  elementSi warmoqmnili maqsimaluri 

mxebi Zabvebis mniSvneloba Rero-elementisaTvis mTliani mrgvali 

kveTiT Caiwereba Semdegi saxiT: 
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მღ
4
3

24 ℓ ℓ
4
ℓ

4
ℓ

24
ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

																																																																																																																																													 2.3.32

 

sadac:  _ kveTis radiusia. 

rogorc ukve avRniSneT TavSi 2.2, Rerosebri meqanizmis 

rgolebisaTvis, romlebic asruleben moZraobas sivrculi 

traeqtiriiT, drekadi kuTxuri da wrfivi gadaadgilebebi 

SeiZleba ganvSaloT or urTierTperpendikularul sibrtyeze. 

Sesabamisad, Tu ki momenti მარჯ  da Zalebi მარჯ  da  moqmedeben 

sibrtyeSi , maSin sivrculi gadaadgilebisas Rerosadmi aseve 

iqneba modebuli Sesabamisi momenti da Zalebi მარჯ , მარჯ  da , 

romlebic moqmedeben sibrtyeSi . 

Sesabamisad kveTisaTvis  da 1 wonasworobis 

gantolebebs sibrtyeSi  eqnebaT Semdegi saxe: 

მარჯ მარც 0

მარჯ მარც 0 																																						 2.3.33  

xolo Reros marjvena bolosaTvis: 

მარჯ 0

მარჯ
																																														 2.3.34  

Sesabamisad, zemoxsenebulis gamoyenebiT,  sibrtyeSi 

moqmedi momenti მარჯ  da ganivi Zala მარჯ  toli iqneba: 

მარჯ

4
ℓ

4
ℓ

12
ℓ 12 2

ℓ ℓ
2
ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

2.3.35  

მარჯ

24 ℓ ℓ
4
ℓ

4
ℓ

24
ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

		
2.3.36  



100 

 

Reros kveTisaTvis  da 1, sadac Zalebi moqmedeben 

sibrtyeSi , neitralur Rerod iqneba Rero, romelic gadis 

kveTis centrze sibrtye -is perpendikularulad. aqedan 

gamomdinare maqsimaluri normaluri Zabva imoqmedebs kveTis 

elementze , xolo maqsimaluri mxebi Zabva ki warmoiqmneba 

elementSi . maTi mniSvnelobebi (2.3.29) da (2.3.32) gantolebebis 

safuZvelze Caiwereba Semdegi saxiT: 

მღ

32
4
ℓ

4
ℓ

12
ℓ 12

2
ℓ ℓ

2
ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

																																																																																																																																														 2.3.37

 

მღ
4
3

24 ℓ ℓ
4
ℓ

4
ℓ

24
ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

																																																																																																																																														 2.3.38

 

rogorc gvqonda aRniSnuli, sivrculi meqanizmis 

rgolebze, garda mRunavi Zabvebisa, moqmedeben grexviTi da 

kumSva-mWimavi Zabvebi, romlebic warmoiqmneba Reros mier 

brunviTi da grZivi rxeviTi gadaadgilebebis Sesrulebisas. 

gadaadgilebis procesSi Reros brunviTi rxevebi aRiwereba 

Semdegi gantolebiT: 

														 2.3.39  

sadac:  _  saangariSo monakveTis dayvanili masis inerciis 

momenti;  _  saangariSo monakveTis marjvena bolos grexvis 

fardobiTi kuTxe;  _  saangariSo monakveTis sixiste 

grexvisas; 0,25 0,35 _ puasonis koeficienti. 

iqidan gamomdinare, rom Cven gvainteresebs saangariSo 

monakveTis marjvena bolos grexvis kuTxe da amavdroulad 
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vTvliT, rom misi marcxena bolo Camagrebulia xistad, SesaZloa 

gantoleba (2.3.39) CavweroT ufro gamartivebuli formiT: 

																																												 2.3.40  

mocemuli gantolebis amoxsna SeiZleba Semdegi saxiT: 

sin 																																						 2.3.41  

sadac:  _ kerZo amonaxseni. 

mocemuli gantolebebis gamoyenebiT grexvisas drekadobis 

Zalebis momentis mniSvneloba SeiZleba CavweroT Semdegi saxiT: 

დრ.გრ. sin 																													 2.3.42  

Tu gagvaCnia დრ.გრ. -s mniSvneloba, maSin grexvisas mxebi 

Zabva miiRebs Semdeg saxes: 

გრ
დრ.გრ.

																																													 2.3.43  

sadac:  _ inerciis polaruli momenti. 

grexvisas maqsimaluri mxebi Zabva გრ  gamoyofil 

elementisaTvis  imoqmedebs mimarTulebiT , xolo 

elementisaTvis  _ mimarTulebiT  (ix. nax. 17). Sesabamisad 

mrgvali ganivi kveTis mqone Rero-elementisaTvis grexvisas 

Zabvebis maqsimaluri mniSvneloba toli iqneba: 

გრ
sin
0,4 1

																												 2.3.44  

rogorc ukve avRniSneT, Reros ganiv kveTebSi moqmedi 

mxebi Zabvebi mimarTulia mimdinare radiusi -s 

perpendikularulad. magram saWiroa gaTvaliswinebul iqnas is, 

rom Sewyvilebis pirobidan gamomdinare Zabvebis Tanabari 

mniSvnelobebi warmoiqmneba Reros grZiv kveTebSic, anu 

pirobiTad gamoyofil elementebSic  da . mxebi Zabvebis sxva 

Semadgenlebi mimarTuli iqneba normaluri Zabvebis sapirispirod. 

grZivi drekadi gadaadgilebisas warmoqmnili kumSva-

gaWimvis Zabvebis gansazRvra SesaZloa Semdegnairad: 

3ℓ
																																														 2.3.45  



102 

 

sadac:  _ grZivi drekadi gadaadgilebebis maqsimaluri 

mniSvneloba;  _ drekadobis (iungis) moduli; ℓ _ saangariSo 

monakveTis sigrZe. 

gantolebaSi (2.3.45) drekadi gadaadgilebebi SesaZloa 

gaangariSebul iqnas Semdegi talRuri gantolebis gamoyenebiT: 

, 																																								 2.3.46  

diskretizebuli saangariSo monakveTisaTvis moZraobis 

gantoleba Caiwereba: 

																																											 2.3.47  

sadac: ; ;  da  _ 

Wimvis sixiste. 

iqidan gamomdinare, rom  saangariSo monakveTis marcxena 

boloze ar aris gaTvaliswinebuli drekadi gadaadgilebebi, 

gantoleba (2.3.47) SeiZleba gadawerili iqnas Semdegnairad: 

																																													 2.3.48  

aRniSnuli gantolebis amoxsna SesaZloa (2.3.41)-is 

gamoyenebiT, ris Sedegadac vRebulobT: 

sin 																																						 2.3.49  

sadac:  _ kerZo amonaxseni. 

amgvarad vRebulobT, rom: 

2 sin
3ℓ

																														 2.3.50  

sadac:  _ grZivi rxevebis amplituda. 

 Zabvis maqsimaluri mniSvneloba, im pirobiT rom is 

aris gamWimavi, iqneba Tanxvedrili  Zabvis mimarTulebasTan, 

romelic moqmedebs elementebze  da . 

amgvarad, sivrculi meqanizmebis rgolebis daZabuli 

mdgomareobis kvlevis Sedegad vRebulobT normaluri da mxebi 

Zabvebis, romlebic warmoiqmneba mRunavi, mgrexi da grZivi 

rxevebisas Reroebis kveTTa simetriis RerZebze ganlagebul 

wertilebSi, maqsimaluri mniSvnelobebis gansazRvris 

saSualebas. kerZod, elementi -s farTobisaTvis , romelic 
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ganlagebulia ganivi kveTis sibrtyeSi, normalur Zabvas  eqneba 

Semdegi saxe: 

მღ გრ 																												 2.3.51  

xolo mxebi Zabvebis mniSvnelobebi Caiwereba Semdegi saxiT: 

მღ
																																																						 2.3.52

გრ 																																																								 2.3.53
 

elementisaTvis  miviRebT, rom: 

მღ გრ 																									 2.3.54

მღ 																																																																				 2.3.55

გრ 																																																																				 2.3.56
 

miRebuli damokidebulebebi iZleva saSualebas kvlevis 

qveS myofi meqanizmis rgolebis Semowmebisa simtkiceze, 

risTvisac gamoviyenebT simtkicis Teoriis erT-erT cnobil 

Teorias. kerZod, Tu ki meqanikuri sistemis rgoli damzadebulia 

plastikuri masalisagan, maSin simtkicis meoTxe Teoriis 

Tanaxmad simtkicis piroba miiRebs Semdeg saxes: 

ეკვ
1

√2
2 6 																													 2.3.57  

sivrculi meqanikuri sistemis Rero-elementis simtkicis 

aucilebel garantias warmoadgens mis yovel kveTSi simtkicis 

pirobis Sesruleba, risTvisac sakmarisia, rom piroba 

sruldebodes kveTis wertilSi, sadac (2.3.57) gantolebis 

marcxena nawils eqneba udidesi mniSvneloba. sxva sityvebiT, rom 

vTqvaT _ simtkicis piroba unda sruldebodes e.w. "saxifaTo 

wertilSi". 

Reros sxvadasxva kveTebSi normaluri da mxebi Zabvebis 

mniSvnelobaTa cvlilebis urTierTsawinaaRmdego xasiaTis gamo, 

iseve rogorc kveTis simaRlis mixedviTac, aRniSnuli Zabvebis 

gavlena simtkicis pirobis marcxena nawilis sidideze Zalze 

gansxvavebulia. amitomac saxifaTo wertilis povnis wesis 

SemoReba praqtikulad SeuZlebelia. saWiro xdeba ramodenime 

wertilis ganxilva, romlebic ufro meti albaTobiT SesaZloa 

aRmoCndnen saxifaToebi, da maTgan ufro saxiFaTos amorCeva. 
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amavdroulad moZraobis pirobebSi meqanikuri sistemis 

ganxilvisas da Sesabamisad misi rgolebis mier sivrculi 

traeqtoriis Semowerisas aucilebelia gaTvaliswinebul iqnas 

kinematikuri rgolis konfiguraciis cvlileba, vinaidan 

SesaZloa aRmoCndes, rom saxifaTo wertilebma Seicvalon 

mdebareoba sistemis rgolebis urTierTmdebareobidan 

gamomdinare. 

 

 

2.3.2. upiloto safreni aparatis frTis meqanizaciisa da 

marTvis sistemis Semadgenel konstruqciul 

elementebSi, rogorc kinematikuri jaWvis rgolebSi, 

Zabvebis gansazRvra 

 

wina TavSi vixilavdiT Ria kinematikuri jaWvis rgolis _ 

Reros saangariSo monakveTebis SeuRlebis adgilebSi Zabvebis 

gaangariSebis zogad meTods. magram moyvanil SemTxvevebSi ar 

iyo ganxiluli sistemis rgolebis gadaadgilebis periodSi 

warmoqmnili Zalebi da momentebi. 

naTqvamidan gamomdinare ganvixiloT moqmedebis saSualo 

radiusis mqone upiloto safreni aparatis frTis meqanizaciis 

erT-erTi konstruqciuli elementis, rogorc Tavisufali 

meqanikuri jaWvis rgolis, (ix. nax. 18, 19, 20) ZabvaTa 

gaangariSebis sakiTxi im SemTxvevaSi, rodesac meqanizmis 

 

nax. 18: frTis meqanizaciis konstruqciuli elementebis sqema 
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rgolebis Sepirapirebis adgilze modebuli amZravis momentis 

gavlenis Sedegad xorcieldeba rgolebis gadaadgileba.  

gansaxilveli konstruqciuli elementi (SemdgomSi 

kinematikuri jaWvi) warmoadgens erTmaneTTan dakavSirebul 

mrgvali mTliani kveTis mqone or zoluras, romlis marcxena 

bolo (kinematikuri jaWvis I rgolis marcxena bolo) xistadaa 

damagrebuli frTis Zalur elementTan, xolo marjvena boloze 

(kinematikuri jaWvis II rgolis marjvena bolo) damagrebulia 

moZravi frTaukana. maTi SeuRlebis adgilTan miyvanilia amZravi 

meqanizmi, romlis brunvis meSveobiTac xorcieldeba elementebis 

moZraobaSi moyvana. 

ganvsazRvroT wminda Runvis ZabvaTa mniSvnelobebi 

kinematikuri jaWvis I rgolis kveTSi 1-2. 

saangariSo monakveTebis SeuRlebis adgilebSi mRunavi 

momentebis wonasworobis gantolebebi Caiwereba Semdegi saxiT: 

მარც მარჯ 0;

მარც მარჯ ამძ ;

მარჯ 0.
																																					 2.3.58  

 

nax. 19: frTis meqanizaciis konstruqciuli elementis (kinematikuri 

jaWvis I rgoli) kveTSi moqmedi Runvis Zabvis gansazRvris 

saangariSo sqema 

 

ამძ

2მარჯ

0 

1 

2 
3

3მარც 

0
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gantolebaTa sistema (2.3.58) drekadi gadaadgilebebisaTvis 

CavweroT Semdegi Tanafardobebis gamoyenebiT: 

მარც
2
ℓ მარჯ

2
ℓ მარც მარჯ 0;

მარც
2
ℓ მარჯ

2
ℓ მარც მარჯ ამძ ;

მარჯ
2
ℓ მარც 0.

								 2.3.59  

mocemul gantolebebSi: 

4
ℓ

ℓ
105

,									 1,2,3 																									 2.3.60  

imis gaTvaliswinebiT, rom pirveli rgolis marcxena 

bolo eyrdnoba sakisars da sayrdeni adgili iTvleba xistad, 

gantolebaTa sistemaSi (2.3.59) CavTvaloT, rom მარც 0 da aseve 

saangariSo monakveTebis SeuRlebis pirobebis gaTvaliswinebiT: 

მარც მარჯ																																														 2.3.61  

miviRebT, rom: 

მარჯ
2
ℓ მარჯ 0;

2
ℓ მარჯ მარჯ

2
ℓ მარჯ ამძ ;

2
ℓ მარჯ მარჯ 0.

								 2.3.62  

aRniSnuli gantolebaTa sistemis amoxsna CavweroT 

Semdegi saxiT: 

მარჯ

2
ℓ ამძ

2
ℓ

2
ℓ

												 2.3.63  

 

მარჯ
ამძ

2
ℓ

2
ℓ

								 2.3.64  

 

მარჯ

2
ℓ ამძ

2
ℓ

2
ℓ

												 2.3.65  
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(2.3.4) gantolebis Sesabamisad miviRebT: 

მარჯ

2
ℓ ამძ

2
ℓ

2
ℓ

												 2.3.66  

(2.3.26)-is Sesabamisad vRebulobT, rom: 

მღ

2
ℓ ამძ

32 ∙
2
ℓ

2
ℓ

		 2.3.67  

sadac:  _ drekadobis moduli;  _ kveTis inerciis momenti; 

ამძ  _ amZravi meqanizmis mier Seqmnili momenti;  _ winaRobis 

RerZuli momenti ; ℓ , ℓ  _ saangariSo monakveTebis sigrZeebi; 	

	 1,2,3  _ gaiangariSeba (2.3.60)-is mixedviT. 

analogiurad SegviZlia ganvsazRvroT wminda Runvis 

ZabvaTa mniSvnelobebi kinematikuri jaWvis II rgolis Sesabamisi 

kveTebisaTvis (ix. nax. 20): 

მარც მარჯ ამძ ;

მარც მარჯ ℓ ;

მარჯ 0.
 

 

nax. 20: frTis meqanizaciis konstruqciuli elementis (kinematikuri 

jaWvis II rgoli) kveTSi moqmedi Runvis Zabvis gansazRvris 

saangariSo sqema 

 

1 
2

3 

ამძ

2მარჯ

0  3მარც 

0
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pirveli rgolis analogiurad mocemuli gantolebaTa 

sistema Caiwereba drekadi gadaadgilebebisaTvis. 

მარჯ
2
ℓ მარჯ ამძ ;

2
ℓ მარჯ მარჯ

2
ℓ მარჯ ℓ ;

2
ℓ მარჯ მარჯ 0.

 

mocemul gantolebebSi 

4
ℓ

ℓ
105

,									 1,2,3  

Sesabamisi maTematikuri gardaqmnebis Catarebis Sedegad 

miviRebT მარჯ-s da მღ -is ganmsazRvrel gamosaxulebebs II 

rgolisaTvisac. 

miRebuli gantolebebis safuZvelze ganvaxorcielebT 

Runvis Zabvis gaangariSebas. 

gansaxilveli meqanikuri sistemis kinematikuri jaWvis 

rgolebi damzadebulia gazrdili simtkicis mqone Д16 markis 

duraluminis Senadnobisgan Semdegi meqanikuri TvisebebiT1 da 

fizikuri parametrebiT: 

0,72 ∙ 10 კგ სმ⁄ ; 	
64

;	 , 2800 კგძ სმ⁄ ;	 ღუნ 2500 კგძ სმ⁄ ; 

35	წმ ; 	 ამძ 2 ∙ 10 კგ ∙ სმ;	 

2სმ; 	ℓ ℓ 15სმ; 	 0,1272კგ; 	 13,5კგ. 

SeniSvna: amZravi meqanizmis mier warmoqmnili saWiro momentis 

sidide dadgenilia Sesabamisi meTodikiT safreni aparatis wonis, 

warmoqmnili amwevi Zalis, frTisa da frTaukanis farTobis, 

frTaukanis wonis da damatebiTi koeficientebis 

gaTvaliswinebiT. 

moyvanili parametrebiT gaangariSebis procesis 

avtomatizaciisaTvis ganxorcielda programuli modelis Seqmna 

MATLAB-is gamoyenebiT (ix. nax. 21), romlis meSveobiTac miRebul 

iqna Runvis Zabvis gadanawilebis grafiki rgolebis sigrZis 

                                                            
1 monacemebi aRebulia [54]-is Sesabamisi cxrilebidan. 
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mixedviT (nax. 22). 

miRebuli grafiki 

gvaZlevs naTel 

warmodgenas imaze, Tu 

rogor nawildeba 

moqmedi Zabva Rero 

elementis xistad 

Camagrebis adgilidan 

momentis modebis 

wertilamde da 

momentis modebis 

wertilidan 

Tavmoyrili masa -mde. 

gaangariSebis 

Sedegebidan Cans, rom 

pirveli rgolisaTvis 

მღ 566.65 კგ სმ⁄ , 

xolo meore 

rgolisaTvis ki 

მღ 1272.73 კგ სმ⁄ ,  

rac Tavis mxriv 

naklebia maqsimalur dasaSveb mniSvnelobaze მღ 2520 კგ სმ⁄ . 

Camoyalibebuli meTodikis safuZvelze ganvaxorcieloT 

upiloto safreni aparatis marTvis sistemis erT-erTi 

konstruqciuli elementis _ zoluras (Tavisufali meqanikuri 

jaWvi) Sesabamisi gaangariSeba. 

safreni aparatebis eqspluataciis gamocdilebam aCvena 

marTvis sistemaSi aRniSnuli konstruqciuli elementis 

arasakmarisi simtkice da Sesabamisad saimedoobac, rac Tavis 

mxriv dakavSirebulia safreni aparatis swor eqspluataciasTan, 

frenebis usafrTxoebasTan da Sesabamisad mis eqspluataciaze 

gaweuli damatebiTi xarjebis zrdasTan. 

nax. 21: simtkiceze gaangariSebis 
kompiuteruli modeli 

ZiriTadi gamoTvlebis 

winmswrebi gaangariSeba

; ; , ; ღუნ; ; ამძ ; ℓ ; ℓ ; ℓ ; ; ; ; … 

sawyisi saangariSo monacemebis Seyvana

ℓ ,
 

Cadebuli kriteriumebis safuZvelze 

dasaSveb mniSvnelobebTan Sedareba  

მღ ℓ ამძ ;

4
ℓ

ℓ
105

,						 1,2,3 .

ZiriTadi gamoTvlebis 

warmoeba: 

მღ ℓ  

miRebuli Sedegebis safuZvelze 

Sesabamisi grafikebis ageba: 
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zemoTqmulidan gamomdinare ganvixiloT aRniSnul 

detalSi, romlis konstruqciuli da saangariSo sqema 

warmodgenilia naxatze 23, warmoqmnili Zabvebis gaangariSebis 

sakiTxi. 

iseve, rogorc wina SemTxvevaSi, davyoT gamosakvlevi 

rgoli saangariSo monakveTebze (ix. nax. 23b) da SevadginoT 

Zalebisa da momentebis wonasworobis gantolebebi elementebis 

SeuRlebis adgilisaTvis. kerZod, wonasworobis gantolebebi 

kveTSi , miiReben Semdeg saxes: 

მარჯ მარც 0																																										 2.3.68

მარჯ მარც 0																																												 2.3.69  

gantolebebi (2.3.68) da (2.3.69) gaSlili saxiT CavweroT 

Semdegnairad: 

2
ℓ მარც

6
ℓ მარც მარჯ მარჯ მარც

მარც
2
ℓ მარჯ

6
ℓ მარჯ 0

									 2.3.70  

nax. 22: frTis meqanizaciis konstruqciul elementze moqmedi Runvis 

Zabvis grafiki 

0 5 10 15 20 25 30 35
0

500
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6
ℓ მარც

12
ℓ მარც მარჯ მარჯ მარც

მარც
6
ℓ მარჯ

12
ℓ მარჯ 0

						 2.3.71  

sadac:  _ drekadobis (iungis) moduli;  _ kveTis RerZula 

inerciis momenti; ℓ _ saangariSo monakveTis sigrZe;  _ 

nakeTobis masa;  _ sistemis harmoniuli agznebis sixSire. 

 

nax. 23: marTvis sistemis konstruqciul elementSi ZabvaTa gansazRvris 

saangariSo sqema 

 

გ 	

 

 
გრ

 ბ 	

გრ  

1

 

 

მარჯ  

მარჯ  

 

მარც 1

მარც 1

 

 

b
h 

1

ა 	

გრ

	

1 

ℓ 
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4
ℓ

ℓ
105

																																															 2.3.72  

11
210

ℓ
6
ℓ

																																									 2.3.73  

12
ℓ

13
35

																																								 2.3.74  

 wertilis mimarT ZalTa da momentTa wonasworobis 

gantolebebs gaaCniaT Semdegi saxe: 

მარჯ 0																																																	 2.3.75

მარჯ 																																																	 2.3.76  

romlebic gaSlili saxiT Caiwereba Semdegnairad: 

2
ℓ მარც

6
ℓ მარც მარჯ მარჯ 0											 2.3.77

6
ℓ მარც

12
ℓ მარც მარჯ მარჯ 								 2.3.78

 

im daSvebis gaTvaliswinebiT, rom gamosakvlevi 

konstruqciuli elementis  monakveTis marcxena mxare 

konstruqciasTan Camagrebulia xistad, gantolebebi (2.3.70), (2.3.71), 

(2.3.77) da (2.3.78) miiReben Semdeg saxes: 

2 მარჯ
2
ℓ მარჯ

6
ℓ მარჯ 0																																				 2.3.79

2 მარჯ
6
ℓ მარჯ

12
ℓ მარჯ 0																																	 2.3.80

2
ℓ მარჯ

6
ℓ მარჯ მარჯ მარჯ 0														 2.3.81

6
ℓ მარჯ

12
ℓ მარჯ მარჯ მარჯ 											 2.3.82

 

aRniSnuli gantolebebis amoxsniT vRebulobT: 

მარჯ

4 ℓ 3 ℓ
4
ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

2.3.83  

მარჯ

12 2
ℓ ℓ 2 ℓ

4 17
ℓ ℓ 7

ℓ ℓ
24
ℓ 4

2.3.84  
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moyvanil gantolebebSi koeficientebi ,  da  Seicaven 

gansaxilveli meqanizmis rxevaTa sixSiris harmoniuli agznebis 

mniSvnelobas, romelic dgindeba mocemuli meqanizmisaTvis 

Sesabamisi normatiuli dokumentebiT masze Catarebuli 

kvlevebidan gamomdinare. 

miRebuli gantolebebisa da SemoTavazebuli meTodikis 

safuZvelze normaluri da mxebi Zabvebis mniSvnelobebi 

gaiangariSeba Semdegi Tanafardobis meSveobiT: 

მღ
მარჯ მარჯ

6

																																					 2.3.85  

მღ
მარჯ მარჯ

2
3

																																	 2.3.86  

mocemul gantolebebSi:  _ kveTis sigane;  _ kveTis simaRle;  

_ ZalTa jamuri mniSvnelobaa, romlebic modebulia saangariSo 

konstruqciuli elementis wertilSi . 

naxatidan 23 Cans, rom saangariSo konstruqciuli 

elementis grZiv zolurasTan SeuRlebis adgili (wertili ) 

wanacvlebulia  wertilis mimarT sididiT , ris gamoc 

gansaxilvel kveTSi, garda moyvanili Zaluri faqtorebisa, aseve 

moqmedebs grexviTi momentic გრ , romelic iwvevs grexviT 

deformacias. amis gamo kveTSi warmoiqmneba mxebi Zabva, romelic 

gaiangariSeba formuliT: 

გრ
გრ

																																																		 2.3.87  

sadac:  _ kveTis inerciis polaruli momenti. 

gamoyofil elementze  grexvisas mxebi Zabvis 

maqsimaluri mniSvneloba გრ  imoqmedebs -is mimarTulebiT 

(ix. nax. 23g), xolo  elementisaTvis is iqneba Tanxvedrili -

is mimarTulebasTan. 

konstruqciuli elementis daZabuli mdgomareobis 

analizisas miviRebT, rom element -ze gamoyofili  
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farTobisaTvis, romelic imyofeba ganivi kveTis sibrtyeSi, 

normalur Zabvas  eqneba saxe: 

მღ გრ 																																					 2.3.88  

xolo mxebi Zabvebis mniSvnelobebi Caiwereba Semdegi saxiT: 

0

გრ
																																															 2.3.89  

elementisaTvis  Sesabamisad miviRebT, rom: 

გრ

მღ

გრ

																																														 2.3.90  

miRebuli damokidebulebebi saSualebas gvaZlevs 

SevamowmoT gansaxilveli konstruqciuli elementis simtkice, 

risTvisac viyenebT gantoleba (2.3.57). 

gamoviyenoT gansaxilveli konstruqciuli elementis 

Semdegi fizikuri parametrebi: 

2 ∙ 10 კგ სმ⁄ ; გრ 29195,1კგ ∙ სმ; 5406,5კგ;	

12
15,4სმ ; 	

6
7,35სმ ; 25ჰც;

3,35კგ; 2,5სმ; ℓ 9,25სმ; 4,2სმ.

 

wina saangariSo amocanis msgavsad, am SemTxvevaSic, 

gamoyenebul iqna specialurad dawerili programuli modeli, 

romlis meSveobiTac miRebulia Runvis normaluri da mxebi 

Zabvebis grafikebi konstruqciuli elementis sigrZis mixedviT 

(nax. 24, 25, 26, 27). 

moyvanili parametrebis safuZvelze miviRebT: 

მღ 888,15 კგ სმ⁄

მღ 2938,49 კგ სმ⁄

გრ 4635,47 კგ სმ⁄

ეკვ 9745,41 კგ სმ⁄

ეკვ 10576,12 კგ სმ⁄

 

gamoTvlebidan Cans, rom ganxilul kveTSi ufro 

datvirTuls warmoadgens elementaruli farTobi . foladis 
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(ganxiluli konstruqciuli elementis masala) Sesabamisi markis1 

maxasiaTeblebidan Cans, rom 58  sisalis mqone zedapiruli 

fenis denadobis zRvari tolia: 

, 17500 კგ სმ⁄  

xolo 30  sisalis mqone gulis denadobis zRvari ki: 

, 8000 კგ სმ⁄  

zedapirul fenaSi denadobis zRvaris mixedviT maragi 

toli iqneba: 

,

ეკვ
1,65 

Tu ki miviCnevT, rom zedapiruli fenis sisqea 1mm, maSin 

zedapirisagan mocilebiT (siRrmeSi) ekvivalenturi Zabvis 

maqsimaluri mniSvnelobisas 10576,12 კგ სმ⁄  da imis 

gaTvaliswinebiT, rom zedapiridan am manZilze arsebobs 

                                                            
1foladi  40х 

nax. 24: grexiTi momentis ganawileba detalis 

sigrZis mixedviT 
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gardamavali zona, romelSic masalis sisale warmoadgens 30-

35HRC-s da Sesabamisad , 8000 9000 კგ სმ⁄ , maSin gardamaval 

zonaSi denadobis zRvaris mixedviT maragi Seadgens: 

,

ეკვ
0,85 

simtkicis maragis miRebuli mniSvnelobidan 

gamomdinareobs, rom ganxiluli konstruqciuli elementis 

simtkicis maragi warmoadgens arasakmariss, rac Tavis mxriv 

uaryofiTad aisaxeba mis, rogorc calkeuli konstruqciuli 

elementis, aseve mTlianobaSi sistemis saimedoobaze. 

aqedan gamomdinare rekomendebulia aRniSnuli detalis 

sisalis gazrdis mizniT Secvlil iqnas an foladis marka an da 

misi konfiguracia, raTa moxdes grexvis deformaciis 

warmomqmneli გრ  momentis moqmedebis neitralizeba. garda amisa 

aucileblad mimaCnia, mocemuli detalis saeqspluatacio 

nax. 25: Runvis normaluri Zabvis ganawileba 

detalis sigrZis mixedviT 
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pirobebis gadamowmeba da saWiroebis SemTxvevaSi Sesabamisi 

daSvebebis koreqtireba. aRniSnuli RonisZiebebi xels Seuwyobs 

misi da mTlianobaSi teqnikuri sistemis umtyuneblobisa da 

xangamZleobis maCveneblebis amaRlebas, gamoricxavs 

gauTvaliswinebeli muSa reJimebis dadgomasa da Sedegad 

mtyunebas misi daSlis saxiT. 

CamoTvlili RonisZiebebis Sesabamisi kompleqsis gatarebT 

miiRweva, rogorc finansuri, aseve drois xarjis Semcireba 

saimedoobis amaRlebisa da Sesabamisad gauTvaliswinebeli 

saremonto-sareglamento samuSaoebis Tavidan aridebiT. 

 

 

 

 

 

 

nax. 26: mxebi mRunavi Zabvis ganawileba detalis sigrZis mixedviT 
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nax. 27: grexis mxebi Zabvis ganawileba detalis sigrZis mixedviT 
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daskvna 

 

1. miRebulia ganawilebuli parametrebis mqone Reroebis 

moZraobis aproqsimirebuli gantolebebis gamoyenebaze 

dafuZnebuli rekurentuli gantolebebis agebis meTodi, 

romlebic aRweren sivrculi kinematikuri jaWvebis moZraobas 

maTi rgolebis drekadobis gaTvaliswinebiT. 

2.  sixSiris mqone harmonuli Zalis zemoqmedebis qveS myofi 

rgolis, rogorc Zelis, rxevaTa analizis safuZvelze 

miRebulia Sesabamisi piroba, romelic uzrunvelyofs 

gadanawilebuli masisa da Zelis damyolobis gaTvaliswinebis 

sizustes 1%-is farglebSi. 

3. gamoyvanilia rekurentuli xasiaTis gantolebebi kinematikuri 

jaWvis erT rgolSi Semavali momijnave da aseve sxvadasxva 

saxis kinematikuri wyvilebiT dakavSirebuli saangariSo 

monakveTebisTvis. amavdroulad mocemuli gantolebebis 

zRvruli pirobebi ganisazRvreba meqanizmis rgolebis 

sivrculi traeqtoriiT gadaadgilebisas warmoqmnili 

inerciis ZalTa da momentebis gaTvaliswinebiT. 

4. dinamikuri sixistis meTodis gamoyenebis safuZvelze 

agebulia sivrculi Ria kinematikuri jaWvis sakuTar rxevaTa 

sixSiris gansazRvris meTodi. 

5. miRebulia sivrculi Zalebis sistemis gavlenis qveS myofi 

kinematikuri jaWvis rgolebSi ZabvaTa gaangariSebis meTodi. 

amavdroulad miRebulia damokidebulebebi, romlebic 

saSualebas gvaZlevs gaviangariSoT Runvis, gaWimvisa da 

grexvis Zabvebi. 

6. miRebulia gantoleba, romelic Rero-elementze kompleqsuri 

Zabvebis moqmedebisas kinematikuri jaWvebis rgolTa 

simtkiceze Semowmebis saSualebas gvaZlevs. 

7. Camoyalibebuli meTodikisa da miRebuli Tanafardobebis 

safuZvelze gamokvleulia da gansazRvrulia upiloto 

safreni aparatis frTisa da marTvis sistemis Semadgeneli 
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mZime saeqspluatacio pirobebSi momuSave sxvadasvxa 

struqturis mqone konstruqciuli elementebis (kinematikuri 

jaWvi da misi rgolebi) kveTebSi moqmedi Zabvebi, dawerilia 

programuli modeli saangariSo procesis avtomatizaciisa da 

sistematizaciisaTvis, ris safuZvelzec warmodgenilia 

konkretuli rekomendaciebi meqanizmebis rgolTa simtkicis 

maxasiaTebelTa gaumjobesebis aucileblobaze maTi 

saimedoobis amaRlebis mizniT. 
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