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naSromis saerTo daxasiaTeba 

 

naSromis 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, 

romlebmac mogvca mravalkavSira jaWvuri sistemebis dinamikis 

analizisa da sinTezis amocanaTa amoxsnis saSualeba; 

 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 gatarebis aucileblobis Sesaxeb. 

kvlevis obieqti. upiloto safreni aparatis frTis 

meqanizaciisa da marTvis sistemis konstruqciuli elementebi. 

mecnieruli siaxle: 

1) ganxorcielda kinematikuri jaWvebis moZraobis gantolebaTa 

gamoyenebiT mravalkavSira jaWvuri sistemebis dinamikis 

analizi da sinTezi; 

2) gamoyvanil iqna drekadi meqanikuri sistemebis fizikur 

parametrebze (sakuTari rxevebis sixSire) damokidebuli 

simtkiceze gaangariSebis rekurentuli tipis gantolebebi; 

3) Camoyalibebuli meTodikis mixedviT ganxorcielda upiloto 

safreni aparatis frTisa da marTvis sistemis konstruqciuli 

elementebis simtkicis parametrebis gaangariSeba; 

4) miRebuli Sedegebis safuZvelze ganxorcielda kompiuteruli 

modelireba saangariSo procesis avtomatizaciisaTvis; 

5) miRebuli saerTo Sedegebis mixedviT ganxorcielda 

ganxiluli konstruqciuli elementebis saimedoobis 

SedarebiTi analizi, Sefaseba da gakeTda Sesabamisi daskvnebi 

saimedoobis amaRlebaze mimarTul aucilebel RonisZiebebze. 
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publikaciebi da aprobacia (konferenciebi). disertaciis 

masalebis mixedviT gamoqveynebulia 3 statia da monawileoba 

maqvs miRebuli stu-s studentTa 81-e Ria saerTaSoriso 

samecniero konferenciaSi. 

naSromis struqtura da moculoba. sadisertacio naSromi 

moicavs 123 gverds. igi Sedgeba Sesavlis, oTxi Tavis, daskvnebisa 

da gamoyenebuli literaturis nusxisagan. naSromSi 

warmodgenilia 6 cxrili da 27 naxazi.  

 

naSromis mokle Sinaarsi 

 

Sesavali. naCvenebia naSromis aqtualoba, mizani, ZiriTadi 

amocanebi, mecnieruli siaxle da mokledaa gadmocemuli 

samuSaos arsi. 

Tavi 1. literaturis mimoxilva. ganxiluli da 

gaanalizebulia arsebuli Sromebi da literaturuli wyaroebi, 

romlebic exeba sivrcul kinematikur jaWvebs, simtkiceze maTi 

gaangariSebis meTodebs sxvadasxva sawyisi pirobebisa da 

struqturis dros. garda amisa ganxilulia manqanaTa detalebis 

daRlilobiTi daSlis SeCerebaze da Sesabamisad maTi 

saimedoobis amaRlebaze arsebuli Sromebi. 

Tavi 2. Sedegebi da maTi gansja. 

Tavi 2.1. teqnikuri nakeTobebis saimedooba da misi 

uzrunvelyofis problemebi. ganxilulia teqnikuri nakeTobebis 

saimedooba da misi uzrunvelyofis problemebi. 

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 
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gansazRvruli zemoqmedebisas da eqspluataciis procesSi da 

Sesabamisad aRniSnul Tvisebebs uwodeben saeqspluatacioebs. 

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. 

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 

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. 

nebismieri nakeTobis saimedoobis Sefasebisas iyeneben 

Sesabamis raodenobriv maxasiaTeblebs an maCveneblebs. 

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. 
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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. 

Tavi 2.2. Ria kinematikuri jaWvebis dinamika 

ganzogadebuli koordinatebis mcire cvlilebisas. ganxilulia 

Ria kinematikuri jaWvebis dinamikis sakiTxebi ganzogadebuli 

koordinatebis mcire cvlilebis pirobebSi. 

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. 

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. 1): 

߲ସߟᇱ

߲ࣟସ
൅

ߩ
ࣤܧ

∙
߲ଶߟᇱ

ଶݐ߲
ൌ 0																																																							ሺ1ሻ 

sadac: ߟᇱ ൌ ,ᇱሺࣟߟ ሻݐ ൌ ሺࣟሻߟ sin߱ݐ _ rxevebisas Reros mimdinare 

gaRunva; ࣟ _ koordinati, romelic aiTvleba Reros gaswvriv; ࣤܧ 

_ Reros RunviTi drekadoba; ߩ _ Reros sigrZis erTeulis masa. 

Sesabamisi Casmis gakeTebis Semdeg vRebulobT: 

߲ସߟ
߲ࣟସ

൅
ସߙ

ℓସ
ߟ ൌ 0																																																											ሺ2ሻ 

sadac: ߙସ ൌ ఘℓరఠమ

ாࣤ
																																																																																																																	ሺ3ሻ 

Sesabamisi gardaqmnebis Catarebis Semdeg miviRebT 

Tanafardobebs, romlebic akavSireben monakveTis boloebze 

nax. 1: ganivi rxevebis gantolebaTa gamoyvanis Reros Runvis 

saangariSo sqema 

ܺ 

ݕ
 ߟ

ߝ

ߟ߲
ߝ߲
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moqmedi Zalvebis amplitudebs Sesabamisi gadaadgilebebis 

amplitudebTan: 

െܺმარც ൌ
ࣣܧ
ℓ
൤ܨሺߙሻݔმარც െ

ሻߙሺܮ
ℓ

მარცݕ ൅ მარჯݔሻߙሺܪ ൅
ܰሺߙሻ
ℓ

მარჯ൨ݕ ;

െ მܻარც ൌ
ࣣܧ
ℓ
൤െ

ሻߙሺܮ
ℓ

მარცݔ ൅
ܴሺߙሻ
ℓଶ

მარცݕ ൅
ܰሺߙሻ
ℓ

მარჯݔ െ
Πሺߙሻ
ℓଶ

მარჯ൨ݕ ;
												ሺ9ሻ 

ܺმარჯ ൌ
ࣣܧ
ℓ
൤ܪሺߙሻݔმარც െ

ܰሺߙሻ
ℓ

მარცݕ ൅ მარჯݔሻߙሺܨ ൅
ሻߙሺܮ
ℓ

მარჯ൨ݕ ;

მܻარჯ ൌ
ࣣܧ
ℓ
൤
ܰሺߙሻ
ℓ

მარცݔ െ
Πሺߙሻ
ℓଶ

მარცݕ ൅
ሻߙሺܮ
ℓ

მარჯݔ ൅
ܴሺߙሻ
ℓଶ

მარჯ൨ݕ .
																			ሺ9ሻ 

gantolebaTa sistema (9) matricul formaSi miiRebs Semdeg 

saxes: 

െܳმარც ൌ მარცݍܥ ൅ ;მარჯݍܤ

ܳმარჯ ൌ მარცݍ்ܤ ൅ .მარჯݍࣞ
																																											ሺ10ሻ 

aRniSnul gantolebaSi miRebulia Semdegi aRniSvnebi: 

ܳმარც ൌ ብ
ܺმარც

მܻარც
ብ ;			ܳმარჯ ൌ ብ

ܺმარჯ

მܻარჯ
ብ მარცݍ			; ൌ ฯ

მარცݔ
მარცฯݕ მარჯݍ			; ൌ ฯ

მარჯݔ
მარჯฯݕ ; 

ܥ ൌ
ࣣܧ
ℓ
ቱ
ሻߙሺܨ

ሻߙሺܮ
ℓ

െ
ሻߙሺܮ
ℓ

ܴሺߙሻ
ℓଶ

ቱ ; ܤ	 ൌ
ࣣܧ
ℓ
ቱ
ሻߙሺܪ

ܰሺߙሻ
ℓ

െ
ܰሺߙሻ
ℓ

െ
Πሺߙሻ
ℓଶ

ቱ ; 	ࣞ ൌ
ࣣܧ
ℓ
ቱ
ሻߙሺܨ

ሻߙሺܮ
ℓ

ሻߙሺܮ
ℓ

ܴሺߙሻ
ℓଶ

ቱ. 

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 (9). 
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zemoxsenebulis gaTvaliswinebiT Semcvleli monakveTis 

parametrebi saWiroa SeirCes ise, rom ߱ sixSireTa 

mniSvnelobebis mocemuli intervalisaTvis Tanafardobebi (9) 

sruldebodnen raRac winaswar mocemuli sizustiT. amgvari 

cvlilebis ganxorcielebisas SesaZlebelia miviRoT 

standartuli monakveTebis mqone ekvivalenturi diskretuli 

sistema ߱ sixSireTa intervalisaTvis. sistemis standartuli 

monakveTi moyvanilia naxatze 2. 

moyvanili monakveTisaTvis CavweroT Tavmoyril masaTa 

wonasworobis gantolebebi: 

ܳଵ െ ܳმარც ൌ ;მარცݍმარცܪ
ܳმარჯ െ ܳଶ

∗ ൌ .მარჯݍმარჯܪ
																																								ሺ11ሻ 

da deformaciis gantolebebi: 

െܳଵ ൌ მარცݍଵିܧ െ ሺିܧଵܴሻݍმარჯ;

ܳଶ ൌ ሺିܧଵܴሻ்ݍმარც ൅ ሺ்ܴିܧଵܴሻݍმარჯ.
																									ሺ12ሻ 

Sepirapirebis pirobebis gaTvaliswinebiT: 

ܳଵ
∗ ൌ ܳმარც	,					ܳଶ

∗ ൌ ܳଶ																																									ሺ13ሻ 

da (11)-dan da (13)-dan ZalvaTa veqtorebis ܳଵ, ܳଵ
∗, ܳଶ, ܳଶ

∗ 

gamoricxviT, vRebulobT: 

െܳმარც ൌ ሺିܧଵ ൅ მარცݍმარცሻܪ െ ሺିܧଵܴሻݍმარჯ;

ܳმარჯ ൌ ሺିܧଵܴሻ்ݍმარც ൅ ሺ்ܴିܧଵܴ ൅ .მარჯݍმარჯሻܪ
																				ሺ14ሻ 

 

nax. 2: standartuli saangariSo monakveTis mqone ekvivalenturi 

diskretuli monakveTis sqema 

 

 მარჯݍ

ܳმარც  ܳმარჯ 

 მარცݍ

ܳმარც  ܳმარჯ
ܳ1
∗

 მარცݍ
ܳ1  

 მარცݍ მარჯݍ

ܳ2
∗
 

ܳ2

 მარჯݍ
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sadac: ܧ _ inerciis armqone SeerTebis sixistis koeficientebis 

matricaa; ܪმარც,  მარჯ _ Semcvleli monakveTis marcxena daܪ

marjvena boloebis mdgradobaa; ܴ _ gadatanis matricaa. 

ܴ ൌ ቛ1 0
ℓ 1

ቛ 

Sesabamisi maTematikuri gardaqmnebis ganxorcielebiT 

miviRebT: 

ଵିܧ ൌ ቱ

ࣣܧ4
ℓ

൅
݉ℓଶ߱ଶ

42
െ
ࣣܧ6
ℓଶ

െ
13
420

݉ℓ߱ଶ

െ
ࣣܧ6
ℓଶ

െ
41
420

݉ℓ߱ଶ ࣣܧ12
ℓଷ

൅
9
70

݉߱ଶ
ቱ ;

მარცܪ ൌ െ߱ଶ ቱቱ

݉ℓଶ

30
െ
݉ℓ
12

െ
3݉ℓ
20

݉
2

ቱቱ ;

მარჯܪ ൌ െ߱ଶ ቱ

݉ℓଶ

30
3݉ℓ
20

݉ℓ
12

݉
2

ቱ .

																																										ሺ15ሻ 

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%: 

൬
ࣣܧ
݉ℓଷ

൰
௞ିଵ,௞

൒ ߱ଶ																																															ሺ16ሻ 

sadac: ܧ _ 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: 

 ଵ _ rgolTa gaRunva Sesabamisi rgolis RerZisݕ da  ݕ

(Rero) perpendikularuli mimarTulebiT or urTierTmarTobul 

sibrtyeSi; 
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 ,ଵ _ Reroebis kveTebis mobrunebis kuTxeebiݔ da ݔ

romlebic Seesabameba gaRunvebs ݕ  da ݕଵ; 

݃ _ Reroebis kveTebis grZivi drekadi gadaadgilebis 

koordinati maTive RerZuli xazebis gaswvriv; 

߮ _ Reroebis kveTebis mgrexi drekadi gadaadgilebis 

koordinati. 

Semsrulebeli meqanizmebis proeqtirebisas rgolebisa da 

amZravebis optimaluri parametrebis gansazRvis TvalsazrisiT 

gansakuTrebul mniSvnelobas warmoadgens Ria meqanikuri 

sistemis sakuTari rxevebis, romlebic warmoiqmneba misi 

konfiguraciis cvlilebisas, sixSiris mniSvnelobaTa 

gaangariSeba. 

sakuTari rxevebis sixSiris mniSvnelobaTa 

gansazRvrisaTvis visargebloT Semdegi saangariSo sqemiT (nax. 3), 

sadac yoveli Semadgeneli rgoli dayofilia or saangariSo 

monakveTad. 

TiToeuli saangariSo monakveTisaTvis wonasworobis 

Sesabamisi gantolebebis CaweriTa da maTematikuri gardaqmnebis 

ganxorcielebis Semdeg vRebulobT damakavSirebel matricas, 

romelsac eqneba Semdegi saxe: 

଺ܪ
ሺଵሻ ൌ ଺ெܪ െ

ହ଺ܤ
் ∙ ହ଺ܤ

ହ଺ܥ ൅ ହܪ
																																															ሺ17ሻ 

 

nax. 3: Ria kinematikuri jaWvis sakuTari rxevebis sixSiris 

gansazRvris saangariSo sqema 

 

߰2

߰1

߰0 

1ݔ
0ݕ  

0ݔ  

1ݕ  

1

2 

 ܫ
0 

ܳ2 
ܳ2
∗ 

ܳ3
∗∗ 

1ݕ 2ݕ ܳ3

ܳ3
∗

ܽ

ܾ

ܫܫ
3

4

ܳ4

ܳ4
∗

3ݕ2ݕ

ܳ5
∗∗

2ݔ  

3ݔ

ܳ5
∗

ܳ5

ܫܫܫ
5

6 
݉0 
 ܥ
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mocemul gantolebaSi ܪ଺ெ Tavis mxriv warmoadgens 

kinematikuri jaWvis boloze damagrebuli Tavmoyrili masa ݉଴-is 

mdgradobas da gaiangariSeba matriculi gantolebis meSveobiT: 

଺ெܪ ൌ െ߱ଶ ൞ܯ௞ ൅ ቱ
݉ହ଺ℓହ଺

ଶ 11
210

݉ହ଺ℓହ଺

11
210

݉ହ଺ℓହ଺
13
35

݉ହ଺

ቱൢ																		ሺ18ሻ 

sadac: ߱ଶ _ meqanikuri sistemis agznebis sixSire. 

meqanikuri sistemis sakuTari rxevebis sixSiris 

mniSvnelobaTa miRebis mizniT, xaxunis ZalTa moqmedebis 

gaTvaliswinebis gareSe, saWiroa SerCeul iqnas ߱ଶ-is iseTi 

mniSvneloba, rom sruldebodes Semdegi piroba: 

݂ሺ߱ሻ ൌ Δቀܪ଺
ሺଵሻቁ ൌ 0																																															ሺ19ሻ 

Tavi 2.3. dinamikuri maxasiaTeblebis gavlenis 

gaTvaliswinebiT kinematikuri jaWvis rgolebSi Zabvebis 

gansazRvra. ganxilulia kinematikuri jaWvis rgolebSi Zabvebis 

gansazRvris meTodi da ganxorcielebulia safreni aparatis 

frTis meqanizaciis konstruqciuli elementebis simtkiceze 

gaangariSeba. miRebuli Sedegebis gaanalizebis safuZvelze 

gakeTebulia Sesabamisi daskvnebi da rekomendaciebi simtkicis 

maxasiaTeblebisa da saimedoobis amaRlebis Taobaze. 

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. 
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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 Tanafardobebs. 

െܳმარც ൌ ሺିܧଵ ൅ მარცݍმარცሻܪ െ ሺିܧଵܴሻݍმარჯ;

ܳმარჯ ൌ ሺିܧଵܴሻ்ݍმარც ൅ ሺ்ܴିܧଵܴ ൅ .მარჯݍმარჯሻܪ
																							ሺ20ሻ 

gaSlili saxiT gantoleba Semdegi saxiT: 

െܺმარც௜
ൌ მარც௜ݔܣ ൅ მარც௜ݕܤ ൅

ࣣܧ2
ℓ

მარჯ௜ݔ ൅
ࣣܧ6
ℓଶ

ሺ21ሻ																	მარჯ௜ݕ

െ მܻარც௜
ൌ მარც௜ݔܤ ൅ მარც௜ݕܦ െ

ࣣܧ6
ℓଶ

მარჯ௜ݔ െ
ࣣܧ12
ℓଷ

ሺ22ሻ															მარჯ௜ݕ

ܺმარჯ௜
ൌ െ

ࣣܧ2
ℓ

მარც௜ݔ ൅
ࣣܧ6
ℓଶ

მარც௜ݕ ൅ მარჯ௜ݔܣ െ ሺ23ሻ																მარჯ௜ݕܤ

მܻარჯ௜
ൌ െ

ࣣܧ6
ℓଶ

მარც௜ݔ ൅
ࣣܧ12
ℓଷ

მარც௜ݕ െ მარჯ௜ݔܤ ൅ ሺ24ሻ														მარჯ௜ݕܦ

 

mocemul gantolebebSi gamoyenebulia Semdegi aRniSvnebi: 

ܣ ൌ
ࣣܧ4
ℓ

െ
݉ℓଶ߱ଶ

105
;

ܤ ൌ
11
210

݉ℓ߱ଶ െ
ࣣܧ6
ℓଶ

;

ܦ ൌ െ
ࣣܧ12
ℓଷ

െ
13
35

݉߱ଶ.

 

Sesabamisi saangariSo sqemis gamoyenebiT CavweroT 	݅ da 

݅ ൅ 1 saangariSo monakveTebis SeuRlebis adgilebisaTvis 

wonasworobis piroba: 

ܳმარჯ௜
ൌ ܳმარცሺ௜ାଵሻ

																																															ሺ25ሻ 

amavdroulad aRniSnuli monakveTebis SeuRlebis pirobebi 

Caiwereba Semdegi saxiT: 

მარჯ௜ݔ ൌ მარცሺ௜ାଵሻݔ
მარჯ௜ݕ ൌ მარცሺ௜ାଵሻݕ

																																															ሺ26ሻ 
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(25) gantolebis gamoyenebiT CavweroT ݅ da ݅ ൅ 1  

saangariSo monakveTebis SeuRlebis adgilebis mimarT ZalTa da 

momentebis balansis gantoleba: 

ܺმარჯ௜
െܺმარცሺ௜ାଵሻ

ൌ 0																																														ሺ27ሻ

მܻარჯ௜
െ მܻარცሺ௜ାଵሻ

ൌ 0																																																ሺ28ሻ 

Tu gaviTvaliswinebT gantolebebs (26) da dauSvebT, rom 

saangariSo monakveTi ݅-is marcxena mxare meqanizmis ZirTan 

xistadaa damagrebuli, maSin: 

მარჯ௜ݔܣ2 ൅
ࣣܧ2
ℓ

მარჯሺ௜ାଵሻݔ ൅
ࣣܧ6
ℓଶ

მარჯሺ௜ାଵሻݕ ൌ 0;

მარჯ௜ݕܦ2 െ
ࣣܧ6
ℓଶ

მარჯሺ௜ାଵሻݔ െ
ࣣܧ12
ℓଷ

მარჯሺ௜ାଵሻݕ ൌ 0;

െ
ࣣܧ2
ℓ

მარჯ௜ݔ ൅
ࣣܧ6
ℓଶ

მარჯ௜ݕ ൅ მარჯሺ௜ାଵሻݔܣ െ მარჯሺ௜ାଵሻݕܤ ൌ 0;

െ
ࣣܧ6
ℓଶ

მარჯ௜ݔ ൅
ࣣܧ12
ℓଷ

მარჯ௜ݕ െ მარჯሺ௜ାଵሻݔܤ ൅ მარჯሺ௜ାଵሻݕܦ ൌ .ሺ߱ሻܨ

																			ሺ29ሻ 

mocemuli gantolebaTa sistemis amosaxsnelad CavweroT 

msazRvrelebi. gantolebaTa sistemis mTavari msazRvreli: 

Δ଴ ൌ

ተ

ተ

ተ
ܣ2 0

ࣣܧ2
ℓ

ࣣܧ6
ℓଶ

0 ܦ2 െ
ࣣܧ6
ℓଶ

െ
ࣣܧ12
ℓଷ

െ
ࣣܧ2
ℓ

ࣣܧ6
ℓଶ

ܣ െܤ

െ
ࣣܧ6
ℓଶ

ࣣܧ12
ℓଷ

െܤ ܦ
ተ

ተ

ተ

ൌ ܭܣ2 ൅
ࣣܧ2
ℓ

଴ܧ ൅
ࣣܧ6
ℓଶ

 ሺ30ሻ																ܯ

sadac: ܭ,  aris msazRvreli (30)-is Sesabamisi elementebis _ ܯ,଴ܧ

damatebebi. 

mocemuli msazRvrelis gaSlisas vRebulobT: 

Δ଴ ൌ ܦܣሺܦܣ4 ൅ ଶሻܤ െ ൬
ࣣܧ17
ℓଷ

൰
ଶ

ሺℓ ൅ ଶሻܣ െ ൬
ࣣܧ7
ℓଶ

൰
ସ

െ ൬
ࣣܧ
ℓ
൰
ଶ

൬
ܤ24
ℓ

െ  ሺ31ሻ						ଶܦ൰ܦ4

(29) sistemis marjvena mxaris gaTvaliswinebiT 

msazRvrelebi Sesabamisad toli iqneba: 
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Δ௫მარჯ೔
ൌ

ተ

ተ

ተ
0 0

ࣣܧ2
ℓ

ࣣܧ6
ℓଶ

0 ܦ2 െ
ࣣܧ6
ℓଶ

െ
ࣣܧ12
ℓଷ

0
ࣣܧ6
ℓଶ

ܣ െܤ

F
ࣣܧ12
ℓଷ

െܤ ܦ
ተ

ተ

ተ

ൌ 2
ࣣܧ
ℓ
ଵܧ ൅

ࣣܧ6
ℓଶ

 ሺ32ሻ																													ଵܯ

Δ௬მარჯ೔
ൌ

ተ

ተ

ተ
ܣ2 0

ࣣܧ2
ℓ

ࣣܧ6
ℓଶ

0 0 െ
ࣣܧ6
ℓଶ

െ
ࣣܧ12
ℓଷ

െ
ࣣܧ2
ℓ

0 ܣ െܤ

െ
ࣣܧ6
ℓଶ

F െܤ ܦ
ተ

ተ

ተ

ൌ ଶܭܣ2 ൅
ࣣܧ2
ℓ

ଶܧ ൅
ࣣܧ6
ℓଶ

 ሺ33ሻ												ଶܯ

mocemul gantolebebSi ܧଵ,ܯଵ, ,ଶܭ  ଶ _ warmoadgenenܯ,ଶܧ

algebrul damatebebs. 

miRebuli Tanafardobebis gamoyenebiT vRebulobT mRunavi 

momentisa da gadamWreli Zalis mniSvnelobebs, romlebic 

saangariSo ݅ monakveTis pirobiTad wakveTili nawilis marjvena 

mxareze moqmedeben. 

ܺმარჯ௜
ൌ

ൌ
ܨ ൜ܣ ൤4ࣣܧℓ ܤܦ െ ቀ4ࣣܧℓଶ ቁ

ଷ
൅ ࣣܧ12

ℓଶ ൨ܣܦ െ ܤ12 ൤2
ሺࣣܧሻଷ

ℓହ െ ࣣܧ
ℓଶ ܣܤ െ

ࣣܧ2
ℓଷ ଶ൨ൠܣ

ܦܣሺܦܣ4 ൅ ଶሻܤ െ ቀ17ࣣܧℓଷ ቁ
ଶ
ሺℓ ൅ ଶሻܣ െ ቀ7ࣣܧℓଶ ቁ

ସ
െ ቀࣣܧℓ ቁ

ଶ
ቀ24ܤℓ െ ଶܦቁܦ4

ሺ34ሻ 

მܻარჯ௜
ൌ

ൌ
ܨ ൜24ܦ ൤

ሺࣣܧሻଷ

ℓହ െ ࣣܧ
ℓଷ ܣ

ଶ൨ െ ܤ ൤4ࣣܧℓ ܤܦ െ ቀ4ࣣܧℓଶ ቁ
ଷ
൅ ࣣܧ24

ℓଶ ൨ൠܣܦ

ܦܣሺܦܣ4 ൅ ଶሻܤ െ ቀ17ࣣܧℓଷ ቁ
ଶ
ሺℓ ൅ ଶሻܣ െ ቀ7ࣣܧℓଶ ቁ

ସ
െ ቀࣣܧℓ ቁ

ଶ
ቀ24ܤℓ െ ଶܦቁܦ4

		ሺ35ሻ 

moyvanil gantolebebSi ܣ, ,ܤ  sidideebi Seicaven ܦ

gansaxilveli meqanizmis rgolis rxevaTa sixSire ߱ଶ-is 

mniSvnelobas. meqanizmis rgolis rxevaTa sixSiris mniSvneloba 

an iniSneba gare Zalis sidididan gamomdinare, romelic icvleba 

geometriuli kanonis mixedviT, an gaiangariSeba Sesabamisi 

meTodikis mixedviT. 
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qvemoT moyvanili Tanafardobis gamoyenebiT kveTis 

nebismier wertilSi daZabulobis sididis povnac. 

ߪ ൌ
௬݄ܯ

௭ࣣ
																																																													ሺ36ሻ 

sadac: ௭ࣣ ൌ ׬ ிܨଶ݀ݕ  - kveTis inerciis momenti ݖ RerZis mimarT. 

udidesi gamWimavi da Tavisi absoluturi mniSvnelobiT 

udidesi mkumSavi Zabvebi moqmedeben kveTis im wertilebSi, 

romlebic metad arian daSorebuli neitraluri RerZisagan. 

aRniSnuli pirobisa da Sesabamisi aRniSvnebis gaTvaliswinebiT 

gansaxilvel kveTSi normaluri Zabvebis zRvrul mniSvnelobebs 

eqnebaT Semdegi saxe: 

ߪݔܽ݉ ൌ
ଵ݄ܯ

௭ࣣ
; ߪ݊݅݉							 ൌ

ଶ݄ܯ
௭ࣣ
																																	ሺ37ሻ 

rogorc cnobilia 
ࣣ೥

௥೘ೌೣ
 warmoadgens kveTis winaRobis 

moments da Cveni SemTxvevisaTvis ݄ଵ ൌ ݄ଶ ൌ
௛

ଶ
ൌ  ௠௔௫. kveTisݎ

winaRobis momentebis mniSvnelobebi gaWimvisa da kumSvis 

deformaciisaTvis erTnairia, avRniSnoT isini ௭ܹ-iT. 

ߪݔܽ݉ ൌ
ܯ

௭ܹ
; ߪ݊݅݉							 ൌ

ܯ

௭ܹ
																																				ሺ38ሻ 

moyvanili gantolebebis safuZvelze, ݅ da ݅ ൅ 1 saangariSo 

elementebis SeuRlebis adgilSi, romelic gamoyofilia 

gansaxilvel kveTSi, elementarul farTobze moqmedi 

maqsimaluri normaluri Zabvis mniSvneloba toli iqneba: 

ሺმღሻߪݔܽ݉ ൌ
ܨ
଴ܦߨ

ଷ

32

ൈ

ൈ
൜ܣ ൤4ࣣܧℓ ܤܦ െ ቀ4ࣣܧℓଶ ቁ

ଷ
൅ ࣣܧ12

ℓଶ ൨ܣܦ െ ܤ12 ൤2
ሺࣣܧሻଷ

ℓହ െ ࣣܧ
ℓଶ ܣܤ െ

ࣣܧ2
ℓଷ ଶ൨ൠܣ

൤4ܦܣሺܦܣ ൅ ଶሻܤ െ ቀ17ࣣܧℓଷ ቁ
ଶ
ሺℓ ൅ ଶሻܣ െ ቀ7ࣣܧℓଶ ቁ

ସ
െ ቀࣣܧℓ ቁ

ଶ
ቀ24ܤℓ െ ଶ൨ܦቁܦ4

						ሺ39ሻ 

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

kveTis diametri. 

cnobilia, rom Reroebis kveTebSi, maTi konfiguraciis 

miuxedavad, mxebi Zabvebi icvleba kveTis simaRlis mixedviT 

paraboluri kanonis Sesabamisad. aqedan gamomdinare warmoqmnili 
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maqsimaluri mxebi Zabvebis mniSvneloba Rero-elementisaTvis 

mTliani mrgvali kveTiT Caiwereba Semdegi saxiT: 

߬௠௔௫ሺმღሻ ൌ
ܨ4
ଶܴߨ3

ൈ

ൈ ൞
ܦ24 ൤

ሺࣣܧሻଷ

ℓହ െ ࣣܧ
ℓଷ ܣ

ଶ൨ െ ܤ ൤4ࣣܧℓ ܤܦ െ ቀ4ࣣܧℓଶ ቁ
ଷ
൅ ࣣܧ24

ℓଶ ൨ܣܦ

ܦܣሺܦܣ4 ൅ ଶሻܤ െ ቀ17ࣣܧℓଷ ቁ
ଶ
ሺℓ ൅ ଶሻܣ െ ቀ7ࣣܧℓଶ ቁ

ସ
െ ቀࣣܧℓ ቁ

ଶ
ቀ24ܤℓ െ ଶܦቁܦ4

ൢ
			ሺ40ሻ 

sadac: ܴ _ kveTis radiusia. 

grexvisas drekadobis Zalebis momentis mniSvneloba 

SeiZleba CavweroT Semdegi saxiT: 

൫დრ.გრ.൯ܯ ൌ ఝ೔ሾܵܥ sinሺ݇ݐ ൅ ሻߙ ൅  ሺ41ሻ																													ሻሿݐᇱሺܯ

Tu gagvaCnia ܯ൫დრ.გრ.൯-s mniSvneloba, maSin grexvisas mxebi 

Zabva miiRebs Semdeg saxes: 

߬௠௔௫ሺგრሻ ൌ
൫დრ.გრ.൯ܯ

ሺܹ௣ሻ
																																													ሺ42ሻ 

sadac: ሺܹ௣ሻ _ inerciis polaruli momenti. 

mrgvali ganivi kveTis mqone Rero-elementisaTvis 

grexvisas Zabvebis maqsimaluri mniSvneloba toli iqneba: 

߬௠௔௫ሺგრሻ ൌ
ሾܵܧ sinሺ݇ݐ ൅ ሻߙ ൅ ሻሿݐᇱሺܯ

0,4ሺ1 ൅ ଴ܦሻߤ
ଷ 																												ሺ43ሻ 

grZivi drekadi gadaadgilebisas warmoqmnili kumSva-

gaWimvis Zabvebis gansazRvra SesaZloa Semdegnairad: 

௠௔௫ሺ௣ሻߪ ൌ
ܧ௠௔௫ݍܵ
3ℓ

																																														ሺ44ሻ 

sadac: ݍ௠௔௫ _ grZivi drekadi gadaadgilebebis maqsimaluri 

mniSvneloba; 

 ;drekadobis (iungis) moduli _ ܧ 

 ℓ _ saangariSo monakveTis sigrZe. 

Sesabamisi gardaqmnebis Sesrulebis Semdeg vRebulobT: 

௠௔௫ሺ௣ሻߪ ൌ
ݐሾsinሺ݇ܧ2ܷ ൅ ሻߙ ൅ ሻሿݐᇱሺܨ

3ℓ
																														ሺ45ሻ 

sadac: ܷ _ grZivi rxevebis amplituda. 

amgvarad, sivrculi meqanizmebis rgolebis daZabuli 

mdgomareobis kvlevis Sedegad vRebulobT normaluri da mxebi 
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Zabvebis, romlebic warmoiqmneba mRunavi, mgrexi da grZivi 

rxevebisas Reroebis kveTTa simetriis RerZebze ganlagebul 

wertilebSi, maqsimaluri mniSvnelobebis gansazRvris 

saSualebas. kerZod, elementi ܣ-s farTobisaTvis ܦܥܤܣ, romelic 

ganlagebulia ganivi kveTis sibrtyeSi, normalur Zabvas ߪ௫ eqneba 

Semdegi saxe: 

௫ߪ ൌ ሺმღሻߪݔܽ݉ ൅ ሺ௣ሻߪݔܽ݉ ൅ ߬௠௔௫ሺგრሻ																												ሺ46ሻ 

xolo mxebi Zabvebis mniSvnelobebi Caiwereba Semdegi saxiT: 

߬௫௬ ൌ ߬௠௔௫ଵሺმღሻ
																																																						ሺ47ሻ

߬௫௭ ൌ ߬௠௔௫ሺმგრሻ																																																							ሺ48ሻ
 

elementisaTvis ܣଵ miviRebT, rom: 

௫ߪ ൌ ଵሺმღሻߪݔܽ݉ ൅ ௣ߪݔܽ݉ ൅ ߬௠௔௫ሺგრሻ																												ሺ49ሻ

߬௫௭ ൌ ߬௠௔௫ሺმღሻ																																																																							ሺ50ሻ

߬௫௬ ൌ ߬௠௔௫ሺმგრሻ																																																																					ሺ51ሻ
 

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: 

ეკვߪ ൌ
1

√2
ට2ሺߪ௫ሻଶ ൅ 6൫߬௫௭ଶ ൅ ߬௫௬ଶ ൯																													ሺ52ሻ 

sivrculi meqanikuri sistemis Rero-elementis simtkicis 

aucilebel garantias warmoadgens mis yovel kveTSi simtkicis 

pirobis Sesruleba, risTvisac sakmarisia, rom piroba 

sruldebodes kveTis wertilSi, sadac (52) gantolebis marcxena 

nawils eqneba udidesi mniSvneloba. sxva sityvebiT, rom vTqvaT _ 

simtkicis piroba unda sruldebodes e.w. "saxifaTo wertilSi". 

ganvixiloT upiloto safreni aparatis frTis 

meqanizaciis erT-erTi konstruqciuli elementis, rogorc 

Tavisufali meqanikuri jaWvis rgolSi, (ix. nax. 4) ZabvaTa 

gaangariSebis sakiTxi im SemTxvevaSi, rodesac meqanizmis 

rgolebis Sepirapirebis adgilze modebuli amZravis momentis 



23 
 

gavlenis Sedegad xorcieldeba rgolebis gadaadgileba. 

gamoangariSebis gamartivebisaTvis ganvsazRvroT wminda Runvis 

ZabvaTa mniSvnelobebi mrgvali mTliani kveTis mqone pirveli 

rgolis kveTSi 1-2. 

Sesabamisi maTematikuri gardaqmnebis CatarebiT 

vRebulobT, rom: 

ሺმღሻߪݔܽ݉ ൌ

ൌ

ଶࣣܧ2
ℓଶ

ሺამძሻܯଷܣଵܣ

଴ܦߨ
ଷ

32 ∙ ቈሺܣଵ ൅ ଶܣଶሻሺܣ ൅ ଷܣଷሻܣ ൅ ሺܣଵ ൅ ଶሻܣ ቀ
ଷࣣܧ2
ℓଷ

ቁ
ଶ

൅ ଷܣ ቀ
ଶࣣܧ2
ℓଶ

ቁ
ଶ
቉

																ሺ53ሻ 

miRebuli gantolebebis safuZvelze ganvaxorcielebT 

Runvis Zabvis gaangariSebas (ix. nax. 4). 

gansaxilveli meqanikuri sistemis kinematikuri jaWvis 

rgolebi damzadebulia gazrdili simtkicis mqone Д16 markis 

duraluminis Senadnobisgan Semdegi meqanikuri TvisebebiT da 

fizikuri parametrebiT: 

ܧ ൌ 0,72 ∙ 10଺ კგ სმଶ⁄ ; 	ࣣ ൌ
ସ݀ߨ

64
଴,ଶߪ	; ൌ 2800 კგძ სმଶ⁄ ;	ሾߪሿღუნ ൌ 2500 კგძ სმଶ⁄ ; 

߱ ൌ 35	წმିଵ;	ܯሺამძሻ ൌ 2 ∙ 10ଷკგ ∙ სმ;	 

଴ܦ ൌ 2სმ; 	ℓூ ൌ ℓூூ ൌ 15სმ; 	݉ூ ൌ ݉ூூ ൌ 0,1272კგ; 	݉଴ ൌ 13,5კგ. 

 

nax. 4: frTis meqanizaciis konstruqciuli elementis (kinematikuri 

jaWvis rgoli) kveTSi moqmedi Runvis Zabvis gansazRvris saangariSo 

sqema 

 

ܣ

ሺამძሻܯ

ܺ2მარჯ

0 

ܫ

1 

2 
3 ܫܫ

ܤ

ܺ3მარც 

݉0
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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, romlis meSveobiTac miRebul iqna Runvis 

Zabvis gadanawilebis grafiki rgolebis sigrZis mixedviT. 

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 

ሺმღሻߪݔܽ݉ ൌ 566.65 კგ სმଶ⁄ , xolo meore rgolisaTvis ki ݉ܽߪݔሺმღሻ ൌ

1272.73 კგ სმଶ⁄ ,  rac Tavis mxriv naklebia maqsimalur dasaSveb 

mniSvnelobaze ሾߪሿሺმღሻ ൌ 2520 კგ სმଶ⁄ . 

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.safreni aparatebis 

eqspluataciis gamocdilebam aCvena aRniSnuli konstruqciuli 

elementis (rogorc mTliani meqanizmis) arasakmarisi simtkice da 

Sesabamisad saimedoobac, rac Tavis mxriv dakavSirebulia 

safreni aparatis swor eqspluataciasTan, frenebis 
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usafrTxoebasTan da Sesabamisad mis eqspluataciaze gaweuli 

damatebiTi xarjebis zrdasTan. 

zemoTqmulidan gamomdinare ganvixiloT aRniSnul 

detalSi, romlis konstruqciuli da saangariSo sqema 

warmodgenilia naxatze 5, warmoqmnili Zabvebis gaangariSebis 

sakiTxi wina TavebSi SemoTavazebuli meTodikis safuZvelze. 

 

nax. 5: marTvis sistemis konstruqciul elementSi ZabvaTa gansazRvris 

saangariSo sqema 
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ܧ

ܦ

ܤ
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ܥ
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߬ሺგრሻ

ݖݔ߬
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ბሻ	
 ሺგრሻܯ

1ܣ

 ܣ

ܲ
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konstruqciuli elementis daZabuli mdgomareobis 

analizisas miviRebT, rom element ܣ-ze gamoyofili ܦܥܤܣ 

farTobisaTvis, romelic imyofeba ganivi kveTis sibrtyeSi, 

normalur Zabvas ߪ௫ eqneba saxe: 

௫ߪ ൌ ሺმღሻߪݔܽ݉ ൅ ߬௠௔௫ሺგრሻ																																												ሺ54ሻ 

xolo mxebi Zabvebis mniSvnelobebi Caiwereba Semdegi saxiT: 

߬௫௬ ൌ 0
߬௫௭ ൌ ߬௠௔௫ሺგრሻ

																																																							ሺ55ሻ 

elementisaTvis ܣଵ Sesabamisad miviRebT, rom: 

௫ߪ ൌ ߬௠௔௫ሺგრሻ
߬௫௭ ൌ ߬௠௔௫ሺმღሻ
߬௫௬ ൌ ߬௠௔௫ሺგრሻ

																																																						ሺ56ሻ 

miRebuli damokidebulebebi saSualebas gvaZlevs 

SevamowmoT gansaxilveli konstruqciuli elementis simtkice, 

risTvisac viyenebT gantoleba (52). 

gamoviyenoT gansaxilveli konstruqciuli elementis 

Semdegi fizikuri parametrebi: 

ܧ ൌ 2 ∙ 10଺ კგ სმଶ⁄ ሺგრሻܯ; ൌ ܲܽଵ ൌ 29195,1კგ ∙ სმ; ܲ ൌ 5406,5კგ;	

ࣣ ൌ
ܾ݄ଷ

12
ൌ 15,4სმସ;	 ௭ܹ ൌ

ܾ݄ଶ

6
ൌ 7,35სმଷ; ߱ ൌ 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 mniSvnelobebi konstruqciuli elementis sigrZis 

mixedviT. 

moyvanili parametrebis safuZvelze miviRebT: 

ሺმღሻߪݔܽ݉ ൌ 888,15 კგ სმଶ⁄

߬௠௔௫ሺმღሻ ൌ 2938,49 კგ სმଶ⁄

߬௠௔௫ሺგრሻ ൌ 4635,47 კგ სმଶ⁄

ეკვሺ஺ሻߪ ൌ 9745,41 კგ სმଶ⁄

ეკვሺ஺భሻߪ ൌ 10576,12 კგ სმଶ⁄

 

gamoTvlebidan Cans, rom ganxilul kveTSi ufro 

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

maxasiaTeblebidan Cans, rom 58ܥܴܪ sisalis mqone zedapiruli 

fenis denadobis zRvari tolia: 

଴,ଶߪ ൌ 17500 კგ სმଶ⁄  

xolo 30ܤܴܪ sisalis mqone gulis denadobis zRvari ki: 

଴,ଶߪ ൌ 8000 კგ სმଶ⁄  

zedapirul fenaSi denadobis zRvaris mixedviT maragi 

toli iqneba: 

ᇱߟ ൌ
଴,ଶߪ
ეკვߪ

ൌ 1,65 

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

zedapirisagan mocilebiT (siRrmeSi) ekvivalenturi Zabvis 

maqsimaluri mniSvnelobisas 10576,12 კგ სმଶ⁄  da imis 

gaTvaliswinebiT, rom zedapiridan am manZilze arsebobs 

gardamavali zona, romelSic masalis sisale warmoadgens 30-

35HRC-s da Sesabamisad ߪ଴,ଶ ൌ 8000 െ 9000 კგ სმଶ⁄ , maSin gardamaval 

zonaSi denadobis zRvaris mixedviT maragi Seadgens: 

ᇱᇱߟ ൌ
଴,ଶߪ
ეკვߪ

ൌ 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 ܯሺგრሻ momentis moqmedebis neitralizeba. garda amisa 

aucileblad mimaCnia, mocemuli detalis saeqspluatacio 

pirobebis gadamowmeba da saWiroebis SemTxvevaSi Sesabamisi 

daSvebebis koreqtireba. aRniSnuli RonisZiebebi xels Seuwyobs 

misi da mTlianobaSi teqnikuri sistemis umtyuneblobisa da 

xangamZleobis maCveneblebis amaRlebas, gamoricxavs 
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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. 

 

ZiriTadi daskvnebi 

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. 
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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 

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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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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