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naSromis zogadi daxasiaTeba 

sadisertacio naSromSi kvlevis obieqts warmoadgens sxvadasxva 

teqnikuri obieqtebis moZraoba, rogoricaa safreni aparatebi, 

damiznebis sistemebi, ierarqiuli sistemebi. samuSaos mizans 

warmoadgens maTematikuri modelebis da maT safuZvelze 

programuli kompleqsis damuSaveba aRniSnuli sistemebis moZraobis 

kompiuteruli modelirebis Casatareblad. Kkompiuteruli da 

maTematikuri modelireba aris maRalefeqturi da SedarebiT iafi 

meTodi rTuli teqnikuri sistemebis kvlevisas. gansakuTrebul 

mniSvnelobas maTematikuri da kompiuteruli modelireba iZens 

iseTi rTuli teqnikuri sistemebis, romelTaTvisac bunebrivi 

kvlevis Catareba aris Sromatevadi da ZviradRirebuli procedura. 

teqnikuri obieqtebis moZraobis modelirebis Sedegebi gamoiyeneba 

teqnikuri gadawvetebis optimalobis Sesafaseblad, axali nimuSebis 

proeqtirebisas, Zvelis modificirebisas an arastandartuli 

situaciebis gamokvlevisas. rig SemTxvevebSi, magaliTad eskizuri 

proeqtirebis etapze an unikaluri teqnikuri obieqtis kvlevis 

dros, maTematikuri da kompiuteruli modelireba aris erTaderTi 

saSualeba rTuli teqnikuri sistemis gamokvlevisaTvis. 

teqnikuri obieqtebis dinamiuri Tvisebebis gamokvleva 

warmoadgens aucilebels da erT-erT yvelaze mniSvnelovan etaps 

teqnikuri sistemebis kvlevisa da proeqtirebisaTvis. Ddinamiuri 

analizis sirTule mdgomareobs zusti analitikuri kvlevis 

SeuZleblobaSi martivi sistemebisaTvis ki, radganac dinamika, 

rogorc wesi aRiwereba diferencialuri an diferencialur-

algebruli gantolebebis sistemebiT, zogad SemTxvevaSi ara 

wrfivi, romelTaAamoxsna mkafio saxiT SeuZlebelia. meore mxriv, 

Tavisuflebis didi xarisxis mqone moZraobis sistemebis 

gantolebebis Sedgena SeiZleba aRmoCndes aramartivi procedura. es 

dakavSirebulia sirTulis zrdiT kinematikuri sidideebisaTvis, 

romlebic gansazRvraven sistemaSi Semavali elementebis 
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mdgomareobas, siCqares da aCqarebas. am tipis modelebis 

kompiuterul I realizacia iqceva rTul problemad, romelic 

moiTxovs axali midgomebisa da meTodebis SemuSavebas. 

 

 
Temis aqtualoba 

rogorc cnobilia, moZraobis marTvis amocanebi warmoadgenen 

erT-erT yvelaze rTuls, aqtualurs da amave dros gavrcelebul 

mimarTulebas mecnierebasa da teqnikaSi. aq sakmarisia aRiniSnos 

amocanebi, romlebic dakavSirebulia mfrinavi aparatebisa an 

roboto-teqnikururi mowyobilobebis muSa organoebis sivrcobrivi 

moZraobebis marTvasTan. aRniSnuli amocanebi bolo dros  farTe 

gamoyenebas pouloben agreTve Sesabamisi procesebis kompiuterul 

modelirebaSic da animaciur grafikaSi, rac Zalze aqtualuria 

proeqtirebis avtomatizirebuli sistemebSi. amgvari saxis 

amocanebSi gansakuTrebuli adgili ukavia brunviTi moZraobebis 

marTvis sakiTxebs, romlebsac teqnologiuri TvalsazrisiT gaaCnia 

Zalze mniSvnelovani roli, vinaidan amgvari mowyobilobebis muSa 

organoebis moZraoba umetesad swored brunviT xasiaTs atarebs. 

sivrcobrivi brunviTi moZraobebis marTvis amocanebSi ZiriTad 

sirTules warmoadgens  am amocanebis maRali ganzomileba, vinaidan 

am SemTxvevaSi Cndeba 9 parametris (adgilmdebareoba, siCqare da 

aCqareba) erTdroulad marTvis aucilebloba. es gansaZRvras im 

faqts, rom dReisaTvis arsebuli  sivrcobrivi brunviTi 

moZraobebis marTvis meTodebi da maT bazaze agebuli marTvis 

sistemebi gamoirCevian sirTuliT, aramdgradobiT (araadapturobiT) 

da maRali RirebulebiT, rac Tavis mxriv amcirebs Sesabamisi 

sistemebis da mowyobilobebis teqnologiur efeqturobas. 

dReisaTvis rTuli sistemebis sivrciTi gadaadgilebis erT-

erTi, rom ara vTqvaT erTad-erTi, marTvis meTodi SesaZlebelia 

mokled aRvwerod Semdegnairad. dauSvaT, rom obieqti gadayvanil 

unda iqnas mocemuli sawyisi mdebareobidan, romelic ganisazRvreba 
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rogorc sam ganzomilebiani sivrcis wertili, amave sivrcis sxva 

wertilSi. amgvari amocanis amoxsna iTxovs eileris kuTxeebis 

gamoTvlas, romlebic uzrunvelyofen saWiro sivrcobriv 

moZraobas. es iTxovs sawyisi amocanis gansxvavebul formulirebas 

brunvaTa kuTxeebis terminebSi, ese igi sawyisi sivrcobrivi 

moZraobas warmodgenen rogorc sami sakoordinato RerZebis 

irgvliv brunvebis superpozicias. ukanasknels mivyevarT sami 33 

brunvaTa matricebisaken, romlebic Seicaven 22 organzomilian 

brunvaTa qvematricebs. am matricebis namravli warmoadgens im 

matricas, romelic uzrunvelyofs brunvas sawyisidan saboloo 

wertilamde, da romlis safuZvelze gamoiTvleba eileris kuTxeebi. 

aRwerili meTodi xasiaTdeba Semdegi naklovanebebiT:  

1. is iTxovs dekartTa koordinatebSi gansazRvrul 

teqnologiuri amocanis Secvlas sakoordinato RerZebis irgvliv 

sami brunvaTa amocaniT, rac cxadia aris Zalze mouxerxebeli da 

rac iTxovs drois damatebiT xarjvas;  

2. marezultirebeli matrica, romelic warmoadgens sami 

matricis namravls, SeiZleba aRmoCndes cudad ganpirobebuli, rac 

iwvevs eileris kuTxeebis gamoTvlisas cdomilebebis zrdas;  

3. erTi marTvis amocanis magivrad warmoiSveba sami, rac, cxadia 

arTulebs teqnikuri mowyobilobis programirebas da marTvis 

aparaturas.  

aRsaniSnavia agreTve,  rom literaturaSi meTodebi, romlis 

saSualebiTac SeiZleba movaxdinoT brunva,  mocemulia mxolod im 

SemTxvevisTvis, rodesac eileris kuTxeebi ukve gansazRvrulia.   

magram ar arsebobs eileris kuTxeebis gamoTvlis meTodi, Tu 

zogadaT mocemulia kuTxe θ,  romelzedac unda Sebrundes veqtori.  

es ki sakmaod vrclad gavrcelebuli amocanaa teqnikaSi da 

kompiuterul grafikaSi. sasurveli iqneboda damuSavdes   meTodi, 

romelic mogvcemda   saSualebas gamovTvaloT eileris kuTxeebi im 



6 

 

SemTxvevaSic ki, Tu mocemulia mxolod zogadi brunvis kuTxe 

sawyisi veqtoris saboloo veqtorSi gadasayvanad. 

Kkidev erTs Zalze mniSvnelovan amocanas warmoadgens is rom, 

xSir SemTxvevaSi, brunviTi moZraobis marTvis teqnologiuri 

amocanis warmatebuli amoxsnisaTvis saWiroa moZraobis saboloo 

etapze zusti pozicionireba da, aqedan gamomdinare, marTva am 

etapepze (terminaluri marTva) xdeba gansakuTrebiT aqtualuri. 

Aamgvari amocanebis efeqturi amoxsna saSualebas mogvcems 

gavaumjobesoT teqnologiuri procesebis xarisxi,  radgan amgvari 

procesebis xarisxi mraval aspeqtSi damokidebulia brunviTi 

moZraobebis sistemebis elementebis terminaluri   pozicionirebis 

sizusteze.  

MmeTodebis umravlesoba, romlebic gamoiyeneba zemod 

moxseniebuli amocanisTvis, aris programuli marTvis optimaluri 

meTodebi (ganrTuli meTodebi uku kavSiris gareSe). aseTebs 

ganekuTvneba maqsimumis principi, dinamikuri programirebis meTodi, 

momentebis meTodi da sxva. rogorc aRiniSna, yvela CamoTvlili 

meTodi programulia, anu iTxovs marTvis kanonis u(t) winaswar  

gamoTvlas da ar iZleva moZraobis procesSi misi koreqtirebis 

saSualebas. amavdroulad praqtika iTxovs avtomaturi regulirebis 

sistemebis (ars) agebas, romlebic ukukavSiris princips iyenebs, rac 

moZraobis procesSi moZraobis traeqtoriis koreqtirebis 

saSualebas iZleva. 

Yyovelive zemod naTqvami gansazRvravs warmodgenili naSromis 

samecniero da praqtikul aqtualobas. 

 
kvlevis miznebi. naSromSi ganisazRvra kvlevis Semdegi amocanebi da 

miznebi:  

 tradiciulis meTodebis nacvlad SemuSavdes axali meTodi 

dafuZnebuli inovaciur maTematikur meTodze, romelic 
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saSualebas mogvcems miviRoT eileris kuTxeebi, rogorc 

sawyisi da saboloo wertilebis koordinatebis funqciebi.  

 dasamuSavebelma meTodma saSualeba unda  mogvces 

gamovTvaloT  eileris kuTxeebi im SemTxvevaSic ki, Tu  

mocemulia  mxolod zogadi  brunvis  kuTxe sawyisi  

veqtoris saboloo veqtorSi  gadasayvanad. 

 damuSavdes sivrciTi brunvebis saboloo (terminaluri) 

mdgomareobebis marTvis martivi adaptiuri algoriTmebi 

 
kvlevis  meTodebi. samuSaoSi gamoyenebulia brunvebis jgufebis 

warmodgenis Teoriis elementebi, spinorebis Teoriis meTodebi, 

moZraobisa marTvis variaciuli meTodebi, Cveulebrivi 

diferencialuri gantolebebis meTodebi,  MatCad-ze programirebis 

meTodebi. 

 
samecniero siaxle. naSromis samecniero  siaxle  mdgomareobs  

SemdegSi: 

1. sivrciTi moZraobebis marTvis arsebiTad  

 samganzomilebiani amocana iqna dayvanili   

erTganzomilebianze 

2. brunvebis aRsawerad pirvelad gamoyenebulia maTi  

  spinoruli warmodgena. miRebulia martivi 

  gamosaxulebebi mmarTveli orTogonaluri matricis  

  elementebis gamosaTvlelad brunvis centris, sawyisisa  

  da saboloo wertilebis koordinatebis mixedviT;   

3. miRebulia mmarTveli eileris kuTxeebis gamosaTvleli  

  martivi sainJinro formulebi; 

4. SemuSavebulia terminaluri marTvis zogadi variaciuli  

  principis dasabuTeba 

5. SemuSavebulia sivrciTi brunvebis moZraobis marTvis  

  terminaluri amocanebis gadawyvetis zogadi variaciuli  
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  meTodi;  

6.  SemuSavebulia martivi adaptiuri algoriTmebi 

   terminaluri    marTvis  sxvadasxva kerZo  

   amocanebis (gaqanebis, dayvanis da daaxloebis)  

   gadasawyvetad 

7.   SemuSavebulia adaptiuri algoriTmebis programuli  

     uzrunvelyofa Matcad sistemis gamoyenebiT 

 
naSromis praqtikuli mniSvneloba mdgomareobs imaSi, rom 

damuSavebuli algoriTmebi SeiZleba warmatebiT gamoyenebuliyos 

sxvadasxva teqnikuri sistemebis (mfrinavi obieqtebi,  damiznebis 

sistemebi, robototeqnika, kompiuteruli grafika da animacia, 

avtomatizaciisa da proeqtirebis sistemebi (CAD) damuSavebisas 

praqtikuli teqnologiuri amocanebis gadasawyvetad, rac 

gaaumjobesebs maTi sabolo pozicionirebas da amiT mTlianobaSi 

aamaRlebs teqnologiur procesebis marTvis xarisxs.  

naSromis aprobacia. naSromis ZiriTadi Sedegebi ganxiluli 

iyo saqarTvelos teqnikuri universitetis da  Savi zRvis 

saerTaSoriso universitetis seminarebze,. 

gamoqveynebuli Sromebi. samuSaos Temaze gamoqveynebulia 3 

naSromi. 

samuSaos struqtura da moculoba. samuSao moicavs  145 gverds, 

Seicavs 3  Tavs, literaturis CamonaTvals, danarTs, 3 cxrils da 

19 naxazs. 
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General Information on the Thesis 

The research subject of the thesis is the movement of the various engineering  

objects, such as aircrafts,  guidance  control systems, hierarchical systems, etc. The aim of 

the work is the development of mathematical models and   program system based on them 

to execute computer modeling of the above systems’  movement. The computer modeling 

is a  highly effective and relative cheap method  to investigate  complex engineering 

systems. Mathematical and computer modeling has  special significance  when 

researching such complex engineering systems for which execution of natural 

experiments is labour-intensive or expensive. Results of modeling of complex 

engineering systems’ movement  are used to evaluate optimality of technical  solutions 

when designing new product samples, modifying old  ones  or investigating non-standard 

situations. In a number of cases, for example, at the stage of draft design or when we deal 

with unique engineering object, mathematical and computer modeling is an only way to 

investigate complex engineering systems.  

Investigation of dynamic properties of complex engineering objects is an 

indispensable  and very important stage of complex engineering systems’ research and 

development. Complexity  of dynamical analysis  consists in  impossibility of exact 

analytical research of even simple systems, because dynamics, as a rule,  is described by 

differential or algebraic-differential systems ( generally, non-linear ones). It is impossible 

to solve  such systems in an explicit form. On the other hand,  construction  of  movement 

equations  with high degree of freedom can turn out to be not simple procedure. This is 

closely related to growth of complexity for kinematic values that determine position, 

velocity and acceleration of bodies which are parts of the system.  

Implementation of computer models of such types becomes a rather complex  

problem that requires development of new approaches and methods.  

 

 

Topicality of the Research 

Problems of control of spatial motions in general and, in particular, of rotational 

motions belong to the most topical directions in the complex of high technologies which 

demand a lot of scientific research. It is enough to mention problems of control of aircraft 

flight control or  robot arm tools’  spatial motion.   Today the above problems  are widely 
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adopted also to computer modeling of relevant processes and computer graphics that is of 

large importance for development of CAD systems. In such kind of problems the issues 

of  rotation motion control have particular significance since motion of operative parts are 

predominantly described exactly in terms of rotations. The main difficulty in problems of 

spatial rotation motion control  is the high dimension of such problems since in this case 

appears a need to control  9 parameters (position, velocity, acceleration). This determines 

the fact that currently existing methods of rotation motion control and control systems 

based on these methods are characterized by complexity, instability (non-adaptability) 

and high price that, on its turn, reduces technological effectiveness of relevant systems 

and devices.  

To date one of few, not to say the least, unique method of  spatial motion of 

complex systems can be shortly described as follows: assume that an object has to be 

moved from an initial position (that is determined as an spatial point in three dimension) 

to another point in the same space.  Solution of such a problem requires  computation of 

Euler angles that provide a needed spatial motion. This requires different formulation of 

the initial problems in terms of rotation angles. That is, the initial spatial motion is 

represented  as a superposition of rotations around 3 axis. The latter leads us  to three 3x3 

rotation matrices that contain two 2x2 two-dimensional sub-matrices. The product of 

these matrices represents the matrix that provides rotation from the initial position to final 

one and on the basis of which Euler angles are computed. This method has the following 

disadvantages: 

1. the method  requires replacing the technological problem defined in Cartesian 

coordinates by the problem of three rotations around three axis;  obviously,  this 

is an extremely awkward and causes waste of time 

2. the  resulting   matrix that represents product of three matrices can be poorly 

determined and this causes growth of error in computation of Euler angles 

3. instead of one control problem three problems arise that, obviously, complicates 

programming of technical devices and control equipment.  

It is significant that  all the literature explains how to rotate in case when  Euler angles are 

given. There is no clear explanation for calculating the Euler angles. The latter is very 

important problem in engineering, computer graphics and simulation. It would be 
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desirable to develop a method that  would allow us to calculate Euler angles even in case 

when only general rotation angle between initial and final positions of rigid body  is given  

Another very important problem is that, in a majority of cases, for a successful 

solution of technological problems of rotational motion control  it is necessary to provide 

an exact positioning in the terminal stage of motion and thus the control of terminal states  

(terminal control) becomes of special topical interest. An effective solution of such 

problems will enable us to improve the quality of technological processes, since the 

quality of these processes depends in many respects on the accuracy of the terminal 

positioning of the rotation motion systems’ elements 

Most of the methods used to solve these problems are optimal methods of 

programmed control (disconnected methods without feedback). They include the 

maximum principle, the dynamic programming method, the momentum method and 

others.  

As has been noted, all the listed methods are the programming ones, i.e. requiring 

the preliminary calculation of the control law u(t) and not making it possible to correct 

this law during motion. However practice requires the construction of automatic control 

systems (ACS) employing the feedback principle, since such systems make it possible to 

correct the motion trajectory in the course of the process.  

All the above-said determines scientific and practical topicality  of the submitted 

thesis.  

 

Objectives of the Research 

The following objectives are defined: 

1. Instead of  conventional methods a new method based on the new innovation 

mathematical  method and which  will allow  Euler angles as a function of 

initial and final positions’ coordinates to be obtained  will be developed 

2. The method to be developed  has  to allow  Euler angles to be computed  

even in case when only general rotation angle between initial and final 

positions is defined 

3. Simple adaptive algorithms  to  control  terminal positions  of  spatial 

rotations will be developed 
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Research methods 

The following methods are used in the thesis: elements of the theory of 

representation of rotation groups, spinor theory methods, variational methods of motion 

control,  methods of ordinary differential equations,  methods of programming in 

MatCad. 

 

 

 

Scientific Novelty of the present research consists in the following:  

1. The obtained results have enabled the actual  three-dimensional problem of spatial 

motion control to be reduced  to the one-dimensional one 

2. To describe rotations the spinor representation of them has been used for the first 

time. Simple expressions to compute elements of control orthogonal matrices in 

respect to coordinates of the rotation’s center,  initial and final points have been 

obtained 

3. Simple formulas to compute Euler angles to be controlled have been obtained;  

4. Validation of the general variational principle for terminal control has been 

developed 

5. The general variational method to solve terminal problems of spatial rotation 

motion control has been developed 

6. Simple adaptive algorithms for terminal control of various particular problems 

(acceleration, bringing, approach) have been developed; 

7. Software package (in Matcad) to implement the adaptive algorithms obtained has 

been developed 

 

The Practical Importance of the work consists in that the developed algorithms can be 

successfully used to solve practical technological problems when designing and 

developing various engineering systems (aircrafts, guidance systems, robotics, computer 

graphics and animation, computer design systems (CAD)), which will improve processes 

of terminal positioning and, in the end, overall processes control quality.  
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Presentations of the research. 

The main results of the thesis were presented at two scientific seminars at the  

Georgian Technical University and at tone scientific seminar at the  Black Sea 

International University. 

Publications.3 articles on the present work were published. 

Structure of the Thesis. The Thesis consists of 145 pages, comprises 3 chapters, 

References, 1 Appendix, 3 Tables and 19 Figures 
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naSromis Sinaarsi 

pirveli Tavi eTmoba sakiTxis gansazRvras, kvlevis miznebis da 

amocanebis dadgenas, ramac saSualeba mogvca Camogveyalibebina 

kvelvis amocanebi da miznebi. 

meore Tavi eTmoba ganzogadoebuli brunvebis Teoriuli 

safuZvlebis SemuSavebas ganzogadoebul brunvebSi igulisxmeba 

yvela SesaZlo brunvebis simravle rogorc nulovani, ise 

nulovanisgan gansxvavebuli centrebiT, romlebic sawyisi, 

samganzomilebiani wertilis sabolooSi gadayvanas axorcielebs. 

amasTan dakavSirebiT amocana SeiZleba Semdegnairad iyos formuli-

rebuli: mocemulia ori samganzomilebiani wertili x(x
1
,x

2
,x

3
) da 

y(y
1
,y

2
,y

3
), romlebic raime brunvis sawyisi da saboloo wertilebia, 

saWiroa gamovsaxoT yvela SesaZlo brunvebis centrebis simravlis 

z(z
1
,z

2
,z

3
) koordinatebis damokidebuleba x(x

1
,x

2
,x

3
) da y(y

1
,y

2
,y

3
) 

wertilebis fiqsirebul koordinatebze da vipovoT Sesabamisi 

brunvebis gardaqmnebis simravle, romlebic uzrunvelyofs x(x
1
,x

2
,x

3
) 

wertilis gadayvanas y(y
1
,y

2
,y

3
) wertilSi. msgavs gardaqmnebze 

saubrisas Cven vgulisxmobT samganzomilebiani sivrcis brunvis, 

ZiriTadisgan gansxvavebul, warmodgenebs. maSin, rodesac ZiriTadi 

warmodgena realizebulia mesame rigis, orTogonaluri, evklidur 

sivrceSi moqmedi matricebis saSualebiT, warmodgenil samuSaoSi 

gamoyenebuli spinoruli warmodgena efuZneba meore rigis, 

kompleqsur, unitarul, kompleqsuri ricxvebis velze 

organzomilebian wiriT sivrceSi moqmed matricebs. 

samganzomilebiani evkliduri sivrcis spinoruli modeli. 

davuSvaT L
3 aris wrfivi evkliduri sivrce ZiriTadi 

orTonormirebuli veqtorebiT e1, e2, e3. TiToeuli  L
3 sivrcis 

veqtorisTvis  x=x
1
e1+ x

2
e2+x

3
e3   Cven vaniWebT ermitul matricas 

321

213

xixx

ixxx
X




 ,                                                                                      (1) 
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romlis elementebs uwodeben  x veqtoris spinorul komponentebs. 

rodesac Cven x veqtoris Cveulebrivi evkliduri komponentebidan 

gadavdivarT spinorulze,  Cven x veqtors vaidentificirebT ermites 

funqcionalebTan or ganzomilebian wrfiv sivrceze С2 kompleqsuri 

ricxvebis vel С zeda. avRniSnoT L(С2) -iT yvela ermites 

funqcionalebis simravle С2-ze, romelic warmoadgens 3 

ganzomilebian wrfivsivrces namdvil ricxvebis velze imis 

gaTvaliswimebiT, rom paulis matricebi aRebulia sabaziso  

elementebad. amgvarad  TiToeuli (1) formis  matricisTvis  

marTebulia Semdegi dekompozicia 

 X= x
1
1+ x

2
2+x

3
3 ,                                                                      (2) 

sadac 

10

01
,

0

0
,

01

10
321





 

i

i
 

 
arian paulis matricebi. 
 

(2) dekompoziciidan gamomdinareobs rom sivrce  L L(С2)  aris 3 

ganzomilebiani wrfivi sivrce namdvil ricxvebis velze da amitom 

SesaZlebelia misi sivrcis L L
3-Tan identificireba. 

gasaTavaliawinebelia, rom or ganzomilebiani  sfero C
2-Si 

TiToeuli  sabaziso veqtorisTvis Cven SegviZlia mivaniWoT L L(С
2
)  

sibrtyes  sabaziso veqtorebi  1,2,3 (da agreTve 

orTonormirebuli sabaziso veqtorebi e1,e2,e3, L
3 da L(С

2
) 

identifikaciis gamo):  i TiToeuli matrica warmodgenilia rogorc  

C
2  sivrcis sabaziso veqtorebis tenzoruli namravlebis raime 

wrfivi kombinacia.  

problema SeiZleba xelmeored formulirebul iqnas  С
2 

spinoruli sivrcis konteqstSi. mocemulia ori ermituli  

funqcionalis  matrica 
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213

xixx

ixxx
X






            
321

213

yiyy

iyyy
Y




  

saWiroa ganisazRvros: 

1) unitaruli matricebis simravle   


 
C   romelic 

akmakofilebs tolobas  

                         XCCY T                                                                          

(3) 

(5) 

wrfivi erTgvarovani gantolebebis Semdegi sistema: 

 








33

33

yx

yx

                                                                  (4)                                   

 

sadac             da 21 iyy  . 

nebismieri    - Tvis, (4)-is amoxsna aris mocemuli 

 
33 yx 







                                                                                                

(5) 
(5) dan  gamomdinareobs, rom 

33

222111
1

)()(
Re

yx

yxyx









  da 33

221112
2

)()(
Im

yx

yxyx









       (6)

 

С ( 12

2

2

1

2

2

2

1   ) matricis unitarulobis pirobidan SeiZleba 

ganisazRvros an  Re1   an .Im2    gaviTvaliswinoT, rom  am 

parametrebidan erT-erTi rCeba aragansazRvruli. ase rom (5) 

gansazRvravs brunvas  0  da  033  yx -Tvis. 

z(z1, z2, z3) brunvis  centris invariantoba C  gardaqmnis  mimarT 

SeiZleba  Caiweros Semdegi pirobis saxiT: 

                                          ZZCC T   

anu veqtori Z   gardaqmna  ZCC T -is   Sedegad ar icvleba 

(rCeba Z toli). am ucvlelobas hqvia  invariantoba. im wertils, 

romelzedac ar moqmedebs gardaqmna, Cven vuZaxiT brunvis centrad.  

aqedan Cven vRbulobT 

21 ixx 
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33

33

zz

zz
 

sadac    21 izz   

ukanasknel formulas mivyavarT sistemamde: 

.0

;0

;0

3211

3122

2211







zz

zz

zz







 

1, 2,   2 ( 0 და 033  yx ) -Tvis yovelTvis 

arsebobs aratrivialuri amoxsna , romelic SeiZleba Caiweros 

Semdegi formiT: 

                
3

2

2
1 zz






    
3

2

1
2 zz






                                                                                    (7)

 

sadac  z3 aris nebismieri. 

anu  z1,   z2  ,   z3 warmoadgenen erT-erT SesaZlo brunvis centris 

koordinatebs. aseTi yvela SesaZlo centrebis simravle Seadgens 

brunvis centrebis sibrtyes 

1-s  parametrad, maSin mis TiToeul 

fiqsirebul mniSvnelobas (romelic gansazRvravs unikalur 

gardaqmnas )  Cven SegviZlia mivaniWoT brunvis centrebis simravle, 

romlebic mdebareoben sibrtyeze 

0)( 3212212  zzz 
                                                                                (8)

 

amrigad, (6) normalizaciis pirobasTan erTad gansazRvravs  

ganzogadoebul brunvas, romelic gardaqmnis wertils (x
1
,x

2
,x

3
)    

wertil  (y
1
,y

2
,y

3
)-Si   centrebis    simravlis  mimarT 

(gansazRvruli gantolebiT (8)). 

C
2-Si da L L

3-Si gardaqmnebs Soris kavSiri 

 Cven SegviZlia davamyaroT  Sesabamisoba sivrcis C
2 gardaqmnis  

matricis 


 
C

 

elementebsa da sivrcis L L
3 brunvis  

ortTogonaluri namdvili matricis  A  elementebs Soris.  
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radgan matricebi  C   da A A  gardaqmnian (brunaven)  nebismier 

veqtorebs Sesabamis sivrceSi, isini agreTve gardaqmnian   am  

sivrceebis   sabaziso veqtorebs 

 matrica A A warmoadgens sivrce L L
3-is sam orTonormirebuli 

sabaziso veqtoris Soris gardaqmnas  da misi rigebi warmoadgenen 

axali sabaziso veqtorebis dekompozicias sawyisi sabaziso 

veqtorebis mimarT.  aqedan gamomdinare da   agreTve  L L(С
2
) da L L

3  

sivrceebis  identifikaciis gamo  Cven gagvaCnia: 

)3,2,1,(  


iiaCC i
i
ii

T 
                                                                                 (9)                                                                                                                                                                                                                                                                                                                                                                                     

 

sadac 
i  sawyisi bazisis Sesabamisi paulis matricebia,   

i
 

warmoadgenen axalis bazisis paulis matricebs    da  
i

i




   

warmoadgenen A A
-1  matricis elementebs. anu   CC i

T   gardaqmnis 

(brunavs) sabaziso veqtors (paulis matricas)  i  (i=1, 2,3). 

magaliTad, CC T

1  brunavs sabaziso matricas 1 =
01

10
 da   

gardaqmnili sabaziso matricis 1  koeficientebi  1

1a ,  1

2a ,   1

3a     

ganlagebulia matrica A A-s pirvel rigSi. CC T

2    brunavs 

sabaziso matricas 2 =
0

0

i

i
   da   gardaqmnili sabaziso matricis     

2 koeficientebi  2

1a ,  2

2a ,   2

3a ganlagebulia matrica  A A -s  meore 

rigSi  da a.S.  

(9) gantolebebidan miviRebT  Semdeg gamosaxulebas raTa 

gamoviTvaloT A A matricis elementebi C matricis elementebis 

meSveobiT:   

)()( 2

2

2

1

2

2

2

1

1

1  a ;  )(2 2121

1

2  a ; )(2 1122

1

3  a ; 

)(2 2121

2

1  a ;  )()( 2

2

2

1

2

2

2

1

2

2  a ; )(2 1221

2

3  a ; 

)(2 2211

3

1  a ; )(2 2112

2

3  a ;  )()( 2

2

2

1

2

2

2

1

3

3  a .              (10)  
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gamosaxuleba (10) saSualebas  gvaZleven gamoviTvaloT A A-1  

matricis elementebi mocemuli 3 wertilis (sawyisi, terminaluri 

da centraluri) da romlebic gansazRvraven  brunvas) 

koordinatebis meSveobiT. meores mxriv, Tu gaviTvaliswinebT rom A 

matrica SeiZleba Caiweros  eileris formiT: 







cossincossinsin

sincoscoscoscossinsinsincoscoscossin

sinsinsinsincossincossinsincoscoscos





A  

 miviRebT, rom (10) gamosaxuleba gvaZlevs saSualebas ganvsazRvroT 

eileris kuTxeebi: 33cos a ; 32sincos a
 
da 31sinsin a

                (11)
    

amrigad, samganzomilebiani sivrcis brunvis spinoruli modeli 

saSualebas gvaZlevs: 

1. aRvweroT sawyisi da bolo wertilebiT mocemul brunvaTa 

erTobrivoba maTTvis dasaSveb centrTa simravlis mimarT, 

rasac adre vuwodeT ganzogadoebuli brunvebi; 

2. ganvixiloT namdvil orTogonalur gardaqmnaTa matricebi 

L
3-Si, rogorc kerZo SemTxvevebi unitaruli gardaqmnebisa C

2-

Si, ramac saSualeba mogvca gamogveyvana gamoTvlis martivi 

formulebi namdvil orTogonalur matricaTa 

elementebisaTvis da moZraobis marTvis iseTi mniSvnelovani 

teqnikuri parametrebisaTvis, rogorc eileris kuTxeebia 

aRsaniSnavia,  rom   literaturaSi  meTodebi, romlis  

saSualebiTac  SeiZleba  movaxdinoT   brunva,  mocemulia   

mxolod  im SemTxvevaSi, rodesac eileris kuTxeebi ukve 

gansazRvrulia.   magram  ar arsebobs  eileris kuTxeebis  

gamoTvlis  meTodi, Tu zogadaT  mocemulia  kuTxe   θ,  

romelzedac   unda Sebrundes veqtori.  es ki sakmaod  vrclad   

gavrcelebuli  amocanaa   teqnikaSi   da  kompiuterul    

grafikaSi. zemod ganxiluli meTodi ki saSualebas   gvaZlebs  

gamovTvaloT  eileris kuTxeebi im SemTxvevaSic ki, Tu mocemulia  
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mxolod zogadi brunvis kuTxe sawyisi veqtoris saboloo veqtorSi 

gadasayvanad . 

kinematikuri gamosaxulebebi eileris kuTxeebisTvis 

(6) da (11) gamosaxulebebidan advilad gamoiTvleba eileris 

kuTxeebi, romlebic uzrunvelyofen ),,( 321 xxxx  wertilis ),,( 321 yyyy  

wertilSi Semobrunebas. Tu miRebulia, rom sawyis wertils 

),,( 321 xxxx -s Seesabamebian eileris nulovani kuTxeebi 0000   , 

maSin brunvis marTva mdgomareobs eileris kuTxeebis sawyisi 

mniSvnelobebis 
 

cvlilebebSi bolo 
fff  ;; mniSvnelobebamde, 

romlebic gamoTvlilia (11) formulebiT. zogadi saxiT marTvis 

procesi SeiZleba warmovidginoT rogorc eileris kuTxeebis 

cvlilebis funqciebi: )(t ; )(t ; )(t , romlebic unda 

akmayofilebdnen Semdeg pirobebs: 

0)( 0 t ;  0)( 0 t ; 0)( 0 t , 

fft  )( ;  fft  )( ; 
fft  )( ,                                                               (12)    

sadac 0t  
da ft  – marTvis procesis sawyisi da saboloo 

momentebia. naTqvamidan bunebrivad gamomdinareobs marTvis 

funqciebis )(t ;  )(t ; )(t  gansazRvris amocana. 

nax.1-ze gamosaxulia uZravi veqtorebi ),,( 321 xxxx ; ),,( 321 yyyy  da 

Sualeduri mbrunavi veqtori );;( 321  , romelic drois sawyis t=t0 

momentSi emTxveva brunvis sawyis veqtors ),,( 321 xxxx , xolo bolo 

momentSi t=tf emTxveva ),,( 321 yyyy  bolo veqtors. mimdinare kuTxe   

),,( 321 xxxx  da );;( 321  veqtorTa Soris t=t0 momentSi udris nuls 

da t=tf momentSi f  , sadac 

)
),(

cos()
*

),(
cos(

2
x

yx
ar

yx

yx
arf  ; ),( yx  x da y veqtorTa skalaruli 

namravlia. cxadia, rom mimdinare kuTxe ),,( 321 yyyy  da );;( 321   

veqtorebs Soris tolia  f . 
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Nnaxazi 1. sivrculi brunvis sawyisi, bolo da Sualeduri 

veqtorebi. 

ganvsazRvravT );;( 321   veqtoris koordinatebs im pirobidan, 

rom is Seadgens   da  f kuTxeebs ),,( 321 xxxx  da ),,( 321 yyyy  

veqtorebTan da ganlagebulia maT sibrtyeSi. naSromSi naCvenebia, 

rom saZiebeli );;( 321  veqtoris koordinatebi gamoisaxeba Semdegi 

saxiT: 

))(cos))(((cos( 23322332

2

1 yryrxrxr
r

x
f 



  

))(cos))(((cos( 31133113

2

2 yryrxrxr
r

x
f 





                        (13)                                   

 

))(cos))(((cos( 12211221

2

3 yryrxrxr
r

x
f 





                                   

 

am gamosaxulebebSi damoukidebeli cvladi aris kuTxe  , 

romelic SeiZleba ganvixiloT rogorc drois funqcia, es ki 

niSnavs, rom );;( 321  veqtoris koordinatebic aseve warmoadgenen 

drois funqciebs. naSromSi miRebulia swaZiebeli koordinatebis 

martiv gamosaxulebebi, rogorc drois funqciebi: 

 )cos)(cos()( 11

2

1

yxf trrt
r

x
t  



 

)cos)(cos()( 22

2

2

yxf trrt
r

x
t  



                                                             (14)                         

 

),,( 321 xxxx

 

),,( 321 yyyy  

),,( 321 

 

)(t

 

f
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)cos)(cos()( 33

2

3

yxf trrt
r

x
t  



 

agreTve  gansazRvrulia eileris kuTxeebi, romlebic aseve 

warmoadgenen drois funqciebs: 

)
))((

))(())(())((
arccos()(

233

222211233

tx

txtxtx
t











 

)
)(sin))((

))((2
arcsin()(

33

11

ttx

tx
t











                                                                           

)
)(sin))((

))((2
arcsin()(

33

11

ttx

xt
t











                                                                     

 

miRebuli gamosaxulebebi (15) wyveten )(t ;  )(t ; )(t  mmarTveli 

kinematikuri funqciebis gansazRvris dasmul amocanas. meore mxriv, 

saWiroa aRiniSnos, rom SemoTavazebuli Teoria gvaZlevs 

saSualebas sivrculi moZraobis marTvis arsebiTad 

samganzomilebiani amocana daviyvanoT erTganzomilebianze. 

marTlac, sakmarisia rogorme SevadginoT funqcia )(t , romelic 

akmayofilebs Sesabamis zRvrul pirobebs, maSin cxadia, rom 

marTvis procesi mTlianad gansazRvruli iqneba brunvis  

spinoruli matricis da eileris kuTxeebis (15) funqciaTa 

meSveobiT. 

mesame Tavi eZRvneba moZravi obieqtebis saboloo mdgomareobis 

marTvis amocanebis gadawyvetis Teoriul meTodebs.  

SemuSavebuli midgomis ZiriTadi idea efuZneba im TvalsaCino 

faqts, rom moZraobisas moZrav obieqtze moqmedebs ori saxis Zala: 

mmarTveli da arammarTveli. mmarTveli Zalebis cvlileba agreTve 

arammarTvel Zalebsac cvlis. moZrav obieqtze moqmedi yvela Zala 

(arammarTveli + mmarTveli) obieqtis V  aCqarebas iwvevs. cxadia, 

rom is advilad eqvemdebareba pirdapir gazomvas, amitom unda 

daisvas mmarTveli funqciis )(t  aCqarebis saxiT sinTezis amocana, 

rasac mivyevarT Semdegi variaciuli amocanis amoxsnamde:  
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mocemulia ori wertili ( 00 ;  ) da ( ff  ; ) organzomilebian fazur 

sivrceSi, saWiroa ganisazRvros fazuri sivrcis iseTi mrudis 

gantoleba, romelic aerTianebs maT da minimums aniWebs Semdeg 

funqcionals   

.))(,,,(
1

0

2



T

F dtttf
T

J     (16) 

  (16) funqcionali meore rigis warmoebulebis Semcveli tipis 

funqcionalebs ganekuTvneba, amitom misi Sesabamisi eileris 

gantoleba SeiZleba Caiweros Semdegi saxiT:   

.0
2

2


dt

d 
 (17) 

(17)-is amonaxsni mesame rigis polinomia 

.
62

3

3

2

210

t
C

t
CtCC   (18) 

sasazRvro pirobebi tolia   

t=0; 0  ;  0   , (19) 

t=T; f  ;  f   . (20) 

es oTxi piroba sakmarisia imisTvis, rom ganisazRvros oTxi 

mudmiva Сi (i=0,1,2,3), rac srulad gansazRvravs optimalur 

traeqtorias.  

moTxrobili midgoma sakmaod zogad xasiaTs atarebs, rac 

saSualebas iZleva gadawyvetili iyos terminaluri marTvis rigi 

praqtikulad mniSvnelovani amocana. kerZod, igulisxmeba gaqanebis, 

dayvanisa da daaxloebis amocanebi. 

adgilis ekonomiis mizniT mogvyavs mxolod daaxloebis 

amocanasTan dakavSirebuli Sedegebi, radgan swored isini iyo 

gamoyenebuli robot-manipulatoris brunvis marTvis praqtikuli 

algoriTmis SemuSavebisas. aRvniSnoT, rom sadisertacio naSromSi 
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agreTve warmodgenilia gaqanebisa da dayvanis amocanebis sruli 

amonaxsnebi.  

daaxloebis amocanaSi gamoiyeneba oTxive sasazRvro piroba (19) 

da (20), romlebic saSualebas iZleva pirdapir gamoiTvalos Сi 

(i=0,1,2,3)  koeficientebi mmarTvel funqciaSi.  

00 C ; 01 C ; )2(
2

)(
6

0022    ff
TT

C ; 

)(
6

)(
12

02033    ff
TT

C .                                                                           (21) 

rac saSualebas iZleva miviRoT marTvis sinTezirebuli funqcia 

t
TTTT

t ffff ))(
6

)(
12

())2(
2

)(
6

()( 0203002
                 (22) 

magram es aris ganrTuli (programuli) marTvis kanoni, anu 

marTvis kanoni uku kavSiris gareSe. aCqarebis pirdapiri gazomvis 

SesaZleblobis gamoyenebiT marTvis obieqti  SeiZleba gadavaqcioT 

marTvis kanonad uku kavSiriT. am mizniT sakmarisia sawyisi fazuri 

mdgomareoba mimdinared CaiTvalos, anu davTqvaT  00    и . 

amasTan igulisxmeba, rom marTvis obieqti iseTnairad misdevs 

saboloo wertils f , rom davalebis Sesrulebis dro T – t= T 

mudmiv sidided CaiTvalos. maSin vRebulobT mmarTvel funqcias 

uku kavSiriT marTvisTvis 

)(

2

)(

4

)(

6

)(

6
)(

22 TTTT
t

ff

















 ,                                                          (23) 

procesis mocemul mdgomareobaSi gayvanis zogadi amonaxsnis 

iZulebiTi da gardamali mdgenelebia 












 tKTTKKKTKTTKK

T
fr 3

2

213

3

2

2

10

2

3

5

3

4

9

4

9

5

3

2
[

6
  

  ]2 3

3

2

32 tKtTKK  . 


















 



t
T

Bt
T

Ae T

t

tr

2
sin

2
cos

2

 ,                      (24) 

sadac   
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3

524

1

3

0

2

10
54

4

54

5

9

1

6

1
KTKTKTKTA   ; 

3

5

2

4

1

3

0

2

1010
108

27

270

25

36

2

6

2

2

2
2 KTKTKTKTTB    . 

xazi gavusvaT, rom moyvanil gamosaxulebebSi sawyisi 

mniSvnelobebi  1010  и  ar udris (19)-Si moyvanil sawyis 

mniSvnelobebs, ris gamoc Cndeba gardamavali procesi (24), romelic 

drois ganmavlobaSi qreba (amasTan drois mudmiva udris 
2

T
), anu 

obieqti gamodis iZulebiT traeqtoriaze (24), rasac mivyevarT 

daaxloebis amocanis srul amoxsnamde.  

xSirad terminaluri marTvis praqtikuli amocanebis 

gadasawyvetad daaxloebis amocanis oTxi sasazRvro piroba (19) 

arasakmarisia. magaliTad, damuxruWebisas ar kmara saboloo 

siCqaris nulTan gatoleba. sruli gaCerebisTvis aucilebelia 

agreTve saboloo aCqarebis nulTan gatoleba. maSasadame, Cndeba 

aCqarebasTan dakavSirebuli damatebiTi sasazRvro piroba (mexuTe)  

t=0; 0  ;  0   ,            t=T; f  ;  f   ;1 f   .                        (25) 

ar mogvyavs martivi, Tumca sakmaod grZeli gardaqmnebi da 

pirdapir warmovadgenT mmarTveli funqciisTvis saboloo 

gamosaxulebas  

     





 ff
tTtT

t
)(

6

)(

12
)(

2
.                                                     (26) 

aCqarebis saboloo mniSvnelobas vgulisxmobT 0f  saxiT, rac 

bunebrivia damuxruWebis (gaCerebis) amocanisTvis. 

ganzogadebuli sivrciTi brunvebis spinoruli warmodgenis 

safuZvelze SemuSavebuli sivrciTi brunvebis kinematikis 

spinorulma modelma (Tavi II) da mbrunavi  obieqtebis moZraobis 

saboloo mdgomareobis marTvis Teoriis meTodebma  saSualeba 
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mogvces Segveqmna sivrciTi brunvebis saboloo mdgomareobis 

marTvis martivi meTodebi.   

sivrciTi moZraobis marTvis arsebiTad samganzomilebiani 

amocana dayvanilia erTganzomilebianze, radgan mbrunavi veqtoris 

koordinatebi ganisazRvra brunvis erTi, brunvis sibrtyeSi mdebare 

kuTxis funqciis saxiT. cxadia, rom msgavsi saxis moZraobis 

Sesabamisi traeqtoriebi sami bunebrivi monakveTisgan Sedgeba: 

gaqanebis, Tanabari brunvisa da damuxruWebis. marTvis amocana 

formulirebuli iyo Semdegnairad. saWiroa brunvis meSveobiT 

gadaviyvanoT ),,( 321 xxxx  koordinatebis mqone marTvis obieqti (mo) 

samganzomilebiani sivrcis ),,( 321 yyyy  koordinatebis mqone wertilSi 

sawyis etapze brunvis procesi modelirebul iyo MatCAD-is 

saSualebebiT. sawyisi da saboloo veqtorebis saxiT aRebuli iyo 

x(10,-45,30) da y(1,20,51.225). cxadia, rom maT Soris kuTxe tolia 

0

2
65.77)

),(
cos( 

x

yx
arf , romelic  daiyo sam tol nawilad 

3/f =25.880; 
3/2 f =51.770 da f =77.650, anu, am SemTxvevaSi 

3

2

3

1
21   и

. SemdgomSi gamoviyenoT radianebSi gamosaxuli 

kuTxeebis mniSvnelobebi, amitom 
3/f =0.452; 

3/2 f =0.904 da f =1.355., 

miviRoT, rom kuTxuri siCqare tolia  = 1 da brunvis droc agreTve 

T = 1 wm.  davuSvaT agreTve isic, rom samive etapis xangrZlivoba 

erTnairia, anu rom 
333.0

3
1 

T
T

 wm. 

radgan amJamad vixilavT brunvis sawyis etaps, sasazRvro 

pirobebs Semdegi saxe eqneba  

t=0; 
00 

;  
00 

, t=T1; 
452.0f ;  

1 ff 
.  

zemoT moyvanili Sedegebis gamoyenebiT miviRebT nax.2-ze 

moyvanil brunvis sawyisi etapis marTvis dinamikur maxasiaTeblebs.  
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Nnaxazi 2. moZraobis sawyisi ubani: brunvis kuTxis sididis droze 

damokidebuleba:  

a) iZulebiTi mdgeneli;  b) gardamavali mdgeneli;  g) fazuri 

traeqtoria. 

 

N 

naxazi 3. moZraobis sawyisi ubani: kuTxuri siCqaris droze 

damokidebuleba: 

a) iZulebiTi mdgeneli; b) gardamavali mdgeneli; 

 

  
a) 

b) a) 

b
) 

b) 
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nax. 2b aCvenebs gardamavali procesis arsebobas, Tumca is ori 

rigiT sustia iZulebiT Semadgenelze (nax. 2a) da sakmarisad 

swrafad miileva. aseve swrafad miileva kuTxuri siCqaris 

gardamavali Semadgenelic (nax. 3b), Tumca misi rigi SedarebiTia 

iZulebiTi Semadgenlis rigTan (nax. 3a). fazur traeqtoriasTan 

arsebuli susti CaRunvebi (nax. 2g) aris gardamavali procesis 

Sedegi. 

Tanabari brunvis ubanze marTva ar icvleba, anu gamoiyeneba 

yvela is gantoleba da damokidebuleba, romlebic gamoiyeneboda 

sawyis ubanze. icvleba mxolod sasazRvro pirobebi  

t=0; 
452.00 

;  
10 

, 

t=T1; 
904.0f ;  

1 ff 
.                                                                   (27) 

nax. 4-ze naCvenebia marTvis procesis dinamikuri maxasiaTeblebi 

Tanabari brunvis ubanze: 

 

         

 

 

 

a) b) 

g) 



29 

 

 

naxazi 4. Tanabari brunvis ubani: brunvis kuTxis 

damokidebuleba droze:  

a) iZulebiTi Semadgeneli; b) gardamavali Semadgeneli;  

g) fazuri traeqtoria. 

 

naxazi 5. Tanabari brunvis ubani: kuTxuri siCqaris 

damokidebuleba droze:  

a) iZulebiTi Semadgeneli; b) gardamavali Semadgeneli;  

kidev erTxel kargad Cans, rom marTva kargad amuSavebs mo-is 

sasazRvro pirobebs marTvis periodis boloSi T=0.33 wm. namdvilad 

gaaCnia mocemuli kuTxuri koordinati 904.0f  da siCqare 1f . 

adgili aqvs gardamaval process, Tumca gardamavali Semadgeneli 

kuTxuri koordinatis funqciisTvis umniSvneloa (nax. 3g) maSin, 

rodesac misi siCqaris funqcia (nax. 5b) Sedarebadia iZulebiTTan 

(nax. 5a).  

sruli gaCerebiT dasrulebuli damuxruWebis procesi iTxovs 

xuTi pirobis mqone amocanis gamoyenebas, radgan cxadia, rom 

brunvis boloSi aCqareba nulis toli unda iyos. naTqvamis 

gaTvaliswinebiT, sasazRvro pirobebi Semdeg saxes iRebs   

t=0; 904.0 ;  1 , 

t=T; 355.1 ;  0 ; 0 . 
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naxazi 6. damuxruWebis ubani (gardamavali procesis arseboba): 

brunvis kuTxis sididis damokidebuleba droze: a) iZulebiTi 

mdgeneli;  

b) gardamavali mdgeneli; g) fazuri traeqtoria. 
 

nax.6-ze moyvanilia dinamikuri maxasiaTeblebi, rodesac 

.00 010010   и  am SemTxvevaSi warmoiqmneba gardamavali 

procesi. wina ubnebisgan gansxvavebiT, am SemTxvevaSi gardamavali 

procesebis intensivoba savsebiT Sedarebadia damyarebulebTan, 

Tumca ki isini swrafad miileva. cxadia, rom swored gardamavali 

procesebis intensivobiT aixsneba kuTxuri gadaadgilebis 

damyarebul da srul funqciaTa Soris mniSvnelovani gansxvavebebi. 

amis miuxedavad, marTva mainc kargad amuSavebs sasazRvro pirobebs.   
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Sedegebi 

2. sivrciTi moZraobebis marTvis arsebiTad samganzomilebiani amocana 

iqna dayvanili erTganzomilebianze 

8. brunvebis aRsawerad pirvelad gamoyenebulia maTi spinoruli 

warmodgena. miRebulia martivi gamosaxulebebi mmarTveli 

orTogonaluri matricis elementebis gamosaTvlelad brunvis 

centris, sawyisisa da saboloo wertilebis koordinatebis 

mixedviT;   

9. miRebulia mmarTveli eileris kuTxeebis gamosaTvleli martivi 

sainJinro formulebi; 

10. SemuSavebulia terminaluri marTvis zogadi variaciuli principis 

dasabuTeba 

11. SemuSavebulia sivrciTi brunvebis moZraobis marTvis terminaluri 

amocanebis gadawyvetis zogadi variaciuli meTodi;  

12. SemuSavebulia martivi adaptiuri algoriTmebi terminaluri marTvis  

sxvadasxva kerZo amocanebis (gaqanebis, dayvanis da daaxloebis) 

gadasawyvetad 

13. SemuSavebulia adaptiuri algoriTmebis programuli uzrunvelyofa 

Matcad sistemis gamoyenebiT 
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