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naSromis zogadi daxasiaTeba 

kvlevis aqtualoba. teqnikuri sistemebis marTvis amocanebi 

qveamocanebis saxiT Seicaven adekvaturi maTematikuri modelebis 

miRebas, agreTve, sistemis funqcionirebis optimaluri pirobebis 

Ziebas. am sakiTxebis gadawyvetisaTvis farTod gamoiyeneba eqs-

perimentis maTematikuri dagegmvis meTodebi, romlebic mniSvne-

lovnad amcireben sistemis Sesaswavlad saWiro drosa da dana-

xarjebs, amaRleben kvlevis utyuarobas, axdenen mkvlevaris Sro-

mis gaintensiurebas, gvaZleven saSualebas miviRoT Sesaswavli 

faqtorebis zemoqmedebis raodenobrivi Sefasebebi, maTematikuri 

modelebi, agreTve, sistemebi xarisxis maRali maxasiaTeblebiT. 

eqsperimentis dagegmvaSi sakuTriv eqsperimenti ganixileba 

rogorc kvlevisa da optimizaciis obieqti, Sesaswavli sistemis 

Sesaxeb informaciis Sesabamisad xorcieldeba eqsperimentis op-

timaluri marTva, kvlevis strategiis Secvla yoveli obieqti-

saTvis optimaluri strategiis arCeviT. 

Tumca, realobaSi gegmebis optimalurobis maxasiaTeblebi 

maxinjdeba. es ganpirobebulia imiTac, rom optimaluri gegmebis 

realizacia saWiroebs gamosakvlevi faqtorebis zusti doneebis 

dayenebas, dayeneba ki xorcieldeba sazomi saSualebebis gamoye-

nebiT, romlebic xasiaTdebian garkveuli cdomilebebiT.  

rac ufro metia gazomvis saSualebebis cdomilebebi ga-

mosakvlevi faqtorebis doneebis dayenebisas, miT ufro metad 

irRveva optimalurobis maxasiaTeblebi. amitom garkveul inte-

ress badebs gegmis ama Tu im Tvisebebze gazomvis saSualebebis 

cdomilebebis gavlenis gamokvleva. 

sadisertacio naSromis ZiriTadi mizani. warmodgenili sadi-

sertacio naSromis mizania mesame rigis kompoziciuri simetriuli 

da ekonomiuri rotatabeluri gegmebis kvleva ori da sami faq-

toris SemTxvevaSi gazomvis saSualebaTa cdomilebebis gaTva-

liswinebiT; am gegmebis SedarebiTi analizi eqsperimentis Sec-

domebis pirobebSi. 
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ZiriTadi amocanebi. zemoCamoyalibebuli miznebis Sesasru-

leblad samuSao iTvaliswinebs Semdegi ZiriTadi amocanebis 

gadawyvetas: algoriTmis da Sesabamisi programebis damuSaveba 

Matlab-Si imisaTvis, rom moxdes sakvlevi gegmebis koordinatebze 

cdomilebebis zeddebis imitacia; sazomi saSualebebisaTvis dama-

xasiaTebeli cdomilebebis gavlenisas mesame rigis kompoziciu-

ri rotatabeluri gegmebis Tvisebebis cvlilebis gamokvleva; 

eqsperimentis Secdomebis SemTxvevaSi yvela sakvlevi gegmisaTvis 

TiToeuli Tvisebis gauaresebis xarisxis gansazRvra; ori da sa-

mi cvladis Semcveli mesame rigis deformirebuli rotatabelu-

ri gegmebis SedarebiTi analizi. 

kvlevis obieqti da meTodebi. kvlevis obieqts warmoadgenen 

rotatabelurTan miaxloebuli simetriuli da ekonomiuri mesame 

rigis gegmebi ori cvladisaTvis, agreTve mesame rigis rotatabe-

luri gegmebi sami cvladisaTvis.  

sadisertacio naSromSi gamoyenebulia eqsperimentis dagegm-

vis Teoriis, optimizaciis eqsperimentul-statistikuri meTodebi-

sa da maTematikuri statistikis ZiriTadi debulebebi, agreTve 

egm-ze statistikuri modelirebis meTodebi, romelTa saSualebi-

Tac dadasturebulia kvlevis ZiriTadi Sedegebi. 

naSromis ZiriTadi Sedegebi da mecnieruli siaxle. deta-

lurad aris Seswavlili ori cvladis Semcveli mesame rigis 

kompoziciuri simetriuli da ekonomiuri rotatabeluri gegmebis 

D-, A-, E-, G-, Q- optimalurobis da orTogonalurobis Tvisebebi 

sazomi saSualebebis sxvadasxva cdomilebebis gaTvaliswinebiT. 

eqsperimentis sxvadasxva Secdomis SemTxvevaSi gamokvleulia 

sami cvladis Semcveli mesame rigis kompoziciuri rotatabeluri 

gegmebis Tvisebebi, romlebic dakavSirebulia rogorc regresiis 

gantolebis koeficientebis Sefasebis sizustesTan, aseve miRe-

buli modelis daxmarebiT gamoZaxilis mniSvnelobebis winaswar-

metyvelebis sizustesTan. 
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meore jgufis kriteriumebze sazomi saSualebebis cdomi-

lebebis gavlenis Seswavlisas miRebulia Sedegebi gansxvavebuli 

sididis kvadratis da kubis mqone sxvadasxva sakvlevi arisaTvis. 

moyvanilia SedarebiTi analizi ori cvladis Semcveli mesa-

me rigis simetriuli Teqvsmetwertiliani da ekonomiuri Tormet-

wertiliani rotatabeluri gegmebisaTvis. 

warmodgenilia monacemebi sami cvladis Semcveli mesame ri-

gis rva rotatabeluri gegmis SedarebiTi analizis Sesaxeb. 

kvlevis Sedegad miRebuli monacemebi eqsperimentators aZ-

leven saSualebas Seafasos rotatabeluri gegmebis Tvisebebis 

gauaresebis xarisxi, romelic dakavSirebulia rogorc Sesabamisi 

regresiis gantolebis koeficientebis Sefasebis sizustesTan, 

aseve agebuli modelis meSveobiT gamoZaxilis mniSvnelobebis wi-

naswarmetyvelebis sizustesTan. 

Sedegebis gamoyenebis sfero. Sesrulebuli samuSaos Sede-

gebi saSualebas iZleva dainergos eqsperimentis dagegmvis meTo-

debi praqtikaSi nebismieri sawarmoo procesis marTvaSi (opti-

mizaciaSi) mag: qimiur, metalurgiul, manqanaTmSeneblobis, saam-

Seneblo farmacevtul mrewvelobaSi da a.S. radganac samuSao 

moicavs eqsperimentatorisaTvis gankuTvnil saWiro monacemebs, 

meTodikas da rekomendaciebs - igi unda daexmaros mas ori da 

sami cvladis Semcveli mesame rigis rotatabelur gegmebTan mu-

SaobaSi sxvadasxva sazomi saSualebebis gamoyenebisas, romelTac 

axasiaTebT sxvadasxva cdomilebebi, aseve  optimaluri gegmebis 

faqtorebis doneebis dayenebaSi. 

naSromis aprobacia. sadisertacio Temis irgvliv naSromis 

ZiriTadi Sedegebi sxvadasxva wlebSi moxsenebul da ganxilul 

iqna samecniero-teqnikur konferenciebze da seminarebzze. maT 

Soris: 

1. Берая Н.О., Гварамия Е.Г. Влияние характерных для измерительных 

средств погрешностей на некоторые свойства одного из ротатабельных планов 

третьего порядка для трех переменных. Международная  научно-практическая 

конференция «Наука в современном мире», Россия, Таганрог, 22 марта 2011. 
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2. Гварамия Е.Г. Берая Н.О. Исследование  изменения свойства D-опти-

мальности некоторых из ротатабельных планов третьего порядка для трех пере-

менных при наличии ошибок эксперимента. saerTaSoriso samecniero-

teqnikuri konferencia “marTvis avtomatizebuli sistemebi da 

Tanamedrove sainformacio teqnologiebi”, Tbilisi, 2011 w. 20-22 

maisi. 

3.  Берая Н.О., Гварамия Е.Г. Исследование свойств, связанных с точ-

ностью предсказания значений отклика с помощью построенной модели 

двухфакторных ротатабельных планов третьего порядка в условиях ошибок 

эксперимента. II Международная научно-практическая конференция «В мире 

научных открытий», Россия, Таганрог, 9 января 2012. 

disertaciis ZiriTadi Sedegebi asaxulia 6 samecniero naS-

romSi (sia disertaciis boloSi). 

sadisertacio naSromis struqtura da moculoba. sa-

disertacio naSromi Sedgeba Sesavalis, sami Tavis, ZiriTadi 

daskvnebis da gamoyenebuli literaturis nusxisagan. naSromis 

ZiriTadi nawilis moculoba Seadgens nabeWdi teqstis 169 

gverds, literaturis nusxa Seicavs 82 dasaxelebis bibliogra-

fiul wyaros.  
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Abstract 

Tasks of management of engineering systems include creation of appropriate 

mathematical models and research of optimal conditions for system operation. 

Methods of mathematical planning of experiment are widely used for carrying out 

these tasks.  

In practice, specifications of optimal plans are distorted. Realization of optimal 

plans requires assignment of precise levels of researched parameters. Assignment is 

made by means of measuring devices which are characterized by certain inaccuracy.   

When levels of researched parameters are assigned, higher inaccuracy of 

measuring devices conditions higher distortion of specifications of optimality. 

Therefore, research of impact of inaccuracies of measuring devices upon certain 

characteristics of plan is interesting. 

Experiment is considered as the object of research and optimization in the 

process of planning.  Optimal management of experiment is based on the information 

about the studied system. Strategy of research changes by means of choosing optimal 

strategy for each object.  

The objective of presented dissertation is to research third-rank, compositional, 

symmetrical, economical and rotatability plans with two and three factors taking into 

consideration inaccuracies of measuring devices.  

The practical value of the work is that it includes necessary data, techniques 

and recommendations. 

The main objectives include development of algorithm and corresponding 

program in Matlab for imitation of overlap of inaccuracies on coordinates of 

researched plans; for studying the changes of different characteristics of third-rank 

compositional rotatability plans under the influence of specifications of inaccuracies 

of measuring devices; for determination of level of degradation of characteristics of 

researched plans in consideration of the errors of experiment;  for comparative 

analysis of third-rank, deformed, rotatability plans with two and three variables. 

Algorithms and corresponding programs of Matlab are developed for studying 

the changes of characteristics of third-rank rotatability plans. 

Specifications of D-, A-, E-, G-, Q-optimality and orthogonality, of third-rank 

compositional, symmetrical and economical rotatability plans with two variables are 

studied in consideration of different inaccuracies of measuring devices.  

Characteristics of third-rank compositional rotatability plans are studied for three 
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variables. Study is linked to precise determination of regression coefficients and 

precise prediction of values of response by means of derived model with different 

errors of experiment. 

 The influence of inaccuracies of measuring devices on criterions of second 

group is studied and the results are derived in different fields as cubes and squares of 

different size. On the basis of studies of influence of inaccuracies on each 

specification of third-rank rotatability plan, limits of corresponding values of 

criterions are determined and therefore, corridors of dissipation of characteristics are 

derived.  

Comparative analysis is made for symmetrical 16-point and economical 12-

point rotatability plans with two variables. Data of comparative analysis of eight third-

rank rotatability plans with three variables is given. 

The results of study enable experimenter to estimate levels of degradation of 

specifications of rotatability plans, which are linked to precision of estimation of 

coefficients of corresponding equation of regression and to precision of predictions of 

values of response with constructed model.  

The practical value of the work is that it includes necessary data, 

techniques and recommendations for experimenters. They must help 

experimenters in the work with third-rank rotatabiliy plans with two and three 

variables, when they assign levels of parameters of optimal plans by means of 

measuring devices with different inaccuracies. 
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T a v i 1. eqsperimentis kompoziciuri dagegmvis 

Tanamedrove mdgomareobis literaturuli mimoxilva 

pirvel TavSi dawvrilebiT aris ganxiluli eqsperimentis da-

gegmvis meTodebTan dakavSirebuli sakiTxebis Tanamedrove mdgo-

mareoba. 

mocemulia ori da sami cvladis Semcveli mesame rigis ro-

tatabeluri gegmebis agebis principebi. 

ase magaliTad, mesame rigis kompoziciur rotatabelur geg-

mebSi ori cvladisaTvis Tavdapirvelad realizdeba D1 gegmis is 

nawili, romlis eqsperimentuli monacemebis safuZvelzec xdeba 

sakvlevi procesis aRwera meore rigis polinomis meSveobiT. ma-

galiTad, aviRoT meore rigis rotatabeluri gegma: 

 

 

                                              

              D1 = 

 

 
 
 
 

 
 

mxolod misi araadekvaturobis SemTxvevaSi imisTvis, rom 

Sefasdes mesame rigis polinomis yvela (aTi) koeficienti, mas 

emateba gegmis meore nawili, romelic avsebs pirvels simet-

riulad ganlagebuli wertilebiT. polinoms aqvs Semdegi saxe: 

     xxbxxbxbxbxxbxbxbxbxbby ~~~~~~~~~~~~ˆ 2

1112

2

21122

3

2222

3

11112112

2

222

2

11122110  .   (2) 

meore nawili agreTve warmodgenilia meore rigis gegmis sa-

xiT, romlis centric emTxveva pirveli nawilis centrs (nax.1), 

sadac oTxi wertili () koordinatebiT (а, а) ganlagebulia 

kvadratis wveroebSi 2a-s mxridan, oTxi aqsialuri - e.w. varskvla-

vuri wertili (), ganlagebulia wyvil-wyvilad sakoordinato 

RerZebis gaswvriv da daSorebulia centridan Sesabamisad 1=ha 

da 2=ha manZilebiT. h warmoadgens masStabur mamravls, rome-

lic gansazRvravs aqsialuri wertilis daSorebas axali kvad-

 
     

1
~x    2

~x    
  

        - 1    - 1     

       - 1   + 1    

       +1    - 1     

       +1   + 1   

    - 2      0                                       

   + 2      0     

        0   - 2  

        0  + 2  

                                           
                                                                     

  .                                                                                 

(1) 
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ratis mxridan. gansaxilveli simetriuli kompoziciuri gegmebi-

saTvis 1=2=. 

 

 

 

 

 

 

 

 

 

 
 

 

 

nax. 1. mesame rigis kompoziciuri gegmis geometriuli ilustracia 
 

 

radganac rotatabelur gegmebSi dispersias  ŷ2  gaaCnia er-

Ti da igive mniSvneloba faqtoruli aris yvela ekvidistanturi 

wertilisaTvis, informaciuli konturebi unda warmoadgendnen 

koncentrul wrewirebs. misi miRweva SesaZlebeli iqneba, Tu masS-

taburi mamravli toli iqneba 2 -is. 

amrigad, sakvlev mesame rigis kompoziciur gegmas ori cvla-

disaTvis aqvs Semdegi saxe: 

                                                       1
~x    2

~x  

 

 

 

 

 

                                                      

                         D= 








2

1

D

D
= 

 
 
 
 

 
 
gegmis iseTi Tvisebebi, rogoricaa D-, A-, E-optimaluroba da 

orTogonaluroba, erTmaneTTan dakavSirebulia regresiis ganto-

lebis koeficientebis Sefasebis sizustiT, romlebic gani-

sazRvreba matricul formaSi Cawerili Semdegi gamosaxulebiT 

       
1

~x    2
~x      

 

 

 

D2 = 

       - a    - a     
       - a   + a    
       +a    - a     
       +a   + a   
      - ha     0                               
     + ha     0     
         0    - ha 
         0   + ha 

                                           

   

 

 ,          (3) 

        - 1    - 1     
       - 1   + 1    
       +1    - 1     
       +1   + 1   
      - 2     0                               
    + 2      0     

        0   - 2  

        0  + 2  
      - a     - a     
      - a    + a    
      +a     - a     
      +a    + a   

   - 2 a     0                               
  + 2 a      0     

       0    - 2 a 

       0    + 2 a 

                                           

   

 

 

 

                                                                              

 

,                                                              (4)   

a 

1 

=ha 

1
~x  

2
~x
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                                                  В=( )
-1

Y,                                                    (5) 

 

sadac warmoadgens fiSeris informaciul matricas, (

)
-1 – kovariaciul matricas, xolo X

~
 – dagegmvis mat-

ricas, romelic miiReba sakvlevi simetriuli gegmis gafarToe-

biT Sesabamisi svetebiT, rac gansazRvravs mesame rigis poli-

nomis (2) yvela koeficients.  

vinaidan, ori cvladisaTvis mesame rigis (2) modelSi Sesa-

fasebeli koeficientebis raodenoba (10) gacilebiT naklebia cde-

bis raodenobaze (N=16), gegma araa gajerebuli da tyuilubra-

lod ixarjeba cdebis didi raodenoba. amitom am qveTavSi gan-

xilulia ufro ekonomiuri mesame rigis kompoziciuri simetriu-

li gegma ori cvladisaTvis.  

am gegmaSi boqsis meore rigis rotatabeluri gegmis erT 

wrewirze ganlagebul rva wertils emateba oTxi wertili kvad-

ratis wveroebSi. 

amrigad, sakvlev mesame rigis ekonomikur kompoziciur gegmas 

ori cvladisaTvis aqvs Semdegi saxe: 

 

 

 

 

                                                      

                     D= 








2

1

D

D
= 

 
 
 
 

 
 
mesame rigis samcvladian kompoziciur rotatabelur gegmeb-

Si Tavdapirvelad realizdeba gegmis is nawili, romlis eqsperi-

mentuli monacemebiT sakvlevi sistema SeiZleba aRiweros meore 

rigis polinomiT da mxolod misi araadekvaturobis SemTxvevaSi 

emateba gegmis meore nawili da orive nawilis monacemebiT sis-

tema aRiwereba mesame rigis polinomiT. damtkicebulia, rom mesa-

me rigis rotatabeluri gegmebis yvela wertili, centraluris 

XXT
~~

TX
~

XXT
~~

XXT
~~

      
1

~x    2
~x      

        - 1    - 1     
       - 1   + 1    
       +1    - 1     
       +1   + 1   
      - 2     0                               
    + 2      0     

        0   - 2  

        0  + 2  
      - a     - a     
      - a    + a    
      +a     - a     
      +a    + a   

                                           

   

 

                                                                              

 

,                                                            (6)   
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gamoklebiT, qmnis sul mcire or sferosebr daSorebas sxvadasxva 

aranulovani radiusebiT. aseTi sferosebri daSorebebis saxiT 

SeiZleba miviRoT meore rigis rotatabeluri gegmebi. qvemoT 

mocemulia meore rigis rotatabeluri gegmebi sami cvladi-

saTvis, romlebic gamoiyeneba mesame rigis rotatabeluri gegme-

bis agebis dros. 
 

D1 D2 D3 

(a, a, a) 
(c1, 0, 0) 
(0, c1,  0) 
(0, 0, c1) 

(c2, 0, 0) 
(0, c2, 0) 
(0, 0, c2) 

(a1, a1, a1) 
(a2, a2, a2) 

(c, 0, 0) 
(0, c, 0) 

(0, 0, c) 

(f, f,  0) 
(f, 0, f) 
(0, f, f) 
(c1, 0, 0) 

(0, c1,  0) 
(0, 0, c1) 
(c2, 0, 0) 
(0, c2,  0) 
(0, 0, c2) 

D4 D5 D6 

(f, f,  0) 
(f, 0, f) 
(0, f, f) 

(a, a, a) 
(c, 0, 0) 
(0, c, 0) 
(0, 0, c) 

(p, q, q) 
(q, p, q) 
(q, q, p) 

(a, a, a) 
 

(p, q, q) 
(q, p, q) 
(q, q, p) 

(c, 0, 0) 
(0, c, 0) 
(0, 0, c) 

 
 

samganzomilebian variantSi cnobilia mesame rigis ramde-

nime rotatabeluri gegma, romlebic miiReba meore rigis rota-

tabeluri ganlagebebis kombinirebiT:  

I 
D1  
D4 

a=1, c1=c2=2
1/2 

f=2
1/2

,  a=1, c=2 
II 

D2  
D3 

a1=a2=1, c=2 
c1=c2=f=2

1/2 

III 
D2  
D4 

a1=0.5578, a2=0.4097, c=1 
f=0.7201, a=0, c=0.8564 

IV 
D3  
D4 

f=c1=c2=1 
f=0.9357, a=0.8646, c=1.5653 

V 
D3  
D5 

f=c1=c2=1 
p=1.4078, q=0.5112, a=0.7832 

VI 
D3  
D5 

f=c1=c2=1 
p=1.5205, q=a=0.5980 

VII 
D3  
D5 

f=1, c1= 2
1/2

, c2=0 
p=1.5167, q=0.6037, a=0.5042 

VIII 
D3  
D6 

f=c1=c2=1 
p=0.9848, q=0.5748, c=1.4453 

 

aseTi gegmebis monacemebiT SegviZlia SevafasoT Sesabamisi 

mesame rigis polinomis oci koeficienti 

 

 2

322333

2

22233

2

1113

2

31133

2

211222

2

1112

3

3333

3

2222

3

1111
~~~~~~~~~~~~~~~ xxbxxbxxbxxbxxbxxbxbxbxb

     321123
~~~ xxxb .                                                                                                        (7) 

 2

333

2

222

2

1113223311321123322110
~~~~~~~~~~~~ˆ xbxbxbxxbxxbxxbxbxbxbby
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naSromSi ganxiluli meore da mesame rigis kompoziciuri 

rotatabeluri gegmebis optimalurobis kriteriumebi SeiZleba 

davyoT Semdeg jgufebad: 

pirvel jgufs ganekuTvneba kriteriumebi, romlebic dakav-

Sirebulia regresiis gantolebis Sefasebebis sizustesTan. maT 

miekuTvneba gegmebis iseTi Tvisebebi, rogoricaa maTi orTogo-

naluroba, D-, A-, E-optimaluroba da sxva. 

meore jgufis optimalurobis kriteriumebi modelis agebis 

(2 an 7) meSveobiT gansazRvraven gamoZaxilis mniSvnelobebis 

winaswarmetyvelebis sizustes. meore jgufs miekuTvneba gegmis 

iseTi maxasiaTeblebi, rogoricaa: rotatabeluroba, uniformalu-

roba, G- da Q-optimaluroba, eqstremumis koordinatebis Sefa-

sebis maqsimaluri sizuste da a.S. 

kompoziciuri gegmebis realizacia moiTxovs gamosakvlevi 

faqtorebis zusti doneebis dayenebas. dayeneba xorcieldeba sa-

zomi saSualebebis gamoyenebiT, romelTac gaaCniaT garkveuli 

cdomilebebi. cdomilebebis zeddebis Sedegad Teoriuli gegmebi 

praqtikulad deformirdebian. 

aqedan gamomdinare icvleba rogorc eqspermentis gegma, aseve 

dagegmvis matrica, informaciuli da kovariaciuli matricebi, Se-

sabamisad gegmis maxasiaTeblebi, rogoricaa D-, A-, E-, G-, Q-opti-

malurobebi, orTogonaloba da sxv. rac ufro metia gazomvis sa-

Sualeebis cdomilebebi gamosakvlevi faqtorebis doneebis daye-

nebisas, miT ufro metad irRveva optimalurobis maxasiaTeblebi. 

amitom garkveul interess badebs gegmis ama Tu im Tvisebebze ga-

zomvis saSualebebis cdomilebebis gavlenis gamokvleva. 
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T a v i  2.  eqsperimentis Secdomis arsebobis 

SemTxvevaSi mesame rigis orcvladiani rotatabeluri 

gegmebis Tvisebebis gamokvleva 

ori cvladis Semcveli mesame rigis simetriuli kompozi-

ciuri gegmebis gamokvlevisas eqsperimentis Secdomebis gaTvalis-

winebiT xorcieldeboda sazomi saSualebebis cdomilebebis gav-

lenis imitacia. es miiRweoda gegmis wertilebis koordinatebze 

SemTxveviTi ricxvebis zeddebiT, romlebic ganawilebuli iyvnen 

normaluri kanoniT. aseTi ricxvebis formireba xdeboda SemTxve-

viTi ricxvebis   standartuli programis meSveobiT, romelsac ga-

aCnda nulovani saSualo ariTmetikuli da =0.33 saSualo kvad-

ratuli gadaxra, maTi 100-ze gayofiT miiReboda 1%-iani cdomi-

lebebis ekvivalenti, xolo sxvadasxva cdomilebebis imitaciisaT-

vis 1%-iani ekvivalenti mravldeboda -ze: =
100


 . 

mravaljeradi generirebis Sedegad, aradeformirebuli geg-

mis TiToeuli wertilis garSemo miiReboda wertilebis Rrubeli 

(nax.2), saidanac SeiZleba warmoqmniliyo deformirebuli gegmis 

nebismieri konfiguracia. 

 

 

 

 

 

 
 

 
 
 
 
 
 

nax. 2. orcvladiani mesame rigis mravaldeformirebuli simetriuli 
kompoziciuri gegmebis grafikuli ilustracia 

 
 

sazomi saSualebebis cdomilebebis gamo mesame rigis simet-

riuli gegemis koordinatebi icvleba Semdegnairad: 

 
 

1
~x  

2
~x
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                                  D= 

 

 

 
 
 
 
 
 
 
 
 
 

Sesabamisad icvleba gegmebis dagegmvis da Tvisebebis mat-

ricac. 

aseTi saxiT generirebuli gegmebisaTvis, kvadratis sxva-

dasxva zomebiT a=0.5 da 1.5, ganisazRvreboda yvela gamosakvlevi 

kriteriumis mniSvnelobebis Sesabamisi simravleebi da yoveli 

maTganisaTvis arsebuli sxvadasxva cdomilebebis arsebobisas ga-

moiyofoda minimaluri da maqsimaluri mniSvnelobebi, romlebic 

qmnidnen derefans. yvela kvleva tardeboda sazomi saSualebebis 

cdomilebebisaTvis 0.01%-dan 10%-mde. 

ase magaliTad, D-optimalurTan miaxloebuli mesame rigis 

orcvladiani simetriuli kompoziciuri gegmis kvlevisas gegmis 

damaxinjeba miiRweoda TiToeul mis elementze SemTxveviTi si-

didis damatebiT. damaxinjeba Seesabameboda 0.01-0.09%-s (pirvel 

diapazonSi), 0.1-0.9%-s (meore diapazonSi) da 1-10%-s (mesame diapa-

zonSi).  

mimarTva xorcieldeboda SemTxveviT ricxvebTan asjer. asi 

miRebuli mniSvnelobidan airCeoda minimaluri da maqsimaluri, 

ris mixedviTac igeboda Secdomebis derefani. imis gamo, rom 

ricxvebis generireba yovel jerze xdeboda SemTxveviTi saxiT, 

zogierT qvemoTmoyvanil cxrilSi cdomilebis zogierTi mniSv-

nelobisaTvis SeiniSneba mciredi ”amovardnebi”, Tumca es gavle-

        
1

~x           2
~x      

        - 1+      - 1+     
       - 1+     + 1+    
       +1+      - 1+     
       +1+     + 1+   
      - 2 +      0+                               
     + 2 +      0+     
        0+     - 2 + 
        0+    + 2 + 
      - a+      - a+     
      - a+     + a+    
      +a+      - a+     
      +a+     + a+   
   - 2 a+       0+                               
  + 2 a+       0+     
       0+     - 2 a+ 
       0+     + 2 a+ 

                                           
   
 
 
 
  
.                                                (8) 
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nas ver axdens cdo-milebebis gazrdiT gegmis Tvisebebis gaua-

resebis saerTo tendenciaze. 

nax.3-ze warmodgenilia M=( )
-1 Secdomebis matricis 

msazRvrelis cvlilebebis grafikuli Sedegebi, romlebic 

miiReba sxvadasxva sididis k cdomilebebis zeddebiT sami 

cvladis Semcveli mesame rigis rotatabelur gegmebTan 

miaxloebul simetriul gegmebze, kvadratis zomebiT a=0.5.  

cxrilebSi moyvanilia saSualo ariTmetikuli – derefnis 

saSualo xazi da gabneva – saSualo kvadratuli gadaxra, aseve a 

kvadratis sxvadasxva zomebisaTvis minimaluri da maqsimaluri 

mniSvnelobebi. 

 
nax. 3. mesame rigis Teqvsmetwertiliani gegmis D-optimaluroba, roca 

a=0.5 
 

rogorc naxazidan Cans, cdomilebebis gazrdiT izrdeba ag-

reTve Secdomebis derefani. 

cxrilis monacemebis Sesabamisad D-optimaluroba, roca kvad-

ratis zomaa a=0.5 cdomilebebis zeddebiT 0.01%-dan 0.1%-mde uares-

deba 0.17-%-iT, cdomilebis cvlilebisas 1%-mde optimaluroba 

uaresdeba 2.10%-mde, xolo 5%-iani zrdiT es maCvenebeli adis 

12.30%-mde. 

am principis Tanaxmad Seswavlilia da gaanalizebulia eqspe-

rimentis Secdomebis SemTxvevaSi D-optimalurobis Tvisebis 

cvlileba gansaxilveli (Teqvsmetwertiliani da Tormetwertili-

ani) gegmebisaTvis, roca a=0.5 da a=1.5. 

XXT
~~

0 1 2 3 4 5 6 7 8 9 10

2

4

6

8

10

12

14
x 10

-8 det(M-1) 

k,% 
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cxrili 1 
Teqvsmetwertiliani gegmis kovariaciuli matricis minimaluri 

msazRvrelis cvlileba sxvadasxva cdomilebebis zeddebisas (a=0.5) 

 

aseve gamokvleulia gansaxilvel gegmebSi sazomi saSuale-

bebis cdomilebebis gavlena A-optimalurobis Tvisebaze. 

sakvlev gegmebSi miRebulia Secdomebis derefani kovaria-

ciuli matricis umciresi maqsimalurad maxasiaTebeli ricxvis 

cvlilebisaTvis. 

aseve gansazRvruli iyo sidideebi, romlis drosac uares-

deba ori cvladis Semcveli mesame rigis rotatabelurTan miax-

loebuli orTogonaluri Teqvsmetwertiliani da Tormetwerti-

liani orcvladiani gegmis Tvisebebi. 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 

1.0e-007 * 
0.71802694 
0.71536169 
0.71340667 
0.71438374 
0.71030007 
0.70751769 
0.70732366 
0.70355729 
0.70259532 

0.72060557 
0.72236580 
0.72504802 
0.72522383 
0.72718675 
0.72749343 
0.73168621 
0.73353301 
0.73215104 

0.71911891 
0.71893891 
0.71905013 
0.71930441 
0.71885692 
0.71941315 
0.71960600 
0.71932484 
0.71952919 

0.00059675 
0.00139745 
0.00199676 
0.00243920 
0.00360990 
0.00417481 
0.00497661 
0.00579081 
0.00556949 

 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0e-007 * 

0.70934906 
0.68347635 
0.66506652 
0.67424619 
0.63693534 
0.61246533 
0.61095680 
0.57978304 
0.57169237 

0.73524918 
0.75343059 
0.78190926 
0.78381258 
0.80537069 
0.80900417 
0.85693403 
0.87905259 
0.86293379 

0.72023217 
0.71854755 
0.71980731 
0.72250601 
0.71849896 
0.72440618 
0.72691653 
0.72466676 
0.72665429 

0.00597926 
0.01395743 
0.01998496 
0.02465706 
0.03596578 
0.04159375 
0.05039475 
0.05817766 
0.05561160 

 
1.0 
2.0 
3.0 

1.0e-007 * 
0.62865349 
0.43499122 
0.33324339 

0.90102357 
1.15382747 
1.67866223 

0.73420701 
0.72879931 
0.75711476 

0.06126639 
0.14180630 
0.21546444 

 
4.0 
5.0 

1.0e-007 * 

0.38281554 
0.22549303 

1.72901476 
2.27487078 

0.80508396 
0.80755434 

0.29566435 
0.41290296 

 
10 

1.0e-007 * 

0.20502346 8.19133048 1.28976532 1.23469330 
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ganxilulia D tipis meore rigis Teqvsmetwertiliani rota-

tabeluri gegmis Tvisebebi, romlebic dakavSirebulia gamoZaxi-

lis mniSvnelobebis nawinaswarmetyvelebi sizustiT agebuli mo-

delis (2) meSveobiT _ aseTia G- da Q- optimalurobebi.  

zogad SemTxvevaSi winaswarmetyvelebis mniSvnelobis dis-

persia 

            ),()()()(ˆ 121122  x,xfAxf
T dNyαNyy                  (9) 

                                        ),()()()( 1
xfAxfx,

T  d                                            (10) 

sadac                 ),XX(A
T ~~1 N  

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

2

1

2

21

3

2

3

121

2

2

2

121 xxxxxxxxxxxxxf
T

    (11) 

Cvens mier sakvlevi orfaqtoriani mesame rigis polinomialuri 

regresiis SemTxvevaSi.  

 cvladebis z aris romelime ubnis skanirebisas saTiTaod mi-

iReboda wertilebis koordinatebi  ( )(

1
~ iх , )(

2
~ iх ). 

9 da 10-Si am wertilebis dayenebiT ganisazRvreboda sakv-

levi z aris gamoZaxilis mniSvnelobebis winaswarmetyvelebis dis-

persiebi. skanirebis mcire bijiani badis cvlilebisas miiReboda 

monacemebis didi masivi. z kvlevis are warmoadgenda kvadratebs 

zomebiT 0.5х0.5 da 1.5х1.5.  

kvadratis formis mqone sxvadasxva zomis sakvlevi areebi-

saTvis gamokvleulia rotatabelur gegmebSi G- optimalurobis 

cvlileba. 

magaliTad,  2 cxrilebSi moyvanilia Secdomebis derefani, 

romelic miiReboda cdomilebebis gavlenis kvlevisas Tormet-

wertiliani gegmis G-optimalurobaze а=0.5 kvadratis zomiT. 

rogorc miRebuli monacemebis analizma gviCvena, 

cdomilebebis gazrdisas 0.09%-mde, kvadratis formis sakvlevi 

arisaTvis zomebiT 0.5х0.5 (а=0.5), ori cvladis Semcveli meore 

rigis ekonomiuri rotatabeluri gegmis G-optimalurobis Tviseba 

uaresdeboda 0.001%-iT, cdomilebebis gazrdisas 0.1%-dan 0.9%-mde 

uaresdeboda 0.04%-iT, xolo cdomilebebis gazrdiT 1%-dan 5%-

mde sakvlevi Tviseba uaresdeboda 1.60%-iT, analogiuri suraTi 
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miiReboda roca а=1.5. aRniSnul diapazonebSi G-optimalurobis 

Tviseba uaresdeboda 0.007%-iT,  0.09%-iT da 2.06%-iT. 

cxrili 2  

Tormetwertiliani gegmis winaswarmetyvelebis maqsimaluri dispersiis 
minimumis cvlileba kvadratis formis mqone z sakvlev areSi zomebiT 

0.5х0.5 (а=0.5) 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 

9.17443245 
9.17305425 
9.17033293 
9.16918395 
9.16854215 
9.16652447 
9.16338554 
9.16573031 
9.15707337 

9.17888122 
9.18021035 
9.18311190 
9.18474404 
9.18529176 
9.18645260 
9.18891014 
9.19198448 
9.19002590 

9.17647049 
9.17659672 
9.17694289 
9.17738775 
9.17679847 
9.17607662 
9.17629177 
9.17736432 
9.17660115 

0.00072509 
0.00153849 
0.00222555 
0.00305048 
0.00369180 
0.00437357 
0.00525619 
0.00600234 
0.00623465 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

9.15604036 
9.14231838 
9.11449399 
9.10050911 
9.09405178 
9.08418212 
9.04977228 
9.06952330 
8.98106285 

9.20049925 
9.21327719 
9.24185273 
9.25858299 
9.26568952 
9.27327402 
9.30264322 
9.33146786 
9.32982767 

9.17649424 
9.17780286 
9.18148523 
9.18602961 
9.18054689 
9.17353193 
9.17629732 
9.18798411 
9.18050081 

0.00725225 
0.01539062 
0.02220579 
0.03070335 
0.03698854 
0.04336484 
0.05292321 
0.06018660 
0.06227853 

1.0 
2.0 
3.0 
4.0 
5.0 

8.99018969 
8.75572209 
8.59174373 
8.28092101 
8.19680768 

9.350151397 
9.665881834 
9.769099260 
10.18708406 
10.74481428 

9.16959541 
9.20959454 
9.23295743 
9.21974462 
9.31642346 

0.07019516 
0.16478627 
0.24846020 
0.33286907 
0.44518145 

10 7.64592851 13.91491425 9.86278544 1.20646234 
 

detalurad aris gamokvleuli orfaqtoriani mesame rigis Q-

optimaluri rotatabeluri gegmebis maxasiaTeblebis cvlileba 

koordinatebze sazomi saSualebebis cdomilebebisaTvis damaxa-

siaTebeli cdomilebebis zeddebisas. 

gatarebulia gansaxilvel rotatabelur gegmebSi yvela sakv-

levi Tvisebis gauaresebis SedarebiTi analizi. 

me-3 cxrilSi moyvanilia monacemebi, romlebic gviCveneben Tu 

ramdeni procentiT uaresdeba TiToeuli Tviseba Sesabamisad 

Tormetwertiliani da Teqvsmetwertiliani ori cvladis Semcve-

li mesame rigis rotatabeluri gegmebisaTvis. 
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cxrili 3 
mesame rigis ori cvladis Semcveli samfaqtoriani rotatabeluri 

gegmebis maxasiaTeblebis gauareseba, % 

g
eg

ma
 

kv
ad

r
at

is
 z

o
ma

 

c
d
o
mi
l
eb
eb
is

 
d
ia
pa
z
o
ne
b
i 

kriteriumebi 

D A E Ort 

G Q 

0.5x0.5 1.5x1.5 0.5x0.5 1.5x1.5 

T
eq
vs

me
t
-

w
er

t
il

ia
ni
 

a
=

0
.5

 I 
II 
III 

0.05 
0.89 
9.99 

0.01 
0.15 
1.04 

0.09 
0.94 
5.92 

0.44 
4.41 
20.32 

0.003 
0.06 
1.17 

0.01 
0.002 
0.76 

0.003 
0.96 
0.96 

0.01 
0.19 
0.96 

a
=

1
.5

 I 
II 
III 

0.02 
0.33 
3.29 

0.01 
0.02 
0.72 

0.02 
0.14 
3.52 

0.34 
3.70 
17.34 

0.01 
0.20 
3.16 

0.004 
0.12 
2.11 

0.014 
0.16 
0.50 

0.001 
0.03 
0.66 

T
o
r
me
t
-

w
er

t
il

ia
ni
 

a
=

0
.5

 I 
II 
III 

0.06 
1.01 
18.00 

0.01 
0.15 
1.85 

0.13 
1.34 
9.00 

0.38 
3.85 
21.03 

0.001 
0.04 
1.60 

0.06 
0.002 
2.52 

0.001 
0.01 
1.00 

0.04 
0.52 
2.74 

a
=

1
.5

 I 
II 
III 

0.02 
0.28 
11.57 

0.001 
0.08 
1.84 

0.11 
1.19 
9.45 

0.38 
3.85 
21.03 

0.007 
0.09 
2.06 

0.14 
1.61 
10.36 

0.008 
0.03 
2.01 

0.002 
0.01 
1.87 

 
rogorc analizi gviCvenebs, cdomilebebis gazrdisas yve-

laze metad maxinjdeba orTogonaluri rotatabeluri gegmebi. es 

damaxinjeba miT ufro TvalSi sacemia sazomi saSualebebis ma-

Rali cdomilebebis SemTxvevaSi. 

am mxriv saukeTeso aris A-optimaluri rotatabeluri gegma, 

romlis Tvisebebis damaxinjeba umniSvneloa cdomilebebis gansa-

xilveli diapazonebis TviT mesame nawilSic ki. 

mcire cdomilebebis dros aseve umniSvneloa D-optimalu-

robis Tvisebebis cvlilebac. magram 1%-ze maRali cdomilebebis 

SemTxvevaSi ukve SeimCneva am Tvisebis mkveTri gauareseba, ro-

melic ufro mkafiod gamoixateba Tormetwertiliani rotatabe-

lurTan miaxloebul gegmebSi. 

umniSvnelo cvlilebebs ganicdian agreTve Tvisebebi, rom-

lebic agebuli modelis meSveobiT dakavSirebulia gamoZaxilis 

mniSvnelobebis Sefasebis sizustesTan. suraTi praqtikulad igi-

vea, rogorc sakvlevi arisaTvis, romelsac aqvs kvadratis forma 

zomebiT 0.5×0.5, aseve sakvlevi arisaTvis zomebiT 1.5×1.5. 

eqsperimentatorisaTvis SemoTavazebulia informacia imis Se-

saxeb, Tu rogor uaresdeba Tvisebebi TiToeuli gansaxilveli 
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mesame rigis rotatabeluri gegmisaTvis, ris safuZvelzec Se-

iZleba miRebul iqnas gadawyvetileba cdomilebebis garkveul 

diapazonSi ekonomiur gegmebis gamoyenebis an ar gamoyenebis 

mizanSewonilebis Sesaxeb.   

gamokvlevebis safuZvelze SegviZlia miviRoT gadawyveti-

leba, mizanSewonilia Tu ara sazomi saSualebebis mcire cdomi-

lebebis SemTxvevaSi zogierT SemTxvevaSi ufro ekonomiuri Tor-

metwertiliani gegmis gamoyeneba, radganac am dros Tvisebebis 

cvlileba TiTqmis igivea rac ori cvladis Semcveli mesame rigis 

rotatabelur gegmebSi. 
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T a v i  3. eqsperimentis Secdomis arsebobis SemTxvevaSi 

mesame rigis samcvladiani rotatabeluri gegmebis 

Tvisebebis gamokvleva 

sami cvladis Semcveli mesame rigis rotatabeluri gegmebis 

gamokvlevisas eqsperimentebis Secdomebis gaTvaliswinebT, iseve, 

rogorc adre iyo aRwerili, xorcieldeboda sazomi saSualebe-

bis cdomilebebis gavlenis imitacia, rac miiRweoda gegmis wer-

tilebis koordinatebze normaluri kanoniT ganawilebuli SemTx-

veviTi ricxvebis zeddebiT.  

 mravaljeradi generirebis Sedegad aradeformirebuli geg-

mis (nax.4,a) TiToeuli wertilis garSemo miiReboda wertilebis 

Rrubeli (nax.4,b), saidanac SeiZleba warmoqmniliyo defor-

mirebuli gegmis nebismieri konfiguracia. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

               a)                                       b) 
nax.4. grafikuli ilustracia a) sami cvladis Semcveli mesame rigis 
aradeformirebuli kompoziciuri rotatabeluri gegmisaTvis; b) sami 

cvladis Semcveli mesame rigis deformirebuli kompoziciuri 
rotatabeluri gegmebis simravleebisTvis 

 

gazomvis saSualebebSi cdomilebebis arsebobis gamo sami 

cvladis Semcveli mesame rigis rotatabeluri gegmis koordina-

tebi icvleba, Sesabamisad icvleba gegmebis dagegmvis da kovaria-

ciuli matricebic. 

 aseTi saxiT generirebuli gegmebisaTvis ganisazRvreboda 

yvela gamosakvlevi kriteriumis Sesabamisi simravleebi da yove-

li maTganisaTvis arsebuli sxvadasxva cdomilebebis arsebobisas 
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gamoiyofoda minimaluri da maqsimaluri mniSvnelobebi, romlebic 

qmnidnen derefans. yvela kvleva tardeboda gazomvis saSuale-

bebis yvelaze damaxasiaTebeli cdomilebebisaTvis. 

yvela rva sakvlevi samfaqtoriani mesame rigis kompoziciuri 

rotatabeluri gegmisaTvis Seswavlilia sxvadasxva sididis mqo-

ne cdomilebebis gavlena Sesabamisi kovariaciuli matricis gan-

sazRvris sidideze. 

gamokvleulia ganxiluli gegmebis kovariaciuli matricis 

kvalis sidideze cdomilebebis gavlena. 

Seswavlilia cdomilebebis 0.01% _ 10%-ian diapazonSi E-

optimalurobis Tvisebis cvlileba. 

gansazRvrulia sidideebi, romelzec xdeba mesame rigis or-

Togonaluri rotatabeluri gegmebis Tvisebebis gauareseba. 

ase magaliTad, me-5 naxazze naCvenebia Secdomebis derefnis 

grafikuli ilustracia, romlebic miiReboda samcvladiani kom-

poziciuri rototabeluri D1D4 (I) gegmebis A-optimalurobis 

Tvisebis kvlevisas. me-4 cxrilSi  moyvanilia saTanado ricxviTi 

mniSvnelobebi. 

 
nax.5. samcvladiani mesame rigis D1D4 (I) gegmis A-optimaluroba 

 

rogorc cxrilidan Cans, pirvel gansaxilvel diapazonSi 

cdomilebebisaTvis 0.01-0.09%, A-optimalurobis Tviseba uaresdeba 

0.005%-iT, meore diapazonSi, roca cdomilebebi aRwevs 0.1-0.9%-s, 

0 1 2 3 4 5 6 7 8 9 10
1.8

2

2.2

2.4

2.6

2.8

3

3.2

3.4

3.6

k,% 
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uaresdeba 0.04%-iT, xolo mesame diapazonSi 1%-5%-iani cdomi-

lebebisaTvis uaresdeba 3.72%-iT. 

cxrili 4 

samcvladiani mesame rigis D1D4 (I) gegmebisTvis kovariaciuli 
matricis kvalis cvlileba cdomilebebis zeddebisas  

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 

2.45922967 
2.45822620 
2.45815853 
2.45733479 
2.45643768 
2.45640197 
2.45563995 
2.45498458 
2.45583951 

2.46035421 
2.46146157 
2.46123461 
2.46218901 
2.46278788 
2.46379263 
2.46362669 
2.46389674 
2.46690746 

2.45978810 
2.45981474 
2.45986186 
2.45984601 
2.45993005 
2.45966416 
2.45979605 
2.45986215 
2.45991080 

0.00021373 
0.00053486 
0.00072721 
0.00089023 
0.00121122 
0.00142936 
0.00161450 
0.00188239 
0.00227035 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

2.45391594 
2.44392713 
2.44328548 
2.43504578 
2.42619335 
2.42541566 
2.41862703 
2.41239993 
2.42063243 

2.46516240 
2.47634437 
2.47399877 
2.48375232 
2.48930801 
2.49953827 
2.49787917 
2.50137437 
2.53265735 

2.45948535 
2.45974823 
2.46020313 
2.46002129 
2.46087453 
2.45814171 
2.45938427 
2.46000131 
2.46046428 

0.00213628 
0.00535307 
0.00726765 
0.00889044 
0.01212718 
0.01428945 
0.01615430 
0.01883662 
0.02282276 

1.0 
2.0 
3.0 
4.0 
5.0 

2.40196455 
2.30666922 
2.30375285 
2.22135042 
2.15103783 

2.51455932 
2.63761329 
2.60776958 
2.72404861 
2.72211212 

2.45618218 
2.45843227 
2.46124175 
2.45709887 
2.46654791 

0.02125409 
0.05389962 
0.07198419 
0.08725384 
0.12077930 

10 2.10690869 2.88059646 2.51646758 0.20621535 
 
yvela rva sakvlevi samfaqtoriani mesame rigis kompoziciuri 

rotatabeluri gegmisaTvis Seswavlilia sxvadasxva sididis mqo-

ne cdomilebebis gavlena Sesabamisi kovariaciuli matricis gan-

sazRvris sidideze. 

gamokvleulia ganxiluli gegmebis kovariaciuli matricis 

kvalis sidideze cdomilebebis gavlena. 

Seswavlilia cdomilebebis 0,01% _ 10%-ian diapazonSi E-op-

timalurobis Tvisebis cvlileba. 

gansazRvrulia sidideebi, romelzec xdeba mesame rigis or-

Togonaluri rotatabeluri gegmebis Tvisebebis gauareseba. 
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sxvadasxva sididis kubis formis mqone sakvlevi areebisaT-

vis gamokvleulia sami cvladis mqone mesame rigis rotatabelur 

gegmebSi G-optimalurobis cvlileba. 

mesame rigis samfaqtoriani Q-optimaluri rotatabeluri 

gegmebisaTvis detalurad aris gamokvleuli maxasiaTeblebis 

cvlileba mis koordinatebze sazomi saSualebebisaTvis damaxa-

siaTebeli cdomilebebis zeddebisas. 

magaliTad, 5 da 6 cxrilebSi moyvanilia ricxviTi mniSvne-

lobebi, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D3D5(VII) gegmis Q-optimalurobaze, roca z sakvlevi are warmoad-

genda kubebs zomebiT 0.5х0.5х0.5 da 1.5х1.5х1.5 Sesabamisad. 

cxrili 5 

D3D5(VII)  gegmebisTvis winaswarmetyvelebis saSualo dispersiis 
cvlileba kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

 
rogorc 5 cxrilidan Cans, cdomilebebis cvlilebisas 0.01%-

0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.001%-iT, 0.1%-

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 

9.30283480 
9.29920376 
9.29838643 
9.29766115 
9.29503712 
9.29071194 
9.29212348 
9.28667641 
9.28792870 

9.30629455 
9.30793998 
9.31025889 
9.31090789 
9.31517670 
9.31893130 
9.32101531 
9.31860997 
9.32599835 

9.30443216 
9.30427684 
9.30471178 
9.30457875 
9.30396219 
9.30412662 
9.30467125 
9.30306852 
9.30455748 

0.00073053 
0.00171484 
0.00226109 
0.00316232 
0.00416431 
0.00518674 
0.00556491 
0.00618575 
0.00681691 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

9.28583511 
9.26646744 
9.25993855 
9.23298967 
9.21849582 
9.18919188 
9.15492119 
9.18658773 
9.14165965 

9.32335807 
9.35207102 
9.37957144 
9.37477999 
9.39179792 
9.42343932 
9.42676059 
9.46887094 
9.49970729 

9.30493779 
9.30429342 
9.30375133 
9.30194158 
9.30347857 
9.30276513 
9.29486232 
9.30929197 
9.30702740 

0.00738667 
0.01759535 
0.02335475 
0.03021922 
0.03394664 
0.04547978 
0.05353664 
0.06419541 
0.06927252 

1.0 
2.0 
3.0 
4.0 
5.0 

9.11417098 
9.00417634 
8.73707900 
8.74446619 
8.53698710 

9.51106127 
9.66047320 
9.78194418 
9.98760172 
10.2475736 

9.30200185 
9.30415134 
9.26717136 
9.26171217 
9.34549299 

0.07641694 
0.11810263 
0.24646779 
0.28745846 
0.37011307 

10 7.40892626 11.13537683 9.39474536 0.93783116 
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0.9%-ian SualedSi uaresdeboda 0.02%-iT, xolo 1%-5%-ian Suale-

disaTvis gauareseba Seadgenda 0.47%-s. 

cxrili 6 
D3D5(VII) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

kubis formis mqone z sakvlev areSi zomiT 1.5х1.5х1.5 
 

 

6 cxrilis monacemebze dayrdnobiT kubis formis mqone sak-

vlevi arisaTvis zomebiT 1.5х1.5х1.5, gansaxilveli Tvisebis gaua-

reseba Seadgens 0.02%-s pirveli sakvlevi diapazonisaTvis, 0.1%-

0.9%-ian diapazonSi gauareseba Seadgens 0.19%-s, xolo 1%-5%-ian 

SualedisaTvis Q-optimalurobis gauareseba Seadgens 0.30%-s. 

miRebuli monacemebis safuZvelze Catarebulia mesame rigis 

samfaqtoriani rotatabeluri gegmebis Tvisebebis kvlevis Seda-

rebiTi analizi. 

rogorc 7 cxrilis monacemebidan Cans, yvelaze metad uares-

deba sakvlevi gegmebis orTogonalurobis Tviseba. gauareseba 

TvalSi sacemia mcire cdomilebebisas TviT pirvel diapazonSic 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 

37.60101300 
37.58459521 
37.57655754 
37.57562293 
37.54531611 
37.53987255 
37.53415477 
37.49203130 
37.51372632 

37.62672225 
37.63776759 
37.64754743 
37.67110469 
37.67867861 
37.69576391 
37.72213552 
37.73610076 
37.76318132 

37.61341790 
37.61486970 
37.61414999 
37.61613710 
37.61527112 
37.61701071 
37.61870758 
37.61013211 
37.62087395 

0.00546713 
0.01120472 
0.01660284 
0.02200959 
0.02637568 
0.03593404 
0.03913397 
0.04615262 
0.05753374 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

37.47941168 
37.31701843 
37.23648906 
37.22647973 
36.93308747 
36.86800761 
36.80857157 
36.42240181 
36.61776368 

37.73668973 
37.84766388 
37.94488787 
38.18422676 
38.25904814 
38.43046547 
38.70586107 
38.84234828 
39.14114470 

37.60326147 
37.61764386 
37.61045465 
37.62987563 
37.62043971 
37.63764226 
37.65334321 
37.56904574 
37.67558296 

0.05468316 
0.11194695 
0.16600818 
0.22075913 
0.26314147 
0.35897375 
0.39194911 
0.46044898 
0.58293202 

1.0 
2.0 
3.0 
4.0 
5.0 

36.46273420 
34.76937652 
34.39860795 
31.28870103 
32.37308332 

39.18377908 
40.72670895 
43.02352295 
42.48046880 
46.83733574 

37.66800607 
37.49510875 
37.80082370 
37.19999447 
37.77978476 

0.56017639 
1.14514750 
2.00137127 
2.45572724 
2.70720228 

10 27.42877592 52.51278571 37.92919397 5.39411710 
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ki, sadac cdomilebebis procenti yvelaze dabalia da Seadgens 

0.01%-0.09%-s. cdomilebebis gazrdiT gauareseba kidev ufro Se-

samCnevia. im SemTxvevaSi, roca faqtorebis doneebis dayenebisas 

saWiroa sazomi saSualebebi 1-5%-iani cdomilebiT, sami cvladis 

Semcveli mesame rigis orTogonaluri rotatabeluri gegmebis 

gamoyeneba ar aris ukve mizanSewonili. 

cxrili 7 

sami cvladis Semcveli mesame rigis samfaqtoriani rotatabeluri 
gegmebis maxasiaTeblebis gauareseba, % 

g
eg

ma
 

c
d
o
mi
l
eb
eb
is

 
d
ia
pa
z
o
ne
b
i kriteriumebi 

D A E Ort 

G Q 

0.5x0.5 1.5x1.5 0.5x0.5 1.5x1.5 

I 
I 
II 
III 

0.09 
0.77 
9.57 

0.005 
0.04 
3.72 

0.15 
1.59 
9.11 

0.47 
4.63 
22.32 

0.03 
0.59 
1.70 

0.01 
0.08 
0.40 

0.02 
0.17 
0.37 

0.001 
0.06 
0.06 

II 
I 
II 
III 

0.10 
0.98 
5.99 

0.007 
0.06 
7.93 

0.16 
1.68 
7.02 

0.48 
4.79 
19.73 

0.01 
0.12 
1.65 

0.008 
0.06 
0.17 

0.007 
0.05 
0.74 

0.004 
0.03 
0.82 

III 
I 
II 
III 

0.34 
2.62 
13.59 

0.03 
0.17 
4.23 

0.37 
3.45 
2.95 

0.81 
7.66 
22.80 

0.06 
0.41 
0.12 

0.13 
0.16 
5.90 

0.02 
0.05 
1.82 

0.02 
0.15 
2.16 

IV 
I 
II 
III 

0.13 
1.05 
6.73 

0.01 
0.07 
0.10 

0.18 
1.79 
6.76 

0.53 
5.19 
20.92 

0.05 
0.95 
1.04 

0.03 
0.21 
3.33 

0.03 
0.26 
0.36 

0.03 
0.29 
1.08 

V 
I 
II 
III 

0.18 
1.45 
26.59 

0.005 
0.04 
0.94 

0.14 
1.40 
4.61 

0.49 
4.76 
19.25 

0.02 
0.25 
0.35 

0.03 
0.21 
3.31 

0.002 
0.04 
0.47 

0.02 
0.15 
2.41 

VI 
I 
II 
III 

0.15 
1.53 
8.08 

0.004 
0.04 
0.26 

0.10 
0.98 
4.94 

0.52 
5.16 
23.32 

0.005 
0.05 
0.45 

0.03 
0.29 
0.93 

0.002 
0.03 
0.32 

0.02 
0.17 
0.41 

VII 
I 
II 
III 

0.14 
1.28 
2.59 

0.004 
0.07 
0.11 

0.07 
1.28 
5.07 

0.49 
4.82 
20.23 

0.008 
0.06 
0.14 

0.04 
0.34 
0.74 

0.001 
0.02 
0.47 

0.02 
0.19 
0.30 

VIII 
I 
II 
III 

0.16 
1.40 
30.42 

0.02 
0.09 
0.09 

0.14 
1.84 
5.91 

0.54 
5.14 
19.32 

0.04 
0.35 
0.79 

0.02 
0.75 
3.00 

0.004 
0.11 
2.02 

0.03 
0.27 
3.80 

 

didi cdomilebebis dros aseve mkveTrad uaresdeba samfaq-

toriani D-optimaluri rotatabeluri gegmebis Tvisebebic. es 

gansakuTrebiT exeba D3D5 (V) da D3D5 (VIII) gegmebs.  

saukeTeso Tvisebebi gaaCniaT E- da gansakuTrebiT A-op-

timalur gegmebs. cdomilebebis mesame diapazonSic ki gauareseba 
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gansakuTrebiT A-optimalurobisaTvis umniSvneloa da zogierTi 

sakvlevi gegmisaTvis ar Seadgens 0.1%-ze mets. 

rac Seexeba Tvisebebs, romlebic dakavSirebulia winaswar-

metyvelebis gamoZaxilis sizustesTan, maTi gauareseba cdomile-

bebis mcire diapazonSi umniSvneloa. magram sakvlevi aris gazr-

disas mesame diapazonSi G- da Q-rotatabeluri gegmebis maxasia-

Teblebi SedarebiT uaresdeba. 

Catarebuli kvlevebi gankuTvnilia eqsperimentatorebisaTvis 

da exmareba maT amorCeuli rotatabeluri gegmebisaTvis ama Tu 

im Tvisebebis gauaresebis xarisxis SefasebaSi, rac Tavis mxriv 

ganisazRvreba sxvadasxva cdomilebebis mqone sazomi saSualebe-

bis gamoyenebisas gegmis Sesabamisi faqtorebis doneebis dayenebiT.  

 

ZiriTadi daskvnebi 

1. gaanalizebulia ori da sami cvladis Semcveli mesame 

rigis rotatabeluri gegmebis agebis principebi. 

2. sazomi saSualebebis cdomilebebis arsebobis pirobebSi, 

romelTa mixedviTac xdeba gegmis Sesabamisad faqtorebis do-

neebis dayeneba, naCvenebia realuri eqsperimentis dagegmvis dama-

xinjebis principi. 

3. SemoTavazebulia gegmis koordinatebze SemTxveviTi si-

dideebis zeddebis meTodika, rac Tavis mxriv, warmoadgens ga-

zomvis saSualebebis cdomilebebis imitacias. 

4. mesame rigis orfaqtoriani kompoziciuri simetriuli 

rotatabeluri gegmebisaTvis gamokvleulia sxvadasxva cdomile-

bebis gavlena D-, A-, E- optimalurobasa da orTogonalurobaze. 

5. kvadratis formis mqone sxvadasxva sididis sakvlevi 

areebisaTvis gamokvleulia cdomilebebis gavlena iseT krite-

riumebze, rogoricaa G- da Q- optimaluroba. 

6. ori cvladis Semcveli mesame rigis ekonomiuri rotata-

beluri gegmebisaTvis detalurad aris Seswavlili cdomile-

bebis gavlena msazRvrelis mniSvnelobaze, kvalze, maqsimalur 

sakuTar ricxvsa da kovariaciuli matricis elementebis jamze. 
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7. dadgenilia ori cvladis Semcveli mesame rigis ekono-

miuri rotatabeluri gegmebis Tvisebebis gauaresebis xarisxi - 

dakavSirebuli sxvadasxva zomis kvadratis formis mqone sakvlev 

areSi minimumebis, agreTve, maqsimaluri da saSualo dispersiebis 

gansazRvrasTan. 

8. mesame rigis rotatabeluri gegmebis Tvisebebis kvlevi-

sas maTze cdomilebebis gavlenis Seswavlisas gansazRvrulia 

kriteriumebis Sesabamisi mniSvnelobebisaTvis qveda da zeda saz-

Rvrebi, ris Sedegadac miiReba Tvisebebis gabnevis derefani. 

9. ori cvladis Semcveli mesame rigis simetriuli da eko-

nomiuri rotatabeluri gegmebisaTvis moyvanilia yvela sakvlevi 

Tvisebis gauaresebis SedarebiTi analizi. 

10. Catarebuli kvlevebis safuZvelze gakeTda daskvna da ga-

motanil iqna rekomendaciebi zogierT SemTxvevaSi sazomi saSua-

lebebis mcire cdomilebebis dros SedarebiT ekonomiuri Tor-

metwertiliani gegmebis gamoyenebis mizanSewonilobis Sesaxeb.   

11. detalurad aris ganxiluli sami cvladis Semcveli me-

same rigis rotatbeluri gegmis Tvisebebi, romlebic dakavSi-

rebulia Sesabamisi regresiis gantolebis koeficientebis gan-

sazRvris sizustesTan. 

12. sxvadasxva sididis kubis formis mqone sakvlevi areebSi 

samfaqtoriani mesame rigis rotatabeluri gegmebisaTvis gaanali-

zebulia Tvisebebis gauaresebis xarisxi, romlebic agebuli mo-

delis meSveobiT dakavSirebulia gamoZaxilis mniSvnelobebis wi-

naswarmetyvelebis sizustesTan. 

13. sami cvladis mqone mesame rigis rotatabeluri gegmebis 

yvela gamokvleuli TvisebisaTvis moyvanilia SedarebiTi anali-

zis monacemebi. 

14. eqsperimentators miewodeba informacia TiToeuli sam-

faqtoriani mesame rigis rotatabeluri gegmis Tvisebis gauarese-

bis xarisxis Sesaxeb, rac daexmareba mas praqtikaSi sazomi sa-

Sualebebis amorCevaSi, romlebic, Tavis mxriv, gamoiyeneba gegmis 

Sesabamisad faqtorebis doneebis dasayeneblad. 
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15. eqsperimentators eZleva konkretuli rekomendaciebi sa-

zomi saSualebebis cdomilebebis sxvadasxva diapazonSi optimal-

ri gegmebis gamoyenebis Sesaxeb. 
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