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reziume 
 
kvlevis aqtualoba. teqnikuri sistemebis marTvis amocanebi 

qveamocanebis saxiT Seicaven adekvaturi maTematikuri modelebis 
miRebas, agreTve, sistemis funqcionirebis optimaluri pirobebis 
Ziebas. am sakiTxebis gadawyvetisaTvis farTod gamoiyeneba eqspe-
rimentis maTematikuri dagegmvis meTodebi, romlebic mniSvnelov-
nad amcireben sistemis Sesaswavlad saWiro drosa da danaxar-
jebs, amaRleben kvlevis utyuarobas, axdenen mkvlevaris Sromis 
gaintensiurebas, gvaZleven saSualebas miviRoT Sesaswavli faq-
torebis zemoqmedebis raodenobrivi Sefasebebi, maTematikuri mo-
delebi, 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 obieqtisaT-
vis 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 gamo-
sakvlevi faqtorebis doneebis dayenebisas, miT ufro metad ir-
Rveva optimalurobis maxasiaTeblebi. amitom garkveul interess 
badebs gegmis ama Tu im Tvisebebze gazomvis saSualebebis cdomi-
lebebis gavlenis gamokvleva. 

sadisertacio naSromis ZiriTadi mizani. warmodgenili 
sadisertacio naSromis mizania mesame rigis kompoziciuri simet-
riuli da ekonomiuri rotatabeluri gegmebis kvleva ori da sami 
faqtoris SemTxvevaSi gazomvis saSualebaTa cdomilebebis gaTva-
liswinebiT; am gegmebis SedarebiTi analizi eqsperimentis Secdo-
mebis pirobebSi. 

ZiriTadi amocanebi. zemoCamoyalibebuli miznebis Sesas-
ruleblad samuSao iTvaliswinebs Semdegi ZiriTadi amocanebis 
gadawyvetas: algoriTmis da Sesabamisi programebis damuSavebas 
Matlab-Si imisaTvis, rom moxdes sakvlevi gegmebis koordinatebze 
cdomilebebis zeddebis imitacia; sazomi saSualebebisaTvis dama-
xasiaTebeli cdomilebebis gavlenisas mesame rigis kompoziciuri 
rotatabeluri gegmebis Tvisebebis cvlilebis gamokvlevas; eqspe-
rimentis Secdomebis SemTxvevaSi yvela sakvlevi gegmisaTvis Ti-
Toeuli Tvisebis gauaresebis xarisxis gansazRvras; ori da sami 
cvladis Semcveli mesame rigis deformirebuli rotatabeluri 
gegmebis SedarebiT analizs. 

ZiriTadi praqtikuli Rirebuleba da gamoyenebiTi aspeqti: 
Catarebuli kvlevis Sedegad miRebuli ZiriTadi Sedegebi SegviZ-
lia CamovayaliboT Semdegi saxiT: 
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1. mesame rigis rotatabeluri gegmebis Tvisebebis Sesaswav-
lad damuSavebulia algoriTmebi da dawerilia Sesabamisi prog-
ramebi Matlab-Si. 

2. detalurad aris Seswavlili ori cvladis Semcveli me-
same rigis kompoziciuri simetriuli da ekonomiuri rotatabe-
luri gegmebis D-, A-, E-, G-, Q- optimalurobis da orTogonaluro-
bis Tvisebebi sazomi saSualebebis sxvadasxva cdomilebebis gaT-
valiswinebiT. 

3. eqsperimentis sxvadasxva Secdomis SemTxvevaSi gamokvleu-
lia sami cvladis Semcveli mesame rigis kompoziciuri rotatabe-
luri gegmebis Tvisebebi, romlebic dakavSirebulia rogorc 
regresiis gantolebis koeficientebis Sefasebis sizustesTan, 
aseve miRebuli modelis daxmarebiT gamoZaxilis mniSvnelobebis 
winaswarmetyvelebis sizustesTan. 

4. meore jgufis kriteriumebze sazomi saSualebebis cdomi-
lebebis gavlenis Seswavlisas miRebulia rezultatebi sxvada-
sxva sididis kvadratis da kubis mqone sxvadasxva sakvlevi ari-
saTvis. 

5. cdomilebebis gavlenis Seswavlisas mesame rigis rotata-
belur gegmis TiToeul gamosakvlev Tvisebaze ganisazRvreba kri-
teriumebis mniSvnelobebis zeda da qveda sazRvrebi, ris Sede-
gadac miviReT Tvisebebis gabnevis koridori. 

6. moyvanilia SedarebiTi analizi ori cvladis Semcveli 
mesame rigis simetriuli Teqvsmetwertiliani da ekonomiuri Tor-
metwertiliani rotatabeluri gegmebisaTvis. 

7. warmodgenilia monacemebi sami cvladis Semcveli mesame 
rigis rva rotatabeluri gegmis SedarebiTi analizis Sesaxeb. 

8. kvlevis Sedegad miRebuli monacemebi eqsperimentators 
aZlevs saSualebas Seafasos rotatabeluri gegmebis Tvisebebis 
gauaresebis xarisxi, romlebic dakavSirebulia rogorc Sesabami-
si regresiis gantolebis koeficientebis Sefasebis sizustesTan, 
aseve agebuli modelis meSveobiT gamoZaxilis mniSvnelobebis 
winaswarmetyvelebis sizustesTan. 

Catarebuli samuSaos praqtikuli Rirebuleba isaa, rom igi 
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 gamoyenebiT, romelTac 
axasiaTebs sxvadasxva cdomilebebi, aseve optimaluri gegmebis 
faqtorebis doneebis dayenebaSi. 
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Abstract 

 

Topicality of the research. 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. 
The main aim of the dissertation. The objective of presented dissertation is 

to research third-rank, compositional, symmetrical, economical and rotatability plans 

in the case of 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.  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 of 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. 

The main value of practical and applied aspects: 

1. Algorithms and corresponding programs of Matlab are developed for 

studying the changes of characteristics of third-rank rotatability plans 

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

rank compositional, symmetrical and economical rotatability plans with two variables 

are studied details in consideration of different inaccuracies of measuring devices 

3. Characteristics of third-rank compositional rotatability plans are studied for 

three 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. 

4. 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. 

5. 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.  

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

point rotatability plans with two variables. 

7. Data of comparative analysis of eight third-rank rotatability plans with three 

variables is given 

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

specifications of rotatability plans, which are linked to precision of estimation of 
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coefficients of corresponding equation of regression and to precision of predictions of 

values of response with constructed model.  

The practical value of the work lies. 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  
 

Tanamedrove teqnikis ganviTareba uSualod aris damokidebuli 

arsebulis daxvewasa da axali teqnologiuri procesebis Seqmnas-

Tan. maTi damuSavebis da optimizaciis safuZvels warmoadgens eqs-

perimenti. Eeqsperimentuli kvelevebis da inJinruli gadawyvetile-

bebis efeqturobis zrda warmoudgenelia eqsperimentis dagegmvis ma-

Tematikuri meTodis gareSe. 

eqsperimentis dagegmvis Tanamedrove meTodebis aRmoceneba da-

kavSirebulia r. fiSeris SromebTan. 1935 wels gamovida fiSeris mo-

nografia eqsperimentis dagegmvis Sesaxeb “The Design of Experiments” [1], 

ramac misca saxeli mTel mimarTulebas. am naSromiT safuZveli da-

edo eqsperimentis dagegmvis meTodebs. 

eqsperimentis faqtoruli dagegmvis meTodma farTo gamoyeneba 

hpova mas Semdeg, rac ieitrma daamuSava martivi gamomTvleli sqema 

am meTodisaTvis, finnma Semoiyvana faqtoruli eqsperimentidan wi-

laduri replikis ganayofis gamoZaxilebi [2] da pleketma da 

bermenma Semoitanes gajerebuli faqtoruli gegmebi [3]. 

eqsperimentis dagegmvis ganviTarebis Semdgom etaps warmoad-

gens 1951 wels uilsonis da boqsis mier gaweuli Sroma [4], sadac 

ganxilulia mravalfaqtoruli eqsperimentuli amocanebis kvlevis 

meTodologia. am naSromma garkveulwilad Seajama manamde Catare-

buli samuSaoebi. masSi naTladaa Camoyalibebuli da gadmocemuli 

praqtikuli rekomendaciebis doneze optimaluri pirobebis Tanmim-

devrobiTi eqsperimentuli gansazRvris idea. 

1959 wels yalibdeba kiferis koncefcia erToblivi efeqturi 

Sefasebebis Sesaxeb [5]. am midgomaSi efeqturoba ganpirobebulia 

rogorc wertilebis ganlagebiT damoukidebeli cvladebis sivrce-

Si, aseve dakvirvebis Sedegebis damuSavebis optimaluri saSuale-

bebiT [6-13].  
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eqsperimentis dagegmvis meTodebi warmatebiT viTardeboda 

iseTi mecnierebis SromebSi, rogorebic iyvnen: v.v nadimovi [14, 15], 

i.p. adleri [16, 17, 18], g.k. krugi [19, 20], e.v. markova [21], v.z. brodski 

[22], v.g. gorki [23], v.i. denisovi [24], f.s. noviki [25], v.v. fedosovi [26], 

i.g. zedginiZe [27], v.i. asaturiani [28]. 

eqsperimentis dagegmvaSi sakuTriv eqsperimenti ganixileba ro-

gorc optimizaciis da kvlevis obieqti. Sesaswavli obieqtis Sesa-

xeb informaciidan gamomdinare xdeba misi Semoyvana, xorcieldeba 

misi optimaluri marTva. konkretuli SemTxvevisaTvis xdeba kvle-

vis strategiis cvla optimaluri strategiis mignebamde. yvelaze 

didi gamoyeneba hpova eqsperimentis kompoziciurma gegmebma, sadac 

SedarebiT maRali rigis gegmis asagebad gamoiyeneba dabali rigis 

gegmis wertilebi [29, 30, 31, 32, 33, 34, 35, 36].  

wina mdebare samuSaos mizania ori da sami cvladis Semcveli 

mesame rigis kompoziciuri rotatabeluri gegmebis gamokvleva ga-

zomvis saSualebebis cdomilebebis gaTvaliswinebiT, romelic gamo-

iyeneba faqtorebis doneebis dayenebisas gegmis Sesabamisad. 

gegmas ewodeba rotatabeluri (inglisuri sityvidan rotatable, 

rac niSnavs brunvis unaris mqones), Tu regresiuli funqciis dis-

persiis Sefardeba damokidebulia mxolod eqsperimentis centridan 

manZilze da ar aris damokidebuli mimarTulebaze. aseTi gegma sa-

Sualebas iZleva miviRoT erTnairi nawinaswarmetyvelebi sizuste 

yvela im wertilisaTvis, romelic Tanabradaa daSorebuli centridan. 
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rogorc dispersias, aseve informacias, romelsac Seicavs reg-

resiis gantoleba (informaciis sazomad miiReba sidide faqtoruli 

sivrcis yvela ekvidistranciuri wertilisaTvis, rotatabelur geg-

mebSi) aqvs erTi da igive mniSvneloba, amitom informaciuli kontu-

rebi - mrudebi (ori ganzomilebisaTvis) da zedapirebi (ufro meti 

ganzomilebisaTvis) Sesabamisad toli informaciisaTvis warmoadge-

nen koncentrul simrgvaleebs an sferul zedapirebs [37, 38, 39, 40]. 

mesame rigis kompoziciur rotatabelur gegmebSi ori cvla-

disaTvis Tavdapirvelad realizdeba D1 gegmis is nawili, romlis 

eqsperimentuli monacemebis safuZvelzec xdeba sakvlevi procesis 

aRwera meore rigis polinomis meSveobiT. magaliTad, 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 simetriulad ganlagebuli 

wertilebiT. polinoms aqvs Semdegi saxe: 

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

1112

2

21122

3

2222

3

11112112
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222

2

11122110  .  (1.3) 

meore nawili agreTve warmodgenilia meore rigis gegmis saxiT, 

romlis centric emTxveva pirveli nawilis centrs (nax. 1.1), sadac 

oTxi wertili () koordinatebiT (а, а) ganlagebulia kvadratis 

wveroebSi 2a-s mxridan, oTxi aqsialuri - e.w. varskvlavuri wertili 

(), ganlagebulia wyvil-wyvilad sakoordinato RerZebis gaswvriv 

da daSorebulia centridan Sesabamisad 1=ha da 2=ha manZile-

biT. h warmoadgens masStabur mamravls, romelic gansazRvravs 

      1
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aqsialuri wertilis daSorebas axali kvadratis mxridan. gansaxil-

veli simetriuli kompoziciuri gegmebisaTvis 1=2=. 

 

 

 

 

 

 

 

 

nax. 1.1 mesame rigis kompoziciuri 
gegmis geometriuli ilustracia 

 

radganac rotatabelur gegmebSi dispersias  ŷ2  gaaCnia erTi 

da igive mniSvneloba faqtoruli aris yvela ekvidistanturi wer-

tilisaTvis, informaciuli konturebi unda warmoadgendnen koncen-

trul wrewirebs. misi miRweva SesaZlebeli iqneba, Tu masStaburi 

mamravli toli iqneba 2 -is. 

amrigad, sakvlev mesame rigis kompoziciur gegmas ori cvla- 

disaTvis aqvs Semdegi saxe: 
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gegmis iseTi Tvisebebi, rogoricaa D-, A-, E-optimaluroba da 

orTogonaluroba, erTmaneTTan dakavSirebulia regresiis gantole-

bis koeficientebis Sefasebis sizustiT, romlebic ganisazRvreba 

matricul formaSi Cawerili Semdegi gamosaxulebiT 

                                                          В=( XXT
~~

)
-1 TX

~
Y,                                                      (1.6) 

sadac  XXT
~~
 warmoadgens fiSeris informaciul matricas, ( XXT

~~
)

-1 – 

kovariaciul matricas, xolo X
~
 – dagegmvis matricas, romelic mi-

iReba sakvlevi simetriuli gegmis gafarToebiT Sesabamisi svetebiT, 

rac gansazRvravs mesame rigis polinomis (1.3) yvela koeficients. 

mas gaaCnia Semdegi saxe: 

 

        

                                  

 

             

 

 
                                      

                  

     X
~

=                                                      

                                             
 

    
0

~x        
2

1
~x   

2

2
~x  21

~~ xx     1
~x       

3

1
~x     

2

21
~~ xx    2

~x      
3

2
~x        

2

12
~~ xx    

 

    

 

 
 

 

 

 

 ,              (1.7)                                                                       

      1       1       1      +1       -1        -1         -1       -1        -1          -1      
     1       1       1       -1       -1        -1         -1      +1       +1         +1      
     1       1       1       -1      +1       +1        +1       -1        -1          -1       
     1       1       1      +1      +1       +1        +1      +1       +1         +1       
     1       2       0        0    - 2     (- 2 )

3
      0        0         0            0      

     1       2       0        0   + 2     (+ 2 )
3
     0        0         0            0      

     1       0       2        0        0          0          0     - 2    (- 2 )
3
       0       

     1       0       2        0        0          0          0    + 2    (+ 2 )
3
      0       

 

     1      а
2
      а

2         
а

2
       -а        -а

3
        -а

3
      -а       -а

3
        -а

3
 

     1     а
2  

                            а
2
     -а

2
       -а        -а

3
        -а

3
     +а      +а

3
       +а

3
 

     1     а
2       

 а
2
     -а

2
      +а       +а

3
       +а

3
     -а        -а

3
       -а

3
      

     1    а
2
       а

2        
 а

2
      +а       +а

3
       +а

3
    +а       +а

3
      +а

3
 

     1    2а
2
     0       0      - 2 а  (- 2 )

3
а

3
   0        0          0         0       

     1    2а
2
     0       0    + 2 а   (+ 2 )

3
а

3
  0        0          0         0      

     1     0       2а
2
      0        0          0           0   - 2 а   (- 2 )

3
а   0      

     1     0      2а
2
      0        0          0           0  + 2 а  (+ 2 )

3
а

3
  0      

 

vinaidan ori cvladisaTvis mesame rigis (1.3) modelSi Sesafase-

beli koeficientebis raodenoba (10) gacilebiT naklebia cdebis ra-

odenobaze (N=16), gegma araa gajerebuli da tyuilubralod ixar-

jeba cdebis didi raodenoba. amitom am qveTavSi ganxilulia ufro 

ekonomiuri mesame rigis kompoziciuri simetriuli gegma ori cvla-

disaTvis.  

am gegmaSi boqsis meore rigis rotatabeluri gegmis erT wre-

wirze ganlagebul rva wertils emateba oTxi wertili kvadratis 

wveroebSi koordinatebiT a (nax.1.2). 
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nax. 1.2. mesame rigis kompoziciuri gegmis geometriuli ilustracia 

 

amrigad, sakvlev mesame rigis ekonomikur kompoziciur gegmas 

ori cvladisaTvis aqvs Semdegi saxe: 
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mesame rigis samcvladian kompoziciur rotatabelur gegmebSi 

Tavdapirvelad realizdeba gegmis is nawili, romlis eqsperimentu-

li monacemebiT sakvlevi sistema SeiZleba aRiweros meore rigis 

polinomiT da mxolod misi araadekvaturobis SemTxvevaSi emateba 

gegmis meore nawili da orive nawilis monacemebiT sistema aRiwere-

ba mesame rigis polinomiT. damtkicebulia, rom mesame rigis rota-

tabeluri gegmebis yvela wertili, centraluris gamoklebiT, qmnis 

sul mcire or sferosebr daSorebas sxvadasxva aranulovani radi-

usebiT. aseTi sferosebri daSorebebis saxiT SeiZleba miviRoT meore 

rigis rotatabeluri gegmebi.  
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 qvemoT mocemulia meore rigis rotatabeluri gegmebi sami 

cvladisaTvis, romlebic gamoiyeneba mesame rigis rotatabeluri 

gegmebis 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 ramdenime 

rotatabeluri gegma, romlebic miiReba meore rigis rotatabeluri 

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

333

2

222

2

1113223311321123322110
~~~~~~~~~~~~ˆ xbxbxbxxbxxbxxbxbxbxbby  

 2

322333

2

22233

2

1113

2

31133

2

211222

2

1112

3

3333

3

2222

3

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

 

321123
~~~ xxxb .                                                                                                         (1.9) 
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naSromSi ganxiluli meore da mesame rigis kompoziciuri ro-

tatabeluri gegmebis optimalurobis kriteriumebi SeiZleba davyoT 

Semdeg jgufebad: 

pirvel jgufs ganekuTvneba kriteriumebi, romlebic dakavSire-

bulia regresiis gantolebis koeficientebis Sefasebebis sizustes-

Tan. maT miekuTvneba gegmebis iseTi Tvisebebi, rogoricaa maTi 

orTogonaluroba, D-, A-, E-optimaluroba da sxva. am kriteriumebs 

SeiZleba mieceT geometriuli interpretacia  b0, b1,...,bk  da a.S. ko-

eficientebis sivrceSi. regresiis gantoleba 

                     ji

kji

iji

ki

i xxx ~~~

11

0 


                                       (1.10) 

am koeficientebis Sefasebebi, rogorc cnobilia, warmoadgenen 

SemTxveviT sidideebs, amitom gaaCniaT gabnevea, romelic SeiZleba 

daxasiaTdes Sefasebebis gabnevis elifsoidiT. elifsoidis orien-

tacia, forma da moculoba mTlianad ganisazRvreba eqsperimentis 

amorCeuli gegmiT, ufro zustad ki informaciuli an kovariaciuli   

matricebis agebiT. ganvixiloT am jgufis zogierTi kriteriumi. 

D-optimaluroba. D-optimaluria (iwarmoeba inglisuri sityvi-

dan determinant, rac niSnavs msazRvrels) gegma, Tu mas Seesabameba 

kovariaciuli matricis M
-1

() minimaluri msazRvreli, anu, rac 

igivea, informaciuli matricis  M()-is maqsimaluri msazRvreli. ko-

variaciuli matricis msazRvreli proporciulia gabnevis elifso-

idis moculobisa. Sesabamisad, D-optimaluri gegma aminimizirebs 

koeficientebis Sefasebebis gabnevis elifsoidis moculobas. opti-

malurobis am kriteriums mieZRvna samuSaoebis sakmaod didi raode-

noba [41-58]. 

A-optimaluroba. A-optimaluria (iwarmoeba inglisuri sityvi-

dan average variance, anu saSualo dispesia) gegma, Tu mas Seesabameba 

kovariaciuli matricis  kvalis Tr(M
-1

() minimaluri mniSvneloba (anu 

diagonaluri elementebis jami). gamomdinare iqidan, rom kovariaci-



28 

 

uli matricis diagonalebze ganlagebulia koeficientebis Sefase-

bebis dispersiebi, A-optimaluroba uzrunvelyofs am Sefasebebis 

dispersiebis jamis minimums maTi kovariaciis gaTvaliswinebis gare-

Se, anu saSualebas iZleva vipovoT ucnobi koeficientebis Sefasebe-

bi minimaluri saSualo dispersiiT. amasTan gabnevis elifsoids 

gaaCnia RerZebis sigrZeebis kvadratebis minimaluri jami da aqvs 

marTkuTxedis diagonalis umciresi sigrZe, romelic aRiwereba 

elifsoidis gverdiT [59, 60, 61, 62]. 

E-optimaluroba. EE-optimaluria gegma (inglisuri sityvidan 

eigen value, anu sakuTari mniSvneloba), Tu mas Seesabameba kovariaciu-

li  matricis M
-1

() umciresi maqsimaluri sakuTari mniSvneloba (ma-

xasiaTebeli ricxvi) 

],[maxmin )(M
1 

i
iε
  

anu, rac igivea, informaciuli matricis M() maqsimalurad minimalu-

ri sakuTari ricxvi. E-optimaluri gegma aminimizirebs Sefasebebis 

koeficientebis gabnevis elifsoidis maqsimaluri RerZis sigrZes. 

e.i. ar aZlevs elifsoids saSualebas, rom miiRos zomaze metad ga-

welili forma. statikuri TvalsazrisiT es kriteriumi zRudavs 

koeficientebis calkeuli Sefasebebis dispersiebs da kovariaciebs 

[63-65]. 

orTogonaluroba. gegma orTogonaluria, Tu mas Seesabameba 

diagonaluri kovariaciuli matrica M
-1

() (an diagonaluri infor-

maciuli matrica M()). orTogonaluri gegmebisaTvis koeficiente-

bis yvela Sefaseba arakorelirebulia. regresiis gantolebis ko-

eficientebis erTmaneTisagan damoukidebloba saSualebas iZleva 

gavamartivoT an gavarTuloT modeli axali koeficientebis damate-

biT an Zvelis gamoklebiT. eqsperimentis rezultatebis damuSavebi-

sas, romelic optimaluria am kriteriumiT, saWiroa gamoTvlebis 

minimaluri raodenoba. gabnevis elifsoidi isea orientirebuli, 
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rom misi ZiriTadi RerZebis mimarTuleba emTxveva sakoordinato 

RerZebis mimarTulebas koeficientebis sivrceSi [66]. 

meore jgufis optimalurobis kriteriumebi modelis agebis (1.3 

an 1.9) meSveobiT gansazRvraven gamoZaxilis mniSvnelobebis winas-

warmetyvelebis sizustes. meore jgufs miekuTvneba gegmis iseTi 

maxasiaTeblebi, rogoricaa: rotatabeluroba, uniformaluroba, G- 

da Q-optimaluroba, eqstremumis koordinatebis Sefasebis maqsima-

luri sizuste da a.S. 

ganvixiloT meore jgufis zogierTi kriteriumi. 

G-optimaluroba.  G optimaluria gegma (iwarmoeba inglisuri 

sityvidan  general variance - saerTo dispersia), Tu is aminimizirebs 

CvenTvis saintereso areSi z regresiuli gantolebis winaswarmetyve-

lebis maqsimalurad SesaZlo dispersias. 

),(maxmin)(max
zε

εx,εx, dd
z

  

sadac                  )()()()( 1
xfAxfεx,

T d  

am kriteriumis gamoyenebiT eqsperimentatori uzrunvelyofilia 

wertilebiT, romelTac gaaCniaT gamoZaxilis funqciis Sefasebis 

sakmaod dabali sizuste [67-69]. 

Q-optimaluroba. gegma Q optimaluria, Tu is aminimizirebs ro-

melime z areSi winaswarmetyvelebis saSualo dispersias [70] 

)].([min),(min),( 1

ε
  Axεxxεx Qdddd

zz

  

kompoziciuri gegmebis realizacia moiTxovs gamosakvlevi faq-

torebis zusti doneebis dayenebas. dayeneba xorcieldeba sazomi sa-

Sualebebis gamoyenebiT, romelTac gaaCniaT garkveuli cdomile-

bebi. cdomilebebis zeddebis Sedegad Teoriuli gegmebi praqtiku-

lad deformirdeba (nax. 1.3). 

aqedan gamomdinare icvleba rogorc eqspermentis gegma, aseve 

dagegmvis matrica, informaciuli da kovariaciuli matricebi, Sesa-
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bamisad gegmis maxasiaTeblebi, rogoricaa D-, A-, E-, G-, Q-optimalu-

robebi, orTogonaloba da sxv [71-76]. 

 

 

 

 

 

 

              ა)                                  ბ) 

nax.1.3. aradeformirebul (a) da deformirebul (b) gegmebSi pirveli 
rigis gegmis wertilebis koordinatebi 

 

rac ufro metia gazomvis saSaualebebis cdomilebebi gamo-

sakvlevi faqtorebis doneebis dayenebisas, miT ufro metad irRveva 

optimalurobis maxasiaTeblebi. amitom garkveul interess badebs 

gegmis ama Tu im Tvisebebze gazomvis saSualebebis cdomilebebis 

gavlenis gamokvleva. 

 

0 1
~x  

2
~x  

(-1;+1) 

(-1;-1) 

(+1;+1) 

(+1;-1) 
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2
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1 
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T a v i  2.  eqsperimentis Secdomis arsebobis 

SemTxvevaSi mesame rigis orcvladiani rotatabeluri 

gegmebis Tvisebebis gamokvleva 
 

2.1. orcvladiani mesame rigis kompoziciuri simetriuli,  

   rotatabelurTan miaxloebuli gegmebis gamokvleva 

 

realobaSi gegmebis optimalurobis maxasiaTeblebi maxinjde-

ba. es ganpirobebulia imiTac, rom optimaluri gegmebis realiza-

cia saWiroebs gamosakvlevi faqtorebis zusti doneebis dayene-

bas, dayeneba ki xorcieldeba sazomi saSualebebis gamoyenebiT, 

romlebic xasiaTdebian garkveuli cdomilebebiT. rac ufro di-

dia sazomi saSualebebis cdomilebebi, romlebic gamoiyeneba sak-

vlevi faqtorebis doneebis dasayeneblad, miT metia gegmebis da-

maxinjeba da miT ufro metad irRveva optimalurobis maxasia-

Teblebi. 

ori cvladis Semcveli mesame rigis simetriuli kompoziciu-

ri gegmebis gamokvlevisas eqsperimentis Secdomebis gaTvaliswi-

nebiT xorcieldeboda sazomi saSualebebis cdomilebebis gavle-

nis 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 cdomile-

bebis ekvivalenti, xolo sxvadasxva cdomilebebis imitaciisaTvis 

1%-iani ekvivalenti mravldeboda -ze: =
100


 . 

mravaljeradi generirebis Sedegad, aradeformirebuli geg-

mis TiToeuli wertilis garSemo miiReboda wertilebis Rrubeli 

(nax.2.1), saidanac SeiZleba warmoqmniliyo deformirebuli gegmis 

nebismieri konfiguracia. 
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nax. 2.1. orcvladiani mesame rigis mravaldeformirebuli simetriuli 
kompoziciuri gegmebis grafikuli ilustracia 

 

sazomi saSualebebis cdomilebebis gamo mesame rigis simet-

riuli gegemis koordinatebi icvleba Semdegnairad: 

                    

                                       

              

                                  D= 

 

 

 

 

Sesabamisad icvleba gegmebis dagegmvis da Tvisebebis 

matricac. 

aseTi saxiT generirebuli gegmebisaTvis, kvadratis sxvada-

sxva 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. 
 

        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+ 

                                           
   
 
 
 
  
.                                                (2.1) 

1
~x

 

2
~x
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2.1.1. simetriuli gegmebis Tvisebebis gamokvleva, romlebic 

dakavSirebulia regresiis gantolebis koeficientebis 

Sefasebis sizustesTan 

D-optimaluroba. D-optimalurTan miaxloebuli mesame rigis 

orcvladiani simetriuli kompoziciuri gegmis kvlevisas gegmis 

damaxinjeba miiRweoda TiToeul mis elementze SemTxveviTi sidi-

dis damatebiT. damaxinjeba Seesabameboda 0.01-0.09%-s (pirvel dia-

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

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 qvemomoyvanil cxrilSi cdomilebis zogierTi mniSv-

nelobisaTvis SeiniSneba mciredi ”amovardnebi”, Tumca es gavle-

nas ver axdens cdomilebebis gazrdiT gegmis Tvisebebis gauare-

sebis saerTo tendenciaze. 

nax. 2.2-ze warmodgenilia M=( XXT
~~

)-1 Secdomebis matricis 

msazRvrelis cvlilebebis grafikuli Sedegebi, romlebic miiRe-

ba sxvadasxva sididis k cdomilebebis zeddebiT sami cvladis 

Semcveli mesame rigis rotatabelur gegmebTan miaxloebul 

simetri-ul 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. 

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. 
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nax. 2.2. mesame rigis Teqvsmetwertiliani gegmis D-optimaluroba, roca 

a=0.5 
cxrili 2.1 

Teqvsmetwertiliani gegmis kovariaciuli matricis minimaluri 
msazRvrelis cvlileba sxvadasxva cdomilebebis zeddebisas (a=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 

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 

det(M
-1

) 

k,% 
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  cxrili 2.2 

Teqvsmetwertiliani gegmis kovariaciuli matricis minimaluri 
msazRvrelis cvlileba sxvadasxva cdomilebebis zeddebisas (a=1.5) 

 

a=1.5 kvadratis zomisaTvis D-optimalurobis Tviseba cdomi-

lebebis gazrdisas izrdeba. 0.01%-dan 0.1%-mde zrdiT optimalu-

roba uaresdeba 0.08%-iT, cdomilebis cvlilebisas 1%-mde – op-

timaluroba uaresdeba 1.21%-mde, xolo 5%-iani cvlilebisas gaua-

reseba aRwevs 4.55%-s. 
 

A-optimaluroba. nax. 2.3-ze naCvenebia Secdomebis derefnis 

grafikuli ilustracia kvadratis zomisaTvis a=0.5, romelic 

miiReboda orcvladiani mesame rigis rotatabelur gegmasTan maq-

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-014 * 

0.85287409 

0.85090650 

0.85087944 

0.84855879 

0.84642662 

0.84397824 

0.84533163 

0.84464694 

0.84156999 

0.85605283 

0.85833348 

0.86038647 

0.86163074 

0.86340772 

0.86639373 

0.86482556 

0.86487636 

0.86878097 

0.85472082 

0.85476996 

0.85468667 

0.85473810 

0.85446186 

0.85493118 

0.85398090 

0.85475633 

0.85485321 

0.00065582 

0.00121158 

0.00177757 

0.00247385 

0.00302084 

0.00394425 

0.00400439 

0.00454760 

0.00528478 

 

0.1 

0.2 

0.3 

0.4 

1.0e-014 * 

0.83711687 

0.81802706 

0.81778275 

0.79574462 

0.86884602 

0.89229559 

0.91387907 

0.92722947 

0.85543936 

0.85598796 

0.85524560 

0.85593070 

0.00656024 

0.01212359 

0.01785497 

0.02474721 

 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0e-014 * 

0.77593564 
0.75432193 
0.76621448 
0.76001945 
0.73288960 

0.94683320 
0.98023294 
0.96218821 
0.96234164 
1.00704565 

0.85332274 
0.85839958 
0.84889949 
0.85688222 
0.85829204 

0.03028105 
0.03981692 
0.04000669 
0.04579063 
0.05333663 

 
1.0 
2.0 
3.0 
4.0 
5.0 

1.0e-014 * 

0.69512163 
0.55341719 
0.55279473 
0.42069681 
0.32557921 

1.00843644 
1.31940991 
1.67699014 
1.95206729 
2.48437115 

0.86504845 
0.87635587 
0.87860899 
0.90257233 
0.89359219 

0.06607788 
0.12426525 
0.19378999 
0.26468781 
0.34384002 

 
10 

1.0e-014 * 

0.11438033 4.66625877 1.26540704 1.01627752 
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simalurad miaxloebuli simetriuli kovariaciuli matricis 

M=( XXT
~~

)-1 kvalis kvlevisas. 
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nax. 2.3. mesame rigis Teqvsmetwertiliani gegmis A-optimaluroba, roca 

a=0.5 
rogorc naxazidan Cans, cdomilebebis gazrdiT Secdomebis 

derefani izrdeba. cxril 2.3-Si moyvanilia zogierTi sakvlevi 

cdomilebisaTvis kovariaciuli matricis kvalis minimaluri da 

maqsimaluri mniSvnelobebi, aseve maTi saSaulo ariTmetikuli da 

gabneva – saSaulo kvadratuli gadaxra. 

cxrili 2.3 

Teqvsmetwertiliani gegmis kovariaciuli matricis kvalis 
cvlileba sxvadaxva cdomilebebis zeddebisas (a=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 

4.34243481 

4.34007028 

4.34103692 

4.33917757 

4.33787218 

4.33730963 

4.33638629 

4.33574514 

4.33144627 

4.34455062 

4.34529980 

4.34720769 

4.34814122 

4.34773394 

4.35039590 

4.35082397 

4.35076620 

4.35515253 

4.34336082 

4.34317490 

4.34343065 

4.34298935 

4.34301675 

4.34343106 

4.34341820 

4.34320728 

4.34377310 

0.00041833 

0.00091737 

0.00125050 

0.00182036 

0.00198442 

0.00248712 

0.00293739 

0.00340062 

0.00408479 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

4.33448493 

4.31112243 

4.32086562 

4.30243428 

4.28968896 

4.28532125 

4.27539867 

4.26962772 

4.22869345 

4.35561907 

4.36319910 

4.38257807 

4.39208890 

4.38828300 

4.41544736 

4.42041021 

4.41917124 

4.46896634 

4.34370269 

4.34193506 

4.34461252 

4.34039431 

4.34095712 

4.34539199 

4.34558651 

4.34384595 

4.35018299 

0.00418162 

0.00916742 

0.01253800 

0.01818845 

0.01980423 

0.02494987 

0.02947873 

0.03410185 

0.04100233 

 

Tr(M
-1

) 

k,% 
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2.3 cxrilis gagrZeleba 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

1.0 

2.0 

3.0 

4.0 

5.0 

4.28375667 

4.11864526 

4.04926792 

4.06452353 

3.91148689 

4.44920389 

4.58391499 

4.70699895 

4.97062112 

5.06666493 

4.35343661 

4.35400913 

4.37454611 

4.39782619 

4.39888317 

0.03577248 

0.08520863 

0.12273719 

0.16840444 

0.21359376 

10 4.02903620 6.24679824 4.75895344 0.44199845 

 

cdomilebebis cvlilebisas 0.01%-0.1% diapazonSi gansaxilve-

li gegmisaTvis Tvisebebis cvlileba ar aris didi. am SemTxve-

vaSi A-optimalurobis Tviseba uaresdeba mxolod 0.008%-iT, cdo-

milebis cvlilebisas 1%-mde – optimaluroba uaresdeba 0.23%-mde, 

xolo 5%-iani cvlilebisas gauareseba aRwevs 1.28%-s. 

 2.4 cxrilSi  moyvanilia a=1.5 kvadratisaTvis ricxviTi 

mniSvnelobebi, romlebic miiReboda orcvladiani simetriuli 

kompoziciuri rotatabelur gegmebTan miaxloebuli A-optimalu-

robis Tvisebis kvlevisas. 

cxrili 2.4 

Teqvsmetwertiliani gegmis kovariaciuli matricis kvalis 
cvlileba sxvadaxva cdomilebebis zeddebisas (a=1.5) 

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 

1.67363775 

1.67310113 

1.67268227 

1.67241716 

1.67229909 

1.67100282 

1.67183451 

1.67114921 

1.66967860 

1.67429371 

1.67473183 

1.67510540 

1.67597223 

1.67557907 

1.67650877 

1.67636544 

1.67680643 

1.67722544 

1.67395779 

1.67396687 

1.67392874 

1.67392593 

1.67398829 

1.67391049 

1.67404062 

1.67413727 

1.67418197 

0.00014350 

0.00032879 

0.00047396 

0.00063616 

0.00075771 

0.00095083 

0.00088267 

0.00102307 

0.00144497 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.66998920 

1.66665564 

1.66352906 

1.65813337 

1.65927559 

1.64694202 

1.65035484 

1.65073518 

1.64197020 

1.67712909 

1.68119674 

1.68549100 

1.68671471 

1.69822565 

1.70363709 

1.70049593 

1.69903968 

1.70230048 

1.67399693 

1.67433076 

1.67401841 

1.67388279 

1.67395430 

1.67423586 

1.67222215 

1.67424565 

1.67424495 

0.00152586 

0.00270394 

0.00438080 

0.00550862 

0.00690925 

0.00910561 

0.00958012 

0.01118713 

0.01237523 
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2.4 cxrilis gagrZeleba 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

1.0 

2.0 

3.0 

4.0 

5.0 

1.63576482 

1.60612808 

1.58153546 

1.52980636 

1.54729634 

1.70659203 

1.75072816 

1.80059275 

1.83020515 

1.97556595 

1.67489769 

1.67982361 

1.67894676 

1.68133631 

1.68687133 

0.01528840 

0.02705034 

0.04423085 

0.05541984 

0.07232157 

10 1.39438515 2.28604220 1.74636920 0.17389532 
 

rogorc cxrilidan Cans, pirvel gansaxilvel diapazonSi 

cdomilebebisaTvis 0.01-0.09%, A-optimalurobis Tviseba uaresdeba 

0.014%-iT, meore diapazonSi, roca cdomolebebi aRwevs 0.1-0.9%-s, 

uaresdeba 0.015%-iT, xolo mesame diapazonSi 1%-5%-iani cdomile-

bebisaTvis uaresdeba 0.72%-iT. 

E-optimaluroba. rotatabelur simetriul gegmebTan miaxlo-

ebul E-optimalurobaze cdomilebebis gavlenis kvlevisas Sec-

domebis derefani miiReboda Semdegnairad: yvela sakvlevi cdo-

milebisaTvis vaxdendiT gegmis generirebas 100-jer SemTxveviTi 

saxiT da TiToeulisTvis umciresi maqsimaluri sakuTari ricxvi-

dan  (maxasiaTebeli ricxvi) virCevdiT minimalur da maqsimalu-

r mniSvnelobebs. 

miRebuli Sedegebis grafikuli gamosaxuleba warmodgenilia 

2.4 naxazze kvadratis zomisaTvis a=0.5. 

0 1 2 3 4 5 6 7 8 9 10
1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

 

nax. 2.4. mesame rigis Teqvsmetwertiliani gegmis E-optimaluroba,  
roca a=0.5 

 
 

k,% 

max 
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cxrilSi 2.5 mocemulia monacemebi, romlebic axasiaTeben 

umciresi maqsimaluri sakuTari ricxvis (max) cvlilebas cdo-

milebebis gansaxilvel diapazonSi sxvadasxva cdomilebebis 

zeddebisas. 

rogorc cxrilidan Cans, umciresi maqsimaluri maxasiaTebe-

li ricxvis minimalur da maqsimalur mniSvnelobebs Soris gab-

neva cdomilebebis gazrdis Sedegad Sesabamisad izrdeba. ase ma-

galiTad, Tu 0.01%-iani cdomilebis zeddebisas igi warmoadgens 

0.00016529, 0.1%-iani cdomilebis zeddebisas ukve aRwevs 0.00165500. 

1%-mde zrdiT 0.1%-ian zrdasTan SedarebiT gabneva izrdeba 10.18-

jer (igi Seadgens 0.01685343, xolo cdomilebis 10%-iani zrdisas 

gabnevam Seadgina 0.24035147). 

cxrili 2.5  
Teqvsmetwertiliani gegmis umciresi maqsimaluri maxasiaTebeli 
ricxvis cvlileba sxvadasxva cdomilebebis zeddebisas (a=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 

1.44771401 

1.44736820 

1.44749357 

1.44673827 

1.44676583 

1.44656595 

1.44621630 

1.44559651 

1.44495778 

1.44850572 

1.44921521 

1.44978431 

1.45010902 

1.45056679 

1.45165125 

1.45277204 

1.45444679 

1.45636998 

1.44806905 

1.44822634 

1.44843823 

1.44853859 

1.44868879 

1.44895279 

1.44911853 

1.44926105 

1.44933404 

0.00016529 

0.00033955 

0.00048985 

0.00066330 

0.00087618 

0.00096621 

0.00114883 

0.00153705 

0.00180056 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.44625405 

1.44283857 

1.44411325 

1.43676234 

1.43697555 

1.43492852 

1.43149813 

1.42582646 

1.41978527 

1.45418461 

1.46142367 

1.46711907 

1.47047772 

1.47532008 

1.48651063 

1.49892689 

1.51668218 

1.53799141 

1.44981117 

1.45141233 

1.45358444 

1.45464937 

1.45620701 

1.45902761 

1.46076838 

1.46239557 

1.46340386 

0.00165500 

0.00340387 

0.00492873 

0.00667123 

0.00881870 

0.00974663 

0.01173035 

0.01574392 

0.01842170 

1.0 

2.0 

3.0 

4.0 

5.0 

1.43218537 

1.40178617 

1.41311019 

1.36038195 

1.36305843 

1.51265144 

1.60191460 

1.65851264 

1.72133087 

1.80025862 

1.46833855 

1.48728140 

1.51468425 

1.53283110 

1.55526121 

0.01685343 

0.03524791 

0.05327165 

0.07258250 

0.09599044 

10 1.41458681 2.63237440 1.81378112 0.24035147 
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2.6 cxrilSi moyvanilia Sedegebi, romlebic miRebuli iqna 

analogiuri kvlevebisas, roca kvadratis zoma iyo a=1.5. 

rogorc cxrilis analizi gviCvenebs, cdomilebis zrdiT 

0.01%-dan 0.09%-mde gansaxilveli Tviseba uaresdeba 0.02-%-iT. 

cdomilebis zrda 1%-mde iwvevs 0.17%-ian gauaresebas, xolo 5%-

iani gauareseba _ 3.71%-ian cvlilebas. 10%-iani cdomilebisas ga-

uareseba Seadgens 15.73%-s. 

cxrili 2.6  

Teqvsmetwertiliani gegmis umciresi maqsimaluri maxasiaTebeli 
ricxvis cvlileba sxvadasxva cdomilebebis zeddebisas (a=1.5) 

 
orTogonaluroba. ori cvladis mqone mesame rigis Teqvsmet-

wertiliani rotatabelurTan miaxloebuli gegmis orTogonalu-

robis Tvisebaze cdomilebebis gavlenis kvlevisas vakvirdebo-

diT kovariaciuli matricis М-1= 1~~ )XX( T  aradiagonaluri elemen-

tebis absoluturi mniSvnelobebis jamebis cvlilebas (P). miRebu-

li grafikuli Sedegebi gazomvis saSualebebis sxvadasxva cdomi-

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 

0.55586045 

0.55563906 

0.55538800 

0.55536190 

0.55528620 

0.55462740 

0.55524131 

0.55500224 

0.55433053 

0.55615995 

0.55630589 

0.55659271 

0.55691709 

0.55671339 

0.55727894 

0.55704326 

0.55719451 

0.55753511 

0.55600527 

0.55600740 

0.55599391 

0.55599374 

0.55602610 

0.55597353 

0.55604903 

0.55611338 

0.55611635 

0.00006185 

0.00013639 

0.00020752 

0.00027316 

0.00033474 

0.00043225 

0.00037826 

0.00046117 

0.00061305 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0.55424405 

0.55269280 

0.55080483 

0.54963310 

0.55035576 

0.54500781 

0.54569679 

0.54627926 

0.54355425 

0.55729820 

0.55939245 

0.56039119 

0.56106084 

0.56653263 

0.56797290 

0.56873849 

0.56737051 

0.56785843 

0.55598994 

0.55618827 

0.55609338 

0.55604014 

0.55623589 

0.55637628 

0.55571234 

0.55668972 

0.55678289 

0.00064055 

0.00120476 

0.00195037 

0.00229790 

0.00313105 

0.00401060 

0.00432953 

0.00505691 

0.00533406 

1.0 

2.0 

3.0 

4.0 

5.0 

0.53936948 

0.52831077 

0.50921661 

0.50611371 

0.50972827 

0.57193528 

0.59361105 

0.61225367 

0.64927699 

0.69730664 

0.55697375 

0.56230060 

0.56432559 

0.57012986 

0.57663270 

0.00647583 

0.01282134 

0.02041451 

0.02523705 

0.03646617 

10 0.47396394 1.11135624 0.64345924 0.10022181 
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lebisas a=0.5 kvadratis zomisaTvis warmodgenilia nax.2.5 naxaz-

ze, xolo 2.7 da 2.8 cxrilebSi moyvanilia ricxviTi monacemebi 

a=0.5 da a=1.5 kvadratebis zomebisaTvis. 

0 1 2 3 4 5 6 7 8 9 10
4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

 
nax. 2.5. mesame rigis Teqvsmetwertiliani gegmis orTogonaluroba, 

roca a=0.5 
 

 

cxrilSi moyvanili monacemebis Sesabamisad, roca kvadratis 

zomaaa a=0.5, orcvladiani mesame rigis rotatabelur simetriul-

Tan miaxloebuli gegmis orTogonaluroba cdomilebis TiToeul 

gansaxilvel diapazonSi cdomilebis gazrdiT uaresdeba. ase 

magaliTad, a=0.5 kvadratisaTvis 0.01%-0.09%-ian cdomilebis diapa-

zonSi gansaxilveli Tvisebis gauareseba Seadgens 0.44%-s. meore 0.1-

0.9%-ian diapazonSi kidev ufro izrdeba da Seadgens 4.41%-s, xo-

lo mesame diapazonSi sazomi saSualebebis cdomilebebis gazr-

diT 1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 20.32%-iT. 

             cxrili 2.7   
Teqvsmetwertiliani gegmis kovariaciuli matricis aradiagonaluri 

elementebis absoluturi mniSvnelobebis jamebis minimumebis cvlileba, 
roca a=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 

5.18021941 

5.18081963 

5.18218688 

5.18103763 

5.18054950 

5.18285290 

5.17902244 

5.18359085 

5.17731797 

5.18551258 

5.19128419 

5.19818329 

5.20091751 

5.20450443 

5.21333794 

5.21791552 

5.23099738 

5.23582732 

5.18268727 

5.18533031 

5.18821282 

5.19029539 

5.19306765 

5.19663127 

5.19932677 

5.20235963 

5.20540998 

0.00105621 

0.00203837 

0.00330227 

0.00399922 

0.00516541 

0.00627705 

0.00762228 

0.00914010 

0.01056378 

k,% 

P 
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2.7 cxrilis gagrZeleba             
 

         

 
cxrili 2.8   

kovariaciuli matricis aradiagonaluri elementebis absoluturi 
mniSvnelobebis jamebis minimumebis cvlileba, roca a=1.5 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

5.18408240 

5.19014188 

5.20371418 

5.19201635 

5.18749117 

5.21116954 

5.17132863 

5.21790782 

5.15531635 

5.23705931 

5.29574205 

5.36271152 

5.39312882 

5.42693743 

5.51801784 

5.56954138 

5.70619815 

5.75860975 

5.20880130 

5.23527855 

5.26422030 

5.28523315 

5.31302783 

5.34899782 

5.37650432 

5.40733823 

5.43863112 

0.01057871 

0.02046000 

0.03314399 

0.04027515 

0.05194681 

0.06330005 

0.07752071 

0.09360039 

0.10828262 

1.0 

2.0 

3.0 

4.0 

5.0 

5.22168817 

5.28776642 

5.41451624 

5.27907040 

5.28909013 

5.75516491 

6.44925084 

6.95049744 

7.56235424 

7.87531809 

5.47298345 

5.74422922 

6.05134156 

6.28691154 

6.58514965 

0.10751079 

0.21446219 

0.35021649 

0.44419349 

0.56692471 

10 5.60273173 13.17329374 8.71354768 1.44721032 

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 

1.52703868 

1.52690002 

1.52684218 

1.52662105 

1.52735576 

1.52734515 

1.52735733 

1.52701656 

1.52705010 

1.52852929 

1.53044694 

1.53145983 

1.53283073 

1.53372000 

1.53578912 

1.53649898 

1.53905251 

1.54094778 

1.52763426 

1.52836010 

1.52881437 

1.52961838 

1.53028327 

1.53123580 

1.53154161 

1.53278667 

1.53327519 

0.00029483 

0.00059818 

0.00088225 

0.00123039 

0.00141023 

0.00181715 

0.00190641 

0.00254104 

0.00252922 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.52832793 

1.52693145 

1.52643550 

1.52422143 

1.53133307 

1.53145604 

1.53158725 

1.52762005 

1.52853621 

1.54333426 

1.56271907 

1.57288348 

1.58752525 

1.59527996 

1.61624693 

1.62427600 

1.65251944 

1.67042554 

1.53429851 

1.54157603 

1.54613808 

1.55422960 

1.56086935 

1.57049651 

1.57347176 

1.58619472 

1.59103292 

0.00295926 

0.00601572 

0.00889656 

0.01242162 

0.01425161 

0.01841837 

0.01929593 

0.02607829 

0.02573110 

1.0 

2.0 

3.0 

4.0 

5.0 

1.54030623 

1.52540405 

1.52845923 

1.50614753 

1.55474580 

1.70085664 

1.91778777 

2.02584800 

2.28678773 

2.27656239 

1.60154346 

1.67652781 

1.72458320 

1.81171774 

1.87920193 

0.03075775 

0.06401271 

0.09753312 

0.13906587 

0.16212934 

10 1.58478646 4.86413904 2.38544993 0.50272149 
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a=1.5 kvadratisaTvis SeiniSneba analoguri suraTi. pirvel 

diapazonSi orTogonalurobis Tvisebis gauareseba Seadgens 

0.34%-s, meoreSi 3.70%-s, xolo mesameSi 17.34%-s. 

amrigad, mesame rigis samcvladiani rotatabelurTan miax-

loebuli gegmis yvela gamokvleuli kriteriumisaTvis SeiniSneba 

Secdomebis derefnis gafarToebis tendencia, Sesabamisad Sei-

niSneba sazomi saSualebebis cdomilebebis zrdiT yvela gansaxi-

lveli cvlilebis gauareseba. 

 

2.1.2. gamoZaxilis mniSvnelobebis nawinaswarmetyvelebi sizus-

tiT dakavSirebuli simetriuli gegmebis Tvisebebis 

gamokvleva   

am ganyofilebaSi ganxilulia D tipis meore rigis Teqvs-

metwertiliani rotatabeluri gegmis Tvisebebi, romlebic dakav-

Sirebulia gamoZaxilis mniSvnelobebis nawinaswarmetyvelebi si-

zustiT agebuli modelis (1.3) meSveobiT _ aseTia G- da Q- opti-

malurobebi.  

zogad SemTxvevaSi winaswarmetyvelebis mniSvnelobis dispersia 

         ),()()()(ˆ 121122  x,xfAxf
T dNyαNyy              (2.2) 

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

T  d                                       (2.3) 

sadac                 ),XX(A
T ~~1 N  

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

2

1

2

21

3

2

3

121

2

2

2

121 xxxxxxxxxxxxxf
T

 .(2.4) 

Cvens mier sakvlevi orfaqtoriani mesame rigis polinomialu-

ri regresiis SemTxvevaSi.  

 cvladebis z aris romelime ubnis skanirebisas (nax. 2.6 a da 

b) saTiTaod miiReboda wertilebis koordinatebi  ( )(

1
~ iх , )(

2
~ iх ). 

2.2 da 2.3-Si am wertilebis dayenebiT ganisazRvreboda sakvlevi z 

aris gamoZaxilis mniSvnelobebis winaswarmetyvelebis dispersi-

ebi. skanirebis radiusis (r=0.1) SedarebiT mcire bijiT cvlile-

bisas, aseve mcire bijiT kuTxis (=10) cvlilebisas miiReboda  
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a) mcire bijiani badis (l=0.1) da b) SemTxvevaSi monacemebis didi 

masivi.    

 

 

 

 

 

 

 

nax. 2.6. sakvlevi aris skanirebis principi a) seqtoris da  

b) kvadratis SemTxvevaSi 
 

calke ganvixiloT am jgufis iseTi Tvisebebi, rogoricaa G- 

da Q-optimalurobebi _ ori cvladis mqone mesame rigis Teqvsmet-

wertiliani rotatabeluri gegmis SemTxvevaSi, roca sakvlev ares 

aqvs sxvadasxva zomis kvadratebis saxe. 

 G-optimaluroba. G-optimalurad miiCneva (1.5) tipis gegmebi, 

romlebic aminimizireben garkveul sakvlev areSi winaswarmet-

yvelebis maqsimalur dispersias (dmax). 

wina punqtSi aRwerili algoriTmiT generirebuli damaxin-

jebuli gegmebisaTvis ganisazRvreboda gansaxilveli kriteriu-

mis mniSvnelobaTa simravleebi, gamoiyofoda minimaluri da maq-

simaluri mniSvnelobebi, romlebic warmoqmnidnen koridors. yve-

la kvleva, romlis drosac Seiswavleboda cdomilebebis gavlena 

G-optimalurobaze, tardeboda sxvadasxva saxis areebis SemT-

xvevaSi sazomis saSualebebis yvelaze damaxasiaTebeli cdomile-

bebisaTvis.  

ricxviTi mniSvnelobebi, romlebic miiReboda cdomilebebis 

gavlenis kvlevisas (1.5) gegmis G-optimalurobaze, а=0.5 da а=1.5 

kvadratebisTvis moyvanilia 2.9 da 2.10 cxrilebSi; z kvlevis are 

warmoadgenda kvadrats zomiT 0.5х0.5.  

r 

 

 

 1
~x

 

2
~x

 

1
~x

 

2
~x

 

l 

a) b) 
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cxrili 2.9  
Teqvsmetwertiliani 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 

6.29529883 

6.29369216 

6.29141373 

6.29121745 

6.29097119 

6.28821086 

6.28769292 

6.28590590 

6.28536797 

6.29795938 

6.29919484 

6.30198841 

6.30220955 

6.30423984 

6.30670589 

6.30426286 

6.30487943 

6.30892568 

6.29679235 

6.29680991 

6.29684826 

6.29661879 

6.29692558 

6.29669698 

6.29733103 

6.29662894 

6.29698060 

0.00055450 

0.00114698 

0.00184917 

0.00224088 

0.00280603 

0.00337331 

0.00361373 

0.00396006 

0.00553977 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

6.28151184 

6.26569879 

6.24320529 

6.24069631 

6.24027222 

6.21278226 

6.20442070 

6.18773068 

6.18609865 

6.30811826 

6.32055103 

6.34860367 

6.35113879 

6.37249062 

6.39738217 

6.37271398 

6.38329530 

6.42046525 

6.29644865 

6.29668067 

6.29716404 

6.29499970 

6.29827554 

6.29613414 

6.30274709 

6.29617380 

6.30012985 

0.00554290 

0.01145776 

0.01849290 

0.02240920 

0.02805876 

0.03371058 

0.03637887 

0.03965281 

0.05532381 

1.0 

2.0 

3.0 

4.0 

5.0 

6.14530267 

6.01310327 

5.88214593 

5.74347665 

5.70737952 

6.41135467 

6.54873599 

6.83099241 

6.89309311 

7.22488039 

6.29483118 

6.30277441 

6.31830568 

6.30990238 

6.36827283 

0.05526575 

0.11376743 

0.18480155 

0.22695079 

0.28499621 

10 5.70950632 8.25569737 6.58170127 0.52645119 

 

cxrili 2.10 
Teqvsmetwertiliani gegmis winaswarmetyvelebis maqsimaluri dispersiis 
minimumis cvlileba kvadratis formis mqone z sakvlev areSi zomebiT 

0.5х0.5 (а=1.5) 

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 

8.60378993 

8.60180112 

8.59870489 

8.59612444 

8.59555871 

8.58253612 

8.59030698 

8.58088793 

8.58211971 

8.60858445 

8.61106332 

8.61635317 

8.62183944 

8.61972677 

8.62394655 

8.62434962 

8.62319569 

8.62800043 

8.60618055 

8.60628135 

8.60591788 

8.60584163 

8.60690373 

8.60656862 

8.60702923 

8.60712490 

8.60712717 

0.00097066 

0.00199754 

0.00332395 

0.00459300 

0.00551497 

0.00703525 

0.00679709 

0.00855272 

0.00947883 

0.1 

0.2 

0.3 

0.4 

8.57795071 

8.54765787 

8.52403494 

8.51712339 

8.63019289 

8.65042051 

8.68430540 

8.69311914 

8.60648287 

8.60705056 

8.60333636 

8.60364163 

0.01146381 

0.02068694 

0.03162723 

0.03853496 
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me-2.10 cxrilis gagrZeleba 

 
rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, kvadratis formis sakvlevi arisaTvis 

zomebiT 0.5х0.5 (а=0.5), ori cvladis mqone meore rigis rotata-

beluri gegmis G-optimalurobis Tviseba uaresdeboda 0.003%-iT, 

cdomilebebis gazrdisas 0.1%-dan 0.9%-mde uaresdeboda 0.06%-iT, 

xolo cdomilebebis gazrdiT 1%-dan 5%-mde sakvlevi Tviseba 

uaresdeboda 1.17%-iT. analogiuri suraTi miiReboda, roca а=1.5. 

aRniSnul diapazonebSi G-optimalurobis Tviseba uaresdeboda 

0.01%-iT,  0.002%-iT da 0.76%-iT. 

2.11 da 2.12 cxrilebSi warmodgenilia miRebuli mniSvnelobe-

bisaTvis minimaluri da maqsimaluri sidideebi, aseve saSualo 

ariTmetikuli _ derefnis saSualo xazi da saSualo kvadratuli 

gadaxra kvadratis formis mqone sakvlevi arisTvis zomebiT 

1.5х1.5, roca а=0.5 da а=1.5 Sesabamisad.   

kvadratis formis mqone sakvlevi arisaTvis 1.5х1.5 cdomile-

bebis cvlilebis diapazonSi 0.01%-dan 0.09%-mde gansaxilveli 

gegmis G-optimalurobis Tviseba uaresdeboda 0.01%-iT (a=0.5), 0.1%-

0.9%-ian diapazonSi uaresdeboda 0.20%-iT, xolo 1% da 5%-mde 

cvlilebisas uaresdeboda 3.16%-iT. kvadratis formis sakvlevi 

arisaTvis zomebiT 1.5х1.5 (а=1.5) cdomilebebis gazrdiT 0.01%-dan 

0.1%-mde ori cvladis mqone meore rigis rotatabeluri gegmis G-

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.5 

0.6 

0.7 

0.8 

0.9 

8.46927564 

8.50152704 

8.43972532 

8.32615948 

8.36627106 

8.71358567 

8.77295848 

8.81484661 

8.82685834 

8.82065437 

8.60499072 

8.61485165 

8.59768771 

8.60837805 

8.60669307 

0.04990248 

0.06591094 

0.07641383 

0.09180836 

0.09047550 

1.0 

2.0 

3.0 

4.0 

5.0 

8.33367191 

8.05504749 

7.87058849 

7.82158358 

7.43179630 

8.85493099 

9.07393871 

9.47660102 

9.56800972 

9.90936113 

8.61109032 

8.62431400 

8.60398411 

8.62732727 

8.67624107 

0.11511221 

0.20506282 

0.31490663 

0.37105237 

0.50044225 

10 7.00432180 14.90021880 9.19253713 1.36158549 
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optimalurobis Tviseba uaresdeboda 0.011%-iT, cdomilebebis gaz-

rdisas 0.1%-dan 1%-mde uaresdeboda 0.48%-iT, xolo cdomilebebis 

gazrdiT 1%-dan 5%-mde sakvlevi Tviseba uaresdeboda 2.11%-iT. 

cxrili 2.11 
Teqvsmetwertiliani gegmis winaswarmetyvelebis maqsimaluri dispersiis 

minimumis cvlileba kvadratis formis mqone Z sakvlev areSi zomebiT 
1.5х1.5 (а=0.5) 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.01 

0.02 

0.03 

0.04 

0.05 

247.48593162 

247.22319891 

247.21622478 

246.81512250 

246.72829700 

247.89911728 

248.10203095 

248.51495599 

248.57301295 

248.79432556 

247.70625110 

247.71838303 

247.73010184 

247.69771139 

247.65143830 

0.09614449 

0.18268180 

0.29622447 

0.35694731 

0.44538675 

0.06 

0.07 

0.08 

0.09 

246.28222432 

246.27233949 

246.24573827 

245.47555471 

249.17942270 

249.16990880 

250.11492651 

250.15740166 

247.71695800 

247.75611523 

247.72542845 

247.73785862 

0.52357945 

0.70379521 

0.77072084 

0.89565186 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

245.58377480 

242.98921747 

242.91481384 

238.98046650 

238.17914030 

233.94058497 

233.80384760 

233.61985342 

226.27453777 

249.71600590 

251.77394283 

255.97203825 

256.60000802 

258.90613956 

262.98949168 

262.80145866 

273.11869401 

273.49732040 

247.78141322 

247.90867676 

248.03775729 

247.72536129 

247.27889108 

247.95261300 

248.38400835 

248.11560100 

248.28894703 

0.96148862 

1.82761566 

2.97036238 

3.56587143 

4.44577363 

5.23273990 

7.05820320 

7.75157674 

8.98101450 

1.0 

2.0 

3.0 

4.0 

5.0 

225.24524982 

210.11004196 

199.59069447 

164.92278390 

145.49880374 

273.80246142 

293.19495167 

360.32986205 

386.44011464 

386.27845226 

248.20406920 

250.28730843 

250.96437060 

253.72185962 

256.04250794 

8.72172910 

20.33025276 

29.92806871 

41.11918991 

50.31144755 

10 106.87343826 568.34830848 282.35244658 107.82885322 
 

cxrili 2.12 

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

1.5х1.5 (а=1.5) sxvadasxva 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 

13.01011985 

13.00500127 

12.99684605 

12.97023798 

12.97777335 

12.95745241 

12.96168802 

12.96518040 

12.95519929 

13.02475100 

13.03091230 

13.04564384 

13.05024483 

13.07819476 

13.06209358 

13.06189708 

13.09929279 

13.09934665 

13.01795039 

13.01803257 

13.01773409 

13.01470789 

13.01836745 

13.01765884 

13.01642831 

13.02073051 

13.01842529 

0.00309528 

0.00592718 

0.00966902 

0.01351067 

0.01835861 

0.02109455 

0.02260688 

0.02695534 

0.03140487 
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me-2.12 cxrilis gagrZeleba 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

12.92118481 

12.86704036 

12.75572180 

12.72726488 

12.54613950 

12.52527216 

12.26884281 

12.34457308 

12.48111720 

13.09380274 

13.18532007 

13.24617033 

13.44303249 

13.40098821 

13.55519100 

13.78945608 

13.79843409 

13.86694196 

13.01938469 

13.02194443 

13.01184857 

12.99958456 

12.98878416 

13.03243806 

13.00915176 

12.98902534 

13.03446352 

0.03283094 

0.06496838 

0.08892283 

0.13518065 

0.16801037 

0.18457312 

0.23355124 

0.27495412 

0.32101136 

1.0 

2.0 

3.0 

4.0 

5.0 

12.32274420 

11.89612635 

11.25943142 

9.424654273 

10.01720988 

13.78193010 

14.52715498 

16.29758265 

16.88790225 

21.62796103 

13.08132812 

13.11042254 

13.11500228 

12.88200944 

13.35725219 

0.31033557 

0.60683544 

0.97979229 

1.32339785 

2.02079314 

10 8.74887296 23.66391119 14.35423078 3.38167191 
 

Q-optimaluroba. Q-optimalurad miiCneva (1.5) tipis gegmebi, 

romlebic aminimizireben winaswarmetyvelebis saSualo dispersi-

as kvlevis garkveul areSi. 

wina punqtSi aRwerili algoriTmiT generirebuli damaxinje-

buli gegmebisaTvis ganisazRvreboda gansaxilveli kriteriumis 

mniSvnelobaTa simravleebi, gamoiyofoda minimaluri da maqsima-

luri mniSvnelobebi, romlebic warmoqmnidnen koridors. yvela 

kvleva, romlis drosac Seiswavleboda cdomilebebis gavlena Q-

optimalurobaze, tardeboda sxvadasxva saxis areebis SemTxve-

vaSi sazomi saSualebebis yvelaze damaxasiaTebeli cdomilebebi-

saTvis.    

ricxviTi mniSvnelobebi, romlebic miiReboda cdomilebebis 

gavlenis kvlevisas (1.5) gegmis Q-optimalurobaze а=0.5 da а=1.5 

kvadratebisaTvis moyvanilia 2.13 da 2.14 cxrilebSi. 

rogorc monacemebis analizma gviCvena, kvadratis formis 

mqone sakvlev areSi zomebiT 0.5х0.5, roca а=0.5, Q-optimalurobis 

Tviseba uaresdeboda Semdegnairad: SeSfoTebebis zrdiT 0.09%-mde 

Q-optimaluroba uaresdeboda mcired – 0.003%-iT, 0.1%-0.9%-ian 

diapazonSi gauareseba Seadgenda 0.96%-s. 
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cxrili 2.13 
Teqvsmetwertiliani gegmis winaswarmetyvelebis saSualo dispersiis 

cvlileba sxvadasxva SeSfoTebebis zeddebisas kvadratis formis mqone z 
sakvlev areSi zomiT 0.5х0.5 (а=0.5) 

 

kvlevebi romlebic tardeboda igive arisaTvis, oRond а=1.5-Tvis 

gviCvenebda, rom 0.01%-0.09%-ian diapazonSi Q-optimalurobis Tvi-

seba uaresdeboda 0.014%–mde, 0.1-0.9%-ian diapazonSi gauareseba 

Seadgenda 0.16%-s, xolo 1%-5%-ian diapazonSi Seadgenda 0.5%-s. 

2.15 da 2.16 cxrilebSi moyvanilia ricxviTi mniSvnelobebi 

winaswarmetyvelebis saSualo dispersiis cvlilebis kvadratis 

formis mqone sakvlevi arisaTvis zomebiT 1.5х1.5 (а=0.5 da a=1.5 

Sesabamisad).   

rogorc 2.15 cxrilidan Cans, cdomilebebis cvlilebisas 

0.01%-0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.01%-iT, 

0.1%-0.9%-ian SualedSi uaresdeboda 0.19%-iT, xolo 1%-5%-ian 

SualedisaTvis gauareseba Seadgenda 0.96%-s. 

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 

5.07568702 

5.07511112 

5.07373811 

5.07342226 

5.07249476 

5.07208753 

5.07239889 

5.07165562 

5.07037518 

5.07747884 

5.07814523 

5.07908805 

5.07959866 

5.08010861 

5.08084417 

5.08164664 

5.08165425 

5.08527619 

5.07649325 

5.07648174 

5.07656296 

5.07645479 

5.07651897 

5.07630645 

5.07691479 

5.07650924 

5.07665057 

0.00033440 

0.00065035 

0.00090184 

0.00126779 

0.00141991 

0.00188999 

0.00204114 

0.00239388 

0.00302719 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

5.06823222 

5.06254297 

5.04894339 

5.04598149 

5.03708958 

5.03355188 

5.03788366 

5.02876704 

5.01813736 

5.08614970 

5.09307223 

5.10247036 

5.10761658 

5.11306042 

5.12075337 

5.12907530 

5.13075293 

5.16704743 

5.07627795 

5.07621271 

5.07710093 

5.07613711 

5.07694144 

5.07498155 

5.08124813 

5.07759977 

5.07931702 

0.00334261 

0.00650505 

0.00902979 

0.01267918 

0.01418454 

0.01883207 

0.02046023 

0.02404574 

0.03034150 

1.0 

2.0 

3.0 

4.0 

5.0 

4.99685235 

4.94637374 

4.82230352 

4.79667046 

4.75353606 

5.17616057 

5.27218092 

5.36040171 

5.45109546 

5.55511335 

5.07578782 

5.08013595 

5.09668907 

5.09934118 

5.12444724 

0.03333771 

0.06555192 

0.09298475 

0.12998987 

0.14968166 

10 4.51516536 6.72712133 5.24735679 0.39518489 
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cxrili 2.14 
Teqvsmetwertiliani gegmis winaswarmetyvelebis saSualo dispersiis 

cvlileba sxvadasxva SeSfoTebebis zeddebisas kvadratis formis mqone z 
sakvlev areSi zomiT 0.5х0.5 (а=1.5) 

K 

cxrili 2.15 
Teqvsmetwertiliani gegmis winaswarmetyvelebis saSualo dispersiis 

cvlileba sxvadasxva SeSfoTebebis zeddebisas kvadratis formis mqone z 
sakvlev areSi zomiT 1.5х1.5 (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 

8.16439816 

8.16289190 

8.15905676 

8.15644825 

8.15629918 

8.14529455 

8.15377495 

8.14620012 

8.14308625 

8.16890552 

8.17082792 

8.17643637 

8.18145559 

8.17909733 

8.18398236 

8.18134232 

8.18182791 

8.18865923 

8.16679792 

8.16687198 

8.16657421 

8.16647520 

8.16727777 

8.16682295 

8.16751225 

8.16794494 

8.16796908 

0.00086896 

0.00185029 

0.00296723 

0.00414952 

0.00495983 

0.00634089 

0.00586524 

0.00720183 

0.00867968 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

8.14229620 

8.12751557 

8.08960000 

8.06457918 

8.06313290 

7.95582891 

8.04136727 

7.96840367 

7.93443132 

8.18734475 

8.20676245 

8.26378299 

8.31535757 

8.29081442 

8.34072269 

8.31416425 

8.31957105 

8.39043400 

8.16623216 

8.16705083 

8.16420271 

8.16337600 

8.17158562 

8.16733015 

8.17418536 

8.17917277 

8.17954012 

0.00868694 

0.01850862 

0.02970357 

0.04158892 

0.04967659 

0.06325035 

0.05865317 

0.07187301 

0.08706632 

1.0 

2.0 

3.0 

4.0 

5.0 

7.92918984 

7.75263572 

7.50324665 

7.39813166 

7.19827261 

8.38069965 

8.63798854 

8.95241021 

8.95415920 

9.60582801 

8.16936269 

8.18982677 

8.17054065 

8.16955288 

8.21039693 

0.09886031 

0.17909903 

0.28648341 

0.33628212 

0.44895530 

10 6.51170984 12.48206024 8.47068484 1.13751980 

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 

21.15178349 

21.13253063 

21.12841414 

21.10994039 

21.09959246 

21.06952034 

21.06671895 

21.06952697 

21.02826714 

21.17721015 

21.19286302 

21.21554579 

21.21504520 

21.24401926 

21.25866916 

21.26272301 

21.33124340 

21.32213972 

21.16540486 

21.16590317 

21.16687231 

21.16515960 

21.16251541 

21.16638639 

21.16774694 

21.16775070 

21.16779459 

0.00620381 

0.01205038 

0.01875846 

0.02243235 

0.02920227 

0.03395085 

0.04612185 

0.04956126 

0.05685564 

0.1 

0.2 

0.3 

0.4 

21.03491972 

20.84489211 

20.80505028 

20.62525450 

21.28894931 

21.44806939 

21.68046805 

21.67774111 

21.17061863 

21.17615080 

21.18688250 

21.17082653 

0.06204224 

0.12059587 

0.18815822 

0.22413442 
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me-2.15 cxrilis gagrZeleba 

 
cxrili 2.16 

Teqvsmetwertiliani gegmis winaswarmetyvelebis saSualo dispersiis 
cvlileba sxvadasxva SeSfoTebebis zeddebisas kvadratis formis mqone z 

sakvlev areSi zomiT 1.5х1.5 (а=1.5) 

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 

7.68681935 

7.68509466 

7.68358796 

7.68246257 

7.68083685 

7.68130822 

7.67981644 

7.67412669 

7.67517768 

7.68937237 

7.69073259 

7.69260711 

7.69311580 

7.69545386 

7.69732431 

7.70056506 

7.69851638 

7.69832218 

7.68811791 

7.68814472 

7.68797741 

7.68795529 

7.68806320 

7.68853598 

7.68765297 

7.68801314 

7.68818867 

0.00059617 

0.00110047 

0.00179226 

0.00214715 

0.00279474 

0.00364467 

0.00417027 

0.00482235 

0.00478820 

0.1 

0.2 

0.3 

0.4 

7.67533004 

7.65826159 

7.64358446 

7.63257374 

7.70087572 

7.71460837 

7.73371304 

7.73895839 

7.68827715 

7.68860794 

7.68702832 

7.68692729 

0.00596227 

0.01099959 

0.01789835 

0.02142752 

0.5 
0.6 
0.7 
0.8 
0.9 

7.61726697 
7.62130631 
7.60703477 
7.55620055 
7.56285604 

7.76280906 
7.78271967 
7.81584085 
7.79621756 
7.79498603 

7.68824090 
7.69320513 
7.68462318 
7.68858712 
7.69061794 

0.02789380 
0.03657817 
0.04162880 
0.04815243 
0.04768805 

1.0 
2.0 
3.0 
4.0 
5.0 

7.56644367 
7.41314071 
7.30050482 
7.21399681 
7.09059406 

7.82399583 
7.97464060 
8.20560736 
8.28095940 
8.56458015 

7.69225568 
7.70179870 
7.69538718 
7.70620742 
7.74307330 

0.05973846 
0.10986683 
0.17832602 
0.21293459 
0.27887345 

10 6.92676100 10.39170694 7.98693029 0.68384905 
 

2.16 cxrilis monacemebze dayrdnobiT kvadratis formis mqone 

sakvlevi arisaTvis zomebiT 1.5х1.5, roca а=1.5, gansaxilveli Tvi-

sebis gauareseba Seadgens 0.001%-s. pirveli sakvlevi diapazonisaT-

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.5 

0.6 

0.7 

0.8 

0.9 

20.52515877 

20.24239068 

20.21552903 

20.24840763 

19.85917415 

21.98016214 

22.13537261 

22.19591387 

22.93116559 

22.82651170 

21.14617397 

21.18672099 

21.20380672 

21.20680004 

21.21163269 

0.29183933 

0.33896276 

0.46290985 

0.49920638 

0.57063856 

1.0 

2.0 

3.0 

4.0 

5.0 

19.93526996 

18.26556380 

17.98924045 

16.64975357 

15.88955839 

22.45507434 

24.32659357 

27.29657954 

27.58993390 

32.09733244 

21.24316785 

21.35348048 

21.56755210 

21.51445108 

21.44815349 

0.62153495 

1.22102896 

1.95722244 

2.27032213 

2.99159833 

10 13.61101316 41.89652999 24.21443528 7.08551727 



 52 

vis, 0.1%-0.9%-ian diapazonSi gauareseba Seadgens 0.03%–s, xolo 1%-

5%-ian SualedisaTvis Q-optimalurobis gauareseba Seadgens 0.66%-s.  

2.2. orcvladiani mesame rigis ekonomiuri kompoziciuri    

    rotatabelurTan miaxloebuli gegmebis gamokvleva 

mravaljeradi generirebis Sedegad aradeformirebuli Tor-

metwertiliani gegmis TiToeuli wertilis garSemo miiReboda wer-

tilebis Rrubeli (nax. 2.7), saidanac SeiZleba warmoqmniliyo de-

formirebuli gegmis nebismieri konfiguracia. 

 

 

 

 

 

 

nax. 2.7. orcvladiani mesame rigis mravaldeformirebuli ekonomiuri 
simetriuli kompoziciuri gegmebis grafikuli ilustracia 

sazomi saSualebebis cdomilebebis gamo mesame rigis simet-

riuli gegemis koordinatebi icvleba Semdegnairad: 

                    

 

                                                     

                                  D= 

 

 

 

Sesabamisad icvleba gegmebis dagegmvis matricac.  

aseTi saxiT generirebuli gegmebisaTvis, kvadratis sxvada-

sxva 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 

        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+   

                                           
   
 
 
 
  
.                                              (2.5) 

1
~x

 

2
~x
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qmnidnen derefans. yvela kvleva tardeboda sazomi saSualebebis 

cdomilebebisaTvis 0.01%-dan 10%-mde. 
 

2.2.1. ekonomiuri gegmebis Tvisebebis gamokvleva, romlebic 

dakavSirebulia regresiis gantolebis koeficientebis 

Sefasebis sizustesTan 

D-optimaluroba. D-optimalurTan miaxloebuli mesame rigis 

orcvladiani simetriuli kompoziciuri gegmis kvlevisas gegmis 

damaxinjeba miiRweoda TiToeul mis elementze SemTxveviTi sidi-

dis damatebiT. damaxinjeba Seesabameboda 0.01-0.09%-s (pirvel dia-

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

mimarTva xorcieldeboda SemTxveviT ricxvebTan asjer. asi 

miRebuli mniSvnelobidan airCeoda minimaluri da maqsimaluri, 

ris mixedviTac igeboda Secdomebis derefani.  

2.8 naxazze warmodgenilia M=( XXT
~~

)-1 Secdomebis matricis 

msazRvrelis cvlilebebis grafikuli Sedegebi, romlebic mi-

iReba sxvadasxva sididis k cdomilebebis zeddebiT sami cvladis 

mqone mesame rigis rotatabelur gegmebTan miaxloebul ekono-

miur gegmebze, kvadratis zomebiT a=0.5. 

2.17-2.18 cxrilebSi moyvanilia saSualo ariTmetikuli – 

derefnis saSualo xazi da gabneva – saSualo kvadratuli 

gadaxra, aseve a kvadratis sxvadasxva zomebisaTvis minimaluri 

da maqsimaluri mniSvnelobebi. 

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

0.5

1

1.5

2

2.5

3

3.5
x 10

-6

 
nax. 2.8. mesme rigis Tormetwertiliani gegmis D-optimaluroba, roca 

a=0.5 

det(M
-1

) 

k,% 
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cxrili 2.17 
Tormetwertiliani gegmis kovariaciuli matricis minimaluri 

msazRvrelis cvlileba sxvadasxva cdomilebebis zeddebisas (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 0.04-%-iT, cdomilebis cvlilebisas 1%-mde optimaluroba 

uaresdeba 0.83%-mde, xolo 5%-iani zrdiT es maCvenebeli adis 

18.98%-mde. 

a=1.5 kvadratis zomisaTvis D-optimalurobis Tviseba cdomi-

lebebis gazrdisas izrdeba 0.01%-dan 0.1%-mde, optimaluroba 

uaresdeba 0.06%-iT, cdomilebis cvlilebisas 1%-mde – optimalu-

roba uaresdeba 0.55%-mde, xolo 5%-iani cvlilebisas gauareseba 

aRwevs 12.18%-s. 

 

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-006 * 

0.62890959 
0.62747638 
0.62593632 
0.62333159 
0.62466719 
0.62182205 
0.61615676 
0.61878558 
0.61435821 

0.63163197 
0.63309993 
0.63676389 
0.63774691 
0.64091942 
0.63696889 
0.64064494 
0.64351558 
0.64245502 

0.63042261 
0.63042241 
0.63047209 
0.63036692 
0.63056796 
0.63016385 
0.63083485 
0.63088348 
0.63077202 

0.00051376 
0.00118132 
0.00202365 
0.00257541 
0.00304709 
0.00339010 
0.00511209 
0.00484127 
0.00586053 

 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0e-006 * 

0.61568732 
0.60182582 
0.58724971 
0.56318826 
0.57535287 
0.55000336 
0.50175943 
0.52437515 
0.48823337 

0.64286638 
0.65802722 
0.69733780 
0.70800806 
0.74435751 
0.69972834 
0.74177705 
0.77540467 
0.76241751 

0.63068388 
0.63077558 
0.63148701 
0.63066437 
0.63289821 
0.62911480 
0.63691799 
0.63718028 
0.63705160 

0.00513641 
0.01181027 
0.02038580 
0.02570122 
0.03087661 
0.03365493 
0.05063368 
0.04922519 
0.05925688 

1.0 
2.0 
3.0 
4.0 
5.0 

1.0e-006 * 

0.49786310 
0.39814092 
0.31325598 
0.20575366 
0.25134233 

0.76716344 
0.97799424 
1.81022725 
2.05391840 
3.55061967 

0.63562659 
0.64610778 
0.67809815 
0.69162741 
0.75004845 

0.05152062 
0.12092208 
0.24006952 
0.29277321 
0.44972140 

 
10 

1.0e-006 * 

0.06130920 4.88253088 1.00090775 0.90803548 
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cxrili 2.18 
Tormetwertiliani gegmis kovariaciuli matricis minimaluri 

msazRvrelis cvlileba sxvadasxva cdomilebebis zeddebisas (a=1.5) 

 

A-optimaluroba. nax. 2.9-ze naCvenebia Secdomebis derefnis 

grafikuli ilustracia kvadratis zomisaTvis a=0.5, romelic mi-

iReboda orcvladiani mesame rigis ekonomiuri rotatabelur geg-

masTan maqsimalurad miaxloebuli simetriuli kovariaciuli 

matricis M=( XXT
~~

)-1 kvalis kvlevisas. 

rogorc naxazidan Cans, cdomilebebis gazrdiT Secdomebis 

derefani izrdeba. 2.19 cxrilSi moyvanilia zogierTi sakvlevi 

cdomilebisaTvis kovariaciuli matricis kvalis minimaluri da 

maqsimaluri mniSvnelobebi, aseve maTi saSualo ariTmetikuli da 

gabneva – saSualo kvadratuli gadaxra. 

 

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-010 * 

0.63500019 

0.63355619 

0.63157539 

0.63115434 

0.63172867 

0.62830107 

0.62864162 

0.62418578 

0.62543433 

0.63822350 

0.63933537 

0.64035706 

0.64070250 

0.64184520 

0.64288830 

0.64444077 

0.64688712 

0.64564652 

0.63638040 

0.63638755 

0.63611584 

0.63646842 

0.63624424 

0.63658899 

0.63638218 

0.63681524 

0.63653153 

0.00060066 

0.00107677 

0.00172596 

0.00210654 

0.00245135 

0.00323005 

0.00364993 

0.00487265 

0.00464959 

 

0.1 

0.2 

0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0e-010 * 

0.61896921 

0.61153237 

0.58935973 

0.56458998 

0.57111753 

0.56886590 

0.53773707 

0.53215604 

0.52578655 

0.64780999 

0.65766847 

0.67356350 

0.69149980 

0.69871726 

0.70480670 

0.73682148 

0.77552071 

0.76676606 

0.63673640 

0.63719100 

0.63624974 

0.63610782 

0.63790453 

0.63475145 

0.63871275 

0.64233915 

0.63851696 

0.00539070 

0.00952373 

0.01777412 

0.02276971 

0.02715985 

0.03298016 

0.03913439 

0.04084755 

0.04815078 

 
1.0 
2.0 
3.0 
4.0 
5.0 

1.0e-010 * 

0.48973051 

0.41561800 

0290717322 

0.19385843 

0.14418112 

0.79816397 

0.89891037 

2.00859956 

1.41659972 

1.91715805 

0.63986290 

0.63886273 

0.69166450 

0.71133363 

0.71392340 

0.05458272 

0.09637504 

0.22542576 

0.22318435 

0.35592587 

 
10 

1.0e-010 * 

0.04912384 6.19918204 0.99787005 1.06492749 
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nax. 2.9. mesame rigis Tormetwertiliani gegmis A-optimaluroba, roca 

a=0.5 
cxrili 2.19 

Tormetwertiliani gegmis kovariaciuli matricis kvalis 
cvlileba sxvadaxva cdomilebebis zeddebisas (a=0.5) 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.01 

0.02 

0.03 

0.04 

7.48371296 

7.48192074 

7.47966729 

7.47797033 

7.48671649 

7.48879434 

7.49298721 

7.49137215 

7.48533437 

7.48536988 

7.48539590 

7.48492250 

0.00068101 

0.00157198 

0.00266712 

0.00306608 

0.05 

0.06 

0.07 

0.08 

0.09 

7.47658285 

7.47632113 

7.47009215 

7.46935662 

7.46450720 

7.49660050 

7.49714625 

7.50007290 

7.50198112 

7.49966726 

7.48551325 

7.48527214 

7.48576548 

7.48585151 

7.48607289 

0.00381200 

0.00484395 

0.00650184 

0.00654441 

0.00737906 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

7.46957629 

7.45179950 

7.43025915 

7.41439988 

7.39949752 

7.39850150 

7.33774919 

7.33524620 

7.28652567 

7.49958187 

7.52074930 

7.56405059 

7.54670205 

7.60087596 

7.60694950 

7.63751914 

7.65545605 

7.63238425 

7.48573915 

7.48623772 

7.48671423 

7.48236339 

7.48856590 

7.48698767 

7.49272656 

7.49346898 

7.49676910 

0.00680075 

0.01572937 

0.02674175 

0.03054121 

0.03822585 

0.04849892 

0.06534665 

0.06525798 

0.07354600 

1.0 

2.0 

3.0 

4.0 

5.0 

7.33677991 

7.17284697 

6.93005559 

6.86208822 

6.70893002 

7.63484348 

7.88823188 

8.49532081 

8.19101590 

8.94458089 

7.49399202 

7.51347443 

7.54130908 

7.53566694 

7.63267380 

0.06721260 

0.15993306 

0.28080381 

0.30399209 

0.42115792 

10 6.44585253 10.10272454 8.06730811 0.78446015 
 

cdomilebebis cvlilebisas 0.01%-0.1% diapazonSi gansaxilve-

li gegmisaTvis Tvisebebis cvlileba ar aris didi. am SemTxve-

vaSi A-optimalurobis Tviseba uaresdeba mxolod 0.003%-iT, cdo-

Tr(M
-1

) 

k,% 
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milebis cvlilebisas 1%-mde – optimaluroba uaresdeba 0.11%-mde, 

xolo 5%-iani cvlilebisas gauareseba aRwevs 1.97%-s. 

2.20 cxrilSi  moyvanilia a=1.5 kvadratisaTvis ricxviTi 

mniSvnelobebi, romlebic miiReboda orcvladiani simetriuli 

kompoziciuri rotatabelur gegmebTan miaxloebuli A-optimalu-

robis Tvisebis kvlevisas.  a=1.5-Tvis.  

rogorc cxrilidan Cans, pirvel gansaxilvel diapazonSi 

cdomilebebisaTvis 0.01-0.09%, A-optimalurobis Tviseba uaresdeba 

0.001%-iT, meore diapazonSi, roca cdomilebebi aRwevs 0.1-0.9%-s, 

uaresdeba 0.08%-iT, xolo mesame diapazonSi 1%-5%-iani cdomile-

bebisaTvis uaresdeba 1.84%-iT. 

cxrili 2.20 
Tormetwertiliani gegmis kovariaciuli matricis kvalis 
cvlileba sxvadaxva cdomilebebis zeddebisas (a=1.5) 

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 

3.34363432 

3.34312388 

3.34158819 

3.33962503 

3.34082439 

3.34057278 

3.33825070 

3.33871698 

3.33753743 

3.34530900 

3.34608022 

3.34677566 

3.34756962 

3.34856869 

3.34899831 

3.35116805 

3.35278326 

3.34978748 

3.34459417 

3.34461720 

3.34458655 

3.34448564 

3.34466750 

3.34454348 

3.34465026 

3.34517838 

3.34463770 

0.00032658 

0.00064044 

0.00110818 

0.00135674 

0.00165176 

0.00199431 

0.00243972 

0.00252909 

0.00283968 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

3.33525516 

3.33035944 

3.31510826 

3.29596389 

3.30754069 

3.30606780 

3.28295790 

3.28957520 

3.27753424 

3.35199874 

3.35976122 

3.36707547 

3.37509942 

3.38545426 

3.39151316 

3.41424838 

3.43163658 

3.39867678 

3.34483595 

3.34514682 

3.34498715 

3.34414764 

3.34622763 

3.34537014 

3.34673964 

3.35264358 

3.34743455 

0.00326576 

0.00640274 

0.01104467 

0.01352618 

0.01655158 

0.01996839 

0.02450882 

0.02555729 

0.02844222 

1.0 

2.0 

3.0 

4.0 

5.0 

3.26028722 

3.19370017 

3.08562296 

3.10739359 

2.86159466 

3.43748316 

3.48792044 

3.94734602 

3.87598084 

4.04639125 

3.34747971 

3.35228704 

3.38433765 

3.41673576 

3.40891149 

0.03354164 

0.06614085 

0.11999416 

0.13595951 

0.19535806 

10 2.70880996 5.22783488 3.69410953 0.51552649 

 

E-optimaluroba. ekonomiur rotatabelur simetriul gegmeb-

Tan miaxloebuli E-optimalurobaze cdomilebebis gavlenis 
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kvlevisas Secdomebis derefani miiReboda yvela sakvlevi cdo-

milebisaTvis asjer SemTxveviTi saxiT generirebuli gegmidan 

TiToeulisaTvis umciresi maqsimaluri sakuTari ricxvidan  (ma-

xasiaTebeli ricxvi) minimaluri da maqsimaluri mniSvnelobebis 

amorCeviT. 

miRebuli Sedegebis grafikuli gamosaxuleba warmodgenilia 

2.10 naxazze kvadratis zomisaTvis a=0.5. 

cxrilSi 2.21 mocemulia monacemebi, romlebic axasiaTeben um-

ciresi maqsimaluri sakuTari ricxvis (max) cvlilebas comilebe-

bis gansaxilvel diapazonSi sxvadasxa cdomilebebis zeddebisas. 

 

0 1 2 3 4 5 6 7 8 9 10

2

2.5

3

3.5

4

4.5

5

5.5

6

 

nax. 2.10. mesame rigis Tormetwertiliani gegmis E-optimaluroba,  
roca a=0.5 

 
rogorc cxrilidan Cans, umciresi maqsimaluri maxasiaTebe-

li ricxvis minimalur da maqsimalur mniSvnelobebs Soris gab-

neva cdomilebebis gazrdis Sedegad Sesabamisad izrdeba. ase ma-

galiTad, Tu 0.01%-iani cdomilebebis zeddebisas igi warmoadgens 

0.00038248, 0.1% cdomilebebis zeddebisas ukve aRwevs 0.00383165. 

pirvel gansaxilvel diapazonSi cdomilebebisaTvis 0.01-0.09%, E-

optimalurobis Tviseba uaresdeba 0.13%-iT, meore diapazonSi (0.1-

0.9%) uaresdeba 1.34%-iT, xolo mesame diapazonSi 1%-5%-iani 

cdomilebebisaTvis uaresdeba 9.00%-iT. 

 

k,% 

max 
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cxrili 2.21  

Tormetwertiliani gegmis umciresi maqsimaluri maxasiaTebeli ricxvis 
cvlileba sxvadasxva cdomilebebis zeddebisas (a=0.5) 

 

2.22 cxrilSi moyvanilia Sedegebi, romlebic miRebuli iqna 

analogiuri kvlevebisas, roca kvadratis zoma iyo a=1.5. 

cxrili 2.22  
Tormetwertiliani gegmis umciresi maqsimaluri maxasiaTebeli ricxvis 

cvlileba sxvadasxva cdomilebebis zeddebisas (a=1.5) 

 

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 

2.84648285 

2.84605733 

2.84505414 

2.84522032 

2.84475572 

2.84491424 

2.84338036 

2.84314093 

2.84278272 

2.84828866 

2.84996683 

2.85156267 

2.85306681 

2.85442828 

2.85613815 

2.85870120 

2.86028661 

2.85888453 

2.84736840 

2.84788524 

2.84834879 

2.84865230 

2.84935408 

2.84995829 

2.85077935 

2.85068128 

2.85102522 

0.00038248 

0.00080572 

0.00140050 

0.00150397 

0.00199952 

0.00255791 

0.00362606 

0.00349886 

0.00364452 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

2.84289549 

2.83874742 

2.82876131 

2.83220268 

2.82579218 

2.82773555 

2.81242766 

2.81169270 

2.80935625 

2.86098024 

2.87809675 

2.89452432 

2.90978853 

2.92384668 

2.94205683 

2.97164795 

2.98828441 

2.97147890 

2.85173489 

2.85695580 

2.86168879 

2.86488390 

2.87205126 

2.87841993 

2.88709462 

2.88590620 

2.88995942 

0.00383165 

0.00811704 

0.01414412 

0.01518506 

0.02039303 

0.02605679 

0.03720453 

0.03559923 

0.03713802 

1.0 

2.0 

3.0 

4.0 

5.0 

2.81017171 

2.77971075 

2.67969142 

2.72847608 

2.65317654 

2.99393474 

3.20187642 

3.46871941 

3.60056812 

4.08683322 

2.89702457 

2.95504702 

3.01399350 

3.06283568 

3.15769379 

0.03906315 

0.08822807 

0.15914978 

0.17156923 

0.26447728 

10 2.67699552 5.67107933 3.61229977 0.59844315 

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 

1.11580336 

1.11558738 

1.11526443 

1.11544255 

1.11483929 

1.11507014 

1.11500430 

1.11352259 

1.11357071 

1.11661628 

1.11694172 

1.11907817 

1.11792229 

1.11839052 

1.12004408 

1.11998673 

1.12078912 

1.12099364 

1.11618078 

1.11633333 

1.11656711 

1.11671890 

1.11677039 

1.11711241 

1.11718938 

1.11723556 

1.11739573 

0.00014834 

0.00028368 

0.00048763 

0.00058087 

0.00078327 

0.00090438 

0.00106621 

0.00122718 

0.00137484 
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me-2.22 cxrilis gagrZeleba 

 
rogorc cxrilis analizi gviCvenebs, cdomilebis zrdiT 

0.01%-dan 0.09%-mde gansaxilveli Tviseba uaresdeba 0.11-%-iT. cdo-

milebis zrda 1%-mde iwvevs 1.64%-ian gauaresebas, xolo 5%-iani 

gauareseba iwvevs 11.24%-ian cvlilebas.  
 

orTogonaluroba. ori cvladis mqone mesame rigis Tormet-

wertiliani rotatabelurTan miaxloebuli gegmis orTogonalu-

robis Tvisebaze cdomilebebis gavlenis kvlevisas vakvirdebo-

diT kovariaciuli matricis М-1= 1~~ )XX( T  aradiagonaluri elemen-

tebis absoluturi mniSvnelobebis jamebis cvlilebas (P). miRebu-

li grafikuli Sedegebi gazomvis saSualebebis sxvadasxva cdomi-

lebisas a=0.5 kvadratis zomisaTvis warmodgenilia 2.11 naxazze, 

xolo 2.23 da 2.24 cxrilebSi moyvanilia a=0.5 da a=1.5 kvadratis 

zomebisaTvis ricxviTi monacemebi. 

2.23 cxrilSi moyvanili monacemebis Sesabamisad, roca kvad-

ratis zomaa a=0.5, orcvladiani mesame rigis ekonomiur rotata-

belur simetriulTan miaxloebuli gegmis orTogonaluroba 

cdomilebis TiToeul gansaxilvel diapazonSi cdomilebis gazr-

diT uaresdeba. ase magaliTad, a=0.5 kvadratisaTvis 0.01%-0.09%-ian 

cdomilebis diapazonSi gansaxilveli Tvisebis gauareseba Sead-

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.11394560 

1.11176699 

1.10874002 

1.11063237 

1.10439149 

1.10699022 

1.10647883 

1.09166948 

1.09215360 

1.12207529 

1.12543807 

1.14754816 

1.13588144 

1.14033656 

1.15827742 

1.15699328 

1.16633305 

1.16797367 

1.11769568 

1.11926801 

1.12168365 

1.12332106 

1.12397158 

1.12763663 

1.12848192 

1.12928083 

1.13103999 

0.00149046 

0.00285764 

0.00496193 

0.00592853 

0.00794828 

0.00934807 

0.01106223 

0.01279065 

0.01434126 

1.0 

2.0 

3.0 

4.0 

5.0 

1.09841738 

1.07834516 

1.06415468 

1.08483757 

1.00360137 

1.18094041 

1.23277288 

1.55055511 

1.60293699 

1.56491267 

1.13451333 

1.15520169 

1.18830415 

1.22008956 

1.24169952 

0.01573931 

0.03141790 

0.06275409 

0.08123839 

0.10239800 

10 0.94734328 2.77871306 1.53827414 0.37505531 
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gens 0.38%-s. meore 0.1-0.9%-ian diapazonSi kidev ufro izrdeba da 

Seadgens 3.85%-s, xolo mesame diapazonSi sazomi saSualebebis 

cdomilebebis gazrdiT 1%-5%-mde sakvlevi gegmis Tviseba ukve 

uaresdeba 21.03%-iT. 

0 1 2 3 4 5 6 7 8 9 10
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nax. 2.11. mesame rigis Tormetwertiliani gegmis orTogonaluroba, 

roca a=0.5 
             cxrili 2.23   

Tormetwertiliani gegmis kovariaciuli matricis aradiagonaluri 
elementebis absoluturi mniSvnelobebis jamebis minimumebis cvlileba, 

roca a=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 

10.48804015 

10.48896180 

10.48181349 

10.48835160 

10.48214973 

10.48756091 

10.48438597 

10.48889439 

10.48537335 

10.49662046 

10.51243205 

10.51691617 

10.52543856 

10.55458912 

10.55940369 

10.56910416 

10.58937463 

10.58754449 

10.49138688 

10.49678384 

10.50234807 

10.50576192 

10.51225947 

10.51600464 

10.52503650 

10.52808726 

10.53142132 

0.00189039 

0.00458409 

0.00643872 

0.00804791 

0.01171447 

0.01526055 

0.01820495 

0.01910375 

0.01952622 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

10.50546506 

10.51464967 

10.44306751 

10.50807583 

10.44480492 

10.49956565 

10.46889630 

10.51814413 

10.48001804 

10.59116341 

10.75074838 

10.79582860 

10.88645849 

11.19187553 

11.21863991 

11.33386124 

11.53814023 

11.52863662 

10.53890425 

10.59310785 

10.64887731 

10.68342091 

10.74893724 

10.78721462 

10.87970402 

10.90928124 

10.94493854 

0.01892440 

0.04612821 

0.06493172 

0.08138637 

0.11913501 

0.15443834 

0.18666038 

0.19428030 

0.20041719 

1.0 

2.0 

3.0 

4.0 

5.0 

10.688265 

10.785555 

10.051208 

10.651604 

9.9815916 

11.54124239 

13.26225552 

13.91728536 

15.31477528 

20.60250422 

11.01831861 

11.58754413 

12.17340133 

12.58055285 

13.33537994 

0.19180849 

0.49439918 

0.72933143 

0.93071066 

1.49888200 

10 12.20682786 32.01310437 16.99025368 3.11995030 

k,% 

P 
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a=1.5 kvadratisaTvis SeiniSneba analogiuri suraTi (cxrili 

2.24). pirvel diapazonSi orTogonalurobis Tvisebis gauareseba 

Seadgens 0.38%-s, meoreSi 3.85%-s, xolo mesameSi 21.03%-s.         

cxrili 2.24   
Tormetwertiliani gegmis kovariaciuli matricis aradiagonaluri 

elementebis absoluturi mniSvnelobebis jamebis minimumebis cvlileba 
roca a=1.5 

 

 

amrigad, mesame rigis samcvladiani ekonomikuri rotatabe-

lurTan miaxloebuli gegmis yvela gamokvleuli kriteriumisaT-

vis SeiniSneba Secdomebis derefnis gafarToebis tendencia, Sesa-

bamisad SeiniSneba sazomi saSualebebis cdomilebebis zrdiT 

yvela gansaxilveli cvlilebis gauareseba. 
 

2.2.2. gamoZaxilis mniSvnelobebis nawinaswarmetyvelebi sizus-

tiT dakavSirebuli simetriuli gegmebis Tvisebebis 

gamokvleva   

am punqtSi ganxilulia iseTi D tipis meore rigis Tormet-

wertiliani rotatabeluri gegmis Tvisebebi, romlebic dakavSire-

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 

2.75503646 
2.75553629 
2.75577275 
2.75804239 
2.75729978 
2.75909726 
2.75838686 
2.76158838 
2.76357368 

2.75891332 
2.76387538 
2.76876911 
2.78077707 
2.77691264 
2.78188248 
2.79170513 
2.79013593 
2.79485223 

2.75642724 
2.75892568 
2.76132995 
2.76385316 
2.76562098 
2.76890512 
2.77116442 
2.77378701 
2.77576147 

0.00077803 
0.00162219 
0.00249104 
0.00324278 
0.00345373 
0.00498217 
0.00607617 
0.00661517 
0.00681296 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

2.76538070 
2.77043909 
2.77287908 
2.79495463 
2.78736623 
2.80471433 
2.79784780 
2.82882584 
2.85052077 

2.80435473 
2.85437525 
2.90115570 
3.02699544 
2.98779930 
3.03848330 
3.13977401 
3.12141588 
3.17279962 

2.77929175 
2.80433943 
2.82847241 
2.85397171 
2.87167120 
2.90508012 
2.92752289 
2.95445359 
2.97403630 

0.00780694 
0.01629577 
0.02508630 
0.03294347 
0.03502187 
0.05082633 
0.06164437 
0.06819947 
0.07024411 

1.0 
2.0 
3.0 
4.0 
5.0 

2.87047458 
2.98074592 
3.00760574 
3.13170528 
3.03729551 

3.28134483 
3.82831124 
4.45865711 
6.07349298 
5.67240033 

3.01098333 
3.28127251 
3.55298093 
3.86400479 
4.08062438 

0.08073474 
0.16946029 
0.28189941 
0.41080685 
0.45183960 

10 3.76280356 12.58065470 6.18638110 1.80569110 
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bulia gamoZaxilis mniSvnelobebis winaswarmetyvelebi sizustiT 

agebuli modelis (1.3) meSveobiT. aseTia G- da Q- optimalurobebi.  

zogad SemTxvevaSi winaswarmetyvelebis mniSvnelobis disper-

sia gamoiTvleba (2.3) formuliT sakvlevi orfaqtoriani mesame 

rigis polinomialuri regresiis mixedviT. 

 z aris skanireba xdeboda 2.1.1 punqtSi aRwerili meTodikis 

Tanaxmad.  

 G-optimaluroba. G-optimalurad miiCneva (1.8) tipis gegmebi, 

romlebic aminimizireben garkveul sakvlev areSi winaswarmet-

yvelebis maqsimalur dispersias (dmax). 

wina punqtSi aRwerili algoriTmiT generirebuli damaxin-

jebuli gegmebisaTvis ganisazRvreboda gansaxilveli kriteriu-

mis mniSvnelobaTa simravleebi, gamoiyofoda minimaluri da maq-

simaluri mniSvnelobebi, romlebic warmoqmnidnen koridors. yve-

la kvleva, romlis drosac Seiswavleboda cdomilebebis gavlena 

G-optimalurobaze, tardeboda sxvadasxva saxis areebis SemTxve-

vaSi sazomis saSualebebis yvelaze damaxasiaTebeli cdomile-

bebisaTvis.  

2.25 da 2.26 cxrilebSi moyvanilia Secdomebis derefani, 

romelic miiReboda cdomilebebis gavlenis kvlevisas (2.11) gegmis 

G-optimalurobaze а=0.5 da а=1.5 kvadratebis zomebiT.  

rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, kvadratis formis sakvlevi arisaTvis 

zomebiT 0.5х0.5 (а=0.5), ori cvladis mqone 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 miiReboda ro-

ca а=1.5. aRniSnul diapazonebSi G-optimalurobis Tviseba uares-

deboda 0.007%-iT,  0.09%-iT da 2.06%-iT.  
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cxrili 2.25  
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 

 

cxrili 2.26 
Tormetwertiliani gegmis winaswarmetyvelebis maqsimaluri dispersiis 
minimumis cvlileba kvadratis formis mqone z sakvlev areSi zomebiT 

0.5х0.5 (а=1.5) 

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 

9.02720842 

9.02238543 

9.01669258 

9.01419256 

9.00749658 

8.99761974 

9.00055743 

8.98836455 

8.98774530 

9.03540766 

9.03983124 

9.04209060 

9.05038622 

9.05098100 

9.05389429 

9.05837038 

9.07367756 

9.06714390 

9.03097948 

9.03116125 

9.03106521 

9.03201465 

9.03135987 

9.02940921 

9.03164465 

9.03521862 

9.03163471 

0.00175336 

0.00403671 

0.00545756 

0.00702094 

0.00919064 

0.01100494 

0.01266783 

0.01514343 

0.01667103 

0.1 

0.2 

0.3 

0.4 

8.98123296 

8.94483623 

8.89977229 

8.79315031 

9.07942507 

9.15125077 

9.18977897 

9.23052705 

9.02822156 

9.03057287 

9.03271027 

9.03471316 

0.01684292 

0.04077726 

0.05619395 

0.07912815 
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2.26 cxrilis gagrZeleba 
 

 

2.27 da 2.28 cxrilebSi warmodgenilia miRebuli mniSvnelobe-

bisaTvis minimaluri da maqsimaluri sidideebi, aseve saSualo 

ariTmetikuli _ derefnis saSualo xazi da saSualo kvadratu-

li gadaxra kvadratis formis mqone sakvlevi arisTvis zomebiT 

1.5х1.5, roca а=0.5 da а=1.5 Sesabamisad.     

cxrili 2.27 
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 

278.96837386 
278.67396975 
278.32511975 
277.92628685 
277.73575466 
277.46404042 
277.11164981 
276.68588684 
276.74278260 

279.55530452 
279.79078203 
280.16464403 
280.34546853 
280.96429507 
281.23378116 
282.12890126 
280.97528335 
282.25160212 

279.28039627 
279.32752512 
279.34509837 
279.27126283 
279.36103452 
279.35399883 
279.32478255 
279.20675724 
279.44878984 

0.11200530 
0.21638465 
0.39249081 
0.50735712 
0.67387288 
0.71253063 
0.94469564 
0.94487839 
1.14244062 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

276.99540770 
274.50425147 
271.55428012 
268.58416409 
266.12410586 
260.73397234 
261.25554167 
254.84875228 
255.72186015 

282.65053971 
285.70467074 
286.48348533 
289.96755645 
293.40169540 
298.51223393 
298.41588421 
305.91813684 
304.77244602 

279.27852126 
279.29459400 
278.88256849 
279.07409612 
278.27385351 
278.34264727 
280.10216839 
276.79119474 
279.28591840 

1.26765082 
2.12366733 
3.29330631 
4.59960888 
6.31033338 
7.23570691 
7.92913929 
9.68373599 
10.7488322 

1.0 
2.0 
3.0 
4.0 
5.0 

254.46444874 
221.02681720 
191.43461410 
172.85871117 
169.88472311 

314.79082073 
347.88725443 
373.45456935 
440.75196817 
469.10380241 

282.16925992 
281.11338188 
286.70658984 
277.59042235 
289.28459225 

10.53580687 
23.56699299 
36.51678331 
50.01147295 
65.09216130 

10 115.33740547 698.82428143 333.91082615 119.99943189 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.5 
0.6 
0.7 
0.8 
0.9 

8.84850632 
8.80874697 
8.74541783 
8.66847476 
8.55230593 

9.29351194 
9.26615741 
9.39539880 
9.40205064 
9.49906054 

9.02624110 
9.03470223 
9.04036257 
9.02951799 
9.02931337 

0.08917539 
0.11407005 
0.13334554 
0.16109214 
0.17485295 

1.0 
2.0 
3.0 
4.0 
5.0 

8.55593066 
8.23790895 
7.88059450 
7.89179695 
7.55446365 

9.54605067 
10.3327709 
11.0366746 
11.6537341 
13.0193092 

9.01086526 
9.05741301 
9.11150253 
9.21289174 
9.19604161 

0.16850832 
0.41368327 
0.58196268 
0.79047570 
0.96800373 

10 6.44204287 18.85284974 10.04770507 2.11646650 
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kvadratis formis mqone sakvlevi arisaTvis 1.5х1.5 cdomile-

bebis cvlilebis diapazonSi 0.01%-dan 0.09%-mde gansaxilveli 

gegmis G-optimalurobis Tviseba uaresdeboda 0.06%-iT (a=0.5), 0.1%-

0.9%-ian diapazonSi uaresdeboda 0.002%-iT, xolo 1% da 5%-mde 

cvlilebisas uaresdeboda 2.52%-iT. kvadratis formis sakvlevi 

arisaTvis zomebiT 1.5х1.5 (а=1.5) cdomilebebis gazrdiT 0.01%-dan 

0.1%-mde ori cvladis mqone meore rigis ekonomikuri rotatabe-

luri gegmis G-optimalurobis Tviseba uaresdeboda 0.14%-iT, 

cdomilebebis gazrdisas 0.1%-dan 1%-mde uaresdeboda 1.61%-iT, 

xolo cdomilebebis gazrdiT 1%-dan 5%-mde sakvlevi Tviseba 

uaresdeboda 10.36%-iT. 

cxrili 2.28 

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

1.5х1.5 (а=1.5)  

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 

14.68271536 

14.67559303 

14.67021447 

14.65417488 

14.65559866 

14.64421762 

14.64546632 

14.63578298 

14.63754391 

14.70207099 

14.71482425 

14.72527710 

14.74479907 

14.75087774 

14.76063282 

14.79676183 

14.77599351 

14.79456403 

14.69394191 

14.69522038 

14.69929462 

14.70284055 

14.70132409 

14.70161917 

14.70622113 

14.70695227 

14.70721445 

0.00410875 

0.00874045 

0.01144442 

0.01631308 

0.01984285 

0.02320390 

0.02710017 

0.02977455 

0.03622632 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

14.60244903 

14.53136713 

14.47897087 

14.32629179 

14.35363636 

14.22782376 

14.24144955 

14.14435858 

14.17024570 

14.79606741 

14.92830358 

15.05870723 

15.23347086 

15.30303036 

15.40027300 

15.78709588 

15.57703072 

15.76635698 

14.71453399 

14.72842407 

14.77159983 

14.81022039 

14.79797665 

14.80515487 

14.85313043 

14.86355373 

14.87003177 

0.04111545 

0.08785501 

0.11498678 

0.16285562 

0.19801587 

0.23296284 

0.27335648 

0.30155421 

0.36475911 

1.0 

2.0 

3.0 

4.0 

5.0 

13.90719807 

13.46986481 

13.10129431 

11.86259736 

12.13702677 

15.78819739 

17.43294152 

19.57305638 

21.76946730 

23.15213290 

14.95175145 

15.15907872 

15.77646706 

16.25836809 

16.50100227 

0.41212157 

0.90099156 

1.26130032 

1.80833722 

2.06268301 

10 11.52468282 37.78094067 20.74966414 5.64160131 
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Q-optimaluroba. Q-optimalurad miiCneva (1.8) tipis ekonomi-

uri gegmebi, romlebic aminimizireben winaswarmetyvelebis saSua-

lo dispersias kvlevis garkveul areSi. 

ricxviTi mniSvnelobebi moyvanilia 2.29 da 2.30 cxrilebSi 

(а=0.5 da а=1.5; z sakvlevi are warmoadgenda kvadrats zomiT 0.5х0.5). 

rogorc monacemebis analizma gviCvena, kvadratis formis 

mqone sakvlev areSi zomebiT 0.5х0.5, roca а=0.5, Q-optimalurobis 

Tviseba uaresdeboda Semdegnairad: SeSfoTebebis zrdiT 0.09%-mde 

Q-optimaluroba uaresdeboda mciredad – 0.001%-iT, 0.1%-0.9%-ian 

diapazonSi gauareseba Seadgenda 0.014%-s, 1%-5%-ian diapazonSi 

ki – 1.00%. 

cxrili 2.29 
Tormetwertiliani gegmis winaswarmetyvelebis saSualo dispersiis 

cvlileba sxvadasxva SeSfoTebebis zeddebisas kvadratis formis mqone z 
sakvlev areSi zomiT 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 

7.50384916 

7.50291542 

7.50092488 

7.49999718 

7.49445728 

7.49889944 

7.49401229 

7.49126389 

7.49198890 

7.50702549 

7.50810329 

7.51048518 

7.51238194 

7.51688438 

7.51216424 

7.51652508 

7.51746067 

7.52534850 

7.50534492 

7.50553588 

7.50575588 

7.50540962 

7.50536780 

7.50571461 

7.50559109 

7.50487670 

7.50544204 

0.00060928 

0.00120892 

0.00165327 

0.00259310 

0.00356965 

0.00327856 

0.00423739 

0.00456067 

0.00559535 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

7.49001462 

7.47622551 

7.45815855 

7.43499982 

7.43966766 

7.42486040 

7.41480078 

7.38936638 

7.39509598 

7.52053261 

7.53682178 

7.56033957 

7.56979522 

7.57820028 

7.59315837 

7.61134710 

7.67575382 

7.66045818 

7.50489262 

7.50575111 

7.50803856 

7.50715352 

7.50659306 

7.50838989 

7.50743982 

7.50550125 

7.50593720 

0.00636546 

0.01257164 

0.01992816 

0.02697554 

0.02984803 

0.03419239 

0.03928679 

0.05167969 

0.05641105 

1.0 

2.0 

3.0 

4.0 

5.0 

7.34773072 

7.31939931 

7.04385917 

7.06848435 

6.93168644 

7.64913118 

7.85605535 

8.08860285 

8.19774777 

8.58960151 

7.50923758 

7.52601628 

7.53821856 

7.51767447 

7.58419978 

0.06053190 

0.12613225 

0.20664123 

0.26078096 

0.32011851 

10 6.10327457 10.63875260 7.85209506 0.85495674 
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kvlevebi romlebic tardeboda igive arisaTvis, oRond а=1.5-Tvis 

gviCvenebda, rom 0.01%-0.09%-ian diapazonSi Q-optimalurobis Tvi-

seba uaresdeboda 0.008%–mde, 0.1-0.9%-ian diapazonSi gauareseba 

Seadgenda 0.03%-s, xolo 1%-5%-ian diapazonSi Seadgenda 2.01%-s.  

cxrili 2.30 
Tormetwertiliani gegmis winaswarmetyvelebis saSualo dispersiis 

cvlileba sxvadasxva SeSfoTebebis zeddebisas kvadratis formis mqone z 
sakvlev areSi zomiT 0.5х0.5 (а=1.5) 

K 

ricxviTi mniSvnelobebi kvadratis formis mqone sakvlevi 

arisaTvis 1.5х1.5 zomebiT а=0.5  da a=1.5 SemTxvevebis moyvanilia 2.31 

da 2.32 cxrilebSi Sesabamisad. 

rogorc 2.31 cxrilidan Cans, cdomilebebis cvlilebisas 

0.01%-0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.04%-iT, 

0.1%-0.9%-ian SualedSi uaresdeboda 0.52%-iT, xolo 1%-5%-ian 

SualedisaTvis gauareseba Seadgenda 2.74%-s. 

 
 

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 

7.69899987 

7.69607246 

7.69275807 

7.68831087 

7.68446393 

7.68132747 

7.67966832 

7.67094849 

7.66896234 

7.70523020 

7.70884607 

7.71244195 

7.71609280 

7.71711390 

7.71837629 

7.72585109 

7.73095617 

7.73309756 

7.70221926 

7.70238255 

7.70226974 

7.70262418 

7.70245030 

7.70127017 

7.70287073 

7.70559145 

7.70290414 

0.00131039 

0.00294450 

0.00395076 

0.00522092 

0.00680884 

0.00791460 

0.00937047 

0.01125859 

0.01222988 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

7.66617580 

7.63266500 

7.60154263 

7.57046649 

7.55478328 

7.56270809 

7.46028687 

7.42885627 

7.31550990 

7.73004846 

7.78995671 

7.81840562 

7.84702294 

7.86001177 

7.87473068 

7.96854436 

7.98065482 

8.12436880 

7.70062258 

7.70173701 

7.70393616 

7.70569995 

7.69878033 

7.71108817 

7.70717322 

7.70112100 

7.70297502 

0.01174498 

0.02994581 

0.04270517 

0.05638107 

0.06612551 

0.07915654 

0.10344776 

0.11849751 

0.12564186 

1.0 

2.0 

3.0 

4.0 

5.0 

7.36174591 

7.08543278 

6.82569529 

6.68050750 

6.48714404 

8.01169175 

8.67218776 

9.16482958 

9.69680791 

10.2682547 

7.69376585 

7.72719774 

7.78243494 

7.86173246 

7.84830107 

0.11741722 

0.30392576 

0.44206418 

0.58085578 

0.72261735 

10 5.55715592 14.99090718 8.38588804 1.49687844 
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cxrili 2.31 
Tormetwertiliani gegmis winaswarmetyvelebis saSualo dispersiis 

cvlileba sxvadasxva SeSfoTebebis zeddebisas kvadratis formis mqone z 
sakvlev areSi zomiT 1.5х1.5 (а=0.5) 

 
cxrili 2.32 

Tormetwertiliani gegmis winaswarmetyvelebis saSualo dispersiis 
cvlileba sxvadasxva SeSfoTebebis zeddebisas kvadratis formis mqone z 

sakvlev areSi zomiT 1.5х1.5 (а=1.5) 

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 

8.94459651 

8.94168406 

8.93996477 

8.93897112 

8.93768965 

8.93476512 

8.93342287 

8.93121020 

8.92854264 

8.94855494 

8.95028796 

8.95194378 

8.95354220 

8.95522426 

8.95787825 

8.96171019 

8.96604795 

8.96240481 

8.94665233 

8.94669100 

8.94690285 

8.94674482 

8.94663071 

8.94624584 

8.94659676 

8.94779632 

8.94680124 

0.00080398 

0.00170646 

0.00242552 

0.00301416 

0.00410599 

0.00446586 

0.00594102 

0.00671173 

0.00676693 

0.1 

0.2 

0.3 

0.4 

8.92808439 

8.90369967 

8.89908108 

8.89598542 

8.96763077 

8.99149268 

9.03394233 

9.03612296 

8.94579471 

8.94616299 

8.94995870 

8.95401589 

0.00821561 

0.01703368 

0.02246508 

0.02906460 

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 

21.27900073 

21.26280797 

21.24590276 

21.21356843 

21.21435445 

21.18891429 

21.17615849 

21.14389943 

21.16695858 

21.31088718 

21.32580370 

21.34742416 

21.35674464 

21.39307047 

21.40221586 

21.46178047 

21.39665411 

21.44937886 

21.29598530 

21.29877637 

21.29959970 

21.29555516 

21.30032196 

21.29921387 

21.29936499 

21.29264477 

21.30524925 

0.00630559 

0.01224274 

0.02203581 

0.02833353 

0.03772755 

0.04047592 

0.05250812 

0.05242147 

0.06263467 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

21.12029903 

20.96084241 

20.79820173 

20.49168516 

20.49836356 

20.25404719 

20.13158397 

19.85188917 

20.06261085 

21.43917087 

21.59060872 

21.81160309 

21.91133500 

22.28950912 

22.39250655 

23.04785883 

22.32753405 

22.93443413 

21.28943355 

21.31789766 

21.32767003 

21.28884969 

21.33934038 

21.32962527 

21.33563044 

21.26931590 

21.40093264 

0.06302416 

0.12255134 

0.22096369 

0.28291585 

0.37731015 

0.40517535 

0.52846313 

0.52000216 

0.62948064 

1.0 

2.0 

3.0 

4.0 

5.0 

19.95442232 

18.19646306 

16.32358488 

15.69477730 

15.23088773 

23.28509249 

25.34499548 

26.77184877 

31.12426911 

32.37340137 

21.46821309 

21.41815660 

21.80407174 

21.41532943 

22.05580563 

0.58476573 

1.32844683 

2.08442855 

2.91397095 

3.68960876 

10 13.37357580 49.32498825 25.24821569 6.78279439 
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2.32 cxrilis gagrZeleba 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.5 

0.6 

0.7 

0.8 

0.9 

8.84279869 

8.83136390 

8.83400274 

8.81223844 

8.73901463 

9.03697248 

9.04543313 

9.11391872 

9.09127925 

9.11234924 

8.94495763 

8.94775461 

8.95289612 

8.94973595 

8.94668470 

0.04188884 

0.04887898 

0.05992593 

0.06531867 

0.07596068 

1.0 

2.0 

3.0 

4.0 

5.0 

8.77751265 

8.55689267 

8.61093877 

8.55424070 

8.17483545 

9.17148972 

9.46139791 

10.0454267 

10.1436777 

10.5516202 

8.94615549 

8.97267414 

9.04809483 

9.14233906 

9.11321239 

0.08179231 

0.17503578 

0.23821701 

0.31246733 

0.44421850 

10 7.84813211 13.65371020 9.70673881 1.07200994 
 

2.32 monacemebze dayrdnobiT kvadratis formis mqone sakvle-

vi arisaTvis zomebiT 1.5х1.5, roca а=1.5, gansaxilveli Tvisebis 

gauareseba Seadgens 0.002%-s. pirveli sakvlevi diapazonisaTvis, 

0.1%-0.9%-ian diapazonSi gauareseba Seadgens 0.01%–s, xolo 1%-5% - 

-ian SualedisaTvis Q-optimalurobis gauareseba Seadgens 1.87%-s.  

 

2.3. gazomvis saSualebebis cdomilebebis arsebobisas ori 

cvladis Semcveli mesame rigis rotatabeluri gegmebis Tvisebebis 

gauaresebis SedarebiTi analizi В 

 2.33 cxrilSi moyvanilia monacemebi, romlebic gviCveneben 

Tu ramdeni procentiT uaresdeba TiToeuli Tviseba Sesabamisad 

Tormetwertiliani da Teqvsmetwertiliani ori cvladis Semcve-

li mesame rigis rotatabeluri gegmebisaTvis. 

rogorc analizi gviCvenebs, cdomilebebis gazrdisas yvela-

ze metad maxinjdeba orTogonaluri rotatabeluri gegmebi. es 

damaxinjeba miT ufro TvalSi sacemia sazomi saSualebebis maRa-

li 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-optimaluro-

bis Tvisebebis cvlilebac. magram 1%-ze maRali cdomilebebis 

SemTxvevaSi ukve SeimCneva am Tvisebis mkveTri gauareseba, rome-
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lic ufro mkafiod gamoixateba Tormetwertiliani rotatabe-

lurTan miaxloebul gegmebSi. 

umniSvnelo cvlilebebs ganicdian agreTve Tvisebebi, rom-

lebic agebuli modelis meSveobiT dakavSirebuli arian  

gamoZaxilis mniSvnelobebis Sefasebis sizustesTan. suraTi 

praqtikulad igivea, rogorc sakvlevi arisaTvis, romelsac aqvs 

kvadratis forma zomebiT 0.5×0.5, aseve sakvlevi arisaTvis 

zomebiT 1.5×1.5. 

cxrili 2.33 
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
bi
 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 

 

gamokvlevebis safuZvelze SegviZlia miviRoT gadawyvetile-

ba, mizanSewonilia Tu ara sazomi saSualebebis mcire cdomilebebis 

SemTxvevaSi zogierT SemTxvevaSi ufro ekonomiuri Tormetwerti-

liani gegmis gamoyeneba, radganac am dros Tvisebebis cvlileba 

TiTqmis igivea rac ori cvladis Semcveli mesame rigis rotata-

belur 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 Sem-

TxveviTi ricxvebis zeddebiT. aseTi ricxvebis formireba xdebo-

da SemTxveviTi ricxvebis  standartuli programis meSveobiT, 

romelsac gaaCnda nulovani saSualo ariTmetikuli da =0.33. sa-

Sualo kvadratuli gadaxra. maTi 100–ze gayofiT miiReboda 1%-

iani cdomilebebis ekvivalenti, xolo sxvadasxva  cdomilebe-

bis imitaciisaTvis 1%-iani ekvivalenti mravldeboda –ze:  

=
100


 . 

 mravaljeradi generirebis Sedegad aradeformirebuli 

gegmis (nax.3.1,a) TiToeuli wertilis garSemo miiReboda wertile-

bis Rrubeli (nax.3.1,b), saidanac SeiZleba warmoqmniliyo defor-

mirebuli gegmis nebismieri konfiguracia. 

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 

gamoiyofoda minimaluri da maqsimaluri mniSvnelobebi, romle-

bic qmnidnen derefans. yvela kvleva tardeboda gazomvis saSua-

lebebis yvelaze damaxasiaTebeli cdomilebebisaTvis. 
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               a)                                       b) 
 

nax.3.1. grafikuli ilustracia a) sami cvladis Semcveli mesame rigis 
aradeformirebuli kompoziciuri rotatabeluri gegmisaTvis; b) sami 

cvladis Semcveli mesame rigis deformirebuli kompoziciuri 
rotatabeluri gegmebis simravleebisTvis 

  

cal-calke ganvixileT zogierTi mesame rigis samcvladiani 

rotatabeluri gegmis Tvisebebi, romlebic dakavSirebulia ro-

gorc regresiuli gantolebis koeficientebis Sefasebis sizus-

tesTan, aseve agebuli modeliT gamoZaxilis winaswarmetyvelebis 

sizustesTan. 

 

 

3.1. D1D4 (I) samcvladiani mesame rigis simetriuli rotatabeluri 

   gegmebis gamokvleva 

 am punqtSi ganxilulia erT-erTi mesame rigis samcvladiani 

rotatabeluri gegma, romelic miRebulia meore rigis orcv-

ladiani rotatabeluri gegmebis kombinirebiT  

D=




4

1

D

D
, 

sadac 

 

(+1;-1;-1) 

(+1;-1;+1) 

(+1;+1;+1) 

(+1;+1;-1) 

(-1;+1;+1) 

(-1;+1;-1) 

(-1;-1;-1) 

(-1;-1;+1) 

(+ 2 ;0;0) 

(0;0;+ 2 ) (0;+ 2 ;0) 

(- 2 ;0;0) 

(0;0;- 2 ) 
(0;- 2 ;0) 

(0;+2;0) 

(0;0;+ 2 ) 

(0;0;+2) 

(+2;0;0) (-2;0;0) 

(0;-2;0) 
(0;0;-2) 

3
~x  

2
~x  

1
~x  0 

3
~x  

2
~x  

1
~x  0 
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D1 D4 

(±1, ±1, ±1) 

(± 2 , 0, 0) 

(0, ± 2 , 0) 

(0, 0, ± 2 ) 

(± 2 , 0, 0) 

(0, ± 2 , 0) 

(0, 0, ± 2 ) 

(± 2 , ± 2 , 0) 

(± 2 , 0, ± 2 ) 

(0, ± 2 , ± 2 ) 

(±1, ±1, ±1) 

(±2, 0, 0) 

(0, ±2, 0) 

(0, 0, ±2) 

N=20 N=26 

 
aseTi D gegma, romelic moicavs N=46 wertils, gansa-

zRvravs Sesabamisi mesame rigis polinomis oc koeficients.  

 

3.1.1. D1D4 (I)  gegmis Tvisebebis gamokvleva, romlebic 

dakavSirebulia regresiis gantolebis koeficientebis 

Sefasebis sizustesTan 

D-optimaluroba. D-optimalurTan miaxloebuli mesame rigis 

samcvladiani simetriuli kompoziciuri gegmis D1D4 (I) kvlevisas 

gegmis damaxinjeba miiRweoda TiToeul mis elementze SemTxvevi-

Ti sididis damatebiT ise, rogorc adre iyo aRwerili. 

nax. 3.2-ze warmodgenilia M=( XXT
~~

)-1 Secdomebis matricis msa-

zRvrelis cvlilebebis grafikuli Sedegebi, romlebic miiReba 

sxvadasxva sididis k cdomilebebis zeddebiT sami cvladis 

Semcveli mesame rigis rotatabelur gegmebTan miaxloebul 

simetriul gegmebze. 

3.1 cxrilSi moyvanilia minimaluri da maqsimaluri mniSvne-

lobebi, saSualo ariTmetikuli – derefnis saSualo xazi da 

gabneva – saSualo kvadratuli gadaxra. 

rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, sami cvladis mqone mesame rigis D1D4 (I) 

rotatabeluri gegmis D-optimalurobis Tviseba uaresdeboda 

0.09%-iT, cdomilebebis gazrdisas 0.1%-dan 0.9%-mde uaresdeboda 

0.77%-iT, xolo cdomilebebis gazrdiT 1%-dan 5%-mde sakvlevi 

Tviseba uaresdeboda 9.57%-iT. 
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nax. 3.2. samcvladiani mesame rigis D1D4 (I) gegmis D-optimaluroba 
cxrili 3.1 

samcvladiani mesame rigis D1D4 (I) gegmisTvis kovariaciuli matricis 
minimaluri msazRvrelis cvlileba cdomilebebis zeddebisas  

 

A-optimaluroba. 3.3 naxazze naCvenebia Secdomebis korido-

ris grafikuli ilustracia, romlebic miiReboda samcvladiani 

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-029 * 

0.21324497 
0.21209058 
0.21214458 
0.21078969 
0.21053375 
0.21010960 
0.21041492 
0.21022561 
0.20920430 

0.21410166 
0.21491846 
0.21573421 
0.21629853 
0.21632324 
0.21678946 
0.21649311 
0.21859041 
0.21982079 

0.21369528 
0.21370896 
0.21374147 
0.21377448 
0.21384620 
0.21356441 
0.21365288 
0.21381955 
0.21384431 

0.00019263 
0.00045330 
0.00061162 
0.00084387 
0.00117064 
0.00130938 
0.00145432 
0.00158172 
0.00212407 

 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0e-029 * 
0.20916487 
0.19810308 
0.19859164 
0.18617995 
0.18379839 
0.18021671 
0.18268576 
0.18082218 
0.17220473 

0.21772652 
0.22611750 
0.23486182 
0.24102785 
0.24096059 
0.24633079 
0.24284001 
0.26753922 
0.28244212 

0.21363296 
0.21377620 
0.21408578 
0.21441185 
0.21519996 
0.21231418 
0.21314295 
0.21475566 
0.21527939 

0.00192483 
0.00452882 
0.00611812 
0.00848779 
0.01170892 
0.01294077 
0.01444083 
0.01600297 
0.02150951 

 
1.0 
2.0 
3.0 
4.0 
5.0 

1.0e-029* 
0.17151889 
0.09917761 
0.10094110 
0.05061091 
0.04241819 

0.25684572 
0.36454005 
0.53543104 
0.67522816 
0.57480396 

0.21282561 
0.21489325 
0.21630216 
0.21933952 
0.23256476 

0.01909827 
0.04575785 
0.06372216 
0.09659229 
0.12019034 

 
10 

1.0e-029 * 
0.01380219 2.43081007 0.26265987 0.38003378 

det(M
-1

) 

k,% 
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kompoziciuri rototabeluri gegmebis A-optimalurobis Tvisebis 

kvlevisas. 3.2 cxrilSi  moyvanilia saTanado ricxviTi mniSvne-

lobebi. 

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

 

nax. 3.3. samcvladiani mesame rigis D1D4 (I) gegmis A-optimaluroba 
 

cxrili 3.2 

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 

 

k,% 

Tr(M
-1

) 
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rogorc cxrilidan Cans, pirvel gansaxilvel diapazonSi 

cdomilebebisaTvis 0.01-0.09%, A-optimalurobis Tviseba uaresdeba 

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

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

bebisaTvis uaresdeba 3.72%-iT. 
 

E-optimaluroba. samcvladiani mesame rigis rotatabeluri  

gegmebis E-optimalurobaze cdomilebebis gavlenis kvlevisas Se-

cdomebis derefani miiReboda yvela sakvlevi cdomilebisaTvis 

asjer SemTxveviTi saxiT generirebuli gegmidan TiToeulisaTvis 

umciresi maqsimaluri sakuTari ricxvidan  (maxasiaTebeli ri-

cxvi) minimaluri da maqsimaluri mniSvnelobebis amorCeviT. 

miRebuli Sedegebis grafikuli gamosaxuleba warmodgenilia 

3.4 naxazze. 
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nax. 3.4. samcvladiani mesame rigis D1D4 (I) gegmis E-optimaluroba 
 

cxrilSi 3.3 mocemulia monacemebi, romlebic axasiaTeben um-

ciresi maqsimaluri sakuTari ricxvis (max) cvlilebas comilebe-

bis gansaxilvel diapazonSi sxvadasxva cdomilebebis zeddebi-

sas. 

cxrilis monacemebis Sesabamisad E-optimaluroba cdomilebe-

bis zeddebiT 0.01%-dan 0.1%-mde uaresdeba 0.14-%-iT, cdomilebis 

cvlilebisas 1%-mde optimaluroba uaresdeba 1.63%-mde, xolo 5%-

iani zrdiT es maCvenebeli adis 10.88%-mde. 

k,% 

max 
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cxrili 3.3  

samcvladiani mesame rigis D1D4 (I) gegmebisTvis umciresi maqsimaluri 
maxasiaTebeli ricxvis cvlileba cdomilebebis zeddebisas  

 

orTogonaluroba. sami cvladis mqone mesame rigis rotata-

beluri D1D4 (I) gegmis orTogonalurobis Tvisebaze cdomilebebis 

gavlenis kvlevisas vakvirdebodiT kovariaciuli matricis М-1= 

= 1~~ )XX( T  aradiagonaluri elementebis absoluturi mniSvnelobe-

bis jamebis cvlilebas (P). miRebuli grafikuli Sedegebi gazom-

vis saSualebebis sxvadasxva cdomilebisas warmodgenilia 3.5 na-

xazze, xolo 3.4 cxrilebSi moyvanilia ricxviTi mniSvnelobebi. 

cxrilSi moyvanili monacemebis Sesabamisad, samcvladiani 

mesame rigis rotatabeluri D1D4 (I) gegmis orTogonaluroba cdo-

milebis TiToeul gansaxilvel diapazonSi cdomilebis gazrdiT 

uaresdeba. ase magaliTad, 0.01%-0.09%-ian cdomilebis diapazonSi 

gansaxilveli Tvisebis gauareseba Seadgens 0.47%-s. meore 0.1-0.9%-

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 

0.54681523 

0.54656546 

0.54666760 

0.54667400 

0.54643053 

0.54626978 

0.54646030 

0.54630103 

0.54637310 

0.54714874 

0.54757562 

0.54779114 

0.54810658 

0.54834099 

0.54873930 

0.54854576 

0.54902348 

0.54966511 

0.54694848 

0.54705542 

0.54716641 

0.54726672 

0.54738491 

0.54740147 

0.54753715 

0.54761488 

0.54780742 

0.00006237 

0.00016008 

0.00022831 

0.00024750 

0.00036244 

0.00044284 

0.00042228 

0.00060010 

0.00064126 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0.54643700 

0.54393576 

0.54491936 

0.54496166 

0.54237283 

0.54099273 

0.54277850 

0.54127336 

0.54201936 

0.54974355 

0.55407960 

0.55629398 

0.55953190 

0.56236492 

0.56618610 

0.56385830 

0.57019048 

0.57625866 

0.54773699 

0.54881044 

0.54993403 

0.55096698 

0.55217993 

0.55236523 

0.55371638 

0.55456517 

0.55645846 

0.00062267 

0.00161135 

0.00230129 

0.00251267 

0.00369174 

0.00450560 

0.00429610 

0.00613810 

0.00658778 

1.0 

2.0 

3.0 

4.0 

5.0 

0.54307448 

0.51942092 

0.52869021 

0.52366257 

0.49410747 

0.57689371 

0.62753525 

0.65624672 

0.69757431 

0.75655300 

0.55583797 

0.56722566 

0.57956084 

0.59235698 

0.60646991 

0.00633720 

0.01753885 

0.02504720 

0.02943992 

0.04417658 

10 0.49724482 0.90634201 0.63740723 0.08271146 
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ian diapazonSi kidev ufro izrdeba da Seadgens 4.63%-s, xolo 

mesame diapazonSi sazomi saSualebebis cdomilebebis gazrdiT 

1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 22.32%-iT. 
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nax. 3.5. samcvladiani mesame rigis D1D4 (I) gegmis orTogonaluroba 

cxrili 3.4   

samcvladiani mesame rigis D1D4 (I) gegmebisTvis kovariaciuli matricis 
aradiagonaluri elementebis absoluturi mniSvnelobebis jamebis 

minimumebis 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 

3.62992473 

3.63037978 

3.63124818 

3.63072837 

3.63335929 

3.63241325 

3.63551724 

3.63269063 

3.63465558 

3.63282798 

3.63695931 

3.63956095 

3.64348335 

3.65258726 

3.65349709 

3.65265519 

3.65689894 

3.66462252 

3.63142147 

3.63358948 

3.63563997 

3.63815535 

3.64009484 

3.64177938 

3.64395998 

3.64588008 

3.64837904 

0.00056036 

0.00133952 

0.00181235 

0.00242306 

0.00343306 

0.00359863 

0.00392548 

0.00507005 

0.00542756 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

3.63403940 

3.63838465 

3.64701157 

3.64100789 

3.66764141 

3.65738143 

3.68707118 

3.65901044 

3.67979738 

3.66316599 

3.70493847 

3.73150404 

3.77063321 

3.86456460 

3.87334249 

3.86097918 

3.90894152 

3.98428686 

3.64901908 

3.67067541 

3.69115051 

3.71622967 

3.73564167 

3.75198662 

3.77368118 

3.79284988 

3.81767200 

0.00561388 

0.01348916 

0.01830691 

0.02447197 

0.03491838 

0.03678522 

0.04012611 

0.05209196 

0.05583140 

1.0 

2.0 

3.0 

4.0 

5.0 

3.67236324 

3.69625228 

3.77830554 

3.64764360 

3.88092831 

3.97307695 

4.43806343 

4.76162395 

5.13000562 

6.39452410 

3.82322623 

4.03654494 

4.23607783 

4.47390302 

4.66460624 

0.05722805 

0.14440581 

0.20117274 

0.26672598 

0.40531105 

10 3.86732706 7.42025698 5.30096609 0.69461164 

k,% 

P 
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3.1.2. gamoZaxilis mniSvnelobebis winaswarmetyvelebis sizus-

tesTan dakavSirebuli D1D4 (I) gegmebis Tvisebebis 

gamokvleva   

am punqtSi ganxilulia iseTi D1D4(I) samcvladiani mesame ri-

gis rotatabeluri gegmis Tvisebebi, romlebic dakavSirebuli 

arian gamoZaxilis mniSvnelobebis winaswarmetyvelebis sizustiT 

agebuli modelis (3.1) meSveobiT _ rogoricaa G- da Q- optimalu-

robebi.  

zogad SemTxvevaSi winaswarmetyvelebis mniSvnelobis dis-

persia gamoiTvleba (2.9) formulis Tanaxnad, sadac 

,~,~,~,~,~,~,~~,~~,~~,~,~,~,1[)( 3

3

3

2

3

1

2

3

2

2

2

1323121321 xxxxxxxxxxxxxxxxf T
 

                                   ]~~~,~~,~~,~~,~~,~~,~~
321

2

323

2

23

2

1

2

31

2

212

2

1 xxxxxxxxxxxxxxx .                (3.2) 

z aris skanireba xdeboda 2.1.1 punqtSi aRwerili meTodikis 

Tanaxmad. 

G-optimaluroba. 3.6 naxazze warmodgenilia Secdomebis kori-

dori, romelic miiReboda cdomilebebis gavlenis kvlevisas D1D4(I) 

gegmis G-optimalurobaze. z kvlevis are warmoadgenda kubs zomiT 

0.5х0.5х0.5, Sesabamisi ricxviTi mniSvnelobebi moyvanilia 3.5 cxrilSi.  

0 1 2 3 4 5 6 7 8 9 10

16
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24

26

 
nax.3.6. samcvladiani mesame rigis D1D4 (I) gegmis G-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 
 

rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, kubis formis sakvlevi arisaTvis 

zomebiT 0.5х0.5х0.5, sami cvladis mqone mesame rigis D1D4(I) gegmis G-

optimalurobis Tviseba uaresdeboda 0.03%-iT, cdomilebebis gaz-

 dmax 

k, % 
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rdisas 0.1%-dan 0.9%-mde uaresdeboda 0.59%-iT, xolo cdomile-

bebis gazrdiT 1%-dan 5%-mde sakvlevi Tviseba uaresdeboda 1.70%-iT. 

 cxrili 3.5 
D1D4(I) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimumis 

cvlileba kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

analogiuri suraTi miiReboda kubis formis sakvlevi 

arisaTvis zomebiT 1.5х1.5х1.5. 3.7 naxazze naCvenebia Secdomebis kori-

doris grafikuli ilustracia, romlebic miiReboda samcvladia-

ni kompoziciuri rotatabeluri gegmebis G-optimalurobis Tvi-

sebis kvlevisas. 3.6 cxrilSi moyvanilia saTanado ricxviTi mniS-

vnelobebi. 

cxrili 3.6 
D1D4(I) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimumis 

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

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 

19.63561862 
19.62934997 
19.62700091 
19.61308885 
19.60896328 
19.59421416 
19.58543312 
19.57192634 
19.57574769 

19.64982288 
19.65476313 
19.66231441 
19.67938445 
19.69230638 
19.70320661 
19.69230576 
19.72178589 
19.71924945 

19.64184842 
19.64178899 
19.64327862 
19.64336654 
19.64216826 
19.63997193 
19.64210520 
19.64446792 
19.64707832 

0.00270408 
0.00569487 
0.00773623 
0.01275031 
0.01615425 
0.02014084 
0.02306917 
0.02513553 
0.02702119 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

19.59007097 
19.52375528 
19.45964164 
19.44807123 
19.36574201 
19.40658732 
19.35019417 
19.22883672 
19.13343265 

19.72470252 
19.73146181 
19.80354359 
19.83327411 
19.97315597 
19.99221273 
19.94903200 
20.41699174 
20.34278893 

19.64569963 
19.65170357 
19.64065697 
19.63940394 
19.65390023 
19.70838418 
19.65361221 
19.68114828 
19.76201140 

0.02871168 
0.04667184 
0.09229039 
0.10144542 
0.15245947 
0.15751094 
0.15422382 
0.26676977 
0.27546852 

1.0 
2.0 
3.0 
4.0 
5.0 

19.17627025 
18.55755892 
18.00549440 
18.52096365 
16.88912557 

20.61674414 
20.94619488 
21.45556814 
21.81383452 
26.04235678 

19.76461247 
19.91860788 
19.44464808 
19.73018992 
20.10039945 

0.35545969 
0.58578332 
0.86055190 
0.83825193 
1.73708612 

10 15.56683657 29.95281002 20.37841331 2.84267547 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 
0.01 
0.02 
0.03 
0.04 

244.66020957 
244.56855641 
244.42688152 
244.20808580 

244.90550009 
244.99656324 
245.17178376 
245.14926129 

244.79717827 
244.79035320 
244.78255231 
244.80443061 

0.05286302 
0.09413161 
0.14338003 
0.20079777 
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3.6 cxrilis gagrZeleba 

 

0 1 2 3 4 5 6 7 8 9 10

160

180

200

220

240

260

280

300

320

340

 

nax.3.7. samcvladiani mesame rigis D1D4 (I) gegmis G-optimaluroba 
kubis formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

 

 zemoaRniSnul diapazonebSi G-optimalurobis Tviseba uares-

deboda 0.01%-iT,  0.08%-iT da 0.40%-iT Sesabamisad.  
 

Q-optimaluroba. Q-optimalurad miiCneva D1D4 (I) gegma, rome-

lic aminimizireben winaswarmetyvelebis saSualo dispersias 

kvlevis garkveul areSi. 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.05 

0.06 

0.07 

0.08 

0.09 

244.30832822 

244.08005328 

243.91292234 

243.65001805 

243.41860528 

245.49874147 

245.65689896 

245.58919123 

245.68394365 

245.98369300 

244.78094769 

244.78051509 

244.79572181 

244.81332100 

244.82185668 

0.24240605 

0.30235016 

0.35335782 

0.37180717 

0.48226756 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

243.41821225 

242.51009531 

241.11301604 

238.89312556 

239.90592720 

237.66791952 

236.01743822 

233.61558266 

231.37510881 

245.86912958 

246.78056328 

248.54335397 

248.27077587 

251.82776730 

253.56849133 

252.78029303 

253.72646113 

256.65507465 

244.78418633 

244.71420716 

244.63347578 

244.84800978 

244.60956633 

244.59666378 

244.74554771 

244.90117557 

244.98298343 

0.52826590 

0.94029378 

1.43301410 

2.00283819 

2.43457700 

3.02249348 

3.53265679 

3.70339479 

4.81405910 

1.0 

2.0 

3.0 

4.0 

5.0 

231.64719869 

221.60201398 

217.86791400 

196.47678500 

198.55160752 

257.67952169 

272.08431069 

289.44104625 

284.98680409 

291.53038750 

245.16154165 

243.68326807 

246.18375622 

242.35828149 

246.15038886 

5.16970975 

9.87322130 

15.6264358 

18.0742031 

22.1792605 

10 181.37645286 356.39971951 247.13815360 48.81891535 

 dmax 

k, % 
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3.8 naxazze warmodgenilia Secdomebis derefani, romelic 

miiReboda cdomilebebis gavlenis kvlevisas D1D4 (I) gegmis Q-op-

timalurobaze, roca z sakvlevi are warmoadgenda kubs zomiT 

0.5х0.5х0.5, xolo 3.9 naxazze – roca z sakvlevi are warmoadgenda kubs 

zomiT 1.5х1.5х1.5. saTanado ricxviTi mniSvnelobebi moyvanilia 3.7 da 

3.8 cxrilebSi Sesabamisad. 
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nax.3.8. samcvladiani mesame rigis D1D4 (I) gegmis Q-optimaluroba kubis 
formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 
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nax.3.9. samcvladiani mesame rigis D1D4 (I) gegmis Q-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

cxrili 3.7 
D1D4(I) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.01 

0.02 

18.38788189 

18.38239474 

18.39996451 

18.40305680 

18.39364233 

18.39353017 

0.00227884 

0.00497273 

d(x) 

k, % 

d(x) 

k, % 
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3.7 cxrilis gagrZeleba 

 
cxrili 3.8 

D1D4(I) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 
kubis formis mqone z sakvlev areSi zomiT 1.5х1.5х1.5 

 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

18.38029956 

18.36617927 

18.36787705 

18.35251834 

18.35324511 

18.33905642 

18.34492826 

18.40809784 

18.42241179 

18.42522900 

18.44449831 

18.43216308 

18.45158832 

18.46320243 

18.39463782 

18.39424550 

18.39383768 

18.39166009 

18.39325905 

18.39482123 

18.39702528 

0.00681289 

0.01028909 

0.01268651 

0.01576311 

0.01819260 

0.02108651 

0.02180547 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

18.33568258 

18.28124450 

18.26053072 

18.12217993 

18.13648447 

17.99093875 

17.99163248 

17.85677688 

17.91736357 

18.45653873 

18.48732329 

18.53769677 

18.68318991 

18.71083851 

18.91021571 

18.78887860 

18.99360604 

19.09893681 

18.39317119 

18.39199036 

18.40283596 

18.39882182 

18.39472451 

18.37246726 

18.38835989 

18.40360636 

18.42452253 

0.02278088 

0.04971240 

0.06802650 

0.10290603 

0.12730725 

0.15754494 

0.18187632 

0.21116031 

0.21905416 

1.0 

2.0 

3.0 

4.0 

5.0 

18.03798670 

17.53951327 

16.89781670 

17.36540403 

17.12697827 

18.96426781 

19.10161034 

20.01100210 

21.65291371 

20.41985868 

18.40811356 

18.36780119 

18.34620248 

18.76543220 

18.65954968 

0.27574612 

0.44845207 

0.72605167 

1.12035786 

1.02692849 

10 15.00740073 26.56436564 18.79525479 2.83765412 

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 

20.77657252 

20.77166046 

20.76979221 

20.76333106 

20.76261307 

20.74755441 

20.74684005 

20.74298427 

20.73156144 

20.78628211 

20.79017491 

20.79425054 

20.79918041 

20.80836969 

20.81651980 

20.81069359 

20.81600928 

20.82938187 

20.78153515 

20.78129085 

20.78137109 

20.78187345 

20.78112055 

20.78035470 

20.78134667 

20.78267140 

20.78341393 

0.00177972 

0.00354181 

0.00528724 

0.00747373 

0.00966803 

0.01172777 

0.01297749 

0.01453248 

0.01647974 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

20.73638164 

20.69781479 

20.62061482 

20.61010424 

20.58838119 

20.45674347 

20.44740854 

20.39849773 

20.34813034 

20.83996376 

20.88183183 

20.94771409 

20.93925816 

21.11750060 

21.01025556 

21.05778713 

21.12436929 

21.17322180 

20.78301769 

20.78200965 

20.78417810 

20.77985708 

20.78790771 

20.79247670 

20.77972784 

20.79858730 

20.79523580 

0.01929133 

0.03672862 

0.06006152 

0.07623667 

0.09977526 

0.10947218 

0.12353557 

0.15407207 

0.15762396 
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3.8 cxrilis gagrZeleba 

rogorc 3.7 cxrilidan Cans, cdomilebebis cvlilebisas 

0.01%-0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.02%-iT, 

0.1%-0.9%-ian SualedSi uaresdeboda 0.17%-iT, xolo 1%-5%-ian 

SualedisaTvis gauareseba Seadgenda 1.37%-s. 

3.8 cxrilis monacemebze dayrdnobiT kubis formis mqone 

sakvlevi arisaTvis zomebiT 1.5х1.5х1.5, gansaxilveli Tvisebis 

gauareseba Seadgens 0.001%-s pirveli sakvlevi diapazonisaTvis, 

0.1%-0.9%-ian diapazonSi gauareseba Seadgens 0.06%–s, xolo 1%-5%-

ian Sualedi-saTvis Q-optimalurobis gauareseba Seadgens aseve 

0.06%-s. 

 

3.2. D2D3 (II) samcvladiani mesame rigis simetriuli rotatabeluri 

   gegmebis gamokvleva 

 am punqtSi ganxilulia mesame rigis samcvladiani 

rotatabeluri erT-erTi gegma, romelic miRebulia meore rigis 

orcvladiani rotatabeluri gegmebis kombinirebiT  

D=




3

2

D

D
,     sadac 

D2 D3 

(1, 1, 1) 

(1, 1, 1) 

(2, 0, 0) 

(0, 2, 0) 

(0, 0, 2) 

( 2 ,  2 ,  0) 

( 2 , 0,  2 ) 

(0,  2 ,  2 ) 

( 2 , 0, 0) 

(0,  2 ,  0) 

(0, 0,  2 ) 

( 2 , 0, 0) 

(0,  2 ,  0) 

(0, 0,  2 ) 

N=22 N=24 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

1.0 

2.0 

3.0 

4.0 

5.0 

20.29234188 

19.86883113 

19.72899884 

19.13092671 

18.70037869 

21.26653118 

21.66925595 

22.12506658 

22.63959273 

24.13365971 

20.78307069 

20.76293081 

20.77211403 

20.83567310 

20.79595307 

0.17658946 

0.34934833 

0.52229577 

0.72821342 

1.00579093 

10 16.83769234 25.67452910 20.84900704 1.63100127 
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aseTi gegma moicavs N=46 wertils. 
3.2.1. D2D3(II) gegmis Tvisebebis gamokvleva, romlebic 

dakavSirebuli arian regresiis gantolebis koeficiente-

bis Sefasebis sizustesTan 

D-optimaluroba. nax. 3.10-ze warmodgenilia M=( XXT
~~

)-1 Secdo-

mebis matricis msazRvrelis cvlilebebis grafikuli Sedegebi, 

romlebic miiReba sxvadasxva sididis k cdomilebebis zeddebiT 

sami cvladis Semcveli mesame rigis D2D3(II) gegmebze. 

cxrilebSi moyvanilia saSualo ariTmetikuli – derefnis 

saSualo xazi da gabneva – saSualo kvadratuli gadaxra, aseve 

minimaluri da maqsimaluri mniSvnelobebi. 

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

1

2

3

4

5

6

7

8
x 10

-30

 

nax. 3.10. samcvladiani mesame rigis D2D3(II) gegmis D-optimaluroba 
 

cxrili 3.9 
samcvladiani mesame rigis D2D3(II) gegmisTvis kovariaciuli matricis 

minimaluri msazRvrelis 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 

1.0e-029 * 

0.21304079 

0.21275865 

0.21194759 

0.21157504 

0.21081976 

0.20987974 

0.21073704 

0.21059181 

0.20804338 

0.21418119 

0.21464639 

0.21513784 

0.21652800 

0.21657929 

0.21639998 

0.21784582 

0.21712260 

0.21936263 

0.21369943 

0.21374015 

0.21369411 

0.21381452 

0.21365793 

0.21360911 

0.21373363 

0.21389493 

0.21390503 

0.00022966 

0.00042593 

0.00065910 

0.00087987 

0.00108928 

0.00149505 

0.00151894 

0.00152284 

0.00204492 

det(M
-1

) 

k,% 
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3.9 cxrilis gagrZeleba 

 

rogorc cxrilidan Cans, pirvel gansaxilvel diapazonSi 

cdomilebebisaTvis 0.01-0.09%, D-optimalurobis Tviseba uaresdeba 

0.10%-iT, meore diapazonSi, roca cdomilebebi aRwevs 0.1-0.9%-s, 

uaresdeba 0.98%-iT, xolo mesame diapazonSi 1%-5%-iani cdomile-

bebisaTvis uaresdeba 5.99%-iT. 

A-optimaluroba. nax. 3.11-ze naCvenebia Secdomebis derefnis 

grafikuli ilustracia, romelic miiReboda D2D3(II) samcvladiani 

mesame rigis gegmis kovariaciuli matricis M=( XXT
~~

)-1 kvalis 

kvlevisas. 3.10 cxrilSi moyvanilia zogierTi sakvlevi cdomi-

lebisaTvis kovariaciuli matricis kvalis minimaluri da maq-

simaluri mniSvnelobebi, aseve maTi saSualo ariTmetikuli da 

gabneva – saSualo kvadratuli gadaxra. 

cxrilSi moyvanili monacemebis Sesabamisad, samcvladiani 

mesame rigis D2D3(II) gegmis A-optimaluroba cdomilebis TiToeul 

gansaxilvel diapazonSi cdomilebis gazrdiT uaresdeba. ase 

magaliTad, 0.01%-0.09%-ian cdomilebis diapazonSi gansaxilveli 

Tvisebis gauareseba Seadgens 0.007%-s. meore 0.1-0.9%-ian diapazonSi 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0e-029 * 

0.20717071 

0.20441766 

0.19673813 

0.19326571 

0.18635258 

0.17813220 

0.18521992 

0.18406065 

0.162840526 

0.21852990 

0.22330532 

0.22841244 

0.24355771 

0.24387647 

0.24181276 

0.25834789 

0.24997353 

0.27598543 

0.21367699 

0.21407915 

0.21362325 

0.21483589 

0.21324877 

0.21288855 

0.21398723 

0.21549915 

0.21577863 

0.00229420 

0.00426384 

0.00656533 

0.00887028 

0.01088196 

0.01482924 

0.01537671 

0.01537524 

0.02042568 

 
1.0 
2.0 
3.0 
4.0 
5.0 

1.0e-029* 

0.15729649 

0.13934291 

0.11825213 

0.06030741 

0.05325229 

0.26195758 

0.36239355 

0.37503420 

0.59896945 

0.66482124 

0.21248430 

0.21437550 

0.21885176 

0.22254287 

0.22521311 

0.02458585 

0.04519874 

0.05895359 

0.09306767 

0.12149287 

 
10 

1.0e-029 * 

0.02337846 0.95168239 0.23761750 0.21440608 
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kidev ufro izrdeba da Seadgens 0.06%-s, xolo mesame diapazonSi 

sazomi saSualebebis cdomilebebis gazrdiT 1%-5%-mde sakvlevi 

gegmis Tviseba ukve uaresdeba 1.93%-iT. 

 

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

2
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2.8

3

3.2

 
nax. 3.11. samcvladiani mesame rigis D2D3(II) gegmis A-optimaluroba 

 

cxrili 3.10 

samcvladiani mesame rigis D2D3(II) 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 

2.45919872 

2.45873621 

2.45790006 

2.45745090 

2.45766323 

2.45589301 

2.45636535 

2.45534979 

2.45349822 

2.46038097 

2.46112227 

2.46156826 

2.46230755 

2.46308177 

2.46270429 

2.46382804 

2.46411802 

2.46470830 

2.45980558 

2.45984617 

2.45978672 

2.45999701 

2.45982061 

2.45972592 

2.45987859 

2.45995057 

2.45996810 

0.00024217 

0.00047522 

0.00074262 

0.00096156 

0.00111424 

0.00152685 

0.00174535 

0.00174661 

0.00212460 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

2.45359106 

2.44898458 

2.44058480 

2.43619237 

2.43851672 

2.42104246 

2.42523460 

2.41539565 

2.39801145 

2.46541903 

2.47287601 

2.47729869 

2.48471552 

2.49217451 

2.48883134 

2.49901234 

2.50285994 

2.50861654 

2.45965964 

2.46004959 

2.45945305 

2.46153757 

2.45971385 

2.45879378 

2.46022360 

2.46095727 

2.46105358 

0.00242121 

0.00475254 

0.00742001 

0.00963122 

0.01113080 

0.01524858 

0.01746737 

0.01745395 

0.02112912 

1.0 
2.0 
3.0 
4.0 
5.0 

2.39582411 

2.36111955 

2.29797078 

2.20834314 

2.19081043 

2.50837500 

2.56563641 

2.61961823 

2.67059180 

2.84309123 

2.45801867 

2.45994105 

2.46217480 

2.46059932 

2.46720938 

0.02538671 

0.04989837 

0.06489969 

0.09122853 

0.11533229 

10 2.04018129 3.12463606 2.47168784 0.25138541 

Tr(M
-1

) 

k,% 
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E-optimaluroba. cxrilSi 3.11 mocemulia monacemebi, romle-

bic axasiaTeben umciresi maqsimaluri sakuTari ricxvis (max) 

cvlilebas cdomilebebis gansaxilvel diapazonSi sxvadasxa 

cdo-milebebis zeddebisas D2D3(II) gegmisTvis. miRebuli Sedegebis 

gra-fikuli gamosaxuleba warmodgenilia 3.12 naxazze. 
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nax. 3.12. samcvladiani mesame rigis D2D3(II) gegmis E-optimaluroba 

cxrili 3.11  

samcvladiani mesame rigis D2D3(II) gegmebisTvis umciresi maqsimaluri 
maxasiaTebeli ricxvis 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 

0.54674852 

0.54676859 

0.54655695 

0.54664345 

0.54672551 

0.54623446 

0.54656922 

0.54598242 

0.54576624 

0.54713673 

0.54748737 

0.54766398 

0.54801185 

0.54813029 

0.54840417 

0.54862738 

0.54922927 

0.54941622 

0.54696199 

0.54706193 

0.54715634 

0.54729819 

0.54733072 

0.54748036 

0.54760908 

0.54772853 

0.54785574 

0.00006757 

0.00014097 

0.00021770 

0.00025496 

0.00030505 

0.00044347 

0.00048081 

0.00052898 

0.00064231 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0.54581558 

0.54594164 

0.54382480 

0.54468631 

0.54554410 

0.54062727 

0.54374420 

0.53815861 

0.53674502 

0.54961057 

0.55319856 

0.55499287 

0.55865789 

0.55976050 

0.56249666 

0.56517105 

0.57079974 

0.57315437 

0.54786098 

0.54887444 

0.54983794 

0.55126889 

0.55158831 

0.55314455 

0.55444694 

0.55576120 

0.55706299 

0.00068086 

0.00142050 

0.00219005 

0.00258804 

0.00308853 

0.00452400 

0.00492356 

0.00530516 

0.00660585 

1.0 

2.0 

0.53619700 

0.53807851 

0.57530153 

0.61800671 

0.55704489 

0.56772346 

0.00702400 

0.01531556 

k,% 

max 
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3.11 cxrilis gagrZeleba 

 

rogorc cxrilis analizi gviCvenebs, cdomilebis zrdiT 

0.01%-dan 0.09%-mde gansaxilveli Tviseba uaresdeba 0.16-%-iT. 

cdomilebis zrda 1%-mde iwvevs 1.84%-ian gauaresebas, xolo 5%-

iani gauareseba iwvevs 9.00%-ian cvlilebas. 10%-iani cdomilebi-

sas gauareseba Seadgens 18.19%-s. 

orTogonaluroba. samcvladiani mesame rigis D2D3(II) gegmis 

orTogonalurobis Tvisebaze cdomilebebis gavlenis kvlevisas 

vakvirdebodiT kovariaciuli matricis М-1= 1~~ )XX( T  aradiagonalu-

ri elementebis absoluturi mniSvnelobebis jamebis cvlilebas 

(P). miRebuli Sedegebi gazomvis saSualebebis sxvadasxva cdomi-

lebisas warmodgenilia Sesabamisad 3.13 naxazze da 3.12 cxrilSi. 

0 1 2 3 4 5 6 7 8 9 10
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nax. 3.13. samcvladiani mesame rigis D2D3(II) gegmis orTogonaluroba 

 

cxrilSi moyvanili monacemebis Sesabamisad samcvladiani 

mesame rigis D2D3(II) gegmis orTogonaluroba cdomilebis TiTo-

eul gansaxilvel diapazonSi cdomilebis gazrdiT uaresdeba 

Semdegnairad: 0.01%-0.09%-ian cdomilebis diapazonSi gansaxilveli 

Tvisebis gauareseba Seadgens 0.48%-s. meore 0.1-0.9%-ian diapazonSi 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

3.0 

4.0 

5.0 

0.51740595 

0.52586095 

0.52997870 

0.63875123 

0.68978457 

0.69692615 

0.57870166 

0.59476514 

0.59617715 

0.02333389 

0.03009580 

0.03500752 

10 0.43271215 0.85419003 0.64643210 0.08777201 

k,% 

P 
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kidev ufro izrdeba da Seadgens 4.79%-s, xolo mesame diapazonSi 

sazomi saSualebebis cdomilebebis gazrdiT 1%-5%-mde sakvlevi 

gegmis Tviseba ukve uaresdeba 19.73%-iT. 

cxrili 3.12   
samcvladiani mesame rigis D2D3(II) gegmebisTvis kovariaciuli matricis 

aradiagonaluri elementebis absoluturi mniSvnelobebis jamebis 
minimumebis cvlileba cdomilebebis zeddebisas 

 

3.2.2. gamoZaxilis mniSvnelobebis winaswarmetyvelebis sizus-

tesTan dakavSirebuli D2D3(II) gegmebis Tvisebebis 

gamokvleva   

am punqtSi ganxilulia iseTi D2D3(II) samcvladiani mesame ri-

gis rotatabeluri gegmis Tvisebebi, romlebic dakavSirebulia 

gamoZaxilis mniSvnelobebis winaswarmetyvelebis sizustiT agebu-

li modelis (3.1) meSveobiT, rogoricaa G- da Q- optimalurobebi. 

G-optimaluroba. 3.14 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

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 

3.62991078 

3.63107267 

3.62994199 

3.63192324 

3.63469541 

3.63179194 

3.63633017 

3.63554052 

3.63673257 

3.63282963 

3.63738698 

3.63983168 

3.64447926 

3.64987233 

3.65034660 

3.65572712 

3.65733299 

3.66557759 

3.63148339 

3.63364478 

3.63590105 

3.63780405 

3.63966769 

3.64182776 

3.64441873 

3.64661946 

3.64907620 

0.00062298 

0.00133238 

0.00191337 

0.00252692 

0.00270130 

0.00369362 

0.00459563 

0.00466753 

0.00611975 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

3.63387895 

3.64538127 

3.63388371 

3.65348593 

3.68115241 

3.65145358 

3.69474401 

3.68870749 

3.70170036 

3.66318160 

3.70911088 

3.73294961 

3.78057633 

3.83330594 

3.83962096 

3.89523209 

3.91042737 

3.99820429 

3.64964105 

3.67122580 

3.69371507 

3.71281943 

3.73103912 

3.75266143 

3.77838725 

3.80054422 

3.82462238 

0.00624664 

0.01343063 

0.01926936 

0.02559540 

0.02741879 

0.03771717 

0.04713047 

0.04738993 

0.06293047 

1.0 

2.0 

3.0 

4.0 

5.0 

3.66897306 

3.77302668 

3.63993040 

3.81739057 

4.02625651 

3.97368299 

4.46617945 

4.71455110 

5.22738802 

5.55019040 

3.82969641 

4.04171366 

4.25624107 

4.45240908 

4.58540686 

0.06415841 

0.14466281 

0.20647578 

0.28886779 

0.31301319 

10 3.77529559 7.79876107 5.36438747 0.77659775 
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D2D3(II) gegmis G-optimalurobaze. z kvlevis are warmoadgenda kubs 

zomiT 0.5х0.5х0.5. ricxviTi mniSvnelobebi moyvanilia 3.13 cxrilSi.  
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nax.3.14. samcvladiani mesame rigis D2D3(II) gegmis G-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

 cxrili 3.13 
D2D3(II) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

mis cvlileba kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, kubis formis sakvlevi arisaTvis zome-

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 

19.63406921 

19.62938525 

19.61431905 

19.61780578 

19.60591282 

19.59284742 

19.59153313 

19.59571920 

19.58539185 

19.64899759 

19.65446381 

19.66229862 

19.67955052 

19.67692720 

19.68923753 

19.71011078 

19.70459465 

19.69447536 

19.64167248 

19.64190172 

19.64045595 

19.64412772 

19.64342332 

19.64220139 

19.64236965 

19.64658069 

19.64414007 

0.00297851 

0.00533868 

0.00931271 

0.01182232 

0.01449937 

0.01907973 

0.02290855 

0.02254336 

0.02523267 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

19.56691485 

19.52039622 

19.37221562 

19.40634305 

19.28762750 

19.15959287 

19.19478221 

19.17867264 

19.08633274 

19.71640774 

19.77136895 

19.85032873 

20.02743597 

19.99960559 

20.12496483 

20.34093608 

20.28664112 

20.16912946 

19.64295395 

19.64513915 

19.63062148 

19.66709740 

19.65963403 

19.64776520 

19.64960798 

19.69097622 

19.66716241 

0.02979992 

0.05344723 

0.09294919 

0.11864225 

0.14488789 

0.19069339 

0.22861185 

0.22577228 

0.24946613 

1.0 

2.0 

3.0 

4.0 

5.0 

18.89388410 

18.46845260 

17.31457325 

17.72199102 

16.46463630 

20.40744281 

21.29620692 

21.87740638 

24.06547229 

23.62725525 

19.65740812 

19.72177812 

19.64411220 

20.09849907 

19.98257591 

0.30059671 

0.53490873 

0.88132747 

1.15044308 

1.35048324 

10 14.22701928 28.90802832 20.11050678 2.77706246 

 dmax 

k, % 
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biT 0.5х0.5х0.5, sami cvladis mqone mesame rigis D2D3(II) gegmis G-

optimalurobis Tviseba uaresdeboda 0.01%-iT, cdomilebebis gaz-

rdisas 0.1%-dan 0.9%-mde uaresdeboda 0.12%-iT, xolo cdomile-

bebis gazrdiT 1%-dan 5%-mde sakvlevi Tviseba uaresdeboda 1.65%-iT. 

analogiuri suraTi miiReboda kubis formis sakvlevi ari-

saTvis zomebiT 1.5х1.5х1.5. 3.15 naxazze naCvenebia Secdomebis kori-

doris grafikuli ilustracia, romlebic miiReboda samcvladia-

ni kompoziciuri rotatabeluri gegmebis G-optimalurobis Tvi-

sebis kvlevisas. 3.14 cxrilSi moyvanilia saTanado ricxviTi mniS-

vnelobebi. 

cxrili 3.14 
D2D3(II)gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimumis 

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

 

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 

244.65028098 

244.54899744 

244.50744095 

244.42735794 

244.13860058 

244.07174337 

244.03573347 

243.82710435 

244.04262886 

244.95577523 

245.10272977 

245.18018441 

245.37124312 

245.50644233 

245.66301685 

245.51766966 

245.86533329 

245.82554111 

244.79921228 

244.79870014 

244.78680783 

244.80372358 

244.78196065 

244.77653146 

244.77287920 

244.87315498 

244.81887092 

0.05835578 

0.09703924 

0.15246866 

0.17971710 

0.23039886 

0.32528701 

0.32635043 

0.38272783 

0.40083524 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

243.32004649 

242.31321888 

241.86638881 

241.09908050 

238.24937870 

237.62501997 

237.29379640 

235.26768372 

237.51437510 

246.37209203 

247.85974355 

248.63462944 

250.59582508 

251.94866126 

253.61441335 

252.06236995 

255.68383271 

255.14797800 

244.80491893 

244.79705230 

244.67676148 

244.84125158 

244.61015595 

244.56469641 

244.50442492 

245.52562166 

244.93961235 

0.58356625 

0.97082195 

1.52448107 

1.79638256 

2.30377569 

3.24651661 

3.26385873 

3.83578012 

4.00621330 

1.0 

2.0 

3.0 

4.0 

5.0 

230.50705701 

220.75376068 

207.54589813 

202.10969050 

197.39187277 

257.10343467 

267.27929790 

281.31723960 

291.98366445 

307.79943912 

245.24950754 

245.27728807 

245.91842771 

244.79859818 

245.65563081 

5.42970430 

8.51873188 

14.6660067 

19.2402400 

25.0489723 

10 139.92370558 450.49607001 250.92579123 60.77831090 
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nax.3.15. samcvladiani mesame rigis D2D3(II) gegmis G-optimaluroba 
kubis formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

 

 zemoaRniSnul diapazonebSi G-optimalurobis Tviseba uares-

deboda 0.008%-iT,  0.06%-iT da 0.17%-iT Sesabamisad.  
 

Q-optimaluroba. 3.16 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D2D3(II) gegmis Q-optimalurobaze, roca z sakvlevi are warmoad-

genda kubs zomiT 0.5х0.5х0.5, xolo 3.17 naxazze – roca z sakvlevi 

are warmoadgenda kubs zomiT 1.5х1.5х1.5. saTanado ricxviTi mniSv-

nelobebi moyvanilia 3.15 da 3.16 cxrilebSi Sesabamisad. 

cxrili 3.15 
D2D3(II)  gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

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 

18.38687906 

18.38113396 

18.37077237 

18.37111443 

18.36480366 

18.35179128 

18.35835910 

18.35297574 

18.34954949 

18.40006150 

18.40634626 

18.41083256 

18.42226537 

18.42342297 

18.42440438 

18.44339770 

18.44299265 

18.43413325 

18.39358258 

18.39378022 

18.39245400 

18.39539740 

18.39445623 

18.39340956 

18.39341346 

18.39633948 

18.39488018 

0.00251375 

0.00458753 

0.00779944 

0.00967902 

0.01161136 

0.01539011 

0.01878362 

0.01846480 

0.02025223 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

18.32553217 

18.26834006 

18.16628292 

18.16939351 

18.10531295 

17.98052514 

18.45751814 

18.52075478 

18.56575270 

18.68291785 

18.69070288 

18.70208775 

18.39256635 

18.39442341 

18.38109522 

18.41021408 

18.40030951 

18.38977698 

0.02514360 

0.04590801 

0.07780589 

0.09704853 

0.11596959 

0.15367322 

 dmax 

k, % 
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3.15 cxrilis gagrZeleba 
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nax.3.16. samcvladiani mesame rigis D2D3(II) gegmis Q-optimaluroba kubis 
formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 
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nax.3.17. samcvladiani mesame rigis D2D3(II) gegmis Q-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 
 
 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.7 

0.8 

0.9 

18.03927409 

17.98296886 

17.95825214 

18.89248037 

18.89735517 

18.79182942 

18.38947858 

18.41846466 

18.40256241 

0.18836190 

0.18461944 

0.20137527 

1.0 

2.0 

3.0 

4.0 

5.0 

17.71223114 

17.38003842 

16.83146765 

16.51402291 

15.55533223 

18.90900052 

19.83083402 

20.41045845 

20.06082993 

22.88128878 

18.38580523 

18.37293468 

18.46500723 

18.37484271 

18.52218433 

0.25577396 

0.54015405 

0.68985918 

0.86951134 

1.28999924 

10 13.80317825 27.05755561 18.59298062 2.51460403 

d(x) 

k, % 

d(x) 

k, % 
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cxrili 3.16 
D2D3(II) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

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

 

rogorc 3.15 cxrilidan Cans, cdomilebebis cvlilebisas 

0.01%-0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.007%-iT, 

0.1%-0.9%-ian SualedSi uaresdeboda 0.05%-iT, xolo 1%-5%-ian 

SualedisaTvis gauareseba Seadgenda 0.74%-s. 

3.16 monacemebze dayrdnobiT kubis formis mqone sakvlevi 

arisaTvis zomebiT 1.5х1.5х1.5, gansaxilveli Tvisebis gauareseba 

Seadgens 0.004%-s pirveli sakvlevi diapazonisaTvis, 0.1%-0.9%-ian 

diapazonSi gauareseba Seadgens 0.03%–s, xolo 1%-5%-ian Sualedi-

saTvis Q-optimalurobis gauareseba Seadgens 0.82%-s. 

 

 

 

 

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 

20.77640221 

20.77194280 

20.76790317 

20.76747787 

20.76190141 

20.75451059 

20.75146047 

20.74380609 

20.74825590 

20.78648068 

20.79415119 

20.79292230 

20.79944265 

20.80608977 

20.80808072 

20.81204746 

20.81639110 

20.81897449 

20.78145911 

20.78164968 

20.78074528 

20.78222933 

20.78137118 

20.78113557 

20.78091970 

20.78443262 

20.78219225 

0.00211258 

0.00362843 

0.00567674 

0.00710156 

0.00833624 

0.01212622 

0.01234100 

0.01443574 

0.01434474 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

20.75682245 

20.75211801 

20.64079417 

20.63718777 

20.66830958 

20.52335531 

20.56738442 

20.59868258 

20.64527028 

20.82286723 

20.85896634 

20.86686658 

20.86482733 

20.96647732 

20.99521542 

21.07759144 

21.10282282 

20.99463436 

20.78613041 

20.79974374 

20.77135017 

20.76305737 

20.79929282 

20.78199691 

20.80409175 

20.78727401 

20.79260605 

0.01678300 

0.03166780 

0.06013606 

0.06831186 

0.07586026 

0.13613434 

0.12168839 

0.15895842 

0.10031552 

1.0 

2.0 

3.0 

4.0 

5.0 

20.59306687 

20.22858974 

19.96821292 

19.93786792 

19.45216705 

21.23517554 

21.41758207 

21.35537620 

21.21164044 

23.01751173 

20.89355366 

20.75791716 

20.73065653 

20.54589034 

21.06373303 

0.20974146 

0.38729526 

0.44592000 

0.42578768 

1.06001001 

10 19.33377694 26.29366277 21.89523980 2.23428616 
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3.3. D2D4 (III) samcvladiani mesame rigis simetriuli rotatabeluri 

   gegmebis gamokvleva 

 am punqtSi ganxilulia mesame rigis samcvladiani rotata-

beluri gegma, romelic miRebulia meore rigis orcvladiani ro-

tatabeluri gegmebis kombinirebiT  

D=




4

2

D

D
, 

sadac a1=0.5578, a2=0.4097, c=1 

f=0.7201, a=0, c=0.8564 

D2 D4 

(0.5578, 0.5578, 0.5578) 

(0.4097, 0.4097, 0.4097) 

(1, 0, 0) 

(0, 1, 0) 

(0, 0, 1) 

(0.7201, 0.7201,  0) 

(0.7201, 0, 0.7201) 

(0, 0.7201, 0.7201) 

(0, 0, 0) 

(0.8564, 0, 0) 

(0, 0.8564, 0) 

(0, 0, 0.8564) 

N=22 N=26 

 
aseTi gegma moicavs N=48 wertils. 

3.3.1. D2D4(III) gegmis Tvisebebis gamokvleva, romlebic 

dakavSirebulia regresiis gantolebis koeficientebis 

Sefasebis sizustesTan 

D-optimaluroba. nax. 3.18-ze warmodgenilia M=( XXT
~~

)-1 Secdo-

mebis matricis msazRvrelis cvlilebebis grafikuli Sedegebi, 

romlebic miiReba sxvadasxva sididis k cdomilebebis zeddebiT 

sami cvladis Semcveli mesame rigis D2D4(III) gegmebze. 

3.17 cxrilebSi moyvanilia saSualo ariTmetikuli – deref-

nis saSualo xazi da gabneva – saSualo kvadratuli gadaxra, 

aseve minimaluri da maqsimaluri mniSvnelobebi. 

miRebuli monacemebis Sesabamisad cdomilebebis zeddebiT D-

optimaluroba 0.01%-dan 0.09%-mde uaresdeba 0.34-%-iT, cdomilebis 

cvlilebisas 0.1%-dan 0.9%-mde uaresdeba 2.62%-mde, xolo 1%-dan 

5%-mde zrdiT es maCvenebeli adis 13.59%-mde. 
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nax. 3.18. samcvladiani mesame rigis D2D4(III) gegmis D-optimaluroba 
 

cxrili 3.17 
samcvladiani mesame rigis D2D4(III) gegmisTvis kovariaciuli matricis 

minimaluri msazRvrelis 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 

1.0e-003 * 

0.51914468 

0.51640313 

0.51555586 

0.51188847 

0.50660989 

0.50872171 

0.49993946 

0.50316912 

0.50538054 

0.52478478 

0.52602013 

0.52787558 

0.53173046 

0.53384392 

0.53584781 

0.54231634 

0.53776742 

0.54657994 

0.52131656 

0.52148663 

0.52129195 

0.52150665 

0.52112272 

0.52178350 

0.52046197 

0.52049337 

0.52307984 

0.00103638 

0.00186275 

0.00295800 

0.00382865 

0.00546549 

0.00548128 

0.00741094 

0.00727957 

0.00848425 

 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0e-003 * 

0.50045116 

0.47408864 

0.46630851 

0.43393748 

0.38886405 

0.40621191 

0.33940095 

0.36119372 

0.37482545 

0.55762810 

0.57070390 

0.59082571 

0.63326912 

0.65851671 

0.68076838 

0.76393485 

0.70112848 

0.82177199 

0.52190490 

0.52345679 

0.52132787 

0.52310497 

0.51961614 

0.52451765 

0.51206642 

0.51062708 

0.53559684 

0.01038792 

0.01867399 

0.02964279 

0.03854199 

0.05444268 

0.05571556 

0.07443879 

0.07215256 

0.08919733 

 
1.0 
2.0 
3.0 
4.0 
5.0 

1.0e-003 * 

0.41856672 

0.20833049 

0.19613478 

0.12991126 

0.09291562 

0.67435869 

0.71346116 

1.00809755 

1.91438914 

1.83166078 

0.51120871 

0.36347708 

0.48624971 

0.50202405 

0.58066198 

0.08043668 

0.14028076 

0.23625801 

0.56089090 

0.59708470 

 
10 

1.0e-003 * 

0.00358849 4.37239045 0.60339221 1.37146268 

det(M
-1

) 

k,% 
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A-optimaluroba. nax. 3.19-ze naCvenebia Secdomebis derefnis 

grafikuli ilustracia, romelic miiReboda D2D4(III) samcvladiani 

mesame rigis gegmis kovariaciuli matricis M=( XXT
~~

)-1 kvalis 

kvlevisas. 3.18 cxrilSi moyvanilia zogierTi sakvlevi cdomile-

bisaTvis kovariaciuli matricis kvalis minimaluri da maqsima-

luri mniSvnelobebi, aseve maTi saSaulo ariTmetikuli da gab-

neva – saSaulo kvadratuli gadaxra. 

analizma gviCvena, rom 0.01%-0.09%-ian cdomilebis diapazonSi 

gansaxilveli Tvisebis gauareseba Seadgens 0.03%-s. meore 0.1-0.9%-ian 

diapazonSi kidev ufro izrdeba da Seadgens 0.17%-s, xolo mesame 

diapazonSi sazomi saSualebebis cdomilebebis gazrdiT 1%-5%-mde 

sakvlevi gegmis Tviseba ukve uaresdeba 4.23%-iT. 
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nax. 3.19. samcvladiani mesame rigis D2D4(III) gegmis A-optimaluroba 
 

cxrili 3.18 

samcvladiani mesame rigis D2D4(III) 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 

48.20423238 

48.18626850 

48.17722754 

48.13787475 

48.11813046 

48.07893752 

48.03717630 

48.06825895 

48.04298588 

48.25515107 

48.27595882 

48.30770138 

48.31120585 

48.34910857 

48.38807309 

48.39962516 

48.38303119 

48.45334670 

48.23050844 

48.23141029 

48.23061553 

48.23023245 

48.23102437 

48.23947262 

48.22118304 

48.22014610 

48.24703971 

0.00997145 

0.01942844 

0.02570826 

0.03651815 

0.04786051 

0.05277453 

0.07333423 

0.06998793 

0.08332056 

Tr(M
-1

) 

k,% 
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3.18 cxrilis gagrZeleba 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

48.07984800 

47.68811108 

47.59624665 

47.31709303 

47.32606454 

47.30471007 

46.58937244 

46.48780613 

46.54513909 

48.47100217 

48.66577634 

48.82756241 

49.14249794 

48.96945146 

49.77516639 

49.56126284 

49.76140926 

50.01623618 

48.23494086 

48.19122036 

48.23574121 

48.20656627 

48.20464335 

48.16445036 

48.19727761 

48.09158573 

48.31687747 

0.08687526 

0.22097248 

0.27581060 

0.41548420 

0.41121176 

0.54282562 

0.68391215 

0.68255006 

0.81045295 

1.0 

2.0 

3.0 

4.0 

5.0 

47.23317057 

46.18564857 

41.05054010 

43.24198735 

39.49110025 

48.10818602 

50.77722710 

47.62536750 

48.34456556 

62.16025647 

47.64121208 

47.95693680 

45.43242814 

45.41378129 

49.65634206 

0.42836837 

1.77487572 

2.56684066 

2.17659243 

8.11838534 

10 41.38840315 57.49680219 49.86937892 8.08804944 
 

E-optimaluroba. cxrilSi 3.19 mocemulia monacemebi, romle-

bic axasiaTeben umciresi maqsimaluri sakuTari ricxvis (max) 

cvlilebas gansaxilvel diapazonSi sxvadasxva cdomilebebis 

zeddebisas D2D4(III) gegmisTvis. miRebuli Sedegebis grafikuli 

gamosaxuleba warmodgenilia 3.20 naxazze. 
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nax. 3.20. samcvladiani mesame rigis D2D4(III) gegmis E-optimaluroba 
 

cxrilis monacemebis Sesabamisad cdomilebebis zeddebiT E-

optimaluroba, 0.01%-dan 0.1%-mde uaresdeba 0.34-%-iT, cdomilebis 

cvlilebisas 1%-mde E-optimaluroba uaresdeba 4.10%-mde, xolo 

5%-iani zrdiT es maCvenebeli adis 7.18%-mde. 

k,% 

max 
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cxrili 3.19  

samcvladiani mesame rigis D2D4(III) gegmebisTvis umciresi maqsimaluri 
maxasiaTebeli ricxvis cvlileba cdomilebebis zeddebisas  

 

orTogonaluroba. sami cvladis Semcveli mesame rigis 

D2D4(III) gegmis orTogonalurobis Tvisebaze cdomilebebis gavle-

nis kvlevisas vakvirdebodiT kovariaciuli matricis М-1= 1~~ )XX( T  

aradiagonaluri elementebis absoluturi mniSvnelobebis jame-

bis cvlilebas (P). miRebuli Sedegebi gazomvis saSualebebis 

sxvadasxva cdomilebisas warmodgenilia Sesabamisad 3.21 naxazze 

da 3.20 cxrilSi. 

TiToeul gansaxilvel diapazonSi cdomilebis gazrdiT Tvi-

seba uaresdeba Semdegnairad: 0.01%-0.09%-ian cdomilebis diapazon-

Si gansaxilveli Tvisebis gauareseba Seadgens 0.81%-s. meore 0.1-

0.9%-ian diapazonSi kidev ufro izrdeba da Seadgens 7.66%-s, 

xolo mesame diapazonSi sazomi saSualebebis cdomilebebis 

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 

11.14850182 

11.14718886 

11.14680719 

11.14011974 

11.14492553 

11.12320092 

11.13498642 

11.13339089 

11.13543268 

11.16484579 

11.18689548 

11.18770998 

11.20453767 

11.22008292 

11.23209899 

11.24776537 

11.25466754 

11.26162738 

11.15750199 

11.16297963 

11.16658616 

11.17047983 

11.17521903 

11.18395762 

11.18438385 

11.18588908 

11.19890402 

0.00321320 

0.00659787 

0.00926415 

0.01194210 

0.01622208 

0.01726705 

0.02484530 

0.02542515 

0.02879294 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

11.10552747 

11.09274582 

11.08339517 

11.01461553 

11.04426088 

10.83433626 

10.93692886 

10.93288655 

10.98062992 

11.27009614 

11.49620438 

11.50376881 

11.67096499 

11.84050152 

11.94584434 

12.08713965 

12.15036914 

12.26857322 

11.19580398 

11.24980384 

11.28426712 

11.32012876 

11.36543079 

11.44836763 

11.44809750 

11.45544231 

11.58202604 

0.03225410 

0.06707639 

0.09434946 

0.12186573 

0.16704904 

0.17778823 

0.25745178 

0.26366849 

0.29875394 

1.0 

2.0 

3.0 

4.0 

5.0 

10.80601589 

10.70656157 

10.15591956 

9.282022931 

8.381613282 

12.40626181 

14.37346490 

16.02980459 

16.79063388 

17.45045582 

11.61484497 

11.96437745 

12.27496526 

12.21767720 

11.95831438 

0.35583439 

0.65456768 

1.21538368 

1.55522952 

1.59812245 

10 7.04604523 25.91334970 12.11913112 3.96548834 
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gazrdiT 1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 22.80%-

iT. 
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nax. 3.21. samcvladiani mesame rigis D2D4(III) gegmis orTogonaluroba 

 

cxrili 3.20   
samcvladiani mesame rigis D2D4(III) gegmebisTvis kovariaciuli matricis 

aradiagonaluri elementebis absoluturi mniSvnelobebis jamebis 
minimumebis 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 

92.14320643 

92.20144885 

92.18129633 

92.23874687 

92.24546971 

92.13761964 

92.23538936 

92.38452378 

92.24537768 

92.29506694 

92.52437007 

92.61171829 

92.83517105 

92.92559844 

93.17157970 

93.34581135 

93.47694043 

93.56945512 

92.21643946 

92.31315212 

92.40292151 

92.48292471 

92.57339583 

92.69677221 

92.75203668 

92.80789047 

92.96274844 

0.03350835 

0.06186549 

0.08708762 

0.11551372 

0.15312339 

0.17326408 

0.23515290 

0.23647849 

0.25636272 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

92.20800684 

92.78098128 

92.58470910 

93.06384745 

92.96814085 

91.91072881 

92.73539368 

94.20075953 

93.21643508 

93.73994320 

96.06837730 

96.87405717 

99.17707142 

100.1400516 

102.5784929 

104.4898450 

105.4544446 

106.2046602 

92.94434511 

93.89977526 

94.77658430 

95.54488131 

96.41514217 

97.59807457 

98.08535725 

98.56701196 

100.0591994 

0.33662330 

0.62932131 

0.88521373 

1.18668641 

1.57930791 

1.79216113 

2.45968227 

2.47052764 

2.65609661 

1.0 

2.0 

3.0 

4.0 

5.0 

92.16910052 

94.91270618 

92.93775116 

93.60677547 

80.91730369 

108.68735674 

135.51154045 

143.87649242 

158.38550210 

176.28564363 

99.82482583 

108.0403999 

114.3951495 

118.0733476 

122.5805815 

3.511986108 

7.274148087 

10.09508867 

14.05567932 

18.64348148 

10 64.93015858 209.68760357 122.87885667 28.57023814 

k,% 

P 
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3.3.2. gamoZaxilis mniSvnelobebis winaswarmetyvelebis sizus-

tesTan dakavSirebuli D2D4(III) gegmebis Tvisebebis 

gamokvleva   

G-optimaluroba. 3.22 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D2D4(III) gegmis G-optimalurobaze. z kvlevis are warmoadgenda kubs 

zomiT 0.5х0.5х0.5. ricxviTi mniSvnelobebi moyvanilia 3.21 cxrilSi.  
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nax.3.22. samcvladiani mesame rigis D2D4(III) gegmis G-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

 cxrili 3.21 
D2D4(III) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

mis cvlileba kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

 

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 

19.67292528 

19.66170672 

19.65547118 

19.65059664 

19.63419369 

19.61837594 

19.62547405 

19.60465419 

19.58996881 

19.69323474 

19.71180477 

19.71480039 

19.73438040 

19.75801225 

19.75903507 

19.78160244 

19.79579631 

19.79835207 

19.68342803 

19.68513788 

19.68822134 

19.68720697 

19.69261312 

19.69574941 

19.69268382 

19.69737600 

19.69531184 

0.00403892 

0.00902808 

0.01401942 

0.01737266 

0.02288372 

0.02798261 

0.02871081 

0.03418915 

0.04354126 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

19.59417353 

19.47930101 

19.41384777 

19.37808185 

19.20396035 

19.04321124 

19.06805944 

18.93913622 

18.70677758 

19.79677892 

19.98459583 

20.00838665 

20.21091882 

20.42834830 

20.48148060 

20.71029847 

20.76799191 

20.84413563 

19.69782297 

19.71367536 

19.74199047 

19.72881279 

19.77925515 

19.80609681 

19.76794809 

19.80793738 

19.77835877 

0.04031911 

0.09064323 

0.14093739 

0.17385474 

0.22912164 

0.28240953 

0.28836761 

0.34029679 

0.43736881 

 dmax 

k, % 
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3.21 cxrilis gagrZeleba 

 

rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, kubis formis sakvlevi arisaTvis zome-

biT 0.5х0.5х0.5, sami cvladis Semcveli mesame rigis D2D4(III) gegmis 

G-optimalurobis Tviseba uaresdeboda 0.06%-iT, cdomilebebis gaz-

rdisas 0.1%-dan 0.9%-mde uaresdeboda 0.41%-iT, xolo cdomile-

bebis gazrdiT 1%-dan 5%-mde sakvlevi Tviseba uaresdeboda 0.12%-iT. 

analogiuri suraTi miiReboda kubis formis sakvlevi 

arisaTvis zomebiT 1.5х1.5х1.5. 3.23 naxazze naCvenebia Secdomebis kori-

doris grafikuli ilustracia, romlebic miiReboda samcvladia-

ni kompoziciuri rotatabeluri gegmebis G-optimalurobis Tvi-

sebis kvlevisas. 3.22 cxrilSi moyvanilia saTanado ricxviTi mniS-

vnelobebi. 

zemoaRniSnul diapazonebSi G-optimalurobis Tviseba uares-

deboda 0.13%-iT,  0.16%-iT da 5.90%-iT Sesabamisad. 
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nax.3.23. samcvladiani mesame rigis D2D4(III) gegmis G-optimaluroba 
kubis formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

1.0 

2.0 

3.0 

4.0 

5.0 

18.87628822 

17.59478568 

16.89378296 

16.04834998 

15.90522761 

20.84145870 

23.13115928 

23.03701474 

24.34095270 

25.47550869 

19.79773193 

19.85375938 

19.93590479 

19.54516974 

19.82092782 

0.39874111 

0.93506605 

1.36096578 

1.62023654 

2.02271558 

10 13.32205997 27.93125002 19.91605792 2.86902679 

 dmax 

k, % 
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cxrili 3.22 

D2D4(III)gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-
mis cvlileba kubis formis mqone z sakvlev areSi zomiT 1.5х1.5х1.5 

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 

1.0e+004 * 

3.55677955 

3.55512580 

3.55057805 

3.55095997 

3.53977766 

3.54060193 

3.53787891 

3.53556116 

3.52934476 

3.56390701 

3.56957493 

3.57013791 

3.57440834 

3.57909730 

3.58054311 

3.58725351 

3.58637610 

3.58391237 

3.56099367 

3.56157420 

3.56111094 

3.56112027 

3.56092022 

3.55967066 

3.55939769 

3.56003522 

3.56157481 

0.00149145 

0.00295261 

0.00422661 

0.00509619 

0.00714683 

0.00860648 

0.01007222 

0.00956152 

0.01145059 

 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0e+004 * 

3.52548118 

3.47691092 

3.47132812 

3.45911364 

3.38935648 

3.39105501 

3.38756244 

3.36017751 

3.34012890 

3.58706396 

3.61946349 

3.68376763 

3.73308240 

3.69406541 

3.74350119 

3.79699240 

3.78057296 

3.77624385 

3.56301867 

3.55634320 

3.56179855 

3.57986657 

3.56032017 

3.55755418 

3.57513970 

3.53390310 

3.56864274 

0.01399371 

0.03107835 

0.04486768 

0.05849632 

0.07055921 

0.08659432 

0.08557509 

0.10216328 

0.11809294 

 

1.0 

2.0 

3.0 

4.0 

5.0 

1.0e+004 * 

3.42920316 

3.16862538 

3.16520689 

2.79406238 

2.66150522 

3.74558128 

3.53716673 

3.97819210 

3.41118826 

6.12926915 

3.63695587 

3.35071555 

3.60537417 

3.20882305 

3.85163743 

0.13638184 

0.14711419 

0.34331833 

0.24099806 

1.38166452 

 

10 

1.0e+004 * 

1.73438594 7.49491139 3.86210648 2.17072984 

 
 

Q-optimaluroba. 3.24 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D2D4(III) gegmis Q-optimalurobaze, roca z sakvlevi are warmoad-

genda kubs zomiT 0.5х0.5х0.5, xolo 3.25 naxazze – roca z sakvlevi 

are warmoadgenda kubs zomiT 1.5х1.5х1.5. saTanado ricxviTi mniSv-

nelobebi moyvanilia 3.23 da 3.24 cxrilebSi Sesabamisad.. 

rogorc 3.23 cxrilidan Cans, cdomilebebis cvlilebisas 

0.01%-0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.02%-iT, 

0.1%-0.9%-ian SualedSi uaresdeboda 0.05%-iT, xolo 1%-5%-ian 

SualedisaTvis gauareseba Seadgenda 1.82%-s. 
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cxrili 3.23 
D2D4(III)  gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 
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nax.3.24. samcvladiani mesame rigis D2D4(III) gegmis Q-optimaluroba kubis 
formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

 

3.24 cxrilis monacemebze dayrdnobiT kubis formis mqone 

sakvlevi arisaTvis zomebiT 1.5х1.5х1.5, gansaxilveli Tvisebis ga-

uareseba Seadgens 0.02%-s pirveli sakvlevi diapazonisaTvis, 

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 

16.93462628 
16.92525603 
16.92498005 
16.90908107 
16.90469252 
16.89342778 
16.88808084 
16.87458519 
16.88481144 

16.95046250 
16.95866372 
16.96486039 
16.96811085 
17.00031947 
16.98359614 
17.01071157 
17.00375464 
17.01545422 

16.94340091 
16.94271192 
16.94342038 
16.94293333 
16.94423457 
16.94426830 
16.94175244 
16.94224913 
16.94761648 

0.00314506 
0.00619992 
0.00886115 
0.01255726 
0.01683959 
0.01799131 
0.02035838 
0.02228535 
0.02780420 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

16.85532917 
16.76062238 
16.75930552 
16.60098799 
16.55496527 
16.43489056 
16.37229071 
16.23610167 
16.33162212 

17.01316684 
17.09497281 
17.15730301 
17.17820005 
17.50455580 
17.31438225 
17.63275953 
17.50847670 
17.62174933 

16.94237541 
16.93436470 
16.93928307 
16.93166553 
16.94143055 
16.93644849 
16.90704640 
16.90554625 
16.95041399 

0.03136276 
0.06215476 
0.08893194 
0.12562482 
0.16780431 
0.17996406 
0.20293602 
0.22075620 
0.27926548 

1.0 
2.0 
3.0 
4.0 
5.0 

16.48300558 
16.01669029 
14.10297686 
15.09190104 
14.89704280 

17.18735426 
17.63047707 
18.32742180 
19.27906588 
19.15223565 

16.87385123 
16.72063978 
16.42334749 
16.59321750 
17.18082337 

0.22332600 
0.56478642 
1.47590595 
1.37876276 
1.35903515 

10 15.77259835 18.79774358 17.28517096 2.13910071 

d(x) 

k, % 
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0.1%-0.9%-ian diapazonSi gauareseba Seadgens 0.15%–s, xolo 1%-5%-

ian SualedisaTvis Q-optimalurobis gauareseba Seadgens 2.16%-s. 
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nax.3.25. samcvladiani mesame rigis D2D4(III) gegmis Q-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

cxrili 3.24 
D2D4(III) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

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

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 

1.0e+003 * 
2.19153820 
2.19016288 
2.18772624 
2.18834851 
2.18242825 
2.18232029 
2.17995306 
2.17855804 
2.17534059 

2.19552203 
2.19901704 
2.19905638 
2.20136062 
2.20346415 
2.20431968 
2.20711392 
2.20805125 
2.20694927 

2.19391336 
2.19421114 
2.19390152 
2.19399484 
2.19385570 
2.19311934 
2.19292585 
2.19325576 
2.19426002 

0.00085766 
0.00170574 
0.00242819 
0.00297405 
0.00402268 
0.00497581 
0.00577310 
0.00552143 
0.00651646 

 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0e+003 * 

2.17535997 
2.14670630 
2.13703609 
2.13423242 
2.09190114 
2.08429432 
2.10686328 
2.07983480 
2.06169111 

2.21013223 
2.22591061 
2.26093177 
2.29651812 
2.26747642 
2.29732948 
2.32503718 
2.32426924 
2.31074938 

2.19528447 
2.19124716 
2.19376877 
2.20461025 
2.19299642 
2.18990773 
2.20226496 
2.17902897 
2.19867371 

0.00813905 
0.01765544 
0.02532612 
0.03446614 
0.04017527 
0.05006561 
0.04937256 
0.06046168 
0.06769975 

 
1.0 
2.0 
3.0 
4.0 
5.0 

1.0e+003 * 
2.09381022 
1.90637616 
1.96262343 
1.48702938 
1.24362455 

2.28023673 
2.31708438 
2.53420143 
2.26402758 
3.26485876 

2.17630441 
2.14158526 
2.15137164 
1.86948400 
2.22322035 

0.07642031 
0.13709377 
0.17973831 
0.25624252 
0.66957389 

10 
1.0e+003 * 

1.12358299 1.48200647 1.24911830 0.15919631 

d(x) 

k, % 
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3.4. D3D4 (IV) samcvladiani mesame rigis simetriuli rotatabeluri 

   gegmebis gamokvleva 

 am punqtSi ganxilulia mesame rigis samcvladiani rotata-

beluri gegma, romelic miRebulia meore rigis orcvladiani ro-

tatabeluri gegmebis kombinirebiT  

D=




4

3

D

D
, 

sadac f=c1=c2=1 

              f=0.9357, a=0.8646, c=1.5653 

D3 D4 

(1, 1,  0) 

(1, 0, 1) 

(0, 1, 1) 

(1, 0, 0) 

(0, 1,  0) 

(0, 0, 1) 

(1, 0, 0) 

(0, 1,  0) 

(0, 0, 1) 

(0.9357, 0.9357,  0) 

(0.9357, 0, 0.9357) 

(0, 0.9357, 0.9357) 

(0.8646, 0.8646, 0.8646) 

(1.5653, 0, 0) 

(0, 1.5653, 0) 

(0, 0, 1.5653) 

N=24 N=26 

 
aseTi gegma moicavs N=50 wertils. 

3.4.1. D3D4(IV) gegmis Tvisebebis gamokvleva, romlebic 

dakavSirebulia regresiis gantolebis koeficientebis 

Sefasebis sizustesTan 

D-optimaluroba. nax. 3.26-ze warmodgenilia M=( XXT
~~

)-1 Secdo-

mebis matricis msazRvrelis cvlilebebis grafikuli Sedegebi, 

romlebic miiReba sxvadasxva sididis k cdomilebebis zeddebiT 

sami cvladis mqone mesame rigis D3D4(IV) gegmebze. 

3.25 cxrilebSi moyvanilia saSualo ariTmetikuli – deref-

nis saSualo xazi da gabneva – saSualo kvadratuli gadaxra, 

aseve minimaluri da maqsimaluri mniSvnelobebi. 

miRebuli monacemebis Sesabamisad cdomilebebis zeddebiT D-

optimaluroba 0.01%-dan 0.09%-mde uaresdeba 0.13-%-iT, cdomilebis 

cvlilebisas 0.1%-dan 0.9%-mde uaresdeba 1.05%-mde, xolo 1%-dan 

5%-mde zrdiT es maCvenebeli adis 6.73%-mde. 
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nax. 3.26. samcvladiani mesame rigis D3D4(IV) gegmis D-optimaluroba 
 

cxrili 3.25 
samcvladiani mesame rigis D3D4(IV) gegmisTvis kovariaciuli matricis 

minimaluri msazRvrelis 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 

1.0e-019 * 

0.19372774 

0.19355740 

0.19212478 

0.19228503 

0.19200127 

0.19036389 

0.19106275 

0.18930549 

0.18796119 

0.19507159 

0.19586112 

0.19578205 

0.19633119 

0.19713940 

0.19805940 

0.19797724 

0.20031935 

0.19881879 

0.19445170 

0.19450430 

0.19432764 

0.19431176 

0.19438932 

0.19431768 

0.19447834 

0.19447190 

0.19469835 

0.00026237 

0.00042953 

0.00073147 

0.00089776 

0.00115970 

0.00146659 

0.00163827 

0.00181144 

0.00214241 

 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0e-019 * 

0.18734271 

0.18560329 

0.17224902 

0.17371565 

0.17098967 

0.15675985 

0.16209255 

0.14823723 

0.13758628 

0.20074658 

0.20899117 

0.20787242 

0.21384542 

0.22276761 

0.23309707 

0.23147214 

0.26055134 

0.24154922 

0.19448217 

0.19497789 

0.19320035 

0.19297179 

0.19369843 

0.19296345 

0.19448410 

0.19423782 

0.19652058 

0.00262320 

0.00432044 

0.00722918 

0.00892804 

0.01163240 

0.01447793 

0.01642171 

0.01807504 

0.02130944 

 
1.0 
2.0 
3.0 
4.0 
5.0 

1.0e-019 * 

0.12500044 

0.10723236 

0.07266821 

0.05665966 

0.02978131 

0.23611642 

0.32492473 

0.36102836 

0.47556480 

0.68733724 

0.19087011 

0.19557715 

0.19265378 

0.18994958 

0.20363886 

0.02334789 

0.04826734 

0.06518215 

0.09505029 

0.14304638 

 
10 

1.0e-019 * 

0.01307348 0.62234231 0.24049514 0.23914348 

det(M
-1

) 

k,% 
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A-optimaluroba. nax. 3.27-ze naCvenebia Secdomebis derefnis 

grafikuli ilustracia, romelic miiReboda D3D4(IV) samcvladiani 

mesame rigis gegmis kovariaciuli matricis M=( XXT
~~

)-1 kvalis 

kvlevisas. 3.26 cxrilSi moyvanilia zogierTi sakvlevi cdomile-

bisaTvis kovariaciuli matricis kvalis minimaluri da maqsima-

luri mniSvnelobebi, aseve maTi saSaulo ariTmetikuli da gab-

neva – saSaulo kvadratuli gadaxra. 

analizma gviCvena, rom 0.01%-0.09%-ian cdomilebis diapazonSi 

gansaxilveli Tvisebis gauareseba Seadgens 0.01%-s. meore 0.1-0.9%-ian 

diapazonSi kidev ufro izrdeba da Seadgens 0.07%-s, xolo mesame 

diapazonSi sazomi saSualebebis cdomilebebis gazrdiT 1%-5%-mde 

sakvlevi gegmis Tviseba ukve uaresdeba 0.10%-iT. 
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nax. 3.27. samcvladiani mesame rigis D3D4(IV) gegmis A-optimaluroba 
 

 

cxrili 3.26 

samcvladiani mesame rigis D3D4(IV) 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 

5.62955740 

5.62944708 

5.62618933 

5.62638747 

5.62495366 

5.62153020 

5.62192562 

5.61905243 

5.61190431 

5.63299601 

5.63548280 

5.63510434 

5.63679030 

5.63982792 

5.63891541 

5.64271752 

5.64009338 

5.64357554 

5.63169697 

5.63169170 

5.63137556 

5.63129623 

5.63148908 

5.63148018 

5.63168504 

5.63175667 

5.63226453 

0.00063132 

0.00101930 

0.00168183 

0.00206917 

0.00282817 

0.00364846 

0.00438993 

0.00444312 

0.00563253 

Tr(M
-1

) 

k,% 
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3.26 cxrilis gagrZeleba 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

5.61073878 

5.60934408 

5.57729098 

5.57915441 

5.56462216 

5.52995286 

5.53295008 

5.50841483 

5.43855826 

5.64511944 

5.67007184 

5.66599505 

5.68296331 

5.71472441 

5.70462020 

5.74165788 

5.71403712 

5.74632706 

5.63208226 

5.63193517 

5.62863234 

5.62761912 

5.62932611 

5.62894262 

5.63077655 

5.63087765 

5.63582229 

0.00631371 

0.01018397 

0.01679353 

0.02065951 

0.02829118 

0.03633596 

0.04389130 

0.04425336 

0.05571240 

1.0 

2.0 

3.0 

4.0 

5.0 

5.59270218 

5.38605362 

5.46193237 

5.07897490 

5.29675861 

5.70785909 

5.84284805 

6.10425374 

5.85168175 

6.05143117 

5.63705641 

5.62704786 

5.74442035 

5.44793312 

5.64242148 

0.04126481 

0.13536265 

0.19660683 

0.24761165 

0.22995081 

10 4.92327402 6.46286338 5.73227385 0.56556615 
 

E-optimaluroba. cxrilSi 3.27 mocemulia monacemebi, romle-

bic axasiaTeben umciresi maqsimaluri sakuTari ricxvis (max) 

cvlilebas comilebebis gansaxilvel diapazonSi sxvadasxa cdo-

milebebis zeddebisas D3D4(IV) gegmisTvis. miRebuli Sedegebis 

grafikuli gamosaxuleba warmodgenilia 3.28 naxazze. 
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nax. 3.28. samcvladiani mesame rigis D3D4(IV) gegmis E-optimaluroba 
 

cxrilis monacemebis Sesabamisad cdomilebebis zeddebiT E-

optimaluroba, 0.01%-dan 0.1%-mde uaresdeba 0.20-%-iT, cdomilebis 

cvlilebisas 1%-mde E-optimaluroba uaresdeba 2.18%-mde, xolo 

5%-iani zrdiT es maCvenebeli adis 9.09%-mde. 

k,% 

max 
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cxrili 3.27  

samcvladiani mesame rigis D3D4(IV) gegmebisTvis umciresi maqsimaluri 
maxasiaTebeli ricxvis cvlileba cdomilebebis zeddebisas  

 

orTogonaluroba. sami cvladis Semcveli mesame rigis 

D3D4(IV) gegmis orTogonalurobis Tvisebaze cdomilebebis gavle-

nis kvlevisas vakvirdebodiT kovariaciuli matricis М-1= 1~~ )XX( T  

aradiagonaluri elementebis absoluturi mniSvnelobebis jame-

bis cvlilebas (P). miRebuli Sedegebi gazomvis saSualebebis 

sxvadasxva cdomilebisas warmodgenilia Sesabamisad 3.29 naxazze 

da 3.28 cxrilSi. 

TiToeul gansaxilvel diapazonSi cdomilebis gazrdiT Tvi-

seba uaresdeba Semdegnairad: 0.01%-0.09%-ian cdomilebis diapa-

zonSi gansaxilveli Tvisebis gauareseba Seadgens 0.53%-s. meore 0.1-

0.9%-ian diapazonSi kidev ufro izrdeba da Seadgens 5.19%-s, xolo 

mesame diapazonSi sazomi saSualebebis cdomilebebis gazrdiT 

1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 20.92%-iT. 

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 

1.22488365 

1.22494267 

1.22480165 

1.22460134 

1.22451669 

1.22341992 

1.22376291 

1.22380761 

1.22268736 

1.22578600 

1.22645573 

1.22697940 

1.22782207 

1.22949194 

1.22933999 

1.23053329 

1.23066613 

1.23121578 

1.22542267 

1.22567327 

1.22583820 

1.22611262 

1.22650679 

1.22674060 

1.22688429 

1.22731458 

1.22765673 

0.00018757 

0.00027432 

0.00051663 

0.00068343 

0.00091337 

0.00112472 

0.00135912 

0.00148470 

0.00161551 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.22254113 

1.22309496 

1.22166245 

1.21975450 

1.21885988 

1.20777054 

1.21030649 

1.21155510 

1.19979058 

1.23156397 

1.23828747 

1.24328548 

1.25210226 

1.27007985 

1.26770176 

1.28163711 

1.28125574 

1.28678204 

1.22790379 

1.23038342 

1.23199986 

1.23467772 

1.23856460 

1.24090072 

1.24232350 

1.24641014 

1.24990021 

0.00188068 

0.00275448 

0.00519885 

0.00689493 

0.00932307 

0.01136649 

0.01394770 

0.01513392 

0.01651967 

1.0 

2.0 

3.0 

4.0 

5.0 

1.20023897 

1.20114468 

1.18867955 

1.17200774 

1.15586701 

1.29121424 

1.36089897 

1.45482191 

1.51368538 

1.84213355 

1.25207189 

1.27391498 

1.28640231 

1.30454516 

1.33678540 

0.01931149 

0.02890560 

0.05578039 

0.07388875 

0.11244467 

10 0.91697634 1.85549724 1.39404361 0.22094847 
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nax. 3.29. samcvladiani mesame rigis D3D4(IV) gegmis orTogonaluroba 

 

cxrili 3.28   
samcvladiani mesame rigis D3D4(IV) gegmebisTvis kovariaciuli matricis 

aradiagonaluri elementebis absoluturi mniSvnelobebis jamebis 
minimumebis 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 

10.10420259 

10.10779181 

10.10802717 

10.10445850 

10.11408264 

10.10820026 

10.11440358 

10.10902934 

10.11766543 

10.11470057 

10.12453068 

10.13733994 

10.14539847 

10.15961642 

10.16644161 

10.18477438 

10.20184557 

10.20353032 

10.10806536 

10.11453465 

10.12085582 

10.12764153 

10.13509389 

10.14205239 

10.14717409 

10.15562056 

10.16146649 

0.00196990 

0.00354630 

0.00565781 

0.00765739 

0.00949492 

0.01179414 

0.01383800 

0.01537206 

0.01751740 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

10.13321994 

10.16792726 

10.17125723 

10.13317849 

10.23095247 

10.16922713 

10.22592654 

10.18194712 

10.24507062 

10.23872636 

10.33668525 

10.46378651 

10.54741565 

10.68965601 

10.75743642 

10.94027263 

11.12216505 

11.13830351 

10.17213438 

10.23646972 

10.29898317 

10.36607107 

10.43920501 

10.50830299 

10.55826872 

10.64081799 

10.69972504 

0.01977418 

0.03554199 

0.05689017 

0.07714185 

0.09624547 

0.11945301 

0.14168054 

0.15671212 

0.17957008 

1.0 

2.0 

3.0 

4.0 

5.0 

10.38487455 

10.60357690 

10.65290527 

10.15024520 

11.07043628 

11.48971173 

12.40962286 

13.48391292 

14.62716441 

16.78528428 

10.80174220 

11.40411012 

11.94510611 

12.50484858 

13.05612317 

0.20504389 

0.36469589 

0.59724283 

0.81609621 

1.07864057 

10 10.14425080 23.35377929 15.22957250 2.45562097 

k,% 

P 
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3.4.2. gamoZaxilis mniSvnelobebis winaswarmetyvelebis sizus-

tesTan dakavSirebuli D3D4(IV) gegmebis Tvisebebis 

gamokvleva   

G-optimaluroba. 3.30 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D3D4(IV) gegmis G-optimalurobaze. z kvlevis are warmoadgenda kubs 

zomiT 0.5х0.5х0.5. ricxviTi mniSvnelobebi moyvanilia 3.29 cxrilSi.  
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nax.3.30. samcvladiani mesame rigis D3D4(IV) gegmis G-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

 cxrili 3.29 
D3D4(IV) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

mis cvlileba kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

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 

18.21779085 

18.21434461 

18.20628094 

18.19884229 

18.19792030 

18.17744665 

18.18266614 

18.16668075 

18.12449445 

18.23300595 

18.23828631 

18.24325926 

18.25117612 

18.27607134 

18.26896989 

18.28823804 

18.31525806 

18.30699344 

18.22699636 

18.22633145 

18.22542137 

18.22758090 

18.22784150 

18.22817644 

18.23058666 

18.22604020 

18.23585824 

0.00295312 

0.00488433 

0.00842630 

0.01054288 

0.01435354 

0.01694967 

0.02193683 

0.02520793 

0.02817106 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

18.14353055 

18.11954085 

18.02951675 

18.00897704 

17.96659586 

17.84276778 

17.88398839 

17.68158545 

17.36109521 

18.29544545 

18.34850890 

18.42193412 

18.47381340 

18.73842413 

18.65212952 

18.90187183 

19.15110577 

19.06068048 

18.23536872 

18.23022540 

18.22831919 

18.24987763 

18.26167830 

18.27065964 

18.30305760 

18.26389790 

18.36002178 

0.02956067 

0.04817642 

0.08073383 

0.10343955 

0.14277415 

0.16568459 

0.22280333 

0.24450688 

0.27201382 

 dmax 

k, % 
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3.21 cxrilis gagrZeleba 

 

rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, kubis formis sakvlevi arisaTvis zome-

biT 0.5х0.5х0.5, sami cvladis mqone mesame rigis DD4(IV) gegmis G-

optimalurobis Tviseba uaresdeboda 0.05%-iT, cdomilebebis gaz-

rdisas 0.1%-dan 0.9%-mde uaresdeboda 0.95%-iT, xolo cdomile-

bebis gazrdiT 1%-dan 5%-mde sakvlevi Tviseba uaresdeboda 1.04%-iT. 

analogiuri suraTi miiReboda kvadratis formis sakvlevi 

arisaTvis zomebiT 1.5х1.5. 3.31 naxazze naCvenebia Secdomebis kori-

doris grafikuli ilustracia, romlebic miiReboda samcvladia-

ni kompoziciuri rotatabeluri gegmebis G-optimalurobis Tvi-

sebis kvlevisas. 3.30 cxirlSi moyvanilia saTanado ricxviTi mniS-

vnelobebi. 

zemoaRniSnul diapazonebSi G-optimalurobis Tviseba uares-

deboda 0.03%-iT,  0.21%-iT da 3.33%-iT Sesabamisad. 
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nax.3.31. samcvladiani mesame rigis D3D4(IV) gegmis G-optimaluroba 
kubis formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

1.0 

2.0 

3.0 

4.0 

5.0 

17.45371469 

17.29884732 

16.55662702 

16.22714085 

15.81210036 

19.02328189 

19.65153875 

20.82955097 

20.65571143 

24.96556171 

18.36187358 

18.34001184 

18.33278118 

18.45279045 

18.55306938 

0.29587493 

0.47781713 

0.79862485 

0.98268515 

1.55368822 

10 13.76771584 28.43778768 18.83922309 2.85013212 

 dmax 

k, % 
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cxrili 3.30 
D3D4(IV) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

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

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 

1.0e+003 * 

1.87424016 

1.87432408 

1.87305324 

1.87123233 

1.86943112 

1.87040181 

1.86623235 

1.86427193 

1.86654118 

1.87778406 

1.87933858 

1.88018474 

1.88011047 

1.88268688 

1.88639722 

1.88538045 

1.88805993 

1.88692922 

1.87660260 

1.87670811 

1.87646135 

1.87600438 

1.87638616 

1.87649423 

1.87649318 

1.87651874 

1.87717460 

0.00059467 

0.00096795 

0.00163978 

0.00185679 

0.00258761 

0.00316638 

0.00331166 

0.00466088 

0.00442698 

 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0e+003 * 

1.86734745 

1.85098128 

1.83524383 

1.81775875 

1.82585548 

1.81548789 

1.77390361 

1.78319420 

1.76735953 

1.89036225 

1.89593383 

1.91523946 

1.90790369 

1.93280247 

1.97819104 

1.99241367 

1.96485359 

1.98612818 

1.87852864 

1.87607924 

1.87335351 

1.87768337 

1.87619697 

1.88457358 

1.88045251 

1.87627195 

1.88252243 

0.00498460 

0.01052633 

0.01523383 

0.01967775 

0.02562314 

0.03492853 

0.03914350 

0.04178120 

0.04978115 

 

1.0 

2.0 

3.0 

4.0 

5.0 

1.0e+003 * 

1.79967741 

1.71048099 

1.54856464 

1.52947498 

1.47169609 

1.94485489 

2.03605376 

2.10735328 

2.14805547 

2.31104574 

1.87446577 

1.89789872 

1.86485937 

1.88563834 

1.93684502 

0.04556123 

0.09894713 

0.20235972 

0.17515847 

0.20368022 

 

10 

1.0e+003 * 

1.31905947 3.06940173 1.97695054 0.50745256 

 
 

Q-optimaluroba. 3.32 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D3D4(IV) gegmis Q-optimalurobaze, roca z sakvlevi are warmoad-

genda kubs zomiT 0.5х0.5х0.5, xolo 3.33 naxazze – roca z sakvlevi 

are warmoadgenda kubs zomiT 1.5х1.5х1.5. saTanado ricxviTi mniSv-

nelobebi moyvanilia 3.31 da 3.32 cxrilebSi Sesabamisad. 

rogorc 3.31 cxrilidan Cans, cdomilebebis cvlilebisas 

0.01%-0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.03%-iT, 

0.1%-0.9%-ian SualedSi uaresdeboda 0.26%-iT, xolo 1%-5%-ian 

SualedisaTvis gauareseba Seadgenda 0.36%-s. 
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cxrili 3.31 
D3D4(IV) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 
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nax.3.32. samcvladiani mesame rigis D3D4(IV) gegmis Q-optimaluroba kubis 
formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

 

3.32 cxrilis monacemebze dayrdnobiT kubis formis mqone sa-

kvlevi arisaTvis zomebiT 1.5х1.5х1.5, gansaxilveli Tvisebis ga-

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 

17.17011253 

17.16831110 

17.16089351 

17.15813627 

17.15012590 

17.13274122 

17.13434748 

17.12065793 

17.08808168 

17.18470268 

17.18905733 

17.19113160 

17.19782628 

17.21659087 

17.21539576 

17.22098590 

17.24230682 

17.24154853 

17.17815121 

17.17741067 

17.17591328 

17.17737341 

17.17734692 

17.17696851 

17.17772118 

17.17562135 

17.18306611 

0.00248699 

0.00422144 

0.00725887 

0.00869450 

0.01217100 

0.01487363 

0.01753510 

0.02112225 

0.02404921 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

17.10020641 

17.08235645 

17.00836350 

16.98053359 

16.90469985 

16.73852801 

16.74642528 

16.62135013 

16.30196148 

17.24609454 

17.29017359 

17.30857552 

17.37565948 

17.57069430 

17.55738572 

17.60979079 

17.84004533 

17.81071287 

17.18035221 

17.17262741 

17.15733381 

17.17107782 

17.17017826 

17.16549883 

17.17281385 

17.15063745 

17.22422806 

0.02488382 

0.04221885 

0.07240990 

0.08648285 

0.12228984 

0.14770453 

0.17557418 

0.21058178 

0.23899374 

1.0 
2.0 
3.0 
4.0 
5.0 

16.69973421 

16.02138057 

15.42222372 

14.57288070 

14.67836060 

17.78867782 

18.37653431 

20.43348585 

21.44551284 

21.17892697 

17.14356757 

17.11731430 

17.02002603 

17.10840530 

17.20542703 

0.24352188 

0.48382009 

0.72378452 

1.02407108 

1.28808278 

10 14.37345954 24.43768645 17.58719509 2.94052828 

d(x) 

k, % 
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uareseba Seadgens 0.03%-s pirveli sakvlevi diapazonisaTvis, 

0.1%-0.9%-ian diapazonSi gauareseba Seadgens 0.29%–s, xolo 1%-5%-

ian SualedisaTvis Q-optimalurobis gauareseba Seadgens 1.08%-s. 
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nax.3.33. samcvladiani mesame rigis D3D4(IV) gegmis Q-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

cxrili 3.32 
D3D4(IV) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

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

 

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 

98.59258009 

98.57904116 

98.51736791 

98.45303084 

98.38749020 

98.37122997 

98.26437183 

98.14677102 

98.22082351 

98.75295279 

98.81639578 

98.85169358 

98.87954807 

98.93504677 

99.13177763 

99.06606102 

99.17392033 

99.13579140 

98.69629394 

98.70149874 

98.68806999 

98.67225007 

98.68811533 

98.69083286 

98.69539885 

98.69194289 

98.72572370 

0.02618868 

0.04308329 

0.07395263 

0.08116938 

0.11293459 

0.13889302 

0.14312878 

0.20274048 

0.19731777 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

97.66826530 

97.52989418 

96.91355593 

96.27794874 

95.63277571 

95.43114862 

94.45648512 

93.32902748 

94.00526824 

99.26804313 

99.90094663 

100.2429004 

100.5240169 

101.0673567 

103.1202643 

102.4389003 

103.5227557 

103.0202242 

98.69984442 

98.74964402 

98.61291014 

98.44906284 

98.60214049 

98.62471165 

98.66212659 

98.62318300 

98.95211130 

0.26170235 

0.43062022 

0.73903279 

0.80996624 

1.12497259 

1.38404513 

1.42360977 

2.02410001 

1.97582550 

1.0 
2.0 
3.0 
4.0 
5.0 

97.19668973 

92.74267266 

92.05335773 

87.77544945 

85.48683306 

105.51078804 

100.09527993 

117.07754585 

116.18243830 

117.25071126 

99.71929426 

95.66024299 

101.9676834 

100.5714436 

100.7967559 

2.45722514 

2.43505006 

7.87867200 

8.89186664 

10.7028560 

10 84.88750255 141.05498214 107.99312841 17.83509377 

d(x) 

k, % 
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3.5. D3D5 (V) samcvladiani mesame rigis simetriuli rotatabeluri 

   gegmebis gamokvleva 

 am punqtSi ganxilulia mesame rigis samcvladiani rotata-

beluri gegma, romelic miRebulia meore rigis orcvladiani ro-

tatabeluri gegmebis kombinirebiT  

D=




5

3

D

D
, 

sadac f=c1=c2=1 

              p=1.4078, q=0.5112, a=0.7832 

D3 D5 

(1, 1,  0) 

(1, 0, 1) 

(0, 1, 1) 

(1, 0, 0) 

(0, 1,  0) 

(0, 0, 1) 

(1, 0, 0) 

(0, 1,  0) 

(0, 0, 1) 

(1.4078, 0.5112, 0.5112) 

(0.5112, 1.4078, 0.5112) 

(0.5112, 0.5112, 1.4078) 

(0.7832, 0.7832, 0.7832) 

 

N=24 N=32 
 

aseTi gegma moicavs N=56 wertils. 

3.5.1. D3D5(V) gegmis Tvisebebis gamokvleva, romlebic 

dakavSirebulia regresiis gantolebis koeficientebis 

Sefasebis sizustesTan 

D-optimaluroba. nax. 3.34-ze warmodgenilia M=( XXT
~~

)-1 Secdo-

mebis matricis msazRvrelis cvlilebebis grafikuli Sedegebi 

samcvladiani mesame rigis D3D5(V) gegmisTvis.  

3.33 cxrilebSi moyvanilia Sesabamisi ricxviTi monacemebi, 

romlTa Tanaxmad D-optimaluroba 0.01%-dan 0.09%-mde uaresdeba 

0.18-%-iT, cdomilebis cvlilebisas 0.1%-dan 0.9%-mde uaresdeba 

1.45%-mde, xolo 1%-dan 5%-mde zrdiT es maCvenebeli adis 26.59%-mde. 

A-optimaluroba. nax. 3.35-ze naCvenebia Secdomebis derefnis 

grafikuli ilustracia, romelic miiReboda D3D5(V) samcvladiani 

mesame rigis gegmis kovariaciuli matricis M=( XXT
~~

)-1 kvalis 

kvlevisas. 3.34 cxrilSi moyvanilia zogierTi sakvlevi cdomile-

bisaTvis kovariaciuli matricis kvalis minimaluri da maqsima-
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luri mniSvnelobebi, aseve maTi saSualo ariTmetikuli da gab-

neva – saSualo kvadratuli gadaxra. 
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nax. 3.34. samcvladiani mesame rigis D3D5(V) gegmis D-optimaluroba 

cxrili 3.33 
samcvladiani mesame rigis D3D5(V) gegmisTvis kovariaciuli matricis 

minimaluri msazRvrelis 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 

1.0e-022 * 

0.19481638 
0.19431865 
0.19366873 
0.19302057 
0.19276378 
0.19258049 
0.19207859 
0.19093116 
0.19209766 

0.19578534 
0.19653263 
0.19695880 
0.19699289 
0.19846427 
0.19928583 
0.20036285 
0.20023905 
0.20167731 

0.19532428 
0.19533744 
0.19538089 
0.19533372 
0.19547329 
0.19553740 
0.19539573 
0.19550792 
0.19567851 

0.00021794 
0.00044215 
0.00068054 
0.00083744 
0.00105129 
0.00129729 
0.00136444 
0.00180580 
0.00191795 

 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0e-022 * 

0.19003007 
0.18520104 
0.17901087 
0.17303370 
0.17061981 
0.16860241 
0.16388379 
0.15452973 
0.16378716 

0.19968877 
0.20738416 
0.21186176 
0.21205953 
0.22814055 
0.23750085 
0.25023140 
0.24832477 
0.26582263 

0.19505158 
0.19515900 
0.19556168 
0.19499630 
0.19632091 
0.19685990 
0.19519166 
0.19639803 
0.19787237 

0.00217707 
0.00441434 
0.00679467 
0.00828432 
0.01059683 
0.01326971 
0.01386966 
0.01816311 
0.01984273 

 
1.0 
2.0 
3.0 
4.0 
5.0 

1.0e-022 * 

0.16190316 
0.12984031 
0.13411016 
0.06630875 
0.10152969 

0.22417815 
0.23294089 
0.28577728 
0.30914578 
0.43423409 

0.19013410 
0.17234640 
0.18858554 
0.16552408 
0.24068057 

0.02176972 
0.03418036 
0.04342654 
0.08352268 
0.10318347 

 
10 

1.0e-022 * 

0.04748863 0.43591240 0.24831620 0.16288608 

det(M
-1

) 

k,% 
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analizma gviCvena, rom 0.01%-0.09%-ian cdomilebis diapazonSi 

gansaxilveli Tvisebis gauareseba Seadgens 0.005%-s. meore 0.1-

0.9%-ian diapazonSi kidev ufro izrdeba da Seadgens 0.04%-s, 

xolo mesame diapazonSi sazomi saSualebebis cdomilebebis gaz-

rdiT 1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 0.94%-iT. 
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nax. 3.35. samcvladiani mesame rigis D3D5(V) gegmis A-optimaluroba 
 

cxrili 3.34 

samcvladiani mesame rigis D3D5(V) 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 

4.13009010 
4.12913294 
4.12820412 
4.12730583 
4.12702111 
4.12676584 
4.12452189 
4.12309067 
4.12485352 

4.13175027 
4.13277845 
4.13325921 
4.13416726 
4.13450437 
4.13766470 
4.13906960 
4.13867295 
4.14110264 

4.13093187 
4.13093694 
4.13098826 
4.13096236 
4.13112715 
4.13114655 
4.13092494 
4.13116764 
4.13112547 

0.00037259 
0.00074961 
0.00112639 
0.00142360 
0.00169609 
0.00206902 
0.00236473 
0.00281552 
0.00325664 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

4.12068589 
4.11427522 
4.10112814 
4.09222808 
4.09456737 
4.08422618 
4.06670939 
4.05671978 
4.05412247 

4.13958422 
4.14689827 
4.16397148 
4.17707140 
4.17354702 
4.17693908 
4.18698750 
4.20609494 
4.20990908 

4.13055906 
4.12983821 
4.13008676 
4.12951181 
4.13357833 
4.12963548 
4.12854602 
4.13094439 
4.13229954 

0.00345055 
0.00629418 
0.01127769 
0.01405458 
0.01710550 
0.02038115 
0.02549365 
0.03090647 
0.02856522 

1.0 
2.0 
3.0 
4.0 
5.0 

4.07225857 
4.06178549 
3.98331672 
3.86657725 
3.97714001 

4.15092666 
4.20725330 
4.24683703 
4.40168606 
4.40658249 

4.10568069 
4.14007876 
4.10160520 
4.07270487 
4.14440172 

0.02778742 
0.04895497 
0.09935551 
0.18400670 
0.13765338 

10 3.60246074 4.82868237 4.29218550 0.44349888 

Tr(M
-1

) 

k,% 
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E-optimaluroba. cxrilSi 3.35 mocemulia monacemebi, romle-

bic axasiaTeben umciresi maqsimaluri sakuTari ricxvis (max) 

cvlilebas comilebebis gansaxilvel diapazonSi sxvadasxa cdo-

milebebis zeddebisas D3D5(V) gegmisTvis. miRebuli Sedegebis 

grafikuli gamosaxuleba warmodgenilia 3.36 naxazze. 

0 1 2 3 4 5 6 7 8 9 10

0.8

0.9

1

1.1

1.2

1.3

 

nax. 3.36. samcvladiani mesame rigis D3D5(V) gegmis E-optimaluroba 
 

cxrili 3.35  

samcvladiani mesame rigis D3D5(V) gegmebisTvis umciresi maqsimaluri 
maxasiaTebeli ricxvis 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 

0.92185515 

0.92182693 

0.92158639 

0.92158521 

0.92147138 

0.92090295 

0.92090474 

0.92061309 

0.92148826 

0.92258880 

0.92271833 

0.92332685 

0.92407980 

0.92427947 

0.92504527 

0.92540559 

0.92571049 

0.92585201 

0.92210251 

0.92225275 

0.92238222 

0.92263403 

0.92279121 

0.92286079 

0.92310809 

0.92319322 

0.92337435 

0.00012391 

0.00021132 

0.00032098 

0.00043894 

0.00061632 

0.00070527 

0.00084641 

0.00094796 

0.00092655 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0.92030369 

0.91949109 

0.91711095 

0.91746633 

0.91802008 

0.91856962 

0.91231672 

0.91002377 

0.91415902 

0.92644381 

0.93112433 

0.93618302 

0.93805153 

0.94428898 

0.94974084 

0.96033562 

0.95944040 

0.96472678 

0.92355517 

0.92505395 

0.92696456 

0.92823240 

0.93010725 

0.93246302 

0.93285203 

0.93520900 

0.93649065 

0.00116553 

0.00222877 

0.00401230 

0.00462497 

0.00554079 

0.00639096 

0.00767586 

0.00880344 

0.01109174 

k,% 

max 
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3.35 cxrilis gagrZeleba 

 

cxrilis monacemebis Sesabamisad cdomilebebis zeddebiT E-

optimaluroba 0.01%-dan 0.09%-mde uaresdeba 0.14-%-iT, cdomilebis 

cvlilebisas 0.1%-dan 0.9%-mde – 1.40%-mde, xolo 1%-dan 5%-mde – 

4.61%-mde. 

orTogonaluroba. sami cvladis Semcveli mesame rigis 

D3D5(V) gegmis orTogonalurobis Tvisebaze cdomilebebis gavle-

nis kvlevisas vakvirdebodiT kovariaciuli matricis М-1= 1~~ )XX( T  

aradiagonaluri elementebis absoluturi mniSvnelobebis jame-

bis cvlilebas (P). miRebuli Sedegebi gazomvis saSualebebis 

sxvadasxva cdomilebisas warmodgenilia Sesabamisad 3.37 naxazze 

da 3.36 cxrilSi. 
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nax. 3.37. samcvladiani mesame rigis D3D5(V) gegmis orTogonaluroba 

 

TiToeul gansaxilvel diapazonSi cdomilebis gazrdiT Tvi-

seba uaresdeba Semdegnairad: 0.01%-0.09%-ian cdomilebis diapazon-

Si gansaxilveli Tvisebis gauareseba Seadgens 0.49%-s. meore 0.1-

0.9%-ian diapazonSi kidev ufro izrdeba da Seadgens 4.76%-s, 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

1.0 

2.0 

3.0 

4.0 

5.0 

0.91526102 

0.91141567 

0.88362912 

0.87577480 

0.85995273 

0.99099270 

1.00262260 

1.05246440 

1.07956532 

1.13863184 

0.93971138 

0.95190280 

0.95943085 

0.97372841 

0.98300371 

0.01274324 

0.02136934 

0.03314112 

0.04405494 

0.06082179 

10 0.78001744 1.47890818 0.99612795 0.12860386 

k,% 

P 
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xolo mesame diapazonSi sazomi saSualebebis cdomilebebis gaz-

rdiT 1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 19.25%-iT. 

cxrili 3.36   
samcvladiani mesame rigis D3D5(V) gegmebisTvis kovariaciuli matricis 

aradiagonaluri elementebis absoluturi mniSvnelobebis jamebis 
minimumebis cvlileba cdomilebebis zeddebisas 

 

3.5.2. gamoZaxilis mniSvnelobebis winaswarmetyvelebis sizus-

tesTan dakavSirebuli D3D5(V) gegmebis Tvisebebis 

gamokvleva   

G-optimaluroba. 3.38 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D3D5(V) gegmis G-optimalurobaze. z kvlevis are warmoadgenda kubs 

zomiT 0.5х0.5х0.5. ricxviTi mniSvnelobebi moyvanilia 3.37 cxrilSi.  

rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, kubis formis sakvlevi arisaTvis 

zomebiT 0.5х0.5х0.5, sami cvladis mqone mesame rigis D3D5(V) gegmis 

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 

7.25398099 

7.25636391 

7.25695892 

7.25892304 

7.25943605 

7.26020581 

7.26133878 

7.26472189 

7.26953284 

7.26071417 

7.26800199 

7.27418353 

7.28103241 

7.28801855 

7.30182523 

7.30148955 

7.31081227 

7.32319711 

7.25644214 

7.26078166 

7.26501593 

7.27020445 

7.27458718 

7.27808953 

7.28404826 

7.28804779 

7.29210502 

0.00114145 

0.00227462 

0.00357951 

0.00467463 

0.00646685 

0.00716824 

0.00802549 

0.00895941 

0.00964768 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

7.27457053 

7.29815607 

7.30290597 

7.32365441 

7.32761266 

7.33264051 

7.34160985 

7.37083219 

7.41891610 

7.34223791 

7.41466125 

7.47639842 

7.54286539 

7.61693034 

7.75862248 

7.74474526 

7.83989452 

7.97310665 

7.29920505 

7.34231695 

7.38410684 

7.43534696 

7.47847549 

7.51241338 

7.56988981 

7.60825005 

7.64680420 

0.01145465 

0.02280784 

0.03598276 

0.04709001 

0.06544641 

0.07304245 

0.08113109 

0.09086332 

0.09779045 

1.0 

2.0 

3.0 

4.0 

5.0 

7.46953867 

7.67959589 

7.59192465 

7.94042283 

7.80290678 

8.17645107 

8.82922584 

9.43768676 

10.01140948 

10.87779914 

7.71697196 

8.11450447 

8.46493946 

8.87756317 

9.20260198 

0.11836419 

0.23294159 

0.37292221 

0.48911814 

0.68898340 

10 8.06067615 14.57311327 10.35171661 1.31417604 
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G-optimalurobis Tviseba uaresdeboda 0.02%-iT, cdomilebebis gaz-

rdisas 0.1%-dan 0.9%-mde uaresdeboda 0.25%-iT, xolo cdomile-

bebis gazrdiT 1%-dan 5%-mde sakvlevi Tviseba uaresdeboda 0.35%-iT. 
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nax.3.38. samcvladiani mesame rigis D3D5(V) gegmis G-optimaluroba kubis 
formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

 cxrili 3.37 
D3D5(V) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

mis cvlileba kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

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 

17.81414639 

17.80797702 

17.80373592 

17.79517290 

17.79641065 

17.78953440 

17.76850470 

17.76491921 

17.77555915 

17.82616553 

17.83351662 

17.83897747 

17.84926544 

17.85469320 

17.85629210 

17.86023427 

17.86215828 

17.90244998 

17.81987925 

17.82036202 

17.82028946 

17.82221812 

17.81990576 

17.82384750 

17.82147076 

17.82278906 

17.82271880 

0.00223904 

0.00424184 

0.00664341 

0.00950172 

0.01199897 

0.01385903 

0.01748123 

0.02011103 

0.01964195 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

17.77286041 

17.71118800 

17.66968739 

17.59441791 

17.59471930 

17.53587362 

17.37128287 

17.33017765 

17.38234017 

17.89310204 

17.96617350 

18.02379511 

18.12776129 

18.18176679 

18.19209453 

18.23175133 

18.25781440 

18.65949014 

17.83012670 

17.83480611 

17.83528792 

17.85527400 

17.83663852 

17.87918385 

17.85491313 

17.87454274 

17.87455965 

0.02242935 

0.04247795 

0.06576965 

0.09389392 

0.11844258 

0.13947907 

0.17029276 

0.19112719 

0.19574639 

1.0 

2.0 

3.0 

4.0 

5.0 

17.35932120 

16.61195098 

16.10194222 

15.96675569 

15.24230928 

18.44968372 

18.99110404 

19.60725778 

21.33209130 

20.89955475 

17.92325916 

17.91505488 

17.98148599 

17.95702251 

17.98635899 

0.23331506 

0.47945405 

0.71204869 

0.85814363 

1.10831783 

10 15.16282217 21.71913086 18.36020334 2.01268874 

 dmax 

k, % 



 126 

analogiuri suraTi miiReboda kubis formis sakvlevi arisa-

Tvis zomebiT 1.5х1.5х1.5. 3.39 naxazze naCvenebia Secdomebis kori-

doris grafikuli ilustracia, romlebic miiReboda samcvladia-

ni kompoziciuri rotatabeluri gegmebis G-optimalurobis Tvi-

sebis kvlevisas. 3.38 cxrilSi moyvanilia saTanado ricxviTi mniS-

vnelobebi. 

0 1 2 3 4 5 6 7 8 9 10

600

800

1000

1200

1400

1600

1800

2000

2200

 

nax.3.39. samcvladiani mesame rigis D3D5(V) gegmis G-optimaluroba 
kubis formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

cxrili 3.38 
D3D5(V) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

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

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 

1.0e+003 * 

1.30729369 

1.30676852 

1.30605935 

1.30556526 

1.30410190 

1.30457407 

1.30417200 

1.30137849 

1.30227547 

1.30858625 

1.30924160 

1.31008689 

1.31052136 

1.31097279 

1.31188232 

1.31314395 

1.31314514 

1.31658470 

1.30792702 

1.30798435 

1.30792480 

1.30807517 

1.30803309 

1.30808380 

1.30823791 

1.30775322 

1.30830215 

0.00026699 

0.00058110 

0.00081591 

0.00106323 

0.00132015 

0.00176313 

0.00194379 

0.00235077 

0.00292550 

 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0e+003 * 

1.30118380 

1.29595820 

1.28882366 

1.28396498 

1.26958365 

1.27403775 

1.26859736 

1.24260754 

1.25070801 

1.31410565 

1.32068048 

1.32923666 

1.33360516 

1.33749979 

1.34647946 

1.36027169 

1.35882626 

1.39508317 

1.30749127 

1.30802176 

1.30737331 

1.30875067 

1.30820213 

1.30853099 

1.30985549 

1.30502846 

1.31024618 

0.00267077 

0.00580818 

0.00815657 

0.01066431 

0.01317973 

0.01760867 

0.01946704 

0.02336734 

0.02959156 

 

 dmax 

k, % 
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3.38 cxrilis gagrZeleba 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

 

1.0 

2.0 

3.0 

4.0 

5.0 

1.0e+003 * 

1.25894094 

1.20452618 

1.09052994 

1.10433467 

1.11620295 

1.36587289 

1.38955730 

1.45699272 

1.47382279 

1.56488365 

1.30311843 

1.30581519 

1.30196816 

1.29446039 

1.32014616 

0.02605702 

0.05073155 

0.09119789 

0.09114362 

0.11759808 

 

10 

1.0e+003 * 

1.06511318 1.57512110 1.33391057 0.18081663 

 

zemoaRniSnul diapazonebSi G-optimalurobis Tviseba uares-

deboda 0.03%-iT,  0.21%-iT da 3.31%-iT Sesabamisad. 
 

Q-optimaluroba. 3.40 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

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

genda kubs zomiT 0.5х0.5х0.5, xolo 3.41 naxazze – roca  z sakvlevi 

are warmoadgenda kubs zomiT 1.5х1.5х1.5. saTanado ricxviTi mniSv-

nelobebi moyvanilia 3.39 da 3.40 cxrilebSi Sesabamisad. 

cxrili 3.39 
D3D5(V)  gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

 

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 

16.35034972 

16.34565680 

16.34128006 

16.33694861 

16.33448015 

16.33371625 

16.32759074 

16.31241586 

16.31107126 

16.35984036 

16.36224002 

16.37461703 

16.37200998 

16.37660523 

16.38113982 

16.38216018 

16.39180772 

16.40226804 

16.35472600 

16.35450177 

16.35444648 

16.35525065 

16.35525795 

16.35456509 

16.35416992 

16.35400324 

16.35508657 

0.00191679 

0.00374521 

0.00591420 

0.00742212 

0.00898090 

0.01164727 

0.01294973 

0.01720585 

0.01705007 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

16.30877193 

16.27855924 

16.21814038 

16.17680021 

16.16090559 

16.10839462 

16.10565840 

16.04272163 

16.02973110 

16.39114499 

16.48657731 

16.48448648 

16.52092619 

16.56588975 

16.61812165 

16.61572073 

16.65420315 

16.66217232 

16.35199695 

16.35519430 

16.34547513 

16.35889996 

16.35930239 

16.36282777 

16.33147982 

16.33837006 

16.35862075 

0.01740481 

0.03962412 

0.05389623 

0.07992707 

0.09190565 

0.11532909 

0.13015615 

0.14414515 

0.17397079 
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3.39 cxrilis gagrZeleba 
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nax.3.40. samcvladiani mesame rigis D3D5(V) gegmis Q-optimaluroba kubis 
formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

 

rogorc 3.39 cxrilidan Cans, cdomilebebis cvlilebisas 

0.01%-0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.002%-iT, 

0.1%-0.9%-ian SualedSi uaresdeboda 0.04%-iT, xolo 1%-5%-ian 

SualedisaTvis gauareseba Seadgenda 0.47%-s. 
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nax.3.41. samcvladiani mesame rigis D3D5(V) gegmis Q-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

1.0 

2.0 

3.0 

4.0 

5.0 

15.94132722 

15.41497806 

15.42037896 

14.20195887 

14.25323533 

16.70248030 

17.83908155 

16.83836191 

17.31097847 

18.53182152 

16.33690685 

16.26970101 

16.18124888 

16.31107655 

16.57666717 

0.19528824 

0.51984234 

0.40607267 

0.69000890 

1.20012087 

10 16.35922713 20.39444986 17.59044195 1.62540270 

d(x) 

k, % 

d(x) 

k, % 
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cxrili 3.40 
D3D5(V) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

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

 
3.40 cxrilis monacemebze dayrdnobiT kubis formis mqone 

sakvlevi arisaTvis zomebiT 1.5х1.5х1.5, gansaxilveli Tvisebis ga-

uareseba Seadgens 0.02%-s pirveli sakvlevi diapazonisaTvis, 

0.1%-0.9%-ian diapazonSi gauareseba Seadgens 0.15%–s, xolo 1%-5%-

ian SualedisaTvis Q-optimalurobis gauareseba Seadgens 2.41%-s. 
 

3.6. D3D5 (VI) samcvladiani mesame rigis simetriuli rotatabeluri 

   gegmebis gamokvleva 

 am punqtSi ganxilulia mesame rigis samcvladiani rotata-

beluri gegma, romelic miRebulia meore rigis orcvladiani ro-

tatabeluri gegmebis kombinirebiT  

D=




5

3

D

D
, 

sadac f=c1=c2=1; 

              p=1.5205, q=a=0.5980. 

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 

68.18406933 
68.15722126 
68.13082123 
68.10770585 
68.03908877 

68.07228200 
68.06061134 
67.94652720 
68.01150470 

68.23808157 
68.25947588 
68.30766603 
68.33302077 
68.34572772 

68.38115713 
68.48198038 
68.44807078 
68.54961892 

68.21023122 
68.21297991 
68.21157643 
68.21752873 
68.21575007 

68.21899346 
68.22400532 
68.20274140 
68.22396634 

0.01158537 
0.02424331 
0.03621299 
0.04659512 
0.05734602 

0.07619932 
0.08531402 
0.10356149 
0.12496490 

0.1 
0.2 
0.3 
0.4 
0.5 

0.6 
0.7 
0.8 
0.9 

67.92901853 
67.66210034 
67.40048003 
67.17035767 
66.49854319 

66.79409248 
66.64317987 
65.58343847 
66.19425756 

68.46905252 
68.68372700 
69.17194299 
69.42687944 
69.53497240 

69.88384546 
70.95528320 
70.54534355 
71.64490481 

68.18965042 
68.21569255 
68.20003880 
68.25510178 
68.23357034 

68.25972221 
68.30254085 
68.09109421 
68.29462177 

0.11586404 
0.24232045 
0.36192319 
0.46747033 
0.57308321 

0.76157364 
0.85651059 
1.03048920 
1.26486823 

1.0 
2.0 
3.0 
4.0 
5.0 

64.90088034 
64.83953063 
60.46497778 
61.81481646 
60.81200229 

69.24794039 
70.47948598 
72.83135005 
75.32367456 
81.79735640 

67.52569737 
67.71892432 
67.05337934 
68.44730670 
69.15209907 

1.30806160 
2.16629561 
3.29498239 
4.87569120 
6.03886760 

10 44.31817167 102.09464541 69.37056821 20.81494437 
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D3 D5 

(1, 1,  0) 

(1, 0, 1) 

(0, 1, 1) 

(1, 0, 0) 

(0, 1,  0) 

(0, 0, 1) 

(1, 0, 0) 

(0, 1,  0) 

(0, 0, 1) 

(1.5205, 0.5980, 0.5980) 

(0.5980, 1.5205, 0.5980) 

(0.5980, 0.5980, 1.5205) 

(0.5980, 0.5980, 0.5980) 

 

N=24 N=32 
 

aseTi gegma moicavs N=56 wertils. 

3.6.1. D3D5(VI) gegmis Tvisebebis gamokvleva, romlebic 

dakavSirebulia regresiis gantolebis koeficientebis 

Sefasebis sizustesTan 

D-optimaluroba. nax. 3.42-ze warmodgenilia M=( XXT
~~

)-1 Secdo-

mebis matricis msazRvrelis cvlilebebis grafikuli Sedegebi 

samcvladiani mesame rigis D3D5(VI) gegmisTvis.  

3.41 cxrilebSi moyvanilia Sesabamisi ricxviTi monacemebi, 

romelTa Tanaxmad D-optimaluroba 0.01%-dan 0.09%-mde uaresdeba 

0.15-%-iT, cdomilebis cvlilebisas 0.1%-dan 0.9%-mde uaresdeba 

1.53%-mde, xolo 1%-dan 5%-mde zrdiT es maCvenebeli adis 8.08%-mde. 

cxrili 3.41 
samcvladiani mesame rigis D3D5(VI) gegmisTvis kovariaciuli matricis 

minimaluri msazRvrelis 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 

1.0e-026* 

0.83081003 

0.82862596 

0.82605649 

0.82410051 

0.82267200 

0.82222761 

0.81942628 

0.81581504 

0.82012775 

0.83463095 

0.83769241 

0.83927539 

0.83906718 

0.84496424 

0.84926110 

0.85451993 

0.85246840 

0.85894649 

0.83282294 

0.83289496 

0.83302079 

0.83281019 

0.83344488 

0.83353934 

0.83315062 

0.83364595 

0.83407613 

0.00087014 

0.00179089 

0.00269770 

0.00334530 

0.00414259 

0.00520312 

0.00547788 

0.00704931 

0.00778796 

 

0.1 

0.2 

0.3 

0.4 

0.5 

1.0e-025 * 

0.08119227 

0.07907538 

0.07662823 

0.07482841 

0.07352507 

0.08500361 

0.08815956 

0.08982816 

0.08953770 

0.09602838 

0.08318453 

0.08325786 

0.08338774 

0.08316901 

0.08380372 

0.00086917 

0.00178932 

0.00269246 

0.00331705 

0.00417274 
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3.41 cxrilis gagrZeleba 
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nax. 3.42. samcvladiani mesame rigis D3D5(VI) gegmis D-optimaluroba 

 

A-optimaluroba. nax. 3.43-ze naCvenebia Secdomebis derefnis 

grafikuli ilustracia, romelic miiReboda D3D5(VI) samcvladiani 

mesame rigis gegmis kovariaciuli matricis M=( XXT
~~

)-1 kvalis 

kvlevisas. 3.42 cxrilSi moyvanilia zogierTi sakvlevi cdomile-

bisaTvis kovariaciuli matricis kvalis minimaluri da maqsima-

luri mniSvnelobebi, aseve maTi saSualo ariTmetikuli da gab-

neva – saSualo kvadratuli gadaxra. 

analizma gviCvena, rom 0.01%-0.09%-ian cdomilebis diapazonSi 

gansaxilveli Tvisebis gauareseba Seadgens 0.004%-s. meore 0.1-

0.9%-ian diapazonSi kidev ufro izrdeba da Seadgens 0.04%-s, 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.6 

0.7 

0.8 

0.9 

0.07306566 

0.07052572 

0.06749151 

0.07107804 

0.10096848 

0.10734107 

0.10473902 

0.11272976 

0.08391185 

0.08347486 

0.08403425 

0.08445289 

0.00530248 

0.00558963 

0.00711401 

0.00805678 

 

1.0 

2.0 

3.0 

4.0 

5.0 

1.0e-025 * 

0.06404094 

0.04676384 

0.03615200 

0.02932506 

0.02514006 

0.11011555 

0.13582998 

0.13508966 

0.24195152 

0.36398431 

0.08314743 

0.08412227 

0.08205616 

0.08720483 

0.08986963 

0.00893090 

0.01796355 

0.02339262 

0.03662713 

0.05418404 

 

10 

1.0e-025 * 

0.00519379 0.86590160 0.09207370 0.12005966 

det(M
-1

) 

k,% 
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xolo mesame diapazonSi sazomi saSualebebis cdomilebebis gaz-

rdiT 1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 0.26%-iT. 
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nax. 3.43. samcvladiani mesame rigis D3D5(VI) gegmis A-optimaluroba 
 

cxrili 3.42 

samcvladiani mesame rigis D3D5(VI) 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 

2.11206841 

2.11170655 

2.11146524 

2.11123552 

2.11100546 

2.11083518 

2.11036628 

2.10984971 

2.11029721 

2.11262339 

2.11302324 

2.11321661 

2.11346174 

2.11381082 

2.11457386 

2.11557257 

2.11488682 

2.11620038 

2.11234538 

2.11235387 

2.11236838 

2.11236283 

2.11242979 

2.11241041 

2.11238235 

2.11247505 

2.11242486 

0.00013079 

0.00026527 

0.00038569 

0.00047973 

0.00058332 

0.00074056 

0.00082621 

0.00097401 

0.00114927 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

2.10945539 

2.10586950 

2.10341405 

2.10118083 

2.09886857 

2.09721773 

2.09225191 

2.08775556 

2.09175498 

2.11500770 

2.11900484 

2.12098547 

2.12337592 

2.12697178 

2.13459057 

2.14476300 

2.13786075 

2.15084059 

2.11222354 

2.11230712 

2.11245836 

2.11239662 

2.11305821 

2.11288819 

2.11256444 

2.11354242 

2.11300869 

0.00130847 

0.00265069 

0.00385580 

0.00479538 

0.00583783 

0.00741806 

0.00827580 

0.00973748 

0.01154253 

1.0 
2.0 
3.0 
4.0 
5.0 

2.08066288 

2.05243898 

2.03144883 

2.00800934 

1.99322036 

2.14564820 

2.17198138 

2.19261899 

2.23581679 

2.30123581 

2.11207282 

2.11321981 

2.11254828 

2.11729399 

2.11749096 

0.01320848 

0.02566911 

0.03581830 

0.04695845 

0.06233358 

10 1.89281485 2.60308940 2.13365020 0.13005494 

 

Tr(M
-1

) 

k,% 
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E-optimaluroba. 3.43 cxrilSi mocemulia monacemebi, romle-

bic axasiaTeben umciresi maqsimaluri sakuTari ricxvis (max) 

cvlilebas comilebebis gansaxilvel diapazonSi sxvadasxa cdo-

milebebis zeddebisas D3D5(VI) gegmisTvis. miRebuli Sedegebis 

grafikuli gamosaxuleba warmodgenilia 3.44 naxazze. 
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nax. 3.44. samcvladiani mesame rigis D3D5(VI) gegmis E-optimaluroba 
 

cxrili 3.43  

samcvladiani mesame rigis D3D5(VI) gegmebisTvis umciresi maqsimaluri 
maxasiaTebeli ricxvis 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 

0.40782020 

0.40778607 

0.40774580 

0.40781800 

0.40773399 

0.40779510 

0.40756204 

0.40767938 

0.40770854 

0.40801754 

0.40815402 

0.40826548 

0.40834759 

0.40844823 

0.40869069 

0.40892979 

0.40886641 

0.40911092 

0.40791149 

0.40795163 

0.40800723 

0.40806010 

0.40810139 

0.40816752 

0.40819814 

0.40826726 

0.40830920 

0.00004368 

0.00007237 

0.00011378 

0.00012747 

0.00015415 

0.00019053 

0.00021491 

0.00024492 

0.00030202 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0.40773204 

0.40767565 

0.40686464 

0.40717177 

0.40640318 

0.40547060 

0.40499653 

0.40397178 

0.40707069 

0.40971537 

0.41035476 

0.41183075 

0.41426211 

0.41421235 

0.41740893 

0.41711343 

0.41874428 

0.41974328 

0.40841405 

0.40884153 

0.40925298 

0.40999607 

0.41043885 

0.41064087 

0.41128163 

0.41177491 

0.41243763 

0.00033902 

0.00060836 

0.00088050 

0.00126564 

0.00174303 

0.00199931 

0.00240949 

0.00272069 

0.00276401 

k,% 

max 
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3.43 cxrilis gagrZeleba 

 

cxrilis monacemebis Sesabamisad cdomilebebis zeddebiT E-

optimaluroba 0.01%-dan 0.09%-mde uaresdeba 0.10-%-iT, cdomilebis 

cvlilebisas 0.1%-dan 0.9%-mde – 0.98%-mde, xolo 1%-dan 5%-mde – 

4.94%-mde. 

orTogonaluroba. sami cvladis Semcveli mesame rigis 

D3D5(VI) gegmis orTogonalurobis Tvisebaze cdomilebebis gavle-

nis kvlevisas vakvirdebodiT kovariaciuli matricis М-1= 1~~ )XX( T  

aradiagonaluri elementebis absoluturi mniSvnelobebis jame-

bis cvlilebas (P). miRebuli Sedegebi gazomvis saSualebebis 

sxvadasxva cdomilebisas warmodgenilia Sesabamisad 3.45 naxazze 

da 3.44 cxrilSi. 
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nax. 3.45. samcvladiani mesame rigis D3D5(VI) gegmis orTogonaluroba 

 

TiToeul gansaxilvel diapazonSi cdomilebis gazrdiT 

Tviseba uaresdeba Semdegnairad: 0.01%-0.09%-ian cdomilebis diapa-

zonSi gansaxilveli Tvisebis gauareseba Seadgens 0.52%-s. meore 0.1-

0.9%-ian diapazonSi kidev ufro izrdeba da Seadgens 5.16%-s, xolo 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

1.0 

2.0 

3.0 

4.0 

5.0 

0.40644243 

0.40584648 

0.39837619 

0.40266126 

0.39294040 

0.42711804 

0.43304245 

0.44894491 

0.47468975 

0.47438887 

0.41344870 

0.41774098 

0.42177367 

0.42912425 

0.43385127 

0.00348163 

0.00616752 

0.00919371 

0.01337098 

0.01875617 

10 0.38565207 0.63790476 0.46318053 0.04416775 

k,% 

P 
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mesame diapazonSi sazomi saSualebebis cdomilebebis gazrdiT 

1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 23.32%-iT. 

cxrili 3.44   
samcvladiani mesame rigis D3D5(VI) gegmebisTvis kovariaciuli matricis 

aradiagonaluri elementebis absoluturi mniSvnelobebis jamebis 
minimumebis cvlileba cdomilebebis zeddebisas 

 

3.6.2. gamoZaxilis mniSvnelobebis winaswarmetyvelebis sizus-

tesTan dakavSirebuli D3D5(VI) gegmebis Tvisebebis 

gamokvleva   

G-optimaluroba. 3.46 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D3D5(VI) gegmis G-optimalurobaze. z kvlevis are warmoadgenda kubs 

zomiT 0.5х0.5х0.5. ricxviTi mniSvnelobebi moyvanilia 3.45 cxrilSi.  

rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, kubis formis sakvlevi arisaTvis 

zomebiT 0.5х0.5х0.5, sami cvladis mqone mesame rigis D3D5(VI) gegmis 

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 

2.78645495 

2.78747521 

2.78777296 

2.78915856 

2.79029819 

2.79091820 

2.79087127 

2.79114317 

2.79320726 

2.78836121 

2.79156508 

2.79358272 

2.79656622 

2.79946963 

2.80327383 

2.80429294 

2.80743637 

2.81276222 

2.78718767 

2.78892235 

2.79060429 

2.79270963 

2.79435940 

2.79577760 

2.79809558 

2.79963833 

2.80170785 

0.00036100 

0.00074959 

0.00120881 

0.00145594 

0.00202798 

0.00229148 

0.00274262 

0.00302843 

0.00325298 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

2.79658840 

2.80671816 

2.80958562 

2.82353860 

2.83441216 

2.84012223 

2.83936404 

2.84255608 

2.86150148 

2.81575116 

2.84783067 

2.86818787 

2.89754680 

2.92647277 

2.96718674 

2.97401630 

3.00697745 

3.06321141 

2.80392601 

2.82124622 

2.83801837 

2.85905461 

2.87549283 

2.88962429 

2.91262419 

2.92788194 

2.94845777 

0.00361915 

0.00752042 

0.01215979 

0.01470045 

0.02056015 

0.02327212 

0.02771467 

0.03073285 

0.03305158 

1.0 

2.0 

3.0 

4.0 

5.0 

2.89627172 

2.98975338 

3.00976605 

3.15937878 

3.20763161 

3.09778606 

3.42100486 

3.64314558 

3.87618575 

4.19874389 

2.97058789 

3.14074019 

3.30314314 

3.50746238 

3.66338490 

0.03711903 

0.07766988 

0.12851163 

0.15957102 

0.22994529 

10 3.68596429 6.30239393 4.50033698 0.47292296 
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G-optimalurobis Tviseba uaresdeboda 0.005%-iT, cdomilebebis gaz-

rdisas 0.1%-dan 0.9%-mde uaresdeboda 0.05%-iT, xolo cdomile-

bebis gazrdiT 1%-dan 5%-mde sakvlevi Tviseba uaresdeboda 0.45%-iT. 
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8.5

9

9.5

10

10.5

11

11.5

12

12.5

13

 

nax.3.46. samcvladiani mesame rigis D3D5(VI) gegmis G-optimaluroba kubis 
formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

 cxrili 3.45 
D3D5(VI) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

mis cvlileba kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

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 

10.40341827 

10.40128912 

10.39844170 

10.39608139 

10.39397585 

10.39527567 

10.39043737 

10.38813990 

10.38647025 

10.40643867 

10.40862125 

10.41217578 

10.41247443 

10.41462869 

10.41639904 

10.41680562 

10.42127110 

10.43348302 

10.40497950 

10.40500869 

10.40475977 

10.40522503 

10.40506583 

10.40496475 

10.40407952 

10.40530623 

10.40546833 

0.00072883 

0.00182098 

0.00227927 

0.00308862 

0.00390599 

0.00497347 

0.00537458 

0.00694187 

0.00732559 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

10.38943208 

10.36818255 

10.34033481 

10.31684301 

10.29658764 

10.30837794 

10.26170805 

10.23767714 

10.22540759 

10.41961417 

10.44151040 

10.47767395 

10.48044896 

10.50112739 

10.52044132 

10.52496947 

10.56806869 

10.69836937 

10.40502637 

10.40531718 

10.40282574 

10.40758610 

10.40589403 

10.40501318 

10.39612809 

10.40848252 

10.41047702 

0.00729148 

0.01821334 

0.02271978 

0.03089703 

0.03898331 

0.04977691 

0.05369385 

0.06905276 

0.07341864 

1.0 

2.0 

3.0 

4.0 

5.0 

10.16776718 

10.09023664 

9.684898851 

9.872177413 

9.706687847 

10.57439896 

10.81560247 

11.00158041 

11.16661915 

11.36942820 

10.40544801 

10.40608044 

10.44270489 

10.47492514 

10.45259282 

0.07666606 

0.15854044 

0.23751562 

0.28142984 

0.38518992 

10 8.98549382 12.56890387 10.68720397 0.71623468 

 dmax 

k, % 
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analogiuri suraTi miiReboda kubis formis sakvlevi ari-

saTvis zomebiT 1.5х1.5х1.5. 3.47 naxazze naCvenebia Secdomebis kori-

doris grafikuli ilustracia, romlebic miiReboda samcvladia-

ni kompoziciuri rotatabeluri gegmebis G-optimalurobis Tvi-

sebis kvlevisas. 3.46 cxrilSi moyvanilia saTanado ricxviTi mniS-

vnelobebi. 
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nax.3.47. samcvladiani mesame rigis D3D5(VI) gegmis G-optimaluroba 
kubis formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

cxrili 3.46 
D3D5(VI) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

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

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 

531.22794211 

530.95897785 

530.71763081 

530.73855762 

530.23595411 

530.08387361 

530.02857416 

529.05223328 

529.36020342 

531.71759252 

531.98668999 

532.26338539 

532.46735686 

532.71348474 

533.03989249 

533.24757637 

533.79828882 

534.47648837 

531.46210995 

531.48604057 

531.47157491 

531.51008873 

531.49510833 

531.51738673 

531.56261364 

531.40576186 

531.61601151 

0.10778542 

0.22018732 

0.32555749 

0.42102662 

0.50432243 

0.67749556 

0.75300121 

0.89187563 

1.13099262 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

528.95378723 

526.29139265 

523.88348989 

524.12305608 

519.10039354 

517.65706093 

516.86094273 

507.71247099 

510.79978930 

533.85503042 

536.55745640 

539.34096166 

541.38729550 

543.83200338 

547.19670519 

549.44267391 

554.83415175 

562.12730987 

531.29281277 

531.53003858 

531.38667109 

531.76425340 

531.60233888 

531.81705589 

532.25223544 

530.72200994 

532.82649206 

1.07827903 

2.20082027 

3.25722232 

4.22046206 

5.03053065 

6.76696005 

7.53925351 

8.90054991 

11.4236270 

1.0 

2.0 

510.54204938 

474.20101177 

557.34446357 

590.50930012 

532.55101158 

529.54966133 

10.77502960 

22.16000611 

 dmax 

k, % 
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3.46 cxrilis gagrZeleba 
 

 

zemoaRniSnul diapazonebSi G-optimalurobis Tviseba uares-

deboda 0.03%-iT,  0.29%-iT da 0.93%-iT Sesabamisad. 
 

Q-optimaluroba. 3.48 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

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

genda kubs zomiT 0.5х0.5х0.5, xolo 3.49 naxazze – roca z sakvlevi 

are warmoadgenda kubs zomiT 1.5х1.5х1.5. saTanado ricxviTi mniSv-

nelobebi moyvanilia 3.47 da 3.48 cxrilebSi Sesabamisad. 
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nax.3.48. samcvladiani mesame rigis D3D5(VI) gegmis Q-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

 

rogorc 3.47 cxrilidan Cans, cdomilebebis cvlilebisas 

0.01%-0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.002%-iT, 

0.1%-0.9%-ian SualedSi uaresdeboda 0.03%-iT, xolo 1%-5%-ian 

SualedisaTvis gauareseba Seadgenda 0.32%-s. 

3.48 cxrilis monacemebze dayrdnobiT kubis formis mqone 

sakvlevi arisaTvis zomebiT 1.5х1.5х1.5, gansaxilveli Tvisebis ga-

uareseba Seadgens 0.02%-s pirveli sakvlevi diapazonisaTvis, 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

3.0 

4.0 

5.0 

467.43343062 

398.51847276 

420.36471274 

639.35956079 

626.97305331 

704.00884586 

535.94580731 

523.69428730 

537.52200584 

38.98635284 

46.91156958 

53.27218270 

10 323.07607025 805.29992945 537.87255569 106.22423091 

d(x) 

k, % 
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0.1%-0.9%-ian diapazonSi gauareseba Seadgens 0.17%–s, xolo 1%-5%-

ian SualedisaTvis Q-optimalurobis gauareseba Seadgens 0.41%-s. 

cxrili 3.47 
D3D5(VI)  gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 
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nax.3.49. samcvladiani mesame rigis D3D5(VI) gegmis Q-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

 

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 

8.69314266 

8.69136462 

8.69050436 

8.68883670 

8.68611050 

8.68328331 

8.68401735 

8.68324267 

8.68281125 

8.69597981 

8.69797694 

8.69802342 

8.70107460 

8.70293648 

8.70342998 

8.70774963 

8.70748927 

8.70747080 

8.69449510 

8.69450981 

8.69483603 

8.69432495 

8.69390344 

8.69421114 

8.69475017 

8.69360124 

8.69471402 

0.00058433 

0.00130704 

0.00175577 

0.00228968 

0.00346948 

0.00396512 

0.00471539 

0.00476748 

0.00513263 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

8.68055942 

8.66699254 

8.65169835 

8.63621973 

8.61730123 

8.62584476 

8.60020978 

8.56057872 

8.56153672 

8.70714657 

8.72159462 

8.75973666 

8.74420322 

8.77171943 

8.78251403 

8.77642585 

8.81606675 

8.85695402 

8.69429652 

8.69365252 

8.69319464 

8.69551415 

8.69610726 

8.69263416 

8.69121601 

8.69523968 

8.69714886 

0.00560531 

0.01240373 

0.01809677 

0.02237550 

0.02834417 

0.03614848 

0.04039858 

0.05386341 

0.05563106 

1.0 

2.0 

3.0 

4.0 

5.0 

8.52103828 

8.44337010 

8.19296707 

8.20865705 

8.12735694 

8.83330826 

9.10321042 

9.28439565 

9.25149357 

9.55955970 

8.69350287 

8.69626800 

8.72182919 

8.73962629 

8.72091136 

0.05982595 

0.12282892 

0.18380194 

0.21993186 

0.29809960 

10 7.60030652 10.51283464 8.77900549 0.58804977 

d(x) 

k, % 



 140 

cxrili 3.48 
D3D5(VI) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

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

 

3.7. D3D5 (VII) samcvladiani mesame rigis simetriuli rotatabeluri 

   gegmebis gamokvleva 

 am punqtSi ganxilulia mesame rigis samcvladiani rotata-

beluri gegma, romelic miRebulia meore rigis orcvladiani ro-

tatabeluri gegmebis kombinirebiT  

D=




5

3

D

D
, 

sadac f=1, c1= 2
1/2

, c2=0 

              p=1.5167, q=0.6037, a=0.5042. 

D3 D5 

(1, 1,  0) 

(1, 0, 1) 

(0, 1, 1) 

( 2 , 0, 0) 

(0,  2 ,  0) 

(0, 0,  2 ) 

(0, 0, 0) 

(0, 0,  0) 

(0, 0, 0) 

(1.5167, 0.6037, 0.6037) 

(0.6037, 1.5167, 0.6037) 

(0.6037, 0.6037, 1.5167) 

(0.5042, 0.5042, 0.5042) 

 

N=24 N=32 

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 

34.48666334 
34.47331209 
34.46544114 
34.46508518 
34.43717145 
34.43539208 
34.43883983 
34.39951515 
34.40747830 

34.50853374 
34.51825419 
34.52672126 
34.54540844 
34.55086256 
34.57230449 
34.59551054 
34.60419123 
34.62058199 

34.49725485 
34.49841562 
34.49820992 
34.49974847 
34.49917112 
34.50084082 
34.50243374 
34.49470146 
34.50268916 

0.00466085 
0.00930484 
0.01435805 
0.01886822 
0.02215608 
0.02969494 
0.03295806 
0.03948960 
0.04868477 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

34.38304952 
34.25084593 
34.17242145 
34.17048233 
33.89124250 
33.87290614 
33.90246885 
33.53524278 
33.60620751 

34.60191874 
34.69973565 
34.78637457 
34.97348944 
35.02806911 
35.24649609 
35.49166306 
35.57237409 
35.75654614 

34.48880811 
34.50046260 
34.49871875 
34.51410386 
34.50840717 
34.52525332 
34.54109137 
34.46552532 
34.54641891 

0.04661381 
0.09298961 
0.14361367 
0.18917734 
0.22110275 
0.29694140 
0.33057539 
0.39438961 
0.49227735 

1.0 
2.0 
3.0 
4.0 
5.0 

33.37661711 
32.79239165 
30.98955135 
30.84238622 
29.31681919 

35.82073755 
37.42979721 
37.30327676 
39.45325831 
42.83699356 

34.54461495 
34.53294799 
34.46896325 
34.66415125 
34.68739901 

0.49790116 
1.04624283 
1.36755303 
1.98338587 
2.66076934 

10 25.26597015 49.10148077 35.10385940 4.98550590 
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aseTi gegma moicavs N=56 wertils. 

3.7.1. D3D5(VII) gegmis Tvisebebis gamokvleva, romlebic 

dakavSirebulia regresiis gantolebis koeficientebis 

Sefasebis sizustesTan 

D-optimaluroba. nax. 3.50-ze warmodgenilia M=( XXT
~~

)-1 Secdo-

mebis matricis msazRvrelis cvlilebebis grafikuli Sedegebi 

samcvladiani mesame rigis D3D5(VII) gegmisTvis.  

3.49 cxrilebSi moyvanilia Sesabamisi ricxviTi monacemebi, 

romelTa Tanaxmad D-optimaluroba 0.01%-dan 0.09%-mde uaresdeba 

0.14-%-iT, cdomilebis cvlilebisas 0.1%-dan 0.9%-mde uaresdeba 

1.28%-mde, xolo 1%-dan 5%-mde zrdiT es maCvenebeli adis 2.59%-mde. 

cxrili 3.49 
samcvladiani mesame rigis D3D5(VII) gegmisTvis kovariaciuli matricis 

minimaluri msazRvrelis 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 

1.0e-025* 

0.14561784 

0.14517688 

0.14477166 

0.14446932 

0.14413625 

0.14406861 

0.14353014 

0.14302599 

0.14366864 

0.14627810 

0.14682781 

0.14712892 

0.14704219 

0.14815271 

0.14874447 

0.14986156 

0.14936802 

0.15063448 

0.14596442 

0.14597845 

0.14600104 

0.14597025 

0.14607598 

0.14608275 

0.14603243 

0.14612027 

0.14617041 

0.00015388 

0.00031670 

0.00047170 

0.00058806 

0.00072924 

0.00092249 

0.00096513 

0.00123020 

0.00136583 

 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0e-025 * 

0.14234898 

0.13807894 

0.13420994 

0.13141183 

0.12838242 

0.12765935 

0.12280059 

0.11843830 

0.12379181 

0.14893481 

0.15459452 

0.15775311 

0.15668586 

0.16886689 

0.17560372 

0.18915482 

0.18296736 

0.19837965 

0.14578002 

0.14591568 

0.14613446 

0.14579649 

0.14682973 

0.14689690 

0.14627418 

0.14722562 

0.14764016 

0.00153723 

0.00316344 

0.00470937 

0.00583840 

0.00734238 

0.00937290 

0.00984930 

0.01239952 

0.01411749 

 

1.0 

2.0 

3.0 

4.0 

5.0 

1.0e-025 * 

0.11005236 

0.08111823 

0.06352735 

0.04913569 

0.04199453 

0.19317705 

0.23914584 

0.23186929 

0.41698637 

0.55896848 

0.14548770 

0.14633769 

0.14200824 

0.14839844 

0.14925689 

0.01575163 

0.03123302 

0.04084138 

0.06256298 

0.08789094 

 

10 

1.0e-025 * 

0.00998784 1.20695722 0.15107303 0.18893179 
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nax. 3.50. samcvladiani mesame rigis D3D5(VII) gegmis D-optimaluroba 

 

A-optimaluroba. nax. 3.51-ze naCvenebia Secdomebis derefnis 

grafikuli ilustracia, romelic miiReboda D3D5(VI) samcvladiani 

mesame rigis gegmis kovariaciuli matricis M=( XXT
~~

)-1 kvalis 

kvlevisas. 3.50 cxrilSi moyvanilia zogierTi sakvlevi cdomile-

bisaTvis kovariaciuli matricis kvalis minimaluri da maqsima-

luri mniSvnelobebi, aseve maTi saSualo ariTmetikuli da gab-

neva – saSualo kvadratuli gadaxra. 
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nax. 3.51. samcvladiani mesame rigis D3D5(VII) gegmis A-optimaluroba 
 

 

analizma gviCvena, rom 0.01%-0.09%-ian cdomilebis diapazonSi 

gansaxilveli Tvisebis gauareseba Seadgens 0.004%-s. meore 0.1-

0.9%-ian diapazonSi kidev ufro izrdeba da Seadgens 0.07%-s, 

Tr(M
-1

) 

k,% 

det(M
-1

) 

k,% 
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xolo mesame diapazonSi sazomi saSualebebis cdomilebebis gaz-

rdiT 1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 0.11%-iT. 

cxrili 3.50 

samcvladiani mesame rigis D3D5(VII) 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 

2.74672462 

2.74614174 

2.74578673 

2.74516110 

2.74510666 

2.74450528 

2.74302470 

2.74232689 

2.74343852 

2.74771721 

2.74830745 

2.74862212 

2.74953172 

2.74970699 

2.75065154 

2.75229334 

2.75129635 

2.75370499 

2.74720690 

2.74721839 

2.74722684 

2.74726939 

2.74734317 

2.74735575 

2.74722922 

2.74741673 

2.74731587 

0.00023104 

0.00046911 

0.00064017 

0.00080920 

0.00099434 

0.00123171 

0.00145633 

0.00175637 

0.00186371 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

2.74119331 

2.73429183 

2.73397784 

2.72472464 

2.71839639 

2.71492943 

2.70267106 

2.71451975 

2.70025383 

2.75042194 

2.75427802 

2.76280672 

2.76677285 

2.77215133 

2.79472561 

2.77956362 

2.78854878 

2.80561906 

2.74661206 

2.74644289 

2.74751516 

2.74593937 

2.74523149 

2.74516685 

2.74559882 

2.74410916 

2.74846161 

0.00189055 

0.00404095 

0.00553243 

0.00791989 

0.01248397 

0.01382764 

0.01449895 

0.01640864 

0.01879684 

1.0 

2.0 

3.0 

4.0 

5.0 

2.70464159 

2.65844947 

2.62235861 

2.57479422 

2.53847711 

2.78836748 

2.77495622 

2.84694623 

2.92248696 

2.91745397 

2.75021020 

2.73322339 

2.73229727 

2.74814305 

2.75333564 

0.02439056 

0.04321672 

0.05788262 

0.09588714 

0.11894347 

10 2.47821947 2.96319812 2.78721175 0.17183135 

 

E-optimaluroba. 3.51 cxrilSi mocemulia monacemebi, romle-

bic axasiaTeben umciresi maqsimaluri sakuTari ricxvis (max) 

cvlilebas comilebebis gansaxilvel diapazonSi sxvadasxva cdo-

milebebis zeddebisas D3D5(VI) gegmisTvis. miRebuli Sedegebis 

grafikuli gamosaxuleba warmodgenilia 3.52 naxazze. 

cxrili 3.51  

samcvladiani mesame rigis D3D5(VII) gegmebisTvis umciresi maqsimaluri 
maxasiaTebeli ricxvis cvlileba cdomilebebis zeddebisas  

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.01 

0.02 

0.03 

0.64003728 

0.63995738 

0.63980613 

0.64043680 

0.64065521 

0.64079394 

0.64018097 

0.64026482 

0.64034881 

0.00007408 

0.00013883 

0.00018505 
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3.51 cxrilis gagrZeleba 
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nax. 3.52. samcvladiani mesame rigis D3D5(VII) gegmis E-optimaluroba 
 

cxrilis monacemebis Sesabamisad cdomilebebis zeddebiT E-

optimaluroba 0.01%-dan 0.09%-mde uaresdeba 0.07-%-iT, cdomilebis 

cvlilebisas 0.1%-dan 0.9%-mde – 1.28%-mde, xolo 1%-dan 5%-mde – 

5.07%-mde. 

orTogonaluroba. sami cvladis mqone mesame rigis D3D5(VII) 

gegmis orTogonalurobis Tvisebaze cdomilebebis gavlenis 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.63986801 

0.63973737 

0.63965407 

0.63954992 

0.63944442 

0.63949130 

0.64108204 

0.64155123 

0.64181499 

0.64210951 

0.64217458 

0.64263438 

0.64054784 

0.64061442 

0.64068152 

0.64076746 

0.64087336 

0.64102794 

0.00026325 

0.00038962 

0.00041691 

0.00053990 

0.00059987 

0.00063322 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0.63992987 

0.63910560 

0.63760816 

0.63813281 

0.63688411 

0.63603347 

0.63492782 

0.63389022 

0.63428490 

0.64394849 

0.64614010 

0.64753087 

0.65036472 

0.65515143 

0.65794100 

0.66078728 

0.66143232 

0.66539144 

0.64137161 

0.64220167 

0.64301851 

0.64498909 

0.64563261 

0.64626046 

0.64705763 

0.64808504 

0.64957466 

0.00074081 

0.00139231 

0.00186011 

0.00266000 

0.00393953 

0.00422649 

0.00548214 

0.00611183 

0.00642652 

1.0 

2.0 

3.0 

4.0 

5.0 

0.63844882 

0.62998143 

0.61455351 

0.61093037 

0.60936761 

0.68034008 

0.70250209 

0.71680006 

0.74128953 

0.78616223 

0.65293465 

0.66000621 

0.66585765 

0.68270589 

0.68601897 

0.00767171 

0.01443090 

0.01939824 

0.02878371 

0.04184733 

10 0.56353883 1.00644339 0.71608585 0.08819744 

k,% 

max 
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kvlevisas vakvirdebodiT kovariaciuli matricis М-1= 1~~ )XX( T  ara-

diagonaluri elementebis absoluturi mniSvnelobebis jamebis 

cvlilebas (P). miRebuli Sedegebi gazomvis saSualebebis sxva-

dasxva cdomilebisas warmodgenilia Sesabamisad 3.53 naxazze da 

3.52 cxrilSi. 
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nax. 3.53. samcvladiani mesame rigis D3D5(VII) gegmis orTogonaluroba 

 

cxrili 3.52   
samcvladiani mesame rigis D3D5(VII) gegmebisTvis kovariaciuli 

matricis aradiagonaluri elementebis absoluturi mniSvnelobebis 
jamebis minimumebis 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 

4.12902537 

4.13030620 

4.12990669 

4.13294065 

4.13246054 

4.13329179 

4.13143201 

4.13665309 

4.13451973 

4.13251538 

4.13619162 

4.13996351 

4.14525048 

4.14797648 

4.15158964 

4.15625261 

4.16136751 

4.16594849 

4.13023376 

4.13260650 

4.13485833 

4.13813382 

4.14024945 

4.14206574 

4.14532527 

4.14747461 

4.15055426 

0.00067342 

0.00126148 

0.00191307 

0.00249382 

0.00340331 

0.00372885 

0.00512323 

0.00518387 

0.00567259 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

4.14194712 

4.15459380 

4.15034193 

4.18068284 

4.17490472 

4.18326809 

4.16338415 

4.21585721 

4.19129777 

4.17707461 

4.21377414 

4.25113732 

4.30356997 

4.33229022 

4.37041403 

4.41310651 

4.46775727 

4.51546134 

4.15405904 

4.17766377 

4.19997489 

4.23260058 

4.25342883 

4.27119005 

4.30325133 

4.32420606 

4.35446881 

0.00675688 

0.01267764 

0.01923321 

0.02522216 

0.03453447 

0.03793482 

0.05182648 

0.05292440 

0.05759998 

k,% 

P 
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3.52 cxrilis gagrZeleba 

 

TiToeul gansaxilvel diapazonSi cdomilebis gazrdiT 

Tviseba uaresdeba Semdegnairad: 0.01%-0.09%-ian cdomilebis diapa-

zonSi gansaxilveli Tvisebis gauareseba Seadgens 0.49%-s. meore 0.1-

0.9%-ian diapazonSi kidev ufro izrdeba da Seadgens 4.82%-s, 

xolo mesame diapazonSi sazomi saSualebebis cdomilebebis gaz-

rdiT 1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 20.23%-iT. 

 

3.7.2. gamoZaxilis mniSvnelobebis winaswarmetyvelebis sizus-

tesTan dakavSirebuli D3D5(VII) gegmebis Tvisebebis 

gamokvleva   

G-optimaluroba. 3.54 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D3D5(VII) gegmis G-optimalurobaze. z kvlevis are warmoadgenda kubs 

zomiT 0.5х0.5х0.5. ricxviTi mniSvnelobebi moyvanilia 3.53 cxrilSi.  

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

11

12

13

14

15

16

 

nax.3.54. samcvladiani mesame rigis D3D5(VII) gegmis G-optimaluroba kubis 
formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

1.0 

2.0 

3.0 

4.0 

5.0 

4.26349222 

4.37641975 

4.31100655 

4.60354323 

4.47850109 

4.63945929 

4.99529111 

5.32869855 

5.80762594 

6.18599945 

4.38939589 

4.61154751 

4.81010295 

5.11207551 

5.27755560 

0.06983391 

0.13217175 

0.20080519 

0.27590824 

0.38288687 

10 4.77412097 9.37305066 6.20755755 0.83308131 

 dmax 

k, % 
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 cxrili 3.53 
D3D5(VII) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

mis cvlileba kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

 

rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, kubis formis sakvlevi arisaTvis zome-

biT 0.5х0.5х0.5, sami cvladis Semcveli mesame rigis D3D5(VII) gegmis 

G-optimalurobis Tviseba uaresdeboda 0.008%-iT, cdomilebebis gaz-

rdisas 0.1%-dan 0.9%-mde uaresdeboda 0.06%-iT, xolo cdomile-

bebis gazrdiT 1%-dan 5%-mde sakvlevi Tviseba uaresdeboda 0.14%-iT. 

analogiuri suraTi miiReboda kubis formis sakvlevi 

arisaTvis zomebiT 1.5х1.5х1.5. 3.55 naxazze naCvenebia Secdomebis de-

refnis grafikuli ilustracia, romlebic miiReboda samcvla-

diani kompoziciuri rotatabeluri gegmebis G-optimalurobis 

Tvisebis kvlevisas. 3.54 cxrilSi moyvanilia saTanado ricxviTi 

mniSvnelobebi. 

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 

13.47932864 

13.47482731 

13.47424321 

13.46939543 

13.46715198 

13.46125635 

13.45601320 

13.46175089 

13.44666094 

13.48576084 

13.48987138 

13.49303429 

13.49725603 

13.49719477 

13.50200092 

13.50832029 

13.51451772 

13.52481678 

13.48230975 

13.48241496 

13.48223819 

13.48197060 

13.48217833 

13.48244907 

13.48026123 

13.48340587 

13.48336388 

0.00133455 

0.00315044 

0.00391720 

0.00540650 

0.00584090 

0.00818542 

0.00964008 

0.01139896 

0.01253763 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

13.45319632 

13.40836311 

13.40227227 

13.35333684 

13.33250409 

13.27295576 

13.22265526 

13.27265048 

13.13252839 

13.51754712 

13.55849559 

13.59098339 

13.63043146 

13.63162071 

13.67966296 

13.74594295 

13.81113656 

13.91922154 

13.48291821 

13.48381567 

13.48180500 

13.47887719 

13.48030120 

13.48276321 

13.45991487 

13.49067368 

13.49058694 

0.01335184 

0.03150747 

0.03917211 

0.05397559 

0.05824076 

0.08171719 

0.09623028 

0.11425077 

0.12618047 

1.0 

2.0 

3.0 

4.0 

5.0 

13.21668640 

12.81849348 

12.65803674 

12.35037712 

12.03162471 

13.85828318 

14.17288449 

14.35253822 

14.82970059 

15.22880104 

13.48295001 

13.46082263 

13.44965853 

13.47197389 

13.50179785 

0.12932303 

0.26866385 

0.37397436 

0.46078035 

0.67098143 

10 9.95598222 15.45692319 13.55972750 1.37032292 
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nax.3.55. samcvladiani mesame rigis D3D5(VII) gegmis G-optimaluroba 
kubis formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

cxrili 3.54 
D3D5(VII) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

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

 

zemoaRniSnul diapazonebSi G-optimalurobis Tviseba uares-

deboda 0.04%-iT,  0.34%-iT da 0.74%-iT Sesabamisad. 
 

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 

645.50825682 

645.16207255 

644.88627399 

644.83070156 

644.08189681 

643.80453527 

643.60700715 

642.37408367 

642.69094856 

646.20069919 

646.51736507 

646.96842179 

647.22412440 

647.59864366 

647.91684216 

648.21044580 

648.92052518 

649.81664695 

645.85232717 

645.88650558 

645.85122774 

645.91018349 

645.88089196 

645.91096639 

645.95525158 

645.76176104 

646.09499591 

0.14748825 

0.30635644 

0.43672950 

0.56643003 

0.70372364 

0.94987416 

1.04549105 

1.21511599 

1.54733382 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

642.18725392 

638.76384251 

635.99459482 

635.43871467 

627.96020077 

625.37206892 

623.05084748 

611.67158467 

614.75594391 

649.11155858 

652.28761695 

656.81654652 

659.40261003 

663.08789401 

666.22085266 

669.35527947 

676.39566730 

686.21252193 

645.62179617 

645.95451809 

645.59169737 

646.15729036 

645.82261842 

646.10075525 

646.48302049 

644.57860924 

647.84177951 

1.47555614 

3.06127641 

4.36794083 

5.68018889 

7.01882157 

9.47880631 

10.4499415 

12.1111822 

15.6545562 

1.0 

2.0 

3.0 

4.0 

5.0 

613.10796321 

575.70685509 

549.12758453 

463.56311732 

456.44514513 

696.16980057 

732.88723463 

808.18911744 

809.04889553 

804.45387228 

644.01060066 

644.57332827 

642.61135355 

645.31681065 

648.77819050 

15.77296088 

30.04381652 

48.54648945 

64.98871644 

71.48450330 

10 384.55256826 1048.31346458 650.36995566 178.62395502 

 dmax 

k, % 
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Q-optimaluroba. 3.56 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

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

genda kubs zomiT 0.5х0.5х0.5, xolo 3.57 naxazze – roca z sakvlevi 

are warmoadgenda kubs zomiT 1.5х1.5х1.5. saTanado ricxviTi mniSv-

nelobebi moyvanilia 3.55 da 3.56 cxrilebSi Sesabamisad. 
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nax.3.56. samcvladiani mesame rigis D3D5(VII) gegmis Q-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 
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nax.3.57. samcvladiani mesame rigis D3D5(VII) gegmis Q-optimaluroba kubis 

formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

 
rogorc 3.55 cxrilidan Cans, cdomilebebis cvlilebisas 

0.01%-0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.001%-iT, 

0.1%-0.9%-ian SualedSi uaresdeboda 0.02%-iT, xolo 1%-5%-ian 

SualedisaTvis gauareseba Seadgenda 0.47%-s. 

d(x) 

k, % 

d(x) 

k, % 
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cxrili 3.55 
D3D5(VII)  gegmebisTvis winaswarmetyvelebis saSualo dispersiis 
cvlileba kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

cxrili 3.56 
D3D5(VII) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

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

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 

9.30283480 

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 

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 

37.47941168 

37.31701843 

37.23648906 

37.22647973 

36.93308747 

36.86800761 

36.80857157 

37.73668973 

37.84766388 

37.94488787 

38.18422676 

38.25904814 

38.43046547 

38.70586107 

37.60326147 

37.61764386 

37.61045465 

37.62987563 

37.62043971 

37.63764226 

37.65334321 

0.05468316 

0.11194695 

0.16600818 

0.22075913 

0.26314147 

0.35897375 

0.39194911 
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3.56 cxrilis gagrZeleba 

 

3.56 cxrilis monacemebze dayrdnobiT kubis formis mqone 

sakvlevi arisaTvis zomebiT 1.5х1.5х1.5, gansaxilveli Tvisebis ga-

uareseba 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. 

 

3.8. D3D6 (VIII) samcvladiani mesame rigis simetriuli rotatabeluri 

   gegmebis gamokvleva 

 am punqtSi ganxilulia mesame rigis samcvladiani rotata-

beluri gegma, romelic miRebulia meore rigis orcvladiani ro-

tatabeluri gegmebis kombinirebiT  

D=




6

3

D

D
, 

sadac f=c1=c2=1 

              p=0.9848, q=0.5748, c=1.4453 

D3 D6 

(1, 1,  0) 

(1, 0, 1) 

(0, 1, 1) 

(1, 0, 0) 

(0, 1,  0) 

(0, 0, 1) 

(1, 0, 0) 

(0, 1,  0) 

(0, 0, 1) 

(0.9848, 0.5748, 0.5748) 

(0.5748, 0.9848, 0.5748) 

(0.5748, 0.5748, 0.9848) 

(1.4453, 0, 0) 

(0, 1.4453, 0) 

(0, 0, 1.4453) 

N=24 N=30 
 

aseTi gegma moicavs N=54 wertils. 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.8 

0.9 

36.42240181 

36.61776368 

38.84234828 

39.14114470 

37.56904574 

37.67558296 

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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3.8.1. D3D6(VIII) gegmis Tvisebebis gamokvleva, romlebic 

dakavSirebulia regresiis gantolebis koeficientebis 

Sefasebis sizustesTan 

D-optimaluroba. nax. 3.58-ze warmodgenilia M=( XXT
~~

)-1 Secdo-

mebis matricis msazRvrelis cvlilebebis grafikuli Sedegebi 

samcvladiani mesame rigis D3D6(VIII) gegmisTvis.  

3.57 cxrilebSi moyvanilia Sesabamisi ricxviTi monacemebi, 

romlTa Tanaxmad D-optimaluroba 0.01%-dan 0.09%-mde uaresdeba 

0.16-%-iT, cdomilebis cvlilebisas 0.1%-dan 0.9%-mde uaresdeba 

1.40%-mde, xolo 1%-dan 5%-mde zrdiT es maCvenebeli adis 30.42%-mde. 
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nax. 3.58. samcvladiani mesame rigis D3D6(VIII) gegmis D-optimaluroba 

cxrili 3.57 
samcvladiani mesame rigis D3D6(VIII) gegmisTvis kovariaciuli matricis 

minimaluri msazRvrelis 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 

1.0e-017 * 

0.20015817 

0.19919676 

0.19890261 

0.19820718 

0.19775017 

0.19701881 

0.19669562 

0.19600389 

0.19584263 

0.20130471 

0.20185320 

0.20392597 

0.20378985 

0.20362260 

0.20524675 

0.20489307 

0.20543000 

0.20697855 

0.20072348 

0.20069254 

0.20063480 

0.20072878 

0.20085161 

0.20083468 

0.20085006 

0.20065343 

0.20104231 

0.00025851 

0.00045875 

0.00081244 

0.00095906 

0.00140080 

0.00162858 

0.00186649 

0.00215567 

0.00229395 

 

0.1 

0.2 

1.0e-017 * 

0.19261476 

0.18795781 

0.20647684 

0.21595437 

0.20073088 

0.20089467 

0.00266316 

0.00495836 

det(M
-1

) 

k,% 
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3.57 cxrilis gagrZeleba 

 

A-optimaluroba. nax. 3.59-ze naCvenebia Secdomebis derefnis 

grafikuli ilustracia, romelic miiReboda D3D6(VIII) samcvladia-

ni mesame rigis gegmis kovariaciuli matricis M=( XXT
~~

)-1 kvalis 

kvlevisas. 3.58 cxrilSi moyvanilia zogierTi sakvlevi cdomile-

bisaTvis kovariaciuli matricis kvalis minimaluri da maqsima-

luri mniSvnelobebi, aseve maTi saSualo ariTmetikuli da gab-

neva – saSualo kvadratuli gadaxra. 
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nax. 3.59. samcvladiani mesame rigis D3D6(VIII) gegmis A-optimaluroba 
 

 

analizma gviCvena, rom 0.01%-0.09%-ian cdomilebis diapazonSi 

gansaxilveli Tvisebis gauareseba Seadgens 0.02%-s. meore 0.1-0.9%-

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 
0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0.18048794 

0.17908886 

0.16564380 

0.15180717 

0.15973680 

0.15565578 

0.15161886 

0.21794263 

0.23402821 

0.23339111 

0.23633405 

0.25589115 

0.25961263 

0.27466961 

0.19997928 

0.20214328 

0.19983920 

0.20027407 

0.20241521 

0.19704296 

0.20153036 

0.00674544 

0.01062690 

0.01260385 

0.01704084 

0.01859170 

0.02072826 

0.02160807 

 

1.0 

2.0 

3.0 

4.0 

5.0 

1.0e-017 * 

0.17633537 

0.12363972 

0.08083055 

0.05607365 

0.02281867 

0.21406272 

0.21964102 

0.26618025 

0.33449612 

0.75825949 

0.19218548 

0.16885859 

0.16750514 

0.12475903 

0.25064661 

0.01110911 

0.03611017 

0.05986613 

0.08173656 

0.20298677 

 

10 

1.0e-017 * 

0.01902450 0.97032180 0.32937032 0.40599282 

Tr(M
-1

) 

k,% 
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ian diapazonSi kidev ufro izrdeba da Seadgens 0.09%-s, xolo 

mesame diapazonSi sazomi saSualebebis cdomilebebis gazrdiT 

1%-5%-mde sakvlevi gegmis Tviseba aseve uaresdeba 0.09%-iT. 

cxrili 3.58 
samcvladiani mesame rigis D3D6(VIII) 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 

7.94603785 

7.94237444 

7.93850766 

7.93733019 

7.93755461 

7.92848699 

7.92887807 

7.92900908 

7.92748118 

7.94983005 

7.95252951 

7.96111225 

7.95801935 

7.95747034 

7.96131389 

7.96312930 

7.96459688 

7.96696180 

7.94800838 

7.94782972 

7.94779353 

7.94809720 

7.94849565 

7.94756443 

7.94791305 

7.94802823 

7.94920306 

0.00093041 

0.00189726 

0.00358279 

0.00364662 

0.00496609 

0.00595776 

0.00720058 

0.00858039 

0.00863321 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

7.92176398 

7.90407006 

7.87108829 

7.85785261 

7.80074806 

7.76114322 

7.74364669 

7.72933457 

7.75972175 

7.98155963 

7.99674026 

8.01173754 

8.03619419 

8.12729308 

8.09492077 

8.16166079 

8.11907460 

8.19277245 

7.94816366 

7.94529259 

7.94490003 

7.95082454 

7.95755903 

7.94210642 

7.94137210 

7.94262564 

7.95534661 

0.00988294 

0.02176706 

0.02966553 

0.04010277 

0.05287039 

0.06072089 

0.08249939 

0.07940174 

0.08666465 

1.0 

2.0 

3.0 

4.0 

5.0 

7.86805258 

7.55604509 

7.20921380 

7.00949471 

7.41855893 

7.99221313 

8.12691064 

8.36812056 

8.47699919 

8.30020757 

7.92212312 

7.88558926 

7.78390890 

7.59295351 

7.92917786 

0.03888201 

0.20838895 

0.36016580 

0.46037534 

0.30197825 

10 7.22153082 8.84155413 8.10035980 0.81873460 
 

E-optimaluroba. cxrilSi 3.59 mocemulia monacemebi, romle-

bic axasiaTeben umciresi maqsimaluri sakuTari ricxvis (max) 

cvlilebas comilebebis gansaxilvel diapazonSi sxvadasxa cdo-

milebebis zeddebisas D3D6(VIII) gegmisTvis. miRebuli Sedegebis 

grafikuli gamosaxuleba warmodgenilia 3.60 naxazze. 

cxrili 3.59  
samcvladiani mesame rigis D3D6(VIII) gegmebisTvis umciresi maqsimaluri 

maxasiaTebeli ricxvis cvlileba cdomilebebis zeddebisas  

 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.01 

0.02 

1.79362564 

1.79313118 

1.79502835 

1.79661461 

1.79442702 

1.79494120 

0.00030032 

0.00073458 
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3.59 cxrilis gagrZeleba 
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nax. 3.60. samcvladiani mesame rigis D3D6(VIII) gegmis E-optimaluroba 
 

cxrilis monacemebis Sesabamisad cdomilebebis zeddebiT E-

optimaluroba 0.01%-dan 0.09%-mde uaresdeba 0.14-%-iT, cdomilebis 

cvlilebisas 0.1%-dan 0.9%-mde – 1.84%-mde, xolo 1%-dan 5%-mde – 

5.91%-mde. 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

1.79330521 

1.79142615 

1.79200538 

1.79293570 

1.79211648 

1.79086790 

1.79175701 

1.79861957 

1.79872878 

1.80114158 

1.80209144 

1.80293197 

1.80421638 

1.80592967 

1.79550452 

1.79594836 

1.79617996 

1.79677573 

1.79689671 

1.79732507 

1.79795900 

0.00105020 

0.00146830 

0.00178933 

0.00209319 

0.00219672 

0.00235360 

0.00272871 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.79016401 

1.78499805 

1.78678536 

1.76782874 

1.77316626 

1.78087796 

1.77408380 

1.76073886 

1.76908726 

1.80425630 

1.82018408 

1.84050759 

1.84121656 

1.86691454 

1.87505251 

1.88702604 

1.89615219 

1.91683335 

1.79822438 

1.80329993 

1.80878938 

1.81323230 

1.81526087 

1.82092012 

1.82181366 

1.82573143 

1.83160635 

0.00301357 

0.00740444 

0.01061950 

0.01483774 

0.01818595 

0.02154431 

0.02260067 

0.02397382 

0.02796902 

1.0 

2.0 

3.0 

4.0 

5.0 

1.74970353 

1.67467155 

1.67362112 

1.51262411 

1.57544857 

1.89827874 

2.08252743 

2.26642699 

2.25790380 

2.55445539 

1.83411285 

1.87721134 

1.91468809 

1.95298840 

1.94256332 

0.03111473 

0.07898475 

0.11452214 

0.15636307 

0.20239047 

10 1.15153956 3.09222501 1.97163249 0.36834664 

k,% 

max 
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orTogonaluroba. sami cvladis mqone mesame rigis D3D6(VIII) 

gegmis orTogonalurobis Tvisebaze cdomilebebis gavlenis 

kvlevisas vakvirdebodiT kovariaciuli matricis М-1= 1~~ )XX( T  ara-

diagonaluri elementebis absoluturi mniSvnelobebis jamebis 

cvlilebas (P). miRebuli Sedegebi gazomvis saSualebebis sxva-

dasxva cdomilebisas warmodgenilia Sesabamisad 3.61 naxazze da 

3.60 cxrilSi. 
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nax. 3.61. samcvladiani mesame rigis D3D6(VIII) gegmis orTogonaluroba 

cxrili 3.60   
samcvladiani mesame rigis D3D5(V) gegmebisTvis kovariaciuli matricis 

aradiagonaluri elementebis absoluturi mniSvnelobebis jamebis 
minimumebis 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 

15.72082713 

15.72437660 

15.72344363 

15.71510001 

15.73072772 

15.74191439 

15.74005123 

15.73021025 

15.74179008 

15.73675739 

15.76471660 

15.77743198 

15.79787056 

15.80767889 

15.83317396 

15.85151025 

15.87764593 

15.88290600 

15.72967402 

15.74092322 

15.75094389 

15.76266950 

15.77227198 

15.78270356 

15.79044438 

15.80385523 

15.81402763 

0.00342986 

0.00710934 

0.01002092 

0.01569367 

0.01729225 

0.02088004 

0.02317103 

0.02437089 

0.02837689 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

15.73355331 

15.76770482 

15.75773453 

15.67257405 

15.81912983 

15.92642809 

15.89332598 

15.79595252 

15.91536565 

15.89379380 

16.17815262 

16.30469632 

16.50230832 

16.60623294 

16.85050428 

17.05147131 

17.33595178 

17.36639831 

15.82239473 

15.93395737 

16.03211258 

16.14917263 

16.24105179 

16.34077115 

16.41281994 

16.54177606 

16.63649913 

0.03442533 

0.07177837 

0.10124167 

0.15954672 

0.17670501 

0.21493084 

0.23830811 

0.24945956 

0.29230324 

k,% 

P 
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3.60 cxrilis gagrZeleba 

 

TiToeul gansaxilvel diapazonSi cdomilebis gazrdiT 

Tviseba uaresdeba Semdegnairad: 0.01%-0.09%-ian cdomilebis dia-

pazonSi gansaxilveli Tvisebis gauareseba Seadgens 0.54%-s. meore 

0.1-0.9%-ian diapazonSi kidev ufro izrdeba da Seadgens 5.14%-s, 

xolo mesame diapazonSi sazomi saSualebebis cdomilebebis gaz-

rdiT 1%-5%-mde sakvlevi gegmis Tviseba ukve uaresdeba 19.32%-iT. 

 

3.8.2. gamoZaxilis mniSvnelobebis winaswarmetyvelebis sizus-

tesTan dakavSirebuli D3D6(VIII) gegmebis Tvisebebis 

gamokvleva   

G-optimaluroba. 3.62 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D3D6(VIII) gegmis G-optimalurobaze. z kvlevis are warmoadgenda kubs 

zomiT 0.5х0.5х0.5. ricxviTi mniSvnelobebi moyvanilia 3.61 cxrilSi.  
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nax.3.62. samcvladiani mesame rigis D3D6(VIII) gegmis G-optimaluroba 
kubis formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 

1.0 

2.0 

3.0 

4.0 

5.0 

15.79799014 

15.93457569 

15.88809875 

14.91380592 

15.70678013 

17.48709299 

20.85357130 

21.68159432 

24.18154763 

25.11257162 

16.71984767 

17.72510836 

18.46895097 

19.52343770 

19.95132959 

0.35594964 

0.78077378 

1.09215345 

1.77852394 

2.07197215 

10 13.20565901 30.24124043 21.35111646 3.65873769 

 dmax 

k, % 



 158 

 cxrili 3.61 
D3D6(VIII) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

mis cvlileba kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

 

rogorc miRebuli monacemebis analizma gviCvena, cdomilebe-

bis gazrdisas 0.09%-mde, kubis formis sakvlevi arisaTvis 

zomebiT 0.5х0.5х0.5, sami cvladis mqone mesame rigis D3D6(VIII) gegmis 

G-optimalurobis Tviseba uaresdeboda 0.04%-iT, cdomilebebis gaz-

rdisas 0.1%-dan 0.9%-mde uaresdeboda 0.35%-iT, xolo cdomile-

bebis gazrdiT 1%-dan 5%-mde sakvlevi Tviseba uaresdeboda 0.79%-iT. 

analogiuri suraTi miiReboda kubis formis sakvlevi arisaT-

vis zomebiT 1.5х1.5х1.5. 3.63 naxazze naCvenebia Secdomebis derefnis 

grafikuli ilustracia, romlebic miiReboda samcvladiani kom-

poziciuri rotatabeluri gegmebis G-optimalurobis Tvisebis 

kvlevisas. 3.62 cxrilSi moyvanilia saTanado ricxviTi mniSvnelo-

bebi. 

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 

23.72088588 

23.71337785 

23.70275430 

23.69024837 

23.65854225 

23.65693214 

23.66560316 

23.65823564 

23.66319234 

23.74547559 

23.77458721 

23.77663718 

23.79674741 

23.79623173 

23.81929680 

23.82360788 

23.84423074 

23.87298389 

23.73589652 

23.73535624 

23.73767013 

23.73933153 

23.73764465 

23.74114802 

23.74124398 

23.75025065 

23.74429552 

0.00486609 

0.01088453 

0.01412364 

0.02127394 

0.02820809 

0.03098302 

0.03422316 

0.03661994 

0.04103332 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

23.60366712 

23.54259257 

23.41629272 

23.31088714 

23.01934953 

23.00316653 

23.06866324 

23.00381463 

23.04782532 

23.84912035 

24.14116995 

24.18615651 

24.36052042 

24.37545525 

24.58281456 

24.65423378 

24.88282473 

25.14425102 

23.74893080 

23.74789260 

23.77343317 

23.79225040 

23.77607589 

23.81000157 

23.80683966 

23.89611669 

23.83215354 

0.04819860 

0.10585469 

0.14220975 

0.21189598 

0.28277862 

0.30711057 

0.34097036 

0.36962436 

0.41359248 

1.0 

2.0 

3.0 

4.0 

5.0 

22.65745779 

20.93874655 

21.08634116 

20.19965552 

18.86424411 

25.12603507 

25.87199424 

27.43404505 

32.07305613 

28.68075220 

23.90985961 

23.87458766 

24.05611065 

24.20261942 

24.09868678 

0.50637518 

1.01719950 

1.36670121 

2.34178705 

1.86481447 

10 16.23163108 34.43492415 24.10105164 3.78833565 
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nax.3.63. samcvladiani mesame rigis D3D6(VIII) gegmis G-optimaluroba 
kubis formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 

cxrili 3.62 
D3D6(VIII) gegmebisTvis winaswarmetyvelebis maqsimaluri dispersiis minimu-

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

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 

1.0e+003 * 

3.45987194 

3.45724054 

3.45610938 

3.45172262 

3.44923645 

3.45188538 

3.44573691 

3.44107639 

3.44493287 

3.46406810 

3.46610404 

3.46669616 

3.47066395 

3.47162707 

3.47453581 

3.47896935 

3.48029827 

3.48418615 

3.46186170 

3.46159368 

3.46202570 

3.46215326 

3.46097739 

3.46063900 

3.46169923 

3.46153562 

3.46252336 

0.00085818 

0.00185637 

0.00234450 

0.00379013 

0.00444895 

0.00483152 

0.00630061 

0.00614369 

0.00858442 

 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0e+003 * 

3.43570246 

3.44243732 

3.39848774 

3.41707432 

3.38880111 

3.36646304 

3.34098294 

3.33274932 

3.33536514 

3.47412437 

3.49411787 

3.50542595 

3.51770914 

3.55099140 

3.54403104 

3.56484973 

3.60454309 

3.63604854 

3.46242329 

3.46466812 

3.45444617 

3.46738891 

3.46107931 

3.45843605 

3.45226154 

3.46135861 

3.48854628 

0.00878974 

0.01451698 

0.02505853 

0.02407013 

0.04335905 

0.04547664 

0.05766391 

0.06424487 

0.07567748 

 

1.0 

2.0 

3.0 

4.0 

5.0 

1.0e+003 * 

3.38530782 

3.37085798 

3.42137996 

2.76702081 

3.31499118 

3.58087112 

3.71857250 

3.98724484 

3.52600079 

4.04456874 

3.45106823 

3.49262220 

3.59899892 

3.27690002 

3.55460837 

0.08049095 

0.13202653 

0.22409506 

0.33344876 

0.29218092 

 

10 

1.0e+003 * 

2.46561070 4.32509711 3.67306871 0.82516590 

 

 dmax 

k, % 
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zemoaRniSnul diapazonebSi G-optimalurobis Tviseba uares-

deboda 0.02%-iT,  0.75%-iT da 3.00%-iT Sesabamisad. 
 

Q-optimaluroba. 3.64 naxazze warmodgenilia Secdomebis ko-

ridori, romelic miiReboda cdomilebebis gavlenis kvlevisas 

D3D6(VIII) gegmis Q-optimalurobaze, roca z sakvlevi are warmoad-

genda kubs zomiT 0.5х0.5х0.5, xolo 3.65 naxazze z sakvlevi are war-

moadgenda kubs zomiT 1.5х1.5х1.5. saTanado ricxviTi mniSvnelobebi 

moyvanilia 3.63 da 3.64 cxrilebSi Sesabamisad. 
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nax.3.64. samcvladiani mesame rigis D3D6(VIII) gegmis Q-optimaluroba 
kubis formis sakvlevi arisaTvis zomiT 0.5х0.5х0.5 
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nax.3.65. samcvladiani mesame rigis D3D6(VIII) gegmis Q-optimaluroba 

kubis formis sakvlevi arisaTvis zomiT 1.5х1.5х1.5 
 

rogorc 3.39 cxrilidan Cans, cdomilebebis cvlilebisas 

0.01%-0.09%-ian SualedSi Q-optimaluroba uaresdeboda 0.004%-iT, 

d(x) 

k, % 

d(x) 

k, % 
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0.1%-0.9%-ian SualedSi uaresdeboda 0.11%-iT, xolo 1%-5%-ian Su-

aledisaTvis gauareseba Seadgenda 2.02%-s. 

cxrili 3.63 
D3D6(VIII) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 

kubis formis mqone z sakvlev areSi zomiT 0.5х0.5х0.5 

 
cxrili 3.64 

D3D6(VIII) gegmebisTvis winaswarmetyvelebis saSualo dispersiis cvlileba 
kubis formis mqone z sakvlev areSi zomiT 1.5х1.5х1.5 

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 

22.82830169 

22.82190435 

22.80700064 

22.80633278 

22.79749171 

22.76520975 

22.76757631 

22.74441200 

22.74065808 

22.84718888 

22.86580288 

22.88224001 

22.89161755 

22.88737644 

22.89583863 

22.90350131 

22.91455387 

22.92116659 

22.83899673 

22.83906971 

22.83846975 

22.83927500 

22.84135643 

22.83638698 

22.83726039 

22.83953954 

22.83993189 

0.00389853 

0.00841447 

0.01507176 

0.01571471 

0.02107177 

0.02444802 

0.02858641 

0.03128596 

0.03582634 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

22.71495218 

22.63258548 

22.54084436 

22.34503086 

22.37915312 

22.20588765 

22.30670305 

21.96162940 

22.02573920 

22.93142029 

23.06637145 

23.14525550 

23.33136354 

23.45056007 

23.53171963 

23.81714380 

23.89355355 

23.67112283 

22.83865385 

22.83380031 

22.80736675 

22.86915090 

22.81929507 

22.83721376 

22.82333613 

22.81294939 

22.86345981 

0.04204707 

0.08991674 

0.13041810 

0.20207733 

0.21337159 

0.25222961 

0.27035084 

0.37214065 

0.35212082 

1.0 

2.0 

3.0 

4.0 

5.0 

22.19067561 

20.82215682 

20.29610690 

19.93065803 

20.09495707 

23.43836872 

23.52983165 

25.06014764 

24.78173022 

30.18281522 

22.85742958 

22.47006620 

22.35343754 

22.74149176 

23.31933505 

0.37852930 

0.78917769 

1.31144466 

1.26709507 

2.74665728 

10 19.98329493 30.94689701 24.99730904 4.53843171 

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 

179.66681950 

179.50123910 

179.49903610 

179.25658852 

179.08277099 

179.20213261 

178.92661457 

178.66934174 

178.81546707 

179.87601914 

179.95382531 

180.02021342 

180.24039895 

180.30107956 

180.39516132 

180.68205347 

180.67677754 

180.91646494 

179.76289585 

179.75256413 

179.77058783 

179.78403366 

179.72240158 

179.70845680 

179.76100828 

179.74421915 

179.80912048 

0.04433804 

0.09500130 

0.11753739 

0.19507462 

0.23241011 

0.24398029 

0.32197677 

0.31718114 

0.44785912 

0.1 

0.2 

0.3 

178.90215796 

177.03645207 

176.61568451 

180.18732427 

181.04277984 

183.16297693 

179.65938742 

179.72269423 

179.77716466 

0.34545369 

0.88301134 

1.48923658 
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3.64 cxrilis gagrZeleba 

 
3.64 cxrilis monacemebze dayrdnobiT kubis formis mqone 

sakvlevi arisaTvis zomebiT 1.5х1.5х1.5, gansaxilveli Tvisebis ga-

uareseba Seadgens 0.03%-s pirveli sakvlevi diapazonisaTvis, 

0.1%-0.9%-ian diapazonSi gauareseba Seadgens 0.27%-s, xolo 1%-5%-

ian SualedisaTvis Q-optimalurobis gauareseba Seadgens 3.80%-s. 

 

3.9. gazomvis saSualebebis cdomilebebis arsebobisas sami    

   cvladis Semcveli mesame rigis rotatabeluri gegmebis   

   Tvisebebis gauaresebis SedarebiTi analizi  

3.1 – 3.8 punqtebSi miRebuli monacemebis safuZvelze Catare-

bulia mesame rigis samfaqtoriani rotatabeluri gegmebis Tvise-

bebis kvlevis SedarebiTi analizi. 

rogorc 3.65 cxrilis monacemebidan Cans, yvelaze metad 

uaresdeba sakvlevi gegmebis orTogonalurobis Tviseba. gauare-

seba TvalSi sacemia mcire cdomilebebisas TviT pirvel diapa-

zonSic ki, sadac cdomilebebis procenti yvelaze dabalia da 

Seadgens 0.01%-0.09%-s. cdomilebebis gazrdiT gauareseba kidev 

ufro SesamCnevia. im SemTxvevaSi, roca faqtorebis doneebis daye-

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

cvladis Semcveli mesame rigis orTogonalur rotatabelur 

gegmebis gamoyeneba ar aris ukve mizanSewonili. 

cdomileba 
k, % 

min max 
saSualo 

ariTmetikuli 

saSualo 
kvadratuli 

gadaxra 
0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

176.78399694 

174.67539032 

174.07961422 

172.59901555 

172.07873460 

172.14375975 

184.23229333 

186.26061275 

187.27056563 

184.41328531 

188.28893796 

186.41397775 

179.67855473 

180.25147564 

180.13977048 

178.50140442 

178.35794892 

180.14581067 

1.90370602 

2.64161311 

2.75401322 

2.88457579 

3.62312795 

2.98534531 

1.0 

2.0 

3.0 

4.0 

5.0 

174.39496770 

161.16059516 

146.78579429 

161.10136169 

168.45506685 

186.78622818 

192.53765548 

182.32719264 

236.27628783 

210.97508897 

180.70739993 

175.58505756 

167.21985140 

183.95702623 

187.56908983 

4.37135916 

10.3040124 

12.3080141 

22.3338740 

11.5906152 

10 174.13064224 225.62308310 190.78245635 23.51513556 



 163 

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- optima-

lur gegmebs. cdomilebebis mesame diapazonSic ki gauareseba gan-

sakuTrebiT A-optimalurobisaTvis umniSvneloa da zogierTi 

sakvlevi gegmisaTvis ar Seadgens 0.1%-ze mets. 

cxrili 3.65 

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
bi
 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 
 

rac Seexeba Tvisebebs, romlebic dakavSirebulia winaswar-

metyvelebis gamoZaxilis sizustesTan, maTi gauareseba cdomi-

lebebis mcire diapazonSi umniSvneloa. magram sakvlevi aris gazr-

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

Teblebi SedarebiT uaresdeba. 



 164 

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 dayene-

biT.  

 

ZiriTadi daskvnebi 

1. Ggaanalizebulia ori da sami cvladis Semcveli mesame 

rigis rotatabeluri gegmebis agebis principebi. 

2. sazomi saSualebebis cdomilebebis arsebobis pirobebSi, 

romelTa mixedviTac xdeba gegmis Sesabamisad faqtorebis done-

bis dayeneba, naCvenebia realuri eqsperimentis dagegmvis damaxin-

jebis principi. 

3. SemoTavazebulia gegmis koordinatebze SemTxveviTi si-

dideebis zeddebis meTodika, romlebic, Tavis mxriv, warmoadge-

nen gazomvis 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 kriteri-

umebze, rogoricaa G- da Q- optimaluroba. 

6. ori cvladis Semcveli mesame rigis ekonomiuri rotata-

beluri gegmebisaTvis detalurad aris Seswavlili cdomilebe-

bis gavlena msazRvrelis mniSvnelobaze, kvalze, maqsimalur sa-

kuTar ricxvsa da kovariaciuli matricis elementebis jamze. 

7. dadgenilia ori cvladis Semcveli mesame rigis eko-

nomiuri rotatabeluri gegmebis Tvisebebis gauaresebis xarisxi 

romelic dakavSirebulia sxvadasxva zomis kvadratis formis 

mqone sakvlev areSi minimumebis, agreTve, maqsimaluri da saS-

ualo dispersiebis gansazRvrasTan. 
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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 dakavSire-

bulia Sesabamisi regresiis gantolebis koeficientebis gansazRv-

ris 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 

saSualebebis amorCevisas, romlebic, Tavis mxriv, gamoiyeneba geg-

mis Sesabamisad faqtorebis doneebis dasayeneblad. 

15. eqsperimentators eZleva konkretuli rekomendaciebi sa-

zomi saSualebebis cdomilebebis sxvadasxva diapazonSi optimal-

ri gegmebis gamoyenebis Sesaxeb. 
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