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Abstract

Relevance of the research. The greater shares of the various components of the
mixture of the substances are used in nature and technology. For example these are
mountain rocks, minerals, construction materials, technical alloys, glasses and others.

The properties of such mixtures depend primarily on the nature of the main
components and also on their relative content. But it also depends on conditions such
as temperature, pressure, substance or physical conditions and also on the impurity’s
existence.

A proportion of the individual components (relative content) changes and it
changes the composition of the mixture of the system, so that we can assign the
desired properties. Plans of the components for the ideal proportions are given by the
measuring means, which as defined are characterized by the error. This will
theoretically lead to distortion of the plans. In addition the greater error means the
more deformation of the plans, as well as the desired properties. Therefore it is
important for plans for the measurement errors of the means of influence research.

The aim of the thesis. The aim of the thesis is the first, second, incomplete
cube, third and fourth row simplex- trellised plans to research the properties of three,
four and five for under conditions of the uncertainly.

The main tasks. In order to set the above mentioned objectives this work
includes some following and main tasks to be solved: Matlab - processing algorithms
and corresponding programs in order to study the plans and coordinates imitation; the
characteristics of errors in the first, second, incomplete cube, third and fourth row of
three, four and five component simplex- trellised plans of measuring means for their
properties to be studied; to study each plan and its properties under conditions of the
uncertainty to determinate the degree of deterioration (error).

The practical value of basic and applied aspects:

The main results of the survey results can be built up in the following way:

1. The principle is proposed and described, which used to be considered simplex-
trellised plans in the measuring errors of the means to imitate.

2. There “sky” of outlets is illustrated for each ideal plan, which is given as the
result of the generation of multiple non deformed plans, which can be
deformed in any configuration of the plan.

3. The plans are investigated in the measuring means errors on the influence on
the properties of A-optimality.

4. The experimental errors of D-optimality plans for the property changes are
studied and analyzed.

5. The corridors of errors are got in the studied plans, for the least possible
number of covariance matrix for characteristic changes.

6. Defined values, which deteriorates the first, second, incomplete cubic, cubic
and forth row of three, four and five component simplex-trellised
orthogonality properties.

7. To study the influence of the errors on the scanning features of the plans must
be researched, which depend on the exact meaning of the prophecy, which
may be small errors in the construction of models.



8. The first, second, incomplete cubic, cubic and fourth row of three, four and
five component G-optimality characteristics for areas of research are
investigated.

9. The first, second, incomplete cubic, cubic and fourth row of three, four and
five component Q-optimality characteristics of the change in plans are studied,
coordinates for the typical error of measurement means.

The work’s practical value lies in the fact that it includes the necessary data,
methods and recommendations that are intended by experimenter, which can be
considered to access the degree of deterioration simplex plan with interested features,
which may contain measurement errors of the means to determine the levels of
components.

For the first time the different simplex-trellised plans and their influences of the
errors are researched. Practical recommendations are given to the experimenters
examined the features of the plan to determine the degree of deterioration.
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A969b30sHy.  bM0Egddo  dmE3gdmwos  MIGH0ToEMOMBOL  M30L9d900L
LOFMOM  5MO0MTYBH0IMNXO0 — ©IMIRBOL  LydMoerm bsBo s o0bgzs —
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©ob3gMbool  dobodoBsEosl  33ag30l  ABLIBOZOMIE  sMgdo s Q-
M3GH00oOHMdS, OHMIolL  LsdMowgdomsiz bgds obslfomdg@Eyzgurgdol
bodoem  oL3gMLool  JobodoBsgos.  ®gbsss  Sbgmo  29adgdoL
3obLBOZMLL  gosBbos oo  860336gemds  3BIMABMBOMYdOL  sTMEIBOL

39050939¢0bsL,  009bs  2obloIMMEGOME  0bEIMILL  0f)393L  SLgmo
39399006 330Lgdgdol  2oaMglgdol  boolbol  33arg3s  9dL3gm0TghEOL

d930™3900L 306::Md9dd0.
BMyo 99dmbggz5do {obsbfoedg@yzgwrgdol 36093690 mdol olidgMlios
o* (= N7 T IAT T () = o {y)Nd(x), 3)
b5 dx) = fT (x)A™f(X), (4)
A=NX"X),

99b396M0d96@0L 3™l 306MHMBYOTo  blsbowggwo ggadolsmzols
D90mbligbgdmeo  m30L900L  4odMLS33Y39  bMm®E09wIdm©s Lsbmdo
15FMOgdgO0L  (3MB0EGOJIOL 2530960l 0doESE0s 3gadoL  FgmEowgdol
3mmO0bs3HJPBg  Jgdmbggzomo  Moibgzgdol  bBgoadom,  HMIGdo3
39650900 50056 bm®IsErm®mo 356mbom. slgmo Lsbom 39bgMomMgdero
39330bsmzol  AsblsbEgMMmo  0dbs  QodMbs33eg30  3M0EIO0MDGdOL
360383690 ™dq00l  Fglisdsdolo  LodGMmogerg 33¢930L 03  sG9gdo, GMIgEOo3
396LBZMME0s M30m LT3 gJlom. LogmEOL 53 sGOL B3560MmYdOL Fggyo®
056800930 ws© 0dbs Jomgdmwo F9OEGH0Wgdol 3mmOmobsEgdo dosob
000MYY ,,3356d00“ (bob. 9).

50 §90G0gdol 3mmMobs@gdol (3)-8o
@5 (4)-do BsLAOL gBom FoBLLDBPIOHo 0dbs

390mby33w9g30  LogMEol dmEgdmew  FadEo-
qddo  45dmdsbogrols  {obolifo®mdgEHyzgwgdol 1

©oL3gMLos. dd>OL Al 33069 doxob 0>« — 1

1
Bob. 9. Ls93MI3MBYBEBH0BO 30390
6030 39290l 5Gob b3sbomgdol
dsbogo, G0dols dobgzomss 360633030

©OML  30Mgdmo  0dbs dmbsggdgdol

d9Lodegdgo  Aobs 2939900l  250MLs33eg30  ™M30LgdgdoL  Jgbobgd
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LOBM@Io  BsFMOEgdgdol 3EMI0EGdOL  SMLYIMBOOL  2odm

Abxgemds.
033W90MS A56LILOWZ9w0 4920l 30MOOBSEHYd0, B53 FodMO[305 M350

bGOZ 3M3M0530M@0  BoBBoEgol 33ogds M =(XTX)?, Lssg X -
5393930l FoBHEMO3ds. 360&9H0mdobsmzol  (300MmTogdols

Lbgoslibgs 3609369wmdol 89dmbgg35d0 3sdmymaowo 0dbs 30b0dsgr o s

0Y00MY IO

dodbodogrMo 360d369wMdq00, G®MIwgdog Jdbosb gMgz3sbL.

g439es  250M330935 BHoMIdMEs LEBMTo 158 gdgdol  0.01%—sb
10%-9¢09 30M30egdolsmgol.

U593003mb96¢50560 bs(930l 30(939¢m0 H0ogol 3gadsl ys>5Bbos 89090

X

0 1

1 0

! ©

¥=b x, +b,x, +b,x, (6)

Loby: X

d9L50530b0 MYAMIGLOOL F9BEHMEGdS:
A-039005¢715m80b 301905y Lbgoalbgs (30030 gd0l  gogergbols
330930L5L JowgdMo MHoibzomo 360d3bgarmdgdo dmyzsbowos gbGowdo 1.

gbGoo 1.
158303306796 0560 30639000 Mool Lod3EgJu—a0LMLYIMO ggadol 3M35MSEOEO

3oBMOE0L 33500l (330 gds bb3solibgs 3emdogdols Bggdolsl

L58w)oem
6RM30e)ds min max Ladgse (o)

0 335G o
k, % 5M0009BH03MEo 350D
0.01 3.00000187 3.00085379 3.00040238 0.00025079
0.03 3.00001970 3.00278739 3.00141154 0.00081331
0.05 3.00002871 3.00445636 3.00205884 0.00122638
0.07 3.00007332 3.00604739 3.00272061 0.00159788
0.09 3.00014015 3.00798704 3.00372313 0.00228430
0.1 3.00012254 3.00870184 3.00450813 0.00234957
0.3 3.00009063 3.02582410 3.01273535 0.00769968
0.5 3.00016859 3.04570910 3.02329838 0.01262972
0.7 3.00017406 3.06306733 3.02942878 0.01569615
0.9 3.00046380 3.08165297 3.03708521 0.02306838
1.0 3.00122596 3.08967487 3.04600640 0.02422471
2.0 3.00031747 3.19349749 3.09364289 0.05261292
3.0 3.00090656 3.28321708 3.13586033 0.08436213
4.0 3.00479484 3.42916312 3.17615787 0.10705440
5.0 3.00168694 3.54102792 3.26075742 0.14852157

10 3.01231512 4.26920098 3.57894114 0.34237058

17




9009090 dmbo399930L 565¢0Bds 4308396, HMI A -m3EH0TseH™MdOL
30L905 300M30gdoL 4oBOOLSL 0.01%-0.09%-3g gogsmgbs 0.11%-om,
0.1%-056 0.9%-009 “569bgdMm©s 1.08%-00m, bmerm dglsdg os3sDmbdo 1%-
5%-0560 (300m30¢q00LSL og90gls 7.05%-00m.

99LHo300ww0s @O 29965¢0BYdMos  9du3gM0dgbGol  Fg3™IgdoL
306009030 D-, E-, G-, Q-m330ds¢tHmdoll o30l90930L  (33e00gds Bod-
333mb696@&0560 Lod3Egdl—aobmbivyHo 3gadol 3063910 MHoYoLIM30L.

U393003mb96¢50560 bs@930l dgmadg Hogol 05l gosbbos 99990

Loby: X, X, X,

12 12 0 (7)
12 0 1/2
0 12 1/2

d9L50530b0 MYAMIGLOOL FoBEHMEGdS:
Y=y X, +0,%, +boXg 4+ b,X X, 4+ DX Xy + D,X, X, (8)
U393033m696¢50560 b3(9930L sGsbE<Iemo 39829650 Gogol 39adsL osBbos
39900990 Labg:

sz
<1
N

X
1]
0
1

[N eRy o)
[N ]

X= 112 112 0
12 0 12 )
0 12 12

13 13 13 |

d9L58580b0 MgAMGLOOL FOBEGHMMGdS:

ﬁ: blxl + b2X2 + b3x3 + b12X1X2 + bl3xlx3 + b23X2X3 + b123X1X2X3 (10)
U593003m696¢50560 b5(9930L 3989690 (Hogol 49a0sL 2556605 99090

~ ~

Loby:

X, X, X X, X, X
1 0 1 13 2/3 0
0 1 0 213 13 0
X= 0 0 1 0 13 23 (11)
13 0 23 0 2/3 13
23 0 13 1/3 13 13

d9Lod530LO MYMgLOOL FSBEHMEGd:

E: blxl + b2X2 + b3X3 + b12)(1)(2 + b13X1X3 + b23X2X3 + 7/12X1X2 (Xl - XZ) +

+ 713X X (X = Xg) + 755X, X5 (X, — X3) +10,5% X, X, (12)
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Us830830696¢0560 bs6930L Ggemby GHogol pqpdsL 4058605 99090

~ ~ ~

Loby: X, X, X X X, X
é 2 é 14 314 0
o s s 34 14 0
X- 0 1/4 34
TR 0 34 14 (13)
0 1 14 14 12
o e 14 12 1/4
N o o 12 v 14

d9L50530b0 6)36631)_001) 606@0@@{)360:
Y= by X+ b,X, +yXs 4+ b ,X X, + X X, + D, X, +
+712%0% (X = %) + 713% X (4 = Xg) + 7255 % (X, = %5) +
+ 8% X, (X — X5) % + 83X, X (X — X3)2 4 Sp5XoXg (X, — X5)% +
1, X Xy A By X X Xy 4 By e X X Xy (14)
BoGHoMm900s 3300935 89mMg, MLO™MEO 3mdMO, 3OO0 S Jgmmby
600l 158303mbgbEH0s60 Lod3Egdl—obMLG 49adgdol A-, D-, E-, G- m3@o-
domHMdOL M30L93900L 9995Mgligdol boGolbols olagbo Fg3™Igd0L
306m090d0.  33¢930L  99IYR9© FogdIMwo  BmyogMmo  Foboliosmgderol
2999569Lgds b5B3969d05 FbGodo 2.

3bGowo 2.
563LOM0 3990990, Igbsdg s Fgmmbg Mool 1sd3m3MmbIBEH0BO Lod3wgdu—
230LmbOHO 39339000 FobolosmgdgdOlL 4owgsMglgds, %

§ ‘53 3603003900
. |25
S &g
L | 4P
S| &A A E ort G Q
g ¢
& &
I I 0.41 0.33 0.37 0.42 0.11
I 4.26 3.46 3.89 4.49 1.19
SONLG.| | 0.86 0.88 1.44 0.73 0.19
320 I 9.17 9.44 15.53 8.05 2.10
m I 0.76 0.86 1.87 0.51 0.11
I 8.18 9.18 19.99 5.56 1.36
IV I 0.93 1.24 1.15 0.60 0.08
I 10.12 13.54 13.11 7.29 1.58
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0530 4. mmb3m33mbg6EH0560 9933900l 58m33eg3s

@0b 3083069690560 bstg30l 30639¢m0 HOgol ygadsl 3osBbos 9990

Loby:

X=

'_‘><I
N><I
el
Rell

[oN ool
OO PmFr o
OoOrr OO

d9L50530b0 MYAMGLOOL FoBEHMEGds:

= O OO

¥=b,x, +b,x, +b,x, +b,x,

(15)

(16)

A-m3@0050HMdoL 308905Bg bbgoolbgs (300Mm80egdol go3egbols

33e930LsL  JogdEo  Mogbgzomo 3608369 mdgdo  Imygzsboeros

gb®odo.

d9-3

3bGowo 3.
M0b3m330b696@ 0560 306390 Mool Lod3wgdl—aoLMLwEO gRTol 3M39M0S30IXO

3oBM0E0L 33500l (330 gds bbgsolibgs 3rmdogdols Bygdolsls

L58oeem
cendoegds min max baBgseon 335065G 0
[0)

k, % 5®00093H03 M0 350D
0.01 4.00013163 4.00121123 4.00064324 0.00023644
0.03 4.00051617 4.00422417 4.00179578 0.00076947
0.05 4.00136244 4.00720145 4.00297796 0.00108431
0.07 4.00072245 4.00807514 4.00447630 0.00168485
0.09 4.00221921 4.01107258 4.00565980 0.00205025
0.1 4.00131730 4.01214907 4.00644636 0.00237281
0.3 4.00516816 4.04280459 4.01807416 0.00778640
0.5 4.01367698 4.07328210 4.03009689 0.01105813
0.7 4.00724487 4.08323621 4.04546757 0.01732440
0.9 4.02232678 4.11443232 4.05771895 0.02121270
1.0 4.01327549 4.12529149 4.06589613 0.02459781
2.0 4.04079695 4.23881253 4.12868171 0.04849783
3.0 4.05233900 4.49334629 4.19337244 0.08824252
4.0 4.09279924 4.67153998 4.27173105 0.11511876
5.0 4.14224878 4.88615046 4.33724070 0.13696594
10 4.14385370 5.80877553 4.85103395 0.37700665

A 33085 OHMmd0L 300905 (3000l 2oBOEOLLL 0.01%-0.09%—
99 39m9MgLs 0.13%-0m, 30MF0gd9g00L goBOHOLLL 0.1%-sb 0.9%-dwy
M56M9LYdM©S 1.28%-0m, bmgrm dglsdg ©035DMbdo 1%-5%-05b0 (3c0mdo-
@q00LOL oYMgs 6.67%-000.

Bob. 10-Bg Homm@aqbowos 893magool do@Mmoigol boBrzcgeol

33093900l gM5x303w0 890900, MMmIgdog doorgds  Lbbgoolibgs
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boool k 3MI0EGd9d0L BgEIdom Mmmbo (330l dJmbg JoMz9wo

6030l Bod3egdu—aoLMbE  49ad90msb  dosbErmgdme  99ad90bY, bmerm

3500 do 4 (omMm©gb00s Tgbsdsdolo Gogbgzomo dmbsizgdgdo.

"1 det(M™)

121

wr
11F %
&

&
A
| Ko

0 1 2

4 5

7 8 9

k,%

10

Bsb. 10. mmb3md3mbgb@osbo 30M39wo Mool Loddwgdl—golmbmeo 3gadol

D-m33)005¢rwm0mds
3bGowo 4.
M0b3m330b696@ 0560 300390 Mool Lod3wgdl—aoLMLwEMO gRTol 3M39M0S30IXO
3oBM030L 0603sEr @O 2963L5BOZ3MIEOL (3300 gds b3oolbgs 3EMI0EgdgdOL

D90900LSL
L58moem
cendoegds min max baBgee 335065G 0
0,

k, % 5M0009BH03 Mo 355G
0.01 1.00013163 1.00121169 1.00064337 0.00023653
0.03 1.00051625 1.00422882 1.00179679 0.00077040
0.05 1.00136297 1.00721774 1.00298054 0.00108646
0.07 1.00072255 1.00808898 1.00448238 0.00168897
0.09 1.00222067 1.01110622 1.00566947 0.00205728
0.1 1.00131733 1.01219533 1.00645916 0.00238205
0.3 1.00517652 1.04328195 1.01817719 0.00788177
0.5 1.01373067 1.07497769 1.03036178 0.01128023
0.7 1.00725452 1.08468978 1.04609622 0.01775597
0.9 1.02247471 1.11802361 1.05872668 0.02195742
1.0 1.01327859 1.13025033 1.06723848 0.02558339
2.0 1.04117606 1.25506414 1.13369887 0.05206782
3.0 1.05319910 1.55610392 1.20537213 0.10018080
4.0 1.09507855 1.81159999 1.29481479 0.13602452
5.0 1.14807857 2.14752120 1.37109199 0.16920000
10 1.14415581 3.93740776 2.08414869 0.58495120

51939 99LHo300s s Fo965EOBYOE0s 9Ju39M0Tg6EOL Fg3MAGdOL
3060md9gddo E-, G-, Q-m33005¢mmmdol 03090980l (3300w gds  mmb-

3003306960560 Lod3Egdu—aoLMmbwIMHO 29900L 306390 HOROLSMZ0U.
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b 300369690560 b56930L dgmg Gogol pgpdsL gosbbos dgdwgyo

by AR
1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1
1/2 1/2 0 0
X= (12 0 12 0 (17)
1/2 0 0 1/2
0 12 1/2 0
0 12 0 1/2
0 0 12 12|
d9L50530b0 MYAMIGLOOL FoBEHMEGdS:
E: b1X1 + bzxz + b3X3 + b4X4 + b12X1X2 + b13X1X3 +
+ bl4X1X4 + b23X2X3 + b24X2X4 + b34X3X4 (18)

0b3m332696(90560 b53930L sG3LGEmO 39009H0 (HOZol R QoBbOs
99900990 Lsbg:

~

X, X, X3 X, X, X, X3 X,
1 0 0 0] [0 12 12 0]
0 1 0 0 0 12 0 12
0 0 1 0 0 0 12 12
X=1 o 0 0 1 Y3 13 13 0 (19)
172 12 0 0 13 13 0 1/3
172 0 12 0 0 13 13 13
|12 0 0 12 13 0 13 13|

d9L50530bo M9gAMgLoOL 356@)@@36.3_:
E: blxl + b2x2 + b3X3 + b4X4 + b12X1X2 + bl3X1X3 + bl4X1X4 + b23X2X3
+ b24X2X4 + b34X3X4 + bl23X1X2X3 + b124X1X2 X4 + bl34X1X3X4 + b234X2X3X4 (20)

0b3m332696(90560 6563930l 3298290 Hogol pgadsl goskbos 99dgyo

1 0 0 0 0 0 13 213
0 1 0 0 23 0 13 0
0 0 1 0 0 23 13 0
X= 0o 0 0 1 23 0 0 13
13 23 0 0 0 23 0 13
13 0 253 0 0 0 23 13
3 0 0 23 13 13 1/3 0 (21)
0 13 213 0 13 13 0 13
0 13 0 23 13 0 13 13
23 1/3 0 0 | 0 13 13 13

d9Lod530LO MYMgLOOL FSBEHMEGd:
‘E: byX, +0,X, +B3X; +b, %, +B,% X, 4+ 03X X 4+ By, XX, + Dy, %
D3, X3X, 4 71X X0 (X = X)) + 713X X (% — X3) + 725X % (X, — X3) +
+ 712X X (X = X3) + 724X, X0 (Xo = X3) + ¥34%: X, (X5 — X,)
+ By oaX X X5 + 015X %, X, 4 D15, X X5 Xy + Dy3 X, X5 X, (22)
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SLgmo  3939900LsM30L 9390 FmEYl QooBbos (21) Lobg. Bmyo
d9dombggzsdo Hobolfo®mdgEy3zgegdols 9609369 mdols ob3gMbos
39000mM3e9ds (3) s (4) BMOIMWom, LHWSS

frO) = X, X, X0 Xy XXy X Xgy XX, XoXas XXy, XXy, XX, (X — X5), XX (X — X5),

i1)”(-4()‘.(-1 - i4): izia(xz - ;(-3)’ Y2i4(i2 - i4)7

Xo X, (X5 — X)), XXX, XXXy, XXXy, X5 XX,

Pom8mogbls  B39gbL doge goblisbowzguo 3mwobmdoswrm®mo 3MdmEmo
600l M9aMgLosk. Mol 1b3sBoMYdol gy, MIBT0II3BMEs© 0gbs
do0gdo  §9MGH0Wo0L  3MMmMOHobsEgdo  d5ol  Mmommge  ,,3356dd0°
(bob.11).

Bob. 11. mmb3md3mbgb@osbo 3790960 Gool ggadols bob 139606900l 3Gob3030
0b3m332696(90560 b5(3930L Ggmaby Hogol gadsl gosBbos d9dgao

~ ~

bby: %%, K%, %%, X %
é 2 8 8 0 34 14 0
oo 20 34 0 0 14
o 0 0 34 14
R 0 34 0 1/4
pa e 00 14 14 112 0
TR 14 14 0 12

X o e o Ui 12 U4 0 23)

0 12 0 12

14 1/2 0 1/4
4 0 12 1/4
0 14 1/4 1/2
12 1/4 0 1/4
12 0 14 1/4
0 12 1/4 1/4
12 1/4 14 0
0 14 1/2 1/4
4 1/4 14 1/4

0 0 1/2 172
14 34 0 O
4 0 34 0
4 0 0 3/4

0 14 34 0

0 4 0 3/4
34 114 0 O

0 0 1/4 3/4
334 0 14 O

d9L58530b0 MGAMGLOOL FoBEGHMMGds:
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E: b1X1 + bzxz + b3X3 + b4X4 + b12X1X2 + b13X1X3 + b14X1X4 + bzsxzxa +
+0,,X, X, + 05, X3 X, + 715X X, (Xg — X5 ) 4+ 713% X5 (X — X3) +

+ 714X Xq (X = X, ) + 723X X3 (Xo — Xg) + 722X, %, (X — X,) +

+ VaaXe Xy (Xg — Xz ) + 8%, X (% — X5 )% + 85X, X5 (X, — X5)° +

+ 514X1X4 (Xl - X4)2 + 523)(2 X3 (Xz - X3)2 + 524)(2 X4 (Xz - X4)2 +

+ 834Xs Xy (Xs = X4 )% +Dy109X X0 X5 + D11, X0 X,y +By15X X X, +B15506 %, X, +
050X, X" Xy D300 X5 X0 " Xy 401559 X, Xs™ Dy 45X X, X5 +

2 2 2
+ b2433X2 X4 X3 + b1244X1X2 X4 + b2344X2 X3 X4 + b1234X1X2 X3 X4 (24)

BoGHoM900s 3300935 89mM9, MLOMEo 3mdM0, 3MOVIMHO S Jgmmby
60gol mmb3zmd3mbgb@osbo Loddwgdu—aolmlvmG gqadgdol A-, D-, E-, G-
3005 OmMdoL 130909008  49geEglgdol  boMolbol  slvygbo
9930000990l 306HMdYdTo. 330930l 9o  FoEgdo  BMYoIOHMO

dobolinsmgdeol A5msmgligds bsBp3969d00 bMOEdo 5.

3bGowo 5.
39069, 5MLOWO 379099MHO S Fgmmbg ool MMb3IMI3MbYbE0s6o
1033 gdl—-20LMLYIO0 2938900l ToboliosmMOGdOL Jowg69lgds, %

2 ¢ 3603003900
D D
2 | R
S >
L | YL
3| &R A E Ort G Q
g ¢
& &
I I 0.51 0.03 0.06 0.97 0.18
I 5.65 0.36 0.99 11.12 2.29
SONG.| | 1.51 1.47 1.71 2.33 0.43
320 I 17.32 17.82 19.89 29.51 5.45
m I 1.37 1.26 1.47 2.40 0.46
I 15.93 15.27 18.26 31.32 6.11
Y I 1.61 1.66 2.18 1.41 0.05
I 20.20 21.27 39.54 20.71 4.20
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0530 5. bym3md3mbgb0sbo 493dgdol 3s0m33¢gg3s

b9023083069690560 b563930L 306339¢m0 HOZol 3gadsL 3558605 9090 Loby:

X, X

=<
>
N
w
=
X
3

. (25)

coocooor X
[oNoNoel o]
[Nl e Ne]
O OO0OOo
R OOOoOOo

d9L5d5dolo MYAMILOOL FoBEMEgds:
¥e=Db,x, +10,X, +byX, +,X, + 5%, (26)
Bob.  12-%Bg  Bobggbgdos  Fg30mdgd0l MRl  gMexn03Mwo
0MLGHM305, OHMIgEoE J000gdMmEs buym3mddmbgb@osbo 3oMH3zgwo Goyol
L0d3gdl—oLMLE 298356 Fogdlodogrm®ms dosbermgdmwo LodgEGo-
M0 3M35M0530990 dsGH®oEol M = (XTX) ™ 3350l 33e930Lsb.

Tr(M™Y)

581

5.6

54

5.2

5

48t
k,%

Bob. 12, b‘gm;mGS(*;BgB@20060330653@056)06;15 boé&@g?jb—gcibml);joﬁ)o 39300b
A-0133H035 )M MdS

Bob.  13-%Bg  boBggbgdos  Fg3mdgdol  dosGHEmoEol  AsBr3zmgeol
33093900l gM95303w0 9900, MMmIgdog Goorgds Lbgoolibgs
boooL k 3MI0Egd9g00L HBYEIdom bymo E3wrsol IJmby doMzgwo
6030L L3 gJu—4oLMLMO 39293056 F0SbEIMGdIM 299090DY.

D-m3@005¢n6Hmds  3000m3owgdgdol HBggdoom 0.01%-sb 0.1%-0g
MoMglgds  0.66-%-0m, (3™MIowgdol  33eogdolsl  0.1-0.9%-0cg

3305 MOHMBS 9091 gds 6.86%-09.
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| det(M™)

22

18-
161
141

1.2

i

X o
& JRREPRTYy S
7 iR

| [l ST

k,%

0 1 2 3 4 5 6 7 8 9 10

Bob. 13. b 3md3mbgb@osbo 3063900 Mool Loddwgdu—-2obmbvIMo 39300l
D-m33)005¢w96m0ds

b 3m33mbgbGosbo 3063900 Mogol Loddwgdl—-aobmlmEmo a9adol Q-

M3G005¢OHMd0L 301905 3EMI0WGdOL go3gbol glfogerols Tggys©

dogdeo Moibgzomo 3603369emdgdo dmEgdmeros 896 sbMogdo.

3bGowo 6.

HobsbfotmByBY39wgdolb Lsdrsem oldgMLool (33e0Wwgds buym3md3mbgb@osbo
9933339L 29330L 30603900 MHOROLEMZ0L Lb3sILLIs (30MB0EWGdOL BYELIOOLSL

L58moem
cendoegds min max baBgsee 335065G o
[0)

k, % 5M0009BH03 Mo 350D
0.01 1.99350003 1.99381566 1.99362997 0.00007028
0.03 1.99356651 1.99467236 1.99400975 0.00019370
0.05 1.99375582 1.99524391 1.99443418 0.00030833
0.07 1.99360657 1.99632701 1.99483051 0.00049938
0.09 1.99388730 1.99782670 1.99526729 0.00068962
0.1 1.99407781 1.99724656 1.99538116 0.00070559
0.3 1.99474413 2.00599822 1.99921618 0.00196348
0.5 1.99664870 2.01177019 2.00354057 0.00314525
0.7 1.99514698 2.02324513 2.00762414 0.00514428
0.9 1.99797131 2.03891888 2.01215685 0.00716233
1.0 1.99991005 2.03288595 2.01335492 0.00734592
2.0 2.00559809 2.10016608 2.03598725 0.01621073
3.0 2.00673186 2.14275026 2.05579253 0.02270486
4.0 2.01853141 2.16914758 2.07832939 0.02944961
5.0 2.02697908 2.20841865 2.10850165 0.03913594
10 2.06420447 2.58094247 2.25571494 0.11844379

OmamO3  9mbs39dgd0L  sboewoBds  430b39b6s, 30MI0Engdgd0L

33w0e9gd0Lsl  0.01%-0.09%-056 8o gdo Q-m3EGH08sMHMdS v56M9glY-
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Mm@y 0.08%-00m, 0.1%-0.9%-056 dmoergdo v1sM9lEgdMs 0.84%-0m, beoagom
1%-5%-056 d5¢090Lsm30L gor9stglgds 995a9bs 4.73%-b.

51939 GgLHogomos s FoobooHYdME0s 9Ju3gMH0dgbEHOL Fg3MIgdol
306009030 D-, E-, G- ™m33H0docmmmmdol c30l90900L 33wowgds  brmor-
333mb96@&0560 Lod3egdl—oLMLGMO 3980l 306390 MHoYOLLMZ0L.

b9022m830696¢90560 bs(930L dgeadg Gogol 8930sL 4558605 89090

~ ~ ~ ~

Loby:

~ Xl X2 X3 4 5 ) Xl X2 X3 X4 XS _
1 0 0 0 0
01 0 0 o 12 0 0 0 172
0 0 10 0 0 12 0 12 0
X=l0 0 0 1 0
o 0 0 0 1 012 0 0 12 (27)
212 0 o o 0 0 1212 0
0 0 12 0 112
12 0 12 0 0 0 0 0 121
12 0 0 12 0 i |

d9L50530b0 MYAMIGLOOL FSBEHMEGdS:
E: lel + b2X2 + b3x3 + b4X4 + b5X5 + b12X1X2 + b13X1X3 + bl4XlX4
+ X X + D50 X Xg + 105, XX, + DX, Xe + Dy XX, + 05X X +D,X, X (28)

b90930233696¢50560 b5(3930b 5G5LGem0 3298290 HOgol 39305L 3o5Bb0s

Bgdgeo Wby X %, X, %, % KX XX %
1.0 0 0 O 0 0 12 0 112
01 0 0 0
01000 0 0 0 12 112
oo loo 13 1/3 1/3 0 0
oo 13 13 0 1/3 0

13 13 0 0 13
1212 0 0 0
13 0 1/3 1/3 0
Xo 12 0 12 0 0
13 0 13 0 13
12 0 0 12 0
13 0 0 1/3 1/3
12 0 0 0 12 (29)
0 1/3 1/3 1/3 0
0 1212 0 0
0 1/3 1/3 0 1/3
0 12 0 12 0
0 1/3 0 1/3 1/3
0 /2 0 0 112 0 0 13 13 1/3
0 0 1212 0 I ]

d9L58580b0 MGAMGLOOL FIBEGHMMGdS:
Y= b, X, +b, X, + DX, + b, X, +0gXs +Dy,% X, + 0% X + by, % X, +
+ b15X1X5 + b23X2 X3 + b24X2 X4 + b25X2 X5 + b34X3X4 + b35X3X5 + b45X4X5

+ b123X1X2 X3 + b124XlX2 X4 + b125X1X2 X5 + b134)(1)(3)(4 + b135XlX3X5 + b145X1X4X5
+ b234X2 X3 X4 + b235)(2 X3 X5 + b245X2 X4 X5 + b345X3 X4 X5 (27)

b9033003m696¢50560 bs(930L Ggmorby Gogol 89a0sL ds56b0s 99090
Lobg:
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l
l
l
l

%1 X, X3 X, X X, X, X5 X, X
1 0 0 0 O U4 14 12 0 0
0O 1 0 0 0 14 1/4 0 12 0
0O 0 1 0 0 14 14 0 0 12
0O 0 0 1 0 0 1/4 14 1/2 0
0O 0 0 0 1 0 1/4 14 0 12
1212 0 0 0 12 U4 14 0 0
12 0 12 0 0 0 0 1/4 14 12
2 0 0 12 0 12 0 1/4 14 0
2 0 0 0 12 0 1/2 14 1/4 0
0 1212 0 0 12 0 0 1/4 14
0 1/2 0 12 0 0 12 0 1/4 1/4
0 12 0 0 112 0 0 1/2 14 1/4
0 0 12 12 0 14 12 14 0 0
0 0 12 0 12 14 12 0 1/4 0
0 0 0 12 112 14 12 0 0 1/4
14 34 0 0 O 4 0 1/2 14 0 (30)
14 0 3/4 0 O 14 0 0 12 1/4
X= 14 0 0 3/4 0 14 0 14 12 0
4 0 0 0 3/4 14 0 0 14 12
0 1/4 34 0 0 14 0 14 0 12
0 14 0 34 0 14 0 12 0 1/4
0 14 0 0 3/4 12 1/4 0 14 0
34 14 0 0 0 12 14 0 0 1/4
0 0 1/4 3/4 0 12 0 14 0 1/4
0 0 14 0 3/4 0 1/4 12 14 0
34 0 14 0 0 0 1/4 12 0 1/4
0 34 14 0 0 0 0 14 12 1/4
0 0 0 1/4 3/4 0 14 0 14 12
34 0 0 14 0 0 14 0 12 1/4
0 34 0 14 0 0 12 14 0 1/4
0 0 3/4 14 0 14 1/4 14 14 0
334 0 0 0 1/4 U4 14 14 0 14
0 34 0 0 1/4 14 14 0 14 14
0 0 34 0 1/4 4 0 14 14 14
0 0 0 3/4 1/4 0 14 14 14 14 |

d9L0d530LO MYMGLOOL FSBEHMEGdS:
E: blxl + b2X2 + b3x3 + b4X4 + b5X5 + b12X1X2 + b13X1X3 + bl4X1X4 +

+ D, X X +0,5X, X5 +0,, XX, +0,5X, X +D5,X X, + DX X +

+D,5X, X5 + 715X, (X — X5) + 713X (% — X3) + 71X, X, (% — X,) +

+ 715% X5 (X — X5) + 725%: X5 (Xy — X3) + 724% %, (X, — X,) +

+ 725X Xs (Ko — X5) + ¥32X%, (X5 — X)) + 35X X5 (X5 — X5) +

+ VasXaXs (X4 — %) + 8%, (X, — %)% + 8,35 X% (% — %5)* +

+ 85X X5 (X — X5)? + Sp%o X5 (X — X5)? 4 5y X X, (X, — %,)° +

+ 8,.,% %, (% — X3)% + GpsXo X (X — X5)? + gy XX, (X5 — X,)° +

+ SaeXaXs (X5 — X5)? 4 X, Xs (Xy — X )% + by 1, X P X0 Xs + by X 2 X, X, +

+ By 1, X X+ By X P XX, + By s X T XX+ By X P X Xs + B X X, X, +

115, X0 X0 X, + By X X Z X+ B X X0 X, A Dy eXaXoZ Xe 4 10,550, X, Xs +

+ B X XXy 4 B X X, X A e a X X XsZ A Dy X0 X, Xy 4 Do s X X X +

2 2 2 2 2
+b453§(4X5X3 +b1244X1X2X4 +b1344X1X3X4 +b1544X1X5X4 +b2344X2X3X4 +
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2 2 2 2 2
+b2544X2X5X4 +b3544X3X5X4 +b1255X1X2X5 +b1355X1X3X5 +bl455X1X4X5 +

+ 0, 55,X X Xa X, A+, 550X X5 Xo Xe 410y 546X Xg Xy Xg +D0,5,X XX, X5 + (1)
BoGoMm900s 3300935 89mM9, MLGMEO 37dM0, 3OO0 S Jgmmby
(ogol bmm3md3mbgb@osbo Loddwgdu—olmlme gqpdgdol A-, D-, E-, G-
3005 OHMdOL 130190900l g99MmgLdoL bomolbol lsgbs dgzm-
3900l 306>090dd0. 33¢9g30L 9RO J00JOIEO BMPO0YIOHO Fobsliosmgderol
3999569Lgds 65B3969305 89—7 3bEM0OETo.

3bGowo 7.
39069, 56M3LOWO 3790990, Igbsdg s FgMMbY Mool bM3IMI3MbIbEH b0
1033 9dL—20LMLYIMO 938900l JobsliosmdEGIOL Jovgs6glgds, %

2 . 3603 96M09d900
22
€19
3| S A3 A E Ort Q
£ ¢
&
I I 0.62 0.03 0.04 0.23
I 7.06 0.19 0.43 3.18
SO, | 1.82 1.56 1.53 0.58
3790 Il 20.08 17.35 15.80 7.69
m I 1.68 1.30 0.97 0.11
I 18.43 9.95 13.20 9.03
Y I 2.38 1.50 2.18 1.05
I 22.26 19.13 36.18 15.25

5060g5©, 9930™I900L POMMIME  O3sHBMbT0  yzgws  3M0GHIMHO—

MAoLom30L  godmmM3E0E0s  LOOEYJ00, MMIWIDDY3 03E3WIdS Y39

3oblobomggwo 99290l ™30L9d9d0, GOl Lsxd39WBY3  glodergdgEos
L0d3egJu—39335d0 LSOBEHIMOGLM MZoLYOOL YowgsMgligdols badrobbol ga3oligds.
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513365

1. 29965¢0Bgdmwos mcMo, Lo, mobo s bBYmo  3JMA3MbgbEol
9993390 30639000, Igmerg, sOLEOWO 370MO, 3OO0 S dgmmby Hoyol
09550 Bod3EgJu—goLMbYIMO 393dgdol 5a900L 3M0b63E039d0.

2. LSBMIo  BsFPWgdOOL (3000 gdYOOL  sOLGdMdOL  306HMdYdT0,
G0dgms  99939md0mo3  bgds  ggadol  Gglsdsdolo  3m33mbybEndols
©™b7900l ©oygbgds, 6583969005 B19oEME 30M™d9dTo 9Ju3gMH0dxbEHol 2930l
©535b0bxgdol 36M0b3030.

3. 090m00535H90mwo0s  29300L  3mmOH0bs@gdbg  dgdmbggzomo
LOEOEIIOOL  BYEOEIOOL  TJPMEOZS, o3 ™o30L  TBEOOZ  HoMmIMYIbL
39B™3d30L LYFMOgdGOOL (3000 GdGOOL 0TOES30L.

4. HomIMmAqb0w0s 5YMOHO0MIGO0L BMRTIBHIO0 IBMOTOMmYdIMEO
3929900L  3MMmMHO0bsEJOOL Tobomgds©, MMmIgerms byxdz9w b3 Matlab-ob
39090mdo  EfgMowos s MYo0BIIMEos  3MMYMHTJO0  0YIID
L0d3gdl—obMLMG 49299080 FobslosmYdEIGOOL (330 gdgdoL  Tglolifog—
WS 256LsDM3MYMdOL 306HMdYdTO.

5. 250mbs33930 3939990L 30L9093bg (30MI0EGdgdOL Qo3 gbols
d9LsbHogarobsl dgMBgmeo 0dbs Bgws s J39s LEBOZMYdO, OMIJW™S

155319339 BY3 POMMGMO Fsblobowzguo 30M0@3gMHO0MToLIMZ0L JowYdYIEO
0965 ®30L90980L 55356330l gMgzsbo.

6. 9B P30 LEBMIo 53S0 gdoL (3EMI0EGdJdOL
393egbs 3356053000 Fo@MmoiEol  AbsbEzmgeols  360dzbgermdsBg
306390, dgmeg, sMLOMWO 3998960, 3OO0 s Igmmbg Gogol Lsdo,
Mm®bo s bm3m33mbgbE0sbo Lod3dgrgdl-gobmbvMo g9adgdolsmzol.

7. 939ms 15330930 39330LsmM30L (3MI0gdgd0L BbgsILB3S Os3s—
bmbdo  99mBgmwos LoOWYJdo, MMIWGOOMS3 Mg gds  A-M3EGH0Do—
OO0l M30L9ds.
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8. 9B NMMOIs Jufogeowo E-m3@0dseymmdol 030L905%g 3om—
90090l 293w abs 306390, gmMg, SOOI 390MEMO, JMOMOMHO O
dgmmbg ool Lod3wgdu-aobmLivemo 49a89d0LsM30L.

9. 2956ML5DO3OIMBOL  30MMOJOTO  J9M3ZEIMW0S  MEOOMYMBS-
@WOHMOOL M30L93s Bo33w930 LYo, MMBO S b 3IMIZMbYBEH B0 Lod3wgdy-
30LMLMEOO 49ad900LsMOL.

10. §om3magbowos Lbgoalbgs bo3zwg3zo 5oL 13s60MHgdol 3GobEodo
15330930 39399008 ™30L9090bg  Lb3OILLZS (3™ DYoL 253960l
d9LHogeoll ML, GMIGd0E ITM30IOME0s godmdsbools I60dgzbgenm-

dol BMLE §obalifo®mdgEY39wgdsBy, G9dwgdolisy35Ms© 3069 d93magdol
dJmbg 9m@ggdol 52900l Bsdw)sEgdom.

11. ©9@OMM905s 259M 3390 §obabffo®dg@EHyg39wgdol dsduodsqnyy-
6o ©ob3gMlool 3609369 mds 153393 9980, MMIGEoE FBLIBWIOE0s
0300  Lod3wgdbom, Lsbmdo  LsFMoEgdgdoLIMZ0L  sTsbsliosMYdgero
3OM30wgdqd0l 306HMdYdT0.

12. ®0mMmgm@o 356bowrmmo 49330bs5m30L 1533w 93 SM9do, GHMIgeos
39bLOBZMMEos M3000 Lod3wgdiom, dglhogwrowos (obslfs®mdg@yzgugdol
LMo EOLZYOLOSDY LbgoILLIS (3MT0YdOL o3egbo.

13. 3930039008 POMMIME ©E0535DMmbdo yzgws 300G H0IFobsm30l
390MM300s  LOWOWY00, OMIWGPIBY3 033w s Y39ws  Agadolomzols
3obLsbowzgwo m3z0lgd9d0.

14. 6586830 (omIm9boeo dmbs39d900L byg3d3z9e By gdudgm0db—
GdGH@OL  Fgmdeos  F9ogelicml  godmygbgdme  Loddwgdu—ggadsdo  dobmzol
LS0BEIMGIM  M30L9d0L  FoMGLgdOL  BsGLbO  FIBLIBOZOIO  (3oMmTo-
90900l dgmbg LobBmdo L3 gdgdoLsmzoL  3mI3MbgbEHYdol  mbygdoL

©OLOYIBO.
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obgHES300L 00ygeog 25dmJ39969d9 doGomse b>TH@Ins oo

1. ‘Be,ZI;I‘I/IHI/I,ZI;Be N.I'. |, bepas H.O., bouopupze E.B. MccnenoBanue D-

ONTUMAJIBHOTO CBOMCTBA YETHIPEXKOMIIOHEHTHOTO CHMILJIEKC-PEIIETYaToro IJlaHa
NEepBOrO TOpSAKAa MpU YyYeTe NOrPEIIHOCTe cpencTB u3Mmepenus. (Georgian
Engineering News, 2010, N4, c. 33-34.

2. bowopumze E.B., bepas H.O. N3ydenue cBoiictB A- u E-ontumansHOCTH
YEeTHIPEXKOMIIOHEHTHBIX CHUMIUIEKCHBIX IJIAHOB B YCJIOBHSX OLIMOOK IKCIEPHUMEHTA.
FH™MIgdo do@mgol 533 mIsBobgdyamo LolRgdgdo, 2011, 1(10), ¢.82-85.

3.bepaa H.O., bBouopupze E.B. V3yyenme BIMAHUA OMINOOK

sKcrepuMeHTa Ha cBodctBa G- um Q-ONTHMMAIBPHOCTH CHMILIEKCHBIX IIJIAaHOB

BTOpOro mopszka, Georgian Engineering News, 2011, N2 ¢.33-35.

4. Bepgruunnze W.T. |, bepas H.O., bouopupze E.B. Hccnenosanue

cBoiicTBa A- 1 E-0NTHMalbHOCTH YETHIPEXKOMIIOHEHTHOTO CHUMILIEKC-PEIIETYaTOro
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(Matepuaner V' MeXayHapoaHOW  HAay4HO-TIPAKTHUYECKOW  KOH(EpeHIHH),
M.:Cnyrhauk, 2011, ¢.330-338.

6. bouwopumze E.B., bepas H.O. UccnenoBanue BiIMsHHE MOTPENTHOCTEH Ha
CBOWCTBO A-ONTUMAaIbHOCTH ISITUKOMIIOHEHTHBIX CHMILICKCHBIX IU1aHOB. Georgian
Engineering News, 2011, N3 ¢.79-81.

7. bepas H.O., boyopunze E.B. HccienoBanue BIUSIHUS MOTPEITHOCTEN
W3MEPUTENIbHBIX CPEACTB HAa CBOMCTBO OPTOTOHAJBHOCTH TPEXKOMIOHEHTHBIX

CUMIUIEKC-peIlIeTyaTblX I1aHoB. Marepuansl 1I  MexgyHaposHON  HaydHO-
IIpakTHYecKkoi koHdepeHnnu «B mMupe HayunHsix oTKphITHi», M.:CyTHHK, 2012,
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