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MOUCK OBJACTHU OIITUMAJIBHBIX YCJIOBHUM IO PE3YJIbTATAM
IHACCUBHOI'O SKCIHEPUMEHTA

B crarse paccMoTpeH MeTo, MO3BOJISIONIMI 10 pe3yJIbTaTaM SKCIEPHMEHTOB, BEIIOIHEHHBIX 0 POTOTA0EIBHBIM IIEHTPAIBHO-
KOMIO3ULIUOHHBIM IIaHaM, IIOCTPOUTh JINHEHHYIO MOJIENb, OMHCHIBAIOIIYI0 00JIaCTh ONTHMYyMa, U MCCIEIOBATh IOJYYECHHYIO MO-
JieTIb Ha SKCTpeMyM. PaccMoTpeH monck 00:1acT ONTUMANBHBIX YCIOBHUIA MO pe3ysibTaTaM HacCHBHOTO SKCIIEPUMEHTA, ONMCHIBASTCS
aJITOPUTM 00pabOTKH Pe3yIbTaTOB SKCIEPUMEHTOB IS OTYyUESHHUS] MOAENHN U IPOBEPKH €€ Ha aJIeKBaTHOCTb.

IMTaccuBHBIN SKCTIEpUMEHT, (haKTOPBI, 0OTACTH ONTHMAIBHBIX 3HAYCHUH, KOA()OUINEHTH MOJENH, AUCIEPCHS aJeKBATHOCTH,

KpI/ITepI/Iﬁ OIITUMHU3AlNH, aJICKBATHAas MOJCIIb.

The article describes a method, that allows to build a linear model and explore the obtained model for revealing the extreme
point according to the experiment results carried out with the help of rotatable central composite plans. This model describes the op-
timum area. The article considers the search for the optimal conditions according to the passive experiment results and describes the
algorithm of processing experiment results for the model as well as tests it for the adequacy.

Passive experiment, factors, optimum area, model coefficients, approximation dispersion, optimization criterion, adequate model.

1. Introduction

Upon studying the extreme field the interest is often
to estimate not coefficients of the obtained regression
model, but the response function itself. Moreover, in
practice the regression model can be often considerably
simplified by rotating the coordinate axes, i.e. coordinate
transformation [1]. Rotatable planning, providing a pre-
diction error of the output value by the regression equa-
tion, dependent only on the distance of the factorial ex-
periment point to the experiment center, allows to pre-
dict the response function value with the same accuracy
and, consequently, to transform the coordinate system to
facilitate the regression equation [2].

Finding optimal regions for the object is the most
important practical task. Most often in the context of the
multivariate experiment it is required to find those factor
score x; in which the system response y takes the score
Yimax and Y.

2. Research methodologies
Thus, the objective response function is constructed:

y:y(xl,)Q,...,Xk), (1)
and the optimization problem is reduced to finding x; o

X2 opt--» Xk opp providing the objective function extre-
mum:

yi =y (X] opts X2 optse - es -xk) = ymin (ymax) (2)

Furthermore, additional restrictions are imposed on
the factor score:

Y (1, X, x) (2,55} R, wherei=1..r.  (3)

Thus, the optimization problem is to find the re-
sponse function extremum provided that the function
itself is a priori unknown.

In practice, we often have to predict conditions of
subsequent experiments to achieve the optimal region on
the basis of a limited number of passive experiment data,
i.e. on the basis of the experiment results carried out
without the preliminary plan [3].

To find the optimal region according to the passive
experiment it is necessary to follow the next steps:

1. To find the score of the imputed value R using the

next formula:
N

Ry =2 (%, =%}y, “

i=1

where x; is the value of j factor in i experiment; X; is the

central value of j factor based on the results of N expe-
riments; y; is the optimization criterion value in i expe-
riment.

2. To determine the conditions for new experiences
(N + 1), using the formula

x"' =% *KR,, %)

J J J
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where xj\’” is the value of j factor in N+1 experiment; K

is the scaling factor (it is the same for all the factors and
it should provide the physical realizability of the expe-
riment).

In the formula (5) signs “+” or ”—" are put in the
search, according to the maximum or minimum of the
objective function. It will be observed that this method
may give inaccurate results with a small number of expe-
riments and with low reproducibility (with large distor-
tion).

Let’s consider the method implementation with an
example: the passive experiment results (table 1) for the
purpose of increasing the output production quality () it
was necessary to determine the most preferred factor
values, in our case we should determine the chemical
composition value affected manufactured steel to a
greater extent: C/ % (x1), CaO com/kg(x), t last/C’ (x3),
Graphite/kg(x,), MuC17 (P35) and (P50)/kg (x5), argon
consumption/m’® (xg), processed spar CaF2/kg (x7), V/ %
(xg), Si/ % (xo).

According to the formula (1) let’s determine the im-
puted value R;:

Ry = (0,802 — 0,802) - 0,6154 + (0,827 — 0,802) - 0,5792
++ (0,728 — 0,827) - 0,5905 + (0,802 — 0,728) - 0,6171 +
+(0,759 — 0,802) - 0,5954 + (0,855 — 0,759) - 0,5104 +
+ (0,871 — 0,855) - 0,6554 + (0,846 — 0,871) - 0,5601 +
+ (0,857 — 0,846) - 0,6085 + (0,83 —0,857) - 0,7122 +
+(0,825 — 0,83) - 0,7082 = 0,0055;

then: R, =36,9017; R; = 0,4649; R, = 49,6029;
Rs=-22441; R¢=-0,0347; R, =—5,9973;
Ry =-0,0001; Ry=0,0011.
1. Let us assume that K = 0,05, then the conditions
of experiment 10 will be:

X =0,8184 + 0,05 - 0,0055 = 0,8186;

X, = 449,55 + 0,05 - 36,9017 = 451,3905;
X, =1531,36 + 0,05 - 0,4649 = 1531,387;
X, =812+ 0,05 - 49,6029 = 814,4801;

X, = 154,091 + 0,05 - (- 22,441) = 152,9689;

X, =0,1088 + 0,05 - (- 0,0347) = 0,1071;
X, = 595,909 + 0,05 - (- 5,9973) = 595,6092;
X, =0,0014 + 0,05 - (-0,0001) = 0,0014;

x§= 0,1939 4+ 0,05 - 0,0011 =0,194.

The implementation of experiment 10 in production
environment allowed to achieve the maximum value of
the output parameter Y which is equal to 0,7122 (71 %).

2. In order to check whether the area of optimal val-
ues of input factors in experiment 10 is reached, we will
plan another experiment. The experiment conditions are
determined by the results of all previous experiments 1-
10.

R;=(0,802 —0,8184) - 0,6154 + (0,827 — 0,8184) x

% 0,5792 + (0,728 — 0,8184) - 0,5905 + (0,802 —
0,8184)x x 0,6171 + (0,759 — 0,8184) - 0,5954 +(0,855-
0,8184) x x 0,5104 + (0,871 — 0,8184) - 0,6554 + (0,846
—0,8184)x x0,5601 + (0,857- 0,8184)- 0,6085 + (0,83

—0,8184) x x0,7122 + (0,825 - 0,8184) - 0,7082 =

0,0013;

then: R,=0,1245; R;=0,8916; R, = 6,3292;
R5=0,0478; Rs=0,0048;
R;=-18,3314; Ry =-7,5541; Ry=0,0031.
Then, with the same value of the scaling factor we
will get the following:

X, =0,8184 + 0,05 - 0,0013 = 0,8184;

X, = 449,55+ 0,05 - 0,1245 = 449,55;
X;=1531,36 + 0,05 - 0,8916 = 1531,408;
X, =812 +0,05 - 6,3292 = 812,3165;

X, = 154,091 + 0,05 - 0,0478 = 154,0933;

X, =0,1088 + 0,05 - 0,0048 = 0,109;

X, =595,909 + 0,05 - (- 18,3314) = 594,9925;
X;=0,0014 + 0,05 (- 7,5541) = 0,0014;

X, = 0,1939 +0,05 - 0,0031 = 0,194.

Table 1
Initial data of the passive experiment results

No. experim. X X3 X3 X4 X5 X¢ X7 Xg X9 Y
1 0,802 400 1532 729 200 0,1743 417 0,0016 | 0,2042 | 0,6154
2 0,827 439 1529 790 152 0,1312 657 0,0015 0,1882 | 0,5792
3 0,728 444 1528 704 105 0,1248 431 0,0010 | 0,2113 | 0,5905
4 0,802 480 1535 804 127 0,1139 543 0,0016 | 0,2172 | 0,6171
5 0,759 492 1531 657 204 0,1067 610 0,002 0,2056 | 0,5954
6 0,855 449 1529 904 149 0,0793 679 0,0013 0,1653 | 0,5104
7 0,871 451 1531 962 154 0,0905 692 0,0015 | 0,1879 | 0,6554
8 0,846 442 1530 849 156 0,0717 712 0,0014 | 0,1838 | 0,5601
9 0,857 450 1533 849 147 0,0741 708 0,0012 | 0,1819 | 0,6085
10 0,831 444 1535 849 150 0,1281 642 0,0014 | 0,1938 | 0,7122

Mean value | 0,8184 | 449,545 | 1531,36 812 154,091 | 0,1088 | 595,909 | 0,0014 | 0,1939 -
11 0,82 450 1531 812 154 0,109 595 0,0014 0,194 0,8047
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This experiment realization in production environ-
ment led to the result: y;; = 0,804 (80 %).

Similar values of the optimization criterion of input
factors in experiments 10 — 11 show that the “nearly sta-
tionary area” is achieved [4].

Thus, on the average steel quality in the first nine ex-
periments was 0,597 (59,7 %), and in the future (expe-
riments 10 and 11) increased by nearly 30 %.

The algorithm of processing experiment results in or-
der to obtain a linear model presents the following stag-
es:

1. We count additional coefficients A, 4, C:

_ kN _ 9-10 091 (6)
(k+2)(N-n,) (9+2)(10-1)
! = ! =0,55;

T+ 2h—k] 2-0,91[(9+2)-0,91-9]

(7
where k is the number of factors; N is the total number of

experiments; 7, is the number of experiments in the plan
center (in the zero point).

c=-N_. (8)
25
i=1
then Cl— 1 67 C2— 3 33 C3 1 43 C4 2 0, C5:2,5,
Ce=1,43; C;=1,43; Cs=1,67; Cy=1,43.
2. We define values Sy, S;, Sj;:
N
Sy =Dy, =60,44. )
i=1
N
S; =2 %9 (10)
i=1
then S;=114,86; S,=159,70; S3=—30,24; S,=— 63,55
S5=0,33; S¢=—42,76; S;=51,14; S3=11,85;
So=73,93.
N
S;= 2 X7 (11)
i=1

then S11 = 352,02, S22 = 182,78, S33 = 417,79,
S44=296,70; Ss5=241,83; Se=424,12;
S77=415,73; Sgg=353,72; Sq9 =409,73.

3. We count the model coefficients:

b, = {2}» (k+2)S, 2xcz } (12)

_0 55[2 0,917 -(9+2)-60,44-2-0,91-3094,43 | = 60,44.
c
bj ZFSI.; (13)

b =Q-S _L67, 114,87 =19,14;
N 10

1 1

then b, = 19,90; b; =—4,32; by =—12,71; bs = 0,08;

be=—6,11; b, ="731; by=1,97; by = 10,56.
A 2 2
b, = {c [(k+2)A—k]S,+C*(1- x)z]:s - 2)\CS, }
J
(14)
b“:0;—35-{1,672[(9+2)-0,91—9]-352,02+

+1,677-3094,43-2-0,91-1,67 60,44} = 86,69;

then by, = 1268,78; b33 = 491,89; bsy = 702,054;
b55 = 912,9, b66 = 499,00, b77 = 489,58,
bgg = 573,31, bgg = 482,85
4. We find the reproducibility dispersion of experi-
ments D(y ):

n0

D(y)—#Zmo SRy =2014 (15)

N-1<
D, = 2Ak2(k+2)—D W) _
N
29,14 (16)
=2-0,55-0,91*(9+2)- T_Z9 14;
c
Dy = D(); (17)
D, =Sipy )_16729 14 = 4,86;
N 10
then Db2:9,71;Db3 :4,16; Db4:5,83; Db5 :7,28;
Db6:4,16; Db7:4,16; Dbg :4,86; Dbg :4,16.
A 2 —
Dy =Ltk + D3 = (k =D]C*D(F); (18)
0 55 ,
Dy === [(0+1):0.91-(9-D]-1,67*:29,14=4.86;

then Db22 = 19,43, Db33 = 0,59, Db44: 2,33, Db55 = 1,56,
Db66: 1,71, D;,77 = 0,89, Dbgg = 0,69, D},gg = 0,51
5. We estimate the importance of the model coeffi-
cients by the condition:

] =t,>1 (19)
Db. tab >

]

where |b,.| is the absolute value of j model coefficient;

Dbj is the dispersion of j model coefficient; ¢, is the

tabulated value of the Student’s criterion with the given
level of the value a and the number of the degree of

freedom m = N — k* [5], where k* is the number of
coefficients in the model, thence #,, = 2,26.

Upon executing inequation (19), the considered mod-
el coefficient is significant, such ones were 6 coeffi-
cients: #; = 8,69; t, = 6,39; 1, = 5,26; 1, = 2,99; t; = 3,58;
t9=5,18.

As a result of calculations the following linear model
was obtained:

Y = 60,44 + 19,14x, +
+ 7,3 1X7 + 10,56X9

19,90X2 _ 12,71X4 _ 6,1 1X6 +
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3. Check the adequacy of the resulting model
We check out the model adequacy by the condition:

Fips (20)

where F,, is the tabulated value of the Fisher’s criterion

with the given level of significance a (0,05) [6] and the
number of the degree of freedom (1):

P30 g1k, ~36.
29,13

D,, is the adequacy dispersion (residual dispersion)

[7]:

N

D, :l{i(% —yl,)z —D(;)} ~83,60. (21)

mi g

Conclusions

Upon executing inequation (20), the model is consi-
dered adequate for the experimental data, and the task is
considered to be solved.

V]IK 62-52

Thus, the found linear model accurately reflects the
experimental data and can be used to analyze the object
work and optimization.
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M.B. Konocoe
Cubupckuii ghedepanvhviil yHugepcumem
(2. Kpacnospck)

INPUMEHEHHUE OPC TEXHOJIOI'MM B CUCTEMAX JUCIIETYEPU3ALIMH Y3JI0B
VUYETA TEILUIOBOM DHEPTUH

IIpuBoanTCS OMHCaHNE TEXHOJOTHU ITOCTPOSHHS CHCTEMBI AUCTICTIEPH3AINH Y3/I0B ydueTa TeloBoi sHeprun. Ilokasana peann-
3aIys CHCTEMBI JUCHETICPU3AUN y3JI0B YIeTa TEIUIOBOH SHEPTUH AJIsI CHCTEM TEIUIOCHA0KEHHS, a TaKkKe MOKa3aH MPHMep 3JIeMEH-
TOB ITOJIb30BATENIBLCKOTO MHTEp(elica naHHOH cucteMsl. ClenaH BEIBOJ O BO3ZMOXKHOCTH ncroib3oBanus OPC TexHoloruu mpy mno-
CTPOCHUM CUCTEM JUCIETUCPU3ALUY Y37I0B ydeTa TEILUIOBOM SHEPruH.

TemnocHabxeHue, TUCTICTYSPU3AIIUS U yUeT, SHeprodddekrusHocTh, OPC.
The article describes techniques for constructing heat energy metering system. The implementation of the heat energy metering

stations for dispatching heating systems, as well as an example of the user interface elements of the system are shown. Analysis of
the possibility to use OPC technology in the construction of dispatching systems of heat energy metering stations is provided.

Heating system, data acquisition, energy efficiency, OPC.

Beeaenne

OpHa U3 XapaKTePHBIX TCHICHIUN IOCICIHUX JICT B
cdepe mpUOOPHOTO yYeTa Telula — 3TO HEYKIOHHOE TI0-
BBIIIICHUE UHTEPECAa K TEXHOJIOTHSIM YAAJICHHOTo cOopa
JIAHHBIX U cUCTeMaM aucrerdepusaiui. OHU NO3BOJISIOT
OTKa3aThCsl OT PYYHBIX METOJOB CheMa MH(OpMaLuK u
MOBBICUTHh HAJIS)KHOCTh U OINEPATUBHOCTH YIPABICHUS
CETSIMU IICHTPATM30BAHHOTO TETUTOCHAOXKEHUS [2].

C pasBuTHEM KOMMEPHYECKOrO yueTa Teruia 3ajava
OIIEPaTHBHOTO U CBOEBPEMEHHOro cOOpa JaHHBIX C Tel-
JIOCUETYUKOB MIPUOOPETAET BCe OOJIBIYIO aKTYaIbHOCTb.
Honkmouenue L[TTI u UTII k cetssim cOopa JaHHBIX 00-
JIer4aeT KOHTPOJb W YIpaBIICHHE 000pyIOBaHUEM, VII-

polaeT BEACHUE pAcUeTOB 3a TEILIOPHEPIHI0, Kak C
MPEIIPUATHSIMH, TaK ¥ C YIPABISIOIUMI KOMIAHHSIMHA
u TCXK [3].

Eire 0HO MpEerMYyIIECTBO COCTOUT B BO3MOYKHOCTH
aHAJIM3UPOBaTh pabOTy TEIJIOBBIX MYHKTOB U CBOEBpE-
MEHHO pearupoBaTh Ha BO3HHUKIIKE MpoOieMbr. Mmes
TOYHYIO MH(pOpMALUIO 0 HapaMeTpax padOThl CUCTEMbI
TEIJIOCHAOKEHUS, MOXHO peliaTh JIObIE CIIOPHEIE BO-
POCHI MEXK/TY MOCTABIIAKOM H MOTPEOUTEIIEM TEILIOBOM
SHepruu. AOOHEHT TeM caMbIM 3allWINAeT ce0s OT BO3-
MOJKHBIX HEOOOCHOBaHHBIX HCKOB. Ho peamusaruu Ta-
KHX PEUICHUH YacTO MPEMATCTBYET HEOOXOIUMOCTh He-
MaJIbIX KaluTaaoBIOXeHud. OTHAKO B KOHEYHOM HTOTE
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