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INTRODUOCTION

Oime of urgent issues nowadays 15 the optiraarn eneigy content and resource -inte nai by at de-
signing various sorts of tec hnological syete ms (proce sses). The optitmization of power inputs, charge
of resources efr., are associated with parameters of criterion efficiency of systern func tioning in
a spectrim of possible similar technological syeterns. That circurnstance results to certain sorts of
cornpromises betwe en efficienoy and optimality, the problem whose sane ion is soled at the desizn
stages and has a rather specific natire.

DESCRIPTION OF TECHNOLOGY A3 AN OBJECT OF PARAMETRICAL
LWND STRUOCTURAL IDENTIFICATION

In the ahore sense the process of technologyand appropriate techmical cormple x developrment
cat be considered as a process of identification (structural and parametrical) of a certain object (in
particular, ohject of control) in & space of simations.

It 15 obraons, that condition of ohject ¥ is de terrnined by a condition of external evmirorement
. Then the ohject is represerted as the correrter F of a condition of ersironrnent in a condition of
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object: ¥ =F(), where F iz an operator of cornection of ivgt X and outpnt ¥ deserbing specificity
of its operations. External ercdronmment i3 understood as a firdte or comrdable et of its parameters:
S =1(51,.., 5. Concerring the projection problemms, the percedred situation iz cortrolled, that is
Sy =(5110Y,.., 5K, where T is a control. The value of specified pararae ters forms a situation
space. The natural drift of situations caused by evolution of e redronmoe nt results in displacernent of
points along sore trajectory (see Fiz. 1.

The criterion conce pts are forrnlated as awector: Z¥ = (Z1%, . Zk*), where 5i* iz 4 reguire-
ment1to a state 5, with a helpof function ¢i (5} Here: 51 =1 (51 {1=1,.., k), the fnctions yi
define cormection of a state 5 and criterion pararneter £ The parposes-requirerss ns have a varions
character, and their form is urified and corresponds o one of the kind:

I Z'= & (fized values);

2. Z'I'z % (it iz lower than some theeshold walue),

3 ZI' — extr (accepts extrerne value in the sense of maxirr or rind roaro).

The majority of sitwations are reduced to sach require ents, e specially in scientific and tech-
rical sphere.

Point of area:

wid) =4, =13
F=iwisizn, =5+l +p) :
w (5 —rextr, (m=s+p+1 __s+p+I)

(where: s +p +1 =k is a state of ervirorement. Accessibility of such state of errdrorene nt depe nds
on a type of relation 5= S0, and aleo on resnrces B I € R which deterraine powver, material
terporariness and other opporhirdties.

Thus it is necessary fo take into account posaible drift of a situation, which assurnes control
such that S0, £ e &' see Fiz. 1.

Hence, the control U is nece ssary so that: to achiese a defined walne Z¥ of ohjectre fune ion,
and also to compensate drft, subject to parameters of ersdrorenent 5. Paraweters of erironment

are meantas meamirable paravieters, actally as exsdrontnent X and pavameter of object ¥, interact-
ing with the ervionment. Then: &= (X, T).

In miost cases, connections of technological complexes with erpdrorane nt are rather strong
and are of warious character. That results in the necessity of the solving of an object identification
probler, where for the given set of criteria {Z%) and resowrces B such variant of object which will
appear as most effecttve on criterion accesshility iz defined.

Grenerally, stuctore of a technology as an object 1s understood as a character of relationship
F to state ¥ frorm its inputs — nnecorntrolled X and controlled 110

F=FiX, (1)

where: F iz defined by some algorithem, which specifies how, under information about irgats
Hand U, to define an outpat V. In ratio (1) it is conditionally considered, that the rmodel F consists
of structure and parameters: = {56b), where St is a strctwe of model F , b = (fl,.. Fk) - its
parameters.

The structural analysis of & model means: defining of an object inpmts and outpats, expert
ranking of object rputs and outputs, decormpositions of the model, and choice of struchiral ele-
ments of model as well. The parametrical symthesis of a model iz conmected with the defirang

of paratreter
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b =g, 5 oftodel I = F{L,UD), where the chosen stracture B is reflected in operator
F{on the basis of such categories as lineatity, continnity; static character, deterrdnacy, ete).

The inforrnation on behavior of inputs X (A, 0 and outpat ¥(# of object is necessary for
the defining of the pararneterb. Depending on wavs of reception of this irdormation, it is possible
to distinguish: identification and expe riments planning.

ESTIMATION METHODSE OF VARIABLE 3TEUCTURE MODELE® PARAMETERS

The basic sorce of the infonration at idertification, as a process of anestimation of nrnen-
cal parameters value in g mode of norroal funetiordng of object (without orgardzation of special
pertuthations) is pair: J() = (X0, Fe). It is obvions, that during noral functioning not all irguts
of object (Z and 1T change. In particular, those parameters from U do not wary; which are not
influenced by the state of ersirorenent. For finding-out relationship of an cbject output ¥ frorm
such parameters it is nece ssary to delberately wary thern, that is the experiment with an object is
necessany, that automatica v breaks a mode of nornal fune ioning and it is ot alwaye desirable. In
thiz case the experirent willbe carried out with minimal pertuthations of object and opporhimityof
reception of the mazxirnum of irforeation on the infiue nee of waried outpnt parameters of the object.

Thus, the extrerne lirnitations of opporfimities of porposeful npdating of the experimental
data talke place, on the basiz of which the mathematical model shonld be identified. In turrg small
volutnes of initial statistics wault in the use of rather primitee modeling desigrns. An wgent problern
in this plan is the presence of such receptions of processing of the lirdted arraye of the americal
data, which would allow overcorning sirnplicity of constructions following fror traditiorally nsed
tre thods.

Lugz aninitial assurption we shall accept an opporhmd ty of ve preserdation of simulated process
as fune tion connecting walue of output (a result attribute ) ¥ to quantity X Let us consider dymarnic
processes, that is such proce sses, where the walues of all variahles are submitted by time series, and
the functional relationship Fi-) generally changes in titne and is 22t by some wector of stictoral
pararneters. Aaswraing diffevertiability Ft(-) at each mornent on all parameters, we shall write down
for first pertial derteative at the rmoment t

& _of(2EY ALY, 28
.-ss‘E ax ) dt 8t

dt

Because s—; does not depend on , thiz ratio can be treated as linear rodel with vare
ing shmctural coefficients.

The accuracyof the initial dats, asa nile, iz such, that frequently ondy an identification of the
first partial derivatives of the model seerns an adeguate enough procedure . The deterraination of
the first partial dertvatves walues is most irmportant in the applied aspect as well. Therefore, with
the coraplete basis it is possible fo assert that, having developed the procedare of construction of
dynamic estimations of a rodel, it is possible basically to sobve the problem identification (muf-
ficiently for practical use) of gquantitative characteristics of conme chionsbe tween separate elerments
of a simulated ohject.

The traditional reethods of modeling are based on the represertation of the irvestigated peo-
cess ag a linear model with constant coefficients:
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F=Xh+ 0]
A Hn M #
= s F=| | h=| @ |, ()]
Yoo w Fr £,

where: ¥ is avector of factor-function value {output); £ is an observation matrix (factor-argurents
or inputs), b is a vector of stuctoral parameters, UM iz a vector of random deviations, for which on-
der the assuraption MIU] = 0 and M{UUT | =T (here I is unit identity matrix of the appropriate
order);, Tiz a quantity of ohservations.

It wouldbe incorrect o consider the coe ficients of taodel (2) for dyrarmic processes constant
during all the irvestigated period, that requires adaptation frorn the point of view of dymarics of
the wector of stuctural parareters b, That is the model accepts the kind:

Il'r=‘ZJ:.r+ Ur {3}

Such a probler canbe solved in several ways. For example, it canbe soked by representa-
tion of pararmeters of the model in an obrdons kind as finetion of firne or use of the model with
switching of parameters (special caze of this reception —use of special classe s of functions, splive-
functions eto.).

Cime roore direction of developrnent of statistic al models resulting in the staternent a problern
(37, 15 the represertation of required parameters as stochastic quantities, subraithing certain lawr of
variation with tirme . Here generalizations of models of the given type dernands use of ideas of the
Kalrnan’s filter [1].

Linother well-known method — consecuent shifting hases estimation and discoveery on thas
hase of “driftage™ far tor. Herewith the possibilityof the building estimation is expected on separate
mmterval irwardly main saraple.

The estimations of parame ters (2, received by standard methods reflected influence of sorme
far tors-argurre nte of raodel on factor-fanction on the average onall the et of the initial data. Howe
ever, if, for exarmple, there is a probler extrapolating of factor-function walue, then its accuracy
catbe raiged, when the components of a wector will comespond more fo character of infbrrmation
variables ona fivdte piece of an estitnating interval Hence, atbibuting the observation resalts con-
cerning the more and more rernote period of decreasing weights, it is possile to define a vector
of parameters reflecting connections at the end of the iratial period. In a more general case, as a
result of giving to some groups of chservation results of & warious sequence of weights, we shall
recerve approxitnation of awvector of parameters o the greatest degree appropriate fo the groupof
ohservations” results with mariral weight.

Let’s consider a secquence of weighing matrives, each of which cormespornds fo a set of
weizghts, allocating frorn an ivdtial array of observation results one morent of tiree, which is:

Eu 0

G, - Zir < Gigpee 1 L,

B > Bups 1L

E

0 En

Vector of structural pararneters: b,= (XI GlXj_l X:GEI"' iz an approxivmation of the coef-
ficients of model.
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The zet of coefficients b 12 determimed by low distibution of weights for each of moment .
For practical reasons, it is obrdous, that here it is meaningful to consider one- or two-pararme trical
distribmtions.

For the mome nts enough removed from earrentf, weights g = (0. Believing, that foranestima-
tionof vectorb, the most essential are ¢ results of chaervation, we have a weight matrix of the kind:

0 0

&,
G, = 1 . ()

Ez

0 0,
Thus, we hawve a generalization of the e thod of “sliding periods™

Let’s assurae also, that inside each of rtervals length ¢ the distribution of weights is forred
as a geowmetrical progre ssion:

— ¥
E=F L1

grr =

g,=g " 0=y (3)

where: g is a denorninator of this geometrical progre ssion.

Lpproxitnation of the coe fficients of the model and ratio () — (50 theoretically allow at ghven
. T 1o construct a sequence of wectors b, being estimations of stroctral coefficients of model at
each current moraent of tirne . It is irportant to note, that the deraand for ruore or less exact appeo-
zirmation of dynaraics of the coefficients results in a choice of small walues of ¢, that has an effect
on the conditionality of matix (£ GX).

There iz developed and rather wide Iy used the regulavization method (& N. Tikhonow’s meth-
od [A]) for the solution of ill-posed proble m. With reference to a problem of estirnation of re greasion
model, the special case is known, which is the method of “crest” regre ssion.

Howenver, the difficulties of apgplication of a regulavization e thod in the practice of estima-
tion of models are cormected with absence of the concrete recomenendations about the way of
choice of pararaeters of a rethod, resulting ir in particular, not uniguene ss of the “crest” estimation

Stuctwrally an idea of the regularization mwethod within the framework of adaptiee model
cat be realized as follows. Let’s assume, that model (2) allows ade quate v to estitnate the average
walues of structaral parame ters, and that for each current moment t the ratio:

hi=h+ T, (6)

s fair, where b= (X" 57 X' F, M[U] = 0, M[U7 U'] ='F.
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Then the problerm of estimation of adaptive model will aceept 4 kind:
F=Ah +4

be=h 40, (7
with estirnation of wector:
b, = (& GI+ -:rf‘-I-"']l" (X GrI’+-:rf L ()

It is necessary to note, that () and estimation of the method of “crest™ regression can he
represented as a particular cagse of the rore general e thod of rived estivnation [3].

Zecording to the clagsical nale, as an estimation -:rri iz uged:

5= !
T-m

In (™ choices of srall ¢ will inevitably have the consequence of essential fuctuation of es-
timations of residual dispe rsion for various time intervals. Therefore, a more cornect representation
1z reede d of the assuraption dhout unifornly precise models, estitnated on each steys of the process-
ing of adaptive alzorithm. Processing from this, let us assume that residual dispersion ¢ iz identi-
cal to all £ Further it follows, that for all § the rest of mode](X) iz subrutted to distrbution, where
M[s]=0, M[&87]=5°G,. From here follows the dispersion of model 5 = & and

2 n

(F-2m )G, (¥ -, (%)

-
£ 8 _gg' :

Lt the raode assurptions abont the estiriation of roaltiple regiession with variable parareters
cat be represerted as an iterative procedure (at given g oand o)

1. we beliewe .5'; (0) =0 and we find iratial estirmations of vectozs b (13,

2. the recerved estirmations of structural parareters give a new estimation for 5°, ecquals

ta 5 (1),

3. the procedure of estitnation repeats with 4 new walue .5': (13, and 20 up to corvelgence

of a process.

The problern of estitaation in the form (8) dertrates the problern of the choice of best g oand
. The choice of these walues is to some extent limited: it 15 not efficient to take such a size of
“sliding period”, for whose weights supplied at one of extreme ohservations, it becotnes negligibly
stnall. the walue of g iz deterrrined by a nmber of parameters, estimated on everyone steps (by
dirnension of a vectorh).

The wanation of coefficients of a model near their average walue 1s de terrnined by both pa-
rarneter of weighing and size of a sliding period. In this conme ction, the degree of spread of model
coe fficients values is expedient to be expected (at fived 1) in relation to coefficients bi0, which are
recelved with the help of the model under condition of g = 1.

Ttms, the criterion of choice g can be written down as the optimization problem:

1.5 1, o .
S_QE D"r - -x,h,-j +§I:br _h?)x}r—' |:hr _h?) —* I,

fel(r- D) (r- ),

=T—m

i sirnilar]v ge neralized by the least sguare rethod).
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The strict approaches to estirnation of regression raode] in conditions of presence of crude
errors in the initial data are bagsed on application of noise-eliminating methods [4]. Le against a
tradiional one step by step, the least square method, the noise-elitiinated method results in the
estimation forroula:

H, n CI:,:.'.--'.L
b = (X WA IWE, whers W=| . | with the weights w, = [5)

1] W

wonb o7
a

& which iz an average measure of scatter of the residual fora given regression model.

The kind of function 07 detertaines a wariant of noise-elirainated e thad.

Becetved asz a result of application of an adaptive method by dymamic seres of the first
partial dertvatiees, it allows not onlyto estitnate a measare of reaction of factor-fanction under a
variation of fac tor-argurne nts of model, bt also provides conditions for specifications of an initial
kind of relation.

F=FRX. ., &) the vanious prelimanary hypotheses about a type of functions = FLE .,
L) canbe checked up proceeding frorm the analvsis of dynardes of the appreciated values of its
diffe rential characteristics. & choice of a kind of “basic™ mathematical model, whose coe fficients
are exposed to adaptation, is essential Mewertheless, as the experience of accounts shows, at op-
eration by varions variants of differential relationships the specified uneertainty is insignificant:
the problern wsually trvolwves the choize of the suitable equation fror two-three wariants, which is
alwaye feagible.

FLAWING AN EXPERIMENT IN THE BPECIFIC ARE &3 OF FACTOR SPACES

Ivlultifactor statistical rnodels are used rmainly at creation and perfection of warious complex
systers. The yare especially necessary when opportunities of desizring, marmfachiring and opera-
tion based on traditional physical prineiples, result to inexpedient lavge expenses.

Here, at reception of models, it is necessary to use methodology of the theory of planning
of experiraents [5, 8], The known traditional methods of experirent planring assure the forres of
factor spaces as a rultidirensional sirple . In non-standard areas of factor space the search of the
best conditions of reception of raodels in a gene ral view is unknown, except for the alreadymmarked
regWlarization method. Usually such problerns are reduced fo narnerical methods,

To the reasons of ocowrrenice of non-standard areas of factor space can be related situations
when: the parameters of techrical and technological ohjects are conmected by relationship close
to linear [7]; processing of experiment provided that the lewel of the factors can not be precisely
enough sustained on a matrix of the experiment plane, and also at the processing of the results of
passTve (especially not organized) experimment.

In such area the correlation factors and, corsecuentlyy their main effect and inte raction at the
building of the models take place. Iulticollinearity of effects (its rutual conjugacy) complicates
ot rnakes it itapossible fo pervane nfly define the stucture and coeficients of the regress equation,
substantial interpretation of causal and stuctural connections between the effect and sirmulated
response. &t significant moulticollinearity of effects the problern is ill-posed.

Thus [4] the necessityis emphasized of permanent methods and algonthes, having transpar-
ent mathernatical properties in the sense of optirmality One featore of a rather widely used least-
soquare method iz its instability if o addifional assurptions are made, which arve difficult to check
[4]. Thus, at the solution of the applied problems, it is neceasary not ondy to forranlate a systern
of necessary precondiions, but alzo o ensare their conteol [2]; stability of the preconditions and
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tre thod of veception of raodels o rather small infrivgerments of the accepted conditions, the syster
of actions, if the preconditions are not actually carried out [9].

Using methods of experiments planning, in original it is always possible to find statistical
taodels with the best characteristics. By area of factors space which is not appeopriate to the stan-
dard form, is acce pted for animage of factorspace (B ). If the models with the hest characteristics
by traditional methods are not obedously possible n it then the method of transition fror the ghen
badly-caused factor-space R of an image to the well-caused factor-space R, of an original is
necessatyin order to solve the problem.

Here it 1s necessary fo use some topological mapping of the original of factor-space in an
rnage. Two systeras B, and R at a rautially unequrrocal and rautually continuous mapping will
be izomorphdc. At consideration of topological mapping the metrie properties of sets X (original)
and X_(image) are not used, and consequently X and X, can have the different metrics.

The methods of orthogonal represertation of correlated factors are realized by rapping of
points of the original —walues of levels of factors Xu[m oI ah image approptiate to them —values
of lewels of factors Xuﬂ“’](i =1, k. 7=1,...m [¥]. For this purpose a consideration is entered of
the mappings:

= pr™ X, (1m

which are forring a group. Here, functions £ andimerse functions £~ should be continmos. For the
cage of inear restriction the form of anirmage ave set aza stuctare ofcorplete factor experiraent 2
(1=xdl-x) (l-xp—mn_

B Koy e
e Area of original
X2 ‘\. ;
B
b }J{ / Flim
|08
\"1‘ :‘lx N‘\.
k] K{‘\ ERanLE
Y {‘ ) \I;.‘l-. g o .
b | LA o Arga of imag:
I .
‘\-._ /K:-‘ .“'\. -"-< k\ a
[ M T
] o [l
I~
b
| !
| [ >‘\‘ "4
1T
| “{""'h“
::i H Bl

-
(=]

Fig 2. Systens of natoral and coded by the anthors cocrdinate aress of irmage and onginal
at oarvilinear bonrdary comditors of imaze (k= 2)

For norlinear restriction of the fore of an irnage theyare nsed ashoundaries of a line of the
second orderand surfaces, received on the hasis of the stuchare of woltifactor experiment 3* or 37
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(L+x +edl+x+2) (1 +x+2) —n(n), where values of fictitious mdepe ndent
variable x, =1 . x.x, ..., x, are linear orthogonal constants of factors X, £, & 2, 2.,
z, are guadratic orthogonal constants of factors X, X,.. .. &, ; Fis a quantity of factors; n.(n.) is
a comrmon gquantity of stuctral elements which the ace ordingly equals 10 2, 31 and 37 piz a
fractional replicate.

The coefficients of mapping functions /7 are defined by the least-square method.

The mapping of point of plan of e xperitnent of original A’;m and point X ™ of image with
the use of mapping functions (107 actuall v represents reception of the plan u:uf'Jexperiment in an
image under condiion of use in the orginal and rnage of the own coded systems of coordinates.
Graphicallvit looks, for example, as is represented in Fig. 2.

Lecording to T, Arndersonn [10], the necessary properties of estimations of the coe fficients
of statistical models in the original area and it unigueness are kept at the typological mapping in
the irmage area, too.

The figures of the original G, and image G,_concern the equivalence, thus the hinary rela-
tions of equivalence are carried ont for them. Figures G, and G are isomorphic.

INFORMATION -3V ETELM MODEL OF CREATION OF TECHMICAL COMPLEEES

In the probler of designing of technological systerns and appropriste techrical cormplexes
ag parposefil search of final wariant, the process of remoral of indeterminaey can be considered
ag indormation techwology ssue. Here, it is irportant to buoid the so-called information-systern
tnodel of the process of the making the technical systerm (the corgplex) with ghren parameters
on energy- and resource-intensity reliability efc. Stucturally such a model can be sobmitted as
represented in Fig. 3

From the descriptive point of view, each stage of creation of a technological systern is ac-
companied by necessity of solution of & number of local optimization problems Opt; with check of
adecpuacy g (7= 1.2, ). The output information of the current desigh stage is the input informmation
of the next stage (that is obvious) — intersysters information flow L (j-+10). Cerdously, also
the non-systernic gt information I j 15 present, coming from the outside.

Thus, the inforrmation-dymarnic modelof relisbility apperopriate to stage 7 of creation of technd-
cal systern ina forrmalized kind is represented by the sequence

IDmodel, = (PR (i =103 (PR R LG (-1 =1.m

where: PR is a reqquirernent on 1 parammeter of reliability and onf design stage; ¥ (PR ) 1= fiducial
probability, B =(p, . ¢ }isa vector of adequacy parameters; L jand I ((j-1)—j) are inpnt
mformation of step f of design of techrdeal systern.

ezal
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Fiz. 3. The stuchire of information-system model of 2 process of creation of teclinlogical s wstem

The proce dure of statistical estitnation of infonmation on the current stage of desizn at known
PRU and ¥ {PRI]I 1= based on the ratio:

(PR ey oo e )

where: a( PR ]l i a lowrer bound of fiducial intervals l{m{PRJ]I ,ﬁ‘(PR Nuptoi=1,

The account of topology of complex of technical system, and also an ufunnatu:un—lcuglcal
formalisi ina representation of the systern of designing allowing o carry out the general staternent
of optimization of the problern of veliahility: {C'J', RY— opi iy =1,....F), where C’J 15 a vector
of step-byestep expenses. This problern is a proble m of rult-criterion optirazation with restictions
on relighility PRJ = [Za[PRJj,ﬁ[PR’);I,i =1=---:m1:.,i" =1, Jand time: TJ = '.T;' =1,k Ina

geretal case, the generalized poroblern will acce pt a kand:
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C — min

PR, (@(FR,).6[PR, }
i=1.., m,J =1,..k
T=T

where: C izavector criterion of optitnization. Its solution is arnong the Pareto-optimal solutiors, the
searching techrnology of which is reduced to methods of consecutive concessions (compromises).

CONCLUSIONZ

Thus, the perfection of the technological procedures of design stages of technical systerns is
carried out under the progratns generalizing experience and new approaches in technical develop-
toent. & program is formed of poblerns of the coomdinated optivanr.
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FROBLEM PLANCWANIA EKSFERYMENTALNEGO
WOKRRESLONYCH OBSZARACH — PRZESTRZEN CEYNNIKA
WIDENTYFIEACI PARAMETROW TECHHNOLOGII ENERGOOSZCZEDNY CH

Stresremnie. Fozpatreoron techrike opisn majiey na celn iderdyhikacije patametrdar w modelach o mdemico-
ware] budoarie. Zaproponorano metody oceny parametrdwr. Zaplancwrano eksperymentywr me-standard oaran
chszarze prees tzer coyrrnkdws v ceb ad aptacyi modeli. Wty celn naniesioro mape topologiczng, preestreern
coymrikoars] chram na pezestreedn czyrmikowr s cryvginay . Wprowr adzono modele systenu idorrmatye=nego dla
opim procesinr tararzetia mespon techrologicznego.
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Shwra lhweawwe: ad aptacja, model systerm mitematyemeso, mestandardosry oh sz preestmem compmikoere),
proh lemm optymalizac]y, optyrnalna s avtod & ererzn, idertyfiltana parmmetrdar, intenswer noéd zaschdr, denty-
fikacja stmlkiuralna, mespdl teclmolog iz



