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Formalized conditions for carrying out a diagnostic experiment associated with the identification of
faulty fragments (subschemes) of inertial-free systems are obtained. The diagnostic experiment is
reduced to computational procedures for localization of faulty subschemes, which are based on testing
hypotheses that the characteristics of the allocated subschemes have changed. Hypotheses are
formulated in such a way as to ensure the detection of parametric and structural faults. The first, for
example, may include changing the resistance of the circuit, and the second - an open or short circuit.
When the system is divided into subschemes, the latter are selected from the condition of their
parametric identifiably, i.e. The situation when, based on the known parameters of the remaining
subschemes, as well as the input and output signals in the whole system, it is possible to determine the
parameters of the subscheme under consideration. Planning a diagnostic experiment is as follows.

Assuming a linear relationship between the parameters of the allocated subscheme S; and the output

signals of the system, a verification matrix F is created in advance, which determines the interrelation
of the indicated parameters and signals, considering the serviceability of the subscheme under
consideration. In the event of a malfunction, the verification matrix F changes, which allows to
determine the nonconformity matrix g, on the basis of which analysis it is possible to obtain an
estimate Ap; of the parameters Ap; of the subscheme S; under consideration, as a result of which

it is concluded that it is serviceable. Procedures for testing hypotheses on the health of the subschemes
of the inertial-free system for cases of parametric and structural faults are of an identical nature. The
principal difference between experiment planning and structural faults from planning for parametric

faults is that for parametric faults the value Ap; does not depend on the input signals of the system,

while for structural faults — the value Ap; depends on the input signals of the system, in an unknown
way.
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Introduction

To solve a wide range of problems in the study of systems (identification, control of
operability, preventive maintenance), methods of the theory of experimental design are widely used,
allowing, in the presence of measurement noise, to obtain estimates of the parameters of the system
model that are best in some sense. It should also be taken into account that the features of the dynamic
behavior of systems, for example, their lack of inertia, do not have a significant effect on the
procedures for carrying out these experiments [1].

When diagnosing, even in the case of the most simple parametric faults in the subschemes, it is
necessary first of all not to get the parameter estimates, but to establish the faulty subschemes. This
formulation of the problem presupposes the need to ensure the best distinguish ability of the
subschemes [2-4].

Objective of this article is formalization of the conditions for planning a diagnostic experiment
in problems of determining the operability of inertial-free systems in the localization of parametric
and structural faults in their subschemes.
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Main part

Suppose that in one of the subschemes only parametric faults are possible. In this case, the
description of the faulty subscheme S; has the following form Z, = ¢, (V,,p,); i=1 N, where

Z,— is the vector of the subschemes S; parameters, p, = p; +Ap;; p; € D,, D, —the area of the

values of the subscheme S, parameters, p~ — the vector of the nominal values of the dimension r,
parameters, N — the number of subschemes to be checked.

A subscheme S, is parametrically identifiable if, with known parameters of the remaining
subschemes, the input and output signals in the system as a whole can be determined by its
subscheme S, parameters.

Consider the subscheme S, for which the relationship between the parameters and the output
signals of the system is linear. In this case, the description of a system with a defective subscheme S,
can be represented as follows:

F Wy, i=IN, )

where y — the vector of the output signals of the system, u — the vector of the input signals of the
system, F~ (u) — averification matrix composed of the elements of the fault dictionary.

Denoting {[8F*(u)] op? }: 0,(u), we rewrite (1) in the form

Ay=y-F (u)=qU)Ap, i=LN. )
If there is such a value ue D, as rank ¢,(u)=r;, then from (2) we can obtain an
estimate Ap, of the parameters Ap;. In this case, the identification task is solved with one set

of input signals of the system. If the rank g, (u) <r,, then the task of identification can be
solved only if on the diagnosed system it is possible to give sets of input signals

g;(u*)

U =(ut,...,u"), inwhich rank Q (U*) = rank |:
q;(u”)
Estimation of the parameters of the subsysteme S, is determined from equation

Il
—

AY(U")=QU")ap,, i=LN, 3)

where AY(U*)=[Ay(u?)..., Ay(u*)] ™.
The problem of diagnosing will be solved by testing hypotheses H , . The hypothesis H

I =1,N is the assumption that the parameters of the subscheme S, have changed and the description

of the system has the form (1).
The hypothesis H , is verified by testing the compatibility of equation (3), whose matrix

Q(U ‘ ) must be rectangular.
Subschemes S;, S;; i= ] are not distinguishable under the hypothesis H , , if for a given

value Ap; there exists such avalue Ap; € D, that
q,(U)Ap, =q;(U)Ap;, ueD,. )
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The criteria for the distinguish ability of the subschemes S;, S; parameters are determined

from the conditions under which equality (4) is not satisfied.
The parameters of the subschemes S;, S; are distinguishable under the hypothesis H , if

and only if there exists a value U “ such that
| < K
rank{Qi(U“)!Qj(U“)}zri+rank Q;U"). (5)

In this case, the subscheme S; parameters can be unidentifiable due to the fact that
rank Q;U") <r;.
Let us write down the necessary condition for the distinguish ability of the parameters of the

| _
subschemes S;, S;, under the hypothesis H , rank{Qi U9IQ;.U “)} =r +1; S=1r, , where
|

j

Q;s(U") —isthe s-th column of the matrix Q; .

If only one parameter in the system is allowed to change, then condition (5) with respect to the
distinguish ability of all the system parameters reduces to the existence of input signals of the system

ensuring pair wise linear independence of the columns of the matrix [Ql u”),....Q, U “)] , Where

N is the total number of parameters tested [5]. And linear independence of different columns can be
achieved with different input signals of the system.

Planning a diagnostic experiment when estimating the subscheme parameters. Let the scalar
output of y be measured with an error. Assuming that only parametric faults can exist in the
subscheme S; and the system model is linear in the parameters of the subsystems under test, the

description of the faulty system is similar to (2) in the form Ay + & = ¢, (u) Ap, . Changing the values

of the input signals of the system, we form, similarly to (3), a system of algebraic equations for
obtaining estimates Ap, of the parameters Ap; :

AA=Q Ap,, (6)

where AA = [Ay(u1)+ 51,...,Ay(uk)+ §K]T , Q, =Qi(UK).

Suppose that the measurement error values &" have a normal distribution with zero
expectation E[§ r] =0 and the same variance o, are not correlated with each other, and also with
q(u"), Ap,. In this case, the quantities Ay(u')+¢&", r=1,K are independent, normally
distributed, with mathematical expectation Ay(u r) and the same variance o>.

The assumptions made allow us to use the method of least squares to obtain an estimate Ap; :

A5 =(QrQ) QA (7)

It is assumed that the matrix Q,/Q, = F,, called the information matrix (the Fisher matrix), is

no degenerate.
If the vector were measured without errors, then from (3) it would be possible to obtain exact

(errors of computation are not considered) parameter values Ap, = (QiTQi )_1QiTAY . The covariance
matrix of estimates of the subscheme S, parameters is as follows:
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COV[A,[’i]: E [(A,[’i —Ap;) (Ap, _Api)T] =c’F.

Criteria for the optimal choice of input signals of the system are related to the form of the
information matrix F, and are aimed at minimizing any of its characteristics, for example, the value

of the determinant [6].

The foregoing experimental planning assumes that the faulty subscheme is known and it is only
necessary to determine its parameters. If the faulty subscheme is unknown, then when evaluating the
parameters of the scanned subscheme, it is necessary to ensure that the parameters of the subschema
are discernible with the subscheme parameters, which can in fact be faulty.

Planning a diagnostic experiment for parametric faults. Consider the planning of an
experiment aimed at ensuring the distinguish ability of the parameters of subsystems S;, S;, when

estimating the parameters of the subsystem S, .
We divide the diagnostic equation (6) into two parts:

AAa = Qi,a A:D| ! (8)

ANy, =Q;p Ap;. ©

The compatibility of equation (6) can be checked by checking the unbiasedness of the
estimates Ap*, Ap’, the parameters Ap, obtained from equations (8) and (9), respectively.
Analogously to (7) from (8) we obtain an estimate of the parameters

857 =(Q1, Q) QI AN, = F, QL AN,

From (9) we obtain Ap = F, Q, AA,.

If the subscheme S, is faulty, the matrices AA,, AA, are determined by expressions
AN, =Q . Apj, AN, =Q , Ap;.

Because of measurement errors Ap?, Apy, estimates are random quantities with some areas

of distribution of their values.
Depending on which of the subscheme (S; or §;) is faulty, the mathematical expectation

E[Ap?] and the covariance matrix cov[Ap?] of the estimate Ap? obtained under the hypothesis
H areas follows:

Pi

I:i,a Q;,a Apj' at J ii!

E[AS?] =
[AS]] {Api’ atj—i

If any of the subschemes is faulty: cofAp] = o*F,,]=0’F,,. Similar expressions are
also obtained for E[A[)ib], cov[A[)ib], by substituting in the expressions for
E[A[)ia], CO\/[AAia ], the index «a» by «b».

The bias in the estimate Ap, is determined by the magnitude

py = AP} =AY (10)

The mathematical expectation and the covariance matrix of the vector p, are as follows:
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E[pi]: {mi,i = (Fi,a QiT,a ija - Fi,b Qin Qj,b)Apj ’ at J - i,

m;; =0, at i=],

(11)

Ci =cop]= Uz(Fi,a +Fip). (12)

As follows from (12), the covariance matrix of the vector p, does not depend on which of the

subschemes is faulty.
Let the system change only one parameter, i.e. Ap, — is a scalar. If the system of diagnostic

equations (8), (9) consists of two scalar equations:

AA;, =0, Ap;,
AAi,b =0, Ap;,
then
m;; = (qj,a _qji)Apja at j =i,
Elp]= Q. Qi
m.. = 0 , a.t J = i,

B, =Dlp]= 52(%—'_%)'

ia i,b
For this distinction of subschemes S;, S;, it is necessary that the distribution areas of the
quantities p;; (; with a faulty subscheme S;) and p,; (,; with a faulty subscheme S;) do not

overlap.

As an example, Fig. 1 shows the distribution of two-dimensional quantities p,;, o;;. The
situation shown in Fig. 1, a, is characterized with respect to the situation shown in Fig. 1, b, higher
accuracy of parameter estimates Ap; , but lower distinguish ability of subschemes S, , S;.

Fig. 1. Areas of distribution of two-dimensional quantities p;;, p;;: a — situation with higher
accuracy of parameter estimates Ap, ; b — situation with higher distinguish ability of subschemes S, ,
S

i

In the present paper, the problem of determining the optimal input signals of a system
in the planning of a diagnostic experiment that ensure the distinguish ability of subschemes
S;, S; is considered as the problem of obtaining the maximum distance between the regions
of distribution of the values of p,; and p;; .

In the theory of pattern recognition, the distance of the Mahalanobis is widely used as a
measure of the distance between sets [7]. Assume that the distribution of values p;;, o,;,

obey the normal laws N(m;;,C;), N(m;,C;), where m;;, m;; — are the vectors of

mathematical expectation, C, — is the covariance matrix of dimension. In this case, the

9
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generalized Mahalanobis distance between the regions of distribution p,; and p,; is
determined by the expression

I, =M/ C'M,,, (13)

then M;; =m;; —m;;.
If the covariance matrix C; — is a single matrix, then I, it characterizes the quadratic
distance between the mathematical expectations p;; and p,; .
For one-dimensional normally distributed sets of values p;; and p,;, expression (13)

takes the form

m.—m:..)?

Ii'j _ ( ii I,j) (14)

B;

Since according to (11) m;; =0, then (13), (14) can be written accordingly:

I =m; Cmy, (15)

=
= 16
J /Bi ( )

For calculations using formulas (15), (16), it is necessary to know the value m;;,
which, according to (12), depends on the unknown value Ap;.

If Ap; — is a scalar, i.e. only one parameter in the system is allowed to change, the
maximum value |;; obtained for an arbitrary value Ap; =0 of for u=u® is the maximum
(but different in magnitude) for any value Ap;. It follows from this that the optimal input
signals u®, at which the best distinguish ability of the subschemes S, S; is achieved, can be
determined before the diagnostic experiment at an arbitrary value Ap; by maximizing the
value 1;.

If Ap, — is a vector, then it is impossible to obtain optimal values u® beforehand
before the diagnostic experiment, delivering a maximum 1I;; for any values Ap;. This is due
to the fact that the value m;; depends on the combination of the values of the components of
the vector Ap;. In this case, the choice of input signals aimed at ensuring the distinguish

ability of subschemes S;, S; can be carried out during the diagnostic experiment. Consider

one of the variants of the experiment, consisting of two stages.

At the first stage, the estimates of the parameters of all subsystems are determined
successively Ap,,...,Ap, . The input signals of the system at this stage are selected from the
conditions of optimal experiment planning for identifying the parameters of the
corresponding subsystem. Among the estimates obtained Ap,,...,Ap, , only one corresponds
to the true values of the parameters of the faulty subsystem.

At the second stage, the optimal input signals of the system are determined, allowing
selection of the obtained estimates Ap,,...,Ap, under the appropriate hypothesis. In this

case, the criterion of optimality under the hypothesis H  is the maximum of the quantity

10
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calculated by formula (13). In calculations according to formula (11), an estimate from
Ap,,...,Ap, the set corresponding to the subsystem is used, with respect to which the

distinguishable subscheme S, is distinguishable.

Use to test the hypothesis H, of the magnitude of the bias of the estimate Ap,,
determined by the expression (10), is possible only if for matrices Q,,, Q,, , there are minors
of rank r;. If for one of the matrices, for example Q,,, the matrix does not have a minor of

rank r;, then the reliability of the estimate Ap] can be checked by the criterion of the
forecast of the output signal of the system.
In this case, an estimate Ap, = F, Q/, AA, is determined from (7), and then, according

to (10), the quantity AA, = Q;, Ap; . Error forecast
M =AA, _Mb’ A7)

is an indicator of the correctness of the hypothesis H . If 1 <g; that hypothesis H is

accepted, otherwise - it is rejected (€; — an acceptable value ;).

The value 4 depends on which subsystem is actually faulty. If we consider
subschemes S;, S;, then the mathematical expectation and variance of the quantities x; are
determined by the expressions

_ A =Qip F. Q. Ap;, at j=i,
E[ﬂi]_{ﬂu =0, at j=1i, (18)
coy, ]= o2+ Q7 FL Q) 19)

where 1 — is the unit diagonal matrix.
The criterion of optimality of input signals for a hypothesis H, oriented to the

determination of a defective subschemes S;, S; in a pair can be the maximum of (15), where
m;; it should be put equal 4;;, and C; =cov[y;]. Otherwise, for the criterion based on the
expression (18), the reasoning given for the criterion based on the expression (10) can be
repeated.

Planning a diagnostic experiment for structural faults. Let us consider subsystems with
independent observation. When testing the hypothesis H, : Ay = L, (u)AZi, i=1N (where
L, — is the class of operators that specifies a class of faults in the subscheme S, [1]), the
compatibility of equations of the form is verified:

AY, +&, =L, AZ,, 20)
AY, +¢, =L, AZ;. (21)

In this case AY,, AY,, aswell &,, &, are vectors whose dimensions are equal to or
greater than the dimension of the vector AZ;.

11
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Let the decision on the reliability of the hypothesis H, be made by the criterion of

unbiasedness of the estimate AZi. Offsetting of the estimate AZi is similar to (10)
determined by the quantity

A

1, =AZ" —AZ). (22)

If the matrix L;, is rectangular and the method of least squares is used to obtain the

estimate AZ? of the vector AZ, from equation (20), then

. 0, L. L. AZ, at j=i,
E[AZia]= ’ ’ N J ] )
AZ;, at j =1,
where 6,, :(Lf,a L. )71.

The estimate AZF of the vector AZP from equation (21) is determined in a similar way.

The value 7, determined by the hypothesis H, depends on which subscheme is
actually faulty. Consider the case where only one of the subschemes S;, S;. can be faulty.
Analogously to (11), (12) we obtain

e ] :{n,j =0 L, L, — 0, L, L,)AZ,, at j#i, -

7, =0, at j=i,

coMz] = (6, +6,p) - (24)

For the case when AZ;, AZ; — are scalar quantities, that is, subschemes S;, S;, have

one output, we get
Lia Lijp ..
T =(—-—")AZ;, at j=i,
Elr;]1=1 " Li. Lis

7.. =0, at j=i,

1 1
Dlr.]= 02 = +—|.
[:1=2 (Lia Lf,b]

The principal difference between experiment planning and structural faults from
planning for parametric faults Ap, is that for parametric faults the value does not depend on

the input signals of the system, while for structural faults the value Ap, depends on the input

signals of the system, in an unknown way.
Let the observability matrices L;,, L;;, L;,, ,L;, — be constants and AZ; — be a

scalar quantity. In this case, when organizing a diagnostic experiment, two stages can be
distinguished.

The first stage of the connection with the formation of observability matrices before the
diagnostic experiment by means of an appropriate selection of control points. The choice of
control points is carried out from the condition of maximum value (21), where m;; it is

ia’ i,61

replaced by z,,, and C, by coVr,|. Since the maximum value 1, obtained for the

i ij
corresponding set of control points for arbitrary values AZ; =0 remains the maximum (but

12
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different in magnitude) for any values AZ;, the choice of control points can be carried out at

arbitrary values AZ; # 0.

The second stage is realized during the diagnostic experiment. Since the observability
matrices are constant in this case, no increase in noise occurs when the input signals of the

system change, which follows from (24). With a faulty subscheme S,, we have
Ay, =L;,AZ;, Ay, =L, AZ;. In this case, the quantity ¢;; in expression (23) corresponds
to the quantity z;; =0, Li, Ay, —6,, Li, Ay, .

The input signals of the system that ensure the best distinguish ability of the
subschemes S;, S; under the hypothesis H; are chosen in the second stage from the
condition of the maximum of the quantity (21), where m,; it is replaced by r:j, and C, — by
covz;].

When choosing control points, a table of coverings is usually constructed, the columns
of which correspond to pairs of subsystems whose distinguishability is estimated, and the
rows to checkpoints. At the intersection of a row and a column, there is one if some pair of
subsystems are distinguishable by the introduction of the corresponding control point. The
minimum set of control points corresponds to the minimum coverage of the table. There can
be several minimal coverages, the choice of which is not formalized.

In some cases, for example, as described in this section, instead of one in the table of
coverings, one can record the corresponding value of the Mahalanobis distance and from the
minimal coverages choose a cover that provides a maximum, in some sense, distinguish
ability of the subsystems. The criterion for choosing such a minimum coverage can be, in
particular, the maximum value of the sum of all elements of the minimal coverage table.

If there is a limit on the number of channels of signal transmission from control points
to the diagnostic system, the diagnostic system can be equipped with a diagnostic
surveillance system. The diagnostic monitoring system is an adder whose inputs are
connected to control points, and the output is to a communication channel. The weighting
factors of the adder are chosen from the conditions for maximum discrimination of the
subsystems on the basis of the Mahalanobis distance analysis for given ones.

Conclusion

For cases of parametric and structural faults obtained evaluation to test hypotheses
about the distinctiveness of faulty subschemes in freewheeling systems. These estimates
allow to identify faulty subscheme and plan their computational experiments based on the
analysis of localization parameters subschemes diagnosable system to the test exposure. In
this case, hypotheses are formulated from the assumption that the parameters of the
diagnosed subscheme have changed. The localization of faulty system subschemes during the
diagnostic experiment is carried out from the assumption of the distinguish ability of the
subschemes, i.e. the partitioning of the system into subschemes must be carried out in such a
way that the regions of distribution of the parameters of the subschemes do not intersect.
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TIJIAHYBAHHSA JIATHOCTUYHOI' O EKCIIEPUMEHTY ITPH JIOKAJII3AIIIT
HECINPABHOCTEM IMIJICXEM BE3IHEPHIMHUX CUCTEM

C.A. llonmoxaenko, JI.JI. [Ipokodpnepa
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Otpumano (GopMaii3oBaHi yYMOBH MPOBEACHHS  JIaTHOCTHYHOTO  CKCIICPUMEHTY.
MIOB’SI3aHOTO 3 BHSBJICHHSM HECIPaBHUX (parMeHTiB (migcxem) Oe3iHEepIiHUX CHCTEM.
JliarHOCTUYHHMH EeKCIEPUMEHT 3BEACHO NpU IbOMY A0 OOYUCIIOBAJBHUX MPOLEAYP
JOKaTizalii HeclpaBHHUX IMiJCXeM, B OCHOBY SKMX (IIpOLEAYp) MOKJIAJEHO MEpEBIPKY
rinore3 mpo Te, LI0 3MIHWIUCS XapakTepUCTUKH BUAUICHUX IigcxeM. [imoresn
(OpMYIIOIOTBECS. TaKMM YHMHOM, 1100 3a0e3leYuTH BHSBJICHHS MapaMeTpUYHUX Ta
CTPYKTYPHHUX HeclipaBHOCTEH. [lo Mmepunx, HalpyuKIIal, MOXXYTh BiIHOCUTHCS 3MiHH OIIOPY
JUISTHKY JIAHIIIOTA, a JI0 IpYruX — OOpUB ab0 KOpOTKe 3aMHUKaHHs. [Ipu po30UTTI cuctemu
Ha TIJCXEMH, OCTaHHI OOHMpalOThCSI 3a YMOBH MOMJIMBOCTI iX HapaMeTpHIHOl
inerTudikamnii. To0To cuTyarii, KOIU MO BIAOMHUX MapaMeTpax iHIIUX IiICXEM, a TaKoX
BXITHHX Ta BHXIJHHX CHIHAJIaX CHCTEMH B IIOMy, MOKHa BHM3HAUUTH TapamMeTpu
MiICXeMH, sIKa PO3risiaaeTbes. [lmaHyBaHHS I1arHOCTUYHOTO EKCHEPHMEHTY MOJATae y
HacTymHOMY. [lepenbadaroun JiHIHHY 3aJIe)KHICTh MIXK ITapaMeTpaMy BHIUICHOI IMiICXeMH

Si Ta BI/IXiZ[HI/IMI/I CUTHaJlaMH CHCTEMH, 3aBUYACHO CKJIIaJa€TbCA HepeBipqua MaTpuns F ,

sKa BH3HA4Ya€ B3a€MO3B’SI30K BKa3aHHMX MapaMETpiB Ta CHTHAJIB, BPaXOBYIOYH CIIPAaBHICTh
MiICXeMH, 10 PO3risiaeThes. [Ipy BUHMKHEHHI HeCcIpaBHOCTEH mnepeBipouHa marpuist F
3MIHIOETBCSI, 1110 JIO3BOJISIE BU3HAYMTH MATPHIIO HEBIAIMOBIAHOCTI (, Ha MiJACTaBl aHAI3y

sKoi MOXHA OTPUMATH OLIHKY Ap; mapaMerpiB Ap; mincxemu S;, ska posrisigaeTsbcs. B

pesyibTaTi JAHOTO aHalli3y POOHThCA BHCHOBOK INOJO MpAle3faTHOCTI IiAcXeMH S;.

IIponemypy mepeBipkH TiMOTe3 IIOAO0 CHPABHOCTI Migcxem 0e3 iHepIiHHOT CHCTeMH IS
BUTAJIKIB MAPAMETPUYHAX Ta CTPYKTYPHUX HECIIPABHOCTECH MAIOTh 1ICHTHYHHNA XapakTep.
[IpuHOMNOBa BiIMIHHICTH IUIAHYBAHHS €KCIIEPUMEHTIB MPU CTPYKTYPHUX HECIIPABHOCTSIX
BiJl IUIAaHYBaHHS TIpPH MApaMETPUYHUX HECIPABHOCTSIX TOJIATaE y TOMY, [IO MpH

NapaMeTPUYHUX HECTPABHOCTAX BENUYMHA Ap; HE 3al€KHUTh BiJl BXIJHHX CHTHaJiB
CHCTEMH, a IPU CTPYKTYPHUX — BENMUMHA Ap; 3aJ€XKUTh BiJ| BXIJIHUX CUI'HAJIIB CHCTEMH,

MPUYOMY HEBIJJOMHUM YHHOM.
Kro4oBi cjioBa: miarHoCTHKA, TIarHOCTUYHUH €KCIIEPUMEHT, JIOKaTi3allisi HeCIIPaBHOCTEH,
Oe3iHepIiifHi cHCTEMH, OLIHIOBAHHS MapaMeTpiB MiJCXeM
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IHOPOPMATUKA TA MATEMATHUYHI METO/I1 B MOJEJITFOBAHHI = 2018 = Tom 8, Nel

INJIAHUPOBAHHUE JTUATHOCTHYECKOI'O SKCHHEPUMEHTA TTPU JIOKAJIM3ALINA
HENCIIPABHOCTEHN NOJCXEM BE3BIHEPHHUOHHBIX CUCTEM

C.A. Ilomoxaenko, JI.JI. [Ipokodprera

OpecCkuii HATMOHAIBGHUH TTOINTEXHIYECKUH YHIUBEPCHUTET,
npocrr. [lleBuenko, 1, Omecca, 65044, Ykpauna; e-mail: sanp277@gmail.com, prokofieval957@gmail.com

IMomydens! ¢popMann30BaHHBIE YCIOBHUS MPOBEACHHS JUATHOCTHUECKOTO KCIEPHMEHTA,
CBSI3aHHOTO C BBISIBJICHMEM HEHCIPaBHBIX ()parMeHTOB (mojacxeM) Oe3bIHEpIMOHHBIX
cucteM. JIMarHOCTHMUYECKUH HKCIHEPUMEHT CBOAMUTCSA MPH 3TOM K BBIUUCIUTEIbHBIM
mpolexypaM JIOKaJU3allMM HEUCIPaBHBIX IOJICXEM, B OCHOBY KOTOPBIX (Tpoueayp)
MOJIOXKEHA IPOBEpPKa TUIOTE3 O TOM, YTO M3MEHWINCHh XapaKTEPUCTUKU BBIAEICHHBIX
noacxeM. ['mnore3sl GopMyIHPYIOTCS TakuM 00pa3oM, 4TOOBI 0OECIEUHTh BEISBICHUE
IapaMeTpUuecKuXx M CTPYKTYpHBIX HeucmpaBHocTeil. K mnepBeiM, Hampumep, MOTyT
OTHOCHUTBLCSI M3MEHEHHUE COIPOTHBIICHHS y4YacTKa LIENH, a KO BTOPbIM — OOpBIB WU
KOpOoTKOoe 3aMbIkaHue. [Ipn pa3OnMeHNH CHCTEMBI HA MOJCXEMBI, ITOCIEAHUE BBIONPAIOTCS
U3 YCIOBHS WX TApaMEeTPUIECKON HACHTU(PHUIMPYEMOCTH, T.€. CHUTyalMH, KOTAA IIO
N3BECTHBIM MapaMeTpaM OCTAIBHBIX ITOJCXEM, a TAKKE BXOIHBIM M BBIXOJHBIM CHUTHAlIaM
B IIEJIOM CHCTEMbI, MOXXHO OMNPENEIUTh IapaMeTpbl paccMaTpHBAEMOM IOACXEMBI.
[TnanupoBaHne JUAarHOCTHYECKOTO HKCIIEPUMEHTa COCTOMT B cieayromieM. [Ipeamonaras

HHHCﬁHyIO 3aBUCUMOCTb MECXKY IMapaMeTpaMu BbI[[eHeHHOfI TIOACXCMBbI Si " BBIXOJHBIMH

CUrHaJIaMU CHUCTCMBI, 3apaHeC COCTABJIACTCA HNPOBCPOUHASA MaTpUlla F , OIIpeacidronas
B3auUMOCBA3b YKa3aHHbIX napamMmeTpoB u CHUT'HAJIOB, Y4uThIBas HUCIPaBHOCTH
paCCManHBaeMOﬁ IOJACXCMBI. HpI/I BO3HMKHOBCHHNU HCUCIIPABHOCTU MPOBEPOYHAA
Martpuna F U3MCHSCTCS, YTO MO3BOJISICT ONPCACIUTh MATPULy HCCOOTBETCTBUS (, Ha

OCHOBAaHHH aHAIM3a KOTOPOH MOXHO MONYYHTh OLCHKY Ap; mmapamMeTpoB Ap;

paCCManI/IBaeMOﬁ IIOACXEMBI Si’ B peE3yJbTaTe 4YCero CACjaTb 3aKIIHOYCHUC 00 ee

ucnpaBHocTH.  llpouemypsl  HpoBepkH  TUHOTe3 00  HCIPABHOCTH  IOJCXEM
O€3bIHEPIIMOHHOW  CHCTEMBI ISl  CIIydaeB [apaMeTPUUECKMX U  CTPYKTYPHBIX
HEHCNPABHOCTSAX HUMEIOT HUAEHTHYHBIA  XapakTep. IlpuHIMIManeHOE — OTIMYHE
IUTAHUPOBAHMS YKCIEPUMEHTA IPU CTPYKTYPHBIX HEMCIPABHOCTAX OT INIAHUPOBAHUS NPU
MapaMeTPUUECKUX HEHCIPABHOCTSAX COCTOMT B TOM, 4YTO MpH TapaMeTpHYECKHX

HEUCIIPABHOCTAX BEJIMYHMHA Apl HC 3aBUCHUT OT BXOJHBIX CUTHAJIOB CHUCTCMBbI, a IIpH
CTPYKTYPHBIX — BEJIMYHWHA Apl 3aBUCUT OT BXOJHBIX CHUI'HAJIOB CHCTEMbI, MPUYEM

HEU3BECTHBIM 00pa3oM.
KaioueBble cj0Ba: [UMArHOCTHKA, JIMATHOCTHYECKUN IKCIEPUMEHT, JIOKAIH3AIUS
HEHCIPaBHOCTEH, OE3bIHEPIIMOHHBIE CHCTEMbI, OLIEHUBAHKE TAPAMETPOB MOJICXEM
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