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The tasks of “input-output” models construction in
the static systems are mainly decided on the basis of
experimental data in three stages: design of
experiment, which results will be a priori provided by
the set of models’ properties; identification of model’s
structure; identification of its parameters. Identification
of model’s structure, which is not subject to complete
formalization there is the most difficult stage.

For the solve of structural identification task it is
necessary to define errors nature in experimental data.
The method of their description determines general
approach which is the base for the methods model’s
structure synthesis. Nowadays for construction of
structural identification methods are wused two
approaches: stochastic and interval (for bounded errors
of data).

Within the boundaries of stochastic approach for
the synthesis of satisfactory “input-output” models’
structure of the static systems often the methods of
consequent parameters inclusion or exception are used,
which are built on statistical criteria of hypotheses
verifications about meaning of model parameters. The
methods of exhaustive search of all possible structures
are used seldom. More effective, in relation to
indicated, there are different modifications of method
of group consideration arguments (MGCA), which are
suitable in the conditions of small data retrieval. Basic
principles of indicated methods for estimation of the
built model “quality”, in these methods statistical
criteria are used also. It should note high calculable
complication of all MGCA algorithms extraordinarily.

Subject to the condition of errors limited on
amplitude usage of the indicated methods with the
statistical criteria of quality control of structural
identification of “input-output” models of the static
systems becomes impossible. At these conditions the
interval approach is more suitable. Within the limits of

interval approach for the tasks of structural
identification usage of similar methods models of
successive increase or withdrawal of elements of the
initial set structure are used. However the criteria of
structure optimum do not require statistical researches
of experimental data errors.

At the same time analysis of methods of structural
identification models “input-output” of the static
systems, built on the basis of interval approach showed
that all of them did not give the synonymous solution.
Therefore actual there is the problem of providing of
synonymous solution of structural models
identification task by the methods of interval data
analysis. The on occasion given problem can be
decided by addition or modification of the system of
existent criteria which properties of model structure,
which are determined by models properties, that is the
researching subject of the given article.

Let's assume that the model of static system
generally is of such kind function:

Y, =y(X) (1)

where y_ — unknown true value of the system output

variable; ¥ e R" — vector of input variables; 7 the
initial fixed quantity of input variables, which is
necessary to estimate on the basis of experiment
results.

For identification of dependence y(x) the known

results of experiment, presented as a matrix X of
values of input variables and proper interval of output
variable ) :

X =y i = Lo NG = B li=1.8 @)
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and it is known here, that in every i supervision the
true value of output = belongs to the interval

[y, y/] thatis y7 <y, <y

In a matrix X there is the possible same columns
that will mean the reiteration of supervisions at the
same input variables. Thus we will get the selection of
interval estimations of output variable
d_; = lyj —A; y;+ AL j=1,..,N. We will assume that
this selection is accidental, but also includes the not
random limited error term of supervisions. That is we
consider the model of the mixed interval error
A=A, +A,, when the results of supervisions after an

output variable are set in such kind
Yi=Do T€; Téy 3)

where e, — the not random limited error with the

known range of possible values — A <e. <A €, —

random error, that has the symmetric (in the general
case unknown) distributing on the known interval
[_AZi;AZi :

The resulted task of identification of
dependence y(X), is enough difficult and in the
general case for the receive of its solution it is
necessary to consider additional assumption on the
class of functions )(X). We will search dependence

Y(X) in class of the linear-parametric equations in

such general kind:
y(E)=¢" ()b, 4

where b — vector of unknown parameters estimations;
@T (¥) — vector of unknown base functions, but known

class (for example, polynomial functions). The
dimension m of these vectors at the beginning of
identification procedure is known.

Taking into described above and equations (1)—(4),
the task of structural identification of “input-output”
model on the basis of interval data (2) is erected to
finding of such dependences (4), which provide the
solutions set of the interval system to the linear (in
relation to parameters) of algebraic equations (ISLAE)

Vo SBOE) et b0, B Sy i= LN ()

We should note that the solution set €2 of
estimations parameter of model (4) which in space of
parameters is the polyhedron and is the solution ISLAE
(5). Every estimation from the solution set {2 at the
fixing structure model allows us to get one interval
model, that belongs to the functional corridor

() =Ly (kv (x)), (6)

where and

v (7)=min(p" () 5)
y*(i)zmax(@T(f)'E) — low and upper bounds of
beQ

functional corridor.

Obviously, that the compatibility terms of the
system (5) can be provided by complication of initial
model  structure  y(X) = @T()E) .b (increase of

parameters quantity, inputs, and for polynomial
model- polynomial degree).

At solving of structural identification tasks, the
choice of optimum structure criteria is an important
question. Usually these criteria are the criteria of
model’s prediction accuracy and complication
(simplicity).

General characteristic of interval model’s prediction
accuracy on the experiment area are the values of
average and maximal prediction errors.

In depending on the features of the model used, in
the them of “simplicity” of model structure can be put
a different sense. In this case implementation of one of
such requirements is the most typical situations:
minimization is the degrees of polynomial p—>min ;

minimization of input model variables quantity of
n— min; minimization of model parameters quantity
m — min, on condition of compatibility providing of
the interval system of the linear algebraic equation (5).

Consequently, for the tasks of optimum structure
synthesis, depending on setting and features of interval
model of the static system, it is necessary to use one or
a few pairs of criteria: minimizations of the degrees of
polynomial model and prediction error; minimizations
of input variables quantity of model and prediction
error; minimizations of polynomial model parameters
quantity and prediction error. Thus providing of the
system compatibility is necessary (5).

In the case of the step by step estimation of interval
models structures according to chosen criteria,
obviously, criteria, that minimize complication of
structure, will have a priority. The criterion of
prediction error minimum of interval model requires
considerable calculable charges and on the first stage
related to the evaluation of a plenty applicants, his
application is inadvisable. For close estimation of
prediction error of interval model in the tasks of
structural identification the sizes of localization of the
parameters set €2 are used. In this case interval
localization of the parameters set () is most suitable,
that is by the described m- dimension rectangular

parallelepiped /7. In the multidimensional case a
rectangular parallelepiped 77" can be described lower
and upper bounds of separate parameters b, , that is by

an interval vector [b] with elements (b, ;b "]
IT* = {blb; <b <bfk=1,..m},

where p” =minb, b, =maxb, -
beQ beQ
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In this case the volume of localization
parallelepiped can be close estimation of interval
models prediction accuracy

varH=IT b —b;)-
k=1

Consequently in the general case the task of
structural identification of interval “input-output”
models of static system subject to the condition
optimization of complication and prediction accuracy
will be such type:

n—min, m — min, y(/7*)—>min, @)

on condition of the system compatibility (5).

A presence in the mixed model of error €;; results
in a volume, that the repeated experiments allow to
decrease the accidental constituent of error only €,,;.

At the experiments reiteration, the true value ),
belongs to the crossing of accidental selective intervals
d; =y, =y + 0} i=1 N, YN, =N
i=1
If the indicated condition is not executed, that is

N; .. .
ﬁ d = » it is necessary to increase value A,

l‘j - 1
J=1

(width of intervals ¢, = ly,-; — Ay, + A,-J)’ for providing
of compatibility of the system (5) .
N; . . .
Lets ~ . We will note the resulting width
ﬂl d; QD g
J=
(to the crossing) of interval § N in the i point of

supervisions after A, =53 —sy -
1 1 1

At application of the mixed interval error such
question is suitable: what the accidental constituent of
error which can be compensated by the repeated
supervisions at the same values of the fixed input
variables is due to? Obviously, that the accidental
additive component e,; of total error in equation (3) is
mainly conditioned by action of the untaken into
account and uncontrolled factors. The analysis of this
components at the repeated supervisions allows to
assert that the growth of its amplitude, related to no the
consideration of important factors of influence on a
“output”, will result in one of two cases: definite

compensation (narrowing) of width A N, of resulting
interval § y; —on condition of the enough large initial
set value of interval error A, or to the necessity of
expansion of initial interval di/' (increase A), — if

ﬁ d, =@ - In any case resulting intervals § N will
Jj=1

be wide enough, that will result in low prediction
accuracy of interval models.

Laid out allow the higher reasoning to walk up to
the task of structural identification from other point of
view, namely criterion of complication, which sets the
optimum quantity of input variables to substitute by the
criterion of “additional arguments-inputs” » — min,
which will set the average area of experiment
correlation between the width of resulting and initial
intervals for output variable

N A ..
JIVZA”’"’—AWmaX ®)
i=1 i

for terms ﬁ d, +@ Vi.
J=1

The maximal value of ex i L&Ay
pression __ ' 2N
Nio A,
when the initial width of interval remains unchanging
at the repeated supervisions. In this case there are
absent factors which bring in an random component of
error, that allows decreasing the width of interval

is 1,

[y y;r] by the withdrawal of random component

e,; and the same increase prediction accuracy of the

system model. By replacement of criterion 7 — min
in the task of structural identification (7), (5) on a
criterion (8) we come to it such kind:

N AL
;JZAN’"’—A">maX’ )
i=1 i

on condition of the system compatibility (5).

Algorithms of multicriterion task solving (9),
subject to the condition (5), as well as practical most
tasks of structural identification, behave to the
evolutionary algorithms. The methods of successive
inclusion or elements exception of model structure are
a basis for their construction.

In paper there is considered possible algorithms of
structural identification of interval models of the
system on the basis of criteria (9) with the accounting
limitation (5), built on the method of successive
elements inclusion.

Possibility of receipt of same solution of tasks of
structural identification is shown for different initial
model structures. However there is dependence of the
given solutions on the initial output variables intervals,
which it is impossible to define only at presence of
sensor errors. At set wide intervals of output variable
we get interval models with unsatisfactory predicted
properties. For reduction of sensitiveness of the
considered algorithm of structural identification to the
initial set interval errors the offered his modification in
direction of the adaptive adjusting of possible part of
random error term in relation to the error of measuring,
by application of iterative adaptive procedure.
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Pe3stome: Poseusinymo 3adauy cmpykmypuoi idenmuixayii inmepeanvhux mooeneil cmamuynux cucmem. Iloxaszano
MOIHCIUBICI  OMPUMAHH OOHO3HAYHO2O0 PO38'A3KY 3a0ayi cmpyKmypHOi [Oenmuikayii Ons pi3HUX HOYAMKOBO
30A0aHUX CcmMpyKmyp Mmooenell Ha OCHOB8I 3ANPONOHOBAHO20 ANCOPUMMY HNOCHIO08HO20 YCKIAOHEHHS CHMPYKMyp.

3anpononosano adanmusHy imepayiiHy npoyeoypy,

AKA  3MEHWYE 3ANeNHCHICMb  Pe3yabInamy  CmpyKmypHoi
i0enmudghixayii' 6i0 eenuuuHY IHMEPBATLHUX HOXUOOK OAHUX.

KawuoBi ciioBa: cmpykmypra ioenmughixayis, inmepeanvHi Mooeii, iHmepeaibHull ananiz OaHux

BCTYI

3amaui  moOymoBu  Mmojmened  "Bxim-Buxin"
CTaTUYHHUX CUCTEM Ha OCHOBI €KCIIEPUMEHTAIBHUX
JaHUX TIEPEBAXHO PO3B'I3YIOTH y TPU CTallu:
IJTaHyBaHHS ONITUMAIIBHOTO €KCIIEPUMEHTY,
pe3yabTaTH SKOTO ampiopi 3abesmedaTh 3alaHi
BIIACTHBOCTI MoOJIENel; imeHTU]iKaIis CTPYKTypH
Mozeni; igeHTudikamis ii mapamerpis. Ilpn mpomy
HaWOIIBII CKIAJHUM €TaloM, SKHH He IiIsarae
noBHIH (opmanizanii € igeHTHdIKaLis CTPYKTYpH
moxeni [1, 2].

Hnsa pO3B'sA3aHHSA 3ajadi CTPYKTYpHOL
ineHTHU(iKamii HEOOXITHO BHU3HAYUTH TMPUPOAY
MMOXMOOK B eKCIepuMeHTaNbHUX naHux. Crocid ix
OTMHCY BH3HAYA€ 3aralbHUA TMiOXig, Ha SIKOMY
0a3yI0TbCcsl METOJM CHHTE3Y CTPYKTypH Mmojeni. Ha
CBOTOMHINIHIA JIeHh s TOOyIOBH  METOMIB
CTPYKTYpHOI imeHTrndikaItii BUKOPHUCTOBYIOTHCS JIBA
MiZXOMU: CTOXAacTUYHUU [2, 5, 6] Ta IHTepBaJIbHUI
(TeopeTuro-MHOXUHHUN) [1, 7].

B mexax cToXacTHYHOTO MiAXOMy ISl CHHTE3Y
3aJIOBUIBHOT  CTPYKTypH MoOJEieH ,,BXiA-BuUXix”
CTaTUYHHUX CHUCTEM Hal4YacTillle BUKOPUCTOBYIOTHCS
METOJIU TOCIiOBHOTO BKIIOUSHHS UM BUKIFOUYCHHS
rmapaMeTpiB, SKi TMOOyIOBaHI Ha CTaTHCTHYHUX
KPHUTEPIAX TMEPeBIpKH TiNoTe3 Mpo 3HAUYYIIiCTh
mapaMeTpiB  Mojeni. Pimgme BUKOPHCTOBYIOTHCS
METOAW TIOBHOTO TIepedopy  yCiX  MOKIUBUX

CTPYKTYp. BinbI eeKTHBHIUMH, IO BiTHOIIEHHIO 10
BKa3aHUX, € Pi3HI Momudikamii MeToay TpyIIOBOTO
ypaxyBanHs  aprymeHtiB  (MI'YA), saxi €
NpUAaTHUMU B YMOBax Mayioi BUOIpKH AaHuX [5, 6].
OCHOBHI TPHWHIINIH, Ha SKUX TOOYIOBaHI BKa3aHi
METOAM, Ta NpPUKIagd iX 0araTOYUCICHHOTO
3aCTOCYBaHHs HaBeZeHI B mpausx IBaxneHka A. I,
Cremamka B.C. Opnak, misg OLIHKK “gkocTti”
moOymoBaHOi MoAeNi, B IMX METOAaX TaKOX
BUKOPUCTOBYIOTBCSI CTaTUCTH4HI Kputepii. Crix
TaKOX BIIMITUTH HaJ3BUYAiHO BHCOKY
00UYNCTIOBAIEHY ~ CKJIAMHICTH  YCIX  QJTOPUTMIB
MI'VA.

3a yMOB OOMEXEHHX MO aMIUTITYIi MOXHOOK 3
HEBIJOMUMHU 3aKOHAMH DPO3IMOALTY 3aCTOCYBaHHS
BKa3aHUX METOMIB 31 CTaTUCTUYHUMH KpPUTEPIsIMH
MEepPEeBIPKH  SIKOCTI  CTPYKTYpHOI  igeHTH]ikamii
Momened “BXig-BUXin~® CTaTUYHUX CUCTEM CTA€E
HEMOXXJIMBHM. 3a IMX YMOB OUIBII MPUIAATHUM €
iHTepBaJbHMI MmiaXil. B Mexkax 1HTEpPBaJIbLHOTO
MiAXO0My JUIs pO3B’SA3yBaHHS 3ajad CTPYKTYPHOI
imeHTHdikamii Mozeeld BUKOPUCTOBYIOTHCS MOAI0HI
METO/IM TIOCIIIOBHOTO HAPOIyBaHHS UM BUITYYCHHS
€JIEMEHTIB MOYaTKOBO 3aJaHOi cTpyKTypu. OmHak
KpUTEpii ONTUMAIIEHOCTI CTPYKTYpPH HE BHUMAararoTh
CTaTHCTUIHUX JOCTKEHB MOXHUOOK
eKCIepUMEeHTaIbHuX nanux [1, 7].
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B Toii ke uac aHami3 METOJIB CTPYKTYpHOI
ineHTu(ikamii Mojenel “BXiA-BUXim® CTaTUYHHX
cUcTeM, TOOYJOBaHHX Ha OCHOBI IHTEPBAIBHOTO
MIX0My TIOKa3aB, IO YyCi BOHM HE JalOTh
OJIHO3HAYHOTO PO3B’s3Ky. TOMYy aKTyalbHOI €
mpoOiieMa 3a0e3nedeHHs] OJTHO3HAYHOTO PO3B’SI3KY
3amMad  CTPYKTYpHOI  ifeHTHdikamii  Momemneit
METOJIaMH aHaJi3y IHTepPBAJIbHUX JaHuX. B oxpemux
BHUIIJKaX JaHy mpoOJieMy MOKHa PO3B’s3aTd
[OUIIXOM JIOTIOBHEHHS YW MoJudikamii cucreMu
ICHYIOUMX  KpPHUTepiiB, SIKUMH  BH3HAYaIOTHCS
BJIACTUBOCTI  CTPYKTypu Mogmenmi [7], mo €
MIpeIMETOM JOCHTIKEeHb Y TaHii mparii.

NMOCTAHOBKA 3A[0AU4I

PosrnsreMo 3amady CTPYKTYpHOI imeHTH]ikarii
CTATHYHOI CHCTEMH y BUIIAJKY IHTEPBAIbHAX JAHHX.

Mogenb cTaTHYHOT CUCTEMHU OMUCYETHCS IESKOI0
(byHKIIIERO

Y, =y(X) (1)

ne ), — ICTUHHE HEBIJIOME 3HAYEHHSA BHXOIY

CHUCTECMH, XeR"- BEKTOp BXIIHHUX 3MIiHHUX; #—
3aJja€ TOYaTKOBY (IKCOBaHY KiNbKICTh BXiZHUX
3MIHHHX, $Ky HEOOXiJIHO BCTaHOBUTH HAa OCHOBI
pe3yIbTaTIB EKCIICPUMEHTY.

Husa imenTudikamii 3aexHOCTI y(f) BiTOMi

Pe3yJibTaT CKCOCPUMCHTY, HpeﬂCTaBﬂCHi y BI/II‘J'DI,[[i

MaTpHIIi X  3HayeHwp BXiAHUX 3MIHHHX i
BIAMOBIMHUX  IHTEPBAJIBHUX 3HAYEHL  BHUXITHOI
3MIiHHOI ) :
- +]
Xip e X V1> V1
_ Jdv— -t 2
X = Xip «o-Xin ’[Y] _yi’yi] )
— . +
le...an _yN9yN]

1 IpY IIOMY BiJZIOMO, 1110 B TOBIIEHOMY i -y

CIIOCTEPEKEHH] ICTUHHE 3HAYCHHS BUXOAY )

. - o+
HAJICKHUTh IHTEPBAITY [yi » Vi ], To6T0

Vi SV SVi-

YV marpuni X MOXIHBE TIOBTOPEHHS CTPidoK,
10 O3HAYaTHME IOBTOPEHHS CIIOCTEPEIKEHb IPHU
ONHUX 1 THUX JX€ BXimHWX 3MiHHUX. llpm TBOMY
OTPUMYBaTUMEMO BHOIpKY IHTEPBAIBHHUX OIIHOK
BUXIJHOI 3MIHHOT

d, =y, Ny, +A]j=1,..,N.

J

[Mpunycrumo, mo 1 BHOipKa € BUMAIKOBOIO, ajie
TaKOX BKJIIOYaE OOMEXeHy He BHUIAaIKOBY MOXHOKY
CHOCTepekeHb.  T00TO  PO3MIAAAEMO  MOJAENb

3Mimanoi iHTepBanpHOi moxubkm A = Al + Az ,

KOJH pe3yibTaTH CIIOCTEPEKEHb 3a BUXITHOIO
3MIHHOIO 3a1al0ThCS Y TAKOMY BUTIISAII [ 8]

Vi=Yo Tée; ey,

3)
Je €); — HEBHIAIKOBa OOMEXeHa MOXMOKa 3
BIIOMUM iara3’oHoOM MOKJIMBUX 3HA4YEHb

- A, <e; <Ay, e,;,— Bumagkosa noxudka, mo

Ma€ CHMETpUYHUI (y 3araJbHOMY  BUMAJKY
HEBIIOMHUI) pO3MOALI HA BiIOMOMY IHTEpBai
[_ A2i 9A2i ]

HaBemena 3amaga imeHTH(IKaIii 3aJeXHOCTI

Y(X), € nocTaTHBO CKIAMHOW i B 3araibHOMY

BUNIAJKy AJsl OTpUMaHHS ii PO3B’SA3Ky HEOOXimHO
PO3TJISHYTH JOJATKOBI yMOBM Ha Kiac (QyHKIIN

Y(X). Bynemo mykaru sanesxuicts )(X) cepen

JMHIHHO-TTApaMETPUYHUX  PIBHIHBR Yy  TaKOMy
3araJlbHOMY BUTJISIII:
- T ;=\ 1.
y(x) =9 (X)-b, @)

ne b — BexTop HeBiTOMEX OLIHOK TapaMeTpis;

=T /= . e
(1 (X) — BexTop HeBimomux GasucHHX (YHKIIi,

BiZloMOoro Kjacy (Hampukiazd, TOJiHOMIaIbHI
¢dynkii). Po3aMipHiCTs 71 X BEKTOPIiB HA MTOYATKY
MpoIeTypH iMeHTU(IKAIIIT € 3aaHOTO.

3 BpaxyBaHHSM BHIIE BHKIQJCHOIO Ta
cuniBigHomenb  (1)—(4), 3amaga  CTPYKTypHOI
imeHTHGIKAMT Mozem “‘BXiA-BUXim® HAa OCHOBI
iHTepBanbHUX  JgaHuX  (2)  3BOmUTBCA  JIO
3HAXOJ[KCHHS TaKOi MHOXHUHH 3aJeKHOCTEH (4), sKi
3a0e3MevyoTh YMOBH CYMICHOCTI iHTEpBaIBHOI
CHUCTEMH  JiHIHHUX  (BIAHOCHO  MapameTpiB)

anreOpaiunux piBasiHb (ICJIAP)

yi $ho (X)) +...+b,0, (X)) <y

i <hp )+ b, G <y O

Yy Sbl¢l()—éN)+"'+bm¢m()_éN)Sy;\—/;
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3ayBaxkumo, mo po3s’szkoM ICJIAP (5) €

muoxkuHa {2 omiHOK mapameTpiB Moneni (4), xa B
IPOCTOPI TapaMeTpiB — OIMYKIMHA MHOTOTPAHHHK.

Koxua ominka 3 MuHOxuHM £ npu  3amaHiii

CTPYKTYpi MOJAEIl JO3BOJSE OTPUMATH  OIHY
IHTEepBATLHY MOJICTIb, 110 HAJIC)KUTh
(dhyaKIiOHATEHOMY KOpHAOPY [3]
=0y (e (%)L (6)
e y(¥)=min(§" (¥)-5 ) ra
beQ

y+()?): r%labx((BT ()?)l;) — HIDKHSL Ta BEPXHS MEXI

(hyHKIIIOHATHHOTO KOPUIOPY.
OueBHIHO, 110 YMOBU CYMICHOCTI CHCTEMHU
(5) ™MoxHa 3a0e3nMeuYWTH MUISXOM YCKIIaJHEHHS
CTPYKTypH nouaTkoBoi moaeni V(X) = @T (X)-b
(301MBIIEHHS KITBKOCTI ITapaMeTpiB, BXOMIB, a JUIS
MOJIIHOMIaJIbHOT MOJIENI — CTYIICHSI ITOJIIHOMA).
3aranbHi  TAXOAM A0 33734 CTPYKTYpHOL
ineHTHdIKaImii iIHTepBATEHUX MOJEICH PO3TIISIHYTI B
npaisix [1, 7]. 3okpema, BiAMideHO, MO MpH
pO3B’sI3yBaHHI IUX 3aj[a4, BAXJIMBHM IHUTAHHSAM €
BHOIp  KpHUTEpiiB  ONTHUMAIBHOCTI  CTPYKTYpH.
PosrnsiHeMo 1ie muTaHHs AeTalbHIIIE. 3 i€ METOO
MMOBEpHEMOCS /10 CUCTeMH HepiBHOCTer (5) 1

BBOKATUMEMO, IO (YHKIIIS y(f), sKa 3ajac

CTPYKTYpPY MOJEIi, IIYKA€ThCsl Y KiIaci MOJIHOMIB.
Bimomo, mo Ha ckiHYeHOMy HaOoOpi BY3IiB

)?i (i =1,...N ), HapoOIyI0YHM CTEHiHb ITOJIHOMA,

3aBXKAM MOXKHA 3HAWTH Taky TOJIHOMIAIbHY

MOJiejIb, SKa 3aJ0BOJIBHSE 3aJaHUM I1HTEPBAJIbHUM

IaHUM.
Hexaii MOJIIHOMIaJIbHA

3HalieHa MOJEIb

Y(X,b) szanexuts Bin N 3MIHHEX X|,...,X,,

CTeNeHi P 1 BKIO4Yae 71 TapaMeTpiB bl yeoes bm .
OmHak BOHA MOKE BHUSIBUTHCS HAATO CKJIQIHOIO IS

aHajily 1 TporHo3yBaHHsA. BHacmigoxk w1poro
BUHUKAE HEOoOXiTHICTD 3HAXOKECHHS
MOJIIHOMIAJIBHOT  MOJICNII  MaKCHMAaJbHO  IPOCTOT

CTPYKTYpH. Y BHUIAJKy HassBHOCTI I'PYyIH MOJCICH 13
CTPYKTYpOK  OJIHAKOBOi  CKIIQJHOCTI, TepeBary
HagaBaTUMEMO Tili Mozem, ska 3abe3medye

HallMEHITy MOXHOKY MpPOTHO3yBaHHA A y(¥)> Wo

3aJa€ThCsl IMUPUHOI  Kopuaopy (6). 3arambHi
XapaKTePUCTUKNA TOYHOCTI iHTEpBaJIBLHOI MOJENI Ha
007acTi eKCIEPUMEHTY 3aJaloThCs  3HAYCHHSIMH
CepEeNHbOI Ta MAaKCUMAaIbHOI MOXMUOOK.

3ajexHO BiJ 0COONMBOCTEHl  BUKOPHCTaHHS
Mozedi, B TOHATTA “mpocToTH”’  (CKIIAIHOCTI)
CTPYKTYPH MOJICINII MOXKE BKJIAJATUCS PI3HUH 3MICT.
Haii6inpin  TUMOBMMU — CUTyalliIMU Y  JaHOMY

BUIIAJIKy € BUKOHAHHS OMHIE] 13 TaKkWX BHUMOT:

MiHIMi3allid ~CTeNeHi modiHOMa P —> Min ;
MiHIMI3alis KIJIBKOCTI BXITHUX 3MIHHUX
Mozeni 1 —> Mmin; MiHIMi3alis KIJIBKOCTI

napaMeTpiB HONHOMiaTBHOI Mozeni 72 — Min, 3a
YMOBU 3a0e3Me4YeHHs CYMICHOCTI 1HTepBalbHOI
CHUCTEMH JIHIHHUX anreOpaidHuX piBHAHB (5)

Orxe, pansd 3agad  CHUHTE3Y  ONTUMAJIBHOI
CTPYKTYpH, 3aJle)KHO  Bil  NpPU3HAUYCHHS  Ta
0COOIIMBOCTEW 3aCTOCYBaHHS IHTEPBAIBHOT MO
CTaTUYHOI CUCTEMHU, 3aaHOI IMOJIHOMOM, HEOOX1aHO
BUKOPHCTOBYBATH OJHY YU JIEKUIbKa Map KpUTEPiiB:
MiHiMIZamii  cTemeHi  moaiHOMa 1 ITOXUOKH
MPOTHO3YBaHHS; MiHIMi3amii KITBKOCTI BXITHHUX
3MIHHMX MOJeNi 1 MOXUOKM MPOTHO3YBaHHS;
MiHiMi3alii KiTbKOCTI HapameTpiB MOJiHOMiaJlbHOT
Mozem 1 moxuOKku mporHo3yBaHHA. [lpm mbomy
HEOOXITHUM € 3a0€3MeYCHHS CYyMICHOCTI CHUCTEMH
(5).

VY BUMagKy MOETAHOTO 3BaXKyBaHHS CTPYKTYD
IHTepBaJIBHUX MOZEIEH IO KpHUTEpisx BHOpaHOI
napy, OYEBHIHO, MPIOPUTETHUMH OYIyTh KpHUTEPIi,
IO MiHIMI3YIOTh CKJIAaIHICTh CTPYKTYpH, OCKLIBKH
KpUTEepid MiHIMyMy TIOXHOKA TPOTHO3YBaHHS
1HTEepBaJIBLHOT MoJei BHUMarae 3HaYHHUX
0o0YMCIIOBAaJIBHUX BHUTpAaT 1 Ha MEpIIOMY eTai,
MOB’SI3aHOMY 3 OIIHIOBAaHHSAM BEIMKOI KiTBKOCTI
MIPETEHICHTIB, WOTO 3aCTOCYBaHHS € HEIOIIIHLHUM.
Jnst HaOnmKeHOT OIIHKKM MOXUOKH MPOTHO3YBaHHS
IHTepBaJIbHOI MOJeNi B 3aAadax CTPYKTYpHOL
imeHTUdIKamil BHKOPHCTOBYIOTh po3Mipu
nokanizanii MHoxkunn napamerpis (). HaitGinbu
NPUAATHOIO B JaHOMY BHIAAKY € iHTepBajbHA
JOKaJTi3amis
OTHUCaHUM m-

MHOKHHH po3B’sskiB (2, T06TO
BUMIpHUM MPSIMOKY THHM
napaneneninegom 11 i [4]. Y OararoBuMmipHOMY
BUMNAJIKy NPAMOKYTHHH mapaneneninen [/ " MoskHa
3a7aTH yepes Mexi OkpeMux mapametpi b, , T06To

intepBanbEuM  BexTopoM  [D] 3

[bk_;bk+]

CICMCHTaAMH

IT° = {blb; <b, <b; ke =1,...,m},

ne b, =minb, b, =maxb, .
beQ beQ
Y 1upoMy BHIAAKY HaONMKEHOI OLIHKOIO
TOYHOCTI iHTEpBAILHUX MOZEJeH Moxe OyTH 00’eM
JIOKaTi3aIlifHOTO Tapaseerninena

V(H*)=f[ (b —by).
=]
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OTxe B 3arabHOMY BUTIAJIKy 3a1a4a
CTPYKTYpPHOI ifieHTH(hiKamii iIHTepBaIbHUX MOJIeNel
“BXiI-BUXi 00’€KTIB 32 YMOB ONTHUMI3aIlii
CKJIAJIHOCTI Ta TOYHOCTI MaTUME TAKUI BUTJIISA;

n—min, m = min, V(II") = min, (7)

3a YMOBH CYMICHOCTI cucTeMH (5).

OCOBJIUBOCTI METOLY YPAXYBAHHA
AOOOATKOBUX APT'YMEHTIB

PosrasHEeMO BIACTHBOCTI 3MiMIaHO] iIHTEPBAIBHOT
noxuokw (3).
HasBuicTs y 3Mimaniii Moneni HeBHU3HAYCHOI

HEYCYBHOI TMOXMOKH €); NPHU3BOAMTH JIO TOTO, IO

HOBTOpHi I[OCHi,I[I/I JO03BOJIAIOTH 3MCHIIMTH JIMIIC

BUIIAJKOBY  CKJIAJOBy TIOXHOKH  €,;. llpm
MIOBTOPEHHI  JOCHIiJIiB, ICTHHHE 3HAYEHHS Yoi
HAJISKUTh Tepepily BUMAIKOBHX  BHOIPKOBUX
iHTepBaJiB

dy =Dy =83y + 8} =1 NN, = N

HKH_IO K BKa3aHa yMOBa HC BUKOHYE€TLHCH, TOOTO

N;

ﬂ d i = (J , To ;i 3a0e3MeUeHHs CYMiCHOCTI
J=1

cuctemH (5) HeoOXiTHO 301IBITYBaTH Ai.

Hexait TTo3naunmo

Ni
N d; #D
Jj=1
pe3ynbTyiody IMpHUHY (riepepisy) intepBany S N; Y
i-Tiii Touni cmoctepexkens 3a A ZSX,. — Sy -

1

3a BigomocTsMH [7], cipaBeIUBUM € BUPa3

limM(Ay)=2-A, ®
N;—0
e M(A N, ) — MaTremaTHYHe CIOJiBaHHSA

IMPUHY IHTEPBAIY Y i-Tild TOYIII.
Omxe TIpH 10BimbHOMY 06’emi BuGipku N ; 3a

Ni
YMOBHU ﬂ dl-j #* , TIepepi3oM IHTEpBaIiB Yy
J=1
3MIIIaHin CKIHYEHUI

Moaeli € iHTEpBAT 3

IIUPUHOK, HE MEHIIOK BiJ 2- Ali’ SKHA Xoua i

BKIIOYA€ ICTMHHE 3HA4eHHA  );, ale He
BUPOJKYETHCS B TOUKY.
IMpu 3acTocyBaHHI 3MimaHOi iHTEpBaIBHOI

MOXUOKHU CIYITHUM € TaKe 3alMTaHHS: 332 PaxyHOK
YOro BMHHKAC BMIIAQJKOBA CKIIam0Ba IOXHOKH, sKa
MOXE KOMIICHCYBATHUCS MOBTOPHUMU
CIIOCTEPEIKCHHSIMH TIPU OJIHUX 1 TUX K€ 3HAYCHHSIX
¢ikcoBaHMX BXiMHUX 3MiHHUX? OUYEBHIHO, IO

BHIIA[IKOBA aJWTHUBHA CKJIAJ0BA MNOXHOKH €,; Y

dopmyni  (3) TmepeBaXHO  3YMOBJICHA  JII€IO
HEBpPaxXOBaHMX 1 HEKOHTPOJIBOBAaHUX (HaKTOPIB.
Amnamiz  wmiel  CKIaJoBOi  NpU  HOBTOPHHX

CTIIOCTePESIKCHHSAX ~ JI03BOJIIE  CTBEP/XKYBATH, IO
3pOCTaHHS 11  aMIUTITy[OH, OB’ sI3aHE i3
HEBPaxXyBaHHSM BaXJIMBHX (DaKTOPiB BIUIMBY Ha
“BUXiN”, TpH3BeNe OO0 OIHOTO i3 JBOX BHUMAJKIB:

Ay

pesynbTylodoro inteppanty S N; — 3a YyMOBH

MIEBHOI KOMITeHcaIlii (3BY)KCHHS) ITUPHHH

IIOCTAaTHLO BEJIMKOIO IMOYATKOBO 3aJaHOI0 3HAYEHHS
IHTEPBaIbHOI TTOXUOKH A ;> UM 110 HEOOXITHOCT1

PO3IINPEHHS BUXI1JTHOTO iHTEepBaTY
Ni

dij (301MBIICHHS Ai),—HKH_IO ﬂ dij = .y
J=1

6yIb-IKOMY BHIAIKy Pe3ylbTyiodi iHTepBamn S N;

OyAyTh IOCTATHBO LIMPOKHMH, IO MPU3BEIE [0
HU3bKOI TOYHOCTI IHTEPBAIBHUX MOJIEICH.
Buxmageni Bume MipKyBaHHS  JO3BOJSIOTH
MiTIATH 10 3afadi CTPYKTypHOI imeHTHGikamii 3
1HIIOT TOYKH 30py, a caMme KpUTepill CKIagHOCTi
n—>min, sxuii 3amae ONTHMANIbHY KUTBKICTh
BXIIHUX  3MIHHHUX  3aMiHUTH Ha  KpHUTEpii
“IOIaTKOBUX apryMEeHTIB-BXOIB”, SIKUN
3a/1aBaTUME yCepemHeHe Ha 00JIacTi eKCIIEpUMEHTY
CIIBBITHOLICHHS MK IIUPUHOIO PE3yJIbTYIOYOrO Ta
MOYATKOBOT'O IHTEPBAJIiB HEBU3HAYCHOCTI

1T EAy g, S max > )
NS A,

\Mz

N;
3a YMOBH ﬂ dij = Vi.

J=1
ANi
Ai
JOpiBHIOE 1, KONMHM TOYaTKOBa IMUPHHA IHTEPBATY
3QJIMILAETHCS HE3MIHHOIO pu IIOBTOPHUX

CHOCTEPEKEHHSAX. Y 1IbOMY BHIIQJKY BiJCYTHI
(akropH, sIKi BHOCSTH BHIIAQJKOBY CKJIAIOBY, IO

1 N
MaxkcumanbHe 3Ha4YeHHS BHpPasy ﬁz
i=1

. -
JO3BOJISIE€ 3MEHLINTHU IIMPUHY iHTEpBaTY [yi Vi ]
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IUIAXOM BUIIYYEHHS BHUIIAJKOBOI CKIAIOBOI €,; i

THM CaMHM HIJBUIIATA TOYHICTH MOIEN CHUCTEMH.
3aMiHOI0  KpHTEpiro n—>min B 3agaui
cTpykTypHOi inmentudikarii (7), (5) Ha kputepiit (9)
MPUXOAUMO JI0 ii TAKOTO BUTJISLY:

1 N A Ayi
— %% s max, m—>min,
N i=1 Ai
+ .
V(II") - min, (10)
3a YMOBH CYMICHOCTI cucTeMH (5).
1 XA,
OCKIIBKH MiX BUPa3OM —— Ta 3MIHHOIO

i=1 i

N B 3aralbHOMY BHIAJKy HE ICHY€ 3aJeKHOCTI
3aJaHol  aHaAJIITMYHO, TO 3ajaya
inenTudikanii  (10), yckIagHIOETHCA,
pO3B’s3KM  (ONTHUMAJbHI  CTPYKTYpU  MOJEN)
BIIMOBINaTUMYTh OuMbINHA  amekBaTHOCTI. Kpim
mporo, kpurepiit (9) Ta KpuTepid CKJIAIHOCTI
m—> min e NPOTHIICKHUMH, IO JO3BOJIUTH
3HAXOUTH pO3yMHUI KOMIIPOMIC MIK
aJIeKBATHICTIO, TOYHICTIO Ta CKJIAIHICTIO
IHTepBaJIbHOI MOJIEN CUCTEMHU.

ANTOpUTMH PO3B’SI3yBaHHS OaraTOKpHUTEPiaTbHOT
3anaui (10), 3a ymoB (5), 5K 1 MPaKTUYHOI OLIBIIOCTI
3a/la4 CTPYKTYPHOI imeHTH]IKaIlii, BiTHOCATHCS 0
EBONIIOTUBHUX  anroputMmiB. OCHOBOIO miIsa  iX
no0OyIOBH € METOAU IOCIIJOBHOTO BKJIIOYCHHS YU
BHKITFOUCHHSI €JICMEHTIB CTPYKTYPH MOJIEIII.

PosrnssHeMO oaMH i3 MOXIMBUX aITOPUTMIB
CTPYKTYpHOI imeHTUdIKAMII IHTepBATLHAX MOJEIICH
CHCTEMH Ha OCHOBI KputepiiB (10) 3 oOMexxeHHIMHU
(5), mnoOymoBaHmii Ha METONi IOCIIJOBHOTO
BKJIIOUCHHS CJICMCHTIB.

Kpox 1. OOGuucneHus
[_ Az A, ]

00YHnCIIeHHS

oJHaK 11

Jiana3oHy  3HAYCHb

Jos

HEOOXITHO

IHTepBaIbHOI  TOXHOKH.

Ob0I0 /:Liar[a30Hy

BCTaAaHOBUTH )Iial'[a3OH 3HAa4YCHb [_ A 1i , A i ]

HEBUITAIKOBOT 00OMeXeHOT CKJIJIOBOI e

1
(MeTponoriuHoi MOXHWOKH) Ta AOMYCTHMY YacCTKY
BHIIa/IKOBOT IOXHOKH €,; Yy 3araibHiil iHTepBaIbHIl

nmoxuo61i. [epexin Ha kpok 2.

Kpox 2. ®opmyBaHHS 0a30BHX IPOCTHUX
CTPYKTYyp Momeni (IepeBa)XHO BUXOIIYH 13
¢iznunux MipkyBanb). [lepexin Ha Kpok 3.

Kpox 3. Cenekuist CTpPyKTyp 3a YMOBOKO
N;

ﬂ d i * (& Vi.Skimo pe3ynbTaToM cenexiii
j=1

CTPYKTYpPHOI

mycrta MHOXHMHA, TO Tepexi Ha Kpok 4, B
MIPOTHIICKHOMY BHIAJKy — Ha KPOK 5.
Kpox 4. I'eHepyBaHHS HOBUX CTPYKTYpP LUIIXOM

JONOBHCHHA CJIEMCHTAMU THUITY bk '.xk 3 HOBUMH

dakropamu. [lepexin Ha Kpok 3.

Peamizaniiss 1bOro KpOKY OIHOYACHO BHMArae
Moaudikamii ICHYI0YOTO MacHUBY
eKCTiepHMMEHTANbHUX JaHuX (Matpumi X = Ta

inTepsansHOro BektTopa |Y |). Bkaszana Momudikanis

NPOBOAMUTHCS ILUIAXOM IIOBTOPHOTO MPOBEICHHS

eKCIEepUMEHTIB Yy  (IKCOBAaHMX  TOUYKax i3

BPAXyBAaHHSIM 10JaTKOBUX (pakTOpiB BIIMBY X . i
N;

METOI0 € 3a0e3MeYCHHS] YMOBHU m d i 7 & Vi
Jj=1

Xo4a O A7l OIHOT 3TeHEePOBaHOI CTPYKTYPH.

Kpox 5. Cenekuist cTpyKTyp 3a KputepieM (9).
[epexin Ha KpoK 6.

Kpox 6. Cenexilis CTPYKTYyp 3a yMOBOIO
CYMICHOCTI  IHTEpBaJbHHUX  CHCTEM  JIHIHHHX
anrebpaiyHUX piBHAHD (5), TOOYIOBaHHWX s
OTPUMAHHUX CTPYKTYp. SIKIIO pe3ysibTaToM CeneKiii
€ TyCTa MHOXHWHA, TO IepeXii Ha KpoK 7, B
NPOTUJIEKHOMY BUIAIKy — HA KPOK 8.

Kpox 7. I'enepyBaHHs HOBUX CTPYKTYp MOJENEH,
IUISIXOM  JOTIOBHEHHST HOBUMH eleMeHTaMH. Sk
NPaBWIO MPH HAPOIIyBaHHI CTPYKTYPH AONAIOTHCS
OIHOTHIHI eneMeHTH. Hanmpukian, sKIo BHXiIHOO
CTPYKTYyporo Oyia JiHiiHA 3a (aKTOopaMH-BXOAaMH

oy _ =T

yx)=x" - CTPYKTypa, TO HapOIUIyBaHHS
NPOBOJMTLCS  €IEMEHTaMH,  fAKi  BKJIIOYAIOTh
B3aemomii  (hakTopiB: bkr ‘X X, Take

HapOILIyBaHHs MPU3BOAUTH 1O TMOSBU MHOXUHH
PIBHO3HAUYHUX 3a KPUTEPIEM CKIIATHOCTI CTPYKTYp
Mmopeneii. [lepexin Ha Kpok 6.

Kpox 8. Cemekuis CTpYKTYpH 3a KpHTEpieMm

V(II")— min.
MPOLEAYPH CTPYKTYPHOI ieHTHDIKAIIIT.
v HaBEJCHOMY ITOPUTMI HaHOIBII

TPYIAOMICTKMM € KpPOK 4, OCKUTbKH BHMarae
nporeaypu Moaugikamii iCHyro40ro MacuBy JIaHHUX,

TOYHOCTI 3aKiHYEeHHSI

MEPEeBAXKHO  IUISIXOM  TPOBEACHHS  MOBTOPHHX
CIIOCTepeXKEHh ~ 0e3  ypaxyBaHHS  MOMEPEIHIX
pe3yiIbTaTiB.

AHATI3 MOXITMBOCTEW METOLYY
YPAXYBAHHA AOOATKOBUX
APT'YMEHTIB

Po3riasHeMo  MOJKJIMBOCTI
aNroOpUTMy  NIpU
pO3B’SA3KYy Ha

imeHTUdIKamil

3aIlpONIOHOBAHOTO
3a0€e3MeUeHH]  OJHO3HAYHOCTI
MpUKIALl  3a7adi  CTPYKTypHOI
MOZENI  XapaKTepPUCTHKH  KoJa
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BUCOKOBOJIbTHOI'O KoMyTaropa, SAKE HUPOKO
BUKOPHCTOBYIOTBCS B PO3MOJIUICHUX CHUCTEMax
3aXMCTY 1 yIpaBiiHHA eHeprocucteM. Ha pucyHky 1
HaBenmeHI rpadikel T TapMOHIYHOT KOMITOHEHTH

CTpYMy  TEpexXiIHOro  mpolecy B MOMEHT
PO3IMKHEHHS KOHTAaKTiB BHCOKOBOJIbTHOT'O
KOMYTaTopa.

Ha pucyHKy BUKOPHCTAHi Taki mo3HadeHHs: [ —

CECpCAHBOKBA/IpaTHUYHA BCIIMYMHaA HCpiO,[[I/I‘IHOI

1.05 f(xlbxz)

KOMIIOHEHTH  CTPyMy  HEpPEXiIHOTO0  MpOIeCy
BimHeceHa 10 BennmumHM ctpymy B Moment ¢ =0
(moyaTkoBa BETWYMHA CTPYMy BimoMa IS BCiX

THIIIB €JIEMEHTIB €HEPrOCUCTEMH); X| — NPOMIKOK

Yacy TICIIsi PO3MHUKAHHS KOHTAKTiB; Xy — BITHOCHA

BCJIMYMHA, sKa XapaKTepusye BiZ[)IaHGHiCTL
CJICMCHTY CHCProCuCcTeMu Bi[[ TOYKH KOPOTKOI'O
3aMHUKaHHA.

1

x, =1

0.95
0.9 1
0.85
0.8

N

T

‘ x, =3

0.75 A

///

\x2:47

0.7 T T
0

0.1

0.2

0.3 0.4

Puc. 1. I'padixn ¢yHkuiii crpymy nepexigaoro npouecy.

Sx BUmHO 3 pHc. | cTpyM NepexigHOro mpouecy
3aNIe)KUTh Bi NTBOX apryMeHTiB-(pakTOpiB: YacoBa

3aMUKaHHA.
3acrocyBaHHs Tpadika T03BONsE MOOYAyBaTH

3MiHHA TIEPEXiTHOTO TIPOIECYy Ta BIAJAICHOCTI TaONWIO BHUXITHUX JaHUX IS ideHTU(IKaril
KOMYTOBaHOi amaparypud BiJl TOYKH KOPOTKOTO CTPYKTypH (Tadmurs 1).
Taoauns 1.

i X, (©) Xy Ali Ay y,_ y:
1 0,1 1 0,0197 0,00985 0,9555 1,0146
2 0,2 1 0,0195 0,00975 0,9458 1,0043
3 0,4 1 0,0197 0,00985 0,9555 1,0146
4 0,5 1 0,0202 0,0101 0,9797 1,0403
5 0,1 2 0,019 0,0095 0,9215 0,9785
6 0,2 2 0,0184 0,0092 0,8924 0,9476
7 0,3 2 0,018 0,009 0,873 0,927
8 0,4 2 0,0182 0,0091 0,8827 0,9373
9 0,5 2 0,0184 0,0092 0,8924 0,9476
10 0,1 3 0,0178 0,0089 0,8633 0,9167
11 0,3 3 0,0166 0,0083 0,8051 0,8549
12 0,5 3 0,0162 0,0081 0,7857 0,8343
13 0,1 4 0,017 0,0085 0,8245 0,8755
14 0,3 4 0,0152 0,0076 0,7372 0,7828
15 0,5 4 0,0148 0,0074 0,7178 0,7622

Hdns cTpykrypHOi inmeHTudikamii Mozgemi, ska

ONMUCYE  3aNCKHICT
BapiaHTH BUXITHOI CTPYKTYPH:

CTPYMYy PO3IJISTHEMO

TpH

- KBaJIpaTH4HA CTPYKTypa 3 Qakropom X; 3a

OpUnynmeHHs, mo ¢aktop X,

y(x)=b, +b, -x, +b, 'x12;

€ HCCYTTEBUM!

- KBaJpaTU4Ha CTPyKTypa 3 (daktopom X, 3a

NPUIYLICHHS,

mo dakrop X

€ HCCYTTEBUM:

y(x)=b, +b, -x, +b, -x;;

- TiHifHA CTPyKTypa 3 BpaxyBaHHAM 000X

daxropiB X; Ta X, :
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X)=b. +b -x. +b. -x. +b. - x. - x, BaHMX, Ha OCHOBi HaBejcHuX rpadikis, sazamo
y(x)=b, L. 2 72 37172 +29%. YacTky BMNAAKOBOT OOMEXKEHOI MOXMOKH

A

N ' ,; 3amamo 50% Bix oOMexeroi moxubku A .
Hﬂﬂ pcamsarliil AJIITOPUTMY BUKOPHUCTAEMO

po3pobnenmii s ux e moxyns SYNSTRUC
2.0, expaHHi QoOpMH TIporpaMHOTO iHTepdeiicy, CIOCTCPEKCHb A,» JUIL yCIX BapiaHTIB JOpPIBHIOE
SIKOTO HaBEACHHI Ha puc. 2. + 3%,

Peanizariito anroputMy mpoBeIeMO B JBa CTallu.
Ha mepmomy erami (kpok 1) anmroputMy s ycix
BapiaHTIB TMMOXWUOKY TMpPEJCTaBICHHS TaOIUYHUX

Otxe, 3amaHa  iHTepBajbHA moxuoka

< SYNSTRUE 2/01C:natiaH TR R S BIEEI ) SYNSTRUC 2.0 C:\matlabR12\work\tool boxt aproks.sst
LSO Fle Edi Cac Hep
lrzmal s v - n
I I
Points of supervision Interval
1 [0z o o Experimental resulis B
X2 |1 S Mooes Optimal structure
y)=hl+b 2 al+b Tl *edebd bx 102 4xD
Parameters value
Total of supervision 20
The current supervision 2 Eé z %3333 .I]D 414]
b3=[-0412;-0.28]
b4 =[0.13; 0.508)
Interval model
e e ‘ . | F=(0. 04, L 00]+[0.093;0 4 14] * 2 1+[-0.412 -0 28] sl ¥+ [0. 13,0, 508] *=x 2%
Volume of rectangle parallelepiped
+J) Ent del X
7 Enter mode| | x| T |
Malel I
b1+b2% 1 +b 3" 2+bd w1 "2 +h5w " 252 s
0K | Cancel |

Puc. 2. Expanni ¢popmu moayass SYNSTRUC 2.0.

Bapiaum 1.
2 .
Kpox 2. ®opMyeMo MOYATKOBY CTPYKTYPY y(x) = bo +b1 * X +b2 *X; . Ilepexin Ha Kpok 3.

Kpox 3. Ilepepizom oTpuMaHux BUOIPKOBUX IHTEPBANIB IPU X1 = X| 5 = X; 19 = Xj13 = 0,1 e nycra

MHOXHHa

{[0,955;1,0146](1[0,9215;0,9785]1 " [0,8633;0,9167] N [0,8245;0,8755]} = .

ITepexin Ha KpoK 4.
Kpokx 4. BpaxoByemo immi ¢aktopu. B Hamomy Bumanky, ¢axrop X, . OTpuMaHi CTPYKTypH:
Y(x)=by +b - x, +by - x, +by - x]
y(x)=b, +b, -x, +b, x, +b,-x_ +b, - x]

[epexin Ha Kpok 3.
Kpox 3. Ilepepizom BHOIpKOBHX iHTEpPBATiB, IPH MOBTOPEHI CITOCTEPEIKEHD 32 TaHUX YMOB,

[0,955:1,0146] N[0,9458:1,0043] ~[0.955;1.0146] 1[0,9797;0,0403] A
[0,955;1,0146] ~[0,9215:0,9785] ~[0,8633;0,9167] [0,8245;0,8755]

€ mycta MHOXWHA. OCKIIBKH BpaxoBaHi BcCi Kpox 6. Ha mocrtoMy Kpomi airoputmy
apryMeHTH, IepexXOanMO Ha KPOK 6. OTPUMYEMO IIyCTy MHOXHHY IS  3TEHEPOBAaHHX
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crpykryp. Ilepexin Ha kpok 7. y(x)=by +b, -x, +b, - x} +by-x, - Xy +b, X, X5
Kpok 7. I'enepyemo CIpYKTypu |
JOTIOBHEHHSIM HOBHX eJICMEHTIB THITy 5 i
5 .
b - x; - xyma by - xp - x;,. y(x)=by +b,-x, +by - X{ +by X Xy +b, X[ X,
1. -
2. y(x)=b0+b1-xl+b2-x12+b3-xl-x2+b4-x12-x§

o . . . . . 2
y (x) - bO + bl X+ bz Xyt Xy + b 37X X [H1I11 MOXUTHBI CTPYKTYpH HE BPaXOBYEMO, Uepe3

ix ckmamgHicTb. [lepexin Ha KpoK 6.
3. -
y(x)=b,+b, -x, +b,-x -x,+b,-x]-x,;
4. -
Kpox 6. BukoHaHHA yMOBH CyMICHOCTI cucTeMH (5) 3a0e3medwsia m'sita CTPyKTypa i3 HE3HadyIIHM
rmapameTpoMm b, :

y(x) = [0,94;1,00]+[0.093;0.414] - x, +[-0.0589;0.0133]- x, +
+[-0,412;-0,280] - x, - x, +[0,130;0,508] - x> - x,

[epexin Ha Kpok 8.
Kpox 8. V(IT")=0,1- 107 . Kimeup MPOIETY PH.
OTxe, OTpUMaNX HACTYIIHY CTPYKTYpY AJIsl IEPILIOTO BapiaHTy:

y(x)=by +b - x;+b, - x -x2+b3-x12 "X,

Bapianm?.
2 .
Kpox 2. ®opmyemo nouatkoBy crpykrypy V(X) = b, + b -x,+b, x;. [lepexin Ha kpok 3.
N;
Kpoxk 3. Ha TpeTboMy Kpotii yMOBa ﬂ dij + BUKOHYETBCS IPU Xy = X9y = Xpj3 = Xpi4 = 1.
j=1

[0,9551,0146]N[0,94581,0043] N[0.955,1.0146] [0,9797:0,0403] =[0,9797;1,0043 .

[Tepexin Ha KpoK. 5. Kpoxk 6. [lana cTpykTypa HE 3aJJOBOJIBHSIE YMOBI
Kpox 5. OOumciaroeMo 3HaueHHsS KpUTepito  cyMicHocTi cuctemu (4.5). [lepexin Ha Kpok 7.
“I0AAaTKOBOTO ypaxyBaHHsI apryMEHTIB” JJs JaHOI Kpox 7. BrirouaemMo — J0JaTKOBiI CIIEMEHTH,
14 A OTPUMAEMO HACTYIHI CTPYKTYpH:
1 __ .
CTPYKTYpH — Z— = 0,996 . ITepexin na kpox 6.

i=1 A
Lo Y()=by+b X+ by xy + by xy - x5
2._y(x):b0+b1-x1+b2-x12+b3-x2+b4-x22+b5-x1 "X,
3 y(x)=by +b,-x; +by - X{ +by-x, +b, - x; X,
4._y(x):b0+b1~x1+b2~x2+b3-x§+b4-x1 - X,
Sh_y(x)=b0+bl~x1+b2-x2+b3~x1-x2+b4-x12-x2.

6 . Y(X)=by+b -x; +by-x) +by-x; - x; +by - X X5

ITepexin Ha KpoK 6.

Kpox 6. Cepen 3reHepoBaHUX CTPYKTYP CYMICHICTh CUCTEMH 3a0e3Ieuniia TiIbKH I1°5ITa CTPYKTypa:
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1(x) =[0,94;1,00] +[0.093;0.414]- x, +[—0,412;—0,280] - x, - x, +[0,130;0,508] - x’ - x,

ITepexin Ha KpoK 8.

Kpox 8.  V{AI')=0,1-10". Kineus

MPOIICTYPH.
OTXe, CTPYKTYpa MO sl IPYTOro BapiaHTy:

V(X)=by+b, - x,+by-x;-x,+ Dy -xf-x2

Bapiaum 3.
Kpox 2. IlodaTkoBa CTpyKTypa BpaxoBye 0OHIBa
apryMEHTH:

y(x)=b,+b,-x, +b, -x, +b; -x, - X,.

OCKUTBKM B TIHOMY BHWITAJIKy BpPaxOBYIOTHCS BCi
(dakTopH BIUTUBY, BiJpa3zy MEpexoJuMO Ha IOCTHH
KPOK aJlTOpPUTMY.

Kpox 6. OtpumaBmm HECyMiCHY
piBHSHB (5), Iepexig Ha KpoK 7.

Kpox 7. Hapomyemo CTPYKTypy eleMEHTaMu

CUCTCMY

Buny b, -)Ci2 *X,;,I # ] .3renepoBani cTpyKTypH:

y(x)=by +b,-x, +by-x, +by X, -x, + b, X[ -x,

[Nepexin Ha Kpok 6.

y(x) =[0,86;0,977]+[0,062;0.733] - x, +[-0,273;-0,107]- x, - x, .,

Kpoxk 6. [1na npyroi CTpyKTypH BUKOHY€ETHCS YMOBA
CYMICHOCTI, aJle JpYyruii mapaMeTp BUSIBHUBCS
He3HAYyIIMM. BiOBiTHO OTPUMYEMO PO3B’SI30K:

y(x)=b,+b -x, +b,-x -x,+b,-x] - x,

Sk GaunMo y BCiX BapiaHTaxX MPUUILIA 10 OAHIET
CTPYKTYPHU MOJEIII.

Temep Ha apyroMy eTami aHAJIOTIYHI BapiaHTH
PO3MIITHEMO [UIsl YacTKH BHIAIKOBOi OOMEXKEHOI
MOXUOKHM, BUOpAHOI y Takwii crocioO, mob mis ycix

BapiaHTIB Ha KpoIli 3 BHUKOHYBaJacs yMOBa
Ni

(d; =D Vi.

j=1

[i BuKOHAHHS rapaHTOBaHO 3a0e3MeuyeThCs MPH
300% 4YacTKM BHIIQOKOBOI ITOXMOKH A2i BIJ

METPOJIOTIYHOI TTOXUOKH CEHCOPiB Ali’ TOOTO TIpH

IHTepBaJBHIM TOXHMOIl CIOCTEPEKEHb Ai, sIKa

nopiBatoe  +8%. B pesymerari  peanizartii
ANTOPUTMY U  yCiX TPbOX BHIIIE 3a3HAYCHUX
BapiaHTIB OTPUMAIH CTPYKTYPY y TAKOMY BHTJISIII:

npu 00‘emi

nokanizauiitnoro napanenenineaa - ¥ (IT7) = 0,13 107",

Sx BUAHO, CTPYKTypa OTpHMaHa Ha JAPYromy
eTalli, KOJH iHTepBalbHa TOXKUOKa 3pocia Bix 3% 1o
8%, BiIpi3HAETHCA BiJ] CTPYKTYPH HEPILIOTO ETaIty.

TakuM 4nMHOM, PO3B’SA3KH (OTPUMaHi CTPYKTYPH
Mojellel) mpu peaiizamii po3TITHyTOr0 aITOPUTMY
3ajekatb BiJl IHTEpBaJNly HEBU3HAYEHOCTI IS
BUXIIHOI 3MiHHOi, SKUH HEMOXXJIMBO BHU3HAYUTH
TITBKH 32 HasBHOCTI MOXHOOK ceHcopiB. [lpm 3amani
HIMPOKUX 1HTEPBaJiB HEBU3HAYEHOCTI BHXIIHOI
3MIHHOT OTPUMYEMO MOJIENI 3 HE3aJ0BIIBHUMU
MIPOTHOCTHYHUMHU BIIACTUBOCTSAMHM. [l 3MEHIICHHS
YyTJIMBOCTI PO3IJITHYTOI'O JITOPUTMY CTPYKTYPHOL
ineHTr(iKamii 0 MOYATKOBO 3a/IaHUX THTEPBATBHUX
MOXMUOOK HeoOXigHa Horo MonuGikamis y HanpsSIMKY
aJlaNTUBHOIO DETYIIOBAHHS [JOIIyCTUMOI YacTKH
BHUIIAJKOBOI ITOXMOKHU 110 BIJHOIIEHHIO 10 ITOXHOKH
BHUMIpIOBaHHS, 3aCTOCYBaHHAM iTepauiiHoi
IIPOLIEIYPH y TAKOMY BHUIJISAL:

[-A;A ]=[-A A, ] (4 6) (11)

ne k - HOoMep itepalii, O - YacTKa BUIAIKOBOI

MOXUOKH BiJI TOXUOKH BIUMIipIOBaHHSI.

Y dopmyni (11) yactka BUNaAKOBOI MOXUOKU B
3araJibHid IHTEpBAJNBHIA MOXWOWI JJIs BHUXIJTHOT
3MIHHOI B  TMpoleci peamizamii — itepamiifHOl
mpolenypu 3pocrae JiHIHHO. OdYeBHAHO, IO
migOuparoud 3aKOH 3MIHM YacTKA BUIAJKOBOI
CKIIaJIOBOI TMOXMOKM MOXKHa 3a0e3redyBaTd pi3Hy

00UYNCITIOBATIEHY CKIIATHICTh OTpUMaHHS
aZICKBAaTHUX MOHeHeﬁ CTaTUYHHUX CUCTEM.
Bume 3poOneHi  3ayBakeHHs, JO3BOJSIOTH

Moan(iKyBaTH BUIIE PO3IISHYTHH AITOPUTM Y
Takuil crocio.
Kpox 1. JiamnazoHy

Po3paxyHok 3HAYCHb

[— Ai ; Ai IHTepBaJIbHOI MOXUOKH 3a (popMyIIOIO:
[_ A A;]:[_An JA ]'(1+k* )

[lepexin Ha Kpok 2.

Kpox 2. ®opmyBanHs 0a30BUX
CTPYKTYp Mozaeni (BUXOonsud i3
MipKkyBaHb). [lepexin Ha Kpok 3.

MPOCTUX
(biznuHIX
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Kpox 3. Cenexuis

CTPYKTYp 32 YMOBOIO

N;
ﬂ d i * (J Vi. Skuo pe3yabTaToMm cenexiii €
Jj=1
Imycra MHOXHMHA, TO TMepexii Ha Kpok 4, B
MIPOTHIIEKHOMY BHITaJKy — Ha KPOK 5.

Kpox 4. I'eHepyBaHHsSI HOBUX CTPYKTYp LUIIXOM

AOIIOBHCHHA CJICMCHTAMU THUITY bk ‘xk 3 HOBHMH

¢daxTopamu. [lepexin Ha Kpok 3.

Kpox 5. Cenexuis cTpykTyp 3a kpurepiem (9).
ITepexin Ha KoK 6.

Kpox 6. Cenekiis CTPyKTYyp 3a YMOBOIO
CYMICHOCTI  IHTEpBaJbHHUX  CHCTEM  JIHIMHHX
anreOpaiuaux piBHAHE (5), TOOYMOBaHWUX IS
OTPHMaHHX CTPYKTYp. SIKIIO pe3ysbTaToM ceneKii
€ TycTa MHOXHHA, TO TMepexiJ Ha KpoK 7, B
MPOTUIISKHOMY BHIIQJIKy — Ha KPOK 8.

Kpox 7. T'eHepyBaHHS HOBUX CTPYKTYp MOJIEIIEH,
LOUISIXOM JOTIOBHEHHST HOBHUMHM €JIEMEHTaMH, SKi

BKJIFOYAIOTh B3aeMOAil  (akTopis: bkr "X X,

[epexin Ha Kpok 6.
Kpox 8. Cenekuis CTPyKTYpH 3a KpHUTEpieEM

TOYHOCTI V(H +) — min

Kpox 9. AmnHamiz CTpyKTypH 3a KpHUTEpieEM
CKJIaHOCTI. SIKIIO CTPYKTypa 3aHaATO CKIaIHa, TO
k=k+1 Ta mepexim Ha KpoK 1, iHaKIe 3aKiHICHHS
MPOLIETYPH.

3amponoHOBaHUH AITOPUTM € OUIbII THYYKUH i
BHIINITy€ TIPOOJIEMY BHU3HAYCHHS IHTEPBAJIB OIIHKH
BUXO/IIB CUCTEMH.

BUCHOBOK
HocnimkeHHs AITOPUTMY CTPYKTYpHOI
imenTudikamii IHTEpBATBHUX MoJIeNeH,

MOOYyIOBAaHOTO HA OCHOBI METOXy ypaxyBaHHS
JOJAaTKOBUX apTyMEHTIB-BXOJIB IOKAa3aJlo, MO MPH
3a0e3MeYeHHi OIHO3HAYHHX PO3B’S3KIB BiH €
YyTJAMBUM JO IIHPUHH I[IOYATKOBO  3aJaHHX
IHTEepBaATIB HEBU3HAYCHHOCTI I BUXiTHOI 3MIHHOI.
Jns 3MeHIIEHHA LHOTO BIUIMBY Ha pe3yJbTaTH
CTPYKTYpHOL inenTudikarii, 3arporOHOBaHO
Mo }IKAIIO JAHOTO aJTOPUTMY IIIITXOM BBEIACHHS
iTepaliiiHoi mpoueaypy miadopy iHTEpBaly OLIHKH
BHXITHOT 3MiHHO{.
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CTPYKTYPHOI
CTaTHYHUX
3MIIIaHOIO

00po0OKa

HAueak Mukona [lempoeuy
Hapoduscsi 1964 poky. B 1986

poui 3aKiH4yue Jlbsgiecbkuli

0 nonimexHiyHud  iHcmumym i

ompumas Kearichikayiro

- padioiHxeHepa. B 1992 poui

N . 3axucmus KaHOudamchbKy
‘ A oucepmaduito Ha memy

“Pospobka memodie onmumasibHO20 ry1aHy8aHHs
eKkcriepumeHmy i aHanisy iHmepsasibHuUx OaHux”. B
1999  poui ecmynue G0  QokmopaHmMypu
TepHoninbcbkoi akademii HapodHo20 2ocrodapcmea
i’y 2003 poui 3axucmue ducepmaujito Ha 3006ymmsi
8YEHO20 cmyrieHs OOKmMopa MEeXxHIYHUX HayK Ha
memy “TeopemuyHi 3acadu nobydosu Mmoderel
“exid-suxi0” cmamuyHuUx cucmem  Memodamu
aHanisy iHmepeasnbHuUx OaHux”. Onybnikyeas roHad
80 Haykosux npaub. Ha OaHul u4ac npaytoe

3agidyeavyem  kagheOpu  KOMIMTIOMEPHUX  HayK
iIHcmumymy KOMITtomepHUX mexHoroait
TepHoninbcbKoi akadewmii HapoOHO20
2ocrnodapcmea.

Obrnacmb Haykosux iHmepecig: po3pobka ma
3acmocyeaHHsi Memodie6 MHOXUHHO20 OUIHIO8aHHS
ma iHmepeasibHo20 aHanizy O0rns MoOesIto8aHHS
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cmamuyHux i OuHaMmiyHUX cucmem 8 cghbepi
©KOHOMIKU, eKoroaii ma mexHOMo2i4HUX 2arys3six.

Bosiodumup Manxyna
Hapoduscsi 'y cmm. Yemepisui
XmernbHUYybKoi obn. e 1976p. Y
2000 pouyi 3aKiH4ue bisuko-
MamemMamuy4HUl  hakynbmem
Kam’siHeub-100inbcbk020

OepxxagHo20 nedazoeiyHoeo
yHieepcumemy.  [lpautoe y
JlbgigcbKOMY MmexHiYHoOMYy
konedxi. OCHOBHI Haykogi iHmepecu rog’si3aHi i3
3adadamu CMpyKMypHOi ideHmuagbikauii

iHmepsanbHUX MoOenieli cmMamuyHUX CUCMEM.
Ony6bnikysae 5 Haykogux rpaupb.
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