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Abstract. The subject matter of the article is joint search and detection of objects in technical surveillance system. The
goal is solve the problem of optimizing joint search and detection of objects in technical surveillance system and develop a
method for assessing the effectiveness of joint search and detection of objects for technical surveillance systems. Results. In-
troduced the current discrete area of view. The task of finding the optimal Bayes decision-making rule in the introduced cur-
rent discrete area of view is posed and solved. The specified Bayes optimal decision rule is formulated. Proposes the efficiency
estimation method of joint search and detection of objects for surveillance technical systems. An algorithm has been developed
for calculating the unconditional probability of detecting an object of surveillance during a joint search and detection of objects
in technical surveillance systems. Conclusions. Shown, that a joint search and detection of the objects of surveillance using a
uniformly optimal search strategy provides a higher unconditional probability of the correct detection of the object of surveil-
lance. In future research, it is necessary to assess the average time that is needed to detect the object of surveillance during the
joint search and detection of objects and uniform distribution of the search potential of technical surveillance systems.
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Introduction

Today, in the development of technical surveil-
lance systems, the main issues are the joint optimization
of the stages of search and detection of objects [1-3]. A
number of significant scientific results were obtained in
optimizing the search and detection of objects. How-
ever, existing optimization methods consider search as a
single task to review space, process signals and make
decisions only in the production plan.

Solutions are obtained only for individual compo-
nents of the task. The solution to the problem as a whole
has not been received. A unified approach to the selec-
tion of an efficiency criterion that adequately reflects
the tasks of a technical system at the stage of searching
and detecting objects of interest has not been formu-
lated. The problem of optimization of joint discrete
search and detection of objects of interest in technical
systems is not solved [4].

Formulation of the problem. In [5, 6], the problem
of joint search and detection optimization was solved as
follows. For the case of a continuous a certain area of
survey Q, an improved Bayes rule for deciding on the
detection of an object is formulated. This rule is as fol-
lows. When solving the task of testing a simple hypothe-
sis against a simple alternative, the joint optimization of
the search and detection of objects reduces to finding a
uniformly optimal search strategy, calculating the maxi-
mum of the unconditional likelihood ratio in the current
area of view and comparing it with the threshold. In [7],
the results of joint search and detection of objects effi-
ciency are briefly analyzed. The weight criterion of an
optimality of detection in a zone of search elementary cell
is formulated. The differential characteristics of Bayes
criterion of a minimum of average risk are taken into
account. The weight criterion of joint optimization of
search and detection of objects in the current zone of
search is specified. Expression for the ratio of likelihood
in the current zone of search is received.

Consider the results obtained in [8-10] for the case
of solving task of the discrete searching and detecting a

stationary single object. We solve the problem of opti-
mizing joint search and detection of objects of interest in
technical surveillance systems. We will develop a method
for assessing the effectiveness of joint search and detec-
tion of objects for technical surveillance systems.

Results of researches

Consider the task of joint Bayesian optimization of
discrete search and detection of objects. We will use the
criterion of minimum average risk.

Figure 1 shows the ratio of the current viewing
area (O(¢) and the search area Q.

Fig. 1. The ratio of the current viewing
area Q(7) and the search area Q2

where Q(f) — current area of view that meets the
conditions Q(¢f) > Q for t > T; T — time of view of a

given search area Q.

Divide the area of search Q) into N subareas €);

(ZZ]QI- =Q). The average risk in subarea Q; is
denoted as R;. Introduce the current area of search
Q)= Z_j(zl-)Qj , where j — number of subarea of

search and detection of an object at time ¢ .

When searching for an optimal Bayes decision rule
in the current discrete search area €Q(f;), additional
optimization parameters appear. These are the current
dimensions and position of the discrete area €(#;) in

the common area (2. Conditions are created for finding
the optimal strategy for joint search and detection of an
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object in the search areca of a discrete structure. A
solution to such a problem was previously absent.

The average risk in the current area of search
Q(t;) can found as expression (1):

R(t;)= Y R; =Ry~ (Lo~ 111);

Q)
> Bt oy —1oo) D Foj(v1:t))s
Q) Q)
where Ry (v.1) the current value of the

unconditional probability of false alarm in the j-th
subarea at a time 7; H;(y;,f;) — the current value of

the unconditional probability of the correct detection of
objects in the j-th subarea at a time ¢; R, — a non-

negative constant for the current area of search €Q(¢;) at
time ¢. Write the Bayes rule for testing simple
hypothesis H|, against simple alternative H; in the

current discrete sub-area €Q(#;) of area Q as follows:

> Bi(nt) Y,

Q) > [01 _[00 (2)
> Ritnt) y<0 hio =11
Q)

Passing to the unconditional likelihood ratio write
expression (2) as follows:

> Bi(n) .

Q) > Io1 — 1o
It;) == ;)T ——. 3)
R IR FICTRD vo 1o =111
Q)

Thus, the optimal Bayes rule (3) for testing a
simple hypothesis against a simple alternative, which
was obtained on the basis of expressions (1) and (2), is
to maximize the unconditional likelihood ratio /(#;) in

the current discrete area €)(f;) and compare it with the
threshold (4):

_1o1=1go @)

C'b = .
Lo—1

If I(t)>c,, then decision vy, is made (the

hypothesis H, is rejected). If /(¢) <c¢,, then decision
Yo 1s made (hypothesis H|, is accepted).

In accordance with (2) optimization should be
carried out by:

parameters of conditional probability of correct
detection of P(y; / Hy,x) in sub-areas Q;;

parameters of the current discrete area of search
Q) .

Consider an important special case. Assume that,
similarly to the Neumann-Pearson criterion, the value of
the unconditional probability of false alarm in subarea
Q; ata time ¢ is fixed at a constant level — Ry (1)
Then, according to expression (2), finding the maximum

of the unconditional likelihood ratio reduces to finding
the maximum of the unconditional probability of the

correct detection of the object in the current discrete
subarea Q(t;) .

Thus, to find the optimal Bayes decision rule in the
current discrete area €)(f;) of the common area Q,
along with the solution of the hypothesis testing
problem in this area, the problem of finding the optimal
object search strategy (using the Bayes criterion of
minimum average risk) must be solved.

Search strategy k(Qj,tl-) is a rule that at any

moment of time 7 establishes in which subarea Q; of

the area the search should be carried out and with what
energy costs.

The condition of compulsory viewing of area Q
during the search 7" must be fulfilled. It's obvious that:

k(Qj,tl-)>O, for Q0@ (52)

MAn)=0,  for QeQ/Q).

Assume that the search strategy should be constant
for all subareas that are viewed at a fixed moment of
time ¢, . The measure of the current area €(;) consists

(5,b)

of the sub-areas Q ;

j viewed at the moment ¢; .

Q)= 9, (6)
J

In addition to the above properties of the search
strategy, require that it satisfy the optimality condition.
This condition is that if each T-truncated strategy
k(Qj,tl-) has a functional P(k(Qj,tl-)), then strategy

Mopr (€2,1;) will be optimal if:
Phope (1)) = sup P(MQ;,1;)), ()

where  P(A(€;,7;)) — unconditional probability of

correct detection of an object at time ¢; at strategy
M. t).

From the analysis of the results for the selection of
search strategies that are studied in the theory of search,
of all the strategies, the class of uniformly optimal
search strategies most fully satisfies expressions
5)=(D.

Strategy A(€2;,7;) is uniformly optimal if any T-

truncated strategy is optimal, i.e.

POQ;.1)) = P(lop(Q.1)). VG <T.  (8)

1

Thus, when solving the problem of finding,
according to the Bayes criterion of the minimum of the
average risk of the search strategy and object detection,
the uniformly optimal search strategy is optimal. In
accordance with which the current sizes and position of
sub-area Q(#;) in the common search area Q should be

selected.

In accordance with expression (2) with a value of
the unconditional probability of false alarm fixed at a
constant level, the optimization task is formulated as
follows:
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P] (YIati) — max;

MQL) 20, 1

1

>0;
ZQ(,I.)MQ_,'JZ‘) =Ly, >0; )
> M) =)

ZQ(li)(p(ti) = Lofi,

where F(y;,f;) — the unconditional probability of

detecting an object at time #; in the discrete area of
search Q(¢;); Ly — characterizes the power of a search
engine; ¢(t;) — search effort in search area Q at ¢;.

Based on the studies performed, the following
refined optimal Bayes decision rule can be formulated.
When solving the task of testing a simple hypothesis
against a simple alternative, the joint optimization of
discrete search and object detection is reduced to:
finding a uniformly optimal search strategy; calculating
the maximum unconditional likelihood ratio in the
current discrete area (t;); comparing it with a

threshold.

To optimize the decision rule in detection systems,
along with the Bayes criterion of minimum average risk,
the maximum likelihood criterion is widely used [11].
The synthesis of the optimal decisive rule of deciding
on the detection of the object by the criterion of maxi-
mum likelihood in the interests of joint search optimiza-
tion and detection of objects in technical surveillance
systems.

The weight criterion is clarified in the joint search
and detection of objects in the current area of view.

Optimized two-alternative solutions according to
this criterion. Synthesis of the decision rule was carried
out during a two-alternative test of hypotheses in the
current area and joint optimization of the search and
detection of objects by the criterion of maximum likeli-
hood.

Let us consider an algorithm for calculating the
unconditional probability of the correct detection of an
object and the average time for detection of this object.

We will calculate the unconditional probability of
the correct identification of the object and the average
time to detect the object in a joint search and detection
in two coordinates for a particular case. Namely, when
the a priori probability density of the location of the
object is set in the form of a truncated normal law, and
the viewing area is a circle with a radius of S .

We assume that the amplitude of the signal that is
received is distributed according to the Nakagami
distribution.

Define function A(x,?) of search strategy

My (3, xp50) =
B Ly /z(t); for x12+x22<r2(t);

0; for x12+x% Zrz(t),

(10)

where z(t) — a measure of the current search area.

This search strategy function will be distributed in
a circle centered in the center of the viewing area and
the current radius r(¢) .

This will happen until the scope of the search
strategy becomes equal to the size of the viewing area.

We define this moment of time # on condition

that the dimensions of the current viewing area are
equal to the dimensions of the entire area of view. We
get the expression (11):

o\2nLgt = 1S?, (11)

where o — standard deviation in the a priori law of the
location of the object. from expression (11) we obtain:

; ns?
1= .
46° L,

(12)

In the points of the viewing area where the search
strategy is distributed, the search potential will be
accumulated over time [0,#]. This search potential is
proportional to the detection parameter, which can be
calculated according to expression (13):

|
¢ = _f My, xp )dx,
1(x1,x7)

(13)

where #(x,x,) — function that matters the start time of
viewing the points of the viewing area.
We find this function #(x;,x,) under condition:

L
i+ 3= 20, 0L, (14)
b
From (14) we obtain the expression (15):
2232
(g, xy) = L EX2)” (15)

46° L,
We substitute (10), (12) and (15) into (13). Take
the integral (13) and get the expression (16):

% —xt —x3
—212 2; for x12+x22<52;
o

0; for x12+x%252.

(16)

01 (x1,xp) =

To find function ¢(x,x,) at any moment of
time, we replace in (13) the upper integration boundary
for the current time ¢ .

As aresult we get the expression (17):

¢
P1(x1,x) = _f Ay (xp, xp50)dt.
£(x1,X72)

(17)

After time moment # at the accepted density of a

priori probability, the search strategy will be distributed
under conditions of uniform distribution density (base).
While the current viewing area Q(f) will

completely coincide with the entire viewing area, and

Q(t) =nS2. (18)
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In this case, taking into account expression (18),
the search strategy has the following form:

Ly .
7L2(X1,X2;t) = TCS2 ’

0; for x12+x%252.

for x12+x% <S8%

(19)

In time interval [#,7], the search potential, taking

into account expression (19), can be determined
according to expression (20):
T
02(31,%2) = [ Mg (xp, 5300t (20)

7

We substitute (19), (12) into (20). As a result we
get the expression (21):
Ly(T-1)

(X1, %) =———5—,
nS

21)

where T — time to view the entire viewing area.

We calculate the unconditional probability of the
correct detection of the object during the search T
when continuously searching for objects in two
coordinates in a circular viewing area.

In this case, we will take into account the
proportional dependence of the detection parameter and
the calculated value of the search potential. We restrict
ourselves to the case of detecting a signal with an
amplitude that is distributed according to the Nakagami
distribution with coefficient m .

If m=1, the Nakagami distribution is converted
into a Rayleigh distribution.

If m=2, the Nakagami distribution is converted
into a Swerling distribution.

For the convenience of subsequent calculations,
we introduce a polar coordinate system.

Then, taking into account the transition to the polar
coordinate system and the transition in both parts of the
expression to dimensionless quantities by multiplying
by the search time, expressions (10) and (19) will have
the form (22):

K2 sel0,s;
VR 0
<h0<B<3607;
AprpT = | 2092 P P (22)
k sels,1];
mh? py < h0<p<360°,
where k — value that determines the total search

potential of the surveillance technical system; # — value
that determines the size of the entire viewing area.

And for the search potential when changing the
value of s in the interval of expression (16), expression
(17) is converted to the next expression (23):

Pk ol
P =—t——=1;
®(p1-B) == PR
pp < h (23)
0<p<360°.

Thus, the expressions for the unconditional
probability of the correct detection of the object of
surveillance:

for m=1
2
a(yl,T)=1/(1—e"’/2jx
24
f L A
0 1+ B PL
4 gp?2 2
for m=2
2
a<v1,T>=1/(1—e‘h/2jx
I
2
1+ 8 2nh 4 :
S
I+—+ T
A 8 omp? 4 25)
< <In(1/F) prdp;
0
In(1/F 2
XCeXp| — 2 ( 2) 2_p_l
h K pi 2
1+—+ -
8 2mn? 4

We calculate the unconditional probability of
correct detection according to obtain expressions (24)
and (25).

Fig. 2 and 3 show the dependences of the
calculated values on a value that characterizes the speed
and time of viewing the entire viewing area.

Fig. 2 and 3 show the dependence of the uncon-
ditional probability of correct detection on a value of
k for the values of the conditional probability of

false alarm F =102 (upper curve) and F = 1074 (lower
curve).

5 5 0 15 2 2 30
k
Fig. 2. The dependence of the unconditional probability of

correct detection on the value of (m=1LA=1 )
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Fig. 3. The dependence of the unconditional probability of

correct detection on the value of k (m=2,h=1 )

The minimum value of the value, which is propor-
tional to the value of the total search potential of the
surveillance system, is selected subject to mandatory
viewing of the entire viewing area.

To assess the effectiveness of the search algorithm
and object detection using a uniformly optimal search
strategy, we will compare this algorithm with the known
algorithms of the space-temporal distribution of search
efforts in surveillance systems.

Provided that the known algorithms assume a uni-
form distribution of the search potential across the
viewing area. With a uniform distribution, the expres-
sion for the detection parameter, and, consequently, for
the search potential, has the following form:

LyT
0(3,%) ===, (26)
S

which, taking into account the introduced notation, has
the form:

O(x1,%p) = k/(nh2 )

The expressions for the conditional probability of
the correct surveillance of the object under surveillance
with a uniform distribution of the search potential over
the search area, taking into account expression (27),
have the following form:

27)

for m=1

1/ (1+k/ nhz)

By /Hy,%,x)=F ; (28)
for m=2
_ 1
Ay / Hy,xp,x) = phe/n
(29)

k

(mhz (1+k/ (nhz))

x| 1+

- In(I/F)|.
|

Using expressions (28) and (29) we get the uncon-
ditional probability of the correct detection of the object
with a uniform distribution of the search potential across
the viewing area. We will use the notation introduced
earlier:

for m=1
Ry - ),
h
jeXP(—p%/2)pldpl (30)
x 0
l—e_hz/2
for m=2
Ry.T) = Fl/(l+k/nh2) §
h
x[exp(~p7 /2)pdpy x 31)
0
2
(1+ kln(l/F)/(znhz (1 - 2:112 J J

- e—h2/2

Fig. 4 and 5 show graphs of the dependence of the
unconditional probability of detecting an object:

the lower curve — when a uniform distribution of
the search potential across the viewing area, which are
calculated by the expressions (30) and (31) versus the
value of £ ;

the upper curve — when searching and discovering
objects together, which are calculated by the expres-
sions (24) and (25) versus value of % .

The value of the conditional probability of false

alarm was taken equal to F' = 1073,

From these graphs it can be concluded that a joint
search and detection of the object of surveillance using
a uniformly optimal search strategy provides a higher
unconditional probability of the correct detection of the
object of surveillance.

1

0.8t

0.8}

0.7F

0.6+

0.5}

P1

0.4+

0.3+

0.2}

01f

0 5 0 15 2 2 30
k
Fig. 4. The dependence of the unconditional probability

of correct detection on the value of k (m=1kh=1)
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Fig. 5. The dependence of the unconditional probability

of correct detection on the value of k (m=2,h=1)

This is especially noticeable provided that there is
a strict restriction on the value of % .

Conclusions

Introduced the current discrete area of view. The
task of finding the optimal Bayes decision-making rule
in the introduced current discrete area of view is posed
and solved. The specified Bayes optimal decision rule is

formulated. When solving the task of testing a simple
hypothesis against a simple alternative, the joint optimi-
zation of discrete search and object detection is reduced
to: finding a uniformly optimal strategy for finding an
object in discrete cells of the search area; calculating the
maximum unconditional likelihood ratio in the current
group of search subdomains; comparing it with a thre-
shold.

Proposes the efficiency estimation method of joint
search and detection of objects for surveillance techni-
cal systems. The differential characteristics of the Bayes
criterion of minimum average risk, a priori probabilities
of hypotheses about the absence of an object and its
presence are taken into account in the calculations.

An algorithm has been developed for calculating
the unconditional probability of detecting an object of
surveillance during a joint search and detection of ob-
jects in technical surveillance systems.

Shown, that a joint search and detection of the ob-
jects of surveillance using a uniformly optimal search
strategy provides a higher unconditional probability of
the correct detection of the object of surveillance.

In future research, it is necessary to assess the av-
erage time that is needed to detect the object of surveil-
lance during the joint search and detection of objects
and uniform distribution of the search potential of tech-
nical surveillance systems.
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OnTuMizanisi cNiJIbHOrO MOLIYKY Ta BUSIBJICHHS 00'€KTIB
B TEXHIYHHX CHCTEMAaX CIIOCTepPeKeHHS

I'. B. Xynos, K. A. Tax’an, B. I1. Yenypnuii, I. A. Xwxknsik, K. O. Pomanenko, A. O. Heogauuuii, O. B. SIkoBeHko

Anotanisi. IIpeaverom craTTi € onTUMI3alLis CHIIBHOrO MOLIYKY Ta BUABJICHHS 00'€KTIB B TEXHIYHUX CHCTEMax CIIO-
crepekeHHsa. MeTa - BUPIMKTH Npo0iieMy ONTHUMI3allii CHiJIBHOTO MOLTYKY Ta BUSBJICHHS 00'€KTIB B TEXHIYHHMX CHCTEMaXx CIIO-
CTEPEKCHHS Ta PO3POOMTH METOJ| OLIHKM €(eKTHUBHOCTI CIIUIBHOTO IOLIYKY Ta BHUSBICHHS 00 €KTIB JUIl CHCTEM TEXHIYHOrO
criocrepeskeHHs. PesyabTaTu. Byna BBelieHa y po3riisjl OTOYHA AMCKPETHA 30Ha orysmy. IlocTaBiena i BupilleHa 3ajaya Io-
LYKy ONTUMAJIBHOrO 6alleCOBCHKOIO MpaByiIa NPUHHATTS PillleHHs y BBEIEHIH MOTOUHIN AMCKpeTHiil 30Hi orysny. Chopmyinbo-
BaHO YTOYHECHE ONTHUMaibHE OalieCOBChbKE MPABMWIIO NPUHHATTS pieHHs. [IpoBeeHuil CHHTE3 ONTUMATIBHOrO IIPaBHUIIA IPUHHAT-
T PIlICHHA PO BUSABJICHHS 00’ €KTY IPH CyMiCHOMY HOILIYKY Ta BUSBJICHHIO B TEXHIYHUX CUCTEMAax CIOCTEPEXKEHHs 110 KpuTe-
Ppiro MaKCHMaJbHOI NPaBIONOAIOHOCTI. 3aPONIOHOBAHO METO/] OLIHKH €()EKTHBHOCTI CIUIBHOTO MOLIYKY Ta BUSBIECHHS 00'€KTiB
B TEXHIYHHX CHCTEMAaX CIIOCTEPEXCHHs. Po3pobiieHo anroputM oOuucieHHs 6e3yMOBHOI BipOriZHOCTI BUSBICHHS 00’ €KTa CIIO-
CTEPEeIKEeHHS I1iJ] 4ac CIIUIBHOTO MOLIYKY Ta BUSABIICHHS 00'€KTIB y CHCTEMaX TeXHIYHOro crocrepexeHHs. Bucnosku. ITokasano,
0 CHUIBHUN HOLIYK Ta BHUABICHHSA O0'€KTIB CIOCTEPEKEHHsS 3 BUKOPUCTAHHAM DPiBHOMIPHO-ONTHMAJbHOI CTpaTerii MOLIyKY
3abe3rnedye OUIBII BHCOKY 6€3yMOBHY IMOBIpHICTh IIPAaBMIBHOIO BHSBICHHS 00'€KTa CIIOCTEPEXEeHHs. Y MalOyTHIX JOCIIIKEeH-
HSIX HEOOXiJHO OLIHUTHU CepeHil 4ac, HeOOXIMHMI JUIs BUSIBJICHHS 00’ €KTa CIOCTEPEKEHHS i/ Yac CIUIBHOTO MONIYKY Ta BU-
SIBJICHHS 00’ €KTIB Ta PIBHOMIPHOI'O PO3IOALTY IOLIYKOBOr'O MOTEHIIially CUCTEM TEXHIYHOTO CHOCTEPEKEHHS.

Karo4doBi ciaoBa: TexHiyHa cucTeMa CIIOCTEPEKEHHS; 30HA OIJIANY; CIIUIBHUM IOIIYK Ta BUABICHHS 00'€KTiB; KpUTEPii
MiHIMyMY CEpeJHBOIO PH3HKY; ONTUMAJIbHE OalleCOBCBHKE IPABHIIO NPUIHATTS PiILICHHS.

OnTuMu3anusi COBMECTHOI0 NMOMCKA  00HAPY:KeHUsI 00bEKTOB
B TEXHHMYECKUX CHCTeMAaX HAaO/II01eHu s

I'. B. Xynos, K. A. Taxesn, B. II. Uenypnoii, 1. A. Xmwxknsxk, K. O. Pomanenko, A. O. HeBoguuuuii, A. B. SIkoBeHko

Annoranus. [IpeamMeToM cTaThy SBISETCS ONTHMHU3ALMS OOIIETO IIONCKA U 0OHAPY)KEHNSI 00BEKTOB B TEXHUUECKUX CHC-
Temax HaOmonenus. Llean - pemmTs pobieMy ONTHMHU3AaLUH COBMECTHOTO HOMCKa U OOHAPY)KEHUSI OOBEKTOB B TEXHHYECKHX
cucTeMax HaOJIoIeHHUs U pa3paboTaTh METOX OLEHKHU 3((EKTHBHOCTH COBMECTHOI'O TIOMCKA U OOHAPYXXEHHS 00BEKTOB ISl CUC-
TeM TeXHHUecKoro Halutosienus. Pe3yabTarhl. bblla BBeleHa B pacCMOTpPEHHE TEKyIasi AUCKpeTHast 30Ha o03opa. [TocraBieHa
U pellleHa 3ajaya MOMCKa ONTHUMAIBHOr0 0aleCOBCKHMH NpaBHila IPHHATHS PEIICHUS B BBEJICHHOH TEKYIIEW AMCKPETHOH 30HE
0630pa. ChopMyITIpOBaHO yTOYHEHHOE ONTHMAIIbHOE 0alleCOBCKHH MPaBWIIO MPUHATHUS pereHus. [IpoBeaeHHbII CHHTE3 ONTH-
MaJIBHOT'O TIpaBHJIa MIPUHATHS PEeLIeHHsT 00 00Hapy)KeHNH 00BEKTa IIPH COBMECTHOM ITOMCKE U BBISBJICHHIO B TEXHHYECKHUX CHC-
TeMax HaOJIIOIEHHsI 110 KPUTEPHI0 MAaKCHMAaJIbHOTO IpaBaomnonodus. [Ipemioxkesn MeTos oleHKH () (EeKTHBHOCTH COBMECTHOTO
MOMCKa 1 OOHApY)KeHUs] OOBEKTOB B TEXHHYECKHX CHCTEMax HaOroneHus. Pa3pa0boraH aqropuTM BBIYUCIECHHS Oe3yCIOBHOW
BEPOATHOCTH OOHAPYXEHUsI 00beKTa HaOIMIOAEHHS BO BPEMsI COBMECTHOT'O IIOMCKA M OOHAPY)KEHUsI 00bEKTOB B CUCTEMaX TEXHH-
yeckoro HaOmoneHus. BeiBoabl. [TokazaHo, YTO COBMECTHBIH IOKMCK ¥ BBISBJICHHE OOBEKTOB HAOIIONCHUS C HCIIOIb30BAHHEM
PaBHOMEPHO-ONITUMAJIBHONW CTpAaTeruu noucka obecrednBaer Ooiee BBHICOKYIO OE3YCIIOBHYIO BEpPOSTHOCTb HPABUIIBHOIO OOHa-
pyxeHust 00bekTa HabuoneHus. B Oyaymux uccie1oBaHuAX HEOOXOIMMO OLIEHHUTDb CpeliHee BpeMsl, Heo0Xoaumoe i 00Hapy-
JKEHUsI 00beKTa HaOII0AEeHHsT BO BPeMsI COBMECTHOT'O TIOMCKa M OOHApY)KEHUSI OOBEKTOB M PABHOMEPHOT'O PacIpe/IeIEHHs TIOHC-
KOBOT'0 TIOTEHIIMAJIA CHCTEM TEXHHYIECKOT0 HaOJIOICHUSL.

Kao4deBble cJI0BA: TCXHUYCCKAs CUCTEMA Ha6J'IK)E[eHI/IH; 30Ha 0630pa; COBMECTHBIH ITOKMCK M BBISBJICHHE O6’beKTOB;
KpI/ITepI/Iﬁ MHUHHUMYMa CPEAHETO PUCKA; OIITUMAJIbHOC OaiieCOBCKUit TIpaBUJIO IPUHATHUS PELICHUS.
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