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Abstract:

Introduction/purpose: An approximation for assessing a definite integral is
continuously an attractive topic owing to its practical needs in scientific
and engineering areas. An efficient approach for preliminarily calculating a
definite integral with a small number of sampling points was newly
developed to get an approximate value for a numerical integral with a
complicated integrand. In the present paper, an efficient approach with a
small number of sampling points is combined to the novel probability—
based multi-objective optimization (PMOQO) by means of uniform
experimental design so as to simplify the complicated definite integral in
the PMOO preliminarily.

Methods: The distribution of sampling points within its single peak domain
is deterministic and uniform, which follows the rules of the uniform design
method and good lattice points; the total preferable probability is the
unique and deterministic index in the PMOO.
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Results: The applications of the efficient approach with finite sampling
points in solving typical problems of PMOO indicate its rationality and
convenience in the operation.

Conclusion: The efficient approach with finite sampling points for
assessing a definite integral is successfully combined with PMOO by
means of the uniform design method and good lattice points.

Key words: preferable probability, multi—objective optimization, finite
sampling points, simplifying evaluation, uniform design method.

Introduction

Recently, an efficient approach for assessing a definite integral with a
small number of sampling points has been proposed based on the
uniform experimental design method and the good lattice point from the
viewpoint of practical application (Yu et al, 2022) preliminarily. It indicated
that the efficient evaluation of a definite integral for a periodical function
in its single peak domain can be obtained by using 11 sampling points in
one dimension, 17 sampling points in two dimensions, and 19 sampling
points in three dimensions with a small relative error preliminarily. The
fundamental of the finite sampling points (FSPs) for assessing a definite
integral was the rules of uniform and deterministic distribution of the
FSPs according to the good lattice point (Hua & Wang, 1981; Fang,
1980; Fang, et al, 1994, 2018; Ripley, 1981; Wang & Fang, 2010), or the
so-called “quasi — Monte Carlo method” (QMC).

The so—called “curse of dimensionality” problem was broken in the
publication of the calculating results of Paskov & Traub (1995) by using
Halton sequences and Sobol sequences for accounting a ten — tranche
CMO (Collateralized Mortgage Obligation) in high dimensions, reaching
even 360 dimensions. Their findings were that QMC methods performed
very well as compared to simple MC methods, as well as to antithetic MC
methods (Tezuka, 1998, 2002; Paskov & Traub, 1995; Paskov, 1996;
Sloan & Wozniakowski, 1998). Afterwards, a lot of similar phenomena
were found in different evaluations for pricing problems by using different
types of low—discrepancy sequences (Tezuka, 1998). All these
consequences provide a powerful support to using the QMC with finite
sampling points to conduct a definite integral numerically.

In the present paper, the newly developed efficient approach for
assessing a definite integral with a small number of sampling points is
combined to the novel probability — based multi — objective optimization
(PMOO) so as to simplify the complicated definite integral in PMOO. The
novel PMOO aims to overcome the shortcomings of personal and
subjective factors in the previous multi — object optimizations, so a novel
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concept of preferable probability and the corresponding assessment are
developed (Zheng, 2022; Zheng et al, 2021, 2022). The preferable
probability is used to reflect the preferablity degree of the candidate in
the optimization, all performance utility indicators of candidates are
divided into beneficial or unbeneficial types according to their features in
the selection, and each performance utility indicator contributes to one
partial preferable probability quantitatively. The total preferable
probability is the product of all partial preferable probabilities in the
viewpoint of probability theory, which is the overall consideration of
various response variables simultaneously so as to reach a compromised
optimization. The total preferable probability is the unique deterministic
index in the optimal process comparatively. Appropriate achievements
have been obtained.

Essence of the uniform experimental design method

The uniform experimental design method (UED) was proposed by

Fang & Wang (1994, 2018) and the essence of the UED contains:

A) Uniformity. The sampling points for an experiment are evenly
distributed in the input variable (parameter) space, so the term "space
filling design" is widely used in the literature. The UED arranges the
test design (test point, sampling points in space) through a uniform
design table, which is deterministic without any randomness.

B) Overall Mean Model. The UED is to hope that the test point can give
the minimum deviation of the total mean value of the output
(response) variable from the actual total mean value.

C) Robust. The UED design can be applied to a variety of situations and
is robust to model changes.

D) Following basic procedures are involved in the UED:

1) Total Mean Model

It assumes that there exists a deterministic relationship between the
input independent variables X1, X2, Xs, ..., Xs and the response y by

y: f(Xl,XZ,X3,...Xr), X= {le X2, X3, ...y Xr} ECr. (1)

Furthermore, it supposes that the experiment domain is the unit cube
C"=10, 17, the total mean value the response y on C' s,

E(y) = [ £ %, X X,) - dx -, - dxg - dlx, 2)
J

If m sampling points p1, p2, ps, ..., Pm are taken on C', then the mean
value of y on these m sampling points is
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l m
=E§ (p;)- (3)

In Eq.(3), Dm = {p1, P2, P3, ..., pm} represents a design of these m
sampling points.

Fang & Wang (1994, 2018) proved that if the sampling points p1, p2,
ps, ..., pm are uniformly distributed on the domain C', the deviation

E(y)-y(D,) of the sampling point set on C" and Dn is the smallest
approximately.

2) Uniform Design Table

Fang & Wang (1994, 2018) and Wang & Fang (2010) developed a
Uniform Design Table for the proper utilization of the UED which can be
employed by anyone to arrange their sampling points. However, the
preliminarily necessary number of sampling points was not clarified by
Fang in their UED. Here in this paper, the number of sampling points
suggested in the article of Yu et al (2022) is adopted for our utilization.

3) Regression

Regression is the next procedure to complete the optimum.

For our purpose, the total preferable probability and the approximate
expression for the response y' = (X1, X2, Xs, ..., X;) can be obtained
through data fitting, which is close to the true model (Fang & Wang,
1994, 2018).

The application of uniform design is becoming more and more
extensive these years, including a successful application of the uniform
experimental design in the Chinese Missile Design and Ford Motor
Company of the USA, and the number of successful cases is increasing.

Combination of finite sampling points with the
probability—based multi—objective optimization by means
of the uniform experimental design

The above statements indicate the remarkable features of the UED,
e., the uniform distribution of experiment / sampling points within the
test domain and the small number of tests, fully representative of each
point, and an easy to perform regression analysis. So here the Finite
Sampling Points method is combined with the novel probability—based
multi—objective optimization by means of the uniform experimental design
and the good lattice point (GLP) to simplify the complicated data
processing preliminarily in the following section.
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In order to demonstrate the combination of finite sampling points
with the probability-based multi-objective optimization, some
typical examples are given in the following sections in detail.

1) Multi—objective optimization of tower crane boom tie rods

Qu et al (2004) conducted the multi — objective optimization of tower
crane boom tie rods by the fuzzy optimization model.

Through a careful analysis, they set the minimum mass W(X) of the
boom tie rod and the minimum angular displacement 6(X) of the boom as
the multiple objectives, and obtained the following model,

W(X) = 208.323x; + 433.868Xx>, 4)
2.0288 x10™*
O(X) = : (5)
9.8621x, +5.3471Xx,
The constraint conditions are,
0.003379< x; < 0.005805, (6)
0.003379 < x> < 0.005468. (7)

According to the optimal requirements of W(X) and 6(X), both W(X)
and 6(X) are unbeneficial indexes (Qu et al, 2004) which have “the
smaller the better” features in the optimization.

Thus, according to the probability—based multi—objective optimization
(Zheng, 2022; Zheng et al, 2021, 2022), the partial preferable
probabilities of W(X) and 6(X) are expressed as

Pw = ﬂ\N'[WmaX + Whin — W(X)], (8)
Pe= ,39 '[emax +Bmin — G(X)], (9)

In Egs. (8) and (9), Bw, Wmin, and Wmax express the normalization
factor, the minimum and maximum values of the index W(X),
respectively; Bs, Bmin, and Bmax indicate the normalization factor, the
minimum and maximum values of the index 6(X), individually.

Simultaneously,

Ao =5 - (10)
I [\Nrrax +Wmin _W(X)]dxi : dXZ

X111 X2y
1

[ [ + O = OX)]-lx, - lx,

X111 X2y

ﬂa = (11)
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In Egs. (8) and (9), XiL, X1u, X2 and Xy express the lower limit and the
upper limit of x; and Xz in their domain, respectively.

According to the common procedure, the subsequent thing is to
substitute Egs. (4) and (5) into Egs. (8) through (11) with the constraints
of Egs. (6) and (7) to conduct the evaluations. It can be seen that the
assessments are tediously long and complicated due to the sophisticated
integration. However, if we use the finite sampling points algorithm
proposed by Yu et al (2022), the approximate assessments of the definite
integral in Egs. (10) and (11) can be simplified with the finite numbers of
discrete sampling points.

According to Yu et al (2022), 17 discrete sampling points are
suggested for the two independent variables x; and X preliminarily. So
the Uniform Design Table of U*7(17°) is taken to conduct the
approximate assessment. The designed results for the 17 discrete
sampling points are shown in Table 1 together with the calculated
consequences of W(X) and 6(X), in which xi0 and Xz indicate the original
positions from the Uniform Design Table U*17(17°) for the [1, 17] x [1, 17]
domain.

Table 2 shows the evaluation results of this problem.

Table 1 — Designed results U*17(17°) together with the calculated consequences of
W(X) and 6(X)
Tabnuya 1 — Mony4eHHble pesynsmamsi U*17(17°%) emecme ¢ paccdumaHHbIMU
nocnedcmsusmu W(X) u 6(X)
Tabena 1 — MpojekmosaHu pedynmamu U*17(175) 3ajedHo ca uspayyHamum
nocneduyama W(X) u 6(X)

X20 X1/ m?2 Xo [ m?2 WIT 6/°

7 | 0.003450 | 0.004178 | 2.5314 | 0.0036
14 | 0.003593 | 0.005038 | 2.9343 | 0.0033
3 | 0.003736 | 0.003686 | 2.3776 | 0.0036
10 | 0.003879 | 0.004546 | 2.7805 | 0.0032
17 | 0.004021 | 0.005407 | 3.1834 | 0.0030
6 | 0.004164 | 0.004055 | 2.6267 | 0.0032
13 | 0.004307 | 0.004915 | 3.0296 | 0.0030
2 | 0.004449 | 0.003563 | 2.4729 | 0.0032
9 | 0.004592 | 0.004424 | 2.8758 | 0.0029
16 | 0.004735 | 0.005284 | 3.2788 | 0.0027
0.004877 | 0.003932 | 2.7220 | 0.0029

Z
e
X
&
o

OO N|O|O|RR|IWIN|F
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NO. | X10 | X20 | X1/ m? X2 [ m? WI/T 6/°
12 | 12 | 12 | 0.005020 | 0.004792 | 3.1250 | 0.0027
13 | 13 1 | 0.005163 | 0.003440 | 2.5682 | 0.0029
14 | 14 | 8 | 0.005306 | 0.004301 | 2.9712 | 0.0027
15 | 15 | 15 | 0.005448 | 0.005161 | 3.3741 | 0.0025
16 | 16 | 4 | 0.005591 | 0.003809 | 2.8174 | 0.0027
17 | 17 | 11 | 0.005734 | 0.004669 | 3.2203 | 0.0025
Table 2 — Evaluation results of this problem
Tabnuya 2 — Pe3ynsmambi oueHKu 0aHHoU rnpobriembi
Tabena 2 — Pesynmamu npoyeHe ogoe npobnema
Partial preferable
probpability Total

No. Pw(x) Pa(x) Ptx103 Rank

1 0.0659 0.0471 3.1006 16

2 0.0576 0.0536 3.0905 17

3 0.0690 0.0473 3.2642 13

4 0.0608 0.0538 3.2703 12

5 0.0525 0.0592 3.1091 15

6 0.0639 0.0540 3.4512 8

7 0.0557 0.0593 3.3037 11

8 0.0671 0.0542 3.6333 5

9 0.0588 0.0595 3.4993 7

10 0.0506 0.0639 3.2346 14

11 0.0620 0.0596 3.6957 3

12 0.0537 0.0641 3.4426 9

13 0.0651 0.0598 3.8930 1

14 0.0569 0.0642 3.6514 4

15 0.0486 0.0680 3.3052 10

16 0.0600 0.0643 3.8609 2

17 0.0518 0.0681 3.5246 6

Table 2 shows that the preliminarily assessed result of the total
preferable probability of sampling point No. 13 exhibits the maximum in
the first glance, so the optimal configuration could be around sampling
point No. 13.

As to sampling point No. 13, the optimal mass Wouim. Of the boom tie
rod and the optimal angular displacement Gopim. Of the boom are 2.5682
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tons and 0.0029° at x; = 0.0052 m? and x, = 0.0034 m?, which are better
than those of Qu’s (2004) results of 2.8580 tons, and 0.0026° at x; =
0.0058 m? and x, = 0.0038 m?, comprehensively.
Moreover, regression can be applied for further optimization. The
regressed result of the total probability P; with respect to x; and Xz is
Pix10° = 8.2971 — 249.4110x; — 304.5570%, — 0.0978x10*x,™* —

0.0083x10"x,?, (12)
R? = 0.9362. (23)
The regressed result of the W with respect to x; and x: is
W = 2.89x10" + 208.3230x; + 433.8680x>, (14)
R?=1. (15)

The regressed result of the total probability & with respect to x; and x»

is
@ =0.0035 — 0.1459x; — 0.2412x, — 5.7700x10°x;* —1.4000x10"x2?,
(16)
R? = 0.9941. a7)

The optimal result of the regressed formula of Eqg. (12) being
maximum is Py x10° = 3.8890 at x; = 0.0058 m? and X, = 0.0034 m?; the
corresponding values for optimal W and 8 are, W = 2.6754 tons, 8* =
0.0028°, which are much better than those of Qu’s results as well.

2) Multi—objective optimization with a single input variable

It is certain that multi-objective optimization with a single input
variable is a very simple problem and direct assessment can be
conducted.

The simple example is that the optimal solution of the min fi(x) = x?
together with min f2(x) = (x — 2)? simultaneously within the range of x e [-
5, 7], which was discussed by Huang & Chen (2009) with tediously long
and complex evolutionary computations of Pareto optimization.

Here, by using the probability—based multi-objective optimization, the
problem can be reanalyzed and the partial preferable probability for fi(x)
and fz(x) can be expressed as,

Pu = (49 — x%)/432, P =[49 — (x — 2)%]/432. (14)

Thus, the total preferable probability P: = PPy, takes its maximum
value at x = 1 distinctly; therefore, the simultaneous minimum values of
f1(x) and fo(x) are compromisingly equaled to 1. Obviously, the assessing
process is much simpler than that of complex evolutionary computations
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of Pareto optimization (Huang & Chen, 2009).

Furthermore, if the sampling point method is used, 11 sampling
points can be employed for the assessment preliminarily (Yu, et al,
2022). The uniformly distributed sampling points are shown in Table 3 in
their domain x e [-5, 7] together with the value of Prand their ranking.

Table 3 — The positions of the distribution of the sampling points
in the integral domain [-5, 7] together with the value of Pt and their ranking
Tabnuua 3 — NonoxeHusi pacnpedesieHusi MoYekK 8bibopKU
8 uHmeeparsbHol obracmu [-5, 7] eMecme co 3HavyeHueM Pt u ux paHxuposaHuem
Tabena 3 — Nosuyuje ducmpubyuyuje mayvaka y30pkogara y OoMeHy uHmeezpana [-5, 7]
3ajedHo ca spedHowhy Pt u HUX080 paHaupar-e

Location

No of point Pix102 Rank
1 -4.45455 0.114658 6
2 -3.36364 0.408543 5
3 -2.27273 0.722118 4
4 -1.18182 0.991634 3
5 -0.09091 1.171558 2
6 1.00000 1.234568 1
7 2.09091 1.171558 2
8 3.18182 0.991634 3
9 4.27273 0.722118 4
10 5.36364 0.408543 5
11 6.45455 0.114658 6

Again, the maximum value for P; is located at x = 1 exactly.

Discussion

1) On the number of the discrete sampling points in the evaluation

In the literature of Yu et al (2022), it is suggested roughly but not
proven mathematically that 17 and 19 sampling points are proper
preliminarily for evaluating a complicated integral.

Here, we would stress the following. In accordance wih Hua and
Wang (1081) and Fang and Wang (1994), as to the GLP, the
discrepancy of the low—discrepancy point set is O(p*(logp)s?) for the s —
dimension with the prime number p, so if we take 11 GLPs for a 1 —
dimensional problem, the value of O(1/11) = 0.0909, i.e., less than 10%;
analogically, for a 2 — dimensional problem, if we adopt to use 17 GLPs,
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the value of O(p?*(logp)s?t) is approximately O(17(logl7)!) ~ 0.0724,
which is near to the situation of 1 — dimensional problem; while for a 3 —
dimensional problem, if we take 19 GLPs, the approximate result of O(p-
Ylogp)®) is O(191(log19)?) ~ 0.0861, which is close to the situation of a 1
— dimensional problem as well. However, if we accept 23, 29, 31 or even
41 GLPs for 3-d, the consequences for O(p*(logp)s?) are 0.0806, 0.0737,
0.0717, or 0.0634, respectively, which are nearly the same as that of 19
GLPs basically.

The successful results of assessing complicated definite integrations
realize the applicability of the approximation from the point of view of
engineering practice. Perhaps the abstruse physical detail is related to
the spatial correlation of spatial sampling points, which was pointed by
Ripley (1981) and worth to be further explored by mathematicians.

2) On the combination of the finite sampling points in probability-
based multi-objective optimization by means of the Uniform
Experimental Design

The newly developed efficient approach for preliminarily assessing a
definite integral with a small number of sampling points can be combined
with the novel probability—based multi-objective optimization (PMOO),
provided the discrete specimen points are uniformly and deterministically
distributed within the domain according to the rules of the GLP and the
UED. The optimal results in the present paper for typical examples
indicate the advantages of this treatment. However, further applications
and mathematical intensions of the appropriate algorithm for assessing
numerical integration developed newly are needed to be deeply explored
in future.

Besides, in order to improve the precision of approximate maximum
by using discrete sampling point method, sequential algorithm for
optimization can be combined with the probability — based multi —
objective optimization in its discreterization (Zheng et al, 2022).

Conclusion

From the above discussion, the efficient approach for preliminarily
calculating a definite integral with a small number of sampling points is
successfully combined with the novel probability—based multi—objective
optimization (PMOOQO) so as to simplify the complicated calculation of a
definite integral in PMOO. The Uniform Experimental Design method and
the good lattice point are involved in the combination, thus significantly
simplifying complicated data processing by approximation.
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NMPUMEHEHWME KOHEYHbLIX TOYEK BbIBOPK/ B
MHOIOLENEBOM ONTUMMU3ALIMK, OCHOBAHHOW HA
BEPOATHOCTW C MOMOLLbIO EQVHOW 9KCMEPUMEHTAJIBHOW
PASPABOTKU

MaoweHa YxaH2, KoppecnoHAEeHT, XalinaH Ten?, Au Bow?, [Ixu iob

CeBepo-3anafHblil NONUTEXHUYECKUI YHUBEPCUTET,
r. CnaHb, HapogHas Pecny6nuka Kutan

a (hakynbTeT XMMUYECKON UHXEHepUn
6 (hakynbTeT eCTECTBEHHbLIX HayK

PYBPUKA TPHTW: 27.47.00 MaTemaTnyeckas knbepHeTtuka,
27.47.19 ViccnepgoBaHue onepauui,
81.09.00 MartepuanoBefeHnue,
45.09.00 OnekTpoTexHuyeckme matepuansi
BWO CTATbW: opurmHanbHasa Hay4yHas cTaTtbs

Pesrome:

BeedeHue/uenb: Annpokcumayusi Ons  OUEHKU  orpedesieHHO20
UHmMezpana He repecmaem rpueriekams 8HUMAaHUE Y4YeHbIX, e8udy
CB80€20 [PaKkmMuU4YyecKo20 MPUMEHEHUSI 8 pasfuy4Hbix obsacmsx
UH)XEeHepHbIX HayKk. HedasHo 6bin paspabomaH aghghekmusHbIl
nodxo0 K BbIYUCIIEHU orpedernieHHo20 uHmezpana ¢ Hebonbwum
yucsioM moyYeKk 8blbopku  OnsA  nonyYeHusi  npubnu3umenibHo20
3Ha4YeHUs1 YUC/IeHHO20 UHMmezparsa CO CIIOXHbIM M0ObiHMezparbHbIM
ebipaxeHuem. B daHHolU pabome 6 uensx yrnpouw,eHuUsi Cl0XHO20
onpederneHHo2o uHmezpana 8 MOOB b6bin npumMeHeH aghgbeKmMueHbIl
nodxod ¢ HebonbWUM 4HUC/IOM MOYeK 8biI60pKU, O0OBbEeOUHEHHbILU C
Hoeol MHozouenegol onmumu3sayuel, 0CHO8aHHOU Ha 8eposimHocmuU
(MOOB) ¢ nomowbto eduHoU aKcrnepumMeHmarnbHoU paspabomku.

Memodei: PacnipedeneHue moyek 8bl6opku 8 npedesiax obnacmu ¢
00HUM NUKOM si8risiemcsi 0emepMUHUPOBAHHBLIM U PABHOMEPHbIM, YImo
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coomeemcmeyem npasunam memoda eOuHoU pa3pabomku U mMovek
udeanbHol pewemku; obwas npedrnodymumeribHasi 8epPOSIMHOCTb
s8519emcsl yHUKarnbHbIM U 0emepMuHUpo8aHHbiM uHOekcom 8 MOOB.

Pesynbmamei: lNpumeHeHue aghgpekmusHo20 nodxoda ¢ KOHEYHbIMU
moukamu 8bI6opKU rnpu peweHuUu murnosbix npobnem e MOOB
yKasbigaem Ha e20 payuoHasibHOCMb U y0o6cmeo 8 aKClyamauuu.

Bbi800bI: OgpghekmuesHbIli MoOX00 C KOHEYHbIMU MmOYKaMu 6bI60pKU
0r1a oyeHKu ornpedenieHHo20 UHmezpasa ycrnewHo KoMbuHuUpyemcsi ¢
MOOB c¢ nomowmbto mMemoda eduHol paspabomku U  MOYeEK
udearsnbHoU pewiemku.

Knroyesbie criosa: npednodymumeribHasi 8€pOSIMHOCMb, MHoO2oUeesast
onMmMuUMU3ayUsi, KOHEYHbIE MOYKU 8bI6OPKU, YNPOWEHUE OUEHKU, €OUHbI
mMemo0 paspabomku.

MPUMEHA KOHAYHNX TAYAKA Y3OPKOBAHA Y
BUWIEKPUTEPUJYMCKOJ ONTUMN3ALININ BACHOBAHOJ HA
BEPOBATHO RV NMOMORY YHN®OPMHOI EKCTTEPUMEHTAJTHOI
ON3AJHA

Maowetz LleHr?, ayTop 3a npenucky, XauneHa TeHr?, Ju Banr?, he Jyb
YHusepanutet CeBeposanag, CujaH, HapogHa Peny6nvka KuHa

a PakynTeT XeMUjCKOr NHXXeH-epcTBa

6 dakynTeT NpMpoaHUX Hayka

OBJIACT: maTtemaTtuka, matepujanu
BPCTA UJTIAHKA: opuruHanHu Hay4Hu pag

Caxemakc:

Yeod/yurb: Anpokcumauuja rnpoueHe KoHa4yHo2 uHmezparna He rpecmaje
O0a 6yde npuenavyHa mema 3axearbyjyhiu c80joj npakmuyHoj MPUMeHU y
Hay4YHUM U UHXeH-epcKuM obriacmuma. HedosHo je passujeH eghukacaH
npucmyn uspadyHaeary o0peljeHoe uHmMezpana ¢ Mmanum 6pojem
mayvaka y3opkosatba Kako 6u ce 0Ooburna npubnuxHa epedHocm 3a
HyMEepUYKU UHMmMeeparsl ca KOMIIUKOBaHUM UHmezpaHooM. Y oeom pady
ecbukacaH ripucmyn ¢ Manum 6pojeM madaka y3opkoearba KOMOUHOBaH
je ca HOBOM 8UWIEKPUMEPUjYMCKOM OMMmuMU3ayujoM 3aCHO8aHOM Ha
geposamHohu (I[TMOQ) rnomohy yHUGDOPMHOZ eKcriepuMeHmasHoa
OusajHa ¢ uyubem Oa ce rojedHocmMasu KOMIIUKO8aHU o0pefjeHu
uHmeepan y NMMOO0.

Memode: [Hucmpubyuyuja madaka y30pkogara yHymap nodpydja
u3deojeHoz 8pxa demepMuHUCMUYKa je U YHUOPMHa, Wwmo credu us
npasuna memoda yHugopmHoz OusajHa U madaka dobpe peuwemke.
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YKyrnHa roxesbHa eeposamHoha je jeduHcmeeHuU U 0emepMUHUCMUYKU
uHdekc y NMMVOO0.

Pesynmamu: [MpumeHe egbukacHoz npucmyna C KOHa4YHUM maykama
y30pKoearba 3a pewaearse murnu4Hux npobnema y NMMOO yka3syjy Ha
He208Yy payUOHaIHOCM U I0200HOCM fpuU onepayujama.

Bakrbyyak: EchukacaH npucmyrn ¢ KOHa4YHUM madkama y30pKoearba 3a
oueHy odpeheHoe uHmezparna ycriewHo ce kombuHyje ca TMOQO rnomohy
memoda yHugopmHoz du3ajHa u madaka dobpe pewemke.

KrbyuyHe pe4qu: noxesrbHa eeposamHoha, eulekpumepujymMcka
onmumu3ayuja, KoHa4He madke y30pKo8aH-a, MojedHocmass/busar-e
esarnyauuje, memod yHUgopmMHoz du3sajHa.
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