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Abstract

Purpose: One approach where recognition of objectsin a digital image is based on a search for special points of
the function of two variables model intensity lighting. As a model proposed to use a two-dimensional polynomial
spline-based B-splines of order. For linear operators that deter mine the characteristics of a digital image is nec-
essary to conduct appropriate studies partial derivatives of first and second order spline said. Methods: Active
obtaining explicit views of partial derivatives and study of their standards and quality of approximation, further
defining particular cases suitable for implementation in the software. Results: The paper proposes a calculation
of differentials and their partial cases for two-dimensional polynomial spline based on B-splines of third order.
Based on these, analogs of known operators that determine the local characteristics of digital images were pro-
posed. Discussion: Further research may be to obtain similar operators based on combinations of two-
dimensional B-spline above the second order analysis capabilities and their application to problems of digital
imaging and video.

Keywords: asymptotic; B-spline; convolution; digital image; interpolation; kernel; norm of spline operator; op-
erator; polynomial.

continuous image. Convolution of discrete counterparts
from DI is often used in software like Roberts and Pre-
vita operators [2]. Another widely used approach is to
analyze the original model image after convolution
with Gaussian function [3 - 8]:

L(t,q, g)z,[(g,n) p(C3n)G(t_C9q_nv g)dcdn (1)
where

1. Formulation of the problem

Determining the local features of digital images (DI)
are an integral part of procedures for computing and
object recognition, photogrammetry, orthorectification
data of aerial reconnaissance, tracking goals on digital
video, and more.

Talking about the features of DI mean local, low-
level features which are not associated with spatial re-
lations - the edges of objects, curvature which is sub-
mitted a speed change light intensity towards the edge -
that is, those, which are relatively invariant to scaling,
rotation and partly to changes regarding the observa-
tion point and the intensity of the image.

They are well localized in both spatial and fre-

G(t.q.9) =$exp{—a2 el @

Functions (1) L(t,q, g)represent the same informa-
tion, as the output image p(t,q) : R* — R but at dif-

ferent zoom levels g =0 ?_ To calculate the Gauss

quency domain, resistant to noise, and individual fea-
ture allows you to search for correlations characteris-
tics of objects presented in different scenes images [1].
In general, the mathematical basis of search fea-
tures is the wide analysis of partial derivatives of first
and second order, which are ported-based on model of

derivative function using the formula:
9PL(t.q,9) _(9"PG(t,a.9) ),
= t,q) "
ot“aof ot“aqP P(t.9)
An alternative to the smoothed image model based on

Gaussian model can be the model based on linear combina-
tions of B-splines related to interpolar on average [9].

Ltocqﬁ (ta q, g) =
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Having actually similar properties in the frequency
domain as a Gauss function, B-splines are easier to
calculate and allow to build a image model which by
analytical form provides the possibility of partial de-
rivatives on which we might to build a high-speed in-
variant under rotations and zoom of operators which
search DI features.

By analogy with [10] we present the researches of
partial derivatives of the local polynomial spline based
on B-splines in the third row, which can be used in the
processing of digital images.

2. Analysis of the research and publications

Let’s consider that the image plane is defined by T and
Q axis. Equal subintervals of length h>0 are generated
along T and Q axis, so we have a sequence of equally-

—ih,q, = jh, i=0,H—1,

] =0,W —1, where H and W —linear dimensions of
digital image. Let’s consider @(t,() to be a function
of the impulse response of system, which registers
p(t,q) - two-dimensional light intensity function

(analogue image). Then, because of technical proper-
ties of registration system, the result of convolution of
p(t,q) with response function will be:

spaced points Ah,h:t

ih+h jh+h

|
(p ¢)(Ih,Jh)—Fij; jjhp(t,q)x
x@(t—ih,q— jhydtdg=p, ;.

So we can represent the values of intensity of a digital
image in a form

p p,J+8|],

i=0,H—1, j=0,W—1,(3)

where &; ; is an observation error. So when we have a

model of an image in a form of (3) we must use ap-
proximations which consider both random nature of
data and technical properties of registration system
such as operators that are related to the interpolar on
average. In [11] for approximation of function P(t, Q)

with values such as (3) in knots Ah, h linear combina-

tions of B-splines are glven For example, spline opera-
tor based on B-spline of 3" 4 order is[12]:

%,0( p9q7q) = ZZ pi,j B3,h(t _ih)B3,h(q_ Jh) ’ (4)

i€z jez
where
0, te [-2h;2h],
(4+2t/h)°, te [-2h;—h],
Blh(t):% —32t/h)’ —12(2t/h)* +32, te[-h0],
32t/h)’ —12(2t/h)*> +32,  te[0;h],
(4-2t/hy’, te[h;2h],

Based on the assumption that the basis of B-splines
are the Rice basis and from the fact that the fundamen-
tal splines based on B-splines [12] head to zero expo-
nentially fast while removing from the local area of

(i, ]) -term of approximation we can say that the use

of two-dimensional local polynomial splines based on
B-splines which are related to interpolar on average as
a model DI, is acceptable.

For an image P(t,q) we can choose a model in a

form of (4). This evaluation can be asymptotically ac-
curate under certain conditions. In particular, if

p(t,a)e C**, |& <€, i,je Z and Ve >0, we

can get the estimation [11]:

|pt.a)-S,,(p.t.a)_ <

12

5h2

t22

25h ‘
576

+g-|| p(t,q)||c +o(h4). (5)

If select the expression (4) or any other combina-
tion of B-splines of this type as an approximation of
the image:

Sr,()( p,qu) = zz pi,j Br,h (t _ih)Br,hq(q_ Jh) ?
i€Z jez
r=23,.., (6)

we’ll get a model with properties of pulse low non-
recursive filter [13]. In particular, in [14], is given the
evidence that, as a function of Gauss, any B-spline
above the first order can be used to determine Fourier
transform, so if there is a need to obtain a digital low
DI filter, it is sufficient to determine the value of spline
nodes in the partition [15] in model (6).
If we use substitutions:

2 2 .
X=E(t—lh), | X[<1, y=ﬁ(q— i), Y1)

we can represent (4) in a form:

S(P.1,0) = m((l X)’(1-Y) P+

+(1-x)°*(23-15y -3y’ +3y°)p,_, ; +
+(1=x)’(23+15y =3y =3y")p_, ,, +
+(1=x)°A+Y)’ Py +
+(23-15x=3x* +3x°)(1-y)’ p,;, +
+(23-15x=3%* +3x°)(23-15y -3y’ +3y*)p, ; +
+(23-15x=3x* +3x°)(23+15y -3y’ =3y*)p, |, +
+(23-15x=3x" +3x°)1+y)’ P, +
+(23+15x=3x =3x)(1-y)’ Py +
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+(23+15x-3x* =3x*)(23 15y -3y +3y*)p,, | +
+(23+15x-3x> =3x°)(23+15y =3y’ =3y*) P, s +
+(23+15x=3x> =3x )1+ Y)’ Py +
+(1+x)°(1-y)’ Pisajo +
+(1+x)°(23-15y -3y’ +3y*)p,,, +
+(1+%)°(23+15y-3y* =3y* )Py 0 +

+(1+)°A+Y)’ Poajpa)- B

Then, if necessary for DI processing, substituting
x=1, y=1 we can get a linear operator of low-frequency
filter:

L(p")= Sy (pih, jh) = (P, +4P, +
+ Py 4P 16 +H4AD Pt
+4pi+l,j+pi+l,j+l)/36ﬂ i,jEZ,

or in form of discrete convolution of sequence P, |,

I, ] € Z with mask of filter ¥, we can write:

N i+l j+l ¢
L(p")= > 2 Vi P> 1€ 2
ii=i-1 jj=j-1
where
1 4 1
y=1l4 16 4.
1 4 1

The main idea of this article is to get partial deriva-
tives of an image model in a form of (7) and operators
for extreme points detection.

3. Methodology

Using substitutes (6) and expression (7), partial differ-
entials of spline (4) are:

, 1
So(Pta) =

3%4h 1= A=y Py~

—(1-%*(23-15y=3y* +3y")p,; -
—(1=%)7(23+15y-3y* =3y )p_, ;-
~(1=" A+ Y)Y Py +

+(=5-2x+3x)(1-y) pj +
+(=5-2x+3x)(23-15y -3y’ +3y*)p  +
+(=5-2x+3x*)(23+15y -3y’ =3y )p, . +

+(5-2x+3xX)A+ YY) p s +

+(5-2x=3x*)1-Y)* Py +

+(5-2x=3x1)(23-15y -3y’ +3y*)p,., +
+(5-2%=3x3)(23+15y-3y* =3y*)p,, . +
+(5=2x=3x")(1+Y)’ Py jor +
+(1+X)° (1= y) Pgys +
+(1+%)°(23-15y-3y* +3y")p,, ; +
+(1+X)?(23+15y=3y> =3y )Py i +
+(14+ X210+ Y)’ Pajin)

S, (P.t.0), = ﬁ(—(l— X' (1= Y’ Py, +
+(1+x)*(-15-2y+3y*)p_, , +
+(1+X)°(A5-2y=3y*) Py +

+ (14 %)’ 1+ Y)* Py —
—(23-15x=3x* +3x°)(1-y)’ p, ., +
+(23-15x-3%" +3x°)(-15-2y+3y*)p,; +
+(23-15x=3x* +3x*)(15-2y-3y*)p,;,, +
+(23-15x=3x* +3x)(1+Y)’ P ;12 —
—(23+15x=3%" =3x°) 1= Y)’ P +
+(23+15x-3%* =3x)(-15-2y+3y*)p., +
+(23+15x-3%" =3x°)(15-2y-3y*) P ju +
+(23+15x=3x> =3 )1+ Y)* Pryy jur —
~ 1+’ A=Y Praja +
+(1+x)°(-15-2y+3y*)p,, +
+(1+X)°(15-2y-3yY*) Py +
+ 1+ %)’ 1+ Y) P i)

The following assessment standards and quality of
approximation occur to received partial differentials.

Statements 1. For operators SO( p.t,q),,
SSI,O ( pata q)q is true

, 3
Sa(P A =5 [P D,

, 3
SLa(Pt @)y, = [Pt

Statements 2. If p(t,)e C**, then there is as-
ymptotic equality
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P'(t,9), — S, (Pt ), = hz —a Pta- 300 y):p““ !
+(—14+3x)(23-15y—-3y”~ +3y )pi,j +
+(=143X)(23+15y-3y* =3y’)p, ., +
+(=1+3010+y)' p ., +
+(=1=3)1~-y) Py s +
+(-1-3x)(23-15y -3y’ +3y)p,,,; +
Py (t, Q)—% Py (&, Q)+0(h5) +(-1-30)(23+15y=3y> =3y’ ) P,y 1 +
' +(=1=3%)1+Y)’ Py +
FA+XA=Y) P+
pr(t, ODH +(1+X)(23-15y-3y* +3y*)p,,; +
+(1+X)(23+15y -3y’ =3y*)p, 1, +
+(1+ )1+ Y) Pis j2n) -

5h? 25h*
= P =" =Pt q)+o(h5)

P(ta), S, (p.t,0), =‘
Sh2

Corollary 1. For Vp(t,q)e C* is true

~S,(p.t, ), < \

25h4
576

3
+—8|| p(taq)” +0(h5)’ S}”,O(pataq)qz =

s

—Y)Pipja t

pt q( q)” +(1-%)°(-1+3y) P+
+(1=X)*(=1=3y) Py} +
(5)
L (tq)_+ H1=X (1 Y)Py o +
+(23-15x=-3x* +3X)(1-y)p, ;, +
+(23-15x=3%* +3xX°)(-1+3y)p; +

Pt a), — S, (P.t,0) ||

576
+ Ze” p(t,q)|. + o(h5 ) .

Discrete analogues S;O(p,t,q)t, Sg,o(p,t,Q)q, +(23-15x=3%* +3x°)(-1-3y) Pijn T
st e 2 M
- +(23+15x-3x"—-3x )(1—y)pi+1,j_1+
(Pt ) = Z‘: JZH}/I,,ii—i,jj—j b O +(23+15%=3%2 =3 )(=1+3Y) P, +
fi=i-ljj=j-1 +(23+15x-3x> =3x’)(-1-3Y) Pijn
where | ={t,q}; +(23+15x=3%" =3’ )1+ Y) Py jpn +
~1 -4 -1 -1 0 1 +(1+X) A= Y) Py +
7/{:% 0 0 0 ;7{1:% ~4 0 4| +(1+X)° (~143Y) Py +
1 4 1 -1 0 1 +(1+x)’(=1-3y) Pt
Continuous partial derivatives of second order are +(+ X)3 d+y)p 2] ).

defined by expressions:
” 1
SS,O( p5ta q)tq :W((l— X)z(l— y)2 pi—l,j—l -
—(1=x)*(-5-2y+3y*)p_,,; -
~(1-%)°(5-2y-3y?) Pictjs —
- (1 - X)z(l + Y)2 pi—l,j+2 -

, 1
S(PLa), = 5o (=01 - y) P+
+(1-x)(23-15y=3y* +3y*)p,_,; +
+(1=X)(23+15y -3y’ =3y")p_, ., +
+(1=X0+Y)’ P+



80 ISSN 1813-1166 print / 1SSN 2306-1472 online. Proceedings of the National Aviation University. 2017. N2(71): 76-84

—(=5-2x+3x)(1+Yy)* p ., +
+(=5—2X+3X)(=5 -2y +3y*)p, +
+(=5-2x+3x)(5-2y-3y’)p, ;. +

+(=5=2x+3xX)A+ Y)’ Py, —

—(5=2x=3x)1=y)’ Py +
+(5-2X=3%*)(-5-2y+3y’)p,, +
+(5-2X=3X*)(5-2y-3Y") P,y ;0 +

+(5=2x=3x)1+Y)’ Pipjrz —

—(1+ X)z(l_ Y)2 Pt

+(1+X)°(-5-2y+3y")p,,,; +

+(1+X)7(5-2Y=3Y) Py ju +

+(1+X)7 A+ V)P jer) -

S;,O( pat’ q)tl >

Statements 3. For operators

S:O( p’t’ q)tqa S:()( p,t, Q)qz iS true

ta),

t Q)tch =

g, =lpt o).

4

0

Statements 4. If p(t,q)e C*’, then there is as-
ymptotic equality

P(t, ), = SIo(P.t,0), =—— Pl (t,a) + ol*),

24
2
Pt 0)q = STo (Pt @y =—— Py, (1,0) =
= b0 -2 o @)+ olh),
24 576
p'(t.0), —S[o(p.t.a), =— — p: (t.g)+olh’)

24

Corollary 2. For Vp(t,q)e C* is true

[P, - S (Pt |, <P a)_+
+elpt.a), + O(h“ ),
[Pt = STu (Pt O] <5 Pih )+

pta) + 2

il

+E8” p(t, )| + O(h“ )

, sh
<= SL(pta)| < 24\

+p(t, g, +olh*),

Respectively, discrete convolutions of the 3™ order
differential operators based on model (4) are:

], +

i+l
S (pt.a), :z _Zy',t“—i,ji—j B (10)
where e
1 4 1
| =1".q%tq: 72— —2 -8 -2|;
6 1 4 1
1 -2 1 10 -1
732214 -8 40 7,=-0 0 0
1 -2 1 “10 1

Finding extreme points of objects of digital images
using operators (8) is based on the assumption that dif-
ferentiation identifies abrupt changes in intensity on
angles and edges of objects. Condition for detection of
points, where intensity change is at its maximum, re-
quires to determine local maximums of first partial

derivatives. So we can analyze gradient AS;, of an

image using model (4):

AS,
i+1  j+l

= Z Zgr(?”o)ii—i,jj—j By i

ii=i-1 jj=j-1

= S;,O,t + S;,o,q =

where
-1 -2 0
gr(3,0):% -2 0 2]
0 2 1

An alternative ch01ce to 1% order differentiation and
ﬁndmg maximums of 1¥ derivative is differentiation of
2n order followed by determmlng zero-value points of
2™ derivative. In digital image processmg Laplace
operator or Laplac1an with kernel, which is approxi-
mated by 2™ order differentials, is commonly used.
According to model (4) and operators (9), Laplacian

A S, , based on local polynomial spline S, ;(p,t,Q)

can be represented as:
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+5

3,0,9°

A'S, =
+1 0+l

Z le(3’0)ii—i,jj—j P (1D

ii=i-1 jj=j-1

30t2

where
1 1 1
|p(3,0)=l 1 -8 1].
3 1 1 1

Except Laplacian AZSLO, using model (4) we can
define another three differential invariants: gradient
magnitude |AS;; |, determinant of the Hessian

det H s,, and rescaled level curve curvature K(S;,)-

In particular, affine covariant blob detector can be
represented as minimum and maximum of Hessian’s
determinant:

—(Slom)"

det H%’O = S;"O’tz .
and straight-forward and affine covariant corner detec-
tor as minimum and maximum of curve curva-

ture K(S; ) :
K(S;0)=(S0)-

(12)

3,0,9°

30q +(830q)

3, 0t2 -
4 / /
- 2%,0; ’ %,O,q ’ SS,O,tq > (13)
where operators S, S; 0q° ;’Otz , S;’O ; and

SZ 0tq are defined in (9) and (10).

To find descriptor of extreme point of digital image
for SIFT method [16], using model (4) and operators
(9) we can suggest to use following estimations of gra-

dient magnitude |AS3,0 |

AS, ) I=4(S[0)  +(Spg)” . (14)
and orientation value G)Ss,o
g, —arctg[%‘”‘] (15)
S 0.

4. Analysis of computational complexity descriptors

Application of received descriptors based on spline
model (9-10) is appropriate, because as seen from (9-
10) all operations are linear, so the computational
complexity of the algorithm specific points using

detectors (11-14) will be O(h * W) , where h i wimage

size, compared with the use of model (1) containing the
exponential complexity in the core (2).

5. Practical implementation

All the proposed operators are implemented in soft-
ware processing DI camera drone. Set an example of
practical use imposed by operators. When processing
data aerial photography camera drones, which was held
in the area ATO [17].

On images are reference image of the enemy tank
(Img 1) and a test image (Img.2-3). Note that the use of
detectors based on the curvature of the level gradient
magnitude, determinants and Hessian Laplacian object
target was clearly detected on test frames. The follow-
ing table (Table 1) shows the performance of the detec-
tor by the number of isolated singular points.

Analyzing the results given in the table can be not-
ed that all descriptors for almost the same number of
points, which coincided with a slight advantage based
on curvature detection level.

Img. 3 Enemies tank on the road.

Table.l
Comparing the number of matches singular

oints for DI descriptors
Operator I 11 m | 1v \%
k(S,,) 86 8044 25 812 10
|AS,, | 54 6059 19 | 1787 7
A2330 66 6695 17 | 1716 8
detH s 77 15347 | 21 | 6461 7
,0
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where

I - The number of singular points for Img. 1.

IT - The number of singular points for Img. 2.

IIT - The number of singular points that coincided

for Img. 1 and Img. 2.

IV - The number of singular points for Img. 3.

V - The number of singular points that coincided

for Img. 1 and Img. 3.
Conducted practical research on real data confirm the
adequacy of the proposed linear operators detection of
search and allow them to recommend the
implementation of the software processing of video
cameras purpose unmanned aircraft.

6. Conclusion

Clear views were got and the quality of approximation
of first and second differentials was explored and iden-
tified the cases of partial local two-dimensional poly-
nomial spline based on B-splines of third order which
is related to interpolar on average, also analogues of
known operators for determining the characteristics of
the local DI were given.

Unlike the similar operators based on B-splines of
second order, received operators have an advantage in
determining the specific pixel due to the greater degree
of smoothing at the same computational complexity,
which gives the right to recommend them for imple-
mentation in software processing the DI and digital
video, including in real time.

Further research may be dedicated towards defining
similar operators based on two-dimensional combina-
tions of B-splines of higher orders and analyzing their
application in digital image and video processing.
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BuznauenHns oco0juBocCTeli 300pazkeHb Ha OCHOBI kKomOiHaniii B-cniiaiiHiB TpeThOro NopsaaKy, 0IM3BKHX

JI0 iHTePNOJSHiiiHAX Y CepeTHbOMY.

HarmionanpHu# aBiamiitHuid yHIBepcHTET, poct. KocMoHaBTa KOM&?OBa, 1, Kuis, 03680, YkpaiHa.

E-mails: 'chindakor37@gmail.com; *ksenya_tyvodar@yahoo.com;

bogdanmartuk@yandex.ru

Mera: OnHuM i3 TmiAXONIB /Ui PO3Mi3HaBaHHSA 00’€KTiB Ha HU(PPOBOMY 300paKEHHI € Takuil, mI0 0a3yeThcs Ha
MOIIYKY OCOOJMBUX TOYOK (DYHKIIT TBOX 3MIHHHX MOJEJI 1HTGHCUBHOCTI OCBITJICHHS. Y SIKOCTI MOJENI MPOIIO-
HY€ETHCS BUKOPUCTOBYBATH JTBOBHMIPHHIA MTOJIIHOMIabHHN CIUTaliH Ha OCHOBI B-crutaiiHiB TpeThoro nopsaky. Jis
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OTPUMaHH THIMHUX OmepaTopiB, SKi BU3HAYAIOTH OCOOJIMBOCTI IU(PPOBOrO 300paXKeHHS HEOOXiJHO MPOBECTH
BIJMOBIHI JOCII/DKCHHS YaCTKOBUX MOXIIHHMX IEPIIOro Ta APYroro MOPSUIKIB 3a3HAYCHOro Crumaiiny. Meroau:
3nifCHIOEThCS OJACPXKAHHS SBHUX BHUIJLIIIB YaCTKOBHX TOXITHHX Ta JOCTI[DKEHHS IX HOPM Ta SIKOCTI
armpokcuManii, y MoJagbIIOMy BH3HAUYCHHI YACTKOBHX BHIIAAKIB MPUAATHHUX Ui peajli3amii y HporpaMHOMY
3a0e3nedycHHI. PesyabraTtn: Otpumano mudepeHIiamu Ta iX YaCTKOBI BHUMNAIKK JUIS JBOBHUMIpHOTO
MOJTIHOMIaJIbHOTO CIUIAfHYy Ha OCHOBiI B-crumaiiHiB Tperhoro mopsiaky. Ha iX ocHOBI 3ampomoHOBaHO aHAJIOTH
BIJOMHUX OIIEPaTOpiB UIS BH3HAYEHHS JIOKAJBHUX ocoOmmBocTell ImdpoBux 300pakeHb. (OOroBOpeHHS:
[Momanpmi AOCTIKEHHS MOXYTh TOJSATaTH B OTPHUMAaHHI aHAJIOTIYHHX OIEPAaTOPiB HA OCHOBI JIBOBUMIPHHUX
KoMOiHawii B-craifHiB MOPAAKY BHIIE APYroro Ta aHaNi3y MOKIMBOCTEH iX 3aCTOCYBaHHS B 3ajJadax oOpoOKH
uupoBUX 300pakeHb Ta BiJl€O.

KuarouoBi ciioBa: acumnroruka; B-crutaiiH; 3ropTka; iHTEpHOISLsE, HOpMa OIepaTopy; Oreparop; MOJTiHOM; HU}-
pOBe 300paXkeHHS; S/PO.

I1.0. HpI/ICTaBKal, 0.B. TnBouapz, Bb.N. Mapnmc3

Onpenesienne ocodeHHoOCTel U300paskeHUii HA ocHOBe KoMOMHanuii B-cnuiaiiHoB TpeThero nmopsaka, 6,1m3-
KHX K MHTEPHOJISIHOHHBIM B CPE/THEM.

HauHOHanLHLm aBUALIMOHHBII YHUBEPCHTET, MPOCII. KocmoHnasTa KOMapOBa 1, Kues, 03680, Ykpauna.

E-mails: ch1ndakor37@gma11 com; ksenya tyvodar@yahoo.com; bogdanmartuk@yandexru

Heanb: OqHUM U3 TOIXOIOB IS PAclio3HABAHUS 00BEKTOB HAa MU(PPOBOM H300paKeHHH OCHOBAH Ha IOUCKE 0CO-
OBIX TOYCK (DYHKINH IABYX IEPEMCHHBIX MOJCIH MHTCHCHBHOCTH OCBEIICHHS. B KauecTBe MOJIEIHN MpeaiaracTcs
UCIIOJIb30BATh JBYMEPHBIM MOJIMHOMUAJBHBIN CIIaiH Ha OCHOBE B-crnaiiHOB TpeThero nopsaka. s nomydeHus
JUHEHHBIX ONEpaToOpOB KOTOPBIC OMPEACISIOT OCOOEHHOCTH IU(POBOro M300pakeHUs HEOOXOAUMO NPOBECTU
COOTBETCTBYIOIIME HCCIEJOBAHUS YACTHBIX MPOM3BOJHBIX MEPBOTO W BTOPOIO MOPSAIKOB YKa3aHHOIO CILIaiHa.
Metoabi: OcylecTBisieTcss NOJIY4YeHHUs SBHBIX BHJOB YAacTHBIX IPOM3BOIHBIX M MCCIENOBaHHUA HUX HOPM U
Ka4yecTBa AaIlIPOKCUMALUH, B JAIBHEHIIEM ONpEJeNICHUH YAaCTHYHBIX CIy4YaeB IPUTOAHBIX JUIS PCATHM3ALUH B
nporpaMmMHoM obecnieueHuu. Pe3yabTaTsl: [lomyuyensl nuddepeHnuans 1 UX YacTHBIC CIIydad JUIl JBYMEPHOTO
MOJIMHOMUAJIBHOT'O CIUIaiiHa Ha OCHOBe B-crutaifHOB TpeTbero mopszaka. Ha ux ocHOBe NpensoXeHbl aHaJIord
W3BECTHBIX OTICPATOPOB ISl ONPEACICHUS JIOKAIBHBIX OCOOCHHOCTEW IH(POBBIX M300pakeHwid. OOcyKIeHne:
JanpHeinue uccaenoBaHys MOTYT 3aKJII09aThCs B IIOJIyYE€HUH aHAJOTMYHBIX ONIEPATOPOB Ha OCHOBE JIByMEPHBIX
koMOuHanuii B-crmailHOB mopsaka BhIIE BTOPOrO U aHAIM3a BO3MOXHOCTEHl UX NIpPUMEHEHHMS B 3ajgadax
00paboTKH IMTUPPOBBIX H300PAKESHUN 1 BHICO.

KaioueBble cjloBa: aCHMITOTHKA; B-CIUTaiiH; HHTEPIOJSIKS; HOpMa OIepaTropa; OIeparop; MOJHHOM; CBEPTKa,
nudpoBoe u3006pakeHue; APo.
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