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Purpose. The image enhancement technique is to highlight the interesting features or suppress the unnecessary features of
the image, and it is a basic image processing technique. The article presents a series of study about how to enhance degra-ded
image and get desirable effect. The combinational image enhancement measures based on wavelet domain have been devel-
oped, which are very helpful for image enhancement, improve the degraded image contrast greatly, and effectively enhance
the overall image quality.

Methodology. The high-frequency and low-frequency components in the original image were separated by wavelet de-
composition. Different methods were employed to enhance the image detail components of different frequency scopes and
highlight the details of different scales. The low-frequency and high-frequency components were combined through the wave-
let reconstruction to obtain the final enhanced image so as to improve the visual effect of the image.

Findings. A new wavelet domain algorithm was proposed for image enhancement. It adjusts the lightness of the image,
expands the dynamic grayscale scope of the image, and enhances the contrast. The method carries out the self-adaptive en-
hancement of an image by some appropriate correction in the degraded image clarity.

Originality. The image enhancement method based on wavelet domain has been analysed systematically. The traditional
wavelet analysis method was improved according to the different collected information loss level of the degraded image.

Practical value. The research results greatly enhance the details of the image, improve the overall clarity; and the best ef-
fect is achieved when the algorithm is used to improve degraded images. The algorithm can improve the degraded image con-
trast greatly, effectively enhance the overall image quality without losing the image information during the processing.
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contrast

Introduction. Generally, the image quality degrades in
the process of the image transmission and transfer, such as
imaging, reproduction, scanning, transmission and display.
Image enhancement is to highlight the important information
of the image, weaken or erase the unnecessary information
and enhance or sharpen certain image features like edge, out-
line or contrast according to specific needs [1]. Proper en-
hancement processing of images obtained by different ap-
proaches can turn the original image which is fuzzy or even
indistinguishable into a useful image, which is clear and con-
tains a great amount of useful information. It allows extrud-
ing the interesting feature information of the image, improv-
ing the subjective visual quality of the image and increasing
the articulation of the image [2]. Being a part of digital image
processing, the image enhancement is the pre-processing
phase and it is a significant step in the entire processing.

In recent years, numerous domestic and international
scholars have made plenty of research on the image en-
hancement methods, including histogram equalization algo-
rithm, grayscale transformation processing, spatial smooth-
ing technique, frequency-domain low-pass filtering,
frequency-domain high-pass filtering and digital image
sharpening technique [3]. The image enhancement is a con-
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tradictory process since it intends not only to realize image
denoising but also to enhance the edges. However, whilst us-
ing filtering to reduce noises, it blurs the image edge to some
extent or while enhancing the image edge, it generates nois-
es. It is quite difficult to solve the conflicts between noise fil-
tering and edge enhancement with traditional methods. Alt-
hough the traditional histogram equalization algorithm has
been a classic image enhancement technique, its enhanced
image will lose details and amplify noises [4]. Wavelet is a
recently-development time-frequency analysis tool and it has
the capability of time-frequency localization and multi-
resolution analysis, making it suitable for the field of signal
processing. As a novel mathematical tool, wavelet transform
has manifested significant advantages in image processing.
After performing multi-scale wavelet analysis on the image,
the signals with different frequencies emerge in the sub-band
image of different scales, which can enhance the interesting
part in a better manner [5].

This article firstly illustrates the categories and methods
of image enhancement. Then it analyses wavelet analysis,
including multi-scale and multi-resolution analysis. On the
above research basis, it proposes the combinational image
enhancement method based on wavelet domain. Finally, it
verifies the effectiveness of the developed algorithm through
a simulation experiment.
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Image enhancement and histogram equalization. Ma-
jority of original images have unclear details and low con-
tract because their grayscales are distributed in the relatively
narrow scope. The low-pass filtering reduces the image nois-
es through the filtering equipment, which allows the signals
with lower frequency than the cut-off frequency to pass and
stops those with higher frequency than the cut-off frequency.
The high-pass filtering enhances such high-frequency signals
as the edges, makes full use of the lightness information of
the image, makes fuzzy images become clear and greatly
improves the image quality through relevant local operation
to the pixel neighborhood or pint-by-point operation on the
image [6].

Histogram equalization performs non-linear stretching on
the image and reallocates the image pixel value to make the
number of pixel values almost the same within a certain
grayscale scope. With probability theory as the foundation, it
uses grayscale operation to realize histogram transform so as
to accomplish the purpose of image enhancement.

The image gray histogram is a one-dimensional discrete
function

)=k =01, 1-1
n

where £, is kth gray scale in the image f(x,k),n, is pixels
number which has a gray value f, in the image f (x,k),nis

the total number of pixels in the image [7].

In other words, the above transform generates the image,
the gray scale of which is quite equalized and which covers
the entire scope [0,1]. The result of the grayscale equaliza-

tion is an image with expanded dynamic range, which has
high contract. This transform function is merely a cumulative
distribution function (CDF). Typical histogram shapes are
shown in Fig.1.

In general, certain transform on the gray histogram of an
image can make its grayscale distribution even or basically
even. If the histogram contour line of an image is approxi-
mate to a normal distribution, it means the image lightness is
close to a random distribution. Such image can be processed
with statistical methods and it has proper contrast. If the his-
togram peak position inclines to the side with bigger gray
value, then the image is lighter; if it tends to the other side,
the image is darker and the steep and narrow peak changes
suggest the gray value of the image is too centralized. Tradi-
tional image enhancement algorithms are based on the statis-
tic of the entire image. Under this circumstance, when calcu-
late the transform of the entire image, the low-frequency
information, high-frequency information and noises have al-
so been transformed. Therefore, while enhancing the image,
the image noises have also been enhanced, thus causing dec-
lination of information entropy [8].

Theory of wavelet analysis. Wavelet transform and di-
versity of wavelet function. The core of wavelet analysis is
the construction of the wavelet function and multi-scale
analysis. The main properties of the wavelet function are rap-
id decay and oscillatory and its sub-functions are mutually
orthogonal. The concept of orthogonality here is not the ver-
ticality in narrow sense, but the failure to represent Nth sub-
wavelet with any N —1 th wavelet. The shape and size of the
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wavelet function are changeable. For high-frequency signals,
it can only last a short time. In small scale, the time window
narrows down and the frequency window broadens, making
it in favor of detail description while for low-frequency sig-
nals, it lasts a long time. In large scale, the time window
broadens and the frequency window narrows down, making
it good for overall description of the signal.

Wavelet is a function or a signaly(x)in the function

space of I (R) , which meets the following condition:

c - P@l,, .
e

Where o is the frequency. (o) is the Fourier transform
of w(x) and w(x) becomes the wavelet mother function.

For the real-number pair (a,b), the parameter @ is a non-
zero real number and the function

y (b)) = iw(x—_bj

jaf L a
It is called the continuous wavelet function, which is gen-
erated from the wavelet mother functiony (x) and which de-
pends on the parameter pair (a,b) and it is called wavelet for

short. Here, a is the scaling factor and b is the shift factor.
The continuous wavelet transform 7 on signal f(x) is

defined as

1 x—b
W (a,b)= 7J‘ f(x)l//(i)dx =(f(x)y,,(x).
Jal “ |

Here, a is the scaling factor and b is the shift factor. v (x)

is the wavelet mother function. R is vector space.
Its inverse transform and reconstructed signal is

f(x)= Ci I .m (a,b)l//(x b )dadb .

a

Here, a is the scaling factor and b is the shift factor. y(x)

is the wavelet mother function. R is vector space.
The discrete wavelet transform W of signal f(x)is defi-

ned as
W22k =2 [ w27 x—kydx

where (x)is the Fourier transform. j and & are wavelet co-

efficient.
Its inverse transform and reconstructed signal is
o s

f(t) =4 Z Z W/ (2j,2/k)(//(2/’2,k)(x) ’

iy m—

Here, A is a constant which is irrelevant to signal. y(x)is
the Fourier transform. j and & are wavelet coefficient [9].

Orthogonal multi-wavelets. Assume thaty (¢)is a quad-
ratically integrable function, namely y (1) e 1?(R) , if its Fourier
transform (@) meets the condition.

v (o)
CW:J; o] do<owo | )
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Fig. 1. Typical histogram shapes: a —normal distribution;
b — skewed distribution; ¢ — double-peaked (or bimo-
dal) distribution; d —plateau distribution; e —dog food
distribution; f—truncated (or heart-cut) distribution
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Then y(¢)is called a basic wavelet, w is the frequency,
mother wavelet and we called the equation (1) the admis-
sible condition of the wavelet function. There are N wave-
let  function w (r) =[w, (¢), w, ()...., w, (1)]” corresponding  to
scaling function. Translate the wavelet function to get
w(t—k),. w,(t—k),...,w, (t—k) and generate a space, .

If (W;('— ,w, (- _1)> =56, Whereo<i, j<N-1,W(t)is cal-

led orthogonal multi-wavelet function [10].

The multi-scale analysis idea in the wavelet analysis
can observe the signals gradually from coarsely to finely
and it has strong flexibility in local time-frequency analy-
sis. It can automatically adjust to narrow “time window”
and broad “frequency window” with the increase of fre-
quency and to broad “time window” and narrow “frequen-
cy window” with the decrease of frequency to meet the
needs of practical analysis.

For a high frequency signal, the duration is short, the
time window is narrow, and the frequency window is
wide, which is good to study for the signal details. For
a low frequency signal, the duration is long, the time win-
dow is wide, the frequency is narrow, which is good to
study for the whole situation of the signal. Fig.2 shows
the changes of the wavelet window function in time-fre-
quency.

The wavelet is composed of a family of wavelet basis
functions, which can describe the local characteristics of sig-
nal time and frequency domain. The window shape of the
wavelet window function is variable. The wavelet analysis
can be used to analyse the signal, and it can be used in any
time or space domain.

Multi-scale decomposition and reconstruction of the
wavelet. Mallat proposed a multi-scale concept when con-
structed orthogonal wavelet bases. It can decompose a signal
into the space part and time part of the signal, without losing
the information contained in the original signal, and can find
the orthogonal basis, achieve the signal decomposition.

Any function f(x) e L(R) can be completely reconstruct-

ed according to the low frequency part and the high frequen-
cy part of the resolution. The expression of the multi-scale
decomposition is:

fx)=L,+H,+H,  +.+H,+H,.

Where the x is the signal, L is the low frequency approx-
imation, A is the high frequency detail part, and # is the de-
composition level. Wavelet 3 level decomposition structure
is shown in Fig. 3.

The wavelet analysis has the characteristics of time fre-
quency localization and multi-resolution, it has the ability to
represent the signal local features in a time domain and a fre-
quency domain. By the wavelet transformation, the signal
can be decomposed into different frequency channels. Wave-
let analysis can find the information that represents the struc-
ture characteristics that are hidden in the data and cannot be
identified by other analytical methods. The decomposed sig-
nal is single comparing to the original signal, so the stability
of the decomposed signal is better than that of the original
signal. Schematic diagram of wavelet decomposition and re-
construction is as shown in Fig. 4.
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Fig. 2. DB scale function: a —graph of scale function,; b —Fourier transform of scale function
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Fig. 4. Schematic diagram of the wavelet decomposition
and reconstruction: a — decomposition algorithm; b —
reconstruction algorithm

Implementation of the procedures on the image en-
hancement based on the wavelet transform. The wavelet
transform is a novel mathematical tool and its multi-scale
and multi-resolution inherent characteristics show the perfect
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reconstruction capacity and ensure that in the signal decom-
position, there is no information missing or redundant infor-
mation generated. Most of the image noises and details lie in
the high-frequency part after wavelet decomposition; how-
ever, the overall visual sensation of the image is generally
determined by the low-frequency information. Therefore,
this research proposes a combination image enhancement
method based on wavelet domain. Firstly, given that histo-
gram equalization algorithm has some effect to enhance the
overall contrast of the image, this research only performs his-
togram equalization on the low-frequency information and
denoising processing on the high-frequency information with
threshold value method. The wavelet transform can decom-
pose the image into the sum of the approximate image and
detailed image, which represent the different image struc-
tures, therefore, the structural information and detailed in-
formation of the original image can be easily extracted. Fi-
nally, the pixel-level integration of the low-frequency and
high-frequency components is performed and the final en-
hanced image is obtained. In this way, it allows not only
avoiding the implication of the noises and prevent the image
details from missing in the combination of low-frequency
grayscale but also reducing the noises in the high-frequency
information.

In order to enhance the global features of the image sim-
ultaneously, the multi-scale enhancement algorithm was
proposed. The method of enhancement based on the wavelet
transform can be described as follows.

Stepl. Make decomposition on the image with orthogo-
nal wavelet transform and obtain sub-band wavelet coeffi-
cients. Divide the original image f(x,y) into LL,LH, HL,
HH . The low-frequency part is a fuzzy image, the noises of
which are suppressed and the high-frequency part contains
the detail information of the image and the image noises. De-
tail space W is composed of three wavelet functions of hori-
zontal shift and stretching, their relationship can be described
as

P (x, ) = a(0)B(y)

P (x,p) = po)a(y) )

P (x, ) = B)B(Y)
where LH, HL, HH represent three sub bands in different di-
rections. WV is signal wavelet function. ¢(x) is horizontal shift
function. B(y) is stretching function.
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efficient & of D (x, ) according to the image model. Make
zero setting on the wavelet coefficientk . DY (x, y) is the im-
age details of direction corresponding to the decomposition
series j .

Step3. Make histogram equalization processing on low-
frequency ban LL , make histogram equalization on the low-
frequency component f, (x,y)and assume the low-
frequency image after equalization is fL (x,).

Step4. Perform simple weighted enhancement on the
high-frequency part f,, (x,y) and assume that the enhanced
high-frequency image is 7, o (x, ), then

Ta ey =2 [y (x,).

Here, the parameter A is the weighted coefficient of the
high-frequency part.

LH,HL,HH and obtain the image after the wavelet recon-
struction. Stretch the non-zero wavelet coefficient, namely
k}+D (x,y) . Here, DY (x, y) > 1is the gain factor at the po-
sition (x, y) with the scale as j and direction as & .

Step6. Make histogram equalization on the reconstructed
and obtain the final image. Implement corresponding inverse
wavelet transform on the processed wavelet coefficient
D! (x,y) - The linear sum of the equalized low-frequency im-

age fL(x, y)and the enhanced high-frequency image

£, (x, ) is the final enhanced image /'(x, ) , namely

Fey) = [0+ £, (6 9).

Here, f(x,y)e L(R). f,(x,y)is low-frequency image.
f, o, (x, ) is high-frequency image.
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Fig. 5. The comparison of the degraded image enhancement results: a —original degraded image; b —histogram of (a); ¢ —
histogram equalization; d —histogram of (c),; e — the new algorithm; f—histogram of (e)
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Analysis of experimental result. With a degraded im-
age as example, this research enhances the degraded image
with the traditional histogram equalization method and the
new algorithm, evaluates and analyses the experimental
results, which are shown in Fig.5, a—f. It is easy to see
from the above experimental results, the histogram of the
degraded image is distributed too centralized with gray
value among 50-200, that the image sense of depth with
high fuzziness and that the scenery in the image is quite
difficult to distinguish due to bad overall image quality.
Histogram analysis is the basic method of image analysis
and it improves the image quality by altering the histogram
form on purpose. Comparing the image after histogram
equalization and the original degraded image, some of the
scenery can be told in the image, however, due to the de-
fects of traditional histogram equalization, excessive com-
bination of grayscale in the equalization and lack of reme-
dial measures for the reduced gray scale, plenty of the
detailed information in the original image. There are only
some gray scales in the original image and some will be
missing after processing, making the scenery edges in the
image unclear. The enhanced image by the algorithm of
this paper has even lightness, clear-cut details, better visual
effects and greatly improved contrast.

Conclusion. It has been proposed the degraded image
enhancement method based on wavelet domain, which can
result in excellent image contrast and definition and realize
ideal image enhancement effect. Compared with the tradi-
tional method, this algorithm is better in the processing effect
whether from the subjective perception or objective evalua-
tion index data analysis and it can obtain ideal image with
high detailed information, high contrast and smoothness.
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Mera. MeTtoika MOIIMIIEHHs SIKOCTI 300payKeHHsI BU-
KOPHCTOBYETHCS LIS TOTO, TI00 BUIUIATH €IEMEHTH 300pa-
JKEHHS, SIKi TIPE/ICTABILIIOTH iHTEpeC, abo K MPUXOBATH He-
MOTpiOHI, 110 € 0a30BOI0 TEXHIKOIO 00POOKH 300paxeHb. Y
Ppo0OTi PO3TIIIAETBCS PSA TOCIIPKCHB, MIPUCBSYCHUX IO~
TIIICHHIO BUIBLINX 300paKEHB 1 JIOCSATHEHHIO 0a)KaHOTO pe-
3ynbTary. bynu po3poOieni koMOiHamiiHI 3aX0¢ 3 TOTII-
IICHHST SIKOCTI 300pakKeHb Ha OCHOBI BEHBIIET-I0MEHA, CIIPHU-
SIFOUl TIOKPAIICHHIO 300payKeHHSI, 1110 ICTOTHO MiJBHUIIYIOTH
SIK KOHTPACTHICTh BULBLIIOTO 300paKeHHsI, TaK 1 HOro sKicTh
Y LJIOMY.

Metomuka. KopoTKOXBHIILOBI # JJOBrOXBHJIBOBI KOMITO-
HEHTBI BHXIJJHOTO 300pakeHHsi OysiM PO3ILICHI 3a J0MOMO-
TOIO BEHBIICT-PO3II0KEHH. [loMiIIeHHs eTaneii eleMeHTIB
300pa’keHHs, 9aCcTOT, IO HAICKATH JIO0 PI3HUX Jiara3oHiB, i
BUJIUICHHS JISTaJleld Pi3HOTO MaciuTady 31iHCHIOBAIOCS Pi3-
HUMH METOJaMH. Y Pe3yibTaTi MOE€JHAHHS KOPOTKOXBHIIBO-
BUX 1 JIOBFOXBIJIBOBHX KOMIIOHEHTIB IIUIIXOM BEHBIICT-pe-
KOHCTPYKILIi OyJIO OTpHMaHe ITi/ICyMKOBE MOKpallieHe 300pa-
JKEHHSI, 1 TAKAM YMHOM JIOCSITHYTE TOJIMIICHHS HOro 30po-
BOTO €(heKTy.

Pe3yabTaTu. Po3po0neHo HOBHIT aNrOpUT™M MOKpAIIeH-
Hsl SIKOCTI 300p@)KeHb Ha OCHOBI BEHBJIET-JIOMEHA, 1110 KOpe-
KTY€E SICKpaBiCTh 300paXK€HHsI, MOKpAIye HOro KOHTPACT-
HICTh, PO3IIMPIOE TWHAMIYHMNA Iiaria30H Tpaarliid ciporo.
Merton peartizye caMOperyibOBaHe ITiABUICHHS SKOCTI 30-
OpakeHHs 3aBIIKH BIATIOBITHIN KOPEKIii YiTKOCTi BUIIBLIO-
T0 300paKeHHS.

HayxoBa HoBu3Ha. [IpoBeieHO crcTeMaTHYHIN aHaTi3
1 JIOCHIDKEHHST METOIy TIOKpAIEHHS SKOCTI 300pakeHb Ha
OCHOBI BeHBJICT-IOMEHA. BHeCeHI HalIeXKHI 3MIHH 10 KJIacu-
YHOTO METOJy BEHBJICT-aHAIIN3Y BIAIOBIIHO /IO PiBHS BTpa-
TH iH(OpMaLi yIst BUIBLIOTO 300pa)KeHHI.

IIpakTnyHa 3HAYNMICTb. Pe3ynabTaTé  JAOCIIIKCHHS
CIIPUSIIOTH ICTOTHOMY TIiJIBHIIEHHIO SIKOCTI JeTai3amii 30-
OpaKeHHS, MMOKPAlIylOTh HOTO 3arajbHy YiTKICTh, KpaIIuid
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e(eKT JI0CATAETHCS TP 3aCTOCYBaHHI aTOPHTMY JI0 BUIIBI-
JIAX 300paXkeHb. AJNTOPUTM 3IATHHUIA 3HAYHO MOJIMIIATH KO-
HTPACTHICTh BHUIBIJIOTO 300p&KEHHS Ta IIJBUIUTU SIKICTh
TAKoro 300pakeHHsI B Lijiomy, Oe3 Brparu iHdopmarii y
porieci 00poOKH.

KiouoBi cioBa: noninwenus sxocmi  300pagicens,
6eliBl1em-po3I0XCeHHsl, 8eliglem-peKOHCMPYKYis, suysiie 30-
Opadicenns, 8I3YAIbHA ACHICMb, KOHMPACMHICIL  300pa-
JHCEHHs1

Hens. Metoquka yiaydmieHHs] KauecTBa M300paKEeHHs
UCHOJIB3YETCS JUTS TOTO, YTOOBI BBIACIHTD MPEICTABILTIOIINE
MHTEPEC HIIEMEHTHI M300pKEHUS WM JKE CKPBITh HEHYXK-
HBIE, 9TO SBISIETCS 0a30BOM TEXHMKOH 00OpaboTKH nM300pa-
xeHnit. B pabote paccMmaTpuBaeTcst s MCCIeI0BaHUH, TO-
CBAIICHHBIX YIy4IICHNIO BBIIBETIINX H300pOKCHUN U J0-
CTIDKEHHIO JKEJTAEMOTO pe3ylnbTarta. beum paspaboraHbl Ko-
MOHMHAIIMOHHBIE MEPBI 0 YIIYUIICHHIO KayecTBa n300paxe-
HHMI Ha OCHOBE BEHBIIET-IOMEHA, CIIOCOOCTBYIOIIHE YIIyd-
IICHUIO M300pa)KEHHSI, CYIIECTBEHHO MOBBIIIAIOIINE KaK KO-
HTPACTHOCTh BBILBETIIEr0 M300pPKEHUs, TaK U €ro Kaue-
CTBO B IIEJIOM.

Metomuka. KopoTKOBOTHOBBIE U JUTMHHOBOJTHOBBIE KO-
MITOHEHTBI HCXOTHOTO U300PayKEHUsI OBLTH Pa3JIeICHBI C IT0-
MOIIBIO BEUBIIET-PA3IOKEHUS. YIIyUllleHHE AeTaled iie-
MEHTOB M300paXeHHsI, TPUHAUICKAIINX K PA3HBIM JIHATa30-
HaM 4acTOT, ¥ BBIIENICHHE JICTAIEH Pa3HOro Maciraba ocy-
IIECTBIBUIOCH PAa3IMIHBIMUA MeToiaMHu. B pesysnbrarte cos-
MEIIEHHs] KOPOTKOBOJTHOBBIX M [UTMHHOBOJTHOBBIX KOMITOHE-
HTOB ITyTE€M BEHBJIET-PEKOHCTPYKIMH OBUIO MOJYYEHO HTO-
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TOBOC YJIYUILICHHOE N300paKCHUE, H TAKUM 00pa30M J0CTH-
THYTO YJIYUILICHHE €TI0 3pUTEIBHOTO d(eKTa.

Pe3yabraThl. PazpaboTaH HOBBII arOPUTM YITyUIIICHHS
KadecTBa M300paKeHMI Ha OCHOBE BEHBIICT-IOMEHA, KOTO-
PBIif KOPPEKTHPYET SPKOCTH M300pa’KeHIs, YIydIaeT ero
KOHTPACTHOCTB, PaCIIUPsIeT TUHAMHUYCCKUH JTFaTia3oH Tpa-
Jauuii ceporo. MeToa pealu3yeT caMOperyupyroleecs
TTOBBIIIICHUE Ka4eCTBa U300paKeHUsI OJiaroapsi COOTBETCT-
BYIOIICH KOPPEKIMU YCTKOCTHU BBILBETILICTO H300PaKCHUSL.

Hayunas noBu3Ha. [IpoBeneH cucTeMaTH4ecKuil aHa-
JIM3 M WCCJICMIOBAHUE METO/IA YIIYUIIICHHS] KauecTBa n300pa-
JKCHHUI Ha OCHOBE BEHBIICT-IOMEHA. BHECCHBI HayIeKAIINE
W3MEHCHHS B KJIACCHYECKHMI METOJI BEHBIICT-aHAIN3a B CO-
OTBETCTBUHU C YPOBHEM IOTEpPH WH(DOPMAIMK JUIS BBIIIBET-
ero U300pasKeHNSI.

IpakTuyeckast 3HaYUMOCTb. Pe3yibTaThl HccienoBa-
HUS CIIOCOOCTBYIOT CYIIIECTBEHHOMY ITOBBIIIICHHIO Ka9eCTBA
JETATM3AINHA H300paKEHHs, YITyUIIaloT €0 OOMIyI0 YeTKO-
CTh, JTyummii 3(PEeKT TOCTUTaeTCs PHU MPUMEHEHUH aJro-
pHUTMa K BBIIBETIINM H300pPKSHUSIM. AJTOPUTM CIIOCOOCH
3HAYHTENHFHO YJIyUIINTh KOHTPACTHOCTD BBILBETILIETO U300~
paXEHHs U MOBBICUTh KAYECTBO TAKOTO M300PaKEHUS B IIC-
J10M, O€3 TIOTepH HHPOPMAIMH B IPOLIECCe 00paOOTKH.

KuroueBble cioBa: yayuwienue xavecmea uzoopadice-
HUA, BelBIem-paznodcenue, 6elieem-peKoOHCMPYKYUs, 6bi-
ysemuiee u300padiceHue, 8U3YaIbHAA ACHOCHb, KOHMPACH-
HOCMb U300padCeHs

Pexomenoosano 0o nybnixayii. O0oxm. mexH. HAYK
O.M. Anexceeeum. [lama naoxoooicenns pykonucy 21.11.14.
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