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Purpose. To increase the spatial resolution of multispectral satellite images and prevent the spectral distortion in the
local area.

Methodology. Technology based on HSV-, ICA- and Wavelet-transforms involves the loading of primary different
spatial resolution images of the same scene; conversion of primary images after the spectral correction to the HSV color
space; wavelet decomposition of the resulting images; wavelet formation of the synthesized RGB-image in which the con-
tribution of the corresponding low-frequency components of the image is taken into account by means of linear forms. De-
termination of their coefficients is formulated as an optimization problem under the criterion of maximizing the infor-
mation characteristics, such as entropy. Then the following activities take place: a direct ICA-transform of'the obtained
RGB-image, replacement of the first ICA-component of the image by the primary panchromatic image, application of the
inverse ICA-transform. The result is a synthetic multispectral image of high spatial resolution.

Findings. The newtechnology based on HSV, ICA- and wavelet transforms hasbeen developed to increase information
contentof aerospace multichannelimages. The effectiveness ofthe proposed method has been tested on the eight-channel
satellite Worldview-2 images. The results indicate that the synergistic processing of multichannel scanner data using the pro-
posed information technology gives better results, and the synthesized image is more informative and details objects without
colordistortion. The resulting synthesized images are characterized by a great contrast and clarity on the boundaries of “the
object of interest - the background”.

Originality. The already known methods to improve the quality of multichannel images, such as Gram-Schmidt process,
Brovey transform, principal componentanalysis, independent component analysis, [HS-algorithmand others do not take into
account the construction peculiarities of modern scanning devices, appropriate structures and data formats, which leads to col-
ors distortion of the original image. In contrast to the above-mentioned methods, the proposed method allows to save the
spectralinformation of original multi-channel images at higher spatial resolution. Furthermore, it is possible to avoid color
distortion and achieve a more detailed digital image, especially in the areas where objects of interest are shaded.

Practical value. Information technology can be used in the space image processing to increase the spatial resolution of
multispectral satellite images. In addition, the use ofthe proposed technology can effectively carry out furtherrecognition and
real-time monitoring of the military equipment dislocation, construction of infrastructure facilities, etc.

Keywords: photogrammetric, satellite, multichannel, panchromatic image, HSV, ICA, wavelet-transform, histogram
equalization, spatial resolution
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Introduction. To date, a number of space-borne sen-
sors have produced voluminous image datasets of varying
spatial, spectral and temporal resolutions. The panchro-
matic (P) and multispectral (MS) images acquired by satel-
lites are not of the same resolution. The MS images have a
high spectral and low spatial resolution while the P image
has a high spatial resolution, in which spectral diversity is
missing. Pansharpening, a branch of image fusion, may be
defined as the process of synthesizing multispectral images
at a higher spatial resolution, and is receiving ever-
increasing attention from the remote sensing community
[1, 2]. Pansharpening techniques have become very im-
portant for various remote sensing applications, such as
enhancing image classification, temporal change-detection
studies, and image segmentation studies.

Statement of the research problem. Many papers
have discussed the limitations of the various fusion meth-
ods [3-7]. However, there is no perfect algorithm that is
optimal under all conditions. For geographic condition
monitoring, visualinterpreting and classification, a signifi-
cant problemis color distortion. The already known meth-
ods for improving spatial resolution of multichannel imag-
es, including Gram-Schmidt process, principal component
analysis (PCA), independent component analysis (ICA),
[HS-algorithm and others do not include the features of
modern scanning devices, appropriate structures and data
formats scanning systems. The reason for color distortionis
the fact that the existing algorithms were mainly designed
to combine SPOT satellite images. Unlike the relevant char-
acteristics of the above-mentioned spacecraft, the wave-
length range of panchromatic modern satellites (IKONOS,
QuickBird, Worldview-2, Worldview-3, etc.) has been extend-
ed from visible into near infrared spectrum. In addition,
modern scanner systems are more sophisticated and have
more than four channels (e.g. WorldView has eight chan-
nels).

The formulation of article purposes. It is necessary to
develop the pansharpening technology for multichannel
images, which combines aspects of methods to obtain a
better trade-off between spectral fidelity and spatial re-
solution enhancement.

The basic material. We used 16-bit standard level 2
WorldView-2 multi-sequence datasets, including single
band panchromatic and 8-band MS images. In the present
study, the panchromatic and MS images are captured at
the same time with the same sensor. Hence, pansharpening
was carried out directly without further registration.
WorldVsew-2 satellite is the first commercial satellite to
carry a very high spatial resolution sensor with one P and
eight MS bands. The MS bands (Band1 = Coastal, Band2 =
Blue, Band3 = Green, Band4 = Yellow, Band5 = Red,
Band6 = Red Edge, Band7 = Near-Infrared 1, Band8 =
Near-Infrared 2) coverthe spectralrange from 400-1050 nm
at a spatial resolution of 1.84 m, while the panchromatic
band covers the spectrum from 450 —-800 nm with spatial
resolution of 0.46 m. The original size of the MS image is
1600*1600 pi-xels.

The first step is to download multichannelimage in RGB
colorspace and image resampling. Fig.1 shows 400*400 de-
tail of the whole scene of the original panchromatic image
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and RGB composition (Band 5-3-2) from satellite World
View-2. Image resampling is a process in which new pixel
values are interpolated from existing pixel values, whenev-
er the raster’s structure is modified during, for example,
projection, datumtrans formation, or cell resizing [1]. There
are many resampling methods available through a number
of platforms, including image-processing software. Bilinear
interpolation, nearestneighbour, and cubic convolution are
most commonly used resampling methods in remote sens-
ing. We used bicubic resampling.

Fig. 1. Satellite images of WorldView-2: a — panchro-
matic; b — multichannel

A characteristic feature of many images obtained in real
scanner satellite systemis a significant proportion of dark
areas and the relatively small number of areas with high
brightness. That is why one of'the first steps of the algo-
rithm is histogramequalization ofimages. As the histogram
equalization leads to equalization of integrated spaces of
evenly distributed brightness ranges, discrete form of
brightness scale transformation is as follows

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2015, N2 4
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2 =23 plz), ()

where z; is the value of the converted brightness scale cor-
responding to the outputbrightness scale; p(z,) is normali-
zed histogramofthe originalimage brightness (& =0..255).

Equalization was performed on the original panchro-
matic and multichannel images respectively. Fig. 2 shows
the brightness histogram of panchromatic images before
and after equalization. The algorithm scheme is shown in

fig. 3.

T
o )] 100 130 20 20

a

Fig. 2. Brightness histogram of panchromatic image:
a — before equalization; b — after equalization

Thenext step ofthe technology is to convert panchro-
matic and multichannel images to the HSV color space,
corresponding to the hue, saturationand intensity. Conver-
sion of RGB image to the HSV color model is carried out
by non-classical relations, as follows

% Harcl:g[vz]'
2 . - - |=
i IRAE Vv,
0
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This modification avoids spectral distortion.

One of the most advanced and powerful mathematical
tools forpansharpening acrospace images is wavelet trans-
form [1, 4]. Nevertheless, the separate application of wave-
let transformoften leads to artifacts in the synthesized ima-
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ge. To avoid this problem, the paper combines wavelet
trans formwith the HSV colormodel. The images are subje-
cted to the first level of decomposition, because of which
approximate and detailing matrix coefficients are obtained
for each of the images. The obtained detailing coefficients
of both images forma linear combination based on the nu-
merical values ofthe coefficients of the linear combination
of forms (a, b)

N___N
£

App; =
Det=3 ({a%ds"+bd!"} {a4dt+b4d!}, {auds +bud?*})
EI

3

where gpp" and per, are approximating and detailing wa-

velet conponents of the new multispectral image. Subscript -
dicated the appropriate multispectral channel (; = {R,G,B} )

or panchromatic image ().

Then wavelet reconstruction of the first level is perfor-
med. The input data for the implementation of wavelet re-
construction are approximating coefficients obtained after
wavelet decomposition of the synthesized color images,
which are taken without changes, and the formed linear
combinations used as detailing coefficients. The next step
is the search of the arguments that are the coefficients of
the linear combination forms with which the entropy forthe
new synthesized image reaches maximum values. Thus, as
a result of wavelet reconstruction, by maximizing the en-
tropy function, we obtain images synthesized using wave-
lets, which are multichannel images with high information
content. The use of Daubechies wavelets of no lower than
sixth order [8] is most effective.

In the inverse transform from the HSV color space
to the RGB-space, we chooseH and Scomponents of multi-
channel component images and the resulting V after
wavelet-trans formation.

In [8] it is proved that the method using independent
component analysis as one of the steps of the technology
leads to higher resolution of multichannel image. There-
fore, the last step of the pansharpening technology is the
application of independent component analysis method.
ICA is seen as an extension of principal components analy-
sis to the problem of blind separation of independent sour-
ces from their linear mixtures. As you know, conceptssuch
as uncorrelated and Gaussian (normal) data distribution
pattern are closely related with PCA, while ICA is associat-
ed with statisticalindependence and non-Gaussian distribu-
tion. In addition, the axes do not need be necessarily or-
thogonal. The model used in the analysis of independent
components can be represented as

y=Hx,

where y is m-dimensional random vector, x is n-dimen-
sional random vector with independent components, H is
unknown display Rn — Rm, m > n.

ICA task is formulated as a problem of finding such a
projection of vector y on a linear space of vectors x, com-
ponents of which would be statistically independent. This
analysis is performed only on some statistical sample val-
ues of'the randomvector y.
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In the technology, after conversion, we offer substitu-
tion of the first ICA component of multichannel image by
panchromatic image after equalization. The next step after
the replacement is the inverse ICA transformation.

Fig. 4 shows the synthesized image obtained as a result
of application ofthe new technology based on HSV-, ICA-,
wavelet- transformations. It should be noted that the re-
sulting synthesized images are even visually different from
the original multichannel images due to the better clarity
and more detailed objects.

Fig. 4. The resulting image after the new technology applica-
tion

Many methods are available to evaluate both the spec-
tral and spatial quality of pansharpened images, but there is
currently no consensus in the literature regarding which
quality index s the best.

Decorrelation methods of spatial brightness distribu-
tion are based on the calculation of statistical parameters
of digital images, determination of which is complicated
when there are large volumes of raw data. In addition,
these methods only take into account the contribution of
spectral information contained in the original multichan-
nel images.

Numerous indexes and methods were used for image
fusion assessment, such as correlation coefficient, standard
deviation, RM SE, spectral distortion, bias index. To make
it comparable with other fusion algorithms, both visual
analysis and quantitative analysis are employed for more
objective assessment of each algorithm.

Visual “quality” of the image can be evaluated accord-
ing to the criteria of maximum information content charac-
teristics. Entropy is a concept in information theory. Entro-
py is used to measure the amount of information. It is
defined in terms ofthe probabilistic behaviorofa source of
information

NI
E(x)= _Z Py log, py»
k=0

where N is the number of brightness levels; p; is freque-
ncy of k'™ level of sample brightness x; & is the level of
brightness, which belongs to the interval [0, 255], Zpk =1.
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Fig. 5. Graphical representation of entropy values for
images

The correlation coefficient is an important indicator re-
flecting the difference between the fused image and the ori-
ginal image

2P,
CORR = —>
P +P

x ¥

where p =3" ‘;V:lpl(i,j)pz(i,j); =3 pGJ),
x,y=1,2,3; p.:x" — color components.

Table 1 shows the CORR values for the Gram-Shmidt,
wavelet, HSV, PCA, and the new image fusion technology.
The correlation coefficients associated with the other meth-
ods are given below, which show that these methods may
enhance the detail of the image but result in much loss of
spectralinformation. These results pointout one of the ma-
in advantages of our technology: original spectral infor-

mation is maintained, while image detail is enhanced.

Table 1
Correlation value CORR
Methods R G B
PCA 0.75 0.79 0.87
Gram-Shmidt 0.86 0.85 0.84
HSV 0.48 0.57 0.54
Wavelet 0.78 0.82 0.79
New technology 0.95 0.94 0.96

The structural similarity image quality paradigm is
based on the assumption that the human visual systemis
highly adapted for extracting structural information from
the scene. The value measure of the structural similarity is
calculated as follows [9]
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where SSIM is structural similarity (quality) index; X ={x,},
Y= {yi/_} are compared images; M, N are the sizes of the

Multispectralimage
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Approximating Detailing
coefficients coefficients

image; o, is covariance between x and y , and o‘i and

aj, are standard deviations.
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!
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Y
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Fig. 3. Algorithm scheme

Table 2 shows value of SSIM of the pansharpening re-
sults.

In determining the “visual” image as synthesized im-
age, relative dimensionless global error (ERGAS) can be
used, which calculates the “amount” of spectral distortion
of photogrammetric scanner images

N 2
ERGAS =100 | L [M] ,
LA\NZE )
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b . . o
where = is the relationship between pixel size of panchro-
!

matic and multi-image (eg, ¥4 ); « (n) is radiance of each
spectralband n; A is the total number of spectral bands.

Table 3 shows ERGAS obtained by already known
pansharpening methods (PCA, Gram-Shmidt, HSV, Wavelet)
and the synthesized images developed technology. It is
clear from its determination that low ERGAS index values
represent high quality of the fused images.
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channel image

Table 2 and the image, processed using the proposed technology.
The value of SSIM Table 4 shows the separate histograms forR, G, B channels
Methods R G B Table 3
PCA 0.51 0.49 0.47 The value of ERGAS
Gram-Shmidt 0.46 0.45 0.44
HSV 0.48 0.57 0.55 Methods ERGAS
Wavelet 0.49 0.52 0.47 PCA 221
New technology 0.61 0.63 0.67 Gram-Shmidt 1.95
HSV 2.48
This paper performs a comparative analysis of the Wavelet 1.89
brightness histogram of the primary multichannel image New technology 1,58
Table 4
Image histograms
Image R G B
The original multi- - il

The image obtained as
aresult of newtech-
nology application

Table 4 shows that the shape ofthe histogram obtained
as a result ofusing the proposedtechnology is most similar
to the histogram of the original image. There are many flu-
ctuations in the original histogram. The proposed technolo-
gy smoothes this peak and maintains the general shape of
the histogram well.

Conclusions. In this article, a newtechnology basedon
HSV-, ICA- and Wavelet-transforms for automated fusion
of multispectral and panchromatic satellite images has been
proposed. Wavelet transform is employed as a postpro-
cessing stage to remove block distortions and improve the
spatial resolution enhancement. The experimental results
on WorldView-2 data set have demonstrated the superior
performance of the proposedpansharpening scheme. Visu-
al and quantitative indicators are employed for evaluation.
The characteristics indicate that aggregations of photo-
grammetric images obtained using the new pansharpening
technologylead to improved quality and quantitative indi-
cators of multichannel images. Compared with the existing
methods, the proposed fusion can increase spatial fragmen-
tation of the multichannel color image without distortion.

Future activities will add further selection criteria to
provide an image fusion framework. It will optimize data
and image pansharpeningtechniques and provide an over-
view of the possible results fromwhich the usercan choose
the best one. In addition, we notice that the proposed pan-
sharpening technology caneasily process image fusion and
restoration when the source images are corrupted by noise,
the effect of which will be studied in the further research.
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MeTa. OCHOBHOIO METOI0 pOOOTH € 30UTHIIEHHS MTPOC-
TOPOBOT PO3PIZHEHOCTI MYJIBTUCIIEKTPAIBHUX CYITY THUKO-
BUX 3HIMKIB 3 BUKIIOUCHHSAM CIICKTPAJIbHUX CIIOTBOPCHB Y
JIOKaJIbHUX 001aCTAX.

Metonuka. Texnonoris Ha ocHOBIHSV-, ICA-T1a Wave-
let-nepeTBOpeHp BKIIOYAE OTPUMAaHHS BXITHUX 300pa)KCHb
PI3HOTO MPOCTOPOBOTO PO3PIZHEHHS OIHIET I TiET XK CIICHH;
TIepEeBEICHHS ITICTISI CIIEKTPAIbHOT KOPEKIil TepBHHHUX 30-
OpakeHb Y KOJIbOPOBUiT ipocTip HSV; BeHBIET-IEKOMTIO-
3WIIS OTPUMAaHHX 300pakeHb; BeHBIeT-pOpMyBaHHSI CHH-
Te30BaHOTO RGB-300paXkeHHsI, 32 SIKOTO BHECOK BIITOBI/I-
HHMX HU3bKOUYACTOTHUX CKJIAJ0BUX 300PaXKEHb YPaXOBY €Th-
s 3a JAOTIOMOTOIO0 MHIMHUX popM. BuzHaueHHs ix koedi-
IieHTIB (HOPMYTOETHCS K ONTHMI3aIliifHa 3a1a4a 3a Kpu-
TepieM MakcuMmizalii iHGpopMaliifHOT XapaKTePUCTHKH,
30kpema entpomii. [Totim 3aiiicHIOETHCS TIpsiMe ICA-Tiepe-
TBOPCHHS OTpUMaHOT0 RGB-300pakeHHsI; 3aMiHa IepIIoi
koMnoHeHTH [CA-300pakeHHS IIEPBUHHUM MTaHXPOMaTHY-
HUM 300pakeHHsM; 3BopoTHEe ICA-mepeTBOpeHHS. Y pe-
3yJIBTATI OJICPIKYEMO CHHTE30BaHE OAraToCIeKTpaibHE 30-
OpaskeHHS MiIBUIIEHOT IPOCTOPOBOT PO3PIZHEHOCTI.

PesyabTatn. Po3poOneHa HOBa TEXHOJIOTIS ITiIBH-
MmeHHs iHGOPMATHBHOCTI aepOKOCMIYHUX OaraTOKaHAIb-
HUX 3HIMKIB Ha ocHOBI HSV, ICA- Ta BeiiBieT-iepe-
TBOpeHb. IIpoBesneHe TecTyBaHHA e(EKTHBHOCTI 3ampo-
MOHOBAHOTO METO/Iy Ha BOCbMHKaHaJIbHHUX 3HIMKAX 3 CYITy-
tarka Worldview-2. Otpumani pe3ysIbTaTd CBiIUaTh MPO
Te, 0 CHUHEepreTHYHa 00poOKa CKaHEepHHUX OaraToKaHallb-
HUX JaHUX 32 JOIOMOTOI0 3alIPOTIOHOBAHOI iHp OpMaliiiHOT
TEXHOJIOTTi Jfa€ OWTbIN SKICHUH pe3ysbTaT, a CHHTE30BaHE
300pakeHHs Ma€ MiBUIIEHY 1HOOPMATUBHICTD 1 AeTai3a-
if0 00'€KTIB 6€3 KOJIPHHUX CIOTBOPEHb. OTpUMaHi CHHTe-
30BaHi 300pakeHHs BiPI3HIIOTHCS OUIBIINM KOHTPACTY-
BaHHSM Ta YITKICTIO Ha TPaHUIIIX,,00 €KT iHTepecy — hoH".

HaykxoBa noBm3Ha. Ha BinqMiHy Bix BimoMuX crioco0iB
MIBHUINCHHS SKOCTI OaratokaHaJbHUX 300pakeHb, TAKHX
sk ['pama-llIminra, Bposi, PCA, aHami3 He3aJle:KHUX KOM-
HOHEHT, [HS-aaroput™ Ta iH., 0 HE BPAXOBYIOTh 0COOH-
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BOCTI TOOYIOBH CYyYaCHUX CKAaHYIOUHX IPUCTPOiB, BIMIOBI-
JHUX CTPYKTYp 1 (opMartiB JaHUX, UI0 TPU3BOJUTH JI0 BU-
KPUBIICHHS KOJIbOPIB MEPBUHHOTO 300pa)KCHHSI, 3a1pOIIO0-
HOBaHHUIl METOJI JI03BOJISIE 30€perTd CIEeKTpasbHy H)OP-
MalIlifo OPUTiHAIBHOTO OaraToKaHaJIFHOTO 300pKCHHS ITPH
TBUIIEHHI IPOCTOPOBOT po3pizHeHOCTI. KpiM TOTO, 3°51B-
JIE€THCST MOYKIIMBICTD YHUKHYTH KOJBOPOBUX CIIOTBOPCHB 1
JocATTH OUIbIIOT metamizamii nmudpoBOoTO 300paKeHHS,
0COOIMBO B JUITHKAX 3aTIHEHHSI 00’ €KTIB iHTEpECY.

IpakTtnyna 3HauMMicTh. [HoOpMaliiHa TEeXHOJOTIA
MoOe OyTH 3aCTOCOBaHA pH 00POOIIi a8POKOCMIYHUX 30-
OpakeHb U 30 UTbIICHHS IPOCTOPOBOT PO3PI3HEHOCTI MYy -
JBTUCTIEKTPAIBHAX CyITy THUKOBHX 3HIMKIB. Kpim ToTO, BH-
KOPHUCTaHHS 3alpONOHOBAHOT TEXHOJOTil HAJAE MOMKIIH-
BICTh €()E€KTUBHO MPOBOUTHU IOJANBIIE PO3IMI3HABAHHS Ta
OTIepaTUBHUN MOHITOPUHI AMCIOKALi BiliCBKOBOT TEXHIKH,
00'exTiB Oy JIBHUIITBA IHOPACTPYKTYPH TOLIO.

KmouoBi caoBa: pomoepammempuune, cynymuuroge,
baeamokananvhe, nauxpomamuyne 300pagicenns, HSV, ICA,
seligniem-nepemeop eHts, ekeanizayus cicmoepamu, npoc-
mopoea po3pisHeHicmo

Hesb. OCHOBHOM IETBIO PaOOTHI ABISIETCS YBETNUICHUE
MIPOCTPAHCTBEHHOIO PA3pPELICHUsS] MYJbTUCIEKTPAIbHBIX
CILy THUKOBBIX CHUMKOB C UCKJIFOUEHHEM CIIEKTPAJIbHBIX UC-
Ka)KCHHI B JIOKAJIbHBIX 00JIACTIX.

MeTtonuka. TexHonorus Ha ocHoBe HSV-, ICA- u Wa-
velet-npeoOpa3zoBaHuii BKIIOYACT MOJYYCHHE BXOJAIINAX
n300paXEeHUH Pa3IMIHOTO MPOCTPAHCTBEHHOTO pa3pelie-
HUS OJTHOH U TOH e CLIeHbl, IEPEBOJ N0CJIE CIEKTPATIbHO N
KOPPEKINH MTEPBUYHBIX N300paKeHUH B IIBETOBOE TIPOCT-
paHcTBO HSV; BeHBICT-EKOMIIO3HITHIO MOy YCHHBIX H300-
paxeHwii; BelBIeT-QOPMUPOBAHNE CHHTE3UPOBAHHOTO
RGB-m300pakeHus, MPU KOTOPOM BKJAJ COOTBETCTBYIO-
IUX HU3KOYACTOTHBIX COCTABILIIONINX H300paxeHuil yuu-
TBIBAETCSI C TIOMOIIBIO JIMHEHHBIX hopM. OnpeeneHne ux
K03 GUIMEHTOB GOPMYIUPYETCSl KaK ONTUMH3alMOHHAS
3a/aya 1Mo KpUTEPUI0 MaKCUMHU3aUK HH()OPMAIMOHHON
XapaKTepUCTUKU, HAIPUMEP, SHTPOTHU. 3aTeM NIPOBOAUTCS
npsimoe ICA-nipeoOpasoBaHue mojayueHHoro RGB-uzo6pa-
JKEHMSI; 3aM eHa epBo i KoOMIIOHEHThI [CA-1n300paskeHus re-
PBUYHBIM MAHXPOMATHICCKUM H300pakeHHEM ; 00paTHOE
ICA-npeoOpasoBanue. B pe3ynbrate momyyaeM CHHTE3UPO-
BaHHOE MHOTOCIEKTPaIbHOE H300pakeHHe TIOBBIIIEHHOTO
NIPOCTPAHCTBEHHOTO Pa3peIeHUs..

PesyabTarel. PaspaboTaHa HOBasi TEXHOJIOTHS IOBBI-
IIeHUS HHPOPMATHBHOCTH a3pOKOCMHYECKIX MHOTOKAHa-
JBHBIX CHUMKOB Ha ocHOBe HSV, ICA- 1 BeiiBneT-mpeodpa-
3oBanuil. [IpoBeneno TectupoBanue 3¢ ¢ EeKTUBHOCTH Tpei-
JIO)KEHHOTO METOJa Ha BOCbMHUKAHAJBHBIX CHUMKAaxX CO
cuytauka Worldview-2. TTostyueHHbIC pe3ysbTaTbl CBH/IC-
TEJLCTBYIOT O TOM, YTO CHHEpreTHdeckas oopadoTka cka-
HEPHBIX MHOTOKAHAJIBHBIX JAHHBIX C MMOMOUIbIO MPELIO-
JKCHHOW MH(OPMAIMOHHOHN TEXHOJIOTUH JaeT OoJjiee Kaye-
CTBCHHBIH pe3yJbTaT, a CHHTC3MPOBAHHOE H300pakeHHE
HMeEeT IOBHIIICHHY0 HHPOPMATHBHOCTh H JICTATIN3AIHIO
00BeKTOB 0€3 IBETOBBIX HCKaXeHUH. [loyueHHsIe cuHTe-
3UPOBAHHBIC H300P AKEHNS O TTINIATOTCS OOJBITMM KOHTpa-
CTUPOBaHMEM U YETKOCTBIO HAa TPAHHUIIAX ,,00bEKT HHTEpECca
— ¢on".
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IHPOPMALINHI TEXHONOTIi, CACTEMHUA AHANI3 TA KEPYBAHHA

Hayuynasi HoBu3Ha. B oTmMune OT M3BECTHBIX CIIOCO-
0OB MOBBINIEHNS KAY€CTBa MHOTOKAaHAIBHBIX N30 0P asKeHUH,
takux Kak ['pamma-llImunara, bposu, PCA, aHanu3 He3aBH-
CUMBIX KOMIIOHEHT, [HS-airopum™ u 1p., KOTOpbIE HE y4U-
THIBAIOT 0COOCHHOCTEH MOCTPOCHHUSI COBPEM ECHHBIX CKAHH-
PYIOLIMX YCTPOWUCTB, COOTBETCTBYIOIIMX CTPYKTYp U (o-
PMAaTOB JAHHBIX, YTO IPUBOAUT K HCKAKCHHIO IIBETOB OPH-
TMHAJBHOTO M300paXkeHUs, MPEI0OKESHHBIN METO T TO3BO-
JSIET COXPAHMTh CIIEKTPATLHY 0 HH()OPMAIHIO OPUTHHAITb-
HOTO MHOTOKaHAJILHOTO HM300pakKeHUs] TIPH TOBBIIIEHUU
MPOCTPAHCTBEHHOTO pa3pelneHus. KpoMe Toro, mosBIsieTCst
BO3MOYHOCTb U30€KaTh I[BETOBBIX HCKAKCHUH U JJOOUTHCS
OoutpIel netam3aryu Qg poBOTo H300paskeHns, 0COOCH-
HO B YYacCTKaX 3aTeHEHUsI 00 BEKTOB HHTEpeca.

IpakTuyeckasi 3HaYMMOCTb. MH(DOpMaMOHHAs Tex-
HOJIOTHSI MOXET OBbITh MMPUMEHEHa Mpu 00paboTke a’po-

YIK 622. 276.53
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KOCMHUYECKNX M300pakeHUH U yBEIMYCHUS NMPOCTPaH-
CTBCHHOTO DAa3pelIeHUS MYJIBTUCICKTPAIBHBIX CITyTHHU-
KOBBIX CHUMKOB. KpoMe Toro, HCTIOIB30BaHUE ITPE IO KEH-
HOM TeXHOJIOTHH I03BOJIIET 3¢ () eKTUBHO MPOBOUTH JalIb-
Hellee paclo3HaBaHUE U ONIePAaTUBHBI MOHUTOPUHT JIUC-
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DETERMINATION OF THE PRESSURE AND TEMPERATURE
DISTRIBUTION ALONG THE OIL WELL BORE

MeTta. YTOUHEHHS BiIOMOTO METOAY pPO3paxyHKy PO3MOJiUTy THCKY Ta TeMIepaTypH CBepIOBHHHOT PO Iy KILii B3TOBK
cToBOYpa CBEp UIOBHHU, 1[0 JAaBATHME OiMbII KOPEKTHI pe3yIbTaTH.

Metoauxa. Ha ocnoBi metoniB [Toetmanna-Kapnentepa ta bakcenzesia 3anponoHOBaHO HOBUH MiIXiJ 10 BUPIIIEH-
Hs mudepeHIliabHIX PIBHSIHB 32 JOMOMOTOI0 YHCIOBOro Metony Apamca-KpuioBa. Y pasi BUKOPHCTAHHS THX CAMHX
b epeHiaTbHUX PIBHIHB, ajie 32 paXyHOK PI3HOTO MiX0Iy 10 iX BUPILICHHS, OTPHMaHi pe3yJbTaTd, IO OUIBII TOYHO
OTIHCYIOTh PeallbHi MPOILECH Y CBEPMIOBHHI. BUKOHaHI KOMIT IOTEpHI OOYHCIICHHS, [0 HA0YHO IEMOHCTPYIOTh CYTIEBY
PO30ODKHICTh Y PO3MOIUI TePMOJUHAMIYHUX MapaMeTpiB MPH OJHAKOBUX BHUXJHUX JAHUX Y BHIAJKY 3aCTOCYBAaHHS Mep-
BHUHHOT Ta TIOXIZTHOT METO UK.

PesyabTarn. BusiBrieHi eBHI HEJIONIKH B pe3yJbTaTax, 0 OTPUMaHi 3a BIIOMUMH METOJAMH, a came: HEeJHIHHICTh
(hyHKII TeMIepaTypH 3aJIeKHO Bil TMHOWHY # 1OsBa CTPHOKOTIOAIOHOT 3MiHH TeMIepaTypy Ha(TH B TOUII IMi/BICY HAcO-
ca. Y Burmiai rpadikiB 3MiHH THCKY Ta TeMIIEpaTypH B3JIOBX CTOBOypa CBEp/UIOBHHHM YHAOYHEHO BIIMIHHICTh MK OTpH-
MaHUMH KPUBHMHU, MPUIOMY Ha JWITHII MDK THPJIOM 1 TOYKOIO TJBICY HAacoca, MO € OB I[IKaBOI0 TIPH PO3paxyHKax,
BIIXHIICHHS ocsirae 23% JUisl TUCKY Ta Maike 4% IUis TeMIepaTypu. BUKOpUCTaHHS YHCIOBUX METOIB PO3PaxXyHKY yCy-
HYJIO 3a3HAa4YCHI HeJOJIKH Ta MiIBUIIIIIO AKICTh OTPUMYBAHUX JAHUX.

HaykoBa HoBu3Ha. [losirae y BHI03MiHI BITOMOTO METOAy BU3HAUCHHSI PO3MOUTY THCKY Ta TEeMIIEpaTypH B3ZOBXK CTO-
BOypa CBEpIOBUH TAKUM YHMHOM, 1110 BiH 3a0e3meuye OUIbI aJIeKBaTHI pe3yJbTaTH B MOPIBHSAHHI 3 OMEPEAHIM METOIOM.

IpakTyHa 3HAYMMicTh.Y CYHEHHSI HETOUHOCTEH y 3anponoHoBaHux MeTtoaukax [loetmanna-Kapnenrepa ta bakcen-
JieJ1a IacTh 3MOTY OTPUMATH TOYHIII JJaH1 TT0 PO3IIOIUTy TepMOMHAM IYHUX TApaMETPIB y CBEPJIOBUHI TPH TEOPETUIHOMY
JIOCJT/DKEHHI TIPOIIECIB, 0 MAIOTh MICIIe i Yac eKCIUTyaTallii Ha) TOBUX CBEP IO BHH.

KmouoBi caoBa: nagpmosa ceeponosuna, eubitinuil muck, niacmosa memnepamypa, 2a3o6000HAGMosull nomik,
HeniHilHe Oupepenyianore PiGHIHHS

IMocTanoBKa mpodsemu. [lpu peamizalii 6araTbox Te-
XHOJIOTIYHUX 3a/[a4, NOB’A3aHNX 3 BUI0OyBaHHIM HadTH,
HEOOXiIHO 3HATH PO3IO/IT THCKY Ta TEMIIEPATyPH B3JI0BK
cTOBOYpa CBEp UI0BUHH. BUKOpHCTAHHS KPUBUX PO3IIO LTy
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THCKY Ta30BOJIOHA()TOBOTO MOTOKY MPH IITAHTOBO-HACOC-
HIli eKcIuTyaTallii CBEp/UIOBHH JI03BOJISIE TIOBHIIIE BPaXxy-
BaTH YMOBH IX BIMTOMITOBYBaHHsI, 3a0€3MeYNTH HAHOLTBII
ONTUMAJBHUN pEeXUM poOOTH ycTaTKyBaHHs. Came TOMY
Mepe/1 TUM, sIK 0€3M0CepeHbO MPHUCTYNATH 0 PO3PAXy HKY
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