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9': 528.721 

19:<8> @1B<1C@: 86@1EGH 
/J/ /<@:E K1E<:L<M1-1 
14:N<@6E><<O 9G341EGH 

K1Q4>R/<M 1@4G ><GH K QSJ>  
K K>C@1C6E><<O  S1H:7<GH 
</OE<1 K>7><GH 36<89:T 

-+U$UW1E. , 3,X2  . 
1:FaUE\F aKJKe\FbbUJ\BP JF eUKBHaK\bFJDOD 

(FIBKHFT@HDd ^HBAU\MDJUJ «;@ABAM@OF SKTBJUWHBOF», A^T. 
7. gFHEU\D 12, ;@ABA, 9O\FPHF, 79013, UT. SKmJF 

Volodymyr.m.hlotov@lpnu.ua. 

 ! :FaUE\F OF\JKe\FaBP JF eUKS\KMJK\KAKeK 
bKEUThAFHHc (FIBKHFT@HDd ^HBAU\MDJUJ «;@ABAM@OF 

SKTBJUWHBOF»,  
A^T. 7. gFHEU\D 12, ;@ABA, 9O\FPHF, 79013, UT. SKmJF 

Mykhaiko.Fys@lpnu.ua. 

 %$". 5Kf\KkDJD FTeK\DJb ETc ADfHF`UHHc 
FS\BK\HKP KIBHOD JK`HKMJB O^JKADW UTUbUHJBA fKAHBm-
H@KeK K\BnHJ^AFHHc IDa\KADW fKk\F[UH@ KJ\DbFHDW f 
g>;!.  %$UZ,[". oK\b^TD ETc KIBHOD JK`HKMJB 
UTUbUHJBA fKAHBmH@KeK K\BnHJ^AFHHc ADfHF`FhJ@Mc fF 
EKSKbKeKh SKWBEHDW a^HOIBd kFeFJ@KW fbBHHDW, cOB n 
\KfA’cfOFbD MDMJUb TBHBdHDW \BAHcH@. pB MDMJUbD 
KEU\[^hJ@Mc kUfSKMU\UEHBb EDaU\UHIBhAFHHcb \BA-
HcH@ fA’cfO  ̂SF\FbUJ\BA JF AWBEHDW EFHDW. 4%\]+_$"$,. 
-J\DbFHB \KkK`B aK\b^TD cOB EFhJ@ bK[TDABMJ@ 
ADfHF`UHHc FS\BK\HKP KIBHOD JK`HKMJB O^JKADW UTUbUH-
JBA f fFMJKM^AFHHcb SKWBEHDW HUcAHK fFEFHDW a^HOIBd 
JF S\KAUEUHF FS\KkFIBc fFS\KSKHKAFHKeK FTeK\DJb  ̂HF 
OKHJ\KT@HKb  ̂S\DOTFEB, \Uf^T@JFJD cOKeK SBEJAU\EDTD 
AB\HBMJ@ ADOTFEKO. <"][UW" `UW,\`".  \KkTUHK ADABE 
aK\b^T cOB EFhJ@ bK[TDABMJ@ ADOKHFJD FS\BK\H^ 
KIBHO  ̂ JK`HKMJB UTUbUHJBA fKAHBmH@KeK K\BnHJ^AFHHc 
IDa\KADW fKk\F[UH@ ADOTh`Fh`D SKWDkOD lK ADHD-
OFhJ@  ̂OTFMD`HKb  ̂bUJKEB KIBHIB JK`HKMJB S\D fFMJK-
M^AFHHc KkU\HUHKP aKJKe\FbbUJ\D`HKP fFMB`OD ETc 
SKKEDHKOKeK fHBbOF. S'"[$,a`" \`"a]b)X$_. -k`DM-
TUHHc FS\BK\HKP KIBHOD JK`HKMJB fFS\KSKHKAFHDb 
MSKMKkKb EFMJ@ bK[TDABMJ@ kBT@m JK`HK ADfHF`FJD 
OKK\EDHFJD JK`KO HF bBMIUAKMJB. 

M,H=1:* J,1:": kUfSBTKJHDd TBJFT@HDd FSF\FJ; 
IDa\KAF fHBbFT@HF OFbU\F, `FMJDHHB SKWBEHB, KkU\HUHF 
bFJ\DIc.  

EX$]c 
YK[TDABMJh fFMJKM^AFHHc kUfSBTKJHDW 

TBJFT@HDW FSF\FJBA (g>;!) A cOKMJB HKAKeK 
fFMKk^ KJ\DbFHHc aKJKe\FbbUJ\D`HKP BHaK\-
bFIBP n HUEKTBOD EAKW J\FEDIBdHDW MSKMKkBA 
KJ\DbFHHc EFHDW: fF EKSKbKeKh OKMbB`HDW 
M^S^JHDOBA B SKABJ\cHDW SBTKJKAFHDW FSF\FJBA, 
F MFbU, bK[TDABMJ@ fHBbFHHc f HUAUTDODW 
ADMKJ B kUfSKMU\UEH@K A \FdKHB Kk'nOJBA, KJ\D-
bFHHc fHBbOBA ADMKOKP \KfEBT@HKP fEFJHKMJB, 
fFMJKM^AFHHc A fKHFW HFEfAD`FdHDW MDJ^FIBd 

kUf \DfDO^ ETc [DJJc B fEK\KA'c SBTKJBA, \UHJF-
kUT@HBMJ@ [,TKJKA 3., 2016]. 

(UKkWBEHK fFfHF`DJD, lK JUWHKTKeBc 
FU\KfHBbFHHc f g>;! HF M@KeKEHBmHBd EUH@ 
A KMHKAHKb^ ABES\FI@KAFHF, KEHFO n lU EKM-
JFJH@K S\KkTUb, AD\BmUHHh cODW SKJ\BkHK 
S\DEBTDJD ^AFe^ [,FTUI@ODd 3., 2012; ,TK-
JKA 3., 2010, 2013, 2014].  

-EHBnh f S\KkTUb fFMJKM^AFHHc g>;! ETc 
ADMKOKJK`HKeK OF\JKe\Fa^AFHHc n HU bK[TDABMJ@ 
A MJFHKATUHHc HF IDW FSF\FJFW JK`HKP MDMJUbD 
MJFkBTBfFIBP B ADfHF`UHHc O^JKADW UTUbUHJBA 
fKAHBmH@KeK K\BnHJ^AFHHc fHBbOBA (INS). 3 JKd 
[U `FM SDJFHHc MJKMKAHK ADfHF`UHHc TBHBdHDW 
UTUbUHJBA aFOJD`HK \KfA’cfFHK KMOBT@OD A[U 
EUOBT@OF \KOBA SKMSBT@ fFMJKMKA^nJ@Mc HF g>;! 
EAKW `FMJKJHB GPS S\DdbF`B JK`HBMJ@ ADfHF`UHHc 
OKK\EDHFJ IUHJ\BA S\KUOIBd cODW MceFn A[U HU 
kBT@mU EUOBT@OKW MFHJDbUJ\BA.   BHmKeK kKO^ 
ADOKH^nJ@Mc S\UIDfBdHU OFTBk\^AFHHc OFbU\, lK 
fFkUfSU`^n ABESKABEH^ JK`HBMJ@ ADfHF`UHHc UTU-
bUHJBA AH^J\BmH@KeK K\BnHJ^AFHHc. -J[U, 
SBEM^bKA^h`D ADlUADOTFEUHU HUKkWBEHK FOIUH-
J^AFJD ^AFe  ̂HF JU, lK ADHDOFn HFeFT@HF S\Kk-
TUbF S\K EKMTBE[UHHc ATFMHU O^JKADW fHF`UH@ 
UTUbUHJBA fKAHBmH@KeK K\BnHJ^AFHHc, F ABEJFO B 
S\K FS\BK\H^ KIBHO^ JK`HKMJB IDW UTUbUHJBA. 

'FHF SKMJFHKAOF fFEF`B ABEbBHHF ABE OTF-
MD`HKP bUJKEDOD. 9 ADfHF`UHHB eUKEUfD`HDW 
OKK\EDHFJ JK`KO Kk’nOJ^ bBMIUAKMJB FOIUHJ^nJ@-
Mc SDJFHHc PW EUaBHBIBP, cOU AD\Bm^nJ@Mc f EKSK-
bKeKh BJU\FIBdHKeK S\KIUM  ̂ ['K\K[DHM@ODd, 
2008].  HF`UHHc OKK\EDHFJ fHFWKEcJ@Mc f JK`HBM-
Jh Kk`DMTUH@, cOF HU bK[U eF\FHJ^AFJD HUKkWBE-
H  ̂ JK`HBMJ@ ADfHF`UHHc ADlUAOFfFHDW OKK\ED-
HFJ. !E[U Ic JK`HBMJ@ ADfHF`FnJ@Mc JK`HBMJh AD-
bB\hAFHHc, cOF HU kU\U ^`FMJB A Kk`DMTUHHcW. 1K-
EB IB SKWDkOD bK[HF AHKMDJD A `DMTKAB fHF`UHHc 
ABESKABEHDW MSKMJU\U[UH@ JF KJ\Db^AFJD HKAB 
OKK\EDHFJD. (F KMHKAB I@KeK A SKEFT@mKb^ 
bK[HF f\KkDJD ADMHKAKO S\K bK[TDA^ JK`HBMJ@ 
Kk`DMTUH@. !TU JFODd SBEWBE n `DMJK S\FOJD`HDb 
B HU EFn bK[TDAKMJB AMJFHKADJD FS\BK\H^ KIBHO^ 
JK`HKMJB. 1Kb^ HD[`U fFS\KSKHKAFHK MSKMBk 
\Kf\KkTUHDd FAJK\FbD AD\BmUHHc JFOKP fFEF`B. 

3DOK\DMJFHHc g>;! ETc IBTUd FU\KaKJK-
fdKbOD EFn \cE SU\UAFe S\D KSU\FJDAHBd Kk\KkIB 
BHaK\bFIBP JF EKMJ^SHKMJB PP KJ\DbFHHc. 5FfKb f 
JDb AMJFHKADJD FSF\FJHDb MSKMKkKb SF\FbUJ\BA 
\Uf^T@JFJBA fdKbOD HU S\UEMJFATcnJ@Mc bK[TD-
ADb, JFO cO BMH^hJ@ KkbU[UHHc HF fFAFHJF[UHHc 
g>;!. 1Kb^ nEDHDb MSKMKkKb ADfHF`UHHc UTU-
bUHJBA fFTDmFnJ@Mc J\FEDIBdHU ETc FU\KaKJK-
fdKbOD ^\BAHhAFHHc a^HOIBP HUA’cfOD, SKk^EKAF-
HKP cO \BfHDIc AD\FW^AFHDW fHF`UH@ JF EFHDW 
MSKMJU\U[UH@, JKkJK \KfeTcEFnJ@Mc a^HOIBc (1): 
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"(#$, … , %&) = ' ()* + ,- + . /0(1234)567(89:;)<=>(?@AB)

CD(EFGH)IJK(LMNO)PQR(STUV)
W

X
+Y

Z[\ ]^ + _` + a bc(defg)hij(klmn)opq(rstu)

vw(xyz{)|}~(�!"#)$%&('()*)
+
,

    (1)

3\FWKA^h`D fFTU[HBMJ@ SF\FbUJ\BA -. , /0, 12 
ABE UTUbUHJBA fKAHBmH@KeK K\BnHJ^AFHHc, bK[HF 
fFSDMFJD: 

 
 

3(4,5, 6,78,9:,;<) ' =>? + @A + B CD(EFGH)IJK(LMNO)PQR(STUV)
WX(YZ[\)]^_(`abc)def(ghij)

k
l

 +m
nop qr + st + u vw(xyz{)|}~(�!"#)$%&('()*)

+,(-./0)123(4567)89:(;<=>)
?
@

     (2) 
 

1KEB UTUbUHJD ADfHF`FnbK fF ^bKAD bBHB-
b^b^ a^HOIBP (2) fF IDbD fbBHHDbD 4
,A, B,CD,EF ,GH !SF\FJ ADfHF`UHHc IDP UTUbUH-
JBA \Kf\KkTUHDd EKMOKHFTK. 1Kb^ HUbFn 
SKJ\UkD A \Kf\KkIB HKADW FTeK\DJbBA .qEDHU, 
lK HUKkWBEHK- IU SU\UAB\DJD MJUSBH@ HFkTD-
[UHHc a^HOIBP (2), F JFOK[ SK bK[TDAKMJB 
KEU\[FJD ^JK`HUHB fHF`UHHc SF\FbUJ\BA f 
EKSKbKeKh SFOUJ^ MATKAD, HFS\DOTFE, fF 
EKSKbKeKh S\Ke\FbD Minimize. 

3DfHF`UHHc UTUbUHJBA fKAHBmH@KeK K\BnH-
J^AFHHc HU EFn ABESKABEB HF KIBHO^ JK`HKMJB PW 
ADfHF`UHHc, KMOBT@OD A aK\b^TB (2) HBEU HU 
aBe^\^hJ@ AD\FfD IDW SKWDkKO. 1Kb^ HFABJ@ 
ADfHF`UHB f AUTDOKh JK`HBMJh fHF`UHHc UTU-
bUHJBA K\BnHJ^AFHHc-IU lU HU SKAHB PW fHF`UH-
Hc. :BT@OBMJ@ fHF`^lDW IDa\ A KMHKAHKb^ fF-
TU[DJ@ ABE JK`HKMJB KJ\DbFHHc EFHDW MSKMJU-
\U[UHHc. >\KMJBmU OF[^`D, HUKkWBEHF FS\BK\-
HF KIBHOF JK`HKMJB. 

'Tc MS\KlUHHc AAUEUbK SKfHF`UHHc: 
I = ( KL , MN, OP, QR, ST, UV) = (4,W, X,YZ,[\,]^) (e) 

(_`,ab, … ,cd) = (ef,gh,ij,kl, mn,…,op,qr ,st, uv , wx) 
iOlK ABEKbB a^HOIBP ETc UTUbUHJBA K\BnH-

J^AFHHc, F\e^bUHJD cODW EFHB MSKMJU\U[UH@ 
JKkJK 
yz = {|(}~, … , � ) (F) 
JK FS\BK\HF KIBHOF JK`HKMJB ADfHF`FnJ@Mc 

JFO 

!"#
$ = ' %&'()

*+,
-
.
/01

234
567  (A) 

!HFTBJD`HK ADfHF`DJD fA'cfKO (F) bB[ 
UTUbUHJFbD fKAHBmH@KeK K\BnHJ^AFHHc JF 
SF\FbUJ\FbD EFHDW HUbK[TDAK. 1Kb^ S\cbK 
HU bK[HF fFSDMFJD aK\b^T^(D). >\KJU fF^AF-
[DbK, lK A (D) AWKEcJ@ HU MFbB a^HOIBP, F PP 
SKWBEHB 1Kb^ SKMJFn fFEF`F PW ADfHF`UHHc HF 
KMHKAB AD\Ff^ (2).3DcATcnJ@Mc, lK JUK\Bc 
a^HOIBd kFeFJ@KW fbBHHDW EKfAKTcn IU 
f\KkDJD 

>\DAUEUbK FTeK\DJb AD\BmUHHc EFHKP 
fFEF`B. (FMFbSU\UE, KMOBT@OD AUTD`DHD (e) 
ADfHF`FhJ@Mc f ^bKAD bBHBb^b^ a^HOIBP(1), 
ADOKH^nJ@Mc HUKkWBEHF ^bKAF bBHBb^b^: 

89(:;,…,<=)
>?@

= 0
 

AB(CD,…,EF)
GHI

= 0
                   (3) 

7DMJUb^ \BAHcH@ (3) EDaU\UHIBhnbK SK 
SF\FbUJ\FW KL(x=1,..,r). MNh 3 \Uf^T@JFJB 
KEU\[^nbK r TBHBdHDW MDMJUb \BAHcH@, 
HUABEKbDbD cODW n 

OPQ

RST
 

U

VWX(YZ,…,[\)

]^_`ab
= ' cde

fghijk

lmn

opq
+ rst

uvwxyz
= 0{

|}~
…

� !("#,…,$%)

&'()*+
= ' ,-.

/01234

567
89:

;
<=> + ?@A

BCDEFG
= 0

          (4) 

3 bFJ\D`HKb^ ADeTcEB KMJFHHBd AD\Ff 
bK[HF fFSDMFJD: 

HIJ = KL,                                (5) 
EU 

M = N
OPQ
RSTUVW

X, 

Y, Z = 1,2, . .6, 

[\ =

]

^
_
`ab
cde…
`fg
hijk

l
m

, 

no = p
qrs

tuvwxy…
z{|

}~� !"

#                            (6) 

5KfA’cfOD X B n HUKkWBEHDbD UTUbUHJFbD 
aK\b^TD (8), SK cOBd AMJFHKAThnbK SKWDkOD 
ADfHF`UHHc UOMIUHJ\DMDJUJBA fKAHBmH@KeK 
K\BnHJ^AFHHc. 

3BEbBJDbK KEH^ KMKkTDABMJ@ \KfA’cf^AFHHc 
MDMJUb (6). 1FO cO bFJ\DIc S\D HUABEKbDW n 
HUfbBHHKh ETc AMBW MDMJUb, fbBHhhJ@Mc TDmU 
MJKAkUI@ ABT@HDW `TUHBA. 1Kb^ PP HFdf\^`HBmU 
\KfA’cf^AFJD bUJKEKb KkU\HUHKP bFJ\DIB. 

$% = &'()* (7) 
3 SKEFT@mKb^ \KfA’cfOD (7) ADOK\DMJK-

A^nbK ETc KIBHOD JK`HKMJB ADfHF`UHHc OKK\-
EDHFJ HF bBMIUAKMJB fF aKJKe\FbbUJ\D`HDbD 
EFHDbD. 

:KK\EDHFJD HF bBMIUAKMJB ADfHF`FnbK fF PW 
fHF`UHHcbD HF fHBbO^, S\D`Kb^ ETc KEHKfHF`-
HKMJB kU\UbK cO bBHBb^b EAF JFODW  

+, =
-./0123 + 4567+ 89:;<=> + ?@AB+ CDEFG
HIJKLMN + OPQR+ STUVWXY + Z[\]+ ^_`ab 

 

cd =
ef
ghijklmn

opqrs
tuvwxyz{

|}~� 
!"#

$%
&'()*+,-

./012
3456789:

;<=>?
@AB 

               (9) 

CD =
EFGHIJK + LMNO + PQRSTUV + WXYZ + [\] _̂

`abcdef + ghij + klmnopq + rstu + vwxyz 
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>KWDkOF ADfHF`UHHc AUTD`DH {|,}~,� A 
KMHKAHKb^ Kk^bKATUHF HUJK`HBMJh ADfHF-

`UHHc UTUbUHJBA fKAHBmH@KeK K\BnHJ^AFHHc. 
1Kb^ bK[HF fFSDMFJD JFO: 

!"# = $%&'(
)4
*
+
,4
- + ./01

23
4
5
67
8 + 9:;<

=>
?
@
AB
C + DEFG

HIJ
K
L
MNO
P + QRST

UVW
X
Y
Z[\
] + ^_`a

bcd
e
f
ghi
j ;  

klm = nopqr
s4
t
u
v4
w + xyz{

|}
~
�
 !" + #$%&

'(
)
*
+,- + . /0

123
4
5
678
9 + :;<=

>?@
A
B
CDE
F + G HI

JKL
M
N
OPQ
R .            (10) 

 F IDbD aK\b^TFbD ETc KEHBnP f KSK\HDW 
JK`KO ADfHF`FnbK eUKEUfD`HB OKK\EDHFJD JF 
JK`HBMJ@ PW Kk`DMTUHHc: 

ST + VWX = YZ[ + ]^_`ab 
cd + fgh = ijk + mnopqr 

stu + wxy = z{(|} + � ) + !"#$% + '()*+ 

,- =
./0 + 234 + 6789: + ;<=>?

@A + CD
 

EF = GHI + JKL + NOPQRS 
TU = VWX + YZ[ + ]^_`ab 

 ABEOD bK[HF fFSDMFJD KMJFJK`H^ KIBHO^ 
JK`HKMJB ADfHF`UHHc OKK\EDHFJ: 

cde = fghij
klm

n
o
pqr
s + tuvw

xyz
{
|
}~�

 + ! "#$
%&'(

)
*
+,-.

/ + 0 123
4567

8
9
:;<=

> + ? @AB
CDEF

G
H
IJKL

M + N OPQ
RSTU

V
W
XYZ[

\ ; 

]^_ = `abcd
efg

h
i
jkl

m + nopq
rst

u
v
wxy

z + { |}~
�!"#

$
%
&'()
* + + ,-.

/012
3
4
5678
9 ; 

:;< = =>?@A
BCD
E
F
GHI
J + KLMN

OPQ
R
S
TUV
W + X YZ[

\]^_
`
a
bcde
f + g hij

klmn
o
p
qrst
u .

!S\Kk^nbK S\DAUEUHDd FTeK\DJb HF HFMJ^S-
HKb^ S\DOTFEB: 

N"G,-?C 1 
8UU'Z,`"$, `" \`)d["e 

I fHBbKO II fHBbKO 
X(bb) Y(bb) X(bb) Y(bb) 
1.00667 72.18669 -69.80381 71.35737 
72.38724 74.87595 0.66186 70.66853 
2.86812 1.58912 -70.82057 0.89677 
72.86676 3.44247 -0.40984 -0.16835 
4.71226 -68.35269 -71.6926 -69.32638 
74.8817 -66.71167 -1.46932 -70.19804 

N"G,-?C 2 
8UU'Z,`"$, `" d)Xg%WUX$) 

X(b) Y(b) Z(b) 
4000 8200 560 
7500 8200 620 
4000 4700 550 
7500 4700 450 
4000 1200 520 
7500 1200 500 

 
>K IDW EFHDW ADfHF`UHB UTUbUHJD fKAHBmH@KeK 

K\BnHJ^AFHHc EAKW fHBbOBA: 
N"G,-?C 3 

/+%d%`$, \UW`)h`_UiU U')j`$]W"``k \`)d[)W 

r 4 v w xy(z) {|(b) }~(b) 
1 +0�50  +0!26" +1#31$ 4000 4700 10500 
2 0%07& 0'03( 0)52* 7500 4700 10497.7 

 
N"G,-?C 4 

SUe,l[, Ula,X+%``k %+%d%`$)W \UW`)h`_UiU U')j`$]W"``k 

r +4 ,- ./ 012(b) 345(b) 678(b) 
1 1.3349 1.54: 1.575; 0.0308 0.061 0.029 
2 0<1.184= 0>1.184? 0@2.489A 0.055 0.041 0.154 

 
N"G,-?C 5 

E,\`"a%`) [UU'Z,`"$, $Ua[, d)Xg%WUX$) \" Z"`,d, mU$U\`)d[)W $" Ug)`[" $Ua`UX$) ne W,\`"a%``k 

(FfAF BC(z) DEF(z) GH(z) IJK(z) LM(z) NOP(z) 
-SK\HF JK`OF 4000 0.077 8200 0.171 559.999 0.38 
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E,X`UW[, 

9 \Uf^T@JFJB KS\FIhAFHHc fFS\KSKHKAF-
HKeK MSKMKk^ bK[HF f\KkDJD HFMJ^SHB ADM-
HKAOD:  

1.  FS\KSKHKAFHK MSKMBk FS\BK\HKP KIBHOD 
JK`HKMJB ETc ADfHF`UHHc O^JKADW UTUbUHJBA 
fKAHBmH@KeK K\BnHJ^AFHHc IDa\KADW fHBbOBA 
f\KkTUHDW f g>;! f bUJKh ADOTh`UHHc SKWD-
kKO S\D KIBHIB JK`HKMJB OTFMD`HDb bUJKEKb.  

2. 7SKMBk FS\KkKAFHDd HF bFOUJHKb^ AfB\-
IUAB; KJ\DbFHB fHF`UHHc SKWDkKO O^JKADW UTU-
bUHJBA fKAHBmH@KeK K\BnHJ^AFHHc cOB HU SU\U-
ADl^hJ@ EKS^MJDbKeK fHF`UHHc – 3"[]. 

3. >U\MSUOJDAKh SKEFT@mDW EKMTBE[UH@ n 
KJ\DbFHHc \KkK`DW aK\b^T ETc AMBW UTUbUHJBA 
K\BnHJ^AFHHc fHBbOBA ETc KMJFJK`HKP FS\BK\HKP 
KIBHOD JK`HKMJB S\KMJK\KADW OKK\EDHFJ JK`KO 
bBMIUAKMJB. 

 

CSGC18 EG814GC@><GH 7R/4/J 
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3. ,FTUI@ODd, 3. ,TKJKA, 3. :KTBMHB`UHOK, -. >\K-
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ESTIMATION OF THE ACCURACY OF 
ANGLE ELEMENTS OF EXTERIOR 

ORIENTATION FOR DIGITAL IMAGES 
OBTAINED FROM UAVS USING 

DERIVATIVES OF IMPLICITLY SPECIFIED 
FUNCTIONS  

 
Hlotov1V. , Fys2 M. 

 

Abstract 
 Purpose of this work is developing an algorithm 

for determining the a priori estimation of the accuracy of 
the angle elements of exterior orientation of digital 
images obtained from UAVs. Regarding methodology, 
formulas for estimating the accuracy of elements of 
exterior orientation are determined by the derivatives of 
many variables, which are the solutions of linear 
equations systems. These systems are obtained by 
differentiating the equations of relation of parameters and 
the input data. That is, the calculation of the angle 
elements of exterior orientation of the image must be 
determined by an iterative process with the required 
accuracy. The accuracy of their calculation is estimated 
by using elements of the inverse matrix, which is used 
when performing the calculations. Therefore, the value of 
this estimation must also include computational errors 
that are difficult to estimate. To solve this problem, an 
estimation method is proposed, the basis of which is the 
determination of a priori estimation of accuracy. The 
main difficulty of this approach is to identify the partial 
derivatives which are constituents in the proposed 
formulas. These values are not directly determined, since 
the orientation elements are not represented as analytical 
expressions, but are determined from a system of 
nonlinear equations. Therefore, it is not possible to 
directly calculate partial derivatives. However, the 
apparatus of the theory of functions of many variables 
allows us to determine these derivatives. For this purpose, 
it is necessary to differentiate the equation of the system 
by parameters (input data). The rule of differentiation of 
complex functions defines a system of linear equations 
with the coefficients found by substituting the previously 
calculated numerical values of the angle elements. 
Unknown to this system are the required partial 
derivatives, so its solution gives the necessary numerical 
values of the additives in the formulas to estimate the 
accuracy. Note that the values of the angular elements can 
be obtained with arbitrarily given accuracy, and which do 
not affect the estimation of accuracy in the proposed 
method. The errors of the calculation of the elements of 
the external orientation are exclusively influenced by the 
errors of the input data. A proof of the effectiveness of 
this approach is an example in which numerical error 
values have valid values. In result of processing the 
working formulas were obtained, which allow 
determining the a priori estimation of the accuracy of the 
angle elements using derivatives of implicitly specified 
functions, and the proposed algorithm was tested on a 
control example, the results of which confirmed the 
correctness of the calculations.  

Keywords: unmanned aerial vehicle; digital 
camera, partial derivatives, inverse matrix. 
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><>J:K S18>K<G8:E E>4:>9:q 4:E<O 
9:< @> qH 7G<> :8G 

-]l"' r. 
:FaUE\F OFEFMJ\^ JU\DJK\Bd, (FIBKHFT@HDd ^HBAU\MDJUJ 

«;@ABAM@OF SKTBJUWHBOF», A^T. 7. gFHEU\D 12, ;@ABA, 9O\FPHF, 
79013, E-mail: yurii.p.hubar@lpnu.ua 

 
3DOKHFHK EKMTBE[UHHc SKOFfHDOBA AF\BFIBP f 

bUJKh PW fFMJKM^AFHHc A KIBHIB HU\^WKbKMJB. pB 
SKOFfHDOD MT^e^hJ@ O\DJU\BcbD S\FAKbB\HKMJB JF 
UaUOJDAHKMJB JBnP `D BHmKP MJ\^OJ^\DfFIBP \DHO^, lK 
EKMTBE[^nJ@Mc, fAF[Fh`D HF JU, lK A \Uf^T@JFJB 
MJ\^OJ^\DfFIBP bFn bFOMDbBf^AFJDMc EDMSU\MBc 
aFOJK\HDW KfHFO B bBHBbBf^AFJDMc EDMSU\MBc \Uf^T@-
JFJDAHKP KfHFOD. 3DOKHFHB EKMTBE[UHHc EKfAKTchJ@ 
AMJFHKAThAFJD fFeFT@HB fFOKHKbB\HKMJB \KfSKEBTUHHc 
IBH HF Kk’nOJD HU\^WKbKMJB JF SBEADl^AFJD bB\^ 
KEHK\BEHKMJB M^O^SHKMJB fF \FW^HKO ADOTh`UHHc f HUP 
Kk’nOJBA f HUWF\FOJU\HDbD ADMKODbD `D HDf@ODbD 
IBHFbD. 

M,H=1:* J,1:": KIBHOF HU\^WKbKMJB; SKOFfHDOD 
AF\BFIBP; \BAUH@ IBH; EDHFbBOF IBH; \DHOKAF AF\JBMJ@; 
MU\UEHn FkMKThJHU ABEWDTUHHc; EDMSU\MBc; MU\UEH@K-
OAFE\FJD`HU ABEWDTUHHc; OKUaBIBnHJ AF\BFIBP. 

EX$]c 

P1J$"01:9" E(1G,&B-. 'Tc ADOKHFHHc 
EKMTBE[UHHc HUKkWBEHK KO\UMTDJD \DHKO, EK 
cOKeK HFTU[FJ@ ^eKED JF Kk’nOJD HU\^WKbKMJB, 
MJKMKAHK cODW IB ^eKED ^OTFEFTDMc, JKkJK 
ADEBTDJD Kk’nOJ MSKMJU\U[UHHc; AMJFHKADJD 
BHEDABE^FT@HB cOBMHB JF OBT@OBMHB KfHFOD KEDHDI@ 
MSKMJU\U[UHHc, lK Kk'nEH^n `D ABE\BfHcn PW ABE 
\UmJD \DHOKADW KEDHDI@ JF MDMJUbFJDf^AFJD 
KEDHDIB MSKMJU\U[UHHc fF fHF`^lDbD cOBMHDbD 
JF OBT@OBMHDbD KfHFOFbD, JKkJK S\KAUMJD 
MJ\FJDaBOFIBh ^eKE B/`D Kk’nOJBA HU\^WKbKMJB JF 
ADcADJD AfFnbKfA’cfKO bB[ IDbD KfHFOFbD 
[,^kF\ s.,2018 ]. R0",*D 31J,*3/&0I $" 
0&:-(*T&0* ="J$-0- D"U",I014 E(1G,&B-. -IBHOF 
HU\^WKbKMJB kFf^nJ@Mc HF EAKW S\DHIDSFW 
aK\bFT@HKP TKeBOD: S\DHIDSB SKEBkHKMJB – ETc 
SK\BAHcHHc k^E@-cODW Kk’nOJBA HUKkWBEHK SKOF-
fFJD, lK AKHD bFhJ@ MSBT@HB KfHFOD; S\DHIDSB 
ABEbBHHKMJB – ETc SK\BAHcHHc SKEBkHB Kk’nOJD 
SKADHHB bFJD KfHFOD, fF cODbD PW bK[HF 
\Kf\BfHcJD [#F\\BMKH ,.,1994]. 'Tc JKeK, lKk 
SK\BAHcHHc k^TK STBEHDb, AKHK SKADHHU fF-
EKAKT@HcJD EAKb KMHKAHDb ADbKeFb: SK\BA-
HhAFJDMc bK[^J@ TDmU SKEBkHB Kk’nOJD, bB[ 
cODbD BMH^n SUAHF Kk’nOJDAHF MSBT@HBMJ@; 
SK\BAHcHHc JFODW Kk’nOJBA bFn ABEk^AFJDMc fF 
HFdAF[TDABmDbD, BMJKJHDbD KfHFOFbD. >K\BA-
HcHHc bK[U fEBdMHhAFJDMc cO fF OBT@OBMHDbD, JFO 

B fF cOBMHDbD KfHFOFbD ^eKE JF Kk’nOJBA MJKMKAHK 
cODW AKHD ^OTFEUHB [o\DEbFH '[., -\E^fd (.,1995]. 
 &$" 31J,*3/&00C. !HFTBf BHaK\bFIBP S\K ^eKED 
JF Kk’nOJD, MJKMKAHK cODW IB ^eKED ^OTFEFhJ@Mc, 
EKfAKTcn Kk`DMTDJD JF S\KFHFTBf^AFJD JDSKADd 
\BAUH@ IBH, lK MOTFAMc HF \DHO^ ETc SUAHKP e\^SD 
Kk’nOJBA. 'Tc AD\BmUHHc IBnP fFEF`B, HFbD ADOK-
\DMJFHK MJFJDMJD`HB SKOFfHDOD, lK WF\FOJU\D-
f^hJ@ ^Mh M^O^SHBMJ@ KEDHDI@ MSKMJU\U[UHHc fF 
bB\FbD IUHJ\FT@HKP JUHEUHIBP JF bBHTDAKMJB (AF-
\BFIBP).  HF`UHHc MJFJDMJD`HDW SKOFfHDOBA EKSK-
bFeFhJ@ MOTFMJD fFeFT@HU ^cATUHHc S\K KkMce 
\DHO^, BHJUHMDAHBMJ@ \DHOKADW S\KIUMBA JF PW 
fbBH^ fFTU[HK ABE OKHO\UJHDW ^bKA bBMIc B `FM^. 
pB SKOFfHDOD MJAK\hhJ@ HUKkWBEH^ kFf^ ETc 
ADcATUHHc AfFnbKfA’cfO^ bB[ \BAHUb IBH JF 
WF\FOJU\DMJDOFbD ^eKE d Kk'nOJBA ABESKABEHK 
['\FSBOKAM@ODd -., %AFHKAF %., 1U\UlUHOK (., 
2015]. 

 %$UZ,[" 

3DfHF`DJD HFMOBT@OD M^O^SHBMJ@ Kk’nOJBA 
HU\^WKbKMJB n KEHK\BEHKh fF IBHKh O^SBATB-
S\KEF[^ `D K\UHED bK[HF fF EKSKbKeKh SKOFf-
HDOBA AF\BFIBP, lK WF\FOJU\Df^hJ@ MJ^SBH@ bBHTD-
AKMJB fHF`UHHc IBHD ^ \BfHDW Kk’nOJBA M^O^SHKMJB. 
1FOB SKOFfHDOD t\^HJ^hJ@Mc HF fBMJFATUHHB BHED-
ABE^FT@HKeK fHF`UHHc IBHD OK[HKP f KEDHDI@ 
M^O^SHKMJB JF MU\UEH@KeK fHF`UHHc IBHD A 
M^O^SHKMJB. 

'Tc FHFTBf^ AF\BFIBP IBH KEDHDI@ M^O^S-
HKMJB fFMJKMKA^hJ@ JFOB SKOFfHDOD, cO: MU\UEHn 
FkMKThJHU ABEWDTUHHc, EDMSU\MBc, MU\UEH@K-
OAFE\FJD`HU ABEWDTUHHc JF OKUaBIBnHJ AF\BFIBP 
(\DM.1) ['\FSBOKAM@ODd -., 2015; ,^kF\ s., 2020]. 

 

 
5DM.1. >KOFfHDOD AF\BFIBP 

 )', W"')"g)n 

7,X-
c%'X)k 

C%'%Z`j 
[W"Z'"$,a. 
W)Ze,+%``k 

C%'%Z`j 
"lXU+s$`% 
W)Ze,+%``k 

8U%m)g)j`$  
W"')"g)n 
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:K[HDd f IDW SKOFfHDOBA ADOKH^n MAKh a^HO-
IBh: 
1. 7U\UEHn FkMKThJHU (FkK MU\UEHn TBHBdHU) 

ABEWDTUHHc AOFf^n HF MOBT@OD A MU\UEH@Kb^ 
OK[HU fHF`UHHc IBHD ^eKED ABEWDTcnJ@Mc ABE 
MU\UEH@KP AUTD`DHD: 

n

pp
d

n

i
iå

=

-
= 1 ,                     (1) 

EU p  – MU\UEHn fHF`UHHc IBHD ^eKED ETc 
M^O^SHKMJB KEDHDI@ HU\^WKbKMJB; 
     ip  – BHEDABE^FT@HU fHF`UHHc IBHD i -P KEDHDIB 
M^O^SHKMJB; 
      n  – OBT@OBMJ@ KEDHDI@ M^O^SHKMJB. 
2. 'DMSU\MBc – MU\UEHBd OAFE\FJ ABEWDTUH@ ABE 

MU\UEH@KeK \BAHc IBHD: 

( )

n

pp
n

i
iå

=

-
= 1

2

2s .                   (2) 

3. CU\UEH@KOAFE\FJD`HU ABEWDTUHHc – 
OAFE\FJHDd OK\BH@ f EDMSU\MBP, – n bB\Kh 
HFEBdHKMJB MU\UEH@KP AUTD`DHD: 

( )

n

pp
n

i
iå

=

-
= 1

2

s .                  (3) 

iOlK ADHDOFn SKJ\UkF SK\BAHcJD bB\D KEHK-
\BEHKMJB \BfHDW M^O^SHKMJUd, JK fFMJKMKA^hJ@ 
OKUaBIBnHJ AF\BFIBP: 

%100´=
p
du    FkK   %100´=

p
su .    (4) 

 HF`UHHc OKUaBIBnHJ^ k^EU AOFf^AFJD HF MJ^-
SBH@ KEHK\BEHKMJB M^O^SHKMJB KEDHDI@ MSKMJU-
\U[UHHc (JFkT.1): 
 

N"G,-?C 1 
C$]c)`_ UZ`U')Z`UX$) X][]c`UX$) UZ,`,g_ 

XcUX$%'%t%``k 

:KUaBIBnHJ AF\BFIBP, % 7J^SBH@ KEHK\BEHKMJB 
bUHmU 17 FkMKThJHK KEHK\BEHF 

17-35 EKMJFJH@K KEHK\BEHF 
36-40 HUEKMJFJH@K 

KEHK\BEHF 
41-60 HUKEHK\BEHF 

 

-`UADEHK, lK HFABJ@ ^ ABEHKMHK KEHK\BEHB 
e\^SD bK[^J@ SKJ\FSDJD Kk’nOJD HU\^WKbKMJB f 
HUWF\FOJU\HK ADMKODbD FkK HDf@ODbD IBHFbD, lK 
n HUSKOFfKADbD f KeTcE^ HF fFeFT@HB JUHEUHIBP JF 
fFOKHKbB\HKMJB B JKb^ SBE `FM K\eFHBfFIBP MSKMJU-
\U[UHHc fF IBHFbD ADHDOFn HFEAF[TDAU fFAEFH-
Hcb, F MFbU SBEADlUHHc bB\D KEHK\BEHKMJB M^O^-
SHKMJUd Kk’nOJBA HU\^WKbKMJB fF \FW^HKO ADOTh-
`UHHc f HDW Kk’nOJBA f HUWF\FOJU\HDbD ADMKODbD 

`D HDf@ODbD IBHFbD. >\D I@Kb^ HBWJK HU 
MJAU\E[^n, lK JFOB IBHD n HUKk’nOJDAHDbD, 
KEHFO, kUfSU\U`HK, AKHD fFAF[FhJ@ ADcADJD 
fFeFT@HB fFOKHKbB\HKMJB. 

3D\BmDJD S\KkTUb^ ADOTh`UHHc JFODW Kk’nO-
JBA bK[HF, MOK\DMJFAmDM@ SKOFfHDOFbD AF\BFIBP. 
iO S\FADTK, ETc KEHK\BEHKP fF IBHFbD ^eKE 
M^O^SHKMJB KEDHDI@ HU\^WKbKMJB S\DJFbFHHDd 
HK\bFT@HDd \KfSKEBT, ETc cOKeK WF\FOJU\HDb n 
KEHFOKAF OBT@OBMJ@ KEDHDI@ fB fHF`UHHcb IBH 
ADlU B HD[`U MU\UEH@KP PP AUTD`DHD, F f HFkTD-
[UHHcb EK MU\UEH@KeK fHF`UHHc IBHD f\KMJFn 
`FMJKJF KEDHDI@ M^O^SHKMJB. ,\FaB`HK O\DAF 
HK\bFT@HKeK \KfSKEBT^ MWK[F HF EfABH (\DM.2) 
[>U\KAD` ;., ,^kF\ s., 2016].  

-J[U, HK\bFT@HDd \KfSKEBT bFn ABESKABEFJD 
EAKb ADbKeFb: 

· MDbUJ\BP – KEHFOKABd OBT@OKMJB KEDHDI@ 
HD[`U B ADlU MU\UEH@KP AUTD`DHD; 

· UOMIUM^ – SU\UAF[FHHc A M^O^SHKMJB KEDHDI@ 
Bf fHF`UHHcb KfHFOD, lK HFkTD[FnJ@Mc EK 
MU\UEH@KP AUTD`DHD. 
>U\UAB\DJD ABESKABEHBMJ@ \KfSKEBT^ HF HK\-

bFT@HBMJ@ bK[HF fF EKSKbKeKh MSUIBFT@HDW 
O\DJU\BPA bFJUbFJD`HKP MJFJDMJDOD, HFS\DOTFE, 
fF EKSKbKeKh O\DJU\Bh >B\MKHF ( 2c ). 

 

 
 
 
 
 
 
 
 

5DM. 2. (K\bFT@HDd \KfSKEBT KEDHDI@  
M^O^SHKMJB fF SUAHKh KfHFOKh 

 

iOlK \KfSKEBT fF IBHFbD Kk’nOJBA HU\^WKbKMJB 
^ M^O^SHKMJB (e\^SB) kTDf@ODd EK HK\bFT@HKeK, JK 
ADT^`DJD Kk’nOJD f HUWF\FOJU\HK HDf@ODbD `D 
ADMKODbD IBHFbD HUAF[OK. 1UK\UJD`HK ABEKbK, 
cOF `FMJDHF KEDHDI@ M^O^SHKMJB f HK\bFT@HDb 
\KfSKEBTKb SKSFEFn f SUAHKh dbKAB\HBMJh A 
BHJU\AFT, bU[FbD cOKeK n \BfHDIB bB[ MU\UEH@Kh 
IBHKh JF MU\UEH@KOAFE\FJD`HDb ABEWDTUHHcb, lK 

68,26% 

95,44% 

99,73% 
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AfcJU ABESKABEH^ OBT@OBMJ@ \FfBA ( skp - ; skp+ ). 
%MH^n JFO fAFHU «S\FADTK J\@KW MBeb», f cOKeK 
ADSTDAFn: cOlK ( )pM  – bFJUbFJD`HU K`BO^AFHHc 
ADSFEOKAKP AUTD`DHD, lK bFn HK\bFT@HDd \KfSKEBT, 
JK dbKAB\HBMJ@ PP SKSFEFHHc A BHJU\AFT  
( ( ) ;3s-pM ( ) s3+pM ) MJFHKADJ@ f JK`HBMJh 
EK `UJAU\JKeK fHFO^ 0,9973. -EHDb Bf ADEBA 
MJFJDMJD`HKP KIBHOD bFJUbFJD`HKeK K`BO^AFHHc n 
MU\UEHc F\DabUJD`HF AUTD`DHF ( p ). 7U\UEH@K-
OAFE\FJD`HU ABEWDTUHHc JFOK[ bK[U k^JD KIBHUHU 
fF UbSB\D`HDbD EFHDbD. 1KEB ^ MJFJDMJD`HKb^ 
STFHB «S\FADTK J\@KW MBeb» KfHF`Fn, lK cOlK 
UbSB\D`HDd \KfSKEBT ABESKABEFn HK\bFT@HKb^, JK A 
BHJU\AFT ( s3-p ; s3+p ) A MU\UEH@Kb^ SKSFEFn 
kTDf@OK 99,73% KEDHDI@ M^O^SHKMJB, JKkJK 
S\FOJD`HK AMc M^O^SHBMJ@.   JDW MFbDW bB\O^AFH@, A 
BHJU\AFT ( s2-p ; s2+p ) A MU\UEH@Kb^ 
SKJ\FSTcn 95,44%, F A BHJU\AFT ( s-p ; s+p ) – 
68,26% KEDHDI@ M^O^SHKMJB. 

-J[U, aFOJD`HDd ABEMKJKO SKSFEFHHc bK[U 
ABE\BfHcJDMc ABE HFAUEUHDW fHF`UH@, KMOBT@OD A 
\UFT@HKMJB HUbFn BEUFT@HK HK\bFT@HDW \KfSK-
EBTBA, KEHFO kUf^bKAHK, lK Bf ADT^`UHHcb Kk’nO-
JBA f HUWF\FOJU\HDbD HDf@ODbD d ADMKODbD IB-
HFbD M^JJnAK SBEADl^AFJDMc KEHK\BEHBMJ@ M^O^S-
HKMJB, lK, A MAKh `U\e^, AF[TDAK ETc OK\UOJHKeK 
ADOK\DMJFHHc bUJKE^ MU\UEHBW AUTD`DH ['\F-
SBOKAM@ODd -., %AFHKAF %., 1U\UlUHOK (., 2015]. 

7U\UEHc IBHF SKADHHF \Kf\FWKA^AFJDMc EAB`B: 
MSK`FJO^ fF AMBbF Kk’nOJFbD JF SBMTc ADOTh`UHHc 
Kk’nOJBA f HUWF\FOJU\HDbD ADMKODbD B HDf@ODbD 
IBHFbD fF HFdJDSKABmKh `FMJDHKh Kk’nOJBA, lK 
fFTDmDTDMc SBMTc aBT@J\FIBP. 7U\UEHc F\DabU-
JD`HF IBHF, \Kf\FWKAFHF ETc JDSKAKeK EBFSFfKH^ 
IBH ( s-p ; s+p ) k^EU kTD[`U EK bUEBFHHKP 
IBHD B ABESKABEHK PP fHF`UHHc k^EU HFdKk’nOJDA-
HBmDb, lK SKAHBMJh ABESKABEFn HK\bFJDAHK-
S\FAKADb FOJFb 9O\FPHD. 

4%\]+_$"$, 

3DOK\DMJKA^h`D ADlUHFAUEUHB JUK\UJD`HB 
ADOTFEOD \KfbB\ K\UHEHKP STFJD ETc 20 SKEBkHDW 
Kk’nOJBA HU\^WKbKMJB fF MJ^SUHUb PW KEHK\BEHKMJB 
(JFkT. 2). 

N"G,-?C 2 
4U\'"e]`U[ [U%m)g)j`$] W"')"g)n 'U\d)'] U'%`Z`Un 
c+"$, Z+k cUZ)l`,e  Ul’j[$)W `%']eUdUX$) 

r f/S 5KfbB\ K\UHEHKP 
STFJD e\H. fF b2  

ppi -  ( )2ppi -  

1 2 3 4 
1 145 0 0 
2 138 -7 49 
3 159 14 196 

P(131:/&00C $"G,. 2 

1 2 3 4 
4 140 -5 25 
5 148 3 9 
6 152 7 49 
7 137 -8 64 
8 130 -15 225 
9 143 -2 4 
10 135 -10 100 
11 142 -3 9 
12 151 6 36 
13 146 1 1 
14 155 10 100 
15 138 -7 49 
16 136 -9 81 
17 140 -5 25 
18 147 2 4 
19 159 14 196 
20 160 15 225 

7^bF 2901  1447 

1451 ==
å

=

n

p
p

n

i
i

 

( )
35,721

2

2

n

pp
n

i
iå

=

-
=s  

C%'%Z`_U[W"Z'"$,a`% 
W)Ze,+%``k (s ) 

8,50 

8U%m)g)j`$ W"')"g)n, % (u ) 5,86 
 
 
-k`DMTUHU fHF`UHHc OKUaBIBnHJ^ AF\BFIBP 

MABE`DJ@, lK K\UHEHF STFJF ETc IBnP M^O^SHKMJB 
Kk’nOJBA HU\^WKbKMJB n FkMKThJHK KEHK\BEHKh (
u = 5,86<17).  

7J^SBH@ KEHK\BEHKMJB (AF\BFIBP) EKfAKTcn JF-
OK[ KIBHDJD \BAUH@ \DfDO^ KJ\DbFHHc EKWKE^ ABE 
S\KEF[BA `D HFEFHHc A K\UHE^ Kk’nOJBA HU\^WK-
bKeK bFdHF.  F \Uf^T@JFJFbD FHFTBf^ TKOFT@HKeK 
\DHO^ HU\^WKbKMJB ABEKbK, lK K\UHEHB MJFAOD 
(e\H. fF b2 ^ bBMcI@) ETc bFeFfDHBA ! B 3 fF KMJFH-
HB EUMcJ@ \KOBA (JFkT. 3). (UKkWBEHK AMJFHKADJD, 
cODd Bf HDW \DfDOKAFHBmU ABEEFAFJD A K\UHE^. 

 
N"G,-?C 3 

1'%`Z`) X$"W[, Ul’j[$)W ZUX+)Zt%``k 

5KOD YFeFfDH ! YFeFfDH 3 
1 52 47 
2 59 55 
3 57 58 
4 58 52 
5 50 61 
6 55 60 
7 57 54 
8 61 57 
9 59 62 
10 56 58 
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YFeFfDH ! 

5610/
5659615755

5058575952
=÷÷

ø

ö
çç
è

æ
+++++

+++++
=Ap  

YFeFfDH 3 

5610/
5862575460

6152585547
=÷÷

ø

ö
çç
è

æ
+++++

+++++
=Bp  

-J[U, fFeFTKb KkDEAF bFeFfDHD S\KJceKb 
I@KeK SU\BKE^ bFTD A MU\UEH@Kb^ KEHFOKAB MJFA-
OD K\UHED, KEHFO fF IDb SKOFfHDOKb HU AF\JK 
\KkDJD KMJFJK`HDW ADMHKAOBA. >\KJU, MJ^SBH@ AF-
\BFIBP IDW MJFAKO – EDMSU\MBc, MU\UEH@K-
OAFE\FJD`HU ABEWDTUHHc JF OKUaBIBnHJ AF\BFIBP, – 
k^A \BfHDd (JFkT. 4) 

N"G,-?C 4 
4U\'"e]`U[ [U%m)g)j`$] W"')"g)n 

5KOD -\UHEHB MJFAOD 

e\H./b2 ( ip ) 
ppi -  ( )2ppi -  

! 3 ! 3 ! 3 
1 52 47 -4 -9 16 81 
2 59 55 3 -1 9 1 
3 57 58 1 2 1 4 
4 58 52 2 -4 4 16 
5 50 61 -6 5 36 25 
6 55 60 -1 4 1 16 
7 57 54 1 -2 1 4 
8 61 57 5 1 25 1 
9 59 62 3 6 9 36 

10 56 58 0 2 0 4 
C]d" 102 188 

2s  10,2 18,8 

C%'%Z`_U[W"Z'"$,a`%  
W)Ze,+%``k (s ) 

3,19 4,34 

8U%m)g)j`$ W"')"g)n, % (u ) 5,7 7,8 

 

-J\DbFHB \Uf^T@JFJD Kk`DMTUH@ (JFkT. 4) MABE-
`FJ@ S\K kBT@m ADMKODd \BAUH@ \DfDO^ KJ\DbFHHc 
EKWKE^ ABE K\UHED ETc bFeFfDH^ 3. 

'K SKOFfHDOBA EDHFbBOD IBH ABEHKMcJ@Mc BHED-
ABE^FT@HDd BHEUOM IBH, BHEUOM fbBHHKeK MOTFE^, 
BHEUOM aBOMKAFHKeK MOTFE ,̂ lK bFn SKJK`HK-fAF[UH^ 
JF kFfDMHK fAF[UH^ aK\bD. 5Kf\FW^HKO JFODW 
SKOFfHDOBA EKfAKTcn ABEMJU[^AFJD WF\FOJU\HB fbBHD 
^ IBHFW O^SBATB S\KEF[^ JF K\UHED JF ADfHF`FJD 
ASTDA fbBHD aFOJK\HDW KfHFO HF EDHFbBO^ IBH. 

E,X`UW[, 

5Kf\FW^HKO SKOFfHDOBA AF\BFIBP EFn fbKe^ 
AMJFHKAThAFJD fFeFT@HB fFOKHKbB\HKMJB \KfSKEB-
TUHHc IBH HF Kk’nOJD HU\^WKbKMJB JF SBEADl^AFJD 
bB\^ KEHK\BEHKMJB M^O^SHKMJB fF \FW^HKO ADOTh-
`UHHc f HUP Kk’nOJBA f HUWF\FOJU\HDbD ADMKODbD 
`D HDf@ODbD IBHFbD. 3DOKHFHB EKMTBE[UHHc 
bK[^J@ MT^e^AFJD O\DJU\BcbD S\FAKbB\HKMJB JF 
UaUOJDAHKMJB JBnP `D BHmKP MJ\^OJ^\DfFIBP \DHO^, 

lK EKMTBE[^nJ@Mc, fAF[Fh`D HF JU, lK A \U-
f^T@JFJB MJ\^OJ^\DfFIBP bFn bFOMDbBf^AFJDMc EDM-
SU\MBc aFOJK\HDW KfHFO B bBHBbBf^AFJDMc EDM-
SU\MBc \Uf^T@JFJDAHKP KfHFOD. 5BAHKh bB\Kh IU 
MJKM^nJ@Mc SDJFHHc SKEBkHKMJB Kk’nOJBA, Kk\FHDW 
ETc SK\BAHcHHc. 

CSGC18 EG814GC@><GH 7R/4/J 

,UKEUfD`HU fFkUfSU`UHHc JF ^EKMOKHFTUHHc bUJK-
EBA B bKEUTUd KIBHOD HU\^WKbKMJB: bKHKe\FaBc 
/,^kF\ s.>. – ;@ABA: 3DEFAHDIJAK «pUHJ\ 
qA\KSD», 2020 – 326M. 

,^kF\ s. 'KMTBE[UHHc bUJKE^ \Kf\FW^HO^ \DH-
OKAKP AF\JKMJB Kk’nOJF KIBHOD cO a^HOIBP IBHD 
S\KEF[^ Kk’nOJBA SK\BAHcHHc JF AFeD MJ^SUHc 
PW SKEBkHKMJB /,^kF\ s., #FAF\ s., 7Fd 3.// 
7^`FMHB EKMceHUHHc eUKEUfD`HKP HF^OD JF 
AD\KkHDIJAF. – 2018. – r % (35) – 7.121–127. 

 FOKH 9O\FPHD ">\K KIBHO^ bFdHF, bFdHKADW 
S\FA JF S\KaUMBdH^ KIBHK`H^ EBcT@HBMJ@ A 
9O\FPHB” ABE 2001, r47, MJ.251). 

YUJKED B bKEUTB KIBHhAFHHc HU\^WKbKeK bFdHF. 
(FA`. SKMBk. / -.%. '\FSBOKAM@ODd, %.g. %AFHKAF, 
(.-. 1U\UlUHOK. – :.: >!1 «3BSKT», 2016. – 
512M. 

>U\KAD` ;.Y., ,^kF\ s.>. -IBHOF HU\^WKbKMJB. 
(FA`FT@HDd SKMBkHDO. – ;@ABA: (9 „;>”, 
2016. – 296M.  

o\DEbFH '[., -\E^fd (DO. !HFTDf D KIUHOF 
S\DHKMclUd EKWKE HUEAD[DbKMJD. — Y.: 
'UTK ;JE, 1995. – 480 M. 

#F\\DMKH ,UH\D 7. -IUHOF HUEAD[DbKMJD / SU\. 
M FHeT. — Y.: 5/- YKMKkT^S\SKTDe\Fa-
DfEFJ, 1994. — 231 M. 

ANALYSIS OF PRICES OF VARIATION OF 
THE PRICE LEVEL AND THEIR DYNAMICS 

Hubar1 * Y. 
1 * The Department of Cadaster of Territory of Lviv 

Polytechnic National University, 12 Bandera, Lviv, Ukraine, 
79013, E-mail: Yurii.P.Hubar@lpnu.ua 

 

Variation indices were investigated for their use in 
real estate valuation. These indicators serve as the criteria 
for the legitimacy and effectiveness of a particular 
structured market, which is being investigated, since as a 
result of structuring, the dispersion of factor traits should 
be maximized and the variance of the trait trait should be 
minimized. The conducted researches allow to establish 
the general regularities of the distribution of prices for 
real estate objects and to increase the degree of uniformity 
of the aggregate by excluding the objects with 
uncharacteristic high or low prices. 

Keywords: real estate appraisal; indicators of 
variation; price level; price dynamics; market value; 
average absolute deviation; dispersion; standard 
deviation; coefficient of variation. 
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MONITORING AND CONDITION 
MAPPING FOR SUSTAINABLE USE OF 

SUMMER PASTURE  

1Arshad Yashar, 2Firidun Taghiyev, 2Bahruz 
Nuriyev, 2Izzat Talibov 

1Agro Research Center under Ministry of Agriculture of 
Azerbaijan Republic, 2Ministry of Agriculture of Azerbaijan 

Republic 

Remote sensing has the potential of improving our 
ability to monitoring and maping pasture degradation. The 
article investigated and mapped the current status of pastures 
based remotely sensed data. Erosion-sensitive areas have also 
been identified. Digital Elevation Models and Sentinel-2 
imageries have been used for research. normalized difference 
vegetation index (NDVI), ratio vegetation index (RVI) and 
enhanced vegetation index (EVI) was calculated and mapped 
based on the Sentinel imageries for determine the level of 
erosion.  

Keywords: pastures, biodiversity, erosion, grazing, 
Landsat, DEM, remote sensing, NDVI, RVI, EVI. 

Introduction 

Grasslands, including sown pasture and 
rangeland, are among the largest ecosystems in the 
world and contribute to the livelihoods of more than 
800 million people. They are a source of goods and 
services such as food and forage, energy and wildlife 
habitat, and also provide carbon and water storage 
and watershed protection for many major river 
systems. Grasslands are important for in situ 
conservation of genetic resources (FAO). Using 
FAO’s data and definition, it is possible to estimate 
the world area of Pasture and Fodder Crops at  
3.5 billion ha in 2000, representing 26% of the world 
land area and 70% of the world agricultural area 
[http://www.fao.org/uploads/media/grass_stats_1.pd
f]. 

Using FAO’s data and definition, it is possible 
to estimate the world area of Pasture and Fodder 
Crops at 3.5 billion ha in 2000, representing 26% of 
the world land area and 70% of the world 
agricultural area 
[http://www.fao.org/3/i2560e/i2560e07.pdf]. 

The Ministry of Agriculture of Azerbaijan 
Republic estimates that, there are 3123417 ha 
pastures in Azerbaijan. There are including 1101668 
ha winter, 547476 ha summer and 1474273 ha 
common village pastures 
[https://www.agro.gov.az/uploads/documents/1/noM
d5ao2nDJwgMRCyTsPdDPPXLXZ2bwkk4DprYOl
.pdf]. There are the following problems in managing 
these pastures: 

1. Absence of centralized management system 
2. Lack of maps and databases reflecting the 
current condition of pasture areas 
3. Deficiencies in – protection of user’s rights, 
fulfillment of parties obligations, getting and using 
pasture areas on destination  
4. Non-protection of natural feed sources and 
failure to take measures for their improvement 
5. Poor feed availability due to non-improvement 
of pastures 
6. Lack of a special fund for improvement and 
management of effective pasture  
7. Poor development of intensive animal 
husbandry 

The presence of such problems has a 
significant impact on pasture biodiversity. Two 
projects has implemented on pasture biodiversity 
conservation in Azerbaijan. First project is 
“Grassland extent and condition mapping in 
Azerbaijan” (GRAZE) funded by the Integrated 
Biodiversity Management Programme (IBIS) of GIZ 
in Azerbaijan [Emmanuel Da Ponte, Asam Sarah, 
2019].  Second project is SenSPa – Sentinels for 
Sustainable Pasture Management funded by 
European Space Agency and GIZ in Azerbaijan 
[Emmanouel Tsiros, 2020]. 

For the last decades, ‘remote sensing’ has 
offered new perspectives to complete the work in 
progress, taking advantage of the different spatial 
and temporal resolutions provided by different 
sensors [C.Di Bella, 2004]. Generally, multispectral 
satellite imagery is an indispensable tool for 
monitoring biodiversity. 

Study area  

The study area is summer pastures located in the 
territory of Gusar region of Azerbaijan. These 
pastures are affected  intensely anthropogenic 
impact. Particularly, tourism and livestock are 
predominant. 

Methods and materials 

The study used the imageries of the Sentinel-2 
satellite, DEM (created in 2016, during orthophoto 
production), and the results of previous projects 
(Graze and SenSPa). 

Vegetation indices obtained from remote 
sensing based canopies are quite simple and 
effective algorithms for quantitative and qualitative 
evaluations of vegetation cover, vigor, and growth 
dynamics, among other applications [Jinru Xue, 
Baofeng Su, 2017]. These indices have been widely 
implemented within remote sensing applications 
using Sentinel-2 data. B2 (blue), B4 (red) and B8 
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(near infrared-NIR) bands of imageries of Sentinel-2 
satellite were used for the study.  

It presents a study carried out to identify 
relationships between indicators of grassland functions 
and NDVI, which is estimated through analysis of 
satellite images to give an indication of “greenness”. 
The premise is that NDVI is an indicator of vegetation 
health, because degradation of ecosystem vegetation, or 
a decrease in green, would be reflected in a decrease in 
NDVI value. Therefore, if a relationship between the 
quantity of an indicator – aerial biomass – in various 
forest ecosystems and the NDVI can be identified, 
processes of degradation can be monitored. Because 
plants use as a source of energy in the process of 
photosynthesis so absorb solar radiation in the 
photosynthetically active radiation spectral region. 
Considering these, the NDVI of the study area was 
established (1). 

48
48

BB
BB

NDVI
+
-

=                                 (1) 

Take into consideration of seasonal 
influences, NDWIs were established for different 
months of the year. 

As NDVI is the most widely used [Bannari 
and all, 1995], it has been picked to explore the 
effect of hail protection, and as the reference index 
to compare accuracy and sensitivity concerning LAI 
against the other VIs chosen. On account of its 
reputed lack of sensitivity at high LAI [Gitelson and 
all, 2003] and susceptibility to soil noise [Qi, J. And 
all, 1994], indices derived from NDVI have been 
included for comparison to overcome both these 
shortcomings. RVI, an earlier ratio index known for 
its sensitivity, has also been included. 

4
8

B
BRVI =

                                     
(2) 

EVI has been found useful in improving linearity 
with biophysical vegetation properties and in reducing 
saturation effects found in densely vegetated surfaces, 
commonly encountered in the NDVI. However, EVI 
requires a blue band and is sensitive to variations in blue 
band reflectance, which limits consistency of EVI across 
different sensors 
[https://vip.arizona.edu/documents/review/materials/2-
band%20Enhanced%20Vegetation%20Index% 
20without%20a%20blue%20band%20and%20its.pdf]. 
The EVI was developed to optimize the vegetation 
signal with improved sensitivity in high biomass regions 
and improved vegetation monitoring through a de-
coupling of the canopy background signal and a 
reduction in atmosphere influences: 

( )
( )LBCBCB

REDNIRGEVI
+-+

-=
2*4*8

*
21

               (3) 

where the coefficients adopted in the EVI algorithm 
are, L=1, C1=6, C2=7.5, and G (gain factor) =2.5. 

Each three vegetation indices were calculated, 
mapped and classified in 4 classes. The combination 
of the three vegetation indices provides 
comprehensive information on grass canopy. 

The study revealed that the level of the 
erosion depends from slope inclination. Therefore, 
the inclination rate of the slopes was take into 
consideration.  The relationship between grass 
density and inclination to identify erosion-sensitive 
locations is defined as the table. The relationship 
between grass density and slope inclination at the 
happen of erosion is defined as the table (Table 1).  

 
Table 1. 

Weighted Overlay by vegetation indices (VI) and 
slope inclination (SI)  

 Completely 
degraded Degraded Less  

durable Durable 

SI < 10 < 10 < 10 < 10 
VI < 0.2 0.20-0.25 > 0.35 0.35-0.40 
SI 10 – 30 10 – 30 10 – 30 10 – 30 
VI 0.20-0.25 0.25-0.30 0.35-0.40 0.40-0.45 
SI 30 – 60 30 – 60 30 – 60 30 – 60 
VI 0.25-0.30 0.30-0.35 0.40-0.45 0.45-0.50 
SI > 60 > 60 > 60 > 60 
VI 0.30-0.35 0.35-0.40 0.45-0.50 > 0.50 

 
Vegetation indeces, slope inclination, LULC and 

test data were processed according to the 
methodology in table and figure (Tab.1 and fig.1). 

 

 
Fig.1. Description of methodology 

Sentinel-2 data 

NDVI, RVI, EVI LULC 

Pasture mask 
 

Classification 
 

Weighted Overlay 
 

Degradation 
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classification 

 

Reclassify 
 

Export map 
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Results of study show that durable area of 
common area is less than 50% (fig.2). 

 
Fig.2. Fragment of erosion level map 

Detailed analysis of results show that we can 
apply the methodology to all summer pastures.  

Result  

The results of the study suggest that the 
environmental condition of the area under 
consideration is unsatisfactory. Study area: 46% 
durable, 22% is less durable, 19% degraded and 
13% are completely degraded. This kind of study is 
needed to protect biodiversity and develop livestock. 

Acknowledgements 

We would like to thank GIZ in Azerbaijan for 
supporting and presenting the study results. 

 

REFERENCES 

Bannari, A.; Morin, D.; Bonn, F.; Huete, A.R. A review 
of vegetation indices. Remote Sens. Rev. 1995, 13, 
95–120 

C.Di Bella. Remote sensing capabilities to estimate 
pasture production in France. International journal 
remote sensing. No 23, 2004 

Emmanuel Da Ponte, Asam Sarah. Report of  Grassland 
extent and condition mapping in Azerbaijan 
(GRAZE) project. Germany, Munich, 2019 

Emmanouel Tsiros. Report of  SenSPa – Sentinels for 
Sustainable Pasture Management project. Greece, 
Thessaloniki, 2020 

Jinru Xue, Baofeng Su. Significant Remote Sensing 
Vegetation Indices: A Review of Developments and 
Applications. Journal of Sensors. Vol.2017 

Gitelson, A.A.; Viua, A.; Arkebauer, T.J.; Rundquist, 
D.C.; Keydan, G.P.; Leavitt, B. Remote estimation 
of leaf area index and green leaf biomass in maize 
canopies. Geophys. Res. Lett. 2003, 30. 

Qi, J.; Chehbouni, A.; Huete, A.R.; Kerr, Y.H.; 
Sorooshian, S. A Modified Soil Adjusted Vegetation 
Index. Remote Sens. Environ. 1994, 48, 119–126. 

https://www.agro.gov.az/uploads/documents/1/noMd5a
o2nDJwgMRCyTsPdDPPXLXZ2bwkk4DprYOl. 
pdf 

https://vip.arizona.edu/documents/review/materials/2-
band%20Enhanced%20Vegetation%20Index%20wi
thout%20a%20blue%20band%20and%20its.pdf 

http://www.fao.org/uploads/media/grass_stats_1.pdf 
http://www.fao.org/3/i2560e/i2560e07.pdf

 



 "$&(*",- XXV  */0"(13014 0"791:1-$&;0*=014 910>&(&0?*4 «@&1>1(7B-2020», 1–3 9:*$0C 2020 (197 
 

14 
 

9': 519:23, 528:93 

EG814GC@><<O E:784G@GH 7><GH 
S41 4/JMN3  :C9/E1C@:  

E SJ><6E><<: @> 1S@G :K>9:q 
4>7:1B>C@1@<GH 

@/J/81 6<:8>9:T<GH  /4/R 

S',d"[ J. 
:FaUE\F eUKBHaK\bFJDOD JF aKJKe\FbbUJ\BP, :DPAM@ODd 
HFIBKHFT@HDd ^HBAU\MDJUJ k^EBAHDIJAF B F\WBJUOJ^\D, 

>KABJ\KaTKJM@ODd S\KMSUOJ, 31, :DPA, 9O\FPHF, 03037, E-
mail: lidiya.plyska@gmail.com 

YUJF \KkKJD SKTceFn A \Kf\KkIB bUJKEDOD 
\Kf\FW^HO^ JK`HKMJB \FMJ\KADW bKEUTUd EFHDW S\K 
AJ\FJD FbSTBJ^ED \FEBKMDeHFT^ fFMKkFbD eUKBHaK\-
bFIBdHKP MDMJUbD ArcGIS. YUJKEDOF EKMTBE[UH@ 
kFf^nJ@Mc HF Kk`DMTUHHB MU\UEH@KP OAFE\FJD`HKP 
SKWDkOD EFHDW A EUIDkUTFW. 'Tc MJFJDMJD`HKeK 
SK\BAHcHHc fHF`UH@ A cOKMJB UJFTKH^ ADOK\DMJFHK 
i (!'%=(-x  
B S\K AJ\FJD FbSTBJ^ED \FEBKMDeHFT^, \Kf\FW^HKO cODW 
kFf^AFAMc HF IDa\KABd bKEUTB \UT@na^, lK 
SKk^EKAFHF HF KMHKAB JKSKe\FaB`HDW OF\J bFMmJFk^ 
1:2000. -IBHOF JK`HKMJB S\KAKEDTFM@ ETc EFHDW S\K 
AJ\FJD FbSTBJ^ED \FEBKMDeHFT^, KMHKAKh \Kf\FW^HO^ 
cODW k^TD ABEO\DJB EFHB S\K \UT@na bBMIUAKMJB, F MFbU 
SRTM AU\MBP 3, Aster GDEM2 JF ALOS World 3D 
AU\MBP 2.2. M,H=1:* J,1:": pY5, FbSTBJ^EF \FEBKMDeHFT^, 
ArcGIS, SRTM, MU\UEHc OAFE\FJD`HF SKWDkOF. 

EX$]c 

(FcAHBMJ@ eTKkFT@HDW kFf JKSKe\FaB`HDW 
EFHDW A ABEO\DJKb^ EKMJ^SB \KkDJ@ bK[TDADb PW 
fFT^`UHHc EK \BfHDW MaU\ HF^OD, AD\KkHDIJAF JF 
S\KbDMTKAKMJB. (U n ADOTh`UHHcb B JUTUOK-
b^HBOFIBdHB JUWHKTKeBP. 

iO ABEKbK, KMHKAKh STFH^AFHHc JF KSJDbBfFIBP 
MJBT@HDOKADW JUTUOKb^HBOFIBdHDW bU\U[ n 
HFMJ^SHB eUKS\KMJK\KAB EFHB: IDa\KAF bKEUT@ 
\UT@na^ (pY5), OTFJU\ JF ADMKJHDd OTFJU\, lK 
S\UEMJFATUHB ^ ADeTcEB \FMJ\KADW bKEUTUd EFHDW 
[>\DbFO, 2018]. oK\bFJD eUKS\KMJK\KADW EFHDW 
JF \UOKbUHEFIBP lKEK ADkK\^ OKbB\OD EFHDW A 
fFTU[HKMJB ABE JDS^ JU\DJK\BP HFAKEcJ@Mc A EK-
O^bUHJFW-EKABEHDOFW SK UOMST^FJFIBP S\Ke\Fb-
HKeK fFkUfSU`UHHc ETc KSJDbBfFIBP \FEBKbU\U[. 
'Tc S\DOTFE^, SBE `FM STFH^AFHHc JF KSJDbBfFIBP 
\FEBK`FMJKJHDW bU\U[ A bU[FW AUTDODW JU\DJK-
\Bd (O\FPHF, KkTFMJ@, \FdKH) \UOKbUHE^nJ@Mc  
\KfbB\ OKbB\OD 20-50 bUJ\BA. 

3 bU[FW AOFfFHKeK \KfbB\^ OKbB\OD HFdABEK-
bBmDbD ABEO\DJDbD eTKkFT@HDbD HFkK\FbD 
EFHDW S\K \UT@na bBMIUAKMJB n SRTM AU\MBP 3.0 
((!7!, \FEBKTKOFIBdHB JKSKe\FaB`HB EFHB S\K 
ADMKJD fUbHKP SKAU\WHB), Aster GDEM2 (METI, 
(!7!, MJU\UKJKSKe\FaB`HB EFHB S\K \UT@na 

fUbHKP SKAU\WHB HF KMHKAB OKMbB`HDW fHBbOBA Aster) 
JF ALOS World 3D AU\MBP 2.2 (JAXA, MJU\UK-
JKSKe\FaB`HB EFHB S\K \UT@na fUbHKP SKAU\WHB HF 
KMHKAB OKMbB`HDW fHBbOBA Alos). 

  BHmKP MJK\KHD EBFSFfKH Kk\KkOD \FMJ\KADW 
bKEUTUd EFHDW fFMKkFbD eUKBHaK\bFIBdHDW 
MDMJUb KMJFHHBb `FMKb fHF`HK \KfmD\DAMc fF 
\FW^HKO \KfADJO^ HFS\cbO^ OTFMDaBOFIBP 
\FMJ\KADW fKk\F[UH@, HFcAHKMJB ^ ABEO\DJKb^ 
EKMJ^SB IDa\KADW bKEUTUd \UT@na^, HFcAHKMJB 
ABEO\DJDW kBkTBKJUO ETc Kk\KkOD \FMJ\BA JKlK. 
>\KABEHDbD eUKBHaK\bFIBdHDbD MDMJUbFbD ETc 
\KkKJD fF \FMJ\FbD n ArcGIS f \KfmD\UHHcb 
Spatial Analyst, SAGA GIS, Grass GIS. 1FO, 
HFS\DOTFE, A [7bFTBd`^O, 2016] f\KkTUHK KIBHO^ 
\FMJ\KADW IDa\KADW bKEUTUd \UT@na^ A 
SK\BAHcHHB f SKT@KADbD ADbB\FbD; A [(F\K[HFc, 
g^\cO, 2016] ADOKHFHK KIBHO^ bK\aKbUJ\D`HDW 
SF\FbUJ\BA IDa\KADW bKEUTUd \UT@na^ HF KMHKAB 
MU\UEH@KP OAFE\FJD`HKP SKWDkOD. 

-MOBT@OD S\Ke\FbHK-FHFTBJD`HF STFJaK\bF, lK 
\UFTBf^n \Kf\FW^HKO AJ\FJ FbSTBJ^ED \FEBKMDeHFT  ̂
HF KMHKAB OF\JKe\FaB`HDW EFHDW, Atoll  EKfAKTcn 
UOMSK\J \Kf\FWKAFHDW EFHDW A shp-aK\bFJ, IU 
\KkDJ@ bK[TDADb S\KAUMJD MJFJDMJD`HK-FHFTBJD`HB 
\Kf\FW^HOD JK`HKMJB EFHDW S\K AJ\FJD FbSTBJ^ED 
\FEBKMDeHFT  ̂ fFMKkFbD eUKBHaK\bFIBdHDW MDMJUb, 
S\D I@Kb  ̂ A\FW^AFAmD SKAH  ̂ Fe\UeFIBh EFHDW A 
bU[FW SU\UEFAF`F. 

 %$UZ,[" 

 FAEFHHcb EKMTBE[UHHc n KS\FIhAFHHc UOM-
SK\JKAFHDW AUOJK\HDW EFHDW S\K AJ\FJD FbSTB-
J^ED \FEBKMDeHFT^ f S\Ke\FbHK-FHFTBJD`HKeK 
OKbSTUOM^ Atoll. 7J\^OJ^\F EFHDW HFAUEUHF A 
1FkTDIB 1. 

3 cOKMJB UJFTKHHDW k^TK AfcJK EFHB, \Kf\FW^-
HKO cODW kFf^AFAMc HF IDa\KABd bKEUTB \UT@na^, 
lK SKk^EKAFHF HF KMHKAB JKSKe\FaB`HDW OF\J 
bFMmJFk^ 1:2000. -IBHOF JK`HKMJB S\KAKEDTFM@ 
ETc EFHDW, KMHKAKh \Kf\FW^HO^ cODW k^TF 
IDa\KAF bKEUT@ \UT@na^ AW3D30. 

 

N"G,-?C 1 
C$'][$]'" Z"`,e c'U W$'"$, "dc+)$]Z, 

'"Z)UX,i`"+] 

(FfAF SKTc 1DS EFHDW >KcMHUHHc 
THRESHOLD Numeric  HF`UHHc AJ\FJD 

FbSTBJ^ED 
\FEBKMDeHFT^, Eg 

COLOR Text :KTB\ A RGB SFTBJ\B 
TX_ID Text (FfAF MJFHIBP JF 

HKbU\ SU\UEFAF`F 
 
(F \DM. 1 SKEFHK MJ\^OJ^\H^ MWUb^ 

EKMTBE[UHHc. 



 "$&(*",- XXV  */0"(13014 0"791:1-$&;0*=014 910>&(&0?*4 «@&1>1(7B-2020», 1–3 9:*$0C 2020 (197 
 

15 
 

 
5DM. 1. 7J\^OJ^\HF MWUbF EKMTBE[UHHc 

 

'Tc S\DAUEUHHc \FMJ\KADW EFHDW A bU[FW 
KEHKeK SU\UEFAF`F EK KEHKeK \KfbB\^, k^TK ADOK-
\DMJFHK \UOTFMDaBOFIBh fHF`UH@ UJFTKHHDW (bFJ-
\DIc) JF EKMTBE[^AFHDW EFHDW (bFJ\DIc) HF bFO-
MDbFT@HU fHF`UHHc AJ\FJD FbSTBJ^ED \FEBKMDe-
HFT^ (1) JF SKEFT@mU SU\UW\UMHU Kk’nEHFHHc 
EFHDW f \UOTFMDaBOKAFHDbD fHF`UHHcbD (2) 

Q
RSTUVW = XYZ[\]^(_`abc) + 1

de = fghijkl(m) + 1 , (1) 

n
opqrs = tuvwx y z{

| = } y ~�!"#$
, (2) 

EU %&'()*JF +, – ABESKABEHK \UOTFMDaBOKAFHB 
bFJ\DIB UJFTKHHKP JF EKMTBE[^AFHKP \FMJ\KAKAP 
bKEUTB EFHDW S\K AJ\FJD FbSTBJ^ED \FEBKMDeHFT^. 

!kMKThJH^ SKWDkO^ -. (Eg) k^TK ADfHF-
`UHK fF aK\b^TKh (3). 

7U\UEHh OAFE\FJD`H^ SKWDkO^ m ADfHF-
`UHK fF aK\b^TKh ,F^MF (4). 

/0 = 12345–6  (3) 

7 = 8'9:;

<
, (4) 

EU n – OBT@OBMJ@ OKbB\KO, lK ABESKABEFhJ@ 
ABESKABEHKb^ fHF`UHHh AJ\FJD FbSTBJ^ED \FEBK-
MDeHFT^.AOFf^nJ@Mc. 

>U\UAB\O^ eBSKJUfD S\K HK\bFT@HDd \KfSK-
EBT FkMKThJHDW SKWDkKO ADOKHFHK fF O\DJU\Bnb 
^feKE[UHKMJB >B\MKHF (5) [3FMDTUHOK, 7UH`F, 
2012]: 

=> = ' (?@ABC
DEFGH)I

JK
LMNOP , (5) 

EU QR
STUVW  – JUK\UJD`HF dbKAB\HBMJ@ SKSFEFHHc 

fHF`UHHc S\K AJ\FJ^ \FEBKMDeHFT^ A *-d BHJU\AFT 
\KfbB\Kb 1 Eg; pi – UbSB\D`HU fHF`UHHc dbKAB\-
HKMJB, ETc HFmKeK ADSFEO^ S\DdHcJK fHF`UHHc 
STKlB JU\DJK\BP A OAFE\FJHDW OBTKbUJ\FW, lK 
SKO\DAFnJ@Mc ABESKABEHDb fHF`UHHc AJ\FJD 
FbSTBJ^ED \FEBKMDeHFT^ 

4%\]+_$"$, 

3WBEHDbD EFHDbD ETc \UFTBfFIBP KSDMFHKP 
bUJKEDOD k^TD EAF shp-aFdTD, OK[UH f cODW 
bBMJDA SKTBeKHD fB fHF`UHHcbD AJ\FJD FbSTBJ^ED 
\FEBKMDeHFT^ ETc 26 kFfKADW MJFHIBd f \KfJFmK-
AFHDbD HF HDW 72 SU\UEFAF`FbD. 5FdKH \KkBJ – 
bBMJK ;@ABA IUHJ\FT@HF `FMJDHF, K\BnHJKAHF 
STKlF 10 Ob2. 

-MOBT@OD OK[UH f aFdTBA bBMJDA HFOTFEUHB 
KEDH HF KEHDd SKTBeKHD SKSU\UEH@K k^TK 
ADOK\DMJFHK a^HOIBh ArcGIS Split By Attributes 
SK fHF`UHHh SKTc TX_ID. 1FODb `DHKb k^TK 
KJ\DbFHK KO\UbDd aFdT ETc OK[HKeK SU\UEFAF`F. 

5FMJU\DfFIBc EFHDW ETc OK[HKeK SU\UEF-
AF`F S\KAKEDTFM@ a^HOIBnh Polygon to Raster, 
SKSU\UEH@K ABEMK\J^AFAmD EFHB SK SKTh 
THRESHOLD a^HOIBnh Sort. %f-fF AUTDOKP 
OBT@OKMJB aFdTBA k^TK ADOK\DMJFHK SFOUJH^ 
Kk\KkO^ fFMKkFbD ModelBuilder. 

-k`DMTUHHc MU\UEH@KP OAFE\FJD`HKP SKWDk-
OD fF aK\b^TFbD (1-4) JFOK[ k^TK \UFTBfKAFHK 
SKk^EKAKh bKEUTB A ModelBuilder f fFT^`UHHcb 
JFODW a^HOIBd ArcGIS cO Reclassify, Mosaic To 
Raster, Raster Calculator, Zonal Statistics as Table, 
Add Field, Calculate Field, Summary Statistics. 

>BEJAU\E[UHHc eBSKJUfD S\K HK\bFT@HDd 
fFOKH \KfSKEBT^ FkMKThJHDW SKWDkKO S\KAUEUHK fF 
EKSKbKeKh OFT@O^TcJK\F, lK \UFTBfKAFHDd A [--- 
«(KAyd MUbUMJ\», 2019]. >U\UAB\OF eBSKJUfD ETc 
AF\BFIBdHKeK \cE^ SK O\DJU\Bh ^feKE[UHKMJB >B\MK-
HF SKOFfFTF, lK HUbF S\D`DH ABEODEFJD KMHKAH^ 
eBSKJUf^ S\K HK\bFT@HDd fFOKH \KfSKEBT^. 

:KHJ\KT@ Kk`DMTUH@ S\KAUEUHK A bU[FW 
KEHKeK SU\UEFAF`F mTcWKb UOMSK\J^ \FMJ\^ A 
JFkTD`HDd ADeTcE, JF SBE\FW^HO^ MJFJDMJDOD 
fFMKkFbD Microsoft Excel. :KHJ\KT@ Kk`DMTUH@ 
SBEJAU\EDA BEUHJD`HBMJ@ \Kf\FW^HO^ MU\UEH@KP 
OAFE\FJD`HKP SKWDkOD fFMKkFbD ArcGIS JF KkTD-
MTUHHcbD A Microsoft Excel. 3 `FMKAKb^ SK\BA-
HcHHB Kk\KkOF EFHDW fF EKSKbKeKh ArcGIS 
fHF`HK mADEmF. 
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3 1FkTDIB 2 fAUEUHK KMJFJK`HB \Uf^T@JFJD 
Kk`DMTUH@ MU\UEHBW OAFE\FJD`HDW SKWDkKO. 

 

N"G,-?C 2 
C%'%Z`k [W"Z'"$,a`" cUe,l[", ZQ 

SRTM v.3.0 Aster GDEM2 Alos W3D 
6,90 11,51 6,25 

 

>K\BAHcAmD IB fHF`UHHc f EKS^MJDbDb:  
6-7 Eg ETc fFk^EKAFHDW bBM@ODW JU\DJK\Bd [Par-
son, 1993], 10Eg ETc S\DbBM@ODW JU\DJK\BP JF  
15 Eg ETc MBT@M@OKP bBMIUAKMJB [Blaunstein, Cen-
sor, 2003], bK[HF f\KkDJD ADMHKAOD, lK 

1. ADOK\DMJFHHc SRTM v.3.0 JF AW3D30 
ETc IBTUd STFH^AFHHc JF KSJDbBfFIBP \FEBKbU\U[ 
n HF e\FHDIB EKS^MO^ ETc bBM@ODW JU\DJK\Bd JF 
KSJDbFT@HK bK[U ADOK\DMJKA^AFJDM@ A S\DbBM@-
OBd JF MBT@M@OBd bBMIUAKMJB. 

2. Aster GDEM2 EKIBT@HK ADOK\DMJKA^-
AFJD ETc STFH^AFHHc JF KSJDbBfFIBP JUTUOKb^-
HBOFIBdHDW MDMJUb A bU[FW MBT@M@ODW JF ABEO\D-
JDW JU\DJK\Bd 

E,X`UW[, 

3 \Uf^T@JFJB EKMTBE[UH@ k^TK \Kf\KkTUHK 
bUJKEDO^ \Kf\FW^HO^ MU\UEH@KP OAFE\FJD`HKP 
SKWDkOD \FMJ\KADW EFHDW S\K AJ\FJD FbSTBJ^ED 
\FEBKMDeHFT^ fFMKkFbD eUKBHaK\bFIBdHKP MDMJU-
bD ArcGIS. 

5UFTBfFIBh bUJKEDOD ADOKHFHK fF  EKSKbKeKh 
BHMJ\^bUHJF\Bh EKEFJO^ Model Builder ETc ADfHF-
`UHHc ASTDA^ cOKMJB IDa\KAKP bKEUTB bBMIUAKMJB 
HF \Kf\FW^HOKAB fHF`UHHc AJ\FJ FbSTBJ^ED \F-
EBKMDeHFT^. 'Tc EKMTBE[UH@ cO UJFTKH k^TK 
ADOK\DMJFHK EFHB, \Kf\FW^HKO cODW kFf^AFAMc HF 
IDa\KABd bKEUTB \UT@na^, lK SKk^EKAFHF HF KM-
HKAB JKSKe\FaB`HDW OF\J bFMmJFk^ 1:2000. -IBH-
OF JK`HKMJB S\KAKEDTFM@ ETc EFHDW, KMHKAKh \Kf-
\FW^HO^ cODW k^TD ABEO\DJB EFHB S\K \UT@na 
bBMIUAKMJB, F MFbU SRTM AU\MBP 3, Aster GDEM2 
JF ALOS World 3D AU\MBP 2.2. 

(F KMHKAB \Kf\FW^HOBA f\KkTUHB ADMHKAOD S\K 
EKIBT@HDW ADOK\DMJFHHc AOFfFHDW ABEO\DJDW EF-
HDW S\K \UT@na bBMIUAKMJB A STFH^AFHHB JF KSJDbB-
fFIBP \FEK`FMJKJHDW JUTUOKb^HBOFIBdHDW MDMJUb. 

 FS\KSKHKAFHF bUJKEDOF KIBHOD JK`HKMJB HF 
KMHKAB ADkB\OD AUTDOKP \KfbB\HKMJB ABESKABEFn 
ADbKfB MS\KbK[HKMJB MJFJDMJD`HKP KIBHOD, lK 
SBEADl^n PP EKMJKAB\HBMJ@ ^ SK\BAHcHHB f J\FED-
IBdHDbD «JFkTD`HDbD» bUJKEFbD ADkB\OD bFTKP 
\KfbB\HKMJB JF ^JK`Hhn FHFTBf EFHDW, EKMJ^SHDd 
A FHFTBJD`HK S\Ke\FbHBd STFJaK\bB ETc STFH^-
AFHHc JF KSJDbBfFIBP \FEBKbU\U[ Atol; F JFOK[ 
bK[U k^JD ADOK\DMJFHF ETc k^E@-cODW \FMJ\KADW 
bKEUTUd EFHDW S\K HUSU\U\AHB AUTD`DHD (\UT@na, 
JUbSU\FJ^\F JKlK). 
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THE USE OF DEM OPEN DATASOURCES 
FOR THE PURPOSES OF RADIO 

NETWORK PLANNING AND 
OPTIMIZATION 

Lidiya Prymak* 
1*. Department of geoinformatics and photogrammetry, Kyiv 

National University of Construction and Architecture, 31, 
Povitroflotsky Avenue, Kyiv, 03037, Ukraine, E-mail: 

lidiya.plyska@gmail.com 

The purpose of the work is to develop a methodology 
for calculating the accuracy of pass loss raster data using 
the ArcGIS geoinformation system. The research 
methodology is based on the calculation of the mean 
square error of the data in decibels. For the studies, the 
reference value was the value of the pass loos data which 
were calculated based on a digital terrain model built 
from topographic maps of 1: 2000 scale. Accuracy 
estimation was performed for pass loss data calculated 
based on the SRTM AU\MBP 3, Aster GDEM2 JF ALOS 
World 3D AU\MBP 2.2. The calculated pass loss data for 26 
base stations with 72 transmitters were used in the 
studies. Location is city Lviv, Ukraine. As a result, the 
mean square error of pass loss data was determined, and 
conclusions about the possibility of using the mentioned 
open datasources were made 

Keywords: DTM, pass loss, ArcGIS, mean square error. 
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:FaUE\F aKJKe\FbbUJ\BP JF eUKBHaK\bFJDOD, (FIBKHFT@-
HDd ^HBAU\MDJUJ «;@ABAM@OF SKTBJUWHBOF», A^T.7.gFHEU\D, 
12, b.;@ABA, 9O\FPHF, 79013,  +38(063)1671585, e-mail: 
chetverikov@email.ua 

 
YUJKh \KkKJD n KfHFdKbTUHHc f bUJKEDOKh 

MJAK\UHHc eUKBHaK\bFIBdHKP MDMJUbD OKHIUHJ\F-
IBdHDW JFkK\BA HFIDMJM@OKP (BbU``DHD A qA\KSB 
SU\BKE^ 1941-1944 \KOBA.  FS\KUOJKAFHF ,%7 
AOTh`Fn SKTBeKHFT@HB Kk’nOJD bU[ OKHIJFkK\BA JF 
FJ\Dk^JDAH^ BHaK\bFIBh: HFfAF OKHIJFkK\^, O\FPHF, 
JDS JFkK\^, `FM BMH^AFHHc, OBT@OBMJ@ A’cfHBA JF 
OBT@OBMJ@ fHDlUHDW ThEUd, OK\KJOF BMJK\D`HF 
EKABEOF. 'Tc Kk’nOJBA ETc cODW AEFTKM@ fHFdJD 
MWUbD B STFHD AUOJK\DfFIBc bU[ S\KAKEDTFM@ fF 
IDbD bFJU\BFTFbD. 'Tc \UmJD Kk’nOJBA, bU[B 
ADfHF`FTDMc FkK fF HFcAHBMJh BMJK\D`HDW bU[ HF 
bBMIUAKMJB (KkTFmJKAFHB bUbK\BFT@HB OKbSTUOMD HF 
OmJFTJ OKHIJFkK\^ !^mABI), FkK fF F\WBAHDbD 
KSDMKADbD bFJU\BFTFbD. 3 \Uf^T@JFJB S\KAUEUHDW 
EKMTBE[UH@, KJ\DbFHK 83 SKTBeKHFT@HDW Kk’nOJF 
bU[ OKHIUHJ\FIBdHDW JFkK\BA f 15 O\FPH qA\KSD, 
lK bFOMDbFT@HK HFkTD[UHB EK \UFT@HDW.  

M,H=1:* J,1:": OKHIUHJ\FIBdHDd JFkB\, BMJK-
\D`HF ,%7, OTFMDaBOFIBc JFkK\BA, OF\JKe\FaB`HDd 
KHTFdH \UM^\M, FJ\Dk^JDAHF kFfF EFHDW. 

 

EX$]c 
 

 F EFHDbD fABJ^ 1967 \KO^ oUEU\FT@HKeK 
bBHBMJU\MJAF AH^J\BmHBW MS\FA (BbU``DHD 
HFTB`^AFTKMc 1634 OKHIUHJ\FIBdHDW JFkK\BA B 
PW SBE\KfEBTBA HF fFWKSTUHDW HFIDMJFbD 
JU\DJK\BcW. -EHFO fF bFJU\BFTFbD qA\UdM@OKP 
AB\J^FT@HKP kBkTBKJUOD HFTB`^nJ@Mc kTDf@OK 15 
000 OKHIJFkK\BA B PW SBE\KfEBTBA, MJAK\UHDW HF 
KO^SKAFHDW JU\DJK\BcW.  eKEKb kBT@mBMJ@ f HDW 
k^TK f\^dHKAFHK MFbDbD HFIDMJFbD. 
[https://www.jewishvirtuallibrary.org/full-listing-
of-concentration-camps] 'Tc JFkK\BA S\DMJK-
MKA^AFTD ADSFEOKAB S\DbBlUHHc FkK bFdEFH-
`DOD S\KMJK HUkF, KeK\KE[UHB OBT@OKbF \cEFbD 
OKTh`KeK E\KJ^ fB MJK\K[KADbD ADmOFbD, 
WF\`^AFHHc k^TK [FWTDADb, ^bKAD ^J\DbFH-
Hc — HUMJU\SHDbD.  

  \KfADJOKb IDa\KADW JUWHKTKeBd, `FMJK 
MJAK\hhJ@Mc eUKBHaK\bFIBdHB MDMJUbD BMJK-
\D`HDW SKEBd ETc fkU\U[UHHc JF ASK\cEO^-
AFHHc BHaK\bFIBP S\K HDW. 7U\UE BHmDW B ,%7 
SKEBd '\^eKP MABJKAKP ABdHD. 

,%7 mD\KOK fFMJKMKA^hJ@Mc A \BfHDW 
HFS\cbOFW BMJK\D`HDW EKMTBE[UH@, eKTKAHKh 
^bKAKh cODW n S\KMJK\KAF S\DA'cfOF [,\DmDH, 
2017]. 

>BEM^bKA^h`D AMU ADlUMOFfFHU bK[HF 
f\KkDJD ADMHKAKO, lK ,%7 MJFTF HUABE’nbHKh 
`FMJDHKh BMJK\D`HKP OF\JKe\FaBP B f\^`HDb 
MU\ABMKb ETc SKnEHFHHc F\WBAHDW B M^`FMHDW 
bFJU\BFTBA. iOlK [ eKAK\DJD S\K ,%7 HFIDMJM@-
ODW OKHIUHJ\FIBdHDW JFkK\BA, JK HUKkWBEHK 
fFfHF`DJD, lK EKMB [KEHF MJAK\UHF MDMJUbF HU 
bBMJDJ@ FEUOAFJHDW bU[ BMJK\D`HDW Kk’nOJBA. 

 

 %$" 
 

YUJKh \KkKJD n KfHFdKbTUHHc f bUJK-
EDOKh MJAK\UHHc eUKBHaK\bFIBdHKP MDMJUbD 
OKHIUHJ\FIBdHDW JFkK\BA HFIDMJM@OKP (BbU`-
`DHD A qA\KSB SU\BKE^ 1941-1944 \KOBA.  F fF-
S\KSKHKAFHKh JUWHKTKeB`HKh MWUbKh MJAK\D-
JD e\FaB`HK-FJ\Dk^JDAH^ MJ\^OJ^\^ ,%7. 

 

 %$UZ,[" 
 

'Tc \UFTBfFIBP SKMJFATUHKeK fFAEFHHc 
HFbD k^TD ADOK\DMJFHB HFMJ^SHB AWBEHB EFHB: 
· 43 F\WBAHB MWUbD B STFHD OKHIUHJ\FIBdHDW 

JFkK\BA; 
· SU\UTBO HFdABEKbBmDW HFIDMJM@ODW OKH-

IUHJ\FIBdHDW JFkK\BA; 
· eBk\DEHF KHTFdH OF\JF MU\ABM^ Bing 
· AUk-MJK\BHOD f BMJK\D`HKh EKABEOKh S\K 

OKHIUHJ\FIBdHB JFkK\D; 
· JUOMJKAF EKABEOKAF BHaK\bFIBc S\K \Kf-

JFm^AFHHc JFkK\BA. 
{Kk MDMJUbFJDf^AFJD HFmB EKMTBE[UHHc 

k^TF fFS\KSKHKAFHF JUWHKTKeB`HF MWUbF MJAK-
\UHHc ,%7 OKHIUHJ\FIBdHDW JFkK\BA (\DM.1). 

>\DA’cfOF ABEHFdEUHDW MWUb B STFHBA 
OKHIUHJ\FIBdHDW JFkK\BA ADOKH^AFTFM@ fF \Bf-
HKh OBT@OBMJh KSK\HDW JK`KO, ABE 7 EK 9, A 
fFTU[HKMJB ABE MDJ^FIBP OK[HKeK Kk’nOJF. 

>\KUOIBc k^TF Kk\FHF FHFTKeB`HF OF\JK-
e\FaB`HKb^ MU\ABM^ Bing, F MFbU Popular visua-
lization WGS84, lKk AUOJK\DfKAFHF BHaK\bFIBc 
^feKE[^AFTFM@ f OF\JKh-KMHKAKh. 

YFOMDbFT@HF SKWDkOF S\DA’cfOD MJF-
HKADTF 11 bUJ\BA HF bBMIUAKMJB. -MOBT@OD, kBT@-
mBMJ@ e\FaB`HKeK bFJU\BFT^ HKMDTK MWUbFJD`-
HDd WF\FOJU\ B SU\UE HFbD HU MJFADTFM@ bUJF 
HFEJK`HKeK HFHUMUHHc Kk’nOJBA, F TDmU bFOMD-
bFT@HKeK HFkTD[UHHc EK \UFT@HKP OF\JDHD, HFM 
IU fFEKABT@HDTK. 
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5DM.1. 1UWHKTKeB`HF MWUbF MJAK\UHHc ,%7 

OKHIUHJ\FIBdHDW JFkK\BA 
 

3BESKABEHK, AUOJK\DfFIBc bU[ Kk’nOJBA 
ETc 43 OKHIJFkK\BA S\KAKEDTFM@ fF e\FaB`HDbD 
bFJU\BFTFbD, ETc 26 Kk’nOJBA – fF bU[FbD, lK 
fkU\UeTDMc, F ETc 14 – fF KSDMKAKh BHaK\-
bFIBnh S\DkTDfHDW bU[, S\D I@Kb^ Kk’nOJD 
aFOJD`HK HU fkU\UeTDMc FkK JU\DJK\Bc JFkK\BA 
fFfHFTF SBMTcAKnHHKP fFk^EKAD. 

'Tc MDMJUbFJDfFIBP BHaK\bFIBP JFkK\D, 
lK k^TK KS\FI@KAFHK OTFMDaBOKAFHK HFMJ^S-
HDb `DHKb: 
· J\^EKAB JFkK\D; 
· JFkK\D MbU\JB; 
· OKHIUHJ\FIBdHB JFkK\D; 
· SU\UMDT@HB JFkK\D; 
· eUJJK 

! MFbF MJAK\UHF kFfF EFHDW Kk’nOJBA 
bFTF HFMJ^SH^ MJ\^OJ^\^: 
· HFfAF OKHIJFkK\^ (MDbAKT@HDd aK\bFJ 

EFHDW, ABESKABEFn HFfAB JFkK\^),  
· O\FPHF (MDbAKT@HDd aK\bFJ EFHDW, ABESKABEFn 

O\FPHB HF JU\DJK\BP cOKP BMH^AFA JFkB\),  
· JDS JFkK\^ (MDbAKT@HDd aK\bFJ EFHDW, 

ABESKABEFn S\DfHF`UHHh JFkK\^ feBEHK 
OTFMDaBOFIBP HFAUEUHKP ADlU),  

 
 

· OBT@OBMJ@ fFeDkTDW (`DMTKADd aK\bFJ EF-
HDW, ABESKABEFn OBT@OKMJB fHDlUHDW ThEUd 
fF KaBIBdHDbD BMJK\D`HDbD E[U\UTFbD) 

· OBT@OBMJ@ A’cfHBA (`DMTKADd aK\bFJ EFHDW, 
ABESKABEFn OBT@OKMJB A’cfHBA, lK bBe KEHK-
`FMHK ^J\Db^AFJD JFkB\ fF KaBIBdHDbD 
BMJK\D`HDbD E[U\UTFbD) 

· \KOD BMH^AFHHc JFkK\^ (MDbAKT@HDd 
aK\bFJ EFHDW, ABESKABEFn \KOFb BMH^AFHHc 
JFkK\^),  

· BMJK\Bc (MDbAKT@HDd aK\bFJ EFHDW, 
bBMJDJ@ eBSU\SKMDTFHHc HF fKAHBmHh AUk-
MJK\BHO^ f BHaK\bFIBnh S\K Kk’nOJ f 
eTKkFT@HKP bU\U[B %HJU\HUJ). 
 F AUOJK\DfKAFHDbD e\FaB`HDbD Kk’nO-

JFbD B HFSKAHUHHcb FJ\Dk^JDAHKP JFkTDIB EK 
HDW MJAK\UHF ABESKABEHF e\FaB`HK-FJ\Dk^J-
DAHF MJ\^OJ^\F ,%7, SKEFHF HF \DM.3. (F 
\DM^HO^ S\KEUbKHMJ\KAFHF OF\JF-KMHKAF f 
MU\ABM^ Bing HF JU\DJK\Bh qA\KSD, HF cOBd 
bK[HF SKkF`DJD `U\AKHB JK`OD, lK ABESKAB-
EFhJ@ fbUHmUHKb^ fKk\F[UHHh SKTBeKHFT@-
HDW Kk’nOJBA OKHIUHJ\FIBdHDW JFkK\BA. (D[-
`U SKEFHK a\FebUHJ FJ\Dk^JDAHKP JFkTDIB 
ETc EUOBT@OKW f 83 AHUMUHDW Kk’nOJBA. 

 

4%\]+_$"$, 
 

3 \Uf^T@JFJB \UFTBfFIBP SKMJFATUHKP bUJD, 
HFbD KJ\DbFHK eUKBHaK\bFIBdH^ MDMJUb^ f 83 
Kk’nOJFbD OKHIUHJ\FIBdHDW JFkK\BA HFIDMJM@-
OKP (BbU``DHD `FMBA '\^eKP MABJKAKP ABdHD. 
>KTBeKHFT@HB Kk’nOJD JU\DJK\Bd JFkK\BA SKfHF-
`UHK `U\AKHDb OKT@K\Kb Bf `U\AKHDb mJ\D-
WKb. >\D HFJDMOFHHB HF Kk’nOJB BHaK\bFIBdHKh 
OHKSOKh f’cATcnJ@Mc ABOHK f BHaK\bFIBnh S\K 
Kk’nOJ feBEHK fFS\KUOJKAFHKP MJ\^OJ^\D kFfD 
EFHDW, F S\D S\KMJKb^ HFJDMOFHHB HF SKTBeKHB 
OHKSOKh bDmB SBEAFHJF[^nJ@Mc AUk-MJK\BHOF f 
BHaK\bFIBnh S\K JFkB\ f eTKkFT@HKP bU\U[B. (F 
\DM^HOFW 2 JF 3 S\UEMJFATUHB S\DOTFED \KkKJD 
,%7. (F \DM^HO^ 2 SKEFHK S\DOTFE ABEKk\F-
[UHHc HFdABEKbBmKeK MAKPbD [FWBJJcbD B 
bFMKADbD AkDAMJAFbD JFkK\^ MbU\JB !^mABI-
gB\OUHF^, lK fHFWKEDJ@Mc SKkTDf^ :\FOKAF ^ 
>KT@lB. (F \DM^HO^ 3 S\UEMJFATUHK S\DOTFE 
ABEKk\F[UHHc JFkK\^ S\FIB  FOMUHeF^fUH, lK 
fHFWKEDAMc A bBMJU`O^ -\FHBnHk^\e SKkTDf^ 
gU\TBHF A (BbU``DHB. pUd JFkB\ ABEKbDd MAKPbD 
A’cfHcbD. 9 H@Kb^ k^TK ^A’cfHUHK iOKAF 
7JFTBHF (EU ABH B k^A MJ\F`UHDd), F JFOK[ 
7JUSFHF gFHEU\^. 

SUh][ $" "`"+)\ We)Z`,e Z"`,e 

S',W’k\[" W)Z`"uZ%`,e Xe%d $" 
c+"`)W [U`g%`$'"g)u`,e $"lU')W ZU 

X,X$%d, [UU'Z,`"$ 
["'$Ui'"m)a`UiU U`+"u` X%'W)X] 

Bing 

E%[$U',\"g)k $%',$U')n 
[U`g%`$'"g)u`,e $"lU')W 

S'U%[$]W"``k, X$WU'%``k ) 
`"cUW`%``k "$',l]$,W`Un l"\, 

S)Z’jZ`"``k )`mU'd"g)u`,e W%l-
X$U')`U[ Ul’j[$)W ZU l"\, Z"`,e 

>`"+)\ U$',d"`,e '%\]+_$"$)W 
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5DM.2. 3BEKk\F[UHHc f ,%7 JFkK\^ MbU\JB !^mABI-gB\OUHF^ (>KT@lF) 

 
 

 
5DM.3. 3BEKk\F[UHHc f ,%7 JFkK\^ S\FIB  FOMUHeF^fUH ((BbU``DHF)
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S'"[$,a`" \`"a]b)X$_ 
 

-J\DbFHF ,%7 HFIDMJM@ODW OKHIUHJ\F-
IBdHDW JFkK\BA `FMBA '\^eKP MABJKAKP ABdHD bK[U 
k^JD ADOK\DMJFHF MSUIBFTBMJFbD, cOB bFhJ@ 
BMJK\D`HU MS\cb^AFHHc MAKnP EBcT@HKMJB JF 
ABEEBTFbD KWK\KHD O^T@J^\HKP MSFElDHD 9O\FPHD 
lKHFdbUHmU. 'FHF ,%7 bK[U k^JD EKSKAHUHF fF 
SKJ\UkD BHmDbD Kk’nOJFbD, FE[U A EKMTBE[UHHcW 
SKEFHB TDmU 83 HFdABEKbBmB JFkK\D, F PW AM@KeK 
1634. 

 

E,X`UW[, 
 

3 \Uf^T@JFJB ADOKHFHHc SKMJFATUHKeK 
fFAEFHHc MJAK\UHF eUKBHaK\bFIBdHF MDMJUbF, lK 
bBMJDJ@ 83 HFdABEKbBmB HFIDMJM@OB OKHIUHJ\FIBdHB 
JFkK\D `FMBA '\^eKP MABJKAKP ABdHD, F MFbU: 
J\^EKADW JFkK\BA – 24 ; 
JFkK\BA MbU\JB –   19; 
OKHIUHJ\FIBdHDW JFkK\BA – 22; 
SU\UMDT@HDW JFkK\BA – 16; 
eUJJK – 2. 

7JAK\UHF ,%7 bBMJDJ@ e\FaB`HB Kk’nOJD 
SKTBeKHFT@HKeK JDS^ bU[ JFkK\BA HFdkBT@m 
HFkTD[UHB EK \UFT@HDW, F JFOK[ JFkTDIh FJ\Dk^-
JDAHDW EFHDW f AD`U\SHKh BHaK\bFIBnh S\K 
OK[UH JFkB\. 

 ABMHK [ OBT@OBMJ@ ABEKbDW JFkK\BA n fHF`HK 
kBT@mKh fF 83 Kk’nOJD, FTU bD HU bFnbK 
EKMJFJH@K BHaK\bFIBP S\K HDW. 'FHF ,%7 k^EU 
EKSKAHhAFJDM@ SK bK[TDAKMJB HKADbD Kk’nO-
JFbD, FTU IU fFAEFHHc lU HU KEHKeK \KO^ \KkKJD. 
 

 
7>/7-: 3/:-5/71!(-x ;%1*5!195/ 
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METHODS OF CREATION  OF GIS 

CONCENTRATION CAMPS OF NAZI 
PERIOD 1941-1944 

 

Chetverikov B. 
 

The purpose of this work is to get acquainted with 
the method of creation of geoinformation system of 
concentration camps of Nazi Germany in Europe of the 
period 1941-1944. The projected GIS includes polygonal 
objects of concentration camp boundaries and attribute 
information: name of concentration camp, country, camp 
type, time of existence, number of prisoners and number 
of people killed, brief historical background. For objects 
that were able to find schematics and plans, border 
vectoring was done using these materials. For the rest of 
the sites, the boundaries were determined either by the 
presence of historical boundaries on the terrain (memorial 
complexes such as the Auschwitz concentration camp) or 
by archival descriptive materials. As a result of the 
conducted research, 83 polygonal objects of concentration 
camp boundaries from 15 European countries were 
obtained, which are as close as possible to real ones. 

Keywords: concentration camp, historical GIS, 
classification of camps, online cartographic resource, 
attribute database. 
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:FaUE\F aKJKe\FbbUJ\BP JF eUKBHaK\bFJDOD, (FIBKHFT@HDd 
^HBAU\MDJUJ «;@ABAM@OF SKTBJUWHBOF», A^T. 7. gFHEU\D 12, 
;@ABA, 9O\FPHF, 79013, E-mail: shevchukv2016@gmail.com  

 
-MHKAHKh bUJKh IBnP \KkKJD n EKMTBE-

[UHHc, SKA’cfFHB Bf fbBHFbD S\D\^MTKAKP 
JU\DJK\BP `FMJDHD \B`OD 'HBMJU\ ABE b. ,FTD` EK 
M. 'Bk\KAF %AFHK-o\FHOBAM@OKP KkTFMJB EKA[DHKh 
67 Ob.  KO\UbF, EKMTBE[^AFTD fbBH^ MJFH^ TBMBA, 
fFk^EKAD, EK\Be, K\HDW fUbUT@ JKlK, SKA’cfFHDW 
Bf ASTDAKb FHJ\KSKeUHHKeK HFAFHJF[UHHc HF 
\B`O^. 5Uf^T@JFJD fbBHD S\D\^MTKADW JU\DJK\Bd 
fEBdMHUHK HF SBEMJFAB OKHJ\KT@KAFHKP OTFMDaB-
OFIBP fF 18 \KOBA fF OKMbB`HDbD fHBbOFbD Landsat 
7 (2000 \.) JF Landsat 8 (2018 \.). 

M,H=1:* J,1:" – bKHBJK\DHe; S\DkU\UeKAF 
JU\DJK\Bc; \B`OF 'HBMJU\; OKMbB`HB fHBbOD; 
OKHJ\KT@KAFHF OTFMDaBOFIBc.  

EX$]c 

(F fbBH^ TFHEmFaJ^ S\DkU\UeKADW JU\D-
JK\Bd ASTDAFhJ@ cO S\D\KEHB, JFO B FHJ\KSKeUHHB 
`DHHDOD. 'K S\D\KEHDW `DHHDOBA HFTU[DJ@ 
OTBbFJ, eUKTKeB`HF JF eUKbK\aKTKeB`HF k^EKAF, 
eBE\KTKeB`HDd \U[Db, kBK\BfHKbFHBJJc HFAOKTD-
mHBW JU\DJK\Bd. 3UTDOF OBT@OBMJ@ SKMUTUH@, 
eKMSKEF\M@ODW MSK\^E JF MBT@M@OKeKMSKEF\M@ODW 
^eBE@ \KfbBlUHF A EHDlFW AUTDODW \B`KO – 
'HBMJ\F, >\^JF, 0U\UbKmF. pB JU\DJK\BP fFfHFhJ@ 
ABE`^JHKeK HUeFJDAHKeK ASTDA^ \Ue^Tc\HDW SKAU-
HUd.    E\^eKP SKTKADHD ## MJ. B EKJUSU\ fFaBO-
MKAFHB fHF`HB SFAKEOD A 1955, 1957, 1959, 1964, 
1969, 1970, 1972, 1974, 1977, 1980, 1982, 1988, 
1992, 1997, 2001, 2008, 2010 \KOFW. 0FMJK MJFh`D 
fFe\KfTDADbD cADlFbD, AKHD S\DfAKEcJ@ EK 
fHF`HDW bFJU\BFT@HDW AJ\FJ, MKIBFT@HKP HFS\^eD.  

(F kU\UeFW \B`OD 'HBMJU\, SK`DHFh`D f XV 
MJJK\B``c B EK M@KeKEHB fEBdMHhnJ@Mc lK\Ff kBT@mF 
eKMSKEF\M@OF EBTcT@HBMJ@. gU\UeD \B`OD, S\K lK 
ABEfHF`FnJ@Mc A [#KTcA`^O, 2010] e^MJKfFMUTUHB, HF 
HDW \KfFJmKAFHF AUTDOF OBT@OBMJ@ HFMUTUHDW 
S^HOJBA f K\HDbD fUbTcbD, J\FHMSK\JHDbD TBHBcbD, 
eFfK- JF J\^kKS\KAKEFbD, TBHBcbD UTUOJ\KSU\UEF`. 
-MKkTDAK fHF`HU eKMSKEF\M@OU HFAFHJF[UHHc HF 
S\DkU\UeKAB JU\DJK\BP \. 'HBMJU\ WF\FOJU\HU f 2-P 
SKTKADHD ## MJK\B``c B EK JUSU\BmH@KeK `FM^. 
 HF`HK f\KMTD AUTDOB IUHJ\D \KfMUTUHHc, fKO\UbF 
MbJ. 5KfAFEBA, z^\FAHK, b. ,FTD`.  

-k’nOJKb EKMTBE[UHHc MT^e^n \BAHDHHF 
`FMJDHF \. 'HBMJU\ ABE bBMJF ,FTD` EK M. 'Bk\KAF, 
JKb^ f^SDHDbKMc kBT@mU ATFMHU HF WF\FOJU-
\DMJDOFW \B`OD HF IBd EBTcHIB. 5B`OF S\KJBOFn 
\BAHDHKh,  mD\DHF EKTDHD SKkTDf^ \^MTF 
bBMIcbD MceFn 2-3 Ob kBTc MBT  KTKJF ;DSF JF 
(KAKMBTOF, \UT@na eK\kDMJK-\BAHDHHDd f 
SU\USFEKb SKfHF`KO 250-350 bUJ\BA, \KfJFmKAFHB 
JFOB KMHKAHB HFMUTUHB S^HOJD, cO b. ,FTD`, M. 
'^kBAIB, qf^SBT@, >KkU\U[[c, !HJKHBAOF. 

-`UADEHK, lK eKMSKEF\M@OF EBcT@HBMJ@ SKk-
TDf^ HFMUTUHDW S^HOJBA SKA’cfFHF Bf ADOK\DM-
JFHHcb lK\Ff kBT@mKP OBT@OKMJB AKEHDW \UM^\MBA. 
  BHmKeK kKO^, HUOKHJ\KT@KAFHF \KfK\hAFHBMJ@, 
cOF S\DfAKEDJ@ EK fFb^TUHHc \^MTF \B`OD, F 
JFOK[ fFk^EKAF S\DkU\UeKADW JU\DJK\Bd MJFn 
kF\’n\Kb ETc S\KWKE[UHHc AKED SBE `FM SFAKEOBA.  

 FS\KSKHKAFHU EKMTBE[UHHc MJKM^nJ@Mc 
bKHBJK\DHe^ S\DkU\UeKADW JU\DJK\Bd \BAHDHHKP 
`FMJDHD \B`OD 'HBMJU\ EKA[DHKh 67 Ob. fF 18 
\B`HDd SU\BKE (2000-2018 \\.).  

-S\FI@KAFHK BMH^h`B HK\bFJDAHB ADbKeD 
EK AUTD`DHD AKEKKWK\KHHDW fKH \B`OD f 
ABESKABEHBMJh PW EK \UFT@HKP AKEKKWK\KHHKP 
MDJ^FIBP ['^kHcO 2005, YF\JDH 2009]. 

 %$" 'UlU$, 

-MHKAHKh bUJKh IBnP \KkKJD n 
EKMTBE[UHHc, SKA’cfFHB Bf fbBHFbD S\D\^MTKAKP 
JU\DJK\BP `FMJDHD \B`OD 'HBMJU\ ABE b. ,FTD` EK 
M. 'Bk\KAF %AFHK-o\FHOBAM@OKP KkTFMJB EKA[DHKh 
67 Ob.  KO\UbF, EKMTBE[^AFTD fbBH^ MJFH^ TBMBA, 
fFk^EKAD, EK\Be, K\HDW fUbUT@ JKlK, SKA’cfFHDW 
Bf ASTDAKb FHJ\KSKeUHHKeK HFAFHJF[UHHc HF 
\B`O^. 

1X`UW`" a"X$,`" 

 bBHF S\D\^MTKADW JU\DJK\Bd, O\Bb EUaK\-
bFIBd WF\FOJU\^ \^MTF, M^JJnAK fFTU[DJ@ ABE 
fkBT@mUHHc STKl HFMUTUHDW S^HOJBA JF 
S\KAUEUHHc fFWKEBA, SKA’cfFHDW f [DJJnfFkUf-
SU`UHHcb HFMUTUHHc. :K[HF \B`OF bFn MAKP 
KMKkTDAKMJB, cOB fFTU[FJ@ ABE PP \KfJFm^AFHHc, 
eUKTKeB`HDW MJ\^OJ^\, JUOJKHBOD \UeBKH^, TBJKTK-
eB`HDW KMKkTDAKMJUd, F JFOK[ OTBbFJD`HDW fbBH. 
1Kb^ OK[H^ \B`O^ EKMTBE[^hJ@ KO\UbK.  

3BEKbB ADSFEOD, OKTD \KfK\hAFHHc fFSTFA-
HDW fUbUT@ S\DfAKEDTK EK fbDA^ t\^HJBA B SU\U-
JAK\UHHc T^eBA HF J\DAFTDd JU\bBH A HUS\KE^O-
JDAHB JU\DJK\BP [gKEHc, 2013]. pB S\KkTUbD 
ADHDOFhJ@ HU JBT@OD HF JU\DJK\BP 9O\FPHD, F B ^ 
kFeFJ@KW nA\KSUdM@ODW O\FPHFW, HFS\DOTFE, (BEU\-
TFHEFW, %JFTBP JF o\FHIBP. -O\UbB b^HBIDSFTBJUJD  
AD\BmDTD  STFH^AFJD HFMUTUHB S^HOJD kUf 
OKK\EDHFIBP IDW fFWKEBA f FOJDAHBMJh \^MTF \B`KO, 
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lK MJAK\DTK ^ bFdk^JH@Kb^ fHF`HB ADJ\FJD HF 
S\KJDSFAKEOKAB fFWKED B SBEO\UMTDTK HUKkWBEHBMJ@ 
JF AFeKbBMJ@ A\FW^AFHHc MJBdOKMJB \^MTF ^ EKAeK-
MJ\KOKABd SU\MSUOJDAB. >KEFT@mU KMAKhAFHHc 
fFSTFA S\DfAKEDJ@ EK lU ADlDW \BAHBA SKAUHB. 
1Kb^ S\BK\DJUJKb HKAKP SKTBJDOD ^ MaU\B fUbTU-
OK\DMJ^AFHHc n AMJFHKATUHHc bFOMDbFT@HDW 
KWK\KHHDW bU[ f ^\FW^AFHHcb bFdk^JH@KeK bUFH-
E\^AFHHc \B`KO [YF\JDH, 2013].   

:\Bb JKeK, S\KAKEDTDM@ EKMTBE[UHHc, SKA’cfFHB 
Bf fbBHFbD S\D\^MTKAKP JU\DJK\BP ADk\FHKP EBTcHOD. 
 KO\UbF, EKMTBE[^AFTD fbBH^ MJFH^ TBMBA, fFk^EKAD, 
K\HDW fUbUT@ JKlK, SKA’cfFHDW Bf ASTDAKb 
FHJ\KSKeUHHKeK HFAFHJF[UHHc HF \B`O^ 'HBMJU\. 
 bBH^ S\D\^MTKADW JU\DJK\Bd fEBdMHUHK HF SBEMJFAB 
bUJKE^ OKHJ\KT@KAFHKP OTFMDaBOFIBP fF 18-\B`HDd 
SU\BKE.  

iO HKA^ JUWHKTKeBh A KMJFHHB \KOD ETc 
OTFMDaBOFIBP mD\KOK ADOK\DMJKA^hJ@ AUeUJFIBdHB 
BHEUOMD [Kokhan 2009, :KWFH 2012]. 

5KfJFm^AFHHc EBTcHOD EKMTBE[UHHc SKEFHK 
HF \DM. 1. 

 

 
5DM. 1. 'KMTBE[^AFHF `FMJDHF S\DkU\UeKAKP 

JU\DJK\BP \. 'HBMJU\ 

-MHKAHKh fFEF`Uh I@KeK EKMTBE[UHHc n 
AMJFHKATUHHc fbBH S\DkU\UeKAKP JU\DJK\BP `FM-
JDHD \B`OD 'HBMJU\ fF SU\BKE 2000-2018 \\. HF 
SBEMJFAB EFHDW EDMJFHIBdHKeK fKHE^AFHHc  UbTB 
JF ,%7-JUWHKTKeBd.  

'Tc S\KAUEUHHc bKHBJK\DHe^ fbBH S\D-
kU\UeKAKP JU\DJK\BP `FMJDHD \B`OD 'HBMJU\ 
ADOK\DMJFHK JFOB bFJU\BFTD: 

– OKMbB`HB fHBbOD, KJ\DbFHB f :;! 
Landsat-7 2000 \.; 

– OKMbB`HB fHBbOD, KJ\DbFHB f :;! 
Landsat-8 2018 \. 

3Bf^FTBfFIBc JF bKHBJK\DHe S\DkU\UeKAKP 
JU\DJK\BP 'HBMJ\F fEBdMHhAFTFMc fFMKkFbD 
S\Ke\FbHKeK fFkUfSU`UHHc ArcGIS 10.3. 

 %$UZ,[" ZUX+)Zt%``k 

YUJKEDO^ EKMTBE[UHHc fbBH S\D\^MTKAKP 
JU\DJK\BP EBTcHOD SKEFHK fF MJ\^OJ^\HKh MWU-
bKh, HFAUEUHKh HF \DM. 2.  

 5BAHcHHc ETc OTFMDaBOFIBP fF bUJKEKb 
bFOMDbFT@HKP AB\KeBEHKMJB bFn JFODd ADeTcE 
[;cT@OK 2006, Swain 1978]: 

( ) ( ) ( )( )1ln( ) 0.5ln 0.5 T
m m m mm

D a K X M K X M-é ùé ù= - - - -ë û ê úë û (1) 

EU: D – AFeKAF ABEMJFH@ (dbKAB\HBMJ@); am – 
ABEMKJKO dbKAB\HKMJB JKeK, lK OTFMDaBOKAFHDd 
SBOMUT HFTU[DJ@ OTFM^ m (EK\BAHhn 1,0 FkK 
AAKEDJ@Mc HF KMHKAB FS\BK\HDW EFHDW); |Km| – 
ADfHF`HDO bFJ\DIB Km. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

5DM. 2. 7J\^OJ^\HF MWUbF EKMTBE[UHHc fbBH 
S\DkUeKAKP JU\DJK\BP `FMJDHD \B`OD 'HBMJU\ 

>\DHIDSKADb A OKHJ\KT@KAFHBd OTFMD-
aBOFIBP n ADkB\ MDeHFJ^\. :TFMFbD ETc EKMTBE[UH-
Hc MT^e^AFTD: AKEHB Kk’nOJD, TBMD, J\FA’cHDMJF JF 
O^lKAF \KMTDHHBMJ@, fFk^EKAF, \BTTc JF KeKTUHB 
t\^HJD. (F fHBbO^ Landsat 8 2018 \KO^ EKEFHK 
OTFM EK\Be, KMOBT@OD PW SKO\DJJc k^TK SKO\FlUHK 
B AKHD `BJOK BEUHJDaBO^AFTDMc.  F MJFJDMJD`HDbD 
EKMTBE[UHHcbD \BfHDW FAJK\BA [Phiri 2017, 
Perumal  2010] KSJDbFT@HDbD AUTD`DHFbD  MDe-
HFJ^\ ETc OTFMBA n OBT@OBMJ@ OFHFTBA SKbHK[UHF 
HF 100 SBOMUTBA.  'Tc Landsat 7 – kTDf@OK 700 
SBOMUTBA, ETc Landsat 8 – kTDf@OK 1000 SBOMUTBA. 
(FdkBT@mB J\^EHKlB ADHDOFTD S\D ADkK\B 

 %$UZ,[" Pansharpening 

8+"X,m)["g)k \Ul'"t%`_ \" d%$UZUd 
d"[X,d"+_`Un W)'Ui)Z`UX$) 

C$WU'%``k X,i`"$]' 

4%\]+_$"$, [+"X,m)["g)n 

SU')W`k+_`,u "`"+)\ U$',d"`,e '%\]+_$"$)W 

E,l)' [UXd)a`,e \`)d[)W 
 
8UXd)a`,u \`)dU[ 

Landsat 8 (2018) 
 8UXd)a`,u \`)dU[  

Landsat 7 (2000) 

C$WU'%``k X,`$%\UW"`,e \Ul'"t%`_ 






















































































































































































































































































































































































































































































