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4$". SKAKKDID FTeK\DJb ETc ADfHF UHHc
FS\BK\HKP KIBHOD JK™HKMJB O"JKADW UTUbUHJBA fKAHBm-
H@KeK K\BnHJ*AFHHC 1Da\KADW fKK\F [UH@ KI\DbFHDW f
g>;1.  %UZ,[". oK\bATD ETc KIBHOD JK™HKMJB
UTUbUHJBA fKAHBMH@KeK K\BhHJMAFHHC ADFHF™FhJ@hc fF
EKSKbKeKh SKWBEHDW a”HOI8d kFeFJ@KW floBHHDW, cOB n
\KFA’cfOFbD MDMJUb TBHBAHDW \BAHCH@. pB MDMJUbD
KEUW ["hJ@Mc KUFSKMUNUEHBb EDaU\UHIBhAFHHCh \BA-
HcH@ fA’cfO™ SF\FbUJ\BA JF AWBEHDW EFHDW. 4%\]+_$"$,.
—I\DbFHB \KKK'8 aK\bTD c08 EFhJ@ bK[TDABMI@
ADFHF™UHHCc FS\BK\HKP K IBHOD JK™HKMJB 0"JKADW UTUbUH-
JA  FRMIKMWAAFHHCD SKWBEHDW HUCAHK fFEFHDW aHO18d
JF S\KAUEUHF FS\KKF I8¢ fFS\KSKHKAFHKeK FTeK\DJb” HF
OKHINKT@HKb” S\DOTFEB, \UFAT@JFID cOKeK SBEJAUNEDTD
AB\HBMJ@ ADOTFEKO. <"JLUW" ~UW,\™". \KKTUHK ADABE
akK\b~T cO8 EFhJ@ bK[TDABMI@ ADOKHFID FS\BK\HA
KIBHO™ JK™HKMJIB UTUbUHJBA fKAHBmMHE@EKeK K\BnHJ“AFHHC
1Da\KADW fKK\F[UH@ ADOTh Fh™D SKWDkOD BK ADHD-
OFhJ@ ™ OTFMD™HKb” bUJKEB KIBH 1B JK™HKMJIB S\D fFMIK-
MAAFHHC  KKUNHUHKP aKJKe\FbbUI\D HKP fFMB™OD ETc
SKKEDHKOKeK fHBbOF. S*"'[$,a™" \""a]b)X$_. —k DM-
TUHHC FS\BK\HKP KIBHOD JK HKMJE fFS\KSKHKAFHDb
MSKMKkKb EFMJ@ bK[TDABMI@ KBT@M JK™HK ADFHF FJD
OKK\EDHFJD JK™KO HF M IUAKMJ.

M,H=1:* J,1:": KUFSBTKJHDd TBIFT@HDd FSF\FJ;
1Da\KAF fHBOFT@HF OFBUNF, ~FMJIDHHB SKWBEHS, KKUNHUHF
bFI\DIc.

EX$]lc

YK[TDAMIh fFMIKMAAFHHC KUFSBTKIHDW
TBJFT@HDW FSF\FJBA (g>;!) A cOKMJB HKAKeK
TFMKK™ KI\DbFHHc akKJKe\FbbUJ\D HKP BHaK\-
bFI% n HUEKTBOD EAKW J\FEDIBAHDW MSKMKKBA
KIN\DbFHHc EFHDW: fF EKSKbKeKh OKMbB™HDW
MASAJHDOBA B SKABJ\CHDW SBTKJIKAFHDW FSF\FJBA,
F MFbU, bK[TDABMIJ@ fHBbFHHc f HUAUTDODW
ADMKJ B KUFSKMUNUEH@K A \FdKHB Kk'nOJBA, KJ\D-
bFHHC fHBOBA ADMKOKP \KfEBT@HKP fEFJHKMJB,
TFMIKMAAFHHC A TKHFW HFEFAD™FAHDW MDJAFIBd
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kUf \DfDO” ETc [DJJc B fEK\KA'C SBTKJBA, \UHJF-
KUT@HBMJE@ [, TKIKA 3., 2016].

(UKKWBEHK fFFHE DD, BK JUWHKTKesc
FUNKfHBbFHHC f g>; 1 HF M@KeKEHBmHBd EUH@
A KMHKAHKD” ABES\F 10KAFHF, KEHFO n BU EKN-
JFIHEK S\KKTUb, AD\BmUHHh cODW SKJ\BKHK
S\DEBTDJD "AFe” [,FTUI@ODd 3., 2012; ,TK-
JKA 3., 2010, 2013, 2014].

—EHBnh f S\KKTUDb fEMIKMAAFHHE g>; 1 ETc
ADMKOKJKHKeK OF\JKe\Fa"*AFHHC n HU bK [ TDABIJG
A MIFHKATUHHC HF 1DW FSF\FJFW JK HKP NDMIUbD
MIFKSTBFEI® B ADFHF UHHC OJKADW UTUBUHJBA
fKAHBMHEKeK K\BnHJMAFHHC fHBbOBA (INS). 3 JKd
[U “FM SDJFHHC MIKMKAHK ADFHF™UHHC TBHBAHDW
UTUDUHJBA aF0JD HK \KFA'CfFHK KMOBTGOD AU
EUOBT@OF \KOBA SKMSBT@ fFMIKMKA®I@NC HF g>; !
EAKW ~FMJIKIHE GPS S\DdbF 8 JK ™ HBIlJ@ ADFHF~UHHC
OKK\EDHFJ 1UHJ\BA S\KUOIBd cODW MceFn AU HU
KST@MU EUCBTGOKW MFHIDDUJNBA.  BHmKeK kKON
ADOKHnJ@NC S\UIDTAHU OFTBK\AFHHC OFbU\, BIK
fEKUFSU™An ABESKABEH™ JK HBMJ@ ADFHF™UHHC UTU-
DUHJBA ~ AHAJNBMHEKeK  K\BnHIMFHHC.  —J[U,
SBENNDKANN ™D AD BUADOTFEUHU HUKKWBEHK FOTUH-
JNAFID MAFe” HF JU, BK ADHDOFn HFeFT@HF S\Kk-
TUBF S\K EKMTBE [UHHC ATFMHU O7JKADW fHF UHG@
UTUDUHJA FKAHBMH@KEK K\BNHIMFHHC, FABEJFO B
S\K FS\BK\HA K1BHO™ JK™HKMJB 1DW UTUDUHJBA.

"FHF SKMJFHKAOF fFEF™8 ABEDBHHF ABE OTF-
MD HKP DUJKEDOD. O ADFHF UHHB eUKEUfD™HDW
OKK\EDHFJ JK KO Kk’n0J” ballIUAKMB FOTUHIANnJG-
Mc SDJFHHC PW EUaBHBI®, cOU AD\Bm nJ@Nic f EKSK-
bKeKh BIJUNFIBdHKeK S\KIUMA [ K\K[DHV@ODd,
2008]. HF UHHc OKK\EDHFJ fHRWKECJ@NC £ JK™ Hl-
Jh Kk DMTUH@, cOF HU bK [U eF\FHIAFID HUKKVBE-
HA JK HBMJ@ ADFHF™UHHC AD BUAOFFFHDW OKK\ED-
HFJ. TEU Ic JK HBWIG ADFHF™Fnd@hc JK™ HBMJh AD-
bE\NAFHHC, COF HU KUNU A~ FIJB A Kk~ DMTUHHCW. 1K-
E3 18 SKWDKOD bK [HF AHKVMDJD A ~DMTKAB fHF~UHHC
PBESKABEHDW MSKMJUNULUH@ JF KI\DD/MFID HKAB
OKK\EDHFID. (F KVHKAB 1@KeK A SKEFT@MKbA
bK[HF FAKKDJD ADMHKAKO S\K bK [TDA JK™HaMJe
Kk DMTUH@. ¥ TU JFODA SBEWBE n ~DMJK S\FOID HDb
3 HU EFn bK [TDAKMJB AMIFHKADJD FS\BK\HA K 18HO
JKHKMB. 1KbA HDLU fFS\KSKHKAFHK  MSKVBK
\KF\KKTUHDd FAJK\FID AD\SMUHHc JFOKP fFEF 3.

3DOK\DWIFHHC g>; ! ETc I8TUd FU\KaKJK-
fdKbOD EFn \cE SUNUAFe S\D KSUNFIDAHBA KK\KK I8
BHaK\bF 1% JF EKMJASHKMJ P KINDbFHHC. SFKb f
JDb AWIFHKADJD FSF\FIHDb NSKHKKKD SFAFbUJ\BA
\UFATRIFJBA fdKbOD HU S\UEMJFATcnJ@Nc bK[TD-
ADb, JFO c0 BIH*NJ@ KkbU [UHHC HF fFAFHIF [UHHC
g>; 1. 1Kb” nEDHDb MSKMKKKD ADFHFUHHC UTU-
bUHJRA fFTDMFnJ@Mc J\FEDIBAHU ETc FUNKaKJK-
fdKbOD ~\BAHNAFHHC a"HO 18 HUA’CfOD, SKKAEKAF-
HKP cO \3fHDIc ADNFWAAFHDW fHF UH@ JF EFHDW
MSKMJUNU [LUH@, JKKJK \KfeTcEFnJ@hc aHO IBc (1):
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1)

3\FIKANN ™D FFTULHBWG SF\FbUINBA -, 7, 1,
ABE UTUDUHJBA TKAHBMHKeK K\BHIMAFHHC, bK [HF
FFSDMFJD:

3(4151617819:1 ;<) -nmop:>7 + @A +B

Co(EFG) 1 Ic(LMN))PQR(STU), !

w(xyzp 13-( " 0)$he (" Ox)

vaxyz) 13- 18 0,8 @

1KEB UTUbUHJID ADfHF FnbK fF ~bKAD bBHS-
brb™ a”HoI (2) fF IDbD fbBHHDbD 4
,A,B, Cp, B, Gy ¥SF\FJ ADfHF"UHHc 1DP UTUbUH-
JBA \KA\KKTUHDd EKMOKHFTK. 1Kb” HUbFn
SKINUKD A \Kf\Kk I8 HKADW FTeK\DJbBA .qEDHU,
B K HUKKWBEHK- IU SU\UAB\DJD MJUSBH@ HFKTD-
[UHHc a™HOIB (2), F JFOK[ SK bK[ TDAKMJB
KEU\[FJD ~JK HUHB fHF UHHc SF\FbUJ\8A f
EKSKbKeKh SFOUJN MATKAD, HFS\DOTFE, fF
EKSKbKeKh S\Ke\FbD Minimize.

3DfHF UHHc UTUbUHJBA fKAHBmMH@KeK K\BnH-
JMAFHHC HU EFn ABESKABEB HF K1BHO™ JK™HKMJB PW
ADfHF~UHHc, KMOBT@OD A aK\b~TB (2) HBEU HU
ate™\*"hJ@ AD\FfD IDW SKWDKKOQ. 1Kb”™ HFABJ@
ADFHF UHB f AUTDOKh JK HBMJh fHF UHHc UTU-
bUHJBA K\BnHJ"AFHHC-1U BU HU SKAHB PW fHF~UH-
Hc. -BT@0BMJI@ fHF-~EBDW IDa\ A KMHKAHKb” fF-
TU[DJ@ ABE JK™HKMJB KINDbFHHc EFHDW MSKMJU-
\U[JUHHc. >\KMJBmU OF [*~D, HUKKWBEHF FS\BK\-
HF KI8HOF JK™HKMJB.

" Tc MS\K B UHHc AAUEUbK SKfHF~UHHc:

= (K. My, Op, Qr, STy W) = (4, W, X, Y2, [\, 1) (B)

100K ABEKbE a”HOI8 ETc UTUbUHJBA K\BnH-
JMAFHHC, F\e”bUHJD cODW EFHB MSKMJU\ULUH@
JKkJIK

Y, ={ G- ) (F)

JK FS\BK\HF KIBHOF JK™HKMJ8 ADfHFFnJ@Mc
JFO

18 = "l %8O /023 (A)

THFTBID HK ADfHF™DJD fA'cfKO (F) bB[
UTUbUHIFbD  fKAHBMH@KeK K\BnHJ"AFHHC JF
SF\FbUJ\FbD EFHDW HUbK[TDAK. 1Kb” S\cbK
HU bK[HF fFSDMFID akK\b"T~(D). >\KJU fFAF-
[DbK, BK A (D) AWKEcJ@ HU MFbB a”HOIBP, F PP
SKWBEHB 1Kb” SKMJFn fFEF™F PW ADFHF UHHc HF
KMHKAB AD\Ff" (2).3DcATcnJ@Mc, BK JUK\Bc
a”HOIBd kFeFJ@KW fbBHHDW EKfAKTcn IV
f\KkDJID

>\DAUEUbK FTeK\DJb AD\BmUHHc EFHKP
fFEF8. (FMFbSU\UE, KMOBT@OD AUTD DHD (e)
ADfHF FhJ@Mc f ~bKAD bsHBb~b” a”HOIBP(1),

ADOKH”nJ@Mc HUKKWBEHF ~bKAF bBHBb/NbA:
89(::,..&2) =0

>7@

@)

I (YZ[V1* Cab)deg(ghi;)

+qr+s¢g+u

+,(--/0)125(4567)89.(;<=) '

7DMIUb” \BAHCH@ (3) EDaU\UHIBhnbK SK
SF\FDUJ\FW K (x=1,..,r). Myh 3 \UFAT@IFJS
KEU\[AnbK r TBH3JHDW MDMJUb \BAHCH@,

HUASEKbDBD cODI n 2%
WX (17,..., N _ -f gde ﬂ+ st _
1" "ap = Fyiji Opg  UVyXyz ( 4)
o$) — .- @4_ 20A —
&% <=>/0,23489.  BCpEFg
3 bFI\D HKb” ADeTcEB KMJFHHBd AD\Ff
bK [ HF fFSDMFJD:
H IJ = KLl (5)
EU
0PQ
M= NRSTU\ANX'
Y,2=1.2,..6,
&
cd,m
L= AN
—4
]hljk
q's
L ©)

5KfA’cfOD X B n HUKKWBEHDbD UTUbUHJFbD
ak\b~TD (8), SK c08d AMIFHKAThnbK SKWDkOD
ADFHFUHHC  UOMIUHJ\DMDJUJBA ~ fKAHBMH@KeK
K\BnHJMAFHHC.

3BEDBIDLK KEH™ KMKKTDABMI@ \KFA’CFAAFHHC
MDMJUb (6). 1FO cO bFJI\DIc S\D HUASEKbDW n
HUfbBHHKh ETc AMBW MDMJUb, fbBHhhJ@Mc TDmU
MIKAKUI@ ABT@HDW ~TUHBA. 1Kb™ PP HFAF\"HBmU
\KfA’CFAAFID bUJKEKD KKUNHUHKP bFINDIS.

$ =& O« (7)

3 SKEFT@MKb” \KFA’cfOD (7) ADOK\DMJIK-
A”bK ETc KIBHOD JK™HKMJB ADFHF UHHC OKK\-
EDHFJ HF bBMIUAKMIB fF aKJKe\FbbUJ\D HDbD
EFHDbD.

= KK\EDHFJD HF bl 1UAKMJ8 ADFHFFnbK fF PW
fHF~UHHCbD HF fH8bO~, S\D Kb” ETc KEHKFHF-
HKMJ8 KU\UBK cO bsHBb™o EAF JFODW

. ~/01,, + 487 + 85;<-, + 24B + CER

" HKLy, + OBR+ SPWl, + 2]+ 4

— _ efhiz, Indparfuv,yzd}~ 'y 9)
d $§* (yut,2/01345¢,89:<=>0

_ EEHI, + LJi0 + PESTy, +WYZ + [
~ Bede, + gij + kfno,, + riu+ vy,
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>KWDKOF ADfHF*UHHc AUTD™DH {;,}-~ A  "UHHc UTUbUHJA fKAHBmMH@KeK K\nHJ"AFHHC.
KMHKAHKD”  KKAbKATUHF  HUJK HBMIh  ADfHF-  1Kb” bK[HF fFSDMFJD JFO:

= Sy 1 69 ¢ + Dk P 4+ gRST “ag' gl -
!.#_$%§(* 2ot 46 +9== '7A+D KMNO+Q xz}\+AbCZ‘e gk

U " % /0 5
Ky, = no%t vﬁ+x%~ | H# &) A 69, + _—A CEE+G M Of,. (10)
F IDbD aK\b"TFbD ETc KEHBnP f KSK\HDW 25, ¥ 6,0+ 5>
JK KO ADfHF FnbK eUKEUfD™H8 OKK\EDHFJD JF - RS
JK™HBMJI@ PW Kk~ DMTUHHC: ) Er = Gy, + JK_ + No,QRs
Sr+Vi =Y+ 1~ " T =My +YZp + 1~ "
Cy + Fy, = 1k + My p0r ABEOD bK[HF fFSDMFID KMJFJK™H~ KIBHON
S, t Wy, = Zg(ly + )+ LB+ T JK™HKMJB ADFHF ™ UHHC OKK\EDHFJ:
Cq, = fggin0 Ps, +tm{ 3 o+ |%§$) +/ +01238 +'>@ABG , + Nﬂv XYy
- bcdh + %v z 4 i$%&* ++ 3459 .
1~ = By +os U w8 & 7073 Séy,
__ __70a.F LM vzp 2 ¢ hiz P
ST _>ﬁE G, + K_NR T, + X_E be,, + gﬁ[:;O qllist.
1 S\Kk”nbK S\DAUEUHDd FTeK\DJb HF HFMJ"S- N"G,-2C 2
HKb” S\DOTFEB: 8UU"Z,™"$, ~* d)XghWuxs)
R X(b) Y (b) Z(0)
8-z, "s, )d[e 4000 8200 560
| fHBbKO 11 HBbKO 7500 8200 620
X(bb) | Y(bb) X(bb) Y (bb) 4000 4700 550
1.00667 | 72.18669 | -69.80381 | 71.35737 7500 4700 450
72.38724 | 74.87595 | 0.66186 70.66853 4000 1200 520
2.86812 | 1.58912 -70.82057 | 0.89677 7500 1200 500
72.86676 | 3.44247 -0.40984 | -0.16835
4.71226 | -68.35269 | -71.6926 | -69.32638 >K IDW EFHDW ADfHF~UHB8 UTUBUHJD fKAHBmH@KeK
74.8817 | -66.71167 | -1.46932 | -70.19804 K\BnHJ*AFHHC EAKW FHBDOBA:
N"G,-?C 3
Z+hdih™$, \UW )™ _UiU Um)j $Tw~k \N)dDwW
r 4 v w Xy(2) {1(b) }-(b)
1 +0 50 +0'26" +1731° 4000 4700 10500
2 0%07¢ 0703 052" 7500 4700 10497.7
N"G,-2C 4
SUe, I[, Ula,X+%™ Kk %+id% ™ $)W \UW )™ _UiU U™)j $w" "k
r +4 ”_ -/ 04,(b) 345(b) 67,(b)
1 1.334° 1.54° 1,575 0.0308 0.061 0.029
2 0°1.184° 0>1.184’ 092.489" 0.055 0.041 0.154
N"G,-?C 5
E,\™"a%") [UU"Z,™"$, $Ua[, d)Xghwux$)\" 2>, d, mUSU\™)d )W $" Ug)™ [** $Ua™UX$) ne W,\™"a%™ ~k
(FfAF Bc(2) Dec(2) G:(2) 1,(2) Lu(z) Nop(2)
—SK\HF JK™OF 4000 0.077 8200 0.171 559.999 0.38
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9 \UfAT@IFIE KS\FINAFHHC fFS\KSKHKAF-
HKeK MSKMKk” bK[HF f\KkDJD HFMJ"SHB ADM-
HKAQD:

1. FS\KSKHKAFHK MSKMBk FS\BK\HKP K1BHOD
JK"HKMJB ETc ADfHF UHHc O~JKADW UTUbUHJBA
TKAHBMH@KeK K\BnHJ"AFHHC 1Da\KADW fHBbOBA
F\KKTUHDW f g>; I f bUJKh ADOTh UHHc SKWD-
kKO S\D KI8H1B JK™HKMJB OTFMD ~"HDb bUJKEKbD.

2. 7SKMBk FS\KKKAFHDd HF bFOUJHKb” AfB\-
1UAB; KI\DbFHB fHF UHHc SKWDKKO O”JKADW UTU-
bUHJBA fKAHBmMH@KeK K\BnHJMAFHHC cOB HU SU\U-
AD 1"hJ@ EKS""MJIDbKeK fHF UHHC — 3"[].

3. >U\MSUOJDAKh SKEFT@mDW EKMTBE [[UH@ n
KI\DbFHHc \KKK™DW aK\b~T ETc AMBW UTUbUHJBA
K\BnHJ"AFHHc fHBDOBA ETc KMJIFJK HKP FS\BK\HKP
KI1BHOD JK™HKMJB S\KMIK\KADW OKK\EDHFJ JK“KO
bBM IUAKMJB.

CSGC18 EG814GC@><GH 7R/4/3

,FTUI@0Dd 3. "\”eDd UJFS UOMSU\DbUHJFT@HDW \KkBJ
FU\KfHBbFHHC MBT@M@ODW HFMUTUHDW SAHOJBA g>; I /
3. ,FTUI@0Dd, 3. ,TKJIKA, 3. -KTBMHB UHOK, —. >\K-
WK\™0, . pU\OTUAD™ // ,UKBHaK\bFIBdHDd bKHBJIK-
\DHe HFAOKTDmH@KeK MUNUEKAD IF GPS i GIS JUWHK-
TKeBP: fk. HFM0. BFIUN. XV YB[H. HF"O.-JUWH.
MDbSKf3 b, — (1T~ mJF, AUNUMUH@ 2012). — ; @ABA. —
2012. - 7.274-277.

, TKIKA 3. THFTBf B SUNMSUOJDAD Fn\KaKJKfHBbFHHc f
g>;1 /3. ,TKIKA, 1. pU\OTUAD™, 3. - KTBMHB™UHOK,
—. >\KWK\"70. // ,UKBHaK\bFI8dHDd bKHBIK\DHe
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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

HlotovlV. , Fys? 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;
camera, partial derivatives, inverse matrix.
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3DOKHFHK EKMTBE [UHHc SKOFfHDOBA AF\BFIBP f
bUIKh PW fFMIKMMAFHHC A KIBHIB HUNMWKbKMJB. B
SKOFfHDOD MT”e~hJ@ O\DJU\BcbD S\FAKbB\HKMJB JF
UaUOJDAHKMJIB JBnP =D BHMKP MINOJM\DFF I8P \DHO®, BK
EKMTBE [*nJ@Mc, fAF[Fh D HF JU, BK A \UfAT@JFJB
MINMOJM\DFFIBP  bFn  bFOMDbBfMAFIDMc  EDMSU\MBC
aF0JK\HDW KfHFO B bBHBLBfAFJIDMc EDMSU\MBC \UFATG@-
JFIDAHKP KFHFOD. 3DOKHFHB EKMTBE[UHHc EKfAKTchJ@
AMIFHKATRAFJID fFeFT@HB fFOKHKIB\HKMJB \KFSKEBTUHHC
IBH HF Kk’n0JD HU\"WKbKMJ8 JF SBEADB"AFID bB\A
KEHK\BEHKMJB MNOASHKMIB FF \FWAHKO ADOTh™UHHC f HUP
Kk’nOJBA f HUWF\FOJU\HDbD ADMKODbD D HDf@ODbD
I1BHFbD.

M,H=1:* J,1:": KIBHOF HU\"WKbKMJB8; SKOFfHDOD
AFN\BFIBP; \BAUH@ 1B8H; EDHFbBOF 1BH; \DHOKAF AF\JBMJ@;
MUNUEHNn FkMKThJHU ABEWDTUHHc; EDMSU\MBc; MUNUEH@K-
OAFENFJD™HU ABEWDTUHHC; OKUaB 18nHJ AF\BF 18P.

EX$]lc

P1J$"01:9" E(1G,&B-. “Tc ADOKHFHHC
EKMTBE [UHHc HUKKWBEHK KO\UMTDJD \DHKO, EK
COKeK HFTULFJ@ "eKED JF Kk’nOJD HU\"WKbKMJB,
MIKMKAHK cODW 1B ”~eKED ~OTFEFTDMc, JKKJK
ADEBTDID Kk’nOJ  MSKMJU\U[UHHc; AMJFHKADJD
BHEDABE"FT@HB cOBMHB JF OBT@OBMHB KfHFOD KEDHDI@
MSKMIJUNU[UHHc, BK Kk'nEH”n “D ABEN\BfHCn PW ABE
\UmJD \DHOKADW KEDHDI@ JF MDMJUbFJDfAFJD
KEDHDIB MSKMJUNU[UHHc fF fHF*~BDbD cOBMHDbD
JF OBT@OBMHDbD  KfHFOFbD, JKKJK  S\KAUMID
MINFIDaBOFIBh 7~eKE B/°D Kk’nOJBA HUN\"WKbKMJIB JF
ADCADJD  AfFnbKfA’cfKO bB[ IDbD KfHFOFbD
[,kF\ s.,2018 ]. RO",D 31J,*3/6&01 $"
0&:-(*T&0* ="J$-0- D"U", 1014 E(1G,&B-. —IBHOF
HUNMWKbKMIB  kFfAnJ@Mc  HF  EAKW  S\DHIDSFW
aK\bFT@HKP TKeBOD: S\DHIDSB SKEBKHKMJB — ETc
SK\BAHCHHC Kk"E@-cODW Kk’nOJBA HUKKWBEHK SKOF-
fFID, BK AKHD bFhJ@ MSBT@HB KfHFOD; S\DHIDSB
ABEDBHHKMJB — ETc SK\BAHcHHc SKEBKHB Kk’nOJD
SKADHH8 bFJD KfHFOD, fF cODbD PW bK[HF
\Kf\BfHCID [#F\\BVMKH ,.,1994]. "Tc JKeK, BKk
SK\BAHCHHC Kk"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™AFJIDMc fF
HFAAF [ TDABmDbD, BMIKIJHDbD KfHFOFbD. >K\BA-
HcHHe bK [ U fEBAMHNhAFJDMc cO fF OBT@OBMHDbD, JFO
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3 fF COWHDbD KFHFOFD “eKE JF KK’nOJBA MIKMKAHK
CODW AKHD ~OTFEUHB [O\DEBFH ™ [, —\E~fd (.,1995].

8$" 31J,*3/600C. THFTBF BHakK\bF I S\K ~eKED
JF Kk’n0JD, MIKMKAHK cODW 18 ~eKED ~OTFEFhJ@Nc,
EKfAKTcn KK DNMTDJD JF S\KFHFTBFAAFID JDSKADd
\BAUH@ 18H, K MOTFANMC HF \DHO” ETc SUAHKP e\"SD
Kk’nOJBA. ™Tc AD\BmUHHc I8P fFEF B, HFbD ADOK-
\DMJFHK MJIFIDMID H SKOFFHDOD, BK WF\FOJU\D-
£AhJ@ ~Mh WA0ASHBMI@ KEDHD 1@ NSKMIUNU [UHHc fF
DE\FOD TUHINFT@HKP JUHEUHIB JF bBHTDAKMJB (AF-
\SFIB). HF UHHc MIFIDMID HDW SKOFFHDOBA EKSK-
bFeFhJ@ MOTFMID fFeFT@HU ~cATUHHC S\K KKhce
\DHO”, BHJUHMDAHBNJ@ \DHOKADW S\KIUWBA JF PW
foBHA FFTUHK ABE OKHONUJHDW ~bKA bBMIc B “FiA,
pb SKOFFHDOD MJAK\hhJ@ HUKKWEHA KFfA ETc
ADCATUHHC  AfFnbKFA’cfOr DB \BAHUb 1IBH JF
WF\FOJU\DMIDOFbD "eKE d KKnOJBA ABESKABEHK
[*\FSBOKAM@ODd —., ¥AFHKAF %, 1UNURUHOK (.,
2015].

Uz, [

3DFHE DJD HFMOBT@OD MAOASHBMIE Kk’nOJBA
HU\WKDKMJB n KEHK\BEHKh fF IBHKNh  OASBATS-
S\KEF[~ D K\UHED bK[HF fF EKSKbKeKh SKOFf-
HDOBA AF\BF 18, BK WF\FOJU\Df*hJ@ MIASBH@ bBHTD-
AKMIB FHF™UHHC 1BHD ~ \BFHDW KK’nOJBA MAOASHKMJB.
1FO8 SKOFFHDOD t\"HJ*hJ@Nc HF fBMIFATUHHB BHED-
MBEAFT@HKeK fHFUHHC I8HD OK[HKP f KEDHDIQ
MAOASHKMIB  JF - MUNUEH@KeK fHFUHHC IBHD A
MAOASHKMJB.

"Tc FHETSF AF\BFI® I13H KEDHDI@ MAONS-
HKMJB FEMIKMKANNJI@ JFOB SKOFFHDOD, cO: MUNUEHN
FKMKThJHU  ABEWDTUHHC, EDMSUMBC,  MU\UEHGK-
OAFENFJD HU ABEWDTUHHC JF OKUaBIBnHJ AF\BFIB
(\DM.1) [ \FSBOKAN@ODd —., 2015; ,"kF\ s., 2020].

)", W) g

A 4 A 4

Ch*%Z"j _ Ch*%Z"
“IXU+S$ h Lk Wz s, a.
WZze,+% "k ch™X) WZe,+h“k

A 4 \ 4
Y
8Ukm)g)j " $
W)"gy

5DM.1. >KOFfHDOD AF\BF I8P
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K[ HDd f 1DW SKOFfHDOBA ADOKH”n MAKh a”HO-
18h:
1. 7U\UEHn FkMKThJHU (FkK MU\UEHn TBHBAHU)
ABEWDTUHHc AOFf~n HF MOBT@OD A MU\UEH@Kb”
OK[HU fHF UHHc 1BHD ~eKED ABEWDTcnJ@Mc ABE

MUNUEH@KP AUTD " DHD:

é|pi _ﬁ|

d="~" (1)
n

EU P - MU\UEHn fHF UHHc IBHD “eKED ETc
MAONSHKMJB KEDHD 1@ HUNMWKIbKMJB;
P; — BHEDABEAFT@HU fHF UHHC IBHD i-P KEDHDIB

MAOASHKMJB;
N — OBT@OBMJI@ KEDHD 1@ MAMONSHKMJB.

2. "DMSU\MBc — MU\UEHBd OAFENFJ ABEWDTUH® ABE
MUNUEH@KeK \BAHc I8HD:
n
) 2
alp - p)
s 2 = i=1 (2)
n

3. CU\UEH@KOAFEN\FJD"HU ABEWDTUHHC
OAFE\FJHDd OK\BH@ f EDMSU\MB, — n bB\Kh
HFEBAHKMJB MUNUEH@KP AUTD " DHD:

[e] —
a(p -p)
= (3)
n
§00K ADHDOFn SKI\UKF SK\BAHCJD DB\D KEHK-
\BEHKMJB \BFHDW MAOASHKMIUD, JK fFMIKMKANNJ@
OKUaB 18nHJ AF\BF I8p:

u=3-1000 Fk u=S-100%. ()
p p

HF~UHHC OKUaBIBnHIN KAEU AOFFAAFID HF MJA-
SBHE@ KEHK\BEHKMJE MAOASHKMJIB KEDHDI@ MSKMJU-
\U[UHHC (JFKT.1):

N"G,-2C 1
C$]c)™_UZ U™)Z Ux$) X][1c Ux$) Uz, ,g_
XCUX$H ™It~ ~K

-KUaBIBnHJ AF\BFIBP, % | 7J"SBH@ KEHK\BEHKMJB
bUHMU 17 FKMKThJHK KEHK\BEHF
17-35 EKMIFIH@K KEHK\BEHF
36-40 HUEKMJIFJHEK
KEHK\BEHF
41-60 HUKEHK\BEHF

— UADEHK, BK HFABJ@ ~ ABEHKMHK KEHK\BEHB
e\"SD bK["J@ SKI\FSDJD Kk’n0OJD HU\"WKbKMJB f
HUWF\FOJU\HK ADMKODbD FKK HDf@ODbD IBHFbD, BK
n HUSKOFfKADBD f KeTcE™ HF freFT@HB JUHEUHIBP JF
TFOKHKbB\HKMJB B JKb™ SBE ~FM K\eFHBFF I8P MSKMJU-
\U[UHHc fF IBHFbD ADHDOFn HFEAF[ TDAU fFAEFH-
Hcb, F MFbU SBEAD BUHHC bB\D KEHK\BEHKMJB M~O/-
SHKMJUd Kk’nOJBA HUN\"WKbKMJB fF \FWAHKO ADOTh-
“UHHc f HDW Kk’nOJBA f HUWF\FOJU\HDbD ADMKODbD

8
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D HDf@ODbD IBHFbD. >\D 1@Kb~ HBWJK HU
MJAUNE[”n, BK JFOB IBHD n HUKK’nOJDAHDDD,
KEHFO, KUFSUNUHK, AKHD fFAF[FhJ@ ADCADJD
FFeFTAHS FFOKHKDB\HKMJ.

3D\BmDJD S\KKTUb” ADOTh UHHC JFODW Kk’nO-
JBA DK [HF, MOK\DNMJFAMDM@ SKOFfHDOFD AF\BF I8.
i0 S\FADTK, ETc KEHK\BEHKP fF IBHFDD "eKE
MAOASHKMIB KEDHDI@ HUNWKDKMIZ S\DIFOFHHD
HK\DbFT@HDd \KfSKEST, ETc cOKeK WF\FOJU\HDb n
KEHFOKAF OBT@OBMJ@ KEDHDI@ 8 fHF UHHcb IBH
ADRU B HD["U MUNUEH@KP PP AUTD DHD, F f HFKTD-
[UHHch EK MUNUEH@KeK FHF UHHC IBHD F\KMJFn
“FMIKIJF KEDHDI@ MAOASHKMIB. ,\FaB HK O\DAF
HK\DFT@HKeK \KFSKEETA WWK[F HF EfABH (\DM.2)
[SUNKAD™ ;., ,"kF\ s., 2016].

—J[V, HK\DFT@HDA \KFSKEET bFn ABESKABEFJD
EAKb ADbKeFb:

- MDBUJ\RP KEHFOKABD  OBT@OKMJB
HD["U 8 AD U MU\UEH@KP AUTD ~DHD;

- UOMIUN~ — SUNUAF [FHHC A MAO7SHKMJ3 KEDHDI@
3f fHF UHHCh KFHFOD, BK HFKTD[FnJ@Mc EK
MU\UEH@KP AUTD " DHD.

SUNUAB\DJD ABESKABEHBMJI@ \KFSKEBTA HF HK\-
DFTEHBWJ@ bK[HF fF EKSKbKeKh MSUISFT@HDW
O\DJU\A bFJUDFIDHKP MIFIDMIDOD, HFS\DOTFE,

fF EKSKbKeKh O\DJUNSh >B\MKHF ( ¢?).

KEDHDI@

0,2 /// \\\

" / \
Ll 6826% ||
95,44% !

99,73%

5DM. 2. (K\bFT@HDd \KFSKEBT KEDHD 1@
MAONSHKMJB fF SUAHKh KfHFOKh

10 BK \KFSKEBT fF IBHFbD Kk’nOJBA HU\"WKbKMJB
A MNONSHKMIB (e\SB) kTDF@0Dd EK HK\bFT@HKeK, JK
ADT~A™DJID Kk’nOJD f HUWF\FOJU\HK HDf@ODbD "D
ADMKODbD 18HFbD HUAF[OK. 1UK\UJD HK ABEKDK,
cOF “FMJDHF KEDHDI@ MNONSHKMIB f HK\bFT@HDb
\KfSKEBTKb SKSFEFn f SUAHKh dbKAB\HBMJh A
BHJUN\AFT, bULFbD cOKeK n \8fHD 1B bB[ MU\UEH@KNh
1BHKh JF MUNUEH@KOAFE\FJID “HDb ABEWDTUHHcb, BK
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AfcJU ABESKABEH" OBTAOBNIG \FRA (P - ks ; P+ks).
WHA JFO FAFHU «S\FADTK JNGKW MBeb», f cOKeK
ADSTDAFN: cOBK M (p) — bFJUBFID™HU K B0MAFHHC

ADSFEOKAKP AUTD~DHD, BK bFnHK\bFT@HDd \KfSKEST,
JK  dbKAB\HBMI@ P  SKSFEFHHc A  BHIU\AFT

(M(p)-3s; M(p)+3s) MIFHKADJ@ f JK HEMJh
EK “UJAUNJKeK fHFOM 0,9973. —EHDb Bf ADEBA
MIFIDNID HKP KIBHOD bFJUDFJID™HKeK K BOMFHHC n
MUNUEHC F\DabUJD HF AUTD™DHF (). 7UNUEHGK-

OAFE\FJD™HU ABEWDTUHHC JFOK[ bK[U kAJD KIBHUHU
fF UbSA\D HDbD EFHDbD. 1KE8 A MJIFIDMID HKbA
STFHB «S\FADTK J\GKW Mgeb» KFHFFn, BK cONK
UbSB\D™HDd \KFSKEST ABESKABEFN HK\DFT@HKDA, JK A
BHIUNAFT (P -3s ; P+3s ) A MUNUEH@KDb™ SKSFEFn

KTDfGOK  99,73% KEDHDI@ MAOASHKMEB,  JKKJK
S\FOJD™HK Alc MAOASHBIIG.  JDW MFIDW bENOMAFH, A
BHIWAFT  (P-2S; P+2S) A HUNUEHEKbN

SKI\FSTcn 95,44%, F A BHIMNAFT (P-S; P+S) -

68,26% KEDHD 1@ M O"SHKMJB.

—JLU, aFOJD"HDd ABEMKJKO SKSFEFHHc bK[U
ABEN\BfHCJDMc ABE HFAUEUHDW fHF UH@, KMOBT@OD A
\UFT@HKMJB HUbFn BEUFT@HK HK\bFT@HDW \KfSK-
EBTBA, KEHFO KUf~bKAHK, BK Bf ADT”"UHHcb Kk’nO-
JBA f HUWF\FOJU\HDbD HDf@0DbD d ADMKODbD 18-
HFbD M~NJJnAK SBEAD I MAFIDMc KEHK\BEHBMJI@ MMNONS-
HKMJB, BK, A MAKh ~U\e”, AF[TDAK ETc OK\UOJHKeK
ADOK\DMJFHHC bUJKE™ MUNUEHBW AUTD™DH ["\F-
SBOKAM@ODd —., %YAFHKAF %., 2U\U BUHOK (., 2015].

7U\UEHC 18HF SKADHHF \KA\FWKA"AFJDMc EAB™B:
MSK™FJO™ fF AMBbF Kk’nOJFbD JF SBMTc ADOTh “UHHc
Kk’nOJBA f HUWF\FOJU\HDbD ADMKODbD B HDf@0DbD
IBHFbD fF HFAJDSKABMKh “FMIDHKh Kk’nOJBA, BK
fFTDMDTDMc SBMTc aBT@INFIBP. 7UNUEHc F\DabuU-
JD"HF IBHF, \KF\FWKAFHF ETc JDSKAKeK EBFSFfKH"
IBH (P-S; p*+S) K"EU KTDL U EK bUEBFHHKP
IBHD B ABESKABEHK PP fHF UHHc k~EU HFdKK’nOJDA-
HimDb, BK SKAHBMIJh ABESKABEFn HK\bFJDAHK-
S\FAKADb FOJFb 90\FPHD.

AMN]+_$"$,

3DOK\DMIKA*h™D  ADBUHFAUEUHB  JUK\UJD"Hs
ADOTFEOD \KfbB\ K\UHEHKP STFJD ETc 20 SKEBKHDW
Kk’nOJBA HU\"WKbKMJB fF MINSUHUb PW KEHK\BEHKMJB
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P(131:/¢800C $"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

3 én)l(pi - ﬁ)z
_a Py s?=12 72,35
p="—=145
n
Ch"%Z> _U[W"Z""$,a % 8,50
Wze,+%"“k(S)
8Ukm)g)j ~$ W' ") "gn, % (U) 5,86
—k™DMTUHU fHF UHHc OKUaBIBnHJ™ AF\BFIBP

MABEDJ@, WK K\UHEHF STFJF ETc I8nP MMONSHKMIB
Kk’n0JBA HUNWKDbKMJB n FKMKThJHK KEHK\BEHKh (
U =5,86<17).

7J"SBH@ KEHK\BEHKMJB (AF\BFI8) EKfAKTcn JF-
OK[ KI1BHDJD \BAUH@ \DfDO™ KI\DbFHHc EKWKE" ABE
S\KEF[BA D HFEFHHc A K\UHE”™ Kk’nOJBA HU\"WK-
bKeK bFdHF. F \UfAT@JFIFbD FHFTBf* TKOFT@HKeK
\DHO" HU\"WKbKMJB ABEKbK, BK K\UHEHB MJFAOD
(e\H. fF b? ~ biNMc1@) ETc bFeFfDHBA 1 8 3 fF KMJFH-
HB EUMcJ@ \KOBA (JFKT. 3). (UKKWBEHK AMJFHKADJD,
cODd Bf HDW \DfDOKAFHBmU ABEEFAFJD A K\UHEA.

(JFKT. 2).

N"G,-7C 2

AUN""e] UL [Wm)g)j ~$1 W =)"g)n "U\d)*] U™% 2 Un
c+'$, Z+k cUZ)1™ e UIj[SW “h]eldUxs)

r /S | 5KFbB\ K\UHEHK? _n IRV
STFJD e\H. fF b? Pi-P (pi - p)
1 2 3 4
1 145 0 0
2 138 7 49
3 159 14 196

N"G,-2C 3
1% Z7) X$"W[, UIj [$W ZUX+)Zt%™ "k
5K0D YFeFfDH 1 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 1

_ 852+59+57 +58+50+§
P, = $/10=56
455457 +61+50+56

YFeFfDH 3

__@47+55+58+52+61+9
Pg = g /10 =56
+60+54 +57 + 62 + 58

—-JLU, fFeFTKb KKDEAF bFeFfDHD S\KJceKb
10KeK SU\BKE™ bFTD A MUNUEH@Kb™ KEHFOKAB MJIFA-
0D K\UHED, KEHFO fF IDb SKOFfHDOKb HU AF\JK
\KKDJD KMJIFIK™HDW ADMHKAQOBA. >\KJU, MINSBH@ AF-
\BFI® IDW MJFAKO EDMSU\MBc,  MU\UEH@K-
OAFE\FJD™HU ABEWDTUHHC JF OKUaB18nHJ AF\SFIB?, —
k™A \8fHDd (JFKT. 4)

N"G,-?C4
4U\""e] “UL [U%m)g)j ~$] W"")"gh
5KOD | —\UHEHB NJFAOD D - D (p, - p)
e\H./b?( )
1 3 1 3 ] 3
1 52 47 -4 9 | 16 81
2 59 55 3 1 9 1
3 57 58 1 2 1 4
4 58 52 2 -4 4 16
5 50 61 -6 5 36 25
6 55 60 1 4 1 16
7 57 54 1 2 1 4
8 61 57 5 1 25 1
9 59 62 3 6 9 36
10 56 58 0 2 0 4
Cla” 102 | 188
S? 102 | 18,8
Ch%Z™_UDW'Z™"$,a % 319 | 4,34
Wze,+% k(S )
8Utm)g)j ~$ W *)"g), % (U) 5,7 7,8

—J\DbFHB \UfAT@JFJID KKk DMTUH@ (JFKT. 4) MABE-
“FJ@ S\K KBT@m ADMKODd \BAUH@ \DfDO" KI\DbFHHc
EKWKE” ABE K\UHED ETc bFeFfDH" 3.

"K SKOFfHDOBA EDHFbBOD 1BH ABEHKMcJ@Mc BHED-
ABENFT@HD  BHEUOM  IBH, BHEUOM flbBHHKeK MOTFE™,
BHEUOM aBOMKAFHKeK MOTFE”, BK bFn SKIK™HK-FAF [UH"
JF KFfDMHK fAF[UH~ aK\bD. SKA\FWAHKO JFODW
SKOFFHDOBA EKFAKTcn ABEMIU[AFJID WF\FOJUNHB floBHD
A IBHFW ONSBATB S\KEF[ JF K\UHED JF ADfHF FJD
ASTDA fhBHD aFOJK\HDW KfHFO HF EDHFIBO™ 18H.

E,X UW[,

S5KA\FWAHKO SKOFfHDOBA AF\BFI® EFn fbKen
AMIFHKATNHAFJID fFeFT@HB fFOKHKDB\HKMJIB \KfSKEB-
TUHHc 18H HF Kk’nOJD HU\WKbKMJB JF SBEAD I “AFJD
DB\ KEHK\BEHKMJB MAMONSHKMIB fF \FWAHKO ADOTh-
“UHHc f HUP Kk’nOJBA f HUWF\FOJUNHDbD ADMKODbD
"D HDf@ODbD 1BHFbD. 3DOKHFHB EKMTBE [UHHC
bK["J@ MT”e™AFID O\DJU\BcbD S\FAKbB\HKMJB JF
UaUOJDAHKMJIB JBnP ~D BHMKP MINOJIM\DFF I8P \DHO?,
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IK EKMTBE[”nJ@Mc, fAF[Fh'D HF JU, BK A \U-
fAT@IFIB MINOIMNDFF I8P bFn bFOMDbBFAFJIDMC EDM-
SU\MBc aFOJK\HDW KfHFO B bBHBBFAFJIDMc EDM-
SUN\MBc \UfAT@JFIDAHKP KFfHFOD. 5BAHKh bB\Kh 1U
MIKMnJ@Mc SDIFHHC SKEBKHKMJB Kk’nOJBA, Kk\FHDW
ETc SK\BAHCHHc.

CSGC18 EG814GCA@><GH 7R/4/J

, UKEUFD"HU fFkUfSU™UHHC JF “EKMOKHFTUHHC bUJK-
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QgA\KSD», 2020 — 326M.
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S\FA JF S\KauUMBdH™ KIBHK H™ EBCT@HEMI@ A
OO0\FPHB” ABE 2001, 47, MJ.251).
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(.—. 1TU\UBUHOK. — >11 «3BSKT», 2016. —
512M.
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2016. — 296M.
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ANALYSIS OF PRICES OF VARIATION OF
THE PRICE LEVEL AND THEIR DYNAMICS

Hubar! * Y.

1 * The Department of Cadaster of Territory of Lviv
Polytechnic National University, 12 Bandera, Lviv, Ukraine,
79013, E-mail: Yurii.P.Hubar@Ipnu.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

'Arshad Yashar, 2Firidun Taghiyev, 2Bahruz
Nuriyev, ?lzzat Talibov

tAgro 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
FAQ’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://mww.fao.org/uploads/media/grass_stats_1.pd
f].

Using FAQ’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://imwww.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://mww.agro.gov.az/uploads/documents/1/noM
d5a02nDIwWgMRCyTsPdDPPXLXZ2bwkk4DprYOl
.pdf]. There are the following problems in managing
these pastures:
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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
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 GI1Z
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.

intensive  animal

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
guantity 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).

NDvI = B8~ B4 (1)
B8+ B4
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. RV, an earlier ratio index known for
its sensitivity, has also been included.

RVI = B8
B4

()

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:/Ivip.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:

(NIR - RED)
(B8+C,*B4-C,*B2+L)

@)

EVI =G*

where the coefficients adopted in the EVI algorithm
are, L=1, C1=6, C2=7.5, and G (gain factor) =2.5.
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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 (V1) and
slope inclination (SI)

Completel Less

deg fadedy Degraded durable Durable
Sl <10 <10 <10 <10
VI <0.2 0.20-0.25 >0.35 | 0.35-0.40
Sl 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
Sl 30-60 30 -60 30-60 30-60
V1| 0.25-0.30 | 0.30-0.35 | 0.40-0.45 | 0.45-0.50
Sl > 60 > 60 > 60 > 60
VI | 0.30-0.35 | 0.35-0.40 | 0.45-0.50 | >0.50

12

Vegetation indeces, slope inclination, LULC and
test data were processed according to the
methodology in table and figure (Tab.1 and fig.1).

Sentinel-2 data

NDVI, RVI, EVI
Classification

Weighted Overlay

Degradation
assessment &
classification

Test data

Reclassify

Export map

Fig.1. Description of methodology
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Results of study show that durable area of
common area is less than 50% (fig.2).

Eroslon level

I Complataly degradad
B Degraced

[0 Less durable

B Duratle

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.
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- FaUE\F eUKBHaK\bFJDOD JF aKJKe\FbbUJ\#?, - DPAM@ODd
HF IBKHFT@HDd ~HBAUNMDJUJ K”EBAHD 1 JAF B FAWBJUOJ/\D,
>KABI\KaTKIMEODd S\KMSUOJ, 31, - DPA, QO\FPHF, 03037, E-
mail: lidiya.plyska@gmail.com

YUJF \KKKJD SKTceFn A \KP\KkI8 bUJKEDOD
\KF\FWAHOA JK HKMIB \FMINKADW DKEUTUd EFHDW S\K
AINFID FOSTBIAED \FEBKMDeHFTA fRMKKFDD eUKBHaK\-
bFISAHKP MDMIUbD ArcGIS. YUJKEDOF EKMTEE [UH@
KFfAnJ@lMc  HF KK DMTUHHB  MUNUEHGKP OAFENFID ™ HKP
SKWDKOD EFHDW A EUIDKUTFW. =Tc MJFIDMIDHKeK
SK\BAHCHHC fHF UH@ A COKMJS UJFTKHA ADOK\DMJFHK
i (1=

B S\K AJ\FID FOSTBIAED \FEBKMDEHFTA, \KF\FWAHKO cODW
KFfMAFANIC HF IDa\KARd  DKEUTS  \UT@na®,  BK
SKKAEKAFHF HF KMHKAS JKSKe\Fas™HDW OF\J bFMmJFkA
1:2000. — 18HOF JK HKMJB S\KAKEDTFM@ ETc EFHDW S\K
AINFID FDSTBJAED \FEBKMDeHFTA, KMHKAKh \KF\FWAHOA
CODW KATD ABEONDJB EFHB S\K \UT@na baii1UAKMJ, F MFbU
SRTM AU\ 3, Aster GDEM2 JF ALOS World 3D
AUNMEP 32H=1:% J,1:": pY'5, FOSTBIAEF \FEBKMDeHFTA,
ArcGIS, SRTM, MUNUEHC OAFENFJD ™ HF SKWDKOF.

EX$]lc

(FcAHBMI@ eTKKFT@HDW  KFf  JKSKe\Fas HDW
EFHDW A ABEONDJKb” EKMJI™SB \KkDJ@ bK [ TDADb PW
fFT~"UHHC EK \BfHDW MaU\ HF~OD, AD\KKHD 1JAF JF
S\KbDMTKAKMJB. (U n ADOTh UHHcb B JUTUOK-
b HBOF 18dHB JUWHKTKeBp.

10 ABEKbK, KMHKAKh STFHMAFHHC JF KSJDbBF I8P
MIBT@HDOKADW  JUTUOKb”HBOFIBAHDW ~ bUNUL n
HFMINSHB  eUKS\KMIK\KAB EFHB: IDa\KAF bKEUT@
\UT@a” (pY5), OTFIU\ JF ADMKJIHDd OTFJU\, EK
S\UEMJFATUHB ~ ADeTcEB \FMI\KADW bKEUTUd EFHDW
[>\DbF0, 2018]. oK\bFJD eUKS\KMIK\KADW EFHDW
JF \UOKbUHEFIB? BKEK ADKK\”™ OKbB\OD EFHDW A
TFTULHKMIB ABE JDS™ JUNDJK\BP HFAKEcJ@Mc A EK-
0"bUHJFW-EKABEHDOFW SK UOMSTAFJFIBP S\Ke\Fb-
HKeK fFkUFSUTUHHc ETc KSJDbBfFIBP \FEBKbU\UL.
" Tc S\DOTFE”, SBE “FM STFH"AFHHC JF KSJIDbBFF 18
\FEBK™FMIKIJHDW bUNUL A bU[FW AUTDODW JU\DJK-
\Bd (O\FPHF, KKTFMJ@, \FdKH) \UOKbUHE”nJ@Mc
\KfbB\ OKbB\OD 20-50 bUJ\BA.

3 bULFW AOFfFHKeK \KfbB\"* OKbB\OD HFJABEK-
bBmDbD  ABEO\DJDbD eTKKFT@HDbD HFkK\FbD
EFHDW S\K \UT@na bBMIUAKMIB n SRTM AU\MBP 3.0
(C¥71, \FEBKTKOFIBAHB JKSKe\FaB HB EFHB S\K
ADMKID fUbHKP SKAU\WHB), Aster GDEM2 (METI,
(171, MIUNUKIKSKe\FaB™HB EFHB S\K \UT@na
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TUbHKP SKAUNWHB HF KMHKAB OKMIbB™HDW fHBOBA Aster)
JF ALOS World 3D AUMB® 2.2 (JAXA, MIU\UK-
JKSKe\FaB™H8 EFHB S\K \UT@na fUbHKP SKAU\WHB HF
KMHKAB OKMboB™HDW fHBIOBA Alos).

BHMKP MIK\KHD EBFSFFKH Kk\KkOD \FMJ\KADW
bKEUTUd EFHDW fFMKKFbD  eUKBHaK\bF IBdHDW
MDMIUb KMJFHHBb “FMKb fHFTHK \KFfmD\DAMc fF
\FWAHKO ~ \KfADJON  HFS\cb0”  OTFMDaBOF I8
\FMINKADW fKK\F[UH@, HFCAHKMJB ~ ABEO\DJKb"
EKMINSB  1Da\KADW bKEUTUd \UT@na”, HFCAHKMJB
ABEON\DJDW kBkTBKJIUO ETc KK\KKOD \FMJ\BA JKHEK.
>\KABEHDbD eUK8HaK\bFI8dHDbD MDMJUbFbD ETc
\KKKJID fF \FMJ\FbD n ArcGIS f \KfmD\UHHcb
Spatial Analyst, SAGA GIS, Grass GIS. 1FO0,
HFS\DOTFE, A [7bFT8d""0, 2016] f\KKTUHK KIBHO"
\FMI\KADW  IDa\KADW bKEUTUd \UT@na”™ A
SK\BAHCHHB f SKT@KADbD ADbB\FbD; A [(F\K[HFc,
g™\c0, 2016] ADOKHFHK KIBHO™ bK\aKbUJ\D™HDW
SF\FbUJ\BA 1Da\KADW bKEUTUd \UT@na” HF KMHKAB
MU\UEH@KP OAFEN\FJD~HKP SKWDKOD.

—MOBT@OD S\Ke\FbHK-FHFTBID HF STFJaK\bF, BK
\UFTBfAn \KA\FWAHKO AJ\FJ FOSTBINED \FEBKMDeHFTA
HF KMHKAB OF\JKe\FaB HDW EFHDW, Atoll EKfAKTcn
UOMSKN\J  \KF\FWKAFHDW EFHDW A shp-aK\bFJ, 1U
\KkDJ@ bK [ TDADb S\KAUMID MJFIDMID™HK-FHFTBID™HB
\KA\FWAHOD JKHKMJB EFHDW S\K AJ\FJD FbSTBINED
\FEBKMDeHFT" fFMKKFbD eUKBHaK\bFI18dHDW MDMJUb,
S\D I@Kb™ A\FWMAFAMD SKAHM Fe\UeFIBh EFHDW A
bU[FW SUNUEFAF"F.

Uz, [

FAEFHHcb EKMTBE [UHHc n KS\FIhAFHHC UOM-
SK\JKAFHDW AUOJK\HDW EFHDW S\K AJ\FJD FbST8-
JAED \FEBKMDeHFT~ f S\Ke\FbHK-FHFTBJID HKeK
OKbSTUOM™ Atoll. 7J\"OJ*\F EFHDW HFAUEUHF A
1FKTDIB 1.

3 CcOKMJB UJFTKHHDW kATK AfcJK EFHB, \KF\FW"-
HKO cODW kFf~AFAMc HF 1Da\KABd bKEUTB \UT@na",
IK SKKMEKAFHF HF KMHKAB JKSKe\FaB HDW OF\J
bFMmMJFK™ 1:2000. — IBHOF JK™HKMJB S\KAKEDTFM@
ETc EFHDW, KMHKAKh \KP\FWAHO™ cODW kA TF
IDa\KAF bKEUT@ \UT@na™ AW3D30.
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5DM. 1. 7I\*0J"\HF MWUbF EKMTBE [ UHHC

" Tc S\DAUEUHHC \FMJ\KADW EFHDW A bU[FW
KEHKeK SU\UEFAF™F EK KEHKeK \KfbB\", K"TK ADOK-
\DMJFHK \UOTFMD&BOF I8h fHF~UH@ UJFTKHHDW (bFJ-
\DIc) JF EKMTBE [“AFHDW EFHDW (bFJ\DIc) HF bFO-
MDbFT@HU fHF UHHc AJ\FJD FbSTBJMED \FEBKMDe-
HFT~ (1) JF SKEFT@mU SUNUWNUMHU Kk’nEHFHHC
EFHDW f \UOTFMDaBOKAFHDbD fHF~UHHcbD (2)
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bKEUTB EFHDW S\K AJ\FJD FbSTBJED \FEBKMDeHFT/,
TKMKThJHN SKWDkOMN - . (Eg) K~TK ADfHF-
“UHK fF aK\b~TKh (3).
7U\UEHh OAFE\FJD H" SKWDKON m ADfHF-
“UHK fF akK\b~TKh , FAF (4).

/70 = 1p345-6 3)

7=8"2 4)

EU n — OBT@OBMJ@ OKbB\KO, HNK ABESKABEFhJ@
ABESKABEHKDb” fHF UHHh AJ\FJD FbSTBJMED \FEBK-
MDeHFT/. AOFf~nJ@Nc.
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>U\UAB\O” eBSKJUFD S\K HK\BFT@HDd \KFSK-
EBT FKMKThJHDW SKWDKKO ADOKHFHK fF 0\DJU\Bnb
AeKE[UHKMIB >B\MKHF (5) [3FMDTUHOK, 7UHF,
2012]:

> ARDEFGH\ I
" (5)
EU QSTW — JUK\UID HF dbKAB\HBMJI@ SKSFEFHHC
fHF~UHHC S\K AJ\FJ” \FEBKMDEHFTA A *-d BHJUNAFT
\KfbB\Kb 1 Eg; pi — UbSB\D HU fHF UHHc dbKAB\-
HKMJ8, ETc HFmKeK ADSFEO™ S\DdHcJK fHF UHHc
STKEB JUNDIK\® A OAFE\FJHDW OBTKbUJ\FW, K
SKONDAFnJ@Mc ~ ABESKABEHDb  fHF UHHc ~ AJ\FJD
FhSTBIAED \FEBKMDeHFTA

_> -

4]+ $"$,

3WBEHDbD EFHDbD ETc \UFTBfFIBP KSDMFHKP
bUJKEDOD k~TD EAF shp-aFdTD, OK[UH f cODW
bBMIDA SKTBeKHD f8 fHF “UHHcbD AJ\FJD FbSTBJNED
\FEBKMDeHFT~ ETc 26 kFFKADW MIFHIBA f \KFJFmK-
AFHDbD HF HDW 72 SU\UEFAF~FbD. 5FdKH \KkBJ —
bBMIK  ;@ABA TUHINFT@HF ~FMIDHF, K\BnHJKAHF
STKHEF 10 Ob?.

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

5FMJUNDTFI8c EFHDW ETc OK[HKeK SU\UEF-
AF"F S\KAKEDTFM@ a”HOI8nh Polygon to Raster,
SKSU\UEH@K ABEMK\JMAFAmMD EFHB SK SKTh
THRESHOLD a”HOI8nh Sort. 4%f-fF AUTDOKP
OBT@OKMIB aFdTBA kATK ADOK\DMJFHK SFOUJHAN
Kk\KkO" fFMKkFbD ModelBuilder.

—k”DMTUHHC MUNUEH@KP OAFENFJD ~HKP SKWDk-
0D fF aK\b"TFbD (1-4) JFOK[ KATK \UFTBfKAFHK
SKK"EKAKh bKEUTB A ModelBuilder f fFT~ UHHcb
JFODW a”HOI8d ArcGIS cO Reclassify, Mosaic To
Raster, Raster Calculator, Zonal Statistics as Table,
Add Field, Calculate Field, Summary Statistics.

>BEJAUNEJUHHC  eBSKJUFD  S\K  HK\bFT@HDd
TFOKH \KfSKEBT” FKMKThJHDW SKWDKKO S\KAUEUHK fF
EKSKbKeKh OFT@0"TCIK\F, BK \UFTBFfKAFHDd A [-—-
«(KAyd MUbUMI\», 2019]. >U\UAB\OF eBSKJUfD ETc
AF\BF 18dHKeK \cE” SK O\DJUN\Bh ~feKE [ UHKMJB >B\MK-
HF SKOFFFTF, BK HUbF S\D DH ABEODEFJD KMHKAH"
eBSKJUFA S\K HK\bFT@HDd fFOKH \KFSKEBT,

KHI\KT@ Kk DMTUH@ S\KAUEUHK A bU[FW
KEHKeK SUNUEFAF"F mTcWKb UOMSK\JN \FMI\N A
JFKTD HDd ADeTcE, JF SBE\FWAHON MJFJDMJIDOD
fFMKKFbD Microsoft Excel. -KHI\KT@ Kk DMTUH@
SBEJAUNEDA BEUHJID HBMJI@ \KF\FWAHON MUN\UEH@KP
OAFE\FJDHKP SKWDkOD fFMKKFbD ArcGIS JF KKkTD-
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 KMIFJK™HB \UfAT@JFJID
Kk~ DMTUH® MU\UEHBW OAFEN\FJD~HDW SKWDKKO.

N"G,-?C 2
Ch™"%Z~k [W"Zz""$,a~" cle, I[", ZQ

SRTM v.3.0

Aster GDEM2
6,90 11,51

>K\BAHcAmD I8 fHF UHHc f EKS”“MJIDbDb:
6-7 Eg ETc fFk"EKAFHDW bBM@ODW JU\DJK\Bd [Par-
son, 1993], 10Eg ETc S\DbBM@ODW JUNDJIK\BP JF
15 Eg ETc MBT@M@OKP bBMIUAKMIB [Blaunstein, Cen-
sor, 2003], bK[HF f\KkDJD ADMHKAQD, BK

1. ADOK\DMJFHHc SRTM v.3.0 JF AW3D30
ETc I8TUd STFHMAFHHC JF KSJDbBFF 18P \FEBKbU\U [
n HF e\FHDIB EKS”MO™ ETc bBM@ODW JUN\DJK\Bd JF
KSIDbFT@HK bK[U ADOK\DMJIKA™AFIDM@ A S\DbBM@-
OBd JF MBT@M@OBA bBM I UAKMJB.

2. Aster GDEM2 EKIBT@HK ADOK\DMJIKAN-
AFJD ETc STFHMAFHHc JF KSJDbBfFIBP JUTUOKbA-
HBOF 1BdHDW MDMJUb A bU[FW MBT@M@ODW JF ABEON\D-
JDW JU\DJIK\Bd

Alos W3D
6,25

E,X UW[,

3 \UfTEJFIB EKMTBELUH® KATK \KFA\KKTUHK
bUJKEDO™ \KF\FWAHO™  MU\UEH@KP OAFE\FJD™HKP
SKWDKOD \FMJ\KADW EFHDW S\K AJ\FJD FbSTBJNED
\FEBKMDeHFT~ fFMKKFbD eUKBHaK\bF I1BdHKP MDMJU-
bD ArcGIS.

S5UFTBfFI18h bUJKEDOD ADOKHFHK fF EKSKbKeKh
BHMIN*bUHJF\Bh EKEFJO” Model Builder ETc ADfHF-
“UHHc ASTDA”™ cOKMJB 1Da\KAKP bKEUTB bBMIUAKMJIB
HF \KFf\FWAHOKAB fHF UHHc AJ\FJ FbSTBJMED \F-
EBKMDeHFT~. "Tc EKMTBE[UH@ cO UJFTKH KATK
ADOK\DMJFHK EFHB, \KFf\FWAHKO cODW kFf~AFAMc HF
IDa\KABd bKEUTB \UT@na”, BK SKK"EKAFHF HF KM-
HKAB JKSKe\FaB HDW OF\J bFMmJFk” 1:2000. — IBH-
OF JK™HKMJB S\KAKEDTFM@ ETc EFHDW, KMHKAKh \Kf-
\FWAHO™ cODW kATD ABEON\DJB EFHB S\K \UT@na
bBMIUAKMIB, 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 ABEON\DJDW EF-
HDW S\K \UT@na M IUAKMIB A STFHMAFHHB JF KSJIDbB-
TFI8 \FEK™FMIKIHDW JUTUOKb~HBOF 1BdHDW MDMJUD.

FS\KSKHKAFHF bUJKEDOF KIBHOD JK™HKMJB HF
KMHKAB ADKB\OD AUTDOKP \KfbB\HKMJIB ABESKABEFn
ADbKf8 MS\KbK[HKMJ8 MJFIDMID HKP KIBHOD, BK
SBEAD B /*n PP EKMIKAB\HBMI@ ~ SK\BAHCHHB f J\FED-
IBdHDbD «JFKTD HDbD» bUJKEFbD ADKB\OD bFTKP
\KfbB\HKMIB JF ~IJK Hhn FHFT8f EFHDW, EKMJ~SHDd
A FHFTBID HK S\Ke\FbHBd STFJakK\bB ETc STFH~-
AFHHc JF KSJDbBfFIBP \FEBKbUNU[ Atol; F JFOK[
bK[ U k”JD ADOK\DMJFHF ETc k”E@-cODW \FMJI\KADW
bKEUTUd EFHDW S\K HUSU\U\AHB AUTD~DHD (\UT@na,
JUbSUNFIMNF JKBK).
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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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-FaUENF akJKe\FbbUJ\8? JF eUKBHaK\bFJDOD, (FIBKHFT@-
HDd ~HBAUNMDJUJ « ; @ABAM@OF SKTBIJUWHBOF», ANT.7.gFHEUND,
12, b.;@ABA, 9O0\FPHF, 79013, +38(063)1671585, e-mail:
chetverikov@email.ua

YUJKh \KkKJD n KfHFdKbTUHHC f bUJKEDOKh
MIAKNUHHC eUKBHaK\bF IBdHKP MDMJUbD OKHIUHJ\F-
18dHDW JFKKN\BA HFIDMIM@OKP ((BbU™"DHD A QA\KSB
SUNBKE™  1941-1944 \KOBA.  FS\KUOJKAFHF ,%7
AOTh™Fn SKTBeKHFT@HS Kk’nOJD bUL OKHIJFKK\BA JF
FINDk~JDAH” BHaK\bFI18h: HFfAF OKHIJFKK\”, O\FPHF,
JDS JFKK\”™, “FM BMHMAFHHC, OBT@OBMJI@ A’cfHBA JF
0BT@OBMI@ fHDRUHDW ThEUd, OK\KJOF BMIK\D HF
EKABEOF. “Tc KKk’nOJBA ETc cODW AEFTKM@ fHFAJD
MWbD B STFHD AUOJK\DfFIBc bUL S\KAKEDTFM@ fF
IDbD bFJUNSFTFBD. *Tc \UmJD Kk’nOJBA, bU[B
ADfHF FTDMc FKK fF HFcAHBMIh BMIK\D HDW bU[ HF
PBMTUAKMIB (KKTFMJKAFHB bUbK\BFT@HB OKbSTUOMD HF
OmJFTJ OKHIJFKK\™ T~ mABl), FkK fF F\WBAHDbD
KSDMKADBD bFJUNBFTFbD. 3 \UfAT@JFJIB S\KAUEUHDW
EKMTBE [UH@, KI\DbFHK 83 SKTBeKHFT@HDW Kk’nOJF
bUL OKHIUHI\FIBdHDW JFKK\BA f 15 O\FPH gA\KSD,
1 K bFOMDbFT@HK HFKTD [UHB EK \UFT@HDW.

M,H=1:* J,1:": OKHIUHI\FIBdHDd JFkB\, BMJK-
\D"HF ,%7, OTFMDaBOFI8c JFkK\BA, OF\JKe\Fas HDd
KHTFdH \UM\M, FINDK~JDAHF kFfF EFHDW.

EX$]lc

F EFHDbD fABJ™ 1967 \KO™ OUEUNFT@HKeK
bBHBMIUNMIAF ~ AHANINBmHBW  MS\FA  (8bU™ "DHD
HFTB™~NAFTKMc 1634 OKHIUHJ\FIBAHDW JFKK\BA B
PW  SBENKFEBTBA HF fFWKSTUHDW HFIDMJFbD
JU\DJK\BCW. —EHFO fF bFJUNBFTFbD gA\UdM@OKP
ABNJNFT@AHKP KBKTBKJUOD HFTB™~nJ@Mc KTDF@OK 15
000 OKHIJFKK\BA B PW SBENKTEBTBA, MJAK\UHDW HF
KONSKAFHDW JUNDJK\BcW. eKEKb KBT@maMJI@ f HDW
kA"TK  f\"dHKAFHK ~ MFbDbD  HFIDMJFbD.
[https:/iww.jewishvirtuallibrary.org/full-listing-
of-concentration-camps] “Tc JFKK\BA S\DMJK-
MKANAFTD ADSFEOKAB S\DbBBUHHc FkK bFdEFH-
“DOD S\KMJK HUKF, KeK\KE [UH8 OBT@OKbF \cEFbD
OKTh™KeK ENKJN 8 MIK\K[KADbD ADmMOFbD,
WF\""AFHHC k~TK [FWTDADb, “bKAD ~J\DbFH-
Hc — HUMJU\SHDbD.

\KfADJOKb 1Da\KADW JUWHKTKe3d, ~FMJK
MIAK\hhJ@Mc eUKBHaK\bFI8dH8 MDMJUbD BMJK-
\D"HDW SKEBd ETc fkU\U[UHHc JF ASK\CEO"-
AFHHc BHaK\bF I8 S\K HDW. 7U\UE BHmDW B8 ,%7
SKEBd " \”eKP MABJKAKP ABdHD.
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L7 mD\KOK fRMIKMKANhJ@MC A \BFHDW
HFS\ChOFW BMIK\D HDW EKMTSE [UH@, eKTKAHKh
ApKAKH cODW n S\KMIK\KAF S\DA'CFOF [, \DmDH,
2017].

>PENNDKANN D AMU AD BUMOFFFHU bK [HF
F\KKDJD ADMHKAKO, BK %7 MIFTF HUABE’nbHKh
“FMIDHKh BMIK\D HKP OF\JKe\Fa® 3 F\*"HDb
MUNABMKD ETc SKnEHFHHC F\WBAHDW B MA™FMHDW
DFJUNSFTBA. §OBK [ eKAK\DJID S\K , %7 HFIDMIVG-
ODW OKHIUHJ\FIBAHDW JFKK\BA, JK  HUKKWBEHK
fFFHF DD, BK EKVB [KEHF MJAK\UHF MDMJUDF HU
bEMJIDI@ FEUOAFIHDW bU [ BMIK\D ™ HDW Kk’nOJBA.

%"

YUJKh \KkKJD n KfHFAKbTUHHCc f bUJK-
EDOKh MJAK\UHHc eUKBHaK\bFIBdHKP MDMJUbD
OKHIUHI\FIBAHDW JFKK\BA HFIDMIM@OKP (BbU"-
"DHD A QA\KSB SUNBKE™ 1941-1944 \KOBA. F fF-
S\KSKHKAFHKh JUWHKTKeB HKh MWUbKh MJAK\D-
JD e\FaB ™ HK-FINDKJIDAHM MINNOIMA L 47,

Uz, [

"Tc \UFTBfFIBP SKMJIFATUHKeK fFAEFHHC
HFbD k~TD ADOK\DMJFH8 HFMJ~SHB AWBEHB EFHS:
43 F\WBAHB MWUbD 8 STFHD OKH IUHJ\F IBdHDW
JFKK\BA;
SUNUTBO HFAABEKIBmMDW HFIDMIM@ODW OKH-
TUHI\F IBdHDW JFKK\BA;
eBK\DEHF KHTFdH OF\JF MU\ABM~ Bing
AUK-MIK\BHOD f BMIJK\D HKh EKABEOKh S\K
OKHIUHJI\F I1BdHB JFKK\D;
JUOMJKAF EKABEOKAF BHaK\bFIBc S\K \Kf-
JFMMNAFHHC JFKK\BA.
{ Kk MDMJUbFIDfMAFID HFmB EKMTBE [ UHHC
KATF fFS\KSKHKAFHF  JUWHKTKeB™HF MWUbF MJAK-
\UHHc , %7 OKHIUHJ\F I8dHDW JFKK\8A (\DM.1).
>\DA’cfOF ABEHFAEUHDW MWUb B STFHBA
OKHIUHINFIBAHDW JFKK\BA ADOKHMAFTFM@ fF \Bf-
HKh OBT@OBMINh KSK\HDW JK™KO, ABE 7 EK 9, A
TFTU [HKMJB ABE MDJ/F 18P 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, 1Kk AUOJK\DfKAFHF BHaK\bF I8¢
NMeKE[MAFTEM@ T OF\JKh-KMHKAK .
YFOMDbFT@HF SKWDKOF S\DA’cfOD MJF-
HKADTF 11 bUJ\BA HF bBMIUAKMJB. —MOBT@OD, KBT@®-
mBMJ@ e\FaB HKeK bFJUNSFT~ HKMDTK MWUbFJD™-
HDd WF\FOJU\ B SU\UE HFbD HU MJFADTFM@ bUJF
HFEJKHKeK HFHUMUHHc Kk’nOJBA, F TDmU bFOMD-
bFT@HKeK HFKTD [UHHc EK \UFT@HKP OF\JDHD, HFM
1U fFEKABT@HDTK.
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5DM.1. TUWHKTKe8™HF MWUbF MJAK\UHHC , %7
OKHIUHJ\F 1BdHDW JFKK\BA

3BESKABEHK, AUOJK\DfFIBc bUL Kk’nOJBA
ETc 43 OKHIJFKK\BA S\KAKEDTFM@ fF e\FaB HDbD
bFJUNSFTFbD, ETc 26 Kk’nOJBA — fF bU[FbD, §K
fkU\UeTDMc, F ETc 14 — fF KSDMKAKh BHaK\-
bFI8nh S\DKTDfHDW bU[L, S\D 1@Kb”~ Kk’nOJD
aF0JD HK HU fkU\UeTDMc FkK JUNDJK\Bc JFKK\BA
TFFHFTF SBMTCAKnHHKP fFKNEKAD.

"Tc MDMIJUbFIDfFIBP BHaK\bFIB JFKK\D,
1K k"TK KS\FI@KAFHK OTFMDaBOKAFHK HFMIANS-
HDb “DHKb:

J\"EKAB JFKK\D;

JFKK\D MbU\JB;
OKHITUHJ\F 1BdHB JFKK\D;
SUNUMDT@HB JFKK\D;
eUJJK

I MFbF MJAK\UHF KFfF EFHDW Kk’nOJBA
PFTF HFMIASHA MINMOIMNA:

HFfAF  OKHIJFKK\™  (MDbAKT@HDd aK\bFJ
EFHDW, ABESKABEFN HFFAB JFKK\"Y),

O\FPHF (MDbAKT@HDd aK\bFJ EFHDW, ABESKABEFN
ON\FPHB HF JUNDJK\BP cOKP BMHNAFA JFKBY),

JDS JFKK\" (MDbAKT@HDd aK\bFJ EFHDW,
ABESKABEFn S\DfHF UHHh JFKK\" feBEHK
OTFMD&BOF 18P HFAUEUHKP AD R U),
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OBT@OBMJ@ fFeDKTDW (*DMTKADd aK\bFJ EF-
HDW, ABESKABEFN OBT@OKNMJ3 FHD N UHDW ThEUd
fF Kas 18dHDbD BIWJK\D"HDbD E [U\UTFbD)
OBT@OBMJ@ A’CFHBA (*DMTKADd aK\bFJ EFHDW,
ABESKABEFN OBTGOKMJB A’CFHBA, K be KEHK-
FMHK ~J\Db”AFJD JFKE\ fF KaslBdHDbD
3IK\D~HDbD E [U\UTFbD)
\KOD  BMHMAFHHC  JFKK\A  (MDbAKT@HDd
akK\bFJ EFHDW, ABESKABEFN \KOFb BMHAAFHHC
JFKK\),
MIK\BC  (MDDAKTGHDA  aK\bFJ  EFHDW,
bEMIDIG eBSUNSKMDTFHHC HF fKAHBmMHh AUK-
MIK\BHOA f BHaK\bFIBnh S\K Kk’noJ f
eTKKFT@HKP bU\U [B ¥HIUNHUJ).
F AUOJK\DFKAFHDbD e\Fas HDbD Kk’no-
JFbD B HFSKAHUHHCb FI\DK~JDAHKP JFKTD 18 EK
HDW MJAK\UHF ABESKABEHF e\FaB™HK-FJ\DK"J-
DAHF MJ\NOJANF L7, SKEFHF HF \DM.3. (F
\DNAHON S\KEUDKHMI\KAFHF OF\JF-KMHKAF f
MUNABMA Bing HF JUNDJK\Bh QA\KSD, HF cOBd
bK[HF SKKF DJD “~UNAKHB JK™OD, BK ABESKAB-
EFhJ@ fbUHMUHKbA fKK\F[UHHh SKTBeKHFT®-
HDW Kk’nOJBA OKH IUHI\F 13dHDW JFKK\8A. (D[-
U SKEFHK a\FebUHJ FI\DKAJDAHKP JFKTDIB
ETc EUOBTGOKW f 83 AHUMUHDW KK’nOJBA.

4n]+_$"$,

3 \UfT@JIFJIB \UFTBFF 18 SKMIFATUHKP bUJD,
HFbD KI\DbFHK eUKBHaK\bFIBdH" MDMJUb™ f 83
Kk’nOJFbD OKHIUHJI\FIBAHDW JFKK\BA HFIDMJIM@-
OKP (BbU™"DHD “FMBA =\"eKP MABJKAKP ABdHD.
>KTBeKHFT@HB Kk’n0JD JUNDJIK\Bd JFKK\BA SKfHF-
“UHK “UNAKHDb OKT@K\Kb Bf “UNAKHDb mJ\D-
WKb. >\D HFJDMOFHHB HF Kk’nOJB BHaK\bF I1BdHKh
OHKSOKh f’cATcnJ@Mc ABOHK f BHaK\bFIBnh S\K
Kk’n0OJ feBEHK fFS\KUOJKAFHKP MINNOJMD kFfD
EFHDW, F S\D S\KMJKb”~ HFJDMOFHHB HF SKTBeKHB
OHKSOKh bDmB SBEAFHJF[“nJ@Mc AUK-MIK\BHOF f
BHaK\bF I8nh S\K JFkB\ f eTKKFT@HKP bUN\ULB. (F
\DM~HOFW 2 JF 3 S\UEMJFATUHB S\DOTFED \KKKJD
,07. (F \DMMHON 2 SKEFHK S\DOTFE ABEKK\F-
[UHHc HFJABEKbBmKeK MAKPbD [FWBJJcbD B
bFMKADDBD AKDAMJAFBD JFKK\™ MbU\JB ¥”~mABl-
gB\OUHF”, BK fHFWKEDJ@Mc SKKTDf™ - \FOKAF ~
>KT@BB. (F \DMMHO™ 3 S\UEMJFATUHK S\DOTFE
ABEKK\F [UHHc JFKK\™ S\FI8 FOMUHeF~UH, BK
fHFWKEDAMc A bBMJUT0™ —\FHBnHk™\e SKKTDf"
gU\TBHF A (8bU™ "DHB. pUd JFKB\ ABEKbDd MAKPbD
A’cfHcbD. 9 H@EKb™ kATK "A’cfHUHK  1OKAF
7JFTBHF (EU ABH B k™A MJI\F"UHDd), F JFOKL
7 JUSFHF gFHEU\™.



"$e(*,- XXV */0" (13014 0"791:1-$&;0*=014 910>8(&0?* «@&1>1(7B-2020», 1-3 9:*$0C 2020 (197

Daiin Mpaska  Mporpaumel Obwextel 3anpoc  Tabnuya Hactpoiikn  Kapra Oxwo  Cnpaexa =
2 HE AR IJ\_QQQALML&{,S\Q’Y‘&.

LS Lo A Gt i B o e Lig=d M2 2] Bl s sdind Sl el el

~

W Aywsiy — Bikineain % Kils > - 0O

< C & ukwikipediaorg/wiki/Aywsiy, B § > O % |
G Best GIS Software .. ﬂ BpoHtoearHa rotenis n Facebook [ Lviv Building Age M. »

e

Biximemif AYIIBILL, fpes | pes ol

Binsua enyuicnonedia

e

4 ConcentrationCamps,BingH @

v Kocmerne

Ulical's<na

Marepian 3 Bitineail — einsHol edymrnonegil.
4 3MIHK ¥ LA BeCil oikyi0Ts Ha nepesipky. CTadinsHy Bepciio Oyno nepesipeHo 29
[ONOEHE CTOPIHKE gepecHa 2019
FIDT(.NHI nogit ° v
Hogi perarysansa
Hosi cTopiHim
Bunagrosa cTaTiA

Ayweiu-BipkeHay (HiM. KZ
Auschwitz-Birkenau, nen

Aywsiu-BipkeHay
HIMEUBLKHA HALMCTCLKMIA KOHLIEHT paL|iiHmiA

YuacTs VA i
AUSCiIWIZ) — 00WH i3 Tabip (1940-1945)
MopTan eninsHoth HalinbLLKMX KoHLTadopiB, T
Kemiina i Auschwitz Birkenau
0 iCHYBAB 3 KiHLA TPaBHA
Doeiaka :"940 Y 15‘19 y German Nazi Concentration and Extermination
A0 KiH 0
. MokepTEyEaTY " Pory Camp (1940-1945)
Wndoprauns Bina micTa OcseHUuMa
. . CaiToEa CnaniuvHa
Hazsa_ronurabopy: | Aywsiy-Biprenay | [ (Monblya). 3 KiHUR TpasHA
Kpaa: | Nonswa ] Flocsaiie o 1940 go ciyna 1945
Tun_tabopy:| Tafip cmepri, Tadip npaui | Toa'AzaKi penarysaHs BHKOPMCTOBYBABCA AK
KinekicTs_sarnBnmx: | 4 mo uuﬁ o CnewjansHi CTOPHKK HaqMCTChKVIﬁ KOHuTaﬁ!p. 3
KinskicTe_BR3HiS: | 400 D00 1 MocTilie nocunasHa CciyHA 1945 fo KiHYA 1949
Poriy_iceyBania_Tabopy: 18401345 'C"T"f;i"g”m ALY DOKY BHKODMCTOBYBABCA AK
IcTopiR: | hitps:i/ru. wikipedia.org/wikiQcagHuM EnemenT Biiaasin: PajRHCHKUIA KOHUTABIp @
<< |5 | Bee ConcentrationCamps .| *** LluTyBami cTopiHky Komnnexc of'eHyBas
1 cnoif eeibpan @ CTaTuCcTHra BifsigyeaHb

TPYNY KOHUTAOOPIE,

0 W 3axcenrayzen — Bicinegia X+

e

< C = B  ukwikipedia.org/wiki/3akcenra B @ > O % & L

4 ConcentrationCamps,BingH @ G Best GIS Software i.. E BpaHioBaHHa roTenis H Facebook [l Lviv Building Age M... »

v Kocmera

& By He yaiiluni fo cvcremin OfrosopertA Brecox CTROpHTH ofikoand sandc Yaiimu

Crarta | OBroRopeHHs Yuratu | Lllewv |n0LUyKyBiKi”9ﬂ.i" Q

Bikimemifl SaKCEHTaY3eH fsex |pss

Binbna enyuicnonedia

i BingHybr

Marepian 2 Bivinenii — einsHoi eHupnoneai.
6 amid y Uit Bepcil ouikyioTs Ha nepesipry. CTadinkHy BepCio Yo NEpesipeHo 7 IHomoeo
® TonosHa cTopiska 2018.
MoTouHi nogii ° v
Hoai pegaryeanHa
Hoai cTopiHKu .
BiNagko8a CTaTTR 3aKceHrayseH, 4u

o ‘3aKCEHraBaeH, iHKomM
Vindopmauma

] - YuacTs 3akceHrayeH-OpaHieHsypr —
Hasea_rowurabopy: Jarcerxayses _ [opTan cninsHoTH KOHUTAGIp y HiMeyuuHi, wo aias
Kpaika: | Himguunxa | Kiafina M 1936 1@ 1950 poxamu
Tun_rabopy: | tabip npayi | [Dosigka

) HazgaHui 32 QHOAMERHDI
KinbricTa_sarmnin | 100 000 Moxepreysatit % - i
JinsHuueto micta OpaHiendypr. 3

KinbkicTs_BR3HIE: | 200 000
2 1936 o 1945 Ta0lp NpoBAAHE

Poki_icHysanis_Tabopy:  1936-1945 ) | IHCTRYMEHTH
4 HaLlioHan-coLaNCTUYHIIA PEXIM PR .
IeTopia:  hitps:/iru. wikipedia org/wiki3arcenxays TOCINaHHA Clofn ! ? i P Bxin y Tadip &
Mosssaki penarysasss Y HIMEHHIHI AK Tadip ronoBHiM

<¢| > | Bee i ; :
ConcentisiunCans CnewiankHi CTopiHkm YHHOM [NA NONITB'A3HIB, & 3 1945

_ TT0CTifHE NOCUNaHHR N0 secHi 1950 Tadip NpoBagunM CTANIHCHK PAAHCKK CHITH, AKI AaNK HoMy
5DM.3. 3BEKK\F[UHHc f ,%7 JFKK\"™ S\FI8 FOMUHeF~fUH ((BbU™ ~DHF)

1 cnoit eeibipan
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—J\DbFHF ,%7 HFIDMIM@ODW OKHIUHJ\F-
IBdHDW JFKK\BA “FMBA =\"eKP MABJKAKP ABdHD bK[U
k~JD ADOK\DMJFHF  MSUIBFTBMIFbD, cO08 bFhJ@
BMIKND"HU  MS\cb”™AFHHC ~ MAKnP  EBCT@HKMJB JF
ABEEBTFbD KWK\KHD O"T@JM\HKP MSFE I DHD 90\FPHD
I KHFdbUHmMU. “FHF ,%7 bK[U k”JD EKSKAHUHF fF
SKJ\UKD BHMDbD Kk’nOJFbD, FE U A EKMTBE [ UHHcW
SKEFH8 TDmU 83 HFAABEKbBmMB JFKK\D, F PW AM@KeK
1634.

E,X UW[,

3 \UMT@JFB ADOKHFHHC  SKMJFATUHKeK
fFAEFHHC MJAK\UHF eUKBHaK\bFIBdHF MDMJUbF, BK
bBMIDJI@ 83 HFAABEKIBmMB HF I1DMIM@OB OKH IUHJ\F IBdHB
JFKK\D “FMBA = \"eKP MABJKAKP ABdHD, F MFbU:
J\"EKADW JFKK\BA — 24 ;

JFKK\BA MbU\JB — 19;
OKHITUHJI\F IBdHDW JFKK\BA — 22;
SUNUMDT@HDW JFKK\BA — 16;
eUJJK - 2.

7IAK\UHF ,%7 bBMIDJI@ e\Fab HB Kk’nOJD
SKTBeKHFT@HKeK JDS™ bUL JFKK\BA HFdKBT@m
HFKTD [UHB EK \UFT@HDW, F JFOK[[ JFKTDIh FI\DK"-
JDAHDW EFHDW f AD U\SHKh BHaK\bFItnh S\K
OK[UH JFKB\.

ABMHK [ OBT@OBMJ@ ABEKIbDW JFKK\BA n fHF "HK
kiT@mKh fF 83 Kk’n0JD, FTU bD HU bFnbK
EKMIFIJH@K BHaK\bFI8 S\K HDW. “FHF ,%7 k"EU
EKSKAHhAFJIDM@ SK bK[TDAKMJB HKADbD Kk’nO-
JFBD, FTU IU fFAEFHHC BU HU KEHKeK \KO™ \KKKJD.

7>/7-:3/:-5/711(—x ;%1*51195/

,\DmDH *.7. 1UWHKTKeDD D bUJKEDOF  S\D-
bUHUHDC S\KMI\FHMJAUHHK-A\UbUHHKeK FHFTDfF
A MSUIDFT@HK DMJK\D™UMODW , Z7-S\KUOJFW //
/MIK\D " UMOFc DHaK\bFJDOF. — 2017. — r 2. —

7. 74 - 84  DOI: 10.7256/2585-
7797.2017.2.23295
*TUOJ\KHHDd \UNMM [SULDb EKMINSA]:

https://www.jewishvirtuallibrary.org/full-listing-
of-concentration-camps

*TUOJNKHHDd ~ \UMM\M  [SU[Db  EKMJNSM:
http://territoryterror.org.ua/uk/projects/prisons/n
azi/

*TUOJ\KHHDd ~ \UM™\M [SULDb  EKMINSA:
https://www.arcgis.com/home/item.html?id=eb6a
15864 7ec48be8fe3e628f95dddbc

*TUOJ\KHHDd ~ \UM™\M [SU[Db  EKMINSA:
https://web.stanford.edu/group/spatialhistory/cgi-
bin/site/viz.php?id=379
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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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- FaUENF akJKe\FbbUJ\8P JF eUKBHaK\bFJDOD, (FIBKHFT@HDd
HBAUNMDJUJ « ; @ABAM@OF SKTBJUWHBOF», ANT. 7. gFHEUND 12,
; @ABA, QO\FPHF, 79013, E-mail: shevchukv2016@gmail.com

—MHKAHKh bUJKh I8nP \KKKJD n EKMTBE-
[UHHc, SKA’cfFHB Bf fbBHFbD  S\D\"MTKAKP
JU\DJK\BP “FMIDHD \8~0D "HBMJU\ ABE b. ,FTD™ EK
M. "BK\KAF %AFHK-O\FHOBAM@OKP KKTFMJB EKA[ DHKh
67 Ob. KO\UbF, EKMTBE ["AFTD fbBH~ MIFHM TBMBA,
fFK"EKAD, EK\Be, K\HDW fUbUT@ JKEK, SKA’cfFHDW
Bf ASTDAKb FHJI\KSKeUHHKeK HFAFHJF[UHHc HF
\B~0”. 5UfAT@JFID fbBHD S\D\"MTKADW JU\DJK\sd
fEBAMHUHK HF SBEMJFAB OKHJ\KT@KAFHKP OTFMDaB-
OF 1% fF 18 \KOBA fF OKMbB™HDbD fHBbOFbD Landsat
7 (2000 \.) JF Landsat 8 (2018 \..).

M,H=1:* J,1:" — bKHBIK\DHe; S\DKU\UeKAF
JU\DJK\Bc; \B"OF  “HBMJU\; OKMbB™H8 fHBbOD;
OKHI\KT@KAFHF OTFMDaBOF I c.

EX$]lc

(F fbBH~N TFHEmFaJ™ S\DkU\UeKADW JU\D-
JK\8d ASTDAFNhJ@ cO S\D\KEHS, JFO B FHI\KSKeUHHB
"DHHDOD. *"K S\D\KEHDW ~DHHDOBA HFTU[DJ@
OTBbFJ, eUKTKeB HF JF eUKbK\aKTKed HF Kk~ EKAF,
eBE\KTKeB"HDd \U[Db, kBK\8fHKbFHBJJC HFAOKTD-
mHBW JU\DJK\Bd. 3UTDOF OBT@OBMI@ SKMUTUH@,
eKMSKEF\M@ODW MSK\"E JF MBT@M@OKeKMSKEF\M@ODW
"eBE@ \KfbBEBUHF A EHDEFW AUTDODW \8°KO -
" HBMINF, >\"JF, OU\UbKmF. pB JUNDJK\B fFfHFhJ@
ABE"JHKeK HUeFJDAHKeK ASTDA” \Ue"Tc\HDW SKAU-
HUd.  E\"eKP SKTKADHD ## MJ. B EKJUSU\ fFaBO-
MKAFHB fHFHB SFAKEOD A 1955, 1957, 1959, 1964,
1969, 1970, 1972, 1974, 1977, 1980, 1982, 1988,
1992, 1997, 2001, 2008, 2010 \KOFW. OFMIJK MJFh"D
fFe\KfTDADbD cADBFbD, AKHD S\DfAKEcJ@ EK
THFHDW bFJUNBFT@HDW AJ\FJ, MK IBFT@HKP HFS\"eD.

(F KU\UeFW \870D =HBMJU\, SK'DHFh™D f XV
MIJKNB™ “c B EK M@KeKEHB fEBAMHNhnJ@Mc BK\Ff kET@mMF
eKMSKEF\M@OF EBTcT@HBMI@. gU\UeD \8"OD, S\K HBK
ABEFHF"FnJ@Mc A [#KTcA "0, 2010] e"MIKFFMUTUHB, HF
HDW \KfFJmKAFHF AUTDOF OBT@OBMJ@ HFMUTUHDW
S”HOJBA f K\HDbD fUbTcbD, J\FHMSK\JHDbD TBHBchbD,
eFfK- JF J\"KKS\KAKEFbD, TBHicbD UTUOJ\KSU\UEF".
—MKKTDAK fHF HU eKMSKEF\M@OU HFAFHJF[UHHC HF
S\DKU\UeKAB JUNDJIKNB \. ™ HBMJIU\ WF\FOJU\HU f 2-P
SKTKADHD ## MIK\8""c B EK JUSUNBMH@KeK ~FM~.

HFHK F\KMTD AUTDOB TUHI\D \KfMUTUHHc, fKO\UbF
MbJ. S5KFAFEBA, Z~\FAHK, b. ,FTD".
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—Kk’n0JKb EKMTBE[UHHC MT~e”n  \BAHDHHF
“EMIDHE \. "HBMJUN ABE bBMJF ,FTD™ EK M. ™BK\KAF,
JKb™ fASDHDbKNc KBT@MU ATFMHU HE WF\FOJU-
\DMJDOFW \8~0D HF 18d EBTCHIS. 58 OF S\KJBOFn
\BAHDHKh, ~ mD\DHF EKTDHD SKKTDfA \AWTE
bBMIchbD MceFn 2-3 Ob KBTc MBT KTKJF ;DSF JF
(KAKWBTOF,  \UT@na  eK\KDWMJK-\BAHDHHDd  f
SUNUSFEKb SKFHF KO 250-350 bUJ\A, \KFIFMKAFHS
JFOB KMHKAHB HFMUTUHB S"HOJD, cO b. ,FTD, M.
= AKBAIB, qFASETE, >KKUNU[ [c, ¥ HIKHBAOF.

—“UADEHK, BK eKMSKEF\M@OF EBCT@HENI® SKK-
TDFA HFMUTUHDW SAHOJBA SKA’CfFHF Bf ADOK\DN-
JFHHCb BK\Ff KBT@MKP OBTAOKMJB AKEHDW \UMA\NBA.

BHMKeK KKO~, HUOKHINKTEKAFHE \KFK\AFHBIJ@,
COF S\DfAKEDJ@ EK fFbATUHHC \"WTF \8°0D, F
JFOK[  fFKAEKAF  S\DKUNUEKADW JUNDJK\B MJFn
KF\’n\Kb ETc S\KWKE [UHHc AKED SBE ~FM SFAKEOBA.

FS\KSKHKAFHU ~ EKNTBE[UHHC  MJKMAnJ@Mc
bKHBIK\DHe”  S\DKUNUeKADW JUNDJIKNBA \BAHDHHK?
“FMJDHD \8>0D "HBMJU\ EKA[DHKh 67 Ob. fF 18
\8~HDd SU\SKE (2000-2018 \\.).

—S\FI@KAFHK BMHAh™8 HK\bFJDAHS ADbKeD
EK AUTD'DHD AKEKKWK\KHHDW fKH \3°0D f
MBESKABEHBMIN  PW EK \UFTOHKP AKEKKWK\KHHKP
MDIAF 1B [ = AkHcO 2005, Y F\JDH 2009].

%$" “UIUS,

—MHKAHKh  bUJKh 1B \KKKIJD n
EKMTBE [UHHc, SKA’cfFHB Bf fbBHFbD S\D\"MTKAKP
JU\DJK\BP “FMIDHD \8°0D *HBMJU\ ABE b. ,FTD" EK
M. = BK\KAF %AFHK-O\FHOBAM@OKP KKTFMJB EKA DHKh
67 Ob. KO\UbF, EKMTBE [AFTD flBH™ MIFH™ TBMBA,
fF"EKAD, EK\Be, K\HDW fUbUT@ JKEK, SKA’cfFHDW
Bf ASTDAKb FHJI\KSKeUHHKeK HFAFHJF[UHHc HF
\B~0N.

AXTUW " atxs,

bBHF S\D\WTKADW JUNDJK\Bd, ON8b EUak\-
bFIBd WF\FOJU\® \AWTF, MAJInAK FFTULDJ@ ASE
fkSTEMUHHC ~ STKE HFWUTUHDW ~ SAHOJBA  JF
S\KAUEUHHC fFWKEBA, SKA’CFFHDW f [DJInfFkUf-
SUSUHHch HFMUTUHHC. =K[HF \8"OF DbFn MAKP
KMKKTDAKMJB, cOB fFTULFJ@ ABE PP \KFIJFM/AFHHc,
eUKTKes HDW MINA0IM, JUOJKHBOD \UeBKHA, TBIKTK-
&8 HDW KMKKTDAKMIUd, F JFOK[ OTBFJD™HDW fhsH.
1Kb™ OK [H~ \8> 0~ EKNTSE [~hJ@ KO\UbK.
33EKDS ADSFEOD, OKTD \KFK\hAFHHC fFSTFA-
HDW fUbUT@ S\DFAKEDTK EK fbDA® t\HJBA B SU\U-
JAK\UHHC T~eBA HF J\DAFTDd JU\DBH A HUS\KE~O-
JDAHB  JUNDJK\® [gKEHc, 2013]. p8 S\KKTUbD
ADHDOFhJ@ HU JBT@OD HF JUNDJIK\ QO\FPHD, F B ~
KFeFJAKW nA\KSUAM@ODW O\FPHFW, HFS\DOTFE, (BEU\-
TFHEFW, %JFTR® JF O\FHI®. —O\UbB b~ HBIDSFTBIUID
AD\BMDTD ~ STFHMAFID  HFWUTUHB  SMHOJD  KUF
OKK\EDHFI® 1DW fFWKEBA  FOJDAHBMIN \WITF \B KO,
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IK MJAK\DTK ~ bFdkAJHEKb” fHF HB ADI\FID HF
S\KJDSFAKEOKAB fFWKED B SBEONUMTDTK HUKKWBEHBII@
JF AFeKbBIJ® ANFWAAFHHC MJBAOKMIB \AWTF A EKAeK-
MINKOKABd  SUNMSUOJDAB. >KEFT@mMU  KMAKNAFHHC
fESTFA S\DfAKEDJ@ EK U ADNDW \BAHBA SKAUHS.
1Kb~ S\BK\DJUJKb HKAKP SKTBIDOD ~ MaU\s fUbTU-
OK\DWAMAFHHC n AMJFHKATUHHc  bFOMDDFT@HDW
KWK\KHHDW bU f “\PWAFHHCb bFAKAJHEKeK bUFH-
E\AFHHC \8“KO ['YF\JDH, 2013].

=\Bb JKeK, S\KAKEDTDM@ EKNTBE [UHHc, SKA’CfFHS
3f FhBHFDD S\D\WTKAKP JUNDIK\S ADK\FHKP ESTCHOD.
KO\UDF, EKMTBE [AAFTD fhsHA MIFHA TBVBA, FFKAEKAD,
K\HDW fUbUT@ JKNK, SKA'CfFHDW Bf ASTDAKb
FHI\KSKeUHHKeK HFAFHIJF[UHHC HF \8 0™ ™ HBMJU.
bBHA S\D\TKADW JUNDJIK\Sd fEBAMHUHK HF SBEMJFAB
BUJKEA OKHINKTOKAFHKP OTFMDaBOFI% fF 18-\3“HDd
SUNBKE.

10 HKAN JUWHKTKeBh A KMJFHHB \KOD ETc
OTFMDaBOF 18> mD\KOK ADOK\DMIKA*hJ@ AUeUJF I8dlHB
BHEUOMD [Kokhan 2009, = KWFH 2012].

5KFIFMMAFHHC EBTCHOD EKNTBE [UHHC SKEFHK
HF \DM. 1.

5DM. 1. ®KMTBE [“AFHF ~FMJIDHF S\DKU\UeKAKP
JUNDJIKNBP \. = HBMJIUN

—MHKAHKh fFEF"Uh 1@KeK EKMTBE[UHHc n
AMIFHKATUHHc fbBH S\DkU\UeKAKP JU\DJK\BP ~FM-
JDHD \8~0OD "HBMJU\ fF SU\BKE 2000-2018 \\. HF
SBEMJFAB EFHDW EDMJFHIBdHKeK fKHEMAFHHC UbTB
JF ,%7-JUWHKTKeBd.

"Tc S\KAUEUHHc bKHBIK\DHe™ fbBH S\D-
KU\UeKAKP  JUN\DJK\BP “FMJDHD \8"OD  ™HBMJU\
ADOK\DMJFHK JFOB bFJUNBFTD:

— OKMbB™HB  fHBbOD,
Landsat-7 2000 \.;

— OKMbB™Hs
Landsat-8 2018 \.

3 AFTBfFIBc JF bKHBIK\DHe S\DkU\UeKAKP
JUNDJK\BP  "HBMI\F  fEBAVHNhAFTFMc  fFMKkFbD
S\Ke\FbHKeK fFkUfSU™UHHc ArcGIS 10.3.

KI\DbFHB f

fHBbOD, KJ\DbFHB f
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U$UZ , [ ZUX+)ZE% Kk

YUJKEDON EKMTBE [UHHc fbBH S\D\"WMTKAKP
JUNDJK\BP EBTCHOD SKEFHK fF MIN"0J"\HKh MWU-
bKh, HFAUEUHKh HF \DM. 2.

5BAHcHHc ETc OTFMDaBOFIB fF bUJKEKb
bFOMDbFT@HKP  AB\KeBEHKMJB bFn JFODd ADeTcE
[; cT@OK 2006, Swain 1978]:
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EU: D — AFeKAF ABENJFHO (dDKAENHEMIG);, am —
ABENKIKO dIbKABNHKIJB JKeK, BK OTFMDaBOKAFHDd
SIOWUT HFTULDJ@ OTFHA m (EK\BAHhn 1,0 FkK

AAKEDJ@Mc HF KMHKAB FS\BK\HDW EFHDW); |Km| —
ADfHF"HDO bFJ\DIB Km.
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5DM. 2. 7IN*0IM\HF MWUbF EKMTBE [ UHHC fhBH
S\DkUeKAKP JUNDJIK\BP ~FMIDHD \8~0D = HBMJU\

>\DHIDSKADb A OKHJ\KT@KAFH8d OTFMD-
aBOF 18P n ADKB\ MDeHFJ”\. = TFMFbD ETc EKMTBE [ UH-
Hc MT”eAFTD: AKEHB Kk’nOJD, TBMD, J\FA’cHDMJF JF
0N KAF \KMTDHHBMJI@, fFK™EKAF, \BTTc JF KeKTUHB
t\"HJD. (F fHBbO™ Landsat 8 2018 \KO™ EKEFHK
OTFM EK\Be, KMOBT@OD PW SKO\DJJc k~ATK SKO\F I UHK
B AKHD “BJOK BEUHJDaBOMAFTDMc. F MIFIDMID™HDbD
EKMTBE [UHHcbD  \8fHDW 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\“EHKEB ADHDOFTD S\D ADKK\B

































































































































































































































































































































































































































































































































































































































































































































