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O11iHKa TOYHOCTI BUMipIOBAHHS €HEPTil BiJOWTTA 3€MHOI IIOBEPXHI B
PaAi0JI0KATOPAX i3 CHHTE30BAHOIO AIIEPTYPOIO

JI. M. AptiomuH !, C. A. Crankesud 2 *, B. M. de1oToB ?
1 flepoarcasruti Hayrxo80-00CionuLl incmumym aeiayii, Kuie, Yxpaina

2 IV "Hayxosuii yenmp aepoxocmiunux oocnioncens 3emni I'H HAH Yipainu”, Kuis, Ypaina

3 Hauionanonuti yrieepcumem oooponu Ypainu im. I 9epraxosecovrozo, Kuie, Ypaira

B cTaTTi OLiHEHO CKIAJOBY NOXUOKU BUMIPY €Heprii BifOUTTA Bi/l €1IEMEHTIB pO3PI3HEHHS, AKa OOYMOBJICHA OOKOBHUMHU IIEJIIO-

CTKAMM JIiarPaMU CIIPAMOBAHOCTI B PAIiOJOKALIMHUX CTAHLIAX i3 CUHTE3yBAHHAM ANIePTypu. BUsHa4eHO OL[iHKY MaTEMATHY-

HOroO O4iKyBaHHA 11ie€i MOXMOKU. Ha OCHOBI TUNIOBOI KIacU(]iKallil 3eMHUX IIOKPUTTIB /11 TEPUTOPii YKPATHU PO3PAXOBAHO

MaTEMATUYHE OYiKYBAHHS BEJIMYMHU MUTOMO] BiIOMBHOI 3JATHOCTI Bi/l €IEMEHTA PO3Pi3HEHH: 3¢MHOI IOBEPXHI B IIPOLIECi

CHHTE3yBaHH: aniepTypu. CTATUCTUYHO OLIHEHO TOYHICTb BUMIPY (DYHKLIT BifGHTTA Bil 061aCTEH 3 IOKAIbHUMU HEOJHOPI/-

HOCTSAMU.

Kiaro4o0Bi c10Ba: pafiionoKaTop i3 CUHTE30BAHOIO AIIEPTYPOIO, JiarpaMa CIPAMOBAHOCTI, GOKOBi MEIIOCTKH, BiJOUBHA

34ATHICTb, KIACU(piKaIlis 3eMHUX HOKPUTTIB

© JI. M. ApTiomuH, C. A. CrankeBud, B. M. ®egoros. 2016

Cy4acHi paAioIOKallifiHi CTAaHLII i3 CHUHTE3YBAHHAM
aneprypu (PCA) 3HaXO[ATh HIMPOKE 3ACTOCYBAHHS B
6araTpbOX NPUPOIOPECYPCHUX, HAYKOBUX T4 CIIELiAJIb-
HUX 33/]a494X JUCTAHLIHHOIO 30HAYBaHH 3emii ([133)
[10]. PapionokanifiHi 300pa>k€HHs 3¢ MHOI IOBEPXHi
HECYTb BLKINBY iH(POPMALIiIO IPO BIACTUBOCTI T4 CTAH
JaHAma@TiB, CiIbCBKOIOCIIOAAPCHKUX YIiflb, EKOCUC-
TEM, IPUPOAHUX TA AHTPOIOI€HHUX OO’EKTIB i IIPO-
necis [7]. Cydacni pagionokaniiini cucremu 133 3a6€3-
[IEYYIOTb BUCOKY IIPOCTOPOBY PO3PI3HEHHICTD, IIMPOKI
CMYTHY OIJs12ly (PUC. 1), ONIEPATUBHICTh HAAHHS BU/IO-

BOI iH(popMaliii, HE3AIEKHICTD Bifj 4aCy JOOU T4 IOT'OJI -
HUX YMOB [6, 8]. HeoOXiHICTh O/iep:kaHHS (DI3UYHUX TA
6i0(pi3NYHNX NTAPAMETPIiB 3EMHUX NOKPUTTIB BUMATa€
NPEUU3iNHNX BUMiPIOBAHb BiIOUTUX PA1iOIOKALIMHUX
CUTHAJIiB. YMOBHU PA/IiOIOKAIIMHOI'O 3HIMAHHA IIPUBHO-
CATb YMCENIbHI TOXUOKU 10 3dAPEECTPOBAHNUX BEJIMYUH
PaAioJIOKALIHOTO BifiOUTTS, OJHI€T 3 IKUX € BIUIUB 0O-
KOBUX IEIIOCTOK Aiarpamu cripsimoBaHocti (JIC) [3].
IToMuika BUMipy Bif6UTTA 3¢ MHOI TOBEpXHi B PCA Bu3-
HAYAEThCA PiBHEM 34BA/IH, IO CKJIAJAETHCA 3 TEIIOBO-
'O IIyMY Ta CUTHQJIiB BiJi CYCiIHIX €JIEMEHTIB KaHAJIy HA-

Puc. 1. [Bonosipusariifine pagiosoKariifiie 306paKeHHs 3eMHOI TOBEPXHi CYyIyTHUKOBOI cuctemu 133 Sentinel-1A Kuis, 22 ceprus 2016,
IIPOCTOPOBA PO3Pi3HEHHICTb 10 .M, pesknum IW GRD 3 insrpatiieio crex-uymis

* E-mail: st@casre kiev.ua
Online ISSN 2313-2132



JL M. Apmizowiuts ma in. / YKPATHCOKULL HCYPHAA OUCAHLiLiH020 30H0Y8anus Semni 11 (2016) 4-8 5

XHUJICHO]I JAJIbHOCTI, SIKi OOYMOBJIECHO OOKOBUMHM I1€JIIO-
CTKaMu cuHTe30BaHO1 [IC.

Bizomo, mo (PyHKIIig pO3NOAUTY AMIUTITYAH MOJIA 11O
PO3KpPUBY CHHTE30BaHOI aneprypu D(X) 3 ypaxyBaH-
HaM popmu JC NpUUMaIBHO-TIEPEJABAIbHOI AHTECHH,
YCEPETHEHHS Bi/JONTOTO CUTHAJTY [10 AIIEPTYPi AHTEHU
Ta BIUIMBY COEPUYHOCTI (PPOHTY XBUIIi, MAE€ BUIJIAL [5]

sin(x+a;) N sin(x-a,;)
X+ay x-a; )

9
D (x) = ;Az (1)

e x = %55729 — y3arajJjbHeHa KOOPANHATA, L — JOB-
JKMHA CUHTE30BAHOI ATIEPTYPH, A — CEpe/IHs OBKHHA
XBWIi 30H/IyBAJIBHOI'O CUTHAITY, 8 — HAaIPsIM Bi3yBaHH:
AC, a,=087, a,=087+ £ a,=087- £,
a4 =0.87+2-0.88, a5 = 0.87-2:0.88, a6 =0.87+2:0.88—

L 47-087-2:088+L a8=L +0.87-2:0.88,29 =
2 2 2

g +0.87+2:0.88,A1 = 0.25,A2 .. A5 = 0.125, AG .. A9 =

0.0625.
151 KyTiB CUHTE3yBaHHS MEHUIE 32 15°

A
0= _7%X.

sz 2

11 OLIiHKM TOYHOCTI BUMIipY (DYHKIIiI BiTOUTTSA BiJ
€JIEMEHTY PO3Pi3HEHHSA OYyZl€ BUKOPUCTAHO Jiarpamy
CIIPAMOBAHOCTi CUHTE30BAHOI AIIEPTYPH i CTATUCTHUYHI
XAPAKTEPUCTUKU ITIOBEPXOHDb 3eMJIi Ta OO’€KTIB, 110
pO3TamoBaHi Ha Hil. OLiHIOBATUMYCA CKJI40BA I10-
XMOKH BUMIipY, IKa OOyMOBJIEHA GOKOBHUMH IETIOCTKA-
MU cuHTe30BaHOL JJC antenu PCA. @parmMeHT CUHTE-
30BaHOi JIC, aHATITUYHO BU3HAYCHHI CHiBBiTHOIIIECH-
HAM (1), HaBeeHO Ha PUC. 2, y3araJbHEHY KOOPAUHATY
X BiJOO6paxkeHOo B MacuITabi 1:5.

Po3pi3HIOBANIbHA 3/1ATHICTH 34 NUIAXOBOIO JAJIbHICTIO
JOpiBHIOE [4]
A
257
Ji€ B — KyT CUHTE3YBAaHHS alIEPTYPH.

Jlis 3a6e3neueHHs PO3pi3HEHHOCTI 10 7T e KyT CUH-
TE3yBaHHS PH A = T M JOPIBHIOBATHUME

A p107

P= 26~ 2p10°

o= ®)

=0.5.10"pag=286° (4

Ha ganpaocTi 10 %o AOBXUHA CUHTE30BAHOL arlep-
Typu 6yze 500 MeTpiB, KOEPIIiEHT 3BYKEHHS IIPOME-
HIO — 1 660, 2 KiJIbKiCTh 60KOBUX IETIOCTOK CKIALATH-
M€ HE MEHITIE 34 JICKIJIbKA COTEHb.

BriyiuB CUTHAJIIB BiJ GOKOBUX METIOCTOK OYZIE BU3HA-
YATHU NOXUOKY BUMiPIOBAHOI'O CUTHAILY, IPUUHATOTIO
TOJIOBHOIO TENIOCTKOIO JIC CHHTE30BAHOI ANIEPTYPH
PCA. 11151 OLiHKH ITi€1 ITOXUOKH BBAXKAETHCS, IO TUIOIIA
T'OJIOBHOI TIEMIOCTKY BiJIOBiJIA€ €HEPTii BUMiPIOBAHO-
O CUTHAJIy, 4 CUTHAJIU OOKOBUX IEIIOCTOK BU3HAYA-
IOTBhCA IX IUIOIIECIO i MUTOMOIO BiJOMBHOIO 3JATHICTIO
€JIEMEHTIB IIOBEPXHi HA IHTEPBAJIi CHHTE3YBAHHA AIleP-
Typu. [Ipy IbOMY CUTHAIH CYCiJHiX OOKOBHUX MEIOC-
TOK BiIpi3HAIOTHCA 1O (pasi Ha 180°, TO6TO iX BIIUB HA
CUT'HAJ Bifl €JIEMEHTA PO3PiZHEHHS, IO BUMiPIOETHCH,
ypaxyBaHHSM (Pa3M 4aACTKOBO KOMIIEHCYEThCS. Kpim
TOTO, ISl OLiIHKH ITOXUOKH BUMipy TpeOa BU3HAYUTH
MATEMATUYHE OYiKyBAHHS BifIOMBHOI 31ATHOCTI
CYCiJIHiX €JIEMEHTIB T4 CEpEAHE AOCOMIOTHE Bi/IXUJICH-
HS BiJl IbOT'O 3HAYEHHSI.

Ha OCHOBI BiJOMUX €KCIEPUMEHTAIBHUX JOCIi/ -
JKEHb MUTOMUX BiIOUBHUX 3[JATHOCTEN PI3HUX TOBEP-
XOHb O, JUIs KyTa BidyBaHHs o= 20° [1, 4, 9] Ta ix npo-
LIEHTHOI'O CIIiBBiIHOLIEHHA B MEXAX TEPUTOPIi YKpai-

HiarpaMa cNpAMOBAHOCTI CHHTE30BaHOI anNepTypH

1,20

1,00

0,80 \

0,60 \

0,40 \

o [\
NI

0,00

0,20

20 39 58 V7 96 115 134 153 172191 210 229 243 HB7 286 305 324 343 362 331 400

Yiarane HeHa Koo OHHaTa X

Puc. 2. Teopernyna ¢hpopma JiiarpaMu CIIpsIMOBAHOCTI CHHTE30BAHOI allepTypHu
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Puc. 2. Tunosa wacudikanis 3eMHHUX HOKPHUTTIB TEpUTOPii VKpaiHU.

1 — mrry4Hi; 2 — BO/{HA ITOBEPXHST; 3 — CTEI, CyXa TPaBa; 4 — CTEI, 3eJICHA TPABa; 5 — CLIBroCHyriazst; 6 — y1ic

TaGauia 1.

Posnonin THMIOBUX MOKPUTTIB 3¢ MHOI IIOBEPXHI B MEXKAX TEPUTOPIl YKpaiHU

iMOBipHICTb IOABU P (7;)

[ToBepxHs 05, BITHOCHI OIMH UIIi
Bogra ose pxust 2107
AchambT, 6etoH 2107

Cremn, cyxa Tpasa 7107

Crert, 3e71eHa Tpasa 14107
Cinprocryrins 7107

Jlic 1410
Hesemki 6ynisni 0.25

MoOGinpHi 06’€KTH 0.5

HU 3Ti/IHO 3 TUIIOBOIO KJIACU(]IKAIIi€I0 3eMHUX IIOKPUT-
TiB [11], HOAAHOIO HA pUC. 3, CKJIAAEHO TA6II. 1.

MaTteMaTU4He O4iKyBaHHSA & BEJIMYUHU NUTOMOIL
BiIOMBHOI 3[1aTHOCT] Bi/l €JIEMEHTA PO3Pi3HEHHS B IIPO-
L1€Ci CUHTE3YBAHHS AIIEPTYPHU [2]

x =E[o]= ) p(c,)o,, 5)
Ji€ 0, — IIM'TOMA BiJOMBHA 3[JATHICTh IIOBEPXHi i-I'0 THITY,
p(0,) — MMOBIPHICTb HOABU €JIEMEHTA ITOBEPXHI -T'O
TUITY B KAHAJIi HAXWIEHOI TAJIbHOCTI.

32 OLiHKaMy, SIKi HABEIEHO B TA6J1. 1, MOXKHA OJIEP-
JKATHU 3HAYEHHA MATEMATUYHOIO OUYiKyBAHHA
£=10.045646.

Hopmosani 3Ha4CHHsA S, HAKOTMYCHOI CHEPIii BiioH-
THUX CUTHAJIB BiJl OJTHAKOBO BiJOMBA/JIbHUX CJICMCHTIB
PO3pi3HEHHA KAHAIY HAXUJIEHOT JaIbHOCTI HABEEHO
B Ta61. 2. HopMyBaHHA 3/1iHICHEHO BiJIHOCHO €HEPIii, 1110
HAKOIMHWYEHA IIPU IIPUMOMI 110 TOJIOBHOMY IETIOCTKY.

TaGauisa 2.

3HAKH IUIIOC T4 MiHYC IIOKA3YIOTh, 110 (pA33 CUTHAJIIB,
SIKi IPUHIMAIOTBCS HETIOCTKAMU, BiZIPi3HAIOTHCA HA 180°.

MaTteMaTU4YHE OYiKyBAHHA IOMUWJIKU BUMiPy €HEPTil
BiIOWTTS BiJl €JIEMEHTA PO3Pi3HEHHS CUHTE30BaHO1JJC
34 PAXYHOK 34BaJj, I10 OOKOBHX ITEJIIOCTKAX

S,
+ w— =+0.00102 (0.1 %), 6)
25,
e S, — HOPMOBAHA €HEPTis TOJOBHOI MEIIOCTKH,

+ ZS; — HOPMOBAHE KOMIUICKCHE CYMapHE 3HAYCHHS
eHeprii GOKOBUX METIOCTOK.

CepeiHe AO6COIOTHE BiIXWUICHHS JOPiBHIOE

E[l o-¢l]= Dlo.=£|-p(0,) 0049648, (7)

CepeiHE BiJHOCHE BiIXHUJICHHS BHECKY 34B3/IOBOT'O

HopmoBani 3Ha4eHHS HAKONMUYEHOT eHePrii BiAOUTUX CUTHAJIIB IO TIETIOCTKAX

Ne menrocTkH j 0 1 2 3 4 5 6 7 8 9 10

o n =) ) < o N

g g & g S 1S @ 2 S 5 )

HopmoBane O ~ ) S I 1) Q — - X

(@) N O e} — [ ~ O \s) " <+

3HAYEH HS €H eprii S = = = = ) S S S 8 S
(@) (@) (@) o o o (@)

S, = S S S p S p S S S S

+ \ + I + I + \ + | +
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CUTHaJIy 60OKOBHX IIEJIIOCTOK Bi/l HOI'O MATEMATHUYHOI'O
O4iKyBaHHS JOPiBHIOE BiJIHOIIECHHIO CEPEAHBOIO 46CO-
JIIOTHOI'O BiIXMJICHHS BiJj OUiKyBaHOI IUTOMO]I €(EeK-
TUBHOI IIOBEPXHIi BiJOUTTA JO OYiKyBAHOI IMUTOMO]
€(EKTUBHOI IOBEPXHI BiJOUTTA

@ =0.049648:0.045646=1.0876747. (8)

3 ypaxyBaHHAM BiJHOCHOI'O CEPEJHBOIO a6COJIIOT-
HOI'O BiIXWJIEHHS BHECKY 34Ba/IOBOI'O CUTHAJTy OOKOBUX
TIEJIIOCTOK Bif] IOI'O MATEMATUYHOTO OYiKyBAHH, BEJIU-
4YMHA IOXUOKU BUMIPY BiIOUTTS Bi/l €JIEMEHTA PO3Pi3-
HEHHA 3HAXOIUTHCA AK

¢+Blo-c]) s,
g ZS

J

=0.00213. ©

j1

B TOM e yac aKicTh BUMipy QPyHKILiT BifOWUTTS Bif
0071aCTEN MiCLIEBOCTI 3 JIOKAJIbHOIO HEOJHOPIAHICTIO,
OCOOJIMBO 3 HEBECIUKUMU 3HAaYcHHsAMU EITP 6yne
OisiplI CyTTEBUM. [IpUIMEMO y IKOCTI ITIOBEPXHI, 11O
BUJIAETHCA 3 BUBHAYECHUM PiBHEM AKOCTI, TOBEPX-
HIO, 110 Ma€ nmuTomy EINP HacTynHy 32 MiHiMa/IbHUM
3HadyeHHAM EITP (gus. Tabi. 1), TOOTO HOBEPXHIO 3
o=2-107

MaTteMaTU4YHE O4iKyBaHHA BHECKY 32BAJOBOTO CUTI-
HaJIy A @ BiJ OOKOBUX IIEJIIOCTOK OYZEMO BU3HAYATH SIK
BEJIMYHHY, IO IIPOIOPLIHHA JOOYTKY 3HAUYCHHS O4iKy-
BAHOI MUTOMOI €(DEKTUBHOI TOBEPXHI BiZJOUTTS HA Cy-
MAapHY €HEPTiIO BiIOUTTS OOKOBUMU ITEITIOCTKAMH CHH-
Te3oBanoi [IC o, w:

20
A Zsr
w_ ¢ TL=22823000102=0.02328,
(10)

min Gmll\ 0

Ji€ At — BiIXWIEHHS HAKOIIMYYBAHOI €HEPTii BiiONTT,
110 OOYMOBJIEHO OGOKOBUMH IEIIOCTKAMU CHHTE30BA-
noi [IC, w_, — eHepria BigduTTs, 0 eKBiBAJICHTHA
BiIOUTTIO BiJj MOBEPXHIi 3 MiHIMaJIbHOIO MUTOMOIO
BiZIOMBHOIO 3[JATHICTIO O, .

OTxe, MATEMATUYHE OYiKyBAHHS JJOOABJIECHHS B BE-
JIMYUHY MiHiMaJIbHO HAKONWYYBAHOI €HEPTil Bij ee-
MEHTA PO3PI3ZHEHHS I10 TOJIOBHOMY IEIIOCTKY CKIA/IAE
2.3 %. A 3 ypaxXyBaHHAM CEPEJAHbOIO BiJHOCHOI'O
BiIXWMJICHHS BHECKY 32B3/J0BOI'O CUTHAJIy OOKOBUX II€-
JIIOCTOK BiJf ©OTO MATEMATUYHOI'O O4iKyBAHH BEINYH-
H4 IIOXHUOKH BiJ] pO3PiZHIOBAIBHOI'O €JIEMEHTA BiZJOUT-
1A 3 EI1P, mo mae minimMaibHe 3HaYeHHda o, =2 - 1073
JOPiBHIOE Y

20

25
S+Elo=c]. T =49648+0.045646):0.0020.00102 =
O-mm 0
0.0486. (11)

3 YpaxyBaHHSIM 3HAYEHb IIMTOMO] BiIOUBHOI 3/14T-
HOCTi 3€MHOI IOBEPXHi, 3HAYEHD ii MATEMATUYHOTO
OUiKYBaHHS T4 CEPEAHBOIO A0CONIOTHOI'O BiIXWUJIEH-
Hs, MOKHA BCTAHOBMTH, 11O iMOBIPHICTb 3HAXO/KEH-
HsI IUTOMO] BiIOMBHOI 3lATHOCTI 3¢MHOI ITIOBEPXH] B
inTepBati BiJl 3HaYEHHA MATEMATUYHOI'O OYiKyBAHHS
IJIIOC cepefHE a6COIOTHE BiIXUJIEHHS 1O MAKCHU-
MaJbHOI HOUTOMOI BigOMBA0O4YOi 3/IATHOCTI
p (0 =0.095..0.5) =0.15; npu 1bOMY IIOMUJIKA BUMi-
Py €HEPTii BiOUTTA Bijl €71IeMEHTA PO3Pi3HEHHS 3 MiHi-
MaJIbHOIO ITUTOMOIO BiIOUBHOIO 3IATHICTIO O, HE I1e-
pesuye 5 % 3 iMoBipHicTIO p = 0.85.

ITomMuiika BUMipy eHeprii BifOUTTS BiJl €IEMEHTA PO3-
Pi3HEHHS 3 INIUTOMOIO BiJOGMBHOIO 3JATHICTIO
0 >0, 6y/ie CyTTEBO MEHIIOIO 32 HABEICHOIO BuIe. Ha-
IIPUKIIAJ, HACTYIIHOIO 34 IMTOMOIO Bi/IOMBHOIO 3/1ATHi-
CTIO 3TiiHO Ta61. 1 6yze nosepxHs 3 ¢ = 0.007. Mare-
MAaTUYHE OYiKyBaHHSA BHECKY 3aBaJJOBOTO CUTHAJY BiJl
OOKOBUX IEIIOCTOK B IIbOMY BUITA/IKY JJOPiBHIOBATUME

£ 2
o

S,

0

Aw
w

= =6.52-0.00102=0.007, (12)
TOOTO MATEMATUYHE OYiKYBAHHS JOOABICHH JJO BEJI-
YHMHHW MiHIMQJIbHO HAKOITMYYBAHOI €HEPTil Bi/l eIeMeH-
Ta PO3Pi3HEHHSA 110 T'OJIOBHOMY IIETIOCTKY JOPIBHIOE
0.7 %. A 3 ypaxyBaHHSM CEPEIHBOI'O BiTHOCHOI'O Bi/IXU-
JICHHSI BHECKY 32BaJJOBOI'O CUI'HATY OOKOBHX IIEJIIOCTOK
Bifj IOr0 MATEMATUYHOI'O OUYiKyBAHHS BEJIUYMHA I10-
XHUOKH BiJ] pO3Pi3HIOBAJIBHOIO €JIEMEHTA BiOUTTA 3
EIIP, mo Mae 3HadveHH:A 0=7 - 1073, topiBHIOE

20

S
cblo—c] 25
o S,

0

=0.014 — (13)
TIOMMJIKA BUMipPy €HEPTil BiIOWTTS Bifi €JIEMEHTA PO3Pi3-
HEHHA B LIbOMY pa3i He nepeButiye 1.4 % 3 iMOBipHICTIO
p=0.85.

TakyM 4YMHOM, BPAXOBYIOYH (DYHKIIIIO PO3IOJIIY aM-
IUTITYIM TI0JI 34 PO3KPHUBOM CUHTE30BAHOI AllEPTYPH,
sIKA BU3HA4YA€TbC PopmOoIo [IC NpuiManbHO-IIEpea-
BaJIbHO{ AHTEHH, YCEPEJAHEHHSM BiZJOUTOI'O CUTI'HAY
1o aneprypi pizUYHOI AaHTEHU Ta BIUIMBOM CHepUd-
HOCTi (PPOHTY XBHJIi, OLIiHKY BIZINBY 6OKOBHX IIEJIIOC-
TOK HA PiBEHb 33aB3JOBOI'O CUI'HAJIy MOXXHA XapaKTe-
pHSyBaTI/I HACTYIIHUMHU BCIIMYMHAMM:

1. MareMaTU4YHEe O4YiKyBAHHS IIOMWJIKH BUMIipy
€Heprii BiAbUTTA BiJl €JIEMEHTA PO3Pi3HEHHS CUHTE-
30BaHOI JIC, 110 06YMOBJIEHO 3aBaJaMH1 1O HOKOBUX
MeJIoCTKax, ckiaagace = 0.1 %.

2. MareMaTHU4yHE OYiKyBaHHSA JO6aBIEHHS 260
3MCHIICHHA JO BEJIMYMHHU MiHiIMaJabHO HAKOIIN4YyBa-
HOI €HEPTrii BiJl eJIEMEHTA PO3Pi3HEHHA 11O I'OJIOBHO-
MY IIEJTIOCTKY, IO BUMipPsIETHCS, HE ITIepeBuIye 2.3 %,
4 MOro BiJHOCHE cepeaHE aO6CONIOTHE BiIXUICHHS
BiJ] IbOT'O 3HAYECHHS JOPiBHIOE 4.8 %.

3. I1pu BUMipi €Hepril BilGHUTTA Bifi EJIEMEHTIB PO3Pi-
3HEHHS MiCIIEBOCTI 3 MUTOMOIO BilIOMBHOIO 37JaTHICTIO,
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AKA BiIPI3HAETHCA Bifj MiHIMaJIbHO BUMipPIOBAHOI, CK/IA- 5. ®enoroB b. H. ®aKTOPBHI, ONPEAEISIONINE PACITUPEHIE
JI0BA 34B4/I0BOT'O CUTI'HAJLY, 1110 OOYMOBJIIOETBCSI OOKOBU- JIAArPaMMbl HATIPABICHHOCTU PA/IMOIOKATOPA C CUHTE-
MU IETIOCTKAMHU, HE TIEpeBUIye 1 %. 3UPYEMOIT ATIEPTYPOIL, U OIEHKA UX COBMECTHOI'O BIIHSI-

4. 3 imoBipHicTiO 0.85 MOMMJIKA BUMipy €Heprii HUsI HA Pa3pemaomyio cnocobuocts / b. H. ®enoTos,
BiIOUTTS BiJj €JIEMEHTA PO3PI3HEHHSA Lijli 3 MiHi- A. A. Criocapuyk // 36ipHUK HAYKOBUX MPALlh XapKiBCh-
MaJIbHOIO IUTOMOIO BiIOGMBHOIO 3/1aTHICTIO HE IiE- Koro yHiBepcurery [ToBiTpsaux cuit, 2011. — Ne 1(27) —
pesuiiye 5%. C.111-115.

HaseneHi pO3paxyHKHU CBiI4aTh, IO IOXUOKU BUMi- 6. ®egoToB B. H. TeXHOIOIUS YBEIUYCHUS IIUPUHBI [10-
PIOBaHHA BigOUTTA 3¢ MHOI TOBEPXHi B PCA, 0OyMOB- JIOCBI 0630pa CIYTHUKOBBIX PA/IaPOB CBEPXBBICOKOT'O
JIeHi OOKOBHUMHU IIEJIOCTKAMH JiarpaMH CIIPSIMOBA- paspemenus / b. H. ®egoros, C. A. Crankesuu // Koc-
HOCTi, B 611bIIOCT] BUITA/IKiB HE 3ABAKAIOTh BUPIIlICH- MiyHa Hayka i TexHosoris, 2013. — T. 19. — Ne 1—
HIO TUIIOBUX 3444 JUCTAHLIHHOT'O 30H1yBAHHS 3€MJIi. C. 38-43.
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OLEHKA TOYHOCTU U3MEPEHMA DHEPTUU OTPAXKEHUA 3EMHOW MMTOBEPXHOCTH B PATMOJIOKATOPAX C
CUHTE3UPOBAHHOM ATTEPTYPOM

JI. M. AptiromuH, C. A. Crankesuy, b. H. ®enoros

B craThe o1ieHEHA COCTABIISIONIASI OIMOKU U3MEPEHHS SHEPTUU OTPAKEHHUS OT AJIEMEHTOB PA3PENIEHUS, OOYCIOBIEHHAsI 60-
KOBBIMH JIENIECTKAMH IMATPAMMBI HATIPABJIEHHOCTU B PAIUOJIOKAIIMOHHBIX CTAHIIUAX C CHUHTE3UPOBAHUEM anlepTyphl. Onipe-
JIEJIEHA OLIEHKA MATEMATUYECKOI'O OKW/IAHUS ITOM OMMOKU. Ha OCHOBE THIOBOM KIACCU(PUKAITUU 3€EMHBIX OKPBITUI /IS
TEPPUTOPHU YKPAUHBI PACCUMTAHO MATEMATHUECKOE OKU/IAHHE BEJTMYHUHBI YAEIBHON OTPAXKAIOMIEN CIOCOOHOCTH OT 3J1e-
MEHTA PA3PENIEHNS 36MHONU TOBEPXHOCTH B IIPOIIECCE CUHTE3UPOBAHUS AEPTYPbI. CTATUCTUYECKHU OLIEHEHA TOYHOCTD U3-
MEPEHUS (PYHKIIUHU OTPAKEHUS OT OOJIACTEN C JIOKAJIBHBIMU HEOJHOPOJHOCTSIMHU.

KirroueBsnle CI0Ba: PAJJHOJIOKATOP C CUHTE3UPOBAHHON AIEPTYPOH, AMATPAMMA HATIPABJIEHHOCTH, OOKOBBIE JIETIECTKH, OT-
paXxaroniasi CioCOOHOCTb, KIACCU(PUKALIMS 3EMHBIX TOKPBITUH

ACCURACY ASSESSMENT OF THE LAND SURFACE REFLECTANCE MEASURING IN SYNTHETIC APERTURE RADAR

L. M. Artyushyn, S. A. Stankevich, B. N. Fedotov

The error component of bin reflection energy measuring due to side lobes in synthetic aperture radar is estimated in the paper.
The mean expectation of this error was estimated. The mean expectation value of land surface bin reflectivity during aperture
synthesizing was calculated using the standard land cover classification for Ukraine territory. The accuracy of reflectance
measuring within local non-homogeneities area was evaluated statistically.

Keywords: synthetic aperture radar, directional response pattern, minor lobes, reflectance, land cover classification
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O1iHIOBAHHS CTAHY BOJHUX 00’eKTiB KHeBa 32 JaHUMU
Yy

JUCTAHIIMTHOT'O 30HYBAHHA 3€MIIi

B. I Bumnescohkuii *, C. A. IlleBuyk
Incmumym 600Hux npoodnem i meniopauii HAAH, Kuis, Ykpaina

BucsiTieHo pe3ynsraTi BUKOPUCTAHHA JaHUX 133, BUKOHAHUX CYIyTHUKOM Landsat 8, i 3’51CyBaHHs €KOJIOTiYHOIO CTAHy

BOJOMNM M. Knesa. BCTaHOBIEHO, IO IPOTATOM POKY LIEH CTAH 3a3HA€ NOMITHUX 3MiH. Hari6ibii 3MiHM i BOJHOYAC BiAXUJICH-

HA Bijj cTany JJHinpa BaacTusi A1 o3ep. 1 OLiHIOBAHHS CTAHY BOJHUX OO’€KTIiB 3aIIPOIIOHOBAHO BUKOPHUCTOBYBATH iHAEKCU

NDPI, NDYI Ta 3HayeHHA KaHay B3, KW BiANIOBiJJa€ 3€JIECHOMY KOJIbOPY BUIIPOMiHIOBAHHS.

Kiro4oBi cioBa: Bogorimu Kuesa, Landsat 8, “0BiTiHHA” BOAM, EKOJIOTTYHUI CTAH, TEMIIEPATYPA BOAU

© B. 1. BumHeBchkuti, C. A, llleBuyk. 2016

Beryn

ExonoriyHuii cTad BOJOUM M. Kh€Ba — IUTAHHS, SIKE
LiKaBUTb HE JIUIIIE HAYKOBLIiB, 4 1 IE€PECIYHUX I'POMaA-
JI9H. 3HAYHOIO MipOIO 11€ OB I3aHO 3 HASIBHICTIO B MiCTi
BEJIMKOI KIJIBKOCTi BOAOUM, fIKi BAKOPUCTOBYIOTbCA Y
6araTbox cepax, 30KpemMa, peKpeartii.

O paHinie BUKOHAHUX JOCTi/I?KE€EHb

Exonoriunnii crad BogoMM Kuesa, AKUX y MiCTi yxe
6ararto, nepebyBas i NPOJOBXYE IEPEOYBATH Y ITOJIi 30Dy
64araTbOX JOCTIJHUKIB [1-5, 9]. 30KpeMa IbOMY MU TAH-
HIO NIPUCBSYEHO YHUCJIEHH] nTpani paxiBuiB IHCTUTYTY
rizpo6iosorii HAHY [2—4, 9]. 111 6araTbOX KUIBCbKHX
BOZIOMIM BCTAHOBJICHO TiAPOXiMiyHi OCOBIUBOCTI, MO-
HIXPEHHA BOJHOI Ta IOBITPAHO-BOLHOI POCIMHHOCTI.
3HAa4YHY yBary NpuUAiININ JOCHIIAHUKY i “IBiTIHHIO”
BOAM. Lle fABUIIE HACAMIIEPE] CIPUYNHEHO OYPXIUBUM
PO3BUTKOM CHUHBO3EIEHUX BOJOPOCTEN (11iaHOOAK-
TEPIN), KUIbKICTh AKMX MOXKE CATATU KiJIbKOX MiJIbIIOHIB
Ha KyOIiYHHUI CAaHTUMETP. BCTAHOBIIEHO, IO LIE IPOo-
LIEC HAUOUIBIIOTO PO3BUTKY HAOYBAE Y C1A00 MPOTOU-
HUX BOJONMAX; HOMY CIIPUAE HAABHICTb Y BOJi CIIOJIIYK
a30ty i pochopy. MaKCUMyM YHUCETBHOCTI KJIITHH BO-
JIOPOCTEN Ta X 6i0MACH CIOCTEPIra€ThbCA NPUOIHU3HO
TOZ1, KOJIX HACTA€ HAMBUIIA TEMIIEPATYPA BOAU. ICHY-
IOTh 3HAYHi KOJIMBAHHA HE JINIIE KiTbKOCTi BOJTOPOCTEN
IIPOTATOM POKY, 4 1 IX BUZOBOI'O CKIAAy. BayXInBuM €
(PaKT TOTO, MO BOJOPOCTI Pi3HUX CUCTEMATHYHUX I'PYIT
iCTOTHO Pi3HATBHCA 32 PO3MiPOM: IIOPiBHAHO BEJTUKUMU
€ IiaTOMOBI, APIGHUMHU — CUHBO3CJICHI.

i pe3ynsraTv OTPUMAHO 34 JAHHUMU I1OJIbOBUX JJOC-
JIJPKEHB, 4 CAME BUMiPIOBAHHI BiJJIIOBITHUX IOKA3HHKIB
H4 MiCIli, 4 TAKOK IIUISIXOM aHaJ1i3y IpOO y 1a60paTop-
HHUX YMOBAX. X044 [IEM METO/, € 3ATAIbHOIIPUHHATHUM,
aJIe Y HbOMY € IIEBHI HEJTONMIKNU. [OTOBHUMH 3 HUX € BeE-
JIMKA BAPTiCTh, 4 I'OJIOBHE — HEMOXJIMBICTb OJHOYAC-

* E-mail: vishnev@voliacable.com

HOT'O OXOIIJIEHHS JOCJiPKEHHSIMH BEJINKOI KiJIbKOCTI
BOZOUM. TOXK CTAaH OKPEMO B3SITUX BOJONM BUBYAIOTh-
CA B Pi3HUA 4ac, 110, 3BiCHO, YCKIAJTHIOE MOXKIUBICTD
MOPiBHAHHA OTPUMAHUX PE3Y/IBTATIB.

3HA4YHY yBar'y €KOJIOIiYHOMY CTaHy JHinpa, 30Kpe-
Ma riIpOXiMiYHHUM TOKA3HUKAM T4 PO3BUTKY “I[BITIHHA”
6ina Kuesa npujineno y kuusi [1]. Y npoMy pasi Buxia-
HUMH JAHUMH CTAJIA MaTEPiaIn 6araTopigHUX CIIOC-
TEPEXKEHD, IO MAIOTb 3HAYHY IMIOBTOPIOBAHICTD. 34 J1d-
HHUMHU MOHITOPHHIY, AKUH BUKOHYETbCA HA BOA03200Di
JHIIPOBCHKOI BOAOIIPOBiAHOI CTAHILil, BCTAHOBJIEHO
CepeHIO 6araTopiyHy KilbKiCTh KIITUH BOAOPOCTEH:
4JepBeHb — 19 THC, uIieHb — 34 i ceprieHb — 35 THC.
KJIITHH H4 KyOiYHUI CaHTUMETP. Lle iCTOTHO MEHIIE,
HIXK CITIOCTEPITa€ThCA Y 6AIaThOX KUIBCHbKUX BOAOMMAX,
aJpKe BOJA 1O BOJ03260py IBC HAIXOANUTD IEPEBAKHO
3 IPUJOHHUX MapiB KUIBCHKOI'O BOJOCXOBUIIA.

OCTaHHIM 44COM Y BCTAHOBJIEHHI €KOJIOT{YHOI'O CTa-
HY BOJOM 3’sIBUBCSI HOBUI HAIIPSIM, 4 CAME TOH, 11O CIIU-
PaeThCA HA IaHi AMCTAHLIMHOIO 30HAyBaHHA 3emiti (I33).
V 1IbOMY Pa3i IS OLiHIOBAHHS CTAHY BOJHHX OO’€KTiB
BUKOPUCTOBYIOTD HE JIUIIIE 300PAKEHHA BOAHUX OO’ EKTIB
Y KOJIbOPAX, OIIM3bKUX 0 MPHUPOJHUX, 4 M ITEBHI iHJIEKCH,
AKi € KOMOiHALIEI0 KAHATIB 3HiMAJIbHO]I artapatypu. Hari-
Ownpiie nomupeHHs Habynu ingekcu NDTI (Normalized
Difference Turbidity Index), NDPI (Normalized Difference
Pond Index) Ta NDVI (Normalized Difference Vegetation
Index). BignosigHi (pOpMyYIH A1 PO3PAXYHKY LIUX
iH/IEKCIiB MaIOTh BUIJISI/I:

NDTI = (B4 — B3) / (B4 +B3),
NDPI = (B6 — B3) / (B6 + B3),
NDVI= (BS — B4) / (BS + B4),

ne B3, B4, B5 i B6 — iHTEHCUBHICTh BUTIPOMIHIOBAHHS
BIIITOBIIHMX KaHA/IiB 3HIMAJIbHOIL alIapaTypPU CYITyTHUKA.
Buxkopucranua nyx iHAeKCiB Ja€ 3MOTY Kpallle Bi3y-
AJIi3yBATU IPOCTOPOBI BiAMiHHOCTI, 11O iCHYIOTb HA I10-
BEPXHi BOJHUX OO’€KTiB.
3a3HA4YMMO, IO y 3B’13Ky 3 HOPIBHAHO HEBUCOKOIO
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PO3AIMBHOIO 34ATHICTIO CYIIyTHUKOBUX 3HIMKIB yBara
JOCJIJIHUKIB IEPEBAXKHO CIIPSIMOBAHA HA 3’ICYBAHHS
CTaHY BEJIMKHUX BOJOMM, 30KpEMa MOPIB Ta iX npube-
pexHOI cMyru. 1A IIMX YMOB BCTAHOBJIEHO IIEBHI KO-
penAnifiii CniBBiAHOMEHHA MiXX KOHIIEHTPAIi€IO
diTorutankTony i fjanumu J133. 3’s1coBaHo [11], 1o npu-
CYTHICTb (DiITOIUIAHKTOHY Y BOJIi CHPUYMHIOE IIOSBY ITIKY
Y CIIEKTPi BUIIPOMiHIOBAHHS 3 JJOBKMHOIO XBUJIb OIN3b-
K0 0.55mrm. [Ipu IbOMY BUITPOMIHIOBAHHS CHHIX i uep-
BOHHUX IPOMEHIB 3MEHIIYEThCSL.

3 BHYTPIIIHIX BOAONM YKPATHU HAMOIIBIINIT OOCAT
JOCIiPKEHDb y cPepi BUKOPUCTAHHSA [133 BUKOHAHO
I[O/JI0 OLIiHIOBAHHS €KOJIOTiYHOI'O CTAHY JHIIIPOBCHKUX
BOJOCXOBUI [5—8]. Y IbOMY pa3i MalOTh OyTU IEpEAyCimM
sragadi poooru @. T. [llymakoBa Ta MOro KoJer. 30Kpe-
M4 y npati [8] Ha OCHOBi JaHUX CynyTHHKA Landsat 7
BCTAHOBJICHO HASBHICTb 3aJICKHOCTI MK IIPO30PICTIO
BOJIM T4 KOHLICHTPALII€IO XJIOPOMITy ¢ 3 TOKA3ZHUKAMU
KaHatiB B1i B2. YV ipami [5] Ha migcrasi ganux /133 BUKO-
H4HO OLIiHIOBAHHA piBHA TpodHOCTI KuiBcbkoro ta
IHIIUX BOJOCXOBMUIIL [JHIIPOBCHKOI'O KACKALY.

VY LIJIOMY, XaPAKTEPUIYIOUU PE3YIBIATU BUKOHAHNUX
JOCTIKEHD, IOTPIOHO 3a3HAYNTH, 11O IS OLIiHIOBAHHS
€KOJIOI{YHOTI'O CTAHY KUIBCBKUX BOJOMM Meroau 133
MIPAKTAYHO HE BUKOPUCTOBYBAINUCA. TaK caMO — J10OCi
HEMA€ OJITHO3HAYHOI Bi/ITIOBi/li HA TUTAHHS TOTO, IKi BO-
JIOVIMU MAIOTb KPAIAH €KOJIOTTYHUM CTAH, A AKi TipPIINA.

MeToaHuKa TOCHiIKEeHb

TonosHOM0O iHPOPMALIHOIO 6A3010 LBOI'O JOCIi/-
JKEHHSA CTAJIM JaHi cynyTHHUKaA Landsat 8, mo 6yB 3ary-
meHnH Ha novyatky 2013 p. Lert CynyTHUK O6/1afHAHUIA
KUJIbKOMA CEHCOpaMH, CIIDOMOXHHUMHU BHU3HAYATH I10-
TY>KHICTh BUIIPOMIHIOBAHHS B KiJIbKOX J1ialla30HAX Ya-
cTOT. ITpoCTOPOBE PO3PI3HEHH 300PAKEHD OUIBIIOCTI
KaHIiB CTAHOBUTDL 15—30 m. ITepioanyHiICTb 3MIOMKH
CYIIyTHHUKOM IIEBHUX JiIIHOK 3¢ MHOI IOBEPXHi CTAHO-
BUTH 16 1i6. YV 30HI IEPEKPUTTSI 300pAKEHb Mepio-
JOUYHICTh 3MOMKU BJIBi4i MEHIIIA.

Tepuropia M. Kuepa 3HAXOAUTBCA MADKE B LIEHTPI
cepii 3HiIMKIiB LC8181025. Yac mjiei 3ttomku — 8:49 3a

BceecsitaiMm yacom. Kpim TOT0, MaKe BCE MiCTO, 34 BU-
HATKOM MOI'0 NiBAEHHO-CXiTHOI YaCTUHH, TOTPAILIAE
Ha 3HiMKM cepii LC8182025. 3niManHs i€l TepuTopii
BUKOHYETHCA O 8:55 3a BcecsiTHiM yacom. ITpoTarom
TEIIOr'O Imepiofy poKy KHUIBCBKUN 4aC Pi3HUTHCA Bif,
3rajjaHoro Ha 3 roj. OTKe, 3MOMKa B 000X BUITAJIKAX
NIPHUOIM3HO BUKOHYETHCA O 11:50 32 KUIBCHKMM 9aCOM.

3Ka4yyBaHHA 3HiIMKiB Landsat 8 BUKOHYBa10CA i3 cari-
Ty leonoriunoi ciyx6u CIIIA (http://glovis.usgs.gov). ¥
3B’S13KY 3 BEJIMKHUM PO3MipOM (DAMIIiB, SKUH OJIU3bKUHI
10 1 I'6T, criouaTKy 37iMCHIOBABCA Bifibip AKICHUX 300-
PaXKEHB, SKi HE 3aXMapEHi. 3a UM BifiOyBasIOCs IX 3Ka-
4yBaHHS T4 OOPOOKA. B OCTAHHBOMY pPa3i BUKOPHUCTA-
HO nporpamy ArcMap10.

OCHOBHY yBar'y B IOC/I/PKEHHAX OYJIO CIPSIMOBAHO
Ha Har6i1pmi i BogHOYAC XapakTepHi Bogorimu Kuesa.
3BUYAMHO [TOKA3HUKU SIKOCTi BOIY BU3HAYAIUCS B 11€H-
TPaIbHINA 4aCTUHI BOJOUM. Y 3aToLi Bepbiof, mo mae
HENIPABWIbHY (POPMY, IIOKA3ZHUKU BCTAHOBJIIOBAIUCS
JUIL CEPEAMHU HANOUIBIIOrO IIJIECA, IO BiiJAJIEHE Bij
Juinpa.

[Ile omHNUM JpKEPEIOM IaHUX Oy MATEPidIi MOHITO-
pyHIY KUIBCBKOI'O BOJOKAHATY 3d PO3BUTKOM BOJOPOCTEN
13araJ10M 32 IKiCTIO BOIX Ha BO103260pi IBC. Basxmso, o
Bi/IITOBiZIHMI MOHITOPUHI' BAKOHYETBCS TYT IJOJICHHO.

ITeBHy yBary B JOCIKEHHAX OYJIO CIIPSIMOBAHO HA
6€e3110CcepeIHE O3HANOMIIEHHS 3 BOJOMMAMU. Y IIbOMY
Pasi OLiHIOBAIMCA MOMUPEHHS BOJHOI TA HOBITPAHO-
BOJIHOI POCTTMHHOCT, PiBEHB “IIBITiHHS”, BUMipIOBAJIH-
Csl IPO30PICTh BOJU T4 11 TEMIIEPATYPA.

Bukiiaja OCHOBHOI'O MaTepiary

CTaH KMiBCbKMX BOJIOMM MOXXHA OLIIHUTHU 34 CYITyT-
HUKOBHMH 300PDAKEHHAMHU, BUKOPHUCTOBYIOYM IIE€BH]
3acobu iX 06pO6KH. Il IIbOT'O BUKOPHUCTAHO 3raJjaHi
Buie injgekcu NDTI NDPI i NDVI, gki € kom6iHa1li€o
JIOBXUHHU XBWIb IIEBHOI'O /Iialla30HY BUIIPOMiHIOBAH-
H4. Lle 1a10 3MOory nooyyBaTH 306 PAKEHH KUTBCHbKUX
BOJIOMM Y HIMPOKiM I'aMMi KOIbOPiB. OCHOBHY yBAT'y
NPUIEHO CTAHY BOJIOMM Y TEIUIUI IIEPio/ POKY, KOJIU
LIeM CTAH € HANOiIbI Npob6eMHUM (pHC. 1).

Puc. 1. 306pakeHHs KHIBCHKUX BOJOMM, OTPUMAHI 32 3HaYeHHAMH iHaekcy NDPI: 32 6.06.2014 (a), 30.07.2014 (6) 1 1.09.2014 (B)
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HasezeHi Ha purC. 1 306paXEHHS ITIOKA3YIOTh, IO CTAH
BOJONM KneBa 3a3Ha€ 3HAYHUX KOJMBAHDb y 4aci. [To-
PIBHAHO CTAJIUM € BUIJIAJ BOAU B OCHOBHOMY PYCIIi
Jninpa. HatomicTb OKpeMi HOT'O 3aTOKH, 4 OCOOIMBO O3€-
Pa, iCTOTHO 3MiHIOIOTB CBilf CTaH. Hai6inbmi BiiXmieHH
BiJ crany JIHIIIpa CrIoCTEPIratoTbCA TO/|, KOJIM PO3BUTOK
“UBITIHHA” BOJU JJOCATAE€ CBOI'O MAKCHMYyMY, 4 CAME — V
JPYTrif IOJIOBUHI JIMITHA T4 NIEPIIiA [IOJIOBHUHI CEPITHA.

Haii6inpmia CTanicTb IOKA3HUKIB CTAHY BOJIM i HEBE-
ke il “IBiTiHHA” BIACTHUBI /IJI1 BEPXOBOI BOJOMMH
Kuiscbkoi 'AEC Ta HyxkHbOIrO 6’epy Kuiscpkoi I'EC. B
060X BUITAKAX 1€ 3YMOBJICHO 3100pOM BOJU 3 JOBOJI
BEJIMKUX IMTUOMH KUiBCbKOTO Bogocxosuia. Kpim Toro,
TIEBHY POJIb BiJlirPa€ 3HAYHE NIEPEMIITYBAHHS. 3 iHIIO-
ro 60Ky, HasIBHI 300paXEHHS IOKA3YIOTh HAABHICTh
CWIBHOTO “IIBITiHHA" B 03€pHIilf cucTeMi O1ieyeHs (J1iBa
4acTUHA puUc. 1), 3aroni JJomMmaHa (HEHTP PUCYHKA),
03epi AsimasHe (MpaBa YaCTUHA PUCYHKA).

3acobu 06pOOKHU CYyITYTHUKOBUX 300PAKEHD JAI0Th
3MOTYy OTPHUMATH iX Y BUIVIAAL, IO OJINU3bKUI 10 MPU-
POOHMX KOJIBOPIB. YV IIbOMY Pa3i BHKOPUCTAHO KOMOi-
Harlilo KaHatis B2, B3 i B4 cynyrauka. 1li 306pakeHHs
IIOKA3YyIOTh, 11O AiICHO BOAA HabyBae HANOINbII 3e1e-
HOT'O KOJIbOPY Y APYTill IOOBMHI JIiTa. [TOPiBHAHO CTa-
JIUM € KOJIip BOAX y JIHIMnpi. B 11010 3aTOKAX T4 0CO6JIM-
BO O3€pPaX 3MiHM KOJIbOPY 3HAYHO 6iIbIi (puc. 2).

Puc. 2. 306paxeHHs 03. Pequnne (Minictepcbke), 3aToku Bepomon i
npueriol Ak JHinpa, noby1oBaHi 3a KOMOIHAIli€IO KaHAIiB B2,
B3iB4:6.06.2014 (a), 30.07.2014 (6) i 1.09.2014 (B)

Hasenene 306pa’keHHs A€ 3MOI'y ITIOOAYUTH Ha-
CJIJIBKY BAXJINBOIO € POJIb BOJOOOMIHY. Y BiJjIaIECHOMY
Bij JHinpa mieci 3aToku Bep6ios “UBiTiHHA” BOAN V
JPYTiii IMOJOBHHI JIiTa 3HAYHO OiJIbllle, HiXK y HAOIHU-
JKEeHiN 10 [Hinpa yactuHi. lle 6i1puM € pO3BUTOK
“uBiTiHHA” B 03. Pequnne. I[106yTye TyMKa, 1110 BO/IA B
HBbOMY JIY’KE€ UMUCTA, AJI€, IK BUHO, IOTOJAUTHUCS 3 [ITUM
MOKHA JIMIIE YACTKOBO.

JoBOJIi LIiKaBUM i HE JIMIIIE B HAYKOBOMY 3HAYCHHI €
€KOJIOIYHUI CTAaH BOJOMM, PO3TAIIOBAHUX Y IiBJECH-
HO-CXiJHii yactuHi Kuesa: o3zep Bupnuus, Tarue,
HeOpix T2 iH. [leski 3 IUX 03€p BUKOPHUCTOBYIOTBCS B
peKpealtii, Xoua AKiCTb BOJH B HUX € CYMHiBHOIO. 3BU-
YAaMHO HANUTipIIIa BOHA Y APYTili HOJOBUHI JIiTa (PUC. 3).

SIK BUAHO HA pUC. 3, HAUOINbIIE Bif CYCiIHIX BUJi-
JIAEThCA 03. Tarne (y HeHTpi), AKe TyT € Harbinsmum. Le
03€PO BUUIAETHCA i 32 iHINIUMU iHAEKCAMU.

OOCTEXEHHS 3A3HAYCHUX O3€P ITOKA34J10, 1110 B I1ii
yacTuHi Kuesa o3. Tarne € HaitbnpoobieMHIimum. ¥V
JPYTrifl IMOJIOBUHI JIiTa Y HBOMY CIIOCTEPII'd€ThCs
rinepuBiTiHHA. [IpyU IBOMY IIPO30OPICTh BOJAU B HHO-
My 32 AUCKOM CekKkKi cTaHOBUTDH auiue 0.3—-0.4 m.

Puc. 3. 306pakeHHs 03€p B MiBAEHHO-CXiHil yacTnHi Knesa, mooy-
JIoBaHi BiAnoBigHO g0 3HayeHbp NDPI (a) Ta NDVI (6); 3HiMOK 32
28.08.2015
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XapakKTepHO, IO Ha O€perax 03epa HEMAE HABITh
BCIOJJUCIOIIUX PUOOIOBIB.

PO3BUTOK “IIBITIHHS” MOYKHA XaPAKTEPU3YBATH TAKOX
3HAYECHHAMU KaHany B3 cynyrauka Landsat 8, sikuii Ha-
JIANITOBAHUN HA TOBXKUHY XBUIb 0.53—0.59 mrcm. Toripu
iCHYBaHHA NEBHUX KOJIMBAHb B OKPEMO B3ATUX BOJIONMAX,
HaMO6LIbII KUIBKICH] TOKA3HHUKHU 1IbOI'O KAHAIY B LIVIOMY
[IPUIIAIAI0Th HAJIMIIEHD i 3PifiKa Ha cepIieHb. Lle came Ton
4ac, KoM “IBITIHHA” BOAY € MAKCUMAJIBHUM (PUC. 4).

N VI VII

VIIT X
Puc. 4. Po3noin 3Ha4eHb KaHATy B3 KUIBCBKUX BOJJOMM MPOTATOM
epio/y 3 TPABHA IO BEPECEHb

8500

8000

7500

7000

6500

6000

3ayBaXXUMO, IO BiANIOBIAHO O [1], HANOIIBIINI
piBEHDb PO3BUTKY (PITOIUIAHKTOHY Ha BOL03a60pi JIBC
NIPUIIAAE HA CEPIIEHD, TOOTO AEIIO Mi3Hille, HiK 111
OGiNBIIOCTI KHIBChKUX BOJIOHM. Lle MOsSCHIOETHCS 3Ia/1a-
HUM BuIIE (pakTOM 3260py BoaU [IBC, Kyau BOHA HAJ-
XOAUTD MEPEBAKHO 3 NPUJIOHHUX HIAPiB KUIBCHKOTO
BOJJOCXOBHUIIA.

MozxHa IPUITYCTHTH, 1110 U1 KUIBCBKHX BOJJOMM iCHY€E
IIEBHUI 3B’130K MK 3HAYEHHAMU KaH1y B3 Ta mupo-
KOBXkHBaHUMH iHjiekcamu NDVI, NDPI ta NDTI Busisu-
JIOCH, LI€U 3B’A30K JiHCHO iCHYe, aj1€ TiCHUU BiH JIUIIE 3
innexcamu NDPI Ta NDTI HanricHimmuit BiH y nepiof,
KOJIM PO3BHUTOK BOJOPOCTEN HAUOUIBIINE (PUC. 5).

9000 —
y = -15573x + 5084.3
R*=0,9271
8500 e
8000 \\ S
7500
2025 <020 015 -0.10

Puc. 5. 38’130K MK KUIBKICHUMU TOKa3HUKAMU KaHaTy B3 Ta injiexcy
NDPI KMiBCbKHX BOZOHM 32 IAaHUMH 3HOMKH CYITyTHUKOM Landsat 8,
28.08.2015
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3arasom BeJIMKA TiCHOTA 3B’ 13Ky MiXK IOKA3HUKAMU
KaHa1y B3 Ta ingekcom NDPI 3 koedinjieHTOM KOpe-
a0l moHas 0.8 CIOCTEPIraeThCss NPOTAIOM yCbOT'O
JIITHBOT'O HEPIOAY.

HarimeH1i KiJIbKiCHi IOKa3HUKU KaHATy B3 BracTusi
11 BepxoBO1 BogomMu KuiBcbkoi TAEC T4 HHXKHBOTO
6’edpy Kuiscpkoi I'EC. XapaKTE€pHi 3HAYEHHS CTAHOB-
JATh TYT 7 500-8 000. 3i 361bIIEHHAM TPOMHOCTI 3PO-
cTae i noxka3Huk B3. [l o3epa Tariie, BogHa IOBEPXHS
SIKUX YJIITKY PEAJIbHO 3€JICHA, IIOKA3HUK KaHany B3 ya-
cro niepesuutye 9 000. ITogidue crocyerncs 03. JlicoBe
(bepiska), mo po3ramosate y cXigHin yactuni Kuesa
Ha [iBJEHbD BiJi BpoBapChKOro moce.

Haseaeni [aHi 1a10Th 3MOT'Yy XapPAKTEPU3YBATU CTAH
BOJIHUX OO’€KTIB 34 CTYIIEHEM BiIXWIEHHS Bi/l pepepeH-
IMHUX YMOB, AKMMU MOKHA BBAKATH CTAH BOAU Y BEP-
xoBi# Bopo¥mi Kuiscpkoi TAEC i B H>KkHbOMY 6’e i Kui-
1BCbKO1 'EC. [TOKa3HUKHU SIKOCTi BOJU TYT 3HAYHO OLIbIIT
CTabUIbHI, HDK y 3aTOKaX [IHINIpa T4 OCOOIMUBO O3€PaX.

151 OLIiHKM CTaHY BOJHUX OO’E€KTiB MOXXHA BUKOPHU-
CTaTH CJIOBECHUM ONHC, OJIM3BKUI /10 TOT'O, IO PEKO-
MEH/IOBAaHHUH y “MeToAuIi EKOJIOTiYHOI OIiHKHU SIKOCTi
IIOBEPXHEBUX BOJ 34 BiAIIOBIIHUMU KaTeropiamu” [4].
VY 1bOMY JJOKYMEHTi PEKOMEHJOBAHO BUAIATU II'SITh
KJIACiB i CiM KaTeropin AKOCTi Bogu. Hazsa Ki1acis 3a cra-
HOM BOJ] € TAKOIO: BiIMiHHi, 106D, 33JOBUIbHI, ITIOTaH] i
JIy2KE TIOT'aHi. Y MEXKaX KJIACIB BUAIAIOTH CiM KATETOPit
AKOCTi BOAU. IIepimomy K1acy BiZIlIOBiIA€ 9yOBa AKiCTb.
V apyromy Kiaaci BUAUISIOTH KaTeropii “nyxe no6pa” i
“nobpa”, y TpeTboMy — “33/10BiNbHA” i “locepenHs”, y
YEeTBEPTOMY — “TIOraHa”, y W’'sAITOMY — “IyKe mnoraHa”
(Tabmuis).

CraH KHIBCBKHUX BOZOMM 32 piBHEM “IBITiHHA” BOAN

Boporima Cran
Bepxosa Bosiorima Kuiscbkoi FTAEC,

HYKHI I 6%¢ (b KniB cbroi TEC Jyxe no6puit
Bepomog, Cobaye rupino, Pegunne,

CBSATOIIN HCh KUH Jlo6puit

Consiane, JIebequHe, AyimazHe 3a/710BiJIbH U1

Bep6ue, Parigyra, T ess O Tloce peamii
Kupunisceke, 3arwiasHe, JJomans, Hebpix Tloranu

Jlicose (Bepiska), Tarne Jly>xe rmoraH mit

VY iiztomy Kpanum eKOJOTiYHHUH CTAH CIIOCTEPIra€Th-
Cs TaM, Jie OiIbIINKA BOJOOOMIH: B OCHOBHOMY PyCIIi
JHinpa BiH KpaluK, HiX Yy 3aTOKAX, 4 B 32TOKAX Kpa-
U HiK B 03epaxX. [IesKUi BIUIMB HAa PO3BUTOK “IIBi-
TiHHS” Ma€ TAKOX IIOIINPEHHS BUIIOI BOJHOI POCINH-
HOCTI. Y BOAOMMAX, JI€ 3T'4/JaHOI POCJIMHHOCTI 6araTo,
PO3BUTOK “UBITIHHA” MOPiBHAHO HEBEJIUKHUH i, HaBIA-
KH. Tak, MpOGIEMHUIT CTAH 03. AJIMa3HE IIEBHOIO MipOIO
MOACHIOETHCA TUM, IO BUIIOI BOJHOI POCIMHHOCTI B
HBOMY K€ MAJIO. L€ 3yMOBIEHO OCOOIMBOCTAMU MOP-
¢doMeTpii 03epa, a CamMme HEBEJIMKOIO IUIOLIECIO MIJIKOBOJI -
HUX AUIIHOK. [TokazHUKU KaHairy B3 Ta ingekcy NDPI
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CBiIYaTh PO MEHIIHNNI PO3BUTOK “IBITIHHA” Y GIBIT
3apOCIIif MiBHIYHO-CXiJJHI YaCTHHI 03. ATMa3HE, HixK
B MOT'O MiBAECHHO-3aAXiIHiN YaCTHUHI.

VY cBOIO uepry, npodnaeMHur crad o03. Jlicose (bepis-
K4) 3yMOBJICHHUH THM, 11O B IPYTii IIOJIOBHHI JIiTA BOHO
CTA€ HETIPOTOYHUM i 3MEHIIYETHCA B pO3Mipax. Y 1ier
4ac IpPO30pPicTh BOJU B 03€Pi 32 JUCKOM CEKKi CTaHO-
BUTD jtniIe 30—-35 om.

3 iHIIOrO GOKY, JOBOJI 320PYAHEHUM BBAXKAETHCS
CBATOMMHCHKUH CTAB, IKUM 3HAXOAUTHCS MiBHIYHIIIIE
apronuaxy Ha JKuromup. Asie gani 133 1bOro HE I10-
Ka3yIOTb. MOMJIMBO L€ ITOB’A34HO 3 JOBOJIi I'APHOIO ITPO-
TOYHICTIO, aJKE YePE3 CTAB IIPOTiKae p. HusKa. ITleBny
POJIb Y CTPUMYBAHHI PO3BUTKY BOJOPOCTEN BipOTigHO
Ma€ 3HAYHUI PO3BUTOK IMOBITPAHO-BOAHOI POCIUH-
HOCTI], IKa BKPUBAE MIJIKOBOJ/IA CTABY.

Jesiki 0COOMUBOCTI AKICHOTO CTAHY MAIOTh BOAOU-
MU B HiBAEHHO-CXiAHIN yacTuHi Kuesa: osepa Bupnu-
g, Tarne, 3aruiasHe, He6pixk Ta iH. 32 HAABHUMU /1a-
HUMH, [ BCiX IIUX BOJONM XAPAKTEPHE 3HAYHE
“OBiTIHHA” BO/IU. 30KpEMA, BOHO BIACTUBE JIJI HANO-
impmoro Tyt 03. Tsarne. [Ipo6i1eMHU CTaH IIbOTO O3€-
Pa BipOTiJIHO MOB’I3aHUM 3 GIIN3BKICTIO BOPTHUILIBKOL
CTAHIIiT aepaliii, AKa 1O TOr'O X 3HAXOAUTHCA HA BUIITUX
MO3HAYKAX.

ITopiBHAHO HEBEIMKHUM € “IIBiTiHHA” BO/IU B 03. Bup-
JIALA. MOXKHA NIPUITYCTHUTH, IO PO3TAIOBAHUI ITOPSA/]T
3 03€pPOM CMITTECIAJIOBAJIBHUN 3aB0J “EHepris”
3LiMCHIOE IITYYHE IIPUTHIYEHHS PO3BUTKY (PiTOIIAH-
KTOHY.

JO BOKIIMBUX MTAPAMETPIB €KOJIOT{YHOTO CTAHY BOJI-
HHUX OO’€KTIB HUICKUTD i TEMIIEPATypa BOAH. 3 METOIO
1l BU3HA4YEHHS BUKOPUCTAHO J1aHi KaHainy B10 cymyr-
HUKA Lansat 8 Ta BUKOHAHO BiZITIOBIJHUI PO3PAXYHOK
32 (pOPMYIIOIO, IO PEKOMEHI0BAHA [€0JIOTiYHOIO CITyXK-
6010 CIIIA:

T=(1321.08/(Ln((774.89/
(("LC80990232013252LGNO0O_B10.TIF”
0.0003342)+0.1))+1)))-273.15.

STk 6y/10 BCTAHOBIEHO ABTOPAMHU paHiie [6], oTpu-
MYBaHi JaHi IO/I0 TEMIIEPATYPHU BOIU JOBOJI 106pe
BiIOBiIAIOTh 11 (PAKTUYHUM 3HAYEHHIM. X04a I10-
PiBHAHO HEBUCOKA PO3AiNbHA 3[1aTHICTh KaHany B10
(100 m) HE Jae 3MOTH BCTAHOBJIIOBATU TEMIIEPATYPY
BO/IU Y HEBEJIMKNX BOJONMAX, iICHYE MOYKJIUBICTD 11 BU3-
HA4YEHHA B OCHOBHOMY pycCii JJHINIpa, 1OTO IOJIOBHUX
PYKaBax, 2 TAKOXK BEJTMKNX 32TOKAX Ta 03epax (puc. 6).

Hasejeni Ha puc. 6 1aHi CBii9aTh PO TE, O B HAT-
CIEKOTHIIINUN NIEPIOJ POKY TEMIIEPATYPA ITIOBEPXHE-
BOT'O APy BOAU vy BogorMax KueBa Mmae 3Ha4Hi Bif-
MiHHOCTI. HafiHMX4a BOHA B HIDKHBOMY 6’e(pi KHiBCh-
k01 I'EC, Kygu BOJa CKMJA€ThCA 31 3HAYHUX IVIMOUH,
Jle TEMIIEPATYPA HIKY 4, HiXK HA IOBEPXHI. 3 BijjaJIcH-
HaM Bif 'EC TeMmneparypa BOJU 3pOCTA€ i HA HUXKHIH
okosnni Kuesa moxe Oyru Ha 2°C i BUIIOIO, HIXK y
HIKHBOMY 6’ehi TEC.

JeAKUA BIJIMB HA TEMIIEPATYPY BOAU B [IHINIpi yn-
HUTD i JIecHa, BOAA B AKIN y MiCIli 3/IUTTA IIUX PIYOK
VIITKy Tertima. HarBuima )X TeMrneparypa BOAU B Me-
skax Kuesa criocrepiraerbcs B 3aTOKax (OCOOIUBO 3
HEBEJMKHUM BOJOOOMIHOM) Ta OCOOGJMBO 03€pax. ¥
bOMY Pa3i iCHY€ NPIMUN KOPEIALIMHUN 3B’ 130K 3
PO3BUTKOM (PITOIJIAHKTOHY: Y BOJOMMAX 3i 3HAYHUM
“nBiTiHHEAM” BOJU ii TEMIIEPATYyPA BUIIA, HIXX 3 MaTTUM
i, HABIIAKH.

BHCHOBKH
Jani cynyrHuka Landsat 8 Ta pe3ynsraru ix o0poo-

KU JAIOTh 3MOT'Y OLIiHIOBATH €KOJIOTiYHHUI CTaH BOJOMM
M. Kuesa. [TIpoTaromM poky LieH CTaH 3A3HA€ 3HAYHUX KO-

Puc. 6. Temneparypa BOAHOT TOBEPXHi KUIBCHKUX BOAOMM y junHi: 13.07.2016 (a) i 29.07.2016 (6)
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JIMBAaHb. binbit cranuMm € cran JJHinpa, MiHIUBIIUM —
HOr'0 32TOK T4 OCOO/IMBO 03¢ep. Harbinbui BigAMiHHOCTI
MDK yMOBaMH B JIHITIPi Ta B O3€PaX CIIOCTEPIralOThCA Y
JPYyrid MOJIOBUHI JIMITHA—TIEPIIiN [TOJOBUHI CEPITHA,
KOJIM HAMBUIIOIO € TEMIIEPATYPA BOJAU TA HAOYBAE HA-
OINBIIIOrO PO3BUTKY il “IBITIHHA". OIiHIOBAHHS ITOTO
IIPOLECY MOXKHA 3/iMCHIOBATH 34 iHAeKCcaMu NDPI,
NDTI Ta kananom B3. 32 OTpUMAaHHUMU JJAHUMHU 3a1IPO-
IMOHOBAHO KJIACU]IKALIIO €EKOJIOTiYHOI'O CTAHY KUIBCh-
KUX BOAONM. HaMKpammum € CTaH BEPXOBOI BOJOUMU
Kuiscpkoi TAEC i HyxkHbOIO 0’e(py Kniscbkoi 'EC, gyxe
noranuM — oazep Jlicose (bepiska) i Tarie.

CKUIaHHS BOOU 3 NPpUAOHHUX mapis Kuiscbkoi I'EC
3YMOBJIIOE T€, 1110 HANXOJIOAHIIIA BOJA BIIITKY CIIOCTE-
piraerbca B i HKHbOMY O’ei. YHU3 32 TEUI€IO TEMIIe-
paTypa BOJAM IIOCTYIOBO 3POCTAE: YACTKOBO 3ABIAKU
POTPIBAHHIO, YACTKOBO 3aB/SKU BIUIUBY JleCHU, TEM-
rneparypa B AKiM yIiTKy BUINQ, HIK y JHIinpi. V aiTHiA
IePio HAUTEIVIIIIOIO € BOJA B 3aTOKAX /IHiIpa Ta B KUi-
BCBKUX O3€pax.
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OLEHKA COCTOAHMA BOJHBIX OEBEKTOB KHMEBA ITO JAHHBIM JMCTAHIIMOHHOI'O 3OHIANMPOBAHMA 3EMJI

B. M. Bummnesckui, C. A. [lleBuyk

IIpeiCTaBIEHBI PE3YJIBTAThI UCIIOIB30BAHNSA JAHHBIX /133, BEITOIHEHHBIX CIIyTHUKOM Landsat 8, 711 BBIICHEHUS SKOJIOTUYEC-
KOT'O COCTOSTHUST BOJIOEMOB T. KrieBa. YCTAaHOB/IEHO, UTO B TEYECHHE I'OZ[d TO COCTOSHUE UCHBITHIBAET 3AMETHBIC KOJICOAHMS.
Hawnbosbnire koneb6aHus ¥ OJHOBPEMEHHO OTKJIOHEHHS OT COCTOSHUS JJHETIPa XapaKTEePHBI I 03€p. I OLIEHKH COCTOSI-
HUS BOJIHBIX OOBEKTOB MPEIONKEHO NCOMb30BaTh UHAEKCH NDPI, NDTI 1 3HayeHune kanana B3, KOTOPBIH COOTBETCTBYET
3€JICHOMY LIBETY U3JTy4CHUSL.

Kixrouessle cioBa: BogoeMbl Kuesa, Landsat 8, “IiBeTeHHe” BO/IbI, 9KOJIOTMUECKOE COCTOSTHUE, TEMIIEPATYPA BO/BI

EVALUATION OF STATUS OF KYIV WATER BODIES USING REMOTE SENSING DATA

V. 1. Vyshnevskyi, S. A. Shevchuk

The were presented the results of remote sensing data, made by satellite Landsat 8, for estimation of the ecological status of
water bodies in Kyiv. The were found that during the year this status changes in large scale. The largest fluctuations and
simultaneous deviation from the state of the Dnipro river obtained for lakes. For the determination of water bodies status there
were proposed to use indexes NDPI, NDTI and the meaning of B3 channel, which corresponds to the green color.
Keywords: water bodies of Kyiv, Landsat 8, “bloom” of water, environmental condition, water temperature
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MeToauKa i TEXHOJIOTIA OIIHKY KON, HAHECEHOI YKPAIHCHKi
JIEPKABi BHACIIIIOK HEJIETAIbHOTO BUOOYTKY OYPIITHHY

B. € ®ininosuy *, P. M. llleBuyk

AV “Hayxosuii yenmp aeporkocmivnux 0ocnioncers 3emni ITH HAH Yipainu”, Kuis, Yipaina

Ha OCHOBI CyITyTHUKOBOI'O MOHITOPHUHI'Y BU3HAYEHO, IO 32 HEMOBHUX 5 MicsiB (ceprierb 2015 p.—6epesens 2016 p. 32 Bu-
HATKOM 3UMOBHX MICAIIIB) HA JOCIIIHIN AUTHI po3MipoM 295.6 ra NpHUPICT MOPYIIEHUX 3eMe/Ib BHACIJOK HEIETaIbHOTO
BUIOOYTKY CKIaB 48.4 ra, a MiHiMaiIbHi 36UTKU BiJ] IONIKOPKEHHS i 3a6PYAHEHHS TUIbKU 3€MEJIbHUX PECYPCiB CKIAB 4.3 MJIH.
I'PUBEHD. 3AIIPOIIOHOBAHA METOJUKA MA€ YHIBEPCAIbHUI XaPAKTEDP i MOXKE BUKOPHUCTOBYBATHC IIPU MOHITOPUHI'Y JOTPUMAH-
HS IPUPOJOOXOPOHHOIO 3aKOHOAABCTBA TA IIPUHMHATT] yIIPABIiHCbKUX PillIEHb HA TEPUTOPIAX BiAKPHUTOI'O BULOOYTKY KOPUC-
HUX KOITAJIMH.

KJIr090Bi cJ10Ba: OYPIITUH, HEJIETUIBHUN BUIOOYTOK, 0AraTO30HA/IbHA KOCMiYHA 3HOMKA, €EKOJIOTIYHHUE MOHITOPUHT, OLIiHKa

36UTKIB

© B. € ®ininosuy, P. M. llleBuyk. 2016

Beryn

EKOMOriyHi Ta €EKOHOMIiYHI HACTIIKU HEJIETaJIbHOT'O
BUAOOYTKY OYPIITUHY HA TEPUTOPIAX YKPATHCBKOT'O
IMomnicca Habymu KaTaCTPOPiYHUX MACIITA6iB. 17151 TpO-
TUCTOSIHHSI TAKUM SIBUIAM HEOOXITHO PO3POOUTH i
BBECTHU B [JiIO LIUIy HU3KY 3aXO/iB: Bifl 3aKOHOZABYOI'O
BPETYIIOBAHHA BUAOOYTKY OyPIITHHY [0 IOBHOI pe-
KYJIBTUBALl{ IIOIIKO/PKEHUX 3€MEIb [1-3].

1 3’ACYyBaHHSA MACIITA0IB HEJIETAIbBHOTO BUOOYT-
Ky OypIITUHY, BU3HAUEHHS ILJIOII, IO NOTPEOYIOTH 34-
XOZiB PEKYJIBIUBALLil i BIATBOPEHHSA €KOJIOITYHOIO CTa-
HY HEOOXiJHO IPOBECTU JETAJIbHY iHBEHTAPU3ALI{IO [TO-
IIKO/IPKEHUX TEPUTOPIH, OIEPATUBHO OLIiIHUTH 30MTKH,
LIO HECE AeprKaBad. B OCHOBY iCHYIOUHMX METOAMK i TEX-
HOJIOI'M OLIIHKU MOIIKO/KEHHSA 3EMEIbHUX PECYPCiB
[4—7] moxIageHo pisHOGIYHMUI aHAJIi3 IO ITOPYIIEH-
HA i 3a0pyJHEHHS, AKi BU3HAYAIOTbCA IIEPEBAXKHO HA-
3€MHHUMHU METOJAMH, pPiAlie 32 JOIOMOI'OIO A€PO3Hi-
MaHHS 260 i3 32CTOCYBaHHSM JPOHiB. Heomikamu Ta-
KUX TEXHOJIOTIH €: 4) — HU3bKA ONEPATUBHICTD, 6) —
BHUCOKA IIiHa 32 1 7m? a€pO3HOMKH, B) — HEBHUCOKA
TOYHICTb OTPHUMAHOI 3 JPOHIB iH(popMariii.

ITocTaHOBKA 3aBJAHb

st OliHKM MacCIITabiB KaTacTpOodU 3arpOIOHOBA-
HO BUKOPHUCTAHHS 6araTO30HAJIBHUX KOCMIUHUX /1a-
HUX Y MOHITOPUHI'OBOMY PEXUMI, AK HAd PETiIOHAIIbHO-
My (O6JIACTD, PETIOH) TAK i HA IETATBHOMY (PalioH, OK-
pemi rocnogapcrsa) piBHAX [7—9]. [0JIOBHOIO METOIO
JIOCII/KEHD € PO3POOKA METOJUKU, MAKCUMAJIBHO Ha-
OKEHOL IO ABTOMATHUYHOI, ONIEPATUBHE BUSIBJICHHS
MiCLIb HEJIETATIBHOI'O BUAOOYTKY OYPIITUHY i OLIiHKA
IIKO/AU, 3AOJiAHOL JEPKABI .

* E-mail: filin@casre kiev.ua

MeToaHuKa TOCTiIKEHHA TA BHXiTHi
Marepiaau

MeToaUKa BUABJIEHHS MiCLb HEJIETATIBHOTO BUTOOYT-
Ky OYPIITHHY 0a3y€ThCSA HA CIIEKTPAJIBHUX TA TEKCTYP-
HUX BiIMIHHOCTAX LIUX MiCLIb Bil OTOYYIOYMX, HEIIOII-
KOJKEHUX JIICOBUX i J1iCOBO-6010THUX JIaH A TiB. Ha
OCHOBi €EKCIIEPUMEHTUIbHUX JAHUX PO3POOJIEHO AT O-
PHUTM Ta TEXHOJIOT{YHY CXeMy HH(PPOBOI O6POOKU Ha-
raTO30HAJIbHUX KOCMIiYHUX JAaHUX HA PETiIOHAILHOMY
i leTaIbHOMY piBHAX (puC. 1).

TexHonOris BKIIOYAE: BUOIP Ta OTPHUMAHHA LTUMPO-
BOI KOCMi4HO{ iH(popMallii; pi3Hi BUaU (32 HEOOXiHI-
CTIO) KOPEKITiH JAHUX; KTACU]iKaIlig TA TOCTKIACUDi-
KallifiHa 06po6Ka 306PAKEHD 3 METOIO BUIIICHHS KJIa-
Cy, IO BiJIOBiJa€ IOPYILIEHOMY I'DYHTOBO-POCIUH-
HOMY IIAPY Y MiCIIIX HEJIETAIbHOIO BUIOOYTKY OypIII-
THUHY; BEKTOPU3al1lisi OTPUMAHUX JTAHUX; BepUdiKaIlis
OTPUMAHUX JAHUX HA JOCTYNHUX AUIAHKAX (TIOJIbOBI
JocimpKeHH ), Caganna ['1C nopylmeHux TepuTopim;
3HATTA KinbKicHOI iHpOopMaIlii i o1iHka 3anoaisHOL
KOAW 32 HPUUHATUMU B YKpPAIHi CTAHAAPTHUMU
METOAUKAMHU [4—06]. 3ayBAKUMO, 1[0 TOJIOBHUM YMHHU-
KOM IIPU PO3PAXYHKAX HIKOJH, 3ANOMIAHOI 3€MEIbHUM
pecypcam, B IUX METOANKAX BUCTYIIA€ IUIOLIA IIOPYILIE-
HUX 3EMEJIb, AKa i € 00’eKTOM JemudpyBaHHsa [onoBHa
repesara 3aIpOIIOHOBAHOIO IIiIXOAY BU3HAYAETHCA
OIIEPATHUBHICTIO T4 JOCTOBIPHICTIO OTPUMAHHA JAHUX HA
BEJIMKUX IUIOLIAX Y IIOPiBHAHHI 3 HA3EMHUM METOAAMY,
110 TO3BOJIAE MIBHU/IKO OIIiHIOBATH €KOJIOTiYHY CUTYALIiIO
i IPUUMATH OIITUMAJIbHI YIIPAB/IiHCHKI PillIEHH.

3anpONOHOBAHA METOAUKA 1 TEXHOJIOTiA HA JJETANIb-
HOMY PiBHi PO3IJISA/IAETHCS HA NPUKIIAJI HANUOIIBII
CKaHZAJIbHO BiloMOI TepUTOPil OJIEBCHKOTIO PAMOHY
JKUTOMUPIIMHYU — IUIONIi B paloOHi cenui Oounie—
IIe6enmxa. Ak BUXiHI MaTEPiaIH BUKOPUCTAH] CYITyT-
HHUKOBI gaHi Landsat 8 OLI/TIRS Bix 10.08.15 Ta
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dopmyBaHHSA 6a3n KOCMIYHWX AaHWX

MonepeHiit aHania Ta undgposa o6pobka
OaHWX CYnyTHUKOBUX 31OMOK

-

TemaTtnuHe aewndpyBaHHA

H

| PerioHanbHui piBeHb |

|.ﬂeraanMﬁpiBeHb |

MeToawn pelwndpyBaHHs }J

I BisyanbHe, iHTepaKTMBHel

ABTOMaTM30OBaAHE

TeKCTypHWI aHanis
306paKeHHs

|—| [MonikcenbHa knacudikauis |—|

PacTposa apudmeTnka Ta
cnekTpanbHi iHaekcu

CnekTpanbHi
GibnioTeku

|<DopmyBaHHs| KnacudikaLiiiHoro 306paxeHHs!

1

1
| BekTopusalist i 3anoBHEHHS aTpUGYTUBHUX ,Cl.aHVI>1

I
| Banigauis i BepudikaLis OTpUMaHuX AaHux |
1

KapTu posnoBclofkeHHs1 apeaniB cnoTBOpeHUX naHalwadgTis
Ta aHani3 UinboBoro NpM3HaYeHHs NopyLeHUX 3eMenb

Po3paxyHOK HaHeceHUX 36UTKIiB

Puc.1. TexHONIOr{4HA CXeMA BUKOPHUCTAHHSI KOCMIYHHUX JJAHUX JUIsI BU3BHAUCHHS HAHECCHUX 30MTKIB HA TEPUTOPIAX HEJIETAIBHOTO BUOOYTKY

OypUITUHY

06.04.16; SPOT-6 81 08.08.2015 T2 SPOT-7 Biz 28.03.16.
(Cymyraukosi gani SPOT-6,7 HagaHi T HAYKOBUX
ninert komnaniamu Airbus Defence and Space (Ppan-
nisn) i TBIC (YkpaiHa)).

Pe3yabpTaTH JOCAiIKE€Hb

Ha nepmoMy perioHaabHOMY €Tarli 32 JOIIOMOI'0I0
AHANi3y KOCMIYHHUX JAHUX 3 IIPOCTOPOBOIO PO3Pi3HE-
HicTIO 15-30 M HA MiCIIEBOCTI BUABASIOTH OCHOBHI
MiCLIsI CKYITYEHHS HEJIETAIbHOI'O BULOOYTKY OypIITH-
HY i HOPYIIEHUX 3€MEJIb, BU3HAYAIOTh JUIAHKU Jie-
TAJIbHUX POOBIT, POPMYIOTE 6A30BY /1A pariony (06-
nacri) I'IC. [Tpukiaz pe3y/sraris perioHaJIbHUX JOC-
JIJKEHDb HABEJAEHO HA PUC. 2, € IIPEACTABIEHO
MOJIEJIb HHU(PPOBOI KAPTU MOPYIIEHUX TEPUTOPIN
OneBChKOro parony y macmrabi 1:200 000.

3a faHUMHU OOPOOKU 6AraTOCIEKTPAIBHOI KOCMid-
HOI 3HOMKHM 3 cyItyTHHKA Landsat 8 OLI/TIRS y mexax
OJIEBCBKOT'O Pa¥iOHY BHSBJIEHO /IBi IUIONIi KOHLIEHTPALIiT
JiIAHOK OPYIIEHUX 3EMEJIb: B parioHi cenni Oéuie—
[lle6eauxa Ta 06a6iu cenuia JlomaTudi. 3araaom,
JIITHKY OPYIIEHUX 3EMEJb BUABJIEHI 6114 cenuin XO-
uuHe, [Tepra, FOpose, Cymanu T4 iH. 3ayBaXKUMO, IO Ha
pErioHaJIbHOMY eTalli, Ha AKiCHOMY PiBHi BU3HAYAIOTh-
Cs1 TUIBKM IUIOLLI ISl TOJAJIBIINX AETAIBHUX POOIT i HE
BEJIYTbCA PO3PAXYHKH.

Ha apyromy erarii, B IKOCTi O0’€KTa ICTAIbHUX JOCITiI-
JKE€Hb, BUOpaHa IUIOIA B parioHi cenuiy Ooume—-IIebe-
Jnxa (puc. 3). B MOHITOPUHIOBOMY PEXHMI 34 JAHUMH
KOCMIYHO1 3HOMKH BUCOKOT'O IIPOCTOPOBOI'O PO3Pi3HEH-
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HS — 1w, OLIHEHO 3MiHHM JIAaHAAMTHOI OOCTAHOBKHU 34
niepion 3 08.08.2015 n0 28.03.16 p. Ha gaHuit MOMEHT
KUIBKICTB i IKiCTh OpOITAIBHUX AIIAPATiB JO3BOJISIE MO-
HITOPUTHU Oy/ib AKY TOUKY YKPATHU 3 IEPIioAoM 1-2 1061.
Bce 3anexuTs Bif 11i1€11 i 337129 KOCMiIYHOT'O MOHITOPUH-
I'y Ta (piHAHCOBUX MOXJIMBOCTEN. Ha Hanty gymKy, i
BUABJIEHHA ITOPYIIEHHX 3€MEJIb, BHAC/IIOK HEJIETAJIbHO-
ro BUJOOYTKY OypPIITHHY, HA PETiIOHAILHOMY PiBHi, OI-
TUMAJIBHA NIEPIOAUYHICTD MOXKE CKIaJaTh 1 pa3 Ha 3
Micani. 3MOMKa 3 CyITyTHHKIB Landsat (IIpocTopoBa po3-
pizHeHicTh 15-30.m) i SENTINEL-2 (10—-20.m) gocryi-
Ha 6€3KOIITOBHO HA cepBepax [eonoriynoi cryx6u CIITA
(USGS) Ta €BpONEHCHKOIO KOCMiYHOI'O areHTCTBA (ESA).
To6TO 11iHA i AKICTH MOHITOPHHIY 3aJIEKUTH TUIBKU BiJ|
KBaJTi(piKa1lil BAKOHABIISL

Ha peranbHOMY PiBHI MOHITOPUHIOBI JOCTIPKEHHA
JIOLIZIBHO BECTU HA OKPEMHUX KPU3OBUX JiIAHKAX. [Te-
PiOAMYHICTE BU3HAYAETHCA MACIITA6AMU HEJIETAIbHO-
ro BUJOO6YTKY, Ta (PiHAHCOBUMH MOXIUBOCTAMH 34-
LIiKaBJIEHUX CTOPiH. CYIyTHUKOBI JaHi 3 BUCOKOIO
IIPOCTOPOBOIO PO3PiZHEHICTIO (0.5—2 1) TUIBKK KOMEP-
1itiHi i KomrryioTs Bif $10 10 $30 3a 7om? B 3a7€KHOCTI
BiJl HAOOPY CIIEKTPAIbHUX KAHAJIIB i ieTanbHOCTi. Ll Ma-
TEpiaan NO3BOJAIOTDH BifICIiIIKOBYBATU MOPYUICHH]
3€MJIi HE TUIBKM Ha BiIKPUTUX JUIAHKAX, 1€ HABITH i
I1i/1, JIiCOBUM ITOKPUBOM, A TAKOX, BPAXOBYIOYH IX CTE-
PEOCKOMIYHICTD, IiJPAXOBYBATH OO’€EMU BUHMHATOIL T4
IIEPETOPHYTOI MOPOAU I BUZHAYEHHA MACIITA6iB
MOJA/IBIIOL PEKYIBTUBALIL.

3anpononosaHa I'IC Ha eTaIbHOMY PiBHI (MacHITa-
6u pooirt Bix 1:2 500 o 1:10 000) JO3BOJISIE HE TUIBKU
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Puc. 2. KapTra mopymeHOoro rpyHTOBO-POCIUHHOTO MOKPUBY OJIEBCHKOTO paiioHy JKUTOMUPCHKOI 061acTi cranom Ha 06.04.2016 p. CriasgeHo
Ha OCHOBI IN(PPOBOT O6POOKM CynTyTHUKOBUX faHuX Landsat 8 OLE/TIRS (CIIIA). Macurrab opurinany M 1:200 000.

1 — rizpomepeska; 2 — 3a/Ii3HULIS; 3 — JOPOTH 3 TBEP/UM IMOKPUTTAM; 4 — JOPOTH IPYHTOBI; 5— HaCe/IeH] MyHKTH; 6 — MOpyIIeHi 3emit; 7 —
MeXi parioHy; 8 — AUIAHKA JEeTATbHUX JOCTIPKEHb. YepBOHI IU(PU HA KAPTi — IO KOHIIEHTPAII{l HEJIEraJIbHOI'O BUJOOYTKY OYypPIITHHY i
nopymeHHs 3eMenb: 1 — “Obéume-Ilebeuxa”, 2 — “Jlonatnyi”
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Puc. 3. KapTu NOPyIEHOro rPYHTOBO-POCIIMHHOIO TOKPUBY OJIEBCLKOIO pariony KutoMupcbkoi obnacti Ha Ainanui “O6ume—Ilebenuxa”.
CrJIaJIcHO Ha OCHOBI IIU(POBOI O6POGKH CYIyTHUKOBUX JaHUX Spot 6, 7 (Ppaniiis). Macurrab opurinaay M 1:10 000. ITiomi KoHIeHTpaii
HEJICTJIBHOT'O BUAOGYTKY OYPIITHHY i MOPYIIECHHS 3eMeib: A — craHom Ha 08.08.2015, B — cranom Ha 28.03.2016. 1 — goporu 3 TBEpAUM
MOKPUTTSM, 2 — JOPOTH I'PYHTOBI, 3 — HACEJIEHi IIYHKTH, 4 — TECTOBA JiJIAHKA BUSHAYECHHA 3AIIOiAHOI IIKOAM, 5 — IOPYIIEHi 3eMJIi

KapTyBAaTH B HAIiBABTOMATUYHOMY PEKHMIi ITIOPYIIEH]
3€MJIi, 4 1 BU3HAYATH Y KIJIbKICHOMY Bi/IHOIIIEHH] HaHE-
CeHi geprkaBi 36U TKU. PO3IVIIHEMO MOMXIUBOCTI 3ACTO-
CYBAaHHS KOCMiYHOI 31IOMKHU JIJIs1 BUBHAUCHHS 30UTKiB,
BHACJIIIOK HEJIETAJIbHOI'O BUOOYTKY OYPIITHUHY HA TE-
CTOBI! AUISIHIN HA NiBJIEHbD Bifi centa O6ure (puc. 3, 4).

B pesynprari nonikcenpHOI Kiacudikauii pizHo4a-
COBHUX KOCMIYHHMX AaHUX Spot 61 7, Ta aHasi3y po3nos-
CIOJDKEHHSA BUABJIECHUX APEajliB MOPYIIEHUX 3EMEJb
(puc. 4) orprMaHa KijbKicHA iH(OpMaLiisg, HeOOXigHa
JUISL PO3PAXYHKIB 3aIOAIAHOT IKOAU (TabJL. 1)

Orxe, g PO3PAXYHKY 3ANOAiIAHOT IIKOAW MU MA€E-
MO OCHOBHUH MOKA3HUK — IUIONLY, 4JI€ HE MAEMO

indopmanii Npo UiIbOBE BUKOPUCTAHHS i BJIaCHUKA
3eMJIi. BitbHO OTpuMaTH 1110 iH(OopMaliilo Hapa3i MOX-
JMBO Ha cepsepi ITyb1igHOI KaJacTPOBOI KAPTHU YKpai-
HU B iHTEpaKkTUBHOMY pexxumi [10]. IllykaeMo HEOOXi[ -
HY iHpopMariito i fonosHOEMO I'TC mapamu KajacTpo-
BOI KapTH (pHC. 5).

Jaii criiibHO aHai3yeEMO PO3MO/L IUIOLI, BUABIIE-
HUX aAPe€ajliB MOPYIIEHUX 3EMEJb BiTHOCHO IX I'OCIIO-
JAPCHKOTO MPHU3HAYEHHS (PHUC. 6), 3HIMAEMO HEOOXI/I-
HY UM(dpoBy iHPopMaLio (Taba. 2) i IEPEXOJUMO,
BJIACHE JJO PO3PAXYHKIB 3aIIO/{AHOI IIIKO/IU.

151 pO3pPAaxXyHKiB BUKOPHUCTOBYEMO O(iLliFIHO Aitoun
METOAMWYHI BKa3iBKM MiHicTepcTBa €KOJIOTIi Ta

Puc. 4. BuasjieHHs apeaiB NOPYIIEHUX 3¢MeJIb HAa OCHOBI K1acu@ikanii 3 HaB4aHHAM MaTepianiB 6araTo30HaIbHUX CYITyTHUKOBHX 3IOMOK
T4 BEKTOPHU3ALIis OTPUMAHUX AaHNX: A — cranoM Ha 08.08.2015, b — cranom Ha 28.03.2016.
Kiracu 3eMHOT TOBepxXHi: 1 — XBOIHI Ta 3MillIaHi J1ich, 2 — TPaBOCTiH, TOPOJH, YATAPHUKH, 3 — MOPYIICHI 3eMJIi

Taoauus 1.

Iudposa indopmartiis, OTpUMaHa B PE3y/IbTaTi aHATi3y KOCMIYHUX JaHUX

[T oM anopyHIEHAX 3€EMEJIb
Ha 08.082015

[Trom a NopyHIEHNUX 3€EMEJIb
na 28.03.2016

3araJibH a IJOII 4 I OCHAiJHOT
IOiTTHKYA

3aranrpHid IpUpicr
MIOPYIMIEHUX 3€MEJ/Ib

1642 ra 64383 ra

481 ra 29558 a
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Puc. 5. Po3nozin 3emiti 32 IiTbOBUM IMPU3HAYECHHAM T4 (POPMOIO BIACHOCTI y MEXaX JIOCTIIHOL TIgHKHM “O6umie” 3a janumu I1y6miaHol

KaJJACTPOBOI KaPTHU YKPAiHU.

1 — 110 IeP>KABHOI BJIACHOCTI HA 3€MJTIO; 2 — IUIOIi TPUBATHOI BAACHOCTI HA 3€MJIIO; 3 — IUIONLi 3 HEBU3HAUYEHHUM CTATyCOM.

Iinpose npusHaveHHs 3emii: A.01.01 — JIist BeIeHHsI TOBAPHOTO ¢/T BUpOo6HUITBA. A.01.02 — )15 BeieHHS (hepMEPCHKOTO C/T TOCMOAPCTBA.
A.01.03 — [Ins BeJIEHHSI OCOOMCTOrO CENHCBKOTO rocnojapcrsa. B.02.01 — Iy 6yAiBHUIITBA Ta OOCIYTOBYBAHHS KUTJIOBOT'O OYANHKY,
TOCIIOJJAPChKUX OY/1iBesIb i criopyy (pucaanoHa ainsaaka). H.09.01 — JIns BeicHHS J1iCOBOTO IOCMOAAPCTBA T4 OB’ SI3aHUX 3 HUM IOCIYT

T

§ [

yms
mus

Puc. 6. TTopymeHni 3emii CiIbCbKOTOCHOJAPCHKOIO i JIICOTOCIOAAPCHKOIO NIPU3HAYECHHA TA Y MEXAX IUION], IO BiABEJCHI Iij| )KUTIOBE i
npucagnudbHe 6y1iBHULITBO 32 JaHUMU [Ty61igHOT KajacTPpOBOI KapTH YKPaiHH i aHaMi3y CyTyTHUKOBHUX JJAHHUX.
1 — mromi CiTbChKOTOCIOAAPCHKOTO MPU3HAYECHHSA; 2 — IUIOMNI JIiICOTOCIOJaPChKOIO MPU3HAYECHHS; 3 — IO /I JKUTIOBOTO Ta
NPUCAAUOHOTO OYAIBHUIITBA i O6CTYIOBYBAHHS; 4 —ILIONLi OPYHMIEHUX 3€ME/Ib BHAC/I/IOK HEJIETaIbHOI'O BUIOOYTKY OYypIITUHY

Taoauusa 2.

Iudposa indopMmariiss OTprMaHa 3 MOOYJOBAHUX BEKTOPHUX KapT

3aranpHa wioma  [T1omi nopymeHnux 3eMeslb BHACTAOK HEJIETAIbHOT'O BUZ O0YTKY OypIITHHY ()

HOPYUICHIX B TOMY YHCJIi :

3eMenb Ha

28.032016 3eMJli CTBCBKOTOCHOAPCBKOI'O 3eMuti KUTJIOBOro  3emti, 1mo3a
IPU3HAYEH HS JIiCOrOCHOJAPCBKOIO T4 MEXKaAMU

IIPU3HAYECHH 51 TOCIIOAAPCHKOrO  Ka/laCTPOBOIO
Oy/liBHULITBA Oy
TIpuBaTHa IInomi 3 Jlep>kaBHa BI1ACHICTb
BJIACHICTH HEBU3HAYCHUM
CTaTyCOM
64.83ra 2339 1640 1119 11.19
Pazom: 64.83 ra 3979
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NPHUPOJHUX PeCypciB YKpainu i npuriHaTumy Kadinerom

MinicTpiB Yipainu [4—06] 3 JONOBHEHHMH aBTOPIB [9].
O6’eMU 11i€i CTATTi HE JO3BOJSIOTH HABECTHU I1O-

BHY TEXHOJIOTIO MiAPAXyHKIB 3 BUKOPUCTAHHAM BCiX

dopmyI1, IOKA3HUKIB ¥ KOedillieHTiB, HABEJCHUX B

O(DiLiHHUX METOAMKAX i JOJATKAX 1O HUX. 343HAYU-

MO, 11O 3aNIPOIIOHOBAHA MOJEPHI3ALlig METOANUKH i

TEXHOJIOT] OLIIHKU MIKOAY JO3BOJINIA ONEPATUBHO

BU3HAYUTH PO3Mip 3aIIOAIAHOI IKOAU i po3mipu

BiIIIKOAyBAHHA 30UTKiB, HAHECEHUX JE€PKABi y Ha-

CTYIIHUX HAIIPAMKAX [MOPYIIEHHS 3AKOHOJABCTBA:

1. CaMmoOBinIbHE KOPUCTYBAHHA HAJAPpAMU —
617 700 rpH. (64.83 ra).

2. CaMOBiJIbHE 3aMHATTS 3€MEJIBHUX AIITHOK (Cinb-
CBPKOTOCHOJAapChKi 3emnai) — 26 678 rpH.
(39.7912).

3. CaMOBiJIbHE 3aMHATTS 3€MEJIBHUX AiNSHOK (J1ico-
roCrofapcebki 3emiti) — 12 802 rpH. (3.01 ra).

4. CaMOBiNIbHE 3AUHATTA 3EMEJbHUX AIIAHOK (3€MJIi
JKUTJOBOI Ta TIPOMAJCbKOI 3a0yfOBH) —
90 375 rpH. (11.19 ra).

5. BUKOpHUCTAaHHS 3€MENbHUX JiIHOK HE 32 [iJ1bO-
BUM IIpU3HAYEHHSIM — 366 510 rpH. (3emii ¢/t
39.79 ra,n/r 3.01 ra, )KI'3 11.19 ra).

6. SHSTTSI TPYHTOBOTO MOKPUBY (POAIOUOTO HIAPY
rpyary) 6e3 CIeliaJbHOIO  JO3BOJNY —
776 758 rpu. (3emiii ¢/t 39.79 ra, 3emsi He C/T
25.04 ra).

3arajpHUM pO3Mip MIKOAH, 3AIOAIIHOI BHACI-

JIOK IEePEeNivYeHNUX BUIIE NTOPYIIEHDb 3aKOHOAABCTBA

ckiaB: 4 266 286 rpH. i 11€ TIIBKKU HA TECTOBIH

AinsHIi po3mipom 295.6 ra, e 32 HEIOBHUX MiBPO-

Ky, 3 ceprus 2015 p. mo kinens 6epesms 2016 p. (6e3

3MMOBHUX MiCAIiB) NPUPICT MOPYIIEHUX 3€MEb

CIJIBCBKOTOCIIOAAPCHKOIO i JIICOBOI'O IPU3HAYEHHSA

TA JUIS XKUTJIOBOTO OYyJAiBHHLITBA i NpUCaAUOHOIO

IOCIIOAAPCTBA CKIAB 48.4 ra (auB. Ta61.1).

Taxkum 9YUHOM, 3arajIbHiI MiHiMaJIbHi 30UTKY, IO Ha-
HECEHO JAEPKaBi TIbKU HA IIiM OUIAHI, CTAHOM Ha
28.03.16 p., 32 HAIMKUMH IT/IPAXYHKAMH, OLiHIOIOTHCS
4.3 MJIH. TPH., i 1€ 6€3 BpaXyBaHH: BAPTOCTI BUIOOYTOI'O
OYPIITUHY, IIKOAH, HAHECEHOI BOJHOMY i JIiICOBOMY I'OC-
OAAPCTBY. Y MacmTadax OnEeBCbKOI'O PAHOHY, JI€ ITOi0-
HUX JIUITHOK, 34 CYITYTHUKOBUMU JJAHUMU BUABJIEHO 0114
JIECATKA, HACTIIKN KATACTPODiYuHi.

BHCHOBKH

Hasepena MeToAMKa aHaIIi3y KOCMIYHUX TAHUX 103-
BOJISIE OTIEPATHUBHO i 3 BUCOKOIO MMOBIPHICTIO BUSIBIIA-
TH JJIAHKN HEJIETAJIbHOI'O BUJOOYTKY OYPIITHHY, AK JIJIA
34CTOCYBAHHS 3aIIOODKHUX [iH, TAK i U1 OLIiHKH €KO-
HOMIiYHHUX T4 €EKOJIOTIYHUX 30UTKiB, 3aBAAHUX IIPHUPO/I-
HOMY CEPEAOBUINY. 3aIIPOIIOHOBAHA TEXHOJIOTiA MAE
YHIBEPCAIBHUM XAPAKTEDP i MOXKXE BUKOPUCTOBYBATUCS
IIPU MOHITOPHHIY JOTPHUMAHHSA IPUPOAOOXOPOHHOI'O
3aKOHO/IABCTBA HA iHIIMX TEPUTOPIAX BiIKPHUTOI'O BU-
JOO6YTKY KODUCHHUX KOITAJIUH.
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METOIWKA Y TEXHOJIOTUA OUEHKH VIIEPBEA, HAHECEHHOTO YKPAMHCKOMY TOCYIOAPCTBY B PE3VJIGTATE
HEJETAJIbBHOW JIOBBIYU SSHTAPS

B. E. ®umunnosuy, P. H. llleBuyk

Ha ocHOBE CIIyTHUKOBOT'O MOHHTOPHHI'A YCTAHOBJICHO, YTO 32 HEITOJIHBIX 5 MECSIIEB Ha OIIBITHOM YIACTKE Pa3MepoM 295.6 ra
MIPUPOCT HAPYIIEHHBIX 3EMEJIb, B PE3Y/IBTATE HEJIETAIBHOU IOOBIYH, COCTABWI 48.4 14, a MUHHMAJIBHBIE YOBITKH OT ITIOBPEXK/E-
HUA U 3aIPA3HEHUA TOJIBKO 3€MEBHBIX PECYPCOB COCTABUII 4.3 MJIH. rpUBeH. [IpeyioKeHHasA METOJMKA UMEET YHUBEPCAJIb-
HBIX X4aPaKTEP U MOKET UCIOIb30BATHCS TPU MOHUTOPHHIE COOIIO/IEHHS TPUPOAOOXPAHHOIO 3aKOHO/IATEIBCTBA U IIPHUHS-
THSI YITPABIEHYECKUX PEMIEHHU HA TEPPUTOPHAX OTKPBITOF JOOBIYM MTOJIE3HBIX HCKOTAEMBIX.

KiroueBble CIOBa: SIHTAPD, HEJIETAIbHAS JO6bIYA, MHOTO30HAIbHASI KOCMHUYECKAs! ChEMKA, SKOJIOIHYECKUH MOHHUTOPUHT,
OIIE€HKA ylepoa

THE METHODOLOGY AND TECHNOLOGY ASSESSMENT OF DAMAGE CAUSED BY UKRAINIAN GOVERNMENT AS A
RESULT OF ILLEGAL EXTRACTION OF AMBER

V. E. Filipovich & R. M. Shevchuk

The disturbed land area increasing of 48.4 ha for 5 months was detected by satellite monitoring as a result of illegal mining
within 295.6 ha site. The minimum losses caused by land deterioration and contamination only are estimated at 4.3 million
UAH. The proposed technology is unified for nature protection monitoring as well as for decision-making support within the
open mining area of other type too.

Keywords: amber, illegal mining, multispectral satellite imaging, environmental monitoring, losses assessment
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CIyTHUKOBBIE METO/IbI IIPU U3YYEHUU ITTyOUHHBIX PA3JIOMOB U
BJIUAHHE ITOCIIEAHUX HA HEPTETA30HOCHOCTD (HA IIPUMEPE

JHEenpoOBCKO-OHEIIKON BITAIMHbI)

A . W. Bopobsbes *, B. M. JIsibko, B. C. KyprieHnko, T. A. MEeJIbHUUEHKO

TV “Hayunoiii yenmp aspokocmuueckux uccredosanuti 3emau Hucmumyma eeonozuneckux nayk HAH Yipauno”, Kues, Vipauna

BBINONIHEH aHIN3 AKYTYAJIbHOCTU U3y4€HUS INTYOUHHBIX pa3ioMOB (I'P) 1 BO3MOKHOCTEH CITyTHUKOB HU3KOI'O U CPEIHEIO

MPOCTPAHCTBCHHOTI'O PA3PCHICHUA UIA PCIICHUA 3a0a4 UX BBIAC/ICHUA, 4 TAKKC OLICHKA BIIUAHWA P na He(pTeFaBOHOCHOCTI)

CTPYKTYp JHENPOBCKO-JOHELIKOM BIIAJUHBI.

Ki1roueBsi€ CII0Ba: XAPAKTCPUCTHUKHU CITYTHHUKOB, CUCTCMBI IIPOJOJIbHBIX U ITOTICPCYHBIX FJIY6I/IHHbIX pPas3iIoMOB, TCKTOHU-

YCCKOEC CTPOCHUC ﬂHerOBCKO—ﬂOHCHKOﬁ BITAJWHBIL, CTATUCTUYCCKAA CBA3b F.TIY6I/IHHI)IX Pas3iIoMOB C H€¢)T€F330HOCHOCTBIO

© A. 1. Bopo6bes, B. 1. JIsbko, B. C. Kyputenko, T. A. MenbH14YeHKo. 2016

I'my6buHHBIE Pa37I0MBbl PA30UBAIOT 3EMHYIO KOPY Ha
OJI0KH, 9aCTO UMEIOT IOBBIIEHHYIO IPOHUIIAEMOCTD U
TIO3TOMY ABJIAIOTCA IMOABOJAIMMH KAHAIAMU HE(TETa-
30BBIX (DIIIONJIOB U3 ITTYOOKUX T'OPU3OHTOB K KOJUIEKTO-
PaMH 1 JIOBYLIKAM B 60J1€€ BEPXHUX CJIOSIX 3EMJIU

O0pa30BaHUE PA3TIOMOB IIPOUCXOAWIIO B IIEPHUOBI
TEKTOHUYECKUX AKTUBU3AIUH, C KOTOPBIMHU CBA3aHO
(POPMHUPOBAHUE AHTUKIUHAIBHBIX U JPYI'UX THUIIOB
JIOByHIEK HEPTH U razd. M3BecTHO [1, 2], 9TO B 30HAX
[JIyOMHHBIX PA3/IOMOB B HECKOJIBKO Pa3 YBEJIUYNBACT-
Cs1 IJIOUIAb U AMIUIUTY/1A CTPYKTYP, 4 TAKKE EMKOCTH
KOJUIEKTOPOB, B/IOJIb PA3JIOMOB B OCaJOYHBIX OTJIOXKE-
HHUAX (POPMUPYIOTCA 30HBI IOBBIIIEHHOM TPEINHOBA-
TOCTH, CHCTEMBI MUKPO- U MaKPOTPEIIUH, YTO CYIIlEe-
CTBCHHO BJIMSET HA PACHPEACICHUE MECTOPOKACHU
HePTH 1 Ta34.

HMccne1oBaHMAM BIIMSHUS PAa3/IOMHOIM TEKTOHHKU Ha
HE(PTEra30HOCHOCTB JIOJTOE BPEMSI HE YAEIIAIOCH JOC-
TATOYHO BHUMAHUSI M OTPAHUYHBAJIOCh PACCMOTPECHU-
€M OOBIYHBIX JU3BbIOHKTHBHBIX HAPYIIEHUI, KOTOPbIE
MOTYT CHOCOOGCTBOBATD JIOKATHU3AIINH CKOIICHUH yIyle-
BOZOPOAOB (YB) mu MOr'yr HpUBOAWTD K UX pa3pyliie-
HUIO.

CyliecTByeT MHOT'O METOJOB U3Y4EHHUA TTTYOUHHBIX
pasnomoB. Cpeln HUX OJHUMHU U3 Hauobosee apdek-
TUBHBIX SIBJISIIOTCS F€O(PU3NIECKHUE METO/IBI U B IIEPBYIO
odepenb ceMopasseka. OFHAKO 3TU METO/IBI OUYEHbD
JIOPOTOCTOSIIHE. B TO JK€ BpeMsI IPUMEHEHUE CITyTHHU-
KOBBIX METOJIOB, OCOOEHHO B IIPEAEIAX HEJOCTATOYHO
U3YYCHHBIX IIOMIA/ICH, MOXKET OBITH LIEJIECOOOPA3HBIM.

CyIeCTBEHHBIE PE3Y/IBTATHI IO BBI/ICJICHUIO U OLICH-
KE POJIM ITTYyOMHHBIX PA3JIOMOB B JJHENNPOBCKO-/IOHETI-
KoM BraguHe (JJJIB) monydeHbl YKPAUHCKUMU UC-
cnenosarensmu [1, 2, 6]. B To e Bpems 10 CUX TOP
CYIIECTBYET MHOI'O MPOBIIEM, KOTOPBIE OCTAIOTCSI HE-

*E-mail: vorobiev@casre.kiev.ua
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pemeHHBIMU. Cpeay HUX BOIIPOCH KOH(PUI'YPALIUHU
PAa3JIOMOB, OIIPEJENEHNA UX MTAPAMETPOB (TITyOHUH-
HOCTB, IPOHULIAEMOCTb JIJIA T€O(IIONI0B U XUMUYEC-
KU COCTAB OCJIEIHHUX ), 4 TAKXKE YCTAHOBJICHUE CBA3U
[JTYOMHHBIX PA3/IOMOB C OJIOKEHUEM MECTOPOKIECHU
He@THU U I'a3 Ha Pa3HbIX Iu1omagax J1B.

Pa3zpaboTka HOBBIX KOCMHUYECKUX TEXHOJIOTUH U
CIIYTHHUKOB MOI'YT 6BITE OCHOBOM /151 00JIE€E MM POKOTO
1 3(pPEKTUBHOIO NPUMEHEHMSA CITYTHUKOBBIX METOJIOB
JUIST pENIEHUS 33/1a4 TTIOUCKA HOBBIX MECTOPOKIACHUMN
Hed Ty U ra3a B JIB. BAXKHOM IPEAIIOChIIKON 11 IIPU-
MEHEHUS CITyTHUKOBBIX METO/IOB IIPH BBIJICJIEHUN 30H
Pa3/IOMOB SIBJISIETCSI UX IIPOSIBJICHUE B peIbede MOBEP-
XHOCTU 3E€MJIH, UTO MO3BOJIICT UCIIOIb30BATh IIPH JIE-
HIM(PPUPOBAHUN KOCMHUYECKUX CHUMKOB 3€MJIH Pa3pa-
OOTKU reOMOP(POIIOTHH.

[ n3ydeHus 30H INTyOUHHBIX Pa3JIOMOB MOTYT
OBITb IPUMEHEHBI MATEPUAIBI CbEMOK 3€MJIM KOCMH-
YECKHUMHU aATNAPATAMU, JAIONINX N300PAKEHUS PA3HO-
IO IPOCTPAHCTBEHHOI'O U CIEKTPAIBHOIO pa3pelie-
Hud. [l pemeHus PErMOHaJIbHBIX 33/1a49 MOXHO
HCIOJIB30BATh MATEPUAIBI METEOPOJIOTUUECKUX CITYT-
HUKOB AQUA u TERRA. Ha HUX yCTAHOBJIEH CEHCOP
MODIS ¢ paspemenuem 250, 500 n 1000 m. B ganHoIM
CTaTbE UCIOIb30BaHbI /1Ba KC, 3aperucTpupoBaHHbIC
3TUM CEHCOPOM B TEIIJIOBOM JINATIA30HE C PA3PEIICHH-
em 1000 .m M1 MOT'YT UCHONB30BATHCS /11 BBIJICICHHUS
HauboJjIee KPYIHBIX 3JIEMEHTOB 30H Pa3/IOMOB, 4 TaK-
K€ JUIST UX MOHUTOPUHTIA B PA3HOE BPEMS I'OJIA.

IIpu AeTaIpbHOM HU3Yy4YEHUH 30H PA3JIOMOB MOTYT
OBITb HUCIIOJIb30BAHBI MATEPHUAIBI ChEMOK CITyTHUKAMH
ASTER, LANDSAT, Sentinel-2 u Shuttle (SRTM), HEKO-
TOPBIE XAPAKTEPUCTUKU KOTOPBIX PUBO/SATCS /1AJIEE.
Cpeny HUX 0COO0€ 3HAYEHHE I IIOCTPOEHUA KAPT
penbeda U BbIEICHUS 30H Pa3JIOMOB UMEIOT KOCMU-
YECKHUE CHUMKHU 3€MJIH, CACTaHHBIC PAJIUOIOKAIIMOH-
HBIM CITyTHUKOM Shuttle.
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CpeMoOuHas annaparypa cnyrHuka LANDSAT-8 nme-
eT 11 kaHanoB. COOTBETCTBYIOIIYIE UM IUAIIA30HbI JUINH
BOsH Takue: 1 — 0.433-0.453 mxm, 2 — 0.450-0.515
Mmicm, 3 — 0.525-0.600.mrm, 4 — 0.630—0.680 mxm, 5 —
0.845-0.885 mxm, 6 — 1.560—1.660 mrm, 7 — 2.100—
2.300.m1cm, 8 — 0.500—0.680.m1m, 9 — 1.360—1.390 m10m,
10 — 10.30-11.30 mxm, 11 — 11.50—-12.50 mxm. Kana-
JIBI UMEIOT TAKOE MPOCTPAHCTBEHHOE Pa3PEUIEHUE:
¢ 1-ro mo 7-i1 kanan — 9-30 m, kKaHai 8 (IMaHXPOM) —
15m, kanansl 10-11 1 11-71 — 100.m. ITomoca NOKPLITHAA
ogHUM CHUMKOM LANDSAT-8 cocrasisieT 185 x 185 m.

CnyrHuUK Sentinel-2 MOXKET ObITh UCIIOIb30BAH IS
penienns 601ee AeTaNbHBIX 33/1a4 BbIIEICHUA PA3JIOM-
HBIX 30H. [IIMPpHHA ITOJIOCH ChEMKH 3TOTO CIIYTHUKA
cocrasigeT 290 xm . [IepuoAuYHOCTb CbEMKU B CPEJI-
HUX HIUPOTAX 3EMJIM COCTABJIIET OJWH Pa3 yepe32—3
CyTOK. TeXHUYECKHE XAPAKTEPHUCTUKA CHbEMOYHOMN arl-
rnaparypsl crryrHUKa ASTER Ha 4acTU KaHAJIOB UMEIOT
OMM3KHE XaPAKTEPUCTUKH CO CITyTHUKaMU LANDSAT-
8 u Sentinel-2 O TPOCTPAHCTBEHHOMY PA3PEMIEHUIO
(ot 15 10 90.m). ITo Habopy mInH BOIH CITyTHUK ASTER
HMeET OOJIBIINI HA60P KAHAJIOB B CPETHEM U JJAJIbHEM
MH(PAKPACHOM IMANA30HAX. BO3MOXHO OTKIIOHEHHE

OCH CbEMKHU MOIEPEK HAMNPABIECHUS IMTOJNETA BO BCEX
CIIEKTPATBHBIX 30HAX 10 + 106 %M 1711 TETUIOBOTO U
CPEIHETO MH(PPAKPACHOTO AUANA30HA U JO * 314 xm
JUISL BUAMMOT'O M OJIMPKHET'O MH(PPAKPACHOI'O JUAIIA30-
H4. DTO MO3BOJISIET OOCCIIEYNTD ITIOKPHITUE CHUMKAMU
KaK MUHUMYM OJIUH pa3 B 16 iHel Ha Bcex 14 KaHamax
U OJIMH PA3 B IIATb JHEN HA TPEX KAHAIAX BUJUMOIO U
OIDKHETO MHPPAKPACHOI'O JUANTA30HA.

M crionb30BaHUE MATEPUATIOB HECKOJIBKUX CITyTHH-
KOB, UMEIOMNX O6JIN3KOE IPOCTPAHCTBEHHOE Pa3pelile-
HUE, IIO3BOJIAET MOBBICUTDL YUCJIO MOKPBITUSA ChEMKA-
MM IUIOIIAZIEH, IPEACTABIAIOIIMX MHTEPEC C TOYKU 3pe-
HUA [IOUCKOB MECTOPOXKIEHUI HEPTH U ra3a.

Ha puc. 1 u 2 NpuBOJATCSI KOCMHUYECKIE CHUMKU
(KC), cusareie nepen semiierpsacenueM (3TP), koropoe
npowusonuio B npezgenax JAB 14 mag 2010 roaa [5] (Ha
PHCYHKAX ITOJIOKEHUE IIMULIEHTPA ITOI'O 3EMIIETPACE-
HUS TIOKA3a2HO KPACHBIM KPYXXKOM).DTO PEJIKOE sIBJIEC-
HHE B [IPEJIC/IAX STOTO PETUOHA, [IO3TOMY UMECT BAXK-
HOE HAyYHOE 3HAYECHUE JIs BBIABJICHHUS HA MATEPHUAIAX
CIYTHUKOBBIX CBEMOK aHOMAJIUIH OOGIAYHOCTH, KOTO-
pBIC UCIOIB3YIOT JUIs1 BBIICJICHUS 30H aKTUBU3AIUU
[JIyOUMHHBIX PA3/IOMOB IIEPE]] CWIbHBIMU 3€MJIETPSICE-
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Puc. 1. Kocmnyaeckuit cCHUMOK JIIB, mosydeHHsbIit cencopom MODIS 1 mas 2010 rojia, ¢ HAHECEHHBIMA HA HETO INTyOUMHHBIMHM Pa37IOMaAMU U

JIPYTHUMH TEKTOHUYECKUMH 3JIEMEHTAMU PETOHAa [2]
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Puc. 2. Kocmuuecknit cHuMok JIJIB, monydeHHsii cerncopom MODIS nepes 3emerpsicennem 14 mas 2010 roga (cpemka 6.05.2010 1) ¢
BBIHECEHHBIMU HA HET'O INTyOMHHBIMH Pa3/IOMAMHU U IPYTUMH TEKTOHUYECKUMU 3JIEMEHTAMH PEruoHa [2]

HUSIMH C MATHUTY/IAMH 5—06 627UI0B 1 60JI€E TI0 IIKAJIE
Puxrepa.

Ha puc. 1 npusegen KC, cuaTbiil 1 Mas, T. €.3a2 13 gHei
1o 3emierpsceHus. Ha KC CMHUM LIBETOM IIOK43aHO
TIOJIOZKEHME IIPOOJIBHBIX 1 ITONIEPEYHBIX 110 OTHOIIIE-
HUIO K NPOCTUPAHUIO J/IB riy6MHHBIX Pa3/IOMOB, 4
TAKKE JIPYTUX JIEMEHTOB TEKTOHUKU 3TOI'O PETUOHA,
B TOM YHUCJIE NOMNEPEYHBIX AECTIPECCUI (3AIUTHI 3€TIE-
HBIM LIBETOM).

Ha KC puc. 1 Ha ceBepo-3anaj; OT AMULECHTPA Oyay-
miero 3TP 4yeTKo BBIESIETCsI TONIEPEYHAs K IPOCTUPA-
HUI0 JJ/IB rpymnmna aHOMaIHE OOJIa4HOCTH.

OTpE3KM TUHUIM CO CTPEJIKAMHU, BBIJICJIEHHbIE HA
puC. 1 KpaCHBIM LIBETOM, UMEIOT B OCHOBHOM ITONIEPEY-
HO€ NpocTupanue K /1B, HO UMEIOTCA U IIPOJOIbHBIE
(pparMeHTEL BelIc/ICHHBIE OTPE3KU JIMHUI CBA34HBI B
OCHOBHOM C CHMCTEMOM PEYHOM CETH, HAIlPABICHUA
TEYEHUM B KOTOPOM 3aBUCAT OT HAIIPABJICHUH IIPOCTU-
jorisizii I‘J'Iy6I/IHHbIX Pa3IOMOB U TCKTOHHUKH PCTOHA

Ha puc. 2 npuseieH KOCMUYECKUIT CHUMOK [1JIB,
MOJTy4eHHBIH ceHcopom MODIS 6 mast 2010 roga (T. e.
3a 8 gHew nepeyn semiierpscenrueM 14 mas 2010 roga) ¢
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HAHECEHHBIMU HA HEr'O IMTYOMHHBIMH PA3JIOMAMU U
JIPYTUMU TEKTOHIMYECKHUMHU 3JIEMEHTAMHU PETUOHA [2, 5].

Ha KC, npuBeICHHOM Ha PUC. 2, KDACHBIE CTPEIKH
YKa3bIBAIOT HA IPEUMYIIECTBEHHO IOIIEPEYHOE K ITPO-
crupanuio /1B HanpaBaeHUE PYCEN PEK, OTPAKAIONUX
OCOOEHHOCTH TEKTOHHUKU PETUOHA.

Ha puc. 3 npuBeicHA KapTa pesibeda yuacTKka AXTBIp-
CKOT'O HE(PTOIa30IIPOMBICIIOBOI'O PAMIOHA COCTABJIEHHAA
110 1aHHBIM SRTM (aBTOp KapTs! O. B. TuTapeHko). [Ipu
MIPOBEEHNUU BEIYMCJIEHHUH ObLIA UCIIOJIb30BAHA MATPH-
11a SRTM, nmosrydeHHas CIryTHUKOM Shuttle. AHanmu3 3Toi
KaPTHI ITIO3BOJIAET YCTAHOBUTD CBA3b MEXK/Y BEDTUKAJIb-
HBIM PACWIEHEHUEM PeNbedA U TEKTOHUIECKHUMHU JIBH-
JKEHUSMH Ha 9TOM y4acTtke [I/IB. MacmrabHas mKaia
penbeda IIOKa3aHa PA3HBIMHU [IBETAMMU B [IPABOIM YaCTHU
PHUCYHKA.

Ha puc. 3 4€TKO BBIJEJIAIOTCS 30HBI OTHOCUTEIBHO-
I'O TIOHWXKEHUA (TEMHO-CUHETO 11BETA) U ITOBBIIICHNA
penbeda (CBETIOrO TOHA), KOTOPBIE MOT'YT UHTEPIIPE-
THUPOBATHCS KAK IIPOSIBJICHUS 30H IMIYOMHHBIX PAa3JI0-
MOB.

Juenposcko-Jloneukuil nateopudr (AAIT), 3a10-
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Puc. 3. Kapra penbeda yaacTKaAXTBIPCKOTO HE()TOTa30MPOMBICIOBOIO PAOHA COCTABIEHHAs 1O AaHHBIM SRTM

SKEHHBIN B pHU(EHCKYIO 3TTOXY (OaMKaIbCKasa (pa3a TEK-
TOT'€HE3Q), ITOJTYYUBIINI MOITHOE PA3BUTUE B ITO3/JHE-
JIEBOHCKO-PAaHHE-KAMEHHOYTOJILHOE BpEMs (T€PLIAHC-
Kad (pa3a TEKTOreHe3a), IEPEKUBIINIM YACTUYHYIO UH-
Bepcuio B Tpuace (JoHbacc, KumMMepurickas ¢asa
CKJIAYATOCTH) ¥ HAXOAAIIASACA B CHHEKJIM3HOU CTAANN
passuTuda JJHENPOBCKO-JoHenkas snaanaa (1/1B).

ITo BpeEMEHU 3IOKEHUA U XAPAKTEPY IPOABICHUA
B OCaJJOYHOU TOJIIE U KPUCTAJUTMYECKOM (PyHJAMEH-
Te 1B BBIAC/IAIOT TPU TUITA JUCTOKALIUT [2]:

1) nopudTOoBbI€, PA3BUBAIONINECS OOBIYHO CHU3Y
BBEPX PA3JIOMBI APXEUCKO-TIPOTEPOIOUCKOTO 3AJIOKE-
HUS,

2) pudTOBBIE CHHCBOJOBBIEC, PA3BUBAIOIINECS
CBEPXY BHU3 ITO3JHEAEBOHCKUE PA3TIOMBI,

3) c6pOCOBBIE TOCAEPUPTOBBIE KAMEHHOYTOJIBHO-
MEJIOBBIE PA3PBIBLL. Bce OHM MMEIOT Pa3IndHyIo (pop-
MY M1 OPUEHTUPOBKY, IIPOTHKEHHOCTD U XaPAKTED IIPO-
ABJIEHNA B KDUCTAUIMYECKOM (DYHIAMEHTE U B OCAZI0Y-
HOM 4exJie [2].

JopudToBbie pa3joMbl — 3TO OOBIYHO CUCTEMBI
MaPAJJIEIbHBIX PA3HOPAHTOBBIX HAPYIIEHUI, 3aHUMA-
IOIIUX MHUPOKYIO MON0CY (25—30 #m), IPOABIAIONIE-
Cd B BEPXHEN MAHTUU U IUTOC(hepe. X BBIIEIAIOT 110
KOMIUIEKCY 49POKOCMUYECKUX, FE€OJIOTO-T€O(PU3NYEC-
KHX, FeOMOP(OIOINTIECKUX U CTPYKTYPHO-CEAMMEHTA-
I[JUOHHBIX IIPU3HAKOB. Pa3JIOMBI XapPaKTEPUIYIOTCA
CJIOKHBIM CTPOEHUEM, TTOBBIIIEHHON TPEMMHOBATOC-
TBIO, CMEMEHUAMM OTPAKAIOUIUX W MPETOMIAIONNX
I'PAHULL, 'PABUTAIIMOHHBIMU U MATHUTHBIMHA dHOMAJIN-
AMH, 4 TAKKE UHTEHCUBHBIM TETUIOBBIM IIOTOKOM, MAr-
MATUYECKUMU NPOABIEHUAMU U JP.

BrIaBIeHME U TPACCUPOBAHUE INTyOUHHBIX PA3JIOMOB
OBLIIO HE BCErAa OAHO3HAYHO. Hanpumep, B. K. TaBpui
U Ap. Bpigenuan B JIB 8 nmonepeyHblX pa3loMOB,
B.I1. Crep/iH — TOJBKO 5, U TOJBKO B TPEX CAy4aAsAX
Pa3JIOMBI 3TUX UCCIEOBATENIEN COBIIAAAIOT. DTO CBU-

JIETEJIbCTBYET O HEOOXOAUMOCTH JAJIbHEHIIETO U3y4e-
HUS INIyOMHHBIX Pa310MOB J1/1B.

Ha kaprte puc. 4 nokasassl 11 rimy6HHHBIX Pa3Jio-
MOB [2], U3 KOTOPBIX MEXOJIOKOBbIE MAHTUNHBIC
IIPOTEPO3OUCKOTO 3AJIOKEHUA U TTO3AHEN (TTO3HE-
JIEBOHCKO-ME3030MCKOI) AKTUBU3ALUU — BOJITHIII-
cko-O60sHCKuI (BO) 1 ToMaKOBCKO-KyIISHCKUHI
(TK); MeX6JIOKOBBIE IPEBHETO (APXEU-IIPOTEPO3OK-
CKOT'O) 3JI0KEHUS — CMEJIIOBCKO-X0oIMCKUH (CX),
Kpusopoxcko-Komapuuckuii (KK) u Opexoso-
XapbKOBCKUH (OX); HEICHOI'O T€HE3UCA U IIPOobJie-
MATHUYHOTO BblAeneHuA — HMHrynenko-bpanckuu
(1B), OBpyucko-Jlebepunckuii (OJI), Bepxosuesc-
ko-Jlebenuuckuii (BJI), BamTancko-Bearopoackuit
(BB), Kmepuncko-Crapobenbckuit (OKC) u MaHryc-
cko-I'y6xuHckuit (MI).

K 7opu@TOBBIM OTHOCATCA PA3JIOMBI IIOI'PEGEHHO-
I'O TAK HA3bIBAEMOT'0 “pUPENCKOro” rpabeHa. DToT rpa-
0eH, npocnexeHublti Mmerogamu 'C3—KMIIB, nmeer
CEBEPO-3AIATHOE IPOCTUPAHUE U IPE/ICTABIIIET COOOH
Y3KyIO (IIUPUHOI He 60s1ee 30 7ou B IEHTPATBHO yac-
1 JJJIB 11 10 50—60 7cm o1 ToH62CCOM) TITYOOKYIO BIIa-
JIMHY, 3aII0JIHEHHYIO PUDEN-BEHICKUMU OTI0KEHUAMU
MONTHOCTBIO 60s1ee 10 7w [4].

PudToBble Pa3/IOMBI, BBIJIEJIEHHBIE 110 KOMIUIEKCY
re0JIOr0-T€O(pPU3NYECKNX, A9POKOCMHUYIECKUX U IPYTUX
JIAHHBIX, B OCHOBHOM ITO3/IHEJEBOHCKOTI'O 3AJIOKEHMUS.
Pa3nnyaior pasioMbl KPAEBBIE U BHYTPUPUMTOBBLIE.
Kpaessie paznoMel bapaHOBUUCKO-ACTpaxaHCKUI (BA)
u IIpunsarcko-Manerackun (ITM) asiasioTcs pudro-
dopmupyomumu 1 orpanmnuusaioT JAI1 ¢ ceBepa u
I0I'd COOTBETCTBEHHO. KpaeBbl€ pa3/IOMBbI TPACCUPYIOT-
€ YBEPEHHO M HA/IEKHO OYTU ITOBCEMECTHO, BHYTPHU-
pu@TOBBIE OOBIMHO BbIIEC/IOTCA 110 KC HEOAHO3HAY-
HO. [TOaTOMY OJJHOM M3 BA)KHBIX 34/a4, KOTOPBIE HEO6-
XOJIUMO PEIMIUTD B OJIMDKANIINE IOkl — pa3paboTKa
METOJMKHU BBIJIEJIEHHA BHYTPUPUQPTOBBIX PA3JIOMOB 10
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Puc. 4. Texkronnueckas cxema JJJIB B npesiesiax HEHTPAJIbHOTO U I0I0-BOCTOYHOI'O HEPTEra30HOCHBIX CETMEHTOB [2].

1 — xpaespiepasnomsl /1B 1O BEPXHEAECBOHCKUM U KAMEHHOYTOJIBHBIM OTJIOKECHHUAM; 2 — KpaeBblepas3ioMbl (pudeiickoro rpadeHa); 3 —
JI0pU@TOBBIE(APXEUCKO-TIPOTEPO3OHCKIE) MEXKOIOKOBBIE ITyonHHBIE pa3dioMsl (CX, BO, KK, OX, TK); 4 — riy6HUHHbBIE Pa3/IOMbI HESICHOTO
reHesnca u npo6iaemuoro soygesenus (OJI, UB, BJL, BB, JKC, MI'); 5 — rpaHuiibl MEeXay CErMeHTAMH JJHEPOBCKO-JOHEI[KOI BIIAUHbL 6 —
TPAHUIIBI MEXK/TY CE/VIOBUHAMU U JIETIPECCUAMHU BHYTPH CEI'MEHTOB; 7 — I'PAHMIIBI OCEBO 30HbI JI/IB; 8 — rpaHuiibl MExX/y NPUOCEBBIMU U
npu6OPTOBBIMU 30HAMU JJIB; O -— MeCcTOpOX/eHUA HE(PTH U ra3d ¢ HAYATbHBIMU U3BJICKAEMBIMHU 3aI1ACAMM B HE(MTIHOM 3KBUBAJICHTE IO

AanHbM B. B. Topauenko [3]

KOMIUIEKCY I'€0JIOTO-T€O(PU3NIECKUX JJAHHBIX U MATE-
PpHUAJIOB CIIyTHUKOBBIX CheMOK /I/1B.

Ha puc. 4 npuBeieHbl KAPTA CUCTEM ITTYyOMHHBIX PA3-
JIOMOB PAa3HOT'O BO3PACTA Y ITTYOUHBI 3AJIOKEHUSA C UC-
TIOJIb30OBAHUEM PE3YIIBIATOB UCCIIEA0BAHNN, IIPUBEECH-
HBIX B pabore [2], a TAKKE MECTOPOXKAECHUA HEPTU U
ra3a C HAYaJIbHBIMU U3BJIEKAEMBIMU 3411ACAMU B HE(PTA-
HOM 3KBUBWJIEHTE 110 JaHHBIM B. B. ToppueHko [3].

Cpeay nocepu@TOBBIX PAa3PbIBOB PA3INYAIOT pe-
I'MOHAJIbHBIE MU CUHCKJIAYAThIE. PETUOHAIBHBIE PA3PHI-
Bbl BHYTPUYEXOJIbHBIE U ABJIAIOTCA OINPEAETIAIONINMHA
JUIL HEOGOJIBIINX CTPYKTYP, OTPAXKAACh MECTAMHU B I1O-
BEPXHOCTH KPHUCTA/UIMYECKOTO (DyH/IAMEHTA HJIH BTPa-
BHUTALIMOHHOM II0JIE B BUJIE CTYIIEHEHN 1 JIMHENHBIX OC-
TATOYHBIX AHOMAINU. Ha cerMcMnYecKrux BpEMEHHDBIX
pa3pes3ax B MECTAX Pa3pblBOB OOBIYHO HAOIIONAETCS
CJIOKHAA BOJTHOBA KAPTUHA, BBI3BAHHAA IIEPEPBIBAMU
B KOPPEJIALIMU OTPAKECHUN WU HAIMYUEM JUPPATU-
POBAaHHBIX BOJIH. OCOOEHHO 3TO OTHOCUTCA K PA3PHI-
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BaM HEOOJBIION aMIUTATYABI (10 50—100.m). IToaTOMY
CBEJICHUS O HAJIMYUU PETHOHAIBHBIX PA3PBIBOB JJOJDK-
HBI IOATBEPKAATHCA JAHHBIMU JI€TAJIbHON CEUNCMOPA3-
BEIKU U OYPEHUSL.

K nociepu@TOBBIM CHUHCKJIAAYATBIM PA3PbIBAM
OTHOCSTCSI PA3PBIBBL MEJIKOI'O 34JIOKEHUSI BHYTPH
0CaJO4YHOro yexna. Cpeii HUX MHOTOYHUCJIIEHHBIE U
Pa3HOOOPA3HBIE PA3PBIBBI PA3JIMYHON OPUEHTUPOB-
KW, O6PA30BABIINECS B CBOJAX U HA KPBLIbAX CKJIA-
JIOK U COJIIHBIX KYyIIOJIOB. CHHCK/IAI4aThIE€ PA3PBIBbI
BKJIIOYAIOT: OCJOXHAOIMMNE COJSHOKYIIOJbHBIE
CTPYKTYPBI C IPEAKAMEHHOYI'OJIbHBIM, IPEIBEPXHE-
IIEPMCKUM U 60JI€€ MOJIOJBIMU YPOBHAMH 1O bEMA
CONSHBIX MACC; OCJIOKHSAIONINE KPYIIHBIE BBICTYIIHI,
MOHOKJIHNHJIY, OJIOKH C MAJIOAMIUVIUTYIHBIMU IO/ -
HATUAMU U IPYTUMU CTPYKTYPAMU O€3 BIUAHUA TE-
YEHUS CONAHBIX MacC. Cpeiu pa3peIBOB, 110 BpeMe-
HU UX OOPA30BAHUS, PA3INYAIOT: IIPEAIIO3JHEBU3CH -
CKHe, IpeAbaMKUPCKUE, IpeipaHHEIEePMCKHE,
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NPEeATPUACOBBIE, IPEABIOPCKUE, IPEJAMETOBBIE U
MIpEIaIEOTEHOBDIE.

TexToHHM4YECKOE parioHupoBaHue J/IB. B OCHOBY TEK-
TOHUYECKOI'O PaOHUpPOBaHuA [1/IB nosioxeHa cucre-
Ma JOpU@PTOBBIX INIyOMHHBIX Pa3/IOMOB, CEKYIIUX I1a-
J1Ieopu@T IIOIIEPEK €T0 IPOCTUPAHUS, U PUPTOBBIX IIPO-
JONBbHBIX (pUC. 4). YeTpIpe MONEePEYHBIX PA3/IOMa —
Terepescko-bpsHckuit, CX, O u KT penar /1B HAa Tpu
CErMEHTA: CEBEPO-3aNaHbIN (JECHAHCKUN ), IEHTPAIb-
HBIN (Y1arCcKO-CyJIbCKUI) U I0KHO-BOCTOYHBIN (T1cern-
CKO-OpesbCKkuil). Kk b1l CErMeHT Je/IUTCS ITTyOUHHDI-
MU Pa30MaMU TUKHUYCKO-TOMENBCKUM ( 34 IIPEAETIAMU
opucbiBaeMou Teppuropun), b 1 BJI Ha ceaioBUHbL
(¢ 3amaa Ha BOCTOK: BparnHcko-JIOeBCKYIO, YaNCKyIO
U Ilcenncko-BOPCKIAHCKYIO) U ETIPECCUH (B TOM JKE Ha-
npasaeHnn: HeXXUHCKYIO, JIOXBUIKYIO 1 KapiioBCKyIO).
B pesynbrare c(poOpMHUPOBANIACH CJIOKHAA CTYIIEHYATAA
CTPYKTypa C OOIIMM IOTPYKEHHUEM (PYHIAMEHTA C Ce-
BEPO-34I14/1a Ha I0I'0-BOCTOK [2].

IIpu IPOJOABPHOM PAMOHUPOBAHUU BBIICICHBI
30HBI OCEBAA, CEBEPHAA U I0KHAA IIPUOCEBBIE, CEBEP-
Has U I0’KHAsI IPUOOPTOBBIE, IPAHUITBI KOTOPHIX B OC-
HOBHOM COBIT4/IAI0T C IPUOOPTOBLIMH U BHYTPUPUD-
TOBBIMH Pa3JIOMONIApAMH U NPHUOCEBBIMHU PA3JIOMa-
MH IIOIKOPOBOT'O ¥ BHYTPUKOPOBOI'O 3AJI0KEHUS (T10
[ 2]).CocraBupiMu yacTamu JIB ABIAIOTCA TAKKE
OopTOoBbIE 30HBI Nanecopu@dTa: CeBEpHBIA 60PT U
IOKHBI 60PT.

HedTerazaoHoCHOCTb TEKTOHUYECKUX 30H. Hedrera-
30HOCHBIMH SIBJIIOTCS IIEHTPAJIBHBIN U IOI0-BOCTOY-
HBIM CEIMEHTHL B Ipesenax uccaeyeMoro peruosa
COIVIACHO ATACy [1] BBIABIEHO 184 MECTOPOXKICHUS C
HAYATbHBIMU U3BJIEKAEMbIMU 3aTTaCaMU 2648.6 MITH.
VB B HE(PTAHOM 3KBHUBAJICHTE, YTO COCTABIIIET 89.8% OT
KOJIMYECTBA MECTOPOXKICHUN U 77.7% OT OOIINX 3aI1a-
coB JI/IB.

B Tabnuiie NpUBEAECHDI JAHHBIC O IUIOMA/IAX MTOTe-
PEYHBIX U MPOJONABHBIX 30H, PACIPEICICHUN MECTO-
POKIEHUI 1 HAYAJIbHBIX U3BJICKAEMBIX 3a11aCax YB B
UX IIPeJenax HaJl IOIIEPEUYHBIMU PA3/IOMaMU U BHE pa3-
JIOMOB, 4 TAKKE 3HAYEHMA INIOTHOCTH 3AI1ACOB B HEPTA-
HOM 3KBUBAJICHTE (H. 3.) (TBIC. 772 H. 3./ KM?).

AHQJIN3 JAHHBIX TAOJIULIBI ITOKA3BIBAET, YTO IIPH CPEJ-
HEM 1O PETHOHY ITIOTHOCTH 3aTTACOB 54.6 THIC. 11 / KM? ee
3HAYEHHE BHE PA3/IOMOB B 2.8 pa3a BbIIIE IVIOTHOCTH 34-
I1ACOB H4J| PA3JIOMAMH, YTO CO3ZAET BIIEYATIIEHUE O JIpe-
HUPYIOWIEH pony nocjaegHux. Hanbonee BbICOKas IUIOT-
HOCTbD 3aI1ACOB OCEBOM 30HBI, IIPEBLIIAIONIAA CPEAHNN
YPOBEHD B 1.7 pa3a, a Ha IVIOIA/IX BHE PA3JIOMOB — B 2.3
pasza. OHAKO, 3/1€Ch CKA3bIBAETCSA BIIMSAHNE KPYITHEUIIINX
U T'MIAHTCKHUX MECTOPOXKIECHHUH C 3aracamu 6osee 100
MJIH T H. 3. Takux mecropoxacHuti B /1B rirre: [lebenH-
cKoe (c3amacamu 658.3 MITH. 72 H. 3 .), 16myHOBCKOE (117.6
MJIH. 7 H. 3.), 3armaiHo-KpecrureHckoe (348.4 MitH. m H.
3.), Eppemorckoe (112.6 MiTH. 72 H. 3.) 1 [TTHHCKO-PO36bI-
meBckoe (112.3 MiIH. 72 H. 3.), T.€. BCETO 2.7% OT OOIIETO
YHC/Ia MECTOPOXKIEHNMH, 4 110 3a11aCaM Ha UX JIOMIO IIPU-
xoaurcs 50.

BepoATHOCTb OTKPBITHSA HOBBIX MECTOPOXAEHUN C
3anacamu 6osee 100 MIIH. 72 IPU JOCTUTHYTOU CTeETIe-
HU U3y4EHHOCTHU [I/IB HEBBICOKAs, BO BCAKOM CJIYYa€E 1O
ry6uH 5—6 xon. [IpoaHanu3upyeM 3Ha4YCHUS [IOTHO-
CTH 34I14COB, UCKJIIOYUB U3 PACYETOB 3AI1ACHI yIIOMAHY-
TBHIX BBIIIEC ITMTAHTCKUX IIATU MECTOPOXAcHUII. ITpu
3TOM CPEIHEE 3HAYEHUE INIOTHOCTHU 34ITACOB YIIAJIO /10
26.8 ThIC. M / 1mM?, 4 HA YIACTKAX BHE PA3JIOMOB /10 25.5
TBIC. 172 / KM?, T. €. TIOJTy4aIOTCSI COIIOCTABUMBIE 3HAUE-
HMs 32I1ACOB B pa3HbIX 30Hax JI/IB.

IIpu npoaOIbHOM PANOHHUPOBAHUN MAKCUMAIbHBIE
3HAYEHUA IUIOTHOCTH 3AI14COB HAOIOAI0TCA B OCEBON
U CEBEPHON MPUOCEBOM 30HAX, IIPEBBIIIAIONIUE CPELL-
HUI ypoBeHb B 1.7 1 1.6 paza. [Tpy UCKITIOYEHUH U3 PAC-
YETOB 34I14COB MATH YIOMAHYTBIX MECTOPOXKAECHUN
CpEIHUI YPOBEHD IJIOTHOCTH 34MACOB CHU3WJICA 10
26.8 TBIC. M / KM% 2 B OCEBO U CEBEPHO¥T MPUOCEBOIT
30HaX — 710 37.0 1 33.2 TBIC. 712 / 1oM* V1 UX JTUANPYIOIIEE
TOJIOKEHHE COXPAHAETCA.

CTOPOHHUKHU A6MOI'€HHOI'O (MAHTUMHOI'O) IPOUC-
XOXKAEHUA HEPTU CUUTAIOT CBA3b MECTOPOXKIAECHUN
VB ¢ riryGUHHBIMU PA3JIOMAMU OYEBHUTHOU U HE HYX-
Jamolencsa B apryMeHTauuy. MHas Todka 3peHus y
CTOPOHHHUKOB OPIraHUYECKOI'O IIPOUCXOXKICHU YB.
Hanpumep, b. IT. Kabpimies cuuTajl, 4TO NIPUypPOYEH-
HOCTb CKOIUIEHUH VB K 30HaM INTyOMHHBIX Pa3/JI0MOB
OOYyCJIOBJICHA BJIMSIHUEM CTPYKTYPHOIO pakropa. B
30H4X PA3JOMOB IIPOUCXOJUT 60JIEE AKTUBHOE
CKJIAIKOOOPA30BAHUE, UTO BEAET K YBETMUEHHUIO YHUC-
JIa 1 Pa3MEPOB JIOBYIIEK M HAKOIUIEHUIO B HUX OO0JIb-
IIETO KOJIMYECTBA YB IO CPaBHEHUIO CO CMEKHBIMU
IO A/ISIMHU.

ITo JaHHBIM [2] TOnIEpeYHbIE JOPUMENCKHE PA3IIO-
MBI OIIPENEIIAIN T€OTEKTOHNYECKOE pasdsurue JIIT u
($a30BBbII COCTAB YB, a TpoaoabHbIe pUPTOPOPMUPY-
IOLIME PA3JIOMBI BJIIMSUIN HA pacrpeenesue YB u gpop-
MUPOBAHUE MECTOPOKIECHUMN.

Cnefyer y4uTBIBATD, YTO OJHHUM U3 BAXKHBIX (DAK-
TOPOB (POPMUPOBAHUA FEOMETPHUH OCAJTOIHOTO UEX-
ga JIIB u pacnpenenenus B HEU YB ABigeTca miac-
TUYECKOE TEYEHUE BEPXHELEBOHCKUX COJIE — I'aJIO-
KHHE3. [aJoreHHas ToJa MaCKUpPyeT INIyOrHHBIE
Pa37IOMBI, HE JA€T UM YETKO MPOABIATHCA HA JHEB-
HOM MOBEPXHOCTHU, CTOUT HA NYTU BEPTUKAIbHOU
MHUTPAINU DIIOUIHBIX IOTOKOB. DTUM MBI OO'bACHA-
€M HEOJTHO3HAYHOCTD BBIJICJIEHUA U TPACCUPOBAHUA
Pa3IoMOB. YeTKasa CBA3b MEXKY PACIIONIOXKEHHEM Me-
CTOPOXIAEHUN YB 1 IPOJOJbHBIMU PA3JIOMAMU HA-
OII04A€TCA JTUIIL HA KOPOTKOM (150 7om) yuactke [TM
pasnomMa Ha 324YE€NMIOBCKO-JIEBEHIIJOBCKOM By OT
JInMaHCKOro 10 JIEBEHIJOBCKOI'O MECTOPOXKIAEHUN
PynenkoBcko-IIponeTapcKkoro HeTera3oHOCHOIO
parioHa.

ABTOPBI CTATBH CYUTAIOT, YTO BBIBOJIBI IO IIEPCIIEK-
THUBHOCTH IUIOIIA/IEN B IIPEJENIaX U BHE 30H PA3JIOMOB
HA4 OCHOBE CTATUCTUYECKUX OLIEHOK HYXX/IAI0TCA B IIPO-
BEPKE C YYETOM COIAHOU TEKTOHUKH, TUPOr€OIOTU-
YECKOI'O U T€OXMMHUYECKOI'O PAMOHNPOBAHMA IIJIOIA-
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Pacnipenenenye MECTOPOXKACHUI U HAYAJIbHBIX U3BJIEKAEMBIX 34114COB YB 110 TEKTOHMYECKUM 30HaM /1B

B TOM 4UCJIC

BCET'O
Ha/T PATOMAMA | BHE PA37IOMOB
TEeKTOHUYECKUE 30HbI ° . ° 2
@ h S| . Q

(110 B. K. Tappumy) ) EE z E.3 5.8 5 25 % 4.5 E o 5 o

o g, £ = 8 B 8, oF OEQNE Ts ¢© -~ o o4gg

55 o8 g5 £9YF g5 548 g5 28E i FeB ge SE

=] EB§ = ST E.SI-?@'EU[“ g% KO gE EOr

9 5B% EE S5d B9 GBS EE EEg By 5gE Bz 2ty

EE 258 &% CE8Ef CE 258 82 CSE CE S5R8 82 CSE

TTonepedn bie 30HbI
ViaiicKasi CeyIOBUH A 390 18 86.7 222 157 4 775 494 233 14 9.2 39
JIOXBULLKAA [JETIPEC CHST 841 45 508.7 605 263 14 805 306 578 31 428.2 741
LIeHT pa/Ib HBIF CEIMEHT 1231 63 59.4 484 420 18 1580 376 811 45 437.4 539
TTcerncko- BOpCKIs HCKast 11.06 42 357.2 323 635 24 1897 299 471 18 167.5 356
CeJUIOBUHA
KapI1oBcKast ie ipeccust 2513 79 1696.0 675 668 24 1542 231 1845 55 1541.8 836
FOKHO-BOCTOUHBI i1 CEIMEHT 3619 121 2053.2 567 1303 48 3439 264 23.16 73 1700.3 738
B Tom wncne:
I10 C€/VIOBUH aM 14.96 60 443.9 297 792 28 2672 337 7.04 32 176.7 251
T10 JIENPEC CHAM 33.54 124 2204.6 65.7 931 38 23417 252 2423 86 1970.0 813
HUTOTIO: 4850 184 2648.6 546 1723 66 5019 291 3127 118 2146.7 686
TIposioIbH bIE 30HbBI

Cesep Hbli1 GOpT 7.74 12 35.6 46 226 7 183 81 548 5 17.3 32
CeBep Hast [P U6OPTOBAS 547 25 125.7 230 172 8 602 350 375 17 65.5 175
CeBep Hast [P NOCEBAst al2 36 5322 870 218 12 1073 492 324 24 424.9 1078
OceBast 17.55 61 1670.1 95.2 615 20 2116 344 1140 41 1458.5 1279
IOsxHasa mproceB ast G629 22 152.7 243 261 6 679 260 368 16 8.8 230
FO2kHast 1PUGOPTOBAST 533 28 132.3 248 231 13 366 158 302 15 5.7 317

JIE€M, KJIACCU(PUKALIMU TUIIOB PA3JIOMOB ITO UX ITTyOUHE,
BPEMEHHU 32JI0KEHUS, TPOHUITAEMOCTH M AKTUBHOCTH.
Kpome Toro, HEO6XOAMMO YIUTBIBATD TAKXKE BIIMSIHUC
CHUCTEM TPEIINHOBATOCTH, CBA3aHHBIX C INTYOMHHBIMH
pasnioMamu.
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CYIIYTHHUKOBI METO/JIM ITPU BUBYEHI I''TIMBMHHWX PO3JIOMIB TA BIVIMB OCTAHHIX HA HA®TOI'A30-
HOCHICTbB (HA ITPUKJAI IHITTIPOBCBKO-TOHEIBKOT 3ATTATMHI)

A. 1. Bopobsbes, B. I. JIsnbko, B. C. KypuneHnko, T. A. METbHUUYEHKO

BHMKOHAHO aHaJi3 AKYTYyaJIbHOCTi BUBYEHHS IMTMOMHHUX pPO3710MiB (I'P) i MOXJIMBOCTEN CYIIyTHUKIB HU3BKOI'O I CEPESHBOIO

IPOCTOPOBOTI'O PO3Pi3HEHHS JUIs1 BUPIIIEHHS 33/1a4 X BUJUIEHHS, 4 TAKOXK OIliHKA BIUITUBY ['P HAa HA(PTOra30-HOCHICTh CTPYK-

Typ JHIIPOBCHKO- JJOHEBKOT 3aMTajTHH.

KiI¥04oBi €J10Ba: XapaKTEPHUCTUKU CYITYTHUKIB, CHCTEMH MO3/IOBXKHIX i IONIEPEYHUX INIMOMHHUX PO3JIOMIB, TEKTOHIYHA Oy-

J10Ba JIHINPOBCHKO-/IOHELBKOT 3AMTa/IMHHN, CTATUCTUYHUHN 3B’130K MK INMTMOMHHUMH PO3JIOMAMU | HA(PTOTra30HOCHICTIO
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SATELLITE METHODS AT STUDYING OF THE DEEP FAULTS AND INFLUENCE OF THE LAST ON OIL AND GAS
BEARING CAPACITY (ON THE EXAMPLE OF THE DNEPROVSKO-DONETSK DEPRESSION)

A. 1. Vorobiev.,, V. 1. Ljalko, V. S. Kurilenko, T. A. Melnichenko

The actuality of deep faults (DF) analysis studying and possibilities of sattelites of the low and average spatial resolution for the
decision of their location problems, and also an estimation of DF influence on the Dneprovsko-Donetsk depression oil and gas
bearing structures was carried out.

Keywords: characteristics of sattelites, systems of longitudinal and cross-sectional deep faults, a tectonic structure of the
Dneprovsko-Donetsk depression, statistical relation between deep faults with oil and gas presence
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Remote sensing and geospatial analysis for monitoring the landscape
dynamics inside the plain of Tafilalet (Morocco) under the impacts of
climate change and human activities
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In this study we are interested in the plain of Tafilalet to follow the dynamics of palms under constraints of climate change and
human activities with the same approach. Climate changes are evaluated based on three methods: rainfall station of raft Er-
foud, the deviation from the mean, the rainfall index and moving average 5 years. Identified and mapped the human actions
are of three types: the discharge, liquid waste from cities and landfills and urban planning. Multispectral satellites images of
Landsat TM (1984, 2009) and ETM+ (1999) are analyzed. Processing which takes account of both natural and human con-
straints allowed us to evaluate the dynamics palms of Tafilalet. The obtained results of this area were compared to the middle
Ziz oasis.
Keywords: multispectral satellite imagery, land cover classification, climate change, human pressure, landscape dynamics,
plain of Tafilalet (Morocco)
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Introduction

Climate change caused urgent environmental prob-
lems in Morocco. Morocco has a great desert southern-
east area; approximately 93% of the country is arid or
semiarid [13]. Modern geoinformation technologies
uses the remote sensing data to monitor environmen-
tal condition and socio-economic consequences inside
wide area [11].

In Morocco, the scarcity and randomness of rainfall
and desertification are increasingly worrying and
threatening farmland and irrigation infrastructure. Taf-
ilalet region, located in the southern Atlas of Morocco,
is facing enormous difficulties combining scarcity and
poor quality of water then long periods of severe
drought that have affected recent decades and whose
ecological consequences are considerable, as evidenced
by the decline in the area irrigated under the action of
desertification and rising saline soils [1, 7, 9].

In this study, we attempted, using the remote sens-
ing and geospatial analysis, to evaluate the current sta-
tus and oases landscape dynamics at the regional level
inside the plain of Tafilalet (Morocco) [12]. Our previ-
ous work has been on the middle Ziz Oasis using the

* E-mail: mpopov@casre kiev.ua
Online ISSN 2313-2132

remote sensing and geoinformation technologies to
determine the dynamics of soil occupancy rate in this
area. This study showed the undeniable contribution of
ground-based and remote sensing data for monitoring
spatio-temporal covert plant oasis in an area very sen-
sitive to the impact of climate change. The evaluation
of chlorophyll activity was obtained by calculating the
average NDVI of each scene (from 1972 to 2011) and
validated by SAVI and MSAVI indices. In addition, we
were able to calculate the vegetation area percentage
within the study area [5].

The study area

The Plain of Tafilalet is located south-east of Moroc-
Co, in the pre-Saharan zone, with a varying width 15 to
20 km and long 50 km. It lies between latitudes 31°30'
and 31°10". It was the subject of several geological and
hydrogeological studies [1, 3, 4, 9]. Quaternary basin
Tafilalet is essentially a vast erosion depression, clear-
ing of the resulting secondary and tertiary coverage and
epigenetic of Ziz, Ghriss, Oukhit valleys. In the primary
substratum, forms of erosion are represented by exten-
sive glazing on the edge of the basin. These are much
smoothed surfaces or regs that connect peripherals to
the plains reliefs (Kreb of Hamada). Reliefs of the study
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area are mainly due to the limestone of Devonian sand-
stones and Ordovician. Altitude plain decreases from
north to south from 850 m2 to 700 m. The plain has a
markedly convex shape overall with an area of about
650 km?. 1t is framed in the North and East by erosion
ledges Hamada west and south by the olds massifs of
the Anti-Atlas. The area of our study is shown in the
Fig. laand 1b.

The climate of the region is arid or semi-desert with
high continental influence. Rainfalls in the plain of Taf-
ilalet are erratic in space and time. Fig. 2 shows a varia-
tion of annual rainfall between 10.7 mm observed for
the period 1983-1984, and 185.2 mm observed in
2008-2009. The average annual rainfall is 65.66 mm for
the period 1958-2009. The annual average evaporation
is about 3 500 mm. This value is very high and leads to

MER MED

data were submitted as topographic map 1:50 000 of
study area (8 sheets), Tafilalet municipal plan, urban
development plan of the Ziz Valley and other.

Evaluation the climate changes

The drought is defined as a period of time “abnor-
mally” dry, prolonged enough to cause a water short-
age lowering characterized by a significant water re-
source levels. There are a multitude of methods for the
characterization of drought [15].

In this study we used three climate change indicators:
rainfall index (ratio with the average rain of the reference
station), deviation from the mean, and moving average 5
years rainfall [7] at the raft of Erfoud station (Fig. 2).

The calculation of the deviation from the mean rain-
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Fig.1. Plain of Tafilalet (Morocco) study area: a — location within state, b — topographic map

the characteristics of arid and Saharan climates. The
maximum value of 521 mm is observed in July.

The drainage system in the plain of Tafilalet is com-
posed by two wadis (river-beds): Ziz and Gheris. They
arise from High Atlas. In times of drought they are dry
except during floods. Mobilization of flood water in the
area is done by a set of diversion dam.

Materials and methods

For the analysis we have used remote sensing satel-
lite data and ground-based climate/topographic/statis-
tical/census data over study area for the 1984 — 2009
period. Satellite data included Landsat TM (1984, 2009)
and ETM+ (1999) medium resolution multispectral sat-
ellite images, as well as GeoEye-1 (2010, 2013) high-
resolution multispectral satellite images. All satellite
images were under radiometric/atmospheric correction
and then were converted into land surface reflectance
(0..1 range value in floating point format). Auxiliary

fall at the raft of Erfoud station has identified the most
humid and rainiest year is 2008,/20009.

Rainfall index deviations analysis allows to detect some
anomalies in the annual rains. Fig. 3 shows the rainfall indi-
ces from 1958 to 2009, for the period more than 50 years.

Analysis of the moving average over five years ex-
tracts the trend of precipitation in the Fig. 4. The rain-
fall in the region is characterized by great irregularity;
witch is characterized over the years by successive epi-
sodes of abundance of rain and drought. There are three
rainiest periods: 1964-1980,1987-1989 and 2006—
2009.

Identifying and mapping the human
actions

The degradation of groundwater quality that makes
two way either by pollution which results from human
activity or by natural degradation due to the geological
nature of aquifers. Human groundwater contamination
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Fig. 2. Annual rainfall at the raft of Erfoud station (Source: ABH-GZR data)

Fig.3. Variation in rainfall compared to the average to Erfoud station

Fig. 4. Rainfall moving average over 5 years and compared with the average (1959-2009 period)
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may be linked to the disposal of waste in a timely man-
ner (uncontrolled dumps, septic tanks, discharge points
of wastewater, livestock areas, mining areas residues
and salt runoff and other chemicals on the roads) or
diffusely (spreading manure, mineral fertilizers and oth-
er amendments to the land fertilization, pesticide use
in the fight against unwanted organisms and acid rain).

In this study, landfills, liquid discharge points and the
pollution caused by the industries are classified as point
source of pollution of the groundwater in the plain of
Tafilalet. Diffuse pollution is mainly related to agricul-
tural activity. The palmary Tafilalet is divided into 21
sectors irrigation of different areas and which irrigation
differs from one to another. It is done either by releases
from dams Hassan Addakhil, pumped by river Ghr ss
by flood river Ziz and/or resurgences by averaging one
hand traditional and modern irrigation systems. The
lack of statistics on the use of fertilizers in the plain of
Tafilalet leads to the inability to assess the flow of dif-
fuse pollution in this area. The Fig. 5 shows the main
sources of pollution in the valley of Tafilalet.

The urbanization experienced significant changes at
the oasis. Indeed, the habitat model NNNEI “Ksar” has
several advantages: ecological habitat, ease of basic in-
frastructures installation: AEP, sanitation and electrici-
ty, and maintaining the solidarity of the population.
However, the current habitat is in the “oil stain” around
the Ksar: it introduced in a palm ecological disturbance
factor of more threatening. A limited solely problem of
sanitation is lacking completely in this type of habitat;
we can measure the degree of danger to the waters of
the aquifer under strain because of the widespread use
of septic tanks in homes. In this work, we use the Re-
mote Sensing and GIS to assess the impact of this phe-
nomenal extension of urbanization in the plain of Tafi-
lalet.

Evaluation the land cover dynamics
In this step, it is necessary to fulfill land cover classi-

fication for each time stamp determined by Landsat
satellite image date. The challenge is the fact that tradi-
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Fig. 5. Map inventory of pollution sources mapped on topographic base
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tional pixel-based classification by Landsat’s spectral
bands is critically difficult for study area. This is espe-
cially true for detection of sparse vegetation and popu-
lation settlements, because their spectral signatures are
mixed significantly. Accordingly, more sophisticated
classification technique rather than one based on sim-
ple spectral signature was applied. Both spectral and
spatial (texture) features were used [8].

The normalized differential indices of Landsat imag-
ery were selected as spectral features, such as the vege-
tative one (between the red and NIR bands), water (be-
tween green and SWIR bands) and desert soil (between
blue and MWIR bands) ones. The normalized difference
indices provide the complete or partial invariance of
land cover features with undesirable additive and mul-
tiplicative distortions of registered optical signals. The
remote sensing practice confirms high informativity of
the indices set against raw spectral values [10].

The spatial features are very important for land cov-
er classification under desert conditions. The settlement
area within vegetated oasis differs from pure vegetation
in texture. The same goes for the sparse vegetation on
desert soil background. In this paper, the satellite im-
age texture was characterized by variation (or more
exact, by standard deviation) and by isotropic spatial
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contrast [6], which were calculated inside 5 x 5 sliding
window averaging all 6 spectral bands.

Overall sequence of thematic processing of Landsat/
TM/ETM+ multispectral satellite imagery for land cov-
er classification is explained by Fig. 6 diagram.

Source multispectral images (a) of land surface re-
flectance are translated into the set of both spectral in-
dices and texture parameters (b). These data layers are
spatially consolidated in uniform multidimensional
dataset, over which the statistical classification (c) al-
ready runs. Classification is done in two stages: 1) un-
supervised pre-classification for the training samples
determining within evident land cover classes and 2)
final supervised classification to map selected land cov-
er classes.

Results and Discussion

Frequency analysis of occurrence of dry years con-
tributions in surface water in the study area are charac-
terized by high variability. They can usually be 1 to 25
times the annual average. During droughts long peri-
ods, surface flows stop. However, these contributions
to seasonal and inter-annual fluctuations as shown in
Fig. 7.

Fig. 6. Landsat satellite imagery thematic processing dataflow

EVOLUTION DES APPORTS ET DES RESTITUTIONS AU NIVEAU DU BARRAGE HASSAN ADDAKHIL
DEPUIS SA MISE EN SERVICE 1971/1972 - 2008/2009
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Fig. 7. Evolution of inputs and institutions of the dam Hassan Addakhil since its commissioning 1971/1971 to 2008/2009 (cycle recurrent

droughts)
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Table 1. Frequency analysis of occurrence of successive dry years
(1959/2009)

Period type Number of dry

years

Frequency of
occurrence ofa
dryyear

1 Yearinsulateddry 8 8
2 consecutive dry 1 2
years

3 consecutive dry

years

4 consecutive dry 1 4
years

5 consecutive dry

years

6 consecutive dry

years

7 consecutive dry

years

8 consecutive dry

years

9 consecutive dry

years

10 consecutive dry 1 10
years

Total dry years 24
Total years observed 51

Frequency analysis of occurrence of successive dry
years was conducted over the period 1959/2009 by con-
sidering as dry all year where rainfall is less than 90 % of
the average inter-station over the period studied. This
analysis was performed on data from the raft Erfoud
station.

The succession of periods of moderate drought (un-
der three years) or severe (over four years) has an im-
pact on the supply of groundwater resource. The result-
ing water problems of the effects of climate change
depend on water deficit in the aquifer for severe
drought farmers resort to pump groundwater to meet

Table 2. Comparison with the rainfall and dam releases

Year Volumes of Annual rainfall,
releases Hassan mm
Addakhil dam,
M’
1983 0 107
1984 1984 867
1999
2000 0 117
2001 0 382
2008 8526 607
2009 3932 1852

the needs of the palm. The Fig. 8 shows the evolution of
the groundwater level in the aquifer in the center of the
study area.

The Fig. 8 trend confirms the aridization in region,
and most likely due to climate change.

Also the close correlation between rainfall precipi-
tation and Hassan Addakhil dam releases is observed.

The year 1984 was characterized by lack of releases
from the Hassan Addakhil dam and rainfall was very low.
However, for the year 2009, the rainfall exceeds the
annual average in most of the releases from the dam
about 40 Mm?>.

The results of the land cover classification for multi-
temporal Landsat satellite imaging (30 2 spatial reso-
lution) are shown in Fig. 9. The area occupied by settle-
ments, normal (dense) vegetation and sparse vegeta-
tion was measured by multi-temporal maps of land
cover classification which in Fig. 9. Percentage of said
land cover classes within the images of study area are
summarized in Table 3.

Year

RIS, $
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Fig. 8. Level change piezometric INE No. 446/57 of the quaternary table cloth ErfoudFigure 8 — Level change piezometric INE No. 446/57 of

the quaternary table cloth Erfoud
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Fig. 9. Land cover maps by Landsat multispectral satellite imagery: a — August 1984, b — August 1999, ¢ — July 2009

Normal vegetation is concentrated in oases, in con-
junction with human settlements; it is artificially culti-
vated, and its area increasing coupled with the growth
of the settlement area. The sparse vegetation is mostly
natural and it is under the anthropogenic pressure. Its
area is shrinking rapidly in context of urban planning.

Field surveys have shown that the number of date-
palm feet in the study area has been declining. This is
the disease of Bayoud and the lack of good technical
conduct of the spinneret: in fact, the soils have low or-
ganic matter content and available phosphorus content
and low exchangeable potassium from North to South
of the palm. Indeed, the number of date palm feet at
the plain of Tafilalet (Erfoud CMV 703, Rissani and Mer-
zouga CMV CM 705 716) in 2009 was 506 750 plants.
However in 1984 it was approximately 560 000 plants.
The change in NDVI shows its limitations in assessing
the percentage degradation of the palm.

The plain of Tafilalet is characterized by a pre-urban ur-
banization that is experiencing a significant gap between
urban growth and lack of basic infrastructures. This is due
to the lack of land control and disrespect of texts relating
to urban planning and environmental protection cause
various nuisances: regression of agricultural land, develop-
ment of housing and infrastructure on sites inappropriate
at risk, recourse to preemptive rights [2, 14]. This urbaniza-
tion affects the palm (destroying of plants palms and pol-
lution of the water resource), the degradation of the living
environment and on controlling infrastructure costs.

Online ISSN 2313-2132

Conclusions

Today humanity is under the cumulative impact of
both climate change and increasing anthropogenic
pressure. The negative effect of these drivers is filled
primarily in countries with hot and dry climate, and
Morocco is one of them.

The aim of this research was to evaluate the land-
scape dynamics inside the plain of Tafilalet under the
impacts of climate change and human activities. Cli-
mate changes were evaluated by the amount of rainfall
percipitation; requested data have been received from
local meteorological stations. Anthropogenic activity
was assessed by classifying and geoinformation analy-
sis of multitemporal multispectral satellite imagery. The
satellite imagery thematic processing dataflow for
change detection was proposed.

By a joint analysis of satellite and ground meteoro-
logical data quantitative estimates of landscape dynam-
ics within the region of interest were obtained. These
estimates may be useful in the planning of economic
activity and decision-making in the region.

A clear trend was detected on significant growth of
human settlement area and associated vegetation, while
natural sparse vegetation area reducing. This trend most
likely is the result of intense urbanization within the
fragile ecosystems of desert oases, but the situation has
been worsen by long-term aridization in region.

Future works should be aimed to models develop-
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JOUCTAHUIMHE 30HIYBAHHS TA TEOTTPOCTOPOBUWI AHAJII3 JIJISI MOHITOPUHTY JIMHAMIKU JIAH/IIITA®TIB PIBHUHU
TADUIAJIET (MAPOKKO) ITIJ] BINITMBOM KIIIMATUYHMX 3MIH I JISIVIBHOCTIJIFOJVMHIA

Enna6iJloy, Tnemcani [xuxan, Muxario [Tonos, Cepritt Crankesny, Jlayn Mesan, Irop JIyk'siHuyk, Jlapa6i AGaenpkajep, Eccanay
Ami

B 1aHoMy JOCIIPKEHHI B pAMKAX €JMHOTO MiJIXOY PO3IJIAAAETHCS JUHAMIKA JIaHAA(TiB piBHUHU Tadunaner nij BIVINBOM
KJIIMAaTU4YHUX 3MiH i AigapHOCTI JoAuHU. KniMaTU4YHi 3MiHM OLIiHIOIOTBCA CEPEAHBOPIYHMMU 3HAYEHHAMU Ta
CEPENHBOKBA/IPATUYHHMH BiIXUJIEHHAMM KUTBKOCTI OI4/1iB HA METEOCTAHLiT pariony Epdy/, a TAKOXKX KOB3aI0UHNM CEPE/IHIM B
5-piuHOMy iHTEpBai. PaKTOPAMU JIIOACHKOI AisNIBHOCTI BUCTYNAIOTh BOJIHI CTOKHM MiCIlb, 2 TAKOX MiChKa 3a0y/10Ba.
[MpoaHaNi30BAHO 6AraTOCIIEKTPAIbHI KOCMivHi 3HiMKH Landsat TM (1984, 2009) Ta ETM+ (1999). Ix anasti3 103B0JIMB BUABUTH
JAuHaMiky gaHamadris Tadinaner mig BIJIMBOM SIK IPUPOJHUX, TAK i aHTPOIOTE€HHUX YMHHUKIB. OJJepKaHi PE3YyIbTaTH
MOPIBHSAHO i3 CUTYAIi€I0 B 0a3UCi 3i3.

KiIr040Bi c10Ba: 6araTOCNEKTPAIbHI KOCMIYHI 3HIMKH, KI1acu@iKallisl 3¢eMHUX MOKPUTTIB, 3MiHH KJIiMaTy, BIUIUB JIIOAHUHU,
JUHaMiKa JaHAmadris, piBHMHA Tadinaner (MapoKKo)
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IOUCTAHUUMOHHOE 30HJAMPOBAHUE U TEOITPOCTPAHCTBEHHBIN AHAJIN3 [JI1 MOHUTOPUHTA TUHAMWKU
JIAHJIIITA®TOB PABHUHBI TAOUJIAJIET (MAPOKKO) ITO/JT BO3AEMCTBUEM KIIMMATUYECKMX U3MEHEHUU U
JOEATEIBbHOCTHU YEJTOBEKA

Oapadu Jloy, Tnemcanu [xuxan, Muxawn [Tonos, Cepreit Crankesud, JJay Mesan, Urops JIykesaHuyk, Jlapabu A6enbKazep,
Dccanay Anu

B IaHHOM HCCIEIOBAHUN B PAMKAX €JHHOTO MOIX0/1a PACCMATPUBAETCS JUHAMMKA JIAHAMAMTOB PaBHUHBI TadruianeT moj
BO3/ICHCTBHUEM KJIMMATUYECKUX U3MEHEHUN U AEATEIbHOCTH YeaoBeKa. KInMaTudyeckne N3MEHEHUS OI€HUBAIOTCS
CPENHErOJJOBBIMM 3HAYEHUSIMHU M CPEJHEKBAIPATUUECKUMU OTKIOHEHUSMHU KOJIMYECTBA OCA/AKOB HA METEOCTAHIINH PariOHA
Dpdyl, a TAKKE CKOIB3AIIMM CPEAHUM B 5-JIETHEM UHTEPBajIe. PAKTOPAMH Y€JIOBEYECKOU IEATETBHOCTH BBICTYITAIOT BOJHbIE
CTOKH TOPOJIOB, 4 TAKXKE TOPOACKOE CTPOUTENBCTBO. [TPOaHATN3UPOBAHBI MHOTOCIIEKTPAJIbHBIE KOCMUYECKUE CHUMKH Land-
sat TM (1984, 2009) u ETM+ (1999). Mx aHa/113 NO3BOJIWI BBIABUTB JUHAMUKY JIaHAMA(PTOB TadrianeT noj BO3JeUCTBHEM
KaK ITPUPO/IHBIX, TAK U aHTPOIIOTEHHBIX MPUYHH. [TOTy4YeHHBIE PE3YIBTATE CPABHUBAINCH C CUTYAIINEH B 0a31ce 3U3.
KiroueBsbie CJIOBA: MHOTOCIIEKTPATTBHBIE KOCMUYECKUE CHUIMKH, KJIACCU(DUKALIMS 3EMHBIX TOKPBITUH, U3MEHEHUS KITNMATA,
BO3/ICCTBUE YEJIOBEKA, JUHAMHUKA JIAHAIA(PTOB, paBHUHA Tadunaner (MapoKKoO)

Online ISSN 2313-2132



VKpaiHChKUI )KyPHAJ JUCTAHIIIMHOrO 30HAYBaHHs 3emti 11(2016) 39-47

UDC 621.396.96

Spaceborne radar identification of desert regions as suppliers of dust
into the atmosphere

V. K. Ivanov, A. Ya. Matveyev, V. N. Tsymbal, S. Ye. Yatsevich * and D. M. Bychkov

A. Ya. Usikov Institute of Radio Physics and Electronics, National Academy of Sciences of Ukraine, Kbarkov, Ukraine

Atmosphere dust represents a mixture of minute particles of various salts and minerals. Also it contains remains of animal and
vegetable organisms, spores of causative organisms and so forth. The dust is carried by winds over considerable distances and
its presence in the atmosphere is among the factors which have essential influence on the global climate of the Earth. At present
the Aeolian processes and their consequences are monitored from space using multispectral optical systems (TOMS, METEOSAT,
MODIS etc.) only. These are not capable of reliable identification of the areas themselves that are sources of raising the dust in
the atmosphere independently of the cloudiness, solar illumination and transparency of the atmosphere. This problem can be
solved with the use of space radar systems of the Earth remote sensing. The paper presents the first results of the development
of a radar technique of identification of desert regions in which dust from the surface is transported up into the atmosphere
under the action of Aeolian processes. The work was performed using data of Earth remote sensing SAR Envisat-1 obtained
over deserts of Mauritania. Specific features of display of the narrow-beam backscattering of radio waves in radar images in
dependence on the surface wind speed and direction and direction of radar illumination of the surface. It is concluded that the
radar means of remote sensing represent an efficient tool for detecting regions of dust raise into the atmosphere. Results of the
study can be used for the development of new methods of remote monitoring of the processes in desert areas that affect the
climate of vast regions of the Earth.

Keywords: radar observations, highly directional radio wave backscattering, Aeolian transport of sand and dust, sand ripples,

ionization, electric field
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Introduction

Atmospheric dust represents a mixture of minute
particles of various salts, minerals, rocks, coal, soil, and
other various mixtures and chemical compounds of
mineral and organic nature. It also contains remains of
vegetable and animal organisms, spores of causative mi-
croorganisms, and so forth. The dust is carried by winds
over considerable distances and its presence in the at-
mosphere is among the factors which have essential
influence on the planet climate [6]. Presence of the dust
of low concentrations promotes the atmosphere heat-
ing and results in global climate warming. Although, in
the case of high concentrations, the dust impedes pen-
etration of solar radiation, so leads to the Earth’s sur-
face cooling. It is known that about 4 billion tons of the
dust and sand raised into the atmosphere yearly come
back with atmospheric precipitation on the continen-
tal surface and more than 1.5 billion tons are deposited
on the surface of the great oceans to enter then the com-
position of marine sediments [4]. Taking into account
the global character of the Aeolian (wind-related) proc-
esses, it is evident that their continuous monitoring is
possible only with the use of space systems of earth re-
mote sensing.

* E-mail: sey59@mail.ru
Online ISSN 2313-2132

At present, the space monitoring of the Aeolian proc-
esses and their effects is performed with the use of multi-
spectral optical systems only (TOMS, METEOSAT, MODIS
etc. [0]). These optical systems along are incapable of pro-
viding reliable identification of the areas which represent
the sources of raising the dust into the atmosphere and fol-
lowing the dynamics of the Aeolian processes. The optical
systems are also known to be heavily affected by the cloud-
iness, solar illumination and transparency of the atmos-
phere. The problem can be solved instead with the use of
space-borne radar systems of remote sensing of the Earth.
Paper [8] presents results of detecting the appearance of
the effects of anomalous highly-directional (narrow-beam)
backscattering of radio waves associated with the above
mentioned processes. The effects are observed at practi-
cally the same angles of local illumination of the surface
©=30° in both the radar images of deserts in Mauritania
obtained by the side-looking radars of the artificial satel-
lites of Earth: “Kosmos-1500” and “Sich-1” (the operation
wavelength A= 3.15 ¢m), and by the synthetic aperture ra-
dar (SAR) of Envisat-1 (1 =5.6 cm) satellite. An explana-
tion has been suggested for the mechanism of occurrence
of the effect due to radio wave scattering by properly ori-
ented ionized spaces which embrace the sand ripple struc-
tures in the process of their formation in the course of Ae-
olian transportation of the sand-dust mixture (see Fig. 1).
It has been assumed that the ionization is produced by a
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Fig. 1. Akshar and Trarza deserts (Mauritania) radar images obtained from: SLR satellite “Sich-1” on Dec. 19, 1995 (a); ASA_GM]1_1P Envisat-1
on Dec. 08, 2010 (© ESA). Are allocated the effects of anomalous highly-directional backscattering of radio waves associated with the Aeolian
transportation of near-surface sand/dust mixture (marked by arrows). Optic image taken from the Google Earth (c)

strong inhomogeneous electric fields (up to 250 kV /m) aris-
ing as a result of the Aeolian transportation.

This paper presents the first results of application the
developed technique of identification of desert regions
which are responsible for the process of raising the dust
from the surface to the atmosphere under the action of
the Aeolian activity based on radar imaging analysis. The
work was carried out with the use of the calibrated data of
radar remote sensing of the Mauritanian deserts obtained
by the ASAR Envisat-1 between 2004 and 2012. The study
isfocused on analyzing the specific features of the appear-
ance of highly-directional backscattering of radio waves
in radar images which occur with different speeds of the
near-surface wind and mutual orientations of the radar
illumination of the surface (azimuth SAR antenna beam
pattern axis projection on the Earth’s surface) and wind
direction. Peculiarities of the formation of the ionized layer
boundary embracing the sand ripple structures in the
course of transportation of the sand-dust mixture are also
analyzed and taken into account. It is assumed that the
ionization is produced by a strong inhomogeneous elec-
tric fields generated due to motion of air-borne charged
grits, specifically, saltons and reptons, over the sandy bed.
In the conclusion, the specific features are discussed as for
efficient application of radar means of remote sensing for
detecting regions of raising the dust into the atmosphere.

Analysis of specific features of the effects of
the anomalously highly-directional
backscattering of radio waves and Aeolian
transportation of the sand-dust mixture

In order to verify the proposed explanation of the
mechanism of occurrence of the anomalously narrow-
beam scattering of radio waves suggested in paper [8],
it was estimated the efficiency of radio wave scattering
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by a sandy surface disturbed sand ripples. To that end,
in [9] was determined the maximum possible (in the
case of the oblique backscatter remote sensing) back-
scatter factor of such a structure in the steady state
(when there is no wind-produced motion of the sand
ripples) for the situation where the radio wave is nor-
mally incident upon the surface of the plane lee slope.
This was taken into account that the effective depth of
penetration of a radio wave with A= 5.6 cm into dry
sand makes dozens of centimeters, i.e. is equal to a few
wavelengths. Therefore, the scattering by a sand ripple
can be related to a surface-volume scattering by a great
number of scatterers. The phase relationship between
the respective spectral components of the radar signals
scattered by adjacent humps of the ripple spaced by
several A represents a random value (so, the coherent
summation of backscattered signals is impossible).

Based on the experimental data of measuring the
backscatter factor o of the desert sand in dependence
on the angle of local illumination @ [5], it was identi-
fied that the maximum possible values of o of a sandy
surface disturbed by a ripple in the steady state do not
exceed —14..—17 dB. Actually, the photos of sand rip-
ple structures (see pictures a—c in Fig. 2) indicate that
the shape of the lee slope of the ripple humps differs
essentially from a plane, and hence the above estimates
can apparently appear to be that high.

Analysis of the experimental results

The intensity of scattering from a sand surface in the
case of Aeolian transportation of the sand-dust mixture
was estimated using archive radar images from the En-
visat-1 satellite provided by the European Space Agen-
cy (ESA) for the fulfillment of the Project ID: C1E30193.
The images have been selected from the EOLI-SA on-
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a

Fig. 2. Sand ripples: (a—c) photos of the structures taken from the Google Earth

line catalog with account of the data concerning the
surface wind velocity and direction [2]. Then, the scat-
tering intensities have been standardized to the scat-
tering cross-section, with the use of standard programs
provided by the ESA for the open access to process the
images (NEST 4B-1.0, NEST 5.1).

Pictures a and c in Fig. 3 present fragments of the ra-
dar images of an area of the Trarza desert obtained by

the satellite Envisat-1 ASA GM1_1Pon January 12,2012
and January 13, 2005. Pictures b and d of Fig. 3 depict
the respective dependences of the backscatter factor o
on the angle of local illumination © along the fragment
sections (arrows 1 to 5). The sections are drawn through
the most homogeneous regions of the surface for which
the effects of anomalously high-directive backscatter of
radio waves were observed. Shown by the thick black

Fig. 3. Effect of occurrence of the anomalously high-directive backscattering of radio waves: (a) and (¢) — fragments of the radar images of a
region of the Trarza desert obtained from the satellite Envisat-1 ASA_GM1_1P on Jan. 12,2012 and Jan. 13, 2005 (© ESA), respectively; (b) and
(d) — dependences of the backscatter factor o on the angle of local illumination © along sections of the respective fragments of the radar
images; and (e¢) — sandy dunes in the region under survey (Google Earth)
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lines are averaged o (@)-dependences. As can be seen,
the averaged observed values of 6 (©=31.5..32°) in
Fig. 3 b and Fig. 3 d exceed 5 and 3 dB (for the same
weather conditions) which values are greater by more
than 17..21 dB as compared with the maximum magni-
tudes calculated for the static sand ripple. According to
the meteorological data [2], the surface wind speed dur-
ing the survey was about 5 m/s, while its direction was
practically opposite to the SAR radiation direction.

Fig. 4 shows phases of developing the processes of the
anomalous scattering. In the case of alight (~ 1 m/s) sur-
face wind with unstable direction (Fig. 4 a, left-hand
part of the composite radar image Envisat-1,
ASA GM1 1P, 2004-06-11) no manifestations of the
effects of anomalously high-directive backscattering of
radio waves were observed. However, already for the
wind speed ~2 m/s and practically opposite direction

Fig. 3b (~ 5 dB) can be explained by a lower speed of
the near-surface wind during surface imaging.

Pictures ¢ and d in Fig. 4 correspond to the stage of
initiation of the effect of anomalous highly-directional
backscattering of radio waves. The bright points in the
fragment of the radar image (Fig. 4 ¢, Envisat-1
ASA GM1 1P, 2010-14-12) indicate the surface areas
where the effect starts to appear.

The observations were carried out under condi-
tions of a near-surface wind with variable direction
with respect to the SAR radiation direction which
blew with a speed between 1 and 2 m/s. It should be
noted that under these conditions the local maxima
of backscattering (see Fig. 4 d) already reach consid-
erable magnitudes (- 5..— 2 dB), however are ob-
served in a broader range of the angles © =28.5..31.5
as compared to the developed state (~31.5+£0.25).In

Fig. 4. Fragments of the radar images Envisat-1 ASA_GM1_1P (© ESA) obtained on Nov. 6, 2004 with the wind speeds ~ 1 m2/s (left-hand part)
and ~ 2 m/s (right-hand part) Envisat-1 ASA_GM1_1P (© ESA) obtained on Dec. 11, 2004, (a). Dependences of the backscatter factor o on the
angle of local illumination @ along the depicted lines of radar image sections (b). The fragment of the radar image of a desert region obtained
on Dec. 14, 2010 (¢). The backscatter factor o in dependence on the angle of local illumination © along the radar image sections (d)

of the wind with respect to the SAR illumination radia-
tion direction (the right-hand part of the composite
radar image Envisat-1 ASA GM1 1P, 2004-11-12), the
effect of anomalous scattering has proven to be signif-
icant. The lower magnitude of the maximum scatter-
ing cross-section (~ — 1 dB) at the incidence angle of
sensing ©®=31.5° in Fig. 4 b as compared with that in

Online ISSN 2313-2132

the following sections we will get back to this effect
analysis again.

Fig. 5 presents a fragment of the radar image (a) and
respective dependences ¢ (O) (b) of crosssections (En-
visat-1 ASA_GM1_1P,2005-28-12) obtained for a region
in the Trarza desert. The survey has been carried out in
the situation where the near-surface wind speed was
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Fig. 5. The effect of anomalous narrow-beam scattering of radio waves in the situation where the opposite wind direction deflected by ~ 45°
with respect to the SAR radiation direction: (a) fragment of the radar image (Envisat-1 ASA GM1 1P, 2005-28-12, © ESA) of a region in the
Trarza desert; (b) dependences of the backscatter factors o on the angle © of local illumination along the sections (arrows 1 to 3) of the radar

images shown in Fig. 4 a

about 5 m/s and its direction was deflected by ~ 45°
(within the azimuthal plane) from the direction of ra-
dar illumination of the Earth’s surface.

At that, the maximum value of o showed a decrease
by 3 or 4 dB as compared with the Envisat-1
ASA_GM1 1P on 2012-01-12 and 2005-01-13 (see
Fig. 3) obtained for the same wind speed and practical-
ly same direction with respect to the SAR radiation di-
rection.

As was mentioned above, we suppose that the main
scatterer of radio waves in the experiments is the ion-
ized air in the near-surface layer saturated by negative-
ly charged grains of sand. Therefore, in order to explain
the obtained experimental results of observation of
anomalous radio wave scattering, let us consider the
specific features of the grain motion.

Specific features of motion of the
negatively charged sand grains over the
surface

Various models are used to describe motion of the
negatively charged sand grains (“saltons”) over the sur-
face with accounting of the drag, gravitational and elec-
tric forces. For example, in paper [10] the motion of such
grains is described as follows:

max: ED[)Z/ 8* pacdl VvR | (U_ vx)

ma =D}/ 8p,[-C,|V,|v,*C @, — U, )]-mg+gE,
where m, g and D, are, respectively, the mass, charge
and diameter of the grain; @ and a, are the grain accel-
erations along the x- and z-axis, respectively; V, is the
vector difference between the wind and grain speeds;
U is the horizontal component of the wind speed; U, ,
and U, are the wind speeds below and above the grain;
p,, stands for the air density; g is the gravitational con-
stant; and E is the electric field in the place of grain lo-
cation. The drag factor C, is calculated using the Rey-
nolds number for the respective shape of the sand
grains. The raising factor C| is equal to 0.85 C . To deter-
mine the grain motion trajectory, the motion equation
is integrated numerically.

Itwasshown in paper [12] that a result of the so-called
“splash”— which occurs when a salton (flying due to
wind) hits into a sand bed at a high speed— is knocking-
out of another charged particle of a grain, namely, an-
other salton. The salton rebounded from the sand bed
moves at a speed practically equal to that of the impact-
ing one (see Fig. 6). The rebounded saltons escape the
sand surface at an angle 34..40° to the horizon. In addi-
tion to the rebounded saltons, one or several other grains
(up to 20 depending on the speed and mass of the im-
pacting salton [3]) also get ejected from the sand surface.
These grains, known as “reptons”, move at a speed ap-
proximately equal to one tenth of the impacting salton

b

Fig. 6. A “splash” occurring due to a hit of a salton into sand ripple surface: (a) 1 — sand bad, 2 —negatively charged impacting salton, 3 —
negatively charged rebounding salton, 4 — negatively charged ejected repton, 5 — positively charged sand grains, 6 — ionized space, 7 — direction
of sand ripples movement, 8 — near surface wind direction; (b) 3-D representation of the results of computer simulation [1]
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one. At that, the reptons escape at an angle ~70° to the
horizon in different directions (in a semicircle) and do
not ascend in the layer with the accelerating wind.
Fig. 6, b shows a 3-D image representation [1] of the re-
sults of computer simulation of the processes which oc-
cur when a salton hits into a sand surface.

To estimate the mean velocity of sand grain flow in
the near-surface layer, let us use the shear velocity which
is applied for describing motion in the case of shears
associated with gas flow. The shear velocity, which is also
known as the friction speed [10], represents a form us-
ing which the shear stress can be rewritten in terms of
the velocity units, viz. u*= (7 / p)"/*where 7 is the shear
stress in an arbitrary wind layer and p is the air density.
The general rule is that the rate of shear is about 1/10
of the mean flow velocity.

Fig. 7 presents calculated and measured dependences
of the mean hop distance 1 of sand grains (diagram a:
the circles and squares correspond to the data of pa-
pers [14] and [7], respectively) and mean height zm of
the grain transportation layer (diagram b: the circles and
squares correspond to the data given in papers [5] and
[14], respectively) in the flow of Aeolian transportation
on the shear velocity [7]. The experimental results of
measuring the mean hop distance and height of the
sand grain flow due to Aeolian transportation convinc-
ingly show that the process of Aeolian transportation
developed. A further increase of the wind speed results
in increasing the flight speed and hop distance of the
saltons (and hence — in increasing the sand ripple
length; see the dash line in Fig. 7 a2). At the same time,
the effect is not accompanied by lengthening the mean
hop distance of the sand grains because of essential in-
crease of the relative contribution of the ejected slow

1 15 - P _- "
hop ® -1 ”,’
length | -2 e T
in cm ”,‘
10 | e .
FEEl ()

0.2 0.4

. . -1
shear velocity 1 inm

a

increasing the wind speed, one can observe a limitation
of the mean height of the sand grain flow due to
strengthening the electric field influence (see Fig. 7 b).
At that, the mean slope of the flight trajectory of the
charged sand grains can be estimated from the data
presented in Fig. 7 to be equal to ~ 30°.

Analysis of the data makes it possible to explain the
specific features of the effects of anomalously narrow-
beam backscattering of radio waves.

In the case where the near-surface wind speed is
less than 2 m/s, at the stage of origination of the
anomalous narrow-beam scattering, the saltons are
characterized by a low flight speed and hence,
“splashes” are accompanied by ejecting of a minimum
number of reptons. Here, the mean slope of the flight
trajectory of the charged sand grains that determines
the slope of the ionized space boundary which bor-
ders the sand ripple [8] and is responsible for the
“strong” radar scattering, is determined by both the
saltons and reptons. This effect is clearly seen in
Figs. 4, c and d where the local maxima of the back-
scattering appear in a wider range of the © angles
(28.5t0 31.59).

The contribution of the reptons increases consid-
erably with the wind speed, and the slope of the ion-
ized range boundary is mainly determined by their
flight trajectories. Since the exit angle with respect to
the horizon (and hence, the repton flight trajectory)
depends but very slightly on the angle of salton inci-
dence upon the sand bed [1], the processes of the sand
transportation over slanting skew surfaces of sand
dunes covering the desert do not lead to broadening
the angular sector of the backscatter intensity. The
characteristic angular width of the o (®) dependence

mean 4 o [ T T T
transport ™
layer [ 7] L
height 3 |- L |
Znm
in cm
2 o n
= o
S » (SR, SN ]:P _________________
1 . i 1
m]
mO -2
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shear velocity U, in m?
b

Fig. 7. Calculated and measured dependences of the mean hop distance of sand grains (a) and mean height (b) of the grain layer in the flow of

Aeolian transportation on the shear velocity [13]

reptons. Specifically, the flight height of the reptons is
considerably lower than that of the saltons, and the exit
angle (and, accordingly, the flight trajectory with re-
spect to the horizon) depends but very slightly on the
incidence angle of the saltons upon the sand bed (with-
in the range 8...15° with respect to the horizon [1]). With
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for the anomalously narrow-band backscattering does
not exceed 0.5 to 1° ata 3 dB level.

The experimentally proven the fact that the
knocked-out reptons escape in different directions in
a semicircle [9] explains the rather weak dependency
of the intensity of anomalously narrow-beam backscat-
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Fig. 8. Radar image (fragment of the radar image Envisat-1 ASA_GM1_1P (© ESA) obtained on June 27, 2005) of the mesoscale eddies (a).
Optical image of Mauritania region (satellite MODIS [11]) (b). Meteorological data map (¢) [2]: 1 — wind velocity vector near surface, 2 — wind
velocity vector at a height of 10 meters, 3 — wind velocity vector at a height of 15 meters, 4 — approximate position of the center of the vortex.

Schematic representation of the lifting of the charged grains of sand in the atmospheric vortex (d) [10]

tering on the wind direction relative to the direction
(in the azimuthal plane) of radar illumination of the
surface. In the case of downwind illumination, the ef-
fect has not been observed [8].

Aeolian transportation of sand and dust-laden air
upon the surface under appropriate conditions of at-
mospheric stratification (e. g, updrafts produced in the
vortex formation) is capable of raising dust up to high
altitudes [6] and spreading it over vast distances by
means of strong wind currents in the upper atmosphere
layers. For instance, Fig. 8 a shows the radar image (frag-
ment of the Envisat-1 ASA GM1_1P (© ESA) radar im-
age obtained on June 27, 2005) of mesoscale eddies. At
the same time, Fig. 8 b — optical image (satellite MODIS
[11]) — shows that raised by the eddies dust masses are
transported over the ocean surface (marked with red
arrows). Fig. 8 a illustrates the fact that the vortex at-
mospheric processes are observed not only as near-sur-
face transport processes of sand-dust mixtures (marked
with a green arrow), but also as the rise of masses of

intensive charged sand particles into the atmosphere
(indicated by yellow and purple arrow). The presence
of a dangerous for health concentrations of dust in the
air that day was also confirmed by measurements in
Nouakchott [15]. Atmospheric vortex existence in this
area was confirmed by meteorological data Fig. 8 ¢ [2]
and by specific cloud formation (in the form of the
Greek letter “A”) marked by the blue arrow in Fig, 8 b.

Conclusion

The paper presents the first results of the develop-
ment of a radar-based technique for identification of
desert regions in which the dust from the surface is
transported up into the atmosphere as a result of Aeo-
lian processes. The work has been performed using ESA
archive data of radar remote sensing images of deserts
of Mauritania obtained by the SAR Envisat-1 between
2004 and 2012. In particular, an analysis has been pro-
vided for the specific artifacts observed on the radar
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images due to manifestation of the anomalous effects
of narrow-beam backscattering of radio waves which
occur in the course of the Aeolian transportation of the
sand-dust mixture.

The specific details of manifestation in the radar im-
ages of the narrow-beam backscattering effects on Ae-
olian processes were analyzed in respect to the near-
surface wind speed and relationship between directions
of the wind and the directions of radar illumination of
the Earth’s surface. The peculiarities of the formation
of the ionized layer boundary, which borders sandy rip-
ple structures, in the course of the Aeolian transporta-
tion of the sand-dust mixture have been considered. It
is considered the model assuming the ionization is pro-
duced by a strong inhomogeneous electric field which
is generated due to Aeolian transportation of charged
sand grains, specifically saltons and reptons, over the
sand bed. Within the model, the obtained estimates
have made it possible to propose the physical explana-
tion of the measured angular dependences between the
cross-sections of the investigated radar images of the
desert regions with Aeolian transportation processes
and combinations of wind and radar illumination di-
rections, as well as determine the optimum conditions
for observations of the effects of the anomalously nar-
row-beam backscattering of radio waves. It has been
demonstrated that the radar-based technique of earth
remote sensing is capable of detecting these effects
starting from very low speeds of the near-surface wind
(~2 m/s) within a sufficiently broad range of the direc-
tions of surface illumination (not less than 90° with re-
spect to the wind direction) within the azimuthal plane.
In order to ensure the high efficiency of radar systems
foridentification of desert regions where dust from the
surface is transported up into the atmosphere, it is nec-
essary to ensure the radar systems are capable of oper-
ating in the mode of sequential observation of desert
regions in the illuminating beam incidence angle range
of about @ =30".
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KOCMIYHA PANIOTTOKAIINHA IIEHTU®IKALISA ITYCTEIBHUX OBJIACTEN JPKEPEJ HACUYEHHS ITUJIOM
ATMOC®EPHU

B. K. IBanos, O. f. MaTBeeB, B. M. LIum6a, C. €. fAuesuy ta I, M. BuukosB

AtMOchepHUIT TN IPEACTABIIIE COOOIO CYMilll HAMMEHIIINX YaCTOK Pi3HOMAHITHUX COJIB T4 MiHEPAaiB. BiH MiCTUTb TaKOX
PEUITKN POCJIMHHUX T4 TBAPUHHUX OPIaHi3MiB, CIOPHU XBOPOOOTBOPHUX MiKPOOIB i T. I1. BiTpaMu BiH NEPEHOCUTHCS HA 3HAYHI
BiJIcTaHi i TOro NPUCYTHICTDb B aTMOC(hEPi € OJHUM i3 (PAKTOPIB 110 CYTTEBO BIUIMBAE HA KJIiMAT IVIAHETU. B MOTOYHWI yac st
KOCMIYHOT'O MOHITOPHHI'Y €0JIOBHX IPOIIECIB Ta IX HACII/IKIB BAKOPUCTOBYIOTHCS TiIIBKU 6AraTO30HAJIbHI OITHUYHI CUCTEMU
(TOMS, METEOSAT, MODIS Ta T. 11.), SIKi HE I03BOJISIIOTh HA/IIMHO i HE3A/IE3KHO Biji XMAPHOCTI, OCBITJIIEHHS TA IPO30POCTi aT-
MocdepH i1eHTHdIKYBATH CaMi PAHOHU JPKEPEIA HNiAHATTS NWIY IO ATMOCHEPH T CIiIKYBATH 32 JUHAMIKOIO €0JIOBHUX IIPO-
1eciB. Take 3aB/laHHSA JO3BOJISIIOTH BUPIIIyBATU KOCMiYHI pajjionokariiribi cucremu J133.

B crarTi npeacrasieHi nepi pe3ysisraTy BiIIpaifoBaHHs Pa/lioJIOKALITHOTO METOY ileHTU(IKaITil TyCTETbHUX OOIACTEM, B IKMX
BiZIOYBAE€TBCS €OJIOBUH MPOLIEC MiJHOMY Y 3 MIOBEPXHI B aTMOcdepy. I BiATIPalIOBAaHHS METO/ly BUKOPUCTAHI KaIiOpOBaHi
JlaHi paionoOKalifHOIO JUCTAHLIMHOIO 30HyBaHH:A ([I3) mycresnb MaBpuTanii ASAR Envisat-1, mo Hazani ESA B paMKax BUKOHAaH-
na npoekry ID: C1E30193. [lis inenTrdikanii Jpkepe niiioMy Mty BAKOPUCTAHI IPOSIBU aHOMAJIBHO BY3bKOCIIPSIMOBAHOI'O 3BO-
POTHOTO PO3CIIOBAHHA PAJiOXBHUJIb, IO BUHUKAIH TIPU JIOKATBHUX KyTaX OMPOMiHeHHst ToBepxHi @ ~ 30° . [IpoaHaisoBaHO 0CO6-
JINBOCT] NPOSIBJIEHHS HA PAZII0JIOKAIITHUX 300P’KEHHSAX AaHOMAJIBHO By3bKOCIIPSIMOBAHOI'O 3BOPOTHOI'O PO3CiIOBAHHS PA/IiOXBUIb
MIPU Pi3HUX MBUAKOCTAX PU ITOBEPXHEBOT'O BIiTPY TA Pi3HUX CITiBBiIHOMEHHAX HAIPAMKY BiTPY Ta PaAiOIOKALIIMHOIO OIIPOMi-
HEHHS MOBEPXHI. [ToKa3aHO, IO XapaKTEPHUCTUKU PO3CIIOBAHHS JJOOPE Y3TO/PKYIOTBCS 3 OCOOIMBOCTMU (POPMYBAHHS I'DAHUILL
iOHI30BAHOTO HIAPY, IKUI OOJIIMOBYE CTPYKTYPH IMIIIAHUX OPYEK B IIPOLIEC IX (POPMYBAHHS IIPU €0JIOBOMY IIEPEHOCH MIIITAHO-TTN-
JIOBOI cyMili. [Tpy 1ibOMy iOHi3a11iAg BUKIMKAETHCA OTYKHUM HEOJHOPIAHUM EJIEKTPUYHHUM IIOJIEM, IIJO BUHUKAE 32 PAXYHOK ITepe-
MiIIEHHA 1O MOBITPIO HaZ, MHIIAHOIO ITiAKIAAKOIO HEMATUBHO 3APAPKEHMX MMIMHOK — CAJIBTOHIB T4 PENTOHIB. BigMideHO, 1110 paj-
ionoxauiize /I3 03BOJIAE€ BUSBIATH PAMOHU MIIHATTS MUY B aTMOC(EPY HABITh HA €TAIli 3aPO/UKEHHS IIPOLIECY HE3IEKHO Bij]
OCBITJIEHHS, CTAaHY XMAPHOI'O ITOKPUBY T4 3AIIMJIOBAHOCTi ATMOC(EPH.

Kirro4oBi c;10Ba: KOCMiYHE Pa/IiOJIOKALIIFHE CIIOCTEPEKEHHS, AaTMOC(HEPHUH NI, BY3bKOCIIPSIMOBAHE PO3CIIOBAHHS Pa/liOXBHJIb,
€0JIOBUI IIEPEHOC TTICKY Ta MWy, BUSBJICHHSI PAHOHIB MiIHATTS WY B aTMOC(EPY, HilllaHi OprKi, ioHi3a11is, eJIEKTpUYHE 10J1e

KOCMUYECKAS PAIMOJIOKAITMOHHAS UAEHTUPUKALIMS [TYCTBIHHBIX OBJIACTENM UCTOYHUKOB HACBIIIEHUSA
ITBIJIBIO ATMOC®EPDBI

B. K. UBaHOB, A. fI. MaTBees, B. H. LIeim6aut, C. E. fitieBuy u [I. M. BbrakoB

AtMocdepHast IbUIb IPEJCTABISAET COOON CMECH METBYANIINX YACTUYEK PA3IMYHBIX COIEN 1 MUHEPAIOB. OHA COJIEPKHUT TAK-
JK€ OCTATKU PACTUTEIBHBIX U J)KUBOTHBIX OPI'AHU3MOB, CIIOPHI 60JIE3HETBOPHBIX MUKPOOOB U T. I. BeTpaMu OHA IEPEHOCUTCS
Ha 3HAYUTEJIbHBIE PACCTOSHHUA U €€ NIPUCYTCTBUE B ATMOCKHEDPE ABIAETCA OJHUM U3 (DAKTOPOB, CYIECTBEHHO BAMAIONIMM Ha
KJIUMAT IUIAHETBL

B Hacroamee BpemA 111 KOCMHUY€ECKOI'O MOHUTOPUHI'A S0JIOBBIX IPOLIECCOB U UX NOCJIEICTBUI UCITOIB3YIOTCS TOJILKO MHOT'O-
30HabHBIE onrTuuyeckue cucreMmbl (TOMS, METEOSAT, MODIS u T. 11.), KOTOPbIE HE NTO3BOJISIIOT HAZEKHO U HE3ABUCHUMO OT
06/1aYHOCTH, OCBEMEHHOCTH Y ITPO3PAYHOCTH ATMOCHEPDI UAECHTU(PUIUPOBATH CAMU PAHOHBI ICTOYHUKU ITOAHATHA ITbUIU B
aTMocdepy U CIEAUTD 32 JUHAMUKOMU 30JIOBBIX IIPOLECCOB. TAKyIO 33/1a4y ITO3BOJIAIOT PEMNUTD KOCMUYECKHE PAJUOIOKALIM-
OHHBbIE cucTeMbI J133.

B crarbe npeacTaBiaeHsl NEPBLIE PE3YIBTATH OTPAOOTKH PAJHUOJOKALMOHHOIO METO1A UAECHTU(MUKALIMA ITyCTBIHHBIX 00/1aC-
TEM, B KOTOPBIX IPOUCXOJUT S0JIOBBIH IIPOLECC IMTOJBEMA MBI C IIOBEPXHOCTH B aTMOCKHEDY. /11 OTPA6OTKH METO/A UCIIOJIb-
30BaHbl KUTMOPOBAHHBIE JAHHBIE PAIUOJIOKALIMOHHOI'O IUCTAHIIMOHHOTO 30HAMPOBaHus ([3) nmycTeiHb MaBpuTaHuu ASAR
Envisat-1, npenocrasneHnble ESA B paMkax BeinmosHeHMs npoekTta ID: C1E30193. /s njieHTuUKaIuu HCTOYHHUKOB IIO/beMa
IIBLIM UCIIOJIb30BAHBI IIPOSABJIEHH AHOMAJIbHO Y3KOHANPABAEHHOIO OOPATHOI'O PACCEAHMS PAJIMOBOJIH, BO3HUKABIINE IIPU
JIOKAJIbHBIX yIVIAX 06ydeHus nosepxuoctu O ~ 30° . [IpoaHaIM3UPOBAHBI OCOGEHHOCTH MTPOSIBICHUS Y3KOHATIPABICHHOIO
O6PATHOI'O AHOMAJIbBHOI'O PACCEAHUSA PAZJMOBOJIH HA PAZMOJIOKAIIMOHHBIX N300PAKEHUAX IIPH PA3TMYHBIX CKOPOCTAX IIPH-
IMOBEPXHOCTHOI'O BETPA M PA3HBIX COOTHOUIEHMAX HAINIPABIEHUI BETPA U PAJUOJIOKALIMOHHOIO OO/Iy4EHHA TIOBEPXHOCTH.
IToka3aHo, YTO XAPAKTEPHUCTHUKH PACCEAHUA XOPOIIO COIVIACYIOTCA C OCOOEHHOCTAMU (POPMHUPOBAHUA I'DAHULIBI HOHU3UPO-
BAHHOI'O CJIOSA, OKAMMIIAIONIETO CTPYKTYPBI IIECYAHON PAOH B IIpoLiecce ee (pOPMHUPOBAHUA ITPH 30JIOBOM IIEPEHOCE IIECUYAHO-
MbLIEBOM CMeCH. ITpH 3TOM MOHM3ALUA BBI3bIBAETCS CUWIbHBIM HEOJHOPOIHBIM 3JIEKTPHUYECKHM I10JIEM, BOZHHUKAIONUM 34 CYET
IepeMEIEHNA 11O BO3/yXy Ha/l IECYAHOM IOJIOKKON OTPULIATENIBHO 3aPAKEHHBIX NIECYUMHOK — CAJIBTOHOB U PENTOHOB. OT-
MEYEHO, YTO PAAMOIOKALHUOHHOE /I3 MO3BOJIAET BBIABIATH DAMOHDI ITIOJHATHSA BN B ATMOCQEPY JAXKE HA STAIIE 3APOKACHUA
MPOLIECCA HE3ABUCUMO OT OCBEIEHHOCTH, COCTOAHUA OOIAaYHOTI'O IMOKPOBA U 3ANBIJIEHHOCTH ATMOC(EPBDL.

Ki1rogeBbie CJI0Ba: KOCMHUYECKOE PAJIMOJIOKALIMOHHOE HAOMIOAEHUE, ATMOC(EPHAS ITbUIb, y3KOHAIIPABJIEHHOE OOPATHOE PaC-
CeqHUE PAJIMOBOJIH, S0JIOBBIH IIEPEHOC MECKA U IbUIM, BBISBJIEHHUE PAMOHOB IIOAHATHSA MBUIM B ATMOCKHEDY, NeCYaHasa pAob,
HMOHM3ALUA, JIEKTPUIECKOE TIOJIE.
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I[Tam’saTi Onekcisa nidya CaxarpbKoro

3 MIMOGOKUM CYMOM CITOBINIAEMO: 5 aucTomnaza 2016
POKY panToBO MilIOB 3 JKUTTA BiIOMUU BYECHU —
rizporeosnor Ta gpaxiseup y ranysi AUCTAaHIIHHOT'O 10C-
JIJKEHHS 3eMili, JOKTOP I'€OJIOTiYHUX HAayK, Jlaypear
JepxaBHOI nIpeMil VKpaiHu B rajy3i HAyKM i TEXHIKY,
3aBifyBad1abopartopiero JJep:kaBHOI ycTaHOBH “Hayko-
BUU LEHTP 4€POKOCMIYHUX JOCTKEHDb 3emii IHCTU-
TYTy F€OJIOTiYHUX HAyK HarjionanbHOT akageMii HayK
VKpaiHn”
OJIEKCIH UL/ITY CAXAIIbKHH.

Ounexkcint butid Hapoauscs 04. 11. 1954 poky 'y Kuesi.
HaBuaBca y IBOX IMIKOJIAX: 3arAJIbHOOCBITHIN, AKY BiH 3a-
KiHYMB 3 MEAAJUIIO, T4 MY3U4Hil. ITif] BIUIMBOM 06aTbKa
06pas npodecito reosiora i 1972 poKy yCmilnHoO 3748
BCTYIH] iCIIUTU O T'€OJOTiYHOIO (PaKynsrery KuiBcob-
Koro yHiBepcurety. Y 1977 pori BiH 3aKiH4HUB HABYdH-
HA B YHIBEpCUTETi, OTPHUMABIIN JUIUIOM 3 BiJJ3HAKOIO.
Boanouac 3axycTuB IUIUIOM NEPEKIAAda AHTTIIMCHKOL
MOBHU.

IMicna 3axucty guruioMma Oekcii butid npanioBas B
Incruryri reonoriyaux Hayk HAH Vkpainy, y Bijggini
TEIUIOMACOIIEPEHOCY B 3€MHII KOPi, 4 3 1992 poKky —y
JepskaBHill ycTaHOBI “HayKOBUIT IIEHTP 4€POKOCMiU-
Hux gootimxkens 3emii IT'H HAH Vkpainun”, e 3 2011
POKY O4OJIIOBAB JIAOOPATOPiIO JOCIIPKEHHS IIPUPOJI-
HUX PECYPCiB IUCTAHIIMHUMU METOJAMM.

Ouekcii utiv Bce )KUTTA CaMOBiIIAHO, LIJIECIIPAMO-
BAHO, HAMOJIETJIUBO IPAIIOBAB, OCBOIOIOYM HOBi Ha-
NPAMKH HAyKU. Pe3ynsraTamMu 1i€l npalli CTaay yCIImHi
3aXHCTU AUCEPTALliH, CIIOYATKY KAHANUIATCbKOI (1990
piK), 3a crienianpHicTIO “Tigporeonoria”, a motim (2009
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piK) — TOKTOPCHKO], 32 CHEIaTbHICTIO “/IUCTAHIIIHHI
JocnimpxenHsa 3emui”. Jo cpepu HOro HayKOBUX iHTE-
peciB, 30KpeMa, BXOJWIN IIUTAHHS, [IOB’SI34Hi 3 MOJe-
noBaHHAM Ha EOM nipsmMux 14 OO€pPHEHUX 33/1a4 I'€O-
inBrpartii, MpoIeciB EHEProMacoOOOMiHY B 3€MHiH KOPi
JUIST OLIHKY 3aMACiB HiI3EMHUX BOJ, IMTUOUHHOIO TEII-
JIOBiIOOPY, 3AXUCTY IiJJ3EMHUX BOJ BiJl 3a0pyJHECHHS
TOMLIO.

IMounHawouu 3 1992 poky OJiekciii itid noyas 3a1i-
MATHCA AN (PPYBAHHAM KOCMiYHHUX 3HiMKiB, IPOOJIE-
MaMH BUKOPHUCTAHHS JaHUX 133 /11 BUPILICHHS [IPU-
POAOPECYPCHUX TA IPUPOJOOXOPOHHHUX 32/a4, MOJIE-
JIIOIBAHHAM €HEProMacOOO6MiHy y T€OCHUCTEMAX 3
ypaxyBaHHAM JaHuX /133 (3 BUKOpUCTaHHAM ['TC—Tex-
HOJIOTiM) Ha OCHOBi CY4aCHUX IIPOI'PAMHHX 34COO0IB.
BiH po3po6uB psA/ BIACHUX METOJANYHHUX ITiAXOAIB T4
IIPOIPAMHUX 34CO0iB i1 BUPIIEHHS BKA3AHUX IIU-
TAHb.

B ocranHi 10 pokis Onekcirt iy oco6immBo 6arato
YBAI'M NIPUJLIAB PO3POOII METOJAUKU IIPOIHO3YBAHHS
BPOXKAMHOCTI Ci/IbCbKOT'OCIIOAAPChKUX KY/IBTYP 34 J1a-
HUMHU 6AraTO30HAIBHUX KOCMiYHUX 3HIMKIB.

Pesynsratu cBoix poo6iT Onekcii Liutid orry61ikyBas
OiJbIIE HIXK y CTA CTATTAX TA MOHOI'PAMiAX.

Onekciit i 6yB BiAIIOBiJaJIbBHUM BUKOHABLEM
PAAY HALLIOHAIBHUX Ta MDKHAPOJAHUX IIPOEKTIB 110 JJOC-
JIJPKEHHIO €KOJIOTIYHOI'O CTAHY TEPUTOPIN HA OCHOBI
BUKOPUCTAHHS KOCMIYHUX 3HIMKiB. BiH OpaB y4acTb y
BUKOHAHHI Mi)KHAPOJHUX IIPOEKTIB 3 OLIiIHKU €KOJIOTi-
YHOT'O CTAHY POCIUHHOI'O ITOKPUBY YOPHOOHILCHKOT
30HU Bi/I4yKEHH:, 4 TAKOXX CTAHY JOBKIJIJIA MiC/IA KaTa-
crpocu Ha AEC “©ykycima”.

Ounexkcint utiu — naypear Jlep:xaBHOI npemii YKpai-
HU B I'a1y3i HayKH i TexHikyu 2005 pOKy, HOTrO HAropoJ-
skeHo ITouecHoro rpamororo Ipesuait HAH Ykpainu ta
LHeHTpaJbHOrO KOMITETY MPOMCITIKK MPAIiBHUKIB
HAH Vkpainu (1996 pix), it oTpumas npemiio Pecry6-
JIIKAHCBKOT'O HAYKOBO-€KOHOMI4HOT'O TOBAPUCTBA
(1982 pik).

Ouekcin Iiid 6yB ICKPaBOIO OCOOUCTICTIO, Bil3HA-
4aBCA BiIIAHICTIO CBOIH CIIPABi, BUHATKOBOIO IIPAIIE3-
JATHICTIO i BiAIOBiJaIbHICTIO. CBiT/IMHI 06pa3 LIbOTO
TAJTAHOBUTOI'O BYEHOTO, iIHTEJITEHTHOI TA YyMHOT JIIO-
JUHW HA3ABXK/IU 3ATUIIUTBCA Y HAIMHUX CEPIIAX.

Konexmus cnispobimmuiis /lepicasroi ycmarnosu
‘Hayrosuit yernmp aeporxocmiumux 0ocnioxncers 3emui
Incmumymy 2eonoziunux Hayx HayionaioHoi
axaoemii Hayx Yxpainu”

Peoaruyiiina konezia ‘1eonoziunozo acyprany”



EJNTEKTPOHHUN HAYKOBUN (PAXOBUU KypHAT
YKPAIHCbKUMN )KYPHAJ1 AUCTAHLIIMHOIO 30HAYBAHHS 3EMJII

Ne 112016
JOMAIIHA CTOPiHKAa WWW.Ujrs.org.ua

TTPABWJIA TA PEKOMEHIAIIIT JIST ABTOPIB

Hani I1paBuia CkiaeHo Ha OCHOBI “Bumor BAK 10
HAYKOBOI CTATTi, OYOJIiKOBAHO1 Y (paXOBOMY BUJAHHi"
(http://lib.exdat.com/docs/740/index-3150.html) a
TaKOX “TTOJIOXKEHHS MPO €JIEKTPOHHI HAYKOBi (paxoBi
BuganHa” (http: //vak.orgua/fv/).

IIpencraBJaeHHA PyKOMHCiB. Pykonucu Hax-
CUJIAIOTH 1O PEAaKIil B €JIEKTPOHHOMY BUIJIALL 34
agpecoro: o.kudriashov@ujrs.org.ua. /1o pyKonucy
JOJAIOTb AKT €KCIIEPTU3H YCTAHOBU /1€ BUKOHAHA
po60Ta, BifOMOCTi IPO aBTOPIB (iM’s, NO-6ATHKOBI,
npissuine, 1ocajga, HAayKOBUH CTYIiHb Td BYCHE
3BaHHA, NOBHA O@illifiHa HA3BAa YCTAHOBH, 4/IPECA,
TeaedOH T4 EJIEKTPOHHA aIpeCa BiIIOBiIAIbBHOT'O
ABTOpPA), 4 TAKOX “ABTOPCBKY 3rojly” 3a MiATHMCOM
BiZIOBiJaIbHOT'O aBTOPA (CKaH Yy (popMmarti JPEG a60
PDF) (Ionarox).

3araspHi BUMOTH. CTaTTS MOXE OyTU HAIHCAHA
YKPAaiHCBKOIO, POCIHICBKOIO 400 aHIIIHCHKOIO MOBAMH i
HOBHHHA MATU pe3ioMe (abstract), a TAKOXK KIIOYOBi
cnosa (keywords). AHOTAIlisi HOBUHHA BUCBIT/IIOBATH
PE3YIBTATH AOCIIIKEHD 4 HE IEPEIIiK IUTAHb, 11O
PO3IIANAIOTBCA Yy CTATTi. PEKOMEHYETBCA PO36UTH
MaTepial CTaTTi HA PO3AUIN (BCTYIL, BACHOBKU i T.iH.). Y
KiHIIi PYKOIIHMCY PO3MIILIYIOTh CIIMCOK BUKOPUCTAHUX
JDKEPEJ, 4 MiC/as HbOT'O — HA3BY CTATTIi, iHilianu ta
IPi3BUILLA ABTOPIB, PE3IOME T4 KIIOYOBi CJIOBA JBOMA
MOBAaMH, (POCIHICBKOIO Td AHIVIIHICBKOIO, YKPAIHCHKOIO
T4 AHIVIIUCBKOIO, YKPAIHCHKOIO T4 POCINCBKOIO, BiJl-
HOBIZIHO 1O MOBH CTATTi).

OdopmirenHa pykomnucy. Popmar JOKyMEHTY —
Word 97-2003. TekcT popMaATYIOTh 6€3 nepeHocis,
ad3ayHUX 8I0CMYNIE Md IHIMEPEaie 00 ma Nicia pAao-
xa. PopMat rpadivnux gopatkis — TIFF, po3pisHeHHA
(pakTuune!) 300 dpi/inch y ¢popmaTi JOKYMEHTA.
dopmMaT JOKYMEHTY — A4.

CrpyKrypa pyKOmucy:

* VIK

e HasBa crarri

e IHiniasy Ta npisBuiLe aBTopa (aBTOPIB)

e [ToBHA O@illifiHa HA3B4 YCTAHOBU (YCTAHOB) /i€
BHUKOHAaHO pOOOTY, MiCTO, KpaiHa (AKIIIO aBTOPU MIpa-
LIOIOTD Y Pi3HUX YCTAHOBAX 77€pe0 HA3BOIO YCTAHOBH T4
nicas Npi3BUINA AaBTOPA CTABIATh OJHAKOBY LU(PPY
(BEpXHiN iHAEKC)

e EnexkrpoHHa ajpeca Ta/a60 Ten./pakc Bino-
BiganbHOro asropa. Ilepen Her Ta Iicad npi3Buina
BiAOBiZAJILHOI'O ABTOPA CTABJIATD ACTEPUCK (3iPOUKY)

¢ Pe3rome MOBOIO CTaTTi (C/10BO “Pe3tome” He nu-
IIyTh)

* KJII04OBi CJIOBA MOBOIO CTATTi

e 3HAK aBTOPCHKOI'O I1PABa, iHilliaau Ta Npi3BUINA
aBTOpIB. Pik

* Texcr crarri

e Crucok aireparypu (“Jliteparypa”)

e Haspa crarrTi, iHiniasan Ta Npi3BUIa ABTOPIB,
PE3IOME, 4 TAKOXK KJIIOYOBi CJIOBA IBOMA MOBAMH OKPiM
MOBH CTATTi (MA€TbCA HA YBA3i, IO UAETHCA PO TPU
MOBH: YKPAIHCBKY, DOCIMICbKY Ta AHIVIIICBKY)

TexkcrT. Jkmo Bu numere yKpaiHCbKOIO MOBOIO
3BEPHITb YBAl'y HA BiIMiHIOBAHHA NPi3BUIL SKi 3a-
KiHYYIOTBCSI HA TIPUT'OJIOCHUI 200 0. AJIKe XKiHOUi
Opi3BUINA HE BiIMiHIOIOTBCS, 4 YOJIOBi OOOB’I3KOBO
BiZIMiHIOIOTBCSI.

dopmyau HabupaiTe y pegakropi Microsoft
Equation i He BCTaBIANTE IX y TEKCT K 300PAKEHHS.
Byab macka, HE KOPUCTYUTECH NIpOrpamMoro Math

Type.

Ta6auni. Tpeba BCUISIKO MParHyTyu a6y Tabiuii
Maju KHIKHY opieHTanio. dopmar tabauns — MS
Word..
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IrrocTpanii (3HIMKY, JliarpaMy, CXEMH) BMOHTO-
BYIOTD Y IOKyMeHT Word i TpeICTaBIAIOTh IX OKpemumu
gpaiinamuy dopmari TIFE Pospisnenna — 300 dpi/inch
y MacIITa6i mybsikanii. PUCYyHKM IOBUHHI MATH YMOBHi
MO3HAYCHHA, HAIIPUKIIA/, Y BUIVIAL IPAMOKYTHUKIB 3
nudpoIo nopyd. Hasey pucynka ma nosacHio8abHi
Haonucu mpeoa 6UHeCu ) MeKcm.

Jliteparypa. CIIUCOK JIITEPATYPHU CKIAIAIOTh Bijl-
noBigHo 70 ICTY TOCT 7.1:2006.

ITocunaHHA HA JiTEPATYPHE [IKEPEIO MOAAIOTh Y
KBQJPATHUX JyKKaX. Y TyKKAX BKA3YIOTb ITIOPAIKOBUN
HOMEP POOOTH, AKY BKIIIOYEHO Y CIIUCOK JIKEPEIL.

Cnucox aimepamypu Ckaaoaroms 3a abemixoro
(andasiTom).

ABTOpPCBHKA 31034

ABTOpPH, HAIIPAB/IAIOYU PYKOIIUC Y PEAAKLII0 YKPAIHCbKOI'O XKYPHAJIY JUCTAHLIMHOIO 30HAYBAHHA 3€MIII,
IOTOJPKYIOTBCA 3 THUM, IO PEAAKLil IEePEeaalOThCA IIPAaBa HA 3aXUCT i BUKOPUCTAHHSA PYKOIIMCY (CKypHAJy
MIEPEIAHOTO O PEAAKIIIT MATEPiaTy, B T. 4. TAKi OXOPOHIOBAHI O6’€KTU aBTOPCBHKOTO PaBa sIK (poTorpadii aBTopa,
PHCYHKHU, CXEMH, TAOIHIIi TOIO), B TOMY YHCJIi HA BiITBOPEHHA y IIPECi TA MEPEXi IHTEPHET, HA MOUUPEHHS, HA
NEPEKIIA]] PYKOIIHUCY Ha OyZb-AKi MOBH, EKCIIOPTY T4 iMIIOPTY NPHUMiPHHUKIB XYPHAITY 3i CTATTEIO ABTOPIB 3 METOIO
PO3NOBCIO/IPKECHHS, HA IOBEICHHS 10 3arAJIbHOTO BiZloMa. 3a3HAUCH] BUIIE [IPABA ABTOPU IIEPEIAIOTh PEAAKIIIT 6€3
OOMEXEHHS TEPMiHY i HA TEPUTOPIT BCiX KpaiH CBiTy 6€3 OOMEXEHHS B T. 4. HA TEPUTOPIT YKPATHU.

ABTOpPHU I'apaHTYIOTh HAABHICTb Y HUX BUHATKOBUX IIPAB HA BUKOPUCTAHHS IIEPEAAHOIO PEAAKLII MaTepiay.
Pepakiiiss HE HECE BiIIOBIAANBHOCTI NIEPEA TPETIMU OCOO6AMU 34 MOPYHIEHHS JJAHUX d4BTOPAMU T'apaHTiH. 3a
ABTOpaMH 3aJIMIIAETHC MIPABO BUKOPUCTAHHSA IX ONYOIiKOBAHOTO MaTepiany, HOro (pparMeHTiB i 4aCTUH B
OCOOUCTHUX, y TOMY YUC/IU HAYKOBUX i OCBITSHCBKUX LUAX. [IpaBa HAa PyKOIIUC BBAXKAIOTHCS IEPEJAHUMU ABTOPAMU
penaKuii 3 MOMEHTY MiATTUCAHHA A0 JPYKY BHUITYCKY KypHAJTy, B AKOMY BiH IIYONIiKyeThCA. [lepeapyk MaTepiais,
ONyOIiKOBAHUX Y )KYPHAJI, iIHITUMHA (PI3UUHUMHU Ta IOPUAUIHUMU OCOOAMU MOKIUBUI TiJIBKU 31 3TOAN PEAAKIII,
3 O60B’A3KOBHUM 343HAYEHHAM BUITyCKY )KyPHAJTY, B AKOMY OYJIO OITYOJIiIKOBAHO MaTeEPiaJL

A, (8ionosioanvruii asmop), niomeeporcyio, ujo 1 00CMAMHLO0 MIPOIO OPAB YUACMb ) PO3POOYL KoHYyenyil/
ousatiny yici pobomu, ananisi OaruUx, a MaxoiIC HanUCarHi PYKonucy 0aa npuiiHAmms 6i0nosioansHocmi 3a ue. A
O3HATIOMACHULL 3 OCIMAIMOYHUM 8aPIAHMOM PYKORUCY § 3ameepous 11o2o o nyonikayii. 2)Koonozo pyxonucy 3
AHANOIYHUM IMICIOM He )10 01YONIKOBAHO 1E0 MOIM ABMOPCIMEOM i He PO32A0AEMbCs 0N NYONIKAUTL 8 IHUUUX
BUOAHMHAX. A MAKONC O3HATOMACHUIL 3 BUUICHABEOCHUMIU Y MOBAMU ONYONIICYBAHHA PYKONIUCY MA NPULMAIO iX.

Lama, nionuc
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EJIEKTPOHHUN HAYKOBUH (PAXOBUU XypHAT
YKPAIHCbKUN XXYPHAJ AUCTAHLLIMHOIO 30HAYBAHHS 3EMJI

Ne 112016
JOMAIIHA CTOPiHKAa WWW.Ujrs.org.ua

TTPABVJIA I PEKOMEHIALTY TSI ABTOPOB

Jannbie IIpaBuia COCTaBIEHBI HA OCHOBE “Ipe6o-
BaHUI BAK YKpauHbI K HAY9HOH CTAThE, OMyOIMKOBAH-
HOU B HaydyHOM usganun” (http://lib.exdat.com/docs/
740/index-3150.html), a Taxcke “TTonoxeHus 00 JIEK-

TPOHHBIX HAyYHBIX U3mganuax” (http: //vak.orgua/fv/).

Pegakiiyua pacCMaTPpUBAET U IPUHUMAET MATEPHUA-
JIbI HA YKPAWUHCKOM, PYCCKOM U aHITIMHCKOM fA3BIKAX C
COGMIONEHNEM ABTOPCKUX MTPAB U ITUYECKUX HOPM Ha-
YYHOM! IyOJIUKALINH .

IIpeacraBjaeHHe PYKOIIHCEH. Pykomnucu npej-
CTAaBJAIIOT B PEJAKIIMIO B JIEKTPOHHOM BHJIE TIO afpe-
cy: o.kudriashov@ujrs.org.ua.

K pyKOIHCH NPUIATAETC AKT SKCIIEPTUSBI YUPEXK-
JIEHUS, I7I€ BBINIOJIHEHA PA60TA, CBEJJCHUA OO aBTOPAaxX
(YupexaeHus, JOJDKHOCTU, HAyYHBIEE CTENIEHU U YIEH-
HBIE 3BAHUA), 4 TAKXKE “ABTOPCKOE COTJIAaIIeHue” 3a
HOANUCHIO OTBETCTBEHHOI'O aBTOPA (CKAH B (pOpMaTe
JPEG/PDF cmM. IIpuiioxenue).

O6mue TpedoBaHmuA. CTAThsI MOXKET OBITH HAITU-
CaHa Ha YKPAUHCKOM, PYCCKOM WJIH aHIJIUICKOM S3bI-
KaX U IOJDKHA UMETBh pe3ioMe (abstrakt), a TAKKe KO-
4yeBble CoBa (keywords). AHHOTAIUS JOJKHA COJIEP-
JK4Th OCHOBHBIE PE3YJIBTATHl UCC/IEJOBAHUM, 4 HE Ie-
PEYEHBb BOIIPOCOB, PACCMOTPEHHBIX B CTAThE. PEKOMEH-
JIy€TCsl pa3bUTh MATEPUAJI CTATBU HA PA37Ebl (BBE/C-
HUE, BBIBOALI U T. /). B KOHIIE PyKOIIMCH Pa3MEIAIOT
CIHCOK UCIOIB30BAHHOM JIMTEPATYPBI, 4 IIOCJIE HETO —
HA43BAHUE CTAThH, UHULIUAIBI U PAMUINHN A4BTOPOB, pe-
3I0ME U KJIIOYEBBIC CJIOBA HA /IBYX SI3BIKAX (PYCCKOM U
AHIVIMHCKOM, YKPAMHCKOM U aHIVIMHCKOM, WUJIU HA YK-
PAUHCKOM U PYCCKOM, COOTBETCTBEHHO SI3BIKY, HA KO-
TOPOM HAIIUCAHA CTATbs).

Odopmiaenue pykomucu. PopmMar JOKyMEHTA —
Word-97—-2003. ®opMaT rpapHUIECKUX IPUTTOKE-
uunt — TIFF, pa3zpemenue — 300 dpi/inch. Pazmep

cTpaHulbl — A4. TekCT POpMATUPYIOT 6€3 neperHocos,
ab3auHbIX OMCIYNO8, BbICINYNOB U UHIMEPEANI08 00 U
nocne CmpoKu.

CIpYyKTYypa PYKOIIHCH

* VIK

e HazBaHue CTATbU (PKEJIATEJIBHO 6€3 a60peBUaATYP)

e MHUIMAB U PaMUINS aBTOPA (ABTOPOB)

* OurnanbHOE HA3BAHUE YUPEKAECHUA (YIpEXKIE-
HUW) IJI€ BBIIOJHEHA pab0oTa, rOpOJ], CTPaH4

Ecnm aBTOPBI pabOTAIOT B PA3HBIX YUPEKICHUAX,
nepeo HA3BAHUEM YIPEKJCHUA U 20CIe (PAMIINU CTa-
BAT OJIMHAKOBYIO UMDY (BEPXHUN UHEKC)

* DJIEKTPOHHBIN 4JIPEC WIH TEN/(PAKC OTBETCTBEH-
HOTrO aBTOpPA. Ilepes HUM U TOCE (PAMUINU CTABAT AC-
TEPUCK (3BE3LOUKY)

 Pe3ioMe Ha A3BIKE CTAThH (CI0BO “Pesiome” He TTH-
myT)

» KiIIo4eBBI€ C/I0BA HA A3BIKE CTATbU

* © (3HAK AaBTOPCKOI'O MPAaBa), UHUIIUAJIBI U (PAMU-
JIMU ABTOPA/aBTOPOB. oA

* TexcT cTaTbu

* CIuCOoK tuteparypsl (“Jlureparypa»)

» HazBaHue CTaTby, MTHUITUAJIBI U (DAMWINU aBTOPOB,
pesioMe (abstract), a TAKXKE KIIOYEBbIC CJIOBA HA JIBYX
A3BIKAX (PYCCKOM U AHITIMUCKOM; PYCCKOM M YKPAWHC-
KOM, YKPDAMHCKOM U aHIJIMMCKOM COOTBETCTBEHHO).

Taoaunsl, popmysabr. PopMaT TAGIHUIL B TEKCTE—
MS Word. @opMmynsl CIEAYET HAOUPATDh B PEJAKTOPE
Microsoft Equation 1 HE BCTABIATb UX B TEKCT B BH/JIE
U300PAKECHUH.

IMoxanyrcra, He HAbupauTe (POPMYJIbL B IIPOTPaAM-
me Math Type.

Huirocrpanuu. Yuniocrpauyu (CHUMKH, CXEMBL,
JUArpaMMBbl) BMOHTUPYIOT B JOKYyMeHT Word u npej-
CTaBJHIOT omoensHoimu paitramu B popmare TIFF ¢
paspemenueM He MeHbImuM 300 dpi/inch B Mmacmrrade
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NyGIUKALMY. PUCYHKY JJOJDKHBI UMETh YCIIOBHBIC 3HA-  cooTBeTCTBUH C JICTY TOCT 7.1:2006 .CChIIKM HA JIH-

KM — HaIIPHUMEP B BU/JIE “KUPITUYUKOB” C TU(DPOH CIIPa-  TEPATYPHBIM UCTOYHUK B TEKCTE MOJAIOT B KBAJJPATHBIX

Ba. Hasearue pucynxa u 1e2eHoy HYiCHO ebiHecmiu 6  CKOOKaX.. CIIMCOK INTEPATYPHI JENAIOT 10 alPasunt).

mexcm. B andaBuTHOM NOPsIZIKE CHAYAA UAYT UICTOYHUKU Ha

JInreparypa. CIIMCOK JINTEPATYPHI COCTABAIOT B PYCCKOM U YKDAWMHCKOM fA3bIKAX, 4 I10CJIE — Ha MHBIX
A3BIKAX — B ITOPAJKE JTATUHCKOI'O a/I(PABUATA.

IMPMIIOKEHUE
ABTOPCKOE corianieHHe (JOKYMEHT JOI3KE€H OBITH IMOAIHCAH OTBETCTBEHHBIM ABTOPOM ITYOIMKAIHH )

ABTODBI, HANIPABJIAA PYKOIIUCH B PEJAKIUIO “YKPAUHCKOI'O JKyPHAJId JUCTAHIIMOHHOTO 30HAUPOBAHMA 3EM-
JI”, COTTIAIIAIOTCA C TEM, YTO PENAKLIMHU IIEPEAAIOTCA MIPABA HA 3AIMUTY U UCIIOJIb30BAHHUE PYKOIIUCH (TIEpeaaH-
HOTO B PEAAKIIHIO )KyPHA/Ia MATEPUAIIA, B T. 4. TAKME OXPAHAEMBbIE OOBEKTHI aBTOPCKOI'O IIPaBa KaK (poTorpadmn
ABTOPA, PUCYHKH, CXEMBI, TAOHUIIBI U T. [I.), B TOM YHCJIE HA BOCIIPOU3BEACHUE B IIEYATH U B CETU MIHTEPHET; HA
PacpoCTPaHEHHE; HA IEPEBO/ PYKOIIUCH HA JTIOOBIE A3BIKH; IKCITOPTA U UMIIOPTA SK3EMIUIAPOB XKypHAJIA CTa-
ThE ABTOPOB C LIEIBIO PACIIPOCTPAHEHMA, HA JOBEJEHHE [JO BCEOOIETO CBEACHUA. YKA3aHHBIE BBIIIIE IIPABA ABTO-
PBI IEPENAIOT PEAAKIINY 6€3 OTPAHUYEHHA CPOKA UX JEUCTBUA M HA TEPPUTOPHUM BCEX CTPAH MUPA O€3 OIPaHH-
YEHUS, B T. 4. HA TEPPUTOPUHN YKPAUHBL. ABTODBI TAPAHTUPYIOT HAJTMYHUE Y HUX UCKIIOYUTENBHBIX NIPAB HA UC-
MIOJIb30BAHUE NEPEJAHHOTO PEAAKIINYA MaTEPHUAIA. PEIaKIINA HE HECET OTBETCTBEHHOCTH NEPES, TPETbUMHU JIM-
LIAMH 34 HAPYIIEHUE JAHHBIX aBTOPAMH I'APAHTHUI. 32 aBTOPAMH COXPAHAETCS NIPABO MUCIIOJIb30BAHUSA OITYOIH-
KOBAHHOT'O MAaTE€PUAJIA, €O (PPATMEHTOB U YACTEN B IMYHBIX, B TOM YHMCJIE HAYYHBIX U OOPA30BATE/IbHBIX LIETIAX.
ITpaBa Ha PYKOIIUCh CYUTAIOTCA NEPEAAHHBIMU ABTOPAMH PEAAKIIMYI C MOMEHTA ITOJIIUCAHMA B IIE€YATD BBIITYCKA
JKypHQJIA, BKOTOPOM OH IyOIIMKYeTCA. [lepeneuaTka MaTEPUAIOB, ONyOJIMKOBAHHBIX B )KypHAJIE, APYIUMHA (PU3U-
YECKUMH U IOPUIUYECKHUMH JIULAMUA BO3MOKHO TOJIBKO C COITIACHUS PENAKILINH, C OOA3ATEIbHBIM YKA3aHUEM BbI-
ITyCKa )KYPHAJI4, B KOTOPOM OB OyOJIMKOBAH MATEPHAJL.

A, (omeemcmeennoili asmop), OOMEEPAHCOArO, 4imo A 6 OOCMAMOUHOLL CIeneHy YyHacmeoean 6 pa3padbomie
KOHUenuuu,/Ou3atina 3moti padomol, aHanu3e OaHHbIX, 4 MAKICe HANUCAHUL PYKONUCYU /LA NPUHAMIUS OMGem-
CMEEHHOCMU 3G 3MO. H O3HAKOMILeH C OKOHYAMENLHBIM BADUAHIMOM DYKONUCU U YMEEPOUL €20 OJIA 1Y ONUKa-
yuu. Hu oona pyxoniucs ¢ anaio2urHoim cooepacaruem He oolia onyoauKo8ard 1nood MOUM AsmopCcmeom U He
paccmampusaemcs 0aa nYOaUKauul 8 OPyeux U30aHU[X. 4 maxice O3HAKOMAEH C bIUEYKA3AHHBIMU )CN0BUA-
MU ONYONUKOBAHUA PYKONUCU U NPUHUMAIO UX.

Lama, noonucs

Anpec pepaxiuun: Yrpaunna, 01601, r. Kues, MCIT, yi. Onecst Tonuapa, 55-B, Pegakiivst “YKPanHCKOTO JKypHA-
JIa IUCTAHIIMOHHOTO 30HAupoBaHus 3eman”. Tesw: + (38044) 486 9405, 484 04 85; pakc: + (38044) 486 9405,
486 1430. www. ujrs.org.ua/ujrs, E-mail: info@ujrs.org.ua
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