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AHHOTaLUwMs
Beeoenue. B crenHbIx 30HaX MOHIo/MMy BOCCTAHOBUTEIbHbIE (PYHKIMM MPUPOSHOTO JTaH/madTa mpefcTaBIeHbl
cmabo, 4T onpesensAeTcs pARoM (paKTOPOB — TOPHBIM K/IMMATOM, HE3HAUNTEIbHBIMU OCaJKaMU, YaCTbIMU BeTpaMu
u Oef[HOI pacTUTENbHOCTBIO. IIpy MccenoBanny BO3eCTBMS TOPHBIX PaboT Ha MaHAumadT creneil HeobxoxUMa
OlleHKa [JTHAMUKY BOCCTAHOBJIEHM S PACTUTEIbHOCTY NTOCTIe IIPOBEJIeH) s PeKyNbTUBALMIOHHBIX MEPOIPUATHIA.
Llenvto uccme006anus BIACTCSA OLIEHKA CTETIEH) 3apacTaHNsA PeKy/IbTYBYPOBAHHOI TOBEPXHOCTHU KYyCTaPHUKOBOII
PacTUTENIbHOCTBIO B CTEIIHON 30He MoHrommu.
Memoouxa npoeederus uccnedosaruii. [/ OLleHKY IJIOIMIAIY HAPYLIEHHON TOPHBIMM paboTaMy IOBEPXHOCTY JIC-
HI0/Tb30BA/INCh KOCMUYECKVe CHUMKI, ClieflaHHble B repuof ¢ 2014 mo 2021 . B pesynbpraTe moneBbIx HabIIOfeHMIT
U YICTIONIb30BaHNA CHYMMKOB YCTaHOBJIEHO, YTO Ha 3Talle TOPHOTEXHMYECKOI PeKY/IbTMBALMY BBIIIOTHEHDI BbIIIO/A-
X1BaHue 60PTOB Kapbepa 11 Hapeska 60po3y. Ha 61onornyeckom sTarne peKy/IbTHBALN OCYIeCTB/IANIACh OCaKa
KYCTapPHUKOBOII PaCTUTENILHOCTU B MBI ¥ 60PO3/IbI Ha CIVIAaHMPOBAHHOI MOBEPXHOCTH. []/I KOMIUIEKCHOTO M3Y-
YeHMs CTeIIeH) 3apacTaHVsA IPUMeHeHbl pa3HOBPeMEeHHbIe MH/eKCHbIE N300 paXkKeHsI BeTeTAllIOHHOTO COCTOSHNUA
MecTHOCTH. Vicmonb3oBan mHpgekc NDVI (Normalized Difference Vegetation Index), KoTopblit onpepensaeTcs o
3HAUEHMAM sIPKOCTell CHUMKA. JI/is fleTa/IbHOTO M3Yy4eHNs CTelleH) CaMO3apacTaHs HapyIIeHHON II0OBEPXHOCTY B
aprycre 2019 n 2022 IT. HpOBeAEeHBI IOIEBbIE UCCIEN0BAHNSA, BO BpEMA KOTOPBIX OCYIIECTB/IANIACH OLIEHKA CTEIIeHN
3apacTaHNsA YIaCTKOB KYCTAaPHMKOBOI paCTUTeIbHOCTBIO.
Pesynvmamot u ux anaau3. YCTaHOBJIEHO, 4TO 1O cocTosAHMIO Ha 2014 1. sHavenua NDVI cocrasnarwor or 0,08 no
0,16. B 2021 r. sHauennsa NDVI Bospocin u Haxoparcs B npegenax 0,16-0,32. Haubonpmme sHaueHUA MHOEKCA
NDVI npuypodeHbl K BApMAHTY IOCAIKI KYCTOB B 60PO3/bI Ha CKIIOHE Kapbepa, MHAeKC gocturaet 0,32.
Buvi600wv1. B pesyibrare 1oseBbIX UCCIEJOBAHNIT YCTAHOBJIEHO, YTO MCIIO/b30BaHNe rpebHeit (00po3s) 1 cospanue M
Ha 3TaIlaX JIeCOXO3ANCTBEHHON PEKY/IbTMBALNMY O3BO/IACT YAiepXKMBaTh (COXPAHATD) BJIAaTy B IIOYBEHHOM IOKpPOBE,
YTO JJaeT IO/I0KUTE/IbHbIE Pe3y/IbTaThl BOCCTAHOBJICHN PACTUTEIbHOCTH [JaXKe B YC/IOBMAX CTEITHON 30HbI MOHT 0NN

Kntoueevle cnosa: cterrHast 30Ha, HAPYILIEHHbIE 3eM/IY, PEKYIbTUBAIA, KOCMIUYeCKue CHUMKY, MHAeKc NDVI.

BBeaeHne

B crenHbpIx 30Hax MOHroMMu NpUpPOAHbIE YCIOBMUA Xa-
PaKTEpU3YIOTCA TOPHBIM KIMMAaTOM, HE3HAYUTETbHbIMU
OCafiKaMJ, YaCTBIMY BeTpaMM 1 OeHOI paCTUTEIbHOCTBIO.

IToMumo K1MMaTa HeraTMBHOE B/IVAHME HA pa3BUTHE Pac-
TUTEIBHOCTY OKa3bIBAlOT TOPHBIE PabOThI, IVIONIANb BeeHNs
KOTOPBIX eXeTroffHO yBemunBaercs [1-3]. [JeaTenpHOCTD rop-
HBIX IIPEJIIPUATUN IIPUBOJUT K 3arPASHEHNIO BO3/IyXa IIbI/IbIO,
TIOHVDKEHUIO €r0 BJIAYKHOCTH, IPOUCXOAUT Jerpajanus I04-
BEHHOTO IIOKPOBa I PACTUTENbHOCTH [4, 5]. YHUYTOXEeHNe pac-
TUTEIBHOCTY IIPUBOJUT K BETPOBOIL 3po3uy mouBel [5]. s
MVHUMM3AIMU BPeIHbIX (PaKTOPOB OT FOPHBIX pabOT BBINOJ-
HAETCA peKy/IbTUBALA HapYIIeHHDIX 3eMeTIb [2, 4-6].

BoccraHoBIeHNEM HapyLIeHHBIX 3e€Meflb Ha TeppUTOpPUA
MoHronu B OCHOBHOM 3aHMMAIOTCs KPYITHbIE KOMITAHWM, TaKye

Kak «bopoo Tonmy, «Monnonumet», «baranyyp» u ap. [7, 8], koto-
pble BellyT foObIuY 30710Ta 1 yIysL. TIoM1Mo 06bIuM yIVIst 1 30710Ta
Ha TePPUTOPUU CTPAHBI BELYTCs PabOTHI IO JOObIYE CTPOUTENb-
HBIX MaTepuasioB. [l06bITOe ChIPbe UCIIONb3YeTCs IPU CTPOUTEIb-
CTBe JIOpor U 3paHuil. Pacronaraiotcst Kapbepsl 0 JOObIUe Mecka
WIM CTPOMUTENBHOIO KaMHsA, KaK IPaBMiIo, BOMU3M OT Topoia u
OKAa3bIBAIOT HETaTUBHOE B/IVIAIHIE Ha SKOJIOTITIECKYI0 0OCTaHOBKY
[7-9]. MecTOpO>XzieHVsI MMEIOT HeOOblIINe 3amachl O/IE3HOTO
VICKOIIaeMOTO ¥ KOPOTKIE CPOKM OTPAbOTKM, IO UCTEIEHNI KO-
TOPBIX Kapbepbl 0OBIYHO OCTAB/IAIOT B 3a0POIICHHOM COCTOSTHIUM.

OO6beKTOM MCCIeNOBAHNA SIB/LIOTCSA OTPAbOTaHHbIE Ka-
Ppbepsl 10 106bIYe CTPOUTEIBHBIX MAaTepPHaIoB, PACIIONOKeH-
Hble BOMusu I. Ynan-barop. Ha pic. 1 mokasano pacromnoxe-
HIe Kapbepa 110 JoObIue CTPOUTEIbHBIX MaTep1anoB BOMUSN
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PucyHok 1. MecTonosnoxeHue 3TaNOHHOIO y4acTka, HapyLeHHOro ropHbIMU paboTamMu (Mo COCTOAHUIO MecTHOCTU Ha 2013 1.)
Figure 1. Location of the reference site disturbed by mining (as of the state of the area in 2013)

YepThI TOPOfa MO cocTosiHNI0 Ha 2014 . PaspaboTka gaHHOTO
Kapbepa ocyujecTBsAnach B 2005-2014 rr.

Martepuaanbi 1 METOALI UICCAEAOBAHMIA

I MsyyeHMs CTENEHM CaMO3apacTaHNA HapyLIEHHBIX
3eMe/lb MCI0/Ib30BaHbl CKaHEPHbIe KOCMIYECK)e CHYMKM ce-
pun Landsat-7 n Landsat-8 [10], mony4exubie B aBrycre 2014
u 2021 IT. C y4eTOM MMHMMAIbHOTO 3HAYeHMs OOTaYHOCTH
(mo 10 %). ABryct B MOHTOMMYM XapaKTepUsyeTcs IpeuMy-
IIeCTBEHHO BbICOKMMM 3HAueHMAMM BeTeTallUM PacTEHMIL.
Vcnonb3oBaHne pasHOBPEMEHHBIX MH(OPMAILVOHHBIX pe-
CYPCOB [VCTAaHIVIOHHOTO 30H[VMPOBAHNA /I UCCTIEOBAHMA
OTpabOTaHHBIX OTKPBITBIM CIIOCOOOM YUaCTKOB MECTOPOXK/e-
HUIT JaeT [OTOXKITEIbHbIE Pe3yIbTaThl [2, 6, 11].

AHanM3 KOCMUYECKMX CHUMKOB IPOBENEH B IBYX Ha-
IIPaBJIEHUAX: BU3YyalbHOE OINMCAHME COCTOSHUA PaCTUTENb-
HOCTH 1 M3y4eHUe PasHOBPEMEHHBIX MH/IEKCHBIX M300paxe-
HUII BETeTaLMIOHHOTO COCTOAHMS MECTHOCTHM, COCTAB/IEHHBIX
10 KOCMOCHMMKAM.

ITomumo aHanM3a KOCMMYECKMX CHUMKOB IIPOBEJEHBI
Io7IeBbI€ MCCIEIOBAHMA Ha JAaHHOM y4acTKe Kapbepa, BO Bpe-
Ms KOTOPBIX OBUI BBIOTHEH OTOOp MpO6 IIOYBBI, M3ydeHa
IVIOTHOCTb PacTe€HMI! B 3aBMCUMOCTH OT YK/IOHA M 3KCIIO3M-
LMY MOBEPXHOCTH, M3MEPEHDI YI/IbI HAK/IIOHA NMOBEPXHOCTH,
OIICAaHBI TaHAUIAPTHBIE YCTIOBUSA MECTHOCTH.

Pe3yALTaTbl UICCAEAOBAHMSI M MX OBCY KAEHUE

[Tocne oTpaboTKM Kapbepa, 3aBepiumsiueiicss B 2014 .,
Ha JICCTIeyeMOM O0ObeKTe IPOBefleHbl TOPHOTEXHUYECKUIT I
OMOIOTMYeCKNIT STAIbl PEKYIbTUBALNN B JIECOXO3ANCTBEH-
HOM HaIlpaBJIEHUN.

Vicxops 13 BU3ya/lIbHOTO ONMCAHNUA KOCMUYECKOTO CHUM-
Ka MO0 femndpoBOYHbIM HpU3HaKaM (dopMme 1 pasMepy ae-
MEHTOB 6OpPO3[ 1 SIM, LIBETY U TE€HM, IOIOCYATON CTPYKTYPbI
BBIPOBHEHHOJT TIOBEPXHOCTH) YCTAHOBJIEHO, YTO Ha 9TAIle TOp-
HOTEXHIYECKOI PEKYIbTUBALIMY BbIIIOJTHEHO BbINOIAKMBAHNE
60pTOB Kapbepa 1 Hapeska 60posz. Ha 6uonornueckom sTare
PeKyIbTUBALIMY — ITOCaJKa KyCTAPHUKOBOI PACTUTETIbHOCTH B
sIMBI ¥ 60PO37IbI Ha CIVIAHMPOBAHHOII OBEPXHOCTH (puc. 2, a).

[. Bamxapran v gp. AHanu3 cTeneHn 3apacTaHys HapyLLEeHHbIX Mpy fobbIYe CTPOMATEPUANoB 3eMeslb B YCIIOBUSIX CTEMHON 30HbI MoHronmm//

Jna uccnegoBaHysA CTENEHM CaMO3apacTaHUsA yYacTKOB
peKynbTuBaLuy OBbUI B3AT 9TAJOH B (OpMe TPEYroNbHUKA,
BK/IIOYAIOIINIT TPM BapMaHTA IOCAAKM KYCTOB (pIC. 2): 30Ha
1 — AMBI Ha TOPU3OHTAILHOM y4YacTKe; 30Ha 2 — AMbI Ha CKJIO-
He Kapbepa; 30Ha 3 — 60po3/bl Ha CKIOHe Kapbepa. B Ta6m. 1
IIpYBEJEHBI IUIOLAIY YYACTKOB PEKY/IBTUBALINY B 3aBUCHMOCTH
OT BapMaHTa IIOCaJKI KyCTOB.

Ha cuumxe kappepa 2014 r. (puc. 2, ) 3aMeTHBI Ipeb-
HU, SIMBI U TIOCa>KEHHbIE B HMX KyCTapHUKU. VI3 cHnMKa 2021 1.
(puc. 2, 6) BUAHBI yCIICIIHBIE PE3y/IbTAThI JIECOXO3SICTBEHHOM
PEKY/IbTUBALMIL: KYCTapPHUKU PaspoCINCh Ha OGorbluert IUIo-
WAy PeKyNIbTMBMPOBAHHOTO y4acTKa. [ KOMIIJIEKCHOTO

MN3ydeHysA CTENEeHM caMo3apacTaHnsa IIPVYMEHEHbI Pa3HO-
BpEMEHHbIE MHIEKCHDbIE M3o6pa>1<eH1/m BEreTallMOHHOTO
COCTOAHUA MecTHOCTU. Haubonee paciipoCTpaHEHHBIM

MH/IEKCOM, BBIUMC/ISAEMBIM IO 3HAYEHUsAM APKOCTEN CHUM-
ka, ssmsiercss Normalized Difference Vegetation Index
(NDVI), KOTOpBIil TIOKasbIBaeT COCTOSIHME PAaCTeHMIl, C
ero IOMOIIbI0 HAXONAT AKTUBHYIO OMOMAacCy pacTeHuit
[2, 12-16]. 3nauenns nnpexca NDVI Bappupyer B fuamasoHe
OT MMHYC 10 IITIOC efuHNLbL. [TooxuTenbHble 3HaYeHNA UH-
nexca NDVI xapakrepHbl i IOKPBITBIX PACTUTENbHOCTDIO
IIOBEPXHOCTEN!, Hy/leBOe I OTpUIaTe/IbHble 3HAYEHUA — i
BOJIbI, CHETA U JIbJJA.

B paccmarpuBaeMoM cay4ae ObIIM CO3IaHbI MHIEKCHbIE
nsobpaxenust NDVI na 2014 u 2021 rr. (puc. 3). Pacuer us-
nexca NDVI npoussoguics o popmyse:

NIR —RED

NDVI = >
NIR + RED

rie NIR - 3HaueHms sipkocreit B OmbxHelt MH(paxpacHOi
30He; RED — 3HaueHMA ApKOCTell B KPacHOI 30HE BUIIMOTO
JMala3oHa.

Ha pic. 3, a o unnexcHoMy n3obpakenuio Ha 2014 . 3Ha-
yeHuss NDVI cocrasnsior ot 0,08 mo 0,16. B 2021 r. sHaueHus
NDVI Bospocnu, HaxopsaTcst B npepenax 0,16-0,32. Hanbomb-
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PucyHok 2. CocTosiHue HapyLueHHOW NOBEPXHOCTM Nocre NpoBeAeH s IeCOX03sIMCTBEHHOW peKynbTMBauuu: a —B 2014 r; 6 — B 2021 1;
30HbI NOcafku: 1 — siMbl Ha FOPU3OHTaNbHOM y4acTke; 2 — SMbl Ha CKMOHe kapbepa; 3 — 60po3/bl Ha CKIOHe Kapbepa
Figure 2. State of the disturbed surface after forestry reclamation: a —in 2014; b —in 2021; planting zones: 7 — holes on a horizontal section;

2 — pits on the slope of the quarry; 3 — furrows on the slope of the quarry

Tabnuua 1. XapakTepucTuka nocafok no Tpem BapuaHTam
Table 1. Characteristics of plantings according to three options

3oHa BapuaHT nocagku Mnowaab, M?
1 SAMbl Ha rOpU3OHTaNbLHOM y4acTke 2643,73
2 Ambl Ha cknoHe kapbepa 8 256,20
3 Bopo3aabl Ha cknoHe kapbepa 13 883,10

mme 3HadeHus uHpekca NDVI npuypoueHsl K BapuaHTy IO-
CaJIKi KyCTOB B 60PO3/IbI Ha CKJIOHE Kapbepa, KOTOpPbIe JOCTHU-
rarot 0,32.

Vicrionb3oBaHme KOCMMYECKUX CHMMKOB M MHJIEKCHOTO
usobpaxxennss NDVI naer TombKo 0OOILIyI0 KapTUHY COCTOSI-
HUs TIOBEpXHOCTU. Il meTa/ZbHOrO M3yYeHMs CTENeH! ca-
MO3apacTaHlMs HapyIIEeHHOM IIOBEPXHOCTU B aBrycTe 2019 n
2022 TT. IpOBEJEHbI TIOIEBbIe UCCIEOBaHNsA, BO BpeMsA KOTO-
PBIX OCYIIECTB/IANACH OLIEHKA CTEIIEHN 3apacTaHMs yYacTKOB
KYCTapHMKOBOII PaCTUTEIbHOCTBIO (puC. 4).

B pesynbTare mosneBbIX MCCIEOBAHMIT YCTAHOBIEHA XO-
polas NpY>KMBAEMOCTb KaK KYCTapHMKOBOI, TaK U TpaBi-
HUCTOJ PacTUTEIbHOCTM BO BCEX TPeX BapMaHTaX IOCAIKM
KYCTOB.
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PucyHok 3. CocTosiHMe HapyLleHHOM NOBepPXHOCTU Nocrie NPoBeAeHUs IeCOX03IUCTBEHHOW pekynsTuBauuu: a — B 2014 r; 6 — B 2021 r;
30HbI NOCafKu: 1 — siMbl Ha FOPU3OHTAaNbHOM y4acTke; 2 — AMbl Ha CKMNOHe Kapbepa; 3 — 60po3abl Ha CKIOHe Kapbepa

Figure 3. State of the disturbed surface after forestry reclamation: a — in 2014; b — in 2021; planting zones: 7 — holes on a horizontal section;
2 — pits on the slope of the quarry; 3 — furrows on the slope of the quarry
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PucyHok 4. CTeneHb NpuXuBaHUA KyCTapHUKOB B iMax — a U 6opo3pax — 6
Figure 4. Degree of survival of shrubs in pits — a and furrows — b
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3aKkaloveHne CTAHOBJIEHUM PACTUTENLHOCTU B YCIIOBMAX CTEIHOI 30HBI
AHann3 KOCMOCHMMKOB, WH/EKCHOTO n300pakeHuss MoHromum.
NDVI u pesynbraToB IONEBbIX MCCIEOBAHUIN PEKYIbTHU- Vicionb3oBaHMe KOCMMYECKUX CHUMKOB I OIl€HKU

BUPOBAHHOJ IOBEPXHOCTM IIOC/TE JMKBUAAIMM Kapbepa  BETETALMOHHOIO COCTOSAHMS PEKYNIbTUBMPOBAHHON IOBEPX-
[I0Ka3asl, 4TO UCIONb30BaHMe rpebHelt (60po3y) u co3ma-  HOCTHM ¢ nmoMouibio uHAekca NDVI nossonser cyuiecTBeHHO
HUe fIM Ha 3Talax JIeCOXO3SAMCTBEHHON pPEeKyIbTMBALMM  YIPOCTUTb MOHUTOPUHI BOCCTAHOBIEHMUA DPAaCTUTEIHHOIO
[O3BOJISIET YEP>KUBATh (COXPAHAThH) BJIAry B IOYBEHHOM  IIOKPOBA U IIPU HEOOXOMVIMOCTY OIIePaTVBHO IPOBOJSUTD Me-
[OKPOBE, UTO JaeT MOJIOKUTENbHbIE PE3YNbTATHl IPU BOC-  POIPUATHA [0 MHTeHCHMKALMY TIpoLiecca 3apacTaHus [2].
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Abstract
Introduction. In the steppe zones of Mongolia, the restoration functions of the natural landscape are poorly repre-
sented, which is determined by a number of factors - mountain climate, low precipitation, frequent winds and poor
vegetation. When studying the impact of mining on the steppe landscape, it is necessary to assess the dynamics of
vegetation restoration after reclamation measures.
The purpose of the study is to assess the degree of overgrowth of the reclaimed surface with shrub vegetation in the
steppe zone of Mongolia.
Research methodology. To assess the area of the surface disturbed by mining operations, satellite images taken during
the period from 2014 to 2021 were used. As a result of field observations and the use of images, it was established that
at the stage of mining reclamation, the sides of the quarry were leveled and furrows were cut. At the biological stage of
reclamation, shrub vegetation was planted in holes and furrows on the leveled surface. For a comprehensive study of
the degree of overgrowth, multi-temporal index images of the vegetation state of the area were used. The NDVI (Nor-
malized Difference Vegetation Index) was used, which is determined by the brightness values of the image. To study
in detail the degree of self-overgrowth of the disturbed surface in August 2019 and 2022 field research was carried out,
during which the degree of overgrowing of areas with shrub vegetation was assessed.
Results and their analysis. It was found that as of 2014, NDVI values range from 0.08 to 0.16. In 2021, NDVI values
have increased and are in the range of 0.16-0.32. The highest values of the NDVI index are associated with the option
of planting bushes in furrows on the slope of the quarry; the index reaches 0.32.
Conclusions. As a result of field studies, it was established that the use of ridges (furrows) and the creation of holes at
the stages of forestry reclamation makes it possible to retain (preserve) moisture in the soil cover, which gives positive
results of vegetation restoration even in the conditions of the steppe zone of Mongolia.

Keywords: steppe zone, disturbed lands, reclamation, satellite images, NDVT index.
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