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Summary
The article presents the results of calculating the correlation between climatic factors and the dynamics of
desertification. The data indicates an inverse and moderately strong correlation of -0.61. This means that as
the GTK coefficient decreases, desertification area tends to increase. Conversely, during 2016 and 2019
when the GTK coefficient increased, there was a decrease in desertification area.

Abstract
Introduction. Desertification is one of the main environmental problems in the south of Russia. To success-
fully combat desertification, it is required to identify all possible factors that affect the dynamics of land des-
ertification. The article presents data on changes in the area of desertification, a study was conducted to
identify the correlation between climate data and the area of desertification. Object. territory of the Terek-
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Kuma lowland. Materials and methods. According to the research program, an analysis of the images of
satellite images Lansat 8, 9 was carried out using the classification method "without training" according to
the value of spectral-zonal channels. The work was carried out using ArcGIS PRO software. As a result,
synthesized images of the study area were obtained, in which areas of desertification were identified and
vectorized. On the basis of vector maps developed from multi-temporal images, a study of the dynamics of
desertification was carried out. The area of desertification was calculated by years. The change during the
study of climatic factors, in particular precipitation, was studied. The calculation of desertification areas from
2013 to 2021 was carried out. The calculation of the SCC index Selyaninova G. T. for the period 2013-
2021. The correlation between the moistening of the territory by means of the GTK index and the area of
desertification was calculated. Results and conclusions. As a result, an inversely weak correlation of -
0.61 was revealed. With a decrease in the GTK coefficient, an increase in the area of desertification is ob-
served. In 2016, 2019, when an increase in the value of the GTK coefficient was observed, a decrease in
the area of desertification was also observed. There is an inverse correlation between the amount of precip-
itation and the dynamics of desertification, but there are other factors influencing this process.

Keywords: land desettification, satellite images, desertification dynamics.
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YOK 630.181.351
BIIMAHUE KITMMATUHECKUX ®AKTOPOB HA MNPOLIECCbI ONYCTbIHUBAHUA
HA NPUMEPE TEPCKO-KYMCKOU HU3MEHHOCTU

PomaHoB B. A., miadwul Hay4HbIl compyOHUK

OIrBHY «®edeparibHbili Hay4YHbIU UEeHMP ag2poaKoio2uu, KOMIIEKCHbIX Meuopayull u 3alumH+oao
necopaseedeHusi Poccutickol akademuu HayK»
2. Boneoepad, Pocculickass ®edepauusi

Pa6boma ebinosiHeHa 8 pamkax 2ocydapcmeeHHo20 3adaHusi ®HL| azpoakonoauu PAH HUP
Ne 122020100405-9 «Kapmozpaguyeckoe modenupogaHue coCmosiHusi, (pyHKYUOHUpPOB8aHuUsl U QUHaMUKuU
npouyeccoe onycmbIHeHHbIX meppumopull ¢ NpuMeHeHUeM UHGOPMayUOHHbIX mexHo/102uli»

AxTtyanbHocTb. OnycTbiHMBaHWE OJHA M3 OCHOBHbIX 3JKOMOrMyeckux npobnem tora Poccum. Ons
ycneLHbIn 60pbbbl ¢ ONYCThIHMBAHMEM TPEOYETCS, BbIAENUTL BCE BO3MOXHbLIE (DAKTOPbI, BAMSIOLLME HA ONHA-
MWKy OMyCTblHMBaHMS 3emenb. B ctatbe npefctaBneHbl AaHHbIe MO U3MEHEHW MMoWaan OnyCTbIHMBaHWS,
NPOBEAEHO MCCNEefOBaHNE MO BbISBMEHMIO KOPPENALMN MeXay KMMMaTUYECKUMM OaHHLIMW U NAOLLaabo Ony-
CTbiHMBaHMS. O6bekT. Tepputopus Tepcko-Kymckon HuameHHocTn. Matepuanbl u metoabl. 1o nporpamme
nccneaoBaHWn NPOBeAEH aHanm3 n3o0paXKeHNs CyTHUKOBBLIX CHUMKOB Lansat 8, 9 ¢ ucnonszoBaHueM mMetoga
knaccudmkaummn «6e3 obydeHnsI» No 3HAYEHNO CMEKTPO30HamNbHbIX kaHanoB. PaboTa npoBedeHa C MCMOMb30-
BaHMeM nporpammHoro obecneverus ArcGIS PRO. B pesynbtaTe nony4eHbl CUHTE3MPOBaHHbIE M300paxeHus
TEPPUTOPUM UCCIIEAOBAHUIA, HA KOTOPLIX OblNW BblAENEHbI U BEKTOPU30BAHbI y4acTku OnyCThiHMBaHUsS. Ha oc-
HoBe pa3paboTaHHbIX MO pasHOBPEMEHHbIM CHUMKaM BEKTOPHbIX KapT MPOBEAEHO U3yYeHne AMHaMUKWU OnyCTbl-
HMBaHus. Bbin NpomnsBegeH nNoacyeT Nnowaan onycTbiHMBaHWE No rogam. MsydyeHo n3ameHeHue 3a Bpemst Uc-
crnefoBaHUA KNMMaTUYeckmx hakTopoB, B YaCTHOCTM ocagkoB. [poBedeH pacyeT nnolaaen onycTblHUBaHUS C
2013 no 2021. MNMpowuaseneH pacyeT nHaekca MK CensaHmHoBa M. T. 3a nepmog 2013-2021. MoacuntaHa koppe-
nAauMa Mexay YyBNakHeHVWeM Tepputopum no cpeactBam uHagekca TK u nnowagbo onycTbIHMBaHWS.
Pe3ynbTaTtbl 1 BbiBOAbI. B pesynbTaTe BbisiBNieHa obpaTHO cnabas koppensauust -0,59. Mpu cHkeHun koad-
GumupmeHTa MK HabnogaeTcs noBbieHWe nrowaamn onycteiHuBanus. B 2016, 2019 rogy, korga Habnoganach
yBenuyeHve 3HaveHus koadpdmumerTta MK, Tak xe Habnwoganacb yMeHblUeHUe MNnowaam OnyCTbIHUBaHWS.
O6paTHas koppensuma Mexay KonmM4ecTBOM OCaAKOB M AMHAMUKOM OMNYCTbIHMBaHWS UMEETCS, HO €CTb U Apyrue
(paKTopbl, BAMSOLLME Ha 3TOT NpoLEecC.

Knroyeenie crnoea: onycmselHU8aHuUe 3eMelsib, CI1yMmHUKO8ble CHUMKU, OuHamuka OornycmblHUBAHUS.

LUutupoBaHue. PomaHoB B.A. BninsHue knumatndecknx oakTopoB Ha MpoLecchl OMyCThIHMBAHUSA Ha npumepe
Tepcko-Kymckon HusmeHHocTu. Msgecmusi HB AYK. 2024. 1(73). 143-149. DOI: 10.32786/2071-9485-2024-01-15.
ABTOpCKMI BKNag. ABTOp HACTOALLEro UccnegoBaHns NpuHMMany HenocpeACcTBEHHOE yyacTue B NiaHUPOBaHWUM, Bbl-
NONHEHNN 1N aHann3e OaHHOro nccregoBaHuUs. ABTOp HaCTOFILLI,eVI CTaTbn O3HAKOMUICA C npeacTaBfieHHbIM OKOH4a-
TenbHbIM BapnaHToMm 1 ogobpun ero.

KoHdnukT nHtepecoB. ABTOp 3asBnseT 06 OTCYTCTBUM KOHNNKTa UHTEPECOB.
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BBepgeHue. OgHOM M3 BaXXHEWLLMX 3KOMOrMyeckux npobnem cesepHoro Mpukacnusa siB-
nseTca pacnpocTpaHeHue npoueccoB ONyCTbIHMBaHWUS TeppuTopun. [MTOMUMO 3KONOrMYEeCKUX n3a-
AepXeK, pacrnpocTpaHeHne onyCTbiIHUBaHUE BpeauT U XO39NCTBEHHOW AeATeNbHOCTM YeroBekKa.

«OnycTbliHMBaHMe» O3Ha4yaeT Aerpagauuvio 3emernb B 3acCyLUNMBbIX, MOMy3acyLUNUBbLIX U
CyXux cybrymmaHbix panoHax B pe3ynbTaTe AeACTBUSA pas3nuUuHbIX hakTopoB, BKNOYas N3MeHe-
HWe KnMMaTa u gesaTenbHOCTb YeroBeka. OnyCcTbiHMBaHUE BNeYeT N3MeHeHne LiBETOBOW ramMmmbl
noyebl, No4YBa npuobpeTaeT Gonee cBeTnble OTTEHKW. [6]. lNMpouecchbl ONyCTbIHMBAHWS CryXaT
AN apyaHbIX TEePPUTOPUA OOHUMWN N3 XapakKTepHbIX OTKNWKOB Ha HepauuoHanbHOe X035MCTBO-
BaHue [11]. MNMpouecc onycTblHMBaHWE MHOMOMAKTOPHbIN NPOLLECC OAHUM U3 rfaBHbIX PakTOpoB
nocrie KnMmaTuyeckoro SABMseTCH, CenbCKOXO3AWCTBEHHas AeATenbHOCTb, B YaCTHOCTU CKOTO-
BOOYECKYIO OeATerbHOCTb [4].

Llenbto nccnegoBaHUs SBNSIETCH: BbISBIIEHNWE 3aKOHOMEPHOCTEMN BIIUSAHUS OCafKoB Ha
npoLecchl ONyCTbIHMBAHUA Ha TeppuTopun Tepcko-KymMcKon HU3MEHHOCTM.

N3yyeHne chakTtopoB, BAMSAIOWMX HA AWNHAMUKY OMYCTbIHUBAHMS, MO3BOMUT nyylle npo-
rHO3MpoBaTb 3TOT MpoLEeCcC, BCNeAcTBMe Yero Hantu Bonee acpdekTnBHble MeToaUKN BopbOLI C
ONYCTbIHNBAHNEM.

Tepcko-Kymckoe HU3MEHHOCTb — TeppuTopusi, obycrnoBreHHast pekamu Tepekom un Ky-
MON. AOMUHUCTPATMBHO TEPPUTOPUS 3aTparMBaeT CEBEPHYI0 YacTb pecnyonuku darectaH, Len-
KoBCKoW 1 Haypckuin panoHbl YedeHckon pecnybnukm n Hedptekymckun panoH CTaBpononbcKoro
Kpas.

Ha Tepputopun wuccnegoBaHusa pacnonoxeHa Tepcko-Kymckasd HWM3MEHHOCTb, Horo-
3anagHasa 4yactb [Mpukacnuinckon HuamMeHHocTu. Npeobnagjalowymm TMNaMmm pacTUTenbHOCTU B
uccregyemMmom panoHe SBnseTcd CTenHble U NonynycTbiHHbIe hopmaumun. B obLiem KoMnnekcHoMm
NoKpoBe NonynycTbiHM Tepcko-KymMcKon HU3MEHHOCTM B OCHOBHOM MpeAcTaBneHbl TPaBAHUCTbI-
MU TMNaMn pacTUTENbHOCTU. Ha TeppuTopun NpeacTaBrneHbl Kak CTeMnHble, Tak U MYCTbIHHO-
cTenHble coobulectra [1].

Tepputopus Tepcko-Kymckon HM3MeHHOCTU pasfeneHa Ha ABa pavioHa. [lepsbii panioH
npeacTasnsieT cobon CYrnMHUCTbIE U TIIMHUCTO-CONOHYAaKOBbIE MOMYNYCThbIHHBIE PaBHUHBI, KOTO-
pble NPenMyLLECTBEHHO pacnonoXeHbl Ha cesepe. BTopon panoH coctaBnseT maccumB Tepcko-
KyMckux neckoB ¢ sonosbiMu hopmamu penseda. OH NpuMbIKaeT K JoNuHe Tepeka Ha tore, a
Takke BKNovaeT B cebsa aenbty pekn Tepek u Cynak [9]. Ha TeppuTopmmn pacnpocTpaHeHbl 6y-
pble CTenHbIE U NONYNYCTbIHHbIE MOYBLI [2].

Knumatnuyeckume ycrnosusa Tepcko-KymMckon HU3MEHHOCTU OTNMYAKTCHA OT OCTanbHOM 4a-
ctn MNpukacnunckon HuameHHocTu. Mo cpaBHeHMto ¢ [prMKacNUNCKON HU3MEHHOCTbI, BO34YLU-
Hble Macchbl JaHHOW Tepputopun umeeT Bonee BbICOKYIO BNAXHOCTb, YTO 0BYCNOBMEHO BAUSIHU-
€M 3anafgHblX UUKMOHAMNbHbIX BO3AYLWIHbLIX TEYEHWIN, NpUXodsawmx ¢ ATnaHTMku. HecmoTpsi Ha
370, KnumaTt B Tepcko-KymMcKOM HU3MEHHOCTU ropasno 0oriee Cyxol M KOHTUHEHTAalNbHbIA MO
cpaBHeHuio ¢ 3anagHbiv 1 CpegHum NMpeagkaekaseem [3].

BrnaxHoCTb BO3ayxa SIBMSIETCA OCHOBHOMW XapaKTepUCTUKOW, onpegenstoLlen hopmmpo-
BaHWe NoYBbl B NOMyNyCTbIHHOW paBHUHe. OAHaKo, B HEKOTOPLIX 061acTaX C HU3KMMU yYacTKaMmu
penbeda, NoYBbl MOrYT UCMbITbIBATh N3OLITOYHOE YBNAXXHEHME. DTN NOYBbLI 0Opa3ytoTCa U3 reo-
NOrMYECKM MOMOABLIX MU HE BbILLENOYEHHbIX 3aCOMEHHbIX OTMOXEHUN, KOTOPbLIE ABMAAKTCA TUNUY-
HBbIMW MaTEPUHCKMMW NOpoJamMun B APeBHEKACNMNCKOM permoHe. B toro-sanagHomn 4yactn paBHUHbI
npeobnagakT MaroMOLLHbIE MOKPOBHbIE NTECCOBUAHbBIE CYITMHKN 1 cynecu [8].

Haunbonee akTMBHO OMyCTbIHMBAHWE CTaro MPOSIBMATLCA Ha TEPPUTOPUN UCCIEAOBaHUS
nocne 2018 roga, korga 3Ha4YUTENbHO YBENMUYMMCE YacToTa M MIHTEHCUBHOCTb MblfbHbIX Oypb [12].

Martepuanbl 1 MeTtogbl. [Ina nogcyeta nnowagen OnycTbiHMBAHWE WCMOMb3YHTCH
pacTpoBble AaHHble AUCTaHUMOHHOro 3oHanpoBaHusa 3emnu (O33). Npu ncnonb3oBaHUM SaHHbIX
33 MOXHO Nony4nTb MHOPMAaLMIO O COCTOSIHMM NPOEKTUBHOIO NoKpbITuA [10]. [nga BbigeneHus
o4aroB ONyCTbIHMBAHWSA, MPUMEHSIOTCA ABa MeToda. [epBbi MeToq Bu3yanbHas Knaccuduka-
uns, uccnegosaTenb BblAenNseT ovark onycTbiIHUBaHUSA Ha OCHOBE AeLUMEPOBOYHbLIX NPU3HaKOB
OnycTbIHMBaHWSA. BTopon mMeTof 3aknodaeTcs, B UCMOMb30BaHUM MeTOA0B Knaccudukaumm npo-
rpammbl ENVI, BTOpon MeToa MO3BOMSET CYLEeCTBEHHO COKpaTuUTb Tpygo3aTpaTsl [5]. Mbl B uc-
cnegoBaHUM UCMONb30Bann KOMOMHaLUMo ABYX CrocoboB.
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[na onpegeneHna namMeHeHUs nnowann, NoABePXXEeHHOW OMyCTbIHUBAHUIO UCMOMb30-
Banuncb CMyTHMKOBbIE CHUMKM Landsat 3a 2013-2022 rogbl. AHanuM3 pactpa KOCMOCHMMKa
nNpPoBOAMUIICA C UCMOMb30BaHMEM MeToAa Kraccudmkaumm no CnekTpy, ¢ NPUMEHEHUEM Npo-
rpammHoro obecneyvenne ArcGIS PRO. Ha ocHoBaHuK Yero Gbina co3gaHa Mo3auka LBeTo-
CUHTE3NPOBAHHbLIX CHMMKOB. Ha nepBoM aTane Mbl NPOM3BENW CerMeHTauuio MonyyeHHON
MO3auke, Npuv 3TOM OTAEeNbHble NUKcenu Obinu o6beanHeHbl B CErMEHTbl AN YMeHbLUEHUS
LWYMOB Npu ganbHenwen BekTopmsaumm. Ha BTopom aTane 6binv 3agaHbl TECTOBbIE NOMMUIO-
Hbl Ans obydyeHusa nporpamMHOro Komnrekca knaccudpuumpoBaHud. NMonyyeHHble OaHHble
ObInn BKIOYEHbI B 6a3y AaHHbIX.

Ans yyeTa BNMSHMSA KNMMaTUYecknx hakTopoB Obin NCMONb30BaH rMAPOTEPMUYECKUI KO-
acppuuneHTt Tepputopum CenaHuHoBa (I'TK). JaHHbIN k03ddULMEHT ncnonb3yeTcsa Ans oTob-
paxxeHus ypoBHS BnaroobecneyeHHOCT TeppUTOpUM B BEreTaTMBHbIN Nepuos.

M'mapotepmudecknin koacbdpuumeHT CenaumHoBa (IMTK) — xapakTepucTka ypoBHSA BRaro-
obecneveHHoCcT TeppuTopmn. BBegéH poccurickum knumatonorom I, T. CensHuHoBbIM (1887-
1966).

KoadhpmumeHT paccuntoiBaeTcsa rno popmyne: GTK = R * %; roe R npegcraesnsieT cobon
CyMMYy OCagKkoB B MUINUMETpax 3a nepuog ¢ Temnepatypamu Bbiwe +10°C, 2t onpepenser
cymmy TemnepaTtyp B rpagycax Llenbcusa (°C) 3a 10 e Bpewms [7].

Ona nogcyeta koadduumeHTa MK Mbl ucnonb3oBanu pas3paboTaHHOE M 3anaTeHTOBaH-
Hoe PHLI Arpoakonorun PAH nporpammHoe obecneveHue.

PesynbTaT n obcyxgeHue. [Inda pacyeta koadduuMeHTa UCNONb30Banunch JaHHbIE Me-
TeocTaHuun KOxxHO-CyxoKyMCKa, KOTopasi pacrnosfiokeHa Ha TEPPUTOPMM UCCresyeMoro panoHa.
Tak ke ObIny MCNoSib30BaHbl AaHHble bNu3nexaluux KnmmMaTudecknx ctaHumn: JlaraHb, Maxau-
kana, 'po3Hbin, AcTpaxaHb, byaéHHoBck, ['yaepmec.

Ha pucyHke 1 npeacTtaBneHbl JaHHble MO AMHaMUKe BbiMageHWs OCaaKoB 3a Mepuos C

2000 no 2022 roa.

PucyHok 1 — N'pacdmk BbinageHns 0cagkoB B MM
Figure 1 — Precipitation graph in mm
Mpun ncnonbsoBaHuu koapduumneHta NMK, BaxkHbl 4aHHbIE MO OCagKkaMm 3a onpenerieHHble
MecsiLbl, pacnpegeneHne ycpeaHeHHbIX nokasaTenen ocagkoB No Mecsauam npeactaBfieHbl Ha
pUCYHKe 2.

PucyHok 2 — N'pacduk pacnpegeneHne ocagkoB no Mecdauam B MM
Figure 2 — Graph of precipitation distribution by month in mm
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[laHHble MO ocagkaMm n TemnepaTypam ObinM NOMy4YeHbl C cepBuca aisori-m.meteo.ru.
Mpoussoaurica pacyet koadppuumneHTta [TK. lNonyvyeHHble 3HayeHMe npencTaBreHbl Ha pu-
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PucyHok 3 — KapTa npocTpaHCTBEHHOrO pacnpegenenune koagpguumenTa IN'TK Ha TeppuTtopumn
Tepcko-Kymcko HU3MEHHOCTMW.
Figure 3 — Map of the spatial distribution of the SCC index on the territory of the Terek-Kuma Lowland

B pesynbTate uccneaoBaHus Mbl MONYyYUN OaHHblE, NpUBEAEHHbIe B Tabnuue 1, Koad-
MUMEHT KOppensaumMmn BbicYMTbIBANCS C UCMONb30BaHWe nporpaMMHoro obecneveHust Excel.

Tabnuua 1 — JaHHble No nnowaan onycTeiHMBaHWe n 3HaveHuto 'K no rogam
Table 1 — Data on the area of desertification and the value of the SCC by year

ficient

2013 2014 2015 | 2016 | 2017 2018 2019 2020 2021
Mnowaab onycTbiHUBA-
HI/IFlX,M2 " Area of deserti-| 5957 6502 11899 | 9335 | 8215 8229 6127 9708 6203
ficationkm?2
MK/ SCC 3,86 2,10 0,95 3,85 1,85 1,80 2,87 1,96 3,19
Mnowagb onycTbiHMBa-
HuA,% / Desertification |28,46%)| 31,06% [56,85%]44,60%)|24,92%| 39,32% | 29,27% | 46,38% [29,63%
area, %
KoadhdumumeHT Koppe-
naumn / Correlation coef- -0,5858

KoadhdumumeHT koppensummn coctasun -0,59, 4to cooTBeTCTBYET 06paTHO-cnabon cBA3W.

lMpoaHanuavpoBaB AaHHble, Mbl BUAMM, 4YTO Hambornbluas nrowagb OMyCTbIHUBAHUSA
Habnioganack B 2015 roay (11899 km?), UTO COOTBETCTBYET HaWMeHbLUeMY koadduumeHTy MK
(0,95). HaumeHbluas nrowags onycTblHMBaHUS Habrioganack B 2013 rogy (5957 km?) npw
HanbonbLlem koadduumenTe 'TK (3,86).

Ha pucyHke 4 npuBeneH rpadpmk conocTtaBneHne nnowaam onycrbliHMBaHue n ' TK.
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PucyHok 4 — Mpacuk conocraenenune nnowaan onycrelHueaHme u ' K
Figure 4 — Graph comparing the area of desertification and SCC

BeiBogbl. B pesynbtaTe BhigsBneHa obpatHo cnabas koppensumns -0,61. MNpu cHukeHun Ko-
achbuuymenta 'K HabnogaeTcs noebiweHWe nnowaaun onycteiHMBaHusa. B 2015, 2020 rogy, korga
Habntoganacbk ymeHblleHne 3HadeHus koadduumeHTta 'K, Tak xxe Habnoganacb yBennyeHue nno-
Wwaam onycTtbiHMBaHus. ObpaTHas Koppensums Mexay KonmM4yecTBOM OCafKoB M AMHAMWKOWM OMycCThl-
HMBaAHMSA UMEETCsl, HO eCTb M Apyrve dakTopbl, BAUSIOLIME Ha 3TOT NpoLecc.

Mexgy BbinageHuemM ocagkoB U AUHAMMKOW OMyCTbIHMBaHUSA HabniogaeTcs Koppensuums, Ko-
achdurumeHT Koppensaumm -0,5858. ObpaTHas koppensaums mexay Konm4yecTBOM OCadKoOB M AUHAMMU-
KOW OMYCTbIHUBaAHWUSI UMEETCS, HO ECTb M ApYyrie dhakTopbl, BIUAIOWME HA 3TOT NpoLecc.

Conclusions. The result revealed an inversely weak correlation of -0.61. With a decrease in
the HTC coefficient, an increase in the area of desertification is observed. In 2015 and 2020, when
there was a decrease in the value of the SCC coefficient, there was also an increase in the area of
desertification. There is an inverse correlation between the amount of precipitation and the dynamics
of desertification, but there are also other factors influencing this process.

There is a correlation between precipitation and the dynamics of desertification, the correlation
coefficient is -0.5858. There is an inverse correlation between the amount of precipitation and the dy-
namics of desertification, but there are also other factors influencing this process.
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Summary
This article presents the results of research conducted on the territory of the Lower Don irrigation system.
The influence of water quality used for irrigation of cultivated crops on the productive potential of agricultural
land has been studied. It is revealed that the limiting factor in obtaining high yields from agricultural is the
unsatisfactory technical condition of reclamation systems.

149



