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OnpeneneHre 3aKOHOMEPHOCTEi U3MEHEHUSI MPOAYKTUBHOCTU CEJIbCKOXO3SIMCTBEHHBIX YrOAWil Ha pas-
HBIX YYacTKaX, UCIIOJIb3yeMbIX LISl BIPAIIUBAHUS CEJIbCKOXO3SIMCTBEHHBIX YTOAMI B 30HE BIussHUsA [ocy-
IapCTBEHHBIX 3aIUTHBIX JIeCHBIX TToj10¢ (I'3JITT) siBnsieTcst akTyallbHBIM B CBSI3U C HEOOXOAMMOCTBIO OLIEH-
KM OyIyIIEro ypoxasl CebCKOXO3SIMCTBEHHBIX KYJIbTYP Ha MOJISIX C PA3IUYUSIMU T€OMOP(OIOTNIECcKUX,
TMIOYBEHHBIX U KJIMMaTUUECKUX YCTIOBUI Ha TeppUTOpUM uccienoBaHuii. [IpoBeneHbl ucciienoBaHus roce-
BOB O3UMBbIX 36pHOBBIX KYJIBTYDP Ha TOJISIX, Pa3MEIIeHHBIX B ITpeaesiax BIUSHUS [ocyTapCcTBEHHBIX 3a1IIUT-
HBIX JIECHBIX T10JI0C. MeToarKa uccieoBaHuii OCHOBaHA Ha TeOMHMOPMAaIIMOHHOM aHaJIN3€e Pe3yJIbTaTOB
nemrpupoBaHUs aKTyalbHBIX KOCMOCHUMKOB KakK T10 BBISIBJICHMIO pacripefesieHns] oopabdaTbiBaeMbIX
noJieit, pacnoyioxkeHHbIX B 30He BiussHus ['3JIT1, Tak 1 cocTosIHUSI MOCEBOB Ha HUX. [1pu 3TOM yuyuThIBa-
Jlach TTOYBEHHAsi 30HAJIbHOCTh TEPPUTOPUU UCCIIETOBAHUI B BUAY 3HAYNTEbHOM MPOTSKEHHOCTH JIECHBIX
noJioc. OlLleHKa COCTOSTHUSI O3MMbIX 36PHOBBIX KYJIBTYP IO MEpe YIaJICHUsI OT HacaXkIeHUs1 ObLia MpoBe/Ie-
Ha C UCIIOJIb30BaHMeM BereTalimoHHoro nHaekca NDVI, paccuntsiBaemMOro 1o CrieKTpo30HaJIbHBIM KaHa-
JlaM KOCMOCHHMKOB BBICOKOTO pa3pellieHus cnyTHuKa Sentinel-2. ITo pe3yibTaTaMm MccienoBaHUI cCOCTaB-
JieHa 6a3a MPOCTPaHCTBEHHBIX TaHHBIX 00pabdaTeiBaeMbIx nosieit. [IpoBeneHa rpynmnupoBKa Iojeit mo Tu-
naM MOYB. YCTAaHOBJIEHO MX pa3MellleHHe U reoMopdoiiornyeckrue mnapamerpbl. C HMCMOJIb30BaHUEM
reonHGOPMaLIMOHHBIX TEXHOJIOTUIA 711 TPYIII TTOJIEH C UCIOJIb30BAHUEM MHCTPYMEHTOB CTaTUCTUYECKOM
00paboTKM onpeneeHbl CpeTHUe 3HaYeHUsI IIMPUHBI BbIIEIEHHBIX 30H BIUSTHUS, a TAKXKe ITapaMeTpOoB pe-
nbeda. [Tpu reonHdopmMainoHHOM KapTorpadMpoBaHUM MOJIYYEHbBI TaHHBIE O COCTOSIHUM ITOCEBOB HA Ha-
yajio Masi mo udMeHeHuto uHaekca NDVI o rpynnupoBkam moJeii B 3oHe BozaeiictBust ['3JIT1. Otu naH-
HbIE SIBJISIIOTCS OCHOBOWM ISl TIPOTHO3a YpOXKasi CelIbCKOXO3SIMCTBEHHBIX KYJBTYDP C YY€TOM IPOCTpaH-

CTBEHHOTO pa3MeIIeHUs MOJIEH.
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BBEAEHHWE

CoCTOSIHMSI TIOCEBOB CETBCKOXO3SICTBEHHBIX KYJTb-
TYp, BbIpallIMBaeMbIX B 30HE BJIMSIHUS TocynapcTBeH-
HOI 3a1uTHOM JiecHOM 110J10¢kI (I'3JII1), onpenensier-
Csl KOMIUIEKCOM MOYBEHHBIX, TeOMOP(hOJIOTUYECKUX
U KJIMMaTHU4YecKuX ycioBuii. OripeneneHue B3auMo-
CBSI3U COCTOSIHUSI TOCEBOB C UX MOJIOXKEHUEM B 30HE
BozaeiictBus ['3JII1, a Takke y4eT BAUSTHUSI COXpaH-
HOCTU HacaXkJIEHUM Ha MOCEBBI B HACTOSIIIIEE BpEMS
aKTyaJbHO JUIS1 pa3pabOTKU arpOTeXHOJIOTUI BbIpa-
IIMBAHUS CEIbCKOXO3SMCTBEHHBIX KYJIbTYp B CUCTe-
Me€ 3alIUTHBIX JIECHBIX HACAXKIAECHUIA.

T'eonmHdopMalIMOHHBIN aHAIN3 Ta€T BO3MOXHOCTH
YCTaHOBUTH BO3MOXHYIO IPOIYKTUBHOCTD CEILCKOX0-
39MCTBEHHBIX YOI U 00ecIieurnBaeT co3naHue 6a-
3bl IPOCTPAHCTBEHHBIX JAHHBIX T10JIeil Ha TepPPUTO-
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pUIO MCCIEOOBAaHMWI, C MCIIOJb30BaHHEM KOTOPOM
MOXHO MPOTHO3UPOBATH BEPOSITHYIO YPOXKAWHOCTh
CeJIbCKOXO35IMCTBeHHBbIX KyabTyp (CuioBa, 2021).
I'3JII1 co3maHbl TIpY BBEIMOJHEHWU ITOCTAHOBJICHMS
Cogera munuctpoB CCCP u IIK BKII(6) ot 20 ok-
Tsi6ps1 1948 roma “O 1u1aHe MoJie3allUuTHBIX JIeCOHA-
CaxXIeHMI, BHEAPEHMsSI TPaBOIIOJbLHEIX CEBOOOOPO-
TOB, CTPOUTEJILCTBA MIPYAOB U BOAOEMOB JIJ1s1 00ecrie-
YEHUSI BBICOKMX U YCTOMYMBBIX YPOXKAEB B CTEITHBIX U
JiecocTenHbIX paitoHax EBpomneiickoit vactu CCCP”
(3acobau np., 2019). Bcero Ha repputopum Boarorpan-
CKOi1 00JIacTM BBICAXXEHO IIeCTh locymapcTBEHHBIX
JecHBIX T10J10C¢ M3 HUX “Ilen3a — Kamenck”, “Kambi-
mmH — Bonrorpan”, “Bonrorpan — Yepkecck” — OTHO-
CITCSl K BomopasnesibHbIM; “BopoHexk — PocTtoB-Ha-
Hony”, “CaparoB — AcTpaxaHb” — SIBJISIIOTCSI IIPUPYC-
JIOBBIMHU, a Trojoca “YamaeBck — Bmammmuponka”
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BBICAXKEHA HE TTOJTHOCTBHIO U COXpAaHWIACh B Mpenesiax
obsactu pparmeHTapHo (YeruistHekuit u ap., 2018).

B otnnuune oT JecHBIX HacaXOAeHUIl IpeaHa3Ha-
YEeHHBIX IJIS 3alIMThl OTACIbHBIX IOJIEH OT Aerpana-
1IMM, B YAaCTHOCTU OT eIl U BOIHOI 3p0o3um
T'ocynapcTBeHHBIE 3alllUTHBIEC JIECHBIE T1OJOCHI BbI-
MOJIHSTIOT PacIIMPEeHHYIO (DYHKIIMIO 110 (DOpMUpPOBa-
HUIO YCJIOBUIA JJIsI TIPEAOTBPALLIEHUS 3aCyX U CyXOBEEB
Ha 3aimuinaeMoii Teppuropu. OQHAKO BBIITOJTHEHUE
9TOH 3a7a4YM BO3MOXKHO TOJIBKO ITPU KOMILIEKCHOM CH-
CTEMHOM JiecOMeJIMOpallMy arpojiaHaagToB B CTEM-
HOU Y MOJYIIYCTBIHHOM MPUPOIHO-KIUMATAYECKON
30He. B cBsa3m ¢ TeM, uTo ToNpKO B Bosrorpanckoii 06-
nacti 48% cenbcKoxo3stiicTBeHHbIX yroauii (KpacHo-
mexkoB, @omeHko, 2015) He 3alUIIEHEI JJCCHBIMU Ha-
CaKIESHUSIMU U SIBISIIOTCS Oe(IIIIMOHHO-OIAaCHBIMU,
B YACTHOCTH 10 OOJIbIIIE YaCTU OTCYTCTBYIOT TaKO-
BBIe 1151 Hojeit, mpuieratonmx K I'3JII1, BaxkKHBIM s1B-
JISIETCSI BBISIBJICHUE WX BO3IECUCTBUS HAa MPOMYKTHB-
HOCTb CEJbCKOXO3SIMCTBEHHBIX YrOAWiA, UCIOJIb3ye-
MBIX JIJIsI BbIpalllMBaHUSI KYJIbTYp.

Takum ob6pazoMm, TocymapcTBeHHBbIE 3alllUTHBIE
JIECHBIE MOJIOCHI, KpOME Cpeoo0pasyIoleii, BbIMO-
HSTIOT TIOJIE3alIUTHBIE (PYHKIIUU, KOTOPbIE MPEaOT-
BpAalllalOT MTOTEPU MOYBEHHOTO TUIOAOPOTHOTO CJIOS
OT AedIAUMY U BOOAHOM 3PO3UM, OKA3LIBAIOT BIIMSI-
HUE Ha TMAPOJIOTMUECKUE TTPOLIECCHI, a TAaKXKe MTPUBO-
IIT K (POPMUPOBAHUIO YCTOMUYUBBLIX arpoJIecoJIaHI-
madTOB U YBEJIWYMBAIOT TMPOAYKTUBHOCTH 3€MEJb.
(Kynuk, IMyrauesa, 2016; bapa6anos, I[1anos, 2016;
TapanoB, CunenpHukoBa, 2017; AaTonos, 2020).

T'ocynapctBeHHast 3a1uTHas JecHasi mojoca “IleH-
3a — KameHck” mponoxeHa udepe3 KMPHOBCKMIA,
Pynuanckuii, Emanckuii, HanwnoBckuii, Muxaii-
JnoBckuii, HoBoanuuHckuit, KympurkeHckuit u Ce-
paduMoBMUCKMIi palioHbl Bojrorpamckoii o61acTu.
Tpacca I'3JIIT mpoxomuTt yepe3 aBe MOYBEHHBIC 30-
HbI: YePHO3EMHYIO (ITOA30HbBI OOBIKHOBEHHBIX U 103K~
HBIX Y€pPHO3E€MOB) 1 KaIITaHOBYIO (ITOO30HBI TEMHO-
KalllTaHOBBIX 1 KamTaHOBbIX T0o4YB) (HoBukoBa, Ko-
HiolkoBa, 2008).

Hecmotpst Ha cneunéuky pa3melieHusl Tpacchl
I'3JIIT “ITen3a — KamMeHCK” opeHTUPOBAHHOI C ce-
BEpPO-BOCTOKA Ha I0TO-3allajl OHA BBHITTOJHSIET (hyHK-
LU0 MPOTUBOASHIILIMOHHON 3allUThl MpUeraro-
IIUX YrOAWi B CBSI3U C TE€M, YTO IOBTOPSIEMOCTH
CUJIBHBIX BETPpOB B Bosrorpaackoit obyiactu He HO-
CUT SIPKO BBIpaXEHHOI OpUMEHTALIMU Y MTPAKTUYECKU
paBHOMEPHO pacripeaesieHa Mo pymoaM B nedIsIim-
OHHO-onacHbIi nepuoAd. (CaxuH u ap., 2010)

3amaueii aBJsIeTCs ONpeaeaeHe 3aKOHOMEPHOCTEI
U3MEHEHMS TTPOAYKTUBHOCTH CETbCKOXO3STMCTBEHHBIX
YTOOMii Ha pa3HBIX y4acTKAaX, UCITOJIb3YEMBbIX JIJIsI BEIpa-
IIVBAHUSI CEIbCKOXO3SIMCTBEHHBIX YTOOUIl B CBSI3U C
pasInIUsIMU TeOMOP(POIOTUIYECKUX, TMOYBEHHBIX U
KJIMMaTUYECKUX YCIOBUII Ha TEPPUTOPUM UCCIETO-
BaHUii. Llenb nccnenoBaHmii 3aKII0YaIach B BBISIBIIC-
auu BaustHus '3J1T1 Ha pacrnipenesieHre MIpOeKTUBHOTO
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TMOKPBITHS TIOCEBOB Ha TTOJISIX TT0 Mepe yIaJICHUs OT Ha-
CaXIEHUS C HCIOJIb30BAaHUEM BEreTallMOHHOIO WH-
nekca NDVI. Ilo pe3dyabTraTaM HMCCIE€IOBAaHMIL CO-
CTaBJISIETCS MPOCTPAHCTBEHHAS 0a3a JaHHBIX IINPHU-
HBI U TUTOLIAIN BbIJIEJICHHBIX 30H BJIWSHUS, IPOTHO3
ypoXKasl CeJIbCKOXO3SIMCTBEHHBIX KYJIbTYp C Y4ETOM
MPOCTPAHCTBEHHOTO pa3MeICHUS TTOJICH.

OBBEKT, MATEPUAJIBI
N METOAbI NCCIIEJOBAHHWA

MeTtomnyeckoit OCHOBOW MCCIIENOBAHUN SIBISIET-
Cs TIOJIOXXEHHE O TOM, YTO XapaKTEePUCTUKU KOMIIO-
HEHTOB arpoJjlaHaiadToB, a UMEHHO IPOSKTUBHOE
MHOKPBITHUE PACTUTEIBHOCTBIO, C OONBIIOI TOCTOBEP-
HOCTBIO OIIpEIeIIsIETCS IO pe3yabTaTaM JeIndpupo-
BaHUSI KOCMOCHUMKOB (BunHorpamos, 1984), a uc-
MMOJIb30BaHUeEe BeretalimoHHoro nHnekca NDVI naer
BO3MOKHOCTb OIPENeSIMTh COCTOSIHME IMOCEBOB Ha
riowanu moss (Iunkapenko C.C., bapranes C.A.,
2020; Lu, 2006).

MeTonuka MCCAeqOBaHUII OCHOBaHA Ha T€OWH-
¢dopMalIMOHHOM aHAJIM3€e PEe3YyIbTaTOB ACIIU(PPUPO-
BaHUS aKTyallbHbIX KOCMOCHMMKOB IO BBISIBJICHUIO
pacripenejeHus1 oopadaThIBaeMbIX IOJIEM U COCTOSI-
HUSI ITOCEBOB HA HUX, PACIIOJI0KEHHBIX B 30HE BIIUSI-
aug ['3JIT1. I1pn 3TOM yduTHIBasIach ITOYBEHHAS 30-
HaJIbHOCTh TEPPUTOPUU UCCICIOBAHUM B BULY 3HAYM-
TenbHOM (334 KM) NPOTSKEHHOCTU JIECHOH TTOJIOCHI B
npeneiax Boarorpagckoii ooacTu.

T'eouHboOpMaIIMOHHBII aHAIM3 TPOBOIMIICS B IPO-
rpamMe QGIS 3.28 ¢ mcnonp3oBaHMEeM WHCTpYMEHTA
BeiurciaeHust NDVI. CepBuc ucciaenoBaHust 3emMiun
(earthexplorer. usgs.gov) B OTKPLITOM JOCTYIIC IIPEaO-
CTaBJIIET JaHHBIEe CITYTHUKOB Sentinel-2 ¢ ipocTpaH-
ctBeHHbIM pazpelieHueM 10 m (Iuxos, dpemuH,
2021) u cauMku cnyTHUKOB Landsat-8, -9 ¢ mpocTpaH-
ctBeHHBIM paspemteHueMm 15 M (Tepexun, 2020), B
CBSI3U C Y€M MMEETCS BO3MOXKXHOCTh IMPOBOIUTH MO-
HUTOPUHT COXPAaHHOCTH JIECHBIX HACAXKICHU, B TOM
yuciie I'3JII1 (mupuna xymuc I'3JIIT cocTaBuser ot
60 1o 100 M), a Tak k€ MOHUTOPUHT Pa3BUTHS TOCE-
BOB CEJILCKOXO3SIICTBEHHBIX KYJIBTYP 110 U3BMEHEHUIO
sHaueHuit NDVI (Tepexun, 2016).

KaprorpadupoBanue minomanu moneir m Iocy-
JIapCTBEHHBIX 3aIIUTHBIX JIECHBIX MOJI0C OBLIO IIPO-
BEIEHO Ha OCHOBE CITyTHMKOBBIX CHUMKOB Sentinel-
2, C UCIMOJIb30BaHMEM CIEKTPaJIbHbIX KaHaIoB 2, 3, 4
n 8. 3Hauenust NDVI omnpenenssance 1Mo crieKTpaib-
HBIM KaHajlaM 4 u 8. JIaTbl CheMKU TEPPUTOPUU HC-
cJIeIoBaHUiT 1 HOMepa KaapoB C IIOKPLITHEM 00JIad-
HocTbhio MeHee 10% npuBeneHsl B Tabu. 1. s aHa-
sm3a coctosiHus ['3JIIT ucrnonb3oBajiuch CHUMKHM 32
aBryCT—CEHTSIOPb, a 1JIsl IToceBOB 3a Maii 2022 1. Bbi-
0op MecsIa ChbeMKHM OOYCIOBJIEH MaKCHUMAaJIbHBIMU
3HaueHussMu NDVI it ucciienyemMoro oobekra.

I'panyaer ciroeB mamram n I'3J1IT onpenensnmce ¢
HCITOJIb30BaHMEM NyOJIUYHOI KagacTpOBOU KapThl

2023
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Ta6muna 1. Jlata cbeMKM TEpPUTOPUU UCCIIEIOBAHUI CO cTyTHUKA Sentinel-2

Tepputopusi cbeMKU

JlaTel ¥ Tallabl ChEMKU

I'3JIIT Kamenck — Ilensa

Ipuneratoniue K I'3JII1 cenbcKOX03sTCTBEHHBIC YTOMbS

21.08.2018 (T38UMB),
05.09.2019 (T37UGQ, T38ULA, T38UMA)

07.05.2022 (T37UGQ, T38UMB, T38ULA, T38UMA)

Pocpeectpa, nannbeix cepBuca ESRI World Imaging
CO CBEpXBBICOKUM paspelieHueM (MeHee 1 M) u
CHMMKOB CITyTHHMKa Sentinel-2, ITOIy4eHHBIX C cep-
Buca (earthexplorer.usgs.gov).

CosmeuneHue Tpacchl I'3JIT1, BeKTOpHOI KapThl
rpaHull MOJIE W IMOYBEeHHOM KapThl Boarorpam-
ckoit obnactu M: 1: 400000 (ITouBeHHas KaprTa...,
1989) no3BoaMJIO ONIPEEeTUTD TUI ITOYBBI U TPUCBO-
UTh COOTBETCTBYIOIIMII aTpUOYT KaxKIOMY IIOJIIO
(puc. 1) (Bempuuxkuii, 2021). C ucroib30BaHUEM
nudposoii Moaeau peabeda SRTM-1 Ob1u nmoJry-
YeHBI JaHHbIe 00 3KCIIO3UIIMU CKJIIOHOB, CpeaHel
BBICOTE U CPpEIHEN KPYTU3HE CKIOHA UCCIIeIyeMbIX
noaeii. (Pynes A.C. u ap., 2015).

ITpu mpoBeaeHUM NpeaBapUTEILHOTO KaMepasb-
HOT'0 MCCJICAOBAaHMSI CEBOOOOPOTOB Ha ITOJISIX IO pa3-
HBIM roJilaM CheMKH JJISI KasKI0TOo TOJISt ObLIU BEIOpa-
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HBbI TTIEPUOJIbl CbEMKU, XapaKTepU3YyIOILIUEeCs HATUY1-
€M TMOCEeBOB O3UMBIX KYJIbTYp (MIIEHUIIA).

TocynapcTBeHHbIE 3alllUTHBIC JECHBIC TOJOCHI
UACHTUMDUIIMPOBAIUCH C UCMOIb30BaHNEM KapT-CXeM
JICCHUYECTB Ha TeppuTopuM Bosrorpanackoii odyiacTtu.
C ux noMol1plo ObUTa YTOUHEHA TPOEKTHAas! TUIOIIAIb
TocymapcTBeHHBIX 3allIMTHBIX JIECHBIX TTOJIOC, a 3aTeM
Ha ocHOoBe MaHHBIX NDVI mo cocTtosTHMIO Ha aBrycT—
CEeHTSIOpb ObLT pa3paboTaH TreouH(MOPMAIIMOHHBII
CJIOM C JIECHBIMM HACaXKICHMSIMU, PACITOJIOKEHHBIMI
BHYTPH KaxKIOTO TTOJTMTOHA. BEIOpaHHBIN TTepHro CheM-
K1 TaeT BOBMOXKHOCTD BBIIEINTE JIECHbIC HaCaXKIeHUS
OTHENTBHO OT CETbCKOXO3SIMCTBEHHBIX KYJIBTYp, ITO-
CKOJIBKY 3TO TIEPUOI TPUXOAUTCS Ha 3aBEPIIICHNE Be-
reTaliMoHHOro nepuoaa u nokaszarean NDVI y kyib-
Typ OyaeT MeHbIlle YeM Yy JIECHbIX HacaxneHuit (Py-
neB u ap., 2016; [llunkapenko, bapranes, 2020).
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Puc. 1. I1pocTpaHCcTBEHHOE pacmipeae/ieHUe CeIbCKOX03SIMCTBEHHBIX YTOAUM, HAXOASIIMXC o BausiHueM [ocynapcTBeHHOI
3alUTHOM JlecHO# nonockl “KameHck — [leH3a” ¢ yyeToMm nouBeHHbIX 30H: | — yepHo3embl; II — TeMHo-KamTanosble; 11 —

KamraHoBble; [V — conoH1br; V — apyrue.

NCCIEOOBAHUME 3EMJIM U3 KOCMOCA  Ne 4

2023



TEOMH®OPMALIMOHHBIN AHAJIU3 BJIUSAHUSA 63

Brinenenuve JecHBIX HacaXXIEHUI MPOBOIWIOCH C
ITOMOIIBIO IIOPOTOBBIX 3HAYEHMI TSI KAXKIOTO0 CHUMKA
VHIWBUIYAJIbHO, MOATBEPKIAIONIUM (DAKTOPOM SIB-
Jsummch nanHbie cepBuca ESRI World Imaging. 3Ha-
yenust NDVI w1 coMKHYTOM JpeBecHO-KyCTapHU-
KOBOI1 pactutelIbHOCTH — (.7; pa3peskeHHOI pacTu-
tenbHOCTH — 0.5. [ CIyTHUKOBBIX CHUMKOB OITHUX
U TeX XK€ TEPPUTOPUIL, CHATBIX B pa3HOE BpeMmsl, 0~
pOroBbIe 3HAUEHUSI HEMHOI'O OTJIMYAJIMCh B 3aBUCH-
MOCTHU OT (heHOJIOTUUeCKUX (a3 pacTUTEIbHOCTU Ha
yKazaHHbIe gaThl. s gemmmdpupoBaHUs BUa pac-
TUTEJIbHOCTU MCIIOJIb30BAJIUCh PE3YJILTAThI II0JICBOTO
STaJIOHUPOBAHUSI.

s nosiyyeHust nH¢GopMaliu 0 HATMYUU Moce-
BOB O3UMOI1 MILIEHULIBI, a TAKXKE LTSI TOJTYYEHUS BTO-
poro ypoBHsI 00pabOTKM KOCMOCHHUMKOB MOCJe pa-
ITUOMETPUIECKON KaaMOPOBKM M KOPPEKIIUU aT-
MocdepHbix nckaxeHuit (L2A — BOA, Bottom of
Atmosphere) BbiOpaH cepBuc “Bera-science”, ucrnoiib-
3yIOIIMIA TaHHBIE cIieKTpopamuomerpa “MODIS” ¢
npocTpaHCTBeHHBIM pa3pemeHueM 250 M (Loupian
et al., 2022). PacueT 30HaIbHOI1 CTATUCTUKMU I10 JaH-
HBIM, TTIOTYYEHHBIX C CEpBUCA, TIPOBEACH C MIPUMEHe-
HHEM BCTPOEHHOTO MHCTPYMEHTA B reonHGopMaIu-
oHHoit nporpamme QGIS, B pesyabrate ObLIO yCTAHOB-
JIEHO HaJTM4YVEe TIOCEBOB O3UMBIX KYJIBTYP U TIPUCBOCHBI
3HAYCHUST aTPUOYTOB IO KAKAOMY ITIOJIO TUIOIIAIbIO
6osiee 6.25 ra, COOTBETCTBYIOIIEIT pa3Mepy ITMKCEI.

ITpu moaroToBKe Macku TOJield MCHOJIb30Balach
reouHGoOpMalMOHHAas OlleHKa pa3MelleHUsl Celib-
CKOXO3SIICTBEHHbIX YTOAWI TOJBKO HAXOAWBILIUECS B
30H€ BIUSHUS [ocynapCTBEHHBIX 3aIIMTHBIX JIECHBIX
noioc. st yero Obula BhimedeHA OydepHass 30HA
mupuHoii 400 M, omnpenensieMast TIpeaeabHbBIM (-
(bEeKTUBHBIM BJIMSTHUEM JIECHOTO HAaCaXKICHUS B IIpe-
nenax 20H, rme H — cpemnsisa Beicora I'3JII1. IMois,
pa3MeleHHbIe BHyTpu ['3JIT1, He paccMaTpuBaIucCh.
PerynsipHbiii 11ar ceTKu sSIYEUCTON MOAEIU TMPUHU-
MaJICsl paBHbIM MPOCTPAHCTBEHHOMY pa3pelieHnIo
cHnMKa cnytHuka Sentinel 2—10 M (kaHansl 4, 8)
(Cunosa, 2021).

PE3VJIBTATBI U OBCYXIEHHUE

HccaenoBaHusi MpOAyKTUBHOCTH MOCEBOB B 30HAX
BJIMSTHUSI JIECHBIX HACaXKIESHWI IPOBOIWINCH MHOIY-
MU ucciaenoBareassMu (BomsHoB u np., 2006; bepesa
u 1p., 2015), KoTopbie BBISIBISIN UX BO3ACHCTBUE Ha
pPa3BUTHE CEILCKOXO3SIMCTBEHHBIX KYJIBTYP. YCTaHOB-
sneHo (Cunosa, 2021), 4To 1O 3aIIUTOM ITOJIOC TTOBBI-
IIAI0TCSl KaK YPOXKAMHOCTb, TAK U KAaYeCTBO MPOMYK-
muu. IToguepkuBaeTcst cuHepreTudeckuii addekT Ta-
KOro BO3neicTBUs. B HacTosIee BpeMst HallpaBIeHUS
U3y4eHUs BIUSIHUS JIECOMEJIMOpallud Ha MPOAYK-
TUBHOCTb CEJIbCKOXO3SMCTBEHHBIX Yroguii jiexkaT B
IUIOCKOCTU MIPUMEHEHUSI Pe3yIbTaTOB IUCTAHIIMOH-
HOTO 30HAMPOBAHUS U TeOMH(OPMAIIMOHHOTO Kap-
TorpadupoBaHus 1jisd (GOPMUPOBAHUS IIPOCTpaH-
CTBEHHbBIX TAHHBIX O COCTOSIHUH ITOCEBOB. B oTiimunu
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OT IPOBEACHHBIX paHee UCCIIeN0BaHUI 3a1a4a BhISIB-
JICHUsI TPOCTPAHCTBEHHOTIO pachpeieieHUus] Xapak-
TEPUCTUK ITIOCEBOB IO/ BJIUSHUEM JIECCHBIX HacaXe-
HW cTrienajJbHOTo Ha3HauyeHus1, B ToM uncie ['3JI11,
MoIpOOHO He paccMoTpeHa. [11si TouHOoro onpenesie-
HUS XapaKTEPUCTUK MOCEBOB HEOOXOIUMO U3yUdeHUE
dakTopoB ux onpeAensiomux. B peacraBieHHoM pa-
00Te MPOBeIeHBI KOMILIEKCHBIE UCCIICIOBAHUST BIIUSI-
HUSI NOYBEHHBIX, TeOMOP(OJIOrMYeCKUX Y KIINUMaTH -
YECKUX YCIOBUI Ha COCTOSTHUE MTOCEBOB B 30HE BJIU-
saus I'3JITT.

B pesynbraTe 1MCTaHLIMOHHBIX U TTOJIEBBIX UCCIIe-
JIOBaHU ObLIM YCTAaHOBJIEHBI TPAHULIBI U XapaKTepU-
CTUKM 00pabaThIBaeMbIX IIOJE Ha TEPPUTOPUSIX,
npuieraomnii K ['ocymapcTBeHHOM JIeCHOH ITooce
“ITen3za — KameHck”. Bcero npu olieHKe OBLIT ITPOBE-
JIeH aHaJIu3 XapakTepucTuk 413 moJeiil obeit mio-
maapio 47.5 ThIC. ra.

IMomygenHas mpoekTHas romans yyactkon ['3JITT,
pa3MeIleHHbIX Ha HUCCIENyeMbIX TEPPUTOPHUSIX CO-
craBisieT 6949.6 ra. [1nomanp JIECHBIX HACAXKAEHUNA,
omnpeneneHHas IIpyU KapTorpapupoBaHUM TEPPUTO-
pMU UCClIeIOBaHU MO aKTyaIbHBIM KOCMOCHUMKAaM
cocraBuia 6106.1 ra (Bempuukuii, I1IvHKapeHKO,
2022). Coxpannoctb (ITateHT Ne 2437061) T'ocynap-
CTBEHHOI 3alIUTHOM TTOJIOCHI 110 BCEU MPOTSKEHHO-
CTHM Ha MOMEHT MCCJICOOBAaHMI COCTaBUJIa HE MEHee
90% (Buimpuukwuii, 2021, Bempuikuii, 2022), B CBS-
31 C 3TUM MOXHO CIeJ1aTh BBIBOA 00 OTCYTCTBUM Ba-
puanuy 3Toro akTopa 1 Kak CJIeICTBHUE CUMTATh €ro
BEJIMYMHOM MOCTOSIHHOM, BIMSIOIIEH HAa COCTOSTHUE
MOCeBOB B oanHaKoBoi Mepe. [Ipu mpoBeaeHUn no-
JeBbIX uccaenoBaduil B 2022 ObLIN BHIMTOJIHEHBI TaK-
CallMOHHBIE OMMUCAHUS BPEMEHHBIX MPOOHBIX ILJIO-
maneit. OnpenesieH mopoaHbiii coctaB Kyauc I'3JITT
“Ilen3a — KameHck”. YcTaHOBJIEHBI CAEAYIONINE 10~
pomHble cocTaBbl: a1 1 sapyca — SBndiAn (Ulmus
pumila L., Fraxinus pennsylvanica Marshall), 514550
(Quercus robur L., Fraxinus pennsylvanica Marshall),
4B4Am2Ma (Ulmus pumila L., Fraxinus pennsylvanica
Marshall, Quercus robur L.); nns 2 sipyca — 10K (Lonic-
era tatarica L.), SKntSAX (Acer tataricum L., Caragana
arborescens Lam.). Cpennsisa Beicota ['3JIIT — 11.45 m,
CpeIHEKBaapaTHYECKOe OTKIIOHeHME 1.64 M, cpeaHuii
Bo3pacT HacaxneHus 60 neT (Bempuikuii, 2022).

PacrnipeneneHue rutomany mojeii, UCTIOIb3yeMBbIX
TSI BEIpAIIMBAHUS MIPOITYKITUU CETLCKOTO XO3STMCTBA
B OydepHoii 3oHe I'3JIIT “Ilenza — KameHck”, u B
IIeJIOM B MYHUIIMITAJIBHBIX paiioHax MPUBEICHO IO
maHHBIM Poccrata mo Bonrorpaackoit obmactu
(tabu. 2) (https://www.gks.ru).

YcraHoBneHo, 4To mos B 0ydepHoit 3oHe I'3JITT
“ITenza — KaMeHCK” TIperMYILIECTBEHHO PACIIOIOXe-
Hbl Ha YepHO3eMax (TUIIMYHBIX U I0XKHBIX) U TEMHO-
KaIlITAaHOBBIX mouBax (cM. puc. 1). I1lpodwib n3meHe-
Hus peabeda no Tpacce I'ocymapcTBeHHOI 3alIMTHOI
JIECHOI1 TT01I0CkI Ha Tepputopun Bosrorpanckoit 06-
Jactu (puc. 2) Ioay4eH B pe3yabTaTe aHalIu3a
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Tabomuna 2. [Tiouans uccineayeMbIx 1 Bcex oOpabaTsiBaeMbIX ToJiei o paiioHam Ha 2022, TeIC. ra

HazBanue paiiona [Inomanpk uccienyeMbix mojei IloceBHas miomanb
KupHoBcKuit 5.2 109.8
PynustHCKMiA 6.1 92.4
Enanckuit 1.4 145.0
JaHnnoBCcKui 6.8 109.9
HoBoanHuHCcKUMit 2.5 173.8
KyMbLTXKEHCKUI 5.0 88.5
CepaduMoBUUCKU 8.3 114.2
T'oponckoit okpyr MuxaitioBKa 12.2 164 .4
Bcero 47.5 998.0

Ta6mma 3. TeocTaTMcTHUeCKUEe XapaKTEePUCTHUKHM MTOJIeH Ha TEPPUTOPUU UCCIISTOBAHUS

CraTuctTudeckue XapaKTCpUCTUKHN

ITapamerpnl

iomanab, ra

BbIcOTa penbeda, M KpYTH3HA CKJIOHA, °

Oo61as 47504

CraHmapTHOE OTKJIOHEHNE 104.8
Cpennee 113.2
Maxkcumym 659.4
MuHuMYyM 2.3

25.4 0.46
164.9 1.22
240.0 6.5

68.0 0.4

nudposoii monenu MmectTHocTu SRTM 1. PesynbTa-
Thl M3y4eHUSI IIPO(DUIIST ITO3BOJISIIOT YCTAHOBUTH
rnapaMeTpbl U3MEeHEHUsI pefibeda Mo Bceil Tpacce
I'3JII1. ITpodunb NpoOI0XKEH OT TOYKHU C KOOPAMHA-
tamu 51°11’47”C.111., 44°16’45” B.J1. 10 TOYKU C KO-
opavHaramu 49°13°32” C.111., 42°03’23” B./1. BricoTa
penbeda B Hagae npoduiasg 244 M B KoHLe 181 M.
Oob1as piiuHa ucciaeayemoro ydyactka 334 km. Ilepe-
mnaj BEICOT MEXIy TOYKaMM Havalia 1 KOHIIa IIpodu-
711 69 M. MuHUMaJIbHasl BbICOTa pesibeda Mo mpodu-
o 46 M, MakcuManbHast 243 M. CpemHsIsT KpyTHU3HA
ckioHa 0.01°. MakcuManbHast KpyTHM3HA CKJIOHA
6.5°. AsumyT — 216°. Takum obpasom, Tpacca I'3JIT1
C HE3HAYUTEIbHBIM YKJIOHOM OpMEHTHMpOBaHa Ha

51°11'46" N, 44°16'45" E

1oro-3anaj (1o HarpapieHUIO OT Hayaja Npoduist) u
nepecexkaet noMel pek Tepca u JIoH.

l'eonHdopManmoHHbIN aHAIM3 MopdoMeTprUe-
CKHMX XapaKTepUCTUK Kaxnoro u3 413 noseii, pasme-
meHHbIX B Oydepe BaussHus [3JII1 ncnoib3yeMbIx
JIJIST BBIpAIIMBAHUS CEJIbCKOXO3SIMCTBEHHOM MPOIyK-
IIMM C TTIOMOIIIBIO UM POBOI MOJEU peiibeda, IT03BO-
JIWJI YCTAHOBUTb MX 3HAUEHUs IJIsI KaKAOTo M3 pac-
CMOTpPEHHBIX osieid. B Tab1. 3 mipemcraBiieHBI TeocTa-
TUCTUYECKHE XapaKTEPUCTUKI COBOKYITHOCTHU TIOJIEH.

T'eocraTucTyeckue XapaKTEepUCTUKMU JaloT BO3-
MOXHOCTb OOCHUTDb TEPPUTOPUIO KaK BO3BLIILICHHYIO
PaBHUHY, IVIaBHO IMTOHW2KAIOIIYIOC ITO ITYyTHU HpO(I)I/I-

49°13'31"" N, 42°03'23" E

300
L, xm

Puc. 2. MonenbHblit npodwib u3MeHeHus peibeda 1o Tpacce [ocynapcTBeHHOM 3alIMTHOM JIECHOM MOJIOCHI.
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Puc. 3. [Ipumep ucciienyeMoro TeCTOBOrO IOJINIOHA: @ — LIBETOCUHTE3UpOBaHHOe n300paxeHue mo RGB kananam; 6 — kapTa
pacnpeneneHust 3HaueHuit NDVI; ¢ — undposast monens penbeda nods.

I co cpenHeil kpyrusHoii 0.01°, ctaHmapTHOeE OT-
KJIoHeHUEe cocTtaBisieT 0.46° 1mpu MaKCUMaJIbLHOM
3HaYCHUM KPYTU3HBI CKJIOHA 6.5°. PesynbraT mccie-
JOBAHUI MTPOCTPAHCTBEHHOIO pacHpeieyieHUsI Teo-
MOP(}OJIOrMYeCKUX XapaKTepUCTUK HAET BO3MOX-
HOCTh CTPYIIUPOBATh IMOJISI MO CpedHell KpyTU3He
CKJIOHA U BBIIENIUTH MOCEBHbIE TUIOMIAAN C KPYTU3-
HOI MeHee 2°, KaK HauMeHee MOIBEPKEHHBIC CMbIBY
nouskl. (Pynes u ap., 2015; Pynes, IOdepes, 2016).

KonnyecTBo aHAIM3UPYEMBIX ITOJICH, BRIOpAHHBIX
JIJTsl aHAJIN3a Ha 4epHO3eMaXx IOXKHBIX U TEMHO-Kalll-
TaHOBBIX ITOYBAX C KPYTU3HOI CKJIOHOB MeHee 2° co-
ctaBuiio 82 u 44 coorBeTcTBeHHO. Ha puc. 3 mpuBenaeHa
KpYITHOMACIITaOHAast KOCMOKAapTa U KapTa pacrpeaese-
Hus 3HavyeHnt N DVI mist TectoBoro mmojimroHa (1moJisi ¢
noceBaMu o3mMMoii rreHusl Ha 07.05.2022 r.), pac-
MOJIOXKEHHOTO Ha YepHO3eMax I0KHBIX B KyMbUKeH-
CKoM paiioHe Bonrorpanckoii ob6imacTu.

B pesynbraTte ucciaemoBaHUii YCTaHOBJICHO IIPO-
CTPaHCTBEHHOE pacIipeae/ieHue CPeIHeTo 3HAYeHUST
BereTallMOHHOro uHAeKca ¢ marom 10 M a1 yyacr-
KOB MOJIei1, pacoJIoXXeHHBIX B 30He Oy(depa (Ha pac-
crositiuu 400 m ot I'3JIIT) 1 MMerOIIMX CXOMHBIE YCIO0-
BUSI JUISI Pa3BUTUSI TIOCEBOB Ha YepHO3eMax IOXKHBIX
(NDVIyj0)) 10 paccTosiHUIO OT TPaHMULBI JIECHOTO
HacaxneHnus (L). CpenHee 3HaueHNE BeTeTaLIMOHHO -
ro MHIeKca I10 TeHEPaJIbHOKM COBOKYITHOCTM 3Haye-
HUiI1 B paccmatrpuBaeMoit 3oHe paBHO 0.491. CraH-
JIapTHOE OTKJIOHEHHUE 110 Beeii coBokymHocTH 0.130.

11 Becex moJieii, pacoIoXeHHBIX Ha YepHO3eMax
FOXHBIX, ITOCTPOEHBI TpaUKN U3MEHEHUS CPETHETO

NCCIEOOBAHUME 3EMJIM U3 KOCMOCA  Ne 4

BeTreTallMOHHOTO MHAeKca (puc. 4) m pa3paboTaHO
ypaBHeHUe perpeccuu (6e3 yuyera 3HaueHnii NDVI B
30HE JICTIPECCUN):

1
= (0.057Exp(—((L —1 14)2/(44 521)))) + 0.42. 2
Kosdpduument nerepmunanmu (R?) pe3yabTaToB

anmnpoxkcuMalmu 1o ypasHeHuio (1) cocrasui 0.530.

ITonyueHHbIe pe3ysibTaThl 115 MOJIeid Ha YepHOo3e-
Max I0KHBIX ITOKa3bIBAaIOT, YTO IpU (DOHOBOI1 BeIu-
yuHe cpenHero 3HaueHust NDVI — 0.484 npocnexu-
BalOTCS ClleAylolie U3MEHEeHUsI ero 3HauyeHUs Ha
PacCTOSIHUU OT rpaHULIbI Jieconoiockl: 10 M — 0.471;
20 M — 0.471. Ha pacctosiHuM TpuMepHoO 28 M 3Have-
HUE MHAeKca NocTUuraetr (hoHOBOIO, 3TO CBUIIETEIb-
CTBYET O CYLIECTBYIOILIEH 30He aernpeccuu (O01us u
Ip., 2018), B KOTOpOii BIUsIHYE JIECHOI MOJOCHI Hera-
TMBHO CKa3bIBae€TCs HA pa3BUTUM MOCEBOB. B najibHelt -
eM cpenHee 3HadeHrne NDVI ;o) Bo3pacraer, ckasbl-
BaeTcs nmojioxutenbHoe BavsiHue ['3J1TT 1 Ha ynaneHun
oT Hee Ha 120 M cpenHee 3HauyeHre nHAaekca NDVI no-
cruraet MmakcumaiabHoro 0.504. Ilpu ymaneHun ot mo-
Jiockl Ha 210 M 1 ToHMXKaeTcsl 1o poHoBoro. B manb-
HelimeM mo rpaHuibl Oydepa (400 M) dakTaeckoe
3HAYEHUE CPENHEr0 BapbUPYeT OTHOCUTENbHO (HDOHO-
Boro ¢ koadduimeHrom Bapuau Cv = 0.000023.

Takum xe obpa3zoM IS TTOJIeH, PacIIOI0XKEHHBIX
Ha TEMHO-KaIlITAHOBBIX II0YBAaX, IIOCTPOEHKI rpadu-
KU U3MEHEHHUSI CPEOHETO BETeTAallMOHHOTO MHIeKCa
(NDVI 1)) (puc. 5) no paccrostnuto ot I'3JIIT (L) u
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Puc. 5. Msmenenue snagyeHust NDVI ri, o paccrosiauio ot rpanuist [3JITI.

pa3paboTaHo ypaBHeHHE perpeccun (0e3 yuyeTa 3Ha-
yenuit NDVI B 30He menpeccun):

NDVI(TK) =

(2)
= (0.034Exp(—((L — 18)2/(23 409)))) +0.477.
KosdpduumeHT gerepmuHauuu (R?) pe3yabTaToB

anmnpoKCcUMaluru 1o ypaBHeHuIo (2) cocraBui 0.599.

[MonyyeHHBIE IST YCIOBUIA T€MHO-KAIITAHOBBIX
MOYB pe3yJIbTaThl MOKAa3bIBAIOT, UTO NMpPU (POHOBOM
BeJIMYMHE CpefiHero 3HaveHust uuaekca NDVI ry) —
0.481 1mpociexXuBaIoTCs ClIeaylolne U3MEHEHHUS eTO
3HAYEHMS HA PACCTOSTHUM OT TPAHUIIBI JIECOIOJIOCHI:

NCCIEOOBAHUME 3EMJIM U3 KOCMOCA  Ne 4

10 Mm — 0.446; 20 m — 0.460; 30 m — 0.480. Ha paccro-
saun 30 M 3HaYeHNE MHAECKCA MPAKTUIECKU JOCTU-
raet ()OHOBOIO, TaK1€ U3MEHEHUS TAKXKE CBUICTEIIb-
CTBYET O CYILIECTBYIOIIEl 30HE AeNPECCUM Ha TEMHO-
KallITAHOBBIX TToYBax. B pmanbpHeiineM cpemHee 3Ha-
yeHure NDVI 1y, Bo3pacTaer, CKa3bIBaeTCsl MOJTOXKM-
tenbHOe BimssHue I'3JII1 n Ha ymajneHWM OT Hee Ha
140 M cpemHee 3HayeHue mHIekca NDVI nocturaer
MmakcumanbHoro 0.511. I1pu ynajeHuu oT MoJoCHl Ha
250 M 1 moHMKaeTcs 10 (poHoBoro. B nanbHeieM
o rpaHuibl oydepa (400 M) pakTUIecKOe 3HaYUECHUE
CPEIHETO BapbUpPYyeT OTHOCUTEIHLHO (DOHOBOIO C KO-
s¢pdrnmenTom Bapnanun Cv = 0.00008.
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CrenyeT OTMETUTh, YTO B HAIIIMX UCCIIETOBAHMSIX
ISl TIOCEBOB Ha TEMHO-KAIITAHOBBIX MTOYBAaX BBISIB-
JIEHBI 00Jiee BBICOKME CpEeIHNE 3HAUCHUS BereTalu-
OHHOTO WHAEeKca M Oojbllas IIMPUHA 30HbI BIUS-
Hus. M3ydyeHume reoMop@doormdyeckux (pakTopoB
MOKa3ajio clieaylolliee, TaK KaK TEPPUTOPUS HUCCIIe-
JIOBaHMI 00ycJIoBIeHA ITpuypodeHHOCTRIO K ['3JI11,
KoTopasl pa3MellleHa 10 Bogopasaeny, To OydepHas
30Ha, B KOTOPOI BBIIEJIEHBI yUaCTKU 0OpabaThIBae-
MBbIX TOJIed OTHOCUTCS K IIPUBOIOPA3NC/IBHON YacTu
BomocOoOpoB pek Mensenuina u by3yinyk, a camMmu ygacT-
KU TI0J1eii XapaKTepu3yeTcsl CpeaHel KpyTusHoit 1.22°,
YTO CBHUIETEILCTBYET O OUEHb ITOJIOTOM XapaKTepe
HakJIoHa ckioHa (Ocumnos, 2016).

I1pu reomopdomornyeckoM aHaan3e peabeda Te-
CTOBOTO MOJIMTOHA YCTAHOBJIEHO, UTO JaXe MpU He-
OOJIBIIIOIT KPYTU3HE IMOBEPXHOCTU MMEIOTCS CIIEIbI
BOJIHOM 3p03UM, KaK IJIOCKOCTHOM, TaK U JIMHEHOM,
SPO3MOHHLIN penabed oToOpaxkaeTcss Ha LUPPOBOI
Moneau peibeda moist (puc. 3). Dpo3ust oKa3bIBaeT
CYIIIECTBEHHOE BJIMSIHUE Ha MTOCEBbI K YETKO MpoOcCe-
JKMBAETCs 110 KapTe pacrpeneyieHus: naaekca NDVI
(puc. 3), Ipu 3TOM B MeCTaX MOJIHOIO pa3pylIeHUs
IUIOAOPOIHOIO CJIOSI BCJIEACTBUE JIMHEMHON 3pO3Un
HaOMomaeTcs1 3HauuTe/bHO cHkeHre NDVI, a B me-
CTax JIOKAJIbHBIX ITOHVKEHU C TOBBIIIIEHHON BJIaXKHO-
CTBIO M HAMBITOI ITOYBOM OTMEUYAETCS €T0 YBEJIUUCHUE.
Takum 06pa3oM, UCTIOIL30BAaHUE IETAJILBHOTO TEOMOP-
¢ oJIOrMYECKOro aHaIM3a Mo KaXXIoMy IIOJII0 JaeT BO3-
MOXHOCTb YCTAaHOBUTH ITPUYMHBI CHIDKCHUST Ka4ecTBa
MOCEBOB U B AaJIbHEMIIIEM ITPOBECTU COOTBETCTBYIOIIIME
pa0dOoThI II0 BOCCTAHOBJICHMIO TUTOAOPOINS TTOYB.

O1ieHKa BIUSIHUS KIUMaTUYeCcKuX (haKTOpPOB MO-
Kasajia, 4YTO cpeaHee 3HaUeHUEe KOJMYECTBA BhIITaB-
IIUX OCAJIKOB U CpeIHE TeMIlepaTypbl Ha TEPPUTO-
pMU UCCIIEIOBAaHUI MO JAHHBIM OVKAMIIINX METeo-
cranumii (http://www.pogodaiklimat.ru/) 3a ceHTSIOpPb
2021 1o amrpens 2022 1. BAUSIONINX HA pa3BUTHUE O3U -
MBIX: IO YepHO3eMHOIT 30He 363 MM 1 2.49°C, cpen-
HEKBaJIpaTU4YeCKOe OTKIIOHEHWE TeMmepaTypbel —
5.99°C; no non3oHe TeMHO-KaIITaHOBBIX — 333 MM 1
3.76°C, cpeqHeKBaIpaTUIECKOE OTKJIOHEHUE TEMITEpa-
Typel 5.87°C cooTBeTCTBEeHHO. bobloe cpemHekBa-
paThyecKkoe OTKJIOHEHHWE TeMIIepaTypbl OOYCIIOBJICHO
MepUoIOM HaOMOAEHUS C OOJIBIIUMU CE30HHBIMU U3-
MEHEHUSIMU TeMIepaTyp. AHAJIU3 METEOPOJIOTMIECKIX
JAHHBIX TTOKA3bIBACT MPEBBIIICHNE 0CATKOB Ha TTOJISIX
YEepHO3E€MHOI 30HbI, UTO HEe OOBSICHSIET OTCTABaHNE B
Pa3BUTUU ITOCEBOB, B CBSI3U C 3TUM, ITO HAIlleMy MHe-
HUIO, OCHOBHBIM (paKTOPOM, MIPUBOISAIIMM K OoJiee
OGBICTPOMY PAa3BUTUIO PACTEHUIT HA TEMHO-KAIITAHO-
BBIX MOYBAaX SIBIIIETCS reorpauyeckoe MOJIoXeHUe
rnoyieii (ceBepHasl TpaHWIA HAXOOWUTCS Ha IIUPOTE
49.55°), Ipu 3TOM MOXHO OTMETWTh, YTO ISl BbI-
OpaHHOI TEpPUTOPUU B 30HE TEMHO-KAIlITAHOBBIX
IIOYB cpeaHss TeMmiepaTrypa Ha 1.27°C Bbllle, 4eM
CpeoHsIsT TeMIepaTypa B YepHO3eMHOIM 30He (ceBep-
Hasl TpaHMla HaxoguTcsd Ha mmpote 51.19°). Ecre-
CTBEHHO BBIIIIEe CYMMAa CPEIHECYTOYHbBIX TEMIIepaTyp,
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CIIOCOOCTBYIOIINX OoJiee MHTEHCHUBHOI BereTaluu
pacTeHMUIA.

YTo KacaeTcs MOYBEHHBIX YCIOBHIA, TO MCCIEIO-
BaHMS TIOKAa3aJii, YTO Ha MOJISIX B Oy(depHOI 30HE
I'3JIIT Kak Ha yepHO3eMax IOXHBIX, TaK U1 Ha TEMHO-
KaIlITAHOBBIX MOYBAX OTMEUYEHO JTOCTATOYHO BBICOKOE
conepxxaHue rymyca (6onee 5%) (Komrenes, 2019). I1o
COJIEP>KAaHUIO KOMILJIeKca MUTATebHBIX BEIeCTB
Azor—®ochop—Kanuit (NPK) uccimemoBaHust He
ITPOBOIMIIVCD.

SAKJIIOYEHUE

B pesynbrare IMCTaHLIMOHHBIX U MOJIEBBIX UCCIIEN0-
BaHU ObUIM YCTAHOBJIEHBI XapaKTEPUCTUKU 0Opabda-
TBIBAEMBIX T10JIEll HA TEPPUTOPUSIX, TTPUIETAONIUNA K
T'ocynapcrBeHHoit 1ecHoii mojtoce “Ilen3za — KameHck”.

CoxpaHHOCTb yyacTka ['ocynapCTBEHHOM 3allIUT-
HOI MOJIOCHI HA BCEM TIPOTSKEHUU YCTaHOBJIEHA MO
nHaekcy NDVI, nmpakTuyecku He MEHSIETCSl ¥ paBHA
90%. BcnencTBre 4ero MOXHO CUMTAaTh YPOBEHB BITH-
SIHUSI COCTOSTHUSI HACaXIIEHUST TMTOCTOSSHHBIM U OJM -
HAKOBBIMU TSI BCEX MOJIEH.

B pesynbraTte mcciemoBaHMiI YCTAaHOBJIEHO IIPO-
CTpaHCTBEHHOE paclipeliejicHe CpeIHEero 3HaUeHUs
BereTallioHHoOro nHaekca NDVI njist yaacTkoB moJeid,
PACITOJIOXKEHHBIX B 30HE BIUSIHUS M UMEIOIINX CXOMI-
HBIE YCIIOBUS IJ1s1 pa3BUTHSI pACTEHUI IO PaCCTOSTHUIO
ot rpanuubl I'3JIT1. [ Bcex 1moseii, paciooKeHHBIX
Ha YepHO3eMaX IOXXHbBIX 1 TEMHO-KAIIITAaHOBBIX IIOYBAaX,
onpeneyieHa QYHKIUUS AT ONMUCAHUS U3MEHEHUS
CpeIHero BereTaloHHOro mHiaekca (dpynkuust ayc-
ca), ITOCTPOEHBI ypaBHEHMSI PETPECCUM 1 yCTAHOBJICHBI
KO3 PULIMEHTHI allITPOKCUMALIVH.

IMony4yeHHBIE pe3ylnbTaThl IS YePHO3EMOB I0KHBIX
MOKA3bIBAIOT, YTO HA PACCTOSHUU TIPUMEpHO 28 M
cpeaHee 3HaAUYeHME WHAEKCA TOCTUTaeT (POHOBOTO
(0.484), 3TO CBUAETENBCTBYET O CYILIECTBYIOIIEH 30HE
JIeTIpeCcCUy, B KOTOPOil BIUSIHHUE JIECHOI ITOJIOCHI He-
raTUBHO CKa3bIBAE€TCSI HA Pa3BUTUU ITOCEBOB. B manb-
HeWIIeM cpeHee 3HaueHUE BereTallMOHHOTO MHAEKCca
BO3pacCTaeT, M Ha yIAJIeHUU OT IOJIOCHI MAKCUMAJTbHbIE
cpennue 3HaueHus nocturaroT 0.504. Ipu ymanenun
Ha 210 M NDVI nnonmxaercst 1o ¢oHOBOTO.

st ycioBUii TEMHO-KallITAHOBBIX MOYB TaKXke
YCTaHOBJIEHO, YTO Ha paccTosTHUM 10 30 M OT rpaHu-
LIbI JIECOTOJIOCHI HAOJI0IaeTCs] CHUXXEHUE CPEaHero
3HaYEHUS MHAEKCA, YTO COOTBETCTBYET CYIIIECTBYIO-
meii 3oHe aenpeccuu. MoOHOBOe 3HAYEHUWE WHAEKCA
MOYTH HocTuraeTcst Ha paccrossHuu 30 M 1 paBHo 0.480),
YTO HMKE YeM LISl YepHO3eMOoB 10XHbIX. Ha paccto-
sHum ot 30 1o 400 M cpenHee 3HaYESHWE MHIEKCA 10~
cturaeT MakcumaiabHoro 0.511 mpu ynajieHuu ot mo-
Jockl Ha 140 M 1 moHMXKaeTcst 10 GOHOBOTO Ha pac-
crositHuu 250 M.

Bbnaromapsi reoMophoNOTUYECKOMY aHAJIM3y Te-
CTOBOTO ITOJINTOHA, HATJISIIHO JEMOHCTPUPYETCS U3-
MeHeHue Tokasarens 3HadeHnit NDVI o mpuanxe

2023



68 BBITTPULIKWNH, IOOEPEB

U3MeHEeHUs peibeda Mmossi. YUacTKU MOoABEPXKEHHbIE
JIMHEMHOU U TUIOCKOCTHOM BOOHOM 3pPO3UM UMEIOT
HaWMEHBIIINE MOKA3aTeIM BETETAllMOHHOTO WHICK-
ca, B TO BpeMs, KaK MECTa JIOKAJIbHbIX MOHWXEHUN
neMoHcTpupyloT yBenudeHue NDVI. Takum oOpa-
30M, UCIOJIb30BaHUE AeTaIbHOrO reoMopdoJioruye-
CKOTO aHaJIN3a MO KaXXIOMY MOJI0 Ja€T BO3MOXHOCTh
YCTAaHOBUTh MPUYMHBI CHUKEHUS KayeCTBa IIOCEBOB
¥ B TAJIbHEMUIIIEM MPOBECTU COOTBETCTBYIOIINE padO-
TBI IO BOCCTAHOBJICHUIO TUIOIOPOAUS TTOYB.

Takum oOpa3oM, yCTaHOBJIEHO M3MEHEHME TTPONYK-
TUBHOCTU IIOCEBOB CEJIbCKOXO3SMCTBEHHbBIX KYJILTYD
MIpU BIIMSIHUY FOCYJAPCTBEHHBIX 3aIlUTHBIX JIECHBIX
MoJI0C, ONpeAeaeHbI 30HbBI IeNPEeCCUM IS TTOCEBOB,
pa3MelIeHHbIX Ha pa3HbIX TUIIAX MOYB, a TAKXKE BbI-
SIBJICHA IUPUHA 30HBI MOJOXUTEIEHOTO BO3IECTBIS
IIJIST TPYNITAPOBOK TIOJIEi, pa3MElIeHHBIX B CXOMHBIX
YCIIOBUSIX.

NCTOYHUK OMHAHCUPOBAHUA

Pabota Obl1a BhIMOJIHEHA T10 TOCYAapCTBEHHBIM 3aja-
HusM @enepallbHOTO HAYYHOIO LIEHTpa arpo3KOJIOTUH
PAH, HUOKTP 122020100406-6 “TeopeTHyecKre OCHO-
Bbl MaTeMaTUKO-KapTorpauueckKoro MOICIMPOBAHMS
(YHKLIMOHUPOBAHUS U MPUPOIHO-AHTPOIIOTEHHOM TpaHC-
dopmaLIMK  arpoJieCOMEIMOPATUBHBIX CUCTEM B 3allUTE
o4B oT Aedsauun.”
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Geoinformation Analysis of the Impact of State Protective
Forest Belts on the Productivity of Agricultural Land

A. A. Vypritskiy! and V. G. Yuferev!

! Federal scientific center of agroecology, complex meliorations and agroforestry of RAS, Volgograd, Russia

Determining the patterns of changes in the productivity of agricultural land in different areas used for growing
agricultural land in the zone of influence of State Forest Strips (GZLP) is relevant due to the need to assess
the future crop yield in fields with differences in geomorphological, soil and climatic conditions in the re-
search area. An object. Sowing of winter grain crops in fields mixed within the influence of State forest strips.
Materials and methods. The research methodology is based on the geoinformation analysis of the results of
the decryption of actual satellite images, both to identify the distribution of cultivated fields located in the
zone of influence of GZLP, and the state of crops on them. At the same time, the soil zonality of the research
area was taken into account in view of the considerable length of forest strips. The assessment of the condition
of winter grain crops as they move away from the planting was carried out using the NDVI vegetation index
calculated from the high-resolution spectral channels of satellite images. Results and conclusions. Based on
the results of the research, a database of spatial data of the processed fields has been compiled. The grouping
of fields was carried out both according to the similarity of the conditions of the places of cultivation of crops
and by agricultural crops. Their placement and geomorphological parameters have been established. With the
use of geoinformation technologies for groups of fields using statistical processing tools, the average values of
the width and area of the selected zones of influence, as well as terrain parameters, were determined. During
geoinformation mapping, data on the state of crops at the end of May were obtained based on the change in
the NDVI index by field groupings in the zone of GPLP impact. These data are the basis for the forecast of
crop yields, taking into account the spatial location of fields.

Keywords: remote, sensing, geoinformation systems, geoinformation systems, space photos, mapping, pro-

tective forest belts, analysis, productivity
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