PervoHanbHblie reocuctembl. 2024, 48, Ne 1 (91-105)
Regional geosystems. 2024 Vol. 48, No.1 (91-105)

YK 528.85
DOI 10.52575/2712-7443-2024-48-1-91-105

Koppenaynsa ypoXxXamHOCTU 3epHOBbIX KY/NbTyp
N BeretayMoHHoro nHaekca SAVI
Ha Tepputopumn Pecnybnukn TatapcTtaH

*CabupssdaHos A.M., *MNaHactok M.B., 2Awnpb6ekos LU.Y.
' AOY BO «KasaHckuii (MprUBOMKCKMIA) heaepanbHbIil YyHUBEPCUTET»
Poccusa, 420008, r. KasaHb, yn. Kpemnesckas, 18
2PI'50Y BO MOCKOBCKUIA roCyiapCTBEHHbIA YHUBEPCUTET reoe3nn 1 kaptorpapum,
Poccus, 105064, r. MockBa, [TopoxoBckuii nep., 4
E-mail: sabiralmaz@mail.ru, mp3719@yandex.ru, shasirbekov@gmail.com

AHHOTauusa. B cTaTbe pacCMOTPEHbl BO3MOXHOCTWM  MPUMEHEHWUS  [aHHbIX [AMCTaHLMOHHOIO
30HAMPOBaHMS 3eMAN U TeOMH(OPMALMOHHLIX TEXHONMOTUA A5 aHanu3a W MPOrHO3MPOBaHWS
YPOXXaNHOCTW 3ePHOBbLIX CENbCKOXO3AACTBEHHBLIX KYNbTYP, BbIPaLMBAEMbIX B Pa3/IMUHbIX MOYBEHHbIX
30Hax Pecny6nuku TaTtapcTaH. BbifiBNeHbl K/OUeBble (aKTOpbl, BAUAKOWME HA POCT U pasBuUTUE
pacTeHMii B MNOYBEHHO-KIUMATUYECKUX YCNOBWUAX pervoHa. [puBogaTcs pesynbTaTbl 06paboTKu
reoflaHHbIX CO CMYTHWKOBbIX CHWMKOB Landsat-8 ¢ MOMOLLbI0O METOAOB CMeKTpasbHOro aHanusa,
Mo3BOMIMBLUME paccyUMTaTb 3HAYEHWUA BeretalMOHHbIX WHAEKCOB AN 3epHOBbIX KynbTyp. PesynbTaThl
KOPPEensaLNOHHO-PerpeccCUoOHHON0 aHannsa gaHHbix 2021 rofa npuBesin K BbISIBJEHUIO BbICOKON CTeMNeHu
TECHOTbI KOppensunoHHol ceasu (r = 0,8) mexay nHaekcom SAVI n cpefHeid ypoxakHOCTbIO 3ePHOBbIX
Ky/nbTyp ANA 3afaHHON BbIGOPKM MYHMLUMMANbHbIX PaliOHOB, MPeACTaBAAOWMX BCE MOYBEHHbIE 30HbI
pervoHa. [laHHas 3aBUCMMOCTb OTPaXKaeT He/IMHelHble COOTHOLUEHUS MeXAy nokasatensmu. [laetcs
XapakKTepucThkKa AUHaMWUKKN 3HavyeHUn nugekca SAVI B nepuof hasbl Beretauuy pacTUTe/IbHOCTU Ha
OCHOBE aHanu3a TpeHAa BPeMeHHOro psaga. llokasaHo, YTO BbICOKME [A/19 PEruoHa CpefHecyTOYHble
TemnepaTypbl, CNOCOOCTBYHOLLME TOPMOXEHUIO POCTA M Pa3BUTUA PacTeHWid, JOCTOBEPHO OTpaXKatoTcs
HEBbICOKUMW 3HauyeHnAMM uHAekca SAVI. [MpuBoauTtcs BbIBOA 06 06paTHOW CBA3KW MHAEKca
pactutensHocT SAVI 1 nokasaTend BOAHOIO MHAEKCA Ha MOMAX 3ePHOBLIX KY/bTyp PervoHa.

Knto4eBble cfioBa: AMCTAHUMOHHOE 30HAMpPOBaHWEe 3emsun, (HhoTOrpaMMeTpus, reouMH(OpPMaLMOHHbIE
TEXHOMOMMKN, MYNbTUCMEKTPa/bHbIA aHann3, BereTaluMoHHbIA WHAEKC, KOPPEeNsLMOHHO-PerpecCUOHHbIA
aHann3, YpoXxXaiHOCTb 3epHOBbIX Ky/bTyp
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Abstract. The article considers the possibilities of using Earth remote sensing data and geoinformation
technologies to analyze and predict the yield of grain crops grown in different soil zones of the Republic
of Tatarstan. The key factors influencing the growth and development of plants in soil and climatic
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conditions of the region are identified. The results of geodata processing from Landsat-8 satellite images
using spectral analysis methods, which allowed to calculate the values of vegetation indices for grain
crops, are presented. The results of correlation-regression analysis of 2021 data led to the detection of a
high degree of correlation closeness (r = 0.8) between SAVI index and average grain yield for a given
sample of municipal districts representing all soil zones of the region. This dependence reflects non-linear
relations between the indicators. The dynamics of SAVI index values during vegetation phase is
characterized on the basis of time series trend analysis. It is shown that high average daily temperatures,
contributing to the inhibition of plant growth and development, are reliably reflected by low values of the
SAVI index for the region. The conclusion about the inverse relationship between vegetation index SAVI
and water index in grain crops fields of the region is given.

Key words: Earth remote sensing, photogrammetry, geoinformation technologies, multispectral analysis,
vegetation index, correlation and regression analysis, grain crop yield
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BeeneHune

O6beKTMBHAA M akTyanbHas MHGHOpPMaLMa 0 COCTOAHUMN CeNbCKOXO3AWCTBEHHbIX Yroauii
ABNAETCA OCHOBOI NOWCKA PeLleHNii MO yCTONYMBOMY Pa3BUTUIO CEbCKOXO03SCTBEHHON OTpac-
NV KaK OTAEeNbHO PeruoHa, Tak U CTpaHbl B LLEN0M.

HecMOTps Ha OTHOCUTENbHO HeboNblMe pasmepbl, Tepputopus Pecnybnukmn TatapcTaH
ABNSETCA JOCTATOYHO HEOAHOPOAHON B MAaHe MOYBEHHbLIX U KIUMaTUYECKUX YCNOBWIA BeLeHUS
Ce/IbCKOXO03A9MCTBEHHOro MNpomn3BoAcTBa. CMeHa MPUPOLHbLIX 30H B permoHe NpPoOUCXOAWT npwu
NPEVMYLLECTBEHHOM ABUXEHUW B MepPUAMOHANBLHOM HamnpaBfieHWW, YTo obycnaBnmBaeT xapak-
TEp W3MEHEHMWA KaK MOYBEHHbIX, TaK U KIUMATUYECKUX YCNOBUIA. VI3MeHeHNe KIMMaTUUYeCcKnx
YCNOBWUI MNPOABAAETCA NPEMMYLLECTBEHHO B OMpejAeseHHOW TeppuTopuanbHOl auddepeHyna-
LUK cpefHerofoBbIX TeMNepaTyp, r’MAPOTEPMUYECKOTO KO3 MULMEHTA, peXXUMa TeMMepaTypbl 1
0CafKOB, ABMAKOLWMNXCA OAHUMWU U3 TNaBHbIX (HaKTOPOB YPOXAWHOCTWN CENbCKOXO03AMCTBEHHbIX
KYNbTYp pernoHa.

OO6beKTOM MPOBEfEHHOrO UCC/efOBaHUA NOCAYXWUAN arponaHjwad el 3epHOBON0 KNHa
0bpabaTbiBaeMblX NaxOTHbIX YFOAWA TePPUTOPUIA AECATU MYHULMNANbHLIX paioHOB Pecny6u-
Kn TatapcTaH, obpasylolnx pernpe3eHTaTUBHYO B MfaHe y4vyeTa guddepeHymnaLum noYBeHHO-
KAMMaTUYeCKNX YCNOBUI BbIBOPKY.

MpegmeT nccnefoBaHWs - MOHUTOPUHI YPOXXaMHOCTU OCHOBHbIX 3€PHOBbLIX KYNbTyp,
BblpallMBaeMblX Ha TEPPUTOPUN PErMOHA, OCYLLECTBASEMbIA HA OCHOBE MPUMEHEHWUS TEXHOO-
rMiA GUCTAHLWMOHHOMO 30HAUPOBaHUSA M METOLOB FrEOMH(POPMALLMOHHOTO aHan3a.

Llenblo gaHHOW paboTbl ABNAAETCA UCCAef0BaHMe CBA3U MEXAY 3HAYeHUAMMW NokKasaTenei
Cpe4Heli YpoXKalHOCTU 3epHOBbLIX KY/AbTYp B MyHULMNaNbHbIX pailoHax Pecny6nnkn TatapcTaH
M CE30HHBIMU MUKOBLIMWU 3HAYEHUAMM BereTaLMoOHHOro nHgekca SAVI gns TeppuTopuidi JaHHbIX
paioHOB.

O6beKTbl M MeTOAbl MCCNef0BaHMUS

Tepputopua Pecny6nnkun TaTtapcTaH AeNUTCA Ha TPU MOYBEHHbIE 30HbI, F4e pa3nmyarT-
CHA MOYBEHHbIE MOKa3aTenu, rae TUNbl, NOATUMNLI U NAOLOPOLHOCTL MOYB CrPYNMNMUPOBaHbLI B Mac-
CMBax HECKOMbKMX MYHMUMManbHbIX paiioHoB [[eorpadus TaTtapcTaHa, 1994]. Tepputopuans-
HOe 30HMpOBaHWE MO 3TUM MoKasaTeNnaM BKAYaeT MNpegkambe (CeBepHas 4YacTb pecnyb6nuku),
MpepBomkbe (3anagHasi 4YacTb) M 3akambe (BOCTOYHas, HOr0-BOCTOYHAs 4acTb pecny6auKn)
(puc. 1la).
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a) 0)
Puc. la. MNMouBeHHO-reorpagumyeckme 30Hbl Pecnybnnkm TaTapcTaH ¢ uccnefyembiMy TEPPUTOPUAMU
MYHMUUNaNbHbIX paiioHoB; 16. MoyBeHHas kapTa Pecny6nmkn TaTtapcTaH
Fig. la. Soil-geographical zones ofthe Republic of Tatarstan with the studied territories
of municipal districts; 1b. Soil map ofthe Republic of Tatarstan

B nousax MNpeakambs, rae pacrnonioxeHbl 12 MyHUUWMaNbHbIX pPaiioHOB pecny6anku u
TeppuTopus ropoackoro okpyra KasaHb, npeo6nafatoT CBeTN0-Cepble NiecHble (29 %) n fepHo-
BO-Mof30/McTble noysbl (21 %). 18,3 % 3aHMMalOT Ccepble U TEMHO-CEPble JIeCHbIe TMOYBbI.
Ha BO3BbILEHHOCTAX W XO/IMax BCTPEYalTCA AepHOBble MOuYBbl. 22,5 % 3aHMMalT CMbITble
MoYBbl, MONMEHHbIe - 6-7 %, 60NOTHbIE - OKONO 2 %. Ana psga MyHMUMNanbHbIX PanoHOB
(BantacuHckmii, Kykmopckuili, MamablLCKNIA) XapakTepHa 3p03ns Noys, KOTOPOI NOLBEPXEHO
£0 40 % TeppuTOpUMN.

Tepputopusa MpeaBO/HKCKOW 30HbI BK/OYaeT B ce6A LWeCTb MyHMLMMNanbHbIX PaiioHOB
pecny6nuku. B ceBepHoi YacTu MpeaBomKbs 60bLLINHCTBO TEPPUTOPUN 3aHMMAIOT NecocTen-
Hble NOYBbI, KOTOpble COCTaBNAT 51,7 % 13 BCex 3eMefib, B TOM YUC/ie cepble U TEMHO-CepbIE.
Mnouwaab 0NOA30NEHHbIX U BbilLENOYEHHbIX YEPHO3EMOB B JaHHOM 30He - 60nee 24 %.

Camyto 60MbLUYIO MO pa3MepaM TEPPUTOPUIO 3aHMMaeT NOYBEHHAA 30Ha 3aKkambf, KOTO-
pas BKAtOYaeT 25 MyHMUMNaNbHbIX PanOHOB U rOpoACKON oKpyr HabepexkHble YenHbl.

BBuAY BbITAHYTOCTU TEPpUTOPUN 3aKamMbsd B LUMPOTHOM HanpaBieHWUW, AN Hee Xapak-
TepHa HeO4HOPOAHOCTb KNIMMATUYECKMX YC/IOBUIA M NMOYBEHHOIO MOKPOBA, YTO NPUBOAMUT K Bbl-
[eneHunio B ero coctaBse BYyX 30H (M0A30H) - 3anagHoro n BoctouyHoro 3akambs.

B 3anagHom 3akambe Ha [JO/IH0 BbILWENIOYEHHbIX YepHO3eMOB npuxoamtca 52,2 % Bcex
MoyBs, a CepbiX U TEMHO-CepbIX - 28,3% 1 0ObIKHOBEHHbIX YEPHO3EMOB - 4YyTb 60see 13 % Bcex
MoYB AaHHOW 30Hbl.

BocToYHOe 3aKkambe xapaKTepu3syeTcs Hannumem KapboHaTHbIX YepHO3eMoB (0K0/10 3 %)
N MEHbLLER NnoLlafbio BbilEeN0YEHHbIX N 06bIKHOBEHHbIX YepHO3eMoB - 39,4 % 1 6,4 % CoOoT-
BeTCTBeHHO [CynelimaHoBa, 2014]. Ha t0ro-BoCTOYHOIN YacTh 3akambsd AOMUHUPYHOT YepHO3e-
Mbl pas3fndHbIX noaTunos (87,3 %), a 40N NecoCTenHbIX MOYB cocTaBnseT nuwsb 4,9 % Bcex
noYB JaHHOW TeppuTopum (cMm. puc. 16, 2).

Matepuanamm nccnefoBaHUs SABAANNCL KOCMUYECKNE CHUMKMK TeppuTopumn Pecny6nmnku
TartapcTaH, BbINOAHEHHbIe cNyTHMKOM Landsat-8.

B ycnoBusx M3y4aeMoro pernoHa BCe 3epHOBbIE KY/IbTYpbl LOCTUTAOT MakCMManbHOro 3Ha-
YeHUs BereTauMOHHON Macchbl B pasax pocTa U pasBUTUSA PacTEHWIA: BbIXOL B TPYOKY - MO/IOYHas
CMenocTb, KOTOPble 0TMeYatoTCs 00bIYHO B NEPBOI MOIOBUHE UONA. T1pU 3TOM MHTEHCUBHBINA pocT
3ePHOBbLIX KY/IbTYp HabNOAaeTCq C Hauyana MHA 40 CepeAnHbl nons. Noatomy 6binn KCnosb3oBa-
Hbl KOCMWYECKMe CHUMKMK, NMonyyeHHble B nepunog ¢ 3 noHA no 16 niona 2021 roga c paspeweHnem
Ha MecTHocTV 30 MeTpoB Ha nNukcenb. ccnesyeMble MyHULMNANbHbIE PaliOHbl Pa3HbIX MOYBEHHbIX
30H pecny6/IMKM BbIGUPa/IUCL C YYETOM MEePeKPbITUA 4BYX COCELHUX BUTKOB CbEMKM CO CMYTHUKA
Landsat-8, uto6bl JOCTUYL HACTOTbl CbEMKM pa3 B BOCEMb JHEVA.

93



PervoHanbHble reocuctemsl. 2024. T. 48, Ne 1 (91-105)
Regional geosystems. 2024. Vol. 48, No.1 (91-105)

0O TespuTopun nccnefoBaHns

Puc. 2. CpeiHeB3BELLEHHOE COAepXKaHWe ryMyca B NaxoTHbIX noysax Pecnybnnkn TaTapcTaH
Fig. 2. Weighted average humus content in arable soils ofthe Republic of Tatarstan

McxogHbIMU JaHHBIMK AN aHanm3a ABAANNCL KOCMWYECKUe CHUMKMK C¢ nopTtana USGS
(United States Geological Survey) [Earth Explorer., 2023] (puc.3).
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Puc. 3. Kocmnueckune cHUMKK Landsat-8 cpefjHero NnpocTpaHCTBEHHOrO paspeLLeHus,
1CMosib3yemble A5 UCCNefoBaHnA
Fig. 3. Landsat-8 satellite images of medium spatial resolution used for research

Mocne BbI6OPA CHUMKA MHTEPECYHOLLLE TEPPUTOPUN €ro MOXKHO CKavaTb Kak apxuB (aii-
NOB CO BCEMMW CMEKTpa/bHbIMW KaHanamu, TaK WU OTAeNbHble CHUMKM. KOCMWYECKME CHUMKM
nmetoT (opmat «GeoTIFF», koTopblii npeactaBnsieT coboii pacTpoBble AaHHble B (hopMma-
Te «TIFF» ¢ reorpadmueckoii NpnBsA3KOINA.
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[na paboTbl co3aH BEKTOPHbIM CMOM C rpaHuLamMu rnosei BCex n3y4vyaeMblX TEPPUTOPUIA
MYHULMNaNbHbIX PaiOHOB M BbITPYXXEHbI NOMSA, 3aHATble B 2021 rofy 3epHOBbIMU Ky/bTypamu.
C nomowbl MHCTpyMeHTa «KOHCTPYKTOpP 3anpocoB» B Npefenax TEPPUTOPUI UcCnepyeMblX
MYHULMNaNbHbIX PaloHOB OblN BblgeneHbl 061acTU NallHKW, OTBeYaloLWw e 3anpocy «3epHo», U
yAaneHbl 00beKTbl, He OTBeyvaroLme AaHHOMY ycnosuio. Bce nccneposaTensckue paboTbl Mpo-
BOAWUCL B reOMH(pOpMaLMoOHHOK cucteme Quantum GIS (QGIS) Bepcum 3.28 [YuebHoe noco-
6ve no QGIS, 2023].

Becb Komniekc paboT Mo McCnefoBaHUIO 3ePHOBLIX CENbCKOX035MCTBEHHbIX YIOANA Ha
Tepputopumn Pecny6aukn TaTapcTaH NPOBOAWMICA B FEOMH(OPMALMOHHON cucTeMe Quantum
GIS (QGIS) Bepcuu 3.28.6.

Mpn nomown anropuTMOB pacyeTa WHAEKCOB Beretauuv n (yHkuum «Kanbkynatop
pacTpoB» 6bl/1 CO34aH pacTp, B KOTOPOM BbIMO/IHEH pacyeT BeretaunmoHHoro nHaekca SAVI. Co-
3flaHHble pacTpbl BKAOYanMCb B paboyne cnom n gobaenanuce K paboyeli naHenn QGIS, nocne
4yero npoBogmnacb obpeska pacTPoBbIX M300PaXKEHWIA MO «Macke» ANA MONYYEHUA 3HAYEHUN
BeretaLMOHHbIX UHAEKCOB B MNpefenax TeEPPUTOPUIA MONeid KaXAoro M3yyaemoro MyHuumnanb-
HOro palioHa.

[na aHann3a n MOHUTOPUHIA CeNIbCKOXO3ANCTBEHHbIX 3€Me/lb MCMOJb3YITCA Pa3INYHbIe
BereTaunoHHble MHAeKcbl [EpowieHko, 2017; benoycosa, 2019; Pagxa6osa n ap., 2020; Aonu-
Ha, 2023]. Pa3pa6oTtaH Beb6-cepsuc (http://www.indexdatabase.de), rge xpaHuTca mHgopmaLu-
OHHas 6asa, B KOTOPOW NpeAcTaBfeHbl CBEAEHUS O COAEPXXaHUM M BO3MOXHOCTAX MCNOMb30Ba-
HUA NHOekcoB. Cpefyn BeretauMOHHbLIX MHAEKCOB, UMEKOLWMXCA B 6a3e, MOXHO BbifennTs: NDVI
(Normalized Difference VI) - HOpMannM30BaHHbI Pa3HOCTHbIA MHAEKC pacTuTenbHocTy [Index:
Transformed NDVI, 2023]; SAVI (Soil Adjusted VI) - NOYBEHHbI WHAEKC PacTUTENbHOCTU;
ARVI (Atmospherically Resistant VI) - MHAEKC pacTUTENIbHOCTU, YCTONUYMBLIN K BAUAHUIO aTMO-
cepbl; NDWI (NormalizedDifference Water Index) - HOpManu30BaHHbI Pa3HOCTHbIV BOAHbIN
nHgekc; ClGreen (Green Chlorophyll Index) - OTHOCUTENbHbIA WHAEKC Xnopodunna wu ap.
OHM NO3BONAIOT OLEHMBATb 3HAYeHWA pAfa nokasaTenein pacTUTENbHOCTUM MPU OCOBEHHOCTAX
CBOEro npumeHeHus. Bbl6Op MHAeKCa 3aBUCUT OT 3ajad, MOCTaBNEHHbIX B WUCCNeLOBaHUAX.
BaXHO yumnTbIiBaTb, YTO OLMH U TOT XK€ MHAEKC MOXET M0-pa3HOMY MPUMEHATLCA ANSA pasiny-
HbIX NPUPOAHbIX 30H, TaK Kak BeretayuoHHas Guomacca Ux TeEpPUTOPUIA pasznnyaeTcs 06-eMOoMm
M Ka4yecTBOM. [ns AOCTMIXKEHUA NMOCTAB/NEHHON Lenu BCe MHAEKCHI OblY paccumMTaHbl TakK, 4ToObI
onpefennTb Hanbosee NOAXOAALLNIA U3 HUX.

CTaTUCTMYeCKUA aHann3 [aHHbIX NPOBOAWUICA C MCMONb30BaHWeM MakeToB R, Python
statsmodels. [laHHble NaKeTbl CTATUCTUYECKUX MPOrpaMm LLIMPOKO UCNONb3YHOTCA A1 BbINO/HE-
HWA CTaTUCTUYECKUX pPacyeToB, B TOM 4ucC/ie ANA re0aHa/MTUKN U LU(PPOBOro MOLe/MpoBaHuA
reoo6bLEKTOB.

Pe3ynbTaTbl U UX 06CYXaeHMUe

B paboTe 6bl1 UCNOMNb30BaH BEKTOPHbINA C/OM C rpaHULaMuy nawHu - «Bugbl cenbckoxo-
3AACTBEHHbIX KynbTyp 2021 r. Pecny6ivkun TaTapcTaH», KOTOpPbIA pa3paboTaH OTAENOM FeouH-
(hopMaLMOHHbLIX CUCTEM aKLMOHepHOro obuiectBa «Pecny6iMKaHCKUIA MH(OPMaLNOHHO-
BbIYMCAUTENIbHBLIN LeHTP» Pecny6nnkn TaTapctaH (AO «PUBL») ang npov3BOACTBEHHbIX 3a-
fady. Ctonbubl C [JaHHbIMW BKIHOYalOT: HaMMEHOBAHWE MYHULMNANbBHOrO paiioHa, nnowagb
nawHW 1 HaMMeHOBaHVe BO3/e/IbIBAEMOIN CeNbCKOXO03ANCTBEHHON KyNbTypbl (puc. 4).

[ns ueneit uccnefgoBaHmsa CNoOW € rpaHULaMu yrognin 6uin oTpegakTupoBaH. C MOMOLLbHO
MHCTpyMeHTa «KOHCTPYKTOp 3anpocoB» B Mpefefiax TEPPUTOPUIA UccnefyembiX MyHULMNanb-
HbIX paioHOB O6blN BblfeneHbl 06M1acTM MalwHK, OTBeYarLline 3anpocy «3epHO», W yAaneHbl
00bEKTbI, He OTBevaroL e gaHHOMY ycnoBuo (puc. 5).
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Puc. 4. BeKTOpHbI cnoit «Brabl CenbCKOXO03ANCTBEHHBIX KybTYp Pecnybnvku TatapcTtaH B 2021 rogy»
Fig. 4. Vector layer “Types of agricultural crops ofthe Republic of Tatarstan in 2021”

Puc. 5. BEKTOPHbII CNoli ¢ rpaHuL,aMun 3epHOBLIX YTOAWIA Ha TeppuTOopUn
nccnefyemblx paioHOB MO COCTOSHUIO Ha 2021 rof
Fig. 5. Vector layer with boundaries of grain lands on the territory of the studied areas as of 2021

BeretauMoHHbIe MHAEKCHI MO3BOMISKOT OTCNEXMBATb AMHAMUKY POCTa PacTeHWIA, onpeje-
NAaTb hasbl UX PasBUTMSA, a TakXKe OLEHMBATb BO3AeiCTBME Pas/IMYHbIX (DAKTOPOB, TaKMX Kak
KAMMaTnyeckue ycnoBus Tepputopumn, AOCTYNHOCTb BO/Abl, MOYBEHHOE MUTAHME U NPUMeEHeHMe
yno6peHnii. B faHHOM HanpaBfieHUU Y)XKe [O0Nroe BpeMsi BeAyTcs 3apybexxHble MCCneaoBaHus.
OTCYTCTBUE WM HEBO3MOXHOCTb MOJYYEHUS BbICOKOKAYECTBEHHbBIX KOCMUYECKUX CHUMKOB 3€-

Me/flb CeNIbCKOXO3ANCTBEHHOI0 Ha3HayYeHMs 40 CUX MOP TOPMO3WUT pasBMTME JAHHOMO Hanpa.fe-
Husa B Poccun.
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B mwupe B HacTodlwee BpemMs eCTb BO3MOXHOCTW MOAyYaTb W aHanu3MpoBaTb CBbILUe
160 pa3fiMyHbIX NHAEKCOB Ha OCHOBE [aHHbIX AUCTaHLMNOHHOIO 30HAUPOBAHNA 3eMu.

[na aHanu3a cOCTOSHMA PacTUTENIbHOCTU Ha 3eMHOI MOBEPXHOCTU WCMOMb3YHOTCA Bere-
TaUuWOHHblIe UHAEKCHI, NOyvyaemMble C My/IbTUCMNEKTPA/IbHbIX KaHaNoB AMana3oHoB BOJH, - Kpac-
Hbil (RED) nnn 6nvxHuidi nHgpakpacHoiii (NIR). (RED) [Bannari et al., 1996; Henrich et al.,
2009; CabupssHos, 2015].

N3yuyeHre BO3MOXHOCTEN NMPUMEHEHUS KaXLOro U3 WUHAEKCOB A1 MOHUTOPWUHIa Cellb-
CKOXO03ANCTBEHHbIX 3eMeNb TaTapcTaHa NPMBeNo K BbIBOAAM, YTO IyHLIUM C TOYKW 3PEHUA LEenn
nccneoBaHus ABNAeTcA MHAEKC SAVI, MOCKONbKY OH B OO/bLUEl CTEMEHW YYUTbIBAET B/IUAHME
NMOYBEHHOr0 pasHO06pasns Ha pacTUTE/bHbIA NOKPOB.

MHpekc SAVI 6bin paspaboTtaH B 1988 rogy [Huete, 1988] ans KonM4ecTBEHHOro onpe-
[efleHNs pacTUTeNbHOCTM Ha OCHOBE M3MEPEHUS pasHuLUbl MeXAy O/VXHUM MH{PAKpPacHbIM
AMana3oHoM M KpacHbIM Avana3oHOM Mpu NojasfieHUn BANSHUSA NUKcenein nousbl. OH ABNAETCS
OTHOCUTENIbHbIM MHAEKCOM, KOTOPbIA MOKa3blBaeT TOUKY MepecevyeHUs U30ANHUIA Npu oTpaxe-
HUWM B KaHafnax KpacHoro gmanasoHa (Red) u uHgpakpacHoro ananasoHa (NIR). OcobeHHOCTM
KoahpuumeHTa SAVI obycnasnmMBaloT NpesnoyvTUTENIbHOCTL €ro NPUMEHeHUa B pernoHax, oT-
NNYAOLWNXCA HaNNUYMEM HECKOJ/IbKMX MOYBEHHbIX 30H [KopoTkos, Actanos, 2020]. Takxe mno
3TOMY MHIEKCY MOXHO BbIJENUTb U U3PEXEHHYHK PacTUTeNIbHOCTb KaK Ha CBeT/bIX, TaK U TeM-
HbIX NOYBaxX U3-3a BO3MOXHOCTU IMMUPUYECKOTO YTOUYHEHUA BAMAHUA (paKTOpa NMOYBEHHOro Nno-
KpoBa.

dopmyna pacyeta nHgekca SAVI:

SAVI= ((NIR - Red) / (NIR +Red + L)) x (1 + L),

rae NIR = 3Ha4yeHMsA NUKCENOB U3 BNIMXHEro NHMPpPaKpacHoro kaHana; Red = 3HaYeHUA MUKCeNOB
13 6IVMXKHEr0 KpPacHOro KaHana; L = 3HayeHune MoKpbITUA 3e/IeHO pacTUTENIbHOCTH.

[ns pacuyeta mHaekca SAVI ucnonb3oBancs nokasaTeNb 3HaYeHUS MOKPbITUA 3eeHON
pacTuTenbHoCcTu L, paBHblii 0,7.

B KayecTBe 06bEKTOB MCC/eA0BaHUA pocTa M PasBUTUA 3ePHOBbIX CENbCKOXO3AWCTBEH-
HbIX Ky/bTyp Oblin BbiOpaHbl TEPPUTOPUM LECATU MYHULMNANbHbLIX painoHoB Pecnybnuku Ta-
TapcTaH (PT). OHM OTHOCATCA K YeTblpeM MOYBEHHbLIM 30HaM pervoHa, oTpaxas pasHoobpasume
MX MOYBEHHO-KIMMATUYECKUX YC/IOBUIA 1 ABNAACH CBOEOOpa3HbIMM 06pasLammn, KOTopble N03BO-
NAKTCA 0XapakKTepu3oBaTb YC/0BMA 30HbI B LefoM. PacnpegeneHne paiioHOB MO MOYBEHHbIM
30HaM OTHOCMUTE/IbHO paBHOMepHO. Tak, lMpegkambe M 3anagHoe 3akambe MpeacTaBfeHO B MC-
cnefoBaHMM Tpems paioHamu, a lMpegBomxbe M BocToyHoe 3akambe - AByMsA. IMpu Bbibope
06BLEKTOB TaKXe YUYMTbIBAIOCb MECTO MYHULMUNANbLHOro parioHa B 06LLeM pelnTUHre ypoxanHo-
CTW 3epPHOBbLIX KyNnbTyp [MWHNCTEPCTBO CENLCKOIO X035iCTBa ..., 2023].

Mpn NOmMOWM MHCTPyMeHTa «30Ha/lbHasa CTaTUCTUKa» FeOUMH(POPMaLUOHHON CUCTEMbI
QGIS Mo reofilaHHbIM KOCMUYECKUX CHUMKOB ObI/IN MOMYYEHbI CPEfHME 3HAYEHNUA NHAeKca SAV I
ONst BbIGPAHHbIX TEPPUTOPUIA MYHULMUNANbHLIX pailoHOB Pecny6nuku TaTapcTaH Ans pasnuy-
HbIX [AaT BEreTauMOHHOrO Mepuoja, Korga HabnoAalTCca MaKCUMalbHble 3HAYeHUs WHAEKca.
lMonyyeHHble 3HayeHMa MHAekca SAVI npeAcTtasfieHbl Ha pyUC. 6 NO NMOYBEHHO-KIVMATUYECKUM
30HaM pecny6aunkun. B ckobkax MpuBefeHbl PEMTUHIN palioOHOB MO MPOU3BOACTBY CeIbCKOXO-
39MCTBEHHON 3epHOBON npoaykuuu B 2021 rogy. Mepuog nccnefoBaHUs oxBaTbiBaeT 3 UKOHA -
16 vrona 2021 ropga.

Mo NoNy4YeHHbIM JaHHbIM U3MeHeHUA nHaekca SAVI NpoBenn aHanus, KOTopblil nokasan,
YTO CaMblii MHTEHCUBHbIA POCT M pa3BUTUe 3epHOBLIX KynbTyp B 2021 rofy nNpoucxofun BO
BTOPOW aekaae nwns.
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Puc. 6. 3HaueHns nHaekca SAVI ans TeppuTOpMiA MyHUUMNANbHbIX PaiioHOB
Mo NOYBEHHO-KNMMATUYECKUM 30HaMm Pecny6numkn TatapctaH B 2021 rogy
Fig. 6. SAVI index values for the territories of municipal districts by soil
and climatic zones ofthe Republic of Tatarstan in 2021

Hanbonbwunii nHaekc SAVI 6611 4oCTUTHYT K 19 nioHa B ycnosmax bantacnHckoro u Te-
TIOWCKOro MyHuuunanbHbix paiioHoB (0,4653), rae 6binn 6onee 6naronpuATHbIE YCNOBUA AN
pocTa 1 pa3BUTUSA 3ePHOBBLIX KYbTyp. [1pu 3TOM [laHHble paioHbl ABAAKOTCA nugepaMmu no c6opy
ypoXKas 3epHOBbIX B pecny6nmke (3aHMMalOT BTOPOE M NMepBOE MecTa COOTBETCTBEHHO). TaKxe
3TO 06BLACHSAETCA BHECEHUEM [LOCTATOYHOr0 KOMMYECTBA MUHEPaNbHbIX W OpraHW4yeckux yao6-
peHunii B 3TUX palioHax. ccnefoBaHMa N0 BHECEHHbIM YA00pPEHNSM TakKXKe UMEHT BaXHOe 3Ha-
yeHue B Haweli paboTe. MpoBefeHHbIe aHANMTUYECKNE pacyeTbl 3aBUCMMOCTM poCTa U pa3BnTUS
3epHOBLIX KynbTyp (B TOM umMcie W aHanu3 fJaHHbix [33) BO BCeX uccnefyemblX paiioHax oOT
MOYBEHHbLIX M arpoOXMMMUYECKUX (HaKTOPOB, KOTOPble BblfefieHbl OTAENbHbLIM pa3fenoM Hallnx
nccnefoBaHuii M KOTopble TakxXe 6yAyT B CKOPOM BpeMeHU 0ny6/IMKOBaHbI.

B 2021 rogy B 3anagHoi yacTu TaTapcTaHa MaKCMManbHble NoKasaTenu uHgekca SAVI B
30Hax lpeakamba n MNpeaBomkba Habnwoganucb B nepnog 19-23 mMiOHA, a B BOCTOYHON yacTu
pecny6nuky B 3anagHoM 3akaMbe MUK MHAEKCA NPUXoauncsa Ha 28 noHA, Ha BocTouyHOM 3aka-
Mbe - Ha 21 MIoHA.

Pe3ynbTaTbl MUcCNefOBaHWUIA NOATBEPXKAAIOT CUMbHYIO B3aMMOCBA3b MEXAY BEreTaTUBHbIM
NHAeKcoM SAVI 1 KONMYeCTBOM HaKOMMEHHOrO X/Jiopoduina B pacTeHUAX, KOTOPbIA oTpaxaeTtcs
yepe3 nHgekc ClGreen. Takum obpasom, SAVI MOXeT paccMaTpmBaTbCs Kak nokasate/lb POTOCUH-
TeTn4yeckoin buomaccel [KopoTkos, Actanos, 2020]. Kpome TOro, 4Yem Bbille 3Ha4YeHUE BereTalMoH-
Horo nHaekca ClGreen, Tem BbllLe 3Ha4YeHMe MHAEKCA pacTUTenbHoCcTM - SAV I (puc. 7).
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Puc. 7. AnHamnka nsmeHeHuns nHgekcos SAVI n ClGreen
B NMOYBEHHbIX 30Hax Mpegkamba 1 MpeasomKba Pecny6ankn TaTapcTaH
Fig. 7. Dynamics of changes in the SAVI and ClGreen indices in the soil zones
ofthe Pre-Kama and Pre-Volga regions of the Republic of Tatarstan

KoppenaynoHHO-perpecCMoHHbI aHann3 Ha OCHOBe faHHbIX 2021 ropga (Tabn.) no3Bo-
NN BbIABUTb B3aMMOCBSI3b MeXAy 3HaudeHuAamM uHaekca SAVI n nokasatenem ypoxaniHOCTU
3ePHOBbIX KYNbTYP.

NHpekebl SAVI 1 cpefiHAs YPOXKANHOCTb 3ePHOBLIX KYNbTYP
ANA MyHUUMNanbHbIX palioHoB Pecny6nnku TatapcTtaH B 2021 rogy
SAVI indices and average grain yield for municipal districts ofthe Republic of Tatarstan in 2021
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MprBefeHHbIE B TabN. 3HAYeHMA: | - HOMepP MYHULMMNaNbLHOro paiioHa UCCnefoBaHus;
Xt - 3HayeHue nHpekca SAVI; yi - cpefHAa ypoXanHOCTb 3epPHOBbLIX Ky/NbTyp MO O(uLManbHbIM
AaHHBIM MUHUCTEPCTBA CEbCKOro X034iCcTBa U NpoAoBonbLCTBUA PT, L/ra.
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MpoBeAeHHbIN CTaTUCTUUYECKUI A aHanM3 NO3BONUN cAenaTb BbIBOJ O HEIMHENHOM Xapak-
Tepe 3aBMCUMMOCTU MEX/Y 3HaYeHUSIMM MHAEKCA U YPOXKAWHOCTbIO. Hanbonblias TeCHOTa CBA3W
npu 3Ha4YeHMn KoapduumneHTa HENNHENHONW NapHOW Koppensauun, paBHom 0,9042, xapakTepHa
ANg MoAenu NoNUHOMMUANbHOM perpeccun, rae cTeneHb NOAMHOMa paBHa 4. YpaBHeHUe perpec-
CUN NMeeT BUA;

y = 1x106x4- 2106x3+ 941474x2- 239040x + 22574

3HauyeHne KoahdumuMeHTa paHroBoi Koppensuum CnupmeHa, paBHoe 0,8 (p < 0,05), no-
Ka3blBaeT BbICOKYI TECHOTY CBA3M MexXJAy nokasatensimu uHpgekca SAVI u ypoxaiiHocTu.
CpaBHeHWEe NUHEWHOW W pa3NNUUYHbLIX HENMHEWHbIX Mofefneli 3aBUCMMOCTM MOKa3blBaeT, 4TO
Hanbonbllee 3HaYeHMe KoappuumeHTa getepmmHaumn (R2), pasHoe 0,8176, 1. e. Hambonee Bbl-
cokas fons AMcnepcumn 3aBUCUMOI MepeMeHHOW, 06bscHAeMas MOJLEeNbio, XapakTepHa Ans Mo-
4env NoNNHOMMANbLHOW perpeccuy Npu CTeneHu NMoAMHOMA, paBHOW 4. OTO MO3BOMAET cAenatb
BbIBOJ O B LLe/IOM HeIMHEeHOM XapakTepe 3aBMCUMOCTU MeXAy AaHHbIMW nokasatenamu. pa-
(UK ypaBHEHUA perpeccun npeacrasfieH Ha puc. 4.

Takum 06pa3om, MOXHO YTBepXfaTb, UTO BereTalMOHHbIA MHAeKC SAVI MOXeT npume-
HATbCA A0S aHaju3a 3aBUCMMOCTM MPOrHO3a YPOXKAMHOCTU 3€PHOBbLIX KYNbTyp OT 3HaYeHWi
JaHHOro mHgekca. 'pauMK perpeccCMOHHON Mofenu 3aBUCUMOCTM MUKOBbLIX 3HAYEHWUI JAHHOrO
MHAEKCA N CpefHel ypoxXaHOCTM 3ePHOBbLIX Ky/bTYp PervoHa, Mofy4YeHHbIX B Mepuoj Hadvana
(ha3bl KOMOLWEHNS N YPOXAWHOCTU, NpefCcTaBieH Ha puc. 8.

3aBucmocTb Mexay SAVI K cpefHein ypoxxanHocTbio (L/ra)

30
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Puc. 8. Ipadhmk ypaBHeHMs perpecCMOHHON Moaenn 3aBMCUMOCTH
mexay uHaekcom SAVI n nokasatenem cpefHeli ypoxxaiHocTu
Fig. 8. Graph ofthe regression equation of relationship between the SAVI index
and the average yield indicator

[ns 6onee TOYHOrO0 NPOrHO3MPOBAHMA JOCTMKEHMA NOKasaTesell ypoXKanHocTn nayyae-
MbIX CEMIbCKOXO3AMCTBEHHbIX KyNbTyp HEOOX0AMMO TaKXe YUYUTbiBaTb NOrOAHbIE YCOBUSA U CO-
CTOSIHME NAOAOPOLHOCTU MOYB, KOTOPbIE Pa3NMyaloTCa B MOYBEHHbIX 30Hax pernoHa [Cabupsa-
HoB, 2008; bepesa u ap., 2015; benoycosa, 2019].

C uenbo aHanusa BAUAHUS AUHAMMWKW MOTOAHbIX YCNOBUIA B KaXAo0M M3 nccnegyembix
MOYBEHHbLIX 30H 6bIIN NPOAHaNM3NPOBaHbl N3MEHEHUA CPEfHUX LHEBHbIX TemnepaTtyp B aKTuB-
HbIl mepuog BereTauum 3a uoHb 2021 roga (puc. 9).
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Puc. 9. ViameHeHns cpefiHein JHEBHOW TemnepaTypbl BO3ayxa B UtoHe 2021 roga
Fig. 9. Changes in the average daily air temperature in June 2021

[na nccnenoBaHna BAUAHUA TeMMNepaTyp Ha pPoCT U pasBUTUE 3ePHOBLIX KYNbTyp B MoY-
BEHHbIX 30HaXx Pecnybnunku TaTapcTaH MCMOMb30BaMCh AaHHble METEOPOSOTNYECKUX CTaHLMWIA
pernoHa n nuTepatypHble UCTOUYHUKM [Tpowko v gp., 2021]. Ans MyHULMNANbHbIX PaiOHOB 30-
Hbl MpeaKaMbsi UCMONb30BAaNNChL faHHbIE METEOCTaHLMWK, pacnonoXeHHOW B r. Apcke, B lMNpea-
BO/DKbE - [aHHble MeTeoCTaHUuW I. TeTiown. TemMnepaTtypHble faHHbIe 30HbI 3anagHoro 3aka-
Mbs 6blIN MOMYyYeHbl C METEOPOSIOrMYecKol CcTaHuMuM NrT AnekceeBckoe, BocTtouHoro 3aka-
Mbsi - T. 3anHCcKa [ApXxuB norogbl TatapcTtaH, 2023].

MpoaHanM3nMpoBaB COOTBETCTBME AMHAMMWKN 3HAUYeHUn nHaekca SAVI n AUHAMWUKN OHEB-
HbIX TemnepaTyp B 3a4aHHOM Nepuoje Hayana Beretauuu pacTeHW, MOXHO cAenaTb BblBO4 O
TOM, YUTO 40OCTAaTOUYHO BbICOKWME CPELHECYTOUYHbIE TEMMEPATYPbl, CNOCOOCTBYIOLLME TOPMOXKEHUIO
pocTa U pasBUTMA pacTeHWi (415 3epHOBLIX KYNbTyp B MepBOil monoBuHe mwoHA 2021 roga oT
22,6 °C B Npegkambe Ao 24,6 °C B 3aKkamMbe), JOCTOBEPHO OTPaXarkTCA HEBbICOKMMMW 3HAYEHUA-
MU nHpekca SAVI.

Mpwu TemnepaType Bbiwe 24 °C (OTOCUHTE3 3aMefNIfeTcsa, a C JaNbHeAWNM NOBbILWEHUN-
eM TemnepaTypbl NOAHOCTbIO npekpawaetca [Kycosa, 2017]. 3To NnpsAMO oTpaXKaeTcs B AaHHbIX,
MONYYEHHbIX C MOMOLLbID KOCMUYECKUX CHUMKOB MH(paKpacHOro u KpacHoro guManasoHoB npu
nojaB/feHUN BAUSHUS NMUKCeNel NOYBbI.

Pe3ynbTaTbl UCCNefOBaHWUA TakXXe MO3BOMUNAW CAeNaTb BbIBOA4 O TOM, YTO MYHWULMUMA/b-
Hble palioHbl Pecnybnuku TaTapcTaH, MMeroWw e 60nbliee 3HAYEHMe MOKasaTens MHAEeKca pac-
TUTeNbHOCTM SAVI, UMEIT MeHbllee 3HaYeHMe NnokasaTeNns BOLHOIO MHAEKCA Ha NoJfaX 3epHO-
BbIX KyNbTYyp ¥, TaKUM 06pa3oM, MeHbLUY JOCTATOYHOCTb YBAAXKHEHUS 3TUX YIOLUNA.

3aKnyeHne

[JaHHble MOHUTOPUHIA CeNbCKOXO03MCTBEHHbIX YIrOAMNIA, NPOBOANMMOrO Ha OCHOBE METO-
LOB N TEXHUYECKUX CPefcTB AMCTAHUMOHHOINO 30HAMPOBAHWUA 3eMn, MO3BONAKT BbIBUTbH U
OLUEHUTb CBA3b MEXAY 3HAYeHWSIMW BereTauMOHHbIX WMHAEKCOB W YPOXAMHOCTbI 3€PHOBbLIX
KYNbTYyp B 3afaHHbIX NOYBEHHO-KAMMATUYECKMNX YCNOBUAX UCCNeAYEMbIX TEPPUTOPUIA. BbiBOabI
MOTYT ObITb MOJIyYeHbl HA OCHOBE aHann3a Cepuii KOCMUYECKNX CHUMKOB, MOIYYEeHHbIX C MY/b-
TUCNEeKTPanbHbIX KaHaNoB - KOMOWHAaLWA KaHanoB BereTallMOHHbIX NHAEKCOB.

MouBeHHbIE yCnoBuS Tepputopun Pecnybnmkun TaTtapcTaH OTAMYalOTCA pasHoobpasmem,
4YTO MPOSABMAAETCA B HaNMUYMM Tpex 6O0MbLIMX NOYBEHHbIX 30H, XapaKTepu3yeMblX HeO4HOPOAHO-
CTbHO MOYBEHHbIX MOKasaTenei. Pe3ynbTaTbl MCCNEA0BAHWUSA CBSI3N MEXAY 3HAYEHMAMMW BereTa-
LLMOHHbIX WHAEKCOB U YPOXalNHOCTbIO 3epPHOBbLIX KYyNbTyp, MOAYYEHHble A8 Pa3NUYHbIX MOY-
BEHHO-KIMMATUYeCKNX YCNOBUI Tepputopuih Pecnybnukm TaTapcTaH, MOKa3biBalT, 4YTO AS
BCEX MOYBEHHbLIX 30H Haunydwme pesynbTaTbl B MJaHe BbIIBJIEHUA CBA3W C MOKasaTensaMun ypo-
XalnHOCTWN pe3ynbTaTbl fJaeT BereTauMoHHbIN nHaekc SAVI.
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CyuiecTByeT npsmas CBA3b MeXAY AaHHbIM WHAEKCOM W KOJIMYECTBOM HAKOMJIEHHOIO
Xxnopogunana B pacTeHMAX, HaxofdAWMXcs B MpoLecce pocta. YBe/nyeHWe [AHHOIO MHAeKca
NPUBOAUT M K YBENMUYEHUIO 3HAUYeHMIA BereTaumoHHoro nHaekca ClGreen.

[ocTuXeHne NMKOBbIX 3HAYEHWI BereTauMoHHOTo nHaekca SAVI3aBuCcUT OT NOYBEHHbIX
nokasaTesiell, MeTEOPOSIOrMYEeCKUX YCNO0BUA, B TOM YUC/le KONUYeCTBa BbIMaBLUMX OCafKOB U
TemnepaTypbl Bo3gyxa. CpegHeMecsyHble nHAeKcbl SAVI, nony4yeHHble Ha OCHOBE [aHHbIX Au-
CTaHLMWOHHOI0 30HAMPOBaHWA, C BbICOKOW CTeMneHbl0 afleKBAaTHOCTW OTPaXarT COCTOSHME Nou-
BEHHbIX ¥ MOrOA4HbIX YCNOBUIA BEAEHUNA CENIbCKOXO3ANCTBEHHOW eATeNbHOCTU, B TOM YMCNe KO-
NINYECTBa BbINaBLLIMX 0CaLKOB M TeMMepaTypbl BO34yXa.

MpoBeAeHHbIN CTaTUCTUYECKNIA aHanM3 MO3BOMNUA CAeNaTb BbIBOA O BbICOKOW TeCHOTe
cBA3N (KO3(huuUMeHT paHroBoi koppensuunm CrnvpmeHa, pasHbiii 0,8, npu p < 0,05) mMexay WH-
pekcoM SAVI n nokasatenem cpefHeil ypoxXanHOCTU 3epHOBLIX KY/bTyp A/ BbIGOPKY TeppPUTO-
puiAi MyHULUNANbHbBIX PaioHOB, NPELCTaBNAOLWMX BCe NMOYBEHHbIE 30HbI pernoHa. Pe3ynbTathbl
PerpeccMOHHOr0 aHanmsa 3aBMCUMOCTU MO3BOMWUAN CAENaTb BbIBOAbI O HEMHENHON (NonnHo-
MUanbHO) 3aBUCUMOCTU MeXAY 3HaYeHuaAMM uHgekca SAVI n ypoxxanHocTblo.

MonyyeHHble pe3ynbTaTbl aHann3a 3aBucumoctu mexay SAVI n cpegHein ypoxahHOCTbIO
3epHOBbLIX (B YacTHOCTK, 3HayeHne R2=0,8176 (yHKUMWN perpeccumn) NOATBEPXKAANT BO3MOX-
HOCTb MPOrHO3a YPOXXanHOCTM 3ePHOBbLIX KY/NbTYp Ha TEPPUTOPUAX MYHMULMUNANbHbLIX PalnoHOB
Pecny6nuku TatapCTaH Ha OCHOBE [aHHbIX O MUKOBbIX 3HAYEHWUAX BereTauVMOHHOro WMHAeKca
SAVI. MNpoBefeHHbIe UCCefoBaHMA, B YaCTHOCTU, MOKasann, YTO MOYBEHHbIE 30HbI [pegKamMbs
n TpeaBomKbA, TEPPUTOPUM KOTOPBLIX OT/IMYAKOTCA Hambosiee 61aronpuATHbLIMKU MOYBEHHO-
KIMMATUYECKUMM YCNOBUSAMWN AN POCTA U Pa3BUTUA 3€PHOBbIX KY/bTYp, XapakTepusyTcsa OT-
HOCMTE/IbHO BbICOKMMM 3HaYeHUsAMM nHaekca SAVI n 6onee BbICOKOW CpeHERn YPOXKanHOCTbHO
3ePHOBbIX KY/NbTYp MO CPaBHEHUIO C TEPPUTOPMEN 30HbI 3aKaMbS.

N3yyeHne COOTBETCTBUA AUHAMMUKIN 3HAUYEHWI nHekca SAVI 1 AUHAMUKKN LHEBHbIX TEM-
nepatyp B nepuoj Havana Beretauunm pacTeHWi rOBOPUT O TOM, YTO OTHOCUTENbHO BbICOKME
(8na 3epHOBbLIX KynbTyp B Mepsoil nosioBuHe uioHA 2021 roga ot 22,6 °C B lNMpegkambe, A0
24,6 °C B 3aKaMbe) CpefiHECYTOUHble TemmnepaTypbl BereTayMOHHOro nepuopa, Cnoco6CTBYH
LMe TOPMOXKEHUIO pocTa U pa3BUTUA PaCTeHWUR, NPUBOAAT K OTHOCUTENIbHO HEBbICOKUM 3Hauye-
HUAM nHaekca SAVI.

PesynbTaTbl UccnefoBaHUs MNo3BOIUAN CLENATb BbIBOA O TOM, YTO TEPPUTOPUN MYHULU-
nanbHbIX painioHoB Pecny6nunkn TaTapcTaH, umerowme 60nbLIee 3HaYeHMe nokasaTens MHAeKca
pactutensHocTn SAVI, MMelOT MeHbllee 3HayeHMe MoKasaTens BOAHOIO MHAeKca ANnd nonein
3epHOBbLIX KYNbTYp U, TaKUM 06pa3oM, MEHbLUYIO [OCTATOYHOCTb UX YBN@XKHEHUS.

MOHUTOPUHT YPOXXaMHOCTWU 3epPHOBLIX Ky/bTyp, MPOBOAWMBLIA Ha ocHoBe [WUC-
TEXHONOTUIA U TEXHONOTUIA AUCTAHLMOHHOTO 30HAMPOBaHUSA 3eMn, NO3BOMIAET HA OCHOBE NONY-
YEeHHbIX e0faHHbIX, BKNHOYAKOLLINX MOYBEHHbIE W MOTOA4HbIE YC/0BUSA TEPPUTOPUIA, COCTOSAHUE
pocTa M pasBMTMA MOCEBOB 3ePHOBLIX KY/bTYp, NPOBECTW pa3BepHYTbI aHanu3 CnekTpa Bereta-
LUMOHHBbIX MHAEKCOB B MN/1aHE UX BO3MOXHOCTeW 418 BbIABMEHUA 3aKOHOMEPHOCTeN pocTa v pas-
BUTUSA CENbCKOXO3ANCTBEHHbIX KY/bTYpP B Pa3MUHbIX MOYBEHHO-KIMMATUUYECKUX YCNIOBUSX Tep-
PUTOPUIA pernoHa. 3To co3jaeT NPeAnoChbIIKN 418 pelleHns 3a4ay onepaTMBHOroO NPOrHo3Mpo-
BaHMA YPOXKANHOCTM 3ePHOBBIX KY/bTYp, CNOCOBGCTBYSA MOBbLILEHWIO KayecTBa pe3ynbTaToB Npo-
FHO3MPOBaHMA M 3PPEKTUBHOCTN 3ePHOBOT0 X03ACTBA PErMOHA.

B nccnegoBaHum UCMONb30BaIMCh NPeAOCTaBNeHHble 0T AEN0M reOMH(POPMALMOHHbIX CUCTEM
aKLMOHepHOro obuiecTBa «PecnybankaHCKuii UHPOPMaLMOHHO-BbIYCAUT eNbHBIN LeHTp» Pecny6-
mmkn TaTapcTtaH (AO «PVBL») cnou n maTepuasibl, KOTOpPble yNpoCcTuMNM paboTy No BblI6OpKe
rnoneii ¢ 3epHOBLIMW KyNbTypamu, a Tak>Ke aHaaMTuyeckre MaTepuansl MUHACTepCTBa CebCKO-
ro x03siicTBa M NPoA0BONLCTBUA Pecnybnuku TaTapcTaH. KonnekTveB aBTOPOB BbipadKaeT pa-
OO0 THMKaM 3TUX OpraHu3aumii 6narogapHocTb 3a COTPYAHMYECTBO. XKenaeM Bam yCrnexoB 1 HOBbIX
AOCTU>KEHWIA BPA3BUT UK LM POBU3ALMM arponpOMBbILLIEHHONO KOMMAEKCapecny6amku.
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