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IO CIIEKTPAJIBHBIM TIATTEPHAM
B. A. Opaos, A. A. JIykbsiHOB

Pedepar. VccnenoBanus NpoOBOJAUIIH C LETbIO ONpPEAETCHUST HEOOXOANMOI COBOKYITHOCTH Olie-
HOYHBIX TPU3HAKOB BHUHOTPAJONPHUTOJHBIX 3€MENb CO CBOMCTBAMU Teppyapa Ha OCHOBE 000OIIeHHMs
JIUTEPaTypHBIX MCTOYHMKOB U IOCTAHOBKH IIOJIEBOTO OMNbITa MO NPUMEHEHUIO BETreTallMOHHBIX CIIEK-
TpaJbHBIX UHJEKCOB B BUHOTPAJHBIX HacaxaeHUsX. Vcronabp30BaHUE CHEKTPAIBHBIX JAHHBIX O COCTOS-
HHUHM TIOYBBI, PACTCHUI M OKPYXKAaIOIIEH CpeAbl MO3BOJSIET OICHUBATH CHIIy POCTa KyCTOB M ypOKai-
HOCTh BHHOTPAIHUKOB IO Pa3HOCTHBIM HOPMAJIM30BAHHBIM HHICKCaM. CIEKTpalbHBIM aHAIN3 BHUHO-
TPaJHAKOB 10 KOCMOCHMMKAaM ITO3BOJISAET C MEPUOJNYHOCT B 2...7 AHEH HONy4yaTh JaHHBIE O BETeTa-
TUBHOM U BIQKHOCTHOW M3MEHUYMBOCTH BUHOI'PAJHBIX HacaxaeHUil. [IpaBunbHas MHTEpIIpeTanus ClieK-
TpaJIbHBIX KOCMOCHUMKOB BO3MOXKHA IIPU UX MPOBEPKE B Pe3yNbTaTe Ha3eMHBIX UCCIENI0BaHUHN MOKa3a-
TeJiell TIOUBbI, BEreTaluy KycToB 1o ¢geHodazam, BIaXHOCTH NOYBBL, BO3AyXa M JUCTa. B mepcrektuse
Bepu(HKalus CIYTHUKOBBIX M HA3eMHBIX JAHHBIX MO3BOJHMT CHU3UTH O0BEMBI MapIIPYTHO-TIOJIEBBIX
00ce0BaHuil 1 TaOOPAaTOPHBIX aHAIM30B. JIJis pelICHHs 3TOU 3a/1auu CIICKTPalbHbIC TaHHBIC C O0IIe-
JOCTYITHBIX CITYTHHKOBHIX TutatdopM Sentinel-2 n Landsat-8 momkHBI OBIT OTKaTHOPOBAHBI ITO Ha3eM-
HBIM 00pa3nam ¢ IpOOHBIX YIaCTKOB BHHOTPAIOTIPUTOHBIX 3€MENb ¢ TEPPYapHBIMH CBOHCTBAMH, KOTO-
pBIE ONpENENAITCA KaK CIEKTpalbHBIE MaTTepHBI (00pa3nbl) BUHOTPaaHUKOB. Hammdame 3aBucHMOCTH
MEXXIY BJIQXKHOCTBIO ITOYBHI, IIOIIABI0 JINCTOBOIM MOBEPXHOCTH U YPOXKaHHOCTBIO TIO3BOJISIET HA OCHO-
BE€ HOpMaIM30BaHHBIX MHIEKcOB Beretanuu (NDVI) u Bnaxxnoctu noussl (NDMI) ompenensite MUKpO-
YYaCTKH BUHOTPAJHOTO HACAXKAEHUS C Pa3IMYHOI MPOAYKTUBHOCTBIO M Ka4eCTBOM ypoxas. Mukpo3o-
HUPOBaHHE MECTHOCTH [0 TaKHM MapaMeTpaM Kak (PM3MKO-XUMHYECKHI COCTaB, BIAXKHOCTH MOYBBI,
MOp(OMETpUsi, SKCIIO3ULUS U YKIOHBI CKIIOHOB MO3BOJISIET BBIACIATH BUHOIPAIONIPUTOHBIE YYACTKH CO
CBOHCTBaMH TeppyapoB. BrineneHne rpaHu U IUIONIafel BHHOTPaJHOTO HACaXICHUS C TeppyapHBIMU
CBOHCTBaMH MO CIIEKTPaIbHBIM PACTPOBBIM KOCMOCHHMKAM C BEKTOPH3alMCH Pa3HOCTHBIX MOYBEHHBIX
CJIOEB B T€OMH(OPMAIIMOHHON CHCTEME TO3BOJISIET ONEPATHBHO OICHUBATH BUHOTPAJONPUTOTHbIEC 3EM-
JIH, IPOJYKTHBHOCTh Pa3JIMYHBIX yJaCTKOB BUHOTPAJHOTO HACAKACHHS U ONTUMH3HPOBATh arpopaboThl
B COOTBETCTBHUH C MPEIIU3HOHHBIM ITOAX0JJOM B BHHOTPaIapCTBeE.

KiroueBble c10Ba: BUHOI'PAJHUK, BHHOTPAJapCTBO, BEreTAallMOHHBI € CIIEKTPAJIbHBI € HHCKCHI,
CTPYKTYpa HOYBHI, Teppyap, NaTTEPH, CUJIa POCTa KyCTa.

Beenenne. Ha ceronHsmHui 1€Hb IPUTOJ- OTIPENIEIISIIOIUM COPTO-TIOJIBOWHBIE KOMOMHALIUU
HbIE JUIs BBIPALMBAHUS BUHOTPAJA 36MJIM €CTb B BUHOIPaJa U TEXHOJIOTMM €r0 BO3JE/IBIBAHHUSA.
Kpeimy, KpacHomapckom u CraBpononbsckoM — OLEHOYHBIE NPU3HAKU COOTHOCSTCA CO CHEK-

Kpasx, Yeuenckoii, Jlarecranckoii, KabapauHo-  TpajbHBIMH HAaTTEpHAMH TEPPyapHBIX BHHOTPAI-
Bankapckoit m KapauaeBo-Uepkecckoil Pecry0- ~ HHKOB IO 3HAYEHUSM WHACKCOB BETeTallid W
mukax, Unrymerun, Anpiree u CeepHoil Oce- BJIQ&XXHOCTH TIOYBHI B mepuoAbl ¢enodas. Ilox
Tuu. KpoMe TOro, BUHOTPAaJHUKH MOXHO BCTpe-  CIIEKTPAJBHBIM MAaTTEPHOM Teppyapa IOHUMAeTCs
TuTh B PocTOBCKOH, AcTpaxaHckoi, Bonrorpan- Y4aCTOK MUKDPO30HBI C OJTHOPOJHOM CTPYKTYypOil,
ckoii u CapartoBckoil obmactsix. Ha KpacHomap-  TOHOM ©  1[BETOM, KOTOPBIM  BBIIENSETCS
CKHMH Kpall TPUXOAWUTCS TPETh BUHOTPAJAHUKOB  Ha  (oHE n300pakeHNs B TpaHHUIAX
Bcelr Poccun — okoito 28 teic. ra. OQHUM U3 OC- BUHOTPAJHOI'0 HACAXKICHUS.

HOBHBIX IOJAXOIOB K ONpPENEIECHUI0 BHHOTPAIO- H3ydenne NmoYBEHHO-3KOJIOTMYECKHX M KIIU-
MPUTOJHOCTH 3E€MENBHOTO YYacTKa BBICTYNAeT  MAaTOJOTHYECKHUX MapaMeTpOB MECTHOCTH Ha OC-
koHuenuus Tteppyapa. C npunaruem denepaib-  HOBE UX CHEKTPAIBHBIX XapaKTEPUCTUK CTalo

Horo 3akoHa Ne 468-®3 «O BHHOTpamapcTBE M  BO3MOXXKHBIM B pe3ysibTaTe  WHTETPAlldU
BuHOzenuu B Poccuiickoit denepannn» BBEIEHO JUCTAHIIMOHHBIX M HAa3€MHBIX METOJOB HCCIEI0-

olpesiesicHue BUHOTPAJHO-BUHO/EIBYECKOTO ~ BAaHWUA  HAa  OCHOBE  TreOMH()OPMAIMOHHBIX
Teppyapa, Kak OrpaHHYEHHOHN TeppuTOpHH ¢ ofu-  TexHonorui [2]. Tak, Ha 6a3ze cepBuca «Bera-
HaKOBBIMHU TeOrpaMYecKuMH, KIMMaTH4eCKUMH  Science» (http.//sci-vega.ru/) YUEHBIMU

U TIOYBEHHBIMU YCIIOBUSIMH, B TPaHUIAX KOTOPOH OI'bBYH «BHHUUMBuB «Marapau» PAH Obu1
NIPUMEHEHNE  OJIMHAKOBBIX  TEXHOJOIMYECKHMX  pa3paboTaH airoput™M KiIacCH(UKaIUU BHHO-

MIPUEMOB BHUHOTPAIapCTBA U BHHOJCIUS OTpEJie- rpagaukoB FOxxHoro Oepera KpbiMa mo mHAEKCY
JIsieT 0coOble OPraHOJENTHIECKNE XapaKTePHUCTH- NDVI Ha o6mieli miomaay BUHOTPAIHBIX HACaXK-
KM BUHOAENbYecKor mponaykumu [1]. Heobxomu-  nmenmit 6omee 1700 ra [3], ¢ ncmonp30BaHHEM
MO HAiTH TakWe OLIEHOYHBIE KPUTEPUH Teppyap- KOTOPOTO OHH OMPEACIIUIN TPAHUIBI U COCTABU-
HBIX CBOWCTB 3€MEIbHBIX YYaCTKOB, KOTOPHIE JIM BApUAHTHI TPYII BHHOTPaTHUKOB. [1o maHHBIM
MO3BOJISIIOT C BBICOKOM JIOCTOBEPHOCTBHIO BbIJE- TYpeLUKUX M KaHaJICKUX uccienopareneil [4, 5],
JISITh BUHOTPAJONIPUTOAHBIE 3EMJIU MO/ CTOJOBbIE HCTIOJIB30BaHUE CIIEKTPOMETPOB BUIUMOTO OJIHXK-
U TEXHUYECKHE COpTa BUHOTPaAa C yYETOM CpO- Hero uHppakpacHoro nuamasona (vis-NIR) ¢ BeI-
KOB Bererauuu. TeppyapHble CBOWCTBa MECTHO- COKMM M CPEJHHUM paspeireHrueM oT 2 10 15 M Ha
CTH  BBICTYMAIOT  IEPBUYHBIM  (HaKTOPOM, MMUKCENb CIIY)KUT OMNEPATUBHBIM W HEIOPOTHM
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MeToJoM cOopa wuHMOpMAIMM O  IIOYBE.
O¢ddexTuBHOCTS KIACCH(PUKAIMK IOYB IO HH-
nexcam vis-NIR w TakuMm mpu3HakaM Kak IIBET,
OpraHUYecKoe BEIIECTBO, CTPYKTypa 1 pH moYBHI
IIPU BBICOKOM pa3pelIeHNH CHUMKA COCTAaBIISCT
68%, mpu cpemHeM paspemeHnn — 64%, a mpu
UCTIOJIb30BaHUH TOJBKO CIICKTPAJIbHBIX JaHHBIX —
61 1 59% cooTBETCTBEHHO.

MynbTHCIIEKTPaJIbHbIE CHUMKH C Pa3pelieHu-
em 10...60 M Ha MHKcenb ¢ KOCMUYECKUX CKaHe-
poB Sentinel-2 n Landsat-8 mcmons3yroT mis co-
3maHus U(POBEIX MOYBEHHBIX KapT. Ha ocHoBe
TaKUX CHUMKOB U 0a3 JaHHBIX TOYBEHHBIX 00pa3-
1IOB, pa3padaThIBaOT MU(PPOBBIE KAPTHI C TOYHO-
cteio 0,43% mo comepkaHUIO OpPraHUYECKOTo
yriepona B mouse u 6...11% 11 CTpyKTYpHBIX
¢dpaknuii [6]. Jns OICHKH KayecTBa IMOYBBI HC-
MoJIB3yI0T HHACKC SQI, KOTOpPBIM paccuuTHIBaeT-
c1 1O KOMOWHHPOBAaHHBIM  CIIEKTPALHBIM
masHbIM  Vis-NIR  (350..2500 M) u pXRF
(0...8 m 0..45 xB). Munexc SQI orpaxkaer nzme-
HEHHS CBOMCTB ITOYBHI 110 BEPTUKAIBEHBIM U TOPH-
30HTaNBHBEIM npoduisiM [7]. LludpoBoe kapro-
rpagupoBaHMe MOYB OCHOBAHO Ha pPacTPOBOU
KOHIICTIIIUU MOJICITH TOYBESHHOTO POduIs, 00pa-
00TKH 0a3 MaHHBIX MOYB, METOMaX OTOOpa mpoo,
OTIpENICTICHHH TPOCTPAHCTBEHHBIX KOBApHATOB
MMOYB, KOJIMYECTBEHHOM IPOCTPAHCTBEHHOM MO-
nenupoBanud [8]. Ha ocHOBe pe3ysbTaTOB aHaAJM-
3a MMOYBEHHBIX P00 U KOOPIWHAT TOYECK X 0TOO-
pa CTpPOUTCS DJIJIEKTPOHHAs IIOYBEHHAs KaprTa.
Ha 3Ty 0CHOBY HakJaipIBaeTCsl CJIOSMH JAOTIOJIHH-
TCJIbHas1 HH(bOpMaL[I/ISI 10 IIOYBCHHBIM HHJICKCaM,
NDVI u np., kaprorpaMmmbl BOJOTOKOB U 3KCILIU-
Kalusl CKJIOHOB. B pe3ynbraTe aHanmm3a JaHHBIX
MIPOBOUTCS 30HUPOBAHHUE TIOJIA IT0 YPOBHSIM ILIO-
Jnopoaus noussl [9]. IIpu 3ToM 1O HaHHBIM yde-
HBIX KaHaI[CKOFO HWHCTUTYTa DHOJIOTMM U BUHO-
rpagapctBa (CCOVI), koTopble wuccaeaoBain
«3¢GeKTs Teppyapay, BIAUSIONUE Ha KOMIIOHCH-
Thl ypOykas BHHOTPAJHOM JIO3bl, COCTaB Sr0J W
COpPTOBEIC TTapaMeTPHl BUHA, YCTOHYMBAs 3aBHCH-
MOCTh MEXIY COCTaBOM IIOYBHI M Ka4eCTBOM BH-
HOTpajJa ¥ BUHA OTCYTCTBYET, XOTS TPATUIIHOHHO
CYHTANOCh, YTO TI0YBA BBICTYIIAET OCHOBHOM Xa-
PaKTEpUCTUKON CBOMCTB Teppyapa, OINpeaesio-
Iﬂeﬁ Ka4€CTBO BUHOI'paJia 1 BUHA.

Celiyac CBOWCTBa Teppyapa pacCMaTpHUBAIOT
4Yepe3 COBMECTHOE B3aHMOJICHCTBHE IIOYBBI U
OKpyXaromiel cpenpl. Bo MHOTMX cTpaHax BbICO-
KOKaueCTBEHHBIC BMHA IPOU3BOJAT M3 BHHOTpaA-
Jla, BBIPAICHHOTO HAa CaMBIX pAa3HBIX IOYBaX.
[TosTOMY TpyIHO ONpEenenuTh JYYLIyIo MOYBY C
TOYKH 3pEHUS CTPYKTYPBI, MOITHOCTH HUJIU COAEP-
KaHWUA MUHEPAJIOB. 3aMeTHOE BIMSHHUE Ha pa3Bu-
THE KyCTOB BUHOTPaJa U ypOKaHOCTb OKa3bIBa-
0T TaKW€ XapaKTCPHUCTUKHU II0YBBI, KaK BOJI0-
ylepKkuBaromass W (QUIbTPAIOHHAs CHOCO0-
HOCTh. OTHUM M3 OCHOBHBIX (PaKTOPOB «3(peKTa
Teppyapa» CUYHTAIOT BOJHBIA OalaHC BHHOTPA-
HOW JI03BI, TaK KaK CaMble CHIIbHBIC 3aBHCHUMOCTH
KadecTBa BHHA OBUIM CBS3aHBI C BOAHBIM ITOTCH-
[IHAJIOM JIUCTHEB B TOJJIEHB, IPHPOCTOM JIO3BI U
Maccoit sron. Hambolree MOCTOSSHHBIMH XapakTe-
pPUCTHKAMH  TOYBBl,  KOTOpBIE  MOBIIHSUTH
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Ha TPOU3BOJIUTENBHOCTh BUHOTPATHOM JIO3BI U
KOMITOHEHTBI ypoOKas, ObuUIM ee (HU3HYEeCKUe
CBOHCTBa, OCOOCHHO CTPYKTYpa C BBICOKOM CO-
nepxaaueM necka [10].

B xoHeyHOM cyeTe MMEHHO BOIHBIN OayaHC
MOYBBI W PACTEHHS OMPEACNIAET KadeCTBO BHHA
JUIl KOHKPETHOTO Teppyapa. BimsHue ¢usmue-
CKMX CBOMCTB TOYBHI Ha BJIaroo0ecreueHHOCTh
BUHOTPAHOTO KyCTa M KayecTBO BUHA ObLIO 0O-
jiee 3HaYMMBIM, Y€M XHMHYECKOTO COCTaBa IMOY-
BBI. B XOpOIIIO ApeHNpyeMBIX T0UBaX OTCYTCTBY-
I0T 3aCTOMHBIE IPOLIECCHI B KOPHEBOW 30HE, a
B KOHIIE CE30HA COKpAIIaeTCs JOCTYHMHOCThH Bia-
TH, TI03TOMY YYacCTKH, OBICTPO TEpPSIOLINE BOJO-
HACBHIIIEHHOCTh M HaXOJAIIMECs BBIIIE YPOBHS
IPYHTOBBIX BO/I, Ooutee HPUTOTHBI
JUISl BAHOTPAJIHBIX HACaXICHUH.

B MHOrouYMCICHHBIX BEreTallMOHHBIX U IOJIe-
BBIX ONBITAX J0KAa3aHO, YTO BHECCHHE yNOOpeHMI
HE TOJBKO MOBBIIIAET ypo’kai, HO M Oyaromaps
YMEHBIICHHAIO JBAallOTPAHCIMPANNN CHIKACTCS
pacxon BOABI Ha CO3JaHNE SAWHUIBI IPOIYKIHH.
[TosTOMy BBICOKOE IJIOAOPOJHE IMOYBBI CIIOCOO-
CTBYET YMEHBIICHHIO KO3((ulMeHTa BOJOIO-
TpeOneHus. Tak kak cuja BcachblBaHMA KOpHEH
BHHOIPAHOM 110361 ocTuraeT 16,3 kr/cM® mura-
TENIbHBIE BENIECTBA B IOYBEHHOM pPacTBOpE
Ipu HEOOJIBIIMX 3aIacax BIard, €CIIU IO3BOJISET
M0YBa, MOTYT IOCTYIIaTh B PacTeHUE C TIIyOHHEI
mo 10 m[11].

3apyOe)xHble MCCIIeoBaTed OTMEYAloT, 4TO
MOYBa, IPUTOIHAS JJIsl BUHOTPAJHUKOB, XapaKTe-
pu3yeTcss TaKMMHU IapaMeTpaMH, KaK CKOPOCTb
uHuibrpanuu or 500 MM B cyTKu, oOmasi 1o-
CTYNHOCTb BOJIbI B KOpHEBOM 30HE — OT 150 MM,
JIETKOJIOCTYITHOM BOABI B KOPHEBOM 30HE —
or 75 mM. Ilnoxoit gpeHaxk W nepeyBiaXHEHUE
BUHOT'PAHBIX HACAXKICHUH 3aMeISIOT POCT BH-
HOTPaJHOH J103bl. B 3acylUIMBBIX perHoHax IUIO-
XOH JApeHaXX yBEIMYMBAeT HAKOIUIEHHWE COJeH B
KOpHEBOi 30HE [12]. YKIOH BBICTYNAeT BaKHBIM
MOKazaTeJeM IOACTHIIAIONIEH MOBEPXHOCTH IS
oueHkn 3¢p¢exTa Teppyapa, Tak Kak OT HEro
3aBUCHT HOBEPXHOCTHBII CTOK M JIPEHHPOBaHHE
BEPXHEr0 MOYBEHHOTO CJIOS, WHTEHCHBHOCTH
9pO3MH, MOIIHOCTH IIOYBEHHOTO  Mpous,
MOCTYIUICHUE COJIHEYHBIX JIydeil, MHUKPOKIUMAT
yuactka [13].

Bunorpag oco0eHHO TOHKO pearupyer Ha
M3MEHEHMS KJIIMMATHYECKUX YCIOBHH M aHOMaJlb-
HBIE MIPOSIBIICHUS TTOTO/Ibl, KOTOPBIE B IOCIIEHNE
JlecaTHiIeTns: cranu Oojiee HecTaOWIBHBI M TIPH-
HUMAIOT XapakTep IMPHUPOJAHBIX KaTakiu3MOB. B
MEPBYIO O4Yepeab 3TO OTHOCHUTCS K TeMIlepaTryp-
HOMY DPEXHMY M KOJHYECTBY OcaakoB. Mopdo-
METPUYECKUE MapaMeTpbl NOYBEHHON U penbed-
HOW MOBEPXHOCTH Y4acCTKa, KOTOPHIC OMPEACISIOT
arpodKOJIOTUYECKHE I10Ka3aTeNId BUHOTPAIHBIX
HacaXkJIeHnH, 6oJiee yCTOWYHBEL.

Hanume npsiMoii 3aBUCMMOCTH MEXIY BIIaX-
HOCTBIO TIOYBBI, IUIOMIAbIO JIUCTOBOH TTOBEPXHO-
CTH M YPO’KaifHOCTBIO MO3BOJISIET HA OCHOBE HOP-
Majau30BaHHBIX HWHIEKCcOB Beretamuu (NDVI) u
BiaxHoctu nouBbl (NDMI) onpenensats Teppyap-
HbI€ yYaCTKH BUHOTPAIHOTO HacaxzacHus [14].
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Ho »Tu ciyTHHKOBBIE JTaHHBIE HEOOXOAUMO BEpH-
¢unupoBaTh W KaaMOPOBAaTH MO KOHTPOJIBHBIM
TOYKaM B MeCTax YKJIOHOB, OyrpoB W HH3HH,
MIPOBOJIS TIOJIEBBIC HCCIEOBAHUS BIAXHOCTH W
CTPYKTYpHl ~TIOYBHL, ompezaeneHne (erodas
Pa3BUTHSI JIO3HIL.

OtpakarenbHasi CHOCOOHOCTH 3€MelNlb I0J
BUHOTPAJHUKAMH MEHSETCS B 3aBUCHMOCTH OT
MOTOAHBIX (DAKTOPOB, BIAKHOCTH TMOYBBI, (heHO-
JIOTHYECKUX CTaJAuil pa3BUTHS BHHOTPaja, arpo-
TEXHUYECKUX MEPOTIPHUITHH, CTETIEHH 3aCOPCHHO-
CTH TIOJNS, XapaKTepUCTHK Me3openbeda ©u Aap.
Cucremarn3aiis pasHOPOAHBIX XapaKTEPHUCTHK
BHHOTPAIHBIX HACAXKICHHUH ITO3BOJISIET HA OCHOBE
reoMH(pOPMAaIMOHHBIX TEXHOJIOTHIl ONpenesnsTh
BHYTPEHHHE W BHEUIHWE T'PAHUIBI BHHOTPAJIO-
MIPUTOTHBIX 3€MEJb CO CBOMCTBAMH Teppyapa.

OKCTCHCUBHBIE BO3MOXXHOCTH  YBEIIMUEHHS
BHHOTPaIHBIX HacaxneHnid B KpacHomapckom
Kpae MpaKTU9YeCcKH HcUYepraHbl. [loaTomy manmb-
Helfimee pa3BUTHE BHHOTPAIAPCKOH OTpaciu BO3-
MOJKHO TTOCPEACTBOM TIepexona K MpeI3HOHHO-
My BHHOrpaaapctBy. IIperusuonHoe BHHOIpa-
JIapCTBO OCHOBBIBAETCS HA ONEPATUBHBIX JaHHBIX
C METEOPOJIOTHYECKUX U JIPYTUX JIATYUKOB OKpY-
JKAaIOIeH Cpelbl, CIyTHUKOBOTO M BO3IYIIHOTO
IUCTAHIIMOHHOTO 30HIMPOBAHWS, MX aHaIN3a B
reorpaduueckod  MHOOPMAIIMOHHON  cUcTeMe
(TC). Beicokas BapmaOenmbHOCTh (PAKTOPOB,
BIISIFOIIIAX HAa POCT JIO3BI U KAUECTBCHHBIC Xapak-
TEPUCTUKU BHHOTIPa/a, TPEOYeT TaKKe MHTCHCHB-
HOT'O YIPABJICHHS C YYE€TOM 3THX JIAHHBIX O MECT-
HBIX YCJIOBHSIX BUHOTPAJHUKA.

Lenb vccnenoBanus — MpoOBEpPKa METO/1a MHUK-
PO3OHUPOBAHUSA  YPOKAHHOCTH  BHHOTPAJTHBIX
HACaXICHUH CO CBOMCTBaMU Teppyapa Mo H3MEH-
YUBOCTH 3HAYCHWH BETCTAIIMOHHBIX WHIIEKCOB C
KOCMHUYECKHX CHUMKOB Sentinel-2.

YcioBusi, Mmatepuajbl U MeToAbl. OOBEKT
HCCIIeIOBAHMS BUHOTPAJHUK Ha IUIOIIAAN
23,46 ra (xoopmuHathl: c.l. 44.92, B.1. 37.36)

AHanckoro paifoHa, rojJi MOCaAKH BECHA
2019 r., copr — HlapnonexKobep 5bb, cxema
mocanku — 2,5 M x 1,0 M, ¢popmupoBka [roifo.
ITocTaHOBKY TOJEBOTO ONBITA W aHAIHM3 JaHHBIX
OCYIIECTBISIIN B COOTBETCTBHH C METOIUKOM
CK3HUHMCuB (2010). ITouBeHHBIC HCCIIEIOBA-
Hus nposenensl mo 'OCTaMm: onpexnenenue miot-
HOTO ocTaTka BOJHOW BHITSDKKM — 1o ['OCT
26423-85, ompeneiaeHue KaJlbLiUg U MarHus —
KOMIUIEKCOHOMeTpuueckiuM MetoaoMm mo ['OCT
26487-85. KomnuecTBo caxapoB B o0Opasmax BU-
HOTpaja OIpeNeIsUIN JACHCUMETPHUSCKUM METO-
noMm (I'OCT 13192-73), KUCIIOTHOCTh COKa SITOJ
mytem tutpoBanus (COCT P 51621-2000).

Omnpenenenye rpaHull ¥ MOPPOMETPUUECKUX
rapameTpoB IMOYBEHHBIX YYaCTKOB ITPOBOIAMIM Ha
OCHOBE KOCMHYECKHMX CHHMKOB Sentinel-2 mo
kananmam: B04, B03, B02, B08 B mporpammax
QGIS, SAGA GIS, SNAP. Ha xaxnom ydactke
uccienoBan no 15 kycroB. AHamu3 AaHHBIX
TIPOBOJIMIIA 32 HECKOIBKO BETCTAIHOHHBIX TTEPHO-
noB. Jlnama3oH OOHOBIICHHUS CIIEKTPaJbHBIX KOC-
MOCHHMKOB COCTaBJISIET OT 3 Ji0 7 nHe# [15].

MHMKPO30HUPOBaHUE MECTHOCTH 10 TaKHM
napamerpaMm, Kak (U3MKO-XUMHYECKUI COCTaB
MOYBBI, TEMIICPATYPHBIC TOJIS, BIaXKHOCTH ITOYBHI,
MophoMeTpHUs W YKIOHBI CKIOHOB IIPOBOIMIIH
BU3YAJIILHBIM JCIIHU(PPUPOBAHUEM KOCMHUYECKHAX
CHIMKOB M KJacCH()HKanueil BUHOTPAIOIIPHUTOI-
HBIX 3€MeNb C HCIOJB30BAHHEM COBPEMEHHBIX
IU(POBBIX TEXHOJOIHU: TNI00ATBHOTO IMO3HINO-
HUPOBaHMS, JMCTAHIMOHHOTO  30HAWPOBAHUS
([13) u reonndpopmarmonnsix cucrem (I'MC) [3].

PesyabTaThl U o0cyxknenue. B Ananckom
paiioHe OmpeeNAIOIMA TapaMeTpaMu TIPH BBI-
Oope 3eMenpb s 3aKIAAKH BHHOTPAIHBIX IUIAH-
TaIMi CIy’aT YPOBEHb M COJIEBOH COCTaB TPYH-
TOBBIX BOJ U IIOYB, COJACP)KAHHE aKTHBHBIX Kap-
OOHATOB B MOYBE, IPAHYJIOMETPHUYECKHI COCTAB U
IUIOTHOCTH TIOYBBI, 3alachl TyMyca, SKCIIO3HUIINS,
JUIMHA ¥ KPyTHU3HA CKJIOHOB [16].

= —

Puc. 1 — BapuanTsl nouBeHHBIX MaccuBOB (1 ygacTok — 3,58 ra, 2 ygactok — 6,15 ra, 3 ygacTok —
2,60 ra, 4 ygactok — 2,80 ra, 5 ygactok — 1,36 ra, 6 ygactok — 4,31 ra) u Toukn 0TOOpa MOYBEHHBIX
po0 Ha ONBITHOM Y4acTKe, MPO(MIb penbeda, BBICOTH U YKIIOH MapIipyTa
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[IpoBeneHHble MapUIPyTHO-TOJIEBbIE UCCIIE-
JIOBaHMSI MOYBHI OMBITHOTO Y4acTKa U BereTalu-
OHHBIX WHIIEKCOB BHHOTPATHBIX HACAKICHUN
MTO3BOJIIUIN C(OPMYITHPOBATh THIIOTE3Y BBIIENE-
HUS Teppyapa IO CIEKTPAJFHBIM NaTTEpHAM
(oOpasamM) MOYBEHHBIX yYacTKOB M CHJIE POCTa
KycToB. /[Ina ee mnonarBepxaeHus B 2022 T.
Ha y4acTKe BHUHOTPAJHOTO HACaKIEHHUs IJIoia-
Ip10 23,46 Ta BBIJICICHO 5 MOYBEHHBIX PA3HOCTEH
(puc. 1) ¢ pa3nmu4HBIMU (DU3HKO-XUMUYCCKUMHU
XapaKTepUCTHKaMH TTOYBHI (Tab. 1).

B mepBoM BapmaHTe TOYBa, HAYMHAS C TITyOH-
HEI 100 cM, CONEep KUT TOBBIIIIEHHOE KOJIHYECTBO
JIETKOPAaCTBOPHMEIX COJIEH, Cpelu KOTOPBIX Ipe-
obnamafoT Bxosamue B rumnc nonsl HCO® . Bax-
HOM OCOOEHHOCTBIO TakK)K€ BBICTYIMAET MOJHOE
OTCYTCTBHUE KapOOHATOB KaJbIUs KaK OOIIUX, TAK
U aKTHBHBIX.

Bo BTOpOM BapmaHTE 1MOYBa BBIACISACTCS JIET-
KHUM TPaHyJIOMETPUIECKAM COCTaBOM, B TO BpeMs
KaK y OCTaNbHBIX 00Opa3IloB OH BapbUpPYET OT
CPETHECYTIMHUCTOTO JI0 TSKEIOCYTITHHUCTOTO.

B TperbeM BapmaHTe TmMOYBa COMEPKUT
HAHOOJIbIIEE KOJMYECTBO KapOOHATOB KaJbIuA,
KOTOPO# C MIyOWHOW YBEIHYUBACTCS U JIOCTUTAET
18% Ha riry6une 160 cm.

B YETBEPTOM BapHaHTE moyBa
XapakTepu3yeTcss  OTCYTCTBHEM  KapOOHAaTOB
KaJbIUA W CPETHECYTIMHHUCTHIM TPaHyJIOMETpPH-
YECKUM COCTaBOM.

B marom BapmaHTe mOYBa COACPIKUT TOKCHYU-
HBIE JIETKOPACTBOPUMBIC COJH, KOHIICHTPAIIHS
XJIOpUJ MOHA HAYMHACT YBEIIMYMBACTCS C IIIyOU-
HBl 60 cM u Ha rTiayOmne 160 cMm nmocruraer
0,63 mr-3kB. Ha 100 T TOYBEI.

Jlis ompeneneHus: CTETICHH BIIUSHUS TOYBCH-
HBIX pPa3HOCTEH Ha BHHOTPAJHOE pacTEHHE Mpo-
BOJWJIM arpoOHOJIOTHYECKHE YUeTHl U OTpeaess-
TN KavYeCTBCHHO-KOJIMYIECTBEHHBIE ITOKA3aTEIN
BUHOTPAJHOHN MPOIYKIINK Ha BCEX IIATH MACCHBAX
BUHOTPAJHOTO HacaxeHus (Tadi. 2).

ITo KOHTPACTHBIM CHUMKAM, MOCJIe 00pabOTKH
o CcrenyaJIbHbIM aJIr'OpUTMaM (C HUCIIOJIb30OBAHU-
eM cepBuca https://app.onesoil.ai/), Oblia TpoBe-
JIHa  OICHKa  OTHOCHUTEIFHOW  IIOTHOCTH
(huTOMAacCHl TIO 3HAYCHHSAM HWHIACKCA BETreTaIllH
NDVI. Kosmnekuuss CHUMKOB BUHOTPAJHUKOB C
TMOBTOPSIONIIMHUCS TIPU3HAKAMH y30Pa-TEKCTYPHI
II03BOJIMJIa BBIIBHUTH OTKJIIOHCHHS OT OIITHMAJIb-
HOro 3Ha4CHHUA. Ha ortknoHenus 3HaueHUs
napekca NDVI taxke BiausAno pacnpeneneHue
CYTOUYHBIX TEMIIEPATyp U OCATAKOB (pHUC. 2).
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Puc. 2 — Bimsinue temnepatypsl (a) u ocaznkos (0) Ha nanexc NDVI B 2022 r. u cpenuue 3a 5 et
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CrieKTpaibHbIC WHACKCHI OMPEACIIH MO Ka-
namam B04, B03, B02 u BO08 kocmuueckoro
cHuMKa Sentinel-2.

Ha cammke maposoro momns (2019 r.), xorma
3eJICHbIE PACTEHHS Ha MOBEPXHOCTH IOYBHI OT-
CYTCTBOBAJIH, YETKO BUIHBI TPAaHUIBI U KOHTYPHI

CTBEHHbBIE HAYKH

MOYBEHHBIX MAacCHBOB, pa3lW4YMMblE MO LBETY,
TOHY U TeKCType (puc. 3a).

AHaOTU4HBIE PA3TUYNs BUIHBI IpHA 00padoT-
Ke creKkTpanpHBIX kaHaimoB BO8 um B04 cootset-
CTBEHHO AJISI CPETHUX M KOHTPACTHBIX 3HAYCHUI
BererarmonHoro uHaekca NDVI (puc. 36 u 3B).

Tabmmma 1 — Pusuko-xmMHuYecKas XapaKTepHCTHKa II0YB II0 pe3yjibTaTaM aHajlu3a BOJHOU
BBITAXKKU
BapuaHT, 1ouBa Cnoit,cm | pH | Imor- | HCO*™ | CI' Ca™ | Mg”" | Kap6onatsl, | Bcku-
HBII % TaHue
ocTa- or 10
TOK, Mr-3kB. /100 T TOYBEI 00- | mo- A
% WHe | nmBM | coms-
JKHBI HOHU
e KHC-
JIOTBI
1. UepHozeMm 0..20 [6,6]0051] 020 [024] 025 | 0,15 | 0 0 -
OGHKﬂofeHHEH 20..40 [641]0,068] 022 [029] 0,25 [ 0,15 0 0 -
2§§§§§§;;2;f’ 40..60 |63 0,05 | 022 [029] 030 | 020 | 0 0 -
TBIH, TAKEIOCY- 60...80 6,3 | 0,086 0,24 0,24 | 0,30 0,20 0 0 -
Zﬁiiﬁﬁﬂii;H 80...100 | 6,4 | 0,100 | 026 |0,25] 025 | 025 | 0 0 -
Lt HA THICO- 100...120 | 6,7 | 0,196 | 0,50 | 0,38 | 0,75 | 0,40 | 0 0 -
BBIX TJIMHAX 120...140 | 6,7 | 0,518 0,40 0,38 | 3,50 1,50 0 0 -
140...160 | 6,8 | 0,473 | 0,26 | 0,38 | 4,00 | 0,30 | 0 0 R
2. UepHo3eM 0..20 |6,7]0037| 024 |[024] 030 | 0,10 | 2,0 | 2,5 ¥
H0KHBIH KapGo- 20.40 | 6,7 0031 | 040 | 027 030 | 0,10 | 40 | 2,5 ¥
o e, | 40-60 6,510,040 | 040 [027] 030 [ 015 40 [40 | +
wasnth, chops. | 0080 | 6.5 | 0034 | 040 | 029 | 045 | 0.10 | 40 | 45 | =+
pQBaHHHﬁ Ha 80...100 6,7 | 0,037 0,34 0,25 0,35 0,15 2,0 4,5 +
IPUMOPCKUX 100...120 | 6,7 | 0,030 | 0,34 | 0,29 | 025 | 0,15 | 2,0 | 4,5 ¥
neckax 120...140 | 6,6 | 0,026 | 0,32 [ 0,30 | 0,35 | 0,10 | 2,0 | 2,5 ¥
140...160 | 6,4 | 0,030 | 0,32 | 034 | 035 | 0,10 | 2,0 | 0 -
3. YepHosem 0..20 | 73]0073 | 038 | 029 040 | 0,20 | 40 | 2,5 ¥
OGBIKHOBCHHBI 20.40 | 7,710,070 | 040 |026| 045 | 030 | 6,0 | 5,0 +
MOIIHBIH Kapbo- 4060 | 7.6 | 0,080 | 0,40 | 025 | 0,40 | 0,15 | 6,0 | 6,5 ¥
Z‘;‘Eﬁl‘;ﬁ“ﬂi’iﬁ?" 60..80 | 7.5 ] 0,051 | 036 |025] 045 | 0,15 | 8,0 | 85 ¥
chopMupOBaH- 80...100 | 7,7 [ 0,040 | 0,40 | 024 | 0,50 | 0,10 | 10,0 | 10,0 | +
i Ha Tsokensix | 100...120 | 7,5 | 0,050 | 0,40 | 024 | 045 | 0,15 | 12,0 | 10,0 | +
CYTJIMHKAX U 120...140 | 7,6 | 0,051 0,40 0,25 | 0,50 | 0,10 | 16,0 | 11,5 +
[JIMHAX 140...160 | 7,6 | 0,053 | 0,32 | 0,24 | 050 | 0,15 | 18,8 | 13,5 | +
4. YepHoseM 0..20 | 680048 | 022 0,26 030 | 0,10 | O 0 -
FOKHBIIT BBILIE- 20.40 | 690,050 024 [031] 035 [ 0,15]| 0 0 -
JOUEHHBIH MOIL- 74060 | 6,9 | 0,058 | 026 | 0,31 | 035 | 0,20 | 0 0
HBIM CpeHECY~ 60..80 [7,2]0,038] 030 [030[ 040 [ 0,15 ] 0 0 -
g(‘)‘;\‘f;;gl‘m 80...100 [ 7,1 [ 0,032 [ 030 [031] 0,40 [ 0I5 0 | 0 -
HLI HA 7E0CO- 100...120 | 7,1 | 0,037 | 0,26 |032| 0,40 | 0,15 | 0 0 -
mubix cyrmn- | 120--.140 [ 7.5 (0,072 [ 046 [ 034 ] 040 | 0,05 [ 42 | 26 ¥
Kax 140...160 | 7,5 | 0,062 | 0,50 | 0,34 | 0,40 | 0,05 | 8,4 | 4,7 ¥
5. YepHo3eM 0..20 | 7,4 0,066 | 0,40 | 0,29 045 | 0,25 | 2,1 | 1,8 ¥
FOXKHBI Kap6o- 20.40 | 7,4 [ 0,059 | 042 [030| 045 | 0,10 | 2,1 | 2,0 ¥
HATHBIA MOLII- 40..60 | 7.3 | 0,064 | 040 | 030 | 0,45 | 0,10 | 42 | 2.5 ¥
HBII cpenHecy- 60..80 | 7,4 | 0,130 | 036 | 0,53 | 0,80 | 0,20 | 5,0 | 3,2 ¥
DIMHUCTBIA Dy- 780 100 | 7,4 | 0,107 | 036 | 0,53 | 0,90 | 020 | 6,3 | 3,9 +
GokoconoHueBat 760 120 | 7.4 | 0,124 | 0,40 | 0,68 | 0,90 | 0,15 | 7,6 | 4,5 +
bIi, chOpMHPO- 50120 7.4 10,120 | 0,42 | 0,68 | 095 | 0,10 | 8.4 | 7.1 I
BaHHBIM Ha JICC- 94677760 [ 7,4 | 0,120 | 0,46 | 0,63 | 0,90 | 0,15 | 6,3 | 6,0 ¥
COBUIHBIX I'JIU-
Hax
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OpuH TNHKCeNnb CHUMKAa HMMEET paspelieHHe
10 M, uto cootBercTByeT momaau B 0,01 ra. To
€CTh 3HaYECHHUE BETCTAI[HIOHHOTO MHIEKCA B OJTHOM
MTUKCENIe OTPaXKaeT CPeHIOK cmiry pocta oT 30
1o 40 BuHOTpamHbIX KycToB Ha 0,01 ra mis cxe-
MBI mocanku 2,5 M x 1,0 m (copr — ILHap-
nouexKobep 5Bb, ¢popmuposka ['oiio), uro co-
OTBETCTBYET CKOPOCTH pOCTa I00EroB 3TOrO
ydacTka. B cBoro ouepenp cuia pocra KycCTOB
BUHOTpaJa 3aBUCUT Kak OT  IUIOJOPOAMS
MOYBBI, TAK U OT HCIOJb3YEMBIX arpoTEeXHHUE-
cKuX mpuemos [17].

Hanuune TecHOW CBSI3M MEXAY BIAKHOCTHIO
MOYBBI, IUIOMIAABI0 JINCTOBOM MOBEPXHOCTH U
ypO’kaltHOCTBIO BUHOTpagHMKa [ 18] mo3BosseT Ha
OCHOBE HOPMAaJIM30BaHHBIX HMHJEKCOB BETETAI[HN
(NDVI) u Bnaxnoctu noussl (NDMI) BelIenATh
y4acTKH BUHOT'PATHOTO HacaXJCHUS
C pa3IM4YHON CHUJIOM pPOCTa KYCTOB Ha Pa3HbIX
MIOYBEHHBIX MAaCCHBaX.

[TouBeHHBIE CBOWCTBA BBIAEICHHBIX YYaCTKOB
MHUKPO30H U MOpP(GOMETPHUYECKHE IapamMeTphl
(yKIOH W TPOTSHKEHHOCTB),  OTPEACISIOT
CHIIy pa3BUTHS KyCTOB B HCCIECIOBAHHOM
psany (puc. 1), yporkalfHOCTh W Ka4ecTBO TPO3.eit
(tabn. 2), YTO B TEYCHWH BETETAI[MOHHOTO
neproia NPOSBISETCS B BEIMYMHAX 3HAUYCHHUN
WHJICKCA BETeTaIlUH.

Tak, uanekc NDVI B aumanazone ot 0,27 no
0,47 B xpacHOM IBeTe cooTBeTCTBYyeT 2,14 ra
MEKKJIETOYHBIX NPOE3I0B U APYTHUX yJaCTKOB Oe3
pacturensHOCTH (pHic. 4a). CBETIO-KENTHIH IBET
CO 3Ha4YeHUsIMHU MHAeKca B auamasone 0,4...0,6 —
YYacTKH CO cabopa3BUTBIMU KyCTaMH, Ha KOTO-
pele mpuxoautcs 7,7 ra — BapuaHThl | u 2, 3Haue-
Hus ungekca 0,6...0,7 cCOOTBETCTBYIOT y4acTKam
C HOPMaJIbHO Pa3BUTBIMH KyCTaMH Ha IUIOILAIN
14,5 ra — BapuanTtsl 3 u 5. CHIBHO pa3BUTHIE KY-
ctel Ha 1,9 ra xapakrepuzyer NDVI or 0,7 u
BEIIIIC — BApUAHT 4.

Tabmmma 2 — YpokalfHOCTh W KauecTBEHHBIE MmoKa3aTenu copTa lllapmoHe B pa3nuIHBIX BapHaHTaX

MTOYBEHHO pa3HOCTH U penbeda

Cpen- Pacuer- Tutpye-
Bapu- Kosdpdu- Koa%)(pn- Hee | Cpemuss Hast (Da:T;me- Ca- Mas Kuc-
aHT, LIUEHT r]['ﬁ) H;_ KOJIH- macca yposxai- ongffl- xap, JIOTA, pH
BBICOTA, IInomono- HOCH A . | 9€CTBO | TpO3IH, HOCTb C yg 5 /100 /v’ s CcoKa
YKIOH menus, K1 OCHOCTH, rpo3- rpamMm KycTa, OCTE, o™’ KHCIIOT-
K2 e KT kr/kyer HOCTh
1) 31 m, 1,06 1,68 11,3 201 2,86 2,28 18,6 8,85 3,13
0,7 %
2) 28 ™, 1,32 1,70 18,2 130 3,06 2.37 15,9 12,00 3,02
4,3 %
3)22 ™, 1,35 1,58 18,8 140 3,19 2,64 18,6 8,92 3,11
1,5 %
4) 20 M, 1,49 1,83 27,8 142 3,62 3,96 14,6 14,70 2,99
2%
5) 18 m, 1,47 1,87 12,5 155 3,19 1,94 18,9 9,67 3,07
5%

lf-r

a

Puc. 3 — KocMOCHMMKH BHHOTPaAHBIX HacaxJeHuWi: a) mamHs, 0) cpenuuit NDVI = 0,35, B) xon-
tpactHeld NDVI 27.09.2022: xpacubiii — 0,21...0,39 (HM3KHMI ypOBEHb BEr€TallMH); MXEIATHIA —
0,40...0,42 (yruerennas Bereramnws); 3eneHsrid — 0,43...0,55 (cumpHas BereTammsi), T') TOYKH OTOOpa

po6 mo BapuaHTy Ha ydacTke (27.09.2022).
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NDMI — HOpManu30BaHHBIM Pa3HOCTHBIM HH-
JIEKC BIQYKHOCTH OTPAXXaeT YPOBEHb COJICPIKaHMs
BIarm B pacTeHusX. llpm ero BenuduHE
0,019...0,125 OTHOCHTENBHBIX €IUHHII, Xapak-
TepHOI 1 64% TuToImaan BUHOTPAJHAKA, pacTe-
HUSI WMEIOT HOPMAJbHYI0 YBIAXHEHHOCTh, a
Ha 4% IUIOIAAU HacaXACHUMN co
3HayeHussMu  uHaekca  0,125...0,231  onHm
nepeyBiaxHeHsl (puc. 460). B 30y nepeysiaxHe-
HUSI TIOTIaaeT BapuaHT 4 — ¢ HauOOJIBIIMM KOJIH-
YeCTBOM TIpo3/ed, pacueTHOHM W (PaKTHIEeCKOi
YPOKaWHOCTBIO M KHCJIOTHOCTBIO Aroa. Ocraib-
HBIC BapUaHTHl PACHOJIOKEHA HA ydacTKax ¢ HOp-
MaJbHOW yBIIQXKHEHHOCTHIO (M. Tab. 2, puc. 3r).

ReCl — mnoxazarens (OTOCHHTETUYECKON aK-
TUBHOCTH PAaCTUTEIBHOTO MOKPOBA, YYBCTBUTEIb-
HBI K COJCPKAHMIO XJIOpPOQHUIa B JIUCTHSX.

BeiBoabl. Ilpu wu3ydyeHHM CHEKTpPalbHBIX
XapaKTECPUCTHUK BUHOTPATHBIX Haca)l(lleHI/Iﬁ OTME-
YEeHBI TPU OCHOBHBIX MPU3HAKA, HECYIIUX HMH(POP-
MalHI0 O COCTOSHUM PAaCTHTENBHOTO IOKpPOBa:
HHJEKC SIPKOCTU MOYB — CHHTE3UPOBAHHBIN CHH-
MOK B TPEX BUIVMBIX KaHaNaxX, B3BEIICHHAs CyM-
Ma 3HAYCHMH MMUKCEJIOB BCEX 30H CHUMKaA, YYUTBHI-
Barollass MaKCUMaJbHOE BAaphbHUPOBAHUE OTpaxa-
TEIBHOM CIIOCOOHOCTH MOYBBI, HHICKC BETeTAIlNN
NDVI 3eneHoit pacTUTENbHOCTH — KOHTPACT
MeXay OnvxHell MHppaKkpacHON W BUAMMOHN 00-
JIACTAMU, B 3HAUUTEIBHON CTENEHH OIpPENENIIO-
IMHA  KOJNMYECTBO 3€JIEHOW pacTUTENBHOCTH B
oTro0OpakaeMoil 001aCTH; MHJIEKC BIa>KHOCTH pac-
teanit NDMI, koTopblii onpesenseTcs Ha OCHOBE
HH/IEKCOB BJIAYKHOCTH TIOYBHI M BO3AYXa.

JlaHHBIE  OWCTAaHIMOHHOTO  30HAWPOBAHHA
¢ 10 M pasperieHrneM B COYETAaHWH C TIOJIEBOM
KaJIMOPOBKOW IPH MapHIPYTHO-IIOJIEBOM 0OCIIe-
JIOBAaHUU TOYB MOTYT NPUMEHSATHCS IS OLIEHKH U
KJaccu(UKay TeppyapHbIX CBOWCTB BUHOTPAI-
HBIX HacCa)K/JIEHWH IO CIOCOOHOCTH HAaKaIUINBaTh
caxap M KuCJIOTHOCTH. [Ipu mpoBeneHHu Kanuo-
POBKH CHEKTPATBbHBIX n300pakeHH
IUTA Pa3TUIHBIX YCIIOBHH BBIPAIUBAHUSA U C yUe-
TOM KOHKPETHBIX arpOTEeXHHYECKHX MPHUEMOB,
KOTOpBIE OKa3bIBAIOT BJIMSHUE Ha CHIIy pocCTa
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OH oucHb BapuaOCIICH W MOXKET MEHATh CBOC
3HaYCHHE B 3aBUCHUMOCTH OT BIAXKHOCTH BO3JyXa.

[To ero BenWuYMHE MOXXHO CYAWUTH O CTpecce
muctheB. [lo pe3ynpTaTaMm HcclaenoBaHUN pacre-
HUS Ha 4% TUTomanyu BHHOTPaTHUKA XapaKTepH-
3yIOTCS ~ BBICOKMM  YpPOBHEM  Xjopodmimia
(puc. 4B), 27% — TOBBILIEHHBIM, YTO COOTBET-
cTByeT BapuaHtam 4 u 5, 58% — HOpMallbHBIM
(BapmanTsl 1, 2, 3).

3HAYUTEIBHO MEHBUIYI0 (aKTHYECKYIO YpO-
JKallHOCTb, B CPAaBHEHUU C PACUETHOM, B BapUaHTE
5 (cMm. Tabm. 2), MOXHO OOBSCHUTH BIUSHHUEM
KpaeBoro 3¢ dexra.

Ho B menmom cuma pocta KycToB H (haKTHUe-
CKasl ypOXKalHOCTb B OCTaJIbHBIX BapHaHTax COOT-
BETCTBYET HU3MEHYMBOCTH 3HauYEHHUH
BEreTallMOHHBIX HHICKCOB.

B
Puc. 4 — HopManu3oBaHHbIe pa3HOCTHBIE HHIEKCHI, aBryct 2022 r.: a) NDVI; 6) NDMI; B) RECI

B

BUHOTPAHOIO KycTta (00pe3ka, 00JI0MKa 3eJICHBIX
noberos, opma kycra, 00paboTKa MOYBBI, BHE-
CeHHOE y/I00peHHe, OpolIeHHe BUHOTPAIHUKOB U
JIp.) OLEHKY TeppyapHBIX CBOICTB BHHOTPAIO-
MIPUTOJTHBIX 3€MEJIb MOKHO IIPOBOJIUTE OIIEPATHB-
HO C BBICOKOH TOYHOCTBIO M MHHHMAJIbHON
Ha3eMHOI IPOBEPKOIl.

Junamuky unnexca NDVI B Teuenue Berera-
IIHOHHOT'O MEPUOJAa MOXKHO HCIOJIb30BaTh ISt
OIIEHKHU CUJIBI pocTa Tpynmsl oT 20 go 50 BuHO-
TPaJHBIX KyCTOB (B 3aBUCHMOCTH OT CXEMBI I10-
canku) Ha ydactke B 0,01 ra m ypoxaiiHOCTH B
3aBUCHMOCTH OT TE€pPpPYapHBIX CBOWCTB, a B coye-
TaHWW C JAHHBIMH WHJIEKCAa BIAXXHOCTU ITOYBBI
NDMI — 1114 BbISIBJCHUS! OTKJIOHEHHUH B Pa3BUTHH
(Y4acTKH MOBBIMICHHON BIaXKHOCTH HPOSBIISIFOTCS
B CHJIBHOM Pa3BUTHHU KYCTOB).

OTH 7ABa WMHAEKCAa OTPAXAOT HM3MEHEHHs B
KpOHax KycToB Ha  (oHe  MEeXAypsSaAni
C OTOJICHHOW MOYBOH M BBICTYNAIOT MHIUKATOPOM
JUISl KJIaCCU(UKALIMK MPOOJIEMHBIX M TEPPYyapHBIX
Y4aCTKOB BUHOTPa/IHHKA.

KontypHo-miomangHoe JemnppupoBaHUe
MHUKpPO30H BHHOTPAJHOTO HACAXIACHUS IO I0Y-
BEHHBIMU W BETECTAI[HIOHHBIM HHIEKCAM MHOT030-
HaIIbHbBIX KOCMOCHHMKOB B COYCTaHNHU
C MapIIPYTHO-NIOJIEBBIMU HCCJIEIOBaHUSAMH TI0YB
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MOTYT CHIYXUTb HAaACKHBIMHU OLCHOYHBIMU IPHU- 3C€MCJIb B paMKax KOHICIIINH Teppyapa
3HaKaMUu I BBIACJICHUA BUHOTI'PAAOIPUTOJHBIX BUHOT'PAJAHOI'O0 HACAXKICHUA.
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EVALUATION OF SIGNS OF VINEY LAND BY SPECTRAL PATTERNS
V. A. Orlov, A. A. Lukyanov

Abstract. The purpose of the study is to determine the necessary set of estimated signs of vineyards with terroir
properties based on the generalization of literary sources and the setting up of field experience in the application of spectral
indices from satellite images. The use of spectral data on the state of soils, plants and the environment makes it possible to
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evaluate the growth force of bushes and the yield of vineyards by difference normalized indices. Spectral analysis of vine-
yards using satellite images allows obtaining data on the vegetative and moisture variability of vine plantations with a
frequency of 2-7 days. The correct interpretation of spectral satellite images is possible when they are verified by ground
studies of soil indicators, vegetation of bushes by phenophases, agricultural work performed in the aisle, soil, air and leaf
moisture. In the future, verification of satellite and ground-based data will reduce the number of route-field surveys and
laboratory tests. To solve this problem, spectral data from the public satellite platforms Sentinel-2 and Landsat-8 must be
calibrated using ground samples from sample plots of vineyard lands with terroir properties, which are defined as spectral
patterns (samples) of vineyards. The presence of a relationship between soil moisture, leaf area and yield makes it possible,
on the basis of the normalized NDVI vegetation index and NDMI soil moisture, to determine the micro-sites of vine plan-
tations of different productivity and quality of grape harvest. Microzoning of the area according to such parameters as
physical and chemical composition, soil moisture, morphometry, exposure and slope slopes makes it possible to identify
viticultural areas with terroir properties. Identification of the boundaries and areas of vineyards with terroir properties
using spectral raster satellite images with vectorization of difference soil layers in a geographic information system allows
you to quickly assess viable lands, the productivity of various areas of vineyards and optimize agricultural work in accord-
ance with a precision approach in viticulture.

Key words: vineyard, viticulture, spectral vegetation index, soil structure, terroir, pattern, bush growth force.
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