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OLIEHKA 3®®EKTUBHOCTU 3EMNENONb30BAHUSA HA OCHOBE AHATNU3A
BEMETALIMOHHbIX MHAEKCOB (HA MPUMEPE MOLENbHbIX MONMUIOHOB EPECTCKOIO
NMONECHS)

PaccmoTpeHbl MeToamnka 1 pesynbraTbl aHanm3a aeKTUBHOCTM 3eMnenonb3oBaHuns B rpaHuuax bpectckoro Monecks
B KpyrnHOM Macwtabe ¢ NpMMeHeHWeM KOMMO3UTHbIX N300pakeHWin MakcumarbHbIX NoKasaTenen BereTaunmoHHOro nHaekca
NDVI 3a nepuog ¢ 1985 no 2017 r. YcTaHOBNEHO CTATUCTUYECKN JOCTOBEPHOE M3MEHEHUE BUMONPOAYKTUBHOCTM arponaHsi-
wadToB bpecTckoro Monecks 3a nccnenyemoliin Nnepuoa, BbiiBMBLLEE NONOXUTENbHOE BIINSAHWE OCTPOBHbIX AE€HAPOYYaCTKOB
Ha 9P (PEeKTNBHOCTb 3EMIIENONb30BaHMA B arponaHawadrax. AHanu3 guHamukun nigekca NDVI nokasan, YTo CenbCKOX03amn-
CTBEHHbIE YroApbs, B COCTaB KOTOPbIX BKIOYEHa 3HaYMTENbHasA YacTb OCTPOBHbIX NECOB, OTNnYatTcs 6onbluen Guonpoayk-
TMBHOCTbIO, YEM CEIbCKOX03ANCTBEHHbIE YTOAbst 6€3 OCTPOBHbIX AEHAPOYYaCTKOB B @HANOMMYHbIX YCIIOBUSAX.
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EVALUATION OF THE EFFECTIVENESS OF LAND USE OF THE MODEL POLYGONS OF BREST POLESYE BASED
ON THE ANALYSIS OF VEGETATION INDICES

According to the analysis of dynamics of indicators of the vegetation index NDVI at the period 1985-2017 trends in the
biological productivity of the agricultural landscapes of Brest Polesye were identified. Sustainable use of insular agricultural lands of
Brest Polesye should be based, primarily, on their environment-forming and environment-stabilizing functions. The positive impact
of insular woods on the efficiency of land use in agricultural lands has been proved, expressed in the large (10 %) activities of index
NDVI of agricultural lands, including the insular forests in comparison with the agricultural lands without the insular forests.
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ALI3HKA 3®3KTbIYHACLI 3EMNEKAPBICTAHHA HA ACHOBE AHATI3Y BEFETALINHbIX IHO3KCAY (HA
MPbIKNAA3E MAO3MbHbIX MANIFTOHAY BPACLIKATA MAJNECCSH)

Ha acHoBe aHanisy gblHamiki nakasublkay BereTaubliHara iHaskca NDV/ 3a nepbisg 3 1985 na 2017 1. BbiyneHbl
TOHA3HLUbII 3MeHbl BisnpaaykTblyHacui arpanaHawadTtay bpacukara MNaneccsi. YcTolniBae BblkapblCTaHHE acTpayHbIX Nsicoy
arpanangwadTay bpacukara Naneccsa nasiHHaA rpyHTaBauua, y NepLlyto yapry, Ha iX akamnariyHbIX yHKUbISX. BbisyneHbl
CTaHoy4bl YNmbly acTpayHbIX NSCOY Ha aheKTblyHacLb 3eMneKkapbiCTaHHA ¥ arpanangwadTay, ski npasynseuua 6onbwbimi
(npbiknagHa Ha 10 %) nakasublkami iHgakca NDVI cenbcka-racnagapybix yroaassty, sikis yknioyawub acTpayHbist Nschl,
y napayHaHHi 3 arpanangwadgTrami 6e3 actpayHbix NCOY.

KntoyaBbif cnoBbl: acTpayHbls NACkl, arpananwadTel, bpacukae Manecce, pacniHHbl nokpbly, NDVI/
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BBepeHune. OueHka a(pHEeKTUBHOCTU 3eMIENONb30BaHUA NPUMEHUTENBHO K CENbCKOMY U fec-
HOMY XO351IICTBY MO3BOSISIET CBOEBPEMEHHO BbISIBIIATL NPOGNEeMHble 061acT NCnonb30BaHNA UMEL-
LLINXCHA peCYpCOB M NPEANOXUTb NyTU onTumMmsauumn cnocoboB BegeHna 6uochepHo-coBMECTUMOrO
npupoaononb3oBaHus. Micnonb3oBaHne BereTauMoHHbIX MHOEKCOB B LieNsaX OLEHKN aheKTUBHOCTH
3eMIenosnb30BaHNsA daeT BO3MOXHOCTb MoslyyaTb pes3ynbTaTbl, XapakTepuaylwmnecss 00bekTUBHO-
CTbt0, NPOCTPAHCTBEHHON NPUBA3KON U NEpUOANYHOCTbIO [1-3].

B cetu Internet goctynHbl Ans cBob604HOro MUCMOMb30BAHUS KOCMUYECKME CHUMKW psaga cnyT-
HukoB (Landsat TM, Landsat TM+ n Landsat ETM+), no3Bonstowme nocne nx AOMNONHUTENbHON 00-
paboTKM OLEHUTb AWMHAMMKY COCTOSIHUS pPacTUTENbHOCTU Ha Tepputopum bpectckoro [onecbhs
¢ 70-x rr. XX Beka Ha OCHOBaHUW BereTaunoHHblx nHaekcos (Hanpumep, NDVI — Normalized Difference
Vegetation Index | HoOpMann3oBaHHbIN Pa3HOCTHbINA BereTaLMOHHbIA MHAEKC).

HecmoTpsa Ha 4OCTaTOYHO Y3KYH0 NPUMEHUMOCTb MpY pacyeTe BereTaunmoHHbIX MHAEKCOB B LIeNIoM
ans dusuko-reorpadudeckoro okpyra bpectckoro Nonecbs, aaHHble Landsat MmoryT GbiTb MCNOSb-
30BaHbl AN Lernen OLeHKN OUHAMWKN M3MEHEHUS BEreTaLMOHHbIX MHOEKCOB HA MOAEMbHbIX NOJIUIO-
Hax [3]. Takme oTnMunTENbHbIE 0COBEHHOCTU 3TUX CHUMKOB, KaK AOCTAaTOYHO BbICOKOE pa3pelueHue
(30 m Ha kaHan), HanMyne MHOXECTBA KaHanoB NO3BOMAT AOCTUYb BbICOKMX PE3yNbTaToOB B 3aavax
OLIEHKM COCTOSAAHNSA PacTUTENbHOrO NOKPOBA.

Mokasatens NDVI aBnsetca OTHOCUTENbHLIM MHOEKCOM COCTOSIHUSI PacTUTENbHOCTU, KOTOPbLIN
MOXET OblTb UCMOMb30BaH B KNMMATUYECKUX U BUOreoXMMMYecknx moaensx ans pacyeta )OTOCUH-
Te3a, obmMeHa yrnekncnbsiM ra3aom Mexay atMocdepon 1 NOBEPXHOCTLIO 3eMMW, UCMAapPEeHUsl, TpaHCNu-
pauunn, NOrnoLEHNS U U3NTYHYEHUS SHEPTUN 3EMHOWN MOBEPXHOCTLIO.

JlecoarpapHble naHgwadTbl NpY UX HEM3BEXHOM CENbCKO — U TECOX03ANCTBEHHOM UCMNONb30Ba-
HUW ABNSAOTCS Hanbonee NOTeHUManbHO YCTOMYUBBIMU Cpeaun NPUPOLHO-aHTPOMOreHHbIX naHawadg-
ToB. Tak kak onsa bpectckoro Noneckbs xapakTepHa HenonsapuM3oBaHHada CTPYKTypa arponangwadTos,
WMEHHO pacTUTENbHbIN MOKPOB OCTPOBHbIX AeHApoyyacTkoB (OY) aBnsieTcss OCHOBHbIM (hakTopoMm
nofaep>KaHusi 9KONOrm4yeckon cTtabunbHOCTU arponaHawadToB M ynydlleHns KayecTBa cpenbl pe-
rmoHa. Lenb nccnenoBaHus — BbigBneHue BnvsHusa OY Ha adhdeKkTUBHOCTb 3eMIlenofnb30BaHUs
B arponaHalwadtax, OCHOBaHHOE Ha aHanv3e MHaMKKK BeretTaumMoHHoro nigekca NDVI Ha mogernb-
Hom nonuroHe (MI1) n npunerawLWmMx TEPPUTOPUSAX.

MaTtepuanbl n metoabl uccnegosaHua. NDVI — oguvH 13 LUMPOKO MCMOSb3yeMbIX BeretaumoH-
HbIX UHOEKCOB. BeretaumoHHbI MHOEKC — 3TO MOKasaTerb, paccyuTbiBaeMbIl B pe3ynbrate onepa-
LM C pasHbIMU CNeKTpanbHbIMU gMana3oHamu (KaHanamu) AaHHbIX AUCTaHLWMOHHOIO 30HANPOBAHUS
N UMEIOLLMIA OTHOLLEHME K NapaMeTpam pacTUTENbHOCTM B JA@HHOM MUKCene CHUMKA.

NDVI paccunTtbiBaeTcd no cneaytowen opmyne:

NDVI = (NIR-RED)/(NIR+RED) = (RVI-1)/(RVI+1), )

roe NIR — oTpaxeHue B GnuxkHen nHdpakpacHon obnactu cnektpa; RED — oTpaxeHue B KpacHOW
obnacTtu cnektpa; NDVI BnepBbie 6bi1 onncaH B [4], KOHUenuuMst npegctaeneHa B [5]. OgHo M3 npeu-
MYLLLECTB COCTOUT B TOM, YTO €ro 3HadyeHust nuameHsoTcsa ot —1 go 1, B otnnymne ot nHagekca RVI.
CornacHo cdopmyne, NDVI B onpefeneHHOM TOUYKe n3obpakeHns paBeH pasHuLLE NHTEHCUBHOCTEN
OTPaXXEHHOro CBeTa B KPAaCHOM U MH(PaKpaCHOM Anana3oHe, 4eNEeHHOMW Ha CYMMY UX MHTEHCMBHOCTEN.
[Onga aHanusa agPeKTUBHOCTU 3eMrenonb3oBaHus B rpaHuuax bpectckoro Monecks B KpynHOM
MaclTabe NPUMEHANNCHL KOMMO3UTHbIE N300paxXeHUs MakcMMarbHbIX Noka3aTenen BereTaunoHHOro
nHgekca NDVI (MVC (Maximum Value Composit) NDVI) 3a nepuog ¢ 1985 no 2017 r. Ansa aHanu3a uc-
Nosib30Banncb BCe AOCTYMHbIE KOCMUYeckne cHUMKN Landsat TM, ETM+, OLI/TIRS ypoBHs ob6paboT-
kn L1TP (c npeaBapuTeNbHON pagnoMeTpUYeCcKon 1 reoOMeTpMYecKon KOppPeKLnen nyTemM BKIKOYEHNUS
Ha3eMHbIX KOHTPOMbHbIX TOYEK NPU UCNONb30BaHMK UudpoBon mogenu penseda (DEM)) 3a Bereta-
LMOHHBIA Ce30H C Masi No CeHTsbpb kaxgoro roga. Becero ansa renepaunn MVC NDVI 3a 30-netHui
nepuopg 6bino ncnonb3oBaHo 395 cHUMKOB, OT 5 40 24 3a KaXXAbl BereTauMoHHbIN Ce30H Npu cpea-
Hem nokasaterne 6onee 13 CHUMKOB 3a CE30H U A0 3 CHUMKOB 3a Mecsl. CHUMKM NS KOMMNO3UTOB
nHgekca NDVI 6binun nonyyeHsl Yepes [6], 4HTo N03BONMIO, BO-NEPBbIX, Cpa3y UCMONb30BaTh AaHHbIE,
y>Xe npollejLlime 3Ttan OKoHYaTeNbHOW paguoMeTpUYecKon Koppekummn (kanmbpoBKu), a BO-BTOPbLIX,
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n3bexarb NPOMEXYTOYHOro aTana pacyeTtoB nHgekca NDVI ¢ noMOLL b MHCTPYMEHTOB «ApudMeTnka
kaHana» / «AHanus nsobpaxeHuny B ArcGIS nnun «Kanbkynstop BeretauMoHHbIX nHaekcos» B ENVI.

Mosanka NDVI 3a kaxabll BereTauMoHHbIN CE30H CTpounachb B NporpaMmHoM komnnekce ArcGIS
10.2 ¢ nomoLbto MHCTpyMeHTa «Mo3saunka» ¢ onepatopom «MakcrMmyM», B pesyrnbraTte Yero Kaxaomy
NMKCeny CHMMKa NpucBamBarnocb ero MakCMMarnbHOe 3HavyeHne BO BPEMEHHOM psigy C Masi Mo CeH-
T1596pb. Ncnonb3osanne MVC NDVI no3sonuno nsbexartb rnaBHbIX HeAOCTATKOB npumeHeHus NDVI —
BJIMSIHWS HA €0 pacyeTbl MOrpPeLLIHOCTEN U3-3a NOrO4HbIX YCIOBUIA, 06n1a4yHOCTM 1 AbIMKK. Beero 6bino
nonyyeHo 30 mosamk MVC NDVI. Ha OCHOBaHWW AaHHbIX MO3auK B MPOrpamMHOM KOMMIeKce
ENVI 5.2 c nomowbto «Kanbkynsitopa pactpay» 6binm paccyutaHbl cpegHune nokasatenu MVC NDVI 3a
Becb nepmog (c 1985 no 2017 r.), a Takxke 3a gBa nognepuoga (¢ 1988 no 1999 r. n ¢ 2000 no 2017 r.).

Ona onpenenexna snnaHna OLY Ha 9 HEKTUBHOCTb 3eMMENONb30BaHUSA C NOMOLLBIO aHanuaa
BereTauuoHHoro nuaekca NDVI 6bin Bbi6paH MIT «[QHenpobyrckuiiy (KoGpuHckuin panoH BpecTtckoi
obnacTtu), KOTOpbIi CpaBHMBArCs C TEPPUTOPUEN PALOM PACNONIOXEHHOro BMONOrMYecKoro 3akasHu-
Ka MecTHOro 3HadeHus «OuBuH—Benukun Jlec» (Ha 3anag ot MI1) n cenbCKOXO3SNCTBEHHBIMU 3EM-
namu 6e3 OAY (Ha BocTok oT MI1, mexay MIT n Tepputopuen naHawaTHOro 3akasHuka pecnyonum-
KaHCKOro 3HayeHust «3BaHeL») (-). Bbibop aaHHon Tepputopun B kadectse MIT o6ycrnoBrneH Tem,
YTO TEPPUTOPUSA 3aKa3HUKA SBMISETCSA NpakTUyYeckn HenpeobpaszoBaHHbIM NPUPOAHLIM aHanorom Mr1,
a CenbCKOX039MCTBEHHbIE Yroabsi Ha BocToke OT MI npakTuyeckun nuiieHbl coxpaHuslimxes OY.
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4acTb TEPPUTOPUI 3aKa3Huka «[dnBnH—Benukui Jlec»

Puc. 1. O6nactu nHtepeca 4nsa aHanuaa aOEKTUBHOCTM 3EMMENONb30BaHNSA
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C nomoLLbio MHCTpPyMeHTa «30HarnbHas ctatuctuka B Tabnuuy» B ArcGIS 10.2 6binin nonyyeHbl pas-
NYHBbIE CTaTUCTUYECKUE NokasaTenu pacnpegeneHuns nHaekca NDVI ons Tpex uccnegyemeix obnacren
uHtepeca: MIM «JHenpobyrckuiny, ero NpMpoOAHOro aHanora (4actu 3akasHuka «JusnH—Benukuii Jlecy)
N ero cernbCKOX03sIMCTBEHHOro aHanora 6e3 OLY. [1na ucknoyeHns aHoMarnbHbIX NokasaTtenen pacnpe-
aenenus niaekca NDVI ns obnactu nHtepeca Ml «[AHenpo6yrckuii» Gbina uckntoyeHa Tepputopus Bo-
JoxpaHunuLla ¢ npunerawwmmMmm gambamu, a n3 obnactu cenbCKOXo3aNCTBEHHbIX yroamn 6e3 OY —
30Ha coaepXaHnsi NSTHUCTbIX OfieHel B Bonbepax. BHyTpu MIT «JHenpobyrckmity aHanM3mMpoBanuch am-
Hamuka n cpegHue nokasatenu nHaekca NDVI BHyTpyu OL1Y 1 BHyTPW KOHTYPOB CEIbCKOXO3SINCTBEHHbIX
yroguin. 3To NO3BONMUMNO CPaBHUTL cpeaHue nokasatenu nHiaekca NDVI mexay co6CTBEHHO CENbCKOXO-
3ancTBeHHbIMK yroabamu MM «[OHenpobyrckuii» (6e3 yuyeta OLY BHyTpu MI1) n yroabsiMu ero cenbCcko-
XO3AVMCTBEHHOIO aHarnora, a Takxe BblBUTb BnusHue OLY Ha obuyto OMoNpoayKTUBHOCTL B FpaHuMLax
CENbCKOXO3ANCTBEHHbIX YroauN.

Pe3ynbTatbl 1 Ux 06cyxaeHue. Bbinn nony4veHbl AaHHble 30HanNbHoOW ctatucTukn MVC NDVI no
obnacTtsam nHTepecos 3a nepuopg ¢ 1985 no 2017 r. (-), cpefHue nokasatenu 3a nepuog ¢ 1985
no 2017 r., a Takxe 3a nognepuoabl ¢ 1988 no 1999 r. n ¢ 2000 no 2017 . (-). CpeaHue nokasa-

Ta6nwuuya 1. Tlokasarenu 3oHanbHou ctatuctukn MVC NDVI

O6nactu nutepeca (ROIs)

MM «[iHenpoGyrckuity

TeppUTOPMS 3aKasHmKa 3} CEnbCKOXO3ANCTBEHHbIE
fon «AvBuH-Benukuit Necy CemnbCKOX03ANCTBEHHBIE B TOM uncne yroabs 6es OfY
yrogbsi ¢ Oy CembCKOXO3ANCTBEHHBIE YTOAbS ogy
Mean Std Median | Mean Std Median Mean Std Median Mean Std Median | Mean Std Median

1985 | 0,737 | 0,050 | 0,744 | 0,673 | 0,130 | 0,718 | 0,657 | 0,132 | 0,694 | 0,752 | 0,068 | 0,770 | 0,654 | 0,122 | 0,681
1986 | 0,737 | 0,050 | 0,742 | 0,670 | 0,104 | 0,693 | 0,661 | 0,109 | 0,684 | 0,699 | 0,081 | 0,718 | 0,730 | 0,074 | 0,744
1987 | 0,737 | 0,037 | 0,742 | 0,712 | 0,107 | 0,735 | 0,710 | 0,118 | 0,736 | 0,733 | 0,039 | 0,738 | 0,745 | 0,068 | 0,750
1988 | 0,785 | 0,038 | 0,794 | 0,779 | 0,068 | 0,798 | 0,777 | 0,072 | 0,797 | 0,787 | 0,053 | 0,801 | 0,783 | 0,060 | 0,797
1989 | 0,781 | 0,052 | 0,793 | 0,790 | 0,063 | 0,807 | 0,788 | 0,067 | 0,804 | 0,799 | 0,050 | 0,813 | 0,799 | 0,055 | 0,810
1990 | 0,737 | 0,056 | 0,745 | 0,753 | 0,069 | 0,759 | 0,753 | 0,073 | 0,759 | 0,748 | 0,056 | 0,751 | 0,749 | 0,065 | 0,756
1991 | 0,796 | 0,034 | 0,804 | 0,774 | 0,066 | 0,791 | 0,773 | 0,069 | 0,789 | 0,791 | 0,042 | 0,802 | 0,751 | 0,080 | 0,767
1992 | 0,739 | 0,040 | 0,747 | 0,746 | 0,057 | 0,755 | 0,749 | 0,060 | 0,760 | 0,741 | 0,041 | 0,749 | 0,722 | 0,071 | 0,735
1993 | 0,788 | 0,042 | 0,800 | 0,762 | 0,072 | 0,781 | 0,758 | 0,074 | 0,773 | 0,789 | 0,048 | 0,803 | 0,720 | 0,083 | 0,736
1994 | 0,784 | 0,040 | 0,793 | 0,745 | 0,064 | 0,759 | 0,737 | 0,066 | 0,751 | 0,773 | 0,046 | 0,782 | 0,723 | 0,073 | 0,732
1998 | 0,814 | 0,036 | 0,823 | 0,784 | 0,051 | 0,791 | 0,774 | 0,051 | 0,780 | 0,808 | 0,041 | 0,817 | 0,775 | 0,047 | 0,780
1999 | 0,825 | 0,045 | 0,835 | 0,775 | 0,062 | 0,781 | 0,763 | 0,063 | 0,768 | 0,810 | 0,042 | 0,816 | 0,746 | 0,068 | 0,751
2000 | 0,845 | 0,038 | 0,855 | 0,804 | 0,058 | 0,809 | 0,792 | 0,058 | 0,797 | 0,838 | 0,045 | 0,848 | 0,790 | 0,056 | 0,795
2001 ] 0,845 | 0,036 | 0,850 | 0,808 | 0,061 | 0,818 | 0,796 | 0,063 | 0,805 | 0,837 | 0,044 | 0,846 | 0,804 | 0,059 | 0,812
2002 | 0,845 | 0,032 | 0,850 | 0,804 | 0,061 | 0,816 | 0,791 | 0,060 | 0,801 | 0,842 | 0,043 | 0,853 | 0,777 | 0,059 | 0,786
2003 | 0,805 | 0,031 | 0,809 | 0,774 | 0,057 | 0,783 | 0,762 | 0,057 | 0,771 | 0,808 | 0,041 | 0,818 | 0,771 | 0,056 | 0,778
2004 | 0,831 | 0,040 | 0,837 | 0,789 | 0,072 | 0,803 | 0,773 | 0,072 | 0,784 | 0,838 | 0,041 | 0,846 | 0,769 | 0,067 | 0,780
2005 | 0,804 | 0,028 | 0,808 | 0,769 | 0,049 | 0,774 | 0,758 | 0,047 | 0,762 | 0,800 | 0,034 | 0,809 | 0,759 | 0,053 | 0,766
2006 | 0,851 | 0,036 | 0,856 | 0,805 | 0,061 | 0,810 | 0,791 | 0,058 | 0,796 | 0,844 | 0,045 | 0,853 | 0,781 | 0,071 | 0,791
2007 | 0,827 | 0,028 | 0,831 | 0,779 | 0,072 | 0,791 | 0,762 | 0,070 | 0,770 | 0,832 | 0,045 | 0,845 | 0,737 | 0,080 | 0,753
2008 | 0,786 | 0,031 | 0,791 | 0,760 | 0,058 | 0,772 | 0,747 | 0,059 | 0,755 | 0,799 | 0,033 | 0,807 | 0,734 | 0,064 | 0,741
2009 | 0,803 | 0,037 | 0,806 | 0,794 | 0,047 | 0,798 | 0,781 | 0,045 | 0,784 | 0,827 | 0,032 | 0,834 | 0,796 | 0,043 | 0,801
2010 | 0,849 | 0,028 | 0,852 | 0,839 | 0,041 | 0,842 | 0,829 | 0,039 | 0,831 | 0,867 | 0,03 | 0,872 | 0,835 | 0,041 | 0,843
2011 0,784 | 0,032 | 0,789 | 0,768 | 0,053 | 0,774 | 0,753 | 0,05 | 0,758 | 0,810 | 0,034 | 0,818 | 0,770 | 0,049 | 0,777
2012 | 0,823 | 0,045 | 0,829 | 0,816 | 0,056 | 0,821 | 0,801 | 0,053 | 0,806 | 0,858 | 0,040 | 0,864 | 0,812 | 0,053 | 0,821
2013 | 0,873 | 0,051 | 0,874 | 0,869 | 0,049 | 0,871 | 0,858 | 0,045 | 0,860 | 0,896 | 0,033 | 0,893 | 0,860 | 0,045 | 0,863
2014 | 0,868 | 0,061 | 0,872 | 0,875 | 0,053 | 0,877 | 0,866 | 0,053 | 0,868 | 0,902 | 0,047 | 0,896 | 0,868 | 0,049 | 0,873
2015 | 0,888 | 0,049 | 0,890 | 0,858 | 0,063 | 0,870 | 0,846 | 0,065 | 0,856 | 0,895 | 0,037 | 0,902 | 0,852 | 0,059 | 0,863
2016 | 0,862 | 0,033 | 0,865 | 0,844 | 0,049 | 0,855 | 0,836 | 0,051 | 0,845 | 0,870 | 0,033 | 0,874 | 0,845 | 0,047 | 0,853
2017 | 0,886 | 0,027 | 0,886 | 0,857 | 0,054 | 0,866 | 0,846 | 0,054 | 0,853 | 0,893 | 0,037 | 0,893 | 0,834 | 0,057 | 0,842
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Tabnwunuya 2. CpepHerogoBble cTaTucTuveckme nokasartenu NDV/ ans obnacten uHTepeca

Ob6nacTb uHTepeca | Min | Max | Range | Mean | Std | Variety | Majority | Minority | Median
1985-2017 rr.
1 0,679 0,871 0,192 0,811 0,025 0,145 0,826 0,679 0,814
2 0,575 0,868 0,294 0,785 0,037 0,206 0,793 0,575 0,787
3 0,575 0,856 0,282 0,776 0,033 0,190 0,787 0,575 0,780
4 0,673 0,865 0,192 0,817 0,027 0,116 0,834 0,673 0,822
5 0,429 0,858 0,430 0,776 0,031 0,188 0,794 0,429 0,783
1988-1999 rr.
1 0,606 0,861 0,255 0,783 0,032 0,178 0,810 0,606 0,789
2 0,501 0,847 0,346 0,767 0,039 0,219 0,780 0,501 0,774
3 0,537 0,845 0,308 0,763 0,037 0,203 0,772 0,537 0,770
4 0,630 0,843 0,213 0,783 0,032 0,136 0,793 0,630 0,790
5 0,353 0,837 0,484 0,752 0,039 0,231 0,767 0,353 0,759
2000-2017 rr.
1 0,704 0,893 0,189 0,837 0,025 0,136 0,843 0,704 0,841
2 0,602 0,896 0,294 0,811 0,040 0,210 0,806 0,602 0,811
3 0,602 0,896 0,294 0,799 0,034 0,196 0,806 0,602 0,802
4 0,702 0,895 0,194 0,848 0,026 0,115 0,871 0,702 0,855
5 0,468 0,889 0,422 0,800 0,032 0,192 0,810 0,468 0,806

MpumevyaHnune. 1 - yacTb TeppuTopun 3akasHuka «OuBuH—Benukun Jlec»; 2 — CenbCKOXO3ANCTBEHHbIE YroAbs
MM «dHenpobyrckuin» ¢ O1Y B Tom yncne: 3 — cenbckoxo3sincTBeHHble yroabs MIM «JHenpobyrckuiiy; 4 —O0Y Ml «[AHenpobyrckuiny;
5 — cenbCkoXo3ANCTBEHHbIE yroabs 6e3 OLY.

Tenu uiaekca NDVI 3a nepuog ¢ 1985 no 2017 r., a Takxke 3a ABa uccnegyembix nognepuoga (c 1988
no 1999 r. n ¢ 2000 no 2017 r.) oTpaxkeHbl Ha -

AHanua nokasatenen mHgekca NDVI n ero guHamukm (_) NO3BOMKUM BbISBUTL PAL,
3aKkoHOMepHocTen. Hanbonblume amnnuTyabl cpeaHnx 3HadeHun niaekca NDVI mexay obnactsamu
WHTEpecoB XxapakTepHbl ansa nepuoga 1985-1987 rr., korga Tepputopus MIT «[OHenpobGyrckunny
nogeepranacb rugporiecomenvopatMBHoMy ocBoeHuto. B 1985r. 6Gbina cdopmupoBaHa
MenvopaTuBHas CeTb CEBEPHOWN U toxkHOM YacTel Ml «JHenpobyrckuii» n akTMBHO hopMupoBanach
KOTNOBMHA BOJOXpaHMNUWA W MenuopaTMBHasd CceTb B UeHTpanbHonm 4Yactm MI1. B 1986 .
3aBepwnnocb OpMMPOBaHME KOTIOBWUHBI BOAOXPaHWULLA C WHXEHEPHBIMU COOPYXEHUSMMU
N MenMopaTMBHOW N [OPOXHOW CEeTU B LeHTpanbHoM 4acTtu. B 1987 r. rugponecomenvopaunm
nofBeprcs ceBepo-BOCTOYHbIN y4acTok MIT «Henpobyrckumy.

HaumHas ¢ 1988r. HabnwogaeTcs 3akOHOMepHas KOppensauvsi Mexagy CpedHece3OHHbIMU
nokasatensmun NDVI, npudyem amnnuTyga AaHHbIX NokasaTtenen mexay pasnmyHbiMu obnactamum uH-
TepecoB cocTtaBnsana ot 0,02 go 0,05 (-). C 1989 o 2000 r. onsa cpeaHeCce30HHbIX NoKasaTenemn
NDVI 6bina xapaktepHa AByXroguvHasi pPUTMUYHOCTb, NPOSABASOLWAACS B YepeJOBaHUN YMEHbLUEHNS
cpefHece30HHbIX nokasatenen NDVI n ux nocnefytoLllem yBenmyeHmm Yepes oauH rog. AHanormyHas
TEeHOEeHUMs1 xapaktepHa un ans nepuwoga ¢ 2002 no 2007r. C 2007 go 2013 r. cpegHece3oHHbIe
nokazatenu NDVI nameHanucb no 4-netHemMy UMKMy: ABa roga najeHus nokasatenem wn 2 ropa
nogbema. [laHHas 2- n 4-NeTHAS UMKIINYHOCTb OOBSCHAETCS KNMMMaTUYECKUMU U3MEHEHNSMM.

B uenom gnsa Bcex natu obnacten nHTepeca xapakTepHO B3aMMOCBSA3aHHOE U3MEHEHME MHAEeKCa
NDVI. ansa vccnegyemoro nepuoga ¢ 1985 no 2017 r. xapakTepHa obLllas TeHOeHUUs yBenuyYeHns
cpefHece30HHbIX nokasatenen NDV/ Bo Bcex obnacTtax nHTepeca, YTo 1 oTpa)kaeT NMHWS TpeHga Ha
rpadguke (puc. 3).

MakcumaneHble cpegHue nokasatenun NDVI xapakTepHbl Ons  TeppuTtopuu  3akasHuKa
«OdunBnH—Benukun Jlec» n OOY MIT «[Henpobyrckniny, 4To 3aKOHOMEPHO (COMKHYTasi ApeBecHas
pacTUTENbHOCTb XapaKTepnu3yeTcsl MakCumManbHbIMK NokasaTtenamu nHigekca NDVI). Ha npoTsxeHun
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cl CeNbCKOXO3ANCTBEHHbIE YTOIbs B 00,466
! MM «[Oxenpobyrckuii» ¢ OAY
I 0.466-0,586
: l CenbCKOX03ANCTBEHHbIE yrofba 6e3 O[Y I 0.586-0,662
[ 4acTb TEPPUTOPUI 3aKa3HMKA [ 0.662-0,711
| «[lnBuH-Benukuii Jlec» - 0.711-0.742
[ 0,742-0,762

[0762-0,774
[10774-0,782
[10782-0,788
[ 0,788-0,791
[10,791-0,793
[10,793-0,796

[10,796-0,802
[ 0,802-0,810
[ 0,810-0,822
[ 0,822-0,842
[ 0,842-1,000

Puc. 2. CpegHue nokasatenu nHigekca NDVI 3a nepuogbl: a— ¢ 1985 n0 2017 r., 6 —c 1988 no 1999 r,,

8 —c 2000 no 2017 r.
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¢ 1985 no 2017 r. ana O4Y MIT «[AHenpobyrckuit» xapakTepHbl 6bonblune 3HadeHus nHaekca NDVI no
CpaBHEHUIO C TeppUTOpPUEN 3aKka3Huka «uBmH—Benukun Jlec» (0,817 n 0,811 cooTBeTCTBEHHO). ECcnn
¢ 1988 no 1999 r. cpegHue nokasatenu NDVI OLY n 3akasHuka 6binv naeHTnyHbl (0,783), To ¢ 2000
no 2017 r. cpegHerogoBow nokasaTtens NDVI OlY MI1 «[JHenpoOyrckuii» cTan 3Ha4YnTeNbHO NpeBoC-
XOOUTb aHanorM4YHbIN NoKasaTerb, XapakTepHbIA Ansa TeppuTopun 3akasHuka (0,848 n 0,837 cooTBeT-
CTBEHHO). OTO 0OBSICHSAETCS 3aBepLUMBLUMMUCS Npoleccamun TpaHcdopmauumm P nocne rugpone-
COMENMopaTUBHOIO BO3AENCTBUSA U YMEHbLUEHUS NepeyBraXHeHHbIX Tepputopun, nHaekc NDVI Ha
KOTOpPbIX M3HAYarbHO MEHbLUE, YEM Ha MEPEXOLHbIX U aBTOMOPHbIX NO3MUMSX NaHawadTa.

CpaBHeHue anHamuku nokasatenen nHaekca NDV/ yactu Tepputopun 3akasHuka «dnsnH—Benu-
kun Nlec» n OQY MI1 «OHenpobyrckuny onpeaenuno psg 3akoHomepHocTen. MUHUMarnbHbIA Nokasa-
Tenb nHaekca NDVI pna naHgwadToB Tepputopumn 3akasHuka B nepuog ¢ 1988 no 1999 r. 6bin xa-
pakTepeH ans 1990 r. (0,737), makcumanbeHbin — anga 1999 r. (0,825). Ana OO4Y MMM «dHenpobyrckunny
B @HanorMyHbIN Nepmnos MMHUMarnbHbIN N MakcuMarnbHbI nokasatenn NDVI Takxe xapakTepHbl AN
1988 1 1999r. (0,741 n 0,810 cooTBeTcTBEHHO). B nepmog ¢ 2000 no 2017 r. MMHMManbHbLIN NOKa3a-
Tenb NDVI Ha TeppuTopun 3akasHuka «OuBuH—Benuknin Jlec» xapaktepeH ans 2011 r., makcumanbs-
Hbi — ans 2015 . (0,784 n 0,888 cooteBetcTBeHHO). [Ana OOY Ml «[JHenpobyrckuiiy B aHanornyHbln
nepuoa MMHMMarbHbIN U MakcuMarnbHbI nokasaTtenu NDVI xapakTepHbl gna 2008 n 2014 r. (0,799
n 0,902 cOOTBETCTBEHHO).

CpaBHuBas cpegHerofoBble nokasatenu NDVI cenbcko-xo3ancTBeHHbIX yrogun Ml «JHenpoOyr-
CKUN» N TEPPUTOPUN CENbCKOXO3SNCTBEHHbIX yroau 6e3 OL1Y BoctouHee MIT 6bin BbISIBNEH psia 3a-
KoHoMepHocTen (Tabn. 1). 3a Becb nccnegyemein nepuog ¢ 1985 no 2017 r. cpegHerogoBon nokasa-
Tenb nHaekca NDVI onsa gaHHbix Tepputopuii ngeHtudet (0,776). OgHako B nepuog ¢ 1988 no 1999,
korga Tepputopus Ml «OHenpoOyrckun» Obina akTMBHO BOBIIEYEHA B CEITbCKOXO3ANCTBEHHOE NPOU3-
BoACTBO, nHAaekc NDVI cenbckoxo3ancTBeHHbIX yroaunn MM «QHenpobyrckuiiy otnnyaetcsa 6onee Bbl-
COKMMM MoKasaTensmm no CpaBHEHUIO C CEITbCKOXO3ANCTBEHHbIMM yroabsamu 6e3 O1Y BocTtouHee M1
(0,763 1 0,752 cooTtBeTCcTBEHHO). B nepuopg ¢ 2000 no 2017 r. cpegHeroposon nokasatens NDVI ona
CeNbCKOXO3ANCTBEHHbIX yroamn MI «[OHenpobyrckun» 1 cenbCKOX03ANCTBEHHbIX yroaun 6e3 OOY
BocTouHee Ml npaktnyeckn naeHtnyHbl (0,799 n 0,800 cooTBETCTBEHHO). OTO 0OBACHAETCA B nep-
BYIO 0Mepefb TeM, YTO YacTb CErbCKOX03ANCTBEHHbIX yroaui MIT «Henpobyrckmuiny noaseprnuck ge-
rpagauum, NoBTOPHOMY 3abonaynmBaHuIo U NOATONMEHMIO. Takne TeEppUTOPUN Ha HaYvanbHOW CTaaum
TpaHcdopMaumm OTNIMYAKTCA MOHMKEHHON OMONPOAYKTUBHOCTLIO, BCneacTene vero nHagekc NDVI
ana Hux oyget Hwxke. MNpu gnutensHon (6onee 10-15 neT) gerpagaunmn Takme yrogbsa TpaHcopMu-
pytoTcs B NecHble, n uigekc NDVI B nx rpaHmuax pesko nosbllaeTtcd. Hanpumep, Ha puc. 2, 8 B LiEH-
TpanbHom yactn Ml 3anagHee v ceBepo-3anagHee BoAOXpaHUNuLLa obLMpHasa spKo-3erieHas 30Ha
sansaetca OLY ¢ TpaHchOpPMUPOBaHHbLIMUY B pe3yrnbTaTe aerpagaumm ObiBLUMMU CEJTbCKOXO3ANCTBEH-
HBIMW YTOObSIMMU.

[lns cenbCKOXo3ANCTBEHHbIX yroami B coctaBe Ml «JHenpoOyrckuii» B nepuog ¢ 1988 no 1999 .
MUHUMarnbHbI noka3aTens NDVI xapaktepeH gna 1992r., makcumaneHbin — gns 1989r. (0,749
n 0,788 cooTBeTCTBEHHO). NSl CENbCKOXO3AWCTBEHHbLIX yroaun 6e3 OLY B aHanornyHbli nepvos
MUHUMAarbHbIA U MakcumarbHbld nokasatenn NDVI Takxke xapakTepHbl ana 1992 n 1989 rr. (0,722
n 0,799 cooTtBeTcTBEHHO). [Ins nepuoga ¢ 2000 no 2017 r. ANst CeNbCKOXO3SANCTBEHHbIX Yrogui B CO-
ctaBe Ml «[dHenpoOyrckun» MMHMManbHbIn nokasatens NDVI xapaktepeH gns 2011 r. (0,753), mak-
cvmanbHbin — ansa 2014 r. (0,866). [Ina cenbCko-X03saMCTBEHHbIX yroaun 6e3 OY BocTtouHee MI1 Mu-
HUManbHbIY nokasatens NDVI xapaktepeH ana 2005 r. (0,759), makcumansHbeii — ansa 2014 r. (0,868).

BbiBOAbI

CenbCcKoX035IMCTBEHHbIE YroAbs, B COCTaB KOTOPLIX BKIOYEHA 3Ha4YuTensHas Yacte OL1Y, otnnya-
toTCsl 6Gonbllen NPOOYKTUBHOCTBLIO, YEM CEJTbCKOXO3ANCTBEHHbIE yroabs 6e3 OLY npu paBHbIX YCIl0-
BUSIX (CXOXMe ceBOOBOpPOThI, MOYBEHHLIN MOKPOB, rMaporeonorndyeckne ycnosus). Kpome Toro, cenb-
CKOXO3SINCTBEHHbIE Yrofbsl, B COCTaBe KOTOPbIX NPUCYTCTBYET 3HauuTenoHas gons OAY (6onee 10 %
OT nrowiagm), n3HavyanbHO MMEKT MEHee BbIrOA4HbIE YCNOBUS B CUITYy TOFO, YTO Ha nepudepuiiHbie
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30Hbl CEJTbCKOXO3ANCTBEHHbIX MONIEN HEraTMBHO BNUNAIOT (hakTopbl 3aTEHEHUS N YTHETEHNSA CO CTOPO-
Hbl ApeBecHon pacTutenbsHoctn OOY (B TOM uncrne v KkpaeBon adpdekT), Bcneacrtaune yero 20-meTpo-
Bas MoJyioca CeribCKOX03ANCTBEHHLIX yroann no nepumetpy OLY Bcerga OyaeT xapakTepusoBaTbCs
MeHbLUen BMonpoayKTUBHOCTLIO. MonoxutensHoe BnvsHue OLY Ha MUKpOKNMMaTU4eckue nokasa-
TENW B rpaHMLax MO3au4YHbIX CEIbCKOXO3AWCTBEHHbLIX YrOAUN HE TONbKO HUBENUPYET MOCNEACTBUS
OAHHOr0 YrHeTeHnsa KynbTYpPHOW pacTuTenbHocTu no nepudepun OLY, HO B Lenom cnocobCcTBytOT
yBENMYEHUo nokasaTenen GMonpoaykTMBHOCTU TAKUX CEITbCKOXO3ANCTBEHHBLIX YTOAWUNA, YTO NPOSBNSA-
etca 6onbwmmn (oo 10 %) nokasatenamm nHaekca NDVI. BollwenpuBegeHHas MeToamnka no3ponseT
BbISIBMNATb Yy4aCTKN C CaMbIMWU MUHUMAnNbHbIMWU NoKa3aTensMm BereTauuMoHHOro MHAekca, Ansa KoTo-
pbiX LenecoobpasHa cMeHa CXeMbl NPUPOLONOSb30BaHUS.

Cnuncok Mcnosib30BaHHbIX UCTOYHUKOB

1. MpumeHeHne [aHHbIX AUCTaHUMOHHOTO 30HAMPOBAHWMSA C  Lenblo  pauMoHanbHOIO WCMONb30BaHWSA 3eMenb
B Poccuiickon ®enepauum / I W. MeHcakos [n ap.] // HayyHble Tpyabl Kybr' TY. — 2016. — Ne10. — C. 24-38.

2. lMaxywyud, B. B. N\cnonb3oBaHne BereTaluMoHHbIX MHOEKCOB AN Lenew ruapornecoMenmopaTtmMBHbIX uccnenoBaHui /
B.B. Maxyuun, I1.M. Naxyyas, [.A. LLlesenes // JlecHon BecTHuK. — 2016. — Ne 1. — C. 17-23.

3. OueHka adhPeKTUBHOCTU 3emIienonb3oBaHnst B bpecTckon obnactu Ha OCHOBe aHanu3a BereTauMoHHbIX MHAEKCOB :
otyeT 0 HUP (3aknioy.) / Bpl'Y um. A.C. MNywkuHa ; pyk. B.A. Mopos. — bpecT, 2012. — 65 ¢c. — Ne 'P 20101867.

4. Monitoring vegetation systems in the great plains with ERTS / J.W. Rouse [et al.] // Third ERTS Symposium. — NASA
SP-351. - 1973. — Vol. 1. — P. 309-317.

5. Preprocessing transformations and their effects on multispectral recognition / F.J. Kriegler [et al.] // Proceedings of the
Sixth International Symposium on Remote Sensing of Environment, University of Michigan. — Ann Arbor, 1969. — P. 97—131.

6. ESPA — LSRD [OnekTpoHHbIN pecypc]. — Pexxum goctyna : https://espa.cr.usgs.gov/. © espa.cr.usgs.gov — [lata JocTy-
na: 10.01.2018.

Mocmynuna 05.03.2018

2/2018 « NPUPOOHBLIE PECYPCbI * 13



