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noBUsiX. MHOTHE BHIIBI T€OJIE3MYECKUX U KapTorpaduueckux padoT, HOCSIIUX
(dyHIaMeHTaJIbHBIN XapakTep, BBIMOIHIIOTCA TOIBKO OJHUM MM HECKOIBKUMH
MPEANPHUITASIMH B CUITY TEXHUUECKHX HITH TEXHOJIOTMYECKUX OCOOCHHOCTEH.

JlonoxxeHHasi CUTyalys HAIlOMUHAET 3aMKHYTBIA Kpyr. MeHbplue aeHer u3
Oro/pKeTa — MEHbBIIIE IPOAYKIIMH — CTaphiii (POH]T MaTepHaioB — PHIHOK HE paboTa-
er. BbIXoa U3 3TOH cUTyaluu 3aK/IH0YAeTCs B IPUHATUU KOMILIEKCA COIIaCOBaH-
HBIX, CKOOPJIMHUPOBAHHBIX MEpP 10 CO3JIAHHIO YCIIOBHM, NPH KOTOPBIX OyZIeT Je-
naThcs BOCTpeOOBaHHAsI BCEMH TPOAYKIUsS U OYAyT CHSTHI HEOOOCHOBaHHBIC pe-
KHMHBIC OTPaHHYCHUSI.

Jnst pemieHnst BBINIEYKa3aHHBIX MPOOJIEM MPAKTHYECKH HYXHO pean30BaTh
clienyromiee: padoThl MPOBOIUTH TONBKO B TEX pailOHaX M TOpOAax, TJie OpPTaHbI
BIacTu cyobekToB Poccuiickoit denepanyu 1 MyHHUIMIIATBHBIE 00pa30BaHUS TaK-
K€ TOTOBBI (PMHAHCHUPOBATH 3TH pa0OThl. HeManoBaskHBIM SIBISIETCSI M3TOTOBJICHHUE
MPOIYKIIMA MacCOBOTO HCIOJb30BaHUs, 0€3 OrpaHHUYUTENbHBIX IpU(OB, KOTOpas
MO0 CBOEMY COJICpP)KaHHIO yJIOBJIETBOPsUIa Obl OONBIIMHCTBO MOTpEOUTENEH, a yder
OTpacCJIEBBIX 0COOCHHOCTEH M MX OTpa)KEHUE B KapTaxX W IUIAHAX MPOBOAUTH HA JI0-
TOBOPHOH OCHOBE; YIPOCTUTH MPOIEAYPHI JOCTYNa K MarepuanaM (eepaibHOro
KapTorpago-reose3ndeckoro (GpoHa 1, OAHOBPEMEHHO, IPHHSITH COTJTIACOBAHHOE Pellie-
Hue 00 oOMeHe MH(popMaIeld MeXTy BetoMcTBeHHbIME (pormamu. [IpoBectr yrouHe-
HUe TpeOoBaHMWi (efepalbHBIX OPraHOB HWCIIONHHUTEIBHONH BIACTH K Tomorpado-
Te0/IE3NIECKOMY U KapTorpadueckoMy 0OecTIeUeHHIO TEPPUTOPHHU CTPAHBI.
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BrimonueHo nemugpupoBaHue KOCMUYECKUX CHUMKOB Landsat (MSS, TM) chemMku
1975, 1990 u 2010 rr. VccnenoBanusi MpOBOAMIMCH HA O0COO0 OXpaHIEMOW MPHUPOIHOU
Tepputopun «YUepHsieBckuil siec». [lomydyeHHbIe TaHHBIE aHATM3MPOBAIUCH U CpaBHHBA-
JIUCh, TIOCJIE YEer0 ONMKCBHIBAIMCH NMPUYMHBI HaONoaeMbIX n3MeHeHnd. Ha ocHoBe kocMu-
YECKUX CHHMKOB paccyMTaHa KapTa pa3iuudid N300pakeHHi, M0 KOTOPOH OIpeieneHb
Y4YaCTKU 3HAYUTEIBHBIX HM3MEHEHHUH, a TAK)KE UX XapaKTEPUCTUKH.
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THE USE OF REMOTE SENSING IN THE STUDY OF LONG-TERM
DYNAMICS OF FOREST ECOSYSTEMS
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Executed on satellite images Landsat (MSS, TM) survey 1975, 1990 and 2010. Stud-
ies were conducted on specially protected natural area "Chernyaevsky forest." The data
obtained were analyzed and compared, and then described the reasons for the observed
changes. Based on satellite images calculated difference map images, which identifies areas
of significant changes, as well as their characteristics. Study of changes in natural systems
and the extent of human impact on the environment as one of the tasks of environmental
monitoring, related to the construction of the dynamics of the environment map. The basis
of the method of their creation is a comparison of multi-temporal satellite images and maps,
fixing the state of the object at different dates filming. Computer implementation of these
methods primarily designed to ensure correct spatial alignment of materials and extraction
of dynamic information. Most importantly, these cards allow you to reflect not only the
structure but also the essence of phenomena and processes. [1] Study the dynamics of forest
ecosystems using remote sensing (satellite imagery) was performed on protected area (PA)
"Chernyaevsky forest." The territory is located in the south-eastern part of the city of Perm,
directly adjacent to residential areas. Interpretation of satellite images from Landsat (MSS,
TM) survey in 1975, 1990 and 2010 is fulfilled. Studies were conducted on protected area
«Chernyaevsky les». The data obtained were analyzed and compared, and then described
the reasons for the observed changes. Map of differences images calculated on the basis of
satellite images. On this map identified areas of significant change and their characteristics.

Key words: remote sensing data, Chernyaevsky les, forest ecosystems, dynamics,
photointerpretation, vegetation index.

Nzydenre naMeHeHNH IPUPOAHBIX KOMILIEKCOB M CTEIICHH aHTPOIIOTEHHOTO BO3-
JICUCTBYSI HA OKPYXKAOIIIYIO CPEey, Kak OfHA U3 3a]1a9 SKOJIOTUIECKOr0 MOHUTOPHHTA,
CBSI3aHO C ITOCTPOCHUEM KapT AWHAMUKH MPUPOTHOHN cpenbl. OCHOBY METOIOB MX CO3-
JTAHWUS COCTABIISICT COIOCTABJICHHE Pa3HOBPEMEHHBIX KOCMUYECKUX CHUMKOB M KaprT,
(PUKCHUPYIOIIMX COCTOSHHE UCCIICYEMOro 0ObeKTa Ha pa3HbIe aThl CheMKU. KoMmiib-
I0TepHAas peain3alus dTUX METOJIOB TJIaBHBIM 00pa30M HarpaBlicHa Ha oOecIieueHre
TOYHOT'O TIPOCTPAHCTBEHHOI'O COBMEITICHUSI MATEPUAIOB M M3BIICUCHHUS W3 HUX JFHA-
MHUYCCKOM uH(popManuu. [J1aBHOE, YTO 3TH KapThl MO3BOJSIOT OTPA3UTh HE TOJIBKO
CTPYKTYpY, HO U CyIIECTBO ABJIEHHI U rporeccos [1].

HccnenoBanne TMHAMUKY JIECHBIX 9KOCHUCTEM C UCTIOE30BAHUEM JTAaHHBIX JUCTaH-
IMOHHOTO 30HMpoBanust 3emitd (J1/133) BRINONHSIOCh HA 0CO00 OXPaHSIEMOM MPUPO-
Hoit Teppuropun (OOIIT) «YepHseBckuil nec». Teppuropus pacnoiokeHa B IOro-
BOCTOYHOM 4acTu I. IlepMu, HEMOCPENCTBEHHO MPUMBIKAS K JKUIION 3aCTPOMKE.

B Yepnsenckom necomnapke BcTpedaercs 15 TUIOB jeca, U3 KOTOPBIX 6 COCHO-
BBIX, 6 €10BbIX, 1 Oepe30BbIit U 2 0bXOBBIX. IIpeacTaBieHbl 9 qPEBECHBIX MOPO,
00pa3yroIux HACAKICHUS CO CBOUM INpeodiIajaHieM B TIEPBOM sipyce JPEBOCTOS,
BCEro BBIABICHO 127 BHUIOB COCYAMCTBIX pacTeHui. [IpeobiagaronuMu SBIsSIOTCS
COCHOBEBIC THIIHI Jieca, KOTOphIe 3aHUMatoT 346,2 ra wim 66,1 % MOKPHITHIX JIECOM
3emenb. [lomassromnyto ux gacts (322,1 ra) 3aHIMAIOT COCHOBBIE HacakaeHus [3].
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JKOCHUCTEMBI 0CO00 OXpaHSIEMOW MPHUPOIHON TeppUTOpUHN «YUepHseBCKHi
Jiec» B 3HAYMTENBHOW CTENIEHH W3MEHEHBI MOJ BO3JICHCTBHEM YeIIOBEYECKOH Jiesi-
tenpHOCTH. OCHOBHBIMHU (DaKTOpaMH aHTPOIIOTEHHOM TpaHc(opManuy MpUPOTHBIX
KOMIIJIEKCOB Ha JJAHHON TEPPUTOPHH SIBIISIIOTCS PEKpearnsi, BRIOPOCHI aBTOTPAHCIIOPTA H
TIPOMBITIICHHBIX MPEIPHUSITHIA, CTPOUTEIHCTBO HHKEHEPHBIX COOPYKEHHIH [2].

OO6paboTka AaHHBIX W TPOCTpaHCTBeHHBIH aHanmu3 J[/133 BBIMOIHSAINCH C
npuMeHeHneM nporpaMMmubix npoayktroB ENVI 4.7 (ITT) u ArcGIS 9.3 (ESRI).
HemudprpoBaHue KOCMHYECKHX CHHUMKOB MPOBOJHIIOCH METOAOM KiaccUpHUKa-
MM ¢ o0ydeHHMeM CrmocoOoM crekTpaibHoro yria (Spectral Angle Mapper
Classification). st 6onee TOUHOTO BBIJIETICHUS KIIACCOB PACCUUTHIBAJICSI HOPMAITH-
30BaHHBIN Pa3HOCTHHIN BereTanmoHHbIN nHAeke (NDVI).

AHanmm3 pa3nunii Mexly pa3HOBPEMEHHBIME H300paKEHUSIMHU BBITTOITHSIICS C
MTOMOIIIBI0 MHCTpYMEHTa — pacueT kapThl pasnuuuii (Compute Difference Map)
JUISl TTOJTYTOHOBBIX M300pa)KeHUH, a Takke MyTeM CpaBHEHHUs Kilacch(UIIMPOBaH-
HBIX CHUMKOB.,

B pabote ncnonb30BaINCh CASAYIONINE KOCMUYECKIE CHUMKH:

1. Landsat 2 MSS, nata cbemku — 4 utons 1975 r., pasperieane — 60 M;

2. Landsat 4 TM, nara ceemku — 4 aprycra 1990 r., paspemierue — 30 m;

3. Landsat 5 TM, nata ceemku — 27 uronst 2010 r., paspemenne — 30 m;

Ha OOIIT «YepHsieBCKuUi Jec» MO pe3ysbraTaM AeHuPUPOBAHUS BBIICICHO
5 KiaccoB 00beKTOB (pHc. 1): XBOMHBIE Jieca, CMEIIAHHBIC Jieca ¢ ITPeo0IaJaHueM JIUCT-
BEHHBIX [TOPOJ, JIECHBIE MOJISTHBI M JIyTa C PAa3BUTHIM TPaBSIHO-KYCTAPHHYKOBBIM SIPYCOM
W C TIpH3HAKAMH 3apacTaHysl eIMHUYHBIMU JIEPEBBSIMH, OOHAKEHHBIE TPYHTBI M Hapy-
IIICHHBIC 3eMJTH, aHTPOIIOTCHHBIE O0BEKTHI (JIOPOrH, 3aHKS U T.I1.).

JluHaMyKa W3MEHEHHUsl YKOCHCTEM 0 KilaccaM MpejcTaBicHa B Tabnuime. B
nepuon ¢ 1975 mo 1990 rT. oTMEUYEHO MOBBINICHNE TUIOIAA XBOMHBIX JIECOB, Ha-
PYIIEHHBIX 3eMENb U aHTPOIOTEHHBIX OOBEKTOB, a TaK)KE YMEHBIICHUE TLIONIA M
CMEIIaHHBIX JIECOB C MPeo0JialaHueM JTHCTBEHHBIX MOPOJ M JIECHBIX TIOJNSH. YBe-
JMYEHHE TUIOMIAJ XBOMHBIX JIECOB MPOM30ILIO, B OCHOBHOM, 32 CYET COMKHYB-
MIUXCS KYIBTYp COCHBL. [ToMUMO 3TOrO, IpH pa3zieneHuy KIacCoB XBOHHBIX JIECOB
OT CMEMIAHHBIX BO3MOXKHA TIOTPEIIHOCTh MPH MCIIOIB30BAHUH JIBYX KOCMHYECKHUX
CHHMKOB, BBITIOJTHEHHBIX Pa3HBIMH CEHCOpaMH. 3a paccMaTprBaeMblil IEpHOJ 3Ha-
YUTENFHO TTOBBICHIIACH TUIONIA/Ih HAPYIICHHBIX 3EMElTb, BCIECTBHE CTPOUTEIHCTBA
Pa3IuYHbIX 00BEKTOB (OOJIbHHUIIA, TPOGUITAKTOPHIA U Jp.), BRIPYOKH JICCOB, Pa3BH-
THSI PEeKpEAIOHHBIX YYaCTKOB. YMEHBIICHHE TUIOMIA/IN JIECHBIX TIOJSIH CBSI3aHO C
WX 3apacTaHueM, MPEeX/Ie Bcero Oepe3oil, Ha paHee HAPYIICHHBIX 3eMIISIX.

A

)
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Ycnoshbie o6osnadennn

Puc. 1. PesynbraTsl nemudpupoBanus kocmudeckoro caumka 2010 T.
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Tabnwuia
JmHamMuKa JeCHBIX IKOCHCTEM M0 KJIACCH(PUIMPOBAHHBIM H300paKeHUAM
Kiace Hasparue 1975 1. 1990 r. 2010 r.
ILmomanp % ILmomanp % ILmomanp %
1 XBOIHBII JIeC 342,1 149,7%| 403,0 |58,6%| 296,1 |43,1%
CMeleHHBIH Jiec ¢
2 npeoOiailaHueM 217,5 |31,6%| 166,1 |242%| 252,1 36,7 %
JIMCTBEHHBIX MTOPOJI
3 JlecHble TTONSHEI 96,8 14,1 % 56,8 8,3 % 65,9 9,6 %
4 Hapymennsie 3emau 18,7 2,7 % 41,6 6,0 % 51,5 7,5 %
AHTpONIOTCHHbIC 127 |[18% | 201 |29% | 221 |32%
00BEKTHI

B nepuon ¢ 1990 o 2010 rr. HaGmomaeTcss yMEHBIICHHE IO IH XBOMHBIX
JIECOB M yBEJIMYEHHUE TUIOMAIN CMEIIEHHBIX JIECOB, MOJISH, HAPYIIEHHBIX 3eMeNb U
AHTPOIOIeHHBIX 00BbEKTOB. B paccMaTpuBaeMblil eproja ObLI BRIPYOJICH y4acTOK
Jleca B IENAX CO3JaHUs MPOTHBOIIOKAapHOTO paspbiBa mmpuHoi 80 M. Hapymien-
HBIC YYaCTKH, BBIJENEeHHBIE B 1990 T., 9aCTHYHO 3apOCiIH JIMCTBEHHBIMU ITOPOAaAMHU
k 2010 r. Ilpu 5TOM OTMEYECHBI HOBBIC TPU3HAKU AHTPOIIOI'CHHOT'O BO3JIEHCTBUS —
CTPOUTENBCTBO OOBEKTOB (CITOPTHBHBIN KOMILIEKC), 00YCTPOWCTBO PEKpEaIoH-
HBIX 30H, JIECHBIE MTOXKaPBbI, JECHbIE PYOKH.

Meronom pacuera KapThl pa3IMuMil BBIJIEIEHO 5 KJIACCOB, XapaKTEpU3YIOIINX
M3MEHEHHS: 3HaunTenbHoe yBenndenue sipkoctu (+ 50-100 %), yBenuuenue sipko-
cti (+ 10-50 %), nesnaunrtensHble n3mMenenus (1o 10 %), yMmeHblIeHue SIPKOCTH
(-10-50 %), 3HaunTenbHOEe yMeHnbieHue apkoctu (- 50-100 %).

[Tapamerp sSpKOCTH KOHKPETHOTO MUKCeJIa KOCMHUYECKOr0 CHUMKA 3aBUCHUT OT
OTpaKarolle CrocOOHOCTH TMOBEPXHOCTH 3eMiid. Tak, HauMeHbIIME 3HAYCHHS
SPKOCTH XapaKTepPHBI JUI BOJHBIX OOBEKTOB, XBOMHBIX JIECOB, a HAaHOOJIbIINE —
JUTS 3IaHAH, acabTHPOBAHHBIX A0POT, 0OHAKEHHBIX TPYHTOB H T.JI.

B paccmatpuBaembie nmepuonbl ocHoBHas yacth OOIIT n3menmiace He3HAYH-
TenpHO (puc. 2). Benenersue HapymieHUsT pacTUTENFHOTO TTOKPOBA HA OTAEIBHBIX
YYacTKax 3apervucTPUPOBAHO YBEIUYEHHE OTPa)karolleld ClioCOOHOCTH MOBEPXHO-
CTH, YTO CBS3aHO C pyOKaMu Jieca, CTPOUTEIbCTBOM AHTPOIOTEHHBIX O0BEKTOB,
HapyIIEHHEM CTPYKTYpPHI XBOHHBIX JIECOB U T.1.

200 400 800 Metpui
P SR S S |

YcnosHbie oGosnauenus

Puc. 2. Kapra pa3nnunii nzobpaxenuii 1990 u 2010 rr.
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YMeHbIIIeHHEe SIPKOCTH M300paKeHUs CBSI3aHO C €CTECTBEHHBIM 3apacTaHHEM
HapyYIIEHHBIX 3eMeb, a TAK)KE C POCTOM KYJBTYP COCHBI U €11, a TAKXKE C PA3HBIM
10 APKOCTH OTPa’KEHUEM OT KPBbIIII 3TaHHil.

Ha OOIIT «YepnsieBckuii mec» ¢ 1975 mo 2010 rr. oTMeueHbI 3HAUUTEIHHBIE
W3MEHEHUsl CTPYKTyphl daHamadTa. [lo pe3ymprataM HCCIICIOBAHHS BBISIBIICHBI
AHTPOIIOT€HHO HApyIIEHHbIE YYacTKH, KOTOpbIE€ HMMEIOT IPOCTPAHCTBEHHO-
BpeMeHHbIe XapakTepuctuku. [Tomumo storo, Ha OOIIT BBISBICHBI YJacTKH, Ha
KOTOPBIX HAOIOJAF0TCS TIPU3HAKH BOCCTAHOBIICHHS.

OcHOBHBIE U3MEHEHUS 332 pacCMaTPUBAEMBIH MEePHO MPOU3OLUIN MO IPHUYKHE
AQHTPOIIOTCHHOTO BO3ACHCTBHS: pPyOOK Jieca JUIsl pa3MUYHbIX IIeei, CTPOUTEIbCTBA
00BbEKTOB (CIIOPTHUBHBIN KOMILIEKC, MEITUIIMHCKUAE YUPEKICHHS, CAaHATOPHH), 00Y-
CTpOWCTBA pPEKpPEAIMOHHBIX 30H, CO3JJaHHs MPOTUBOMOXKAPHBIX Pa3phIBOB, JIECHBIX
MO’KapoB U APYTHX.

Brimonnennble uccieqoBaHUS TO3BOMMIN KAaYeCTBEHHO U KOJUYECTBEHHO
OIICHHUThH JTUHAMHUKY JIECHBIX IKOCHCTEM Ha 0c000 OXpaHseMOi MPUPOIHON TeppH-
TOpUH, KOTOpasi HCHBITHIBAET 3HAYUTEIHHYIO aHTPOIIOTEHHYI0 HAarpy3ky. Takyro
OIIEHKY HEO00XOIMMO BHIMONHATH B Ha Jpyrux nogooHex OOIIT. Beibpanusie me-
TOJIBI TIO3BOJIMIIA OBICTPO, TOCTATOYHO JIOCTOBEPHO ¥ ¢ MUHMMAJIBHBIMU 3aTpaTaMu
BBITIOJTHUTH [TOCTABJICHHBIE LIENH U 33]]a41 HCCIIeIOBaHUSI.
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Ha ocHOBaHMM SKCHETUIIMOHHBIX M KapTOrpa@UIecKux MaTepHajioB JlaHa COBPEMEH-
Hasl XapaKTepUCTHKA IIOYBEHHO-PACTUTEIBHOTO MOKpoBa YepHbIx 3emenb. Pa3pabaTbiBaer-
cs1 THC skocucTeM Ha KITIOYEBBIX y4acTKax, IPOBEJICH CPABHUTEIBHBIN aHAIIN3 pa3HOBpe-
MEHHBIX TEMaTHYECKUX KapT U KOCMHYECKMX CHUMKOB. Ha ocHOBe pacuera ruromajei oT-
KPBITBIX IIECKOB TOKa3aH YPOBEHb NPHPOIAHO-aHTPOIOreHHOH TpaHchopmamuu 3a 150-
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Based on the forwarding and cartographic materials given modern characteristics of
land cover of Black land. GIS developed ecosystems in key areas, a comparative analysis of
multi-thematic maps and satellite images. By calculating the area of open sand shows the
level of natural and anthropogenic transformation of the 150-year period. According to the
natural zoning Caspian depression [9], the study area is located in the west of the Right
Bank Caspian and includes: Central Chernozemelskiy lowland plains, ridges and troughs
Prikumskaya plain, part of the Naryn-Hudukskogo endorheic lake district and part of the
Coastal Plain sand and marsh.

According to the classification of landscape and geographical regions of Kalmykia
and surrounding areas [14], the study area belongs to the southern area ("black earth"). Ac-
cording to this classification, within the boundaries of the Southern district includes Pri-
kumskaya plain and Naryn Huduksky undrained lake district and the coastal plain, previ-
ously isolated [9] in particular areas. The paper takes into account both the classification.
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