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Bseneunue

HccnenoBanusi COCTOSTHUSL TAaKUX OOBEKTOB MPUPOTHON Cpefibl, KaK JeIHUKU
M 03€pa B FOPHBIX CUCTEMAaX, MPUMBIKAIOUIMX K 3aCYNUIMBBIM pailoHaM, SIBISIOTCS
Ype3BbIUAHO BaXXHbIMU. JIENHUKHM Ciy)kaT HaumOoJjiee SAPKUM HHAMUKATOPOM
KJIINMAaTU4eCKUX n3MeHeHuil [1, 2]. OTcTynanue JIEMHUKOB B HEKOTOPBIX CIIydasX
CBSI3aHO ¢ 00pa30BaHUEM OIMACHBIX MOPEHHBIX 03€p. [IpophIB TakuX 03€p ABISETCS
OJIHOM M3 pacnpoCTpaHEHHBIX MPUUMH 00pPa30BaHUS MOIIHBIX CEJIEBBIX MOTOKOB B
ropax. B cBfi3u C TpyAHOAOCTYNHOCTBIO BBICOKOTOPHBIX PAailOHOB OTCYTCTBYET
BO3MOXHOCTh CUCTEMAaTHUYECKUX HEMOCPECTBEHHBIX HAOIIOACHUH 32 COCTOSTHUEM
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JIETHUKOB U 03€p, MO3TOMY Hcnonb3oBanue AaHHbIX /33 u 'MC-Ttexnonoruit ayis
UX H3y4YeHHs sBIsieTcs HauOosiee S(PPEKTUBHBIM CpPEJICTBOM pEIICHHS 3TOU
pOOIEMBI.

Bes umeromasicss uHdopmanuss 00 OJIEIEHEHMH MCCIENyeMbIX paidoOHOB
pecniyosinku Bkitouaetr nanHble Kartanora JleguukoB CCCP mo cocTosiHMIO Ha
1957-1960 rr. [3], ocHOBaHHBIE Ha a’3pO(OTOCHEMKAX; YTOUHCHHBIC JaHHBIE 3a
ATOT ke nepuoj [4] ¢ ucnoyb30BaHUEM HOBBIX KapTorpaduyeckux MaTepHalioB U
JaHHbIE WMHBEHTApU3allMU JIJHUKOB MO cocTtossHuio Ha 1978-1980 rr. [5],
OCHOBAaHHBIE =~ Ha  aHAJIOTOBBIX  KOCMHUYECKHMX  CbhbeMKax.  Pe3ynbTaTel
AemuppupoBaHusl JIETHUKOB HeOousbloro OacceitHa p. OWramHr Mo JETHUM
caumkam ASTER TERRA 2001 r. nmoka3zajii yMEHBIICHHE TIONIAN JICIHUKOB Ha
16,8% ¢ 1980 o 2001 r. [6].

Paiion nccnenoBanuii Bkioyaet ceBepHyto (6acceitn pexu IlckeM) u 10xkHYIO
(6acceiinbl pex Kamkanapes u Cypxangapbsi) TOpHbIE YacTH Ha BOCTOKE M OTO-
BocTOKe pecnyonuku. Peka Ilckem siBisieTcs mpaBoi cocTaBisomei p. Yupuuk,
OJIHOTO W3 KPYNHEHUIINX IpaBbiX NpUTOKOB p. Ceipnapeu (3ananubiii Tsaub-1anb).
Peku 10>kHOM yacTH paiioHa MCCIEIOBAHUN SIBJISIOTCS MPUTOKAMH p. AMyJIapbu U
OTHOCATCS K ropHOU cucteme ['uccapo-Amnas.

Hcxoanble naHHbIE:

- ALOS/AVNIR-2 cnyTHUKOBBIE JaHHble Ha KOHEl[ Mepuoja alisuuu
JIEAHUKOB

- lanawie Landsat MSS, TM, ETM+, 8 3a 1977, 2000, 2002, 2011, 2013 rr.

- IMP (SRTM, ASTER)

- ronorpaduyeckue kaptel M 1:200000 u caumku Google Earth

- OJIEBBIE NJAHHBIE B OTAEIBHBIX Oaccelinax 3a jgetuuid ce30d 2011 u 2012 rr.

ApxuB nanHbix co crnytHuka ALOS (2006 - 2011 rr.) Obu1 mpeaocTaBieH
ATMOHCKUM areHTCTBOM a’poKocMuyeckux wucciegoBanuii JAXA mns BbeiOopa
CHUMKOB, COOTBETCTBYIOUIUX TIJISIIIUOJIOTUYECKUM IIEJIIM, B XOJI€ BBINIOJHEHHUS
Munu-IIpoekta 2012 r. B I'MC-Llentpe Asumarckoro HHctutytra TexHomorui
(Taunang). OcTanbHbIE UCXOJHBIE JaHHBIE HAXOASTCS B CBOOOJIHOM HHTEPHET
goctyne. DKCHeAUIMOHHbIE HaOmtofeHus, Bkmovaromue GPS-manHble HuxHEN
rpaHulbl JeAHUKOB bapkpak u Tekeml M rpaHHUIbl MOPEHHBIX O3€p Yy JIEIHHMKA
bapkpak (6acceitn p. Ilckem), a Takxe ceputo (ororpaduil pa3iIHUHBIX TUIIOB
MOpEH [7], ObUIM MCTOJIB30BAHbI JUIsl CPABHEHUSI C KOHTYpaMH 3THX OOBEKTOB Ha
CIIyTHUKOBBIX JIAHHBIX.

MeTtonuka paboTbl

OcHoBHBIE MPOOJIEMBI TTPU BBIOOPE CHUMKOB M J€MIU(DPUPOBAHUU JIETHUKOB
3aKJIIOYAJIMCh B HAIMYUU OOJAaYHOTO TIOKPOBA U TEHEW B BHICOKOTOPHBIX paloHaX,
TPYAHOCTH pa3IU4YeHUs] HEOONBIIUX JIEAHUKOB OT CHEKHHUKOB WJIM OCTaTKOB
HEAaKTUBHBIX JIETHMKOB, OOpa30BaBIIMXCA B pe3yJbTaTe pacnaga, a TakkKe
ONpEJeNeHUs]  HIDKHEHW  TpaHUlbl  JISHUKOB, 3aUEXJICHHBIX MOPEHHBIMU
OTJIOXKEHUSIMU. J{7isl pelieHuss 3TUX NpoOJieM Mbl HCIONb30BAIM  Pa3IUYHBIC
JaHHBIE C JBYX CIIYTHUKOB M PEKOMEHIAIMH 110 COCTABJICHUIO KaTaiora JeJIHUKOB

8, 9].



Hawmnyumeit xomOuHaiued KaHaloB Ui MHTEPHPETAMH TIISIUATBHBIX
OOBEKTOB TPU COCTaBICHUU LIBETHOTO CHHTE3MPOBAHHOIO HU300pa’KEHUS
ALOS/AVNIR-2 oxazanuce 4-3-2; Landsat TM - 6-4-3; Landsat-8 - 5-4-3,
CKOMIIMJIMPOBAHHOTO M3 4  KaHaloB.  3aMeTUM, 4YTO  YJIYyYIlICHHE
MPOCTPAHCTBEHHOI'O pa3pelieHusi CHUMKOB Landsat maHxpoMaTHueCKMM KaHAJIOM
(15M) He MO3BOJSANIO BBIABUTH JETANBHO TPAaHUIBI HEOOJNIBIIMX O3€p Ha Teie
JeAHUKAa WM MOpeHbl. ['eomeTpuueckas KOPpEKIHs CHUMKOB U HEKOTOpPbIE
IpOLEaYypbl MO YIAYYIIEHUIO HM300pa)K€HHS BBINOJIHEHbl B COOTBETCTBUM C
MeTozaMu 00paboTku cHUMKOB [10].

JI711 CHUMKOB CEBEPHOM YaCTHU pailloOHa MCCIIEAOBAHUN BBINIOJIHEHA MIPOLIEAYpa
Mo3auku (ckieiiku) nzobpaxxkennit ALOS/AVNIR-2, 4ToObl OXBaTUTh B €IUHOM
daiine Bech Oacceiin p. Ilckem. Takas >xe mporeaypa Oblga BBITIOJHEHA IS
nanxpomatudeckux ALOS/PRISM naHHBIX, 0JHaKO, BBUIY TOTO, YTO pa3Mepbl
cueH B Mo3auke PRISM He coBnaganu ¢ pasmepamu cueH AVNIR-2 Ha ogHu U Te
e JaThl Cb€MOK, Mbl HE HCIIOJIB30BAIU WX JJIS YIYUIIEHUS HNPOCTPAHCTBEHHOTO
pazpemienust AVNIR-2 naHHBIX.

O6padotka ALOS/PALSAR paHHBIX BBISIBHJIA HEYIOBIETBOPUTEIBHOE
KauecTBO pemeHus moayis Terrain Correction U3-3a HaAUYMSI CIOKHOTO TOPHOTO
penabeda u orcyrctBus [IMP nmoctaTodHo#l TOYHOCTH Ha HCCIEIyeMbIE PAaOHBI.
Jist naHHOrO YpOBHS OOpaOOTKU pPaJMOJOKAIIMOHHBIX CHUMKOB XapaKTEpHO
HaJau4ue OOJIBIIUX T'€OMETPUUYECKUX HCKaKEHHH, 0COOEHHO B TOPHBIX paloHaX,
BBI3BAHHBIX TEM, YTO ChEMKa IPOBOJUTCS CO 3HAYUTEIbHBIM OTKIOHEHHUEM OT
HaJupa.

OTckaHUpOBaHHbIE U TE€ONpUBSI3aHHbIE Tomorpaguueckue kapTol, 3D-
pecypcel Google Earth m oTckaHMpoBaHHBIE CXEMbI PACHOJIOKEHUS JIETHUKOB
MPeabIAYIUX UHBEHTAPU3ALMNA CITYKUJIM OCHOBOM JUIsl MACHTU(DUKAIIMY JIETHUKOB
Ha KOCMHMYECKUX CHUMKax. Takue XapakTepuUCTHUKU penbeda, Kak KpUBH3HA,
HKCIIO3UIINSL, KPYTU3HA CKIIOHOB, a TAaK)KE JIMHUU TOPU30HTANIEH € JIIOOBIM IIarom,
nonydeHuble ¢ [IMP, ciayxuiaum BcrioMoraTelnbHbIM CPEICTBOM JIS ONpeeIeHUs
IpaHuUll JEAHUKOB ONpeeIeHHOro Mopgonorudeckoro tumna [1, 9].

KonTypa Bcex IseIHMKOB ObUIM BPYYHYIO OLM(PPOBAHBI HAa CHUMKAX
ALOS/AVNIR-2 (3a ocHOBY ObutM BbIOpaHbl MajiocHekHbIe ce30HbI 2007 u 2008
rr.) u Landsat-8 (2013 r.). OTMETUM, YTO TOYHOCTH ONPEACIICHUS IUIOIIAIN
mo061x 006ekTOB Ha ALOS/AVNIR-2 cocraBuser 4%, Ha cHmmkax Landsat-8 -
6%. Conepxanue atpuOyTUBHONW HMHGOpManMM BKIHOYaiIo HoMep u3 Kartanora
nenuukoB [3], reorpaduueckoe Ha3BaHHWE, T€HETUYECKHM THUIl U BBIUYMCICHHOE
3HAYEHUE JUTMHBI, TUIOLIAAH, MPeoOIa aoeil SKCIO3ULUHY JIeTHUKA.

JlJist BBISIBIICHHSI O3€p Mbl UCIIOJIB30BaJIM METOJ OTHOIIEeHHs KaHainoB IR/R ¢
kinaccudukanuent 3HayeHud mno 1/3 cranmaptHoMmy otkioHeHHo Ha ALOS
cauMkax. Camble HHM3KHE 3HAUY€HUs IMOJYYEHHBIX TPUAOB IIOCJIE MPOLEayp
OYUCTKH U (PUIIbTpAIMU TO3BOJISUIA BBISIBUTH AK€ TE MEJIKUE 03€pa, KOTOpbIe HE
OBLIIN BBISIBJICHBI BU3YAJIbHO - IJ1a30MEPHBIM CIIOCOOOM.

MpbI Takke IBITaJUuCh NPUMEHUTh METO/bl aBTOMAaTUYECKON Kilaccuukanuu
[10] myist onmpeneneHust TpaHul] JEIHUKOB, OJHAKO, HEPABHOMEPHOE OCBEIICHHUE,
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CJIO’KHAs CTPYKTypa cHera, (GupHa U JbJa He TT03BOJISIIN BRISIBUTh YHUBEPCATbHBIN
METOJI, TPUTOTHOTO JIJIsl JTF000T0 TUMa Jieanuka [1, 3].

s pemieHuss psiga TIAMUOIOTHYECKUX M THAPOJOTHYECKHX 3ajad, B T.U.
OIICHKU BEPOSATHOCTU (HOpMHUPOBaHUS MOpEHHBIX 03ep [11], HeoOXoaumMoO 3HATh
TaKue 3JIEMEHTHI JIEAHUKOB, KaK IUIONIAb BCETO JICMHUKA M IUIONIaAh OTKPBITON
YacTH JICIHUKA, HauOOJbIlas JJIMHA BCEro JEeJHWKA U B T.4. OTKPHITOM YaCTH,
MOJIOKEHUE CHEroBOM ((PpupHOBOI) MUHWHU, 0OIIAs IUIOIIaAL 00JacTH alsAlUM, B
T.4. OTKPBITON YacCTH, a TAK)KE€ BBICOTHBIE OTMETKH ITUX JIEMEHTOB.

B mpomecce onudpoBky rpaHull JICTHUKOB, Mbl pa3iudaiu, TJA€ ATO ObLIO
BO3MOJKHO, OOJIaCTh OTKPBITOM YacTH JIEJHUKA M OOJACTh JICAHUKA, 3aUeXJICHHON
00JIOMOYHBIM MaTepuagoM ropHbix nopoi. CoBmectHbii aHaimu3 RGB u IR/R
cHuMKOB  ALOS/AVNIR-2 m1o3BoisT  BBIACIUTH B HEKOTOPBIX  CIy4asx
MMOBEPXHOCTHBIE MOPEHBI Ha TeJie JICHUKA, BKIIIOYAIONIUE CPEAUHHbBIE, OOKOBBIC U
(GbpoHTaNbHBIE MOPEHBI, 3aTEHEHHYIO 4YacTh JICAHUKA U CHETOBYIO JIMHHIO,
pa3IeNsIoNyo 001acTh CHETa U 00JaCTh YUCTOrO Jbaa. CorjiacHO MOCTaBICHHBIM
LEeJsM JaHHOW paboThl, B HIDKEIPHUBEICHHBIX pacueTrax OyJIeT y4HUThIBAThHCS
TJIOIA/Ih BCETO JISTHUKA.

Pe3ynbTaThl U 00CYXICHUS

[Tnomane onenenenusi B Oacceitne peku llckem, BkiIrouaromiero OaccenHbl
pek Orliraunr u Maliganran, no cocrossauto Ha 2007-2010 rr. okazanach paBHOU
93,6 kM°, B Gacceitne p. Kamkamapsu — 10,6 xv’, B Gacceiine p. CypxaHmapbH,
BKITIOUAOIero Gacceiinsl pexk Canrapak u Tymamanr — 31,6 km”. Ipruem Gombire
90% BceXx JIEIHUKOB UMEIOT IUIOaab MeHee | KM

CpaBHeHHE TIOJIYYEHHBIX pE3YyJbTaTOB OJEJACHEHUS B  HCCIEIYEMBIX
OacceitHax ¢ ruomaasaMu JeaHukoB 3a 2013 r. (mo manabiM Landsat-8) BeIsSBHIIO
yMeHbllleHne 1omanu a0 3% g JenHukoB OaccediHa p. Kamkamapbu, s
OCTAJIbHBIX paliOHOB OHO COBCeM He3HauutTenabHoe (1m0 1%). BrisiBIeHHBIC
M3MEHEHUsI HaxXOoISITCS B MpejieaX TOUHOCTH OMPEICIICHHS IIOMaa 00bEKTOB MO
9TUM CHHUMKAaM, U, TaKUM 00pa3oM, Mbl MOXEM IMPUHSITH COBPEMEHHBIM MEPHO]
pacuera miomaau jgeagHukoB ¢ 2007 mo 2013 rr. kak ~ 2010 r.

CpaBHeHHE IUIOMIAM OTACIBHBIX JIGAHUKOB 3a OSTOT TEPHOJ C JAaHHBIMU
nyomukanui [6] mo cocrosuuto Ha 2001 r. (6accerin p. OWrawHr) u ¢ JaHHBIMH
Landsat 3a 2000 r. (kpynHbI€ J€THUKU F0’KHOM FTOPHOM YacTH) MOKA3ajJ0 YBEIUYCHHE
ILTONIAINA dTHX JIETHUKOB Ha 2-3% 3a mocneanee necstwieTue. Takue konebaHus, B
MIPUHIIAIE, OTMEUYAINCh M B TEPUOMABl AKCICTUIIMOHHBIX HAOMIOACHUM Ha 3TUX
negukax ¢ 1957 nmo 1965 rr. [3]. OgHako, 3T0 pacXoKJI€HHE B IUIOMIASIX TaKKe
MEHBIIIE OIMUOKKU ompeiAesieHus: Tuomanau o0bekToB Ha cHuUMKax ASTER [6] u
Landsat, cienoBatenbHO, MOXKHO YTBEpPXIAaTh, YTO CYIICCTBEHHOI'O HW3MEHECHHUS
wiomanu oneneHenus 3a nepuon ¢ 2000 mo 2010 rr. B HCClIeqyeMbIX TOPHBIX
parioHax He IIPOU3OLLLIO.

JlaHHbIE TIPEABIAYIIMX KaTaJOTH3allMii TO3BOJSIOT OICHUTH W3MEHEHHUE
IJIOMIAIM OJICJICHEHUS B PACCMATPUBAEMBIX TOPHBIX palOHAX K COBPEMEHHOMY
Mepuoay, M CKOPOCTh €€ HU3MEHEHUs Mexay nepuojgamu. [logydeHo, 4to B



Oacceitne p. Kankagapbu JIeTHUKY TOTEPSIIN MOYTH TOJOBUHY CBOEH IIJIOIIAIU 3a
50 net (48%), B Cypxannapbse — Ha 39%.

[Tnomanp 1eAHUKOB B 11e10M 110 Oacceitny p. [Ickem cokpatunacek Ha 27% 3a
50-neTHHi TepuoJI coriaacHo naHHbM 3a 1957-1960 rr. u3 Karanora [3], u Ha 23%
- COIJIaCHO YTOYHEHHBIM JIaHHBIM 3a TOT € mnepuona [4]. OmHako B YacCTHBIX
HeOoNbIIMX OacceilHax peK IUIOIIa b OJIEAEHEHHUs COKpallajach MOo-pa3HOMY: Ha
35% - B Axkanuwuraiicaii, Ha 33% - B bemrop, Kokcy, Tacrapcaii, Ha 20% - B
[MaBypcaii (c yuerom nanusix Karanora [3] 3a 1960-¢ 1T.).

Temnbl gerpagaluu oneleHeHUsI HECKOJIbKO CHU3WIMCH 3a BTOPOU mepuoj (¢
1980-x mo 2010-¢ rr.), u okazanuck paBHbIMH 0,4% 3a roa 1Jsi OACCEMHOB peK
[lckem u Cypxanaapbs u 1,1% 3a roa — nns nenHukoB Oacceiina p. Kamrkagapssi.

Pacnipenenenue miomanen JIEATHUKOB B TOPHBIX paiioHax PY3 B cooTBeTCTBUM
¢ BeIOpaHHBIMHU Tpananusamu 1iomasei (0,01-0,1 KMz, 0,1-0,5 KMz, 0,5-1 KM2, >1
kM°) Ha meprozst 1960, 1980 1 2010 rr. HOKa3aIo CleayoLIee.

Haubonpliee KoIU4ecTBO JIEAHUKOB B HACTOSIIIEE BpeMsl 0Ka3aloCh B IPYyIIIe
JeaHukoB ¢ mromaasio 0,01-0,1 KM® U 0,1-0,5 KM%, JTO CBA3aHO C pacnagom
Oojiee  KpYINHBIX JICIHUKOB Ha  MEJKWHE, JYYIIUMH  BO3MOXKHOCTSIMU
ucnoiab3oBaHHbIX [ IC-TexHonoruii U nanHbiX /[33, 1 BO3MOXHBIM BKIIOYCHUEM
pSiia CHEXXHUKOB M HEaKTHBHBIX JIeAHHKOB B rpymmy 0,01-0,1 kM”, KoTOpbIe paHee
MOTJIM HE YYUTBHIBATHCS, OJTHAKO CyMMapHas MX IUJIOIIalb BEChMa HE3HAUYUTEIbHA.

Haubosnee cyiecTBEHHO CHU3MIACH CyMMapHasi IUIOUa/lb KPYIHBIX JIETHUKOB
(6omee 1 km°). CHibHEE MOCTpajany JEIHHKH KalikamapbHHCKOI OOIACTH, HO B
[IEJIOM MX HAMHOIO MEHBIIE, 4eM B JApyrux paiionax. CymmapHas IUIOIIAaL U
KOJIMYECTBO JIGAHUKOB ¢ ruromambio 0,5-1 kv m Gomee 1 KM® COKpaTHINCH
HesHauntenbHo ¢ 1980 1. B CypxangapbuHckod oOiactu. Takas ke CUTyalus
MIPOUCXOAUT JIJIsl JIEAHUKOB ¢ Twiomaasto 0,1-0,5 KM | 0,5-1 KM’ B CEBEPHOI rOpHOM
YacTu.

Pesynbratel nemmdpupoBanus o3ep Ha cHumkax ALOS BwisiBmm 110 o3ep
(o6ureit mwiomapio 1,8 kM) mo Beemy Gacceiiny p. Ilckem, Bkmouas Maiinanran. U3
HEX 35 03ep (1,5 KM®) 3aBAIbHOTO MPOMCXOXKICHUS M 75 MOPEHHBIX U JICIHUKOBBIX
o3ep (0,3 kv). TIo GacceifHam 10XKHOMN TOPHOIT 9acTH OKa3anoch 20 3aBalbHBIX 03ep
(0,4 xM”) 1 47 MOpEeHHBIX M HpUIeHHUKOBEIX 03ep (0,4 KkM®). OCOGEHHOCTBIO 03P
TTISALIUAATBHOTO TTPOUCXOXKICHUS SIBIISICTCS BPEMEHHBIM XapakTep WX TPOSBICHMUS.
KomnuuecTBo U miomaab Takux 03ep MOKET MEHSTHCS OT rojia K TOy U BHYTPH OJHOTO
JIETHETO ce30Ha. JlanpHeiliue uccienoBaHusl MO3BOJIAT OLUEHUTh BHYTPUTOJIOBYIO U
MEXKTOJIOBYIO JIMHAMHKY O3€p, IMOJyYUTh 3aKOHOMEPHOCTHM MX paclpeiesieHus U
BBISIBUTh TIOTEHIIMAIILHO OMacHble o3epa. [lomydeHHbIE pe3ylbTaThl  MOTYT
NPEJCTABIATh MPAKTUUECKUI HHTEPEC /sl UCCIIeA0BaTENIe BEICOKOTOPbsl, THIPOIOTrOB
W JIMII, TTPUHUMAIOIIUX PEIICHUs I 3alllUThl HACEJIEHUS OT OMACHBIX MPUPOIHBIX
SIBJICHUU.

biarogapuoctu

ABTOpBI CTaThbU BBIPXKAIOT OOJBIIYI0 OJArolapHOCTh KOCMHYECKOMY
areHTcTBY JAXA 3a mpenocraBieHHble cHUMKM ALOS; opranum3aTopaM MHUHU-
npoektoB B GIC AIT n-py M. Hazarika, K. Gunasekara; k.r.u. M. IlerpoBy 3a
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MpeJOCTaBICHHbIE JlaHHbIE TMOJIeBbIX HaOmoaenuit; a.T.H. C. SIkoBYeHKO 3a
MoJIe3HbIe JOOphIe COBETHI B 00J1acTH 00pabOTKH KOCMHUYECKUX CHUMKOB.
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