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Bsenenue

Lenpto gaHHOTO HCCIENOBAHMS OBUIO OMpENEICHUE XapakTepa U CKOPOCTH H3MEHEHUSs
JIeTHUKA Ab6pamoBa, 3a JIOCTaTOYHO JUTUTETbHBIN nepuos BpPEMEHH,
Ha OCHOBE JaHHBIX, IOJYYEHHBIX B MPOLUUIOM M B Hacrosimee Bpems. Jlennuk AOpamoBa,
MECTOIOJIOKEHHE KOToporo B Auaiickom xpeOte KbIprei3ctana mokazaHo Ha puCyHKe 1,
UCCIIeIOBAJICS Hanbolee MeTanbHo B miepuoy ¢ 1967 mo 1994 rox Ha 6a3ze mereoctanuuu “JleqHuk
AOpamoBa”, co3manHoi CpenneasmarckuMm  PermonansHbiM  Hayuno-KccnemoBarenbckum
HNucturyrom. B nocnegHue rojibl MCCiae0BaHUE JIEIHUKA BBITOIHSIIOCH 3MU30IMUYECKH B paMKax
pa3IMYHBIX MPOEKTOB. LleHTpalbHO-A3MAaTCKUNA HMHCTUTYT NPUKIAAHBIX HCCIEAOBAHUNA 3eMiH
(bumkek, Keipreizcran) B pamkax npoektoB “Boga B Llentpampnoit Azun” u “CATCOS”
coBmecTtHO ¢ Llentpom uccnenoBanus 3emnn (Ilorcmam, ['epmanus), YuuBepcurerom @pudypra
(LLIBetinapust) ocymiecTBIsICT MONEBbIe HccinenoBanus Jennuka ¢ 2011 roma. B xoxe stux pabor
BBIMIOJIHSIOTCS  M3MEPEHHs, HEoOXOQuMble JJisi ompeaeneHus OamaHca Macchl JITHUKA,
TeOJIC3NYCCKUE M3MEPEHUs IS ONPEISICHHUS TPAHUIBI M MOP(]OIOTHYECKHX XapaKTEPUCTUK
nennuka. Kpome storo, BOmu3u oT ObIBIIEH, pa3pylieHHON wmereocTannuu, B 2011 rogy Oblia
YCTaHOBJICHA W paboTaeT aBTOMATHMYECKass METeoCTaHlMs. B pamkax 3TUX HcCIedOBaHUM, I
nonyueHus: Ooyiee TONMHOW KapTUHBI pEeXKUMa H3MEHEHMs JIeIHUKa ObUIO  BBIMIOJIHEHO
nemm(pupoBaHue W aHATN3 KOCMHYECKUX CHUMKOB, a3pO(POTOCHHUMKOB, TOIMOTPAPUICCKUX KapT,
pe3yNbTaTOB  TE0AE3MYECKUX U3MEPEHHH ©  ONMyOJIMKOBAaHHBIX  pPE3YylbTaTOB  IMPOILIBIX
WCCIICIOBAHU .
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Metonuka ompeneseHus MOJIOKEHHS B pa3HOe BpeMs TIpaHull  JenHuka AOpamoBa
BKJIIIOYaja B cebs JemuppoBaHUe M aHAIU3 a’pOPOTOCHUMKOB M KOCMHUYECKHUX CHHMKOB C
pa3INyYHbIX CHYTHUKOB. (OCHOBHBIE XapaKTEPUCTHKU CHUMKOB IpHBeAeHbl B Tabnuue 1. Kpome
pe3ybTaToOB JAeMMU(PUPOBAHUS CHUMKOB, OBUIM HUCIOJBb30BAHBI, ONpPENEICHHBIE B IOJIEBBIX
YCIOBHAX, ¢ ToMolIbi0 npudopoB GPS, rpaHuIbl s3bIKa JIEAHMKA, a TaK kK€ Tomorpaduyeckue
KapTbl ¥ OINYOJMKOBAHHBIC PE3YyJbTAThl MPOLUIBIX HW3MEPEHUN MOJOKEHHUS TPAHUIBI JICTHUKA,
BBITNIOJIHEHHBIEC Pa3HbIMHU aBTOpamMu. OCHOBHBIM METOJOM OLICHKM KOPPEKTHOCTH OTHOCHUTEIBHOTO
MIOJIOKEHUS TPaHUIL JICTHUKA, TI0 CHUMKaM M IPYTUM JaHHBIM, IOJYYEHHBIM B pa3HOE BpeMsi, ObLIO



CpaBHEHHME IIOJIOKEHMsI TpaHMI] CTAaOWJIBHBIX 3JEMEHTOB penbeda (IpaHUll JPEBHUX MOPEH,
JIOKaJIbHBIX BIIAJMH, Pycel BOJOTOKOB, 'peOHEl 1 BepIInH XpeOTOB, CKaJl, IJIbI0), pacIoN0KEeHHBIX,
B OCHOBHOM, Ha OTHOCHUTEJIBHO IOJIOTOM peiibede, B HEMOCPEACTBEHHOW OJIM30CTU K SI3BIKY
neanuka. Kpome 3Toro, B Ho3MMOHMPOBAHUY CHUMKOB U CXEM UCIIOJIB30BaH TaKOM KPUTEPUH, KaK
CTaOMJIBHOCTh BO BPEMEHHU OOKOBBIX I'PaHMIL JIEJHUKA, PACIOJIOKEHHBIX BbIIIE KOHLA A3bIKA, BHE
30HBI UHTEHCUBHON OOKOBOH a0msanuu.

B npomecce nemmppupoBaHuMs TpaHULBl JIEJHMKA ONPEAEISUIMCh [0  CHUMKaM,
CUHTE3UPOBAHHBIM [0 HECKOJBKMM CIEKTPaJIbHBIM KaHaiaM, B mnporpamme “ENVI”, mo
HOTPaHUYHBIM MUKCEISIM, HamOOoJIee COOTBETCTBYIOIUM IO CIEKTPAJIbHON XapaKTEPUCTUKE TEITy
JeTHUKA M TIOKPBIBAIOLICH €ro MOpEHe W, aHAIOTUYHO, MO IHKCEIsIM OJMKHUX HWH(PaKpaCHBIX
KaHaJIOB (KaHaibl 6,7), COOTBETCTBYIOIIMX HauOoJiee OXJIaKACHHBIM IIOBEPXHOCTSAM OTKPBITOIO
Jba ¥ MOPEH, MOJA KOTOpBIMH 3aneraer yei. [lpu nemmppupoBaHUU CHHUMKOB, ONpEACIICHHE
IIOJIOKCHUS TpaHMLbl, B 3HAYUTEIBHOM MeEpe, OCHOBBIBAJIOCH HA DJKCIEPTHOM OLEHKE,
YUUTBIBAIONIEH OCOOCHHOCTH CTpPOEHMsI Tela JIEOHUKA, €ro CTPYKTypbl, Xapakrepa u
PAacIIoNIOKEHHs IOBEPXHOCTHBIX MOpeH. DopMalibHBIN 1OAX0[] B 3TOM ciydae He 3(pdekTuBeH, Tak
KaK CIIEKTpaJIbHbIE XapaKTEPUCTUKU MOBEPXHOCTH JIEAHUKA KaK B BUJIMMOM, TaK U MH(paKpacHOM
JMana3oHe, OCOOEHHO B cCllyyae HaJW4YMig MOPEH 4YacTO COBMAJAIOT CO CHEKTPalbHBIMU
XapaKTEepUCTUKAMU BJIQXHOTO  TIpyHTa BHE Tena JeaHuka. (OCHOBHOE BHHUMaHHE ObLIO
COCPEIOTOUEHO Ha I'paHUIle A3bIKa JIGAHHUKA, PACIOJIO0KEHHOTO B 00JacTu aOisiuuu, Kak Haubosee
M3MEHYMBON YacTu jenHuka. ['paHuna jgenHuka B 00JaCTH aKKyMYJISILUU, IPU TaHHOM TOYHOCTH
U3YYEHHUs, pacCMaTpUBAETCA Kak  IPAKTUYECKM HEUW3MEHHas B TEYEHHE BCETO Iepuoja
HAOJNIOZICHUN, YTO B 3HAYUTEIBHOM Mepe OOYCIOBJICHO Mpeodiaaonieil OoTpUIlaTeIbHOM
TEMIIEPATYPOH, IPENATCTBYIOLIEH COKPAIIEHUIO ILIOAAN JIEIHUKA, a TaK K€ KPYTHIMH CKJIOHAMHU
B 00J1aCTH NMHUTAaHUA JIEAHUKA U JieAopa3zeslaMy, OrPaHUYMBAIOLUIMM 3HAYUTEIbHOE YBEIMYEHUE
IUIOUIA/IH.

Haubonpiiee KoaM4ecTBO KOCMHYECKUX CHUMKOB, HCIIOJIb30BAaHHBIX MJI ONPEENICHUs
TpaHULbI JIeAHUKAa AOpaMoBa — 3TO CHUMKH Pa3IMYHbIX CyTHUKOB “Landsat”. Tu CHUMKH, Tak
e KaKk U CHUMKH 1o nporpamme “Corona” ObLIM MOIy4YeHbl ¢ MHTEpHET cepBuca ‘“Earth Explorer”,
USGS. Cuumku cnytHukoB “Landsat”, kak BHIHO M3 TaOauubl | MMEIOT pa3pelieHue, B
OocHOBHOM, 15-30 M/mt u pexxe 60 m/n, ¢ ypoBHeMm oOpaboTku “L1T”. 3T0oT ypoBeHb oOecnieunBaet
ONPEACIECHHYI0 TOYHOCTh T€ONO3UIMOHMPOBAHMS HA OCHOBE MCIOJIb30BAaHUS HA3E€MHBIX
KOHTPOJIbHBIX TOYEK M IU(POBOM MOJEIM MOBEPXHOCTH 3eMJM. JTa TOYHOCTh IPEJCTaBJICHA
KpyroBoil ommoOkoil reomosunuonupoanuss (RMSE), npu cooTBeTcTByOIIEH HI0BEpUTEIBHON
BepoaTHOocTH (/[IB). Ota ommbOka myns cHUMKOB crnyTHHUKOB «Jlanacat»(L) cooTBeTCTBEHHO
cocraBiseT: «L 1-5 MSS» <60m npu 88% [IB, «L 4-5» <30m npu 99,5% /B, «L 7» <30m npu
99,7% B, «L 8» <30m mpu 99,6% JIB. Jyisi ocTadbHBIX UCXOAHBIX JaHHBIX, UCTIOJIB3YEMBIX MPHU
nemupUpoBaHUM, AHAIOTWYHAs OLEHKAa TOYHOCTH TEONO3UIMOHUPOBAHUS  OTCYTCTBYET.
MuHnumanbHass omuoOka JAemupUpOBaHUS BCEX MCHOIb3YEMbIX CHMMKOB,  COOTBETCTBYET
BEJIMYMHE pa3pelleHusi cHUMKa. s pe3ynbraTtoB aemupupoBaHus OCHOBHOE 3HAYEHHE MMEET
OILICHKa OTHOCUTENIbHOM MIPOCTPaHCTBEHHOM TOYHOCTH MO3UIIMOHUPOBAHUS, KOTOPAasl BBIIOJIHSIACH
[0 M3MEPEHMIO PA3HUIIBI B IOJIOKEHUM TPAHUI] CTAOMIIBHBIX (OpM penbeda Ha CpaBHUBAEMBIX
OTIOPHOM CHHUMKE M JpPYyroM CHHUMKE U JIPYrOM BHJI€ JaHHBIX, T€ONPUBS3aHHBIX MO OMOPHOMY
cHUMKY. OINOpHBIMM CHHMMKaMH, B HalllEeM CcCllydae, SBJSUINCh CHUMOK crnyTHHKa “GeoEyel”,
MMEIOLINI MaKCUMaJIbHOE pa3pellieHne U UCXOIHYIO TeONPUBSI3KY U CHUMKH clyTHUKOB ‘“Landsat”.
[Ipu Ko-perucTpanyi CHUMKOB, HE HMEIOIIMX OPUTHHAJIBHON TeonpHBs3KU (adpO(hOTOCHUMKH,
cHuMKku ‘““Corona”), TOYKM NPUBSI3KU BBIOMPATUCH BOJM3M S3bIKa JIEHUKA, Ha CTAOWJIbHBIX,
OTHOCHUTENIbHO ToJIoTuX (popmax penbeda. B 3ToMm ciaydae, MHUHUMHU3UPYIOTCS T€OMETpUYECKHE
MCKaXEHUS N300paKeHMsI 3a CUET yIila CheMKU M HaKJIOHA MMOBEPXHOCTU penbeda. MUHUMaIbHBIN
BPEMEHHON MHTEpBAJl, MCIOJIb3YEMBIH JUIsI OLEHKM CKOPOCTH W3MEHEHMs JIEJHHWKA, PaBEH,
NpUOIN3UTENBHO, OTHOMY To/ly. OTO 00YCIIOBICHO TE€M, YTO 3HAYUTENbHAs YacTh MH(OPMALIUHU 110
U3MEHEHMIO JIeTHUKA, UCIOJb3yeMasi B JIaHHOW paboTe, He MMeeT Oosiee JeTallbHOW BpPEeMEHHOU
XapakTepucTuku. IIpu 3TOM, OOJBLIIMHCTBO HCHONb3YEMBbIX AJIS aHAJIN3a KOCMHUYECKUX CHHUMKOB
MOJIy4YEHBbI B MEPHOJ C HIOJNA MO OKTSOph. To ecTh, MakcCUMalbHasi OIIMOKAa MHTEpBajla BPEMEHU
MEXJly CPaBHUBA€MbIMHM CHUMKaMH paBHa + 4 Mecsua.



Ta6n1z1ua 1. Kocmuueckue CHUMKH 1 aapO(l)OTOCHI/IMKI/I, HCITOJIb30BAHHBIC IJIsA OIPEACIICHUSA I'paHull JICAHUKA A6paMOBa

Hara cremku CnyTHUK, Cencop Pazpemenue YpoBeHb 00paboTKH,
camoJeT CHUMKOB MPOEKIINS,
(MeTp/miuKceN) CUCTEMA KOOpJAUHAT
19/10/1964 “CORONA” ¢dboTokamepa 3 ['eonpuBssizka,
KH-4A UTM, WGS 84
22/11/1973, 20/08/1980 “CORONA” ¢dorokamepa 6 ['eonpusszka,
KH-9 UTM, WGS 84
12/07/1975, 04/08/1981, 18/07/1986 AspodoTocHUMOK|  ¢oToKamepa 1,8;1; 1,6 I'eonpussizka,
UTM, WGS 84
28/09/1977, 14/07/1978 “Landsat — 2” MSS 60(57x79) L1T
20/10/1992, 02/08/1998 “Landsat — 57 ™ 30 L1T?
29/08/1999, 16/09/2000, 02/08/2001, “Landsat — 77 ETM 15-30 L1T
22/09/2002, 24/08/2003, 27/04/2004,
14/09/2005, 17/09/2006
19/07/2007 “Geo Eye 17 OnTuko - 1,2 OpropekTuduxanms,
AIEKTPOHHBIN UTM,WGS 84
20/09/2007, 05/08/2008, 08/08/2009, “Landsat — 7” ETM 15-30 LI1T
04/09/2010, 07/09/2011 “Landsat — 5” ™ 30 L1T
03/10/2012 “Landsat — 7” ETM 15-30 L1T
12/09/2013, 27/06/2014 “Landsat — 8” OLI_TIRS 15-30 LI1T




PesynbTathl HccneqoBaHui U 00CyKICHNE

B pesynbrare aemmdpupoBaHUs KOCMUYECKHX CHHUMKOB CITyTHUKOB “Landsat” c
nomoinbio porpammel “ENVI 4.7” u nmocnenytromeit 06padotku B mporpamme “Maplnfo 10” 6pu1m
MOJy4YEeHbl TPaHUIBl JenHuka AOpamoBa B pasHble rojael. OOmas KapTWHA MO3UIUH TPAHUI]
neaHuka AOGpamoBa 3a mnepuoja ¢ 1977 mo 2013 rox mo cHumkam crmytHuka “Landsat 2, 5,7,8”
noka3aHa Ha pucyHke 2. Kak BUAHO Ha 3TOM puCyHKe, HauOosiee CTaOWJIBHBIMU SIBIISIOTCS
OOKOBbBIC BOCTOYHASI M 3alajHasi TPaHUIbl, 10 HUM OOILIUI JHana30H PacXOXICHUS BBISIBICHHBIX
IPaHHULl COCTABJISIET, B OCHOBHOM, OKOJIO 60 METpOB, a OMIMOKU ONpPEAEICHUS OTAEIbHBIX I'PAHHULL
pa3Horo BpemeHu — MeHee 60 MeTpoB. OTHOCUTENbHAS TOYHOCThH MOJIOKEHUSI TPAHUI] BO3pacTaeT
o mMepe nepexona k cHuMmkam “Landsat — 7,87, 3a cyer HanuMuMs MAaHXPOMATHYECKOIO KaHalla €
paspenieHueM 15 m/m.

I'panuubl nennuka A6pamosa B 1977 u 1978 rony, HOIy4eHBI 0 KOCMHYECKUM CHUMKaM

cnytHuka “Landsat — 2” ¢ paspemennem 60 m/m. B 1menom, u3-3a OTHOCHUTENBHO HU3KOTO
pa3penieHns pacCMaTpUBAEMbIX CHUMKOB M HAJIMYHsI Ha OpuUrnHaie cHuMKa 1977 roga nedexToB B
BUJIE TIOJIOC, TIOJIOKEHHE TpaHUI] ompezeneHo ¢ omuOkod mopsiaka 60 merpoB. Pacxoxknenue
TpaHUI] OTIOPHBIX AJIEMEHTOB penbeda, pacroNoKeHHBIX BOIM3H JISAHUKA, I10 STHM CHHUMKaM, TaK
K€ COCTaBIISIET OKOJI0 60 METPOB.
I'panunel snegnuka ¢ 1992 mo 2014 roxa momydeHbl 10 KOCMHUYECKMM  CHUMKaM CITyTHHUKOB
“Landsat — 5,7,8”, cencopamu “TM”, “ETM”, “OLI_TIRS” ¢ pa3spemenuem 30 M/, 1o cemu
CHEKTPAIbHBIM KaHajlaM, BKJIIoYas TepManbHblii (band 6) m ¢ paspemenuem 15 m/m mo
naHxpomaruyeckomy kanany (band 8). B sTom cimyuae, Tak ke ObUTH MOJTy4€Hbl CHHTE3UPOBAHHBIC
CHHMKH, IO KOTOPBIM, IPH pPa3IMYHBIX KOMOWHAIMSIX KaHAJIOB OBLIM ONPEACICHBI TPAHUIIBI
JIeTHUKA.
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Puc.2 I'panunet nenauka Ad6pamosa ¢ 1977 mo 2013 rog
1o CHUMKaM ciyTHukoB “Landsat 2, 5,7,8”



HaGmromaemoe Ha pucyHke 2 pacxoxxaeHue rpaHur] 1977,1978 romoB Bo ¢GpOHTAIBHON YacTu
s3bIka Ha 15-25 MeTpoB ¢ Oojiee HM3KHM TOJIOKEHUEM TpaHulbl 1978 roga mo OTHOMICHHIO K
rpanuie 1977 roga He OTOXKACCTBISICTCS C HACTYNATEIbHBIM JIBUKCHUEM JICAHUKA, TaK KaK 3TO
pasznuuMe HaxXOJUTCs B Mpejesiax BO3MOXKHOM OMIMOKY MO3ULIMOHUPOBaHUS U AemudpupoBanus. B
[EJIOM, MO’KHO YTBEpP)KIaTh, YTO CpeAHsis rpaHuiia GpoHTa nennuka B nepuoyn 1977-1978 rogos
orpezeNieHa JOCTaTOYHO TOYHO, YTO MOATBEP)KIAeTCs HEOOJBIIMM PACX0XIEHUEM TOJOBbBIX
IpaHull BO (PPOHTAILHOM YaCTH s3bIKA, HECMOTPS HA TO, 9YTO cHUMKH ‘“Landsat” 3TOro BpemeHH
UMEIOT XYAIINE XapaKTePUCTUKH MO pa3pellieHulo, [0 CPaBHEHHUIO ¢ 0oJjiee MO3AHUMU CHUMKAMHU.
Kpome storo, Ha pucynke 2 BugHo, 4to ¢ 1978 roga mo 1992 rox mpoucxoausio OTCTymaHUE
JeAHUKa Ha paccTossHue okono 380 M ¢ JMHEHHOH CKOpOCThIO 26 M/TOJ OTHOCHTEIIBHO
MaKCHUMaJbHO MPOABHHYTHIX BHHM3 MO penbedy yacteil rpanun. C 1992 mo 1998 u 1999 rona,
OTCTYIIaHHE JIETHUKA ITPOJ0JIKaIoCch Ha paccTossHus 600 u 680 METPOB COOTBETCTBEHHO, IIPU ITOM
CPeIHsIst CKOPOCTb OTCTYIAaHUS 3HAUUTEIFHO YBEIHMUMIACh i COCTABIIsLIAa OKOJIO 86 M/TOJI.

[Tocne storo, xak BuaHO Ha pucyHke 3, ¢ 1999 no 2001 ronma Habmronanach OTHOCUTENbHAS
cTabunm3anus TpaHUIIBl S3bIKA, MPOSBUBIIASCS B 3aMEIJICHHM OTCTYHNaHWs W B TECHOU
TPYNIUPOBKE TPAHULL STOTO MEPUOJIa BpeMEHH BO (DPOHTAIBHOU YacTu, B quana3zone okono 20 m. B
9TOM CiIy4ae, TOYHOCTh ONPEICIICHUS IOJIOKCHUS OTACIBHBIX TOJOBBIX TPAHUIl IIPH
nemu(pupoBaHUs HETOCTATOYHA JJIsi YBEPEHHOIO ONpPeAeTIeHUSI OTHOCUTEIBHOTO HAMIPABICHUS MX
JBUKCHUS I BETMIMHBI cMeeHus. [[03ToMy THHEHHBIE CKOPOCTH OIPEIEICHBI TPUOIM3UTEIBHO: C
1999 no 2000 rox - orcrymanue co ckopocteio 20 m/ron u ¢ 2000 mo 2001 ron, Bo3MOKHOE,
HACTYyIaHue co CKopocThio 10 M/roz.

Puc.3 I'panunel negauka A6pamosa ¢ 1998 no 2007 rox
o cHUMKaMm ciryTHUKoB “Geo Eye 17, “Landsat 5, 7 7

C 2001 roma Hauyanoch SIBHOE HACTyMAaHHWE JIEAHWKA C YBEIMYEHHEM €ro IUIOMIaau (CM.
puc.3), kotopoe npoaomkanock A0 2005 roga. MakcuMmanbHOE JTUHEHHOE MPOABUKEHUE TPAHUIIBI
si3pIka JenHuka coctaBuiio 3a 2001- 2005 roast okono 150 - 160 M., TO ecTb cpeAHsisi CKOPOCTh
HactyruieHuss Obuta mopsimka 30 - 40 m/rox. Takum o0pa3om, HaMH, TOCTATOYHO YBEPEHHO
3a()MKCUPOBAHO HEMPEPHIBHOE MO BPEMEHH, 3HAYMUTEIHHOE MO MPOTSHKEHHOCTH W IUIOHIAAU
HacTymnaHue si3bIKa Jiemauka Aopamosa B iepuoj 2001-2005 rona. B nanHoM ciiydae, Ha puCyHKe 3
B KauecTBE (JOHOBOTO HCIIOIH30BaH KOCMUUYECKUN CHUMOK criyTHHKA “Geo Eye 17 ot 19/07/2007 1.,



c cepsuca “Google Earth”, umerommuii pazpemienue okono 1,2 m/m. Ilo 3ToMy CHUMKY omnpeieneHo
MOJIOKEHHE TpaHuIlbl JieaHuka B 2007 roxy. DTa rpaHuiia pacXoauTcsi BO (PPOHTAIBHOM 4acTH Ha
+10 — 15 M c rpanunei, omnpenenenHou mo cHuMKy “Landsat 7 ot 20/09/2007. B nocnenyrormiem,
¢ 2005 mo 2007 rox HabMOgaIaCh OTHOCUTENbHAS CTAOMIM3aLKs TPAHULIBI JETHUKA C TeHACHIeH
K OTCTYNAHUIO MO OTHAEIbHBIM ee ¢parmMeHTam B auarnazone Ao 40 merpos. Hauunas ¢ 2007 mo
2011 roa, xkak BUAHO HA PUCYHKE 4, HAYaJIOCh SIBHOE OTCTYIAHHE S3bIKA JIEJHUKA, MAKCUMYM, Ha
160 merpoB, co cpemHeld ckopocThto 40 M/ronm, ompezaeneHHoe Mo cHuMKaM “‘Landsat-8”.
N3menenue rpanunsl s3pika jgeanuka ¢ 2011 no 2014 rox no cuumMky “Landsat-8” mokasaHo Ha
pucynke 5. Kak BUAHO Ha 3TOM pUCYHKE, U3MEHEHUE MOJOKEHUS OTJENbHBIX OJIOBBIX TPAHMUIL 32
3TOT MEPHUOJ HE3HAYUTEIHHO M HAXOJUTCA B IpeJesiaXx MaKCHUMAaIbHOTO pa3pelieHusi CHUMKOB 15
m/m. Ilo 2TON mnpuyMHE 3aTpyIHEHO  OJHO3HAYHOE OIpeAeNiCHUE HAMpaBICHUS H3MEHEHUS
OTJIC/IbHBIX T'PaHMIl, B YACTHOCTH, HaCTyHaTEJIbHbIM XapakTep nosioxeHus rpanunsl 2012 roga Bo
bpoHTanbHOM uacTH, OTHOcUTeNbHO rpanunbl 2011 roma TpebyeT IOMOJHUTEIHLHOTO
noarBepxkaeHus. OIHaKo, M0 PUCYHKY 6 YBEPEHHO OmpeenseTcss TeHAeHus oTcTymnanus ¢ 2012
mo 2014 rox ¢ namHEHHON CKOpOCThIO Topsaka 20 M/Toj, MO TpaHMIAM, TMOJOKEHHE KOTOPBIX
MOJy4eHO HWHCTPYMEHTAJIbHBIMH HW3MEpEHUsIMH C Tomompio mpubopoB GPS, ¢ TouHOCTEIO
no3unuoHuposanuss 1o 10 M. 3geck Tak ke HaOmogaercs (parMeHT s3blKa YacTHYHO
OTUWICHMBILHUNCS 1O 3al1aIHOM IpaHULIE JIETHUKA OT OCHOBHOTI'O TeJa, COXPAHSAIOIUNCS OT TasHUs 3a
cdeT Hanuuus MopeHsl. [lo 3TuM e rpanunam, auHelHas ckopocth orcrynanus ¢ 2007 no 2014
rog — okoyio 23 m/rox. 3a 3TOT Ke MEpHoJ, KaKk BUIHO Ha pPHCYHKax 5, 6, Habmomaercs
YMEHBIICHNE NIMPUHBI SI3bIKA JIEJIHUKA BOJU3U €ro KOHIIEBOM YacTH 3a CUeT OTCTYIAHUs Ha 3araj
ero BocToyHoM rpanuiibl Ha 70-80 M, ¢ IOCTETNIEHHBIM YMEHBIIEHUEM 3TOT0 COKPALECHUS ITUPUHBI
B 10)KHOM HaIIPaBJICHUU.

Puc.4 I'panutier neqarka AGpamoBa 1o CHIMKAM cnytHukoB “Geo Eye 17, “Landsat 8”
¢ 2007 mo 2011 rog

Puc.5 I'panunst negauka AGpamosa ¢ 2007 o 2014 rox no caumkam cnytHukoB “Geo Eye 17,
“Landsat 8”, B Tom uncine B uH(ppakpacHoM auamnazone (2014 roj) u mo noixeBbIM U3MEPEHUAM
npudopamu GPS ¢ Tounocteio 10 10 M (MyHKTUPHBIC TUHUHN).



U TI0 TIOJIEBBIM m3MepeHusM npubdopamu GPS ¢ Tounoctho 10 10 M (IyHKTUPHBIC JTHHHH).

C menpio AeTanM3alK TPaHUIl JeIHUKa AOpaMoBa pa3sHOrO BPEMEHH, KPOME CHHUMKOB
cnytHuka “Landsat” mcnonp30Bajiuch Tak € KOCMHUYECKHME CHMMKM 1o nporpamme “Corona”,
nonydennsie cnytHukamu CLIA c aBrycra 1960 r. mo mait 1972 r. u ¢ mapra 1973 r. o okTs0ph
1980 r.. Onu Tak e noxydeHsl ¢ uHTepHeT-cepBuca “Earth Explorer”, USGS, B pa3znene: Declass
1(1996), 2(2002). XapakTepuUCTUKH 3TUX CHHUMKOB IpHBeAEHbI B TaOnuue 1. ['eonmpuBszka 3THX
CHMMKOB BBINOJIHUIACh N0 CHUMKY cryTHHKa “Geo Eye 1”7 ot 19/07/2007 r. ¢ cepuca “Google
Earth” mo xapakTepHbIM Ha3eMHBIM OIOPHBIM TOYKaM, PACIIOJIOKEHHBIM BOJIHM3M s3bIKA JICTHUKA
Abpamosa. JlemudpupoBaHue rpaHul] JIEJHUKA 110 ’TUM CHUMKAM IO3BOJIUIIO JOMOJHUTh KapTHHY
UX W3MEHEHHS B T€ TOJibl, 10 KOTOPHIM OTCYTCTBYIOT CHUMKM cnyTHuUKa ‘‘Landsat”. I'panursl
JEIHUKA 110 JTUM CHUMKaM II0Ka3aHbl Ha pucyHKe 7. Koppekuus pacnojoKeHUs TI'paHULbI
JeHUKA, TMONy4eHHOH 1o cHuUMKY “Corona”,  BKIO4ana ee TpaHCHOpMalMio B BUIC
TOPU30HTAIBHOTO CMEIIEHHUsS M ITOBOPOTAa BEKTOPHOI'O CJIOS, COACPIKAILEro TpaHMIly JIEAHMKA.
Kputepusimu KOppeKTHOCTH TpaHC(POPMALIMU SBISUINCH TPAHUIBI CTAOMIBHBIX (hopM penbeda u
OOKOBBIX TpaHMIl JIeAHMKA. B 3Tom cimyyae ommOka  JemupupoBaHUS TpPaHMIl 3a CYET
HEOPTOTOHATFHOCTH CHUMKA, JeGopManuu (HOTOTUICHKH, HETOYHOCTH T'€OMO3UIIMOHUPOBAHUS HE
npesbimaer 50-100 metpos. B pe3ynbTare ObUIN NOTYYEHbI FpaHULlb! JIegHuKa B 1964, 1973 u 1980
rogax. B aTom ciydae, nHTEpecHBIM (PaKTOM, TOKa3aHHBIM Ha PHCYHKE 8, SBISETCS OOHAPYKECHHE
Ha cHuMKe “Corona” ot 1964 roga, ydacTka paspylleHHs, IO — BHUIMMOMY, BPEMEHHBIM
BOJIOTOKOM, BO3MOXKHO CEJIEBBIM (CHHSSI CTpEJKa), 3alaJHON 4YacTH S3bIKa JeJHUKA (KpacHBIN
KOHTYp), MPOTSXKEHHOCThbIO OK0Ji0 440 M. u mumpunoil 1o 100 M. DTOT (heHOMEH HeoOX0aUMOo
YUUTBIBAaTh NPU aHAJIM3€ CKOPOCTH U3MEHEHHUS JIEAHUKOB U MUCTOPUU MX Pa3BUTHSL.

Puc.7 (cneBa), Puc.8 (cnpasa) ['panuirsr negauka AGpaMoBa Mo CHUMKaM CITYTHHKA IMTPOTPaMMBbI
“Corona” B 1964, 1973, 1980 rogax. IlyHkTHpOoM Ha pUCyHKE 7 BBIJEJIEHA I'PaHULA PA3pyLIEHHOTO
(dhparmeHTa s3bIKa.



B nomonneHnue k 3TOMY, MOJOKEHHME s3bIKa JemnHuka AOpamoBa B 1981 romy ompeneneHo 1o
aspodorocaumMKky ot 04/08/1981roma (tabmmma 1). Ero reompuBsizka BBIOJIHEHA TaK e, Kak
BBIIEYIIOMAHYThIX CHUMKOB “Corona”. KoppeKkTHOCTh NpPHUBA3KA U OTHOCHUTEINIbHAsl JIMHEWHAS
OIIMOKa OTMPE/ICIICHBI TI0 XapaKTePHBIM CTAOMIBHBIM AJIEMEHTaM pelibeda, MOCIeaHsS OIICHUBACTCS
B T€X K€ Ipejenax, 4ro u g cHUMKOB“‘Corona”. KoHTypsl nennuka no cHumkam “‘Corona” u
YIIOMSIHYTOMY a3po(OTOCHUMKY Ha (hoHE CHHMKa JeqHuka ciyTHuka “Geo Eye 1”7 ot 2007 rona,
nokas3ansl Ha pucyHke 9. [lo pesynpraram conocraBieHus: noyioxeHus rpanun 1980 u 1981 rona,
OHM HMEIOT PAacXO’KJCHHE BO (POHTAIBHON YACTH S3bIKA, B CEBEPHOM HANPABJICHUH, MOPSAIKA 55
METPOB U TMOCJIEI0BaTeIbHOCTh XapaKTepHYIO IS pexuMa HacTyIJIeHUs, ¢ 0Oojiee HU3KUM
nojiokeHneM rpanunel 1981 roma, orHocurenpHo rpaHuubl 1980 roma. Ota cuTyauust He
UHTEPIIPETUPYETCS, KaK HAacTylaHHe, TaKk Kak BO3MOXKHA ominbOka ompezeneHus rpanui. OgHako,
YUUTHIBas KOH(QOPMHOCTh ITHX T'PAHUIl U Pa3HbIE UCTOYHUKHU IMOJYYCHHUS, MOXKHO IOCTATOYHO
YBEPEHHO YTBEpXKJaTh, YTO CpPEOHsAs NO3ULHMs TpaHull JenHuka B nepuox 1980-1981 romos
orpeneneHa 00BEKTHUBHO ¢ omuOkoi He 6onee 60 M. Ha 3TOM ke puUCyHKE MOKa3aHbl TPaHULIBI
1973,1977,1978 ropoB, mnony4yeHHble MO CHUMKaMm coyTHUKoB “Corona”, “Landsat-2”. Wx
MOJIOKEHUE CBUJIETEIILCTBYET O TOM, YTO OHM COBMECTHO ¢ TpaHuriamu 1980-1981 rogoB oOpasyror
JIOCTaTOYHO KOMIIAKTHYIO TPyIIy B o0meM auamnasoHe cmemeHud go 100 M u oTpaxarT
OTHOCHUTEIIEHYIO CTA0MITM3AIIUI0 MHOTOJICTHETO IBIKEHUS JieqHuKa ¢ KoHma 1973 mo 1981 rox.

Hapsiny ¢ kxocMHYecKMMH CHMMKaMH ¥ a’pOoQOTOCHUMKAMH, Ji PETPOCHEKTUBHOTO
aHaJM3a M3MEHEHHs TPaHMIIbI JIeTHUKA OBUIM HMCIIOJIB30BaHbl Tomorpaguyeckue Kapthbl. Tak, ais
ompeieNIieHusI TpaHuIlbl JieqHuka B 1986 romy, ucmonb3oBaHa Tomorpaduyueckas kapra maciradba
1:25000 paiiona nenHuka AOpamoBa, MOCTPOEHHAs Ha OCHOBE CTEPEOTONOrpauuecKoil CheMKH
1986 roma u m3ganHas B 1991 roxy Keipreizckum asporeoae3nueckum npennpustaeM ['ocreone3nu
CCCP. Ora kapTa B OpUrHHaJIe UMEET T'€ONPUBI3KY B MECTHOM CHCTEME KOOPIUHAT, TO3TOMY OHa
Oputa reompuBsizaHa B cucteme koopauHat (CK) IlymkoBo 42 mo Tomorpaduyeckod kapTe
macmraba 1:100000, a 3arem TpanchopmupoBana B CK WGS 84. B atoM cimyuae, KoppeKuus
OTHOCHUTEIIbHOTO PAcCIOIOKEHHUs] TpaHUlbl JeqHuka B 1986 roay BBINIOJNIHEHA TakK ke, KaK s
KOCMMYECKMX CHHUMKOB II0 TpaHHMIaM CTaOWJIBHBIX  3neMeHTaM penbeda. Kpome sroro,
KOPPEKTHOCTh TpaHUIbl JIEIHWKA [0 KapTe, MOATBEp)KIEHA TpaHMIICH, MOJyYeHHOH Mpu
nemudpupoBanun aspoporocHuMka ot 18/07/1986 rona. IlonoxkeHue 3TOM TpaHUIIBI, HAPSAY C
paHee MOoJIydYeHHBIMH T'PaHUIIaMU, TTOKa3aHo Ha pucyHke 10.



Puc.10

B sTom ciywae cimemyeT OTMETHTH, 4TO rpaHuna 1986 roma Bo (pOHTAIBHONH YacTH TIATOTEET K
nokazaHHoW Beime rpynmne rpaHul 1973-1981 romoB (puc.9,10), Qukcupyommx mnepuos
CTaOMIM3aluy WM 3aMEJUICHUs] M3MEHEHUs JIEAHHMKA, 3TO MO3BOJSET MPEAINOJIOKHUTh, YTO 3TOT
NIEpUOJ, IPOJOJIKAICS, 110 KpaltHell mepe, 10 1986 rona. B Teuenue nepuona ¢ konua 1973 rona no
1986 roma, ¢ppoHTAIBHAS YaCcTh TPAHMIIBl JICIHUKA PACIIOATAIMCH U MEPEMEIIAINCh BIIOJb OCH
nenHuka B uHTepBasie 80-90 merpoB. OcobeHHOCThIO (GopMbl rpaHuibl 1986 roga ssusercs ee
KIIMHOBHJIHBIN XapakTep. DTa 0COOCHHOCTh (POpPMBI si3bIKa HaOMrogaeTcs Ha (GoHEe TyrooOpasHO
dopMBbl TpaHMIl B JIpyrue Tojbl, Kak 3To BuAHO Ha pucyHkax 9,10. ITocne 1986 ronma mpouecc
Jerpajalyd JIeMHUKa Tpoaoskwicsa, Ho B 1992 romy dQopma s3bika JsenHuka mnpuodperna
nyrooOpasHyto popMy, KOTopasi coxpaHseTcs (10 UMEIOIUMCS JaHHBIM) JI0 HACTOSIIIET0 BPEMEHH.
Kak Oyzaer nokasaHo najnee, KIMHOBHIHAS (Qopma si3blKa JIeAHUKa HaOIro1anachk U B Ipyrue rojsl
(GYHKIIMOHUPOBAaHMS JIEAHUKA. TakuM 0O0pa3oM, 3a CUET MPUBJICUYEHUS K aHAIM3y IOJOXKEHUS
TpaHUIl JIEIHMKAa, T[OMHUMO CHHMMKOB cmoyTHuHKa ‘“Landsat”, Tak e a’poOTOCHHUMKOB,
TOTOTpaPUIECKON KapThl 1 CHUMKOB TIporpaMMbl “Corona”, yIanoch MOJyYUTh OoJiee eTaabHY0
KapTUHY U3MEHEHMs I'PaHUI] JIeTHUKA BO BPEMEHHU.

C uenbto mosyyeHus: Oosiee MOJHOM KapTUHBI pa3BUTHS JieAHMKa AOpamMoBa W HMHTETPUPOBAHUS
paHee TIOJIyYEHHBIX 3HAHUM B CHUCTEMY COBPEMEHHBIX IM(PPOBBIX IAHHBIX, HCIOJIb30BAHBI
pe3yNbTaThl UCCIEI0OBAaHUM 3TOTO JIEJHUKA, pUBEACHHbIE B MyOnukauuu ['naseipuna I'. u apyrux
[1]. B yacTHOCTH, OMYyOJMKOBaHHBIM BapHaHT cxeMbl IpaHull jJeaHuka ¢ 1850 mo 1984 roxel. Ota
cxema Obplla MacmTaOMpOBaHA W TEONMpPHBS3aHA, ¢ TOYHOCTHIO He Xyxe 50-100 merpoB, 1o
NPUBEJCHHBIM B HEH MJaHHBIM O pPAacCTOSIHUAX MEXIY pa3HOBPEMEHHbIMHM TpAaHULAMH, I10
XapaKTepHbIM CTaOMJIBHBIM KOHTYypaM peibeda, pyciny peku Kok-Cy u mo rpaHunam JiegHHKa,
NOJyYeHHBIM B pe3ylbTaTe JAemM(ppUPOBaHUS KOCMHYECKHMX CHHUMKOB. JTa CXeMa IOKa3aHa Ha
pucynke 11, Ha ¢oHe yx)e ynmomMuHaBIIerocst panee cHuMKa cimytHuka “Geo Eye 17 ot 2007 rona.
KoppekTHOCTh IIponopiuii cXemsl U IeoNnpuBsA3KM BHHA 10 rpaHuie 1850 roxa, kotopas Xopouo
BIIMCHIBA€TCS B SIBHO HAOJII0laéMyl0 Ha KOCMHMYECKOM CHHMKE TpaHHUIy Clella 3PO3HOHHOIO
BO3/ICUCTBUS JIbJ]a Ha 3alaJHbII U BOCTOYHBIM OOpTa IOJUHBI, MO COOTBETCTBHUIO XapaKTEPHOIO
MOBOpPOTa JIeHWKAa 110 3alaJHOW TpaHUIE Ha CEBEPO-BOCTOK, XOPOIIMM COBIAJCHHEM
KoHpurypauun pycina peku Kok-Cy Ha cxemMe M Ha KOCMHYECKOM CHUMKE M COBMAJCHHEM
0006menHoi rpanunbl 1973-74 romoB Ha cxeme, ¢ rpanuinei 1973 roma, modydeHHONW HaMU TIO
cHuMKy “Corona” (puc.7, 11). Takum oOpa3om, Ha pucyHke 11 oToOpa’keHbl HMEIOIINECS Ha CXeMe
n3 myosmkanuu ['maseipuna I'. u np., rpanuiel tegauka Ad6pamosa B 1850, 1900, 1936, 1954, 1967,
1970, 1973-74, 1984 ropax. Ilonoxenue rpanunsl 1954 roga Ha cxeme, OmpeneseHO Ha OCHOBE
cooOmieHust B mybonukamuu [1] o paccrosann B 650 M Mexny rpanunamu 1954 u 1967 ronos,
MOJYYeHHOM TpU JemudpupoBaHUU a’3poOTOCHUMKOB. B 1enmomM, kak BHUIAHO Ha pucyHke 11,



MOJTYYEHO JIOCTATOYHO TOYHOE COOTBETCTBHUE TPAHUII JICTHUKA TI0 CXEME M KOCMUYECKHM CHUMKaM,
0COOCHHO BO (DpOHTANBHOW YaCTH s3bIKA JIGTHUKA U HECKOJBKO XYAIIee 1Mo OOKOBBIM T'paHUIaM,
oco0eHHO, o BocTo4yHOM. [lo Hamiell oleHKe, pacXx0XKICHHE BOCTOYHBIX T'PAHMI] MO CXEME,
OTHOCHUTEIILHO OIPEICICHHBIX HAMU, HE OTPaKaeT UX PEATHHOTO MOJIOKEHUS U TPpeOyeT KOPPEKIIUU
IyTE€M CABUTIa B 3alaIHOM HampaBJIeHUH B MO3UIIMIO 3aNIaJHBIX TPaHUIL JISTHUKA, TOTYYCHHBIX PU
e prupoBaHUN KOCMUYECKUX CHUMKOB. HeoO0X0oauMOCTh Takoi KOPPEKIMH XOPOIIO BUIHA HA
pucyske 10 1o nosoxeHu0 BOCTOUYHBIX yacTed rpanul 1980, 1981, 1986 rona.

Puc. 11

C menpio JampHEWINed JeTanu3aluyd KapTUHBI U3MEHEHHS TMO3HMIMHU S3bIKa JISIHUKA B TEPHOJ C
1969 nmo 1974 ron, BriIoyaromed M M3BECTHYIO 1O myonukamuu [1] 3HAYUTETBHYIO
HACTYIATEeJIbHYI0 MOJABWXKKY (mMynbcanuio) jenHuka B 1972-1973 ropmax, Oblna Hcrosb30BaHa
netanpHas cxema CycioBa B.®. u gp. [3]. Dra cxema Tak >xe Oblla MacimtabupoBaHa U
TeOnpuBsA3aHa 10 TPAHUIAM JIEIHUKA, KOTOpPHIC TMPAKTUYECKH COBIAJAIOT, C MOJYYCHHBIMH IO
KocMHu4yeckoMy cHUMKY “Corona” ot 22/11/1973 rona u no aspodorocaumky ot 12/07/1975 roga.
Ha pucynke 12 nmokazano nosioxenue rpanuil jJegauka ¢ 1969 no 1975 roxg mo Cycnory B.®. u
Ip., Ha ¢oHe cHMMKa “Corona” M IOJYYEeHHOH NpH HalleM AeMH(PPUPOBAHMM 3TOIO CHUMKA
rpanulie jenauka B 1973 rony. B atom citydae, oOpaiaet Ha ce0si BHUMaHUE XOPOIIee COBIACHHE
BOCTOYHOW UM CEBEPHOM uacTel TpaHMIbl JIeIHUKA IO CXeMe, C TpaHHLed JeJAHUKa IO
KOCMHUYECKOMY CHUMKY. HekoTopoe oTKJIIOHEHHE Ha BOCTOK 3ara/HOi 4acTH rpaHMIIbI JIETHUKA Ha
cXeMe OT T'PaHUIbl 10 KOCMUYECKOMY CHUMKY, BO3MOXHO, CBSI3aHO C ONpEIEICHHEM TIPaHUIIbI
JIeIHUKAa MpPHU COCTaBJICHUHM CXEMbI 10 SBHOMY MPOSBICHHIO JbAa, 0e3 ydyeTa 4acTH JIETHUKA,
MOKPBITOM MOpeHoi, koTopas Ha puc. 9,11,12 orneneHa nyHKTUPHOH JIMHUEH U oTIMYaeTcs 6onee
TeMHBIM I[BeTOM. C yueToM TpaHull, Hoka3zaHHBIX Ha cxeme CycinoBa B.®. u n1p., a Tak ke TpaHHIl
JgenHuKa 1o cxeme Imassipuna I'. u np., a Tak ke rpanHunsl 1964 roga, moiay4eHHOW HaMM MO
cauMKy “Corona”, OBUIO TOJYYEHO PACIOJOXKEHHE TpaHull B mepuoa ¢ 1964 mo 1972 ropaw
(puc.13), mpexamiecTBoBaBIlIee MyIbCAIIMOHHON MOJBMXKKE JieAHHWKA. CrlenyeT OTMETHTb, YTO B
npoiiecce reono3unonrupoBanus cxeMbl CycioBa B.®. u np., monmoxkeHue rpanuil Jegauka 1969 u
1972 roma, oTtoOpakeHHOE Ha HeEH, OBUIO CKOPPEKTUPOBAaHO IyTeM CJABHMra B 3alagHOM
HaIpaBJI€HUH, B COOTBETCTBUU C rpaHutiei 1970 roga va cxeme ['maseipuna I'. u np. [1]. PesynbTar
3TOM KOppPEKLWH, MOKa3aHHBIH Ha pucyHKe 13, oOecmeums monoxkeHue rpanui cxembl Cyciopa
B.®. u np., coorBercTBylOIIee Hauboyiee BEPOSTHOMY IOCIEI0BATEIbHOMY YHACIEIOBAHHOMY
U3MEHEHHUIO B TUIaHE TPAHUIIBI JIEHUKA B IPOIIECCE €0 U3MEHEHHUS.
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Puc. 12 Pucl3

B nepuoa ¢ 1964 no 1972 rop, xak cienyer u3 nyouukanuu [1], ¢ 1967 no 1970 rog npoucxoauso
OpicTpoe oTcTymanue Jeannka Ha 290 MeTpoB, co cpemHeil ckopocThio okosio 97 wm/rox. Ilo
HallleMy BapUaHTy IpUBSA3KM cxembl |naseipuna I'. m ap., aTo paccrosHue cocrasiser 250 M, a
CKOpPOCTh COOTBETCTBEHHO 83 M/TOJ], TO €CTh pa3HHUIIA 110 PACCTOSHHUIO U CKOPOCTH OKOJIO 14 %, 4To
COOTBETCTBYET BO3MOKHOW JIMHEWHOW OIIMOKe MO3MLMOHMPOBaHUS B mpenenax 50 merpoB. A B
1969-1972 rogax, no cxeme CycnoBa B.®d. u np., JeIHUK MpeTepres 3HAYUTEIBHOE CY)KEHUE
A3bIKa, KOTOPBIN MpHOOpeN KIMHOOOpa3Hyto popMy, MO CpaBHEHHIO ¢ popmoil s13bika B 1967 roxy.
B sToMm ciydae HaOnromaroTcsl SIBHBIC MPU3HAKK YCHUIIGHHOW OOKOBOM aOIIsAIMM, MPOSBUBIICHCS B
OTCTYIUIGHUU Ha 3arajl BOCTOYHOH rpaHuIbl npubausutenbHo Ha 100 merpoB. M3  netanmpHOU
cxembl CycnoBa B.®. u np. (puc.12, 13), Tak xe cinemyer, uyto B nepuoj ¢ 1969-1972 ron umena
MECTO CTaOMIM3alus KOHIIEBOW YacTW TpaHUIIbl s3bIKA JIEJHUKA, MPU KOTOPOH MPOUCXOIUIN
pa3HOHAINpaBIICHHBIE €€ U3MEHEeHHUs B Auana3zoHe okojio 80 M. Haumnas ¢ okts6ps 1972 roxa, kax
9TO BHMJHO Ha pHUCyHKe 12, s3bIK JeIHUKA MpHoOpeTaeT AyrooOpasHyr (opMy, BEpOSTHO,
COOTBETCTBYIOILYI0 HauyaBLIEMYCS HAcTyNaTebHOMY JBMKEHHIO. TO €cTh, OCHOBHasl IMOJBMKKA
JeAHUKA Hadajnack B KoHLe 1972 roga m 3atem mpojospkanack 10 KoHua 1973 roma, JOCTUTHYB
BenmauHbI Topsika 300-350 M, mipu cpeHed ckopocTu nBrKeHUs Jbaa okosio 300-350 m/rox. Ilo
pe3ylbTaTaM HeMOCPEICTBEHHBIX HaOMoAeHui [4], Kak 3TO BUIHO HA pUCYHKe 14, B 3TOT mepuoa
MaKCHMaJbHas CKOPOCTh MOABIKKH nocturana 530 m/rox (1,45 m/cyr).

oM /tyTEn
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Puc.14 VI3amMeHenne MTMHEHHON CKOPOCTH JIBMKCHUS JIbJIa JIeTHUKAa AOpaMoBa,
B pa3HbIX ero yactax (1- koHew, 2-cepeanHa, 3- Ha4ajo sA3bIka) B iepuos ¢ 1967 mo 1974 rox.



3arem, ¢ 1973 mo 1974 ron cKOpOCTh HACTyMaHUsS 3HAYUTENHHO CHIDKaeTcs a0 40 m/ron. B atoii
MOCJIEAHEH MO3ULINH, KaK CIIeAyeT UX CXEMbl Ha PUCYHKE 12, rpaHHIla OCTaBajIach O UIOHS — HIOJIS
1975 rona. Takum 00pa3oM, OTHOCUTEIIBHO OBICTpAst TIOJBUKKA JICHUKA TIPOI0JIKATIACh B TCUCHHE
roja ¥ CMEHWJIAch JOCTATOYHO JUIMTEIHHOW OTHOCHUTEIbHOM CTaOWIM3alMeil TpaHMIIBI SI3bIKa
JenHuKa. B naHHOM cilydae, Kak 3TO BUJHO Ha pucyHkax 9, 10, 11, npumedarenbHbIM SIBIISIETCS
CPaBHUTEJIBHO JJTUTEIBHBIN IMEPUO CTAOUIN3AIMK TPaHUIlbI IeqHuka ¢ 1974 no 1986 rona, To ecth
Ha nporsbkeHuu 12 yer. Ha ocHoBe cxembl [nassipuna [ um 7ap. M HaAmMX JONOJHEHWH
Pa3HOBO3PACTHBIX TpaHUI], MOKHO YTBEp>KIaTh, YTO B IpeAesiaX ATOro MHTEpBaja BPEMEHH, B
obmieM nuanasone okoso 50-80 M MPOMCXOAWIM pPa3HOHANpPABICHHBIC W3MEHEHUS TPAHUIBI
nennuka: ¢ 1975 no 1978 B Bune orcrynanus (-13 m/rox), ¢ 1978 mo 1980 BO3MOKHO HacTymaHue
(+47m/rox), 1980-1981 — orcrynanue (- 40m/ron), 1981-1984 — nacrynanue (+20m/rox) u 1984-
1986— orcrynanue (-70m/ron). B mocienytomiem, kak BUAHO Ha pucyHke 10 u ObUIO MOKa3aHO Ha
pucynke 2, 1o 1999 roma nabmogaeTcsi, IO UMEIOMIMMCS JTaHHBIM, OJHO3HAYHAS JErpajaiius
nennuka. B nemom, ¢ 1984 mo 2001 rox mpoucXoauT OTCTyHNaHHUE JE€IHUKA, MPUOIU3UTEIHLHO Ha
1130 ™M, co cpenneii ckopocthio 70,6 m/ron. Ilocnemyromee m3meHenue neaanka a0 2014 roma
OTHMCAHO BBIIIIE.

Takum 00pa3oM, 3a CUET JIOTIOJHEHHS Pe3y/IbTaTOB AemHppupoBaHus cHUMKOB “Landsat”
JaHHBIMU TI0 APYTUM CIYTHUKAaM, KapTaM M ONyOJMKOBAaHHBIM cxemaM ObUla MoyiydeHa Oolee
JeTallbHAs KapTHHA XapakTepa M CKOPOCTH WM3MCHEHHs JieJHHKa AOpamoBa. OOmias kapTuHA
M3MEHEeHUs I'paHMIl s3bIKa JienHuka Abpamosa ¢ 1850 mo 2013 rog nokaszana Ha pucyHke 15.

Puc.15
CrnexyeT OTMETHTh, 4YTO PACCMOTPCHHBIC BHINIC JIMHEHHBIC CKOPOCTH HMEIOT
OpUEHTUPOBOYHBIM XapakTep, TaK KaK OIMpeNeleHbl MO OTACIbHBIM TOYKAM TPAaHHI] JICIHUKA,
MaKCHMaJbHO BBICTYHAIONIMX BHU3 1O peibedy W HE OTKJIOHSIOMUXCS aHOMAJIbHO OT OOIIEro
xapaktepa KoHGUTrypanuu rpaHuibl. [Ipu 3ToM, Kak BUIHO U3 NMPUBEACHHBIX PUCYHKOB, FPAaHUIIA
4acTO MMEET M3BWIHMCTYIO (OpPMY U, KPOME 3TOTO, S3bIK JICTHUKA MOXKET B 3HAYMTEIHLHOU Mepe
U3MEHATHCS B OOKOBBIX YACTSAX, CYXasiCh WM pacmmpsisick. [lo 3Toil mpuunHe, W3MEHEHHE



IUIONIA/IM fA3bIKA JIEAHHUKA SBJsiETCsl Oosiee OObEKTUBHBIM U TOUHBIM MapaMeTpoM, YUUTHIBAIOIIUM
BCE OCOOCHHOCTM W3MEHEHHUs (OpMBI I'paHUIlbl. B COOTBETCTBHH C 3TUM, IS OMPEIEICHHBIX
BbIIlIE PA3HOBPEMEHHBIX T'PaHMII, ObUTH BBIYHUCICHBI U3MEHEHUS IO U CKOPOCTh M3MEHEHUS
TUTONIA/IA B TOJ JUUISi COOTBETCTBYIOIIMX 3aMKHYTBIX KOHTYPOB, MOJIYYCHHBIX C MOMOIIBIO OOIIeH
JUHUM CpaBHEHMS, IMPOBEICHHON MOMEepeK TOW 4YacTh s3bIKa, IJe pPa3HOBPEMEHHbIE OOKOBBIC
CPaHUIBl UMEIOT MUHUMAJIBHOE PACXOXKJIEHHUE. DTHU PE3yJbTaThl, HAPSAIYy C OPUEHTHUPOBOUHOM
OIICHKOM JIMHEWHON CKOPOCTH, MOKa3aHbl B Tabiuie 2 U Ha pucyHke 16. Cieayer mOa4epKHYTh,
9TO MpU HEOOJBIIOM HHTEPBAJIE BPEMEHU MEXAY ONPEICIICHHEM TpaHUI] JICIHUKA, B HaIIeM
clly4ae, OKOJO OJHOrO Tofa, M COOTBETCTBEHHO, HEOOJBUIMX JIMHEHHBIX H3MEHEHHSX HX
IIOJIOXKEHUS, BO3MOXXHO IIPOTHBOpPEYME MEXKIAY 3HAKOM JIMHEHHONM M IUIOIIAJHOM CKOPOCTH
M3MEHEHHs, TaK KaK MepBasi He YUUTHIBAET Pa3HUILy B MOJIOKEHUH CPABHUBAEMBIX T'PAHUI] IIPU UX
B3aMIMHOM TIepecedeHHH. B 3ToM ciydae Ooniee TOYHBIA pe3yibTaT obecrednBaeT Oolee
JUIUTETIbHBIA BPEMEHHOM MHTEpBaj cpaBHEHUs TrpaHull. DakT MpOTUBOpEUHs B 3HAKE CKOPOCTEH
OTpPaXCH B TaOJMIIe 2 JUIsl TMHEWHBIX CKOPOCTEH B BUJE UX BEIMYWH, 3aKITFOYCHHBIX B CKOOKH, ITY
K€ MPUYUHY UMEET pa3Hulla B JMHEHHON M IUIOIIAJHOM OIIEHKE BPEMEHH Hadaljla HacTymnaTeIbHOM
noaBwxku neaHuka B 2000 -2001 roxy. B atoit xe Tabnuiue kpacHsiM 1BeToM (1972-1973 rosbn)
BbIJIEJICHA OTHOCUTENBHO OBICTpasi HacTynaTellbHas IOJBIJKKA JIeIHUKA 0€3 CYIIECTBEHHOIO
W3MEHEHUs1 o0beMa JibJla, KOTOPYIO MOKHO OIPEACIUTh, KaK IyJIbCallMi0, BEPOSITHO,
HEMOCPEJICTBEHHO CJIa00 CBSI3aHHYIO C YBEJTMYEHHUEM MPUXOJAHON YacTu OallaHca JISMHUKA U CHHUM
useroM (2000-2005 ronbl) OTHOCHUTEIBHO MEJICHHOE HACTYNATEIbHOE ABUKEHUE, BO3MOXKHO
Oosee 3aBHCSIIEe OT YBEIMUEHUS MPUXOJHOW yacTu Oananca. HeoOxoauMo momguepkHyTh, UYTO B
00enx HITHX Cly4asX HMeJla MECTO NPEANOChUIKA JJisi HACTYINaTeIbHOrO JBWXKEHHUS B BUJIC
YBEJIMYEHUS MPUXOJHON YacTu OanaHca Macchl jenHuka. Tak, u3 mybiaukanuu [2], ciuenyer, 4ro B
1972 romy NEemHUK HWMEN IMOJIOKUTENbHBIH OalaHc Macchl Ha (POHE NPEAMIECCTBYIOMIUX U
MOCIEAYIOIUX TOA0B C OTpuliaTeNbHbIM Oanancom (Puc.23). A u3 ny6nukamuu [S] cneayert, 4To B
nepuog ¢ 2000 o 2005 roa, nsa roga 2001 u 2002 umenu MUHUMAaNbHBIN OTPULIATENbHBIN OanaHc,
OTHOCHUTEIILHO MPEANISCTBYIOMIUX U MOCIEIYIOIINUX TOI0B.

Taobmuma 2
HN3menenne CxopocTtb JInneiinas
TUIOIIATH CxopocTth H3MeHeHusl A % CKOpPOCTH
A'S (km2) HU3MEHeHUs IJI0II AU (A=Vsl- | yi (m/rom)
IO AU Vs2 (km2/rox) Vs2)
TI'oabr Vsl (km2/rox ) (I'nazpipun I'. n
(ManabiueB A.) ap., 1993)
1850-1900 -0.762 -0.015 -0,014 6.7 -11.2
1900-1936 -0.607 -0.017 -0,013 23.5 -12.8
1936-1954 -0.202 -0.011 -13.9
1954-1964 -0.953 -0.095 -34
1964-1967 -0.051 -0.017 -0,027 -37 -103.3
1967-1970 -0.215 -0.072 -0,077 -6.5 -73.3
*)1970-1973 0.372 0.124 0,18 -31.1 116.7
*#)1972-1973 0,109 0,109 300 - 350
1973-1974 0.016 0.016 0,007 56 40
1974-1977 -0.307 -0.102 -12.7
1977-1978 -0.083 -0.083 (25)
1978-1980 0.042 0.021 46.5
1980-1981 -0.035 -0.035 -40
1981-1984 0.108 0.036 0,024 33.3 20
1984-1986 -0.416 -0.208 -70
1986-1992 -0.077 -0.0128 -51.7
1992-1998 -0.427 -0.071 -101.7
1998-1999 -0.044 -0.044 -80




1999-2000 -0.0037 -0.0037 -20
2000-2001 0.0317 0.0317 10
2001-2002 0.032 0.032 49
2002-2003 0.058 0.058 56
2003-2004 0.025 0.025 39
2004-2005 0.016 0.016 27
2005-2006 -0.0185 -0.0185 -20
2006-2007 -0.0139 -0.0139 -20
2007-2008 -0.0234 -0.0234 -60
2008-2009 -0.0369 -0.0369 -30
2009-2010 -0.0164 -0.0164 -25
2010-2011 -0.0161 -0.0161 -30
2011-2012 0.0038 0.0038 (-15)
2012-2013 -0.0199 -0.0199 -15
2013-2014 -0.0217 -0.0217 -30

*) mo cxeme ['maspipuna I'. u apyrux. **) mo cxeme Cycnosa B.®. u gpyrux.
(-) oTcTymnanue, (+) HacTynaHHUE JIEAHUKA.

CxopocTth (KkM2/roa) 1 3HaK M3MEeHeHHUs! IUIOIIA/IM JIeTHUKA AOpaMoBa 3a nepuosj
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B tabnuue 2 npuBOIUTCS CpaBHEHHE CKOPOCTEH M3MEHEHHUs JIEJHUKA, MOJYYeHHBIX paHee
(I'mazpipun I'. u 1p.,1993), [1] u nonyueHHBIX HAMU B JJaHHOM padore. Kak BuAHO, MakCUMaIbHOE
pacxoXKJIeHHUEe B OIIEHKE CKOPOCTH - 56 % , ¢ IpEBBIIEHWEM HAIel OIEHKH IMOYTH B 2 pasa,
HabmoaeTcs ans nepuoga 1973-1974 roga. 310 0OBICHIETCS BBIYUCICHHWEM IUIONIAA B HAIIEM
Bapuante mo Oonee aetanbHOU cxeme CycmoBa B.®.. Cpenssisi pa3HHIla B OIEHKE CKOPOCTH
U3MEHEeHHUS IJIOLIa/ U JIeTHUKA, 0€3 YKa3aHHOTO BBIIIE HKCTPEMaIbHOTO 3HaUeHUs cocTaBisieT 21%
JUIst TosoxkuTenbHoro u 20,5 % mist orpuniarenbHoro 3HaueHus. ClieyeT OTMETUTD, YTO TPaHUIIbI
1969 n 1972 roga u3 cxemsl CycioBa B.®. He HMCNONB30BAINUCH 711 OLIEHKH CKOPOCTH M3MEHEHUs
IUIOINAAM JIETHUKA U3-3a HEOIIPEIIIEHHOCTH MOJIO’KEHHsI OOKOBBIX TPAHHUIL SI3bIKA.

B 1menoM, mpu OTHOCHTENBHO OONBIIMX BPEMEHHBIX MHTEpBajax, 3HAK W BEJIHMYMHA
M3MEHEHHUS IUIOINAN JIEIHUKA, IPUBEICHHBIE B TAOJIUIIE 2, COOTBETCTBYIOT BBIIIE PACCMOTPEHHBIM
U3MEHEHMSM €ro TpaHHMIl 10 JUHEHHBIM u3MepeHusM. Ho, u3mepenue miomaan mo3BossiioT 6osee



MOJIHO yYECTh BCE OCOOEHHOCTU M3MEHEHHs (DOpMBI JieHUKa B IJIaHE, B OTIMYUE OT HU3MEPEHUS
JUTMHBI. B 9acTHOCTH, IPUMEPOM TaKOTO CIIydasi, SIBISCTCS aHAIU3 U3MEHEHUS JICTHUKA B TIEPUOJ
1984-1986 roxa. bonpias CKOPOCTh COKpalleHus miomany jJeaauka - 0,21 KMZ/FO,Z[ B MEPHUOJ C
1984 no 1986 rox, mo-BMAMMOMY CBsi3aHa C TeM, 4yTO K 1986 roay mpou3onuio 3HAYUTEIbHOE
OOKOBOE TasHUE JIEJHUKA, TaK, YTO MPU HEOOJBUIOM COKpPALIEHUH B JJIMHY, €ro ILIMpUHA B
S3IKOBOM YaCTH 3HAUUTEIBLHO YMEHBIIWJIACh. JTa OCOOCHHOCTh OTpA3WIaACh, KaK YK€ paHee
YIOMHHAJIOCh, B 00pa30BaHWU CYKCHHOW KIMHOBHAHOW (opmbl s3bika jeanuka (puc.10). B
ciy4yae, MCKJIIOYEHUs W3 pacyera rpaHuipl 1986 roga, cKkOpocTh M3MEHEHUS TUJIOMIAIHU JIETHUKA C
1984 mo 1992 rox cocrasister 0,06 KMZ/FO,I[, TO €CTh HE SIBJISIETCSI aHOMAJIbHO BhICOKOU. Cremyer
OTMETHUTH, 9TO (JCHOMEH CYXXEHUS TeJla JISTHUKA B SI3BIKOBOM YACTH HE SIBIISIETCS UCKIIOYUTEILHBIM,
MPOSIBUBIIMMCS TOJIBKO B 1986 rTOomy. AHajmornuyHoe sBjeHHE, Koraa (opma s3bika uMena
CY)KEHHBI BUJ, HaOmonanock B 1964 rony (puc.7), a tak xe, mo cxeme CycinoBa B.®. u np.
(puc.12, 13) B 1969 u 1972 ronax, no cxeme I'maseipuna I'. u np. (puc.11, 13), B 1970 rony. B
MOCJICTHEM Clly4ae, KaK BHJIHO U3 TaOJIHIIbl 3, 3HAUUTEIbHOE U3MEHEHUE IIONIaJAN (0.37KM2 ) B
nepuon ¢ 1970 mol1973 rox cBs3aHO C cyxeHHOU (opmoii s3bIka yenHuka B 1970 rogy, Tak 4To
OCHOBHOE M3MEHEHHe IIIomaas okono 0,26 kM’ mpuxoautes Ha mepuox 1970 - 1972 rox. Takum
o0pa3oMm, B OTIMYHME OT JyrooOpa3HoW (GOpPMBI, 3aMOIHSIONIEH BCIO LIMPUHY JIOJIMHBI, PExe
HaOJI0TaeTCs CY’)KCHHAsI WIH KIIMHOOOpa3Hast (hopMa s3bIKa JISAHHUKA, 3aIOTHSIONIAS TOJBKO YacTh
JONUHBI TI0 MHMpuHe. Takas cUTyalusi BO3MOXHa, B ciiydae npeobiaganus OOKOBOW aOsIUu HaJ
MPOJIOJIBHOM, TO €CTh, BEPOSTHO, TMPH YCIOBUU BPEMEHHOTO 3aMEIJICHHUS, MPEKPAIEHUS POCTa UITH
YMEHBILIEHUSI CPEJHEr0 roJI0BOT0 BEPTHKAJIBHOTO TPAJAMEHTa TEMIIepaTypbl BO3/lyXa B paiioHe
neanuka. Kak BugHO Ha pucyHke 23, 1o JaHHBIM MereocTaHiuu ‘‘Jlemnuk AOpamoBa”, Takue
YCIIOBUS MEPUOIMYECKU BO3HUKAIU B paiioHe jenHuka AOpamoBa B mepuoabl: 1971-1972, 1973-
1974, 1977-1986 ron.

Ha ocHOBe [aHHBIX MO W3MEHEHHWIO IUIOMAAU JIeAHWKA W3 TaOJuIbl 2, TOCTPOEH

KYMYJSITUBHBIH TrpaduKk W3MEHEHHUS IUIOIIAaU JISAHWKAa 32 BECh IMEpUOJA  HaOJIOICHMUS,
npeJcTaBlIeHHbIN Ha pucyHke 17. Tak kak U3MEHEeHHEe IUIOIIAM JIEAHUKA CBSI3aHHO C M3MEHEHHUEM
o0bema JbJa, 3TOT rpaduK, NPUOIM3UTEIBHO, OTPAXKAET, B OCHOBHOM, OTPULIATENIBHBIN XapaKkTep
OamaHca Macchl JIeHHKA 3a BeCh NEpUOJA HAOMIOJCHHM C y4eTOM TOTO, YTO MYyJIbCAIMOHHBIE
MOJABUKKU JIEAHUKA, TMPUBOISIIIME TOJBKO K YBEIWYEHHUIO €ro IUIOIIAJHU, HETOCPEICTBEHHO HE
CBSI3aHBI C yBEIIMYCHHEM MPUXOIHON CTaThbu OallaHCa MacChl JICHHKA.
I'paduk Ha pucynke 17 cBuaerenscTByeT 0 ToM, 4to ¢ 1850 mo 1954 rox cpenHsis CKOpPOCTh
OTCTyNaHMs JieAHUKa Oblia mopsiaka 0,014 km’/rog. C 1954 roma mo 1970 CKOPOCTb OTCTYIIaHUS
3HAUMTENBHO yBemmumiack 10 0,061 kv’/rox, a B meprox 1970-1974 r.r. IPOUCXOAMIO YBEIMUICHIE
IJIOIIA U CO CpelHel ckopocThio mopsaka 0,07 KM>/TOZ 1 aHomasbHO, nopsaka 0,11 KMZ/FOZ[, B
nepuon ¢ 1972 mo 1973 rox (nmo cxeme CycnoBa B.®. u np.), mocne yvero, g0 1978 roga miomanb
COKpalajgach co cpensei ckopoctoio 0,09 kM’/rox. B 1978-1980 roay IUIOLIA/b YBEIUYMBAIACH
(0,021 xm*/roxm), B 1980-1981 romy ymenpmmacsk (0.035 xm’/rox), a B 1981-1984 roxy cHoBa
yBenmuuuBanack (0,036 KM2/I‘O,£[). C 1984 no 2000 roa mpoMCXOAMUIIO COKpAIllEHHE IUIOMIAAN CO
cpefHeit ckopocThio okomo 0,068 kv”/rox. Haunnas ¢ 2000 roma (¢ 2001r. 1o BEIIETPHBEICHHBIM
TUHEHHBIM orleHKaM) A0 2005 roga MpoOUCXOAMIO YBETUYCHHE IUIOMIAIHN JIETHUKA CO CKOPOCTHIO
0,033 KMZ/FOH u 3ateM 10 2014 roma mpouUCXOAUT €€ COKpamlieHHe co CKOpocThio okojo 0,021
KM’/ToJ, GIM3KOH K CKOPOCTH B IEPHOJI HAdyala HAOIIONCHHI M HIDKE TEX BEIMYMH KOTOPHIC
HaOIIOAINCh B HEKOTOPBIE TMPEIIECTBYIONINE MEPUOAbl BpeMeHH. B 3ToM ciydae, oOpaiiaer Ha
ceOst BHMMaHHME OJIM30CTh CKOPOCTH W3MEHEHHUs IUIONIA[M JIEHUKA B HAYadbHBIA MEpPUOA U B
KOHEUYHBIN TIEPHOJT HaOMIOEHUH, TO €CTh HE HAaOII0OJAeTCsl OAHO3HAYHOW TEHJICHIIMH YBEIWYEHUS
CKOPOCTH JeTpaJialliu, KOTopas Morjia OBbITh 32 CYET MOCTOSHHOTO YCHUJIEHUS aHTPOIOTE€HHOTO
BO3JICUCTBUS. YUHTHIBAsI, TOT (haKT, UTO MpOIIECC Jerpananuu JeqHuka AOGpaMoBa HavyayCs paHee
1850 rona 1, 4TO TEXHOTEHHOE BO3JIEHCTBUE Ha aTMOc]epy, B 3TO Bpemsl, B peruoHe LleHTpanbpHOi
A3un OBUTO MUHUMAJIBHBIM, MO KpaiiHel wmepe, B TeueHue 100 ner mo 1950 roma, MOXHO
MpeanoyiaraTh  3HAYUTENBHYIO POJb €CTeCTBEHHBIX ()aKTOPOB B M3MEHEHUHU JEIHUKA. A 3TO
03HAYAET, YTO BO3MOKHO HAJINYUE, KAK MUHUMYM, 164 - neTHero noinynepuona $hassl Jerpajanuu
JEAHUKA B €ro HEPAaBHOMEPHBIX [0 BEJIMYMHE NEPHOJaX UUKIMYECKHUX HW3MEHEHUH B BHJE
noovepeaHon cMeHbl (a3l perpecca - (ha3oii mporpecca.

B nenom, mnomans nennuka Adpamona 3a nepuoa ¢ 1850 mo 2014 rox ymeHbIMiIach Ha



3,65 KM’ €O cpemHer ckopocThio okoso 0.02 KMz/FO,H. 3a 3TOT K€ OTPE30K BPEMEHH JIJTMHA JISTHUKA
yMEHbIIMIAch NPHUOIM3UTENbHO Ha 2950 M. co cpenmHeil ckopocThio mopsinka 18 m/ron. Ha
OCHOBAHUWH BBIMICYNIOMSIHYTON Tomorpadudeckoit kaptel 1991 roma m3manms, macmrada 1:25000
(utomanp neanuka B 1986 roay omnpenenena B 23,28 KMZ) U cxembl u3 mybnukanuu [1], obmas
miomass Jeauka B 1850 romy 6su1a okono 26,4 KMZ, a B 2014 rony ona cokparuiack Ha 3,65 KM
U cocTaBirsia 22,75 KMZ, TO ecTh, yMeHbImiIach Ha 13.8%.

Takum o0pazom, Ha MpoTsKEHUE Hccieayemoro nepuoaa ¢ 1850 mo 2014 rox, B M”3BMEHEHUH
JUTMHBI, TJIOMAAN U COOTBETCTBEHHO 00bheMa JeaHnka AOGpamMoBa HaOIIOIaeTCs HEPAaBHOMEPHOCTD
KaK 10 BEJIMYMHE, TaK U 110 3HAKY MPHU IIpeodIaaHuu O0IIeH aerpaaaiui.

MN3meHeHue nnowann negHuka Abpamopa 3a 1850 -2014 roabl
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OCHOBHBIMU KJIMMAaTHYECKUMHU (HaKTOpaMu, BIUSIONIMMU Ha 3HAK W BEJIWYMHY OanaHca
Macchl JIEHUKA, KaK WM3BECTHO, SIBISIOTCA TEMIEpaTypa BO3JyXa M BEIUYMHA aTMOC(EpHBIX
OCaJIKOB, B paillOHE pacIoOJIOKEHUS JIeTHUKA. V3MepeHusl ATUX MapaMeTpoB HEMOCPEICTBEHHO
BOMM3U NeHMKa AOpaMoBa BBIMOJHSAIUCH B mepuod ¢ 1967 mo 1994 ronbl Ha METEOCTaHIIMH
“Jlennuk AGpamoBa”, coznannoii Cpenneasuarckum PernonansubiM Hayuno-MccnenoBarensckum
Uucturyrom (CAHUI'MU, V3bekucran) u HAa YyAAJEHHBIX OT JIEAHUKA METEOCTaHLUAX
rugpomereoctyx 0 Keipreizcrana u Tamkukucrana. Tak, mo maHHBIM MeTeocTaHmuu ““ JleaHuk
Abpamosa ” (3837m), Mmereoctanuuu “Capsitamr”(3155Mm., = 142 kM, pacnonoxeHna Boctounee MC
“ Jlennuk AGpamoBa ” u meteoctanuu “Jlexan3” (2564 m., =124 kM, pacnionoxena 3amnagHee MC
“Jlennuk AOpamoBa”) TeMmmepaTypbl INPHU3EMHOTO CJOsS BO3AyXa HEMOCPEACTBEHHO BOJM3U
neaHuka AOpaMOB W Ha 3HAUYUTEIBHOM YJAJICHUUM WMMEIOT MHOTOJICTHIO TEHACHIIMIO K
MOBBIIICHUIO, KAaK ASTO BUJHO Ha pHUCYHKe 18. AHanM3 MHOTOJIETHUX PSAJOB H3MEPEHUS
TEeMITepaTypbl TOKa3bIBAE€T, YTO MO MeTeocTaHmuu “JlemHuKk AOpamMoBa” TPaJMEHT IOBBIIICHUS
TeMIIEpaTyphl M0 IMHeHHOMY TpeHay coctasiser 0,008°C/rox u ABIsSETCSs HAUMEHBLIAM U3 TPEX
CTaHIIMN, a MaKCUMaJIbHBIE aMIUIUTYABl U3MEHEHHUS CPEIHETOOBBIX TEMIIepaTyp OJM3KH MO TpeM
CTaHIMAM U MMEIT BenuduHy nopsaka 2 °C. B oToM ciyuae, obpamiaer Ha ceOs BHUMAHHUE
BBICOKAsI CTEMEHb CHHXPOHHOCTH W3MEHEHHS! CPEIHETOJIOBBIX TEMIIEPAaTyp Ha BBIIICYITOMSIHYTHIX
METEOCTaHIUAX. DTO MPOSIBISIETCS B MPAKTUYECKOM COBIAJIEHUU MO BPEMEHM MaKCUMYMOB H
MHUHUMYMOB KOPOTKOIIEPHUOJIHBIX HEPABHOMEPHBIX IO TEPUOJUYHOCTH KOJICOAHUN CpEeTHUX
TOJIOBBIX TeMIeparyp. OTOT (aKT MOXKET CBHUACTEIHCTBOBATH OO0 OIMHAKOBBIX YCIOBHSIX
(GbOopMHUpPOBaHKST MHOTOJIETHETO TEMIIEPATYPHOTO PEXHUMa IMPU3EMHOTO CJIOS BO3yXa B pailoHE
pacoyIOKEHUs1 TpeX CTAHUUA M BO3MOXKHOCTH MCIOJB30BAHMUS UX [JISi B3AaUMHOI'O JIOMOJIHEHMS
JTAaHHBIX U3MEPEHHUI.

ATMOCQEpHBIE 0CaKH TI0 TPEM PacCMAaTPUBAEMBIM CTAHIIUSM, B MHOTOJICTHEM pa3pese, 3a Mepuol
¢ 1934 no 2011 rox, Tak k€ UMEIOT TEHACHIMIO K YBEIMYEHHIO, KaK 3TO BUIHO Ha pHUCYHKe 19.



MaxkcuManbHbIN TPAAUEHT YBEIMYEHHSI TOJIOBBIX OCAJKOB MO JMHEHHOMY TpeH1y 3aUKCUPOBAH M0
meTteoctanuu “Jlegauk AOpamoBa ” (6,5 MM/TOf), 3HAYUTENHFHO MEHBIIE IO METEOCTAHIIUU
“Capprtanr” (0,9 mm/ron) u emie MeHbIe o Mereoctaniuu “/lexars” (0.1 mm/roxm).

[Mpuuem, ans wMereocranimu “JlemHuk AOpaMoBa” XapakTepHa MaKCHMalbHAs aMILIATY/IA
MHOTOJIETHETO U3MEHEHUs roJ0BbIX ocaakoB nopsaka 300 - 400 MM, B TO BpeMsl Kak MO JBYM
Ipyrum MereoctanuusaM nopsaka 200-300 mwm.

TemnepaTtypbl (ToC) npusemMmHOro cnos Bosgyxa
no MC fexaes, Capbitaw, AbpamoBsa
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C 2011 roma B paifone negHuka AOpamoBa Hadaja paboTaTh aBTOMATHYECKas METEOCTaHIIUS,
ycranoBieHHast B 1,1 kM Boctounee (N 39.6486°; E 71.5858°) ot mecTa pacmonoxeHus ObIBIICH
MereocTanuu “‘Jleqauk AOpamoBa ~ Ha Bbicote 4102 M. Drta cranmms co3nganHa lLleHTpanbHO-
A3HMAaTCKUM WHCTHTYTOM MpHUKIaAHbIX wuccienoBanuii 3emmu (LIAMU3) B coTpyaHuuecTBe C
FepMaHCKUMHM M IIBEHLIAPCKUMM KOJUIETaMH B paMkax mnpoekta «Boma B LleHTpanbHON A3um»
(CAW) http://www.caiag kg/en/departments/department-3/monitoring-system/monitoring-
network/abramov. JlaHHBIC 1T0 3TOM CTaHIMM TpeCcTaBiIeHbl Ha pucyHke 20. B aTom ciydae, n3-3a
TEXHUUYECKUX I[IEPEphIBOB B H3MEpeHUM TemnepaTyp Boszayxa B 2011, 2012 romax, Her



BO3MOXHOCTH KOPPEKTHO BBIUUCIUTH CPEJHIO TOJOBYIO TEMIIEparypy, OJHAKO CpeAHHE
MCCAYHBIC TCMIICPATYPHI, ONpCACIIAOTCA JOCTAaTO4YHO KOPPECKTHO. CpenHHe MCCAYHBIC
TeMIIepaTypbl 10 aBTOMAaTUYECKON CTaHIIMU, B CPABHEHUU C MPEKHUMM TOJlaMU HaOJIIOACHUN Ha
meteoctaniuu “Jlegnuk AGpamoBa”, moka3zaHbl Ha pucyHke 21. M3 3Toro pucyHka cieayer, 4To
IOJy4EHHbIE C MOMOILIBIO aBTOMATHMUYECKOW METEOCTaHIMM TEeMIIEpaTyphbl BO3/yXa HaxoIsATcs B
JranasoHe KojaeOaHuii TeMIieparyp, MOoJydeHHBIX paHee TPaJAUIIMOHHBIMUA METOIaMH.

TemnepaTypa npU3eMHOro cnos Bosayxa
no AMC "A6pamos" B 2011-15 rogax
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Cpennue ronosbie Temmneparypsl 3a Tpu roga ¢ 2013 no 2015 umeror 3Hauenus:-4.653, -5.059, -
4.343 °C, npu temmeparypax ¢ 1992 mo 1994 rox: -3.942, -4.192, -3.925 °C. To ects, ¢ 1992 no
2015 rox, 3a 23 roma, HaOmoaeTCs TEHACHUUS MOBBIIMIEHUS TEMIIEpPaTyphbl NMPU3EMHOIO CJOs
BO3/yXa B cpeaneM Ha 4.685-4.020= 0.65°C, ¢ rpaguenTom 0.029 °C/rox. Dra BenuuuHa B 3.6 pasa
6onbie rpaguenta no MC “ Jlenuuk AGpamoBa” 3a nepuon 26 net, ¢ 1968 mo 1994 rox u 6auska x
rpagueHTy temreparypsl o MC “Caperramr” (Puc.18). Takum o6pa3omM, TemmnepaTypHbIi (akTop
Jerpajgaluy JegHuka AGpaMoBa yCUIIMICS B MTOCIEAHNE AeCATHIICTHSL.

— 1968

PacnpegeneHuve TeMmnepaTypbl BO3AyXa B Fo40BOM paspese no
MeTeoCTaHLMK NegHuK AbpamoBsa 3a nepuoasbi:
1968 -1994(MC) 1 2011-2015 (AMC)
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ATtmocdepHble ocagku no AMC "A6pamos”
B 2011-2015 rr., MC "AGpamor™” B 1968-1994 IT. 1
MC "Capbitaw” B 1934-2010 rr.
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Ha pucynke 22 mpencTaBiIeHbl MeCsSuHble aTMoc(epHble OCaaKH, IOJIY4YEHHBIE
TPaIUIIMOHHBIMU METOJJaMH Ha MeTeocTannusx “ Jlemauk AGpamoBa ” u “CapsiTant’ 3a IepHUOJIbI C
1968-1994 u 1934-2010, COOTBETCTBEHHO M IO ABTOMAaTHYECKOH MeTeocTaHIMH ‘“‘AOpamMoB” 3a
nepuox 2011-2014 roa. Kak cnexyer U3 3TOro pucyHka, BEIMUYHUHBI OCAJKOB [0 aBTOMaTHYECKON
craniuu 3a nepuox 2011-2015 rox cymiecTBEHHO OTIMYAIOTCS OT TaKOBBIX IPEIIIECTBYIOLINX
n3Mepennii. B mepByto odepenn, oOpaiaroT Ha ce0si BHUMaHUE OYEHb HU3KHE BEJTUYHHBI B IEPUO]T
OTPULATENIBHBIX TEMIIEpaTyp, SBHO HE COOTBETCTBYIOILINE JEHCTBUTEIBHOCTH, a B IEPHUOA
MOJIO’KUTEIBHBIX TEMIIEPATyp BEIIMYMHBI OCAJAKOB 3HAUUTEIBHO MEHBIIE XapaKTepHBIX AJIs palioHa
nenHuKa AOpaMoBa MO JaHHBIM MPOILIBIX HAOMIOAEHUH. DTa cUTyalus, MO-BHIMMOMY, CBsi3aHa C
OCOOCHHOCTSIMM (DYHKIIMOHUPOBAaHUS  aBTOMATHYECKOIO OCaJKOMepa, OTCYTCTBUS Y HEro
MOJOTpeBa M BETPOBOM 3alIUTBl M TpeOyeT MAajdbHEWIIero H3y4eHUs C LEeIbl0  YTOUHEHUS
M3MEPEHUI U MoJTyuyeHus: 00BEKTUBHBIX JAHHBIX 110 OCAJKaM.

B nenom, MOXHO KOHCTaTUPOBATh, YTO, HECMOTPSI Ha POCT TOI0BBIX aTMOC(EPHBIX OCaIKOB
B paiioHe neaHuKa AOpaMoBa, aHAJIOTMYHBIM pOCT TemmepaTyp oOecrednBaeT (HOpMHUpPOBAHHE
OTPHIIATEILHOTO OajlaHca Macchl JIEAHMKA, YTO MPUBOAUT K MPOAODKEHHIO COKpAIIEHUS €ro
ILTIOLIAIHA U 00BhEMA.

Anamu3 gansbix [lepiurepa @.U. u gpyrux [2], kak BUIHO Ha pUCYHKE 23, IOKa3bIBAET, YTO
HabJo1aeTcs mpsiMasi 3aBUCUMOCTh BOJHOTO CTOKa JieHHKa AOpamMoBa, U3MEPEHHOTO B MPOILJIOM
Ha rugponocty MC “ Jlennuk AGpamoBa”, Ha peke KokCy, OT cpelHEeromoBoil TeMIepaTypsl
MPU3EMHOTO BO3JlyXa B 3TOM paiioHe. A OajlaHC Macchl 3TOrO JIEAHUKA HAXOIUTCS B IMPSMOM
3aBHCUMOCTH OT aTMOc(epHBIX OCaJKOB, YTO Hambojee 3aMeTHO B mepuozabl: 1968-1974; 1981-
1988 To/10B M B 0OpaTHOM 3aBUCHMOCTH OT CPEAHETOJOBOM TEMIEPAaTyphl BO3JyXa MU CTOKa C
JeTHUKA, 4YTO 0COOEHHO SBHO MpOsBMIIOCH B niepuoa 1971-1974 rogos. B nanHOM ciydae, BOAHBIH
CTOK SIBJISIETCS CYILIECTBEHHO JIEAHUKOBBIM M3-3a PACIOJIOKEHHUS paHee AeMCTBOBAIIEro ruponocTa
B HEMOCPENCTBEHHON Omu3octu oT neaHuka (1968 rox =~320m, 1998 rom ~1200m). JlunelHsbIit
XapakTep rpaguka Ha pUCyHKe 23 HCIOJIb3YeTCS JIsl HAIJISIIHOCTU M HE MHTEPIPETHPYETCS Kak
¢du3uueckas CBs3b I'OI0BBIX TAPaMETPOB.



CpeaHerogoeon pacxop pekn Kok-Cy, banaHc negHuka Abpamosa
B METpax BOAHOMO 3KBMBAINEHTa, CPeaHWNE roAoBLIE TEMNEPATYPbI
Mpu3eMHoro crnof eosgyxau armocgepHule ocagku no MC A6pamoea
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JemudpupoBanue pa3iMuHbIX KOCMHYECKHX CHUMKOB, a’pOo(OTOCHUMKOB, aHaIH3
TororpaUuecKux KapT, Pe3yJIbTaTOB IIOJICBBIX HM3MEPCHHHA M OIyOJMKOBAaHHBIX PE3YJIbTATOB
MO3BOJIUJI OMPENEINTh IPaHUllbl JeAHHKa AOpamMoBa B pa3iMyYHBbIE TOJbl U OLIEHUTH CKOPOCTH H
XapaxkTep u3MeHeHul Jeqauka. Ha ocHoBe aHam3a UMEIOITUXCS JaHHBIX, M0 cocTosiHuIo Ha 2014
roJl, MOATBEPKAAETCS MPOJODKEHHUE TEHJECHIIMH MHOTOJIETHETO OTCTYyMaHus JenHuka AOpamoBa,
OJIHAKO Ha HTOM (oHE HAOMIOJAIOTCS TEPUOABl OTHOCUTEIBHOM CTAOWIU3AMK  TO3HUIMU
(bpOoHTANBHOMN YacTH SA3bIKa C HE3HAYUTEIHHBIMU JBMKCHUSIMH OJHOTO MIJIM PA3HOTO 3HAKA, a TaK JKe
MEePUOIbl HACTYMATENbHBIX TMOJBMIKEK PA3TUYHON IMTEIHHOCTH W WHTEHCUBHOCTU. B 1enowm,
U3MEHeHHe o0beMa JeqHuka AOpaMoBa MPOUCXOTUT HEPABHOMEPHO BO BPEMEHH, YTO OTPaKAETCs
B Pa3NIMYUU CPEHUX CKOPOCTEH M3MEHEHUH ero ruiomaau. MeyieHHbIe U3MEHEHUS JIIHUKA, KaK
OTCTYMAOIIET0, TaK M HACTYMAIOIIEro XapakTepa, B OCHOBHOM, OOYCIOBIEHBI H3MEHEHHEM
OayaHca B TIPUXOJIE€ U PaCXOj/i€ JIbJa, a OTHOCUTEIHLHO OBICTpble M3MEHEHUs (OpPMBI JICTHUKA,
KOTOPBIE MOXHO OTMPENEIUTh KaK MylIbCallUU, MPOUCXOMAT 0€3 CYIIECTBEHHOTO M3MEHEHHUS MaCcChl
JBJIA, 32 CUET TepepacipeiesieHHs b, B MPOIecCe JBMKEHUS OTICIBHBIX YaCTEeH JIEHUKA H3-3a
U3MEHEHHUs (U3UKO-MEXaHUYECKUX CBOMCTB JbJa, HEPABHOMEPHOCTH «HAKOIUICHUS — PACX0Ja»
JBJa B TIpeIesiax JIOKAJTbHBIX OTPHUIATEIbHBIX (GOpM penbeda J0XkKa JISTHUKA B 00JIaCTH MUTAHMUS.

CkopocTy U3MEHEeHUs IJIOMAAN JeIHUKA U3MEeHs0Tesa B npenenax: + 0,12 + - 0,1 km?/rox,
npu cpenneit Benumunae: + 0,036 u - 0,044 km?/ron, a CKOPOCTH WU3MEHEHUS JUTHHBI JICTHUKA B
npenenax:  +117 (3kctpemansHoe 350) +  -103 m/rox, mpu cpeiaHed BenuuuHe: + 42
(okctpemanbHoe 78) u - 39 M/ron. B cioyudae 3HAUMTENBbHBIX HACTYHNATENbHBIX IOJBUKEK
(mynbcanuii), CKOPOCTh KPAaTKOBPEMEHHO MOKET JOCTUTaTh aHOMANbHBIX 3HaueHui mopsiaka 300 -
530 m/ronx (0,8 - 1,45 m/cyt). B nanHoM ciydae, oOparaeT Ha ce0si BHUMaHHE OJU30CTh BETUYMH
CPEIHMX CKOPOCTEH MOJOKUTEIBHOTO M OTPHUIATEIbHOIO 3HAKA, 3a MCKIIOYEHHEM AHOMAJIbHBIX
3HAYEHHI.

OOmas momanp jdenHuka B 1850 rogy Owima oxomo 26,4 kMm%, a B 2014 roay OHa
COKpaTmiach Ha 3,65 KM, TO €CTh ymeHbIuiachk Ha 13.8%.

[Tomumo 3apuKCUPOBAHHOM MPEABITYITIME HCCIEAOBATEISIME, IPU TOJIEBBIX HAOIIOICHUSIX
B 1972-1973 ropax, 3HaUUTENLHON HACTyMaTEIIbHOW MOJBIKKH (MyJIbCalliN) JEAHUKAa AOpamMoBa,
co cMmernieHreM nopsiaka 350 M., B JaHHOM HCCJIEIOBAHUM BBISIBJICHA HACTYIMAaTelIbHAs TTOJIBH)KKA B
2001-2005 rogax, co cMemieHueM, B cpeaHeM 155 .



BbIsSIBIEHO CXOJCTBO CKOPOCTH M3MEHEHHUS IUIOIIAIU JIEAHUKA B HadajdbHBIA MEpUOJ U B
KOHEUYHBIH MepHuoj HaOIIOJCHU, TO €CTh HEe Ha0JII0JaeTCss MOHOTOHHOH TEHIECHIIMU YBEJIWYCHUS
CKOPOCTH, KOTOpasl JOJDKHA Oblja ObITh 3a CYET MOCTOSHHOTO YCHUJICHHS aHTPOIOTE€HHOIO
BO3ACUCTBUSA. OTOT (aKT, C Y4YETOM OYEBHIHOTO, KpailHe HE3HAYUTEIBHOTO BIIHMSIHUS
IIPOMBIIIIEHHOTO 3arpsisHeHus arMocdepsl B LleHTpanbHO-A3HaTCKOM peruoHe, mo KpaiiHeit mepe,
B TeueHue 100 mer ot Havama (1850 rom) paccmaTpuBaeMoro mepuojaa HaOIIOIEHUH, MOXKET
CBUJICTENILCTBOBATh O 3HAYUTEIBHOM POJM  ECTECTBEHHBIX (PaKTOPOB B XapaKTepe H3MEHEHUs
JeTHUKA. A Tak e O HaJu4uu, Kak MUHUMYM, |64-netHero mousynepuona (asbl Jerpaganuu
JIeIHUKAa B €r0 HEPaBHOMEPHBIX 10 BEIUYMHE MPUPOIHBIX MEPUOAAX LUKINYECKUX HU3MEHEHHH B
BUJIE MIOOYEPEIHOM CMEHBI (pa3wl perpecca - ¢azoit mporpecca.

YcTaHOBIEHO, 4YTO Hapsay C AyrooOpa3HOW BbIIYKIOH (OpPMOM s3bIKa, MOJTHOCTHIO
3aMOJIHAIONIETO IO IIMPUHE JIETHUKOBYIO IOJIHMHY, BEpPOSTHO, B YCJIOBUSAX OTHOCHUTEIIbHOU
cTaOUIM3aluy MO3UILMHU fA3bIKA, 3a CUET IMPEKpallleHUs pOCTa BEPTUKAIBHOTO TEMIEPAaTypHOTO
rpaveHTa BO3/ayxa, HaOmromaeTcs mnpeoOiagaHue OOKOBOW alysuu HaJX  MPOAOJIBHOH, ¢
o0pa3zoBaHHeM KIMHOBUAHOU (popMmbl s3bika. Kpome aToro oOHapyxeH (pakT uaMeHeHus: GOpMbl U
pa3mepa s3bIKa JIeTHUKA 0] BO3ACHCTBUEM BPEMEHHBIX BOJHBIX MIIM CEJIEBBIX MIOTOKOB.

B paitone nennuka AGpamoBa OCHOBHbBIE KIUMaTHUecKue (pakTopsl GopMupoBaHus OamaHca
Macchl, TPEACTABICHHBIE TEMIIEPATypoil BO3AyXa M aTMOCPEpHMH OCagKaMH, MO JaHHBIM
METEOpOJIOTHYeCKUX  cTaHmuii  Y30ekucrana, Ksiprenrugpomera, Tamkukrugpomera
aBToMatuyeckon wmereoctaniuu [[AWMM3a, umeoT MHOTOJETHIOW TEHACHIMIO YBEJIMYCHHUS,
IPUYEM CPETHETrOJ0BON TeMIepaTypHBId IPaTUEHT, B HETIOCPEACTBEHHOW OJIM30CTH K JIEAHUKY, B
HocleHue JecsaTuieTus, ypeauuwica B 3,6 pasza. HaOmogaercss mnpsimas 3aBUCUMOCTD
JIETHUKOBOTO CTOKa JieqHuka AOGpaMoBa, M3MEPEHHOro B mpouuioM Ha ruaponocty MC “Jlennuk
Ab6pamoBa”, Ha peke Kokcy, oT cpeaHeromoBoil TemmepaTypbl MPU3EMHOr0 BO3AyXa B 3TOM
paifone. B 1o ke Bpemsi 0OamaHc Macchl ATOTO JIEAHHKA HAaXOIUTCS B MPSMOM 3aBHCHUMOCTH OT
aTMOC(EpPHBIX OCATKOB U B OOpPATHOM 3aBUCHUMOCTH OT CPEIHEroJ0BOI TeMIlepaTyphl BO3ayXa U
CTOKa C JIeIHUKA.

B umemoM, HecMOTpsSs Ha MHOTOJIETHMM POCT TOAOBBIX OCAJAKOB B paiiOHE JIETHUKA
AOpamoBa, aHaJOTWYHBI pPOCT Temmeparyp obecnednBaeT (HOPMUPOBAHHE OTPHULIATEILHOTO
Oananca Macchl JIeTHUKA, YTO IPUBOIUT K MPOJODKEHUIO COKPAIICHHS €T0 TUIOIIAIN U 00beMa.
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