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B cTaTee CHCTEMATHIHPOBAHE METOAE H3YIEHHA TEMITOR COBDEMEHHOM
OMyOMHKOBAHHEIE TAHHEE 00 HHTEHCHBHOCTH NANS0ISHY TALIHH, TTO0TY
0Be 4 KoOMMIEKCA METONOB M3YUEHHA 03EPHEX OTIOKEHHIH 115 TOPHELES

[MokazaHo, 4TO B HACTOMIIES BPEMS HaHDONEE HAYIEHHLIMH TEPD
TNEOIEHYIALHH SRTAIOTCA Anknkl, THoeT, CKaATHCTHE MOPE H AHIE
TNEHHKIE 1A PEYHEIX B 03EDHEX BOO0ocGOPOE B DARTHYHBIX YACTH
nax B HHTepeane 2—3240 M,/MIH 1eT. AHATOTHYHO 3aK0HOMEDHJ
BEICOKAA KODDENALHA MERIY
pogocbopoB. TeM He MEHEE NOKAMBHEE TaHIMADTHRE ocob
WX HIMEHEHHMA B TEYEHHE TONOLEHA ONPEASNAINT MPOCTDE

MEHEHHWH TEMIIOE JEHYIALMH BO BpeMeHH. Ponk nedaTens
100-kpaTHOMY YCHIEHHID AEHYIALIMKE TODHLIX CTpaH, B Moy

HYJALUHH, NpOCTeXHBAETCH

TOpPHOND MOACA.
Kuouegrie cA08d; TONOLEH, TODEL, TeHY TAITHA, KO
DOI: 10.31857,/S2587556620050076

BBENEHHE

KonuuecTeeHHas OLIEHKA TEMIOB [g H
WX WIMEHEHHS BO BPEMEHM SBISETCS EH-
TANbHOHN 3agaueii 118 NOHUMAHUA NIPO B Nepe-
pacnpeleneHHA BELIECTBA HA CYIUE M HOCA B
MupoBoil okean. B nactosuiee Bpe ECTBYET
wHpokHil Habop HHCTPYMEHTANEH ANMHTHYE-
CKMX METOIOB, HCIOIb30BAHHE X C pasHo#
CTENEeHbI0 TOUHOCTH MO3BOMSIET O BATh CKOPOCTE
IEHYIALMH 33 PA3HBIE HHTED meHu. Cpenu

HHX AKTHBHO Pa3BHBAETCH ME
HYIALHH, OCHOBAHHHIH H

KOJIHYECTE W3oTomna Gep
K umcny npuopure

MCCIEI0BATENSIMH , STH

TEMIIOB AEHYJaLH

OIEHEKH TEMIIOB O&-
JJEHHH CIEN0BRIX

Be 8 ksapue [8, 32].

3amad, CTOSLIHX TEepen

A TOYHOE OTpeeleHHe
bix pafionax [25] u ux npo-
CTPAHCTBEHHO-B X H3IMEHEHHWH B peruo-
HaTEHOM M rmobaneHOM macwrabax [34). Masectho,
uyto Gonee mongMiinl rmobankHOM AeHyIalHH TIpo-
. HiiOHAX, HA KOTOPEIE MPHXOIHT-
i u [28]. Mo menynaumeil 3gechk

& cyMMapHOE MNEpPeMElleHHE MaTe-
nopod 3a CYET IPO3IHH H MeXaHH4e-

EHYIALHHE B ropax BECkMa CYLIECTBEHHO
AK B MCTOPHYECKOM, TAK M B rE0/IOrHIe-

Qﬂﬁyn,amm H 0DoOImIEHE!

A OCHOBE HCMONE3I0BAHHA
pPavIMYHEIY PETHOHOBE MHPA.
B IUTAHE OLIEHKH TEMIIOB Ma-
MATEOIEHYIALHH, OTIpEIe-

1M TANEOIeHYIAIIMH H YEIOHAMH
KOHEDETHRIX DEYHRX GacceiiHOB H
: 0 BApHADENRHOCTE M THHAMMEY H3-
e I0BEKA YCHIHEASTCH H NpHBOIHT K 10—
P10 ouepelb B NPegenax NpearopHo-HHIKo-

HEIE METOIEL, O3EPHEIE ocankH, '"Be

CKOM MacurTabax BpeMeHH, UTO CBA3aHO ¢ KITHMAaTH-
YECKHMH HM3IMEHEeHWSMH, YBENHYEHHEeM AHTPOMOreH-
HOMH HArPy3KH, a Taicke KonebaHWAMM celicMO-TeKTo-
HH4ECKo# akTHBHOCTH. B 2T0il cBA3M, akTyanbHBIMH
ARMAIOTCS paboTH MO OLEHKE NANeoNeHYIALMH Top-
HEIX PETHOHOB 33 PAITHYHEIE MPOMEXYTKH BPEMEHH,
HauMHAasA OT CTONETHH M 10 Beero ronoueHa. B onHoii na
ocHosononarawimux pabor Tx. Hupuura [14] Gwua
ob03HaYeHa HeoOXOOHMOCTE PEKOHCTPYKLHH [LTH-
TeIbHHX AeHYIALMOHHEIX BPEMEHHLIX paAnoB, Des
HAMMYHA KOTOPEIX HEBO3MOXHO NMOJoiiTH K peule-
HHEO POBIeMEl TPOrHOZHPOBAHHS BO3NEHCTBHA H3-
MEHEeHHIl KIMMaTa M [OeATeJIBHOCTH 4YelOBEKA Ha
crok HaHocoB. [IpuponHuiil apxus, nozponsouiMii
PEKOHCTPYMPOBaTE NomoOHEIE pPsObl, 3aKIDUYEH B
OOHHEIX OTINOXeHHAX o3ep. [lna pekoHCTpYyKIHH C
HCMONB30BAHHEM O3EPHEIX OCAIKOB HCMONBIYVETCS
BOMBIIOE KOMHYECTBO MHIMKATOPOB: MATHHTHAN BOC-
MPHMMYKMBOCTE, TbUIbLA, JHATOMOBEIE BO[

H3oTonkl, GuoMapkepst, gpesrada JJHK u t.o. [10, l?]
I'Ipoc:reiflmnii HHAWKATOP NMANTEOIeHYIAlMH — CKO-
pPOCTE OCANKOHAKOIUIEHUWS, TAPAMETP, KOTOPLIH Me-
HSIETCS BO BPEMEHH, T.e. N0 rIyOHHEe JOHHEIX OTI0-
wenuid. Mamenenue sToro napaMerpa orpaxaeTr gu-
HAMMKY TEMIIOB IeHYyJALUHH B JOKATEHOM, & TPH
HAMWYHH JOCTATOUHOTO YHCIA HCCNETOBAHHELY 005~
EKTOE W B perHoHansHoM MaciuTtabe. CxopocTs ocan-
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KOHAKOIUIEHHS MOMXKHO OTCIEOWTh Ha BPEMEHHOM
Ccpe3e, OXBATEIBANDIIEM TONOLEH, BHYTPH KOTOPOTO
Brnaronapa o3epHLIM M IPYTHM NATEOPEKOHCTPY KITH-
sIM BOCCTAHARTHBAKOTCA HIMEHEHHS KITHMAaTHUECKHX
YCIOBHIT H, B COUETAHHM C aPXEQIDMHUECKHMH JaH-
HEIMH, MOCAEICTBHA IEATENLHOCTH Yenoseka [31].

Hensio nannoil paboTe aanserca ob3op MeTomoB
OLEHKH JeHyaauun. PaccMaTpuBalTCa peaynsTaThl
OLIEHKH M3MEHEHHI OeHYIAlMH 3a pasTHYHEIE HH-
TEPBANEl BPEMEHH BHYTPH TONOLEHA IUA PATA Top-
HEIX CTPaH, MOMYYeHHBIE C HCNOIB3OBAHHEM Habopa
meronos. Knouessle paboTel o paccMaTpHBacMoii
Teme obobwenm B pabortax [32] u [38] u 3mece Mul
LHTHPYEM JTHII b PADOTEl, KOTOPLIE HE IPOLHTHPOBA-
HEI B 3THX oO30pax.

METOIEI HCCIIENOBAHHWA
IMATTEONEHYIAILIMH IN'OPHBIX CTPAH

Texnonoruueckmii nporpecc NOCIEIHUX JECHATH-
NeTHIi B 3HAYHTENLHONH MEPE MOBIHAN Ha COBEPLLIEH-
CTBOBAHHE B YACTH NMOBLILIEHHSA TOYHOCTH TPaIHIIH-
OHHEIX METOLOB OLEHKH TEMMOB ASHYJALHH W CIIO-
cobCcTBOBAN NOARNEHHIO HOBLIX noaxonos. K nepeoit
TPYIITIE OTHOCHTCH KAK METOILI JaTHPOBAHHA OTAO-
KEHHWIl, KOTOpPLIE MO3BONSIOT ONPEIENHThE BO3IPACT
OTAENLHEIX MAavYeK OTAOMEHHI B 30HAX aKKyMyJisi-
L[HH, TAK M METOIEI OLEHKH CYMMapHOH JeHyIalHH.
B uactHocTH, peus MAeT 0 monyuMBileMm Gonbinoe
pacnpoctpaHenue Hcrnonslosanus '“Be, uamepenne
COflepxaHHA KOTOpPOro B 0bpasiax KBapluesoro peu-
HOTO MECcKa MO3BONSAIOT ONPEAENsiTs CPeIHEMHOT
NETHHE TEMITH AeHYIAlMK 118 Bogocbopa, pacnosn
KEHHOTO BHILLE MO TEYEHHID OT Mecta oTbopa
CoueTtanmne pasnHYHEIX METOLOB JaTHPOBKH OT

HODBLIECKOTO H rMoDANTEHOTO M3I0TONA LE3 5
[21, 24] u atmocdepHoil cocTaRnsOULIEH na
ceunna 2'"Pb, koTtopele mmMpoko Mcnon st
OLIEHKH TEMIIOB AKKYMYJISILIMH 334 HEC mecsi-
tunetHit [35], mo MeTonos pagHoyra ro JaTH-
poBaH#si, TeyPOXPOHONOIHH, TIOACY B M ApY-
rux MeTogos gatuposxn [38, 40], SIET PEKOH-
CTPYMPOBATh HM3IMEHEHHS TEMII JALHH  Ha

eogocOope HMCClenyeMoro B HHTEPBaNEL
BpEMEHH OT Troga no AecaTkgl Thlemd neT (puc. 1).
Cnenyer noHHMATh, 4TO PEKTHOMH OLEHKH
cKopocTeil feHyauu Tpﬂ%ﬂ TAKKE ONPele/HTh
CyMMapHuIi obkem oTa . HAKOTMHBUIMXCH 33
KAXILIH M3 NpOgaTH X MHTEpPBAIOB BpeMe-
HH, YTO MpPennona HHe He MeHee IBYX KO-
JIOHOK OTJIOXEHH epeHHe oDuei nuowamu
30HEl AKKYMYJISILH eqyemoro Bogoema. B coy-

Jyaax, cCimH oThO| JOHHBIX OTNOXEHHH NpOBOIHTCH B
NpOTOYHOM BO, . MOMYYEHHBIE BEIITHUYHHEI CPEI-

HEMHOTOIETH MOB JEHYIAIMH SBISAIOTCS MH-
HMMATBHEL KAK YaCTh MaTepHaNa, MOCTYTIHE-
LIETD B BO; , YepHAETCs COBMECTHO CO CTOKOM BEI-
TeKa HiPero soasl. K uncny npyrux metomos
IoaT HE YINOMSIHYTEIX paHee, OTHOCHTCH
TAKKE IOIIHE: MO KOCMOTEHHOH SKCIO3HIIMH,
KOCMOTEM@OMY 3AXOPOHEHHID H HAa OCHOBE OTTHYE-

H3BECTHA PAH. CEPHA IEOI'PAMHYECKAd Tom 84 M5

705

CFEI’I—GT}‘IM}"J'IHPDHEHHOﬁ JTHMHHECHIEHLIHH (CM. CCELIT-

kH B pabore [38]). Tarke k 3T0il rpynne mMo: OTHE-
CTH HEKOTOPEIE KOCBEHHEIE METOIEI, HATT no-
pPOBO-NLUILLEBOH MeTox [3].

Hns paBoT no M3yueHHIO Naneo] U B ro-
pax HauDONLITHI MHTEPEC NpPencTal acceifHo-
BEIE OLIEHKH, BEINOIHEHHEIE Ha OG HMEHEHHS

1'Be, a TakKe PEKOHCTPYKIHH, B EeHHEIE Ha 0C-
HOBE 038PHEIX OCATKOB.

HUCIMOJIB30BAHUE 9 OLUEHOK
TEMIIORB MAQ HYTAILIMH
NoOPH AH
Hcnonwaosanne NpeeneHns TEMTIOB JIg-
HYIALHH HACYHTE e bonee 20 ner. 3a aToT nepu-

copepiieHcTeoBan [32, 38],
UTO MOBHICWIO HEUERTIOCTE KOMHYECTBEHHBIX Olle-
HOK, TIOJy4eHH €0 HCMONB30BaHHH, 0cobeH-

Ho s Dacce % PHBIX PEK, [IE JOI8 BTOPHYHOTO

Ol AaHHBIH METOI

BOBJIEUEHHSA HANBHBIX OTIOXKEHHI B CyMMap-
HEII 0bBe OALHH CPaBHHTENBHO HE3HAYHMTE-
neH [22, BpEMS KaK HIMEPEHHS CTOKA HAHO-

COB pe SIOT OLIEHHTh COBPEMEHHEIE TEMIIEI
JEHFQ onpenenenue conepxanns “Be B ksap-
e g@fgafficT 3T0T Ke napamMeTp a1a nepuona ~ 100—
l'[lm:'r [32]. TlonyueHHBIE OLIEHKH OeHYIALHHA
ropHBIX paiioHOB Ha oOCHOBe HMcnonk3oBaHus '“Be

npefeneHsl KpaiiHe HEepaBHOMEPHO MO KOHTH-
TaAM M Pa3IMIHLIM FOPHEIM MaccHeam (Tabo. 1).

3nauunTensHui pasbpoc 3HaueH Kl Mo TeMnam ge-
HYJALMHK Ja¥e B Npemenax OgHOr0 PerHoHa obmac-
HSETCH TeM ODCTOSTENBCTBOM, YTO HA HWHTEHCHB-
HOCThL JK30TE€HHEIX TPOLECCOB BIMSET UeNklil psn
thakropos. HekoTopeie 3 OCHOBHEIX (haKTOPOB DO~
CTATOYHO TECHO B3aHMOCBA3aHE, 0CODEHHO B ropax.
Hanpumep, B uenoM npocinexuBaeTcs NOCTATOUHO
XOPOIIAH 3aBHCHMOCTEL TEMIIOB JeHYIALMH OT Cpel-
Hero yiuioHa Gacceiina [32]. Dra 3aBHCHMOCTD BRISIB-
nsercs B ropasno Gonwiueil creneHy LIS OTOENBHEIX
MANEIX peyHEX DacceliHOB, PACTIONOXEHHEIX BHYTPH
Gomnee kpynHoro peunoro bacceiina. [Ipu stom oue-
BHIHO, 94TO CpeqHHil yknoH Gacceiina pexn obpaTHO
MPONOPLHOHATEHO 3aBUCHT oT ero miowanu. Ipu
MPOYHX PABHEIX YCIOBHAX CPEIHEMHOTONETHHE TEM-
Nbl JeHYIALHH B NPeIropHo-HH3KOropHEIX Bacceii-
Hax co cpeaHHMH BeicoTaMu Hike 1500 m xapakTe-
PH3YIOTCH 3HAUEHMHIMM TEMIIOB AeHYJALIMH MeHee
100 m/man net (cm. Tabn. 1). B Beicokoropse Ham-
BonbllMe TeMNEl JeHyIALMH XapakTepHel aus Oac-
CeiiHOE CO 3HAYHMTENEHOI Joneil CKIOHOB paHee Mmoma-
BEPXEHHEIX NeNHHUKOBOM sKzapaumu. Takke cyue-
CTBEHHYI) pOIL WIPAET COOTHOLIEHME I[UIoIanei
MeXIypeunil, 3JaHATEIX CKANBHEIMH BEIXOOAMM M MOY-
BaMH. ¥ BelTHUeHHe TUIOIATH MeXaypeutii ¢ nouBeH-
HEIM [TOKPOBOM CNIOCOGCTRYET CHHIKEHHID TEMIIOB g~
HYIALMH M, HAIPOTHE, POCT ILTOMIANEH CO CKATEHEIMH
BHIXOJAMH H OTOJIEHHEIMH CKJIOHAMM cnocoBcTeyeT
poCTy CyMMapHON meHymauuM Ha sBomocGope (cm.
ccelnki B pabore [32]). BaxkuwmM dakropoM HHTEH-

2020



706

Bpemexnoit gHanazoH, neT

107 10! 102 10°

I'PAYER, I'OJNOCOB

10

T T T
e | KOCMOTEHHEIE HYKIHIEI

GI’[‘I’H"IECK]‘I—C'I'}‘IM}'JI

MIOMWHHCLIEHLIHA
Paguoyrnepon Q
JeHapoxpoHOn
Lezmit- 137, -210

. BAPBEI

F
r—
r—l

_

r=| Tedpox
r—i
r._i

Mon Kd BOOL H HAHOCOB

M EpoR

@mnmex
@m JIOBYIIEK
Q LeMKa HATEMHEIMH MpHOOpaMH

@ A3p0o-, KOCMOCHEMER

Pac. 1. Bpemennan mkana 1A paimHyHEX METOIOE, ucnmmyeum@mmumuu COBpeMEHHON M nanenIeHy nanHy (3a

OCHOBY BIAT pHcyvHOK M3 [38]).

CHBHOCTH JIEHYAALMH ARIAETCH CeHCMOTEKTOHHKE,
KOTOpasi cnocoDCTBYeT aKTHBH3ALMM JK3IOTEHH
npoueccos. MMenno nostomy, Hanpusep, Tem
OeHygalMH B ropax wrara Kanndopams cyuy

HO NPEBBLIIAKDT HHTEHCHBHOCThL AEHYIALIHO

npoueccos B ropax wrarta FOra [32] (cm. Ta 3
KIHMAaTHYECKHX XapaKTepHCTHK HauGon H-

MOE BIIHAHHE Ha TEMIIE] JeHYIALHH OKAa3 ol
ocagkos. Ho ero miMaHHe 3HAYHMMO AETCH

TONBEKO MPH 3HAYHTENEHOM rpagHeH AMADIITHY
noxaeid. Hanpumep, deTko BhI TpeHn,
CHHMIKEHHHA TEMIMOB JeHYIaLHH, EHHBIH ©
IOTO-34Maja HA CeBepo-BOCTOK ATADIIHH C

TPEHIOM CHHXEHHS CYMMapHO OCAIKOB, BhI-
SIBNIEH U HOTO-BOCTOYHOMH ul Tubera (cm.
cocelnkH B pabote [32]).

B pernonansHoM oTHO
ONEHYAALIHH PEYHEIX Ba
JHYHEIX KOHTHHEHTOB
Ma HEOLHOPOIHA,
HEKOTOPHIE 3aKOH
Jiee HM3KHE TEMITEI

H3IYYEHHOCTh Nane-
FOPHBIX CTpaH pas-
p3osaHueM "Be sece-
HEE MOXHO MPOCIENUTh
u. B uactHocTH, Hanbo-
MALMH BESIENEHE B AHmax

(HOxuan AmepHika), ropax UEHTPansHOH W HOXKHOMH
Adpukn, a Ta pax ocrposa llIpu-Jlanka (cm.
tabm. 1). Jlum mHe hakTOPH ANH 3THX TEPPH-
TOpHii, cn L[HE OTHOCHTENLHO HHIKHM
TEMIaM I MH, Pa3THYHEL. DTO CPaBHHTEILHO
MAJTEL CKJIOHOB B CITy4ae TUIOCKOTOPHil uH-
nwi UTO BEJET K NEPEOTIOKEHHID 3HAYH-
TENLHO H MATEPHANA HA MEXIYPEUBAX H BEICO-
KOE TI BHOE MOKPLITHE CKJIOHOB PACTHTENBHO-

H3BECTHA PAH. CEPHA N'EOIPAPHYECKAH  tom 84 M 5

JUISi OCTANBHEIX W3 TMEPEYHCIEHHEIX BHILIE
puTopui (cM. cceikn B pabore [32]). Makcu-
MabHAA HHTEHCHBHOCTh NANEOAEHYIAlHH OTMEYa-
eTcsl B Npejienax Hanboee TEKTOHHYECKH aKTHBHBIX
H3 YHCIIa W3yUYeHHBIX TeppuTopHil: Anenul 8 EBpone
H beperoseie xpebrei wrata Kanudopuwa (cm.
Tabm. 1).

B uenom npumenenue '"Be nossonuio k Hacrosi-
LIEMY BpeMeHH cobpars obimMpHyo 6asy aHHBIX O
naneofeHyJalMu psaga pernoHos Mupa. lauHue o
TEMMAX NaneoJeHyIALHH, MONyUYeHHEIe 18 pa3nyd-
HEIX MPHTOKOB BHYTPH OZHOTO peuHoro Oacceiina,
YKAILIBAIOT HA HANHYHE YETKOH 3aKOHOMEPHOCTH HX
COKPALIEHHA 10 Mepe YBelWuyeHHsl mnomany Gac-
cefina. OgHAako NoNyueHHELIE JAHHLIE He MO3BOJSIIOT
OLEHHTh BKIan GacceiinoBoil M pycnosoil cocTasns-
owHx [ 1] B cymmapHy o neHyIauuo peuHbx Gaccei-
HOB, TAK KAK XapaKTePH3YIOT CyMMapHEIi BEIHOC Ma-
TepHaANIa 33 npeiensl peuHoro bacceiHa B ero 3aMel-
KAIOIIEM CTBOPE.

OLHEHKA TEMIIOB INNAJNTEOOEHYIALIHH
B TOPAX HA OCHOBE AHAJIM3A
O3EPHLEIX KEPHOB

Bpementoii quanasod Ans npoBeieHHs NPsSMBIX
HabnogeHnii 3a npoueccaMM AeHYOALHH B ropax,
OUYEBHIHO, OMPAHHYEH HECKOJILKHMH JECHTHIETHSI-
MH. JTO HE MO3BOMAET AETANBHO pazobparthca B
CIOMKHBIX MEXaHH3IMAX BO3NEHCTBHA Ha TEMILI JEHY-
JALHH TPOLIECCOB, KOTOPLIE TIPOUCXOAAT HA LTHTEIb-
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Tadauua 1. JIuanazoH 3HAueHMH TEMIOR NeHYIALMH, NOTYUEHHEX Ha OCHOBE Henons3oranua ""Be, 1ns paga pevHEX

GacceitHoB (co cpefHMMH BRIcOoTaMH > 1000 M), pacnonoXeHHEX Ha Pa3THYHEX KOHTHHEHTAX

leo HUECKHE CpemHmi
Ne xﬂmm o CpenHan BeicoTa biTA Inomane Eﬂh
7 pr— DacceitHa, M Gaccefina, ° DacceiiHa, SO
Erpoma
1 46.5 8.2 ATTBITRD 18742758 10—-29 0. 106—367
2 46.5 8.4 1012—2550 16—35 268—184
3 46.6 11.2 1313—2439 21-34 41 208—184
4 46.7 8.1 1002—2700 16—29 — 94—3237
5 479 8.0 lepmanus 1010—1248 9-2 9—36.5 28—108
6 45.0 35 lenTpansHas Espona 1006—1340 85— 5—1866 31-81
Asun
7 6.8 80.8 Mpw-Jlanka 10332206 0.15-22.96 2—69
8 7.2 80.8 1005—1867 %ﬂ 0.01-778 6—57
9 7.3 80.8 1324—1875 30 0.01-778 4-26
10 28.5 105.3 p. AHuzs 1 npuTokH, Kutal ]324—44;% 10 - 40—366
11 29.1 98.4 Tuber 1 wro-3anan Kurtas 1316—50 3—-19 2-310726 12—-529
12 29.9 95.1 Tuber 3082 823 10.9-228000 119-415
13 30.8 10L6 1948 _448 4-37 3.39-174.8 19177
14 31.3 103.7 141 2 22-31 5-22309 583—821
15 34.6 100.7 370 95 15-27 0.84—5.01 54—100
16 39.1 100.2 —2974 727 0.23-31.9 34—544
17 39.2 98.9 —4317 8-29 0.5—10080 20—1482
&
18 | =227 16.2 Hamubus 1035—1802 0.9-24 1—-29000 4—14
19 1.1 361 Kenua 0 12582246 1-18 1.1-5203 0.001-0.1
Had AMEDHEA
20 34.2 —117.0 KanudopHusa @ 13652547 835 0.3—-19 55-322
21 343 —118.0 & 1006—2317 9-36 0.11-174.7 37-366
22 38.5 —119.9 m 1035—2408 3—43 0.04—11.15 10—112
23 40.1 —120.1 1320-1562 7-17 0.014—0.23 2388
24 353 —107.3 1800—2462 2-7 169—16153 T-365
25 35.6 —83.4 1028—1520 16—22 1-37 20-57
26 39.0 —118.0 2060—-2537 14-22 0.1-45 65—420
27 40.8 —11LE 2118—2884 23-36 1.84—13.51 57-732
28 45.4 —115.6 14962063 1024 0.21-35079 30154
Oxmnas AMepHKa
29 JTHEHA 10173311 7-22 1600—159000 142862
30 1533—4517 15-33 <1-=70200 12—1010
31 3915—4363 2-17 13.7-17900 3-57
32 1044—3533 11-28 5-3763 27-790
33 Ynmn 34634342 812 13303341 12-26
34 1209-3610 0-31 — 0.1-12
35 IMepy 10333076 7-30 0.2-2917 T-246
Tpim AMIHLEA NoIroToRmeHa no Marepuanam [32, Supplement]. H3 nonnoro maccusa nanswx (1789 spauennit) oroOpans
MAHHEIE 1 HEIX Gacceiinos co cpenHHMMH BeicoTamu Gonee 1000 m. Hexonuie pabors ¢ <8 suavenwit mna gercot > 1000 M mekmo-

HEHEL H3 Pas

H3BECTHA PAH. CEPHA T'EOIPAMHYECKAHd  Tom 84

oTperna. Beuny pana odHapykeHHBX HECTHIKOBOK 3HAYeHHIT He paceumaTpueanack Tarcke padora Delunel et al. (2010).

MNe 5
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HEIX BPEMEHHBIX MaciuTabax, TAKHX K4k, HANpHMED,
pasHOHANpPaRIeHHLIE ABMXEHHS TOPHBIX JEIHHMKOB.
PerpocnexTuBHblil aHamn3 reoMopdONOTHYECKHX M
OHOTEOXHMHYECKHX TIPOLIECCOB TMPOLLUTOND BO3MOMXEH
Ha OCHOBE M3y4eHH COCTABA M AaTHPOBOK JIOHHEIX OT-
TIOXEHHH B 03epax Ha BPpEMEHHOI LIKane OT COTeH JieT
o scero ronouexa [7, 26]. Tennenumun namMeHeHuil B
TO/IOLIEHE HA KA4eCTBEHHOM YPOBHE H3BECTHHI yXe
OOCTATOUHO OaBHO. [ak, HATIpHMEp, eCTECTBEHHHIE
W3MEHEeHH IeHYIAlHH B rOJIoLeHe Ha hoHe MeHsII0-
LIerocd KJIMMATA OKAZATHCE CYLIECTBEHHO MEHbIIe
Mo BEJHYHHE, YeM W3IMEHEHHsl, MPOUCXOAMLIHE 3a
CUeT AeATensHOCTH uenoseka [ 14].

ApXHB NOHHBLIX OTIOXEHHIH 03ep JaeT HenpephiB-
HY10 KaPTHHY H3MEHEeHHI IeHy 1aLuH Ha (hoHe MeHsTio-
LIErocs KIMMATA, PACTHTENEHOCTH H NeIHHKOBOH 00—
CTAHOBKH, a Takoke aHTponoreHHoro amusHusa. Mero-
IHUECKHE OCHOBR! MONOOHEIX HCCNenoBaHWH OhUTH
sanoxensl eme B 1970-x ropax. B nocnenxme rogel co-
BEPIIEHCTBOBAHHE METOLOB ODECTIEeYHIO NMepexol K
HOBOMY KA4YECTBY PEKOHCTPYKLHII naneogeHyaliuu
[18, 23, 38]. Ha cmeny moctaTouHO MpOCTOMY HH-
CTPYMEHTAPHIO, KOTOPLII MO3BOJISAI TIPOBOIHTE IPY-
Oble OLIEHKH, OCHOBAHHLIE HA MHOXECTBE JOMyLe-
uuii [13], npuxoguTt uenwiii HaGop KoMmILiEMeHTap-
HBIX METOOOB, ODecrneuMBAIHX HE3ABHCHMYO
BeEpHHKALIMIO MOMYyYEHHBIX JaHHBIX O TEMMAX JeHY-
OALMM 34 pasiHdHBIE WHTepBanm Bpemenu [23]. B
HACTOSIIEE BPEMS HMEIOTCH MATeONeTOMHCH KIHMa-
Ta ¥ WIHPOKOTD CIEKTPA XapPaKTEPHCTHK OKPY XA,
uieil cpeasl 4151 BCeX KOHTHHEHTOB, HO MOKA C He
CTATOYHBIM reorpadMYecKuM nokpeiTHeM [17,
JauacTyio HabnonaeTcs GonbLIOH KOHTPACT:
YECTBO Naneoo3epHEIX paboT no Anbnam Koy
Csl COTHSIMH, B TO BpeMs Kak Ha Kaskaze,
rOPHOTO OJIEAEHEHHS H3YyYeHa JOCTATOYH
a MarepHaisl 1o O3EPHEIM APXHBAM TOJ
0T HaKamtHeatkea [2, 4].

Hccnenosanmns naneomeHyIalHK Ha OC-
HOBE M3YYEeHHH O3ePHEIX KEPHOB peaoCcTaB-
JIAOT HHTEPEC C TOYKH 3PEHHA C EHHHA TEM-

NOB NepepacnpeencHus Ma B PasyTHYHBIX
BEICOTHEIX MOsCaX rop, Kotopde H MOABEPHEHE
BIHSIHHIO IeATENBHOCTH Ye. B Pa3H4YHOM CTe-
nenn. Orcyrcreie nonuﬁ»&onmxm SIRIISAIIOCE
OBl IPHHLIMITHATEHEIM 11 BHEM 15 PELLIESHMSH
psa MPOTHO3HBIX 34 . 15]. HenyaaumoHHblE
NPOLECCH MPOLLT eCTeCTBEHHBIM 0bpa-
30M APXHBHPOBaH BIX H TIPEATOPHLIX O3Epax.

Oumn CITYEAT CBOC MACIITAOHIMH CEOHMCEH-
TAUHOHHBIMH JIQBYIIKAMH, B KOTOPBIX HENMPEPRIBHO

OTKIIAALIBAETC pHas, NoCTyNaniuii co Beero
BogocOopHO iina [39]. B pabore [39] ormeua-
ercsi, 4TO KOHCTPYKLHH TAleoIeHyIalHH
HaWIY OM MOAXOOAT MANLIE OKPYINBIE
o3epa, MH crioHaMH. BomocGopuuiii Gac-
ceil nonxeH DRITE HEDONBIIOH IUIOWATH
M xapa 30BATHECH MPOCTHM THAPOIOTHYECKHM

pexXHMO
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Crout orMeTnTh, cnenys [39], uro B ecrecTBeH-

HOIii NpUPOIHOIi CHCTEME NOPHOE 038P0 — Gop-
HEl GacceiiH 3aM0XKeHO CYILIECTBEHHOE me-
CTBO MO CPABHEHHID C NMPAMBIMH TOY H HMH-
CTPYMEHTATLHEIMH HabIIOaeHHAMKH BHEIMH

sK3oreHHBIMH mnipoueccamu. Cep LIMOHHEIH
ApXHB Ha OCHOBE €IMHHYHOI o3epH ONIOHKH He
TONBKO XAPAKTEPHIYET BECh BO HEli Bacceiin,
51

HO M TIO3BOJSET NPOCIEIHTE U TEMIIOB Jie-
HYIALKH BO BpemMeHH [39]. EHHS Maneone-
TOMMCH AeHYAALMH 00pasi] HHEIE W3 KO/IOH-
KH 03€PHOTO OCaika, T ro, JaTHPYHOTCS.

BoapactHan mopens a4 OCHOBE TOICYEeTa

TOOHYHBIX CTIOEB, ECiIH MOMHO, M JaHHEIX Pa-

IHOYTNEPOIHOTO Ja WA HA COBPEMEHHEIX
r

ycraHoskax AMS mass-spectrometry) c
HE3aBMCHMON BepH Heil no NpHpPOTHOMY HM30-
Tomny 2°Pb u Texn My u3otony 'Cs nnsa Hanbo-
JIEe MOJIOZEIX nil. HesapucHMBEIMH MHAMKA-
TOpPaMH H3M MIIOB JIEHYJALHH BO BPEMEHH
SBJISIOTCH L'mh OCAIKOHAKOIUIEHHSA, H3IMeHe-
HHil mMarx BOCTIPHHMYHBOCTH M COIepXaHue

EMEHTOB B KEPHE.

B e€ BpeEMA VI KauYecTBEHHOH OLEHKH
H3IME IEHYIAIHH HA OCHOBE O3EPHBIX KEPHOB
HC 1, B YACTHOCTH, M30TOMNEI JIHTHA ¥ ypa-

METOAB OBLUIH HCMONL30BaHLI sl Kade-
CTBEHHEIX PEKOHCTPYKUHMIl NajieofeHylauuu s
ep B Asctpanud H B Espone [18, 36]. Ha ocHose
@ u3a goHHux ornoxeHuii [loiipanckoro osepa
erus, Makegonus) Gbina BEIARIEHA AaHOMATBHAS
sposust 3.5—3.1 TeIiC. neT mo H. B., oBycnoBIEHHAs
OypHBEIM PA3BHTHEM CEJILCKOTO X03AICTEA B pErHOHE
B 3TOT nepuoxn [36].

IMo Anbnam, KoTopsIe HAa JaHHLIH MOMEHT HanGo-
Jiee JETANBHO M3YUeHEl ¢ TOUKH 3PEHHS OLEHKH Jg-
HYOALHH, CHEIyeT OTMETHTb KAYECTBEHHEIE PEKOH-
CTPYKLMH H3MEHEHHIl TEMIOB AEHYJALHH, OXBaThI-
BalOLIME TONOUEH YaCTHYHO WIH TOJHOCTEIO,
BEITTONMHEHHEIE Ana caenyownx ozep: Jla Tyuns [7],
Amnnecu [33], Jlegpo [27], Haeo [29], [anaopio [16],
Mongze [37], Aarepn [20], Bypxe [5, 6], [lasuu [11].
OnHuM M3 NpUMepPOB NoAOOHOI PEKOHCTPYKLHH H3-
MEHEHHS] TEMIIOB [JEHYJALMHM /15 TONOLEHA MOTYT
CHIYAMTh PE3YILTATH HCCNENOBAHMS, BREINOIHEHHOTO
Ha 03. Jla Tymns (puc. 2). Jlannas netonuce gocTta-
TOUHO PETPe3eHTATHBHA, XOTs B ANblNax MOTYT Ha-
GniogaThcA perHoOHANbHBIE ocobeHHocTH. B Hauane
rofiolieHa HabOAaeTcs NOBHILEHHAS AeHYIALHs,
JANEE B CPEIHEM IONIOLEHE HHTEHCHBHOCTD SK30TEH-
HBEIX TPOLECCOB AOCTHTAET MHHHMAILHBIX 3Haue-
Huii. Haumnas ¢ 4.5 Teic. 1eT 00 H. B. 3HAYEHHHA HH-
TEHCHBHOCThL 3K30M€HHBIX MPOLECCOB MOBLILIAETCH
Ha oHe uaMeHeHus kinmata. Hakoneu, B nocnen-
HHE THICHYENIETHA AeHyaauus sce Gonee po3pacraer,
YTO CBS3aHO C POCTOM AHTPOINOIEHHOTO BO3OEH-
creus. [loxoxas nnHaMHKa H3MEHEHHH TEMINOB na-
NeofeHyJalHH BHEISIBIEHA W Uis BogocbopHoro Gac-
ceiina oa3. bypxe [6]. B nocnennme romgsl nosBHIKCE
HCCIIEIOBAHHS C KOJIHUECTBEHHEIMH OLEHKAMH Ma-
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Puc. 2. KauecTBenHan KAPTHHA HIMEHEHMHA NeHVAAIIMH B TONOLIEHE HA OCHOBE
KoHueHTpanms THTAHA HCIOILIYETCA KK HHIHEATOD TEPPHIEHHOR KOMIOHE!
uynamuu ). Mpumenanue. Henonsaverca ¢ o MIMANTEHOTD pajpelleHHa W

NeoAeHYIALMH HA OCHOBE HHTEPNPETALHH O3EPHEIX
OTNOXEeHWH, ogHako nomobHex paboT Ha DaHHBIH
MOMEHT CpaBHHTE/ILHO HeMHoro (Tabn. 2).

JloctaTouHO CIOXHO CYIMTBE O JOCTOBEPHOCTH
OLEHOK TEMIOE NANSOAeHYJaUHH, MOTYYeHHEIX L5
onHO# M Toii e ropHoii cTpansl Ha ocHose '"Be u
NPOJATHPOBAHHLIX JOHHEIX OTIOXKEHHWH 03ep.
CBfA3aHO ¢ OonBIIHMM pasbpocoM BETHUMH Oake
COMOCTABHMBIX MO TUIOIIATH H PACMOIOKEHH]
OJIHOM BBICOTHOM MOSICE PEYHBIX M O3EPHBIX
cGopos (cM. Tabn. 1 1 2). Pasbpoc MoxeT o
Csl, Kak (paKTHYECKHMH Pa3THUIHAMH B TEM y-

mauHu, o0YCIOBNEHHBIMH TE0I0I0-TEOM TH-
YeCKHMH 0COOEHHOCTAMH KAXIOTD H3 pOB,
TAK H HETOUHOCTBIO METOIOB OLIEHKH. HE MEHEE,
EIHHHYHEIE HCCIEA0BAHHUSA, B KOTOD OIHOTO
BonocOopa TEMMEI MaTeOIeHY AL EMAIHCE
OIHOBPEMEHHO HA OCHOBE JATH HHEIX OT/IO-

obpaHHOro Ha
OKA3AIH XOPO-
BPEMEHH, OXBATHI-
uenerus [23].

HEeHHH 03epa M KBAPLEBOTD MegKa,
OTMENAX BIANAKIIEH B 03epo
LIYED CXOOUMOCTE JJ158 HHTED

MM ¥ X MIMEHEHHIT BO
EPEMEHH IUIH TO pPaH B HACTOALLIEE BpeMS
HMERTCH NPAKTHYE 51 BCEX KOHTHHEHTOB, XOTSI
10 CHX TIOP HMEKTCH JOCTATOUHO OBIIHPHEIE TEPPH-

TOPHH, IS NogoOHEIE HCCNENOBAHKA EIle
HE MPOBOIHII MMEIOTCH TOIBKO eIHHHUHEIE
OLEHKH, T MO3BONSIOIIHE MEePEXOIUTE K Ce-
Phe3H HuaM. K uncny otHocHTenbHO Go-
nee H TeppHTOpHii oTHOCHTCH Anbnel B Es-

pomn uH, Crkanmucteie ropsl B CepepHoit
Amepn AHOaMepHKaHckHe AHnwl. uanason
JHAUYEHHMQYEMIIOB NANSONEHYIALHH, MOMyJYeHHBIH
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afSimeTO K 03, Jla Tvune (ua ocuose [7]).
'Q FIYECTHE KOCEEHHOID HHIMKATOPE 18-

Ha oc CNOAB30BAHMS PAITHYHEIX METOA0B [0~
cTa MPOK JaXe B Npeiesiax OIHOTD PerHoHa,
u‘:ﬁum&’r Ha MHOTOaKTOPHOCTE NPOLIECCOB H
y BEIBETPHBaHMS MaTepHana, ero nepepac-
npefeneHus Mo MyTH TPAHCTIOPTHPOBKH CO CKJIOHOB

a pex u cobcTBeHHO No pedHoi ceTH. Tem He

£€ MOXHO TOBOPHTE 00 ONpemeNeHHBIX TEHIEH-
LIMAX H 3aBHCHMOCTHX, CPEIH KOTophIX Hanbomnee yeT-

h KO MPOCIIeKHBAECTCH JOCTATOUYHO TECHAH CHBA3bL MEEITY

TEMIIAMH AeHYIALHH H CPETHHM YIKJIOHOM Bogochopa.
B cpeanem no Mepe pocTa yKI0HOB BogochopoB TeM-
Nl COBPEMEHHON M NANeoJeHyJallMH B HEHAPYLLIEH-
HBIX AESTENLHOCTEIO YeI0BEKA FOPHEIX TEPPHTOPHSX
BO3PACTAIOT OT HUIKOTOPHIi, e OHH COCTARIAIOT OT
1 mo 100 m/mnu net, mo 500—1500 m/mau neT B BricO-
koropHom nosice. OgHako 3a cueT aHTPONIOTEHHOI g-
SATEJILHOCTH CKOPOCTH JAEHYIALHH B HH3KOTOPHOM M0~
SICE MOTYT YBE/THUHBATLCA Ha MOPALOK M0 CPABHEHHIO ©
npupoaHeiME. [Ipe sTOM B ropax nogobHble BCILIECKH
sposul Hepenko ortMedanics 1 10002000 ner nasan,

Huuamuka uameHeHHi TEMIOB IeHYJALIMH B ro-
pax BHYTPH ro/OLUeHA Haubonee TOCTOBEPHO MOMET
OEITE OlleHEHA HA OCHOBE W3IYYeHHs MANe0apXHEOB
OOHHEIX OTIOXeHHH ropuex ozep. Mmemwmmecs k
HACTOSIIEMY BPEMEHH NAHHEIE CEMIETENLCTEYIOT O
IMKIHYHOCTH W3MEHEHHsS TEMIIOB IeHY ALY 3a ne-
puon ronoueHa. TeM He MeHee, NOKA e1le HEIOCTATO-
ueH uMemlHiics DaHK JAHHEX Anf OOBEKTHBHOIO
pasneneHHa BIHAHMS TOKATEHEIX ocobeHHOCTel nme-
pepacnpeIeleHa MATEPHANA B PEIeTaX KOHKPETHO-
ro Bogochopa M PErMOHANLHEIN 3aKOHOMEPHOCTEH,
MPOCIEXHBAIIIMXCH 115 OB HPHEIX TEPPUTOPHIA.

INoka ewme UMEOTCH TONBKO OTAEIEHEIE HCCIEIO-
BAHHSA, TOE 18 OOHOTO HIIH TPYTINE peuHbIX Gaccei-
HOB 1A OLEHKH JeHYIALHH OQHOBPEMEHHO HCIOMb-
30BANCH HabOp METONOE, BKIKYAKILIHI IaTHPOBKH
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O3EPHLIX OTJIOXKEHHH M PEUHOTO MECKA C HCTOIb30-
sanueM "Be. Oun ceupeTenscTByIoT 0 Xopoweii cxo-
IMMOCTH B ONPeIeieHHH CKOPOCTei IeHy1aumu, no-
JyueHHBIX Ha ocHoBe npuMeHeHus '"Be u susnnen-
HBIMH [1J151 IPHIIOBEPXHOCTHLIX TOPH30HTOB OHHKIX
OT/IOXEHUI, OXBaTLIBAOLWIT MHTEPBAT BPEMEHH B
nocnegHue yersipe Teicsiuenetus. [Ipu sTom mocra-
TouHOo Gonbluoii pa3bpoc BeNWYHH TEMMOB AeHYAa-
LMK, NoayyeHHbIX Ha ocHoBe '"Be, suisinnen s pas-
MHUHEIX DacceiiHOB peK, PacNONOXEHHBIX B OJHOM
BEICOTHOM MOsiCE B NMpeaeiaax ogHoi ropHoii cucre-
Mbl. 9T0 MOKET ORITE CBA3AHO KAk C (haKTHYECKHMH
pPalTHIMAMH B TEMNax AeHYJAlHH B Mpelenax ped-
Heix OacceiiHoB, oOyCIOBNEHHBIX paITHUHAMH B
CTPOEHHH pelbedha H IHTONOTHH MOPO, TAK H HEA0-
CTATOUHOH TOUHOCTLIO METO/A.

Janeueiiine uccneqoBaHus HeOOXOAHMEl KakK B
uyactH Bonee IWHPOKOro TEPPHTOPHAIBHOTO OXBaTa
MCCEN0BAHUAMH 110 OLIEHKE COBPEMEHHOH M mane-
OIeHyAALMH, B YACTHOCTH FOPHEIX CTPaH Ha TEPPHTO-
pun Poccuu, Tak M B I1aHe COBEPILEHCTBOBAHHS TOY-
HOCTH CYLLECTBYIOLIMX H Pa3paboTKH HOBLIX METOIOB
OLIEHKH HHTEHCHBHOCTH 3K30TEHHBIX MPOLECCOB M
TEMIIOB MepepacnpeieleH s BELIECTBa Ha CyLe.

OHHAHCHPOBAHHE

Pasnen ganHoit patota no "Be nogroToRIeH B paMKax
roczaganua Muctemyra reorpadwms PAH 0148-2019-0005
(AAAA-AT9-119021990091-4). PaBota Ham OCTANBHBEIMH

“KomMuecTEeHHAA OLEHEA DaccefiHOBOH COCTABITHNY
CTOKA HAHOCOE H 88 HIMEHEHHH B ro/IOlEHE HA PEKAX
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Evaluation of the Paleodenudation Rates in the Mountains:
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A. M. Grachev' * and V. N. Golosov'-2
! Institute of Geography, Russian Academy of Sciences, Moscow, Russia
?Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia
*e-mail: agrachev@igras.ru

The article systematizes methods for studying modern and pa]:n-d:nudaunn rates and s
lished data on the paleodenudation intensity obtained using '
iments for mountainous areas of different regions of the world. It has been shown thg
studied territories in terms of assessing paleodenudation rates are the European A
Mountains, and the Andes. Paleodenudation rates determined for river and lake caigh
of the world vary over a wide range in the interval 2—3240 m/10° years. Similarly to 1§
for modern denudation, there is a high correlation between the paleodenudatio
slopes. Nevertheless, the local landscape features of specific river basins and thei
cene determine the spatial variability and dynamics of changes in the denuday
human activity intensifies and leads to a 10 to 100-fold increase in the denu

marily within the foothills and low mountains.

Keywords: Holocene, mountains, denudation, gquantitative methods, 1
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