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BBEAEHUE

[MapameTtpuszanusi ¢GU3NUYECKUX MPOLIECCOB B
dopMe SMITUPUIYSCKUX OTHO- M MHOTO(pAKTOPHBIX
JIMHEWHBIX ypaBHEHUI perpeccuu IMpOKO MpuMe-
HsIETCS B TMAPOJOTMYECKUX U KJIMMaTUYeCKUX pac-
yetax. [IpumMeHeHUe 3TOro Meroja B MISIMOJOTUU
3aTpyAHEHO OTCYTCTBUEM MHOTOJETHUX OaHHBIX O
pexume oneneHeHusi. Pabora HampaBiieHa Ha peliie-
HHE JIBYX BaXXHbIX MPOOJIeM TMAPOJOTrUU JIETHUKOB:
1) pa3paboTKy MeTona TMapaMeTpu3alMyd U pacuéTa
€XErOoJIHbIX UBMEHEHU N JIEAHUKOBOTO CTOKa B KPYII-
HBIX peYHBIX OacceifHax CeBepHOIo MOJyIIapus Ha
OCHOBE: MOJyYeHUSsI U MPUMEHEHUS IMHEWHBIX 3aBU-
CUMOCTEN OT BpeMEHU PEruoHaIbHbIX MOP(OJIOorn-
YECKMX XapaKTEPUCTUK — IJIOLIAAN OJICHEHEHMS Fy,
BBICOThI HaYaJla JISTHUKOB Z,, UX KOHUA Z,q M CPEIl-
HEM BBICOTBI Zy,eny = (Lpeg T Zeng) X 0.5; Monenuposa-
HY€ BJIUSHUS BHYTPUTOJOBBIX U MHOTOJIETHUX U3ME-
HEHUWI Ha JIEAHUKAX BbICOTHI IUHUU PABHOBECHS aK-
KymyJsiiiu 1 abasiuuu (nanee — ELA, equilibrium
line altitude) Ha cocTaB TUMOB TaIOIIEI ITIOBEPXHOCTU
JIETHUKOB U 00bEM JIENHUKOBOTO MUTAHUSI; IPUME-
HEeHWe MPUOIMKEHHOTO pacuéTa yaeabHOW TogoBOM
abJsIuK Kak QYHKIIUU CpelHe JieTHelt TeMIiepaTy-
pHI BO3ayxa; 2) pa3paboTKy MpOTrHO3a JIETHUKOBOTO
MUTaHUSI C 3a071arOBPEeMEHHOCTbIO OUH MeCSIL JJIsT
€XEroJHbIX BEJIMUMH U HE MEHee OJHOro roja s
CPEeIHNUX MHOTOJIETHUX.

NudopManimoHHONH OCHOBOM IS TUAPOJIOTHYE-
CKMX U IJISILIMOJIOTUYECKUX PACUETOB CIYKUIU MHO-
roneTHue n3MepeHus croka (Bodo; EauFrance; Fed-
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eral Office for the Environment FOEN) Ha ruaporio-
ctax B 6acceitHoB pek EBpasum (Katyns, bakcaH),
Cesepnoii Amepuku (FOxon, Makkensu, Jluapm),
Henrpanproit EBponsl (Pona, MaH), LlenTtpanpHoit
Asum (ITsumx, Baxm, 3epasmian, Hapwia, I'vHT,
Cox); naHHBIe MOHUTOPUHTA MTapaMeTpPOB OJieJcHe-
HUS B 6acceitHe p. Pona 3a 1971—2016 rr. (Fischer et
al., 2014; Fluctuations of Glaciers Database, 2017;
Paul et al, 2020); MHOTOJIETHHE U3MEPEHUS OCAIKOB
U TeMIlepaTypbl BO3AyXa Ha METEOPOJOTMYECKUX
CTaHLIMSIX, PACIIONOXEeHHBIX HAa Tepputopun 1lIBeii-
napuu (Federal Office of Meteorology and Climatol-
ogy MeteoSwiss), ITamupa u Tsaub-Iang (Williams,
Konovalov, 2008).

PekoHCTpYKIIMSI BLICOTHO-TUIOIIAAHBIX XapaKTe-
PUCTUK OJIeAeHEeHMsI C TOOIMYHBIM pa3pellIeHIeM Bpe-
MEHHBIX PANOB Fy, Z. 4, Ziegs Zmean BPITIOIHIETCH TIO
OrpaHUYE€HHBIM JAHHBIM PETMOHAJIBHOTO MOHUTO-
puHra oneneHeHus. [IpuBenéH mpuMep YMCISHHOTO
ONMCAaHUS 1 aHAJIN3a €XETOIHOI peKOHCTPYUPOBaH-
HOM IMHAMWKM ITapaMeTPOB OJIeIeHEHUS B BEPXOBbE
p. Pona (runponoct ITopT-m10-Ce) Ha 0CHOBE UCXO/I -
HBIX JaHHBIX, onyboimkoBaHHbIX B (Fluctuations of
Glaciers Database, 2017; RGI Consortium, 2017; Paul
et al., 2020). MHoroJjieTHee perioHaJIbHOE M3MEHe-
Hue B 19712015 rr. BemuuHbl £, ¥ B3BELIEHHDIX 10
TUIOINAN MAPAMETPOB JIENHUKOB: Z, Zpegs Limeans
Zy = (Zna t Zinean) X 0.5 — BbICOTA 005aCcTH ab7s1-
uuu, Z,. = (Zyean T Zoeg) X 0.5 — BbICOTA 00J1aCTH aK-

KYMYJISIIIAY WLTIOCTPUPYET puc. 1.
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Puc. 1. UameHeHMe mapaMeTpoOB oJieieHeHUsT B BepxoBbe p. Pona B 1971—-2015 rr.
a: I/ISMCpeHHBIC rmapaMeTpsl ojieieHeHusT [ — Zbeg, 2—Zeans 3— F, ol B 1971, 2003, 2015 r.; 4—6 — nmuHeitHas punbTPaAS Zbeg>

Z

mean»
6: mapaMeTphbl oNefeHeHUs! [ — acs

OCb OPIMHAT — OTHOCUTCH K Z,, IPpaBasd — K Zyp U Zgpg-

Fy); 7— KBaqpaTuyHas annpoKCUMaLys napamerpa Fy.
Zools 2— Zoey 3 — Zopng B 1971, 2003, 2015 1.; 4—6 — nuHeitHasg GunbTpauus Zyy,, Z,., Zeng- JleBas

Fig. 1. Change of glaciation parameters in the upper Rhone River during 1971-2015.

a: measured parameters of glaciation 7 — Zye,; 2 —

7 — quadratic approximation of the F, ol barameter.
0: parameters of glaciation 4 — Z; 5 Zoe; 6 — 7,
of the ordinate refers to Z,, the right — to Z,,; and Z, 4

[TpensaputenbHas annpokcumanus Fy(k) B Buie
KBaapaTnaHoit hopmyinsl Fy(k) = flk?, k, const) mo-
Kazajna HeyenecoobpasHocms IPUMEHEHUST TaKo 3a-
BUCUMOCTHU, MOCKOJbKY HET KJIMMaTUYECKHUX OCHO-
BaHuUi i pocta Fy ¢ 1973 no 2003 1. 3nech u nanee
k — MOpsSIIKOBBIN HOMEp rojga B SMIIMPUUECKOI BbI-
o6opke. B tanHOM ciryyae 6oyiee 000CHOBAHO IIpUMe-
HeHME MeToja JUHEeHHON (UILTpalluy IJIsT Omuca-
HUS €XETONHOM IMHAMUKY IUIOILAIN JIETHUKOB Fy 1
Zends Zoegs Lean B OTIEIBHBIX YaCTSX WHTEpBaja

19732015 rT.

AHajiornuHbele Tpadukyd U pe3yabTaTbl PEKOH-
CTPYKLMU €XKETONHBIX 3HAYCHUIN Fy, Zongs Zopis Loegs
Zeans Zac TOTYYEHBI MOCAE 00pabOTKM OrpaHUYEH-
HBIX JAHHBIX MOHUTOPUHTA COCTOSIHUS JIGTHUKOB B
bacceiiHax rmputokoB p. Tepek (CeBepHblii KaBka3)
u p. 3anagHas Keizeuicy (ITamup). Ot pe3yabraThl
CITyXaT KJIIO4eBO BXOMHOU WMHpopManmeit s pe-
TMOHAJIbHOTO pacuéTa TakKux XapakKTepUCTUK, 3aBU-
CSIINX OT BBICOTHI Z, KaK yneJabHast abJsius/TasHue
Jibaa, (pvpHa U CHera; ocaiku, TeMrepaTypa Bo3ayxa
U YIIPYTOCTh BOASTHOTO Tlapa B BO3IyXe.

METO/IMKA PACUYETA ABJIALUUU

Kak nokazano B pabote (KoHoBasnos, 2021), ro-
OOBOM OOBEM W,1 TagHUS Ha TUIOIAIN OJIEAEHEHUSI
Fy B nepsoM HpI/I6J'II/DKCHI/II/I MOXHO TIPUHSITH paB-
2023
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nd in 1971, 2003, 2015; 4—6 — linear filtration of Zyy,, Z,., Z,

Zmean> 3 — Fg in 1971, 2003, 2015; 4—6 — linear filtration of Z;,eq, Zineans Fols

nd- The left axis

HBIM TIPOU3BENEHUIO Fy Y TOIOBOTO CJIOsI AOJsALUN
Ab(Z,,ean) HA CPEAHEN BBICOTE IETHUKOB Z 0y = (Zog +

+ Zpep) X 0.5:
(D)

rne Ab — ronoBoii cioit abasuuu (TasiHUSI) B MM Ha
BBICOTE Z,,,, KAK (OYHKITUSI xapaKTepHoﬁ TeMITepary-
pbl Boznyxa T = T(Z) Ha BbICOTE Z\con. 3AECH Ly,
Zj,eg — COOTBETCTBEHHO BBICOTHI KOHIIA M HaYasa pac-
npenenenus Fy = Fy(Z). Heob6xonMMo TakKe BbIIo-
HEHUeE YCJIOBUS TUHEHOTO U3MeHeHust Ab = Ab(Z) u
MOCTOSIHCTBA y4eTa BpeMEHHBIX KojebaHUl Tapa-
METPOB Z,4, Zieg-

PacnipoctpanennsiM (Kpenke, Xomakos, 1966;
Kpenke, 1982; Konosamnos, 1985; Hock, 1999; Kono-
BaJjioB, [lumankuHa, 2016; Buiecos, 2016; KoHoBa-
noB, 2021) meTomom ompeneneHus1 ciiost Ab = Ab(Z)
clyKaT amMrnupudeckue ypaBHeHust Ab =f(T). B uact-
HOCTH, TI0 TaHHBIM O TeMIlepaType Bo3ayxa 1 abJsi-
o B 11 paifonax HaomoneHnii, 10 n3 KOTOPBIX pac-
noyioxkeHbl B CeBepHOM MOJIyllapuu, a ONUH B AH-
TapkTHae, B pabore (Kpenke, XomakoB, 1966) 6bl1a
MoJydyeHa yCIOBHO “IIo0aibHast” 3aBUCHUMOCTH T'O-
JIOBOI aOJsSIlUM OT CpedHeM JIeTHEl TeMImepaTyphl
Bosnyxa Ab = f(T,)*. B a10ii pabore (Kpenke, Xona-
KOB, 1966) 1 6ojiee mo3agHMX Myoaukauax (Buirecos
u 1p., 1980; Buitecos, 2016) ycTaHOBIIEHO IIPOCTpaH-
CTBEHHOE M3MEHEHME DMITMPUIECKNX KO3PDUIIeH-
TOB B hopmyie Ab = f(T,)>.

I_Ab( mean)Fl’

g
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KOHOBAJIOB

Ta0auua 1. PerroHanbHbIe XapaKTepUCTUKU CpeqHeit Temmnepatypsl Bo3ayxa T, u T

Peruon [ Beitapus ABcTpusi IMamup C?;f;im Tsaub-1llanp
Tonpt 1971-2016 1971-2016 1966—2005 1946—2005 1960—1992
Npst * 19 9 20 6 18
Z s> M (MHTEPBAI) ** 273—3580 280—3105 329—4169 702—2927 760—3639
Zt> M (cpenHee) 941 938 2244 1645 1868
Long, east™** 6.13°—10.98° 9.61°-5.91° 67.61°—73.91° 41.73°—46.25° 69.52°—78.48°
Lat, north 46.00°—48.45° 46.83°—48.62° 36.73°—39.73° 42.37°—43.73° 39.83°—42.85°
Y rpam °C kv ! e —6.44...—6.18 —6.10...—5.85 —6.44...—5.96 —5.23..-5.22 —7.50...—6.64
T, °C*¥xx | T(Znst) 6.4 5.8 6.7 4.8 6.3
S 0.71 1.82 2.00 1.97 0.39
S/c 0.13 0.32 0.30 0.46 0.32
T,°C T(Zs) 15.5 15.1 17.3 14.1 16.3
S 0.81 1.31 2.12 1.20 0.18
S/c 0.16 0.24 0.31 0.30 0.24

* Bk .ok .
Nipst — YMCIIO METEOCTaHUMI; **Z — BpICOTaA HAX yp. MODS; Long n Lat — reorpacduyeckre KOOpaAUHATHI (I0JIrOTa U IIMPOTA);

Y rpan °C km -1 BEPTUKAJIbHBII IPaIMEHT TeMIIepaTypbl Bo3/1yXa B peruoHe; [yt Bcex mepeMeHHBIX, Ie 3HaUYeHUsT pa3aeeHbl
3HAKOM THUPE, CJIEBA OT TUPE NTPUBENEHEI MUHUMAJIbHBIE BEJIMYMHEI, 4 CIIPaBa — MAaKCUMANbHbIE; ***** T (Z), T (Z) — COOTBETCTBEHHO,
onHo(aKTOPHbIE 3aBUCUMOCTH TEMIIEpaTyphl BO3/1yXa arnpesisi U MIOHS—aBrycra OT BBICOTbl MECTHOCTH Z; § — CpeqHeKBaApaTUYHasI
ommbKa pacueta 7 S/G — Kputepuii KadyecTBa pacYETHOMN (hOPMYITHI.

Jag TmpuOJMKEeHHBIX PErMOHaJIbHBIX pPacueToOB
ronoBoit adnsiiuu Ab = f(T) ucnonb3oBaHa (hopMyia
(2), npennoxeHnHas B padote (Kpenke, 1982):

Ab =1.33(T, +9.66)"", )

rae Ab — ynenbHast a6y (TassHue + ucrapeHue) B
MM, T, — cpeaHsis JIETHssl TeMIiepaTypa Bo3ayxa 3a
utoHb—aBrycT B °C Ha BbIcOTe Z,,,,- BBUAY KpaiiHe
HE3HAUYUTEJIbHOTO BKJIala CJI0s MCIIapeHUs] B BeIU-
yuHe Ab, dopmyna (2) HauboJjiee IpUrogHa s
omnpeaeaeHus caosl TassHuss M MOBEpXHOCTU JIGAHU -
ka. [ToaToMy B kauecTBe olieHOK M Ha JenHukax Ce-
BEPHOTO MoJjylliapus OyaeM MpuHUMaThb BO BHUMAa-
HUe pe3yJbTaThl pacuéra no popmyse (2).

H3meneHue BepTukaibHoro npodwis 7,(Z) B pe-
3y/JibTaTe M3BECTHOTO SIBJIEHUS “cKauKa TeMIlepaTy-
pbl Bo3nyxa” T, mpy mepexoe ¢ TPyHTOBOM OBEPX-
HOCTH Ha JIETHUKOBYIO YYTEHO B OacceifHax pek 3a-
nagHast Kempuicy (ITamup) m Pona (Anbmbel) 1m0
pEerMoHaIbHOM aMIMpuIecKoit popmyiie (3), moiry-
yeHHOI1 B padoTe (XomakoB, 1978):

loguT, = 0.28F, — 0.07. 3)

Pesynbratel onpenenenus Wy, (k) o dhopmynam
(1—-3) HocAT NPUOJMKEHHBIN XapakTep, TaK Kak He
VYUTBHIBAIOT U3MEHEHME TUIIOB JESTEILHOM ITOBEPX-
HOCTH Ha riomanu Fy (JIEQ 01 MOPEHOM, OTKPBITHIiA
nen, GUpH, 3MMHUWI U JISTHUM CHET) B TeUEHUE TIPH-
HSITOro MHTepBaja BpeMeHH. KpoMe Toro, ocraercs
OTKPBITEIM BOIIPOC paguKaJbHOTO ydeTa MpPOCTpaH-

CTBEHHbBIX U3MEHECHU I SMIIMPUIECKUX ITapaMeTPOB B
dopmyne (2).

IIpoeno3swr aeonurxosoeo numanusa. Haydnast ocHO-
Ba METOJIa — PAcyeéT M MPOTHO3 BpPEeMEHHOro psia
TemIiepatypbl Bo3ayxa 1,(Z, can), KOTOPASI CTYKUT ap-
TYMEHTOM JIJISI OIIPEeAeIEHUS CI0sl aOJISIIUK Ha TITO0-
uranau oneneHeHus Fy. [1o MICXOMHBIM TaHHBIM, ITEpe-
YUCJCHHBIM B Ta0J1. 1, MOIyYeHbI €XXErOIHbIE BEPTU-
KajbHble Tpoduiu Temmeparypbl Bo3myxa 1, =
=T,2), T, = T(Z2) n dopmynsl qist pacyeta T, Kak
dyHkuuu T, c koadduMeHToM AeTepMUHALIUU 00-
nee 0.90. Takum o6pa3oM, B perMOHaJIbHOM MacllTa-
0e BIepBble YCTAaHOBJIEHO, YTO TeMIIepaTypa Bo3ayxa
anpens T, obecrieunBaeT ¢ MECSIYHOU 3abiaroBpe-
MEHHOCTBIO MPOTHO3 7, 1 COOTBETCTBEHHO MPOTHO3
CJI0S1 TOAOBOM a0JsILUU Ha BBICOTE Z ... IIpU 3TOM
peruoHanbHblil pacu€T Ty(Zyean) U Ti(Zmean) B k-€ TO-
JIbl BEIOJIHSIETCS IO (popmyiie (4):

T (Zean) = =0 (k) Zean (k) +Bo (k). (4)

rie Z — BbICOTAa Haj yp. MOpsi, O, B, — aMmupuye-
CKHE MapaMeTPbl, KOTOPbIE UMEIOT MHOTOJIETHU I XOT,
U OmpelenstoTcs OTAeAbHO s mnpoduneinn 7, =
=T(DuT,=T(2).

OcHoBomnojarawpllee 3HaueHue ISl TIPOTHOo3a
Ab = f(T,) c MecsuHOIi 3a0,1arOBPEMEHHOCTbIO UMEET
BEPTUKAJIbHBIN TPOMUIIb CPeIHEN MECSIUYHOI TeMIie-
parypsl Bo3ayxa T, = T,(z, f), KOTOPBIil oIy4aeM 1o
IAHHBIM METEOPOJIOTUYECKUX CTAHIIMU B Haydayie

JEO U CHET Ne 2
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Puc. 2. [IporHos ynenpHoi abasiuuu Ab(f) MM/TOI Ha BBICOTE Z 0, = ng Y OTHOCUTEJIbHASI pa3HOCTh MEXIY Ab(ng) u Ab*(ng)
B %. a: I u 2 — B GacceiiHe p. 3anagHas Kei3buicy; 6: 3 u 4 — B 6acceiiHe p. PoHa.

Fig. 2. Forecast of specific ablation Ab(#) mm/year at an altitude of Z,,.,, = Z, and the relative difference between Ab(Zg) and
Ab*(Zg) in %. a: 1and 2 — in the basin of the Western Kyzylsu river; 6: 3 and 4 —in the basin of the Rhone River.

Masi, ¥ BIiepBbIe HalilecHHbIC perMOHAIbHBIE 3aBUCH -
moctu T, = f(T,, ). YcTaHOBJIEHO, YTO JISl pEeIIEHUs
3aJa4y MPOTrHO3a MHOTOJETHUI XOI SMITUPUYECKUX
rnapameTpoB B JIuHeiHbIX dopmynax T, =fA(T,, f) cine-
JIyEeT alIIPOKCUMHUPOBAThH C ITOMOIIILIO METOIa I KOM-
nbroTepHoil mporpammbl “I'ycenuna” (I'onsHauHa,
2004). B utore nporHo3 romoBoii abIsSIIMKM Ha BBICO-
Tax Z(#) B KOHKPETHOM PEYHOM OacceitHe BBITIOHS-
ercd no BeipaxeHusim Ty = f(T,, 1), Ab* = f(Tx) n
Fy = Fy(1). Cpennss oTHOCUTEIbHAs OlIMOKa pacye-
Tta Ab = f(T,) no 3aBucumoctsim T, = T,(z, ) B bacceii-
Hax pek Ponbl u KEBI3BUICY cocTaBHMIa, COOTBET-
cTBEHHO, 1.6 (6.7%) 1 5.0 (10.5%), B ckOOKax rpuBe-
JIeHBI OTHOCUTEJIbHBIE OIIMOKU TIPOTHO3a B 3TUX XK€
OacceiiHax. [IporHo3Hbie 3HaUeHUsA Ab* =f( T+, t+ 1)
CUMTAEM JEUCTBUTEILHBIMU A0 CEHTSIOPST TEKYILIETO
rona. [Tocye aToro Bo BpeMeHHbIX psinax Ab = (T, 1)
u T, = f(T,, {) pe3yapTaThl pacuyeTa U MPOTHO3HbIE
3HAYEHUS MTapaMeTPOB 3aMeHSIOTCS (haKTUIECKUMU.
M Tax painee mo ciemyloniero ciaydas nporHo3a Ab* =

=AT.).

MHorojieTHee N3MEHEeHNE TTPOTHO3MPYEMBIX Be-
JTauH Ab*(Zg,) v OIIMOKY TIPOTHO30B OTHOCUTEJIBHO
Ab(Z,), B KaueCTBE WIUTIOCTPALIMU PELIEHHUS TIOCTaB-
JICHHOM TIpO0GJIEMBI, TIPEICTaBIeHBl Ha pHC. 2. DKC-
TpeMajlbHOe 3HaueHue Ab(Z,) TUAPOJIOTUYECKOTO
pexuMa ojieneHeHusI B OacceitHe p. Pona B 2003 .
(cm. puc. 2, 6) moarBepxmaercs (Klimawandel in der
Schweiz, 2020), o6mum misa Iseitnapun 3a 1960—
2016 IT. MAKCUMYMOM TEMITepaTyphl BO3AyXa U OTPU-
IaTeIbHBIMM 3HAYEHUSIMH OaaHca Macchl oJieicHe-
Hug B 2003 1. BCaencTBUE aHOMAJbHOIO TassHUSI Ha
IISITH CIIPaBOYHBIX aJlbIiuiickuX JemHuKax (Fluctua-
tions of Glaciers Database, 2017). JonmoiHUTEIbHBIE
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XapaKTePUCTUKU K pesyibrataM NporHosza Ab(Z)
cojaepxKatcs B Ta0. 2.

Hccaedoeanue u npoenos unoexca 1e0HUK08020 nul-
manusn. PernoHasbHOE UCCIeOOBaHUE IIPOCTpaH-
CTBEHHO-BPEMEHHBIX KOJIeOaHMI NHAEKCA JISTHUKO-
BOTO NMUTAHUA O, TIpemtoxeHHoro B padore (ILyibll,
1965), BBIMOJTHEHO aBTOPOM IO MHOTOJIETHUM €Xe-
TOTHBIM M3MEPEeHUSIM CTOKa B OacceiiHax pek EBpa-
3uun, CeBepHoit AMepuku, LlentpanbHoii EBpornbl 1
HenTtpanbHoil Asun. UHaeke O paBeH OTHOIIEHUIO
MEXIy 00bEMaMu cToKa W mmbo cpemHUMH pacxoia-
MM BoIbl Q 3a MEepUOIbl UIOIb—CEHTIOph (Q7_) U
MapT—UIoHb ((Q;_¢). Cuntaercs, 4yto oO6bEM W, _,
00yCJIOBJIEH IIpeobiagaHrueM JISTHUKOBOTO ITUTaHUS
peku, a oobem W;_g — cHeroBoro. Pe3ynbraTel pacué-
TOB MHIEKCA O IPUBEAEHBI B Ta0JI. 2, [Ie YYTEHBI JaH-
Hele (Bodo; Fluctuations of Glaciers Database, 2017;
RGI Consortium, 2017; Paul et al., 2020).

B urore ananusa 3aBucumMocTt 6 = () ycTaHOB-
JIEHBI BaXKHBIC PeTMOHAJIbHBIEC BHIBOILI OTHOCUTEIb-
HO IMHAMWKHU U TTOCIIEACTBUN U3MEHEHUSI COCTABIISI-
IOIIMX PeYHOTo cToKa. Tak, rpagveHT ypaBHEHUSI TV~
HEWHOTO TpeHga I MHIEKCa O BO  BCEX
pacCcMOTPEeHHBIX PEYHBIX OacceifHaxX UMeeT OTpHIIa-
TeJIbHOE 3HAaUYeHMe, YTO YKa3bIBaeT Ha COKpalllcHUe
JIEMTHUKOBO-CHETOBOIO MHUTAHMSI, TOYHEE — TOJBKO
ero JeTHUKOBOI cocTaBisoneii. HecMoTpst Ha 3710,
TogOBOI CTOK YMEHBIIWJICS TOJILKO B TPEX Oacceii-
Hax, a B OCTaJIbHBIX HA0JII0AAI0Ch YBEIUYEHUE TOJ0-
BOro cToka Q,.,, BCaencrsue pocra Q; ¢, KOTOPBIiA
MepeKPhIBa YMEHbLIEHUE O _q.

Ns3menenue B teueHue 1905—2054 rr. cpegHux
MHOTOJIETHUX 0OBEMOB peuyHOro cToka p. PoHa 3a ka-
JIeHJapHblil ron W,.,., BereTallMOHHbII Tiepuon (am-

year»
penb—CceHTIA0ph) W, M OTHOIIEHNUS O WILTIOCTPUPY-

cg
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Ta6imna 2. PerrnoHaibHble XapaKTEPUCTUKU OJIEICHEHUST U CTOKA B PEUHBIX bacceitHax
Tombl I'pamueHT TUHEHOTO TpeHaa y = f{f)*****

Pexa Fb* Fgl/Fb** dear*** | N
HaOJIIoneHUT Sun 5gr 07 05 ¢ dear

Cesepuas Eepasus
KaryHb 58400 0.90 611.6 1936—2000 65 0.96 0.0 —1.04 | —0.95 —0.71
bakcan 2100 6.67 34.2 1931-2007 77 2.50 | —0.007 | —0.01 0.09 0.04

Llenmpanvnas Azus
ITstHmK 113000 6.10 1082.3 1932—-2009 78 1.56 | —0.001 1.49 1.84 1.42
Baxiu 29500 12.30 619.4 19352010 76 1.88 —0.007 | —0.45 2.08 0.43
3epasiiliaH 10200 5.47 161.2 1914—2009 96 2.35 —0.008 0.34 0.52 0.31
Hapoin 10500 11.90 91.2 1933-2008 76 1.85 —0.001 0.42 0.28 0.24
'yt 13700 3.22 106.8 1940—2005 66 2.60 | —0.009 | —0.04 0.30 0.11
Cox 2480 9.72 44.1 1933—-2009 77 3.43 —0.004 0.36 0.14 0.14

Cesepnas Amepuka
FOkon 831390 2.59 6425.9 1957-2017 61 1.69 —0.001 5.25 7.95 16.03
293265 2391.6 1951-2002 52 1.55 —0.003 4.58 6.63 6.09
Maxkxkensu | 1680000 0.09 9052.5 1943-2016 74 1.41 —0.003 5.63 | 26.97 14.04
1570000 0.10 6784.5 1959—-2000 42 1.40 | —0.005 | —8.64 | 21.57 7.87
JInapn 222000 0.35 1910.7 1960—2000 41 1.39 —0.004 | —-7.92 19.66 7.81

Llenmpanvuas Eepona
Pona 96359 0.82 1697.6 1920—2014 95 0.50 0.0 —-2.70 | —1.76 —0.27
5089 | 14.05 180.2 1905—-2019 115 1.12 —0.005 | —1.00 0.15 0.003

Wnu 25665 1.58 737.6 1930—1984 55 0.87 | —0.003 | —0.02 0.01 —0.02
11983 353.9 1827—1930 104 1.05 —0.001 | —-0.12 0.33 0.05

*Fj, — Tutomanp 6acceiina, KM 1/ F — OTHOCUTENIbHAS IIOLIANb OIEACHEHUS Fyy, %; ***Qyeqr — CPEAHMIA TONOBOM PACXOIL BOADI,

M3/CGK; *Hk N, — QHCITO JIeT HAGMIOACHUIL; *****§, = — cpenHee 3HaYeHHUE MapaMeTpa J; Sg, — IrpaJMeHT YpPaBHEHUS IMHEMHOTIO TPeHIa

8 =0(1); O7_g 1 03_g — COOTBETCTBEHHO, CPEAHIE MHOTOJIETHIE PACXOMBI B M3/CCK 3a MEPUOJIbI MI0Ib—CEHTIOPh U MAPT—UIOHbD.

Ta6auua 3. CpenHue 3HaYeHMsI O U COCTABIISAIOLIMX CTOKA P.

Pona B 1905—2054 rr.

NHTepBabl Jet
IlepemenHas
1905—1934 1935—-1964 1965—1994 1995—-2024 2025-2054
) 1.44 1.34 1.08 0.97 0.80
Woegs KM 4.488 4.400 3.862 3.793 3.498
Wiears 3 5.553 5.665 5.757 5.809 5.932

IOT JaHHbIe Ta0i. 3. OXugaeMble BEJIUUYUHDL O, W eas
Wiear s 2025—2054 IT. paccunTaHbl MO JTUHEHHBIM
ypaBHeHusiM & = 8(f), R? = 0.96; W,., = f(§), R* =
= 0.98; W0y =f(8), R*=0.94, nonyuenHsim 3a 1905—
2024 rr. 3HaueHus O B 2020—2024 rr. nostydeHbl my-
TEM SKCTPAIoOIALMNA 1o ypaBHeEHMIO & = O(f), Haii-
neHHoro misg naTepBaia 1995—2019 1. 3neck 1 nanee
R? — kosdduumeHT nerepmuHauuu. TakuMm obpa-
30M, MHIEKC O [UIS BEPXOBbS p. PoHA okaszajcs He
TOJILKO PENMpPE3eHTATUBHOM XapaKTEPUCTUKOMN U3MeE-

HEHUS COCTABJIAIONIMX CTOKA peKU Wiy, Wi, HO 1

BITOJIHC IIPUTOAHbLIM apryMEeHTOM IJIA JOJTOCPOYHO-
TO IIPOrHO3a 3TUX NMNEPEMCHHDBIX.

Cocmasasrougue 1e0HUKO6020 NUMAHUSL 6 PEHUHBIX
bacceiinax. Jlanee N3JI0KeH CIOCO0 YTOYHEHMST 00BEMA
JIEAHMKOBOTO NuTaHus W, Ha ocHoBe hopmyisl (1),
IIPY yCIIOBUU COXpaHEHWsT MeToda pacdera Ab =
= f(T,) u nporHo3a Ab* = f(T,+) NyTéM UCOIb30Ba-
HUsI PETHUOHATBHBIX SMITMPUYECKUX 3aBUCUMOCTE
T, = AT,), napameTpbl KOTOPBIX NIPUBENEHBI B Ta0. 1.
B aroif cutyanmu umét pedb 00 onpeneIeHu CYMM
COCTAaBJISTIONINX TUIPOJIOTHYECKOTO PEXMMa OJiele-
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HeHust Wy u Vy, KoTopble B OOLIEM BUIE ONTUCHIBAIOT
dopmysl (5—6):

Vgl (k) =
dend r (5)
= > [V (D) + V(1) +V, (1) + Vs (1) + Vs (D)),
dyeg
dendi
W (k)= W (1) + Vi (1) +V, (1)) (6)
dbegi

tne V,,, Vi, Vi Vs Vg, COOTBETCTBEHHO, OOBEMBI TASTHUS
JIba MOJ MOPEHOI, OTKPBITOIO Jbaa, cTaporo dbupHa,
3UMHETO U JIETHETO CHETA; e, U Aoy, — JAATHI HAYAIA U
KOHILIA PACYETHOTO MEPUONA, Gheg; U depg; — NATHI HAYATIA
Y KOHILIA NIEPUOJA TagHUA IbIA, T = dyegpe--dengrr [} =
= dbegi"'dendi'

BosmoxHocTh mpuMeHeHUs1 popmyn (5—6) mis
PETMOHAIBHBIX pacyeToB Vy u W, obycioBieHa Ha-
JimaueM uH@opMaluu o MHoroysieTHeM k = 1...N u
BHYTPUTOIOBOM [ = dyey;...depnq; X0N€ ELA Ha nenHu-
kax ELA, = ELA(f,) u MakCUMaJIbHbIX 3HAaYeHU
ELA B KoHlle mepuona abiasuuu japaa, T.e. ELA, =
= ELAl(dendi)-

Mooeauposanue u pacuém ELA. izmenenue ELA,
MPOUCXOAUT B 3aBUCUMOCTU OT BHYTPUTOIOBOTO W
MHOTOJIETHETO XO/1a aKKyMYJISIIUU U aOJISILIUA B UH-
TEPBAIE HAT dyey; U dgpq;. Kaxmomy sHauenuio ELA,
COOTBETCTBYET YacThb Fy oOlIei Tuiommany ojaeaeHe-
Hus Fy, npu atom Fy — Fy, = F,.. MeTon pacuéra
ELA, nonpo6Ho onucaH B pabortax (KoHoBanos,
1985; Konovalov, 1997). MccienoBaHue B pasHBIX
yciaoBusx (Konosanos, 1985) mokanbHBIX CBSI3€ii TO-
JIOBBIX 3HAYEHU T aOJISILIUU U COCTABJISIONIVX TOJOBO-
ro 6anaHca Macchol ¢ ELA, Ha IeMHUKaX BbISIBUJIO BbI-
COKYIO TECHOTY TaKHUX 3aBUCUMOCTE. DTOT pe3ysib-
TaT TMO3BOJISIET paccyuTaTb MHOTOJIETHUE PSIbl
o6beMoB Wy, V, Ha mionianu F, B MHTepBaiax
Zoeg—Lena W ELAy~Z,4, Zi,oe— ELA, Kak ynkumu ELA,.
OcHoBoii MmeToaa pacueta ELA, cllyXXUT BBEAEHHOE B
(Konovalov, 1997; KonoBajyoB, 1985) moHsiTue 006
uHaekce OanaHca [p(k) akKKyMyJasiiuyd U TasiHUAST B
ISILMAJIBHBIX 00JIaCTsIX, KOTOPBIN MpeacTaBsieT Co-
00if pa3HOCTb OGe3pa3MepHBIX aHOMAaJIUN CE30HHBIX
ocankoB Ip(k) u Temrepatypsl Bo3nyxa I{k). ®usu-
YECKHWI CMBIC]I MOHSTUSI 00 MHIEeKCe OajaHCca COCTO-
UT B TOM, UTO O6e3pazMepHblie aHoManuu Ip(k) u I{k)
paccMaTpuBalOTCsI KaK MHIUKATOPbl COOTBETCTBEH-
HO aKKyMYJISILIMU W abJsuMy B DISIHUAIbHBIX 00J1a-
ctsx. Torna B KaxJ0M rofly pa3HOCTb aHOMaJIUi 3TUX
WHIUKATOPOB TPUOOPETAET CMBICI OTHOCUTEIbHOMN
OLIEHKY TOJIOBOTO OajlaHca OTIebHOTO JIGAHUKA WIU
ux rpymnnsl. Bce cocraBisitonie nHaekca GajiaHca
I5(k) onpenensiioTcs No JaHHBIM PENPE3eHTAaTUBHOM
METEOPOJIOTUUECKO CTaHIIMM B peyHOM OacceiiHe.
Kputepuem perpe3eHTaTUBHOCTU CIY>KUT JOCTATOY -
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HO TeCHad 3aBUCUMOCTb MEXIY CE30HHBIM CTOKOM B
OacceliHe 1 KOMITOHEHTaAMU MHAeKca OajlaHca.

B nyonukanmsax (Konosanos, 1985; Konovalov,
1997) moka3aHO, 4TO CBSI3U MEXIY HOPMAaJIM30BaH-
HBIMU 3HaYeHUsIMU psinoB ELA,,(k) u uHaekca 6a-
naHca [z(k) uMeroT BbicoKHe KO3 OUIIUEHThI KOppe-
JISIIMU U 000CHOBAH cnocob nepexona OT CTaTUCTU -
4yecKoi obecrieueHHOCTH uHaeKca 6anaHca Prob(/p)
B k-M rony K ELA,(k). IIpu 9TOM NpUMEHSIIOTCSI Clie-
Jytolive oOIire BhIpakeHUsI:

Iy = of[(P(k) - PI/P} = B{IT(k)-TVYT}, (1)
ELA, (k) = Z,.q + AZ Prob(1,)(k), (8)
AZ = Zyoy (k) = Zena (). 9)

31ech 10 JAHHBIM METECOPOJIOTUYECKUX CTAHLIVIA:
P(k) — cymma ce30HHBIX ocankoB; T(k) — cpenHss
Ce30HHasl TeMITeparypa Bo3ayxa; o, v 3 — aMmupude-
CcKre KO3(MUIMEHTHI, XapaKTepu3ylollnue 3Ha4YU-
MocCTb BKJIaia Pu T'B ypaBHeHue perpeccum I, = f( P,
T), paccuuTaHbl o MeToay AJjiekceeBa (AJieKcees,

1971); P u T — cpeHue MHOTOJIETHUE 3HAUEHUSI CO-
OTBETCTBYIOIIUX TepeMeHHbIX; Prob(/;) — Haxonum
no MeTony AjiekceeBa (AjekceeB, 1971) mist 3Haue-
HUii Ip(k), paHXUPOBAHHBIX B BO3pacTalollleM Mo-
psizke,

Prob(1,)(k) =

(10)

=[n(Prob (/) (k)—0.25] /INps +0.5],
rne n (Prob(/;) — paHroBble HOMepa WICHOB psila
1y(1), Zyeg, Zeng — OTIPENENIEHBI B KOHKPETHOM PEYHOM
OacceiiHe 1o JaHHBIM PErMOHaIbHBIX KaTaJI0rOB rop-
HOTO osieficHeHUsI, N p 7 — 9MCII0 U3MEPEHMIT COCTaB-

JSIOLIMX MHIEKca 6anaHca. PasmepHocTs Prob (/) B
dopmyie (10) — moau emMHUIIB.

Hna pacueta ELA,(k) B Teuenne 19712016 rT. Ha
JIeTHUKaX B BepxXxoBbe p. PoHa OBLIM TIpUMEHEHBI
MHOTOJICTHUE MU3MEPEHUSI OCAAKOB U TEeMIIepaTyphl
Bosayxa (Federal Office of Meteorology and Clima-
tology MeteoSwiss) Ha penpe3eHTaTUBHBIX METEO-
cranumsax 30oHHOIUK (Sonnblick), PpaitneHmraat
(Freudenstadt) u dopmyisi (7—10). ITonpoGHOe ornu-
CaHME METOMOB ONPENENEHUS dyeyi, Aeng; N PE3YIIBTATHI
pacuéTta conepxatcs B padore (KoHosanos, 1985).

Bmusnaue ydyera cocrapisgiomux Wgl ripu pacuére
roaoBoi abasauuu mo ¢opmyse (6) 1 Ha MHOTOJIET-
HIOIO IMHAMUKY TTapaMeTPOB I'MIPOJIOTUUYECKOTO pe-
xuma oneneHenus Wgll u Vgl B 6acceiine p. Pona
WITIoCTpupyeT puc. 3. BugHo, 4To pe3ynabrar onpe-
JeJieHus1 o0bEMa JIGTHUKOBOTO MUTAHUSI U €ro pe-
MMPEe3eHTAaTUBHOCTD TIPU aHaJIN3¢ BOTHBIX PECYPCOB
TOPHO-JIEMTHUKOBOTO PEYHOTo OacceifHa 3aBUCUT OT
TUITU3AalUY TTOBEPXHOCTH JISTHUKOB JIJIsl pacuéra ab-
JISITIANL.
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Puc. 3. Cocrapisioniye rTuIpoJIoriueckoro pexxvma B 6acceiite p. PoHa.
1 — ronosoii cioit abiaauuu Ab Ha cpenHeil BbicoTe B UHTepBane ELAy—Z,,4; 2 — ronoBoii cioii adiasauuu Ab Ha BeicOTe

Z,

mean

BOTO MUTaHUS Vg

= Zt,; 3 — 06BEM JICTHUKOBOTO MUTaHMsT Wy ¢ y4€TOM BEICOTHI ELA; B KOHIIE ITeprofia absiunit; 4 — 06bEM JIeAHUKO-
| 0€3 BbllIEIEHUSA TUIIOB TAIOILEH TOBEPXHOCTH.

Fig. 3. Components of the hydrological regime in the Rhone River basin.
1 — annual ablation layer Ab at an average altitude in the interval ELA,—Z,,4; 2 — annual ablation layer A at an altitude of

Z

mean

= ng; 3 — the volume of glacial feeding Wg”, taking into account the height of £LA, at the end of the ablation period; 4 —

the volume of glacial feeding V,; without differing the types of melting surface.

g

OBCYXIEHUNE

IIpencraBieHHass B paboTe JuHeHHas PEKOH-
CTPYKLMSI €XKETOMHBIX XapaKTepUCTUK OJiefeHEeHUs
Fy, Zends Zoegs Zinean MEXIY JIaTAMM OTPAHMYEHHOIO
MOHUTOPHHTA €r0 PeXX1Ma OOCHOBaHa Ha N3BECTHOM
BJIMSIHUM 3HaKa GajlaHCca Macchl JISAHUKOB Ha U3Me-
HEHUE MapaMeTpoB Fy, Z..4, Zoegs Zmean- 10 ECTh, OT-
pulIaTeNbHBINA OajlaHC MacChl IPUBOJIUT K COKpallle-
HUIO TUIOMIaan Fy, COOTBETCTBYIOLIEMY U3MEHEHUSAM
BBICOT Zyyd, Zeg> Zimean U, HAOOOPOT. DTa CBA3b MpaK-
TUYECKU TIOATBEpXIeHa Ha TpuMepe OacceliHa
p. Pona, rne mo pernpe3eHTaTUBHBIM JAaHHBIM O TEM-
Teparype Bo3myxa 1 ocamkoB 3a 1971—2016 rr. mmomyde-
HO JIMHEHHOE ypaBHEHUE MHAeKca OajiaHca Macchl 1),
IU1s1 ofieieHeHUs1 3Toro 6acceitHa B Bune I, = —0.029k +
+0.685 ¢ koaddunuenrom perepmuHauuu 0.42.
Mnmocrpauueit ycroitanBoro cokpaiueHust Fy B 6ac-
ceitHax pexk CeBepHOTO ToJlyliapusi, Hapsay C HaH-
HeiMu B (Fluctuations of Glaciers Database, 2017),
CITY>KUT TaKXKe OTpULIaTeNIbHBIN TpaliueHT 3aBUCUMO-
creit 0 = 8(¢) (cM. Tabi. 2).

OnbIT NIOCTPOEHUS PETUOHATBLHBIX 3aBUCUMOCTE M
Fy ¥ IpYTUX BBICOTHBIX [TAPAMETPOB OT BPEMEHM (CM.
puc. 1), ux HaaEeKHOCTh U OOOCHOBAHHOCTD 3aBUCST

OT 4ucjia BpeMeHHL,IX Cp€30B MECXIY HayaJbHOW U

KOHEYHOI1 JaTaMM MOHUTOPMHTIA pexXuMa ojieleHe-
Husi. B HacTosee BpeMsl BRICOTHO-TIJIOIIAHbBIE Xa-
PaKTEPUCTUKHU JIEAHUKOB, HEOOXOOMMBIE IJIST pacyé-
Ta IO MU3JIOKEHHOIT B paboTe METOAMKE ONpeIeICHUS
JIETHUKOBOTO TMTAHUS, TOCTYIMHBLI B MyOJIMKAIIASIX
(Fischer et al., 2014; Fluctuations of Glaciers Data-
base; Nuimura et al., 2014; RGI Consortium, 2017;
Paul et al., 2020; Karanor negaukoB Poccuu, 2021).
IlepeunciieHHble perMoOHaIbHbIE 0a3bl TIALIMOJIOI M-
YeCKMX JaHHBIX HEOTHOPOMHBI IO COCTABY U METO-
IaM omnpeneneHus: MophOMETPUUECKMX XapaKTepu-
CTUK JICOTHUKOB, UTO BJIUSIET HA PEIIPE3CHTaTUBHOCTh
OLIEHOK MU3MEHEHMS BHICOTHO-TUIOIIAIHBIX TapaMeT-
pOB OJIeICHEHUST U PACUETOB JIEAHUKOBOIO MTUTAHUS
B pEUHBIX OacceiiHax.

®opmyna (2) mpuBIeKaTeIbHA IJIsSI TIPUOTMKEH-
HBIX PErMOHaJIbHBIX Pacy€éToB adasIuuun. bojee Tou-
HbI€ Pe3yJIbTaThbl MOXXHO MOJYYUTh MYTEM IIPUMEHE-
HUSI JTOKAJIBHBIX SMIUPUIECKUX KO3(PPUIIMEHTOB B
dopmyne (2). B HacTosiee BpeMs Takue Ko3pdu-
LUAEHTHl JOCTYIHEI IO HAOMIOAEHUSIM TeMIIEPaTyphl
Bo3ayXa M rogoBoii adnsuuu (Buiecos u ap., 1980;
Bunecos, 2016) Ha nemHukax A6pamosa (ITamwupo-
Aunaii), LentpanbHom Tyrlokcy (3aunuiickuii Aja-
tay), lllymckoro (JIxkxyHrapckuii Anartay).
Ne 2 2023
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HayuyHo-MeTonnmyeckoil OCHOBOM pEILIEHUSI MO-
CTaBJIECHHOM B paboTe IIpoOJIEMBI CITYXKaT ITOJIydeHUe
Y UCIIOJIb30BaHME PETMOHAIbHBIX SMITMPUYECKIUX 3a-
Bucumocteit 8 = 0(7), T, = Ty(z, 1), T,= Tz, 1), T, =
=f(T4, f), Ab Zf(TS)a Fgl :f(t)a Zmean =f(t)- HpaKTH'
YeCcKOoe IMTpUMEHEHME MePEYUNCIeHHBIX 3aBUCUMOCTEM
00yCJIOBJIGHO CBOOOOHBIM OOCTYIIOM K WCXOTHOM
KJIMMAaTU4YECKOM, TUAPOJOTUISCKON U TIISIIIMOJIOT -
YeCKOI apxMBHOI U TeKylIieil nHOpMalIIK.

Hawnb6Goiee 61aronpusiTHO OOCTOSIT Jieia C IMoJIyde-
HMEeM JaHHBIX HAOII0JeHUI 3a TeMIIepaTypoit BO3Iy-
Xa M, COOTBETCTBEHHO, C pacYeTaMM 11O BEIpAsKEHUSIM
I,=Tyz, 0, T,= Tz, 1), T,= (T}, 1) u ronoBoii a6-
Jstumu o popmyse (2). IToMuMo NICTOYHUKOB peru-
OHAJILHOM KJIMMaTU4eCKOil nHpOpMalliK, TIepedrc-
JIEHHBIX B CIIMCKE JIMTePaTyphbl, NIOOAJIbHBIE MHOTO-
JIETHUE JaHHble HaOJNIOAEeHUW 3a ocagkamMu P u
TeMIlepaTypoii Bo3ayxa I Ha METEeOpPOJIOTMYECKUX
CTaHIIMIX BIUIOTH 10 2022 T. HOCTYITHBI 13 0a3bl TaH-
Hbix “IToroma u xaumat”. M3BecTHO, UTO Ka4yeCTBO
OpuOOPOB U METOJOB €NMHUYHBIX U3MepeHUil Pu T
Ha METEOPOJIOTMYECKUX CTaHIUSIX, PEryJIupyeMoe
COOTBETCTBYIOIIMMU HAIIMOHAJIBHBIMU periaMeHTa-
MU, U3MEHSIIOCh BO BpeMeHu. HecMoTpst Ha Heonu-
HAKOBYIO IIJIOTHOCTh METEOPOJIOTMUE€CKMX CTAHIIUI 1
WX PpacrioJioXeHWe B TOPHO-JEAHUKOBBIX PEYHBIX
bacceitHax, UISI psila OCHOBHBIX palilOHOB COBPEMEH-
HOT'O MaTepUKOBOIo ojiefieHeH!sT EBpazum 1mmorydeHbl
BepTUKaIbHbIe npodwiu pacnpeneiaeHuss 7(Z) (cm.
TabJ1. 1) BIIOJIHE YOOBJIETBOPUTEILHOIO KaYyeCcTBa.

SAKJIIOYEHUE

B npotiecce petieHus Mpoo6ieMbl peTMOHATLHOTO
pacuéra 1 IporHo3a JIEAHMKOBOTO IMTUTaHUS B TOPHO-
JIEMTHUKOBBIX PEYHBIX OacceitHax IMOoJyYeHbl CIeayI0-
IIMe HOBbIE PE3YyabTaThl: 1) PEeKOHCTPYUPOBAHBI U
MPUMEHEHBI MHOTOJIETHUE €XETOAHble 3HAYEeHUs
BBICOTHO-TUIOIIAAHBIX TapaMeTpPOB OJIEACHEHUS;
2) yCTaHOBJIEHbI YCTOMYMBBIE PETMOHAILHBIE 3aBU-
CUMOCTH C BBICOKMMU KOd(ddulMeHTaMu AeTepMU-
HallUX MEXIYy MHOTOJIETHUM WM3MEHEHUEM CpelHei
MECSIYHOI TeMIiepaTyphl UIOHsI—aBrycra 71, u anpens
T,; 3) BriepBble pa3paboTaH 1 MIPOBEPEH METOJI PETH -
OHaJILHOTO MpeAcKa3aHus roAoBOi abisauuu A, Ha
BbICOTE (DUPHOBOM TPaHULbL Z, = Zeny KaK (DYHK-
IUU TIPOTHO3UPYEMOW CpENHEN JIETHEN TeMIepary-
pbl Bo3nyxa T,; mis ompenesneHus 7, B Hauaje Masi
YCTAHOBJIEHbl PETMOHAJIbHBIE 3aBUCUMOCTU T, =
= f(T,), u TakuM 00pa3oM 3a01arOBPEMEHHOCTh ITPO-
rHo3a Ay(Z;,) COCTaBJIsIET ONUH MeECsIL; 4) BIIEPBBIE C
3a0J1arOBpeMEeHHOCTBIO JiBa Troja TIOJydyeHbl Mpo-
THO3HBIE 3HaUYeHUs cpeaHux 1t 2025—2054 rT. 00b-
€MOB T'OJI0BOTO U BereTallMOHHOTOo cToKa p. PoHa Kak
(byHKIIMK MHIEKCA IETHUKOBOTO MMUTAHUS O; 5) Me-
ToAUYECKUE pa3paboTKu aBTOpa, U3JI0KEHHbBIE B pa-
6ote, okazanuch BocTpeboBaHHbIMU (Lappalainen et
al., 2022) mpu onucaHUM PETMOHAJILHOIO B3alIMO-
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neiicTBUsI Kprocdepbl ¢ KOMIIOHEHTAMU MPUPOTHOM
cpensl B ITan-EBpasuiickom npoekte (PEEX).
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A two-stage method has been developed for calculating and forecasting the annual volumes of glacial runoff
feeding mountainous rivers. At the first stage, the series of morphological characteristics of glaciers are re-
constructed using limited data from regional glaciation monitoring. An example of a numerical description
and analysis of the annual reconstructed dynamics of glaciation parameters in the upper Rhone River (Swit-
zerland) is presented. Similar results of reconstruction of annual values of the morphological characteristics
were obtained for the basins of tributaries of the Terek River (North Caucasus) and the Western Kyzylsu River
(Pamir). At the second stage, the calculation and forecast of the time series of the average summer air tem-
perature Ty (Z,..n) at the height of Z,.,,, is performed, which is used as an argument for determining the ab-
lation layer by the formula Ab = f(7) on the glaciation area Fy,. The annual vertical profiles of mean air tem-
perature of April T, = T4(Z), summer ones T, = T,(Z), and formulas for calculating 7} as a function of 7} are
constructed and used for the calculations. Thus, on a regional scale, it was established for the first time that
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the April air temperature 7, allows calculating a thickness of the annual ablation layer Ab = f(7;) with a month
earliness the forecast at the average height Z;,,.,, of the glacier. The reconstructed Fy(#) series is used to obtain
annual volumes of glacial alimentation. A regional study of variability of the index of glacial alimentation &
(Schultz, 1965) with time 7 was carried out using long-period measurements of runoff in the river basins of
Eurasia, North America, Central Europe, and Central Asia. The index 8 is equal to the ratio between the vol-
umes W of flow or the average water discharges Q for the periods July-September (Q,_g) and March-June (Q;_g).
As a result of the analysis of the expression 6 = 8(¢), it was found that the gradient of the linear trend equation
for the J index in all the above river basins is negative, which is indicative of a reduction in glacial-snow ali-
mentation, or more precisely — in only its glacial component. Notwithstanding this, the annual runoff Qy,,
decreased only in three basins, and in the others Q,,,, increased due to the growth of Q;_4, which overlapped
decreasing of Q;_q. Index & for the upper reaches of the Rhone River turned out to be not only a representative
characteristic of changes in the vegetation period and annual runoff of the river, but also an efficient argument
for the super-long-range prediction of these variables for 2025—2054 years.

Keywords: glacial runoff, Eurasia, North America, Central Europe, Asia, regional calculation, ablation, fore-
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