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3HaYNTEeNbHBIC YYACTKH 00IaCTeH TasHUA JCTHIKOB
BO MHOTHX TOPHBIX CHCTEMAaX MHPA MOKPHITHI
MOPEHHBIM MaTepHaIoM (MOPCHHBIM YEXJIOM),
KOTOPBI [0 CBOMM TETLIO(H3MICCKIM
XapaKTEPUCTHKAM PE3KO OTIMYACTCS OT JICASTHOM
MOBEPXHOCTH. MOPECHHBIH YeX0JI MPEIOTPEICIISICT
WHTCHCUBHOCTbH a0JIAIIUH U JISTHHUKOBOTO CTOKA Ha
3aHATBIX UM YaCTSX JICTHUKOB U, B 3aBUCUMOCTH OT
MOIITHOCTH Y€XJIa, YCKOPSET TasHHIE WIN UTPAET
OpOHHUPYIOIILYIO pOJTb. [IJIsT KOPPEKTHOTO OTIHCAHHS
CKOPOCTH TasHUS B MaTEMaTHIECKON MOIETH
TpeOyeTcs BBeACHHE OJIOKa JJIs pacueTa TemIoo0MeHa
3aMOPEHCHHOM MOBEPXHOCTH JICAHUKA C aTMOC(EpOit.
B HacTosmIel craThe pacCMaTPUBACTCS AITOPUTM
pacdeTa TasHHS JbJIa IO MOPCHHBIM YEXJIOM,
KOTOPBII JIOMOJTHSET paHee pa3pabOTaHHYIO MOJICIb
MOBEPXHOCTHOTO OanaHca Macchl. [IpuBoasTes
Pe3yIBTAaThl PACYETOB pacHpeACICHUS TEMIICPATYPHI B
MOPEHHOM YeXJIe U OI[CHKH CKOPOCTEH TassHUS 110
HHUM, PaCCYUTaHHBIC IS TeTIIO()U3NIECKIX CBOHCTB
MopeHsl JegHuka [xankyat Ha LlentpaisHom
Kasxkaze
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Considerable parts of the ablation zones of mountain
glaciers in various mountain systems of the World are
covered with rocks (dibris). Heat and physical
properties of debris layer are very different from those
of ice. Debris layer determines ablation rate and ice
run-off regime. Dependently on thickness, it can
accelerate ablation or totally isolate ice cover from
melting. To describe ablation rate in a mathematical
model correctly, one needs to include in it a block
responsible for heat exchange of debris-covered areas
with the atmosphere. In the paper, we consider an
algorithm for calculation of ablation rate under the
layer of debris, which is to be incorporated to the
surface mass balance model. We also describe results
of calculations of temperature distribution in a debris
layer and estimates of ablation rate under the latter. All
calculations were carried out for heat and physical
properties of Djankuat Glacier in the Central Caucasus
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BBenenue

Kpuocepa 3emnn sABisercs COCTaBHOW 4YaCThlO KIMMATHYECKOU
cuctembl 1aHeTbl. CokpailieHue Kpuocdepbl, B TOM YHUCIE IUIOMIAIU TOPHBIX
JICTHUKOB, TPEACTABISET COOOM OJHO W3 CaMbIX HAIJISAHBIX MPOSBICHUIM
MI00ANBHOTO TOTEIUICHUS. | OpHBIE JIEAHUKUA SIBJISIOTCS, TIO-BHIUMOMY,
HauOosiee YSA3BUMOM YacThlo Kpuochepbl € TOYKM 3pPEHUS] PEaKIMu Ha
U3MEHECHHE KIIMMATUYECKUX YCJIOBHU. ['OpHBIE JIEMHUKU PEryJHpPYIOT PEUYHOU
cTok. Tak, 10 TpeTH €ro roJJ0BOM BEJIMUYMHBI B TOPHBIX U MPEATOPHBIX PETHOHAX
MPUXOJUTCSI UMEHHO HA JIEAHUKOBBIM CTOK, /1011 KOTOPOrO B TEIUIBIM MEPUOA
rojia MoxkeT yBenuuuBatbes 10 70% u maxke 6oxee [6]. [lpu 3TOM e THUKOBBIIA
CTOK TOCTYIIA€T B PEKH B NEPUOJ TassHUA JICIHUKOB, KOTOPBIA COBMNAJIAET IO
BPEMEHU 10 BPEMEHU C BETeTAIMOHHBIM TIEPHOIOM, KOT/1a TOTPEOHOCTh B BOJIC
ocoOenHo Benuka. CokpalieHre TOPHOTO OJISJICHEHUS OMTOCPEIOBAHO BIUSCT HA
SKOHOMHKY TOPHBIX U MPEArOPHBIX perMoHOB. COrIacHO MOCJIEAHUM OICHKaM
[3, 6], mIomaae JieIHUKOB Ha ceBepHOM ckioHe bosbmoro Kaskaza B XX B.
cokpatujiach 0ojiee 4eM HAIMoJOBUHY. B yCIOBUSIX M3MEHSIONMIETOCS KiMMara
TEHJCHIMS K COKpPAIIEHUID TOPHOTO OJICACHEHHS B 3TOM PETHOHE, BEPOSITHO,
coxpaHuTcs. B TO e BpeMsl HaJle)KHbIE MPOTHOCTUYECKUE OLEHKU 3BOJIIOLUAN
TOPHBIX JIGTHUKOB HEBO3MOXKHBI O€3 MMPUMEHEHUSI MaTeMaTHYECKUX MOJCIEH, a
Takke 0e3 HCCIe0OBaHUM TEHIECHIUH W3MEHEHUN PErHOHAIbHOTO KiuMaTa |
0€3 MOHUTOPUHTA TOPHOTO OJICACHEHUS.

3HaYuTEeIbHbIE YYaCTKU 00JIACTeH TasHUSI JICAHUKOB BO MHOTHX TOPHBIX
cucTeMax Mupa, B ToM uyucie Ha KaBkasze, MOKPHITHI 00JIOMOYHBIM M OCBHITTHBIM
MaTepUaIoM pa3IMyHOro reHe3uca. I[loBepxHOCTHasT MoOpeHa IO CBOUM
TEMJIOPU3NYECKIM  XapaKTEPUCTUKAM  PE3KO OTJIMYAeTCS OT  JICASHOM
MOBEPXHOCTU. MOPEHHBIN 4YeX0Jl MPeIonpeesieT MHTEHCUBHOCTh a0l U
CTOKAa Ha 3aHATBIX MM YacTiIX JIEAHUKOB [7]. EcCiIM TOHKUMUA M IOUCTHIEPCHBIN
MOPEHHBIM IMOKPOB HE MPEBBIIIAET HEKOTOPOTO KPUTHUYECKOTO 3HAYCHUS

(MpuOAN3UTETBLHO 2 CM), TO €r0 HaJMYUe CIOCOOCTBYET YCHJIEHUIO alJsiuuu
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yepe3 MeXaHu3M yMeHbleHus anbbeno [10, 12, 13]. Tak, ecnu xapakTepHOe
anp0Oeno apaa aexut B npeaenax 0,2-0,4, To xapakTepHOe anb0eI0 OCBHITHOTO
martepuaina 0,05-0,15. Eciu TomuHa MOPEHHOTO YeXJia IIPEBLIIIAET MOPOTOBOE
3HaueHHEe, aOJALMS TMOJ HUM CHIXKAETCS BCIEJICTBHUE TOrO, YTO MOPEHHBIM
MOKPOB  BBINOJIHAET TEIJIOU3OJUPYIONIYI0 (QYHKIUIO. 3A€Ch, 3aMETHM,
HEOOXO0AMMO MNPUHMMATh BO BHUMAHUWE M MOPUCTOCTH MOPOJI, ClArarouux
MOpEHHBIN yexour [1].

B cBs3u ¢ TeM, 4TO Ha OOJBUIMHCTBE JEAHUKOB HE BEIAYTCS MPAMbIE
METEOpOJOTHYECKHEe U  Macc-OajaHCOBble  HAOJMIONEHUS, a HCXOAHbBIC
XapakTepUCTUKA MOPEHHOro uexjia (TOJIIMHA, MOPUCTOCTh U JIPYTHE
TEII0OQU3NYECKHe CBOMCTBA) 3a4acTyl0 MOXHO  ONPEIEIUTh  TOJIBKO
NpUOIM3UTEIIBHO,  PE3yJbTaThl  pacueToB  OyayT HMETh  HEKOTOPYIO
HEOTpeIeNeHHOCTh. 3a/1a4a COCTOUT B TOM, YTOOBI IO BO3MOKHOCTH CHU3UThH €€
BenMUYMHY. B 3TuX wmensx Hamu Oblna pa3paboTaHa OTHOCUTENBHO MpOCTas
MoJieb OajlaHca Macchl Ha MOBEPXHOCTU FOPHOTO JIeIHUKA. B ee ocHOBe snexar
ITOPUTMBI, onucanHbie B [11], KoTOpbie OBLIM HECKOJIBKO MOAU(MUIMPOBAHBI
(B yacTHOCTH ObUIO 100ABJIEHO MapaMETPUUYECKOE OMUCAHUE TTOTOKOB SBHOTO U
CKpBITOrO TEeIJIa HAa HE3aMOpPEHEHHBIX ydacTkax) [8, 9]. IIporpammHblil KOX
peanu3oBad Ha s3pike FORTRANOO. Ha Ttekymem srtane paboTbl KOJ ObLI
Bepu(UIIMPOBAH W TIPOBEPEH HA peaJbHBIX HAOIIOJCHHBIX JaHHBIX. B
HACTOSIILIEH CTaTh€ OINUCBIBAETCA QJITOPUTM pacyera TasHUsA JibJa TOJ
MOPEHHBIM YEXJIOM, KOTOPBII JTONOJHAET MOJAEINb [8, 9], a Takxke nmpuBOASATCA
pe3yNbTaThl PAcyeTOB PACIHPEACIICHUS TEMIIEpAaTypbl B MOPEHHOM YEXJE U
OIICHKHM CKOpPOCTEH TasiHusA MOJI HUM, PACCUUTAHHBIC I TEIUIOU3HUUYECKUX

CBOWCTB MOPEHBI JIeAHNKA J[>KaHKyaT.

1. O0BeKT ucciaeaoBanuga
TectupoBanne MoJenu TMPOBOJUTCA JJIsi 3aMOPCHEHHBIX y4YaCTKOB

nennuka JDxankyar. Jlennuk Jlxankyat Ha llentpanbHom KaBkaze (puc. 1)
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SBJISIETCS YHUKAJIBHBIM MIPUPOJIHBIM OOBEKTOM. DTO OAWH U3 HEMHOTHX TOPHBIX
JETHUKOB B MHUpE, TJI€ HEMpephiBHbICE Macc-0aJaHCOBbIE HAOIIOICHUS
MPOJIOIKAIOTCS HAa MPOTSHKEHUHM MOCJIEIHUX NATHAECITH JieT. Ero mmomans —
2,7 KMZ, IJIOIIA/Ib TOBEPXHOCTHOM MOpPEHHBI (puc. 2) Ha HEM 1o JaHHbIM 2010 r.
— 9yTh Oombire 0,3 KM [4]. Cpenssist Iionaabr JOJUHHBIX U KapOBO-AOJIUHHBIX
JICTHUKOB, COCTABJISIONIMX OCHOBHYIO Maccy oJeneHeHus: lleHTpanbHOro
KaBkasa, COCTABIISET, COOTBETCTBEHHO, 3,6 U 1,6 KM’ NpU CpeAaHEH IUIOIIaan
moperst 0,3 u 0,1 km® [4]. Jpyrumu crnoBamu, JKQHKyaT SIBIISETCS

PEHIPE3CHTATUBHBIM, BO BCAKOM CJIydac, TUIIMYHBIM JICAHHUKOM B PCTHOHC.

a §)

Pucynok 1 - Pacnionoxxenne nennuka /[)xkankyar (a) u BuJ HUX U3 Kocmoca. [ludposas Mmonens
penbeda JeaHrKa U ero okpecTtHocTel (0). O6macTh, MOKPHITAS JIHJIOM, BBIJIEIICHA CEPBIM
LIBETOM.

2. JHepreTHYecKHii 6ajaHc HA 3aMOPEHEHHOI MOBEPXHOCTH

dopmanuzanus SHEPreTHUecKoro OangaHca Ha MOBEPXHOCTH JIbJa,
CBOOOJIHOI OT MOpPEHHOro Marepuana, paccMorpeHa B [8, 9]. MexaHusmsl,
OTpEACIAIONIME DJHEPreTUYecKuil OamaHC Ha 3aMOPEHEHHBIX y4YacTKax,
CyIIECTBEHHO OT HEro OTJIMYAalTCA. B mepByro odepeab, 3TO CBSI3aHO CO
CBOWMCTBAaMH CaMOI'0 MOPEHHOI0 MaTepualia, 3HAYUTEIbHO OTIMYAIOLIUXCA OT

CBOMCTB Jbaa. Peun, mpexae Bcero, uaer 00 anp0en0 TOBEPXHOCTH,
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XapaKTepHbIEC 3HAYEHUsI KOTOPOTO y MaTepuaia, CJIararoliero MOPEHHbIA 4€eX0J1
B HECKOJIBKO Pa3 HIKE, YeM allbOe/0 JIbJla. DTO MPUBOIUT K TOBBIIEHHOMY, TIO
CPaBHEHHUIO CO JIBAOM, KOJIMYECTBY IIOIVIOIIEHHOW KOPOTKOBOJHOBOU
COJIHEYHOM panuanuu. Boiblyio pojib UrparoT Takke OoJbllasi MIOTHOCTH,
HaJIM4Ke TIOPUCTOCTH U T.J. B cxemaTtmdeckoil (hopMe MOTOKH TETUIa Ha YUCTOM

M 3aMOPCHCHHLIX Y4aCTKax JICAHHWKA IIOKa3aHbl Ha pUC. 2.

Sw oy SW LW

Pucynok 2 — [1oToku Teria Ha TOBEPXHOCTH JIEAHUKA, TIOKPHITOM MOPEHHBIM YEXJIOM.

dopmalbHO SHEPreTHUECKHil OalaHc Ha MOBEPXHOCTH MOPEHHOTO YexJia,

E, 3anuceiBaeTcs Kak
E=SW(-a,)+E, +SHF+LHF +G. (1)

[TepBbiii ueH B mpaBoi yacTu B (1) mpeacTaBiseT co00il MOTJIOMEHHYIO
KOPOTKOBOJIHOBYIO PaJMalMI0, BTOPOM — HM3JIy4EHUE IMOBEPXHOCTH C YYETOM
MPOTUBOUBIYUYEHUSI aTMOC(HEPBI, TPETUI — MOTOK SIBHOTO TYpOYJIEHTHOTO Tera,
YEeTBEPTHIM — MOTOK CKPBITOTO TypOyJaeHTHOrO Termia. [I0Tok KOpoTKOBOIHOBO
paguanyuy OINpENEensaeTCs B 3aBUCHMOCTH OT IIMPOTBI MECTHOCTH, BPEMEHH
CYTOK, MPO3payHOCTU aTrMoc(epbl, HAKJIOHA MOBEPXHOCTH. DDPeKTuBHOE
u3nydyeHue (6anaHc JIIMHHOBOJHOBOM paaualuyd — cymMMa JJIMHHOBOJHOBOTO
U3ITy4YeHUs] 3€MHON MOBEpXHOCTH LW T H TPOTUBOM3IYUYEHHS] aTMOC(heps

LW | Ha puc. 2) paccuutbiBaercsi no (opmyne bpenrta ¢ yderom BiIusHUSA

http://ej.kubagro.ru/2017/09/pdf/78.pdf
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00J1a4HOCTH:
E,; =0Ty (a, +bie"* Y1 ~cn). 2)

rane Ts — TeMmieparypa MOBEpXHOCTH MopeHHoro uexna (K), n — Oamn
00JJaYHOCTH, KOTOpPBIM B HACTOsIIEH paboTe BBICTYMAET HACTPAUBAEMbBIM
apameTpoM, e — MAPUUAJIbHOE JIABJICHHE BOJSHOIO Iapa B NMPU3EMHOM CJOE
Bo3ayxa (H M'z).

B yp. (1) He mpuHHUMarOTCS BO BHHMMaHWE KpallHE HE3HAYUTEIbHBIE IO
CBOEMY BKJaJly B TEIUIOBOI OallaHC MOTOKM TeIla, HAapUMEp, MOTOK Teruia,
KOTOPBI HECET MPOCAUYNBAIOIIASICS JOKIEBas BOJA.

3HaueHus! KOHCTAHT B yp. 2 U B MOCEAYIOUINX coOpaHbl B Tabm. 1.

TypOyneHnTHble MOTOKH SIBHOTO U CKpbITOro temna (SHF u LHF B yp. 1)
paccuuThiBatoTCs 1Mo aspoaumHamuueckuM (bulk) dbopmynam, ciaenys, B 1eaom,
METOIuKe, wu3JokeHHoi B [14]. Caayama oneHUBaeTCS JUHAMUYECKast
YCTOMYMBOCTh TPU3EMHOTO CJIOS M PACCUUTHIBAETCS OOBEMHOE YHCIIO

Puuapncona:

Rb — g(Ta _TSg(Za _ZOm)’ (3)

m
rne T, =(T,+T)/2 - cpennss Temmeparypa BO3TyXa B NPH3EMHOM CJIOE.

Hanee R, wucnomp3yeTcss g oOmpeaeneHus Oe3pa3MepHbIX  (QyHKIUI
YCTOMUYMUBOCTHU JJI1 MOMEHTA, TEIJIa U BJIaru (COOoTBeTCTBEHHO D, ®, u @,). B

clly4ae yCTOMYMBOIO MPU3EMHOr0 ciost, R, =0

(@,,)" =(@®,®,)" =(1-5R,)". 4)
Ecnu cnoit Heycroiumselid, R, <0, TO

(@,,)" =(®,®,)" =(1-16R,)"". 5)

Jlanee, 3HadeHHWs TypOYJIEHTHOTO TOTOKAa SIBHOTO TEIJIa OMNPENETSIOTCS B

COOTBETCTBHUH CO CIEAYIOIMMHU (POpMyTIaMu:

http://ej.kubagro.ru/2017/09/pdf/78.pdf
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SHF — pa' Cakvzku(ra _TS)

(®,®,)", (6)

<q <q

In
2o <o

In

I TeIIoeMKocTs ¢, =c,,(1+0,84q,), p, = p,M,/RT, - 11OTHOCTH BO3aYXa,

M,
P.=po(l=Vz/T,) rv - naBneHue Bo3ayxa Ha BBICOTE z. IIOTOK CKPBITOrO TeILIa
paccumMThIBAETCS KAk

ka\?ku(Qa _QS)

Zq In 24
<0 <9

LHF =p, (®, )", (7)

In
q

r71€ U — CKOPOCTh MPU3EMHOI0O BETPA, Mc™, . M gs — ylelibHasg BIAXXHOCTh Ha
BBICOTE 7, M Ha IMOBEPXHOCTU (HACTpPAMBAEMBIC MAPAMETPHI), 3HAUYCHUSA
MapaMeTpoOB IIEPOXOBATOCTH YCIOBHO CUMTAIOTCA PABHBIMHU Z(,. 1IOTOK
ckppitoro Ttemna (7) oramyeH OT HyJnsa TOJbKO B ciydae 100% -HOM
OTHOCUTEIBHON BIAXKHOCTUM HA MOBEPXHOCTHM MOpEeHHoro uexisa [14]. Drtor
CIICMaIbHBIM  cllydall He 00CykJaeTcss B HacTosmied pabore (ero
MPEANnoaraeTcss paccMOTpeTh B JajdbHEHIEM), W, TakuMm ob0pasom, LHF
(hakTUYECKH HE BIUSCT HA BEJIMYMHY SHEPreTUUeCcKoro OanaHca.

G — Teryo, MOCTYIaroIIee BCIeACTBUE KOHTAKTHOTO TEIJI000MEHa B CJION
MOPEHBI, WK H3Iy4aeMoe UM B atmocdepy. Hamomuum, 4to B OoTimuue OT
MOPEHHOT'O CJIOSl TIOBEPXHOCTHBIN CJIOH JibAa (B TOM YHUCJE U I0J MOPEHHBIM
YyeXJIOM) B HaIlled MOJIEIM CUMTAEeTCd OECKOHEYHO TOHKUM (T.H. CKUH-CI0#) [8].
BryTpp cimos MopeHbl (KpaeBOE€ YCIOBHE Ha BEPXHEHW TIPAHMULE) MOCTYIAET

TEILJIO

G, =k, (dT,/dz), (8)
KOTOpOC Yy €TI0 HIDKHEHN IMOBEPXHOCTH OIIPCACIIACTCA KaK

G, =k,(dT,/dz),. 9)

Pacnpenenenue temnepaTypsl BHyTpU MOPEHHOTO closi, T, OMUCHIBACTCS

http://ej.kubagro.ru/2017/09/pdf/78.pdf
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OJIHOMEPHBIM YpaBHEHUEM TEIJIONPOBOAHOCTH [1]:

o7, _

0°T
=k d
o

0z°

PiCq (10)

TennoeMKocTb, IMJIOTHOCTh M TEIUIONPOBOJHOCTh MOPEHHOTO MaTepHalia
PACCUUTHIBAIOTCS, MCXOMAS U3 MPEACTaBICHUS O MOPEHHOM CyOcTpare, Kak o
CMeCH TIOPOJIbI U BO3yXa (1, BOOOIIE TOBOPSI, BOJBI) [1]:
c; =c,(1-K)+c,K
P, =P, (1-K)+p,K. (11)
kg =k, (1-K)+k,K
[TockonbKy BTOpBIE cllaraeMble B MpaBbIX yacTax (11) manbl Mo CpaBHEHHIO C
TpeMmsl IEPBBIMH, OHU MOTYT OBITh OITYILIEHBI.
VpaBaenue (10) pemaercss 4YHCIEHHO, O€3yCIOBHO, YCTONYHBBIM
mMeToaoM TnporoHku. KpaeBoe ycinoBue (8) B KOHEUHO-PAa3HOCTHOU Qopme

3alUIIETCI KaK
T -T,
Gs = kd(dTSJ s (12)

II€ m — HOMEpP y37a B KOHEYHO-Pa3HOCTHOM pa30MEHMH MOPEHHOTO CIIof,
m=1,....M (puc. 3). IlockoibKy TemIeparypa NOBEPXHOCTH 15 BXOIWUT B
ypaBHeHuUs (2) u (6) ng pacyeTra NOTOKOB TEIJIa HA MOBEPXHOCTA MOPEHHOIO
yexja, TO JUId OMNpeneseHHs] TPAaHUYHOTO YCIOBHUS HEOOXOJUMO NPUMEHUTH

UTepaTUBHBIN noaxoa. s sToro ucnoaszyercs metoa Hetotona-Padcona:
N+l _ N N 1 fN
T =1 - (@) () (13)
rae ij *1_ 3qauenue temneparypsl Ha utepauuu N+1, N=1,....Np.; f (TSN ) - 3TO

cyMMa (YHKIIMI B MpaBoii yacTh ypaBHenus (1), a f '(TSN ) - COOTBETCTBEHHO €€

IMpOHU3BOAHAs].

http://ej.kubagro.ru/2017/09/pdf/78.pdf
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Tabmuma 1 — 3HaueHnss KOHCTaHT B ypaBHEeHHsIX 1-12.
[TapameTp En. usmepenus Hanmenosanue 3HaueHne
a - [Tapametp B yp. (2) 0,526
b, - [Tapamertp B yp. (2) 0,02057
C - ITapameTp B yp. (2) 1,0
Cad I[}K-KF'I-K'I VYV nenbHast TEMIIOEMKOCTH CyXOTo BO3/lyXa 1005
3
Cq Joxkr K TennoeMKkoCcTh MOPEHBI 1,25%10
3
i Thxkr K TemI0eMKoCTb JIbJa 1,88%10
ky Brm K TermmonpoBOAHOCTE MOPEHBI 2,8
kok - [Tocrosinnas Kapmana 0,41
g Mc” YckopeHnre cBOOOTHOTO MaeHHUs 9,81
L, Jx KT YV nenbHas TENI0Ta NJIaBICHUS 3,35 x 10°
L, Tk kT VYV ienbHas TEII0Ta UCTIAPEHUS 2,476 x 10°
M, KI' MOJIB | MonsipHast Macca Cyxoro Bo3ayxa 0,0296
MakcuMallbHOE YK CIIO UTEPALIH TTPU
Niax - HaXO0XJIEHUH BEPXHETO TPAHUYHOTO 100
YCIIOBUS B CIIO€ MOPEHBI
Do Ila CraHJapTHOE 1aBJIEHUE HA YPOBHE MODSI 101325
R Jx monp T K YHuBepcanbHas ra30Basi IOCTOSTHHAS 8,3145
Ty K Temnepatypa 3amep3anus npecHoil Boael | 273,15
Z " YcnoBHAs TOJIIMHA PU3EMHOTO CIIOST 2.0
BO3/yXa
Z0m M [IlepoxoBaTOCTh MOPEHHOI'O YeXJa 0.01
O, - A1np0eno MOpeHbl 0,10
v K o BepTukanbHbIli TpaJeHT TEMIIEPATYPHI 0.0065
BO3/TyXa
€ - [Tocrostnnas B yp. Credana-bonpiimana 0,98
K - [TopucrocTs MOpEHBI 0,43
°C TouHOCTH pacueToB TeMIlepaTypbl Ha 0.01
H BEpXHEU IpaHUIle MOPEHHOTO YeXJia ’
Pa KT M [110THOCTH MPU3EMHOTO BO3/1yXa 1,2754
Pe KP M [InoTHOCTH MOPEHBI (TPAHUT) 2600
o} KT M IInotHOCTH NBOA 910
o Brm K™ [Toctostanas Credana-bonpimana 5 ,67><10'8

3HaueHue TeMreparypbl MOPEHHOTO0 CyOCTpara B CaMOM BEpPXHEM Y3lie

N=1 _
(N=1) s#ABigercs pacCUUTBIBAEMBIM TIpaHUYHbIM ycaosuem (T, =T;). [dnda

OCTaHOBKH paCy€TOB HCIIOJB3YCTCA YCIIOBHC ‘TS

N+l _

TSN ‘ <M. Eciu 310 ycnoBue

HE OBLIO AOCTUTHYTO 3a 3aJaHHOC MAaKCHMAaJIbHOC KOJIMYCCTBO I/ITCpaHI/Iﬁ Nmax,

http://ej.kubagro.ru/2017/09/pdf/78.pdf
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TO B KadCCTBC pPE3yJibTara 6CpCTC}I Cp€aAHCC 3HAYCHHUC IIOCICAHHUX OBYX

UTEpaLA.

Pucynok 3 — [loToku Teruia Ha BEpXHEH NOBEPXHOCTH MOPEHHOTO B €r0 TOLLIE U Ha HUKHEN
rpaHuie (MOPEHHbBIA YEXOJI — JIE).
3. Pacuer BeJIMUMHDBI TasiHUSA JbJAa 1Mo MOPE€HHBIM Y€XJI0OM

KonnuecTBo Tamoun Boael M 1o MOPEHHBIM YEXJIOM PACCUUTHIBACTCS Kak
M =G,/(;L,) (12)

rae G, — HampaBJIEHHbBI BHU3 NOTOK TEIUIa HAa HIWKHEW rpaHuue udexiua (9).
[TockonpKy paccMaTpuBaeTCsl TEIUIOMOTOK MOJ YEXJOM TOJBKO A CE30HA
abJALMM, TO CYMTAETCS, YTO TeMIIEpaTypa Ha MOBEPXHOCTU JIbJa MO CIOEM
MOPEHBI MOCTOSIHHA B TEUYEHUE 3TOr0 CE30HA W PaBHA TEMIEPAType TasHUSA
T[=T().

Hamu Obplna mpoBeneHa cepusi TECTOBBIX PACUYETOB JJI YCIOBUN HIOJIS
2007 r. TlockonbKy B malibHEHIIIEM pa3paOOTaHHBIN OJIOK pacuyeToB TassHUS O]
MOPEHHBIM YEXJIOM MPENAIoaraeTcs BKIIOYATH B OOIIYI0 MOJACIb AUHAMUKH
TOPHOIO JIEJHWKA H  UCIOJIb30BaTh B  INPOTHOCTUYECKUX  YMCIIEHHBIX
AKCTIIEPUMEHTAaxX, ObUIO I€JIECO00PA3HO «IPHUBS3aTh» PACUCTHYIO MPU3EMHYIO
TEMIIEpaTypy BO3JlyXa HaJ JICAHUKOM K HMCTOYHHMKY JAaHHBIX 3a IpeaeiaMu
JeHUKa. B mporHoctuyeckux pacdyerax B Ka4eCTBE TAKOBOM IPEAIOaraercs

HCIIOJIB30BATh MOJICIIBHYIO TCMIICpPATYPY BO3JyXad, KOTOpad B COOTBCTCTBUHU C

http://ej.kubagro.ru/2017/09/pdf/78.pdf
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IpOLEeypOr NayHCKEUIUHTa JODKHA TPaHCPOPMUPOBATHCA OT XapaKTEPHOIO
MPOCTPAHCTBEHHOTO  MacmTaba  HECKOJBKO  COT  KHJIOMETPOB  JIO
MPOCTPAHCTBEHHOI0 MaciiTada, MPUHATOro B Mojenu jeaHuka (25 m) [5]. B
HacTosimie paboTe B KauecTBE BHEIIHErO0 IO OTHOLIEHUIO K JIEIHUKY
UCTOYHUKA, BMECTO pE3YyIbTATOB TJI00aTHHOTO KJIMMaTUYECKOTO
MOJIeJIMPOBaHUs ObUIM UCIOJIb30BaHbI JaHHBIE O CPEIHECYTOUHON TeMIlepaType
BO3/yXa Ha CETEBOM THUAPOMETEOCTaHIMH (TMC) Tepckos, IpPUBENECHHBIE K
BbicoTe 3000 M Hanm ypoBHeM Mmops (y.M.) [9]. CyTouHBIl XOI NpHU3EMHOU
TEMIIepaTypbl BO3JyXa (3HAYEHUs Kaxkable 3 yaca) 3ajJaercd MpoCTOi

rapMOHHYECKON (HOpMYIIOi:

T, =T - Tacos(ZTré) , (13)

rne T, — cyrounas ammumrynaa; t = 0, 3, 6, ..., 21 — Bpems B vacax, T, -

CpPEIHECYTOUHOE 3HAYCHHE (B IAHHOM Cilydae — npuBeaeHHas K BeicoTe 3000 M

HaJ y.M. TeMmmeparypa Ha rMc Tepckou). Ta SBIIIETCS HACTPaAUBAEMbIM

apaMeTpoM U omnpeneisieTcs (mapameTrpusyercs) B COOTBETCTBHH €
METeOHa0I0ICHUSMH.

CkopocTh BeTpa, KOTOpas SBISAETCS KPUTHUYECKOM BEIMYMHOM JIS
pacdyera TOTOKOB TypOyJeHTHOrO Terwia, ObUla 3aJaHa, KaK TOCTOSHHAS
BeamdnHa (2 M ¢). Pacuersl MPOM3BOAMINCEH U YCIOBUI 6e3061a4HOro Heba.
XapakTepucTUKH MOPEHHOTO uYexya (aib0es0, MIOTHOCTh, TETUIONPOBOTHOCTD,
TEMJI0OEMKOCTh, MOPUCTOCTh — CM. Tabj. 1) COOTBETCTBOBAIM IMOKa3aTessIM
negauka Jlxankyar [1]. OrmeTuM, 4YTO TOCHEAHSAA XApAaKTEPUCTUKA —
MOPUCTOCTh — MUIPAET HEMAJIOBAXHYK POJIb B pacyeTe BEPTUKAIBHO
pacnpeneneHus TEMIIEPATYpPbl B MOPEHHOM cJioe. [[eo B TOM, 4TO MOpPEHHBIM
YeX0J, KaK YK€ YIOMUHAJIOCH BBIIIE, SIBISIETCS TPEXKOMIIOHEHTHOW CpPEIOW —
CMEChIO KaMHEHW, BOAbI U Bo3Ayxa [l], ogHako B MareMaTM4ecKOW MOJENH

HCJICCOO6p33HO €ro mnpcaACTaBJICHUC B BHIC OJIHOKOMITOHEHTHOM CpEanbl,

http://ej.kubagro.ru/2017/09/pdf/78.pdf
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MIOPUCTOCTh KOTOPOM ABJISIETCS o0ob1aroniei TeMI0PU3NYECKON
XapaKTepUCTUKOM, TO3BOJSIONIEH B YNPOIIEHHOM BHUJIE OXapaKTEpHU30BAThH
TaKyl CMECh.

TecTupoBaHWe TMOKa3ajlo, 4YTO HAXOXKICHUE TPAHUYHOIO YCIOBUSA C
UCIIOJIb30BaHUEM cxeMmbl HpioToHa-Padcona ¢ ucCmosib30BaHUEM TOYHOCTH
pacuetroB PU=0.01 °C TpeOyeT He3HAUUTEIHLHOTO YHCIa UTepaIuil (KaK MpaBuIIo,
He 0oJiee JeCITH).

MakcuMalibHblE B TEUYEHUE CYTOK PACUETHBIE 3HAYEHUS TEMIEpaTypbl
MOBEPXHOCTM MOPEHHOTO 4Ye€XJIa MPEBBIIMIAIOT AHAJOTMYHBIE 3HAYEHUS
npuU3eMHOM Temneparypsl Boszayxa (puc. 4). Huskoe 3HaueHue anb0eno
MOPEHHOTO CyOcCTpara SIBISICTCS NPUYMHOW HArpeBa MOBEPXHOCTH 3a CUET
IIOTJIOIEHHOM KOPOTKOBOJIHOBOW paavalnuy, 3HAYEHUs KOTOPOW B CEpPEIMHE
MIONSL JIOCTHTAIOT MM HECKoIbko mpesbimaT 800 Brm” (puc. 5). Drta
BEeITMYMHA TIPEACTABISICTCS KOPPEKTHOM, TaK KaK COTJACHO HAOJIOJCHUSIM Ha
rmc  Tepckon, WHTEHCUBHOCTh CYMMAapHOM COJIHEUHOW paauauud B
OKOJIOTIOJTYZICHHOE BpEeMsI M B OTCYTCTBUU OOJlagHOCTH cocTaBisieT 1,391 kan
oM MI/IH_I, yro coctasigeT 971,38 Bt M2 [2, cTp.67], uin ¢ ydyeToM 3Ha4YeHUs
anpoeno Mopennl (0,10 — Tabn. 1) coorBerctByeT 874,24 BT M2, Pa3uumna
MEXKJy TEMIIEpAaTypoll MOBEPXHOCTH MOPEHBI U TEeMIepaTypod BO3ayxa
ABJISIETCA NPUYMHOM TOro, 4YTO B IOCJIEHOJNYAEHHOE BpEMS JOCTUIAET
MaKCUMyMa MOTOK SIBHOTO TYpPOYJEHTHOTO TEIjia, KOTOPbIA CMST4YaeT CTENEHb
HarpeBa 3a CYET KOPOTKOBOJHOBOW paavanvu. XapakTepHas €ro BEJIWYMHA
nocturaetr -500 Bt M'z, YTO OJMH-IBA MOpPsSAKa (3a PEAKUMHU HUCKIIOYEHUSIMU,
O0OyCIIOBJICHHBIMU  CNEUU(PUYECKUMU CHHONTHYECKHUMH CUTyauusmu [2])
MPEBBINIACT TTOTOK SIBHOTO TYPOYJICHTHOTO TeIia HaJ MOBEPXHOCTHIO JIbJA H, B
OTJIMYUE, OT TMOBEPXHOCTH JbJAa B 3aHe aOIAlMM HE KOMIIEHCUPYETCA
(MOTHOCTBHIO WJIM YACTHUYHO) TOTOKOM CKPBITOTO TYpOYJEHTHOTO TerIa.

CytouHnblii X0 >(PGEKTUBHOTO M3Ty4Y€HHUs, KOTOpPOE BCerja OTpPULATEIbHO,

http://ej.kubagro.ru/2017/09/pdf/78.pdf
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MMEET CYIIECTBEHHO MEHBIIYK) aMIUIMTYJy, 4Y€M IMOIJIOLICHHAs paauanus
(npuGmmsuTensHo ot -100 10 -180 Bt M™).

Pacnpenenenne TemriepaTtypsl B TOJILE MOPEHHOI'O 4e€xja 3aBUCUT OT
TOJILMHBI IOCJIEAHET0. Ero pacuersl NpoBOAMIINCH I AMANa30Ha OT 5 ¢cM 10 2
M. B KkadecTBe Ha4anbHOrO pACHPEACIECHUS UCIIOIB30BAICA JIMHEHHBIN
BEPTUKAJIbHBIN Mpoduip TEeMIEpaTypbl: B BEpXHEM Yy3j€ TeMIieparypa
NOBEPXHOCTU Ye€XJIa MPUHUMAJIACh PABHOW TEMIEPAType BO3/1yXa, B HIKHEM
y3Jie (Ha TpaHulle CO JIbJAOM) IPUHUMAJIACh PABHOM HYIIO (M MOAJEPKUBAIACH
TaKOBOM B TEUYEHHWE BCEr0 BpeMeHu pacueroB). Ha puc. 6a mnoxaszaHo
BEPTUKAJIILHOE pacHpe/le]IeHue TeMIlepaTypbl Kaxkaple 3 yaca JUisl TOJILIMHBI
yexna H=0,6 M. OtmeTuM, uto B 0 4acoB U B 3 yaca TeMIleparypa B BEpXHEU
YacTH CJIOS pacTeT C TJIyOMHOW, YTO SBISIETCS CIEICTBUEM TEPMHUYECKOM
MHEPLUM MOPEHHOro cyobcTtpata. XapakTepHO TaKXKe  3ala3/bIBaHUE
TeMIIepaTypbl MOPEHHOTO CyOCTpaTa Ha HEKOTOPOW TIIyOMHE OT TeMIlepaTyphl
Ha NOBepXHOCTU. B wacTHocTH, TemmepaTypa Ha riyouHe 30 cm Ha 1°C B 9
yacoB MeHbIIe, 4eM B 21 yac u B 0 4acoB, XOTs TeMIiepaTrypa Ha MOBEPXHOCTH
Ha 5°C Oousbiie. KauecTBEHHO aHAJIOTMYHOW pe3ysnbTaT ObUT IS JIEJHUKA

Breamxke B Utanesgackux Anpnax [14].
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Pucynoxk 4 — HaGmoneHnas npuseMHast temrepatypa Bozayxa (°C) va rmc Tepckon (B
CTaHJapTHBIC CPOKHU HAOIIOJICHHUN Kaxable 3 Jaca), MpuBEeACHHAs K aOCOIFOTHOM BBICOTE
aBTOMATUYECKON MeTeocTaHIuu J[>KaHKyaT, U pacueTHas TeMIlepaTypa MOBEPXHOCTH
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MoperHoro uexia B utojie 2007 r. Ha adc¢. Beicote 3000 M B ycroBusx 6€300;1auH0TO HEOa 1
CKOpPOCTH BeTpa 2 M/C.

CkopocTh TasiHUSIT MOJI MOPEHHBIM YEXJIOM HEJIMHEWHO pacTeT C
YMEHBIIIEHUEM TOJIIMHBI Yexya (puc. 60). ITOT, B 0OIIEM-TO, TPUBHAIbHBIM
pe3ysibTaT, ONMUCAHHBI paHee B MHOIOYHUCICHHBIX MCCIEIOBAaHUSIX U
NOATBEPKACHHBIN MNpsAMbIMU  u3Mepenusmu  [10, 12, 14], cayxur pus
Bepu(UKaIUU TPUMEHEHHOTO aJlfOpUTMa pacueToB. JIHEBHBIE CyMMBI TasHUS,
pacCUMTaHHbIC [JI MEPEUYUCIICHHBIX BbIIIE METECOPOJIOTHUECKUX YCIOBHH (pUC.
7), ecTeCTBEHHBIM 00pa30M 3aBHUCAT OT TEMIIEPATYPhl BO3AyXa U KOJICOIIOTCS B

npenenax 6,5-9,5 mm cyT'1 oJ cjioeM toamuaou 0,6 M.
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Pucynok 5 — Pacuernbie notoku temia (Bt M'2) Ha MOBEPXHOCTU MOPEHHOI0 yexJia (Sw —
MIOTJIONICHHAs! KOPOTKOBOJHOBAs paauanus, Eeff — apdexruBnoe n3nyuenne, SHF — siBHOE
TypOyJIEHTHOE TEIUI0) U 0 cioeM MopeHbl ToimuHon 0,6 M (Qbot) 14-16 urons 2007 r. Ha
BbicoTe 3000 M B ycioBusix 6e3001a4HOT0 HeOa U CKOPOCTH BeTpa 2 m/C.

Pazymeercs, B peasibHBIX MOTOJIHBIX YCIOBUSX, KOTJAa MEHSAETCA CKOPOCTh
BETpa, 00JIAYHOCTD U T.J., 3ABUCUMOCTb OT TeMIIEpaTyphl BO3AyXa OyJeT MeHee
BBIPOKEHHOW. 3aMETUM, OJHAKO, YTO B IPOTHOCTHYECKUX MOJIEIBHBIX pacyeTax
NIEPEUUCIICHHBIE BBIIIE XapaKTEPUCTHKU IieJiecooOpa3HoO 3a7aBaTh B BHJE
HACTpauMBaeMbIX MapaMeTpoB. ECTECTBEHHO, 4YTO [HEBHbIE CYMMBI OyIyT

3aBUCETh OT TOJIIMHBI cJ10s (cM. puc. 60). Kpome Toro, aMrinTyna CyTOUHbIX

http://ej.kubagro.ru/2017/09/pdf/78.pdf
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KoJIcOaHUH CKOPOCTH TassHHA 3aKOHOMCPHO CHHMIXKACTCA IIO0O MCPC YBCIMUCHMHA
TOJIIIUHBI MOPCHHOI'O 4YCXJia, 4 CaM MAKCMMyM CMCHIACTCA BO BPCMCHH,
IIOCTCIIEHHO BCE OOJIBIIIE OTCTaBas OT MaKCHUMyMa paavuaiuoOHHOI'O OanaHca Ha

IMOBEPXHOCTHU MOPCHHOI'O CJIOA.
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Pucynok 6 — PacueTHOe BepTHKaIIbHOE pacnpezenenue TemmepaTtypsl (‘C) MOpeHHOTO cyOcTpaTta B
cioe TonmuHou 0,6 M (a), paccuntannoe A 15 urons 2007 r. 3aBUCUMOCTb CpeTHEN ISl MEOJIS
2007 T. CKOPOCTH TasiHUS OT TOJIIMHBI MOPEHHOTO YexJa (MM IeHb | BOJIH. 9KB.) (0).
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Pucynok 7 — CkopocTb TastHusa (MM cyT-1 BOJH. 3KB.) B utosie 2007 r. 1oJ CJI0EM MOPEHBI
tonuHon 0,6 M BeicoTe 3000 M B ycnoBusix 6e3001a9HOTO HEOA M CKOPOCTH BeTpa 2 m/c.

3akilouenue

B craTthe ObL1 ommicaH METOJT pacdeTa CKOPOCTH TassHUS YYaCTKOB TOPHBIX
JIETHUKOB MO MOPEHHBIM 4exJioM. [loBepXHOCTHAasi MOpEeHa MOXET BBICTYNATh
KaK B KauyeCTBE YCWIMTENS TasHUS (0 ONPEICIICHHON KPUTUYECKOW TOJIIIAHBI
HECKOJIbKO CaHTHUMETPOB, 3aBUCAIICH OT (PU3HUYECKUX CBOMCTB MOpPOJ,
cjararolx MOPEHHBIM 4eXO0J1), TaK U KauecTBe M30JsTopa. Bropas posb Oosee

BaXHa, TAK KaK TOJJIIKMHA MOPCHHOI'O 4YCXJida, KaK IIPaBWJIO, 3HAYUTCIBHO
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OoJbllIe KpUTUYECKON. B CBsI3U ¢ TeéM, 4TO 3HaUUTENbHBIE IOMAH JIEAHUKOB B
pPa3HbIX PETHMOHAaX MHpaA IOKPBITBI MOPEHHBIM YEXJIOM, JUISi KOPPEKTHBIX
pacyeTroB JIEIHUKOBOIO CTOKAa HEOOXOAMMO TIPUHHMMAaTh BO BHHUMaHUE
OpOHMPYIOILYIO POJIb TIOBEPXHOCTHON MOpeHBI. [[i1s1 Bepudukanum Moaeau Obu1
BbIOpaH TunuuHbll Uit LlentpansHoro KaBkaza nemnuk [[xankyar, rie
CUCTEMATUUYECKNUE HAONIONEHUS MPOBOJATCA HA TMPOTSIKEHUU IOCIEIHETO
noisyBeka. Pa3paboTaHHBIi M NPOTECTUPOBAHHBIA  MOJAETBHBIA  OJIOK
npeanosiaraeTcs B OyAylleM BCTPOUTh B JUHAMHYECKYIO MOJENb TOPHOTO

JCAHWKA 1 UCII0Jb30BAaTh AJIA MPOTHOCTUYCCKUX PaCUYCTOB.
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