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PaccmoTrpena 3amada mpoMmep3aHWS TPYHTA, YYUTHIBAIOIIAs KOHBEKIHIO BO3IyXa B €rO
CHe)XHOM TIOKpOBE TIOA BIHMAHWEM TeMmmeparypHoro rpaaweHta. C  HCHOIB30BaHHUEM
TEPMOJIMHAMHUYECKONH MOJEIH MOJIYYEeHbl KOJIMYECTBEHHBIE XapaKTEPUCTUKHU MIPOLIECCa MPU CPETHUX
3HAYCHUAX BXOJHBIX IApaMETPOB 3ajauu. [1oka3aHO, YTO BIMSHUC BHKCHUI BO3JyXa B CHEXKHBIX
opax COM3MEPHUMO JOJDKHO YUMTBIBAThCS MpPH pacyéTax Hapsay C METEeOpOJIOrHYEeCKUMU
(dakTopaMH W TEIUIOPU3UYCCKUMHU CBONCTBAMHU 3aMep3aromiux cpeia. lcmonb3oBaHHAasS MOJENb
MOKET UCTIOJIB30BaThCS AJIs pacuéTa 00pa30BaHus TUIaBYYUX JbJA0B HA IIOBEPXHOCTH BOJOEMOB.

KiroueBsle cioBa: npomep3anue epyHma, CHENCHbIIL NOKPOS, MepMUYecKas KOHGEeKYUs

OO1enpuHATHIA MOAXO0A K MaTeMaTHYECKOMY MOJEIUPOBAHUIO IIPOMEP3aHUs IPyHTa HE
YUNUTBHIBAET KOHBEKTHUBHBI MEXaHM3M TEIUIONEPEHOCAa B IOPAaX HAIMlOYBEHHBIX IOKPOBOB,
HECMOTpPS Ha TO, YTO pealibHble TPaJUEHTHl TEMIIEpaTyp B CHEXHOM W PACTHTEIHLHOM CIIOSX
MOTYT NpEBBIIIATh 3HAYCHHUs, HEOOXOJUMBIE JUIA Hadanda KOHBEKIMH Oojiee, 4eM Ha MOPSIAO0K
[/Kexamyxoe u Kexamyxoea, 2002]. VckitoueHHe cOCTaBIseT HccienoBaHue [/Kexamyxosa,
2006] B KOTOPOM B MPEAMOIOKEHUH MOCTOSHHOW TIIYOWHBI CHEra C HMCIOJIh30BAHUEM METOJa
MaJIoro napamMerpa ObLIO MOITYYeHO NPUOIMKEHHOE aHATUTUYECKOE PEIICHNE 3aJauH .

B nacrosmeit pabote s aHanuza 3(Q@PEKTMBHOCTH KOHBEKTHBHOTO TEIUIOIEpEHOCa B
pacTylieM CHEXHOM IOKpPOBE HCIOJIb30BaHA MOCTAaHOBKA 3a/layM, aHalornyHas [Kexamyxosa,
2006]. YpaBHeHue Uit pacuéra OCHOBHOM XapaKTEpUCTUKM Ipolecca, JIBHXKEHHUA (poHTa
IpOMep3aHusl TPYHTA C YIETOM KOHBEKIIUH MOKET OBITh 3aIIUCAaHO B BUJIE
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CHera; d — IuaMeTp 4acTHIl CHera; OBOAHOCTH cHera; D, — ko3 dunuent nuddy3un BoISIHOTO
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napa B Bosayxe; Ty = S(OAT, (A,h, + (1) A,) - TemnepaTypa rpaHuipbl «CHeT-€R» [JKexamyxos

u lllyxosa, 1999, Sommerfeld and Rocchio, 1993; Sturm et al., 1997]. HetpynHo 3amMeTuTh, B
OTCYTCTBUHM CHera cooTHomieHue (1) mepexomuT B Kiaccuyeckoe ypaBHeHue Credana s
orpezeNneHus TyOuHbI TPOMEp3aHus OPO/I.

PaccmarpuBasi, A ONpenesli€HHOCTH, YCIOBHS NPUOPEXKHON 30HBI 0. 3amaaHbIid
[nunbepren, B KauecTBE CPEeIHUX 3HAUEHUN BXOJHBIX MapaMeTpoOB 3aJaYd MOXKHO BBIOpATh
BemunHbl T, = —10°C; py = 300 xr/m>; W= 0.2; pg= 2000 xr/m>; n = 0.1; d = 0.001 m; Q= 0.1
Br/M®> [Ocoxun u  Cocnosckuii, 2014]. He3HauuTenbHBIi pacTUTENbHBIA  MOKPOB
rpyOOANCIIEPCHBIX MOPO, TUMUYHBIX IJs JaHHOrO paiioHa, M3-3a CBOETO MAJIOr0 BIIMSHHUSA Ha
TEMIIbl TPOMEP3aHMsl, TMOJarajics OTCYTCTBYIOIIMM. JlJIss MPUHATBIX — aNmpOKCUMAIH
TeII0(QU3NUECKUX XapaKTepUCTUK CHEra M TPyHTAa CpEeJHUE 3HAUYEHUs MapaMeTpoB 3ajaudu
coctaBuiy ys ~ 7.16x1077 m*/c; M =~ 2.641x107%; u =~ 9.51x10~* m/c; e = 0.673; K =~ 7.417x107°
M?, 9TO JOCTATOUHO ONU3KO K JAHHBIM M3MEpEeHMil, puBeaSHHBIX B [Kexamyxos u Illyxoea,
1999].

[IpencraBnenne o riyOMHE mpoMep3aHusi B TeueHHe NepBbiX 30 CyT. B 3aBHCHUMOCTH OT
CKOpPOCTH BO3/yXa MPH CPEJIHUX 3HAUCHUSIX IPYTUX BXOAHBIX MapamMeTpoB 3aaaun Aaét Tadm. 1.
B ommmuue ot pabotel [JKexamyxoea, 2006], nns ux pacuéra pa3joXKEeHHUs B PAIbl HE
MCII0JIb30BaJI0Ch

Tabmmma 1. [IlunaMuka riryOMHBI poMep3anus rpyHTa, M Ha 5, 10, 15, 20, 25 u 30-s1e cyTKH ¢ Hagayia

TB1000pa3oBaHus
I, CYTKHU
5 10 15 20 25 30
u, M/c

0 0.254 0.360 0.441 0.509 0.569 0.624
10~ 0.255 0.360 0.441 0.510 0.570 0.624
103 0.256 0.363 0.445 0.515 0.576 0.632
102 0.267 0.384 0.475 0.553 0.623 0.686

u ypaBHenue (1) pemanocs umcineHHo. Kak BUAHO, 3aBUCHMOCTH TEMIIOB IPOMEpP3aHUS OT
CKOPOCTH YaCTHI[ 1 MMEIOT HeIMHEHHBIH XapakTep, MpHuéM CKOpoCTAM Bo3ayxa g0 1073 m/c
COOTBETCTBYIOT TEMIIbl JIb0OOPAa30BaHUS, MPAKTUYECKH paBHbIE €€ HYJIEBBIM 3HAUCHUSIM.
BriusiHME KOHBEKIIMH HAUMHACT MPOSBIATHECS MPUMEpHO npu #>10-2 m/c. CliemyeT OTMETUTS, YTO
u3-3a TMPUHATOM MapaMeTpu3allid CHErOHaKOIUIeHHUs, Oojiee aJeKBATHO OMMCHIBAIOIIUX €ro
OUHAMUKY ueM [Kexamyxoea, 2006], pazdpoc rinyoun cHera Ha 30-ble CyT. JOCTUTAN 7 MM.
HecmoTpst Ha cpaBHUTENBHO Malyl0 BEIUMYHMHY, HAJMYME TAKUX BapHallUid MOKHO OTHECTH K
U3JIEP’)KKaM TPUHATOW TIOCTAHOBKM 33Jayd, HE WMEIOIIUX, BIPOYEM, MPUHIUIUATHHOTO
3HAYEHMS, OJHAKO 3aTPYIHSIONIMX CpaBHEHUE IIOJYyYEHHBIX pE3yJbTaTOB, OCOOEHHO Mpu
BBICOKHX CKOPOCTSX BO3ayxa. [[pHHIMITMATBHO BaXKHBIN BOMPOC O MAKCUMATBHBIX BETHUYWHAX U
OCTa&TCsl OTKPBITHIM; MOKAa MOXHO JIMIIb MPEANOJIOKHUTh, YTO MPU MOHMKEHUU TEeMIIepaTypbl
BO3lyXa OHM MOTYT IIPEBOCXOAMTh 3HadeHue 1072 M/c M, CJIeIOBATENbHO, OKA3bIBATh EIIE
Oombliee BIUSHUE Ha JABMKEeHUE (ha30BOro (hpOHTA, COM3MEPUMOE C BIUSHUEM JPYTUX BHEITHUX
¥ BHYTPEHHUX NapameTpoB 3anauu [Xaouobyaiun, Conoamkun, 2012]. Takum oGpa3om, Hapsay ¢
METEOPOJIOTUIECKUMH (PaKTOpaMU U TEIUIOPU3NYECKUMU CBOMCTBAMHU CHEra W TPYHTA, Ha
poMep3aHue TPYHTa MOKET OKa3bIBaTh U KOHBEKTUBHOE JIBH)KEHUE BO3/IyXa B IMOPaX CHEXKHOIO
IIOKPOBA.

Hcnonb30BaHHBIN MOAXOJ MOXKET ObITh Takke NPUMEHEH JUIsl pacuéra HBOJIOLMU
IUIAaBYYMX JIbJOB, HAaXOXKJICHHE KOTOPBIX HA MOBEPXHOCTH BOJAOEMOB oOOecrmeunBaeT
CYIIIECTBOBaHHE HEOOXOAUMOTO JIJIsl AIBMKEHHUS BO3IyXa TEMIIEPaTypHOIO IpaueHTa.
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THE IMPACT OF AIR CONVECTION IN SNOW COVER ON THE UNDERLYING
GROUND FREEZING

Bogorodskiy P.V., Sidorova O.R.
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The problem of soil freezing was examined with consideration of air convection within the
snow cover driven by temperature gradients. Quantitative characteristics of the process were derived
using a thermodynamic model. The results show that the impact of convective air motion in snow
pores on the freezing depth is comparable to that of another input parameters of problem.
Consequently, this effect should be included in calculations alongside meteorological factors and the
thermal properties of the freezing media. It is also demonstrated that the proposed model can be
applied to simulate the freezing of floating ice on the surfaces of water bodies.

Keywords: ground freezing, snow cover, thermal convection

REFERENCES:

Zhekamuhov M.K., Zhekamuhova I.M. On convective instability of air in snow cover // J.
Engineering Physics and Thermophysics. 2002. Vol. 75. Ne 4, P. 65-72 (in Russian).

Zhekamuhov M K., Shukhova L.Z. Convective instability of air in snow // J.Applied Mechanics and
Technical Physics. 1999. Vol. 40. Ne 6. P. 54-59 (in Russian).

Zhekamuhova I.M. Estimation of the depth of the soil freezing under the layer of snow considering
the air convection in the mass of the snow// News of the Kabardino-Balkarian Scientific Center of the
RAS. 2006. Ne 2 (16). P. 28-36. (in Russian).

Osokin N.I., Sosnovsky A.V. Field investigation of efficient thermal conductivity of snow cover on
Spitsbergen // Ice and Snow. 2014. Ne 3 (127). P. 50-58. doi: 10.15356/2076-6734-2014-3-50-58 (in
Russian).

Khabibullin I.L., Soldatkin M.V. Dynamics of freezing of the seasonal-thyawed layer of the
cryolithozone taking into account the presence of snow cover // Bulletin of the Bashkir University. 2012.
Vol. 17 (2). P. 843—-846 (in Russian).

Sommerfeld R.A., Rocchio J.E. Permeability measurements on new and equitemperature snow //
Water Resources Research. 1993. Vol. 29. Is. 8. P. 2485-2490. doi: 10.1029/93WR01071

Sturm M., Holmgren J., Konig M., Morris K. The thermal conductivity of seasonal snow // Journal
of Glaciology. 1997. Vol. 43. Is. 143. P. 26-41. doi:10.3189/S0022143000002781

256



