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Summary

A number of recent publications note the observed correlation of snow/ice thickness in some arctic regions
with gravity field inhomogeneities. The physical mechanisms that could cause such a correlation are still
unclear. In this paper, we consider a possible mechanism for the ordered horizontal transport of heavy
admixtures (in particular, snow during low snowstorms) in the surface layer of the atmosphere under the
influence of the mentioned inhomogeneities. In the area of gravity anomaly, in addition to variations of the
vertical component, there are also components of this force that are tangential to the mean Earth ellipsoid.
In flat mesoscale atmospheric models, these are additional horizontal forces, to which the dynamics of the
atmosphere is quite sensitive. It seems appropriate to evaluate the possible systematic influence of such forces
on the horizontal transport of heavy impurities in the atmosphere, which include, for example, snow coming
from the surface into the surface layer of air at sufficiently strong winds (in situations such as low snow-
storms). It is assumed that in the absence of a heavy admixture, the medium is in a static state, in which the
horizontal component of gravity is compensated by the horizontal pressure gradient. When admixture enters
the air, the average density of the medium changes, and in the presence of a horizontal component of gravity,
an additional horizontal force appears. Its effect was studied within the framework of a simple linear analyti-
cal model. Estimates show that although the rate of additional horizontal transport is very low, the effect that
accumulates over many years can be noticeable.
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modene.

B nutepaType oTMeuaeTcs Habnogaemas Koppenaums TONWMHbI CHEXXHOTo/NeAaHOro NoKpPoBa B HEKOTO-
PbIX APKTNYECKIX PETMOHAX C AHOMASIUAIMM CUJSbI TAXKECTU. PaccMaTpuBaeTc BO3MOXHbIM MEXaHW3M Yro-
PALOUYEHHOTO FOPU30OHTANIbHOIO NEpPeHoCca TAXENbIX Npumecei (cHera) B aTMocdepe B HEOLHOPOAHOM
nose cunbl TAxecTW. MpoaHannsMpoBaHHasa TeopeTuyeckas MoJerb NMoKasbiBaeT, UTo 3bdeKT, Hakanu-
BaIOLYMIACA B TEUEHME MHOTVIX JIET, MOXET ObITb CYLLECTBEHHDBIM.
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BBenenne

B psane HemaBHUX MyOIMKaLUi OTMEYaeTcsl Kop-
peJsLMS TOJNIIUHBI CHEXXHOT0/JIEASTHOTO II0KPOBa B
HEKOTOPBIX apKTUIECKHMX PeTHOHAX (B OKPaMHHBIX
APKTUYECKUX MOPSX) ¢ HCOTHOPOMTHOCTSIMH OIS
cwibl Tskectu (Sharov, Nikolskiy, 2016). ®usu-
YeCKHe MEXaHU3MbI, BbI3bIBAIOIME TaKyl0 KOppe-

JISILMIO, TIOKa He SICHBI. B 0061acT aHOMaJIMU CHJTBI
TSIKECTH, KPOME BapUallMii BEPTUKAJIbHOM COCTaB-
JISTIOILEN, CYIIECTBYIOT TAKXKE COCTABIISIOIINAEC STOMU
CWJIbI, KacaTeJIbHbIC K OOILIEMY 36MHOMY SJLIMIICO-
uay. B miockux Me3oMaciiTaOHbIX aTMOC(EpPHBIX
MOZENSIX 3TO — JIOIOJHUTEIbHbBIE TOPU3OHTAIBLHBIE
CUJIbI, K KOTOPbIM IMHAMMUKa aTMoc@ephl BechMa
yyBCcTBUTEIbHA. llenecoodbpa3Ho OlleHUTh BO3MOX-
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HO€ CUCTEMAaTUYeCKOE BIMSIHUE TaKMX CUJI Ha TO-
PU3OHTAJIbHBII MEepeHOC TSKEIBIX MpUMeECEld B aT-
Mocdepe, K KOTOPbIM OTHOCUTCS, HallpUMep, CHET,
MOCTYNAIOLIMKN C TIOBEPXHOCTU B MPU3EMHBINA CJION
BO3IyXa MPU JOCTATOYHO CUJIbHBIX BeTpax (B CUTya-
LIMSIX TUIIA HU30BBIX MeTeNeit).

MartemMaTnueckas MOZIejb

B pamMkax miaockoil Me3omMaciuTabHOU Moaenu
MPU3EMHOTO CJIOSI aTMOCMEPHI UCITOJIb30BaHa 1€~
KapToBas cucTteMa KoopauHat. PaccmarpuBaeTcs
MoJIyOrpaHUYE€HHAasl cpela, OrpaHUYEeHHask CHU3Y
TBEPAON TOPU3OHTANIBHON MOACTUJIAIONIEN TMO-
BepXHOCTHIO 7 = 0 (OCh Z HampaBieHa BEPTUKAIbHO
BBEPX, OCb X — BJIOJIb TOPU3OHTAILHON KOMIIOHEH-
TBHI CUJIBI TSXKECTH). B HEomHOPOTHOM TOJIe CUJIBI
TSDKECTU CUYMTAEM 3aJaHHOM TOPU30HTAJBbHYIO CO-
CTaBJISAIOLIYIO YCKOPEHUS CUJIBI TSXKECTH g,.. C HIX-
HEl TpaHUIIBI B CPeIy IIOCTYHAET TSLKEIast IPUMECh,
3agaH JUP@Y3MOHHBIN TTOTOK:

x(0u/0z) = —Mmipu z =0, ey

rae W — MaccoBasi KOHLEHTPALUS TSKEION MpuMe-
cu; x — KoadduuueHT e€ nuddysuu; M — mior-
HOCTb [TOTOKA ITpUMecH, Kr/(M%c).

Ecnu nocrymieHue mpuMecy ropu30HTaIbHO-
OIHOPOIHO, TO €€ CTAllMOHAPHOE FOPU3OHTAIBHO-
OIHOPOMHOE paclipe/ie/ieHIE OMUCHIBAETCSI ypaBHE-
HUeM T Gy3un ¢ yIETOM OCedaHUS YACTHII;

—u(0w/0z) = x(d’w/dz’), (2)

r1e L — abCoTIOTHAS BeJIMIMHA CKOPOCTU OCeIaHust
YaCTHULL IPUMECH.

l'opu30HTaIBHYIO TPOSKIIMIO CTALIMOHAPHOTO
ypaBHEHUST TMHAMUKU 3aITAIIEM KaK

0 =—(dp/ox) + pvAu + pg,, 3)

Ime p — JABJIICHHWE, P — IIOJIHAS IJIOTHOCTD CPeIbl;
v — KOO PULUMECHT KUHEMAaTUIECKOM BI3KOCTH; U —
CKOPOCTh BO3HMKAIOLIETO TOPU30OHTAIBHOIO TeYe-
HUS; A — CUMBOJI JIallJlacMaHa.

T'opU30HTAIBHYIO COCTABISIIOIIYIO0 YCKOPEHUS
CWIBI TSXECTU g, 1ajiee CUNTAeM U3BECTHOM U B pac-
CMaTpUBaeMOl 00JacTH MTOCTOSTHHOM, T.€. Mpeario-
Jlaraetcsl 6ajJaHC TOPU30OHTAJIbHON COCTaBJSIONIEH
CHMJIBI TSKECTH, CUJI TOPU30HTAJIBLHOTO IpagdeHTa
NaBJIeHUs U BsI3KocTU. He yunThiBaeM 31eCh KOpH-
OJIMCOBY CMJIy, KOTOpasi Ha MPOCTPaHCTBEHHO-Bpe-

MEHHbBIX MacIuTabax HU30BOM MeTeIn HECYILICCTBCH-
Ha. [JIOTHOCTB CKJIaAbIBAECTCS U3 IBYX CJ1ara€MbIX:

p=ptu,

rie U — mapiuaibHas INIOTHOCTh MIPUMECH; YePTOM

0003HayaloTcs (POHOBLIE 3HAUESHUST BEJIMYMH.
HMmeeTcsa B BUIy, 4TO IPU OTCYTCTBUHU TTOCTYII-

JISHUS TSDKEIJIOM IMIPUMECH Cpela HAaXOIUTCS B CTaTH -
YECKOM COCTOSTHHH, B KOTOPOM

00/0x = (g, )

(coBmameHUE B CTATUYECKOM COCTOSIHUM M300ap u
M30IMUKH C SKBUIIOTCHUMAIbHBIMU IIOBEPXHOCTSIMH
JloKa3aHo 115 ciydas uaeajibHol cpenbl (KouuH,
1949), oTtauume OoT KOTOPOI B JaHHOM KOHTEKCTe
HETIPUHIIUIINAIBHO).

B ¢opmyne (4) roprsoHTaIbHAS COCTABSIONIAS
CUJIbI TSDKECTU CKOMIIEHCHPOBaHA TOPU30HTAIbHBIM
rpagreHToM nasieHus. [1pu mocTyruieHun B cpemy
TSDKET0M mpuMecH B ypaBHeHMe (3) 1oOaBisgeTcs He-
CKOINEHCUPOBAHHAs TOPU3OHTAIbHAsA cuia ug,. [lo-
CTYITJICHHE TIPUMECH CUMUTAETCSI TOPU3OHTAIBHO-OI-
HOPOIHBIM, II03TOMY CBsI3aHHAsI C 9TUM J00aBKa K
IUTOTHOCTH U JABJICHUIO 11 BOZHUKAIOIIEEe TeUCHNUE He
3aBUCST OT TOPU30HTAJIBLHON KOOPAMHATHI X; TOPH-
30HTAJIbHBIN I'palieHT AaBJIEHUS He MeHsieTcs. Torna,
BeIumMTas (4) 13 (3), MosryyaeM ciiemyroliee ypaBHeHIE:

V(P + W)(0%u/02%) = —g,. )

CucteMsl (2), (5) m1s1 UICKOMBIX GYHKIUR W(Z),
u(z) pemaeM ¢ KpaeBbIMHU yciaoBUsMH (1), a TakKe ¢
YCJIOBUSIMU TIPYIMITAHUS 1 3aTyXaHUS BO3MYIIICHUI
B JaJIv OT MOJCTUIAIONIEN MoBepXHOCTU: ¥ = () Ipu
z=0;u=0,du/dz=0npu z= co.

Pe3yabTaTni

Pewienue ypaBHeHMs (2) mpy paccMaTpUBaeMbIX
IPaAaHWYHBIX YCJIOBUSIX UMEET CACAYIOLINNA BUI:

w= (M/v)exp(—z/h), h = y/v.

W3 popmynsl (5), ¢ y4éTOM KpaeBbIX YCIOBUIA,
ToJyJaem:

. (6)

@__g_xi n(z) 8. X M
dz \Y%

—d7'=—=In| 1+ —exp L
2p+u(7) Vo pvL h

[pu nanpHelieM MHTErprupoBaHnH (6) CKOPOCTh
U BeIpaXKaeTcs yepes crieluaabHble pyHKIMU. B npe-
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JeJIbHOM ciydae | << p, KOrma MpuMech BHOCUT OT-
HOCUTEJIbHO MaJIblil BKJIAJ B TUIOTHOCTh BO3/IyXa:

u =~ (Mx’g,/vvp)[1 — exp(=z/h)].

PesynpraT HanboJiee CUJILHO 3aBUCUT OT CKO-
poctu ocenaHus yactuil. Hampumep, B mpuzeMHOM
CJI0€ BO3IyXa B YCJIOBUSIX Ipu3eMHOI MeTenn (bbrd-
koBa, 2016; Uurenn, 2018) p = 1 kr/m3, K03 du-
LIMEHTHI TYpOYJIEHTHOTO 0OMeHa v =% = ¥ = 3 M2/c,
v = 0,2 m/c, Torna & = 15 M. Ecitu nipu atom
M = 21072 kr/(m%c), a g, = 0,5-1073 m/c? (Sharov,
Nikolskiy, 2016), To xapakTepHOe 3HaYeHHE MacCOBOI1
KOHLIEHTpaLuu rpumecu coctasisier 0,1 kr/m>, a mo-
PSIOK CKOPOCTH BO3HUMKAOILEro Teuenus 4-1073 m/c.
Hcnonb3oBaHue 31eCh CTallOHAPHON MOJIEIN OIIPaB-
JAHO TE€M, YTO MOJIyYEHHOE 3HAYeHUE CKOPOCTHU J0-
CTUTaeTCs 3a BeCbMa KOPOTKOe BpeMsl. [lelicTBUTENb-
HO, 1T HeCTallMOHAPHOM 3ajadn B ypaBHeHUE (5)
J00aBJIIeTCS IPOM3BOIHAS IO BpEMEHU:

(p + W) (0u/ot) = v(p + u)(0°u/02%) + pg,.

ITocne BHecenus tsaxenoit mpumecu (U #= 0) Ha
Cpely HauMHaeT AelCTBOBATh MOIMOJHUTEIbHAS TO-
pU30OHTaNIbHAS cufia (MocjieHee caaraeMoe B mpa-
Boil yacth). [Toka BSA3KOCTh HE CTAHET CYIIECTBEH-
HOU U TeueHue He NMPUOIUZUTCS K CTALIMOHAPHOMY
pexumMy, NpUOIMKEHHO BBITIOJIHSIETCS ypaBHEHME

(0 + w(0u/of) = ug,.
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Ortcrona moiy4yaeM OIeHKY BpeMeHU Af, Heo0-
XOIMMOTO JIJIsSI JOCTVKCHUSI CKOPOCTH U:

Ar= (D + wWu/(ug,)-

J1 pacCMOTPEHHBIX 3[IeCh 3HAYEHUI ITapaMeT-
pOB BpeMSI BBIXOIA Ha CTAllMOHAPHBINA peXXM CO-
CTaBJISAET MopsaKa 1 MUH.

3aKkioueHue

B HeomHOPOAHOM T10JI€ CUJTBI TSKECTU CYILIECTBY-
eT MEXaHU3M YIIOPSII0YEHHOI0 TOPU30HTATIBHOTIO
TepeHoca TSDKEJTBIX pUMeceil B aTMocdepe, B 4acT-
HOCTH, CHEXHBIX Macc. CKOPOCTb BOBHUKAIOIIUX I'O-
PU30HTAIBLHBIX TEUEHUI — HM3Kasl, IT03TOMY MOXKHO
TOBOPUTH JIMIIb O Majioil IOIpaBKe K OOBIYHO-
My BeTpoBoMy niepeHocy (bwrakosa, 2016; Wamser,
Lykossov, 1995). OnHako BaxkHO UMETh B BUAY, UTO
peub UIET 00 3ddeKkTax nepemMeleHus MpumMecHu,
KOTOpbIE MOTYT HaKaIIMBaThCsI MHOTHE Toabl. Ha-
MpUMep, pacCUYUTaAaHHOE 3/1eCh MepeMellleHNe CHera,
CBSI3aHHOE C €r0 MOCTYIUIEHUEM B BO3IYX, MPOUCXO-
auT 50 nHel B TedeHUe roja, U 3a roj rnepemMelieHue
cocTapysieT okoso 20 kM. Jlaxxe 3HaUMTENIbHO OoJiee
MeIJICHHOTO TIepeMelleHUs] JOCTaTOYHO (TP Ipo-
YUX OJIATONPUSITHBIX YCIIOBUSIX) IJISI ITTOCTEIIEHHOTO
MepeHoca CHEXKHBIX MacC Ha COTHU KUJIOMETPOB.
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