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[Ipobieme BO3YIIHOM BOHEL, 00pa3yIoIencst IpH CX0/1e CHEeXHBIX JIABHH, IIOCBSIIEHO MHOTO pador [3,4,8,10].
B OompmmHCTBE W3 HHX JACIacTCA, IIOIIBITKA OOBSICHUTD mpupoay OTOTO ABJCHHUA Ha OCHOBC CIAMHUYHBIX
HAOIONEHNI WK e paccKa3oB oueBHAleB. CucTeMaTHuecKue HaONFONEHWS 3a JaBHHAMH M WX BO3TYITHBIMH
BOJIHAMHU, TIPOBeIeHHbIE B [IpHanbOpyche, Aanu pe3ysibTaThl, KOTOPbIE MOXKHO CYMMHPOBATh CJIEAYIOLUIMM 00pa3oM.

The problem of air wave generated during avalanches, many works are devoted [3,4,8,10]. Most of them have
done, trying to explain the nature of this phenomenon from a single observation or eyewitness accounts. Systematic
observations of avalanches and their air waves conducted in the Elbrus region, produced results that can be
summarized as follows.

1.  BoaayuiHble BOJHBI Pa3pyLINTEIbHONW CHIIBI 00Pa3ylOTCsl TOJIBKO Y JIABHH M3 CYXOro cHera, a Hauboiee
MOIITHBIE BO3IYIITHBIE BOJHEI 00pa3yloTCs Yy JIAaBUH U3 CyXOT'0 CBEKEBBIIABIIETO CHeTa [2, 5].

1. Air waves destructive formed only of dry snow avalanches, and the most powerful air waves are formed in dry

avalanches of fresh snow [2, 5].

2. Bo3nymiHas BojgHa OCTaBIsIET HA MECTHOCTH XapaKTepHbIE Ul Hee NPU3HAKU, 110 KOTOPhIM KaK B 3UMHUH,
TaKk U B JIETHUH Iepuoa MOXHO OIIPEACINTh HAIUYIUC W JAJIBbHOCTH 30H HeﬁCTBHH BO3QYIOHBIX BOJH pa3H0171
WHTEHCUBHOCTH, 2 TAK)Ke OCHOBHEIE OCOOCHHOCTH €€ JIBFDKEHUS U BO3ACHCTBHSA [S].

2. Air wave leaves the area its characteristic features, which both in winter and in summer, you can determine

the presence and range of areas of the air waves of varying intensity, as well as the main features of its

movement and effects. [5]

3. JlanbHOCTH BO3/IEHUCTBUS BO3YITHOW BOJIHBI 3aBUCUT OT 00beMa JIaBHHBI, TEOMETPHH JJABUHHOTO Oo4Yara u
CBOMCTB cHera. IlomyueHbl 3aBHCHUMOCTH pPa3MEpPOB 30HBI PA3PYIIMTEIBHOIO JEHCTBUS BO3AYLIHBIX BOJH OT
TJIOMIA/IM M ITTUHBI JTABUHHOTO oYara, a Takke oobema iaBuHbl. Ha I{enTpansHom KaBkaze nmpu pacdere nanbHOCTH
BEIOpOCa JTaBUH cJexyeT H00aBIATh HA BO3IEHCTBHE BO3AYIIHOW BOJHEI HE MeHee 12% JUTMHBI ITyTH JaBUHEI [6].
Bonbias qanbHOCTh 30HBI Pa3pyILIMTEILHOIO BO3AEHCTBUSA BO3yIIHON BOIHBI B 200-300 M XxapakTepHa TOJIBKO AJs
CyXuXx JIaBuH 00bemMoM Goree 100 teic.M°. C nanbHeimm yBeIHMYEeHNEM 00EMOB JIaBHH 3Ta ATBHOCTh PACTET BCE
MeneHHee [2] .

3. Range impact of an air wave depends on the avalanche, avalanche chamber geometry and properties of snow.

Depending on the size of the zone received the ravages of air waves on the size and length of the avalanche

chamber, and the volume of the avalanche. In the Central Caucasus in calculating the range of emission

avalanches should be added to the impact of an air wave of at least 12% the length of the avalanche path. [6]

Long range area damaging effects of air waves in the 200-300 m typical for dry avalanches of more than 100 000

m’. With a further increase in volumes avalanches this range is growing more slowly. [2]

4.  PaszpaboraHa MeTOJHMKa OLIEHKH MapaMeTPOB BO3/YIIHOH BOJHBI IO IMOJOMaM U IIOBajJaM JICPEBbHEB,
KOTOpasi MOXET IPUMEHATHCSA NPU U3BICKAHUAX U OLICHKE JIABUHOONACHBIX TeppuTopui. IlomydeHHble 1o 3TOH
MCETOOAUKE OLCHKHW JaBJICHUA AOUHAMHYCCKOTO Haropa BOSI[yH_IHOI\/‘I BOJIHBI Y HanOoiee KPYIHBIX JIABUH B
[Mpuans6pyche namu BenuauHy okoio 2000 Kr/m’ cpa3sy 3a rpaHuIeH JJaBUHHBIX OTJIOXEHHMH [2].

4. Developed a method estimating the parameters of an air wave on the floor and fell a tree, which can be used

for exploration and evaluation of avalanche areas. Obtained by this method of estimating pressure dynamic

pressure of the air wave in the largest avalanche in the Elbrus region get a value of about 2000 kg/m? just outside

of avalanche deposits [2].

5. C IMOMOIIBIO CICHUATIBHO U3TOTOBJICHHBIX TaTYUKOB IMTPOBCIACHBI CIMHUYHBIC U3MCPCHUA NABJICHUA B 30HC
BO3NIeHcTBUS BONHBI [6]. Ha ocHOBe HaONIOACHWH, JAaHHBIX PacyeTOB M MPOBEACHHBIX M3MEPEHHUU IMPEIoKeHa
HOBasi KOHIIENIUS MPUPO/IbI BO3AYIIHON BOJHBI, CyTh KOTOPOH 3akiitouaercs B ciaenyromeM [2]. [Ipu cxoxe cyxoit
JIaBHHBI 00pa3yeTcss MOLIHOE CHErOBO3IYLIHOE 00JIaK0, OKYTHIBAIOLIEE TEJIO JIABUHBI, KOTOPOE IIPH BBIXO/E JABHHBI
Ha KOHYC 0o0rousiet TIOCIIEAHCE N33a MEHBIICTO COIIPOTUBJIICHUA W ITPOXOIUT HA ACCATKH U COTHHU METPOB JAJIBIIC
OCTaHOBHUBIIEHCS JaBUHBI. [IOCKONBKY IUIOTHOCTH CHETOBO3IYIIHOTO oOiaka B 5-20 pa3 Oojbllie TUIOTHOCTH
BO3/yXa, IPH CPABHUTEIBHO HEOOMBIINX CKOpOCcTsX 10-50 M/c 0HO pa3BHBaeT 3HAYNTEIHHBIC JaBICHUS.

5. Using a specially constructed sensors made a few measurements of pressure in the zone of influence of the

wave [6]. Based on observations, calculations and measurements suggested a new conception of the nature of an

air wave, the essence of which is as follows [2]. When going dry avalanches form a powerful snowair cloud
shrouding the body of the avalanche, which exit avalanche cone ahead of the last because of least resistance and



goes to hundreds of meters down to stop the avalanche. Since the density of the cloud snowair cloud 5-20 times

greater than the density of air at relatively low speeds of 10-50 m / s, it develops considerable pressure.

HOCKOJ’IBKY BBIABUTABIINECA OO CHUX MOP THUIOTE3bI O IMPUPOAEC BO3ZHUKHOBCHUA BOS}IyHIHOﬁ BOJIHBI JIABUHBI
OCHOBAaHblI NMPEUMYIIECCTBEHHO Ha KAYECTBCHHBIX MW OMHOCHOYHBIX JaHHBIX, YTO HC IMO3BOJIACT HCCICAOBATCIIAM
IIPUHATE €AUHYIO TOYKY 3pPCHHUA HAa MEXAHWU3M BO3HHUKHOBCHUA BOS}IyHIHOﬁ BOJIHBI, UHTECPEC K OTOMY SABJICHUIO
OCTA€ETCS MOBBIIIEHHBIM M MOSBJISIOTCS HOBBIE THIIOTE3HI. B CBI3M ¢ MHTEHCUBHBIM OCBOEHHEM TOPHBIX TeppHTOpI/Iﬁ
BONIPOC O BO3AYIIHOH BOJIHE MPUOOPETaeT W CYIIECTBEHHBIH MpaKTUYeCKUH WHTepec. MHKeHepHas NpaKTHKa
TpeOyeT 000CHOBAaHHBIX PACYCTHBIX METOJOB OILEHKH NPEIENIOB Pa3pyIIUTEIFHOIO BO3ICHCTBHS BO3AYIIHBIX BOJH
1 CTIOCOOOB 3aIIUTHI OT HUX.

As put forward so far hypotheses about the nature of airwave avalanches are based largely on the quality and
performance data, which does not allow researchers to take a single point of view on the mechanism of the air
waves, the interest in this phenomenon remains high and new hypotheses. In connection with the intensive
development of the mountain areas the issue of the air waves and acquires considerable practical interest.
Engineering practice requires reasonable computational methods to assess the limits of the damaging effects of air
waves and how to protect them.

ﬂﬂﬂ TIOJTYYCHHUSA OKCHCPUMCHTAJIBHBIX HAHHBIX B BCPXOBBAX p.BaKcaH Ha HeHTpaJ’IBHOM KaBka3e Ha 1aBUHHOM
KoHyce odara Ne 2 (Toj Ha3BaHHEM «IOMAIIHSS JIaBUHA») OBUT MOCTPOCH HSKCHEPUMEHTAIBHBIA TeIeMETPHICSCKIH
KOMIUTEKC Ui M3MEPEHHUs OCHOBHBIX MapaMeTpPOB BO3AYIIHON BOJHBI B HATYPHBIX YCIOBUAX. BBIOpaHHBIH
JIABUHHBIM odar cpenHux pasMmepoB tunuueH ans llenTpansHoro KaBkasa - 3To J0TKOBas JlaBUHA U3
JeHyZannoOHHOW BOpoHKHM o kinaccupukanuu I'.K. Tymmuckoro, Onucanne u MoppoMeTpHUIecKre AaHHBIE Oodyara
Ne 2 mpencraBneHsl B pabore [7]. TemeMmerpudueckwii KOMIUIEKC COCTOUT W3 TpeX Madr BbIicOTOW 20 M,
PAacIOI0KEHHBIX MOCIIEA0BATEIFHO OJIHA 32 JPYTOil 0 HAIPABICHUIO [BIKSHHUS JIABUHBI U €€ BO3/YLIHOH BOJIHBI,
M3MEPHUTENBHON anmapaTypsl, pa3MeleHHON Ha Ma4TaxX, CHTHAJIBHOTO KabeJIs, 0 KOTOPOMY IPOBOJUTCS Hepeaayda
nHQOpPMAIIUA Ha PETHCTPHUPYIONIYIO almapaTypy, CHJIOBOTO Kabemsl Jis MUTaHUS JaTdUKOB H3MEPUTEINBHON
anmaparypsl M JaT4MKa BKJIIOYEHHUs pPErucTpupymooled anmapaTypel. Komiulekc npenHasHaueH —Ais
OOTHOBPEMEHHOT'O N3MEPCHUA B HECKOJIBKUX TOYKax u aBTOMAaTHYECKOM perucrtpanuun mapaMeTpoB
CHETOBO3JyLIHOT0 00J1aKa, COIPOBOXKAAIOIIETr0 ¢X0/1 JaBuH. [IoqpoOHOe OnMcaHue TeIeMETPHUECKOr0 KOMILIEKCa
naHo B pabore [7].

To obtain experimental data in the Upper the river of Baksan in the Central Caucasus in the avalanche cone
hearth number 2 (called "home avalanche") built an experimental telemetry system for measuring the main
parameters of the air waves in natural conditions. Selected avalanche center medium size typical of the Central
Caucasus - is flume avalanche of denudation funnel G.K.Tushinskogo classification, description and morphometric
data hearth number 2 presented in [7]. Telemetric complex consists of three towers 20 meters high, located one after
another in the direction of the avalanche and the air waves, measuring equipment placed on the masts, signal cables,
which were carried out by the transmission of information on recording equipment, power cable to power the sensor
instrumentation sensor and enable the recording apparatus. The system is designed for the simultaneous
measurement at several points and the automatic registration of parameters snowair clouds accompanying
avalanches. A detailed description of the telemetry complex is given in [7].

C TIOMOINBIO SKCIICPUMEHTAIIBHOTO KOMIIJIEKCA U3MCPAIINCh NTUHAMHUYCCKUE XapaKTCPUCTUKN CHETOBO3YIITHOTO
IIOTOKAa - CKOPOCTh U JABJICHUC TOPMOKCHUA ()II/IHaMI/I‘IeCKI/Iﬁ Hanop). IImoTHOCTE MOTOKA BBIYHCJIATIACh, TaK KaK
mpAMOE€ €ro M3MEPEHHUE CBA3aHO C OOJIBIIUMH TEXHUYECKUMH TPYAHOCTAMU. EIII/IHCTBCHHBIf/i OIIBIT HU3MEPCHUA
IUIOTHOCTH JIABUHHOTO TTOTOKA C TIOMOIIBIO FaMMa - MICTOYHHUKA OmHcaH B padore [9]. Beibop Tnma natumkoB U ux
pa3pa60TKa TaKXX€ CBA3aHBI C M3BECTHBIMU TPYAHOCTAMH. Mp1 BBI6paJ'II/I JAaTYUKHW, HUCXOOsd M3 OIIbITa HAIIMX
MpeIBapUTEIBHBIX JKCIIEPUMEHTANBHBIX paboT 1O H3MEPEeHWIO NaBJIEHWH W CKOpocTed maBWHBI [6]. [lns
IIOBBINICHHUA HAACKHOCTHU I/IH(I)OpMaHI/H/I 0 TmapamMeTpax Z[BI/I)KyH_[eI\/'ICSI JIJaBUHBI HapAay C TEIEMETPUUICCKUMU
JaTYUKaMU NPUMCHAINCh KOHTPOJIBHBIC TATYUKHU C BU3YAJIbHBIM OTCUCTOM.

Using the experimental complex dynamic characteristics were measured snowair flow - speed and brake pressure
(dynamic pressure). Flux density was calculated as the direct measurement of it due to technical difficulties. Only
experience of measuring the density of the avalanche flow by gamma - source described in [9]. Select the type of
sensors and their development is also associated with certain difficulties. We chose the sensors, based on the
experience of our preliminary experimental work on the measurement of pressure and velocity of the avalanche. [6]
To improve the reliability of information about the parameters of the moving avalanche, along with the remote
sensor control sensors used with a visual readout.
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Puc.1 N3mepeHue BO BpeMEHHU t AMHAMUYECKOTO HANIOPA P U CKOPOCTHU V BO3LYIIHOW BOJIHBI JIABUHBI
Figure 1 Measurement of time t the dynamic pressure p and velocity v airwave avalanche

Cpe/:m ImapaMeTpoOB JIABUHHOI'O ITOTOKA HanOOJIBITNHA HHTEPEC MPEACTABIIAIOT CKOPOCTh, IIJIOTHOCTh U AaBJICHUE,
CBSI3aHHBIE MEXIy cO0OW B YCIIOBHSIX KBa3HUCTAIMOHAPHOCTH ITOTOKA (PYHKIMOHAIBHOW 3aBUCHMOCTHIO. JIf000H u3
OTUX TPEX MaApaMETPOB BBIYUCIIACTCA, €CJIM HN3BCCTHBI 3HAYCHUA OBYX JIPYTHX. pr;[Hee BCETO HU3BMCPUTH
MIHOBCHHYIO INIOTHOCTH ITOTOKA, ITO3TOMY ObLIN pa3pa60TaHH 1 U3TOTOBJICHBI JATYWUKHU UIA UBMEPCHUA CKOPOCTH 1
JIaBJICHUS] CHETOBO3AYILIHOI'O [TOTOKA.

Among the parameters of the avalanche flow of greatest interest are the velocity, density and pressure associated
with each other in a quasi-steady flow of a functional dependency. Any of these three options is calculated, if the
values of the other two. It is more difficult to measure is the instantaneous flux density, so were designed and
manufactured sensors to measure the velocity and pressure snowair flow.

Ha puc.1 nokasansl pe3yabTaTbl CHHXPOHHBIX U3MEPEHUM CKOPOCTH U AMHAMUYECKOr0 Halopa Ha BeIcoTe 5,5 M
0T HoBepxHoCTH 3emud. [Ipu aHanmse sroro rpaduka cienyeT MUMeTh B BHIY, YTO JATYUK CKOPOCTH 0OJajgaer
3HAYUTEIBHOW WHepuuei (mocTosHHas BpeMeHH okono 0,5¢), B TO BpeMs KakK JAaTYMK AWHAMHYECKOTO Haropa
MIPaKTHIECKH Oe3MHEePIHOHEH. [I0CKOIBKY B MyIbCAMH THHAMUYIECKOTO HAllopa

Figure 1 shows the results of simultaneous measurements of the velocity and the dynamic pressure at a height of
5.5 m above the ground. In the analysis of this plot should be borne in mind that the speed sensor has considerable
inertia (time constant of 0.5 s), while the dynamic pressure sensor almost inertialess. Since the dynamic pressure
pulsations

P= %pv2 (1

BHOCAT BKJIAZ U ITYJbCAIU IIJIOTHOCTH, U IIyJIbCAITUU CKOPOCTH, TO IO 3apCTUCTPUPOBAHHBIM B ODKCIICPUMECHTAX
JaHHBIM TPYAHO CYAWUTH O HpOCTpaHCTBCHHO—BpeMeHHOI\/'I U3MCHYMUBOCTU KaXJO0ro H3 OJOTHUX IapaMETpoOB B
OTACIIBHOCTH. II;moTHOCTE MOTOKA BBIYMCIIAIACH IO COOTHOIIEHHIO (1)7 HO ITOCKOJIBKY JAaTYUKH AUHAMHYCCKOTO
Hamopa KaJuOpoBAINCH B a9POANHAMHYECKOH TpyOe ¢ TOMOITHIO (POPMYIIEI

contribute and density fluctuations and velocity fluctuations, then registered in the experiment data is difficult to
judge the spatial and temporal variability of each of these parameters separately. Flux density was calculated using

equation (1), but because the dynamic pressure sensors were calibrated in the wind tunnel with the formula
F
P=—
C.S




rae F- cuia, IeficTByIOIas Ha IUTACTHHKY, OPUEHTHPOBAaHHYIO HOPMAIBHO K MOTOKY, S - ee miomans, C, -
KOB(bfbHHHCHT HOGOBOI‘O COIIPOTUBJICHUA, TO BBIYUCJICHHBIC 3HAYCHUA IINIOTHOCTH MOTYT OTKIOHATBECA OT
I[eﬁCTBPITeHBHBIX B TOH CTCIICHHU, B Kakoi KOB(b(bI/IHI/IeHT Cx IIJTAaCTUHKW U3MEHACTCA HU3-3a MPUCYTCTBUA B ITOTOKE
CHEXXHOMW (ha3bl.

where F-force acting on the plate is normal to the flow, S - its area, C - drag coefficient, the calculated density
values may deviate from the real to the extent that the coefficient C, of the plate changes due to the presence of
snow stream phase.

AHanns 3apEruCTPUPOBAHHBIX B OIIBITaX 3aBUCHUMOCTEMN CKOPOCTH W JAUHAMHUYCCKOro Haropa OT BPEMCHHU
TTOKa3bIBACT CICAYIOMICE. B momeHnT IIpuxoaa JJaBUHbI 3HAYCHUA CKOPOCTHU U IJIOTHOCTU B TCYCHUEC /:[oneﬁ CCKYHbI
HapacTalT [0 CBOEr0 MAaKCHUMAaJbHOIO 3HaueHus. JlanpHEHIIMH XOI 3THX BPEMEHHBIX 3aBUCUMOCTEH DPE3KO
pasnuuen. Orubaromiasi 3aBUCUMOCTH CKOPOCTH OT BPEMEHH MEJICHHO CIafaeT, MpUYeM 3aKOH 3TOro craja
YAOBJIETBOPUTEIHHO OMUCHIBAaETCS (HOpMyIIon

The analysis reported in the experiments dependency rate and the dynamic pressure of the time shows the
following. At the time of the arrival of the avalanche speed and density for a second increase to its maximum value.
The further course of the time dependence dramatically different. The envelope of the velocity versus time slowly
subsides, and the law of this recession well described by the formula

t 1
= v =v(0) @
A

rme A -const , t - BpeMs ¢ MOMEHTa IPHUXOJa K JaTYWKy (poHTa obyaka. 3aBHCHUMOCTH (2), €CTECTBEHHO,

crpaBeiuBa nipu ¢ < T, tae T, - BpeMs TPOXOXKICHHUS JaBUHBL. 3HAUCHHUS A, YAOBIETBOPSIONINE HAWIyJIIEH
ANIPOKCUMAIINN 3KCIIEPUMEHTANBHBIX TaHHBIX ¢ HoMompio (2) , nmexat B mpemenax A~ 200-400 m. JlmwHBEI
THMAYHBIX JIABUH, pACCYUTAHHEIE 110 (opMyJIIe
where A-const, t - time since coming to the sensor front clouds. Dependence (2), of course, is valid for t < T,

where T, - time of the avalanche. The values of A, satisfying the best fit of experimental data using (2), are in the
range A ~ 200-400 m long typical avalanches, calculated by the formula

Tk

L= f v(t)dt = v, Ty

0

cocTaBisA0T npumMepHo 200-300 M.

is approximately 200-300 m

Orubaroasi 3aBUCUMOCTH IUIOTHOCTH CHETOBO3IYLIHOW CMeCH OT BpPEMEHHM H3-32 MEUICHHOTO YObIBaHHS
CKOpOCTH BecbMa OJin3Ka K orubaronieil TMHaMHYeCKOro Harmopa. XapakTepHo# 4epToil 3aBUCUMOCTH INIOTHOCTH OT
BpPEMEHH SIBIISIETCSl €¢ pe3Kkoe yObIBaHHE y)Ke Ha BTOPOH CEeKyHJe MOocie MpoXokaeHHus ¢poHTa naBuHbl. Ilocie
HECKOJIbKUX KOJeOaHWi IJIOTHOCTh CMECH Ha 4YETBEPTOMl CeKyHJIe MOcCiie MNPOXOKACHHS (pOHTA YKe Majo
OTJIMYAeTCs OT IUIOTHOCTH BO3/yXa, XOTS Ha BOCHMOW CEKYHJE U 3aperMCTPUPOBAHO HE3HAYUTENHbHOE CKOILUICHHE
CHEXHOM IBUIN CO CPEAHEH INIOTHOCTBIO OKOJIO 2,5 kr/M’. MaKkcHManbHas TIIOTHOCTh CMECH B paccMaTpuBacMoOM
ciydae npesbimana 20 KI/M".

Depending on the density of the envelope snowair mix from time due to the slow decay rate is very close to the
envelope of the dynamic pressure. A characteristic feature of the dependence of the time it is a sharp decrease on the
2 second of the front of the avalanche. After several oscillations in the density of the fourth second after the passage
of the front is a little different from the density of the air, although eight seconds and registered a slight
accumulation of snow dust with an average density of about 2.5 kg/m’. The maximum density of the mixture in this
case greater than 20 kg/m’.

ﬂﬂﬂ ApyTUx JIaBUH, 3aPETUCTPUPOBAHHBIX U3MEPUTCIBHBIM KOMIIJIEKCOM, 3aBUCUMOCTHU CKOPOCTHU U IIJIOTHOCTHU
OT BPEMEHH COXPAaHSIOT Takoil ke xapakrep. C yJaJeHHeM OT MOBEPXHOCTH 3e€MIIM OTMeuaercsi Oosiee MO3IHUI
Ipuxonq (I)pOHTa JIJaBUHBI, YMCHBIICHUC MaKCUMAaJIbHBIX 3HAYECHUH AAHAMHWYCCKOTO Hamopa ©W pacurupeHue
BPEMEHHOT'0 HHTEpBaJIa, B TEYEHHE KOTOPOTO IUIOTHOCTh CMECH CYLIECTBEHHO OTJIMYACTCS OT INIOTHOCTH BO3/yXa.

For other avalanches registered meter, depending on the speed and density on time retain the same character. As
the distance from the ground marked the later arrival of the front of the avalanche, reducing the maximum dynamic
pressure and extension of the time interval during which the density of the mixture is significantly different from the
density of air.

AHanns PE3YyIbTaTOB CHHXPOHHBIX H3MepeHHﬁ CKOPOCTH U HAaBJICHHUA B CHETOBO3AYHIHOM IOTOKE ITO3BOJIACT
IIPOHUKHYTH B ACTAIN MCXaHU3Ma I'CHEpAIIUN CHeFOBOSI[yH_IHOI\/‘I BOJHBI. Bo BpEMs CTAIITMOHAPHOI'O ABHKCHUS IIbI-
JIEBOM JAaBHHBI OT HepCZ[Heﬁ KPOMKH JIaBUHHOTO T€JIa OTXOOUT NPUCOCIAWHCHHAsA CHETOBO3AYyNIHAA BOJIHA.

KauecTBeHHas cxeMa 00pazosanus 3TOi BOJIHBI IOKa3aHa Ha puC.2.



Analysis of the results of synchronous measurements of the velocity and pressure in the flow snowair lets get
into the details of the mechanism of generation snowair wave. During steady-state motion dust-storm from the front
left edge of the avalanche body leaves attached snowair wave. Qualitative scheme of formation of this wave is
shown in Figure 2.

Puc.2. Cxema 00pa3oBaHusI CHETOBO3IYIITHOH BOJHEI JIABUHEL. | - CHEKHHKH, 2 - MOACTHIIAIOIIAs TIOBEPXHOCTH, 3 — CTaphIi
CHeT, 4 - IMHUY TOKQ, 5 - TaTIUK CKOPOCTH, O - JaTUVK JIaBICHUS, 7 — TaBJICHUC Kr/M?

Fig.2. Scheme of the wave snowair avalanche. 1 - snowflakes, 2 - the underlying surface, 3 - Snow, 4 - flow lines, 5
- speed sensor, b - pressure sensor, 7 - pressure kg/m*

[TpucoenuHeHHas BOJHA MPEACTABISET COO0I OTXOAAIIYIO OT TOJIOBHOW YacTH JaBUHBI BBEPX U HA3a] U
HaCBIIEHHYI0 CHE)KHOM IBUIBIO CPAaBHUTENIBHO Y3KYI0 BO3AYIIHYIO IIEJIEHY, TOMUUHON mpuMepHO 10-20% miuHb
JIaBUHBI. BemndmHa CKOpOCTH TIOTOKA B TIeJIeHe OJIM3Ka K CKOPOCTH (PPOHTA JTaBUHBI. BHE MeeHbI CKOPOCTh OTOKA
M3MEHSIETCS HE3HAUUTEIBHO, B TO BPEMsI KaK IUNIOTHOCTh CMECH MaJaeT MPakTU4eCKH JI0 MIOTHOCTH Bo3ayxa. Cama
TICJICHA UMECT TOHKYIO CTPYKTYPY U MOKET COCTOATH U3 psJia IMOJIOC U CTYCTKOB C 6OJ'II>I_HI/IMI/I, Y€M B IPOMEKYTKAX
MECXIYy HUMHU, 3HAUCHUAMUA IIJIOTHOCTH U AMHAMHWYCCKOT'O HAIopa.

Adjoint wave is extending from the head of the avalanche up and back and intense snow dust relatively narrow
air shroud, a thickness of about 10-20% of the length of the avalanche. The value of the flow rate in a shroud close
to the speed of the front of the avalanche. Outside the veil of the flow rate varies slightly, while the density of the
mixture drops to the air density. Shroud itself has a fine structure and may consist of a number of bands and clusters
with greater than in the intervals between them, density and dynamic pressure.

OTI[CHI)HBIC MUKW B IMOKAa3aHUAX JaTdYuKa JUHAMHUYCCKOTO Halopa MOryT OBITH O6yCHOBJICHLI TIPOXOKACHUEM
TaKUX CTYCTKOB M yaapaMu CHECKXHBIX KOMBCB.

HpO}IOHBHLIe TPaguCHTHI INIOTHOCTHU, OLCHUBACMBIC 110 PE3YyJIbTaTaM I/IBMepCHI/II\/‘I, JaXKE MOCJIC UX OCPCAHCHUA
JOCTUTAKOT 3HAYUTCIIbHBIX BCIIMYNH

Individual peaks in the dynamic pressure sensor readings can be caused by the passage of clots and strokes snow
clods.

Longitudinal gradients of density, as measured by the measurement, even after they reach high values averaging

1 dp _ 1 dp ~
Pa0X  pyvo It

1M1

31ech p, — INIOTHOCTH BO3/yXa.

Here p; - air density.

W3BecTHBIE IpeII0KEHHBIE MEXaHU3MBI [3] 00pa30BaHMs CHE)XHOIBUIEBOW YaCTH JIABMHBI IIPEIIOIAraloT
OJIHOBPEMEHHOE U OJJHOPOJHOE ITOCTYIUIEHUE CHEXXHOM IIBIIM B BO3AYX CO BCEH MOBEPXHOCTH JaBUHHOTO Tena. Ilpu
3TOM, €CTECTBEHHO, IIPEAIIONAraeTcs, 4To B 00pasyromemMcs o0Jiake CyecTByeT CTpaTH(UKAIUS ITIOTHOCTH 110




BBICOTE, @ TOPU30HTAIIBHBIE HEOAHOPOIHOCTH MOTYT BO3HUKATh JIMIIE Oarofaps KpyImHOMacIITaOHOH
TypOynenTHocTH. OHAKO, KaK yKe yKa3blBaJlOCh, OCHOBHAS Macca CHEXXHOM MbLIH COCPEOTOUYCHA BO
(pOHTaNBHON 30HE CHETOBO3IYIIHOTO O0JIaKa JIaBUHEI. B OCcTaNbHOM YacTh 00J1aka KOJTNIECTBO CHEXKHOM MBLTH
HACTOJBKO MaJlo, YTO INIOTHOCTh CMECH MPAKTHYECKH HE OTJIMYACTCS OT IUNIOTHOCTU BO3[yXa, XOTSI OHA M COACPIKHUT
JTIOCTATOYHOE KOJIMYECTBO MBITH, YTOOBI OBITH HEMTPO3PAuyHON IS TIa3a.

Known mechanisms proposed [3] snowair formation of avalanches involve simultaneous and uniform flow of
snow dust in the air from the entire surface of the avalanche body. This, of course, assumes that there is a cloud in
the resulting density stratification in height and horizontal irregularities can occur only through large-scale
turbulence. However, as already mentioned, most of the snow dust is concentrated in the frontal zone snowair cloud
avalanche. In the rest of the cloud of snow dust is so small that the density of the mixture does not differ from the
density of the air, although it contains enough dust to be opaque to the eye.

Y cuneHHy10 TeHepaIiio CHe)KHOM MBIIH Ha TepeHeM (pOHTE JTaBHHBI MOKHO OOBSICHUTH CIIETYIOIINM
obpa3oM. ['o0BHAS YacTh JTABHHBI HMEET TUTAaBHBINA M TOBOJIBHO KPyTO# mpodwtk. [Ipn ee 00TeKaHNN BO3TyXOM
IIPOUCXOAUT OTTCCHECHHUE Ha6era}omero BO3QYITHOTO ITOTOKA B IMMONEPECYHBIX K HAITPABJICHUIO IBHUKCHUS JIABUHBI
HapaBJICHUAX, U OTOT IIOTOK YHOCHUT C 0060171 CAYBAC€MYIO CHCKHYIO ITbUIb, ITUTAaA TEM CaAMBbIM CHETOBO3AYIIHYIO
mesieHy. AHaJIOTHYHYIO KapTHHY MOYKHO HAaOMIOIaTh MpH 0O0TEKaHWH JOCTaTOYHO KPYTOTO CHEXHOTO OyTpa min
necyanoro Oapxana. OHaKo oOTexaeMasi BO3/1yXOM IOJIOBHAS 4aCTh JIABUHBI HE €CTh TBEPOE TEJIO, OHA O]
JIeiCTBHEM CKOPOCTHOTO Haropa Bo3ayxa JAeGopMHUPYETCsi U PACTEKASTCs B [TONIEPEUHBIX HAMIPABICHHUSIX, PE3KO
YBENINYHMBAS KOJINIECTBO CHEKHOW MBUIH, TIOCTYHAOIIEH B MeneHy. JToT 3¢ (eKT aHaToTHYeH SIBICHHIO pacTeKaHUsI
KYMYJIATUBHOM CTPYH, IPOHUKAIOIIEH B IIperpary. B 1aHHOM ciiydae «CTpyeil» sABIsSETCS JIABUHA, a «IIPErpasay -
9TO OKPYKAIOMINH BO3MyX. HEoMHOPOAHOCTH pactpeieieHus MII0THOCTH, CKOPOCTH M TIyOHHBI TIOTOKA BIOIh
JIJaBUHHOM «CTpYyW» MPUBOIUT K COOTBCTCTByIOHIefI HCOOJHOPOAHOCTH MOIMHOCTH UCTOYHHUKA, ITUTAIOIICTO IICJIICHY,
1, KaK CJIICACTBUEC, K HCOOAHOPOJIHOCTH IIPOCTPAHCTBEHHOI'O CTPOCHUA caMoii NeJIeHbl U pacupeaciacHusa nmapameTpoB
B Hell. [Ipeyiaraemas cxema ONUCHIBAET MEXaHU3M BO3HUKHOBEHUS IUNIOTHONW CHETOBO3YLIHOW CTPYH Y FOJIOBHOM
YacCTH JIJaBUHBI U IpEaIiojaract, 4To I[aHLHeﬁHIee YMEHBIICHUE IIIIOTHOCTHU CMECHU 6y)1eT IIPOUCXOOUTH 3a CUET
TypOyneHTHOH nnddy3un U CETUMEHTAIINNA CHEXHOH ITBUIH.

Enhanced generation of snow dust on the leading edge of the avalanche can be explained as follows. The head
part of the avalanche is smooth and fairly steep profile. With its air flow is pushing off the oncoming air flow
perpendicular to the direction of motion of the avalanche areas, and this flow carries away the snow blows off the
dust, thus fueling snowair veil. A similar pattern can be observed in the flow rather steep hill of snow or sand dune.
However, the head part of the streamlined air avalanche is not solid, it is under the ram air deforms and flows in the
transverse directions, dramatically increasing the amount of snow dust entering the veil. This effect is similar to the
phenomenon of spreading the cumulative jet penetrating the barrier. In this case the "jet" is an avalanche, and the
"barrier" - is the ambient air. Heterogeneity of distribution of density, velocity and flow depth along the avalanche
"jets" results in a corresponding heterogeneity power source feeding the veil, and, as a consequence, the spatial
heterogeneity of the structure itself shroud and distribution parameters in it. The proposed scheme describes the
mechanism of dense snowair jet at the head of the avalanche, and suggests that further reduction in the density of the
mixture will be due to turbulent diffusion and sedimentation of snow dust.

Takum oOpa3oM, IpUCOeANHEHHAS CHETOBO3YIIIHASI BOJIHA ABJAETCS (ha30BBIM 00pa30BaHNEM, IBIDKYIIUMCS CO
CKOpPOCTBIO (poHTA TaBUHEL. CHEXHAs MBUTH B 3TOM 00pa30BaHUM BCe BpEMs OOHOBIIIETCS, ITOCTYTIAst U3 TOJMIOBHOM
YaCTH JIABUHBI U, BO3MOXKHO, M3 €€ BHYTPEHHEH 4acTH 3a cueT TypOYJIEHTHOTO B3aUMOJISHCTBHS 00J1aKa ¢ TeIoM
naBuHBL. [ paHUIIBI TPUCOSANHEHHOMN BOJIHBI, BHAYAJIE PE3KO OYEPUCHHBIE, TOCTEIICHHO Pa3MbIBAIOTCS C yIalICHUEM
BBEPX U BIIIyOb 3a cUeT TypOyneHTHOH tnuddy3un U CeaNMEHTAIHN.

Thus, the associated wave is snowair phase formation, traveling at the front of the avalanche. Snow dust in the
formation of a work in progress, will come from the head of the avalanche, and, possibly, its interior by turbulent
clouds of interaction with the body of an avalanche. The boundaries of the associated wave, initially sharply defined,
gradually blurred with distance and depth up due to turbulent diffusion and sedimentation.

Bo BpEMA 3aMCIVICHUA NBUXCHUA JIABUHHOTO TEJIAa ITPU BBIXOJC €T0 Ha BBIHOJ'Ia)KPIBaIOHIPIﬁCH Y4acCTOK TsKE1asa
CHEroBO3ayurHas Macca npoaoJKaeT ABUTaThbCA IO UHEPUUHU, IPUCOCANHCHHAA BO3AyIIHAA BOJTHA OTPBIBACTCA OT
TOJIOBHOW YaCTH JIABMHBI M CTAHOBHUTCS CBOOOJHOW. B Hel BO3HUKAIOT 1Ba HOBBIX (DaKTOpa: MPaKTHIECKH ITOJTHOE
MIPEKPAICHUC MMOAITUTKH CHEXXHOM MBUIBIO U3 TEJla JIJABUHBI U MOSBJIEHHUE IIOHOJIHI/ITCJII)HOI\/‘I CHJIBI KaCaTCJIbHOT' O
HaIpsDKeHUs, IEUCTBYIONIEH Ha CBOOOIHYIO BOJHY CO CTOPOHBI TIOJICTHIIAIONIEH TTOBEPXHOCTH. Bo3nelicTBre 3THX
IBYX (aKTOPOB MPUBOIUT K MOSIBIICHUIO HOBBIX YEPT, OTIMYAIOIINX CBOOOIHYIO BO3AYIIHYIO BOJHY OT
MIPUCOETMHEHHOH. JIeHCTBUTENBHO, CBOOOIHAS BO3AYIITHAS BOJHA MPEACTABIIAET COOOM yke He (ha30BOe
o0pazoBaHue, a MaTepUaAIbHOE TEJI0, IBIKYIIEECS C TPYNIOBOH CKOPOCTHIO COCTABIISIOIINX €ro YacTull. Miyibe



IIEHTpa Macc CBOOOIHOM BOJHHI YOBIBAET 3a CYET YOBUIM MacChl B CHITY BBIIAICHHS CHE)KHOW MBIIH U IEHCTBHS CHIT
AdPOANMHAMHNYCCKOTO COIPOTUBJICHUA U CUJI TPECHUA O IMMOJACTHUIAIONTY O ITIOBEPXHOCTh.

During deceleration avalanche body when leaving it to flatten land heavy weight snowair keep moving, the
associated air wave breaks away from the head of the avalanche and becomes free. In it, two new factors: the almost
complete cessation of feeding snow dust from the body of the avalanche and the emergence of an additional force of
shear stress acting on the free waves of the earth's surface. The impact of these two factors leads to the appearance
of new features that distinguish the free air wave from the merger. Indeed, the free air wave is not the phase
formation, and the material body moving with the group velocity of its constituent particles. Momentum of the
center of mass of a free wave decreases due to the mass loss due to loss of snow dust and the forces of air resistance
and friction forces on the underlying surface.

CprKTypa CHCFOBO3£[yIHHOI71 BOJIHBI HAaIIOMHWHACT CTPYKTYPY KOMCECTHI: IUIOTHAA TOJIOBHAA 4acTb U HHHHHBIﬁ
paspexeHHbI XBOCT. [ITOTHOCTH a3p030Jii B TOJIOBHOM YacTH BOJIHBI IOBOJBHO OBICTPO YyOBIBAcT 1Mo Mepe ee
IIPOABMKCHUA KaK BCJICACTBUE ONMMCAHHBIX BBIIIC ITPOLIECCOB I[I/Iq)(‘l)y?)l/ll/l " CCIUMCHTANH, TaK U U3-3a pAaCIIUPCHUA
TOJIOBHOW YaCTH, MPOHCXOIIEIO C BOBJICYCHHEM OKPYXKAIOIIETO BO3MyXa, HE COACPIKAIIErO CHEXHON IIBLIH.
OTMCTI/IM, YTO 3TOT HOCJ'IGI[HI/Iﬁ Ipouecc IMPUBOAUT K POCTY MHJICIIEBA CCYCHHA BOJHBI U COOTBETCTBYIOIIEMY
YBEJIIMYCHUIO a3POJHHAMHUYIECKOTO COMPOTURIICHUSL.

Snowair wave structure resembles that of a comet: a dense head and a long thin tail. Density of aerosol in the
head of the wave decreases quite rapidly as it moves as a result of the above processes of diffusion and
sedimentation, and because the head of the expansion taking place with the involvement of the surrounding air that
is free of snow dust. Note that this latter process increases the midsection and a corresponding increase in wave
drag.

Jliist pacyera 3aKOHA IBMYKCHHUS IICHTPA MacC OTOPBABIIEHCS CHETOBO3AYIIHOMW BOJIHBI 10 ITUIOCKOH TTOBEPXHOCTH
MOXHO B IIEPBOM HpI/I6JII/I)KeHI/II/I HanmrcaTb YPaBHCHUEC IBUKXCHUA B BUIAC

For the calculation of the center of mass of the law detached snowair waves on a flat surface can be a first
approximation to write the equation of motion as

M¥ = _c 2% 11D 3)
dt 2
I'me M~p LS - macca ronoBHOI 9acTi cHEroBo3aymHoro obimaka, S~DH - 1womanps MuzpeneBa cedeHus, D
mmpuHa 1o (poHTy, L - royOmHa, T - HampspkeHHe TypOYJISHTHOTO TPEHHS O IMOJCTHIIAIONIYIO IOBEPXHOCTH.
VYpasHenue (3) 6e3 BTOpOro WieHA B IPaBOM YaCTH UCIIOJIb30Baloch B padote [10] .

k pcv?
st oueHKy TypGYICHTHOrO TPEHNUs BOCTIONb3YEMCs H3BECTHBIM H3 THAPABIMKH COOTHOMIEHHEM T = fe

, TIe
K = 0,01 - 0,04 nnsa mmpokoro auarnasoHa yucen PeifHosblica W mapaMmeTpa MIEPOXOBATOCTH IMOICTHIIAIOLICH
moBepxHocTH. [lenst ypaBaenue (3) Ha Maccy M, MOYKHO IIPUBECTH €r0 K CICAYIOIEMY BUIY:

Where M~p LS - Weight of the warhead snowair clouds, S~DH - area midsection, D wide in front, L - depth, 7 -
turbulent friction stress on the underlying surface. Equation (3) without the second term on the right side was used in
[10].

2
To estimate the turbulent drag use the known ratio of hydraulic T = %pc: , where K = 0,01 - 0,04 for a wide

range of Reynolds numbers and surface roughness parameters. Dividing equation (3) by the mass M, we can bring it
to the following form:
dv cLe 1 N 1
ac 20 TV AT
A= 5 Ay == 4)

>J|,_;

rme Ay m A, - Ko3hOUIMEHTH 3aTyxaHws, OOYCIOBIEHHBIE COOTBETCTBEHHO adpOJMHAMUYECKUM
COTIPOTHBJICHUEM U TPEHUEM O TTOBEPXHOCTb.

where A, and 4, - damping coefficients, respectively, due to air resistance and friction on the surface.
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Puc.3. 3aBuCHMOCTP M3MEHEHHsS CKOPOCTH BO3AYIIHOW BOJIHBI JABHHBI OT paccTossHMA. | - crmabas jiaBwHa, 2 -
cpenHsis JaBUHA, 3 - CUJIbHAS JIaBHA

Fig. 3 . Dependence of the rate of air wave avalanches from a distance. 1 - weak avalanche, 2 - medium avalanche, 3
- severe avalanche

UucieHHBIC OIICHKH KO3 (HUITMEHTOB YpaBHEHHUS (4) Ha HAYAJIIFHOM 3Talle IBHKCHUS CHETOBO3AYITHOTO 0o0IaKa
IIPUBOJAT K CICAYIOINUM 3HAYCHUAM, TUITUYHBIM JUIA TaHHOT'O JIABUHHOTO JIOTKA.

Numerical estimates of the coefficients of equation (4) in the initial phase of the movement snowair clouds lead
to the following values, typical for the avalanche tray.

ITockosibKy MIOTHOCTB CMECH P, B cpeaHeM B 10 pa3 mpeBbllIaeT MIIOTHOCTh BO3AYXa, a L JIexUT B npenenax 20
— 60 M, moryanm npu C,~1, gto A; = 400 — 1200 M. [Ipn HavanpbHOM 3HaYEHHH BBICOTHI obiaka H~10 M m
ykazaHHOM 3HadeHHN K BTOpoi KOA(QHUIHEHT 3aTyXaHus JeKUT B npenenax A, = 2000 — 8000 m. CpaBHeHue A,
U A, MOKa3bIBAET, YTO OCHOBHBIM (PAKTOPOM, OMPEACISIONIMM 3aMe/IJICHHEe CHErOBO3IYUIHOTO 00JaKa, SIBISETCS
aspoJHaAMHUIEcKoe conpoTuBieHue. [To mepe nmpoaBkeHns odnaka A, yObIBaeT u3-3a MpeodIaaaromero yosIBaHUS
IUIOTHOCTH P, IO CPAaBHEHHUIO C HE3HAYUTCIBHBIM POCTOM FJ'IyGI/IHBI L. B To xe BpEMA BMECTE C POCTOM BBICOTHI
obuaka Bo3pacTaet A,. B cuily 3TOro yBenn4nBaeTcsi OTHOCUTEIbHBINA BKIIAJ a9pOJMHAMUYIECKOTO COPOTUBIICHUS B
CHJIBI, TOPMO3SIIIUE AajbHEilIIee MPOABHKEHUE CHETOBO3IYIHOTO 00JIaKa.

Since the density of the mixture p, on average 10 times the density of air, and L is in the range 20 - 60 m, we
obtain, C,~1, 4; =400-1200 m at the initial value of cloud height H ~ 10 m, and this value of K second attenuation
ranges A, = 2000-8000 m and A, 4, comparison shows that the main factor determining the deceleration snowair
cloud is a drag. As we move clouds 1; decreases because of the prevailing density p. decrease compared with a
slight increase in the depth of L. At the same time, with increasing altitude clouds increases A_2. Because of this
increased relative contribution of the drag force in hindering further progress snowair clouds.

Pemenue ypaBHenwust (4) npu A = const uMmeeTt BUJ

The solution of equation (4) with A = const has the form

_x Vot
v = vye l,x=/11n(1+%), (3)

Tne v =v,(0), x - koopauHara ueHtpa Mmacc. OueHka Kod(GQUIMEHTA MO IKCIEPUMEHTAIBHBIM JAHHBIM
IIPUBOJUT K BCIIMYHNHE A= 200 M, 4TO COBIIAAAacT C KAYECTBCHHBIMU OIICHKAMHU IO BU3yaJIbHBIM Ha6J'[}OZ[eHI/I$IM.
CoOTBETCTBYIOIIHE JaHHbIE NMPEJCTABICHbI Ha PUC.3, I/l M0 OCH abCLUCC OTIOKEHO PAcCTOSHHE B METpax, a Io
OoCH opauHAT - J'IOFapPICl)M OTHOIIIEHUS MaKCHUMaJIbHOMN CKOpPOCTH B Z[aHHOﬁ TOYKEC IPOCTPAHCTBA K MaKCHUMaJIbHOM
CKOpPOCTH, M3MEPEHHOI Ha IepBoil mMauTe. ['pynmmupoBKa JaHHBIX NPOBOAMIACE KaYECTBEHHO C y4eTOM Oo0BeMa
JIABUHBI, €€ CKOPOCTH W JalbHOCTH BBIOpoca. Biau3ocTh 3HaueHWid A , ompemeneHHBIX O0OMMH CIOCOOaMH,
MOJATBEPXKAACT THIOTE3y, YTO B TIEPBOM INPHOMIDKEHHH MABIDKCHHE CHETOBO3IYIIHOTO OOJaka MOXKET
paccMarpuBaThCs Kak JBIKEHHE TBEPAOTO Tela.

Where v = v4(0),, x - coordinate of the center of mass. Coefficient estimate from the experimental data leads to
the value A = 200 m, which coincides with a qualitative assessment by visual observations. Provided data on Fig.3,
where the abscissa is the distance in meters, and the vertical axis - the logarithm of the maximum speed at a given
point to the maximum speed measured on the first tower. Grouped data were qualitatively by the volume of the
avalanche, the speed and range of its output. The closeness of the values of A, defined by both methods support the
hypothesis that in the first approximation the motion snowair clouds can be seen as a rigid body.

Jlpyrofi Ba)KHOW XapaKTEPUCTHUKON CBOOOJHON CHETOBO3AYIIHONW BOJIHBI SBJISETCS aedopMamus MpoQuIs
CKOpPOCTH B €€ TOJIOBHOW uactu. M3-3a TpeHHs O HOACTHJIAMILIYI MOBEpXHOCTh. Ha puc.4 mokasaHbl 3HaYCHUS
MaKCHUMAaJIbHOM CKOPOCTH Ha PAasHBIX BBICOTAX Ha BCEX TPEX Ma4dTax, HOPMHUPOBAHHBIC Ha 3HAYCHHUC CKOPOCTH,
MOJIy4Y€HHOE Ha repBoi maute Ha BbicoTe 15 M. Kak u ciepoBasio oxuaaTh, B HIJKHEW 4acTH MOTOK TOPMO3HTCS
OpIcTpee, 4yeM B BepxHEW. IIpu 3ToM i Ci1a0bIX JaBHH, Y KOTOPBIX OTPHIB CHETOBO3AYIIHOW BOJIHBI IIPOMCXOTUT
OJIKe K JIABUHHOMY KOHYCY, H3MEPEHHs Ha TPEThel MadTe MOKa3bIBAIOT OTHOCHTENIBHO 0oJjiee MO3/IHION CTAaIUI0
nedopManuy mossi CKOpOCTeH, KOraa CKOPOCTh B BEPHEH 4acTH BOJHBI OOJIbIIE, YEM B HUIKHEH.

Another important characteristic of a free snowair wave is a deformation of the velocity profile in its warhead.
Friction on the underlying surface. Figure 4 shows the maximum speed at different heights on all three masts,
normalized to the value of the velocity obtained in the first tower at a height of 15 m as expected, at the bottom of
the flow slowed down faster than the top. In this case, the weak avalanches whose separation snowair wave is closer
to the avalanche cone, measuring the third mast show a relatively later stage of the deformation of the velocity field,
where the velocity in the upper part of the wave is greater than at the bottom.
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Puc.4. ledbopmarust BEpTHKATEHOTO MPOQGUISI CKOPOCTH TOJIOBHOM YacTH BO3AYIIHON BOJHEL | - ciiabas 1aBuHa, 2 -
CPEeIHsISI TaBHHA
Fig.4. The deformation of the vertical velocity profile head of the air waves. 1 - weak avalanche, 2 - average
avalanche

ﬂaHHBIX MO0 CHHXPOHHBIM U3MCPCHUAM JTUHAMHUYCCKOI'0 HArmopa U CKOpOCTH HEAOCTATOYHO, qTOOBI TIIOCTPOUTH
OCpeTHEeHHbIE MPO(HUIN TUIOTHOCTH adpo3ossi. OTMETHM JHIb, YTO CPENHSSI TUIOTHOCTh yObIBaeT B 3-5 pa3 Ha
pacctossanu mopsiika 100 M, B TO BpeMsi Kak TOJIIMHA CHEXHOW TEJICHBI OCTaeTCs MPAKTUIECKH 0€3 M3MECHEHHS.
9T0 O3Ha4yacT, 4YTO Y6LUH) IJIOTHOCTHU MPOUCXOJUT B OCHOBHOM H3-3a CCAMMCHTAIIUU CHEXXHOM MBUIN U €€
UG Gy3un BHYTpH CHOPMHIPOBABIICHCS CHEXKHON TIETICHBI, a HE BCICICTBHE €€ PaCIINPEHIS.

Data on synchronous measurement of dynamic pressure and speed is not enough to build the averaged density
profiles of aerosol. We only note that the average density decreases by 3-5 times at a distance of about 100 m, while
the thickness of the snow veil remains virtually unchanged. This means that the density decrease is mainly due to the
sedimentation of snow dust and its diffusion within the formed snowy shroud, and not because of its expansion.

Jisd  mpakTHYecKWX NPWIOKEHHH HaWOONBIINI WHTEpeC MpPEeICTaBIsIeT IIPOrHO3 HalbHOCTH JIEHCTBHA
CHCFOBO3I[yIHHOﬁ BOJIHBEL. U3 MMPUBEACHHBIX JKCICPUMCHTAJIBHBIX NAHHBIX BUAHO, YTO ITYTh 3aTyXaHHsA KBaJpara

A
CKOPOCTH paBeH — ~ 100 M. YuutsiBast IpUBEICHHBIC BHIIIE OICHKH 00 yOBIBaHUHU-IUIOTHOCTH, MOKHO ITOJTyYHUTh,

9TO JUIsI THIMYHBIX B JAHHOM OYare JIaBUH InHaMH4YecKkui Harop yOriBaeT B 10-20 pa3 Ha paccrosauu B 100 M.

For practical applications, the most interesting range of the forecast snowair wave. From the experimental data
show that the way of damping velocity squared equals A / 2 = 100 m view of the above estimates of the decay-
density, we find that the typical focus in this avalanche dynamic pressure decreases by 10-20 times at a distance of
100 m

BOHpOC O BO3MOXXHOCTH IIEPEHCCCHUA MOJYYCHHBIX PE3YJIbTATOB HA APYTrUc, Goitee MOIIIHBIC JJTABHUHHBIC OYaru
clielyeT pasfeiuTh Ha JBE He3aBHCUMBbIC, 3amaud. I[lepBas COCTOMT B OIpEleNICHMH HadalbHbIX Hpoduiieit
IUIOTHOCTH P M CKOPOCTH ¥V B HPHUCOCAWHEHHON CHETOBO3AYIIHOW BOJIHE KaK (QYHKIUH MapaMeTpoB JIABHHHOTO
moToka. Bropas 3akirogaercst B mporHo3e JHHAMUKN OTOPBABIIEHCS BOJIHEI M onpeaeneHnn GyHkuuid p(x,y,z,t) u
v(x,y,2,t), IO KOTOPEIM MOXHO OIIPEICIUTh 3HAUCHHE TUHAMUYECKOTO HAIlopa B JII0OOOH TOYKE MPOCTPAHCTBA H
BPEMEHH.

The possibility of transferring the results to other, more powerful avalanche centers should be split into two
independent tasks. The first is to determine the initial density profiles p and velocity v in the attached snowair wave
as functions of the avalanche flow. The second is to forecast the dynamics of detached waves and the definition of p
(X,y,z,t)and v (X, y, z, t), which can determine the value of the dynamic pressure at any point in space and time.

B HACTOAIICC BPEMA SKCIECPUMCHTAIIBHBIX MTaHHBIX HEAOCTATOYHO UIA MOCTPOCHUA PACUYCTHBIX MOHCHCﬁ Jaxe
U IpocTedmux GopM perpeda. YkakeM JTUIIb Ha BOZMOXKHOCTH CyIIECTBOBAaHMS "MacmTaOHOTO 3hdexra” B 3TOM
SIBJICHUH. HpeI[CTaBJ'IHeTCSI JOBOJIBHO OYCBUIHBIM, YTO IIJIOTHOCTH CHEXHOTO a’p0O30Jid B HpHCOﬂI[I/IHeHHOﬁ BOJIHC
SIBIISIETCS (DYHKIIMEH MOITHOCTH JaBUHBI. JIeHCTBUTENHHO, €CITU JUIS WCCIEAOBAHHBIX JIABUH MOCTPOUTH Tpaduk
3aBUCUMOCTH MAaKCUMAJIBHOTO TMHAMHWYCCKOTO Hamopa B q)yHKHI/II/I KBaJapara MaKCHMaJIbHOH CKOpPOCTH, TO TOYKH,
n300pakaromye JJABUHBI IEPBOH IPYIITEL, UMEIOT TCHICHIUIO IPYIITHPOBATHCS OKOJIO IPSIMOM, HAKIIOH KOTOPOH COo-




1 o
OTBETCTBYET IJIOTHOCTH p(() )| s=2—aw = 10 Kr/M3, B TO BpeMs kak jyis 6Gojee MOLIHBIX JAaBUH BTOPOM IPYIIIbI

COOTBETCTBYIOIIAS INIOTHOCTH OJIMDKE K 3HAUYSHUIO p(()z)l gep—am = 20 K1/M3.

Currently, not enough experimental data to build computer models for even the simplest forms of relief. We only
indicate the possible existence of "large-scale effect" in this phenomenon. It seems fairly obvious that the density of
the snow aerosol attached wave is a function of the power of the avalanche. Indeed, if the investigated avalanches
plot the maximum dynamic pressure as a function of the square of the maximum velocity, the points representing
the avalanche of the first group tend to cluster around a straight line with a slope of which corresponds to the density

- pél)l s2—au = 10 kg/m3, while for larger avalanches second group corresponding density closer to the
Valuepgz)l gepam = 20 kg/m3.

"MacmtaGHbIH 3G QeKT” MOXKeT TakKe CyIIeCTBOBATh U B JMHAMUKE OTOPBABIIEHCS BOJHEBI. Y OBIBAaHUE CpeIHEH
IJIOTHOCTH KUHETHYECKOH YHEPTUU %W CHEXXHOTO 00J1aka 00YCJIOBIIEHO PSAJIOM TPOIECCOB, HMEIOIUX, BOOOIIE
TOBOpsI, pa3Hble XapaKTepHble MacIITaObl BpeMeHH. [IeWCTBHUTENbHO, KaK OBbUIO MOKAa3aHO, CPEAHSS CKOPOCTh

A .
3aTyXac€T ¢ BpEMCHHBIM MacimTaboMm Tq = —, 3aBHCAIINM OT CHJI J1000BOTO COITPOTUBJICHUA U B MCHBIICHU CTCIICHU
Vo

OT TPEHHS O TOACTHJIAIONIYI0 IMOBEPXHOCTh, a BOOOINE TOBOps OT CpeAHell IUIOTHOCTH. B cBoro ouepens,
YMEHBIICHNE IUIOTHOCTH CHEXHON MBUIM MPOMCXOIUT H3-32 BOBJICYEHHUS YHCTOTO BO3AyXa, MUGQY3UH MBI U €
cenuMeHTannu. Kakaprii W3 3THX MPOIECCOB B OCHOBHOM OIpeneisieTcss TypOyJIeHTHOW »Hepruedl e KoTopas

e >
yObIBaeT ¢ XapaKTepPHBIM MacIITaboM T, = = THe € - CKOPOCTh JIMCCHIANUH TypOyneHTHOH »>Hepruu. TpeTsum

BAJKHBIM IIPOLIECCOM, OT KOTOPOTO 3aBUCUT JAJIBHOCTh DPACIPOCTPAHEHMS CHETOBO3IYIIHOW BOJHBI, CIY>KUT
nedopmanuss MO CpeAHEH CKOPOCTH, OOYCIOBICHHAas W3MEHEHHEM 3HAaKa KacaTENbHOTO HANpPSKCHUS, WU
(opMHEpOBaHNE HOBOHM CHCTEMBI KPYITHOMACIITAOHBIX BUXpEH. XapaKTepHas MOCTOSTHHAS BPEMEHHU 3TOTO Ipolecca

B COOTBETCTBHH C PUC.4 MOXKET OBITh OIIEHEHA KaK T3~(E) .
"Large-scale effect" may also exist in the dynamics of a torn wave. Decrease of the average kinetic energy

density % pv? snow clouds caused by a number of processes which have, in general, different time scales. Indeed, as
has been shown, the average speed decays with a time scale 7, = Vi, depending on the force of drag, and to a lesser
0

extent from the friction of the underlying surface, but in general the average density. In turn, the decrease in the
density of snow dust is due to the involvement of clean air, dust diffusion and sedimentation. Each of these

processes is mainly determined by the turbulent energy e which decreases with a scale 7, = S, where ¢ - dissipation

rate of turbulent energy. The third important process that affects the propagation distance snowair wave deformation
field is the average velocity due to a change of sign of shear stress, and a new system of large-scale vortices. The

e . i . U, _
characteristic time constant of the process in accordance with Figure 4 can be estimated as T3~(a) L

B namunx OKCIICPUMECHTAX JId JIAaBUH CPABHUTCIBHO HEOOIBIINX pasME€poOB MOCTOAHHBIE BPEMEHU T, Ty , T3
HUMEIOT OJMHAKOBBIM mMOpsiok. OfHAKO BIOJHE BEPOATHO, YTO JJIsl JIaBMH OOJIBIINX pPa3MEpoB Ipolecc
"cBOpaunBaHUA" MPUCOCIMHEHHON CHEXHOH BOJHBI B CHCTEMY KOJBIIEBBIX BHXpEl MOXKET 3aBepHIaThCcsi ObICTpee,
Y€M 3aTyXaHHue cpez[Hei/’I KHHETHYECKOMN OHEPIruu. ITo u3BeCTHBIM AOPOAMHAMHUYCCKHUM 3aKOHAM,- TaKasd BUXPEBasd
CTPYKTypa CYIIECTBYET [OJIbLIEC H, COOTBETCTBEHHO, [I0 CPABHEHUIO CO CTPYKTYPHO HEOPraHHM30BAaHHBIM CHEXHBIM
00aKoM MMeeT OONBIIYIO JANbHOCTE neiicTBusa. Hanpumep, B pabote [1] mo skcnepuMeHTaNbHOMY HCCIIEIOBAHHIO
JABMKCHUA BUXPEBBIX KOJICH ITOKAa3aHO, YTO B OIPEACICHHBIX YCJIOBHAX TAKO€ KOJIBIIO MPOXOAWUT PACCTOAHHE,
npessiiatonee 12 ero paanycos, 6€3 CKOJIIbKO-HUOY b 3aMETHOTO 3aMe/IICHUSL.

In our experiments, for avalanches relatively small time constants 74, 7, , T3 have the same order. However, it is
likely that large avalanches process of "folding" of the associated wave of snow in the ring vortices can exit faster
than the decay of the average kinetic energy. On known aerodynamic laws - such a vortex structure has been around
longer, and, respectively, compared with structurally disorganized snow cloud has a longer range. For example, in
[1] for a pilot study of the motion of vortex rings show that in certain circumstances, such a ring is a distance greater
than 12 of its radii, without any noticeable delay.
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MECHANISM OF THE AIR WAVES AVALANCHES ON THE RESULTS OF FIELD MEASUREMENT OF THEIR
PARAMETERS
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[TapaMeTps! BO3AYITHBIX BOJH JIABHH, H3MEPEHHBIE Ha AKCIIEPIMEHTAIFHOM odare Dis0pycckoit cranmmm MI'Y
[4] , MO3BONAIOT MPENCTABUTH MEXAHW3M HX OOpa3oBaHHUA M CTPYKTYPY, KOTOpBIE ITOATBEPIMIINCH HAIINMHU
OMBITAMH 110 MOZEJIMPOBAHUIO BO3AYIIHOI BOJHBI C MOMOIIBIO MOPOLIKOOOpa3HbIX MaTepuanoB. OqHako, 00beM U
TOYHOCTH PE3YJIbTATOB HATYPHBIX H3MCpeHHI>'I HEOOCTATOYHBI UIA OJHO3HAYHOI'O OTBETA HAa HCKOTOPBIC BOIIPOCHI, a
OIIBITBI C MOACITUPOBAHUEM HOCHUIIN Ka4eCTBEHHBIN XapakTep.

Parameters of the air waves of avalanches, measured on an experimental hearth Elbrus station MSU [4] allow to
present the mechanism of their formation and structure, which were confirmed by our experiments on modeling the
air waves using a powder. However, the amount and accuracy of the results of field measurements are insufficient
for a clear answer to some questions, and experiments with the simulation were qualitative.

Ecnu nmon tepMuHoM "Bo3AylliHas BOJIHA JIaBUH' MOHUMATh BCKO COBOKYITHOCTh a3POJMHAMHYECKHUX MPOIIECCOB,
COMPOBOXKIAIOUIMX CXOJ JIABHH OT MOMEHTa HX CpbIBa JO BOCCTAHOBJICHHS B OKPY)KaIOIIEM IPOCTPAHCTBE
HCXOJHOTO METEOPOJIOTHYECKOTO PEeXKKMMa, TO BECh MpoliecC 00pa3oBaHMs U PACIPOCTPAHEHHUS] BO3AYIIHOI BOJIHBI
JJaBUH MOXXHO pa36I/ITB Ha TP OCHOBHBIX CTaAUU.

ITepBas cranus - moaroToBUTEIHHAS (pHC.1).

If the term "air wave avalanche" to understand the totality of aerodynamic processes accompanying avalanches
from the time of their failure to restore the original in the surrounding meteorological conditions, the whole process
of the formation and distribution of air wave avalanches can be divided into three main stages.

The first phase - preparation (Fig. 1).

— —
-‘\_—_-‘

Puc. 1. Cxema o0pa3oBaHus BO3IYIIHOM BOJTHBI JTaBUHBI. [lepBas ctaaust OpMHPOBAHUS CITyTHOTO IMOTOKA: a/
CEYCHHE T0 MPOJIOJILHO OCH, O/ TIorepedHoe ceueHue Mo AA, B/ ceueHue mapamienbHO CKJIOHY Ha MaJlOi BBICOTE OT
Hero. | — TaBUHHBINA CHeT, 2 U 3 — 00J1aCTH MOBBIMIEHHBIX U MTOHMKEHHBIX CKOPOCTEH MBMKEHUS JIABUHHOTO CHera, 4

— CHETOBO3IYIIHBIA OTOK, BUXPH, CTPYH, 00IaCTH MOBBIIIEHHON INIOTHOCTH B HEM, 5 — TPaHHUIIBI BUXpeH
CHETOBO3IYITHOT'O ITOTOKA, 6— BUXPH U I'paHNA IPUBECACHHOTO B IBMXCHUEC YUCTOTO BO3ayX4aA.
Fig. 1. Scheme of the air wave avalanche. The first stage of a cocurrent flow: a / cross-section along the longitudinal
axis, w / cross-section along AA in / section parallel to the slope at low altitude from it. 1 - snow avalanche, 2 and 3
- areas of high and low speeds avalanche of snow, 4 - snowair flow vortices, the jet area of increased density in it, 5
- border snowair vortex flow, 6 - vortices and the boundary set in motion by the Clean Air .

OGpaszoBaHHe CIIyTHOTO MOTOKA BO3yXa, HACBHIIICHHE €r0 CHErOM, pocT o0beMa MPOHWCXOIWT OT Havaia
JBH)XCHHA CHEra B J'[aBI/IHOC60pe 0 HavaJla ”THTCHCUBHOT'O TOPMOKCHUSA JITABUHBI. CHyTHLIﬁ IIOTOK BO3ayXa 06pa-




3yeTcsl U3-3a BA3KOCTH BO3[yXa BOKDYT JIFOOOTO JBIIKYIIErOCsS Tella M COCTOUT M3 TPEX OCHOBHBIX 30H: MepBas -
30Ha YIUIOTHEHHs BO3AyXa Iepe] TeJIoM, TI/e MPOJOJbHAs COCTABIISIOMIAS CKOPOCTH JABWMIKEHHS BO3AyXa
YBEJIMUYMBACTCS OT HYJsSL O CKOPOCTU Teja y €ro MOBEPXHOCTH Vr; BTOpas - 30HA IOIPaHUYHOIO CJIOSI BIOJIb
OOKOBOI TTOBEpXHOCTH Tella, B KOTOPOH CKOPOCTh JABMIKCHHS BO3IyXa MEHSETCS OT V1 Y MMOBEPXHOCTH TeNa JI0 HYJISI
u 1/2 Vi Ha HEKOTOPOM yHAJIEHHWH OT Hee, TIC BO3IYyX IBIDKETCS B HAINPABICHHWH, OOpAaTHOM [BIXCHHIO Tela,
nepeTeKas U3 30HbI YIUIOTHEHUSI; TPEThsl - 30HA YaCTUYHOIO Pa3pexeHusi U TypOyJeHTHOIo cliesa 3a TeJIoM, Iie
MPOJI0JIbHAS CKOPOCTH BO3/lyXa AOBOJBHO OBICTPO MAlaeT 0 HyJIs O Mepe YIaJeHus OT Teja.

Formation of cocurrent flow of air saturation of its snow, growth occurs from driving snow avalanche catchment
before the braking avalanche. Cocurrent flow of air is formed due to the viscosity of air around any moving body,
and consists of three main areas: the first one - the zone of air before sealing the body, where the longitudinal
component of the air velocity increases from zero to the speed of the body at its surface V; second - zone boundary
layer along the side of the body, in which the air velocity changes from Vr at the surface of the body to the ground
and half Vr at some distance from it, where the air is moving in the direction opposite to the movement of the body,
flowing from the zone of compression, and the third - the zone of partial dilution and turbulent wake behind the
body, where the longitudinal air velocity quickly drops to zero as the distance from the body.

reOMeTpI/I‘{CCKI/Ie mapaMeTphl CITYTHOTI'O IMOTOKA 3aBUCAT TAKXKE OT IONCPEUYHBIX W MPOJOJIBHBIX pasMEepoOB TEJIaA,
LIEPOXOBATOCTH €r0 MOBEPXHOCTH, CKOPOCTH M IMPOAODKUTEIBHOCTH JBIKEHHUS, €I OHO HecranuonapHoe. C
POCTOM IOCJIETHUX TEOMETPUYECKUE MapaMeTphbl CIyTHOTO [OTOKa Bo3pactaroT. Kpome Toro, B TaBUHAX M3 CYXOTrO
CHEra, KaKk W IIpyu ABWXCHHUU IBUICBUAHBIX ITOPOMNIKOB, 00BeEM CITYTHOI'O IIOTOKa YBCIMYUBACTCA B PE3YJIbTATC
nepexoga B BO3AYyX BCE€ HOBBIX W HOBBIX HOpHI/Iﬁ CHETa, NMCPCAAINUX IMOTOKY CBOIO KHMHCTUYCCKYIO DHEPIUI0 U
YBCIMYHUBAKOIIUX €TI0 INIOTHOCTb. 3T1OT mpouecc MOXHO CUHUTATh OJKBUBAJICHTHBIM pPE3KOMY YBCINYCHUIO
LIEPOXOBATOCTH M IUIOMIAZAHN ITOBEPXHOCTH JABMXKYILIEToCs Tena. [Ip 3TOM 3a TOJIOBHOW, YTOJIIEHHOW YacThIO
JIABUHBI 00pa3yeTcsi BUXPb, BO3MOXHO, C apKoOOpa3sHOH OChIO [5] , KOTOPBIA OTKATHIBAETCS K XBOCTY JIaBUHBI,
ycTynasi MecTo AJisi 00pa3oBaHMsi HOBOI'O BUXPS U CIOCOOCTBYS 0Opa30BaHHIO BOJIH Ha MOBEPXHOCTH JIABHHBI,
HO,HO6HBIX BOJIHAM Ha MOBCPXHOCTH BOJBI UIIN 6aanHaM rnecyaHom ITyCTBIHU.

The geometrical parameters of cocurrent flow also depends on the transverse and longitudinal dimensions of the
body, the surface roughness, speed and duration of the movement, if it unsteady. As the last geometrical parameters
cocurrent flow increases. In addition, the avalanche of dry snow, like the motion of dust powders, cocurrent flow
volume increases as a result of the transition to the air more and more servings of snow, will be streamed their
kinetic energy and increasing its density. This process can be considered equivalent to a sharp increase in surface
roughness and surface area of the moving body. Thus for the head, the thickened part of the storm vortex is formed,
possibly with arcuate axis [5], which is rolled back to the tail of the avalanche, giving way for the formation of a
new vortex and contributing to the formation of waves on the surface of the avalanche, like waves on the surface of
water or sand dunes of the desert.

Ilepexox wacTH JTaBHHHOTO CHETa B IOTOK, KaK W IleCKa ¢ 0apXaHOB B ITyCTHIHE [2], MPOMCXOTUT TJIABHBIM
00pa3oM C mepeqHux, "HaBeTPEHHBIX" CKIOHOB BOJIH M WX BEPINWH, IpUYeM Hambojiee HHTEHCHBHO 3TOT IIPOIECC
UIacT B TOJIOBHOM 4YacTH JIJaBUHBI, TAC TPAaJUCHTBl CKOPOCTHU IBMKXCHHA BO3AyXa MaKCUMAJIbHBI. Ha TeuibHBIX
CKJIOHAX IIPOMCXOAMT YAaCTHUUHOE OcellaHue cHera. I1o cBoel CTpyKType CHEroBO3JYILUHBIM CIYTHBIM NOTOK JIAaBUH,
Ha3bIBAEMBIA B HEKOTOPHIX paboTax "a’3po30JIbHON COCTABIISAIONICH JTABHHBI", COCTOUT M3 HECKOJIBKUX CPABHUTEIBHO
TOHKHUX CJIOCB CHeFOBOSI[yIHHOP’I CMECH IIOBBIIIIEHHON IDIOTHOCTH, NMPUCOCIAMHCHHBIX K BEPHOIMHAM BOJH H K
TrOJIOBHOM 4acCTH JJaBUHBI, U 00JIe€ TOJICTBIX CIIOEB MOHMKEHHOM IIIOTHOCTH C BUXPSAMHA, HAKIIOHCHHBIX I10J] OCTPBIM
YIJIOM K HOBEPXHOCTH JIABUHBI B CTOPOHY, ITPOTHUBOIIOJIOKHYIO €€ IBHKXCHUIO, U OXBATBIBAIOIINX €€ B BerHeI\/’I
nosryuiockoct. Ha doTtorpadusix, crenanapx GpaHIly3cKUMH UCCIIeIOBATEIIMA BHYTPH TaKOTO TOTOKA [6], 1 Ha
Hamux (oTorpadusx, MOTyYSHHBIX HPH MOICIHPOBAHWU BO3IYIIHONH BOJHBI ITOPOIIKAMH, MOT00HAs CTPYKTypa
BBITJIAAUT KaK TIpUBa TBUIM C HEYCTKO BBIPAXCHHBIMH I10JJOCaMH, KakK Obl OTHOCHMas BETPOM Hazand.
CHEroBo3AylIHbIN IOTOK ONHUCAHHOM CTPYKTYphl B CBOIO OYEpEAb OXBAauyCH CJIOEM YHUCTOIO BO3/yXa, CKOPOCTHU
JABMKCHUA KOTOPOTO BBINIC HYJIA, HO HEAOCTATOYHBI JJIA IMOAACPKAHNUA BO B3BCIICHHOM COCTOAHHHU JTaXXC CaMbIX
MEJIKUX YaCTHIl CHEXXHOM MbUIM. DTO HE OTHOCHUTCS K CJIOK YIUIOTHEHHOTO BO3[yXa Iepej TOJIOBHOH 4YacThiO
JIJaBUHBI C HapacCTarIIUMH CKOPOCTAMH, KOTOpBIﬁ, OYCBUIHO, IMOJHHUMACT CHCT, nemamm‘/i Ha IIyTH ABWXCHUA
JJAaBUHBI Ha HC6OJII)I_HyIO BBICOTY. Taxoi cHer TYT K€ BKIIIOYACTCA B AAPO JIABUHBI U B HpHCOCZ[HHCHHBIﬁ K HEMY
YIUIOTHEHHBIN CJIOM CHETOBO31YIIHOIO IIOTOKA.

The transition of the avalanche of snow in the stream, as well as sand dunes in the desert [2], is mainly from the
front, "windward" wave slopes and peaks, the most intense, this process is at the head of the avalanche, where the
gradients are maximum air velocity. On the back of the slopes are partially settling snow. In its structure snowair
cocurrent flow avalanches, called in some papers "of the aerosol component of the avalanche," consists of several



relatively thin layers snowair mixture of high density, attached to the tops of the waves and to the head of the
avalanche, and thicker layers of low density with vortices inclined at acute angle to the surface of an avalanche in
the opposite direction of its movement, and covering it in the upper half. Photographs taken by French explorers in
such flow [6], and our photographs obtained in the simulation of an air wave powders, such a structure looks like a
mane dust lanes clearly marked as attributable to wind back. Snowair flow described structure, in turn, covered by a
layer of clean air speed is higher than zero, but not enough to maintain the suspended state, even the smallest
particles of snow dust. This does not apply to the layer of compacted air to the head part of the avalanche with
increasing speed, which obviously raises the snow lying in the path of an avalanche at a low height. Such snow

immediately incorporated into the core of the avalanche and attached to it snowair packed bed flow.

Puc.2. Cxema o0Opa3oBaHMs BO3IYNIHOH BOJHEI JIaBHH. BTOpast ctaans, KylTbMHUHAIMOHHAS: MHEPIIMOHHBIN OTPHIB
CITyTHOTO TIOTOKA, BEIOPOC CTPYH CHETOBORYITHOW CMECH. Y CJIOBHBIE 0003HAYCHHUS CM. Ha pHC. |

Fig.2. Scheme of the air wave avalanches. The second stage, culminating: inertial separation cocurrent flow, jet
ejection snowair mixture. Symbols refer to Figure 1

Bropas cragms oOpa3oBaHUS BO3AYIIHON BONHBI JAaBWUH - KyJlIbMHHaAmmoHHas (puc.2). Ilpomcxomut
WHEPIMOHHBI OTPHIB CIIyTHOTO IOTOKA, BEIOPOC CTPYH CHETOBO3AYIIHON CMECH M, BO3MOXXHO, BO3SHHKHOBEHHE
y/apHOW BOJIHBI, T.. CKauyKa YIUIOTHEHHS, PACIPOCTPAHSIOIIErOCsS CO CKOPOCTBIO 3BYKa. DTO JJIMTCS OT Hayaia
MHTEHCUBHOTO TOPMOJKEHHS JJTABUHHOTO CHEra JI0 OCTAHOBKU €r0 MOCIEIHUX MOPLHHA MM 0 Havaja CleIyIoUIero
IUKJIa YCKOPECHHOTO ABUXXECHUA 3TUX HOpHI/II\/‘I. HOCJ’ICIIHCC Ha6JIIOIIaeTC$[ B CIy4da€, €CJIM Ha ITYTU ABUXCHUSA JIABUHBI
KPOME KOHYCa BBIHOCA €CTh MMPOMEKYTOYHBIC YUACTKH, I'/IE BOBMOXXHO MHTCHCUBHOC TOPMOKCHHUEC JIABUHHOI'O CHETA!
PE3KUC BBINOJAXUBAHUA CKJIOHA HWIMW YYaCTKH CKJIOHA TOH XK€ KPYTHU3HBI IIOCJIC 60HBHII/IX, YCTYHIOB PE3KHUE
IIOBOPOTHI JIOTKA W T.M. HpI/I BBIXOAC JIABUHHOTO CHETa Ha Y4YaCTOK TOPMOXCHUA CHéFOBOBZ[yIHHBIﬁ IIOTOK,
UMEIOIINH OONBIIYI0 TIOTHOCTh W MAacCy W 3HAYUTEIHHO MEHBINUI K03(HIIMEHT TpeHns, YeM JIaBUHHBIN CHET,
MPOJOJDKAET .JIBUTAThCSI, TIOCTEICHHO Tepsisi CBOIO CKOPOCTh U CIIOMCTO-BUXPEBYIO CTPYKTYpY. JBHXKEHHE Takoro
MOTOKa, OTOPBABILET0Cs OT JIABHHHOTO TEJIa Ha BBICOTE, PABHOW €ro TOJIIMHE, MOXKHO ObUIO OBl paCCMATPHBATH KAk
IBIDKEHNE CBOOOMHOW, TaK Ha3plBaeMOW '"3aTOINICHHOH" CTpyH, IO KpaiHeH Mepe A0 TeX MOop, MOKa HIDKHAA
IpaHulla TaKOH CTPYHU, UMEIOLEH yron pacxoxkaeHus B npezgenax 13-17° [1], He KocHETCS MOBEPXHOCTH CKIIOHA, a
JaJiee - KaK IBUKCHUC PIMHyJIBCHOﬁ CTPYH BIOJIb €T0 ITOBCPXHOCTH.

The second stage of the formation of an air wave avalanches - the culmination (Fig. 2). Is inertial separation
cocurrent flow, jet ejection snowair mixture and possibly a shock wave, shock wave that propagates at the velocity
of sound. It lasts from the beginning of the braking avalanche of snow to stop him last portions or before the next
round of accelerated motion of the portions. Last seen when in the path of an avalanche than alluvial fan with
intermediate areas where intensive braking possible avalanche of snow: sharp flattening of the slope of the land, or
the steepness of the slope of the same after the big, shoulders tight turns tray, etc. When you exit the avalanche of
snow on the area braking snowair stream having a high density and weight and significantly lower coefficient of
friction than the avalanche snow continues. Move, gradually losing his speed and layer-vortex structure. The
movement of such a flow, cut off from the avalanche body at a height equal to its thickness, can be regarded as free
movement, the so-called "flooding" of the jet, at least for as long as the lower boundary of a jet having a divergence




angle in the range 13 - 17 ° [1], do not touch the surface of the slope, and then - as the movement of the pulse jet
along its surface.

OpnHako Takoe oIperesieHHe OyIeT HEeTOMHBIM, eCIH HE YYUTHIBATh Cenn(UIeckuX 3(P(PEeKTOB, BOSHUKAIOLIIX
MIPY MHTEHCHBHOM TOPMOKEHUHW OOJBIIMX MAacc JaBUHHOTO CHera. DTH 3QQEKThl, ¢ OAHONH CTOPOHBI, MOTYT JIaTh
CyH.[eCTBeHHBIﬁ HOHOHHHTGHBHLIﬁ UMITYJIBC, HOI[IICp)KHBaIOHIHﬁ HIIN Jaxe yBeJ’II/I‘II/IBaIOHII/Iﬁ B TCUCHHUEC KOPOTKOTO
BPEMEHU CKOPOCTh CIYTHOTO IOTOKA, [0 KpaiHei Mepe B ero HIKHUX CJI0sIX, a C IPYyroil CTOPOHBI, CIIOCOOCTBYIOT
Oosiee OBICTPOMY Pa3pYIICHHIO OMUCAHHOW CTPYKTYpPHI CIYTHOTO TOTOKa. MOXHO yKaszaTh 1Ba TakuxX 3¢ddexra,
BEPOATHO, BOSHUKAIOINX B JIJABUHHOM TECJIC BCIICACTBUEC HEPABHOMEPHOTO TOPMOKECHUA OTACIBHBIX MacC JIJABUHHO-
T'O CHEra, KOTOpPhI€ YCIOBHO HAa30BeM "IPUOOHHBIM" 1 "CTpyHHBIM", FUTH "IIeTeBRIM".

However, this definition is incomplete, unless you consider the specific effects that occur when heavy braking of
large masses of snow avalanche. These effects, on the one hand, can give a significant impetus, maintain, or even
increase in the short time the rate of cocurrent flow, at least in its lower layers, and on the other hand, contribute to a
more rapid destruction of the described structure cocurrent flow. You can specify two of these effects are likely to
occur in the body due to the avalanche of uneven braking individual masses avalanche of snow, let's call that "surf"
and "jet" or "slot".

IepBoIit 3 deKT, BOZHUKAIOMMNA BCISACTBHE O0Jiee WHTCHCHBHOI'O TOPMOXKCHHS HIDKHHX CIIOEB JIABHHHOTO
CHEra 1mo CpaBHCHHIO C BEPXHUMHU, IPUBOIUT K TOMY, UTO IIPHU BBIXOJAC HA YYAaCTOK MHTCHCHUBHOI'O TOPMOKCHHUSA
TOJOBHAs YacTh JIAaBHHBI INPHHAMAeT (GOpMYy, XapaKTepHYIO Ui IpHOOWHBIX MOPCKHX BOJH (CM.puc.2a).
3aberaromniyie BIepell BEpXHHUE CIOU CHEra oOpa3yroT MoJ co00i OOJNBIIYI0 BO3AYUIHYIO MOJOCTh M B IOCIECIHUN
MOMECHT 06pyHH/IBa}OTC5[ B HEC, PE3KO BBITCCHAA OTTyda BO3AYX CHIBHBIMU KPAaTKOBPEMCHHBIMU CTPYIMH,
3aXBaTHIBAIOIIMMH OONBIIOE KOJIMYECTBO CHEXHOH HBUIM M BEepOOOPa3sHO PacIpOCTPAHSIOMIUMIECS BIEpPET W B
CTOPOHBI BJIOJIb CaMOW TIOBEPXHOCTH CKJIOHA. Takoe oOpyIIeHHe SKBUBAICHTHO ITEPBHIM MTHOBCHHSAM ITaJICHHSA JIa-
BHHBI C YyCTyHa M, BEpPOATHO, MOXXET COIPOBOXIATHCSI O0Opa3oBaHMEM YIAPHBIX BOJH THIIA B3PBIBHBIX,
PacpoCTPaHSIOLUIMXCS CO CKOPOCThIO 3ByKa. OHAKO B HAILIEM CJIydae TAKKUE BOJIHBI HE HAOIIOIAINCh.

The first effect, arising from a more intense inhibition of the lower layers of snow avalanche over the top, leads
to the fact that in entering the braking portion of the avalanche head part takes the form of characteristic surf the
waves (Fig. 2). Forerunning upper layers of snow formed by a large air cavity at the last moment descend into it,
displacing the air dramatically strong transient jets, a large number of spectacular snow dust and fan-propagating
forward and sideways along the surface of the slope. Such a collapse is equivalent to the first moments of falling
avalanche from the ledge and can probably be accompanied by the formation of shock waves of the explosion
propagating at the speed of sound. However, in our case, these waves were observed.

OcHoOBOIT BTOpOTro 3¢ deKTa, TakKe MPUBOIAMETO K 00pa30BaHUIO KPATKOBPEMEHHBIX CTPYH CHETOBO3IYITHOMH
CME€CHU, MOXKCT CIYXUTb HCPABHOMEPHOC TOPMOXCHHE MACC JIaBUHHOTO CHETa B IIOHNECPEYHOM H IIPOJOJIbHOM
HalpaBJICHUAX. HpI/I 3TOM JIaBUHHBIN CHEr, cuic Hpononma}omm‘/i ABUTAaThCA B 3aJHUX YaCTAX TEJla JIAaBUHBI C
OONBIION CKOPOCTHIO, BHABIMBAeTCA B "MENH" MEXIy OTACIbHBIMH WHTCHCHBHO TOPMO3SAIIMMHCS IIEPEIHIMH
MaccaMHn CHETra, YCKOPAACHh B HUX, KaK B CYXXCHHAX KaHalla, © BPEMCHHO pasMbIBasA UX CTCHKH. BepOHTHO, qgepes3
TaKWEC MICITN IMPOUCXOAUT BBIKMMAHUE BO3ayXa M3 JIJABUHHOI'O CHETa IPU €0 OCTAHOBKE M YIUIOTHCHHH, TaK KakK
JABJICHUC B HUX MCHBIIC, Y€EM B OKPYXKAIOMINX Maccax CHEra C MEHBIIIEH CKOPOCTBIO ABUXXCHUA, UYTO U IIPUBOJUT K
BEIOPOCY KpPAaTKOBPEMEHHBIX CTPYH CHETOBO3AYIIHOW CMECH B MeCTaX BBIXOAA 3THX MIeliell Ha IOBEPXHOCTH
JJABUHHOI'O CHEra. CKOpOCTI/I 3THUX Cprﬁ MOTyT OBITH 3HAYNTEILHO BBIIIE CKOPOCTH JIaBUHBI U €€ CITYTHOI'O ITOTOKaA,
1 BOKPYT KaXJOH M3 HUX 00pa3yroTcss MECTHBIE TypOYJICHTHBIE BUXPH.

The basis of the second effect, which also leads to the formation of transient jets snowair mixture can serve as
uneven braking mass avalanche of snow in the transverse and longitudinal directions. In this avalanche of snow, still
continues to move in the back of the body of the avalanche at high speed, is pressed into the "gap" between the
individual intensely inhibitory front masses of snow, accelerating in them, as in the narrower channel, and
temporarily diluting their wall. Perhaps through these cracks is squeezing the air out of the avalanche of snow at its
stop and seal, as the pressure in them is less than the surrounding mass of snow with less speed, which leads to the
release of short jets snowair mixture in these places where the cracks on the surface avalanche snow. The velocities
of these jets can be much higher than the speed of the avalanche and cocurrent flow, and around each of them
formed the local turbulent eddies.

COBOKyHHOCTB OIIMCAaHHBIX Cprﬁ TIOAACPKNUBACT I[BH)KyIlIHﬁCH 0 HWHECPUUU CHyTHBIﬁ IIOTOK JIAaBHHBI,
"moxacTuinas" ero CHU3y M OJHOBPEMEHHO pa3pyllas €ro CIOHCTO-BHXPEBYIO CTPYKTYPY, CHOPMUPOBABIIYIOCS MPH
JIBIDKEHUH JIABUHBI 110 JIOTKY, B 00pa3yeT BMECTe C HUM XapaKTEPHBIH (eCTOHUATHIH B TUIaHE M KIMHOOOPA3HBIA B
MIPOJOJIEHOM BEPTUKAIHHOM CEUCHHH NepeIHuil PpOHT BO3MyImIHON BOIHBI. Cllebl IBMKECHHS TAKUX CTPYH XOPOIIO
BUIHBI Ha QoTorpadusax "MaBUHHBIX" OTIIOKEHHH NMPH MOAEIMPOBAHWH JIABUH TOPOIIKAMH B BHIE BBITSHYTHIX



TPEYTOJIBHUYKOB, BEEpOOOPa3HO OTXOSAIINX BIIEpPEI M B CTOPOHBI OT IepeIHel IMHIHM OCTaHOBKH OCHOBHOW MacCHI
Mmarepuana.

Described a set of jets supports moving by inertia cocurrent flow of the avalanche, "sub-genres" of its bottom
and at the same time destroying its layer-vortex structure, formed by the motion of an avalanche chute, and forms
with it a characteristic scalloped in plan and wedge-shaped in longitudinal vertical section of the leading edge of the
air wave. Traces the movement of such jets are clearly visible in the photographs, "avalanche" of deposits in
modeling avalanches powders in the form of elongated triangles, fan on and off to the side from the front of the stop
line bulk material.

Puc.3. Cxema oOpa3oBaHHS BO3AYIIHON BOJHBI JIABHHBEL. TpeTbs CTagus: WHEPIHOHHOE ABWKCHHE, paccesHue
CHETOBO3/IyIITHOTO IMOTOKA, CETUMEHTAIINS CHEXXHOW MBLTH. Y CJIOBHBIE 0003HAYCHUS CM. HA pHC. 1.

Fig.3. Scheme of the air wave avalanche. Third stage: inertial motion, scattering snowair stream sedimentation snow
dust. Symbols shown in Fig. 1.

Tpetbsi, 3aKITOYNTENbHAS CTanus (puc.3) CyIIecTBOBaHUS BO3AYIITHON BOJHBI JIABHH - HHEPIIMOHHOE JABH)KCHUE
CHETOBO3[yIIHOTO II0TOKA, pa3pylIeHHE BUXPEW, CEJUMEHTalMs CHEXXHOW IMbUIM - MPOTEKaeT OT MOMEHTa
MPECKpamCHUuA ABUXCHUA B JIJABUHHOM CHETC JI0 IMOJHOTO NMPEKpANICHUA ABHKXCHHUA BO3JyXa, BBI3BAHHOTO CXOOOM
nmaBUHBL. [Ipum STOM BpsSA JM HWMeEET MecTOo TpaHCchopManus apKoOOpasHBIX BHXpEH CIIyTHOTO IIOTOKA,
OXBaTHIBABIIUX JIABUHY, B KOJIbIIEOOpa3HbIE BUXpH, MoM0OHBIe u3ydaBmuMmcs P.Bymom [3] , m cmocoOHBIE K
CBEpXJaJbHEMY paCIpOCTpaHEHHIO Oe3 3aMeTHOro 3aTyXaHWi. B Taknx BHXPSX IUPKYJAIHOHHAS CKOPOCTHh
COBITQJIAET C MOCTYMATENbHON B €ro LEHTPAJIbHBIX 00IACTSX, a Ha nepudepur MPOTUBOIOIOKHA eil. DTO co3aaer
3¢ ¢GeKT KadyeHUs BHUXPS IO IOJACTHJIAIOMIEH IOBEPXHOCTH M IO TpyOe W3 HEMOABIDKHOIO BO3AyXa, YeM H
00yCIIOBIIMBAETCS Majloe 3aTyXaHHe TaKoro BUXps. B ciydae apkooOpasHbIX JIABUHHBIX BUXPEH MOJCTHIIAIOIIAS
MOBEPXHOCTh pacCeKaeT MX B 30HE MAaKCHUMAaJbHBIX CKOPOCTEH, CO3[aBas HMHTCHCHBHOE TOPMOXCHHE BUXPS U
UCIIBITHIBAS €r0 MakCUMaJbHOE Bo3jeiicTBue. [Ipu 3ToM apkooOpa3HbIil BUXPh CKOpEe BCEro pa3pbIBACTCs HABEPXY
U TIpeBpaIIaeTcs B JBa BEPTHKAJIBHBIX, KPATKOBPEMEHHBIX BHXPS, MOZOOHBIX cMepuy. KonbIleBble BUXPH MOTYT
00pa30BEIBATECA BOKPYT ONHCAHHBIX BBIIMIE KPAaTKOBPEMEHHBIX CTPyH, OJHAKO pa3Mepbl MX MOJDKHBI OBITH
SHAYUTCIIPHO MCHBIIC MONMCPCUYHBIX pasMEPOB JIAaBUHBI U, CII€AOBATCIIBHO, JAJIBHOCTH PACIIPOCTPAHCHUA UX TAKKE
OTHOCHUTEJIBHO HEBEJIHKA.

The third and final stage (Fig.3) the existence of an air wave avalanches - inertial motion snowair flow vortex
breakdown, sedimentation snow dust - proceeds from the termination of the movement in the avalanche snow until
no air movement caused by avalanches. In this case, it is hardly a place transformation arcuate cocurrent flow
vortices, covering an avalanche in the ring-shaped vortices similar R.Vudom were studied [3], and capable of ultra-
long-proliferation without noticeable attenuation. In these eddies circulating velocity coincides with the translational
in its central areas, as opposed to the periphery of it. This has the effect of rolling the vortex of the underlying
surface and the pipe from the still air, and this is due to low attenuation of the vortex. In the case of avalanche
arcuate vortices underlying surface cuts into the zone of maximum velocity, creating a vortex intensive braking and
experiencing its maximum impact. In this whirlwind of arcuate likely broken at the top and turns into two vertical,




short vortex, like a tornado. Ring vortices can form around the above short-jets, but their size should be much
smaller than the transverse dimensions of the avalanche, and therefore, the range of their distribution is also
relatively small.

ITo MEPE MPOABMKCHUA CHECTOBO3AYIITHOTO 06na1<a CKOPOCTH IBMXCHHUA BO3yXa B HCEM YMCHBIIAKOTCA U U3
o0Jaka BBIIIAJal0T CHavYaIa MAaCCHBHBIC YaCTHIbI CHETa, a MOTOM Bce Oosiee Menkue. KolnuecTBO BhINABIIEro CHera
HanOoJpIIee BIOIh HAMIPABICHUN PAacIPOCTPAHEHHUS CTPYH, 00IagaroIuX MaKCHMAIBFHON HeCcyIeH ClIOCOOHOCTBIO,
)5 6I)ICTpO YMEHBIIACTCA C YHAJICHUEM OT JIMHUKA OCTAHOBKH JIaBUHHOTO CHETa. IInotHOCTHAs CTPYKTypa
CHErOBO3JIYyUIHOTO o0Jilaka B MEpUOJ] [erpajalidd sSBHO HEOJHOPOJAHA: MAaKCHMYyMbI IUIOTHOCTH IPUXOMISATCS,
BEPOATHO, HA BUXPECBBIC 06pa30BaHI/ISI, B KOTOPBIX IABMKCHHUA BO3yXa 3aTyXarOT 3HAYUTCIBHO MCIJICHHEC, YEM B
OCTaTBHOM 00BEME CHETOBO3IYIIHOTO oOyiaka. [Ipy 3TOM BepTHKaJIbHBIE BUXPU MOTYT BHIHOCHTH CHET B BEpPXHHE
CJIOM CHETrOBO3IYIIHOTrO 00JIaKa, MOJJePKUBasi TaM BBICOKYIO IUIOTHOCTh B TEUEHHE HEKOTOPOTO BPEMEHH [axKe
MOCJIe TOr0, Kak CHEr M3 HMKHUX CIIOEB 3TOro obiaka yxe Bbinas. BeinageHne cHera M3 BEpXHHUX CIOEB o0Jyiaka
MIPOMCXOIUT MOCTIE Pa3pyIICHUS BEPTUKAIBHBIX BUXPEH MPaKTHIECKU IPH HYJIEBBIX CKOPOCTAX IBIDKEHHUS 00slaka 1
B OCHOBHOM Ha €T0 nepudepun.

As we move snowair cloud velocity of air in it and decrease drop out of the clouds at first massive particles of
snow, and then more and more shallow. Snowfall along the direction of the largest jets, with a maximum possible
load, and decreases rapidly with distance from the stop line avalanche of snow. snowair cloud density structure
during degradation clearly heterogeneous: density maxima occur probably in the vortex formation, in which the air
flow decay much more slowly than in the rest of the volume snowair clouds. In this case, the vertical vortices can
make snow in the upper snowair clouds, supporting high density there for some time even after the snow from the
lower layers of the cloud has already fallen out. Snowfall from the upper cloud occurs after the destruction of the
vertical vortex practically zero velocities clouds and mostly on the periphery.

OmnucanHast cxema 00pa30BaHus U PACIPOCTPAHEHHS BO3IYLIHOW BOJHBI JaBUH MOJHOCTHIO COOTBETCTBYET BCEM
3apIKCHPOBAaHHBIM OCOOCHHOCTSAM BPEMEHHBIX W IPOCTPAHCTBEHHBIX M3MEHEHHH MapaMeTpoB CHETOBO3IYIIHOTO
motoka [4]. [Tynecannu Ha Tpadukax masieHus P(?) ckopoctu V(t), INIOTHOCTH P(t), OBICTpBIC M3MEHEHUS (POPMEI
BBICOTHBIX MpPOGIIEH 3THX MapaMeTPOB - CBHUICTEIHCTBO IPOXOXKICHUS CIOEB CHETOBO3IYIIHONH CMECH Pa3HOI
IUIOTHOCTH M BUXpEH, CHadajla KPYIHBIX, C BpEMEHHBIH pa3MepoM 3-7 cek - 1/3 moCTOSHHON BpeMeHH 3aTyXaHHs
aNIpPOKCUMHUPYIOMIEH S3KCIOHEHTH [4], moToM Bce Oonee MenkWx - ciabble 3Ur3arooOpasHble  TPOQIITH.
Knmroo6pasueie u S —o0pa3HbIe 3epKajbHbIe BEICOTHBIC podwau P, V, p B IepBEIe MOMEHTHI BPEMEHH SBIISIOTCS
CBHUJIETEJIBCTBOM JIBYX3Ta)KHOU CTPYKTYpbl CHErOBO3JYLIHOIO IIOTOKA: BBEPXY CIIyTHBIM NOTOK, BHU3Y - CTPYH.
KnnHooOpa3Helii mepeaHuii (QpPOHT CHETOBO3AYNIHOTO TOTOKA, HAWOOJBIIE CKOPOCTH Ha BTOPOH MauTe
CBHUJIETEJILCTBYIOT O HAJIWYUM CTPYH Yy HUXKHEH TIpaHUIbl JaBUHHBIX OTJOKEHUH. MakcumanbHas KpyTH3HA
nepeaHero (ponTta rpadgukoB V() 12 m/c’, Gumskas ¢ yd4eroM OMHOOK K YCKOPCHHIO CBOGOXHOTO MAfCHHMS,
BEpOSITHO, CBUJIETEIHCTBYET O TPABUTAIIMOHHOM MeXaHW3Me 00pa30BaHHS 3THUX CTPYH, T.e. MpUOOHHOM 3(deKTe.
HaKOHeH, S3HAYUTCIIBHBIC TNIOTHOCTU CHETOBO3AYIIHOTO ITOTOKA B BEPXHUX CIOAX ITPU HU3KHUX CKOPOCTAX, KOrJa B
HWXHUX YKE IMTPAKTUICCKU HAXOIUTCA YUCTBIN BO3AYyX, MIOATBCPXKAAIOT HATMIUC BUXPEBOTO MEXaHNU3MaA.

This scheme of formation and propagation of an air wave avalanches meets all fixed characteristics of temporal
and spatial changes in the parameters snowair flow [4]. Ripple on the charts of pressure P (t) the velocity V (t), the
density p (t), rapid changes in the shape of the vertical profiles of parameters - witness the passage of the mixture
snowair layers of different densities and vortices, first largest, with 7.3 times the size of s - 1 / 3 decay time constant
approximating exponent [4], then more and more small - weak zigzag profiles. Wedge-shaped and S-shaped mirror
altitude profiles of P, V, p in the first moments of time are evidence of a two-story structure snowair stream:
cocurrent flow above, below - the jet. Wedge-shaped leading edge snowair flow, maximum speed on the second
mast indicate the presence of the jets at the lower end of avalanche deposits. The maximum slope of the leading
edge graphs V (t) 12 m/s® for errors close to the acceleration of free fall, probably indicates the gravitational
mechanism of these jets, undertow effect. Finally, significant density snowair flow in the upper layers at low speeds,
when the bottom is almost is clean air, confirm the presence of the vortex mechanism.

CucreMaTH4YeCcKUe HATYPHBIC HU3MCPCHUA ITapaMETPOB BOSI[yH_IHOI\/‘I BOJIHBI JIaBUH JaX€ HaAa OJHOM oO4yare
IIO3BOJIMJIM BIICPBBIC IMOJYYHUTHh PCAJTBHBIC KOJIWMYECTBCHHBIC 3HAYCHHA OJOTHUX MIAapaMCTPOB M BBIABUTH BaXXHBIC
JUHAMHUYCCKUC XAaPAKTCPUCTUKHU CHETOBO3AYIIHOI'O IMOTOKA JIaBUH, KOTOPBIC HCOGXOI[I/IMO YUYUTBIBATH IPU OLCHKAX
Pa3pymuTEIbHOTO BO3II€I>1CTBI/I$[ BOB)IyHIHOﬁ BOJIHBI JIABUH Ha COOPYKCHUA U PAaCTUTCIBHOCTD.

Systematic field measurements of parameters of the air waves of avalanches even allowed to focus on one for the
first time to get real quantitative values of these parameters and identify the important dynamic characteristics
snowair flow avalanches, which must be considered when assessing the damaging effects of air wave avalanches on
structures and vegetation.
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MHoroaeTHue HCCIIEJOBAaHUA BO3AYIIHBIX BOJH, 06p8.30BaHHI)IX JJaBUHaAMU ,,HpI/I3J'II)6pyCI)$I, II0Ka3aju, 4YTO OHH
B OCHOBHOM IIPEICTaBISAIOT COOOI CHErOBO3AYIIHBIA MOTOK CIIOKHOW CTPYKTYpBI, IBHKYIIHHCS IO WHEPINH B
TEUCHUE HEKOTOPOI0 BPEMEHH II0CJI€ OCTAaHOBKM JIaBUHBI [1-3] . [l momydeHHs] KOJIMYECTBEHHBIX NaHHBIX O
Pa3pyLIMTEILHOM MOTEHIIMANIE TAKOrO II0TOKA, O XapaKkTepe M MpeAeiax W3MEHEHHH BO BPEMEHU M MPOCTPAHCTBE
ero mapamerpoB I[IpoGiieMHO# naGoparopuell CHEXHBIX JIaBUH W cellell reorpadudeckoro ¢akynprera MIY
coBMmecTHO ¢ MHctuTyToOM Mexanmkn MI'Y Ha Dmnpbpycckoi cranimu MI'Y ObUT MOCTpOEH TeleMeTpHUYeCKHit
KoMIUTeKe, paspaboranabii H.A.YpymbGaeBeiM m B.b.CtpykoBeiM [4]. B HacTosmelf paboTe aHaIM3HPYIOTCS
pe3yJiibTaThl U3MEPEeHU Ha 3TOM KomIuiekce B 1977-1980 rr., BBIMOJHEHHbIE B JABUHHOM OYare coO CIEAYIOIINMHU
napameTpaMu: npesbimenue Beicor 1000 M, cpemit yron Haknona 30°, o6sem masus ot 10 10 50 ThIC.M [3].

Long-term studies of air waves formed by avalanches "Elbrus, have shown that they are basically snowair flow
complex structure, moving by inertia for some time after stopping the avalanche [1-3]. To obtain quantitative data
on the destructive potential of such a flow, the nature and extent of the changes in time and space of its parameters
Problem Laboratory of avalanches and mudslides geographical faculty of Moscow State University and the Institute
of Mechanics, Moscow State University on Elbrus station was built telemetry complex developed N.A.Urumbaevym
B.B.Strukovym and [4]. This paper analyzes the results of measurements on this complex in 1977-1980. Performed
in avalanche focus with the following parameters: exceeding 1000 m, the average angle of 30 °, the amount of
avalanches from 10 to 50 m® [3].

Komriuteke mpencraBisieT €000l COBOKYNHOCTh BEPTYIICYHBIX JATYUKOB CKOPOCTH, TEH30METPHUUECKHX
JIATYMKOB CKOPOCTHOTO HAIOPa, T.€. JIaBJICHHs CHETOBO3IYLIHOTO MOTOKA JIABUH M PETHCTPUPYIOLICH anmnapaTypsl -
IIATUKaHAJIBHBIX CAMOIMMCICB HAIPAXKECHUA C nepLeBoﬁ 3aIIUCBIO. HaT‘II/IKI/I YCTAHOBJICHBI HA TPEX U3MCPUTECIIBHBIX
MauTax Ha BbICOTax oT 2 10 19,5 M B 30He IEWCTBUS CHETOBO3IYIIHOTO MOTOKA, CO3JaBa€MOro OJHOM W3 JIaBUH,
PETYIAPHO CXOIAIINX C CEBEPHOTO CKIIOHA Tophl Yerer. OHM CBSI3aHBI MHOTOKIIJIBHBIM KaOesreM JiiHoit okosro 300
M C PETUCTPHUPYIOIIEH ammapaTypoi, pasMemeHHoil B jabopaTopHOM Kopmyce Inp0Opycckoit cranmmu MIY.
IMepBasi MayTa KOMIUIEKCA PACIIOIOKEHA HA KOHYCE BbIHOCA B O0JIACTH HIDKHEW I'paHUIbl OCTAHOBKH JIABUHHOTO
CHera, Be apyrue - Ha paccTossHusAX 70 u 120 M OT Hee BJ0JIb OCHOBHOT'O HAINpaBJIEHUSI CHETOBO3IYIIIHOTO MOTOKA,
NEPIOCHAUKYJIIPHOTO K OCH .JTIOJTMHBI. C oTuM Xe HaIlpaBJICHUEM COBIIAAAIOT U IIPOAOJBHBIC OCU JATYUKOB, KCCTKO
YKPEIUICHHBIX Ha MadTaX. TakuM 00pa3oM, KOMILIEKC PErHCTPUPYET TOJbKO IPOAOJIbHYI0, TOPH30HTAIBHYIO
COCTaBJISIFOLIYI0 CKOPOCTH M JaBlieHuUs ToToka. KoMIuieke aBTOMAaTHYECKH BKIIFOYACTCSl OT MHEPILIMOHHBIX JaTYHKOB
BKJIFOUEHUS], YCTAHOBJICHHBIX Ha NEpeiHEN OTTsKKe nepBoi MauTel U B 20 M OT Hee, a BhIKiItodaeTcs uyepe3 40-60
CEeKYH/I IIOCJIe BKIIIOUEHHS - 3TO MPEAEIbHOE BpeMs ACHCTBUS CHETOBO3IYIIHOTO OTOKA JAHHOW JIABUHBI.

The complex is a set of spinner speed sensors, strain gauges ram, snowair pressure flow avalanches and
recording equipment - five-voltage pen recorders record. The sensors are mounted on the three measuring masts at
heights of 2 to 19.5 m in range snowair flow created one of avalanches regularly coming down from the northern
slope of Mount Cheget. They are associated multicore cable length about 300 m with recording equipment placed in
the laboratory building Elbrus station MSU. The first tower of the complex is located on the alluvial fan of the lower
limit stop an avalanche of snow, the other two - at distances of 70 and 120 m from the main direction along snowair
flow perpendicular to the axis. Valleys. With the same direction and the same longitudinal axis sensors, rigidly
mounted on masts. Thus, the set of registers only the longitudinal, horizontal component of velocity and pressure
flow. Complex automatically from the inertial sensors enable mounted on the front of the mast and procrastination
first 20 meters of it, and turns off after 40-60 seconds after the - is limiting the duration of the flow snowair
avalanche.
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Puc.1. Tunmunsle rpadukn M3MEHEHHH BO BPEMEHH CKOPOCTH V, NaBJICHHSA P, MIIOTHOCTH p, CHETOBO3IYIIHOTO
rotoka jaBuHbl. JlauHa 9 anpens 1980 r ., 10 gac. 30 mun, BTOpas Mauta, Bbicota 4,5 M.
Fig.1. A typical graph of change over time speed V, the pressure P, density p, snowair flow avalanches. Avalanche
of April 9, 1980, 10:00. 30 minutes, the second tower, the height of 4.5 m

3a Tpu 3uMHHUX ce30Ha 1977-1980 rr. Ha KOMIUIEKCE 3aperucTpupoBaHO 18 jmaBUH W moiydeHo 57 3ammceit
HM3MEHEHHH BO BPEMEHHM JAaBicHUSA P um 79 3ammceil CKOPOCTH V CHETOBO3IYNIHOTO MOTOKA. THNHYHBIE TpaduKu
TaKAX 3alHcedl IpeAcTaBiIeHBl Ha puc.l. 3meck ke mpuBeneH rpaduK IJIOTHOCTH O CHETOBO3IYIIHOTO ITOTOKA,
2P(t)
g2y

pacCUMTaHHBIN 110 JaHHBIM 3HaYeHusM P u V ¢ momomuibio Gpopmyisl p(t) = rZie g - yCKOpeHue CBOOOTHOTO

IIaaCHUs.

In the three years 1977-1980 winter season. on a set of avalanches and registered 18 received 57 records of
changes in time pressure, P, and 79 speed records V snowair flow. Typical plots of these records are shown in
Figure 1. Here is a graph of the density p snowair flow, calculated for given values of P and V by the formula

_ 2P
p(t) - sz(t)’

[TorpenrHOCTh TONMYYEHHBIX pPe3yabTaToB B cpeaHem coctaBiseT 20-30%, XOTs OTHOCHTENTbHBIC OIIHOKH
perHCTpaIiii MTHOBEHHBIX 3HAUYCHUH dTUX MapaMeTPOB B OTIEIbHBIE MOMEHTHI BpEMEHU MOTYT OBITh 3HAYUTEIHHO
6onpme. OTo HanboJIee BEPOSATHO ISl CKOPOCTEH BCIIEACTBHE 3HAYUTEIHHON WHEPIIMOHHOCTH JaTYMKOB CKOPOCTH,

where g - acceleration of gravity.

a, CJIe/IOBATENIbHO, W Uil 3HAYCHHH IUIOTHOCTH. M3-3a TPYAHOCTH ydyeTa MHEpPILHOHHOCTH JaTYUKOB CKOPOCTH
IIDIOTHOCTH pPaCCYHUTHIBAJIaCh Ha OCHOBE COBHIAMAIOMIUX IO BPEMECHU 3”HaueHuii V u P , TP 3TOM HCIIOJIB30BAINCH
BCE DKCTPEeMyMEI TpadukoB V() u P(t) , a HA MOHOTOHHBIX Y4JacTKaX dTHUX Ipa(uKoB 3HAUCHUS Yepe3 MHTEPBAIBI
BpPEMEHU B 2 CEK.

Accuracy of the results by an average of 20-30%, although the relative sampling error of instantaneous values of
these parameters at points in time can be significantly longer. This is most likely because of high rates of speed
sensors inertia, and, consequently, for the density values. Because of the difficulty accounting inertia speed sensor
density was calculated based on the shared values of the time-V and P, and the extremes of all used graphics V (t)
and P (t), and the monotone areas of the value of these plots at intervals of 2 seconds.

MakcumainbHbIe 3HaYCHUSI [TapaMeTPOB CHETOBO3/YIIIHOIO IOTOKA JTaBUH. *
Maximum values snowair flow avalanches. *

number | Date and time | Number and height of the mast of the sensors, m

avalanc | of the | 4,5 | 7 13 125 |45 |75 11,5 155 |2 |6 16,5 | 20
he avalanche




1 4 December | 15 17 6 -
1977, 9.00 150 50 | 94 - 22

2 4 December | 19 20 | 20 10 | — —
1977, 16:56 | 370 72 | 230 — |50 36

3 19-20 10 | 10
February 240 | 46
1978 Houb

4 21  February 14 20 9 13 4 21
1978, 8.00 80 |64 3 | — - | =

5 21 February 27| 8 | 24 14 |20 18
1978 11.30 — 32| - — |-z

6 22 February 16 17 18 17
1978 17.20 — 60 R

7 7 December 6 21 | 38 25 —

1978 21.00 —|100| — 230 40

8 8-9 December 6 | 28 | 33 31 10 20
1978. night [ D - - —

9 2 January 8 11 61
1979, — | = —
morning

10 2 January 11| 10 91
1979, 12.20 — | = —

11 3 January |l 12] 17 12 7
1979, 250 " | 56 = Z
morning

12 3 January 19 | 24 | — | 22 8
1979, 22.00 — | = |70 | 68 -

13 31  January 20 _ | 14 8 7
1979, 16.00 180 40 | 32 - -

14 28 January 16 38 26 20 _ 11
1980 10.30 — | 126|130 | 24 | ¥ | 40

15 28  January 16 | 14 | — | 11 _ _

1980, 10.30 — |32 |32 | 12| 20 6

16 28 January 18 | 23 | 22 | 20 | __ 9
1980 10.40 — | 64 | 94 | 30 | ¥ | 28

17 9 April 1980, 23 | 40 | 32 | 38 | —_ | 15
10.30 — | 208|180 | 194 | 104 | 9o

18 9 April 1980 17 | 18 | 10 | 12 | — 3
13.20 8 | 30|40 | 26| 30 | 20

2

* B gucnuTene — CKOpoCTH, M/C; B 3HAMEHATelle — JaBJIeHHe, KI/M
. . 2

* Numerator - speed, m / s in the denominator - the pressure, kg/m

MaKCHMaJlbHbIC 3HAUCHUSI CKOPOCTH, a B 3HAMEHATEJE - JaBJICHUS CHETOBO3IYITHOTO MOTOKa. HermosHoTa maHHBIX
00yCIIOBIIeHa HEIOCTATOYHBIM YHCJIOM M YacThIMH TOJIOMKaMHU JAaTYUKOB, pa0OTAIONIMX B KpaiHE TIKEIBIX
YCIIOBHSIX.

of data and frequent breakdowns of sensors operating in very difficult circumstances.

PacripeneneHue monydeHHBIX 3alMCeH CKOPOCTH U JIaBIICHUs MOKa3aHO B TaOI.1, TJe B YHCIHTENE MPUBEICHBI

The distribution of those recordings of velocity and pressure is shown in Table 1, where the numerator gives the
maximum value of the velocity, and the denominator - the pressure snowair flow. Incompleteness due to the paucity
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Puc.2. Beicotnbie poduim ckopocTu V', maBneHus P ¥ INIOTHOCTH P CHETOBO3AYIIHOTO ITOTOKA JIABMHEI B Pa3HBIE
MOMEHTBI BpeMeHH ¢, c. Jlauna 9 mas 1980 r., 10 yac. 30 MuH, BTOpas mMaura.

Fig.2. Altitude profiles of the velocity V, the pressure P and density p snowair avalanche flow at different times t, s.
Avalanche of May 9, 1980, 10:00. 30 minutes, the second mast.

Kak BumHO w3 Tabnuibl, B 3UMHHE Ce30HBI 1977-1980 Tr. OoTMEUeHO CeMb JaBHHOOMACHBIX TEPUOJIOB
JIIATCIBHOCTBIO 10 4 CYTOK, B TCUYCHHUC KOTOPBIX KOMIUICKCOM 3ape€rucTpupoBaHO OT 1 0 4 j1aBUH.
MeTCOpOHOFI/I‘{eCKaH o0CTaHOBKa B JOTH epuoapl, IO AJaHHBIM MECTCOCTAHIIUN TepCKOJ'I U MCTCOILIOIAIKHU
DnpOpycckoii cTanmmu MI'Y, xapakTepru3oBaiach HHTCHCUBHBIMU OCaJIKaMU, IMMOBBIIIEHUEM OTHOCUTEIBHON BIIaX-
HOCTH, TEMIIEPaTyphl BO3IyXa U TMOYBHI 0 3HadeHUH, Onmm3kux Kk 100% u 0°C. Bee 3apernctpupoBaHHBIC JIABHHBI
00pa3oBaHbl U3 CBEXKEBBIMABIIErO CHETA, YTO COTJIACYeTCs C MHOTOJeTHHMH HaOmoneHusmMu H.A.YpymOaena 3a
nmaBUHAMH [IpudIB0pYChS, COIPOBOKIAEMBIME BO3IYIIIHOM BOJIHOM [3].

As the table shows, in the winter season 1977-1980. noted seven avalanche periods lasting up to four days,
during which the complex is registered from 1 to 4 avalanches. Meteorological conditions during these periods,
according to the weather station and meteorological Terskol Elbrus station MSU, characterized by heavy
precipitation, higher relative humidity, air and soil temperatures to values close to 100% and 0 ° C. All registered
avalanches are formed of fresh snow, which is consistent with long-term observations of avalanches
N.A.Urumbaeva Elbrus, followed by air wave [3].

Hckmiouenne cocTaBisieT JIaBUHOOMACHbBIM mepuon B ampene 1980 1., KOTOpBIM XapakTepu30BaICsS
SHAYUTCIIBHBIMU ITOJIOKHUTCIBHBIMU TEMIIEpATypaM W WHTCHCUBHBIMH OCaaKaMH B BHJC JIMBHECBOTO HOXIA OO
BbIcOT 2600-2700 M Hax ypoBHeM Mops. 9 ampens B 10 gac. 30 MuH. OblJIa 3apeTHCTPHPOBAHA MOITHAS BO3TyIIHASL
BOJIHA OT JIaBUHBI, OOpa30BaHHOW M3 CYXOro CBEXCBBINABIIEr0 CHEra B JIABUHOCOOpPE M MOKPOTO CHera,
3aXBaY€HHOT0 Ha y4acTKe OT BhICOTHI 2600 M 110 MecTa OCTaHOBKHM JlaBUHBI. B 3TOT ke aeHb, B 13 wac. 30 muH.
OblIa 3aperucTpUpoBaHa elie OJHA BO3AYIIHAs BOJHA HEOOJBIIONH MOIIHOCTH CO CPEAHEil CKOPOCTHIO M MalIBIMH
JABJICHUAMUA, XOTA U IIPEBBIMIAIIUMHA BEJINYNHY CKOPOCTHOI'O HAartopa 4YMuCTOro Bo3ayxa.

The exception is the avalanche period in April 1980, which was characterized by significant positive
temperatures and heavy precipitation in the form of a rain shower to altitudes 2600-2700 m above sea level. April 9
at 10:00. 30 minutes. was registered by a powerful air wave from the avalanche, formed of dry fresh snow and sleet
avalanche catchment captured the area from a height of 2600 m to the point of stopping the avalanche. On the same




day, 13 hour. 30 minutes. was registered by another air wave of low power with high speed and low pressures,
although it exceeds the value of the velocity head of clean air.

ITpu 06paboTKe MOMYYECHHBIX 3aMUCEll MapaMeTPOB CHETOBO3AYIIHOTO MOTOKA HCIOIb30BAIUCH J1BA MOAXOA.
[TepBErit 3akm0ogasncs B aHAJIM3€e COBOKyMHOCTEH rpadukoB P(?), V(t), p(t) OTAENTBHBIX JTaBUH C EIHI0 BHISBICHUS
3aKOHOMEPHOCTEH HM3MEHEHHUS 3THUX IapaMeTpoB B MHpOCTpaHCTBE. I 3TOTO CTPOMINCH BBICOTHBIE (pHC.2) M
IIPOJOJIBHBIC HpO(bI/IJ'[I/I MTHOBEHHBIX 3HAYECHUH JABJICHUA, CKOPOCTH M INIOTHOCTH MOTOKA, & TAKKE BBIYHCIIAIACH
CKOPOCTb PacrpoCTpaHeHus repegHero GpoHTa , T.e. GpOHTA HYJIEBBIX CKOPOCTEH CHErOBO3IYLIHOTO IMOTOKA BCEX
naBuH (Tabn. 2). Beraucinenne 3HaueHUH V3¢ TPOBOIHIIOCH 11O dhopmyie:

In processing the obtained records snowair flow parameters used two approaches. The first is to analyze sets of
graphs P (t), V (1), p (t) separate avalanches in order to identify patterns of change in these parameters in space. For
this purpose, the high-altitude (Fig. 2) and longitudinal profiles of the instantaneous pressure, velocity and density of
the flow, and calculate the propagation velocity of the leading edge, Front zero speeds snowair flow of avalanches
(Table 2). Computing values Vr conducted as follows:
ooty
ef tOjn - toim’

Ine L;j — paccrosiHue MexIy [ — TOH W j — TOW MauTaMu, tgjp, toim — BPEMs Hayana 3alMcell CKOPOCTH W
TaBJICHUSA Ha 71 ¥ M BBICOTHBIX YPOBHsX. CTPOTrO TOBOPS, IPOJIONBHEIE TIPOQUIIA U 3HAYEHHS Vg CIENYET CTPOUT U
BBIYUCJIATH JIUIIb OJI BBICOTHBIX ypOBHeﬁ, JIeXKaIuX Ha OJHHUX U TEX XK€ JIMHUAX TOKAa. O)IHaKO IIOJIOKECHHUE OTHUX
JIMHUN HEU3BECTHO. 1103TOMY BBIYMCIICHHBIE 3HAYECHUS: Vg, - 9TO MOKA3aTEIN HE HCTHHHOM, 8 K&XKyLIEHCs CKOPOCTH
pacTpocTpaHeHHS TIepenHero (poHTa BOJHBI, KOTOPBIE MOTYT paBHATHCA JIO0OH BeIMYMHE, B TOM YHCIIE
O6eckoHeyHOH W oTpumnarenbHOR. Korma Bo3mymrHas BoHA HPUXOAWT HAa CPaBHHBAEMBIE YPOBHH Pa3HBIX MadT
OJTHOBPEMEHHO, TO MOJydYaeTcsi OECKOHeYHas BeNM4YHHA, a €CJIM Ha YpPOBEHb [alibHEH MauThl paHblle, 4eM Ha
CpaBHHBaeMBIﬁ C HUM YPOBCHb ONMMKHENR Ma4dThl, TO OTpHULATCIbHAA. Takue ClIydyan BO3MOXHBI TIIPpU CUJIBHBIX
M3MEHEHHUSX 3HaueHUi V, P, p, t) 110 BEICOTE U CBUIETEILCTBYIOT O CIIOKHOH (hopMe mepenHero ppoHTa BO3MyIIHOH
BOJIHBI JIAaBHUH.

Where L; - the distance between the i - and that j - of the masts, tojn, toim - the start time of velocity and pressure
on n and m altitude levels. Strictly speaking, the longitudinal profiles and values V¢ should build and calculate only
for high levels of which lie on the same streamlines. However, the position of these lines is unknown. Therefore, the
calculated values V¢ - this performance is not true and the apparent velocity of the leading edge of the wave, which
can be any value, including infinite and negative. When the air wave comes at different levels compared masts
simultaneously, we obtain an infinite value, and if the level of long-mast before to compare with it the level near the
mast, then the negative. Such cases are possible when strong changes of values V, P, p, ty height and show a
complex form the leading edge of an air wave avalanches.

[Tonmoxxerne mepemHero ¢poHTa B BEPTHKAIBHOIN INIOCKOCTH MOXET OBITh HaWIeHO IByMs crocobamu: 1/
MTOCTPOCHUEM BEPTHUKAIBHBIX MPO(HIEH 3HAYCHWH f) HA HECKOJHKHX MadTax W COCIWHEHUEM IUIABHOW KpPHUBOM
BBICOTHBIX YPOBHEH C OJMHAKOBBIMH 3HAYCHHUSMH f), 2/ MHTETPUPOBAHUEM HAYaIbHBIX Y4acTKoB rpadukos V(1) ,
MIONMyYeHHBIX Ha Pa3HBIX BBICOTHBIX YPOBHSAX OJHOW MadThl, W mocTtpoeHumeMm rpaduka Hg(Sk), tae

t
Sk = ft:’:"a" V. (t)dt, K — nomep BoicoTHOTO ypoBHS K = 1, 2, ..., t1max — MAKCHMAIBHOE 3HAYEHUE BENMYHUH t, Ha

JaHHOW MauTe. BTopoil crocob sBisieTcss mpuOIMKEHHBIM, TaK KakK MpearnoyiaracT He3HAYUTEIbHOCTh U3MEHEHHH
CKOpOCTEH MOTOKAa Ha PACCTOSHUAX S, , HO TpeOyeT ropa3go MEHBIIETO YUCIA TOYEK PErHCTpPAIlH, YeM ITEePBBIH.
Kak mokazanu pacdeTbl, MPOBEJCHHBIE BTOPBIM CIIOCOOOM [UIsl HEKOTOPHIX JIaBWH, GopMa mepemHero (poHTa
CHETOBO3IYITHOTO OTOKA B BEPTUKAIBHON IIIOCKOCTH OJIM3Ka K OCTPOMY KIMHY C yriioM okojio 10° mpu BepiumHe,
PacIOJIOKEHHOM Ha CaMbIX HMXKHUX YPOBHSIX.

Position of the leading edge in the vertical plane can be found in two ways: 1 / building vertical profiles of
values t, several masts and connecting the smooth curve of high-rise levels with the same values of ty; 2 / integration
of the initial section of the chart V (t), obtained at different levels of a high-rise mast and plotting Hx (Sk), where

Sk = f;‘:"“" Vi (t)dt, K - number of high-rise level K = 1, 2, ..., tymax - The maximum value of t, on this mast. The

second way is approximate, as it implies minor changes of flow rates at distances of Sk, but requires a much smaller
number of registration points, than the first. As the calculations carried out by the second method for some
avalanches, form the leading edge snowair flow in a vertical plane close to the edge of the wedge with an angle of
about 10 ° at the top, located at the lowest levels.

Kaxymascs ckopocTh iepeiHero (ppOHTa CHETOBO3IyIIHOTO MOTOKA NaBuH Vpg,, M/C*

The apparent velocity of the leading edge of the flow of avalanches snowair Ve, m /s *



0T NnepsoKX A0 BTOPOW MauTw |0T BTOPOHA A0 TPeTbeHW MavTu 07 nepsoft A0 TpeTbel MauTe
Ho~]oTt a0 Ho-]oT A0 Ho= | or [0
rmep| TOYKH | TOYHK Mep| TONKH| TOYHH Mep | TONKHKH | TOYHKHK
na-|Ha Ha Y na~| Ha Ha Y na- | Ka Ha Y
eu-| Buco~ |puca~ e su~-| suco~| puco- -» su~ | Buco~- |swico~ hid
Hu jTEe, miTte, ™M He | TEB, M|TEe, m Hit Te, M|lTae, M
1 2,5 23/23 2 2 -/11,5 2 2 -/15,4
2 4,5 19,5/20,5 1 2.5 16,5 -/7.,4 4 4,5 35/-
4 10/~ 2 ! -/10,6 1 ' 16,5 -/11,2
1 15,5 4,3/- 8 | 41/~ 2 -/15
2 7.7/- | 11 20 22/~ 4 7.0 2 46/-
4 2,5 11,4/- | 12 8,6/~ 8 ! 20 46/-
8 50/~ 8 250/~ 2 2 -/16,2
8 7,0 7,5 29/- 12 7,5 20 10,9/- 5 6 oo
8 15,5 18,5/~ | 13 27/~ 1 13,0 16,5 -/11,8
1 2,5 29/25 5 15,5 6 25; 2 16,5 -/15,8
2 ' 23/23 8 20 -41/-
g| 13 14,5/~ | 13 23/- 12 11,3/-
10 5'7/-
12 13/~
9 7,5 1 9/-
10 5,2/~
12 : 11,5/~ .
2 15,5 14,5/~ o
5 35/- ,J

* B uncnuTene — 1o rpaguKaM CKOPOCTH, B 3HAMEHATENe — [0 TpadKaMy JaBICHHS.

* In the numerator - the graphs of speed, in the denominator - on schedule pressure.

[TomyueHHBIE B KaXIOW TOYKE PETHCTpAIlH 3amucu V(¢) , .P(t) mpu TakoM BEPOSTHOCTHO-CTATHCTHYECKOM
MOJXOJEC paccMaTpUBalMCh Kak pealM3allid  HEKOTOPOro  HECTAIl[MOHApPHOrO  CIIydaiHOro  Ipolecca,
Pa3BHBAIOIIErOCsS BO BPEMEHH M IPOCTPAHCTBE M MMEIOIEro O0LIHe /Ui BCEX 3aperHCTPUPOBAHHbBIX JIABHH YEPTHI.
[lenp Takoro moaxoja - HAWTH 3TH YEPTHI U MpeJesbl pa3dpoca mapaMeTpoB CHErOBO3AYIIHOTO MMOTOKA, KOTOPHIE,
BO3MOXHO, OKaXYTCA XapaKTCPHBIMH [UIA BCEX JIABUHHBIX OYaros, HOIIO6HI)IX JAaHHOMY, U IIOMOTYT COCTaBHUTb
MPE/ICTABICHUE O PEANbHO JCHCTBYIONIEM MeXaHi3Me 00pa30BaHMs BO3AYIIIHON BOJIHBI JIABHH.

Obtained at each point of registration records V (t),. P (t) in such a probabilistic and statistical approach is seen
as the realization of a non-stationary random process that develops over time and space and has common features of
all reported avalanche. The purpose of this approach - to find these features and limits of variation of parameters
snowair flow which may prove characteristic of all avalanche centers such as this and help get an idea of any
mechanism education airwave avalanches.

C 97Ol menpl0 Ha MEPBOM dTare 0OpabOTKH IMOTYyYCHHOH MH(GOpMAIMH MBI MCIIOJIB30BAJM CAMBIE TPOCTHIE
CTaTHCTHYECKHE METONBI: 1/ IPOBOIMIN OCpEeTHEHHE MO COBOKYHHOCTSM rpadukoB V(t) , P(?), ONTyYeHHBIX B
JITAHHOU TOYKE PEruCTpaliy B TEUEHHE OJHOTO CE30HA U 3a BCe BpeMsi HAaOI0ICHUH o popMyJsiaM Tuna:

To this end, in the first stage of processing the information we used the most simple statistical methods: 1 /
performed averaging aggregates graphs V (t), P (t), obtained at the point of registration in a single season and all-
time observations of formulas such :

_ v
V() =3 ) Vo,

rone N - uucino Takux rpadukoB; 2/ OmNpenensuid  CpeAHEKBAIpaTHYECKOe OTKIOHEHHE IapaMeTpOB
CHETOBO3IYITHOTO ITOTOKA 10 JAHHBIM COBOKYITHOCTSIM Ipa kOB

where N - the number of such plots, 2 / standard deviation of the measured parameters snowair flow chart
according to aggregates

SV - V(O
N-1 ’

3/ monbupanmu (QyHKIHUH, aNMpPOKCUMHUPYIOIINE OCPEIHECHHBIE KpHBBIC; 4/ aHAIM3HPOBAIN paclpeaceHUs
XapaKTepHBIX TapaMeTpoB TpadukoB P(?) , V(¢) : MakCHMalbHBIX 3HAYCHUH CKOPOCTH W JABICHUA Pux, Vinax
(cm.Tabu. 1), AMATENHPHOCTH W KPYTH3HBI IepeaHero Gponra rpadukos V(z). P(t):

3 / picking function approximating the averaged curves, 4 / analyzed the distribution of characteristic parameters
of the graphs P (t), V (t): the maximum values of the velocity and pressure Py, Vimax (see Table 1), the length and
steepness of the leading edge of the graph V (t). P (t):

o(t)



Amax
Tpf = tmax ~ to Sep = )
Trp

I'me tp,ac — BPEMs PETHUCTPallMd MaKCHMAJIBHOTO 3HAYCHUS Ay, 3THX TpadukoB. Hnsa 3HaueHUN Vi Puax
OTIPENISIISTN Tak)Ke CpPeJHHE M HAWOOJbININE BEIWYUHBI JUIS BCEX TOUEK PETUCTPAIlMd U CTPOHIIU BBICOTHBIE U

MIPOAOJIEHBIC X TPOQHITH.
Where t.x - the registration maximum A, of these graphs. For values of V.x, Pmax defined as the average and
the highest value for all points of registration and build high-rise and longitudinal their profiles.

V(9), aQ;(8),n/¢

0,2 o0,k 0,6 0,8 1.0 1

Puc.3. Amnpokcumarus rpapiKoB OCPETHEHHOH CKOPOCTH CHErOBO3LYIIHOTO TOTOKA JaBuH V(0) : a - Ha BCeM
IPOTSOKCHHH DPAa3HOCTBIO IBYX JKCIIOHEHT, ¢ - craxa V(0) omHoil SKCIOHEHTOM. OCpeIHEeHHe MPOBENCHO IO
COBOKYIHOCTH 3amuceit V(?) masun 1978-1979 rr., Bropas Madra, BEICOTa 2,5 M

Fig.3. Approximation of the average velocity graphs snowair flow avalanches V(6): a - all over the difference

between two exponential functions, o - recession V (6) by a single exponential. Averaging conducted jointly records
V (t) Avalanche 1978-1979., The second tower, the height of 2.5 m

Ha pwuc.3 mpuBeneHsl mius OZHOM M3 TOYEK PETUCTPAIlMH OCPEAHEHHBIE TpaguKH CKOPOCTH H
ANIPOKCUMHUPYIOMHKE UX (YHKINH, TIOCTPOCHHBIE IByMsI criocodamu. B mepBoM ciydae ocpeqHeHNnEe MPOBOAMIOCH
TOJIBKO CO CMEIIeHNEeM Kaxaoro rpaduka Vi(t) Ha Bpems ¢y , a allpOKCUMAIIHS TTOTYyYeHHOW OCpPeIHEHHOW KPUBOM
OCYIIECTBIISIIACH Ha BCEM €€ MPOTSHKEHUH (QYHKITUEH, IPEICTaBISIIONIeH co00H pasHOCTh ABYX dKCImOHEHT. Crocos
OTIpEJICNICHNsT TIapaMeTPOB TaKOH ammpoKCUMHpYIONier QyHKIUA TI0 V(t) OBIT TPENTOKEH WHXEHEPOM

B.A.I'puboBemM. K coxkanaeHnio, IpH 3TOM YYUTHIBAIOTCS 3HAYCHHWSA V(?) JNHIOIb B TpeX TOYKAX, OTCTOSIINX OT




Ha4daJla KOOpAWHAT Ha KPAaTHBIC BPEMCHHBIC WHTCPBAJIbI, YTO HC IMO3BOJACT ONPECACINUTH ONTHMAJIbHBIC 3HAUYCHUA
9THUX MapaMeTpPOB.

On fig.3 given for one of the registration points averaged speed graphs and approximating their functions
constructed in two ways. In the first case, the averaging was carried out only with the displacement of each graph V;
(t) at the time ty;, and the approximation of the curve obtained by averaging performed in its entirety function
representing the difference between two exponential functions. The method for determining the parameters of such
approximating functions V(z) has been proposed as an engineer V.A.Gribovym. Unfortunately, this takes into

account the values of V(#), only three points separated from the origin to multiple time periods, which is not to
determine the optimum values of these parameters.

Bo BTOpOM citydae ocyliecTBISUIACh alIPOKCHMAIIHS MPOCTOW JKCIIOHEHTOW JIMING crana rpaduka V(t) , Ha
BO3MOYKHOCTH KOTOporo ykaseiBan u lO.JI.flkumoB (maHOE cooOmieHue). ANITPOKCHMAININIO JIETKO BBITOJIHHUTD C
HaWMEHBIICH CpeTHEKBAJAPATHIHON OMMOKOW, ONMPENIeTUB MOCTOSHHYIO 3aTyXaHHs depe3 YroJl HakJIOHA MpSIMOi
perpecchn, IPOBEICHHON Yepes TI60e KOTHYeCTBO Todek rpaduka InV(z) . Okasamock, 4To OMIKOKY TaKoil
aIlmnpoKCuMaluu MOXKXHO YMEHBIIUTH, C€CJIM MPEAIIOTIOXKUTH BKCHOHGHHHaHLHBIﬁ XapakTep Ccraga Kaxaoro w3
cyMMHupyeMbIX rpadukoB Vi(t). ms 3Toro HeoOXOAMMO A KaXIOT0 M3 HHUX ONPENeNUTh YKa3aHHBIM CIIOCOO0M
IIOCTOSIHHYIO 3aTyXaHusl /; 9KCIIOHEHThI, IPOHOPMUPOBATh UX OJHOBPEMEHHO II0 YPOBHIO U IO BPEMEHU 110 CBOUM
3HAYCHUAM Vo ; 1 T; , CMECTHB TIPEABAPUTETHHO Bee TpaduKH V(?) Ha BPEMS fy,y ; . M YKE TIOCIIE 3TOTO IMIPOBOIUTH
ocpenHenue. IIpn 3ToM cpemHexBaapaTHyecKas OIIMOKAa aNIpOKCHMALNHU ITOCTPOSHHONH TakuMM 00pa3oM KpHBOI

17 o - t
V (8) sxcnionentoii e (0 - HopmuposarHoe o T} Bpems: 6 = ;) cocrasisier 0,04. I'paduk cpeHEKBaPATHIECKOTO
L

pas6poca o°(0) 3HaueHmil V() mph TAKOM OCPEIHCHHH HMEET SPKO BHIPAKCHHBIA KONEGATCIBHBIA XapakTep ¢
MIePHOJIOM, OJIU3KUM K OJTHOM TPETH MOCTOSIHHOM 3aTyXaHHsI SKCIIOHEHTHI (cM.puc.30).

In the second case, a simple exponential approximation was carried out only fall schedule V(z), which pointed to
the possibility and Yu.L.Yakimov (personal communication). Approximation is easy to perform with the least mean
square error by determining the decay constant through the angle of the regression line drawn through any number
of points of the graph InV (z). It was found that an error of this approximation can be reduced, assuming exponential
decay of each of the graphs summed V; (t). To do this, for each of them to determine in this way the exponential
decay constant T;, normalize them both in terms of time and its values V. ; and T;, displacing previously all
schedules V (t) at time t,. ;. and after that perform averaging. In this case, the mean square error of approximation

thus constructed curve V(6) the exponential e (6 - normalized to Ti time: 8 = %) is 0.04. Rms scatter graph o7(0)

values V; (0) in this averaging a pronounced oscillatory character with a period close to one-third of the exponential
decay constant (see. fig.3b).

[Ipu aHanmm3e xapakTepHBIX IMapaMeTpoB rpadukoB V(?) u P(¢) Hy>)KHO yYUTHIBATh CIEAYIOIIHE O0CTOSTEIHCTBA
(puc.4). Haubonblree 3HaueHHe NaBICHHS 375 Kr/M’ 3aperHCTPHPOBAHO 3a BCE BPEMs HAGIIONCHHI HA MEPBOil
Madre, a CKOPOCTH - okoio 50 M/c - Ha BTOpOH MaduTe Ha MHHHMAalbHOW BBIcOTe. [Ipm 3TOM Ha mepBOW MauTe
BBICOTHBIC HpO(bI/IJ'[I/I Cp€aHuX U HanOOJBIINX M3 MaKCUMAJIbHBIX 3HAYECHUHA AaBJICHUS UMCIN SAPKO BBIPAKCHHYIO
BOTHYTYIO (popMy, OMM3KYI0 K OOpaTHOH 3aBHCHMOCTH, a IPOQUIN TaKUX XK€ 3HAYCHUH CKOPOCTH — BBIMYKIYIO, C
MaKCHUMYMOM Ha BbICcOTax nopsizaka 10 m.

In the analysis of the characteristic parameters of graphs V (t) and P (t), consider the following conditions (Fig.
4). The highest value of pressure 375 kg/m’ registered on record in the first tower, and speed - about 50 m /s - the
second tower at the lowest position. At the first mast height profiles of the largest medium and maximum pressure
had a pronounced concave shape similar to an inverse relationship, and profiles of the same values of speed -
convex, with a maximum at about 10 m.



\ —_—
.‘Gﬂ ' 16- ',‘ , \\ R g
..\ \ LA R L L L)
124 . 12+ '.. ‘ \\_
I
84 8- . \
~ . H | \
~ - . 1
4 — - :‘ \ 11l MauTa
. ob
. ' 3.6. ' ‘I.Z v, M/c 0 ‘: ' 12 20 'v M/c
50 250 300 A kr/m 0 50 100 1504 kr/m2
H, M =

4
!
| mauta 11 MauTa 4 111 maurs "
00 5‘0 T A T ~1 2} T v Y . { T <
100 150 209 P kr/u” D 20 4o 60 80 100 L m™
Puc.4. BrICOTHBIE W TPOAONBHBIH MPOGMIN HAHOONBIINX W CPEJHUX M3 MAaKCHUMAaJbHBIX 3HAYCHHH CKOPOCTH

mMax (Vi) (1) 1V n(2) ¥ DaBICHUS Max(Pray) (3) 1 Ppax (4) CHETOBO3IYIIHOTO TTOTOKA

Fig.4. Tall and longitudinal profiles of the maximum and average maximum speed max (V) (1) and V. (2) and
pressure max (Pp.y) (3) and P« (4) flow snowair

Ha BTOpOﬁ Ma4dTe€ BBICOTHBIC HpO(l)I/IJII/I HanOOJIBIINX U3 MAaKCUMAJIbHBIX 3HAUCHUH CKOPOCTHU U HABJICHUA UMCIIN
3Ur3aroo0pasuyto ¢GopMy ¢ MaKCHMyMaMH Ha BbICOTaxX 2,5 W 7,5 M, a BBICOTHBIE TPOPWIH CpPEIHUX W3
MaKCHMAaJIBHBIX OJIN3KH K MPSIMBIM JTHHUSAM ¢ MAKCUMyMOM BHH3Y. Ha TpeTseit MauTe Bce npoduiam OIM3KH K TOYTH
BCPTUKAJIBHBIM TIPSAMBIM JIMHUAM. B IIPOJIOJIBHOM HaIIPaBJICHUHN HauOOJIbIINE H Cp€aHUEC M3 MAKCHUMaJIbHBIX
3HAYECHUH OaBJICHUS YMCHBIIAKOTCA MOYTH JIMHEWHO C YBCIMYCHUEM PACCTOSAHUA OT JIMHUU OCTAHOBKHU JIABUHHOTO
CHEra, a Takue€ K€ 3HAUYCHHUA CKOPOCTH HECOXKHUIAAHHO HMCIOT SIBHBIN MaKCUMYM Yy BTOpOfI MauTel. B oeJioM B

HCCIIeyeMOH 30He Hambojiee BEpOSTHBIE MAKCHMAIbHBIC 3HAUCHHS MABICHHUS COCTABIAIOT mopsiaka 100 kr/M’, a
ckopoctu - 10-20 m/c.

On the second mast height profiles of the largest maximum velocity and pressure have a zigzag shape with a
maximum at 2.5 and 7.5 m, and height profiles of the Medium as close to straight lines, with a maximum at the
bottom. In the third mast, all profiles are close to the almost vertical straight lines. In the longitudinal direction, and
the highest average of the maximum pressure decreases almost linearly with increasing distance from the stop line
avalanche of snow, and the same speeds suddenly have a clear peak in the second tower. In general, the study area
of the most probable maximum pressure of the order of 100 kg/m?, and speed - 10-20 m / s.

Bpems HapacTaHusi MHTEHCHBHOCTH CHETOBO3JYLIHOTO MOTOKA, T.€. JVIUTENBHOCTH IEPEIHETO (POHTA Tpg
rpaduxoB V(¢) , P(¢) B OOJBITUHCTBE CllydaeB cocTaBisieT 5-7 u 1-3 ¢, COOTBETCTBEHHO. MUHMMAILHOE 3HAUYCHUE
9Toi BemuuuHbl 1 ¢ ma ckopoctu u 0,4 ¢ 11a maBieHHs OBLIO 3apEeTMCTPHPOBAHO HAa CAMBIX HIDKHHX YPOBHSX

mepBoil U BTOopoi MayT. [Ipw 3TOM MakcuMmalbHas KPYTHU3HA MEpenHero (poHTa rpaduKoOB CKOPOCTH OKa3alach
. 2 2
paBHO# 12 m/c”, a TpadukoB gaBnenus - 240 kr/m c. Hanbosee e 9acThl 3HAUCHUS dTUX BEITUIHH MOPSIKA 5 M/c u

50 KI‘/MZC, COOTBETCTBEHHO.

The rise time of the intensity snowair flow, length of the leading edge t,r graphs V (t), P (t) in most cases is 5-7
and 1-3 s, respectively. The minimum value of this quantity is 1 for speed and 0.4 seconds for the pressure were
recorded at the lowest levels one and two masts. The maximum slope of the leading edge of the chart speed was

found to be 12 m/s’, a pressure chart - 240 kg/m’s. However, the most frequent value of the order of 5 m/s* and 50
kg/m’s, respectively.




MaxkcumanbsHas JUIMTCJIBHOCTh TMPOIECCa MPOXOXKIACHUA CHECTOBO3AYIMHOTO IIOTOKA, CyAsd II0 Fpa(I)I/IKaM
JTABJIEHUS, OKOJIO 25 c. a 1Mo rpadukaM ckopocTd - 60 c; MpHu anmpOKCHMAINH cliaja TpadukoB V(#) SKCIIOHEHTON
9Ty IJIUTCIBHOCTH MOXXHO CYHUTATh paBHOﬁ TPEM NOCTOAHHBIM BPEMCHBI 3aTyXaHUA 3KCIIOHCHTHI. 3HavyeHus 3THUX
MIOCTOSIHHBIX paBHO 13-22 ¢ mnsa Bcex TpadukoB V(?), I KOTOPBIX MOIOHMPATUCH AamIPOKCHMHPYIOIIIE
OKCIIOHCHTHI.

The maximum duration of the passage snowair flow, according to the charts of pressure, about 25 seconds. and
for speed - 60 seconds in the approximation of the recession graph V (t) the exponential this duration can be
considered equal to three exponential decay time constant. The values of these constants are 13-22 with all graphs V
(t), which were selected for approximating the exponential function.

XapakTepHast 0COOEHHOCTh OOJBITMHCTBA TPAQUKOB JTaBICHUS, B OTINYHE OT TPAPUKOB CKOPOCTH, 3aKITI0IAETCS
B HAJIMYUHU IBYX PE3KO OTIMYAIOUINXCS yYacTKOB. [lepBBIii ydacTOk OONbIINX AaBiIeHHWH 1Mo (opMme OIM30K K
TPEyroJbHUKY M HMMEeT JUIMTeIbHOCTh HECKOJbKO CeKyHA. BTopoil, Oojiee MJIMTENBHBIH - 3TO YYacTOK
MHOTOKPATHBIX KPATKOBPEMCHHBIX BCINICCKOB OaBJICHUS HC6OJ'II)IHI/IX, 0 50 KF/MZ, BCIINYHH.

A characteristic feature of most schedules pressure, in contrast to the rate schedules, is to have two very different
areas. The first portion of high pressure is similar in form to the triangle and has a duration of several seconds. The
second, longer - it is a part of multiple short bursts of small pressure, up to 50 kg/m?, values.

PacueTrHass IIOTHOCTH CHCIrOBO3YIIHOI'O IIOTOKAa JIaBUH MaKCHUMaJlbHa B CaMbI€ TICPBbBIC MIHOBCHHA
peructpanuu gasieHus. OgHaKo mosydaromuecs npu 3toM nugpsr 20-30 Kr/m’ CIEAYyEeT CYMUTATh 3aBBIIICHHBIMM:
IIpu pacyueTax IUIOTHOCTH IO COBHAXAONIMM BO BPEMCHU M HapacCTAalOIOUM 3HAYCHUAM OaBJICHUA U CKOPOCTHU B
pacdeTHyo GOpMyJy M3-3a HHEPLUOHHOCTH AaTYUKOB CKOPOCTHU IOJACTABISIETCS] MEHbIIIEE 3HAUCHHE CKOPOCTH, YeM
JIEUCTBUTEIIFHO HMEIOIIEe MECTO B JaHHBIA MoMeHT. [locie mpoxokaeHuss MakCMMyMa [aBJIEHMM IUIOTHOCTH
MyJIbCUpYeT, yObIBas B cpeaHeM B mpeaenax 1-7 kr/M°. HeoXKHIaHHOCTBIO OKa3alucs MEHBIIHIT pasMax 3TUX
nysIbcammii Ha ManbIx Beicotax (1-4 kr/m’), gem Ha Beicote 15,5 M (1,5-7 kr/a).

Calculated density snowair maximum flow avalanches in the very first moments of pressure recording. However,
the figures obtained in this 20-30 kg/m’ should be considered too high: in the calculation of the density of the
coincident in time and increasing values of pressure and velocity in the calculation formula because of the inertia of
the speed sensors use a lower speed than is actually taking place at the moment. After passing the maximum density
pulsating pressures, decreasing on average within 7.1 kg/m’. The surprise was a smaller scale of these fluctuations at
low altitudes (1-4 kg/m®) than at the height of 15.5 m (1.5-7 kg/m®).

OTMeUeHHBIE OCOOEHHOCTH W3MEHEHMUS mapaMeTpoB CHETOBO3AYHIHOI'O IIOTOKAa JIaBUH BO BPEMCHU U
MIPOCTPAHCTBE TPEOYIOT COOTBETCTBYIOUIETO OOBSCHEHHS INPH PEKOHCTPYKIMSAX MPOCTPAHCTBEHHON CTPYKTYPHI
BOS}IyHIHOﬁ BOJIHBI 1 M€XaHHU3Ma €€ BOSHUKHOBCHUSI.

Noted features of parameters snowair flow avalanches in time and space require an appropriate explanation for
reconstructions of the spatial structure of the air waves and the mechanism of its occurrence.
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