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Abstract. In practice, forecasting of av:
lanche occurrences in a single avalanche |
is usually subjective based on backgrot
avalanche and weather forecasts, data or
location and topography of the avalanc
starting zone, as well as available data on
snowpack in it. Moreover, forecasters sor
times identify avalanche starting zones,
which, according to their opinion, avalanc
formation is similar. It is generally believe
that avalanche formation occurs similarly
avalanche starting zones similar in morph
ogy and morphometry, as well as having s
ilar exposure. The aim of the work was to
tablish a quantitative relationship in the a
lanche formation of snowstorm avalanche:
22 avalanche starting zones located in an .
of about 25 krflocated in the southern pe
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of the Khibiny Mountains. The study wz
based on long-term observations of a
lanches in this area. As a measure of
proximity of avalanche formation in two a'
alanche starting zonds (i / j), we used the
conditional probability of avalanche fo
mation in avalanche starting zonef an av-
alanche formed in avalanche starting zgn
As the study showed, correlations betwe
avalanche formation in various avalanc
starting zones are statistically significa
but, as a rule, rather weak. The most sim
formation of snow avalanches occurs in -
starting zones having a similar exposure.
addition, the deformations of the air flow
the mountain system and the size of the si
drift zones, as well as the spatial variabil
of the physical and mechanical characte
tics of snowpack in avalanche starting zor
also affect. A methodology for probabilist
diagnosis and forecasting of snowstorm a
lanches using avalanche starting zones-ii
cators is proposed.

Keywords: snowstorm avalanches; nume
ous releases; probabilities; avalanche star
zones-analogues; avalanche diagnost
forecasting
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f ""m eZ\bghh[jZamxsbfb nzZdlhjzfb b ezZ\bghijhyle _gb_f Z
eZ\bghijhy\le _gb_f \ jZaebqguo eZ\bghk[hjZo ghkyl g_ ~_1|_
\ jhylghklguc ozZjzdl_|j

J ev_n eZ\bghk[hjz dzZd ijZz\beh g_ f gy Iky beb f_gy_Ilky
bkdexq_gb_f kemgz_\ dh]*Z hg ih?\_j]Z _Iky \ha”_ckl\bXh[ukljuc
Zgljhih] _gguo ijhp_kkh\ Thwlhfm j ev_n dZd nzZdlhj \ebyxsbc g
fh gh kgblzZlv ihklhygguf ~ey dZ "h]h ezZ\bghk[hjZ Koh”kl\h 0ZjZ
eZ\bghk[hjZo hij_~_ey_| koh”kl\h '\ hij_~_e_gbb wdklj_fZevi
o0ZjZd!l_jbklbd \hafh'guo eZ\bg :gZeh]bqghklv \ j_ ev_n_ fh _|I
gZijbf_j ijb ijh\_"~_gbb baukdzZgbc ”"ey kljhbl_evkI\Z \ofZehbe
Dhebqg_kI\_ggh_ hibkzZgb_ j_ev_nzZ eZ\bghk[hjh\ b \u[hj khh
ZgZeh]bgghklb eZz\bghk[hjh\ ih hlghr_gbx d wdklj_fZevghfm eZ\bgh
azZ™"Zq_c gZklhys_c jZ[hlu

P_evx jZ[hlu y\ey Iky bkke_ _"~h\Zgb_ ZgZeh]bqghklb ebrv \ \h
jZaebgguo eZ\bgguo hqZ]Zo Dhebq_kI\ _ggZy hp_gdZ [l'&ldhc Zg
ihe _agzZz "ey \uyle gty bhgzZltmj\h\ eZ\bgghc hizZkghklb ijhkljZc
Abnn_j_gpbZpbb ~bZ]ghklbdb eZ\bghhiZkguo kblomZpbkchrgZrindkgh)
eZ\bgZo Z |IzZzd _ "ey ijhlJghabjh\Zgby \hagbdgh\_gby eZ}lbyg <u”_
ZgZeh]lh\ |Ih _klv I1Zdbo \ dhlhjuo ijhp_kk eZ\bghh[jZah\Zgby ijhl_

kohrgh fh | bkihevah\ZIvky ijb nhjfbjh\Zgbb [he__ beb f_g_
ijb_fe_fuo jZaf_jh\ bkihevam_fuo ~ey ihkljh_gby ijZ\be jZa”_e_gl
kbimzZpbc gz ~\Z deZzZklkghhiZkgu_ b g_eZ\bghhiZkgu_ GZijl

"bkdjbfbgzZglghf ZgZeba_ beb f |Ih”"Zo jZzkihagzZ\Zgbyhk[jZah\ldbey
k\yva_c¢c f_""m \hagbdgh\_gb_f eZ\bg \ jZaebgguo eZljdghtblhqgdidZo
ZgZeba ey eZ\bg h”"gh]l]h ] g _Ibqg_kdh]h IbizZz < gZRkklyy$Shighjz[hl_
\_jhylghklghc k\yab b hij_~ e gby kl_i_gb ZgZeh]bqgghklb h[jZah
>:ddmjZlh\ @ \ jZaebgguo eZ\bgguo hgZ]Zo

F Ih*u b fZl _jbZeu

< k\yab k ihklZ\e _gghc azZz”~Zq_c \hagbdzZ | \hijhk h \a«[hj_ f_
dZqg_kI\_1zZdh\hc ij_"eZ]Z |ky bkihevah\ZIw(nklehYenhx2\ghlyyeghkgw
\ eZ\bgghf hqZkeb eZ\bgZ h[jZah\ZeZkv j[&dAddngghf@qZ] h[oh~bfh
ijb wlhf hij_~_eblv i_jbh”~ \j_f gb d dhlhjhfm hRiil)kbMybhujHEylgh
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lhgghklv hij_~ e _gby \j_ f gb koh”Z [hevrbgklI\Z eZ\bg wlhl i_jbl
dZe_g”Zjgufb kmldZfb >ey eZ\bg g_dhlhjuo ]_g_Ilbg_kdbg Ibih\
kK\_ " \uiz\r_]h kg_]Z b f I _e \uo ezZ\bg fh | [ulv bkihevah¥zZgZ "e
beb f | eb gh g f g _ kmlhd < gZklhys ¢ jZ[hl_7"ey wLiZdhb¥aylu
h[jZahf _keb eZ\bgu khrép\\lhqZgdbo dZe_g”~Zjguo kmlhd agZqbl
kh\f_klgh_ khAG@®M < dzZq_kI\_ hp_gdb mkeh\gR®@) \b kilyéylakhz g h
highr_gb_ qgbkeZ 1Zdbo kh\f_kINau@vdk M[[tslbfon gbkem kohNap\\ eZ\bg
eZ\bgghf hoalyluo azZ hij_"_e gdr(ig) £ Abd@ M().

>ey ZgZebazZ \_jhRlfghklued \u[jZgu Ob[bgkdb_ eZ\bggu_
dhgljhebjm_fu_ ijhlb\heZ\bgghc kem ' [hc H:H ©:izZlbl®2 gZ mqZklt
25df jbkmghd <k _]1h gZ wlhf mgzZkld_ [ueh \u”_e_gh eZ\bgguo
1 ] ih ] koh”beZ ohly [u h*gZ eZ\bgZ

< gZklhys_c jZ[hl_ bkihevah\Zgu gmf_jZpby b ]jZgbphh eZ\bg
hif_g_gu \ dz~zZklj_ ezZ\bghk[hjh\ ijhlb\heZ\bgghc kem [u H:H
\ur_mihfygmluc i_jbh” \ wlbo hqZ]Zo khr&8m dzZ"Z&kdj\bg eZ\bg
ijhilb\hezZ\bgghc kem [u H:H ©:izZlbl2 hl[bjZebkv ebrv |_kemqgZb
dhlhjuo *"ZIZ koh”~Z [ueZ |Ilhggh ba\_klgZ LZdbo eZ\bg [ueh [l
hi*" _evguo eZ\bgguo hqZ]Zo koh”beh ih g_kdhevdheeZAblgg h? kegiz) | _
koh"beh g _kdhevdh eZ\bg wlh mgblu\Zehkv dzZd h”gh kh[ulb_ <
eZ\bgzfb az e | Jueh

ljb hp_gd_ \_jhyRfifpk\Vhc\gbfzZzgb_ ijbgbfZebkv ebrv |I_ eZ\bggl
dhlhju_ g_ [ueb ~_nhjfbjh\ZpA[ih4§luflz |Zd _ gZ[ex”_gby aZ dhlhju;

\' Ihl °_ i_jbh” qlh b aZ “"jm]bfb hgzZ]zZfb WIb *"Zggu_ddlelgbkilhleva
hrgh\j _f ggh]h \hagbdgh\ _gby eZ\bg \ jZaghf gbke_ eZ\bgguo
] g Ibg_kdbo Ibih\ = g Ibqg_kdbc Ibi eZ\bgu mdhathZzeky \hHZ"Z

lhwlihfm hp_gdb \_jhP@fgh&y It | _e_\uo eZ\bg \uiheg_gu ih *Zgguf ih
“h wlh]h 1h?"Z < g_dhlhjuo eZ\bgguo hqZ]Zo gZ[ex”"Zehkv \k_]F
h[jZzah\Zgby f | e \uo eZ\bg |Zdb_ eZ\bggu_ hqgZ]b [ueb bkdex
:gZebam ih”\ _jlebkv ebrv | _ eZ\bggu_ hqZ]b \ dhlhjuo WKf\qZehl
"g_c koh”Z ez\bg <k_]h [ueh mqgl_gh kemqgZ_\ \hagbagh\_gb
eZ\bgguo hgZ]Zo jbkmghd
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monitoring area in the Khibiny Mountains
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H[km "~ gb_j _amevlZlh\

Koh” eZ\bg \ h*bg b Ihl °_ ~ gv \h fgh]bo eZ\bgguo hqZ]Zo y\
GZb[hevr__ dhebqg_klI\h hqgz]h\ azZz \k_ \j fy gZ[ex”_gbc \\jZkkfz
dhlhjuo khreb eZ\bgu \ h*bg b Ihl °_ ~ gv [ueh aZnbdkbjh\Zgh

beb \k_0 eZ\bgguo hqgzZ]h\ dhgljhebjm_fuo \ Ih \j_fy Lgb jZaZ
[ueb ZdIb\gufb eZ\bgguo hqgzZ]h\ edtbggjima hgzZéZ\htgguo hqZ]
2jZaZ b\ eZ\bgguo hf4a]z<o = \k_o "g_c k eZ\bgZfb [ue ZdIb\ _g
eZ\bgguc hqzZ] FZkkh\uo koh”h\ eZz\bg dh]~Z gZ[ex”Z_|ky \hagbd¢
\k_o0 eZ\bgguo hqzZzlh\\ Qb]bwgo g_ azj ]bkljbjh\zZgh

lhoh b_j amevlZlu [ueb ihemq_gu \ KdZebkluo ]hjZzo \ rlZl_
gZ[ex”™ _gby gZ | _jjblhfbihdZadeb qglh Ihevdh ~"\Z ~u \ Jh” gZ[ex"Z
koh”"u eZz\bg dh]*Z ~_ckl\mxI| [he__ Judgdonbggu@ hlgzije\Z®¥bg ijb wlk
\h \gbfZgb_ g_ ijbgbfzZeky

Qlh dzkz |ky f I _e \uo eZ\bg I|h bo h*rgh\j_f gguc koh” \h fg
l1zd"_ y\e _gb_ ~h\hevgh j_~dh_ b \ _jhylghklv _]lh j_adh mf_gvrZ_
Zdlb\guo eZ\bgguo hgzZ]h\ d bo h[s_fm dhebqg_klI\m \kaohg'&zhéZXlcdpg _
\ jZchg_ Ob[bg dhgljhebjm_fhf ijhib\heZ\bgy:hZ|Kklem’ijhdkcZz&zE qlfF
"hey kemqgzZ_\ dh]*Z \ h*bg b Ihl ~_ ~ gv koh”beb f | _e\kuo eZ\b
hqz]h\ khklz\ey | g_[he_ _ \k_ 0o "r"g ckf | e \ufbeKkdhdgzdd\bxke
hilghkblv g_d dZe_g”~Zjguf "gyf Z dh \k_fm i _jbh~m f_| _e_\bbh y\e
eZ\bg \ [he__ q_f eZ\bgguo hqgz]h\ gZ[ex”Z _|ky ihqgdihlhjuo\k_o
gZlex*"Zebkv f_| e \u_ eZ\bgu WIh h[tykgy_ |ky |I_f qglh ~“hklZlhqg
©eZ\bgguo?® f | e ¢ bf__1 ijh~rhe bl _evghklv [he_ _ kmlhd b g_d
jZaebgbyfb \ f | e \hf kg_]JhgZdhie_gbb \ jZaebqlyfuwd Exf\fbfg@eyp hc
\hagbdgh\_gby f_ | _e _\hc eZ\bgu

ljh\_jdzZ \_jhylghklguo k\ya_c f_"~m \hagbdgh\_gb_f eZ\bg
eZ\bgguo hqzZ]lh\ k ihfhsvx?2dphdZaiyezs qlh ijb mjh\g_ agZq
[hevrbgkl\h k\lya ¢ y\leyxlky agZgbfufb HpP@ibij\"kh¥lgehklu c\
|Z[ebp.

'!F_lh*bgq_kdb_ mdZazZgby ih kg_]lheZ\bgghfm h[_ki_qZgbxgyZjh~gkh]lh ohayckl\Z
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< p_ehf \_jhylRitkMh\hevgh fZeu qlh hljz Z_| [hevrmx g_h*~g
mkeh\bc eZ\bghh[jZah\Zgby b mdZau\Z_| gZ gbadmx wnrn_dlb\gl

dhlhju_ ih kmlb ~ _eZ meZ\eb\Zxl ebrv h[h[s_ggmx | _g” _gpbx
dhgdj _Igu_ ijhy\e_gby dhlhjhc y\eyxlky \ jZfdZo 1Zdbo ijh]Jghah\
GZb[hevr__ addf=@eal (/) ihemqg_gh ~eiy hdiZ]lh\jbkmghd

Jbkmgh#&o_fZ eZ\bgguo hgZth\ (hju Xdkihj

Figure 2. Schema of avalanche starting zored3 +< 19 of the Yukspor Mountain

;hevrb_ agZRB(/jybxd  _ ihemqg_gu “ey iZj hgZ]h\ \oh”ysbo \ ]jm
ih jbkmghd Z 1zd _ ey iZj jy*hf jZzkiheh  _gguo hqZ]h\
jbkmghd GZijbf_j hdheh \k_o f_ I _e_\uo eZ\bg \ eZ\bgghf hc
koh”bl \h \j fy f | e ¢ ijb dhlhjuo h[jZamxlky eZ\bgu \ eZ\bgghf
;hevrb_agZqg_gby \ _jhylghkl _c¢c h[tykgyxlky koh”~ghc ithjoh gld@ipbf c b
hgz]lh\ ijbgZ~e_"ghklvx d hrghfm fZdjhkdehgm b h[s_c h[eZklvx Kk
ljbg_f koh Zy hjb_glZpby eZ\bgguo hqgzZ]h\ y\ey |Iky g_h[oh”bfuf
mkeh\b_f ZgZeh]lbgghklb eZ\bghh[jZah\Zgby ®&i&)ijbf(ji) *eprylghk
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hA"bgzZdh\h hjb_glbjh\Zgguo hqgZzZ]z b H&4hh\Vhb-a JKpZiighk evgh
g_[hevrb_ Lh "~ kzZfh_ fh gh hif_Iblv “ey hqzZ]zZ -]t higZzdh\ ba ]jm
Hg \b”gh gqglh kbgojhgghklv \hagbdgh\_gby eZ\bgjrabé&ddbl b |
eZ\bgguo hgzZ]h\ GZ djmluo kdehgZo f | _e \u_ eZ\bgu nhjglgmxlky
itheh]bo <ebygby jZaebgbc \ iehsZ”b eZ\bgguo hgZ]h\hgZgblkghlIm
f I _e \uo ezZ\bg hif_q_gh g_ [ueh DZd m _ ]h\hjbehkv mkeh\by

eZ\bg \ eZ\bgguo hqgZ]Zo Kk ih jbkmghd h[fez”~zZx| gZlI
ZgZeh]bgghklb EZ\bgu koh”ysb_\ wlbo hgZ]Zo mPBhagkikc hhghim |
jbkmgdb b Wlhl nzZdl [ue bkihevah\Zg ijb kha”Z\gplphfc Ih*b

hizkghklb ey wlh]h h[t_dIZ ;ueb knhjfbjh\Zgu ~“hklZlhqggh [hevrb_
eZ\bgguo b g_ eZ\bgguo kblmzZpbc hibku\zZ_ fuog@Zhlkjhh\ o ZdH&Ichljujd |
[ueb ihkljh_gu ijZ\beZ jZa™_e _gby kblmZpbc \ wlbo éef\DdlgZgou gZ e

>Q_jghmk @ Bkihevamy jZkq_Ilgmx \_jhylgrkvbppZfaPgZdby eZ
ihemqg_ggmx-daiZ[dhbth[jZahf gzZijbf_j k ihfhsvx klzZlbklbg_kdh]h fh
>Q _jghmk 1 _jebdh\ Fhdjh\ @ fh gh k ihfhsvx nhjfmeu iheghc

\_jhylghklv h[jZzah\Zgby eZ\bgu \ hqZzZ]_

P(i) = P()P() + P(i/j 9[1 P()] (1)

1" P(/9 £\ _jhylghklv h[jZah\Zgby eZ\bgu \i eZklehpgdZ\lb@Z]\ eZ\bgg
hqZjjg_khreZz

LZ[ebpzZ \_jhyl®fkl _a”_kv g_ ijb\h~*blky gh bo agZqg_gby ¢
f_gvr_ ®&@WUp) b \jzZzkq_IlZo bo fh'gh g_ mqgblu\zZlv

AZdexgbl_evgu_ aZf_qZgby

LZdbf h[jZzahf ihemqg_ggu_ ~Zggu_ dhebq_klI\_ggh ih~I\_j*~
ijhkljzgkl\_ggmx baf_ggb\hklv eZ\bghh[jZah\Zgby k\yaZggh]h k f
wlhl Ibi eZ\bghh[jZah\Zgby y\ey |ky hkgh\guf Ijb h[jZah\Zgbb f_1|_
jhev bljzxl g_ lhevdh fhjnheh]by b fhjnhf_Ijby eZ\bgguo hgzZ]h\ g
ih hlghr_gbx d bklhqgbdzf kghkz f | e \h]h kg _]Z hW2dgpqglzafl gq
h[jZzah\Zgb_f | e \uo eZ\bg hl eZ\bg k\_~ \uizZ\r_]h kg_]Z Qlh \
d \ul\hm h [hevr_c keh ghklb ijh]lJghabjh\Zgby f_|_e_\uo eZ\bg
ijhlghabjh\zgb_f eZ\bg k\_"_\uizZ\r_]h kg_]Z
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Nhjfmebjh\db nhgh\uo ijh]Jghah\ ezZ\bg \ jZchgZo k bgl_g

Nyl _evghklvx “~he gu hlebgZlvky [hevrbf

AbzZiZahghf hibkZgby

f kIl ]~_ f I e c g_| beb hgb j_ ~db >ey ~ |IZevguo eZ\bgguo ij

jZchgzo?2 fhgblhjbg] ij_~bdlhjh\ "~he g hkms_ kl\eylvky

ijhkljzgkl\_gguf b \j_f gguf jZaj_r_gb_f qg_f \ jZchgZo hlv f_|_ e

kezZ[Zy "ey “hklb" _gby h”bgzZdh\h]l]h dzZq_kI\Z ijh]lghah\
IhdZazZl _ev ZgZeh]bqgghklb eRi\jp grgand dnygZd]hXa[blv hqgZ]lb gZ ]jr

\ dhlhjuo ijhp_kk ezZ\bghh[jZah\Zgby ijhl_dzZ_| koh”gh
j_ij_a_glZlb\gu_ eZ\bggu_ hqgzZ]b < k\hx hgqg_j_"*v ~Zggu_

j_ij_a_glZlb\guo hgZ]Zo

eZ\bggmx hiZkghklv \ ~jm]bo hqgZ]Zo

k

Z
h Kk

ihemqg_ggu_ hi_jZlb\gh iha\heyxlv[he_ _

LZd _ "ey wlbo peef[lkcfh |

gZ” _"guc f_Ih® hp_gdb \hafh ' ghklb h[jZah\Zgby eZ\bgu g\hf_ij_a_
hqz]_ < Ihf gbke_ b wdki_jlgu_ hp_gdb
lj_~klZ\e_ggzZy fR@fppki_rgh bkihevah\Zezkv \ jZ[hl_ P_gljz

[ _ahiZzkghklb H:H ©:iZIbl2 "ey hp_gdb eZ\bgghc hiZkghklb \h \j_fy

Ebl_jZImjZ

ddmjzZlh\ < @ _Ibqg_kdz
kbnbdZpby eZ\bg Lim
kdhc \ukhdh]hjghc dh
wdki_"bpbb L Kg
ijbf _g _gb_ kg _]1Z \ gZj
ayckI\ FZl _jbZeu ,,
f_"\_~ dhgn_j_gpbb it
ijhkzf kg_"gh]h ihdjh\Zz
= D KmeZd\_eb”™a_ b
kdhlh GZevqgbd;ZeH2Zjj"
baAh K -232.

Q_jghmk I : | _jebdh\
jh\ ? A\IhfZlbabjh\Zggh_
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