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N3MEHYNBOCTDb XAPAKTEPUCTHUK
IKCTPEMAABHOCTHN CHEXHOTI'O ITOKPOBA
B YCAOBUAX COBPEMEHHOI'O KAMMATA CUBUPHU

J. M. KHTAEBY, T. 5. THTKOBA", M. A. AJIEIITHHA"

Y uemumym ceoepagpuu PAH, nep. Cmapomonemuwiii, 29, cmp. 4, 119017, 2. Mockea, Poccus

Annomayusa. IIponomxuTenbpHOE (10 CEMH MECSIIEB B TOy) 3ajleraHHe CHEKHOTO MOKPOBa Ha ceBepe EBpasun
ompeseNnseT BO3MOXHOCTh BIUSHHUS U3MEHUMBOCTU BEMYMHBI M YaCTOTHI MIPOSIBICHUS SKCTPEMYMOB CHEro3arnacoB Ha
CKOPOCTb M HaIlpaBJICHHE M3MEHEHUI KIMMara ¥ BOAHOTO OayaHca. B CBsI3M ¢ 9TMM IpoBe/ieHa OLEHKa MHOTOJICTHEH
W3MEHYMBOCTHU CPEIHHUX M 3KCTPEMAIBHBIX (MTPOUEHTWIN 5 1 95 %) 3Ha4eHUH TOIIIMHBI CHEKHOTO MOKpoBa B Cubnpn
C y4eTOM 0COOEHHOCTEH METEOPOIIOTHIECKOTO peskuMa perroHa B 1976—2022 rt. C ucnonb30BaHNEeM TaHHBIX HAOMIONCHUH
METEOPOJIOTMIECKUX CTAHIMH BBISBICHBI IIPE00IIaIatoNie Ha TEPPUTOPUH TOJIOKUTEIBHBIC MHOTOJIETHUE TEH/ICHIINH 13-
MEHEHHH CPEeIHUX 3HAYCHHUI M SKCTPEMYMOB TOJIIIMHBI CHEXKHOTO 1TokpoBa (bosee 1,5 cm 3a 10 siet) Ha poHe yBeTHYeHUs
CPEIHUX 3HAYCHUI U IKCTPEMYMOB MPU3EMHOM TeMmeparypsl Bo3ayxa (ot 0 1o 2,5 °C 3a 10 net) u ocaakos (6onee 0,40
u 0,04 MM 3a 10 et 11 CpeAHNX 3HAaUEHUH U MaKCUMAJIbHBIX IKCTPEMYMOB, a Takxke 0,2—1,0 nus 3a 10 et qna xonuve-
CTBa JHEH 0e3 0caaKoB), YTO B IIEJIOM COOTBETCTBYET 3aKOHOMEPHOCTSAM 001Iero noreruieHus. Hanbonee nHTEHCHBHBIC
MHOTOJIETHHE N3MEHEHHS XapaKTepHCTHK OTMedeHbI B 3amaaHoi n LlenTpanproit Cnbupu. 3aBHCHMOCTh MHOTOJIETHUX
M3MEHEHNH XapaKTePHCTHK TOJIINHBI CHEXHOTO TOKPOBA B HANOOBIIEH CTETIEHH MPOSIBISIETCS 1T MAKCUMAJIBHBIX JKC-
TpeMyMOB ocaikoB (OeTa-ko3hdurrenTs! coctapisor 10,91-64,71 npu ko3ddurrentax perpeccu, paBubix 0,34—0,68)
BBUJY NPSIMOH CBSI3U M3MEHEHUH TOJIIUHBI CHEKHOTO MOKPOBA M KOJIMYECTBA OCAJKOB P MHOTOJIETHEM YBEJINUECHUU
TEeMITepaTypsl BO3yXa, HO B 00JIaCTH OTPHULATEIILHBIX 3HAYCHUH. AHAIN3 pa3HOCTHBIX MHTETPAIBHBIX KPUBBIX MOKa3all
HAJIMYHE JBYX MOHIKCHUN B MHOTOJICTHEM XOJIe XapakTepucThK (B 1985-1995 n 2005-2015 rT.), COOTBETCTBYFOILIHX TIOHH-
JKCHUSIM B MHOTOJIETHEM XOZI€ MH/IEKCOB apKTHUECKOW M CEBEPOATIAHTHIECCKON OCHMIIISIIUH. /ISl TONIUHBI CHEXHOTO
MOKPOBA OTIPEeICHa HE0CTATOUHAs TOYHOCTh BOCIIPOU3BEICHNS CPETHUX 3HAUEHUH, SKCTPEMYMOB U KO3((PUITEHTOB
JUHEHHOro TpeHaa peaHann3oM ERAS-Land ¢ oTkioHeHUsIME OT KO3 GHUIIMEHTOB JaHHBIX HAOIOACHUN B 2—5 pas.

Knroueevie cnosa: coexublit IMOKPOB; TEMIICPATypa BO3AyXa; OCAAKH,; CPCAHUC 3HAYCHUA; IIPOLICHTUIIN, KOB(i)(bI/IIII/ICHTLI
JIMHEHHBIX TPCHAOB; KOppealus; pa3HOCTHBIC HHTCTPAJIbHBIC KPUBBIC.
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VARIABILITY OF SNOW COVER
EXTREME CHARACTERISTICS
IN THE MODERN CLIMATE OF SIBERIA
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Abstract. Long-term (up to seven months a year) occurrence of snow cover in the north of Eurasia determines the
possibility of the influence of variability of the magnitude and frequency of manifestations of extremes of snow reserves
on the speed and direction of climate and water balance changes. In this regard, an assessment of the long-term variability
of average and extreme (percentiles 5 and 95 %) values of snow cover thickness in Siberia was carried out taking into
account the features of the meteorological regime of the region in 1976-2022. Using observation data from meteorological
stations, positive long-term trends in average values and extremes of snow cover thickness (more than 1.5 cm in 10 years)
prevailing across the territory were identified against the background of an increase in average values and extremes of air
temperature (from 0 to 2.5 °C in 10 years) and precipitation (more than 0.40 and 0.04 mm in 10 years for average values
and maximum extremes, as well as 0.2—1.0 days in 10 years for the number of days without precipitation), which gene-
rally corresponds to the patterns of global warming. The most intense long-term changes in characteristics were noted in
Western and Central Siberia. The dependence of long-term changes in snow cover thickness characteristics on the meteo-
rological regime as a whole is most pronounced for maximum precipitation extremes (beta coefficients are 10.91-64.71
with regression coefficients equal to 0.34—0.68) due to the direct connection between changes in snow cover thickness and
precipitation with a long-term increase in air temperature, but in the region of negative values. The analysis of the difference
integral curves showed the presence of two decreases in the long-term course of the period characteristics (in 1985-1995
and 2005-2015), corresponding to decreases in the long-term course of the Arctic and North Atlantic oscillation indices.
For the snow cover thickness, insufficient accuracy of reproduction of average values, extremes and linear trend coefficients
by ERAS5-Land reanalysis with deviations from observation data coefficients of 2—5 times was determined.

Keywords: snow cover; air temperature; precipitation; average values; percentiles; linear trend coefficients; correla-
tion; difference integral curves.

Acknowledgements. The work was carried out within the framework of the Programme of fundamental scientific re-
search of state academies of sciences (topic FMWS-2024-0001 «Climate changes, their causes and consequences for the
environment and life of the population in Russia», assignment 1021051403088-5).

BBenenune

HccnenoBanne 4acTOTHI IPOSBIEHUS SKCTPEMAIbHBIX 3HAUEHUI METEOPOIIOTMUECKUX XapaKTEPUCTHK SIB-
JSIeTCSl OHOM M3 BayKHEHIINX 3a]1a4 B U3YUSHUH COBPEMEHHOT0 KinMmara. KonmuecTBo 1 Macitad skcTpeMarib-
HBIX SBJICHHUH, TAKMX KaK aHOMAJIMH TEMIIEPATypbl BO3yXa 1 0CA/IKOB, 3aCyXH U HABOAHCHHUS, MOTYT yCYT'YOIsATh
MOCJIEZICTBHS TEKYILEro MOTEIUICHNUS, BBIXOJSA 3a paMKH U3MEHUYHMBOCTH CPEIHUX 3HAYEHUH KIMMAaTHYECKUX
XapaKTEPUCTHUK, YTO COMIACHO OLIEHOYHOMY JOKJIaTy MeKNpaBUTEIbCTBEHHON IPYIIIBI KCIIEPTOB IO U3Me-
Henuto kiaumata (MI'OMK) 2022 1. BbI3bIBaeT B HacTOsAIIEE BpeMs LIMpOKOMacIITaOHble HEOIaronpusTHbIC
BO37IEMCTBHA HA PUPOIHBIE MPOLIECCHI U XO3AUCTBEHHYO 1eATENBHOCTS [1]. CI0XKHOCTB IPOBEAEHNS OLIEHKU
3HAUMMOCTH HKCTPEMAJIbHBIX SIBICHUN 00YyCI0BIMBACTCSI HEPABHOMEPHOCTBIO X0/1a OTETICHHS M CBA3aHHBIX
¢ HUM nporeccos. Tak, B Hagasne XXI B. oTMedeH Nepuos 3aMeIIeHHsl pocTa TemIreparypsl Bo3ayxa B Ce-
BEPHOM IOJTYIIAPUH NPU YBEJINYEHUH IIOBTOPSIEMOCTH aHOMAJIBHO XOJOAHBIX 3UM Ha CEBEPE B CBA3M C yCH-
JIEHUEM BJIMSIHHS apKTHYECKUX HUKIIOHOB, a neprox 2015-2020 rr. npu3HaH caMbIM TEIUIBIM 3a BCIO UICTOPHUIO
HaOmonenuit B EBpazuu [1-4].

CHexHbIH TIOKPOB Ipu 00mIeH TeHACHUNU K cokpaieHnio B CeBepHoM nomymapuu ¢ 1950-x rr. Tem
HE MEHee 4acTo UMEET pa3HOHANPABJICHHBIC (B CBSI3U ¢ OCOOCHHOCTSIMU KJIMMAaTa) PEernOHabHbIC BPEMEH-
HbIe TpeHAb! [4; 5]. Ha ¢one noTenyieHns n yBeaMUeHHUS KOJIMUYECTBA OCAAKOB, IPOUCXOISIIINX B TOCIICAHNE
JeCSITUIETHS, Ha 3anaze u rore Bocrouno-EBporneiickoil paBHUHBI HAOMIONAETCS MHOTOJIETHEE YMEHbIICHUE
CHerosarmacos [6; 7], Toraa Kak Ha 3Ha4NTEJIbHON TEPPUTOPHH CEBEPO-BOCTOUHOM yacTu BocTouno-EBponeii-
CKOH paBHHHBI U ceBepa CHOMpH 0TMEUaeTCsl yBEJIMUCHUE CHEXKHOCTH [8; 9], 4TO COOTBETCTBYET PEerMOHAIBHBIM
pa3IUUUAM B KOJIMUYECTBE )KUJKHUX 0CAJKOB 3UMHETO IEPUOJIa.

HccnenoBanne sKCTpeMalbHBIX THAPOMETEOPOIOTHYECKUX SIBIIEHUI MTPOBOIUTCS B MIEPBYIO Odepeab A
OLICHKHM M3MEHYMBOCTHU TEMIIepaTyphl BO3AyXa U 0caIkoB. Yxe B koHLe 1990-x rr. B pamkax padotst MI'OUK
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OBUIH JTaHBI PEKOMEHIAIIUH 110 YHU(PHUKAIMK OTIPEAeTICHHS SKCTPEMYMOB C MCITOJIb30BAaHUEM HHJIEKCOB CpeJi-
HUX, MAaKCUMJIbHBIX 1 MUHMMaJbHBIX 3HAaYEHUH TEMIIEpaTyphl BO3yXa JUIsl HHTEPBAJIOB B MPOLIEHTAX pac-
npenenenus [ 10], mocne 4yero MeToguuecKue NoAX0 bl HEOAHOKPATHO YTOUHSINCh. DKCTPEMaIbHBIE SBJICHUS,
CBSI3aHHbIE C U3MEHYHNBOCTHIO CHEXKHOCTH, UCCIIEI0OBAaHbI B MEHbIIIEH cTeneHu. B yacTHocTH, B oTueTax MI'OUK
u Pocrunpomera GUKCHPYIOTCS FOIBI U TEPPUTOPUN C AHOMAJILHO BEICOKMMHU U HU3KUMH CHEro3aracaMmy OTHO-
CUTEJILHO CPEIHUX MHOTOJIETHUX BEJIMYMH. VI3BECTHBI pe3ysbTaThl MapaMeTpU3alui AIKCTPEMATLHBIX 3HAYCHU I
CHE)KHOCTH B TOpax AJsl ONTUMHU3ALUN MEPOIIPHUATHH MO ydeTy JaBMHHON onacHoctH [11]. CrpourenbHbie
HOPMBI U TIPABUIJIA PETIAMEHTUPYIOT YUeT IPEAebHON BEeIMYHMHBI CHETOBOW HAarpy3Ky Ha WHKEHEPHBIE KOH-
cTpykuuu' . ITpu 3ToM MacITab i 4acTOTa BO3HUKHOBEHHS YKCTPEMANLHBIX CHET03aacoB Ha CETOHS H3yUeHbl
HEIOCTATOYHO B CBSI3M C OTCYTCTBUEM JETaJbHBIX PEIMOHAJIBHBIX OLEHOK CKOPOCTU M HAIIPABICHHOCTH MX
u3MeHeHui. L{enb HacToAIIero uccieao0BaHUs COCTOUT B BBIABIEHUHM 3aKOHOMEPHOCTEH MPOCTPaHCTBEHHO-
BPEMEHHOT'0 PacHpe/eICHUsI SKCTPEMYMOB TOJIILMHBI CHEKHOT'O MOKPOBa HA (DOHE M3MEHUYHMBOCTH METEOPO-
Jorudeckoro pexxnma Crubupu.

Marepuaabl 1 MeTObI UCCJIETOBAHUSA

IlepBrie mpeqnoKeHust 0 He0OXOIMMOCTH KOOPAWHAIINHA HCCIETOBAaHNN HKCTPEMYMOB KIIMMAaTHYECKUX
XapaxkTepucTuK oocyxaamuchk B pamkax MI'OUK. B wacTHOCTH, OBIIO MPEAIOKEeHO HCCIe0BaTh KpUTHYE-
CKHe 3HaYeHUs TeMIepaTypbl Bo3ayxa B quanazoHax 2; 5; 10; 90; 95 u 98 % pacnpenenenns. B xagectse
MOPOTOBBIX 3HAUCHUH TaKKe UCTIONb30BasInCh 3HaueHust 10 u 90 %. Taxk, jyis n1odaabHON TeMIIepaTypbl ObLIO
BBISIBJICHO YMEHBILIEHUE SKCTPEMAIIbHBIX MAKCUMYMOB B KOHIIe XIX B., CHHKEHHE 9KCTPEMaIbHBIX MUHIMYMOB
B MEepBOii MoI0BHHE XX B. M TIOBBIIIEHNE SKCTPEMAJIbHBIX MaKCUMyMOB HaunHas ¢ 1960-x rr. [10]. Ananu3
M3MEHYMBOCTH CE30HHOM TeMIlepaTyphl BO3yXa MoKa3al 3HaUMMOE MHOTOJIETHEE YBEJIMUEHNE KaK CPEIHHUX
3HaYeHWH, Tak W mpouentuieit 5 u 95 % B 19662000 1. Ha ceBepe Boctouno-EBpormeiickoil paBHUHBI.
CyMMapHO€ CE30HHOE KOJINYECTBO OCAJIKOB B 3TO BpEMS UIMEET MHOT'OJIETHIOIO TEH/ICHIIUIO K MOBBILIEHHUIO Ha
(oHe yBenMueHMs CE30HHBIX 3HauUeHUH npoueHTwist 95 % [12]. B cratse M. 0. bapauna u T. B. IInarooit
IUTSL TEMIIEpaTyphl BO3/lyXa IMOKa3aH POCT KaK MUHUMAJIbHBIX, TAK U MAaKCHMAJIbHBIX 3HAYEHNUH (TTPOLIEHTHIIEH
5195 %) na Gonblielt yacTu TeppuTOpun Poccun npu HanMYMK TEM HE MEHEE PErHOHOB C OTPULIATEIbHBIMU
Tperaamu [13].

B xozne npoBenenus uccnenoanuii ans reppuroprun CHOMpPH aBTOpaMu HACTOSIILEH paOOThI OBUIN UCTIONb-
30BaHBI PE3yJabTaThl CyTOUYHBIX HaOMoneHni 198 MeTeopoornyecknx CTaHIUK 32 TONIUHONW CHEXHOTO T0-
KkpoBa B 19762022 rr. MicxonHble ps/ibl JaHHBIX UMEIOT MUHUMYM TPOIYCKOB M MO3BOJISAIOT PAaCCMOTPETh
0COOEHHOCTH CHETOHAKOIUICHHsI C Hayasia Ieprojia yCTOMYMBOIO MHOTOJIETHETO noTeruieHus. Mccnenqosana
TeppuTopus BoctouHee 60° B. A. u ceBepHee 55° c. ml. [IM0THOCTh 1 paBHOMEPHOCTH PACIIPEIEICHHUS METE0-
POJIOTHYECKUX CTAaHIHUH 3[€Ch HEb3s CUUTATh MICaIbHBIMHU, HO TEM HE MEHEe HaONIOACHUSIMHU OXBauCHBI
OCHOBHBbIC JaHIIA(THbIE KOMIUICKCHI. Y TOUHEHNE PETHOHAIBHBIX OCOOCHHOCTEH N3MEHUYMBOCTHU BBIIIOJIHE-
HO Ha IpUMepe JaHHBIX HaOMIONCHUH periepHBIX METEOPOJIOrHYeCKUX cTaHiui 3anagHoid Cubupu (cekrop
60—-90° B. 1.), Llearpansroit Cubupu (cexrop 90—120° B. 1.) u Bocrounoit Cubupu (cexrop 120-180° B. 11.).
Crnncox pernepHbIX CTaHIUi puBeieH B Tabm. 1-3.

OreHka Ce30HHBIX U3MEHEHNH XapaKTEePUCTHK POBEACHA IS YCIOBUI C YCTOMYMBBIM CHEKHBIM IIOKPOBOM
(c sHBaps MO MapT BKIIOYUTENHHO), M, TAKAM 00pa3oM, TOPOTOBBIE IKCTPEMaJIbHbIE 3HAYECHNS TOJIIINHEI CHEeTa
orpeeNeHbl Kak MpoueHTwn 5 u 95 % s BeiOopku B 90 CyT X0JI0HOTO Nepuoaa Kaxaoro roja. s Bol-
SIBJICHUS OTKJIMKA OCOOEHHOCTEH CHETOHAKOIICHHSI HA U3MEHYMBOCTh METEOPOJIOIMYECKOTO PEKUMa UCTIOJIb-
30BaHbl CyTOYHbIE U OCPETHEHHBIE 32 XOJIOAHBIN TEPHO/I TaHHBIE O TEMITepaType BO3yXa U 0CaJKaX C yUeTOM
KOJINYECTBA B CE30HE AHEH ¢ UX HaMM4ueM. B cBs31 ¢ IMCKPETHOCTHIO X042 0CAIKOB KaK aHAJIOT SKCTPEMAJIbHO
MaJIbIX 3HAYeHHWH 3[IeCh pacCMaTpPUBAETCs KOJIMYECTBO ciydaeB (mHel) 0e3 ocaakos [13]. ns ympomieHus
(hOpMyYTHPOBOK ITOPOTOBBIC 3HAUCHHSI TPOLEHTUIISE 5 % Jlanee yIoMUHAIOTCS KAK MUHUMAaIIbHBIE DKCTPEMYMBI,
[IOPOTOBBIE 3HAYEHUS IPOLEHTHIIS 95 % — Kak MaKCUMaJIbHbIE SKCTPEMYMbI, OTCYTCTBUE OCAIKOB (UX HyJIEBbIE
3HAYEHUsI) IPUBOAUTCS KaK KOJIMYECTBO JTHEH 0e3 ocaakoB. AKTYyaJbHOCTh NPUMEHEHHUS TAHHOH METOIUKH
COCTOUT B BO3MOXXHOCTH OLIGHKH MHOTOJIETHEH TUHAMHUKH HE TOIBKO CPEHHX, HO M SKCTPEMAJIbHbIX CE30HHBIX
3HAYEHUH TONIIMHBI CHE)KHOTO TIOKPOBA, YTO TO3BOJISIET YTOUHUTD UX 3HAYMMOCTH JUIS KaTacTpOUIECKHX
MIPUPOAHBIX COOBITHH.

[IpoBenena omneHka TOYHOCTH BOCTIPON3BEACHHS I3MEHUYHNBOCTH CPETHIX 3HAYCHUH F SKCTPEMYMOB TOJIIIHHBI
CHEXHOT'0 ITOKPOBA peaHaIn3oM EBporneiickoro eHTpa cpeJHeCpOUHbIX MPorHo30B noroasl ERAS-Land [14; 15].
Hcxomanaplii MaTeprai MPEeACTaBICH SKEUaCHBIMH JaHHBIME ¢ paspereHueM cetkd 9 km (0,1 X 0,1°), ocpen-
HEHHBIMHU B CYTOYHBIE 3HAUEHUS C IPUBSA3KOH COOTBETCTBYIOIINX sU€EK K KOOPAMHATAM PENEPHBIX METEOpO-
JIOTUYECKUX CTaHIUH.

ICHuIT 2.01.07-85%*. Harpysku u Bosaeiictus. M. : ®TYII LTI, 2005. 44 c.
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Pe3yabTarhl 1 UX 00Cy:KIeHUE

TeHIeHIIMM MHOTOJICTHUX U3MEHECHUI CPETHUX CE30HHBIX 3HAYCHUN TEMIIEPATyphl BO3/yXa B MOAABIISIO-
eM OOJIBITMHCTBE MOJIOKUTEIBHBI U 3HAUUMBI ¢ KO3(QUIIMEHTaMH JTMHEHHOTO TpeHJa B nuana3zoHe ot 0
1o 2,5 °C 3a 10 ner (puc. 1, a). TpeHIbI SKCTPEMYMOB HMEIOT aHAJIOTHYHOE pacIpe/ielieHHue B IPOCTPAHCTBE
pu MeHbIIeM auamna3zone — ot 0,5 mo 1,5 °C 3a 10 net (puc. 1, 6 u 8). [IpeobranaroT HeOOTBITHE IT0 BEIIMINHE
MOJIOKUTENIbHBIE 3HAYMMBIE TPEH]IbI CPEJTHHUX 32 CE30H 3HAUCHHI U MAaKCHUMAJIBHBIX JKCTPEMYMOB OCaIKOB —
oonee 0,40 u 0,04 mm 3a 10 net (puc. 2, a u 6). KonnyecTBo nHElH 0e3 0caaKoB Ha OOJbIICH YaCTH PEeruoHa
YBEIMYHMBAETCS CO 3HAUMMBIMHU KOA((UIIMEHTaMHU JIMHEWHOTO TpeHaa B nuanaszoHe 0,2—1,0 mus 3a 10 ner
(mpeumytiecTBeHHO B 3amagaoit Cubupu u 10)kHO#M gacTu LlenTpansHoit Cubupn) (puc. 2, 6), 9to Ha doHE
pOCTa KOJIMYECTBA OCAJIKOB SIBJISICTCS KOCBEHHBIM IIPU3HAKOM YCHUJICHUS KX HHTEHCUBHOCTH. [Tos10UTEIbHBIC
3HAYUMBbIE KO3(D(PHUIIUEHTHI INHEHHBIX TPSH/IOB CPEHUX CE30HHBIX 3HAYCHUH TOJIUHBI CHEXKHOTO ITOKPOBa
(6omee 1,5 cm 3a 10 ner) pacronaratorcsi B ocHOBHOM B LlenTpansHoit Cubupwu, B 6acceiine p. Oou. Tenpenun
M3MCHCHU MHHUMATBHBIX H MAaKCHUMAaJIbHBIX CE30HHBIX YKCTPEMYMOB B I1e10M HeBenuku (6onee 0,2 u 0,4 cm
3a 10 J1eT COOTBETCTBEHHO) M PABHOMEPHO PacIpe/IeieHb 1Mo miomaau (puc. 1-3, Tadm. 1).

Tabnuma 1

MHoroJieTHsISI K3MEHYHBOCTh XaPAKTEPHCTHK TOJLIUHBI CHEKHOI'0 IIOKPOBA
110 IAHHBIM Ha0J/II0/IeHUIi perepHbIX MeTeoPOoJIOrH4YecKuX cTaHuuii u peanaian3za ERAS-Land

Long-term variability of snow cover thickness characteristics

based on data from reference meteorological stations and ERAS5-Land reanalysis

Table 1

oA CHEXHOTO HOKPOBa, CM KoaddunmeHTs! TMHEWHBIX TPEH/IOB,
Meteoponoruueckas Tt natHbx cMm 3a 10 net
CTaHOHA Cpennee |IIponentus |IIponentnns | Cpennee |IIpomentunns | [IponeHTHIb
3Ha4YEeHUe 5% 95 % 3Ha4YEeHUe 5% 95 %
3anaonas Cubupo

Urapka HaGmronenus 70 56 83 2,50 2,20 3,86

(67,47° c. ., 86,57°B. 1) |  Peananus 89 72 105 -10,50 | 10,92 ~10,44
Tombka Habmonenus 71 58 82 0,99 0,66 1,40

(63,98 c. ., 82,08°B. 1) |  Peananus 75 53 88 -3,15 -5,40 -2,77
Bakuap Hao0mronenust 60 44 72 1,43 0,79 3,63

(57,00° c. mr, 82,07° B. 1) |  Peananus 52 13 70 0,83 ~1,03 -2,73

Lenmpanvuaa Cubupo

OneHéK HaGmronenus 37 31 46 0,49 0,93 0,33

(68,50° c. m, 112,43°B. 1) | Peananus 43 33 51 ~4,66 ~4,08 ~4,60
Ep6orauén Habmonenus 47 33 54 2,92 2,55 3,17

(61,27° c. ur,, 108,02° B. 1) | Peananus 50 31 59 ~1,58 -2,60 ~1,60
Kupenck Ha6mronenns 41 33 47 2,19 1,64 2,67

(57,77° c. m, 108,07° B. 1.) | Peamanus 47 16 60 -8,11 ~8,47 ~8,85

Bocmounas Cubupe

Yokyprax Habmonenus 35 28 43 3,10 1,11 4,25

(70,62° c. ur., 147,88° B. 1) | Peananus 48 37 57 1,17 -2,93 ~1,30
OWMSKOH Hao0mronenust 28 23 31 0,18 027 0,17

(63,25° c. m., 143,15°8. 1) | Peananus 31 23 36 -3,33 -3,09 -3,97
Tanon Habmoaenus 76 61 93 3,70 3,34 4,33

(59,77° c. m, 148,63°8. 1) | Peananus 94 77 117 2,26 ~0,85 -5,11

I[Ipumeuanne. KypcuBoM BblAeNeHbI HE3HAUNMbIE KOI(DGHUIIMEHTHI TMHEWHBIX TPEHA0B (YpoBeHb 95 %).

O6HI€I>‘I 3aKOHOMEPHOCTBIO USMCHYMBOCTHU XaPAKTECPUCTUK METCOPOJIOTMYECKOT0 PEIKUMA U TOJIIIUHBI CHEXK-

HOTO IOKPOBA SIBIISIETCS NpeolIalaroliee Ha TEPPUTOPHHI MHOTOJICTHEE YBEIMUCHUE KaK CPETHUX 3HAYCHHUIA,
TaK ¥ SKCTPEMYMOB, XOTSI TEOPETUYECKH BOZMOXKHO MTPUCYTCTBHE TPEHIOB MTPOTHBOITOIOKHBIX HATIPABICHHH.
MHoroieTHAN POCT TONIIMHBI CHEKHOTO IMTOKPOBA HA (DOHE MOTEIUICHNS CBSI3aH C YBEITMYEHHEM KOJMYeCTBa
0CaJIKOB TP TIOBBIIIEHNN TEMIIEpaTyphbl BO3yXa 3UMON B 00JIACTH OTPHIIATEbHBIX 3HAYEHUH.
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Fig. 1. Long-term temperature trends:

a — average value; b — percentile 5 %; ¢ — percentile 95 %.
Dots with contour are significant trends
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Fig. 2. Long-term precipitation trends:
a — average value; b — number of days without precipitation; ¢ — percentile 95 %.
Dots with contour are significant trends
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Puc. 3. MHOTOIIETHIE TPEH/AbI TOJIIMWHBI CHEKHOTO ITOKPOBaA:

a — cpefHee 3HaYeHHe; 6 — MPOLUEHTHIb 5 %); 6 — MPOIEHTUNIb 95 %.

TO‘IKI/I, HUMEIOLINE KOHTYD, SABJIAIOTCSA 3HAYMMBIMU TPEHAAMU

Fig. 3. Long-term snow cover thickness trends:
a — average value; b — percentile 5 %; ¢ — percentile 95 %.
Dots with contour are significant trends
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B tab. 2 mpuBeieHbI pe3yiibTaThl aHaM3a PErPeCCHOHHON 3aBUCHMOCTH XapaKTePUCTHK TOJIIHBI CHEXKHOTO
MOKPOBA OT TEMIIEPaTyphl BO31yXa U 0caakoB. KoapuiimeHTs MHOXECTBEHHON PErpecCu sl MaKCUMAaJIbHBIX
skcTpemymoB (0,34—0,68) mpeBbimaroT k03(hGUIIMEHTH MHOXXECTBEHHOH PErpecCHy I MUHUMAITbHBIX 3KC-
TpemymoB (0,13—-0,42). [IpeBpimenue 3Ha9eHNH MaKCUMaTBHBIX QKCTPEMYMOB HaJl 3HAYCHUSIMA MUHIMAJTbHBIX
JKCTPEMYMOB XapaKTEPHO TakKe JUIst 0eTa-k03()GUIIMEHTOB, COITIACHO KOTOPBIM MPEO0JIaAaroIinii 3HAYUMbIN
BKJIaJ] B MHOTOJIETHIOIO IMHAMHUKY UMEHHO MaKCUMAaJIbHBIX SKCTPEMYMOB BHOCST OCaJIKH.

Tabnuma 2
3aBHCHMOCTH MHOT0JIETHET0 X012 JKCTPEMYMOB TOJIIIMHBI CHE;KHOT0 MOKPOBa
OT X0/1a TeMIIEPATYPHI BO3/IyXa U 0CA/IKOB
Table 2
Dependence of the long-term variation of snow cover thickness extremes
on changes in air temperature and precipitation
Bera-ko3¢pGuirieHTs!
Koadpduuuent perpeccun
Mereopoioruueckas Temneparypa Bo3ayxa Ocanxu
CTaHIHA Ipouentuns | [ponentuns | [Tpouentuns | [Tpouentuns | IIponentuns | ITponeHTHb
5% 95 % 5% 95 % 5% 95 %
3anaonas Cubupo
Hrapka
(67,47° c. ., 86,57° B. 1) 0,15 0,41 0,29 0,70 4,96 17,52
Tonbka
(63,98° c. 1., 82,08° B. 1) 0,41 0,62 1,37 4,30 1,04 29,21
baiciap 0,19 0,38 0,98 0,63 0,97 23,05

(57,00° c. 1., 82,07° B. 11.)

Lenmpanvras Cubupo

Onenék
(68.50° c. 1. 112.43° 5. 1) 0,13 0.35 0,04 0,56 2.54 10,91
EpGorauén
(61.27° e 108.02° 5. 1) 0,42 0,59 0,61 0,79 12,91 25,48
Kupenck 0,32 0,52 ~0,37 ~0,37 25,15 42,06

(57,77° c. ., 108,07° B. 11.)

Bocmounas Cubupo

Yokypaax
(70.62° c. 1. 147 88° 5. 1) 0,15 0,34 0,81 2,01 4,78 21,43
OUNMAKOH
(63.25° c. . 143.15° 5. 1) 0,25 0,58 0,55 —0,44 24,02 64,71
Tanos 0,34 0,68 ~1,87 ~1,52 14,11 43,99

(59,77° c. 1., 148,63° B. 11.)

[Mpumeuanue. KypcuBom BblieneHbl He3HaUUMBbIE KOG GuIeHTs! (YpoBeHb 95 %).

Kak ynomuHanocs panee, ais uccnemayemoro nepuozaa (1976—-2022) xapaktepHo yCTOWYHUBOE MOTEIUICHHE
TIPH Pa3HO CKOPOCTH TMOBBIMICHHS TEMIIEPATyphl Bo3ayxa. Tak, B Hadame XX B. B CeBepHOM MOIYyIIApUH
OTMEYEHO 3aMeJUIeHHEe pOCTa TEMIEPaTyphl ¢ MOCIENYIOMINM YCKOPEHUEM MTOTEIIICHHUS U YBEIUYEHHEM KO-
nnyecTBa ocankoB [ 1-4; 16]. 1t yTouHeHUs perHOHaIbHBIX 0COOCHHOCTE MHOTOJIETHUX U3MEHEHUH Xapak-
TEPUCTHUK TOJIIMHBI CHEKHOTO MOKPOBA U METEOPOJIOTMUYECKOTO PEeKUMa MPUBOISATCS Pe3ysIbTaThl aHATN3a
UX PAa3HOCTHBIX MHTETIPAIbHBIX KPUBBIX Ha IIPUMEpPE AaHHBIX HAONIOAEHUI PEeNepHbIX METEOPOIOTNIEeCKUX
CTaHLUH, PACTIOJIOKEHHBIX B CPEIMHHON YacTH 3allaIHOT0, EHTPAIBHOTO U BOCTOYHOTO ceKTOpoB Cubupu
(MeTeoponornueckue cranuuu Tonbka, Epborauén u OlimsikoH). J{oMOMHUTENHHO pacCMOTPEHBI KPUBbIE WH-
JICKCOB apKTHYECKON U CEBEPOATIIAHTUYECKON OCIMIIISIIKIN. J{71sl TOCTpOeHMsI KPUBBIX PACCUUTHIBAIIICH CYMMBbI

OTKJIOHEHUH MOIYIBHBIX KOO (OHUITMEHTOB OT €AMHHUIIBI ITO (hopMyITe Z(K - 1), roe K =£ (X, — xapakTepuc-

cp
THKa B i-i Tz Habmonenuii; X, — cpeaHeapudMeTHIecKoe 3HAYCHUE Psijia HAOIOACHHIT), C IIOCIIEAYOUM
CYMMHPOBaHUEM 3HAYEHUI Z(Ki - 1) 3a KaXIbIH To1 psaa HabmoneHui. /st KOppeKTHOTO COMOCTABICHUS
KoJIe0aHM XapaKTEPUCTHK PA3HBIX PErHOHOB HCKITIOUAIOCH BIMSHAE HX BPEMEHHOW U3MEHYMBOCTH ITyTEM J10-
OaBnenns koddunnenrta Bapuamuu (C,) B 3HameHarene. [lomydeHHOe pacueTHOE 3HaYE€HHE OTKIIAABIBAIOCH
0 BEPTUKAIILHOI ocu. B pesynbrare OblIM BBISIBICHB 0COOCHHOCTH MEPEIIOMHBIX TOUEK, Pa3esisIoIuX KBa3H-
OJIHOPO/THBIE COBOKYITHOCTH 3HAYCHHUI XapaKTepUCTUK (puc. 4 u 5).
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Puc. 5. VlnterpanpHble KpUBbIE HHIEGKCOB apKTHUYECKOH (a)
U CEeBEPOATIIAHTHIECKOH (6) OCIMIIISIIUHA

Fig. 5. Integral curves of the Arctic (a)
and North Atlantic () oscillation indices

PenpeseHTarnBHOCTH PsZIOB HAONIONEHUH B JAHHOM CIlTy4ae ONpeessieTcs] HATUUUeM MOJI0KUTETbHOM U OT-
puLaTeabHON aHOMAIUN OJMM3KOW TPOIOJKUTEIILHOCTH TI0 BpeMeHH. OCOOCHHOCTRIO HHTETPAIbHBIX KPHBBIX
SIBIISIETCSI 3aBUCHMOCTh TOYHOCTH OIIEHOK OT CPEIHEro 3HaueHHs W Kod(h(uimeHTa Bapuaii KOHKPETHOTO
psiza U, COOTBETCTBEHHO, OTCYTCTBHE BO3MOXXHOCTH CPABHEHHS PSAAOB Pa3HOM MPOAOIKUTEIBHOCTH, OTHAKO
CPaBHUTEIBHBIN aHATU3 PSAOB PABHOW UTMHBI BIIOJHE MPUEMIIEM.

MHoroneTHui X0 XapakTepUCTHK UMeeT MoHMAKeHus B 19851995 1 2005-2015 rr. cHHXpOHHO A1 CPpETHUX
3HAYEHUU W SKCTPEMYMOB. BhIsIBIeHHAsI H3MEHUYNBOCTH TIOBTOPSIET BUJ Pa3HOCTHBIX WHTETPATBHBIX KPHUBBIX
MHOTOJIETHETO XOZ[a MHAEKCOB apKTUYECKON M CEBEPOATIAHTHUECKOM OCIMILISIM (MCTIONb30BaHbl CYyTOYHBIE
nauusie (https://sl.noaa.govidata/climateindices/) 1lenTpa nporao3upoBanusi kiumara HanuoHnansHOM Me-
teoponorndeckort ciyx0b1 CIIA (Climat Prediction Center, National Weather Service)): coriacHO o0IIHM
3aKOHOMEPHOCTSIM ITOJIOKHUTETbHBIE (ha3bl OCIMIUIALNHN CBA3aHBI C TETUIBIMH U BIIKHBIMHU yCIOBHSIMH 3UMHETO
nepuojia B ceBepHoit yactu EBpasum, a orpunarenbabie Ga3pl 00yCIOBICHBI XOJIOJHBIMU U OTHOCHTEIBHO
CYXUMH ycCJIOBUsAMU Kiaumara [16—-18].

CpaBHUTENBHBII aHAIIN3 TTOKA3aJ IOBCEMECTHOE TIPEBbIIICHIE TaHHBIX peanann3a ERAS-Land Han nanHbIMU
HaOIOIEHUH B 3HAYUTEIILHOM JTHaria30He omuoO0K — oT 8 10 27 % ans cpeqHux 3HadeHu#, ot 7 10 53 % ans
MUHUMAJBHBIX 3KCTPEMYMOB 1 OT 7 110 33 % 1uIsi MaKCUMAaJIbHBIX 3KCTpeMyMOB. Koppensius MexXrofoBon
JTUHAMUKH CPEJHUX 3HAUCHUH U DKCTPEMYMOB TOJIIIMHBI CHEKHOTO MTOKPORBA 110 JAHHBIM PeaHan3a U JAHHBIM
HaOIIOIEHUH BBICOKA: COOTBETCTBYIOIINE K03(puimeHTr coctapisitorT He MeHee 0,58 mpu korddunmenTax
KOPPEJSIUN CTaHAAPTHRIX OTKIIoHeHnH MeHee 0,53 (tadi. 3). [Ipu 3ToM K03 (PUIIHEHTH IMHEHHBIX TPESHIOB
CPEIHMX 3HAYCHUH U SKCTPEMYMOB ISl TaHHBIX PeaHaIn3a CYyIIeCTBCHHO (B 2—5 pa3) MPEeBBIMIAIOT AaHAIOTUIHEIC
KOO PUIIMEHTHI 7151 TAaHHBIX HAOMIOEHUH, IMesl pa3HHILy B 3HaKe (cM. Ta0. 3). [lo-BuauMomy, Ipr MOJETBHBIX
pacueTrax MporHo3a yUUThIBACTCS IPOIOJIKAFOIIIeeCs MOTEIUICHHE, XOTs 71 ceBepa CHOHMpPH MpearoaraeTcs
TaKke YBEITMYCHNE KOIMYECTBA OCAIKOB, UTO HA ()OHE OTPHUIIATEIHHBIX 3UMHIAX TEMITEPATYP JI€TaeT BO3MOXK-
HBIM YBETMYeHNe cHero3anacos. [1o1o0HOe HeCOOTBETCTBHUE PE3YIBTATOB HAOIIOIEHUI U PACUETOB BBISBICHO
A. J1. KproukoBbim 1 H. A. KayiMHUHBIM: OIIMOKY 3HAYCHUI peaHalin3a HaXoasITCs B auanazone 12-29 % s
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3amagHoi 1 40—65 % ans BoctouHoi yacteit [lepmckoro kpas [19]. Uccnenosanus /1. B. Typkosa, B. C. Coxpa-
ToBa U T. b. TUTKOBOI MOKa3anK 3aBbINICHUE BOJHOTO SKBHBAJICHTA CHEra B (heBpajie Ha TepPpUTOPHHU 3amaji-
Holt Cubupu nanneiMu peananusa Ha 10—15 % Ha ceBepe u B ieHTpe u 6onee yem Ha 30 % Ha rore peruoHa.
B xauecTBe BO3MOKHON IPUUNHBI HECOOTBETCTBUS BBIABUIACTCS IIPEATIOIOKEHHE O 3HAYUTEIBHBIX OIINOKaX
IPY OTIPEICTICHUN B XOJI€ PACueTOB MHTETPAILHOTO BIIArocoepxkanus arMmocdepsi [20].

Tabnuma 3

KoppeasinnonHnasi ¢Bsi3b MHOTOJIETHEil TMHAMUKYI JaHHBIX HAOIIOEeHUiT
u peanaiu3a ERAS-Land st TOTMHBI CHESKHOTO MOKPOBA

Table 3

Correlation between the long-term variability of observational
and ERAS-Land reanalysis data for snow cover thickness

Koadduuments! koppessinuu

Meteoponoruyeckas
CTaHIUS Cpennee IIpouenTtuns | IlpouenTtuns
3HAYEHHUE 5% 95 %
3anaonasn Cubupo
Wrapka
(67,47° ¢. 1., 86,57° B. 11.) 0,74 0,75 0,81
Tosbka
(63,98° ¢. 1., 82,08° B. 11.) 0,70 0,65 0,55
bakuap 0.71 0.25 0.74

(57,00° c. ., 82,07° B. 11.)

Lenmpanvuaa Cubupo

Onenék
(68,50° c. mr., 112,43° B. 1.) 0,81 0,81 0,72
EpGorauén
(61,27° . 1., 108,02° B. 1.) 0,52 0,20 0,58
Kupenck 0.76 0.14 024

(57,77° ¢. ., 108,07° B. 11.)

Bocmounasa Cubupo

Yokypaax
(70,62° c. m., 147,88° 5. 1) 0,82 0,75 0,74
ONMIKOH
(63,25 c. ., 143,15° 5. 1) 0,77 0,69 0,74
Tanon
(59,77° c. ., 148,63° B. 1) 0,73 0,65 0,73
3akiarouenue

B 1enom HOBH3HA MONYYEHHBIX PE3yJIbTATOB CBS3aHa C JICTAIN3AIUEH TPOCTPAHCTBEHHO-BPEMEHHBIX U3-
MEHEHHUH 1 0COOCHHOCTEH peakuy Ha H3MEHYHBOCTh METCOPOJIOTHYECKOTO PEKUMA HE TOIBKO CPETHUX, HO
1 DKCTPEMANTbHBIX 3HAYEHUH TONIIMHBI cHera B ycioBusaX Cuoupu. OCHOBHbIE MOJIOKEHUSI CACTAHHBIX BBIBO-
JIOB TIPUBE/ICHBI HIKE.

1. JIns meprojia MOTEIJICHUsI, BKIIIOYAs MTOCIICAHNE JICCSITHIICTHS, OIICHEHA KOJINYeCTBEHHAs 3HAYUMOCTh
MIPOCTPAHCTBEHHO-BPEMEHHBIX U3MEHEHUH TOJIIUHBI CHEXHOTO ITOKPOBA Ha (pOHE M3MEHEHHI TeMITePaTyPhbl
BO3/lyXa M KOJTMYECTBA OCAIKOB IS CPETHUX 3HAYCHUN U IKCTPEMYMOB (TIPOIEHTHIH 5 1 95 %, KOMHYeCTBO
TTHEH 06e3 0calkoB BMECTO MPOIEHTHIIS 5 %). BriaBneHo npeobnagaromiee Ha TEPPUTOPHHA 3HATMMOE MHOTO-
JIETHEE YBEJIIMUEHNE CPEIHUX M IKCTPEMAaNIbHBIX 3HaueHu: 6omee 1,5 cm 3a 10 jeT mis TommuHb! cHera, oT 0
1o 2,5 °C 3a 10 jeT mrst TeMirepatypsl Bo3ayxa, oomee 0,04 mm 3a 10 met mst ocankoB u 0,2—1,0 qus 3a 10 et
JUTSL KOJIMYECTBA JTHEH 0e3 0callkoB. YBeIHueHHe TOIIUHBI CHera Ha (JOHE MOTEIUICHHs 00yCIOBICHO TOBBI-
[ICHWEM 3MMHUX TeMIeparyp B OOJIACTH OTPUIATENbHBIX 3HAYCHUH MPU YBEJINYCHUU KOJHMUYECTBA OCAJKOB.
3HaunMBbIe KOI(PGHUIINESHTHI TUHEHHOTO TPEHIa B OOJBINEH CTEIICHN XapaKTEePHBI I TEMIIePaTyphl BO3oyXa
¢ mpeobmaganueM Ha ceBepe Cubupu (o 2,5 °C 3a 10 neT); MUHUMAaIbHBIC 3HAYSHUST OTMEUEHBI B OCHOBHOM
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Ha rore 3anaanoit Cubupu (ue 6onee 1,0 °C 3a 10 net). [l 0cajKkoB HHTCHCHUBHBIN POCT OTMEUEH Ha FOTE
peruona (mo 1,5 u 1o 0,008 mm 3a 10 net ansg cpeqHUX 3HAYCHUN U MAKCUMATBHBIX SKCTPEMYMOB COOTBET-
CTBEHHO, a Taxxke 110 0,8 mHs 3a 10 et 11 KoJdudecTBa JHel 6e3 0CaIKoB).

OO0mmii MPUPOCT CE30HHBIX MUHUMAIBHBIX U MAKCUMAIBHBIX 3KCTPEMYMOB 3a TIEPHOJ HCCIICIOBAHMIMA
OTrPaHUYMBAETCS MEPBBIMU ABYMS IE€CSITKAMU MIPOLICHTOB OT CPEIHUX MHOTOJIETHUX BeauuuH: 12,8 u 13,6 %
JUTSL TEMTIEpaTypsl Bo3myxa, 9,8 u 16,2 % mis TONIIUHBI CHEXXHOTO MoKpoBa, 10,4 n 12,6 % miis xoaudecTBa
JHEH 0e3 0CaJIKOB M UX MaKCHMaJbHOIO 3KCTpeMyma. Takum o0pa3oM, Ha OCHOBE aHAM3a WU3MEHYMBOCTHU
XapaKTEPUCTUK B MCCICIYEMBIM MEPUOA MOXKHO MPEINOIOKUTh OTCYTCTBHE BEPOSTHOCTH BOSHUKHOBEHUS
KaTacTpO(UUECKUX SBICHUM U PE3KUX H3MCHCHUN B MHOTOJICTHUX TEHICHIIUSX.

2. CornacHo ko3¢ dunmentam MHoxectBeHHOH perpeccun (0,34—0,68) MHOTONIETHHH X0 TEMIIEPaTypbl
BO3/yXa M OCaJIKOB B I[EJIOM OIpe/eNsieT N3MEHEHNSI MaKCHMAJIbHBIX SKCTPEMYMOB TOJIIUHBI CHEXXHOTO TI0-
KpOBa; UCXOMs U3 3HaueHUH OeTa-kodddurmenton (10,91-64,71), mpeBaupyronuii BKJIa] BHOCSAT OCAIKH.

3. st penepHBIX METEOPOTIOTUYECKIX CTAHIIUN BBISIBICHBI CYIIIECTBEHHBIC HETOYHOCTH KaK CPEIHUX, TaK
Y DKCTPEeMaJbHBIX 3HAUCHUH B JaHHBIX peananu3a ERAS-Land oTHOCHTENBHO JaHHBIX HAOIIOICHUMN, OCO-
OCHHO 32 TOJIIUHOW CHEKHOTO MOKPOBa (KOA(PPUIIUSHTHI TUHEHHOTO TPEH 1A TOJIIMHBI CHE)KHOTO MOKPOBA
OTIMYAIOTCS B 2—5 pa3), 4To, B YACTHOCTH, OTPaHUYMBAET BOBMOXKHOCTH MCIIONB30BaHUS BOCCTAHOBICHHBIX
TaHHBIX TS OTIpeieNIeHUs] MHOTOJIETHUX TEH/ICHIINH.

4. B morronHeHUe K aHAJIM3Y TPEH/IOB C MCTIONIF30BAaHUEM Pa3HOCTHBIX MHTET PATIbHBIX KPUBBIX BBISIBJICHBI OCO-
OEHHOCTH MHOTOJICTHHX TCHACHIIUI N3MEHEHHUS XapaKTePUCTUK. BO Beex Cilydasix OTMEUCHBI TIOHMIKCHUS KPH-
BbIX B 1985-1995 1 20052015 T, KOTOpBIE COOTBETCTBYIOT MOHMKEHHUSIM Pa3HOCTHBIX MHTETPAIbHBIX KPUBBIX
WHJICKCOB aTIAHTUYECKOM U CEBEPOATIIAHTUYECKOH OCIILIsAIHA. COrTaCHO 0COOCHHOCTSIM IIUPKYJISITUOHHBIX
arMoc(epHBIX TIPOIIECCOB CMEHA IMOJIOKUTENBHBIX H OTPHUIIATENBHBIX (pa3 oCIMIUISIHIA onpeaesnseT st EBpa-
3WH CMEHY TEIUTBIX W BIYKHBIX YCIOBUI KJIMMAaTa Ha MPOXJIAIHbIE  CyXHe YCIOBHS.
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