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AHAJIN3 UBMEHEHUSITEMIIEPATYPBI BO3IYXA U CYMMBbI
OCAJIKOB 1O JAHHBIM METEOCTAHIIUU CTAPULIA U TBEPH
3A MHOTI'OJIETHUM EPHO I

JI.J. Jlanuna, U.JI. I'puropbeBa

WuctutyT Bogubix npobnem PAH, UBanbkosckass HUC, r. KonakoBo

AHaJ'H/I?)I/IpyeTCSI peruoHajibHass U3MCHUYMUBOCTDb CpCAHEMHOI' OJICTHUX
XapaKTePUCTUK TeMIIEpaTyphl BO3AyXa B IMPHU3EMHOM CIIO€ W OCAJKOB TI0
JaHHBIM MeTeocTaHuuid B Crapuiie 1 TBepu, pacmoioXeHHBIX B OacceliHe
BEpXHEH Bourn. CpennHeromoBbie " CpelHEMECIYHbIE  3HAYECHUSA
XapaKTePUCTUK MTPOAHATM3UPOBAHbBI C UCIIONE30BAHUEM METOJIa CKOJIB3SIIErO
cpenuero. Paccmorpen 30-nerHuii neproxa ocpennenus. [IpoanannsupoBaHbl
nmaHHbIe 10 MeTeocTanuu Ctapuma ¢ 1962 mo 2017 1T., a IO METEOCTaHITNHI
Teepp — ¢ 1944 mo 2017 rr. Ans Crapuiibl HCIIONB30BaHBI CYyTOUHBIE TAHHBIE,
s TBepru — TONBKO cpeHeMecsiuHble. [[aHHbIe TemIiepaTypbl IPU3EMHOTO
CJIOS BO3TyXa JUIs K&KIOT0 ro/la HaOMIOIEHHH alpOKCUMHUPOBAINCH POCTON
cUHycouanbHOi (yHKIuer. [TokazaHo, 4TO CpPEeAHEMHOrOJICTHHE 3HAUYCHHS
AMILTUTY]T TOIOBBIX KOJIEOaHUH sl 00EHX METEOCTaHIIMH UMEIOT TEHICHIIHIO
K CHIKEHHIO, a CpPEIHEroZOBbIE 3HAYEHHUS TeMIepaTyp — TEHACHIHIO K
MOBBIIIIEHN0. MeToOoM HaWMEHBIINX KBaJgpaTOB HAWAEHBI MapaMeTpsl
YpaBHEHUN MPSMBIX, OMHCHIBAIOMINX H3MEHUYWBOCTb CPEIHEMHOTOJETHUX
BEIMYMH aMIUIUTY]] TOMOBBIX KOJIIEOaHWI M CpPeTHEMHOTONETHUX TOOBBIX
TemIiepaTyp Bo3ayxa. CpaBHUBAIHCH ITeproAsl Habmonenuit ¢ 1961 mo 1990
rr. uc 1991 mo 2017 rr. mis Teepu u Craputisl. [IprBOISTCS CTATUCTHIESCKIE
XapaKTePUCTUKHA TEMIIEPAaTypbl BO3AyXa M OCAIKOB JJIS NIBYX IEPHOIOB,
COITOCTaBJICHBI 3HaUeHHsI MeTeocTannmii B Ctapurie u Teepu. Ilokazano, 9To
CyIIecTBeHHas pa3HUIA MEXKTy 3HAUCHUSAMHU TEMIIEPaTyphl BO3AyXa s 00enx
METEOCTaHIIHN HaOmoaercs TOITBKO BO BTOPOM Tepruoze.
CpenHeMHOT0JIETHHE TOIOBBIE CYMMBI aTMOC( €PHBIX 0CaIKOB B 3THX TOPOIaX
MMEIOT TEHIICHITNIO K TIOBBIIMICHWIO CO CpemHell ckopocTeio 18 mm/rom.
Mecsaable  CyMMBI  aTMOC(EpHBIX OCAaJIKOB OJHO3HAYHOW TEHICHIIWHY,
OIMHAKOBOM s BceX MecslueB, He uMerT. CKOpocTb  pocrta
CPEIHEMHOT OJIETHUX 3HAYeHWU TeMITepaTyphl BO3Ayxa B TBepu oreHUBaercs
B 0.04°C/ron, B Ctapune — 0.03°C/ron.

* Pabora BeinosnHeHa B pamkax Tembl Ne 0147-2019-0002 (Ne rocymapcTBeHHOM pericTpaiuu
AAAA-A18-118022090104-8) I'ocynmapcreernoro 3aaanus VIBIT PAH u npu ¢dunaHcoBoii
mogaepxkke PODU u [IpaButenscrBa TBepckoit 0b6macTu B paMkax HayqHOTO mpoekTa Ne 18-
45-690001.
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Knwueswvie cnosa: memnepamypa 6030yxa, ocaoku, Cmapuya, Teepy,
PE2UOHATbHbIE USMEHEHUS KIUMAama.

Beeaenue

TemmepaTypa Bo3ayXa — OJMH U3 KJIIOYEBBIX MapaMeTPOB BHEIIHEH
cpenbl, KOTOPBIA BIMAET Ha MHOTHE IPOIIECCHl B BojgoeMax. Temmeparypa
MPU3EMHOTO CJIOSI BO3JlyXa TECHO CBsi3aHa C TEMIIEpaTypoil BOJbI Ha
MOBEPXHOCTH, KOTOpAs BIUSIET HA TEMIIEPATypPHBIM pEeKUM BHYTPH BOJOEMA, a
Tak)Ke Ha OMOJIOTHYECKHUE TPOIIECChI, B YaCTHOCTH, HAa YBEITMYCHUE OMOMACCHI
(¢uTOIIIaHKTOHA U 300MIaHKTOHA. B pabote [13] moka3aHo, 4TO JMHEHHBIN
TpeH ] TJI00AIFHO OCPeTHEHHOUN TeMreparypsl Bo3ayxa ¢ 1881 mo 1978 rr.
cocraBisn 0.4—0.5°C/100 mer. OmHAKO MPOCTPAHCTBEHHOE pacHpeieiieHue
MHOTOJIETHUX U3MEHEHHI TeMIepaTyphl BO3ayxa HeotHOpoaHO. Kpome Toro,
JOJITOBPEMEHHBIE HM3MEHEHUSI TEeMIepaTypbl BO3JyXa HEOJHOPOJHBI HE
TOJBKO B MPOCTPAHCTBE, HO U BO BpeMeHHU. Hampumep, pa3iudHbl TEMITbI
pocTa TeMmrmeparypbl B 3UMHEE W JIETHEEC BpPEMs, WJIM B pa3HbIe BPEMEHHBIC
MEepPUOJbl CKOPOCTh M3MEHEHHUsI MOXKeT ObITh pa3Hoi. C ocaakaMu TECHO
CBSI3aHBI TIPOIIECCH (DOPMHUPOBAHMS PEYHOTO CTOKA, YTO, B CBOIO OYEpE/b,
BIIUSIET HA MPUTOK BOJBI B BOJOXPAHUITHIIIE.

ens manHOW PabOTHI — aHAIW3 MHOTOJIETHHX PSIIOB HAOIIOJACHHI
TEeMIIepaTyp BO3/IyXa M O0CaaKOB B OacceiiHe BepxHel Bonru (mMeTeoctanmmm
Crapunia u TBepb) AJ1s BBISABJICHUS TCHACHIIMA U3MEHEHUSI.

B 3amaum uccienoBaHuii BXOJWIO:

® AQHAIMTHYECKOE ONMCAaHUE TOJOBOr0 XOJa TEMIEPATYpbl BO3/1yXa
MPOCTOM TEPUOANYECKON (PYHKIIMEH C OIpeAesiecHuEeM IapaMeTpoB
3TOM (PYHKIIUU AT KaXA0T0 rojia o 00eMM METEOCTaHLIUAM;

® ONpeleleHUe TeHICHINH NU3MEHEHUSI CPETHEMECSIUYHON TEMIIEPaTypbl

BO3/[yXa U MECAYHOU CyMMBbI aTMOC(EPHBIX OCaJKOB C IPUMEHEHUEM

MeToJa CKOJp3siiero cpeaHero ¢ 30-TM  JIESTHUM  EPUOJIOM

OCpPEJIHEHHS;

® BBISBICHUE OCHOBHBIX TEHJCHIMI H3MEHEHHS CPEIHEMHOTOJIETHUX

XapaKTEepPUCTUK TEMIIEpaTypbl BO3AyXa M  TOJOBOH  CYMMBI

aTMOC(EpHBIX 0CATKOB C OLIEHKON CKOPOCTH POCTA.

Jlis aHanmu3a BPEMEHHBIX pPSAIOB Hauboyiee 4YacTO MCIOJb3YIOTCS
CTaTUCTUYECKHME MeTonAbl. Yalie BCero aHaJu3upyrT CpPEIHEr0JI0BbIE
3HAUEHUsl TEMIIEpaTyp 3a TOT WIU WHOW Mepuoj HaONIOIEHUH, KOTOpHIE
anMpPOKCUMUPYIOTCS MPSMOM, YIII0BOH KOA(PGUIIUEHT KOTOPOH JaeT OLIEHKY
CKOPOCTH pocta. B mocnennee Bpems mosBUIKCH pabOTHI, Oosiee mOIPpOOHO
aQHAJIM3UPYIOIINE IaHHbIE, BIUIOTh JO MOMECAYHOTO aHanusa [4, 5, 7], a Taxxke
paboThl C BBIIEICHUEM JBYX MM HECKOJBKUX MEPUOJOB, Ui KAXKIOTO U3
KOTOPBIX MPHUBOJAUTCS CBOSI OIleHKa. B pabore [4] mpuBeneHBl OIEHKU
JUHENHBIX TPEHJOB PErMOHAJIBHO OCPEAHEHHBIX TEMIIEpaTyp MPU3EMHOTO
BO3JyXa U I roja, u no cezonam. s eBponernckoit yactu Poccum s
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rOJIOBBIX 3HadeHWi Temmeparypsl — 0.56°/10 ner, 3uMOH M OCEHBIO —
0.62°C/10 net, mis BeCHBI M JIETa TOXKE MOCTATOYHO BBICOKHME OLIEHKH —
0.57°C/10 ner. Tot daxT, 4To TEMIepaTypa BO3yxa B 3MMHUE MECSIIbI pacTET
ObICTpee 1O CpaBHEHUIO C JICTHUMH, OTMEYEH BO MHOTHX pErHOHaXx,
HanpuMmep, Ipu aHaiau3e JaHHbIX MeTeocTaHuu CoikThiBKap ¢ 1900 mo 2015
rr. [9], nmpu ananu3e maHHBIX MeTeoctaHuuii EBpomeiickoro Cepepa ¢
1965-2005 rr. [11], mpu ananu3e nOaHHBIX MeTeocTaHuu HrkHero
Hogsropona [6], mo manHbIM MeTeocTaHuu PeiouHcka [7]. Ho B HEKOTOPBIX
peruoHax HaOJOJaeTcsl Apyras KapTHHA, HallpUMep, TemIepaTypa JIeTOM
pacteT ObICTpee, 4eM 3uMoi. ITOT (hakT oTMedeH B padoTax [10, 14]. B cratbe
[3] Ha OCHOBE MTPOTHOCTUYECKUX PACUYETOB JJIsi PHIOMHCKOTO BOJIOXpaHMIIHINA
MOKa3aHoO, YTO B MMPUIOHHOM CJIO€ BO3MOYKHO MOBBIIICHUE TEMITEPATYPHI BOJIBI
Ha 2-3°C B JjeTHHE MeECAIBl, a TAK)XKE BO3MOXKHO YBEIMUYEHHE PA3HOCTH
MOBEPXHOCTHOW M MPUIOHHOW TEMITEPAaTyphl BOJBI. DTO MOKET NMPUBECTU K
YCUJIEHUI0O TOM YacTh TeueHuH, 4To OOYyCIOBJIEHbI TEMIIEPATypHBIM
TPaJMEHTOM.

YacTo AaHHbBIE MOXKHO pa3AeiuTh JIMOO Ha JABE PYMIbI [0 BPEMEHH,
1100 Ha JaHHBIE TIO IBYM 00bekTaM. [Ipu 3TOM NOITydnM [Tt KaXKI0H TPYIITBI
OTIpe/ieIeHHBI HA0Op CTAaTHCTHUYECKUX XapaKTepHCTHK. PazHuIa MoXer
OBITh, KaK CYIIECTBEHHOMW, TaK M HECYIIECTBEHHON C TOYKM 3PEHHUS aHAIN3a
naHHbIX. Jlng  Joka3aTenbecTBa  pa3iMuuMii  HEOOXOAMMO  IPOBEPUTH
COOTBETCTBYIOLIYIO THUIOTE3Y. DTy MPOBEPKY MOKHO CAEIATh Pa3IMYHBIMU
criocobamu, OOJIBITHHCTBO U3 KOTOPBIX onucaHo B [8].

MaTepI/IaJIbI U ME€TOJbI aHAJIN3A

Marepuanbl HaOMIONCHUA MO TEMIIEpaType BO3[yXa M OCaJKaM IO
Meteoctanuun Crapuna B34Thl M3 mMaccuBa JnaHHbix OI'BY «BHUUI'MU-
MII/I» [1]. JlaHHBIE TPEACTABISAIOT COOOM MAaCCHUB CYyTOYHBIX 3HAYCHHH ¢ 1962
no 2017 rr. Marepuanbl no TBepu mpeACTaBICHbl B BHAC 3HAYCHUUH
CPEIHEMECSIUHBIX TEMIIepaTyp BO3/lyXa M MECSYHBIX 3HAUYEHHUW BBIIABIIUX
ocaakoB ¢ 1944 mo 2017 rr. (apxuBHble naHHble MBanbkoBckoir HUC u
JaHHbBIE C caiiTa P5.ru). AHaNMU3 A7 KaxI0H CTaHIIUU MPOBOAUIICS OTACIBHO
C Y4ETOM 3TOr0 0OCTOSTENILCTBA.

O6e MeTeoCTaHIIMU PACIIONIOKEHBI B OacceiiHe BepxHel Bonru (3oHa
YMEpPEHHOTO KJIMMaTa) ¢ MPOJODKUTENBHBIM (OKOJIO 7 MECAIEB) MEePHOI0OM
MOJIOKUTEIBHBIX TEMIEPATyp BO3AyXa, 3aTSHKHBIMH OCEHHUM M BECEHHHM
MEPUOJAAMH C YEPEJOBAHMEM BOJIH XOJIOJA M TEIUIa U 3UMHHUM IEPHUOJOM, B
OCHOBHOM, C YCTOMYMBOM OTPHULIATEIIbHOW TEMIEpaTypol BO3[yxa, KOTOpas
ylep:kuBaercs B TeueHue 3—4 MecsiieB, C KOHIIa HOSIOpsl 10 CepeIMHbI MapTa
[2].

I'omosas cymma ocaakoB koseonercs oT 550 go 700 MM, Ipy 5TOM OKOJIO
2/3 3TOro KOIMYECTBA BHIMAIAET B TEILIYIO YacTh roja [2].
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[Ipu ananu3e METEOPOJOTrNYECKUX JaHHBIX, B OCHOBHOM, IIPUMEHSIIOT
JIB€ MaTeMaTHUYECKHUE MPOLEIYPHI: alMPOKCUMAlHsI BCET0 BPEMEHHOIO psijia
[IOJIMHOMAaMHU Pa3IMYHBIX CTENIEHEN U METOT CKOJIb3s11ero cpeanero. CreneHb
NOJIMHOMA, BBIOMPAEMOTO HMCCIIEIOBATEISAMHU, KaK MPaBHUJIO, HE NPEBBIIIACT
TpeThel. Ho IporHo3 TeHaeHnni axxe Ha KOpOTKOE BpEMsI MOXKET IIPUBOIUTh
K «3aIpeieiabHbIM» 3HAYEHHUSM, IO3TOMY 4acTO BHIOMPAIOT MTOJIMHOM NEPBOU
cTerieHW BHIa y = at+ [, TAe 0 ONHCHIBAET CKOPOCTh W3MEHEHHUS
xapakTepucTuku. Kpome Toro, npu MCHoJib30BaHUU JAHHBIX JUISI KaXKJI0TO
roja, KpuBas, Kak IIpaBWJIO, XapaKTEPU3yeTCsl PE3KUMM IUKaMH, YTO
3aTpyaHSIeT BbIAEJICHUE OCHOBHOM TeHAEGHUMU. VIMEHHO MO3TOMY 4YacTo
HCIOJIb3YIOT METOJ CKOJb3AIIero cpeaHero. OObIUHO B KayecTBE IEepHo/a
ocpennenust ucnoiab3ytoT 30 jet [10]. MeTton CKOMB3SIIEro CPeAHETO Ha
KOHLIaX BPEMEHHOr0 psila MOXET JlaBaTh OLIMOKY, CBSI3aHHYIO C
YMEHBUIEHUEM  I€pUoJa  OCpeiHeHus.  Jlnd  HCKIIOYEeHHMs  3TOH
HEOIPEACICHHOCTH HaMU HUCIOJIB30BaJICsS TOJAbKO 30-JeTHUM mepuon
ocpeanenus. Kpome Toro, TrogoBOH XOA ~ TeMIEpaTyphl  BO3ayXa
anmnpOKCUMHUPOBAJICS AJIsl KaXKJOTro rojia HaOmronieHui QyHKIue Bujaa:

T = Asin(wt + @) + B (1)
rae T-remneparypa Bo3ayxa (°C), A — ammiuTyna rogoBbix kosnebdanuii (“C),
® — YacToTa TOJIOBBIX KoJiebaHu# (pax), t—BpeMs B THSAX OT Havasia roja, ¢ —
caeur ¢asel (panx) , B —cpenneromoBas temmneparypa (‘C). s Tsepu B

KauecTBe mapameTpa t—MecsI 1 COOTBETCTBEHHO W = %
[Tapametpsl A, B, ¢ HaXoauIMCh METOJIOM HAaUMEHBIIIUX KBAJAPATOB.
Pacuer cnemgyrommii: cHayama  ¢ukcupoBaics  caBur  (asel, NpU
(bMKCUPOBAaHHOM ( HaXOJUJIIUCH MmapameTpsl A u B, paccunTsiBasiach onmmoka
npUOIKeHHsl. 3aTeM MEHSIIU apaMeTp ¢ Ha HEOOJIBIIYIO BEIMYUHY, pacyeT
npoBoAuiu cHoBa. Takum oOpa3om, momyuyuics Habop napamerpoB. Cpenu
3TOro Habopa HAXOIWJIM TaKOM, KOTOpBIM [aBajl HAMMEHbBIIYI0 OLIMOKY
npubmkenusa. OH u BeIOupaincs B utore. Takoi Moaxoa MCHOIb30BaNCA K
KakaoMy ronay HabOmonenuid. Jlns manHeix mo Crapuile TakoW ITOJIXOJT
OKazajJcsi  BIOJHE  YCHEHIHbIM, pa3HOCTh MEXAYy CpPEIHEroJI0BOM
TEMIIEpaTypol Mo HaOMIOACHUSAM U 1o pacyetam dopmynsl (1) cocraBuia
HopsAIKa OIIMOKH U3MepeHuil. B HEKOTOPBIX ciydasix TaKOi METOJ MO3BOJISIET
BOCCTAaHOBUTH JIaHHBIE, KOTJa OTCYTCTBYeT HEOOIbIIOEe KOJIUYECTBO
Habmonenuii. [lanasie o TBepu aHaTM3UPOBATIUCH AHAJIOTUYHO.

Jisa kaxmoro wecsiia M roja OBUIM PAacCUUTAHBI  CIEAYIOIIHE
CTaTHUCTUYECKUE XaPAKTEPUCTUKU: MUHUMAIBHOE U MAaKCUMaIbHOE 3HAUCHUS,
MeauaHa, Kod(h(GUIMEHT aCUMMETPUU JJIs OCAJKOB, CpeIHEe 3HAYCHHE U
CpeqHEeKBaapaTudecKoe OTKIoHeHHe. CpeaHeKBaJpaTHUeCKoe OTKIOHEHHE,
XapaKkTepHu3yrollee pa3dopoc 3HAUCHUI U TEM CaMbIM OTIMCHIBAET MEKT'OJIOBYIO
U3MEHUYUBOCTh XapaKTEPUCTHUK; HMCIIOIB3YeTCs MPU pacueTe MHTEPBAIbHBIX
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OILICHOK, B TOM 4YHCJE€ W JUIs BEIWYHMH, 3aKOH paclpesesieHus] KOTOPhIX He
SBIISICTCSI HOPMAJIbHBIM MJIM HEM3BECTEeH. Pe3ylbTaThl pacueToOB ATUX BETHMYUH
npencrasiensl Uit Crapuusl B Tan. 1 u 2, g Teepu — B 1abmn. 3, 4. 3nas
CpeaHee W CPEeIHEKBAJAPaTHYECKOE OTKIOHEHHE MOXKHO CTPOHUTh U
JOBEPHUTEIIbHBIE HWHTEPBAJIBI, B IMpeaesaX KOTOPOro ¢ TOW WIM WHOU
BEPOSATHOCTHIO OYIyT HAXOAUTHCS 3HAYCHUS XapaKTepUCTUK. DopMybl Aiist
WHTEPBAIBHBIX OIEHOK TAK)KE€ MOKHO HalTh B [8].

Pe3y.m,TaT1>1 u oﬁcym)lelme
Pe3yJ'll)TaTbl PACYETOB IOA0OBLIX XapPAKTECPUCTUK

I'paduku, mocTpoeHHBIE IO TaHHBIM PACYETOB MApaMETPOB (HOPMYIIBI
(1) s xaxmoro Troja, WMEIT NWIooOpa3Hbld xapaktep. I[loatomy
pe3ynbTaThl OBUTM OCPETHEHBI IJisi 00enx MereocTaHuuit mo 30-Tu JIETHUM
nepuojaM, HauyMHas C rojla Hadajga MMEIONIMXCs NaHHbIX. Mcnosb3oBancs
METOJT CKOJIB3SIIIEr0 CPEIHEr0, KOTOPHIA 3aKIII0YaeTCsS B CICAYIOIIEM:
CHayJaJia Jyisl BEIYMCIICHUS UCTIOIB30BAJICS TIEPHO,T HAOIIOICHUI, HApUMep, C
1961—-1990 rr., 3atem ucnoJsb3zoBajics nepuoa ¢ 1962—1991 rr. u 1.4. 10 TEX
Mop, TIOKa UMEeJIaCh BO3MOXKHOCTh OCPEIHSAThH JAaHHBIE IO BHIIIIECYKa3aHHOMY
nepuoAy. YMEHBIIEHHE  TIEpHOJa  OCPETHEHWsT He  JOIYCKajoCh,
HCIIOJIb30BAJIMCh BCE JIaHHBIC, UMEIOIIHECs B pacnopsbkeHud. [lomydeHHOE
3HaYeHUE  JaTHUpPOBAIOCH  CEPEeIMHON  paccMaTpUBaeMOro  Iepuoja
OCpedHEHHUs, T.€. 3HaueHue st 1977 1. Ha pUCYHKax— 3TO
CpeAHEMHOT0JIETHEE 3HAU€HUE TaHHBIX B Tiepuo ¢ 1962—1991 rr., a nnsg 2000
I. — BEJIMYMHA, MTOJyYEHHAsl IPU OCpeIHEeHUH 3a niepuos ¢ 1985 mo 2014 rr.
OcpenHenne TMPOBEACHO C IENbIO BBISBICHHUS TJaBHOIO TpeHAa B
nokasarensx. lcmonbp3yemas natupoBKa HE BIMSET HAa caM TPEHJ U €ro
OIICHKY.

Ha puc.l. npeacraBieH Takoi pe3ynbTar i aMILTUTYABI TOJOBBIX
KoJieOaHUH, KOTOPBIN MOKA3bIBACT, YTO OHA YMEHBIIIAETCS BO BpeMeHHU. Takoi
xe dPPeKT yMEHBIICHUS 3TOM XapaKTEPUCTUKHA OTMeYaeTcsi B padote [6] mo
naHHbIM ~MeTeoctaHiuu Hiknero Hosropogma. 3amerum, uyto paor,
aQHATM3UPYIOIUX aMIUIUTY bl TOJIOBBIX KOJIeOaHH, MaJlo Cpead MHOKECTBa
paboT, MOCBAIICHHBIX U3YUYEHUIO AUHAMHUKE TEMIIEPATyphl MPU3EMHOTO CIOS
Bo3nyxa. [lanee B TekCTe CTaThu MOJ CPEAHEMHOTOJETHUMU 3HAYCHHUSIMHU
MMOHUMAIOTCS 3HaUYEHUs1, OCpeIHEeHHbIE 3a 30-eTHHI epuo/I.
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Crapmuiia
13.7 T T T T T

13.6F -

13.5F b

13.4F b

13.3F b

13.2pF -

13.1F b

AMIINIMTYOA TOOOBRIX KoJIeBaHMM

12.9pF -

12-8 L 1 L L L
1975 1980 1985 1990 1985 2000 2005

T'onowr

P u c. 1. JlunamMuka cpeTHEMHOTOJIETHUX aMIUTUTY/] TOJOBBIX KOJICOaHMI
TeMIiepaTyphl Bo3ayxa (Mereoctanius Crapuiia) Mo JaHHBIM
¢ 1962 no 2017 rr.

Ha puc. 2 npuBeneHa nuHaMuKa OTHOCUTENIBHO CPEIHEMHOTOJIETHUX
TOJIOBBIX CyMM aTMOC(EPHBIX 0CAKOB, U3 KOTOPOTO BUJIHO, UTO 3TA BETUYMHA
npumepHo 70 2010 1. (1995 1. COOTBETCTBEHHO Ha pHUC. 2) pocia, a 3aTeM
cTaOWiaM3upoBajach W JaKe€ HAMETHJIaCh TEHIEHIUS K YMEHBIICHHUIO.
CraTucTuueckue XapakTEpUCTUKH JUIS MECSYHBIX W TOAOBBIX CYMM
aTMOoc(hepHBIX 0CaAKOB MpUBEAEHBI B Ta0. 2 1y Ctapuiibl U B Tabn. 3 u 4 —
st TBepu.

Ha puc. 3 mpuBeneHa nuHaMUKa CpPEAHEMHOTOJETHHUX 3HAYEHUI
CPEIHET0JIOBBIX TeMIlepaTyp Bo3ayxa mo mereoctanuuu Crapuna. [lo Hemy
MOJKHO CeNaTh IpyOyro OIIEHKY TpeHa AJsl CPEAHEMHOTOJIETHETO 3HAUCHUS
TemIeparypsl Bo3ayxa, kotopas cocrasisieT 0.7°C 3a 30 ner umm 0.023°C 3a
TO/I.
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Crapuua

690 L] L] L] L T
il
0o
&
H
1] 680F -
O
o
a
i)
o]
Q, 670 -
]
S
O
o
3
o 660F -
o]
2
2
1

650 .
[N
(s
m
o
5
[ 640 o

630 1 1 1 L L

1975 1980 1985 1990 1995 2000 2005
T'onet

P u c. 2. Jlunamuka cpeTHEMHOTOJIETHUX TOJIOBBIX CYMM aTMOC(HEPHBIX
0CaJKOB MO JaHHBIM MeTeocTanuu Crapuna ¢ 1962 no 2017 rr.

Crapuriia

CpELHeTOﬂOEaS TeMneparypa Bo3myxa

1975 1980 1985 1990 1995 2000 2005
Tonme:

P u c. 3. /lunaMuka cpeTHEMHOTOJIETHUX 3HAYCHUI CPEIHET00BBIX
TeMIeparyp Bo3Ayxa no JaHHbIM MeTeocTaHuu Crapuua ¢ 1962 o 2017 rr.

Pesynbrarel pacueroB mo Qopmyne (1) mo JaHHBIM METEOCTAHIIUU
Crapuiia mokasbpIBaloT, 4To (GopMmyia aJAeKBATHO OMHCHIBAET T'OJIOBOW XOJ
TeMmneparypbl Bo3ayxa. J[aHHBbIE CpeIHEroJ0BOM TeMmIepaTypbl BO31yXa,
MOJIyYeHHBIE TYTEM pacyeToOB WM pACCUUTAHHBIE IO HAONIONCHUSIM,
MpakTU4ecku He oTiuyaroTcs. Chasur (a3 3a Bech Nepuoja HaOIIOACHMIA
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MeHsieTcs oT 4.27 pamuas 110 4.85 paauaHbl. AMIUIHTY/IA TOJIOBBIX KOJICOaHMIA
Mmensiercs ot 9.9°C no 17°C 3a Bech paccMaTpuBaeMblii IEPHOJ] CO CPEIHUM
snayenueM 13.3 °C, wmemuanueiM 3HauenueM 13.4°C u craHmapTHBIM
orkionenuem 1.4 °C. CpemHeromoBasi Temreparypa BO3yXa MEHSETCS OT
1.95°C no 6.31°C ¢ menuanneiM 3HaueHueM 4.7°C, cpeanuM 3HaueHueM 4.6
°C ¥ cTaHZAapTHBIM OTKJIOHEHHEM paBHBIM 1°C. AHaIIN3 roJIOBBIX KOJCOaHMI
TEMIIepaTypbl BO3AyXa, PACCUUTAHHBIA MO CpPEIHEMECSYHBIM 3HAYCHHUSIM
TEMIIepaTyphl BO3/IyXa 110 METEOCTaHIIMK TBeph, MOKA3BIBAET, YTO aMILTUTYIA
mensiercst ot 10.6°C mo 17.4°C ¢ menuanaeiM 3HaueHueMm 13.6°C, cpennum
3nagenneM 13.6°C u cranmaptaeiM oTkioHeHneMm 1.3°C. CpenneronoBas
Temreparypa Haxomutcs B mpenenax ot 2°C go 6.7°C, MenuaHHBIM
3nadenueM 4.4°C, cpegaum 4.5 °C , ctaHmapTHeIM oTkioHeHneM 1.14°C.
Cneur a3 mensercs B npenenax ot 4.03 mo 4.36 paauassl.

AMIUTUTYABI TOJNOBBIX KOJIGOAHWH W CpPEIHEroZ0BbIE 3HAYCHUS
TEMIIepaTypbl BO3AyXa ocpeaHeHbl 1o 30-JIeTHHM TepHoJaM METOJIOM
CKOJIB3SIIIETO CPENHETO W IOJNyYeHHBIH psJl Jajiee  ammpoOKCHMHPOBAIA
npsamoit. Tlomyunnu crneayromuye NpeacTaBieHus Uil CPEIHEMHOTOJIETHUX
3HA4YECHMI:

A =-0.016t + 13.9 ©)
B =0.041t + 3.4

A=-0.02t+ 134 3)
B =0.033t + 4.15

B popmynax (2) u (3) mapamerp t — Bpems B rojiax OT Havyajia OTCUETa.
B kauectBe HyneBoro 3HaueHus napamerpa t mis Tsepu Beictymaer 1943 r.,
st Crapursl — 1960 1. [To dopmynam (2) u (3) MOKHO OIIEHHUTH TPEHJIBI
CpPEIHEMHOTOJIETHUX 3HAUYE€HUI TeMmIepaTypbl BO3/yXa, KOTOphle it TBepu
coctaBuiu 0.04°C/ron, a myst Crapursl — 0.033°C/roa. DTa orieHKa HECKOJIBKO
OTJIMYAeTCs OT OLICHKU TPEHJa, CIeIaHHOTO Ha OCHOBE puc. 3 misi Crapulbl.
CnenoBarenbHO, METOJMKA OICHKH TPEHAAa HMEET HEKOTOpPOe 3HayeHHE.
Taxoke 3Ta OLIEHKa OTJIMYAeTCs OT TOM, YTO ciaeniaHa B padore [11], cormacHo
kotopoii B EBpomneiickoil uyactu Poccum TpeHa IS CPEAHETr0JI0BOM
TeMIiepaTypbl Boznyxa coctasisier 0.026°C/ro.

s Teepu:

Hns Crapuist:

IMomecsaunbIii aHa N3

Hamu mpoBeneH aHanu3 JaHHBIX KaKJIOTO MecCslla, CTATUCTUYECKUE
XapaKTePUCTUKU MPHUBEACHBI B Ta0n. 1—4, oneHku TpeHaoB B Tabn. 5 u 6. Ha
puc. 4 u 5 npuBeaeHbI TpaduKU TEMIIEPATYP BO3IyXa U OCAJTKOB B XOJOIHBIH
nepuoy rofa ans Crapuubl, Ha puc. 6 U 7 JaHHBIE 3a anpenb, Mai, UIOJb,
okTs0pb. CreBa pacmolioskeHbl TpaduKy TeMIlepaTypbl BO3lyXa, CIpaBa —
OCaJIKOB.
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CpeiieNecR AN TeMMGPATYPa BOSTYXA
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MmeteocTanuus Crapuia
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Puc. 5. I[I/IHaMI/IKa CPCAHCMHOI'OJICTHHUX 3HAYCHMI CpCAHCMECCAYHBIX
TEMIICpATYypP BO3AYyXa U MECAYHLIX CYMM OCAaKOB B MapTe U ,ueKa6pe,
METCOCTaHII A CTapI/II_Ia
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Puc.7. CpenHeMHOTOJIETHUE 3HAYCHUS CPEAHEMECSIUHOM
TEMIIEPATyphl BO3AYyXa U MECSYHON CyMMBbI aTMOC(EPHBIX OCAJIKOB,
Crapuna, urJib U OKTIOph

Ot PUCYHKHU IIOKA3bIBAKOT, YTO TPCHABI B pPA3HBIC MCECALDbI
otinuyarotcs. IloBeimenue CPCAHCMHOT'OJICTHCTO 3HAUYCHUA CpG,Z[HGMCCH‘IHOﬁ
TEMIICPATYpPhl BO3AyXa OJHO3HAYHO IMMPOUCXOAUT B AHBAPC U MAPTEC, aIlpelic,
HIOJIC, a B (beBpaJ'Ie, L[eKa6pe, Mac u OKT}I6pe €CTh MICPUOALI U TMOBBIMICHUA U
INOHMXKCHHA JTOro 3HA4YCHHA. XapaKTep NOBBIIICHHUA HW ITOHMXXCHHA
CPCAHCMHOTI'OJICTHCTO 3HAUCHUA Cp@I[H@MCCH‘lHOfI TEMIICPATYPhl BO3AYyXa
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pasHBIii: B Mae 3TO CKopee mapabosia ¢ BETBSIMH, HAIPaBJICHHBIMHU BBEpX, B
(beBpaie u oKTIOpe — OrKe K KyOU4ecKoMY MOJIMHOMY.

C ocankamu kapTuHa eie Oosiee pasHooOpasHa. Eciau s ronoBoit
XapaKTEPUCTUKH (PUC.2) XapaKTep U3MEHEHUS OIpeseNsieTcs OJHO3HAYHO, TO
IIpY IOMECSIYHOM aHaJIM3€ SIBHOTO XapaKkTepa TPEeHA0B HeT. UeTkasi TeHAeHIIUS
K TTOBBIIICHUIO MECSYHOM CYMMBI OCaJKOB HaOIIIOJaeTcsi B MapTe, OKTIOpe,
YMEHBUICHHE — B alpelie, Ul OCTaIbHBIX MECALIEB KapTHHA 00JIee CIO0XKHAsL.

Kpome Ttoro, puc. 4—6 mokasplBaioT, 4TO AJIi MHOTMX MECSLEB HET
SIBHOW TEHJCHIIUU U JJIs1 OCA/IKOB, U JIJIsl TEMIIEPATyphl BO3/yXa, U OJJTHO3HAYHO
anmnpoKCHUMHUPOBATh NPSIMON JaHHbIE HeNb3s. Tak, rpa@uk OCaaKoB HIOJs
uMeeT napabovyecKuil BUJ C BETBAMU BHHU3, a TEMIIEpaTypy JUIsl OKTAOpA
KOPpPEKTHEE allPOKCUMHUPOBATh KYOMUECKUM MOJMHOMOM.

Ounenka TpeH10B

OneHuBaTh TPEHII MOKHO MO-pa3HOMY. Brllle mpuBoIMiIach OLEHKa
TpEeH/a CPEAHEMHOTOJIETHETO0 3HA4YeHMs Uil CPEIHEr0J0BOM TeMIepaTyphl
BO3]lyXa, TOJIy4€HHOH MPHU UCTIOJIB30BAaHUU JAHHBIX pacyeToB 1o ¢opmyie (1)
Y IPUMEHEHHUSI K HUM aIlllIPOKCUMALUH NPSAMOM JTMHUEHN, TapaMeTpbl KOTOPOI
MOJIy4€Hbl METO/IOM HauMeHbIINX KBaapaToB ((opmyisl (2) u (3)). MoxHO
HCIO0JIb30BaTh IpapuKu CPETHEMHOTOIETHUX 3HAaYeHUI BEIMYMH, HAIIPUMED,
puc.2 —7, a MOXHO HCHOJB30BATh CTAaTHCTHYECKHE XapaKTEPUCTUKHU
€XKErOJIHbIX JaHHBIX JUIA Pa3HbIX EPUOJIOB HAOIIOAEHUS.

Pe3ynbraTtel pacdyeToB CpeOHEMECAYHBIX TEMIIEPATYp BO3IyXa U
MECSYHBIX CyMM OCaJIKOB TIpuBeAcHBI B TaOm. 1—4. Ileprie nBe TaOIUIIBI
npeacrasisitor Crapuity, a apyrue —TBeps. Lludper B Tabnuiiax ocHOBaHBI Ha
€KETOIHBIX PacyeTax.

[IpunsaTeie B Tabnmuax 0603Ha4YCHUS: T min — MUHUMAJIbHOE 3HAYCHUE
TEeMIepaTypbl BO3JyXa, Imax — MAaKCHUMaJbHOE 3HAYCHHE TeMIIepaTyphbl
BO31YXa, [lcpemee — CpEIHEE 3HAUYEHUE TEMIEpaTypbl BO3dyXa , G —
CpeAHEKBapaTHUecKoe OTKIOHEHHE, AOmin—MUHUMAJIbHO 3HAYEHUE CYMMBbI
atMocepHbIX 0cagkoB, AOmax — MaKCUMaJIbHOE 3HAYEHUE  CYMMBbI
aTMoc(epHbIX 0caAKOB, AOcpemee — CPEIHEE 3HAUEHUE CYMMbI aTMOC(EPHBIX
OCAaJIKOB.

JlaHHple ATHX TaOMUI] MOYKHO MCIOJIb30BaTh [UIl IOCTPOEHHUS
MHTEpBaIbHBIX OlleHOK. Hanpumep, B [8] mpuBeneHs! cienyromue GopmyIibl
JUI OLICHKU CPEIHEr0 3HA4YEHUs IIPU HEU3BECTHOM JUCIIEPCUU U HOPMAIBHOM
3aKOHE paclpeaeIeHus:

S S 2,5
ty N Y to975s = 1.96 + 18 (4),
IIe X, — HWKHAS IPaHUIIA HHTEPBAIBLHOM OLEHKH, X, — BEPXHSA IPaHHUIA
MHTEPBAIBHOM OIIEHKH, X — BEIOOPOYHOE CPEIHEE 3HAUCHHE, TIOIYIEHHOE 110

JaHHBIM Ha6JIIo,HeHPIfI, S — BBI60pO‘lHO€ CTaHAAPTHOC OTKJIIOHCHUC,

Xy =X — Xg=Xx+t
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PacCYNTaHHOE MO JAHHBIM, N — 4YUCIO [aHHBIX HAOMIONEHWH, t, —

K03 (UIIMEHT, 3HaUEHUE KOTOPOTO 3aBUCUT OT TOT'O, C KAKOW BEPOSTHOCTHIO

XOTUM TIOJYYHTh HHTEPBAJ, B KOTOPOM PACIIOJIOKCHBI 3HAYCHHUSL.
Tabruya I

CraTucTuueckue XapakTepUCTUKI
CpPEIHEMECSIUHOM TeMIlepaTypbl BO3lyXa 10 JaHHbIM MeTeocTaHuu Crapuna

XapakTepueTHKa I [ o [ Jav ][ v [Tvifvu [vin] X [ X ] Xt ] Xu [Toa
Crapunia, Bech TIepHO/T HAOMOIEHIHH

Tiniy -196 | -16.3 -107 | 2.1 73 11.9 14.8 13.6 5:7 0.8 | -9.6 | -163 2.0

Tinax -2.1 0.4 3.9 9.7 157 | 202 | 235 19.6 129 | 83 | 3.5 1.1 6.3

-8.6 -7.8 -2.6 52 12.0 15.6 17.6 15.8 103 | 47 | -1.3 -5.9 47

3 42 4.1 32 1.8 2.0 1.8 13 1,3 1.6 1.6 | 2.6 37 1.0

Mejwmana =1.9 -8.0 2.2 5.0 12.1 15.5 17.3 15.6 105 | 47 | -1.2 -3.3 4.8
Crapuita, nepnoji Had.ioieHuii 19621990 rr.

Tonin -196 | -163 -10.7 | 2.1 7.3 12.4 14.7 13.6 6.5 2.7 | -54 | -163 2.0

Tnax -2.1 0.4 1.4 8.1 15.3 180 | 208 193 129 | 83 | 20 -1.0 6.3

-10.1 -8.6 -3.4 4.6 12.2 135 17.1 15.5 100 | 47 | -1.4 -6.7 4.2

[ 4.9 4.1 33 1.7 2.1 1.8 1.56 13 1.5 1.6 | 1.9 33 1.1

Mcimana -10.8 -8.6 -2.5 43 11.9 15.8 17.1 15.3 101 | 43 | -1.5 -6.6 42
Crapuia, nepuoL Had. o cHuit 19912017 11

Tonin -159 | -15.6 -8.7 32 7.8 11.9 16.0 14.1 5.7 08 | -96 | -136 | 39

Tz -2.7 0.4 39 971 | 157 | 202 | 235 196 | 129 | 79 | 35 1.1 6.3

-7.2 -7.1 -1.9 | 381 11.9 15.7 18.1 16.0 10,6 | 47 | -1.2 -5.2 §4

9 3.0 4.06 2.9 1.7 2.0 1.9 1.8 1.2 164 | 1.6 | 3.1 3.9 0,7

Mcuana -6.8 271 -2.0 56 | 1215 | 154 17.4 16 106 | 5.1 | -0.1 -4.4 5l

B ¢opmyne (4) Beimucana ympormieHHas ¢GopMmyna pacdera 3TOro
rnapamerpa s BeposATHOCTH 95%. Jlnsi IBYCTOpPOHHEH OLEHKH CpPEIHETO
3HAUEHUS C YKA3aHHOMN BEPOSITHOCTHIO HY)KHO YTOOBI TOJIBKO 2.5% 3Ha4YeHH
HaXOJWJINCh C KaXKJOW CTOPOHBI BHE MHTEPBaJIa, IOSTOMY JJIsl ABYCTOPOHHEHN
OLICHKM TeMIlepaTypbl BO3Ayxa 3HaueHwe mapamerpa v=0.975. Ecmm
HCIIOJb30BaTh (opmMyny (4) K TaHHBIM CpeTHEMECSYHbBIX 3HAUCHHUH STHBAPSI 110
nepuoay 1991-2017rr., npuBeneHHBIX B Taba. 1, TO MOJy4HUM OIICHKY, YTO C
BEPOSATHOCTHIO 95% 3HaueHWe OyJIeT HAXOIUTHCS B Mpejenax oT -8.2 1o -6.
Ha JUITUHY WHTEpBaJa CYIIIECTBEHHOE BIIUSTHUE OKa3bIBaeT
cpenHeKBaapaTuyeckoe oTkioHenue. Kak Buaum u3 tabdn. 1, 1 MUHUMaIbHOE
U MakCUMalbHOE 3HAUYEHHUS CPETHEMECSYHON TeMIlepaTypbl BO3AyXa MOTYT
BBIXOJIUTh 32 IIPEIEIbl UHTEPBAJIA, IOCTPOCHHOIO AJI BEpOSATHOCTH 95%. Jlns
nojyuyeHuss uHTepBaa ¢ 99%  BEpOSATHOCTHIO  UISI  HOPMAJIBHO
pacrpeeieHHbIX CIIy4aliHbIX BETUYMH MOXHO HCIIOJIb30BaTh MPAaBUIIO TPEX
CUT'M, KOTOpOE€ 3aKJII0YaeTcs B TOM, YTO HHXKHSS WU BEPXHSS TpaHUIIA
HHTEpBaJia OMPEAeNAI0OTCA Cenyomei (opMynon:

X, =X—30, x, =X+ 30 (5)

[IpuMeHeHue 3Toro mpaBuia K JaHHBIM HaOmoaeHuii 3a 1991-2017 rr.
K CPETHEMECSYHBIM 3HAUECHUSAM TEMIIEPATyphl BO3AYXa SHBAPS 1aeT UHTEPBAI
oT -16.2 1o +1.8°C, B KOTOpBIN YKJIabIBAlOTCSI UMEIOIIMECS HAOIIOeHUS 3a
MaKCUMaJIbHOM W MHMHHMMAJIbHOM TEMIEpaTypol BO3Jyxa, a TakKke
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[IOKA3bIBAET, YTO B sHBApE BO3MOXKHO IIOJIOKUTEIBHOE 3HAYCHUE
CPEIHEMECSIYHOU TeMIIepaTyphl.
Tabruya 2
CraTucTuueckue XapakKTepUCTUKI
MECSYHBIX U FOJIOBBIX CYMM OCaJKOB IO JJaHHBIM MeTeocTaHuu Crapuna

Xapakrepueruka [ I [ [0l J1v [v  [vi [vi [vil JIX [X [XI  [XI [Toa
Crapuua, Becb nepHon HabIoACHWH

AOypin 17 [1.6 [48 [141 146 |14 29 [58 [36 [23 =] L6 [4324
AQ . 85.7 [ 716 [ 61.1 | 109.2 [ 1663 | 171.9 | 227 [230.9 | 157.3 [ 209.6 | 102.1 [ 90.5 | 933.9
357 [ 313 [29.0 [ 362 | 614 [ 789 |883 [709 [614 [60.1 |49.1 [43.6 | 570.2

c 19 [16 |14 |21 31 37 53 49 33 35 21 20 [ 81
Menmana 342 [ 288 [ 272 | 31,8 [ 591 [ 841 [784 |707 [556 |57 269 198 | 6366

Kospmment | 0.6 [ 0.6 |04 [09 10 03 [o06 11 081 [1.6 |02 |05 |03

ACUMMETPHA

Crapuna, neproj1 Habmoeruit 1961-1990 rr.

AOpin 1.1 1.6 4.8 1.4 146 207 |83 104 |3.60 |23 17.4 1.6 432.4
AOpqx 80.8 | 71.6 | 61.1 | 109.2 | 110.8 | 171.9 | 227 231 120 1199 | 974 | 86.7 | 933.9
334 | 287 | 284 | 391 | 567 | 786 |846 |767 |57.0 |541 |3505 |439 |6327

o) 20 18 15 24 27 38 53 54 57 29 20 21 112
Mennana 331 236 | 252. | 33 494 | 816 | 73.7 | 603 |32 346 | 519 [ 419 | 6245
Kosdduuuenr | 0.5 0.9 0.7 1.0 0.4 0.4 0.7 15 0.4 0.4 0.1 0.3 0.77

ACUMMCIPUH

Crapuua, nepuon Habsuouenuii 1991-2017 rr.

AOpin 126 | 9.7 5 4.7 21.1 14 2.9 5.8 26 16.7 | -9.59 - 434.7
13.6

AQ o 85.7 | 61.9 | 51.5 | 64.7 | 1663 | 1542 | 210.5 | 196.9 | 157.3 | 209.6 | 102.1 | 90.5 | 892.8
379 | 336 | 294 | 319 | 676 | 772 | 91.6 | 8l.] 650 | 660 | 476 | 432 | 674
a 17 14 13 17 34 38 54 47 35 40 23 19 121

Meanana 343 | 305 | 30.8 | 288 60 833 | 798 | 739 | 59.1 | 624 | 47.6 | 40.5 | 666.3
Koo durment 0.8 03 | -0.1 0.5 1 0.3 0.4 0.6 1.0 1.7 0.4 0.8 -0.1

ACUMMETPHH

Tak kak ocaku He pacmpeleNieHbl [0 HOPMalIbHOMY 3aKOHY
pacmpenenenus, To ¢dopmyna (4) He TOAUTCS IS TIOJy4YE€HUS UHTEPBATBHOU
OIICHKH, MO3TOMY MOXXHO HCIOJB30BaTh MPABWIO ISITU CUTM, KOTOPOE
UCIIOJIb3YETCsI, HampuMmep, MJis TMPOBEPKH KOPPEKTHOCTH JAaHHBIX JUIA
KOHIIeHTpanuii Merana B mporpamme EddyPro. C 95% BeposSTHOCTBIO
MecsYHass cyMMa OCaJKoB B siHBape B paiioHe Crapuiel Oynet ot 0 go 122
MM, T.€. MHOTOCHEKHBIM SIHBapb BIIOJIHE BO3MOKEH. A TrojoBas cymma
aTMOC(EpHBIX 0CaJKOB MO STOMY MPABUIY MOKET HAXOIUTHCS B MHTEpBAJe
or 74 mm mo 1270 mm. [To BceM HaOMIOACHUSIM MaKCUMAILHOE 3HAYECHUE
roJIOBOM CyMMBI aTMOC(EpHBIX 0caaKoB paBHsuIoCh 933.9 MM (Tabn.2). 3to
3HAYUT, YTO BO3ZMOXKHBI TOJbI KaK ¢ OOJBIINM, TaK U C MEHBIIUM 3HAYCHHUSIMU
CYMMBI OCaJIKOB IO CPABHEHHIO C UMEIOLTUMUCS HAOIMIOICHUSIMH.

[Ipumensis mpaBUIIO TPEX CUTM JJIsl SHBAps, IMEeM HHTepBai oT -15.9
no +1.5. Dro o3Ha4aeT, 4YTO BO3MOXHO TMOJOXHUTEIbHOE 3HAYCHHE
CpeIHEMECSIUHOM TeMIepaTypbl SHBapSI.
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Tabruya 3
CraTUCTHYECKHE XapaKTePUCTHKHU
CpeIHEMECSIIHON TeMITepaTyphl BO3IyXa 10 JAHHBIM METeOCTaHIINH TBeph

XapaxTeprctnka | | [m T [v_ v _[w [vir Jvim [IX_ [X [X1 X JTon
Tseps, Bech nepro HabumoieHnii 1944-2017 rr.

Tmin 20 [-19] -1t [-04[ 727 123 J145] 134 6.2 2 93 [ -168 [ 20

Bz -2.3 0.5 4.2 103 | 16.0 | 216 | 249 | 202 | 133 8.2 34 Ll 6.7

-8.9 -8.5 =310 | 493 | 12,0 16.2 18.0 | 16.1 | 10.5 4.4 -1.7 -6.13 | 4.52

[s] 4.1 4.2 3:1 2.1 22 2.0 2.0 1.4 1.5 1.8 25 3.7 1.1

Meauaua -8.1 -8.5 -3.1 4.9 11.8 16.1 179 | 16.0 | 10.7 4.5 -1.5 -5.4 4.5
Teepb, nepuoa nadbmoaenuii 1944-1960 rr.

L -18 -19 -11 -0.4 | 8.1 13.8 145 | 134 | 7.9 -0.2 5.6 | -15.1 22

[ - -3.8 -2.7 -2.2 74 | 146 192 1202 | 176 13 6.6 1.5 0.2 5.1

-8.9 161 -5.3 3.8 | 109 16.2 173 | 159 | 102 3.7 2.3 -6.1 3.9

G 3.9 4.4 2.3 22 1.7 13 L5 1.2 1.3 1.7 2.0 3.6 0.8

Mcauana -8 -8.8 -4.9 39 | 106 16.1 172 | 159 | 10.6 4.0 =22 -5.1 38
Tgepb, nepuoL HaduoieHuid 1961-1990 rr.

T =202 | -16.0 | -10.6 1.8 7:2 12.6 149 | 13.7 | 6.9 -2.0 -6.9 -16.8 2.0

Torvoe -2.3 -12 1.7 83 | 159 194 | 213 | 201 [ 129 8.2 1.9 0.2 6.6

-10.5 | 92 -3.5 45 | 120 15.9 17.6 | 156 | 10.1 4.3 1.9 -6.6 4.1

[s] 4.6 3.6 2 17 2.2 2.0 1.6 1.4 1.5 2.0 2.1 3.3 1.1

Meguana -11.4 | 9.8 -3 435 | 121 16.1 17.5 | 154 | 10.1 425 | -1.75 | -6.7 4.1
Teeps, nepuoa nadmoneuuit 1991-2017 rr.

Lonin -159 | -156 | -85 3.7 8.0 12.3 150 | 146 | 6.2 0.8 93 | <137 | 4.1

T -3.0 0.5 4.2 103 | 160 | 21,6 | 249 | 202 | 133 8.2 34 1.1 6.7

=12 -6.8 -1.6 6.1 12.6 16.6 19.1 | 16,. | 11.0 4.8 -1.4 -5.6 5.4

c 2.9 4.3 2.8 1.8 2:1 1.9 2:1 1.2 1.7 17 31 4.1 0.7

Meauana -6.6 -5.1 -1.7 5.8 | 13.1 16.6 185 | 16.6 | 11.0 5.0 -1.5 -4.5 5.5

AHanM3 JaHHBIX CpPEJHEMHOTOJIETHUX 3HAYEHHH CpeIHEroJ0BBIX
TeMIepaTyp BO3yXa 0 MET€OCTaHIuU TBephb MOKA3bIBAET, UTO 3a 45 JeT oHa
BbIpocia ¢ 3.86°C B mepuon 1944—1973rr. no 5.43°C B mepuoa 1988—2017 rr.
OTcrofa MOHO OLEHUTh TPEH/] TIOBBIIICHHS CPEAHEMHOTOIETHETO 3HAYCHHUSI
cpenneronoBoii Temriepatypsl B 0.33°C/10 ner mo maHHBIM BCEro mepuoia
HaOmogaeHuit. Ecim B3aTh mepuoapl 1961-1990 rr. m 1981-2010 rr., TO
CpEeHEMHOT0JIETHEE 3HAUCHHUE CPEHEr0/I0BOM TeMIIEpPaTyphbl B 3TH IEPUOIbI
cocraBisgeT 4.12°C u 5.04°C cooTBeTcTBeHHO, T.€. 0.9°C 3a 20 net unu 0.45°C
3a 10 ner. Takum oOpa3oM, OIlEHKa TpeHJa CpPEeIHEMHOTOJICTHEH
CPEIHEroJI0BOM TemIepaTypbl BO3AyXa 3aBUCUT OT TOrO, Kakue MEpPHUOIbI
HaOJI0JICHUI paccCMaTpUBAIOTCSL.

CraTtucTuueckue XapaKTepPUCTUKH  CPEAHEMECSYHBIX  3HAYCHHH
TEMIIEPATypPhl BO3/IyXa U MECSIYHBIX CYMM OCaJIKOB 10 IaHHBIM METEOCTaHIIHHA
Crapuna u TBepb B LIeJ0OM OIU3KH MEXIy co0oil. s cpeqHeMHOTOMeTHUX
3HaUEHUH TOJIOBBIX CyMM aTMOc(epHBIX ocaakoB B TBepu (626 MM) Gomblie
no cpaBHeHuto co Crapuuert (570 mm), a taxke B TBepu Bbile pazdpoc
3HAYCHHMH ATOM XapakTtepucTuku (B TBepu mapamerp curma paBeH 117, a B
Crapune curma paBsa 81).

CpaBHuBas 3HAYEHHUS CPETHEMHOTOJETHHX 3HAUEHUN TeMIeparyp
BO3ayxa 1o meteoctaHusMm Crapuiia u TBeps B TeueHHE IBYX MEpHoI0B: |
(1961-1990rr.) u 1l (1991-2017rr.) mno maHHBIM Tabmui 1 U 3 MOXKHO
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3aMCTUTh, YTO B HepBBIf/'I nepruoa pasHuila B 3HAYCHUAX HC3HAUYUTCIIbHA, BO
BTOPOM IIEPHOJIE€ Pa3HULA CTAHOBUTCA OLUYTUMOW: B JIETHUE MECSUbI M
CPEIHEMHOI'OJIETHEE 3HAYCHUE TOJIOBOM Temueparypsl B TBepu Bbllle Ha
0.3°C mo cpaBHenuto co Crapuiell, B OCTaIbHBIC MECAIBI pa3HUIA
HECYILIECTBEHHA.

Tabrnuya 4

CraTucTuueckue XapaKTepUCTUKHI
MECSYHBIX U F'OJIOBBIX CYMM OCAJKOB IO JaHHBIM MeTeOoCTaHIMHU TBeph

Xapakrepucruka | | [u Jm Tiv Jv vt Jvo Jvin JIX [X [XI [Xl [Ton
Tseps, Bech nepuos nabmonenuii 1944-2017 rr.
AOpin 3 4 8 5 14 [3 2 1 2 0 7 8 335
AOp 0y 82 76 68 89 172.3 | 147 242 176 153 166 127 86 925
363 | 322 (304 346 | 593 | 747 | 846 | 711 | 60.1 56.0 | 46.8 | 409 | 626.5
3 19 18 14 27 17 32 50 40 29 31 24 18 117
Memana 37 29 28 32 58 74 T2 64 5 52 41 40 630
Kosdduimenr 0.2 06 (06 |08 1.0 0.3 0.9 0.5 0.8 0.9 1.0 0.5 0.1
ACMMMCTPUHN
Teepb, nepuoa HabaroaeHuit 1944-1960 rr.
AOpin 7 4 3 5 14 32 |28 1 26 7 7 3 335
AQyax 60 72 56 56 98 143 202 167 130 113 73 38 748
246 272 | 247295 | 3523 724 |79 76.3 64.8 47.6 | 329 | 25.7 | 5573
9] 18 21 14 14 24 33 47 45 30 30 18 14 118
Me;mana 19 24 21 26 42 69 68 73 61 41 28 25 553
Kosdppuumenr 0.9 0.8 13 0.1 0.3 0.8 1.1 035 | 0.0 0.6 0.9 0.8 -0.2
ACHMMETPUH
Teepsb, nepuoa HabmoaeHuii 1961-1990 rr.
AOpin 4 4 10 5 25 23 34 14 2 0 23 20 473
AQyax 71 76 68 89 108 124 242 167 117 100 127 86 778
373 30.1 | 29 375 | 612 72.1 | 925 | 685 56.7 49.1 505 | 47.1 | 632.7
[ 19 17 13 21 25 30 48 40 28 23 23 18 79
Mceuuana 38 265 | 255 | 34 59 74 80,5 | 585 575 475 | 445 | 445 | 6315
Koa(upuument 0.2 0.7 1.0 |08 0.2 0.1 I 0.6 0.2 0 1.5 0.7 | -0.04
ACUMMETPUH
Teeps, neprioa Habmonennid 1991-2017 .
AOpim 11 10 | 8 77 22 3 2 3 30 16 2 14 | 450
ADpay 82 76 | 63.8 | 68.7 | 1723 | 147 237 | 176.0 153 166 L1l 80 | 9252
43.64 | 387 | 33.7 | 324 | 619 | 77.1 71. 75.5 61.8 669 | 519 | 427 | 661
o 16 18 14 15 32 35 56 42 30 36 25 17 133
Meauana 42 37 32 32 35 76 67 75 57 57 48 42 660
Koopurment 0 05 | 0.2 0.2 0.1 0.2 0.9 0.4 1.4 1.0 0.4 0.6 0.2
ACUMMETPUH

OueHKy TpEeHJIOB MOXKHO IMOJYYUTh Kak pa3HULy 3HAueHUil B
pa3nuyHbIe MEePUOJbl, ICJIEHHYIO Ha JUIMTENBHOCTh Neproia (Tak CUMTAeTCs
yriaoBoi ko3dduuneHt npsmMoii, mpoxoasineit yepe3 e Touku). CpaBHUBAs
7Ba  MEpPHOJA, MOXHO  BBINOJHUTH OLEHKY TpEeHJIa  HM3MEHEHHUs
CPEAHEMHOTOJIETHETO  3HAYEHMsI CpPEJHEroJoBOM M CcpeiHeMECsuyHOU
TeMIieparyp Bo3ayxa. Jis rogossix 3HaueHuit ona cocraniset 0.03°C/ron s
Crapunsl u 0.04°C/ron nnst Tepu. B 3umHMe Mecslbl OHAa JOXOAUT JI0
0.1°C/ron B stuBape u ans Crapuusl. u a1 Tsepu, B aekabpe, deBpane u
mapte — 0.05°C/roxa B Crapure, ot 0.04 o 0.08°C/rox B TBepu. B netnue n

-73-



BecmHuk Tel'Y. Cepusi "Teocepachusi u 2eosakonioeus”. 2020. Ne 3 (31)

OCEHHHE MECSIIBI HAOI0JAIOTCS MTPAKTHYECKHA HE3HAYUTEIbHBIC TPEH/IBI. DTOT
pe3yNbTaT MOAUYEPKUBACT 0COOYI0 BAXKHOCTh HAOIIOJCHHI B 3UMHEE BPeMs U
CBUJICTEJILCTBYET O TOM, YTO B peruoHe BepxHed Bourm cyiiecTBeHHbIE
KIIMMAaTUYECKUE N3MEHEHUSI TIPOU30ILIA 3UMOIA.

N3MeHYnBOCTD CPECAHEMHOI'0JIETHHUX 3HAYEHH I TEMIIEPATYPhI
BO3yXxa M 0CaJIKOB 110 JTaHHBIM MeTeoCTAHIUI TBepb Hu CTapnua

Bce pucyHku B 1aHHO#M CTaThe MPEACTaBICHBI TOJBKO 11t CTapullbl,
MOCKOJIbKY JIMHAMHKA TEX K€ XapaKTePUCTUK, PACCUUTAHHBIX MO JTAHHBIM
TBepu —anasormyHa. [lanexko He Bcerga TPEHI Uil  CPEIHEMHOTOJIETHEH
CpPEIHEMECSIYHOM  TeMIlepaTypbl  BO3JyXa M OCaaKOB  SBJISICTCS
OJIHOHAIPABJICHHBIM 32 BECh MIEPUO/] HAOIIOICHH, YaCTO XapaKkTep JUHAMUKHI
MOT' OBITH OTHCAH WM KyOWYECKUM TOJIMHOMOM, WJIH MapaboJiol pa3HOTO
BHUa. TEHIEHIMA W3MEHEHUS! TOJOBBIX XAPAKTEPUCTUK I TEMIIEPATyphI
BO3/yXa W OCAJKOB OJJHO3HAYHA Ha TOBBIIICHUE. Pe3ynbTaThl pacdyeToB IO
JTaHHBIM MeTeocTanmii TBeps u CTapuiia mpeacTaBieHsbl B Tab. 5 u 6. 31mech
WCTIOJIb30BAIIMCH JaHHBIC, TIOJYYEHHBIE METOIOM CKOJIB3SIIIETO CPEHETO. JTa
MeTouKa 0oJiee TOJHAs O CPaBHEHHWIO C METOJMKOW, OCHOBAHHOW Ha
CpaBHEHHMM 3HAYCHUW B JBa (PUKCHPOBAHHBIX HWHTEpPBaJa BPEMEHH |
OCHOBaHHAasl Ha CPABHEHUH COOTBETCTBYIONINX 3HaUeHMH Taba. 1—4 u kotopas
[0 CYTH €CTh YaCTHBIM Cly4ail METOJIMKH C MCIOJIb30BaHUEM CKOJIB3SLIETO
cpenHero. B panee paccMOTpEHHON METOMKE UMEETCSI BCErO 1B 3HAYEHUS, a
He 30—40, kaK ¢ UCMOJB30BAHUEM METOJIA CKOJIB3AIIETO CPEAHETO.

Tabruya 5
N3MeHYMBOCTh CPETHEMHOTOJIETHUX CPEAHEMECIYHBIX U
TrOJIOBBIX 3HAYEHUI TemIrieparypbl Bo3ayxa st Ctapuiibl U TBepu

Crapura TBepb
Mecsn Munumy Maxkcumy Tpes Munumy Maxkcumy Tpen
M M M M

SuBapp -9.5 -7 0.09°C/rog -10.5 -7 C 1990 1o
2010 IT.
0.15°C/ron,
nanee
craduim3anu
s

despainb -8.2 -6.6 0.05°C/rox -10 -6.5 C 2010 r.
0.15°C/ron

Mapr -3.2 -1.6 0.05°C/ron -5 -1.5 0.08°C/ron

Amnpesib 4.7 5.7 0.033 °C/ron 4 6 0.04 °C/ron

Maii 11.6 12.1 Pasnonanpas. | 11.2 12.6 0.03 °C/ron

Uionp 155 15.9 TenpeHuun 15.6 16.8 [MapaGona

HeT BETBSIMU

BBEpX

Uronb 17 18.2 0.04 °C/ron 17.4 19.2 C 2000r.
0.06°C/rox
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ABrycT 15.3 16 C 2005t poct | 15.6 16.8 C Hayazia
0.04 °C/rox 2000-x IT.
poct 0.07
‘Cl/ron
Centsi0ps | 10 10.6 0.02°C/rog 10.2 11 C 2000r.
poct
0.05°C/ron
OxTstops | 4.3 5 CHHYCOHJA 4 5 CHmxeHne ¢
2000 rr.
Hos6ps -2 -1.4 0.03 *C/ron -2.3 -1.5 Ky6rueckmii
TOJINHOM
Jlexabpp | -6.6 -5.2 OnHo3HAawHO | -7 -5.6 TenneHun
W TEHICHIHH HET
HET
lon 4.3. 5 0.02°C/ron 3.9 55 0.04 “C/ron

Kax mokasbIBatoT pe3ynbTarhl, MPeACTaBICHHBIE B Ta0d. 5, BO MHOTHX

MeEcCsLax HET OJHO3HAYHO HaHpaBJ’IeHHOﬁ TCHACHIUN JJIA o0enx
METEOCTaHIINN.
Tabnuya 6
3menunBocTh CPECAHEMHOTOJICTHUX MCCAYHBIX U
TOJOBBIX CYMM aTMOC(l)epHI)IX O0CaaKOB 110 MECTCOCTAHIIUAM
Crapuna n TBepp
Crapura TBepp
M
ecsiy | MuauMmy | Makcumy Tpenn Munumy | Makcumy Tpex
M M M M
SAuBapp | 35 41 Iapa6ona 28 44 [oBbIeHne
BETBAMH ¢ 2000 mo
BHU3, 2010 rr.
yYMEHBIICHUE
Oeppan | 28 35 Ymenbmenn | 28 40 C 1997 r.
b e — poct  0.04
0.25mMm/rox MM/.roz1
Mapr 26 32 C 1982 r |28 35 C 1997 r
+0.25mMm/ron poct  0.03
MM/TO
Ampens | 32 38 VYmenbmenn | 32 40 [MapaGona
e — BETBSIMU
0.2mMm/rox BHA3 MM
KyOMYecKuii
HOJIHHOM
Maii 56 66 Pe3skoe 52 66 Ky6uuecku
TIOBBILIEHHE i MOJTMHOM
¢ 1990r. 0.06
MM/TOL
Uionp 74 86 TenpeHuun 28 35 C 1997 pocr
HET 0.03 mm/ron
Uronb 84 100 Tapa6ona 75 100 Tlapa6ona
BETBSIMHU BETBSIMH
BHU3 BHU3
Asryct | 74 88 Pasnonanpas | 58 78 [MapaGona
BETBSIMH
BBEPX
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Cen- 62 71 [Tapa6omna 52 66 [MTapaGona
T0Pb BETBSIMHU BETBSIMHU
BHH3, BHHU3,
YMEHBIIIEHHE YMEHBIIICHA
1 Mmm/rox €
Oxk- 54 66 48 60 Ky6.
TAOPh IIOJIUHOM, C
1990 r. pocr
0.07 Mmm/Tox
Hosiopy | 62 71 ITapa6osna 38 54 Ky0.
BETBSIMHU TIOJINHOM,
BHU3 poct  0.05
MM TOJT
He- 45 51 OcHoBHOM 35 48 Kybuuecku
KaOpb TEHICHIMN i TTOJIMHOM
HET
Ton 635 680 o 2010r | 580 680 18 Mmm/ron
pPOCT 0CagKOB [ToBbimeHue
npuMepHo 18 — Bech
MM B TOJ TepHOT
HaOJIOICHI
i

Ecnu paccmarpuBath Bech nmeproa HaOIOICHUM, TO MECSIHAS CyMMa
0CaJIKOB B OOJBIIMHCTBE CIIy4aeB HE MPEACTABIISIET OJHOTO HAMpPABJICHHS
W3MEHEHUS, TeHICHITUS 3a49acTyI0 UMEeT BHJI TapabosIbl BETBSIMU BHU3.

Ananu3 rpaduKoB CPEIHEMHOTOJETHUX 3HAYEHUH CpeIHEMECSYHBIX
BEJIMYMH TEMIIEpaTyp BO3AyXa MO JaHHBIM METEOCTaHIIMH TBeph MOKa3bIBaET,
YTO HaumOOJBIIMM TeMIl pocTa HaONIOAAaeTcs B 3UMHHUE MecCSIbl, a
W3MEHUYUBOCTH B HOSIOpE U IeKabpe TaKOBbI, YTO Jaxke criaxuBaHue no 30 jget
He n30aBsieT rpaduKH OT TTUKOB.

BriBoabl

1. CpeagHemHOTOJIETHEE 3HAYE€HHWE TOJOBOM CYMMBI aTMOCHEPHBIX
OCaJIKOB 10 JIaHHBIM MeTeocTaniu Crapuia npumepHo g0 2010 r. pacter co
CKOPOCTHIO 18 MM/T01, 3aTeM MEUICHHO CHI)KAETCS, 110 TAaHHBIM TBepu pacTeT
3a BCe BpeMs HaOMIOJCHUI Tak)Ke CO CKOPOCThIO 18 MM/TO .

2. CpeIHEeMHOTO0JICTHHE BEIWYMHBI AaMIUIMTYJ TOJOBBIX KOJEOaHMI
TEMIIEPaTyphl BO3/lyXa MO JAaHHBIM 00E€UX METEOCTaHIUI CHU3UIUCH 33 BECh
nepuoa Habmoaerui Ha 0.8°C.

3. OneHka TpeHIa CpPeIHEMHOTOJIETHEH CPEIHEroJI0BOM TeMIepaTyphbl
BO3[yXa CYIIECTBEHHO 3aBHCUT OT TOTO, KaKhe€ MEepHUOAbl HaOII0IeHUN
paccMaTpUBAIOTCS, U Kakasg METOJMKAa MCIOJb3YeTCs MPH 3TOM, MOITOMY
TpeOyeTcs perymspHbld MepecyeT TPEeHAOB, JKENaTeNbHO, IO eIUHOU
METOIUKE.

4. JluHAMHUKY CpEIHEMHOTOJETHUX 3HAUYeHUH aMIUIUTYJ TOJOBBIX
KoJeOaHUN W CPEAHETOJIOBBIX BEJIMYMH TEMIIEpaTypbl BO3JyXa MOXHO
MPEACTaBUTh B BUJIE IPsIMOIl. MeTOIOM HaMMEHBIINX KBaJAPATOB MOITYYECHBI
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rapamMeTpbl TaKOro TMPEJACTaBICHUS JUIsl 3HAYCHUN aMmMIumuTyasl (A) u
cpeaHerooBoi temmeparypsl (B), kotopeie omucansl B Gopmynax (2) mns
Tepu u (3) na Crapunsl. IlomydeHHble pe3yabTaThl pacueTa MO3BOJISIOT
BBIJIBUHYTH TPEINOJIOKEHUE O TOM, YTO B ropoje TBepb CKOPOCTh pocCTa
CPEIHEMHOTOJICTHETO 3HAYEHMs TOJIOBOM TEeMIIEpaTypbl BO3/1yXa HECKOJIBKO
BBIIIIC, 10 CPABHCHHIO C €CTECTBEHHBIM (DOHOM, B Ka4eCTBE KOTOPOTO MOYXHO
B3ATb JaHHbIC HaOmoAeHUN y CTapullbl, a yMEHBIIICHUE aMIUIUTY T'OJA0BBIX
Kosiebannii Heckobko Hike. Taxke u3 ¢popmyin (2) u (3) MOXKHO OICHUTH
TPEH/Ibl CPETHEMHOTOJIETHUX 3HAYCHUN TEeMIIEPATYpPhl BO3AyXa, KOTOPHIE IS
TBepu cocrasmnsiet 0.04°C/ron, a myst Crapuist — 0.033°C/rog.

5. Pesynbratel pacuetoB no ¢gopmynie (1) 1O JaHHBIM METEOCTaHIMU
Crapuila OKa3bIBalOT, 4TO (opMmyrna aaeKBaTHO OIMHUCHIBAET TOJOBOW XOJ
TeMreparypbl Bo3ayxa. J[aHHBIE CpeTHEroJI0BOM TeMIepaTypsl BO3/yXa,
MOJYyYCHHBIE IIYyTEeM pacyeTOB WM pPACCUUTAHHBIE MO HAOIIOICHUSIM,
IpakTH4ecku He oTiauyaroTcs. Casur ¢a3 3a Bech mepuoj HaOMOAeHUN
MeHnsieTcs oT 4.27 panuan a0 4.85 panuanbl. AMIUTHTY/a TOJA0BBIX KoJIeOaHUH
Mmensiercs oT 9.9°C no 17°C 3a Bech paccMaTpuBaeMblil IEPUOJT CO CPEIHUM
3HauenneMm 13.3°C, wmenuanapiM 3HadeHueM 13.4°C um cTaHAapTHBIM
otkinoHeHueMm 1.4 °C. CpenHerojioBasi TeMiieparypa BO3JyXa MEHSETCS OT
1.95°C no 6.31°C ¢ menuanubiM 3HaueHueM 4.7°C, cpennuM 3HadeHHEM 4.6
°C ¥ CTaHAapTHBIM OTKJIOHEHHEM paBHBIM | “C. AHaIu3 roJI0BbIX KoJieOaHU
TeMIEepaTypbl BO3/yXa, PACCUUTAHHBIM TIO0 CPEIHEMECSYHBIM 3HAYCHHUSIM
TeMIIepaTyphl BO3/yXa MO JaHHBIM METEOCTaHIMH TBephb, MOKA3bIBAIOT, YTO
aMILTUTY1a TOA0BBIX KoeOanuii MmeHsercs ot 10.6 °C go 17.4°C ¢ MemuaHHBIM
sHayenneM 13.6°C, cpenauM  3HadeHueM 13.6°C ®m cTaHmapTHBIM
otkioreHueMm 1.3°C. CpenHeronoBasi TeMreparypa HaxXOJUTCS B JAHana3zoHe
oT 2°C no 6.7°C ¢ wmenuanubM 3HadeHueM 4.4°C  co cpenauMm 4.5°C u
ctangapTHbIM oTKIoHeHHeM 1.14°C. Casur ¢da3 mensercs B ipeaenax ot 4.03
10 4.36 paguaHsl.

6. AHanu3 JaHHBIX CPETHEMHOTOJIETHUX 3HAYEHHH CPEIHEr0I0BBIX
TeMIIepaTyp BO3AyXa [0 METEOCTAHIIMK TBepb MOKa3bIBACT, UTO 3a 45 JIET OHA
BoIpocia ¢ 3.86°C B nepuoa 1944—1973 rr. no 5.43°C B nepuon 1988—2017
rr. OTcroja MOXKHO OIIEHHUTh TPEHJ TOBBIIICHUS CPEAHEMHOTOJICTHETO
3HaueHus cpenHerogoBoi temmneparypsl B 0.33°C/10 ner mo JaHHBIM BCErO
nepuoaa HaomoaeHui. Eciu B3saTh nmepuoasr 1961-1990 rr. m 1981-2010 .,
TO CpelHEeroJioBasi TemrepaTypa B 3Tu nepuojsl coctanisier 4.12°C u 5.04°C
cooTBeTCTBEHHO, T.€. 0.9°C 3a 20 et uau 0.45°C 3a 10 mer. To ecTh oneHka
TpeH/Ja CPEAHEMHOTOJICTHEH CpEeJHEeroJ0BOM  TemmepaTypbhl  BO3yXa
CYIIECTBEHHO  3aBHCHUT OT TOr0, Kakue€ TMepuoJbl  HaOII0IeHUN
paccMaTpuBarOTCS.

7. CraTUCTHYECKHE XapaKTePUCTUKH CPEJHEMECSYHBIX 3HauYeHUI
TeMIIEepaTypbl BO3yXa U MECAYHBIX CYMM OCAJIKOB IO IAaHHBIM METEOCTaHLIUN
Crapuma u TBepp B 1eloM Onu3ku Mexay coOoil. B Hacrosimee Bpems
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pa3HULIa MEXAy HUMU HanOoJbIlas B JIETHUE MECALBI M CPETHEMHOTOJIETHEE
3Ha4YeHue T010Boi Temrieparypsl B TBepu Boime Ha 0.3°C, yem B Crapuie.

8. IlpumeHneHnue mpaBWwiia TpeX CHIM K JaHHBIM HaOIMIOACHUN 3a
1991-2017 rr. K cpeIHEMECSIUHBIM 3HAUEHUSM TEMIIEpaTyphl BO3yXa SHBaps
st Ctapuibl gaet uHTepBal oT -16.2 1o +1.8°C, B KOTOPBII yKIaIbIBaIOTCS
UMEIOIIUECs] JaHHbIE HAOJIOJIEHUS 3a MaKCUMaJbHOM W MHHUMAalIbHOM
CPEIHEMECSIUHBIMU 3HAUEHUSMU TEMIIEpaTyp BO3/1yXa, a TaKXKe [MOKa3bIBaeT,
YTO B SIHBApE€ BO3MOXKHO IIOJIO)KUTEIBHOE 3HAYEHHE CPEIHEMECIYHOU
temneparypel. [lns TBepu B sHBape HMEEM HHTEPBAIbHYIO OILIEHKY
CpeIHEMECSIIHOMN TeMIiepaTypsl Bo3ayxa ot -15.9 no +1.5°C.

9. OueHKy TpEHIOB MOKHO BBIUMCINTH KaK pa3HUIy 3HAUYCHUHA B
pa3IuyYHbIe IEPHObI, JEJIEHHYIO Ha JUINTEIbHOCTh Nepuoaa. CpaBHMBaAs JBa
MeproJia MOXKHO CJeaTh OLEHKY TPEeHJa U3MEHEHHsS! CPEIHEMHOIOJIETHETO
3HAUEHUsl TeMIepaTypbl Bo3ayxa. [[1s rogoBbIX 3HAYEHH OHA COCTaBIISIET
0.03°C/rog mnst Crapuist u 0.04°C/ron ans TBepu. B 3uMHME Mecsbl OHA
noxomuT mo 0.1°C/rox B sHBape kak st Crapwilsl, Tak W Uil TBepH, B
nexabpe, ¢espane u mapre cocrabisger 0.05°C/ron B Crapure, a B TBepu
mmensercs ot 0.04 ngo 0.08°C. B yeTHHe W OCEHHHE MeECSIBI TPEHJBI
MPaKTUYECKU HE3HAUUTENbHbIE. DTOT Pe3yIbTaT CBUIETEIBCTBYET O TOM, UTO
MMEHHO B 3UMHHUI MEpUOJ MPOUCXOJUT Haubojee 3HAUMMOE BIIMSIHUE
r7100aIBpHOTO MOTEIUIEHUS B peTHOHE BepxHel Bouru.

10. Bce ucnosip3yembie TOAXOAbI M TIOTYYEHHBIE PE3YyIbTAaThl MOTYT OBITH
UCIOJIb30BAHBI IIPU Pa3pabOTKEe perHOHAIbHON KIMMATHYECKOW MOJIEIH.

Cnucok Jureparypbl

1. byneiruna O.H., PasyBae B.H., Anekcannposa T.M. Onucanue maccuBa
JAHHBIX CYTOYHOM TeMIlepaTypbl BO3JyXa M KOJHYECTBa OCAJKOB Ha
MeTeoposiorndeckux craniusax Poccum um OwpiBomiecro CCCP (TTTR).
CBHUIIETENBCTBO O TOCYJApCTBEHHOM perucTpanuu 0a3bl  JTaHHBIX
Ne2014620942. URL.: http://meteo.ru/data/162-temperature-
precipitation#omnrcanue-mMaccuBa- 1aHHbIX.

2. 'mppomereoposornyeckuii  pexkum o3ep u  Bojoxpanmwmmm CCCP.
Bopoxpanunuina Bepxueit Boaru. JI., 'mapomereounsnar, 1975. 291 c.

3. I'peuymnukoBa M.I'., Openpmteitn  K.K. Bo3Mmo)kHble H3MEHEHUS
TUAPOJIOTUYECKOTO  pekuMa  PpIOMHCKOTO — BOJOXpaHUJIMUINA — TIPH
noTeryieHn knumara //BectHuk MOCKOBCKOTO YHUBEpPCHUTETa, cepus 5:
I'eorpadus, 2012, Ne6. C.61-67.

4. I'puropweBa M.JI., Komuccapo A.b., Kyzosner B.B., Jlanuna E.E.,
Jlanuna JI.O., UYexmapeBa E.A. IlpeaBapurenbHble pe3yJabTaThl
UCCIIEJIOBaHUS  3aKOHOMepHocTeld U ¢akTopoB  (GOpMUPOBAHUS
TUAPOXUMHUYECKOTO PEKMMA MOBEPXHOCTHBIX U MOA3EMHBIX BOJ TBEpCKOi
oOmnactu //Tpynsl pernoHaIbHBIX HAyYHBIX MPOEKTOoB TBepckoil obmactu

-78 -


http://meteo.ru/data/162-temperature-precipitation#описание-массива-данных
http://meteo.ru/data/162-temperature-precipitation#описание-массива-данных

BecmHuk TelY. Cepusi "Tecepachusi u 2eoskonioeus”, 2020. Ne 3 (31)

2018 roma B cdepe ¢yHaaMeHTaNbHBIX HccnenoBanuit»y / [lox. pen.
CamconoBa B.M., Kykosa C.B. Tseps, 2018. C. 63—70.

5. I'py3a I'.B., PanbkoBa 3.5. BeposiTHOCTHas oOlleHKa HAONIOMaeMBbIX M
0KUJAEMbIX U3MEHEHHI KimMara Poccuiickont @enepanuu: temieparypa
Bo3yxa//[IpoGeMbl 3KOJIOTHMYECKOTO MOHHTOPUHTAa M MOICTHPOBAHHS
skocucreM. T.24, 2011. C.43-70.

6. yoposuna E.C., MonnueB A.fl. AHanu3 JMHAMUKHA TeMIEpaTyphI
npuseMHoro cios atmocdeprsl r.Huwxnero Hosropoma c¢ 1880r mo
Hacrosimee Bpems //IlpuBoipkckuii HayuHblii kypHam, 2008, Ne4.
C.182—-188.

7. 3akonnoBa A.B., JlutBumoB A.C. MHorojeTHue H3MEHEHUS
rUApOKINMaTuyeckoropexuma PoionHckoro Bogoxpanunuia// COOpHUK
tpynos BBB PAH, Bein. 75(78), 2016. C. 16—-22.

8. Ko03aps A.U. [Ipuknagras MaTeMaTHdecKasi CTAaTUCTHKA JJTs1 HHYKEHEPHBIX
pabotaukoB. M., ®uzmatnut, 2012. 816 c.

9. Jlanmua JI1.D., Ycenenckuit .M. AHanu3 naHHBIX TIO TEMIIEpAaType BO3IyXa
Mo AaHHbIM MereocTaHiuu CeIkThIBKap B mepuon ¢ 1900 mo 2015 rr.
//TeopeTuKo-TpyIInoBble METO/AbI HCCIEIOBAaHUS (PU3NUECKUX CHCTEM: CO.
TPYyIOB MeKTyHap. cemuHapa. CeikTbiBKap, 2018. C.102—-107.

10. Msu JI.T., bontaesa JLLU., lllepctiokoB b.I". I3MeHEeHHS KITMMATHYECKAX
YCIOBHM M TeMIepaTypbl TPYHTOB B pailoHe o3epa balikan Bo BTOpoi
nojoBuHe XX u B Hawane XXI| Beka //Kpuocdepa 3emmu, 2011, Nel.
C.80—-90.

11. IMTaBmoB A.B., MankoBa I'.B. CoBpemeHHBbIE W3MEHEHHS KJIMMaTa Ha
ceBepe Poccun: AnpboM MenkomacmtaOHbIX KapT. — HoBocuOupcek, I'eo,
2005. 54 c.

12. TTaBnoB A.B., Ilepnbmretin I'.3., Tunenko I'.C. AkTyalbHBIC acCIEKTHI
MOJENUPOBAHUS U MPOTHO3 TEPMUUYECKOTO COCTOSHUS KPHUOJIUTO30HBI B
ycloBHsX MeHstomerocst kaumara //Kpuocdepa 3emmu, 2010, 1. XIV.
C.3-12.

13. Ilpencrosimue wusmeHeHus: kiaumara/ Ilox pen. M.U.Bynwiko, FO.A.
Wzpasns u ap. JI., l'mapomereonsaat, 1981. 272 c.

14. Cront X.U., Uybapenko b.B. 3MeHeHne xapakTepuCTUK TeMIIepaTyphl
Boznyxa B Kamununrpagckoit  obmactu  // Marepuanst VI
Mexnynapoanoro bantuiickoro popyma, 2019. C.390—398.

ANALYSIS OF CHANGES IN AIR TEMPERATURE AND
PRECIPITATION ACCORDING TO THE DATA OF WEATHER
STATIONS STARITSA AND TVER OVER A LONG PERIOD

L.E. Lapina, I.L. Grigorieva

Institute of Water Problems of the Russian Academy of Sciences, lvankovskaya
Research Station, Konakovo
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Regional variability of the average annual characteristics of air temperature in
the surface layer and precipitation is analyzed based on data from weather
stations in Staritsa and Tver, located in the Upper Volga basin. The average
annual and average monthly values of the characteristics are analyzed using the
moving average method. The 30-year averaging period is considered. Data on
the Staritsa weather station from 1962 to 2017 and on the Tver weather station
from 1944 to 2017 were analyzed. For Staritsa daily data were used, while for
Tver only the average monthly data was used. The surface air temperature data
for each year of observations was approximated by a simple sinusoidal
function. It is shown that the average annual values of the amplitudes of annual
fluctuations for both weather stations tend to decrease, and the average annual
values of temperatures tend to increase. The parameters of the linear equations
describing the variability of the average annual values of the amplitudes of
annual fluctuations and the average annual air temperatures are found using the
least squares method. We compared the observation periods from 1961 to 1990
and from 1991 to 2017 for Tver and Staritsa. Statistical characteristics of air
temperature and precipitation for both periods are given. Values for both
weather stations are compared. It is shown that a significant difference between
the air temperature values for both weather stations is observed only in the
second period. The average annual precipitation in both cities tends to increase
at an average rate of 18 mm /year. Monthly precipitation totals do not have the
same trend for all months. The rate of growth of the average annual air
temperature in Tver is estimated at 0.04°C/year, in Staritsa - 0.03°C/year.
Keywords: air temperature, precipitation, Staritsa, Tver, regional climate
changes.
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