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[IpuBeneHa MeTOAMKA HCCJEIOBAHUS CE30HHBIX Bapualliili MmapaMeTpoB 006JAKOB HaJ perHoHaMu 3amajHoil
Cubupu 10 CIyTHUKOBBIM JaHHBIM. BbIJe/eHO NATh MPUPOJHBIX 30H: TYH/ApA, JecOTyHIpa, Gojorta, Tajira u Je-
coctenb. BBeseHa oGbeIUHEHHAsT <«JIETHAS» U <«3UMHSI» KJaaccuUKAIMd 06JTavyHOCTH, BKIOYaoIas B cebda 16
u 12 pasHoBUIHOCTell 06aKOB cooTBeTcTBeHHO. /[l Kaaccuukaimu m300paskeHuil 06JaYHOCTH HUCIIOJIb3YeTCs
aJTOPUTM HAa OCHOBE HEHPOCETEBBIX TEXHOJIOTHH U MeTOJ0B HedeTKol joruku. O6Cy:KIAI0TCS Pe3yJIbTaThl aHAIN3A
Ce30HHBIX BapHalliil HEKOTOPHIX MapaMeTPOB Pa3JMYHBIX THIOB OGJTauYHOCTH U MX MOBTOPSEMOCTb HaJl paccMaTpH-
BaeMbIMH pernoHamu 3anajgHoit Cubupu 1o criyTHUKoBbIM JaHHbIM MODIS 3a 2017 r. Haiizenusle 3aBucumMoctu
CE30HHOI M3MEHYHBOCTU XapaKTePUCTHK OGJAYHOCTH XOPOIIO COTJIACYIOTCSI C M3BECTHBIMH JIUTEPATYPHBIM [IaHHBI-
MH 110 Ha3eMHBIM HaOJI0IeHUsIM, UTO IOATBepKAaeT 3G (PeKTUBHOCTD MPEII0KEHHOI METOIIKH.

Kntouesvie cnosa: 3anagnas Cubupb, KauMmat, 06JaYHOCTb, IPUPOJHbIE 30HBI, CE30HHBIE BapHAIlUM, CIIyT-
Hukosble ganable MODIS, xapakrepuctuku o6makoB; Western Siberia, climate, cloud cover, natural areas, sea-

sonal variations, satellite data, cloud parameters.

BBeaeunune

I'no6anbHoe ToJIe 06JAYHOCTH €3KeTHEBHO MOKPBI-
BaeT B cpeaneM ~70% moBepxHoctn 3emum [1]. Mesk-
npaBuUTe bcTBeHHas rpymia skcrneptoB (IPCC) B cBo-
UX €KerOIHBIX JOKJaJaX OTHOCUT o6JaKa K OIHOMY
13 OCHOBHBIX HCTOYHHKOB HEOIPeIeJeHHOCTU B OYIY-
mux u3MeHeHusiX kianmara [2]. Tak, ycuienune nmapHu-
KoBoro addekra, HabIOLaEMOE YiKe HECKOIBKO JIECSTH-
JIETUI, MOKET NMPUBECTH K YMEHBINEHUIO OTHOCHTEBHOI
BJIAJKHOCTH, a BITOCJEJCTBUU M K COKpAIeHUI0 oOmIei
006JTaYHOCTH, HO TIPU 3TOM PETUCTPHPyEMOe TMOTeILIe-
HUE CIOCOOCTBYET YBEJIMIEHHIO MCIAPSIEMOCTH U, CJIEI0-
BaTe/IbHO, KoJumdectBa o6iaakos [3]. Ha ceroanamuuii
JleHb aKTHBHO pPa3BUBAIOTCS MaTeMaTHYeCKHe MO/IesH
KJIMMaTa ¥ YHCJEeHHOTO TPOTHO3a Toroibl. OaHAKO HU
B OJIHOI M3 HUX B JIOCTATOYHON CTelleHW He OTpaskeHa
B3aMMOCBsI3b KJIMMaTHYeCKUX M3MeHEeHWIl U XapakKTe-
puctuk Tya06anpHOrO Mo obsaynHocTw [4]. IIpuunna
3TOTO — HeJO0CTATOYHOE MPOCTPAHCTBEHHOE U BpeMEH-
HOe pa3peleHus CymiecTBYOMmux Mofeneii [S]. [Toatomy
B HACTOSIEEe BpeMs IPH IIOCTPOEHWH PErHOHATBHBIX
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KJIMMaTHYeCKIX Mojeseil 60JbIioe BHUMAHUE YIessi-
eTcs YJAYYIIeHNIo MapaMeTPUIecKOTO OTMCAHUS TIO[-
CETOYHBIX aTMOC(EepHBIX TPOIECCOB € XapaKTepHBIMU
pasmepamu o 1 kM [6]. VX ucnosbp3oBaHue TO3BOJHUT
OIIEHUTD BKJIA]] PAa3JIMIHBIX PETHOHOB ILIAHETHI B KJIM-
MATHYECKYIO CUCTEMY 3eMJIH.

K uncay Takux MakpopernoHoB OTHOCUTCS 3atmaji-
Hag Cubupb, WHTepecylonas KJIMMATOJOTOB U MeTeopo-
JIOTOB B KauecTBe CBOeOOPA3HOTO MapKepa TI06aTbHBIX
u3MeHeHUIl KauMara [7]. DTOT pernoH pacrosioskeH Ofl-
HOBPEMEHHO B HECKOJIbKUX KJIUMATHYECKUX 30HAX U Xa-
pakTepu3yeTcsl 3HAUYNTEIbHBIMI U3MEHEHUSIMU TIPH3eM-
HOIi TeMIepaTypsl Bo3ayxa ¢ 1970-x rr. [8].

[lng mocTpoeHNs pPErHOHAIBHBIX KJINMATHYECKHUX
MoJeiell HeoOXOIUMBI JaHHBIE O IIpolleccaX M sIBJe-
HUSIX HaJ KOHKPETHOH TeppuTOpueill 3a MPOTOJIKH-
TeJBHBIN TTepno/i BpeMeHN ¢ 6oJjiee BHICOKMM pa3peliie-
HueM, 4yeM 1° reorpaduueckoil ceTkH, YTO HPUMEPHO
paBHo 25 kM [9]. K TakuM maHHBIM OTHOCUTCS MHOTO-
JIETHSST U3MEHYIBOCTD MTOBTOPSIEMOCTH 00JIAKOB PA3JTHY-
HBIX THIIOB M UX XapaKTePHUCTHK HAJ OTAEJbHBIMH pe-
THOHAMU TLTAHETBI, TIOCKOJBKY CTPYKTYpa TI06AJBHOTO
0JIT 06JTAYHOCTH ABJIAETCS HEOTHOPOIHOI.

CoBpeMeHHas] METeOPOJIOTHYeCKAsT KJIacCH(DUKAII
BRJIIOUaeT 27 pa3HoOBUAHOCTeH o6sakoB: 10 OCHOBHBIX
¢opM, uxX nmoaTUNbl 1 HeKoTopble couetanus [10]. TIpu
9TOM MeXaHW3Mbl 06Pa30BaHUs PA3JTMYHBIX THUIIOB 00-
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JIAYHOCTH OTInYaioTcd. KydeBble ob6aka (GOpMUPYIOTCS
0/ BO3/IeficTBUEM KOHBEKIIUU TIPU CIa60il HEyCTONYH-
BocTH arMocdepsl U HaIuInu TypOyJIeHTHBIX BUXpEii,
a CJIONCTBbIe — TIPH OXJIaXKJEHUU TEILJIOTO BO3JyXa MOJ-
CTHIJIAIONIEH TTOBEPXHOCTDIO, B pe3yJbTaTe paJnallioHHO-
TO BBIXOJIA’KUBAHUS B HOYHOE BPEMs CYTOK HJIHU TYpOy-
JIEHTHOTO TIepeMemmBaHud BojagHoro mapa [11]. Otmm-
YaeTcsl TaKKe CTelleHb BO3JEICTBUS PA3JUYHBIX THUIIOB
00JTAYHOCTH Ha KIUMATHIecKyio cucteMy. O6Jaka HIK-
HETO sipyca TPeMsITCTBYIOT BBIXOJAKUBAHMIO TTO/ICTIIIAIO-
Telf MOBEPXHOCTH B 3WMHee BpPeMs W OTPaKAIOT 3HAUHU-
TEJIbHYIO YacTb coJiHeuHol pasaumarmu [12]. O6mauyHocTh
BEePXHETO Apyca dKpaHUPYeT yXojdinee JIMTHHOBOJHO-
BOe M3JIy4YeHue, YCUJINBAs MapHUKOBbII addeKT, 1 pac-
cenmBaeT mpuxondmiee [13]. Ob6saka cpeaHero sApyca,
YaCcTO UMEIOIINe CMENIAHHYIO CTPYKTYPY, CYIIEeCTBEHHO
BJIUSIOT Ha PAIUAIMOHHBIN 6aJlaHc B MOMEHTBI MTPOXOXK-
neHust aTMocepHbIX (DPOHTOB HaJl KOHKPETHOII Teppu-
topueii [ 14]. XapakTepncTHKN 067aKOB OJHOTO W TOTO
JKe TUIA HEMOCTOSTHHBI M 3aBHUCSAT OT MHOKeCTBa (haKTo-
poB. KiTfo4eBBIME SBJISIOTCS PETHOH HAOMIONEHNUS U TUI
MO/ICTUJTAIONIEN TIOBEPXHOCTH: BBICOTA BEPXHEN TpaHiu-
1[I 06JJAYHOCTH BEPXHET0 sSpyca HaXOJUTCS Ha YPOBHE
4—8 kM B 3anoJsApHbIX muporax, 10—12 kM B ymepeH-
HbIX U 16—18 kM B Tponmkax [11].

B mHactoseii pa6ote 0O6CYKIAIOTCS MeTOIUKA
U pe3yabTaThl aHANIN3a CE30HHO-NITHMPOTHBIX 3aKOHO-
MepHOCTell pacrpe/ieIeHNsT Pa3JNYHbIX PA3HOBUIHOCTEM
06TakOoB W WX XapaKTepUCTUK HaJ Teppuropueil 3a-
maanolt Cumbupu IO CIOYTHHKOBBIM JaHHBIM MODIS
3a 2017 r.

NUcxoanpie manHbie

Ha puc. 1 (uB. BKJIajKa) IpuBeJeHa cXeMaTHye-
ckag kapTa 3amagHoit Cubupu ¢ BbIJeTeHHBIMUA Ha Heli
NPUPOAHBIME 30HaMu: TyHapa (66—73° c.1.), JecoTyH-
apa (64—66° c.m1.), G6osora (58—64° c.1m.), Taiira (56—
58°c.u1.) u secocrend (52—56° c.m1.). /[1g BOCCTaHOB-
JIEHUSI U aHaJIi3a XapaKTePUCTUK O06JaYHOCTH HCIOJIb-
3yeTrcst mpuOJIMKeHHAs popMa TPAHUI] TIPUPOTHBIX 30H.
IIpu aToMm 30Ha TaiiThm ycJIOBHO pa3fesieHa Ha JBe Jac-
TH: Taiira W 60JioTa, K TMOCJeJHENH OTHOCUTCA 3a60J10-
yeHHas1 TeppuTopus Taiiru. BoJota He ABASIIOTCS KJac-
CUYecKOll MPUPOHON 30HON, HO 3aHUMAIOT 3HAUUTEJb-
HyI0 YacTb 3amnagHoil CHOMpH U BJILIIOT Ha Pa3INIHbIe
aTMocepHble TpoIecchl U KJINMAT B IeJIOM B pac-
CcMaTpHBaeMOM permoHe U 3a ero mnpejeiamu. [loatomy
OHH TIPE/ICTABJISTIOT HECOMHEHHBIN mWHTepec [15] u BbI-
JleJIeHbl HaMU B OT/EJIbHYIO 30HY.

N3-3a orpaHMYeHHBIX BO3MOKHOCTEIl CITyTHUKOBOI
CBEMKH U C Y4eTOM TOTO, YTO 00JaKa BEePTHKAJBHOTO
Pa3BUTHS TIPaKTHUECKN He BCTPEYAIOTCS B 3WMHee Bpe-
Ms Tola, HaMH Tpe/soskeHa oO0beJINHEeHHAs <«JIeTHSIT»
U <«3UMHSsI» Kiaaccudukanus obaavnoctu [16], mpu-
BemenHasd B Tabu. 1. Ona chopMupoBana Ha OCHOBe
aHam3a WHOOPMATUBHOCTH CTATHUCTHYECKUX MOJesei
TeKCTypbl u3obpakenuit [17] u ¢usndyeckux nmapamer-
poB [18] pa3iIuyHBIX THUMIOB O6GJAYHOCTH, IMOKA3aBIIHX
3HAYNUTETBHOE CXOJICTBO HEKOTOPBIX IOATHUIIOB CJIOWC-
TBIX, BBICOKOKYYEBBIX, MEPUCTBIX U IEPUCTO-CIOUCTHIX
o6yakoB. CXofHble THUIIBI O6beUHEHbI B OJMH KJacc

¢ Ha3BaHWEM OCHOBHOII (hOopMBI WM BUAa O6JAYHOCTH.
[l ommcanus o6JJaYHOCTH UCTIONB3YIOTCSA OOTIETPUHI-
ThIe B KJIUMATOJIOTUN M MET€OPOJIOTHH TapaMeTphl [11]:
noBTopsieMocTb N, oNTHYecKasl ToJIuHA T, a¢pdeKTH-
BHBIIl pajilyc YacTHUIL 7,4¢, BoJo3amac P, dasosblii co-
craB F, koadduiment orpaxkenus p, Bbicota /gr, 1aB-
JeHne ppr U TeMIlepaTypa BepxHeil rpaHuiel 7gr, ac-
dekTUBHAS M3JIyYaTeabHas CIIOCOOHOCTD €, TEMIIepaTypa
HIDKHeN rpanuilbl Tyr U ucnapseMocTs E.

Ta6auma 1
O6beaunennas Kaaccuduranus 06Ja4HOCTH

Tun o6naynocTu | Jletnas | 3umuas
Ob.aaxa 6epmuKaIbHOZO PA3BUMIUSL

Kyuessie mwiockue (Cu hum) + -
KyueBble cpefHue u MOIIHbIE
(Cu med/cong)
KyueBo-Z0sKieBble JIbIChIe
(Cb calov)
KyueBo-Z0sk/ieBble BOJIOCATBIE

(Cb cap)

+ —

Huxcnuti apyc

Croucro-kyueBble
kyueBoo6pasubie (Sc cuf)
CJi0ucTO-KyueBble
BoJsHUCTOOGpasubie (Sc und)
Curoucreie (St)
Croucro-goxaesbie (Ns)
Coueranue Ky4eBbIX U CJIOUCTO-
kyuesbix (Cu & Sc)

+ o+ + o+
+ o+ + o+

Cpednuii apyc
Boicokocaonctbie (As)
BblcoKkoKyueBblie
BoJsHUCTOOGpasubie (Ac und)
BbICOKOKyUYeBbIe KydeBOOOpa3HbIe
(Ac cuf)

+
+

Bepxuuii apyc
[lepucroie Bosokuuctoie (Ci fib)
[Tepucteie mwrotubie (Ci sp)
Hepucro-caoucrsie (Cs)
[Tepucro-kyuesnie (Cc)

+ 4+ + +
+ o+ + +

YKazanHble XapaKTepUCTUKN [ KaKOTO THIa
06JIAaYHOCTH TO pe3yJabTaTaM KJIacCUDUKAINN W3B-
JIEKQJINCh U3 TeMaTudecknX mpoaykroB MODO06_I2
u MYDO06_12. TloBTOpsieMOCTb OIpeaessiIach AT Kask-
JI0if TPUPOAHOI 30HBI TIO pe3yabTaTaM KJaacCupuKaIimm
n306paskeHuil Moyt 06JJaYHOCTH € TIOMOIIbI0 pa3pabo-
TAHHOTO U PeaM30BaHHOTO HAMU aJTOPUTMA Ha OCHOBE
HellpOCceTeBbIX TEXHOJIOTHI U METOJI0B HEYETKOH JIOTH-
ku [19]. Knaccudukatop mo3BossieT pacmo3HaBaTh 16
u 12 pasHoBHIHOCTell 06JIAKOB B JieTHee U 3UMHee
BpeMs (1a6ua. 1) Ipu OTCYTCTBUM N HAJMYNU CHEXKHOTO
mokpoBa ¢ BeposaTHocTbio 0,85 [19] u 0,79[16] cooTBet-
CTBEHHO. YKa3aHHbBIE OIIEHKH BEPOSITHOCTEl MpaBUJIb-
HOIl KjaccupUKaIUU TIOJTy4YeHbl HA OCHOBe 06pabGOTKU
TECTOBBIX BBIGOPOK, COCTOSIIMUX M3 (DPArMEHTOB H30-
OpaskeHNl DPA3IMYHBIX THIIOB OGJAYHOCTH DPa3MepoM
21 x 21 nuKceb.

B pa6ore mcmomb3yioTcs CIYTHUKOBBIE JaHHbBIE
MODIS 3a 2017 r., nojy4eHHble B JHEBHOe BpeMs Ha[
tepputopueii 3anaanoit Cubupu. TpaeKTOPUH CITyTHH-
koB Terra u Aqua, Ha 60PTY KOTOPBIX YCTAHOBJIEH 3TOT
ceHcop, 06ecIeurnBaloT eKeJIHEBHOE TIOKPBITHE BCell Tep-
puropun 3anaguoit Cubupu. Beero Boi6pano 363 cHUMKa,
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Ta6anuma 2

Pacnpe,/:[eJleHI/Ie YHucCJla CHUMKOB II0 30HaM B T€4Y€HHUE roja

Mecsig I ‘ 11

Tynapa 0 9 17 17 17
Jlecorynzapa | 0 17 24 22 21
bBogora 30 28 30 30 30
Taiira 31 28 30 30 30

U JIECOCTeIIb

OXBATBIBAIOIINX Pa3/IMUHble IPUPO/HbIE 30HBI. B Tabur. 2
IIPUBE/IEHO paclipe/ieJieHHe 4YncJa CHUMKOB II0 30HaM
U Kaskgoro Mecsina ([t KaK[OTO [HsI BBIGHPAeTCs
He 6GoJlee OJTHOTO CHUMKA, KOTOPBIIl MOKET OXBATbIBATDH
O/IHOBPEMEHHO HECKOJIBKO MPUPOAHBIX 30H).

Jlst onpeiesieHnsT TOBTOPSIEMOCTH PA3JINYHBIX TH-
OB 06JIAYHOCTH TIPHMEHSINCh JaHHbIE C IPOCTPAHCT-
BEeHHBIM paspelnerreM 250 M B CIIeKTpaJIbHOM HHTEP-
Base 0,62—0,67 mxM. BoccTaHoB/IeHHEe XapaKTepUCTHK
PA3IMYHBIX PasHOBUAHOCTeH 06JIAKOB OCYTIECTBIISAIOCH
Ha OCHOBE TeMaTHYeCKNX IIPOJIYKTOB CIyTHUKOBOI CheM-
ku MODO6_12 (cuytauk Terra) u MYDO06_12 (cmyT-
HuK Aqua) ¢ paspemerueM 1000 M. Takke UCIOIb30BA-
JIUCh COOTBeTCTBYIotne aiiapl reompuBsaskn MODO3
n MYDO03.

MeTO/]I/IKa aHaJ/JIn3a USMEHYHUBOCTH
XapaKTEPUCTURK 00J1a4HOCTH

JlisT OlleHKN M3MEHYUBOCTH XapaKTEPHCTHK pa3-
JINYHBIX THIIOB OOJAYHOCTH HAJ TeppuTOpHell 3amaf-
Hoit Cubmpy Ha TPOKJIACCHMUIUPOBAHHBIN CIyTHUKO-
BoIi cunmMok (puc. 2, 6, 1B. BKJIaJKa) HaKJIaJbIBAeTCA
Macka wuccaeayeMoro peruoHa (puc. 2, @). B xaxmoii
npuUpoaHON 30He (cM. puc. 1) ¢ y4eTOM KOOpIMHAT ee
YCJIOBHBIX T'DAHUI[ HAXOAUTCS TOBTOPSIEMOCTb paccMart-
PHUBAEMBIX THIIOB OGJIAYHOCTU, MPUBEJEHHBIX B Ta6. 1,

o ¢gopmyie
>
N, = ==t

! M

3necb N; — OBTOPAEMOCTb j-TO TuIa o61aunocTu; M —
YHCIO0 MCTOJb3YEMBIX H306pasKeHUil B MecsIe; §; —
YHCJ0 THKceJdeil Ha i-M HM300paskeHUH, ITIpUHAjJIe-
KAIUX PACCMATPUBAEMOl KINMATHYECKOH 30HE; Sj;
YHCIO TIHKCesTel, 3aHUMAEMBIX j-M THIOM OGJIaqHOCTH
Ha I-M M306pakeHNH W MMEIOIUX IIBET COTJIACHO MpPU-
uaroi nerenge (puc. 2, 6).

CieiyeT OTMETHTB, UTO MBI aHAJTH3UPYEM TOJIBKO
MUKCeIH, TPUHAJIEXAINe O/HOCIOIHON 06JIa4HOCTH,
Ha OCHOBAaHWN 3HAYEHNS COOTBETCTBYMOIEro (uara
B mpoayktax MODO06_12 u MYDO06_12. [Ins xkaxaoro
CITyTHUKOBOTO CHUMKA W BCEX TPHUPOIHBIX 30H BBIYHC-
JITIOTCST CPeJIHNe 3HAYEeHHS HCCJeyeMbIX XapaKTepuc-
THK Pa3JIMYHbIX THIOB 06JakoB. B pesysbrate o6paba-
THIBAIOTCS BCE BBIGOPOYHDIE 3HAUEHUS 3a HMCCJELyeMblil
MPOMEKYTOK BpeMeHH u (opMupyeTcs cBopHasd Gasa
JaHHBIX. VICTIOMB3ys MOMyYeHHYI0 HH(POPMAIINIO, MOJK-
HO TIOCTPOUTDH TOJOBOH XOJ[ PACCMATPUBAEMbBIX XapakK-
TEPUCTHK JO60TO T OGJAYHOCTH HaJ PAa3IUIHBIME
MPUPOHBIME 30HAMH, YTO MO3BOJUT OIEHUTh WX Ce-
30HHYI0 M3MeHYnBOCTh. Ha puc. 3 mpuBeseHbl HCXO[-

‘III‘IV‘V‘VI‘VII‘VHI‘IX|X‘XI‘XH
1 1

15
21 21 22 14 22 7 0
30 31 31 20 31 30 18

30 31 31 20 31 30 31

Hble JIaHHBIE W TMOJYYEHHBIIl M0 HUM METOJOM CKOJIb-
3SIIIeT0 CPEJHEro ro0BOH X0/ ONTHYECKON TOJIIUHBL T
CJIONCTO-I0K/IEBBIX OO0JAaKOB Haj TMPUPOIHONH 30HOMI
«60JI0Ta».

T

IV VIII XII
Mecsn
Puc. 3. TonoBoii X0 ONTUYECKON TOJIIMHBI CJIOUCTO-TLOYKIe-
BBIX 00JIaKOB HaJj 6oj0TaMu

Vcxonnoli xapaKTepuCTUKOM /IJId OIleHKH TOUHOCTHU
noBTopaeMocTd N; ABIAIOTCA BePOATHOCTH IIPABUJIb-
HO#l kiaccupukammm p . Mcexomd mu3 3TOTO MOKHO
MOKa3aTb, YTO OTHOCHTENbHYIO CPEAHEKBAIPATHIECKYIO
HOTpeIHocTb N; MOKHO HalTH 110 HpPUOIMKeHHOI

dopmy.e
8(N)) = A=)/ GryphD),

rae m; — 4YHCTO THKceslell j-To THIA O6JaYHOCTH
Ha M3006paKeHHIX B TekylleM Mecsie. IIpn o6pa6or-
Ke JAHHBIX [ KaKJOW 30HBI YYUTBIBAJIUCH 3Haye-
Hug ¢ m;>5000. B atom cayyae 8(N;) <107,
[orpentaoctsb omnpenesienns GU3MIECKUX MapaMeT-
POB 06JIAYHOCTH 3aBUCHT OT KayecTBa KJacCUbUKAIU,
TOYHOCTH METOJMKHU M3MepeHUil U BeTMYMHbI DIyKTya-
il puU3NIecKuX XapaKTepucTHK o6aavyHocTH. OnoKu
kJ1accuduKaIyy, KaKk MOKa3aHo BbINIE, He3HAYNTETbHBI.
[na onpenenenua P, 1 u 7,4¢ B npoaykrax MODIS
WCTIOJIb3YETCS METOINKA, CBI3aHHAS C PAIUAIIOHHBIMU
pacueTaMW Ha OCHOBE pellleHUs ypaBHEHUs TepeHoca
uzaydennd [20]. 3HadeHns yKa3aHHBIX MTapaMeTpoB 00-
JIAKOB U TOYHOCTb WX OTpejesieHusi OYIyT 3aBUCETh
OT XapaKTePUCTHK CheMKH (YIJI0B BUBUPOBAHUS U COJIH-
[a), a TakyKe OT BBIGPAHHOTO CIIEKTPAJIBHOIO [UANA30HA
u ero mupuHbl. COracHO TeXHUYECKON JOKYMEHTAINH
MODIS u3BecTHBI TOJBKO MOTPENTHOCTH BOCCTAHOBJIE-
Hust Boicotbl (300 M), Temmeparypbl (1,5 K) u gaBieHus
(30—100 rIla) Ha BepxHeil rpanuie o6jakoB. B Hacto-
amee BpeMa ganubie MODIS 1o 1, 7,4 1 P mpunsaro
CUNTATDH «3TAJOHHBIMU» U PEKOMEHJOBAHHBIMH K COIO-
CTaBJIEHWIO ¢ JaHHBIMH JIpPyTUX Npu6opoB. B uacTHo-
CTH, TaKoe CpaBHeHNe TPUCYTCTBYeT B [21].
Dayxryarmm GU3NIECKAX XaPaKTePUCTUK 06Jad-
HOCTH SIBJISTIOTCSI 3HAYMMBIMH W CBSI3aHBI C CYIIECTBEH-
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HOI TIPOCTPaHCTBEHHO-BPEMEHHOI HEOHOPOHOCTBIO 06-
JIAYHBIX oOpasoBaHuii. IIpu olpelesieHUN Ce30HHON 13-
MEHYMBOCT (DU3NIECKUX XapPaKTEPUCTUK yCpeTHEHTe
BBITIOJTHAETCS B J[BA 3Tala: IPOCTPAHCTBEHHOE — IO pe-
3yJIbTaTaM KJIacCH(UKAIMUU KaKJIOTO CHUMKAa — W Bpe-
MeHHOe — B Tedenne Mecsiia (30 aneii). B ta6a. 3 npu-
Be/leHbI OTHOCHUTEJbHbBIE CPeTHEKBAIPATIUeCKHEe OTKJIOHE-
HUSI Bozio3ariaca dp U ONTHYECKON TOJIIIUHBL O, 32 HIOJIb
JUISL TIPUPOJTHON 30HBI «Taiiras. [losyueHHble 3HAUEHIS
OTpa’kaioT BBICOKHUII ypoBeHDb (PIyKTyaluii (pu3mdeckux
XapaKTepUCTUK 00JaKOB, YTO BHUIHO u3 puc. 3. OHH
SIBHO BBIPAKEHDI JJIST BBICOKOCTOHUCTBIX M CJIOMCTO-T0K-
JIEBBIX THUIIOB OGJIAYHOCTH U B MEHbBINEll CTelneHu IS
KY4YeBBbIX IJIOCKUX.

Ta6auma 3
O1leHKH OTHOCHUTEJIbHBIX CPeIHEKBAJIPATHYECKUX OTKJIOHE-
HMil Boso3anaca dp U ONTHYECKOIl TOJIUHBI O,
3a HI0JIb [JIS1 IPHPO/IHOIT 30HBI «Taiira»

Tun 5 dp 5 3,
06IaYHOCTH PLY30 V30
As 0,76 (0,14) 0,75 (0,14)
Ns 0,74 (0,14) 0,71 (0,13)
Cu hum 0,27 (0,05) 0,17 (0,03)

N _—
20+ —=—Tymnapa 15F

—=—JlecoTvhpa
| ——Dboora
—— Taiira

10

Pe3y ibraThl HCCJIEOBAHUS
XapaKTEePUCTUK 00JaYHOCTH

Ha puc. 4 mokasan rogoBoit xon N, T u P 114 Ky-
ueBbIX IIockux (Cu hum), cnoucro-noxaeBbix (Ns)
U BBICOKOCIOUCTBIX (AS) 061aKoB HaJ pa3JMYHbLIMI
NpUPOAHBIMU 30HamMu 3amagHoit Cubupu. Ilpu sToM
OTHOCHUTEJIbHBIE CpeJHEKBAIpaTHIeCKue TOTPEITHOCTH
HallJIeHHBIX OIlEHOK P u T paBHBI dp/ V30 u e V30
COOTBETCTBEHHO.

[IpuBeneHHDBIE Pe3yJIbTATBI TOKA3BIBAIOT UX CYIIIE-
CTBEHHYI0 U3MEHYMBOCTb B TeYeHUe TOJla U 3aBUCHMOCTD
OT TIPUPOJIHOII 30HBI, UYTO CBS3aHO C KJUMATUYECKUMU
0COGEHHOCTSIMH, PA3JUYHBIM THIPOJOTUYECKUM PEKU-
MOM ¥ OCOGEHHOCTAMHU MOJACTUIaoNIell TOBEpXHOCTH,
OTIPe/IEJIAIONNMI peskM (hOPMHUPOBaHUsI 06JIaYHOTO TI0-
KpoBa B Pa3JMYHBIX pernoHax. [losyueHHble 3aBUCH-
MOCTH TIOBTOPSIEMOCTH Pa3JMYHBIX TUIOB OGJAYHOCTH
(puc. 4, a, 2, k) XOPOIIO COTJIACYIOTCS C TIPUBEIEHBIMU
B [11, 22] cBegeHUAME O ee TOZOBOM XOje II0 JaHHbBIM
HabToeHnil Ha MeTeocTaHIMAX. Tak, MOBTOPSIEMOCTD
kyueBbix o6makoB N(Cu) (puc. 4, a,) uMeeT IBHO BBI-
PaKeHHBIIT MAKCUMYM B JieTHee BpPeMs, UTO OTpeesis-
eTcsl 6ojiee BBICOKMMH TEMIIEPATYPOHl M BJIAKHOCTBHIO

P, /M

120

a

40
30
20

10+

450

300

150

10

500}
400}
300}
200}
100}

IV VIII XII v
Mecsaig
K

Mecang

VIIT XII v VIII XII
Mecaig
u

Puc. 4. Tonosoii xox cpexanx sHauennit N (a, 2, x), 1 (6, 0, 3) uw P (6, e, u) nna Cu hum (a—e), Ns (z2—e), As obnakos (x—u)
HaJl PasIMYHBIMI OPUPOIHBIME 30HaMH 3amaaHoii Cu6upn (Ha BeeX PUCYHKAX NPHHATHI OJMHAKOBbIEe 0603HAYEHM)
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BO3/IyXa, CIIOCOOCTBYIOUINMH TOSBIEHIIO 06JAKOB Bep-
THKAJIbHOTO pa3BuTud. [lomo6HbIE 3aBUCUMOCTH HMEIOT
nosropsieMocta N(Cb calv) u N(Cb cap) nns noaru-
OB Ky4YeBO-I0K/EBbIX 061aKoB. ['00BOI X0 UX CyM-
MapHOil TTOBTOPSIEMOCTH TI0 JaHHBIM Ha3eMHBIX HalJIio-
nermit na r. Tomcka npuBenen B [11] m kadecTBeHHO
corylacyeTcs € HAIlIMHU pe3yJbTaTaMi. AHaJIOTHYHBIE
3aBHCHMOCTH HMEIOT ollThdeckas Toimuna (puc. 4, 6)
n Bogosanac (puc. 4, 6¢) n1a Cu, cBasaHHble ¢ GoJblIei
MOIITHOCTBIO 3TUX O6JIaKOB B JieTHHIT mepuoj. IloBro-
PAEMOCTD CJIOUCTO- 0k AeBbIX o6makoB N(Ns) (puc. 4, 2)
(POHTANBHOTO TIPOMCXOKIEHUS COBIAJAeT C TOIOBBIM
XO/IOM TTOBTOPSIEMOCTH I[KJIOHOB, BO3pacTaiolieil B 31M-
Hee ¥ CYIIECTBEHHO YMeHbIIaolleiicss B JieTHee Bpe-
Ms [22]. TIpu sTOM HamMeHbIIel TTOBTOPSIEMOCTDBIO CJION-
CTO-OXIEBBIX 06sakoB B 2017 r. XapakTepusyeTcs
JIecoCTeTlb, a HanboJIblell — JiecoTyHIpa U TyHapa. [lo-
CKOJTBKY CJIOMICTO-ZIOXK/IeBble M BBICOKOCTOUCTBIE 00.1a-
Ka B OCHOBHOM SBJIFIOTCS YacTbl0 OJHOI OO6MIMpHOI
o6aauHoil cucteMbl Ns—As [11], To uxX moBTOpSAEMOCTD
TECHO CBsI3aHA MeXIy c060if, YTO U MIIIOCTPUPYIOT
NpUBe/IeHHBbIE Ha PUC. 4, 2, K CE30HHbIE 3aBUCUMOCTHU
N(Ns) u N(As), umeronue sBHO BbIPa>KeHHbI MUHU-
MyM B JieTHee BpeMs. TakiKe cJielyeT OTMETHTb BO3pa-
cTaolne 3HaYeHNusT TTOBTOPSIEMOCTH CJIOMCTO-I0KIEBBIX
o6sakoB Ha ceBepe 3amagHoil Cubupu HaA TyHAPOIT
U JIECOTYHJPOIl B JIeTHee BpeMs, CBS3aHHBIE, OUEBUJI-
HO, C KJIUMAaTHIeCKIMH 0COGEHHOCTSIMU 3TOTO PETHOHA.

Ha puc. 5 mokasaHbl ce30HHbIE 3aBUCHMOCTH OITI-
THYECKOH TOJIIMHBI Ky4eBo-J0k/eBbIX Bosocatbix (Cb
cap), xydesbix miockux (Cu hum), croucro-moxe-
Beix (Ns), BbicoKocaONCTHIX (AS) M MEPHCTBIX BOJIOK-
HucThix (Ci fib) 06/1akoB HaJl JIECOCTENBIO.

T

 —0—Cb cap
——Cu hum
—a— N5
10 —e— As
—o— (i fib
20 +

1 L
v VIII XII
Mecaig
Puc. 5. TomoBoit Xoa ONTHYECKON TOIIMHBI IS Pa3JTUIHBIX

TUIOB 061aYHOCTH HaJ J1eCOCTeIIbIo

COOTHOIIEHUST MEKIy 3HAYEHUSIMU OINTHIECKUX
TOJIIIH Pa3JIMIHBIX TUMOB 06JIAYHOCTU XOPOIIO COTJIa-
cyforcss ¢ panabiMu ISCCP [4]. CienyeT oTMeTHTD,
YTO B HAUMEHBINEH CTENeHU TOJ0Basd U3MEHYHBOCTH T
MPOSIBJISIETCST Yy TEPUCTBIX 006JIAKOB, UMeIux G6oJee
cTabuIbHBINH (ha30BBIN COCTAB 1O CPABHEHUIO C JPYTHU-
Mu ¢GopMaMH HHKHUX CJI0eB 06Ja4HOCTH. MeHbIne
3HAYEHUs] T OCTAJIBHBIX THIIOB OOJIAYHOCTH TIPUXOISITCS
Ha 3UMHee BpPeMsI, YTO TaKyKe COTJIACYETCS C IMOJIydeH-
HbIME B pamMKax mpoekta ISCCP pesymnbraTtamu.

3akouenue

IIpennoxena MeToAMKa [ UCCJEOBAHHS CE30H-
HOW M3MEHYMBOCTH XapaKTEePHUCTHK PA3THYHBIX THUIIOB
00JJAYHOCTH W UX TIOBTOPSEMOCTH TI0 CIyTHUKOBBIM
nanapiM MODIS Han omnpezneneHHoil TeppuTOpueil.
C ee TOMOIIBIO NPOBeJIeH aHAJIN3 06JAYHOTO IIOKPOBA
HaJl Pa3JUYHBIMU IIPUPOJIHBIMU 30HaMu 3amagHoii Cu-
6upn 1o gaHHBIM 3a 2017 1. IlomydeHHBIE pe3yabTaThI
MOATBEPKAAOT 3(h(PEKTUBHOCTD Pa3paGOTAHHOTO Ha OC-
HOBe HelpoceTeBbIX TEXHOJOTHH W METOJO0B HEUeTKOi
JIOTHKU aJropuTMa Kjaccuukanuu nzobpaxkeHuit 06-
mavrocTH [19] n ux mocreayiomeil o6paGoTKH ¢ TIpH-
BJIEYEHIEM TEeMATUYeCKUX MPOAYKTOB CIYTHUKOBOMI
cremkn MODIS.

HaiiienHble 3aBUCUMOCTU CE€30HHON M3MEHYMBOCTU
MTOBTOPSIEMOCTH PA3JUYHBIX TUIIOB 06JAYHOCTH HE TIPO-
THBOpEYAT UMEIONNMCS JIUNTEPATYPHBIM JaHHBIM U JAi0T
BO3MOKHOCTh BBISIBUTb €€ OCOGEHHOCTH [IJisT Pas3HBIX
KImMaTmdeckux 30H. CrefyeT OTMETHTb, YTO BBICOKAs
3 PEKTUBHOCTD KJIACCH(PUKAINT H306pKeHNS oI 06-
JIAYHOCTU TIO3BOJIIET MPABUJIBHO OMpeeUTh 10 TeMa-
THYECKNM TIPOJIYKTaM (pu3ndecKre TapaMeTphbl, COOTBET-
CTBYIOIE KOHKPETHOMY THUIY OOJIadHOCTH. B pe3yiib-
TaTe TOJyYeHHbIe Ce30HHDbIe 3aBUCHUMOCTU ONTHYECKOI
TOMIIN Pa3JU4HBIX TUIOB obmaunoctn (cM. puc. 4, 6,
d, 3 U pUC.5) XOPOIIO COIJIACYIOTCS € HMEIOIIUMUCS
nauubiMu [4, 11]. Heo6xoauMo mOg4epKHYTH, YTO Ka-
YeCTBO TOJIyYeHHBIX Pe3yJIbTaToB olpejiesseTcs addek-
THBHOCTBIO KJACCUMUKAIMHE U TOYHOCTBIO MPOJAYKTOB
MODIS. Taxske Hy:XHO IOHMMAaTb, YTO IpUBE/€HHbIE
pe3yJIbTaThl OTHOCSTCS K TOJIO OJHOCJOWHOH 06Jad-
HOCTH, O YeM Y:Ke TOBOPUJIOCH BHIIIE.

B nanpHeiimeM Heo6XOAWMO TPOBECTH COIOCTAB-
JieHne HAIUX Pe3yJbTAaTOB ¢ He3aBUCUMBIMH JaHHBIMU,
KOTOpbIe MOTYT OBITh TIOJyYeHBI Ha OCHOBe M3MepeHMil
CEeTbI0 HAa3eMHBIX METEOCTAHI[NIl WM C MOMOIIBIO Y-
TUX CHCTEM [IUCTAHI[MOHHOTO 30HAMpOBaHUA. [Ipob.e-
Ma CpaBHEHUsI C Ha3eMHBIMU HaOIOJEHUSIMU CBsS3aHa
¢ CyODbeKTHBU3MOM B OIleHKe KOJUYecTBa 06JaKoB
U CMelleHWeM OIIEHOK 3aKPBITOCTH 3eMHOH TMOoBepX-
HOCTH OOJaKaMU W3-3a NCKAKAIOUIeTO BJIMSIHUS Teo-
MeTpUHM Has3eMHBbIX Hab/omenuit (HaGI0JeHNs Ha TO-
aycdepe). B meaoM sTo oTAenbHad 3agada, KOTOpasd
TIpe/JICTaBJIsgeT HeCOMHEHHBIN WHTepec, OHAKO ee pellle-
HHUe BBIXOJNUT 3a PaMKH HacTosilell paboThl u Tpebyer
Pa3paboTKU METOINYECKUX OCHOB.

[IpuMeHeHne u3JI0KeHHOU B paboTe METOIUKHU
K MHOTOJIETHUM DSIJIaM CITyTHUKOBBIX JAHHBIX TTO3BOJIHT
OTIpe/IeTUTh N3MEHYNBOCTh XapaKTEePUCTHK 0OJIaYHOCTH
HaJ Tepputopueil 3anmaanoii Cubupn Ha 6OJIBIIOM WH-
TepBajie BpeMeHHW. JTO JacT BO3MOKHOCTH BBISIBUTD
mpeo6yafaloline B 3TOM pernoHe aTMocdepHbIe IIPo-
1[eCChl, TIOHATH B3aUMOCBSI3b PA3JIMYHBIX XapaKTepH-
CTHK OOJIAYHOTO TOJISI C MPOUCXOASIIUMU KJINMaTHUe-
CKUMHU HM3MEHEHHUSMU U OIIEHUTh UX BKJAJI B IJI00aJb-
HYI0 KJIUMATHYECKYIO CHCTEMY 3eMJIN.
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A methodology for studying seasonal variations in cloud parameters over the regions of Western Siberia
using satellite data is presented. Five natural zones have been identified: tundra, forest-tundra, bogs, taiga, and
forest-steppe. A combined “summer” and “winter” cloud classification has been introduced including 16 and
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