MunncTepcTBO 00pa3oBanusa 1 HavKu Poccutickoit Denepanmu
OEJEPAJIBHOE T'OCYJAPCTBEHHOE BIOJIDKETHOE OBPA30BATEJIBHOE YVUPEXJIEHUE
BBICIIEI'O ITPOPECCHUOHAJIBHOI'O OBPA3OBAHUS
"POCCUUCKUN FOCYI[APCTBEHHLIPI FHI[POMETEOPOHOFI/I‘IECKI/IPI YHUBEPCUTET"
(PTTMY)

Ha npasax pykonucu

BoiinoB Hukuta EBreareBsnu

METO/IbI IU®POBOU OBPABOTKN MHOTI'O30HAJIbHBIX
CITYTHUKOBBIX CHUMKOB B 3AJTAYAX AHAJIN3A
ME3OMACIITABHBIX KOHBEKTUBHBIX ATMOC®EPHBIX
JIBKEHUI

25.00.30 — MeteopoJiorusi, KIMMATOJIOTHsI, arPOMETEOPOIIOTUSI

ABTOPE®EPAT
AUCCEPTALlMU Ha COMCKAHUE YYEHOU CTEIICHU
KaHIuaaTa GU3NKO-MaTeMAaTUYECKUX HAyK

Prrm4d
CankTt-IletepOypr
2013



Pa6ora Bemmonnena B ®I'bOY BIIO «Poccuiickuii I'ocynapcTBeH-
HBIW TUIPOMETEOPOJIOTHUECKAN YHUBEPCUTET.

HayuHbIii pyKOBOJIUTENb - JTOKTOp (pu3.-mMaT. Hayk, mpodec-
cop A.Jl. Ky3nenon

Hay4Hb1it KOHCYJIBTaHT — KaHAuJaT pu3.-MaT. HAyK, JOUEHT
T.E. Cumakuna

Od¢unuanbHbie OMMOHEHTHl  — TOKTOp (pu3.-mMaT. Hayk, npodec-

cop JI.C. Ugnes,
KaHAuaT Gu3.-MaT. HaAyK, JOIEHT
B./l. EHnkeeBa

Benymas opranuzanus - MexayHapOaHbIM LEHTP IO OK-
pyXKarollen cpeae U JUCTaHIMOH-
HOMY  30HJUPOBAHHUIO  HMEHU
Hancena

30

3amura coctoutcs « » aexkadps 2013 r. B 157 Ha 3acemaHuu auc-

cepramonHoro copera J[212.197.01 npu Poccuiickom ['ocygapcTBeHHOM
TUAPOMETEOPOJIOTMUYECKOM YHUBEPCUTETE.

Anpec: 195196, r. Cankrt-IleTepOypr, ManooxTuHckui mp., 98.

C nuccepranpeil MOKHO O3HaKOMUTBHCS B OubinoTeke Poccuiickoro
['ocy1apcTBEHHOTO TUAPOMETEOPOIOTHUECKOTO YHUBEPCUTETA.

ABTopedepar pazocnan «  » Hos0ps 2013 .

Y4eHbIl CeKpeTaphb
nvccepTanronHoro cosera J1212.197.01,
KaHauaaT Gu3.-MaT. HAyK
Kamnena JI.B.



OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTH PadoThI

CoBepIIeHCTBOBAHUE aNTapaTypHO-TEXHUYECKON 0a3bl CPEJCTB HAOIMIOACHUS
3a aTMocdepoit 3eMJIM U MMPOUCXOAIIMMHE B HEH MPOLIeCCaMu C MTOMOIIBI0 METEOPO-
aorudeckux cnyTHUKOB 3emin (MC3) TpeOyroT afeKkBaTHOrO COBEPIIEHCTBOBAHMS
METOJIOB U QJIFOPUTMOB U3BJICUCHHS] METEOPOJIOTUYECKON MHPOpPMAUU U3 JaHHBIX
TakuxX HabmoaeHuid. be3 Takoro «B3auMOJEHCTBUS) CPEJCTB HAOIIOICHUS U METO-
J0B UX 00pabOTKH 3HAYUTENbHAS YacTh MOJIy4aeMOi U3 KocMoca HH(OpMaIlUu OCTa-
HETCSl HE HMCIOIB30BAHHOM, UTO yXK€ HEOJHOKPATHO MPOUCXOAUIIO B mporioM. [lo-
TOMYy pa3paboTkKa METOJI0OB aBTOMAaTH3MPOBAHHOW OOPAOOTKH CITyTHHUKOBBIX H30-
OpaxeHuid, Oa3WPYIOMIMXCS HAa BBIUYUCIUTEIHPHOW MAaTEeMAaTHKE W YYUTHIBAIOIINX
OO0JIBIIIYIO PA3MEPHOCTh UCXOIHBIX JaHHBIX, CTAHOBUTCS OCOOCHHO aKTyalbHOW B Ha-
CTOAIIEe BpeMsi, Korna HaOmogaeTcs 3HAYUTEIbHBIM POCT METEOPOIIOTUIECKON WH-
dbopmariim, MoCTaBIsIeMON pa3BepHyTON B KocMoce rpymnmupokoit MC3.

CryTHUKOBOE JAMCTAHLMOHHOE 30HAMPOBAHUE UIPAET PEIIAOIIYI0 POJib B HUC-
CJIEJOBAaHUM ME30MAaCHITA0HBIX KOHBEKTHBHBIX CHUCTEM, KOTOpPbIE M3-3a PEIKOH ceTu
CTaHJAPTHBIX METEOPOJIOTHYECKUX HAOIOJEHUH, OCOOCHHO HaJ| MOPSIMHU, OBICTPOTO
dbopmupoBaHusi, HEOOJBIIUX PAa3MEPOB U KOPOTKOTO >KU3HEHHOTO IHMKJIAa OOBIYHO HE
BBISIBIIIFOTCS B TI0JIE€ JIABJICHUSI M HAHOCSITCSl HA TIPU3EMHBIE CHHONITUYECKHUE KapThl 10
CIyTHUKOBBIM JaHHBIM. OniepaTvBHAs UICHTU(DUKAIIMS TaKUX CHUCTEM, a TAKXKeE OIl-
peneneHne CTaguu MX «KU3HEHHOTO» IMKJA MO3BOJSET OCYIIECTBISATH JAMArHO3 H
CBEPXKPATKOCPOYHBII MPOTHO3.

IIpeamer ucciaenoBaHus

[IpenMeToM uccnenoBaHusl JaHHOW paOOThI SIBISIFOTCS CYTHUKOBBIE M300pa-
KCHUS B PA3IUYHBIX CICKTPAIBHBIX JHAMMAa30HAX, COJCPIKAIINE ME30MacIITaOHbIC
KOHBEKTHUBHBIE CHUCTEMBI, BKIIOUAIOIINE CIIEKTP (OpM U MacIITabOB CUCTEM TiIy0o-
KOM M MEJKON KOHBEKIIMM OT JIMHUM IIKBAJIOB, ME30MAaCIITAOHBIX KOHBEKTHUBHBIX
KOMIIJIEKCOB JI0 CUCTEM KOHBEKTHUBHBIX STYEEK OTKPBITOTO U 3aKPHITOTO THUIIOB.

eanb ucciaenoBanus

[enbro HAcTOsAIIEH PAOOTHI SIBISIOTCS:

— pa3paboTKa M HMCCJIeJOBAaHUE METOJIOB U aJITOPUTMOB PEIICHUS 3a7a4 KOM-
TJICKCUPOBAHUS CIIEKTPAJIbHBIX THANIa30HOB JTUCTAHIIMOHHOTO 30HIMPOBAHUS VISl aB-
TOMATUYECKON MACHTH(PUKAINHA H300paKEHHBIX 00BEKTOB Ha CITyTHUKOBBIX CHUMKAX
Y OTIPEJICTICHUS XapaKTEPUCTUK COCTOSHUS aTMOCHEPHI;

— paspaboTka MeToaa UACHTU(UKAMNY 00JAYHOCTH M CTaIWil Pa3BUTHS KOH-
BEKTUBHON 00JIAYHOCTU HA OCHOBE CHHTE3WPOBAHMSI CHHUMKOB C MOMOIIBIO Pa3Jiny-
HBIX KOJIOPUMETPUUYECKUX MOJEIIEH;

— HCCJICIOBAaHUE BO3MOXHOCTEH TEKCTYpPHOTO U (paKTaIbHOTO aHaju3a 00-
JJAYHOCTH IO CITYTHUKOBBIM CHUMKAM.



Jist 10CTHKEHUSA OCTABJICHHOM LeJIU ABTOPOM

1. PaccMOTpeHBbl CITyTHHUKOBBIE CpEICTBA MOHUTOPHMHIAa MeE30MacIITaOHbBIX
KOHBEKTHBHBIX CUCTEM.

2. PaccMoTpeHbl Me3oMaciTaOHble KOHBEKTHUBHBIE CUCTEMbI U UX KJaccCH(pu-
Kalusl.

3. HccnenoBanbl MHPOPMATUBHOCTh PA3IMYHBIX CIEKTPAIbHBIX AUANa30HOB
COBPEMEHHOW MHOI'030HAJIBbHON CITYTHMKOBOW anmnapaTrypbl U METOJbI KOJIOPUMETPHU-
YeCKUX MPeo0pa30BaHU CITyTHUKOBBIX N300paXeHHII.

4. PazpaboTana METOAMKA pacueTa TEeKCTYPHOU CIOKHOCTH 00JIACTH, 3aHATON
pasHOMacmTaOHBIMU OOJIAYHBIMA CHCTEMaMH, Ha OCHOBE BBIYHCIICHUS €€ (hpaKTalb-
HOW Pa3MEpPHOCTH.

5. [IpennioskeH MeTo/ OMHUCAHMS TEKCTYPhl 00JIAYHOCTH HAa OCHOBE (DpaKTalib-
HOT'0 TIOAXO/1A.

MeTtoabl UccIe10BAHUS

Jlns pelieHus 3a7a4 aHaliM3a UEPAPXUU ME3OIPOIECCOB UCIOIb3YETCSI BEMB-
JeT-aHaliu3; JJIs pelieHus] 3a/ad KOMILIEKCUPOBAHUS CHEKTPAIbHBIX JIMANa30HOB
30HIMPOBAHUS UCTIOJIb3YETCS MPeoOpa3oBaHue B KOJOPUMETPUUECKUX MoaesaX. Jlis
OIIEHKH TEKCTYPHOM CJIOKHOCTH 00JIAaCTH, 3aHSATON ME30MaCIITa0HBIMUA OOJAYHBIMU
CHUCTEMaMHU, UCIIOIb3YIOTCSI TEKCTYPHBIA U (PpaKTadbHbIA aHAIU3BI.

Hayunasi HOBU3HA paOOThI 3aKJTFOYACTCS B CJICTYIOIIEM:

1. IIpemyosxkeHO HMCMOIB30BAHUE METOJAa BEHBIICT-PA3I0KEHHS CITyTHUKOBBIX
M300paKeHMIA )11 aHAJIM3a KOHBEKTHBHBIX JBHKCHHMA PAa3IMUHBIX MacIITaboOB TpH
COOTBETCTBYIOIIUX Pa3pEIICHUSIX.

2. BniepBbie pa3zpaboTaHa METOAMKA pacueTa TEKCTYPHOU CII0OKHOCTH 00JIacTH,
3aHATON Pa3HOMACHITAOHBIMH OOJIAYHBIMA CHCTEMaMH, Ha OCHOBE BBIYHCJICHHS c¢
dbpakTaTbHON pa3MEPHOCTH.

3. BBIsBIICHBI OCOOCHHOCTH (PPAKTAIBHBIX CBOMCTB PA3IUYHBIX BHIOB CHCTEM
MEJIKOW KOHBEKIMHU (00JauHbIe SYCHKH OTKPHITOIO M 3aKPBITOTO THIIA, 00JauHBbIC

TpsiIbI).

Hay4ynasi u npakTu4eckasi 3HAYMMOCTb PA0OThI COCTOUT B TOM, UTO TEXHO-
JIOTUM W alITOPUTMBbl BEHBJIET-aHAIIW3a, TEKCTYPHOTO M  (PPaKTaJIbHOTO aHAIMN3a,
IPEIJIOKEHHbIE B JIUCCEPTAllMU, a TAKKE PE3yNbTaThl UCCIENOBaHUS (PpaKTaIbHBIX
XapaKTEPUCTUK U300pakKeHUI 00JIaKOB MO3BOJISIIOT PEHIUTh NMPoOIeMy napameTpu3a-
MU Pa3IUYHbIX THUIOB 00Ja4YHbIX 00pa30BaHUN. JTO, B CBOIO 0YEPE/ib, TO3BOJISET UX
0oJiee aJeKBaTHOE MPEJCTABICHUE B YUCIEHHBIX MOJEISAX O0Ja4YHOro MOKpOBa, 00-
el HupKyJIauu atMocdepsl U ap. MeTo bl CHHTE3a MHOTO30HAIBHBIX CHUMKOB Ha
OCHOBE KOJIOPUMETPUUYECKUX MPEOOPa30BaHUM MO3BOJIAIOT OMPEAETUTh CTAAUIO KHU3-
HEHHOTO IWKJIa KOHBEKTUBHOW CHCTEMBI, UTO MOJKET OBITh MCIIOJIH30BAHO B CBEPX-
KpPaTKOCPOYHOM IPOTHO3¢ U Nowcasting.

O00CHOBAHHOCTDH M /I0CTOBEPHOCTH IMOJYUYEHHBIX B JUCCEPTAMOHHON pado-
TE pe3yibTaTOB OOYCIIOBJIEHA apryMEHTHPOBAHHOCTHIO MCXOHBIX MOJOXKEHHM, KOp-
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PEKTHBIM KCTOJIH30BAHIEM MAaTEMAaTHYECKOTO ammapaTra U anpoOMpOBaHHEM B TIPO-
BEJICHHBIX paHEE MCCIIEIOBAHUSX MAKETOB MPUKIIAIHBIX TPOrPaMM U TOJITBEPKAACT-
Csl COTJIACOBAaHHOCTBIO MOJIYYEHHBIX PE3yJbTATOB U BHIBOJOB € (hyHIAaMEHTaIbHBIMU
TEOPETUYECKUMHU TOJIOKEHUSIMU U C pe3yIbTaTaMu APYTHX aBTOPOB.

OcHoBHBIE I0JI0OKEHHM S, BBIHOCMMbIEC HA 3aIIIUTY.

1. Metoauka pacuera TEKCTYpHOU CJIOXHOCTH OOJACTH, 3aHITONM pa3zHOMAcC-
MTA0OHBIMU 00JIAYHBIMU CHCTEMaMH, Ha OCHOBE BBIYMCIICHHS ¢¢ (ppaKTaJIbHOM pas-
MEpPHOCTH.

2. Mertoauka BBIICICHUS Pa3IMYHBIX BHUIOB CHCTEM MEJIKON KOHBEKIIHH (00-
JAYHBIC STYEHKH OTKPBITOTO M 3aKPHITOTO THITA, 0OJaYHBIC TPSJIb) HA OCHOBE aHAIN3a
paznmuuus uX PpakTaaIbHBIX CBOHCTB.

Anpobauusi pe3yJibTaToB

OcHOBHBIE pe3ynbTaThl pabOThl JOKIaAbIBaIUCh HA MTOroBoil ceccun YueHo-
ro copeta PITMY (Caunkr-IlerepOypr, siuBapb 2013 r.), Ha HAyYHBIX CEeMUHapax Ka-
benpsl sKcriepuMenTaibHol Quinuku atmocdepsl PITMY (2013 1.).

OcHOBHBIE pe3yJbTaThl JUCCEPTAIMU OMYOJMKOBAHbBI B ABYX MEUATHBIX pa-
0oTax, B TOM YUCJI€ JB€ — B U3JaHUH, peKoMeHaoBaHHOM BAK.

Ctpykrypa u 00bem

Martepuan nuccepTaliuu COCTOUT W3 BBEJICHHUS, TPEX TIJIaB, 3aKIIOYCHUS, CITU-
cka nutepaTypbl. Tekct conepxkuT 154 crpanulibl, Bkiatovas /6 pucynkon, 20 Tab-
st CIMCOK MCIOJIb30BAHHBIX UCTOYHUKOB cosiepkuT 101 HaumeHoBaHue.

Copep:kanue TuccepTAHOHHON PadOThI

Bo BBeeHuM 00OCHOBBIBAETCSA AKTYyaJIbHOCTh TEMbI, KPATKO OCBEILAETCS CO-
BPEMEHHOE COCTOSTHUE MPOOJIEMBI, ONPEAEIIAIOTCS 3aa4M U 1eJIb padO0ThI, ONUCHIBA-
€TCsl CTPYKTypa AUCCEPTALMHU U (HOPMYIUPYIOTCS OOIIME MOAXOAbl K PEIICHHUIO TO-
CTaBJICHHBIX 3aJ1a4.

IlepBas raaBa cojepXuT HHGOPMALIHMIO Kak 00 00bEKTE UCCIIEIOBAHUS — aTMO-
chepHBIX ME30KOHBEKTUBHBIX MPOLIECCAX, — TAK U O CIIyTHUKOBBIX CPEACTBAX MOHU-
TOPHUHTA 3TUX MPOLECCOB.

Pa3nen 1.1 nocsdieH 00630py COBPEMEHHBIX ONEPATUBHBIX KOCMUYECKHX all-
MapaToB, JaHHbIE KOTOPBIX MOTYT MCIIOJIb30BAThCS B aHAIU3€ U MPOTHO3E ME30Mac-
MTAaOHBIX KOHBEKTUBHBIX CHUCTEM. BcemMupHas rpynnupoBKa ONEpaTUBHBIX CITyTHH-
KOBBIX CPEACTB, BEAYIIMX CHEMKY 3€MHOM MOBEPXHOCTH, PA3JIE€JICHA HA HECKOJIBKO
TPy B 3aBUCMMOCTH OT BBIIOJIHAEMBIX 3aaad. HecMOTps Ha HEKOTOpYyHO YCIIOB-
HOCTb pa3/eNICHHs], CBA3aHHYIO C TEM, YTO Ha OOPTY OJAHOIO CIIyTHHKA 3a4acTyl0 yC-
TAHABJIMBAETCS] HECKOJIBKO BUJIOB ChEMOYHBIX CUCTEM PA3JIMYHOIO HA3HAYEHMS, OHO
MO3BOJIACT MPOCIEAUTh OCHOBHBIE OTJIMYMS U OCOOCHHOCTH IMOJy4aeMoi UH(opMa-
nuu. Paznnuue mpocTpaHCTBEHHO-BPEMEHHBIX MAcCIITa0OB HMCCIEAYEMBIX ME30KOH-
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BEKTHBHBIX MPOIIECCOB TPEOYET COOTBETCTBYIOIIETO JMANa3oHa MPOCTPAHCTBEHHOTO
Y BPEMEHHOTO pa3peli€HNs CHYTHUKOBBIX JaHHBIX.

Pa3znen 1.2 nocssieH 0030py aTMOC(PEPHBIX ME30KOHBEKTHUBHBIX MPOIECCOB,
TOpU30HTAIBHBIN MacmTad KOTOphIX HaxoauTcs B uHTepBaie 1 — 1000 kM, a Bpe-
MEHHOW — OT JIECSITKOB MHHYT JI0 JECATKOB 4yacoB. K 3TuMm mporeccam OTHOCSTCS
JUHUU WIKBAJIOB, ME30IMKIOHBI, ME30MacCIITa0Hble KOHBEKTHMBHbBIE KOMILJIEKCHI
(MKK), monsi KOHBEKTUBHBIX SY€€K, CKOILJICHUSI Ky4yeBO-A0XKIEBbIX 001aKoB. YacTb
ATUX SBJIEHUN (JIMHUM TIKBaioB, Me3ouukioHsl, MKK) npencraBisitor cephe3Hyro
OMACHOCTb I XO3SUCTBEHHON MH(PACTPYKTYPhl M HEPEJKO BBI3BIBAIOT YEJIOBEUE-
CKHE KEPTBBI.

JlaHHBIN pa3fen CoAep KUT 0030p CYIIECTBYIOMIMX KilacCHUpUKAIMN Me30Mac-
MTAOHBIX KOHBEKTUBHBIX CHCTEM, BBISBIICHBI OIPAHWYCHUS TAaKUX KIAcCU(pUKAIUH.
CocraBnena kiaccuguKaiys CUCTEM MEIKON KOHBEKIIMHM O aHaJIOTUU C Hauboiiee
MOMYJISIPHON M yAO0OHOH KaK ¢ TeHETHYECKOM, TaK U ¢ MOP(OJIIOTHUECKOW TOUKH 3pe-
HUsI KJaccuukamuen cucteM riryookoi KoHBeknmu Maanokca. OHako oTMedaeTcs,
YTO OCHOBHOE BHMMAaHHUE B CYIIECTBYIOLIUX KiacCU(UKAIUAX oOpallaercs Ha ropu-
30HTaJIbHBIE pa3Mepbl U MOP(POJOrHYECKOe OMUCAHUE PACCMATPUBAEMBIX MPOLIECCOB.
JInst mienelt ke CBepXKPaTKOCPOYHOTO MPOrHo3a ¥ NOWCasting HeoOXOAMMBIM YCIIO-
BHUEM SIBJISIETCS TaK)Ke€ MHPOpPMaLIM O BPEMEHH MOJTHOTO IUKJIA "KU3HU" 00BEKTa U O
CTaJUU 1IUKJIa, HA KOTOPOU JaHHBIN O0BEKT B KOHKPETHBIN MOMEHT HaxoauTcs. Pas-
paboTKa METOJIOB UJICHTU(DUKAIIMU CTAAUHA PA3BUTHSI ME30KOHBEKTHUBHOM CHCTEMBI B
PEXKUME PEATTBHOTO BPEMEHHU SBJISCTCS BAXKHOMW 3a1a4CH.

Pazgen 1.3.1 nocsilieH cucreMaM MENKOW KOHBEKIMHU, Pa3BUBAIOIIUMCS B He-
OOJIBIIIOM HEYCTOWYUBO CTPATU(UIIMPOBAHHOM TOPU30HTAIBLHOM CJI0€ aTMOC(eEphl, B
npeaenax KOTOporo MOXHO MpeHeOpeub U3MEHEHMEM IUIOTHOCTU BO3/AyXa C BBICO-
TOW. TUIIMYHBIMUA CTPYKTYpaMH BO3AYIIHBIX TEYEHUU B PEXKUME MEIKOW KOHBEKLIMU
SIBJISIFOTCSI OTKPBITHIE U 3aKPBIThIC KOHBEKTHUBHBIE STYEWKH, UMEIOIIAE B IUIAHE KBA3H-
HIECTUYTOJIBHYIO CTPYKTYPY, a TAK)KE€ KBa3UABYMEPHbIE OOJauHbIE TPSIbI.

CucteMbl MENKOW KOHBEKIIMM HE OTPakaloTCsl HA CUHONTHUYECKUX KapTax M
PEAKO MPOAYLUUPYIOT OIACHBIE SBJICHUS, OJHAKO aHAJIU3 IIPOCTPAHCTBEHHOW U BpE-
MEHHOW M3MEHYMBOCTU MEJIKOW KOHBEKIIMM HEOOXOIMM KakK JOMOJIHUTENbHAS, a HAJ
paiioHaMu, MaJIOOCBEIIEHHHBIMU JaHHBIMU HaOOJEHUI, KaKk OCHOBHas MH(pOpMa-
1USI 111 OLIEHKA CUHONTHYECKOM OOCTAaHOBKM M BO3MOXKHBIX YCIOBUM Morojbl. Turm
KOHBEKTUBHBIX AYEEK MOXKET CIY>KUTh JOBOJIbHO HAJ€KHBIM UHIUKATOPOM BO3IYylI-
HBIX Macc. PacmpocTpaHeHue OTKpPBITHIX OOJAYHBIX SYEEK MO3BOJSET CIEIUTH 3a
NPOHUKHOBEHUEM MAacC XOJIOAHOTO BO3AYXa, 3aKPBITBIX — TEIUIOTO. YYET BIUSHUS
KOHBEKTUBHBIX SUE€EK MO3BOJISET JIOKATN30BATh MOABICHUE SKCTPEMAIIBHBIX KOHIEH-
Tpanuil mpuMecu B Mpu3eMHOM ciioe. OOpa3oBaHue KPYIHBIX OTKPBITHIX KOHBEKTHB-
HBIX siyeeKk auamerpoM Oosiee 30 KM 4acTO yKa3bIBaeT HA IITOPMOBOM XapakTep Io-
roJibl B OKE€aHe: MPOXOIAT KPAaTKOBPEMEHHBIE, HO MHTEHCUBHBIE OCAJIKH, COIPOBOK-
JAIONUECs MKBAIUCTHIM yCWJICHHEM BeTpa. lIpumuem ¢gopmMa OTKPBHITHIX OOJaYHBIX
AYEEK CBSA3aHA C BHICOTOM BOJIH B pallOHAaX OKEaHa, HaJl KOTOPBIMH IIPOCIIEKUBAOTCS
oOjauHble 00pa30BaHMs: CUMMETPUYHBIEC SUEUKH COOTBETCTBYIOT BOJIHAM, BBICOTA
KOTOPBIX HE MPEBBIIIACT 4 M, SYCHKN HETPaBUILHON (CEpHOBUIHOM) GOPMBI yKa3bl-
BAIOT HAa 3HAYUTEIbHOE BOJHEHUE B 5 — 6 M. C MEJIKUMH 3aKPBITBIMU KOHBEKTHUBHBI-
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MU siueiKaMH He OBbIBAIOT CBSI3aHBI PE3KUE YCUJICHHs BETpa U MHTCHCHUBHBIE OCAJIKH,
OJIHAKO MPU METEOPOJOTUYECKOM OOCIY>)KMBAHUU aBHAIIMM HEOOXOJIMMO YYHUTHIBATH
BBICOTY HUKHEH I'paHullbl 00JAKOB, COCTABJISIOLIMX 3aKpPbIThIe SUEUKH, KOTOpas 3a-
yacTyro He npesbimaet 200 m.

Pazngen 1.3.2 comepxuT pe3ysbTaThl HUCCIETOBAHHUS ME30MACIITAOHBIX KOH-
BEKTHUBHBIX KOMIUIEKCOB HaJ TeppuUTOpHei EBpOIBI, MPOBEIEHHOTO B paMKax Ha-
crosimed padotrbl mo gaHHbiM 2008 — 2011 rr. reocTalMoOHapHOIO CIyTHUKA
Meteosat-8 — puc.1. MKK onpenensnuces no npusHakam Mbaanokca. B nanHom pas-
Je7ie OTMEUEHO, YTO ¢ TOYKH 3PCHHUSI CBEPXKPATKOCPOYHOTO MPOTHO3a U NOWCAsting
unentudukarus MKK mo npusznakam Mbaokca nviieHa cMbIcia, MOCKOJIbKY HE00-
XOJIMMO€E YCJIOBUE COXPAHEHUsI FEOMETPUUYECKHUX Pa3MEpPOB B Te€UeHHE 6 4acoB, BXO-
Asiiee B NepeyeHb UICHTUPUIUPYEMBIX MPU3HAKOB, 03HAYAET, YTO OT MOMEHTA IO-
sBieHus MKK 10 ero okoH9aTembHON UASHTU(PUKAIIUN TPOXOIUT CTOJIBKO BPEMECHH,
YTO OOJIbIIIAsA YACTh OMACHBIX SIBIEHUH K 3TOMY MOMEHTY YK€ INpowu3onuia. Jpyrum
MIPU3HAKOM SIBJIAE€TCS HAJIMYHME OKPYIJIONW O00JACTH MEPUCTHIX 00JIaKOB ONpPEAEIIEHHO-
ro pazMepa, OJIHaKO Takas 00JacTh 3a4acTyl0 MaCKUpPYeT pa3audHbie M0 GopMe CKO-
IJICHUS] Ky4€BO-JOKJIEBOM OOJaYHOCTH, B TOM YHUCJIE U ME30MacCIITAaOHbIE JIMHHUH
LIKBAJIOB.

st Beex uaentuguuupoBanHbix MKK n3mepsiiock BpeMst MX CyIIeCTBOBaHUS
B M0JI€ 00JIAYHOCTH, a TAK)KE HAIpPaBJICHUE NEPEMELICHHS TyTEM MTOCTPOEHHUS BEKTO-
pa, MPOBEJICHHOT0 MEXIYy IIEHTpaMHu TshkecTu obsraunoro maccuBa MKK B cramusx
3apOKJCHUS U AMCCUIIALlMK, HAHECEHHOTO Ha (pu3nueckyro kapty EBporsl Maciitadba
1:250000.

B pesynbpTate 00pabOTKH CIyTHUKOBOM MH(pOpMaluu ObUIO YCTAHOBJIEHO, YTO
B CpeHEM 3a JIETHUI mepuon Ha Tepputopuu EBpomnsl oOpasyercs okono 20 me3o-
MacCIITa0HBIX KOHBEKTHUBHBIX KOMIUIEKCOB. B oTimume oT tepputopun CeBepHoi
AMepuKH, T/Ie HanOOJbIIast TOBTOPSIEMOCTh M MHTEHCUBHOCTH BO3HUKHOBeHHST MKK
HaOJIIoAaeTCsl B BECEHHUE MECsLbl, HaJ EBpOMoil B mepexo/iHble CE30HbI ObLIU 3a-
dbuKkcUpoBaHbl JHIb €IWHUYHBIE ciaydan Bo3HukHOBeHHss MKK: B ampene, mae u
ceHTs0pe — puc.l(a). Cs3aHbl OHU C OYEHb AKTUBHBIMUA aTMOC(PEPHBIMU (PPOHTAMH.
Perynsapuoe popmupoBanne MKK Ha Tepputopun EBporbl HauWHAeTCS C ECATHIX
YUCEJl WIOHA M OTMEYaeTCsl MPAKTUYECKH A0 KOHIA aBryCTa, IHUK NPUXOAUTCA Ha
uroJib. B XonoaHoe nomyroaue Haa Tepputopueid EBponsl Me3omaciTaOHbIE KOHBEK-
THUBHbBIE KOMILIEKCHI HE (DOPMHUPYIOTCH.

Bosnuknosenne MKK Ha0mr01a10Ch BO BTOpOM MOJOBUHE JHS, K Beuepy J0C-
TUTas CTaAUU MAKCHUMAJIBHOTO pa3BUTHA. B HOUHBIE Yackl, KaK MPaBUIIO, IPOUCXOIH-
710 pa3MbIThe 06s1auHoi cuctembl MKK.

[To pesynbratam wuccienoBanusi Hambosee yacto MKK oOpasyrorcs B 1ieH-
TpaJbHOU U BOCTOYHOU EBpomne, mpuueM 00sbIIMHCTBO U3 HUX (0K0s10 80% citydaeB)
dbopmupyeTcst oA Bo3AecTBUEM oporpadum, T.e. B paitoHe KaBkaszckoro xpe0OTa,
Kapmat u Anpnmiickux rop — puc. 1(0). Hax moBepXHOCTBIO MOpPS CiTy4aeB BO3HHK-
HoBeHust MKK ne 3adukcupoBano. Takxke MOKHO OTMETUTh OTCYTCTBHE CIIy4aeB
MKK Ha mmpotax Bbime 60°c. .
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Puc. 1. Pesynbrartel uccnenoanus MKK nan Tepputopueit EBponsl: a) rucrorpamma ciydaes
Bo3HuKHOBeHHsI MKK; 6) paitons! HanOomnbimeit nosropsiemoctd MKK; B) nuarpamMmma HampaBiieHUMA
cmerennss MKK

bonsmmmuacTBO MKK cMemaercst cornacHO BemyliemMy MOTOKY, TOCIOACTBYIO-
meMy HaJx EBpOIIoy B TEIIbIM IEPUOA TOJa, 8 UMEHHO B CEBEPO-BOCTOYHOM U CEBEP-
HOM HarpaByieHUH — puc. 1(B).

XapakTepHbIM OTJIMYUEM SIBJISIETCS JUTUTEIBHOCTh JKMU3HEHHOTO ITUKJIA ME30-
MacIITaOHBIX KOHBEKTHBHBIX KOMILIEKCOB, koTopas Hajx CIIA cocrasnser 15 — 16
4acoB, B TO BpeMs Kak Haj EBpomoii obnaunas cucrema, cBsizanHas ¢ MKK, na6mro-
Ja€TCs TIOYTH BJIBOE MEHBIIIE [0 BPEMEHH — OKO0JIO 8 — 9 4acos.

Bropasi riiaBa mocpsieHa [IBETOBOMY aHAJIM3y Pa3BUTUSI KOHBEKIIMM Ha OC-
HOBE CHHTE3a CIEKTPAJIbHBIX KaHAJIOB U WX PA3HOCTEH B Pa3IMYHBIX KOJOPUMETPHU-
YECKUX MOJIETISX.

BricoTa BepxHel rpaHulibl 0071a4HOCTH, €€ (Pa30oBbIi COCTaB, HAMPABJICHUE U
MHTEHCUBHOCTh BEPTUKAIBHBIX TOKOB U Jpyrue (akTOphI BIUSIOT HA MHTEHCUBHOCTh
W3JIYYEHUS] U OTPaXEHUE pajJdalliM, 4TO B CBOIO ouepeqb (popMUpYET SAPKOCTh MHUK-
ceJiell MHOTO30HAJILHOTO CITyTHUKOBOTO CHHUMKa. CpaBHEHHE SPKOCTEH OOBEKTOB M
UX PAa3HOCTEW B Pa3JIMYHBIX KaHAJaX JAaeT BO3MOXHOCTh MOJYYUTh HECOU3MEPUMO
OoJbIIyI0 HHGOPMAIIHIO O MpolleccaX KOHBEKTUBHOTO 00J1aKo0OOpa30BaHMs, O CTa NN
KU3HU OTHEJIbHBIX SYEEK KOHBEKTUBHOW CHCTEMBI, YUEM AHAIN3 OJMHOYHBIX CHUM-
KoB. Tak, cuHTe3 Tpex M300paKeHUl B OJHO, OCYIIECTBIAEMbIA B paMKax TOW WM
WHOM KOJOPUMETPUYECKON MOJIEIH, MO3BOJIIET MOJYYUTh MYJIbTUIUIMKATUBHBIN d(-
dexr. [ns 12-tuxananpHoro ckanepa SEVIRI oOweamnenne mo Tpu HCXOIHBIX
caumMka B Moaean RGB gaer 12x11x10 = 1320 xomOunanuii. KonnuectBo KomMOMHa-
U BO3pacCTaeT, €Clid UCMOJIb30BaTh Pa3HOCTU KaHAJIOB, KOTOPHIC, KaK YK€ YIOMU-
HaJIOCh, HECYT OOJIBIITYI0 HHGOPMAIIHUIO.



B pasaeune 2.1 npuBeneH 0030p COBpeMEHHOW MHOTOCIIEKTPAIIbHOM amnmnapary-
Pl KOCMUYECKHUX alnapaToB U JIaH aHaJu3 WH(POPMATUBHOCTU CHEKTPAJIbHBIX JUara-
30HOB, B KOTOPBIX BEJETCS ChEMKa CPEACTBAMU COBPEMEHHOI'O CIYTHUKOBOTO JHC-
TQHIIMOHHOTO 30HIMPOBAHUS. AHAIU3UPYS XapAKTEPUCTUKU HECKOJbKHUX JIECATKOB
cnyTHUKOB JI33, 3alylieHHbIX 3a MOCJIEIHHUE TOJbl, MOKHO OTMETUTh €IMHO00pa3-
HBII MOAXO0/ K BIOOPY KOJMYECTBa 0A30BbIX CIEKTPAIbHBIX KaHAIOB: TPU — B BUJIU-
MO# 00J1acTh, MUHUMYM OJIMH — B OmmkHel mHppakpacHoit (MK) u Munumym nBa
ka"aya — B panbHel MK-o6mactu. [IpudeM AJiMHBI BOJIH 3TUX KaHAJIOB MPAKTUYECKH
COBMAJIalOT C HEKOTOPOI TOYHOCTBHIO JIeJeHHs] AL, KOTOpas B pa3HbIX CUCTEMax He
npesbimaer 10%.

C ToukM 3peHust u3ydeHus MUKpOPHU3UKU 00JIaKOB COBPEMEHHBIE CKaHEePhl CO-
JepaT KaHaJlbl BO BCEX Ba)XKHBIX 30HAX CIEKTpa: BUAMMOM, UyBCTBUTEIHHOM K OII-
TUYECKON TOJIIMHE 00JIAYHOTO CJI0sI, OJIMKHE- U CpelHeUnHPpakpacHOM — K ¢aze u
pa3Mmepy oOnauHbIX yacTull, faidbHeM MK — k TemmepaType u BbicOTE BEpXHEU Ipa-
HUIIBL.

O0630p KaHAJIOB, UCHOJb3YEMbIX JJISl MICHTU(PUKAIUNA ME30KOHBEKTUBHBIX 00-
JadHbIX o0pa3oBaHMii, qaH Ha mpumMepe paaunomerpa SEVIRI eBponeiickoro reocra-
monapHoro crytanka MSG.

AHanu3 XapaKTepUCTHK pacCMaTPUBAEMbIX KaHAJIOB MPOM3BEJCH Ha OCHOBE
CpaBHEHHS Tpoduiell SPKOCTH MO CEYCHHSM MHOTO30HAIBHOTO CHHMKA, Iepece-
KaIOIIKUM O0JauyHOCTh PA3IMYHONW MOIIHOCTH, (pa30BOro cOCTaBa, TemmepaTypsl. Omn-
peneneHbl pa3HOCTH KaHAJIOB, MO3BOJISIOLIUE UCCIEN0BATh OJHOPOIHOCTh BEPXHETO
CJI0s 00JIaYHOCTH, MPOU3BOUTH JUCKPUMHUHAIIMIO TIEPUCTON 00JIAYHOCTH U 00J1acTei
NbUTH, UACHTU(GULIKMPOBATh a3y U pa3Mep YacTHUIl, YTO [MOMOTAET ONpPEAEIUTh CTa-
JTIAIO PA3BUTHSI KOHBEKTUBHOMW STYECHUKH.

Pa3nes 2.2 mocBsleH METOAY aHalM3a COBOKYITHOCTHU IMOJIYYEHHBIX B PE3YyJib-
TaTe AWCTAHIMOHHOTO 30HIUPOBAHUS MHOTOCHEKTPAIbHBIX CHUMKOB — CHHTE3Y
MICEBJOLBETHBIX H300paXCHU Ha OCHOBE KOJOPUMETPUUYECKUX MPEoOpa3oBaHMIA
CIyTHUKOBBIX CHUMKOB.

B moapasaene 2.2.1 otMeuaeTcsi, YTO IIBETHOE HU300paKeHUE MEepeaeT Cylle-
CTBEHHO O0JbIINI 00beM MH(pOpMaMu 00 00BEKTE CHEMKHU, YEM YEpPHO-0€JI0€, YTO
criocobcTByeT 0Oojiee TOUHOMY pEIICHHUIO 3ajad JeruppupoBaHus (OMO3HABAHMUS,
knaccudukanmm). MeToasl aHanM3a BETHBIX W300paKEHWH 3aBHCST OT I[BETOBOTO
npocTpaHcTBa. B mogpasaene 2.2.2 paccMOTpEHbl OCHOBHBIE IPUHIIUIIBI CIIEAYOLIUX
1BeToBBIX Mozeneii: RGB, XVZ, Lab, HSB (HSL, HSV). [IpuBoastcs 10CTOMHCTBA U
HEJIOCTATKU PACCMOTPEHHBIX MojieNieH, JaHbl (GOopMyIIbl Mepexo1a U3 MPOCTPAHCTBA
RGB B Lab uepe3 mpomexyrounoe npoctpanctBo XYZ u u3 RGB B HSB.

B pa3nene 2.3 paccMOTpeHbl BO3MOKHOCTH MOHUTOPUHTA KOHBEKIIMHU C TO-
MOIIIbI0 KOMIO3UTHBIX M300paKeHUH, MOJYYSHHBIX B pe3yJibTaTe Pa3IMYHbIX COYe-
tanui kaHayoB. [loapasagea 2.3.1 coaepKUT NpakTUUECKUE TPUMEPHI IPOBEICHHOMN
B paMKax HacTosimed paboThl WACHTU(UKAIMK OOJAYHOCTH Ha OCHOBE CHHTE3a
CHUMKOB,

Pesynbrar uaeHTHpUKAMU OOBEKTOB HAa KOMIO3UTHOM H300pa)K€HUH, CO-
ctaBieHHOM 1o cxeme RGB u3 xananos VIS 0.8, IR 3.9 u IR 10.8 mMxMm, npeacrasiex
Ha puc. 2.1. Tpu psaa BETHBIX NPSIMOYTOJIBHUKOB OTPAXKAIOT I[BET BEpPXHEH rpaHu-
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Il 00JIAKOB, HAXOJSIIMXCS HAa TPEX YPOBHSAX MO BbicoTe. TpexcrtonbuaTsie aua-
IpaMMBbl [TOKa3bIBAOT BKJIAJ B PE3YJIbTUPYIOLINI BET APKOCTEN UCXOIHBIX CHUMKOB.
Spkoctu B kaHaie 0,8 MKM, UyBCTBUTEJIBHOM K IUIOTHOCTH OOJJAYHOCTH U K KOJIMYe-
CTBY KalleJb Y JICJIHBIX KPUCTAJUIOB, MOAYJIUPYIOIIUX OTPAXKaEMOCTh COJIHEYHOIO
U3JIyYEHUs, YIIPABISIIOT KPacHBIM CTOJOMKOM Juarpammel. [IpucyTcTBue cpenHenH-
¢paxpacHoro kaHaia 3,9 MKM, yIPaBJISIOILIErO 3€JIEHBIM CTOJIOMKOM, JI€JaeT TaKylo
KOMOMHAIIMIO YYBCTBUTEIBHOW K pa3Mmepy U (a3e oOmaunbix yvactuu. Kanan 10,8
MKM, MOAYJIHPYEMbIH TEMIEpaTypoil BEpXHEH T'paHUIIbl, YIIPABISIET CHHUM CTOJIOU-
koM. Jlannas komOunanus VIS 0,8; IR 3,9; IR 0,8 noctynHa TONBKO B THEBHOE BpEeMsI
n3-3a Hajnumuus kaHama VIS 0,8 M.

)
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PacTtureabHOCTEL

Puc. 2.1. [IBera o6maunoctu 1 00BEKTOB MOACTHIAIOMIEH moBepxHOCcTH B cxeme RGB 0.8, 3.9, 10.8:

BepxHuii sipyc: a) TOHKas nmepucTooOpazHas MEIKOKpUCTAUTHYecKas; 0) TOHKas MepucTo-
oOpa3Hasi KPYIMHOKPHUCTAJUIMYECKasi; B) KOHBEKTHBHAs OOJIAYHOCTH C MOIIHBIM BEPTHUKAIHHBIM
MOABEMOM U OCAJKaMHU; T') KOHBEKTUBHAS 00JIAYHOCTb.

Cpennuii sipyc: 1) TOHKHNA CIIOH C TIEPEOXIIKISHHBIMA MEITKHMH KAIUTSIMH; €) TOHKHHA CIIOH
C MEePEOXTAKICHHBIMU KPYIMHBIMU KAIlIIMU; 5K) MOLIHBIA CJION C MEpeoXJaXJACHHBIMH MEIKUMU
KaIuIsIMU; 3) MOIIHBIN CJIOW € MEPEOXIIaKICHHBIMUA KPYITHBIMH KaIlJISIMU.

HwxHuii spyc: W) TOHKUH CIION ¢ METKMMH KaIUTSIMH; K) TOHKHH CITOM ¢ KPYITHBIMHA Karuisi-
MHU; JI) MOUIHBIN CIION ¢ METTKUMH KaIuisiMu 0€3 0CaJIkOB; M) MOIIHBIN CJIOH C KPYITHBIMH KaIlJIsiMH C
ocaJKaMu

B nmanHOM pazpiene mpuBOISTCS pa3InyHbIe KOMOMHAITUY CIIEKTPATbHBIX KaHa-
JIOB ¥ aHAJIM3 TIONYYCHHBIX JIO)KHOIBETHBIX M300pa)KEHUM, MO3BOJISIONIUX PACIIO-
3HATh 00JJIAYHOCTH PA3IMYHON ONTUYECKON TONIIMHEI, pa3Mep U (a30BOE COCTOSTHHE
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BEpPXHEH TpaHUIBl 00JIAKOB, HACHTUPHUITUIPOBATh 00JIACTH BEPTUKAIBHBIX JIBYKCHHMA
B 00JIAYHOCTH.

Jlanee paccMOTpeHHE poliecca KOHBEKIIUU MPOBOAMUTCS B 1IBETOBOM CHUCTEME
Lab. KomnonenTs! 3T0# cucteMsl — Lightness, a u b, — paccunteiBaaucs mo Gopmy-
JaM nojapasznena 2.2.2.

Bcenencteue paznenuMoctd MHGOPMAIUKM O IBETEC M SIPKOCTH B cucTeme Lab
MOSIBJISICTCS. BO3MOYKHOCTD TIPOBOIUTH aHAIM3 Pa3BUTHS KOHBEKTUBHOW 00JIAYHOCTH B
NPSIMOYTOJIBHOMN TIOCKOCTH XPOMAaTHYECKUX KOMIIOHEHT a — D. Hagamo xoopauHat
HaxXOJIUTCA B IIEHTpE B Touke Oenoro 1sera. [IpuMep aHanm3a 3HAYCHU MHTCHCHUB-
Hoctu B Tpex kaHanax VIS 0.8, IR 3.9 u IR 10.8 MxMm (cMm. puc.2.1) npuBeaeH Ha puc.
2.2. lIBeta oOmayHOCTH B HAYaIbHOU (paze pa3BUTHUS (MEIKHE YaCTUIIBI, MaJiasi OTTH-
YyecKas TOJIIUHA CII0sI) U KOHEUHOM (KPYITHBIE YaCTHIIBI, OOJIBINAs OMTHYECKas TOJI-
IIIMHA) Ha KAXJIOM SIPyCe MPEJICTaBICHBI TOUKAMHU.

80T

| —

—
-
0 40 60 80

SN
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X

Puc. 2.2. Dramnsl pa3BuTHs 00JIa4HOCTH B KOOpIUHATaX & — b

Pumckue nudpel 0603HaYAIOT SpyC BepXHEW rpaHulpl obmayHocT. Ludps
pacmoJOXKeHbl Y TOYKA HaMMEHBIINX TOJIIMHBI 00JAYHOTO CJIOS U pa3Mepa YacTHII
Ha COOTBETCTBYIOLIEH BbIcOTE. POCT pa3smepa dacTull Ha 000 BBICOTE OTpa)xaeTcs
YBEIMYCHUEM KOOPJIMHATHI ¢ U YMEHBIICHUEM KOOPJMHATHI D (CHHME JIMHUYM Ha pU-
cyHke). Bo3pacTanue ToMIMHbl 00Ja4HOTO ClIosi 6€3 YKPYIHEHHS YacCTHI] COIPOBO-
KIAeTcss pocToM KoopauHathl b (cepwie muumm). KpacHblii MyHKTHp yKa3biBaeT Ha
OJTHOBPEMEHHBIN POCT pa3Mepa 4acTUIl U TOJIIMHBI 00JaYHOTO CJIOSl. 3aMETHO BO3-
pacTaHue aMILTUTY]Ibl U3BMEHEHUS (AJIMHA KPAaCHOTO MYHKTUPHOTO OTPE3Ka) C POCTOM
BBICOTHI BEPXHEU rpaHUIbI.

B moapasgesie 2.3.2 paccMOTpeHbl BO3MOYKHOCTH MOHUTOPHMHIA CTaaud
pa3BUTHA 00JAYHBIX CHCTEM INIyOOKON KOHBEKLUMHU U OTIENbHBIX 00sakoB Cb 1o
CHUHTE3UPOBAHHBIM C TIOMOIIBIO KojopuMeTpuueckux Mmozeneir RGB u HSB uzo-
OpaxeHHsM. B kauecTBe OIHON M3 OCHOBHBIX XapaKTEPHUCTUK, MO3BOJISIOLINX
UACHTU(DULIMPOBATh CTAIWI0O TO I[BETY KOMIIO3UTHOTO H300pa)K€HUs, MPHUHSITA
CTerneHb OOyieeHeHUs] BepxHel rpaHuibl. CocTaBieHbl TaOIUIbI, OTPaXarole
HBOJIIOLMIO I[BETA BEPXHEU I'PAHMIBI KOHBEKTMBHOM SUYEMKM HA Pa3HBIX CTANMSIX
pa3BUTHS JUJISl pa3IMYHBIX CXEM CHHTE3a, pacCMOTpeHHbIX B 2.3.1. [Ipumep Takoi
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TabHIBl U1t cxembl, cocTaBiaeHHou n3 karanoB VIS 0.6; NIR 1.6; IR 10.8, npuse-
JIEH J1ajee.

Tabmuma 2.1
[{BeTa Bepxueit rpanuisl Ch Ha pasubix cragusx B komOunanuu VIS 0.6; NIR 1.6;
IR 10.8
Crannu R G B H S Br [BeT
| 255 255 200 60 22 100
I 255 200 0 47 100 100
II 255 100 0 24 100 100 [

B sTom THmEe oTOoOpakeHuss KOHBEKTHBHBIC OOJlaKa MpPHU CBOEM Pa3BUTHH
npuobpeTaioT Bce Ooiee po3oBblit 1BeT. [lepBoe obneneHeHre MOXKET ObITh 00-
HapY>KEHO TI0 HEOOIBIIMM 00JIACTSIM OPAHKEBOTO IIBETA, KOTOPHIE CTAHOBSITCS BCE
TEMHEE 110 MEPE YBEIUYCHUS Pa3MEPOB JICASTHBIX YACTHII.

B tabnmmax Takke mpencTaBlieHbl 3HAYCHHS KOMIOHEHT Mozenel RGB u
HSB kakoro nsera.

[IpoBeneH aHanu3 pa3BUTHS KOHBEKTUBHON 0OJIAYHOCTH B TMOJISIPHOM IJIOC-
KOCTH KOMITOHEHT IIBETOBOM TOH (H) — HACHIIEHHOCTH (S), re H ABIsSeTCs aHalo-
TOM JUITMHBI BOJHBI U3JIYYEHHUS, S — aHAJIOrOM MHTEHCHBHOCTH BOJIHBI. 3HAUCHUS
IBETOBOTO TOHA OTKJIAJBIBAIOT Ha Mepudepun IIBETOBOTO Kpyra M XapaKTepusy-
10T BEJIMYMHOM yriia B Auamna3zoHe ot 0 1o 360°. HaceleHHOCTh 1[BETa — painycC
1BETOBOro Kpyra. OroOpaxkeHue 1[BeTOB BepxHei rpanuibl Cb Ha Tpex cramusx
pa3BUTHS B TUIOCKOCTU H — S, ipecTaBiieHo Ha puc. 2.3.

120° &0
e I / )

240* Zoo*

Puc. 2.3. IIBeToBas 3BOJIOIMS B IJIOCKOCTH TOH-HACHIIIICHHOCTh B KOMOMHAI[UH KAHAJIOB
VIS 0.6; NIR 1.6; IR 10.8

AHanu3 BceX pacCMOTPEHHBIX B JAaHHOM Maparpade AuarpamMm IO3BOJIHII
clenaTh clieqytolre BeIBObl. HampaBieHre BeKTOpoB, coeanHsomux Toukd |, |l
u |ll, cooTBeTcTBYIOIIMX HOMEpaM CTaJuil, CTPEMUTCS B CTOPOHY YBEJIUYEHUS
JUTMHBI BOJIHBI, T.€. K KPACHOMY TOHY cO 3HaueHueM (°. 3HaueHue HACHIIIEHHOCTU
IpU 3TOM BCEI/Ia BO3PACTaeT, YTO OCOOCHHO XapaKTEpHO AJisi BEKTOpa, COEIH-
nsromero | u 1l craguu. 1o mepe pa3BUTHS KOHBEKIIMU LBET CTPEMUTCS K MAaKCH-
MaJbHO YUCTOW TOHOBOW BOJIHE, TOATOMY JIOKAJIM3ALMs LIBETA HA AUArpaMMe Mo-
’KET MMO3BOJITH OLIEHUTH cTerneHb 3Boronmu Ch, a, ciegoBaTensHO, KOCBEHHO U
yIpo3y ONACHBIX SIBJICHUI UMH BBI3bIBAEMBIX.
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Tperbs ri1aBa nocesiIeHa METOJAAM HCCIIEIOBAHUS TEKCTYPbl ME30KOHBEKIINU
Ha CIYTHUKOBBIX CHUMKax 00ja4HOCTH. OTMEYEHO, YTO MpU aHAJIU3€ U MPOTHO3E
HBOJIIOIMU aTMOC(EPHBIX MPOLIECCOB HEOOXOAMMO YUYHUTHIBATH OJJHOBPEMEHHOE CY-
IIECTBOBAHME BO3MYILEHUNA PA3JIMYHOTO MPOCTPAHCTBEHHO-BPEMEHHOI'O MaciiTada.
['eomeTpuyeckre pa3mepbl ME30SIBICHHM OTIMYAIOTCA Ha JBa MOPSJKa, MOITOMY
MHOT'HE METOJIbl 00pabOTKH (HampuMep, METOIbl TEKCTYPHOT'O aHaJIU3a) OKa3bIBAIOT-
Csl HEMPUMEHHUMBI K CHUMKY, COZAEp>KalleMy OJHOBPEMEHHO pa3HOMACIITA0HBIE aT-
Moc(hepHbIe KOHBEKTUBHBIC SBJICHUS.

B cBsi3u ¢ 3TuM a1 BeiieNieHUss WHGOPMAIUH TIPU Pa3TUYHBIX YPOBHSIX JIeTa-
JU3AIAH TPEJICTABISETCS 11eTECO00Pa3HBIM HCTIOIB30BaTh MPEIBAPUTEIHLHOE Pa3Jio-
KEHUE HWCXOJHOTO CIYTHHUKOBOTO CHHUMKAa C TIOMOIIBIO BEHBIET-MpeoOpa3oBaHMs.
[TonydyeHnHass B uTore uepapxusi ypoBHEH OTOOpaKEHHSI C Pa3TUYHBIM MPOCTPAHCT-
BEHHBIM Pa3peIICHUEeM MO3BOJUT UCCIEAOBATh UEPAPXUUYECKYIO OpPTraHU3AIHI0 00-
JIAYHOTO TMPOCTPAHCTBA, BBISIBJIATH MpaBUjia M M3ydyaTh MEXaHU3MBbI, MOPOXKIAIOIINE
Mepapxuio, BbIOMpaTh MacIITald AJisi COCTABIECHUS KapT pa3IMYHOro LEJIEeBOro Ha3Ha-
YEHUS.

Pazgen 3.1 coaepKUT Kak TEOPUIO JUCKPETHOro (OBICTPOro) BEHBIIET-
npeoOpa3zoBanus (bBII), Tak 1 mpakTUyeckue NpUMeEphl Pas3ioKEeHHUs] CIYTHUKOBOTO
CHHUMKA Pa3HOMACIITAOHBIX 00JIAYHBIX CUCTEM.

B nmoapaspnene 3.1.1 onucana teopus bBII, ¢ moMmonipio koToporo QpyHkmuu
(n300paxkeHue, MOBEPXHOCTH) MPEICTABIIAIOTCS KaK KOMIIO3HIIMS TpyOOi HHU3KOYac-
TOTHOM aIlMpPOKCUMAIIUU U YTOYHSIOMUX KOMITIOHEHT (Z1eTajeil).

JBymeproe BBII BbimosHsIIOCH CBEpTKOM curHaia ¢ 4 IByMEpHBIMH Oa3uc-
HbIMU (YHKIUAMH, TMOJTYYCHHBIMH IyTEM TEH30PHOTO YMHOXXEHHS MaTEPUHCKOTO
BeliBlieTa U MaciTabupyromeid GyHKIUKU Mo HarpaBieHusM X u Y. Takum o6pazom,
MCTIOJb30BaIach OJIHAa CKEUIMHT-QYHKIUS (X)) W Tpu Oa3ucHBIX BekBiaeTa y(X) :

rae K — mernbie gucna.

PekypcuBHOE HCIOIB30BaHNE MPOLEAYPHl CBEPTKH MPOUCXOIUT C YMEHBIIIe-
HUEM KOJIMYECTBA OTCYETOB B 2 pa3a MpH MEepexojie OT OAHOr0 ypoBHs («MacmTaday)
K IPYTOMY.

B nmoapaspgesie 3.1.2 ormMeyaeTcs, YTO NPUCYTCTBUE HA UCXOJJHOM CHHUMKE pa3-
HOMACIITaOHBIX 00Ja4HBIX OOBEKTOB, KaK B MpuUMepe Ha puc.3.1, — IIUKIOHA CHHOII-
TUYECKOTO MaciiTada, JIMHUW IIKBAJIOB MaciiTaba Me30-0, CKOIUICHHS Ky4deBO-
JOKJIeBOM 00J1auHOCTH MaciiTaba Me30- U OTACNbHBIX 00JIaKOB MaciiTaba mMe30-Y,
COCTaBIISIIOIINX TIOJS KOHBEKTUBHBIX SYE€EK, — HE MO3BOJSET MPUMEHATH KO BCEMY
M300paXEHUIO OJHY MPOCTYIO0 CTaTUCTHUYECKYIO MOJeNb. Pe3ynbrar 4eThipex ypoB-
HEW BeUMBIET-AECKOMIIO3UIIMU TIpeAcTaBiieH Ha puc. 3.1(0). McxonHoe nzobpaxeHue
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Ha KaKJIOM YPOBHE PaCKJIa/IbIBAETCSl HA JIBE COCTABJISIONINE — CIVIQXKEHHYIO YMEHb-
IIEHHYI0 BEPCUI0 OPUTHHAJA M TPHU BBICOKOYACTOTHBIX M300paxeHus. [IpoctpaHct-
BEHHBIA pa3Mmep MuKcenaa u3MeHwicss or 250 M Ha MCXOJHOM CHUMKE J0 4 KM Ha
M300paKEHUH YETBEPTOTO YPOBHSI.

2) 5)

Puc.3.1. BeitBneT-npeobpa3oBanre CIyTHUKOBOTO CHUMKA: a) HCXOAHBIM CHUMOK BHUIMMOTO
nuarazona, MODIS/Terra, 29.04.2009, 600x860 nukcesn, MpoCTpaHCTBEHHOE paspelieHue 250 M.;
0) yeThIpe YpOBHSI BEHBIIET-IEKOMIIO3UIIUN

Amnmapar AUCKPETHOTO BEHBIET-IPeoOpa30BaHusl MO3BOJIWI MOJYyYUThH Cria-
’KEHHbIE U300paKeHUs, 10 KOTOPHIM MOKHO MCCJIEZIOBATh OOJIbIINE 00JIaCTH U TOYHO
ONHKCaTh HU3KOUACTOTHBIE J€TAIN IPU pa3HoOM paspemeHun. Tak, nzoOpaxeHue nep-
BOT'O YPOBHS MO3BOJISIET MPOBOJUTH aHAIN3 aTMOC(EPHBIX JBHKEHUN MaciTadba me-
30-Y, 4YETBEPTOr0 YPOBHs — MaciuTaba Me30-o.. BeicOkouacTOTHBIE N300pakeHus Jie-
TajJell UCXOJTHOTO CHUMKA Ha Pa3HbIX MACHITAOHBIX YPOBHAX JIOKAIM3YIOT PE3KHUE Te-
penajbl IPKOCTH, TPEACTABIISIIONINE IPAHUIIBI OOBEKTOB B M300paKE€HUH, B TOPU30H-
TaJbHOM, BEPTUKAJIBHOM M JUMAaroHaJbHOM HAIpaBJIECHUU. BpineneHne BbICOKOYac-
TOTHBIX J€TaJiell HeCeT JIOMOJHUTENbHYIO MOJIE3HYI0 HH(OPMALIUIO SIS TPOBOAUMO-
IO aHaJ13a CHUMKOB.

Pa3nen 3.2 mocBsleH TEKCTYPHOMY aHalIM3y CHUMKOB OOJAYHOCTH MEJKOU
KOHBEKILWU Pa3JU4HbIX TUNOB. TEKCTYypHBIA MOAXOA B OTJIMYHE OT CIEKTPAIbHBIX
METO/IOB MO3BOJISIET XapaKTeprU30BaTh 00aKa KaK eIUHYIO LIEJIOCTHYIO CTPYKTYPY.

Jlnst onucaHus TEKCTypbl M300pa’keHU 00JAYHOCTU HMCIOJIB30BAJICS CTATH-
CTUYECKUI MOJIX0JI, B OCHOBE KOTOPOTO JIEXUT (POPMUPOBAHUE MATPULL TPOCTPAHCT-
BEHHOW CMEXHOCTH SPKOCTH THKCENIEe. MaTpuia CMEXHOCTH COJIEPKUT OTHOCH-
TENbHBIC YaCTOTBI P ; HAIMYMs Ha M300PaKECHHH COCEIHHMX DIIEMEHTOB, PACIOJIo-

’KCHHBIX Ha paccTtosiHuu d IpyT OT Ipyra, ¢ ApKocTsIMH |, . CpeaHss o HarpaBJIeHU-
M matpuua P =1/ 4(p1,0 + Pp45 + Proo + p1,135) UCIIOJIL30BaIach Uil pacyera

HEKOPPEJIMPOBAHHBIX TEKCTYPHBIX IPU3HAKOB.
KontpacT omnpezensiercsi BeIMUMHON JIOKAJIbHBIX Bapualdii SPKOCTU U300pa-
KEHUSL:
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OI[HOpO,Z[HOCTB SABJIACTCA MCPOU T'OMOT'CHHOCTHU I/I306pa}K€HI/I$[Z

H
L=

<

N N
U=2.2.pij
i=1lj=1
DHTpONUS BbIPAXKAET HEPABHOMEPHOCTh PACHPENCICHUS SIPKOCTHBIX CBOMCTB
AJIEMEHTOB U300pAKECHUS:

N N
2
-2 2. Pi)] log(pi ; )
i=1 j=1
OOpaTHBIi MOMEHT OTpa)kaeT CTENEeHb pa30poca 3JIEMEHTOB MaTpPHIIbI Tpau-

€HTOB BOKPYT TJIaBHOW JUaroHau:

NN pij

M=>>—""3
i1 jal+(i- )
AHanu3 TUCTOrPaMM TEKCTYPHBIX NMPU3HAKOB, BHIYMCICHHBIX JUISI KAXKJIOTO TH-

Ma CHCTEM MEJKOM KOHBEKIMH W MPEACTABIECHHBIX Ha puc. 3.2, MO3BOJMI CHETATh
CJIEYIOIIME BBIBOJBI. YBEPEHHEE BCETrO BbIIEICHBI 3aKPHIThIC SYEHKU MO TPEM TEK-
CTYpPHBIM IPU3HAKaM: KOHTPACT, SHTPONHS U 0OOpaTHBIH MOMEHT, IPUYEM MEHBIIIYIO
JUCIIEPCUI0 U HauOOJbIlIEe PACCTOSHUE OT JPYTHMX TEKCTyp MMeeT OOpaTHBIA MO-
MeHT. JIJI1 OTKPBITHIX SYEEK M OOJAYHBIX Tpsij HanOojIee KOMIAKTHBIM JAHana3oHOM
3HAUYCHUN 00J1a/laeT TEKCTYPHBIM MpU3HAK KOHTpacT. HauMeHbIyio pa3aeamMoCTh
MPEICTaBICHHBIX ME30CTPYKTYp IMOKa3all MPU3HAK OJHOPOAHOCTh. COBMECTHOE WC-
MOJIb30BaHNE MPHU3HAKOB OOpATHBI MOMEHT, KOHTPACT W DHTPOMHS TOBBICHT BO3-
MOKHOCTh HUJECHTHU(HUKAIMU TUIIOB KOHBEKIIMH W TO3BOJHUT JIOKAJIN30BATh TPAHUILY
Mexay HUMH. M300pakeHusi JaHHBIX TEKCTYPHBIX MPHU3HAKOB MPHUBEACHBI HA PUC.
3.3. [lpeacraBuB TeKCTypHBIE MpHU3HAku B KoampoBke RGB: oOparTHblii MOMEHT
KpPacHBIM I[BETOM, KOHTPACT — 3€JCHBIM M DHTPOINUIO — CHHHUM, MOJYYHM IICEBJIO-
LIBETHOE TEKCTYpHOE M300pakeHue — puc. 3.3(r). Beicokue 3HaueHust oOpaTHOro Mo-
MEHTa U KOHTpAcTa MPUCYIIH OTKPBITHIM SUYCHKaM, TOATOMY TaKhe OOBEKThI Ha TEK-
ctypuoM RGB-uzo6paxkennn OyayT UMETh OTTEHKU CMECH JIBYX IIBETOB 3€JIEHOTO U
KpPacHOTro, T. €. OTTEHKU EJITOTO I[BeTa. 3aKphIThble SUYEWKH O00JIaJal0T BBHICOKUMHU
3HAUYEHUSAMH SHTPONUU (CUHUM IIBET), KOHTpACTa (3€JICHbIN 1BET) U HU3KUMU 3HAYE-
HUSMH OOpaTHOTO MOMEHTA (KpacHBIM 1BET). T.€. s 3aKPBITHIX STUEEK XapaKTePHBIM
[[BETOM OYIYyT OTTEHKH CHHETO U TOJIy00ro 1BETOB. TeKCTypHOE IBETHOE M300paxe-
HUE TI03BOJISIET CErMEHTHUPOBATh PA3IUYHbIC BUABI MEJIKOW KOHBEKIIUU U JIOKAITU30-
BaTh TPAHUILY BO3IYIIHBIX MAcC C pa3HbIMH CBOHCTBAMHU.
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Mmcrorpamma sHa4eHuii KOHTpacTra McTorpam Ma aHaueHWit 0QHOPOAHOCTU
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SHaueHus aHTPONAN 3Ha4yeHus1 o6paTHOro MOM eHTa

3akpbIThie syciiky Il OTKPBITHIE TYCHKH obmaynble rpsaasl [

Puc. 3.2. 'uctorpaMmsbl TEKCTYPHBIX TPU3HAKOB: KOHTPACT, SHTPOTIHS, OJJHOPOIHOCTh U 00-
paTHBII MOMEHT

Puc.3.3. TekcTypHBIC TPU3HAKK U TICEBIOIBETHOE TEKCTYpHOE M300pakeHue: a), 0) u B) oOpart-
HBIA MOMEHT, KOHTPACT U 3HTPOMHS COOTBETCTBEHHO; I') RGB — cuHTE3 TeKCTYpHBIX MPU3HAKOB!
obpatubiii MoMeHT — (R), kouTpact — (G) u suTponus — (B)

B paspene 3.3 paccmatpuBaeTcst pa3paOOTaHHBIN alrOPUTM OMpPEEICHUS BbI-
COTBl KOHBEKTUBHBIX SIYEEK OTKPBITOTO M 3aKPBITOTO TUIA C NOMOIIBIO TEKCTYPHBIX
IIPU3HAKOB. AJITOPUTM IO3BOJIAET B CIIy4ae IOJHOTO OTCYTCTBHSI MHCTPYMEHTaJlb-
HBIX U3MEPEHMI B pailoHE C OJHOPOIHON MEJIKOKOHBEKTHUBHOW 00JAUHOCTHIO Ipy0o
OLIEHUTh MOIIHOCTH CJIOSl KOHBEKLMHU IO CIIyTHUKOBOMY CHUMKY. AJITCOPUTM Onupa-
€TCSl Ha U3BECTHYIO CTATUCTHUYECKYIO CBSI3b MEXK]y TOPU30HTAILHBIMU M BEPTUKANb-
HBIMHU pa3MepaMH 3J€MEHTOB CUCTEM MEJIKOM KOHBEKIMH U MCIOJIb3YeT 3MIHpUYe-
CKHE COOTHOIICHHS JUIS KKAOrO THia Me30cTpykTyphl: N = D/30 mist oTKpBITBIX
stueek, h = D/21 ns 3akpeIThIX stueek, rae h — BeicoTa ciost kouBekiuu, D — quamerp
AYEEK.

[TocTpoens! rpaduyeckre 3aBUCUMOCTH TEKCTYPHBIX MPU3HAKOB M MOIIHOCTH
KOHBEKTHBHOI'O CJIOSl HA OCHOBE aHaIM3a LIECTHAECATH (PParMEHTOB CITyTHUKOBBIX
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CHHUMKOB C pa3HbIMU THUIIaMU Me30KOHBeKIUH HaJl CeBepHbIM U HopBekckuM Mopsi-
MU, TIOJIyYeHHbIE B 3UMHUHN mepuojl. [lokazaHa cuiibHas KOppemisius reoMeTpuye-
CKHUX pa3MepOB KOHBEKTHBHBIX SUEEK CO 3HAUEHMSIMU TEKCTYPHBIX Mpu3HakoB. Ha
puc. 3.4 npeacraBieHbl MPUMEPHI HEKOTOPBIX 3aBHUCHUMOCTEH.

CB513b MOLLHOCTV KOHBEKTUBHOIO Crosi U CBSi3b MOLHOCTN KOHBEKTUBHOIO CNOS U
TEKCTYPHOro napamMeTpa obpar Huli TEeKCTYpHOro napameTtpa obpar Huli

MOMEHT [N 3aKpblTbIX AYeeK MOMEHT NS OTKPbITbIX Yeek
. 1.6 35 ry
S 14 “"‘ y =-6,0x + 2,6 5 3 .
Er 22 g S25 1 * £3
53 9] =22 4
228 08 g2’ e y=7,6x-1,7

(<]
$2 06 - 51-5 1
2 | = |
g 04 Bl r=0,6
S 021 Z 505
T
0.0 ‘ ‘ & 0

0.2 0.25 0.3 0.35 0.55 0.6 0.65

0.5
3HaueHue O6paTHOFO MOMCHTA
3HaueHne o6paTtHOro MOMeHTa

Puc. 3.4. CBs13b MOIITHOCTH KOHBEKTHUBHOTO CJIOS 3aKPBITHIX (CJIEBA) M OTKPBITHIX STUEEK
(cripaBa) ¥ TEKCTYpPHOTO MPU3HAKA OOPAaTHBIA MOMEHT

Pa3nen 3.4 nocBsIIeH OJHOMY M3 TIEPCIEKTUBHBIX HAMPABICHUA B IU(PPOBOI
00paboTke M300pakeHH — (paKTaILHOMY METONY, SBISIONIEMYCS aTbHEHIITM
pa3BUTHEM TEKCTYpPHOT'O aHAJIH3a.

[ToBepxHOCTH 001AYHOTO MO MPEACTABIACT U3 ce0si (PpakTasl, pa3MEpHOCTh
KOTOPOTO HaxoauTcs B auara3oHe oT 2 10 3. CrnocoOwl pacuera (pakTaabHON pas-
MEPHOCTH MPUBOAATCS B moapaszaee 3.4.1.

ANTOPUTM BBIUHCIIEHUS (DPaKTATBHONH Pa3MEpPHOCTH TEKCTYPhI IMOBEPXHOCTH,
MOJIEPHU3UPOBAHHBIA U MCIOJb3YyEMbIH B JaHHOW paboTe, SBISETCS pa3BUTUEM all-
TrOpUTMA OIICHKH (DpaKkTaIbHON pa3MepHOCTH JUHUU. [IpenBapuTenbHO, ¢ TTOMOIIBIO
nporpammbl ASCAN, paspaboranHoii panee Ha kadeape DDA, PITMY, no K-
M300pKEHUIO MPOU3BOAUTCA (OPMHPOBAHUE MACCHBOB OWMHAPHBIX H300paKEHUH,
coJiepKamx o0JacTH 00JAYHOCTH, OXBAYEHHBIC PA3IMYHBIMU U30TEPMaMHU BHIIIIE
TeMIIepaTypHOro mopora. [ Kakaoro U3 Takux u300paKeHUil MPOU3BOAUTCS BbI-
yucieHne (pakTaabHON Pa3MEepHOCTH, CPEIHEE M3 MOJYyYEHHBIX 3HAYEHUW HCTOJb-
3yeTCsl B KQUeCTBE OLICHKU (paKTaIbHON pa3MEPHOCTH UCXOTHOTO U300paKECHUS.

[Ipouienypa BBIYUCIHCHHS (PPAKTATHHOM pPa3MEPHOCTH KOHTypa OMHApHOTO
M300paXKeHUsl CTPOUTCS CIeNyIoIMM oOpa3oM. Jlisi cepun pa3MepoB 3JIEMEHTa pas-
JoxkeHusl (11aroB) S; MPOU3BOIAUTCS OIEHKA JUIMH KOHTYPOB €IMHMYHON oOyiacth L
yTeM IOJICYeTa Yncia IEPEX0A0B YPOBHEH SIPKOCTH OMHAPHOTO M300paKeHUsI Yepes
HOJIb. YBEJIMUEHHUE Ilara 3KBUBAJICHTHO WHTEPIPETAMU aHAIU3UPYEeMOro u3olpa-
KEHUSI C YMEHBIICHHBIM pa3pelieHneM. OpakTanbHas pa3MEpHOCTh PACCUUTHIBACTCS
W3 HaKJIOHA [3, anmMpOKCHMHUPOBAHHONW METOJIOM HAMMEHBIIHMX KBAJPATOB JIMHUU Ha
rpaduke B 1BOMHOM Jiorapudmuieckom macirade kak D =3 — f.

KauecTBo “Hammyuniero” JMHEMHOro NMPUOIMAKEHHS OLICHUBAETCS 3HAUCHHUEM
kod(durmenTa Koppesiuu Jorapudma IIUHB KOHTYpa U Jiorapudma mara:
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cov(log L, log S) _ Elllog L — Moq Jl0gS — Mg )]

\/DlogL * Diogs \/DlogL X Diogs
rae D — nucnepcust, M — MateMatnyeckoe 0KUIaHUE COOTBETCTBYIOIINX CITyYalHbIX
BeanunH log L u log S.

[Tpu HU3KOM KO3 PUILIIEHTE KOPPETSAIUH MOTYyYeHHOE 3HaUeHHE (PpaKTaaIbHOU
Pa3MEPHOCTHU UCKJIIIOYAETCS U3 MPOLEAYPhl YCPEIHEHHUS.

®dpakTanbHas pa3MEPHOCTh MPEACTABISET COOOH YCTOWUYMBYIO CTaTHUCTHYE-
CKYI0 XapaKTEpPHCTUKY U MO3BOJISIET OXapaKTepU30BaTh Pa3IMYHbIA BKJIAJ Cly4ail-
HBIX (DAKTOPOB B JIMHAMHUKY M3Yy4aeMoOro Iporecca. PocT Beln4yuHbl QpakTaabHON
Pa3MEpPHOCTH TMOKAa3bIBAET CTEMEHb CTOXACTUYHOCTH MPOLECCa U SBISETCS KpUTEPH-
€M DHTPOIUU CUCTEMBI.

B moapasnene 3.4.2 mpuBEACHO CBUAETEIHCTBO (PAKTAIBHOTO XapaKTepa
n300pakeHusl Me30MacIITaOHON 00JJAYHOCTH, YTO JACT BO3MOXKHOCTh XapaKTEPH30-
BaTh UCCIIEyEMYIO TOBEPXHOCTh COOTBETCTBYIOIIEH (hpaKkTaibHON pa3MEPHOCTHIO.

[Tone ppakTanbHBIX pa3MEpHOCTEN, MOCTPOCHHOE MO CIYTHUKOBBIM CHHMKam
Me30MacIITa0OHOW 00JJaAYHOCTH, MO3BOJISIET OLIEHUTh TEKCTYPHYIO CII0KHOCTh paiioHa,
3aHATOrO Pa3HbIMM THIIAMH CUCTEM MEJKON KOHBeKUuU. [Ipumep moctpoeHus tako-
ro MoJisl JIsl TEPPUTOPHUM PUC. 3.5 MPEACTaBIEH B rpajanusax ceporo Ha puc. 3.16:
4yeM sipue — TeM BbIlIe (paKTabHas pa3MEpHOCTb. J(Mana3oH u3MeHeHus (ppakTaib-
HOM Pa3MEPHOCTH SYEEK OTKPBHITOro tuma cocraBui 0,25, B TO BpeMs Kak cpeaHee
3HaUYEHHUE (PpaKTaIbHOW PAa3MEPHOCTH MPUOIUZUTENBHO paBHO 2,8. /lnana3oH u3me-
HEHUs (paKTaIbHOM pa3MEpPHOCTH 3aKPBITHIX sueek coctaBuia 0,45, co cpeqHuM 3Ha-
yeHueM 2,5. CTpouHbIi aHanu3 nojis (PpakTaIbHBIX Pa3MEPHOCTEN MOKET UCIOJb30-
BaTbCsl JIJISl OLICHKU CTENEHU HEOJHOPOJHOCTH MOBEPXHOCTH OOJIAUHBIX AYEEK W I0-
3BOJISIET JIOKAJIM30BATh I'PAHUILY OTKPBITbIE-3aKPbITbIE KOHBEKTUBHBIE SIYUEUKH, KOTO-
pasi COOTBETCTBYET NEPEXOAY OT XOJIOAHBIX BO3AYLIHBIX MAcCC K TEIUIbIM. B kauecrt-
BE€ WUIIOCTpalMM MpUBEACH puc. 3.7, rae u300pakeHO H3MEHEHUE (PpaKTaIbHOU
pa3MepHOCTH IO HaNpaBJIEHUIO, 0003HAYEHHOMY Ha HMCXOJHOM H300pakKeHHWU pUC.
3.5 GenbiM 1BeToM. YeTKO BHUJEH CKAYOK 3HAuY€HUM (PpakTaabHOW pa3MEpHOCTH Ha
I'PAaHUIIE OTKPBITHIE-3AKPBITHIE TUYEHKHU, B JAHHOM CJIy4ae 3TOMY COCTOSIHUIO COOTBET-
ctByeT 415 Touka.

NogL,logs =

Conversion from oce-to-cee.bmp

Puc.3.5. Tlone KOHBEKTUBHBIX STUEEK. Puc.3.6. Ilone ¢ppaxTambHBIX
MSG, 23.08.2001, 11:00 UTC pasmepHocTeil
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Puc.3.7. [Ipoduns dhpakTaasHO pa3MEPHOCTH MO HAITPABJICHUIO, YKa3aHHOMY O€JION JTMHU-
eit Ha puc. 3.5 (cneBa-HampaBo)

[Ipennaraercst UCTIONB30BATh OLICHKY (PPAKTATBHON Pa3MEPHOCTH I aHAIIM3a
CHUMKOB pa3HOMAcCIITa0HOW  OOJAYHOCTM HAa  KaXKJIOM ypOBHE  BEHBIET-
aexomno3uuuu. [Ipumep Takoro ncnosib30BaHus NMpUBEACH HA puc. 3.8 u B Tabm. 3.1,
JIns kaXXaou CTIIa)KEHHOM KOIMM MCXOAHOTO CHMUMKA Ha YEThIPEX dTamnax BEWBIIET-
npeoOpa3zoBanus (cM. puc. 3.1) mocTpoeHs! Mo PpakTaabHBIX Pa3MEPHOCTEN U TUC-
TOIPaMMBbI 3HaUYCHHUH (paKkTAIbHBIX Pa3MEPHOCTEH.

Tabmuma 3.1
®dpakTangbHas pa3MEpHOCTh UCXOTHOTO M300pakeHust puc.3.1 u 4eThIpex ypOBHEH BEHBIET-
npeoOpazoBaHus

Paspemenue, m 250 500 1000 2000 4000
PpakTaibHas pas- 2,788 2,6634 2,4894 2,3012 2,1834
MEPHOCTh

CKO 0,1802 0,2204 0,2294 0,205 0,1596
Juanazon ¢partanb- B _ 2,0003 - B 2,0001 -
HOU pa3MepHOCTH 2-2,9831 2—2,9565 2,9185 2—2,8428 0,6762

Fractal Binssision of byl iatlan Frictal Dimenthor of InraZsbokbtiont_x2
¥ - gy R

LB EE T
oueEmBEEEAEHYEY

2008 300 230 3N 308 24T 28 AW TN I IR 3B 10E 20 I 3M 24N 35 2% 24 W

- B8 EBREEE

230 L1 2N 21 28 14N 25283 1M

Puc. 3.8. ITons pacnpenenenuii ppakTaabHBIX pa3MEpHOCTEI U X THCTOTPAMMBI JJIS @) UCXOIHOTO
cauMKa puc.3.1; 0), B), T'), 1) 4ETBIPEX YPOBHEH BEHBIET-TIPEOOpa30BaAHUS
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[TpousBeneHO COMOCTaBICHUE BBIYMCICHHBIX 3HaUECHUN (hpaKTaIbHON pa3zmep-
HOCTHU CO CIIEKTPOM LIBETHBIX IIyMOB. PasMepHOCTh Osm3Kas K 2 Juisl IUIIOCKOCTH OII-
penensieTcs: Kak «4epHbINA IIyM» U CBA3BIBAETCA OOBIYHO C IIPOLIECCAMU B OUEHB BSI3-
Kol cpene. Takas pa3MepHOCTh XapaKTepHa JJIsl BBIPOBHEHHBIX MOBEPXHOCTEH, IS
KOTOPBIX BEJIMYUHBI ONTUYECKOM MIOTHOCTH M3MEHSIOTCS HE3HAUUTENbHO. Tum pas-
MEPHOCTH 2,5 0OBIYHO HA3bIBAIOT «KOPUYHEBBIM ULIYMOM», U OH OTPa)aeT (OpPMBI
MOBEPXHOCTH, MOPOXKAAEMbIE MPOLECCAMHU, CBSI3aHHBIMU C TEIUIONEPEHOCOM, WIIH
auddys3ueii, B OCHOBY KOTOPBIX MOXET OBITh MOJIO)KEHA MOJIEb CIy4yalHOTo OIyX-
nanus. Ha cHUMKe Takasi MOBEPXHOCTh OTPAXKAETCs Yepe3 Pe3KHe M3MEHEHHUs OINTH-
YECKOM IJIOTHOCTU C OINPEAEIIEHHON CTENEHBI0 PETYISIPHOCTH, UIsl KOTOPOM Xapak-
TE€PHBI BBICOKOYACTOTHBIE (HU3KONEPUOANYECKHUE) COCTABIIAIOIIME. TUIT pa3MEPHOCTH
2,9 Ha3bIBACTCS «PO30BBIM IIIyMOM» U CBSI3BIBAETCS C TYpOYJIEHTHBIMU MPOLIECCAMU B
cpelie MaJIOW BSI3KOCTH.

Ha u3o0pakeHun mojst ppakTaibHbIX pasMepHocTell (cM. puc. 3.6 u 3.8) cBeT-
JIOMY TOHY COOTBETCTBYIOT TEPPUTOPHH, (PpaKTaNbHAS pa3MEPHOCTh KOTOPBIX OJIM3Ka
K «PO30BOMY IIIYMY», CEpOMY TOHY — K «KOPUYHEBOMY IIIYMY», a Hau0oJiee TEMHOMY
TOHY — TEPPUTOPUH C (PPAKTATILHON pa3MEPHOCTHIO OJIM3KOM K «4EPHOMY LIYMY».

Ha ocHoBe crekTpa «IBETHOCTH LIyMa» IOJYYEHHbIE OLICHKU (PpaKTaJbHON
Pa3MEpPHOCTH OBUIM CBSI3aHbI ¢ aTMOC(EPHBIMHU MPOLIECCAMH, BCIEACTBUE YEro cle-
JaHbl cienyroume BoIBObL. [Ipu camoM BeICOKOM paszperieHud (250 M) K «pO30BOMY
nrymy» 0nu3ka (ppakraibHas pa3MEepHOCTh OTKPBITHIX sSiUeeK. Tak Kak TeKCTypa Tep-
PUTOPHUH €CTh (PYHKIUS MOIIHOCTH AEHCTBUS (PaKTOPOB, ONPEECIMUBIINX €€ FeHE3UC,
TO MOKHO CKa3aTb, YTO Ha OOBEKTHl C TEKCTYPOW, COOTBETCTBYIOIIEH «PO30BOMY
HIyMy», A€MCTBYET MHOKECTBO BO3MYIIAIOUIMX (pakTopoB. [leficTBUTENBbHO, Xapak-
TEPUCTUKH 00pa3yroUIMXCs B MOIPAaHUYHOM clioe aTMoc(epsl Haja okeaHOM oOiau-
HBIX SYEEK, COCTOSIIMX U3 00JaKoB MaciiTada Me30-y, ONpPENESIOTCS COBMECTHBIM
BO3JIEWCTBHEM HECKOJBKMX MEXAHM3MOB: HArPEBOM Ha HIDKHEW I'paHule, paguaiu-
OHHBIMH MPOLECCAMU HA BEPXHEWU IpaHULE, BHICBOOOKIEHUEM JIATEHTHOTO TEIlia B
o0jakax, KpPYNHOMAacIITaOHBIMU BEPTUKAJIBHBIMHU JBUKECHHUSIMH, TEMIEPaTypoill u
BJIQYKHOCTBIO BO3/lyXa B CJI0€ HHBEPCHH, BOBJICYEHUEM U JIP. IPOLIECCAMH.

upokuii quana3oH (pakTalbHBIX Pa3MEPHOCTEN, (CM. IEPBYIO THCTOTPaAMMy
puc. 3.8), yka3pIBaeT Ha NPHUCYTCTBHE Ha UCXOAHOM CHUMKE Oojiee KOHCEpBaTHUB-
HBIX 110 BPEMEHH OOBEKTOB CHHONTHYECKOr0 MaciuTadba u 0osee W3MEHYUBBIX — OT-
JeJIbHBIX 00J1aKOB MacIiTaba Me30-y.

[Tpu pazpemienuun 500 M 1 ocobeHHO | KM, YTO COOTBETCTBYET CHUMKAaM C THU-
MUYHBIX MeTeoposorndeckux cnyTHHKOB (NOAA), cpenssst ¢pakTaapHas pa3Mep-
HOCTb COOTBETCTBYET "KOpHUYHEBOMY IIyMy". Ha n300pakeHusiX mepBoro u BTOPOTO
YPOBHS BEMBJIET-I€KOMITO3ULIMU ITPOCMATPUBAIOTCS CUCTEMBI MaclITaba Me30-a U -3
C COOTBETCTBYIOILIMM BPEMEHEM JKU3HU MOPSAJIKA CYTOK.

[Ipu nepexone co BTOPOro Ha TPETHI YPOBEHB, UTO COOTBETCTBYET U3MEHEHHIO
paspemienus ¢ 1 Ha 2 KM, pe3KO MEHsIETCS XapaKTep BapbUPOBaHUs 3HAYCHUH (pax-
TaJdbHOM Pa3MEPHOCTH B MPOCTPAHCTBE, YTO XOPOUIO BHJIHO HA COOTBETCTBYIOLIUX
rucrorpamMmmax. 3HaueHUs (pakTalbHON pa3MEPHOCTH Ha TPEThEM M YETBEPTOM
YPOBHSIX MPUONMKAIOTCS K "depHOMY IIyMy". TeppUTOpUH € TEKCTYpOUl, COOTBETCT-
BYIOIIEH «YEPHOMY IIyMY», MOKHO TpPAaKTOBAaTh Kak HauboJyiee KOHCEPBAaTUBHBIEC U
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HEM3MEHHBIE BO BPEMEHH, YTO XapaKTEPHO JJII CHHONITHYECKNX O0BEKTOB (MX (pax-
TaJbHasl Pa3MEPHOCTh Ha BCEX MEPAPXUUYECKUX YPOBHAX Oyn3ka K 2). Jloss Teppuro-
puii ¢ "4epHBIM IITyMOM" 1O BU3yaJIbHOM OIIEHKE CYIIIECTBEHHO OOJIBIIIE JOJIA TEPPHU-
Topuit ¢ "po30BeIM IIymMoM". PaspelieHne mociieHero ypoBHs (4 KM) TUIUYHO JJIs
reoCTallMOHAPHBIX CITyTHUKOB.

[TocTtpoeHnsiii rpaduk (PpakTaabHONH pa3MEPHOCTH Ha pa3HBIX MaciiTadax,
MPEACTABICHHBINA HA puc. 3.9, oTpaxkaeT ee CBsI3b C MacITaboM aTMOC(epHbIX Me30-
IIPOLIECCOB.
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Puc.3.9. ®pakranbHas pa3MepHOCTh Ha Pa3HbIX MaciiTabax

OCHOBHBIE PE3YJIBTATBI PABOTbBI

1. IIpoBenen ananu3 UHGOPMATUBHOCTH CITYTHUKOBBIX CHUMKOB B Pa3JIMYHBIX
KaHajax CIeKTpa JJIsl eI hcclieIoBaHus ME30MacIlITaOHOW KOHBEKTUBHOM 001a4-
HOCTH.

2. BpINoJIHEHO UCCeOBAHUE ME30MAaCIITA0HBIX KOHBEKTHUBHBIX KOMILJIEKCOB
HaJ TeppuTOopHei EBpombl Mo maHHBIM TeocTaloHapHoro cmytHuka Meteosat-8
(2008 — 2011 rr.). Ha 0CHOBE CpaBHUTEILHOTO aHAJIM3a MOJTYYCHHBIX JAHHBIX C JaH-
HbIiMU CIIIA BBISIBIE€HBI 0COOEHHOCTH X CTATUCTUYECKUX XaPAKTEPUCTHK.

3. BbINoJHEH aHaM3 MHOTO30HAJIBHBIX CHUMKOB B Pa3JIMYHBIX KOJIOPUMETPHU-
YeCKUX MoJeIsiX. s aHanu3a cTaiuii pa3BUTHUSL KOHBEKIIUU MPEIIOKEHO UCIIOIIb30-
BAHUE MPSMOYTOJIBHOU TNIOCKOCTU XPOMATHYECKUX KOMIIOHEHT KOJIOPUMETPUUECKOU
mozenu Lab u momsipro#t mockoctr Ton — HachleHHOCTh KOJOPUMETPUUYCCKOM
moxenu HSB.

4. IlpennoxxeHo U OOOCHOBAaHO MPUMEHEHHE BEWBIIET-IPeOOpa3oBaHus s
aHaJu3a pa3HOMaCIITA0OHBIX 00JaYHBIX MPOIIECCOB MPU PA3HOM Pa3pPEIICHUH.

5. BbINOJIHEH TEKCTYPHBIN aHAIU3 CITYTHUKOBBIX CHUMKOB 00JIAYHOCTH CUCTEM
MEJIKOM KOHBEKIIMM PAa3IUYHBbIX TUIOB, pa3paboTaHa METOJIUKA OMpPEACICHUSI BBICO-
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THI CJIOS KOHBEKIMH MO T€OMETPUUECKAM pa3MepaM KOHBEKTHMBHBIX SUEEK, HAWJICHA
CBSI3b 3HAYEHUW TEKCTYPHBIX TPU3HAKOB C MOIIHOCTBIO CJI0SI KOHBEKIIHUH.

6. B xauecTBe kpuTepus npu UACHTUPUKALNK 00J1aCTEl KOHBEKTUBHBIX SUEEK
MPEAJIOKEHO UCIOJb30BaHue (PpaKTAIbHON Pa3MEPHOCTH UX ME3OCTPYKTYp Ha CITyT-
HUKOBBIX CHUMKaX. [Toka3aHo, 4TO TEKCTYphl ITUX 0O0BEKTOB UMEIOT JOCTATOYHO 3a-
METHOE pa3finyue 3Ha4eHHi (hpakTalbHON pa3MEpHOCTH, YTO yKa3bIBaeT Ha Ojaro-
MIPUSITHBIE BO3MOKHOCTH MCIIOJb30BAHUS 3TOT0 METO/IA JIJIT MOHUTOPUHTA COCTOSIHUSA
BO3JYIIHBIX Macc. Jloka3zaHa BO3MOKHOCTh NMPUMEHEHHUS 3HaueHUs (pakTaabHOU
Pa3MEpPHOCTH IS JIOKAIHM3aIlMK TPAHUIl MEXKY OTKPBITBIMH M 3aKPBITHIMU 00J1ay-
HBIMHU STYEMKaMH, YTO COOTBETCTBYET IPaHUIIC MEXKAY TEIUIBIMH U XOJIOJHBIMU BO3-
JTYIIHBIMA MaCCaMH.

7. IlokazaHa cBsi3b MaciiTaba aTMOC(EPHBIX TBUKEHUN CO CIIEKTPOM I[BETHO-
CTH IIIyMOB Ha OCHOBE OIIEHKH (PpaKTaIbHONU Pa3MEPHOCTH.

8. MopaepHU3MpOBaHA METOJMKA OIpeAeneHus (pakTaabHON pPa3MepHOCTH
TEKCTyp Me3oMaciTadHoi obsaunoctu o MK caumMkam.
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