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PYKOBOOAWMUWN OOKYMEHT

NCMNONb30BAHUE JAHHbLIX PAOUOMETPUYECKUX U3SMEPEHUA
CO CMYTHUKA METEOCAT [J19 KOHTPONSA 3A PE3YJIbTATAMU BO3OEUCTBUN
HA KYYEBO-NOXOEBbIE OBJIAKA

[aTa BBegeHusa — 2021—-12—-01

1 O6nacTtb NpUMeHeHus

Hactoawmn pykoBoOAWMM OOKYMEHT npefHasHayeH Aans  OUEHKU
3(PPEKTUBHOCTM aKTUBHbIX BO3AENCTBUMA Ha KydeBO-AOXAeBble obnaka
N ycTaHaBnMBaeT oOWMIW NOPSAOOK UM NocrnenoBaTesNibHOCTL — onepaunn
MO UCMNOSIb30BAHUID WMHAGOPMaUMK, MosiydaeMonm Cco cnyTHukoB MeTteocaTt
BTOPOro NOKOMEHUS, AS1s1 KOHTPONA 3a pesdynbTaTamMu akTUBHbLIX BO3OENCTBUN
Ha Ky4yeBO-AoXaeBble obiaka 1 3a ux pasBuTneM.

HacTosawmn pyKOBOAALMN OOKYMEHT ncnonb3yeTcsd
B Cneumanm3anpoBaHHbIX OpraHu3aumax o akKTUBHbIM  BO3OEMNCTBUSM
Ha MeTeoposiorn4yeckme n gpyrne reoqmMsanyeckme npoueccbl M B Hay4yHO-
nccnegoBaTenbCckux yypexaeHusax PocrugpomeTa, BbIMOMAHAWMX paboThbl
MO BO3OENCTBUAM Ha KyyeBO-OoXaeBble obriaka ans panoHoB Poccumrckomn

denepaumu, nonagaroLwmx B none 3peHns cnytHnMkos MeTeocar.

2 TepMuHbI, onpeneneHns U cokpalleHus

2.1 B HacToslleM pyKoBOOSAWEM [LOKYMEHTE MNPUMEHEHbI TEPMWHbI
no [1] ¢ cooTBETCTBYOLLNMN ONpeaeneHns M.

2.2 B HacTosilem pykoBoOAALWEM OOKYMEHTE BBEAEHbl N MPUMEHEHDI
cnegyoLine CoKpalleHus:

— AB — aKkTnBHbIe BO3OENCTBUS;

— [CO — reocTtauunoHapHas opbuTa;

— YO — nckyccTBeHHOe yBenmyeHne atMocqepHbIX OCaaKoB

— NC3 — NCKYCCTBEHHbIN CYTHUK 3eMIu;
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— KA — KocMunyeckuin annapar;

— KA — KOHBEKTUBHas A4enkKa;

— OB — 00beKT BO3OencTBuUS;

— NIM3 — npoTuBoOrpagoBas 3awmTa;

— BT — pagnaumoHHaa Temnepartypa,;

— BTD — pasHuua pagnaymoHHbIX Temnepartyp;

— DCS — Data Collection Service — annapatypa cbopa AaHHbIX;

— | — NHTEHCUBHOCTb OCaAKOB B MUKCENSIX;

— FCI — Flexible combined Imager — Ha3BaHne pagnomeTpa;

— GEOS&R — Geostationary Search and Rescue — cuctema cbopa
MHpopmauumn o 6e4CTBUSX N oNpeaeneHnsa nx MecTa nonoXKeHus;

— GERB — Geostationary Earth Radiation Budget — annapatypa ans
HabnoaeHns 3a pagMaumoHHbiM 6anaHcom 3emnu;

— LI — Lightning Imager — pernctpaTtop MOSHUW;

— MSG — Meteosat Second Generation — cnyTHuK MeTeocaT BTOpPOro
NMOKONEHWS;

— MVIRI — Meteosat Visible and Infrared Imager — HasBaHue
pagnomeTpa;

— SEVERI — Spinning Enhanced Visible Infra-Red Imager — Ha3BaHue

paguomeTpa.

3 Knaccmbukau,vm Ky4yeBO-A0XAeBblX obnakos

3.1 KyyeBo-goxaeBble  obnaka  pasBuMBalOTCA U3 MOLUHbIX
KOHBEKTUBHbIX 06S1aKkoB, OTNNYAACh OT HUX BEPXHEW 4acTbio, HaxoAsLencs
Ha ypoBHe aTMocdepbl C Temnepatypoun Bosgyxa Huke muHyc 10 °C
N COCTOSILLEN U3 NeddHbIX KPUCTansioB, M MNO3TOMY WUMeEKLEeNn HeYETKue
rpaHMubl NpyM HabMOEHUAX B ONTUYECKOM AuanasoHe ASMH BOSH. M3 Hux

BbiNMagakoT JIMBHEBbIE OCaKW.
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Mo wmexgyHapogHou knaccuduvkauum o651lakoB OHWM  HasblBalOTCA
Cumulonimbus (Cb). C atumn obnakamm cBsi3aHbl B psge criyvyaeB
LLUKBANUCTLIN BeTep, rpo3bl, rpag.

3.2 KyyeBo-aoxaeBble obnaka 4enaTcs Ha criegyrowme BUabl:

a) cumulonimbus calvus (Cb calv.) — «nbicbie». BeplunHa 3aTux obnakos
Noxoxa Ha oKpyrnble 6esble Kynona BOMOKHUCTOro ctpoeHnd. Obnaka 6onee
pas3BuUTbI NO BEPTUKaNun, 4eM MOLLHble KydeBble obnaka. OcHoBaHus obrakos
LuMpe, Yem octanbHas ux 4Yactb. OHM He Bcerga ConpoBOXAatTCS rPO30W;

6) cumulonimbus calvus arcus (Cb calv. arc.) — «nbiCble C rpo30BbIM
BanomMm». PasHOBMAHOCTb nposiBndetTcs obpasoBaHMeM B nepegHen 4acTu
HagBuratwowerocsa obrnaka TEMHoro AgyroobpasHoro obnayHoro Bana
CO LLKBarow;

B) cumulonimbus capillatus (Cb cap.) — «Bonocatble». Obnaka nmetoT
XOpOLIO BbIpaXeHHOE BOSIOKHUCTOE MNEepUCTOBUOHOE CTPOEHUE BepXHEWN
Yactu (nogobue Beepa MM HakoBanbHU Npu HabnwogeHun cboky). C aTUMK
obnakamu cBfA3aHbl rpo3a, rpag, LWKBanuCTbIn BETEP, JIUBHMU;

r) cumulonimbus capillatus arcus (Cb cap. arc.) — «BonocaTble
C rpO30BbIM BanomM». Pa3HOBMOHOCTb «BOJIOCaTbIX» OOMAaKoOB C rPO30BbIM
BanoMm, Kak y onucaHHbIx Bbiwe Cb calv;

a) cumulonimbus incus (Cb inc.) — «Cc HakoBarnbHen».
XapaKkTepusyrloTcs pacTekaHnem BepxHen obnegeHeBwen 4actu obnaka
B CTOPOHbI C (POpMUPOBaAHMEM OFPOMHOW HaKOBasfibHW Hag BEPXHEW 4acTbio
obnaka. [locturatoT BbICOTbI Tpononay3bl. Bocxoasiwime noTokn Bo3gyxa He
MOryT npeofoneTb 6rIOKMPYOLWKNIA CIIOM N30TEPMUN NI MHBEPCUU, NOITOMY
HaunHaeTcs pacTekaHne obnaka Mo HanpaeBneHuno npeobnagatollero
rOPU3OHTaNbHOro NOTOKa Bo3ayxa. Tak hopmMmpyeTcsl HaKOBarnbHS B BEPXHEN
YacTu obnaka. Ecnu cunbHble BepTUKaribHble MOTOKM BO3gyxa npobusatoT
CNnon Kn30TEPMUKN, Ky4eBO-AOXKOAEBOE 0ONako Ha CBOEN BepLUNHE WUMeEeT

ObICTPO MEHSIOLWYIOCS OKPYrnyk neasHyi BepwunHy (nar. pileus) -
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HebonbLoe negsaHoe obriako Hapg KyyeBo-AoxaeBbiM obriakom. NosiBneHue
pileus — npu3Hak rocnoacTea B aTMocdepe CUSTbHbIX BOCXOOSALMX MOTOKOB
MNPY BbICOKOW BI@XKHOCTW BO34yXa, BeAyLMX K TPO30BbLIM SIBIIEHUAM;

e) cumulonimbus humilis (Cb hum) — «nnockue». WmetoT
Ky4eBOoObpasHyto hopMy, BOFIOKHUCTYIO CTPYKTYPY, OAlOT NIMBHEBbLIE OCAOKW,
HO Mano pa3BuTbl MO BEPTUKaNN. XapakTepHbl 4515 HU3KOro poHa NpU3eMHOM
Temnepatypbl Bo3ayxa (oT nmoc 5 °C go nmoc 10 °C 1 Huxe), 4acTo
HabnogatTca B ApKTUKE U NOAOBHbIX pernoHax.

3.3 CyLlecTBYyIOT crieqyloLme Knaccbl KydeBO-A0XaeBbIX 00MaKoB.:

a) opHosadenkosble (Ordinary) — MOLWHOCTBIO  (BepTUKanbHOM
NPOTSXKEHHOCTBLIO) OT 1-2 KM (3umon) o 3-4 Km (netom), AnameTpom
oT 1 oo 3 kM. C HUMM CBSA3aHbl KpaTKOBPEMEHHbIE JIMBHEBbLIE OCaZKW, UHOrAa
cnabble rpo3bl. JTO €OWHCTBEHHbIA Kracc Kyy4yeBO-4OXOEeBblX 00Mnakos,
KOTOpble BbIBAOT 3UMOW B YMEPEHHbIX LUMPOTAaX;

6) mynbTuadenkosble (Multicell) — cocToaT M3 MHOXecTBa s4yeek
(kaxxgast M3 KOTOpbIX WMOEHTUMYHA OOHOSYEeMKOBOMY 06naky), CrMBLUMXCS
B obuiee ckonneHne (knacrtep), Yy KOToporo doopmupyeTcsl eauHas
HakoBanbHA cBepxy. [dnameTp Takoro ckornneHus ot 10 go 15 Km, TonwuHa
oT 7 fo10km. C HUMM CBSI3aHbl MHTEHCUBHbIE JIMBHW, TPO3bl, LUKBanbI,
WHorga rpag. OTO caMbli 4YacTo Habnwgaembl Knacc KyydeBO-O0XOeBbIX
obnakoB B CpegHMX LUMpOTax IETOM; TakKe BCTPEeYalTCs OHU (HO pexe)
BECHOW U OCEHbIO;

B) cynepsiyenkoBble (Supercell) — npeactaBnaoT cobon OAHY SAYEnKy
OrPOMHbLIX pa3mMmepoB: anameTp okosio 50 km, TonwmHa oT 10 go 15 km
(Hepeako NPOHMKAKT B cTpaTocdepy) C €eauHON NOMYKPYrnon HakoBanbHEN.
C cynepsiyenikon cBsidaHa Lienasi cMctemMa BepTuKanbHbIX U FTOPU3OHTaNbHbIX
ABWXEHUN BO3ayxa M Hebornbloe Gapnyeckoe BO3MYLLEHNE — ME3OLMKIIOH.
Cynepsiyenkn obycnoenmBaloT CUNbHENLINE TPO3bl U JIMBHU, LUKBarbl, rpag,

3ayacTyo TopHago (cmepun). B cpegHux wumpoTax OTMevarTCs KpanHe

4
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peako, B Poccuinckon degepaummn Hambonee vactbl B KaBKa3aCKkoM permoHe.
[na doopmmupoBaHus cynepsay4enkoBoro obnaka Heobxoanmei:

— O4YeHb CUSibHasi KOHBEKTMBHASA HEYCTOMYMBOCTb Bo3ayxa. [pu aTom
oOblMHO TemnepaTypa Bo3gyxa Yy 3emnm (OO rpo3bl) cocTaBnser
ot nnmtoc 27 °C go nntoc 30 °C v BbILLE;

— MOLLUHOE CTpyWHOe TedyeHne B BepxHen Tpornocdepe, peskoe
ycureHne CKOpoCTU BeTpa C BbICOTOW M HEKOTOPLIN NOBOPOT ero. bonbline
BepTUKalbHblEe coBurn BeTpa CcnocobCTBYOT 3aBUXPEHHOCTU
NogHMMaoLWEerocd noToka n obpaszoBaHM0 ME30LMKIOHA.

Taknm obpasom, ans ¢opMupoBaHUsS cynepsyerkn braronpuateH
TENMbIN CEKTOP LMKIOHA Heganeko nepen XonogHbIM (opoHTOM, BONN3N ocu

BbICOTHOM PPOHTANIbHOM 30HbI U COOTBETCTBYHOLLENO e CTPYMHOIO TeYeHUs.

4 AKTUBHbIE BO34EeUCTBUA Ha Ky4eBO-AoXaeBble obnaka

4.1 B Tennbln ce3oH roga KydeBo-goxaeBble obnaka Cb sasnawTcd
obbekTamn Ons akTMBHbIX Bo3gencteun (AB) c uenbio perynupoBaHug
atmocdepHbix ocagkoB [2], [3]. C TO4YkM 3peHus wme3omacluTabHom
opraHusaumm obnayHblx cuctem Haumbonee nepcrnekTBHbiMM ana  AB
C Uenbl MCKYCCTBEHHOro yBenudeHuss aTtmMocdepHbix ocagkos (UNYO)
ABNAITCA Me3oMacLuTabHble CKONeHNs (Knactepbl) KOHBEKTMBHbBIX 06S1aKOB,
npeacrtaesnsawowme cobon cuctembl OObEOMHEHHbIX UMW  PaCMONIOXKEHHbIX
6nmnsko gpyr K gpyry obnayHblx sideek, NMBGO MHOroBepLUMHHbIE obnaka,
3aHVMarLLve B NnaHe nnowaau Ao 600 km*[4], [5].

4.2 B uenom, obuwas npurogHoCTb atmocdepHon cutyaummn ans AB
Ha obnaka c uensto MYO onpegenseTca co4eTaHNEM crneayroLwmx YCrnoBun:

— Hanu4ne B obnakax nepeoxnaKaeHHbIX XXuakokanenbHbIX 30H;

— 3HayeHus TemnepaTypbl BO3gyXxa B NepeoxnaxgeHHbiXx obbemax
0obnayHoOCTM He nMpeBbIWAT  TeMnepaTypHbid  NOPOr  aKTUBHOCTU

npuMeHdaeMbIX aJ14 3aceBa peareHToB,



PL 52.04.884-2020

— HanpaBefieHMe U1 CKOpPOCTb BO34YLUHbIX MOTOKOB B obnakax
n nogobnadHomMm crioe obecnevnBaloT BbiNageHWE OCagKoOB U3 3aceBaeMoWn
006nayYHOCTM Ha ONbITHYIO TEPPUTOPUIO.

4.3 BaxHenwmm ycnosBumem MpUrogHoOCTM Ona 3aceBa KOHBEKTUBHbLIX
obnakos Cb gBnsieTCa UX HaxoXOeHue B CcTaguu pasButus. B kadecTtse
3Ha4YeHMNn napameTpoB Takux obnakoB, onpegensawwmx UxX NpurogHoCcTb
anst AB ¢ uensto YO, NnpnHATO cumTaTb crneayroLwme:

— BepTuKanbHas MOLLHOCTb 06M1aKoB, M, HE MEHEE .................. 3000;

— BEpPTUKanbHasi MOLLHOCTb

nepeoxnaXaeHHom Yactn 06M1akoB, M, HE MEHEE ...................... 1000;

— TemnepaTypa Ha YpoBHE BEpPXHEN rpaHuLbl

00BMAKA, OC . OT MUHYyC 5 0o MuHyc 30;
— ropM3oHTanbHasa NPOTSXKEHHOCTbL obnaka, M, He MeHee .............2000;
— BbICOTa HWXHEN rpaHnLbl obnaka Had 3eMnen, M, He donee...... 2000.

Mpn npounx paBHbIX ycrosusx acpdekt AB ¢ uensio YO Tem 6onblue,
Yyem 6ornblle Bnarosanac o6sakoB (MX BOOAHOCTb U BEPTUKaNbHAs MOLLHOCTbL)
N CTENEHb MX MNEPEOXSIaXOEHUS N YEM MEHbLUE BbICOTA HWXHEW rpaHuubl
obna4HocTL.

4.4 Tlpn AB Ha obOnaka, gawoume ecTeCTBEeHHble OCadKu, BbICOTa
NX HWKHEN rpaHuLbl OObIMHO HE Y4YMTbIBAETCA Kak napamMeTp B KOMMSEKce
KpuTepusa NpMrogHOCTM ANs 3aceBa, Tak Kak nogobnayvHbin crion atmocdepsl
yBNaXHEH eCTEeCTBEHHbIMM OCafkaMW, U 3TO WUCKMKYaeT noTepu
Ha ucnapeHne NCKYCCTBEHHO Bbl3BaHHbIX OCaAKOB.

Oddekt AB Ha obnaka ¢ uenbto MYO okasbiBaeTca Tem 6onblue, Yem
AOMblUEe COXPaHATCA Had panoHOM BO3OEWCTBUMA BraronpusiTHble Ans
3aceBa 006MakoB yCNnoBus.

4.5 PacnosHaBaHue rpagoBbiXx M rpagoonacHbix 065iakoB M OueHKa
cTeneHn nx rpagoonacHoCTn ocyLlecTBnseTcs OLHOBOJTHOBbLIM

N OBYXBOJSIHOBbLIM PaAnonoKaLMOHHBIMA MeTOgaMu B COOTBETCTBUM C [6].
6
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Mcnonb3yoTca nokasatenu rpagoonacHOCTW, NMPU3HAKM Hanudmsa KpyrnHoro
rpaga n MeToAbl OLEHKN pasmMepa U KNHETUYECKOW 3HEPrum rpaja.

AB npoBogsaTca Ha rpagoBble M rpagoonacHble obnaka, umetowme
TEeHOEHUUNIO pa3BuUTUA U NepepacTaHnsa B rpagoBoe COCTOSIHME, UMEHYEMbIE
B AanbHenweM ob6bekT Bosgenctang (OB).

OB pensatca Ha 4 kateropwn [6], [7].

OB | «karteropym — HoBasi noOTeHUManbHO rpagoonacHas KA
C MakcuMymoM pagmoaxa B crnoe ot 0 oo 5 km Hag yposHem nsotepmbl 0 °C,
nMmerLlas TeHOEHUUIO pPa3BUTUS CO CKOPOCTAMU MpUpocTa napameTpos:
dZ./dt > 1 dBZ/muH, dHys/dt > 0,1 km/MmuH, dAq,,/dt > 0,2 kr/M>MuH, dAM,s > 0.

OB Il kaTeropun — rpagoonacHada KA, nmerwias TeHOEHUMIO pa3BUTUS
CO cKopocTaMM npupocta napameTpoB: dZ,/dt > 0,5 dBZ muH,
dHss/dt >0,1 kM/MUH, dAQ/dt > 0,2 kr/M*MUH, dAM,s > 0.

OB Il kaTeropun — rpagoBas KA, na kotopon no paguosriokaumMoHHbIM
AaHHbIM BblNagaeT rpad, a ee napameTpbl UMeEKT TeHOEeHUMK pocTta
NN COXPaHEHUS1 BO BPEMEHMN.

OB IV «kateropum — cBepxmolwHas rpagosas KA, u3 kotopon,
Nno pagMonokaumoHHbIM  OdaHHbIM, BbiNagaeT rpag  KatacTpoduyeckon
WHTEHCUBHOCTM.

Moo TeHaeHumen passutna OB cnegyetT noHUMaTb YBENUMYEHUE
BO BPEMEHM 3HayeHun oTpaxaemoctn dZ,/dt > 0, BbICOTblI MOBbLILLEHHOIO
pagnoaxa dHss/dt > 0, npuBeaeHHon dAQ./dt > 0 n nHTerpanbHOM BOAHOCTU
OB dAM/t > 0, a nopg TeHOeHUMEN Auccunauum — yMeEHbLUeHue ITUX
3Ha4YeHun.

PacnosHaBaHne OB  pasnuyHbix  KaTeropum  OCyLWeCTBNSAETCS
MO KpUTEPUAM PagoonacHOCTM OOHOMEPHbLIX, ABYMEPHbIX U TPEXMEPHbIX
napameTpoB (Tabnuua 1), XapakTtepusyoLwum NOBbILLIEHHOEe
BOJOCOAEpXaHNe nepeoxnaxaeHHon 4Yactu KA n Hanuyue ycnosus gns

3apoXaeHns M pocta rpaga. YYeT M3MEHEHUS BO BPEMEHU 3HavyeHuMn

7
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napameTpoB  (CKOpOCTM  npupocta wunm  ybbiBaHUA  NapamMeTpoB)
xapaktepunayeTt TeHaeHuuto passutma OB 1 BO3MOXHOCTb UX NepepacTaHus

B IPYrMe KaTeropum rpagoonacHoCTy.

Taobnwuuya1-Kputepum pacnosHasaHmst OB pasnuyHblx kateropun [7]

Kateropusi Kputepun rpagoonacHocTu
OB

| 0< AHzp< 5|15< Zn< 45|Agm 2 0,5 | AMos > 10°  |dAg/dt > 0,2 | dAMzs >0
I AHss>3 | 2,245 | Agy=2 [AMss>2:10" [dAgm/dt>0,2 | dAMss >0
1 AH;s23 | Zn=55 | Agnm>8 [AMys > 2-10% - ]
W AHus>4 | Zn>65 |AQm> 16 |AMss > 2:10° - ]
M punmMmeyvyaHMne-— Mcnonb3oBaHbl cnegywuwme 00o03Ha4vYeHus napameTpoB N nxX

pa3MepHOCTH:

AHzm, KM — BbICOTa MakcMyma paamoaxa Hag yposHeM nsotepmsl 0 °C H;

Zm, dBZ — makcumanbHaga otpaxaemoctb OB Ha gnvHe BonHbl A = 10 cwm;

AHzs, AH35 1 AHys, KM — npeBbllLeHne Hag YPOBHEM Hp - BbICOT BEPXHEWN rpaHuLbI
06bemMoB paanoaxa ¢ Zip = 25, 35 n 45 dBZ, cOOTBETCTBEHHO;

AQm, Kr/M? — MaKcUManbHoe 3HaYeHne NPUBEAEHHOM BOAHOCTY BbiLLE YPOBHSA Ho;

AMys, AM3s, AMys n AMss, T — MHTErpanbHas BO4HOCTb OObEMOB paanoaxa Bbille
ypoBHS Hy € Z10 = 25, 35, 45 n 55 dBZ, cCOOTBETCTBEHHO;

dAqm/dt, Kr/M?MUH — CKOpPOCTb MpMpOCTa NpWBEAEHHOW BogHOCTM KA Bbile
ypoBHSA Hp;

dMys/dt 1 dMgs/dt, T/MMH — CKOpPOCTb NpPUPOCTa BO BPEMEHW MHTErpanbHom

BOOHOCTN 06BEMOB paanoaxa Bblle YPoBHSA Hy € Z1o= 25 n 35 dBZ, COOTBETCTBEHHO.

5 Mopsaok oueHkn 3dphpeKTUBHOCTU aKTUBHbLIX BO3AENCTBUN

Ha Ky4yeBO-AoOXAeBble obnaka

5.1 lNpu npoBeaeHun paboT nNo 3awmuTe OT rpaga MNPUMEHSIOTCS

MeToAbl OUeHKM adhdeKkTUBHOCTN AB, KOTOpbIe BKMNIOYaKOT B ceb4:
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a) paguonoKaumoHHble MeTodbl OUEHKM 3ddEKTUBHOCTN 3aceBa
rpagoBbIX U rpagoonacHbix obnakoB B xode AB Ha HUX C Uenblo NPUHATUS
peLleHns 0 npekpaLleHum nnu npogormkeHnn AB;

0©) O9Kcnpecc-OueHKy npegoTBpalleHHoro yuwepba B nepuopg
npoTuBorpagoson 3awuTbl (MNM3) ¢ yenbio onpegeneHns BenuynHel yepba,
npenoTBpaLlleHHoro B pesynbtate AB Ha oToenbHbIN rpagoBbIv MPOLECC;

B) MeToabl oueHkn domsndeckon adpcpekTnBHocTn M3 3a ce3oH unu
MHOIONETHUN Nepuo 3alUuTbl C Lerblo onpeaesieHnsl CTeNeHn COKpaLLeHUs
noTepb OT rpaga (Ha CKOSIbKO NPOLIEHTOB UITM BO CKOJSIbKO pa3) B pesynbTraTte
nposeneHus MIr3;

r MeToAbl OLEHKN 3KOHOMUYeckon adbdbekTnBHocTH M3 3a ce30H unm
MHOFOSIETHUM Mepuos 3aluTbl C UEenblo onpeaeneHnss 3KOHOMUYECKOW
BblroAbl OT npoBefeHus M3, okynaeMoctu n peHtabensHocTu MNIr3;

O) MeTodbl OUEHKM CTaTUCTUYECKOM 3HAYMMOCTU  JOCTUrHYTOM
3 PEKTUBHOCTN, pacrnpenernieHnsi NioTHOCTU BEPOATHOCTU 3GMEKTUBHOCTHU
N BEPOATHOCTU rMonyyvyeHna 3PMEKTUBHOCTU BbIlLe W HUXe 3aLaHHOro
AOBEPUTESIbHOIO YPOBHA.

5.2 PaguonokauMoHHY OuUeHKY 30dEeKTUBHOCTU 3aceBa rpagoBbIX
N rpagoonacHbix 06/1akoB OCYLECTBASAT NO 9BOSIOUMM PagMOSTIOKALNMOHHBIX
napameTpoB 3TMX 06nakoB, TpaHcopMaLmn CTPYKTYpbl pagnoaxa (nnowaan
HaBeca paguoaxa) W  BPEMEHHOMY XO4y 3Ha4yeHun  crnefyrolmx
pagMonoKaunoHHbIX napameTpos [7]:

a) AHys, AHzs, AHus M AHss 1 AHgs — npeBbllleHWe Hag ypOBHEM
nsotepmbl 0 °C  BbLICOTbI  BEpPXHEW  rpaHvubl 0ObEMOB  pagmnoaxa
C pagunosioKauMOHHOMN OTpaxaeMocCTblo Zio paBHou 25, 35, 45, 55, 65 dBZ
COOTBETCTBEHHO, KM, rae Z;o — OTpaxaeMoCTb Ha AfnnHe BOSHbI 10 cwm;

0) Z,, — MakcnmanbHas paguonokaunmoHHas oTpaxaemocTtbs OB, dBZ;

B) Aq - npuBedeHHas BOAHOCTb crod obraka Bblle YPOBHS

nzotepmbl 0 °C, Kr/m?;
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r) AMss, AMys, AMss, AMgs — MHTerpanbHasi BOAQHOCTb 00 bemMoB obnaka
Bbile ypoBHS n3oTepmbl 0 °C Cc oTpaxaemocTblo Z;, paBHOM 35, 45, 55,
65 dBZ, cooTBETCTBEHHO, T.

5.3 lNpekpallueHne BbiNageHus rpaga, ymeHblleHne obbema rpagoBoro
oyara, pasmMepa W KWMHETUMYECKOM JHeprum rpaga onpenenstor
NO MWCYE3HOBEHUID W3OSNIMHUMA  PaANONIOKALMOHHOM  OTpaXaemMocTn Zig
paBHomy 55 dBZ wn Z,, paBHomy 65 dBZ, coOTBETCTBYHOLLEN 30HE
nokanusauum rpaga, a Takke BpeMeHHOMY Xo4y crneayouwmx napameTpos:

a) AV, AVss, AVgs — 00beMbl paguoaxa obnaka Bblle YpPOBHSA
nsotepmol 0 °C c oTpaxaemoctbto Z;q paBHon 45, 55 u 65 dBZ,
COOTBETCTBEHHO, KM°;

0) AM,s, AMss, AMes — nHTerpanbHasi BOOHOCTb 06beMoB 0baka BhiLle
ypoBHSA un3oTepMbl 0 °C c oTpakaemocTbto Z;o paBHon 45, 55 n 65 dBZ,
COOTBETCTBEHHO, T;

B) d,, — MakcMmarnbHbIN pasmep rpaga B obnake, cm;

2) E — NoTOK KMHeTU4ecKoii aHeprum rpaaa, x/(m*xc).

OueHky adpdekTmBHOCTM 3aceBa OB pasHbIX KaTeropuin OCyLLLECTBNSAIOT
AndodoepeHUmMpoBaHO MO MpU3HaKaMm, XapakTepHbIM AN KaXOoW KaTteropuu
3acesHHbIx OB [7]:

a) 3aceB OB | kateropyn cuuTaloT ychnelHbIM M NpeKkpallalT, ecrnv
yepe3 [OBa Uuukna o63opa nocrne oOHOKpaTHOro 3aceBa OTMedaeTcs
TeHOeHUNs auccunauuun, Bblpaxawuwasacs B pasmbiBaHun paguoaxa OB,
YMEHbLUEHUM NNOWaan U BbICOTbl NOBbLILEHHOrO paamnoaxa ao AHszs < 2 Kwm,
YMEHbLUEHUN npuBeaeHHon BogHocTn 0o Agm < 0,5 Kr/M® 1 MaKcMMarnbHoOM
oTpakaemocTu Ao Z, < 35 dBZ;

6) 3aceB OB Il kaTeropum cunTaloT yCnewHbIM W NpekpaLwlarT, ecnum
Yyepes ABa uukna ob3opa nocrne AByKpaTHOro 3aceBa oTMevaeTca TeHAEHUMS

anccunauunn, BblpakaroLadacA B YMEHbLUEHUN napamMmeTpoB OB

10
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A0 criegyowmnx KputepuanbHbIX 3HadeHun: Z, < 45 dBZ; AHss < 2 kM vnn
AQm < 2 kr/M%; AMss < 10 T;

B) 3aceB OB Ill u IV kaTeropuin cumTtaloT ycnewHbIM 1 NpekpaLlarT npu
AOCTMXKEHUN 4Yepe3 oauH uMKn ob3opa nocne Tpex- U YeTbIPeEXKPaTHOro
3aceBa, COOTBETCTBEHHO, CneayrLmnx ageKToB:

1) ncye3HOBEHME HaBeca paamoaxa M XapakTepHOW YynopsgoYeHHon
CTPYKTYPbl pagnoaxa CynepsiMerknm unu  rpagoobpasyowen  syemnku
MHOIrosf4ENKOBOI0 rpaoBoro npoLecca;

2) npekpawieHue BblNnageHus rpaga, onpenensiemoe
MO MCYE3HOBEHUIO Ha OBYXYPOBHEBOM CEYEHUN U3OSIMHUIN pagnoaxa Z;p = 65
n 55 dBZ, a Takke MCYE3HOBEHUIO rpada Ha Kaptax pasmepa d, 1 notoka
KMHEeTU4Yeckon aHeprum E rpaaa;

3) yMeHblweHne napameTpos OB [0 kpuTepuanbHbIX 3HAYEHWUW:
AHys < 2 KM; Z, < 55 dBZ vnu Ag, < 4 Kr/M?: AMss = AMgs = 0, AM,s < 10* T
E < 0,1 Ox/M° c.

AB Ha OB Ill n IV kaTeropmm MOXHO cumTaTb MOSIOXKUTESbHBbIM, €CNU
AOCTUrHYTO YMEHbLUeHMe LWUPUHbI MOSIOChbl BbiNadeHna rpaja, pasmepa
N KUHETUYECKOM 3Heprum rpaga, KaTeropum OB, pasgeneHune

OB IV kateropun Ha gBa unun Heckonbko OB Il n Il kaTeropuw.

6 MeTeoponoru4yeckue cnyTHukn Meteocat

6.1 EBponenckue NC3 MeTeocaTt NCNOSb3YyHTCA ansa
MEeTEeOopPOSIOrM4YeCKNX HabnaeHun C 1977 roga. N3navanbHO
ncnonb3oBanucb  CrnyTHUKM MeTeocatr 1-7. 3TO CNyTHMKM  NEpPBOro
MOKONEeHUs, Ha KoTopble Obin ycTtaHoBneH pagnometp MVIRI. Usnyyenue
N3MEPASIOCL B TPEX CreKTparbHbIX AnanasoHax: BUAWMMOM, B KaHane
BOOSHOrO napa u okHe npoapadvyHoctM B WK-gmanasoHe cnektpa. PaboTta
CMYTHUKOB MNEepBOro nokoneHust 6oina npekpaweHa 31 mapta 2017 ropa.

,El,anee ncnosib3oBarnmMcb CNyTHMUKMN BTOPOIro NOKOJIEHUA.
11
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6.2 MeTteocar-8, 9, 10, 11 — eBponenckne MeTeoposiorm4yeckme
CMYTHUKN BTOpOro nokoneHna MSG, KOTOpble MPUMEHSIIOTCA B HacTosee
BpemMs Ans meTteoponormyeckux HabnogeHun [8]. OHm  pacnonararoTtcs
Ha CO okono 36000 km Hag akBaTopoMm, cnyTHUkn MeTteocat-8, 9, 10 n 11
paboTatoT Hag Esponon, Adpukon n Asmen.

MeTeocaT-8 MSG-1 — 3anyweH B 2002 rogy. OH 6bin ycTaHOBMEH
Ha nosuumio 41,5 rpagycoB BOCTOYHOW O0MTOThl. BbINOMHAET ChbeMKy BCero
ANcKa nnaHeTbl 3emns kaxable 15 MUHYT.

MeTeocaT-9 MSG-2 — 3anyweH B 2005 rogy. PaboTtaet Ha nosuumm
3,5 rpagyca BOCTOYHOW ponrotbl, obecnedmBaeT 6bICTpOe CKaHMpPOBaHWE
(kaxxable 5 MUHYT) TeppuTopun EBponbl, ADPUKN 1 BBINOMHSAET CbEMKY BCEro
Ancka nnaHeTbl 3emns.

MeTteocaTt-10 MSG-3 — 3anyweH B 2012 rogy. PaboTtaeT B nosvuuu
9,5 rpagyca BOCTOYHOW [OMroThl, obecneymBaeT ObICTPOE CKaHMpPOBaHME
(kaxkgble 5 MUHYT) TeppuTopun EBponbl, ApuKn 1 npunerarowmx MOpeun.

MeTteocaTt-11 MSG-4 — 3anyweH B uoHe 2015. PaboTaeT Ha no3nuum
O rpagycoB. BbINonHseT cbemKky Bcero Aucka nnaHetbl 3eMns Kaxable
15 MUHYT.

6.3 B kayecTBe nonesHoun Harpyskn Ha 6opTy KA ycTaHOBNEHBI:

a) DCS — annapatypa cbopa AaHHbIX;

6) GEOS&R (Geostationary Search and Rescue) — cuctema cbopa
MHpOPMaUUN O 4Ype3BblHaWHbIX CUTyaumsax W onpegeneHns ux mMecTa
MNONOXEHUS;

B) GERB (Geostationary Earth Radiation Budget) annapatypa
Anst HabnaeHus 3a pagMaunoHHblM 6anaHcom 3emnu. AnnapaTtypa Maccom
25 Kr cnocobHa kaxgble 5 MUHYT genaTb CHUMOK 3emMnn C paspeLleHneMm
B 42 kM. CKOpOoCTb nepegayvn gaHHbix 50,6 kOuT;

r) SEVIRI (Spinning Enhanced Visible Infra-Red Imager) — ontuyeckui

ckaHep, paboTtarowmn B 12 cnektpanbHbiXx kaHanax. PagunomeTtp SEVIRI,

12
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YCTaHOBSIEHHbIN Ha cnyTHUKax MSG, nossonser nonyyvyatb M300pakeHus
nosepxHoctn 3emnu kaxable 5 MSG-3 n 15 muHyT MSG-1,2,4. KaHan
BbICOKOrO paspeleHMss B BMOMMOM Auanas3oHe WMeEeT pas3peLuatoLLyto
CNoCOBHOCTb (B MNOACMYTHMKOBOM TOYKE HAL HU3KAMU LwMpoTamu) 1 Km,
oCcTanbHble KaHamnbl — 3 KM. XapakTepUCTMKM KaHanoB MpeacTaBrieHbl
B Tabnuue 2. CnyTHMKM pacnonaratTca Ha gonrote 0° MSG-4, 3,5° MSG-2,
9,5° MSG-3 un 41,5° MSG-1. CkaHep BecuT okono 260 kr. CkopocTb
nepegayvn gaHHbix 3,26 MéuT/c.

6.4 [nsa KoHTpona 3a pesynbTaTamy BO3OENCTBUM Ha Ky4eBO-
aoxaesble obraka WUCNonb3ylTcA pesynbTaTbl U3MEPEHUN C  MOMOLLBIO

pagunomeTpa SEVERI, xapakTrepuCTkmn KOTOPOro NnpuBeaeHbl HUXKE.

Tabnwuuy a2 - OnucaHune kaHanoB pagnometpa SEVERI cnytHukoB MSG

Kanan | MapkupoBka |PaspelueHune [AnanasoH/ XapakTtepHoe npuMeHeHune
(undppbl — | B TOYKe Nog | xapakTepucTuka
AnNuHa CMYTHUKOM,
BOJIHbI), MKM KM
1 2 3 4 5
Cho01 VIS 0,6 3 Buanmbin kanan |MoBepxHocTb 3emnu, 06navyHoCTb,
none seTpa
Ch 02 VIS 0,8 3 Buanmbin MoBepxHOCTb 3emnun, 06navYHOCTb,
none seTpa
Ch 03 NIR 1,6 3 BrnvxHmin MoBepxHocTb 3emnu, hasoBoe
WHpaKpacHbIn  |COCTOSIHME OBNaYHbIX ANEMEHTOB
KaHan
Ch 04 IR 3,9 3 WNHdpakpacHbin  [[loBepxHOCTb 3emnun, 06navyHoCTb,
none BeTtpa, obHapyxeHune
TYMaHOB HOYbIO, NOXapbl

13
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OkoH4yaHue mabnuubi 2

1 2 3 4 5

Ch 05 WV 6,2 3 Kanan BogsaHoro |BoasHown nap, o6navyHoCTb

napa BEPXHEro sipyca, HeyCTOMYNBOCTb
aTMocdepbl

Ch 06 WV 7,3 3 Kanan BogaHoro (BopsHou nap, HeyCTOMYMBOCTb
napa aTMmocdepbl

Ch 07 IR 8,7 3 MHdpakpacHbin |[MoBepxHOCTb 3eMnu, 06navYHOCTb,
KaHan HEeyCTONYNBOCTb

Ch 08 IR 9,7 3 MHdppakpacHbin  |O30H

Ch 09 IR 10,8 3 NHdpakpacHbin  [[ToBepxHOCTb 3emnun, 061aqYHOCTb,

nose BeTpa, HEYCTOMYMBOCTb

Ch 10 IR 12,0 3 MHdppakpacHbin  |oBepxHOCTb 3eMnu, 06navyHoOCTb
Ch11 IR 13,4 3 MHppakpacHbIn  |BbicoTa o6r1iakoB BepxHero sipyca,
HeyCTONYNBOCTb
Ch 12 HRV 1 Buanmbin, MoBepxHoOCTb 3emnun, 06a4yHOCTb
0,4-11) BbICOKOIO
paspeLueHus

6.5 Cnepgylouiee MOKOMEHUE CNYTHUKOB — 3TO CMNYTHUKN TPETbEro
nokoneHusi. [naHnpyetca 3anyck 6  CNyTHWUKOB, KOTOpble  ByayT
pacrnonaratbCs Ha  reocraumMoHapHon opbute. Havano 3anyckos
nnaHupyetcsa Ha 2021 rog.

UeTbipe n3 3Tux cnyTHukoB 6yayT obopyaoBaHbl pagnomMeTpamu
Flexible combined Imager (FCI) n pernctpatopom monHun Lightning Imager
(LI). MNpubop FCI umeetr 16 cnekTpanbHbiXx KaHanos. [Nepuog o63opa —
10 mvH. Kpome TOro, nnaHvpyeTcs npuMeHeHue 3aToro npubopa Ans
BbLICTPOro ckaHMpoBaHusa YeTBepTu aucka (EBponkl) ¢ nepuogom — 2,5 MUH.
Peructpatop ™monuuni LI pgomkeH obecneunBaTb M3MEpPeHWe pas3psiaoB
c nepuogom — 30 c.

14
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Ha gBa cnyTtHuka OyayT yctaHoBneHbl crniektpomMeTpbl Ultraviolet Visible
Near-infrared n nitepdepometpsl Infrared Sounder . YkaszaHHasa annapatypa
AOMKHa obecneynTb U3MEPEHUs BOASHOIO napa u TemnepaTtypbl B cpeaHen

4acTun aTMOCC*)epr N YPOBHA 3arpA3HEeHUs .

7 NMpuMeHeHUe AaHHbIX 30HAMPOBaHUA €O cnyTHMKa Meteocar
ANA  KOHTpons 3a pe3ynbraTaMu akKTUBHbIX BO34eUCTBUN

Ha Ky4yeBO-AoOXAeBble obnaka

7.1 B kayecTBe NCXo4HbIX JaHHbIX crneayeT Ucnosb3oBaTh pesyrnbTaThl
N3MepeHun, nosiydeHHole  paguomeTpom  SEVERI, ycTaHOBNEHHbIM
Ha reocTaunmoHapHoMm cnytHMke MeTteocaT MSG. Bbibop cnyTHuka
onpenenseTca MecToM nNpoBedeHUss BO3aencTBun. [ns eBponenckon 4yactum
CTpaHbl BO3MOXHO UCMNOSb30BaTh AaHHble 30HAMPOBaHNA CO BCEX CMYTHUKOB
MeTteocat. OpgHako npeanodTutenbHbiMn ana ETP  aenswoTca gaHHble
cnyTHukoB: MeTeocaT-8, pacnonoxeHHoro Ha ponrote 41,5 rpagyca
(T.e. NPaKTMYeCcKNn nog MUHMManbHbIMKM Yyrnamu K 6onbwen yactn ETP),
nmetrowero  15-MMHYTHbIA  PEXUMM  CKaHUPOBaHWA, a Takke ChnyTHUKa
MeTteocat-10 (9,5 rpagyca BOCTOYMHOW LONrOTbl), KOTOPbIA MMEET PEXUM
BbICTPOro ckaHuMpoBaHus RSS — 5 MUHYT ansa Tepputopun EBponbl (a Takke
n ETP), Appukun n npunerarowwmnx mopen. B nocrnegHem crnyvyae peanusyetcs
mMeToaMka ob3opa, Korga npoucxoauT CKaHMpOBaHME HEe MO BCEMY AUCKY
3emnn, a oxeaTblBaetca npumepHo ero 1/3, T.e. un3MepeHus
OCYLLIECTBAIOTCSA B CEKTOpe: BOCTOYHAs Josirota ot 65 0o 84 rpagycos u Mo
wnpote ot 16 go 70 rpagycoB. Takoe cKaHMpOBaHWE YBENUYUIO 4YacToTy
ob3opa npocTpaHcTBa, nepuoa o63opa cocTtaBnseT Ans  CNyTHUKA
Meteocat-10 — 5mMuMH. 3TO 3HadeHue nepumoga ob63opa 06bIYHO
COOTBETCTBYET nepuoay NoCTYNIEeHNa pagnuonokaumoHHON nHopMauum, 4to

ABJ1AeTCA HECOMHEHHbIM JOCTOUHCTBOM.
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B oTtOoMm cBA3M npu  KOHTpomne  pes3ynbTaToB  BO3OENCTBUM
npeanovTUuTenbHEN WCMNONb30BaTh [AaHHble 30HAUPOBaHUA, MnofyyYaemble
CO CNYTHMKA, YCTaAHOBJIEHHOr0O B TOYKy no pgonrote 9,5 rpagyca
(MeTeocaTt-10), B cnyyae, ecnu wudydaemoe ob6nako nonagaeTr B CeKTop
0630pa AaHHOro CnyTHUKA.

7.2 o n3BECTHbIM KOOpAUHaATaM pPacronioXeHns obnakos, Ha KOTopble
NpOBOAATCSA  BO3OENCTBUSA, onpegensietca  obnactb  NpOCTpaHCTBa,
r4e OCYLLECTBMSIETCA aHanm3 pesynbTatoB 30HAMPOBAHUS CO CNyTHUKA
MeTeocat. Pa3mepbl aTon 0651aCTU OOSMKHbI MPEBOCXOANTL FOPU3OHTASTbHbIE
pasmMepbl aHanuampyemoro obnaka B 2-3 pasa. CnegyeTt ykasaTtb Ha TO, YTO
He Npu BCEX METEOPOSIOrMYECKUX CUTyaumnax yoaeTca BblOeNnTb U3yvaemoe
obnako un3 nona ob6bnakoB. OObIMHO, HagexHoe BblaeneHne obnaka
BO3MOXHO, €Cfin OHO [OOCTaTOYMHO pPas3BUTO MO BepTUKanu, €ro BEepXHSs
rpaHMua npeBOCXOAUT BbICOTY 6-8 KM (ana Tepputopum Poccumnckon
denepaumn). MNpun 3TOM AOMKHBbI OTCYTCTBOBATb ONTUYECKN MNOTHbLIE obnaka
BepxHero sipyca. B npoTMBHOM cny4yae, nonyyYeHue xapakTepucTUK Ky4yeBO-
aoxaesoro obriaka BO3MOXHO C MOMEHTa, Korga OHO MepexoauT B 3penyto
cTaguio pasBUTUS, €ro BEPXHAS rpaHuua OOoCTUraeT YpOBHS Tporonayabl,
a pagnaumoHHaa Temnepartypa B kaHane 10,8 (BTigg) CTAHOBUTCA MEHbLLUE,
4YyeM TemMmnepaTypa OKpyxatoLmx obnakoB BepxHero apyca [9], [10].

BxogHbIMM  OaHHbIMM  ONsi aHanu3a pasBUTUSA  Ky4eBO-A0XKOEBOro
obnaka sBnsieTca pagnaumoHHas TemnepaTtypa nukcenen (BT), nonydyeHHas
B kaHanax 10,8 (BTyg) U 6,2 (BTs2) MKkM. C uncnonb3oBaHMEM [OaHHbLIX
namepeHun BTigg CTpoutCa norne TemnepaTypbl ANs BbiOpaHHOW 4acTu
NPOCTPaHCTBa A1 KaXXO0ro ckaHa 30HAUPOBaHMA B Nepuo CyLLeCTBOBaHUS
obnaka. Bbligendetca obnactb NpoOCTpaHCTBa, rOe paguaunoHHas
TemnepaTypa He Gonee mMuHyc 40 °C, 4TO COOTBETCTBYET BEpXHel 4acTtu
obnakoB (HakoBanbHe). C MUCNOMb30BaHWEM [AaHHbIX U3MepPeHun BTigg

n BTe, ONs BblOpaHHOW 06racTv pacnonoXeHns BepLUMHbI UCCreayemMoro
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obnaka, npuMMeHsis TexHosnornw pacwennenus (split-window technique),
onpeaensieTca nosioXXeHne BepLUnHbI obnaka (Homep nukcens). NonoxeHue
AAaHHOro MNUKCens onpenendtT Mo pPasHOCTU pafnauMOHHbLIX TemrepaTyp
nuKkcenen, COOTBETCTBYIOLNX  uUccnegyemMomy obnaky, B  KaHanax
pagnometpa 6,2 u 10,8 MKM, M [Janee HaxoguTCcA €e MakcumarbHoe
3HayeHne maxdif paBHoe pa3HOCTN BT, 1 BTgs.

[MonoxeHne nukcensa C MakCUMyMOM 9TOW pasHWUUbl MPUHUMAaETCH
3a nonoxeHuve BepluMHbl obraka. PaguvaunoHHass TemnepaTypa LaHHOro
nuKcensi, Mony4yeHHas B OKHe npo3payHocTM C ueHTpoMm 10,8 MKwM,
Ucronb3yeTcsa A5A onpefeneHns BbiCOTbl BEPXHEW rpaHnLbl obnaka Higpsay.-
YuutbiBas, 4to cnon obnaka, popMUPYIOLLMA WU3NyY4eHUE YepHOro Tena,
cocTtaBnsieT B GOMbLINHCTBE CrydaeB OT HECKOSIbKMX AECATKOB A0 COTEH
MEeTpPOB ANns Takmx obnakos [11], TO MOXHO nonaraTtb, YTO dakTMyeckKas
TemnepaTypa BepWwWHbl oObnaka HecKonbko Hwxke. C  ucnonb3oBaHUEM
pesynbTaToB W3MEepeHUn pacnpeferieHns TemnepaTtypbl N0 AaHHbIM
paano3oHANPOBaHNA MO YKas3aHHOM TemnepaTtype orpefenserca BbicoTa
BEpPXHEW rpaHuubl obnaka Hipsan. [Py 3TOM ucnonb3ytoTca pesynbraThl
Gnvkanwero no nNPOCTPaAHCTBY U BPEMEHU paamo3oHauMpoBaHuda. MoXXHO
MCMNONb30BaTh TakkKe N MoAenNbHble AaHHbIe O pacrnpeneneHum TemnepaTypsbl
C BbICOTOM, MUMewwmne 06bIYHO HEeBOSbLUYKD MOrpeLHOCTb N0 CPaBHEHUIO
C akTu4eckumMmn [[aHHbIMK, OOHAKO AOCTynHble Ana  nbon  TOYKM
NpocTpaHCcTBa.

Mnowanb obnaka namepsieTcsa no ypoBHIO BbiIGpaHHOW nU3oTepMmbl. s
onpeneneHns reoMeTpudecknx pasmepoB HakoBalilbHU N BEPLUUHbLI XOPOLLO
pasgutoro Cb B KayecTBe W30OTEPMbl pPEKOMeHOyeTcs Temnepartypa
MuHyc 40 °C. OTO COOTBETCTBYET YPOBHIO FTOMOreHHOI Kpuctannusauun. Ans
bonee geTanbHOro N3ydeHUs XapakTepucTuk obnaka MoryT UCNosib30BaTbCS
nsotepmbl 0 °C m muHyc 10 °C. BonbluMe 3HayeHuWss TemnepaTypbl

He pekoMeHAOylTCs, T.K. B 9TOM cry4yae K ndydyaemomy obnaky moryT ObiTb
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OTHeceHbl obriaka, npuMbIKatoLne K nccrieqyeMmomy, aTo Moryt 6biTb 1 NOSIS
cnouctoobpasHbix obnakoB. B KaXOoM KOHKPETHOM cCrnyyYyae C y4eToMm
pes3ynbTatoB  pagvauMOHHbIX  M3MEpPEeHUM  OCyLLecTBnsieTcs  Bblbop
COOTBETCTBYWOLLEN U30TEPMbl. BenunumHa 3TOM  M30TEPMblI  OSMKHA
NpMBOOUTLCS B OOKYMEHTe,  OonucbiBalowem  pasButme  obnaka.
[[eomeTpuyecknn pasmep obnaka (HakoBanbHW) onpegendeTca nyTem
pacyeTa KofimyecTBa NUKcenemn, MMeLWmnX TemnepaTypy HUXKe Temnepatypsbl
BblOpaHHON M30TEPMblI W  OTHOCAWMXCA K 06riaky, N YMHOXEHUEM
COOTBETCTBYIOLLEro KONMMYecTBa Ha nnowagdb nukcensa. Y4uuTbiBasi, 4TO
pasMmep nuKcens 3aBUCUT OT reorpauyecknx KOOpAWMHAT pPacrofioXeHUs
obnaka, 3Ty BENMYMHY B KaXXOOM KOHKPETHOM criyvae cneayeT Bblbupatb ons
KOHKpeTHOro panoHa [9], [12]. lNpu aToM cneagyeT UMeTb B BUAY, YTO AaHHas
BENUYMHA SBMSIETCA OLIEHKOW reoMeTpU4ecKux pasmepoB obraka nm MoxeT
CYLLECTBEHHO OTNNYATLCS OT AaHHbIX PaANONIOKALMOHHBIX U3MEPEHUN.

7.3 Mcnonb3oBaHue HECKOMbKNX AvanasoHoB n3MepeHnn
pagnometpom SEVERI nossonser nonydatb uHpopmauuio o ¢asosBom
coctaBe obnaka. B 4acTHOCTW, NpW MCNOMb30BaHMM MNapamMeTpUyecKom
cxembl  [10], MOXHO BblOeNATb MUKCENM C  MPEUMYLLECTBEHHO
Kpuctannuyeckon  dpakumen, CMellaHHOW,  KanesbHOW, a  Takke
C HeonpegeneHHon dpakumen. Mukpoduanyeckne xapakrepuctukm obnaka
nosiy4atoT C MCNosfib30BaHWEM WHGOPMaUUK U3 Cneayrwmx OBYX KaHasnos:
8,7 Mkm 1 10,8 mkm. lNpn atom Anga nonydeHna mHdopmaumm o asoBOM
coctaBe obnaka ucnonb3yeTcd napameTpuyeckasi cxema, npuBeneHHas

B Tabnuue 3.
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Tabnwuuya 3 - lNapameTpnyeckasas cxema MNOSTyYEHUS OaAHHbLIX O

dra3oBOM cocTaBe obnaka

dpakums Anroputm onpeaenennsa dopakumnm
Bopa BT10s>238 KnBTD < 0,5 unn BT105 2285 Kn BTD <0,0 K
Nepn BT10s<238 KnBTD > 1,5K

CmelwaHHas dpakums 238 K<BT108<268Kn0,25K=<BTD<1,0K

®pakuna He onpefeneHa | 238 K <BTyp5 <268 Kn-0.5K <BTD < 0,25 K

MpumedaHwune—-BTD — pasHuua pagnaumoHHbIX TeMnepaTyp B ABYX KaHanax

8,7 n 10,8 Mmkm, a BT1p s - pagnaumoHHas Temnepartypa B kaHane 10,8 Mkm.

7.4 [Ona aHanusa pasmepa JnegsHbiX 4YacTUL Ha BEPXHEW rpaHuue
obnaka MOXHO Takke ucnonb3oBatb U TexHonornto RGB Convective Storm,
B KOTOPOM MCMNOMb3yeTca LWeCTb KaHanoB (Tpu pasHocTn) MSG (KpacHbin
LuBeT paBeH pa3HocTu BTg, n BT;3, 3eneHbin uBeT paBeH pa3HOCTU BTsg
nBTyg CuHMMA uBeT paBeH pasHocTn NIR1.6 un VIS0.6), ocHoBHas
MHGOpMaLINA NOCTyNaeT U3 KOMMNOHEHTa 3efieHOoro uBeTa. Hanvume mesnkmx
KPpUCTanmnoB Ha BEpXHeW rpaHvue obnaka MOXeT CUrHanmaupoBaTb
O CUMNbHbIX BOCXOASLUMX MOTOKAX, a 3Ha4uT M O BO3MOXHOCTU pasBUTUSA
CUITbHbIX NIMBHEW, KPYNHOro rpaga, a Takke ApYrnx onacHbIX KOHBEKTUBHbIX
ABIIeHWI (LLKBara, cMepya n 1.4.).

7.5 VIHTEHCMBHOCTb OCagKoOB M3 uccnegyemoro obnaka oueHuBaeTcs
MO PEerpecCcMOHHbIM  COOTHOLUEHMAM  Mexay  Temnepatyporh  Tigpesan,
COOTBETCTBYHIOLLEN MUKCENO BEPLUMHBI 061aka, U MHTEHCMBHOCTBLIO OCaKOB.
OTU PErPECCUOHHBIE COOTHOLLEHUSI AOTKHbI ObITb NOMTy4YEHbI NPUMEHNTENBHO
K nccriegyemMomy pavioHy u ces3oHy. [ns OueHOK WHTEHCMBHOCTUM OCafKoB
MOFYT MPUMEHATBLCSA COOTHOLLEHUS, NpMBEeAEHHbIE B [9].

[1Ba KOppensiuMOHHbIX COOTHOLLEHUSI MOryT ObiTb MCMONb30BaHbl A4
OLEHOK MHTEHCUMBHOCTU ocagkoB. [lepBoe nNpUMEHSIETCS areHTCTBOM

‘METEOSAT” ans oueHkn ocagkoB (ly) B rmobanbHoM macwTtabe n gaet
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cpefHee 3HayeHMe NHTEHCUBHOCTM OcagKoB Mo nukcento, BTopoe (lyy) 66110
Nony4eHo npu uccrnegoBaHum obnaka ¢ katactpoduyecknmm ocagkamm [10]

N COOTBETCTBYET MaKCUManbHOW NHTEHCUBHOCTM OCa[KOB B NUKCerne.

lw = 3,524-10" exp (-0,133-BT10g), (1)
luv = 4,4065-10" exp (-0,7019-BT103). (2)
AreHTCTBOM “METEOSAT” pacnpocTpaHsaeTcs NHJopMaLnA

00 ocagkax, KoTopasi MOXeT HernocpeacTBEHHO ObITb MCNoONb3oBaHa Mnpu
oueHke adpdekTnBHocTn BosgencTsum [10]. OHa GasupyeTca Ha OaHHLIX,
nosiydaemMmblx CO cnyTHMKOB MeTteocat. PesynbTaTbl 9TUX W3MepeHUn
KanubpyloTca C  UCMNONb30BaHMEM  MNOMSAPHO-OpOUTaNbHBIX  CMYTHUKOB,
OCHAaLLEeHHbIX MUKPOBOJSIHOBbIMU paguoMeTpamMu, No3BOMAOWMMU U3MEPATH
MHTEHCMBHOCTb OcagkoB. [laHHble npeacTtaBnaAlT cO60M WMHTEHCUBHOCTb
ocagkoB B nukcenax (l). Ona Esponenckon Ttepputopum Poccum Takas
MHJOPMAaLIMA NOCTaBMAETCH C NEPUOSOM B 5 MUHYT.

C ncnonb3oBaHMeM JaHHbIX U3MepeHun | cTpouTca none ocagkos And
BbIOpaHHOW 4acTu nMpPOCTpaHCTBA [ANA KaX[Aoro CckKaHa 30HAMPOBaHUSA
B Nepuno cyllecTBoBaHMs obnaka. Bblgensietca obnactb NpoCTpaHCTBA,
COOTBETCTBYWOLLAA uccrnegyemMoMmy obnaky (ocagkam U3 uccnegyemoro
obnaka). [lo nony4yeHHbIM AaHHbLIM ONpeaenseTcya NMKCenb C MakCMManbHOM
MHTEHCUMBHOCTbLIO 0CaJKOB N COOTBETCTBYHOLLAA NHTEHCUBHOCTb OCAAKOB |nax.

OnpepensieTca NoTok ocagkos F, (M*/c), n3 obnaka no doopmyne

N
F=028-3 li-Si @)

roe li MM/4 — MHTEHCUMBHOCTb OCAAKOB B | NUKCENE, OTHOCALLEMCS K 0braky;

Si — nnowaab COOTBETCTBYIOLLErO MUKCENS, KM2.
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OnpepensieTcs obulee KONMMYECTBO OCAOKOB, BblinaBllee M3 obraka

no coopmyne

Q :IJ;F(t)dt’ %)

roe Q () — obuee konn4ecTBO ocaakos K3 obnaka, M
t, MMHYC t; — Bpems Xn3Hu obnaka, c.

[na OueHKN MHTEHCUBHOCTU KOHBEKTMBHbIX OCaKOB pa3paboTaH Takke
anroputm  CRR (Convective Rainfall Rate) SAFNWC, ocHOBaHHbIN
Ha UCMNONb30BaHNN OaHHbIX KaHanoB MSG B KOMOMHaUUM C MOAENbHbIMU
AAHHLIMU U CTaTUCTUYECKUMW OaHHbIMW BepuduKauum Hag TeppuTopuen
EBponbl. BbixogHble gaHHbIE anropuTtma no gaHHbIM TECTUPOBAHUS XOPOLLIO
CcornacyrTca ¢ pagnonoKaunoHHbIMU AaHHBIMU U MOTYT BbITb MCMONb30BaHbI
BO Bpems paboT Mo akTUBHbIM BO34ENCTBUAM.

Mpn aHanuse pes3ynbTaTOB BO3AENCTBMA HEOOXOOMMO Y4uUTbIBaTb,
YTO nosiyyaemble AaHHble 00 ocajkax, 6asupyrowmecsd
Ha paguoOMeTPUYECKUX N3MEPEHNAX, HOCAT OLEHOYHbIN XapakTep.

7.6 Pagunometp SEVERI| B paOHeBHOe BpeMsa MoO3BOSISET MNonyyaTb
n3obpaxeHne obnaka, 4YTO BaXHO MNpW WHTepnpeTaumMm pes3yribTaToB
BO3aencTBui. [pun aToM crnegyet MMeTb B BUAY, YTO N306paxXeHne UCKaXeHo
n3-za pgedopmaumm reomMeTpuyeckux pasmepoB Mukcenem wun ABMeHUN
napannakca [13].

[Ana nonyyeHus nsobpaxeHus obnakoB criegyeT UCNONb3oBaTh KaHars
BM3yalribHOro0 N300paXXeHUs UK KaHan BbICOKOro paspeLlueHusi, NocreaHun
AaeT CYLEeCTBEHHO Ny4yllee KayecTBO N30bpakeHus.

[Ana panbHenwero aHanmsa MCNorb3yeTCA BbiCOTa BEPXHEW rpaHuLbl
obnaka Hippsan W reomeTpuyeckne pasmepbl BepxHenm Yactu obnaka
(HakoBarnbHM). CrtposTcs rpadounkm 3aBMICMMOCTEN MOSTy4YEHHbIX

XapakTepucTuK OT BpPEeMeHM [Onsi BCero nepuoga cyllecTBoBaHMs obnaka.
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AHanornyHelM obpasomMm CTPOSTCS 3aBUCUMOCTM (Ppa3oBOro cocrtaBa obnaka
N XapaKTepuUCTUK OCcajKoB oT BpEMEHMN. BbigenstoTcs CKaHbl
HENnoOCPeaCTBEHHO Mepen npoBeAeHMEM BO3OEeUCTBMA U cpady nocne
BO3OENCTBUN,  oOrnpedenseTcd  BfIMAHME  NPOBEOEHHbIX  BO3OENCTBUM
Ha XapakTepucTukn obrnaka Mo WM3MEHEHUID XapaKTepPUCTUK, OTMEYEHHbIX

BblLLIE.

8 MapannenbHble HaGNAeHUs1 3a pa3BUTUEM Ky4eBO-
0OXAeBbIX OONakoB C MNOMOLWbLIO AaHHbIX pPaguoMeTpUu4vecKoro

30HANPOBaHUA CO CNYTHUKA U paaANONTOKALUNOHHbIX M3mepe|-|m7|

8.1 PagnonokaumoHHble [daHHble TPaaULMOHHO SBMSKOTCA OAHUM
N3 BUOOB MH(opMaLmn, KoTopasi NPUMEHSETCS AN OUeHKN 3 EKTUBHOCTH
Bo3genctemn. CoBpemMeHHble paguonokatopbl obecneymBaoT  0630p
npoctpaHctBa c nepuogomMm 5-10 muHyT M vawe. CnyTHuMK MeTeocar,
pacnonoXeHHbln B no3vuum 9,5 rpagyca BOCTOMHOM [OONTOThbl, Takke
obecneunBaeT 0030p BbIGpaHHbIX ObBriacTen npocTpaHcTBa (B OCHOBHOM
EBpona) ¢ nepuogomM 5 MUHYT, MO3TOMYy MMEETCHd BO3MOXHOCTb
COMOCTaBIIEHNA [OaHHbIX napannenbHblX uamepeHun. ConocTasBreHne
AAHHbIX AO0SMKHO BKMNOYaTb OLEHKY BbICOTbl BEPXHEW rpaHuubl obnaka,
a Takke nnowagn obnaka. PaguomeTpuyeckme U3MepeHus B OTAESIbHbIX
cnyyasax  obecneuvBaloT Oonee  paHHee  obHapyxeHue  obnakoB
MO CpaBHEHMUIO CO CTaHOAPTHLIMU pagMOSIOKaUNOHHBbIMU n3mepeHusamu [10].

8.2 B nepuog makcumanbHOro pasBuUTUSE KOHBEKTMBHOrO obnaka npu
BonbLNX 3HA4YEHUsX OTpakaemocTh (06bI4HO Bonee 55 dBZ) oueHKM BbICOTbI
BEPLMHbI MO AaHHbIM PaguoOMETPUYECKUX U3MEepeHUn sBRsaTcs Oonee
HageXHbIMK, 9TO CBA3aHO C MOrpeLlHOCTAMM onpeaesieHnst BbICOTbl BEPXHEMN
rpaHuubl obnaka pagnoriokatopoM 3a cyeT BAUAHUA GOKOBbIX fENecTKOB

anarpaMmmbl HanpaBneHHOCTY AHTEHHbI (3mechb NOrpeLIHOCTb
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paanosioKauOHHbIX n3MepeHnn MOXeT aocturaTb HECKONbKNX
knnomeTpoB) [10]. B nepuog paspyweHna obnaka (HakoBanbHW Ky4eBO-
agoxaesoro obnaka) MOorpewHocTn pagnoMeTpUYecKUX OLEHOK BbICOTbI
BEPLINHbI BO3pacTalT BCMeACTBME YBENMYEHUA MNpo3pavyHOCTN obnaka.
OueHky nnowaan obnaka (HakoBanbHW) MPeanoyvTUTENbLHEN MPOBOAUTL
Ha 3penon cTagun pasBUTUS WU OO0 paspylleHuss Nno paguoMeTpUHECKUM
N3MepPEHNSAM. JTO CBA3AHO C TEM, YTO OTpaXaeMoCTb BEpPXHEN YacTu obnaka
(HakoBarnbHM) 0BbIMHO Mana, u paguoriokaTop He NO3BONSAET C AOCTaTOYHON
CTeneHb TOYHOCTU onpeaensiTb reoMeTpuyeckne pasmepbl HAKOBaSTbHMW.
O6a Bnga namepeHmin KOCBEHHO ONpeaenstoT MHTEHCUMBHOCTb OCaaKoB.
Hapo nonaraTb, YTO paguoSiOKauMOHHbIE OLEHKM B LLENOM fydylle, OgHakKo
NpU HanNUYUKM KPYMNHbIX 06f1ayYyHbIX YacTuy, NOrpPeLLUHOCTN Pe3Ko BO3pacTatoT,
MO3TOMY COBMECTHOEe ucnonb3oBaHne oboux mMeTogoB obecneymBaeT

B3aWMHbIN KOHTPOIJ1b.

9 AHanus napannesfibHbIX HabNAeHUN 3a pa3BUTUEM Ky4eBO-
AOXOeBbIX OOGMAaKOB C NOMOLbLIO OaHHbIX PagAUOMETPUYECKOro

30HANPOBaHUA CO CNYTHUKaA N paaANOJNTOKaLUNOHHbIX M3mepe|-|m7|

Ncnonb3oBaHne Bcero obbema WH@OpMauUuKW, KOTOPbIA [OCTYNeH
M3 aHanu3a paguvosioOKaUMOHHbIX U3MEPEHUW U pPaguoOMETPUYECKUX
namepeHmin, obecneunmBaeT ©Oofiee MOMNHOE MONyYEHUE XapaKTepPUCTUK
obnaka B npouecce ero passutud. B kayectBe OCHOBHOro MeToga aHanusa
AaHHbIX cregyeT  uWCnonb3oBaTb METO[, OCHOBAHHbLIM Ha  U3yYeHUn
BPEMEHHOrO TpeHaa XapakTepucTuk obnaka. B cooTBeTCcTBMM C NPUHATLIMA
rmnoTresamMm BO3OENCTBUN, OHW OOSMKHbI MNPUBOAUTb K  WU3MEHEHUSAM
B  XapakTepuctumkax  obnakoB, KOTOpble  cregyeTr  (pukcmpoBaTb

C mcnosb3oBaHNemM pagnoMeTpuUveCknx m pagnosioKauMOHHbIX |/|3|\/|epeH|/||7|.
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Ha  BbigBNeHne  3TUX  MU3MEHeHUW  JoimkeH  OblTb  HanpasneH
COOTBETCTBYOLLNN aHanu3 gaHHbIX [9], [12].

Onsa aHanusa a(pgekTUBHOCTM BO3AEUCTBUM MOTYT UCMONb30BaTbLCH
apyrve paspaboTaHHble MeTobl, OCHOBaHHbIE Ha CTaTUCTUYECKOM aHanmse
M3MEHEHNA  XapaKTepucTuk obrnakoB B  pesynbTate  BO3LENCTBUN.
Pesynbtatbl namepeHnin xapakrepuctuk obnakoB, MOfydeHHble Mo AaHHbIM
pagnomeTpuyeckux wuamepeHun pagmometpom SEVERI, ycTaHOBMNEHHbIM
Ha CNyTHUKE, OOJHKHblI aHanmM3npoBaTbCA MapanfenbHO C pesynbTaTamu

paanonoKaumMoHHbIX M3MepeHI/Il7|.
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JNluct perncrpaumm MameHeHUN

Homep cTpaHuubl Howmep pe- arta
Mopsia- p CTpaHny pp A
KOBbIV n3ve 3ame rrcTpaumnv BHE BBE
HO- aHHyNK- nameHexus |MNognuce
HOMEp U3- | HeH- HEH- o y ceHus | AeHus
- - BOW poBaHHOM BIOC,
MEeHeHus HOW HOW nata n3m. n3m.
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