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[IpencraBierbl METO/BI U PE3YJIbTATHI YHCJEHHOTO TPOTHO3a TOJIOJIEIHBIX sABJIeHNT Ha Tepputopuu LlenTpasib-
voit Poccum g xosmonnbix mepuosoB 2003—2018 rr. IlpuBeseHo cpaBHeHHe YCIENIHOCTH TIPOTHO3a TOJIOJEa
o JAByM MerojaM: 1) aHajM3 THUIIOB T'MJPOMETEOPOB M TeMIIepaTypbl BO3jJyXa y 3eMJHM M3 I[POrHO30B MOJEIH
WRF-ARW; 2) ncnonp3oBanne Termmo6asancHOl Mojen ¢ nporrozamu Mogenn WRF-ARW B kauecTBe BXOIHBIX
mauHbiX. [ToKazaHbl HEKOTOPbIE MPENMYIIECTBA TIPOTHO30B TOIOJIEA C TOMOIIBIO TETLIOGATAHCHON MO/IENN.

Knwouesvie caosa: nporHos rosogena, llenrpanpubiii pernon Poccun, WRF-ARW; forecast of ice, central

region of Russia, WRF-ARW.

Bseaenune

OnHO U3 OMACHBIX METEOPOJIOTHYECKUX SIBJEHUN
XOJIOJTHOTO BpEMEHU Toja — 3T0 00JiefleHeHne JI0por,
MIPOBOIOB 1 JIEPEBBEB, T.€. TOJOJE/I.

Corstacto [1, 2] rososes — 3TO CJAOH ILJIOTHOTO
JIbJIa, HAPACTAIONIEro HA MOBEPXHOCTU 3eMJIU U MpejiMe-
Tax OT HaMep3aHUs Kamesb TePeOXJIAKIEHHOTO 0K/
na Mopocu. OOBIYHO ToJIoJIe] HAOGMIONAETCS TPU CJIa-
6011 OTpHIIATETbHOI TeMIepaType BO3AyXa y IOBEpX-
HOCTH, HO nHOTAa u npu 6osee Hnuskoit, g0 —16 °C. To-
JIOJTe[l MOXKET MMeTb MeCTO ¥ TP CJaboi TTOJI0MKH-
TEJIbHOW TeMIeparype BO3/yXa, €cJu TeMIepaTrypa
MMOBEPXHOCTU 3eMJIM WU OOBEKTOB, Ha KOTOPBIX OH
oTJlaraeTcs, oTpuiaresbHas. HamepsaTb MOTYT TakKe
ocajakn cMmemannoii ¢gaspr (1ox1b co cHerom), HabJo0-
JAIOIIIECST TIPU OTPUIATEIBHON TeMIepaType BO3IyXa
WIM TOBepXHOCTH. B Hacrosmieit pabore Mbl OyneMm
BKJIIOYATh 9TU SBJEHUS B IOHATUE <«TOJIOJIE[» WU «TO-
Jtosieiible siBaenust»>. OTMETUM, 4TO CyIIeCTByeT OJin3-
KOe sIBJIeHNe, Has3bIBaeMOe H3MOPO03bio, KOoTopoe ¢op-
MUpYyeTCsi Ha TOBEPXHOCTSAX B XOJIOJHOE BpeMs Toja
MIPU BBICOKOI BJIayKHOCTH 1 6e3 ocaJkoB. B HacTosmieit
paboTe OHO He paccMaTpPUBAETCS.

KosimdecTBennble M3MepeHMs TOJIIUHBI TOJIOJETA
BEAyTCS HA MajiOM KOJHMYECTBE METEOPOJIOTHIECKUX
CTaHIIUI BBUAY OTCYTCTBUSI Ha OOJDBIIMHCTBE U3 HUX
HEo6X0ANMOTO [IJIs u3Mepenuit o6opypoBanus. Kak mpa-
BUJIO, HA CTAHIUAX (PUKCUPYETCs Jullb (PaKT HATUINS
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caMoro SBJIEHUS, a €r0 WHTEHCUBHOCTb HaOJI0aTeNb
OTIEHMBAET Ha TJIa3.

B mnacrogiee BpeMs TOJIOJI€[l TPOTHO3UPYETCS
B OCHOBHOM CHHOTITHKaMU. PaboT 1O YHCIeHHOMY TIPO-
THO3Y TOJIOJIEIHBIX sBJEHWII HeMHOTO. B dyacTHOCTH,
aBTOpaMU HACTOsIIIE craThll ObLia OMyOJIMKOBaHA pa-
60Ta 1o MPOTHO3Y TOJI0Je/la U HaJleIn Ha TTpoBojaax [3].
[lpyrux mny6iuKamuii B POCCHUICKOW HAyYHOU MEpuo-
JIUKe aBTOpaM He M3BECTHO. B 3apy0eskHOU mepuonke
UMeeTCsl HEKOTOPOEe KOJIMYECTBO IMyOJIMKAIiA, HampH-
mep, [4—10].

Bo Bcex omy6nKoBaHHbBIX PA60TaX, MOCBSIIIEHHBIX
METO/IaM YHCJIEHHOTO ITPOTHO3a TOJI0NE/[a, JeIaeTCs YIIop
Ha TPOTHO3 M aHAJIM3 TUIA OCAKOB M TeMIIepaTypPHBIX
ycJIoBUi BOJIM3U 3eMJIH, MPUBOASIINX K BO3MOXKHOMY
3aMepP3aHMI0 SKUJIKOCTH Ha 3eMJie, BeTKaX JlepeBbeB
u npososiax. OCHOBHOE OTJIMYNE METO/I0B 3aKJI0UAeTCs
B HCIOJIb30BAHUM PA3JMYHBIX UHCJEHHBIX MojeJeil,
TECTHUPOBAHUKM AJITOPUTMOB B PAa3/JMUYHbIX KJIUMaTHye-
CKHUX YCJIOBHSX U BBIGOPE HECKOJBKHUX OTJINYAIOMINXCS
KpPUTEpPUEB HAJTMYUS WJIN OTCYTCTBUS TOJIOJIEa B TIPO-
rao3e. bBoJiee mompo6ubIit 0630p mpexactasien B [3].
ITpoBepok Ha 3HAYUTETHHOM CTATHCTUYECKOM MaTepua-
Jie U yKasaHuii Ha BHeJPEHIe METO0B B OTEPATHBHYIO
MPaKTHKY B JINTEPAType He MPUBE/EHO.

DopMupoBaHe U MHTEHCUBHOCTD TOJIOJIEA 3aBU-
CAT OT TeMIEpPaTyphbl BO3/yXa, TeMIepaTypbl MOBEPX-
HOCTU M KOJMYECTBA TBEPABIX U SKUIAKUX YACTHUI[ BOJIbI
B BO3/yXe HETOCPE/JCTBEHHO Yy TIOBEPXHOCTH 3eMJIH.
[ToatoMy ycrenrHoCTb MPOTHO3a ToJIoJe[la 3aBUCHT,
TIpesK/ie BCEro, OT YCIENIHOCTU TMPOTHO3a IMepeynceH-
HBIX BBIIIIE apaMeTPOB.

[Iporuos rosjonena BO3MOXKEH TaKyKe C MOMOIIBIO
aHaIM3a TEIUIOBOrO ¥ BOJHOTO OajiaHca Ha MOJCTU-
jqaonieit mosepxHoctu. [l aTX 1eseil BO3MOKHO
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MCTIOJb30BaHNE TemJI00ATaHCHBIX MojeJell ¢ y4eToM
BO3MOKHBIX TIPUYNH 06pa3oBaHus rojoJena u ¢ 6osee
TOYHBIM ONMUCAHUEM TETVIOEMKOCTH U TETLJIONPOBOHOCTH
TO/ICTHJIATONIEN TTOBepXHOCTH. B HacTosmeit paboTe npu-
Be/IEHbI PE3yJIbTAThl HCIBITAHUSI 000UX METOOB.

Crout ymoMsiHyTh, 4TO HE B Poccuu, Hu 3a py-
6EKOM Ha CEroj[HAIIHUN /IeHb HE CO31aHO0 Ha/le)KHOI
OIIEePATUBHON CHCTEMbI YUCIEHHOTO MIPOrHO3a TOJIOJE/A.
IT0 6110 6bI BecbMa IMOJIE3HBIM BKJIQJIOM B YHCJCHHDII
MIPOTHO3 OIIACHBIX SBJEHUI TOTOAbI U TaKUX 06-
HIMPHBIX TEPPUTOPHIT C OOBIYHO MTPOJOIKUTETBHBIM XO-
JIOJHBIM TIEPUOJIOM, Kak, Hamnpumep, Poccug, Kanana
nmu Hopserus.

1. Metoa nmporsHosa roJoJjena
¢ NIOMOIIbIO aHAJH3a THIIA OCA/IKOB

Tun arMocdepHbIX OCAIKOB MOMKHO OIPEIEUTD,
3HAs TAKHE METEOPOJIOTHUECKIE XAPAKTEPUCTUKY BOJIH-
31 nosepxHoctu 3emyn (Ha BbICOTE 2 M), Kak TeMIepa-
Typa BO3/yXa, MOJCTHUJIAIONIEIl TTOBEPXHOCTH, KOHIIEH-
TpPALUU U COYETaHUEe MHAPOMeTeopoB (Karim, Jie, CHer,
KpyIia).

UYicsieHHbIE MOJIETN HETIIOXO MPE/ICKA3bIBAIOT TEM-
meparypa Ha 2 M; a6COJIIOTHBIE ONIMOKU COCTaBJISIOT
He 6osee 1—3 °C. Cama TeMmieparypa XOpOIIO U3Mepsi-
€TCsI HAa METEOPOJIOTHYECKIX CTAHIUSIX, B TO BPEMsi KaK
KOHIICHTPAIUS THAPOMETEOPOB He M3MepsieTcss BOoOIIIe.
B coBpeMeHHBIX mNapaMeTpusanusgx MUKPOPU3NKH 006-
JIAKOB, KOTOPbIE UMEIOTCS B GOJIBITMHCTBE YHCJIEHHBIX
IUPKYIAIMOHHBIX MOJieJiel, PACCUNTHIBAIOTCA KOHIICH-
TPAINN Pa3INYHBIX THPOMETEOpPOB. 3Has KOHIIEHTPA-
IUU U COOTHOIIEHWS JKUIKUX M TBEP/BIX TUIAPOMETEO0-
POB, MOJKHO IIPOTHO3WPOBATH TOJIOJEIHDIE SIBJIEHUS.

B mpoBe/eHHBIX HAMU 3SKCIEPUMEHTAX IPOTHO3
10 PErnoHaAIbHON MOJe/ M paccunThiBasicss Ha 18 u.
B wucnosbayemoit Hamu Mozpean WRF-ARW [11] ectp
12 cxem mapamerpusaiuu  MUKPO(PU3NKKH  06JIAKOB.
[lna ompeneneHns THMA OCAJKOB HEOOXOINMO aHAJMH-
3MPOBaTh COOTHOIIEHNE KOHI[CHTPAINI YeThbIpeX BH/IOB
THPOMETEOPOB: BOJIbI, CHETA, CHEKHOI KPYIBI U JIbJA.
B nacrosimieit paGorte mpm pacuerax HUCIOJb30BAIACH
napamerpusanus Mukpodusuku o6aakos [12], B koro-
poil Bce mepedncjeHHble TUAPOMETEOPbI U IepPeXOjbl
MEK/[y HUMU TIPUCYTCTBYIOT.

[lng anammaa THIIA OCAJKOB BLIOMPAIUCH PE3YJIb-
TaThl MIPOTHO30B € 3a6/IarOBPEMEHHOCTHIO OT 6 70 18 u
¢ naTepBasoM 3 4. [lepsble 6 4 mMpoTHO3a HE NCIIOJIb-
30BAJINCh /I MCKJIOYeHNS BIMAHUA apderTa «pasro-
Ha Mozeans. Ilpu mporHoze Ha 18 4 aHaTM3MpPOBATNCDH
gerpipe cpoka: 09:00, 12:00, 15:00, 18:00 B ciayuae
Havasia poruosa ot 00:00; 21:00, 00:00, 03:00, 06:00
B cayyae Havyasma nporHoda ot 12:00. B nameii cratbe
MIPUBEJIEHbI Pe3yJbTaThbl OlleHOK TporHoszoB Ha 09:00,
12:00, 15:00, 18:00.

[lng mporHo3a opMUPOBaHUS TOJIOJEIA HUCIIOJTh-
3yIOTCS: TeMIlepaTypa Ha HUKHeH MOoJeJbHOH curma-
MOBEPXHOCTH, TeMIlepaTypa MOACTIJIAONMEH MoBepX-
HOCTH, CyMMa OC3JKOB 3a 12 4, OTHOIIEHHUS CMecH
JUISL 9eThIPeX BUIOB ruapoMeTeopoB (Boja, JIefl, CHe,
CHEJKHAsl KPyla) Ha HIGKHE MOjeJbHOI curma-1o-

BEPXHOCTH 3a ucrekinue 3 4. BbicoTa HUKHEH MO/1e/b-
HOW CHTMa-TIOBEPXHOCTH COCTABJISIET ~ 2 M.

Cunrtaercs, 4TO roJioJe] B IIPOrHO3€ MPUCYTCTBY-
er, ecan XOTs Obl B OJMH M3 YETHIPEX CPOKOB O/HO-
BPEMEHHO BBITIOJTHEHDI YETBIPE YCJIOBUS:

1) Ha HuKHEel MOJIeJBHOI  CHIMa-TIOBEPXHOCTH
IPUCYTCTBYET KUAKUI Bu rugpomereopa (Boza);

2) OTHOIIEHNE MAacChl BOABI K CyMME Macc OCTaJb-
HBIX TPeX THpOMeTeopoB 6ourbine KoadduinenTa Boji-
HOCTH, KOTOPBIil Jieskut B quanasone ot 0 g0 1;

3) TeMmeparypa BO3JyXa WM MOBEPXHOCTH CO-
crasiisier 0 °C uim HuKe;

4) cymMa ocaakoB 3a 12 4 cocraBjisieT He MeHee
0,1 Mm.

Kak 6b110 ckaszaHo BbIlIle, IS MPOTHO3a MBI HC-
nombdyeM Mozeab WRF-ARW [11], Bepcusa 3.9.1.1,
¢ IPOCTPAHCTBEHHBIM IaroM 18 kM 1 41-curma moBepx-
HOCTBIO TI0 BepTHKAINU. B KauecTBe HAYAIBHBIX JJAHHBIX
U KPaeBbIX yCJI0BUi nctosb3oBasuch ananusbl GFS [13]
¢ paspertennem 0,25° O MUPOTE U JOJTOTE.

ITpu 5TOM TIPOTHO3 TOsT0AeAa Aaercs Ha 12 4 (j1eHb
WM HOYb) 6e3 NPUBA3KM K KOHKPETHBIM CPOKaM, T.€.
MPOrHO3UPYETCsT (PAKT HAJIUYUS UJIH OTCYTCTBHUSI TOJIO-
Jiela B TeYeHHe 9TOr0 BPEMEHH.

EcTb BO3MOJKHOCTD pACCUUTHIBATD U KOJIUYECTBO
OCaK/JICHHOTO JIbJIa, HO M3-32 MaJIOTO KOJIMYeCTBA Ha-
6/II0/IEHUIT 32 9TUM TIAPAMETPOM AaHAJIM3 KavyecTBa Ta-
KOT0 TIPOTHO3a He MpoBojusicd. 1o KommyecTBy ocax-
JIEHHOTO JIb/Ia MOKHO PACCUNTATh HArPY3Ky Ha TIPOBO/IA,
JlepeBbsI W JIpyTHe TMpeaMeThl. Takoil mpPOrHo3 BasKeH,
MIPEK]IE BCETO, SHEPTETUKAM U, BO3MOYKHO, TOPOSKHUKAM.

2. MeTox nporsosa roJjoJena
¢ TTOMOIIBIO aHAJH3a
TEIIOBOTO Oajianca

B narmreit pa6ote TerioBoii 6aaHC PACCUNTBIBAICS
¢ momortbio Kanaackoit Mmogesn METRo [14]. TIpu atoMm,
KaK W B IIEPBOM MeTO/le, HCIIOJIb3YIOTCS Pe3yJIbTaTbl
nporHosa perunonanbHoit Mogesn WRF-ARW. [lng
pacuera 6pajuch MPOrHOCTUYECKUE TIOJIS: TeMIeparypa
U TOYKA POCHI HA BBICOTE 2 M OT MOBEPXHOCTU 3€MJIH,
CyMMa JKUJIKUX W TBEPBIX OCAJKOB C Havyaja MPOrHO-
34, CKOPOCTb BeTpa Ha BbIcOTe 10 M OT TOBEPXHOCTH
3eMJIH, [aBJI€HHE HA MOBEPXHOCTU, TTOTOKH KOPOTKO-
BOJTHOBOI M JIIMTHHOBOJTHOBOH pajiiallid, TeMIepaTypa
moyBbl Ha raybune 40 cM.

g ajganranun rerobaJaHCHON Moean HeoOXo-
UMO HE MeHee [BYX CJlydyaeB HAOIOJCHUI TIOAPST
Ha CTAHIUAX, MEpHoj HAOIOJCHNI HAa KOTOPBIX COB-
MaJlaeT ¢ HAYaJIOM MepPUo/ia TPOrHO3a 110 MOJEJNN aTMO-
cepnr. C moMomIbio TETIO6ATAHCHON MO/ MOXKHO
MIPOrHO3UPOBATH BOCEMb TUIIOB COCTOSIHUST MO/CTUJIAIO-
meft moBepxHocTu: 1 — cyxad, 2 — BraxHasg, 3 — TO-
KpbITas CHEroM, 4 — TOKpbITas CHETOM C BOJAOH, 5 —
¢ pocoii, 6 — ¢ TAIMM CHErOM WJIH JIbJOM, 7 — IIO-
KpbITasi YEPHBIM JIbJIOM, 8 — IMOKpbITas 3aMep3arolneit
J105k/1eBOIl BOz1oil. UepHblil JieJ — 3TO MOsIBJIEHUE JIb/la
B pe3yJibTare Cy6IMMAIK BOJSHOTO Tapa M3 BO3/yXa
Ha TOBEPXHOCTH C OTPHIATENbHON TeMmeparypoil 6e3
HAJIMYHSA B 9TOT MOMEHT OCAJIKOB.
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Hasmanem B mporuose rosiosiefia 6yZieM CUUTATh
MPOTHO3 JIIO6OTO W3 [BYX THUIIOB COCTOSIHUS IIO/ICTH-
Jlaolel moBepxXHoCTH, T1e npucytcreyer aej (7 wim 8).
Ecsm nporrosupyercs apyroi tun nosepxuoctu (1—6),
cYuTaeM, 9YTO IIPOTHO3UPYETCSI OTCYTCTBHE TOJIOJIE/A.

B kaxjoM pacyeTHOM y3Je 3aJaercsi OJWH U3
4YeTbIpex BH/IOB IMOJCTUJIAIONIEH MOBEPXHOCTH, PA3JIH-
YAIONIUXCS, MPEK/E BCEr0, CBOMMU TETIOPU3MYECKIMU
cBoiicTBaMU.

PesysibraThl MPOrHO3a TOJIOJEa MO TEIIo6aIaHc-
HOW MOJIeIN aHAJM3UPOBAINCH HA BPEMEHHOM HHTEP-
Base 12 u (06:00—18:00 unu 18:00—06:00). ITporuosu-
poOBAJIOCh HAMW4YKME TOJIoJIe/la Ha Bechb 12-4acoBOil MH-
TepBaJI, ecan XOTs Obl B Tedenue | 4 B mpejesnax 3Toro
unrepsana (He 06g3aTEIBHO MOAPSL) HPOTHO3UPOBAI-
ca «uepHblii eg» (Ne 7) mnu «3amepsaiomuii 105 /1b>
(Ne 8). Mojiesib TecTHpoBanach € pasHoOil IPOLOJIKN-
TesibHOCTBIO dTOro nepuoza (1, 3, 9, 18, 27 u 36 cuy-
YaeB HaIMuus B IIPOTHO3€ Trojonena u3 36), T.e.
3a 12 4 moayuaercsa 36 caywaes mpornosa (¢ uHTEpBa-
oM 20 MuH).

3. Mertoa oneHKH pe3yJbTaTOB

Jl1s1 OlleHKW pPe3yJbTaTOB TPOTHO3a TOJIOJETHBIX
SBJIEHINH MCIIOJIb30BAINCH JaHHble HaOmogennii Ha 350
METEOPOJOTHUECKIAX CTAHIMAX, Hambojee TOJTHAS Kap-
Ta PACMOJIOKEHUST KOTOPhIX NMpUBeAeHa Ha puc. 1.

C.HI.
60°
59
58
57
56
55
54
53
52
51
50
49

30 32 34 36 38 40 42 44  46°B.1.

Puc. 1. OGnacth TporuHo3a u MeTeopoJIOrHYecKrue CTaHIUN
(TOYKM), UCIO/Ib30BABIIMECS /11 OUEHKH IIPOrHO3a FOJIOIEAHBIX
SIBJIEHUIT

IIpoBoamaach OIeHKAa KadecTBa MPOTHO3A HAJM-
YU WM OTCYTCTBUSI TOJIOJIE/A.

BaskabiM aTamoM oreHku Oblia BBIOOPKA U3 PSIIOB
HAGJIO/IEHIIT CJyYaeB HAJIUYUS WMJIN OTCYTCTBUSI TOJIO-
JilefinbixX stBrienuii. [Ipu aTOM 3a4acTyio KoJi OTCYTCTBUS
SIBJICHUSI MOJKET WHTEPIIPETHPOBATHCS U KaK OTCYTCT-
BHE CaMOroO SBJIEHUS, M KaK OTCYTCTBHE MHMOpMaInu
0 SIBJIEHWH, YTO BBI3bIBAET JOIOJHUTEIbHbBIE CJIOKHOCTH.

Hamwume rononena B gaHHBIX HaOJIOJEHUI ITOJ-
TBEPSK/IAETCST, €CJIU BBIMOJHEHBI CJIEIYIONINe YCIOBUS:
1) xoTst ObI B OAMH M3 YeTHIPEX CPOKOB HAGJMIOAEHUS
B teuenue 12 4 (09:00, 12:00, 15:00, 18:00 wau 21:00,

00:00, 03:00, 06:00), HenocpejACTBEHHO B 3TOT CPOK
WM B TEYEHUE MOCJIEHEr0 vaca Mepej] HUM, OTMeda-
JIICH: 3aMep3afoliasi MOPOCh WU JIOK/b JII060I MHTEH-
CUBHOCTH, JeAsaHol 10x/1b (koabl saBiaenust 24, 56, 57,
66, 67, 79 [1]); 2) npu HyJeBOIl MM OTPULATENHHOM
TeMIeparype BO3[yXa Ha CTaHIUU XOTsi Obl B OJIUH
13 4eThIPEX CPOKOB OTMEUAJINCH: MOPOCH, I0K/Ib, T0K/Ib
€O CHEroM J1o6oro XxapakTepa Un HHTeHCUBHOCTH (KO/IbI
apaennii 50—55, 58—65, 80—84). Ilpu stoM B 06OM
clydae cymMMa ocamkoB 3a 12 4 (mpemmectByiommx
06:00 unn 18:00) goskua 6b1Th He Menee 0,1 MM,/ 12 u.
3ameruM, 4TO HAOJIOMEHUST 34 OCAAKaMU ITPOBOJISTCS
Ha paccMaTpuBaeMoOWl TeppUTOpuu 2 pada B CYTKH
(¢ mnTepBasoM 12 W), B TO BpeMsi Kak HaOMIOIEeHWs
3a SIBJICHUSIMH TIOTOJbI U TEMIIEPATYPOIl TTPOBOISTCS
8 pas B cyTku (Kaxpie 3 ).

[l TOATBEp:K/IEHNS HAJEIKHBIX CJIy4yaeB OTCYT-
CTBUS TOJI0JIela B HAOIIOJE€HUSAX JIOJIKHBI BbIIIOJIHATH-
¢S cJelyIolne yCAOBUS:

1) HE B OJAWH M3 YETHIPEX CPOKOB HaGIOAEHUS
B reuenue 12 1 (09:00, 12:00, 15:00, 18:00 wuu 21:00,
00:00, 03:00, 06:00), HEMOCPEACTBEHHO B CPOK, HE OTME-
YaJINCh: 3aMeP3aioiiasi MOPOCh, 3aMeP3AIONIUil 0K b,
JIEAHON JJOMK/b JII0O0N MHTEHCUBHOCTH;

2) Ipu HyJIEBOI MM OTPUIIATENBHON TeMiepaType
BO3/yXa Ha CTAHIMH HU B OJMH M3 3TUX CPOKOB HE OT-
MEYaJINCh. MOPOCh, [I0K/b, IOK/b CO CHErOM JIIOGOTO
Xapakrepa i uHteHcuBHOCTH (KOAbI sBaeHuil 50—55,
58—65, 80—84);

3) yHOMSIHYTBIE B NPEAbIAYINX TTYHKTAX SBJIEHHSI
Ha CTaHIIMM OTMEYANCh, HO CyMMa OCAAKOB 3a 12 4
6bu1a Menee 0,1 MM wan madopMaims 06 ocagKkax He-
U3BECTHA;

4) BO Bce 4eTbIpe CpoKa HaG/I0al0Ch KaKOe-TO
apyroe spiaenue (KpoMe TeX, Y4TO MepevrcieHbl BbIlIe)
WM BO BCE CPOKM KaKue-Ju60 SBJIEHUS OTCYTCTBYIOT.

IIporaoctuyeckne MOJIST MHTEPIOJUPOBAINCH O1-
JINHEHHO B TOYKHU CTAHIMIT U CPABHUBAJIUCH C OTOOPaH-
HBIMHE CJIy4astMu pakTa HAJINYUs,/ OTCYTCTBUST TOJIOJIEA.
C 2003 mo 2018 r. 6puim BHIOPAHBI JAThI, KOT/Ia HAJIN-
ype roJosena ormevdasoch Ha 10 m Gosiee cTaHIMAX
MockoBckoit obsactu. Takum o6pasoM, A Kaskaoi
JIATHI CYTECTBOBAJIN KaK CTAHIMN C HAJTIMYNEM SIBJECHUS,
TaK M CTAHIIMU C €r0 OTCYTCTBUEM, T.€. TOJIOJIE]] HUKO-
raa He HAGJIOMANCS HA BCEX CTAHIUSAX OJHOBPEMEHHO.
Yucsio oTo6paHHBIX CIy4aeB rososena coctapmio 1953,
YUCJIO caydaeB orcyTcTBusA — 3999, Bcero 5952 ciydasd.

4. IIpumepsl IPOrHO3a roJ0Je1a

Ha puc. 2 nu 3 kak npumepbl IPe/ICTABIEHbI JBA
KOHKPETHBIX CJIy4ast u3 46 pacCMOTPEHHBIX.

BujaHo, 4ro mporHo3 roJiosnesa ObLT BecbMa yc-
memHpIM. Habmogamoch Xopolee COBHajieHIE TeppH-
Topu# (PAKTHIECKOTO U TIPOTHOCTUYECKOTO TOJIOJIefIa.
Mo:KHO 3aMeTUTDb, YTO B I0TO-3aIa[HOI 4aCTH TEPPUTO-
pPUM B HPOrHO3€ TUIA OCAAKOB HAOJIONAIOCH [OBOJHHO
GOJIbIIIOE KOJIMYECTBO JIOKHBIX TpeBor (JeBas 4acth
puc. 2 u 3). B ciayuae ucnosib3oBaHus TemoGaniaHc-
noit Mogeu (mpaBasg 4acTb puc. 2 U 3) YUCIO JOKHBIX
TPEBOT 3HAUNTEIBHO MEHBbIIIE.
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Puc. 2. Ilpornos rononena na Houb 11 nos6ps 2016 r. B cpaBHeHUM ¢ JaHHBbIMM HaG/I0JeHUiT: UPbI — TOJIIMHA OTJIOMKEHUI

10 JMAHHBIM HAGTIOJEHNH; Cepblil KBaJpaT — YCIEIIHbII MTPOTrHO3 TOJI0Ie/la, YePHBII KBa[paT — YCHEINIHBbIH MPOTHO3 OTCYTCTBIS

roJI0JIE/Ia, YEPHBIH KBAJPAT C CEPhIM KPY>KKOM — JIOKHas TpeBora (rososie; MpOrHO3UPYeTCs, HO MO (haKTy ero He ObLIO), cepblil
KBa/(PaT ¢ YePHBIM KPY>KKOM — HeOlpaB/aBIiuiics nporuos rososena (B porHose rosiosie]] ecthb, no (hakry ero He ObLIo)

WRF-ARW

Puc. 3. Ilporuos rosonena na jenb 26 gexabpst 2016 r. B cpaBHeHuM ¢ JaHHbIMEM HaOmogeHuii. OGo3HaueHus Te 3Ke, 4YTO
U Ha puc. 2

5. O1eHKH pe3yJIbTaTOB MPOTHO3a
roJI0Jie/ja ¢ TIOMONIBIO aHAIM3a
THIIOB OCA/IKOB

PesysibraTpl Oll€eHUBAIUCH TI0 TEPPUTOPUH, MPIBE-
nenHoi Ha puc. 1. Huke npejicraBieHbl cpejiHie OleH-
KM JJIS BceX OTOOPaHHBIX ciydaeB. HamomuuM, 4TO
B KCIIEPUMEHTAaX BapbUPOBAJINCH /iBa nmapamerpa. Ilep-
BBIII — KO2((PHUIMEHT BOAHOCTH, KOTOPBII O3HAYaeT
COOTHOIIIEHNE BOJBI U OCTATBHBIX THAPOMETEOPOB; BTO-
poii — TOpOT, TPHU MPEBBINEHN KOTOPOTO CYUTAJIOCH,
YTO OCAJKW B TPOTHO3€ ecTb. HamomMHuM, 4TO B Ha-
6JIIO/IEHUSIX 32 HAJINYUE OCAJKOB IIPUHUMAETCS UX KO-
JimdectBo Oosibiie wian pasHoe 0,1 MM/ 12 u.

B ta6s. 1 mpuBoasATCS O1leHKH MporHo3a (akra Ha-
Ji4ist,/ OTCYTCTBUS Tojiosie/ia. V3 aHanm3a BUHO, 4TO
yeM GOJIbIlle MOPOT HAJUYUS OCAIKOB B MPOTHO3€E, TEM
BBIIIE MTPEYTIPEXKAEHHOCTb OTCYTCTBUS TOJOJE/a U, CJie-
JIOBATeJIbHO, HUZKE MpeAylpesk/IeHHOCTb Haanunsg. Ta-
Kas JKe 3aBUCHMOCTh OTMeYaeTcsl NpHu pocre Koahdu-
nuenTa BogHocT. OcrajbHbIe OLEHKH MeHSI0TCs 6oJiee
CJIOJKHBIM 00pa3oM. 3ajiada — HAWTH ONTHUMaJbHOE CO-
yeTaHue IMPOTHO3a HAJWYUA U OTCYTCTBUS TOJIOJIE/A.
OpHoll 13 Ba)KHBIX OIEHOK sABJsAeTca Kpurtepuit [Inp-
CH, KOTOPbI, Hapsiay ¢ OOImell OmpaBabIBAEMOCTHIO,
oTIpe/iesisieT YCHEeNTHOCTh MPOTHO3a KaK HaJIndnsd, Tak
U OTCYTCTBUS roJonea. Yem OimKe OH K eUHUIIE, TEM
styuiie nporio3d. B a6, 1 BbiesieHbl Te 3HAUEHUS, KO-
TOpbIe, 110 HallleMy MHEHUIO, SBJISIOTCS ONTUMATbHBIMU:
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Ta6numa 1

Ouemm IIporLo3a d)aKTa HaJlPI'{I/lfl/OTCyTCTBl/[ﬂ roJoJieia ¢ MOMOIIbIO aHAJU3a TUIIOB OCAJAKOB

[Topor Yucsio mporHo-
Koaddu- ) . .
IUEHT I({)igg;g;{ OOu | OuH | IIpH | OnO | [1pO | IIUP | Jloxwu | [Ipom 30B TonoMeAa
BOAHOCTI] IPOTHO3€ H O

0,001 68 51 73 83 66 0,397 48 16 2787 3165
0,01 0.05 69 52 72 83 68 0,412 47 16 2682 3270
0,1 ’ 70 54 70 83 71 0,415 45 16 2533 3419
0,9 71 56 67 82 74 0,417 43 17 2360 3592
0,001 69 52 68 82 69 0,388 47 17 2546 3406
0,01 01 70 54 68 82 72 0,403 45 17 2441 3511
0,1 ’ 71 56 65 81 74 0,406 43 18 2294 3638
0,9 72 57 63 81 77 0,407 42 18 2123 3829
0,001 69 53 62 80 73 0,361 46 19 2270 3682
0,01 02 71 55 61 80 75 0,375 44 19 2165 3787
0,1 ’ 72 57 59 79 78 0,378 42 20 2018 3934
0,9 73 59 56 79 81 0,379 40 20 1850 4102
0,001 70 56 37 73 86 0,233 43 26 1281 4671
0,01 1 71 59 36 73 88 0,245 40 26 1189 4763
0,1 71 62 34 73 89 0,241 37 26 1074 4878
0,9 71 64 32 73 91 0,235 35 26 965 4987
0,001 68 57 18 70 93 0,116 42 29 605 5292
0,01 2 69 64 18 70 94 0,135 35 29 561 5391
0,1 70 67 17 70 9 0,131 32 29 492 5460
0,9 70 71 15 70 96 0,126 28 29 430 5522
0,001 67 54 1 67 99 0,010 45 32 39 5893
0,01 5 67 60 1 67 99 0,010 39 32 46 5906
0,1 67 72 1 67 99 0,011 27 32 36 5916
0,9 67 77 1 67 99 0,009 22 32 27 5925

IMpumeuanune. Obmee uncao caydaes: 5952; uucao caydaeB rosonena: 1953; uucmao ciy-
vyaeB orcyTcTBus roqosnena: 3999. OOn — o6mias ompasabiBaeMocTb mpornosa; Oull — omnpasibr-
BaeMocTb nporHosda Hammuust; [IpH — upenynpexzaennocts Hammyus; OnO — onpasabiBaeMOCTDb
orcyrersust; IIpO — npexynpesxaennocts orcyrersust; TP — xpurepuit [lupcu; Jloxxn — 1po-
LEHT JIOKHBIX TpeBor; Ilpom — mporent npomyckoB neau; H — ofiiee 4ucja0 NPOrHO30B HATUYMS

rosonena; O — oGlIiiee YncyIo IIPOrHO30B OTCYTCTBUA.

3Havenne Koabdunuenta BogHoctu 0,9; 3Havenue mo-
pora HamM4Wg MTPOTHOCTHYECKHX ocagkoB 0,05 mm
0,1 mm/12 u. Kpurepuii [Tupcu 1pu arom GoJbiie 0,4,
a oO1ast onpasiabiBaeMocTb npesbiiaer 70%, 10BOJIbHO
HeTIoXue TI0Ka3aTeJay MOKHO BHUETb W B JAPYTUX
OIIEHKAX.

W3 Tabn. 1 BUAHO, YTO NPU TPEBBINIEHUN MTOPOTa
HAJIMYHA B TPOTHO3e 0caaKoB 0,2 04eHDb OBICTPO YMEHb-
maercss kputepuit [lupcw um yxXymmaiorcss Apyrue Xa-
DPAKTEPUCTHUKH.

[Tono6HbIe sKCIIEpUMEHTBI ObLJIN TTPOBEJAEHDI IS
Mypwmanckoit, Bosrorpasckoii 06s. u KpacHogapckoro
Kkpas. Pesyabrarpl OIM3KH, HO OLEHKU IOJYUYHINCH
HECKOJIbKO XY’Ke, BO3MOXKHO, 32 CYET TOTO, 4TO obIiee
YHUCJI0 ciydaeB ObLIo MeHblne, yeM B lleHTpasbHOII
Poccun.

6. O1leHKH pe3yJbTaTOB MPOTHO3a
roJjoJiea ¢ MNOMOIbIO
TeNnJaI00aJaHCHOI MOJ€Ju
Jlng Tex e ciydaeB M TOH K€ TeppPUTOPUHN ObLIH

paccuuTaHbl OIEHKMW TPOTHO3a TOJOJEIa C TIOMOIIBIO
TeTIo6AIaHCHON Moziesn. B aKcrepuMeHTax BapbUpO-

Yucsennbie 9KCII€EPUMEHTDI 110 IIPOTrHO3Y r0JI0JI€/IHbIX SIBJICHUI

BAJINCHh TPU TApaMeTpa: THUIIbI MOJCTUIAIONIEH MOBEPX-
HOCTH C Pa3HBIMHU TeIIO(PU3UIECKIMU XapPAKTEPUCTH-
kamu (acasbT, HEMEHT, HeCOK, 1ebeHnb); oblee Yuc/Io
MOMEHTOB BPEMEHHU C HaJINYueM roJIojie/la B MPOrHO3e
3a 12-yacoBoil nepuoa (Bcero 36 aABaANATHMUHYTHBIX
MOMEHTOB BpEMEHH), IpaHudHble ycaosus cuuzy (aBa
BapHaHTa: HA30BEM X YCJIOBHO <«0POras, KOTJa CHU3Y
3a/1aeTcsd TeMIleparypa mouBbsl Ha rry6nnae 40 cM, U «ac-
Takajga», KOT/Ia CHHU3Y 3a/laeTcsd TeMIlepaTypa BO3yXa
Ha BbICOTe 2 M). Pe3yabrarthl OIEHOK NPUBEIEHDI
B Tabs. 2 u 3.

Paccmorpum taba. 2, rae mpejcTtaBieHbl OIEHKU
mporuosa (hakra HaIU4Mst,/OTCYTCTBHSI TOJOJEAA C MO-
MOIIBIO TeTIo6aaHCHON Moziesin. BuHo, 4o Kpurepwuii
[Tupcn mpuHUMaeT MakCUMaJbHble 3HAYEHUS B JI€BATD
MoMeHToB BpeMenu (00Ias IpoJoJKUTENbHOCTD 3 1)
C TOJIOJIEIOM B TIPOTHO3E, MPUYEM 3TO XapaKTepPHO I
BCEX YeTBhIpeX THIOB TOACTHUJIAIONIEH MOBEPXHOCTH.
Jlydiime OIeHKHN MOJIyYeHbI MPH WCIOJIb30BAHUU TEIl-
JOPU3NIECKUX  XAPAKTEPUCTUK MOJCTUJIAIONIEN  1MO-
BEPXHOCTH C TIapaMerpaMu <Iecok», kpurepuil [Tupcu
B atoM ciaydvae cocrasisier 0,461. Cienyer oTMETHTDH
3aBbINIEHHOE YUC/IO JIOKHBIX Tpesor (43%). B Tabn. 2
MOXKHO OGHAPY KUTb HEOOJIBIIYIO PA3HUILY Pe3yJbTaToB
JUIS BCEX YeThIpeX THIIOB TOJCTHUJIAIONIETO CJOS, 3TO
KacaeTcs BCEX OIIEHOK.

739



Ta6numa 2
Ouenku npornosa akta Ha M4ust / OTCYTCTBHS I0J0J€Aa C TIOMOIIbIO TENI06aNaHCHOI MOae n

Tun nozx- Uncso mporHo-
Tron |ctmnatomerol OOn | OuH | IIpH | OnO | IIpO | IIAP |Jloxu | IIpon | 30B rojoJejia
CJ104 H O

1 62 46 88 90 49 0,386 43 9 3743 2209
3 64 47 85 88 54 0,398 44 1 3469 2483
9 Acpanr 72 56 72 84 720,455 43 15 2520 3420
18 73 63 47 77 86 0,341 36 22 1448 4504
27 71 68 24 71 94 0,192 31 28 704 5248
36 69 77 8 68 98 0,071 22 31 209 5743
1 62 46 88 90 49 0,386 53 9 3743 2209
3 64 47 85 88 54 0,398 44 11 3469 2483
9 72 56 72 84 720,455 43 15 2520 3432

g | Hement | o5 4o 47 77 86 0,341 36 22 1448 4504
27 71 68 2% 71 94 0,192 31 28 704 5248
36 69 77 8 68 98 0,071 22 31 209 5743
1 63 46 90 91 49 0,402 53 8 3785 2167
3 65 48 87 89 54 0,418 51 10 3519 2433
9 Hecox 72 56 73 84 72 0,461 43 15 2524 3428
18 73 64 46 76 87 0,337 35 23 1411 4541
27 71 69 22 7195 0,180 30 28 640 5312
36 68 77 7 68 98 0,062 22 31 183 5769
1 63 46 90 91 49 0,403 53 8 3794 2158
3 65 48 87 89 54 0,418 51 10 3523 2429
9 Hiegens | 72 36 73 84 72 0,458 43 15 2527 3425
18 73 64 46 76 87 0,338 35 23 1414 4538
27 71 69 23 7195 0,182 30 28 645 5307
36 68 76 7 68 98 0,062 23 31 186 5766

IMMpumeuanue. Ty, — 00lIee YUCIO MOMEHTOB BPEMEHHU € ToJI0Je0M B mporuose (u3 36);
HIDKHee TPAaHIYHOE YCJIOBUE «I0poray — TeMIepaTypa Io4yBbl Ha ray6uHe 40 cM.

Ta6numa 3
Ouenku npornosa (akta HaJaUuusi/ OTCYTCTBHS TOJI0JIE/a ¢ TIOMOUIBIO TEII00AJAaHCHOH Moe n

Tun noxctn Huco

IIPOTrHO30B

Tron gaontero | OOn | OnH | IIpH OnO | [IpO | [TUP |Jloxu | [Tpomn rr())ﬂoneaa

CJI04a

o 0
1 63 47 92 93 49 0,424 52 6 3839 2113
3 65 48 89 91 54 0,435 51 8 3584 2368
9 Acpamr | 236 75 85 70 0,466 43 14 2637 3315
18 74 64 48 77 86 0,352 35 22 1470 4482
27 717 23 71 95 0,190 28 28 646 5306
36 68 79 6 68 99 0,058 20 31 163 5789
1 63 47 92 93 49 0,424 52 6 3839 2113
3 65 48 89 91 54 0,435 51 8 3584 2368
9 72 56 75 85 70 0,466 43 14 2637 3315
18 Hemen 74 64 48 77 86 0,352 35 22 1470 4482
27 7171 23 71 95 0,190 28 28 646 5306
36 68 79 6 68 99 0,058 20 31 163 5789
1 63 47 92 92 50 0,422 52 7 3800 2152
3 65 48 88 90 54 0,422 46 9 3533 2419
9 Hecox 72 56 73 84 720,460 47 15 2551 3401
18 74 65 47 77 87 0,347 34 22 1412 4540
27 717 22 71 95 0,185 28 28 628 5324
36 68 79 6 68 99 0,057 20 31 162 5790
1 63 47 92 92 50 0,423 52 7 3794 2158
3 66 49 88 90 55 0,436 50 9 3521 2431
9 Mebery, | 72 96 73 84 72 0,461 43 15 2534 3418
18 74 65 47 77 87 0,250 34 22 1408 4544
27 7171 23 71 95 0,186 28 28 632 5320
36 68 78 6 68 99 0,057 21 31 163 5789

[Ipumeuanue. HiskHee TpaHNYHOE YCIOBHE «ICTAKaJga» — TEMIEpaTypa BO3/yXa Ha BbI-
cote 2 M.
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B Tabs. 3 camble BbICOKWMe 3HavYeHUs Kputepus Ilupcu
OTMEYAIOTCS JIJIsI TUIIOB TIO/ICTUJIAIONIENH HTOBEPXHOCTH
acdanbr 1 ement (0,466).

CpasBuuBast Ta01. 2 u 3, MOKHO OTMETHTH HEGOJIb-
HIyI0 PAa3HUIy MEX/IYy BCEMU TUIAMU IMOJCTUJIAIONIETO
CJIOST U MEXK/Y JBYMSI BapHAHTAMU HUKHETO TPAHUYHO-
ro ycioBusi. B ciydae «acrakapl» OIEHKU TIOJIyYalOT-
CsS HECKOJIbKO JIyyllle, HO PAa3HUIIA HE3HAYHTEJbHas.

CpaBHuBasg pe3yJbTaTbl IIPOTHO30B  ToJIOJe1a
1O JIBYyM MeTOJlaM, MOJKHO C[leJlaTh BBIBOJI, YTO TIPO-
THO3 C MOMOIBIO TEeTJI06AJAaHCHON MOJeNN T IeHTpa
Poccun mosryumsicst siydine, 4eM € HMOMOIIBIO MOJIENTH
aHam3a THIOB 0cagKoB. OMHAKO 3Ta PAa3HUIA HEBEJI-
Ka, Jjyumnil kpurepuii [lupcn pnsg nmpornosos mo Tu-
maM ocaakoB cocrasiasger 0,417, a mo remnobanancHOl
mozesmn — 0,466.

3akouenue

[Tpe/sioskeHbl U WCHOBITAHBI J[BA MeTOJIa KPaTKO-
CPOYHOTO IPOTHO3a HaJau4us ToJoseaa. [IpoBenens
OLIEHKH IPOTHO30B HAJMYMS U OTCYTCTBUS SIBJIEHMUS.

TectipoBanne TPEATIOKEHHBIX METOIOB MPOBE/E-
HO Ha GoJubiioM uucae caydaes (46) u 3a Goubiuoii
spemenHoil unrepsaa (2003—2018 rr.).

[Iporuo3 ¢ MOMOMIBIO TEMIOGATAHCHON MOJEIH
B OOJIBIIIMHCTBE CJIy4YaeB JaeT JIYYIIUil pe3yJ/bTar, yeM
C TIOMOIIBIO AHAIM3A THIIA OCAJKOB, OJHAKO 3Ta pas-
HUIA HEBEJIUKA.

TernobanancHyio MoJiesb 1es1ecO00Pa3Heil nemoJib-
30BaTh /IS POTHO3A TOJIOJIE/IHBIX SIBJEHUH HA PaBHMU-
HaX, 94eM aHaJIi3 THAPOMETEOPOB.

BosmoskHo, caemyeT pazpaboTaTb COBMECTHDBIIH CIO-
€006. ITO TPE/IToIaraeTcs ¢eaaTh B OmKaiinee BpeMs.

1. Hacmasaenus no xopaMm. MeskayHnapoaubie koabl. Tom L.
1. Jonomuenusa II x Texumueckomy persamenty BMO.
Yacte A — Byxsenno-undpossie xozaet // BMO. 2019.
Ne 306. 549 c.

2. Xpomoe C.I1., Mamonmosa JI.H. Mereopojornieckuit
caoBapb. JI.: Tugpomereonsar, 1974. 568 c.

10.

11.

12.

13.

Py6unwmenn K.I., Henamos P.FO., FOcynos FO.U., Tu-
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MIPOBO/IaX BO3/YUIHBIX JUHUI dsekTpornepesaun // Juep-
rust epunoit cetu. 2018. Ne 2(37). C. 43—50.

Titov D.E., Ugarov G.G., Ustinov A.A. Analysis of ap-
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2017. V. 51, N 2. P. 240—246.

Zarnani A., Musilek P., Shi X., Ke X., He H., Grei-
ner R. Learning to predict ice accretion on electric power
lines // J. Eng. Appl. Artif. Intell. 2012. V. 25, N 3.
P. 609—617.

DeGaetano A.T., Belcher B.N., Spier P.L. Short-term
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2008. V. 23. P. 878—853.

Thompson G. Using the Weather Research and Forecast-
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Titov D.E., Ugarov G.G., Soshinov A.G. Monitoring
the Intensity of Ice Formation on Overhead Electric
Power Lines and Contact Networks // Power Tech.
Eng. 2015. V. 49, N 1. P. 78-82.

Shao J., Laux S.J., Trainor B.]J., Pettifer R.E.W. Now-
casts of temperature and ice on overhead railway trans-
mission wires // Meteorol. Appl. 2003. V. 10, N 2.
P. 123—133.

Skamarock W.C., Klemp J.B., Dudhia J., Gill D.O.,
Barker D., Duda M.G., Huang X.-Y., Wang W.A. De-
scription of the Advanced Research WRF Version 3.
NCAR Technical Note NCAR/TN-475+STR. USA: 2008.
P. 520.

Mansell E.R., ZieglerC. L., Bruning E.C. Simulated
electrification of a small thunderstorm with two—
moment bulk microphysics // J. Atmos. Sci. 2010.
V. 67. P. 171—194.

NCEP Products Inventory [Electronic resource]. URL:
https: // www.nco.ncep.noaa.gov / pmb / products / gfs
(last access: 12.01.2020).

Crevier L.-P., Delage Y. METRo: A New Model for
Road-Condition Forecasting in Canada // J. Appl. Me-
teorol. 2001. V. 40. P. 2026—2037.

R.Yu. Ignatov, K.G. Rubinstein, Yu.l. Yusupov. Numerical experiments on the forecast of ice phe-

nomena.

Methods and results of numerical forecast of ice phenomena over the territory of the central Russia for win-
ters 2003—2018 are presented. The forecast success is compared using the analysis of precipitation types and the
heat balance model, where the predictions of the WRF-ARW model are used as input. Some advantages of fore-
casts using a heat-balanced model are shown. It is suggested to develop an integral method in the future.
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