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NMPEOHUCJIOBHE

IloTpebutenelr MeTeopoJiOTHUECKOH HH(POpPMAmUH YacTO HHTe-
pecyloT u3MeHEHHs INOroAnl B OJauxkaHIliHe uYack HENOCPEACTBEHHO
Haj OOBEKTOM MX JEATENbHOCTH: CTaJUOHOM, a3ponopToM, (pykTO-
BEIM CaJOM, OTEITHBIM IOJEM H T. A. MeTeopoJiory-nporHo3ucTy NpH-
xozurca oTBedarh Ha JBa Bompoca: 1) Kakaa moroga Gyner Hag
06beKTOM O06CJayXUBaHHA B 3afaHHoe Bpems? 2) Hacrtymar aum mag
YKa3aHHEM 00BbekTOM B OJUKaHIIHe Yach HeXesaTeJbHbE H3MeHe-
HUSI HJIM SBJIEHHS TIOTOABI M €CJH HACTYIAT, TO KOrZa OHU HAYHYTCA
u gorma kouuarcsa? [lo cyrw nmena oT nmporHo3ucra Tpefyercss naTh
TIPOTHO3 - MOT'OJAE OYeHb MaJIeHbKON 3a0JaroBpeMeHHOCTH ¥ O4YeHb
60JIbIION TOYHOCTH, B TOM UMCJe IO MEeCTY M BpeMeHH. Takue mpor-
HO3Hl MNOJIYYW/H HasBaHHE \CBEPXKPATKOCPOUHEIX.4 Mix uHOrxa nashi-
BAIOT elle JIOKAJbHHIMH HPOTHO3aMH, d HOrORy Haj OIpeleJeHHHM
OOBEKTOM HJHM MECTOM — JIOKaJbHOH moroaofi. Ona ¢opmupyercs Hox
BJAUSIHHEM Me30MacIUTA0HEX IIPOIECCOB (BO3MYIIEHHH) HJIH Me30-
MacmTabHEIX OCOOeHHOCTel OOBEKTOB CHHONTHYECKOrQ Maclitaba.
CrnexeHnne 3a Me30MacHITaGHEIME OCOGEHHOCTSMH METEOPOJOTHUECKUX
noJiefl, X IpPOSIBIEHUSMH B BHIe BO3MYHIEHHH, 32 IepeMeHIeHHEM H
IBOJIIOIHEH Me3oMacwiTaGHHX OOBEKTOB aTMochepsl H CBSI3aHHOM
€ HHMH TIOTOJH NpeACTaBJaseT cobof NpefMeT NAHHOTO yue{HOrO IQ=
cobmsi o Kypcy OZHOMMEHHOTO Ha3BaHUdA, unTaeMomy B PI'TMU,

KHura He npeTeHAyeT Ha OXBaT BCeX aclleKTOB ME30METEOpOJI0+
rug. OHa Jumb JaeT NpejcTaBjeHHe 00 OpraHu3ali¥ M MeTOAax
CBepPXKPATKOCPOYHOTO UPOTHO3UPOBAHAA B Npeielax NpOorpaMMH Aan-
Horo xypca. [Ipeanmonaraercd, 4TO H3ydYalom¥H 3TOT KypC 3HAKOM
¢ oOmedi, THHAMUYECKOH M CHHONTHUECKOH MeTeopoJorueii.

Kmura coctout us Tpex wacred. B mepsoit uacru (raaswl 1 u 2) |

paccMaTpHBAIOTCS BONPOCH OPTaHU3ALHH CBEPXKPATKOCPOUH
HO3HpPOBAHHUS M _OGmie I PO}

TOpAR  4acTb (I‘JIaBI:I 3—6) mocesmleHA pACCMOTPEHHIO METOAOB
IPOTHO3a JIOKaJbHOH NOTOAH B PA3HHX HCXOAHHIX COCTOSHHUAX aTMO-
ctepr. OrpaHuueHHHE 00BeM NOCOGHA He II03BOJHJA H3JOXKUTH BCE
HaCTHHE MeTOAMKH NPOTHO3a Me30MacITAaGHEIX SBJIEHHH, N03TOMY
3J/leCh H3JMAraTcs JHMb O6HIMEe NPUHLIHUIE COCTABJEHHUA TakUX NpPOT-
HO30B U B KauecTBe IIPHMePOB NPHBOAATCA HEKOTOPHIE UYaCTHHIE Me-
TOAUKH. B TpeTheit yactu (rJaBel 7 M 8) npeicraBsieHO MaTeMAaTH-
yecKoe ObeclegeHHe CaMOI0 CBEPXKPAaTKOCPOUYHOIO NPOTHO3UDPOBAHUS,
a Takxe paspalOTKH YacTHHX METOAMK NPOTHO32.

NPHENHIE POPMUPOBaHHS JIOKaJIbHOH norom:l."




IlockosbKy B HMHCTHTYTe OGy4YaeTcsi MHOI'O HHOCTPAHHHIX Yydas
HmIMXCs, KHUra HanHCaHa Ha JABYX $3HIKAX: PYCCKOM H aHIVIMIACKOM.

MeroauKa nporHo3a BHICOTH HUXKHell rpaHHUIH 007aKoB Ha 10—
20 munyr (rnasa 4) paspaGoraHa ¥ Ji06e3HO OpefOCTaBieHa AJSA
onyG6auxoBanuss B. B. Knemunum u I'. Tl. Jlynerxo.

ABTOpPH BHPaXalOT NpH3HATENbHOCTL Npod. Jomamway Moprany
{CILIA), B3spuieMy Ha ce6s TPYJ MO PeLEeH3UPOBAHHIO KHHIH, a TaK-
ke O. I'. T'ap6ysosy u H. 1. Pe3BoBoifl 3a TexHHueckyio paGoTy no
NOATOTOBKE PYKONUCH K WU3JAHHIO.



lnasa 1

OPIrAHMU3AUMUSI U CPELACTBA
CBEPXKPATKOCPOYHbLIX HPOIHO30B.
OCHOBHbLIE HOHATUSA YU ONPEAEJEHUA

Coraacro TepmuHosiorun BMO, nporsosw, 3a6aaroBpeMeHHOCTH
KOTOpHIX _He NpeBRIaeT 121, HasHBAIOTCH CBEPXKPATKOCPOYHOIMU
(CKII). B pane cayuaés (Wampumep, NpH PA3BUTHH 0CO6O ONMaCHEIX
SIBJIGHUH THOA CMepd, IIKBaJ, Ipajf, a TaKXe NPH OOCJHYKHBAHHU
aBHalHH) IPOTHO3E COCTABJAIOTCH HAa eme 0ojiee KOPOTKHE CPOKH:
OT 34 O HeCKOJbKHX MHHYT. Takue NDOrHO3H COCTaBJAIOT C <«Ilepe-
KDETHEM>, T. € WeT KakK Gbl HelpepHBHOE NPOTHOSHPOBAHHE HA KO-
POTKHE CPOKH (IO Mepe NOCTyMJeHHs «cBexei» mHbopmanmu). Ha-
npuMep, mporuos ¢ 9 no 124, satem ¢ 10 po 134 u . x. Cocrasie-
HHe IepeKPHIBAIOLIAXCS  TPOTHO30B IOMYUHAO ~HA3BaHHE - TeKyujee
npoerosuposanue (TI). B BMO_TIL oGosnauaercs.
&«Nowcasting» (N). Kpomeé™ Toro, TEPMHUH «Nowecasting» BkiOYaeT
B cebs1 TakxKe OIOBEIIcHHEe O TeKylleH NOroie u ee JAeTaJbHOM pac-
TpefeleHUd B IPOCTPAHCTBE, O ABMXKEHUH CHUHONTHYECKHX OOTBEKTOB
W Me30MacHITaGHEIX BO3MYIIEHHI.

Texymee nporHosupoBaHne, uianm Nowcasting, ocymectsasiercs
TPEHMYIIeCTBEHHO METOMAMM JKCTPANoASyUL, adseKyuu, T ASLUL.
CBepXKpaTKOCPOYHELH nporHomFm;ﬁﬂlf{porﬂo-
BHPOBaHHE Ha CPOKH B0 12u Tpe6yeT HpHMeHeHWS pPa3JIMUHEIX IPOr-
HOCTHYECKHMX MOJeJjell: CHHONTHYECKUX (SMIUPHYECKHX), CTATHCTHUE-

CKHX, rufipoiuHamuueckux. Ilocjennue B CBOIO ouepelp TpeGYIOT.

MHOrOo TOUHOH HH(MOpPMAIHH M COBepUIEHHOH BHIUMCIHTENBLHON Tex-

Bce Mereoposioruueckre NpomecCH IO HX INPOCTPAHCTBEHHOMY H
BpeMeHHOMY MacmTabaMm MOXKHO Pa3Je/HTh Ha 4eThHpe I'PYNIH: Mak-
pornponeccH (MX HHOrJa HAa3HBAIOT IJIaHETADHHIMH), IPOLECCH CH-
HOIITHYECKOTO MacuiTafa, Me30IpoleccH, MUKponpoueccH. B ta6m. 1.1
npeAcTaBJeHb MacmITaGHHE XapaKTepUCTHKH STHX IPOIECCOB.

Paccrosinve Mexay CTaHIHSAMM CTAHKAPTHOH CETH CHHONTHUCCKUX
CTaHuui uMmeer Macmrab dL==10%, a BpeMeHHO# MmacumraG HabJaOAEs
HEf (ZHCKpeTHOCTh Habmiojenuit) t==10% M3 Tabxn. 1.1 BHAHO, 4TG
CTaHfapTHAsE CeTb MeTeOHAOMIOfeHHH MOxXer obecneudts uubOpMA-«
LHI0, NPHTOAHYI0 AJs NPOCJIEXKHBaHHWA IIPOIECCOB CHHONTHUECKOTO H
nJaHeTapHOro Macuiraa.
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Tabauya 1.1
MacmTabl MeTeOPOJNOrHYeCKUX TMPOIECCOB

Macwra6
Xapaxre-
Makpo )
pucTiKa (nnHa;;;ap- cgggggg Me30 MHKDPO
Lwm 107 106 105—104 <108
U ujc 10t 101 10t 10t
TC 106 105 104—108 <102

Ipaimeuanne, 3necs L — ropH3soHTaNbHEE MacmTab, T - BPeMEHHOR Mace
wrab, U— macmral CKOpOCTH BeTpa.

Mexny TeM JOKaJbHass TOrofa H OCOGEHHO ONACHHE SBJIEHUS
ONpENeJAIOTCs Me30- M MHKDOBOSMYILECHHSMH. B nagprefilueM, pis
KpaTKOCTH, OyJeM HA3BBATh HX MAaJHIMH BO3MYIIEHHSIMH H 06o3Ha-
gath MB. ’

Jas ycnemsoro oGHapyXeHHs M npocaexuBanuss MB HeoGxonu-
Ma onpefieieHHas cucrema noayuerus urngopmayuu (CIIH), orauu-
Hasg OT HBIHe CYIIECTBYMomleH. PaspuTHe TeXHHYECKHX CPeCTB II03BO-
JHUJIQ IPUCTYNHTb K KOHCTPYHpPOBaHWIO M co3paHmio Takux CIIH, xo-
TOpble B MPHHIHUIE MOTJM 6Bl IOCTABJIATh HHOOPMANNIO HENPEPEBHO C
GosnmuM IIpocTpaHCTBeHHLIM paspemeHneM. Taxue CIIM Brawouawot:

a) ceTh PagHOJNOKAUHMOHHEIX (p/J) CTaHIUE,

6) MeTeOpOJIOTHUECKHEe CIYTHUKH,;

B) aBTOMAaTH3HDOBAHHYIO CETh HA3€MHBIX CTAHIUH, pPacloJOXKeH-
HEIX Ha CPaBHUTEJbHO HeOOJBIIOM PacCTOSHHU APYr OT APYra;

‘T) CTaHIHUM 30OHAMPOBAHHS aTMOC(ephl ¢ NMOBEPXHOCTH 3eMJH (pa-
IHO30HAMPOBaHHE, aKyCTHYECKOE 30HAHPOBAHUE, Ja3epPHOE 30H-
IupOoBaHue).

Taxune CIIW 6ynyr zaBatp OrpoMHEH 00BeM HH(OpMAaNHH, Iepe-
paboTKa KOTOpPO# OOLIYHEBIMH, HUMEIOIIMMUCHT B PACIOPSXKEHHH CHHOI-
THKA, CPEACTBAMH IIPOCTO HEBO3MONMHKA. 3aMETUM, UTO Jaxe Te P/ K
CIOIyTHUKOBEIE JAHHBIE, KOTODHIE €CTh cefuac, HCIOJb3YIOTCA HEAOCTa-
TouHO 2 (HEeKTHBHO: BeJUK HHTEpBaJ OT MOMeHTa HalbJioAeHHs 10 MO-
MEHT2 HCIOJb30BAHMSA, HET BO3MOXKHOCTH 5TH CBEIEHHs OHICTPO 1
KaueCcTBeHHO 06paboTarTh.

CuenoraresbHO, Tpebyercss cucrema cbopa, Yc8Oerus u nepepa-
6oty Goabuilx 06BemMo8 uHpoOpMAUUU 8 KOPOTKUE CPOKU, O TAKKHCE
npedcrasaenun ungopmayuu 8 yoobuom Oas norpebureas sude
(CCYIIH). Taxas cucremMa HROJMXKHa 0a3UpoBaThCS HA KOMILIEKCAX
DBM u otofpaxaiomiux YCTPOHCTB, TO3BOJAIOMIUX ObICTPO INepepa-
faTbiBaTh O0abuiol 00%Bem UHQOpMANUM H NPeACTaBJAATh AUACHOCTH-
YECKYIO ¥ IPOTHOCTHUECKYI0 IPOAYKUHMIO Ha jucljee B (opMe rpadu-
KOB, KapT, cxeM ujH B LuQpOBOH ¢opMe Ha Aucmiee wiu Ha Gymare.
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TPEBOBAHHA K CIIK U CCYIIA

B 3aBHCHMOCTH OT TOTO, KaKHe BO3MYVIIEHHS MHE XOTHM OGHApy-
JKHUBaTb W NPOTHO3HPOBaTh, OYAYT OLpefensiThcad TPeOOBAHUS K CHCTe-
Me Haburozenus, c6opa, o6paboOTKH M pPacnpoCTPaHEHHS HHpOpMAalHH.

HonyctuM, MB pelruau ofGHapyXuBaTh Takne MB, xak nucxods-
ujue nopel8ol 8eTpa B KyueBO-IOXKJAeBHX obsakax (Cb). Toraa Ham
notpebyercsi CeTb C TOUKAMH HAOMIOAEHHS, OTCTOSIIHMH Ipyr OT
Jpyra Ha COTHH MeTpPOB. DKOHOMHYECKH MEl BpAJL JIH 3TO MOXKeM
cebe N03BOJIHTE. BeposTHO, MB OrpaHHUMMCH 3ajaueli 06HAPYXKHBATD.
¥ NIPOrHO3HpOBAaTh MB, MHHHMMAaJbHLE IOPH30HTaJbHEE DasMepH KO-
Topeix 10! KM, a XxapakTepHoe BpeMs xusuu 102—]10%c (mecartkm
MHHYT): B83pblBHOI UUKAO2eHe3, OTMOCpepHole ((POHTOL,  AUHUL
uiksanos, cxonaerus Cb; rtorma TpeboBaHUS K IPOCTPAHCTBEHHOMY
paspemiesno OYAYT CYLUIECTBEHHO HHXKe. B 3TOM ciaydae AOCTaTOYHO
HMETh NOYHKTH HaOMIoJeBHH, pacrnoJarawmouiyecs Ha pacCTOSHHMH IHO-
panka 109—I10'gM B mnpemenax TeppHUTOpPHH cbopa HHGOpMAaLHH C
LIEHTPOM B HYHKTe IpPOTHO3a, a HWHTEpBaJ MeXIy HaOJIONCHHUIMH
ponxen Ovth 10 muu. Takoe BpeMeHHOe M NPOCTPAHCTBEHHOE paspe-
WeHNe [JIS BCEX NapaMeTpPOB Hes03MOXCHO, DKOHOMHYECKH OIpaBha-
HO IDOBOJAMTH C TAKHM BLICOKHM paspelleHHeM HaOJI0JeHHUSI TONLKO
TeX METEOBENHUMH, KOTOpHIe 00/a4ai0T HauOOJbIlIeH H3MEHUHBOCTHIO:
(BBICOTA 06/12KOB, HWHTEHCHBHOCTH OCaAKoOR). [lpyruHe BeJWUHMHHI MO-
I'yT H3MepAThCS C MEHbUINM paspeiueHveMm. B cayzae neobxodumocty
TOHKQS CTPYKTYPA ITUX BEAUYUN MOJNCET ObiTb BOCCTAHOBAEHA C HO-
MOULLIO YpasHerul eudpoTepmodunamury.

CucreMs nogyuenus;, cbopa u obpaborku nannsix (CIIM, CCYTIN)
COCTABJSIOT MHMPOPMALUOHHYIO OCHOBY MJISI TeKYIIHX H CBEPXKPaTKO-
CPOYHBIX IIPOTHO30B. JIJi COCTaBJIEHHS NOCAENHHX Takxe HeOGXONM-
Ma oIpelejeHHas CHCTeMa. DyJeM HasplBaTb ee CHCTeMOH CBepx-
kpatkocpouHoro mporuosuposanusg (CCII). OcoGeHHOCTBIO CBepX-
KPaTKOCPOUHBIX IIPOTHO30B ABJAETCS TO, UTO OHH HOJIKHEI COCTaB-
JSITBCS JJIsl OLpelesieHHOTO MecTa: aspomopTa, MOPCKOro HOpTa, cTa-
JIHOHA, macTOHIia, CTPOUTENbHOH mJjomagkyu u T. A. JKenateJbHo yka-
3aTb HHTEHCHBHOCTb OXKYAAEMOTO $BJEHWS H BpeMa ero Hauyana. Ilo-
TpebuTeNs WHTEepecyer, OyIeT Ju TO HJIH HHOE SBJIGHHE Helocpen-
CTBEHHO HAJ ero oGheKTOM H, ecjqu OyIer, KOrLa OHO HauHercd. Ecam
npeAcKasaHHOE ABJieHUe OBLIO, HO HAOJMIONAJO0Ch BHe IpelesioB 00BeK-
Ta WM HA4YaJoCh He B YKA3aHHOE B HPOTHO3e BpeMms, TO CBePXKpaT-
KOCPOYHBIH NpPOTHO3 CuuMTaercsl Heonpapiapuinmcs. Takum obpasom,
TpeOOBaHUS K CBEPXKPATKOCPOUHOMY IIPOTHO3Y CYIIECTBCHHO BEHIUIE,.
yeM K OGEIYHOMY KPAaTKOCPOYHOMY HPOTHO3y. C yUeTOM HOBHILUEHHBIX

Tpe0OBaHHH K IPOTHO3Y CHCTEMY CBEPXKPATKOCPOYHOIO HPOTHO3HPO-

BaHHUS MOXKHO IPEJACTABHTb B BHJAE ABYX KOMIOHEHTOB, OTPaxKaiollUX
OIpeleJIEcHHYIO IIOC/eJ0BATENbHOCT IIPOTHO3MpPOBaBUs. Ilepsolii xom-—
noHeHT BKMOuUaeT B ce0S CPelCTBA NPOTHO3a BO3HHKHOBEHHS MAJIBIX:
BO3MYIICHHH HJHM NOTOAHBLIX SBJEHHH, KOTOpPble B HCXOLHBIH MOMEHT
BPEeMEHH ellle He Ha0JI0RAI0TC B paloHe obcayxkupauuda. BTopotk



KOMNOHEHT BKNOYaeT B cebs CpeiCTBa IPOTHO32 HEPEMEHICHHS W
3BoJIONMH MB HJIHM IOTOXHOrO SBJEHHS IOCAE TOLO, KaK OHO (MJH
ero «3apoisil») obHapyxkeno CIIM wu/uau CCYHI/I C LeJjblo yKa-
3aTh HHTEHCHBHOCTb W BpeMs Hauaja 9BJEHHS B TOUKE NPOTHO32.
DYHKIUE 3THX ABYX KOMIIOHEHTOB MOIYT GHITb INPOUJIIOCTPHPOBAHE
Ha cuenyomeM npumepe. Ilpeacrasum cebe, YTO MO JaHHEIM YTpEH-
HUX HaOJIOJeHHH 3a cocTosHHMeM aTMocepsl ¢ IOMOLIBIO CPEIACTB
IIEPBOTO KOMIIOHEHTA IMpEJcKa3aHa rpo3a B IOCJENCJYJeHHHE YacHl,
Onnako BpeMs H MeCTO BO3HMKHOBEHHs IPO30BOrO 06JakKa OCTAIOTCS
‘HeHsBeCTHHIMH. Huuero Hesb3s cKasaTb, €CTECTBEHHO, W O TOM, GOY-
JeT JH Ipo3a B HHTepecyIoleM nmpeémem uyskTe. Ha ocHopanmu
atoro nporwosa CITH u CCYIIU nosyuamoT KOMaHiy CJAefHTb 32 BO3-
HHKAIOYMH BO3MylIeHHuAMH. Kak TOMBKO UMM OGHADYKHBAETCS <«IO-
JIO3PUTEJbHEIA» OOBEKT, BCe JNAHHHIE O HeM IepefaloTCs B IPOTHOCTH-
YeCKHH LEeHTp, I'le CPeACTBA BTOPOTO KOMIOHEHTA pacHO3HAIoT, SiB-
JifieTCsl JiM 3TOT OO'BEKT «3apOABIIIEM» I'DO3H., ECJAH 00heKT IPH3HAH
Kak «3apoJbllI» I'PO3Bl, 32 HHM, BO-IePBBHIX, NPOXOJKAETCA ClexKe-
‘HHe, H, BO-BTODHIX, IPOTHO3HPYETCA €ro INepeMemeHHe W 3BOJIONHA.
Ha ocHOBe 3TOr0 ycranasiHpaercs, NPUAET JH rpo3a B HHTEPECyIO-
Ui notpebuTeNs NYHKT H, €CJAH IPHJET, KOr4a OHa HAauHeTCs.

Ileppuiii komnonent CCII BKalouaer B cefsi:

‘a) MeTOJABl HHTEPIPETALHM UHCJEHHBIX IPOTHO30B HJS IpeAcKa-
33aHHS BO3HHKHOBEHHs MDB, He IpOrHO3WpyeMEIX = HelOCpEX-
CTBEHHO B YHCJEHHEIX CXeMax;

6) ZuHaMuueckue (TEPMOAMHAMHUYECKHE) MOJIeNH Me3somacuital-

. HHIX IIPOTHO30B;

B) CTATHCTHUYECKHE MOJEIH Me30MacHITaOHBIX IPOTHO3O0B;

T) CHHONTHUYECKHME MOJeJH IPOrHO3a 3JEMEHTOB IOTrOABI;

X) CPeACTBa OGBEKTHBHOTO (ABTOMATHSHPOBAHHOTO) pacnosnapa-
HHS TeKyLIeHd CHHONTHYECKOH CHTYalHH.

Bropo#i kommonent CCII Bxiouaer B cebs:

CpelcTBa paclO3HABAHHA THIA BOSHHKawmux MB;
6) SKCTPAmOJANHOHHbE NPOUEIYPH NPOTHO32 IBHKEHHUS H 3BO-
gionud MB Ha O6/ukafimine CpOKH, OT HECKOJBKHX MI/IHYT
Io 34

B) NPOURAYDPH pacyera aNBEKUWH M TPAHCHALUM METEOPOJIOoruIe-
CKHX TIOJIEH;

T) IOpPOTHOCTHYeCKHe [pOLelyphl, OCHOBAHHHIE HA CpeACTBaxX [H-
CKPUMHHAHTHOTO aHAJH34. .

Pasymeercs, Bce onepaniy IPOU3BOAATCH HA IBM, pesyﬂbTaTu
BHBOLATCA Ha AHcmJell B yHoOHO# HJd Iporsosucra ¢opme.

Posp CHHONTHKA-IIPOrHO3HCTA: CHHTE3WPOBAHHME Da3JMUHBIX BHIOB
JHATHOCTHYECKOH M NPOTHOCTHYECKOH NPONYKUKH, JOFHUCCKUH aHaIH3
nocrynamoume uHpopManuH, BHIOOp NIPOTHOCTHUECKOH MOIENH, XKOp-
PEKTHPOBKA MOJEJNBHOrO IPOrHO3a HAa OCHOBE TEKYWIEro XOAa IOrOJE
B npenesnax HalJaI0JaTeNbHOH CeTH NaHHOH CHCTEMBl, NPUHATHE pelle-
HHH OTHQCHUTEJHHO (HOPMYIHPOBKH IPOTHO30B.
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Ha puc. 1.1 mpencraBnena nmpuHHHUNKAJbHAS CXeMa OpraHu3auuy
CBEPXKPATKOCPOUHOTO NPOrHO3HPOBAHHSI.

[Ipr BHIGOpE NPOrHOCTHUECKOH MOZENH CHHONTHK- IPOrHO3UCT 1OJI-
XKEH He TOJBKO DYKOBOJACTBOBATLCA peIICHHEM OIpeleseHHOH Ipor-
HOCTHYECKOH 3aJaud, HO M YUMTHIBATb HEKOTOPHE OCOGEHHOCTH MO-
Jened, a Takke NPHUHHMATb BO BHHMAaHHE KaueCTBO cho,zmon HH-
¢opmanuu.

Mimeromuecss B HacTosllee BpeMsl Me30MacIITaGHEE NIPOrHOCTHUE-
CKHe MOZEJNH MOXKHO pasJeNuTh Ha JABa KJjacca.

I xmace. Iunamuueckne Mofenn MB wWiau siBJieHHH, BO3HHKHOBe-
HHEe KOTOpHIX OOYCJIOBJIEHO COOTBETCTBYIOIINM paclpefeficHHEM Me-
TEOPOJIOTHYECKHX BeJHUMH. ECTecTBEHHO, UTO peasu3amust 3THX MOJe-
Jei NpexycMaTpHUBaeT BBelieHHE B HHX HCXOAHHIX [aHHBIX ¢ Goiee
MJIOTHOH CeTbI0 CTaHIHUi, NPOH3BOAAMMUX HAGMIONEHAS Yalle, HeM
OGLIUHBIE CTAHIMHM pEryJsipHOH cetd. B nammoM cayuae maeficTByeT
NPaBUJO: 4eM MeHblUle MACUWTAD ABAEHUS, Tem NAOTHEEe CeTb HabAto-
Oenudl u Tem uauje oHyu GoA%CHOL NPOBOOUTHCA. B uiease HAGIIONCHUS
JOJIKHBl GHITH HENpEepHIBHH B IPOCTPAHCTBE W BO BpeMeHH. B uieane

XKe HeOOXOIUMO, -4TOOH H3MEepEHHbIe BEJHUMHBH ¥ KOODAHHATH IYHK-

TOB H3MepeHHH He cofep:Kany OB OWHO0K. B Hacrosiee BpeMs MEL
JaJIeKH OT yjieaJjia, a NMOoTOMY l'IpI/I peanmu3ann JHUHAMHYECKHX MOAe-
Jiell BO3HHMKaeT Ipo6jeMa COOTHOLIGHMS <«CHTHaJ — IIyMs. IloscHum
3Ty npobieMy Ha mpumepe.

Ilycts B nponeege pean3anuy KaKO#-TO MOJEeTM BO3HUKAET He-
06XOJII/IMOCTI: BBIUKHCIUTD COCTABJISIIOLILYIO PaljHeHTa CKOPOCTH BeTpa,

ou Uy — Us

onpenememym NPOU3BOAHOR —— = X =%, Kak cxopocts BeTpa,
TaK W KOODAMHATH ToueK 1 u 2 onpenenmorcs{ C HEKOTOpOH omub-
xo#t, Torza

U1:U1+301§ Uy= U9+3Uz> [ A
Xy =Xy 4By Xy = x4 By / x)
(3mechp uepra csepxy O3HAYaeT HCTHHHOE 3HAUYEHHE);"
(U, —U)+ (U, —3U,)
dx (X1 — X5) + (3xy — Buxy)

B uipaxenuu (1.1) (U,—Uy) u (x;— X,) NpeIcTaBASIOT COGOH
WCTHHHEIC 3HAuUeHHsl pas3HocTel, HAH <«curHama», a (8U;—oUs) nm
(8x1 — 0x2) — omuOKH, MM <myM». [Ipn HeGJIArONPHATHHIX O6CTOS-
TEJbCTBAX, KOT/la OIHOKH HMEIOT pasHBle 3HAKM, 3HAUEHHE <«LIyMas
MOXeT OHITb JOCTaTOYHO GOJBINMM. B TO JXKe BpeMsl ueM MeHble pac-
CTOSIHHE MeXIy TOYKaMH ! M 2, TeM MeHbllle 3HadYeHHe <«CHTHAJa»,

Mosxer cayuuTbCs TakK, YTO IIPH HEKOTOPOM 3HauyeHHH Jx= (X, — X3)
«CHTHaJ» CTAHET paBeH «wmyMmy». JasbHefillee yMeHblleHHe 3Haye-

(1.1)

HHuS Ox NpHBedeT K TOMY, UTO «IIyM» OyaeT GoJblle «cuUrmasnas. Ecan

B 3TOM CJydYae NPUMEHHTh (DHUIBTPYIOLIYIO NpPOLEAYypY, TO GyZeT oT-
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(HIBTPOBAH «CHTHAJN» U MOJeab 6ynerT pafoTaTh C «UIYMOM», AaBas
3aBeOMO HeBepHBHIH pesyabTaT. CJefOBAaTENbHO, JaXKe CaMhie COBEp-
LIeHHbIe AUHAMHYECKHEe MOJeJH TPeOyioT NpHUMEHEHHS HCKIIOYHTEJb-
HO TOYHOH M JeTaJbHOH MCXOJHOH HH(OPMAaLHH H MOTYT HCIOJAb30-
BATbCH TOJBKO IJIS IIPOTHO3a AOCTATOUHO KPYNHBIX BO3MYIIEHHH.

Il xnacec. Mojenu sBMeHH#l U NpPOLECCOB, Ha DPasBUTHE KOTOPHIX
npeobsanammee BO3NEHCTBHE OKa3HBAIOT OCOGEHHOCTH OpOrpadum:
IrpaHuUa cyiia— Mope, TOpHEle XpeOThl, XOJME, KpYIHBE [OpOna
U T. A. OTH MOJEJH YYHTHIBAIOT BJIHSHHE HEOJHOPOJHON MNOBEPXHOCTH
Ha Me30IpOLECCH M TAaKMM 006pasoM IO3BOJSIOT NPeACKa3BIBaTh OpO-
rpaguyeckre ocaikH, Oypio, OpH3Bl ¥ JApYyrHe sBJeHUs. Pasymeercs,
¥ 3/1eCh IPHUXOAUTCS ONUPATbCA Ha KAKYI-TO HCXOLHYIO HH(GOpPMAIHIO,
Onnako Tpe6oBaHHS K €€ TOYHOCTH M JETAJLHOCTH HE CTOJb CTPOTHE,
KaK B MOJeJsx Kjacca I.

3HauUTeNbHYI0 DOJIb HIPAIOT CTATUCTHYECKHE METOLEl NPOTHO3H-
poBanusa. [IpornocTuyeckue CBSA3HM IOJYHAIOTCS B BHIE YpaBHEHUH
perpeccun. IMpOKO HCIOJB3YIOTCS TakKXke NHCKPUMHUHAHTHBIE (YHK-
muu. IIpu paspaboTke CTATHCTHYECKHX METOIHMK IIPOTHO3a HaubGojee
CYIIEeCTBEHHOR uacThbio paboTH ABJIsieTcA 0T60p npeAukTopoB. OGHY-
HO TpeOyercs 0oJbLIOH 06heM apXHBHOrO MaTepuaja: B IIPOTHBHOM
cayuae xak oTOOp NPENHKTOPOB, TAK W CTATHCTHUECKHE CBSI3H OKAa3kl-
BAIOTCSA HeHaJeXHBHIMH. ORHako kakod Obl HHM OBbLI HCXOAHHIH Mare-
puaj, caelyeT HMeTb B BHIY, YTO CTATHCTHYECKHE CBSI3W HE OCTAKOTCS
HOCTOAHHLIME. C TeyeHHEM BDeMEHW OHH yCTapeBaioT. [1ogcHHM 3TO
yTBepxKJeHue Ha npumepe. ITycte Ha ocHOBe 10-netHero psiza HabJiwo-
Jenud (cxaxewm, ¢ 1971 nmo 1980 r.) nna nporHo3a HeKOTOpPOH BeJsH-
UYNHB S HOJIyYeHHl CTATHCTHUECKHE CBSI3H B BHIe JUHEHHOro ypasHe-
HHSI PErpeccuu

n
Stepae= 2}1 a,P,
=

TAe a;— k03(hPUINEeHTH perpeccHu, P;— npefukrtopbl. Ecau anajo-
THYHYI0 CBSI3b C HCHOJNb30BAHHEM TeX XKe IPEJHKTOPOB HOJYUUTh LJA
zpyroro 10-metHero psiga (ckaxewm, ¢ 1981 mo 1990 r.},

n
Styor = }21 a;Pj,

TO COBCEM He 0053aTesbHO
a; = a];

CKOpee BCEro, a;¥=a; VHBIMH CJIOBaMH, CYNIECTBYIOI[HE CTATHCTHYE-
CKHe CBSI3H, @ TaK¥Ke INOJyYeHHBIe HA HX OCHOBE SMIHpHUeckue (op-
MYJIBL IOCTOSIHHO JOJXKHBEl YTOUHSITHCS Ha «CBexXeM» MaTepuane. CJe-
IyeT TakXe HOOaBHTb, YTO MHOTHE CTaTHCTHYECKHE CBSI3Y JIOKAJbHEL,
T. €. IPDHMEHHMBl TOJIBKO IJIsI OIpelesNeHHOro Mmecta. [ToatoMy mpex-
Je ueM HCHOJb30BaTh KaKyo-IHOO CTATHCTHYECKYI0 METOIHKY, HeoG-
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XOAUMO YyOeIMThCA B €e MPHIOJHOCTH MJS [JaHHOTO KOHKPETHOTO
cayuasi.

Bce ynoMaHyThle BHIIIe OCOOEHHOCTH MOAEJAeH H CTaTHCTHYECKHX
METOZOB IPOrHO30B CJEAyeT YUYHUTHIBATh NpHU BeIGOpe clocoba MpOrHo-
3HPOBAHUA.

nasa 2
®OPMUPOBAHUE JIOKAJIBHOM MOronbi

Tloroma, nabiofaeMasl B KakoM-JAu00 KOHKDETHOM MecTe (a3po-
TIOPT, MOPCKOH IOPT, Y4acTOK CeJbX03yroxufl, pafioH ropoga u T. IL.),
HasbBaeTcsl £0KaAbHOl nozodod (JII1). B omHux cayuasix OHa MOXKET
He OTJHMYaTbCs OT NOTOAbl B OKPYXKAIIIHUX padoOHAX, a B APYrHX —
HMeTb 0ocoGblff xapakrtep. B nociennux Bosgeficteue ma JIIT oxaswl-
BaIOT, C ONLHOR CTOPOHE, MaJjrle Bo3mymeHnus (MB), a ¢ mpyroit—
MeCTHHIe, yalle Bcero oporpaduueckue, ocoGeHHoctd. OLHAKO B JIIO-
00oM cayuae peHIaOWIyI0 POJIb Hrpaer TAaK Ha3HBAEMEBIH CHHONTHYE-

CKHit (OH. MaJsibie BO3MYILIEHHS DA3BHBAIOTCH NOJ BJHSHHEM NpPOLEC- -

coB GoJee KpymHoro macumiraba H B 3HAUHTEJbHOH Mepe 3aBHCAT OT
CBOHCTB BO3LYHIHOH Macch (Macc), B KOTOPOH OHH (DOPMHpPYIOTCH, H
oT oporpaduueckux ocoGenHoctell paitora. Cxema mpomecca ¢opMmu-
pOBaHMsT Kaxoro-anGo0 JOKaJbHOro sBJCHHUA Torogsl (pmc. 2.1) BH-
TASAMT CJAeAYIOmHM o06pasoM: MaKpOMeTeOpOJIOrHYecKHH Ipomecc
{MMII) ofycioBiauBaeT BOSHWKHOBEHHE HPOLECCOB CHHONTHYECKOTO
macmraba (IICM) u ¢opmupyer BosaymHsieé Macch (maccy). Ha do-
He INOCACAHMX BO3HHMKaioT MB, JIBHXeHMe H pPasBHUTHE KOTOPHIX
yupasaserca kak IICM, rax u mectanmu ocoGennocramu (MO), kak
TO: oporpadus, «TeIJIOBEE OCTPOBa» TOPOJOB, AEATEJbHOCTb UETIOBe-
Ka, COCTOsHHEe IOACTHJAONIeH MMOBepXHOCTH. B psZe cayuaes MB
BO3HHKAIOT NOA BausHueM MO u GBIBAIOT CBOMCTBEHHBI TOJBKO JaH-
HOMY KOHKpeTHOMy MecTy. Hampumep, Opusbl H CBS3aHHBIE C HHMH
ABJeHHs (cM. raasy 6, c. 96—98).

Paccmorpum npumep dopmuposanuss MB. Ilycrh B TemHi ce3o0H
roja ¥uMeeTcs NJaHeTapHas BEICOTHas (poHTakbHas 3oHa ([IB®3),
paspessmollas XOJOJAHYI0O M TENVIYI0 BO3AYLIHbIE Macchl. BoaHuKao-
Liye B HeHl BOJHKE PoccOH, BO-IEPBHIX, CIOCOGCTBYIOT BO3HHKHOBEHHIO
IMKJOHOB (QHTHULUMKJIOHOB), @ BO-BTOPHIX, (POPMUPYIOT HEYCTOHUMBHIH
BO3JYX B CEBEPHHIX JIOTOKAX (XOJOXHBIM BO3AYX IPHXOAUT HA TEWIYIO
TMOACTUJAIONIYIO IOBEPXHOCTb) M YCTOHYHBHIA BO3AYX B IOXKHBIX IIOTO-
Kax (Tensibli BO3AYX NPHXOJUT HA XOJOJLHYIO IOBepXHOCTh). Ilukio-
HHYecKas HMUPKYJSIHSA CO3JaeT YCJIOBHS IJis BO3ZHUKHOBEHHS KOHBEp-
TeHLIMH, a HOCJAEAHAS CIOCOOCTBYET peastM3allMd HEeYCTOHYMBOCTH, YTO
HPOSIBASAETCS B (POPMHUPOBAHMM BTOPHUYHBIX XOJGAHBIX (DPOHTOB, JIH-
HUR IKBAJIOB ¥ JPYTHX ME30MACIITAOHHX KOHBEKTHBHLIX KOMIJIEKCOB
(MKK). KoHBeKTHBHBIE KOMILIEKCEH IE€PEMeMIaloTCs B COOTBETCTBHH
C NOTOKaMH B HHXKHeH M cpeasedl Tpomocdepe, HOPMHPYEMBIMH CH-
HONTHYECKHUMHU O0BeKTaMu. B 30Hax KoHBepreHuuu (6eperoBas JIMHHS,
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HaBeTpEHHHH CKJIOH, IpaHHna ropod-—mnoje u T. ) MKK ycuin-
BAaWOTCA, a2 B 30HaX JHBEPreHIHH pa3MmuBaioTes (cM. c. 43, 44). Dop-
MHDOBAHHE KOHBEKIHMH 3aBHCHT TaKXe OT BJIaXKHOCTH BO3LYINHOH Mac-
CHl: YeM BEIIIe BJAXKHOCTb BO3AYXa, TeM Jierue M OricTpee dopmu-
pyercs xonBekuus. CylnecTBeHHYIO poJb B opmupoanuun MB urpaer
GoH JaBjenHs, 6apHuecKHe TeHAEeHIMH. HHU3KOe HaBileHHEe M OTPHIA-
TeJIbHEE TEeHIEHUWH OJarONpHSTHH IJ BOSHHKHOBEHHS N pa3BUTHSE
MKK u gBjeHnii, ¢ HIMH CBSI3aHHHIX; OHH TaKXe YBEJHUMBAIOT HH-
TEHCHBHOCTh OOJIOXKHBIX  OCAJKOB, CBHIETEJbCTBYIOT O BO3MOMKHOCTH
ycunenus Berpa. Hao6opoT, BBHICOKOe NaBJieHHE H MOJOXKHTENbHHE
TeHZEHUUN HeGaaronpusatHe Jai1 MKK u zas 06J0XKHHX 0CaAKOB,
OZHAKO HOUBI0O HPM 3HAUHTEIBHOH BJAXKHOCTH BO3AyXa 5Ta CUTYyallus
YpeBaTa BO3HUKHOBEHHEM TYMaHOB.

TlpuBeJicHHEIe BHIIE PACCYXJNEHHS I[IO3BOJSAIOT YKa3aTh HEKOTOPHIE
¢aKTOpE], COueTaHHS KOTOPHIX MOTYT CIOCOOCTBOBATb BO3HUKHOBEHHIY
OJHHX MaJIBIX BO3MYILEHHH M NpeNsATCTBOBATH BO3HHKHOBEHHIO ADY-
IHX, H HaoOOoporT.

1. HupkyasiuuonHpie ycjioBuda. JoctaTouHo pasjgnyaTh ABa THHA
DHPKYJSLHOHHBEIX YCJOBHH: HUKJIOHHYECKAs LMPKYJANMA M aHTHOUK-
JIOHWYecKas UHUPKYJAUus B paMKax IpoLecca CHHOINTHYECKOTO Mac-
wmra6a. Ilpocrefiminfi cnocol ompeReseHHs THIA LNHPKYJIALUH — BHl-
YHCJCHHEe 3HAUEHUS TeoCTPO(PHIECKOTO BHXPHA

Q, =L 2P, \{\\ : @.1)
el ;

Ecau Q:>0, nMeer MecTo LHKJIOHHUecKasd mUpKyJsuusa. Ecoum Qr<<0,

aHTHUHKJIOHKUecKas. UeMm Goubine abConioTHOe 3Hauenne |Qp|, TeM

HHTeHCHBHee LIHPKyJAUHS. YIOOHO HPeJCTaBJATh NOKasaTelb LHPKY-

Zauuu B Ge3pa3MepHOM BHIe

Q. a4 p A

~fare e

3xeck |Qp|— HekoTOpOE CpenHee aGCOMIOTHOE 3HAUeHHe TIeOCTPOGH-
YECKOTO BHXpPSH, IPH KOTOPOM CYIICCTBYeT BEPOSTHOCTh BO3HHKHOBE-
Hug Bo3MmyHleHus. Tak, Hanpumep, aas Cesepo-3anaga Poccun
|Qr|==0,5-10"5c! npu BepOATHOCTH BO3HUKHOBEHUS BO3MYIIECHHUS
P=0,2 (npn aHTHHUKJIOHHYECKUX YCJIOBHSX IHUPKYJALHH B KauecTBe
«BO3MYHIEHU» IPHHUMAJOCh (POPMHPOBaHHE HHBEPCHID).

2, Cratuyeckas ycToHuuBoCTh, HampaxHeiimuMm ycaoBueM ¢op-
MHUpPOBaHUSI BO3MYILEHHH SIBJISETCA CTATHUECKasl YCTOHUYHBOCTL (Heyc-
ToHynrBOCTh). OnacHH KaK 3HAauuTeNbHAasd HeyCTOHUHBOCTb, TaK H
CBEpPXYCTOHUMBOCTL aTMocepr. B mepeoM caygae GopMHUPYIOTCS
MKK, Bo-BTOpOM — Hu3KHe o6&aka (3UMO#), TYMaHBI, CO342I0TCH
YCIOBHSA AJS aKKyMYJsLHM Das3JHUHBIX IpHMeced B aTMocdepe.

* Ilpu oueHKe YCTOHUMBOCTH B LEJsIX CBEPXKPaTKOCPOUHOIO IIPOre

14



HO32 TPAaJWIHOHHHE MNPHEeML], OCHOBAHHBIE HA CPAaBHeHMH (akTHYe-
CKOro M aznabaTHYeCKOro (BJaXKHOaAHa0aTHYECKOTO) BEPTHKAJbHHIX
FpajueHTOB TeMIlepaTypH, xpaﬁne HeynoGHe. OOHUYHO NpPUMEHSIOT
pasIMuHHe I0KasaTeJH HEYCTOHMUMBOCTH. HauGoJsee dacto npuMe-
Hsercs| HOKa3aTeJIb 5KBHBaJIEHTHO-CTATHIECKOH ycronanOCTﬁJ

.

Ty 89,8
. I‘e= 8 A =L U&QA, -~ (2.3}
N ¢
rage ©=T(1000/p)%%8 — notennuanpuas Ttemneparypa, K; 7T — rem-
neparypa, K; p— nasaenue, rlla; ©,~0.exp(Lgs/CpTr) — 5KBHBA-
JIEHTHO-TIOTEHIHadbHas TeMmmepartypa; L~2,5-106, [I3k/Kr — CKpHITa®
TEIJIOTa; §s— MaccoBas ROJS BJATH IpH HACHINEHHH, Kr/kr; Tp—
Temneparypa gacTuubl, K, ecau ee agmabaTuyecKu NDUBECTH K CO-
crofinmio Hachmmenus; Cp= 103 Jx/(kr-K)-— TenmoeMkocTs npHu IO~
CTOAHHOM HaBJenHu. MIHEEKCH «B» W «H» COOTBETCTBEHHO OTHOCSATCS
K BepxXHell M HUXKHell TpaHHIle paccMaTpPHBAEMOr0 CJOS TOJNIIUHOH AZ
B COTHAX MeTpoB. DoJiee moipoOHBE CBeleHHs O HOKaszareje MOXKHO
nonyunts B kHure Q. I. Borarkuna u T. I'. TapakaHosa «YueGHumni
ABHANHOHHBIA METeOpOJIorHYecKu# artiaac. Meronnueckue yxasamus
npunoxenua» (JL: I'mapomereomspar, 1990, c. 39—43).
Ecan Te>0 atmocdepa ycrofiuusa,
Fe=0 atmoctepa B COCTOSTHHM pPaBHOBECHS,
Te<<0 armocdepa HeyCTonana
SHaqe}me Te BHUHCASIOT NOCJHOHHO MEX]Y CTaHZAPTHHIMH n306a-
PHUECKHMH IIOBEPXHOCTSMHU, 3aMeTHM, UYTO IIPH HAJHYHH IIPH3EMHHIX
RHBEpCHH 32 HUKHIOI IDAHHLY CaMOro HUXKHEro cJosl HpAHHMAIOT
BEPXHIOI TPaHMIY NpH3eMHOH WHBepcHH. Ec/M UHBEPCHH HeET, TO ca-
MHH HUXHUE ypOBeHb — NOBEPXHOCTb 3eMJIH.
DTOT NOKa3aTeNb TaKXe YAOOHO INpPEACTaBUTbL B 6e3pa3mepnou
BHIE:

P=—=. \/ (2.4)

3xech ;-—- cpenHee MHOrOJIETHee 3HAaUeHHe BEPTHKAaJbHOIC TpaancHTa

TeMIlepaTypE B COOTBETCTBYIOIEM cJOe. 3HaueHHe ¢y JErKo HalTH:
B KJMMAaTHYeCKOM CIIpaBOYHHKE.

N

3. Junamuueckass HeycToiuMBOCTh, J[{uHamMuueckass HeyCTOHYH~
BOCTb aTMocepH sBaseTcs OXHHM M3 HEOOXOAMMBIX YCJOBHWH BO3-
'HHUKHOBEHHS BO3MYIIEeHHH CHHONTHYeCKOro Macmraba. OfHAaKO M nps-
MO, H KOCBEHHO OHa yuyacTByeT B reHepanuu MB. Taxk, npm BO3HHK-
HOBEHHH ME30LHKJIOHOB Ha/JMuHe JHHAMMUECKOH HEYCTOHUMBOCTH He-
NOCPEJCTBEHHO BJHsEeT Ha (OPDMHPOBAHHE STHX BO3MyIuIeHuH. Muu-
LIHHPYSl IIpOLeCC KPYIHOMAcHITaGHOrO NHKJOreHe3a, AHMHAMHYECKas
HeyCTOHYHBOCTb TEM CaMHIM KOCBEHHO BJHSIET Ha (opMmupoBaHue MB,
TAK KaK BO3HHKAIOIlAsd LHUKJIOHHYECKAsd HUDKYJAALHS CHOCOGCTBYET
paspellieHMIO cTaTHYeckoil HeycroiumsocTH (cM. c. 20). Jna xomanue-
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CTBEHHOH OlEHKH AHHaMHUYeCKOd HeyCTOHYMBOCTH CYUIECTBYET MHO-
JKECTBO Da3JMuUHEX NMOKa3artejefl. Hanbosee o6miHM H3 HHX SABJSETCS
noxasaTenb AL AL

DI——I ov | dZV ® oV 95
=R T TR 25)
KOTOprH BKJIOYaeT B ce0i Kak 6apoTpomHyio (ZABa HEPBBIX WIEHZ
B NpaBoil yacTH), TaK H GapOKJIMHHYI0 HEyCTOMUHBOCTL (TpeTHil uieH
B NpaBOH uacTH). B yMepeHHBIX ¥ BHICOKHX HIHPOTaxX GapOTPONHEBIMU
yJeHaMH MOXKHO IpeHebpeub, TaK KaK OHH IO KpalHell Mepe Ha IHo-
pPALOK MeHblle TPeTbero, 6apoOKJIMHHOTO, UJIeHA.

B (2.5) R —paauyc KPHBHU3HHL JHHUHA TOK4, V -— BEKTOD CKOPOCTH
BeTpa, 72— HOpMaJb K JMHHMH TOKa, HampaBJieHHas BIOPaBO OT Ha-
npaejeHus TeueHuil; /=2w sincp——n'apame'rp Kopnoauca;

00 1 00
=%P @ op "

rie @ —reonorenunan (m2%/c?), P — naBnenne ([la), © —norex-
IMaJbHAs TeMieparypa.

Tak xak ®=gz, 10 OD/OP~ (25— 25)/AP, rpe AP —Tomuunna
cros (s ITa), a mHAeKCH «B» H «H» 0GO3HAYAIOT BEPXHIOKW H HHX-
HIOI0 I'PAHHIB CJOS COOTBETCTBEHHO. AHAJIOrHYHO

08 . 68,—0,

0P T AP
Ecnu paccMaTtpuBaTh KakoH-n1uGO KOHKPETHHIH CJIOH, Hampumep
500—3850 rIla, To

500 . 5 (2540 — Z850) (O500 — Bias0)

Pl =g T 12,250108

uau, npuHnMas g=9,8 M/ci‘ H 6~3-102K,
o (53 = 2,7 - 107 (25 ‘“;Z‘sso) (O500 — Bgs0) - (2.6)

Jas Toro xe cJjiost
AV N 1 ‘i/‘s;o — Voo Vi — vsoo:l
0P* o 1,75-10% / 1,5 2
uH, 0603Hayas Vsso—-Vmo——Vl B V7o — Vs0=Vy,
Ry P _,/ 9
TP |0 5.25-10° |

3mec Vi;—BeKTOp BePTHKaJbHOrO CABHMra BeTpa B cjoe 700—
850 rIla, Voa— 10 Xe B cioe H500—700 rila.
Monynu BexktopoB V; U Vy MOryr OHITb BHUYHCJICHB Kak

V1 = V V%oo -+ Vgso — 2V700V850 COS ay,

Vi~ 075V,], 2.7)
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Tle qi—yroJ MeXJy HalpaBJeHHAMH BeTpa Ha _ypoBHsx 850
700 rlla;

=V Voo -+ Voo — 2V 500V 700 COS 5,

rue Qg — yroJt Me}Kﬂy HanpaBJTeHHHMH BeTpa Ha YPOBHHAX 700 H
500 I‘Ha 1"

HaHpaBJIeHI/IH 3THX BEKTODOB BI:I‘II/ICJIH}OTCH KakK

N

oY d, = dg;, + arccos V85"’ Vi COS 4 ,
N Vi

) ’ Ve — Vg COS @
?\% dy = dpgy + arcco;/ 10 VZ‘“’ iy

[Ipn JgeBom nmoBopoTe Berpa c/ébrcomn HCTIONIb3yeTCs! BepXHHH SHAK
mepesl BTOPHIM UJICHOM, NIPH [PABOM — HHIKHHUIL
Bripaxenue (2.7) MO)KH(;/HPEI[CTaBI/ITb B BHJIe

oy P 2VV2+/(O 75V ;)2 —15V,V, cos|d, —d,|

0P? g0 / 5,25.108 - (28)

Mozcrasass (2.8) u (2/6) B (2.5), noayuaenm

DI 20 = 3:10-9 (sing)* V Vi 4 0,75V, — 1,5V,V/, cos|a, — a, |
850 ' /  (Z500 — Zgso) (Bs00— Bgso) :
/ (2.9)

3Meck @—IDHPOTA MecTa, Ifie GBUIO TIPOU3BENEHO 30HAMPOBAHHE
(MecTo, Aast KOTOPOro BHuUHCJsieTcst 3HaueHme DI).

Ddopmyna (2. 9) npeAnasHaueHa JAJs pacuera 3HaueHdss DI B caoe
500—850 rIla. Ec.fm BO3HHKaeT He0OXOZHMOCTb MPOHU3BECTH pacuer
sHavenuii DI B /,upyrnx CJIOSIX, TO, COXpaHss BHA (DOPMYJBI, CJaELyeT
NepecunTaTh YHCJIOBhIE Koaq)(pnunembl Tak, ana caos 300—700 rila

Do 2:6:107% (sin)? V Vit Vi—ov,V, cos|a, — ]
o (Z300 — Z1700) (B300 — B100)

(2.10)

3znecy V, = VV;OO 4+ Vi — 2V 360V 500 COS @4 — MOJYJIb BEKTODPA CHBH-
.Ta Berpa B caoe 300—700rIla, a;—yrom MexAy HanpaBJeHHAMH
BeTpa Ha ypoBHsx 300 u 500 rIla
dg = dye0 + arccos Vawo — V{}m =
3

HanpasJ/ieHne BekTopa cAura Berpa B cnoe 500—300 rila; dsp — na-

npasJieHde BeTpa Ha yposHe 500 rIla.
Hns souucaenuss DI B kavecTse HcxomHo# Hmbopmaxmﬂ HUCTIOJb-
3yIOT JAaHHEE TeMnepaT{y HOZEET Asropur™
i Pocen 17
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pacqua paccMOTpUM Ha npnmepe 0 HCXOLHHM IAaHHBIM, npnBeﬂ;eH-
HEIM B Taba. 2.1.
Tabruya 2.1

Jannbte TeMHepaTypHO-BeTpOBOI‘O 30HIHPOBAHUS
30 ‘mionn 1984 r. ApxaHreabck (@=65°c. m.)

2 P I T l d 1%
1470 850 7,2 160 11
3040 700 4,1 180 10
5650 500 8.3 170 15

1. Bruyncisiiores: 3HaueHHS Ogso H Osgp

1000
850

1 OOO
500

0,288
B0 = (2732 +7 2)( ) = 293,8 K;

0,268
Bg00 = (273,2 — 18 3)( ) = 311,1 K.

. 2. (Bs00— Ogs0) = 17,3 K.
3. BLIuHCASIOTCS 3HAYEHUSA @) H a2, a;=1]180 — 160| =20°; a
=|170— 180 =10°.

4, BEUHCAAIOTCS MOLYJIH U HanpaBneHns{ BEKTOPOB CHABHIOB BeTpa
B caostx 700—850 m 500—700 rlla:

V,=VTPEF10°—2-10-11- 05 20° = 3,8 m/c;
11 —10-cos20° '

d, = 160 — arccos ;_ 38 = 95°,

311er nepeﬂ BTOPBLIM YJ/JICHOM BSHT 3HAaK «—», TadK KakK HMeeT MeCTO‘
l'[paBbIPI noBOpOT BETpPa: C BHCOTOH .

Vy=V 15" 4 10* — 2. 1015~ cos 10° == 5,4 M/c;
‘ ' 10— 15- cos 20°

d, = 180 + arccos 54 = 331°.

31ech mepel BTOPHIM 4JIeHOM B3AT 3HAK <<+» TAK KAK MMeeT MeCTo
JEBHI ‘TIOBOPOT BeTpa C BHICOTOH. :
5. Temepp Bce HEOOXOAHMHE JHaHHBIE ecTp. BocnosbaoBaBIitHCh

dopmynoit (2.9), MoxHO paccunTaTb 3HaueHue DI |500:

850
!
Dlig =

_3 10‘5(511165 V38”+(O75 54)7_15.838-54- cosl331—95|
T (5650 — 1470)-17,3 T
s 2,36-10=10 YT,
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BTOpOH npuMep nonpoéyme cjenatb CaMH - (He‘oéxom'leIe JaHHBIE
TPHBEJIEHH B Ta6.n 2.2). :

Tabauya 2.2

Jlanuie TeMNepaTyPHO-BETPOBOTO 3OHAAPOBAHNS
30 mona 1984 r. Mocksa (¢p==56"c.m.).

z P l T I d ‘ v
1410 850 5,0 300 2
2970 700 —23 160 2
5580 500 5.9 150 1,3

Ecau BH cpenajn Bce NpaBUJLHO, Balm OTBeT A0OMKEH GHITh
DI=~0,9-10-"0 m—'.c=".

Vs Beipaxenus (2.5) HETPYAHO BHAETb, 4TO BeduuuHa DI mMeer
pasMmepHocTh - M~!-c~l. Cnenys npuMHATOMY BHINE NPABRJAY, UpUBEXEM
Hoxasaredb JUHAMHYECKOH HeycTOHYMBOCTH K O6e3pasMepHOMY BHAY,
IJIST 4ero pasjenum peauuuHy DI Ha KpHTHUecKOe 3HAUEHWE 3TOH Ke
BeJHUHHEI

' Di R
I (2.11)
3pech D — 6espasMepHuIi NTOKasaTeJb AHHAMHUECKOH HEYCTOHYHBO-
cri. |DI}x— munuMmanbuoe snauenue DI, npu xoropom BosMoxken
nuxjoredes. ONEIT MOKasHBaeT, YTO ]DI]H 10710 m~1.c-1, Toraa

Do DI

; g 19’; 107
ATmocq)epa CcuMTAeTcs AMHAMAUECKH HeyCTouqHBon npu D=10.

. B Bulpaxenun (2.5) Tperu#i ujeH, mo" CyIIecTBY, YKa3hlBaeT Ha
KoHTpacT Temnepatyp. Ilpu paccmoTpeHnH MesoMmMacmiTaGHBIX IpOHeEC-
COB IIOJIE3HO ZAeJaTh OHEHKH ANHAMHUECKOH HEYCTOHYHBOCTH B 30HaX
BOSHHKHOBEHHS JOKAa/JbHBEIX TOPH30HTAJbHBEIX IDAaJHEHTOB TEMIEpaTy-
PH: Ha TIDaHHLAX CHEXHOTO IOKPOBA, Cylla-— BOJOEM, OGJauHOro
noJs, ropoja.

Y XapaKTep unpKy.n;mnn cTaTHueckas W AWHAMHUYecKas HeyCToHyH-
BOCTb aTMoc(hephl ONpeJesIOT. BCIO - TaMMY BO3MOXKHEIX Me3oMac-
mTabHEIX BOSMYILECHHH M JIOKaJbHHIX YCJIOBHH NOroiwl. Pasymeercs,
caMa BO3MOXKHOCTb M ee' peajH3alusi He OAHO u To xke. Ilas cyxpie-
HHS O -peajiu3aliy CYILIeCTBYOIIeH BO3MOXHOCTH BOSHHKHOBEHHS M
passurust MB HeOGXOAMMO Y4HTHIBATD. BJIA3KHOCTD Bosnyxa ¢oH pap-
JIeHHs H MeCTHBEE OCOOeHHOCTH. .

CCMOTPHM YCJIOBHS paspelleHHs CTaTHYeCKOH HeyCToanBocTn
Boznyxa. Kak H3BeCTHO H3 KypPCOB [NHHAMHUECKOH H CHHONTHUECKOH
METeOPOJIOTHH, YCJIOBHAs HEYCTOHYHBOCTL MOXKET GHITh peajiH30BaHa,

< 101;0131. (2.19)
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ec/ln BO3AYX JOCTHTHET COCTOAHHS HacelmeHus. [las aroro B Hero
JIE60 . HYXKHO BBECTH KaKHM-TO - 06pasoM  BOASHOH map, aubo oxJa-
ANTb €ro afnabaTHYecKd [0 TOUKH POCH. KIHBIMH CJAOBAMH, HyXHA
KOHBEPTreHLHsl BJArH W BOCXOAAIIMe [IBHUMKEHHS. Hocnemme BO3HH-
KalOT KaK CJeJCTBHE ONATb-TAKM KOHBEpPIeHUUH HJIH NOJ BJIUSHUEM
oporpadun. Takum 06pasoM, paspelleHHe YCJIOBHOH HeyCTOHUHBOCTH
BO3MOXHO npu Hajauuuu divV>0 u/uim Bocxomdamux oporpaduue-
CKUX JBHXKeHMH. Bmecre ¢ TeM HM3BeCTHO, UTO BHIYUCJIEHHE AWBEpTeH-
IMH CONPOBOXKJaeTcss GOJBIIMMH OLIMOKaMM BIJIOTb A0 3HakKa. [lo-
5TOMY MOJIE3HO OLEHHBATh NHMBEPTEHIHIO KOCBEHHO.

Tak, npu UUKJOHAUECKOH LHUPKyJISLHH Ha IOHUXXEeHHOM (OHe LaB-
JICHHSI B HUXKHel II0JIOBHHe Tponocheps 6yleT HabJIOAATBCA KOHBEP-
reinusa. OpHaxo Ha IOBLINIEHHOM (DOHe' JaBJjeHHA Jaxe mpu Q>0
KOHBepreHIHs HabJofaercss He Bcerja, B sToM cayduae MOMKHO peko-
MEHJ0BaTh HCHONb30BaHHE 3HAKAa 0apHYecKOH TeHJeHUUH. Ecau
P;<<0, To MoxHo mpexnosarats div V<C0, B NPOTHBHOM CJyyae, CKO-
pee Bcero, Oyfer divV=0. Cxema Ha puc. 2.2 nmoMoxer B onpejese-
HUH 3HaKa AuBepreHuud, KpoMe Toro, koHBepreHHHs BO3HHKaeT Ha
rpaHUIe IBYX IIOBEPXHOCTeH ¢ Pas3HOH HIepOXOBATOCTbIO, HalpHMep
Ha TpaHHIle CyHIa — MOpe, KOTJa BeTep AyeT B HanpaBJeHHH NOBepX-
HOCTH c OOJiblllelf LIEPOXOBATOCTBbIO (C MOpS Ha CyWly) HJIH BROJb
9TO# TpaHHUH Tak, 4To 60Jjee ILIiepoxoBaTas NOBEPXHOCTb OCTAETCS
CIpaBa OT HANpaBJeHUs NOTOKa. Ha HaBeTpeHHBIX CKJIOHAX YCJOBHAA
HEyCTOHYHBOCTL paspeniaeTcss HE3aBUCHMO OT APYTHX (pakKTOPOB.

Haubojiee wacTo oWHOKH B OHpeJeJeHHH BO3MOXKHOCTH 06paso-
BaHHS BO3MYLICHUH KOHBEKTHBHOI'O XapaKTepa CBS3aHH C TeM, 4TO
COCTOsIHHE aTMOC(epH HENpPEepHBHO MeHsercd. Ecad B HEKOTOPHIA
MOMEHT BpEMeHH fy aTMocdepa ycrofiuua (HeyCTOHUHBA), TO B MO-
MeHT fp-+Af OHA MOXKeT CTaThb HEYCTOHYUBOH (yCTOHUHBOH) IIOX BJHS-
HUEM LUPKYJSIMOHHBIX YCJOBHH WJH XHEBHOrO IpPOrpeBaHHA (HOU-
HOTO OXJaXJeHHS) NPU3EMHOTo CJOs. YueT HPOrpeBaHud (OxJaxje-
HMS) TPOU3BOAMTCS IIyTeM IPOrHO3a MaKCHMAaJbHOH (MHHHMaJbHOMH)
temnepatypsl (cM. c.78—80) M TOUKM pOCH W BBEJCHHT HX 3HAUEHHS
B CXeMYy. pacuera Hokasarens I'. 3HAUNTEJbHO CJIOXKHee YyuecTh LUP-
KYJAIUOHHBIe ycJjoBHs, OO606LIeHHEH I0Ka3aTeJb  BO3MOXKHOCTH
(HeBO3MOXKHOCTH) 0Gpa30BaHUA BO3MYILEHUH KOHBEKTHBHOIO Xapak-
Tepa C peKOMeHAyercs ONpelelaTh MO Clefylomel dopmyde:

C=[T—Q)yYTEFOF]e-or, \,[ (2.13)

[Ipu C<C0 BosMymeHus BO3MOXHB, MNpH  C>0 BO3MYyIlIECHHS
HeBosMoxHBL, Uem GoJiblle oTpunartesbHoe 3HaueHHe C, TeM BepOsT-
Hee BO3HHKHOBEHHe BO3MylleHUs. UeM GoJbllle NOJOXKHTENLHOE 3HA-
yepne C, TeM GoJblle BEPOSTHOCTh HEBO3MOXKHOCTH BOSHHKHOBEHHS
BoaMymenus. Cijenyer, OAHAKO, IIOMHUTh, uTO -Gdopmysaa (2.13)
He [peJHAa3HAueHa JJs IPOTHO3a KOHKDeTHHIX BO3MymleHuid. OHa
JHIIb CJYXKHT JAJS ONEHKH CKAAaJAHBAIOMHUXCS B aTMocdepe YCIOBHIL
TlosicHUM 3TO Ha TpHUMepax.
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Mpititep - 1. TIycTb M0 AAHHHM: YTPEHHEFO 30HAHDOBAMHS T=—1,0u, comacx-xo
yTpenHé kapte moroxw, £2=0,66. Torza

= [(—1 — 0,66) Y TF 0;44] =26 » — 1,03.

3xech, 6e3 COMHEHHs, BOSMOXKHO DasBHTHE KOHBEKIHH, nocxoany I'<0 u HEPKY-
JNSHUOHHBIE YCAOBUS 6ynyT cnoco6eTBOBaTh paspemenuio” HeycrofunBoct (C<0).

_ NMpumep 2. Ilyctp I'=—0,6, a Q=—1,0. ArMochepa ycroBHO HeycTofuuBa,
a xapaxTep WHDKYJAANHMM aHTHIHKNOHWYecKHi. Hucxonsuiue ABHXeHHA GYLYT yMeHb-
IAaTh CTATHUECKYIO HEyCTORUHBOCTb. B pesyiabrate

C=[(—06+1,0VT+036] e ~ 0,26.

Tax kak C>0, To pasBHTHe KOHBeKTHBHHIX $IBJECHHH MAaJOBEpPOATHO.

OkoHUaTelbHOE CYXAEHHE O DPA3BUTHH KOHBEKTHBHHIX BO3MYyIUe-
HHH MOJKHO JlenaThb TOJBKO C YYeTOM BJAXKHOCTH ¥ (DOHA NABJECHHMS,

B kauecTBe moOKasaTessl BJAXKHOCTH MOXKHO PEKOMEHIOBAThL CJle-
Ayiomyo 6e3pa3MepHYIO BEJHYHHY:

\ /
re — re
Re 227, v (2.14)

r » :
3,[[8CI> rrdp——(baKTPIlIeCKoe 3HaUeHUe OTHOCHTEJbHOH BJAXKHOCTH IIO

AaBHEIM H3MEDEHMiI B MCXORHBIA CDOK; rx— HAaMMeHbllee 3HAUECHHE
OTHOCHTEJbHOH BJIAXKHOCTH, NPH KOTOPOM BO3MOKHO passuTHE BO3-

MyILeHHs B HaHHOM patione. Ias ITerep6ypra rx=60 %:; r — Cpen-
Hee MHOIOJIeTHee 3HAUeHHe OTHOCHTENbHOH BJAXKHOCTH B JaHHOM
NYHKTe B JHEBHHIE YACHL '

B kauecrBe mokKasaTejs (OHa HNaBJCHHS MOXKHO pexomemmBaTb'

Ge3pasMepHYIO BEeNHUHUHY m? , -,
@/ @ : ) (2.15)

3aecb_A — ro3pPHUHEHT, no,u614pae1v15m aMHHqueCKH JUISL . KaXKAOTO
pa#iona. Tak, ansa Cesepo-3amaga Poccun OH OKasajcs pPaBHEIM 2.4
P—~aTMoccpepHoe AaBJieHHe B MCXOAHBEIH cpok; Py — cpelHee MHOro-
JeTHee 3HAUEHHE NABJEHUS AN JAHHOTO MYHKTA.

‘OIuE #3 BO3MOXHBIX BapHaHTOB YyyeTa BceX (PAKTOPDOB MOXKET
GBITH, HANpHUMEP, OCHOBAH HA 3HAUEHHH PErHOHANBLHOTO NOKas3aTens
Pa3BHTUS KOHBEKIIHU:

aC .

..—.-bC-s/ﬁ—}-PP npu C<0' iy

" 31eck a H b— peruoHadbHBle KO3((DUIHEHTH, non@npaémme 3MIIHPH-
vecku. Tax, mas CeBepo-3amaza Poccuyu OHH OKa3ajuCh paBHBIMH
I,1 u 1,4 coOTBETCTBEHHO.

Ilpu I,—0 siBIeHHST BO3MONKHHI, HO MaJIOBepOHTHbI
Tlpu 1.>0 spienuét ne Gyxer.
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BepreMmcs Ko BTOpoMy Hpumepy Ha c. 21. TaMm MBI mOJydYu/Id 3HA-
yeHne C~0,26. ITockoabky HcxofHoe sHaueHne I'=-—0,6, xenareis-
HO YILOCTOBepHTI:CH 9TO SBJEHHH JAefcTBUTENLHO He O6yrper. Ilycts
B HCXONHEIi MOMEHT BpeMEHH B HaHHOM nyHKTe re=70%; P=

=1015rT1a. IIpuMeM JAAa HAHHOTO NYHKTAa re==60%; r==50 %,
Py=1012rla ® BoOCHOJb3yeMCs 3HAUCHHAMH KO3(POHIHUEHTOB st
CeBepo 3ana,ua Poccun. Torma

70 — 60
R = ——5—0-——' = 0,2;
3/———-—————-————

PP — ( v 101150;“21012 )-2,4: 0,345.

Tax kak B HalleMm TpuMepe C>0, to BOCHOJIbsyeMCH dopmyaoH
(2.16)

i

1,1-0,85
‘_132

Orcrofa cienyer, YTO KOHBEKTHBHBIX SIBJICHHH He GyneT, HeCMOTps Ha
3HAYUTEJBHYIO BJAXKHOCTb H HaJHyHe YCJAOBHOH HeYCTOHYHBOCTH B
HUCXOJHEIH CPOK.

Tenepb npojesialite CaMOCTOATENBHO CJAEAYIOMHN NpHMep: 3Haue-

HHSL 1y, © U Py Te Xe. Mycrs I'=0,4; Q=0,2; ry=75%; P=
==1000 rlla.

Ila, B saTOM cayuae KOHBEKTHBHLIC ABJCHHS GYAyT, HECMOTpsS Ha
TO, UTO B HCXOXHHIH cpok ['>>0.

BMmecte ¢ Tem mpu ycrotiuusot mmocqbepe MOTYT BO3HHKAaTb .U
Ipyrue (HEKOHBeKTHBHBIE) BO3MYIIeHH:. Hanpumep, <«B3DBHIBHOH»
LHKJOTeHe3, Me3ONUKJIOHE, Me30(DpOHTH, HH3Kas 06JayHOCTb M T. I.
B sToM ciayuae HeoGXOAMMO NPHHHMATh BO BHUMAaHHe NOKasaTeab D.

IIpyu BO3HUKHOBEHHH KOHBEKTHBHEIX BO3MyINeHHH (QOH JaBJeHHs
TAKXKe UIPaeT ONPEe/eNeHHYI0 POJb, NOITOMY C/IEAyeT Pasiuyarh BO3-
MYINEHHs] TPH MOHUKEHHOM (HOHe AaBJIeHHT 1 BO3MYIIEHHA NPH NO-
BHILIIEHHOM (pOHe HaBJeHHs.

[Noxasaress BO3MOMKHOCTM BOSHHKHOBEHMsI BOSMYINEHHE HA (poHe
[OHMKEHHOTO JaBJEHHS MOXKET ORITh BHUUCJEH IO HOpMyJe

Ion = — D (D - Q) + PP. (2.18)

Ecau Ipp=C{—1,0, BO3MYILIEHUS BO3MOXKHHI;
ecan Ipmp>-—1,0, BO3MYIIEHUS MaJIOBEPOSTHHI.

IlokazaTesb BO3MOXKHOCTH BO3HUKHOBEHHS BOSMYIEHH Ha (oHe
IOBBIIIEHHOTO IaBJEHHUS

Ips = D(D — Q) + PP, . (2.19)

Ecau Ipg>=1, BO3MYIIEHHS BO3MOXKHHI;
ecan [pp<<1, BO3MYIIeHHS MaJIOBEPOSITHHL
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CDopmme (2. 18) u (2.19) yxasuBaloT JHIIb HA BO3MOXKHOCTb pas-
BHTHS BOSMYLICHHH, HO He ABJISIOTCS CpelICTBOM IpOrHO3a CaMHX
BO3MywleHu#. JlJ1s NpOrHo3a BO3MYINEHHH MCIOJNB3YIOTCS COOTBET-
cTByolKe MeToAuky. HauboJsee pacnpocTpaHeHHBIE M3 HHX HDPHBO-
HOstcsl B raaBax 3—©6.

Heo6xoniumo yxKasaTh emie Ha OIHY CTOPOHY (DOpMHpPOBAHUS JIO-
KaJbHOH IOroAbl B YCJOBHSX YCTOHUMBOH aTMoc(epbl, a HMEHHO Ha
BJIYsIHHE MeCTHHIX oporpauueckux OcoGeHHOCTEH U XO3SIHCTBEHHOMH
JeATE/ILHOCTH UesoBeka. Uamle BCero 3TH (PAKTOPH HUIpaloT onpele-
JAOLIYI0 POJb, XOTS, pasyMeercs, NOrofa B 3HAUMTEJbHOH CTENeHH
6yner 3aBHCeTb M OT (hOHA HABJEHHs, U OT HANPaBJeHHS H CKOPOCTH
OCHOBHOI'O NOTOKa B armocdepe, M OT BJAAXKHOCTH M APYrHX Iapa-
METPOB.

Taxum o6pasoM, B HTOre MOXKHO CKa3aTb, KaKHe SIBJEHHS H BO3-
MylleHHsT GOPMHPYIOTCH TEMH MJH HHBIMH MeTeOPOJOrHYeCKHMH Ipo-
geccamu. Jlocaennue pasg yrao6cTBa JaJjbHEHIIEro pPacCMOTPEHHS
MOXHO YCJOBHO DasAesUTh Ha 4YeTHpe IPYNIHL

I. IlponeccH B craTHyecKHd HeycToHumBoi aTMmocdepe.

II. TIponecce B crTaTHuecKH yCTOHuMBOH aTMoctepe Ha (oHe mo-
HHXEHHOTO JdBJICHHS.

ITI. TIpomecce B cTaTH4ecKH ycTOHYHBOH aTMochepe Ha (hoHe moO-
BHIIEHHOI'O [ aBJIEHUS.

IV. Tlpoueccw u sIBJIEHHS, 06yCJ10BJ1eHHble BJUSHUEM MeCTHBHIX
oporpaduyeckux ocob6eHHOCTel M XO3SHCTBEHHOH HEeATEJbHOCTH ue-
JIOBEKA.

Ha BosunkHOBeHMe M pa3BUTHE INPOUECCOB HE3ABHCHMO OT HX
TPYIIBl CYMECTBEHHOE BJHMSHHE OKa3hIBAIOT CE30H FOMa, LIHPOTA Me-
cTa H XapaKrep HOJACTHJ Ao el TOBEPXHOCTH. ITocnennsss MoOKeT
GBITh TIANKOH HJIH IIepOX0BATOH, BAAXKHON WJAH CYXOH, 3aCHEKEHHOH
uJaH GecCHEXHOM, TeMHOH WJH CBETJOH M T. I

Ilpu pasBuTHH nHpoleccoB IPYHNB I MOTYyT, B YaCTHOCTH, BO3HH-
KaTb CJlefylonidge Me3oMacliTaOHEeE BO3MYIIEHHS:

a) BTODHYHBIE XOJOJAHBEIE (DPOHTHI;

0) JIHHWM IIKBAJOB (HEYCTOHUHMBOCTH);

B) CKOIIEHHE KY4YeBHX 00J/aKOB;

T) CMepu¥, MKBAJH ¥ TPO3H, CBA3AHHBIE ME30MACHITAOHEIMH KOH-

© BEKTHBHEIMH KOMILJIEKCAMH (MKK) ‘

1) BTOpHYHEIE OGIAYHEIE BHXPH PIJIH ME30LHUKJOHE, 06yCJIOBJAEH-

HEle MKK;
€) OTA€JbHBIE KyueBO-LOXKJEBble 06/Jaka.’

Ilpu pussuTHH npomeccoB rpynnsl Il MOryT BO3HHKATH:
a) ME30UHKJOHHE WJH BTOPUYHBIE IHKJOHBHI,

0) ycrofiuuBEe BOJHH Ha aTMoc(epHHX (pOHTaX;

B) Me3oMacHITaOHBIE IOJS HHU3KOH 00/1auHOCTH;

T) Me30(hpOHTH (JWHHHM KOHBEPreHIHH BeTpa);
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L) Me30MacmTAGHbE MOJOCH OCAfAKOB (BHYTPH 30H OGJOMKHBIX
0CaJKOB);
€) «B3DLIBHOH» IHKJ/OreHEs.

Ilpu passurum npomeccos rpymusl 111 oﬁpasyfmcx

a) MmesomaclmTabHEE 30HB TYMaHOB;

6) HOYHBIE HH3KOYDOBEHHBIE ME30CTPYH;

B) YCJOBHS JJs1 CKOIUIEHHHA 3arps3HEHHil BO31yXa, CYIIECTBEHHO
YMEHbINAOLWNE AAJIbHOCTL BHIMMOCTH;

r) mesomacuwITaGHbIE IIOJIST HU3KOH NOABIHBEPCHOHHOH 06JauHOCTH
(ocoGeHHO, B XOJOLHEHIH CE30H rona). :

[Tpouneccel u sBaeHns rpynnsl IV Bki/ouaor:

a) OpHsH W SIBJIEHHS, C HHMH CBSI3aHHEIE;

6) TOPHO-IOJUHHHEE LHUPKYJSILUH;

B) OeperoBble aTMOCQEpHBIE (POHTH

r) oporpaduueckuii GpOHT H LHUKJIOTEHE3;

L) CMOTH, TOPOACKHE TyMaHBbI, MOPO3HEIE TYMaHBI; ‘

e) pasauyHble MeCTHHe BeTpH (6opa, capmMa U T. J.), B TOM YHCJE

MECTHBIe HUPKYJIALNNH, 06YCAOBJEHHBE BAHAHAEM METaloO/HCOB,

MesoMacmTaﬁﬂbIe SIBJIEHHs] W IPOLECCH pAa3HYaloT elle 10 HX
TOPHU3OHTAJBbHLEIM pa3MepaM M BpPEMEHH, B TeueHHe KOTOpPOro OHH Cy-
IIECTBYIOT (BpeMs «XKH3HH» BO3SMYIIEHHH).

Han6osee kpynHble Me3omacuiTabHBIE npoueccm H SBJEHHA MOTYT
HMMeTb TOPH30HTaAbHBle pasMepsl Ao 2000 kM u AJHMTBCH GoJee CYTOK,
a HanOoJiee MeJIKHe — He 6oJiee 1—2 KM M IPOJOJIKATbCS HECKOJbKO
munyT. Ilo cymiecTBy, HMeeTcsl LeJBHIH CIEeKTP pasMepoB Me3oMmac-
IITa0HEIX NPOIECCOB, KOTOPHIE. HEIPEPLIBHO 3BOJIOLNHOHHPYIOT. Mes-
KHe NpOIeCCH MOTYT <«Ie€pepacTaTh» B 6oJee KpyIHHE, H HA06ODOT.
OznHako 1ast ymoGcrBa H3yueHHs NPHHATO Bce Me3oMacHITaGHBIE IPO-
IeCCH [0 HX TOPH3OHTAJbHOH NPOTSKEHHOCTH AEJNHTb Ha TPH THIA,

Tun 1. Tlpouecce ®W sBJeHNSs, TOPU30HTANbHAS HPOTIKEHHOCTH

koTOpHX  200—2000 kM. Mx HazblBalOT npomeccamu Macwraba

ME30-a. Bpems «XKH3HH» THX NIPOIIECCOB NECSTKH YacoB, v
Tun 1. TIpomeccsl ¥ SIBIEHHS, TOPH3OHTAJbHEE pasMepfl KOTO-

@HX 20—200 km. HMx =HaswBalorT Inpomeccamu Macimitaba ME3O-B.

=,

peMs «XH3HH» 3THX IPOIECCOB OT NoJydaca IO HECKOJbKHX YdCOB.
Tun Il Tlpoumecch u sBJeHHs, TOPH3OHTaJjbible pasMepbl KOTO-
peix 2—20 kM. Mx HasmBaioT mponeccamu Macmraba ME3O-y. Bpe-
M5 «KH3HH» 3THX IIPOIECCOB OT HECKOJbKHX MHMHYT L0 IIOJy4aca.
Takoe JejieHHe IMPOLECCOB H3BECTHO KaK KjaaccHpukanus Opaanz-
CKOTO.



Faasa 3
CBEPXKPATKOCPOYHBIE NPOTHO3bl NPOLECCOB

M SBJEHHUA B YCJOBUSX |
CTATUYECKHA HEYCTOHYHUBON ATMOCPEPDI

B mpenrinymefi raase OBIM PacCMOTPEHBl HEKOTOpPHIE INPHEMBE
OLEHKM CTaTHUEeCKOH HeycrofuupocTu artMmocdepn. [Ipuctynas x co-
_CTaBJEHMIO CBEPXKPaTKOCPOUHOrO IPOrHO3a, NPOTHO3HCT yXKe 3HAET,
4TO arMmocdepa HeycToHuuBa. BMmecTe ¢ TeM €My HEH3BECTHO, BO3-
MOXHa JIM peau3anus CYIeCTBYIOLeH HEyCTONUMBOCTH M eCJH BO3-
MOXKH4, TO KakHe SBJEHHS MOTYT BO3HHKHYTb B pesyJbTate paspe-
HIEHHs] HEYCTOMYMBOCTH. Bce 3TO OH fo/XKeH HpeiacKa3atb. TexHOJO-
THS COCTaBJICHHs IPOTHO3a CBOAHTCA K CJAELYIONIUM ONepalusiM:
1) omeHkKa BO3MOXKHOCTH paspeIleHHs CTATHYeCKOH HeyCTOHUHBO-
CTH aTMOC(epH!;

2) onpeieneHHe nmapaMeTpPOB KOHBEKIHH;

3) omnpejeseHHe BO3MOXKHOTO THII2 KOHBEKTHBHOI'O Ipolecca
H/UJIH SIBJEHHS;

4) pacuer BpeMeHH HavaJa - OKHAAEMOTO SBJEHHS B 3aJaHHOM

nyHKre (IYHKTax).

Brmze xpatko GBIO faHO OOIiee HPEACTABJIEHHE O pa3pEIIeHHH
CTATHYECKOH HeyCTOHUMBOCTH. Telepb pPacCMOTPHM IPOIEAYpPY OIleH-
KM BO3MOZKHOCTH paspelleHHs] HeyCTOHUMBOCTH 0oJjee NMOAPOGHO.

AtMmochepa penko OniBaer abeomoTHO HeycTofunsod. E#t Gosblie
CBOHCTBeHHAa YCJOBHasl HeycToHuuBoCTb. Ilpu abconoTHO# HeycTOHUH-
BOCTH ee paspellleHWe HauyWHAaeTcsl CIOHTAHHO M IIPH HAJWYHH HOCTa-
TOYHOH BJIAXKHOCTH 00s3aTe/IbHO HPHUBOJUT K Pa3JHYHOrO poja KOH-
BEKTHBHBHIM SIBJICHHAM. Ecad Xe aTMocepa BJaKHO-HEYCTOHUHBA, TO
LJIs. paspelleHnsl HeyCTOHYHMBOCTH HEOOXOAHMMBI HEKOTOphHle IONOJHH-
TeJbHble ycaoBHs. I103TOMy 4acTO BJIa*KHOHEYCTOHUHBOCTb HA3BIBAIOT
YCJ0BHOH HeyCTOHUHBOCTLIO. BJIaXXKHOHEYCTOHYHMBOCTD MOXKET paspe-
HIMTbCS. [PHU YCJIOBHWH HOCTHIKEHHS BO3LYXOM COCTOSIHHS HAaCHIEHHS
BOJSIHBIM IIapOM._

3anuiem ypaBHeHHe NEPEHOCA BJAarH B BHAE

o 0 aq)
2 e VYV eV + (2 5. 3.1)

JlokanbHOE H3MEHEHHe MAacCOBOH MOJH BJarw 0¢/0f 3aBUCUT OT
agsekuuu Baard (V yg), HuBepreHUHH BJard yipgV) u TypOyJeHT-

0 0 o ,
HOTO IiepeHoca BJaru O_z(k 53) B OJHOPOAHBIX BO3AYUIHBIX Maccax

3HaveHue yq—-0, credoBaTeNbHO, KPYNHOMACIITAGHBIE aJBEKTHBHBIE
HpOLlecCH BPSAJL JH MOTYT CKOJBKO-HHOYAb 3aMeTHO H3MEHHTh JIO-
KaJbHOEe COZepXKaHHe BJard B BO3AyXe 3a KOPOTKHE CpokM. OmHaKo
ec/M PaccMaTpHBaThb Me30MaclITaGHBIE NPOLECCH, TO C YY4ETOM BO3-
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MOXHLIX HEOJHOPOJHOCTEH MOACTHJAIOUEH NOBEpPXHOCTH (HAUpUMep,
Haauuve HeGOJBIINX BOJOeMOB, -00JIOT, JeCHHIX MaCCHBOB H JIp.)
B OTAeJBHHIX MECTaX SHAUEHHS Y4 MOTYT OBITh CYIIECTBEHHBIMH H HX
chrefyeT VUATHIBATH INIPH aHasiu3e JOKAJbHHIX HpoueccoB. Bo ¢pon-
TAJIbHBIX 30HAX aJBEKIUS BAATH V yg MOXKET NOCTHTaTh HECKOJbKHX
rpaMMoB Ha | Kr BO3AyXa 3a CYTKH.

IIpuMem xapakrtepHBe MacmTabbl BXOASMIUX B cbopMy.ny (3. 1) Be-
JHUHN TPHMEHHTEJBHO K MesonpoueccaM KaK OHH VKa3aHH. B
taba. 3.1

Tabauya 3.1
XapakTepHble MacmITaAGbI ME30NpPOLECCOB

Besuuuna Macmira6
TopusonTanbHbfl pasmep mpomecca L 104 M
Ckopocts BeTpa U . 100 Mic
Bpems © 104 ¢
Boicota H ‘ 103 M
TlaoTHOCTS D 100 xr/m
BeprukagbHas CKOPOCThb V(He KOHBeKTHBHast) W 10~2 Mjc
-MaccoBasi AOJA BJATH ¢ 1073 xrjxr

IIpounTerpupyem ypapsenue (3.1) B npelenax MOTPaHHYHOIO
CJI0L.
qH

H H H 50 s
gqtd2=——§Vquz——6s pqdidez+6§—£( ?%)dz

HJIH
P P
‘]fH—“_‘(vV‘I)H“}‘P‘]W —{‘{ ZJH—‘[k%L-
Taxk kak
dq 0q
{’“"a'z“k [ka—zJo’

TO

_ . — W, k0

‘-qt=—Vvq+pq—H———H—0—Zo. (3.2)

QueBHJHO, UYTO B OZHODOJHBIX BO3AYIIHBIX Maccax HepBHIH uJeH
8 npaBofl yactH Qopmyar (3.2)

Vyg = —le—A'q» 0.
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Onnako BO ¢(POHTANbHBIX 30HAX H C YHeTOM BOSMOXHHX ME30-
MaCHITa6HbIX HEOHOPOXHOCTEH
10-4

o Z =10~ 8 ¢,

Ag =10+ u —L‘i—_-

T. e. Vyg=10-% c-1,
Macmitab BTOpOTO uJieHA B npason 9acTi Bmpameﬁm (3.2) pagen

g T = 1001070207 — 10-3 ¢,
Tperu#i unen B mpaBofi wactn (3.2)
k& 09 _ _kAq,
H 0z = H:?

3xech caenyer oOpaTHTL BHAMAHHWE HAa W3MEHEHHE MAacCOBOH JOJH
BJary IO BepTHKaJW. B ciayuae yBJIaXKHEeHHOH IOACTHAAMOLIEH OBEPX-
HOCTH JIETOM 3HAUCHHE ¢ V TNOBEPXHOCTH J3eMJH MOMKeT NOCTHUTaTh
20 r/xr, a Ha BEICOTEe | KM MOXKeT GHITH Ha NOPSROK MeHbiue, Cieno-
BaTeJbHO, B JAHHOM cCJydae MOXHO NPHHATE Ag,=10"2 u ¢ yuerom
[k]=10° 3anucaTs

A 0, —2

J19 npuBEAeHUS BO3AYXa B COCTOSIHHE HACHINEHHS NPH .OGHUHBIX
ycaoBusix Tpebyercss fo6GaBKa BJard B HECKOJBKO I/KT, T. €. MOPSIOK
YjleHa B JeBOH uacTH ypaBHenus (3.2) mosxeH OvITh 10-3/10%=
=10-7c~!. OueBHAHO, UTO HH OJWH W3 IPOLECCOB He MOXKET ofece-.
4uTh TpebyeMmoro HpuTOKa Baard. OLHAKO eCJH BCe TPH IIpoiecca
Oyxyt neficTBOBaTb B OLHOM HAIpaBJeHHH, TO BO3LYX MOXKET CV-
IIeCTBEHHO NPUOAH3UTHCA K COCTOSIHHIO HACHIIIEHHS HAM YILAJHTbCS
OT Hero. B

TlpoBenentsle paccyXAeHHs CIPaBeNJNHBE B YCJAOBHUSX paBHUHHOMN
MecTHOCTH. [Ipu Haawdum oporpamuecKUX NPendaTCTBHE BepTHKAJb-
Has CKOpPOCTb MoxKeT OHITb IO KpaliHell Mepe Ha NOpSIAOK GoJiblle,
T. e. W==10-! M/c, 1 okaxKeT pewamluee BIHUSHAE HA NPHUBEJEHHE BO3-
JyxXa K COCTOSHHIO HaCHIIEHHS.

O6paTuMcs K YpaBHEHHIO IDHTOKa TemJa:

o7 ‘ 7 08 Q
ot T Vvr W@ oz Cy (3'3),

IleppLiii usien B npaBod dyacTH ypaBHeHu# (3.3) Vyv7 = UAT/L
OpeACTABISET coGolt aABEeKIHIO Tenna (xonoxa). B OAHOPOAMBIX BO3-
AywHbxX Maccax - AT/L==10"%...10-7°C/M, BO (pOHTANBHEIX 30HAaX
¢ 'yueTom Mesoﬂeonﬁoponnoweu 3Ta BENMUWHA HA MOPANOK Goubiite,
T. e. AT/L=10-5... 10~ 60C/M

. T
‘BTopon wIeH paBoi yacTu ypasHemns (3.3) W—g— (ﬂ OpeAcTaB-
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JseT cofof aauabaTHUeCKOe H3MEHEHHe TeMIepaTyph, pasHoe 1°C
Ha 100 M mopwema (omyckamust), mam 10-2°C/m. CreloBaTelbHO,
macuitab atoro usnesa npu W=10—2wm/c paBern 10-%°C/c, a ¢ yuerom
oporpadpun 10-3°Cfc.

[Mopsiok BeJMWUMHBI TPETHErO YJeHa, ONHCHLIBAIOLIEro Hea,unaéam-

,UJIH IpUBEHAECHUS Bosﬂyxa B COCTOSIHUMe HAChIleHHs1 OOBIYHO Heol-

@KHE IPHTOKM TelJja, paBen 10-% °C/c

R

K

UMO TNIORM3HUTh €r0 TEMNepPaTypy Ha HECKOJBKO IPaiycoB 3a 3—
= 614, T. e. wieH B JeBOH YAaCTH yPABHEHHS NOJNKEH HMEThb MOPANOK
10— °C/c Tak kak B JHeBHHE Yachl HealHabaTHUeCKHe NpPONECCH IO
Kpaiine#l mepe He IOHHIKAIOT TEMIEPaTypy BO3Iyxa, TO Hanbojee Be-
POSITHEIM MeXaHM3MOM IIOHHMXKEHMS TeMIIepaTyphl BO3AyXa OCTAeTCA
ero azvabaTHYecKOe OXJaXKAeHHE.

Taxkum o6pasoM, HauGoJiee BepPOATHBIM VCJIOBHEM INPpHOIHKEHUS
BO3JlyXa K COCTOSHHIO HACHIIEHHS M, C/eI0BATeNbHO, K YCJOBHIO pas-
pelleHul BJAXKHOA HEYCTOHYHBOCTH SIBJIAETCH HaJUYHEe KOHBEePTeHLHH
BETPAd, - 06yCHOBJUBALOINE BepTUKAJIbHEIE BOCXOLSININE JABUKEHMS
H/UJH BJAUSTHWE OpOTpadui.

B 6apuuecKuxX NMOMAX IUKJIOHHYECKOTO THIA, KAK IPABHJIO, HMEeT
MECTO KOHBEPTEHIMS BO3AYIIHBIX IIOTOKOB M, CJ€IOBATEJbHO, BOCXO-
Asille HBUXKEHHA; B INOJAX AHTHUMKIOHHYECKOrO TUIIA — NHBepreH-
ouA W HUCXo#fmiue ABHKeHHs., CJIOBATENbHO, HAJHUKE BOCXOJISA-
MIUX IBHXKeHHH, o0yCAOBJEHHBIX KOHBEpTeHiHe#d u/uau oporpacduei,
ecTb HeoOXOAHMOe YCJOBHE JAJA pa3pelleHys CTAaTHUYECKOH HeyCTol-
YUBOCTH.

OIBIT NOKA3BIBAET, UTO Jaxe NPH HAJNMYHH YKA3AHHOTO YCJIOBHS,
KOHBeKIMsl pas3BuBaeTcsi He Bcerfa. lleqo B TOM, UTO BOCXOASIINE
JIBHIKEHHA MOTYT He yCIeTb JO CBOETO H3MeHeHHs IPHBECTH BO3AYX
K COCTOSIHHIO HaCHIIEHHS HJH 1O NPUUYHHE HX HeGOJBIIOTO 3HAYECHHST
V/WJN H3-3a HEBHICOKOH BJIAXKHOCTH Bo3ayxa. st Gojiee yBepeHHOTO
CYXJAEHHSI O PAa3BUTHUH KOHBEKIHU HCHOJb3YIOT IIOKA3aTeJb KOHBEK-
TUBHOH HEYCTOHUHMBOCTH (OUpEAeJsIeTCs TOJLKO B CJydae YCJOBHO
HEyCTOHUMBOK aTMOC(pepHl) ;
3

_ Azgnc —-—AZa_, (3 4)
= .____——--—Azs .
rie Azgmc— TOJIIMHA KOHBEKTHBHO-HEYCTOHUMBOTO CJIOA, AZz — TOJ-
[IMHA 3alHPaIoIIero cJjosl. 3amupaloliui CcJIoH — BEICOTA, Ha KOTOPYIO
HYXHO NOJHATHCHA YACTHIE BO3AYyXa OT HCXOJHOTO YpOBHS, UYTOOL
CTaTb MOJOXKHUTENbHO IJaByuell (moapoOHee cM. yueGHOe mOcOOHe
I T. Tapakanopa «KoHBeKIHsi # CHCTEMB IBHMKEHHS B TPOIHMKAX».
JI., 1986). Ecin »=0, aTmMocdhepa KOHBEKTHBHO HeyCTOHUMBA M KOH-
BeKIHsI OIpejeseHHO OyneT pasBHBATbCs; eclH %<0, TO MOTryT pas-
BUBATLCH JIMIIb CHCTEMBI MEJKOH KOHBEKIHH.

Hcxonnoit unpopManued 1Jisi BHYACIEHHS % CAYXKaT LaHHBIE 30H-
IUpOBaHUS atMmocdepbl. 3aMeTHM, UYTO IPH HCIONb30BAHHH AaHHBIX
HOYHOTO HJIHM YTPEHHEro 30HIMPOBAHHA HeOOXOJHMO JaTh NPOrHO3
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MaKCHMaJIbHOH TeMmuepatypul Tn ¥ BJAAXKHOCTH (TOYKH POCH) Tgm
B IIpH3eMHOM cJioe.' [Ipy BHIUMC/IEHHH ¥ NPEACKA3aHHEE 3HaueHHs Ty
# Tygm WCHONB3YIOTCA KaK TEMIepaTypa M TOUKa DOCH CaMOro. HHK-
.Hero ypOBHS.

3anHullleM BHIpaxeHHe BJAXKHO-CTATHYECKOH SHEpPTHH

h=c,T+gz+Lg. \ ~°

3pnech L — ckphITas TemIOTa, OCTaJbHbe 0603HAYeHHs CTaHAAPTHHE.
STo Je BHpPaXeHHe AJIs HaCHIIEHHOH aTMoC(ephl  Gyner

B =c,T+ gz + Lg*.

GOmluHO aTMOC(epa HeHachIleHa. Ecam xe TPE/INIOJIOKHT, YTO OHA
KaKMM-TO 06pasoM JOCTHMraeT HACHIIICHUS NIPH TOH Xe TeMnepaType
TO Takylo arMochepy HasHBAIOT aunorerudecky uacowyesnot, Cum-
BOJ «*» OGyHeT O3HayaTh THIOTETHUECKOe Hachuenue. A. Y. dainb-
KOBMY ! moKaszaj, YyToO HPOCTPAHCTBEHHOE H3MEHEHHE BJIAXKHO-CTATH-
YyeCKOH SHepruM HAEHTHYHO H3MEHEHHIO S5KBHBAJIEHTHO-NOTEHLHAJbHOM
TEMIEpaTyphl l'IosTomy, Bo- nemex

“on a@; g Orr _o8r Y/
\dz dz . 0z d

H, BO-BTODHIX, Bmec'ro BJIAXKHO-CTATHYECKOH 3HEPTHH MOXHO BEIUHC-
JSITh SKBHBAJEHTHO-MOTeHIHANbHYI0O TeMnepatypy (JIIT), 1. e. He-
TI0JIb30BaTk Ty e HHPOpMAalHI0, KOTOPYIO NpHMEHSJM AJs BHIYHCJE-
HHUF NOKa3aTenast I‘e. Ocraerca TOABKO BHUHCAHTE IIIT rumoreTH-
YeCKH HaCHIIEeHHOH aTMoccpepr

— Bexp e Sq*/ T)
: TH9D |
qg- = '—‘p——— 10 .

- Ha puc. 3.1 mpeacTaBaeHO THNHUHOE MJIST YCJIOBHO HEYCTOHYHBOH
aTMoccbepr pacnpegesnenue @, B 0, ¢ BucoToll. EcM OT MHHHMAJb-
HOTrO 3HayeHHA ©.* OMyCTHTbCA IO IepeceyeHHS ¢ KPUBOH xo0xa @,
TO MOJYYHM TOYKY, COOTBETCTBYIOULYIO BHICOTE BEpXHEH TpaHHIB KOH-
BektuBHO-HeycrokuuBoro cjaost (KHC). Ero HuMXHAS rpaHHua — uc-
XOIHHH yposeHb. Temepr Ham u3BectHa TosmuHa KHC. Ecaum mog-
HATbCSA OT TOUYKH, of03Hazawmel @, Ha HCXOLHOM YPOBHe, HO mepe-
CeueHHs ¢ KpHBOH x0xa ©,%, TO mOJyuHM BHICOTY BepXHeH IpaHHIE
sanuparmoomero cjaod. Takum obpasoMm onpefedseTcs TOJIHHA 3TOTO
cnos. Temepb Jerko BHUHCAHTL 3HaueHHe x. OJHaKO Ha INpakTHKe
He Bcerja yHoGHo mnpuGerats K rpagduueckoMy cnocofy pacuera
Azknac, Az; ¥ %. ECJIH T0JIb30BATLCS [EPCOHANLHEIM KOMIBIOTEPOM, TO
no pHC. 3.1 MOXHO NpPEAJOXKHUTb aHAJMTHUECKYIO CXeMy pacyeTa.

! Cu. monorpaduro A. V. danpkoBHua «[IMHAMHKA H SHEPreTHKA BHYTPHTPO-
NMUYeCKO#l 30HE KOHBepreHmuu». — JI.: mapomereouspar, 1979.
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ATMoccpepa CTATHUECKH HEYCTOHUHBA, eCJH 0®e/dz<0 Onuako
B peajbHOH arMocdepe He ObiBaeT Tak, yToOBl BO Bcefl Tpomocdepe
‘0®e/62=const<0 BO3MOXHBl CaMble pasHple pacnpefeseHus - Qe
¢ BhcOTOH (pHC. 3.2). OOGBIUHO €CTb HECKOJBKO CJOEB C Pas/HUHEIM
pacupejieneHueM TEMIEepaTyphL. .

Bo-nepsoix, cnoit, rie 00,/02<<0 (1. e. HEyCTOHUHBHIH CJOH), MO-
JeT HAYMHATbCH Kak y IIOBePXHOCTH 3eMJaH (xkpuBast [), Tak U Ha
Jio6oM Apyrom yposHe (kpusas II).

Bo-sropoix, MoxeT. OBITb HECKOJBKO HEYCTOHUHBHIX CJIOEB, CJe-
LyOWuX OAHH 3a ApyruM (kpuBas [), HO HMEIOIHUX pa3HEEe BEpPTH-
KajbHble rpagnests JIIT.

B- -TPeToux, MOMKET CHITh HECKOJbKO HEyCTOHUMBHIX CJIOEB, pasjie-
JIeHHHIX YCTOHUMBHIMH cJoaMu (kpusas II1).

ITockoJbKY TOUHOCTb JAHHBIX 30HAMPOBAHUS aTMOC(hEPH HeBeJH-
Ka, OpH HeOGOJBIIAX pPa3NHuHAX 00./02 B COCEJHHUX CJHOSIX MOXKHO
CBECTH HECKOJIbKO HEeYCTOHUMBHIX CJOEB K OJHOMY CJOIO (B3iTh Cpen:
Hee 3HaueHHe 00,/0z B. 3THX CJOSX) HJIH K JBYM CJOSM, €CJIH 3Haue-
HUS 00./0z CyilecTBeHHO pasJjuyaloTcs (cM., HamphaMmep, puc. 3.1).
B nepBom cayuae roBopsiT 06 OOHOCAOUHOU HeYyCTOU4UBOCTU, BO BTO-
poM —o muoeocactinod. Ecau e HEYCTOHUMBHE CJOH pasfel]eHH
VCTOHUMBLHIME HPOMEXKYTKAMH, TO TOBOPSAT O pa30enexHoli Heycroli-
yusocTu. TTocJaenHsIsT 4acTo COIPOBOXKJaeT (DPOHTH. OKK/IIO3UH B JIET-
Hee BpeMs. B 3ToM ciyudae x BHUHC/SETCSI OTZENBHO MJS KaXAOro
CJI0S1. ‘ '

IIpu oxnocmofiHofi HEYCTOMYHBOCTH paccMAaTPHBAIOT [BA YPOBHS:
BepxHHH (6yzeM 00603HAUaTh ero HHAEKCOM «B») M HHUXKHHHA (6yleMm
0603HauaTh €ro HHAeKcoM «H»). Torza

_(_@e*B - Q:H) (@e‘:a - ®eH)
'(Qes - @eﬂ) (G}eﬂ — g

b r—12

— 1. (3.5)

Ilpu nBycjofinofl HeyCTOHUMBOCTH HCIOJb3YIOTCS TPH YPOBHS (CM.
puc. 3.1): BepxHHH (B), HMXHHE (H) U cpeiHuil (Oyaem 0603Haanb
€ro HHlIeKCOM «C») H BO3MOXKHEI UeTHIpe KOMOHHAIHH.

18k L0, -u 0, <95

(8% — 8,,) (8 — O,

3 —1; 3.5!
) S * (®e}l - @ebﬂ) (@ec - en) ' ( )
I 03< 0, 1 0,>05 o |
’ _ e*ci— @Z’eﬂ ‘ 2y — Z¢ (@)53 - gec) - 1. I1
= ka; en 1 7 (QeB — 0.) b ' (35 )

. 8% >0, 1 0,,>05 , ‘)
[(zs —20). (-@*—"@'ec) 4 2.0, — 0,)] (0% —8%)
[(za "," zc) ( " @;'fc) '+‘ Ze (?,fn—— .:c)] .(@)ea bt @ec)
V. 05>60,, 0 0,<05
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___z(e5—8,) (8% — 6%
(O, — 0,4) [(2s — 2) (B, — 820) + 2. (B%: — 02)]
PaccMOTpHM IpHMepH BHYHCHEHHsS SHaueHHH x.

— 1. (3.5

' TNpumep 1. ) .
2y . .. .. ... 0 1500 3000
e.XK. .. . . . . .. 33 319 326
84K . . . . . . . 350 322 328

HeprnHo BHJETh, 9T0 3Jech B nepBoMm cioe (0—1500 M) 0@./0z~~—7,3-10-3 K/m;
00.*/0z~~—18. 10-3 K/m. Bo - Bropom cJjoe: a@e/6z~47 10-3K/m; 00./0z=
~4-10-3K/M, T. e. UMeeT MeCTo OJHOCJIOHHAsl HeycroHumBocth. JJasi pacdera Boc-
Roab3yeMea Qopmynoir (3.5)

(322 — 350) (322 — 330)

*=—@r =y =5 | ~ 0

%>0, ¥ 109TOMY CjlelyerT OXKHIATh Da3BHUTHA KOHBEKIIMH.

Npnmep II

z® . . ... ... 0 1500 3000 5500
6.K. . ... ... 33 319 318 321
O*K . . . ... . . 350 322 320 322

B sroM cnygae B NePBOM CHH3Y cJoe 00./0z~—73-10—2K/M; 30.*/0z~
~—19:10-2K/M; Bo BrOopoM ciaoe 00./0z=~—0,7-10-3K/M;- 90.*/0z~—1,3 X
X10-3K/m; B TpetheM cioe 00./02~1,2-10—3K/m; 00.*/02~0,8-10—2 K/m. 3nech
HMeeT MeCTO [ABYCJaOfiHasd HeyCTofHgHUBOCTh, KoMOuHauus [, T. e. @*;c < O
8,. < 97, Hna BUUMCKEHHT % CHAeLyeT BOCHOJIL30BaThCA (opMmymonr - (3.51):

(320 — 330) (322 — 350) _
(330 — 350) (310 — 330)

b —=

— 120,27

HOCKOJley HMEET MeCTO 3HAUHTENbHAsA KOHBEKTHBHasS HEYCTOH‘IHBOCTB CJIEILYET
O}KHI(aTb pasBHTHA ray6oKoH KOHBEKIIHH.

HNpumep 111 : ’

zZM . . . . . . . . 0 1500 3000 5000 8000
K. . ...... 330 319 316 312 318
®*K . . ..... 30 326 320 313 318

3Necb B 1ePBOM -CHH3Y CjIoe 00./dz~—4-10-3 KfM; 30.*/0z2=—16-10"2K/M; BO
BTOpOM cloe 08./0z=~—2-10-3K/M, 00.%/0z~-—4.10-3K/m; B TpetheM cJ0&
00./0z~—2-10—2K/M, 00.%/0z~—3,5-10-3K/M. B uerBepToM ciaoe 00./0z=
=~0,75.- 102 K/M u 00.*/02~0,62.10~3 K/m. : -

B sroM caysae HabmofaeTcs MHOTOCHOHHAS HEYCTOAUHBOCTb, KOTOPYIO MOMKHO
CBECTH K [BYM CJOSM, IOCKOJNbKY BeprHKadbHbie rpazuentsl JIIT u IIIT* Bo Bro-
POM H TpeTbeM CJOSIX MOYTH OAMHAKOBHL Ilocje wero sa HMIKHHA YDOBEHb II -
HaTe 2z=0; cpeamnii — z==1500, Bepxuuft —2z=5000. 3nech 6} > Ocy n 0,c>07,

T. €. HMeeT MecTo KoMOmuanus IIL. Bocno.nbsyemcsl cpopmy.non (3.51)

_[(5000 — 1500) (313 — 318) -+ 1500 (312 — 319)] (313 — 326) _
= [(5000 —. 1500) (325 — 326) + 1500 (313 — 326)] (312 — 319) -
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1‘136JIIOllaEBTCH 3HAaYHTeJbHAA KOHBEKTHBHad He}’CTOI/I'lHBOCTb CJaenyeT OXuaarhb pas-
BHTHA I‘JIy60KOH KOHBEKH,HH c HHTeHCHBHHMH KOHBEKTPIBHI:\IMPI SIBJIEHHAMH.

PaccmoTpeHHBe BhHIIe YCJAOBHS pa3pelleHHs BJaXHOH HeyCTOHYH-
BOCTH NPHUBOMAST K. TAK Ha3biBaeMOM BHHYXIeHHOH KOHBekuuu. Cie-
AyeT, OAHAKO, 100aBHTh, UTO HeaguabaTHuecKHe HPHUTOKH TelJsa H3-3a
pasiuuns CBOHCTB INOJCTHJIAIOMIEH IOBEPXHOCTH CO3HAIOT <OCTPOBA®
neperpesa. Han TakuMu oOCTpOBaMy TeMIlepaTypa BO3AyXa OKAa3H-
BAETCs BHIIE MO CPABHEHHIO C OKPYXKEHHeM H MOXKeT CIYUHTBCA Tak,
4TO, IO KpafHeH Mepe B CaMOM HUXKHEM CJOe, BepTHKaJbHBIH rpa-
JHMEHT TeMIlepaTyphl OKaxeTcs GoJblle cyxoaaumabartuueckoro. Taxum
006pasoM, CO3MAIOTCS YCJOBUA [/ PAa3BHTUS CBOOOLHOH KOHBEKIMH.
3Iech BO3AYX Cpa3y INproOpeTaeT NOJOXKUTENLHYIO IJaByYeCTb H
CKODPOCTb '€r0 IOABEeMAa JOCTUTAeT 3HAUEHHH HeCKOJbKO MeTpPOB B ce-
KyHAY. BequuNHB BTODHIX H TDETbHX YJIEHOB B IPABOH 9acTH ypas-
Henui (3.2) m (3.3) craHOBATCA Ha NOPANOK Gousbie. TakuMm obpa-
30M, Kak OB cpafaThiBaeT TPUITeDHHII MexaHH3M 3alycka CBOOOA-
HOH KOHBEKILHH. JTO O6CTOATENbCTBO €llle pa3 TOBOPUT O II0OJEe3HOCTH
IIPOrHO3a MakKCHMAaJbHOH TeMIlepaTyphl BO3AYXaA. .

Ilocne Toro xax y6easiTcs B BO3MOXKHOCTH Pa3BUTHSA KOHBEKIHH,
'IepexOJsT K BBIUHCJEHHIO ee NapaMmeTpoB. llocnenHye TpaZHLHOHHO
BBIUUCJISIOTCS € IJIOMOINbIO a’pPOJOTHYECKOH JAuarpaMME. MeTozuka
UX OIpefesieHHs H3BecTHA M3 KypcoB OOlieHl W CHHONTHYECKOH Mereo-
POJIOTHH.

Tenepr paccMOTpUM caM¥ KOHBEKTHBHBIE SIBJEHHA H -HEKOTODHIE
YaCTHHIE METOAHKHM HX IPOTHO3a.

B nacrosimee BpeMs CYyIIeCTBYeT MHOMKECTBO METOLHK IPOTHO3a
KOHBEKTHBHEIX SBJICHHH, KdXJAas U3 KOTOPHIX paspaboTaHa [Jd OIpe-
JleJIeHHOTO MecTa uaH Ttuna Jagpmadra. Tlpuuem cosgamsas
JIAHHOIO MEeCTa MEeTOJHKa XODPOIIO OIpaBABIBAETCT, a4 B APYIOM MecTe
Ta Xe MEeTOINKa MOXKeT pafoTaTbh Xy¥Ke HJH BooGIle He paboTaTh.
WsnoxuTth 34ech .BCe CyLIECTBYIOILHE METOLHKH He IPEeACTABJASeTC
BO3MOXKHEM. [ToaToMy NpuBeXeM JHIIb HEKOTOpble M3 HHX. JLpyruMHu
CJIOBaMHM, AAfUM IPUMEPH BO3MOXKHHIX CIOCO60B NpOrHo3a HamboJsee
YACTO BCTPEYAIOIIHXCS, a TakXKe HauboJee ONACHBIX KOHBEKTHBHBIX
sIBJICHUH.

Jas yno6cTBa u3ydyeHHS KOHBEKIHIO IOADA3JeNsaloT Ha MeJNKYIo H
ray6okyro. Pasymeercd, - CyIIeCTBYeT MLeJblHl CIHEKTDP KOHBEKTHBHEBIX
SIBJCHME, HO AJS NOHHMAaHUS IpelileIbHBIX YCJIOBHE (POPMHUDOBaHHUS
KOHBEKTHBHHIX SIBJEHHH Takoe Je/JeHHe BecbMa II0JIE3HO.

CHCTEMBI MEJIKOHM KOHBEKLMHU

CuctéMnl meankoil koupekuuu (CMK) paspuBaioTcs B CJOSX aTMO-
chepnl TommuHOR A0 2—3 kM. OHM IpeAcTaBieHbH O006JaKaMu Sc,
Cu hum, Cu med, Cu COng M COCTOAT H3 MeJNKOMacHITaOHBIX KOH-
BEKTHBHEIX SUEeK KPYIVION HJH KBa3HI€KCOrOHAJbHOH (GopMEl (B miaa-
He) u/uam 06JayHHX rpsf. IlocselHHe HHOTAA. HA3BBAIOT 00JAYHBIMH
yAHIAMH, MM BadaMu. SluefiKH ObIBAlOT OTKpbITble U 3AKPLITLLE.
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OrxpoiTas sadelixa — o6iauBOe CKOMJEHHE B BHAE KOJbIA, COCTOSI-
Iee H3 OTAEJbHBIX HJH CJAKNIIMXCA 00JaKOB KOHBEKTHBHOIO HpOMC-
XOXKJeHUsA. B meHTpe Tako#l sueliky HaGMIONAOTCH HHCXOZSIIHE [BH-
XKeHus BO3Ayxa, a Ha nepudepuu — Bocxojaumue, [lostomy BHYTpH
Auedku Oe306sayHo. OTKpHITEHE sueHkH 00pasyloTcsi B XOJOJHOM
BO3JlyXe, IPUXOISIIEM Ha TeILIyI0 HOACTHUIAIOIIYIO IOBEPXHOCTb. Ecan
Ha CHYTHHKOBOM H300paxKeHMH OOHApYKHBAIOTCS OTKPHITHE duYeiikd,
3TO O3HAUAET, YTO B NAHHOM MecTe HAXOJAHUTCS XOJONHAS BO3AYIIHAS
macca,

Jakxpeiras sfuelika — obsayHoe CKOIJIEHWE TFeKCOrOHAJNbHOH ¢op-
MBI, OKpY>XeHHOe Yy3KUM Ge300/MauHEIM IIpOCTpaHCTBOM, BuyTtpu Ta-
KO# syefiku HaOJI0JalOTCST BOCXOAfAINHE MABHXKEHHHA, a Ha nepude-
PHH — HUCXOAfWIYE. 3aKpPHITHE SUEHKH O6Pas3yIOTCS B TEILIOM BO3AY-
Xe, NpHUXOAAIIEM Ha XOJOJHYIO NOACTHJIAIOIIYID IIOBEpXHOCTh. Ecam
Ha CIYTHUKOBOM H300paKeHHH OGHAPYXKHUBAIOTCS 3aKPBITHE SUYEHKH,
5TO O3HayaeT, 4TO B JAHHOM MeCTe HAXOAUTCS Telas BO3AYLIHAA
Macca. o : : :

Obaaunas epada (yauya)— objaunoe CKOIJIEHHWE B BHJAE BH-
CTPOUBIUKXCS B JuHWIO 006JakoB. Hactb M3 HUX MOXeT OHTh B BHAE
CHAHNIIMXCS APYT ¢ APYyroM, gacth HalmofaeTcs B BHAE OTAEJIbHEIX
o6sakoB. Kak npaBuio, 0JHOBPeMEeHHO CYMIECTBYET HECKOJbKO I'PSE,
OTHEJeHHBIX OJHAa OT JApyrod 6e306/aYHEIMH IIPOCTPAHCTBAMH IHHPH-
HOA OT eJMHHL A0 AECATKOB KHJIOMETDPOB.

Ecau o6o3HAauuTh paccTOsiHHe MeXJY OTAeNbHEIMH OO6JaKaMH B
rpafe L, a paccrosnue mexny rpsfamu M, o LK M.

Passutne xoHBekuum He 00f3aTeNbHO INPHBOLHT K IIOSBJIEHHIO
o6nakos. B cyxolff atmocepe MOTYT CymeCTBOBAaTb 3AKDHITBIE HJIH
OTKDHITEHIE KOHBEKTHBHHE suefiki, B KOTOpHIX HeT OOJaKOB, HO eCTh
COOTBETCTBYIOIIAS LHUPKYJIALUS.

O0o0uieHHble cBefleHdsd O CHCTeMax MEJKOH KOHBEKIUW NPEACTaB-
JeHn B Tabua. 3.2.

Tabauya 3.2
Hexoropble xapaKTeDHCTHKH CHCTeM MENKOH KOHBEKLHM
Suelikn
XapakTepucTHKa Ipsaast
OTKDBITEIE] 3aKPHITHIE
TopusoHTajbHBIE pasMep sdeeK, KM 10—-100 | 10—100 —
Tonmuna Heycroiuuso-cTparudunuposansoro cios,| 1—3 1—-2.5 1-3
T.<0, &M :
7°C/1000M B HeycToluuBO-CTpaTHMDUIHPOBAHHOM 0,83 0,80 0,90
cioe <0 :
TomnuHa HHBEPCHOHHOTO HAaXCGNATHOTO CIOS (CPex- 0,5 0,8 , 0,9
" HAA), KM .
Y°C/lI00M B WHBEPCHOHHOM HAZOGJAYHOM CJOe —0,15 —1,16 —0,36
Paccrosinne MexAy OCSAMH IPAA, KM — — rréaXISO
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SIBjieHMs TOTrOABI, CBsI3aHHBIE C CHCTEMaMM MeEJKOH KOHBEKIMH,
He OHIBAIOT ONACHEIMH /Sl JKU3HH H JNeATeJbHOCTH YeJOBeKa M Io-
9TOMY He [OpPEACTaBJSIOT HHTepeca [Js Hacejemus. Bmecre ¢ TeMm
CMK sBasioTCA HHAUKATOPAMH TEKYIIMX aTMOC(EpHBIX INPOLECCOB;
OHU IIOMOralT ONpelensTh THI AeHCTBYIOILeH B yKasaHHOM pafioHe
BO3AYIUHOH MacCH IO KpalHeH Mepe HpH OTCYTCTBHH JApyrod HHGOD- -
manud. OTKpoiTole KOHBEKTUBHbIE AuellKU CBUAETENLCTBYIOT O MOCTYI-
JIeHHY XOJOJHOH BO3AYIIHOH Macchl, T. €. 06 adsexyuu xosola. 3a-
KpoiTole KOHBEKTUSHble A4ellKl CBUAETENBCTBYIOT O NOCTYIUIEHHMH Tel-
JIOfi BO3LYIIHOH MacCH Ha XOJOIHYIO MOBEPXHOCTDb, T. €. 06 adsexyuu
rensa. B TocienseM  ciyuae MOXKET BO3HHKHYTb BOIIPOC: MOXKeT JH
PAa3BATLCS KOHBEKILHS, €CAM HMeeT MeCTO dJBeKIHs TeIJIOro BO3Ayxa
Ha' XOJOAHYIO HOBEPXHOCTh. Belp B 3TOM Cayyae BOSAyHIHAs Macca
JOJIJKHA CTAHOBHTBCS GoJiee ycroiumpoi: Jleso B TOM, 4TO KOHBEKLHUS
B atMmocdepe NMOYTH Bcerna pasBuBaercss Ha (PoHe xkpymHomacuiTab-
HOTO HECTAHOHAPHOTO IIpoIecca, CHJAbHO BJMAIOLUIEr0 Ha Iepepac-
HpeJlefleHe SHEePTHH B DPA3JIMYHBIX CJ0AX aTMocheph: OJHH CJIOK
HarpesaiTCsA, APYyrHe — OXJaXIAIOTCs. B JRaHHOM Cjydae HeyCTOHUH-
BOCTb TeHepHpyeTcs OxJaxkJeHHeM CBepXy: H3JYUYeHHE M HCIapeHue
06JIaUHEIX 3JE€MEHTOB ¢ BepPXHEH IPAHMIE CJAOHCTHIX 06JakoB. I'psmbl
06/1aK0B H OTKPHITHiE KOHBEKTHBHHIC SUCHKM XapakTepHHl NJs XOMO[I-
HEIX BTOD3KEHHI B THUIY UHMKJIOHA HJIM BBHICOTHOH JOXKOMHHL.

CHCTEMB! INNIYBOKOW KOHBEKIHHU

[ Cucremn riay6okoit komsekuun (CI'K) paspuBamoress B CJ0sX
OJIbIIOH BEPTHKANbHOR NPOTAKEHHOCTH. EcTh [Be BaxHEE OCOGEH-
/gocm pPa3BUTHA 5THX CHCTEM.
Ilepsas, 0co6EHHOCT® COCTOHT B TOM, YTO BaXKHYIO DOJb B DasBH-
itur CI'K wrparor npoueccsl (pasoBEIX IepexolioB BOALL B aTMochepe.
Bropas 0c06eHHOCT6 COCTOUT B TOM, UTO H3-3a 3HAUHTEJbHBLIX Bep-
THKaJbHLIX ¥ TOPU3OHTANBHEIX pasMepoB CI'K Ha HHX OKasbBaioT
| BAUSIHKE!

% a) HeOJHOPOZHOCTH METEOPOJIOTHMYECKHX TOJIell CHHONTHYECKOTO
macmraba;

6) HeOLHOPOAHOCTb HOACTHJIAIONIEH NOBEPXHOCTH;
BpameHue 3eMJIH.

Brime y®Xe ynomMuHasgachk kaaccuukamus Opaanackoro (cm:
c. 24); ona Brnoare npumenuMma ¥ K CI'K. Ecrp u pan npyrux kmac-
cnquaunu C TOYKH 3pEHHSI YAOOCTBA H3YyUeHUs] 3THX CHUCTEM HaH-
Gosee yHauHOH sipasiercss KJaccubukanus Maggokca (1980 r.). Ona
HpelICTaBJIeHa ua puc. 3.3. Paccmorpum CI'K kaxjoro tuna.

,/ i ! N WKBaJXOB (HEyCTOAYMBOCTH)
7 \\.IIHHHH wkKBajg0B (Heycroituusocty) (JIII(H)) IPEACTABJSIOT CO-
6ol CIJIOIHOH BaJ KY4YeBO-HOXKAEBHIX 00JaKOB JHOO TpALy KyyeBo-
JOXKAEBBIX 00JaKOB, pasfeqeHHBIX 6e300Ja4HBIME IIPOMEXYTKAMH.
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C JUMHMAMH LIKBAJOB CBs3aHBl T'PO3LI M INKBaJH, HHOrga rpan. HHo-
rja HaGJIOAdIOTCS JIMBHY HJIM JIUBHH M rpo3nl (6e3 mxksaJos). Torna
TOBOPAT -0 JauBHsAX Heyctoiuusoctd (JIH). Yame Bcero JIUI(H) mo-
ABJASIOTCS B MOCJACNONYACHHHE YacHl.

s cyxpenuss o passutuu- JIII(H) HeoGXomuMBL clenylomye
HCXOJHEIE MaTepHaJbl: : '

; \ a) xapTel Gapuueckodl tTomorpadué scex yposHefl, ~ -
6) naHHHIe yTpeHHEro 30HAMPOBAaHHA aTMOC(epH B HECKOJbKHX

NIYHKTax B OGCJyKHMBaeMOM paione;

B) KapTa BepTHKAaJbHBIX XBHXKEHHH;

r) prnnomacmTaGHaﬁ Kapra NoKasaTells 3KBHBaJIEHTHO-CTATHYE~
ckoit ycroiyusocTH [; :

I) XpynHoMaclutaGHas KapTa BEICOT ypOBHH KOHEEHCAUHH HAgomg
(3HaueHHusl Axomy YKaSHBAIOT B COTHSX METPOB). :

—— /-—-—“‘—-—""/‘

Kaprh, ykazaHHBE B IYHKTax <«I'» H «J», COCTABJSIOTCS .II0 JAH-
/ HBIM yTPEHHero 30HIHMPOBAaHHA HA OZHOM GaaHKe. [To TeM Xe AaHHHIM

JeJaTeNIbHO BHUYUCAUTD 3HAUCHHS % B KAXAOM NYHKTe 30HIHDOBAHHS
{ B HamHeCTH MX Ha Ty Xe Kaprty. Kpome TOro, B KaXaoM NYHKTe 30H-

!

| AUDOBaHHsl BBIUMC/AseTCS Hapamerp J=

-10, ecaH OXKHHAIOTCH
KOHI
' ABJICHUS, He CBSISAHHBIE C BJHSHHEM aTMOC(epHHX (DpOHTOB.

Nas passurust JILI(H) GJraronpHATHE CJEAYONHE YCIOBUL.
A. Azxsexuus Xo04a Ha CPefHHX H BEDXHHX YDOBHAX Tpomocde-
PH, YBEJIMUHMBAIONIAACA ¢ BRICOTOH. Ha HHXHHX YPOBHSX Upel-
HO4THTeNbHA ciabas ajBeKnmus J000ro 3HaKa HAN ee OTeyT-
CTBHE. ~
B. Ynopsnouennnie BOCXOAsIIHE BEPTHKAJbHEE JBUXKEHHUS.
B. Pocr TemmepaTyphl BO3AyXa V NOBEPXHOCTH BCJEACTBHE HHCO-
JISTIIH.
\  I'. KoHBepreHnuss BeTpa B HOTPAHHYHOM CJIOE HJH oporpaduye-
\ CKUH NmOJbeM BO3AYyXa.

e o e s

Heco6aonenne x0T 6Bl OFHOTO K3 3THX YCJOBHH yMeHbIIaeT Be-
[pOHTHOCTb obpasoBaruga JIII(H), xora u He HCKIIOYaeT uX NOSABIE-
Hus. Hauuune Bcex ueThpeX yCJOBHH TOXe He JaeT HOJHOH rapas-
THH BO3HHKHOBEHHUS JIIL(H). Obsisareqsroe nossieHue JIIT (H)
obycnoBseHo JeficTBYEeM TaK HAa3BBAEMOI'O MEXaHH3MAa ABTOKOHBEK-
nun (MA). Ecau ecte MA, 1o JIHI(H) poaxuu nossasarsca obssa-
\reqbHO. EcC/HM ero Het, ecThb JIHIIb HEKOTOPAsi BepOSITHOCTh HX BO3-

R

KHOBEHHS
)gﬂexamlsm 2BTOKOHBEKLIHH MPOSABJseT cefsi B 30HE OTPHUATENb-
( HEIX 3HaueHd#t T, (moJoxuTenbHBIX 3Hauenu#t ). O BRJA0OUaer
KBJIa}KHbIH rpebeHb M HCTOYHHK CYXOro BO3AyXa.
\\ﬂ&wo/mbm epebery (30HA IOBBIIUEHHOH BJAXKHOCTH) B CJOE OT IIO-
BepXHOCTH 3eMJH IO ypoBHA 2—2,b KM, OPHECHTHPOBAHHHH 10X GOJIb-
UM YIJIOM K BETPOBOMY IIOTOKY Haj HHM, obHapyX)uBaeTcs N0 Kap-
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Te AT-850, a BerpoBO# moTok Haj HuM-— mo Kapre AT-700; B morpa-
HHYHOM CJIOe NpeANOYTHTeNeH cjabui BeTep.

Hcerounur cyxozo s8030yxa, H3 KOTOPOro BeTep Ha CpeJHEM ypPOBHe
(700 rT1a) mepeHOCHT €ro B IOJIOKEHHE, TJ€ OH MOXKeT OHTh OXJaxK-
JeH qu60 ocallKaMHu cBepXy (ucHapeHde Kanesab HOXKAA), au60 06say-
HBIMH KaIVIIMH CHH3Yy (Mcnapenue oGJgauHhx Kamesb). [lpum stoMm
BajKHO, 4TOOH TeMIlepaTypa CMOYEHHOTO TepMOMeTpa, KOTOPHIH - JOJ-
JXeH JOCTHTHYTb 3TOT BO3AYX BCJICACTBHE HCIApDEHHA B HeM o06Jjau-
_ HHIX (RmOXMIEBHIX) Kamesb, OKaszanach Obl HHXKe TeMIlepaTypHl OKpY-

JKaWero BJAaXKHOrO BO3Ayxa. Toraa oxJaxAeHHHHR 6oJsee TaXKeNHIH
BO3AyX OIYCTHTCA M TeM CAMBIM BHIHYAUT TEMJHA BJIaXKHHH BO3AYX
HOZHUMATbCS B KOHBEKTHBHOM IIOTOKe. Takoil HOXBEM B CBOIO OUe-
pelb IIpHUBeAET K IOSIBJEHHIO G0JbLIiero yucsaa Kalelb B CYXOM ClO€:
nocJaefHui 6yler eule OGoJblle OXJAaXkAATbCH, B pesyJabTaTe uero
KOHBeKIHs OyldeT YCHJHBATbCS M PACIPOCTPAHATHCH HAa COCEfHHe
YYaCTKH. YCTaHaBJIMBAaeTcs Hexas lernHas peakIHs.

_ Pasjguuar nosiBJeHWe IEePBHYHEIX ¥ BTOPHUHBIX JHMHHH HIKBaJOB
(neyctofiunBoctn). IlosBnenne = nepsuunbix JII(H) npoucxopur
OOBI9HO B OJHOH H3 CJEAYIOIIHX CHHONTHUECKHX CHTYyauHi:

— mepeX XOJOAHBIM (PPOHTOM;

— B HEyCTOHUMBOH XOJIOZHOH BO3AYILIHOH Macce;

— Iepex TemJbHM (POHTOM;

— B IIHPOKOM TEIJIOM CEKTOpe LHKJOHA.

MoxHO peKoMeHZOBaTh c.ne,uyroumn NOPSIOK COCTAaBJCHHS IpOr-
Hosa JILI (H).

1. Cocrapjsiercss IpOTHO3 MAKCHMAJBHOH TeMOepaTypeH H TOUKH
POCH B Tex NYHKTaX, H3 KOTODHIX MNOJIyueHbl HAHHBIE 30HAHPOBAHHUSA
armocpeps (cMm. c. 78—80, 83—84).

2. Jna Bcex yKasaHHBIX IOYHKTOB BHUHCHAAIOTCA 3HaueHus T,
Agomm, ] M ¥, COOTBETCTBYIOIIHE MAaKcUMaJbHBIM 3Hauenusam 1T u Ty,
H HAHOCATCS HAa KPYMHOMAcWITAOHYIO KapTy (I, «I'» H «I» IepeyHd
HCXOJHOrO Martepuasna, c. 35). ‘

3.'Tlo MCXOAHOMY MaTepHaJty oupelessiercs Haauuhe (HaH OTCYT-
creue) ykasaHHuX B T. A, B, B u I' 6aronpHATHBIX AJd PasBHTHA
JILH (H) yenoBuii ‘

4. OnpenensieTcs BO3MOXKHOCTb Pa3BHTHA aBTOKOHBeklHH. C 2TOH
IEMbl0 HEOGXOKMMO YCTAHOBUTH:

— no kapre AT-850 Hanuume BJIAXKHOTO TpeGHA (30HEI);

— 1o kapte AT-700 nHajguupe nepeHoca M3 30HHl «CYXOH» aTMo-
cpepsl Haj 30HOH NOBBIUCHHOH BJAXKHOCTH, HpHYeM JIHHHH
TOKA JOJXKHE mepeceKaTh OCb BJAXKHOIO TpebH:A 1moJ GONbLIHM
yraom - (50—140°);

— BO3MOKHOCTb IIOSIBJIEHUS KAalleJb B CYXOM CJIO€, AJS 4ero He-
06X0MUMO COBMIOAeHNE YCIOBUSA Hyonn<Moyxz.cax. (A TEPBHY-

. BHRX JIII(H)) unu BemajeHne -OCajkoB M3 paHee Das3BHB-
mmxcsi 06s1aK0B B cyxoft caiofi (ans Bropuunsix JIIH (H)).
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Tabauya 3.8

Jlunuy mKBasoB (HEYCTOHYHMBOCTH) B PA3JMUHEIX CHHONTHYECKHX CHTYALMAX

CuHonTHYecKast , Coémone—" Homom- Mecrononoxenne
P HHE YCIOBHH TeAbHEIE JIIIL (H)
A, B, B, F| - ycaosusa
{lepex xomomumiM opor- |A, B, B, T Her Bronp ocu OMOHHEL 430~
TOM aunait . mepen xo-
. JIOAHEIM (GPOHTOM
Heycroi#iynpass xoaoxpmasi | A, B, B, I'| Bapuueckas | Brnoap ocu nomGuub Hao~
BOBAYyIIHAs Macca JoxGuHA ¥ auHER napamerpa [
3eMJH H/HiH
Ha YPOBHE
850 rIla
IMepen remnuM ¢ponrom B, B, T Her Bponp ocu J0XOGHHH H30-
JMHAR Axoug
HIupoknit Tenaw# CekTop b, B, T Her Bnoas y3KO# 30HBI HOBHI-
IHKJIOHA IIEHHOH BJIAXXHOCTH B
- HHXKHEM CJIoe, eC/H 30-
Ha BJ2XXHOCTH MLIHPO-
Kas, To o6pasyercs Ce-
pusi JIII (H)

5. OnpenensxeTcsI Mecto mosiBjenus JIINI(H) B sasucumoctH oOT
CHHONTHYeCKOH curyamun. JIJsi 9TOr0O pEKOMEHAYeTCsl BOCHOJb30-
BaTbCA AAHHEIMHU Taba. 3.3. , ,

JlupuyM mKBaNOB (HEYCTOMUHBOCTH) INepeMelialrTcss BAOJb JHHHH
TOK2 CpEIHEro BEKTOpa BeTpa (MeTOZHKA OIpeAeSeHHs CpegHero
BeKTOpa BeTpa u Ko3((QUIHEeHTH NepeHOca NpHBeleHH Ha ¢. 41—42)
B cjaoe 700/500 rI1a co cxopocTsio

c==k I \4 I l’?’ v ‘\ A —

rie k— ko3¢ (duuMeHT NepeHOca, |V”7—cpe11m/m MOlIleb‘ cxopocm
Betpa B caoe 700/500 rila.

JINHUH HeyCTOHUMBOCTH Nepe] TeIIBIMH Q)pOHTaMn M B IIHPOKOM
TEIJIOM CeKTOpe IMKJOHAa yacTo o6pasyioTcs He B BHJE CIUIOUIHOIO
Bana o6aaxos Cb, a B Buge rpsian o6aaxop Cb co 3HAUHTEJBHBIMH
6e306/1auHBIME IIPOCTPAHCTBAMH MeXAy cocepnumu Ch. B pesynabra-
T€ MOXeT CJAYYHMThCS TaK, uTo npH mpoxoxienuu JIIH(H) ugepes
o6cay:kHuBaeMHH 00BEKT TaM He Gyjer HabGMojaThesl yXyAUIEHWS IIO-
rogpl. B aTOM cayuae NpHXOZMTCH CJEQHTb 3a KaXKAKM OGJaKOM
B OTICJbHOCTH. JIMHMH IIKBaNOB (HEYCTOHYMBOCTH), OGpasymouiuecs
nepea XOJOAHHM (POHTOM, CMEHIAIOTCA €O CKOPOCTBIO [BUXKEHHS
XOJORHOrO (poHTA.

TIpornos mepememenus JIII(H) moxnO cocraBaarh Takxke Mero-
JOM JUHEHAHOH 3KCTpaloJIsAIHH.

Cioeflyer uMeTb B BHLY, YTO HNpPOROJKHTeAbHOCTh, Xu3ud JIII(H})
OUYeHb KOPOTKAasl: OT HECKOJbKHX AECATKOB MHUHYT AO HECKOJbKHX ua-
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-coB. Ilocne mncuesnosenus nepsuynoii JIII(H) moxer nosBHTBCA
sropyunas JIII(H). ITosTomy cosmaercsi BmeuatseHHe O HEKOTOPOH
Xa0THYHOCTH HX IepeMemeHHUs. - ‘

Bosnukmue JIIII (H) oOHApYKHBAIOTCS C IOMOINBIO CHYTHHKOBEIX
¥ paiuoJIOKalMOHHEIX HabmofeHuil. [locjenHne Aal0T BO3MOXKHOCTh
CJeJIMTh 32 NepeMelleHHeM H 3BoJIOUMedl Kak Bcell JIMHHM B LleJOM,
TaK H OTJAe/NbHEHX OOJaKOB; Takoe JAeTajJbHOe NPOCJAEXKHBAHHE HO3BO-
JseT TNpeACKasaTb BpeMs HauaJjga fABJeHHs, cBaszanHoro c JIII(H),
B saJlaHhSq .TmyHKTe (mojgpobHee cM. €. 42—43).

Mpﬁﬂ.bl Ky4eBO-JOXAeBbIX 06dakoB macmrtaba Me3o-p

DTH rpAjbl HA3KBAWT elle MesoMaciiTabHEIME rpssaamu (MIY). Onu
CYIIECTBEHHO MEHBIIE JIMHUE INKBAJOB, UX AJHHA Kosebaerca ot 10
go 100 xm, a mumpusa or 1 po 30 xm. llostomy oOmuHBIE cpencTBa
'CHHONITHYECKOT'O aHa/J {32 MAaJONPHUTOAHEl JJs WX OOHApyXKeHHS H
npocaexuBanus. Ilpuxofurcss mpuGeraTh K NOMOINM paJHONOKALMH.
.+ Mesomacmrabuble npsafsl, tak ke kak u JIII(H), coctoar us oT-
JIeNBbHEIX KyueBO-IOXKAEBHIX 00J/IaKOB, Pa3BUBAIOIIUXCS BJOJb HEKOTO-
pofi supuu. OHU TakXKe OOYCJOBAHBAIOT I'PO3Ll U IIKBaJbL, XOTA Hallle
BCETO ¢ HUMH CBSI3aHB! JIMIIbL JHUBHEBBIE OCALKH IIPOLOJKHTENbHOCTLIO
102—103c.

Hccoenosanusi, OCHOBAHHBIE Ha JaHHBIX CHCTeM HaGJIOJeHHH
CKII, nmorasanu, uro MI BO3HHMKAIOT BJAOJb JHUHHH KOHBEepPTEeHHUHUH
BO3JYILIHBEIX MOTOKOB B MOTPaHHYHOM cjoe atMocephl. JliwHa NMHHHK
komnsepreunuu ot 10 no 200 kM, a mupuna ot 0,5 2o 5 kM. DTH JUHUK
KOHBEPreHIHU OOHAPYXKHBAIOTCS JOIJIEPOBCKUMH DPalHOJIOKATODaMH.
HegroTopyio moMoimps MoxKeT 0Ka3aTb TILATeJbHBIN aHAIN3 NOJIS BeTpa -
(muHUM TOKa W HM30TaxXM) Ha KpyNHOMacHITaOHBIX KapTax.

Mesomacmrabuble rpsafibl BOSHHKAIOT BHYTPH HGYCTOﬁHHBOﬁ BO3-
OyWHOH Macchl IPH UMKJOHHYECKOM moJe Teuenuit. Mesomacuira6-
Hble Gapuueckue JOXOUHH — HauboJiee O6JaronpuAaTHas CHHONTHYE-
cKast OCHOBa MJsi TmosiBjieHHs 9Tux rpsij. Co6moneHne ycjosuit A, b,
B, T (cM. c. 35) rakxke OGaaronpusrtao gist MI. BeposatHo, Mexa-
BH3M aBTOKOHBEKIUM TOXe cHocoGCcTByeT passuTHiO MI, xota 1o’
cBoell cyTH OH CBOHcTBeH GoJee KPYIHBHIM TPOILECCaM.

MoXKHO peKOMeHIOBATh CJAeAYIOMHH l'IOpHILOK COCTaBJIGHKSI IPOT-
Hosa MI.

- 1. IIpoussonuTrcs OmeHKA CHHONTHYECKOH CHTYalUM. BaxHbM MO-
MEHTOM SBJIAeTCS o0HapyxeHHe Me3oMmaciiTaOHBIX J10>K6HH Ha KpyI-
HOMAacITaGHbIX KapTax.

2. B 30He NHUKJOHWYECKOH UHPKYJSIUUH Y, B YaCTHOCTH, TaM, Tie
-0GHApYKeHR Me3oMacuiTabHbe JIOXKOUHBI, JIOGBIM AOCTYNHBIM HOYTEM
HaxoMsIT JMHHM KOHBepreHUWH. VIMEHHO OHH SBJSIOTCS HOTEHIHAL-
HHMH 3apogennamu MI

3. C nomoumibio paiHOJOKANHOHHBIX CPEJACTB OPraHH3yeTcs cJje-
XKeHHe 34 NOABJAIOIIHMHCS o00/MaKaMyu KyueBHX (opM, OCOOEHHO B
o6nacTd JUHME KOHBepreHuuu. [IpusHakom Hauajga (QOpMHPOBAHUSA
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MI' sBastercss Llemoyka KydeBEIX 00J1aKOB BAOJbL JHHHH KOHBEpIeH-
und. CaefyeT 3aMeTHTb, UTO MOXKeET CYIeCTBOBATbH OJHOBPEMEHHO He-
CKOJILKO JIMHMH KOHBePTeHIHMHM H Kaxjaas H3 HHX MOXET <POIHTb>
me3omacmrabuywo rpsany Cb.

ITporros nepemelneHus MI™ paercsl MeTOAOM JHHEHHOH 3KCTpamo-

Jauun (cm. c. 62, 100—101).

Mesomacuitabuple KonsekruBHble Komnaexcel (MKK) -ty

L

OHu o6HapyxuBaloTcs OOBYHO C NOMOIIBIO H300paXKeHWH, mOJY-
YyaeMBIX C MeTeopoJiorHueckux coyTHHKOB 3emaun. MKK nasmBaror
TaKyio 00JauHyl0 CHCTEMY, IJIOI[AAb KOTOPOH HAa HH(pPaKpacHOM H30-
GpaxeHUn ¢ Temueparypoli BepxHed rpanHun Tp< —32°C cocras-
Jisier He MeHee 10° kM2, a nJyiomiajp BHYTPeHHero paioHa ¢ TeMIlepa-
typoit Tr<<—52°C He wmeHee 5-10¢kM (T — paguanuoOHHAs TeM-
neparypa).

Ha puc. 3.4 cxemaTuueCKu H3006pakeH BHUJ CBery na MKK. Has
MKK xapaxTepHO

| k
> b/a / s 7. g\l_/l

7 Ananornynoe CCoOTHOUIEHHE XapakTepHO U JJ4 BHyTPEHHeﬁ obJsacry,
1> 0'fa’ 30,7,

Toe @’ —ee OauWHA U b’ — ee MMpHHA.

WsBectHO, yro maowmans MKK u oTHomreHme b/a cOXpaHSIOTCS He-
CKOJIBKO 4acoB. 3aMeTHHEIEe M3MeHeHHs] pasMepoB W (POPMBl KOMIJEKCA
MOXKHO OOGHApyXHUTb NpHMepHO uepe3 6u. Ob6masg NOPOLOJNKHTENb-
"ocTb xu3Hu MKK oxono 16w (5-10%c), xors MOryT 6HITE M 3Ha-
YUTEJbHEIE OTKJIOHEHHS OT 3TOTO CPeIHEro 3HAueHHS.

C MKK wMotyr ObITb CBSI3aHBl CMEDUH, Tpaj, WIKBAJb, UHTEHCHB-
Hble JHUBHH, I'DO3Hl, HOPHIBH BeTpa =30 M/c.

KOHBeKTI/IBHbIe KOMIJIEKCHl BecbMa «KopapHe». Xors MKK cy-
IIECTBYIOT 0X0J0 164, OHM MOTYT [JaBaTh HAYaJO pPAa3BHTHIO HOBHIX
Ky4eBO-JO0XAeBHX 006/aKOB H HX CKOIJIeHHH. B psnme ciayuaes MKK
MHHIHHDYIOT Pa3BHTHE ME30LHKJOHA, CO3LAaBas OKOJO cebs H B cebe
IHKJOHHYECKYI0 LHMPKyasuuno (cm. c. 44—49, 69—73). Huccumaunus
obsausoctn MKK' He 03HaYaeT HCue3HOBEHHsI Me30MacITaGHOH UHK-
JIOHHYECKOH LHPKYJASLUHH. DTa UHPKYJSILHS CYIIECTBYeT 10 HHEpPIHH
elle NOYTH CYTKH IOCJe paspyilleHus 06JaKoB (HHOTAa maxe Gojblre)
# caMa MOXeT CIOCOOCTBOBAThL 3aPOKAEHHIO HOBHIX KYUEBO-JOMXKIEBHIX
00/1aKOB, T. €. oHa pezexepupyer rxousexyuro. Kpome Toro, oHa coo-
co6CTByeT 06pa30BaHHIO ME30MACIITAGHEIX BOCXOAALINX IBHIKEHHH (He
KOHBEKTHBHHIX), OOYCJ/OBJIEHHBIX Me30MacluTaGHOH KOHBEpTeHIHeH B
VCJIOBHAX MUKJIOHHYECKOR LHMPKy/AsuuH. ITopsSoOK BeJHUYHHE! CKOPOCTH
9THX JABuXenu#i 10—2—10-!M/c. D10 B CBOIO OuUepelb BeAeT K. BO3-
HUKHOBEHHIO CJOUCTO-A0XK/EBHX 06JaK0B H 00JOXKHBX ocajgkoB. IToc-
JIelHHe COXPaHATCH Jaxke Ha craiud auccunaump MKK,

Hurepecno, uto Hepenko MKK nocturaer MakcHMasbHOTO pasBH-
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THS K NMOJYHOYH. B 3TOM ciyuae COOBITHSI PasBHBAIOTCS CJAEAYIONIHM
o6pasom. B nocienosyznenHbie uyack HaGaOAaTCs rposel. OHM MO-
ryT OniTh 0OycaoBjeHH He o6s3arenbHo MKK. B Beuepuue uyach
nper ¢dopmuposanne MKK, ¢ kOTOphIMH, B YacTHOCTH, MOIYT GOHTBH
CBSI3aHE ME30UMKJIOHBL Me3OUMKIOHH [AeHCTBYIOT KaK IOJOXKHTEb-
HBI/i MexaHH3M 06parTHOH cBs3H. OHH OGYCJOBAMBAIOT KOHBEPTEHUHIO
BO3AYIUHBIX INOTOKOB, 4YeM CHOCOOGCTBYIOT, BO-IIEPBHIX, AaJbHefIieMy
passutuio MKK H, BO-BTOpHIX, MOSBJIeHHI0 NS H OGJOXHEIX OCaIKOB.
K nonynoun MKK mocturaior MakCHMajibHOTO Pa3BUTHS H AAIOT JHB-
HeBeie M oOsoxHble ocaiaku. [Tocae sroro cucrema Cb puccummpyer,
JIMBHEBHE OCaAKN [pPEKpamlaloTcs, OJHAKO OOGJOXKHOH MOXKAbL HAET
J0 yrpa.

YcaoBua BoannkHOseHHst MKK Te Ke, uTO M IPH BO3HUKHOBEHUR
auHuE mWKeaaos (cM. ¢. 34—36). MKK moryT 6hiTh Kak BHYTpHMacco-
Bble, TAK ¥ ()POHTAJIBHOTO TPOUCXOKIEHUS.

[Toasnenuio MKK 06GBYHO HpEALIECTBYIOT CKOIIEHHS KYy4eBO-I0XK-
IoeBHIX 00/1aKOB MacmiTafa Me30-f, HAH Mesockomgderuin (MC). Yacro
Me3oMaclITaOHBH KOHBEKTHBHBHIH -KOMIJIEKC NpeACTaBJseT coGoil Me-
30CKOIJIEHNE,

@®opma MC 6amska x kpyroso#l. ITo pasmepy MC menbiie MKK.
Paanyc Takoro CKomyeHHsI KBasHKPYroBOH (OpMBI COCTaBJseT AECAT-
KH KHJOMeTpoB. [IpodosXKutenbHOCTL cymtectBoBaHus MC po 3 u.
Canenyer, oZHaKO, HMeTb B BHIY, YTO OJHO CKOMJIEHWE, ¥CUe3as, MO-
JKeT PORUTb» [PYroe, YBEJIHUHBAS TeM  CaMbIM IPOLOJNKHTENHHOCTD
CBOeH XKH3HM. :

MesocKonyeHHsT JacTo UMET A4eHKOBYIO CTPYKTYPY. OOBHUHO 5TO
OTKDHITasl suefiKa, COCTOSUIAsI H3 OTAENbHBIX KyueBO-LOXKAEBHIX 06Ja-
KoB. CleRyeT 3aMeTHTb, 4TO sueHkoBas cTpykrypa MC He Bcerfia .
obHapyXKMBaeTcsl PafuOJOKaTOPOM H3-3a TOTO, YTO B Ipefenax sued-
ku Cb pazpuBaoOTCA He OJHOBpPEMEHHO, a IOCJeJOBATENbHO IO IepHu-
MeTpy OTKpHTOf suefiku (puc. 3.5).

ITycTe B MOMEHT BpeMeHHM T, B HEKOTODOH OTKDHTOH sduefixe Ha-
6monaercs msTh HEOAWHAKOBO pA3BHUTHIX 00saakoB. O6Jgako I TONBKO
3apoxkjaercsi, o6/1ako 2 yxe JOCTATOYHO XOPOUIO PA3BHTO, 06JaKO &
JOCTHIJIO MAKCHMAaJbHOTO pAasBHTHS, 06Jako 4 HauHHAET ' paspy-
HIAThCS. a OoT 06JaKa § OCTanuch JHIUb CJAEIH. B MOMEHT BpeMeHH Te
o6sako ! crano AOCTATOYHO pPAas3BHUTHIM, 2 00JaK0 2 NOCTHUIJIO MAakK-
CUMAaJIbHOTO pa3BHTHS, 3aTO 00saka 3 u 4 paspyuiaiorcs, a 061ako
ucyesyo. OfHaKO NOSBHJIOCH HOBoe 06Jako 6 u T. A. B nocaexnyomye
MOMEHTH BpeMeHH OJHH o06JaKa NpOA0JXKaloT pPasBHUBATbCH, JAPY-
THe — JeTPajyupyloT HJH BOBCce Hcue3aioT. Kpome Toro, Bce obaaka
€Ile YYaCTBYIOT B ABYX ABHKEHHAX: TIO NMEPUMeTpy fAueHku (xax mpa-
BHJIO, TIPOTHB UYACOBOH CTPEJKH) M IO IOTOKY BMECTe CO BCeH syeH-
ko#i. Cosjmaercsi BIeuatT/JieHHe HeKOTOporo xaoca. Ha camom gene w
.._pa3BUTHe, W JABHXKEHWe NOIYHHIIOTCS CTPOTOMY NOPSIAKY. ‘

] Hcxonubie marepuans mias nporHosa MKK u MC Te xXe, uto W
s mporuosa JIHI(H). [Ipexnonaraercs, 4T0 OHM JaIOT BO3MOXK-
OCTh NpEeACKA3aTh BOSHUKHOBEHHE CHCTEM TIJIyGOKOH KOHBEKIHH (CM.



35). Ecam nossienwe CI'K oxwupaercs, To chaefyomas 3agaya
IIpOI‘HOBHCTa—OGHapy}KHTb HX 3apOXKJECHHe H IPOCIAEIHTL 3a HX
passBuTHeM H NepeMenicHHEM ¢ NMOMOLIBI0 KOCMHYECKHX M paldHOJOKa-
IHOHHEIX CpeACTB Hab/mojeHus. HakoHell, NPOrHO3UCT JOJIKEH oOfpe-
neauTh, OKaxyT JH BosHukumue CI'K Bospefictene Ha o6cayxupae-
MHe o0BbeKTH (aspomopT, moJe, ¢Tpofika B T. A.) M ecau OKaxyT, TO
Korza 310 npousofizer. Muoraa naxe HECKOJbKO HAECATKOB MMHYT
yopexjeHuss uMmeer O60JblIoe 3HAYeHHE M MOTYT NPeROTBPATHTH
JKePTBHl M 3HAYHTEJbHO YMeHbLIHTb MAaTepHaJbHBEE NOTEpH.

Kak 6muso ynoMmsmyTo BhmIUe, cpedcreamu obuapyscenus CIK uw
CAEHCeHRUS 30 HUMU SIBJSIOTCS CIYTHUKOBHIE ¥ PafHOJOKAIMOHHBIE
cpeactsa Habmofenus. O6GLIYHBIE CPEACTBA CHHONTHYECKOTO aHAJH3a
HOCAT BCHOMOTaTeNbHHIH Xxapakrep, OHHM TJIaBHBEIM 00pasoM HCIOJb-
3yloTCsl Ha nepsom 3Tane, Korxa NPOTHO3APYeTCs BO3MOMKHOCTb BO3HHK-
HoBeHHs H paseutusg CI'K (o HeM peusr wsa Ha c. 9—10, 25—30). Ha
8TOpOM 3Tane aHAJM3a BAJKHO YAEJIUTh MAaKCHUMyM BHHMAaHHs B3aHMO-
cBf3u 06mauHbIX 06pa30oBaHui ¢ Me30MacMITAGHOH CTPYKTYPOH moJel
JaBJIEHUST ¥ BeTPa, T. €. NIPOBECTH <«yBsA3Ky» AaHHEXx MC3 u paguo-
JIOKaTopa ¢ ZaHHLIMH KpyNHOMacuTaGHOH KapThl morojasl. Ha mocien-
HHX TI0JIE3HO IIPOBECTH NONOJHHTEJNbHEIH, TIIATEJbHHIH aHAAN3 NoJek
BeTpa ¥ J[aBJieHHs, BHIACJHB 30HH (JMHHH) KOHBEPTEHIHM ¥ ME30-
MacliTabHble JIOKOGHUHB W JeNpeccHy, a 3aTeM <HAJOXKUTb» Ha HHX
ouaru paspupawllefics o6JauHocTH. O6JAayHOCTL B 30He KOHBEpTeH-
uuu 00BYHO pasBuBaercsd B cumMerpuunble CI'K, a o6sauHocTh Ha
JUHUSX KOHBEpIeHINH — B JHUHellHble cHCTeMH. [lasnee mpouecc sBo-
JIOUHM M TIepeMELNeHHS ITHX CHCTEM COCTAaBJsIeTCs METOAOM 3KCTpa-
monssmud {cM. ¢. 62, 100—101). JonossuTEeNbHO MOMKHO DEKOMEHJAO-
BaThb HEKOTOpHE IpaBHJA.

1. CucremMbr rayGoko# KOHBepreHunH CMeIIanTes BAOJb CPeRHero
BekTopa BeTpa B ciaoe 700—500rlla co ckopocrtbio

c-—=k|V|]7,
rpe i

V Vi vi— 2V, cos(180 —a)
2 A
0 — yroJ MeXay BeKTopaMH BeTpa Ha yposHsx 500 u 700 rlla.
Kospdunuent nepesoca k 3aBHCHT OT CKOPOCTH Berpa. IIpubiu-
JKeHHOe 3HAUeHUE kB MOXKHO onpe/:LeJme [0 3MIHUPHUECKOH QopmyJe
_9.24-029|V|f
|V + 35
3HaueHHe 2 MOXKHO ONpefeuTh TaKXke II0 apXUBHOMY MaTepHany,
cpaBHHBas (hakTHueckyio ckopocth nepeMemenus CI'K co 3mauenus-
mMu |V|3 M/c B pasHBHIX CHTyamusx.
Hanpasnenue cpexuero serpa B caoe 500—700 rlla

|Vif= (3.6

(3.7)
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17— Vs cos (180 — a)
2|V|f '

Z[ =d, T arccos ~ (3.8)

dy-—HanpaB.neHne BeTpa Ha ypOBHe 700 rI1a. Tlpn seBomM mOBOpOTE
BeTpa C BBICOTOH 3HAK «—», IPH NPaABOM — <+ ».

. 3Has 3HauyeHHA |VH7 W df5, ONpeNeNHUTh BpeMs HAuada ABJICHUS
B IyHKTe IIPOrHO3a MOXKHO C IOMOHIBK) AaHHBIX PaIHOJOKAUMOHHBLIX
HaOmonenudl. Jas storo BOJAM3M HepefHell  KPOMKH  pajgHodxa
(puc. 3.6) BuiGHpaloTcs ABe TOUKH: I u 2. Br6Op TOueK NPOM3BO-
JHUTCS HPOCTBIM I'eOMETPHYECKHM IMOCTpoeHHeM. IIpoBomsiT Tpu Kaca-
TeldbHEle IpsMbe. JlBe M3 HHX, IapaJjJelbHEE BEKTOPY CPEIHEro
BeTpa V|; mo xpasm 3aceerku (Ha puc. 3.6 squnn AB u CD),
& TpeTbs, NepHeHANKYJAPHAS UM, IIO NepelHell KPOMKe 3acBeTKH (Ha
puc. 3.6 qunusa EF). Touku nepeceuennss npsamoét EF c jguuunamu AB
u CD wu Oynyr uckoMbiMH TougkaMu I # 2. MIX KOOpPAHMHATH COOTBET-
CTBEHHO OYAYT X1, Y1 U Xg, Yo. VICIIONB3Ys NpellioJOXKeHHe O TOM, UTO
CHCTeMa J[BMIKETCS B HalpaBJeHHH BEKTOpa CpelHEero BeTpa B CJIOe
500—700 rIla, HeTpyZHO BHAETb, YTO B IYHKTe INIPOTHO3a sBJeHHE
HauHeTcs, KOraa K Hemy mnojoiier touka (0. CienoBaTesbHO, HEOO-
XOJHMO ONpenesiuTh paccrostHue R Mexpay touxoit O u I, nas gero
He00XOAUMO BBIYHUCJHNTbL KOOpAHHATHL TOYKH O (xp, Yo):

X1Ys — XY,

— , 3.9
o (X, — X)) tge—y1 + ¥, (3:9)
TIe
e=270—d [}, Y,= X,tge. (3.10)
‘Orciofa ciefyer, 4To »
R=V B+, (3.11)
a4 BpeMA HauaJja SIBJCHHS
R
T =ty T o (3.12)
ORIV

TOe tmcx—BpeMH HCXOJHOI'O DAaXHOJOKALUOHHOIO Ha 001 eHus.
Ecam x¢ Haxoaurcs BHe HHTEpBaJa MEXAY X1 H Xo I/I/I/IJII/I Yo— BHE

MHTePBAaJa MeXAY Y; H Yo, TO CHCTEMA NpOHAeT MHUMO IYHKTa HpOI-
HO3a, -

CylIecTBYIOT ABa OCOBHIX CJydas:
1) ecan d|}=360° wim d 5 =180° 10 %0=0, a

y, = X1¥s — Xo¥1 |
0 'xl __xz L

2) ecan E[§=90° HJIH c_i]§=270° 0 X=X, 10 y=0, a xy=x;=
,=x2=R,
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PaccMoTpeHHHH cnoco6 RaeT YAOBJAETBOPHTENbHBIE pe3yJbTaTHI,
€cau pasMmepn paamosxa CI'K ¢ TeueHHeM BpeMEHH Maj0 MEHSIOTCS.
Ilpn 3HAyuTE/SHHOM H3MEHEHHH pasmepos CI'K' Heo6xomuMoO cresaTh
‘HECKOJIBKO JONIOJIHUTE/bHEIX oNepaunuii. Bo-lepBux, 'Ha OxuH GJaHK
PaJHOJOKAIHOHHOA KapTH HAHOCST ABAa IOCJENOBATENbHBIX IMOJQNKe-
‘HHs pajuosxa CI'K B MoMeHTH BpeMeHu #; -u fp (puc. 3.7); BO-BTO-
PBIX, IO JBHXKEHHIO <IEHTPA TSKECTH» CHCTEMBl ONPEREJSIOT BEKTOp

cMemennss CI'K; va puc. 3.7 o o6osHaueH kKakK Ccrx; B-TPEThHX,
IPOBOAAT KacaTelbHble nmpsMble AB u CD Ttak, 4TOGH OHH INPOIILIH
yepes KpaliHHe GOKOBbHle TOUKH pajfinosxa B nosoxenum I u II, xa-
carenphple npssmeie £EF u GH npoBORST Tak, YTOGH OHH OHLIM Iep-

NeHJUKYJIApHb HampapjeHHio Bektopa Ccrxk (cm. puc. 3.7); B-uer-
BEPTHIX, CHAMAIOT KOOPAMHATH B TOYKAX INepeceueHus KacaTeJbHEX
1,2, 38,4, 1. e. x1, Y1; %o, Y2, X3, Ys; X4y Ya

HpeﬂnonaraeTCH, uTo u3MeHeHné pasMepo CI'K ma mepmop mpor-
HO3a Oyler HATH TaK e, KaK OHO IIJO0 B IPOMEXKYTOK BpEMeHH
At=1ts—1,, T. e. HHTEPBANB X, —Xg ¥ Yy —Ys {(X3— X4 U Y3— Y4)
‘OYLyT YBEJIHYHBATLCS HMJAH YMEHBINATBCS C TOH 3Ke CKOPOCTBIO, UTO
M B HCXOAHBI# HpPOMeXYyTOK Bpemenu Af. Torma K MOMEHTY moixoja
CHCTeMBl K NYHKTYy NDOTHO3a T OHA4 3aliMeT HEKOTOpOe IIOJIOXKEHHE,
noxasanuoe Ha puc. 3.7 nynktupoM. Ilepeceuenne KacaTe/bHOMH
K NPOTHOCTHYECKOMY IOJIOXKEHHIO pafHodXa CHCTEMH C JHHHUAMH AB
u CD pact Toukd 5 w 6 (cMm. puc. 3.7) ¢ KOOpOHHATAMH X5, Us
u Xg, Ys'

_’34_"_’53 (= — 4,);

X :
! (t—ty)y xg=x4+ AL

At
ys—‘)’a’l"yg }’1 (r— s y4+y4 Y2 (x—1,).

Ecnu KOOpIWHATH X5, X W/HIH Y5, Ys UMEIOT OJHHAKOBHIE 3HAKH, TO
cucTeMa NPOHAET MHMO MOYHKTA OPOrHO3aE.

Omnpenenenne Bpemenu npuxoga CI'K B myHKT mporHosa t mpoH3-
BOJAHUTCS TaK Xe, KaK M B cJydae C CHCTEMOH, He MeHSIOEH pasmepa,
TOJIBKO 3MECh

XsVy — X4¥s
(X3 —x)tge— Y+ ¥, '

rie &= 27) —dccrg, @ Aatee no gopmynam (3.10), (3.11), (3.12).
3aMeTdM, UTO pACIIUPSIIONIAsCH CHUCTEMA, [ABMAKYIIASCS BAOJMb
OLHOH M3 OCe#i, B M0OOM cllyyae He NPO¥eT MHMO NYHKTa HpPOrHO3a.
‘TlosToMy JONOJIHHTENIbHBIE ONEpalUy H3JIHLIHH.
- 2. XopomuM noxasarejem sposionnn MKK sBasercs paguanuoH-
Hag TeMmepaTtypa BepxHell rpaHHUE 06aakoB I'r. Ocazku, AOCTHramo-
1[He NMOBEPXHOCTY, 3eMJH, HauuHaorcad npu Tr~—32°C. Ecnu obHa-
PYXKHBAETCS TeHAEHUHS K NOHHXKeHHIO 7, (0Tgr/0f<C0) u yBennuu-
BaeTCsl 3X0 Ha AWCIJee pPajgHQio0KaTopa, TO B onuxaiine 2—4 4 uH-

Xy =
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TEHCHBHOCTH OCA/IKOB yBeJIHquTcsr U 30Ha OCAJKOB CTaHET 0oJbllle IO
TJIOIIAJH.

Ecan xe 0,,TR/6t>0»HJm IOSIBUTCS TEPMUYECKAsT HEOJHOPOIHOCTH
BepXHeH TpaHHIE OGJIaKOB («TelJible OCTPOBA» Ha BepXHell rpaHHIe
06s1aK0B), TO B OnnxKafillee BpeMs OCAfKH NPeKpPaTATCA.

3. COmuxXeHne W CJAUSHHE OYaroB pajuodxXa CBUAETEJLCTBYET 06
ycunennn uHTeHCHBHOCTH MKK; ApoGseHne ouaroB pannosxa — oc-
Jaabaenne MKK.

4. «CTONKHOBEHHE» NBYX MESOMaCIH’I‘aﬁHbIX 30H KOHBEPreHLIHH Be-
Jet x 6ucTpoMy pocty Cb B mesockomnennu (MC); uepes 20—25 mun
NOCJie «CTOJKHOBEHHS» pamuoaxo gocruraer 30 nb.

30HH ¥ JHHHH KOHBEPI'eHUHWH OOHAPYKHBAIOTCS IYTEM CJEKEHHUS
3a CTPYKTYpO# NOJNS BeTpa C TOMOIBIO AONAEPOBCKOrO pPafHOJOKa-
Topa. Ecaum Takoro paamosokatopa HeT, TO O HaJHYHH 30H KOHBEp-
FeHIHH cynar no Hauajay passutusi CI'K. B stom cayuae 3abmaro-
BPEMEHHOCTb NIporHo3a yMmenblaercss or 60—90 mo 30—40 muH.

Ecau ecTh BO3MOXKHOCTL TaK HJM HHAUE CJAeTWTh 3a 006pasosa-
HHeM W IepemelleHHeM 30H (uHWH) KOHBEPTEHI[HH, TO HEOGXOIUMO:

— [0 PaJMOJOKAIWOHHBIM H3MEDEHMSIM OLEHHTh CKOPOCTb M Ha-
npaBJieHHe CMeLIeHHs 30H (JMHHA) KOHBEpPLeHIIMH;

— 3KCTPamlOJIUPYs CMEUIeHHe 3THX 30H (cM. ¢. 62), ompenenutsb
BO3MOXKHOCTb, MECTO H BpPEMS HX CTOJKHOBEHHS; CUHTAETCS, YTO Ye-
pe3 20—30 MHH B «30He CTOJKHOBEHHS» PaJHOOTPaXKaeMOCTb JOCTHUI-
rer 30 1B u 3HaAUMTE/NBHO YBEJHUHMTCS] HHTEHCHBHOCTh KOHBEKIHH.
Cienyer UMeTb B BHAY, UTO «30HA CTOJKHOBEHHSI» CMELIaeTcs B Ha-
npaBJeHAN BelLymero notoka u uepe3 20—30 MuH MoXeT OHTH [a-
JIEKO OT MeCTa CTOJKHOBEHHS. '

5. CMmemenne 30H (NHHHH) KOHBepreHuHH B pa#ion c GoJbleft
BJIQXKHOCTBIO ¥ 0OJbIIefl HEYCTOHUHBOCTBIO BeZeT K OBICTPOMY pas3BH-
THIO KOHBEKIWH B 30HAX WJIM BAOJb JuHHE KoHBepreHmuu. O pacmpe-
Ie/leHNV 3HaYeHHH HeYCTOHUMBOCTH MOXKHO CYAHTb IO KpyIHOMAc-
mrabueM kKaptaMm I, (cMm. c. 35).

HPOfHOS BOBHUKHOBEHUSA ME3O0BHUXPH
B KOHB‘EKTHBHOP’I AYEWKE

Mesosuxpem HasmBaI@T BUXpb Q>=10-3c-! puamerpom 10—
10! KM, BO3HHKAIOMIHH B BOCXOASALIEM (HHCXOJIHI_HeM) IOTOKe KOHBEK-
THBHOH STUCHKH. \ i

Ilpu nporroze KoHBe

UM W KOHBEKTUBHBIX SIBJIEHHH OOHIYHO OIle-
HUBAaeTCST TepMOAMHAMHUYEEKQe COCTOSIHHE BO3LYIIHOH MacChl HJH,
Ipoule TOBOpPS, CTEHeHb €€ CRATHUECKOH yCTOHuMBOCTH (HEyCTOHUYH-
BOCTH). Hap;my C 3THM GJIeIy®dT OUEHWBATL BEPTHKAJNbHEIN CIBHT
BeTpa B pakoHe oxmuaemomo PAa3BYTHS KOHBEKILHH:

V&l +Vi— 2V SV, cosa
Az )

|AV| = (3.13)
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3aech |AV|— MOZyJb CIABHra BEeTpa B HEKOTOPOM CJIO€ TOJILHMHOHA AZ,
BOBJICYEHHOM B KOHBEKUHIO; Vs M Vi-— CKOpOCTb BeTpa Ha BepxHeil
H HUXKHefl IpaHHIE 3TOrO CJIOST COOTBETCTBEHHO; o ~— YNoJ MEXAy Ha-
IpaBJeHUSIMH BeTpa Ha BepxHeH M HUKHeH TpaHHUE CJIO0S;

Vy— Vycosa
Az|AV]

rie d.—HanpaBjieHWe CJBHWIA BeTPa; dy— HampaBjeHHEe BeTpa Ha
HIDKHEH rpaHulle CJOsi; IPH JIeBOM IOBOPOTE BETpa C BHICOTOH HC-
NOJIb3yeTCs BePXHUH 3HAK Iepell BTOPHIM &y TpeTbPIM yJeHaMH B IIpa-
Bofi yacTu Qopmyas (3.14), npu NpapoM #- HHXKHHA 3HaK.
BeprukaapHHH CHBHD BeTpa CBA3aH c[f TOPHU30HTAJbHOH 3aBUXpEH-
HocTpio. Ilociennsast mo BeJHuHHE paBHA/MONYJIO CIBHTa BETpa, T. e.

Q= lAV/i

3nech Qr — ropH3oHTabHAS SaBHXpeHHOCTb WJIM BHXPb C TODU30H-
TaJbHOH OCBIO.

Tak Kaxk BUXPBH-— BEKTOp, OH IOJXKEeH HMeTb HanpasJeHue. BekTop
BHXpH Q; nanpasien Ha 90° BJego OT HampaBJieHMs CHEBHTA BeTpa:

de, =/d. — 90°%

dQ, noxasHBaeT, OTKy4a Hanpabien Q.
Beenem ‘HEKOTopre HOHSATHH.

d.=d, F 180 + arccos (3.14)

OTHOCuTe/leblu 3eTep——BgTep OTHOCHTE/JbHO KOHBEKTHBHOH suel-
KH, KOTOpas cama \ABI/I)KGTC?" CO CKOpPOCThHIO Cr. a:

\ !o-rﬂ =V —Cg 1y (315)
AN
VOTHI =V & + Ci a— 2V Cx. 4 COS T (3.16)
' Cx.n— V cosy

@om = di.n F 180 £ arccos ,
I! . lvoml

¥ — Yro MeXIy BeKTOp!aMI/I Vu Cq

" Ecin KOHBeKTHBHAs | siuefika IBHXKETCS ¢ OTKJIOHEHHEM BIPABO OT
HanpaBJieHHst BeTpa, B cpopmyne (3\17) nepefl BTOPHIM H TDETHUM
yJIeHaAMH ncnomﬂyeTca BepXHHH 3HaK\ECJIH BJIEBO — HHKHHUH 3HaK.
OTHOCHTEJIbHBIA BeTep; CYIeCTBEHHO OTJII/IHaeTCH OT peaJsbHOI'O BeTpa
KaK 10 CKOPOCTH, ngk ¥ no Hanpasiaenwio. Ha puc. 3.8 npusenen
npuMep rpadMUECKOTO ONpe[e]eHHs] OTHOCHTE]BHOIO BeTpa. B 3ToM
NpuMepe HanpaBJeHHE PealbHOrO BeTpa 250° "a_ero ckopocTh 6 M/C,
KOHBEKTHBHAs ;mem(a JBHXKETCS CO CKOPOCTBIO 5M[c, U HanpasJeHHe
270°. CKopocCThb OTHOCI/ITe.}ILHOI‘O BeTpa yyTh OoJbme.2 M/c, a ero Ha-
npassienue 197°. .

IIpodorvrasn 3a3uxpeun'ocrb ~— COCTaBJSIOIAs TOPH30HTAJbHOR

3aBHXPEHHOCTH, HAallpaBJICHHAas IapaJJiejJbHO OTHOCHTCABHOMY BETPY:

B OKpYXKalolieM HPOCTPAHCTBE HA TOM XKe ypOBHe; 6yleM 0603HauaTh
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ee Kak 2. IIponosbHas 3aBHXPEHHOCThL ONpEIENsETCS H3MEHCHHEM -

HAaIpaBJIeHHs] OTHOCHTEJbHOTO BETPA C BHICOTOH. Ecau Vopr m Rry
HallpaBJIeHbl B. IPOTHBOIOJIOXKHEIE CTOPOHEH, TO TOBOPAT 06 aHTHUIPO-
JI0JIbHOA 3aBHXPEHHOCTH. :

llonepeunas  308UXpPeHHOCT — COCTABJSAIOMIAST TOPH3OHTAJIbHOM
~ 3aBHXPEHHOCTH, HaIpaBJieHHAs] NePHeHAUKYJSpHO (BJEBO) BEKTOPY
OTHOCHTEJLHOTO Berpa; Oylaem o003HauaTh ee kKak £r,. Ilomepeunas
3aBHXPEHHOCTb ONpEJeNAeTCs] H3MEHEHHEM CKOPOCTH OTHOCHTEJNBHOTO.
BeTpa C BHICOTOH. '
* Ha puc. 3.9 HpeILCTaBJIeH NpUMEp BO3MOXKHOTO PaCHOJOKEHHS
BCex YNOMSIHYTHIX BBHIIE BEKTOPOB, & T4KXKe NPOJOJBHOA W momepey-
HOH 3aBuUXpeHHOCTH. HeTpyaHo BHIETBH, UTO

20 7= AV COSB}

Q. =|AV]sinp (3.18)

rage
p == dom - dc + 900)'

Korpa umeer MecTo 3HAyHTeJbHAs NPONOJbHAS 3aBHXPEHHOCTH,
BOCXOAsAIIME HJH HHCXONSIINE NOTOKM B KOHBEKTHBHOH sueiike Bpa-
IMaKTCsA NPOTHB YACOBOY CTPEJKH, T. €. HMUKJOHHYeckH. Koriza umeer
MeCTO 3HaYHTeNbHAS al}‘QI:IHp),ZIOJIbHaH 3aBHXPEHHOCTb, BOCXOJSIINE
HJIM HUCXOJSIIIHE NMOTOKH B%KCHBGKTI/IBHOI?I syeKe BpallaloTcs IO 4Ya-
COBOH CTpEJIKE, T. €. aHTHIHNJOHHYECKH.

Korga umMeer MeCTO TONbRO\ IIONEpeYHAs 3aBUXPEHHOCTb, Bpalie-
HHSI BOCXOHSILETO (anxom{mer&\ OTOKA He NPOHCXOMHT.

3aMeueHo, UTO ME3OBHXPH |B KOHBEKTHBHLIX SuefiKax BO3HHKAIOT,
eCIH BepTHKAJbHEE caBur Bepa |AV]>>10-3c-l. OGHuUHO cepme-
BHHa ME30BHXDS pacnoJiaraercy Mexay 3 M 9 kKM (MeXIy ypPOBHAMH
700 u 300 rlia). YimenHOo nJis 3TOrO CJIOS IpPEXKaE BCETO BEIYHC/IACTCH
3HaYeHHe BePTHKAJBHOT'O CJBHEA BETpa. :

Hcxonuolt uH(popManuei 11.7191 IpPOTHO3a Me30BHXDS. CJAYXKaT cJe-
Ayomue JaHHble:

a) pacmpesiesienne CKOpOCTH U HanpaBJeHUs BeTpa C BEICOTOH B
pafioHe NPOTHO3a — NaHHbE BETPOBOrO 30HIHPOBAHHUS,

6) 3HAaYeHHS BEePTHKAJbHOH CKOPDOCTH BeTpa HA PAa3HBIX YDOBHSX;

B) JAaHHBC O HANpPAaBJEHHH H CKOPOCTH IlepeMelleHHs KOHBEKTHB-
HOH stueliku Cy s

r) pacnpenesenne T u Ty O BHICOTE — JAHHEE TEMIIEpaTypHOTO
30HIHUPOBAHUS B palioHe NPOTHO34.

B ocHOBe METOIHKM NIPOTHO32 JIEXKHT NPEANOJIOKEHHE O TOM, YTO
BHXPb C TOPHSOHTAJbHOH OCbIO TOJ BJIHSHHEM TpajHeHTa CHJ IJia-
BYYecTH NPHHHMAaeT HAaKJOHHOe WJH BepTHKaJbHOe monoxenue. Ilpen-
noJiaraeTcsi TakKxKe, UYTO pacCcMaTpHBaeMble KOHBEKTHBHbIE suelKH
pasBHBAlOTCS B INOJHOM COOTBETCTBHH C JIMHeHHOA Teopuefi KoOH-
BEKITHH.
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CoraacHo 3Tofi TEOpHH, BEPOSTHOCThL BO3HHKHOBEHMS BpalleHus
B KOHBEKTHBHOM IIOTOKe '

P =sing (VRZ+1)7, (3.19)

rae ¢ = (dgy — dx.a)— YroJd MeXIY HAUpPaBACHHEM OTHOCHTEJIbHOTO:
BETPAa U HampaBJeHHEM IepeMelleHHs] KOHBEKTHBHOH suefikH Ha 3a-
JaHHOM YDOBHe.

CTporo roBopsi, KOHBEKIHS, KaK IpaBu/O, He OUEHb XOPOIIO CO-
Ijacyercst ¢ JHHeHHOH TeopHed. YiKe depe3 HECKOJNBKO MHHYT IOCJe:
Hayajla KOHBEKIMH INOSBJSIOTCA HeJuHefiHble ujeHB. OJHAKO OHH:
HOpaKTHYeCKH He BJHSIOT Ha IpOoIlecc Boséyxmeﬁnﬂ BPAalLCHHUA B KOH-
BEKTHBHOM IIOTOKE.

Ilpu usywenun puc. 3.9 nmaxe HS HpOCTbIX reOMEeTPHYECKHX €006~
paXkeHu#l SICHO, UTO

B ¢opmyne (3.19) R,=s[(R]|V,/,!)— OTHOLICHHE BpPEMEHH <CYIIECT-
BOBAaHHA» YaCcTHIH B 00JACTH, fle HMeeT MeCTO CHJBHHIH rpajgHeHT
NAaByYecTH, K BPEMEHH pOCTa [fepMHUECKH HEYCTOHYMBOrO BO3MYIie-
HUSI; 0 — IIOKa3aTesb pOCTa BY3MYINeHHs; k—wMacwrab IJIHHB AJs
TOPH3OHTANBHOIO TPajHeHTa INaByueCTH B IIpejleaX KOHBEKTHBHOMN:
SYedKH. :

SZMQHGHQ, 4YT0 3HAYUTEJbHBIE TPaJHEHTHl I1J1aBy4deCTH HabJ0-

JAAIOTCST B XOPOIHNO <BEHTHJAUDPYEMBIX» KOHBEKTHUBHEBIX quﬁxax, T. €.

TaM, TJe BO3JYyX <XOpOIUo HpojAyBaeT» BO3MylleHHe (TaM, rie GoJb-
wre sHaYeHHsl Vorm). OTCIQHa cienyer, 4To HpH GOJBUIHX 3HAYEHUSAX
R; casur BeTp\a\a cnab0 BJAHSIET Ha KOHBEKIHIO W BeJHYHHA P, OKasHl-
BaeTcsl HeGOJBIIOH.

IToxazarenb RocTa Bo, MYLICHHA MOXKET OBITD BBIpAXKEH Kak
Vo
=V

rpe n u m—ropu3soHya
HOro BO3MYyHIieHHsI.

Hble H BepPTHKAJbHHE BOJHOBBHE YHCJIA AaH-
Jist rmy\é\oxoﬁ BJIaXKHOH KOHBEKIHH

N
L’—~;
@’
$
)
@!

31ech H — ypoBeHb KOHBEKIHH; g — YCKOpPeHHe CBOGOIHOTO IajeHHs;
0,(2) — BUpTyaJbHAs NOTEHLHAJ bHAS TEMIEparypa NOXHHMaOeNcs

YacTHIB (BJAXKHHINA ajuabaTHYeCKWi NOAbeM) Ha BHCOTE 2; 0,(2) —
BHpTYaJbHasd NOTEHIHa/JbHAsA TeMIepaTypa B OKpyXKawouiefl cpele Ha
TOM Xe ypoBHe. MlHOTZAa BMeCTO BHPTYaJbHOH NOTeHUHAJbHOH TeMmIle-
pPaTypH HCIOJB3YIOT 5SKBHBaJIEHTHO-IOTEHIHAJbHYIO TeMIeparypy.
Torzna

417

(3.21)

2 (2) 4o (3.22)



S=_2 5 ;e_é—;e;e_ dz. (3.92))

Hiarerpan B (3.22) — KOHBeKTHBHAS ILOCTyrIHaH [OTeHU A bHas SHep
rust, E,. Toraa

2
S=tzEs (3.23)
HJH ‘
L
2F k& 2 ‘ '
[m—m—)} ' - (324)

Hcnoabays (3.23) u (3.24), no.;;yqaeM BEIpaXKeHne s R

/ 2F,
]4 12 (n? + m?)
i VOTH I )

Bregiem GespasmepHble. FOPHJOHTANBHEE H BEPTHKAJbHbIC BOJHOBHIE
yucaa n,=nH u my,=mi:Torna ni + mz = H2(n2+m2). O6o3naunm

I/HW l/n2 ¥z =

B cooTsercTBHM ¢ 3THM BHpaxeHHeMm (3.25) mpumer cJeAyIOIuA BUA:

BWE ‘
,=——Z‘é%’—. (3.25")

!Vom'lg

B npomocmqecxoﬁ npaktyke CIIA BEeHIHHY B TOpuHATO CYHTATh

KOHCTAHTOH, TakK Kak OHa! OueHb MaJo MEHSEeTCS OT BO3MYLIEHH:H

K BO3MyIleHH0. B KauecTBe Takoit KOHCTaHTHL BEHGpPaHO ee cpelHee

3Hauenue B=0,173. Torpa\

Rl-

R = (3.25)

P

0,173 VE,
lVOTHl

3ameueHo, yTo Haubojiee XeCTOKHE KOHBEKTHBHLIE SBJGHHS BO3-
‘HAKAIOT npH R~ 1; npu R;>1 BANAHHe BeTPOB Ha BO3MYyILeHHE Ipe-
HeGpexHMO Mano, a HpH R;<C] BeTPH XOPOLIO «BEHTUIHPYIOT» KOH-
BEKTUBHYIO f4eHKY. :

C nomompio (3.25”) 3HaueHHe BEpPOSTHOCTH BO3HMKHOBEHHS ME30-
BHXPS MOMKHO BHIPa3HTb Kak

. (3.257)

smq)]V(m,l
., 3.26
" Y 0,03E, + [Veul (526

Tak kak sin¢g = Q,,/8,, T0

2oy | Vom|
P = rl oTH . 3.96’
TV 0,08E, + [Vom P (5269
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HerpynHO BHAETb, UTO C YBEJIHUEHUEM CKODOCTH OTHOCHTENLHOTO
BeTpa pacTeT BePOATHOCTb BO3HHKHOBEHHS  Me30BUXpS. Ecau
| Vora| =2, T0 Pr==0 1 Me30BHXPb He BO3HuKaer. He Bo3HHKHeT Me30-
BUXPb H B TOM CJydae, €Cju OTCYTCTBYET NPOROJbHAS 3aBHXPEHHOCTH
Qry =0. Haubosee 6saronpusTHEle YCJAOBHS AJISI FeHEpaUWd Me30-
BHXps co3patoTest npH @, =0 (sinyp=1), ecan |Vora|=5<0. Pasy-
MEeTCsI, uTO IpPH HaJUYHH KOHBEKTHBHOH sueliku Eo540, XxoTd, co-
raacHo (3.26), P.=1 toapko.upu E,=0 u sinp=1 (=—1).

CoBepllleHHO OYeBHJIHO, YTO Ha Da3HBIX YPOBHSX B IIpPeAesaX KOH-
BeKTHBHOH si4efiKu 3HaweHus P, 6ynyT oTJHuaThcs APYr ot apyra. [lo-
3TOMY LJIsi OPaKTHYECKHMX Hesedl 3HaueHHS P, BHUHCASIOT AN KaX-
JIOTO CTaHZADTHOTO YPOBHSI BHYTPH CJIOg, 3aHATOTO KOHBeKIHel.
IMonyuennbie nsst BceX ypOBHeH 3HaueHus P, OCPEXHSIOT:

n

5 izl Pr
P, ="
r n :
rflle n—4HCJIO CTAHZAPTHEIX YPOBHEH BHYTPH CJOS OT YPOBHS KOH-
JeHCan¥ud IO YpOBHS KOHBEKIHH.

3HaueHue P, yKa3bBaeT JIHIIb BEPOSITHOCTh BO3HHKHOBEHHS Bpa-
IIeHUsE BOCXOLSAIEro (HUCXOASMIEr0) NOTOKA B KOHBEKTHBHOH syel-
Ke. MesoBuxpb XKe J0JKeH 06safaTh ONpeJeNeHHOH HHTEHCHBHOCTBIO

BpaileHust Q.
JlunefiHasi TeopHs KOHBEKIHH IIOMOXKET BHIUHCIHTH OXKHAAaeMOe

~

3HaueHHe & Kak
doldz

Q= — g W (3.27)
7 .

3nech do/dz — B3MeHeHVe HaNnpaBJeHHs AeACTBUTEJBLHOTO BeTpa C BHI-
‘coroll B pafioHe KOHBEKTHBHOH suelik#; W — MakcuMmasipHas CKO-
pOCTh KOHBEKTHBHOTO NOABEMa (OnycKaHus) B LaHHOH KOHBEKTHBHOH
suelke.

BerpoBhle 30HAHPOBaHHS BOJIH3H TOPHAZO NOKa3ajH, 4TO 3JeChb
THOHYHO do/dz=—0,5 pafi/kKM B HHXHEeM 3-KHJIOMETPOBOM CJIOE.

NoPAAOK COCTABJIEHUA NPOTHO3A ME30BHUXPH
B KOHBEKTHBHOW SIYEMKE
;o

1. Onpepensiior TOPU3OHTaJNbHBEIE H BEPTHKAJbHHE PasMepHl KOH- -
BEKTHBHOH sjuefiKM MO MaHHHIM pPaJHOJOKATOpPa HJU N0 J000f XOH-
BEKTHBHOH MOIEJIH.: [

2. OmnpenensioT cxopocTe Cy 5 W HanpawJeHHe dx s HepeMelleHHS
KOHBEKTHBHOH sUefKH \NIO NAHHBIM paiHOJOKAUUOHHHIX HabawieHH.
Ecnu K MOMEHTY CocTabjeHHs NPOTHO3a KOHBEKTHBHAsA suefika erie
He chOpMHpOBaNach, TO MOLOJb3YIOT NIpeANOJOoKeHHe O TOM, YTO OHa

4 3ax, 86 \\ 49
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IBUXKETCSI CO CKODOCTbIO W HallpaBJeHHEM CpPefHero BeTpa B CJOE
500—700 rIla (cm. c. 41).

- 3. Tlo dopmysaam (3.16) m (3.17) BHIUMCJIAIT CKOPOCTb M HANpPAaB-
JIEHHEe OTHOCHTE/JBHOrO BETpA HA BCEX CTAHAAPTHHIX YPOBHSAX.

4. [To dopmynam (3.13), (3.14) BHUHCJAT MOAYJIb H HampabJje-
' HHe T'OPH30HTAJbHOIO BHXPA. :

5. ITo ¢opmynam (3.18) BHUHCAAIOT 3HAUEHUA NPOJOJBHOH H IO-
NepeyHOoR 3aBHXPEHHOCTH. Ecau HabJI0faercss TOJAbKO NOHEpeYHAs
3aBUXDPEHHOCTb, TO JajbHeHlliWe ONepaldd He IPOU3BONST, TAK Kak
B 9TOM CJIyYae Me30BHXpb He BO3HHKHET. EcJM MMeeT MeCTO aHTHIPO-
JOJbHAS 3aBHXPEHHOCT (&r)'<<0), TO c/aeAyeT OXKHAATh aHTHLHKJIO-
HUYeCKOe BpallleHHe. '

6. BEUHCHAAIOT KOHBEKTHBHYIO MOCTYIHYIO IOTEHUHAJbHYIO 3SHEp-
THIO O OJHO# u3 dopmyd

H —
Ea = g ®v (z_)_ _ 91; (z) dz
(, 9, (2)
HJH
Y 8,8
E,= e "¢ gz
Je=3,

7. o ¢opmyne (3.26) uam (3.26") BEUHCAAIOT 3HAyeHHs P, Ha
BCeX CTAHAAPTHHIX YPOBHSX B Ipejesax CJOs, 3aHATOrO KOHBEKHHeH.
Foayuennble 3HaueHHs P, ocpenHsiorT. Ecau cpenHee 3HaueHHE

ﬁr=2Pri/”’#"0,
1

TO BpallleHHe BHYTPH KOHBEKTHBHON SAYEHKYM BO3MOXKHO.

8. Ha cranmaptHOM YypOBHE, JexameM BOJH3H YyDOBHS MakKcH-
MaJbHOH CKOPOCTH KOHBEKTHBHOIO IIOJBEMA, BHIUHCIHSIOT 3HAYEHHE
do/dz B pan/m u snaueHHe R; no dopmyae (3.25”).

9. Ilo ¢dopmyne (3.27) BHUHCIAIOT HHTEHCHBHOCTb BpamieHus Q. -

Ecimn Q=10"3c, 10 oxuAaercs mnosBjeHue Mesosuxps. Ciexenne H
IPOTHO3 €ro IepeMelLIeHHs OCYUIECTBJSETCS ¢ NOMOIMIBIG METOAMKH,
HpuBefieHHOH BhIe (cM. c. 41—43).

Iiporuos cmepueii

ITo cBoeft mpupojie CMEPY €CTh ME30BHXPb 3HAUHTEJbHOH HHTEH-
CUBHOCTH, . CBSI3aHHEIH C KyueBO-ZOXKAEBHM 00JaKoM. Jlmamerp BuXpSA
go 1500 M. IlpomosxkurensHOCTh €ro cymectsoBanus 102—10%c, e¢xo-
. pocth ABmKeHus 10—90 km/u.

B uenTpajnbHON uacTH cMepdua HMeeTCsl sApO WHpHHOH no 150 M,
B KOTOpPOM HalJIofaloTCss HHCXOAAIIME TOKHM €O CKOpoCThIO 60—
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80 M/c, KOHBeprupyiomue y NOBEPXHOCTH 3eMJH (BOAHI), TAe OHH
06pasyoT Tak Ha3hBaeMOe NMOAHOXbe cMepya. Bokpyr aapa — Bocxo-
AslHe cHupaJjeBHAHBIe ABHMKEHHS CO CKOpocThio o 90 mfc. Ouun oby-
C/JIOBJIHBAIOT KOHAEGHCALHIO BOASHOTO Napa B NOAHHMAIOIEMCH BOS3-
AyXe M NOJAHHMAIOT IIEUIb, IIECOK, BOAY U JlaXKe KPYIHbE NPeXMeTHL

Ananus BO3MOXHOCTeH DPasBHTHS CMepda NPHBOAUTCS MO TEM XKe
HCXOJHEIM MAaTepHaJaM, KOTOpHeE HeOOXOAHME AJs OHEHKH Pa3BHTHS
CHCTeM IJ1yGOKOH KOHBEKUHMM ¥ BO3HHKHOBEHHS Me30BHXpefl.

CMepun 06pasyiTcs B 30HAX aKTHBHON KOHBEKLHMH B yray6asio-
IIMXCA LHKJIOHAX, Ha OOOCTPSIOMIUXCA XOJONHBLIX (pOHTAX, BIepenH
HHX H TOA OOWIMDHEIMH TpPomocepHHIMH Aenpeccusmu. [Ipumep Ham-
6oslee THNHYHQH CHHONTHYECKOH CHTyaHuH, NIPH KOTOpoH o6pasyercs
cMepu, noxkasan, Ha puc. 3.10. Yskfie 30HH XOpOIIO BHPAXKeHHOH KOH-
B HOTPAHHYHON CJOe H 3HAaYUTeAbHAs NPOAOJbHAS
3aBHUXPEHHOCTb B\CHJbHO HEYyCTQHUUBOH aTmocdepe CBHIETENLCTBYIOT
0 BO3MOXKHOCTH BR3HHKHOBEHHSF cMepya.

HsBecTHsl TpH tHIA BepTl?KaJIbHoﬁ CTPYKTYpPHl BO3LYIMHKEIX Macc,

61aroNpUATHEIX JJ\00pa3oBAHUSA CMepuel.
\
\

Tun I. Tennas Bos-,gymaf;ﬂ Macca, COCTOsinLasi U3 Tpex CJ0oes B
HHXHeH uvacTH Tponocq)ppmf (mo 400 rlla). Tommuna cinoeB MoxKeT
ObITh J1I060H IpPH YCJAOBHH/ YTO CPEIHHH CJ0f OyAeT CaMBIM TOHKHM.
Huxsuf caofi — sinaxsni, (R=65%, T4==13°C), ycAoBHO HEYCTOM-
upBnil  (Te<C0). Cpenupii ciaofi —cyxofi (R<<50%), ycrofuusniit
(Te>0). Bepxuuit cnoff — ycaosHo Heycrouusniii (I'.<C0); B Hem
OTHOCHTeJIbHAS BJIAXKHOYTh CHQuaJa PacTeT MeNJEeHHO, a 3aTeM OTMe-
4aeTCs €e PEe3KOe YBEJNMUEHHUE.\ :

Berep ycusumBaeTcfi ¢ BBICOTOH, NpHYEeM HENOCPEACTBEHHO Hal
HYKHEM CJI0EM HabJ$aeTcsl CHMRHOE Y3KOe TeueHHe C KOMIOHEHTOM
okosno 15Mfc, xOoTOpLifi HampaB/ieH\IEPIEHIUKYASIPHO TIOTOKY B HHX-
HeM CJO0e€. . _

CMmepuaM, BO3HHKAIOIIHUM B TakO# ROSAYIIHOH Macce, €OIYTCTBYIOT
caefylonne npeACMepueBtie IOTOAHbE YCIOBHS. YTPOM HeGO MOKPLITO
o6maKaMH CJHOMCTHIX (OPM, 3aTeM Ha KODPOTKHIA NMPOMEKYTOK Bpeme-
HY He$O IMpPOsICHJAeTCS, IOCJe uYero NeABJSAIOTCS o6jgaka THIA
Ac mamatus. 3a Zl——4q JO cMepya pe3KO “JIOBHIIAETCS TeMIeparTy-
pa TOYKH DOCH (Kkmapur B BO3LyXe). W

YKasaHHBlE YCJNOBHS IIOTOABl He SABJIAOTGI NPOrHOCTHYIECKHMH
OpH3HAKAMH CMepuYa, OHM JHIUb CONYTCTBYIOT IipgueccaM ero obpa-
soBanus. OLHAKO NpH S5THX YCJOBUSAX CHJABHBIE I'DO3Bl CO IIKBaJaMH
Ha6J101a10TCSL BCErja.

B TeueHHe HECKOJLKHX UYacoB Iiepejl HAYAJOM TDOSH, C KOTODOH
MOXKeT ObITh CBf3aH CMepY, AaBjeHHe MeNJeHHO majaér (He GoJee
ueM ga 3rlla/3 y), 3a HECKOJbKO MMHYT IO Hauasja sBJeHMS (rposa,
IIKBaJl, CMepY) NajeHHe HaBJeHHsA NpeKpamaercsd, OTMeyaerca jgaxe
HEKOTOPHIH POCT, & ¢ HauyaJoM SIBJEHHs JaBJeHHe DESKO NajnaeT; 3a-
TeM OHO GHICTPO pacTeT X IOCJe NPOXOXKJEHHs KOHBEKTHBHOH suefiu
BO3BpAaNIaeTcsi K UCXOLHOMY.
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‘Tun 1. Temnas, BJaxHasi, HeycTofunBasg BO3IyIIHAS Macca
{06br9HO MOpCKOft TPONHMUYECKHii BO3JAYX) Ge3 WHBEDCHH M 3alepKu-
Baomux cjgoeB (I'e<<0). 3a HeCKOJBKO HacOB L0 SIBJEHUS TeMIepa-
Typa BO34yxa y moBepxXHOCTH 3emuad T =>27°C, OTHOCHTENbHAS BJIAXK-
HOCTb [0 BHICOTH 7 KM R =65 %.

Berep -¢ BECOTOR OGBMHO MEHSIETCST MaJo, HO AJs hopMHpOBaHHS
cMepua HeoOXOAMM 3HAUHTENbHHH -BEPTHKAJbHBIA CABUT BeTpa XOTS
661 B TOHKOM cgoe. Ilpomeccam oGpasoBaHHS cMepua B BO3IYIIHEIX
‘Maccax 9TOr0 THIA CONYTCTBYIOT TAKHE MKe IMOTOAHbIE yCTIOBHA, KaK
W B BO3AyWHHX Maccax tana L ?

Tun 1. OtrocutensHo xonoanas (T2 20°C y moepxHoCcTH 3eM-

ain), HeycroiuuBast (Ie<<0) u BIaxKHas (R==70 % IO BBHICOTH 7 KM)
'BO3JyIIHas Macca. Berep ycmmBaeTc;I C BHICOTOH H OBICTPO MeHseT
HalpaBJIeHHe. Bepmxanbﬂbm CI{BI/II‘ BeTpa B cJoe 500—800 rlla
5-1073c-L §
' Cmepuam, BOSHHKAIOIIUM B TaKOH BOSAYNIHOH Macce, CONMYTCTBYIOT
cleflyiolliue IpeAcMepUeBLe noro,zmbxe yCJOBHA. ¥TpoM He6GO OOHYHO
sCHOe. 3aTeM IOSBJISIOTCS nepacm Kyuepble 00Jaka, a yepe3 He-
CKOJIBKO 144COB — OTJeJIbHEIE BinCOKO KyueBHe oOsaka. LEme uepes
HEKOTOpPOe BpeMs IOYTH BHe3aHHO pasBuBaiOTCS (IEPHON PASBHTU
-COCTaBJACT JNECATKU MHHyT) qu, BO- -JOXAeBbE 00/JaKa W MOXKeT 00-
PasoBaTbCs CMepu. g

B mwoboit us paCCMOTpeHHHXs BOBI[yuIHbI\ Macc BO3MOXKHO obpa-
‘30BaHHe CMepud, OJHAKO OH (bopanyeTca He Bcerja. Yauie Bcero
CMepu CJAeAYeT OXKHAATh, €CIH €CTb IePeceueHHsl JMEWI HeyCTOAdH-
BOCTH HJH KOTAA Me30MacuITaGHas 30Ha (JHHHA) 3HAUHTEJIbHOH KOH-
‘BepreHIHN COBHajaeT C quHKOH‘KOHBeKHHH (pnc 3.11). Ecau xoH-
'BEKTHBHBIX O0JIaKOB €lle HeT, TO |0 HaJHYHH SI9efKH CYAAT IO 06Ja-
‘cTi GOJIbIIMX 3HAYEHHH NOKasareds KOHBEKTHBHOH HeyCTOHUHBOCTH.

MoxHO peKroMeHIOBATH cnep;ymnmu HOpH}lOK COCTABJIEHHS HpOT-
'HO3a cMepuel. .

1. Ilo #CXOZHEIM MaTepHajgaM y'CTaHaBJII/IBaeTCH THII BO3AYLIHOR
‘MAcCHl U OICHHBAeTCS CHHONTHYECKAS CHTYAIHS.

2. BHUYHCASIOTCS KPHUTEPHH HEYCTOHUMBOCTH W . COCTABJSIOTCS
KpynHoMacmTaOHBe KapThl pacupefeleHus I'e m x B pajiioHe Hpor-
HO3a. Ec/H OHHM YKasHBalOT Ha MNpEACTOslIee DAasBHUTHE KOHBEKLUH,
70’ BBIYHCJSIOTCS IApaMeTphl KOHBEKHHHM H OIpeJesserTcs BO3MOXK-
HOCTb pPa3BHTHS KOHBEKTHBHEIX SBJeHHH, BK/IOYass (OpMHPOBaHHe
‘Me3oBUXpel.

3. B mponecce csexeHus 3a TeKkymiell IOrOJOH ompefelsercs Ha-
Juure (OTCYTCTBHE) CONYTCTBYIOIIMX cMepuaMm (rposaM) IOTOAHBIX
“YCJIOBHH.

4, C nomompbio MPJI Hponssonmcs{ oGHapy}KeHHe KOHBEKTUBHBIX
‘gqueek HambOJbIIeHl MOIIHOCTH M JIMHUH HEYCTOHUHBOCTH U CJEXKEHHE
3a MX PasBHTHEM M HepeMelleHHeM. 3aMeTHM, UTO 3apOXKJeHHe Me-
30BHXDPS H €rO PasBUTHE, a CJeJOBATeJbHO, H (OpMHUpOBaHHE CMepua
MOMKHO OOGHAPYXKHTb TOJNBKO PafHOJOKATOPOM C IOIJIEPOBCKOM HpH-
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craBkoii. OQHaKO ecjau BUXpPb (cMepd) KaKHM-IH60 06pasom o6Ha-
pyxeH (ckaxeM, BH3yaabHO), TO OOHuHHN MPJI MOXeT CIEIATH
3a 06JIaKOM, C KOTOPHIM 3TOT BHXpb CBf3aH. Torla MOXKHO 3a6J1aro-
BPEMEHHO HpelynpelnTh O IOSBJICHHH cMepua.

5. BceMu MOCTYNHBIMH CpPEACTBAMH JKeJNaTeJbHO OOHADYXKHUTDL JH-
Huu (30HB) koHBeprenuud. CoBmellleHHe MOJeH HEYCTOAUHBOCTEH
(kpynHoMaciiTabHEEe KapTH I'e U %) M 30H KOHBEPIeHIUHH NO3BOJHT
[pefcKas’aTb MeCTO BO3MOXKHOTO NOSIBJACHHS CMepua.

6. ITo naHHBEIM cJeXeHHs 3a NepeMmellleHHeM 00/1aka, ¢ KOTOPHIM.
CBSI3aH ME30BHXDb WJM CMepY, CPeJICTBAMM NPSIMOH JHHEHHOW IKCTpa-
HOJISIMA COCTABJISIETCS NPOrHO3 TPAeKTOPHH CMepua.

3a6maroBpeMeHHOCTb NPeAYNPEXAEHHs 0 CMepue He MPeBHILIAeT
HECKOJIbKHX JeCATKOR MHHYT.

]
[
; .

Cnaga 4 - \\ 'y ‘;\; Y

CBEPXKPATKOCPOUYHbIE HPOI‘HOSbl npochccrﬁ
U SIBJEHHI, BO3SHUKAKOLLMUX
B YCTOMYUBON ATMOCPEPE
HA ®OHE [OHHXEHHOI'O [ABJIEHHS

QopmupoBaHHe NOrOAH B UEJIOM H OTAEJbHBIX ME30MacCIITaGHBIX
ABJEHHA B yCToRuMBOH arMocdepe 3aBHCHT OT psiia ycuaosuil. B mep-
BYI0 Ouepeib CJELyeT HA3B HagBaTh (OH AaBienus. MnTepecho, uto ORHE™
U Te-3Ke SBJICHHS] MOTYT BOSHHKATH KAK TIpH TNOBLIIIEHEOM, TaK H IPH
TIOHHXKEeHHOM (oHe AaBsenus. Hanpumep, Huskas obiausocts. OnHa-
KO IPOLECCH, NPUBOASUIHE K 06pas0BaHUIO 3THX SHJICHUH, HE OJH-
HaKOBH. B JanHO# riaBe OyAYT PacCMOTPeHH IPONECCH, NPOTEKaio-
mye Ha (OHe MOHKHIKEHHOIO AABJEHHS.

BropbiM BaxkHHIM (aKTOPOM (OPMHUDOBAHHA JIOKAJbHOH IIOTOJH
ABJSIOTCS K oMaciuTaOHble W Me30MacIITaGHhle (He KOHBEKTHB-
Hble) gepruxanvhbie Osuscenus. TIOCHETHAS™MOrYT NOSBJATBCA Kak
BO @pom*a.nbnbv?"é'ﬁ”rﬁ"ifm €7E 06JacTsAX ¢ GOJIBIIMMH KOHTPacTaMu
TEMNEPATyp B aTMocdepe,, TaK ¥ BHYTPH BO3AYIIHHIX Macc B Meso-
chepHuIX (ppOHTOB BeposTHO, caMu MesounKJIOHbI reHepnpyxoTcsI JI0-
KaJbHOM =~ AMHAMMYECKOH HEyCTOHUMBOCTbIO HJH O00pasyoTes NOX
BJIUsSTHHEM oporpaduu.

KpynnomaciiraGhble npomeccH BO (POHTJbHEX 30HAaX (OpMH-
pYIOT TakK Ha3hBaeMyI0 MaKpOIOrOAy; PacCMOTpPEHHE 3THX INPOLECCOB
He BXOJHUT B 3afayy JaHHOro -kypca. OIHAKO OOHapyKeHHHE HeJaBHO
8TOpUUHble TeueHUs BO (POHTANBHBIX 30HAX CO3AAIOT ME30MacliTal-
HEle HEOLHOPOJHOCTH NOJeH 06JauHOCTH M OCaJKOB, KOTOpPHE IOJIXK-
HH YUUTBHIBATBCS IPH COCTABJEHHH CBEPXKDATKOCPOUHHIX IIPOTHO3OB.
BropuuHbIE TeueHHs eCTb He UYTO HHO€, KaK Me30MacuiTaGHBE BO3-
MYIeHUs, BOSHHKAIONIWE, KAk IOJAraloT, TakikKe IOX-BIHAsHEEM ~LH-
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HaMHYECKOH HeyCTOHUMBOCTH. BTOpDHUHbIE TEUEHHS eCTb TPeTHH BaxkK-
HEf (QakTop (OPMHPOBAHHS JOKAJbHOH HOTOIH B JCTOHYHBOH aTMO-
coepe.

Takum o6pasom, TpH OCHOBHBIX NapaMeTpa — IaBJIeHNE, XapaKTep
LUUPKYJAIAN ¥ JMHAMUYECKAas HEyCTOMUMBOCTb ~~(JCTOHIABOTTS) —
OHpE&eﬂﬁHIT"‘B'UBﬁHKHOBeHﬁé W Xapakrep.. MesonpoueCCOB CTATHAUECKH
yeroitunBoro Bosgyxa. Crenyer, ogHako, O6paTHTb BHHMAHHE elle Ha
ABa ofcrositenbCTBa. llepBoe, BHYTPH MacChl YCTOHUHMBOIO BO3Ayxa
MOTYT (DOPMHDOBATBCS «OCTPOBAY CTATHUECKOH HEYCTOHUMBOCTH. Brto-
pOe, BOBHUKHOBEHHE KOHKDeTHEHIX SIBJeHHH TIOrOJBI-3aBHCHT OT BJaXK-
HOCTH BO3fyxa. Kakumu Obl He OHIJIM BepTHKaJbHBE IBUKEHHS, JAaB-
JIeHHle W LHPKYJAIHs, €CJU OTCYTCTBYeT BJara (OueHb CYXOH BO3AYX),
HE o00JauHOCTh, HH OCAaJKHM BO3HMKaTb He Oyayr. MMeHHo wus-3a
OTCYTCTBHS JOCTATOYHOTO KOJIMYECTBA BJATH B 3aCyUJIMBHIX pafoHax
ME30LHKJIOHBl BBEI3HIBAIOT JHIIb NBUIbHEE OYpH.

B03MOKHOCTP BO3HHKHOBEHHSI Me30MacIUTA0HEIX BO3MYILEHHHA B
yCTOHYMBOM BO3JyXe Ha (pOHe HH3KOTO AABJEHHS MOXKeT OBIThH OIe-
HeHa KoJiHHecTBeHHO 1o dopmyse (2.18) (cm. c. 22).

..~ ' CBEPXKPATKOCPOYHbIFi MPOTHO3
| HU3KON OBJAYHOCTH

Hu3kuMu 6yfemM HaswBaThb 00JaKa, HUMKHAS TPaHHNA KOTOPHIX
pacmosiaraercss Ha BeIcoTe He BHe 300 M. OOGBIYHO NIPH COCTABJEHUH
IPOrHO3a HHU3KOH OGJaUHOCTH HNPUXOJHUTCSH OTBEUATh HA ABA. CJIEAYIO-
IINX BONpOCa.

1. Ecoin Haj NyHKTOM IPOTHO3a2 B HCXOXHHIH MOMEHT Habo-
Jaercs Hu3Kas 00Ja4YHOCTb, TO COXPAHHUTCA JM OHa B TeUEHHE CPOKaA
HpOrHO3a K Kak OyneT MeHSThCS BHICOTA ee HIMKHeH IpaHuibl?

2. Ecnmu B ucxopsbl#i cpox o6/auHOCTh He HabJ104afjach, TO IO-
SIBHTCS JIH OHA B TEYEHHe CPOKA MPOTHO3A H KaKas 6yner BHICOTA €€
HUXHeH Ipandnbr?

3a6siaroBpeMeHHOCTh TpPOrHO3a (pakTa IMOSABJEHHS, COXDaHEeHHs
WM HCUE3HOBEHHS HH3KOH 0OJadYHOCTH MOXKeT OBITh HECKOJbKO HaCOB.
YUro e xacaeTcs BBICOTH HHXKHEH IpaHHUB 06J1aKOB, TO B 3aBHCH-
MOCTH OT TpebyeMol TOUHOCTH (yuMThIBasf 3HAUHTEJNbHYH H3MEHUH-
BOCTb BBLICOTHl HHMKHeHl TIpaHHIBl OGJAKOB) CpPOK IPOIHO3a MOKeET
6uiTh 2—3 u, HO MOKeT OHIThb M BCEro HECKOJLKO MHUHYT.

Kak u3BecTHO H3 KypCoB o61ue1?1 ¢ cmonmqecxoﬁ MeTeOpOJIOTHH,

HBIM 06pa30M oA . BJII/IHHI/I,eMwaﬂBQKHHH H BepTI/IKaJIbe

KEHHiL.
Boasmroe™ 3fateHne MMEIOT H3MEHEHHS BJAXKHOCTH, OOYCJOBJCHHEIE
B 3HQUMTEJIbHOH CTENeHH aiBeKUHEH H BEPTHKANLHBIMHA [BHIKCHHAMH,
a Takxe CKOpOCTb U HanpaBJIeHHe"“ﬁe‘rpa HAJIUYHE WM OTCYTCTBHE
- MHBEpCHH=— .- e

" Ha puc. 4.1 npnBeJ:LeHa cxeMa CBerKpaTKocpquoro (ra 3—6u)
IpOrHO3a HH3KHX OOJIAKOB C YUeTOM YKa3aHHBIX Bhlle (PAKTOPOB NPH |

HAJHYMH HHSKMX 06JIaKOB HaJ NYHKTOM IIPOTHO3a B HCXOJHBEI CPOK.
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Vlcnombayss aTy cxeMy, COCTasbTe NPOrHO3 Ha GuuxaiiiMe TPH Yaca IPH Cle-
IOYIOHMIUX HCXOAHHEIX YCJOBHSIX: HH3KHe OGjaka Haf NYHKTOM NDPOTHO3a HMeNOTCH,
BHICOTA HHKHeH rpaHuis o6Gnakos 150 M, BeTep IokHHIE 3M/c, HedHUMT TOUKH
pocet D=3°C, S50, HMeeT MecTo aABeKuud Temaa, W>0; mpexmonaraercs, 4TO
B TedeHHe 37 3HAKM aJiBeKIHH H BePTHKAJNbHEIX IBHIKEHHH He H3MeHATCS.

Ha puc. 4.2 npuBejgeHa cxeMa CBEPXKPaTKOCPOYHOTO IIPOTHO3a
HU3KHX OOJaKOB NPH YCJOBHH MX OTCYTCTBHS HaJ HYHKTOM IIPOTHO3a
B HcxomHel# cpok. Cxema cocraB/ieHa TakuM o06pasoMm, YTO NIPH OT-
‘CYTCTBMH JaHHBIX 06 HMHBEDCHHM MOXKHO CYHTATb, YTO HHBEDCHH HeT.
Tlparma, npu 3TOM HAZEXHOCTb IPOTHO3a CTAHOBHUTCS MEHBLIE.

Henoassyss »Ty cxeMy, cOCTaBbTe NPOrHO3 Ha Oauxalmie TPH Yaca NpH TeX
e HCXOAHBIX YCJIOBHSX, HO HPH OTCYTCTBUH HH3KHX OGJAKOB KaK HAX IYHKTOM
JIpOTHO3a, TaK ¥ Ha pacctosgun L<V? or Hero.

Cornacuo cxeMe, B GnmkafinHe TPH 4aca CJeJyeT OXHAATb WMOSBJEHHS alBeK-
THBHOI'O TyMaHa HJH HH3KOH 06JaYHOCTH.

Brimre paccMarpuBaljicst IpOrHO3 NOSIBJEHHS, COXpaHEHHs HJIH pac-
‘CesTHUST HU3KHX 06/aKOB. BMecTe ¢ TeM B IIPOTHO3e CJjelyeT AaBaTh
#HGOPMALHIO O COXpAaHEHHH WJIM H3MEHEHHH BBICOTH HHXKHell rpaHH-
un, CHHXEHMIO HH3KHX 06J2KOB CONYTCTBYIOT CJEAYIOIIHEe (GaKTODH:

— BOCXOJSIIHe ABMKEHHS BO3JyXxa,

— aIBeKIHs TeIJOro BO3AYyXa HAa XOJOJHYIO NOACTHJIAIOMIYIO IIO-
BEpPXHOCTD,

— yBeJIHUeHHe BJAXKHOCTH BO3AYXa,

— [aneHue AaBJICHUA, )

— npubJnxKeHue aTMocepHOro (GpoHTA.

Huxusisi rpannnma GyfeT HDOBHINATHCS NPH CJAELYIOLIHX VCIOBHSX:

— 'HUCXOJSIHe [BUKeHHs] BO3AyXa,

— CHJBHEIH Berep, '

— ajBekmus xoJojia (KpoMme aIBeKIHH XOJOJHOrO BO3AyXa Ha.
. OTHOCHTE/JLHO TeNJyl0 BOJHYIO INOBEPXHOCTb; B 3TOM - CJyuae
BO3HHKAIOT TYMaHBl IlapeHHs), :

— pOCT JAaBJIeHHs,

— YyHIajeHHe MJH pasMblBaHHe aTMOC(hEPHHX (POHTOB.

Tlepeuncaennrle (GakTOps MOTYyT AeHCTBOBATH OLHOBDEMEHHO BCe
HJAN TOJbKO HEKOTOpBIE H3 HHX.

Hanbonee cioxHas AJs NPOTHO3UCTA CHTYalUMs CO3ZaeTcd, KOTAa
©QJiHa yacTb (HakTopoB AeHCTBYeT B OJHOM HaIpaBJEHHH, a Apyrasg—
B ApyroM. B stoM cayuae pexoMeHAyercs Halai04aTh (akTHUECKOE
<IIOBeleHUe» HHIKHEeH IPaHULB], O HEMY ONPEIeJATb TJIaBHBIE BJIHSIO-
mHe B JAaHHHH MOMeHT (akKTOpH ¥ B INPOTHO3€ OPHEHTHPOBATHLCS
Ha HHX.

B rex cayuasix, korna Hu3kas O6Ja4YHOCTb COXPAHSeTcs M JHUIb
MEHSeTCs BHICOTA €e HHXHell TpaHHUH, IJS CBEPXKPATKOCPOYHOTO
ZIDOTHO3Aa MOJKHO pEKOMEHA0BaTb (OPMAJbHYI0 3SKCTDANOJAIHIO.
B 6oJbpMIKHCTBE CJAyuaeB MHOCJAEHHAS AACT YAOBJETBOPUTEJbHBIE pe-
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3yJbTaTH IpH 320/1arOBpEMEHHOCTH IPOTHO3a He GoJiee ueM Ha JB&
yaca. BosMOXKHBI TpU cayuas.

A. HMmeercss 1Ba INOCJENOBATENbHBHIX HAaGJIOAEHHS 32 BHICOTOH
HUXKHEH IpaHuLbl # HHU3KHX OGJAKOB uepe3 HMHTEpPBAJ BpeMeHH Af.
Torpa BHICOTAa HEXHefl I'DaHHIB OGJAKOB uepe3 HHTEPBAJ BPEMEHM:
OT UCXOZHOTO CpoKa OyIeT

Royar = 2hy — ko1, , (4.1)

rie ho— BHICOT2 HHXKHeHl TrpaHHUBl OGJAaKOB B HCXOAHHH CpOK;

ho_ar — BHICOTa HIKHeHl IpaHUIB 0GJAKOB B HNPEABIAYHIHHA CPOK Ha-
GaroeHni.

B. HmeloTes namHble HaGIOfeHHA 32 BEICOTOH HMKHEH IpaHULEE
00/1aK0B A 3a HECKOJIbKO IOCJeNOBATENbHBIX CPOKOB: Ao, fo—ar, Ao—sat
H T. [.; IPHYEM B TeUeHHe BCEro IepHoja HalJIONeHHH H3MeHeHHe
BBICOTH HHXKHEH TIpaHuIbl 06/JaKOB HMAeT B OJHOM HalpaBJeHHHU.
Torza

Aoias = ho AR wim hgypoar = /ZO 4 244 (42)
3nech Ah— CpenHsia M3MEHUMBOCTb BBICOTH HHMXKHeH TPaHHIE 0G6Ja-
KOB 32 HECKOJBbKO (m) CPOKOB HaOJIOAeHUH;

Ry — Ro—(m—1)at

Ak = m—1

B. Mmeerca psaa nHocienoBaTeNbHBIX HaGJIOACHHE 3a BHICOTOH
HIJKHeH IpaHunbl 00MaKOB: Ao, Ao—at, Ho—ost, Bo—sar B T. I.; IPHUEM
BEJUYUHEBL Ah1==ho—' /Zﬂ—At, A/Z2 = /ZO—-At - /Z()_QAt, A/l3 = /Z()._ 9AF —
— ho_sa¢ B T. I. UMeIOT pa3Hble 3Haku. Hampumep, Ak, MoXer OHITH
Gogpite 0 (HHXKHSS TpaHHIa HOBHIIaeTcs1), a Al — Menblie 0, uiam
Hao60poT. MoxeT 6HTB TaK, YTO [Ba CPOKa INOAPSAN HUXKHSAS [DaHH-
Ila HOBHINAETCH, a 3aTeM IOHHXKAeTCsd, T. €. BO3MOXKHH Das3JHuUHBIE
BapHaHTH. B 2TOM ciaydae 3KCTpamoJupyercs He TOJbKO H3MEHeHHe
.3HaueHH# A, HO U XOJ KoJeOaHHH THX H3MeHEHHH.

ITo umeromeMycs psny (mHOrZa nocTaToyHO 4—5 HabMIOLEHHUH)
VCTAHABJIMBAETCS MHTEPBAJ BPEMEHH MEXIYy MAaKCHMAaJbHBIM M MUHH-
MaJbHBIM 3HAUEHHAMH A U CYHTAETCH, UTO C 3THMH IOJYIePHOLAMHE
KoJe6anusi OYAYyT NPOAOJKATHLCS B TeUéHHe CPOKa INPOrHosa. Toria
IIPOTHOCTHYECKHE 3HAUEHWS BEHICOTHl HHUKHeHl TDAHMIE 00/7aKOB BH-
YUCJASIOTCS [0 (opMyJaaMm

hoyar = Ry £ | Ak ;
hovoar = hoyar T | AR, (4.3}
roe v

I L2 R LY e e . ey
471 = =
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TIpumep. IlycTe HMeeTcs NATb MOCAeHOBATENbHHX HaGMIOJACHHN 3a HHUXKHeH rpa-
Humelt o6aaxos: 200, 230, 220, 190 n 200 M B MOMeHTH Bpemenn 0—4Af, 0—3Af,
0—2Af, 0—Af u 0 cooTBeTcTBeHHO. JIerKo BHAETb, 4TO B nepHof or 0—3Af¢ no
0—At muxHAA rpaHuma OGJAKOB OMyCKajach. B COOTBeTCTBHH C HAUIHM IMpeAfio-
JIOXKeHHeM ¢ MoMeHTa BpeMeHH 0—Af no momenra 0+Af HUXHAA rpaHuua obaa-
Kop 6ynzeT moBHIATbCs, a 3aTeM oT 0+4+Af zo 0-+3Af—cHoBa cuuxkartsea. Caefo-

BaTeJbHO, IPH NPOTHOSe SHAYEHHS /. ,; Tepel BTODHM uneHoM B dopMyte (4.3)
HyXHo BHOHDAaTh 3HaK «-+>», a IpH MPOrHose 7, 4oat M hg 3as—3HAK «—>. WiTak,
10 4- 30 + 10 + 30
4
hopar= 200 + 20 ~ 220 w;
hyyoas =220 — 20 = 200 m,

[ AR )=

=20 M;

Ilpn cocTaBjieHMH INIPOTHO32 DEKOMEHAyeTcs CJACAUTb 34 H3Me-
HAIOWMMHUCA MEeTEOPOJIOTHUCCKHMHE YCJOBHAMH H BHOCHTb IIONPaBKH
" B COOTBETCTBHH C 3THMM H3MeHeHHsMH., Hamnpumep, IpH yBeJHYCHHH
BOCXOJSIIMX ABHKEHUH H/UMN NALEHHH [NABJEHHs, cJaboM BeTpe 1
COXpaHeHHM HCXOAHOHM BJIaXKHOCTH CJELyeT OXHUAAThb, 4TO 00mas TeH-
JeHLMsT H3MEHeHHUs BEICOTH HMXKHeH TpaHUIE 06JakoB OYAeT OTpH-
HaTenbHOH. YcujeHHe BeTpa U POCT HABJEHHS BHSHBAWT OOpaTHHHA
nporecc. .

Ecnin Takue nau nofoGHBIE KaueCTBEHHBIE PAaCCYXIEHHA COBIA-
JaloT ¢ pe3yJbTATAMH SKCTPaNOJALNM, NPOTHO3 CTAHOBUTCH 06oJjee
HaJieXXHBM. Eciy coBnajeHHs HeT, KeJaTelbHO YBEJHUYHTb YaCTOTY
HabmofeHul, 4To6B o0eCleudTh TeM CaMHIM OoJjiee TOYHYIO 3KCTpa-
TIOJISIILAIO.

Vinorna Bo3HMKaeT HEOOXOLMMOCTb INpeABHIeTh H3MEHEHUS HHXK-
Hefl TpaHunIb o6JakoB B Oamxafmue 10—20 mun (HampuMep, AIa
obecrieueHusl mocafku camoJtera). B sToM ciayuae Heo6XOAMM MOX-
X0/, IO3BOJIAIOMEKA B MaxCHUMaJbHOH CTENEHH AaBTOMATH3MPOBATL
HPOTHO3MpPOBaHHe BHICOTH HuxHe# rpanuusl (BHI) o6aakor. Pasy-
Meercs, HeoGxomuMa u Gojiee neranabHas HHGopmanus o BHI wu ee
BpeMeHHOM xofe. B HEKOTOPHIX aBTOMaTH3MPOBAHHBIX CHCTEMax Me-
TEOPOJIOTHIECKOTO ofecneueHHs B3JeTa W HOCAJKH BO3AYLIHEIX CYIOB
peajH30BaHa cxeMa HHePUHOHHOro nporxHosa. CyTb ee  3aKJIOUaeTCH
B ToM, 4TO H3MepeHus1 BHI mpoH3BOAST B HEeCKOJIBKHX (PHKCHpPOBAH-
HBIX TOYKAX aspoApoMa, OCpelHEHHOe 3HAYEHHEe 3TUX H3MEepeHH# M-
HOJIb3YIOT KaK CHHONTHYECKYIO (MM KJIHMATHUECKYIO) HHOOPMAIHUIC,
a Ha 6OpT camoJjieTa Iepefal0T MHHHMAJbHOE H3 H3MepeHHBIX 3Ha-
yeHu#i BHTI, nosaras, yto sto 3HaueHuwe OYAeT COXPaHATLCS B Teue-
HHe HECKOJbKHX AECATKOB MHHYT. DTO BHIHYXKAEHHOE MPEANOJOKEHHE
CBSI3aHO C TeM, 4TO MexkAy MoMeHTOM uaMepeHuss BI'H u ucmosnzo-
BaHHeM JAaHHLIX H3MepeHMH IIpH 3ax0Je Ha MOCAAKY INPOXOJUT Ka-
KOe-TO BpeMsi, HashBaeMoe 3a0epoKoil OTHOCUTeAbHO U3MepeHus.
Benuuuna - 370 3afepKKH 3aBUCHT OT METOAMKH c6Opa TNEpBHYHOM
vHpOpMANHK, ee TEePBUYHOH OOPAGOTKH, AOKYMEHTHDPOBAHHS H JOBe-
JeHUs [0 9KHIaxKa, T. €, UMeeT MECTO UHEPYUOHHbLL npoeHOo3 pesdyib-
raros usmepenus BHI'. Opnako BHI ouenp u3menumBa, M 1O CyTH
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Jena cjefoBaso Obl NaBATh HE MHEPLHOHHHIH, a IKCTPANOJANHOHHLIH
npornos BHI. ‘
~ IIpocrpancTBenHO-BpeMeHHAs uaMeHunBocTh BHI' 3aBucuT OT MHO-
™ux (GaKTOpOB, I'VIaBHBIM U3 KOTOPHIX SBJseTca THI obiaunoctd. Tax,
CTpyKTypa BpeMeHHOro xona BHI aas ¢ponransbHO#l # BHyTpHMAacco-
BO¥ OGJIAYHOCTH CYINECTBEHHO pasnauusa. Ha puc. 4.3 mpeacrasJeHH
BpeMEHHEIe aBTOKOppensnuoHHble ¢yHkuux BHI sHyTpHMaccosoi
(2) n ¢ponranbHOR (I) ob6naunoctd. Ilepexon KpHBOH Hasi (pPOH-
TaJbHOH 00JIaUHOCTH yepe3 HyJb HalJIOLAETCS] TPH BPEMEHHOM CIBH-
re 1~ 40—42 muH, a2 Aa3 BHyTpUMaccoBoli — mpu 1~ 10—15 MuH,
Ilpn Takux BpeMEHHEIX ABTOKOPPENSIHOHHBIX (QYHKIHSIX 3KCTPa-

nonsnuoHHEH npornos BHIT Ha ocHOBe, HampHMep, ypaBHEHHS pe-
Tpeccud BHIA ' ’

BO=T4+r@hO—F O\, @

{rme h*(t) — nanGosiee BeposiTHOe sHauenne BHI B wucxomsbH MO-

MeHT {, h — kauMartnueckass Hopma BHI, 4(0) — MruosenHoe 3Haue-
mie BHI') 6yser umerb morpelrsocts

F=os VY 1—"r2(v). (4.5)

OTa norpeliHocTh Oyjaer cpasHHMa ¢ gucnepcued BHI'O o npu sa-
6J1aTOBPEMEHHOCTH IMPOTHO3a f—-T|r (m=0.

HOns ymeHbllleHus OIIKMOOK NPOrHO3a Ha MaJjble HHTEDBAJBL Bpe-
MeHH IPHMEHSIOT CIVIaXKHBaHHe HJH (QHIbBTPalHI0 BHICOKOYACTOTHHIX
(KOPOTKOIEepHOAHBIX) (QUIYKTYyalH# MeTeopONOTHUeCKOH BEeJHYMHHL.
Hpocrefimeir ¢uaprpyiomell (yHKuueH sBJAseTCS TaK Ha3blBaeMmas
CKOIb3dIasa cpefHss. OfHaKO ciaelyeT HMeTb B BHIY, UTO IpHUMeHe-
HHe CKOJb3SIHUX CpefHux Tpebyer ocob6oro o60CHOBaHMA BHIOOpa Ile-
puoza ocpeinHenus. ONTHMaJbHBIE IepHOJ OCPEeJHEHHS MOXKeT OHITb
‘OIpellesieH Ha OCHOBe HcciaeioBanust cnexktpa  BHI. C srtofi nesbio
PACCYUTHBAIOT aMIIUTYAR TapMOHHK CIEKTpa H ONpelessaioT 2Hep-
TeTHKY OyJnabcanuii. IlosyueHHBle pacnpefesieHHa SHEpreTHKH B CHEKT-
pe nyabcannii BHT mosBoJsiiorT IpelJIOXHTL criaxusaonue GuibT-
pB, TOA2BJAIOIIME BEICOKOYACTOTHYIO COCTABASIOUIYIO M HE3HauH-
TeJbHO HCKaXKAIOmHKe aMIMUTYRy KoJebaHui. Tak, Ajas BHyTpuUMac-
COBOK 06JIaUHOCTH JHHEHHOE TPeXTOUeuHOe ocpelHeHHe [0 QopMmyJe

7 = B + R4 R
i = 3

(4.6)

06YCJOBJIHMBACT «IIOJaBJEHHE» SHEPreTHKH BEICOKOYACTOTHOH 0G6JacTH
cnektpa 1o 75—80 %, He HcKaxKas INPAKTHUECKM HH3KOYACTOTHYIO
yacTe. [Ipy HpPOTHO3UPOBAHHM BHICOTHI HH2KHEH I'DaHHIB BHYTpHUMAC-
€cOBOH 0071aYHOCTH Ha Cpok A0 10 MHH He HCKaxaercs aMIJUTYAA
xoJebanuii ¢ mepuogom I'=9 mMuH, a KojJeGaHHS ¢ Iepuojom I<C
=<4 MupH OT(QUILTPOBHBAIOTCH.
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JAs criakuWBaHWs MrHOBEHHLIX 3HAveHWiH BHICOTH HMXHeH TIpa-
HHILBI (prHTaJleOI/I 06J1aqucm eJ1eCo00P 2 ,HO U TOJIb30BATh (i)I/I.Hpr

;1’_;";; \{&/Zi- /Z,'_ lli__ + h; /Z + + h;_‘_ R
uhl’: ‘3+ 2+ 112 "I_ i+1 2‘ \// (4_7)

Ilpn craaxuBanum no (4.7) He wHCKaxaloTCA KoJeGaHus C Ie-
projioMm T=7 mua. CriaxuBaHHe CYUIECTBEHHO YBEJHUYHBAET 3HAYe-
HHe r(t), ymeublllag TeM CaMbIM HOTPELIHOCTH IPOTHO3A.

MO HO peKOMEHIOBATb CJELYIOIMHA NOPSIIOK COCTABJIEHHSA CBEPX-
KpaTKOCPOYHOro (Ha JecaTKM MUHYT) nporHoza BHI.

1. TlpousBousiTCsl eXKeMHHyTHHle H3MepeHHs 3HaueHmil BHI.

2. TlpousBouurca ¢uaAbTpauus (OcpefHeHHe) 3HaueHHH A; mo ¢op-
myaam (4.6) uau (4.7); nonayuennbie 3uauenuss BHI ormocar k cpo- .
Ky i-TO H3MEpeHHs.

3. OmpejnensieTcst CKOPOCTb CpPEAHEr0 TepeHoca V Ha ypOBHe
BHTIO.

4. OmnpegensieTcss napameTp Iy, NpeACTABJAIOIUHN BpeMs NepeHoca
TIPOTHO3UPYEMOr0 3HAUYeHHsI BEHICOTH 00/1akoB f; ot mauana BIIIL 1o
TOYKH NepeceueHHst h; TVIMCCANOf CHUXKEHHS caMoJgeTa, 3HaueHHe Iy
ONpeNeJSIIOT Ha OCHOBE pelleHHS ypaBHEHHS :

Vitgr="ny+r(s R) (b — k),

TAe y-—yroid TJAUCCAAB CHUXKEHUS, Fhg— KJIEMaTHueckas HOpMa
BHI'O mas pannoro paiona;

Foa
posr

" (4.8)

e RI=exo|oftp+ o) HB UL Rz

— IPOCTPAHCTBEHHO-BPEMEHHAS aBTOKOppeNANHOHHad (ynkuus BHT;
L —paccrosiune ot mpubopa, uamepsroumiero BHI, mo mawama BIIIL

YpapHenue (4.8) sBiseTcsl TPAHCUEHAEHTHHIM H pemiaercs A0GHM
U3 H3BEeCTHBIX MeTOJOB (HalpHMep, METOAOM XOPJA H KacaTeJbHBIX).
HapameTpm BXOAsmue B ypaBHeHHe (4.8), npuBeleHH Ha puc. 4.4.

D. Ompepensiercsi npornocmqecxoe 3HaueHue BHI‘

Peanusanus npuseneHHOH cxembl nporaosa BHI npoussomutes
Ha OBM. Ilpu sTomM Ha Z#ucmjiee OTOGpaxalOTCs [Ba NapaMerpa:
BpeMs (B MHHYTaX OT HCXOJHOTO CPOKa) H COOTBETCTBYIOIIHE IPOT-
HOcTHyeckue 3HadeHusa BHI. Tako# nmporHos nospoJiser BHOGpaTb TOT
OITHMAaJbHEIH MOMEHT BEIXOJ2 caMmoJiera noj ob6Jaka, Korga IporHo-
ctudeckoe 3Hauenne BHI' 6yler MakcuMaabHEIM B AaHHON CHTyaumuu.

59



CBEPXKPATKOCPOUHDBI¥M INPOrHO3
' OBJIOJKHBIX OCAIKOB

3ajfaya CBepXKPaTKOCPOYHOIO IIPOTHO32 OGJIOXKHBIX OCAAKOB 3a-
KJIOYaeTcss B TOM, YTOOB IpeACKasaTb ()akT, HHTEHCHBHOCTb, BPeMst

Hawyaja M, 00 BO3MOXKHOCTH, OKOHU2HHS OCaAKOB. ECJIH B HCXOIHBIH

MOMCHT OCalIKH 'y}Ke HabM0LaJuCh, TO XKeJaTeJbHO nIpeackKkasatrb H3-

MECHeHHe (coxpa:HeHHe) X HHTCHCHBHOCTH U BpeMsdA OKOHYAHHI. Huxe:
NPUBOAMTCS OAMH H3 BO3MOXHEIX NOAXOAOB K CBEDPXKPaTKOCDOUHOMY:

IIPOrHO3Y OO6JOXKHHIX OCAAKOB.

[Tpenckasate (akT H KOJHYECTBO OCafKOB ¢ 3absaroppemeH-
HOCTbI0O M0 124 MOMKHO Ha OCHOBE JIETKO OHNpeLe]eMBIX NPEIHKTO-
POB, KOTOpHe NPEACTABJAAIOTCS B BHAE CJAEAYIOIIHX Ilap:

v2Hg5, — aHAJOr OTHOCHTEJNHHOTO reOCTpoqmquKoro BUXpS Ha
ypoBHe 850 rlla;

1
vw?g%o — 3HaueHHe TpafHeHTa OTHOCHUTEJbHOTO IeONOTEeHUHANE:
500/1000;
Vigy -——3HAUEHHe IpajHeHTa reONOTEHIHAa 500 rlla;
2 vy, — aHalOr OTHOCHTEJIBHOIO TI'eOCTPO(PHUECKOTrO BHXPS HA'
yposHe 500 rila;
H, — BHIcoTa noBepxHoctu 500 rIla B reomoresuMaJibHBEIX Je-
500
3 KaMeTpax;
k= T850 + (Td)SSO 5uo — (T — Td)mov
(H,)s00 — OXHIaeMOe B COOTBETCTBHM C UHCJEHHHIM HPOTHO30M
4 naMenenue reonotennuasa 500 rila sa 12 u;

MI — HEKOTODas BeJHUNHA, ONpenenseMmas mo AaHHEM MC3
B npocrtpaHcTee papuycoM 300 KM OT HYHKTa OPOTHO3a.

J1s BHIUMCIIeHHS JAaN/IACHAHOB M I'DAJHEHTOB HCIOJB3YETCs Npd-
MoOyroJbHas ceTka Touek ¢ marom 300 xm (puc. 4.5). Pacuer mpous-
BOJUTCS N0 caefyromum dopMmynam:

V2Hyso = 0,03 (Hy -+ Hy + Hy + Hy — 4H,) nam/(100 xkm)?;
V2 Hyg = 0,1 (H, + Hy -+ Hy 4 H, — 4H0) 2am/(100 km)%;

vH 1000 =
b =017V [(H3850): — (B8R0 )s]? -+ [(H3580)s — (F%5R0)a]* nane/100 xs;
| V00 = 0,17 V' [(Fs00)1 — (Flsoo)s]® + [(Hsoo)2 — (Floo)e]? 2aM[100 km.

. o 0
3uauenns Hgsy, Hsoo, F3000 CHEMAOTCH ¢ HCXOXHHIX KapT ATsso,

;

ATsq0, OT50. 3naueHue % BHUHCAAETCS TO IAHHBEIM IIOCJEIHEr0 30H-
JMpOBaHUS;
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M] = 2,5”'0 + nx + 0,5’12 “l‘ OIZ3.
3nech '
g+ 1y + nyny =1,

Jly—1acTb paccMaTPHBAEMOTO IIPOCTPAHCTBA, KOTOpas CBOGOAHA OT
- '006/1aKOB, B HOJSX €IHHHIBI;, M — YacTb NPOCTPAHCTBA, 3aHATAsd 06-
Jakamu St u Sc; ny—gacTb NpOCTPaHCTBA, 3aHATasA 06JaKaMH Cpel-
HEro fpyca; ng-—4acTb NPOCTPAHCTBA, 3aHsTas o6Gaakamu Ns.
3apaHee 110 apxXHBHOMY MaTepHaJy CTPOSITCH NPEAHKTOPHBIE HOJS
JJA KaXJOod Iaphl NpeJuKTopoB. IIpuMepHBIN BHJ 3THX NoJel mpel-
craBJieH Ha pHc. 4.6. 3HaK «-+» COOTBETCTBYET CJIydyasiM, KOLJa IPH
JKaHHOH mape NpPeJUKTOPOB OBLIM OCafKH, a «+»— KOUZa OCaAKH He
Habmojaaucb., [loJgyueHHEIle TakKuM 00pasoM NPEeAHKTOpPHBIE MOJS
PasmessioTCs JHHHeH Ha JBe UacTH, KOTOPHE YCJOBHC MOXKHO Ha-
3BaTh <«JOXKAJHBASTY U «Cyxasy.

JlJs1 cocTaBaeHMS IPOTHO3a OCALKOB IO 3THM MOJSIM HEOGXOIU-
MO IO HCXOJHOMY CHHONTHYECKOMY MaTepHaldy H JLaHHHIM S3O0HIHPO-
BaHug © MC3 BEIUHCIHTBL Bce YeTHIpe Naphl NPeJHKTOpOB. Ecam xoTs
6Bl OZHA W3 Hap YKa3bBaeT Ha OCaJKM (B HPENUKTOPHOM IlOJie Iapa
3HayeHH# NpPEJHKTOPOB Iomana B HOXKIJUBYIO oﬁnacm) cJenyer
OXULaFs-OCAAKH B OJaixkaiinine 12 u.

KonndecTBO OXHAaeMBEIX OCAAKOB (MM) MOXKHO BHIUHCJAHTb IO

popmyie T
:\\RRm == ani [(p)ss0 + (P@) 700 + (0@)s00 + (PF)500]- - (4.10)

3xech a— BENMYAHA, 3aBUCSINAS OT BHOOpPa EIWHHIL H MeECTHHIX
ycaosuii. Ecou MaccoBasi foJis BJAarH ¢ u3MepeHa B T/Kr, a IJIOT-
HOCTb BO3AyXa p—B KI/M3 TO cpeinee 3HaueHue a==0,01 Mmm; nyp—
\§tmcno NpeANKTODHBIX MOJeH, YKa3bBAIIIHX Ha BO3MOXHOCTb BHINa-
{,ue}mﬂ ocankoB (ry Mensercs ot O mo 4).
pelcKasaTh BpeMs HauajJa OCaAKOB MOXKHO NyTeM CJeXeHH: 3a
nepememeHHeM\ 30HBl OcajkoB. [lpexamnoJaraercs, 4TO HepeMelleHHe
30HBI 0CaJIKOB NPOUCXOQHUT IIOJ JeHCTBHEM BeTpa M BMECTE C TE€M OHA
Kak OBl «IIpHBA3aHA» K CHHOLTHYECKOMY OGBEKTY, €e NOPOJHBIIEMY,
H IepeMeliaeTcsl BMeCTe C HUM, a CHHONTHYECKHH OGBEKT caM BJHseT
Ha CTpYKTypy BeTpa. lIMeeT MecTo HEKOTOPOe B3aMMOAEHCTBHE MeX-
Iy 30HOH OCafKOB, CHHONTHYECKHM OGBEeKTOM H BeTpoM. Cxemary-
YeCKH 3TO B3aMMOJeHCTBHe NOKa3aHo Ha puc, 4.7. Ciaoxuwifi xapak-
Tep B3aUMOBJIHSHUS 3THX TPeX OOBEKTOB APYr Ha Opyra OGBACHSET
TOT (hakT, YTO 30HA OCAJKOB Yalle BCEr0 NepeMeliaeTcs €O CKO-
poctbio ¢~V unn c=~kV, rae k£ — koahduuneHT nepeHoca, yxe ymno-
MYHABIIHHACA BBHILIE.

IIpexne Bcero HeoGXOMHMO ONpefe/uTh, YTO TAKOE CKOPOCThb Iie-
peMelieHnsT 30HE OCaAKOB. ‘30Ha OCAJKOB SBOJIOIHOHHUPYET, MEHSET
¢opMy, a TNCTOMY  He OueHb SICHO, YTO IPHHHMATh 3a TOYKH OTCYETa
IS BBHUMCJIEHHS cKOpocTH. OKasasoch Leaecoo6pa3HbM B KayKIoH
30He OCaJKOB HaxONuTh «IeHTp TaxKectu» (LUT3) um ocobrie Toukm
(OT3). Jlio6yio 30HYy 0CaJKOB MOXHO NMPEJCTABHTh B BHJIE IeOMETPH-
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ueckoit Quryprl. Tak, npeacrasienHas Ha puac. 4.8 30Ha ocagkos (@)
JIETKO AaNIPOKCUMHPYETCSI TPEYTOJbHUKOM (6) C «IEHTPOM TIXKECTHS
B Touke C. LIeHTp TaXKecTW JeIKO HAXOZHTCS @O INPaBUIaM TIeo-
METPHH, :

BoJbmive 30HE 0CagkoB (CHHONTIYECKOrO MacllitTaba MM MacluTa-
0a Me30-0) NepeMel[AOTCs He KaK enwuse Teno. OO6JacTH 30HH B
pasHbIX ee CTOPOHAX 4YacCTO CMEIAloTCs C 4EO0JHHAKOBOH CKOPOCTBIO..
ToMy MoxKeT OBITb MHOMKECTBO NPHUMH. | iaBHAsi M3 HHUX — HEOIHO-
POLHOCTL CTPYKTYDH IOJA BeTpa. VIMEHHO pasHEIE CKODOCTH JBHXKe-
HHUs OTAEIbHBIX oOjgacTell 30HEI NPHUAAIOT €H NOpOH NPHUYYAJUBEE:
¢opMbl. TIPOrHO3UCTY Ke NIPH COCTaBJECHHH NPOTHO3a CMENICHUS 30HHI
0CajIkOB NPHXOJHTCH OTHICKHBATb TaK HashiBaeMble OCOGHE TOUKH
Ha JUHHY, orubarollell 30HY OCAaAKOB, U JaBaTh IIPOTHO3 HepeMmele-
HUA KaxJ0H 0CO60H TOUKM B OTHeabHOCTH. OIpefeNHB NOJOKEHHE:
IEHTPpa TSAXKeCTH U 0CcO6OH TOYKH B JBa IIOCJEXOBATEJBLHBIX MOMeHTa
BpeMeHH I, ¥ fy, MBH MOXKeM BBIUMCJMTh IyThb L nepememenus IIT3
(OT3) u ux cxopocTh )

5 .

L f
ta—t \\/

U3 onwbita. U3BeCTHO, 4TO 3HAUeHHe ¢ Hambojee GJAH3KO K BeJaH-
YHHe (MOJYJIIO) CpefHero Bekropa BerTpa B csige 500—700 rTla, T. e.
/

c==/a[Vl|§, w

L

3

TAe k—KoshdunueHT nepexoca, (cM. c. 63—64); ero sHaueHHe BapbH-
pyer B mMpoKuX npexeaax or 0,3 go 1,9. BMmecte ¢ TeM ueTKO BbLAE-
JSIOTCS TPU TPYNNBl 3HAYeHHH k:

1) £<<0,6;

2) 0,6=<k<<1,0;

3) k>1,0.
Kaxpoli rpynne cooTBeTCTBYeT CBOH CHHONTHYECKHME (OH.

3oHE OcankoB nepsoll zpynnv. (k<<0,6) cBs3aHB C BOJHAMHE Ha
(pOHTaX W MOJIOLBIMH UHKJOHAMH. B 3TOM cayuae 30HH 0OCafKOB
IepeMeIaiTesl BMECTe C CHHOUTHYECKHM OGBEKTOM, KOTOpHH 006Y-
caoBaMBaeT ocaiku. Torga JOrMYHO NPENNONOKHTb, UTO 3HAUEHHE R
s Becelt soHbl (1. €. Aas IIT3 u Bcex OT3) Oymer NmOUTH OAUHAKO-
BHIM. PasymeeTcs, SBOJIOHHOHHDYS, 30HA MOXKeT DAacCIIHPATbCA, CY-
XKATbCSI M/HIH MeHSTh (GOpMy, a IOTOMY, CTPOrO T'OBOpPS, 3HAUEHHS B
LJIsT pasHbIX TOUEK 30HH OYAyT He COBCeM OJMHAKOBEIMH, OAHAKO HX
pasau4us He JOJKHBI IPEBHILIATh TOYHOCTH OHpeJeseHus k. .

[Tponeaypa mporHosa u MepeMeIleHHs 30HE OCaJKOB IEePBOH
TPYNIBE CBOAUTCA K CJAEAYIOUIMM OIepanusiM. )

1. Onpepensiores LT3 u OT3 B mcxoauwmit cpox u LT3 B mpexn-
HIeCTBYIOMIUH CPOK. :

2. B KaXZOH M3 3THX TOYEK BBIYMCJSETCS MOLYJIb M HalpapjeHHE
cpenHero BekTopa Berpa B caoe 500—700rIla (cm. c. 63—64), npu
3TOM HCHOJIB3YIOTCH JAAHHBIE IOCJHEIHEr0 BeTPOBOI'O. 30HAHMPOBAHHSA.
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3. Ilo nBym mnociepoBaresbHEIM nogoxenusim HT3 onpegens-
erca L, a satem C (dopmyaa (4.11)), uro naeT BO3MOKHOCTbL ompe-
HETHTh.

c -

B ToM ciyuae, Korza 30Ha OCaAKOB HabJiojaeTcs TOJBKO B HC-
XONHHIH CPOK, 2 B UPEJbAyUIH# cPOK ee He ObLIO, 3HAYEHHE B MOXKET
6HITh BRIYHCJEHO IO 3MIHPHUYecKOH dopmyJe

1.74 + 0,13V .
_ p =Ll 015V, (4.13)

Vs—14,5
3necy Vs—ckopoctb BeTpa, M/c Ha ypoBHe 500 rIla. ®opmyna (4.13)
cupasensiuBa AJs ckopocreli Betpa Vs=20 mj/c. Omnako ciexyer 3a-
MeTHTb, YTO 3HAueHHe R, BBHIUMCJIEHHOe mo Qopmyae (4.13), MeHee
TOUHOE 10 CPaBHEHMIO C €r0 3HAYEHHEM, BEHIYHUC/JIEHHHIM IO CMEINEHHIO
HT3. .

4. B gaxgo#t OT3 cTposiT BeKTOpH mepeMelieHus] TOUKH. Moay.s.
BekTopa L;=(|V|$):k8t (i—mnomep OT3), Hanpaienue di=
==(d[|$)s; Of—cpox mpormosa.

5. KoHLBI BEKTOPOB COEJUHSIOT JUHHSAMH (puc. 4.9), moayuas ta-
KUM 006pa3oM IPOrHOCTHYECKOe MOJoXKeHHe 30HHL. CJefyeT NOMHHUTE,.
4yTo BeTpH B pasHeix OT3 Moryr ObTb pasJuYHEIMH KaK IO CKOpO-

CTH, TaK W IO HampagmJeHHI0. [losToMy ¢opMa 30HE MOXKET MEHATHCS
CO BpeMeHeM.

Hpuvep. ITycTs B HCXOAHELA MOMEHT HMMEETCst HeKas 30HA OCalKOB, B KOTODOH
MOXHO Bhineantb uernipe OT3: 1, 2, 3, 4 (cMm. puc. 49¢a). B xampoh w3 arux
TOYEK BHITHCJEHH CKOPOCTh H HanpaBjeHHe CPeAHero BeTpa B HCXONHEIA MOMEHT

B caoe 500—700rlJa. B Tourax I @ 2 |V|\§ =92 mjc; di7=260; B TOuUKe &
| V] ,§=20 M/e, d I§=250; B Touke 4 |V | 15 =20 m/c, d ‘5———270. Haz LT3 Ha

yposre 500r[la |V [l; =25 m/fc. Heolﬁxommo COCTaBHTh NPOrHO3 HepeMelleHHS
30HEI OCaJKOB Ha 64.
Coraacao dopmyne (4.13),

1,74 4 0,13-25
25— 145

b= = 0,48.

Torza ~
Ly=L,=292.3,6-0,48-6~ 228 kM,
Ly=L,=20-3,6-0,48-6 ~207 xm.

Otpesku L; OTKAAABBAIT B Macxmla‘d\e MO HampaBJeHHIM d}? B Kaxzno#i TOYKe-
M Ha KOHHAX OTPE3KOB NOJyYaioT COOTBETCTBeHHO Toukm 1/, 2, 8, 4 (cM. pue. 4.9).
CoelHHHB 3TH TOYKM JMHHEH, NOJYYa0T NPOTHOCTHUECKOE NOJNOMKEHHE 30HHI ocajl-
KOB uyepes 614 mocie HCXOAHOro cpoka (cM.-.puc. 4.9 6).

Bpems mnopxoza 30HH OCaZKOB K 3aJaHHOMY NYHKTY ONpejelsercsd WO CKO-
POCTH nepeMellieHdsi nepefHel KPOMKHM 30HBI OCaikoB. JJisi 3TOR HelH MOXKHO HC-
HONb30BATh METOAMKY, H3JOXeHHYI0 B riase 3 (c. 42—43).
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3oHbl 0cafkoB sropod epynnvt (0,6<Ck=<C1,0) cpssaus ¢ paSBH-j
THIMH, HO ellle NMOJABUXKHBIMHA IHKJIOHAMH. OILHaKO OyTH [epeMelIenus
IIT3 u nux/IOHOB B 3TOM CJAyuYae He BCerja COBNamaloT. bosee TOro, !
TIO-PaSHOMY NIePEMEINAIOTCA DAasJHYHble YaCTH 30HE OCAfKOB, a IO- |
TOMYy 3HAuYeHHs & AJ15 U,T3 u kaxpod OT3 orauvaiTcs apyr or '
Jpyra. ITostomy aas xaxpoit OT3 npuXORMTCS ONpeleNsiTh CBOE 3HA-
YeHHe k. DMIUPHYECKH YIAJNOCh yCTaHOBHTb UTO B JaHHOM cnyqae‘

33,] +104)V]|7

SevTE T 125 (.14

3pech | V] 5— Monynn cpe/:LHePé BEKTOpa BeTpa B cjoe 500—700 rlla,

M/c.

IIpouenypa cocrasienuss nporuosa nepeMemeHHH 30HBl 0CaJKOB
‘aHaJIOTHYHa BBHILUEN3J/I0XKEHHOH ¢ TOH JHWb pasHUueH, 4TO NyTH Ie- |
pememenug OT3 OHpe,lIeJIHIOTCH Kak

o 36(!‘»’11 125 (lV”?)iat' (4.15)

Dopmyan (4.14) u (4.15) cnpasennusnl npu 7 M/e<<|V]P<23 m/c.

3onnl ocankos Tpereel epynno. (k>>1,0) cBA3aHB C 3aANONHAL-
TMUMUCH IUKJIOHAMHU M THJIOBBIMH YAaCTSIMH aHTHUUKJAOHOB., B Takumx
CHTyaUHUsx BeTphl HA BHCOTAax cJjalble U NMPAKTHUECKH He OKA3LIBAIOT
3aMETHOTO BJHAHNA Ha IepeMenleHHe 30H ocaakoB. O6JaxK0 IpPOJH-
BaeTcsi OCafikaMH TaM, rje OHO HaxoAuTcs. PasyMeercs, He6oJnlioe
TiepeMelieHHe 00/1aKa Bce Ke HMeeT MECTO H ero IepeMellleHHe MOXK-
‘HO NIPOTHO3HPOBATb HAa CPOK OKoJio 19 MerofoMm dhopMajbHOH 3KCTpa-
HoJsguun. MeXAy TeM B JPYroM MeCTe 3allOJHSIONIErocs IHKJIOHA
'MOXKET BOSHMKHYTh Ipyras MesomacumiTabuas 30H2 OCaJKOB, HE3aBH-
cumas oT mepBofl. ITocKOJMbKY NPOTHOSHCT NOJL3YETCA LHCKPETHHIME
HaGJIIOACHUSIMY, ¥ HETO CO3/aeTcs BIEUATJICHHE, YTO OH BHIHUT He ADY-
TyI0O 30HY OCaiKOB, a BCE Ty e, KOTOpasd ORICTPO IepeMecTHJ/ach
Ha HOBOe MecTo. Pasymeercs, 4TO CKOPOCTb 3TOIC JIOXKHOIO IIepeMe-
WIeHHST KaXKeTcs eMy 3HAuuTeJbHO GoJibllle CKOPOCTH BeTpa. OTC}O,ILa
H 3HaueHHe k>>1.

Heodnopodnocrs noas ocadios. O6paboTKa IJOBHOIDAMM YKasa-
Jla Ha HEeOJAHOPOJHOCTh IOJA OCAJNKOB, NPOSBASIONYIOCA B BHJAC Me3o-
MaciuTabHbnx (IYKTyanu#i BO BPeMEHHOM Xxoje ocajakos. Ha domne

" HEeKOTOPOH HHTEHCHBHOCTH OCAIKOB / OCaJK¥M YCHIAMBAIOTCS Ha HEKO-

TOpOE BpEMsl, AOCTHras WHTeHCHBHOCTH [;>I. Bynem Hasmpath [
(OHOBO} HHTEHCHBHOCTBIO, @ [;— GAYKTYaUHOHHONW HHTEHCHBHOCTHIO.
IIpoaomKHTeNbHOCTh GIYKTyallui BapbHPYeT B LIMPOKHX Ipeaeax
OT 2—3 Y B0 HECcKOJLKHX MHUHYT. 3TH KoJebaHusl HHTCHCHBHOCTU CBs-
3aHE ¢ HEOJHOPOAHOCTHIO TOPH3OHTAJBHOTO pacupelelieHHs HHTEH-
CHBHOCTH OCaJKOB, KOTOpas ¥ IPOSBJIAETCS B HX BPeMEHHOM XOJA€ Ha
KaKoH-JN00 CTAHIMH B Ipollecce IepeMelnleHHs 30Hb ocajkos. lIpH
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‘ 06p&60TKe nosei OC3JKOB IIyTeM IPOBCACHHUS H3OTHET YAaJoCh BhI-
AEJIHT]: JABa OCHOBHBIX MOpq)O.HOI‘PI‘{eCKI/IX SJeMeHTa HEOJAHOPOILHOCTH-

; HOJIH OCaJKOB: o#aci U noA0Cb. OCAaIKOB.

‘BBezieM B paccMOTpeHHe HEKOTOpHE napaMeTpm, IIO3BOJISIIOLIHE
KOJMUECTBEHHO OIIHCATh MesoMacmTaénme HEOJHOPOXHOCTH IOJS

| OCALKOB:

S — nonepeunblii pasmep,
* L —nponoabHE# pasmep, : : '
A —pacCTOslHHe MEXJYy MaKCHMyMaMu WHTEHCHBHOCTH ocam(os
(«IJguHA BOJHEIY),
" d —ynajJeHHOCTb OT (POHTR,

I — nHTeHCUBHOCTE (OHOBAS,

I, — NHTEHCUBHOCTL CpelnHAd,
I, — WHTEHCUBHOCTbD MaKCHMAaJbHASL, ,
YyacToK 10JIs1 HHTEHCHBHOCTH OCaJKOB, OrpaHHYEHHHIH 3aMKHYTH-

. MH (HesaMKHYTI:IMPI) H30THETaMHU I>2I npn S/L<C1/3 npuusTO Ha-

3BIBATh NOAOCOL-6cadKna. Xyawnd\va

TakoH e y4acToK Noas HpH S) L>1/3 NPHHATO HA3EIEATH 04Q20M

" ocadkos.

B nose wmsorser MoxHO uHOrJa HalTH OecthopmeHHHIe 06JaCTH,
KOTODHE paccMaTpuBalOT Kak YacTH II0JIOC.

HeCKoJIbKO 04aroB MOTYT O0pas0oBaThb CKOHAEHHE WU 2psly.

Kpome nenenuss no ¢opMe Me30HEOLHOPOJHOCTH KJACCHDHILH-
pyloTCa 1o Macuitabam:

Gospmofi macmita6 (LS) mpu S mopsizka 10°M (HO He MeHee
120 xm);

cpennuit mMacmrab (MS) npu S nopsaka 104M (mecaTkm KM, HO
He MeHee 30 KM);

maapfi Macmrab (SS) mpu S<<30 xm. :

Ona LS MakcHMyM NOBTOPSIEeMOCTH BeJIMUMHE A NPUXONUTCS Ha
uaTepBad 200—300 kM, a Beauuumen S —mHa 150—250 xuM.

Hns MS xapakTepHH ABa MaKCHMyMa IOBTOPSEMOCTH OOeHX Be-
JmyuH, [losTOMYy HEOAHOPOLHOCTH 3TOro Macmraba pasieseHH Ha
JABa nojamacuiraba:

MS; ¢ MakcHMyMOM MOBTOPsIeMOCTH A B HHTepsaje 100—150 kM u

.S B unrepBase 80—150 xm;

MS, ¢ MakCcHMyMOM NOBTOPSIEMOCTH A B HHTepBasie 50—70 KM u
S B untepBane 30—70 kM.

HOass SS makcMMyM NOBTOPSIEMOCTH A NPHXOAHUTCS Ha HHTEpPBAJ
120—160 xM, a S — ma uHTepBan 10—20 kM.

Jlio6asi 30Ha (POHTAJIbHEX OCAKKOB BKJIOUAET Me30HEOXHOPOJA-
HOCTH B (hopMe IOJIOC H TpPSA OHaroB, BHITAHYTHX BJOJb OPH3EMHOMH

- avHuH QpoHTa. Kaxnas rpynna HeoJAHOPONHOCTeH 0CafgKOB GOJbIIEro

Macmirada BkJOUaer B cebsi HEOXHOPDOAHOCTH MeHbIero MacHitaGa,
HO OoJpIlielt HHTEHCUBHOCTH. Tak, GOJblHINe Me3oMacHITaAGHEE NOJOCH

- (LS) skawouawor B ce6s cpenrue (MS), a Te B CBOIO Ouepenb MaJjibie
- (SS). BsammonosoxeHue IO OTHOIIEHHIO K JMHHH (POHTAZ ONNCH-
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Baercsl napaMerpami. d u. A SxHaquHe 3THX . napameTpop ‘3aBHCHT,
npe}Kne BCEro OT THOA, cppoma H. ero Me3oMacwTaGHOH CTPYKTYD

Jlns Teniozo _cpponTa (T®) . xapakTepHbie . TOJOCH MacmTaéoBf

ML, u MS,, uame nocjaefHHE, . O6Htmo .B., 30HE, OCAJLKOB _ n.noro

Q)pom'a Haﬁmo,naxo'rcyi 1—3 monocw, opneHTnpOBaHHble napajiern
NpHSEMHOMY TOJOXeHHI0 ¢ponTa. Ha puc. 4.10 mogock OcaILKOB .,TCD
o6osnauenbl mudppoi 1. Oxna us nosoc 06HYHO . .pacnojiaraercs _Herio-
€peACIBEHHO nepel GpoHTOM. JT1a mMOJOCA Halle .BCErQ MpPEACTaB/seT
€000Ji, rpsany. ouaros., FIHOraa. 8 o6sakax. Temioro Q)poma BO3HHKAeT
TaK Ha3HIBa€Mad 34TOIIEHHASA KOHBeKIHs. Torna B aTux MecTax HAYT
JUBHEBHIE OCaJKH, HHTEHCUBHOCTb KOTOPHIX JIETOM AOCTHraer. 6 mm/u,
a 3uMoii 1 MM/u. VIHTEHCHBHOCTb Oca,H.KOB Me}my oqaraMH (noaoca-
mu) B 5—10 pa3 meHblle yKa3saHHOH.

TlosnaraoT, 49TO MOJOCH OCAJKOB TEIJIOrO cp'poma'-oﬁycnomexmx
BaJIHKOBOH Me3oMacIiTaOHOH HUPKyJslued nox ¢pontom '(puc. 4.11).
Hurencudpukanus ‘ocafikoB - (06pa3oBaHne moJa0C) HPOHCXOLUT B BOC-

XOISMIMX. BETBAX 3TOH uMpkyasnuu, O6pamaer Ha .cels. BHUMaHuE
‘TOT (aKT, 9TO 30HH HMHTEHCHBHHIX OCAJKOB -HAXOHSITCA . HECKOJBKO. .

BIepe/n o6aacTell MaKCHMAJBHEHX BOCXOASMEX ABHXennit. Haubosee
FHTEHCHBHbIE OCAJKH BOJHMSH (POHTa y NOBEPXHOCTH 3eMad (IOJO-.
ca . J/6) oOBACHAIOTCA .TeM, 4TO 3JeCh pacmojiaraercs. 30Ha HauboJb-

el KOHEEpPreHIHM NOTOKOB B: NOrpascioe. B. Haubosee yAaNeHHBIX

OoTr ¢poHTa  MOJOCAX OCALKH MOTYT M He. JOCTHraTh IIOBEPXHOCTH
3emaH, Tak: Kak 30HA Hx TeHepAlUH NPHNOAHATA BMeCTe C (QPOHTOM

M KaIUlH JOX[s, BHIaRas B GoJee CyXofl npeadpOHTaNbHHIA BOSAYX,
KCIapsioTCs, He ROCTHTHYB: IOBepXHOCTH 3eMuaH. IlojocH 0cafKoB B -

TEIJIOM CeKTOpe (puc. 4.10, mosoca 2), kak npaBn.no, CBfI3aHHl C.JIH~
HHAMH ; HEYCTONIHBOCTH (cM c. 34-—35).

TI0/I0CH OCAAKOB xonod’noeo _poura’ (pnc. 4. 10 IIOJIOCbI 3) cxe-
MaTHUECKH NpEICTABICHH HA paspese Hepe3 'XOJOAHHH (POHT Ha
puc: 4.12. Pasauuaimort. Apa. THIA - NOJOC, OCAZKOB HA XOJOJHOM (pOH-
Te. ITOJIOCH TEpBOTO THIA IO CBOMM Da3MepaM MOTYT OEITh OTHECEHH.
k macwtay MS,. Onu 006pasyiores 33 XOJOAHBIM. -(pPOHTOM Ha pac-
crosany: 80—130 KM 0T IPH3EMHOrO TIOJIOKCHHU S, (ppOHTa (puc. 4.12,
ToJsoca Sa)‘" Sroit mooce COOTBETCTBYET Gosiee KPYTOH HAKJIOH cbpou-
TaAbHO NOBEPXHOCTH, 4TO  06YCIOBANBACT BOCXOASIINE JBUMKCHHUA TIO-

parka 10-1 m/c. IToclientee B CBOIO OYepelb HBJSETCS.  HEKOTODHIM
CTHMYJIOM -JJii BOHUKHOBEHHS 3aTONJCHHOR KOHBEKIMH -H, CJeL0Ba-

TeJabHO, AJsd 6oJiee MHTEHCHUBHBIX OCAAKOB.

' TTos0€Hl BTOPOTrO: THNA TIPEACTABJISIOT, €000 I‘pﬂ/lbl oqarOB ocap;- ‘

KoB Macmraba SS. Omu _pacnosiarajTes HemoCpPeNCTBEHHO Y JIHHHE
dpoura (puc. 4.12,..1mosoca 36). .

$ponT, TeM. oMbuIe BEpPOSTHOCTb. PA3BHTHA  KOHBEKIUH U o6pasosa-l
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“37lech  BCJIECTBHE KOHBepreHuﬁf
“HOTOKOB . Haﬁmo,ua}oTcx SHaqHTeJImee Mesomacmra&me BOCXOJSIINE
BepTHKANbHBIE [IBHIKEHHS, .CKOPOCTb . KOTOPEIX MOXKeT NOCTHrath I M/c._
ITo cyTu mpomecca 3JieChb.JOMKHA BO3HHKATDH AUHAMUYECKAS] KOHBEK-
1(Hsl, XOTsl BOSAYIUIHEIE MAacCHl 10 obe CTOpOHHI  (hPOHTA , MOTYT | OHITD
cramqecxn ycToiunprMy. Hem 6I:ICTpee nepeMemaeTCﬂ XOJOAHEIE




| HHS  KYYEeBO-HOMKAEBHIX  06A4KOB, Kaxauli ouar 0CallkOB = B a'roﬁ

PpALE: odyc.noa.neu cxomennem Cb sJnNTHUECKON "(ODMHL. ‘Bosabmne

OCH CKOIJICHHH opuenmpoBaHH’W K JuHHH ¢poHTa
(pnc 4.13). Hjiomans OAHOro CKOMIEHHS OKOJO 50100 kM2, nauHA
' L~ 10—20 kM, umpuna S~~5—8xw, paccm;mne Me}xny Gonbmnuﬂ
ocamu ‘ovaros D~ 8—I12km.

‘Kamxkroe  CKOMJIeHHE nepeuemae'rc;i ‘B HanpaBJIeHHH H CO CKO-;:

me c(;,-— BeKTop cxopoc'm nepememeunx (bpom‘a, c,—'rannenuua.nb-'

Has CKOpOCTb BeTpa y ¢ponta. Hampapienue sextopa ¢ cosnanaer
. ¢ ([0JIOXKEeHHeM OoJbIIoH OCH cKomyeHns. - OIHaKo - 3aMeueHo0, HUTO

pOCTbIO

60J1bmaﬂ OCb CKOIJICHHA opneﬂmpye'rcﬂ 061:!‘!1'10 BllOJIb HanpaBJIEHHH
cymvxapHoro BEKTOPa

V+V

¢ TOYHOCTBIO +6° 311ec1: Vo-—-BeKTOp BeTpa y nosepxuoc'm 3emiu;
Vs —BekTop Berpa .Ha yposHe 500 rlla. Taxum oGpaszom,. HanpaBne-
' HHe . CMellleHHs 0GJIayHOrO CKOIJIEHHS C TOYHOCTBIO JO =+6°
o Vy— Vs cosa
d = d + arccos \
! _ VV0+V5~—2VV cosa

3}.’[er do-—-HaIIpaBJIeHHe BeTpa Yy NOBEPXHOCTH 3eMJIH o==180 —

—(|ds—do|); ds— HanpaBnenue Berpa Ha ypoBre 500 rila. 3mak
.-+ > HCHOJB3YeTCS ‘IPH NPABOM JIOBOPOTE BETpa' ¢ BHICOTOM.

.. Tak KaKk-CKOPOCTb ¥. ‘HaNpapJieHHs TepeMellleHHs ¢pponta (cp, do)

onpe,ue.nﬂro'rca noc'ra'roqﬂo TO‘IHO, TO © yquOM (4.16)

;'C(b_-. -

Ce ™ 2os B

rl!e N
T pg:)dq,-.f—dcl.

'C’ moeTaTouHoH I[JIH npaxmqecxnx nenen TO'-IHOCTbIO MOZKHO C'IPITaTb,

uro 33 -5—7 ¢ cxopoc*n: nepememennﬂ 06J1atmoro cxomeﬂnﬂ coxpa-

HACTCA

- Tlosocsi - 0calikoB 'y GPOHT OKKMOSHH. (pHC. 410, nonocm 4)
B 6OJIbHIHHCTBe CalyuaeB MMEIOT SUEHKOBEIA'XapaKTep, T. €. MpeACTaB-
AA0T COGOH' TPSIAbL - 04aroB OCAAKOB. | I‘pmm,pacnonaraxomnecx B

SBEIKE “BJIAXKHOIO  TEMJIOT0 * BO3AYyXa, MOMHO OTHECTH 'K Tumy MS;;

06biuH0 370 cKomennss Cb. BpeMs” cymecTBOBaHHS OLHOIO CKOMJE-

HUST OKOJIO 12!1 Honocm nepememaloTca BMecTe 'C quOHTOM OK-
KJIO3UH. :

“3a XOJOAHEIM cpponTOM OKKJIO3HH Haﬁmoﬂaxorcx 60J1ee MeJkue ’
MOJIOCH Ocafxos Tuna SS. OHH BOSHHKAWOT B HeyCTOI/I'-II/IBOM BO3ZyXE ’

B ‘Buge rpag Cb Macmiraba Meso-§ (cM.'TiHaBy 3, c. 38).
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KpoMe TOro, B THUJIy LHKJIOHA HAaGJIOAAIOTCS MOJOCH . OCAAKOB,
BosHuKaomue Ha JIH (puc. 4.10, nojocm 5). Hx BOSHHKHOBEHHE 1
IPOrHo3 obeykpanaca B ryaBe 3 (c 34—35).

ITooCH 0CaAKOB y CTAUMOHAPHBIX (POHTOB OTHOCATCS K THHY LS.
Yame Bcero HX NPOHCXOXKIEHHE CBS3aHO C 3aTONJIEHHON KOHBEKIMEH.
Ilosochl cMemamTCsi B CTOPOHY OT CTallMOHAPHOTO ¢(poHTA. BpeMs
XKH3HH TOJOCH B LeaoM OKoJI0o 10y, a oraenbHble ofGnaka B moJoce

©KUBYT»> CYLIECTBEHRO MEHbIIE.

X HAG/IOLCHH JIOJICHHH. OpOIIAM ~HAOTIONHEHAEM SABJSIOTCS ~“HAGIOTERNH
IYCTOH CeTH HaseMHEX craHnui u MC3. HMudopmanuio ¢ MC3 cae-
JLyeT HOCTABHTb Ha HOCJeJHee MeCTo, HGO IOJIOCH OCagKOB B GOJib-
ITKHCTBE CJHYYaeR <«CIPATAHB» BHYTPH .(QPOHTANBLHBIX OOJIAYHEIX CH-
cTeM H IIOTOMY HX He BHIAHO HM Ha TeJeBH3HOHHHIX, HH Ha HHOpa-
KpacHeX H3obpaxkeHusx. OQIHaKO Te HOJOCH, KOTOpHEe 06pasylorcs
B CPABHHTEJBHO <«UHCTOM® OT OOJAKOB BO3AYXe, JErko OOHADPYKH-
BawTcad Ha u3oOpaxeHusx ¢ MC3. Hanpumep, B TemaoM cekrope H
B THYy LIMKJIOHA.

Hasemube Hab0AEHAsT MOTYT GHITh NOJIE3HBIMH JHIUb B TeX CJY-
yasix, KOTJA4 II0JIOCH OCAIKOB (OPMUPYIOTCS TAKHMMHM I[PONECCaMH,
KOTODhe HAYHHAIOTCS B INPH3EMHOM CJoe (y3KHe HOJIOCH OCajiKOB
y Xx0J0gHOTO (pPOHTA, B TEIJIOM CEKTOpe ¥ B THIY LHKJIoHAZ). Te mo-
JIOCHI OCaJKOB, KOTOpHE (popMupyioTca Han (PpOHTaMH, HUKAK He CBs-
3aHBl C IpolleccaMH B TpuseMHOM cjoe. [losaraypr, 4ro Ha HX (Op-
MUDOBaHNE OK43HIBAIOT BJHMSIHHE BO3AYIIHHE TeueHud B ciaoe 500—
700 rila.

CuHONTHYECKHEe MaTepHaJel B coueraHuu ¢ HHpopmaumueir MC3
NO3BOJISIOT ONpPENEeNUTh NIOJOKEHHe 30HBl OCaJKOB B CHCTEME CHHOI-
THYECKOT0 06bekTa (LHKJIOHA, (GpOHTA), a TakXKe NOHAThb, KaKHe LUD-
KYJISILHOHHbIE HPOUECCH (POPMHPYIOT IOJOCH OCAAKOB. B coueranun
¢ palHOJOKalUMOHHOH WH(pOpMauue# 3TO JaeT BO3MOXKHOCTH YCTAHO-
BHTb THI NOJIOC OCaAKOB. Tak, mojoch ocaiakoB I, 3a u 4 (cM.
puc. 4.10) He uMeOT NpSMOA CBS3H C LHUPKYJslUed Yy IIOBEpXHOCTH
Seman. HdJas ux mporHosa Jyulle RCHOAb30BATH HH(DOPMAIHIO O LHUP-
KYJMSIUAOHHBIX ycJaoBusax B cjoe 500—700 rlla.

ITonocw 2, 36, 5 (cM. puc. 4.10) u y cTauuOHapHHX (PPOHTOB B
3HAUHTENbHOH Mepe 3aBHCAT OT IPOIECCOB B NIpHu3eMHOM cioe. IIpu
HX IPOTHO3€ HeOOXOAMMEl AaHHble O UMPKYJSUHH M COCTOSIHMH aTMO-
cepbl B caMbix HHXKHHX CJOSX Kak JOHOJHeHMe K HH(YOPMALUH
.0 COCTOSIHUY cBOGOAHOE aTMoc@ephl.

XapakTepHOe BpeMst KH3HH Me30MacUITaGHEIX [MOJOC OCaiKOB
8—12u, mosTOMY NpPOTHO3 HX IepeMelIeHHsT M 3BOJIONMH METOAOM
.popMaJIbHOH BSKCTPANOJSIHHA BO3MOMXKeH He Gosee ueM Ha 3—4 4.
TexHUKa NPOrHO3a TAKOBA.

[Tocae oGHApYyKeHHs] MOJOCH OCAfKOB HO HECKOJbKHM pajfHOJIO-
KalMOHHBIM H3MEDEeHHMSM B TeueHHe 2-—3 Y OmpeneNsercss CKOPOCTb
¥ HampaBJeHHe IepeMelieHHsl NOJOocH (ouara) OCajKoB, KOTOpHE
SKCTPANOJHUPYIOTCS HA Cledylouue 2—3u. AHaJOTHYHO MOCTYHAaIOT

“;{I’Io.nocm 0CajKOB OOHAPYKUBAIOTCS C NOMOMIBIO PaJHOJOKALHOH-
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[OpH TPOTHO3e 3BOJIONMH ' (YCHJEHHe, COXpaHeHHe, ocjaabJjeHHe Ocaj-
KOB), BHISIBJASIA TEHAEHHIHIO II0 NPEIIIeCTBYIOIIUM ' HaGJIIOLeHHAM H
pacrpocTpaHsa ee Ha IOcJefylolike cpoku. BpeMs mpenliecTBYIOMUX
Ha0JIofeHul H 3a6J1arOBPeMeHHOCTh IPOrHO3a 3aBHCAT OT PasMepoB
H CTPYKTYDH IOJOCH O0CaAkoB. UeM IIHpe NOJOCA, TeM O60.jbile 3a-
6/1aroBpeMEHHOCTh IIporHosa. YeM O6oJibllle KydueBO-IOXKAEBbIX 06.a- |
KOB B IOJIOCE OCafKOB, TeM MeHbllle 326JIarOBPEMEHHOCTb IIPOTHO3A.
CooTBeTCTBEHHO M BpeMs INPEALIECTBYIOMHX HaGJIOJeHuli B NEPBOM
cjydae GOJIbIE, 2 BO BTOPOM — MEHbIIIE.
IIpu Onpe/ieleHHH MOMEHTa BpeMEHH NPHXOAA IOJIOCH OcalIKOB |
B 3aJlaHHHU NYHKT CJeAyeT UMeTh B BUAY, 4TO napamerphl S, A u d
JOCTATOYHO YCTOHUMBHL. Pa3 ycTaHOBJEHHLIE, OHM COXPaHSIOTCS B Te- ‘
YeHHe HECKOJbKHX 4YacoB, H AAd leseld CBEPXKPATKOCPOUHOIO IpPOr- |
HO33a MX MOXKHO CYHTATh NOCTOSHHEIMH AJH JaHHOH CHTyaHHH. \
\

A Sy e

SN
MesoM aCHITaﬁl-IbIE“

pmﬁfﬁMn pasmepamu_100— 500 k. BnepBue 3TH
BUXPH GBUIM OGHapyXeHH B 60-x roidx, KOraa NOSBUIHCH MeTeopo-
Joruyeckue CnyTHUKH 3emsad. OHH HMEOT MHOTO HasBaHHH - (3ams-
TaA-06pasHBil BUXpb, «IOJASAPHHA LHUKJIOH», BTOPHUHHIHA IIMKJOH, 3a-
BHXPEHHOCTb H fp.), HO HHM OJHO M3 HUX He HMeeT O(HIHAJBHOIO
cratyca. Ilo cBoel mpupose 3TH MesoMacHITaGHble LHPKYJISIUUH MO-
. TyT GBiThb pasjleneHl Ha ABa Tuma: 1) UUPKYIAINH, Bosﬂnxaloume

; %LLIKI'[ g}f 'BAMAHHEM AMHAMHYECKOH (6apo-
| KJIMHHOH) HeyCTOI/I'-IHB‘OCT % € MH GyleM Ha3HBAaTb «ME30BUX-

PAMHE», HX IPOTrHO3 oﬁcy;x;:na.nc;{ B raase 3 (c. 49—50), BTOpBHIE —
| ME30LMKJOHAaMH, O HHX Deub NOHAeT HHXKe. ‘
| XoTsl Me3OLUUKJIOHH — He()pOHTaAbHEE O6pa3oBaHuS, OHH qame"~

BCero BO3HUKAIOT B Ipefenax (PPOHTANbHBEIX IHKJAOHHYECKHX UHDKY- i
JANMH CHHONTHYECKOro Maciuiraba Ha (OHe OTHOCHTEJNbHO HU3KOLO .
Hasnenus. Bosayumnas Mmacca, BHYTpH KOTOpOH o6pasyoTcs Meso-
IXMKJIOHE], MOXKeT OHiTb CTAaTHUECKH YCTOHUHMBOH, OZHAKO B IIpoliecce
LHKJOTeHe3a O KpafHel Mepe Ta ee YacTbh, KOTOpas YuacTBYeT
B IHKJOTeHe3e, CTAHOBUTCH YCJOBHO-HeycToHuupoi. BepostHo, 3T0
06CTOATENbCTBO €CTh NPHYMHA TOrO, YTO B ME30IHKJIOHAX Haémo- ‘
JawoTcs 06JaKa KOHBEKTHBHOIO NPOUCXOXKISHHS. v

Ecan B c/aydae Me3OBHXDS CHauaJa“ BO3HHKAeT KOHBEKTHBHAS A
06/1a4HOCTb, @ IIOTOM MOSIBJSETCS ME30BHXDb, TO B CJAyuae Me3OUHK- ;7 |
JIOHA CHayaJja MNOSIBJAseTCS IUKJAOHHYEeCKas Me3OLMpKyJsnud, a mo- L
TOM BO3HHKaeT KOHBEKTHUBHAas 06JaYHOCTD. {

Tlo paHHERIM OTHEJNbHBIX HaOMOJEHHH YAaJ0Ch YCTaHOBHTb, 4TO
ME30HUKJOHAM B cpeiHell rtponocdepe COOTBeTCTByéT 3HaAYHTEeNbHASA :
UHK/IOHUYECKas 3aBUXPEHHOCTb (2 ~10-8¢c!). Uro xe Kacaercs iy
-CTaTHYECKOH HEyCTOHYMBOCTH, TO -OHA OGHAPYKHBAETCH TOMBKO BCa- o
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MOM HHKHEM cnoe Tponoccpepm (IpaKTHYECKH, B Ipefesax. NOrpaH-
c.noa) TeM He. MeHee, 3TOH. HeyCTOHYHBOCTH: JAOCTATOYHO . AJst (OPMH-
.POBAHHS KyYeBO-IOXKJAEBHX . 06/IaKOB, UTO - BCEraa o6yCJmBJmsaeT
_JIUBHH B ME3OIUKJIOHAX.

JJis BO3HUKHOBEHHS MesouHKJIOHa Heoéxolmmo qToﬁbI B KaKofi-
Jm6o prnﬂomacmTaﬁﬂon IUPKYJISNHOHHOA CHCTEME : CYLIeCTBOBAJIO
6 (uTH BHOBb 06pa30BaNOCh) HEKOE, Me3oMacmITaGHOe BO3MYyIIEHHE
I HEOIHOPORHOCTH - MacuiTaba Meso-a. Hampumep, -3aBHXpEHHOCTD
"B cBOGoAHOR aTMocdepe (CHEACTBHE CYHIECTBYIOLIErO HJH .CYIIECTBO-
BaBliero  ¢GpOHTAJNbHOTO IHMKJQHA), Me3oMacuitabHas (poHTaabHAA |
_MJIM BETPOBas BOJHA, ME30(POHT (HA rpaHUIE Cyma— MOpe, HA Ipa-
'HYIIE CHEXHOTO IIOKpOBa H T. IL). JIlo6oe mono6Hoe BO3MylleHue (He-
_ OHOPOJHOCT) - MOXeT JaTh Hauajo Me30BHXDIO. KOHBEKTHBHOTO: IIpO-
HCXOXKJAeHHs (CM.:T1aBy 3, c. 44—49) nn6o Me3ouuryaoHy. Ilocnensuit |
PasoBLETCS, eCJTH Me30BO3MylIleHMe [ONAaJeT B YCJOBHE TOPH3OHTAJb-
HOH HEONHODOAHOCTH NOJEH TEeMIEepPATYpPH, H BJAXKHOCTH CHHONTHUe-
ckoro macmraba, T. e. eCliH BO3MyllleHHe OKaXXercsi B yCJoBHAX 6a-
POKJIHHHOA HEYCTOHYHBOCTH. B . mpomecce paspHTHS . ME3OLUHKIOHA
'6apOK/AMHHOCTh BO3PACTAET, TAaK KaK IPOHCXOJHMT, C OJNHOH CTOPOHH,
.TIPUTOK BJAXKHQTO .H TeIJIOro, Bos,uyxa a.c ,upyron—cyxoro H- X0-
. JIORHOTO. |

Nas BOSHI/IKHOBP,HI/IH Me301.lHKJIOHa Heo6x011HM0 BHIONHEHHE elle
o;moro JEHAMUYECKOTO yCJaoBus, Tagum. yCJIOBPIeM sIBJISeTCS crnupa-

TaM rie ¢ Bna,uaxo"rwnanféonbmﬂe““ Haqeﬂm{ DI H Sp, MOXKHO OXKH-
‘JaTh Da3BUTHS ME30LHMKIOHA M3 NIEPBOHAYANBHOTO BO3MYILIeHHs (He-
oxHOpoaHOCTH). ONHAKO Naxe NP HAJWIKK GaroNpHATHEX AWHA-
MHUYECKUX YCJIOBHH ME30LHMKJIOH He BOSHHKHET, eC/H IoJie ABHXeHHH
'KAHEMaTHUECKH ' He  NOATOTOBJIEHO ~COOTBETCTBYlomuM o6pasom. OH
BO3HMKHET TOJIbKO B TOM' CJyuae, eciu B OGMacTH COBHNajeHHs HaH-
‘Gonpluux sHaveHu#t DI n Sp nepecexaloTc;{ 'H30JHHHH KHHeMaTH‘Ie-
“CKuX xapaKTepHch '

U

_( #P  op, (rp) o
< dx dy 0x? dy

u 6P/6x—0 (H/HJIH 6P/6y 0) a Be.nnqm{a V2P>0 (CM c. 14—16).

B Bo3HHKIIEM. Me30IHKIOHE GHCTPO, PA3BUBAIOTCS 06JaKa, B TOM
tmc.ne KyueBO-J0XK/AeBHe, - H- (OpMHPYyeTCs. -30HA ~ CHIBHBIX . (05H11H0
JIMBHEBHX)  ocankos, HanGoisee WHTEHCHBHHIMH OCaJKH CTaHOBATCS
B 3pejioM ME30LHUKJIOHE. Cmbnbm JOXJb . (MTHBEHDb) — NPeABEeCTHHK
HayaJsa, 3aNoJiHeHHs . Me3onuk/aIoHa: Ocalky YHOCAT €. coboli - paary,
.OHH.. Xe OXJaXJAaloT - NOR06JaYHHH . C/I0H..  BETeKass H3-NOX: BHXPA,
_XOJIOAHH - BO3AyX OJIOKHpyeT IOCTYIIeHHe TelJa M BJAru .B- Me30-
'LLUKJIOH, (ME30BHXDb), JIHIIAS €rQ. TeM CAMHEM: SHepTiH, Heo6XOZHMOM
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JUIA TIOAZIepIKAHNS er0 ' «XKUsHH». B pe yanaTe MesonnKJIOH ‘paspy-
naetcst. TIPOROMKUTENBHOCTh CyillECTBOBAHHS ME30LHKJIOHA ‘3aBUCHT
“OT €r0 TOPHSOHTAJLHEIX DPa3MEpOB. UeM GoJblle pasMep, TeM TPO-
. HOMKHTENbHEE <KH3HD» ~Me30LHKNOHZ. OGHYHO ME3OIMKJIOHH Cy-
mecTsylorT He Gosee ABYX CYTOK. 32MEUEHO, UTO WHTEHCHBHOCTbL 3pe- :
“JIX ME3OLHKJIOHOB TAKKE 3aBUCHT OT HX pa3MepoB. UeM Membiie i
pasMep 'ME3OLUKIOHA, TEM OH HHTEHCHBHEIL OTcmna cJelyer, uTo o
MaJIONHTEHCHBHbIE LUKJIOHE «KHBYT». JOJBIIE. o

OGiiauHblii [IOKPOE B  ME3OLHKJIOHE, Kak OH BuieH ¢ MC3, qame*«’ 4
.BCEro’ BHINIALHT B BHAE 3alsTOH, B OTJIMYHE OT MeSOBprn ‘B MKK,
rae ¢ MC3 Bugna cepus oﬁ.natmblx cnupasest, -

Hanexnolt MeTonHKH - npornosa BO3HAKHOBEHHS ME30LHKJIOHOB
TI0Ka éme He cymectsyeT. ‘O6HYHO HX OGHApYXHUBAIOT [0CJIE TOTO,
‘KaK OHM yXe BO3HHK/H, Ha CIYTHHKOBEIX H300paKeHHMsix HIH/H HA
KPYNHOMACIITAGHHX KapTax Toroxsl. ITosesiyo HHOOPMALHIO MOXKHO
TOJYYHTh C CETH METEOPOJIOrHUIeCKHX pPaJHOJOKaTOPOB, KOraa HAas-
“HHlE' ¢ HECKOJbKHX PanHoJIOKaTOpOB 061)e111msno'r B eIMHYI0 KOMIO-
3ULHIO. ‘

JJ1s TIPOrHO3a 'BO3HMKHOBEHHS MESONMKJOHA B KauecTBe HCXOL-
HOM MOXKeT CIYXHTb caenyoman i HEpopmamHs:

— JaHHHE TeMIIepaTypHO BETPOBOTO 30HAUPOBAHUSA B HeCKOJIbKPIX .
NyHKTax B pafioHe IIPOTHO3a, , . =
— KpYNHOMAacuITaGHble KapThl HOTOABL, o o
— KapTHl..6apHUECKOH Tohdrpacpnn ‘ s b
— Hn306paxenye, 06/MauHLIX  HIOJIeH, nonyquHbIe c MC3

. — KOMIOSHINH.PaJHOJOKALHOBHEIX H3MepeHnH. L e

MoxHO pEeKOMEeHA0BATh NPHMEPHO 'TaKOH NOPSIIOK  COCTABJIEHHS]
AIPOTHO32 BOSHUKHOBEHHS ME30UHKJIOHOB.'
' 1. C IOMOIIBEIO ‘KpYIHOMACWITAGHBIX KapT TOTOAB M CHYTHHKOBHIX
H306paxeHnl * (DaAHOIOKAUNOHHBIX KOMIGSHIIH) ycTaHABAMBAIOT Ha-
-JIMYMe BO3MyLIeHHs1 (HEOAHOPOZHOCTH) MacmTaba Mme3o-o. HauGosee
TUNHYHBIM TPASHAKOM' BO3HHMKAIOMIEr0 ME3OUHMKJIOHA SBJACTCA Ham-
“UHe H30JHPOBAHHOTO ' MacCHBa CJIOHCTOOGPASHEX 06.12KOB' pasMepoM
- nopsiaka 10° M ¢ '3aTolneHHBIMH B HeM '06aKaMH 'Kyd4eBHX ‘hopM.
-Cllefy€T MMeTb B BHAY, UTO Haille BCEro NOROOHHE OGMauHHe Mac- .-
CHBH '06GHaPYXUBAJOTCSA' B THUIOBHIX YaCTsAX 'NHKJIOHOB H HMEHHO TaM . |
npemne BCero HYXKHO HX HCKATb. SaMeTHM qr0 na.;m-me anpeaon
‘Me3OLMKJIOH Y€ BOSHHK (MM ef0 ‘BOSHHKHOBEHHE ‘BOT-BOT JOMIKHO
SaBepIIIHTbCH) B' sTom ‘ciiyuae’ Bee AaNbHefilne HeHCTBUS TO coc*ra‘B-
-JIEHHI0 TIPOTHO3a ‘ero “BO3HMKHOBEHHS' HSJIPIHIHH N ;
. 2. BHYACHSIOT ‘3HAUEHHs ILPIHaMH‘IeCKI/IX (DI, Sp) 'um xunemarH- |
ueckHx’ (¢, Py, 'Py,'V?P)" ‘XapaKTEPHCTHK 1O JAHHBIM TemnepaTypHo- T
BeTpOBoro sommposanhﬂ u prnHOMacmTaénoﬁ KaprI ‘norofH. Pe-
“8YMbTaTH BEMACHEHMHE AMHaAMAYECKHX'H ' KHHEMATHUECKNX' xapaKTepn- o
CTHK HAHOCAT Ha KpyNHOMacCHITaGHYio * KapTy 'C_ TIOMOIbI0 KOTOPOH - |
-OTipefieaoT’ 3ox{y ‘HAnGoNbIINX SHatednit DI u Sp u’'¢opnajenne ee -
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¢ 0CHapYKeHHEIM BO3MYIleHHeM (HeogHOpOXHOCTRIO) (m. 1) u 6aaro-
NPUATHBIMH KMHEMaTHUeCKUMH ycjoBuaMH (¢==0, Py (P,)=0, VP>
>0).
Ilo pesysapTaraM m. 2 CyHAST O BO3MOXKHOCTH BO3HHKHOBEHHS Me-
30LMKNOHE. MoOXKeT BOSHHKHYTb NATh CHUTYaIMH.
~a) Bce GaarompuarHee AJ5 BO3HHKHOBEHHS ME3OIHKJIOHA YCJO-
BHs OGHapyXeHH NPUMEPHO B OLHOM MeECTe, T. €. HayaJbHOE BO3MY-
nleHHe, Oosbiive 3HadeHHd DI u Sp, TOUKa nepeceueHUs H30JMHHAE
¢=0; P.(P,)=0 tam, rze V2P>0—Bce HaxOAHTCS B Iperejax
30HH OOHAPYXEHHOro BO3MYUIeHHA. B a3ToM cayuae B OGumkafmiue

2—3 4y crenyer 0XumaTh OQOpPMJEHHS ME30IUK/IOHA B JaHHOM paH-

one. Hesbas 3a6nipaTh, YTO IpH HAJHUYHH CHJIBLHOI'O BeTpa B CBOGOJ-
HO#l aTMocepe NDOHCXOJUT TiepeMEHieHHe 3apOAbIIa Me30LHKIOHZ
tem. HEXKE).

6) Bce 6GuaronpusiTHBle AJs1 BO3HHKHOBEHHS ME30IMKJIOHA VYCJIO-
BHS CYIIECTBYIOT, HO HX I[IOJIOXKEHHS He COBHAjalT APYr € ADPYTOM.
B 3TOM ciiyuae MEe30IHKJIOH MOXKeT BO3HHKHYTb, HO BpEMEHH Ha €rc
oopMiaesre norpebyercst Gosbmie. [Heo6XOAHMO CJAefHTH 34 BO3MY-
HIeHHeM U uepe3 HECKOJIbKO YacOB NOBTODUTHL omepanuu I. 2.

B} Ilpw pmajsnyuu HavaJbHOTQ BOSMYIIEHHS (HeOZHODOXHOCTH) BCE
Ipyrue OGJaronpHsATHEE VCJIOBHS OTCYTCTBYIOT B Iipelejiax AaHHOTC:
pafiona. B 3TOM cayuae B Oamxkafimme 129 BO3SHHKHOBEHHE Me30-
LIHKJOHA MaJIOBEPOSTHO.

r) Tlps HaquudWu HAYaJbHOTO BOSMYLIEHH:A (HEONHODOXHOCTH) H
6JIarONpUATHEX AMHAMHUECKHX YCJOBHH, COBNANAIOUHX C MECTOIO-
JIOXKEHHEM /BO3MYILeHHsT, KHHEMATHYECKHEe YCJOBHS HeGJaronpHsATHE
IJIsT PasBHTHs Me30LUWKJIOHA. B sTOM caydyae HeoOXOAHMMO CJEIHThb
33 MEHSIOMKUMCS NOJIeM IIPH3eMHOTO JaBjeHHs. MlHorxa gaxke HebOJIb-
1Ige M3MeHeHusl B IOJe HaBJeHHS MOTYT CAendTb KHHeMaTHYeCKHe
ycsoBUs GIarONpHATHEIME IS BO3HMKHOREHHS ME3OIMKJIOHA, U TOr-
Ia yepe3 2—3 4 MOXKHO OXHJAATb NMOSBJCHHS Me30UMKJOHA.

'n) [Ipum HaJWYUKH HAYAJBHOTO BO3MYILEHHS (HEOJHODOJHOCTH) H
6J1arONPUSITHEIX KHHEMATHYECKHX VCJIOBHA JUHAMHYECKHE YCJIOBHUST
ZAsl IMKJIOTeHe3a OTCYTCTBYIOT WAH OYeHb CJa00 BHPaMKeHB (MK
HeT MAaHHBIX AJIS UX BBHUHCJAeHHT). B atoM ciyuae HeoOxoauMo aeii-
CTBOBATb B COOTBETCTBHHM C PEKOMEHAANHUAMHU B I. 4 (CM. HHXKe).

4. JIOmONHUTENbHO, & B cUTyanusix (6) u. (1) obsi3aTeqpHO, CJe-
ayer obpatutbes kK kapram AT-500 u OT 500/1000. ITo xapre AT-500
OLpEeNeNsIOT CTeleHb 3aBHXPEHHOCTH B . cpelHell Tpomocdepe, a o
kapre OT 500/1000 — pacmosokenHe 04aros Temja H xosoja. Pai-
OHE C [OBHIIEHHOH 3aBHXPEHHOCTbIO, COBIAfAIOUIHE ¢ 06JacThIO:
X0JI07a, HOTeHLIHAaJbHO OIAaCHE B CMEICJAE 3apOXKAEHUST Me30BUXPS
WJIH Me3OIHKJOHA. Ecam Xe B TaKOM paHoHe OGHapyXKeHO Hayaljb-
HOe BO3MYILEHHe, TO HMeercs GoJblilas BEPOSITHOCTb €ro mHpeBpaine-
HHsI B ME3OLMKJOH B TeUeHHe HECKOJbKHX 4acoB. OTCYTCTBHE IIHKJO-
HHYECKOH 3aBUXPEHHOCTH CBHETENbCTBYET O HEBO3MOMXKHOCTH DasBH-
THS HauyaJibHOrO BO3MYIIEHHS B MeESOIHKJIOH.

. CoBnajJeHne odara TeIJIOro BO3AyXa C IMKJIOHHYECKOH 3aBpreH~
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HOCTBIO H HAayaJbHHIM BO3MYIIeHHeM XOTS H HE HCKJIIOYaeT Pa3BUTHSE
ME30IMKJIOHA, 3HAYHTENHHO YMEHbINAET BEPOSATHOCTh €ro0 BO3HHKHO-
BeHUS.

3apoAHl ME30LHMKJIOHA TAaK K€, KaK M BO3HHUKIUHA MEe30IHKJIOH,
nepememaercs. CKOPOCTh ero IepeMenleHHs ONpeRefAeTcs IO CEepHH
CHHMKOB OO6JIaYHOCTH C TeOCTALHOHADHBIX CIYTHHKOB 32 MOCJEIHHE
3—6 4. Dra CKOPOCTb 3aTeM 3KCTPANOJHUPYeTcsl Ha MOCJAEAYIOLIHE
3—6u. [lpouexypsl IKCTPamOJSAINM H3JOXKeHH Ha c. 62, 100—101.

Ecam tpebGyercss cocTaBjieHMe IPOTrHO3a IepeMemleHHs Me3OlHK-
JIOHa Ha Gojiee AJUTCILHBIE CPOKH, TO HCIOJB3YeTCs NPAaBHJIO BeLy-
Llero moToka, B kadecTBe Befyliero NpHUHMMAaeTcsl HOTOK Ha YpOBHE
700 rlla..

IIporsos sBosonyun MeaonHK.HOHa COCTABJISIOT N0 CHUMKaM o6Jjad-
poro noxposa ¢ MC3. Tlpussax pasBUTHS ME30IUKJIOHA — NOHMUXKeE-
Bue Temneparypu (MK-usoGpaxenHs) BepxHelt rpaHunE OOJakoB H
topMupOBaHHe WX CIHpaJeBHIHON CTPYKTYpHL. [IpusHak ociaabiaenus
Me30IHKJ0HA — NOBHIEHHE TeMIepaTyphl BepxHelt I'paHHIB 06J1aKOB
W Aerpajauusi obnadHocTH (pacmajn o6JauHBEIX CcrHpajedl Ha OTAeNb-
Hele 06J1aKa WJIH WX HeOOJbllive CKOIJEHHS).

Ilpu cmemennu cOMauHBIH Me30BHXPb (ME30OLMKJIOH) MOXKeT COJIH-
3UThCA C cHCTeMO#l (POHTAJbHEIX 00JNIAaKOB M OK4a3aThCA B 30He [eH-
CTBUSA OCHOBHOTO ¢poHTa. B 3TOM cJlyuae BO3HHKAaeT IIPOILECC KB3DHIB-
HOro» IMKJoreHesa. Ecam Xe «obsauHaa sansaras» MOAXOIUT K Bep-
YHe (POHTAJNBHON BOJHBI, TO <«B3PHIBHOHY» IHKJIOTeHE3 IPHBOJUT
K CTOJb GBICTPO pa3BHUBAW0INEeMyCs HPOIECCY, YTO 32 HECKOJBbKO YacoB
(hpoHTAJNbHASA BOJHA NpeBpallaeTcsl B OKKJIOAUPYIOWIHHA IUKJIOH. DTO
SBJE€HHE NOJYYHI0 HA3BaHHE BHE3ANHOL OKKAIO3UL.

Mesonuknon (Me30BUXpPb) NPHHOCHT C c0GOll KyueBO-IOXKIEBYIO
06/IaYHOCTD, JIUBHM (3UMOH JHBHEeBOH CHEr) H 3HAYUTEJbHOE YCHJIe-
Hue Berpa (uuHOorga a0 20 M/c u Gosee). C Me30UUKJIOHOM TaKKe MO-
#keT OBITL CBs3aHAa M CJOHCTOOGpasHas o06JauHOoCTb, H OOJIOKHBIE
ocanxu. Ilpu masuuuu 3artonsieHHOH KOHBekuuH B NS BHYTPH 30HH
OOJIOXKHBIX OCafKOB MOTyT OBITb 3aNpPATAaHBl <«OCTPOBA» CHJBHBIX
JUBHeH.

U3 Kypca «CHHONTHYeCKAsT METEOPOJIOTHSI» U3BECTHO, YTO BHETPO-
IMYECKHH UHMKJIOreHe3 MPOHUCXOLUT HA_ ATMO M@wpﬂbxzw@pQHIax Haun-
EaeTcs OH C 06paSOBaHI/IH HPOHTANBHOK BOJIHH MOJ BHICOTHOH (pOH-
TQQIBHOI/L‘SOHOI/I {BosiHOK Poccon). CIDpOHTaJIbexe BOJIHEL JeJATCS Ha
YCTORYUBEIE, KOTOphle He NPEBPAINAIOTCs B IMKJIOHB, ¥ HEYCTOHYH-
BHle, KOTODHE HAIOT Hauzalo 06paz0BaHMI0 UHkAOHOB. [IpoMexyTok
BpeMeHH Af, HeOo6XOZUMEIH IJs1 TpeBpaieHHs q)pOHTa.anon BOJIHEL
B I[MKJIOH, MeHseTcsa B INHPOKUX Ipefenax ot 2—3 jpo 50—60 u. Ecau
UHKJIOH opopMifercs B TedeHHe Af<C12u, TO mpouecc ero ofpaso-
BaHUs HASHIBAIOT <«B3PLIBHLIMY . yuKkasQzenesom, XOTS pPe3yabTaTOM

" «B3PbIBHOM>»> LLMKJIOTEHE3

9TOrO Ipouecca spJsgercs 00pa3oBaHHe HOPMAaJbHOLO UHKJOHA.-EH-
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HONTHYECKOTO /MaciTaba, ‘¢aM MpOLECC 'OTHOCAT K pasp;my ‘Me30-
-MaclTaGHHX H3-3a BeCbMa KOPOTKOTO BpPEMEHH, B TeUeHHE: KOTOpOI‘O
OH NpPOTEKaeT (At=10"%c).

I/Issecmm - ueTHpe paBHOBHI[HOCTH _«BsmeHoro» ‘vunKJIoreHesa

(BI):

: l) onmneﬂne MesouHKJIOHa (oénatmoro anpx) B sony xonon-
\HOI‘O ‘¢bpoHTa (CM..c. 73);

2) ﬂepeBopaqHBaHHe I‘OpHSOHTaJIbI-Lbe BHXPEBHIX pr60K

.. 3) ycKopeHmue- (prHTaergpr_o UMKJIOTeREsa; T

4) UHKJIOTeHe3 Y TOUKH-OKKITIOSHH. o

1. Me3OLHKIOH WIH ME30BHXDb, BOSHHKWIHH B THUTY I_[HKJIOHa no
BEIYIIEMy TIOTOKY CMEI2eTCsi K XOJOLHOMY dbponty. Ecu ckopocts
"Mesounmoaa (me30BuXps) Vg GosbLIe CKOPOCTH XOJIOAHOTO (poHTA
Vi ¢, TO ME3OLHUKIOH (ME30BUXPBH) mojoiizer K QpoHTy qepes npo-
MEXYTOK BpPeMEHH v ; :

At = __L—
rie L — paccTosHHe MEXIy MeSOIIHKJIOHOM (Me303nxpeM) H XOJIOA-
HHEIM (G pPOHTOM.

BxOK/eHHe Me30LHKIOHA (Mesanxpﬁ) B CHCTeMYy XOJOXHOTO
fq)poma CO3JlaeT CHTYallHIO «B3PHIBHOI'O» LHUKJOreHe3a, HGO 06beau-
HAET B BaXKHeHINHX (DAKTOpa BHETPONHUECKOrO HHUKJOreHe3a: HamH-
YHe 3HAYUTENBHOH IHUKJIOHHUECKOH 3aBHXPEHHOCTH (ME3OLHMKJIOH) 'H
GapokauHHOCTH (XOMOZHHEI (poHT). UeM 3HaunTeJbHee GapOKJHH-
/HOCTb, TeM OHICTpee HJET NpoLecC LHKJIOTeHe3a. Bpems, HeoGxonaH-
Moe AJa opopMJeHHS (PPOHTANLHOTO LHKJIOHA HOCJEe BXOXIEHHS Me-
'30LMKJIOHA B CHCTeMY (POHTA AT, MOXKHO npnﬁﬂnsme.nbno OTIPENeNUTD
B (8 9M1114pp1qecxon (bopmyJIe ‘ :

AT_"‘O’BQ@fQ’.?S y oo ‘(4_19)

rpe

CVVisvEi—2VVicosa
- Hy— H7 RS o

H5 " H7 —BHCOTA nm;epxaocren 500 H 700 rTla COOTBETCTBeHHO KM;
6.— YIOJI MeXAy BEKTOPAMH BeTpa Vs 1 Vi

Taxum 06pasoM, NPOMEXYTOK BpeMeHH MEeXIYy HCXOJIHHM cpoxom,
KOTZa GBI oénapymen ME30LHK/IOH (ME30BHXPb) 3a. XOJIOAHHIM

¢pontom, n oQ)opMJreHneM pasBuTOro ()POHTANBLHOTO LHKJIOHA PaBeH
) \

V,,,,.— +0323—-028 )
@opuy.um (4. 19) u (4 20) CnpaBéllJIHBH, ‘ecan 09M/(c KM)<§<

T4

’C=At+AT——

(4 20)




=8 M/(c-kM). Kpome Toro, Bce: pac y:}KI[eHI/IH CHpaBeJIJIHBbI ecan
VMB>Vx o H At<l2‘-1

2. HsBectHO, 4TO BHXPH C- ropnsoHTa.nbnon 0ChI0 ‘BOBHHKAIOT NOK
‘BO3LEACTBHEM BEDTHKAJILHHX CHBHIOB BETPa, a TOPH3OHTAJBHEE Ipa- -
JHMEHTH BEPTHKAJIBHOW CKOPOCTH OGYC/IOBJHBAIOT KX IN€PeBOpPauHBa-" e
HHe. DTOT npouecc onncusaercs{ OIHHM H3 UJEHOB ypaBHeHHs{ BUXpS /
-CKOPOCTH * ?T,«

9%\ _ Ju OJw du Ow N o ‘//
(Ta?)y‘%‘ oy 0z 0% \/ 2=

B OOHYHHX YC/I0BHAX 3TOT WIEH MaJ M HM IpeHeOperawoTt, HC- .
TI0/Ib3Ysi YPaBHEHHE BHXPsA CKOPOCTH AJs TeX HJAK UHEIX mesaed. OmHa-
KO HHOI'Za, oCOOEHHO MOJ BJHUsIHYEeM oporpaduu, BO3HHKAIOT Gaaro- .7
TpUSITHEIE YCJIOBHS AJIf €r0 3HAaYUTeJbHOIO POCTa.

B OGHIYHHX YCJOBHSX NOPSIAOK BEJHUHHBL KaXAOIO H3 ABYX uJje-
HoB B npaso#ft wactu 10~!!c~2; kpome Toro, ecaiu ofa ujeHa HMEIOT
-O[HAKOBHIE 3HAKH, TO B MTOTe MNOJYYaercs WX PasHOCTb, a OHA MO-
XKeT OHTb emle Ha MOPSIJOK MEHbIIe Ka)kJOro W3 5THX UYIEHOB, T. €.
10-12¢c-!, B TakHX YCJOBHAX /s (OPMHPOBAHHS WHKIOHA (Q~
~ 10~3c~!) notpeboBanoch 6m 105—107c, T. e. HelelH H Jaxke Me-
csub. EcTecTBeHHO, YTO OXHEATh (POPMUPOBAHHUSA LMKIOHA B 3THX
YCJAOBHAX Heso Ge3HalexHoe.

.OJgnako Ha nOABeTpeHHOH cTopOHe Dop Hnoma BO3HHKAeT TaKas

“CHTyauHs,, KOTAa, BO- nepBbe,dﬁ >O o~ 0y<0 T. €. HMeeT Me-

€CTO HEe Pa3HOCTb, a CyMMa q.neHOB, BO-BTOPLIX, HMEIOT MECTO 3HAuH-
TeJbHHE BepTHKaJbHHE CABHIH BeTpa, OGYCJOBIMBAIOIIME 3HAUEHHS
NpOU3BOAHHX Ou/0z ¥ Ovu/dz mopsnka 10-2c¢-!; B-TpeTpHX, Ha pac- }
CTOSIHHH 0ecATK08 KM (BJHSHWE Op) CYIIECTBEHHO MEHSIOTCS Bep- |
THKaJbHHE CKOPDOCTH TaK, uTo Ow/0x u/uam Ow/0y HMeT NOpsIOK

\10-7 c~l, Torna npaeas uacts ypasHeHus (4.21) mocTuraer BeJHUHHEHL
nops{,u,Ka 10~9¢~2 B 3THX YCJIOBHUAX LHKJIOH MOKET C(popMHpOBaTbcﬂ

3a BpeMs nopsaxka 10%*c, T. e. 3a HECKOJbKO 4acoB.

3. B oTHeNbHHX, XOTS M PENKHX, CAy4asx <«B3PHIBHOE» passnme
UUKJIOHZ MOXET GHTh NPH YCKOPEHHH OGHYHOTO (POHTAJBLHOTO HHK-
JioreHe3a, YCKOpeHHHHl Npomecc HHMKJIOreHesa NPOHCXOAUT B TOM
cJy4ae, KOMIa BCe COCTABJSIOMME LHUKJIOTeHe3a HAeHCTBYIOT B OJHOM :
HalpaBJeHHH, & YHC/ICHHEIE 3HAUCHHS NaPaMeTPOB STHX KOMIIOHEHTOB T;
OKasHBaloTcs HauGojee BHCOKHMH, OGHUHO B KaueCTBe HayaJbHOTO f
BO3MYIIEHHS PacCMaTPHB2eTCA BOJHA Ha PpoHTe. FIMEHHO Takas BOJ- 3
HAa TPH ONDENENEHHLX YCJOBHAK (COCTABJAIONIHX LHUKJIOTeHe3a, KO- 1
TOpHle MOTyT OBITh NPEACTABIEHH B BHAe 0e3pasMepHHIX Napamer-

POB) pasBuBaercsi B UUKJIOH. OCHOBHHIMH ycnosnmvm BJII/ISIIOHJ.I/IMPI
Ha CKOPOCTb LMKJOTreHe3a, SIBJSIOTCS:: :
- a) puHamuueckas (6apok/UHHAS) HeyCTontuOCTb :
6) cnHpaJeBHAHOCTb aTMOC(EepHHX . JBUXKCHHH, . e
. B) AjauHa BOJHH. PoccOu, moi Bocxopsmied . BETBbIO- KOTOpoh (me-
PeIHSIST 4YacThb BHICOTHOH (PpOHTANBLHOR 30HH) ~ pasBHBAETCH
I{HKJIOH,

75



r) KHHeTHUYeCKas 3HepPrus MABIKEHHH B cpeAHelt Tponocdepe B
palioHe LHMKJOTreHe3a.
IlpeicTaBuM KaxAoe M3 HHUX B BHjJe 6eapa3MepHOro napamerpa.

[Hunamuueckans (6apokaunnan) rHeycroluusocrs. llukiorenes ss-
JISIeTCsl NIPOLECCOM, OXBATHBAIOUINM NpPaKTHUECKH BCIO Tpomocdepy.
IlosToMy XesnaTelbHO NPHHATH BO BHHUMAaHHEe GapOKJMHHOCTE HAHGO-
Jee aKTUBHOR udacTH Tpomocdeph, T. e. B caoe or 850 mo 300 rlla.
Torna GespasmepHBHIE TapameTp AHHAMUYECKOH (6apoKJHHHOM) He-
YCTOHUYHBOCTH MOXKHO IIPEACTaBUTb B BHAE (CM. TaJKme c. 15—19)

DI+DS |

P="gngmw >

(4.22).

rie D] — nokasareap HeycToHumBocTH B caoe 500—850 rIla, DS —
10 Xe B cjaoe 300—700 rila.

Crnupasesudnocts Osuwsicenusl, T1o TeM Xe OPUYMHAM COHPAJIEBH[-
HOCTb CJIefyeT BBHIYUCAATL B BHAE €e CYMMAapHOro 3HAUeHHs JIJs
caoes: 700—850, 500—700 u 300—500 rIla

700 500 200 \
Spz = Sp Isso + Sp o0 + N Isoo j

; N

¥ OTHOCHTb €€ K CpelHEeMY 3HAUEHHIO CIHPAaJeBHIHOCTH IIPH DHKJIO-
regese. Taxk, A/ LUKJOreHe3a, HMEBHIETO MeCTO B eBpONeHCcKOH ua-

ctu Pocenn, Spa21,13-10~2 m/c. Torna 6e3pa3Meprm napamerp ChoH-
paJieBHIHOCTH

,
.
o

3amerum, UTO ycJaoBHe LHKAOreHesa Sp7=0. PeanpHrle 3HaueHHT MO~
ryT GBITH KaK NOJIOKUTENbHbIE, TAK U OTPUIlATENbHBIE, & TaKXKe pPaB-
HBEIMH HyJI0. VIHTeHCHBHEIH Npolecc LHUKJOTeHe3a HAeT Ipu Sp>0.
[Ipouecc He uger, ecaum BO Bcex closix Sp=0. Ilpu Spp <0 mw
Spi7=0 HIer 3aMe[JeHHHH NpOLeCC HMKJIOTeHe3a, YTO PaBHOCHJBLHO:
HeBOBMOMNCHOCTY, «B3PHIBHOTO® LHKJOTeHe3a, ecau S<I0.

Hauna soanst  PoccOu. Tlopasasmouiee GOJNBIIHHCTBO IHKJIOHOB:
BO3HHKaeT B JuanasoHe AauH BosjH 1800—3500 kM. YcjoBuMCS TpH-
HuMaTb 3a Ge3pasMepHEIN mapaMeTp JJHHBL BOJHHL

i

PL=2exp[—1,4(h—250]. \|

3Zech A B THCSYAX KUJIOMETPOB.

H3BecTHO, UTO Haubojee MHTEHCHBHO NpOIECC HUKJIOreHe3a HIeT
Opu jgjuHe BOJHHE A=2500 KM; npu yMeHbUIEHHH M YBeJHYECHHH MIJH-
HE BOJIHEI HMHTEHCHBHOCTH ocjabepaeT. COOTBETCTBEHHO H3MEHSCTCS
napametp PA.
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Kuneruueckas suepaus e cpedueii Tponocgepe BO MHOIOM OIpe-
JensieT mHKaoreHes. Ee mokasaTrejeM MOXKeT CJYXKHTb CKOPOCTb BeT-
pa Ha yposHe 500 rIla. Cropocth, Vs=20 M/c fiBJIsIeTCS TeM MOPOTrOM,
HaqyHHAas ¢ KOTOPOTO AaKTHBH3HMPYIOTCS HpPOHECCH NHUKJoreHesa. [la-
paMeTp KHHETHYeCKOH >HepLMHM MOXKHO NPeACTaBHUTb KakK ‘

A R

Ecam Bce 3TH ueTHpe napameTrpa 0oJbille eJHHHIB H XOTS OH
‘OfIMH M3 HUX 3HAUHTEJNDbHO GOJibllle eJMHHIB, €CTb GOoJblIas BepoOAT-
HOCTb «B3DEHIBHOTO» LHKJOIeHe3a.

Luknoeenes y TouKky 0KKAIO3UU TIPEACTABISET COGOH pereHepaIuio .
3anoaHsmerocss uk/aAoHa. CKOpOCTb pereHepanud B IepBYIO Oue- .
peAb 3aBHCHT OT 0apOKJMHHOCTH. ECJH HaJ TOUKOH OKKJ/IO3HH BOC-
CcTaHaBJMBaeTcss 0apOKJHHHOCTb, IOTEePSHHAS B IpOIECCe 3IBOJIOLHH
CTaporo - LHKJIOHA, TO DereHepanus NPOHCXOAMT 06f3aTeqbHO. BHOBBL
BO3HUKAIOMUH . MUKJIOH OOBIYHO OCTHTAET 3pesoil cTajuu yepes 12—
18 u. ITokasaTtesneM HauuHalOmEHCsS pereHepali¥ MOXKET CJAYXKHUTbL Be-
auauHa D (popmyaa 4.22). Ecam D=1, pereHepanus HauaJjachb HIH
BCKOpe HayHercs. ByZer sm 3TOT mpollecC HOCHTb «B3pLIBHOH» Xapak-
Tep? OTBeTHTp Ha 3TOT BONPOC IOMOralOT GapHdUeCcKHe TeHIEeHLHH
Yy TOYKM OKKJIO3MH. YBeJH4eHHe OTPHLATEJNbHHIX 3HAueHHH Oapuue-
CKHX TeHIEeHIHH y TOYKH OKKJ/IO3HH CO BpeMeHeM sBJ/fAeTcs NpH3HA-
KOM IMKJOreHe3a <«B3DHIBHOIO» xapakrepa. B aToM ciydsae paspuTHe
nMKJI0HA OOLIGHO 3aKaHuHMBaeTcs 3a 124y W MemHee.

‘TnaBa 5

CBEPXKPATKOCPOYHbIE HPOFHO3bl MOTOJ1bl
B YCJIOBUSX YCTONYUBOH  ATMOC®HEPBI
HA ®OHE HOBblllJEHHOFO JABJIEHHS

B ycronqnson atMochepe NpH MNOBHIUECHHOM (OHE NABJEHHS B
GOJIbIIVHCTBE CJIyyaeR HaOJI0JZAeTcsl MEeTeOopOJIOTrHuecKasi ‘06CTaHOBKA,
KOTOPYIO OGHYHO -XapaKTEepPHU3YIOT Kak -«XOpOHias mHorojas. Bmecte
C TeM JaXXe B VCJIOBUSX XOpOllefl HOTOXZE MOXKET CHJBHO MEHSTbCH
TeMIlepaTypa H BJAXKHOCTb, a TaKXKe BO3HHKATb IHIMKH H TyMaHEL
Iloroma B yCTOMUMBEIX BO3AYILIHHX Maccax Ha (OHE IOBHIIEHHOTO
IaBJieHus TJIaBHHIM 06pas3oM OGYCJIOBJIHBAETCH:

— OCHOBHBIMH CBOHCTBAMH ILeI/ICTBYIOIlleI’I B IOaHHOM paHOHe BO3-
}J,YIIIHOI’I MacCcCHhlI, : .

— CKOpPOCTBhIO H HaIpaBJICHHEM BeTpa,

— Typ6y.HeHTHbIM OOMEHOM TeIlJIOM, BJAro# u KO.HquCTBOM ABH-
KeHnsa MeXAy HHXHHMH H BEPXHHMH CJOSMH BO3AYyXa,

— prnHOMaC]lITaﬁHHMH BEPTHKAJbHEIMH IABHXKCHHSIMH.



- CBeJleHus 06 STHX" ‘XapaKTepUCTHKAX' HpellCTaBJIHIOT coﬁon OCHOB-
HYIO HCXOAHYI0 HHPOPMALUIO M5 COCTABICHUS HpOI‘HOSOB

«B paccMaTpuBaeMbix yCIOBHsX, 'KaK TpaBHIIO, HMEIOT MeCTO 3Ha-
UHTEIbHEIE: KOMeGaHAs TeMnepaTypbl. Oiu MOTyT onpeuenmb BO3HUK- '

HOBEeHHe JABIMKH ‘H “TyMaH&, eCJu B BO3AyXe uMeeTcs AOCTaTOUHOE:
KOJIHYEeCTBO BOASHOI'O Iapa. HoaTOMy 06paTHMCH npexJe BCero K.
TIPOTHO3Y TeMIepaTypHL. o

CBEPXKPATKOCPO‘lell‘/'l HPOI‘HOS D
TEMHEPATYPJEI BOSI{YXA N

Obmye NPUHLHMIE  NPOTHO3A. eMHepaTypu BO3/yXa ..XOPOMIO - H3~
BEeCTHH M3 Kypca . cnnonmqeex% ‘MeTeoposIoruy, OOHYHO. , NPUHH-
MaloTcs’ BO BHAMaHRe nBa Qa
Ipu' nporuose’ TeMHepaTypm B csoﬁonnou aTMoc(hepe YUHTHBAIOTCSE
ellle BePTHKAJIbHEE | JBHXKEHHS. Cymecmyromne METOJH - KPaTKOCPOU--
HOrO TIPOTHO33 TeMIepaTypsl BO31yXa JOCTATOMHO HAJEXHEI, OLHAKO,
oGecneyrBaemMasi UMM TOUHOCTp (+2°C) He yHOB/IeTBOpsieT TpeGoBa-
HHSIM  CBEPXKDATKOCDOYHOTO /MPOrHO3a, MexuacoBast H3MEHUHBOCTD
TEMIIEPATYDHL “H jeeT nopﬂml)’x 10"‘—10°°C/t1. CJIelIOBaTeJIbHO, Toq-

AOCTOUHCTB, a UMCHHO:

— IIpOCTOTAa HPUMEHEHHUS, T,

— HeGOJIbIIOH | 00bEN  MCXOLHOK HHqu aluH, ,

— BO3MOXKHOCTb HH €rpasbHOrO yuera BCeX NPHYKH, oﬁycnosnn-
- BAIOWIMX H3MEHeHHe npomosnpyemon BeJl‘I/I'-II/IHI:u.

Tlocaexuee M3 Hux pecbMa TIOME3HO npn TeKymeM npornosnpOBa-
HHH TeMIepATYPH  BO3AyXa, Tak Kak, BO-NEPBHIX; BCe JAeHCTBylONIHe

NpHYHHB M3MEHEHHs . T¢MIEPATYDB HaM 3apaHee HeH3BeCTHbI;  BO-BTO-
PHIX, Jaxe T€ M3 HHX, KOTODHIE, H3BECTHBL, YYECTh TPYAHO H3-3a He-
13 _B-TPETbUX, HOJHHIHA yuer TpeGyeT :GOJBUIUX

lI,OCTaTKa _HH(pOpManH
YCUJHHA B 3aTPAT. BpeMeHPI M- He TapaHTHPyeT OT ;OMIHGOK.. , o
3afiaua,_COCTOHUT,B| TOM,: 4TOGH N0 HMEIONIAMCS JAHHBIM H3Mepe-
HUll TeMIOEpPATYPH BO3AYXa-IaTh ee MPOLHO3 C YUETOM CYTOUHOTO XOAa
Ha HeCKoJbkOo yacos pnepex. Ha puc. 5.1 _Ipe/CTaBJeH MpHMep Cy-
TOYHOTO XOXa TeMIepaTypH (€€ OTK/IOHeHHH OT ‘CpelHero ‘sHAUEHHN).
Jlerko BHAETb, UTO NpHMEHEHHE JHHEHHOH SKCTPANOJANMH BOSMOMNKHO
TOJIPKO Ha OueHb KODOTKHH cpok '(1,0—0,51). Kpome Toro, samerHo,
YTO BHJ KPHBO#H “B'AHEBHEIE Uachl (OT BOCXOHA JO ‘3ax04a COJIHua)
OT/IMUAETCs OT €e BHAA B HOUHBIE UyachH. Cie0BaTeNbHO,: KpHBOJIHHeH~
Has SKCTPAMOJANHSN “AHEM GyAeT He HAEHTHYHA TaKOBOW B, HOUHHIE
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- vacH. Jina mHeBHOro BpeMeHH OyleM HCKaThb pellleHHe NOCTaBJEHHON:
3ajfiaun 8 cnenyxomeM BEJ: ‘

1 I
I '-T 'm+ L
Tox— Tg— Toy [sinn— (t,c, - to) —_ sm— (t —3— to)] >
+ - K ——= 3t +
d . e o G o R “ : S
b Tm, [sm-—— (t—= to) — sm—— (tch ' 0)} RGN

| a Zaa HouHOTO BpeMeH: (OT 3axofia RO Bocxoxa Commua) <

o . /VL’ - ,f'f v' Ty= 7ncx+ , .
Tucx_" T - T [s"iin_"(tsax - ncx) SIH— (taax . ucx + 3)]
+ 4 ol . 3 : . -8t +
—I‘ T [Sl[l (tsax - ) - Sm , (tsax - tncx)} - (52)"
' /- o 2 SRR N SRR

- B ¢opmyiax (5. 1,) # (b.2)  Ti— ncKOMOe 3HaueHHE TEMNEpaTypht:
- BO3ZyXa B MQMEHT BpeMeHH [==lfycx+0f, e of—— sabnarospemen-
HOCTb IIPOTHO3 a. tncx——ncxonnoe BpeMs; Tucx — 3HAUEHHE Temmnepa- !

 TYpPH B ncxom{bm' | 01«: (tmx) T,m—no.nosnna ILHeBHOI‘O noaumeﬂm

| TeMmepaTypH B ycnosn,q‘ MaJ10061auHOR THXOH. TIOFOIBI; TH——Hormoe
. HOHMKEHHE. TeMmuepaTypH TeX - XK€ YCJOBHAX; :;— YHUCJO. HACOB-
(¢ TouHOCTBIO 0,54) or Bocxena CoJHIa 710 MOMEHTA, KOTA4 TeM-
nepatypa BO3&yXa OOBIYHO npmﬂma\er MaKCHMAaJbHOE 3HaueHHe; .
" Ny=2(tgocx — l3ax)~— YABOGHHOE HYHCHO UACOB:-OT' 3AXOAAJ0 BOCXOAA
1 Connua (c rToupoctsio a0 0,51); to—tmcx+n1/2 T_3——TeMHepaTypa
BO3IyXa 33 34 [0 HCXOZHOTO cpoxa

OueBHAHO, UTO 3HAYEHUS Tm; H TH He ozu«maxosm 11.71;1 pasnmx Me- .
CALEB U PAsHHIX WHMPOT. I Kaxkaoro paioHa 3TH BeJHUMHHI .nque
BCEro OmNpeleNiTb SMOHPHYECKH MO APXUBHEHIM IaHHEIM DA AHef,
‘ ROTZia Haémonanacr; Ma.nooé.naqnasi THXas T[OTOAA. Cpemme SHa‘{e-'

. HHA Tm u Ty mm/CeBepo 3anana Poccnn NPHBEJCHE B’ Ta6.n 5. 1

e i - Ta6auya 5.1
Cpenne sHaseHus - T R T, +C)-parst- Cesepo ~-3anapa- Poccmx
Mecan, . . II 0l III v v VI VII VIII IX X XI XN
Fan oL 20738 52 52 50,62 62 .54 5242 30 ;92,1
Tuv. 078 80 68 ;6;0 " 58 .46 ._’.4,;;; 5060, 64,68 78 "
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0603HAYNM:
Thex — T—: - 7‘\‘" [Sini (faex — &) — sin — (t —3— te)]
n, ny
3

= Xpu
H

Toex — Ty~ T, [sm p

r2

(Fyax — Fuex) — Sin—— (Foax — bucs =+ 3)]
3 2 } = Xy.

BeanuMHe Xz M Xy UHTEIPAJLHO YUHTHIBAIOT BCe HCKaXKalomiue
peasbHbI CYTOUHBIH XOJ TeMNepaTypH (akTOPH, KOTOpHe [eHCTBYIOT
B HCXOAHBIH NepHOJ BPeMeHH (fucx—3). [VIaBHBIMH Cpeid HHX IB-
JISIIOTCSE 06/1aYHOCTb M aJABEKLHS TeMNepaTypbl. 3aMeTHM, 4YTO IpH
CHJIbHOM BeTpE H CILIOIIHOH OGJayHOCTH yuer CYTOYHOTO XOJla TeMIle-
patypsl HenesecooGpaseH. D10, Kak pa3 TOT Cayyad, KOTAa Jyullne
pe3yJbTaTH JaeT HpHMOJII/IHeI/IHaH SKCTD alOJSANHS.

[Ipu maso#t CKOpPOCTH BeTpa 06JlauyHBHA NOKPOB OGHYHO YCTOHYMB
¥ OKasbiBaeT HauGoJiee 3HauuTe]bHOE BJMSHHE Ha XOZ TeMHEPaTypHL
O6/ayHOCTb HOUbI0 OCJHabJAET NOTOK AMMHHOBOJHOBOH PafHalUH OT
3eMJH ¥ yMeHbUIaeT Hquoe BLIXOJaXKNBaHHe. TemmepaTypa IHOHHU-
#XKaeTcsq MeJJeHHee, UeM nplg 6e306auHOH aTmocdepe. Junem obaau-
HOCTb [PENATCTBYET NPOXOMAEHHIO COJHEUHOH pajHauuM, yMeHbIIas
AHeBHoe nporpesanye. CiegoBaTesnbHO, NIPH 00JauHOA INOrOfe BeJH-
YHUHB! Xgg U Xy HMEIOR, pPa3Hble sHaku. Lciu 3HaueHue x>0 onpene-
JIEHO IO JaHHBIM HaGmiefenui nepen BocxojoM CosiHma u 3aTeM HC-
IOJIb3yeTcsl AJs IPOrHo3a TeMIepaTypel IIOCJe BOCXOAa, TO 3HAK
5TOH BeNHuUMHBE OyJeT OODAaTHBIM, T. € Xmm<<0. Tlokaxem sTO Ha
HpuMepe. N

——

HNpnamvep. Jlemunrpaz, 9 ceufx6px 19‘87‘ I HcxonuHe JaHHHE:

tuex =T 1, Tuex=11,8 °C§, flﬂ=5,29c,
-tnocx =17 9, T = 11,9 oC,f fn = 6,0 °C,
L3ax = 20 mu,

fpmax =16 % 001 86, Sc t

‘COTJIaCHO HCXOJHHM HAHHHIM, #;=91U, ny,==2214, f=7+49/2=11,6q9, Tak xax
HCXOAHBI NPOMEXKYTOK BpPEMeHH NDHXOLHTCS Ha HOYHBIEe uYacH (349 JO BOCXOAa
#CoJIHIa), TO 3HAUeHHe X CJAeAYeT BHUHCAATHL Kak

118—119—60[sm o (—11) — sin - (-a)]
Xg= 3 ~ 0,15 °Cfu.

Tak Kak B HCXOZHHH cpOoK OblMH o6iaKa, TO NOJyYeHHasr NMONPABKA, OUECBHA-
HO, CBs3aHa ¢ BJHsHMeM OOJA4YHOCTH, M Hocle Bocxoga CoJanma obaaka 6ynyT
4IPEeNsTCTBOBAaTh HarpeBaHHIO. [105TOMY AJIl NPOTHO3a TEeMOEPATYPH HOCAE BOCXOXA
«CosHua 3Ty MONPaBKy clelyeT OpaTh CO 3HAKOM MHHYC. ,
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Torma
Tg=11,8—10,15 + 5,2 [sm ~g~ (8 — 11,5) — sin —;‘—(7 - 11,5)} = 11,7 (11,8):

Tg=11,8 —0,15.2 + 52 Lsin-—g— (9 — 11,5) — sin % 7 - 11,5)] =127 (12,1);

x
9

B cxobkax ykasana H3MepeHHas TeMmepaTypa BO3LYyXa.

Tjo=11,8 — 0,15.3 4 5,2 Lsin 5 (10— 11,5) = sin 5 (7 — 11,5)] = 13,7 (12,8).

HauGosee cymjecTBeHHEe OIIHGKY BO3HHKAIOT B TEX CJAyYasx, KOT-
Ja HMeOT MeCTO 3HAuHTeJbHBIE H3MEHEHHs KOJHYeCTBA OG6JaKOB.
K coxanenunio, xaxux-mu60 HaJeXKHBX METOAHK TOYHOTO -KOJHYECT-
BEHHOTO yuera MeHsouefics 00JAaUHOCTH INPH CBEPXKPATKOCPOUHOM
MpOrHO3¢ TeMIepaTyphl BO3Ayxa NOKa He cymiecTByeT. [Ipubiamxer-
HO * 9TO MOXHO CHe/aTh CJAEAYIOUM 006pasoM.

A

Ilpeanonaraercs, 4T0 06J1aKa MEHSIOT BeJHUHHY I TIO 3aKOHY
/ Py = Te—ab. (5.3)

N ! - ”
3nech Tosy— 3naugane Tqy mau Ty NPH HAIHUHH 06JAKOB, B=—H-
-+0,75¢+0,258 (Hf ¢, B— KOJIHYeCTBO 0aJ/l10B HUXKHeH, cpelHel ¥
BepXHEH\ 00/JIaUHOCTH COOTBETCTBEHHO); O — HEKHH SMIHPHYECKHH
KO3 hHUARHT, 3aBHCAMIMA OT BpeMeHH TI0Ja, CBOHCTE BO3AYIIHOM
MacCH U M Torg’onomennﬂ NyHKTa MOpPOrHO3a. 3HAUeHUd G MOXKHO
3apaHee BHIYMCIHTL AJS Pa3HBIX CHTyaunuii No apxXUBHOMY MaTepHay
KaK /

A

a=In—~ / B. (5.4)

oba

Cpennee 3Haqe}t/1e a aasa llerep6ypra cocrasaser 0,23, B wHwose
a=0,13, a B anpape a=0,33.

[Toxaxem nHal mpHMepe, KaK MOXHO Y4eCTb MEHAWIIyIOCs 06.au-
HOCTb. '

Mpumep. JIeHHpran, 11 cenrabps 1987 r. HcxomHbie LaHHHe:
tg=11, 36 Cs, T-3= T4 = 10,6°C,
fuex =4 4, 86 S¢,  Tyex = Tou = 10,3°C.
K 7y oxupaerca yseanueHHe KOMHUYecTBa o6aaxkoB A0 106 Sc. JdaTb mporHos Tem-

mepaTypet Bosayxa Ha 5, 6 u 7u
Ifar !. Briumcnenne Beawud B_jz, Buex # By, T. e. By, Bu, Ba

BO!_ = 0,253 == 0,75; Boq_ == 8; 307 = 10.
Hlar 2. Buiguciaenue CpenHero SHayeHHs B s IIPOMEKYTKAX BPEMEHH C 01 Jo
04 u: ,
0,75 + 8
2

* Jlelo B TOM, 4TO AJS TOYHOrO yuyeTa BJUSHHA OOJAKOB HeOGXOMHM TOUHBIR
TMPOTHO3 KOJAHMUecTBa OGNAaKOB HA 3afaHHHI CPOK.

6 3ak. 86 81

B = = 4,375 = 4,4.



Mlar 3. Bruncaeuue 3HayeHHs Tosn 475t NpoMexyTka Bpemens ¢ 01 go 04 u:

Togy =6~ 0844 09,
061

3pech el npuusan a==0,23, T. e. ero cpejgHee 3HAYEHHE.
Illar 4. BeluucieHHe 3HAUEHHS Xy 3aMETHM, YTO B JAHHOM CJVYae Xy YUUTH-
Baer Bce (AKTOPH, KpoMe OBJIaYHOECTH:

T

’ T 1
10,3 — 10,6 — 2,2 [sin —5 (—8) — sin 55 (—5)_)

22
KXy = 3 ~ 0,09.
IHar 5. BriyHciieHHe DIPOTHOCTHYECKOrO 3HAaUeHHsi B AJs NPOMeXYTKAa BPEMEHE
or 04 no 07 u: , s
= 8+10
B= —g = 9.

IHar 6. Buiuncaenue 3HaueHHs Toen HJIA IpOMexyTka BpeMeru ot 04 gmo 07 a:

a

Toon = 667029 = 0,8.

i
Ular 7. Pacuer suauenmii Temmepatypel B 5, 6 u 71

3 . T . -
Ty =103 4 0,8 [sin 75 (-9 —sin 5 (-;a)] + 0,00 = 10,4 (10,1);

— 103 5038 sin <= (—10) — sin = (— 9= .
Ta= 103 P sin 7 (—40) —sin 5 8)‘]“-}- 0,09-2 = 10,4 (10,0);

T, =103 + 0,8 [sin —2’% (FH).— sin ‘2‘:;- (—8)] + 0,09-3 = 10,5 (10,1).

Tlonpo6y#iTe. peminTh elne #Am{ TpHMep CaMOCTOSTENELHO.

/
Hipumep. Jlemunrpaz, 10 mas 1986 r. Hcxomure nammme:

t=06 u. 0641, %, Tg=1862°C,

fuex =9 1, 05;. 36 Ac, Te=95°C,

Frocx =5 U trjmax.—_— 17 v, x 12 4 oxupaercs 66 Ac.
| !

Hars nporros TemmepaTypwl fsosayxa B 10, 11 u 129, IIna npOBepKH NONYYeHHHX
pesyJbTaTOB MpHBeAeM JAaHHBle HaGMIOJeHHH TeMIepaTypsl B YKa3aHHBE YACH:

Typ=10,6PC; Ty =12,2°C; Ty3=12,9°C..
| _

Tlpy npoXOXKAeHNH KXOPOIIO BHIPAXKEHHHX aTMOCHEPHBIX (hpoHTOB
¢ nmepenajoM Temneparypsl AT>>|2°C| Taxxke He0GXOAMMO BBOAHTb
NONPAaBKH K IPEABBLIYMC/IECHHLIM 3HAUGHHAM TeMIepartypbl. K3 cuuon-
THYECKOH MEeTEOpOJIOTHH HM3BECTHO, YTO (DPOHTAJBHAS 30HA MPOXOIUT
KakoH-aub0 IYHKT B CpelHeM OKoJ0 24. McxoAs U3 5TOro, ecau B
IIepUOJl CPOKa IPOTHO3a OXKMAAETCs IPOXOXKJeHHe (DpOHTA, TO B nep-
8ol uac BBOAMTCA nomnpasBka, paBHad 0,5AT, a Bo sce nocaedyrwuiue
YachHl — NIOIIPaBKa, paBHas AT.
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CBEPXKPATKOCPOUYHbBIN MPOTHO3
BJAXKHOCTH BO3AYXA

V3BecTHBE M3 CHHONTHYECKOH METEODOJIOTHH CIOCOGHI IIPOTHO3a
BJIAXKHOCTH OCHOBaHH IJIaBHHIM 00pasoM Ha ydere ajapeKuuu. Muornma
IpH MaJjoi 3a6/1aroBpEMEHHOCTH INPOTHO3a HCIOJMb3yeTCs elue IpHH-
OHUIl HHEPIHOHHOCTH, T. €. COXpaHeHWe CYIIECTBYIOIeH BJIAXKHOCTH.
M tor u Apyro# moAxold He 00ecneyuBalOT AOCTATOUHYIO AJIS CBEpX-
KPaTKOCPOYHOIO MPOTHO3a TOYHOCThb. Tax, NpH agBEKTHBHOM IIPOTHO3E
TEMIepaTypHl TOYKH POCH Ha CPOK 6—12 9 onpaBaLiBaeMOCTb He mpe-
Boimaer 60 Y mnpu He oueHp XKecTKOM KpuTepuu (*£2°C).

3HauuTeNbHEE OMUGKYU NPOTHO3a CBSI3aHH C HEBO3MOXKHOCTBIO GO-
Jiee WM MeHee TOUHO yUYecTb TPaHC(HOPMAIMOHHEE W3MEHEHUS BJIAK-
HOCTH IpH IepeMelleHHH BO3AyXa HaJ NOJCTHJAKLIeH NOBEpPXHOCTBIO
pa3HOM YBJAXKHEHHOCTH. BO-NepBHIX, HET IOJHOH HHbOpMAaIHM O CO-
CTOSHHH IIOJCTHJAAIOLIel NOBEPXHOCTH. Bo-BTOPEIX, ecsiw 6H Ha)ke oHA
6Bl1a, eCTh ellle OJHA TPYJHOCTb — HOCTPOEHHE TPAEKTOPDHH JBUKE-
HHS BO3AyXa Ha OYEHb KOPOTKHE CPOKU. EcaM B «UHCTO» aJBEKTHR-
BEOM IIPOTHO3€ NpPH MOCTPOEHHHM TPAEKTOPHM BAaXHO IIpaBHJIbHO HaHTH
HAY9aJbHYI0 TOYKY TpaeKTODHH, TO AJs yuera TpaHChOpMauHH Heol-
XOJIHMO 3HaTh (HOPMY TPAEKTOPHH, YTOOH OTYETNIHBO INPEACTABJSATD,
I0 KakOH HOOACTH/2IOWEH NOBEPXHOCTH INIPOXOLUT TpAEKTOPHS.

Ha TtounocTe nporuosa BJiHUseT TakkKe TOYHOCTh HCXOAHON uHDOD-
MaIud, KOTOpag BO MHOTHX CJIyuasx HejocraTouHa. [losromy mpu co-
CTaBJICHHH IPOTHO3a XKeJaTeJbHO VUHTHIBATH OWIHOKH B HCXOAHOH
nH(popManuy. BepoATHO, HMeeT 3HAueHHe TaKXKe, KaKyl H3 THUIpoO-
METPHYECKHX XapaKTEepPHCTHK (XapaKTepHCTHK BJIAXKHOCTH) HEOOGXOLH-
MO IIPOTHO3UDPOBATS.

B pasHBIX MeTOAHKaX NPOTHO3a MOTOABI HCIOJb3YIOTCS pa3JHYHHE
PATPOMETpHYECKHe XapaKTepHCTHKH. Hanmpumep, NPOTHOZUCTEL HacTo
HCIIOJIb3YIOT OTHOCHTEJbHYIO BJAXHOCTh M AePHUHT TOukH poch. OT-
HOCHTeJbHAsl BJAXKHOCTb BO3Ayxa (R==¢/E) usMmeHsercs npu axuaba-
THUeCKMX M HeazuabaruyecKHx mnpolleccax (mensiterca E), mpu ucma-
PEHHH H KOHJEHCAUHHU (MEeHSeTcs e), T. €. SBJSETCcs] AOBOJLHO H3MEH-
YMBOH XADaKTEePHCTHKOH. 3Has OTHOCHTE/NbHYIO BJIAXKHOCTb, MOIKHO
BBIUUCJHUTh ACQHUIHT TOYKH pOCH. [l 3TOro MOXKHO peKOMeHIlOBaTb
dopmymy 936 1. T

D= * /

1762 AV (5.5)
[ (2—1gR) (236 + 7)

+ IJ N
rle T——TeMnepaTypa Bo3nyxa, °C; R — OTHOCHTeJNbHAS BJIAXKHOCTD,
% I/IMelOTCH *“# 6oJiee IPOCTHle COOTHOIIEHUS

10— R
HJU
D=281(2—IgR)+0,133(2—1gR) T (5.7)
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Ilpu cocraBmeHHM CBepXKPAaTKOCPOYHEIX IPOTHO30B XapakKrepu-
CTHK BJIa)XHOCTH BAXKHO YUHTHIBATb HX CYTOUHBIH XOA, A/ YEro MOK-
HO HCIOJIb30BATb KJIHMAaTHUECKHE KPHBBE CYTOUHOTO XO4a BJaX-
HOCTH.

Ilpu npormose Ha 124 Kako#-iub0 rUrpOMETPUUYECKOH XapakTepH-
CTHKH, Hanpumep JedHIHTa TOUKH pPOCH, MOXKHO BOCHOJb30BATHCHA
ypaBHEHHEM ,

Dig= (Do + R (AD)y, = ay (Ap). - (5.8)

3aech Dyp— fedHIAT TOUKH POCH uepe3 [24Y OT HCXORHOTO CpOKa;
Dg — aJlBeKTHBHOE 3HAUCHWE NeHUUTA TOYKH POCH, T. €. €ro 3Haue-
HHe B HauaJabHOH Touke TpaekTopud Dx; AD — pasHocth AeHIHTOB
TOYKH pOCH B KOHEYHOH M HAuaJbHOH TOUYKAX TPAeKTOpUH; AD==
=Dx— Dn; Ap— TpaHcOpManHOHHOE H3MEHEHHe HAe(DHUHTa TOUKH
pOCH, CHMMAaemoe C KapThl KJAMMaTHYCCKHX aMIiuTyd D B cpenHeh
Touke 12-yacoBolf TpaeKTOpHH; ayx=1, ecau cpexHee 3a 3 u 15Y Ko-

JHYecTBO obsayHoCTH N¢ B TOUKe, AJs KOTOPON CHHMAaeTCs 3HAUCHHUE,
paBHO CpeiHeMy MeCSYHOMY KOJHUeCTBY 0O0/JaKoB B 3To#l TOuxe N,

T. e. Ng=N; an=0,2 (0,3) npua Ny>N na,=11(1,5) npu Ne<<N;
k=0,1.

3HAK IJIIOC HEepes TPEThbUM ujeHOM Gepercs NmpH pacueTax IO Hc-
XOZHBIM NAHHBIM B 314, a 3HaK MHHYC — [Ip¥ pacyeTax 10 HCXOLHLIM
JaHHEM B 15w ,

IIpu nporHose Ha Oojee KOPOTKHEe CpPOKu (0 6 u) HPHUXOAHTCS
YUHThIBAThL CYTOUHHIE XOA Koa(pduuuenta TypOyJeHTHOCTH, HCIape-
HHs (KOHAeHCALu¥) BJIATH, MEHsIONleecs H3MEeHeHHe XapaKTepHCTHK
BJIaXKHOCTH C BBICOTOH, H3MEHEHWe HAIpaBJeHHss H CKOPOCTH BEeTpa,
TEMIIEpaTypH BO3Ayxa, OGJAYHOCTH U TPHHHMAThb B pacueT BJHAHUE
MECTHBIX yCJaOBHH. I3 3TOr0 KpaTkoro IepeuHsi (pakTopos (a ecTb
elle M TaKHe, O KOTOPBIX MBI, MOXer OBITb, M He JOraJbBaeMcs)
HETPYIHO BHAETb, UTO JAaXKe TPH OTCYTCTBHH aABEKIMH BJIATH CYTOY-
HBIH XOJ XapakTEPHCTHK BJIAXKHOCTH JOCTATOYHO cJoxkeH. IlosToMy
[IpH NPOTHO3aX HA OueHb KOPOTKHE CPOKH HAWIYUIIHE DPe3yJbTaThl
MOMKHO HOJYYHTh, HCHOAB3YS (POPMAJbHYIO IPAMOJHHEHHYIO 3KCTpa-
noasguio (cM. c. 84).

CBEPXKPATKOCPOUYHDbIH IPOrHO3
PAJUALMOHHBIX U MOPO3HbBIX TYMAHOB

3amaua MPOrHO3a TyMaHa 3aKJIOUaerTcs B TOM, YTOOH HE TOJBKO
npenckasaTh (MakKT NOSBIEHHS TYyMaHa, HO, H IPeLyCMOTPeTh B.MPOT-
HO3€ BpeMs ero Hauasa. Ecliu 3Ke B MCXOMHEIE CPOK TyMaH yxe Cy-
LIeCTBOBAJ, TO MPOTHO3 JOJKEH INpelycMaTpHBaTh BpeMs ero pac-

CesiHHS. , o
XoTs yerohiyuBas artMmocepa H HOBHILECHHOE JapJeHHe BechbMa

GJIATONPUATHE AJ1 BO3HUKHOBEHHS pajHalMOHHOro TyMaHa (a 3uMOH
# MOpO3HOTO TyMaHa), Bce e JJIsi HaJeXHOTO ero NpeACKa3aHHs
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- Tpebyercs GoJiee AeTanbHAs uHGOpMALHs O COCTOSIHMH aTMOC(epHl.
| TIporros paduayuonnozo Tymaxa uenecoo6pasHo COCTABJSATD, eCJIH
€CTb CJEAyIOUIMe GJarOnpUsiTHBIE IJS €r0 BO3HUKHOBEHUS YCJIOBHS:

1) majnoofjaunas WM sSCHas IIOrOJa B BeUepHHE W HOUHEBIE YacCHI,

2) HajuYHMe HJH BO3MOXKHOCTb BO3SHHKHOBEHMS [pPH3eMHOH HH-
BEPCUY;

3) cnabmii Berep (2—4 M/c); xax Ge3peTpHe, Tak U GoJiee CHJIb-
HEIEI BeTep He CIIOCOGCTBYIOT 0Opa3oBaHMIO TYMaHa,

4) 3HauuTeJbHAS OTHOCHTesNbHAasl BJAa¥XHOCTh (R=60 %) B Beuep-
HHE YacH;

O) yBJa)KHEHHasl NOACTHJAIOLIAS. IIOBEPXHOCTb.

OrMeTuM, YTO HaJWYHe BCEX STHX ISITH YCJOBHH elle He rapa-
THPYET BO3HHKHOBEHHEe TyMaHa. [ ero BO3HHKHOBEHUS HEOOXOAHM-
MO, y106H MHHHMAJbHAs TeMr;épaTypa BO34yXxa Tmln oKaszaJach paB-

HOH HJIH HHXKE TemnepaTypr TYManoobpa308anusa, T. €. Tmm<TT
Ecan 0°C <(7T; — Tmin) </2 °C, To ofpasyercss ABIMKa. Temmepary-
pa TyMaHooOpa3oBaHHSl BHIUMCJSETCS IO (HopmyJe

/

- /T’l’ = (Td)sax - STd’ (5.9)

rae (Td)aax—~3Hai\1eHH§' TeMInepaType TOUKH POCHl B BCUEpHHH CpOK,
6auskuil K MoMeHTy 3axofa CoJaHua. OfHAKO cleAyeT HMeTb B BHAY,
uyTO JieToM mocjae gayoga CosHIA TeMOepaTypa TOYKH POCH MOXKET
HOBBHICHTbCS Ha 1 C, Tax Kak TelJjas 104YBa CHOCOBCTByeT HCIa-
penuio Baary; 6Tq —{NOHUMKEeHHE TeMIEPaTyPEl TOYKH POCH OT ee Ha-
4aJIbHOTO 3HAYEHHH[ RO MOMeHTa 06pasoBaHHs TyMaHa. YCHEWHOCTH
[POrHO3a BO MHOIOM “3aBHCHT OT TOYHOCTH OINpEAeNEeHHs] 3HAUEHHS
67q. Dmnupuuecku ;'yCTa‘HOBJIeHo uro 6Ty 3aBHCHT OT HadajibHBIX 3Ha-
yeHHH TeMIeparypbl, TOUKH POCH, paclpeleseHHs Ae(HUIMTA TOUKH
POCHL C BEICOTOH, /COCTOSIHI/ISI HoJcTuaalomedi [NOBepXHOCTH, CKOPOCTH
BeTpa M paAla MeC{THbIX yenosuit. TpyaHOCTB yuera Beex ITHX hakro-
POB [HKTYyeT HEODXOILHMOCTD 'YCTAHOBJICHHS HACTHEIX 3aBHCHMOCTEH
6T4 0T KOHKDETHRIX HCXOZHBIX ycaoBui. Tak, Hanpumep, A1 paBHHH-
HOW MECTHOCTH, yLajieHHOH OT KPYHHHIX BOAOEMOB, AJs pacuera Mo-
HHXKEHHS TeMIepaTyphl TOYKH DOCHl B 3aBHCHMOCTH OT e€¢ 3HAUEHHS
B MOMeHT 3axoja COJHIA MOXHO DPEKOMEHIOBATb CJIELYIOIIYIO 3MIIH-
puueckyw GopmyJy:

6
e —QEXP{m

{5.10)

B6au3H KPYNHBIX BOLOEMOB, OTKYyAA B IIYHKT TIPOrHO32 MOMKET
NOCTYNaTbh BO3AyX B HOUHBIE YaChl, AHAJOTMYHAS. 3aBHCUMOCTbH HMEET
BU], :

78
STd=1,6exp[m]. (511)
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HerpyzHo BHIeTb, 4YTO B 000COLIEHHOM BHJAe YKA3aHHYIO 3aBHCH-
MOCTh MOJKHO HPEJCTaBUTh Kax

b
8T, +aex [--—-—~——- (5.12)
) p (Td)aax+35 ,» )
rie @ 1 b— Ko3(h(QUIUEHTH, ONpenesieMble SMIUPHYECKH AJS KaXkK-

JOTO TYHKTA TO APXMBHBIM AaHHBIM.
TIpornos mMuHHMaJBHO¥ TEMIEPATYPHl COCTABJSETCH MO METOMHKE,
ykazandHol Ha c. 78—80. Tyman (ZBIMKY) caexyer OXKHIaThb, €CJH

Tmin < [(Td)aax - aTd]'

Bpems ofpasopaHHA TyMaHa C TOYHOCTHIO 1Y MOXKHO onpele-
JUTe N0 rpaduky Ha pHC. 5.2, HAa KOTOPOM Ha TODH3OHTA/JIbHOH OCH
orioxkeHa BedHuHHA (Lo — T0)/(Tsax — Tmin) =%, @ Ha BepTHKaJb-
HOW och—BpeMs (B JAOJASIX OT INPOJOJIKHTENBHOCTH HOUH, T. e. OT
MOMEHTAa 3ax0fa 10 socxopga CoJaHna).

Ilpu onpenenennu sHauyeHus 874 nmo cytH jxeaa rtpebyercss cocTa-
BHTb IIPOTHO3 XOJa TeMIepaTypel TOUKH DPOCH ¢ 3abJarOBpeMeH-
HOCTBIO B HECKOJBKO 4acoB. Haubosee NpOCTBIM CPEACTBOM IJA 3TOTO
SABJSACTCS dpopMaanaH ShCTpaHO.HHH,I/IH.

t—t
(Tae=[(Ty)o— (Td Jaax] _t—:t:j : (5.13)

3,uec1> naaekcoM «0» o6o3HAyeH . CpOK HaéJuoILeHHH yepes 2—3 9 noc-
Je 3axona CoJiHILA.

Hertpyaro BHULETH, 4TO cl:)opmyéna (5:13) omuCHBaeT XOX TemIepa-
TYpBI TOUKH POCH IpAMOH JHHAEH. DTy JHHHIO MOXKHO BOCIPOM3BECTH
B. BHJe Trpaduka a MHJIJIHMeTPOBOH Gymare. Ilo ropu3OHTaJNbHOH
OCH OTKJAaABIBACTCS\ BPeM, 0 BepTHKAJbHON — 3HaueHHs 714
Ha sTom xe FpaQ)I/IKe\MO}KHO BOCIIDOM3BECTH XOX TeMIEpaTyphl BO3-
IyXa, NPEIBBIYHC/JEHHBIN. 10 METOJAMKE, H3JOXeHHOH BhINe. Ecau
IPOrHOCTHYECKAS KpI/IBaH\X\OlI TeMIlepaTyphl BO3AyXa IepeceueTcs
¢ JEHEMell TOUEK POCH, TyMaH eflefyeT OXKHLATh; NPHYEM TOUKA Iepe-
CeueHWs] yKaxeT TNpHOJIH3UTeNpHO BpeMmsi ero obpasoBaHud. Takofl
rpaduk npeacTaBieH Ha pHC. §.3. B’»,,Aa‘HHOM npuMepe TyMaH OJIKeH
ofpasoBaThCs OKOJO MOJYHOUH,

Bpems paccesHns TyMaHa |3aBHCHT or- -Ce30HA M OT KOHKPETHOk
MeTeopOoJIOTHYeCKO# 00cTaHOBKM. Eciu cHHONTUYECKAs CHTyaluds CO-
XpaHseTcs], TO JIETOM TYMaH PACCEHBACTCH He nosjuee, uem yepes 2y
nocsie socxoga CosiHLa, OCeHbIo — Yepe3 3—514, a 3UMO# pajMalUOH-
HBII TyMaH MOMKET COXPaHAThCsS B TeUeHHe BCEro NHS.

MOXHO PEKOMEHIOBATh TAaKKe ONPEeeNATh BPeMs DACCEesHHS Ty-
MaHa 1m0 XOAY TeMIepaTypH, IPeABHYHCAEHHOMY IO METOAHKE, H3JI0-
XKeHHON Ha c. 78—80. OfHaKo CledyeT yYHTHIBATb, YTO IPH ryCThIX
TyMaHaX POCT TeMIepaTyphel nocje Bocxona CoJHIa, NMOJNYyYeHHHHA 10
pacueram, cileyeT yMeHbIIaTh, YMHOXKAS DACCIHTAHHOE 3HAUCHHE HpPH-
pameHus Ha Koa(pduuuent, papuuifi 0,25, a mpu OOBIYHOM TyMaHe —
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Ha 0,35. ITo mepe yBeauuenus BuicoTHl CoJsimia 3ToT KO3(pPUIHEHT
cienyer yBenuuuBaTb. OGBIYHO CHHTAIOT, YTO TyMaH pacceercs, Kak
TOJBKO TEMIIEPATYpPa BO3AYXa MOBHICHTCS N0 3HAYEHUS], IPH KOTOPOM
Hauajsoch ofpasoBanue TymaHa. Cielyer TakXke NPUHHMATb BO BHH-
MaHnHe TyMaHopacceuBarolue (paKTOpr, a UMEHHO:

1) ycunenue Berpa (Ha 2 M/c u GoJjee);

2) ansexnuio 6oJjiee CyXOro M XOJIOJZHOTO BO3AyXa C MeHBIIHMH
snaueHusIMHA Tg;

3) HMCXOXstluHe JBHKEHHS BO3AYXa, CONPOBOXKZAIOIIKECS YBesH-
ueHHeM JAedHunuTa TOUKH pocel Ha 3°C u OoJee;

4) BHIDajeHue JOXKIdA, TeMIepaTypa KaleJb KOTODOTro HUMKe TeM-
mepaTtypsl BO3AyXa B IPH3EMHOM CJO€, W/IH BhIAJeHHE CHera;

5) cy6auManuic BOASHONO Tapa Ha CHEXHOM HOKpOBe NpH 0Oe3-
BETPHH. :

MoposHsie Tymarnb, BO3HHKAIOT B HACEJEHHBIX NYHKTaX B aHTH-
YHKJIOHAX MJH OTPOrax INPH CHJBHO BBIXOJOXKEHHOM Bo3ayxe. [las
: IPOTHO3a MOPO3HOT'O TYyMaHA NpexJe BCero HeoOXOIHMMO OIpeneNuTh,
JOCTHTHET JId TeMIepaTypa BO3AyXa HEKOTOPOTO KPHTHUECKOTO 3Ha-
yeHus! Txp. ‘

Ecau peanbHas Temieparypa Bosﬂyx/a T>Twp, TyMaHna He GyHeT.
Kpurnueckas TemIepaTypa 3aBHCHT OT [OTHOCHTEJbHON BJAXKHOCTH H
artMmochepHoro mapnaenus (puc. 5.4).

‘ [lpu cropanuu TonJuBa BEAEJSETCH BOJAAHOH nap, IPH 3TOM CO-
. Jep:xaHHe BJaru B/ BO3LYXe YBEJHUHBAETCS, 4TO HPUBOAMT K TOBHI-
IIEHHIC OTHOCHTEJHHOH RJAKHOCTH. HHXKe INpuBefeHB [JaHHBIE O KO-
~JIMYecTBE BOAAHOrQ mapa W, HOCTYNafollero B- aTMoc(epy IPH cropa-
Hnn 1 Kr TOmIHBAI\ : : ~
\

\| /
Tonmuso Wr ~ Tonnuso Wr
i \\\
TIpupoansi ras 9160 Hposa » 632
Densun 13C Bypmiii yroJs 458
Topd 637 Koke ' 60

Ecau usBecTHO (XOTH OB NpUOJNSHIENBHO) KOJHUECTBO CIKHrae-
- MOTO TONJIKBa, TO R06aBKy (r/y3) BoAsHOTO -Tapa B arMocdepy MOK-
HO BBIUHCJHMTE 1O (OpMyJie

L WQ
8.64-10°aVE

roie Q —macca TOIJHBA, CXKHUTaemMast 3a CYTKH, Kr, A -— TOJIIHHA
€JI0sl PacnpoCcTpaHeHMsl BOJASHOTO napa (MJIH BBICOTA HHXKHEHR Ipans-
Ubl HHBEPCHHM), M; d — [UHPHHA HACeJEHHOTO NMYHKTa (KM) B Hampas-
JIEHHW HOPMaJH K BEKTOpPY CKOPOCTH BeTpa V, M/c.

[Tonyyennsle sHaueHHs 6@ HMCHOJB3YIOT /S ONPeNeNeHHS HpUpa-
ilieHHs1 TeMnepaTyphl TOUKH Pochl 8Ty 1O rpaduky, NpUBEAECHHOMY Ha

8a,=
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puc. 5.5. Tlo BepTHKAJbHOH OCH 3TOTO rpadHKa OTNOXKEHH HCXOIHHE |

3HaueHus T4, HAKJOHHHE KpHBhe — 3HaueHus Oa. Ha ropusonrab-

HOH OCH OTJIOXKeHBI MCKOMblEe 3HAYEHHS NPHPAIIEHHA TOUKH pochl 67gq. |
Ilocse ompenesneHusi 3HAuUeHHMsS MOXKHO BBIYHC/JHUTb OXKHIAeMOe 3Haye- |

HUEe TOUKH POCHl KakK
(Td)np = Ta' + STdf

L OmeHKH BO3MOMKHOCTH BO3HHKHOBEHHsSI MODO3HOIO TyMaHa
‘PEKOMeHyeTCst rpaduK, NpHBeAeHHLIA Ha puc. 5.6.

Houtoe crpyiinoe tewenue. YacTo Haj paiMauyiOHHBIMH HHBEp-
cHsIME GOpasyeTcss NOTOK, OOpPasHO Ha3bBaeMbil HOYHBIM CTPYHHEIM
TeuenrueM. CKopocTh 3TOro TeueHust gocrturaer 20 m/c; ee MakKCHMyM:
HaOmogaerca Ha BbicoTe 200—300 M, a y IOBEPXHOCTH 3E€MJH CKO-
POCTh BeTpa He IpeBHIIaeT 2 M/c; 4acTo oTMeuaeTcs GeaBeTpue.

Hounoe cTpyfinoe teyeHne OOBIYHO HAGJIOZAETCS B OUEHb TOHKOM
caoe. Herkn#l npodu/ib TOr0 TCYEHHS IIOSIBJSETCS HOYBIO M HCUe3aeT
gepe3 2—2,5 4 nocse Bocxoga Coununa. OaHaxko 3uMON, KOria pajiHa-
HMOHHAS HHBEPCHS COXPaHSeTCS B TedeHHe CYTOK, 3TO TeYCHHE Ha-
GaIofaeTcst 1 JHEM. ‘

HouHoe cTpyfiHOe TeueHHe NPHHSATO paccMaTpUBaTh KakK JOKajb-
HOe MesoMacliTabHoe sIBJICHHUE, OAHAKO B HEKOTOPHIX KOHTHHEHTAJb-

HEIX paﬁOHax TaKce TCUYeHile m‘/{eeT HIPOTANKEHHOCTD HECKOJbKO .COTeH.;

KHJIOMETPOB, XOTs WIMPHHA OCTaeTCH HeGoAbIIOH — 109—10! kM.
[Ipupona HOUHBIX CprHHbIX TeyeHUH He coBceM sicHa. HauboJgee
UpaBlONoAo0HAas THIOTe3a ero~BOSHHKHOBEHHS TaKOBa.
VisBec#HO, 4TO HOYHOe CfI‘pYI’IHOG TeueHHe BO3HHKAeT Haj IeHT-
pPaNbHBIMH YacTAMYU HH3KI/IX? AHTUIUKJIOHOB HJHM TeX AHTHUIHKJOHOB,
NPOCTPAHCTBEHHAS OCh KOTOprX CHJIbHO HakJOHeHa. B TakoMm cayuae

BLICOTHAst (poHTasbHAA 30Ha (B®P3) saxpaThiBaeT HHMKHIOK TPONO-

C(pepy H 4acTo onpeﬂe.nﬂeT 31¢Ch 3HAUHTCJAbHYIO aJBEKIUIO XOJIOA4,
yCHJAHBAOIYIOCA C BbICOTOI/I_.

B yci0BHAX HHBEPCHOHHOTO paclpelesenust TeMIepaTypel OOMeH |
KOJIMYECTBOM JABHKeHUs Mexnay B®3 u npuseMHBIM CJIOeM NpaKTH- |

yecky JUKBUAHpYercs. ONHAKO BHIIE HHBEPCHHM, B BepXHEH dYacTh

HOrpaHuyBoro cJo0sl, O0OMEH: KONHYECTBOM ABHXKEHHSA COXPAHSETCHd H |
Jaxe ycuaupaeTcd. AABeKuyus Xosoja 00yC/OBJHBAeT CO3RAHHE U CO-
XpaHeHue cTaTHueckoH HeyeToHunmBocTH. JlHbOY3Hs 3aXBATLIBAET |
cnoit or BO3 10 BepxHell rpaHHuIbl MHBepCHH. Huxe 3TOH rpaHMIEBL |

BETED caalbBlfl, a BBHIIIE BCJAELCTBHUEC 06MeHa KOJIMUeCTBOM [IBHIKEHUS

U NpaKTH4YeCKH OTCYTCTBHA TPCHUSA BETEp PE3KO yCHJAUBAETCSA H yCTa-

HaBJHBaercsl NpopuIb BeTPa, XapaKTepHBIH AJf HEyCTOAYHBOH aTMO-
chepnl (puc. 5.7, xpuBas I). C socxogom CoJHIA HHBEPCHS paspy-
maercd u npoduap Berpa nmpuobperaer oOLuHBIA BHJA (KpHBag 2).
CTpysl Hcuesaer. :

Eciu »Ta rumoTe3a BepHa, HOYHOe CTPYHHOE TeueHHEe CJelyer
OXHJATh [PH HaNMUHH HU3KOIO AHTHIUKJIOHA ¥ B®3 max HuUM, KO-
Topas ofecHedMBaeT YCHJIHMBAIOUIYIOCS C BEICOTOH aJBeKIHIO XO0J0Ja.

88



InaBa 6

CBEPXKPATKOCPO4HbI# HPOIHO3 HPOUECCOB
W SIBJEHUH, BOSHUKAIOIIMX AOJ BJIUSHUEM
MECTHBIX OPOTPA®MUYECKMX OCOBEHHOCTEM
(HEOJHOPOIHOCTEMN MOACTHUAAIOLLEMN
NOBEPXHOCTH)

Paszsuuaror pBa THIA HEOJHOPOJHOCTell NOACTHAAIOUIEH NOBEpX-
HOCTH: mexanuueckue U Tepmuuecxkue. OJHAKO STO pas3jHyHe BecbMa
YCJO0BHO, MO0 0fa THIA HEOXHOPOAHOCTEH TECHO CBA3aHBl MEXAy CO-
60i, XOTsT €CTb OCHOBAHHSI CUHTATb, UTO MeXaHHYeCKHE HEOJHOPOA-
HOCTH HepBI'I‘{HbI, a TepMI/ILIECKI/Ie BTOpI/I‘lHI)I. Bonee TOro, MeXaHude-
CKHe HeOAHOPOAHOCTH MOCTOSIHHE, & TepMHUYEeCKHe H3MEHUUBHEl BO Bpe-
MEHHM U 32BHCSIT KaK OT IIEpPBHX, TaK ¥ OT XapakTepa HHPKYJSLHHU.
ITocnennsas xe (o kKpa#iHedl Mepe, Me3oMmMacwITA0HAast) B CROIO Oue-
pelb B 3HAUUTE, -HCH Mepe OINpeleJseTcss HeOJHOPOAHOCTSAMH IOJ-
CTHJawlell MOBEp:HCCTH B MX COBOKYNHGCTH, B TO XKe Bpems Jo-
KaJlbHasl noroma 3aBHCHT OT xapaKTepa I_[I/IpKyJIHI_LHH. CXQMaTI/ILIeCKPIi
3TH pacCyXKJAeHHS NOKa3aHn Ha puc. 6.1

MexaHnuuyeckue HeOLHODOIHOCTH ONPEJEASIOTCH petbedoM MeCTHO-
CTH, H HUX BO3[eHCTBHEe Ha aTMOC(epHBIE NPOIECCH B 3aBHCHMOCTH OT
COCTOAHMS arMocdepsl, TUIIA TEKYLIErs aTMochepHOrc npolecca, Bpe-
MEHH TOJa ¥ WHPOTH MecTa OyJeT B KaxkKAOM KOHKPETHOM CJiydae
[IPOABJAATLCA IT10-CBOEMY. TepMHueckue HEOZHOPOAHOCTH GYAYT TakXKe
NPOABJAATLCS TO-PA3HOMY B 3aBHCHMOCTH 0T peabeda. Tak, Opushl
s1a03KCKOr0 03epa OTJAHYAIOTCS OT CBOUX «cobpaTbes» Ha Dafikage,
a TOpHO-JOJIMHHAS UMPKyJslus B AJjbnax He Takas, Kak B ropax
Cpennett Aszun. [TosTomy HHXKe GYAyT PacCMOTPEHH TOJBKO T€ ACIEK-
Thl (OPMHDOBaHHUS JOKAJAbHEIX NPOLECCOB ¥ MOTOAH, KOTOpLIE SB-
JA0TCA 00muMY AJs BCex paloHOB. Pesbed U TeMmepaTypHBIE HEOX-
HODOAHOCTH TIOACTHUJAIONIEH MHNOBEPXHOCTH BO3AEHCTBYIOT Ha aTMo-
chepHble npomecCH Bcex Macumrados, HO s Heged CKIT Baxuw
JUIIL Me3oMaciiTabHbBle nponecch. MIMeHHO 3TUM npoleccam Oyner
yAeJeRO OCHOBHOE BHHMAaHHe.

ITpexxne Bcero ropuele xpeGTH, TOPH, BO3BBIIIEHHOCTH H XOJMbI
OKa3bIBAKOT BJAHsHHE Ha (PODPMHUpPOBaHHE U paclpefeseHde 06JauHOCTH
¥ ocajkos. C HaBeTpeHHOH CTOPOHBI JHHHH TOKA KOHBEPIHPYIOT, CO3-
IlaBpasl TeM CaMBIM YCJGBHA [Js KPYIHOMaclITaO0HOrO INOABeMa BO3-
ayxa. Kpome Toro, BO34yX HpPOCTO CKOJIb3UT BBEPX IO CKJIOHY. Takoir
NOAbeM Ha3bIBIOT OporpauueckuM. Eciau HaTeKamomWuil HA NpPeEnsT-
CTEHME BO3JyX CTATHYECKH YCTOHUYKB, TO ¢ HaBETPEeHHOH CTOPOHH (Pop-
MHpYeTCs 30Ha OCaJKOB, 2 €CJH OHa y¥XKe CyIlecTBOBaJa, TO OCaJKW
YCHUAUBaOTCA. Ecan BO3LYX YCJOBHO HEYCTOHYHB, TO Oporpaduueckuit
HOABbEM CO3JAEeT YCJOBHA JJIsi DaspelicHUs] HEeYCTOHUMBOCTH H TeM
caMBIM OOYCJIOBJNHBAET KOHBEKIHIO. Toria ¢ HaBeTpeHHOH CTOPOHBI
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HAYT Kax OOJOXKHbBIe, TaK M JUBHEBHIE OCAJAKH, NPHYEM H T€ H ILpyrue
OKa3biRaloTcA - 60Jiee HHTEHCHBHBIMHM, ueM Ha paBHuHe. Ha mnoxser-
PEHHO# CTOpOHe MNPENSATCTBHSI BO3AYX ONYCKAeTCs, CHOCOGCTBYs pac-
CesiHMIO O0JaKOB M IIPeKpalleHHIO OCAaAKOB. Ecju e 30HAa OCAaAKOB
HEOporpapuuecKoro MPOHCXCKACHUS MO KAKUM-AHG0 TpHYAHAM OKa-
3bIBATCS Ha IIOABETPEHHOH CTOPOHE IOPHOTO NPEHATCTBHS, OCAAKU
ocnabeBalot, a MHOTAA K COBCEM IpekpamiarTcs (puc. 6.2).

BepTtukanbuas cxopocTh, 0O6yC/JIOBAEHHAS oporpadued, MOXKeT
OBITh OlleHEHa Kak

W, = V,tga, (6.1)

rae V,—nopManpHas x xpe6Ty (rope) cocTaBJsioniasi CKOPOCTH BO3-
JAYWHOro MOTOKA; ¢ -—yroJ HakJOHAa K TOPH3OHTY IIOBEPXHOCTH TOp-

HOro mpensaAtcTBus. Kpome Toro, B armocdepe MOryr OHTb BEpPTH- -

KajbHble ABUNEHHS, OOYCJOBJEHHBlE KPYNHOMACHITAGHEIMH JHHAME-
. 2y
4ecKHMHU IpoueccaMu Wp = — j divVdz. Torga cymmapHas BepTH-

Z2

KaJbHasd CKOPOCTb
W= W,+ Wp. (6.2)

CiriezoBaTe/bHO, IOTOAHBIE YCJOBHS, ONpefeNsieMble BOCXOMSIINME
KPYIHOMACIITAOHBIME ABHKEHUAMY, OYAYT OOOCTPATLCS C HABETPEH-
HOH' CTOPOHBI TOPHOTO INPENATCTBHs ¥ 0CjaabAATbCA ¢ MOABETPEHHOM.

Ananoruunsle, HO Gosee ciabele 3deKTE HMET MeCcTO NpH Ie-
pexoje BOSAYLIHOIO MOTOKa C . IVIAAKOH MOJACTHJIAIONIER IIOBEPXHOCTH
Ha HIepoX0BaTyio, M HaobopoT. Hampumep, ¢ Mopa (raazkas moBepx-
HOCTb) Ha cymry (ilepoxoBarasi LOBEpPXHOCTb), C HOJs (riagkas) Ha
TOpoA (miepoxoBaTas) u T. A

Haubonee cosepuiennni ¢10co6 NPOrHo3a JOKaJbHBIX YCJOBHH
norofbl BOJU3H TOPHBIX (MM NONOOHBIX) INPEenATCTBHA 3aK/a0yaeTcs
B HCIOJB30BAaHUM TUIPOCTATHUECKHX (HETHAPOCTATHYECKHX) Me30-
MaciiTaGHEIX MOJesell, YIHTEIBAOMIUX BJAHSHHE IOpHOro xpebra (ro-
pEl, xoJma). PasyMeercs, 4TO Takue MOJENH [JOJKHBEI IpUCIOCABJIH-
BATbCS K KOHKDETHBIM OporpauyecKuM OCOOEHHOCTSIM MECTHOCTH,
T. € AO/KHB OBITL HHIUBHAYAJbHLIMH.

BMmecte ¢ TemM BO MHOTHX cJyyasx OKasbBaeTcsl AOCTATOYHBIM
TOJNLKO KaYeCTBEHHHIH NPOrHO3 paclpefeseHHs 00JauHOCTH H HHTEH-
CHBHOCTH OCaJKOB BOJH3M NPEHATCTBHA. Toria MOXKHO PEKOMEeHIO-
BaTb CJeAYIOMMH MOPAAOK COCTABJCHHS IMPOTHO3A.

1. Jaercsa omeHka OOIIed CHHONTHYECKOH CHTyalHM C TOYKH 3pe-
HHSL ee CIOCOOHOCTH TeHepHpoBaTh OO6JauHOCTL M Ocalku. OueHd-
BaeTCd TakXKe CTATHUeCKasl YCTOHYHBOCTL (HEYCTOHYHBOCTb) BO3AYLI-
HOH Macchl, AeHCTBYlOLlell B palioHe NpOTHO3a.

2. Tlo naHHBIM BETPOBOIO0 30HAUDPOBAHHMS OMNpefeJsercd OpHeHTa-
LMsT BO3LYIIHOTO IIOTOKA ~OTHOCHTEJNBHO IIpemaATcTBHA. TeM caMmbIM
ONpEeNEasIOTCS HaBeTpeHHas M TOJBETPEHHAS CTODOHLI NPEIATCTBUA
(xpefGra, xonMa, ropojia H T. A.). '
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3. Ilpennosnaraercsi, YyTO NPOTHO3UCTY H3BECTEH CPEeXHUH YroJa
CKJI0Ha xpebTa (TOpHI, xo.nma) Ecan xe. 3TOT yros He H3BECTEH, TO
OH ompefensdercsl Kak

h
o == arctg -6—5-§ s

rae h—Bricota xpe6ra (rope, xoama), a S —ero IMHpPHHA Yy IOA-
HOXKHS.

4. Tlo xapram Gapuyeckoil ToIOrpadHyu OIpeneNsieTcs CKOPOCTb
HeBO3MYIIeHHOIO IIOTOKA 'V; Ha HECKOJbKHX YPOBHSX HHXKe BepIIHHEL
xpebta (rophl) Ha paccTossHHH OK0JI0 200 KM C HaBeTPEHHON CTOPOHBI
M yros A;, Ha KOTOPHIH 3TOT NOTOK OTKJIOHSETCS OT HOPMaJH K rop-
HoMy xpefry. 3aTeM Ha KaXHOM YpOBHe ONpeje/seTcs 3HaueHHe
HOpMaJbHOH K XpeOTy COCTaBJAIOUIeH CKOPOCTH BeTpa

V=V, cosk,

B CcpelHee 3HAUCHHE 3TOH BeJNUUUHEI

Tle m — 4YHCJO0 YypOBHEH.
5. [Ipou3BOAUTCA OLeHKAa CKOPOCTH BBIHYXKAEGHHOrO IOXBEMA BO3-
Jlyxa Ha HaEeTpeHHOH cTopoHe xpebra (ropsl)

f

Wf,:Vntga—_—- Vnﬁ-,gg . (63)

Caenyer NOMHHTL, uTO 3HaueHHe W, BBuHCAeHHOe M0 dopmyae
(6.3), MoxKeT paccMaTpPHBATbCH JHIIb KAk Mepa OpOrpagpuyecKoro
BJIUSHHS Ha Haberapowuil moToX. ETo HE B KOeM cJjyyae HeJb3sl HC-
[I0/Ib30BaTh AJsi pacyera KOJHUECTBa OOJAUHOCTH YU OCAJKOB:

6. Ilo mamaeiM MC3 oueHuBaeTcsl COCTOsSHUE 0OJAYHOrO HOKPOBa
C HaBeTpeHHOH CTOPOHH xpebra (ropnl). KauecTseHHO MOryT OHITh
BBIIBJICHB TPY COCTOAHHUA: I — HabJuionaeTcss MaccuB IJIOTHOH 0G6Jay-
woctu, Il — HabmiomaloTces oTmenbHBle 06Jaka, II1-— nabaoxaercs
HEKOe NPOMEKYTOYHOE COCTOSHHE MJOTHOCTH NOKPHITHS OGJIaKaMu.

7. Ilo kapram Gapuueckofl Tomorpaduy (UJIH MO AAHHBIM 3OH/IH-
pOBaHuUs) oNpelelisieTcs Bjarosamnac BO3AYXa C HAaBETPEHHOH CTOPOHH
xpebTa B cnoe orT 3emyau Ao yposHsa 500 rlla. Bnarosamac cuuraercs
Gonbmium (D), ecau DedHUUT TOUKM POCH He IpeBHILAeT 2 HAa YpOB-
Hax Ao 850 rlla BkJIOUMTENHHO W 3 BHIIE 3TOTO YPOBHA. EcAH medu-
IUT TOYKH pOch OoJblile YKA3aHHBIX 3HAaueHUH, TO BJjarosamac cuu-
Taerca majgeim (M),

8. 3HauuTeNbHBIE OCAJKH Ha HaBETPEHHBIX CKJIOHAX CJelyeT OXKH-
AaTh, €CJU HMEeT MecTo coyeraHue Ib. OCaZLKH He caenyer OXHAATH
npu coveranuu IIM (raGa. 6.1).
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Tabauya 6.1

BosmoxHocTh 006pasoBanus (mpeKpalieHHs) OCafiKOB
¢ HaBeTpeHHO#H CropoHsl xpe6Ta (rophi)
B 3aBHCMMOCTH OT COCTOAHHS 0GJauHoro MOKPoBa H BJaro3anacor Bosayxa

CoueTanue COCTOAHUSN

B
O6JATHOTO HOKPOBA Hanuuue (orcyrcrBuE) 03MOKHOCTE 006pasoBaHud
0CaJXO0B (ocnabaenus, npeKpalieHHs )
H BJArosanacos BO3AyXa B HCXOZHBIH CPOK ocajgkoB 4depes 3—6u
C HaBEeTPEHHOH# CTODPOHE P p
Ib Ocanxu ecThb Ycunenne ocainxos
Ocankos Her Ocanxu HaunyTcH W OYAYT
. 3HAUUTEIbHEIMHU
116 Ocanxos Her Ocajiku BO3MOXKHbIL
II1 B Ocajkos HeT Haunyrca cnabuie Ocanks
IM Ocanxu ecTb Ocnabenne (npekpaie-
HHe) O0CaAKOB
M OcazngoB HeT OcalKkd MaJ0BePOSTHLE
M Ocajakos Her QOcanxos ne 6Gyaer

B paiioHax co CJOXKHBIM peabedOM PEKOMEHIYyeTcs AeTasbHO aHa-
JIH3MPOBATb HANPaBJEHHOCTb BO3AYILIHBHIX MOTOKOB 10 OTHOLIEHHIO
K KaxJIOMYy OTBETBJEHHI0 xpefTa, K KaXKaoH rope, paccuuTHBas 3Ha-

venud V, u W, 019 xaXA0ro yuacTka. DTO 0COOEHHO BaXKHO [AJAThb
B TpONMHKax, rae armocdepa BCerja YCJAOBHO HeyCTOHUMBA H, CJIENO-
BAaTeJbHO, B HpOHECCe MOAbeMa MOXKHO OXKHAATb pasDelieHHs Heyc-
TOHUHBOCTH U 0Opa30BaHUS Ky4eBO-AOXKAEBEIX 00JAKOB, JTHBHEH, rpo3
B IIKBAJOB. :
[Ipu cocraBjieHHH NpPOrHO3a OOGJAYHOCTH M OCAJKOB B [OJIHHAX
pPEKOMeH/LyeTcsl NpPHHUMATh BO BHHUMAaHMe BJHSHHE TODHO-LOJMHHOU
uupkyastinu. KoHBekTHBHBE o0JaKa, pasBUBaiOIHecs B MEPBYIO I10-
JIOBHHY [JHS M IOCJAe TNOJYAHsS, [TOJHHHEIM BeTPOM TNOAHHMAWTCS
BBEpX MO CKJOHAM. [ToaToMy MakcuMaJ/bHOe Da3BHTHEe O6JavyHOCTH,
JUBHEBBIE OCAJKM H TPO3H ‘B IOCJHEHOJYAEHHLE UaCH CJAEAYyeT OXH-
1aTh B BepxHe#l wactH rop. BeuepoMm, Korja AyeT TOPHHIH Berep,
06/1a4HOCTh TIOJ €TI0 BJAHSHHEM «CHYCKAeTCS» B NOJHHE (IIPeAropbs).
TlosTOMy B HOJMMHAaX MakcuMyMm OOJauHOCTH W OCAAKOB HalbJIQaeTcs

BEUCPOM. \O\M
KATABATUUECKHE BETPBI = \

. BosaylHEle TOTOKH, CKOJIb3sIIHHe BHH3 IO CKJIOHY xpe6ra (rophi),
[MOJNYYHJIH HaspaHue xarabaruueckux eeTpos. O6pasoBaHUEe 3ITHX BeT-
POB Yamle BCEr0 NMPOHCXOAHUT NPH IepeBaJHBaHUM BO3ZAYIIHOH Maccoi
ropHoro xpefra. B npaBoit uwactm puc. 6.2 NOKa3aHH JIMHHEE TOKa
HACXOAAIIEro (kKaTafaTHYecKOro) MOTOKA HAa TNOIBETPEHHON CTOpOHE
xpebra. CyTh mpouecca TaKOBa: ¢ HaBETPEHHOH CTOPOHL BO3AYX, WOI-
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HHMasiCb BBEPX IO CKJOHY, OXJAaXKAAaeTCs, COMAepXKaIMHCA B HeM BO-
JSHOHA map KOHJeHCHpyeTcs, o6pasyiooTcs ofJjaka U OCafkd (CM. BEHI-
mie); JOCTHTHYB BEpIUYWHEl, BO3AYyX YCTpeMJseTcs BHH3, NPHOGpeTas
3HAUHTENbHYIO, HHOTAA YparaHHYI0 CKOPOCTb.

Ectp uHOfl mpomecc o0pa3oBaHus KaTabaTHuecKux BeTpoB. Ha 006-
IIWPHEIX TOPHBIX INaTO (OPMHPYeTCs XOJOAHAs BO3AYIIHAS Macca.
Ecau npu srom B palioHe (POPMHPOBAHHA pacTeT JaBJjeHHE, TO XOJOX-
HBIH BO3IyX IOCTENeHHO OTOABHIAeTCs K Kpalo IJIATO W OTTYAA «CBa-
JIUBaeTcs» BHHU3, 00pasys CHJAbHBle KaTabaTHueckue BeTpHl., Taxwue
HpOLECCH CBOHCTBEHHE, Hanpumep, AHTapKTHIE.

B onnux ciyyasix xaTabaTHYECKHE BETPHI NOBBLIIAIOT TeMIlepaTypy
BO3AyXa B NOJABETPEHHOH uyacTH xpe0Ta; TOrAa HX HashBaKT (EHAMH.
B mpyrux ciayuasix, Ha060pOT, OHH CHOCOGCTBYIOT MOHUKEHHIO TeMIle-
paTtypH BO34yxa; TakKOH BeTep Ha3BBAIOT Gopoil.

KaraGaTuueckue BeTpHl — sIBJeHHe MeCTHoe. Kak IOpaBu/lo, OHHU
HMeIOT MecTHOe HazBaHHe. OJHAKO CYTb SIBJEHHS OT HAa3BaHHS He Me-
HsieTcd. 37ech MBI OyAeM pasnuuaTh JUb GEH (BeTep, NOBHILAIOMIHI
TeMneparypy) u Gopy (BeTep, NOHMXKAOUHH TeMIepaTtypy).

IIponoskurenbHOCTe H (DEHA, W OOPBH MeHACTCS B IIHPOKHX IIpe-
Jesax: OT HEeCKOJbKHX YacOB [0 HECKCJBKHX Heleab. X BO3HKKHO-
BeHHE CBA3aHO C KpyNHOMAcCWITaGHBIMM IIpomeccamMH. Bmecre ¢ TeM
yBe/HueHHe CKOPOCTH BeTpa H H3MeHeHHe TeMIePATYpPH BO3JyXa HPH
BO3HHKHOBeHHU (EéHa wujm OGOpBH HOpPOH OBIBAIOT CTOJb CTPEMHTENb-
HBIMH, YTO B Te4YeHHe MAECATKOB CeKYHJ CKODOCTb BeTpa pPacTeT OT
5—7 no 35—40 M/c, a TeMIeparypa MeHSIeTCsI Ha JeCSTKU T'PamyCOB.
B stom cwmblcie npoiecchl BO3HMUKHOBeHHS (G&Ha M GOPH MOXKHO
OTHECTH K pa3psAAy Me3oMacmitaGHHX, a HX INPOTHO3 —K paspany
CBEPXKDATKOCPOUHEIX. ‘

Karabartuyeckue BeTphl, OOYCJHOBJEHHEIE CKATHBAHHEM XOJOXHOTO
BO3[yXa C TOPHHIX IJATO, BCerja NPHBOAST K IIOHHMKEHHIO TeMIlepa-
Typbl BO3JyXa y IIOJHOXHA, T. € OHHM NDPEACTABJAIOT coGo# 60pYy.
KarabaTtuueckue BeTphl, OOGYCJOBJeHHHE IepeBaJHBAHHEM BO3JYILI-
HOH MacChH yYepe3 TOpHHIH Xxpeber, MOTYT Kak IOBHIIATh TeMIlepa-
TYpy BO3AyXa y NOZHOXKHS NIOJBETPEHHOTO CKJIOHA, TaK ¥ IOHHKATbH
ee, T. e. MOTyT ObITb ¥ (péHOoM, M OOpOH; MexaHU3M HX O6pa3oBaHHUSA
OfiMHAKOB. Bce fe0 B TOM, KaKas Macca NepeBaliiBaeT yepe3 xpeber.
XoJnopHasd BO3AyIIHAs Macca CTAHOBUTCS 0OpPOH, a OTHOCHTEJNbLHO Tell-
Jgas — péHom. Dpdexrt nuHamuueckoro (anuabaTHUeCKOro) HaTpeBa-
HHsl OIYCKAloIllerocst BO3[yXa, KOHEYHO, HMMeeT MEeCcTo, OJHAaKO ero
JefCTBYME IepeKphIBAETCS PAasHOCThIO TeMiepaTyp IepeBajmuBalouiei
BO3AYIIHOH Macchl MW TOH, YTO pacmoJjaraercsd Ha NOJABETPEHHOH CTO-
pone. Tax, npu HoBopoccuiickoli 6ope TemmepaTypa BO3LyXa Ha BepXx-
He#t uyactH Mapxorckoro nepesasa (1300 M) o0O6BHUYHO cocTaBisieT
—25...—30°C, a B Horopoccuficke 10 Hauaaa GOpH OHA HOJOKHTE/b-
Ha. Bo3myx, omycTUBMIKCH C NepepaJa, Harpepaerca wa 12—I13°C, mo
BCe paBHO €ro TeMmepaTypa OKa3bBaeTcss HaMHOTO HHKe TOH, d4TO
6bl1a B ropojie 10 Hauyaja OOpHI.

B Hacrosiiee BpeMst HeT OOLIENPHHSITOrO B3TJsZa HA MEXaHHU3M
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obpasoBanus karabGaTHueckux BeTpoB ((éHa u OOpnl), CBA3AHHBIX
C IepeBaJUBaHHeM BO3LYIUHOH Macchi depe3 TOPHBIC MNPENATCTBUS.
Yame Bcero BOSHHKHOBEHHE S3THX BeTPOB OOBACHAIOT TaK Ha3bBae-
MBIM ruapasingeckuM 3s¢¢pektom. CyThb 3T0ro addeKkra COCTOUT B
TOM, YTO B CYXKAalOIIeMCH KaHaje TeYyeHWe JOCTHUraeT OueHb OOJBUIMX
ckopocrefl. Tlonararwort, yto B atMocdepe Taxofl cyxKalomuica KaHal
cogpaeTcs HHBepDCHeHl TeMIlepaTyphl, pacmosarawmouieifics Bhiile TOp-
noro xpebra (roper). llpeacraBaenunoe Ha puc. 6.3 moNOKEHHE HH-
BEPCHU CyHuTaeTcsi Haubodsee OJaronpusTHRIM JAJjs oOpasoBanust (péua
(6oper). Ecnm x TOMY Ke NepeBasuBaIOlIUH BO3AYX XOJOIHEIH, TO
HapsAny C rujpasindeckKuM 3(¢eKToM ACHCTBYeT cUia TAXKECTH, KO-
Topas AaeT 3HAYHTETbHYIO H06aBKy K CKOPOCTH CKaTBIBAIOLIErocH IO
CKJIOHY BO3[yXa.

HcexonnpiMu  MaTepuajaMy AJs [porHosa ¢éna (60pel) MOTyT
CAYXUTb NPU3EMHEIE U BLICOTHBIE KapTHl HOTOLHI, AAHHbie PaJHO30H-
JUPOBaHMSA, a TakXKe CIYTHHKOBble H300paxeHus o06saakoB. MoxXHO
peKOMEH/J0BaTh CJCAYIOMMH MOPSAJOK COCTABJEHHS NPOTrHO3A,

. TlpousgoauTcsl THIATeJbHBIH aHAJU3 CHHOITHYECKOH CHUTyalluu
¢ Iesblo OOHApYXKEeHHS NPH3HAKOB 3apoxparouierocsi ¢ésa (Gopnl).
K umcay rakux NpHU3HAKOB OTHOCATCA:

a) HpuOJMXKEHHEe pPa3BUBAIOUIErOCS LHKJIOHA K TOPHOMY XpelTy #
CBSI3aHHOE C 3THM [aJeHHUe JaBJEHHA C HaBETPEHHOH CTODOHEI Xpeb-
Ta H eule - OoJblliee NajcHHe J[aBJeHMsl Ha IOJABETPEHHOH CTOpOHe
xpebra;

0) mepepaJuBaHue depe3 xpebeT XOJOLHOrO BO3JAyXa B THLIY LUK~
JOHZ M CBSI3aHHBIA C STHM pOCT AaBJEHHS C MOLBETPEHHOH CTOPOHH
xpe6Ta u ente OOMbIIKH DPOCT [AaBJeHHs Ha HABETPCHHOH CTOPOHE;
B Tako¥W CHTyaluu HWHOTHA YAAeTcs] OOHADYXKHTb «(pEHOBHIH HOC» —
V3KYI0 TOJIOCY TOBHIIIEHHOTO ZAaBJEHHS C HABETPEHHOH CTOPOHH Xpeb-
T4, KOTOpasi SIBJAsieTCs] BEpHBIM HpH3HaKoM (opmupymoomerocs (Qéna
(6oper). «DEHOBEII HOC» MOXKHO OBGHApYXHUTb TOJBKO IPH HOCTATOY-
HO TYCTOH CeTH cTaHU#H, NLaHHble HaOJIOJCHHA KOTODBIX HaHECEHEl
Ha KpymHoMmacluTaGHYI0 KapTy TOrojbl; B TOPHBIX DaloHaXx aHaJ/u3
TAaKOM KapThl 3aTPyNHEH TeM, Y4TO NAHHBHE O NaBJEHWH MOryT OBITh
HCKaXKeHbl IPUBEJEHHEM JaBJECHHS K YPOBHIO MODH;

B) Ha/Juuue MAJIONOABUXKHOH 06J1aCTH BBICOKOTO RaBJEHES Hal
FODHBEIM Xpe6TOM.

2. Tlo pmaHHBIM DaJHO30HAMPOBAHHS HA HaBeTPEHHOH CTOpOHe
xpe6Ta yCTaHABJAHBAETCs HajuuHe (OTCYTCTBHE) HHBEDCHM, HHIKHAL
TpaHulla KOTOPO#l BHINe BepIIHHB TOpHOro xpebra. Ecam Takas uH-
BepcHUS ecTh, T0 QEH (6opy) ciaelyeT OXHAATh.

3. [lo cnyTHHKOBHIM U300pa’kKeHUAM O00JaUuHOCTH ompeneasiercs
pacnpeﬂeﬂeﬂﬂe o6aakoB y ropHoro xpefra. CHJOWHOA 06JauyHbIA
[IOKPOB C HAaBETPEHHOH CTODOHBI M DAasMBIBAIOIIUEACS NOKPOB C IOA-
BETPEHHON — IIPH3HAK HauuHamoomerocs ¢eéna (6opw). Ecau ¢én
(Gopa) yme Hawajacsd, TO Ha CIHYTHUKOBOM H300paXKeHHWH OOHAPYHKH-
Baercsd (EHOBasl «CTeHa» — 4eTKas [paHHIa OOJIAuHOCTH, IPaKTHYE-
CKY coBllajaioniass ¢ Junue#i rpebus. [Ipum 3ToM ma noABeTpeHHOH
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CTOpOHe OCBIYHO HaO0JI0RAlOTCH, BOJHHCTHE 00/aKa CPEAHEro H Bepx-
#ero apyca. OHu 06pasyioTcsi NOJ BJHAHHEM IOABETPEHHLIX BOJH,
BO3HHKAIOMMX [pH IepeBaJUBAHHH TOPHOrO XxpedTa BO3AYIIHOH
maccofi.

4. TlpousBoauTcsi ‘KOJMYecTBeHHas. oueHka (E&HoBoH cHTyanuu.
@én (6opy) caeayer 0KUIAThb, €CAN

1 99 ‘)”2 : /

Vn>h(g"@—0 0z

3pécs V., — CKOpOCTh HOpManbHOH K rTopHOomy xpebty (BmicoTo#t k)
coCcTaBJsAOLIEH BeTpa HAa YPOBHe Bhllle A; 08/0z — BepTHKAJbHEIE
rpajfiieHT NOTE€HIHAJbLHOR TeMIIepaTyphl B cJoe OT NOAHOXHs xpebTa
A0 BHICOTH h; @ — DOTeHLHAaJbHAs TeMIepaTypa Ha HHUXKHeH TpaHH-
ne HaHHOTO CJOL.

s

7

y

FOPHO-LOJIUHHAS HUPKYJAALUHUS

X071 yuameMycsi y¥Ke H3BECTHO SIBJICHHE TODHO-ZOJHHHOR LHPKY-
JSIHH M3 Kypca oO6lleH MeTEODOJIOTHH, BCE XK€ HaIOMHMM, YTO LHpP-
KYJSLAI0, OpH KOTOPOH B JHEBHHIE YacH B I[IPH3EMHOM CJO€ BeTep
AyeT BBEpX IO AOJHHe (JONHHHBEIE BETEP), 4 B HOYHLIE YaCH — BHU3
0 foJune (TOpHBIA BeTep), HA3LIBARTCSH 20PHO-00AUHHOI,

I'opHO-0/IMHEAA LHPKYJSIHSA OTHOCHTCA K Daspsly MECTHHIX ILHp-
kKyasnufi., OHa OKa3biBaeT BAUsHHE HAa pafoTy JIErKHX CaMOJETOB H
BEPTOJIETOB, MOXKeT HUHHMIFUDOBATL pAa3BUTHE KOHBEKUHH H KOHBEK-
TUBHBLIX SBJEHHH; €€ BaXHO YYMTHIBATL NP OLEHKAX BO3MOXHOCTH
3arpsisHEHMsi BO3AyXa TOpPHBIX [IOJHMHAX, a TakiKe IPUHHUMATh BO
BHHMAaHHe IIPH CBEPXKPAaTKOCPOUHOM INPOrHose Temnepatypnl. JHeso
B toM, uro [ JAI1 [oBAoAbHO 3HAYHTEJbHO HCKa)KaeT CYTOUHBIH XOX
TeMIEPaTypH, BO3AY¥a HA CKJOHAX AONHUHLL Tak, JeToM Mexay 7 H
10 u Mo MeCTHOMY BPEeMeHH pEe3KO BO3pacTaeT TEMIEpaTypa, T. €. 9TOT
poct Habaonaetsd/B TO BpeMs, KOTAa NOJHHHBEIEA BeTep elle HE yCTa-
HoBuJicsa. Kak TOJRKO MONMHHHI Berep obperaer HOJHYIO CHJIY, TEM-
nepaTypa pacref OYeHb MeAseHHO. Kax TOJbKO ZROJHHHBIE BeTEp
CMeHseTCs TOpPHBIM, TemIlepaTypa pe3ko najaer (o0buHO Mexny 18
v 204 mo mecfHomy BpemeHH), cosfaercss 3ddexrt, noaoOHHIH mpo-
XOXAEHHIO XOJoJHOIO (poHTA.

ToprO-ZOoNjiHHAA UHDKYJIAHAS OGHApYXHBAeTCss B Tex CJAyYasx,
KOrfa Haj DOpPHOH CTpPaHOH YCTAHABAMBAETCS AHTHIMKJIOHHYCCKHH
PeXUM NOrOXH ¥ HEe HAGJIONAKTCS KPYIHOMACIITAGHbBIE BO3MYILEHHS.

T'opHO-mo/luHHAS UMPKYyJAsHAs B0o30y:KaaeTcs HarpeBaHueMm (0x-
JNaxJeHueM) CKJIOHOB JOJHHLL "B JHeBHble uachl CKJIOH HarpeBaeTcs,
H NOJ AeHCTBHEM CHJ NJABYYeCTH BO3JAYX JABHXKeTCS BBepX. B Hou-
HBIC YACHI{[IOBEPXHOCTb CKJOHA OXJIaXKJAAeTCs, OXJax/aas INpHAeraw-
mui BO3AYX. Ilochesduit IOA. HeHCTBHEM CHJIBI TSIKECTH ABHIKETCS
BHH3. B JHeBHBle yacH Ha OJHOH W TOH XKe BBICOTE TeMIlepaTypa
Bo3fyxa Ha ckjoHe (T.) BEHIIle TeMIepaTyphl BO3LyXa HaX HOJHHOH
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{Ty), a B HOuUHEIe Yach, Ha0GOPOT, Ha CKJIOHE TeMiepaTypa HHXKe,
weM HajJ AoJuHOH. Yem OoJbille 5Ta Pa3HOCTL TeMIEpATyp, TeM HH-
TEHCHBHee TI'OpPHO-IOJUHHAS NUDPKYJSNHs. B pasnuuHOro poja Impor-
HOCTHYECKHX METOAHKaxX pAas3HOCTb TeMIeparyp <«AOJAHHA — CKJAOH»
HMCHOJb3YETCs B KauecTBe IIPEfHKTOpA TOPHO-ZOJNWHHOH NHPKYJSIIHH.

H3pecTHO TakxKe, 4TO KpyNHOMacIITAaGHEIE IOTOKH OKA3hIBAIOT 3a-
MeTHOe HcKaxKawpulee BJIUAHHe HA (GOPMHDOBAHHE TOPHO-IOJUHHOH
UMPKYJASIIUH. ECIM CKOPOCTb KpynmHOMAacITaGHOIO aTMoc(epHOTo Te-
uyenuss V=7 m/c, To Me3oMmacuiTaGHBIE TEUEHHs Ha CKJIOHAX oGHapy-
¥UTh He yAaercs. HaoGopor, nmpu cnabbx BeTpax IOPHO-AOJNHHHAR
HUPKYJIALHAS TPOsBJsieTcs: HauboJgee uyeTKo. [1o3TOMy CKOpOCTH Kpyri-
HOMAcIUITa6HOro NOTOKA BO3Ayxa V IpHHEMAETCs B KayeCTBe BTOPOTO
IpefuKTopa.

OO6BHO 3TH JABa IHpEeAHKTOpAa — pasHocTb TeMmnepatyp AT=T,—
— Ty u kpymHOMaclITalHAsT CKOpPOCTh NOTOKAa V — HCIOABIYIOTCA B
JIOKAJBHBIX CXeMax NpOrH03a TOpPHO-JIOJNHHHOH mnupKyJasuuu. Paspa-
6OTKa JIOKaJbHEIX cxeM (MeTOAWK) BEeAGTCS HA OCHOBE CTATHCTUKH.
Vicnonb3ys apxUBHHIE MaTepHaJ, NoAyyaioT Jubo rpaduyeckne CBs3H
VK23aHHBIX IIPEJUKTOPOB ¢ HHTEHCUBHOCTBIO [OPHO-AOJHHHOH IHPKY-
Jagiud, Jub0 aHaJoTWUHEIE CBA3M B BHJAE ypaBHEHHH perpeccuu

= C (AT, V),

rae C — CKOpOCTh JOJHHHOIO {ropHOro) Berpa. KoHKpeTHHHU BUA Ta-
KOTO ypaBHEeHUST 3aBHCHT OT TOH MECTHOCTH, JJIS KOTOPOH OH COCTaB-
Jsercd. Hto gacaercs rpa@mqécxnx ¢Bsizel, TO OHH MOTYT OHITH, Ha-
[IpUMep, TAKUMH, Kax noxasaHo ga puc. 6.4. ORHAKO ciaelyeT OTMe-
THTb, YTO YacTO IpPOrHO3 sHaueHmi AT OKAasHIBaeTCsi HHCKOJBKO HE
Jierdye TPOTHO3a UMPKYJANMA. [J0o3TOMYy B INOCJHeZHEe BpeMsi IOJb-
3YIOTCS H3BECTHOH 3aBHCUMOCTBIQ, MEXKAY KOJHYECTBOM O0O0JIaKOB H
anavegusMu AT: uem Gosblie 06jaKOB Haj pafOHOM IpPOrHosa (Ham
ropHofi ctpamo#), Tem MeHbile oxkHnaemoe 3nauenne AT. Toraa na
puc. 6.4 mo ocu abeuuce BMecTo AT MOXKHO OTKJIaABIBATH CTENEHb
nOKpHITHS O6jakaMmu. Hugpopmanus o6 06;ayHOM IIOKPOBE MOXKET
OHITh MOJyYeHA W3 CIYTHHKOBBIX H300pakeHu# 00J1ayHOTO IOKPOBA.

Ecay 1no kakuM-u60 NPHIMHAM BOCIOJb30BATHCH NPOTHOCTHYE-
CKYMH CBH35SMM HEBO3MOMKHO WJIH OHH OTCYTCTBYIOT JJIsI HAHHOIC Me-
CTa, TO CJeLyeT NPHMEHHTb NPOCTOE NMPABHUIO: 20PHO- -doaunnble BeT-
pol BOBHUKAIOT npu AcHOl (maaoobiaunoli) noecde u caabom Kpyn-
HOMACILTAOHOM NOTOKe, Npuiem GoAuHHbLl BeTEp NOABARETCA 8
nepsoil noarogune OHA, Q ZOprLu——-B nepeoll NOAOBURE HOUU.

bpuser — sBaenne UIHPOKO H3BECTHOE B METEOPOJOTHH. Bwmecre
¢ TeM OHO Cyryfo JIOKaJbHO, B KaXXI0M MeCTe IpPOSBJSETCS MO-pas-
gomy. [TosroMy enuHOfl METOAMKH aHaju3a K [pPOrHO3a Gpusa, KOTO-
PYI0 MOXHO GBUIO OBl IPUMEHATh BO BCEX CAYYasX M BO BCEX MeCTax,
He cyiecTByeT. B kaxaom KOHerTHOM palioHe, rIe MOTYT OHITh
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6pusp, IIOJI}KHa OBITD
HO3a GpHu3a.
Bpus o6puHO xapakTepusyercss CJAeAYIOIIHMH ITapaMeTpaMu:

a) CKOpOCTbIO BeTpa Ha GeperoBo# CTaHLHH;

6) ray6uHOR PacmpOCTPaHEHHS; [ :

B) KOJHIUECTBOM.OOJAKOB -Ha- 6pH§0130M ¢dponTe (WIHpHHOH 06.1a4-

- HOH IIOJIOCH);

) BepOSTHOCTBIO BHIIaJeHHs OCaJKOB (HJIH BHICOTOH BepxHeH rpa-
HHuIB 00J1aKOB HA ODH30BOM (pOHTE).

b

paspaéoTaHa CBOS, JOKAJbHAS, METOANKA npor-

3HayeHHss 3THX NApPaMETPOB 3aBHCAT OT TOH CHHONTHYECKOH CH-’
TyaluH, DY KOTOpOH JaHHBIE OpH3 Bo3HUKaeT. B Tex pafionax, rue
6pu3 MOXeT BO3HMKATh, BCe CHHONTHYECKHE CHTYAllHH AEJAT Ha ABa
' THIA: '

1) GpusoBeie curyanuy,
2) HeOpuU30BLIE CHUTYAIIHH.

‘ Bpusopeix curyanuii MoxerT OBITH HECKOJbKO, H KaXAOH M3 HHX
' COOTBETCTBYeT OpH3 C OIpeAeJCHHBIMH Xxapakrepucrtukamu, Orcioxa
clleflyeT, 4TO AJS aHaJH3a M IPOrHo3a 6pH3a Ipexje BCero Heolxo-
JUMBEl CHHONTHYeCKHe MaTepuasbl. OZHAKO IO CHUHONTHYECKHM Kap-
TaMm, Jaxe KPYNHOro MaciiTaba, HeBO3MOXKHO B JeTalsfX ONIpPeNeJHTb
rayOuRy IPOHHKHOBEHHST OpH30BOTO (DPOHTA, XapakTep M KOJHYECTBO
00/1aK0B, a TaxXKe BHIANeHHe 0CafKOop Ha HeM. [TosToMy oGsizaresb-
HHIMH CpPeACTBAMM aHa/Ju3a M NPOTHO3a OpH3a ABJISIOTCT CIYTHHKO-
Bhle u3obpaxkeHWs OGJaYHOCTH W  JaHHbHE paJHOJOKAIHOHHBIX Ha-
GarofeHui.

[Tpu paspaboTke JOKaJbHOH METOZUKY IIPOTHO32 Opu3a Ipexie
BCEro 110 apXWBHOMY CHHONTHYECKOMY MaTepHa/y ONpeieNseTcs Ha-
60p OpH3OBHIX CHTYauHui AN XAHHOTO paltoHa.

B nanpHefimieM Hafop 3THX CHTYALHH HCHOJAb3YETCA B KadecTie
OCHOBHl JUIsI NIPHHATHS PEIIEHUS O BO3MOXKHOCTH UJH HEBO3MOKHOCTH
pasuthsa Opusa. Eciy Texymas CHHONTHYECKAs CHTyaoHs CXOJIHA
C OJHOH u3 cHTyaum#d Opu3oBoro Habopa, TO NPUHEMAETCH pelleHHe
0 BO3MOXKHOCTH HOsBJeHHA 6pusa. B mnpoTuBHOM cJyyae OpH3 He
,Iporrosupyercsa. Bmecre ¢ TeM HaJMuMe TOH uam HHOH Opusosoii cu-
TyauuH elle He O3HA4yaeT BO3HHKHOBeHus Opusa. [losToMy BmIuHC-
JSeTCSL TaK HasbBaeMuil undexc Gpusc .
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rfie Vg— CKOpPOCTh TeoCTPO(HUYECKOro BEeTpa, PpacCYHTHiBAEMAas o

IpH3eMHOMY IIOJI0 AaBjeHust; AT — MakcumaJbHAs pasHOCTb MEXAY -

NIPH3eMHON TeMmMIeparypofi BO3lAyxXa HajA CYWIeH U TeMhepaTypo¥ mo-

BepxHOCTH BOXH; 0,03 — pasMepurii kKospduuunent, °C-c?/m2.
3HaueHHsT [, BHUHCJAAIOTCH 3apaHee II0 APXHBHOMY MaTepHaJy

AN RaxkIo#H 6Gpu3oBofl CHTyaluu OTLENbHO KaK IS cJaydaes, Korma
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6pu3 6BlA, TaK M JJs CJAy44eB, Korza erc He Obnl1o. Taxum obpasom,
IJIST -KaXKHOH CHTYyauuy YCTAHABJHBAETCS MOPOTOBROE (KPHTHUECKOE)
3Haugenue uHAexca [,. OyeBHAHO, YTO B KaXKJOM KOHKDETHOM paloHe
LOPOroBOe 3HAUEHHe HHAEKCA AJA NAHHOH OpPH30BOH CHHONTHYCCKOH
curyanuu Oyzer csouM. Kpome TOro, KaxAOMY 3HAueHHIO HHIEKCA
Ip< (Ip)x OYLYT COOTBETCTBOBATHL OlIpelesieHHBE 3HAUEHHS XapakTe-
pECTHK 6pm3a (cM. 1.-a, 6, B; r Ha ¢.-97). Ilone3no no apxXUBHOMY
MaTepuany IOCTPOHTb SMIHPHUECKHMe TIpadHKU CBA3H - 3HaueHHsA [p
¢ XapakrepucTtukamu Opusa. Ha puc. 6.5 npeicTaBieH NpuMepHLIH
BUJ TIpaduuecKOl CBSI3H MEXKJAY CKOPOCTbIO Berpa Ha Oeperopoi
CTAHIHH HpH OpH3e H 3HAueHReM [p. AHaJOTHUHEE rpaduKu MOIKHO
HOCTPOUTh AJIA BCEX IapaMeTpoB, Xxapakrepusymoumux 6pus. Pasy-
MEETCH, UTO IJSl KaXKAO0H OpH30BOH CHHONTHYECKOH CHTyauuu JHoJ-
XKeH OBITb CBOH HAa6Op TakKuX rpa@ukos.

Ecau Takag npedsapuTeabHas pabora N0 apXHBHOMY MaTepHaay
OpoJiesiaHa, TO CXeMa IIPOrHo3a OpHu3a CBOAMTCS K CJASAYIOIIUM Olle-
pauMsIM.

1. Tlo pporuoctuuecko# ¥ (aKTHUECKOH CHHONTHYECKHM KapTaM
yCTaHaBJIHBAETCS THI CHHOITHYCCKOH CHUTYALHH:

a) €CcqM CHTYalHs OKa3bIBaercs HeépHsoBon TO BO3HHKHOBEHHS
6pu3a He OXHULACTCH;

6) ecau cHUTyaliusl OKashlBaeTcsi GPH30BOH, TO BHYHCJAAETCH 3HA-
yenne [,. D10 3HaueHHe 3arteMm cpasHUBaeTcad ¢ (f3)w A MAHHOH
curyanun. Ecim I << ([p)x, npormosupyercs daxr 6pusa.

2. Tlo sHavenuio I, 4 NPOTHOCTHYECKHM rpaq)HKaM OIIPELeNAIOTCSE
napaMeTphl 0XKHAAEMOro 6pusa. ‘

l‘uaBa 7
NPOIrHO3 OHHQMEPHHX
METEOPO;HOFH‘-]ECKI/]X NPOUECCOB

CINEHU®PUKA METOHLOB
CBEPXKPATKOCPOYHOIO MPOTHO3A NOTOAb!

Moxnuo 6e3 npeyBeNHueHus] CKa3aTb, YTO B IPENCKA3aHHH IIOTOJbE
DPHUMEHSAIOTCSI BCe H3BECTHBEIE METOABRl M IOAXOABl K NIPOrHO3UPOBA-
pHio. Ilo creneny ¢opManusanyy HX NPUHATO HeJUTh Ha ABa Kjacca:
HHTYUTUBHBEE H (bopMasn3oBaHHHE. K UHTYUTUBHLIM OTHOCATCS HH-
IHBHAyaJbHblE H TPYIIOBEIC METOJAB 3KCIHEPTHHIX oneHok. Hampu-
Mep, CHHONTHUYECKHH MeTOX HpOTHO3a MHOTOREl IpeICTaBJseT cOoDOA
WHTYUTHBHBIE HHAMBUAYAJBHBIH MeTOJ paspaloTKH CUeHADHS PA3BUTHSA
HNOrOAE B HHTepecylouleM perumone. I'pyimosas aKcmepTHas OLEH-
K&, W3BECTHAsl KaK «MO3TOBas dTaka», 4acTO NPHMEHAETCS IPH BhI-
paboTke OKOHUATENbHOTO BapHaHTa (OPMYJIHPOBKH IIPOTHO3a NOTOIEL
pasauyHOH 3a0/IarOBPEMEHHOCTH,

Kaace ¢opmarusosannsix MeTOROB IPOTHO34d B 3aBHCHMOCTH OT
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O0IIHUX NPHHIUIOB AHCTBHS NPHHATO IENHTh HA DPYNIBE CHCTEMHO-
CTPYKTYDHBIX METOJOB, ACCOLHATHBHEIX METOLOB, METOLOB OIepekaio-
el MHQOPMAUHMH ¥ SKCTPANOJSLMOHHEIX MeToAoB. CHCTEMHO-CTPYK-

¢ TYpHBIE METOAbL MeTeOpOJTOI‘I/I HCHOJIB3YIOT MYTEM HOCTpOGHHH pasJaudy-

HBIX KJMacCHOWKANWi, KapT MeTeOPOJOTHUECKHX NOJeH M OTHECEHHS
TEKyIlero npouecca K aHaJorHYHBIM. OHH IIMPOKO PaCIpOCTpaHEHBI
B ODaKTHKe COCTABJIEHHS HOJTOCPDOYHBIX POTHO30B MOTOMIHL.

B KkauecTBe mprMepa acCOLMATUBHEIX METOLOB NpPUBELEM YHCJEH-

| HOe MOJeJHMPOBaHHEe aTMOC(EpPHHIX HPOLECCOB HA OCHOBE YpaBHEHHH

THAPOJMHAMHUKHM M TePMOJHHAMHKH aTMOChepHL. B ‘HacTosmee Bpems
3TOT MeTOJ, fBJSETCA OCHOBHHIM UDH pas3paboTke KDPATKOCPOUHHIX
IIPDOTHO30B NHOJIeH JaBJeHHs, FeoNOTeHLHAa/a, TeMIepaTypbl H BJaX-

. HOCTH. ,HJIH TIIpOTHO34d ABJEHUH IOrOJAH B KOHerTHOﬁ TOUKE NpHMe-
' HAIOTCS METOABl MOJEJbHOH CTATUCTHUKH, KOTOPBIE OTHOCATCA K IPYIL-

He METOJOB Ollepexaliomell HHGOPMaLHU.
B CBepxxpaTKOCpPOUHOM HPOTHO3HMPOBAHMK Uallle BCErO HCIOJb-

3YIOTCA MeTONE M3 IPYNIE 3KCTPANOJANMOHHEIX. K HEM OTHOCHTCS

MeTOJ, HaHMeHbIUHX KBaAPaTOB, KOTOPHIH B JAaJjbHeHlIeM H3/I0XKEHHR
Oyner vacTo ymorpebJasiThCs.

Brifop kmaacca MeTOJNOB 3aBHCHT elle U OT CJIOKHOCTH OBDBEKTA
NPOrHO3MPOBAHUSA M 3a0JaroBpeMeHHOCTH HNpOrHosa. Bo Bcex cay-

(4afax, Koraa BBIIIOJAHAIOTCA 62a30Bble I'MIOTE3Ll KaKOro-JuGo H3 (bOp-
- MaJIM30BaHHBIX METOJOB, IIPUMEHCHHE 3TOr0 METOoAa JeJaeT MNDPOTrHO3

Gonee o6ocHOBaHHBIM. OJHAKO BO MHOTHX CJydYasx DpOrBO3upyemas
NOrofa 3aBUCHT OT TAKOro GOJBLUIOrQ UHCaa (HAKTOPOB, UTO BHIGOP H
npuMeHeHHe GOpMaJNN30BAHHBIX METOJOB CTAHOBATCS HEBO3MOXKHBIMH.

B BrIGOpe k/aacca MeTOAOB NDPOTHO3UPOBAHHS pOJb 3absaroBpe-

iMeHHOCTH IIpOrno3a OYeHb BeJAHKA. UccnepoBarenio  HeoOGXOIHMO

CPaBHUTb 3a0/IarOBPEMEHHOCTb NPOTHO32 L ¥ IPOAONKHTEILHOCTh
SBOJIIOIIMOHHOIO IHKJa O0OGBEKTa HNPOrHosupoBaHus P. OrHowenue
5THX BeJHYHH T, OnNpefenseMoe IO (opmyJe

(7.1)

H03BOJISIET CAeJaTh BHIBOL O BO3MOXHOM KJ/acce METOHOB IIPOTHO3a.
Ecny crpaBefyuBO HepaBeHCTBO Tt 1, TO pPEKOMEHAYeTcs WCIOJb-
30B4Th (popMaju3oBaHHble Merofel. CuTyanuu, kKorma Tt~ 1, uMeloT
MeCTO, eCaIH 3a6J1aroBpeMEHHOCTh NIPOrHO32 O/aH3Ka KO BpeMEHH OKOH-
YaHHs IJ1aBHOH 3BOJIONHE 00DBEeKTa IPOTHO3HPOBAHHS W BO3HHUKHOBE-
HYsT HOBOrO IHKJA HJIM Pe3KHX H3MeHeHHH CTPYKTYpH. B sTOM cayuae
HoJie3Hee HCNOJb30BaTh WHTYHTHBHBIE METOAB [UJIsi OUEHKH BPEMEHH
CMeHBI CTPYKTYPH H BhIOpa HOBOro (hOpMaJH30BAHHOTO METOXA.
Ouenum, HanpuMep, 3HaueHHe T JJS CBEPXKPaTKOCPOUHOTO MpOr-
HO3a ¢ 3a6JlaroBpeMeHHOCThI0 2 4. Ecau 3a 3T0 BpeMst He GYyAyT Ipo-
XOAUTH (DPOHTHl, TO 3IBOJIOUUS IIOrOLBl OIpeNesdaeTcs CYTOYHHIM XO-
JOM, a 3HauMT, T=2/24 u Haa OpOrHO3a NPHUTOAHH (GOpMaJbHEE Me-
togsl. OIHAKO eCaM uepe3 TPH uaca OXHUAACTCHA IPOXOKIeHUe (poH-
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T4, TO OLEHHBATH T CJEAyeT IO PABEHCTBY T=2/3 u 1J4 nporﬂosa"
He PEeKOMeHAyeTCs ONupaThcd Ha (opMajbHBIE METORBL
IlpuresncHHBIE BHILE COOﬁpa}KeHI/IH JEMOHCTPHUPYIOT CYIIRCTBOBA-
HHe Cepbe3HBIX OrpaHHYeHHH MpH TPUMEHeHHH (OpMAaJbHBLIX- METOLOB
¥ BaXKHOCTb HX YMEJOrO COYETaHHsS C WHTYHTHBHBIMU. DTO CJIELYET
IéB/IKellFIb B BHAY IpH JajbHeHmeM H3yueHHH ¢(OPMAJbHBIX METOLOB

9TAIlbl OBPABOTKH MHPOPMALKMHU
AJig dKCTPANOJNAINNOHHOTO NPOTHO3A

Ilnst TOHMMAHHA CYIMECTBA 3alauM NIPOrHOCTHYECKOH SKCTDANOIs-
UM PaccMOTPUM MOAe/bHb npuMep. ITycTh HMeeTcd HEOAHOPOXHAs
CeTKa TOYEK N0 BPeMEHH, Ha KOTOpOH HaG/IONalHCh 3HAUeHHA (YHK-
nuit f(¢). MomeHTH 0603HauuM uepe3 #; (re {— NOPAAKOBEIH HO-
Mep), a 3HaueHHe (QYHKIUM —uepe3 f;. IIpeAnosoxum, uTO H3MepeH-

HBle 3HAUEHMS COJEpPXKAT JAeTepMHHUpOBaHHHE $ou [ m cayualinyio
(DIYKTYaIHIO f’ Byrem cumrars, 410 CHDAaBENJHBO PaBEHCTBO

f=F47. (7.2)

Ilyets zueso nponsBeneHme HabaoeHni 0603HAYEHO uepes fi.
3ajaua TMPOrHO3a COCTOHT B TOM, 9TCOBI NOJAYYHTbL 3HadeHHe QyHK-

HUH fnyp B MOMEHT fnip, PACHOJOKEHHBIH za TOCNC/HUM MOMEHTOM

tn, KOTHA WSBECTHBl 3HAYEHHS [n.

IIpu peirenun s5Tofi 3afayn HCCICAOBATC/IL JOJKEH NDOUTH CJe-

LYIOIIKE STalbl:

1) Buifpatb MaTeMaTHUECKYIO MOAesab (HoHa,
2} onpelenuTh HA OCHOBe BHIOpPAaHHOH MOAeNH OUILTP, € MO-

MOIIbI0 KOTOPOrO MOMKHO pasienuth GoH [ u wym [';

3) BHEJHTb KETEPMHHHPOBAHHBIH (GoH f nyreM (QHIbTPAUHH HC-
XOIHBIX [AHHBIX H OLEHUThH 3H2UEHHE MyMa f;;
4) noayuntb HeOOXOAHMBIC AJs IPOTHO3a XAPAKTEPUCTHKH CTPYK-
Typsl (poHA, AaThb €ro IPOTHO3 M OLEHKYy OXHAAaeMOH IOrpeni-
~ HOCTH 3TOro IpOrHG3a;
5) mpoussecTH H3ydyeHHe CBOMCTB UlyMa M JaTb NPOrHO3 BO3IMOXK-
HOTO BKJAaja IIyMa B IPOTHO3HPYEMYIO BeJIHUYHHY.

Ha camoMm Jefe METOZHKA IPOTHO3a 3THM HE HCYEPIHIBAETCH.
OO6BUHO NOrpelIHOCTh JIPOTHOCTHYECKOTO MeTOAa BeJHKa, [HO3TOMY
nyTeM KOMIIEKCHPOBAHUS Pa3/JHUHEIX METOLOB HEOGXOAHMMO YTOUHHTL
IIPOTHO3, BBEJS NMOTPELIHOCTL OGLIEro pesyJbTara B AONYCTHMEIE Ipe-
geqas.. Ho 3TH BompOCH B HacTosiee BPeMs H3YyYeHH HEeAOCTATOUHO.

KaxJpi#l M3 yKa3aHHBIX BHIIE 3TANOB IPOTHO3HOH SKCTPalONANHH
B CBOIO Ouepelb COCTOHT H3 HeJOro psja 3alad, KOTOpHe MBI 3[eCh
riocaenoBatenbio obeynum, Ho HauaTh caelyeT ¢ BHIIBJICHHS CBOMCTB
(POHOBBIX IIPOIECCOB, ONpPEANSIONHX NOroAy B Ja060OM IYHKTE, M/
TOrO 4TOGH NMPABHJIBHO BHOPATH MAaTEMaTHUECKYI0 MOJesb (hOHA.
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B mereoponoruueckol aurepatype NPHHATO PacCMaTPHBATL H3Me-

HeHHs NapaMeTpPOB COCTOSIHHSI BO3JyXa KaK COBOKYIHOCTb HECKOJbKHX
HUKJHYECKUX IPOLECCOB C DPa3JIUUHEIMH XapaKTepHLHIMH BPeMeHaMH.
Tlepeuncinm Hauboiee WIBECTHHE M3 STHX IpPOLECCOB B MOPSAKE
YMEHBIICHHA XapaKTePHBIX BPEMEH. . DTO TOXOBOH IWKJ, €CTeCTBEH-
HBI CHHONTHYECKHI NEPHOA C XapaKTEPHBIM BPEMEHeM OKOJIO HelesH
H CYTOUHBIH IHKJI.
-~ Kaxzpfi' M3 5THX NHKJOB NpEACTaBisgeT co0oH xroneGaresbHBIA
nponecc CJO0XKHOH (GOPMEl H COCTOMT M3 HECKOJIbKHX T'apMOHHK, HO
A WOCTPAIMK OCHOBHOH HIeH NpeNcTaBHM NpoLecc B BHIE CyM-
MH ABYX CHHYCCHIAJNbHBIX IapMOHHK

F(t) = a,sin (2nt/T,) + aysin (20£/T,). (7.3)

3mech a; B Gy — aMIUIHTYIBl, 3HAUEHHsI KOTOPLIX HE NPHHUUNHAJIBHBL
T} — mepHOJ CHHONTHYECKOTOQ IIpoliecca, paBHHIH, cKaxeM, 72 4; Ty —
[epHOL CYTOYHOTO XOAa; f— 3abMaroBpeMeHHOCTb NPOTHO3a.

Onst uaTepBasa usmenenus f, xapakreproro misg CKIT (ot 1 nmo
9u), apry™MeHT HepBo¥ rapMOHHKH H3MeHsercss oT /36 mo m/4. Dro
3HAYHT, 4TO NPH CBEPXKPATKOCPOUHOM NPOTHO3HPOBAHHH MOKHO Iiep-
BYIO T'apMOHHKY C OOJLITOH TOYHOCTBIO 3aMEHHUTh KYBHUECKHM [OJH-
HOMOM BHa

sin(x) = kyx — &y x® (7.4)

; {npu xo3pduinentax Ry # ki, paruux 0,7846 u 0,0777, morpemnocTb
' He BHIXOZMT 3a npegensl 1%).
st Bropoit rapmorukd (T=24y4) aprymeHT Npu Tex Xe 3HaYe-
HHAX ¢ meHsercs OT x/12 no 3m/4. [Ipencrasiienne J0GOH rapMOHHKH
¢dopmysoft tuna (7.4) npeemsemo npu |x|<<m/4, T. e. npu f<<3u.
JTO O3HauaeT, UTO MaTeMaTHuecKas MoJesab (HOHOBOIO METEeOpOJIO-
I'HUECKOTO mpouecca AoJKHA Obith pasjuuHa A HHTEpBaJoB 3abia-
roppeMmenHoctef £ oT 0 1o 3u u or 3 Ko 9u.
B unreprane sabnarospemennocrefi ot 0 1o 3u GoH WM, KaK ero

| 4acTO HAa3HBAIOT, TPEHA [; MOKeT OBITH NpejCTaBeH KyGHYeCKHM
TIOJMHOMOM BHJA

3
fi () = 2 kit (7.5)
70 .
B wunreppasne 3absaroBpemenHocreil oT 3 A0 9u TpeHA NOJKeH
' BKJI0yaTh B cels oOllUCaHMe CYTOYHOTO XOLa INPOTHO3HpYyeMO# meTeo-
poJiornyecko# BesauduHb: CJleAyeT OTMETHTb, YTO IPH ONMCAHHH CY-
TOYHOTO XOJMa Hesb3si OTPaHAYHBATHCS HCIONb30BAHHEM ONHOH CHHY-
. COMJAJbHOH TapMOHMKH H OJHOTO TOJbKO nepuoza T=24u. [las mo-
 CTHXKEHHs] XOpOIUero HpeACTaBJeHUs CYTOUHRIX KoJeGaHHH cJjelnyer
‘VYMTHIBATb KOCHHYCOMAAJbHEE TapMOHHKH U nonycyTqubm HepUOA U
HCII0Jb30BATh (popmyﬂy

7. (8 = 2 a, sm(2m‘i/7‘) +2 bycos@ut,T). —  (7.6)
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Mo3XHO clenaTh BBIBOA, YTO [JIs AHANasoHa 3a6/1aT0BpEMEHHOCTEH
or 3 m0 9u mpeicTaBieHHe TPEHAAa METEOPOJOTHYECKHX IIPOLECCOB
HAMeeT BUA CYMMB

(&) =T1,(t) +T1:(2). 7.7)

BriGop MatemaTHueckofi MoZeNH (OHA MeTeOpOJIOTHUECKHX MpO-
IIECCOB B 3aBHCHMOCTH OT 3a6/1arOBPEMEHHOCTH CBEPXKPAaTKOCPOUHOTO
nporsosa B ¢opme (7.5) mam (7.7) mospoJfeT pDeIMTb 3axauy BbI-
JleJleHHs] TPeHAa AJsl Jio6G0TO KOHKPETHOrO cJydas IIpOoTHO3a.

BBILEJEHUE MOJAHOMHUAJNBLHOTO TPEHIA
i MPOTHO3 HA 3u

ITojgyuns npencrarjieHse O BO3MOXKHBIX MareMaTHuecKHx (opmax
ONHUCAHHS (POHOBHIX METEOPOJOTHUECKUX HIPOLECCOB, MOKHO epeiTH
K HaXOXJEHHIO apaMeTPOB MAaTEMaTHYECKOH MoJenu (oHAa 1O HMelo-
MUMCs AaHHBIM HaGJiofeHuH.

- 3azmayy IHOCTPOEHHMS HenpepHBHOH QJYHKHI/II/I y:(t), Koropas -B
Y3JIOBBIX TOYKAaX f; O/n¥ke BCEr0 INOAXOAHT K HalbJo0JaBlIMMcs 3Ha-

yeHHsAM Yy, GVIeM HasbBaTh 3adayeil annpokcumayut. OTMETHM, YTO
Tocsle pelieHHs 3TOH 3ajauy MLl H JJIST Y3JOBHIX TOUYEK IIOJYYUM
HOBBIE 3HAYEHUSA Y;, KOTOphle OyJeM HashBaTb (Qu.LbTPOBAHHLIMU.

Pasnocts (y;—y;) sABAsieTcsl OMWMHOKOH omucanus npouecca. OHa
cocTOMT M3 AByx uacre#f. Ilepsas-—3To cucTeMarHyeckasi OMWHKOKa,
KOTOpasi BO3HWKAeT 3a CYeT HeNPaBU/IbHO BHIODAHHOH MOAENH TpeH.Ia. !
Bropast — 210 cayyafinast omnGka, KOTOpas HMeeT MeCTO W B Cjaydyae
HIEaJbHO TOYHOH MOJEJH IpOoIecca 3a CYeT MHOXKECTBA HEYUTEHHHIX |
MAaJIOBaXKHEIX (aKTOPOB.

HaunGosiee uacTo HCIONL3YIOT aNNPpOKCHMHPYIOIIEe BHIpaReHue
BHAA :

y (&)= 2 Cpey (8), (7.8

|
rae ¢(¢) — GasucHbie GYyHKIHE. MO#enH ¢oHa; C;— KOIPPULHeHTS |
MOJEJH, 3HAYEHHS KOTOPBEX NOAGHUPAIOT HO MAAHHBIM HaOJIOAEHUH.
VimenHo Bua GasucCHHX (YHRIHE H OnpefessieT (QU3HYECKOe conep-)
XaHHe craaxuBanus. OOBIYHO yMOTPeGJaAIOT TPH BHAA GAa3HCHBIX |
i
|

DyHKIHHA: ‘
9 (8) =7, (7.9)
¢j(£) = sin (j£); (7.10)

9 (£) = exp (A;4). (7.11)

Basucubie pynkuun (7.9) MOPOXKAAOT NOJMHOMHAJbHYIO AMIPOK-
CHMal{io, KOTOpasi HMeeT TEHACHIHIO K HEOrPAHHYEHHOMY pOCTY
OUIHGKH 3a TpejenaMy HHTepBaja HabmwopeHdl foy<i<in. Basﬂcme
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¢ysxuun (7.10) maubosee TPHUTOAHBL AJs ONUCAHMS MNEPUOTMYECKHX
nponeccos. basucHue ¢ynxuun (7.11) BHOMpAIOT AJs ONHCAHHSA IHpPO-
IlecCOoB Iepexofa M3 OJHOrO COCTOSHHS B JAPyroe, 3aTyXarmolIUX Ha
Heckoneunoctd. B moaemu CKII ¢ sabiarospemeHsocTbo %0 3 4 (7.5)
HCHOJIb30BAHO npefcrasienue (7.9).

Ecnu 6asuc BHI6paH us m GyHKumi @;(¢), To 3agaua onpeﬂ,eJIe-
aus koapdunuentos C; pelnaercss pas3iIuYHBIMH MeroAamu. Ilpume-
HseTCSl METON HauMeHbIUHX KBAApATOB, METOX 3KCIOHEHHHMAJbHOTO
CIVIAXKHUBAHUS, MeTOJ AaJalTHBHOTO CrJaxKuBagusa. MaremaTuueckui
anmnapat BeBoAa (GopMys Koa(phHUIHEeHTOB COBCeM He NPOCT H TpebyeT

‘-cneunaanoro H3ydUeHUuA. s MeTeopoJIora Handon_ee BAXHO 3HATh

He MeTOJ BHIBOAA, a OCHOBHBHIE JONYIIEHHS, IPH KOTOPHX CIPaBeHJIHB
NPHHATHH MeTOH, NpaBHia HCIOJb30BaHHS HTOTOBHIX (GOpMy.] H Io-
TPELIHOCTH pe3yJjbTraTa. [103TOMYy OrpaHHUMMCS aHaJH30M CBOHCTB
METOJla HAHMEHBIINX KBaApaTOB.

B sTOoM MeTONe yCJIOBHEeM, HaJjaraeMbiM Ha allpOKCHMAIHOHHYIO
byuxnuwo (7.8), sBisercss Tpe6oBaHHE MMHHMM3aLH¥ HEBA3KH R BHAA

R = Zl (3 — ¥° (7.12)

Hesasucumo ot Bpi6opa 6asuCHBIX QYHKUME NpH peaiu3an#u Me-
“TOJAa HaWMMEHbINHX KBAaJPATOB KBaJpaT HeBS3KH, ONpeAeseHHHH pa-
BeHcTBoM (7.12), siBastercss pyHRuHeH TOJBKO Ko3dounuerros C;

R=R(C, Cy ..., Cp ..., C,). (7.13)

Hast Toro 4To6H 3Ta (QYHKUMS HMeJNad MHHHMYM, HOCTAaTOYHO BHI-
JTOJHEHHs] PaBeHCTB

oR
0C,
B3siB Hy:KHbBle TNDOM3BOAHBIE OT R, OmpexejeHHOH paBEeHCTBAMH

(7.12) u (7.8), u M3MeHUB HOPAAOK CYMMHDOBAHHS, IOJYYHM CHCTe-
‘MY m ypaBHeHHH

=0, k=1,..., m (7.14)

m n

El [El ¢; (%) ‘Pk(ti_)] Cj=§1‘Pk(tz) 3’:, k=1,2,..., m. (7.15)
Ora cucreMa MOKeT GHITb HepenucaHa B ManHqﬂbﬁ dopme:
Pc=q. {7.16)

Tae P— MaTpuua C ajeMeHTaMH Pprj, 4 ¢ U q— BEKTOPA C KOMIOHEH-
“TAMH €, H gr. KOMIOHEHTH oNpejeNeHE PaBEHCTBAMHU

ij‘—'gl 05 (£ @p (£); (7.17).
9 =2 (). | (7.18)
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TaxaMm 06pasoM, ¢ TOYKYU 3peHUs NPAKTHUKU 3ajaua HCCJAefOoBaTe-
Js COCTOMT B TOM, YTOOGH BHIOpaTh n nap uyuced (f;, y;), BHOpaTh m
‘GasucHbx QYHKUME @;(¢), BHUKCAUTE KOSGPULHCHTH Man‘fIH,bI (7. 17)
‘u (7.18), a sarem peumutb cucremy (7.16).

BBYHCTHTENIbHYIO. CTOPOHY JeJla MBI OCTaBJisgeM HJs CaMOCTOH-
TeJIbHOro H3yueHusa. OTMETHM, 4TO OCHOBHBIE TPYAHOCTH AJS UHCJICH-
HOTO pelleHuss cucTem TUna (7.16), nopoxzgaeMbix METOJOM Hawu-
'MeHBIIHX KB4APaToB, BO3HMKAIOT NOTOMY, UTO HCCJAEROBATENb MOKET
'HEOXKMIAHHO IJs ce6s CTOMKHYThCA C MaTpHuuell P HeIOJHOro paHra
(neompenenenHas 3agaua). DToT chaydall TpefyeT CNeNHAAbHBIX CIO-
cofoB ofpalleHuss MaTpyl.

Haxe »TH OTpPLIBOUHBE CBeIEHHS O BBIYHCJIUTENBHON CTOpPOHE
JeJia AAlOT HAM OCHOBaHHE IpelocTepeub HCCAEAORATENS OT cjaabo
JTIPOLYMAHHOIO HCIOJb30BaHUS 6GasucHeIXx (YyHKIMHA, Ecau ecTh BO3-
'MOXKHOCTb, CJeAyeT MOJb30BATbCS OPTOrOHAJBHLIMH  OasHCHBIMH
byuxnuaMu. B atoM cayuae BHIUHCJAeHHBIE 3HaueHuss OVAYT Hajex-
HBIMH, a 49acTO H CaMo DeIleHWe CHCTeMBl MOXKeT OhiTh HOJYYEHO B
SIBHOM BHJIE.

PaccMoTpuM TexHHUYeCKHe AeTaJyM BOIpOCA BELAETeHHS (oHa, 3a-
JLaHHOro Mogenbio (7.5), Ha nNpuMepe INOCTPOCHHS CEMHTOUEUHOTO
$unbTpa UCXOAHLIX AAHHBIX, NOJYYEHHBIX HA CETKE H3 PABHCOTCTOS-
mux Touek. OTBJEUeMCH OT 3afadyu IPOTHO3a U GyAeM paccMaTpu-
BaTb CAyYall OWArHOCTHUECKOr0 aHajfKH3a MAAaBHBIX, KOTJa COpaBa u
caeBa oT TOukH f;=0, B KOTOpPOH MBl XOTUM IIOJYUHThb 3HaueHUE
¢ona, uUMeercs He MeHee Tpex HabumiofeHHH. ByaeMm TakiKe CuHTaTh,
4TO HaOJIOAEHHS NPUBOJAUJUCL Hepe3 paBHble NPOMEXYTKH BpeMeHH
¢ IHaroM II0 BpEMeHH, paBHBIM eIWHHIEe. B 3TOM NpoCTOM C TOYKH
3PEHHS MaTeMaTHYECKHX BBIKJIANOK CJAyYae MOMKHO IOJYYUTh BaxKHBIE
JLJIsT IPAKTHUKH BHIBOILL.

. Ilpumem, uTO paccMaTpHBAIOTCS MOMEHTH BpeMeHH fi=—=—3, —2,
—1,0, 1, 2, 3. Brifepem B Kauecrpe 6asuca ¢ynkuuu (7.9): rpo(t)—
=1, @1(¢) =1, @2(t) =12, @3({)=13 B stomM cayuae paseHctBo (7.8)
B MHTepBaNe —3=1[;<{3 IOpUMET BH],

3 ]
y ()= 120 Cjtl. (7.19)
Cucrema ypaBHeHHﬁ (7.15) anHnMaeT BHE,

3
Co 2 t+C, E t+C, ) 1, 2 ¢ =

— i=—3 i==3
= _2337,-1.";-, j=0,1,23 (7.20)

-, Pemenue cucremn (7. 20) oﬁﬂerqaeTCH TeM, YTO CyMMa HEUETHEIX
cTenmenedl ¢;) Ha paBHOMEpHON CHMMeTpHuHOH ceTke f;=—3, —2, —I,
0, 1, 2, 3 mpespamaercs B Hy.Hb C yquOM 3THX YCJOBHH cHCTeMa
£7: 20) IPUBOAUTCS K BHAY
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. 5
A '7CO+QSCZ=_23yi;

.

3 ~
28C, = 2 yit;;
iZT73

f=

—~

3
28C,196C, = X y.t%

i=-3

. g
196C, + 158C, = X y,2%. (7.21)
i=-—3

Peilenye 270H cHCTEMBI HMeEeT BH/]

-3 i=—3
l 3 3
-~ 3
C,= ﬁz’(?’g?izsy‘t‘ —49 2y A)s
1 5\~ 5y~
C, = 8—4(_4.23 i+ Zsyﬁ) ;
1 : s
C3 = —21_6<——7 2 yiti + E )’;tj) . (722)
i=-—3 [=—3

S1n K03 PUUHMEHTH B COUYETaHHU ¢ paseHcTBOM (7.19) moryT 6BITH

o~

HCIOJbL30BaHbl AN BBIACACHMS (OHA y; U3 UCXORHBIX A2HHBIX Y; NpH
JMAaTHOCTHUECKOM aHaJju3e AaHHBIX. Hampumep, B mo0oil Touxe 1,
"KOTOpasd HaXOBUTCA He OJHMXKe UYeM Ha TpPH IIara K KOHIAM pdana
(is<tn—3 unau iZ=3), (oHOBOEe 3HAUEHHE BHIUHCJASETCA 1O GhopMmyJne

1 ~ ~ ~ ~ ~ ~ ~
Vi =Co=57 Wius 312+ 6Yics + 7y, + 611 + Y1 = 2¥is)-
(7.23)

Hast toro uto0bl MOJYYHTb 3HAYEHHS HA KpAasX CETKH, CJAELyeT
ucnosn3oBats Qopmyny (7.19) c xospduLHeHTaMHU, NONYICHHEIME Oe3
ynpoiuteHuii cucreMsl (7.20). IlpuBenem nanGojiee BaXKHbIE JJIsSi IIPOT-
Ho3HCTa (QOpPMYJBE (GHABTPALHH HCXOAHHBIX IAHHBIX [JIS1 BBIABJEHHS
(OHOBREIX 3HAUEHHH Ha NMPABOM Kpalo psila, COCTOSINIErQ H3 71 UJIEHOB:

1 ~

= g Ons = s + a4 129,05+ 199,16y, — 43,);

1~ ~ e~ ~ ~.
Ynt = g5 (noe = TYns — AVns + 6Ynos 4 16900 + 19y, + 89,5
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15 (28 s+ Voo — s — 4,0 + 89,0+ 399,).
(7.24)

IlporHosupoBanne ¢oHA ¢ TMOMOINLIO METOAA HAMMEHbIIHX KBal-
PaToOB MOXKHO OCYLIECTBHTb, CAeJNaB NONIYIIEHHE, 9TO KO3P(DHUIHEHTH,
nonyyeHnsle no Qopmyaam (7.20), ocTaHyTCA HEH3MEHHBEIMH B Te-
YeHHe TOTO YHCJia 1IaroB II0 BpeMeHH, Ha KOTOpOe [IeJaercs HMpPOrHO3.
Hanpumep, ¢opMysna AJs OpoTrHO3a HA OJMH HIar TO BPEMEHH MOKeT
-OBITb ImosryueHa u3 (7.19), ecyM NOACTAaBUTHL B Hee 3HaueHHe f;=4 H
BOCIIOJIb30BaTbCsl KO3((HIHEHTAMH, pPACCUHTAHHBIMH 1O ¢opMysaMm
(7.20) Ha ocHoBe mocJelHUX ceMH HabmiofeHu#i. DTa GopMysaa HMeeT
BUA

1 o~ S~ —~ —~ ~ ~ ~~
Ynsr = 7 (—4Yng &= 635 + 4Ynos — 3Ynos — 8Yps — 4Y51 4 16y,).
(7.25)

Anasornunrle GopMyJab MOTYT OBITH INOJYYEHBH W [JIS NPOTHO3a
DOHOBLIX 3HAUCHHMI HA JBa WJH TPH 1Iara 3a IpPeJeJIbl KOHUEBBIX 3Ha-
yeHHR psana. IIpH BX HCHOJb30BaHHM ClellyeT IIOMHHTb, 4TO OLIHOKA
SKCTpANoJsIuE (GoHa 1o (opmyae (7.19) 6wicTpo BO3DACTaeT. s
TOI0 4TOGB IIPOBEPHTb 3TC H OGHAPYKHTb ApPYTHE CBOHCTBA CTATH-
-CTHYECKHMX HPOTHO30B, PACCMOTPHM IIpHMED.

CKOHCTpYyHpPYEM KBa3WMETEOPOJOrHUYeCKHH Ipollecc, COCTOSILIHA
M3 NOJMHOMHAJbHOIO TpeHAa, CYTOYHOTO XOJa H CJaydyalHOTO IIyMa.
Jag pacdera TpeHZa BOcHOJb3yeMcsa Gopmydon (7.5), B xoTopo#t
K03pHIHeHTH = BhGepeM paBHBIMH ko=15°C, ki=ke=0, k3=
=1/(72)% 3nauenne mocCJHefHEr0 KO3(hGHUINEHTa BHIOPAHO TAKHM,
uro6 3a 24y Tpema cocrasua 3°C. CYTOUHBI XOX pacCUHTaeM IO
¢opmyae (7.6), B KOTOpOH 3HaueHHs KO3(D(DHIMEHTOB BHIGPaHLI pPaB-
#eimMu a;==10°C, a;=3°C, b;=0,=0, T=24 u. Moenb0 CYTOUHOTO
X0Za ABJAETCA CYMMa 3THX COCTaBJASIOIHX M CAYYIa@HOro myma, mo-
JIYUEHHOTO TYyT€M CTATHCTHUECKOTO MOJEJHPOBAHHS HA OCHOBE HOD-
MaJbHOrO 3akoHa pacmpenedenus. lllym HMes cpefHee 3HaueHHe,
paBHOe HyJI0, H craHaaptHoe oTkJoHeHHe 1°C. HauanpHbiM Bpeme-
HeM cuHuTaeM 94 MeCTHOTO BPEMEHH.

Bce TpH cOCTaBJAAKIHE MOXEJLHOTO - IIpolecca IpHBeAeHH: Ha
puc. 7.1, Ha puc. 7.2 mokasasnl. pe3yJibTaThl pacueToB JABYX BapHaH-
TOB. IIPOTHO32 Ha OJMH IIan IO BpeMEHH, paBHHI B 3TOM caydae 1w,
110 3KCTpanoasinuoHHof ¢opmye (7.25). IlepBuii BapHaHT IPOrHO3a
OBLT TIOJIYYEH AJIs CIyyas IIOJHOTO OTCYTCTBHUS LIyMa B JaHHBIX (KpH-
Beie I ¥ 4). Buago, 4to B 2TOM CJydae 9KCTpanonﬂuH0HHmﬁ IIPOTHO3
OueHb. GJM30K K MOJEJbHOMY HpOleCCy. -

Boslee peanen BTOpO# cayuai, Kora nporHos HpOI/ISBO,ZLI/IJICH o
HCXOJHBLIM JaHHBIM, cOfepKamuMm myMm (kpuswe 2 u 5). Paccmatpn-
Basi 5TH KPUBblE, JIETKO YOEAHTbCS B, BaKHeHIIeM HeNOCTaTKe CTaTH-
CTHYECKUX TPOTHO30B — BCe OHH B. GosibIIeH HJIM MEHbIIeR CTENeHH
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YBEAHYHBAKOT AMIJMTYLY LIYMOB, COJEpPXKABUIMXCH B HCXOAHBIX
JaHHBIX.

- TakuM o6pasoM, nenecoo0pasHO NPHMEHATb TPaLULHOHHBIA JJis
METEOPOJIOrHYECKOr0 IPOTHO3HPOBAHUS IIOJXOA: CIVIaXKHBaTbh HCXOX-
Hble JAaHHBE, YTOGH, [I0 BO3MOXHOCTH, MOJABJSITH LIYMBl, & 3aTeM
JeNaTh 3KCTPanoJsuuio (hOHOBOrO mpolecca.

NMPOrHO3 HA 3—9y

Hcnosb3oBaBrue NOJHMHOMHAJBbHOTO TPEHAA IO3BOJSET [OCTPOMTH
‘00JIbIIIOe YHCJAO IIPOCTHIX MoJenell sKCTpanoJsiuud. C IOMOUIBIO 3TOrO
OAX0Aa yhAaeTcss IMOJYYHTb HAIVMAAHOE IHpeICTaBJeHHe O MHOTHEX
CBOMCTBAxX CTAaTHCTHUECKOro Iporro3a. OQHAKO BHIOOD IOJHHOMHAJDL-
HOM (DOpMBI TpeHIA NIPHBOJUT K TOMY, YTO OIIHGKA 3KCTPAMOJSIUH
CTpEeMHTENbHO HapacTaer ¢ pPOCTOM 3a6/arOBpeMeHHOCTH [pPOrHO03a.

Jns yuera B mporHo3e JHpyrux Oojee peadbHBIX (opM TpeHAa
IpHMeHseTcsl MeTOA aJalTUBHOTO CIJaXKHBAHHA. IJTOT METOM Takxke
HCIOb3yeT IpeJCcTaBleHde Moneau npouecca B gopme (7.8) u uuero
HNOHCKA HauMeHbIIEro KBaJpara HeBS3KH, HO KO3(MUIHEHTH MOIeIH
CTAHOBATCS 3aBHCHMBIMHM OT BpEMEHU H -MOXKHO yuecTb addexr cra-
penusi HHpOPMAaLNH.

Ilpu BHIBOZE hopMys MeTOZAa aNaNTHBHOIO CIVIAXKHBAHHS IPHHA-
TO HCHOJbL30BATbL NPEACTaBJGHHe MOJCHH Ipomecca, KOTopoe 0GoJjee
BarasagHo, yeM (7.8), BhAeJAT paclosioxeHHe HAOMIOLEHHHA 1O Bpe-
Medd. [lycTb gaHa n0OC/IeJOBATeILHOCTL He 00653aTeJbHO pPaBHOOT-
CTOAIIUX JAPYr OT ApPYyra IO BpeMeHH HabmioneHuil x(f). Bpems t sB-
JisteTcss JUCKPeTHEIM M H3MeHAeTCS OT HauaJbHOTO MOMeHTa f=ig JO
MOMEHTa IlocJieflHero orcuera f=17T.

IIpennosioxuM, 4T0 HaGIIOREHUS MOTYT OBITh IPEACTABJEHBI KaK
«cyMMa (OHOBOro mpouecca E(f) u cayuafiHo# peauuuwHu e(f). Cuay-
yaffHaa BequyMHA JOKHA HMETh HYJeBOe CpefHee 3HAUeHHEe H OBITH
HekoppeanposaHHoi. POHOBHIH Ipolecc B METOHe afanTHBHOIO crJja-
JKHBaHMA IpeicTasisgercs B Gopme, aHagoruyHoH (7.8):

i) = 2 a; (¢) 9 (£). (7.26)

Onpenenenre xo3¢dnnientos a;(f), MeHSOmMUXCT MO Mepe IO-
CTYIJICHHS] HOBBHIX AAHHBIX HaOMIOAEHHH, NPOU3BOJUTCS TyTeM MHHH-
MH3alHH HEBA30K JIAHHBIX MNOCJEeAHHX HabJIOfAEHHH B MOMEHTH OT

=1 1o t=T n (oHOBHIX 3HAUeHHH E(f). CDYHKI.IHH @; () cuurawTcs
U3BECTHBIMH IPOTHO3UCTY. B (hOpMYyJe I/ BHIUMCICHHS HEBS3KH YUH-
THIBAETCA BO3MOMKHOCTL HPUAATh AAHHLIM GoJiee NO3IHHX HaGJIOAEHHN
Sompunit Bec p (0<<Pp<<1):

R= Z_,l g/ (}7, -t (t,));. - (7.27)

Hafinem npoussogunie ot R(ay, ..., @y, ..., G,) TO KaXKIOMY 13
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KOIPYUIHEHTOB ap i HpI/IpaBHHeM ux K  mymo. Ioayuuwm CHCTeMy’

ypaBHeHHH

dak 25’ yj""g(tj))q’k(tj)_‘o "k=1“”’n’, (7-2§)

HJHX B pA3BEPHYTOM BHJEC

i=

B MmeTole azanTHBHOIO CrJIaXKHBaHUSA paccMaTpHBaeTcs DAL Ipue-
MOB, II0O3BOJIAIOIUX YHPOCTHTbL BHIYHCJICHHS CYMM, BXOJSILHX B (op-
Myay (7.29) u usMeHsOIUXCS BO BpeMenu. He Oynem oOTBJIeKaThCs
Ba TH JeTalH TeXHHKH, a DacCMOTPHM NPHMep NPUMEHeHHS ITOro
NOAXOAA [IJsi NPOTrHO3a MAaKCHMaJbHOH TeMmiepatrypel ¢ 3abjarospe-
MEHHOCTBIO GoJee 3 4. IlpeAmnosoxXus, UTO U3BECTHHl 3HAUEHHS TEM-
nepaTypsl Bosayxa B 03, 06 u 094y MecTHOrO BpEMeHH. YuTeM, 4TO
B CYTOYHOM XOJe MAaKCHMaJ/lbHble 3HAUEHUs TeMIepaTyphl IPUXOLATCS
‘Ha 14 u MecTHOro BpeMeHH. [dssi omucaBHs Taxoro CyTOYHOTO XOZ4a
HeJOCTATOYHO I0Jb30BATBCS OAHOH TapMOHHKOH C InepHoioM 24 4.
CuieflyeT npHBJIEYb JBe TapMOHHKH, NpHYEM 3a(pHKCHPOBATHL OTHOIIE-
HHME aMIVIMTYIB BTODOH TFapMOHMKH K INepBof. HUTo6Ll He BO3HHKAJO
HeOOXOLMMOCTH TIPHBJIEKAaTh KOCHHYCOWIAJbHEE TapMOHHKH, OyaeM
CUHTAaTb, YTO HAUaAJOM OTcueTa BpeMmeHH cayxkuT 094 MecTHOro Bpe-
MEHHM. DTOT MOMEHT MOXKHO CUHMTaTh B OGOJLIIMHCTBE CJAyuaeB COBIa-
JAIOIIHM CO BpeMeHeM COBHajeHHs] (PaKTHUeCKOH TeMIepaTyphl BO3-
AyXa C ee CpeAHeCYTOUHHIM 3HauUeHHEM.

YuuTHBaS BCe CKA3aHHOE BBIIIE, NIPEJCTABHM XOJ TeMIepaTypHOro
($O0HA B BUIE

£ (£) = a, -+ a, [sin{o (£ —9)) + 0,15sin (20 (£ — 9)].  (7.30)

310 o3Hauaer, UTO B KayectBe GyHKUHH ¢p(f) BEOpaHb ABe TakHe:
o (8)=1, ¢, (¢)=sin(o(f—9))+ 0,15sin(20 (¢ —9)). (7.31)

Yacrtora @ B rapmMouudeckux ¢yHKnudx paBHa 2m/24. Bpems usme-
pseTcs B yacax.
Bce Heo6xonuMBie HCXOLHBle NaHHble CBeleM B TabJ. 71 3ua-

-

Taéxzuqa 7 1

HCXO}],HbIe AaHHble LJs TOCTDOGHHS METONA.
ajJanTHUBHOIO NpPOrHO3a MAKCUMANBHOH TeMIepaTypbt

t—9 —6 '—3 0 ‘
91 () 1 o1 1

¢a(t) |1 rel- .z} 10,857 0

y8) Y-z LY Yo

198

n T T .
= [Z Blo; (2)) ¢ (tj)]a' = élﬁj‘?k (t)y;, k=1,2,..., m. (7.29)



" YeHnd (QyHKUMA B He#l BBIUMCHEHH IO Gopmytam (7.31). Tlo stum
3HAYEHMAM MOXKHO BHIUHCJUTH CYMMEl, BXOAsIIMe B ypapHenus (7.29),
€CJIH YUecTb, YTO B 3TOM NpHUMepe I'==3 W AJIs OPOCTOTH He YUHTHI-
BaTh cTapeHHe HHGopMauuu, npuHAB B=I1. [lonyuuM 3HauUeHH€S KO-
sthduHenToB '

8 3
My =j}_.‘1 e (ENer(E) =3, myu= gl 1 (¢;) 92 (¢;) = —1,857,

3
My = El ea (¢;) 05 (¢;) = —1,857,

. .
Higy &= El e () 92 () = 1,734, (7.32)

Cuctema ypasuenufi (7.29) mpumer BHJ
My @y + Myl = &y, : N \
‘ My @y ~+ Mgy = Lo, . (7.33)
MpHUEM 3HAUCHHs NPABHIX TacTeH CJeAyeT BHIUHCIATL MO (opmysiaMm

3 —~ .
g1= 21?1 (¢)) Vi=¥.+ Vet 1+ Y05

3 Land
8= 12:]1 @ (8)) y;=—y4 + 0,857y, (7.34)

JJs mosiyueHHs NPOTHOCTHUECKHX 3aBHCHMOCTEH Ha T 4YacoB OT
HOC/IefHero MoMmeHTa Hab/ofennfi 7 B LaHHOM CJydYae CJeLyeT BOC-
MOJIb30BaTbCsl (POPMYIoH

Y(T + <) = a, + a, (sin (07) 4+ 0,15 sin (201)), (7.35)

B KOTOPOH KO3(DGUIKMEHTH [OJNYUYaTCA NYTEM pelleHUs CHCTeMB
ypaBHeHu# (7.33) paBHBIMH

m —m m —
2281 1282 . Oy = 1182 — My &,y . (7.36)
M1 Mg — MyalTlyy My Mgy — MyoMley

a1=

Las pacCMaTpHBaeMOro npumepa IOCTPOECHHUS HpOFHOCTI/I‘{eCKOff’I
(bOpMYJIbI MakKCHMaJbHBIX TEMIIEpaTyp IOJYyYHM

a, = 0,9886y, — 0,0813y_, — 0,0701y_y;

a, = 1,0587y,— 0,4070y_, — 0,6576y _;
tmax = 2,091 tog —70’505t06 - 0,748t03. (737)
[IpoBepum kauecTBO Qopmys tuna (7.35) AJs MPOTrHO32 CYTOUHOTO
xopa temnepatrypsl oT 094 ¢ 3abnaroBpemenHocThio oT 0 no 9u mo
HCXOXHBIM HAaHHBIM, 3afaHHKIM C OWHOKOH. [/a1g 3TOr0 HNOCTPOMM MO--

JeJbHBIH TpruMep, 3axar QoHOBHIN npoiecc mo dopmynae (7.30) npu
a;=23°C u a;==11°C u no6aBus K 3TOMY (POHY LHYM B BHJIE raycco-
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BOH CJYyYaHHOH BeJHUMHBI C HYJEBHIM CPeIHHM H CTAaHAApTHEIM OT-
knoHernem 1°C.

* M3 370 mOC/ENOBATEJNBHOCTH BhIGepeM 3HaUeHus [AJs MOMEHTOB.
t==03, 06 1 094 u Gynem cuuTaTh WX HAYAJbHHIMY HaHHBIMH. Pac-
ueTsl mposefeM 1o QopMmyde (7.35) ¢ xoadpuULHEeHTaMH, DaCCUHTaH-

HBIMH 11 3a6/arospemMesnocred v=0, 1, 2, 3, 4, 5, 6, 7, 8 u 9u no-

popmysnam (7.36). Hdana 3a6J1aroapeMeHHocm 54 TIpH 3TOM DOJY-
4aloTCAd (QOpMyJB NPOrHO3a MakKCHMaJsbHOH = TeMmepatyps (7.37).

Ha puc. 7.3 moxasaHBl pesy/bTaThl pacueTOB MOKEJNbHOIO CYTOYHOIO:

xoxa ot 09 g0 18 4'u NPOTHOCTHUECKHE Pe3YJbTATH [0 METOLY ajall-
THBHOTO CIJa)KUBaHUA. MOMKHO yOeluTbcs, YTO IIPH NIPABHABHO IIO-
no0paHHOH (GopMe TpeHZAa H CJHY4yailHOM TayCCOBCKOM LIyMe pe3yJ/ib-
TAT IIPOrHO3a OYEHb XOPONI M YCTOWYMB K NOTPEIIHOCTAM OKPYTJIEHHS.
INocnennee cBOKCTBO AeMOHCTpHpyeTcd KpHBOH 4 puc. 7.3, MOCTPOEH-
HOM 10 OKPYIJIGHHBIM JO LeJBIX 3HAYeHHSIM K03(p(HUIHUEHTOB, €Cad
CPAaBHHTb e€e C KpHBOW 3, IOCTpoeHHOH mo ¢opmyaam (7.35) 6es
OKpYIJIeHHUS Koaq)cpmmeHTOB.

ey CIVIA)KMBAHME JAHHBIX M TPO3HO3
C NOMOLIBI0 METOJA PEIYJSPH3ALLMY

MeTon ananTUBHOIO CTVIAXKUBAHUA MOXET HATh OTJIMYHBIE Pe3yJb--
TATHl, €CJW XOopomo mnojob6paHa Mojenb TpeHza. OXHAKO B IPAKTH-
YeCKOH MeATeNbHOCTH CHHOTTHKA TPYAHO PACCUHTHIBATL HA 3TO. Kpo-
M€ TOro, 4acTO BO3HMKaeT NOTPeOGHOCTL CIVIAJWTh NAHHHE METe0po-
JIOTHYECKHX HaOJMIOACHHH M IOJYYHTb IPEACTABIECHHE O TEKyIleM ¢o-
HOBOM IIPOLIECCE H €T npou3BoAHEIX. O0e 9TH 3afaun MOKHO a¢pex-
THBHO PEIIHTb C TOMOIUBIO METOOQ pecyrapusayul.

ITOT MeTOJ BO3HHK Kak 00006IieHHe IIHPOKO PaclIpOCTPaHeHHOIo
B HACTOSIIEE BpeMs MeTOAa AalNpOKCHMANHH 3SKCIepPHMEeHTANbHBIX
JNaHHBIX C HCIOJb30BaHHEM CILIAHHOB. PaccMOTpHM ero IpHMeHeHHe:
IJisi paHee OIMCAHHOTO MOJeJbHOro mpomecca (puc. 7.4). Mpea wme-
TOAA peryJNspH3amUy COCTOMT B TOM, 4TOOH IpPH BHJACJCHHHM TPeHIa:
yuecTb BCE H3BECTHBIE HCCJIEIOBaTeNIO CBOHCTBA (poHA. JOMOJIHUTE B~
HO cTapamTcs JOGUTHCA, YTOOBI .KPHUBAs, ONMCHIBAONIAA TPEHI, ObLIA
MAKCHMAaJbHO [IJlaJfKasi W, KOHEUHO, K&K MOXKHO OJHXKe IPOXOoJuja
KO BceM. HaOMIOJABITHMCA 3HAYEHUSIM.

HpeILHO.HO}KI/IM, YTO HaM H3BECTHH U3 HaémoﬂeHHﬁ' 3HAUEHUS
¢byHKIMH fr B MOMEHTHl fp. Bce MOMEHTHl NpHHALJeXRAT NMPOMEKYTKY
BPEMEHH OT fo=xXg A0 fn==Xo. IIyCTb HAM H3BECTHH CJEAYIOLlHE CBE-
JIeHHs O CTPYKTYpe (HDOHOBOTO IPOLECca B 3TOM IPOMEKYTKE BPEMEHH:

1) B MOMeHTH f==x; uepe3 IYHKT HaGJIONEHHs NPOXOAHT (HPOHT,
T. €. NOCJe 3TOT0 MOMeHTa cBoiicTBa (hoHA MEHANTCH;

2) cMmeHa CBOHCTB (pOHa NIPOUCXOAHMT NJ4BHO, T. € 3HAYEHHUA Ha-
gaofaeMoll GYHKIMH, ee TeHAEHUHH M CKODOCTH H3MEHEHHsS TEHIEH-
LU He NPEPHIBAIOTCS;

3) Ha HHTepBaJax Xo<<l={X; M X <CI<CXy QYHKUIMH OYeHb IJaf-
Kde, T. e. UMEIOT MHHHMAJbHYIO KPHBH3HY;
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4) HW3BECTHO, 4TO HA KAXKJOM H3 HHTEpPBAJOB (DOH HMeeT 1O OJHO-
MY 3KCTPeMaJbHOMY 3HAUCHMIO, Ha HHTepBaje Xo=ii=lX; DKCTPEMyM
NOCTHTALTCH B MOMEHT f==xp-}ep, ‘@ Ha HHTepBajJe X <TI<{xp—
B MOMEHT [=ux;+tey;

5) HavaJbHBIE MOMeHT HalJIofeHHI BBIOEpeM Tak, yTo6n HaGJIIO-
JaeMas (YHKOHSA B 3TOT MOMEHT KakK MOXKHO Jyulle MOIJa OHIThb
OnHcaHa JHHeHHOA 3aBHCHMOCTBIO.

Bce 3TH CBOHCTBa OT/IMYHO BHIIOJHAIOTCS, HANDHMep, AJs CYTOU-
HOTO XOJla TeMHepaTypel B Te CYTKH, KOIJa yepe3 IYyHKT Habawome-
HUH NPOXOAMT (QPOHT ¥ HAUAJLHEIM MOMEHTOM HalJiojeHuH BHOpan
CpOK, Guamkaiwmui x 09 4 MECTHOrC BpeMeHH.

CkoHCTpyHpyeM MoOJesJb TpeHAa, ONHpaschb Ha 3TH CBOHCTBA.
Bo-nepBhiX, yureM Tpe6oBaHHe CBOHCTBa 3: HA ‘KaXKJIOM M3 HHTEpBa-
OB B KaYeCTBe MOJENH TPeHAa BhIOEepeM KyOHUECKHH IOJHHOM

g (¢) =a,+ b, (¢ — X)) e (f— x4 d (8 — x,4)%,  (7.38)
i=1, 2. ‘
Temepp HaJOXHUM Ha KO3(QQHOUEHTH 3TOro MOJHHOMA TpeéoBaHmr

rAaJKOCTH B MOMEHT CMEHBl CTPYKTYDHI t—xl, BHITEKAIOIEE H3 CBOM-
cTBa 2:

&y by + di b = ay;
b+ Sdlhg = by
6d,hy = c,. (7.39)

ITeppoe pasencrtso oTpaxaer TpeGoBanhe TIAAKOCTH (GYHKIHH,
BTOpOE — MEPBOH HPOM3BORHOH, a TpPeTbe — BTOPOH IIPOH3BOAHOM.
Ilpn BBEIBOJE 9THX PABEHCTB HCIIOAbL30BAHO OLHO H3 0603HAUEHHH

hy =Xy — Xo, hy=x,— %y, (7.40)

a TakXe y4YTEHO CBOHCTBO D, KOTOpPOe NIPHUBONHUT K OTPaHHUEHHIO

¢, = 0. (7.41)

CBOHCTBO 4 II03BOJISIET NOJYUYHTH €llle ABa OTDAHHYEHHS Ha KO3(-
(unyents noauHoMa (7.38). Iijs 3TOrO yuTeMm, YTO B TOYKAx SKCTpe-
MyMa HepBasl NPOH3BOJAHASA MNOJKHA OODATUTBCS B HYJb. Takum 006-
pasoM, MOJMKHO 3alHCcaTh ellle [Ba ypaBHEHUA:

b, + 3d,e}=0;

by 4 2c,6, -+ 3d,e2 = 0. (7.42).

ITockoabky onncasue (OHOBOTO Ipolecca HA ABYX IIOC/JAEN0BATENb-

HBIX HHTepBajax ABYyMs noluHOMaMu (7.38) colep:KHT BOceMb KO3(--

(UIHEHTOB, KOTOPEE CBSI3aHB 1LIeCTbI0 OrPAaHMUEHHAMH B BHJE pa-
peHeTB (7.39) m (7.42), TpeHJ MOXKHO IpeAcTaBHTbL (QYHKIUeH ¢ ABYy-
Msi mapamerpamu. [nst sToro ¢ nomompio paseHeTs (7.39) u (7.42)
BCe K03(D(HUIKEHTH NOIHHOMOB (7.38) BHIpasuM depes gy U by:
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¢, =0, dy=—b]/(3e
¢y = — bihy/(3€});
by=b,(1 —I[el);
Qy=a;+ b (1 — /23/(363)) ho;
dy == b, (1 — h)/e5 — (2e;h,)/(3eh,)- (7.43)

Hcnonb3ys »TtH Bepaxenus, (7.39) moxuo npeo6pa3oBath B

B [AByXIapaMeTpPHueCKyi0 MOJeJb TPEeH[a, YUYHTHIBAIOLULYIO BCe CBOH-
crBa 1—5:

gt ay, b)) =a,+ bie (¢ xy)- (7.44)

B sTofi Momean H3MeHEHHe (POHA IO BPEMEHH ONHCBHIBARTCS HENpe-
PHIBHOH ¥ [JBaxAH. HEUPepHBHO Juddepenuupyemolr (QyHKIHeHA
@(t, x1), KOTOpasi B MOMEHT f==x; HMeeT PaspHB TpeTbell NIPOH3BOJA-
HO# M 3ajmaeTcs (popMyJoH

(£ — xp)°
[(t‘xo)‘"__g—e%"_ ) XLy

i k; hy By (t — x,)?
PR AP R AR
—_(1_ _h_(Q)_-_ 261’11) (t --—X1)3
e2 3eyh, 3¢;

], Xo < E Xye

Tenepb 0CTaJOCh HCIONB30BaTh pE3yNbTATH H3MepeHuft fp A

TOro, 4ToOH BHIOpAaTh ONTHMAJbHEIE 3HAUEHHA NapaMeTpoB 4y U by
MoXHO, KOHEUHO, B C TOMOIIbID) METOLA HAUMeHbIUMX KBAaApaToB Ha-
XOJIHTh BEJHYHHBLI @¢; W b;, MHHEMH3KEPYIONIHE HEBA3KY MeXAy HalJio-
RABMIEMUCS BEJMUMHAMHE ¥ 3HAUCHHAMH TpEHAA:

R(a, &)= El re(fe — & (24))% (7.46)

HanoMunm, uTO ri— Becopoll ko03(pUIHEHT AJI y4eTa BaXKXKHOCTH
BKJaJa OTHeJbHEIX HabuiofeHu#i. OTMETHM, 4TO MOMEHT H3MEHCHHS
CTPYKTYPHl TpeHAA I==x; (HpoxOXKJeHUe (PpOHTA) MOXKeT He COBIA-
JaTh HM C OZHHM MOMEHTOM HAaGJIONCHUE fp. '

OnHako MeTOX HauMeHbIIHX KBaApaTOB HE YYHUTHIBAeT B SBHOM
BHIe cBOMCTBO 3 (TpefoBaHHe MAKCHMaJbHOH IMIaZKOCTH TPEHIA).
Jing Ttoro uto6B yuecth 5TO CBOHCTBO TpeHZA, HE0OXOIUMO, 4TOOH!
BHIIOJHSIIOCH YCJOBHE MHHHMyMa JJis MHTerpaJja, KOTOPHH mpes-
cTaBisieT CO0OH CpPENHIO KDHBH3HY:

X2

S(ay. b)) = {[¢" (@, b, H]*dt. (7.47)

Xa
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B MeTone perynspHsanmuu mpensaraeTcs yuUHTHBATbL OAHOBPEMEH-
HO pasercTBa (7.46), (7.47) u, ecinm ecTb HeOGXOHLHMOCTb, APYTHE
IOMOJNHATENbHEIE YCJAOBHSA [YyTeM MHHHMH3ALHH KOMIPOMHCCHOTO
ycaoBud. B HalleM ciyyae IBYX OTPaHMUeHHH OHO HpPHHUMAeET cJe-
Aylomus BUL:

F(a;, b) =_R (@ b))+ S(a,, b)o. (7.48)

B sTom BHIpaxKeHHH BBelleH BecOBOHl K03(GbUUHEHT @, KOTOPHI Hccie-
IOBaTeNb MOXKET MEHATb MJIS PETYJHPOBKH CTENeHM BJHSHHS Ha
TPeHJ ONHOro M3 ycsoBu# (7.46) n (7.47).

ITon6epem mnapameTpsl HJs1 Haimlero cayyas. JJs 3TOro HYKHO
IOACTAaBHTh NPABYI0 uYacTh paBeHcTBa (7.44) B BEipaxenus (7.46),
{7.47) n noayuuTh B ABHOM BHAe 3aBHCHMOCTb F(ay, bi):

F(ay, b)) =i+ k§ r(fp—a— o). (7.49)

B 9TOM paBeHCTBe HCIOJb3YIOTCH 0003HAUEHHS
A x

= o[ [¢(t, x|t

Pp = (£z, X1). (7.50)

Hafizem ycnosus muaEMyMa ¢yHROuHOHaga (7.49). Hdas sroro,
KaK U paHee B METOJe HAMMEHBUIHX KBaJpaTOB, IPHPaBHsSIEM K HYJIO
NpoH3BOAHHE oT ¢QyHkuumu F(a;, b;) no ee apryMeHram a; u b
B’ pesyabTaTe 3THX npeo6pasoBaHWil MOAYUHM CHCTEMY IBYX ypas-
HeHu#

n

n n
a D rptby 2rge= X rifu
k=1 k=1 k=1
n

n n .
a, kzlrm + b, (kglrk‘?%‘l“}\) = ka ry@efe- (7.51)

Pemur 3Ty cucreMmy OTHOCHTEJBHO @; U ), MONYYHM BO3MOKHOCTH'
NOJIHOCTBIO ONPEleNUTh TPEeHX METeOPOJOTHUeCKOro Ipolecca € IO-
mMouibio opmya (7.44) m (7.45). VicxonHble HaHHEE IJs pacuera
npuBejieHH B Taba. 7.2

JlauHbie Tabj. 7.2 NMO3BOJSIOT HAaHTH Bce HeOOXOZMMBE Iapamer-
PH 3ajaud, eCJHW [OMNOJHUTH WX, YKa3aR MOMEHTHl 3KCTPEMYMOB H
HU3MeHEeHHsI CTPYKTYpH. DyaeM cuurath, 4to xp=0, x;=7, xp;=241u
(ho=x1=T, hi=x3—x1=17), ey=5, e;=12u (MarcuUMyM TeMIe-
PaTYpH NPUXOXUTCA Ha 1419, 2 MUHHUMYM — Ha 54 CJAERYIOIIEro JIH:),
3HaueHHs] (QYHKUUMH @p MOXKHO BHUHCIUTE IO dopmysae (7.45) nas
Jqboro uaca.

3HaueHHs] BeCOBHIX K03(h(HUINECHTOB yqua BaXXKHOCTH HHGbOpMAUH
rp paccunTaHbH Ha OCHOBe CJeAylomux coobpaxennit. IlpeanosoxHM,
uyTO HAGJIOHEHHS Ha CTAHIHH BEJAHChL €XKeuacHO BO BpeMs MHEBHOTO
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v ' ' Tabauya 7.2
Hudopmanua aaa pacyera no dopmyde (7.44)

Mecthoe | Apry- Hadao- Bec, Bec, % Pacuer Torpe-
BpeMs, 4| MeHr JEHHY Ganint > p (744) HIHOCTD
9 0 10,68 10 5,9 9,98 —0,703
10 1 9,73 10 5,9 10,98 1,249
11 2 11,67 10 5,9 11,9 0,225
12 3 11,89 10 59 12,66 0,757
13 4 12,64 10 59 13,16 0,517
14 ) 13,00 10 5,9 13,35 —0,45
15 6 13,89 10 5,9 13,13 —0,769
16 7 11,30 10 5,9 12,43 1,05
17 8 10,78 10 5,9 11,38 . 0,591
18 9 11,53 10 5,9 10,18 —1,356
19 10 9,63 10 5,9 8.88 —0,751
20 11 9,87 10 59 7,53 —2,349
21 12 4,53 10 5,9 6,17 1,631
22 13 5,62 0 0 4,84 —0,783
23 14 3,88 0 0 3,6 —0,282
0 15 3,21 10 59 2,48 —0,739
1 16 1,67 0 0 1,53 —0,142
2 17 0,95 0 0 0,8 —0,157
3 18 —0,67 10 5,9 0,32 0,994
4 19 —1,66 0 0 0,16 1,827
5 20 —0,40 0 0 0,34 0,749
6 21 0,86 20 11,8 0,92 0,052
7 22 2,19 0 0 1,93 —0,262
8 23 4,23 0 0 3,44 —0,797
9 24 6,66 0 0 5,47 —1,194
Cymmaz 170 100,3
Cpennee apubmernyecroe: 6,70 —0,044

JEeXKypPCTBA CHHONTHKAE, T. €. ¢ 094 1 mo 21 u. Jlanee npousBORHINCH
HabJiofeHusT Tonbko B cranjapraele cpoku 00, 03 u 06u. Co cpoxa
06 u HOBHII HeXYDPHBIH CHHONTHK HAYHHAeT TOTOBMTH IIPOTHO3 H €My
_OYeHb HYXKHO CHEJA4Thb pacueT OXHjaeMo#i TemmepaTypu B 09 4.

B cooTBeTCTBHM € STHMH cOOOpaxKeHHSMH M Ha ocHoBe 20-6asib-
HO#l CHCTeMbl SKCIIEPTHHIX OILGHOK POJM KaXKAOro OTAEJNbHOr0 HabJio-
JEHUS CHHONTHK NIPHCBOMJ HMEIOMIEMCS JTaHHEM OLEHKH B 0OaJnax
(cM. Tabn. 7.2). OnpeleiuM OTHOCHTE/IbHMIH Bec HabmoAeHM# B A0-
Jsx or obumieli cyMMEl 6aJI0B H HCHOJb3YyeM €ro B KA4eCTBE fr.

Hnrerpan, sxopsuinét B dopmyay (7.50), BEHUHCAAETCS C HUCIOJb-
3oBaHneM QopMynnt (7.45). Bripaxenue IJs onpelesieHust A Oyner
HUMEeTb BRI

N (1 ke 2he ) .

4o [ B hom,
b= ['g‘**“seg e \l T T e
% hy  2he, >2 |
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. B atoMm cayuae snayenue A IpH m-—l paBHO npuﬁnusmeabno 9,5.
Ho nns cpaBHenus poJin BKJALOB HeBsiskH R (@i, b1) U KPUBHSHH
S(a;, b)) B omucaHHe TpeHJAa MOXKHO IIPOBapbUpPOBATH 3HAUECHHE @
or 0 (Her BauAHUA KpUBH3HH) Jo 100 (HeT BAMAHHSA HeBsi3kH). MoX-
HO BHIOMpaThb ¥ OTpHLATeJbHblE 3HaueHHs . B aToM cayuae Oynaer
BBINOJIHATBCSA YCJOBHE, MPOTHBONOJOXKHOE CBOHCTBY 3, T. €. KPUBH3HA
TpeHAa OyAeT MakCHUMaJjbHOH.

ITpoBenenre pacyeToB HAUHHAEM C BBIUHCJACHHA (YHKUHH Qp AJIA

BCeX MOMEHTOB fp. Hazee caepyer onpenenmb CyMMBI, BXOJASIIHE B
(7.51), n pemuTL 3Ty CHCTEMy YpaBHEHHH A/ HaXOXKIEHHS a; W by,
C moMoubIo 3THX KO3(GOUIHEHTOB MOKHO BOCCTAHOBHTb TPEHJ IO
¢dopmyne (7.44).
- PesyabraTe 2THX pacueToB NpuBeLeHH B TabJ. 7.2 u Ha puc. 7.4.
Moxmno y6ezmec51 4TO HCIOJb30BAHHE METOAA peryJaspH3aluH I03-
BOJIET B TOJIHOM Mepe yuecTh Bce cBolictBa 1—5 o, MaHHHYJIprH
HapaMeTpoM ®, PeryJaHpOBaTh IVIaJKOCTh HCKOMOI'O TPEHAA.

Ha puc. 7.5 ans cpaBHEHUS NPHBEACHHBl Pe3yJbTaTh BOCCTAHOB-
JIEHUSI TpeHJa ¢ TOMOIUBI0 HHTEPHOJISANHOHHOTO NojaHHoMa HeloToHA
N0 HaHHBIM, B3ATHM H3 TabJj. 7.2, 3a CTaHINapTHHle CHHOITHYECKHE
cpoku (09, 12, 15, 18, 21, 00, 03 u 06 u). PesyabTat HHTEPNOJIAIIHY,
'HeCOMHEHHO, MeHee IIpHeMJIeM, UYeM TpeHJ, NOJYuYeHHHBH 10 ¢Qopmyne
(7.44), oco6eHHO Ha KpasXx PacCMaTPHBAEMOI0 HHTEpBaja M B IEJIAX
SKCTPaANONALKH. ’

JonosnuTenbHyI0 HHQOPMALMIO O CBOHCTBAX TPEHAA, NOJYUSHHOTO
METOAOM peryJspH3an#y, MOXKHO IIOJYYUTb C HOMOIIbIO pHC, 7.6 H
7.7. Ha sTux pHCYHKax H300paxKeHbl TPU CAyuasl pacdeToB TpeHIA
NpH Da3JHUHBIX 3HAUYEHHSAX A. B OJHOM ciayuae BBHIIONHSAJNOCH PaBEH-
cTB0 ©==0, KoTOpOe, Kak ciexyer u3 QopMynan (7.48), mpuBOAHT
K MeTOLYy HauWMeHbIIHX KBaApaToB. B Apyrom — BrGpaHo o=—0,3,
4TO COOTBETCTBYET He(OJIBIIOMY VCHJIEHHIO KPUBH3HH TPEHIZA NyTeM
peryaspu3auuu. B TperbeMm ciayuae BhIOpaHO w==0,3, yTO cOOTBET-
CTBYET CJIyual0 MHHAMHU3AUMH KDUBHSHHL '

Pucynok 7.6 noxkaseiBaer, uTo TpeGOBaHHe MHHHMH3AIUH KPUBH3-
"HBl IPUBOJUT K AONOJHHTENbHOMY 3(GheKTy Cria*kVBaHHS LAHHHIX IIO
CPaBHEHHIO CO cjyyaeM [OpHMeHEHHS MeToJa HAaHMEHbINHX KBajipa-
_toB. IlosTOoMy AN KOMIEHCAUWM CIJIAXKHBAHMS CJEAYET [OJb3O-
'BaThCS OTPHILATEJbHEIMH 3HAUCHHSIMH @.

Pucynok 7.7 JeMOHCTPHpPYeT HEKOTOPOe YCHJEHHE AHCHEPCHH Y
TPEH[AOB, PaCCYUTAHHBIX IpH @0, IO CpaBHEHHIO CO cJyyaeM pac-
yera TPeHZA MO METOLY HaHMEeHbWIHX KkBajpaTos. Taxo#i sdderr me-
'TOLA peryJaspH3allMd MOXKHO NOHSTb, TaK Kak IIPH €ro NpHMeHEHHH
"MHHHMHSHMpYeTCA He aucmepcuss R(a;, b;), a KOMOHHAUHS AUCIEpCHH
U KpuBHU3HH S(a, b;).

TlpencraBnasiercss pasyMHBIM DEKOMEHAOBATb HCHOJb30BATH METOJ,
pery/asapu3anmyuu JJs BBIAGICHUS TPEHAA B HCXOJAHBIX JAHHBIX HE TOJb-
KO NOTOMY, YTO OH II03BOJIIET IOJHOCTBIO YYeCTb H3BECTHBIE NPOTHO-
_BUCTY CBOHCTBA METEOPOJIOTHUECKOTO ¢OHA, HO ellle M INOTOMY, UTO.
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C €ro IOMOIIbI0 MOXKHO OIIEHHTh 3HAUEHHS HHTErpajoB H IIPOH3BOL-
HHX TpeHaa. s 2TOro Hy:XHO BHINOJHHTb HEOGXOJHMYIO OIEpalHio
(mampumep, nuddepeHunpoBanne) BHpaXKeHus IJs TpeHAa. B Hamlem
cilyyae 9T0 NPHBOAHT K HeOOXOAMMOCTH AHddepeHUHpOBATh UM HH-
TerpHpoOBaTh PaBeHCTBO (7.44), uto BHINONHsAETCH 0e3 3aTPyZHEHHIH.

: [nasa 8
AKCTPAROJGUNA METEOPOJOTIMNYECKNX NMOJIEA

KHHEMATAYECKHE XAPAKTEPHUCTUKH
METEOPOJIOTHYECKHUX MNOJIEN

HecmoTpss Ha MOMHOe pa3BHTHE METOHOB T'HAPOJHHAMHYECKOTO
NPOTHO3a ITOTOJH, H3 CHHONTHYECKOH IpaKTHKH HHKOTAA He HCuesan
METOX KHHEeMAaTHUeCKOH BJKCTPaNOJsANHH ocobeHHOCTe GapHuecKoro
nossi. OH IpPOCT M HALVIAJEH M IO3TOMY IIO3BOJSET CHHONTHKY SCHO
IPENCTABATL BpeMEHHOE Pa3BHTHE BAaXKHBIX JJIS IPOT'HO3a IIPOIECCOB.
Kag # BCAKHH SKCTPANOJSALHOHHHA MeETON, OH HMeeT TeHIEHIUIO |
K HEOTpaHHUEHHOMY pOCTy OWHOGKHM BO BpeMeHW. Ho pjs uHTepecyo-
niedl Hac 3aJayd — CBEDXKPATKOCPOUHOIO IPOTHO3a HOTOAH — 3TOT
MEeTOJl NpEeNCTAaB/IsSeT HECOMHEHHH uHTepec, MeHHO mostomy cCie-
IyeT OCTAHOBHTHCS Ha HPAKTHYECKUX aJrOPHTMAax pacueTa Ha KOM-
IbIOTEpE IOJIOKEHHSI O0COGEHHOCTeHl METeOpOJOrHUeCKHX MOJed M CKOo-
pocteli ux mnepemeutenus. OCHOBHBHIE TeODeTHUECKHe DPaspabOTKM IO
aTOMy Bompocy Obuin cienansl B 30-¢ —40-e roasl. B nanbuefimmem
pasBHTHE THAPOJAMHAMHUUECKHX METOJOB OTOJBHHYJO B TEHb METOJH
KuHeMaTHKd. HamoMHHM OCHOBHI 3TOH TEOpHH. ’ |

Pacnpenenenne Kako#-au60 MeTeOPOJOTHUSCKOH XapaKTePHUCTHKH
f(x, y, t), saBucsimee OT KOOPAHHAT Ha IJIOCKOCTH (X, ¥) ¥ BPEMEHH,

3afafuM ypaBHEHHEM
f=1f(x v, f). (8.1)

Ceuenne 3TOH MOBEPXHOCTH IJIOCKOCTBIO [==a, THe @ — NOCTOSH-
Hasl, ONpeneNsioNnias KOHKDPETHOe 3HAaueHHe MeTEOPOJIOTHUCCKOH Xa-
PaKTEPUCTHKH, JaeT ceMeHCTBO KPHBHIX Ha IVIOCKPCTH (X, ¥):

f(xa Y, t) =da. (8-2)‘

C usMeHeHHeM BpemeHu ¢ kpuBHe (8.2) mepememalorcs H Hedop-
mupyiorcs, s HasipHeHUIero CyMeCTBEHHO CUMTATb, YTO (DYHKIMH |
HENPEepHIBHE X HMEIOT B OKPECTHOCTH HCCJeAyeMHBIX TOUeK YacTHHIE.|
[IPOU3BOJIHEIE HE HMIKe TPeTbero Hopsaika. - l

[IpoHNTIOCTPHPYEM CBSI3b MaTeMaTHUYECKHMX NOHATHH C CHHONTHUe-
CKHMH, B3siB B KauecTBe (yHKUMH [ Ipu3eMHOe AaBiaeHue. Torma
ypaBHenue (8.2) ompenensieT mojoxeHHe H306aphl CO 3HAYEHHEM 4.
Apanusupysi  M3006aph, CHHONTHK HHTEpPECYyeTCs HaMpaBJeHHEM Kaca- .
TelbHHX K HEM H HX KpuBH3Hofi. HanpaBneHnwe kacaTenbHHIX B TOUKE |

|
116 l
|

i

i
J



(%0, Yo) mpu f=a BHUHCJISgETCA Yepe3 COCTABJSIONIHE TPajHeHTa [
B f, 0O ypaBHEHHIO

) fx(x—xo)_]_fy(y_yo):()' o (8'3)
Kpususna K xpuBo#i cemeidicrBa (8.2) B Jaro6oif Touke, rae cy-

" ILECTBYIOT HEeOOXOAHMEIE NpOX3BOAHEIEC, ONPEAEHAECTCA PABEHCTBOM

K — fxxff: - Qfxyfxfy + fyyf?
N G A

B kaxkJo#l TOuKe IIOJIs, THe MOTYT GHIThb ONpeJeNeHbl KAK 3HAUeHHE,
TaK ¥ KDPUMBH3HA H30JMHMH IIOJS, MOXHO, COCTABHB CyMMY

2=K+\(f—a), (8.5)

pelIuTh METONOM MHOXKUTejeH Jlarpamxka 3agauy Ha YCJOBHHIH
9KCTpeMyM 3TOH (YHKUHMHN M NOJYYUTh BHIpaXKeHUe [JI ONpeleseHUus
HOJIOJKEHHUS OCH JIOXKOUHBEl UM I'peGHSA KaK MHOXKECTBA TOUEK MakcCH-
MaJIbHOH KDHBH3HEH H30JHHHM [=a. [ 2TOro 34NMIIEM CHCTEMY
ycJoBUH sKcTpeMyMa (DYHKIHH 2:

2, =K.+ M,=0;
2, =K, +M,=0, - (86)

KOTOpasi HMeeT pellleHHe, He 3aBHCSIEe OT 3HauUeHHs A IPH YCJIOBHH .
O00palleHHsA B HyJb OHpeIeJHTEN

F(.X.', Y)=Kxfy'_Kxfy=0‘ (87)

D710 ypaBHeHHE U OHpeAeNseT IOJNOXKEeHHe OCH JIOXKGHHB HJH rpelHH.

Ho cux mop peub 1Ja TONBKO 06 OOBIKHOBEHHBIX TOYKAX KPHBEHIX,
sajanurlx ypaBHenneM (8.2). Onpenenenue KpUBU3HH Kpuso#l (8.4)
BHIABJISIET BO3MOXKHBIE OCOOBIE TOYKH, B KOTOPBIX BBHIIOJIHSETCS YCJIO-

. (8.4)

BHE

fo=0, |
f,=0. (8.8)

B sTOM ciyuae KpHBH3HA KDUBOH (hopMasbHO GECKOHEUHO BeJHKA

. ¥ KOH(Hrypamyus H30JUHHH ONpeie]seTcs HPOH3BOAHBIMH BTOPOTO HO-
- paaka. Ilpusenem Ge3 10Ka3aTeqbCTBA KJIACCH(PHKAUHIO OCOOBIX TO-
Y€K Ha OCHOBe AMCKpuMuHaHta D(x, y), BHUHCJAsfeMOro mo dopmyJe:

D (xv Y) = (]cxy)z _fxxfxx‘ ' . ‘ (89)

B pa6orax E. C. KysHenoBa nokasaHo, 4T0 OZHOBpeMeHHOE BHI-

. nosHeHHe yeqaosu#l (8.8) u papencrtsa

D(x, y)=0" (8.10)

- AIBASETCS YCAOBMEM BO3HHKHOBEHWS WJ/M MCUe3HOBeHWs 0cofofl TOUKH.

- Ecan ycnoBue (8.10) HE BHINOMHSAETCS, TO BO3MOXKHE TPH CJIyYas.
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1. Ycnosus (8.8) BHINOJHAOTCS OAHOBPEMEHHO C HepaBeHCTBaMH
D(x, y)<0, f.,.<0, f,<0. (8.11)

DT1oT cayyall COOTBETCTBYET H30JHPOBAHHOH 0COGOR TOUKE THIA Mak-
‘CHMYM (@HTHIHUKJIOH).
2. VceaoBus (8.8) BHIONHSAOTCH OJHOBPEMEHHO C HepaBeHCTBAMHU

D(x’ y)<0, fxx>0) fyy>0- (8.12)

Dr0oT Cayuaidl COOTBETCTBYET OCO0OH TOUKEe THIA MHUHUMYM (LHK/IOH).
3. ¥Ycaosust (8.8) BHINOJHSIOTCS OAHOBPEMEHHO C HEPABEHCTBOM

D(x, y)>0. (8.13)

DTOT cayuall COOTBETCTBYeT HeHTpasbHOH (rumep6oJHuecKoi) 0cobol
TOUKe. ,

' CkasaHHOE BBHILIE IO3BOJISET. CAENaTh BHBOJA O BO3MOMKHOCTH CH-
HONITHYECKOIO aHaJIH3a METEOPOJIOTHYECKHX NOJel, 3afaHHBX B (op-
Me tabaui. OZHAKO TPYLHOCTH TAKOTO AHAJH3a COCTOMT B NPABUJIb- |
HOH oleHKe 3HaueHHH NPOHU3BOAHBIX B JIO60H TOUKe IVIOCKOCTH (X, ¥).
Kax 310 cnenaTh, MBl PACCMOTDHM IIO3Ke.

BriefieM ¢opmyasl, NoJe3HBe AJS pacyeTa XapaKTepHUCTHK Mepe-
MEIIeHUs] TOYeK IPOH3BOJLHOTO METEOPOJIOTMYECKOTO IOJIsSI (CKOPOCTH
Hu YCKOPEHHH) Hnsi BrIBOZA (OpMYJs1 KHHEMATHKH PacCMOTDHM Asa
. ceMelicTBa KPHBBIX Ha IJIOCKOCTH

(x7 yi t) = a’

g(x, y, t)=20. (8.14)

3HauerUsi KOODAHHAT (X, y) SBJASIOTCS pellleHUAMH CHCTEMBl ypaB-
pennit (8.14), a Takke H KOOPAHHATAMU TOYEK nepeceyerHs H30JIHHUI.

Ecan q)yHKuHOHaJIbem OTpEASTHTENb d, paccuHTaHHBIE IO DaBeH-
CTBY

d(x, =18y —F&n (8.15)

OTJIHYEH OT HYJfl, TO CYIIECTBYeT €JWHCTBEHHAsI CHCTeMa (YHKIHH
x=x({t a, b), | |
y=y( a, b), (8.16) |

SBJSIOMANACS pellenneM cHCTeMBl (8.14) B OKpeCTHOCTH pacCMaTph-
BaeMO# TOYKH. {
.. KoMIOHEHTHl CKOpOCTH 3TOH TOuUKM #==dx/df u v-—dy/dl H KOM-~ |
TIOHEHTH YCKOPEHHS! ay=d%x/d? n ay=d?y/di* MoxHO HaliTH, pemas
CHCTEMBl YpaBHEHHH OTHOCHTEJLHO 3THX BEJHUKH:

4 _, 8
at — > dt
af d’g A
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i1 pHBe,ueM roToBHiEe (OPMYJIBL: ,

u= 25— (10~ 12, (5, 9),

v=L — (g~ fg)ld (x, y); (8.18)

du '
C="Jr = [(gxxtt® + &4,V + 28 00 + 28 i + 28,0 + &4) fy—

— (feett® 4 fyy0® + 2f pyuv + 2f qu + 2f 0 + ) gy]/d (x, )’),

ay = -@« = [(fxxu2—i—fyyv“ -+ Qfx)ll'l) + Qfxtu+2fyt'v + ftt) gx—

- (gxxu‘ + gyyrv + ngyuv + ngtu _{— ngt@“}"gtt) fx]/d Xy Y) (819)

Ati GOpPMYJE MOXHO HCIOJL30BATh, YTOOH NpEACKA3aTbh IOJO-
JKeHHe BLIEJNEHHBIX KaKHM-AH60 00pasoM TOUEK H3OJHHHA NoJeh
PAa3/IHYHBIX XapaKTePHCTHK aTMocheprl. B wacTHOCTH, Ha OCHOBE 3THX
thopMys MOXHO OOBACHUTL IIHPOKO YHOTpeb/seMoe B MPaKTHUECKOH
paboTe CHHONTHKA IIPABH/IO «BeAyLIEro MOTOKa». IJTOT H JAPYrHe BO-
IPOCH MBI PACCMOTPHM Ha InpuMepe. 3ech TOJBKO IOSICHUM METO-
IUKy mosiyueHus ¢opmys tuna - (8.18) —(8.19), ucenenoBas BaXHEIH
YaCTHREIA CJAyuyali [epeMmelleHHs] IeHTpa GapHueckoro OGpas3oBaHUSL.

Jljist coxpaHeHHss OOIIero xapakrepa (GopMyJ NpPeANOoJoKHUM, UTO
aTMochepHoe faBjeHHe GyneT 0603HAYATECS B 3TOM NpHMepe He OVK-
Bo# p, a OykBoH [. YpaBHEHHS XapakKTepHCTHUeCKHX JHMHHA (8.14)
B 9TOM cJyuae GyAyT coBnaiath ¢ cucteMmol (8.8), mockosabky Gapu-
YyeCKHH IEHTP SIBJISETCS TOUKOH MaKCHMyMa HJIM MHHMMyMa [aBJje-
nus. Omnpegenurens (8.15) copmager ¢ (8.9) u Oymer OTJHUEH OT
HYJIS H OTPHIlATEJeH.

Uz ¢dopmyan (8.18) nosyuaem Bblpa}KeHHH AJIsl KOMIIOHEHT CKOpO-
CTH TiepeMeleHusi Gapuyeckoro unentpa (Cx u Cy):

Co=—D,(x, 9)/D(x, ¥), D,=(ft,fry —Tufyy)
Cy=:—Dy (x, )’)/D (x, ¥), Dy= (ftxfxy"—ftyfxx)- (820)
OtMeruM, uto ecin onpegenautens D (x, y) paBeH HYJIIO, TO NOJY-
9aeM HMCTOJKOBaHHe YCJOBHH BO3SHUKHOBeHHsT neHtpa no KysHenosy
(8.8)—(8.10): BO3HMKHOBEHHE ILEHTPa NPEACTABJASETCS Kak Iepeme-

illeHHe €ro ¢ GeCKOHEYHQ 6om,mon cxopocmm u3 GGCKOHelIHO yzxa-
JIeHHOH TOYKH.

TlosicauM -cmoco6 mosyuerus (opmya (8. 20) Tak kax B ,mamxy-
meMes neHTpe B cuiy (8.16) KoopAMHATH 3aBHCAT OT BpeMeHH TO CH-
cremy - (8.8) MoxkHO: nepeanaTb B BHIe :

fx(t, X(t )y Y(t))=0, . .
fy (¢, x(8), y (£) =0. - (821)

Tlepsas rnapa ypassenuii (8.17) osHauaer, uTO BHA ypaBHeHHﬁ,
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OIIpeieIIIILMX TOYKY, He MeHsieTcd INpH ee nepeMemmieHud. Haitas
HHAUBUAYAJbHYI0O IPOU3BOAHYIO OT KaXAOFO0 YPAaBHEHHS CHCTEMLE
{8.21), nmoayunm cucremy

e D=

fyt—l——‘;—ffxﬁ @y o (8.22)
Ecay BBecTH 0003HAYeHHS

C,= %“:—, C, = —‘2’— , (8.23)

TO pelleHHe cucteMhbl (8.22) coBmamaer ¢ CHCTeMOH PaBEHCTB (8.20).

AHaJIOrMYHO BHIBOASTCS H $OpMYJIBl ANIA YCKOPEHHH IepeMellerHs
XapakTepHHX Touek H3oauHMI. Hanpuwmep, yckopeHue nepemenieHus
6apuyYeCcKOr0 HEHTPA MOXKHO NOJYYHTb NyTeM ABYKPATHOIO HaxoXKje-
HHs HHAMBHAYaJbHOH HPOM3BOAHOH OT KAXKJOro ypaBHEHHS CHCTEMHE
(8.21). fIcHO, uTO 3TO SKBHBAJEHTHO NOBTOPHOMY Aubdeperuuposa-
HMIO ypaBHeHHH cHucTeMbl (8.22) s NIPHUBOAMT K HOBOH CHCTEMe YpaB-
HEGHHH Buja:

dfd dx df,, fch
g T ar df + g dt g vzl F ht 2 ae hey =

dfyt dx dfxy dy df)'y
g Y ar —a T ar a dt%fnyrdtz fyy=0-

(8.24)

Ecim 3Ty cHCTeMy peliaTh OTHOCHTEJNBHO YCKOPeHHH, 06o3Hauae-
MEIX

_dx

dy
=g YT gs

, | (8.25)

3aMEHHTb IIOJHBIE NPOU3BOAHEIE OT fat, fyt, [xa» fay B [y, HX SBHBIMH
BHIDaXKeHHsMH M NPOM3BeCTH HeoOXOAMMBble TPYNIHPOBKH, TO IpUIEM
K cucreme (8.19).

DQopmyJaEl AJs pacuera NepeMelleHHs LEeHTpOB OapHueckux obpa-
30BaHHH JaBHO M3BeCTHH MereopoJoraM. Kpome HuX OBlIH: BEHIBele-
HH (QopMyabl Ajs NepeMmelleHus ocefl JOXOHMH H rpeOHeH, JHHuR
¢ponros. Panee Bce TH (OPMYyJB He HaXOAKIW MIHPOKOrO NpaKTH-
YeCKOro NpHMeHEeHHs IO ABYM NpHUYHHAM. Bo-mepBHIX, MX IpHMEHEHHE
CBsI3aHO ¢ O6OJbIIOH BHYMCAHTENHHOH paboroli. Bo-BTOphIX, mpy Hc-
H0Jb30BaHAH (OPMYJT KOHEUHO-PA3HOCTHOTO AH(bepeHIHPOBaAHUS
BO3HHMKAIOT OLIHGKH, KOTOPHE MOTYT O0eCHEHMTb IIPOTHO3, €CJH OKa-
XKyTCAd 3HAUYHUTENbHBIMH. B Hacrosiee BpeMH obe 3TH TPYAHOCTH MO-
IyT OBITb. OPEOJOJICHEL
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OCOBEHHOCTU NPMMEHEHHUSA $OPMYJ KUHEMATUKH

OcHoBHBle (GOpMYJIbI KHHEMAaTHKH METEOPOJIOTHUECKUX NoJeH, pac-
CMOTDEHHBIE BbIlIe, HMEIOT LeJBH PSAX NMOJE3HBIX NPHAOKEHHH, HO HX
cjieflyeT UPUMEHATb € SICHBIM NOHHMAaHUeM NPHAYUH BOSMOMKHBIX OIIM-
60K, Ilja moJsydeHHS HeOOXOLMMOrO ONBITA PACCMOTPHM Ipumep. 3a-
AaJ¥M MOJIeJbHOE TOJie NepeMel(aloNIerocs UHKJIOHA 1Mo (opMyae

P(% Y &) =Pyt (Pm—Pa) 9 (%, X0) 2 (Y, Bo)s
? (S, Sg) =exp[— (s— s)/r?];
S=)C, ys SOSXO’ yg;

r=Vx—x)+(y— ) (8.26)

B sr1oli popmyse uepes p(x, y, ) o6o3HAUEHO TpPH3EMHOE NaBJe-
HYEe C MaKCHMaJbHHIM 3HaueHHeM pypr, paBHeIM 1020r1Tla, U MuHH-
- MaJbHBEIM 3HaueHHeM B LEHTpe UHKJIOHA pPp, paBHbM 980 rlla. Hso-
6apa C KOHKpPETHBIM 3HayeHHEM p HMeeT B 3TOM MOJEIBHOM [oJe

¢opMy xpyra ¢ pamumycoMm r. LleHTp HMKIOHA 3aKaeTCs MEHSIOLIH-
' MHCSI CO BpeMeHeM KOoOpAMHAaTaMu Xo(f) # yo(f). 3akoH NepeMelne-
' HHA LEHTpa NUKJIOHA INPHHAT CJEAYIOULHM:

Yo (£) = yoo + Ct + AP,

Xo (8) = Xo0+ (Yo (&) — Yoo)?- - (8.27)

Takum o6pasoM, MOJedbHOE IIOJIe NPEJCTABJIAET CO0OH NHKJIOH
C KDYroBeIMH H300apaMH, ABIXKYWHHCA No napaboiuueckod Tpaek-
- TopuH. O6JacTH H3MEHEHHs apryMeHTOB Takophi: 0=Cxo<C90, 0<<
- Yot 90, —3<Ci=<C+3. TlapameTpr 3aKOHa JBHXKEHHUS IEHTPA LUK-
JIOHA HMEIOT CJelyloUiue 3HAYeHHA: Xoo=10, Ygo==50, C=6, A=1/6.
3Hauenne pajuyca KOHTPOJbHOH M306apbl NUKJIOHA r paBHO 6,66. Bee
BEJHYHHB YCJAOBHH M HX Pa3MepPHOCTH He MMeIOT 3HauUeHHs, XOTS IO-
pPAAKH OJHM3KH K eCTeCTBEHHBIM SHAUEHHSIM.

HMicnonb3oBaHne MOJEJNBHOrO IOJSt MO3BOJSET MHOJYYHTH MOCJENO-
BaTEJAbHOCTb II0 BpeMeHH TabJHl KBAa3UMETEeOPOJIOTHUECKHX HabJio-
 NeHVWH 3a 3HAYEHHAMH NaBJeHHA B pafiOHe BJHSAHHMA IepeMemialole-
- TOCSl IHKJIOHA., DTH JaHHBlE C OAMHAKOBHM INAroM A IO X H IO ¥,
PaBHHIM 5, M IIaroM N0 BPeMEHM T, PaBHHIM 1, IpuBefeHH B Taba. 8.1.

dra Ta6Jmua CONIEPKHT TOJbKO HacCTh JAHHBIX, HEOOXOXHMYIO JNJIst
pacyera CKOpOCTEH NepeMelneBHs NeHTpa WUKJIOHa no dQopmynam
KHHeMaTHYecKOl skcrpanmoasuud (8.20) = (8.9). as mnposeleHus
TAKOr0 pacuera CJAeIyeT IOMECTHTb HAuajo JAeKapTOBOH CHCTEMEL
KOODAMHAT B IIEHTP LUHKJOHA, DTO JErko cAejaTh IO ZaHHHM H3 Tal-
JAMUbI, TaK KaK HEHTP LMKJIOHA CBA3aH C TOYKOH HAMMEHbUIETO LaB-
JIeHHsI. ) '

B 3TO#t cucTemMe KOOpAHMHAT HYXKHO CHATH AAHHBE 32 JBa IOCJE-
. JoBaTeJILHBIX Cpoka (HocjefHuii u npennoctersui). Toukm cHATHS
AaHHBIX JOJIKHEl pacloJiaraThCsl TaK, KaX HYXKHO JJs BHIIOJHEHHS
YHCJEHHOTO JuG¢depeHIUpoBaHusa. B 2TOM InpuMepe MH BOCHOML-
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Tabruya 8.1

OTK/IOHEHHs] 3HAYEHHi, PACCUHTAHHWX WO topmyae (8.26),
OT MHHHMJBHOTO 3HAYCHMS Pmi, 34 TPH NOCHEJOBATEJBHBIX. CPOKA

3yeMcsi OOLIENPHUHATHIMH B CHHONTHYECKOH METEOPOJIOTHH H CaMbIMK
TnpocTHiMA GOpMyJAaMu AJA OLUEGHKH YaCTHBIX NPOH3BOJHBIX IO JAaH-
HBIM - Ha PeryJaspHO# ceTke. s pacmoJoXKeHHS TOUEK, LIPHBEACHHOTO
#a puc. 8.1, aTH HOPMYJH HMEIOT CJACAYIOIIHA BHA:

= (fr.o— 2fo,0 4 f—1,0)/H%;
y = (fo,1 — 20,0+ fo, —1)/R?;
fxy = [(fl,l - f——l,l) + (fl, -1 f—l. —1)]//4'h2;
fx= (fr.0—F-1,0)/2k;
fy = (fo,1 — fo, —1)/2h; -
fr=(fo, 0 — £§70)/x. _ (8.28)

Hicnonbsys sTH JaHHble, PACCUHTACM BCe BeJHUYHHB, BXOAAIIHE B
«popmyan (8.20), B cpaBHMM HX C HX TOYHHEIMH 3HaUeHHSIMH, KOTOPhIe
B 5TOM CJIyuae MOXKHO IOJYYHUTb IyTeM Hu(pdepeHIHpOBaHUA MOJALTH
(8.26). PesysabraThl TaKHx TapaljJjeJbHbIX pAacueToB [OMEINEHH B
Ta6a1. 8.2.

Tlpn amanuze Tab6J. 8.2 BamHO o6paTuTh BHMMAaHHE Ha TO, UTO
5TOT YHCJHEHHHH SKCIEPDHMEHT IIOCTaBJeH B YCIOBHAX, HAEAJbHBIX
JUJIS. BO3MOXKHOH paGoTH 1O NPOrHO3Yy ¢ NpUMeHeHHeM (OpMyJ KHHe-
MaTHYeCKOH SKCTPAIOJSLHK: BCE [NAHHBIE CHATH B HYXKHOM KOJIHYECT- |
Be B HeoOXoAuMMBIX MmecTax u Ge3 ommubok. Hecmorpsi Ha 3TO, pe-
3yJIbTAT pacyeTa OKa3hlBaeTcsl LaJeKHM OT HCTHHHL. IIpHumHa srtoro |
XOpOIIO BHISBJASETCS 10 HAHHBIM Ta6j. 8.2 —3T0 HNOrPEeHOCTH KO-
HeuHo-pasHocTHOro nuddepenuuposanuss no cdopmynaam (8.28). He- |
clenyeM Hx, MCTIONb3Ys MOJeNb (8.26) u orpaanHBas{Cb TOJIBKO IIep- |
BOH IIPOH3BOAHOH. :

Hafimem npupamenue QyHKUud p(x, ¥y, t), 3a1aHHOMN q)opmynoﬁ
{8.26), npu M3MEHEHUH apryMeHTa X OT 3HAUCHUS X —h ,uo 3HAYECHHA
x+h. Ono MoxeT. OBITh BHIpaXKEHO (HOPMYN0H
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Tabauya 8.2

ConocraBaeHte pe3yJbTaTOB PACYETOB CKOPOCTH MePEMEIleHHs] LEHTPA UUKJIOHA
no dopmyaam (8.20) pias 7=0 no TOYHHM M nNpuGAHKeHHHM (8.28)
3HAYEHUAM HPOU3BOAHBIX

TIpoussoause ITo (8.28) Tounsie
I 0,96 1,8
oy 0,96 18
Ty 00 0
D 0,92 3,2
Ix 0,0 8
/ 2,0
N 0,0 0
Syt —2,0 10,5
D, —1,92 0
D, 2,02 18,9
Cy —2,08 0
Cy 2,19 5,8

Ap(x, . ) =p(xth 9, £) —p(x—Hh, y, t)=
= —2h (2 (x — x;,) #/r?) exp (— K*[r?) X
X (Pm—Pu) ¢ (%, X5)2(¥s Yo)- - (8.29)

Dra (opMysa NO3BOJSET OUPEAELNUTH 3HAUEHHE KOHEUHO-Pa3HOCT-
HOTO aHaJ/iora NpPOU3BOAHOH IO x OT NMOJS, 3alaHHOT0 MOKE/bIo (8.26).
Halizem oOTHOLIeHHe KOHEUHO-DA3HOCTHOH ¥ TOYHOH IPOM3BOAHBIX
0 X, HasplBaeMO€ B BLIUHCJIHTENbHOH MaTeMaTHKE QMHAUTYOHOI
ouubKoll annpoxkcumayuu:

sh (2 (x — x,) hjr?)
2 (x — x,) h|r?

Kak BuAHO M3 NpHBeAeHHOH (GOPMYJBL, JJIs - KPYTOBOTO LUKJIOHA
oumubKa YHC/AEHHOTO AH(PEePEHIHPOBAHUA 3aBHCHT OT IIara CeTKH #
¥ TOJIOXKEHHS TOUKM OTHOCHMTEJNbHO LIeHTPa LUKJOHa. B HccrenyemoMm
IpuMepe W Ha IpPakKTHKe BCerja IPHCYTCTBYIOT ofa BHAa OWIMOOK.
Illar ceTkH ompefiesisieTcsi NpeXKJe BCENO PACCTOSHHAMH MEXAY CTaH-
LHSAMH, a MOJOXKEHHe ILeHTpa LHKJIOHAa Jaxke B HalleM HIealbHOM
NpHMepe MOXKHO ONpeJe/]HTb TOJBKO C TOYHOCTBIO A0 OJHOro Ilara
CeTKH. DTO BHAHO, HanmpuMep, u3 taba. 8.1. M3 momenu ciaexnyer, uto
B IeHTPe IHKJIOHA OTKJOHEHHe JaBJEHHS OT . MHHHMyMa JOJIKHO
OLITh paBHO HyJi0. B MOMeHT f==1 INeHTp NUKJIOHA He COBIAZAET
€ Y3/0M M BO3HHKAeT MOTPEIIHOCTh €ro ONpejeseHHsi N0 AAHHBIM
HabJoIeHuU . " ' o )

ITIpoananusupyeM u3aMeHeHHE aMIIUTYAZHOH OIUKMGKH B 3aBUCHMO-
CTH OT IIara H pacrnoJyioxkeHus Toukn audepenunposanug. Has
3TOrO BBeAeM OespasMepHBie BEJHYMHBI M U N:

me=hlr, n=(x—x)h (8.31)
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p(x, h)=

exp (— A¥/r?). (8.30)



BennuuHa m nOKasbiBaeT, Kakylo 4acTbh pajuyca H306apH CO 3Haue--

HHeM HaBJE€HUdA, PaBHBIM (Par+pPm)/2, cocraBaser mar cerkd. OHa
XapaKTepusyeT TyCTOTY ceTH HabmoleHuH. BelnuMHa 7 IOKashIBaeT,
Ha CKOJbKO INAaroB Touka AUpPepeHHUPOBAHUS OTCTOUT OT HEHTpa
nukioHa. OHa XapaKTepusyeT NOTPEUIHOCTL B onpeﬂeneﬂnn noJoxe-
HUS LIeHTpa.

Ha puc. 8.2 mpusenennl rpaduxu gynxuuu p(m, n). OHE 103BO-
JISIOT ONpeldeJHTh 3HaueHHss m K n, npu xorophx 0,9<Cp=<Cl mw
aMIVINTYJHas olWiH6ka InpHeMmJseMa. Takue 3HAUEHHS JOJXKHH YIOB-
JeTBOPAATh HepaBeHcTBaM l<C{n<C2 u 0<<m=C0,4. Orcioma cienyer,
UTO AJisI YHCJEHHOro JuddepeHuupopanus cieiyer BHOMpaTh HIar #
MeCTO, PYKOBOACTBYACb, HampHMep, COOTHOINEHHSIMH

X=x,+2h, h=rj4 (8.32)
HJTH COOTHOIIEHUSIMH
X =Xx,+2h, h=r/3. {8.33)

B namem npumepe £=05, a r==6 u uncjieHHoe AHupdepernupopa-
HHe CHJBbHO MCKaXaeT 3HAUEHUS "NPOHU3BOJAHBIX. DTO INPHBOJHT Hac
K 3aKJIOUCHHIO O HEOOXOLHMOCTH CIELHaJbHBIX METOROB IHU(DdepeH-
HUPOBAHUA C NIOBBILUEHHOH TOUHOCTHIO NIPH HOJb30BAHHM (HOpMYyaaMu
KMHEMaTHIECKOH KCTPamnoJsiuu LeHTpoB (8.20).

OnHako MHOIMX BHUHCJIUTENHHBIX 3aTPYJHEHHI MOXHO u36exars,
€c/M IPHHATh BO BHHMAaHHe BHIICNPUBENCHHBIH aHA/JHU3 IOrDEIIHOCTEH
YHCJIEHHOI'0 ﬂHq)q)epeHquOBaHHH H BOCIOJIb30BATECA (POpMYyJIaMHU KH-
HeMatuueckofi skcrpanmossimny (8.18) He 1A HEHTPOB, a AJd H30-
JIUHHH. :

[Tpu ucnosnpzoBanuu ¢opmysn (8.18) mmas pacuera cKOpOCTeH me-
peMellleHusT HHTEPeCyIOWEero Hac - ceMeHCTBa H30JHHHH B KauecTBe
HaUpaBJAOMMX JUHHHA MOXKHO B3fITh H30JHHHH KaKoro-aubo APYroro
ceMelicTBa, BEHIOPAQHHOTO H3 JONOJHHTEJbHEIX COOOpaXKeHuid, B 4acT-
HOCTH TaK Ha3blBaeéMHIH BelyIUH MOTOK.

IIpu BEIGOpE HallpaBJAOLIEr0 ceMeHCTBA CJACAYyeT yuecTb HE TOJb-
KO (husvueckHe, HO ¥ BHIUHUC/IUTENbHBle TpeGoBaHMsA. Bo-nepBHX, Ha-
NpapJsionias H30JUHHA HOJKHA 06s3aTeNbHO IHepecekarh H300apH
(nanee MBI 6yHeM TOBOPHUTH TOJBKO 00 3KCTpaNoJsLUU HOJA HaBje-
HHs, XOTSI TeopHs HMeeT oOuwuil xapaxrep). JKejareabito, uTOOH Ie-
peceueHHue IPOHMCXOAUJIO NOJ YIJIOM, MAaKCHMaJbHO OJHM3KMM K upd-
MOMY, TaK Kak B 3TOM cJjywae OyHeT Haubojee TOYHO BHIUHC/ECH:
onpefenuresb 1m0 gopmyae (8.15).

Bo-BTOpHIX, B KaueécTBe HalpaBJAfoOIIEH cjeflyeT BHIOHPATb H30JH-
HHUIO TAKOTO IOJs, KOTOPOe HO3BOJAET K4K MOXKHO TOUHEE BHIYHCIHTE
NpOM3BOJHBIE IO KoopiunaTaM. [Ipy sTOM yg06HO HCMONB30BATH Ca-
MBble MeJJIEHHO MeHHIOIIH/IeCSI noJisl, HalpuMep cTaliioHapHbBle HATpaB-
JSI0MNE TIOJ.

B-TpeTbux, caefyeT HMeThb B BU]Y, 470 He BCHKOE Haﬁp-'aBJIﬂlomee
NoJie IO3BOJIAET BHIYHCINTL 006€ COCTaBJAIOUMIME CKOPOCTH IepeMelie-
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#HUS H306apH. DTO He ABJASETCS OUeBHIHEIM M OyZeT NPOAEMOHCTPH-
POBAHO HA CJefylolieM NpHMepe.

[ToctaruM mepen coGoil uenb ucmonb3oBath GopMyau (8.18) mas
NPOTHO3a IiepeMellleHHs] MOIEJHPYeMOro HaMH LHKJIOHA OT MOMeEHT4
1=0 nHa omur mar mo BpeMeHH. CaMBIM NPOCTHIM HaNpaBJSIOMIIUM
HOJIeM SIBJASIOTCSI KOOpAWHATHHE ocu. HampuMep, eciH B KauecTse
‘HalpapJjsolilell H30JHHUM B3SITh NPIMYIO, NapajiejJbHYI0 OCH OpIH-
‘HaT, TO GYAYT BEINOJHEHH IO KpaiHe#d Mepe mepBoe M BTOpPOe M3 BH-
uIeyKa3aHHHX Tpe6GoBaHMHA. 3anuiuieM MGJIs 3TOro cjayuadg CHCTEMY
(8.14) B BHZE '

flx, y, y=p(x, y, t) =a;
g(x, ¥, t)=x—Xx;==0. (8.34)

IlocrosHHAd ¢ uAeHTHQUUHPYeT KOHKpeTHyIo H3obapy. Ilocrosn-
Has b ompejenseT paccTOsSIHHe, HA KOTOPOM HAIPAaBJAONIAsT H30JIHHHA
HaxOAuTCcA OT LeHTpa uuKAoHA. Ilpm BHOOpe b ciaelyeT HPHHATL BO
BHUMaHNUe NepBoe Tpe(OBaHNe — HaNpapJgloUias AOJXKHA IepeceKaTb
n306apy. OnHaKO He cjexyeT noJarath b paBHOH HyJ0 (HaIpaBJsio-
mas He JOJIKHa NPOXOAUTH Uepe3 LEHTP), TAaK KAK B CHJAY CBOHCTB
KOHEYHO-DA3HOCTHOrO  JAH(p(epeHNUPOBAHUS TOYHOCTh BBIUHCJ/IEHHA
IPOH3BOAHHIX GyJeT HHXKe, UeM MOXKHO JOGHTbCS.

Jlyume wcmosb30BaThH B KauecTBe b 3uauenue r/2. K Taxomy BH-
‘BoAy mpuBoaAT Gopmyas (8.32) m (8.33). OmpenennB NOCTOSHHHE,
MOXKHO BOCIOJIB30BaThbcs cooTHomieBusAMH (8.18) u noJayuuThL BHpa-
JKEeHHs JJs pacueTa CKODOCTH NepeMeIleHHs NUKJIOHA BJOJb BHO-
panHO¥ HampaBJjsIOlIeH:

‘;_’t“ = (o8 — fig,)/d (%, 9) =0;

%= (ftgx_fxgt)/d (x’ y)z __;L;_;
d(x, 9) =fugy— 1,8 = =1y (8.35)

O6paTtuM BHMMaHMe Ha TO, YTO COCTABJSIONIAs CKOPOCTH Ilepeme-
IMEHHA LIUKJIOHAa B HalpaBJeHHHM OCH X 0Kaszajach PaBHOH HYJIO He
10 (pH3MYECKHM NPHUYMHAM, a B CHJIy BHGOpa HampaJsiollell, KOTO-
pas He 3aBHCHMT HH OT [, HH OT x. FIMEHHO OT 2TOro IpefocTEperaer
‘Tp€Tbe W3 NPUBEIEHHHX BHIIe TPeOOBAHHM.

Onnako Ans NOJNYdeHHS COCTaBJSIOLIEH CKOPOCTH IepeMenieHus
IHKJIOHA BJAOJb OCH X MOXKHO IIPOCTO BHIOpaTh ele OJHO CeMEHCTBO
HAmpaBAAONX HW3oJHHEME., EciH B3iATb B KadecTBe HaOpaBJOINeH
OpsAMylo, mapanjeJbHyl0 OCH alCuuce, TO NOJYyYUM CHCTEMY ypas-
HeHHH

fx 9, H=p(x, v, t) =a;
g(x, ¥y, )=y —y,=0. (8.36)
€ noMoInbl0 pacCyXJAeHWH, aHAJOTHUHHIX HCIOJH30BAHHBIM HpH BHI-
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BoZe ¢opmyssl (8.35), MOTYYHM COOTHOLIEHHS MJs pacyera COCTaB-
Jsoulel mepeMeNleHHsl BHODAHHOH TOYKM Ha H300ape B CAeLyIONIEM
BHAE:.

G = (g — Fg e (x, y) = =21
d
2 = (g, — La)ld(x, 9)=0; |
d(x, y)rffxgy_"fygxsz' (8.37)

Ha ocHOBe NOJYYCHHBIX PE3YyJbTATOB MOMKHO CJAEJATh BEIBOJ, 4TO
/Il pacyeTa CKODOCTH IlepeMelleHHsl IUKJIOHA cjaeiyerT BHOpaTh He-
CKOJIBKO XapakKTepHHX TouYeK. DTO TOUKH .IIepeceyeHHsT KpPyroso# H30-
6apbl ¥ OpSIMBIX, NapaJJjieJbHBIX OCSM KOOPAHHAT, OTCTOSIMIMX Ha pac-
CTOSIHHE A HO OCH X M IO OCH Yy OT LEeHTPa LHKJIOHA B MOMEHT pac-
vyera. BBHAY TPyZHOCTH HAXOXKJEHHS 5THX TOUEK MBl OIDAHHUHMMCS
yanamu cetku ¢ uHmekcamu (I, 1), (—1, 1) u (I, —1), noKasaHHH-
MHE Ha puc. 8.1, XOTH 3TO M BHeCeT AONOJHHTENBHYIO IOIPEIUIHOCTb.

3aTeM B 3STHX TOYKAaX CJEAYeT BBIUHCJHTL COCTABJSIONIHE rpa-
IVeHTa AaBJEHWsA W Haiity TeHAeHuuu. S mporsoza IepeMelneHUs
KaXKJAOH H3 TOUEK BOCIOJb3yeMCs QopMyJaMH

P
C,=— 2, =, 8.38
ST ST T, (6:5%)

ITopsinoK M pesyJabTaTh PacueToB HJAJNOCTpupyer Taba. 8.3.

Ons ynoGeTBa cpaBHeHHs] ABYX NpPHMBeIEHHHIX MeTOXOB KHHeMAaTH-
YeCKOH BKCTPallONALMH IEeBTpa HHKJIOHA BCe pe3yJbTaThl DacueToB
JJIST ABYX IOCJEHOBATeNbHBIX MOMEHTOB NpHBeleHH B Taba. 8.4. Mo-
MEeHTH BHIGpaHBl CJOXKHBIEe AJS INPOTHO3a, KOrJa LHMKJOH COBepllaeT
OBOPOT. I/ OHEHKH TOYHOCTH B TabJune INpUBEJeHH 3HAUEHUS
BEPHHIX COCTABJAMIINX CKOPOCTe#l, KOTOpHIE IOJYYeHH UYeTHPbMS
criocobamu. .

Bo-nepsuix, nmyTem TouHOro Aud@epeHNMPOBaHHA 3aJAHHBIX IO
Gopmyaam (8.27) 3akoHOB JBHXKCHHS LeHTpa («BepHBIe»). Bo-BTO-
PHIX, IPUBEIEHH CHATHIE U3 TalJHIl 3HAUeHHH pacCUMTAHHOrO HaBJje-

Ta6auya 8.3
Hopanok pacyera CKOPOCTH NepeMellleHHs1 uMkJoHa mo ¢opmyram (8.38)
Touka | p, t=1 ]| p, t=O‘ e, 7, e, ‘ Cx Cy
1, 1 13 38 —25 2,0 2,3 12,5 10,9
-1, 1 23 31 —38 —2,7 1,5 —3,0 5,3
1, —1 21 31 —10 1,4 —28 9.2 —3,6
‘Cpennee sHAYEHHE CKOPOCTH NepeMelieHHS HeHTpa 6,2 4,2

126




Tabuya 8.4

CpasHenHe CKOpOCTeil mepemelleHns uuKaoHa C., C,,
NOMYYEHHBIX PAa3HBIMH METOJAMH AAS MOJEJNLHOH 3ajaun

CxopocTb
nepeMelleHu s Bepurie C Kaptu ITo (8.38) Tlo (8.20)
HEKJIOHA .
t=1
Cy 13,4 5,0 6,2 3,9
Cy 7,0 5,0 4,2 3.9
= —1
C, 0,0 —5,0 —3.0 —2,1
Cy 58 50 5,3 23

HHA HpHpAlleHHs] KOODAMHAT LEHTPOB 34 IMOCJAeLHHH Iepel, CPOKOM
IPOrHO3a INar IO BpeMeHH («C KapThi»). B-TpeTbHX, paccuHTaHHBIE
no ¢opmynaMm 3SKCTpANOJAHWH MOJOKeHUS ueHTpoB (8.20). B-uyer-
BepTHIX, 0 METOAY 3KCTPANOJSALUH 3HAUEHHAH AABJEHHS B BHIJEJEH-
aex Todkax (8.38). ComeTyeM BHMMATEJNBHO O3HAKOMHUTBHCH C HHUMH.

[lpuBesenHble B TabJuIle Pe3yJbTATH IIOKA3BIBAIOT, YTO (HOPMYJH
KMHEMAaTHUeCKOH SKCTPANONAIUM JAAlOT 3HAUEHWS CKODPOCTH, BIIOJIHE
CPaBHHUMEE C TeMH, KOTOphle MOLYT OHITh INOJYYeHH NIpH paboTe ¢
JUCKDETHEIMH HabOpaMH MeTeOPOJIOTHUYeCKHX TaHHBIX. Ha mpakrtuke
YTOUHCHHE 3HAUeHHH CKOPOCTH MOXKeT ObITb JOCTHUTHYTO IIyTeM HC-
[I0/B30BaHUA NpH pacueTax HaOGMIOfaeMHEX TeHIEHIUH O6apHuecKoro
h{ohii:8 ’

C nomompio AHAJUTHYECKOH TEOPHH MeTEeOpOJOUHUYEeCKHUX IoJel,
OCHOBBl KOTODOH IIPHMBEJEHBl BHILIE, MOXKHO HOJYYHThH €lie MHOrO IO-
JIE3HBIX BBHIBOAOB. OrpaHHYHMCH PacCMOTpPeHHEM MpHMepa BO3HHKHO-
BEHHS LHKJIOHA, KOTOPHIH MBI CKOHCTPYHpYeM, HOJB3YICh 3TOH Teo-
pHei.

Has mMopenupoBaHus GapuUueCKOro IOJS, THI KOTOPOTO MOXKET H3-
MEeHHThCS, 6eCnoJe3HO MOJb30BATHCS MOJeabio (8.26), npemHasHaueH-
HOH [HJI MSYUYeHHsA IepeMellalouierocs LHKIOHA, Ecau orpaHuYuThCA
TOJIBKO 00J1aCThI0, OJIH3KOH K TOUKE H3MEHEeHHS THIA TOJS, TO MOXHO
BOCIIOJIb30BATHCS MOJEJBIO BHAA

plx, ¥, )y=py+a)x*2+b(4) Y2 +c(f)xy + d (£) x;
a(f)=2+4¢ b(t)=t, c(§)=¢ d(t)=-—3.  (8.39)

O6aacte onpeneneHus apryMeHTOB TaKOBa: —3=Ix<Ib, —b<ly=s
<5, —5=<Ci<CH. B KaXABA MOMEHT H30JUHUH IO NpPENCTABJSIOT
coGolt KpuBble BTOpOro nopsajka. Hanuuue ujleHOB, COAEPKAIIUX KO-
aspdunuents c¢(f) u d(¢), He IPUHIUNHNAJIBHO. DTH YIEHH OIHCHIBAIOT
BpalleHue ocell H3OJNHHHE ¥ HeGOJbINOE NOCTYNATENbHOE [BHXKEHHE
LEHTpA.
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Onpenenurtens D(x, y, t), BHuHCAseMBll N0 ¢opmyae (8.9), mo-
Ka3blBaeT, 4TO BO3MOXKHO [BYKpaTHOE H3MeHeHHe THIOAa 0cOo00f TOYKHU
[OJIA: B MOMEHT f;=—2 1 B MOMeHT f,=0. J{0o HacTyIJeHHus NMepBOro
MOMEHTa JanjacHaH [oJs OTPHLATeJeH H I0Je AHTHIUKJIOHHYHO,
1I0c/e HACTYIVIEHHS BTOPOTO JIAIVIACHAH CTAHOBUTCS IOJOXKHTENbHEIM
u GOpMHPYETCS LUUKJIOH.

MeTeoposioTH peKO HMEIT BO3MOXKHOCTH PACCMOTPETb, KaK BH-

JOUSMEHSIETCA II0JIe AaBJEHHSI IPH BO3SHHKHOBEHHH IIHKJIOHA. HOSTOMy

Ha puc. 8.3 u 8.4 mNokaszaHH pe3yJbTATH PAaCUeTOB AJs I[OCJEJ0Ba-
TCJbHBIX MOMEHTOB BpeMeHHm f(=-—2,5; —2,0; —1,0; —0,5; —0,3;
—0,1; 0,0; 0,1; 0,3; 0,5; 1,0. MBl He KOMMEHTHPYEM 3TH DPHUCYHKH,
TIOCKOJIbKY OHH HOCAT YHCTO WJJIOCTPATHBHBEIH XapakTep, HO COBETYeM
BHHMATENBHO. C HUMH O3HAKOMHTBCSH.

PACHET JUSPEPEHUMAJLHBIX XAPAKTEPUCTUK
Mo JAHHbIM HABJIXOJAEHU M

JuddepenuyanbHele XapaKTePHCTHKH METEOPOJOTHUECKOTO MHOJS
f(x, y, t) Heo6XOZMMO mOJYYaTb, ONHPAsCh He HA AaHAJHTHIECKOE
3ajgaHde BHAA (pYHKUHH, a Ha TabauuHOe., B CBSI3HW C NPOU3BOJBHEIM
pachoJioKeHHeM MeTeOpOJIOTHUeCKHX CTaHUMH TabJuUIE SHaYeHHR
(QYHKIMHA B UCXORHOH (opMe HMEIOT IIPOM3BOJIbHBIE WIard IO KOOPAH-
HataM. B raase 7 6buio MOKa3aHo, YTO HCXOJAHBIE JNaHHHE, COAep¥Ka-
wHecs B TabGauUnax, HeOGXOAMMO INPEABAPHTENbHO CLAANUTL MJis
yCTpaHeHus: OMHOOK H BrLeJeHHS (POHOBOTO Ipolecca.

Komeuno, mas pelleHHs] TOJbKO 3aZa4d UHCJeHHOTo HuddepeHIn-
pOBaHUsI MOXKHO IOCTPOHTb (DHJBTD AJA AAHHHX, KOTOPHH HE TOJbKO
BHIenuT GOH, HO U mpoxuddepenmupyer. OaHako Takue (QUIBTDH,
KaK IpaBHJO, Xy3Ke CIVIaXXHBAIOT OUWIHOKY, a 3HAYUT, H NPOH3BOJHAS
OKa3biBaeTcsl HAUJEHHOH ¢ GoJpmIof morpemHocThio. IToatoMy cocpe-
JOTOUHMCS Ha peLIeHHH OAHOH 3aLauy: HaxOoXKIeHHe NPOHUSBOAHBIX Ha
HeperyJisipHoft ceTke. BrifeneHMe Ke HOPOCTPAHCTBEHHOro (oHa pac-
cMoTpuM HHXKe (cM. c. 133—138).

JlonmycTuM, YTO TOYKA, AJS KOTOPOH OLEHHBAETCA 3HAueHHe IpO-
H3BOJIHOR HJH NPOH3BOAMUTCS HHTEPHOJSNHS, NOMEIIeHa B HAYajo
JIOKAaJIbHOH JEKapTOBO# CHCTeMBl KOOPJAHHAT Ha IJIOCKOCTH (%, ¥).
KoopnuHaTH 7 OKpYXKAIOWMX TOYEK X;, Yi, B KOTOPHIX H3BECTHH 3Ha-
yenuss QyHxuHH f;, OyneM OIpeNe]ATh OTHOCUTEJNHHO 3TOIO Hayasa.
O6o3naunM uepe3 i MHAEKC, YKa3BBAWOIK# Ha NOPSAKOBHH HOMEp
JaHHO# CTaHIHH. '

Dyznem cuuTath, 4TO 3HAUeHHS METEOPOJIOTHYECKHUX BEJHUYHH B JIIO-
GOl TOuKe OMPENENSIOTCS II0 3HAUCHHAM B Hayajie KOOpAHHAT (op-
MyJIOH

o 1 l—k, k
fo=1f, + E 2 — e xl-hyk (8.40)
rie ({—RVRY T 78

I=1k=0

128




rfe fo— 3Hauenne QyHKUMM B Hauaje KOOpAHHAT, a fi~%* — 3Haye-

Hue qacTHoﬁ npousBoguofi 0f/(dx~*0y*) B Hauase KOOpAHHAT.
Qopmyas Aas pacuera QyHKuud fi°==f, ¥ npoMsBomHEX [{~*F

MOXKHO TOJIYYHTb METOZOM HeONpefeseHHHX KO3(G(HUIKEATOB NO 3Ha-

ueHusM f;. JJsa 3TOro mpuGNMIKeHHOe 3HaYeHMe IIPOMSBOAHON ompe-
JenuM Kak JHHefiHyI0 KOMOWHANWIO HaGMIOAEHUH B COCENHHX TOYKaX

Lok, zaf,, (8.41)

THe a;— BecoBHe Ko3pdunuentH. Vsmensas 3uaweHHe 3TOro kosd-
¢uuuenTa, MOXKHO NOJYYHTb HYXKHYIO IPOM3BOAHYIO HJIH nponHTep-
NONUPOBATh (DYHKUHIO B HAaYaJO0 KOODAHMHAT.
, YcaoBus Jas onpefeseHHs Ko3(p(PHUHEHTOB HAaXOAHMM TaK: AOMHO-
XKuM obe vacTu paBeHcTBa (8.40) Ha a; H IpOU3BENEM CYMMHpOBa-
HUe 1o BceM ToukaMm (i==1, ..., n). B pesyabraTe mpazeM K paBeH-
CTBY

L=k

Eaifl = ]‘OZa + 22 TR —-/a)' A za,xi.-ky?. (8.42)

i=1 =1 I=<1

Tlponecc moayweHHsI BeCOBHX XK03h(HUUEHTOB NPOHJIIIOCTPUPYEM
JByMs NpPOCTHIMH IpHMepaMH., B IiepBoM IpHMepe NOJAyuHM Koahda-
IHEeHTH, ¢ NMOMONIbI0 KOTOPEIX MOXKHO NIPOHHTEPIOJHPOBATH (PYHKLIUIO,
€CJIM M3BECTHH 3HAYeHHs f; B Tpex TOUKax. [lepenuileM paBEHCTBO
(8.42) pna srtoro cayuast B BHIE

3 3 3 3
E Eazfi=ftzat+ 8’12a13’i+ })'Ozaixl'}'

i=1 =1 i=1 i=1
l—-k kR

3
- Z 2 — k); Al Ea:xf‘ky{‘- (8.43)
=1

BuiGepeM k03(pGHUHEHTH 4; TakKuMH, YTOOH YHOBJIETBOPHTb YCJIO=
BHSR

3 3 3
Da=1, Dax;=0 X ay=0. (8.44)
i=1 i=1 i=1
B STOM Cly4ae MH TOJYYHM paBeHCTBa
2 alf; + ‘ RZ]

© I n
Z:Z (l_l ;,k 7 Eaix‘ ey, (8.45)

W3 paccMOTpeHHOro BHINE MOXHO BHJETb, YTO JHHeHHas KOMGH-
Hauwus, crosuwas B npasoil vactu (8.41), ¢ xosdpdunHeHTAMH, YIO0B-
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JIETBOPAIOWIMMHE  ycaoBHsAM (8.44), mO3BOJseT NPOHHTEPHONHPOBATH
GyHKIMIO B HAYaJ0 KGODJAMHAT [0 ee 3HAYEHHSIM B TPEX TOYKaX C no-
rpeHocThIo |Rp|. TTOCKOMBKY MBI CHeJaJH TIPEANOJOXKEHHe, YTO DAk
Teitnopa (8.40) cxoauTcd B OKDPECTHOCTAX TOUKH, B KOTOPOH pashie-
KuBaercs fo, TO BHPaKeHHe I oueHKn [IOrPEUIHOCTY MOXKeM JaTh
B BHJe

2kk "

| Ry} \\2( Is 1Y Ea,x’ kyk (8.46)

rae  f>%*% — vakCHMaJbHBle 3HAUEHHS UYA4CTHHIX NPOM3BOAHBIX IO- |
psnka [=2 B HEKOTOPOli TOUKe S B OKDECTHOCTAX HadyajJa KOOPp-
JUHAT.

" Cucrema ypaBHeHu#l (8.44) nJst BecoBHIX KO3()(HIUEHTOB JIETKO
pelnaercs aHAJAWTHUECKH, OAHAKO MBI IlepeNulieM ee B MaTpUYHOH
opme:

Ma =, (8.47) |
| BBefsa 00603HaUeHHs :
1 1 1 a, 1
M=|x x5, x|, a=]a,}|, b=]0]}. (8.43)
Vi Y2 Ys Qs 0
Pemenne cucremMn (8.47) B MaTpHuHOH (QoOpMe HMEET BHJI
a=M-1p, (8.49)

rae M-'— marpuna obparas x M. [l DaHHOTO cAyyas MAaTpHIE,
obpatHas ¥ TOH, KOTOpas omnpefesieHa paBeHcTBOM (8.48), umeer BUE

1 Dn Du Dls '
M- = D Dy Dsy Dy, (8.50)
; D31 Dsy Dy, ' ‘
rge D — onpeneaurenr matpunu M, a D;;— onpemenuTeny BUIAa:
1 1 1 1 1 1 1 1 1
Dy=|0 x3 x50, Dp=|x; 0 x5/, Dyuy=)% x» 0],
0 v, s yi 0y, in v ol |
0o 1 1 i1 01 1 1 0 '
Dy=|1 x, x5/, Dy=|x 1 x3i, Dyg=lx x, 1}, i
0 ¥ ¥ i 0 v, 1 ¥ O
0 1 1 10 1] 1 1 0
Dy=10 x x3|, Dga=|x 0 x3|, Dyg=|x, x, 0f. (8.51)
1 ya ¥ I B Vi ¥ 1
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IlepBuift cronGen, Matpuubi (8.50) comepxuT BecoBhe K03((u-
QUEHTH @; IJs 3aJaud WHTepHOJsALHH. B 5TOM Jerko yGeAuThCsl, BEHI-
YHCJ¥B OPaByio yacTb paBeHcTBa (8.49) W mOJNYyYHB H3BECTHHIE BHIpa-
MeHus JJIs KOo3(POUIUEHTOB MHTEPNOASUUH IO TPEM TOYKAM:

| Dy XpY3— XY,

ay =

D " Du+Du+ Dy’
Qo — _D_2_= Xa¥: — X Y5
? l) Lh1“+*zk1%‘l)m,
g == ._D - X1Ye — Xo¥y (8.52)

D Du + Dy + Dy~

Paccmorpum BrOpo#t mpumep. Halinem 3HaYeHHS BECOBBIX KO3(-
dunnenroB ¢opmyar (8.41) nja noayueHus HepBOH NPOU3BOAHOM
fol=0f{0x mo tpem toukam. CHOBa BOCHOJIb3yeMCSl DPaBEHCTBOM
(8.44) mns monyyeHusl YCJOBHH, ONpPENENSIOLINX Kosq)cbnunemm ai.
OTH YCJOBHA NPHUMYT CJACLYIOMHH BHA:

n fl‘ n
2a=0 2 ax =1, 2, ay;= 0. (8.53)

i=1 i=1 i=1

O6patdM BHHMaHHE, YTO ¥ B 3TOM CJyuyae Mbl AOJKHB peHIATb
cucreMy Buzpa (8.47), HO Temephb ee mpaBas YACTb HMeEeT BHJL

0
b=1{1{. ' (8.54)
0
3nas o6paTHyro MarpHny M~!, onpezxelsieMyilo paBeHCTBAMH

(8.50), (8.51), sierk0 BHIYHCJIUTE Kosq>qmune}rrbl 4HCJIeHHOTO Iue-
. DEHIIMPOBAHHS [O TPEM TOUKaM MJisi ompeneneHust 0f/0x. Buuucass
npaBylo yacTb paBeHcTBa (8.49) c BekTopoM b, ompenensemeM pa-
BeHcTBOM (8.54), BHIMM, YTO HYXKHEe KO(GUIUEHTH paclojaralorcs
BO BTOPOM CTONGIE MaTpuUun M—! # umeior Buj

a. = Dy - Yo — Vs )
'Y D Dy Dy Dy’
D, Vs — W

Qo = = - ;
? D Du -+ Ds, -+ Dy,

Doy VM1— Y
= = . 8.
% D Dy =+ Dgy + Dy (8.59)

OtMeTuM BaxHOe OTIHYMe (GOPMYJbl HHTEPIOJSNHH OT POPMYJILl
yucJieHHoOTO AuddepeHurupoBanns. BHelllHe 3TH CayYan OXBATHIBAIOTCH
dopmynamu (8.45) c¢ pasnmynbIME Ko3b¢dunuentamu. Ho otaocuTenb-
o BRaanx ommmbrn Ry B o6oux cayuasx Oyaer pasHeIM. B cayuae
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HHTEpIOSALMY NPH CONMKeHHH TOYeK OWIMOKA YMEHBbIIAETCS Iopaspio
GricTpee, UeM IIPH YHCJAeHHOM JuddepeHIrpOBaHNUH.

B Teopun 4YHCJEHHOTO IIPOTHO32 NOrOAHL, TAe NOAPOOHO HccHe-
AYIOTCSI BOIPOCH TOYHOCTH UMCJEHHOrO AH(PepeHUHpOBAHAS HA pe-
TYISIpHBIX CeTKaX, OMHOKW, BHIpAKAIOMIHECs Uepe3 OCTATOYHHE UJIeH
dopmyan Tefinopa, Ha3HBAOT owubramu annpoxcumayuy. Tak BOT,
copMysia MHTEPHOJANHH IO TPeM TOYKaM HMeeT BTOPOH NMOPSAOK Ma-
JIOCTH OMHKGOK anInpoKcuManuy, a GopMmyJH uucjieHsoro Auddepen-
IMPOBAHHUS — TOJILKO NEPBHIH.

Has noxyuenust dopmyn uucieHHoro AuddepeHIHpOBaHUA CO BTO-
PHIM NOPSAKOM aNNpPOKCHMAIH¥ HA HEPeryJspHOH ceTKe HYXKHO, 4TO-
‘OB JOMONHHUTEJNbHO K ycJaoBUAM (8.53) BHIIOJHAIACH YCJOBHA Da-
BEHCTBAa HYJIO0 KO3(ppHIHEeHTOB IPH BCeX OJHOUNEHAX BTOPOH CTENeHH
B nmpaBoi yactn paBeHcTBa (8.43). Taxux opHOuwNeHOB TpH: x%, Xy, Y2
3uaunur, anHeiiHas koMmGuuaums (8.41) mas fi° noiKkHa comepKaTh
IIECTh UJEHOB.

[ToneiTafiTech HOKasaTb CAMOCTOSTENbHO, UTO CHCTeMa YpaBHEHHH
I BECOBHIX K03()pnumeHTOB (GOPMYJaB YUCIEHHOrO RH(MGepeHnHpO-
BaHUS II0 X Ha HeperyJaspHOM ceTke HMeeT BHJ,
¢ n

Ya,=0 Dax=1 2 ay=0,
i=1

i=1 i=1

2 axi=0, X axy =0, 21 ay?=0. (8.56)
i=1 i=1 i=
Ounbxka annpoxCHMAaIU¥ OLCHHBAeTCs MO - (opMyde
3 l]cs—k,k‘ 8
s x3~kyk }
IR3|<ki (I —HTA i=;>-1alxi yE. (8.57) |

. JIna HaxoX[eHHS KOHKPETHHX 3HAYEHHH NPOHU3BOAHBIX HYIKHO pe-
muth cucteMy (8.56) u Bocmoab3oBaThes (popmysof (8.41). Cuerema
(8.56) Mmoxer OHITb pellleHa B SIBHOM BHAe AJiA HEKOTOPOro KJjaacca
PEryasipHHX CEeTOK, HO B oOImeM cjyyae DEKOMEHAyeTCs O6paTHTb
MaTpuuy aToil cucteMul M BHAA

1 1 1 1 1 1
Xy Xy Xy Xy X5 X
Y Y2 Vs W Y5 Ve
Lo S S - S - S - S
XYy Xo¥a KgV3 XuVe X5¥Ys XeVs
oYY ¥ Y %

(8.58)

3uasg ofGpartHyio MaTpunmy M-! najisi AaHHOTO HaGopa TOYEK, JIErKO
NOJYuuTh BecOBHe KO2(Q(HUHEHTH JJIi HAXOXAeHWs GOPMYJ HHTEp-
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NOJISIKK, YHCICHHOTO Iu((epeHNHPOBAHAS TIepPBOTO NOPSAKA IO X
u.y. Ho nocaennne dopmynnt 6yayT yxe uMeTb JHULIL MePBHH IOps-
JOK alNpOKCHMAalHH.

PaccmoTpuM Temeph BOIPOC, CKOJNBKO 2Ke CTAaHUUH HOJMKEH HMeTh
Ha cBoell KapTe CHHONTHK, YTOGHl OLlEHMTb BCe HYXKHBIE €My KOMIIO-
BEHTH CTPYKTYPHl MeTeopoJioruyeckoro moJsi. Ilpu ycioBuu, 4to AaH-
Hble COePKaT MHOTO OUIMOGOK M Mbl OrpaHHYIUMCH GapHUecKUM TOJeM,
/1T HaXOXKJCHHs KDUBH3HBH H30JHHHH HYXKHBl BTODBle YacCTHbIE IIPO-
H3BOJAHEIE, a AJId aHAJNU32 M3MCHEHHS KDHUBHU3HBI M OLEHKH AIBEKIHH
reOCTPO(QHUUECKOTO BHXPS HYXKHBl TPETbH 4YacTHBIE HPOHMBBOZHBIE IIO
Xuy.

Ouenxn MOTryT OLITb NpHEMJEMBIMH, eciu (GOpPMYJbl YHCJIEHHOro
Jnd¢pepeANHPOBARASA HMEIOT NOPALOK aNIpPOKCHUMaldH He HUXKe BIO-
poro. 310 03Hauaer, YTO HaM noTpefyercss HAJOXUTH OTpPAHHUCHHUS
Ha Bce KoadduuueHTr npaBoft wactu pasencTBa (8.43) OT nepBEIX
U QO TeX, KOTOphie CTOST NPH OJHOWIEeHax deTBepTod crenmeHH. Peko-
MeHAyeM YOeNuTbCS, YTO TakKHx ycaoBHlt Oyfer 15. TakuM H JOJKHO
ObITb YHCJO CTaHNMH, OKPYKaIOMMX IYHKT, HHTEPECYOWHil CHHOMN-
THKA.

Haxe B 35TOM cayyae HeTPYIZHO NOCTPOHTh MaTpuuy M, ecau H3-
BECTHH KOOpAMHATHL Bcex Touek. [locie wuHcjeHHOro ofpanleHAA
marpunsl M B crosbuax o6paTHOH MaTPHIUBEL MBl NOJYUHM Bce KO-
ObHIHeHTE, HeoOXOAMMEIE [AJA HHTEPHNOJAIHM ¥ UHCAeHHOro Aubode-
pernupoBanus. [Ipy 5TOM NOPSAOK anNNpPOKCHMAUMH MJIS HHTEPHOJS-

¢ UM 6YJJ.€T TATBHIM, AJIA HAXOXKJCHHA INEePBHX IPOH3BOLHLIX NOPALOK

annpoKcHMMaunuyu OGyfeT UeTBEpPTHIM, JJf BTOPBIX IPOUIBOLHHX —

TPETbUM, AN TPEThHX — BTODHIM. DTO TapaHTHPYET HaJeKHOCTb Ole-

HOK NIpH OTCYTCTBHH olIHBOK B JaHHDBIX, IOJYUYEHHBIX CO CTaHIMA.

CrJAJKMBAHHE U 3KCTPANOJSILUA
METEOPOJIOTMYECKHX [IOJEH

Brmie MBI paccMOTpesH 3ajauy BHIAEJeHHS (OHA MO HCXOAHBIM
JNaHHBIM, COAEpXKAIIUM OIIHOKH, AJS OXHOMEpPHOro cjayuas. B mereo-

~ POJIOTHUECKOH NpaKTHKe 3afaua (GUAbTpAUMM 4Yame BCEro BO3HHKAET
. Ans JIBYMEPHBIX IoJiel, KOTOpEle HEeOGXOIHMO HAHECTH Ha KapTy.

" Texuuka pelleHus 3Toff 3afauyd HECJOXKHAs, HO BHKJIAAKH OYeHb IpoO-
. MO3JKH H B SIBHOM BHJe IOJYUYHTb TOTOBEIE (HOPMYyJABl AJIs (HABTPA-
| LM Ha IJIOCKOCTH MOMKHO TOJBKO JHJSI TPOCTHIX YaCTHHIX CJAyYaeB

WM JJIS peryNapHeix ceTOK. CHCTeMBl YpaBHeHHH NS HeperymaspHBX
CETOK DEIIAIOTCs ¢ MOMOIIbI0 KOMIBIOTEpA.

[Tycth, KaK u B TnpeAnaymeM naparpade, B N TOUKax ¢ KOOpAH-

HaTaMH (x;, Y;) SaKaHH 3HAUEHHs QYHKUHH [; Bce KOODHXHHATH

(xi, Ys) 3aZaHBl OTHOCHTENHHO IPOHM3BOJBHOrO Hauasa. [IpexmoJio-
UM, UTO 3HAYeHHe (POHA MOXKHO ONpEJeJHTh IO NOJHHOMHAJILHOK

thopmy.ie '
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l I~k &

=10+ 2 2T e < (8.59)

I=1 k=0
rae L —unauGosee BHICOKas CTeNeHb OXHOWIEHOB BHXa X *y%f. Ompe-
JeJHM OTK/JOHeHHe 3aJaHHOTO 3HaueHHs oT (oHa d; dopmyon
d _f fi’ (8'60)

a KBajpaT HEBA3KH R, 3aBuCAHAHE 0T KO3(pQHUIHEHTOB MOJUHOMA
fi% % u fo, dopmysoit |

R(fo fo 5" =2 di. (8.61)

O6pHoe Asig MeTOAa HAaUMeHbIUMX KBaJpaToB Tpebopamnne obpa-
THTb HEBSA3KY B MHUHHMAJbHO BO3MOXKHYIO RaeT CJeAylOilme ypasHe-
HUA 1A K03 (PHUIHEHTOB:

I

OR oR
'5?;_ = 01 dfl TTHE R T 0 (862)
HJH \
: ; fg o n A=yt — () |
zf Ez(k-x)’x' ZA" yi="0;
i=l1 L A==l x=0 =1
n
3 ity — 3yt
i=1 i=
L A A%y % n : . ‘{
~ . !
- Ty Dy =0, (8.63)
A=l x==U i=l

1

Tlocne perieHust 3TOH CHCTEMBl U IHOJYyYeHHS KOI(DGDHUIMEHTOB MO- p
JHHOMa BOccTaHaBnuBaercs ¢oH mo dopmyse (8.59). f
PeminM npumep. HanGosee npocTeiM sABASercs cay4dail JUHeHHOH !
annpoxcuMmanuu (L=1), xorma ¢oH sazaerca (GopMyJoH - [

fi=fh+ ]doxi"{‘fo Vi (8.64) 5

DT10T cayyall Moxker OBITb pacCMOTPEH AHAJMTHUECKM [0 KOHIA, |
HO He TIpPeACTaBJsieT MHTepeca, Tak KaK sBJSAETCS CJHIIKOM Tpy6BIM
IPUOJIHIKEHHEM.
" . Dosee pacmpocrpaneHo OukyGuueckoe IpeACTaBJICHHE METEOPOJIO- |
ruyeckux nojiefl (L==3). B srom caydae ¢oH npeicTaBJeH B BHAE |

1 1
fom=To 4 50 4 3y 4 5 302+ filey, 4 10291+
1 1 o1 1 o |
+ 5 00+ 5 Ay + 5 P+ 1 (8.60)
|
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Cucremy ypaBuennfi (8.63) MOXHO pacHIemHTh Ha JIBe INPOCThIE
He3aBHUCHUMEIE TIOJCHCTEMEl H PEIIATH (e3 3aTpyAHeHHH B BaXKHOM AJIA
OPaKTHKH YacTHOM CJyuae CHMMETPHYHOH CeTKH C KBaJpPaTHHIMH
fAgefikamu (puc. 8.5). Takas cerxka ZaBHO NpHUMeHAeTCs B CHHONTH-
YeCKOH MpaxkTHKe, HalpuMmep AJs pacuera ud¢epeHIHAIbHEIX Xa-
PaRTEPUCTHK pesbeda.

Bce cuMMeTpUUYHBEIE CeTKH OOJaFalOT BAaXKHEIM CBOHCTBOM: IpH r
HIX S HEUETHOM CIpPAaBefJjIUBH paBeHCTBA

n
2}1 x7ys =0. (8.66)
=

Hcnoabsys csoficrBo (8.66), mpuBeleM CHCTeMY ypaBHeHHH A
onpegenenus fo, f3° f¥2, sorexaomywo us (8.63) u (8.65), mpm

L=3, =2, k=0; I=1, k=1, [=0, k=2:

St (- Sy (S e

i=1 i=1

inxz = (ﬁ x2) fo + (—;—2 )i+ ()

St = (St ot (g D ti+ (5 Dot

i=1 i=1 =1

M
o

)

=1 igl x2y2. (8.67)

i

Pemus 3Ty cucTeMy, MOJYYUM BHIpa)KeHue AJS BBUHCACHHS (o-
HOBOTO 3HaueHHA B Hauaje KOODAHHAT (cM. pHuC. 8.5) M BTOPHIX IIpO-
U3BOJHBIX BHAA

n

D D D, g fixiy
h=p R'=7 B=7F lf=5—" (869
I SY
i=l1
HeTpyaHo mo/yuuTh BaXKHBle BHIpAXEHHS MIJsi JalJacHaHa
! v =f(2)’0 + f3'2 = (D4 Dy/D - (8.69)
H OIpPEACJUTENSA ' ‘
D (%, y) =P, —Foufyy = (412 — 20f22, (8.70)

B ammx dopmynax nna onpeneJmTeJIeH OLIIH HCNOJb30BAHBL CJle-
Zyomne 0003HAUeHHUs:
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" i=1 ft 2 i=1 yi
n n n
D= | 2H Dt 5 DA
l:: zt 1 l':—l
Nvi Jtd 5 [
i=1 i=1 i=1
1 n n
" -f_),—zx? i==1 fl
D, = 2’62 —;-ixz‘ EM? : (8.71)
i=l1 i=1 i=1
S 1 X 242 S 2
%y, 7 2 ;ml

C noMOMIBI0 3THX BHPAaXKeHWH MOXHO NPOH3BECTH BhbJeJeHHE
¢ona Bo BHyTpeHHeH oOsacTu ceTkH. s BmiieneHHss (QoHa BOJH3H
rpauul TpebyeTcsl HafiTH BBHIpaXKEHHs AJS NEPBHIX M TPETbHX NPOH3-
BOJHBIX. DTH HeECJOXHEE, HO FPOMO3JKHME BHIKJIaJKH MH DaccMaTpH-
BaTth He OyneM. OTMeTHM, YTO B OAHOMEDPHOM CJydae MOXKHO BhiJe-
JuTh (GOH B LEHTPANbHOM TOUKe CeTKM no Qopmyram (7.23), a ma
rpanule obaactu—mno Qopmynam (7.24). C
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Ecam ceTka He perynispHa, TO AJ9 BHJIeJeHHS (OHA CHCTEMY
(8.63) camenmyer pemraTh YMCJEHHO, ¢ MOCJEAYIOMEH NOACTAHOBKOH pe-
3yabTaToB B (8.65). PaccMOTpPEHHYI0O TeXHHKY MOXKHO IPHMEHHTh H
JJIS. SKCTPANOJIAHH BhJe/JeHHOro (oHa, ecin HeoGXOAHMO IOJYYHTh
dopmyanl THna (7.25), HO B 3TOM cJyuae IJsl IIOJHHOMOB CTelleHH
Bhbillle II€PBOH BLHIKJAAAKH CTAHOBSATCA COBEPUICHHO HEOGO3PHMHBIMH.
Bce xe paccMoTpuM 3Ty TEeXHHMKY XOTs OBl B CAMOM IIDOCTOM CJydae.

Ilycth pemiaercss 3ajaya SKCTPANOJANMH NAHHBIX, COGDAHHHX Ha
OJHOM ¥ TOM Xe ypoBHe. B 3TOM clyuae ciaeiyer annpoOKCHMHPO-
BaTh (OH TpexkKpaTHHM psifoM Te#nopa. Orpe3ox sroro pana, B Ko-
TOPOM MaKCHMaJbHasi CTeNeHb OZHOUJNEHOB OymerT M, mMeeT BHJ

fi=f0+§ E Xyt onf (8.72)

N R'm! dxkoytotm’
n=1 k4Il+m=n

BryrpenHee cyMMHpoBaHKHe B paBeHCTBe (8.72) Bemercd IO BCeM
3HauYeHMsIM £k, I, m, KOTOpble B CyMMe COCTABJSIOT NaHHOE 3Hauye-
HHe 7, T. €. IO BCeM OJZHOYJEeHaM OJHHAKOBOH CTelleHH. 3alucCh Tpex-
MmepHOTO psjaa Tefinopa B dopme (8.72) HamboJsee mpocTa AJs NIPo-
BefleHHs NpeoOpasoBaHuil psAa, HO LaKe [JS HEBLICOKUX CTeneHel
OZHOYJIEHOB SIBJSAETCS BEChbMa I'DOMO3AKOH.

Has Toro yrobu scHee IpeAcTaBuUTh cefe KaXABHIH H3 UYJEHOB
3TOTO psifia, NIpHBELEM B PACKDPHTOM BHJAe HEKOTOphle caMble Heo0xo-
A¥MBble AJIs TOJYUEHHS KOHEYHO-Da3HOCTHHIX aHaJjoros Qopmys pud-
(bepeHINPOBAHAS CTEIIEHH TPEXUJeHOB:

(x+y+P=x>4+y>+ 24+ 2(xy -+ xt + yi):
(x+y+EP=x3+y+ £+
4+ 3 (x%y + X+ yix + ¥+ x4+ £2y) -+ byt
(x +y+ )= x4yt + 4 (XY + X3 Y+ Y+ Bx o BY)
+ 6 (X?y* - X% 4 y*) + 12 (xPyt + yixf + £xy).  (8.73)

[ast Toro uyTOGEl NPOBEPHTH, NPABHJBHO JH BH NOHSJIH OGmHE
BHX TpexMepHoro nojJuHoma (8.72), npensnaraeM BaM C IOMOIIbIO
bopmya (8.73) ybeautbes, uro npu N==3 (NOJMHOMHl TpeTheidt CTe-
MeHK) UYHCIO 4jeHoB B dopmyne (8.72) paso 20, a nas N=4 (mo-
JINHOMBI YeTBEpPTOH CTelneHH) OHO PaBHO 3.

CraHOBHTCS $ICHO, YTO pellaTh 3afauy - SKCTPANOJSIUH LBYMep-
HOrO ()OHa IO JaHHHIM, 3aJaHHBIM Ja)Ke Ha DeryJspHO#l CeTKe, CO
BTODHM NOPAAKOM aNNIPOKCHMANMM aHAJUTHYECKH OueHb AoJro. Ilo-
S5TOMY IJSi MJJIOCTPALMH TEXHHKH OGDATHMCSl K NPOCTOMY IPHMEpY.
Ilonss cyTe moixona, MOXKHO cHOPMHPOBATL HYKHBIE CHCTEMHl ypaB-
HEHHH H DellMTb IIOCTABJEHHBEIE 32044y YHCJEHHO.

B OCHOBe TEXHHKH KCTPATOJSIAY MHOTOMEDHBIX HPOLECCOB, KaxK
H B CJAyuae OJHOMEDHBEIX 3a7ay, JIEXKUT IIpEANoNOKeHue O dopme ¢o-
HOBOro Tpouecca. Ilpeanosoxum, 4To B IPOCTedlIeM cJydae TeHJEH-
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uun f; npoumecca u rpapueHt {fx, f,} mocrosiuel. Torma ¢ou u ero
BSBOJIIONHIO0 MOXHO ONMCATh JHHEHHOHN (PopMyJsoH

Fle, y, &) =fo+Tx+ 1y + 1t (8.74)

[lpeanonoxum, uro umeercs n HaGaONeHHH 3HadeHult QyHKUUHA f;,
TpUUeM KaxJoe XapaKTepH3yeTCsl TpPeMs 3HAUGHUSAMM KOOPIAMHAT H
BpeMeHH (Xi, ¥;, t;). [loTpeGoBas, 4TO6H KBaApaT HEBSI3KH OIHCAHUS
OB/ MUHHMA2JDbHBIM, NOJYYHAM CHCTEMY YpaBHEHHH JJSI ONpeleseHus
napamerpos fo, fx [y [t B BHEE:

n n n n

% 1

2 h=fm 1.2 x - fyz vih 1, 2t

i=1 i=1 i=1 i=1
n ﬂ‘ n n n
2 fixizf()z xi'{‘fxz x%—{_fy_}-: XYt T 2 EK
i=1 i=1 i=1 i=1 i=1
I n n ! n n
Y — Y S ) .
(-Jlfiyi ==y 21 yi+ 1, 2.:1 XY + fy 21y3 + ftZI £y
A= = I= [== L=

2 fiti =1, gl £+ f'xg‘l Xt + 1, 21 Ly, + fle 7. (8.75)

L=

CymMrpOBaHHe BElEeTCH IO BCeM HaOJMIoAeHHIM, T. e, i=1, ..., n.
Pemenne 3108 CHCTEMEl PacCMOTPHM AJS YACTHOTO CJy4asi pacho-
JIOKEHHST CTAaHHHH B TPH IIOCAENOBATENBHEIX MOMeHTa f=—71, 0, 7

(puc. 8.6). Iloxcrasjisis 3HauUeHHs] CYMM, B3STHIX H3 TaGJHLB KOOp-
JUHAT Ha 3TOM DHCYHKe, B cucteMy (8.75), mosyuum

n n
gl]c[":G]coy iglfitiZQ'czftq

n n
2 di=2rt, 3 1y=5r1, (8.76)

PewmB 3Ty cHcTeMy, HOJYYHM KOHKDETHBIE 3HaueHHs Ko3(pdu-
HHeHToB (opmynanl (8.74), onuceBarmomed ¢on. Ilorpemsocts onpe-
JeseHust ¢GoHa MOXKHO IIOJYYUTh, NMOACTABHB- HOJYUCHHYIO (HOPMYIY
tdona B obmyio dopmyay norpewnoctH (8.61). IlorpemHocts OGyaer
MUHHMaAbHOM AN TOUEK, HMCMOJb30BAHHBIX MJs BHACJEHHS TPEHAa,
¥ 6yner pacTd BHE 5THX TOYEK.

CyIIecTBYI0T MHOTOUHC/AEHHBIe MOIU(pHKAINE TEeXHHKH MeToxa
HaUMEHBIIHX KBaApaToB. MokHO OTHICKHMBAaThL (DOH, HAKNaALIBasl Ha
©r0 BHJ OTPAaHHUEHUS, KOTOpHIE LOJIKHBl BBIIOJHATLCH BHE TOUEK,
H3bpanHblx Ans nopbopa. Takne 3ajaul pellajoTCs ¢ MOMOIIBIO Me-
TOAA pEryJsipu3aliy, ONHCHBAaeMOro B yuyeOHHMKAX IO BBIYHCJHUTEND-
HOH MaTeMaThHke. MOXHO CTaBHTh BONIPOC 00 ONTHMAaJLHOM BHIGODE
CTAHUMM AJs BHAedeHHs ¢oHa, TakuM 3ajayy pemialOTcs B TEOPUH
NJ2HAPOBAHUS SKCIEpUMEHTOB. MOXKHO CTaBHTh H BOIPOC O BEIAEJE-
HHH obJacTel Ha kapre, TAe xapakrep (oHa pe3ko MeHsercs. Takue
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3alaud pellaloTCsd B MAaTeMaTHYeCKOH 3KOHOMHKe. MBI OCT4BUM 3TH
BOIIPOCHI H MHOTHe ADYTHe BHE IIOJs HAILero 3peHusl.

OznHako He0GXOIHMO OTBETHTh Ha BOIPOC, YTO XKe CAeNyeT KCTpa-
NMOJHPOBaTh. B HauaJbHLii NEPUOX DA3BUTHS KCTPANOJSIIHCHHEIX
METOHOB IIPOTHO3a METEOPOJIOTHYECKHX IIOJIell OTBET Ha 3TOT BOIPOC
Ka3aJCsl OXHO3HAUHBIM — CJIEAYET SKCTPANOJHPOBATH MHOJOKEHHE OCO-
OBIx TOUeK W JMHHH Gapuueckoro mogs. IlocTeneHno, mo Mepe pasBH-
THA TEXHHKH CTATHCTHYECKOH 3KCTpaloJsLHH, 3TOT BOIpOC Bce Bosee
3aMEHSJICA BONPOCOM, Kak 3KcTpanoauposath. IInpoko pacmpocTpa-
HHJIOCh MHEHHE, YTO OODBEKTOM SKCTPANOJSALHH HOJKHE OBTH CaMH
3HAYEHHS MeTCOpDOJNOTHAUECKHX BEJAMYMH. IJTa TOYKA 3DEHHS SBJISETCH
OCHOBOH IMAPOAHHAMHYECKOTO IPOrHO33, B KOTOPOM IOJIS METEOPOJO-
FUYECKNX BEJUYHH TPOTHO3UPYIOTCS IOTOYEUHO.

OnHako aHa/ M3 KayeCTBA THAPOJMHAMUUYECKHX IDOTHO30B IOKa-
SHIBAeT, YTO B OIPEHeJEHHH IOJOXKEHHS 0COOBIX TOYeK H JHHHH Me-
TEOPOJIOTYECKHX ToJiell H 0cOGeHHO B ONpefie/ieHHH MOMEHTAa HX BO3-
HHKHOBEHMS W HCUE3HOBEHHS BCe elle KMeeTCs 3HAUHTENbHOE YHCJIO
ouwrnfox. Takum ofpasoM, HAa HAUI B3TJAAL, SKCTPANONSIIMOHHEIE Me-
TOAB ILefecoo6pasHee HCIOJNb30BATD B KauecTBe JONOJHHTEJLHOTO
KOHTPOJISI W KODPEKTHPYIIleH HH(pOPMALHH IO ONpefes]eHHI0 OyAy-
IIEero TOJIOXKEHHUsI OCOOBIX TOYEK H JHHHUI.

37ech HAHGOMBIIYIO TPYAHOCTL NpeAcTapiseT GopMmaaH3alus Ipo-
yecca BHICJNEHHS OCOOEHHOCTEH. YMeCTHO HAIOMHHTh, uro nubde-
peHIHaJIbHbIe XapaKTEePUCTHKH, KPUTHUYECKHE 3HAUYEHUS KOTOPBIX OfI-
pPeAesdI0T HaJuuue ocobenHocTel noas, paccMOTpeHbl B HadaJjie Ha-
CToSIIeH TJyIaBHhL

Eesy M3BECTHBI NOJIST METEOPOJIOTHUECKHN 3IJEMEHTOB B HCXOLHBIH
MOMEHT ¥ paHee, TO HA 6a3e OINHCAHHBIX BHIIIE METOJ0B HETPYAHO
paccuMTaTh NOJAS 3THX XAPAKTEDHCTHK H IPOIKCTPANOJHPOBATL HX.
3aTeM MOXKHO HaHTH XapaKTepHble JHHHH Oced JOXOHH HJIH Tpel-
ueﬁ, [IOJI0ZKEeHHEe HEeHTPOB H KPHUTHUYECKHE TOYKH BO3HHKHOBECHHA HO-
BEEX ocoGeHHOCTeH. [loJyueHHEIe 3HAUEHHS CJeLyeT CPaBHHTb C TeMH,
KOTOpbie MOTYT ObIThb pacCuHTaHbl Ha OCHOBE pe3y/bTaTOB THAPOAH-
HAMHYECKOTO IpPOTHO32a, M CKOPPCKTHPOBATL HDOTHOCTHYCCKHE I10JId.
DTa Npouexypa MOIENHPYET TEXHOJOTHIO, KOTOPYI0 OOBIUHO peatiu-
3yeT NPaKTHK-CHHONTHK Ha 0ase TeXHUKH PyuwHOH 006paboTKHM KapTh
H CBOCTO 3BPHUCTHUYECKOTO aHaJ/mHu3a H IPOrHo3a.
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Puc, 2.1. Cxema (pOpMUPOBAHNS JIOKAILHOTO ABJICHHS TTOTO/IbL,

MMH MaxpomeTeoponormecxne nporuosby, ITICM - npoiiecchi CHHONTHYECKOTO

mactoraba, PBM - dopmuposanie BOINYIHOR

macesl, MB - maiibie BO3MYyMIEHRAS, M Y Met:msle yCROBHS,
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Fig. 2. 1. The Scheme of the local weather formmg

- MMP- macro-meteorological process, SSP - synoptie scale process,
AMPF - air tnass properties forming, SSD - stall scile disturbances,
LC locai condltions LW local Weather‘ x

P>p,

[

Q=0

p>p,

dip V<0 f+— P<0

P =0

div V>0

r

- |aiv v=0

-~ Piic. 2.2, Ouemca 3HaKa [HBEPreHLHH.

Fig. 2.2, Deétermination of devergence sign.
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Fig.3.1.©®c and &* dlstnbutlon wnh height typical for condltxonally
unstable atmosphere. ) ¥

KHC convectively unstable layet 3C lockmg layer

- : ﬁ'?g; .
' Puc 3 2 Bosuoxcnbxe pacnpenenenux B c BbICOlQH.‘
Fxg 3.2, Posslble dlstnbutton of @e thh helght
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Cucmemsi cumMmempu4Hoeo muna.
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Systems of Linear type
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Systems of symmetrical type
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KorBexmuBnsie

Nunuy wxdaneb.| | Teadsi kyweo- Meaomacwmabrsie
Mocwnial meso-w | | BoxcoeBsix oonaxes) | KoHBeKmUBHsIE | | guexy macuw-
Squall lines, | | Moowmagweso-p | |KOMATEKCS! g'”(’() maba me3g-
Meso -0 Scwle .- Bandsof Gh, Me L g- Conyectiyg
Meso-p scale esoscale conve celis of
, Live complexes meso-B scale
(MCC) Meso % TERETE ST

_Pric. 3.3, Knacoudttiauys MozoKea B BUZC AMarpaMMs, .
. Fig. 3.3. Maddox classification in form of 4 diagramm.

“Puc. 3.4. Cxema MKK (sun caepxy)

' lie | * Fig. 3.4. MCC scheme (view from
above),
T.y fcz
A‘) E (p) \\.J
(5 -
B o

@ B

Pnc.3.5. CxeMa Me3ockomienus Cb B nocnenonaTcanble MOMCHTbI
Bpemeﬂn Ti ¥ T2

Fig. 3.5. A scheme of Cb mesoclaster at successive moments of time
and 72
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Puc. 3.6. K onpenenenmo Bpememi Haana ABICHHSA
B nyHKTe pornosa (HI).

Flg. 3.6. On the determination of the fenomenon
commencement time at the forecasting point (f. p.)

Puc.37.1. ONPeAENeHHIO BpeMeHPl uonxoaa mmeaamlueﬁca CFK
K nyﬂmy NPOrHO3a (Hl‘l) : )

Fig. 3.7. On the determmatlon of the time fpr a varymg pCS
to approach the forecast point (f.p. )
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Puc. 3.8. Hpnmep rpa.dnmec'l(oro‘ OIpenerieH s BeTpa.

Fig. 3.8. An example of graphic determination of the relative wind.

Puc. 3.9. K onpeaernennio TIPOAOIBHOI 1 TionepeyHoii FABHXPEHHOCTH.

I -'BeKTOPb! OTHOCUTENHHOI'C BETpa ¥ TOPU3OHTAIILHOM 3aBUXPCHIOCTY,
2 - BEKTOP BEPTHKAILHOTO CI(BATA BETPA, 3- npononbuas« JaBHXPEHHOCTD,
4 - nonepeuxan 3asnxpeﬂyocn>‘ .

Fig. 3.9. Determination of streamwxse and transverse vorticities. -

1 - vector of relative and hotizontal vor ticity, 2 - vector of vemca] wind shear,
3 - streamwise vorticity, 4 - transverse vomcxty
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Puc. 3.10. Cunontryeckas cuTyaius, G1aronpHaTHas
Juist 06pa3oBaHus cMepya. - ' '

I - eTpyiinoe Tedenne B crobGonnolt atmocdepe (7-9 kM),
2 - 10 %e Ha ypoBHe 1,5 - 2 xM; 3 - "s3bIk" BIaXHOTO BO3AYXA, N
4'- paiioH HanGollee BEPOATHOIO 0OPA3ORAHKA CMEpyd.

Fi g. 3.10. The most favourable synoptic situatibn
for tornado development. ’

I - jet stream in the free atmosphere (7-9 km), 2 - the same
at 1.5 - 2km level, 3 - "tongue” of moist alir, 4 - the region
of the most - probable tornado formation.

I e > ' Pac. 3.11. K onpejie/ieHuio MecTa BO3MOXHOro

! TIOABJICHUA cMepYya.

1 - 30Ha 3HATHTENLHOI HeycToluuBoCTH (K0, I',<0),

2 - 30Ha CIUILHOI KOHBEpreHiny BeTpa, 3 - obnactn

BO.’}MQ)KHOFQ TOABIICHYK BETPA,

. "—‘_‘

M
IL‘*
fans
h
,‘ ™
=S ——] ’ appedrance place. : o .
) ~ ;é Sy’ ' 7 -"a zone of a significant instability (»0, I'<0), ‘
: ’ J / . :

0%

WA S '
3 N

—7 . . .Fig 3.1 1. Determination of the possible torpado .

N

-2 --a zong of an appreciable wind convergence,
3 - the area of possible appearance of a tornado.
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Puc. 4.1. Cxema CBEPXKPATKOCPOUHOr0 IPOTHO32 Husm 0ofIaxoR [Py WX HATIHYME Hal TIHKTOM HPOIHO3a B HCXONHBIH CPOX,

3mecs K HA pnc 4.2: W - umamudecKue B/umE oporpaginyeckie rocxomainze (W>0) mum macxoInme ( W <0) mBroxenud; @ - zeduituT TOYKY POCH |
IPATEKAIOMETO BO3yxa, °C; L - PaccTosiiie OT MYHKIA EPOTHO3A O NEPE/Eei KPOMKW O5HEYHOTO O, ¢ - BpeMT; S - IPOTMKCHHOCTD
061a4HOCTYH OT NYHKTA. nporuoaa O TEUIOBOR TPAKMEEL 06IA9HOrG NOKA IPOTAR BETPA; 5t - 3a6 NaroBPEMEHHOCTS NPOTHO3a.

Fig. 4.1. The low clouds very shortrange forecasting scheme for the cases when there are some clouds over forecast point at the
initial time.

>

Here and on fig. 4.2 Wls dynammal and/or orographic ascending (#>0) or discending (W <) motion; D is dew point deficit of the inflowing air,
°C ; L is the distance from the forecast point till the front margin of a cloud cover; ¢ is time;. S is length of cloud cover from the forecast point #ll
-the rear margin of a cloud field (against the wind); 8¢ is the range of forecast,
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Hugkue abmaxa ecrre Ha pACCMOA-
Huy L=V 8L om nysxma npoerosa

There are Low clouds at the
distance L=V 8L from the
potnl of rorecast

Bucxadusid cpoK
HUIKUX 08NnEKO8 Hem
There are no Low
clouds at the
initial time

Hu3skux a0Rked vein na paccmon-
wuu [=Y8L 0m nysKma npezHoId

There are no Low cloulds at the
distance of L=V8t from the

point of forecast

Ad8exuug ®

!

Advection

\ R
Bex
AdBexuus ) jgv?;?;/; ®

1

:

Huskue obroka
NOLIMENEHHO

1| pocceromes npu

repemeLLenuy K
ITYHK Y NPOEHO3A
Low clouds will
be graduall,
disappeare

to the point of
rarecast .

when displacing|

Huaxue ofnaxg
nepemecmames 6.
AYHKIM - IPDOZHO3T

| wepes t=L/V -

Low clouds will
be displaced to
the point of
forecast in
t=L/V

g
; fw<oJ‘
t

B f
s |
t

f

Aguection

A% I |
AdBexuud o~ } [ y ! i_n_ l W0
Advection © Vi/;a M 4

] I

{ R ¥
Huskux obaaxo8 ‘—'L_D;h l2<p‘<’ﬂ ns2
He bydem ' 1

Low clouds will
nat appear

t ¥

of forecast

HuBepcuy memnepamypo!
Hal AYKKITIOM IPOZH030 HEMm!
Theregis no temperalure
Lnwersion ocver the point
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Puc. 4.2. CxeMa CBEpXKPATKOCPOYHOIO TPOTHO32 HU3KUX O6NaXoB NPH HX OTCYTCTBHE HaX IYHKTOM ITPOrHO32 B HCXORHEBIH CPOK.

Fig. 4.2. The low clouds very shortrange forecasting scheme for the cases when there are no clouds over the forecast point at the

initial time.
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Prc. 4.3. BpemenHnpie aBTOKOppeNALHOnHbIe Gynkunu s BHT
(dponrraneHoii (1) M BHyTpUMaccoBoii (2) ofinagnocTy.

Fig. 4.3. Time autocorrelation functions for the base heights of
the frontal (7) and air mass (2) cloudiness.

t=L/V

mece () nao

- ann

The run way

L

Vi

Puc.4.4. C_xéMa napamerpos, BXOJAIAX B ypasHenue (4.8)

Fig. 4.4. The scheme of the parameters in the equation.
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. Puc. 4.5, CeTka Touek st pacyeTa APEIUKTOPOB OCA/IKOB.

Fig. 4.5. The grid for the precipitation predictors calculation.
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Puc. 4.6. Hpe[mKTopbx 10N 4JIs COCTaBJICHHSA CBerKpaTKOCpO‘lHOFO
TIPOTHO3a 0CAAKOB.

Fig. 4.6. The predictor field for the precipitation very shor tr«mge
forecasting. .
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Jone ocadkod . - Bemep |
Precipitation zore | : The wind |
3 b

Cunonmuweckyl obsexm
Synoptic object

F 3

Prc. 4.7. Cxema B3auMOZeHCTBHA CHHONTHYECKHI 06BEKT - 30HA OCAIKOB - BETep.

Fig. 4.7. An interaction scheme "Synoptic object - precipitation zone - wind".

. Puc. 4.8. 3ona ocaKos (¢), MpezicTaplieHnas B buje 1peyronpuuka (I - 3 - 4).

Fig. 48.A precipitatibn zone (4) reprosented in form of a triangle (I - 3 -4).
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" Puc. 4.9. fiﬁﬁﬁéﬁ TIpOrHO3a TIepeMenieHns 30Hb] OCAIKOR.

Fig. 4.9. An example of a precipitation zone displacement forecast.
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Puc. 4.10. CxeMa pacnonox(emm MesomachaGme TIOJIOC OCBAKOB B CHCTEME
BHeTponutieckoro 1ykiiona (1o Xob6cy).
[ - rpaHima 30161 OCAOKOB, /T - nonoca ocazkos, IlI - rp;ma o4aros ocajikoB.

Fig. 4.10. A position scheme of the mesoseale rainbands in an extratropical cyclone
system (after Hobbs).

I -boundaty of a precxpxtatlon zone, /I - rainband, /I - raincore band

Puc. 4. 1 1. Cxema pacriojIoxeHus Mesomacmmﬁﬂmx Tosioc ocam(on Ha TeMIoM
tpoute (o Xelimcduinay) .

1 - pponTanssiit cioH, 2 - BepxHsd rpanuiia obnakos, 3 - 30Ha OCANKOB.

Fig. 4.11. The scheme of mesoscale rainbands location on a warim front (after G
Heymsfield).

1 - frontal layer 2-clouds top,3 precnpltatlon zones, ,
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“Pric. 4.12. Cxema NOTOC OCA/IKOB Ha XOJIOJHOM QPOHTE (n/ob Xob6cy).
i~ Mcaomacmré@me ifem:x—mx BO3AYXE, 2 - GCalKH, 3 - OBNaTHEIH MacCHS,

4 - obiaKa 3aTONICHHOH KOHBEXURH, J - TOBEPXHOCTH KONOJHOTO dponTa. -
Fig. 4.12. The cold front rainbands schenie (after Hobbs).

i- mésoscale alr currents, 2 - precipitation, 3 - cloud ma551f 4- mbedded
convectlon clouds 5 the cold front surface

Pnc 4.13. Cxema pacnonoxcenm 04aron ocamcos BJIOJIB xonozx;ﬂoro
d}pom'a (Bug cnepxy) :

F1g "4.13. The scheme of ramcores loéatxon along a cloud front (v1ew.
from above) :
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‘ Fig. 6.1. A scheme of underlying surface mechanical and thermal
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local weather formation.
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Flg 6.2. A schémg of’ cloudmess and nreupnatxon dlStr]bUthI’l when an
air flow overcoming a mountain obstacle.

1 - streanilines, 2 - precipitation.
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Puc. 6.3. Cxema Moo eHHA HHBEPCHH OTHOCHTEJIbHO rOpHOro xpelTa,
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Fig. 6.3. The scheme of the inversion position re]atmg to a mountain .

ridge to create a hydraulic effect.
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“Puc. 7.1. Monens bl KBa3UMETCOPONIOTHUECKHIT BpemeHHOM par (D),

cozepxallpii cMech TPEHARA ¥ CYTOYHOT0 X052 (/), Ha KOTOPYIO HANOKEeH
rayccoBcKuit cnyyaiubii aym. . '

Fig.7.1. Model quasi-meteorol_ogibal time series (2) containing the mixture
of trend and diurnal variation (/) with Gaussian random noise
superimposed on it,
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2 - pucniepcuy 0mH50K CINANHBAHNA, 3 - axcrpanonmum

Fig. 7.2. The results of model random series processing with 1 the
smoothmg filter (1), dnd w1th thz cxtrapolatxng filter (4).

2i ls the dlspersmn of the smoothmg errors; 3 i is extrapolatlon errors
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BHepen (xpushie CJIHJ]HC!:) ;- Hakorew; MO AaHHbIM 38 yTpeHHHe cpokﬁ
03, 06, 09 4 na secs octapunthics nepHoA 1o 184 (2) :

Fig. 7.3. Predlction of thie model. divrnal variation (1) with the adapﬁve»
smoothing modéls obtained from the hourly data for the passed 24 hours,

- orie hotir ahead of the terttis, from the Hourly data from 6 d.m. to § p.m.
{(2), and from the.every 3 hotirs data from 9 p.n. to 6 a.m. of the
following day one tout dhead of the terms (3), atid, finally, from the data
at tetms 3 a.fn.; 6 a.m.; 9 a.m. for the rest of the period up to 6 p.m. (4)
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Puc.. 7.5.. CpasseHue p¢3anTaTon BbifeeHHs ‘W NPOrH03a TpeHaa
MeToloM . perysisipuzauur (') W METOMOM TNOCTPOEHHS WHTEPHOJIsiH~
oHnoro noinHoma Huretona (2).

Fig. 7.5. Comparisbn of the results of the trend isolation and prediction
with the regularization method (/) and with the method of constructing’
- Newton s interpolation polinomial (2). o
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* Puc. 7.6. CpaBHeHue pesybTaTOB BOCCTAHOBINEHHS TPEHIA MONEILHOO
npotiecca (/) no Meroay HaHMEHbIIWX . KBappaToB (2) ' MO Merouy
perynsipH3aLiuHt ¢ yHETOM 0cobeHHOCTEl pacrooxeHs MakcuMymos (3).

Fig. 7.6. 'Cémparison of the results of the model process trend
reconstruction (J) from the method of least squares. (2) and from the
regularization method accounting for thie maxima positions.
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Fig. 8.1. Local gtid point: positions in time and on plané on -
nitmerical differentiation #iming to determine displacement of a
cyclomc centie frcm the formulas of kinematic extrapolatlon
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Fig. 8.4. Stages of the baric
field singular point type transfor-

‘mation. Cyclone generation.
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This work is an interesting and complete text on mesoscale
meteorological processes and contains thoroughly quantitive
approaches of very shortrange forecasting of mesoscale phenomena.

It should be of great value to many future students enabling
them to apply the forecast methods contained here in to localities
around the world and is certainly worthy of publication.

Donald L. Morgan, P6O

Professor Emertos,

Hydrometeorologist

Department of Geography

California State University, Fresno
Fresno, California 93740 —0069 U. S. A.



FOREWARD

The users of meteorological information are often interested in
weather change at the nearest time just over objects they act at:
stadium, airport, orchard, plantation, etc. The forecaster is requested

to answer two questions: 1. What will weather be like over the

object at a given time? 2. Would undesirable weather phenomena
appear at the nearest hours over the object, and if they would,
when would the phenomena commence and be over? Conceptually
the forecaster is to make very accurate weather forecast for a very
short time, indicating precisely the place and the time the expecting
weather phenomena occur. Such kind forecasts are known as very
shortrange forecasts. They are also called local forecasts, and the

weather over a definite object or place is formed under influence

of mesoscale processes (disturbances) or mesoscale features
of the synoptic scale objects. Keeping up with the mesoscale
features of the meteorological fields, their appearance in form of
disturbances, with their displacement and evolution and related
weather phenomena is the subject of this text-book.

The book does not pretend to scope all aspects of mesometeo-

rology. It gives just some knowledge on organization and methods

of shortrange forecasting in frame of the course delivering in the
SHMI of RF. It is assume that those studying this course are
familiar with general, dynamic and synoptic meteorology.

The book consists of three parts. The first part (chapters 1
and 2) is devoted to organization of the very shortrange forecasting
and general principles of the local weather formation. In the second
part (chapters 3—6) methods of the local weather prediction at
various initial atmospheric condition are considered. The limited
capacity of the book did not allow for exposing all techniques.
for mesoscale phenomena forecasting; therefore, only general
principles of the forecasting were set forth here, and as examples,
some particular forecasting techniques are expounded. The third

part (chapters 7 and 8) presents the mathematical aspects of the

very shortrange forecasting in general and some particular fore-
casting techniques.

Since the book is intended both for Russian and foreign
students, it has been written in Russian and in English. Chapters
1—6 both versions (Russian and English) have written by G. Ta-
rakanov, chapters 7 and 8 Russian version have been wriiten by
I. Rusin, and English version have been prepared by both authors
jointly. The technique for cloud base height 10—20 minutes ahead
had been developed by V. V. Klemin and G. P. Lutsenko. They
kindly agreed it to be published in this book.

The authors express their gratitude to prof. Donald Morgan
(USA) who took over the task of reviewing the book. They also
acknowledge O. G. Garbusov and N. I. Resvova for the work done
to make the manuscript ready for publication.
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Chapter 1

ORGANIZATION AND MEANS
FOR VERY SHORTRANGE FORECASTING.
THE BASIC NOTIONS AND DEFINITIONS

According to the WMO standards, forecasts for a period of time
equal to or less than 12 hours are called very shortrange fore-
casts. In some cases forecasts are made for even shorter periods
of time. For example when very dangerous weather phenomena
such as a tornado, hailstorm, or strong squalls are developing
when servicing the aviation flights. In these cases the forecasts
are prepared from three hours to a few minutes in advance. These
forecasts are usually prepared with so called «overlapping», that
is the forecasting for such a short time period is going on con-
. tinuously involving at each time step some «fresh» information.
For instance, a forecast is prepared for the period of time from
0900 to 1200, then updated for the period from 1000 to 1300 etc.
Preparation of these overlapping and super shortrange forecasts
is denoted by the term «nowcastings. This term also includes
. the present weather and it’s environmental distribution, the sy-
. noptic condition and mesoscale disturbances and their movements,
i Extrapolation, advection and meteorological field translation
' methods are commonly used for nowcasting purposes.

Very shortrange forecasting includes a wider set of methods
and techniques. To predict weather for periods of time up to
12 hours, one needs to use a variety forecasting tools, e. g.:
synoptical (empirical), statistical and hydrodynamical models.
. These latter, in turn, require a great deal of precise data and can
 be implemented only with the aid of modern computational means.
i All meteorological processes can be divided into four groups
. according to their space and time scales. There are macroprocesses-
~ (or planetary processes), synoptic scale processes, mesoprocesses
+ and microprocesses. The scale characteristics of these four groups
| are given in the table LI
‘ The distance between stations within the standard meteorolo-
gical network has the scale 6L==105 and the observational time-
- scale (descreteness of observations) t==104 It is clear that the stan-
“dard meteorological network can provide the information needed
. fo trace and predict the movement and evolution of synoptic and:
planetary objects. Meanwhile, however, the local weather and
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Table 1.1
The atmosphere processes scales

Scale
Characteristic macro- ‘
: processes synoptic mesoprocesses | microprocesses
(planetaryy |
Lm 107 | 108 105—10¢ <103
U m/s 101 | 01 10t 101
TS 106 l 105 104—103 <102

“Note In the table L is the horizontal scale, T is the time scale, U is the
wind speed scale.

particularly dangerous phenomena are caused by meso and/or
micro disturbances. For the sake of brevity, we will call them
small disturbances and denote them by letters SD.

To detect and trace SD with some success, a special Information
“Obtaining System (I0S) is necessary. This system should be
somewhat different from the traditional one for collecting synoptic
meteorological data. Recently available technical means have made
it possible to design and create the I0S which, in principal, could
supply the necessary data with rather good space and time reso-
lution. Actually, if required, the information could be obtained
uninterrupted. An IOS can include:

a) A network of Radar stations.

b) Satellite observations.

¢) A network of surface automated meteorological stations
situated a short distance apart from each other.

d) A network of sounding stations (Radiosoundes, acoustic
soundings, lazer soundings).

Such an I0S gives a huge amount of information. One can not
expect the forecaster to be able to process all of this information
in a short time in the traditional manner. Note that available new
radar and satellite data are not used very effectively, since the time
interval between observation and availability can be rather long.
The forecaster does not have time to process the data properly.
Therefore, a system is needed for data collecting, adopting and
processing in a short time period. This system, which we will call
DCAPS, should also include a feature allowing for the presentation
of the processed information in a form suitable for users. The sy-
stem must be based on a set of computers, which allows the fo-
recaster to collect and process the data in seconds and to display
the results of this processing in the form of graphs, maps, schemes
or in digital format.
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THE REQUIREMENTS OF 10S AND DCAPS

The requirements of 10S and DCAPS depend upon the type
ol SD we want to detect, to trace and predict. Suppose, we have
~ decided to detect downward wind gusts beneath cumulonimbus
cloud - (Cb). Ideally, we would need to have a network with grid
points of observation the order of hundreds of meters apart from
each other. Economically, it is hardly possible at present to have
such a closely spaced network. Probably it would suffice to detect
and forecast the SD with minimal horizontal sizes of 10' km and
a typical life time of not less than 102—10% seconds, such as
cexplosives cyclogeneses, atmospheric fronts, squall lines, and
Cb cloud clusters. Then, the requirements for the space resolution
would be much lower. In this case, the distance between points
of observation can have the order of magnitude 10°—10' km within
the area of the denser network, where the forecast point is in the
center. A time resolution of 10! min seems to be sufficient. Ho-
wever, such frequent observations are not economically justified
for all meteorological elements. Perhaps cloudiness and precipi--
tation, which are subject to high variability, can be observed, every
10 minutes. The other elements can be measured with somewhat
lower time resolution: for example one observation per hour.
If necessary, the detailed structure of these values can be restored
with the aid of hydrodynamic equations.

The 10S and DCAPS constitute the informational bases for
nowcasting and very shortrange forecasting. To make these fo-
recasts, another system is needed. Let us call it the very shortrange
. forecasting system (VFS).

' The important feature of the very shorirange forecasts is that
© forecasts must be intended for a definite site such as an airport,
a sea port, a stadium, a pasture or a building-square and must
contain an indication of the time when the expected phenomenon
will begin at the site. It is also desirable to indicate the pheno-
menon intensity. Any user would like to know whether the phe-
nomenon will take place over his site and, if so, when it will start.
If the predicted phenomenon has occured, but not at the very site
- and/or the time expected, the forecast is considered to be unsuccess-
¢+ ful. This means that the requirements for the very shortrange
forecasts are much higher than those of regular shortrange fo-
recasts. Taking into account the higher degree of requirements,
. the very shortrange forecasting system can be composed of two
- components, reflecting a definite order in the forecasting process.
- The first component includes the methods and techniques used
to predict the formation of small disturbances or weather pheno-
mena which do not exist within the region of interest at the initial
moment in time. The second component includes the methods and
- techniques used to forecast the SD or weather phenomenon
- movement and evolution as soon as it was detected and recognized
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as the expected object (or its «germ») by the I0S and DCAPS. -
If it is the «germ», the trace for it is to be continued. The ultimate
aim is to indicate the intensity of the phenomenon and the time
of its beginning at the given site.

The function of these two components can be illustrated by
an example. Imagine that an afternoon thunderstorm is predicted
by the first component of forecasting using the morning observed
data. However, the place and time of the storm cloud’s formation
remains unknown. Naturally, nothing can be said as to whether
the storm will be at the spot of interest. Therefore, the IOS and
DCAPS must be set to monitor all forming disturbances. As soon
as these systems detect a «suspicious» object, all the information
on that object is immediately transmitted to the forecasting center.
At the center, using the second Iorecasting component, we can
expect to recognize whether or not the «suspiciouss object is the
thunderstorm «germ». If it is the «germ», first the tracking of it is

to be continued and second its movement and evolufion are |

predicted with the aim of determining whether the thunderstorm
will come over the point of interest and, if so, when it may begin.

The first VFS component includes:

a) Methods of numerical forecast interpretation used to predict
SD formation, if this procedure does not fit directry. info
the numerical forecasting scheme.

b) Mesoscale dynamical weather forecasting models.

¢) Mesoscale statistical forecasting models.

d) Synoptic models for weather element forecasting.

e) Objective (automated) techniques for the current synoptic
situation recognition.

The second VFS component includes:

a) The means for the forming SD type recognition.

b) Extrapolation procedures to predict the SD movement and
evolution in the super short time periods from a few minutes

up to 3 hours. ,
c) The procedure for calculating advection and translation

of the meteorological fields.
d) The forecasting procedures based on the descriminant

analyses techniques.

Of course, all of these operations are made with the aid of
a computer and the results displace in a suitable form for the

forecaster.
The role of the forecaster can be described as follows:

He is to synthesize the various types of diagnostic and prog~

nostic outputs, to make logical analyses of incoming information,

to choose the forecasting model, to correct the model forecast on

the bases of the current weather observation, and to make a final
decision. on the forecast formulation.
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The scheme for the very shortrange forecasting organization
is represented on the figure 1.1. '

When choosing a forecasting model, the forecaster should be
directed not only by a definite prognostic task, but he must take
into account some specific features of the models used together
with the quality of the initial data.

. The mesoscale forecasting models currently available can be
divided into two classes.

Class I are the dynamic models for SD or phenomena which are
formed under the influence of the respective space distribution
of meteorological values. It is natural that the proper operation
of the models requires that the initial data be from a more dense
network of stations and that the observations be made more
frequently than those for regular observation. In this case the
following rule is applicable: the smaller the scale of a phenomenon,
. the more dense the observational network must be and the more
often the observations must be made. In the ideal case, the obser-
vations should be continuous in space and time. They should also
be made without errors, and the coordinates of the observational
points should be determined with absolute accuracy as well.

This ideal is impossible to reach at the present time. This is
why the realization of dynamic models brings about a problem
“known as the «signals to «noise» relation. Let us clarify this
problem using an example.

Suppose, in course of a model realization there is a need to
calculate a wind speed gradient component determined by the de-
rivative %%——-—(Q _ijj. The wind speeds as well as the point 1 and 2
. coordinates are determined with some degree of error. Then

Uy = U, +8U,; U,=U,+ 38U,
X=X 3 X=X, + 3K,
(the bar above letters denotes the true value) and
oU (U, = U,) + (U, —dU,)
0X (3 — x) + (B, — Bx,)

(1.1)

In the expression (1.1} (U;—Uy) and (x;—x;) are the true
values of the difference or «signals, and (8U;—o6U;) and (6x; —
~—08xy) are the incorrectnesses or «noise». In an unfortunate case
- when the-errors have different signs, the «noise» value can become
‘rather large. On the other hand, the smaller distance between
‘the points 1 and 2, the smaller the «signals value. It may occur
that the «signals would become equal to the «noise» at some small

“value of 8x=(x; —x;). Further decreasirig the value- of 8x will
lead to a situation when the «signal» is less than «noise». In such
cases a filtering procedure used in the model may filter out the
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«signal> and leave the model using the «noise», thus giving
erroneous results. Therefore, even the most sophisticated dynamic
models require the use of the most accurate and detailed initial
information and can be implemented only for forecasting rather
large disturbances.

Class 1l are the models of phenomena and processes, the deve-
lopment of which depend mostly upon orographic features: the sea—
land boundary, mountain ridges, hills, large «cities etc. These
models take into account the impact of surface nonhomogeneities
(nonhomogeneous features) on the mesoprocesses and thus allow
for the prediction of orographic precipitation, bora, breezes and other
similar phenomena. Of course, the same type of initial information

is also needed for running the models. However, the requirements

for the accuracy of the information are much less than those
of the class 1 models.

Statistical forecasting methods also play an important role.
The prognostic relations are received in the form of regression
equations. Discriminant functions are also widely used. When
developing statistical forecasting techniques, the selection of pre-
dictors seems to be the most important action. Usually, this
method requires a large volume of archive data. Somewhat limited
collections of initial data makes the selection of predictors as well
as statistical relations nonrelayable. It should be noted, however,
that no matter what the initia]l material that is used, one must
keep in mind that statistical relations do not remain constant.
They usually become invalid with the passing of time. This sta-
tement can be explained using an example.

Suppose, that on the bases of a ten-year series of observations
(let say from 1971 to 1980) a statistical relation in the form
of a regression equation for a value S prediction was derived

n
Sttt = 21 a;Py,
=

where q; are the regression coefficients, P; are the predictors.
If we derive a similar relation with the same predictors for

another ten-year series of observation (let say from 1981 to 1990)

n
Stﬂ+6tzzlajpj, ;
]:

then it is not mecessarily
a,— = a].

It is rather probable to get aiz%=a;.

In other words, any existing statistical relationship, as well .

as empirical formula based on them, must be constantly improved
by introducing some «fresh» data. It is worthwhile to add that
many statistical relations are of a local nature, that is they are

180



applicable only at the definite site. Therefore, before using a sta-
tistical technique one must check it to be sure the technique is
valid for the appropriate place and time case.

All features of the forecasting models mentioned above, inclu-
ding statistical techniques must not be forgotten when choosing
the forecasting means scheme.

Chapter 2
LOCAL WEATHER FORMATION

The weather observed at a definite location, for example amr
airport, a sea port, a part of agricultural field, a town or a part
of city, is called the local weather (LW). In some cases it may not
differ from the weather in adjoining areas while in other cases it
will have its own character. In the latter cases the LW is influ-

- enced .both by a small disturbance (SD) and some local conditions.

The local conditions can be of different kinds, but as rule they are
all of an orographical nature. The most important role is played by
the synoptic background. The smalil disturbances are formed under
the impact of the larger scale processes. The SD formation depends
to a significant degree, upon the properties of the air mass (masses)
that are formed in and upon the orographic features of the region.
The scheme of a local weather phenomenon formation process (see
Fig. 2.1) can be presented as Ifollows: a macrometeorological
process causes the generation of the synoptic scale processes

~and air mass properties characteristics. Within the acting air mass
' one or several small disturbances may appear. The movement and
- evolution of the disturbances are controlled both by the synoptic

scale processes and by local conditions. The latter may include

orography, town «warm islands», human activity or underlying

surface features. In a number of cases, small disturbances are

' generated by local conditions only, and these disturbances are

typical for the given particular place. An example of such a distur-

~bance is a breeze circulation and associated phenomena (see
 Chapter 6, page 231).

Let us consider an ‘example of a SD forming. Suppose, there
is a long band (zone) with large temperature gradients which go
almost around the globe. Let us call it the Planetary Frontal Zone

(PFZ). The zone separates cold and warm air masses. The Rossby
waves, developing within this PFZ, promote the generation of lows

.or anticyclones and create some instability within the northerly

air flow where cold air flows over the warm underlying surface

and reinforces the stability within the southerly air flow where
warm air flows over the cold underlying surface. These lows create,
in turn, the conditions for the occurance of convergence and thus
promote static instability that leads to developing secondary cold
fronts, squall lines and other mesoscale convective complexes
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(MCC). The convective complexes move along in the air flow
formed by the synoptic scale objects within the lower and middle
troposphere. MCC are intensified by convergence and weakened
by divergence (see page 178—179). The development of convection
depends also on the air mass humidity. The more humid the air
mass, the more intense will be the convection forming process.

The air pressure background and atmospheric pressure tendencies
play an important role in SD generation. Low pressure and nega-
tive pressure tendencies are favourable for MCC formation and
strengthening. They also intensify widespread precipitation and
serve as an indicator of the wind speed increase. On the other
hand, high pressure and positive pressure fendencies are not fa-
vourable for MCC development or for widespread precipitation.
However, under high humidity condition this situation may lead
to some fog formation during the night time.

The above considerations allow us to derive the parameters |
or their combinations indicating favourable conditions ior .the de-
velopment of various SD and non-favourable conditions for others.

1. The parameters of the circulation conditions. It is helpful
to differentiate the two types of circulation conditions: cyclonic
circulation and anticyclonic circulation with the framework of
a synoptic scale process. The simplest way to determine the circu-
lation type is to calculate -the geostrophic vorticity value

A_ L |
2 =1 vP, @.1)

where p is the air density, /=2wsing is the Coriolis parameter, |
V2P is the pressure Laplasian. When Q,>0 cyclonic circulation
is taking place; when Qg<<0 anticyclonic circulation is taking
plage. It is convenient to compute the non-dimensional circulation
factor as

10

.92

o 22)|

> |
gl

Ol

where |Qg| is the average absolute value.of the geostrophic vor-
ticity that provides a probability of disturbance occurrence. When
an anticyclonic condition is taking place, the inversions forming
have been considered as the disturbance occurrence. For example, |

| Q| =0.5-10-5s=! for the North —West of Russia at the proba- |
bility P=0.2. | {

2. The parameter of static stability. The wvalue of the: static
stability parameter is the most important indicator allowing us
to judge whether disturbances will be formed. Both the instability .
case and the considerable stability case of the atmosphere are
considered dangerous in the sense of the potential for disturbance |
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occurrence. In the case of an unstable atmosphere, the MCC may
be generated, and in the case of the stable atmosphere, low clou-
diness (in winter), fogs and atmospheric pollution may occur.

When estimating the atmospheric stability for the supershort-
range forecasting, the traditional method, that is comparison of
the actual and adiabatic (saturated adiabatic) vertical temperature
gradients, is not convenient. Usually, it is recommended that va-
rious indexes of stability be used. The index of equivalent static
stability, T, is frequently used

8 Q(E)éu_;@el).

r,= 6. Az , (2.3)
where ©==7(1000/p)%2% i{s the potential temperature in K;
p is the atmospheric pressure in hPa, ©g~@gxp (Lgs/Cpls)
is the equivalent-potential temperature; L=2.5-108J/kg is’-the
latent heat of condensation: ¢s is the specific humidity, kg/kg;
Cp~10% J/(kg-K); Ty is the air particle temperature adiabatically
brought to its saturation; indexes «u» and «I[» denotes upper and
lower boundary of the layer respectively.

If Te>>0 the atmosphere is stable;

if Te=0 the atmosphere is neufral;

if Te<<C0 the atmosphere is unstable.

The index T. is calculated for every layer between standard
isobaric surfaces, the lowest ‘level being the ground surface.
However, in case of a ground inversion, the upper level of the
inversion is taken as the lowest level. If is also convenient {o
represent this index as non-dimensional :

= l_F . (2.4)
7
o

Here y is the value of long-standing average vertical tempera-
ture gradient for the particular layer. This value can be easily
found in a climatic reference book.

3. The parameter of dynamic instability. The dynamic instability -
of the atmosphere is one of the necessary conditions for the sy-
noptic scale disturbance formation. However, directly or indirectly,
it participates -in the SD generation. For example, when meso-
cyclones develop the dynamic instability directly influences the
degree of their development. Arising with large scale cyclogenesis
precess, the dynamic instability indirectly influences, by this action,
a SD appearance, since the developing cyclonic circulation promotes
the necessary static instability (see page 187—188).

There are many different indexes to estimate quantitatively -
the dynamic instability. The most general index is
1 oV oV oW

V=% antow toop

(2.5)
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This index includes both the barotropic instability (the first
and the second terms in the righthand part of the equation (2.5))
and the baroclinic instability (the third term). The barotropic terms
can be neglected in areas situated in extratropical latitudes because
they are at least an order of magnitude less than the third term.

In the (2.5), R is radius of streamline curvature; V is wind
vector; n is a normal to streamlines, it directed t{o the right from
the flow I=2wsin ¢ is the Coriolis parameter;

_ 0% 1 Je
T 0P 8 0P
where ¢ is geopotential, P is atmospheric pressure, © is potential
temperature.

Since ®=gz, then O0®/0P~ (3;—=zy)/AP, where AP is the
thickness of a layer (in Pa), and indexes «l» and «u» denote the
lower and upper boundary of the layer respectively. Similarly

06 8,—8, ‘
P T T ap

Considering a definite layer, for example, 500—850 hPa

o g0 g (2500 — 2 g50) (B500 — Ogs0)
80~ @ 12.25-108

or, adopting g=9.8 m/s? and 8~3-102 K
o [0~ 2.7- 107 (2509 — 2g50) (500 — Og50)- (2.6}

For the same layer _
al o0 ~ 1 [ 850 V700 V700 _ Vsoo]
op? ssoN 1.75-108 ¥ 1.5 2
or, denoting Vgso— Vzeo="V; and Vzo— Vso0="V;
vV P 2
0P% |0 5.25-10° [

Here, V, is the vertical wind shear in the 700—850 hPa layer,
and V, is the vertical wind shear in the 500—700 hPa layer.
The vectors’ V; and V, magnitudes can be. calculated as

= vaoo + Viso — 2V g0 Viggo COS 0y,

where @, is the angle between wind directions at levels 850 and
~ 700 hPa;

V,—0.75V,]. (2.7}

= VVgoo 4 Vo — 2V 100V 500 €OS 093

where ag is the angle between wind directions at levels 700 and
500 hPa,
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These vectors’ directions can be determined as

Vigsn — Vigo COS @,
|78 :

Voo — Vino COS @y
V,

dy = dg, + arccos

dy = dqg, - arccos

~ The upper sign is used as wind turns to the left with height and
lower one —as wind turns to the right. The expression (2.7) can
be represented as

PV P 2V Vit 075V, — 15V, V, cos|d; — d,|
P |y = 5.95.10° '
Substituting (2.8) and (2.6) to (2.5), we receive
D1 — 3107 sin 02V Vit (0.75V,) — 1.5V, V, cos|a, — a|

850 (Z500 = Zs50) (O500 — Bgs0)

(2.8)

(2.9)

Here, ¢ is the latitude of the site where sounding was made
(the site the DI value is calculated for).

The formula (2.9) is intended for the DI calculation in the layer
500—850 hPa. If there is a need to calculate this value for some
other layer, then, while keeping the same form of the formula, one
should recalculate the numerical values of the coefficients.
For instance, for the layer 300—700 hPa

92.6-10-% (sin )2V Vi+ VE—2V,V, cos|a, — as|
(2300 — Z700) (Fa00 — B0

300
DI 700 T

. (2.10)

Here, V3= ;/v‘éoo + Vi — 2ViaoVse COSay is the wind shear
vector magnitude in the 300—700 hPa layer, as is the angle
between wind directions at levels 300 and 500 hPa;

Visop — Vagy COS a4
Vs

is the wind shear vector direction; dss is the wind direction at
500 hPa level.

The upper air sounding data is used as the initial information
to calculate the DI value. Let us follow the algorithm of the DI
calculation using the initial data which are given in the Table 2.1
as. an example.

‘1. The values of Bgs and Ose are calculated

1000
850

d, = dg 1 arccos

]

0.286
Bgso = (273.2 + 7.2) ( ) == 293.8 K;
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Table 2.1
The upper air sounding data 30.07.84, Archangel (9==65°N)

z P T i a } v
1470 | 850 72 1 160 11
3040 700 —41 | 180 10
5650 500 —183 l 170 15

1000 0.286
By = (273.2 — 18.3) (’5‘@) = 311.1 K.

2. (Os00 — Ogso) =17.3 K.

3. The a; and a, values are calculated; a;=180— 160]=20°%
a;=|170— 180| =10°.

4. The magnitudes and directions of the wind shear vectors in
700—-850 and 500—700 hPa layers are calculated.

V,=V 112 10°=2.10-11- cos 20° = 3.8 m/s;

d; = 160 — arccos L lg'SCOS 20° _ 95°,

Here, the sign minus is taken since the right turn of the wind
occurs:

Vy=V 1574+ 10— 2.10-15- cos 10° = 5.4 m/s;

10 — 15-cos10°

d, == 180 + arccos 54 = 331°,

Here, the sign plus is taken since the left turn of the wind occurs.
5. Now, all the necessary data are in hand, and the value DI}

can be determined by the formula (2.9):

, DI g} =

_ 3-10-5(sin65)* } 3.8% 4- (0.75-5.4)* — 1.5-3.8-5.4- cos| 331 — 95| _
- (5650 — 1470)-17.3 -

=2.36-10"1 m—1.s71,

The second example (Table 2.2) you should try to do yourself.
. If there are no mistakes in your calculations, the result will
be DI[N =0.9-10'"Ym~!.s71

The expression (2.5) suggests the DI value has dimension
m—!-s-1, Following the above adopted rule, let us bring the dynamic
instability index to a non-dimensional form. For this purpose,
the DI should be divided by its critical value, i. e.
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Table 2.2
The upper air sounding data 30.07.84. Moscow (p==56°N)

z , P ' 7 d v
! |
1410 850 5.0 300 2
2970 700 —2.3 160 2
5580 500 l —159 150 13
DI
D=——— - 2.11
DI, @11)

Here D is the non-dimensional dynamic instability index; |DI|x
is that minimum DI value which allows for a cyclogenes develop-
ment. Experience suggests DI~ 10~9m-'.s~!, Therefore,

DI :

The atmosphere may be considered as dynamlcally unstable
when D>=1.

The third term of the (2.5) by its nature indicates a tempera-

ture contrast. When considering the mesoscale process it is worth
estimating the dynamic instability in the zones where the local .
horizontal temperature gradient is rising: for example at snow
cover boundaries, at land — sea boundary bands, and af cloud cover
margins.
. The type of circulation and the static and dynamic instability
determine the whole range of possible mesoscale disturbances and
local weather conditions. Of course, the possibility and its reali-
zation are not quite the same. In order to judge the existing possi-
bility for the SD development it is necessary to take into account
air humidity, pressure background and local comditions.

Let us now discuss the conditions for the air o obtain static
instability. As it is known from Dynamic and Synoptic meteorology,
conditional instability can be caused when the air reaches the sa-
turation state. To bring the air into this state a certain amount
of water vapour must somehow be injected into the air or the air
must be adiabatically cooled to the dew point temperature. In other
words, moisture convergence and/or ascending ‘motions are needed.
The latter appears as a consequence of the convergence process or
under the influence of orographic lifting. Hence, the occurance of
conditional instability requires divV<C0 and/or orographically
induced ascending motions.

Unfortunately, it is known that divergence (convergence)
‘computations are far from the accuracy needed. Sometimes the
signs of divergence even appear to be wrong. Therefore, it may be
worthwhile to estimate the divergence (convergence) indirectly.
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Convergence in the lower part of the troposphere occurs if
cyclonic circulation in a low pressure field is observed. However,
convergence does mnot mnecessarily occur in cyclonic circulations
associated with higher pressure fields. In this case, the use of the
sign of the pressure tendency (P;) is recommended. If P;<C0 one

may assume div V<<0; in the opposite case, most likely divV>0.
The scheme shown in the figure 2.2 will be of some assistance in -

determining the sign of the divergence.

In addition, convergence may arise in the air flow above the
boundary of two surfaces with different roughnesses. For example,
it may arise along the boundary of «sea —land» when wind flows
toward the surface with the greater roughness, i. e. from sea
to land, or when it blows paraliel to the boundary so that the
rougher surface is on the right side of the direction of the air flow.

Conditional instability may exist independently of any other
factors on upwind slopes.

Miscalculations concerning the possibility of the formation of
convective disturbances are usually related to the fact that the state
of the atmosphere is continuously changing. Suppose at a time
the atmosphere is stable or unstable. At a short time later #,+Af,
it can become unstable or stable because of air circulation condi-
tionis or day heating or night cooling of the surface layer. To take
into account heating or. cooling, one should predict the maximum
. or minimum temperature (see page 244—249) and dew point tempe-
rature, and introduce their values into the index I" calculation scheme.
Accounting for the circulation condition is much more difficult.
A generalized index, indicating the possibility or impossibility of
convective disturbance formation, can be determined by the follo-
wing formula :

C=[{l —QVIZTF Q| e (2.13)

If C<<0, convective disturbances are possible; if C>>0, con-
vective disturbances are impossible.

The more negative the value of C, the more probable that
a disturbance will occur; the more positive the value of C, the less
probable that a disturbance will occur. One should keep in mind,
however, that the formula (2.13) is not intended to forecast a spe-
cific phenomenon. It simply estimates the degree of readiness of
the atmosphere to generate disturbances. This will be more clear
with the use of some examples. ’

Example 1. Suppose, using the data of a morning sounding, I'=-—1.0, and
from the morning weather map ©=0.66. Then

C = [(—1.0 — 0.66)- ¥ 177 0:44] e =06 ~ —1.03.

Here, convection 'development is possible without any doubt, as I'<<0 and
the circulation will allow for the realization of the instability (C<0).
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Example 2. Suppose, '==—0.6, and Q=—10. The atmosphere is conditionly
unstable, but the circulation is of anticyclonic character. Descending motion
would decrease the static instability. As a result

C=[(—0.6+ 1.0)- ¥ T+ 0.36] e=*6~0.6.

Since C>0, the development of convective phenomena is hardly possible.

The final judgment on convective disturbance development can
only be made by taking into account the humidity and pressure
background.

The following dimensionless value can be use as a humidity
index

=Tle_Tx (2.14)
‘ Tor

- Here, 74 is an actual value of the relative humidity at the initial
‘time; rp is that minimum value of the relative humidity which
allows for a disturbance to be developed within the given region.

(For St. Petersburg r,=609%); r is the multi-year mean value
during the day time at the given point.-
The dimensionless value

pp=al/ P=Pu 2.15
AV TR ©19
can be used as a pressure background index. Here, A is a coeffi-
cient which is to be selected for each region. For the northwestern
(NW) region of Russia it turns out to be 2.4; P is the atmospheric
pressure at the initial time; Py is the climatic norm of the pressure
value for the given point.
One of the possible ways of accounting for all factors can be
based on the computation of convection development regional
indexes: '

. ac . .
IL=bCYR PP at C<O. (2.17)

Here a and b are the empirically selected regional coefficients.
For NW Russia, they turn out to be 1.1 and 1.4 respectively.

At I.<<0, convective phenomena are to be expected.

At I.~0, convective phenomena- are possible, but their proba-
bility is not high.

At I.>0, convective phenomena are not to be expected.

Let us return to the second example given above. Here,
we have the value C=0.26. Remembering the initial value of
I'==—0.6 it is worth making sure that no convective phenomenon
will develop. Suppose, that at the initial time at the given point
re=70%; P=1015hPa. Let us assume for the point r,=609%,
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7—=50% and Py=—1012 hPa, and by using the values of the coeffi-
cients which are true for NW Russia we have:

70 — 60
R=—'—-5—(-)——'~—=0.2;
3 /1015 — 1012
pp——<§/ _——W—).Q.4=O.345

Since in our example C>0, equation (2.16) should be used.
Then,
1.1-0.85

)’c—_—‘:mﬂ—- —+ 0045%115

From this, it follows that convective phenomena will not
develop in spite of the rather high humidity and conditional
instability at the initial time.

Now the reader is supposed to independently do -the following

example assuming the same values for rp, r and Py and adopting
T'=04; 9=0.2; rq=75%, and P=1000 hPa.

Yes, in this case, convective phenomena are to be expected
although I'>0 at the initial time.

At the same time, some non-convective disturbances may appear
in a stable atmosphere, such as, «explosive» cyclogenesis, meso-
cyclones, mesofronts, or low level cloudiness. In this case the
D index should be taken into account. :

When non-convective disturbances are occuring, the pressure
background is also playing a definite role and one should diffe-
rentiate between the disturbances in the lower pressure background
from the disturbances in the higher pressure background.

The index of disturbance formation possibility in the lower
pressure background can be calculated by the formula

Iok = — D (D + Q) + PP. (2.18)

If Ipg<<—1, disturbances are possible, if Ipg>>—1, disturbance
formation probability is rather low.

‘The index of disturbances formation possibility in the higher
pressure background can be calculated by the formula

Ips =D (D — Q) + PP. (2.19)

If Ipg=1, disturbances are possible, if [pg<Cl, disturbances for-
mation probability is rather low.

The formulas (2.18) and (2.19) indicate only the possibility
of the disturbances development, but they are not the means for
forecasting the development  of a disturbance. For disturbance
forecasting purposes there are some specific techniques. The most
common of these techniques are described in the chapters 3—6.

It is worth indicating two additional important details of local
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weather disturbance formation in the stable atmosphere. These are
the influence of local orographic features and artifacts of human
activities. Most often these factors play a decisive role in local
weather formation. It is obvious, however, that to a significant
degree the local weather depends upon the pressure background,
the basic air current speed and direction, the air humidity and
other parameters.

Hence, one may summarize by saying that local weather is

formed by the meteorological processes which can be divided, for

the convenience of the further study into the following four groups:

I. The processes in a statically unstable atmosphere.

II. The processes in a statically stable atmosphere with lower
pressure background.

IT1. The processes in a statically stable atmosphere with higher
pressure background.

IV. The processes and phenomena caused by local orographic
features and artifacts of human activities.

Independent of the processes grouping, their appearance and
development are substantially influenced by the season of the year,
the latitude and both the type and state of the underlying surface.
The latter can be smooth or rough, wet or dry, snowcovered or
snowless, dark or light, etc.

The processes operating in the group | can, in particular,
provoke the following mesoscale disturbances:

a) secondary cold ironts;

by squall (instability) lines;

c) cumuli type cloud clusters;

*d) tornadoes, squalls and thunderstorms, associated with me-

soscale convective complexes - (MCC);
e) secondary cloud vortexes or mesocyclones caused by MCC;
f) separate Cb clouds.

The development of the group II processes cause:

a) mesocyclones or secondary cyclones;

b) stable waves on atmospheric fronts;

c) mesoscale fields of low clouds;

d) mesofronts (wind convergence lines);

e) mesoscale precipitation bands (inside the precipitation
zones);

f) «explosive» cyclogenesis.

The development of the group III processes cam cause:

a) mesoscale zones of fogs;

b) night low level meso jets;

¢) conditions for air polluhon concentration causmg a conside-
rable reduction of the visibility;

d) mesoscale fields of low level underinversion cloudiness
(particularly in the cold season).
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The processes and phenomena of the group IV include:

a) breezes and associated phenomena;

b) mountain and valley winds;

¢) sea shore atmospheric fronts;

d) orographic frontogenesis and cyclogenesis;

e) smogs; city fogs, frost fogs;

f) local winds, including local circulations caused by megapo-

lices.

The mesoscale processes and phenomena are also classified
by their horizontal dimensions and their duration of existance, i. e.
their lifetime.

The largest mesoscale processes and phenomena may have
horizontal extentions up to 2000 km and a lifetime of more than
24 hours, while the smallest are of one—two km and exist for
only a few minutes. Actually, there is a whole spectrum of me-
soscale processes and they are continuously changing in their sizes
and intensities. Small processes can «overgrows into bigger ones
and vice versa. However, for the sake of convenience in studying
these processes, all of them are divided into three types depending
on their horizontal extentions.

Type 1. The processes and phenomena having horizontal
extentions of 200—2000 km. They are called the processes of the
meso-a scale. The lifetime of these processes is dozens of hours.

Type II. The processes and phenomena having horizontal
extentions of 20—200km. They are called the processes of the
meso-f scale. The lifetime of these processes is a few hours. ‘

Type 1II. The processes and phenomena having horizontal
extentions of 2—20 km. They are called the processes of the meso-y
scale. The lifetime of these processes is from a few minutes up
to half an hour.

This subdivision of the processes is known as Orlandsky’s classi-
fication.

Chapter 3

VERY SHORTRANGE FORECASTING:
THE PROCESSES AND PHENOMENA
IN A STATICALLY UNSTABLE ATMOSPHERE

In the foregoing chapter some techniques for estimating the
static stability of the atmosphere were discussed. When starting
to make a very shortrange forecast, the forecaster is expected to
know of the unstable state of the atmosphere. However, he knows
~ nothing about the possibility for the development of actual pheno-

mena in this unstable atmosphere. He- also does not know what
kind of phenomena can be expected. All of these has to be predicted.

The order of the prediction sequence consists of the following

activities:
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1) estimation of occurance and magnitude of the atmiosphere

static instability;

2) determination of the convection parametfer values;

3) lorecasting the type of the expected phenomenon;

4) predlctlon of the starting time of the expected phenomenon

at a given point (points).

A general notion on estimating the static instability realization
was brieily presented in the previous chapter. Now we will consider
this matter in detail.

It is very rare that the atmosphere is in the absolutely unstable
state. It is more often in so called conditional (saturated) insta-
bility. In the case of the absolute instability, the realization of the
instability starts spontaneously, and leads to the occurance of
various convective phenomena, provided that the atmosphere is
‘humid enough. If the atmosphere has a saturated instability, some
‘additional conditions are necessary for the development of instabi-
lity. This is why the saturated instability state is often called
‘conditional instability. This instability can be realized only under
the condition that the air reaches the saturated state.

Let us write the moisture transfer equation in the form of

oq 0 p 99

The local variation of specific hum1d1ty 0g/d¢t depends upon
moisture advection (V9dyq), moisture divergence y (pgV) and the

moisture eddy transfer 5;(/@ %) The value yq tends to zero within

-homogeneous air masses. Therefore, the large scale advective pro-
‘cesses can hardly change local air moisture content to appreciable
. degree within a short period of time. However, in case of mesoscale
- processes, taking into account all non-homogeneities of the under-
laying surface (small water basins, swamps, Iorests, etc.), the local
'vyg value can be significant and must not be ignored 'when local
processes are being analysed. The moisture advection can reach
a few g/kg per 24 hours within a frontal zone.

. The most appropriate values of the magnitudes of the variables
in the equation (3.1) are given in the table 3.1.

. Let us integrate the equation (3.1) within the atmospheric
boundary layer:

H

H H H@ d
» d . * q .
5qtdz=——(‘§vquz —§pqd1dez+§ Tz(k -d—z—>dz,

0

0 0
g = — (Ta g, |5 2L | 492 )

oq 0q ‘ .
[k a“z]ﬂ<< {"‘"a‘t‘Jo ’
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_ Table 8.1
The erders of magnitudes of the variables in the equation (3.1)

. Order ,

Variable - of magnitude |

: v 1

Horizontal length of the process L 104 m f

Wind speed U 100 m/s J

Time © : 104 s ;

Height H 18 m ‘
Density p 100 kg/m

Vertical velocity W 10~2 m/s “

Specific humidty ¢ 1078 kg/kg l

— — W, k dq f

q;=—Vvg+pq — 5 | 3.2y

g T H H oz |, |

It is obvious that in homogeneous air masses the first term in
the right part of the equation (3.2) is

Vvq=—1[l]—Aq--> 0.

However, within a frontal zone, and also accounting for some :
possible mesoscale non-homogeneity ;

104

Ag =10-*, and ¥ 10 ~=10"% s or Vyg=10-8 s~ |
L 10 ,

The second term magnitude is equal
— W —2 '
0q u[_/[“ = 108.10-°. 11003 = 10-% g1,
The third term magnitude is ]

k 9g _ klLq,
H 0z~ H?

Here, one must pay attention to vertical variation in the spe-
cific humidity. In case of a wet underlaying surface in the summer
time, the value ¢ at the surface can reach 20 g/kg, and it can be
an order of magnitude less at the height of 1km. Consequently,
in this case one can adopt Ag,=10-2 and, taking [k]=10°, write:

kA 10°-10—2
H;]_z—< 108

To bring’the air into a saturated state under normal condi-
tions, an additional amount of moisture (a few g/kg) is required.

< 10‘8>s*].
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This moisture should be brought into the lower atmosphere within
a period of about 3 hours. This means that the order of magnitude
of the term in the left part of equation (3.2) should be 10-3/104=
=10-7s~\. It is obvious that none of the processes indicated above
can supply the required amount of moisture. However, if all three
processes act in one direction, the air can significantly appreach
the saturated state or may retreat far from it.

The considerations above are frue for a flat featureless plane
landscape. In case of topography with orographical obstacles, the
vertical motion can be an order of magnitude higher, e. g. W=
==10-'m/s and can be a considerable influence in bringing the air
to the saturated state.

Now, let us look at the equation for energy

iT T o8  Q
T = VYT — W (3.3)

§4

The first term of the right hand part of the equation Vv7 = UAT/L
describes the thermal advection. Within homogeneous air masses
‘the value AT/L==10-%...10-7°C/m. However, in frontal zones it is
‘larger by an order of magnitude, i. e. AT/L==10-5...10-¢°C/m.
:The second term is the adiabatic temperature variation equal 1°C
per 100m for updraft (downdraft) movement (102°C/m). There-
*fore, the scale of the term is equal 102°C/s if W=10-2°C/m, and
it is 10-3°C/s. when there is an orographic updraft. The third term
describes the diabatic heat income or outgo and its order of mag-
nitude is 10~%°C/s.

To bring the air to the saturation state it is usually necessary
to decrease its temperature by a few degrees during a 3—6 hours
-period. This means that the term on the lefthand side of the equa-
‘tion (3.3) must have the order of magnitude equal 10-%°C/s. Since
‘the daytime diabatic processes do not decrease the air temperature,
‘the adiabatic cooling remains the most probable process for
decreasing the air temperature.

Consequantly, the most favourable condition to bring the air to

the saturation state and by this to create the development of insta-
‘bility is the convergence influenced updraft motion or/and the
orographical updrafts. Cyclonic type pressure fields, as rule, cause
the convergent flows near the surface and consequently cause
updraft vertical motion. The anticyclonic type pressure fields cause
divergent flows and downdraft vertical motion.
- Summing up the above consideration, one may conclude that
‘the updrait vertical motion caused by convergence and/or by oro-
graphic obstacles is the necessary condltlon for realization of the
static instability.

At the same time, experience shows that convection does not
necessarily develop even with the conditions indicated above.
The problem is that updrait motion may not have enough time
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to bring the air to the saturated state before the situation changes.
The reason for this is a small vertical updrait speed and/or a low
air humidity. To judge with a degree of confidence the convection
development, an index of the convective instability is used, that is

Azync — Az,
A ——
Az,

, | (3.4)

where Azxmc is the thickness of the convectively unstable layer,
Az; is the thickness of the locking layer. The top of the locking
layer is the altitude which air has to reach as it is lifted up from
the initial level in order fo receive a positive buoyancy. If %=0,
convection will develop, since the atmosphere is convectively
unstable. If x<<0, only a shallow layer of convection is possible. |
The index x is to be calculated when the atmosphere is conditionally
unstable. \:

Atmospheric sounding data are used as initial information to
calculate value of %. It is worth to remember that when using
the data of a nighttime or a morning sounding before calcu-/
lating the » value, one should forecast the maximum temperature
T,, and dew point T4, for the day, and use the predicted values |
of T, and Tam as the temperature and dew point for the lowest!
level. , . '

Let us write the expression for the static energy of the moistl
non-saturated air |

h=c,T 4+ gz + Lq. [
Here, L is latent energy of condensation and the other notations |

are standard. The same expression for the moist saturated air
will be

h* =c,T 4 gz + Lg*. : |

Usually, the atmosphere is not saturated. However, one may suppo- |
se the atmosphere to be somehow saturated at a given temperature.
Such an atmosphere is usually called a hypotetically saturated
" atmosphere (hSA). The simbol «*» will be used to denote values|
corresponding to the hSA. A. 1. Falkovich has shown that these'
energy space variations are identical to the space variations of
the air equivalent potential temperature (EPT). Therefore,

oh 00, d oh* 0093

9z = 0z M oz oz - ‘
This is why instead of hSA, the EPT can be.used. One can utilize
the data already used once for the T, value calculation. Only the
EPT of the hSA has to be calculated

& = 0 exp(2.5¢*%T);
37942 T45T
P

* - 107HE5
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Figure 3.1 shows a typical case for the conditionaly unstable
atmosphere distribution of 8, and ©.* with height. If one draws
a straight line down from the point where @.*=min, until it
crosses the curve line of @, the crossing point will indicate the
upper level of the convectively unstable layer (CUL). Its lower
boundary is the initial level. So, the thickness of the CUL (Azxmc),
is now known. If one goes up from the point denoting the initial
level straight to the crossing of the ©.* line, the crossing point
will indicate the height of the upper boundary of the locking layer.
By this method the thickness of the locking layer is determined.
Now, it is easy to determine the x value. Actually, it is not always
convenient to apply the graphical method to determine Azxmc, Az
and » values. An analitical calculation scheme seems to be more
appropriate especially when a personal computer is available.

The atmosphere is considered to be statically unstable if
00,/02<0. However, in the real atmosphere one can not expect
homogeneity of the EPT wvertical gradient distribution, that is
00./0z=const<C0. Various types of distribution are possible
(Fig. 3.2). Usually, there are several layers with a particular tem-
iperature distribution in each one.

- First, the layer where 00,/0z<<0 (the unstable layer) may begin
either at the surface (see curve /) or at any other level (see
curve II).

Second, there may be a few unstable layers, above each other,
and having different values of 00./0z (see curve 7).

Third, there may be a few unstable layers, divided by stable

layers (see curve [[I).
- Taking into account the low resolution of soundings, a few
‘unstable layers can be combined into one single layer provided
that combining layers are neighbouring each other and the 90./0z
values of the layers do not differ significantly. If the difference
is big enough, two unstable layers can be made out of a few
layers. In the first case we speak of one layer instability, and
in the second case multilayer instability. Sometimes, the third
situation may occur, i. e. a few unstable layers separated by stable
layers. This situation is called separated instability. This often
‘occurs in occluded fronts in the summer time. In this third case,
the » values are calculated for each layer separately.

When one layer instability is observed at the two levels being
.considered, the upper layer is denoted by the index «m» and the
lower layer is denoted by the index «m»). Then,

(855 — @:}{) (@es e @eﬂ)
(Qes - aeﬂ) (,eeﬂ - etﬂ)
When two layer instability is taking place, three levels are consi-

.dered: the upper level (B), the lower level (u) and the middle
level (c), and four combinations are possible.

Y% o=

—1. (3.5)
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I 8% <8, and 8, < 0%
. (@}Z’eﬁ - @gn) (@:C - ?H) 1. i
o (Qen - @:ﬂ)_(Gec - Heu\r' / 1‘ <35 )
II. 8 < 0,, and 8,,>0%
_8h—elh [, 2 OL—0. ] |
*= @L)H——@gH [l_l— L2 G)es_@ec } 1’ (35 )

Il 0% > 6,, and 8, > e, |

[(z ”"zc) ®Z’eb‘“ ec)+z (OQBM ecﬂ (953—935)

l

1. 1y

[(zs’_zc) (QCH—_@ec) —L‘z (@L’B 5;C)] (@ea_@ecj V 1’ <35 ){

I

IV, 95> 0,, and 8,.< g

3% % ¥ J

v Z. (Oeg @eﬂ) (@ea Oec) -1 ( 5[v)

(@oc — 9. [(2 — 2) (B0 — OF:) + 2: (05 — B2)]
Let us take a few examples. - ' f

The example {

Z M. e 0 1500 3000 ‘
B Ko v e 330. 319 32 |
0 K . o 250 322 328 |

It is easy to see that in the first layer (0-—1500 m) - 08./0z~—73-10—3 K/m,;
and 00.%/0z~—18-10-3K/m; in the second layer 06,./0z~4.7-10—3 K/m, andl
00.*/02~4-10"3K/m. This means that the one layer instability is taking place
To calculate the value, the formula (3.5), is to be used. \

(392 — 350) (322 — 330)
= (319 — 330) (330 — 350)

x>0 and, therefore, convection development is to be expected.

1~ 0.02, (
;

The example 11

ZM .. e e e e 0 1500 3000 5500
B, K . ... ..., 330 319 318 321
8% Kevw v v v v s 350 322 320 322

v |

Here, in the first layer (0—1500m) 80./0z~—7.3-10~3K/m, and 30.*/dz=~:
~—19-10-3K/m; in the second layer (1500-—3000m) 88,./0z~—0,7.10~3K/m;
00.*/0z~—1.3-10~3 K/m; in the third layer (3000—5500 m) 08./dz~1.2-10—% K/m;
00.7/02~0.8- 10-*K/m. One can see that the iwo layer instability with combi-!
nation I is taking place, i. e 63 <O and 8,.< 8., To calculate the % value!

the formula (3.5') is to be used
_ (320 — 330) (322 — 350) 1097
" (330 — 350) (319 — 330) e
This indicates significant convective instability, and a deep convection
development is to be forecasted. :
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The example III

O U 0 1500 3000 5000 8000
@, K ... 330 319 316 312 318
B K .. ... ... 350 396 320. 313 . 318 |

Here, in the first layer (0—1500m) 0@,/0z~—4-10-3K/m, and 00.*/0z~
~-—16-103K/m; in the second layer (1500—3000m) 00./0z~—2-10-3K/m,
00,%/02~—4.0-10-3 K/m; in the third layer (3000—5000m) 08,/0z~—2-10-3 K/m,
00,.%/0z~-—35-10-3K/m; in the fourth layer (5000—8000m) @8./02~0.75X
X103 K/m, 00.%*/0z~0.62-10~8 K/m.

In this case multilayer instability is taking place. This can be reduced
to two layers since the FPT (FPT*) vertical gradients values within the second
and the third layer are close in value to each other, One may adopt as the lower
level 2=0, the middle level 2=1500m, and the upper level z=1500 u,. Since
©,>0cy and O.>9%, the third combination is observed and the formula

i (3.5'1) should be used.

v [(5000 — 1500} (313 — 319) 4 1500(312 — 3191] (313 — 326)
T [1BUUL — 1500) (3256 — 326) + 1500 (313 — 326)] (312 — 319)
=~ 1.54.

This indicates significant instability with the development of deep convection

I~

~accompaned by convective phenomena which should be forecasted.

The occurance of the saturated instability conditions discussed
above bring so called the forced convection. It is necessary, ho-
wever, fo note that diabatic heating creates «hot islands» due
to non-homogeneity of the underlaying surface. Over such islands,
the air temperature proves to be higher than that of the surrounding
environment and this may cause, at least in the lowest layer,

-the temperature lapse rate to exceed-the dry adiabatic gradient.
In this way conditions are created for'free convection development,

that is the air gets a positive buoyancy at once and its upward
motion reaches the speed of a few m/s. The values of the second
and the third terms in (3.2) and (3.3) become an order of magni-
tude bigger. In this: way, the convection develops rapidly, as if
some -sort of «iriggers switches ‘on the iree convection. This si-

‘tuation shows once again the usefullness of maximum temperature
‘forecasting. :

As soon as the forecaster becomes aware of the posibility of

| convective development he may turn his attention to the estimation
‘of the convection parameters. These parameters are traditionally

determined with the aid of an aerological diagram. The technique
for their. determination is well known from the courses of General
and Synoptic Meteorology. : N

Now, let us consider convective phenomena and techniques for
forecasting them. R :

At present there are many convective phenomena forecasting
fechniques. Each of them has been developed for a specific site or
landscape. One technique can be satisfactory for a given place,
but it may not necessarily work well for other places. It is not
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possible to describe all existing techniques. This is why just a few
of the techniques for the most frequent phenomena are given here
as examples.

To make the study more convenient, convection is d1v1ded into
two types, i. e. shallow and deep. Of course, there is a spectrum |
of convective phenomena. However, for better understanding of the
extreme conditions for the phenomena formation, this division
seems to be useful.

SHALLOW CONVECTION SYSTEMS

Shallow convective systems (ShCS) develop within an
atmospheric layer of up to 2—3km of thickness. The ShCS are |
represented by the Sc, Cu hum, Cu med, Cu cong cloudiness. They | {
consist of small scale convective cells of ring or hexagonal form
or as cloud bands. The latter are also called cloud streets or|
billows. The cell configuration can be open or closed. (

The open cell is a ring form cloud cluster, consisting of ceparate
or conglomerated clouds of convective origin. Downcurrents are
observed in the center of ring of the cells, and upcurrents — in the,
periphery. This is why there is no clouds inside the ring of cells.J‘
Open cells are formed within the cold air flowing over a warm|
underlaying surface. If one detects open cells on a satellite image, |
it means that a cold air mass is found over the given region. |

The closed cell is a hexagonal form of cloud cluster surrounded
by cloudless space. Upcurrents are observed inside of the cell and
downcurrents —on periphery. The closed cell is formed within|
warm air flowing over a cold underlaying surface. If one detects '
closed cells on a satellite image, it means that a warm air mass
is located over the given region. [

The cloud band (street) is a cloud cluster consisting of clouds
formed in a line. A part of them can be connected together and
while another part may consist of separate clouds. As rule, several |
bands exist simultaneously separated from each other by cloudlessl
space of a few kilometers or a few dozen kilometers. |

If one denotes the distance between neighbouring clouds in a:
single band by letter L and the distance between two separate»
bands — M, then L M.

Convection development does not necessarilly lead to cloud‘
{ormation. In a dry atmosphere, the open or closed cells may exist |
without clouds, but the corresponding cell circulation may occur. |

Generalized information on ShCS is given in the table 3.2.

Weather phenomena associated with ShCS are not dangerous
to the lives or activity of people and are therefore, not of an inte-
rest to most people. At the same time, however the ShCS are .
indicators of current atmospheric processes and help to determine
the type of the air mass acting in the given region. They can be




Table 3.2
Some ShCS characteristics

Cells
. Cloud
Characteristics bands
open closed
Cell's horizontal dimension, km 10—100 | 10—100 —
Unstable layer depth, I'.<<0, km 1-3 1-25 1-3
y°C/100 m in unstable layer I.<0 0.83 0.8 0.9
Average overcloudy inversion layer depth, km 0.5 0.8 0.9
¥°C/100m in overcloudy inversion layer —-0,15 | —0.16 —0.36
Distance between cloud band axis, km — — néax155())*

used in the absence of any other information. Open cells testify
to a cold mass entering a region, i. e. cold air advection. Closed
cells testify to a warm air mass entering a region i. e. warm air
advection. The last case may cause a question: how is it possible
for convective development if warm air is flowing over a cold
underlaying surface? The air must become more stable. The fact
of the matter is that convection developing in the atmosphere
almost always occurs on the background of a large scale non-sta-
tionary processes that greatly influence the energy redistribution
in various atmospheric layers. Some layers are warming, while
others are cooling. In the above case the instability is generated
by the cooling of the cloud tops by radiation with evaporation of
some cloud elements from the upper boundary of the stratus.

Cloud bands and open cells are the features of cold air invasions
in the rear parts of cyclones and behind troughs.

DEEP CONVECTION SYSTEMS (DCS)

Deep convection systems (DCS) develop in layers of large ver- -

tical extension. There are two important elements in the develop-
ment of these systems.

The first one is the important role played in the DCS deve-
lopment by the water phase transition in the atmosphere.

The second one.is that of the significance of the vertical and
horizontal dimensions of the DCS as they are influenced by:

a) the synoptic scale meteorological fields of non-homogeneity;

b) underlaying surface non-homogeneity;

¢) the Earth’s rotation.
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The Orlandsky classification already mentioned above (see
page 192) is fully applicable to the DCS. However, there are some
other classifications. For the convenience of study the Maddox
classification (1980) seems to be the most appropriate. It is repre-
sented in the figure 3.3.

Let us discuss each DCS type.

Squall (instability) lines (S(I)L)

A squall line is indicated by a band of Cb clouds separated
by cloudless breaks or a continuous band of clouds. The S(I)L may
bring thunderstorms and squalls, hailstorms or thundershower with
squalls. Sometimes, they bring thundershowers without squalls and
just heavy showers. In the last case, such lines are called insta-
bility lines. The S(I)L mostly occur in the afternoom.

The following initial information is needed to consider the possi-
bility of the S(I)L development:

a) constant pressure charts for all standard levels;

b) wind-temperature soundings of the atmosphere at all stations
within the region;

¢) vertical motion charts;

d) large scale charts of the equivalent static stability index T,
condensation level Agomz, [ and x. The values of fxons are
plotted in hundred meters.

For the S(I)L development, the following conditions are
favourable.

A. Cold air advection, increasing with height, in the middle and

upper levels of the troposphere.

Steady ascending motion.

Temperature increase at the surface due to insolation.

. Boundary layer horizontal wind velocity convergence or
upslope motion.

oOw

Non-observance of at least one of these conditions decreases
the S(I)L formation probability, although it does not exclude its
occurance. At the same time, the observance of all four conditions
does not always lead to the S(I)L formation. The S(I)L occurance
is caused by the action of a so called autoconvection mechanism.
When the autoconvection mechanism is acting the S(I)L must
appear without any doubt. If this mechanism is absent there is
only a possibility of the S(I)L occurance.

The autoconvection mechanism usually shows itself in a zone
of the I, negative values (or the x positive values). The mechanism
includes: ‘

~a) A humid ridge (high humidity) in the layer irom the surface
up to 2—2,5km, situated at a large angle to the wind current
over it. The humid ridge can be detected with the help of the
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-850 hPa constant pressure chart, and the wind current above it—
with the use of the 700 hPa constant pressure chart. A weak wind
is preferable in the boundary layer.

b) A dry air source, from which the middle level (700 hPa)
wind transfers it to a place where it can be cooled either by preci-
pitation falling from above (evaporation of rain drops) or by cloud
droplets rising from below (evaporation of cloud droplets).
It is very important for the wet-bulb temperature of this air to
decrease due to the evaporation of the droplets and to be less in
value than the environmental air temperature. Then, the cooled
heavier air would sink down forcing the humid warm  air to rise
in a convective stream. This updraught would lead, in turn, to
appearance a larger amount of droplets in the dry layer; the latter
would experience further cooling and, as result of this, the con-
vection would increase and spread into neighbouring areas; thus
a chain reaction sets in.

There are two types of squall (instability) lines: the primary
S(I)L and the secondary S(I)L. The primary S(I)L appearance
usually takes place in one of the following synoptic situations:

— in front of a cold front;

— within an unstable cold air mass;

— in front of a warm front;

— in a wide warm sector of a cyclone.

The following order of the S(I)L forecasting can be re-
commiended.

1. Maximum temperature and dew pecint temperature are fore-
casted for those places from which sounding data are received
(see pages 244—250). ’

2. The values T, Axomn, I and »* corresponding to 7 and T4 are
calculated for all places mentioned in number one above. The cal-
culated values are plotted on a largescale chart (see p. d. of the
initial material list, page 202).

3.- Determination of the indicators above (p. A, B, C, D
page 202), shows condition favourable for the S(I)L. .. ,

4. The autoconvection development possibility is determined.
To do this: , : . :

— the presence of a humid ridge (zorie) is ascertained using

850 hPa chart; : :

— using 700 hPa chart, the observance of a possible fransfer
from a «dry» air zone above the humid ridge (zone) is
ascertained, and exists when the stream lines are found
crossing the humid ridge axis at a large angle (50—140°);

— the possibility of the appearance of droplets in the dry layer
.is determined. The appearance is possible when Axoan<<hHa
(dl means dry layer), for the primary S(I)L or when some

* 1t is assumed that all of these wvalues, .calculaled from the morning
sounding data, weré already plotted on the shart, = .. "
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precipitation has taken place from previously developed
cloudiness for secondary S(I)L.

5. The place of the first S(I)L. appearance is determined by
examining the synoptic situation. Information from the table 3.3
should be used for this purpose. .

S({1)L before warm fronts and in wide warm sectors of cyclones
are often formed with Cb cloud bands where clouds are separated
from each other with rather wide cloudless spaces, and very seldom
in a continuous cloud line. As result, it may happen that a S(I)L
may pass the given location without any trace of bad weather.
In this case one should keep track of each cloud separately.
The squall (instability) lines move along stream lines of the
average wind vector * in the layer 700—500 hPa with the speed

c=FR|V|f,

where k is a transfer coefficient, |V|} is the layer 700—500 hPa

average wind speed.

An exception is the squall (instability) line associated with a cold
front. It will move with the speed of the cold front.

The S(I)L movement forecasting may be done by means of the
linear extrapolation method.

It should be taken into account that the life of the S(I)L is
rather short; i. e. from dozens of minutes fo a few hours. As soon

Table 3.3
Squall (instability) lines in different synoptic situat_ions
Observance
. Some
Synoptic of the by S(I)L
situation A:o%ditéons : sggétllt(l’g:; whereabouts
Before a cold front A B CD No Along the T, isoline

trough exis
Unstable cold air mass | A, B, C, D | A trough at | Along the parameter [

the surface isoline trough
or at the «
850 hPa level
Before a warm front B, C, D No Along the Ayosn isoline
trough
Wide warm sector of { B,C, D No Along the parameter [
a cyclone isoline trough; a series

of S(HL will form if
the zone of negative
values is wide,

* The technique for deterinining the average wind vector 1n the layer 700—
500 hPa is given on page 208.
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as the primary S(I)L disappeares there is a chance for the se-
-condary lines to be formed. This is why, one can get an impression
of a somewhat chaotic character ¢f their movement.

Existing squall lines can be detected with the aid of radar or
satellite observations. These make it possible to keep an eye on
the movement and evolution of both the line as a whole and of
separate clouds of the S(I)L. Such detail tracking allows one
to predict the beginning time of the phenomenon, associated w1th
the S(I)L, at a given place (see pages 209—210).

Cb cloud bands of meso-p scale

These disturbances are also called mesoscale bands (MB). They
are much smaller when compared with squall lines. Their length
varies from 10 to 100 km, and width —from 1 to 30 km. Thereiore,
conventional synoptic means of analyses are not valid for band
detecting and tracing. The aid of a radar is necessary.

MB, as well as S(I)L, consist of individual Cb clouds deve-
loping along a line. They can cause thunderstorms and squalls
although more often just showers accompany them. The duration
of the showers are 102—103s. ,

Studies, based on the data from nowcasting observation systems,
have shown that MB arise along air current convergence (Fig. 3.4):
lines within the boundary layer of the atmosphere. The length
of the convergence line can be from 10 to 200 km, and the width
of 0,6—5km. These convergence lines can be detected by Doppler
Radar. A detail analysis of wind fields on largescale charts can
also be applied to detect convergence lines.

Mesoscale bands arise within an unstable air mass with a
cyclonic character of the currents. Mesoscale baric troughs are
the most favourable places for these bands to appear. The obser-
vance of the conditions A, B, C, D (see page 202) is also favourable
for MB. It is quite possible for the autoconvection mechanism to
facilitate mesoband development although autoconvection is more
likely with slightly larger processes.

The following order for MB forecasting is recommended.

1. A scrutiny of the current synoptic situation is made. An im-
portant action is to detect the presence of mesoscale baric troughs
on the largescale charts.

2. Within a zone of cyclonic circulation and particularly where
mesoscale troughs have been detected, convergence lines are to be
located. These lines are the potential «embryo» locations of the me-
soscale bands.

3. With the aid of a radar, the tracing of cumulus form cloud
appearance is to be done. Some special attention is to be given to
the area where convergence lines are supposed to be. The sign for
MB formation beginning is a chain of Cu clouds. It must be kept
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in mind that several convergence lines can exist simultaneously
and each of them can produce a mesoscale Cb cloud band.

The forecast of MB movement is prepared by the linear exira-

polation method (see pages 228, 266).

Mesoscale convective complexes (MCC)

They are usually detected with the aid of meteorological satellite
- images. The MCC is a cloud system with an area not less then

105 km2 on the infrared image and with the cloud top temperature
Tr<{—32°C. The area of the inner region (Tr<<—52°C) should
not be less then 5-10¢km2 Here, Ty is the radiation temperature.

Figure 3.4 schematically shows the MCC as- it can be seen from

above. Here, a is the length of the complex, and b is its width.

For a MCC, the expression is typical
122b6/a>=07.
A similar expression is also typical for the inner area
1> 0'a 0.7,

where a’ is the length of the inner area, and &’ is its width.

It is known that the dimensions of the MCC area and the re-
lation of b/a will remain almost constant for a few hours. Scme
appreciable changes of the dimensions can be observed after about
6 hours. The general duration of the MCC life is about 16 hours,
although some diviation from this duration is quite possible.
The MCC can produce tornadoes, hailstorms, squalls, heavy
showers, thunderstorms and wind gusts =30m/s.

The convective complexes are very «perfidious». Although such
a complex can exist for about 16 hours, it may generate some new
Cb cloud development or Cb clusters. In a number of cases,
the MCC initiates a mesocyclone development, creating a cyclonic
circulation around itself or inside itself (see page 211). This circu-
lation can continue by inertia for about 24 hours aiter cloudiness
has dissipated and can facilitate the formation of new Cb cloudi-
ness, i. e. it can regenerate convection. In addition, it can facilitate
the origin of upward vertical motion (non-convective), caused by
mesoscale convergence in the cyclonic circulation field. The motion
may reach the value 10~2—10-tm/s. This in turn can lead to Ns
cloudiness and widespread precipitation formation. The latter may
persist even with MCC in the dissipation stage.

It is worth-while to note that the MCC oiten reaches its maxi-
mum development at midnight. In this case, the events will go
in the following way. In the afternoon, one can observe thunder-
storms. The latter may not necessarily be caused by the MCC.
The formation of the mesoscale convective complexe goes on during
evening hours. The complex may produce a mesocyclone. The meso-
cyclone acts as a positive feedback mechanism. It causes air current
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~ convergence facilitating first further development of the MCC and
second the development of Ns cloudiness and the occurance wi-
despread precipitation. By midnight, the MCC reaches its maximum
development and produces both showers and widespread precipi-
tation. After a while, the Cb cloud system dissipates and the sho-
wers cease, but the widespread precipitation continues until the
morning. ” : '

The conditions for the MCC to develop are the same as for
squall (instability) lines (see pages 201—204). The MCC can be
either frontal or air mass in origin.

The formation of a MCC usually takes place after appearance
of Cb cloud clusters of meso-g scale or mesoclusters (MC). Thée me-
soscale convective complex is often just a cluster of mesoclusters,

The MC shape is close to circular. It is smaller then MCC,
The radius of the quasi-circular shaped cluster is a few dozen km.
The MC life duration is about 3 hours. One, however, must take
into account that as one cluster disappears it can «give birth»
to another one increasing the overall time of its duration. _

Mesoscale clusters often have a cell structure. Usually this is
open cell consisting of individual Cb clouds. It must be noted that
the MC cell structure is not always observable by Radar. The rea-
son for this.is that Cb clouds within the cell develop not simulta-
neously but in succession along the perimeter of the. open cell
(Fig. 3.5). ‘

Suppose at the moment 7,, five differently developed clouds had
beenn observed in an open cell. Cloud / had been just formed,
- cloud 2 had been already well developed, cloud 8 had reached its
- maximum development, cloud 4 had begin to decay, and just a few
traces had remained from cloud §. At the time moment o, cloud I
became well developed, and cloud 2 reached the mature state,
clouds 8 and 4 were decaying and cloud 5 had disappeared. At the
same time, a new cloud (marked by number 6) begins to develop.
In the following moments of time, some clouds will continue to
. develop while others will decay and disappear. Beside, all of the

clouds take part in two movements, first along the cell perimeter
- (as rule counterclockwise) and second along the stearing current,
both together with the whole cell. One may get the impression
of some chaos. However, both the development and the movement
actually have a strong order. '

The initial information needed to forecast MCC and MC are
the same as that for S(I)L forecasting. It is assumed the data
indicate the development of a deep convection systems (see
page 202). As soon as these systems are predicted the next step is
to discover their point of origin and to trace their development
and movement with the aid of radar or meteorological satellite
observations. Finally, the forecaster needs to determine  whether
DCS will influence the area of interest such as airports, agricul-
fural fields, efc. and, if so, when it will commence. Sometimes
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the warning, even a few dozen minutes before a dangerous pheno-
menon is forecasted to start, is of great importance. It allows for
the prevention of the loss of human lives and diminishes damage.

As it was mentioned above, satellite and radar observations are
the means for discovering and fracing DCS. The conventional
synoptic analyses are of an auxiliary character. They are mostly
used in the first stage, when the possibility of DCS development
it to be forecasted (see pages 177—178, 192—197). In the second
stage, it is important to pay maximum attention to the interrelation
between pressure and wind fields in mesoscale structures and cloud
clusters, i. e. fo coordinate the radar and satellite data with the me-
soscale pressure and wind pattern. On the largescale chart, detailed
analysis of the wind and pressure fields should be made with the
aim of picking out convergence zones or lines and mesoscale troughs
and ridges. Then, the developing cloud sources must be superimposed
on this largescale chart. The cloudiness coinciding with a con-
vergence zone will develop into a symmetric type DCS, and the
cloudiness coinciding with a convergence lines into linear convec-
tive systems. Further, the forecast oi the evolution and movement
of these systems is prepared by the extrapolation method (see
‘pages 228, 266).

In addition, some rules can be recommended. '

1. Deep convection systems move with the 700—500 hPa layer
average wind vector with the speed given by

c= k|V||§,
where

V Vit Vi—2VV, cos(180 — a)
2 ¥
a is the angle between wind vectors at the levels 500 and 700 hPa.
The transfer coefficient £ depends upon the wind velocity. It-can
be roughly estimated with the aid of the following empirical
formula:

[VIE= (3.6)

9.2-+0.29|V|[;
V]33

(3.7)

The £ value can be also determined using archival materials
by comparing actual system movement velocities with the
V|3 values. The direction of the 700—500 hPa layer average wind

_ _ 0 —
d [} =d, T arccos Vo — V5 COS (:8 9. (3.8)
2[VIp

" One should use the sign «—» in case of the wind furns leit
-with height, and the sign «+» in case of the wind turns right with
‘height; d; is the wind direction at 700 hPa level.
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Knowing the |V|2 and d|[§ values, one can determine the

beginning time of the phenomenon at the forecast point with the
aid of radar observations. To do this two points (/ and 2 in the fi-
gure 3.6) are chosen near the front margin of the radioecho.
The choice of these points can be made by a simple geometrical
drawing. Three tangent lines are drawn. Two of them, parallel to
the vector V.|7 are on the left and right sides of the echo (see
Fig. 3.6, lines AB and CD), and the third line is perpendicular
to the first two lines on the front side of the echo (Fig. 3.6, the
line EF). The intersecting points of the line EF with the lines AB
and CD are the points of interest that is I and 2. Their coordinates
will be x;, y; and x., ys respectively.

According to our assumption, the system moves in the direction
of 700—500 hPa average wind vector. At the forecast point (f. p.)
the phenomenon will start acting, that is when the point O reaches
it. Hence, it is necessary to determine the distance R between the
point O and the f. p. To do this, the point O coordinates should be
- calculated:

X1Ys — X9y
= , 3.9
o (X, — x)tge— Y+ Vs (3:9)
- where
e=210—d [}, y,=x,tge. (3.10)
Consequently v
R=V X2+ 3.11)
“and the time of the phenomenon commencing
! R
= fpex + = 3.12

where ixex is the time of the initial radar observation. Ii x, is
outside the interval between x; and x, andf/or y, is outside the
interval between y; and y. the system will pass by the forecast
point.

There are two special cases:

1) if d|5=360° or d|5=180° then xp==0,
_KiYe — XpYy

Xy— Xy

2) if d| 5=90° or d|$=270° and x;=x,, then y,=0, and %=
=X1=X2=R. :

This technique gives satisfactory results if the DCS dimentions
are not markably changed with time. If this is not so and the DCS

dimentions are significantly changed with time, one should do some
additional operationi

14 3ax. 86 hl 203
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First, two subsequant positions of the DCS radioecho at f; and
t, moments of time are plotted on the same radar chart (Fig. 3.7).

Second, the vector of system displacement is determined by the
system «center of gravity»> movement; on the figure 3.7 this vector
is denoted as Ccrx.

Third, tangent lines AB and CD are drawn in such a way as to
-allow them to pass through the farmost side points of the radar
echo in positions I/ and II. Tangent lines EF and GH are drawn
in such a way to make them perpendicular to the vector Ccrk
direction (see Fig. 3.7).

Fourth, the tangent lines crossing points I, 2, 3, 4 coordinate
(X1, Y1; X2, Y2; X3, Ys; Xs, ys) are determined from the chart. It is
assumed that the rate of the system dimension change would be
the same as it was during period of time At=t,—1;, i. e. the inter-
vals x,—x, and y;—y, (¥s— x4 and ys—ys) would increase or
decrease with the same rate as at the initial time interval Af.
Then, at the moment the system reaches the i. p., v, it would take
a position shown on the-figure 3.7 by the dotted line. The crossing
of the tangent to the forecasted radar echo position line with
. the lines AB and CD gives the points & and 6 with coordinates xs,
ys and xs, ys (see Fig. 3.7):

Xy — X
Af

Xg— X
(v—12s); Xp=X;+ 4At 2 (v —1t,); l

'X:S = .?C3 —}'

)’5=)’3+2‘3"‘A—“_g‘)‘1‘(1—t2)5 )’623’4"{‘)}4;),2 (t— £).

|

|

If the coordinates xs, xs and/or ys, ys have the same sign theni
the systems will pass by the forecast point.

The time that the system will reach the f. p. is determined mf

the same manner as for the previous case; the only difference isi

that |

Xa¥Yy — X, Y3
(x3— x)tge— Y5+ i’

where e =270 — dcpy- Furthef,. one may use formulae (3.10), (3.11), :

(3.12). It should be noted that the expanding system moving along |
one of the axes will pass through the f. p. in any case. Therefore,
the additional operations are not needed. ‘

2. A rather good indication of a DCS evolution is the cloud top
radiation temperature, Tr. Precipitation reaching the ground surface
usually starts at Tp=—32°C. If the tendency is for T decreasing:
(0Tr/0t<<0), and the echo on radar display increasing then, in the
nearest 2—4 hours, the intensity and zone of precipitation will
tend to grow. .

If the radiation temperature goes up (87Tg/0t>0) everywhere
within the echo or the upper boundary of cloudiness becomes
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thermally non-homogeneous (one can see «islets of heat»), then
the precipitation will cease in a short time.
3. Enlargement and merging the radar echo cores indicates

' the DCS is intensifying while dividing of the radar echo area into
- parts indicates the DCS weakening.

4. «Collision» of two mesoscale zones of convergence leads to

| rapid Cb cloud development in MC. A radar echo may reach 30 dB
- in 20—25 min after the «collisions.

Zones and lines of convergence are detected by the wind field

- structure observations .with Doppler Radar. If such a radar is not
. available, convergence zones (lines) are revealed by the appearance

- of cumulus zones (lines) which may indicate the development of

a convection system. In the latter case, the lead time of the forecast

" decreases from 60—90 min to 30—40 min.

If a forecaster is able to keep an eye on the formation and
movement of convergence zones (lines), he must do the following:

— Estimate the zones (lines) velocity and directional move-
ments, by radar measurement.

— Determine the possibility, place and time of the zones (lines)
of collision by their movement extrapolation. It is believed that

- in 20—30 min at the place of the collision the radioreflectivity will

- reach a value as big as 30 dB. One should take into account that
~ the «zone of collisions itself moves along the stearing current and
. in 20—30 min it can be far from the place of the collision.

- 5. The displacement of convergence zones (lines) into an area
where air humidity and instability are increasing will lead to

a rapid development of Cb clouds within these zones (lines).

The distribution of the air instability can be seen on the value

T. largescale charts (see page 202).

FORECASTING MESOVORTEX FORMATION
IN A CONVECTIVE CELL

A mesovortex is_a vortex of 10—10! km diameter with the vor-
ticity value Q2=10-%s-! appearing within the upcurrent or down-

- current of air feeding into a convective cell.

When forecasting convection and associated phenomena, the
thermodynamic state of the acting air mass or the degree of its
instability is estimated. Besides this it is worth-while to estimate
the vertical wind shear within the region of expected convection:

2 2
Vveive Zzzv,;vﬁ cosa 513)

|AV|=

" Here, |AV]| is the modulus of the wind shear in the Az depth

involved in convection; Vy and Vg are the wind velocities of the

- upper and lower boundaries of the layer respectively; « is the angle
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between wind directions at the upper and lower boundaries of

the layer; : .

Va—V;cosa
Az|AvV]

where d, is the wind shear direction, dy is the wind direction at
the lower boundary. If the wind turns to left with height, the upper
signs in the equation (3.14) are to be used. If the wind turns
to the right, use the lower signs.

The vertical wind shear is related to horizontal vorticity.
The latter is equal to the wind shear modulus, i, e.

Q. =| V|

Here, Q. is the horizontal vorticity or the vortex with a horizontal |
axis. ‘

d.=d, 7 180 + arccos (3.14)

Since any vortex must be represented by a vector, it has to have ]

a direction. The vortex Q vector is directed 90° fo the left of the |
wind shear direction: j
de =d.—~ 90°.

Let us introdiuce some notions. :

|

Relative wind is the wind relative to the motion of convection |
cell, that moves with the velocity Cyx n . ;

| Vo =V — G (3.15) t
Here Vo is relative wind vector, V is actual wind vector. ‘
[ Vol =V V2 + Cis — 2VCiq cOsT; (3.16) ‘

Crn— V cOs 1 \

Vool . (3.17) %

dom = dx(.a + 180 + arceos

Here v is the angle between the directions of vectors V and Cg.
is the relative wind direction. 1

If the convective cell deviates to the right from the actual wind |
direction, the upper signs are used before the second and third
terms of the right hand part of the formula (3.17). If it deviates
to the left, use the lower signs. The relative wind is quite different !
when compared with the actual and both by its speed and direction. |
An example of the graphical determination of the relative wind is
shown in the figure 3.8. In this example, the actual wind direction '
is 250° and its speed is 6 m/s; the convective cell speed is 5m/s .
and direction is 270°. The relative wind speed is 2m/s and direction
is 197° ‘

Streamwise vorticity is the horizontal vorticity component
parallel to the relative wind at the same level, denoted as @:y..
The streamwise vorticity is determined by the relative wind va-
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' riation with height. If Vorg and @) are directed to opposite sides,
then this vorticity component is called antistreamwise vorticity.

Transverse vorticity is the horizontal vorticity component perpen-
dicular to the relative wind vector and directed to the left of it,
denoted as @r.. The transverse vorticity is determined by the re-
lative wind velocity change with height.

An example of possible positions of all of the vectors mentioned
above including streamwise and transverse vorticities are shown
in the figure 3.9. It is easy to see that

Q= |AV| cosp

Qr, =|AV]sinB (318)

where
?’ == (dom - dc + 900)-

When significant streamwise vorticity is taking place, upcurrents
t or downcurrents within the convective cell rotate counterclockwise,
i. e. cyclonic rotation occurs. When a significant antistreamwise
vorticity is taking place, the upcurrents and downcurrents within
the convective cell rotate clockwise, i. e. anticyclonical rotation
occurs. When only transverse vor’umty takes place no rotation
of upcurrents or downcurrent occurs.

It was observed that the convective cell mesovortlcltles appear
if vertical wind shear |AV|-10-%s-t. Usually, the core of the me-
sovortex is situated between 3 and 9 km above the surface, that is
between the levels of 700 and 300 hPa. It is the layer for which
the vertical wind shear is calculated.

The initial information used to forecast the mesovortex consists
of the following data:

a) the wind velocity and direction distribution with height in
the forecast region from wind sounding data;

b) vertical motion distribution with height;

c¢) information on convective cell movement both direction and
velocity, Cy. a3

d) T and T4 distribution with height in the forecast region from
temperature and moisture sounding data.

The basis of the forecasting technique is the assumption that
the vortex with the horizontal axis will take an inclined or vertical
position. It is also assumed that the convective cells develop in full
agreement with the linear convection - theory.

Strictly speaking, convection, generally, does not well agree
with the linear theory. Some non-linear terms already appear only
a few minutes after the convection begins. However, as Rutino and
Klemm have shown, they do not practically influence the process
of rotation generatlon in a convective cell.
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According to the theory, the probability of the appearance of
rotation in a convective cell is

p=sins(VRE+1), (3.19) |

where ¢ = (dom — di.s) is the angle between the relative wind di-
rection and the convective cell direction of movement at a given
level. A simple geometrical consideration allows one to deduce from
figure 3.9 that

Qe _ Ly
|aV] e

R;=0/(k| Vo) 1s the relation of a particles time of existance
in the area where there is a strong buoyance gradient with respect
to the time of a thermally unstable disturbance growth; ¢ is the
disturbance growth index; % is the length scale for the horizontal
buoyance gradient within the convective cell.

It has been observed that significant buoyance gradients
existed within well «ventilating» convective cells, i. e. where the
air flushes out the disturbance. Here the value of Vory is rather
high. This suggests that the wind shear influence on convection is
very weak at large values of R;, and the value of P, turns out
to be small.

The disturbance growth index can be expressed as

Sk?

=) (321)

sing =

where n and m are horizontal and vertical wave numbers of a
given disturbance. For deep moist convection :

H —
S= 2 j ¢ 8 =6, 4 (3.22)

B AN

Here H is the convection level, g is gravity acceleration, ©,(z)
is the virtual potential temperature of the ascending particles
at the altitude 2z, 6,(2) is the virtual potential temperature for
environmental air. Sometimes, instead of the virtual potential
temperature the equivalent potential temperature is used. Then,

H —_
9 8,—o, ,
S_ﬁ;‘jg 5 dz. (3.22)

The integral in (3.22) is the convective available potentlial
energy, E,. Then,
' 2
S==—1_72—Ea; (323)
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or
1

_ | 2E& |7 3.24
@ = [m] ' (3:24)
From (3.23) and (3.24) one can get an expression for R;
l/ - 2E,
R=Y M\ m) (3.25)
IVOTI{|

Let us introduce dimenéionless horizontal and vertical wave num-
-bers ny=nH and m,=mH. It suggests that n? + m2 = H2(n2+m?).
: Let us denote:

.l/_—Q___“/——Q___B
H*(n*+-m? nl 4+ mi o

Then, the expression (3.25) can be written as

_BVE,
IVOTHI )

Forecasting experience in the USA has shown that the quantity
B can be adopted as constant, since it varies little from one
disturbance to another. It was adopted as B==0.173. Then

0.173V'E,
[ Vom|

It was observed that the most severe convective phenomena
appear when R;x 1. When R;>>1, any convective disturbance does
not depend upon winds; and when R;<C1, the winds flush out con-
' vective cells.

Using (3.25”), the value of the mesovortex appearance proba-
bility

R, (3.25')

R, = . (3.95")

- Sin ¢ | Vo | .  (3.26)
i "/ OOSEa + I VOTH Iz
- Since sing = /2, then
: sgI‘Il I vom| (326')

T Q. VO03E, L IVoilF

It is easy to see that as the relative wind velocity increases, it
causes the probability of mesovortex appearance to increase.
If |Vorz|=0, then P,==0, and the mesovortex does not appear.
It will not appear also in the case when the streamwise vorticity
is absent, that is Q. =0. The most favourable conditions for the
mesovortex generation are created at @.,=0 (sinyp==1), if
 {Vorz]|#=0. It must be born in mind that E,==0 in the area where
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a convective cell exists, although according to (3.26), P,=1 only
when E,=0 and siny=1 (—1).

It is quite clear that the P, values will be different at different
levels within a convective cell. Therefore, for practical purposes,
the P, values are calculated for each standard level within the
layer occupied by convection. The P, values received are averaged

where n, is the number of the standard levels within the layer !

from the condensation level fo the convection level.

The P, value indicates the probability of appearance upcurrent |

or downcurrent rotation only. This rotation may be called meso-

vortex i it possesses a significant intensity of rotation, Q.
According to linear convection theory the expected value can be
calculated as

doldz

Y
Ri+1

Here, do/dz is the variation of the actual wind direction with height
in the region where the convective cell is situated and W is the
maximum convective upcurrent or downcurrent in the convective
cell.

A wind sounding near a tornado showed that here dg/dz=
=—0.5 radian/km is typical in lower 3 km layer.

THE ORDER OF A CONVECTIVE CELL
MESOVORTEX FORECASTING

1. The convective cell horizontal and vertical dimensions are
determined by radar data or by any convective model.
2. The convective cell movement velocity Cx x and direction

w. (3.27) |

dg.n are determined by radar tracing of the cell displacement. .
If the convective cell is not detectible (it has not appeared yet)
at the time that the forecast is being prepared, then the assumption -

of its movement with the average wind speed and direction in the
500—700 hPa layer is to be used (see page 208).

3. The relative wind speed and direction at all standard levels '

are calculated by formulae (3.16) and (3.17).
- 4. The magnitude and direction of horizontal vorticity are
calculated by formulae (3.13), (3.14).

The values of streamwise and transverse vorticities are calcu-
lated by formula (3.18). If only transverse vorticity is observed,
no further operations are made as in this case no mesovortex will
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appear. If antistreamwise vorticity (2 <C0) takes place, anticyclo-
nic rotation is to be expected.

6. The available convective potential energy is estimated by
one of the following formula

¢ 6
¢ 8.2 =8, ,

E, =

§ 8, (2)
or
H —
Ea :j‘g——é-i dz.
0 e,

7. The P, values at all standard levels within the layer occupied
by convection are calculated by formulas (3.26) or (3.26"). The P.
values thus derived are averaged. If the average value is

P,=X\ P,;/n+0, then rotation inside the convection cell is possible.

8.1The dp/dt Rad/m value at the standard level, situated near
the altitude of maximum convective upcurrent, is calculated, and
after that the value of R; is estimated by formula (3.25").

9. The intensity of rotation, Q, is determined by the formula

(3.26). If Q=10-%s-1, then the appearance mesovortex is forecasted.
Tracing and movement forecasting are made using the technique
discribed above (see pages 209—210).

TORNADO FORECASTING

By its very nature a tornado is a mesovortex of a large inten-
sity. It is associated with a Cb cloud. The vortex diameter is
usually up to 1500 m. Its life duration is 102—10*s and the speed
of its movement is 10—90 km/h.

In the central part of the tornado, there is a core. The horizontal
dimension of the core is up to 150 m. Downcurrents of 60—80 m/s.
are observed in the core. They converge near the ground surface
forming so called the tornado foot. Around the core, there are
spiraltype upcurrents with speeds up to 90 m/s. They cause the
water vapour condensation in the ascending air and lift dust sand,
water and even some larger articles.

Analysis of tornado development conditions is made using the
same initial information used for estimation of the development of
deep convection systems and mesovortex occurance.

Tornadoes are formed in active con¥ection zones of deepening
lows, along cold fronts, ahead of cold fronts and within extensive
tropospherlc depressmns An-example of the most typical synoptic
situation tornado formation is shown in the figure 3.10. Narrow
zones of appreciable wind convergence in the boundary layer and
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significant streamwise vorticity in the very unstable atmosphere
indicate the possibility of tornado formation.

There are three types of air masses favourable for tornado
development.

Type I. The warm air mass consisting of three layers in the
lower part of the troposphere (up to 400 hPa). The layers may be
of any thickness with the condition that the middle layer be the
thinnest. The lower layer is humid (R=65%, T;=13°C) and
-conditionally unstable (T',<<0). The middle layer is dry (R<<50 %)
and stable (I'.>>0). The upper layer is again conditionally unstable
(Te<<0). The humidity in this topmost layer first increases slowly
with height and they increase rapidly to a rather high value.

The wind increases with height, a very strong, narrow
current being observed immediatly above the lower layer. The com-
ponent of the current perpendicular to the air flow in the lower
layer should be not less than 15 m/s.

Some remarkable weather conditions occuring before the tornado
appeararice are typical for this air mass. In the morning, the sky
is covered with stratiform cloudiness, then, for a short period of
time, the sky becomes clear. After a while, mamatus clouds appear.
At one to four hours before the tornado, the dew point temperature
raises dramatically becoming like the «steamed air in a Russian
baths.

The weather conditions indicated above are not to be used for
tornado forecasting, rather they just accompany the processes of
its formation. However, they may be used as signs for the other
convective phenomena. At least, thunderstorms and squalls are
always observed with these conditions.

During a few hours before a thunderstorm, which can be a

source of a tornado, the air pressure slowly drops at not more than
3 hPa/3 hours. This pressure drop ceases a few minutes before the
phenomenon (thunderstorm, squall etc.), occurs and even a slight
rise of the pressure may be noticed. However, the pressure again
drops rapidly as soon as the phenomenon has begun. After this
thé pressure starts rapidly increasing and, after passage of the
convective cell, it returns te its initial value.

Type II. The warm, humid, unstable air mass, is usually mari-
time tropical air without any inversions or barrier layers (T.<<0).
The air temperature near ground is 7=27°C (a few hours before
the phenomenon), and relative humidity is R=65% up to 7km
height.

There is no appreciable wind change with height, although to
form a tornado a more or less significant wind shear is needed at
jeast in a thin layer. The processes of tornado formation are
accompanied by the same weather conditions as were mentione
for the Type I air mass. _ :
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Type I11. The relatively cold (T=20°C at the surface), unstable
(I'e<<0) and humid (R=709% up to 7km) type air mass. The wind
becomes stronger and rapidly changes its direction with height.
The vertical wind shear is ==5-10-3s~! in the layer 500—850 hPa.

Tornadoes appearing in such air masses are accompanied by

- the following pre-tornado weather conditions: in the morning,

the sky is usually clear followed by the appearance of cirrocumulus

clouds and after a few hours, one can observe separate Ac. During

the next few hours, some Cb clouds develop suddenly, the time

- interval of cloud development is a few dozen minutes, and torna-
- does may be formed.

Tornado formation is possible in any of the air masses discussed

" above, however they may not always be formed. Most often tfor-

nadoes are to be expected if there is an intersection of two insta-
bility lines or when a mesoscale zone (line) of appreciable con-

- vergence coinsides with a convective cell (Fig. 3.11). If convective
i clouds have not appeared yet, the existance and position of con-

vective cells are determined by the area of large values of the con-

i vective instability index.

The following order for tornado forecasting can berecommended.
1. The air mass type and synoptic situation are determined

. from the initial information.

2. The instability criteria are calculated and largescale charts

- of T, and » are made for the forecast region. If these criteria

indicate coming convection development, the convection parameters
are calculated and the possibility of the development of convection

| phenomena including mesovortexes is determined.

3. In the process of current weather tracking, existance or

- absense of the weather conditions accompaning tornadoes (thun-

derstorms) is determined.
4. With the aid of meteorological radar, the most intense con-

. vective cells and instability lines are detected and their movement
: and development are traced. It should be noted that the origin and

development of a mesovortex and hence a tornado formation can
be observed with Doppler Radar only. However, if the vortex
{tornado) somehow has been disclosed and located, let us say
visually, then a conventional radar can be used to track the cloud
and vortex associated with it. In this case, the warning for tornado
formation can be given in a shorter time.

5. Convergence lines (zones) must be found using any means

| available, Combining the instability fields, largescale charts of T,
- and x» with the convergence zones (lines), allows one to forecast

the place of the first appearance of a tornado.
6. A forecast of the tornado trajectory is made by an extrapo-

" lation method using the data for tracking the cloud the mesovortex

(tornado) associated with -it.
The lead time for the tornado warning does not exeed a few
dozen minutes.
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Chapter 4

VERY SHORTRANGE FORECASTING:

THE PROCESSES AND PHENOMENA IN STATICALLY STABLE |

ATMOSPHERE WITH THE LOW PRESSURE CONDITIONS

The weather formation as a whole and some separate mesoscale
phenomena within a stable atmosphere depend on a number of

conditions. The first factor is the pressure condition. It is inte- |

resting that similar phenomena can occur both with high and with
low pressure conditions. An example is that of low cloudiness.
However, the processes leading to the formation of these phenomena
are different. In this chapter processes occuring with the low
pressure condition will be discussed.

The second important factor for local weather formation is
the largescale and the mesoscale (non-convective) wvertical motions.
The latters can arise both within frontal zones, that is within large
temperature contrast areas and in an air mass where mesoscale
lows may appear outside the area of atmospheric fronts. It is quite
probable that the mesolows are generated by the local dynamic
instability or that they arise under the influence of the local
orography.

The largescale processes within frontal zones form so called |

macroweather; the discussion of this matter is beyond the scope of
this course. However, recently discovered secondary motions in
frontal zones create mesoscale non-homogeneities in both the
cloudiness and precipitation fields. These non-homogeneities should
be taken into account when very shortrange forecasts are being
prepared.

Secondary motions are nothing else but mesoscale disturbances
which are believed to arise under the influence of dynamic insta-
bility. Secondary motions are thus the third important factor ior
local weather formation in a stable atmosphere.

Hence, the three basic parameters —the air pressure, the circu-
lation pattern and the dynamic instability or stability —control
the formation and type of mesoscale processes in statically stable
air. -1t is worth paying attention to two additional circumstances.
First, within stable air, some «islands» of statically unstable air

may be formed. Second, the appearance of a particular phenomenon

greatly depends upon the air humidity. Whatever the vertical mo-
tion, pressure and circulation might be, neither cloudiness nor
precipitation would arise if the air moisture content is insufficient,
that is the air is too dry. In dry areas, mesolows cause dust storms
only because of the insufficiency of moisture in the air.

The possibility of mesoscale disturbances arising in stable air

with low pressure condition can be estimated by the formula (2.18)
(see page 190).
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LOW CLOUDINESS:
VERY SHORTRANGE FORECASTING

Low clouds are those having their base at a height below 300 m.

Usually, when preparing the forecast, the two following questions .

have to be answered. ,

1. If there is low cloudiness over the forecast point at the initial
time, will it remain during the forecast period and how will the
cloudiness change in the height of its base?

2. If there is no cloudiness over the forecast point at the initial
time, will it appear during the forecast period and what is the
expected height of its base?

The period of the forecast for the appearance, persistence and
disappearance of low cloudiness can be a few hours. As for the
base height, depending on the accuracy required and taking into
account a rather significant variability of the heights, the forecast
period may very from a few dozen minutes to 2—3 hours.

As it is well known from the courses in general and synoptic
meteorology, the formation and dispersion of low cloudiness mainly
occurs under the influence of advection and vertical motion. Signi-
ficant importance should be attributed to moisture variations
caused mostly by advection and vertical motion. Wind velocity and
direction and the presence of an inversion should be also mentioned
as important factors for low cloud formation.

A scheme for the very shortrange forecasting of low clouds is
shown in the figure 4.1. It takes into account all the factors
mentioned above. The scheme is applicable for those cases when
low clouds are observed at the initial time.

Using the scheme, gives the forecast for the 3 hours following the initial
conditions with the low clouds observed at the initial time having a cloudbase
height of 150m, a southerly wind at 3m/s, a dew point deficit D=3°C, S%=0,
W>0 and with warm advection taking place. The advection and the vertical
motion are assumed to remain without change.

1t is easy to see that, according to the scheme, the low cloudiness will
persist. )

The scheme for low cloud forecasting, when at the initial time
low clouds are absent, is shown in the figure 4.2. This scheme is
prepared in such a way that one can assume no inversion is pre-
sent if the appropriate information is not available. Of course, this
reduces the accuracy of the forecast a bit.

Using this scheme, give the forecast for the nearest 3 hours with the same
initial conditions, exept that the low cloudiness is absent both over the forecast
point and at a distance of L<V¢ from it.

According to this scheme, one should expect during the next 3 hours the
appearance of advective fog or low clouds.

In addition, the forecast should include information on cloud
base behaviour, that is whether it will persist at the same height
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or change the altitude of its lower boundary. The following factors
are favourable for the decreasing of the base height:

air in ascending motion,

advection of warm air over the cold underlying surface,
air humidity increasing,

— pressure dropping,

— an atmospheric front approaching.

The base height will increase under the following conditions:

— air in descending motion,

— a strong wind blowing,

— a cold air advection (except cold air advection over a rela-
tively warm water surface, which will cause case, an evapo-
ration or steam fog to appear) {

— pressure rising, 1

— retreating or dissipating front.

The factors and conditions mentioned above can all act together \
simultaneously or may occur individually. i
A most difficult situation is created for a forecaster when some

of the factors or conditions act in one direction while the others |
act in the opposite direction. In this case it is recommended that L
one monitor the actual <behaviour» of the cloud base and |
accordingly determine the main influencing factor acting at the |
moment and then to use these factors when forecasting. [
For those cases when the low cloudiness remains but the height |

of the base varies, formal extrapolation is recommended to make |
the forecast. It gives quite satisfactory results for the forecasting ‘
period up to 2 hours. |
Three cases are possible. o

|

A. There are two consecutive observations of the low cloud base
heights A in time interval A¢. Then, the expected height of the cloud
base in At hours from the initial time will be ‘

/Zo+Az = 2/20 — Ro_at, (41)
where 4, is the cloud base height at the initial time; /—a; is the ‘
height at the previous time of observation. ‘

" B. There are values of a few consecutive observation of the low
cloud base height: hg, Ao—az, Hho—2sr etc.; the change of the cloud
base height is going on in one direction during whole period of .
observation. Then,

hosas=hy—+ AR or  hoyons = hy- 2AK. (4.2)

Here AA is the mean variability of the cloud base height for
a number (m) of observation at times;
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A?Z- — /lo - hO——(m—I)At .
- m—1

C. There are a number of consecutive observations of the low
cloud.base height: hy, ho—as, HRo—2az, ho—sa: etc., the values A=
=No—ho—at; Aho== ho_at — ho—oat; Ahs= lMo_oas — ho—3s¢ etc. having
different signs. For example, Ak, can be positive, taken the cloud
base has risen, and can Ah, be negative when the cloud base has
lowered. It can also happen that during the two intervals between
observations the cloud base was lifting and then during the third
it was lowering. Many different variants are possible. In such
a case, not only the cloud base height change, but also the rate
of the height change fluctuation is to beé extrapolated.

A number of observations (sometimes four or five observations
are sufficient) are required to determine the time interval between
maximum and minimum values 4. This interval is considered as
a semiperiod of cloud base oscillation. If the semiperiod is adopted
to be constant for the forecast range, then the forecasted values
of the cloud base height are calculated by formula

hoyar = hy + | ARY;
hoyoas=horar + | AR, . (4.3)
where

[AR ) 4 | Ay 4o | Ay |

|ak| = m—1

An example. Suppose, there are five consecutive observations of the low
cloud base height: 200, 230, 220, 190 and 200 m at times 0—4Af, 0—3Af, 0—2A¢f,
0—A¢ and 0 respectively. It is easy to see that during the time interval from
0—3A¢ until 0—A¢ the cloud base was lowering. According fo the assumption
above from the moment 0—A? until 0+4+A¢ it will be lifting and then it will
be lowering again from 0--A¢ until 0+3Af, Hence, when forecasting the value
hosa the sign «+» in the formula (4.3) is used, and, when forecasting

the values A, o, and hy, 3,4 the sign «—» is to be chosen. So,

10-{-301—10—{—30:20 m:

h0+At=200 + 20 =220 m;
ho_}_(_,At:QQO-—QO:——ZOO o,

| AR | =

And so on.

In preparing the forecast one has to keep an eye on the
changing meteorological conditions and to make some corrections
according to the changing conditions. For example, an increase of
ascending motion and/or pressure falling, while weak winds and
the initial humidity remain without any change, will suggest the
general tendency for the low cloud base to be lowering. An increase
of the wind velocity with a pressure rise will cause just the oppo-
site process, that is lifting of the cloud base.
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If this or similar qualitative reasoning coincides with the extra-
polation results, the forecast becames more reliable. If if does not
coincide, then the observation frequency -must be mcreased to pro-
mote more accurate extrapolation.

Sometimes an urgency arises to foresee cloud base height |

(CBH) changes in the nearest dozen minutes, for instance, to se-
cure aircraft landing. In this case, a technique allowing the maxi-
mum automatization of the CBH forecasting is required. Of course
detailed information on CBH and its time rate of change are also
needed. In some automated systems for meteorological security of
aircraft take-offs and landings the «inertials forecasting scheme
is used. The essence of this scheme is that the CBH are measured
at several points within an airfield area. These measurements give
an averaged value which is used for synoptic or climatic infor-
mation, but the minimum value of the CBH that measured is
transmitted to the aircraft board, assuming this value will remain
unchanged for a few dozen minutes. This jorced assumption is re-
lated to the fact that there is a time interval between the CBH
measurement and the time that the measurement results are used
to secure the aircraft landing or take-off. This time interval is
called the delay in relation to the observational time. The length

of this delay- depends upon the initial information collecting !

‘techmque, its recording and the transmission to the aircraft crew.
So, this is nothing else but inertial CBH forecasting. However,
the CBH is known to be highly variable. Therefore, instead of
inertial forecasting the extrapolation method should be used.

The CBH space and time variation depends upon many factors
the main one of them being the type of the cloudiness. The time
rate CBH structure of frontal type cloudiness is quite different from
that structure of air ‘mass type cloudiness. The figure 4.3 illustrates
the CBH time autocorrelation functions for the frontal (1) and air
mass (2) cloudiness. The frontal cloudiness curve crosses 0 point
in the time shear t~40—42 min, while the air mass cloudiness
curve crosses 0 point in 7= 10—15min. The extrapolation of the
CBH could be done for instance on the basis of a regression
equation in a form of

* (8 = h+4r (<) [£(0) = £], _ (4.4)
where A*(f) is the most probable value of the CBH at the moment

of time ¢; k is the climatic norm of the CBH; A(0) is the instan-

taneous CBH value.
The forecast made on this bases will be inaccurate and the

error will be as

*=o} 1 —ri(x). (4.5)

It is easy to see that the inaccuracy will be close to dispersion
of the CBH values for the forecasting range ¢ — 1|, ()=o.
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To decrease the errors of the very shortrange forecasting, the
procedure of smoothing or filtering the high frequency (short
period) fluctuations of a meteorological parameter should be
employed. The simpliest filtering function is the so called running:
mean. One should keep in mind, however, that the special base
is required to choose the averaging period, when the running mean
method to be employed.

An optimal averaging period can be determined on the basis of
the CBH spectrum investigation. For this purpose, the spectrum
of harmonic amplitudes are calculated and the pulsation energetics’
.are determined. The distributions of the energetics in the pulsation
ispectrum of the CBH thus derived -allows the suggestion of
smoothing filters which suppress the high frequency component
and at the same time do not significantly distort the fluctuation
.amplitude. So, for air mass cloudiness, the linear three points
‘averaging by formula

7= it b T”S RaLURY (4.6)

:causes the «suppression» of the high frequency part of the ener-
‘getics spectrum up to 75—809% practically without distortion
‘of the low frequency part. When forecasting air mass cloud base
‘height for 10 min or so ahead, the amplitude of the oscillation of
‘the period T==9 min is not distorted, while the oscillations of th
period T<C4 min are filtered out. »

" To smooth the instantaneous values of the frontal cloudiness
‘base height, a filter of a following form is recommended:

Pyt Hog 4 Ry =Ryt Ryg + Ay
12 '

When smoothing by (4.7), oscillations of the period T=7 min
are not distorted. The smoothing helps to increase significantly
the r(v) value, decreasing the forecast error.

The CBH very shortrange forecast can be made in the following
-order.

1. Minute by minute measurements of the CBH values are made.

2. Filtering (averaging) of the measured h; values is done by
formulas (4.6) :and (4.7). The values h; derived are referred to
as they are calculated for the time corresponding to i.

3. The speed of the mean transfer V at the CBH level is de-
termined.

4. The parameter f; representing the time of the forecasted
value of the cloud height h; is to be transfered from the airport
runway edge to the crossing point of the Ay with the aircrait
landing glide path. The value f; is determined by the solution of
the equation
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th tg v =7ch +r(x R) (R —’501)9 (4.8)

where y is the landing glide path angle; &g is the CBH climatic
norm for the given region;

r (s, R)=exp Htf + T‘L?:-)JFB(L +”\7tf)}

is the space-time autocorrelation function of the CBH; L is the
distance between the instrument measuring the CBH and the
runway edge.

Equation (4.8) is transcendent. It can be solved by any of
the known methods, for example by the chord and tangent method.
The parameters in the equation (4.8) are schematically shown in |
the figure 4.4. ' 1

5. Forecasting the CBH value is determined by the formula f

Realization of the above CBH forecasting scheme is done with |
" the aid of a personal computer. Two parameters are displayed: |
the time in minutes from the initial time and the corresponding |
CBH forecasted value. These allow the forecaster to suggest the |
optimal time for the landing of aircraft, i. e. when the CBH'!
forecasted value will be maximal at the locatiom. g

VERY SHORTRANGE FORECASTING

OF WIDESPREAD PRECIPITATION ‘;

o

~The task of very shortrange forecasting of widespread preci-

pitation is to predict the occurance, intensity and times of the

beginning and the ending of the precipitation. If at the initial time |

precipitation is already observed, it is desirable to predict any

change in its intensity and the time of its end. One of the possible

techniques for very shortrange forecasting of widespread precipi- |
tation is given below.

One can predict the occurance and the rainfall total in the !
coming 12 hours on the basis of some very easily defined pre-
dictors. The predictors are represented in the form of the following
pairs:

v2Hgs, is the analogy of the relative geostrophic vorticity‘
at the 850 hPa level;

v2HSY is the value of the 500/1000 geopotential thickness
gradient;

vHg, is the value of the 500 hPa geopotential gradient;

2\ y2Hy, is the analogy of the relative geostrophical vorticity
at the 500 hPa level; :
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’b Hy, is the height of the 500 hPa surface in geopotential
decameters;
, k= Tgo+ (T)sso— Tso0 — (T — T oo

(H)s is the expected change of the 500hPa geopotential
height for 12 hours in accordance with numerical
4 prediction;

M1 is a value determined from the satellite data within
the area of 300 km radius from the forecast point.

3

A rectangular grid with 300km spacing (Fig. 4.5) is used to
calculate Laplacians and gradients. The Iollowing formulas are
to be applied:

V2H gy = 0.03 (H; + H; + H; + Hy — 4H)g5 gpdm/(100 km)?;
Vi = 0.1 (H, + Hy -+ Hy + Hy — 4H)5 gpdm/(100 km)?;
VH?ggo ==

= 017 V[(H35)1 — (H380)a]? 4+ [(H55%)a— (F7550)]? gpdm/(100 km)2;

V500 =
= 0-17V[(H500)1 ~— (Hyp)s)? + [(Hsoe)e — (H0)4]? gpdm/(100 km)?.

The values of Hgso, Hsoo, Hiooy are taken from the corresponding
charts for the initial time. The value of £ is calculated from the
- data of the most recent sounding;

MI = 2.5, n, 4+ 0.5n, + On,.

Here,
ny+n, +n, +ny=1;

ng is the part of the considering space which is cloudiree; n; is the
part of the space occupied by St and Sc; n, is the part of the space
occupied by the middle clouds; ns is the part of the space occupied
by Ns.

Predictor fields are made for each pair of predictors using
_archive data. Approximate forms of these fields are shown in the
figure 4.6. The sign «+» corresponds to the cases with precipitation
with the given pair of predictor values, and the point «-» without
precipitation. The fields derived in this way are to be divided into

two parts conditionally called the «rainy part»> and «dry part».

' In order to predict the precipitation by these fields, it is ne-
cessary to calculate all four pairs of predictors using initial
. synoptic materials and sounding and satellite data. If at least one
of the pairs indicates precipitation, that is the pair of predictors
~has hit the «rainy part», then precipitation is to be predicted for
the next 12 hours.
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. it appears to be worthwhile to defined a «center of gravitys (CG)

The expected rainfall in mm can be calculated by the formula

p-ﬁm = ‘m?i- -+ [(p9)ss0 + (pg) 700+ (e P)s00 + (pF)500]- (4.10)

Here, a is ‘a value depending on the choice of units and local
conditions; if specific humidity ¢ is in g/kg, and the air density p
is in kg/m3 then the mean value a=0.01 mm; ny is the number |
of the predictor fields indicating to the p0351b111ty of the precipi- |
tation occurance (ny varies from 0 to 4).

The time of precipitation beginning can be predicted by fol-
lowing the precipitation zone movement. The zone is assumed to
be moving under the action of wind and at the same time it moves
as if it is «tied» to the synoptic object creating this precipitation
zone. Moreover, the synoptic object itself forms a wind pattern
influencing the zone movement. Thus, there is some kind of
interaction between the precipitation zone, the synoptic object and
the wind. The figure 4.7 schematically shows the interaction.
The complex character of these interinfluences explains the fact
the precipitation zone more often moves with a speed ¢V,
or ¢c=~kV, where % is the tiransfer coefficient already mentioned !
above. ‘i

First of all, we must determine what the precipitation zone
movement speed is. The zone is continually evolving, changing its
form and therefore, it is not quite clear which points are to be taken
to calculate the zone speed. Taking into account this consideration,

in each zone and some special points of the zone (SPZ). Any pre-
cipitation zone can be represented as ar-geometric  figure. |
The precipitation zone shown in the figure 4.8 (a) can be easily |
approximated as a triangle (6) with the «center of gravitys at the

point ¢. Any CG can be easily found by using the geometric rules. |

Large precipitation zones, i. e. synoptic scales or meso-a scale {
do not move as a solid body. Often, each part of the zone moves |
with its particular speed. There are many reasons for this, the main |
reason being non-homogeneous wind fields. There are ]ust enough !
different speeds involved to make somewhat whimsical forms
of the precipitation zones. To predict the zone movement a fo-
recaster has to find and to mark some special points on the line .
surrounding the precipitation zone and to forecast separately the |
movement of each point (SPZ).

After determining the positions of CG and SPZ’s at two con- -
secutive moments of time #; and 7, one can calculate the distan-
ces L the points got through and the speed with which they have
moved with:

¢ = -

RSTRE (4.11)

Experience has shown that the ¢ value was the closest to the
magnitude of the mean wind vector in the 500—700 hPa layer, i. e.
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c=k!VH§,

where % is the transfer coefficient (see this page below). The kvalue
varies in a wide range from 2=0,3 to k=1.9. At the same time,
. all the & values can be clearly devided into three groups

1) £<<0.6;
2) 0. 6<k<1.0,

3) k>1.
Each of these groups is related to its own synoptic background.
The precipitation zones of the first group are related to frontal

waves and young cyclones (lows). In this case, the precipitation

- zones move along with the synoptic objects causing the precipi-
- tation. It is quite logical to assume that the precipitation zone has
. almost the same values of & at whatever point the CG and all
. SPZ’s if refers to. Of course being in an evolulionary process
. the zone can be widening, narrowing or changing its form. Hence,
- strictly speaking, the & values will not be quite the same. However,
. the differences must not exceed the accuracy of determination &.
The precipitation zone movement forecasting procedure includes
- the following operations:
1. The CG and SPZ are determined at the initial and at previous

times of observation.
‘ 2. The magnitude and direction of the mean wind vector for

the 500—700 hPa layer are computed for each of the points (see
 below) using the data of the most recent sounding.
; 3. The values of L and C (see page 228 and formula (4.11)) are
~ estimated by two consecutive CG positions. This gives the possi-
- bility of finding

b=y ?ﬂ . (4.12)

When the precipitation zone has been found at the initial time
. only, and at the previous time it was absent, the & value can be
* estimated by an empirical formula, like

_ 1.74—-0.13V,
b= =15 (4.13)

. Here, V5 (m/s) is the wind velocity at the 500 hPa level. The for-
mula (4.13) is valid for the wind Vs=22m/s. It is worth noting

that the & values estimated by (4.13) are less accurate when

compared with those determined by the CG displacement.

4. At each CPZ the point displacement vector is constructed.
The vector magnitude is

Li=(VI|p)kat
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(i is the point number), and the vector direction d; = (d |§)i of is
the lead time. )

5. The vector arrows are connected by lines (Fig. 4.9) to de- |

termine the forecasted position of the zone. It must be kept in mind,
that winds at different points of the zone may be different both
in speed and in direction. Therefore, the zone form may be changed
with time.

An example, Suppose, at the initial time, there is a precipitation zone where
four CPZ can be defined: 1, 2, 8, 4 (see Fig. 4.9,a), For each of the points
the velocity and direction of the mean 500—700 wind are calculated. For the

points 1 and 2, lV”? =22m/s and d[§=260; for the point 3, IV],’?—:QO m/fs and

d [3=250; for the point 4, |V|[;=20 mys, d [}=270. |V|[}=25m/s above the zone |

CG at 500 hPa level. The task is to forecast the precipitation zone movement

for 6 hours ahead. .
According to (4.13)

1.74 4+ 0.13-25

25 — 145 0.48.

k=

Then
L= 1Ly=22.3.6.0.48-6 =~ 228 km,

Lg=L,=20-3.6-0.48-6 ~ 207 km.

The segments L; are drawn in the scale along dl? at every point, and the

points 1/, 2, &, 4’ are received at the ends of the segments (see Fig. 4.9).
Connecting these points by a line one receives the forecasted position of the
precipitation zone in 6 hours after the initial time (see Fig. 4.9, 6).

The time of the precipitation zone approaching a given point is determined
by the frontal zone margin movement velocity. The technique given in chapter 3
(pages 209—210) is valid for this purpose.

The precipitation zones of the second group (0.6<Ck=C1.0) are
related to mature but still actively moving lows (cyclones).
However, the paths of the movement of the zone CG and of the low
do not always coincide. Moreover, the movements of different parts

of the zone are not uniform. This is why the & values for the CG |
and each CPZ differ from each other. Hence, one has to determine
the k& value separately for each point. It has been shown by expe-

rience that in the given case
33.1+ LO4{ V|
3.6|V| |§ + 12,5

Here | V][ is the magnitude of the mean wind vector for the 500—
700 hPa layer. '

(4.14)

The forecasting procedure is similar to that for the lirst group

of zones. The only difference is that the CPZ movement distances
are estimated as :
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33.1 + 1.04 (| V|[),
S TES AR

L, = (4.15)

523 m/s.

The prec1p1tat10n zones of the third group (k>1.0) are related
to occluded extratropical cyclones (lows) and to the rear part
of an anticyclone. In these situations, the upper winds are weak
and practically do not render any marked influence on the zone
- movement. Clouds have «precipitated out» where they are. Of
course, a small movement of the cloudiness takes place anyway,
and this movement can be predicted for one hour or so by the
extrapolation method. Meanwhile, in some other part of the
- occluded cyclone a new mesoscale precipitation zone can arise and
this zone is independed of the first one. Since forecasters use
discrete information, they may get an impression that they see the
same precipitation zone, when actually the new one has moved
rapidly to the new position. Of course, the velocity of this «false»
movement may seem to them to be considerably more than the wind

velocity. Hence, they estimate 2>1.
: Precipitation field non-homogeneity. Pluviogramme processing
, indicated "in the precipitation fields a non-homogeneity that has
revealed itself as mesoscale fluctuation in the rate of precipitation.
‘ Suppose that during a rainy period there is a background of

- rain intensity I; then the rain intensity increases for a while and

gives an intensity of T;>I. Let us call / the background intensity
and I; the fluctuation intensity. The duration of the fluctuation
. can vary in a vide range from 2—3 hours to a few minutes. These
- intensity fluctuations are related to the non-homogeneity of the
- horizontal distribution of rain intensity which is revealed in the pre-
cipitation rate at a station while in the rain zone movement. Non-
homogeneity was found by analyzing the precipitation field by
drawing isohyets of the two basic morphological elements of the
. precipitation fields. These are: rain cores (r. c.) and rain bands_.
(r. b). T
Let us introduce some parameters allowing us to describe
quantitatively the mesoscale non-hemogeneity of prec1p1tat10n fields:
S is the diametric size;
L is the longitudinal size; ‘
A is the distance between rain intensity maxima («wave
length»);
d is the distance from a front;
I is the background intensity;
I, is the average intensity;
I, is the maximum intensity.
A part of a rain intensity field confined by the closed isohyet

I>2] at S/L<1/3 is usually called the rain band. The same at
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S/L>1/3 is usually called the rain core. Sometimes in an isohyet
field, some formless areas of precipitation can be found. They are
usually considered as parts of the r. b.

A few rain cores can be arranged in a cluster of rain cores or
-a band of rain cores. ;

Apart from dividing by forms, the mesoscale non-homogeneity
can be classified by scales:

large scale (LS) is with S being of order 10°m (hundreds km,
but not smaller then 120km);

medium scale (MS) is with S being of order 10*m (tens of km,
but not smaller then 30 km);

small scale (SS) is at S being <30 km.

For the LS, the A value frequency maximum occurs at the!
interval 200—300 km, and the S value — 150—250 km.

For the MS, two maxima are observed for the both wvalues.
Therefore, this scale of non-homogeneities was divided in two |
subscales:

MS; that has the maximum frequency of A in the interval 100—
150 km and of S in the interval 80—120 km;

MS, that has the maximum frequency of A in the interval 50—
70 km and of S in the interval 30—50 km.

" For the SS, the A value frequency maximum occurs at the inter-
val 120—160km and the S§ value — 10—20 km.

Any frontal precipitation zone includs meso-non-homogeneity in
form of rain bands and bands of rain cores, the bands being
stretched out along the frontal line at the surface. Each group
of rain non-homogeneities of the larger scale includes the non-
homogeneities of a smaller scale, but with more intensive precipi-
fation. So, the large mesoscale bands (LS) include the medlum«
bands (MS), and the latter, in turn, include the small bands (SS).
Their positions relating to the front are described by parame-l
terms d and ). The values of these parameters depend upon the |
type of the iront and on the front mesoscale structure. l

For the warm front, the r. b. of MS; and MS; are typical
although the MS bands occur more often. Usually, 1-—3 bands are
found within the warm front precipitation zone. These bands are
streched out parallel to the ground surface frontal position. In the [
figure 4.10 the warm front r. b. is denoted by number I. One of
the bands is usually situated just at the front. This is a band
of rain cores. ‘

Sometimes, so called embeded convect1on arises within the warm
front cloud mass. Then, heavy and showery rain or snow may fall
at these places. Rain or snow intensity can be about 6 mm/h
in summer and 1 mm/h in winter. The intensity is 5—10 times less
between the bands.

Warm front rain bands are believed to be caused by so called
mesoscale «roller circulation» over the frontal surface (Fig. 4.11).
Rain intensification (appearance of bands) occurs in the ascending !
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branches of this circulation. Attention is drawn by the fact that
the most intense precipitation zones can be seen a bit ahead of
these maximum ascending motion - areas. The most intensive pre-
cipitation near the surface frontal position (the band 16) can be
explained by the fact that the zone of the strongest convergence
in the boundary layer is situated here. Precipitation most distant
from the frontal surface position rain bands does not necessarily
reach the ground surface, since the rain generation zone and
the frontal surface are raised rather high above the ground surface
and the rain drops precipitating into the drier preirontal air are
evaporated before they may reach the surface.

Warm sector rain bands (number 2 on Fig. 4.10) are related,
as a rule, to instability lines.

Cold front rain band (number 8 on Fig. 4.10) are schematically
represented on the figure 4.12 by a cross-section through a cold
front. There are two types of rain bands associated with cold fronts.
The first type of bands can be regarded according to their sizes
as MS, bands. They appear behind a cold front at the distance
80—130 km from the frontal surface position. See the band 8a on
the figure 4.12. The steeper slope of the frontal surface corresponds.
with this rainband. This causes ascending motion of the order of
magnitude of 10~tm/s. The ascending motion, on the other hand,
is a kind of stimulus for the appearance of embeded convection
and hence for more infensive precipitation.

The second type rain bands are, by their nature, SS rain core
bands. They are situated just at the frontal line at the surface
as.indicated by the band 8b on the figure 4.12. Mesoscale ascending
motion up to 1'm/s are observed here. The convergent flows are
the reason for the vertical motion. According to the essence of the
process, dynamic convection should develop here, although the air
masses on both sides of the front may be statically stable.
The faster the cold front moves, the more probable is the develop-
ment of convection and Cb cloud formation.

Each rain core in this band is caused by a Cb cloud cluster
of an eliptical form. The long axes of the clusters are oriented with
angles of 45—55° with respect to frontal line (Fig. 4.13). The area
of a cluster is about 50—100 km?, the length L is 10—20km and
width S is 5—8 km, the distance between the cluster’s long axes
D ~8—12 km. '

Each cluster moves along the vector
Cc=Cq + Cx, (4.16)

‘where ¢g is the frontal movement speed vector, ¢. is tangential
to the Irontal wind speed. The vector ¢, direction coincides with
the position of the long axis of the cluster. On the other hand,

it was noticed that the long axis of the cluster was usually oriented

along the summary vector
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Vi=V, 1V,

with the accuracy of =+6° Here, V, is the ground surface wind
vector, Vs is the 500 hPa level wind vector.

Thus, the cloud cluster movement direction with the accuracy
+6°

I/"O - V5 CcOSa
Vi -+ Vi—2V,V, cosa

Here, dy is wind direction at the ground surface, a=180—
—(|ds—ds|); ds is the 500 hPa level wind direction. The sign «+»
is to be used in case of right turn of the wind with height.

Since movement speed and direction of the ifront can be de-
termined sufficiently accurate then, taking into account (4.16),

d. = d, & arccos — (4.17)

CC ::,’j 4 (LIE)

.lede—dcl'

One may assume with sufficient accuracy for practical purposes
that the cloud cluster movement speed being unchanged during
5—7 hours. .

Rainbands of a frontal occlusion (number 4 on Fig. 4.10) are
mostly of a cellular character, i. e. they consist of a number of
raincores in the form of bands. The bands situated in the
«tongue» of the moist, warm air can be regarded as being of the
type MS;. Usually, these are the Cb cloud clusters. The lifetime
of a cluster is about 12 hours. The rain bands move along with
the front.

Behind a cold type occluded front, some smaller SS type rain
bands are observed. They arise within unstable air in form of
the Cb bands of the meso-p scale (see Chapter 3, page 205).

Besides these, rain bands are observed in cyclonic rear, where
they arise on lines of instability (number 5 on Fig. 4.10). The for-
mation process of the lines and forecasting were discussed in the
chapter 3 (pages 202—204).

Rain bands associated with stationary fronts are of LS type.
Most often their origin is related to embeded convection. These
rain bands move in the direction away from the front. The lifetime
of these bands are as a whole about 10 hours, but a cloud separate
from the band lasts much shorter time.

These rain bands are disclosed with radar observations. Obser-
vations from a very dense network and satellite images are a good
supplement to the radar information. Satellite data should be con-
sidered last since the rain bands in the majority of instances are
hided inside the frontal cloud systems, and, therefore, they are
seen neither in TV nor in IR. images. However, those bands
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appearing within areas clear from cloudiness can be easily found
on the satellite images, for example in the warm sector or in the
rear area of cyclones.

Surface observations can be of some use only in those cases
when the rainbands are formed by the processes which are initiated
in the surface layer, that is in narrow rain bands at a cold front,
in a warm sector, or in a cyclonic rear. Rain bands forming above
frontal surfaces have no connection with the surface layer pro-
cesses. It is believed that their formation is influenced by air flows
in the 500—700 hPa layer.

Synoptic means together with satellite information allows one
to determine the position of the precipitation zone in a synoptic
object system (cyclone, front), and also to understand what circu-
lation processes are forming the rain bands. In combination with
radar data, this gives the possibility of ascertaining the rain band
type. Therefore, the rain bands 7, 3a and 4 in the figure 4.10 have
no direct connection with the surface circulation. Information on
the circulation pattern at the 500—700 hPa layer is preferable to
forecast these rainbands.

Rain bands 2, 3b, 5 and those at stationary fronts depend to
a large extent upon the processes in the surface layer. When fo-
recasting these bands, the data on the state of the atmosphere and
the circulation in the surface layer is needed in addition to infor-
mation on the state of the free atmosphere.

- The lifetime of the mesoscale rain bands is 8—12 hours. Hence,
their travel and evolution forecasted by extrapolation is possible
for 6 or less hours only. The forecasting procedure can be as
follows. After detecting a rain band, the direction and speed of its
travel over land are determined by a few radar measurements
during the past 2—3 hours. The direction and speed are extrapo-
lated for the next 2—3 hours. A similar procedure is applicable
when forecasting the evolution of the rain band (rain core). To fo-
recast the evolution, one has to anticipate strengthening, persisting
or weakening of the precipitation. This can be done by determining
the tendency from previous observations and projecting the ten-
dency ahead in time. The time range for previous observations
and the range of the forecast depend upon the size and the struc-
ture of the rain band. The more Cb clouds within the rain band,
the shorter the forecasting period is. The wider the rain band,
the longer the forecasting period is. Accordingly, the observational
time period is shorter in the first case and longer in the second.

When determining the timing of the rain band approach a given
point one should keep in mind that the parameters S, A and
d should be sufficiently stable. Once determined, they cah remain
unchanged during a few hours. Hence, for very shortrange fore-
casting, these parameters can he considered to be constant for
the given situation.
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MESOLOWS (MESOCYCLONES)

Non-frontal mesoscale cyclonic vortexes arising at high and
‘middle latitudes are called mesocyclones. Their horizontal sizes are

of 100—500 km. They were discovered for the first time in the 1960 |

as meteorological satellites were launched into orbit. They possess
various names such as comma vortex, polar cyclone, vorticity, but
there is no name having an official status. According to their
nature, these cyclonic circulations can be divided into two types:
1) circulations arising within unstable air in convective cells, and
2) circulations arising under the influcnce of the dynamic instabi-
lity. The first type we will call «mesovortexes». The forecasting
technique for these has been discussed. in the chapter 3 (see
pages 216—217). The second type we will call <«mesolows».
The latter will be discussed now.

Although mesolows are non-frontal formations, they most often
arise- within synoptic scale frontal cyclonic circulations with rela-
‘tively low pressure conditions. These air mass mesolows are formed
in statically stable air. However, during the cyclogeneses process
the air mass becomes conditionally unstable in that portion of the
air mass taking part in the process. Perhaps this is the reason
for the convective cloudiness observed with mesolows. In the case
of a mesovortex, the convective cloudiness appears first, and then
the mesovortex arises. In case of a mesolow, the reverse occurs,
that is the mesolow forms and' then the convective cloudiness arises.

Using a limited number of observations, it has been ascertained
that significant cyclonic vorticity (Q ~ 10-3s-1) occurs in the middle
troposphere corresponding to the mesolow. As for the static insta-
bility, it has been found to occur in the lowest layer of the tro-
posphere, practically within the boundary layer. This instability is
‘quite sufficient for Cb clouds to be formed. As result showers are
always observed in mesolows.

For a mesolow to arise it is necessary that a mesoscale distur-
bance or non-homogeneity of meso-a scale exists or forms within
a largescale circulation system. For instance, it might be vorticity

in the free atmosphere as a consequence of a synoptic scale low -

that currently exists or had recently existed. It might be associated
~with a mesoscale frontal or wind wave. It might be related to
a mesofront at a botindary like land and sea or at a boundary of
snow cover and bare land. Any such kind of non-homogeneities

in the surface can give a starting point for either a convective

origin mesovortex (see Chapter 3, pages 211—217) or a mesolow to
develop. The development of the latter will occur as the mesoscale
disturbance finds itself over the surface condition of horizontal
non-homogeneity and the associated synoptic scale temperature and
humidity fields, i. e. the disturbance finds- itseli in the condition
of baroclinic instability DI. During the mesolow development
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- process the baroclinicity increases since the humid and warm air
i are in juxta position with the dry and cold air

For a mesolow to develop an addition dynamical condition must
be observed. This is that of a spiralling motion

S,,=VrotVzv%§———u%—Z—.
At the very place where the largest values S, and DI coincide
- with each other one may expect the mesolow to develop from the
~ initial disturbance or non-homogeneity. However, even with the
i most favourable dynamic conditions, the mesolow will not arise if
the field of motion is not kinematically prepared. The mesolow will
have arisen only in the case where the isolines have the kinematic
* characteristics

c—( PP P azp)*o
T \oxdy  ox* 0y*]

and 0P/0x==0 (and/or 6P/0y=0) and intersect with each other
in the area of the largest values of D/ and S, and the value V2P
is positive (see pages 182—183).

As soon as the mesolow has arisen, cloudiness, including
Cb clouds, develops very rapidly and a zone of intense precipitation
(showers) is formed. The precipitation becomes the most intense
in a mesolow in the mature stage. The most intense rain showers
are an indicator that the mesolow filling process has started.
The precipitation removes moisture from and cools the undercloud
air layer. The cooled air flowing out blocks the inflow of heat
and moisture to the mesolow (mesovortex) depriving it of
the energy necessary to maintain its «life». As a result, the mesolow
starts to decay. The duration of a mesolow existance depends upon
its horizontal size. The larger the size, the longer is the mesolow’s
life. Normally, a mesolow exists no longer than two days (48 hours).
It has been noticed that the mature mesolow’s intensity also
depends upon its size. The smaller the size, the more intense is the
mesolow. Hence, it follows that less intense lows exist longer.

The mesolow cloud cover, as it is seen from a satellite, most
often appears in the shape of a comma. In contrast the shape
of mesovortex cloudiness which the satellite «sees» is in the form
of cloudy spirals. .

So far, there is no reliable technique for forecasting the de-
- velopment of mesolows. Usually, mesolows are detected on satellite
images or on largescale weather maps well after their first
appearance. Some useful information can be obtained from a me-
teorological radar network, as the data from several radars are
combined in a mosaic map. '

To forecast mesolow formation the following information can
serve as a starting point: '
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‘— temperature and wind sounding data for a few points within
the forecast region;

— Jlargescale weather maps;

— constant pressure and thickness charts;

— satellite images;

— mosaic radar data compositions.

The following order of action needed to forecast mesolow for-
mation is recommended.

1. The existence of a disturbance (non-homogeneity) of the
meso-a scale size is ascertained with the aid of largescale charts.
and satellite images (radar data compositions). The most typical
indicator of mesolow formation is an isolated massive amount
of stratiform cloudiness with the horizontal size of the order 10°m:
and with some embedded cumuliform clouds. It should be kept
in mind that most olten such cloud masses are found in the rear
parts of extratropical cyclones, and one must look for them there.
It should be mentioned that the presence of the. vortices type
structure of such cloudy masses shows that the mesolow has
already arisen or is forming. In this case no further forecasting
actions are needed.

2. The values of the dynamic (DI and Sp) and kinematic (c, Py,
P,, V2P) characteristics are determined from the sounding data
and from the largescale weather map. The results are plotted on
a largescale map. With the aid of this map a zone of the largest
values of DI and S, is identified as well as the coincidence of the
disturbance (non-homogeneity) with this zone and with the fa-
vourable kinematic conditions (c=0; Px(P,)=0, VZP>0).

3. The results of step 2 above give the basis to judge the possi-
bility of mesolow formation. There may be as many as five situations.

a) All favourable conditions for the mesolow to arise are found
approximately at the same place, i. e. the initial disturbance, the
large values of DI and Sy, the crossing point of isolines ¢=0 and
P.(P,)=0, where V2P>0-—all these coincide with each other.
In this case, the mesolow will arise at the region in the next 2—
3 hours, but the forecaster should not forget that -in the presence
of a strong wind in the free atmosphere the disturbance developing
into the mesolow will be moving along the steering current (see
below).

b) All favourable conditions for the mesolow to arise are
present, but their space positions do not coincide with each other.
In this case the mesolow can arise, but the period of time necessary
for the mesolow to be formed is a bit longer. The forecaster should
keep an eye on the disturbance, and in a few hours repeat the
actions indicated in step 2 above.

c) The initial disturbance is present, however all other
favourable conditions are absent within the given region. In this
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case the mesolow formation probability will be very small during
the next 12 hours.

d) The initial disturbance and the favourable dynamic conditions
are present, and their space positions coincide with each other.
However, the kinematic conditions are not favourable for the me-
solow to develop. In this case the forecaster should keep an eye
on all changes in the surface pressure field. Sometimes, even small
changes of the pressure field can make the kinematic conditions
become quite favourable for the development of a mesolow. Then,
one may expect the mesolow to appeare in the next 2—3 hours.

e) The initial disturbance and the favourable kinematic con-
ditions are present; however, the dynamic conditions are absent
. or very weak or there are no data to determine them. In this case
- one should act according to the recommendations in step 4 below.
4. In addition, and especially in the situation of (b) and (eJ,
' without fail the forecaster must pay attention to the 300 hPa and
500/1000 hPa charts. The 500 hPa chart serves to determine vorticity

in the middle troposphere; the 500/1000 hPa chart indicates the

positions of warm and cold cores (centers). The regions ' with
. a significant vorticity coinciding with a cold core are potentially
dangerous in the sense of mesolow or mesovortex originatiomn.
If an initial disturbance is found within such a region there is
a significant probability that disturbance will develop into a me-
. solow in a few hours. The absence of cyclonic vorticity suggests

the impossibility for a mesolow to develop from the initial distur-
bance.

Coincidence of the warm air core with the cyclonic vorticity
and with the initial disturbance significantly decreases the proba-
bility for a mesolow to arise although it does not exclude its
formation.

Both the embryo of the mesolow and the developed mesolow
move. The speed of-their movement is determined by a series of
geostationary satellite images for the last 3—6 hours. Then, their
movement is extrapolated for the following 3—6 hours using the
procedure described on the pages 228, 266.

If it is required to forecast the mesolow movement for a some-
what longer period, the steering current rule is to be implemented.
The air flow at 700 hPa level is adopted as the steering current.

To forecast the mesolow evolution and the associated cloud
cover, satellite images are to be used. A sign of a mesolow de-
velopment is decreasing cloud top temperature given by IR images.
and the formation of the spiral structure in the cloud cover.
The sign of a mesolow weakening is increasing cloud top tempe-
rature and cloudiness degradation with the disintegration of cloud
spiralls into separate clouds or small clusters.

A cloud mesovortex or mesolow can approach a system of
a frontal cloudiness and be found incorporated within the main
frontal action zone. In this case an «explosivé» cyclogeneses pro-
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cess may occur. If the «cloudy commas approaches the frontal wave,.
explosive cyclogeneses can accelarate the cyclone developing
process so .that the frontal wave is transformed into an occluded
cyclone within a few hours. This phenomenon is called the sudden
occlusion. :

«EXPLOSIVE» CYCLOGENESES

Extratropical cyclogeneses is known to occur along atmospheric
fronts as discussed in the course of Synoptic meteorology. It begins
at the moment when a frontal wave has been formed under
a Rossby wave. Frontal waves are divided into stable waves, those
not transforming into extratropical cyclones, and unstable waves
which initiate extratropical cyclone development. The time interval
At needed to convert a frontal wave into a cyclone varies in a wide
range from 2 or 3 hours up to 50 or 60 hours. If a cyclone has
developed from the wave stage to the mature stage with Af<<12h,
then the process of the cyclone formation for this short period
of time is called «explosives cyclogeneses. Although the result
of this process is the formation of a normal extratropical cyclone
of synoptic scale, the process itself is referred to as being a meso-
scale one because of the very short time interval for the process
of the order of magnitude Af=10*s,

Four varieties of «explosive» cyclogeneses (EC) are known:

1) a mesolow (cloudy vortex) entering into a cold frontal zone
(see page 239);

2) horizontal axis vorticities that turn to the vertical;

3) acceleration of frontal cyclogeneses;

4) cyclogeneses at the occlusion point.

1. A mesolow or mesovortex occuring behind a cyclone that
moves along the steering current can enter the cold frontal portion
of the cyclone. If the mesolow (mesovortex) velocity Vyus is larger
than the cold front velocity Vg ¢, then the mesolow (mesovortex)
will have reached the cold iront in time interval

R
Vus - Vx.tp ? .

where L is the distance between the mesolow (mesovortex) and
the cold front. ,

The entering of the mesolow (mesovortex) into the cold frontal
 system creates an «explosive» cyclogeneses situation since it
combines the two most important components of extratropical
cyclogeneses that is a significant cyclonic vorticity (mesolow) and
baroclinicity (cold front). The more significant the baroclinicity is,
the faster the cyclogeneses process develops. The time interval At
needed for the frontal cyclone to be formed may be approximately
determined by an empirical formula: '

Af =
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I '
A = 933 —0% (4.19)

where

= H,—H, ’

Hs and H; are the heights in km of the 500 and 700 hPa surfaces

‘respectively; a is the angle between wind vectors Vs and V.

Therefore, the time interval between the initial time when me-

‘solow (mesovortex) was detected to the rear of the cyclone and

the time when the new cyclone has been fully developed is given by
L B
Vi Vew T 035028

The formulas (4.19) and (4.20) are valid if 0.9 m/(s-km)<<p<C
< 8m/(s-km); and also, all reasoning are just if Vus>Vx ¢ and

At<<12h.

2. Horizontal axis vorticies are known to arise under the

‘influence of vertical wind shear. The horizontal gradients of the
vertical wind velocity may cause the vorticites to overturn. This

process is described by the following term of the vorticity equation:

(f?_&?_) _Ou 0w Jv Jw
dt_\x/— 0z dy 0z ox

(4.21)

Under normal conditions the magnitude of this term is rather
small, and it is neglected when using the vorticity equation for
general purposes. Sometimes, however, particularly under orogra-
phic influence, favourable conditions arise for this term to grow .
in magnitude significantly.

Under normal conditions the order of magnitude of the terms in
the righthand part of (4.21) is 10-%s—2 Moreover, if both terms
have the same sign, taking into account the minus sign between
them, the result can be one order of magnitude less when compared
with each individal term, i. e. 10-%s-% If this is so, cyclone for-
mation would require 106—107s, i. e. a few weeks or even months.
Naturally, to expect a cyclone to be formed under these circum-
stances is a hopeless matter.

However, sometimes on the lee side of a mountain or mountain
ridge the following situation arises. First, g—g% >0 and g_:gz_;; <0,
i. e. a sum of the terms values takes place not the normal diffe-
rence. Second, there are significant vertical wind shears, causing
the derivatives Ou/dz and dv/0z to be the values of order 10-2s—1;

“and third, at a distance of a few dozens of km (mountain influence)

the vertical velocity changes its value significantly so that dw/dx
and/or 0w/dy become the order of 10~7s~1, When these events occur
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the righthand part of (4.21) reaches a magnitude of the order of
10—*s~2, Under these conditions a cyclone can develop in a time
of the order of 10%s, i. e. in a few hours.

3. In some rare cases the «explosive» development of a cyclone
can occur as an accelerated frontal cyclogeneses. Cyclogeneses
acceleration occurs when all of the components of cyclogeneses act
in the same direction and the numerical values of these component
parameters appear to be the largest possible magnitude. Usually
frontal wave is considered as an initial disturbance. Under certain |
conditions the components of the cyclogeneses can be presented as
dimensionless parameters, especially when a wave develops into
a cyclone. The basic conditions for determining the rate of cyclo-
gerneses are:

a) the dynamic (baroclinic) instability;

b) a spiraling motion of the air; ~

c) the Rossby wave length, above the frontal part where the |

_ cyclone is developing; '

d) the kinetic energy of motion in the middle troposphere in

the cyclogeneses region.

Let us now represent each of these conditions in the form of |
dimensionless parameters.

‘Dynamical (baroclinical) instability. Cyclogeneses is known to
be a process embracing  almost the whole troposphere. Therefore,
it is worth-while to take into consideration the baroclinicity of the
most active part of the troposphere, i. e. of the 850—300 hPa layer. .
The dimensionless parameter of the dynamical (baroclinical) insta- .
bility can be represented as (see also pages 183—187)

DI -+ DS

where D/ is the instability index for the 500—850 hPa layer, DS is |
the same for the 300—700 hPa layer.

D= (4.22) |

Spiralling motion. For the same reasons, the spiralling Sp
should be calculated in form of the sum of the values for 700—
850, 500—700 and 300—500 hPa layers:

Spz=S,li5 + Sp I3 + S, -
The value then, should be divided by the averaged value observed
during at the cyclogeneses processes. For instance, in NW of Russia

this average value is Sp= 1.13-10-2 m/s
The spiral motion dimensionless parameter will be

§=3r

Sp

Note, the condition for cyclogeneses is Sp=0. The actual Sp
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values can be positive, negative or equal zero. Intensive cycloge-
neses is possible if S;>0. The process does not occur if Sp==0,
i. e. spiral motion in each layer is equal or tends to 0. In all other
cases the process is very slow. Thus, «explosives cyclogeneses is
impossible when S<C0.

The Rossby wave length, The overwhelming majority of cyclones
appear within a wave length range of 1800—3500 km. Let us call
, the dimensionless parameter of the wave length

Ph=2exp|—1.4(A— 2.5)2].

Here, the A value is in thousands kilometers.

It is known that the cyclogeneses process is the most intensive
at a wave length A=2500 km, and that the intensity of the process
decreases with increasing or decreasing wave length.

The middle troposphere kinetic energy determines cyclogeneses
in many respects. The wind speed at 500 hPa level can serve as an
indicator of the kinetic energy value. The wind speed Vs==20m/s

'is the threshold value above which the cyclogeneses processes
: becomes very active. The kinetic energy parameter can be repre-
sented as

Vs —20

k"——- V5 B

If all of these four parameters are >1, and at least one of
them is >>1, there is a large probability of «explosives cyclo-
geneses.

Cyclogeneses at the occlusion point is the well known regene-
ration of a filling low. First of all, the rate of the regeneration
depends upon the baroclinicity. If the baroclinicity over the
occlusion point, lost in course the lows evolution, has been restored,
regeneration will occur without any doubt. A new generating
cyclone usually reaches its mature stage in 12 to 18 hours. A good
indicator of regeneration is the value of D (see formula (4.22)).
If D=1 regeneration has started or will begin very soon. Will
this process have an «explosives character? The pressure tendencies
may help to answer this question. An increase with time of the
negative values or pressure tendencies at the occlusion point is
a sign of «explosive» cyclogeneses. In this case, the development
of the cyclone may occur in 12 hours or less.
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Chapter 5

VERY SHORTRANGE WEATHER FORECASTING
WITH STABLE ATMOSPHERE AND HIGH
ATMOSPHERIC PRESSURE CONDITIONS

In the stable atmosphere with high atmospheric pressure
conditions, the meteorological situation is usually characterized by
«fine weather». However, even with the fine weather conditions,

some significant changes can occur. Temperature and humidity are |

known to vary profoundly, fogs and haze may arise. Stable air .
weather with high pressure conditions is determined by the fol- |

lowing meteorological factors:

-— the basic properties of the air mass acting in the region;
— wind direction and speed;
— large scale vertical motion.

Information on these factors is most important to make fo- |

recasts.

The conditions in question are usually favourable Ior significant
variations of the air temperature. They may cause fog or haze
formation if the air mass is humid enough. Therefore, let us turn
fo very shortrange forecasting of air temperature.

VERY SHORTRANGE FORECASTING
OF THE AIR TEMPERATURE

The general principals of air temperature forecasting are well

known and are covered by the synoptic meteorology course. !
Usually, two factors are taken into account, i. e. advection and air

mass transformation. When forecasting the temperature in the free

atmosphere one should take into account also vertical motion. !

Existing techniques to forecast air temperature for a lead time up

to 24 hours are reliable enough, but the accuracy of the forecasts

~within +2°C does not meet the requirements of very shortrange
forecasting. The interhour temperature variability has an order of

10—t to 10°°C per hour. Hence, the accuracy of very shortrange

temperature forecasting should be less than or equal to a few
tenths of a degree. This means the traditional technique is not
always acceptable. Better results can be achieved using straightline
formal extrapolation, although this also has some shortcomings.
In spite of these shortcomings the formal extrapolation method
has a number of positive qualities, namely:

— simplisity; ‘

— the requirement of a small volume of initial information;

— the possibility of taking into account with integrately all
of the causes for the changing values to be forecasted.
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‘ The latter is very useful for current temperature forecasting
- for these reasons. First, all of the acting causes for the temperature
to vary are not known. Second, even those causes we know can
- not be fully taken into account, since the initial information may
not be accurate andf/or may not always be available in detail.
. Third, to account for all known causes, provided the information
is available, would require a great deal of effort and time. Ho-
~ wever, all of this is not necessary to give satisfactory results.

? The task is to forecast the air temperature a few hours ahead
i based on its current measurement, taking into account the diurnal
| temperature variation. An example of the diurnal temperature va-
© riation in the form of the temperature deviation from its 24-hour
average is represented in the figure 5.1. It is easy to see that the
implementation of the straightline extrapolation method is possible
for a very short period of time, i. e. one half to one hour ahead.
One can note that the form of the curve from sunrise until sunset
- is quite different than that of the nighttime curve. Hence, the
. curveline extrapolation in the daytime would not be identical to
" that for.the nighttime. For the day time, the solution is to be found
- in the following form:

Tt = THCX +
Tyeg— Ty — T sin ~ (taex — £0) — sin — (¢t —3 — m]
+ !. 1 3 1 Bt+
2 . 7 . T
+ T [Sln%(t_to)—81n71';(tucx_t0):la (6.1)
and for the nighttime:
Tt = lyex +
THCX - T_.3 - 7’:" {Sin "“:“' (taax - tncx) —sin 77;'_ (tsax - tucx + 3)]
+ 2 3 2 : . Bt +
+ 7 [sin %(tm — #)—sin % (yax — tm)] ) (5.2)

In these formulas (5.1) and (5.2), T; is the air temperature
value for the time f=fycx+0f, where &f is the lead time of the
| forecast, fucx is the initial time; Tuex is the temperature value

measured at tuex; Tua is the half of the day temperature increase

under cloudless, calm weather conditions; Ty is the temperature
decrease during the nighttime; n, is the number of hours with an
accuracy of 0.5 hour from the sunrise.until the moment when  the
air temperature reaches its maximum value; ny=2(fzocx —7fzax) is
the doubled number of hours from sunset to sunrise (with an
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accuracy of 0.5 hour); fo==fsocx-+11/2; fmocx is the sunrise time;
zj_g is’ the temperature value measured 3 hours before the initial |
ime.

It is obvious the Typx and Ty values are different for different 3
months and latitudes. These values are to be empirically determined |
for each region separately from archive data for those periods

when fine weather has been observed. The average values of Tra
and Ty are given in the table 5.1 for the North-West of Russia.

Table 5.1

Average values of Ty, and Ty (°C) for the North-West of Russia
Months . . . . . I I1 n mw v vl VII viii IX X Xl XII
TA‘AH ....... 20 38 52 52 60 62 62 54 52 42 30 21
v oo 78 80 63 60 58 46 48 50 60 64 68 7.8
Let us denote
. - 2 . T . ™ i
7ucx - 5/‘—3 - 7113 sin n_' (tucx - tu) - Sln'ﬁ— (tucx —3— to)
. 1 8 1 — xnﬂ; j‘
S . T . ™ ' }
Tncx - T-S - Tu sin n-'<t3ax — tucx) — §in TL- (taax - tncx " 3) i
9 2 |
= 3 = Xy ;‘

The values of xzm and xy implicitly take into account all factors
acting during the initial period which distort the real diurnal tem-
perature variation. The initial period is at fmwex — 3. The main two
factors among these are the temperature advection and cloudiness. .
It should be noted that, with a strong wind and/or overcast skies, |
one should take into account that the diurnal variation is not
valid. In this case one should use the straightline extrapolation |
to give the best results. '

With weak wind velocity conditions, the cloud cover is usually
stable and significantly influences the temperature variation.
During the night, cloudiness absorbs and reradiates longwave
(outgoing) radiation from the ground and thus decreases nighttime
cooling. Temperature decreases change move slowly than with
cloudless conditions. During the daytime the cloudiness reflects
the sunlight weaking the sun’s radiation reaching the surface thus
decreasing daytime heating. This means that cloudy weather makes
the values of xpy and xy have different signs. If the value of
x>0 as determined from the data observed before surrise, then
it is used to forecast temperature after the sunrise, and the sign
of the value would be opposite, i. e. ¥3e<<0. Let us show this by
an example. .

246



The example, Leningrad, 9.09.87, initial data.

tyex =7 h, Tuex = 11.8°C, Frw=52°C,
toocx =7 1, T_g=11.9°C, Ty =6.0°C,
t3ax =20 h,

tnax = 16, Cloudiness: 8b, Sc

According to the initial data n;=9h, n,=22h, f{=7+9/2=115h. Since
the initial period of time occurs at night 3 hours before the sunrise, the x value
is to be calculated as ‘

11.8—11.9—6.0[sin—‘ﬁ( 1) — sin o5 (—8)

vy = - - ~ 0.15 °C/h.

Since at the initial time clouds were presented, the correction x, received was
obviously related to the cloudiness influence and, after sunrise, the clouds would
prevent heating. Therefore, to forecast the temperature after sunrise this cor-
rection must be made with the sign «minus».

* Then

Tg==11.8 — 0.15 + 5.2 [sm % (8 — 11.5) — sin Lj T — 11.5)] =11.7 (11.8);

Ty=11.8 — 0.15.2 + 5.2 [sm 1‘9—(9 — 11.5) — sin % (7 — 11.5)] =127 (12.1);

Tyo=11.8 — 0.15-3 + 5.2 [sin 2 (10— 115) ~sin - (7 — 11.5)} — 137 (12.8).
The air temperature measured is put into the parenthesis.

The most considerable iriaccuracies arise in those cases when
there are significant changes in cloud amount. Unfortunately, so
far there is no reliable technique fo take into account the changing
cloud amount when making the very shortrange forecast of tempe-
rature. This can be done in the following way*. It is assumed

that the clouds change the value of T to form
Toen=Te— 9%, (5.3)

Here, Tosx is the value of Thg or Ty during the cloudy day or
night; V=L+0.75M+025H (L, M, H are the lengths of sky cover
of low, medium and high clouds respectively); a is an empirical
coeificient depending upon the season, air mass properties, and
the site of the forecast. The a value can be calculated beforehand
for different situations using archive materials (data) as

& =ln— /B.  (5.4)

0ba

The average a value for St. Petersburg is 0.23 being a=0.13

* In order to take into account in an accurate way the influence of clou-
diness, there is a need for a precise forecast of the cloud amount during
the forecast period.
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in July and a=0.33 in January. How can one take into account
the cloudiness?
Let us show it using an example.

The example. Leningrad, 11.09.87, initial data:
t_3 =1 h, 3b CS,, T-S == T()l = 106 QC,
fyex =4 v, 8b Sc, Tyex = Tog = 10.3°C.

At 7 o'clock, it is expected the cloud amount will increase up to 10b Sc.
The temperature forecasts for 5, 6 and 7 a. m. are to be prepared.
Step 1. Calculation of the B_s3, Bucx and By values, i. e Bg;, Bg, Bor:

BOl =0.25-3 = 0.75, 804 = 8; 1‘307 =10.
Step 2. Calculation of the average B value for the time inferval from }a.m,
tc 4a.m.
075+ 8

B = —9 — = 4.375 ~ 4.4.

‘Step 3. Calculating of the Tosx value for the same period of time
Togs = 6 exp (—0.23-4.4) = 2.2.

Here, we adopted the average a value as equal o 0.23,
Step 4. Calculation of the x. value. Note, in this case, xy takes into account
all factors but cloudiness:

103—106—-22|sm =~ (—8) — sm——( 5)1
Xy = 3 ~ 0.09.

Step 5. Calculation of the predicted B value average for the time interval
between 4a.m. and 7a.m.: )

b= =9,

— 84+ 10

B
Step 6. Calculation of the Toeex value for the same period of time
Fopa = 60039 = 08,

Step 7. Prediction of the temperature values for 5, 6, and 7 a.m.

Ty =103 + O.S[Sin -;;—(hg) sm—~(—8)} +0.09 =104 (10.1);
T6_103+0815m = (—10) — sin 5 (— 8)1—{—009 92— 104 (10.0):

T7:10.3+O.8[sinﬁ(——ll) sm———( 8)JT009 .3 =105 (10.1).

Try to solve one more problem youseli.

The example. Leningrad, 10.05.86, initial data:
t=6h, . cloudiness %, Tg=062°C,
t= 9 h, cloudiness 3b Sc, Ty =9.5°C,
At noon, it is expected 6b Ac
fgoexy = 9 a. m.
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Predict the temperature at 10, 11 a.m., and 12 noon,
To varify the result you got, use the data for the measured temperatures
at the same hours: T1==10.6°C; T;;=12.2°C; T,=12.9°C.

When intense fronts with the temperature contrast AT7>>2°C are
passing the site of interest, it is necessary to introduce corrections
into the precalculated values of the temperature. As it is known
from the synopfic meteorology course a frontal zone passes a point
taking about 2 hours. Therefore, if the passage of a front is
expected within the lead time period, then in the first hour the fo-
recaster musi introduce a correction equal to 0.5AT and for all
Jollowing hours, the correction is equal to AT.

THE AIR HUMIDITY VERY SHORTRANGE FORECASTING

Humidity forecasting techniques known from synoptic meteoro-
legy are mostly based on accounting for advection. Sometimes with
short lead time, the time lag principle is used, i. e. the existing
humidity is assumed to remain constant. Neither of this approaches
provides the accuracy required for very shortrange forecasts.
For instance, when one is preparing dew point forecastes for a lead
time of 6-—12 hours, the justification is less than 60 % with a not
very strict criterion of (#+2°C).

Significant mistakes in the forecast are related to the impossi-
bility of more or less precisely taking into account humidity
variations caused by transformation of air passing over underlaying
surfaces of different wetness. First, complete information on the
state of the underlying surface is not available. Second, even if
this information were available, there is one more problem, that is
how to determine air motion ftrajectories for very short time
intervals. For the «pure» advective forecast it is important just
to find the initial point of the trajectory when calculating the
trajectory. Then to take into account the fransformation, it necessa-
ry to know the shape of the trajectory curve and what kind of
underlying surface the trajectory will pass over.

The precision of the forecast is also influenced by the accuracy
of the initial information which is not adequate in many cases.
Therefore, when making a forecast it is desirable to take into
account mistakes in the initial information. It is also important
. to know which of the hygrometrical parameters (humidity characte-
ristics) is to be predicted.

Different weather forecasting methods include different hygro-
metrical parameters. For instance, forecasters often use relative
humidity and dew point deficit. The relative humidity (R=e/E)
varies with adiabatic and non-adiabatic processes because of the
change of the value E as the temperature changes. Also R varies
with evaporation and condensation because of the change of the
value e as moisture is added or withdrawn from the air. Thus it
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has rather changeable characteristics. Knowing the relative humi-
“dity value, the dew point deficit can be calculated. To do this one
may use the following formulas

D= 2364-T

(5.5)

1762 ’
[ C—RRIECHTT “]

where T is the air temperature, °C; R is the relative humidity, %;
there are also mere simple relations:
100 — R

- (5.6)

or
D=28.12—1gR)+0.1332—1gR)T. 0.7
When humidity characteristics are being forecasted it is important

to take into account their diurnal variations. For this purpose
climatic curves of the humidity diurnal variation can be used.

Making a 12-hour period forecast of a hygrometric characteristic, !

for instance the dew point deficit, one may apply the equation
Dy = (D,)se -+ £ (2D}, £ ay (Ap). (5.8)
Here, D), is the dew point deficit 12 hours after the initial time;

D, is the advective value of the dew point deficit, i. e. its value
at the initial point of the trajectory, Dy; AD is the difference of the

dew point deficits at the ultimate and initial points of the trajec- |

tory, i. e. AD=Dy— Dy; Ap is the transformational change of the !

dew point deficit, which is to be taken Irom the map of climatic
amplitudes D at the midpoint of the [2-hour {rajectory; ax=1l,
if the average at 3 a. m. or at 3 p. m. of the amount of cloudiness

Ng at the point where the Ap value being taken, is equal to the
monthly mean amount of clouds at this point; N, i. e. No=AN;
axy=0.2(0.3) when Ny>N, and ap=1.1(1.5) when Ny<<N; k=0.1.

A plus sign is to be used before the third term if the initial
time is 3 a. m., and a minus sign, if the initial time is 3 p. m.

When the forecast being prepared is for a period of six hours or
less, many parameters have to be taken into account. Among them

are diurnal variations of the eddy coeificient, evaporation or con- !

densation processes, change in the humidity, characteristic distri-
bution with height, variations of wind speed and direction, the air
temperature and the amount and type of cloudiness. Besides, these
one should not forget to include the influence of local conditions.
In addition there may be some influencing factors unknown to us
at the present time. All these suggest that, even with no advection

condition, diurnal variation of the humidity is a rather complicated
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process. Therefore, the best results seem fo be achieved in humidity
nowcasting when the formal extrapolation technique is used (see
page 266).

RADIATION AND FROST FOGS
VERY SHORTRANGE FORECASTING

The task of a fog prediction is not only to have forecasted the
appearance of fog, but also to forsee the time of its occurrence.
If the fog has already been observed at the initial time, then the
forecast is to foresee the time of its disappearing.

Although a stable atmosphere and high atmospreric pressure
are very favourable conditions for the occurrence of radiation fog
and in winter of irost fog, more detailed information on the state
of the atmosphere is needed to forecast fog occurrence with some
degree of reliability.

Radiation fog is likely to be formed if there are the following
favourable conditions:

I) fair weather with a small cloud amount in a clear sky during
the evening and nighttime;

2) existence -or possibility of the occurrence of a surface inver-
sion; '

3) fog formation generally does not occur if there is no wind
or if winds are stronger than 4 m/s.

4) significant relative humidity (R=60%) in the evening
hours;

5) wet underlying surface.

It should be noted the existence of all of these five conditions
does not guarantee that fog will appear. Fog will occur only if
the minimal air temperature, Tmm, appears to be equal to or less

than the so called the fog formation temperature, T, i. e, Toin<<Ts.
If 0°C<<(T7:—Tmin)<<2°C, then a haze may appear. The fog
formation temperature can be determined as

TT = (Td)aax - aTd’ (59)

where (Tg)sax is the dew point temperature value during an evening
time close to the time of sunset. It is worth keeping in mind that,
in summer after sunset the dew point temperature can increase
by 1—2°C due to evaporation from the warm soil; 67q is the dew
point temperature change from its value at sunset until the time
of fog formation. The success of the forecast depends upon the
accuracy of the determination of the value of 674 It has been
empirically found that 8Ty depends upon the initial dew point
temperature, the dew point deficit distribution with height, the state
of the underlying surface, the wind speed and a number of other
local conditions. The diificulty of accounting for all of these factors
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suggests the necessity for the ascertainment of some partial

relations from the real initial conditions. For instance, an empirical |
relation to calculate the dew point temperature decrease based on |

the dew point temperature at sunset can be recommended as

6

3T, =2ex ———————————_—} (5.19

T P[ (Td)sax + 35 )

This formula is valid for sites situated on a plane far from any
large open water areas.

Near large water bodies where the air which has been over the

water can arrive at the forecast point during night hours a similar

relation can be used

7.8
BTd=166xp{m]. (5.11)

It is easy to see that the generalized relation can be presented
as

. :

3, =aexp|———==1, 5.12)

i=eex |y &1

where a and b are the coefficients empirically determined for- any
particular site from archive data.

The minimum temperature forecast is made by the technique

“indicated above in this chapter (see page 244). Fog (haze) is to be

expected if ]
‘Fmin \<\ [(Td)sax ““’ BTd]'

The fog formation time can be determined from the graph shown
in the figure 5.2, where the value of <= (T4 — T/ Taax — Tanin)
is indicated along the horizontal axis, and the time in parts of
the night duration, i. e. from sunset to sunrise is indicated along
the vertical axis. The graph permits one to determine the time
of fog formation with an accuracy of 1 hour.

When determining the 674 value, the forecast of the dew point ‘

temperature change has to be made for the period of a few hours.
The most simple technique to do this is the formal extrapolation:

£— 4,

(Ta)e = UT o — (T g)sm] Tt (5.13)

Here, the index «0» denotes the observation time which is 2 or
3 hours after sunset.

It is easy to see that the formula (5.13) describes the dew point
temperature change by a straight line. This line can be drawn in
the. form of graph on a piece of the graph paper. The time is
indicated along the abscissa, and the T¢ value is indicated along
the ordinate. On the same graph the air temperature change pre-
dicted by the technique above can be drawn. If this predicted tem-
perature change curve intersects with the line of the dew point,
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fog is to be expected. The intersection point indicates the appro-
~ ximate time of its formation. An example of such a graph is shown
on the figure 5.3. In the given example, fog. must begin to form
about midnight.

The disappearance time of fog depends upon the season and
the meteorological situation. If the situation is stable, i. e. not
changing, then in summer the fog will disappear not later than
two hours after sunrise. In autumn it will disappear in 3—5 hours
. and in winter it can continue during the whole day.
| It can also be recommended that to determine the time of fog
. disappearance one could use the predicted temperature change.
- However, it should be kept in mind that, in the case of a dense
' fog, the calculated temperature increase has to be diminished by
multiplying the calculated value by a coefficient equal to 0.25, and,
in the case of a normal fog, —by 0.35. As the sun becomes higher
this coefficient has to be increased. Usually fog is believed to
disappear as soon as the air temperature reaches the value of the
. temperature of fog formation.

‘ The following fog disappearance factors must be taken into
account, namely:

1) wind speed increase (by 2m/s and more);

2) advection of dryer and colder air possessing lower values
of Td;

3) descending vertical motion causing a dew point deficit
increase by 3°C and more;

4) rain or snow, the temperature of the rain droplets or snow-
flakes being lower than the surface layer air temperature;

5) water vapour sublimation on snowcover, the wind being calm.

Frost fogs arise in towns and villages under anticyclonic
situations, the air being very cold. To forecast a frost fog, first
of all, one needs to determine whether the air temperature will
reach its critical value, Txp.

If the real air temperature T>Ty,, frost fog will not appear.
The critical temperature value depends on the relative humidity
and the atmospheric pressure (Fig. 5.4).

When burning any fuel, water vapour is induced into the
atmosphere. This means the content of the moisture in the air will
increase, and the relative humidity will also rise. The data on the
water vapour amount, W, coming into the atmosphere after burning
1 kg fuel are given below:

Fuel ’ W g “ Fuel ' W g
Natural gas 2160 Fire wood 632
Gasoline 1305 Brown coal 458
Peat 637 Coke 60




If the amount of fuel burned is known at least approximately,
the amount of water vapour introduced into atmosphere (in g/m?)
can be calculated by the formula

W
8.64-100dVA "’

where Q is the fuel mass burned during 24 hours, kg; A is the
layer thickness into which the water vapour has spread or the height
of the inversion capping lower boundary layer, m; d is the width
of the populated region, km, along the normal to the wind vector
observed, V m/s.

The da values calculated are used to determine the dew point
temperature change from the graph in the figure 5.5. The initial
values T4 are entered into the ordinate of the graph of sloping
curves for values of da. The expected value of the dew point
change 674, is read off of the abscissa. As soon as the 67 value has
been determined, the expected dew point value can be calculated as

(Tylnp =T, + 387,

da =

To estimate the possibility of a frost fog formation, use of the
graph shown in the figure 5.6 is recommended.

Night jet stream. Often, air flow is formed above a surface
inversion at night. This flow is figuratively called the night jet
stream (NJS). The speed of the air stream can be as high as
20 m/s; the maximum speed is usually observed at an altitude
of 200—300m, while, at the surface the wind speed usually does
not exceed 2 m/s. Often, no wind at the surface is recorded.

The night jet stream is usually observed in a very thin layer.
A clear profile of the night jet stream appears during the nighttime
and disappears 2—2.5 hours after sunrise. However, in winter when
a surface inversion persists throughout all 24 hours, this jet stream
can remain during daytime also.

The NJS is considered to be a local, mesoscale phenomenon.
However, in some continental regions this kind of jet stream has
a length of a few hundred km, although its width remains to be
very small, the order of 10°—10! km.

The nature of the NJS is not fully inderstood. The most likely
hypothesis for its origin appears to be as follows.

The NJS is known to appear over the central parts of low level
anticyclones or those anticyclones with space axises which have
rather strong slopes. In these cases, the upper frontal zone (UFZ)
spreads down into the lower troposphere and often causes signi-
ficant cold air advection increasing with height.

Any exchange of momentum between the surface level and UFZ
is practically abolished because of the inversion. However, above
this inversion, in the upper part of the boundary layer, the mo-
mentum exchange remains active and even becomes stronger.
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. The cold advection causes the creation and maintenance of static
. instability. Diffusion spreads through the layer ifrom the UFZ to
the inversion upper boundary. Below this boundary, wind is weak,
. but above it the wind sharply increases because of the momentum
. exchange and absence of friction. The wind profile becomes typical
for an - unstable atmosphere (Fig. 5.7, curve I). After . sunrise
. the inversion is destroyed and the wind profile takes its normal
shape (curve 2) and the jet disappears (see Fig. 5.7).

If this hypothesis is correct, the NJS can be expected in the case
of the existence of a low level anticyclone with the UFZ above it,
which in turn provides the cold air advection which strengthens

with height.

Chapter 6

VERY SHORTRANGE FORECASTING:
THE PROCESSES AND PHENOMENA ARISING DUE
TO LOCAL OROGRAPHIC INFLUENCES
(UNDERLYNG SURFACE NON-HOMOGENEITIES)

There are two types of underlying surface non-homogeneities:
mechanical and thermal. However, this subdivision is somewhat
artificial since both types are linked to each other, although there
. is a good reason to consider mechanical non-homogeneities as

primary and thermal non-homogeneities as secondary. Moreover,

" mechanical non-homogeneities are constant while the thermal ones
are changeabple with time and depend upon both the mechanical
non-homogeneities and the air circulation pattern. The circulation
patterns at least mesoscale circulations, in turn are defined to
a significant degree by all types of underlying surface non-homo-
geneities. At the same time the local weather depends upon these
circulation patterns. These connections are shown schematically
in the figure 6.1.

Mechanical non-homogeneities are defined by the local relief
and its effect on the atmospheric processes and will be different
depending upon the state of the atmosphere, the type of the current
atmospheric process, the season and the latitude. For instance
Ladoga lake breezes would differ from their «fellows» at Baykal
lake, and mountain and valley circulation in the Alps is different
from that in the Middle Asia mountains. Therefore, only those
aspects of the local processes and weather formation which are
common for all regions will be discussed below. Relief and thermal
- non-homogeneity of the underlying surface influence all scales
atmospheric processes. However, for very short range forecasting
the mesoscale processes are of primary interest. That is why these
processes will receive priority in our discussion below.

First of all, mountain ridges, mountains, heights and hills exert
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some influence on the formation and distribution of cloudiness and
precipitation. As air approaches the windward side of a ridge or
mountain the stream lines converge creating conditions for
largescale uplift of the air. Under these conditions the air simply
slides upslope. This uplift is called orographic ascent. If the
approaching air is stable, then a widespread precipitation zomne is
formed along the exposed windward side, and il precipitation is
already occuring, it will increase. If the air is conditionally
unstable, then the orographic ascent creates conditions for the
instability to be realized causing convection. In this case along
the exposed windward side both widespread precipitation and
showers can be observed both being more intense than they would
be over the upwind plain. On the lee side of the obstacle the air
descends causing the cloudiness to dissipate and the precipitation
cease. If the precipitation zone is not of an orographic nature and
somehow occurs on the lee side of a mountain obstacle, then the
precipitation is weakened and sometime can cease completely
{Fig 6.2).

The vertical velocity caused by orography can be estimated by

Wo="V,tga,

where V,, is the normal wind component to the ridge or mountain
slope; o is the angle of the slope of the mountain ridge with respect
to the horizon. In addition there can be largescale vertical motion
in the atmosphere caused by some dynamical processes:

2z

Wp=— |divVde. (6.1)

v

Then, the summarized vertical velocity would be
W =W,+ Wsr. 6.2y

Hence, the weather conditions defined by the largescale vertical
motion would be more severe on the exposed windward side and
less severe on the leeward side.

Similar but generally weaker effects take place when an air
flow moves from a smooth underlying surface to a rough one or
vice versa. For example air moving from the sea (smooth surface)
to over land (rough surface) or from a field (smooth) to a town
(rough).

The most sophisticated technique used to forecast local weather
conditions near mountains or similar obstacles is based on hydro-
static or non-hydrostatic mesoscale models, which take into account
mountain ridge (hill) influences. Of course, such models should be
adjusted to the real orographic features of the locality. This
means they are strictly individually tailored to a specific location.

However, in many cases it suifices to give just a qualitative
forecast of cloudiness and precipitation intensity distribution near
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the obstacle. Then, the following forecasting procedure can be re-

. commended.

1. An estimation of the current synoptic situation is made to
-see whether the situation is capable of generating cloudiness and
‘prec1p1tat10n The static stability or instability of the air mass
-acting in the region is also estimated.

i 2. The air flow orientation related to the mountain ridge position
is determined from the wind sounding data. This indicates where
the windward side and where the leeward side of the obstacle, that
is a mountain ridge, hill or town, are located.

3. It is assumed that the forecaster knows the average slope
angle of the mountain ridge or hill. If the angle is unknown, it can
. be determined as

a__arcthSS,

where A i{s the height of the ridge (mountain, hill), and S is iis
‘width at the foot.

4. From constant pressure charts the non-disturbed air flow
‘velocities V; are determined at several levels below the mountain
or hill rldge height at a distance of about 200 km upstream of the
lexposed windward side. Simultaneously, the angles A; that the air
flow  deviates from the normal to the ridge are estimated. Next,
the component of the wind normal to the ridge and it’s average
value is determined at every level i:

‘ V= V;cos)
and

where m is the number of levels.
5. The upliit air speed on the windward mountain side is
calculated
h

W0=Vntg(1= V"—G?—S—S—-. (6.3)

One must keep in mind the value W, calculated by (6.3) can be
regarded as a measure of the orographic influence on the upwind
flow only. It cannot be used to calculate any quantitative characte-
iristics of cloudiness and precipitation.

6. Using meteorological satellite data, the state of the cloud
‘cover on the windward side of the ridge of the mountain or hill
is determined. It is possible to find three conditions:

1. there is a mass of dense cloudiness;

I1. there are just a few small clouds;
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IT1. there is an intermediate state.

7. From constant pressure charts or from radiosound data the
water content of the air on the windward side of the ridge of
a mountain or hill is determined in the layer from the ground up to
the 500 hPa surface. The water content is regarded to be large (L)
if the dew point deficit does not exceed 2°C up to the 850 hPa and
3°C above this level. If the deficit exceeds these indicated values,
the water content is regarded as small (S).

8. A significant amount of precipitation can be expected,  if
the IL combination takes place. Precipitation is not expected with
the combination IIS. (Table 6.1).

~ In regions with complex relief it is recommended to analyze
the directions of air flows toward every branch of the ridge
complex on the windward side of every mountain or hill, calculating

Vn, and W, for every locality separately. This is most important
for tropical areas, where the atmosphere is always conditionally
unstable and hence, when the air is lifted the realization of insta-

bility is to be expected and Cb clouds, showers, thunderstorms and

squall formation is predicted as well.

- When forecasting cloudiness and precipitation in a valley, it is
recommended to take into account the mountain and valley wind
circulation influence. Convective cloudiness developing in the
morning and in the afternoon will be brought up along the slopes
by the valley wind. Therefore, the maximum cloudiness development,
showers and thunderstorms that occur in the afternoon are to be
expected in the upper regions of the mountains. At night, when the

Table 6.1.

The possibility of precipitation formation or cessation along the windward

side of the ridge of the mountain or hill depending on the cloud cover condition !

and the air water vapour content

Combination of the cloud . s T
- Existence or absence Possibility of precipitation
cover state and the air of precipitation formation or cessation

o‘ga&e‘; V\ff?r?ézracrodnti?ge at the initial time in the next 3 to 6 hours

iL Precipitation exists - Precipitation will increase
No precipitation Precipitation will occur and

will be significant

IIL No precipitation Precipitation is possible

ITIL No precipitation Weak precipitation will occur

IS Precipitation exists Precipitation will cease or
weaken

11S No precipitation The probability of precipi-
tation is very small

IS No precipitation There will be no precipi- .
tation
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mountain winds slow downslope, the cloudiness under the influence
of these winds, will move down to the valley or premountain area.
Therefore, maximum cloudiness and precipitation will be observed
here during nights.

KATABATIC WINDS

Air flows «sliding» down the ridge or mountain slope are called
katabatic winds. Formation of these winds most often occurs when
an air mass crosses a mountain ridge. In the right part of the fi-
gure 6.2, the downslope flow streamlines on the lee side of theridge
are shown. The essence of this process can be described in the
following way. Air on the windward side is lifted and is cooled
with the water vapour in it is being condensed resulting in clouds
and precipitation (see above). As soon as the air has reached
the mountain top it begins to stream down the leeward side gaining
significant velocity, sometimes of huricane force. There is another
process of katabatic winds development. Sometimes a cold air mass
is formed on a vast mountain plateau. II this region experiences
an atmospheric pressure increase, the cold air gradually «creeps»
to the plateau margins and from there it «falls downs», developing
strong katabatic (gravity) winds. This kind processes in known
for instance to occur in the Antarctic.

In a number of cases the katabatic winds increase the air tem-
perature on the leeward side of the ridge and then these winds are
called foehns. In other cases, the opposite occurs, that is they
decrease the air temperature and this wind is called a bora.

Katabatic winds are a local phenomenon and often they have
local names. Certainly the essence of the phenomenon does not
change due to the name. Here we will call them by just the names
foehn, when the wind increases the local air temperature, and, bora
when the wind decreases the local air temperature.

The duration of either foehn or bora can vary in a wide range,
i. e. from a few hours to a few weeks. Their appearance is asso-
ciated with largescale processes. In addition the wind increase
and the temperature change can occur rapidly, that is within a few
dozen minutes. The wind speed can increase from 5—7 to 35—
40 m/s with temperature changes in the dozens of degrees. In this
sense the processes of the foehn and bora development can be re-
fered to as being mesoscale processes, and their forecasting to be
in the very shortrange.

Katabatic winds caused by cold air sliding down from a plateau
always leads to an air temperature decrease at the foot of the
plateau and they can be refered as to bora. Katabatic winds caused
by an air mass crossing a mountain ridge can either increase or
decrease the air temperature, i. e. they can be either the foehn
or the bora. The point is what kind of air mass crosses the ridge.
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Is it cold or warm? A cold air mass becomes the bore and a re-
latively warm air mass becomes the foehn.

A dynamic (adiabatic) warming effect of descending air cer-
tainly takes place. However, this effect is exceeded by the diffe-
rence between the temperature of the crossing air mass and
the temperature of the air mass situated on the lee side of the
ridge. For example, when a Novorossiysk bora occurs, the air at
upper part of the Markhotsky pass has a temperature of —25 fo
—30°C, while and in Novorossiysk itself, before the bora starts,
the temperature is above zero. As air from the pass descendes it is
warmed by 12 to 13°C. In spite of this warming its temperature
remains well below the temperature that existed in the town before
the beginning of the bora.

At present there is no common view on the formation process of
katabatic winds (foehn and bora) associated with an air mass
crossing a mountain obstacle. Most often the appearance of these
winds i{s explained by the so called hydraulic effect. The essence
of this eifect is that a stream of water gains very large velocities
in a narrowing channel. Such a kind of channel is believed to be
created in the atmosphere by a temperature inversion situated
at the altitude higher than the mountain top. The inversion position

indicated in the figure 6.3 is considered to be the most appropriate

for ‘a foehn or bora formation. In addition, if the crossing air mass
is a cold one, then along with the hydraulic effect gravity gives
a significant input into increasing the speed of downsliding air.

The initial information needed to forecast the foehn or bora
includes the following: weather maps, constant pressuré charts,
radiosounding data and satellite images. The following order of
forecasting can be recommended.

1. The synoptic situation is scrutinized fo find some signs of

a foehn or bora origin. Among these signs one may find:

a) a developing low (cyclone) approaching the mountain rldge
and associated with this a pressure drop on the windward side and
an even more significant pressure drop on the leeward side;

b) cold air in the rear of the cyclone crossing a mountain
ridge and associated pressure rise on the leeward side and the even
more significant pressure rise on the windward side. Sometimes,
this situation reveals a so called «foehn nose», i. e. a narrow band
of high pressure on the windward side of the mountam ridge. This
band is a reliable sign of a developing foehn or bora *

¢) existance of a stable high pressure system over the mountain
ridge area.

2. From the radiosound data on to the windward side of the
ridge, the presence of an inversion or its absense must be deter-

* The «foehn nose» can be revealed only if the observational network is
rather dence and the network data are plotted on a largescale map. The analyses
-of this map is not an easy task in a mountain region since the pressure data
.can be distorted by the reduction of pressure to sea level
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mined. The base of the inversion should be higher than the
mountain ridge top. If an inversion exists, a foehn or bora is to
be expected.

3. From satellite images the cloud distribution around the
mountain ridge is determined. Overcast on the windward side and
a dispersed cloud cover at the leeward side indicates the beginning
of a foehn or bora development. If the phenomenon (foehn, bora)
has begun, a foehn «wall» can be seen on the satellite image. This
«wall» is seen as a distinct cloud boundary coincident with the
ridge line. At that time, usually, wave type middle and upper
clouds can be observe downwind of the leeward side of the ridge.
These clouds are formed under the influence of the lee waves
arising as the air mass crosses the ridge.

4. A quantitative estimation of a foehn situation is made as
follows. A foehn or bora is to be expected if

(1 g8 \"”?
Vn>/z(g o az,) .
Here V, is the wind component normal to the ridge (k is the ridge-
top height) at the altitude above h; 90/0z is the vertical gradient
of the potential temperature in the layer from the base of the ridge
to the ridge top A, @, is the potential temperature at the lower
boundary of this layer.

MOUNTAIN AND VALLEY CIRCULATION (MVC)

Although students are already familiar with the MVC irom the
General Meteorology course, it is worth remembering that the cir-
culation, comprising the daytime wind blows up the valley and
the nighttime wind blows down from the mountains, and is called
mountain and valley circulation.

The mountain and valley circulation is referred to as a local
circulation. The MVC influences light aircraft and helicopter
operation. It can also initiate convection and convective phenomena
development. It should be taken into account when estimating
the possibility of air pollution in mountain regions. The MVC
distorts the diurnal temperature variation on valley slopes signi-
ficantly, so that during the summertime between 7 a.m. and 10a.m.
local time the temperature rises sharply. This rise occurs when
the valley wind has not yet set started. As soon as the valley wind
has gained full force the temperature rise becomes much slower.
As the valley wind is replaced by the mountain wind the tempe-
rature sharply drops, usually between 6 p.m and 8 p. m. local time,
creating an effect similar to a cold front passage.

The MVC is revealed when an anticyclonic weather regime is
in place over a mountain area and largescale disturbances are not
observed.
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The MVC is generated by heating and cooling of the valley
slopes. During daytime hours the slopes are heated and under
buoynacy forces the air moves up slope. During the night hours
the slope surface is cooling and cools the air adjacent to the slope.
The chilled air under gravity forces moves down slope. During
the daytime the air temperature at a point on the slope (T,) is
higher than over valley (7,) at the same altitude. Just the opposite
situation occurs during the nighttime. The larger the temperature
difference (7', — Ts), the more intense the MVC is. The temperature
difference «valley to slope» is used as predictor of the MVC in
some forecasting techniques to predict the intensity of the circu-
lation.

Largescale air currents are also known to give some distorting
influence on the mountain valley circulation forming process.
If the velocity of a largescale air current V=7 m/s, the mesoscale
flows on the valley slopes are not detectable. On the contrary,
the mountain valley circulation appears quite evident with a weal
largescale currents background. Therefore, the largescale air current
velocity V is also adopted as a MVC predictor.

Usually, these two predictors (AT=(7T,—1T15) and V) are used
in local forecasting schemes to predict the MVC.

In the majority of cases, the local MVC forecasting techniques
are based on statistics. Using archive data, a relation between
the predictors indicated above and the MVC intensity is expressed
in the form of a graph or in form of a regression equation:

¢ = C(AT, V),

where C is the valley or mountain wind speed. The real form of
the relation depends upon the locality to which the relation applies.
As for the graphic form of the relations, they may be like those
shown in the figure 6.4. However, it is worth noting that often
the determination of the AT value is no easier than forecasting
the circulation itself. Therefore, at present a well known relation
between the cloud amount and the AT value is used, that is the
more clouds observed over the forecast area the less the AT value
will be. In this case in the graph (see Fig. 6.4), the degree of
cloud cover instead of the AT value can be substituted. The infor-
mation on the cloud cover can be obtained from satellite images.

If for some reason there is no possibility of using these fore-
casting schemes or they simply do not exist, then a simple rule
can be implimented: the valley mountain winds arise in fine, clear
weather and with a weak largescale air current, the valley wind
appears during first half of the day and the mountain wind during
the first half of the night. '
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THE BREEZES

Breezes are phenomena well known in meteorology. At the same
time they are local and display themselves differently at each
location. Therefore, there is no general technique applicable for
~any particular place which allowes one to analyse and forecast
- breezes. For every region where breezes are possible a local
breeze forecasting technique should be developed.

A breeze usually can be characterized by the following para-
meters:

a) wind speed at an inshore station;

b) spreading depth;

¢) cloud amount at the hreeze front, i. e. cloud band width;

d) precipitation probability or the height of the cloud tops at
the breeze front.

The values of these parameters depend upon that synoptic
situation which facilitates the given breeze to develop. In the areas
- where breezes can arise all synoptic situations are divided into two
- types:
! 1) breeze situations,

2) non-breeze situations:

| There can be several breeze situationns and each situation is

associated with definite parameter values. It follows then that to
analyse and to forecast a breeze, one needs first of all synoptic
. data. However, using synoptic maps even largescale maps, it is
. impossible to determine in detail the depth of the breeze spreading
i front, the type and amount of clouds or precipitation associated
with the front.

When developing a local technique to forecast a breeze, the
primary task is to determine the type of synoptic «breeze causing»
situation using archive material. In the future this set of typical
synoptic situations can be used as a basis fo make decisions on
possibility or impossibility of breeze development in a given region.
If the current synoptic situation is similar to one of the «breeze
sitnations», then a breeze is possible. If these conditions are not
met, then the breeze is not forecasted. Even with positive synoptic
- conditions indicated, it does not necessarily mean that the breeze
will appear. It indicates just a possibility of the breeze appearance.
To be sure, one needs to calculate a so called breeze index

Ve
/3 =10.03 Vi
where Vg is the geostrophic wind velocity, calculated from the
surface pressure field; AT is the maximum difference between the
~on shore air temperature and the surface water temperature; 0.03
is the dimentional coefficient, °C-s2/m2.
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The I, values are calculated beforehand from archive data for

every breeze situation both for the cases with breezes and for the |

cases without breezes. Thus, the threshold or critical value of
the breeze index (/p)x can be defined for every breeze situation.
It is clear that each region will have its own threshold value of
the breeze index for a given breeze synoptic situation. Besides,
every index Ip<<([p)x value will correspond to definite breeze
characteristics (see the above a, b, ¢, d, page 263). It is worth
drawing an empirical graph relating /I, values to the breeze
characteristics, the figure 6.5 represents the approximate graphic
" relation between breeze wind velocity at an inshore station and
the I, value. Similar graphs can be prepared for all parameters
characterizing breezes. It is clear that there will be a set of such
graphs for each breeze synoptic situation. If such preliminary work
is done, a scheme of breeze forecasting may consist of following
operatiens.

1. For predicted and actual synoptic maps the type of the
current synoptic situation is defined:

a) if the situation is not favourable for a breeze, then no
further action is required, since a breeze, is not expected;

b) if the situation indicates a breeze type, the value of the
index I, is calculated. Then, this [, value is compared with the
(Iv)x for the given situation. If Ip,<<(l3)x, then a breeze is fore-
casted.

2. From the I, value and the graphs mentioned above the pa-
rameters for the expected breeze are determined.

Chapter 7

ONE-DIMENSIONAL METEOROLOGICAL
PROCESS FORECASTING

THE SPECIFIC CHARACTER OF THE VERY SHORTRANGE
WEATHER FORECASTING METHODS

It would not be overestimation to say that all known methods |
and approaches are used to predict the weather. With respect to

degree of formalization, they can be divided into two classes:

intuitional and formalized. The intuitional ones are individual and
group methods of expert estimations. For instance, the synoptic

weather forecasting method is intuitional individual method to work
out a scenario of weather formation in the region of interest.
A group expert estimation, known as «brain attack», is often used
to make the final version of the different range weather forecats.

Depending on general concepts of action, it is common practice

to divide the class of the formalized jorecasting methods into
groups of system-structure methods, of ahead inlormation, asso-
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ciative methods and extrapolation methods. The system-structure
methods are used by meteorologists by making various classifi-
cations, constructing meteorologicals fields charts and identifying
the current process with a similar one (analogs technique). These
are widely used to prepare longrange weather forecasts.

The numerical modelling of atmospheric processes on the basic
of hydrodynamics and thermodynamics of the atmosphere equations
is the example of the associative methods. At present time, it is
the fundamental method for shortrange prediction of the pressure,
geopotential, temperature and humidity fields. To predict weather
phenomena at a given point the methods of model statistics are
used. They represent the group of ahead information methods.

In very shortrange forecasting, the methods of extrapolation
group are mostly used. One of the methods we will often refer
below is the least square technique.

The choice of the methods class depends also on the complexity
of the object to be predicted and on the lead time of the forecast.
At any case, where the fundamental hypothesises of a formalized
method are met, the usage of the method makes the forecast to be
more justified. However, in many cases, the weather to be forecasted
depends on such a big number .of factors that the choice and usage
of formalized methods becomes impossible.

The lead time of the forecast plays an important role in
choosing the class of the methods. A forecaster is to compare the
lead time L and the duration of the evolutional cycle of the object
to be predicted P. The ratio of these quantities determined as

L

=75 (7.1)
allows us to make a conclusion on a possible class of the fore-
casting methods. If the inequality t<1 is true, the formalized
methods are to be recommended for usage. Situations with t=1
take; pltace as the lead time of the forecast is close .to the time
smooth evolution of the object approaches its end, a new cycle
or sharp structure change is about to commence. In this case
the intuitional methods are more useful to apply for estimation of
the time of the structure change and for the choice of a new for-
malized method.

For instance, let us estimate the ¥ value for very shortrange
forecast with the lead time equal to 2 hours. If fronts are not
to pass within this time interval, the weather evolution will be de-
termined by diurnal variation, hence t==2/24 and the formalized
methods can be used to make forecasting. However, if a front
passage is expected, say, in three hours, the +© value is to be
estimated as t==2/3. This means the formalized methods are not
recommended to make forecasting.

The consideration ‘above demonstrate the existence of limitations
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of a great cdncem when formalized methods are used and impor-
tance of their skilful combination with the intuitional ones. It should
be kept in mind when {further studying of the VSRF formalized
methods.

THE STEPS OF DATA PROCESSING
FOR EXTRAPOLATIONAL FORECASTING

For an understanding of the essence of the forecasting extra-

polation problem let us discuss a model example. Suppose, there
is an non-homogeneous with respect to time grid with the function
f(¢) values on it.

~The moments of time we’ll denote at #; (i is an ordinal number),
and the function values as f;. Suppose the measured values contain

a determined background f and a random fluctuation f. Let us
take for granted that the equation

f=f+7 (7.2)
- is true. '

Let us denote the number of observations made as n. The fo-
recasting problem is to obtain the value of the function f,.;, at
the moment of time ¢,4p. This moment is beyond the last moment
tn for which the f, value is known.

To solve this problem the forecaster is to go through the
following steps:

1) to choose the mathematical model of the background;
2) on the basis of the model chosen to assess the filter —

which allows for separation of the background | and noise [;

3) to distinguish determined background f by filtering the
initial data and estimate values of noise f;;

4) to obtain the background structure characteristics necessary

: for the forecast, to have prepare the background forecast,

and to estimate the expected inaccuracy of the forecast;

5) to study the noise properties, and to predict possible imput
of the noise into the quantity to be forecasted.

In fact, the forecasting technique is not exhausted by these
steps. Since the technique usually gives rather big inaccuracies,
the forecast has to be refined by the complex of different techni-
ques, in a way allowing for introduction of the {final result
inaccuracy into permitted limits. However it is not an easy task,
and at present there is much to be done to investigate the problem.
Every step of the forecasting extrapolation mentioned above, in
furn, consists of a number of problems we’ll sequentially discuss
here. We'll begin with revealing the properties of background
processes determining the weather at any point. This will help us
to choose the right mathematical model of the background.
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It was commonly agreed, in meteorological publications, to con-
sider variations of the air state parameters as an aggregate of
several cyclic processes with different typical times. Let us outline
the most known of these processes in the order of the typical
times decreasing. These are the annual cycle, natural synoptic
period with the typical time of about one week, and the diurnal
cycle.

Every of these cycles is -a fluctuating process of an intricate
form. It is comprised of a few harmonics. However, just to de-
i monstrate the basic idea let us represent the process as a sum of
two sinusoidal harmonics

f (£) = a, sin (2=¢/T,) -+ ay sin (2xt]T,). (7.3)

- Here, a) and a, are amplitudes not having a principal value, Ty is
' the period of time for a synoptic process, let it be of 72 hours;
T, is the period of time for diurnal variation, ¢ is the lead time
of the forecast.

For very shortrange forecasting the lead time varies from
I to 9 hours. Therefore the argument of the first harmonic changes
from 7/36 to wm/4. This means that the first harmonic can be
- replaced by cubic polinomial without losing accuracy

sin (x) == kgx — k,x? (7.4)

t at kp==0.7846 and k,=0.0777, the error does not exceed 1%.

The argument of the second harmonic (T=24h) changes from

- @/12 to 3m/4 at the same ¢ values. The representation of any

“harmonic by a formula of (7.4) type is workable at x<Cm/4, i

at 1=C3 h. This means that the mathematical model of a background

- meteorological process must be different for the lead time intervals
from 0 to 3h and from 3 to 9h. .

‘ In the interval from 0 to 3h the background, or sometimes

it is called trend, can be represented as a cubic polinomial

Fiit) =2 kit | (7.5)

In the interval from 3 to 9h the background (or trend) must
include a description of the diurnal variation of the quantity
to be forecasted. It should be noted that describing diurnal va-
riation we cannot be restricted by usage of one sinusoidal harmonic
and one period of T=24h only. To achieve better representation
of the diurnal variations one should take into account cosine
- harmonics and 12 hours period. The following formula appears
- to be useful:

2 2
1. (2) =};1 sin (2r¢,/ Zlb cos (2=t/T).  (7.6)

We may conclude that, for the lead time from 3 to 9h, the
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representation of the meteorological processes trend has the
following form :

F(8) = F (1) + I (8). @

The choice of a mathematical model of the meteorological pro-
cesses background depending on the lead time of the very short-
range forecast in forms (7.5) or (7.7) allows for solving problem
of the trend distinguishing for any real case of prediction.

POLINOMIAL TREND DISTINGUISHING
AND FORECASTING 3h AHEAD

As soon as we got an idea on possible mathematical form ‘[oi
describe the meteorological processes, we may turn to search the .
parameters of the mathematical model using observational data

available.

The problem of a continuous function y;() construétion the&‘

values of which at grid points #; are the most close to the values

—~

i)

after the problem will have been solved, we’ll obtain new values y;
at the grid points also. We'll name them filtered values.

The difference (y;—y;) is an error of the process description.
It consists of two parts. The first one is the systematic error which
may arise due to improper trend model chosen. The second is
a random error which may appear at any case, even at the case

y observed will be called the approximation problem. Note that .

of the ideal precise model of the process, due to many unknown |

factors.
An approximating expression of the following form is mostly

used
m

y(f)=j‘4i_:.l Cj‘Pj(t)’ (7.8)

where o;(#) are base functions, C; are the model coeificients the

values of which are assorted according to observational data.

1t is the form of the base functions that determines the physical
content of the smoothing.
Three types of the base functions are usually used:

¢; (8 =" (7.9)
¢; (¢) = sin (j¢); (7.10)
¢;(£) = exp (ht). (7.11)

The base functions (7.9) pose the polinomial approximation
which has a tendency to a non-restricted rise of error function
beyond the observational interval f#,<C¢<Cf,. The base functions

(7.10) are mostly suitable to describe periodic processes. The base :
functions (7.11) are to be chosen if transition from one state
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;‘to another processes damping at infinity are to be described.
'In a model for VSRF with the lead time up to 3 hours (7.5),
the expression (7.9) have been used.
- If the base has been chosen from m functions ¢;(¢), the problem
of the coeflicients C; determination can be solved by different
methods. Among them are: the least squares method, the method
of exponential smoothing, the method of adaptive smoothing.
'To derive formulas for the coefficients calculation is not an easy
.task, some special mathematical studies should be made. For a fo-
recaster, it is not important to know how to derive the formulas.
He should be awared of what dre the basic assumptions for the
method chosen fo be valid, of what are the rules to use the ready
formulas, and of possible inaccuracies of results obtained. Therefore
here we'll deal with the least squares method only.

For this method, the condition imposed on the approximation
function (7.8) is the requirement of minimization of the residual
function R in form of

~

(y:— )2 (7.12)

1

R:

D

Independently of the base function choice, using the least
squares method, the square of the residual determined by (7.12) is
a function of the coefficients C; only

R=R(Cy, Cy .., Cpy ...y Cp). (7.13)
For the function to attain its minimum, the fulfilment of the
equality

IR —
'd'ék—_o’ kE=1,..., m, (7.14)

is sufficient.

Have taken necessary derivatives from R, determined by (7.12)
and (7.8), and changed the summing order, we obtain the set of
equation

2 [ I?J(ti) cPk(tl)] C]=§1 Pr (ti)’;i’ k= 1, 2’ PPN ([ (7'15)

=1l i=

This set may be rewritten in a matrix form
Pc == q, (7.16)
' where P is the matrix with elements Pp;, and ¢ and q are vectors.

- with components ¢; and gz. The components are determined by
equations

Py = El o7 (£;) 9 (20), (7.17)
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PES ‘ZI%(Z"W"' (7.18) !

Thus from the practical point of view, the task of a forecaster

is to have chosen n pairs of numbers (#;, y;) and m base functions
©;(?), to have computed matrix (7.17) coefficients, and, finaly,
to have solved the set (7.16).

We'll not discuss the computation technique here, leaving it for
readers to study themself. It should be noted, however that basic
difficulties of the numerical solution the sets of the (7.16) type
avoked by the least squares method arise due to the fact that
the forecaster may unexpectly face the degenerate matrix P (undi-
fined task). This case requires some special techniques of matrix
Teversion.

Even this fragmentary information on computational matter
gives us a reason to warn a forecaster about badly thought out
usage of the base functions. If he has a possibility to use ortho-
gonal base functions, he should do it. In this case the wvalues
computed will be reliable, and often the set solution itself can be
~obtained in an explicit form.

|

Let us discuss some technique details of the background distin- |
guishing matter in case the background is assigned by the model .
{7.5). To do this we’ll take an example to construct a seven point -
range filter of the initial data received on the grid of equidistant -

points. We'll discuss the case of a diagnosis analysis of data (not
considering the forecasting matter), when to the right and to the
left from the point ¢#;=0, where we wish to obtain the background
value, there are three or more observations. Also we’ll assume
the observations were made at equal intervals with the time step
equal one unit. This simple from the calculation point of view case
allows us to obtain important practical conclusions.
Let us assume that the moments of time {=—3, —2, —I1, 0, 1,
2, 3 are considered. Let us choose as a basis of the function (7.9):
@olt) =1; @i (f) =1t; @2(t)==12; @s{t)==1%. In this case, the equation
(7.8) within the interval —3=C?#;<C3 will take a form
3
vit)= 2 C;t (7.19)

j=0

and the set of equations (7. 15) will be as

C, Z t -+ C, Y s, ‘5‘ HyC, 2 = 2 v, (7.29)

L=——3 l-——3 i=—3 i=-3

=0, 1, 2, 3.

The solution of the equation set (7.20) is facilitated by the fact
that the sum of the odd powers ¢; for the uniform grid {=—3, —2,
—1, 0, 1, 2, 3 turns into zero. Accounting for these conditions
the set (7.20) can be brought to the form:
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3 ~
7Co + 28C, = X ¥;;
[—=—3
3‘ —~
28C, = 2 Vit

28C, + 196C, = 2 vit%

i=—3

3 ~
195C, + 158C, = 3 V£ (7.21)
=3

!

The solution of this set has the form-

Co —21—( ZyL Ey, l

{z—3 [=-3
3\
C, = -~2~(3972yt 492 y,t,);
. {=—3 =3
Cy— —1—( 45‘yt+"yt,),
4 i=—3 =3
1 § 3
C3: 216 ( 7l~—3yltl +l£3)’L >’ (722)

These coefficients in combination  with the equality (7.19) can

~ be used to distinguish the background y; from the initial data y:
¢ making diagnostic analysis of the data. For example, the back-
ground value at any point #; which is situated not clouser than
three steps to the ends of the series (i<<n-—3 or i=3) is calcu- -
lated from the formula:

1 o~ —~ T~ e e o~ o~
yi=Cy= o7 (Vieg + 3Yie + 6¥,5 + 79+ 6V + 3Vipo — 2V1,3)-
(7.23)

To obtain the values at the edges of the grid one should use
the complete formula (7.19) with the coefficients resulting in from
general form of set (7.20). The most important for forecasters for-
mulas to filter the initial data with the aim to distinguish background
values at the right edge of the series of n members are given below:

y}n—z 2 (})n—s n-3 _'“ 2yn~4 + 12yn—3 + lgyn-z + 16yn-—1 4';;)3

Ynr = g W — Doy — s+ 69pegh 167,00+ 195, - 57,);
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1 ~ ~ ~ ~ ~ ~ ~
Yo =t 75 (=20 T a5+ Yooy — Waog — Ym0 + 8Yns -+ 39,).
(7.24)

The background forecasting with the aid of the least séuares
technique can be done with assumption that -the coefficients
obtained from the formulas (7.20) remain unchanged during those
number of time steps which are equal to the lead time of the fo-
recast. For instance, the formula fo predict for one time step can
be obtain from (7.19) if the value #;=4 is substituted in it, and
coefficients computed from the formula (7.20) on the basis of
the recent seven observations are used. This formula has the form:

1 ~ —~ ~ _— —~ —~ —~
Vear = -'7— (”‘4)’,;-(; + 6)’n-s + 4Yn—t - Syn—:: - 8yn-2 — 4,vn—1 + 16))”)-
(7.25)

The similar formulas can be obtained to predict the background
values for two or three steps beyond the edge of the series. When |
using this values it should be kept in mind that the errors of the
background extrapolation from the formula (7.19) are quick to rise.
To verify this statement and to find some other properties of the
statistical forecasting let us take an example.

Let us construct a quasi-meteorological process consisting of
a polinomial trend, a diurnal variation, and a random noise.
To calculate the trend we’ll use the formula (7.5) choosing the
coeflicient to be as ky=15°C; ki=ky=0; k3=1/(72)3; the value
of the last coefficient is chosen in such a way that the 24 hours —
trend would be 3°C. The diurnal variation will be calculated — from
the formula (7.6). The coefficients in this formula are chosen to be:
a;=10°C; ay=3°C; b;=0b,=0; T=24 h. The model of the diurnail
variation is the sum of these components and the random noise
obtained by statistical modelling on the basis of the normal
distribution law. The noise had the mean value equal to zero and
the standard deviation 1°C. The initial time is 9 a. m. of local time.

All three components are shown on the figure 7.1. The figure 7.2
illustrates the computed results of two alternate versions of the
forecast in one lead time step equal 1h (in this case) from the
extrapolation formula (7.25). The {first version of the forecast was
obtained for the case of the total absence of the noise in the data
(curves 1 and 4). It is easy to see that, in this case, the extrapo-
lational forecast is very close to the model process.

The second version is more realistic. Here, the forecast was
made from the initial data containing some noise (curves 2 and 3).
Examining these curves, it easy to verify that the statistical
forecasts have an important shortcoming; they enlarge in some
degree the amplitudes of the noises containing in the initial data.

Thus, it seems to be reasonable to use the traditional for me-
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~ teorological forecasting approach: the initial data are to be
smoothed in order to suppress noises as far as possible, and offered
- that to extrapolate the background process.

FORECASTING 3—9 HOURS AHEAD

The usage of the polinomial trend allows for a large number
of simple extrapolation models to be constructed. With the aid of
this approach we are able to receive an apt illustration of many
. features of statistical forecasting. However the choice of polinomial

trend form leads to the extrapolation error to be quick to increase
with the grow of the forecast lead time.

To account for some: other more realistic trend forms in the
- forecasting the adaptive smoothing method is to be applied. This
. method uses the model representation of the process in form (7.8)

also, and the idea of the discrepancy least square searching for.
However the model coefficients become dependent on time, and the
information aging effect can be taken into account.

When deriving formulas for the adaptive smoothing method, it
is common to use the process model representation which more,
compared with (7.8), visually distinguishes the observations
© succession with respect to time. Suppose there is a sequance of

observations which is not necessarily equidistant of each other
with respect to time x(#). The time ¢ is discrete and changes from
the initial moment f{=¢; to the moment of the last measurement
t=T.

Suppose that the observations can be presented as a sum of
the background process E(f) and a random quantity e(¢). The ran-
dom quantity must have zero mean value and be uncorrelated.
. The background process in the method of the adaptive smoothing

is presented in a form similar to (7.8)

B(t) = 2 @ (8) 2 (0): (7.26)

Determination of the coefficients a;(f) changing as new obser-
vational data arrive is done by minimization of discrepancies
of the recent data of observation at the moments of time from /=1
- to t=T and the background values E(¢). The functions ;(¢#) are
assumed to be the forecaster knowledge. A possibility to endow the
data of the most recent observations a larger weight § (0<<f<C1)

. is accounted for in the formula intended for the discrepancy
. computation:

T ~
R= jél B/ (y; —E(£) (7.27)
Let us find derivatives of R(ay, ..., an, ..., an) with respect

to every coefficients a, and set them equal to zero. As result we’ll
' obtain a set of equations
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OR N o~
_d—=2gaf(yl._g(t))%(t,.)=0, k=1, ...,n, (7.28)
ak j=1 ’ )

or in explicit form

n

T , T -
21[ lpj‘?z(tj) ?k(tj)}a'l:%l@j‘?k(tj) Yp k= 1, 2,...,m. (7.29)

=1 j=

The method of adaptive smoothing includes a number of techni-
ques allowing for the computations of the sums in the equation
(7.29) which are not constant with respect to time to be simplified.
Not going into details of this technique, let us take an example
of this approach for the maximal temperature forecasting with the

lead time more then 3 hours. Suppose, we know the air temperature |
values at 3, 6 and 9 a.m. of the local time. The temperature is known
to get its maximum at 2 p. m. of the local time. To describe diurnal

variation one harmonic with the period of 24 hours is not sufficient.
Two harmonics have to be taken, the ratio of the second harmonic

amplitude to that of the first one being settled. To avoid a need
to use a cosine harmonic, let us regard 9 a.m. of the local time
as a starting point for counting time. This moment of time can be .

considered as coinsiding (for majority of cases) of the actual air
temperature with its 24 hours average.

Taking into account above reasoning, the rate of the temperature

background can be presented in the form:

£(4) = @y -+ a, [sin (0 (¢ — 9)) + 0.15sin (20 (£ — 9)].  (7-30)
This means that the two following functions are chosen as -

functions of @y (?):

o, (1) =1, ¢,(f) = sin(o(—9)) -+ 0.15sin (20 (£ — 9)). (7.31)

The frequency o in the harmonic functions is equal to 2m/24.

The units of time are hours. All the necessary data are given in

the table 7.1.

The function values in the table are computed from the formulas |

(7.31). From these values the sums in the equation (7.29) can be

Table 7.1

The initial data to consruct the adaptive method
of the maximal temperature

t—9 — 6 —3 0
91 (8) 1 1 1
N —~0.857 0
y(@ Y-2 Y Yo
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calculated if one takes into account that in this case T=3 and,
for the sake of simplicity, the data aging is neglected, adopted
p=1. The coeificients obtained values will be

3 3
my = 21 et e (E) =3, my= ]}-11 o1 (£5) 22 (£;) = —1.857,
= -

(3}

Mgy = ) P2 (tj) 1 (tj) = —1.857.

J

o

3
Mgy = ,-2::1 25 (£)) 95 (£) = 1.734 (7.32)

To set of equations (7.29) will take the form
My Qg + Myps = &,
My oy + Moy = Fo. (7.33)

The values of the right hand parts should be calculated from
the formulas

3 —~~
g = ]2:;1 P (E) Y =Ya+ Vo1 + Vo3

3
g2 = gl ®alt)) y; = —y_; + 0.857y_,. (7.34)

To obtain the forecasting relations in t hours ahead from the
rtecent time of observation T, at present case, one should use
the following formula:

v (T + <) = a, + a, (sin (<) + 0.15sin (201)); (7.35)

the coefficients in this formula are obtained through the solution
of the equations set (7.33). They are: ‘

m —m m —m
a, = 2281 1282 , ay= ufe 2181 _ (7.36)
My Mgy —— M5y My Mgy — MMy

For the example we are discussing we’ll receive:
" g, =0.9886y, — 0.0813y_, — 0.0701y_,;
a, = 1.0587y, — 0.4070y_, — 0.6576y_,;
tmax = 2.091¢,y — 0.506¢,; — 0.748%,,.. (7.37)

Let us verify the type (7.35) formulas wvalidity to forecast
diurnal temperature variation with the start point at 9 a. m. up to ‘
9h ahead in case of the initial data containing some errors. To do !
this let us take a model example with a background process given f‘
from the formula (7.30) at a;=23°C and a,=11°C. Let us add "
to this background a noise in form of Gauss’ random quantity with
zero mean value and the standard deviation equal to 1°C.
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From the sequence given let us take the values for moments
=3, 6 and 9 a. m. We'll regard these values to be the initial data.
All calculation will be dome from the formula (7.35) with the coeffi-
cients computed for the lead times v==0, 1, 2, 3, 4, 5, 6, 7, 8, and
9h from the formulas (7.36). In doing so, for the lead time 5h,
the formulas received are for the maximal temperature forecasting
(7.37). The figure 7.3 shows the results of the model duirnal
variation from 9 a. m. to 6 p. m. and forecasting results from the
method of the adaptive smoothing. One can ensure that at a cor-
rectly chosen form of the trend and a random Gauss’ noise the
result of the forecast is exellent and stable with respect to round off
errors. The last feature is demonstrated by the curve 4 on the fi-
gure 7.3. The curve was constructed from the formulas (7.35)
without rounding-off coefficients.

SMOOTHING THE DATA AND FORECASTING WITH
REGULARIZATION METHOD

The method of adaptive smoothing can give excellent results if
the trend model selected well enough. However, in forecasting
practice it is difficult to bargain for this. Besides, a need often
arises to smooth the data of meteorological observation, and to get
an idea of a current background process and its derivatives.
The both problems can be effectively solved with the regularization
method.

This method has appeared as generalization of the widely used,
at present method of experimental data approximation with the
spline usage. Let us discuss its application to the model process
described above (Fig. 7.4).

The essence of the regularization method is that to take into
account all background features known to forecaster when the
trend being distinguished. In addition, he must make some effort
to attain for the curve, describing the trend, would be as smooth
as possible and, of course, would pass as close as possible fo all
values observed.

Suppose from the observations we know all values of the
function [, at the moments of time #,. All the moments are found
within the time interval from fy==x, to fn,==X;. We also have the
following information on the background process structure within
this time interval:

1) at the moment of time f{==x;, an atmospheric front passes
through the point of observation, i. e. after this moment the
background features will change;

2) the change of the background features takes place smoothly,
i. e. the values of the function observed, its tendency and rate of
the tendency change do not interrupt;

" 3) in the intervals xo<<f<Cx; and x<Cf<Cxo, the functions are
very smooth, i. e. they have minimal curvature; .
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4) it is known that within every interval the background has
one extreme value; in the interval x,<Cf<Cx; the extremum is
attained at the moment t=x9+¢ey, and in the interval x <lf<Cxy—
at the moment ft=x+e;;

5) the initial moment should be selected in such a way to allow
the function observed at this moment to be described as well as
possible with a linear dependency.

All these features are actually present, for instance in the case
of the temperature diurnal variation at the day a front passes
through the point of observation and 9 a. m. of the local time mo-
ment is chosen to be as the initial moment of observation.

Let us construct a model of trend resting on these features.
First of all we’ll take into account the feature 3 selecting a cubic
polinomial as a trend model at every time interval.

gi(f)=a;+ b (¢ — X))+ (8 —x3)* +di (£ — x;,4)% (7.38)
i=1, 2.

Now, let us superimpose the requirement of smoothness over
this polinomial coefficients at the moment of the structure change
t=x; arising from the feature 2: _

a, + by + dyhy = ay;
b, + 3c,hp = b,,
6d, 1, = Cs. (7.39)

The first equality reflects the requirements of the function

smoothness, the second does the same of its first derivative, and

the third —the second derivative. When deriving these equations,
one of the notations has been used

‘ hy=x;,— x4, h = Xy— X, (7.40)
and also the feature 5 that lead to limitation .
e 2o (7.41)

has been taken into account.

The feature 4 allows us to obtain two more limitations on the
polinomial coefficients (7.38). To do this, let us take into account
that the first derivative has to turn into zero at the extremum
points. Thus, we may write two more equations:

by + 2c.e, + 3d,e? = 0. (7.42)
- Since discription of the background process for two successive in-
- tervals by two polinomial (7.38) contains eight coefficients bonded

- by six limitations in form of equalities (7.41) and (7.42), the trend
 can be represented by a function with two parameters. To do this

271



using equalities (7.39) and (7.42), let all the coefficients of the po-
linomials (7.38) be expressed by a; and bi:

¢, =0, dy=—b(3el);
€y = — byity/(3€3);
by=b,(1 — h3jel);
@, =a,+ b, (1 — i (3es)) Ay
dy = b, (1 — k) /es — (2e,,)(3eghy). (7.43)
With the aid of these expressions, the equation (7.39) can be

converted into the trend two-parametrical model which takes into
account all the features 1-5:

gt ay, by) =a, b (t, xy). (7.44)

In this model the background variation with respect to time is
described by continuous and twice continuously differentiable
function ¢(f, x;) which has an interruption of the third derivative

at the moment ¢{=ux, and is preassigned by the formula

t— x,)° _
[(t-—xO)—L-é_e#]' Xy $:t<x1;
0

ho % Bo(f — x.)2
(. x)= [(l—’s‘ﬁg) h°+(,1“”g—)“*x1)* ﬁ‘(-gzgﬂ)"— (7.45)

€o

By 2e,h\ (F — x,)3
—<1——€_2-_3€0/£0 3¢ s K SIS X

Now it only remains from us to apply the measurement results
fr for selection of optimal values of the parameters a; and b,.
Of course, they can also be foufid with the least squares method.
These parameters minimize discrepancy between the values observed
and trend’s values:

n

R(ay b)) =3 ro(fe— & (2" (7.46)

k=1

It must be recalled that r, is the weight coefficient accounting
for the importance of various observations imputs. Note that the
trend structure change moment f==x, (a front passage) may not
coinside with any of observational times f.

However, the least squares method does not take into account

in explicit form the feature 3 (the requirement of the trend maximal
smoothness). To account for this feature of the trend, the fulfilment
of the minimum condition for the integral representing the mean
curvature
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S (@, b)= | 1" (@ by )7dt. (7.47)

Xo

is necessary. Using regularization method one should take into
account the equalities (7.46) and (7.47) simultaneously, and, if
necessary, some other additional conditions minimizing a compro-
mize condition. In our case of two limitation, it takes the following
form: ' .

F(ay, b)) =R(a, b))+ S(a, b)o. (7.48)

A weight coefficient © has been introduced into this expression.
The forecaster may vary this coefficient value to control the degree
of influence the trend by one of the conditions (7.46) and (7.47).

Let us fit the parameters for our case. To do this, the righthand
part of the equation (7.44) must be substituted into the equations
(7.46) and (7.47). Aiter this operation done we obtain the depen-
dance F(ay, b;) in the explicit form

F (al’ bl) == )‘b% + ’;-1 ry (fk —a; — b]‘Pk)Z- (7-4‘9)

In this equality the following motations have been used:

r=o [ [ (¢, x)]2dt;

X,

0r = (L, Xy). - (150

Let us find the minimum conditions for the functional (7.49).
For this purpose, as it was done in the least squares method, let
us set equal to zero the derivatives of function F(a;, b;) respect
fo arguments a; and b;. As result of these transformations a set
of two equations will be obtained:

alzﬁk_{"bj E'rk?k=2¢ 7ol e
k=1 © k=1 k=1
a;Z rk¢k+b1(2 rk‘?i_{'_}‘): E LN P (7.51)
k=1 k=1 / k=1

Having solved this set with respect to a, and by, we'll take
advantage to determine the trend of the meteorological process
from the formulas (7.44) and (7.45). The initial data to make
calculation are given in the table 7.2.

The data from the table 7.2 allow us to find the necessary
parameters of the problem in case we’ll supplement them having
indicated the extremes and striicture variations. Let us regard that
x0=0-, x1=7, x2=24h (ho'—_:xl=7, h1=x2——x1=17)' and e=5,
eyj=12h (the temperature maximum is observed at 2 p. m.). The
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Table 7.2
The information for calculation from the formula (7.44)

Local Argu- Data Weight, | Weight, | Calculation E
time, h ment observed points % from (7.44) rrors
9a. m 0 10.68 10 5.9 9.98 —0.703
10 1 9.73 10 5.9 10.98 1.249
11 2 11.67 10 5.9 119 0.225
12 noon 3 11.89 10 5.9 12,65 0.757
1 p. m. 4 1264 ¢ 10 5.9 13.16 0.517
S 2 5 1300 10 5.9 13.36 —0.45
3 6 13.89 10 5.9 13.13 —0.769
4 7 11.30 10 59 12.43 1.05
5 8 10.78 10 5.9 11.38 0.591
6 9 11.53 10 5.9 10.18 —1.356
7 10 9.63 10 5.9 8.88 —0.751
8 11 9.87 10 5.9 7.53 —2.349
9 12 4.53 10 5.9 6.17 1.631
10 i3 5.62 0 0 4.84 —0.783
11 14 3.88 0 0 3.6 —2.282
12 midnight 15 3.21 10 5.9 2.48 -0.739
‘1 a. m. 16 1.67 0 0 1.53 —0.142
2 17 0.95 0 0 0.8 —0.157
3 18 —0 87 10 5.9 0.32 0.994
4 19 —1.66 0 0 0.16 1.827
5 20 —0.40 0 0 0.34 0.749
6 21 0.86 20 11.8 0.92 0.052
7 22 2.19 0 0 1.93 —0.262
8 23 | 4.23 0 0 3.44 —0.797
9 24 i 6.66 0 0 5.47 —1.194

Sum: 170 100.3

Arithmetic mean: 6.70 _—0.044

function ¢ value may be computed from the formula (7.45) for
any time of observation.

The value of weight coefficients for information importance
accounting r, have been computed of the basis of the following
consideration. Suppose the observations at a station were made
every hour during day time duty of the forecaster, i. e. from 9a.m.
to 9p.m. After 9p.m. the observations were made at standard
times only, i. e. 12 midnight, 3, 6 a. m. Starting from 6 a.m. a new
forecaster on duty begins to prepare a forecast and he needs to
predict air temperature expected at 9a.m.

According to these considerations above on the basis of 20s
points system of expert evaluations of the every separate obser-
vation role, the forecaster assigns to the data the marks in points
(see Table 7.2). Now relative weights of observations in fractions
of the total sum of points have to be determined and used as rp.

The integral in the formula (7.50) is calculated using the
equation (7.45). The expression to determine A will have the form:
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o Ao [ B Ry ok (1_,/13__2’761)

BER R el Bel |
i ( K ohe) '
-1 "‘e“/ll—_ ] _?8_ h— _3_;3_ I) . (7-52)'

In this case the value of A at @=1is approx1mate1y equal to 9.5.
To compare the discrepancy imputs role R(ay, b;) and the curva-
ture S(ai, by) in the trend description, the w value can swept with
variations from 0 (no curvature influence) to 100 (no discrepancy
influence). Negative values of @ can be taken also. In the last
case the condition opposite to the feature 3 will be fulfiled, i
the curvature of the trend will be maximal.

Persuade of calculation has to be commenced from the compu-
tation of the function ¢ for all moments of time #;. Then one
should determine the sum in the equation (7.51) and solve the
equation set to find a, and b,. With the aid of those -coefficients
the trend can be reproduced from the formula (7.44).

The results of these calculations are cited in the table 7.2 and
on the figure 7.4. We may assure ourself that the usage of the re-
gularization method allows us to account for all features 1—5, and,
manipulating by the parameter o to control the smoothness of the
trend to be found.

On the figure 7.5 for the sake of comparison the results of
the trend restoration are shown. The restoration was made with
the aid of Newton’s interpolational polinomial from the data of the
table 7.2 for the standard synoptical times (9 a.m., 12 noon, 3, 6,
9p.m., 12 midnight, 3, 6 a.m). The result of interpolation is cer-
tainly less acceptable than the trend deduced from the formula
(7.44), especially at the rims of the interval and with the aim
to make extrapolation.

Some additional information on the trend properties deduced
by the regularization method can be received from the figures 7.6
and 7.7. These figures represent three cases of the trend calcu-
lations at different A values. In the first case, the equality 0==0
was fulfiled. As it follows from the formula (7.48) the fulfilment
of this equality leads to the least squares method. In the second
case, the value @=—0.3 has been selected. This corresponds to
a small increase of the trend curvature made by regularization.
In the third case, the value @=0.3 has been selected. This corres-
ponds to the curvature minimization.

- The {igure 7.6 shows that the curvature minimizafion require-
ment brings to an additional effect of data smoothing that is diffe-
rent compared with the results of the least squares method
application. Therefore, to compensate the smoothing, the negative
@ values should be used.

The figure 7.7 demonstrates some increase of the trend disper-

281




sion in case the trends calculated at w0 compared with trends
calculated by the least square method. Such an effect of the regu-
larization method is understandable since when it is being applied,
the minimization is done with respect to a combination of the
dlspersmn and the curvature S{ay, b) but not the dispersion
R(a;, by) itself.

It seems reasonable to recommend the regularization method to
be applied for distinguishing the trend from the initial data since
it allows us to make full accounting all known by forecasters
features of the meteorological background and it makes possibie
to estimate the values of the trend integrals and derivatives.

To accomplish this, it is necessary to make the operation needed
to express the trend (for instance, differentiation). In our case,
it brings to the necessity to differentiate or to integrate the
equation (7.44) and this can be done without any difficilty.

Chapter 8
EXTRAPOLATION OF METEOROLOGICAL FIELDS

KINEMATICAL PROPERTIES
OF METEOROLOGICAL FIELDS

Inspite. of remakable development of the hydrodynamical
methods of weather forecasting, the kinematic baric field extrapo-
lation technique was always in use in synoptic practice. This
technique is simple and convinient, and therefore allows the fo-
recaster to realize clearly the temporal development of the process
important for forecasting. As any other extrapolation, it possesses
a shortcoming, its usage may result in non-restricted increase of
errors with respect to time. However for our purpose (very shor-
trange forecasting), this technique is of definite interest. Therefore
let us consider some practical algorithms to compute positions
of meteorological field particularities and rates of their displace-
ments. The basic theoretical findings were made in 30th and 40th
of this century. Afterwards, the development of the hydrodynamics
methods put into shadow the kinematic techniques. Let us recall
the bases of that theory.

Distribution of a meteorologocal quantity f(x, y, ) depending
on coordinate of a plane (x, y) and time we’ll cite by

f=1(x 9 ¢. (8.1)

The section of this surface by the plane f==a, where a is a con-
stant determining the concrete value of a meteorological quantity,
gives a family of curve lines on the plane (x, y, ?)

fle, v, t)=a. (8.2) .
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The curves (8.2) are displaced and deformed with the time
passage. For further reasoning, it is worth to assume that the
functions are continuous, and have partial derivatives of not less
than third order in the vicinity of the points being investigated.

Let us illustrate the relationship between mathematical and
synoptical notion by taking, as the function f, the surface pressure.
In this case the equation (8.2) determines the isobar «a» situation.
Drawing and stadying isobars, the forecaster is interested to know
the direction of tangents to the isobars and curvatures of them.
The tangent direction at the point (xo, 1), at f==a, is calculated
upon the gradient components f, and f, from the equation

felx —xo) + 1, (y — ¥) =0. (8.3)

The curvature of a curve line from the family (8.2) at any
point, where all necessary derivatives can exist, is determined by
the equation

K — fxxfz"’gfxyfxfy—{_fyyfz (84)
= BT o '

For every point of the field where both the value, and the cur-
vature of isolines can be determined, composing a sum

=K+ Nf—a) (8.5)

and using Lagrange method, the problem of the function condi-
tional extremum can be solved. This allows for obtaining an
expression for determination of the trough or ridge line as a point
set of the isoline maximal curvature f=a. To do this, let us write
a set of conditions for the extremum of the function z: .

zx=Kx+)‘fx=O;
z,=K,+M,=0 " B (8.6)

This set has a solution independent on the A value if the deter-
minant turns to zero:

F(x, y) = K f,— K.f, = 0. 8.7)

It is the equation to determine the position of the trough or
ridge line.

Up to now we discussed just ordinary points of curve lines
cited by the equation (8.2). Determination "6f the line curvature
(8.4) reveals some possible special points, where the condition

fo=0, .
fy=20 (8.8)
is fulfiled.

In this case the curvature of a curve line is formally infinitely
large, and an isoline shape is determined by derivative of the se-
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cond order. The classification of special points based on discri-
minant f(x, y) which may be calculated from the formula

D (x, y) = (fxy)g - fxx-fyy (89)

is given below without arguments.
E. S. Kuznetsov had shown that simultaneous fulfilment both
the conditions (8.8) and equality

D(x, y)=0 (8.10)

is the predicate for appearance or disappearance of a special point.
If the equation (8.10) is not fulfiled, the three following cases are
possible.

1. The conditions (8.8) and inequalities

D(x1 y)<0, fxx<0, fyy<o (8.11)

are simultaneously fulfiled. This case corresponds to an isolated
special point of the maximum type (high).
- 2. The conditions (8.8) and inequalities

Dix, y)<0, f.>0, f,,>0 (8.12) |

are simultaneously fulfiled. This case corresponds to an isolated
special point of the minimum type (low).
3. The conditions (8.8) and inequality

D(x, y)>0 (8.13)

are simultaneously fulfiled. This case corresponds to a neutral
‘(hyperbolic) special point. .

All the above allows us to draw a conclusion that the synoptic
analysis of meteorological fields can be done using table data.
However, it is not an easy task to make correct estimation of the
values of derivatives at any point of the plane (x, y). We'll discuss.
this problem later on.

Let us derive the formulas intended to calculate velocities and
accelerations of points of a meteorological field. To do this, two
families of curves on the plane

f(x, 9, 8)=a,
g(x) ys t) = b (8'14)i

are to be considered.

The values of coordinates (x, y) being solutions of the isolines
intersection points. If the functional determinant determined from
the equality

a(x, y)="r.8 —18&: (8.15)
is not equal to zero, then the only set of functions exists
x=x(t, a, b),
y=y(t a, b). (8.16)
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This set is the solution of the (8.14 )in the vicinity of the point.

Components of the velocity of this point movement w=0x/d¢
and v=dy/dt and of the acceleration a.==0%x/01?, and a,==0%y/0f
can be found if the equation sets related to these quantities were
solved:

daf dg

=% =0
af a’gg__
g =0, =0 (8.17)

. Now let us cite the formula we were to obtain:

d
u='zi£‘=(f,rgt' figy)/d(x, ¥),

o= (g, —ig)d (% ) (8.18)

4 .
d—?— = (@t -+ 8,07 + 28,00 + 28 1 + 2840 + &) Ty —

- (fxxu2 + fyy‘v2 + Qfxyu’((} + Qfxtu + Qf t‘v + ftt) gy]fld ()C, Y)a

d
= L (ol £y @ o 210 + 2t + 20 + ) £ —

— (g + 8yyV* 4 28,00 + 28 0 + 28,0+ g) [ A[d (<, y). (8.19)

These formulas can be used to predict the position of points
randomly chosen on isolines of different atmospheric variables
fields. In particular, widely used in synoptic practice the «steering
currents rule can be explaned on the bases of these formulas. This
and some others items we’ll discussed below. Here we’ll explain
the technique to obtain formulas of the (8.18)—(8.19) type using
an important parficular case of a baric system centre displacement.

To retain superficially similar character of the formulas, let us
denote atmospheric pressure by the letter f instead of p. In this
case, the equation of characteristic lines (8.14) will coinside with
the set (8.8) since the baric centre is the point of maximum or mi-
nimum pressure. Determinant (8.15) will coinside with (8.9), being
negative and not equal to zero.

The expression to calculate the components of the baric centre
displacement velocity can be obtained from (8.18):

Cx:_Dx(x7 y)/D (X, y)1 Dx= (ffyfxy_ftxfyy);
Cy= __Dy (/\f, y)/D ()C, )’)7 Dyz(ftxfxy”ftyfxx)' (820)
Note, if the determinant D(x, y) is equal to zero, we obtain

interpretation of the centre formation condition after Kuznetsov
(8.8)—(8.10): the centre formation appears to be as its displace-
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ment with an infinitely large speed from an infinitely far removed
point.
Let us explain the technique to obtain formulas (8.20). Since

in the moving centre the coordinates are function of time due to

(8.16), the set (8.8) can be arranged in the forms
fo(t, x(2), y(£) =0,

(2 (8), y() =0. (8.21)

The f{irst two equations (8.17) mean that the form of the
equations determining the point do not change as the point moves.
After obtaining an individual derivative of every equation of the
set (8.21) we’ll receive a system

fxt + “a'{‘t—fxx_i_ '%'f_xy = 0;
dx dy

foe+ =7 77 fvy + It fyy = Q. ' (8.22)
If we denote
dx dy
C,= —7 Cy:_ZlT’ (8.23)

the system (8.22) solution will coinside with the set (8.20).
Similarly, formulas for accelerations of isoline particular points
are deduced. For instance, the formula to compute acceleration of
a baric centre displacement can be obtained by double finding
of individual derivative of every equation of the system (8.21).
It is obvious this equivalent to iterated differentiation of the set
(8.22) equations will lead to a new equation system of a form

dfxt dx df y dfs ‘
T ar - dt 7+ dtz  ft a7 ¥ fy=0;
dfyt dx df,, dy dt,, dx - d

TG g A g e g =0 629

If this system is to be solved with respect to accelerations
dx _ @y
Ge=gE o BT gE

full derivatives of fxt, fyt, fxx» fay and f,, are to be replaced by
their explicit expressions, and to make the necessary grouping,
then we’ll come to the set (8.19).

The formulas to calculate the displacement of the baric system
centres are well known by meteorologists since long. In addition
formulas were derived to calculate the displacement trough and
ridge lines and atmospheric fronts. In the past all these formulas
were out of wide usage due to two reasons. The first, their usage
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. _requires great deal of calculation. The second, when using, these

finitely differentiable formulas cause errors. If these errors appear
to be significant, they may depreciate the forecast. At present both
difficulties can be overcome.

SOME PARTICULARITIES
OF KINEMATICS FORMULA APPLICATION

The basic formulas to describe meteorological field kinematics
we discussed above have a number of useful applications. However
they can be used provided that the possible error sources are will
understood. To make it clear let us discuss an example. Let us
preassign the model field of a moving cyclone using the formula

PXS Yy B =Pyt (Pn—Pu)e (X X) 2 (Y, Yol
o (s, Sp)=exp|[—(s—§p)*7;
S=X, ¥, Sop= Xy Yoi
r=Vx—=x)* -+ (y — yo)*- (8.26)

‘Here p(x, y, t) denotes the surface pressure. Suppose its ma-
ximum value (pa) is 1020 hPa, and the minimum one (pm) is
980 hPa. Of course, pm is observed at the cyclone centre. An isobar
of a pressure value p has a form of a circle with the radius r.
The cyclone centre is assigned by variable with respect to time
coordinates xo(¢t) and yo(t). The following law for the cyclone
centre displacement is adopted

Yo (£) = Yoo -+ Ct + AL
Xo(t) = Xg0+ (Yo () — Yoo)*. (8.27)

Thus the model field is a cyclone with circular isobars moving
along a parabolic trajectory. The ranges of the argument variation
are: 0=Cx<90, 0=Cy=C90, —3=<C¢="+43. The cyclone centre displa-
cement parameters have the following values: xg=10, yoo="50,
C=6, A=1/6. The regulating isobar radius r=6.66. All values are
conventional and their dimensions do not play any role although
their orders of magnitude are close to their natural values.

In the region our cyclone acts, usage of the model field allows
for obtaining a sequence with respect to time of the pressure values
in form of quasi-meteorological record tables. These data with
the identical step equal 5 with respect to ¥ and y and the time
interval equal 1 are cited in the table 8.1.

The table is included only that part of data which are necessary
to calculate the cyclone centre displacement speed from the kine-
matics extrapolation formulas (8.20) and (8.9). To make this
calculation the origin of the Cartesian coordinate system should be
replaced at the cyclone centre. That is easy to do from the table
data since the cyclone centre is the point of the smallest pressure.
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Table 8.1

Deviations of values calculated from the formula (8.26)
from the minimum pressure value pmin for three consequent times

=1 =0 t=—1

39 39 38 38 38 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39
39 38 34 28 30 36 39 39 39 38 39 39 39 39 39 39 39 39 39 39 39
39 36 23 09 13 29 38 38 34 31 34 38 39 39 39 39 39 39 39 39 39 .
39 35 19 02 07 27 37 | 34 21 12 21 34 39 39 39 38 35 33 34 38 39
39 37 28 18 21 32 38 31 12 60 12 31 38 39 39 35 24 15 22 34 39
39 39 37 34 35 38 39 34 21 12 21 34 39 39 39 32 14 00 11 30 38
39 39 39 39 39 39 39 38 34 31 34 38 39 39 39 34 21 10 18 33 38
39 39 39 39 39 39 39 39 39 38 39 39 39 39 39 38 33 30 32 37 39
39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39" 39 38 38 39 39

In the given coordinate system the data for two consequent
times (the last and next to the last) are to be taken off. The data
taking off points must be placed in such a way to allow for nu-
merical diifferentiating. In this particular example we’ll use
commonly recognized simplest formulas to estimate partial deri-
vatives from the data at a regular grid. For the point disposition
cited at the figure 8.1, these formulas have the following form:

Fex = (F1.0 = 2fo,0 4 [-1,0) [ 7%
fyy = (fo,1 — 2fo,0 + fo. 1)/ 1%;
Fog= 1011 — F=1,0) =+ (f1, =1 — fo1, 20) ] 4R
fe=(f,0—f=1,0)/2;
fy = (foor — fo, —1)[2%; |
fo= (100 —1570)i= (8.58)

Using these data, let us calculate all quantities in formulas
{8.20) and compare the values obtained with their accurate values.
The latters can be received by differentiating the model (8.26).
These parallel calculation results are cited in the table 8.2.

Analysing the table 8.2 data, it should be noted that this nume-
rical experiment have been made at ideal conditions possible for
forecasting with kinematic extrapolation formulas: all the data
have been taken off in the amount necessary, at proper places,
and with no errors. Inspite of this, the result appears to be far from
what we may call truth. The reason is seen from the table 8.2 data.
This is unaccuracies of the finite-difference differentiation from the
formulas (8.28). Let us trace them using the model (8.26) and
restricting ourself by the first derivative only.

Let us find an increment of the function p(x, y, f) assigned
by the formula (8.26), at argument x variation from the value
x~—h to the value x-+h. It can be expressed by the formula
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PR Juxtapos:tlon of the cyclone centre movement speed "
' calculatlon results from the formula (8.20) at {=0 on evidence denved
’ from exact and approxxmate (8.28) values of derivatives

 Derivatives ,_F,rom’th:e_vformnla”;(&ZS)‘ N Accurate values
D e 0% - T
: 'fx el < 0.00 Chs TR IETUERT 00
fo ”“,———2.0"' ‘ T s
Dy —192 0.0
Dy ' 2.02 18.9
(op S 208 0.0
Cy - oo 219 . B8

Mptx, 3, ) =p(athyy, ) —plx—h, ‘y,':t)’ -
» —:—2 sh (2 (x — x) h/rz) exp(— /ﬂ/r“’) ><

X(pm _—pM)(‘P(x’ xo) ()’, }’o) (8 29) )

 This formula allows for determining the flmte—dlﬂerent analogue

value of the derivative from the field assigned -by the model (8.26) -

with respect to x. Let us find the ratio between -finite-different and
precise * derivatives - with .respect to x.- In‘ computational mathe-
‘matics- thls ratlo is: known as- approxzmatzon amplztude error:
sh (2 (x - Xg) /z/rz)
P(x h) 2(x——x)h/r2

As one may see from the formula (8. 30), for the circular

exp( h"‘/rz) (8 30)

cyclone, the error of . .numerical  differentiation depends upon the

grid step. & and the point -position with respect to 'the cyclone
centre. Both types of errors are always present in practice, and,
of course, .in our example too. The grid step is primarily deter-
mined, by distances between observing stations, and the cyclone

centre position can be determined with the accuracy up to one grid .

step even in our ideal case.. This is clear from the table 8.1.
The model suggests that the pressure deviation from' the minimum
must be equal 0 at the cyclone ceritre. However, at the moment
t=1 the cyclone centre does not coinside with a grid point, and
an error of its determination from the data observed arlses

19 3ax. 86 ' 289
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Let us analyse the amplitude error variation depending on the
step and differentiation point position. To do this, dimensionless
_quantities m and n to be introduced:

m=hjr, n=(x—xp)/h (8.31)

The quantity m shows what part of isobar (pa+pm)/2=const
radius is comprised by a grid step. It exemplifies the observation
net density. The quantity n shows the number of steps the diffe-
rentiation point is apart from the cyclone center. It exemplifies
the inaccuracy of the cyclonic centre position determination.

The function n(m, n) graphs are cited on the figure 8.2. They
allow us to obtain the m and n values at which 0.9=<<pu=<<1.0 and
the amplitude error is quite acceptable. These values must satisfy
the inequalities 1<C{n=<C2 and 0<Cm=C0.4. Herefrom it follows that
to make numerical differentiation ome should choose the step and
place being guided, for instance, by relations \

X=x,+2h, h=rl4 (8.32)

or
x=x,+ 2k, h=r/3. (8.33)

In our example h=35, and r==6, and numerical differentiation
greatly distorts values of the derivatives. This suggests us to apply
some special differentiation methods possessing a higher accuracy
if we are to use formulas (8.20).

However many computational difficulties can be avoided if we
take into account the analysis of the numerical differentation
inaccuracies and use the kinematics extrapolation formulas (8.18)
intended for isolines but centres.

Using formulas (8.18) to calculate displacement speeds of the
isoline family, the isolines of some other family chosen from an
additional reasoning can be taken as a steering lines. These other
isoline family may represent so called «steering current».

Choosing the steering lines, both physical and computational
requirements should be taken into account. The first, the steering
isoline must cross isobars (bellow we’ll discuss the pressure field
extrapolation, although the theory has a general character).
The crossing is desirable to be under the angle as far as possible
close to the right; in this case the determinant from the formula
(8.15) would be computed in the most accurate way.

The second, the steering lines should be chosen from such a field
which allows for the most accurate computation of the derivatives
from coordinates. Doing so it is convenient to use the most slowly
changing fields, for instance stationary steering fields.

The third, it should be kept in mind that not every steering
field allows for computation both speed components of the moving
isobars. It is not obvious, and will be demonstrated with the

following example.
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Let us aim to use formulas (8.18) to forecast displacement
of our cyclone ifrom the moment {==0 for one time step. The coor-
dinate axes are the simplest steering field. For instance, if the
straight line parallel to ordinate axis is taken as a steering line
then at least the first and the second requirements above will be
satisfied. Let us write the set (8.14) for this case in the form

fx, 9, ) =p(x, 9, t) = a;
g(x, v, H)=x—x,=0. (8.34)

The constant @ identifies an isobar. The constant & determines
the distance the steering line is apart from the cyclone centre,
Choosing the b value the first requirement should be satisiied,
i. e, the steering line must cross the isobar. However, it should
not be equal to zero (not passing through the centre), since the
accuracy of the derivatives computation in this case would be
lower than needed due to properties of the finite — different diffe~
rentiation.

According to (8.32) and (8.33) the best & value is r/2. After
determining the constants, relations (8.18) can be used to obtain
expressions for calculating the speed of the cyclone displacement
along steering line chosen:

L e (g Lig )i (x, 9)=0;

405 9) = fuy = 1,8 = =2y (6.35)

* We should pay attention to the fact that the component of the
cyclone displacement velocity in the x deviation appeared to be
equal zero not due to physical reasons but because of the steering
line choice in such a way that it depends on neither ¢, nor x. It is
this the third requirement above warns against.

However to obtain the component along axis x, one more family
of steering lines can be chosen. If a line parallel to abscissa is
taken as a steering line, we’ll obtain an equation set:

f(x, 9, )=p(x, 9, t)=a; ,
g(xy y, t) =y y0=b- (8-36)
The reasoning similar to that used to derive formulas (8.35)

allows for obtaining relations to calculate displacement component
' of a point chosen on an isobar in the following form

dx

= (&= fig)ja (x, y)=— It
| 19* 201



D =gt (s, 9 =0

d(x, 9) = (F.g, — fgx)—px ‘(837)

On the " basxs ‘of ‘the results’ recelved “orle may conclude that
to calculate the cyclone displacement Veloaty, several distinctive
points are to be taken. These are the points where a circular isobar
is crossed by the straight lines parallel to coordinate axes,
the “straight lines being ‘apart from the cyclone centre by % along
both axes x, and y at the initial moment of time. For our purpose
it will suffice to take- only points: with coordinates (1, 1), (—1, 1)
and (1, —1), although" thislimitation may bring an- addl’uonal
1naccuracy The points are shown on. the figure 8.1.

At these points the components: ofi‘the pressure: grad1ent and.

,pressure tendency are to be: found To forecast each pomt dxspla-
cement formulas can ‘be used:

c. ==Q ”f, c"-__'__i’t_' | 5(8.38) |

P ‘T Py .

The calculatlon order and results are cited i in the table 83 .

‘For the sake of convenience all calculation results for two
consequent moments of time are cited in the table 8.4. These data
allow for comparison of the two methods used for the cyclonic
centre kinematic extrapolation. Purposely the moments chosen

for prediction are complicated since the cyclon just makes a turn.
To evaluate the accuracy, the actual values of the velocilty com- -
ponents are cited in the table. These values have been obtained -
‘using four techniques. The first are the proximate differentiation
results of the centre move laws assigned from the formula (8.27) -

‘(actual): The second are taken from the table values of calculated

pressure of ‘the centre-coordinate increment for the last time step
before - the initial “forecast time = («taken off from - the charts).
The third are the results 'caleulated from the formulas (8.20).
’Ihe fourth are the data obtamed from the method for: pressure

Table 8.3

The order and resiilts of the cyclone displacement speed prediction
from the formulas (8.38)

. Point p,t=1 lp, t=0’ 17 i Py l Py l o Cy
S A I TS P R 20 | 23 125 109
-1, 1 23 4. 31 . —8 —27 1.5 —3.0 53
1, —1 21 - 3t —10 1.4 —28 9.2 —3.6°
Average values of the centre displacement velocity , 6.2 4.2
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. - Table 8.4
Comparison of the ‘¢yclone’ dlsplacement ‘velocities ST
obtamed by drfferent methods for a’ mode] problem:

_Cyclone - Act It Taken off i From the 1 Frorri»thé
displacement ctual - lfrom the chart| (838) | (820) -
velocity - , i R
Cy 13.4 5.0 6.2 3.9 -
Cy 70 50 42 39
| | =-1 L
Cx 0.0 —5.0 30 —2.1
cy 58 BRI oes

value extrapolatlon at pomts chosen (8. 38) It is adv151ble to study
these data carefully..

The results -cited in the table::8.4- show that the klnematlc
extrapolation ‘formulas provide receiving the velocity values which
are quite comparable with those to be obtained from the sets:of
meteorological data. In practice, the velocity values can be made
more accurate if the baric field tendencles observed are: mvolved
in calculations.: .

The analyt1ca1 theory of meteorologlcal frelds dlscussed above
can provide-a basis for some more useful conclusions. We'll réestrict
ourself by considering an example of a cyclone: formation: This
cyclone - will ‘be- constructed on the ba51s of ‘the theory mentroned
above.

- The »model - 1r1ter1ded for studymg a movmg cyclone (8. 26) is
useless. for . simulating ' the  baric ‘field of ‘a varying type.’If we
restrict ourseli by the:area closed to the pornt of the held type
alteratron the model :

(x, ¥ t)~po+ a(t)x“’/2+b(t) y2/2+c(t)xy+d(t :
a)=2+8 W)=t (W=t dH=—3 <8-39?

can be used.
: The ranges of the argument are following: -—5<x<5 —-5<
<y<5, —5<Ct<C5. At any moment of time the field isolines are
curves of the second order. The tmembers containing coefficients
¢(t) and d(¢) do not play an important role. They describe axes
and isoline rotation and a small advancing motion of the: centre.
Determinant D(x, y, t) to be computed from the formula (8.9)
shows that the twofold variation of the field special point type
is. possible: at the moment #j=—2, and at the moment . ty==0.
Before “the ‘first moment the field Laplacian’is regative, ‘and the
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field is anticyclonic; after the second moment the field Laplasian
becomes positive, and a cyclone is formed.
. It is a rare case when meteorologists have a chance to watch
the pressure field variation as a cyclone is being formed. There-
fore, the results of such a variation are shown on the figures 8.3
and 8.4 for consequent moments of time #=—2.5 —2.0, —1.0,
—0,5, —0.3, —0.1, 0.0, 0.1, 0.3, 0.5, 1.0.

We do not interpret these figures since they are just for

il}{ustration, but we suggest to make an close acquaintance with
em.

CALCULATION OF DIFFERENTIAL CHARACTERISTICS
FROM OBSERVATIONAL DATA

Differential characteristics of a meteorological field are to be
derived from the table form of the function instead of its analitical
form. Since meteorological stations are situated randomly, the
tables including the function values for an initial time have random
steps with respect to coordinates. As it was shown at the chapter 7,
the initial data cited in the tables are to be smoothed before usage.
This is necessary to remove errors and distinguish background
process. ' '

Of course, if we are to solve the problem of numerical diffe-
rentiation only, we may make such a filter which will not only
distinguish the background, but will have done the differentation.
However, such filters generally would be worse to smooth errors,
and, hence, a derivative would be obtained with a larger inaccu-
racy. Owing to this fact, let us concentrate on the problem to find
derivative on an irregular grid. As to the background distinguishing,
we’ll deal with it a bit later (see pages 299—302).

Suppose the point that the derivative value being estimated at
or interpolation being done has been placed at origin of Cartesian
coordinates on a place (x, y). The coordinates. n surrounding
points x;, y;, where the function values are known, will be deter-
mine relative to the origin. The index i indicates the ordinal number
of the station.

Let us assume that the values of meteorological variables at
the point are determined by the values at the coordinate origin
from the formula

-] l fé—k’ E

fi=lot 2 2 ryar (8:40)
- I=1 k=1 o

where f, is the function value at the coordinate origin, and f§**

is the partial derivative &f/(9x%9y*) value at the coordinate
origin. .
Formulas to calculate function f%°=f, and derivatives fj=%%
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can be obtained by the method of underfind coefficient from the
values f;. To accomplish this, the approximate value of the deri-
vative should be determined as linear combination of records at
neighbouring points:

n

foer =3 af, @41

=

where a; are the weight coefficient. Sweeping with this coefficient
variations, one can obtain the derivative necessary and interpolate
the function at the coordinate origin.

" The conditions to determine the coefficient values are tobe found
in the following way: both parts of the equation (8.40) are multi-
plied by a:;, and summing up is made throughout all points
(i==1, ..., n). As result the equation

® 1 itk n
0

n = S VY ‘o s l—kyk ,
izalfi——f()%ai—}_ﬁg(l—k)!k! Z}a,xi yE. (8.42)

=1 k

will be obtained.

The weight coeificient obtaining can be illustrated by two simple
examples. The first example demonstrates obtaining coefficients
which allow for interpolating the function if .the values of [; are
known at three points. For this case the equation (8.42) is to be
rewritten in the form: :

3 3 3 3
Nafi=f Do+t Jay+10 ¥ ax+
I=1 i=1

i=1 i=l1
fi=ts & 3
0

1
;mng—% (8.43)

=1

©
1
-

=2

Let us choose coefficients a@; in such a way to satisfy the
condition .
3 3

3
da =1 121 a,x;=0; 2, a,y,=0. (8.44)

i=1 i=1

In this case we obtain

3
fo=2 af, ——Flek
=1
14 f(l)——k,k n

Rg == 2 m 2 a,-x,—ky’g, (8.45)
1=2k=0 B s .

_ From the above, one can see that the linear combination in the
right-hand side of (8.41) with the coefficients satisfying the con-
dition (8.44) allows the function to be interpolated to the coordi-
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nate or1g1n from its values at three points W1th an inaccuracy’ |R2|

.+ Since we assuged the Taylor series to converge at vicinity of the

pomt where f, value to be ‘found, ‘the expression to" evaluate
inaccuracy can be given in the followmg form

l]l2~—k J .
lR2 E ( )' k' Eaixll—'_kyt{zy (8'46)'

, where fﬂ'*k k are max1ma1 values of- parc1a1 der1vat1ve of l—2 order

at a pomt s in the coordinate origin vrcmi’ty ‘
' The equation set (844) for the weight’ coeff1c1ents is easy to
solve anahtlcally, we'll rewrite it in matrix form ‘

Ma=D, L (84T

M=|x, x x,{, a={a,}, [b=]0 . (8.48)
Vi Y2 Vs ay 04 .

The set (847) solutron will be- ST e e
a=MIb, (8.49).

* where

* where M- 1t the matrix reversed to M. For thls partleular? case,
the matrix reversed to that determmed by the equation (8.48) has
a form ‘ S :
E [Da Da Dy
J\/I‘ -—"D“ Dy Dy, Dzsﬂg (8-50)‘
EA D31 Dsz Dss'

- where D is the matrix M determmant and D,, i are the determinants
of the forms: ' ‘ Eoee

11 1 1 1 1 1 1 1
S0 Dy={0 Xy xg|, D =|x 0 K|, Dy=fx1 x 0],
0 ¥y, ¥s \ i 0 ¥ i ¥ O
01 1 10 11 1110,
Dy=|1 %, x50, Dp= X1 ‘.1“j"" X3y Dyg=|x X 1,
0 Y2 Vs | Vi O Vs “ , i ¥2 0
N [ I R f1 0 1| 1 1 0 |
Dy, =10 x, x|, Dup=1|x 0 x, if‘l’i‘D;S x, X, 0]. (851}
A1 Ve Y5 BUN T 7Y Yo Y2 1

; The first column of ‘the (8. 50)T ‘atr1x contams the welght
‘ coefflcrents a; needed to solve the ititerpolation problem. It is easy
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to see having calculated  the’ r1ght hand part of the’ equatlon (8 49}
and obtained already known express1on for the three point ' inter-
polatlon coeff1c1ents

i XaYs r-:fJCSNZJ

EOPRTERE ER SR D]l@ _
ik 1’ D D]1+091+D§'
. Dy, — Xg¥y = xr)’h
zlr.é'wlD D11+D21+D31 '

F R XYy — Xy
it "D' ‘ 11+D21+D31 . \_4: .

: Let us take the second example Let us determme values of vthe

formula (8.41) weight coefficients to obtain the first derivative

1% 0=0f/0x on three point, Once again we'll use the equat1on (8 44)

to receive. condrthns determmmg coeff1c1ent,s @i, These condltlons
are: R A BIres Eerr iy

2 a;=0, 2 ax;=1, Z ay; = 0. (8.53
T B IR L

It should be noted that in this case also, we are fo solve the
set similar to'{8.47),but now its: right-hand' side has a form

R VN K P

Knowing the reverse matrix’ M~!, being determined by the
equation (8.50) and (8.51), we can easy calculate the coeff1c1ents for
numerical differentiation’ on three pomts to determme Of/ox. Calcu-
lating ‘the right-hand ‘part- of the’ equat1 n (8 49) " with' the vector b
determmed by the equatlon (8.54) " we see that the, coefficients.

needed are at the second' column of the: matrlx M—4 They are

o a _—__—'-_92] o e Yo — e
| ' v D Du‘l‘Dm‘l‘Del’
. oa - Dgy — ys")’r Co
{ r i 2 D D11+D21+D31 | T
ay = D23 _ =y (8.55):

"o Do Dy Dyt Da1§

There is ‘an ‘important differerice of-the .interpolation formula
from the numerical drlferentatrqn formulas., Inlthe1r appearance
the both-‘casesi are covéred by the' formulas (8:45)° with different
coefﬁc1ent ‘H_owever the’ relative “ipiit’ " erro ’i’?‘"g“‘irt
case will’ be “different.” Ag’ 'points dre’ 'brou ht closer together i
“érror is 'much quicker! to'delrease 'in case of mterpdlatron th’ "1
numerical differentiation.

(8 52),,,,,,.._




The problems of numerical differentiation on regular grid
accuracy are discussed in details in the theory of numerical weather
forecasting. The errors being expressed through the Taylor’s for-
mula remainder term are called approximation errors. So then,
the three point interpolation formula has the second order of appro-
ximation errors smallness, and the numerical differentiation for-
mulas have just the first one.

To obtain the numerical differentiation formulas with the second
order of approximation on an irregular grid, in addition to the
condition (8.53), fulfilment of the condition for coefficient to be
equal zero at all second degree monomial in the right-hand part
of the equation (8.43) is needed. There are three of such mono-
mials: x?, xy, y> Hence, the linear combination (8.41) for f:° has

to contain six items.

Try to prove by yourself that the equation set for weight coeffi-
.cients of the numerical differentiation formula with respect to x on
an irregular grid has the form:

n

n n
21a1=0, 21 ax; =1, X ay,=0,
Lo 1=

i=1

Dax=0 Xaxy=1 Jay=0 (856)
i=1 i=1 i=1
The approximation error is estimated from the formula
n [fs—-k.kl 6
< PO M yB—kyk
!RSI\iZ) o Z.alxi vk, (8.57)

To find particular values of the derivatives the system (8.56)
4s to be solved, and then the formula (8.41) is to be used. The set
(8.56) can be solved in an evident form for a class of regular
grids, but in a general case it is recommended {o reverse the
matrix of this system M:

1 1 1 1 1 1

Xy Xy Xy Xy X5 Xy
M V1 Yo Ys Y ¥s Ye (8.55)
=1 ,2 2 2 2 2 2 (- )
Xy X3 X3 X X5 Xg

XiY1 Xo¥a X3¥s XuVs X5¥s XeYe
LU T - T VS S _
Knowing the reversed matrix M—t for a given set points, one can
easy obtain the weight coeificients to find the interpolation for-
mulas, and that for the first order numerical differentiation with

respect to x and y. But the latter can be just of the first order
of approximation.
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There is an important question to consider: from how many
stations should the meteorological information be plotted on the
map to enable a forecaster to evaluate all necessary components
of a meteorological field structure? Let us take a baric field and
assume the observations were made without errors. If we are to
determine isobar curvature, the second partial derivatives must
be abtained; if we are to analyse the curvature variation and
to estimate geostrophic vorticity advection, the third partial deri-
vatives with respect to x and y are needed.

The evaluation can be acceptable if the numerical differentiation
formulas have the approximation order not less than the second.
This means we’ll have to impose limits on all the coefficients of
the right-hand part of the equation (8.43) from the first up to those
at monomials of fourth .degree. The reader is recommended to
assure himself that the number of those conditions will be 15.
That is the answer of the question above: the number of station
reporting information to be plotied on the map in the vicinity of
the point of interest should be 15.

Even in this case the matrix M can be asily constructed if
coordinates of all the points are known. After numerical reversion
of the matrix we'll receive all the coeificients necessary for the
interpolation and numerical differentiation. Therewith the appro-
ximation order will be fifth for interpolation, fourth for the first
derivatives, third for the second and, and second for the third de-
- rivatives. This guarantees reliability of the evaluation, provided
that the information received from observing stations has no errors.

SMOOTHING AND EXTRAPOLATION
' OF METEOROGICAL FIELDS

Above, we have discussed a background distinguishing problem
for an one-dimensional case from the data containing some errors.
Meteorological practice most oiten deal with such a problem for
two dimensional fields which are to be plotted on a map.
The technique to solve this problem is rather simple, but computa-
tions are bulky, and ready for use formulas for filtering on a plane
can be obtained for some simple particular cases only or for re-
gular grids. Systems of equations for irregular grids are to be
solved with a computer aid. ‘

Suppose, the function f; values are given at M points with the
coordinates x;, y:;. All the coordinates (x;, y;) are given relatively
an arbitrary origin. Let us assume that the background value can
be determined from the polinomial formula

f(l)—k. k

» ]‘éi =fo -+ 2 2 m xf'ky’;, (8.59)

i=1 k=0
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where L is the highest degree of the monomial of the form ' fi-kyk,

Let us determine deviation of the value glven from background d;
using the formula’

, d=fi—f - (8.60)
and the depending on the polinomial coefficients fi~%* and fo
discrepency R square using formula :

R(fo, fio¥y=2dl (861

The method of least squares requires to convert the discrepancy
into minimal possible value. This usual procedure glves the follo-
Wlng equatlons for the coefficients

OR __OR e
..a?-o—.—_".o, —a—fl—k.k =0 C ] ) (8.62)“

or
' n

Efl—“f"’ZZ (k:x)!x' E’Ck =

Srerm-nFrn-33855 2 =0

i=1 C A=t a0

(863

As soon as this set has been solved, and:the coeffiicents have
been obtained, the background -is restored from the formula (8.59).

Let us take an example. The simpliest case is that of the linear
approx1mat10n (L==1) when the background is given by the for-

mula ‘ 5 o o
fi“—fo floxz‘t‘fol)h S (B8

This case can be considered “analytically up to its end, but it
is’t interesting as’ “being ‘too rough approximation. -
© A more W1despread representation of meteorological fields is the
bicubic one: (L 3) In thls case the background ‘is represented
in the form :

=k R R lf?%cuf* lx,y; ——f“y+

' _l_ f3 OJC3 ' 1 f2 1x2y1 et fl Qxly + ]‘0 3y3 (8.65)
. The set (863) can be decomposed into two simple, independent
subsystems and” solved ‘without "any difficulty for the particular
case, important for the practlce “of a ‘symmetric grld with square
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cells (Fig. 8.5). Such kind of grid is long in use in synoptic
practice; it is for example used to calculate relief differential

characteristics. -
All the symmetrlc grlds possess an 1mportant feature: the

equality
Zl x{yf =0 (8.66)

is true at r or s being odd number.
Usmg (8.66), let us display the equation set for determination
fo, 729 f%2 This set-arises from (8.63) and (8 65) at L=3, [=2,

k=0; =1, k=1; [==0, k=2,

S (15 ) (S

i=1 i=1
Zfix?—”:(z;é?) fo—i-(-;— x)f” ( xfy) 0.2;
iml im]l il i=1
2 f}= ( Ey%) o+ ( Ex’yl) 20+ (—;—Zy“) 152
i=1 =1 i=1
2 fixiy = f},"?.] x?y%. | (8.67)

Have solved thls set, we'll obtain an expression to calculate
“background value at the coordinate origin (see Fig. 8.5) and second
" derivatives:

=2, po=B g Do gl B )

- We can also get an important expressions for Laplacian
V=130 + 2= (D, + Dy)/D (8.69)

and determinant ‘ ' , o ]
D(x, ¥) =12, — fofyy= (1) — f20f02 (8.70)

The following notations were used for determinants in the form
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B
29| =
b=
<
|
b=
%
<&

Dy =
i=1 =1 i=1
o 1 - 1 -
Zfiyi ~2—' xiQy% 5 yf
i==1 i=1 i=1
n 1 n
no X g 2
i=1 i=
n_‘ n 1 n

&
b
l
—km
v
-
Négw
vo)
N
e-km
S

Dy=| Q! %ZX‘} pazAR 8.71)

These expressions allow for the background to be separated in
the inner part of the grid. To separate the background near boun-
daries, expressions for the first and third derivatives have to be
obtained. These bulky procedures will be omitted here. Let us recall
- that in one-dimension case the background can be separated from
the formula (7.23) at the central point of the grid, and from
the formula (7.24) at the boundary of the area we deal with.
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If the grid is irregular, to separate the background the set (8.63)
is to be solved numerically, and then the results to be substituted
into *the equation (8.65). The technique discussed can be also
applied fo extrapolate the background separated if we are to receive
formulas of the (7.25) type. In this case, however, for the polino-
mials being higher than the first degree, the layings out become
super bulky. Nevertheless, let us discuss this -technique at least
for the most simple case.

Suppose a problem of data extrapolation is to be solved, the
date having collected at the same level. In this case, the background
must be approximated by the triple Taylor’s series. The part of the
series where maximal power of monomials is M has a form

N kylim
X3yt 0"f
1=f°+2 Tk m! 0x% gyt otm

ne=l B+l4+m=n

(8.72)

‘Interval summing is made throughout all the values &, I, m
which in sum is equal to the given value =, i. e. throughout all
the same power monomials. The notation of the triple Taylor’s
series in (8.72) form is the simplest one to make the series pro-
cessing. However, it is foo bulky even for small powers of the mo-
nomials. ‘

To imagine clearer the every member of the series, let us cite
in an open form some powers of threenomials the most necessary
for obtaining finite — difference analogues of the differentiation
formulas '

(x+y+1P=x+ Y+ 24 2(xy + xt + yi);
(x+y+P=x+y +13+
+ 3 (x®y + X% + y2x + y¥ -+ 2% -+ £2y) - 6xy¢;
(x+y+=xt4 yt+ 4+ 4(x5y + X3 + y3x - y3E - 8x + 3y) +
’ + 6 (X%y? + X2 4 v2£2) - 12 (x2yf - y2xL - £2xy). (8.73)

- To check where you have fully understood the general form of
the three-dimensional polinomial (8.72) you are suggested to assure
yourself with the aid of the formulas (8.73) that the number of
members at N=3 (third power polinomials) is equal to 20, and at
N=4 (fourth power polinomials) it’s equal to 35.

It becomes clear that solving the problem of two-dimensional
background extrapolation from the data given on a regular grid
with the second approximation order, is a long procedure. There-
fore, to illustrate the technique we’ll take a simple example. Have
understood the essence of the approach, the necessary equation
systems can be formulated, and the problems set can be numeri-
cally solved. '

As well as in case of one-dimension problems, the basic for the
multidimension process extrapolation technique is an assumption
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on; the.form. of .the .background process. Suppose,. at: a very simple
case the process tendency.f:, and gradients [x.and f, are constant. .
’fI‘hen ’ihe background and 1ts evolutlon can. be descr1bed by A lmear
ormula i

f(x 9 t) fo+fx+fyy—rft ' (874)

Suppose there are n. observed function: fz ya]ues each bemg
represented by three values, coordinates and time (% yi, t:). Have
set requirement. for. the, descrlptron discrepency -square to be mini-
mal, we receive the set of- equatron to determme parameters fo, fx,
Fais ft in. the form ., R el v

Zfi"’fon_t‘f ZXH—fZ y,+fz2f:»

0

X; = g ‘ 2 fzxzyi'{—ftz tlxi’

"'M .

JEN]
‘ et

—fOZ yl—{"]c inyt’t—fvz yi+ft2tlyly |

E 4

SETRES PR FV TR fz)’ﬂ-f,z £ (@75)

The summing is made over all observa‘nons i. e. z—-l , 1.

. This set solution will be considered for a part1cu1ar case of the
station situations at three consequent moments of time f=-—, 0, v
(Fig. 8.6). Substituting the sum values, taken from the coordinate |
table at the figure, to the system (8. 75) we’ll obtain 5

2 fi = 6y, 2 fix; = 2r’f,, Z.fz)’i=5r fy) Efzt::%ft- (8.76)

Have solved the system we receive the spec1f1c values of the
coefficients for the formula (8.74) describing the background.
The background determination inaccuracy can be obtained if the .
formula received would have substituted into the general formula °
(8.61) to calculate inaccuracy. The inaccuracy will be minimal -
for the points used to separate the background, and it will grow .
up outside these points area.

There are many modifications of the least squares method -
application. For instance a background can be looked for su-
perimposing on its form some restrictions which must be fulfilled
-outside points chosen for inspectiomn.

There is an important question: what is to be extrapolated.
At the stage when extrapolation techniques just begun to develop,
the answer this question seemed to be clear: one must extrapolate
the position of particular points and times of a baric field. Prog-.
ressively, as the technique of statistical extrapolation was deve-
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loping, this question was loosing its origin significance giving
place to another question: how is extrapolation to be made?
An opinion that the extrapolation object must be meteorological
.variables values themself has been widely spread. This conception
is the basis of the hydrodynamic prediction method according to
that meteorological values to be predicted at every point making
all together a predicted field. :

Evaluation of the hydrodynamical prediction results shows that
as far as positions of particular points and lines of meteorological
fields are concerned there are still many errors, especially with
respect to the time of their appearance and disappearance. Hence,
on our opinion, the extrapolation techniques are worth to use as
a means for check and correction of the predicted positions of par-
ticular points and lines.

In doing this, the greatest diificulty is the formalization of
a particularily selection process. It is worth to remind the diife-
rential characteristics the critical values of which defind the pre-
sence of the field particularities were discussed at the beginning
of this chapter.

If fields of meteorological elements are known at an initial
moment of time and for some fime before it, the differential
characteristics can be easily calculated and extrapolated on the
basis of the techniques above. Then, through and ridge lines, and
centres positions can be found as well as critical points indicating
appearance of some new particularities can be identified. The re-
sults obtained should be compared with those computed on the
basis of the hydrodynamical prediction methods. After doing so
the predicted fields are to be corrected. This procedure simulates
the sequence of actions done by a weather-forecaster on the base
of manual weather map analyses and his own heuristic evalutions
and forecasting.

20 3ak. 86
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