MpunucTepcTBO 06pasoraHus M Hayku Poccuiickoii Oepepanun
DepeparbHOe areHTCTBO 10 06pa30BaHHIO
['ocypapcrBeHHOe 06pasoBaTeABHOe YUpeKASHHe
BEICHIETo IpogheCCHOHAABHOTO O6Pa30BaHUsA
POCCUNCKUM TOCYAAPCTBEHHbBIN
TMAPOMETEOPOAOTHUYECKVIV YHUBEPCUTET

(PTTMY)

O.I"'boratkuy, I'.I".Tapakazos

OCHOBbBI
METEOPOAOI'HH

yaebHOe nocobue 1o Kypcy « OCHOBEI METEODOAOTHHU»
AAg CTYAEHTOB BY3O0B M0 CHEIHAABHOCTAM!
9KOAOTHS, IKOHOMHKA NIPUPOAONIOAL30BAHMSA, MEHEAKMEHT
¥ MApKETHHT.

A

Prrmy

CankT-IleTep6ypr
2006




VIIK 551.5

O.I'. Borarkuw, I.I'. TapakanoB OcHoBE MeTeopoaorud. - CT16, U3A,
PITMY 2006 - 232 c.
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NMPEAMICAOBHUE

B KOHILe IPOIIAOTO CTOACTHS OT€YeCTBEHHAsK BLICIIAS ITKOAA,
Ad ¥ He TOABKO OHA OAHQ, IIePEIKUBANA AAACKO He AYYIIHe CBOM Bpe-
MeHa. [lepea KaXXABIM By30M CTOSIAQ OYeHE TPYAHAs 33pa4a — BHI-
JKUTE. K@XKARIHA BY3 DEIIaA 3Ty 38849y HO-CBOeMY. DTH IpOGAEMET He
OGOLIAK CTOPOHOM U HaC, POCCHICKUHA roCyAaPCTBEHHEIM ITHADOME-
Teoporormdeckuil yHusepcuret (PITMY).

VHEBEpCUTET CTaA TOTOBHTD CIIEIIUAAKCTOB, TPOMUAD IIOATOTOB-
K¥ ROTOPHIX, MATKO OBOPS, HECKOABKO OTAMYAACS OT TPAAWIIMOHHO-
ro aast PTTMY. Ml CTaAK FOTOBUTE CIIEIJUAANCTOB B OGAACTH IKOHO-
MUKU IPUPOAOTIOAB30BAHUS, CIELIMAANCTOB IO MADKETHHIY ¥ MEHEA-
JKMEHTY, CIIeLIHaArCTOB I10 CBSI3H C OGIIeCTBEHHOCTHIO, CHeIMaANC-
TOB B 06AACTH 3alUTE UHQOPMAIHU. AAST YHEBEPCUTETA 3TO He TOAD-
KO JXenraTeAbHO, HO ¥ 006s13aTEABHO. Hepe‘{I/ICAeHHBIe CHeUAANCTERL
HYXHBI K8>XAON OTPAaCAU HPOMBIUIA@HHOCTH, @ Haut PITMY —
€AUHCTBEHHEIN B POCCUN VHUBEDCUTET THADOMETEOPOAOTHYSCKO-
0 IpodHUAS. ‘

HeAb3s CKa3aTh, YTO CHEIUAAKCTH & 3KOHOMUYECKOIO npodu-
ASI» COBCEM He HY>KHEI B THADOMETEODOAOTHH, HO, TOXKAAYH, UX TOA-
TOTOBKY CAEAOBAAO OBl OPTAHU30BATE KaK-HUGYAR MHAve. BeAb npu
TOM JKe CpOKe 00y4eHusl CTyAeHTaM 3TUX CIHENUaABHOCTEH IPHXO-
AUTCS U3Y49aTh «CBOM» AUCHUIAUHEL. DTO ¥ MAKPOIKOHOMUKA, U MUK-
POSKOHOMUKA, M MAPKETHHT, U AOTHCTHKA, ¥ OyXTarTepCKuti yueT, u
MHOTrOe-MHOTO€e ApyToe. A BeAb CPOK 06y4eHust B YHUBEPCHUTETE 0C~
TaACS TPEXHUM, DTU CTICUMAABHEIC AUCITUTIAMHEI U3YYa0TCS 38 CYeT
4aCoB, KOTOPEIE PaHBILE IPeAHA3HAYAAUCH AASI U3YIEHUS] METEOPO-
AOTUYECKUX AUCIUTIAWH. ,

B pesyapTaTe OKa3ar0Ch, YTO BEITYCKHUKH «MOAHBIX», HO He-
TPAAULMOHHEIX A BY3a CIIELUAABHOCTEH TAOXO0 3HAIOT METEOPOAO-
THI0. 3TO He UX BUHA, a UX O6epd. Beap HOCAE OKOHYAHWS YHUBEDCHU-
TeTa MOAOAOMY CIIEIMAAMCTY paboTopaTeAr GyAET NAATUTE 3apIira-
TY TOABKO B TOM CAyYae, €CAM 3TOT CIIeIMaANCT eMy HyXXeH. Ecan xe
"3TO CIIEITMAANICT, HAIpUMep, IO CBA3U C O0MECTBeHHOCTLIO, TO OH
AOAJKEH 3HATH, XOPOWIO 3HATH, YEM 3aHMUMAETCs ero PupMa, yMerb
paccxasa'rb 06 9TOM TEM AMIlaM, KOTOpEIE 3HAIOT O PupMe ele MeHb-
uie, 4eM OH, U TeM CaMEIM YBEAUYHTE 00beM NPOAAXK U3peAult dup-
Mei. Ecan Ke PupMa He MPOU3BOAUT HHUKAKUX TOBAPOB, TO HY)KHO
IOCTapaThCs TaK MPEACTABUTE ee, YTOOH 3TO 6HIAC uHTepecHo. Tor-
Ad BMeCTe ¢ 3TOo¥M uHoOpManuel (HalpuMep, HIPOTHO30M ITOIOARI)
«TIOMAET» PEKAAMa, 3a KOTOPYIO (pupMa GyAeT HOAyIaTh AeHBI'H, a
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CIEIVAAKCT — 3aPIAATY. B IPOTHBHOM CAYYaE COCIMAAMCT IO CBS-
31 ¢ OOECTReHHOCTLIO A (DUPMEL OKAKeTCS HAXACGHUKOM U Oy-
A€T YBOAEH. ‘

Boaee uau MeHee IIPEACTABASIS BCIO 3Ty «KyXHIO» MEI PeILMAN
Hanucars yaeOHoe nocobue «IIpURAAAHAS METEOPOACIUST», B KOTO-
POM B yIIPOLIEHHOM BUAE IPEACTABUTh BCE OCHOBHEIE IPOIECCEL, TPO-
HACXOAsIIME B aTMOocdepe, YUHTHIBAS FYMAaHWTAPHYIO HATIPABACH-
HOCTBH HETPAAULMOHHBIX CITeIIUaAbHOCTEH, A0 MEHUMYMAa COKpalle-
HO KOAWYECTBO POPMYA U MaTeMaTUIeCKUX BHIKAAAOK U BEIBOAOB, a
OCHOBHOE BHHMAaHHe YACACHO (DU3UYECKOMY CMBICAY HPOUCXOASIIUX
BarMmocdepe nponeccos. TakuM o6pa3oM, TOAYIUACT «OYKBapH» AAT
CTYACHTOB, KOTOPBIX IO3BOAUT HAIIUM BHITYCKHUKAM AOCTATOYHO XO-
POIIO 3HATE a3k METEOPOAOTHM,

B aroM yue6HOM HOCOGUY MU3A0KEHB OCHOBHBIE BOIPOCHL 06-
el MeTeOPOAOTHH, AMHAMUYMECKON W CUHONTHYECKON MEeTeOpOoAO-
UM, KAUMATOAOTUU Y APYTHX METEOPOAOTUYECKUX Avciunaud. 1o
BO3MOKHOCTH B HeM 3aTPATHBAIOTCH U 5KOHOMUYECKUEe NPOOAEMEL,
CBSI3QHHBIE C PA3AMYHLIME METEOPOAOTUYECKIMY ABACHUSMH.

Yyebroe mocobue pacCINTaHO Ha CTYACHTOR — THMAPOMeTeopo-
AOTOR, AAS KOTOPEIX METEOPOAOrUA He dBAIETCS OCHOBHBEIM OpeaMe-
TOM. D10 IocobHe OYAET TaKKe NOAE3HO CTYAEHTAM THAPOMEeTeoPO-
AOTHYECKUX TeXHUKYMOB, KyPCAHTAM ACTHEIX YUUAMIL ¥ ADYTHM CIie-
[AAAMCTaM, KOTOPBIM HY>KHEI AOCTATOYHEIE ¥ XOPOIIHe 3HAHUA B 06-
AQCTVI'METEOPOAOTYY, HO 0e3 CepresHol MaTeMaTUKH, 6€3 KOTOpOoH
«BOABIIAS METEOPOAOTHA» OGOMTHCH HE MOJKET.



BBEAEHUE

MBI )KUBEM Ha IA@HETE 3eMAS — IIAaHETe COAHEYHOM CUCTEMEL,
M 3HAeM, 9To MAGHETA 3eMAA HMeeT aTMochepy — BO3AYLIHYIO 060-
AOUKY, THADOCGEDPY — KHAKYIO OBOAOUKY, AUTOCGHEDPY — TBEPAVIO
060A0UKY ¥ Buocdepy — XUBYIO OOONOYKY, & BepHEee — JKU3Hb, BO
BCEX TpeX IepeduuCAeHHEBIX BEIIIe 000A0UKax 3emaH., [IpoteccH, npo-
HUCXOAdAIIHNE BO BCeX 0DOAOUKaX 3eMAM B3aUMOCBSI3aHEL, U UX HEAb3S
OTPHIBaTH OAUH OT ApyToro. OAHAKO Pa3BHTUEe HayKU Ha 3eMAe IpH-
BEAO K TOMY, 9TO K&KAYIO OOOAOUKY, KaXkAYIo cdepy celrdac usyda-
FOT PA3HBIE CIIeL[UaANCTEL AUTOChEDPY — TeOAOTH U re0U3HKY, TUA-
pocdepy — THADPOAOTH M OKEaHOAOrH, buocdepy — GHOAOTH, & aT-
Mocdepy — METEOPOAOTH.

Memeopoaorusa — Hayxa, U3ydaronias GU3N4IeCKue ABACHW U
IIPOIECCH], TPOUCXOASIINE B aTMocdepe, U UX B3aUMOAEHCTBHE C
MMOBEPXHOCTHIO 3eMAHM (BoAa vinu cyia). CAOBO «MeTeOpOAOTHA» IIPO-
M3OMIAC OT ABYX IPEYECKUX CAOB: KMETEOP», YT0 03Ha4AeT Arboe IB-
ACHHE, TPOUCKOAZNee Ha HeOe, M «AOTOC», YTO O3HAYAeT U3yUeHHUE.

He Bcerpa naaHeTa 3eMasa OblAa TAKOMW, KaK MBI ee cefuac npea-
crasasieM. [IpumepHO 4,5 MUAAMADAA ACT Ha3ap BO BceaeHHOM AeTan
OTPOMHEIM OYABDKHUK auamMeTpoM oKoao 13000 xm. Ilonae B moae
npuTsOKeHus: «Keatoro Kapauka» - COAHIEG, 3TOT OYABDKHUK CTaA
OAHO¥ M3 IAQHET CONHEUHOM CHCTEME]L, KOTOPYIO MbI TeNieph Ha3kiBa-
eM 3emaeti. CHayanra 3eMAS IIPEACTaBARAR COGOM GOALIIOH U XOAOA-
HBIY KaMeHb. BHYTDH 3TOr0 KaMHS IOCTENICHHO CTAAC YRBEAUYHBATE-
Csl AGBACHME, ¥ KaK CAGACTBHE — YBeAMUYMBATLCH TeMmepaTtypa. Ka-
MeHb CTaA IAABUTECH, U HAYaAaCh BYAKAHUUECKAS ACATEABHOCTE.

B BEHIGpaCEIBaeMEIX [TPH U3Be PIKEHUU BYAKAHOB IIOPOAAX COARD-
JKaA0CH 7% BOABI (BOASIHOTO TIapa) ¥ OKOAO 1% rasoB, IpUdYeM KMCAC-
POA B 3THX I'a3ax OBIA TOABKO B CB3aHHOM COCTOSIHIU. 3@ BpeM{ Cy-
I1eCTBOBAHUS 3eMAHM ByAKaHBI BEIGPOCHAHM Ha IOBEPXHOCTL OTPOM-
HYIO MaccCy BellleCTBa, TEM CAMEIM CO3AaB 3€MHYIO KODY.

TTpumepHo uepe3 3 MHAAMADAA AST Ha MOBEPXHOCTH NAQHETHI
IOSAABUAACH BOAQ, & B OKPY’XAwIlleM IPOCTpaHCTBe — arMocdepa.
Bopa, 3allOAHAS HU3UHE Ha IAGHETe, IIPUBeAd K HOsIBACHHUIO MOpelt
¥ OKEaHOB, a 3aTeM IIOCTEMEHHO B OKeaHaX 3apOAUAACE KU 3HE.

Bririle YIIOMSHYTa OAHA 13 FMIIOTe3 BO3ZHUKHOBEHUSA 38MAU KaK
naadetsl. Hy a Tenepb MBI ¢ BaMy OYAEM U3yYaTh U 3HAKOMUTBCS C
IIpolleccaMy, IPOUCXOASIINMY B aTMochepe 3eMan. CaMo CAOBO «aT-
Mocdepar, 0603HaYA0IIEE BO3AYIHHEINA OKeaH, COCTOUT U3 ABYX I'De-
YeCKHUX CAOB: «aTMOC» — Iap, u «ctepa» - map. OTO Ha3BaHUe yIIOT-
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pebasin ellle APHCTOTEAB, & B PYCCKYIO HayKy ero BeBea M. B. Aomo-
HOCOB.

Bce >XHU3HeHHEIE TIPOIECCH Ha 3eMAe CBI3aHbI ¢ aTMOCHEpOH.
ABIXaHNe YeAOBeKa U JKUBOTHEIX — 3TO OKHUCA€HHE KPOBH KUCAOPO-
AOM BO3ayXa. Korpa MBI 3aJKMI'a€M OTOHB, YTOOB! IPUTOTOBUTE THIY
U 3aTIMTUTE Ce0s OT XOA0AQ, MBL HCIIOAB3YEM KMCAODPOA BO3AYXa. MEI
TOBOPHUM ADPYT C ADYTOM, @ BEAL 3BYK — 3TO BOAHLI B BO3AYHIHOM OKe-
ade. 7KUBs Ha AHE 3TOT'O OKEaHa, MBI UM ABIIINM U CYLUECTBYeM, KaK
SKUBYT ¥ ABIIAT PHIGET B BOAE,

7Ku3Hb, NPAKTHKA CTABUT IIePeA HAYKOU BO BCEM MUpe 3aAady
TIO3HAHUS 3aKOHOB 1 38KOHOMEPHOCTE M BCEX TPOUCKOAIIIUX Ha 3eM-
Ae TIPOIIeCCOB C HEeABI0 B IIOCASAVIONIIEM HAYYHUTECS YIPABAATE STH-~
MH ITponieccaMu. B 3ToM NAaHe u mepep MeTeOPOAOTHel CTOUT 3aAa-
4a IIO3HAHUSA aTMOCGEPHEIX IPOHECCOB C IEABIO B IIOCACAVIOIIEM Ha-
VIUTECS YIIPABASTD UMH.

W3ydeHHEIe 3aKOHEBI U 3aKOHOMEPHOCTH B pa3BUTHU aTMocdep-
HEIX ITPOIECCOB UCIIOAB3YIOTCSA CeHYac AL PellleHUs Pa3ANYHLIX IIPaK-
TUYECKHX 33734, CPEAU KOTOPHIX BasKHeNIIeH IBAFETCS IIPEACKA3aHue
(mporHo3) noroakl Telleps Ha OUepeAU ApyTas BasKHeHIas 3apada —
yIpasaeHHe IOTop0!H. Ee pellienve TOABKO-TOABKO HAYMHAETCS,

MeTeopoAOTHS N3YHaET OTPDOMHOE YUCAO PA3AWYHEIX SIBACHHUH,
IMIPOUCXOAAIINX B aTMocdepe. EcTecTBeHHO, UTO IIpU 3TOM €U He
0B0UTHUCE 6e3 APYTUX HayK, 0e3 UX AOCTUKeHU.

W3zyueHne METEOPOAOTNY HEMEBICANMO 63 Cephe3HHIX IT03HAHUY
B 0OAAQCTHU BEICIIEW MATEMATUKY, (DH3HKY, XUMUY, ACTPOHOMUH, a9PO-
THAPOMEXAaHUKH, reorpadui U HeAOTO PSIAA APYTHX HayK.

MeTeopoAOTHsI OTHOCHUTCS K Pa3PSAAY HayK Teo(U3udecKux, Tak
KaK ITporieccsl B armocdepe TeCHO CBA3aHbI C TEM, UTO ITPOUCXOAUT B
IIOBEPXHOCTHOM CAOE 3eMHOM KOPHI U B BOAHOU 000AOURE 3€MHOTO
mapa. BoT Mo3ToMy HMeeT MeCTO OYeHb TeCHAs CBA3b METEOPOAOTHH C
TAKVIMH HAYKAMH¥, KaK OKeaHOAOTHS, (PHU3HKa MODS, THADOAOTHS U T.A,

Ve B koHne X1X BeKa B METEOPOAOTHH HAMETUAOCE TEHACH-
O#s K OQOPMAEHHIO OTAEABHEIX KPYIIHEIX PA3A€AOB B BUAE CAMOCTO-
STE@ABHBIX HAYIHBIX AUCTIUIIAMH. B HaCTOsI €€ BpeMsI METEO POAOTHIO
KaK eAMHYIO HAYKy MOJKHO IIOADA3ASAUTE Ha CAEAYIONNE CaMOCTOs-
TeAbHBIE AUCHUIIAHUHEIL, '

Qusuka ammMoc@epsl NIPeACTaBAsieT cOO0H yieHue o pusndec-
KHUX SIBA€HUSIX U IIPONeccaXx, IPOUCXoAIIUX B atmocdepe. OcHOB-
HOe BHUMaHUE 3AeCh VAGACHO CTPYKTYPe aTMOC(EepPHEIX ABACHUM U
IPOIECCOB U HAa YCTAHOBACHUH CBA3€H MeXXAY Pa3SAUYHEIMU METEO-
POAOTHYECKUMU BEAWUHHAMHU U SBACHUSIMH [IOFOALL.
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Memeopoaoruveckue uaMeperus u npubopst. ITO Teneps TOXe
OTAEABHAS U OYEHD Ba)kKHasl HayKa. Hy>XHo co3AaTh npubop, HyXHO,
9YTOORI OH HPABUABHO U3MePSA 3aAaHHEIE TAPaMEeTPEH], HY)KHO, YTO-
OBl ero XapaKTepUCTUKH OTBEYBAH MEKAYHAPOAHEIM TpeGoBaHuIM
¥ MHPOBEIM CTaHAAPTaM. '

Aspoaorus. 3To HayKa O BEICOKUX CAOSIX aTMOCdepH], 0 cBo6oA-
Hot aTMocdepe. C TOMOIIBIO a3POACTHISCKUX HaOAKACHMI CHada-
Ad M3MEpSIIOT, & IOTOM QHAAM3UPYIOT CBOMCTBA BO3AYXa M Pa3AMy-
HBIX aTMOC(GEPHEIX TPOIECCOB, MPOUCXOASNINX Ha Pa3HEIX BRICOTAX.
3TO, IPe’RAE BCETo, HABAIOASHMSI 32 BETPOM, aTMOC(hEPHEIM AaBAE-
HMEM, TeMIIePaTypOH U BAXKHOCTBIO AO BEICOTEI OKOAO 40 kM. Takue
HaBAIOACHMS BO BCEM MUpPe IIPOBOASATCS PETYASPHO € IOMOUIBIO Ia-
POB-IIMAOTOB HAY PAAHO30HAOB. '

AuHamuieckas MEMeopoAsrus. DTa HaydHasi AUCHUIIAMHA, 3878~
yer KOTOPOM SIBASIETCH U3YUeHMEe aTMOC(EPHEIX ABMIKEHUMN M CBs-
3aHHBIX C HUMH Ipeobpa3oBaHul sHepruu B atMocdepe nyreM pe-
IIEeHUs YpaBHEHUM I'MADOAMHAMUKY U TepMopuHAMUKH. OCHOBHASA
IpakTHYeCKas 3apaua AMHaMUYeCKOM MeTeOPOAOTHY — pa3paboTka
METOAOB THAPOAMHAMUYECKOTO MOASANPOBaHMS ATMOCGHEPHEIX IPO-
LECCOB C HeABI0 X YHCACHHOTO IIPOTHO34.

CnymHUKOBAA MEMEOPOAOTrUs. DTa HayKa pa3pabaTeIiBaeT MeTo-
ABI H3V4eHHs aTMOC(hePH M3 KOCMOCa. 3a COPOK C AHIIHUM ALT, KO-
TOPEIE IIPOIIAY IIOCAE 3allyCKOB HePBHIX HCKYCCTBEHHBIX CIIYTHUKOB
3eMAH, Y9€HLIMY HAaKOIAEH OIPOMHEIM MATePHaA U IPHOBPETEH or-
POMHEIM OIBIT UCTIOAB30BAHUS CIYTHUKOBOM METEOPOAOTHYECKON
nHGOPMAIUY AMT M3YISHMS Hallel aTMOC(epHL.

Cunonmuueckas MemeopoAorus. OT0 HayKa, U3y4alolas 3aKo-
HOMEPHOCTH U3MeHeHU s IOTOAB] 1 BO3MOXKHOCTH €€ IpeACKa3aHus.
OCHOBHEIM METOAOM 3TOM AUCLHUIAMHM SIBASIETCH CHHONTHYCCKUL
METOA, KOTOPEIM 3aKAIOUAETCSI B AHAAU3€e aTMOCHEPHEIX POLIECCOR
C IOMOIIBIO CUHONTHYE CKUX KAPT HAK APYTHX KapT HOTOARL 3TH Kap-
TBI HPEACTABASIOT COO0H reorpauieckue KapTH C HaHeCeHHBIMU
Ha HUX AQHHBIMU MEeTE€OPOAOIUYEeCKHX HAOAIOACHUM U H3MepeHuH
33 OAMH M TOT JKe CPOK. K CHHONTUYECKOM METEOPOAOTHH CACAYET
OTHECTH W JOAI'OCDOUHBlE NNPOTHO3bL NOrOghl, KOTOPEIE yxXe cdop-
MHPOBAAUCEH K&K CAMOCTOSTEABHAA HAYKa, CAMOCTOSATEABHAA AUC-
OUNAUHA.

PaguoroxayuonHas memeopoArorus. PapnoAoKauMoHHAs MeTeO-
POAOIHSI 3TO HayKa, KOTOpasi 3aHMMAaeTCs UCCACAOBAaHHEM IIPOIeC-
CcOB B aTMOC(epe C TOMOUIBID CIHEHNAABHEIX PaAHMOAOKALHOHHEIX
cTagnuil. PaproAOKaIMOHHEIE CTAHINKA B METEOPOAOTUH MOKHO HC-
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[OABL3OBATH AAST U3YUYEHHS U HCCASAOBAHUS 30H OCAAKOB, TPOS3, aT-
MOCKhepHEIX QPOHTOB U APYI'HX SIBASHUH.

Kaumamoaorus. D10 yueHHe O 3aKOHOMEPHOCTSAX (POPMHUPOBa-
HUS KAUMAaTa B Pa3ANYHEIX reorpaduyeckux parioHax. Kaumarom Ha-
3BIBAIOT MHOTOASTHHMM, XaPaKTePHLIN AN AQHHOTO PAMOHA perRuM
IIOTOABI, O6YCAOBAEHHBIV IIPUTOKOM COAHEUHOH pAAMAIMH, CROHCTBA-
MU 3€MHOM HOBEPXHOCTH ¥ aTMOCHepHOH nupKyAsuuen. B mocae-
AHE€e BpeMsi B KAMMaTOAOT UM OOABIIIOS BHUMAHUE YACAALTCS IpoGAe-
MaM H3MEHEeHHUS KAUMaTa U AMHAMUYeCKOM KAUMaTOAOTHH.

Ipukragnas memeopoaorus. 3apaves 3TOM HaYIHOM AUCIUIAK-
HEI SIBASIETCSI pa3paboTKa METOAOB ODecCledeHus pa3AudYHEIX OTpac-
Ael XO3MCTBa TaKOH HHGOpMaIHel O HOTOAE H B TAKOM KOAHYECTBE,
9TOOEI 3Td OTPACAb CMOI'AG A0 MHHHMYMAa CBECTH CBOH HOTEPH OT HO-
TOAHEIX yCcAoBHH. CeMYac y’Ke MOKHO rOBODHUTE O CYIeCTBOBAHUH
arpoOMeTeOPOAOTHH, aBHAIIIOHHOM METEOPOAOTUH, MEAUIIMHCKOM Me-
TeOPOAOTHH (0MOMETEOPOAOTHH), METEOPOAOTUH AAS HA3eMHOTrO
TPaHCIOPTa, BOEHHOM METEOPOAOTUN U T.A. Kak rOBOPHUTCS, «Ha BEI-
X0AE» 3KOHOMUYECKAas: MeTEOPOAOTHs], CIODPTHBHAS METEOPOAOTHS,
METEOPOAOTHS A AGAOBEIX AIOAEH U TIP., ¥ TP,

1. CTPOEHHUE 1 COCTAB ATMOCQEPHI

ATMochepa IpeACTaBAsieT coB0i MeXaHIIECKYIO CMEeCh ra30B.
OCHOBHBIMY ra3aMu, U3 KOTOPBIX ¥ COCTOUT Hala aTMocdepa, SBAs-
1oTcs: a3oT (N,), kucaopoa (O,) u apron (Ar). IToaaraioT, 94To UX KO-
AMYECTBO MOKHO CYATAThL NOCTOSSHHEIM. KpoMe TOTOo, B COCTaB aTMOC-
depHOTO BO3AYXA BXOAST B IEPEeMEeHHBIX KOAUYECTBaX BOASHOU map
(H,0O), yraekucasiras (CO,) u 0304 (O,). B oyens HeGOABLIIOM KOAH-
4eCTBe B aTMoC(epe NPUCYTCTBYIOT TAKHE ra3bl KaK BOAOPOA, TEAMH,
. HEOH, KCeHOH, KPUITTOH, MeTaH, a TaKXXe PsIA ADYTUX HPUPOAHBIX U
TIPOMBINIAEHHEIX Ia30B.

Ecau usz atmocdepr! y6paTs HepeMeHHEBIE COCTABASIONINE, TO
Ha AOAIO OCHOBHBIX ra30B nNpuxoAuTcs 99,97% ot o6beMa Bcew ar-
Mocdepsr (azoT — 78,09%, xucaopoa — 20,95%, apron — 0,93%), a
Ha AOAIO OCTAaABHBEIX razoB — Bcero 0,03%. C oAHOM CTOPOHEL, 3TO
OYeHE MaAO, OAHAKO, C APYTOH CTOPOHEL, A@’Ke TAKOTO KOAHYECTBa
«OCTAABHEIX Tda30B» AQCTATOYHO AAST TOTO, YTOGHE! MX BAUSHHUE Ha
pasAMYHBIE IPOLECCH Ha 3eMAe OBIAC 3aMeTHEIM. B mpoieHTHOM
OTHOIIEHWH COCTaB BO3AYXA MPAKTUUECKH HE MEHSIETCS AO BLICOT
Bonee 25-30 rM.
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KoaudecTso yrAEKHCAOTO Ta3a B arMocdepe RoAeBGAeT s, TaK KaK
33aBHCHUT OT HPOIIeCCOB ABIXaHWs, TOPEHUS M HAAUIHS PaCTUTEABHOC-
TH B AGHHOM perucHe. CoaepiKaHue yrAeKHCAOTO ras3a B GOABLIUX ro-
POASX ¥ IPOMBIIIAEHHBIX HEHTPaX HeCKOABKO 6oabie 0,04% (B cean-
CKOM MeCTHOCTH — 0K0AO 0,02%). CopepiKaHMe YTAEKHCAOTO rasa B
armocdepe HOUBIO BOABIIE, YEM AHEM, TaK KaK PACTEHHSA B TEMHOTE
[IepeCcTaloT YCBAaUBAThL YTACKHCABIH ras.

BoasHoI Dap B atMocdepe cOAepRUTCS B GOAbIIIEM KOAUYECTRE,
4eM YTAEKMCARIN ra3. Ero KoamuecTBO KoAeGAETCS B 3HAUUTEABHBIX
npeaesax U MoxeT MeHAThCs ot 0,2 a0 4,0%.

O3zona B atMocdepe enje MeHbIIE, B IPO1leHTHOM OTHOIIEHHYU
030H cocraBaser Bcero 10° % obuiero o6bemMa aTMOChEpH], HO 3TO
TOKE OYEeHb BaJKHBIH ra3. bea Hero Ha 3eMAe U3MEHHAACE, 8 MOJKET, |
nponanaa OB, BCS )KU3HbD.

[MepeMeHHBIE COCTABASIIONINE aTMOCHEPHOTO BO3AYXA UMEIOT
OrPOMHOEe 3HauyeHHe MOTOMY, YTO OYeHb CUABHO IIOTAOMIAIOT PajHa-
LU0 (YyTAEKHCABIN a3 U BOASHON nap — MHQpakpacHylo, U3AyYae-
MYIO 3eMHOH [IOBEPXHOCTLIO M aTMoCdepoit, a 0308 — yAbTpaduo-
AETOBYIO, ITOCTYNAIIIYIO HA BEPXHIOK IPaHMUITY aTMOCQEPH]), ¥ TeM
CaMBIM OKa3BIBAIOT CYIIeCTBEHHOE BAUSHUE Ha TeMIIePaTypHLIHA pe-
JKUM 3€MAU U aTMOC(EDHL.

Bosayx, He copepiKaliuyi BOASHOTO IIapa, Ha3bIBAIOT CYXUM, &
MEeXaHHYeCKyIO CMeCh CyXOTO BO3AYXA M BOASHOTO 1apa Ha3kIBaIOT
BA@XHBIM BO3AYXOM.

Krazam atMocdepBOro BO3AyXa B eCTECTBEHHEBIX YCAOBHUAX BCe-
raa NpUMeIIaHbl TBEPABIE U JKUAKHE B3BellleHHBIe YaCTHIIEL {aTMOC-
(depHEBIE a3P030AH), & YBCTH MOAEKYA BO3AYXa MOHH3UPOBaHa.

BepTukarrHas IPOTIXKEHHOCTE aTMOCHEPE COCTABASIET OKOAO
2000 kM, OAHAKO TIOAOBUHA BCEH €€ MAaCChl HaXOAUTCH B HUDKHEM II-
TUKUAOMETPOBOM CA0€, 75% Macchl — B cAaoe A0 10 kM, 90% Maccer —
B croe A0 16 kM u 95% Macchl - B caoe a0 20 kM. Pezkoil BepxHeit
TPaHULE aTMOC]ephl He CYWEeCTBYeT — OHa IPOCTO HOCTeNEeHHO He-
PEXOAUT B MEXKIAAHETHOE IIPOCTPAHCTBO.

He3naunTeAbHas: BePTUKAABHASA IPOTSIKEHHOCTS OCHOBHOTO (110
Macce) caost aTMocthepH 10 CPaBHEHMIO C €€ TOPUIOHTAABHOM IIPO-
TSDKEHHOCTHIO IPUBOAUT K TOMY, YTO U BePTUKaAbHBIE MaciiTabrl Ha-
OAI0AQEMBIX B @aTMOC(hepe IBAGHUH U IIPOIeCCOB OKa3bIBAIOTCS 3Ha-
YUTEABHO MEHBIIe UX TOPU30OHTAABHBIX MacTaboB. MeTeopoaoru-
YeckHe 06BEKTH UMEIOT FTOPU30HTAARHEIE PAa3MepPHl B COTHU H THICS-
Y¥ KHAOMETPOB, @ IO BePTHUKaAU PacHpPOCTPAHSAIOTCA BCEro Ha He-
CKOABKO KMAOMETPOB,



ITo couMM (hU3UYECKUM CBOMCTBAM aTMOCHEpPa HEOAHODOAHA
KaK 10 TOPU30HTAaAY, TaK ¥ ITO BepTUKaAM. [ To ropuzoHTaru aTMocde-
PV 3€MAU «AEASIT» Ha PA3AMTIHEIE BO3AYIIHBIE MACCH], XapPaKTePUCTAKH
KOTOPBIX 3@BUCAT OT paiioHa chOpMUPOBaHHMS 3TOM MACCH], & 10 BepTH-
KAAHM — HA NATH QCHOBHHIX CAOEB, KOTOPHIE HARLIBAIOT «Chepamuy,

O pasAMYHLIX BO3AYUIHBIX MACCAX MBI IOFOBOPHM C BAMH B IXOC-
AEAYIOIINX TAdBaX 3TOH KHUI'M. OCHOBHOM XapaKTEPUCTUKOM KaiK-
AOTO CADSI aTMOCheDH ABASETCSI pacIpeAereHue B HeM ({10 BepTUKa-
AY) TeMIEPAaTypPhI BO3AYXA.

CaMpll HUKHUH CAOM aTMOChEDH! Ha3bIBaeTC s mpPonochepotl.
OTOT CAOM IPOCTUPaETCs AOC BBICOTEE 10-12 KM B yMepeHHBIX HIUPO-
Tax, A0 BHICOTHI §-10 KM B IIOASIPHBEIX OGAACTSAX ¥ AO BHICOTH 16-18 kM
B TpomMKax. Tponocdepa B GOABILIEH CTEIEHH, YeM APYTHe CAOH aT-
mMocdeps!, ToABEep>KEHa BAUSHUIO 3€MHOM HOBepXHOCTH. B Tpomoc-
depe HaOAIOAGETCS TIOCTOSTHHOE M IOCTEIleHHOe YOBIBAHNE TeMIle-
paTypH BO3AYXa C BEICOTOM. DTO CBA3aHO C TeM, YTO Tponocdepa Io-
Ay4YaeT TelIAO TAGBHBIM 06Pa30M OT IOBEPXHOCTH 3€MAH, TIOTACHIAIONIEN
COAHEYHYIO papmariuio. [ToaToMy, COBEPIIEHHO OUeBUAHO, YTO 4EM AADL-
Ille OT 3eMHOMH [TI0BEPXHOCTH HAXOAUTCH BO3AYX, TEM OH XOACAHER,

BcaeacTBUE HEPABHOMEPHOTO PACIPEACAEHUS TEUA U MaCCHI
BO3AYXa B Tponocdepe B HeH IPOUCXOAUT TOCTOSHHOE ABHIKEHHUE
K&K B TOPU30HTAABHOM, TaK ¥ B BEPTUKAABHOM HallpaBAeHusx. Boc-
XOAsIIHE ABIMKEHUSA BO3AYXA IPUBOAST IO K OXAAKAEHNIO, KOHAEH-
CaIiy BOASHOTO IIapa U KakK CAeACTBUE — K 00pa30BaHUIO OOAEKOB.
KpomMe Toro, nepeMelimBatme Bo3AyXa B Tponocdepe BEI3LIBACTCA
MeXaHMYeCKUM BO3AEHCTBUEM HEePOBHOCTEH 3€MHOH IOBEPXHOCTH
Ha [lepeMeIaiommecs BO3AYITHERIE MaCCHL

B Tponocdepe cocpeporoderno npuMepro 80% BCcel MacCh aT-
Mocdepsr. AAst HUKHeH YaCTH TPOIIOC(hephl XapaKTePHO CHABHOE 3a-
neiAeHHe Bo3ayxa. Camere HkHKe 50-250 M armMocdepsr 06pasyroT
npu3emHsll CAOU, & HUSKHUM CAOW aTMocdepsl TOAIIMHOU B 1-2 kM
oOpa3syeT norparudHbll cAold. VIHOTAQ MOTPAaHUYHEIN CAOM HA3BIBA-
IOT HIDKHEH Tporocdepo, CACH oT 2 A0 6-7 KM — cpeaHel TPomoc-
depoii, a BhIIIE §-7 KM HAXOAUTCS BepxHasa Tponocdepa. B Tpomoc-
depe DOPMUPYIOTCT BOSAVIIHEIE MACCHI M PA3ASASIIONIHE UX aTMOC-
depHBIe DPOHTEHL, PA3BUBAOTCS U UCUE3AI0T ITUKAOHEI 1 AHTUITUKAO-
HBI, KOTOPBIE MHOTAG PAClPOCTPaHAIOTCS U Ha CAEAVIOLTHE CAOH aT-
Mocdepsl — crparocdepy. Ilepexoausi#i cao# OT Tponocdeps K
cTpaTocdepe Ha3EBAETCS Mpononay3ou.

Tpononaysa #MeeT TOANIUHY OT HECKOABKMX COTEH METPOB AO
HECKOABKUX KHAOMETPORB. B 3TOM IepexoAHOM CAOe 3aMeAAIeTC st Xa-
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PakTepHOe AAS Tponocdeps! HOHM)KEeHHe TeMIIePaTyPhi, KOTOpast C
YBEAWYEHMEM BBICOTEI MOXEeT 0CTaBaThCsI IOCTOSIHHOM (M30TEpMHUS)
MAW TIOBBIIATECS (MEBEPCHUs). [Topa TpONOnay30# MoXeT HabATOAATh-
Cs1 30Ha CHABHBIX BETDPOB (CTPYHHEIE TEUEHMS) M HECKOABKO yXyAlIa-
€TCsI TOPU30HTAABHAS BUAVUMOCTE M3-38 CKONIAGHUA BOASHOrO [tapa,
TBIAYM M APYTHX 4aCTHI PA3HOTO MTPOUCXOXKACHHNS, TAK KaK Ha AOGOH
BBLICOTE MHBEPCHUS MAM U30TEPMUS SIBASIIOTCS 38A€PKUBAIOIIIM CAO-
€M AASL BCAKOTO POAAQ TpUMecel U BePTUKAABHBIX ABMIKEHUH,

Smo unmepecHo:

BroAHe eCTeCTBEHHO, UTO BLICOTA TPONONAay3sl B OOABINIEH
CTelleHH, 4eM KOro-Aubo ApyToro, MHTepeCyeT aBHaluIo. AeTYHKH
TIPH TIOAYYEHUN METEOPOAOTHIECKOM MHPOPMALMY OY€Hb YaCTO UH-
TEePeCcyroTCsa TpOHOHaYSOI‘/'I. Takoe «TpeneTHOe» OTHOUIEHNE K 3TOMY
IEPEXOAHOMY CAOIO aTMOCHEDE], CKOPEE BCETD, HE HeOOXOAUMOCTS,
a AAHb MOAE ¥ YBKEHUE CTaphIX TPAAUIiL. Bee AeA0 B TOM, UTO MOC-
A€ TIOSBAEHUS NePBEIX PEaKTUBHEIX CaMOASTOB B 50-X ropAax HpOILAC-
TO CTOAeTHS BOEHHEIM AeTUYXKaM IIAATHAW 38 BHIIOAHEHMe HOAETa B
cTtparocdepe. [aaTa ObIAG 3aMeTHON: | pyOAR 3@ MHHYTY CTpParoc-
¢epHOro noaera. ECAn y4ecTs, YTO B Te€ FOABL 3aPIIAQTA AETYMKA HE
npesbiliara 300 pyGael, a caMOAeT MOT HaXOAMTLCSA B cTpaTocdepe
A0 4 yacoB 1 GoAee, TO CTAHOBUTCA IOHSTHEIM MHTEPEC AETYUKA K
BBICOTE TPONONAY3LL. Beap, ecam 3apaHHas BEIcoTa noaeta 11000 M, a
BEICOTA Tpononayssl 10900 M, To moAyun csou 240 pySae# 3a cTpa-
TOC(OEPHBIN TIOAET, & eCAM Ha000POT, TO, M3BHUHUTE, ACTIUKY HUYETO
He TIOAAraeTCst. BOT ¢ STUX mOp U «[OAIOGHAH» AeTYMKH TPOTIOTAy3y.

U elnje 0AHO HHTEPECHOE 0OCTOSITEALCTBO. ECAM BBl A@THTE B Ca-
MOAETe, a IOAET BLIIOAHSIETCS Ha BEICOTE, SAM3KOH K BBICOTE TPOIIO-
TIQY 3k, TO TPOIOIIAY 3y MOYKHO YBHAETEL CROMMM FAd3aMi. [oa Tpomo-
nay3o# He6o OyAeT GenrechM, IOYTH CEPHIM, & BHIIIE TPOTIONAY3Hl —
NPO3PavYHEIM, CHHHM MAM Ad)Ke MOYTH (PuOAeTOBBIM. I'DaHuUIla MEXK-
AY «CEepBLIM M CUHKM HeOOM» BEAHA OYEHBb XOPOIIO, DTO U €CThL TPO-
ronaysa. 3Hast 3TO, BBl MOXKETE «YOUTHE» CBOMX 3HAKOMLIX M He3Ha-
KOMEIX IIONYTYHKOB, II0KA3aB UM TPONIONAy3y.

Cmpamocgepa — 3To cAOH aTMochephl, HaXOASINUNCSA Ha BEI-
COTax OT BePXHeH IPaHHIBl TPOIIOCQEPH! (OT TPOIOay3kl) A0 BEHICO-
THI 45-50 kM. 3peCh TeMmTIepaTypa AC BBICOTHI 25-30 KM OCTaeTcs npax-
THYeCKH MOCTOSTHHOM, & 32TeM PACTeT, U Ha ee BepXHel rpauulie A0-
cruraet 3HaveHu#, 6an3kux K 0°C. PacnpeaeaeHue TeMepaTypsl B
crpaToctepe u ee KoreBaHUg B OCHOBHOM ONPEAEASIIOTCS CAOEM 030-
Ha, MAaKCHMaALHOE COAEPIKaHUe KOTOPOro OTMEeYaeTCs Ha BLICOTax
22-25 KM, a BepXH4Is FPaHNNE O30HOBOIO CAOSI K&K PA3 HaXOAMTCS Ha
BBEICOTE OKOAO 50 KM.
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A0 HepAaBHErO BpeMeHM CYUTAAOCH, 9TO CTpaTocdepa sRAgeTCs
AOCTATOYHO CIOKOMHEIM CAOEM arMocdepHl, TakK KaK Ha 3THUX BBICO-
Tax arMocdepa CTPaTuGHIHPOBaHa YCTOMYNBO. DTO 3HAYUT, YTO B
crpaTocepe He AOAKHO OBITH BEPTHKAABHBIX ABHIKEHMI BO3AYXA,
OOGAAKOB, CUABHEIX BETPOBR, CUALHON TYPOYAGHTHOCTM ¥ ADYIMY He-
OAaronpuATHHIX ipAeHMH. OAHAKO OKa3aA0Ch, YT 3TO He Tak. M cTpa-
TocdepHEIe CTPYHHBIE TeYeHHs, U Pe3KHe MOTEHACHUS, U CHUALHAS
TypOYAEHTHOCTD, ¥ Aa’Ke TaK Ha3bIBaeMEIE «TIePAAGMYTPOREIe OGAa-
Ka» Ha BEIcoTax 20-30 kM HabAI0pQIOTCA B cTpaTtocdepe.

Me3socghepa pacnioaaraercs Ha BeicoTax 50-80 kM. Aas 3TOT0 CA0s
XapakTepHO NaASHHEe TeMIIEpaTyPhl BO3AYXa C BHICOTOU (030HA-TO
3AECH yKe HeT), KoTopas aocTuraeT MuaumymMma (-80, -90°C) na Bepx-
He¥ rpa”Hune caosd. BOAm3M BepxHelN rpaHullbl Me3ocdephl MHOTAA
00pasyroTcsa TOHKME 00AaKa, KOTOPBIE HA3bIBAIOT «CepeOPUCTRIME»,
INpryune: 1X 06pa30BaHKA AC KOHIA [TIOKA He M3VYEHEL

Me>xay cTparocdepoii 1 Me3ocdepoi paCIOAaTaeTCsI IePEXOA-
HEBIM cAoM — cmpamonaysa. OHa HAXOAUTCS Ha TOU BHICOTE, TAE TeM-
repaTrypa BO3AYXa Ha BEICOTaX 0KOAO 50 KM AOCTUTAeT MAKCUMYMA.

Smo unmepecHo:

Me3socdepa — caMBIl «TIXKEABIH» CAON AAS M3VICHUS aTMOC-
@®eprl. AeAo B TOM, YTO TPONocdepy U CTpaTocdepy yIeHbIe U3yJa-
10T C TIOMOIbBIO PAAVO30HAUPOBaHMA, Ha BeicoTtax 8 200-300 kM aT-
Mocdepy MOXHO M3y4aTh C IOMOIIBIO MCKYCCTBEHHBIX CITYTHUKOB
3eMAH, C TOMOIIBIO0 PAaKeTHOTO 30HAMPOBAHMUS, & BOT cAok 50-80 km
M3y49aTh HOYTH HEBO3MOKHO — HeT HapaesKalel annapaTypsl. Ore-
JecTBeHHAas U 3apyOesKHas Hayka M TpubopoCTpoeHne celivac Ipu-
ABTAIOT OOABIINE YCHAMS K TOMY, YTOOBI «CIIPABUTLCS C 9TUM Kallpu3-
HBIM CAOEM aTMOCEPEIN.

Mexay Me30chepon H CACAVIONINM IO BEICOTE CA0e aTMocde-
pbl — mepmocgepoil pacloroXeHa Me3omaysa. OTo Ta BBICOTa, Ha
KOTOPOM B PACHPEASACHHH TeMIIePAaTYPEL C BLICOTON HaOAIOAQFOTCS
MWHUMAABHBIE 3HAUEHUS TEMIIEPATYPHL.

Tepmocghepa mpeacTarasieT OGO CAON GOABLION BePTHKAABHOM
MOIITHOCTH, B KOTOPOM TeMIIepaTypa BO3AYXa HelPEePHBHO IIOBHIIIA-
eTCsl. ITOT CAOH IIPOCTUPAETCS OT BEICOTH! 80 KM (Me30may3hl) AO BEI-
coTrI 0KOA0 450-500 kM. [ToBEIIIIeHME TeMIePATYPHI BO3AYXA C BEICO-
ToM 0OBACHAETCS ITOTAOLIeHHEM KOPOTKOBOAHOBOM YaCTH AYUHCTOMN
suepruu CoaHna. Ilpy 3TOM IPOUCXOAUT paclias MOAEKYA KHCAODO-
A& ¥ a30Ta Ha aTOMEL. MBI y’Ke TOBOPHAH BEITIIE, YTO COCTAB aTMOoChe-
PBI AO BEICOTHE IpUMepHOo 25-30 KM NpakTU4eCcKy OAMHAKOB. Bulile
3TOM BBICOTHI MOASKYABI KUCAODPOAQ M @30Ta PACIAAAOTCS HA ATOMEI,
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a CAe)AOBATEARHO, B TepMoc(epe cocTas aTMOCHEDH! YIKE He TOT, YTO
B HMDKEAEKAIIHUX CAOSIX. XaPaKTePHON 0COOeHHOCTBIO TepMOoCdepH
SBAAETCS HAaAHYHE B HeH OOABIIOTO KOAMYECTBA SAEKTPHYECKH 3aps-
JKEHHBIX 4aCTHI] — MOHOB, IO9TOMY IIPH PACCMOTPEHUH SACKTPHYEC-
KWAX CBOMCTB TepMmocdeph €e 9acTO Ha3bIBaI0T «UOHOCHEpoiir.

Brie yposHs 450-500 kKM HaX0AMTCSA CAMEIN BEPXHUM CAOM aT-
Mocdepsl — 3K30chepd, KOTOPast OTA@ACHA OT TepMOCEepE mepMo-
nay3zoli. TIAOTHOCTh BO3AyXa B 3TOM CAO€ arMocdepsl OYeHb MaAa,
I09TOMY @TOMBI Ta30B UMEIOT OTPOMHBIE CKOPOCTH, MO3BOASIIOIIHE
WM IPEOAOAEBATH CHAY 3€MHOT0 IIPUTSKEHHUS U IIOKUAATE aTMocde-
Py 3eMAH, yAreTasd B MeXIAaHETHOE IPOCTPAHCTRO.

Smo unmepecro:

BBICOKast 3AEKTPUYECKast IPOBOAUMOCTD MOHOC(EDH! OKA3LIBA-
eT OOABIIIOR BAVISHIE Ha PACIpOCTPaHeHNe PapioBoAH. CaMa )Re Ipo-
BOAMMOCTD 3aBUCHUT OT COCTOSIHMS MOHOCHEDH], recrpaduaeckoro
TIOAOXKEHUS PalioHa, BPEMEHU rOpd U BpEMEeHH CYTOK U COAHEYHOM
axTUBBOCTH. [TOApHBIE CUSHUS ¥ MarHUTHHE 0YpH, KOTOPRIe MEI
HaGAKAAEM, @ UHOTAQ ¥ YYBCTBYEM Ha 3eMAe, 06i3aHbEl CBOUM IIPO-
UCXOXACHUEM HOHOC(EDe U IOBLIILIEHHON COAHEYHON aKTUBHOCTH.

2. METEOPOAOTMHYECKUME ITAPAMETPBI, EAVVTHULIBI UX
M3MEPEHHWSA U TTPUBOPBI

B smoii raaBe Mbl NO3HAKOMUM qumameAaeii ¢ MemeopoAoruvec-
KUMU RApamempamu, egUHULAMU UX U3MEPEHUA U OCHOBHbIMU MeIneo-
poAoruieckumu npuopamu, ¢ Komopsimu AK601l MemeopoAor CIaA-
KUBQemcsa NOCMOAHHO B CBOeU NPaKmMUYecKol gesmeabHOCMU.

2.1, ATMOCOQEPHOE AABAEHUVE

Ammocgeproe gaBreHue — 3TO AABACHHE, KOTOPOE MPOM3BO-
AUT aTMocdepa Ha 3eMHYIO IOBEPXHOCTh M HAXOASIIHECSI B aTMOC-
depe npeamersl. B KaXXAOM Touke atMocdiepsl arMoChepHoOe pAaBAe-
HUE PaBHO BeCy CTOAGA BO3AYXQ, PaCIIOACKEHHOTO BEILIE AGHHOM TOU-
KH (A0 BepXHEH rpaHMIB aTMOC(epPEl) M UMEIOIero OCHOBaHKe, PaB-
HOE eAVHHUIE.

Ha yposHe Mopst atMocdepHOE pAaBACHKE BAU3KO K TOMY AQBAE-
HHIO, KOTOPOE IIPOU3BOAUT CTOAG PTYTH BEICOTOMH 760 MM. ATMOChep-
HOE AABACHHE, SKBUBAACHTHOE AGBAEHUIO PTYTHOTO CTOAGA BEICOTOMH
760 MM npu temneparype 0°C, pasHO cune, ¢ KOTOpOBfI Macca
{76 « 13,596) r paBur Ha nopepxuHocts B 1 cM (13,596 r/cM - yaeas-
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HEIY BeC PTYTH Opu Temnepartype 0°C).

Tak Kax U3BeCTHO, 4YTO CHAE 3TO IPOU3BEACHUE MACCHI HA YCKO-
peuwe, To B cucreme CI'C ato AaBAerHe OyAeT paBHO

1033,3 » 980,665 = 1013250 aun/cv’ = 1013,25 mbap.

WM3peCTHO TakKe, uTO | AMHA — 3TO CHAd, KOTOpas coodlyaer
Macce B 1 ryckopenue B 1 cv/c . PasmepHocTs cuanl B cucreMe CI'C
[rem/c ]

B cucreme CU paBrenue 1013,25 mbap skBusarenTHo 101325 Ta
nam 1013,25 rlla, a 3a eAUHULY CUAE OPUHSAT HBHOTOH — 2TO TaKas
CHAQ, KOTOpas Macce 1 kr coonazeT yckoperue B 1 M/c . Pasmep-
HOCTE CHAHL B cucteMe CH [krM/c .

OTCrOAQ BBITEKAIOT K OCHOBHBIE AMHUIIE! U3MEPEHUS AQBACHUS!

1 dap = 1000000 AI/IH/CM 100000 Ia;

1 MBap = 0, 001 Gap = 1000 AI/IH/CM 100 Tla = 1 rilg;

1IMa = 1u/M = 0,01 mobap;

{ My pT. cT.= 1013250 + 760 = 1333,3 puzt/cM’ = 4/3 mBap uan
4/3 1T1a, a crepoBareasno, 1 rlla =1 mBap = 0,75 MM pT. CT.

B nacTosiiee BpeMs Ha IpakTHke HauGoaee pacipoCcTpageHHE -
MH BeAMYWHaMHA HU3MEDEHHUS AaBACHHUS B METEOPOAOTUM SBAAIOTCSH
rekronackrank (rfla} u muaammeTp pryTHOTO cTOAGA (MM PT. CT).

KpoMe mepedmnCAeHHBEIX €AMHHAI U3MEPEHUS AABACHUS CYIle-
CTBYIOT TaK)Ke TeXHUIeCKas armoccepa (aT uam xI'/cm ) : 1 ar =
98066,5 u/M u dusnrveckas armocepa (atm) : latm = 101325 a/m
{760 M™ pT. CT.).

Smo uRmepecHo;
—- C YBEAHMYEHHEM BRICOTEL Hap AFOOOM TOUKOM 3€eMHOTO IHapa aTMoC-
depHOe paBACHME BCETAQ IIOHMIKACTCSA U HU [IPH KaKHUX 00CTOATEAL-
CTBax He OrIBaeT HA0GOPOT;
— Ha KasKAOT0 YeAOBeKa, UCXO0AA M3 TIAOIAAY eT0 TeAd, arMocdepa
«AGBUT» CHAOM OKOAO 15 TOHH!
Mgl He 3aMeyYaeM 3TOM TAXKECTH IIOTOMY, 9TO BHYTPH KaKAOTO U3 HaC
CYHIeCTBYET TAKOE JXKe AABACHHE, KaK ¥ B OKDYIKAIOuIeM Hac BO3AY-
xe. Ecau BADYP IIO KaKHM-TO JIIPUYMHAM BHeITHee AdBACHHE Pe3Ko
VIHaAeT (IpoM30MAeT pPasrepMeTrsalns KaOUHEl CAMOALTS, HAIpH-
Mep), TO BEyTPeHHee AaBACHHE, BHIPABHUBAACH C BHEHIHKM, ITOTIHITa-
eTCsl «pa3opBaThby YeAoBeKa. BOT MO3TOMY IIpU HOAETaX B CTPATOC-
depe BOCHHEIE AeTYUKY BLITOAHIIOT IIOASTLE B CIIETIHAALHEIX BEICOT-
HO-KOMIE€HCUPYIOUIUX KOCTIOMaX;
-— BO BC€X UHCTPYKIUAX M TOAEC3HEIX COBETaX rOBOPUTCS O TOM, 4TO
€CAM IO KaKUM-AuOO0 NPHYIUHAM CACAYET OKMAATL OYEeHb IPOMKOTO
3BYKa, HallpuMep, BEICTPEAA U3 IYIIKH, TO CTOSINUM PAAOM AFOASM
PEKOMEHAYIOT IIPUOTKPHITL POT. TaKasg PeKOMEHAAIIUS AQeTCST AAST
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TOTO, YTOOKI IPHU CHABHOM 3BYKE YMEeHBIINTEL HArPY3Ky Ha Gapaban-
HEIE IIePENOHKHA. 3BYKOBAsA BOAHA OT B3PHIBA& B 3TOM CAyUae Yepes
YHIHYI0 PAKOBHHY OYAET BO3AEHCTBOBATEL Ha BHEIIHIOIO IOBEPXHOCTh
IIePellOHKY, a Yepes3 NPUOTKPHITHIN POT — Ha BHYTPEeHHIOK. TeM ca-
MbIM GYAeT CHATA M3AMIIHASL 3BYKOBask HArpy3Ka Ha HallH Yy,

— NOXXAAYH, KaXKABIH U3 BAC, YUTATEAR, BUACA MAM HCHBITaA Ha cebe,
KaK CTAB4T TaK Ha3plBaeMbie MEAUIIHHCKHe OaHKHU. HamoMHIO: cHa-
YaAa 3aKUTal0T COMPTOBKY, 33TeM HA KOPOTKOE BpeM4 NepeBepHy-
TYI0 OAHKY AeP>KAT HaA OrHEM M TOABKO IOCAE 3TOTO IPHUKAGALIBAIOT
K HYKHOMY MeCTy Ha TeAe. BaHKa IPACTAEeT OUYeHDb KPENKo U BCe II0-
TOMY, 9TC B TO BpeMsd, KOTA@ €€ ASPIKAT Hap OTHeM, BHYTPH OaHKMU
PE3KO YBEANIMBAESTCS TEMIIEPATYPA, 3, CAEACBATEABHO, YMEHbIIAeT-
cs1 pasaende. TloatoMy §oaee BBICOKOe BHEIUHeEe AGBACHHE Kak OBl
«IIpUKRAeBaeT» 6aHKY K TeAy. Ha MeAUIIHHCKUX acneKTax 6aHOK Mbl
OCTaHABAMBATHCA He OyaeM.

ATtMocdepHOE pA@BAGHHE M3MEPSIETCS C HOMOILBIO PTYTHBIX
6apoMeTpOB AN OAapPOMETPOB — AQHEPOHAOB. AAS OIIEHKH XOAA M3-
MEeHEHUS AQBACHHS, T.€. ero 3alMCH, HCIIOAB3YIOTCS 6aporpadsl.

2.2, INOTHOCTE BO3AVXA.

TIhomnocms BO3gyxa 3TO OTHOLIEHHE ero MACCHl K 0GBEMY, KO-
TOPHIY OH 3aHUMaeT. OOBIYHO NAOTHOCTE BO3AYXa BEIPAYKACTCA B I/ M.
V3 ypaBHeHNsI COCTOSTHHS Ta30B AAsI CYXOTO BO3AYXa MOJKHO OIIpeAe-
AMTE ero nAoTHOCTh, OHa 6YAeT paRHa

p___P

PERT RT3+

(2.1)

tae R =287 m / C K s AKX/ xkrK — YAeALHaH Ta30Basg HOCTOSAHHAS
CyXOTO BO3AYXE;

p — armocdepHOe pAaBaeHue, rlla;

t — TeMmepaTypa Bo3ayxa, °C

Ipup = 13000 rllant = 0°C nroTHOCTE BO3ayxa p = 1276 /M
uAn 1,276 K/M . AAsi ADYTHX 3HQUEHHH P M L TAOTHOCTBE BO3AYXa MO-
JKeT OHITh OIIpeAeAeHa TIo POopMyAe:

p=1276——(1—-ax), (2.2)

1000
rae o0=1/273.

ANst periteHus psaa IPAaKTHYECKUX 337849 BBOAUTCH IIOHATHUE OT-
HOCUTEABHOM IIAOTHOCTH BO3aYXa (A), KOTopas paBHa OTHOMIEHUIO
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(haKTHIECKOM IAOTHOCTH (P,) K HAOTHOCTH BO3AYXA Y 3€MAM B CTaH-
AAPTHEIX YCAOBHAX (P, ).

A=p/p,.. (2.3)

2mo uHmepecHo!

— B OTARYKE OT 0643aTeABHOI0 yMEHbIIeHHUS aTMOChEepHOTO AaBAE-
HUA C BBICOTOM, NAOTHOCTE BO3AYXa IIPU YRBEAMUEHHUU BLICOTHL MHOT-
AAMOXKET YBeAMYMUBATELCS. AN 3TOTO HEOOXOAMMO, 4TOOLI € yReAnde-
HMEM BBICOTH OY€HE Pe3K0 YMEHBIUAAACh TeMIIEPATYPA BO3AYXA;

—— OAHAaXAB! B Havaae ABaallaTtoro Beka O.U. Iaagnus nea B KaKoM-
TO IIMKApHOM pectopane B Wraauu. [TyGauka Guira B BOCTOpTE, U
IOCAE OKOHYAHHUS KOHUEPTA PACKYIKAA BCE, YTO HAXOAUMAOCH B TOM
3ane, rae uea lManasnun. OasoMy 60raToMy KyHiy HAYeTro He A0CTa-
AOCH — Tpo3esan. TOTAQ, HAXOAICh B COCTOSSHUU «CHABHOIO TTOATTH-
TUSA», OH CKa3aA XO3MWHY PECTOPaHa, YTO KYIUT BO3AYX B 3TOM 3aAe.
X03AMH, €CTeCTBEHHO, COTAACUACH K OLICTPEHBKO NPUKUHYA, YTO
ofbeM 3aaa, rae OulA KOHIEDPT, paseH 5000 xyOomerpaM. Menyras-
HIHCH TAKOro 0OABINOTG uncAa «5000», HO, He XeAadst OTKa3hIBAThCA
OT cAeAKHM, OGOTaThI¥ KyINMK CKa3an, 9TO He OyAeT NOKYIaTh BO3AYX
Ha KyOOMEeTpHL, & KYILIUT ero IO TOH JKe IIeHe, HO 38 KHAOI'PaMMEL. X0-
35IMH CPa3y K€ COTAGCHUACS Ha 3TY 3aMeHY U B Pe3yAbTaTe TOAYYHA 3a
BO3AYX IIOYTH HA TPETH OOABINE AEHET, Y4eM AYMaA B CaMOM Hadare.
He 3nan SoraTeili Kymen, 970 Ky6oMeTp BO3AYXa BECUT 3HaIUTEABHO
OoAplIle KHAOTPaAMMA.

[IroTHOCTE aTMOC(hePHOTO BO3AYXA Ha IIPAKTHKE HUKOTAA He
uaMepaeTcs. Ha MeTeOpOAOTHIECKUX CTAHIUAX M3MEPSIIOT aTMOoC-
hepHOe AaBACHUE W TEMIIePaTypPy BO3AYXa, U IO 3TUM AAHHBIM I10
dopmyae (2.2) OIPEAEASTIOT MAOTHOCTE.

2.3. TEOITOTEHIIVAA

TMoa reonomenyuaiom nOHUMaeTCs IOTeHITHaALHAs sHepTyd (D)
©AMHUIIEI MACCH (YAeAbHas HOTeHIIMaAbHAST SHEePTUST) OTHOCHUTEABHO
VPOBHS MOpP#H, OLIPEAEeAsIeMast TOAOKEHUEM 3TOM MAaCCHEl B TIOAE CHAEI
TSIKECTH: C

A® = gdZ, @=J gdz | (2.4)
[}

Feonorennyan B HEKOTOPOU TOUKe aTMOC(hepEl YMCAEHHO pPa-
BEH TOHN pPaboTe, KOTOPYIO HY>XHO 3aTPATUTH AAS TOTO, YTOOBI TTOA-
HATL eAVMHUIY MaCCHI B IIOAE CHABI TAXKECTH OT YPOBHS MOPS AO AGH-
HOM TOYKHU. ['éonorennyas Ha YpOBHE MODH IIPUHUMAETCS PABHEIM
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HyAr. PasmeprocTs TeONOTeHIMAAA COOTBETCTBYET Pa3sMepPHOCTH
VAGABHOU paboTe: [P] = M ’/c,

OaHaKO 3Ta epAMHHUIA He COBCEM yAOOHA AAST TPAKTHYECKOTO
npuMeHeHus. Ecan pazpeaunTs ypaBHeHue (2.4) Ha yncao 9,8, To no-
AVYHM BeAUYUHY

- % _8fa
9,8 9,87 - |

Tak kak g=9,8, To BeanunHa H 4licAeHHO paBHa BEICOTE B 0621:1‘12- ;
HEIX MeTpax, XOTs ee pa3MepHOCTh OCTaAaCh MpeskHeH, T.e. M /¢ . |
TlosroMy epauHUIIE BeAMUHHEL H IOAYYMAQ Ha3BAHKE I'eONOTeHIAAAD- ‘
HEIA MeTp. ‘
3HadYeHHe reONOTeHIIHAAA B TOM NAN MHOH TOYKe AT0BON n3oba- i
PUYECKOY IOBEPXHOCTH (IIOBEPXHOCTH OAUHAKOBOTO AABACHUST), BBI- |
P&’XeHHOE B TeONOTEHINANBHEIX MeTPaX (T11.M), IBAHETCS FeOMOTEH- !
IIMAABHOM BEICOTON AGHHOU TOBEPXHOCTH. 3HAYUTEALHO Yalle, YeM B ‘
reOIIOTEHIIUAABHEIX MeTpaxX, BEICOTa M300aPUYECKUX [IOBEPXHOCTEN ‘
3MepseTcs B AeCSITKAaX IeOIOTEHIIMAaABHEIX MeTpax (AeKaMeTpax). |
COKpallleHHOM BUAE B IIOCAGAHEE BPeMSs ACCATKU reOIOTeHIIHAAD-
NHBIX MeTPoB 0603HAYarTCsI gam. ‘
\
l[:g 2.4. TEMIIEPATYPA BO3AYXA |
K&K #3BeCTHO, TeMIIEPATyPa SIBASIETCS MEPO BHYTPEHHE! DHED-
TUW TEA], TOITOMY MEMNEPAMYpPOl BO3gyXa iBASIETCS Ta TEMIEPATY-
Pa, KOTOPYIO OKA3kIBAET TEPMOMETP B YCAOBHSX €r0 HOAHOTO KOH- j
TAKTa C aTMOC(EPHEIM BO3AYXOM. “
AAst M3MepeHHUs TeMIOepaTYPHL CYleCTBYIOT Pa3Hble TeMilepa-
TyPHEIe IDKaABl, KakKAast MIKaAa COAEPIKUT OGBIYHO ABE PENnepHBIX \
Toyky. OOIENPHHATEHIMH PEIEePHBIMY TOYKAMY BO BCEX IIKAAAX SB-
MASIOTCST TOYKA (TeMneparypa) TasHUS AbAR M TOUKa (TeMIeparypa)
KUTEHUST BOABL. \
Ha npakTrKe ACIOAB3YIOTCS CASAYIOIIHNE TEMIIE DATYPHBIE IIKAALL
— CTOTpPaAyCHas IIKaAd AN KaAa Leascus (°C) ¢ peniepHEIMH TOY- \
kamu 0° i1 100°;
-—mmkana ®apenreiita (°® uau °F) c penepubiMu Toukamu 32° u 212°,

AAsi IepeBOAA 3HAYEHUI TEMIIEPATYPEL U3 OAHOM IIKAARI B ADY-
IYIO CA€AYET HOAB30BaThCA (POPMYAAMHU:

5
°C = §(t°F -32); ~Poccsiicinil rch;gjmel:;l:“
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°F = §t°C+32 : , (2.6)

— aBCOATOTHAS IIKAAA ¢ perepHbIMH Toukamu 273 K u 373 K (mKkaaa
KeasBuna);

— 1mxkaaa Peomiopa (°R) ¢ penepsrimu Toukamu 0° u 80° (B HacTOS-
1ree BpeMs 3Ta IIKAAG NPAaKTHYeCcKH He yuoTpebasieTcs).

Kpome yKa3aHHEIX BbIlle TEMIIEPATYPHBIX IIKaA, CYL]EeCTBYIOT
MEXAYHAPOAHAS TeMilepaTypHas IIKaAd, TEPMOAUHAMUYECKAs TeM-
nepaTypHas IIKaAd U SMIMPUYECcKask TeMIepaTypHast IIKaAd, OpHa-
KO UX OHNMCAHUE BEIXOAHUT 38 PAMKY AGHHOU KHUTH.

Bmo unmepecHo:
— €CAM 4muTas paccraznl Ajkeka AOHAOHA O KU3HY Ha AASCKE, BB
oGpaTuTe BHUMaHMe Ha OYeHb CUABHBIM XOAOA B T€X Kpasix — HE YAUB-
ASIWTECH, TaK Kak AjKeK AOHAOH BO BCeX CBOWX PACCKa3ax TemIepa-
TYPY BO3AYXa YKA3LIBAA B Ipapycax GapenreiTa, a o CTOrpaAyCcHOH
HIKAAC 3TO NPAKTHYECKH OOBIYHbBIE 3UMHME TeMIIEPaTyPhl AAST 3410~
ASPHEBEIX PAMOHOB, IIPABAA, BCE PABHO OYE€Hb XOACAHO;
— K CTOTPaAyCHOM LIKaAe U3MepeHHUs TeMIepaTypl Lieabcuit HURa-
KOO OTHOINCHMS He UMeeT, HO IOYTH BO BCeM MHDE CTOrPaAyCHYO
KAAy Ha3bIBaIOT MKaAoM Lleancus;
— Ha 3eMHOM liape B AI000M A€Hb U AIOOOM yac MOXHO HAalTH ABa
LYHKTd, B KOTOPLIX TEMIIEpATypa BO3AYXa ¥ 3€MAM OTAMYAaAacCh Obl
Goaee, yeM Ha 100 (cTol) rpapycos;
—— camasi BEICOKasl TeMIepaTtypa B Mupe (58,0° C) ormevarach B Mexk-
cHKe, camasd Hu3Kada {-89,2°C) — Ha craniuu BoCTOK B AHTAapKTHUAL;
— B Poccuu B O¥MsKoHe (SIkyTis) 65ia0 — 71,8°C, a B HU30BbSIX Boa-
i + 42,3°C;
— OAH&XABI, MIOCAC CPABHUTEABHO TEIIAOH 3WMBL B SIKyTH#, OAUH
JKYPHAAUCT HAIIMCaA, YTO B IPOLHEANUTYIO 3UMY PTYTHBIN CTOAOHK Tep-
MOMETPa B BepX0osHCKe He Oy CKaAcs HUXKe -53°C. B ueM XXypHaAAUCT
AOIYCTHA HETOUHOCTD, €CAM BCe TaK ¥ ObIAC? OKa3bIBaeTCH, KypHa-
AHWCT TIOK&38A CBOIO IIOAHYIO «(PU3HMIECKYIO ¥ METEOPOAOTHIECKYIO»
HErpaMOTHOCTE, AeAO B TOM, UTO PTYTh 3aMep3aeT IIpH TeMIle paType
—38,9°C, u PTYTHHI{ CTOAGHK B IIDHUHIUIIE HE MOXKET ONyCTUTbCS
HIDKE 9TOM OTMeTKH. boaee HU3KMe TeMIlepaTyphl W3MEPSIIOT CIUp-
TOBBIM, a HE PTYTHLIM TEPMOMETPOM. BOT KaK HY>KHO ORITH OCTOPOXK-
HBEIM, KOTAA TOHUINECS 38 «KPACHBIM CAOBIIOM»,

Temneparypa BO3AYyXa Ha METEOPOAOTHYECKUX CTAHIUSAX U3Me-
psieTcst pa3sAnYHEIME TepMoMeTpaMH. OHE MOryT OEITH PTYTHEIMH,
CHHPTOBBIMH UAY OHMETAANIECKHUMH, HO 0053aTEABHO AOAKHBI Ha-
XOAUTBCA B MCUXPOMETPHUYECKOM OYAKe (B TEHU) HAa BBHICOTE 2 M OT
moBepxXHOoCTH. Hy a 1o Ha3HaYeHUIO TePMOMETPH ObIBaIOT CPOYHEI-
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MY (M3MePAIOT TEMOEPaTyPy BO3AYXa B CPOKY HAOAIOAEHUST), MAKCH-
MaAbHEIMU, MUHMMAABHAIMY, TOYBEHHBIMY U T.A.

2.5. CKOPOCTb M1 HATTPABAEHME BETPA,

Bempom Haz3BEIBAaETCsI ABHIKEHUE BO3AYXa OTHOCHTEABLHO 3€MHOM
noBepxHoCcTH. OCBIYHO IOA BETPOM IIOAPa3yMEeBaeTCA FOPH30HTAAD-
Hasl COCTABASIONIAs 3TOrO ABMJKeHHs. ABH)KeHKe BO3AyXa (Berep)
TIPOHCXOAMT HOA BO3AeUCTBHEM CHALI 0apUYECKOrO I'DAAMEHTA, CUALI
TPEHUS, OTKAOHSIOUIEN CHAEBL BpallleHHs 3€MAU U IeHTPOOeKHOH
CcuABL ABMIKyLIeH CHAOH ABARETCS CHAa 6apMYeCKOro rpajsueHTa.

HanpaBaeHne BeTpa — 3TO HaIpaBAEHUE; OTKYAA AyeT BeTep.
OO6BI9HO HalpaBACHUE BETpa U3MeDpSIOT B YFAOBEIX TPAAYCAX UAM B
pyMbax ropu3oHTa. I1pu 3TOM 4aliie BCero UCIOAL3YIOT BOCBMUPYM-
OOBYIO IIKAAY (MHOTAR IPUMEHSeTCA 4-X U 16-Tu pyMOOBEIe IIKAALI).

CROpOCTH BETpa U3MEePAeTCs B M/C, KM/ Y, Y3A8X HAM YCAOBHEIX
epuHUIaX (Oaanrax). BeamunHa ckopocTH BeTpa, H3MepseMasi B M/C
VAH KM/ 4 IOsiCHeHuH He TpebyeT. CKOPOCTE BETP&, PABHASI OAHOMY
Y3AY, COOTBETCTBYET OAHOM MOpCcKoM Muae (1852 m) B yac. ITpuGau-
JKeHHO OAMH y3ea paBeHn 0,5 M/c.

AAsT OIIpEAEACHHST CKOPOCTH (CHABI) BETPa B YCAOBHEIX €AMHU-
1ax oORIYHO UCHIOAB3YeTCs 12-TH GarrbHas wkara bodopTa. Ona oc-
HOBAHA HA BU3YAABHOM OLl€HKE AHCTBUs BeTpA Ha Ha3eMHEIe IIPEeA-
MEeTBI HAH COCTOSTHHE MODSL. ’

IMepeBoa AaHHEIX IIKaABl bodopra B CKOPOCTE BeTpa B M/ C Npu-
BeaeH B Tabna. 2.1,

Tabauua 2.1
ITepeBop ckopocTH BeTpa M3 IKaAbi bodopra B CKOpoCTh BeTpa B M/C.

Basn mxans M/c Baan mKain M/c
Bogopra Bodopra

0 0-072 7 139171

1 03-1.5 8 17,2-20.7

2 1,6 - 3,3 9 20,8 - 24.4

3 34-54 10 24,5 - 284

4 5.5~79 1] 28,5 32,6

5 8,0-10.7 12 »32.6 1t
6 10,8-13.8

CyuiecTByioT aMIupudeckas HopMyaa nepeBOAa CKOPOCTH BET-
pa B 6aanaX B CKOPOCTE BeTpa B M/C..

U=2B-—1, (2.7)
rae: B — 6aaa mraast Bodopra.
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Ora dopMyAaa cupaBeaarBa AC 3HayeHus B < 8.
AAs TepeBOA@ CKOPOCTH BETPa B Y3ABI UCIOAB3YETCS ApyTas

dbopmyaa:
U=18WB" (2.8)

KOTOPAas CIHPABEAAUBA AAS BCe ITKAABL.

Kpome TOro, IpU BU3YAABHEIX CYAOBBIX HaOAIOACHHUSX YacTo
HCHOAB3YIOT CAGAVIOIINE TIOHATUS:

— mTuAasB =0

— yMepeHHEIN BeTep B = 4

— CUABHBIYM Betep B = 6

— wropM B = 10

— yparau B = 12.

B macrosmee BpeMs HauboAee pPaCHPOCTPAHEHHBIMY AUHUIA-
MU U3MePeHHUSs BeTPa IBASIFOTCS: AAS HAIIPABACHUS BETpa — U3Mepe-
HHe HaIPaBAeHUS BETPa B YTAOBBIX IPAAYCaX, AASE CKOPOCTH BETPa
3eMAH — CKOPOCTB BETpa B M/C UAH B Y3AaX, AASL CKOPOCTHU BeTpa Ha
BEICOTaX — B KM/4.

MexkayHapoaHast Oprasu3alus rpakAaHCcKol asuanuu (MOTA)
HAM, KaK ee HaswuBamoT 3a pybexoM, ICAO (International Civil
Aviation Organization) pekoMeHayeT BceM crpanam — yaeram ICAO
AASI H3MEPEeHHsI CKOPOCTH BETpa Y 3€MAM M Ha BBICOTaX HCIIOAB3O-
BaTh TOABKO OAHY €AMHUIY B3MEPEeHUsT — KM/ 4.

3mo unmepecHo:

— M3BECTHO, YTO BETEP 3TO ABV)KEHHE, T.€. [IepeMellleHHe Macc BO3-
Ayxa. MBIl MaAO 3aAYMBIBAEMCs Hap TEM, KaKMe Ha CaMOM AEAE MacChl
BO3AYXa IIEPEHOCAT CUABlI 0APHYECKOTO I'PAAMEHTA. A MEXAY TeM,
€CAM CKOPOCTE BeTpa Bcero 3 M/¢, To 3a 30 ceKyHA KaKAO0TO M3 HaC
«0BAYBAET» MACCa BO3AYXA, PaBHAas BECY HALIETO TeAd. AeHCTBUTEAE-
HO, ¥ KaKAOTO U3 HAC POCT He MeHbIe 1,5 M, a mmpuHa nAed He Me-
uee 30 cM. DTO 3HAYNWT, YTO MAOIHAAD HAIIero TeAd oKoao 0,5 M . Cae-
AOBATEABHO, 33 OAHY CEKYHAY IPH CKOPOCTH BETPA B i} M/C Hac «00-
AyeT» nprMepHo 1,5M3 BO3ayXa, a 3a 30 cexyHp — 45 . Ecau yuecTs,
YTO OAMH KyOoMeTp BO3ayXxa BecuT 1276 r, To o6miasg Macca BO3AyXa,
KOTOPasi KOCHETCS KaXKAOTO U3 Hac 38 NOAMHHYTEL, COCTaBUT UYTh
BoAable 57 KT. A 9TO Kak pa3 Balll Bec.

AAs U3MepeHUs HallPABACHUS U CKOPOCTH BETPA Ha METEOCTAH-
OMSIX HCIOAB3YIOTCS Pa3AHYHBIE CTAIIUOHAPHEIE ¥ [IePEHOCHEIE IPU-
6ope1. HanpaBaeHNe BeTpa H3MEPSIOT C HOMOUIBIO (DAIOTEpd, @ CKO-
POCTB BETPa - C TOMOIIBIO BepTymiK#. OGEYHO BeTep y 3eMAU U3Me-
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PSAIOT Ha BEICOTe 6-10 M. B nacrosimee spems HanboAee pacnpocrpa-
HeHHBIMM IPUOOPAMU AAS OTIPEAGACHUS BETPA ABASIOTCH HPUOOPH
M-63 u M-64.

2.6. EAVMHHULBI MIBMEPEHIA BAAXKHOCTH BO3AYXA.

Iloa BA@WKHOCIBIO BO3GYXA MOHKUMASTCS COACPIKAHNE BOASIHOIO
napa B aTMocdepe, KOTOPOe XapaKTePU3YeTCHA HEABIM PIAOM BEAU-
ypH, OCHOBHBEIMH U3 HUX SBASIFOTCSI aGCOAIOTHAS] BAQKHOCTE, Aeu-
LIUT BA@KHOCTH, OTHOCHTEABHAS BAGKHOCTB, OTHOIIIEHHE CMEeCH, TOY-
Ka POCHI, MaccoBast ACAS BOASTHOTO TIapa {yAeAbHas BAAXHOCTH) U
VIIPYroCTh BOASHOTO napa. PaccMoTpuM oTAEABHEIE XapaKTePUCTH-
K¥ BA@KHOCTHU OoAee TOAPOGHO.

ABcornomHas BAGKHOCTS (@) — OAHA M3 OCHOBHEIX XapPaKTepuC-
TUK BAOKHOCTH. OHa COOTBETCTBYET HAOTHOCTU BOASHOTO Napa B
BO3AYXE, BRIPAKEHHOH YHCAOM PAaMMOB BOAZHOTO apa, COAepXKa-
muMcs B 1 M BO3AYXa (1/M ).

AGcoaroTHast BAQXKHOCTB CBI3aHa C yNnPYrocmbio BOGAHOIo napa
(e), KoTopasi MOKA3EIBAET apPIHAaABHOE AGBACHNE BOASHOTO apa, Co-
AeprKaierocsl B Bo3pyxe. YIPYroCTh BOASHOTO 11apa H3MepseTcs B
TEKTOMACKaAaX (MHAAMOAPAX) HAK B MUAAMETPAX PTYTHOI'O CTOAGA,
Kakx U AaBAEHHE BO3AyXa.

B Tex cayyasix, KOTAa YHIPYTOCTh BOASHOIO Napa BBIPaskeHa B
rlla, cBs3B MeXAY a6COAIOTHOM BAGJKHOCTEIO H YIIPYTOCTHIO BOASHO-
I'o Napa CUPeASASeT s COOTHOMICHUEM

a=2175 =08
‘ T l+at
Ilpu BRIPa’KEHUU YIIPYFOCTH BOASIHOTO 1apa B MM PT. CT. Gop-
MyAa (2.9) npuHHAMAaET BUA

(2.9)

a=289% = 106 (2.10)
T 1+ot

B oGenx nocrepnnx gopmyrax T — TemmepaTypa Bosayxa (K),
t — Temneparypa Bo3ayxa (°C), a o = 1/273.

MaccoBaa goas BOGAHOTO NApa UAU YgeAbHAS BAUKHOCL ()
IOKAa3bIBaeT OTHOWIEHHMEe NAOTHOCTH BOASHOI'O Iapa K MAOTHOCTH
BAKHOI'O BO3AYXa ¥MAY OTHOLIEHUE BeCa BOASHOTO Iapa K BECY BAaXK-
HOTO BO3AYXE B TOM JXe 00beMe. MaccoBasi AOAST BOASHOTO IIapa 3a-
BHCHUT OT aTMOC(epHOro AQBA€HUA (p) ¥ yIPYTOCTH BOARHOIO napa.
DTa 3aBUCUMOCTE BEIpaXkaetcst (GOpMyAOH
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0,623e
e ——
p-0,377¢e
TAE € ¥ P AOAJKHBEI OBITh BHID@KEeHBI B OAHHMX U TeX JKe eAMHNIIAX.
Ha npakTuke MaccoBasi AOAS BOASHOTO Napa BLIpaXkaeTCd B
rpaMMax BOAAHOIO TTapa Ha KMAOTPAaMM BA&KHOIO BO3AyXa (I/KT) u
YHUCAEHHO paBHa

, KI/KF (2.11)

623e

Ommuowenue cMmecu (r) npeactaBasieT co00¥ OTHOIIEHNE MaCCH
{Beca) BOASTHOT O Iapa K Macce (BeCy) CyXOro BO3AyXa B TOM JKe 00be-
Me, BRIpDa)KeHHOE B IDaMMaX BOASHOTO Mapa Ha KUAOTPaMM CyXOro

BO3AYXaA
e
p-e’

Touka pocst (T, uAu T) — 37O TaKas TEMIEPATyPa, IPU KOTOPOU
BO3AYX AOCTUTaeT COCTOSHUS HACHIIEHUS (II0 OTHOHIEHMIO K BOAE)
IIPU AQHHOM COAEPIKaHNU BOASHOTO ITapa 1 HeM3MEHHOM AABACHUH.
Toyka poCHI IPAKTHYECKH BCETAd HUKE TeMIepaTypsl Bo3ayxa. Mc-
KAIOYEHMe COCTABASIOT CAyYaH, KOIAA BO3AYX HachImeH. [1Ipu aToM
TOYKa POCHI DaBHA TeMIIepaTypPe BO3AYXA.

OmmuocumeabHas BAWKHOCIb (R) aBAsieTcs OTHOlIeHUEeM dak-
THUYEeCKOW YIPYTOCTH BOASIHOTO IIapa B atMocdepe {€) K YIpYToCTH
HaCHIIAIoNiero Bopsauoro napa (E) npu To# sxe temneparype. OHa Mo-
>KeT OBITh BRIPasKeHa MAY B IPOLIEHTaX, MAYM AeCSITIIHOM APOGEIO, T.€.

r=623

(2.13)

e e
R=—-1009: R=— . .
7 %:; HuAU 7 (2.14

OTHOCUTEABHYIO BAGKHOCTE MOKHO TaK)Ke OIIPEASAUTH KaK
OTHOLIeHKe HAKTUIECKON abCOAIOTHOM UAY YASABHOM BAGKHOCTH K
abCONTOTHOM UAM YASALHON BAGKHOCTH IIPH HACHIIIIEHUY ITPY TOM Ke
TeMIIeparype BO3AYXa.

Aeduyum BaaxHocmu (d) 3TO pa3HOCTL MEKAY HACHIIIAIONIEN
¥ HaKTUIECKOH YIPYTIOCTHIO BOASHOTO Tapa IpU AaHHBIX TeMIepa-

Type 1 AABAEHUH
d=E —e. (2.15)

Aeduyum mouku pockl (gedpuyum memMnepamypsl MOUKU POChL)
HNOKAa3EIBAET PA3HOCTh MEXKAY DAKTHIECKOHN TeMIIEPATyPOH BO3AYXa
U TeMIepaTypor TOYKU POCH. YHCAeHHO OH PaBeH
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D=t—1 (2.16)

B 3aBHCUMOCTH OT pelllaeMbIX 33Aa4 Ha IPaKTHKE HCIOAB3YIOT-
Cs PA3AMYHEIC XaPaKTePUCTUKY BAAXKHOCTH. B nATepecax paspabor-
KM KPaTKOCPOYHEIX ¥ CBE PXKPATKOCPOYHLIX IPOTHO30R MOTOARI HaK-
BoAblLIee pACIPOCTpaHEHHE IOAYIUAY TAKHUE EAMHHUIIEL KaK aB6COAIOT-
Has BAAKHOCTHL, MACCOBaZ AOAS BOAAHOrO Napa (VAEAbHasi BAAK-
HOCTB), TOYKA POCH, OTHOCUTEABHAA BAGKHOCTE U AeDUIUT TeMmie-
paTypei TOYKH pockl. O KOHKPETHOM UCIOAB30BAHUY TOH WAV MHOM
eAMHHUITEI N3MEPEHUs BAGKHOCTH IIPU pa3paboTKe IPOTHO30B II0ro-
AbI OYAET YKa3aHO HUKeE.

Smo unmepecHo:

— M3BECTHO, YTO BOASHOM 1ap (He Bopal) aerde cyxoro Bo3ayxa. I'lo-
3TOMY, €CAM BEI XOTHTE MOCKOPee BEICYIIMTL KaKOH-HUOYAL COCYA,
HanpuMep, GaHKY, TO ee HYXHO IOCTaBUTh TaK, YTOOB TOPAOBUHA
Ganku OBIAG HANpaBA€HA BBEpX. B 3ToM caydae 6oAee ACTKHH BOAS-
HOM Ilap AMeeT BO3MOXXHOCTE 0eCHpPensTCTBeHHO NOAHUMATRCS
BBEpX, ¥ 6aHKa BLICOXHET OBICTPEE, YeM 1P AI0OOM ADYTOM €€ MOAO-
FKEHWN,

AAsi BI3MePEeHMS] BAQKHOCTHY BO3AYVXA UCIIOAB3VIOTCS TUIPOMET-
pel, rurporpadkl, a TakXe NCUXPOMETPEl Pa3ANYHOM KOHCTPYKIHEH.
B ncuxpomeTpe ecTh ABA TEPMOMETPA: CyXON ¥ CMOYEHHBIH, IT0 ITOKa3a-
HUAM KOTOPHIX C IIOMOILIBI0 ICUXPOMETPHUYIECKUX TAOAUI] OIIPEASASTIOT-
Cs1 UAM PACCYMTHIBAIOTCS BCE XaPAKTEPHCTHKY BAJKHOCTH BO3AYXA.

2.7. OBAAYHOCTb

CKROIAGHHE KAIeAb BOABL M KPUCTAAAOB ABAQ, B3BEIIEHHEIX B
BO3AYyXe, Ha3eIBaeTcst 06aaKoM (06Aa9HOCTRIO). B cietimaanzupopan-
HEIX HPOTHO3aX [TOTOABL B KAYeCTBe XapaKTePHUCTHUK 06AaUHOCTH YKa-
3BIBAETCH MX KOAWIECTBO, hopMa 1 BEICOTA HUIKHEH 1 BepXHeii rpa-
HunblL. Ecan dopMa 06AaKOB €ANHUI U3MEPEHHS He MMEET, TO OCTAAB-
HEIE ee XapaKTePUCTUKH MOTYT OBITH M3MEPEHBI KOAHYECTBEHHO.

AAs OIIpeAeAeHHS] KOAHIEeCTBa OOAGKOB MOTYT HCIIOAB30BATLCS
GaAnBl HAYM OKTAHTHI (B ABUALMOHHEIX IPOTHO3aX ITOTOALI HCIIOAB3Y-
IOTCS OKTAHTHI, a HPAKTUYECKH BO BCEX OCTAABHEIX IIPOTHO3aX -~ Gan-
Abl). I1py m3Mepenun KoamdecTBa 06AaKOB B Haarax BeCh HEGOCRBOA,
Aeamrcs Ha 10 gacTell, 1 cTeneHb 3aKpHITHS HeGa 0OAdKaMK MOXET
usMeHsaTeCs oT O (sicHast noropa) Ao 10 6arroe (criaomiHas obaay-
HOCTH). B Tex cayyasx, Koraa KOAMIeCTBO 0OAQKOB U3MEpPSIIOT B OK-
TAHTAX, TO KOAUYECTBO 006AaKOB MeHseTcs oT 0 A0 8 OKTaHTOB.
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TlepeBop KoAMuecTBa 06AAKOB U3 GAANOB B OKTAHTEI M 00paTHO
OCYIIECTRASETCA CACAYIOIHUM 00pa3oM:

e o]

ORTaHTH 0 | 2 3 4 5 6 7
Basiab 0 I |23 4 5 6 [ 7-8] 9

—
o

BricoTa HM)KHEeH U BepXHEW IPaHullbl OOAAKOB U3MEPSETCS B
MeTpax MAM KHAOMETDAEX, a B PSIAE CTPaH MOTYT OBITh YKa3aHBI AKe
dyTel. EcAn BBICOTEI 06AGKOB YKA3BIBAIOTCS B METPax, TO OOBIYHO
BBICOTA HYKHEH FPAHUILI 0GAGKOB OKPYTASIETCS A0 AECATKOB, & Bep-
XHe¥ IPaHUTIEL — AO COTEH METPOB.

MHOTAR B IPOTHO3aX MOTOABl U B OOMXOAE AAS OIPEACACHHS
KOAMYECTBA 0OAAGKOB HCHOAB3YIOTCSH CAEAVIONINE BHPaKEeHHUS!

- Be300aa9HoO - 0-1 Haar 0OAAKOB;

— wmMaaoo0baauHO — 2-3 6anra o6AAKOB;

— mnepeMeHHas 00A8YHOCTE - 4-7 GaAAOB 06AGKOB;

— 3HauYUTeAbHad OOAGUHOCTE - 8-9 6aAA0B 0OAAKOB;

— coaomHas 06AaYHOCTD - 10 6aAr0B 06AGKOB.

9mo uHmepecHo:

— HUHOTAA OLIBAET AQKEe TPYAHO cefe IPEACTABUTE, IPY KaKOU CAOXK-
HO IIOrOA€ ACTAIOT CaMOAETHL TPAXKAGHCKOM aBHanuyl. A MEXAY TeM
Ha GOABIIMX a3POAPOMAX COBPEMEHHBIE CAMOAETHI MOTYT IIPOU3BO-
AATDH IMOCAAKY NIPH BLICOTE HUKHEHN IpaHuIsl 00naakos B 30 M. Ipea-
cTaBbTe cefe, UTO Iepe) BaMH CTOUT YeTLIPHAALIATUI T KHBIN AOM. Brl-
COTa KOKAOTO 3TarKa IPHMMEPHO paBHa TpeM MeTpaM. A 3TO 3HAYKT, YTO
CaMOAET MOJKET IIPOM3BECTH Ge30IaCHYIO IIOCAAKY Ha a3DOAPOME AdKe
B TOM CAy4Yae, KOrAa OAMHHAALIATEHIH 3T&K AoMa OyaeT B 0OAaKax.

KoanyecrBo u hopMy 0GAGKOB METEOPOAOT BCETAA OHPEACATET
BU3YaAbHO. BEICOTA HMKHEM rpaHUTBl OGAQYHOCTY MOJKET OBITE On-
peAeAeHa C HOMOLIBIO H3MePUTEAST BEICOTH 00aakoB (MIBQO), Aazep-
HOTO U3MepPUTEAS BEICOTH 00AaKOB (AVIBO) MAH C TOMOIIBIO PETUCT-
paropa BeICOTE 00AaKoB (PBO-2). Bce mepeuncaenHbie npuboOpHI OII-
PEACASIIOT BpeMsi MPOXOKACHUA CBETOBOTO Ayda OT IPOKEKTOPa, yC-
TAaHOBAEHHOTO Ha 3eMAe, A0 obraKa 1 obparso. LlIkarsl npudopos
NIPOIrPaAAYUPOBAHE! B 3HAYEeHUAX BBICOTH OOAGYHOCTH, U 10 BpeMeHU
IIPOXOYKACHUS Ayda «TyAd M 08paTHO» ONPEAEASeTC sl BEICOTa OOAAKOB,

2.8. BUAVMOCTB

TToa Bugumocmbio (METEOPOAOTUYECKOHN AAABHOCTBIO BUAUMOC-
TH) MOHUMaeTC st HauOOoAbIlIee PaCCTOSHIE, C KOTOPOTO MOKHO pas-
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AMUHTE (06HaApYXuTH) Ha QoHe HebGa BOAM3K FOPH30HTA YEPHBIN
OGBEKT C YTAOBEIMHU Pa3MepaMy GoAbnie 15 MunyT. B HOUHOe BpeMs
BHAMMOCTB - 3TO PACCTOSIHUE, HAa KOTOPOM MDY CYMIECTBYIOIIEH IpPO-
3Pa4YHOCTH aTMOCQEPEl TAKOH 06BEeKT MOJKHO GEIAOC GBI OGHAPYKUTD
B AHEBHOE BpPeMsl. ‘

B 3aBHCUMOCTH OT 3HaUEHUN BUAMMOCTE H3MepPSAeTCs B MeTPax
C OKPYTA€HHEM AO AECATKOB MAM COTeH METPOB MAH B KUAOMETpPAX,
Kpowme Toro, Bu3yaabHasi OlleHKa BHAUMOCTH MOKeT IPON3BOAUTBCS
B YCAOBHEIX Oaanrax. LlIKkana BHAMMOCTH B 6aArax BEITASIAUT CAEAYIO-
mwuM o6pas3om:

Banin ¢ 1 2 3 4 5 6 7 8 9
BuaaMocts, kv <0,05 0.05-0.2 0,2-0,5 0,5-1,0 1-2 2-4 4-10 10-20 20-30 =50

B macrosiiiee BpeMsi onpeAereHUe BUAMMOCTH B 6asrax npak-
THYECKY HEe TPOU3BOAUTCSH.

[MpeacTaBasieT uHTEPEC TalA. 2.2, B KOTOPOM HPUBOASITCS 3HA-
YEeHMA BUAUMOCTHY IIPY BU3YaABHOM OleHKe MHTEHCUBHOCTH TOTO MAHR
WHOTO METE€OPOAOTHIEECKOTO IBACHUS.

Tabruya 2.2
3uaveHnst BUAUMOCTH (M) PN PasANYHO# HHTEHCHBHOCTHA
SABAEHUHA NOTOABL

Armocdeproe VIHTEHCHBHOCTD ABIICHHS

ABICHUE Civienas Yuepensan Caaban
Jlusnesui 10% s 500 - 1000 2000 - 4000 4000 -10000
Jisnessli crer : 130 - 500 300 - 1000 1000 - 4000
Merenb <30 30 - 500 560 - 1000
Mopoch 1000 - 2000 2000 - 4000 4000 - 10000
Obitan Mereds < 1000 1000 - 2000 2000 ~ 4000
Csier, kpyna 500 - 2000 2000 - 4000 4000 - 10000
Jpivxa 1000 - 2000 2000 - 4000 4000 ~ 10000
Mrua < 1000 1000 - 2000 2000 ~ 6000
Hirsosan mereas 1000 - 2000 2000 - 4600 4000 - 10000
fIrianuan Gvps < 1000 1000 - 2000 2000 - 4000
Tyman 50 - 200 200 - 500 500 - 1000

3naueHuH BUAMMOCTH, IPMBEACHHBIX B TAGAUIIE, CACAYET HpU-
AED>KHBATECS IIPH KOHCYABTAUMY NOTpeOHUTeAer 0 (PaKTHYeCKOH U
OXXKUAAEMOM IOTOAR,

2mo unmepecHo:
— 10 CYHIeCTBYIOIEMY IIOAOKEHHUIO B TEX CAYYaIX, KOTAA BUAMOCTD
Ha METEOCTAHITUY OPEACATETCS BU3YAALHO, TIOTPEOUTEAIM YKA3KI-
BAETCs BUAMMOCTH AO CAMOTO AAABHETO BUAMMOTO OpueHTHpa. Ha
CeBepo-BOCTOKe POCCUM €CTh TyHKTH (METEOCTAHIINH), TAS U3-3aTe0-

25




rpaddecKux YCAOBUM UMEETCS OUeHE HeOOABIIIOE KOANYECTBO OPH-
€HTUPOB BUAUMOCTH, B PE3YABTATE YETO UHOTAQ MOTYT BO3HUKATD He
TOABKO Kypbe3HEle, HO ¥ IOPOM KOHMAUKTHEIE CHUTyauun. HatipuMep,
Ha OAHOM M3 a3pOAPOMOB Ha ceBepe AaabHero BocToka MOXHO Ipo-
BOAUTE IIOAETHI TOABKO DU BHAVMOCTH TPHU ¥ Boaee KI/IAOMeTpOB, a
OPREHTUDH BUAUMOCTH HPAKTUYECKH OTCYTCTBYIOT. ECTh TOABKO
JKHUAOH AOM Ha PACCTOSAHMHI 2 KM 1 COIIKa Ha yaaAeHuH 20 kM. Tak BOT,
KOTAQ HA A3POAPOME HAYMHAST UATY CAAOHIT CHET, ¥ COTIKA CTAHOBUT-
€51 HE BHAHA, TO HaOAIOAGTEAb 00SI38H YKa3hbIBaTh BUAUMOCTDL TOABKO
2 KM (A0 CAMOTO AGABHETO BUAMMOTO ODUEHTHPA), AAKe €CAY OHa HOAL-
me 10 KxM. A 0py BUAMMOCTH B 2 KM HAa a3pOAPOME HEeAb3sd A€TaTh.
TakuM 06pa3oM BO3HUKaET KOHMANKTHAA CUTYAIUsI MEXKAY MeTeo-
CcAyROOH ¥ CHeHarMCTaMy TPasKAQHCKOM aBUaIliy, KOTOpas yepes
AOCTaTOYHO MPOAOAKHUTEALHOE BpeMs ObIAa pa3peniesa HOCAe opra-
HU3AVY HHCTPYMEHTAABHBEX HaOAIOACHMHM 38 BUAUMOCTBIO.

Kpome BU3yarbHOTO OIPEASACHHS BUAUMOCTH € [TOMOIIBIO VC-
TaHOBAEHHEBIX UAU €CTECTBEHHEIX OPHEHTHPOB Ha METeOPOAOTHYeC-
K¥X CTAHIUSIX UCIIOAB3IYIOTCS Yale scero nupuGopetr PAB (peructpa-
TOPH ABABHOCTH BUABMOCTH) uAM npubopst @U-2. TlpuHnun peii-
CTBUS 3TUX IPpUOGOPOB OCHOBAH HA TOM, YTO B IIPUEMHOe YCTPOHCTBO
1pubopa NOHapaloT OAHOBPEMEHHO ABA Ayda: OAWMH 3aMEBIKETCH B
pubdope, a BTOPOH NMPOXCAHUT OIIPEASACHHOE PACCTOsIHUE 110 TOpU-
30HTaAu B armMocdepe (oberaHo 100 M), oTparkaeTcs oT yCTaHOBASH-
HOTO Ha 3TOM PacCTOSHUH 3ePKana i BO3BpallaeTcd B IpHeMHOe yC-
TPOMCTBO IPUBOPA OCAABAEHHEIM YXYAIIEHHOM IPO3PAYHOCTREO aT-
mocdeprl. CpaBHHUBAA HHTEHCUBHOCTE 3TUX AyYel caMm Opubop on-
peAeAseT TPO3PaTHOCTE aTMOCHEPEL, @ CAEAOBATEABHO, M BUAUMOCTb.

2.9. OCAAKU

B kauecTBe xapaKTepUCTHK OCAAKOB UCIOAB3YeTCs 0GBIYHO ABA
KpHUTEpUA: BUA U UHTEHCUBHOCTE. BUA 0CaAKOB BCeTpa ONpepeAseT-
CsI BU3YaAbHO, & eAMHUIIEH M3MepeHUsT UX UHTeHCUBHOCTH SBAS-
€TCs BeAUYMHA CAOSI OCAAKOB, BHIITAARIOMINX 38 eAUHUIY BpeMeHH
(kak mpaBmuAO, 3a | wac uau 3a cyrku). CaMa Xxe BeAUUHHA CAOH
BBINABLINX OCAAKOB BCETAa U3MepseTcsa B MUAAHMeTpax., MHoTAl
3aMepSAIT KOAMYeCTBO OCAAKOB, BHIIABIIMX He 38 eAUHHITY Bpe-
MEHH, & DY TPOXOKACHHUN UAU CHABHOTO AUBHSY, HAM aTMOCdep-
HOTO QPOHTA.

KpoMme KoAMYeCTBEHHOH OI[€HKH MHTEHCUBHOCTH OC3AKOB CY-
LleCTBYeT BU3yaAbHasd OlleHKa WX UHTeHCUBHOCTH, KOTOPas IPOU3-
BOAMTCA 110 YXYAIIEHHUIO BUAMMOCTH B siBAeHUSIX. VIHTepBaAbl 3Haue-
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HUM BUAMMOCTY IIPH Pa3AUYHOH MHTEHCHMBHOCTH OCAAKOB IPUBEAE-
HEBI BEIIIE B TaOA. 2.2.

3mo unmepecHo:
— TPYAHO cebe IPEACTaBUTD MHOTO UAM MAA0 BLIIAAC OCAAKOB, €CAY
V3BECTHO, UTO MX BHITIAAQ, IPEAIIOAOKIM, 15 MM, A ecAM HEMHOXKO
NMOPAa3MBICAUTE, TO OKA3bIBAETCs, YTO 15 MM OCAAKOB 3TO TAKOE HMX
KOAMYECTBO, YTO Ha KaKALIM KBaADAaTHEIHE MeTp IOBEPXHOCTH MpH-
xopurcs 1,5 Beapa Boppl. Telleps y»Xe MOXKHO TOBOPHUTD, YTO TAKOE
KOAMUYECTBO OCAAKOB AT OAHOTO AOKAS MOKHO CUMTATh AOCTATOYHO
OOABIINM;
— caMoe «MOKpPOE€ MeCTO» B MUpe HaXOAMTCS B MHAWM Ha I0KHBIX
ckaoHax 'mmanaes. Tam 3a rop Bemaaaet 14000 mm ocapros! Do
0Y€eHb MHOTO!
— no kaaccuduranmu O.10. Bepra AUBeHD - 370 AOXKAL C HHTEHCHB-
HOCTBIO PaBHOH WAK Goree 0,38 MM/MUH TPOAOAKUTEABHOCTHIO He
MeHee 10 MUHYT;
— CHeroIlaA C UHTEeHCHBHOCTBIO He MeHee 7 MM 3a 12 4yacoB IBASeTCs
OTIACHBIM SIBACHUEM LIOTOALI AAT aBTOTPAHCIOPTA.

Aasi ollpepereBys] KOAWYECTRA BHIIABIIMX OC3AKOB HMCIIOAB3Y-
FOTCSI CIIeIIMAAbHEIE 0CaAKOMEPHI, C IIOMOIIBIO KOTOPEIX OC8AKY CHA-
JaAa CKAIAUBAIOTCH B CIIEOMAABHOM CTAKaHEe, €CAM HTO CHET, TO CHa-
4aAa ero pacTaHAMBAalOT, & IIOTOM BCETAA B JKMAKOM COCTOSTHUM STH
OC3AKHU IIEPEAUBAIOT B MEH3YDKY B OIIPEAEASIOT UX KOAHYECTRBO. AAs
OTpeAeAeHHs] BEICOTBI CHEKHOTO MOKPOBA HUCIOAB3YETCS ClIenu-
4ABHASA CHETOMEpHas AUHEWKa, HOAb30BaHMe KOTOpPOU MOSICHSTH
He TpebyeTcs.

2.10. OBAEAEHEHUE BO3AYLIHBIX CYAOB U TOAOAEA,

Obregenenuem Ha3bBaLTCSI OTAOKEHHE AbAA Ha BHEITHE ! 1ToBep-
XHOCTH BO3AYIITHOTFO CYAHA. [10A MHTEHCHBHOCTBIO OOACACHEHYSI IOHH-
MAeTCs MacCa AbAQ, OTAATAIOIIETOCS B HOACTE Ha SAMHUIIE IOBEPXHOC-
TH B €AVHHUIY BpeMeHHU. B aBuanuy 3a MHTEHCUBHOCTL OBAeACHEHHSI
TIPUHUAMAIOT OOBIYHO TOAIMHY CAOS ABAQ, OTAGTAIOLIETOCS B @AMHHIITY
BPeMeHU. B KauecTBe eAMHUIL H3MepeHUs HHTEHCUBHOCTH O6AeACHe-
HUsI HCTIOAB3YeTCS] BeAHYMHA |, IMErolias pasMepHOCTb [MM/MuH].

O6aepeHeHuEe CUUTAETCSE CAADEIM, ecar | < 0,5 MM/MUH, yMEepeH-
HBIM, ecan 0,5 < 1 < 1,0 MM/MUH H CUALHBEIM, ecay [ > 1,0 MM/ MuH.

Toroneg — oTAOKEHHE AbAQ HA IPEAMETaX UAY Ha [TOREpXHOCTR
3eMAH, OOYCAOBAGHHOE OCAKACHHMEM U 3aMep3aHteM NepeOXAKACH-
HBIX KalleAb MAM KalleAb TIPH OTPHIATeABHEIX TeMIIepaTypax BO3AyXa.

27



VHTEHCUBHOCTE TOAOAEAQ ONIPEAEASAETCS TOAITHMHOM (MM) CAOS
OTAQKUBUIETOCH ABAQ. ECAM CAOY ABAS MEHBIIE 5 MM, TO TOAOAEA OT-
MeyaeTcs Kak CAaOBIH, €CAY CAOM AbAG 9-20 MM — ymepeHHEIH, 20-50
MM — CHABHLIN U1 60AbHIe 50 MM — OYeHE CMABHEBIN rOAOAeA. B cooT-
BETCTBUH C HIPUHATON KAACCUPHUKAIINEH TOAOAEA C KHTEHCHBHOCTEIO
oonree 20 MM OTHOCHUTCH K OHACHBIM ABACHHSIM [IOTOAR!.

3Jmo uHmMepecHao:

-—— H3BECTHEI CAYYaH, KOTAA TOCAE TOCAAKH CaMOAETa Ha HeM HabATo-
ABACHA CAOM ABA3 TOAIMHOM B 13 cM. ECAY DpeACTaBUTH, 9YTQ TAK 06-
AepeHeA camMoneT Ty-154, macmaah KpeiabeB KOToporo pasya 200 ks.
M, @ HAOILIAAB BCETO CaAMOAETa - OKOAO 500 KB. M, TO Ha 3TOM CAMOAETEe
OBIA OBL «IPUBE3EH» ACA, 0OBEMOM B 65 KyGOMeTPOB ¥ BECOM OKOAO
50 Toun! Ho 04eHs XOpOIIo, YTO OGACACHEHHIO TOABEDEHE], B OC-
HOBHOM, TOABKO AODOBEIE 4aCTH CAMOASTOB ¥ Ha CaMOAETe YCTaHOB-
A€Ha aHTHOGACASHUTEABHAS CUCTEMA.,

Ha MeTeoCTa X AAS H3MEPEeHUA TOAOAEAAQ UCITOAB3YETCSI TaK
HAa3BIBAEMEIY FOAOACAHBIN cTaHOK. OH COCTOUT U3 MPOBOAOB, HATs-
HYTEBIX Ha CTOAGE! B ABYX B33aUMHO e PIEHANKYASPHEIX HAllPaBACHH-
s1X. OTAOKEHNs AbAQ U3MEPSIFOTCS] MAM 110 TOALIMHE CAOS AbAQ Ha ITPO-~
BOAAX, MAM 110 0G'beMY BOALL, IOAYMMBIIEHCS OT TagHMS OTAOIKUBILIE-
FOCS ABAA.

2.11. EAMHWIIbI PABOTDLIL, SHEPTUUM U TEITAOTbI

Eaununen pabotel u suepruu B cucreMme CI'C (caHTHMeT],
TpaMM, CeKyHAa) saBasieTcs 1 3pr. Opr — ato padoTa, coBepiiaeMast
cunok B 1 puny (cM. m. 1.1) HQ OYTH B lcm. PasmepHOCTE paboTH U
sgepruu B cucreme CI'C [rem /c .

B mexayHapoapHO¥M cucreMme eauHuIn CH u B cucreme MKC
(MeTp, KHAOTDaMM, CeKYIZJAéiz) 3@ EAMHUILY CHABI IPUHAT 1 AJKOYAL. Paz-
MEPHOCTb AKOYAA [kTM /c ]. B COOTBeTCTBUM C Pa3MEPHOCTHIO 1 AXK
= 10 apr. '

B rexnmuecko#t cucteme epauHUy MKI'CC (MeTp, XMAOTpaMM-
CHMAQ, CeKYHAQR) epuHNIIeN paboTe! aBasgercst 1 kuaorpammomerp (1
KI'M), KOTOPEIH paseln 1 krm = 9,81 ax.

Ba>KHOM IpakKTHYECKON epAUHHUIEN paboThl SBASETCS BaTT-4ac
(BT.4); 1 BT.4 = 3600 pAXK.

Tak KaK TenaoTa sIBASeTCS OAHOH U3 QOpPM SHEePTrHH, TO U3 3TO-
IO CAEAYET, YTO SAUHHUIIE U3MEPEHUA TENAOTH ¥ SHEPIUH OAUHAKO-
Bel: B cucteMe CI'C — 1 3pr, B cucremax CM u MKC — 1 AROVAB.

Ha npaKTHKe IHPOKOoe paclpOCTPaHeHUE TIOAYINAA BHECHCTEM-
Hasl eAMHUIIA TENAOTE — Kanropus. OpHa Kaaopus (1 Kan) paBHa Ko-
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AWYEeCTBY TellAa, HeOOX0AUMOMY AASL Harpera 1 r BoAHI Ha 1 rpaAycC B
uHTepBaAre Temnepatyp ot 19,5°C a0 20,5°C (1 kaa = 4, 1868 aAx).

2.12. EAMHWLIBI UIBMEPEHUA ITOTOKA WM ITPUTOKA TETTAA
{(OHEPI'MN)

B MeTeopoAoruM 4acTO HCHOAB3YIOTCA IIOHATHUS NOMOKA U NPu-
mMoKa TenAd uAM 3Hepruu. KoAM4ecrBo TelAa (SHEPIUU), HPOXOAS-
1ee Yepe3 eAMHUIY NOBEPXHOCTH B @AWHHIIY BpeMeHH Ha3hIBaeTCs
NOMOKOM TenAa. DTa BeAMYNHA U3MePAETCs B AXK/ C'M? A B BATT/ M2,

PasHOCTE MeXAY BXOAAIIMM B HEKOTODHI O00BEM BO3AYXA U
BEIXOASAIIUM 113 HET'O HOTOKOM TeIIAA (HEpTHU) Ha3LIBAETCA NPUmo-
KoM Tenaa uAd sHepruu. OOBMYHO NPUTOK TENAA PACCUUTLIBAETCSE Ha
E€AMHHMITY MaCCHl BO3AYXA U TOTOMY U3MEPSIeTCS B AXK/C'MP KT UAH B
BaTT/M? KT.

2.13. EAMMHWLIEI MOITHOCTU

Kak m3pecTHO 13 QU3UKY, MOLHOCTE 3TO PaGOTa B EAMHUITY Bpe-
MeHH, HO3TOMY B cucteMe epmnmn CT'C MONTHOCTE H3MEPAETCSE B 9P-
IaX B CEKVHAY U UMeeT pPa3MepHOCTh [I'CM ’/c ]

B cucreme eAMHAL CH u MKC 3a epmHULY MOITHOCTY NPUHAT
1 BaTT, paBHEIA 10’ apr/c, a B cucteme MKI'CC — 1 xI"m/¢c = 9,81 BT,

Ha npakxTuke 9aCTO UCTIOAL3YETCS TAK HA3hIBAEMasi BHECHCTEM-
HAS eAMHUWIA — AOIUIAAWHAS CHMAQ, KOTopad pasua: 1a.c. = 735,5 BT
= 75 xk["m/c.

3mo unmepecHo:
~— MOUJHOCTb B OAHY AOLIAAMHYIO CHAY MOJKET Pa3BUTL QPU3UYECKH
CHALHEIN Y@AOBEK B Te MOMEHTHI, KOTAZ OH ITOYTH 6eTOM IOAHHMAaeT-
CA BBEDX 110 AecTHUIE. Ha caMoM peAae, €CAV IOAHUMATLCH CO CKOPO-
CTBIO IATL CTYHEHEK B COKYHAY, (KaXkpasl CTyIeHbKa HMeeT BRICOTY
npuMepHo 20 cM), TO YeAOBEK BECOM B 75 K KK Pa3 ¥ pa30BbLET MOl -
HOCTB B OAHY AOLUGAHHYIO CHAY,

2.14. EAVMTHMIIBI UBMEPEHVISI CBETOBBIX BEAMMUUH

Eaunuuent cuasl cpera B cucteme CU cAyRAT KaHgead (kg), Ko-
Topyto A0 1970 ropa HaseiBaam ceeuol {cs). Kanaera — cuaa cBetq,
HCTIyCKaeMoro ¢ naomaan 1/600000 m? ceyeHMs TOAHOTO M3AYYATE-
Asl, B IEPIeHAUKYASIPHOM K 5TOMY Ce4eHN IO HAallPABACHUH DU TEM-
TnepaType U3Ay4YaTensi, PABHOH TeMIepaType 3aTBePAEeBaHUA IIAATH-
HEI ITPY HOPMAABHOM @TMOC(EPHOM AGBACHHH.
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EamHMIIEH CBETOBOTO MOTOKA TBASIETCS AFOMEeH. 1 ATOMeH (AM) —
CBETOBOM OTOK, HCIYCKaeMBiH TOYSYHEIM WCTOYHHUKOM CBETAa C CHAOH
CBeTa B 1 KaHAEAY (CBeYY) B TEACCHBIN YT'OA, PABHEIN 1 CcTepapuaHy.

EAmHUIIeH CBETOBOY HEDPTHUU SIBASETCS AIOMEH B CeKYHgY (AM- c),
a epAVHMIEH CBETUMOCTY — AIOMEH Ha KBAADPATHEIN MeTp (AM/M?).

QCBeNIeHHOCTE BCETAR U3MEPSIeTCs] B AIOKCAX (AK). 1 AIOKC — 3TO
OCBELIeHHOCTL IIOBEPXHOCTH Cepsl PapruycoMm B 1 MeTp, co3pasae-
Masd HaXOAJUIUMCS B €€ I[eHTPe TOUSYHBIM HCTOYHUKOM CBeTa, CHUAd
CBETa KOTOPOTo paBHa 1 KaHAeAe (CBeue).

KoandecTBO OCBEINEHNS ONDEACASETCS B AIOKCAX 38 CEKVHAY
(AK-C), @ ADKOCTh CBETa — B KAHAEAAX Ha KBAADPATHEIM MeTp (kg/M?)
AU CB/ M2

2.15. EAMHUL{bI U3MEPEHUS YPOBHS 3BYKOBOTO
AABAEHNA

YpoBeHs 3BYKOBOIO AaBAeHHS (L) n3mMepsercsa B Oeaax (0) man
geyubeaax (gb). DTOT ypoBeHb olipepeasiercs 1o popmyae (2.17):

L=kt (2.17)
0

rae: k-xoaddunuenT nponopuuoHasbHoCTH, kK = 1 1ipu u3aMepeHusx
3BYKOBOI'O AaBAeHMA B 6enax v k= 10 1pu u3MepeHUsx B poenubenax;
Popo — 3¢ (peKTUBHOE AAaBAEHME 3BYKOBOMN BOAHBL;

P, - YCAOBHEIM TOPOT 3BYKOBOTO AABAGHHUSI, PABHEIA P = 2:10° 5/M”
OTy BeAUYHHY MHOTAQ €llle Ha3bIBalOT CINUHGUPIMHEIM NOPOTOM CAb-
wuMocmu ¥ ONPeAeAstioT Aast yactoTte! 1000 ru.

2.16. TIPUCTABKHU AN OBO3HAYEHMA KPATHBIX EAVHWI]

Ha npakTuke 4acTo NPUXOAUTCS IOALIOBATLCH HE TOALKO OC-
HOBHBIMU €AMHULIIAMU H3MEePEeHUs], HO U UX IPON3BOAHBIMY, KOTOPEIE
OTAHYAIOTCSI OT OCHOBHOM €AMHUIE Ha HECKOABKO MOPSIAKOB, Kaxk-
Adsl Takas IPOU3BOAHASA €AMHHI]a UMEeT CBOe Ha3BaHue, HO He BCe-
TAQ MBI BCE 3T €AUHHIBI XOPOIIO NpeaActaBaseM, Hampumep, Hu v
KOTO He BLI3LIBAeYT COMHEHMS TaKas BEAMYMHA KaK CaHTHUMeTD AR
KHMAOTDAMM, HO BOT YTO TaKoe NHUKOMapasa MAT FUTaKaropHs Cpas3y
OTBETUT AAAEKO He Ka)XABIY. Bce mpuCTaBKM pAAsT 0603HaYEHHS KpaT-
HBIX eAVHUI] IPpUBEAeHE! B TabA, 2.3.

Tabauua 2.3
TIpncTaBKu AN 0003HAYCHNS KPAaTHHIX eAVMHAL
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Hanmenosanue | Koobduunent Cokpamieunoe  oBO3HEYCHHS
Pycexoe Mexaynapoinoe
HHKO 1077 B p
HaHO 10” H n
MHKPO 10* ) MK il
MUY 197 M ™
canTy 10~ ¢ S
e 107 a d
JeKa 10 Ja da
TeKTo 10° r H
KHHO 10° 3 K
Mera 10 M M
rHra 10° T G
Tepa 10" T T

DTy 3HaYeHUS KPATHEIX €AUHHNII, MOKET OHITh, ¥ He 00s3aTeAb-
HO BCe 3HATH Ha NMaMsITh, HO TaAKYIO TAOAMYKY CAEAYET BCErAa HMeTh
oA PYKOH ¥ YMETH €M IOAB30BaThCH.

3mo uHmepecHo:
— 110IPOGYHTE COCUUTATD, KAKOE KOAMYECTBO BOAK MOJKHO Harperh
ot 0 a0 100°C, 3aTpaTuB mpu 3ToM Bcero 1 T'kaa Tenna? {ecau BH BCe
COCYMTAAY IIPABUABHO, TO Y BAC AOAXKHO IOAYyYUTECH 10 M¥).

2.17. HECTAHAAPTHBIE EAMHULIbI

HHoraa, unTas crapele (M He O4eHb) KHHTH PYCCKUX U 3apyBexK-
HEIX aBTOPOB, MOKHO BCTPETUTE He COBCEM 3HAKOMEIE EAVHUIIET U3~
MepeHHs Pa3HEIX BeANYHH. MBI TONEITAAKCH BCE 9TH HECTAHAAPTHEIS
EAMHULBI PYCCKOTO U 3aPYyOesKHOTO IPOHCXOKAEHHUS CoGpaTh BMec-
Te, BOT 4T0 y HaC HOAYIHAOCE. '

Meprl gAUHBL:
1 BepcTa = 1060 Mm;
1 cakeHp = 2,13 Mm;
1 ROCasi Ca)keHb — PACCTOSIHMIE OT HIATKHU AC KOHHA IIOA-
HSITOM C ADYTOM CTOPOHBI PYKH;
1 apmmn = 0,71 m;
1 AoKOTB = 0,50 m;
1 msipb = 20 cm;
1 BepuIOK = 4,4 cm;
1 Touka = 0,2 cM
1 Mmunsa (reorpaduyeckas) = 7420 m;
IMuAd (cyxonmyTHast) = 1609 m;
1 MuAst (MOpCKasi) = 1852,2 m;

31



1IeCC IIPOUCXOAUT HENIPEPBIBHO, OAHAKO GOABIION POAU B H3Me-

HEeHWH TEMIIePaTyPHl BO3AYXa OH He Urpaet. Aeno B TOM, UTO pa-

AMAUIMOHHEBIM 0anaHC IMOACTHAAIONIEH NOBEPXHOCTH ¥ HM)KHUX

CAOEB aTMOC(Eephl AHEM MOAOKHUTEABHBIH (TElAQ MPUXCAUT

B6oABIIIe, 9YeM YXOAUT), @ EOYBIO OTPHUATEABHEIN (TEAL YXOAUT

OOABIIIE, YEM YXOAHUT);

—  3aCYer TeIAOBOM KOHBeKuuu. [Ipu 3ToM 06'beMbl BOAEE TEIAC-
IO BO3AYXA MOAHMMAIOTCH BBEPX (OHU A€T'Ye — BCIOMHUTE ABIM
OT KOCTpa), @ 6oAee XOAOAHBIE ONYCKAIOTCSA BHI3, Takum oOpa-
30M HPOUCXOAMT EepeMeUINBaHYe BO3AYXA U KaK CASACTBHE —
IIePeHOC TelAA B BePTUKAALHOM HalTPaBACHUH;

—  3a cyeT TypOYAGHTHOIO HOTOKA TeIlAd, DY KOTOPOM IPOHCXO-
AWUT HanboAee 3HaUUTEABHOE IepeMelllnBaHue BO3AYXa.
3HAUNUTEABHBIN HEPEeHOC TEXAA OT IMTOACTHAAIOTIEH IIOBEPXHOC-

TH B aTMOCQEPy OCYIHEeCTBASIETCS BOAIHBIM NTapoM. [ Ipu Harpese 1mo-

BEPXHOCTH CO3Aal0TCST YCAOBUS AASL MCNIAPEHUs BOABL AASI TOTO UTO-

OBl UCNapuUTh | KI BOABI TpebyeTcs 2500 kAKX TemAa. KOHBeRIIUS U

TypOyAeHTHEIe OTOKM IIePEeHOCHAT BOASHOH nap B armocdepy, rae

OH KOHAEHCHPYETCS, BRIAGASIS TO TEIIAQ, KOTOPOe OBIAO 3aTPavYeHO Ha

€ro ucrnapeHue.

TeopeTHyeCKUMHU HCCACAOBEAHUAMHI YCTAHOBAEHO, YTO OCHOBHEI-
MU OIPUYMHAMY, IPHBOASIINUMH K IIeDEHOCY TenAa B aTMocdepe, IB-
ASTIOTCSI TEHAOBAs KOHBEKUUS, TyPOYAeHTHOCTDb A (ha30BHIE IpeBpa-
IIeHUS BOABL.

INoacTHAQIOIIAA NOBEPXHOCTh CYIIM OOABIIE HarpeBaeTCs U
OOoABIlle OTAQET TellAd BO3AYXY, YeM BOAHAS IOBEPXHOCTh. [TosToMy
B TeIAOe BpeMs F'oAa BO3AYX Haa CyIeld OKa3BIBAETCS HAMHOTO Tell-
Aee, YeM Hap, BOAOH. 3UMOH B HOYHOE BpeMsi, Ha000PpOT, CyIlla BBIXO-
AaXuBaeTcs OOAbIIE, YeM BOAHAS IOBEPXHOCTD, U BO3AYX Hap CylIer
xoaopHee, Tak Kak NOBEPXHOCTh CYIIH B Pa3AWYHEBIX pariOHax Heo-
AMHAKOBQ, TO ¥ IPOIleCcCh Harpega MOYBEL U TIepeAayl Tellaa arMoc-
depHOMY BO3AYXY TaKXe pasAnyHEl, OcoOeHHO CUABHO CKa3bIBaeT-
Cs1 BAMISTHHE MOACTHAAOIIEN ITOBEPXHOCTH Ha IIPU3EMHBIM CAOM aT-
MoC@epH!, TOAITFHA KOTOpPOro koaebaercsa ot 20 Ao 250 M, u ocobeH-
HO Ha CaMBIM HHXKHUHN CAOM aTMocdepsl ToAuuHOu B 1,0-1,5 M, a, Kak
BaM M3BECTHO, TEMIIEPATYPa BO3AYXA Y 3€MAM M3MepsSeTCs B ICHX-
POMETpUYEeCKON OyaKe Ha BEICOTe 2 M.

CyTOUYHBIY XOA TEMIIEPATYPHI 38BUCUT OT XOAA TeMIepaTypEl
IIOACTHAAOIIeN noBepxHocTU. C BocxoaoM CoaHIIA Cyllla HarpeBa-
eTCd A0 TeX IIOpP, DOKa He YCTAHOBUTCS PAaBHOBECHE MEKAY HIPHTO-
KOM TellAd ¥ TeHACOTAAaYeH. DTO IIPOMCXOAUT IPUMEpPHO B 15 yacon
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110 MECTHOMY BpeMeHH. MaKCuMyM TeMIIepaTyphl BO3AYXA HACTYTIa-
T HEeCKOABbKO NO3AHee, YeM MaKCHMyM TeMIepaTypH HOYBEL JTO
OOBsICHAETCS TeM, YTO TEelAC MaKCHMAABHO HarpeToi HOYBLL enje
HYKHO «TIOAHATE» Ha BEICOTY 2 M, TAE U3MepsaeTcs TeMIIepaTypa BO3-
AyXa, & Ha 3TOT IIPOLEeCC TpebyeT s BpeMs.

MuHNMaABHAS TEMIEPAaTypa BO3jAYXa TEOPETHYECKU AONKHA
HabAIOAATECS B MOMeHT Bocxopaa Coanna. OAHaKO YaCTO MUHUMAADL-
Hasl TeMIIepaTypa OBIBaeT HECKOABKO No3ke Bocxoaa Coanna. Cpa-
3y nocae Bocxopa CoAHIle yKe CBETHT, HO ellle He IPeeT UAM rpeeT
oueHb IA0X0. [ToaTOMY efrje HEKOTOPOE BpeMsi Ha BRICOTE 2 M TeMiTe-
paTypa Bo3AyXa NPOAOAKAET TIOHIIKATBCS, & YyTh IO3)Ke, B 3aBUCH-
MOCTH OT IIMPOTEI MeCTa, BDEMEHY Ir'oAa H ADYTUX IIDHYUH, BCE BCTA-
HeT Ha CBOM MECTa.

Haauume 06A89HOCTM M BETPA TAK)KE OKA3BIBAET BAUSHUE HA
CYTOYHEIH X0A TeMIepaTyphl. O6AaYHOCTD MIPENSTCTBYET COAHEYHEIM
AydaM HarpeBaTh 3eMHYIO [IOBEePXHOCTh, TEM CaMBIM CTAQKHBAS CY-
TOYHBIH XOA TeMneparypsl. CHABHEIN BETEp Y 3€MAH YBEANUHMBAET
TYpPOyAEHTHOE NepeMelUNBaHUe BO3AYXa, TeM CaMbIM BBEIDABHUBAS
TEMIEPATYPY BO3AVXa HA PA3HBIX YPOBHSAX, YTO HPUBOAUT K YMEHL-
WEHHUI0 aMIIAUTYARL CYTOYHOTO XOAQ TeMIepaTyphl. B neaom aMmoan-
Tyaa KoreBaHuH TEMIIepaTyPhl BO3AYXa BCerAa MEHBIIe aMIAATYAB
CYTOYHEIX KOAeOaHUY TeMIIepaTypsl IOBEPXHOCTH MOYBEI.

Kak y>Xe roBOPHAOCH BHIIIE, reorpapuieckuM paclpeseAeHH-
eM TeMIEePaTyPE! BO3AYXA B PA3AWIHEIX IIMPOTaX MBI 3aliMeMCs nIpu
U3yIeHHMY XapaKTePUCTHUK Pa3AUYHBIX BO3AYIIHEIX MACC,

PacnipepenreHue TeMIepaTyphl BO3AYXa C BBICOTOM TakyKe uMe-
er ceou ocobeHHOCTH. [To BIIOAHE MOHATHEIM IPUYMHAM B TPOIIOC-
depe C yBeArYeHHEM BBICOTHI TEMIIEPATYPa BO3AYXA HOHUKAETCs. B
CPeAHEeM 3TO NOHWXeHue cocTaBasieT 6,5°C Ha 1 KM BHICOTHL EcAu
YYecTh, 9TO B CTAHAAPTHEIX YCAOBHAX TeMIlepaTypa BO3AyXa y 3eM-
HOM MOBEPXHOCTH NpUHATA paBHOM 15°C, a BricoTa Tponocdepsr 11
KM, TO Ha BepXHeH IrpaHulle TPONOChepH TeMIepaTypa BO3AYXA PaB-
Ha - 56,5°C.

Ecam no xaruM-An60 NpuduHaAM TeMIePaTypa BO3AYyXa C BHICO-
TOM YBEeAMYUBAETCHA B KAKOM-HHOYAL CA0€ ATMOC(EDH], TO 3TOT CAOH
HA3BIBAETCA CAOEM UHBEPCUU, & €CAY OCTAEeTCS [IOCTOSHHON — CA0EM
uzomepmuu. AAs XapaKTEPUCTHAKY PaclpeACACHU A TeMIEPATyPEL BO3-
AyXa € BHICOTOM BBEAEHO MOHATHE O BePTUKAABHOM TEMIIEPATYPHOM
rpapHeHTe.

BepmuxaabHEIM MEeMNEPAMYPHEIM IpaguenmoM (Y) Ha3bIBaeTcs
OTHOILIeHYEe PA3HOCTH TEMIIEPATYD Ha ABYX YPOBHSAX K Pa3HOCTH BEI-
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coT 371ux XXe ypoBHeH. CAep0BaATEABHO,

T,-T,  T,-T,

1

Z,-7, AZ (3.1)
rae T, m T, — TeMmeparypa BO3AyXa Ha HIUKHeM (1) u BepxHeM (2)
YPOBHSIX, COOTBETCTBEHHO; AZ — pasHMIla BHICOT ABYX YPOBHEH.

O6BIYHO BePTUKAABHBINA 'PAAMIEHT ONIPEASASIOT Ha [IePelap BhI-
cor 100 M nAm 1 RM. 3HaK «-» B hopmyae (3.1} cTaBUTCSA AAST TOTO,
gTOOKI TPH YMEHBIIEHNN TEMIIeDATyPhl BO3AYXA C BBICOTOH (YTO CO-
OTBETCTBYET OGBLIYHOMY XOAY TEMIIEPaTypEL B Tponocdepe}, BepTu-
KaALHEBIM TPEANEHT TeMIepaTypel 0CTaBaACs IOACKUTEABHEIM.

Boaee BBICOKMMY CAOSIME aTMOCGHEDH! MBEL C BAMHM 3aHHUMAThCS
He OyaeM.

AASL CIIeIMaArCTa-MeTEeOPOAQTA IIOHATHE «TEMIIEPATYPa» MHO-
TOIAGHOBOE. DTO HE TOABKO TeMIIepaTypa BO3AYXa, 3a KOTOPOH CAe-
AST BCe OOBIBATEAH, ¥ AQKe He TeMIepaTypa TOYKH POCEL, O KOTOPOH
3HAIOT MHOTHE, HO ¥ TIEABIH Psip APYTHX TEMIIEPATYP, KOTOPEIE «IIOA-
BAACTHBI» TOABKO ClieliarricTaM. Huske MBI pacCMOTPHM OCHOBHEIE
MOHATYS O PA3HEIX TEMIepaTypax, KOTOPEIe B TOM MAM MHOH Mepe
WCIIOAB3VIOTCS Ha IPaKTHKe IPU pa3paboTKe IPOTHO30B IOICAHL

AAsT AydIero MOHUMAHUS CYLIHOCTH DA3AMYHEIX TEMIIEPATyp
HAITOMHUM HEKOTOPBIE HOAOMKEHHUS N3 KIIKOABHON» hrzuku. Fissec-
THO, YTO SHEPTHs He MOKeT ObITh VHUYTOKEHA, OHa AWIIb IIepexo-
AWT U3 OAHOM (GOPMEI B APYTYIO. ECAY TeAY 1AM KaKOMY-HUOYAB OOBe-
My BO3AYXa COCOLIUTh HEKOTOPOE KOAMUECTBO SHEPTUH, TO ITO TEAO
MOJKET UCIIOAB30BAaTh JHEPIUIO Ha YBEAWIEHIE UAY YMEHBbIIIeHHEe CBO-
ero o0'beMa, Ha HarpeBaHue, IAeKTpU3anuo u T.1. I1poeccsl, npo-
TeKaroupe IPHU IPUTOKE MAK OTTOKE 3HePruM, Ha3hIBaIOTCA guaba-
muyeckumu. OHU COIPOBOXKAAIOTCA H3MEHCHUSIMM HEKOTOPEIX ITapa-
METPOB COCTOSIHUS TEAQ,

BMecTe ¢ TeM eCTh IPOLeCCHl, IPONCXOASHINE B Teae 6e3 IIpu-
TOKAa JHEPTUM U3BHE, d AWIIL COIIPOBOKAAIOLIHECS Nepepaclpeae-
ACHMEM y)Ke CYHIeCTBYIOHIeH B Teae 3Hepruu. Takue NpoLecchl Ha-
3BIBAIOT aguafamuyieckumu. ITpuCTaBKa «a» O3HadaeT «6e3». M3-3a
«IIEPEBOAYECKNX KYPHE30B» B Hallel MeTeOPOACIHIECKON AUTEpa-
Type BMeCTO CAOBa «guabamuieckull» MANIYT «<Heaguabamu4ieckKuil».

Bupmyaabrnas memnepamypa. IToHATHE BEPTYaAbHas TeMIIepa-
Typa OTHOCHTCS TOABKO K BA&KHOMY BO3AYXY. BupTryasrHas Temme-
parypa BA&KHOIO BO3AYXA 9TO TaKas TEMIIepPaTypa, KOTOPYIO MMeA
6Bl CYyXOM BO3AYX HPH TOM XKe AABASHUM K IIAOTHOCTH, YTO U BAAIK-
Hpl. CAeAOBATEABHO,

‘J/:
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I =T+AT, (3.2)

a, AT, =0,608sT =0,378T = (3.3)
p N
TAC: S- MaCCOBas AOAS BOASIHOTO IIapa { YAEABHAS BAAYKHOCTE), € -VII-
PYTOCTb BOASIHOTO Iapa, P- aTMocepHoe AaBAcHHME, T- TeMmiepaTypa
BAGKHOTO BO3AyXa.
Bennmunna ATV HazrIBaeTCs BUPTYaALHBEIM AOGABKOM M HHOTAA
HCIIOAB3YETCsI IPH PA3AMYHBIX TEOPETHYECKUX PACUETaX.
INomenyuaarnaa memnepamypa. IloTeHnuaAbHas TeMIIepaTypa
{®) sTO TaKast TeMIeparypa, KOTOPYIO NPUHAA OBl BO3AYX, €CAH OBl
ero aprabaTHYEeCKHU IPUBECTH (IOAHSITEH UAU OYCTUTE) K AGBACHUIO
1000 rITa. CaepoBaTeALHO,

0.288
1000
o1 4

O4eBUAHO, YTO IIPHU CyX0apnabaTUdeCcKuX Tpoeccax ® = const.
Ecay noTeHOManbHas TEMIIEPATYPA U3MEHUAACE, TO 3TC 03HAYAET, UTO
HMeA MeCTO IPUTOK UAH OTTOK TeIlIAg, T.€. IPCIece He OhA CYXOapH-
abaruyeckuM. YpaBHeHUe (3.4) ellle 9acTO HA3BIBAIOT YPaBHEHUEM
IMyaccoHa. [ToHsTHe OTEeHOIMAABHOH TeMIIEpaTyPH U CaMa IOTEeHIN-
aAbHAsS TeMIIEPATyPa JaCTo UCIOAB3YETCS B OIIEPATUBHOHN TIPaKTHKE.

AAd ollpepereHus NOTEeHIMAALHON TeMIIePATyPHI HYKHO OT HC-
XOAHOM TOUYKH Ha a9POAOTHYECKOM AarpaMMe OIYCTUTECS HAU IOA-
HSTBCS IO Cyxo¥ apuabare po pasaenwms 1000 rIla u orcunTaTh 3Ha-
4eHHe TeMIeparypel. B nmepememaromeiics BePTUKAABHO YaCTHUIIE
BO3AYXAa NOTEHINAABHAS TEMIIePATypa OCTaeTC sl HEM3MeHHOH, OAHa-
KO MOAEKyAsipHasi TeMneparypa napaeT Ha 1°C Ha Kasxable 100 m
moakeMa B pacTeT Ha 1°C Ha Kaxable 100 M onfyckaHus.

IKBUBAAEHIMHAA MeMNepamypd. DKBUBAACHTHOM TeMIIepaTypoil
{T') Ha3mBaeTCS TaKast TEMIEPATYPa, KOTOPYIO IPUMET BO3AYX, €CAH
CoAepRALIUNCS B HeM BOASHOM I1ap BECh CKOHASHCUPYETCS IIpH He-
M3MEHHOM AABACHHY, @ BHIAGACHHOE [P 3TOM TeIAO GYAeT moTpaye-
HO Ha HarpeBaHHe BO3AyXa.

U3BecTHO, YTO IPKH KOHAGHCAUUHU 1KT BOASIHOTO Tapa BHEIASAS-
ercs 2,50110° kax Teina. BTo NOBHIIAET TEMIIEPATYDPY BO3AYXa Ha

2501

Cp

TPaAyCoB, TAE C, - YAEABHAs TEIIAOEMKOCTE CYXOTO BO3AYXa
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IpY HOCTOSHHOM AaBAeHuH. Vi3 dmsuru ussecTHO, uTo ¢, =1005
KAK/KrTpaa. OTCIOA], €CAH B BO3AYXE COAEDIKUTCS «S» TPAMMOB BO-
ASIHOTO Tapa, TO

T’=T+z—5-0—1s:T+2,SSzT+2e, {3.9)
1005

TAE: € - YIPYTOCTh BOASTHOTO IIapa, MM DT.CT.
[MTpu 3amMep3anum |Kr BOABI AOTTOAHMUTEABLHO BBEIACASIETCS ellle
333,5raX Tenna. Toraa 5KBUBareHTHas TeMIIepaTypa [to OTHOIIEHHIO
KO AbAY OYAET paBHa
T"'=T+28e. (3.6)

TMoHsTHE SKBUBAAEHTHAsS TEMIIEPATYPa 4aCTO HCIOAB3YETCS B
Pa3AMYHEBIX TEOPETUYECKUX pacyeTax.

IcesgosxkBuBaAEHMHAA MEeMNEPAMypa (NCepgomemMnepamypa).

TlceBpO3KBUBareHTHasI TeMIeparypa (Tse) — aTo Takas Temue-
PaTypa, KOTOPYIO IPHUHSA OBI BO3AYX, €CAH €70 aAHa0aTHYeCKH oA~
HSITB AO TOAHOM KOHAEHCAIIMHY COAEPIKAIIErocs B HeM BOASHOTO ITapa
{CAEAATH BO3AYX CYXHM), @ 3aTeM OIIYCTHTE yKe CYXOH BO3AYX AO HC-
XOAHOTO YPOBHS.

[MceBAOSKBHBAACHTHAS TEMIEPATYPa OTAMYAETCS OT MOAEKY-
ASTPHO¥ Ha BEAMYHMHY, PABHYIO IIPHPOCTY TeMIIepPaTyphl 3& CYET BEI-
AEASHUSI CKPBITOH TEIIAOTH KOHASHCAIINH.

Ilcergonomenuuairpnaa memnepamypa. I'lceeaonoTeHIMAABHAS
TeMmieparypa (Ops, 0’} aT0 TaKas XKe NCEBAOIKBHBAACHTHAS TeMIIe-
parypa CTOM TOABKO PasHHUIIEH, YTO AN OAYUEHHUS IICEBAOIOTEHII M-
AABHOM TeMIepaTypPHl Hy’KHO OIIYCKAaTbCS He A0 UCXOAHOIO YPOBHS,
a po yposss 1000 riTa.

3KBUBGAEHMHO-NOMEHUUAALHAL MeMNepamypd. DKBUBaASHTHO-
TOTeHIUAAbHAs TeMIePaTypa (O, ) 3TO Takasi TeMIeparypa, KOTOPYo
TPHHSA GBI BOBAYX DU aauadaTUYeCcKoM Iponecce, ecan 051 CHava-
Ad CKOHAEHCHPOBAAACH «BCS BOAA» (BeChb BOASTHOU ITap, HaXOASILIH-
Csl B BO3AYXe) IPH MOCTOSHHOM HCXOAHOM AGBA€HUH, BCS TEIAOTE
KOHAEHCAITMH TOIIAa OB Ha HarpeB BO3AYXAE, & 3aTeM BO3AYX ObIA OBI
npuBeaeH K pasaennio 1000 rlla.

Beiilie MEI C BAMM PACCMOTPEAH IIECTh Pa3sAUYHEIX BUAOB TE€M-
mepatyp. M3 Hux HamboAee 3HAYMMBIMYI 1 YaCTO BCTPeYaeMBIMM Ha
ApakTHKe SBASIOTCS HOTEHNMAaAbHAad TeMIepaTypa, YKBUBaAreHTHO-
HOTeHIMaAbHAs TeMIIepaTypa U BUPTyaAbHas TeMmeparypa. Hy, ec-
TECTBEHHO, XOPOIIeMy CIEeIHaAUCTy Hy’KHO XOTb YyThb-4yTh 3HaTh U
PO OCTAABHEIC TPH TEMIIEPATYPHL
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4. BETEP B ATMOCOEPE

B atrmocdepe Bceraa ecTh BeTep. [IepBONpUYMHON BO3ZHRKHO-
BEHHUs BeTpa B aTrMocdepe SBAGETCS HePAaBHOMEPHOE paclpepaeAe-
HHe aTMoc(hepPHOIo AaBAEHHUA IO 3eMHOMY mapy. Kak B coobimaio-
HUXCS COCYAAX VPOBEHB JKUAKOCTHU CTAPAETCH CTATh OAMHAKOBLIM,
TaK K aTMoChepHoe AaBACHHE ¥ 36 MAY CTAPaeTCs BRIpOBHATECA. Cae-
AOBATEABHO, B aTMoC(hepe BO3HUKAET IOTOK GOABLINX, BepHee OIPOM-
HEIX, MaCC BO3AYXa U3 PaiOHOB C BEICOKUM aTMOC(EPHBIM AaBACHU-
eM B PalOHBI C TOHUKEeHHBIM AaBA€HHEM. ABUKEHMEe BOZAVIIHEIX
Macc 0bycroBaeHo curamu 6apudeckoro rpaptenTa (G). OapHako, Kak
TOABKO BOBHUKAET ABHIKEHUE BO3AYXA 38 CUET CUALI Ga pHYECKOro rpa-
AMEHTa, Cpa3y e Bo3HUKaeT u cura Kopuoarica (K}, KoTopas Hanpas-
A€HA B CEeBEPHOM IOAYIIAPHH BIPaBo MOA yraoMm B 90 rpaaycos ot
HanpaBACHUS HAYaBIIETOCS ABUIKEHUSA BO3AVIIHEIX Macc. B pesyan-
TaTe B3aMMOAEMCTBUS 3TUX CHA B HRUAABHEIM MOMEHT BPEMEeHHU BO3-
AVX HauHeT HepeMenarscsd B Hanpasaenuu Uo (Puc.4.1a).

SEgm Y Puc4.la.

p-1 [TosicHEHUA K OOPEASACHHUIO ABHREHWS BO3-
AVIIHBEIX MACC IIPH HAAWIWUM CUA 6apIIecKo-
IO rpapreHTa (p- aTMOochepHOe AaBACHHE).

)

OaHako nepemenieHye BO3AYXa B HAIIPABACHUU Uo OYAET HepO-
ATMM, TaK K@K CHOBA BO3HUKHeT cuaa Kopuoauca, CHOBa IOTOK BO3-
AyXa OTKACHHUTCS BIIPDaBO OT HAIPABACHUS ABUVKEHUS, U CHOBA IIPO-
ecc 0yAeT HEyCTOMIHBEIM. DTO 6YAET IPOUCXOAUTD AQ TEX TIOP, IOKa
cura Koproaunca Be ypaBHOBECHUT ACUCTBHE CUAR §apuieCcKoro rpa-
AVI€HTa. B 3TOM CAydae Halll BO3AYIUHEIH TOTOK CTAHET YCTOMYUBEIM,
U Terniepb MOXXHO [TOPACCY’KAATh O ero HanpaBAeHuu (Puc.4.16).

4 P Pyuc.4.10. YcTaHOBUBIICECS ABHXEHHIE
BOBAYIIHBIX MacC,

WL j:4

iy

Kak BMAHO U3 DUCYHK&, YCTOHYMBOE HaIPaBAGHHUE iepeMerie-
HUA BO3AYIIHBIX MACC, & 3TO BeTep, OYAET TAaKUM, IPU KOTOPOM CHAG
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GapuYeCcKOTO I'PAAMEHTa YPABHOBECUTCS CUAOM Kopuoanca, BO3HU-
KaloIgel Ipu llepeMellleHUH 3TUX BO3AYILHBIX Macc. Ha puc. 4.16 xo-
pOIo BMAHO, YTO IIPH OTCYTCTBUHM CHA TPeHHSA cuaa Kopuoanca Mo-
JKET YPaBHOBECUTDH CHAY 0apuyeCcKOTO TpajleHTa TOABKO B TOM CAY-
4Jae, eCAU OHa OYAET HallpaBA€Ha B CTOPOHY, IIPOTHBOIOAOKHYIO CUAE
fapuyeCKOTro IPAANEHTa. OTO 06CTOITEABCTBO aBTOMATHYCCKY MTPH-
BOAUT K TOMY, UTO BeTep AOAKeH OBITh HAIIPaBACH IaPAAAEABHO U30-
fOapaM, TpyYeM 30Ha HOHIKEeHHOTO AGBAEHHS AOAKHA B CEBEPHOM
IIOAVIIAPHHA OCTABATECS CAEBA 110 ABUIKEHHUID,

YcraHoBUBIIEECS TOPU3CHTAABHOE ABUJKeHNe BO3AYXa B Ipd-
MOAVHEWHBIX IaparAeAbHEIX 1300apaX [IPU OTCYTCTBUY CUA TPEHUS
Ha3BIBAETCS reocmpoduieckum BenpoM.

CKOpOCTB re0CTPO(hHYECKOTO BETPA ONIPEAEASIETCS 10 CAEAYIO-

uent popmyae

1 dp

U =— £
"= 2w, an (4.1)

rae: @, = o Sin ¢; @ = 7,29 -10° ¢! — yraoBas CKOpOCThH BpallleHus
3eMAHM, ¢ — LIUPOTa MECTa, Jp/dn -TOPU3OHTANBLHEIM TPAAMEHT AaB-
AeHwud, a cuaa Kopuoanca (K) pasra

K=2pwSin ¢+ U, (4.2

rae U- CKOpoCTE BeTpa, 4 p — IAOTHOCTH BO3AYXa.

OpHaKO B IOFPAHUYHOM CAOE ATMOCHEDE! BCETAA CYIIECTBYIOT
CHUABI TPEHHS: MEX8HUYECKas CUAA TPEHUS ABMIKYIIErocs BO3AYXa O
TIOACTUAQIOLIYIO IIOBEPXHOCTE U CHAA TYPOYAEHTHOTO TPeHus, 00yC-
AOBAEHHAS BSI3KOCTEIO Bo3ayxa. CyMMapHas cuaa Tpenusd (F), u peli-
CTByeT Ha ABUXKYILHICS BO3AYX. B pe3yAbTaTe 3TOT0 PearbHO CUAY
0apuYeCcKoro rpaAMeHTa YPaBHOBEIIMBAET He OAHE, a ABE CUABL: CHA&
Kopuoanca u cuaa TpeHus (puc.4.2).

]
e L

AT

a} / "

4 \l ¥

r}
.

X
§5:

Prc.4.2. OneBka HallpaBACHMSA ABHIKEHHUS BO3AYILHEIX Macc
IIPH PA3AMYHBIX 3HAYEHUAX CHABI TDEHMS.
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Kax BHAHO U3 PHCYHKa, B cAy4ae (a) ¥ B caydae (6) cuaa 6a-
PHUYECKOTO I'PaAMEHTa YPaBHOBEHINBaeTCs cyMMoH cua Kopuoan-

ca ¥ TpeHus. YCTAaHOBUBIIMICSA BO3AYIIHEIN IOTOK (BeTep) 6yaer

HampaBAeH BAOAL U] HAH Uz' COOTBETCTBEHHO Ha AEBOM M Ha IIpa-
BOY¥ YaCT¥ PUCYHKa. Kak roBOpUTCS, HeBOOPYKEHHLIM I'A&30M BHA-
HO, UTO B CAy4ae (a) cuaa TpeHus F 3HauuTeAbHO GOABIE, YeM B
cayiae (6). TakKe 3aMeTHO, 9TO YTOA MEXAY M300apOH U BEKTO-
pom U, 6oabiue yraa Mexay usobapon u Bekropom U, Caeposa-
TeABHO, YeM MeHBIIe CHAd TPeHHH, TeM OAMKe K n3obape Oyaer
paciioAOKeHO HallpaBAeHHe BeTpa. [T03TOMYy IpUHATO CUHTATE, YTO
Y 3¢MAHU BETEP OTKAOHSAETCA 0T ©306ap Hap MopeM Ha 15-20 rpapy-
COB, a Hap cyurel Ha 30-45 rpaaycos.

Cuaa TpeHHA C yBeAWYeHMEeM BEICOTEI YMEHBIIaeT s, a Halpas-
AEHME BeTpa C BEICOTOR NPUOAMXAaeTCd K u3obapaM. DTo ocobeHHO
XOPOUIO 3@aMETHO B MOTPAHMMHOM caoe atMochepsl. ITorparuvnblii
caoll ammocgepsl — 3T0 CAOK aTMOCHEPH! OT 3€MAH A0 BHICOTH 500-
1500 M, B KOTOPOM 3a CYET 3€MHOM IIOBEPXHOCTH U TYPOYACHTHOTO
obMeHa XOPOIIO BHIPa)XeH CYTOYHBIHM X0A METEOPOAOTHYECKUAX 3AE-
MEHTOB, aMIAUTYAA KOTOPOTO YMEHBIIAETCS C BEICOTOH M Ha BepX-
HeM I'PaHMIe CAOSI CTPeMHUTCS K HyAro. Hikame 20-250 M morpanmy-
HOTO CAOSE Ha3BIBAIOTCA NPUSEMHLIM CAOEM. DTOT CAOH XapaKTepusy-
eTCsl 3HAaYUTEeABHBIM YBeAnyeHreM Ko3GPuIneHTa TypOyAeHTHOCTH
C BEICOTOM U KaK CAEACTBHUE - B HeM HaOAI0Aa10TCsA SOABINNE 1 OYeHb
OOABIIHE BEePTHKAABHLIE TPAAMEHTEI METEOPOAOTMYECKUX BeANYMH,

VzMeHeHYe HAIIPABASHUS U CKOPOC-

TH BeTPa C BBICOTOM XOPOINO OIMCHIBAET- 2
% U oy 5
Cs1 TAK Ha3BEIBaeMOH «CIUPAABIO DKMaHa», P
% i 75 e .
BHeIIHWM BHA KOTOPOM MNOKas3aH Ha 4';;.3,,»“ et
puc.4.3. i
=t PR, S Y.
PucyHOK (puc.4.2) TO3BOAIET CAEAATH R

ellle OAMH HHTePeCHLIH BEBOA. Kak caepay-
eT W3 9TOr0 PMUCYHKa, HU3KOEe AaBAeHUEe
OCTAeTCA CACBA OT HAIIPABACHHUS ABHXKE-
HESI BO3AYX4, & BEHICOKOe — cmpasa. Temeph npeacTassre cebe, 4T0
u306apHl SBASIOTCS 3aMKHYTBIMU OKPYXKHOCTSIME C HU3KHAM A@BAE-
HHeM B leHTpe. TaKoe [MOAE AGBACHHS HA3KIBAKT YUKAOHOM, AAsI TOTO
yTOOLI HU3KOE AABACHUE B 3TOM IIOAE OCTABAAOCEL CACBA, ABVKECHHE
BO3AYXa B HEM AOAKHO OLITh HAIIPABACHO IPOTUR YaCOBOM CTPEAKH,
yTO U HabAIOARETCS B IMKAOHAX CEBEDHOTO MOAyIHapus. Ecan xe B
LIeHTPe TaKOro HOAS AGBAEHME BEICOKOE, TO 3TO ITOAE AABACHHS Ha-
3BIBACTCA GHMUUUKAOROM. U3 Tex ke cooBpakeHunit SCHO, 4TO ABH-

Puc.4.3. Crupans OrMana
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JKEHHE BO3AYXA 3A€Ch AOAJKHO IPOUCXOANTH IO YaCOBOU CTPEAKE.

BeTep B IUKAOHAX # aHTHHHKAOHaX, 4 TaKkKe B [IOAE HE3aMKHY-

TEIX U300ap IIPU OTCYTCTBUM CHA TPEHMSA HA3BIBAIOT JUKAOCMPOpU-
4eCKUM.

Kak reoctpoduueckuii, TaK ¥ TURAOCTPOMOMIECKHUM BeTep 06yc-

AOBAEH CHAOM 6apHYECKOr0 rpapuenTa, H03TOMY ¥ TOT U APYToH s1B-
ASIFOTCSL TPAGUEeHMHBIM BEIMPOM.

PeanbHsiit BeTep B aTMocdepe € yIeTOM CHABI TPEHHUS HA3BIBa-

0T gelicimBUMmeAbHbIM BEMPOM.

Kpome TOTO, CYIECTBYIOT ellle HECKOABKO IIOHATHH O BeTpe.

OcHOBHEIE 3 HUX!

42

usgAroBaputieckuli Bemep — 3TO TAKOH BeTep, KOTOPHIN He CO-
BHAAdeT ¢ reocTpohuyeCcKUM U3-3a M3MEeHeHUs AABASHHS BO
BpeMen# (& 3To n3arrobapet!). OTKAOHEHNS B3aarobapUIecKo-
ro BeTpa OT reoCcTpodHIECKOTO pepko npeBrmaT 20%. IToT
BETep SIBASIETCS, B OCHOBHOM, TEOPETHYECKUM, [TOYTH HHKOTAR
He MMPOTHO3UPYETCS ¥ UCIIOAB3YETCS TOABKO B HEKOTODBIX IHC-
AEHHBIX CXeMaX.

mepmuueckuli Bemep. TepMuueCKUN BeTep NPeACTaBASIeT COO0MU
Pa3HOCTb BEKTOPOB reoCTpoHUYecKOro BeTpa Ha BEPXHEM U
HIDKHEM YPOBHSX KAKOT0-ARO0 CA0st aTMochephl. MOAYAL 3ToM
Pa3HOCTH IPONOPHHOHAAEH I'PAAMEHTY CpeAHeH (IO BRICOTE)
TeMIepaType BO3AyXa B AAHHOM CAO€, @ HAaIIpaBAEHME COBIIapa-
eT ¢ HalpaBACHWEM H30TEePM CpepAHeN TeMIepaTyphl, OCTaBASIS
HU3KHE TEMIIEPATYPH CAEBa, a BEICOKHE — CIPaBa (B CEBEPHOM
[OAYIIApHE). DTOT BeTep M HOAYYHA Ha3BaHHe TEPMUYECKOTO
Berpa. Ha puc.4.4 npuBepeHB IPUMEPHI TEPMUYECKOIO BETPA,
KOTOPBIY MOJKET HAaOAIOAATECS IPY BABEKLIMHY TeTIAd U aABEKIUN

Puc.4.4. TTosCHeHNs K OIPEASASHUTIO TEPMUUECKOTO BETPA.

a) IPH GABEKITWHY TEIIAd; §) DM aABEKIIMH XOAOAR,



X0A0A&a. B MeTeOpOoAOrY ropU30HTAALHEIN ftepeHoC Goaee Ten-
AOTO BO3AYXa B CTOPOHY 60Aee XOAOAHOTO Ha3BIBAKT QgBEKUU-
ell menaa, a nepeHoc H0Aee XOAOAHOTO BO3AYXa B CTOPOHY 60-
Aee TeIIAOTO — agBekyuel xoaoga. Kak BHAHO, Ha A€BOM YacTH
puc.4.4 npuBeaeH NpuMep 6apudecKoro oaAs, B KOTOPOM HaGAFO-
AAETCSt QABEKLMS TEIIAR, & Ha IPABOM — aABEeKITHS XOAOAA. ECAr
0603HaYUTL CKOPOCTH BeTpa Ha HUXKHeM ypoBHe Yepes U, Tep-
MudeCKul BeTep yepe3 AU, a CKOPOCTb BeTpa Ha BepXHeM YPOB-
He yepe3s U, TO CTaHOBUTCH OUEBHAHEIM, 9TO IPU AABEKIINA Tell-
Ad MMeeT MeCTO IOBOPOT BETPA I10 YaCOBOU CTPEAKE, a IIPH aA-
BEKIIMM XOAOA2 — IPOTUB YaCOBOH CTPEAKY.

Kak BUAHO M3 PHCYHKQ, IPH @ABEKNIMU TenAa (puc.4.4 a) HabA0-

AA€ETCs IPaBIM IOBOPOT BETPA, a IIPH aABEKIIMY X0A0Aa (puc 4.4 6)
— AeBBII MOBOPOT BeTpa. STUMM IPABUAAMHA YACTO TOAL3VIOTCSH Ha
IPAKTHKe, KOTAQ TOABKO ITO AQHHEIM TEMIIePATyPHO-BETPOBOTO 30H-
AUPOBAHHS aTMOChEpEl 10 U3MEHEHHUIO HalIpaBACHHUS BETPA C BEICO-
TOH IPUXOAHTCS OLJeHUBATE XaPAKTED aABEKIINH,

cpegrull Bemep. CpepHUN BeTeP B KAKOM-AUG0 CAOE OIPEAEAs-
€TCSl KaK CpeAHee 3HaUYeHVe BEKTOPOB BeTpa B IIPEALAAX AaH-
HOT0 CAOS. STOT BeTep PacCYMTHIBALTCA AAst HY>KA Munucrepcrsa
10 YPE3BBIYaMHLIM CUTYANUIM UAM MuHuCTepCcTBa O60POHEL.

TTo A@HHEBEIM 30HAVPOBAHHUS aTMOC(HEPE! B IPOU3BOABHOM MAC-

wtabe Ha CielfiaAbHOM OAAHKE MAM AMCTe OYMaru CTPOsSiTCSI BEKTO-
PEI BETPA Ha PA3AWYHEIX YPOBHAX, 3aTEM OIPEACASETCS Pe3YABTUDY-
IO BEKTOD, 8 110 HEMY — CPEAHHUM BeTep B CAOE OT BEICOTHI CaMO-
ro HUI)KHETrO BEKTOPa AC BBICOTBI caMoro BepxHero. Hanpasaenwue
CpeaHero BeTpa cpasy ke
yKa3bIBaeT HarpaBAeHUe

PE3YABTHPYIOMIETO BEK-

4] Uy
TOPA, & AAST IOAYIEHUS €T0 P ——
CKOPOCTH CAEAYET AAUHY et T~y T3
CYyMMAapHOro BeKTOpa C T "

Pa3AEAUTS Ha KOAMYECTBO
MIPOCYMMHPOBaHHEIX BEK-

Puc. 4.5. K onpepeAeHHIO CpeAHeTro BeTpa.

TOpoB (puc.4.5).

omHocumeasHblii Bemep. OTHOCUTEABHEIN BeTED 3T0 BETep B Ka-
KOM-Au00 OTHOCUTEABHOM CHCTEMe KOOPAUHAT. B oTAmYMe OT a6~
COAIOIMHOTO Bempd, PABHOTO CYMMe CKOPOCTed BeTpa OTHOCHU-
TEABHO 3€MHO¥ IIOBEPXHOCTH Y CKOPOCTHU BpAIl[eHus 3€MAH.

sxBuBarenmHubll Bemep. IToHATHE 00 3KBUBAACHTHOM BETpE {®)
HUCHOAB3YETCSE TOABKO IIPH METEOPOAOTHYECKOM OGeCleYeHnH
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apyanuu, DKBUBAACHTHEIN BETEP 3TO TAKOH PacYeTHHIN BeTep,
KOTOPBIU MOCTOSHEH 10 BeAUYHHE, HAIIPaBAEH 10 AMHUHM Ty TH
CaMOAEeTa M OKa3bIBAeT Ha IIOAET TAKOe JKe BAUSHUE, KaK U pe-
arBHEIN BeTep. B mocaepHee BpeMsi MOHATHE 3KBUBAASHTHOTO
BeTpa MOKHO CUUTATh B KAKOM-TO Mepe yCTapeRIINM, TaK Kak
Ha IPaKTUKE PAaCYEeTE 3KBUBaA€HTHOTr0 BETPA CeHYAC BEITIOAHS-
FOTCSI KpaltHe PeAKo.

cmpyiinoe mevyeHue. CTPYHAHEIM TeYeHHEeM Ha3kIBAETCS CHAB-
HEIA BeTep B cBOGOpAHOM armocdepe. [TpUHATO CIUTATE, 9TO
CTPYMHOE TeueHHe CYUeCTBYeT, €CAU Ha BBICOTAX OOAee 5 KM
HabAIOAAETCS BeTeP CO CKOPOCThIO 6oaece 30 M/ ¢ uam 100 km/ 4.
OGCBIYHO CTPYHHOE TeUeHHe IPEACTaBAseT co60i Y3KYIO 30HY
CHABHEIX BeTpPOB. [ 10 CTaTUCTUKE BEICOTA (TOAIIUHA) CTPYHHOTO
TeueHUs He npeBbImaeT 10 KM, IIMpUHA — HECKOABKUX COTEH
KHAOMETPOB, a IPOTSHXKEHHOCTh — HECKOABKUX TBICSY KUAOMET-
POB, XOTS M3BECTHEI CAyYaH, KOTAA CTPYHHOE TedeHue OHOSCHI-
BaAO BeCh 3eMHOM miap. MakcuMaabHasi CKOPOCTL BETPa, 3ape-
THCTPUPOBaHHAaY B CTPYWHOM TeYeHUHU Hap Teppuropueit Poc-
cuH, paBHAAACE 340 KM/ 4.
Me3ocmpylinsie medenus. Me3oCTpYHHLIMH T€UeHUSIMU Ha3bI-
BAKOTCH IIOTOKU BO3AyXa €0 ckopocTsamu 15-30 M/c Ha BEICOTax
200-500 M Hap IOBEPXHOCTLIO 38MAM. DTH IOTOKH YacTo HabAro-
AQIOTCS HaA CAOSIMHA MHBEPCUH, HOYBIO B 00A&CTU HU3KUX aHTHU-
HUKAOHOB. [Ipy HAAMYUH TaKUX CTPYH v 3€MAH BeTep, Kak Ipa-
BUAO, He npernimaer 3 M/c. Flcae3aroT Me30CTpyu OOBIYHO de-
pe3 2-3 yaca MocAe BOCXOAA COAHIIA (IIOCAe pa3pylleHUs IpU-
3eMHOM WHBEPCHH), OAHAKO, 3MMOM MOTYT COXPAHATLCI AOATO,
0COOEHHO B ApKTHKe 1 AHTAapKTHAEL.

Smo unmepecHo!

— CaMBl¥ CHABHEIA BeTED YV 3eMAU 3aMKCUPOBAH Ha OAHOM U3 Iie-
peBanoB B ropax Ha Teppuropuu CIIA. Tam HaOAIOAAACS BETEP CO
CKOPOCTEIO 129 M/ ¢, a 9TO Boablre 450 KM /4;

— B 40-e ToaABI XX BEKQ, KOTAA TOALKO-TOALKO HAUWHAANCH HaOAIOALE-
H¥sI C IOMOLIBIO PAAKO30HAOB, He BEDUAU AQHHEIM, €CAU OAYYEAOCH,
YTO CKOPOCThL BeTpa Ha BEicoTax Goablte 100 kv/4. Toraa enie He 3Ha-
AM O CTPYWHHIX TeueHHUsIX. Temneps 3HAIOT, ¥ Haj CeBEPHLIMY palioHa-
vy TuXOro okeaHa 3adUKCHAPOBAHA CKOPOCTL BeTpa B 750 km/4! Ca-
mMoaet VMIA-18, KOTODPEIM UMeeT KpeHCcepCKyo CKopocTh 650 kM/4 1
KOTODBIN ellle KOe-TA€ AETAET, I0N&B IIPOTHB TaKON CTPYH, MMeA OBl
OTPHULATEABHYIO CKOPOCTE, T.€. AE€TeA OBl «XBOCTOM BII€peA» CO CKO-
pocTeio 100 /4,

— OuYeHb XOPOUIO, UTO, TOBOPS 06 OTHOCUTEABHOM BeTPe, Mbl HMEeM



B BHAY BeTep OTHOCHUTEABHO 3eMHON HMOBEpPXHOCTU. MHaue Obr MEI
3a0YTaAMCh. ACHCTBUTEABHO, 3EMAS ABMIKETCS ITO OPOWTE BOKPYT
Connna co ckopocThio 30 KM/ c. 3a cueT BpallieHus 3eMAM BOKPYT CBO-
et ocu Ha wupoTe CadKT-TleTepGypra uan CTOKTOABMA KaXAast TOU-
K& 3eMHOY MOBEPXHOCTH «1IpoferaeT» 0KoAO 230 M/¢, 8 CKOPOCThL BeT-
pa y 3emau Bcero 5 M/c. TlpeacraBasiere, 94To Ol OBIAO, €CAK ObI MBI
HU3MEeHMAH CUCTeMY oTcueTa?!

5. BOAA BATMOCOEPE

O «KpyroBOpOTE BOABI B IPHPOAE» MBI BCE 3HaeM ellie CO HIKOAL-
HO¥ CKaMBH: COAHIE HAarPeBaeT 3€MAIO U BOAY, BOAA UCHAPSAETCHA, B
BHAC IaPa IOAHUMAETCA B aTMOCGEPY, TaM KOHACHCHPYETCS U B BUAE
OC3AKOB CHOBA HOHAAAET HA 3eMAIO. E?KeI‘OAHO C 3eMHOM NOBEPXHO-
cTH (Bopa + cymia) ucnapsierca 355 Tric. KM BoaBL Bca Boaa 6EICTPO
BO3BPAIIALTCA OTATE Ha 3EMAIO, HO B atTMocdepe BCeraa HaXOAUTCSH
npuMepso 13 ThIC. KM BOABL. JTO0 oueHnh MHOTO! Takoe KOAHYeCTRO
BOAHI B 11 pasz Goablile, UeM BO BCEX PEKax MHpAa. 3amac BOAHLI B aT-
Mocdepe 06HOBAAETCA IPUMeDHO Yepes 9 CYTOK, T.e. 40 pa3s B roa.

PaccMOTPHM IYTH HONAAAHUS BOAH B aTMocdepy. DTOT IyTh
OpMH — ucnapeRrue. B mpuHUUNe, uClapeHue 3TO OTPHIB MOASKYA
BOABKI (BOASTHOT'O TIapa) 0T NOBEPXHOCTH. IHTEHCUBHOCTE UCTIaPEHUS
3aBUCHUT OT TeMIE€PaTyPHl BO3AYXa, CKOPOCTH BeTPa ¥ B MeHEIIel cTe-
TIeHH OT BEAMYMHH aTMocdepHoro AasreHus. PusuKa npoyuecca uc-
TIaPEHNMs 3aKAIOYAETCS B CAeAyIomeM. EcAW IpeACTaBUATE TOPU30H-
TAALHYIO TOBEPXHOCTE BOAHI (pPHC.3.1), TO Ha 3TOU IIOBEPXHOCTH MO~
CTOSIHHO UALT IPOL{eCC OTPEIBA MOASKYA BOABI (UCAPEHUE) U BO3BPa-
lileHHe MOAEKYA BOABI M3 BO3AYXa (KOHgeHcauus). B 3aBUCHMOCTH OT

Puc. 5.1. K mogcHeHuIO (HHU3UKY MPOLeCca UCIapeHus:

45



TOr0, KAKOH HIpPOoLecc npeobrajraeT, MOKHO TOBODHTE HAH O IIPOIIeC-
Ce UCIIAPEeHNs, MAH O IIpOIjecce KOHAEHCAIIUH.

B Tex cayuasx, KOTA@ KOAMYECTBO «OTOPBABHIMXCS» MOAEKYA
PaBHO KOAWYIECTBY «BEPHYBHIUXCSI», MOKHO TOBOPHUTH O IPOIECCax
Hacerenua, IlpuaeM yopyrocTsk HaChIIEHMS BOASHOTO 1tapa (E) 6yaet
TeM OOABIIIe, YeM BRIIIE TEMIIEPATYPa, T.€. eCAn T ,<T, o El < E2 .

Yupyrocrs HackimieHus (E) 3aBUCHT TaKXe M OT arperarsoro
COCTOSIHHSI BEUISCTBA: YEM TSKEAee OTOPBATh MOAEKYAY OT TOH cpe-
ABl, B KOTODOM OH8 HaXOAUTCS (4eM OOABIIE CHUALI CHEIASHUSI MOAE-
KYA), TeM MeHBbIlIe YIPYroCTh HackineHus., [Tosaromy E o < E @
YUPYTOCTE HachIIEHHUS HAA BOTHYTON NOBEPXHOCTHIO MEHbIHE, YeM
HaA FOPU3OHTAABHOM H €llle MEeHBIIe, YeM HaA BBITYKAOH.

3mo npumepHro Kax 6er no Boge, KOrga B 0GHOM CAY4 (e BOGhL MOAb-
KO NO WUKOAOIKY, B gDYrOM N0 KOAEHO, d B mpemhbeM 1o NOAC. Ec-
meCcmBeHHO, 4mO B NOCAEgHEM CAyude «BbIDBAMbLCA» U3 BOghbl BAM
6ygem msxeAee BCEro.

Chep0BaTEABHO, TPOYMUTAB ellle pas MOCASAHU Y aG3al] U BHUMA-
TEABHO IIOCMOTPEB Ha PHC.5.2, MOJKHO YOEAUTHCS, YTO AeHICTBUTEAR-

Puc. 5.2. Micnapen#e ¢ TOBEPXHOCTH Pa3AUYHOM KDUBU3HEL.

HO, YIIPYTOCTh HACHIIIEHHUS Ha) BOAOH OOABIHIE, YeM Hah ABAOM, a YIi-
PYTOCTb HACBIIECHUS HaA MEAKHMHU KAIIASIMK OOABIIIe, YeM Hap Kpy-
HBEIMHM. DTO OYeHb Ba’KHEIN BEIBOA. A0 B TOM, YTO B 0O6AAKE BCETAA Psi-
AOM CYHIECTBYIOT KalIAM pasHEIX pa3Mepor. M BOT, mpeacTasbre cebe
CUTYaLIHMIO, KOTAG VIIPYTOCTE HACKIIIEHUS B OOAaKe (€) DOABIIE, YeM Hap,
KDPYIIHOU KanAeH, HO MeHbIIe, 4eM Hap MeAKo# (E oy, < € < E )
I'lpu TaKOM «pacKAaae» MeAKHe KalAM IPOAOAIKAIOT UCHAPSATHCS, a
KPYIHEIC KOHASHCHADYIOT Ha ce0s BOASHOM nap arMoceprl, T.e. KpyT-
HBIE KAIIAU B 0OAAKe PACTYT 3& CYET MEAKHUX KalleAb.

AHaAOTHYHAS KaPTUHA IPOUCXOAUT U C POCTOM OBAAYHBIX KPH-
CTAAAOB: KPUCTAAABT HMEIOT BO3MOJKHOCTE PACTH 3a CYeT BCel JKHUA-
KO (ha3bl 06AaKa KaK 38 CYET KPYIHEIX, TAK U 38 CYET MEAKUX 0BAaY-
HEIX KarneAb. Hy a poCcT pasMepoB 00A8YHEIX IAEMEHTOB IPUBOAUT K

BBRITIGACHHUIO OCAAKOB.
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XoTeA0Ch OB 03HAKOMHUTD UYMTAaTEAEH CO CAOSKHBIMM TEIIAOBEI-
MM IpoLieccaMy B o6aake. BepAb U3BeCTHO, UTO IPU UCTIAPEHHUH BOAE]
3aTpayMBaeTCs TEIAO Ha IIPEOACACHHE CHA CIIETIAEHHUSI MOAEKYA (600
Kaa Ha 1r uan mpuMepHo 2,5:10°AK/Kr), @ Ha DAaBAEHHE ABAQ (Pa3py-
HIeHHMe MPOCTPAHCTREHHOU DEINeTKH) AOTIOAHWUTEALHO Tparurcsd 80
®aA Ha 1 r uam 0,33-10° Axx/kr. TIpu KOHACHCALMY BOAFHOTO Napa 1
3aMEepP3aHNH BOABI BEIAGASIETCS TAKOE JXe 10 BeAHYHMHE KOAMUECTBO
TemnAa. BoT mo3TOoMy IIDEACTaBUTh cefe AOCTAaTOYHO TOYHYIO MOACAL
obaaka ¥ BCeX TIPOLIECCOB B HEM SIBASIETCS OYEHBb CAOMKHOM 3apaUeH,

Hy, a He IpHBA3EIBAsICH HEIIOCPEACTBEHHO K 00AaKY, MOJKHO CKa-
3aTh, YTO BOAA B aTMOC(epe MOXKeT HaXOAUTECA B TPEX arperaTHBIX
COCTOSIHUSIX: BOGQ, NaAp U Aeg. YIHOTAR TOBOPST M O HeTBEPTOM COCTO-
SHUU — NepeoxAwkgeHHol Boge, Ho, MMOKAAYH, C TOYKH 3peHust pu-
3HMKH, AyUllie TOBOPHUTE O TPeX (Paz0OBBIX COCTOTHUIX BOABL, a He O Ue-
THIPEX.

B 3aBucumMocTH oT TeMiepatypsl (T) u AaBAeHUS (p) COCTOSIHUE
BAAr# B arMocgepe MoXXeT OBITh pa3AndHbIM. OHO, 3TO COCTOSIHHAE,
MO3KeT OBITh OIIPEAEASHO TAK Ha3bIBaEMOM AMArpaMMOM COCTOSIHUA,
KOTODYIO ellle Ha3kIBalOT KpuBoK Maruyca (puc.5.3)

Kak BMAHO U3 AMarpaMMEL, €CAM TapaMeTpHl aTMOChepHl COOT-
BeTCTBYIOT 3HQUEHMSIM, YKa3aHHEIM B TOUKe «A», TO B 3TOM CAyYae
YUPYTOCTh BOAAHOTO Napa B TOYKe «A» (e,) MeHblIe YIPYTOCTH Ha-
ceimtenus (E), 1.e. e, < E u, CAepOBaTeARHO, IPH TAKOH cUTyaryu 6y-
AeT TIPOMCXOAMTE IIPONece ucnapeHus. B rouke «B» HaoboporT, yn-
PYTOCTb HACHILIeHUA €, > E, a 3TO 3HaYMT, YTO B AAHHOM CAydae Oy-
AeT IIPOMCXOAUTD IIPOLIeCC KOHASHCAIMH BOAAHOI'O [Tapa.

B Touke «C» BOASHOM Ilap M BOAQ HAaXOASTCA B paBHOBecHH, Chae-
AOBATEARHO, B 3TOM CAyJae UMEeeT MeCTO COCTOsIHIE Hacknuenws (e. = E).

Ha puc.5.3 3amMeTHO TaxKe, YTO TPH OTPHLATEABHLIX TeMIepa-
Typax BO3AyXa MaKCHUMAaAbLHAS YIIPYTOCTh BOASHOTO Mapa Hap BOAOH
9yTE OOABHIE, YeM HAAQ ABAOM. DTOTO «YyTh-UYyTh» B aTMOC(epe XBa-
TaeT AML BOBHHKHOBEHMS MHOTMX Ba’KHBIX poreccoB. Kak yxe ro-
BOPHAOCH, BO-TIEDPBHIX, 3a CYET 3TOTO B 06AaKe KPHCTAAARI PACTYT 3a
cuer KalleAb. Bo-BTODEIX, 10 TOH Ke IPUYNHE TOBOPST, M TOBOPST CO-
BEPUIEHHO CIIPaBeAAKBO, YTO «CHEKHEIH IOKPOB CHEAAET TYMaH», TaK
Kak KallA¥ TYMaHa UCHapsaioTCs, ¥ BOASHON IIap KOHASHCHUDYETCS Ha
CHeXHOM IIOBEDXHOCTH TeM CAMBIM YMeHbIIas BOAHOCTE TyMaHa U
«CBEAAsi» ero.
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Puc. 5.3 AnarpamMma cocTOSHHNS BAaaru B aTMocdepe. Kpusas Marsyca.

2mo unmepecHo:

— XUTPHIM BOIPOC: TIOKAAYHCTa, TOKAKHTE TOUKY Ha AMarpaMme co-
CTOSIHUS, KOTOPasi COOTBETCTBYET COCTOSTHUIO BOASHOTO ITapa B BallleH
KOMHarTe.

— KaK MBI MM CaAU TOABKO UTO BhIITIe, HeOOAbINAS Pa3HMIA B YIPYTO-
CTM HaCBHIIIeHUs Haj BOAOH M HAAQ ABAOM («UYTh-UyTh») IPUBOAAT B
armMocepe K Cephe3HBIM M OY€Hb MHTEPECHEIM NIPOHeccaM. 3TO B
KaKOH-TO Mepe HallOMUHAaeT paboTy 0GLIKHOBeHHOTO Audra. O6d3a-
TEABPHOM JaCThIO KAKAOTO AUQTA GBASETCS IPOTHBOBEC, KOTOPBIN IO
CBOEMY BECY «UyThb-4yTb» THKeAee KaOMHBI ¢ maccaXupamu. B pe-
3yAbTaTe A@Ke HeOOABIIOTO IO MOIITHOCTH ABUTATEAS AOCTATOUHO AAS
NIPUBEAEHUS KaOUHEI AMdTa B ABUXKEHIE, ¥ 3TO BO3MOKHO IIPaKTH-
YeCKHU IpY AI060M Bece KabUHEI AUdTa. 3AeCh, KaK M B atMocdepe
(vAu B @TMOCDEPe, Kak ¥ B AUdTE}, pafoTaer TpUHINN «IyTh-4YTh».
—— roBOpPA O IPOHeccax UcrapeHus U KOBA€HCANUH, XOUeTCd IPUBe-
cT¥ Tako¥ nprMep. OpHa 6epesa 3a Top UCNapsaeT HECKOALKO THICAY
AWTPOB BOABI, & 3TO 3HAYHT, YTO 3@ COAHEYHBIN AeHb KaXKAOE AEPEBO
ucnapsier B atmocdepy 3-5 Bepep BOABL. M 3TO TOABKO OAHO AEPEBO B
B OAMH A€Hb!

——U ellle OAMH [IPUMep, KOTOPBIH HaTAAHO IIOKAa3LIBAET BCIO CUAY U
BeAMYHe aTMOCePHBIX NPOoLeccoB. ECAH IpeacTaBUTE cebe KydeBOo-



AORAEBOE 00AAKO CpepHUX pasmepos {10x10 xM no TORU3OHTAAM U 5
KM B BBICOTY) ¥ CIMTaTh, YTO €r0 BOAHOCTE PaBHa 1 I/M (9TO MEHLIIE
CpepHero 3HaUeHNss BOAHOCTH B Ky4eBO-A0XRAECBOM 00AaKe), TO B 06-
AdKe TaKUX pa3MepoB copepxuTc 510° Toud Boant nad 10000 xe-
A€3HOAOPOKHEIX UHCTEPH. OTOM BOAOH U3 00AAKA MOXHO IIOAHOC-
THIO 3aTOAHUTE 6ACCEeH rAyDHMHON 5 M € TOPM3OHTAABHEIME pasMe-
pamu 100x1000M. 3Ta «BOpa» 0BPa30Barach IPU KOHACHCAIIWY BO-
ASHOIO [1aPa, HAXOAUBIIETOCSA B BO3AYX€, &, KaK U3BECTHO, IPH KOH-
MEHCALMY BOASHOTO TIapa BLIACASIETCS TEIIAO. 1aK BOT, €CAU OBl Bce
TENAO KOHACHCALUHU IT0ILIAC TOABKO Ha HArpeB BOAB!, TO BBIAGAUBIIIHX -
¢s1 3-10°TKaa Tenaa XBaTHAO GBI AASI TOTO, 9TO6E HarpeTs oT 0 A0 100
rpapycoB Gaccedn ¢ BOAOM padMmepamu 5x100x6000 m. Taroe Koau-
YeCTBO SHEPTUU CONOCTAaBUMO C SHePTHEH NNePBHIX aTOMHEX GOM6.,

EcCTh ellie OAMH MHTEPECHBINA BOMIPOC AAST UMTATEACH: BCeM H3-
BECTHO, UTO BOAA TSKEAEe BO3AYXE, YTO OOAAYHEIE KAUAW TOXKE Tsl-
J)KeAee BO3pyXa, HO OHM He BCETA@ M He Cpasy IaAaloT Ha 3eMalo. [1o-
yeMy? Bce pAeno B TOM, 9TO B aTMoC(epe OUYTH BCETAA CYLIeCTBYIOT
BEPTHKAALHEIE TOKH. A@’Ke eCAM CKODOCTB 3THX TOKOB BCET'0 HECKOAL-
KO CAHTMMETPOB B CEKYHAY, 3TOI'0 OKa3bIBAETCSI AOCTATOYHO AASI TOTO,
9TOOBI KallAsl HE yIaAa Ha 3eMAI0. TOABKO IO 3TOY IPUYHHE U «Aep-
JRATCsI» B BO3pyXe 00AauHELe KATIAK. KOTAd ’Ke KaHAS IT0 Pa3HbIM IIPH-
YMHAM YKPYIHSETCS U CTAHOBUTCA TAKOH,; YTO BePTHKAABHBIM IOTO-
KaM ee He YACP)KaTh, OHA NaAaeT Ha 3eMAI0, U MBI QUKCUPYEM, 4TO ¥
HAC TIONIeA ACKABL. BaM HPUXOAUMAOCE B A@TCTBE ITYCKATEh MBIABHEIC
ny3eipu? [IpeacTaBbTe cefe, YTO Takas Kanasd ¥ eCTh MAaACHLKMUH
«MBIABHEI ITY3BIPEY,

BeprukaspHEBIE TOKY BOSHHKAIOT ITIPY HAAMYNY TAK HA3EIBAEMOH
HeyCcTOWMMBON cTpaTudmKranuy atMocdephl. BeprukaabHbIe ABMK e-
HYST BO3HMKAIOT IO Da3HEIM IpuuMHaM. Hampumep, Beprurkassueie
ABUJXEHNS, BEI3LIBae€Mble CXOAMMOCTBIO BO3AYIIHEIX TIOTOKOB, 3aHU-
MaloT OTPOMHBIE IACHIZAY B IIOTOMY Ha3BIBAIOTCSA KPYITHOMA CIITa6-
HEIMU, VIX CKOPOCTE HeBeAUKa — MM/C MAM cM/c. OHU OTBETCTBEH-
HHI 38 POpMUPOBaHUE CAOUCTEIX 0OAGKOB.

Apyroi TUI TAKUX ABMKEHUH — 3TO CPABHUTEABHO Y3KUe Bep-
TUKAABHO HANPaBACHHEIE CTPYH. VIX CKOPOCTh MOKET AOCTUTATE AL-
CSITKOB METPOB B CEKYHAY. TaKoe ABMKEHME IOAYYHAO HA3BaHUE BEP-
THUKAABHEBIX TOKOB,

Ecam xakoHu-TO 06BEM BO3AYXA OKa3aACS TEIAEE BCETO OCTAAD-
HOTO OKPYKAIOIUEero BO3AYXa, TO OH OYAET NOAHUMATLCS (BOT BaM U
BepTUKaAbHBEIe TOKM). HarAsaHOe MOATBEDIRACHYE 3TOMY — TENARIH
BO3AYX ¥ ABIM OT KOCTPa, ABIDKeHMEe KOTOPOTO BBEPX BHAHO HEBOO-
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PY’KeHHBIM I'Aa30M. BoAee Harperas dacTh CyIIH (HaIpuMep, Bela-
X@aHHOE HOAE II0 CPAaBHEHMIO C OKPYIKAIOHIUM ero A€COM) U ABASIETCA
AAst arMocdepsl TAKMM «KOCTPOM», KOTODPEIE CO3AaeT B arMocdepe
HeYCTOWYIMBOCTD M BePTHKaAbHEIE ABIKeHMA. COBEPIIEHHO OUYEBHA-
HO, 9TO 9€M CHALHEE BePTHKAABHLBIE TOKH, TeM O0Aee KPYIiHbIe Kall-
A MOTYT VAEPRAThCH B BO3AYXe 3TUM OTOKOM. VIMEHHO 3TH TOKH
dhopMupyoT 00AaKa, U3 KOTODHX BEINAAAIOT AMBHEBEIE OCaAkH. BoT
IO3TOMY B AMBHEBOM AOJKAE Kanau 60aee KDPYIIHEIe IIC pa3Mepy o

CPABHEHUIO C AOKAEM MODOCALITUM.

6. HEBAAT'OITPUMATHBIE Y1 OITACHBIE ABAEHWA TTOT'OADBI

HeOAaronpusaTHEIME ¥ ONIACHBIME M'MAPOMETEOPOAOTHIECKUMU
SIBAEHHSIMY HA3BIBAIOTCH TAKYE SBACHHS, KOTOPEIE IPUBOAST K YEA0-
BReYeCKHM JKePTBaM K/MAM KPYITHOMACHITAOHOMY 3KOHOMHYECKOMY
yimepoy.

B HacTosiiee BpeMs NPHHATH CAEAYIONINe TePMUHH K ab0pe-
BHATYPA 3THUX IBACHHUU:

— OIIACHBIE ABAEHHMA (Of) — ecAm XpuUTEpHH HHTEHCHBHOC-
TU U IIPOAOAKMTEABHOCTH IBACHHE AOCTUTAHM YCTAHOBAEHHBIX
AASI HUX BEAUYHH;

—  HEBAAT'OITPUATHBIE METEOPOAOTMHECKUE ABAEHVA
(HMY) — ecam onacuble IBAeHUS HaBAIOAAAMCH, HO MX MHTEH-
CHBHOCTH M TIPOAOAKHUTEABHOCTD He AOCTUTAH YCTaHOBAEHHBIX
BEAWYIH AAST UX KBAaAM(UKAIIUMH KaK OTIaCHBIE IBACHWS.

B npuHIUIe BCe METEOPOAOTHIECKHEe ABACHHUS MOJKHO CIATATE

ONaCHEBIMI.

Smo unmepecro:
OAHEKABI B IIKOAE VINTEASI XUMHH, KOTOPEIN PacCKa3kIBaa 1Ipo Ka-
- Koe-TO «B6e306HAHOe BELIeCTBOY, CHPOCHUAH O TOM, SIBASETCS A¥ OHO
SIAOBHTEIM, Ha 3TO yIMTEeAL OTBETHA, UTO BCE BEI[ECTBa IAOBUTEL, AAJKe
THPOXXHOE. BCe 3aBUCUT OT TOTO, CKOABKO CHECTh. TaK U B TPUPOAE
— BCe SIBACHHSA OTIaCHHL. BCe 3aBUCHUT OT TOTO, CKOABKO BPDEMEHH U C
KaKOW MHTEHCUBHOCTBIO MTPOAOAKAETCS TO AU UHOE METeOPOAOTH-

YeCKOe IBACHHE.

AasatiTe pacCMOTPUM OCHOBHBIE METEOPOAOTHIECKUE BEAWIH-
HBI U TBAEHUS TIOTOABI M OIIEHUM UX OIaCHOCTH AN UEAOBEKA U Pas-
AMYHBIX 3KOHOMUYECKUX CTPYKTYD.

Temnepamypa Bo3gyxa. Y TeMIepPaTyphl BO3AYXA TPH «OeAbI»:
HM3K¥MEe TeMIlepaTypPhl, BEICOKHEe TeMIepaTypHl ¥ TeMIleDaTypEH
oxono 0°C.
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Hus3skue memnepamypsl — TOXe IOHATHE «pacTsKUMOe». B Ha-

KX IMUPOTaX MOKHO Ha3BaTh HU3KOM TeMIIePATYPy Bo3Ayxa -20°C
U HEXe, B SIkytun -40°C u Hmxe, a B Count -10°C u mwwxe. Tak uro,
COBEPIIEHHO OYEBHUAHO, YTO ITOHATHE «HU3KHe TEMIEePATYPEI» CHAL-
HO 3aBHCHT OT reorpadIecKoro IOAOKEHH TOTO UAH HHOI'O PErHOHa.

Huskue remMneparypsl BO3AYXa Y 38MAYM CKA3EIBAIOT CYLHIECTBEH-

HO€ BAHAHHE Ha BCIO AATEALHOCTHL UeAOBEKA., OCHOBHOE BAHSHHE Ha
CaMOT0 YeAOBEKA U HA PA3AHYHEIC SKOHOMUYECKYe CTPYKTYPEL OHH
OKa3EIBAlOT CACAYIOHIUM 06pa30M:

H{ 4eA0BEKd — BO3MOJKHOCTLIO OOMOPOKEHUS B 3aBUCHUMOCTH
OT TEMIIEPATYPEL BO3AYXA, BETPA, OASIKABL M BpeMeHH npeSLiBa-
HHs Ha OTKPLITOM BO3AYXeE;

Ha cmpoumeAbHble OPIaHU3AUUY — BO3MOXXHOCTBIO IIpeKpaule-
Husi paboT Ha OTKPLITOM BO3AYX€ M OPPAaHUYEHHUIO IIPOBEASHUS
BHYTPEHHUX PAaGOT Ha HEAOCTPOEHHEIX OO LEKTax;

HQ NpoBegeHue CNOPMUBHLIX COPEBHOBAHUU ~ BO3MOMKHOCTRIO
OTMeHEI CIIOPTUBHLIX COPEBHOBAHUH 13-33 HU3KUX TEMIIEPATyp
T BO3MOXXHOCTEIO OOMODOIREHUS CIIOPTCMEHOB,;

HA KOMMYHQABHOE X03AUCIMBO U MONAUBHO-3HEPremuiecKuli KoM-
NAEKC — BO3MOKHOCTBIO Pa3MOPasKUBAHUS OTOMUTEABHEIX CUC-
TEeM U NepeBoAd paGoTHl BCeX KOTEALHEIX Ha IpeAeAbHEIe pe-
>KAMEL paGoThel. KpoMe Toro, HusKkre TeMIepaTyphl IPUBOAAT K
IPOAACHHIO OTONUTEALHOTO Ce30HA B TOPOAAX U IIOCEAKAX (Ipo-
AAeHMe OTOIIMTEABRHOTO ce30Ha B [leTep6ypre TOABKO HA OAUH
AEHB IPDHBOAUT K AOIIOAHUTEABHEIM 3aTpataM B 170 teic. §, a
otonaeHHe 1 M? JKUAOTO TOMEIIeHus CTOUT NpuMepHo 3$ Broa);
HA QBMOMOGUABHBIY MPAHCIIOPM — CAOKHOCTHIO PaBOTEI aBTO-
MOOHMABRHOM TEXHUKH U BOAMTEAeH IIPU HU3KHUX TeMIepaTypax
(B pattoHax KpaMHero ceBepa OPH HU3KUX TeMIepaTypax HHOT-
A8 BOAMTEAH He BBIKAIOUAIOT ABUTATEAN KPYIAOCYTOUHO, TAK KaK
Ha MOPO3€e ABHTaTeAb 33aBeCTU OYeHb TPYAHO);

HQ KeAe3HOGOPOKHAIL MPAHCNOPM — CAOKHOCTBIO PAOOTEI ITOA-
BUJKHOI'O COCTaBa ¥ PAaOOTHUKOB HO ero 00CAYKHUBaHUIO;

HAQ MOPCKOU MPAHCNOPM — BO3MOKHOCTEIO OOACACHEHHUS CYAOB
U CAOKHOCTBIO paGoTEl 3KUIIa’Ka Ha IaAyoe;

H{ CeAbCKOe X033UCHIBO — BO3MO>XHOCTbBIO BEIMED 3aHUSA O3UMEIX
IIOCEBOB U CAAOB, HEOOXOAMMOCTBIO ACIIOAHUTEABHOT'O 000rpe-
Ba CKOTHHIX ABOPOB U TEIIAULL M KaK CACACTBHE — BO3IMOXKHOC-
TBHIO BOBHUKHOBEHHUS NOKAPOB M AOCIIOAHUTEABHEIE 3aTPATHL Ae-
HEXHBIX CDEACTB;

HU MONAUBROE X0381CMBO ~ BO3MOXHOCTHIO BO3HHUKHOBEHHS B
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TOTIAMBE (2BTOMOOHABHOM U aBUAIIMIOHHOM) IPH €ro HeIPaBHAb-
HOM XpaHeHUU KPUCTAAOB, YTO ASAAET 3TO TOILAMBO HEPUTOAHBIM
K MCIIOAB30BAHUIO BaBTOMOOMABHEIX ¥ aBRAIMOHHEIX ABUTATEASIX;
B MEMAAAYPruu — BO3MOKHOCTBIO CMEP3aHHs] PYABI B )KeAe3HO-
AOPOIKHBIX BaroHaX, 4TO AEAAeT ee HeIPUTOAHOMU AASI MCHOAB-
30BaHHUs Ha METAAMYpPrudecKux KoMOuHaTax, TaK Kak Heo0xo-
AMMO UAHM AOKAATLCA Pa3sMOPa’kKUBAHUS PYABI, HAH B3PBLIBAThH
BAaroHEI, UAH HCIIOAB30BATh Pa3AMuHbIe AOOABKU AAS TOTO, UTO-
6Bl pyAQ He CMep3aAach, 9TO YBeANdUBaeT ce0eCcTOMMOCTh KO-
HEeYHOU IPOAYKLUY;

HOG pabomy u KU3Hb 3aNOBEJHUKOB — HEOOXOAUMOCTBIO AOTIOA-
HUTEABHOI'O YX0Aa 33 AEPEBBSAMY U IIOAKOPMKH 3BepeH U NTHll,
a 5TO AOHOAHUTEABHEIE 2aTPATEI Ha COAEPIKaHUe 3aII0BEAHUKS,;
Ha pafomy 3KOAOru4eCcKu BpegHbIX NPOU3BOgCIB — BO3MOKHO-
CTHIO BOZHUKHOBEHMS CMOTOB, OKa3bIBaI0IIUX HeOAArOnpusAaTHO.
BO3AEUCTBHE Ha SKOAOTUUECKYIO CUTYallMIo B PeruoHe;

Ha pa6omy ropHogoOsBaoujeli nPOMbIAEHHOCINU — TIPH pabo-
Te B OTKPBITHIX Kapbepax, IOMUMO BO3MOXHOCTH 00pa30BaHus
CMOra Ha AHEe Kaphepa, HabAAaeTCsl OUeHb OOABIION Ilepeliap
TeMIepaTyp Ha BepXHeM U HU)KHeM Cpe3ax Kaphkepa (Ha Koabc-
KOM TIOAYOCTPOBE B Kaprepe LleHTpaabHEIM IIpU TeMIepaType
BO3AyXa y 3emMaH -18°C Ha AHe Kapsepa Temneparypa -42°C);
Ha pabomy MypucCmuiecKux qreHmcms U KypOPpINHbLIX OpraHu3d-
yuil — BO3MOKHOCTBIO YMEHBIIeHUs HOTOKA TYPUCTOB;

Ha pabomy MegUUUHCKUX yupeXgenull — BO3MOJKHOCTbLIO yBe-
AMYEHHUS] YUCAE OOALHLIX C TIPOCTYAHBIMHE 3360AeBaHUSIMU U 00-
MOPO)KEeHUIMH;

Ha pabomy 3AeKmMpuieckux cemell — BO3MOXHOCTBIO 1 He0OX0-
AMMOCTBIO YBEAUUEHUS Harpy3KU AO IIPEAeAbHOM Ha BCe arpe-
raThl S9AEKTPUYECKUX CTAHIUH.

Bricokue memnepamypel BO3gyxd, KOTOPEIe, Kak U HEU3KKe TeM-

epaTypsl, «IOHATHE PACTKUMOE», TAKKEe AGAEKO He BCETAA Papy-
IOT AIoAeH. Y pabOTHUKOB Pa3HBIX OTPACAEH XO3SHCTBA HA TO eCTh
cBou ocHoBauwmd. HanpuMmep:
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gAs paBOMHUKOB CeAbCKOTO X03AlcmBa BHICOKHE TEMIIEPATyPEL
IPOBSIT BO3MOXKHOM 3aCyXOM U noTepei ypoxKas, YMEeHbIIEHH-
€M KOAMYECTBa 3aroTOBAEHHOI'O CeHa, HeOOXOAMMOCTHIO OPraHu-
3aI[UU AOCTATOYHOTO BOAOIIOS AASI HOPMAABHOTO COAEPIKAHHUS CKO-
Ta, & TAKXKe BO3MOIKHOCTEIO BOSHUKHOBEHUS ITOKAapOB, KOTOPBIE
MOI'yT VHUUYTOXKHUTE 3aI1achl ¥ CEHa, K COOPAaHHOTO YPOiKasd;



gAf AECHOTO X03A1CINBA BEICOKHE TeMIIePaTyPhl PO34T BO3MOK-
HOCTBIO BO3HHKHOBEHMS! A@CHEIX IIOKAPOB, ¥ KaK CAGACTBHE Ta-
KOH BO3MOXHOCTU — TUOEADL JKUBOTHBIX ¥ IITUII, & TAKXe Heob-
XOAMMOCTB IPOBEAEHUS aBUAIIIOHHOU pa3BeAKH AeCHBIX ITOXKa-
pPOB, 4TO TpebyeT AOCTATOYHO BOABLIINX 3aTpaT (KCTATH, IO CTa-
THUCTHUYECKUM AAHHEIM B Poccuu exxeroapso Beipybaercs 1 MaAH.
ra aneca u 1 MAH. ra morubaeT OT NOKAapPOB);

gAA BCeX IPXGar BBICOKME TeMIePaTYPHl ONAcHH AAST 3A0PO-
BbSI, 0COGEHHO AAST AMI], CTPAAAIOUIHNX CEPAESYHO-COCYAUCTHIME
3aB0AeBaHUSIMY, aCTMOM U caxapHBIM Arabetom. IIpu BeICOKHX
TEMUEPATYPax B BO3AYXE 3HaUYWTEALHO MeHBIIE COAEepKaHue
KHCAOPOAR, UTO TaK)Ke He YAYUIlaeT CaMOYyBCTBHE Aroaei. Oco-
6eHHO 3aMeTHO Da3HOe COCTOAHHE YeAOBeKa IIPH TeMIIepaTy-
pax Bosayxa 36°C u 37°C. Ilpu Tremueparype 36°C 3p0pOBEIi ge-
AOBEK elle KaKk-TO «OTAAeT TENAO» {y Hero TeMileparypa 36,6°C), a
nipu Temueparype 37°C eMy «OTAABATh TEIAO HeKYAAY;

gAsL KOMMYHUABHOIO X0341iCIMBa BEICOKKE TeMIlepaTypel obopa-
YU BAIOTCsi HEOOXOAUMOCTBIO AONIOAHUTEARHOI'O IICAMBA I[BETOB,
6YARBAPOB U Aa’Ke IIaPKOB, AOIOAHUTEALHOTO HOAWBA YAML, &
TaKKe HeOOXOAMMOCTBIO 005I3aTEABHOI'O PEryASPHOTO BEIBO3a
Mycopa u 60pBOEI C AOKAABHBIMH [TOJKaPaMHU.

gAfl BCEro MpAHCNopma BEICOKKE TeMIIePaTyPhl ONaCHEI TIXe-
ABIMU YCAOBUSIMU TPYAQ BOAUTEASH {3KUIIaKeH), a AAS aBHAIluH
AOTICAHUTEABHO ellie ¥ YBEAWYEHNMEeM DacX0oAd TONAMBA U yBe-
AMYeHHeM AUHEI pazbera u npobera BO3AYIIHBIX CYAOB.

Temnepamypa Bo3gyxa oxoro 0°C. ITo TpeThs «Gepa» Temmepa-

TyphlL Y OIISITH, KaK BEICOKME UAYM HU3KKEe TeMIepaTypHl, Tak ¥ «HY-
AeBBHIE» TEMIEPATYPH AeHCTBYIOT I0-Pa3HOMY Ha PasAMYHEIE XO-
3sIMCTBEHHEIE CTPYKTYDPHL. BOT HECKOABKO NPUMEPOB TaKOro BO3-
ACHCTBUS:

gAA CeALCKOTO X03AUCIMBA IIPH TAKUX TEMIIEPaTypax OYeHb onac-
HBI 3aMOPO3KH, KOTOPBIE MOTYT YHUUTOKUTS TOCEBLI 03UMEBIX ¥
SIPOBBIX KYABTYD, @ TaK)XKe YHUUYTOKUTE YPOKak (PPYKTOB B Ca-
A3X, €CAH 3aMODO3Ku O6yaAyT HaOAI0AATHCS B IEPHOA HBeTeHus
IIAOAOBBIX AepeBBeB. KpoMe Toro, IpH HyAeBOH TeMIeparype
PACKUCHINE IPOCEeAOYHEIE AOPOTH ¥ 0GOPBaHHEIE IPOBOAA BO3-
AVIIHBIX AMHUY CBSI3H WA SAEKTPoHEepeAay NPy HaAuNaHuy Ha
HUX MOKDOTO CHera (roAoaea) TodXxe oueHb onacHel. Cmpasep-
AUBOCTH PAAH, HY’KHO CKa3aTh, 4YTO 3TO 6epd He TOABKO CeALC-
KOXO3SMCTBeHHBIX TPEATIPUSTHM!;
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gASL KOMMYHAABHOTO X03AUCMBQ TaKas TeMIeparypa BO3Ayxa
SIBASIETCSI HeOAQTrOIPUSITHON MAU Ad’Ke OMACHOMN HOTOMY, 4TO
TpelyeTcs ACTIOAHUTEABHBIN YX0A 3a Aoporamu. Hyxxuo y6upars
IPsA3k ¥ MOKPBIM CHET C TPOTYapOB U NIPOe3’Kel YacTu YAHUII, a
IIDH FOAOAEAE UAM FOAOAEAMIle — HOCHIIATE AOPOTH HEeCOYHO-
COAEBOH CMeChH) {0AHOPa30Basi MOCHITKA TaKOHM CMECHI0 BCEX
popor B IleTepbypre oOX0OAMTCS HAAOTONAATEABIIUKAM B 240
ThIC. $). U emfe opHa Gepda KOMMYHAABUIMKOB — COCYAbKH. OHH
OY€Hb OIIACHBI, UX HY’KHO COMBATH, & AEAATE 3TO HEKOMY, U Y4ac-
TO Y KOMMYHAABHBIX CAYX0 Ha 3TO MPOCTO HET CPEACTB.

Bce mepeuncAeHHEIE CAOKHOCTHU TAKOH HOTOABI AASL KOMMYHAAD-

HOTO XO35IMCTBa CTOAT OOABHINX AeHer. VIHoraa, 4TOGEI COXPaHUTE
CBOM OI0AKETHBIE CPDEACTBA, DYKOBOACTBO KOMMYHAABHEIX CAYKG He
yOupaeT yAUIILL, He 60PEeTCst C TOAOACAOM M cOCyAbKaMu., CBOM A€Hb-
TH 3TOT KOMUTET COXPAaHsIeT, HO AeAaeT DaHKPOTOM KOMUTET O 3Apa-
BOOXPaHEHUIO, KOTOPBIF BCE CBOM ACHBI' TDATHT HA AeYeHME HAUIUX
IepeAOMOB, YITHGOB U APYTHX BCEBO3MOJKHEIX TPABM;
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gAA MEGUUUHCKUX yupeXgenull HyAeBble TEMIePATYPhI OMaCHE
He TOABKO II€PeAOMaMH, HO U 3HAYHTEALHBIM YBeAWYEHUEM HPO-
CTYAHBIX 3aD0AEBaHMH, KOAYeCTBO KOTOPHIX MOJKET IIPEBBICUTE
3MUAEMUOACTHYECKHH OPOT (AT 3a00AEBIIUX TPUTITIOM STIUAL-
MMOAOTUYECKUH IOPOT COCTaBAsIET OAHO O6pallieHNe K Bpayy Ha
500 xurenen);

gAaa npegnpuamuil SHepremuKu U CBA3U TeMIepaTypPhl BO3AYXa
OKOAO HYASI I'PaAyCOB OIIACHBI BO3MOKHOCTHIO 66pa30BaHus ro-
AOAEAA ¥ HAAMIIAHUSI MOKPOTQ CHera Ha IporoAa. Bee 3To mpu-
BOAMT K OODEIBY BO3AYIUHBIX AMHUH SACKTPOMEPEAaY, a AAST YC-
TpaHeHus 06PEIBA PEMOHTHBIM OpurapaMm A0 HEro HyJ)KHO ellje
«A0OpaThCSI» IO PACKHCHIUM poporaMm. KpoMme Toro, mpy Takou
1I0ToAL, KOTOPas OOBITHO CONPOBOMKAAETCS BEICOKOM BAGSKHOCTEIO,
3HQYUTEABHO YBEAMUHBAIOTCS HOTEPU SACKTPOSHEPTUHN B AMHHUSX
nepeaad, YTO TAKXKe IIPHUBOAWT K HENIPUATHBIM ITIOCACACTBUSM;
gAs npegnpusamull Bcex BUgOB MPAHCNOPMA TEMIIePATYPEL 0KO-
AO HYAS I'DAAYCOB, €CTeCTBEHHO, OTPUIIATEABHEIE, TOXKE 0YeHb
TIAOXO. AAS @BHAIIMHM 3TO oOAeAeHEHMe BOBAYIUHEBIX CYAOB Ha
3eMAe, OOASACHEHYE B3ACTHO-TIOCAAOUHOM TOAOCEL ¥ KAK CACA-
CTBHE — 33AEDP’KKA BBIAETE MAYM BO3BPAT CAMOAETOB IPU HEBO3-
MOKHOCTH IIOCAAKH Ha OOACAEHEAVIO IOAOCY. AASI BBTOMOGHAL-
HOT'O TPAHCIIOPTa 9TO YMeHBIIEHUe CKODOCTU ABUKEHUSsI, YBe-
AMYEHHE KOAMYECTRBA AOPOJKHO-TPAHCTIOPTHEIX TPOUCHIECTBUNA
¥ BO3MOYXHOCTE «Pa3s’MOPO3UTE» MAUIUHBI IPU HEOKHUAGHHOM



IOXOAOAGHUHU. AAST 5KeAe3HOAOPOKHOTO TPAHCIOPTA HyAEBHIE

TeMIIEPATYPH OIIACHE! BO3MOKHOCTBIO OGPHEIBa IIPOBOAOB KOH-

TAKTHOHU ceTH, 0OAeAeHEHWEeM MOABHXHOrO COCTABA U 3HAYM-

TEABHBIM YXYALIEHUEM YCAOBHHI pAbOTEI HA OTKPHITOM BO3AYXE.

AAst hAoTa TaKKe TeMIepPaTyPHl HANOOABIYIO OTAaCHOCTD TPEA-

CTaBASIIOT BO3MOKHOCTBIO OOAEASHEeHUst CYAOB CO BCEMH BHITE-

KAIOIIYIMHU OTCIOAQ IIOCACACTBUSIMY;

—  gAs cImpoumeAbHbIX OPraHU3aqyull - IpY TaKOH TeMIIepaType BO3-
AyXa «PacKUCAIOT» HOABE3AHBIE NYTH, YBEAMYUBAIOTCS HPOCTOU
CTPOUTEABHOM TeXHUKH, & TaKKe paboTa Ha CTPOUKEe CTAHOBUT-
cs1 DoAee OACHOM.

Bce, 0 9eM CcKa3aHO BRI, AAET BO3MOJKHOCTH IOHATE, TOYEMY
TeMImepaTypa BO3AyXa MOKeT OBITh MHOrAG HeOAarOnpUsiTHLIM, a
MHOrAd U OIIACHBIM SIBACHMEM IOT'OABL.

Ammocgeproe gapaenue. IToxxaayt, armochepHoe AaBACHNE U
€ro U3MEHEHUs IBASIOTCA HaMeHee «BpeAHBIMM» XapaKTePUCTHKA-
mH arMocdepsl. M 3To0 HeCMOTPS Ha TO, UYTO V 3€MAM arMocdepHoe
AaBAEHHE MOJKET KOAeOAThCA B 3HAYUTEABHEIX IIpeperax. MapecTHE
CAVYaH, KOTAA BEAWYIMHA aTMOCHEPHOTr0 AABACHHNS IPAKTHICCKY Ha
ypoBHe Mops (B CaHkT-IleTepOypre) Oniaa uAM MeHbIne 720 MM pT.
CT., uAHu Hoaslire 790 MM pT. CT.

boabiile BCero BeAWYHMHA aTMOCHEPHOro AABACHMSI CKa3HIBAeT-
Csl Ha CaMOYyBCTBUU Al0Ael. C OAHOM CTOPOHBI, HU3KOE AGBACHUE
YMeHBIIaeT COAePIKAHNE KHCAODOAA B BO3AYX€E, YTO HEraTUBHO CKa-
3EIBAETCA Ha BCEX JKUTeASIX Af060ro pernoHa. C Apyrol CTOPOHEI, IpH
HH3KOM aTMOC(ePHOM AGBASHUY YXYAIIAETCS CAMOIYBCTBIE ATOALH,
CTPaAAIOUIMX FTHIIOTOHMEN, a IPH BEICOKOM aTMOChepHOM AABASHHH
Xyxe ceGs IyBCTBYIOT T€, Y KOTo runeprTonusi. Tak 4TO IpH 3aMeTHO
MOBBINIEHHOM HAW I“IOHI/I)KeHHOM' AGBAEHMU YBEAUYMBALTCS HArpysKa
Ha HallMX MEAMKOB, Ha Halll AedeOHEIe ¥ KYPOPTHBIE YIPEsKACHMS.

3mo uHmepecHo:
Harre cepare («BaCOC» UAM «MOTOP» ~— KakK XOTHTE) «TOHSeT» KPOBb
O BCEeM HamuM cocypaMm. TIpy RaXpoM yaape cepana oyepepHas
«IOpUHA» KPOBY IIOCTYIIa€T B HAIIK BEHHI M apTepun. Bee Hamm co-
CYABIL, IPUHHEMAS 3Ty «IIOPIUIO», HEMHOMXKO IIYABCUPYIOT, H3MeHs-
sICh B AmameTpe. IToaTomMy AgKe P HOPMAALHOM apTEPHaAbHOM A@B-
nesnm (120/60, a 3TO TOXKe MUAAMMETPH PTYTHOrO cToAba), Halu
COCYABI IPEOAOACBAIOT CHAY ATMOCQEPHOTO AABACHUS. [ MIEePTOHN-
KaM, Y KOTOPHIX apTePUaAbLHOE AGBACHYE IOBBIIEHO, HYKHO, YTOORL
COCYAB! PACIIMPHUAMCE IIOBOABIIIE AN CHUDKEHMSI AABACHUS, @ BHICO-
KO€ aTMOCePHOEe AABACHHTE «MEIIaeT» 3TO CAeAaTh. BOT IO3TOMY 110-
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BBIIIEHHOE aTMOC(hePHOE AGBACHHE UMHU TTePeHOCHTCA TA0X0. Hy a c
TUITOTOHMKAMH BCe HaoBopoT. Haaerocs, 9TO IMOCAE TaKOTO ITPUMU-
THBHOTO OO BICHEHUA BaM CTAAU [TOHATHEH ITPOLECCH, TPOUCKOAATITHE
B HallleM OpTaHU3Me.

M3MeneHue aTMOC(HEPHOTO A@BACHNE, 0COGEHHO PE3KOe H3Me-
HeHUe, HeOAATONPUATHO CKA3EIBAETCS Ha CAaMOYYBCTBUH BCEX ATOASH.
Kpome Toro, pe3roe m3MeHEeHHE AGBACHHUSI — 3TO ellle U CHABHBIN
BeTep, KOTOPHEIM OKa3biBaeT BAMSHUE He TOABKO Ha CaMOYyBCTBHE
YEeAOBEKa, HO ¥ Had MHOTHE OTPACAH X03HUCTBa.

Bemep. Ecan He6OABIIION BETED V 36MAH AN MHOTHX 3TO «0Aa-
ro», TO CHABHEIM BeTep HUKOMY M HUu4ero, KpoMe Gepbl, IPDHHECTH He
MOJXeT. B MUDe U3BECTHEL CAyday, KOTAQ CKOPOCTb BETPa AOCTUTaA:
65 m/c uboree. ECTeCTBeHHO, TAKOM BeTep — 3T0 Karacrpoda. Cuab-
HEBIM K€ 9aCTO CYHUTAETCS BeTep CO CKOPOCTHIO Boaee 15 M/c. AaBal-
Te PAaCCMOTPHUM, KaK BAWUSIET CUABHEIN BETED HA Pa3AMYHEIEC XO35H-
CTBEHHBIE CTPYKTYPHI, 1 He OyAeM II0KA IOHATHe «CHABHBEIM BETED»
XapaKTepH30BaTh KAKMM-HUOYAL KOHKPETHEIM YHCAOM.

—  gAfl CeAbCKOTO X03AliCMBA CUABHBIM BETED OnfaceH BO3MOXKHOC-
TBIO TIOAETAHUSI IOCEBOB U K&K CAGACTBHE — I'MOeABIO YpOosKas B
moAe, THOEABIO YPOXKas B CaAaX, a TAK)Ke BO3MOXKHOCTBIO pas-
PYLIEHUS] CeABCKOXO3SIHCTBEHHBIX IOCTPOEK.

—  gAs 0OBEKMOB 3HEpremMuKu OINACHOCTH CHABHOTO BETPA 3aKAK0-
YaeTCs B TOM, 9TO eCTh BO3MOJKHOCTD BHIXOAA M3 CTPOSI AUBHH
JAEKTPOIEepeAdy 13-3a 0O6PEIBA TPOBOAOB, HOBPERACHUS HUAM
omporuasiBaHua onop AT, noBpexxpenus TpaHchopMaTop-
HBIX MOACTAHIIUH. CAEACTBUEM 3TOTO CTAHOBUTCS HEAOIOAyUe-
H¥ie YHepruu NOTPeOUTEeAsIME, YTO IPUBOAUT K TAK HA3LIBAEMOM
«YIYHIEHHOH BEITOAE» DA3ANYHBIX XO3AWCTBEHHEIX CTPYKTYD.

— gAs 00BeKmMOB CBA3U IIPU CUABHOM BeTpe CTaHOBUTCS IpobAe-
MO 3KCIAYATAIUA BO3AYIIHBIX AMHUH {TaK HA3bIBAEMBIX «BO3~
Ayiiek»). BosaymHbie AMHEY CBSI31 B OOABIIIOM KOAUYECTBE eCTh
enle B CeAbCKOH MecCTHOCTH. OOBIYHO 3TH AHHUU CYIIECTBYIOT
y>Ke OYeHDb AABHO, CTOAT Ha BETXUX, IOKOCHUBIINXCSH ONIOpax, a
XOPOUIeH HPOCEKH BAOAL TAKOW AMHUH CBSA3MW 9aCTO HeT. BoT u
HOAYYAeTCs, YTO CUABHEIH BETED «3aBAAMBAET» UAN ONIODY, UAH
Kakoe-HUBYABL BHIDOCIEEe AepeBO Ha HPOBOAA {IIOCMOTPUTE Ha
TaKyIO BO3AYIIHYIO AMHUIO, KOTOPas BAET BAOAL JKEAS3HOH AO-
DOT'H, KOTAQ BEI €AeTe B KOMAHAUDOBKY AU B OTIYCK, ¥ BaM BCe
OyAeT HOHSTHO).

—  gAf BCeX BUGOB MPAHCNOPMA CAABHELY BeTep OAaroM He Haszo-
Bemrb. AeHCTBUTEABHO, AASI ABUAUUU CUABHEIN BeTED ONAaCeH BO3-

56



MOKHBIMX IHOAOMKAMM BO3AYIIHOTO CyAHA Ha 3€MA€, a TaKXKe
3aAePKKaMU C BHIACTOM BO3AYIIHOTO CYAHA, 3aKPHITUEM a3po-
APOMa MAM BO3BPATOM CaMOAETA UAM BepToAeTa. Ecau 3apepx-
Ka BBIAETA ¥ 3aKPBITHE a3POAPOMA SIBASIOTCS TaK Ha3hIBAEMOU
«yOyUIeHHOH! BEITOAQMN?, TO MOAOMKA CAMOAETA AU BepPTOALTA
U UX BO3BPAT — 3TO NOTEPH aBHAIPEAITPUSITUS B «IUCTOM BHAE».
ApmomoOuabhblll MPpaHCNOPH IPU CUABHOM BeTPE BEIHYKAEH

CHM>XATh CKOPOCTh ABHJKEHHSI (0CODEHHO 3TO KacaeTcst GOABLIETPY3-

HOTO TPAHCIIOPTA), ¥ KaK CACACTBHE — YBEAMYEHHE PaCXOAd TONAU-

Ba U BpEMEHM IepeBO30K rpysa. Kpome TOro, neiab, IoAHUMaeMast

CHABHBIM BETPOM, YXYAIIaeT BUAUMOCTD U HapyiaeT paGoTy ABUTa-

TeAs, @ CHEJXHBIE 3aHOCHI Ha AOPOraX NPUBOAAT K HEOGXOAUMOCTH

HX ACHOAHHTEABHOTO OGCAYKHUBaHUA. ITO AOIIOAHUTEABHEIE 38TPa-

TBL, AOIIOAHUTEABLHOE CHUJKEHHUE CKOPOCTH ABHIKEHUS], AOTIOAHUTEAD-

HOE YBeAWYEeHHe YHCAQ AOPGKHO-TPAHCIOPTHEIX IIPOUCIIECTBUM.
JKeaesnogopoxrblii mpascnopm, XoTs U «0eraeT» IO peabcaMm,

TOKe CTPAAAET OT CUABHOTO BeTpa. [Tpu cCHABHOM BeTpe BO3MOIKHEL

110 Pa3HBIM IpUYXHAM OOPEIBBI KOHTAKTHOHM CETH, Ha JREACZHOAOPOXK-

HOM IIOAOTHE BO3MOJKHEI 3@HOCHI CHETa, Ha Y3A0BEIX TOBaPHLIX CTaH-

UUIX 3aTPYAHEHA padoTa HOABEMHLIX KDAHOR.

BogHomy mpancnopmy CHABHBIMN BETEp OKa3LIBAET OYeHE GOAL-
mue noMexu B pabore. [Ipesxxpe BCEro, CUABHBIM BeTEP BHI3LIBAET
BOAHEHUE BOAHOM NMOBEPXHOCTH, UTO 3HAUUTEALHO 3aTPYAHSET Cy-
AOXOACTBO. IIpH CUABHOM BOAHEHMM MOTYT BO3HHKHYTL MOABHIKKHU
rpy3a, @ 9TO yMeHblIaeT 6e30MacCHOCTh CYAOXOACTRA. Kpome TOTO,
CHABHEBIN BETED 3aTPYAHAET MAU UCKAIOYaET paboTy HOABEMHAIX Kpa-
HOB B IIODTY, 3aTPYAHSET IIBAPTOBKY U 3HAUNTEABHO 3aTPYAHSIET ABU-
JKeHHe CyAOB 1o papBarepy.

KommynaasHoe x03alcmBo. B ropopax ¥ moCeAKax CUALMEIH Be-
Tep B OYKBaAbHOM CMEICAE CAOBA «CTaBUT Ha HOTU» BCeX pabOTHMU-
KOB 3TOro npoduas. AAS TOPOACKOTO (KOMMYHAABHOTO) XO3SHCTBa
CUABLHEIN BETED OIaCeH BO3MOKHOCTBIO OOPHIBOR PA3AMUYHEIX BO3-
AYUIHBEIX AMHUH (OT AMHHH CBA3U AC AMHUI SAEKTPOIEPEeAdY U KOH-
TaKTHBIX IPOBOACB TOPOACKOTO 9A€KTPOTPaHCIIOPTA), [TOBAACHHBIMU
AEPEBBIMH, KOTOPEIE MOTYT HEPEKPHIBATEH ABUIKCHME Ha OTACALHEIX
MaTUCTPAASIX U BHI3LIBATH Pa3AMYHEIE IOBPEXXACHUS Ha 3eMae. Kpo-
Me TOro, 3TO COpBaHHBIE KPBIIIH, TOBAACHHAS PEKAAMA, BLIOUTHIE
CTEKAd U pasKe YeroBeuecKHue XepTBH. B Ilpumopckom xpae, KOTo-
phIll OUEHL PA3BUTLIM HE HA30BEMIb, OAUH YaC «PaBOTEI» CHABHOTO
BeTpa B TPONMYECKOM LIMKAOHE HaHOCHUT yiiepl Kpato B 10 ThiC. $.
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AecHoe x03slicmBO. AAS AGCHOTO XO34MUCTBa CHUABHBIN BETEp
OMaCeH TaK Ha3bIBAEMHEIM BETPOBAAOM. JTO He TOALKO IIOBaA€HHEIE
AEPEeBbS U KaK CAACTBUE — TuOeAb AeCa, HO U 38BaAEHHEIE AeCHBIE
poporu uiipoceku. O4rCTKa A€COB OT BETPOBaAA HAHOCHUT 3aMETHEBIM
yiep6 Pa3AMYHEIM AeCOYCTPOUTEALHEIM OPTAHU3aIUSIM. ‘

Cmpoumenbtible opranusayuu. CHALHBIN BETED AAA CTPOUTEAD-
HEIX OpTaHU3anuil MOKeT 00epHYTLCA IpeKpallleHueM CTPOUTEeAb-
HBIX paboT. Pasanynble GallleHHEBIE KPAHE! II0 CBOUM TEXHUYECKUM
XapaKTepHUCTUKaM MOTYT paboTaTh IIpd BeTpe He GOAee ONPepeAeH-
HOM CHABL. AASL OAHMX KPaHOB 3TO CKOPOCTE BeTpa 17 M/ ¢, AAS ADY-
tux 22 m/c. I[lpocTol KpaHOB HAHOCUT CTPOUTEABHEIM OPTraHu3au-
sIM 3HaUUTEABHEIH yliepO. B cpeaHeM MOSKHO CYUTATD, UTO IPOCTON
OAHOTO 6ALIEHHOTO KpaHa B TedeH#te 4aca MPUBOAMT K ToTepsiM B 150
$. A, KpoMe 3TOro, IpH NPOCTOE KpaHa HaOAIOAAETCS TaK Ha3biBae-
Masl VIIyIieHHas BHIFOAA U3-33 IPUOCTAaHOBAEHUS CTDOUTEABHO-MOH-
Ta’kHBIX paboT. K cokareHUIO, CTPOUTEAHR, Hapyllias TeXHUKY Oe30-
MacCHOCTH, UHOTAA BHIIIOAHSIOT paGoTH IPU BeTpe, CUAa KOTOPOTo
IpEeBHINIdeT AOIMYCTHMYIO.

Opranu3ayuu monAuBHo-3Hepremudeckoro komniekca (TIK).
PaboTra Ha pasAMYHBIX OYPOBBIX YCTAHOBKAX TAK’Ke MOXKeT OBITh Or-
paHuYeHa CUABHEIM BeTPOoM. KakK U B CTPOMTEABHBIX OPTaHU3aIHAX,
Ha pasAnYHEIX 06beKkTax TOK ycTaHOBAGHE! HpeAeABHBIE CKOPOCTH
BETPa, TPU KOTOPHIX BO3MOXKHO BBITTOAHSATDL T€ WAM UHEIE BHAEI Pa-
6oT. Ml TakxKe, KaK U B CTPOUTEABHBIX OPraHUu3aNnusixX, IIPaBrUAa TeX-
HUKY 6e30aCHOCTY UHOTAR HAPYIIAIOTCS U B Oprannsanuax TOK.

O BAMSIHUY CUABHOT'O BeTpa Ha XapakKTep paboThl MEgUUUHCKUX
U KypOPHIHbIX OPraHU3ayull MEL BaM PacCKa3aAM 9yTh PAHbIIe, KOTA
TOBOPUAM O BAMSIHUM M3MeHeHHUs aTMOChepHOTO A@BACHHS Ha 370-
POBbLE UEAOBEKA.

Ocagku, MemeAb U MyMaHbl. [lepedncAeHHEIe SBACHUS MOIYT
OYeHDb HeOAGTONPUSTHO BO3AEUCTBOBATD Ha Pa3AMYHEIE OTPECAH XO-
3gUCTBOBaHUA. [ [prBeAeM 3AeCh TOABKO HECKOABKO IIPUMEPOB, & OC-
TaABHBIE CAOKHOCTH U OIIGCHOCTHU HaM K&XeTCs, 4TO YUTaTeAb B CO-
CTOSSHUU AOMEICAUTH CAMOCTOSITEABHO.

AAST ceabCkoro x03sUcmpa 0capK#u ONaCHEL BO3MOXHOCTBIO IIO-
AETaHUs MOCEeBOB, PACKHCAHUEM (paHblile BpeMeHH) IOUBEI U AOPOT,
HEBO3MO’KHOCTBIO COOpaTh UAU BHIBECTHU C IIOAEH YpOsKak. PaHo BhI-
HaBUINH Ha IOAS CHET MOKeT «IIOXOPOHUTEL» BCIO TOAMYHYIO paboTy
CeABCKOXO3SIMCTBEHHOTO IIPEAIIPUSTUS 110 BEIPDAIIHBAHUIO YPOIKas.
BmecTe creM He caepyeT 3abBIBATE, YTO CBOEBPEMEHHO BBINABIINE
0CaAKU HEeOOXOAMMEI AAS HOPMAABHOTO PA3BHUTHS CEAbCKOXO3SH-
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CTBEHHBIX KYABTYD. I1pu OTCYyTCTBHH OCAAKOB (3aCyXa) ypoxXah Mo-
JKeT MOTHOHYTE.

Anst npegnpusmull 3Hepremuku OCAAKU ¥ TYMaHEI IPHBOAAT K
3HAYUTEABHOMY YBEAHUEHUIO SAeKTPHYECKHX OTEDh Ha BO3AYLIUHEIX
AWHHSX 3AEKTpoliepepad. KpoMe TOro, pAAS IPEANIPUATHHI SHepreTH-
K¥, K&K ¥ A IPEATIPUATUN CEeABCKOTO XO3IMUCTRE, OCAAKH U METEAH
OIIaCHEH BO3MO’KHOCTBIO PACKHUCAHUS AOPOT, CHEKHBIMHU 3aHOCaMHU U

T.A. Beab 3@ Bcell 3TOM CAOKHOU CUCTeMOU NepeAaud SHEPTUH HY K-

HO CAGAUTE, HY’KHO AeAaTh HPOUAAKTHICCKUE OCMOTPHL, & IIPH He-
06X0AUMOCTH ¥ PeMOHT. Ho A0 MecTa peMOHTa PEMOHTHBIM paGouuM
HYKHO ee Ao6paThCsl. BOT TyT-TO ¥ BOSHHKRIOT OCHOBHBIE HPOBAEMEL
BAWSHUSI OCAAKOB, MeTeAeH M TYMAHOB Ha IPeATIPUSATHS SHEPTeTHKH.
Ans npegnpusmuii cBa3u TpoOAEMH BANSHUS TYMaHOB, OCAAKOB
¥ MeTeAeH Ha UX AeSITEARHOCTE IPAaKTHUYeCKH TaKVe JKe, KaK Uy HpeA-
OPUSTHAN SHePTeTUKUA. D70, B IEPBYVIO OUEPEAb, YBEAWIEHHE SASKT-
PHUYECKHX II0TePh B AMHHAX CBI3U U KaK CAeACTBHE — VXYAlleHUE
CBSI3H, 3TO PACKUCHINE AOPOT'H ¥ CHEJKHEIE 3aHOCK! TP MeTEeASX.
AAst npegnpusmuli MPAHCNOPMA ¥ OCAAKH, Ui MeTeAH, ¥ TYMaHEI
BCETAA ABASIOTCS HEOAQrOTIPUATHEIMYE (eCAM He OTIAaCHEIMY) SBACHU-
MU TIOTOABL AeUCTBUTEALHO, AASI ABUGUUU 3TH IBACHUSA 060paYynBa-
FOTCSI 3aAEP>KKOM BBIAETA BO3AYIIHOTO CYAHA, 3aKPEITUEM a3poIop-
T& HAY Aa>Ke BO3BPAaTOM BO3AYIIHOrO CyAHA IPU HEYAQYHOM IIPOTHO-
3€ TIOTOABL. JTO BCe MPUHOCUT ABHANIPEATPUATHIO 3HAUYUTEABHEIE
yOrITKH. HanpuMep, BO3BPAT BO3AYIIHOIO CYAHA «CTOUT» IPUMEPHO
4000 poarapoB, 3akpeiTHe asponopTa Ha uac — 3000 poArapos, a
HHTEHCUBHAsA paboTa B a3ponopTy [ IyAKOBO IO OYMCTKE €0 OT CHETa
TaKkKe o6xopmTCs asuanpeaAnpusTio B 3000 AooanapoBs 3a 4ac paGoTEL
ABmoMO6UAbLHBLI MPAHCNOPM NIPU TAKUX ABACHUSAX BEIHYKACH
YMeHBIIATh CKOPOCTH ABHJKEHUS 13-3a HAOXOH BUAMMOCTH, PaCKH-
CaHus AOPOT ¥ CHEKHEIX 3aHOCOR, @ PAGOTHUKY AOPOXKHON CAYR OB
BBIHYKASHH 3aHHMMAaThCSI PaCUUCTKOM Aopor. PaGoTa 0pHOM epAuHM-
Il TeXHUKH [10 PACYUCTKE AOPOT OGXOAWTCS @BTOAOPOKHOMY IIPEA-
UpuATHIO npuMepHo B 20 AOAAAPOB 3a ¥yac paboThl, a NOoAAEDIKAHHUE
AOPOT B paboueM COCTOSTHMHU TOABKO 13-3a HeBAGrOMPUSITHEIX [IOTOAHEIX
ycaoBuy TpebyeT npuMepso 25000 A0AAapOB B roa Ha 100 KM aopor.

2mo unmepecHo:
OpHaMAB! B ra3ere OBIAO COOOUIEHKE O TOM, 4TO BO DpaHuiuu BO Bpe-
MsI CHABHOTO TYMAaHa IIPOU30IIIAOC AOPOKHO-TPAHCIIOPTHOE IIPOKCITIE-
crBHe. BopAuTeAr 06erX MALIUH B TAKEAOM COCTOSTHUN AOCTABACHH B
GOABHHLY, & CaM¥ MallIMHEI HE TIOCTPaAaAt. Tak Kak IOHAThL Takoe
Cpa3y TPYAHO, B ra3eTe pAAnee AAeTCA NIOsICHeHUE CAVYUBUIETOCH. ABe
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MaIllKHE €XaAM HaBCTPeYy APYT APYTY. M3-3a [AOXOM BUAMMOCTH B
TYMAHE KaXKAbIM BOAMTEAL ONYCTHA GOKOBOE CTEKAO ¥ BEICYHYACS U3
MaluHE. B pesyabTare IpoM30MAC Ipyu HeGOABIION CKOPOCTH ABH-
KeHust B GYKBAABHOM CMBICAE CAOB& «AOGOBOE CTOAKHOBEHHE» BO-

AHTEJ\GIE, a MalllMHbL! OCTAAMICh HeABIMY M HEBDEAWMBIMN.

AAS KeAe 3HOgOPOXHOI0 MPAHCNopma HauBOABIITYIO OLIACHOCTh
IIPEACTABASIIOT CHEKHBIE 3@HOCHI HAa AOPOTE ¥ BO3MOKHOCTE PA3MEI-
Ba M PAaspylIeHUs KEAe3IHOAODOKHOTO [IOAOTHA [IPH CHUABHEIX MAHM
[IPOAOASKUTEARHEIX 0CaAKAX, & KANUMAHAM CYgOB IPUXOAUTCS YMEHB-
IaTH CKOPOCTH ABMJKEeHMS ¥ OLITH OYeHb BHMMAaTEeABHEIMHU IIDH IIBAP-
TOBKE M IIPOXOAE 10 Y3KOMY (hapBaTepy IIpH IAOXON BUAUMOCTH.

Kommynarbroe xo03sticmso OOABIIE BCETO CTPAAGET OT CUALHEIX
AMBHEN ¥ CHEJKHEIX 3aHOCOB. OT pabOTHHKOB 3T0H cephl Tpebyer-
Csl COAEPIKATH B HOPSIAKE TaK HA3BIBEEMYIO AMBHEBYIO KAHaAM3AIHUIO,
3aHUMAaTLCS PACUUCTKON AOPOT M BHYTPEHHUX ABODOBBIX TePPHTO-
pU#, a TAaK)XKe BEIBO3KOW CHera. KpoMe Toro, Ipu HAaAWYHH B KGKOM-
AuGO perioHe TOPHEIX PalOHOB BO3MOMKHEI OIIOAZHH, CXOAB! CHEX-
HBIX A@BHH, CEAEBBIe IIOTOKM U T.A. Bce 9T0 TpelyeT OrpoMHBIX 3aT-
paT AAS TOAAEPIKaHUS CBOETO «X035IMCTBa» B HCIIPABHOM COCTOSTHUA.

CmpoumeasHble OPraHu3quuu IpH OCAAKAX U METEAsIX TpaTar
AOTIOAHUTEABHEIE CPEACTBA AAS IIOAAEDIKAHUS B IIOPSAAKE ITOABE3A-
HBIX ITyTel (& OHM YacTO U 0e3 AOKAS HaXOAATCS HE B CAMOM AyYIlleM
BUAE), @ TAK)Ke MHOTAA BEIHYKAEHEI IPEKPal]aTh MOHTAKHELE B OT-
AeAOUYHBIE pabOTH! Ha HEe3aBepIIeHHEX 06 bekTax. CASACTBUEM 3TO-
TO SIBASIETCSI YMEHBIIEHHEe BHIIIOAHEHHOI'O oO0beMa paboT H, ecte-
CTBEHHO, — VIIyILIEHHAs BEITOAG.

AAST MONAUBHO-3HEPremuy eCKOro KOMNAEKCa MeTeAH, TYMaHbl i
OCAAKH — 3TO Te JKe AODOTH U 3@HOCEH], &, KPOMeE TOTO, OOABIINE TPYA-
HOCTH TIpH paGoTe B OTKPBITHIX Kaphepax.

Ocapx®, MeTeAr W TYMaHH He Bcerpa GAaronpHATHO CKa3bIBa-
IOTCST Ha CaMOYYBCTBUH AIOAEH. DTO, CKOpee HeCAaronpusaTHAS, YeM
Xopo1asi IOToAa AASL YeAoBeKa. [103ToMY IIPU TaKol [IOTOAE YBEAU-
yyUBaeTCd Harpy3Ka Ha Halll MeguyUHCKUe yipexgenus (CKOpYyIo U
HEOTAOKHYIO IIOMOIIE, DOABHHUIB], IOAMKAWHHKE, MEAMIIAHCKUH IIep-
COHAaA CAHATOPUER U AOMOB OTAEIXA).

W3 cka3aHHOro BEIMIE CTAHOBUTCS IOHSATHEIM, YTO Pa3AWYHLIM
OTPACASIM XO3STHCTBA HEOOXOAUM CNeGUAAU3UPOBAHHBI NPOrHO3 IPO-
XOAMMOCTHU AOPOT, IPOCHIXaHUs TPYHTOBLIX a3POAPOMOB, BO3MOKHO-
CTH BO3HUKHOBEHMSI CHEeKHBIX 3dHOCOB, CAMOYYBCTBUS ATOAEH U T A,
M 13 cKa3zaHHOTO BEHIIIE CTAHOBUTCS OYEBHMAHEBIM, UTO TaKOM Cllelifa-
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AM3UPOBAHHBIM IPOTHO3 AOAKEH GBITH PAa3HEIM AASL Pa3HBIX OTpac-
Aell XO3sATCTRA.

I'posel, rpag. BoT 370, HOXAAYH, CaMble OlTaCHEIE SBACHHS [TI0TO-
ABl. HeT Hu 0AHOM OTpacAM X034UCTBa, AAS KOTOPOH Ipo3a M Ipap,
OBIAM OBl SBACHHSMU OAE3HEIMU. [IpHBepAeM HECKOABKO IIPUMEDOB.

AAsL CeABCKOTO X03A1iCMBA OTIaCHOCTE TPO3 M TPAAa 3aKAKYaeT-
sl B BO3MOXKHOCTH YHHYTOXKEHUS IOCEBOB Ha TIOASX, YHWITOX €HMS
YPOXasi B CaAaX ¥ BUHOTPAAHUKAX. KpoMe TOro, AaKe AAS JKUBOTHO-
BOACTBA I'PO3HL ¥ I'PaA IPEACTABAAIOT CePhe3HYIO OTaCHOCTD. [Tpex-
Ae BCero, 3TO Pa3pyIleHNe JKUBOTHOBOATECKHX MOCTPOEK, BOZMOXK-
HOCTH BO3HUKHOBEHHUS TOJKapa NPH NONAAAHUM MOAHHH B 3TH [OCT-
POMKH, & TAK’Ke BO3MOXHOCTD TPaBMUPOBAHUS CKOTa M AdXKe ero
rubeAb OpU KPYIHOM I'paje.

3mo uHmepecHo:

¢ TI'po3a — OAHO U3 CAMEBIX OIIACHBIX SBASHUY NOTOAHL.

* Ha zemuom mape Habaropaercst 44000 rpo3 B cyTku uaH 1800 rpo3s B yac,
a KKAYI0 MUHYTY cBepkaeT 100 MoAHUMiA.

* 3Heprus BCEX TPO3 COCTABASET OAHY THICSUHYIO YaCTh TOM SHEPIIY, KOTO-
Pasi IOCTYIAET Ha 3eMAI0 OT COAHIIA. Co BpemeH M.B. AOMOHOCOBAa BEAYTCS
OIILITH IO O0Y3AGHUIO ITOW SHEPIHH, HO [TOK4, K COKaAeHMIO, De3yCIIelHo,

e 3OHeprus rpo3oBoro obaaka pazmepom (10 x 10) KM ¥ BBICOTOM (TOALTH-
HOM) 5 KM IPEMEPHO PaBHa SHEPruu ASCATU aTOMHEIX 60M0, cOponreH-
HOM Ha Xupocumy nau Haracakm.

* Bocxoasiue TOTOKH B I'PO30BOM 06AaKE MOTYT MMETh CKOPOCTh AO 50-
60 M/ c, a uucxopsye 30-35 M/ c. DTo COOTBETCTBEHHO OKOAO 200 1 OKO-
Ao 100 kM/4.,

e Tlepep IrpO30BBIM OOAAKOM Y 38MAU MOTYT HaOAIOAATHCS IIKBAARI CO CKO-
POCTBIO BeTpa Goablise 60 M/ ¢, a 370 Boabme 230 XM/,

o 3anac BOAH B TPO30BOM ob6aake pa3mepoM (10 x10) KM M BEICOTOH 5 KM
TAKOM, YTO ITOM BOAOYM MO’KHO EAMKOM 3aIIOAHUTE 6acCeMH IHPUHON
100 M, pamaOM 1000 M M TAYOHMHOM 5 METPOB. 3TO COCTaBASET IPUMEPHO
15000 >xene3HOAOPOXKHBIX HHUCTEePH. [ BCS 3Ta BOAA AEPKUTCS B BO3AY-
Xe TOALKO B 0OAHOM oOrake! BOT rae euie BeAukasi cCuAninal

* AAdTOro YTOOH 0OAaUHAS KAllAA AaMeTpoM 20 MUKPOH Ipuofpeaa pas-
MepHl IPUMEPHO B 2 MHAAMMETPA ¥ CTAaAd AOKAEBOM HYKHO, YTOOH 3Ta
KaNAs «CTOAKHYAACH» B OOAaKe ¢ cefe mopotubmn 1000000 (Mmuaruon!) pas.

e T'poM He OomaceH AASl YEAOBEKA, HO MBI TaK YCTPOEHE], UYTO He yCleRaeM
CpearupoBaTh Ha MOAHMIO U OLICTPO HpHUrudaeMcsi, yCAbIIIaB rpoM. Te,
KTO OBIA B 60SX, TOBOPAT, YTO IIYASL, KOTOPAas IPOCBUCTEA], KHE TBOSY.
«CBO€l IIyAH» COAAAT HE YCABILIUT.

* Eca¥ BpeMs (B CEKYHAAX), 4epe3 KOTOPOE IIOCAE MOAHHHY 3arPEMHUT IPOM,
PA3ACAUTh Ha 3, TO IOAYYUTCS PACCTOSIHME B KMAOMETPAX, Ha KOTOPOM
OT BAC CBE€PKHYAA MOAHUA.
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¢ B cuABHOM AMBHE BUAMMOCTD MOXKET YMEHBLITUTHCI AO HECKOABKUX Ae-
CATKOB MeTpoB. V3BeCTHBI CAYYal, KOTAA M3-3a HAOXOW BUAMMOCTH B
AOKAE IPUOCTaHABAUBAA Pa8OTY BeCh Ha3€MHBIM TPAHCIIOPT.

e OO0wnjas craa ypapa Kaneab AMBHSI O BEDPXHIOKO TOBEPXHOCTh CaMOAEeTa
Ty-154 cocraBasier ...2,5 TOHHBI!

o C rpo3oit CBA3aH U OUYEHb OIACEH IPaa, pasMepsl KOTOPOTO MOTYT OBITh
AOCTAaTO4HO GoAbIUMU. Ha Teppuropuu Poccun caMel¥l KDYIHbBIH rpaa
HabAropancsa B PocToBCKOM ofaacTu. 3pech 3aUKCUPOBAH BEC OTACARL-
HuIX TpasuH B 1800 r, TpeacTaseTe cefe, YTO Ha BAC C BLICOTHL 3 KM Hapa-
€T ABYXAMTPOBast 0aHKa ¢ BOAOY! D10 TO JXe camoe. CaMBIN KPYIHEN FPaA
HabAropancs B MHaun. TaM Bec OTAeABHEBIX rpapuH pocturaa 2200 . Flo-
IIaB TIOA TaKOJ Ipap He BLIASDIKAA U Yepes TPH AHS yMep cAoH. CAOHMKA,
KOHEUHO, JKaAKO, HO IpeACTaBbTe cebe, 9YTO OCTAaAOCh OT IOCEBOB, CaAOB,
3AQHUN, CAMOALTOR U @BTOMAIINH, KOTOPEIE CTaAU KepTBaMy 3TOTO CTH-
XUWHOTC OEACTBYSA.

AAst npegnpuamuti 3HepremuKy rpo3kbl o4eHb onacHEL [Ipexae
BCEro, 3TO BHIXOA M3 CTPOS TPAHC(MOPMATOPHEIX [TOACTAHUIMHU, HO-
BPEXXACHUE AMHUH BAEKTPONIEPEAAY, ¥ KaK CAEACTBME — HEAOIOAY-
YyeHHe SAEeKTPO3Hepruu norpedbureasimu. ToABKO B 0pHOW OpAOBC-
KO 006A&CTH, KOTOPYIO HE Ha30BEUIL CUABLHO PA3BHUTEIM IIPOMBIIIACH-
HBIM PEeryMOHOM, M3-3a I'PO3 IPEANPHSATHS 00AACTH HEAOIOAYYAIOT
npumMepHo 400 Torc. KBT/4 3Hepruu B roa. OTCIOAR MOKET CUUTATHCH
«YIIyH[eHHas BEITOAAY.

Ans npegnpusamuil cBA3U rPO3HL ONTAaCHEI BO3MOYXHOCTEIO BEIBO-
A& M3 CTPOSI PapAOpPeAeMHEIX CTaHIUY, BO3AYIIHEIX AUHUY CBSI3U U
aHTEHHOTO «X035MCTBa» OTPACAH.

Cepbe3HyIo 0IaCHOCTEL IPEACTABASIIOT IPO3EI AAd pabOTH BCex
BugoB mpaHcnopma. Tak, HaIPHUMep, [IPU rpo3ax IPakKTUIEeCKU BCe-
TA& @9pOIOPT 3aKPHT. CAGAOBATEABHO, aBHANIPEANPHSTHE HIPH I'PO-
38X HeCeT OIPeAeACHHEIe NOTEPU. DT IIOTEPH CKAAABIBAIOTCS U3 11O~
TePEb U3-3a 38ASPIKKH BHIACTOB, 3aKPEITHS a9POAPOMa ¥ BO3BPATa BO3-
AYIIHOTO CyAHA. B cpepreM (MBI 06 3TOM yoKe IIMCAAM) 3TH IIOTEpHU CO-
crapAszioT 500 $ pu 3apepKKe BbIATA OAHOTO caMoaeta Ha 1 wac, 3000
$ npu 3akpeITHN aspoapoMa Ha 1 yac u 4000 $ nmpu Bo3BpaTe caMoAeTa.

IToTtepy aBTOMOOMABHOTO TPAHCIIOPTA IPU rposax o6yCAOBAE-
HEBl YMeRbIIeH#eM CKOPOCTH ABHIKEHHSA aBTOMOOHASH IO Tpacce, a
TAK)Ke BO3MOJKHOCTHIO YBEAMYEHUST YUCAE AOPOKHO-TPAaHCIIODTHBIX
NPOKCHIECTBUH,

AAs KeAe3HOAOPOKHOI'O TPAHCIOPTa IPO3bl ONaCHE! BO3MOXK-
HBIM HOBPEXASHHEM KOHTAKTHOM CeTH, Pa3MBIBOM )KeAE3HOAOPOXK-
HOTO IIOAOTHA P¥ CUABHBIX AMBHSIX, @ TAK)KE HAPYIIeHeM HOPMaAb-
HOTO pe’kuMa paboThl KpaHOB IPH [IOTPy3Ke M Pasrpy3ke BaroHOB.
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A BOAHOTO TPAHCTIOPTa OIACHOCTh I'PO3 00YCAOBACHA BO3MOXK-
HOCTBIO HAPVIIEeHH S CBA3H, & TAK)KE BO3MOKHOCTBIO ITIOIaAAHHUS MOA-
HUH B CYAHO CO BCEMU BHITEKAIOIMMH OTCIOAG IOCACACTBHAMH.

KommyraabHOe X03alicmBo AI06OT0 PErHOHa TAKXKE CTPaAaeT OT
IPO30BOY AESTEABHOCTH. JTO CKa3hIBAETCH, NIPEXKAE BCEro, Ha BCeX
BO3AYIIHEIX AVHUAX CBSI3H U DAEKTPONepeAad (0T BHYTPHUKBaAPTAAD-
HOTO OCBeNIeHHA A0 AHMHHIM FOPOACKOI'O 3AEKTPOTPaHCIopTa). Kpo-
Me TOTO, IPO3bI X CBSI3aHHBIE C HUMU CHUABHEIE AMBHHU «IIPOBEPSIIOT»
HCIIPaBHOCTh CTOKOBOM AMBHEBOM KaHaAM3aIIMH ¥ BO3MOYKHOCTH ABH-
>KeHusa A060ro TPAaHCIOPTa IIPY BO3HUKAIOIIMX 33BardX MAH IIOTO-
KaxX Ha AOPOTax. .

AAst AecHOro X03aliCMBA TPO3bI ONACHE], IIPEKAE BCETO, BOZMOX-
HOCTBIO BOBHHKHOBEHHUSI A€CHEBIX NOJKAPOB, a TaKJKe BeTPOBAAOM, a
AASI cMpoumeabCmBa — HoTepel pabodero BpeMeHM IIPH IPOCTOSIX
falreHHEX KDAaHOB, HeBO3MOKHOCTHIO BRITOAHEHUST HEKOTOPEIX MOH-
Ta>KHBIX paboT ¥ KaK CAACTBUE — YIVIIeHHas BEITOAQ.

AWBHY, TPO3LL U I'PAA HE BCETAR OKA3EIBAIOT OAGTONPUSATHOS BO3-
AEeWICTBHe Ha COCTOsTHHE 3A0pPOBbs YeAoBeKa. IToKkaayd, TpyaHO ro-
BODHUTE O TOM, YTO B MEGUUUHCKUX U KYPOPMHLIX YUPEKGEHUAX TIPH
rpo3e Y MeAMKOB CTaHOBUTCS 3HAYUTEABHO O0AbIIe paGOTHL, HO Y HUX
MOTYT BO3HUKHYTh PA3HOI'O POAA HEOKUAAHHEBIE TPOGAEME], O KOTO-
PHIX AydYlile 3apaHee 3HaTh, ¥ K PellleHHIO KOTOPHIX AVYIle 3apaHee
ITOATOTOBUTECS. i

B npuHIuIe pa3roBop B 3TOM IAaHE 00 ONAaCHBIX M HeBAArol-
PUSITHBIX SIBACHHUSIX ITOTOARI MOXKHO HPOAOAYKHTE, OAHAKO, KAK HaM
Ka’keTcCs, pa3yMHEBIN YHTaTeAb MOJKET Telleph 3TO CAeAaTh 1 Ge3 Ha-
HIei TOMOIIIH.

CTaTHCTHKAMH YCTAHOBACHO, YTO HOTEPH BCEX XO3AUCTBEHHBIX
cTpyRTyp Poccuu 0T OrOAHEIX YCAOBUHM cocTaBAsioT 20 MAPA. $ B oA,
M3 sT0#t cyMMEI IpuMepHO 60% ABASIOTCS HEIPEAOTBPaTUMEBIMH I10-
TePAMHY, a 3a ocTaBuinecs 40% «MOXHO I060POThCA». AAS ITOTO HY-
JKeH He TOABKO XOPOUIN# CHeNHaAW3NPOBAHHEIM IPOTHO3 IOTOAL,
HO U rPaMOTHOE YIIPaBACHYECKOe pelleHHe, KOTOPOe AOAKHO HpH-
HATH PYKOBOACTBO NPEANPUATHS IO NOAYIeHHOMY IIPOrHO3y. Ecan
IIPOTHO3EI IOTOABI COBCEM He IPHHMMATH BO BHUMAHWE, TO IOTEpH
xo3siicTBa Poccuu yABOSTCS.

B nocnrepnee BpeMs B Poccuu yaeastercss 60ABIIOE BHUMAHKE
npobaeMe puckoB. B Hoa6pe 2003 roaa oa PYKOBOACTBOM IIpe3u-
AeHTa PO GBIAO IIDOBEAECHO ClIeIIHaAbHOe 3aCeAaHIe TPABUTEABCTBE,
MIOCBAIIEHHOE AAHHO! NpobaeMe. ECTeCcTBeHHO, paCcCMAaTPUBAAKUCD
POGAEMEL BCAYECKUX PUCKOB, B TOM YHCAE M METEOPOAOTHYECKUX,
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AASI CYILIECTBYIOILMX, CTPOSIIUXCS U HPOEKTUPYEMBIX IPeATIDAATHH
B Pa3AMYHBIX OTPACASIX XO3AHUCTRA.

Smo BAXXHO, HO He OYeHb UHMEPECHO!

B cooTBeTCcTBHM C HpuKaszoM Pocrmapomera Nel04 ot 15.10. 1999 ¢
1.01.2001 r. yrBepXACH NEpeYeHL HeOAATONIPUATHBIX U ONIACHBIX B-
AEHMH MOTOABI, KOTOPHIE IPUBOAAT K KPYIIHOMACHITAOHOMY 3KOHO-
MHYIECKOMY YI[epOy UAM pAZDKE K JeAOBEUECKHM JKepTBaM. B KaxxaoM
IKOHOMMYECKOM paliOHe 3TOT NepeyeHb «CBOU», ¥ BEAWYUHH], yKa-
3aHHBLIE B HEM, 3aBUCAT OT Te0rpadmieckoro HOAOKEHHS PETHOHA,
€70 9KOHOMUIELCKOr0 HIOTeHITHaAa M T.A, HeT CMBICA& IIPUBOAWTE 3AECh
Kakue-Ar00 nupuMeprl. [IpoCTO H3AO 3HATH, YTO CYIIECTBYET TAKOH
npuKa3 POCTUAPOMETA ¥ B COOTBETCTBHUM C HUM OII€HUBAThL Da3AWy-
Hble TPUPOAHLIE ABACHUS, IPHHOCAIIME OIIPEASAGHHBIE IOTEPH TOMY
YAV IHOMY PeruoHy.

7. BO3AYIIIHBIE MACCBI U ATMOCOEPHLIE ©@POHTEI

Kax MBI y’Ke rOBOPHAH, HALITy 36MAIO OKPYKAeT BO3AYIIHAA 060-
Aoyra — atmoctepa. Y, coBepiieHHO 0YEBHAHO, UTO B palioHe 3KBa-
TOpa ¥ B pafioHe MOAIOCA BO3AYX MO CBOKMM CBOMCTBAM OYALT PA3HEIN.
Tlo ycraHOBUBIIEHCST TPAAMLHN BO3AYVIIHYIO OOOAOYKY 3€MAU OPU-
HSTO AGAUTDH Ha BO3GYWHbIE MACCHL.

Bo3AyUIHON Maccoy Ha3kEBAIOT « HOPLIM» BO3AYXA B TPOMOCDe-
pe, pasMephl KOTOPBLIX COM3MEPHMEL C GOABIIUMY JaCTIMK MaTepu-
KOB U OKEaHOB, U KOTOPHEe 00AaAQI0T HEKOTOPBIMU OOLUIMMU CBOH-
CTBaMH ¥ IlepeMeillaloTCH B OAHOM HailpaBAeHMH. V3 onpeaereHus
CAEAYeT, 9TO TOPM30HTAABHEIE PAa3Mephl BO3AYVIIHOM MACChl KOAG-
AtoTcst B mpeaeaax ot 500 po 4000 kM, a BepTukarsHeie — OT 2 20 10 KM.

K OCHOBHEIM CBOFICTBAM BO3AYIIHEIX MACC OTHOCATCSA TeMIepa-
Typa BO3AYXA, BA&KHOCTE BO3AyXa Ha PAa3AMYHEIX BEICOTAX, BEPTH-
KaAbHBIN TEMIepaTYPHBIM rpasuenT U IPO3PavHOCTh aTMOCKhEDH.
DopMUPOBaHHEE BOZAYITHOMN MACCH! IPOUCXOANUT MOA BO3ACHCTBUEM
MOACTHAIOIEN MOBEPXHOCTH. HaXoaASCh AAUTEABHO Ha) OAHUM B TEM
>Ke padOHOM, BOZAYLIHAS MacCa IPUHUMAST XapaKTepHble 3HAUYeHUS
TeMIepPaTypPH U BAGKHOCTH KaK y MOBEPXHOCTU 38MAU, TaK U Ha BHI-
coTtax. baaropapsi 3ToMy XxapaKTepHEIM CTaHOBUTCS ¥ BeDTUKAABHBIN
IrPAAMEHT TEMIIEPATyphl B BO3AYLIHON MACCe, ¥ YCAOBUS Pa3BUTHS
BePTUKAABHBIX ABVKEHUY B Hell, ¥ KaK CAEACTBUE — 3amackl 9Hep-
M1 HeYCTOMYMBOCTU B BO3AYXeE,

Bozayirsabie MacCH PasAndaoT AuGO 10 TEPMOAMHAMUUECKUM
XapaKTepUCTUKAM, AH00 0 reorpadudeCKOMY HOAOKEHWIO OYaros
ee GOpMHpPOBAHWA.
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Tenaoli Ha3BIBAETCS BO3AVIIHAS MAcca, KOTOpasl mepeMelnaer-
cs1 B GOAee XOAOAHYIO CPEAY, T.e. Ha Goaee XOAOAHYIO HOACTUAAIO-
HIYIO IOBEPXHOCTE. X0A0gHOI, Ha0O0POT, Ha3bIBACTCS TaKast BO3AYII-
Hasg Macca, KOTopas INepeMeNlaeTCs Ha 6oaee TETAYIO MOACTHARO-
LIYIO IOBEPXHOCTE.

TepMuYeCcKkoe BO3AEIICTBUE NMOACTHAQOLIEN NOBEPXHOCTH HA
BO3AYUIHYIO MACCY IPUBOAUT K CYHIECTBEHHEIM M3MEHEHMSM ee TeM-
IepaTypHOTO peyxuMa. Tak, Tenaas BO3AYIIHASK Macca 6yAeT OXAaXK-
AAThCsI CHU3Y, @ XOAOAHASA — CHH3Y IIPOTPEBaThCA. 3TO IPUBEAET K
M3MEHEHHUIO BePTUKAALHOTO TPAAUEHTA TEMIIePaTyphi, KOTOPHIHN Oy-
AeT YMEHBIIATECS B TEIAOH BO3AYIIHON Macce ¥ YBeAUUYUBATECH B XO-
A0pHOHU. CASAOBATEABHO, TEIIABS BOBAYIIHAS Macca GYAST CTAHOBUTHCA
OoAee YCTOMYHBOH, @ XOAOAHES, HA000POT, boAee HEYCTONIMBOH.

B 3aBHCHMOCTH OT BEAMYHHEI BEPTUKAABHOTO TEMIIE PATYPHOTO
TpaAMEeHTa TelABle M XOAOAHBIE BO3AYIUIHEIE MACCHI PA3AEASIIOT Ha
YCTOWYMBEIE ¥ HEYCTOWYUBEIE, @ B 3aBUCUMOCTH OT WX BAATOCOAEP-
JKaHUS — Ha CyXHe U BAKHEE, CA€AOBATEALHO, 110 CBOUM TEPMOAN-
HaMHYECKHUM XapaKTepPUCTUKAM BO3AYIIHBIE MACCHI PA3AEASIFOTCS Ha
CAEAYIOUIYe THIEL:

YcrofiuuBas TenAas BAGYKHAas BO3AYIIHAS Macca.
YCTOWYUBAS TENAAST CYXast BO3AYILHAA Macca.
HeycronunBas Tenaas BAAYKHAS BO3AYITHAS Macca,
HeycroiunBasg Tenaas CyXas BO3AYITHAR Macca.
YcrotiyuBas XOACAHaS BAGKHES BO3AYIIHAL MacCa.
YcroiunBas XOAOAHAs CyXast BO3AYIIHAA Macca.
HeycTolupBas XoAOAHAs BAGKHAS BO3AYIIHAS MACCa.
HeycroiunBas XOAOAHAS CyXast BO3AYIITHAT Macca,

AT KaSKAOTO THIIA BO3AYUIHBIX Macc XapaKTepHLI OIIpeAeAeH-
HEIE YCAOBHUS noroAm {(Taba.7.1).

) Tabauua 7.1.
YcAOBuSI HOTOABI B BOSAYHIHBIX Maccax pasaAmdHOro THNa COrAaCHO

TEPMOAMHAMHUYECKOH KAdCCUDUKATUN

Tan BozayiHol Maccst

Toroaa s Terzoe BpeMs r0j4a

Torozaa B xoa0100€ Bpeast
ross

Yeroliuypas Tensas
BAAKHAR BO3AYIIHAA MACCA

Tenno, maawno. Obaaka
BHCOKOK)"&CBM@, €AOUCTO-
kyuessie, O8A0KHpIE AMK 1.

Otreneas. Huskue obnaxa
eaoneTeix  Qopy. AwiMiy,
TyMaHbl, MOKpHIH 0030KHON |
cHer. :

BARGKHAS BO3AVHIHNGA MACcCa

Yerofiyupas tenaas  cyxas | Maacofaanwnas wapkas | Haa Epponoif e perpevaeres
BO3AVIINAS Macca D T
Heycroiiynsas venaas | Iposwl,  mksaisy,  rpad, | Jlusneso#i  cuer. MeTean,

HHOTIE BOIMOKHLL CMCDYH,

TIOPBLIBHCTRLE BETED.
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Heycroliausan renzas cyxay | Caapupil aopeBHeTE | Orrenens,  rarouw#l cuer.
BOAVILHAS Macca BETEP, NBLILHbIE OVPH. TOPHIBHC IR BeTep.
Veroiiansas xosozmas | Tpoxnamas HOTeAA, | YMEPEHHO XOJA0/HAN NOTOAA.
RALKHAA BOBAVIIHAL MACCA | CAOHCTO-KYYcEbie obraKa, Huswkue obuaka, Mopui
CHEY. TOA0ARH, TYMAHDLL
Yeroituupas xostoanas cysan | Magoofaaunas  npoxsaznas | ManooGyaunas QUEHD
BOBAYINMAS Macea noreaa, XOAOAHAS NOTOAR,
Heyeroltunsas xonoauas | Jusuesme Jowan, Kyuessie | Hamoposs. MOTEAH.
BRUKHAN BO3AYUIHAg Macca | olaara. HOPHIBHCTHIH RETER,
KoHBEKTHRHBIE 0baxa.
Heyerofiunras xosozdas | Kyuessie oBaaka, xonomwsil | MasooDuaunas  MoposHas
Ccysas BO3AYUIHaT Macca HOPBIBECTLIH BETEP. | HOTOAR. Xoaoanvit
[poxJaanas noroia. TIOPLIBHCTE BETED.

YkazaHHadA B TaOAMIle MOTOAa ABAIETCA Hantboaee XapaKTepHOM
AAST AQHHBIX BOZAYIIHEIX Macc. OapHAKO, Ha CaMOM AeAe OHa MOXKeT
3HAYUTEALHO OTAMYATLCH OT TAOAMYHOM B 3aBHCUMOCTH OT MECTHBIX
VCAOBHM ¥ CMHONTHYECKOTO MOAQKEHHS.

[Tpu reorpacdryeckor KAaCCU(UKAINKU BO3AYIIHEIX MacC pas-
AMYAIOT BO3AYLIHBEIE MACCH YETHIPEX IMPOTHHIX 30H! aPKTHYECKUN
HAM @HTapPKTUYECKAY BO3AYX, BO3AYX YMEPEHHEIX IIHPOT {IIOASPHEIA
BO3AYX), TPONIMYECKNY BO3AYX U 5KBATOPDHAABHEIN BO3AYX, B KasKAOM
H3 YeTHIpeX NepPeUYrCAEHHBIX TUMIOB (KPOME HKBATOPHUAALHOIO) BO3-
AYX MOPKeT OBITh KOHTHHEHTAABHBIM MAU MODCKUM.

3HaHuMe 049aroB (POPMHUPOBAHNS, IyTeH ABVIKEHUS ¥ OCHOBHBIX
XapaKTepHCTHK BO3AYUIHBEIX MACC HMeeT OOABIIOEe MPAKTHYECKOe
3HaYeHUe, TaK Kak AaeT BO3MOXXHOCTh MPABUABHO OI[€HUTH U CIIPOT-
HO3MPOBATH XapaKTep HOTOAH B 3aA@aHHOM palioHe,

PaccMoTpuM OCHOBHBIE THIIBE BO3AYIIHEIX MACC, HOCTYHIAIOWIMIX
B EBpony mau QOPMUDYIOIINXCS HAA ee TePPUTOPHEH.

Mopckoii aprkmuveckuti Bo3gyx (MAB). 3ToT BO3AYX HOCTyHIaeT
B EBponly ¢ ceBepo-3aniapAHBIMH, PeKe C CeBEPHBIMY, BeTPaMM 13 pa-
ona I'peunranann u LlInui®epreda. [Ipoxoas Haa OTKPBITHIME OTO ABAQ
TenABIMH BopaMu HopBexxckoro u CeBepHOTO MOpel, MOPCKOM apK-
TUYECKHH BO3AYX NIPOTpeBaeTCs, YBAGXKHSAETCS U IpHodOpeTaeT He-
YCTOWMYUBYIO cTpaTuduKanuio, Y nodepexes CeBepHol EBpons
MAB B TedeHHE BCETO TOAQ TBASIETCH HEYCTOMYMBON BAAKHOMW BO3-
AYHIHOM MacCOM, HO, KaK [IDAaBHAQ, B 3TOM BO3AyXe TPO3 He ObIBaeT.
[1pw mpoABMIKEHMH Ha MaTEPHUK CBOUCTBA ¥ XapaKTep IOrOAHEBIX YC-
AOBHUH 3aBHCST OT BpeMeHHU I'opa. AeToM, nepeMel[asichk Ha TETABIH
MAaTepPHK, 3TOT BO3AYX CTAHOBUTCH ellle GoAee HeYCTONYUBLIM M IIpe-
BpalllaeTcs B KOHTHHEHTAABHBIN yMepeHHBIH Bo3ayX (KYB). 3umoit
TIPY ABMIKEHUY HaA MOKPHITEIM CHETOM MaTepukoM MAB oxaaxpa-
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€TCs OT 3¢ MHOM IIOBEPXHOCTY, T.€. CHU3Y, K IOCTEIIEHHO TepseT CBOO
HEYCTOWYMBOCTD, IPEBPAIlasiCh B yCTOHYUBYIO BO3AYIIHYIO Maccy. B
IIePEeXOAHBIE Ce30HEI F'OAA 3TOT BO3AYX AHEM SIBASETCS BAKHOM He-
YCTOHYUBOH BO3AYLUTHOM MacCOH, & HOUBIO HIPHUOOPETaeT YCTOMIHBYIO
cTpaTudrKanuio.

YcaoBus noroasl B MAB 3aBUCST OT XapakTepa CUHOIITHYECKOH
06CTaHOBKH, IIPYU KOTOPOH NIPOUCXOAUT BTOPKEHUE 3TOr0 BO3AyXa B
EBporny, a TakKe OT KOHTP&aCTa TeMIIepaTyp MeXXAY BO3AYIIHOM Mac-
COH ¥ MMOACTHUABIOLIEHN IOBEPXHOCTHIO.

Konmunenmaasnubtli apkmudeckuti Bo3gyx {KAB). Kourunen-
TaArBHASA BO3AYIITHASA MACCa, DocTynamnas 8 Espony, dopmMupyercs
B paiioHe Bapennesa ¥ Kapckoro Mope# ¥ IOAYOCTPOBOB fIMaA U
TauMeIp. :

®opmuposanne KAB IpoOUCXOAUT HAA XOAOAHOM, IHOKPHITON
ABAGMU ¥ CHETOM IIOACTHAAOHIeH MOBePXHOCTEIO. B ouare gopmu-
poBaHus KAB B TeueHMe BCero ropa sIBASIETCSI yCTOMUUBOM BO3AYILL-
HO¥ Maccoi. Ero ycTofYyBOCTE OCOOEHHO CHABHO BEIPaXKeHa 3HMMOH,
HO, KaK IPAaBHUAO, COXPAHSETCS U AeTOM, 4

3uUMOM B 3TOM BO3Ayxe npeobAapaeT MarooOAaYHAs MOroAa C
HU3KYMU TEMIIEPATyPaMi ¥ MOPO3HBIMU ABIMKaMHt U TyMaHaM#. Ae-
TOM 3a CUET NOBLIIIEHUS TEMIEPATYPHI YaCTO HAOAIOABIOTCS MAOT-
HBIE TyMaHBI ¥ HU3Kasi CAOHUCTast 0OAaYHOCTb.

Ha esponetickyto yacTe Poccun KAB noctymaeT ¢ ceRepo-BoC-
TOYHBIMYU, PeXKe C CeBepPHBIMHU BeTpaMu. 3umMoi Hap EUP sror Bosayx
OCTAETCA CYXUM 1 YCTONYuBEIM. OBBIYHO B HEM HaOAIOAAETCSE MAAO-
o6AavyHass MOPO3HAas IIOTOAA C HU3KHMU U OY€Hb HU3KUMH TeMIIepa-
TypaMu. IHOTAQ U3 3TOT0 BO3AyXa BEIIAAAIOT ACASTHEIE TABL, & B 30HE
KPYIHBIX TOPOAOB ¥ KPYIIHEIX IPOMEIIIAEHHEIX IPEATPUSITHH (@3po-
APOMOB} 00pa3yIOTCSI MOPO3HEIE ABIMKHU M A€ASTHEIE TYMaHEL AeToM,
epeMenasick Ha TENABIN MaTepuK, KAB cHU3Y (OT 3eMAM) HAaUMHAET
IIPOrpeBaThCs, CTAHOBUTCS HEYCTONYUBLIM M O0Aee BAGKHEIM, B aTOM
BO3AYXe B cpepHelt noroce EYP MoryT HabaroAaThCSI cAabble AViBHE-
BBIE OCAAKH U OYEHB PEAKO — TPO3EHL

B nepexopHEbIe C€30HBI 'OAQ KOHTUHEHTAABHEIH aPKTHYECKHH BO3-
2yx Hap EYP sBAseTcs He 0U4eHb BAQKHOM HEYCTOMNYHUBOM BOZAYIITHOH
MacCOM, U3 KOTOPO# YaCTO BHIIAAQIOT OCAAKH B BHAE KPYIEI AAK CHera.

PanHpe oceHHUe B IO3AHUE BeCEHHUE 3aMOPO3KY, a TAK)Ke ca-
Mble HU3KHME TeMIEepaTypH BOo3ayxa B EBpolle CBSI3aHBI MMEHHO C
BTOP>KeHMEeM KOHTHHEHTaABHOI'O apKTUYECKOTO BO3AYXaA.

Mopcxoli ymepenHbtii Bo3gyx {MYB) dhopMupyercs B yMepeHHEIX
MIUPOTax ATAGHTUYECKOTO U TUXOro OKeaHoB.
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3¥MOY MacChl XOAOAHOTO KOHTHHEHTAABHOTO BO3AYXa U3 pako-
HOB KaHaaAb! TOCTYHAIOT B PAMIOHBI CO CPABHUTEABHO TEIIABIME BOAA-
Mu ATAGHTHKY, U B HPOLIeCCe ABVIKEHUS K BOCTOKY NPUOOPETaIoT
MOpCKHe CBOHMCTBa. [IporpeBasick oT BOABI cHU3Yy, MYB craHOBHTCS
HEYCTOHMYUBEIM U BA&KHEIM, [103TOoMY y mobepesxbst 3anapHou EB-
POIIBI B 3TOM BO3AYXE YaCTO HAOAIOAAETCS Ky4eBO-A0KAeBast 00Aau-
HOCTb, AMBHEBEIE OCAAKHU U, UTO OUEHB OTIACHO M3-38 TPYAHOCTEHN IIPO-
THO3UPOBAHUS, - 3UMHHE I'PO3LL. [1pu 3TOM 0GBIYHO OBIBAET CUABHEIN
TIOPBIBUCTHIM, & MHOTAA U IITKBAALHBIN BeTep.

[To Mepe IPOABHIKEHUS B TAYOE XOAOAHOTO MaTepuka MYB Te-
psieT CBOIO HEYCTOMYMBOCTD, OXAAXKAASCh CHU3Y, U IpUoGpeTaerT yc-
ToMYuBYIo cTpatudukanmo. Hap EHUP s1o THIHYHAS BAQYKHASA YCTOU-
YUBasi BO3AYIIHAS Macca C HU3KOM CAOUCTOM OOAAYHOCTBIO, TYMaHa-
MU WAW ABIMKAMHM, MOPOCSIIUMY O0CAAKaMU U CAAOBIM cHeroM. [Ipu
aKTHBHOM TepeMelleHUY 3TOT0 BO3AYXa Ha BOCTOK YaCTO HAOAIOAA-
IOTCSI OTTETIeAH, KOTOPEIE MOTYT AOXOAUTE AO YPaAaa.

Aetom popmupoBarue MY B MpOUCXOAUT HaA CEBEPHOM ATAaH-
THUKOH, B patione Mcrauamu. 3AeCh HAA OTHOCUTEABHO XOAOAHOH BOA-
HOM IMOBEPXHOCTHIO BO3AYX MMeeT OOBIYHO YCTOMUYMBYIO CTPATudH-
Kanuio. [Ipu cBoeM MPOABMIKEHUH Ha BOCTOK (B EBponry) MYB nona-
AAeT B Telabie BOABI oAb CTpUME, TPOTpeBaeTcsl CHU3Y, Ipruobpe-
TaeT HeyCTOMYHBYIO CTPATU(MHKAIHUIO U AOTICAHHTEABHO YBAGKHSETCS.

Y noGepexbst 3anapHoM EBPONIBI B 3TOM BO3AYXE COAEPIKUTCS
OYEHB MHOTO BAGTH, ¥ KaK CAEACTBUE HEYCTONYXUBOH CTpaTudUKAIIAN
¥ GOABIIOTO BAATOCOAEDIKAHHS — B 5THX parioHaX 4acTo HaOAIOAa-
IOTCSI AMBHU M TPO35L. [10 Mepe MpOABHIKEHUSA BO3AYXaA Ha MATEPHUK
KOAWYECTBO ¥ MHTEHCHWBHOCTb AUBHEHN U I'po3 B MYB yMeHEBIIaeTCs,
TaK KaK OCHOBHYIO MaCCy CBOEM BAAru 3TOT BO3AYX «TEPSIeT» yXKe y
ToOepes ps.

KonmunenmanpHblll ymepennsiii so3gyx (KYB). KoHTUHeHTaAB-
HBIHM YMEpPEeHHBIH BO3AYX (POPMUPYETCS HaA YMEPEHHBIMU HMIUPOTE-
mu EBpasuu u Amepuru. Hap teppuropueit Eeponet u Poccuu 3T0T
BO3AYX SIBASIETCSI MECTHOH BO3AYIHOM Maccoi. Kak 1 Aro0asi BO3AYII-
Hasl Macca, 3Ta BO3AVIIHAS Macca 00pa3yercs B Pe3yAbTATe M3MeHe-
HYs OCHOBHBIX CBOMCTB APYTHX BO3AYIHHBIX MaCC, KOTOPHIE AAMTEAD-
HOe BpeMsi HaXOAUAUCDH B 30He yMepeHHBIX mupoTt. CeotictBa KYB
3HAYUTEABLHO MEHSIOTCSi OT 3UMBI K AETY ¥ 3@BUCAT OT TOTO, B KAKOM
KOHKDPETHOM pPaliOHEe OTPOMHOW 30HEI YMEPEHHEIX HIUPOT IPOUCXO0-
AFAO 06pa30BaHNe KOHTUHEHTAALBHOI'O YMEPEHHOTO BO3AYXa.

3umont KYB 06BIYHO SIBASIETCS XOAOAHOM BO3AYIIHOY MacCcoH, a
AETOM — TEMAOM. 3UMOY B 3TOM BO3AYX€e TpeobAaAaeT HU3KasA CIAOII-
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Hast 06AQYHOCTH, HHOTAQ C MOPOCAIIUMY OCAAKaMH ¥ TyMaHaMH, &
AETOM — KOHBEKTHBHAaS 0OAAYHOCTB, MHOTAA C AUBHSIMHU U TPO3aMu
BO BTOPO¥ NOAOBHHE AHSI.

Mopcxoll mponuueckuil Bo3gyx (MTB). 3ToT Bo3ayx hopMupy-
eTCsi B TPOIIMYECKOM 30He OKEaHOB, a HHOTAa U Hap CpepuseMHEM
mopeM. B pattonax ¢popmuposatus M1TB o6EI9HO IBASETCS YCTORYH-
BOM U BA@KHOM BO3AYIUHOMN Maccol. Ha KOHTHMHEHTEI 5TOT BO3AYX
3MMOM IPUHOCUT 00IIYPHLIE 30HE TYMaHOB, HU3KOM 0OAAYHOCTH,
MOPOCSIINE OCAAKH ¥ TOAOACAHFIE SBACHHS,

Aetom MTB nHap, MaTepuKaMu OBICTPO NPOTPERAETCA CHHU3Y H
npuoGpeTaeT HeyCTOHUMBYIO CTPATH(HUKANMIO, YiKe Ha HeGOABIIOM
yAareHHH OT GeperoBo depTel B MTB oTMeuaeTCst pa3BUTHE Kyde-
BO-AOKAEBBIX 00AaKOB, UHTEHCHBHEIE AMBHEBEIE OCAAKH U TPO3HI C
CHABHBIMY ¥ OYeHb CUABHBIMHM BETPAMH.

B nepexoausie ce30uH ropa MTB siBasieTcd 06GEIYHO BAGKHOM
U yCTOMYHMBOM BO3AYIHHOM Maccol. TOABKO BAMIKE K ASTY (B KOHIEe
BeCHEI M Ha4aAe OCEHH) 5TOT BO3AYX B AHEBHEIE YaChl MOJXKET GBITh
HEYCTOMYNABLIM,

Konmunenmanrsnsili mponuyeckuli Bo3gyx (KTB). ®opmupona-
HHe 3TOM BO3AYIIHOW MAaCCHI IPOUCXOAUT Ha) KOHTHHEHTAALHBIMU
06A8CTAME TPONIYECKOH 30HEL. AAs TeppuTopuu Poccuu 5T0 patio-
Hel Hiruero ITosoaKbsa A TEPPUTOPUY anaaion EBponsl — pai-
oHel CeBepHol Adpuxrin.

HM3-3a oueHB CHABHOTrO IPOTPeRa CHU3Y IPAKTUYECKH BCErAa
KTB siBAsieTCA HeyCTOHYHBON BO3AYIIHOM MacCoM, HO CAMIIKOM BEI-
COKMe TeMIepaTypsl ¥ HeGOABIIOEe BAATOCOAEPIKAHHUE IPHBOAUT K
TOMY, 94TO 0OA8Ka B 3TOM BO3aYyXe 00pasyroTCs KpaHe PeAKO.

Aetom B KTB npeobaapaeT kapKas U Cyxas IOTOAd, a 3UMOH
HAOAIOAAIOTCSI HU3KHE CAOKCTEIE OOAAKY, MOPOCSIHNE OCAAKH ¥ CHAL-
HEIE TYMAHEL ‘

CrnpaBeAAMBOCTH PaAM CACAOBAAO GBI AQTh XaPaKTEPHCTUKY U
3KBQIMOPUAABHOMY BO3JyXy, HO Tak Kak Ha Teppuropuu Poccuu u
EBpOInEI 3TOT BO3AYX He HAaOAIOAQETCS], TO O CBOMCTRaX 3TOTO BO3AYXA
MH TOBOPHUTE He OypeM. Kpome TOro, 3KBaTOPHAALHEIM BO3AYX IO CBO-
MM CBOMCTBaM MMOYTH HU YEM He OTAMYAeTCs OT MOPCKOTO TPOIIMYECKO-
ro Bo3ayxa. [TosToMy B mocaepree BpeMst METEOPOAOTH B TPONHAYECKUAX
CTPaHaX ePeCTaAl BEIACATTE €TO B OTACABHYIO BOAYIIHYIO Maccy.

3mo uRmepecHo:!
BosayHIHast Macca He OCTaeTcs Bee BpeMst Ha 0OpAHOM Mecte. OHa cve-
1IaeTCs UAM HA JOT, UAM Ha CeBep, NePeXOAUT C OKEeaHUIEeCKOM Ho-
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BepPXHOCTH Ha MaTeP#K 1 HaoO6opoT. Bce 370 IIPUBOAUT K M3MEHEHUIO
OCHOBHBIX CBOKCTB BO3AYUIHOHM MACChl, ee mpancpopmayuu, Bmecre
C M3MeHeHueM TEMITePATYPH], BAAKHOCTH U YCTOMYHBOCTH BO3AYXA
IPOVICXOAMT ¥ U3MEHEeHME TIOPOAHEIX YCAOBMH B 3TOM BO3AyXe, KOTO-
PEIE HYXKHO 0023aTeAbHO YYHUTLIBAT 1P PaspadoTKe HPOTHO308B HOro-
AbL bes 5Toro BCe MPOrHo3bl GYAYT «TOUHEee (PaKTUYeCKOW HOTOABDY.

¥Y3Kas nepexoaHas 30Ha MeKAY ABYMSE Da3AHMYHEIMU BO3AYILHEL-
MM MacCaMH Ha3bIBaeTCda ammochepHbM hpornmom. ATMochepHBIN
(PpoHT (DpoHTAABHAR 30HA) XaPAKTEPU3YeTCs PE3KUMYU H3MEHEHH-
SIMU METEOPOAOTHYECKUX BEAWYHWH B TOPHM30HTANBHOM HAallPaBAEHUH.
[upuHa 1epexoaHOM 30HK! Y HOBEPXHOCTH 3eMAH cocTaBasiet 50-100
KM, a Ha BeIcoTax 200-400 kM. ToAlIMHa TepeXOAHOM 30HK Y IIOBEPX-
HOCTH 3eMAH He npessiaeT 100-200 M, a Ha BEICOTaX YBeAHUMBAET-
cs1 20 500-1000 M. I'lo cpaBHeHNMIO C pazMepaMy BOSAYIIHEIX MacC TOA-
HIVHA IePeXOAHOT0 CA0S HeOOABIIas, TO3TOMY €T0 Ha3HBaKOT (POH-
TAABHOM IIOBEPXHOCTHIO, & €ro IepeceyeHne ¢ KakoH-Anbo Apyrou
TIIOBEPXHOCTBI0 — (poHTOM (AMHHeH dpoHTa). [IPOTAKEeHHOCTH
P POHTAALHOM MOBEPXHOCTH B HalIPaBAEHUH, NepPNeHAUKYASIPHOM
auHnu GpoHTa, cocrasageT 600-1000 KM, a B HaIPABAEHUU BAOAD
AVHUU QPOHTA COOTBETCTBYET NPOTSIKEHHOCTH BO3AYIITHON MAaCCH!
(a0 5000 xM u 6onee). ['lo BepTuraru arMmocdepHble PPOHTH OOBITHO
IIPOCAEIKUBAIOTCS AO BBICOTHL 9-6 KM.

DpoHTaABHAS TOBEPXHOCTE BCErAa HAKAOHEHA TaK, UTO HOA 3TOH
TMOBEPXHOCTHIO HAXOAUTCS XOAOAHBIN BO3AYX, @ HAA HEeU — TeIIABIN.

W3-3a HeGOABINON MIUPUHLL DPOHTAABHOM 30HEI HA KaPTaxX I0-
TOABI OHa 0603HavaeTcs (M300paXkaeTcsi) ANHUeH. B3auMOAeHCTBHE
BO3AVIIHEIX MacC B 30He poHTa 00yCAOBAMBAET 0OpaszoBaHue 00-
ARYHOCTH, OCAAKOB U ADYTHUX SIBAHUM IMOToaABl. Takum obpazom, Ha
TPaHHIe ABYX PA3AMYHBIX BO3AVIUHEIX MACC B IepexXoAHoHn (ppoH-
TAaABHOM) 30HE HPOUCXOAUT Pe3KOe U3MEeHeHN e MeTEOPOAOIHYEeCKUX
IIlapaMeTpoOB B TOPH30HTAABHOM HamnpaBAeHUH. OTCIOAR TaKOe «Tpe-
IeTHOe» OTHOIIEHUEe CUHONTUKOB-NIPAKTUKOB K KaYeCTBY CHHOITH-
9eCKOTO aHAAW34, K IPABUABHOCTH IPOBeAeHHS aTMOChePHEIX QPOE-
TOB Ha K@PTax MOrOABI.

HTtak, aTMoCepHBIN QPOHT 3TO PA3AEA MEKAY ABYMSI BO3AYII-
HBIMU MaCCaMHu, UMEIOHIUMY Pa3AUYHbBIe TapaMeTpbl. OOBIYHO B pas-
HEIX BO3AYIIHEIX MAaccax Hauboaee IpKO BhIpa>keHa pa3HUla B TEM-
reparype BO3AyXa K ero Baarocopepskanuu. [lo cratucruke, npu
fIepexOoAe U3 OAHOM BOBAYITHOM MaCChI B APYTYIO, TEMIIEPAaTypa BO3-
AyXa 'y 3eMAK U3MEHSEeTCS Ha S 'PapycoB ¥ 60oAee, & Ha BEICOTaX — Ha
8 1 Goaee rpapycoB Ha paccrosauu B 1000 km.
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Vi3 ypaBHeHHUS COCTOSIHUS OAHO3HAYHO BBITEKAET, YTO IAOTHOCTE
TEIIAOTO BO3AYXaE ( pT) MEHBIIE IAOTHOCTHA XOACAHOI'O BO3AYXaA (px), T.e,
P, < P, CAEAOBATEABHO, €CAM IEPBOHAYAABHO (PPOHTAABHBIN Pa3AeA
AO/UKeH ObIA OBITE BpoAe OB BePTUKAABHEIM (PUC.7.1 &), To Ho Hpee
XOACAHBIN BO3AYX (O0Aee TS ReABIN) AOAKEH BBITeCHUTH HAaBepX Tell-
ABLY, OOACe AeTKUM BO3AYX (puc.?.1 0).

al r 6)
j TEB
B ! ; XE R
| es——
O < 2a

Puc.7.1. Noaoxenue pazaena Mexay ABYMS BO3TYIIHLIME MACCAMK
a — NepBOHaYanbHOE, 6 — KOHEYHOE (TEOPETHUECKOE).

Ha camoM pene TaKOTO BEITECHEHMS TEIAOTO BO3AYXd, KakK IO~
KasaHo Ha puc.7.1 6, HUKoraa He GHIBaeT, U OPOHTAALHAS [TOBEPX-
HOCTB BCEI'Aa PACIIOAOKEHA ITOA YTAOM K TOPM3OHTY Tak, K&k 3TO I0-
Kas3aHo Ha puc.7.2.
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Puc.7.2, ®axruyeckoe noaoxenue armocdeporo dpponra.
G- rPanMeHT AaBleHus B 30HE PPOHTA.

B camMom pene, aTMOChepHOE AABACHHE B IIEPBOM CTOAGE BO3-
AyXa MeHbIIle, YeM BO BTOPOM, @ BO BTOPOM MeHEIIE, YeM B TPETHEM.
3710 OO'BSICHIETCS TEM, YTO BHICOTA «XOAOAHOIO» CTOAGA B TPEThEM
cAydae HauOOABIIAsT, CAEAOBATEABHO, OH TSKEAER, 1 30eCh AABASHHE
6oabuie. Pa3 Tak, TO BOSHHKAaeT cuAa 6apudeckoro rpapuenta G "y
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HallpaBA€HHAas B CTOPOHY HU3KOro paBaeHus. Ilpu 5ToM cpasy Xe
BO3HMKaeT CHna KOPHOAKICA, U B PE3YABTATE BO 3AYIIHBIM IIOTOK OKa-
3BEIBAETCS HAIIPABASHHBIM BAOAL IIPU3EMHON AWHUMU (PPOHTA. IDTOT
IIOTOK ¥ YAEPKHBaeT QPOHTAABHEIN PA3AEA B HAKAOHHOM COCTOSTHIH.
Yroa HarAoHA dpouTa (), IIPH KOTOPOM AOCTUTAETCS PaBHOBECHE
ABYX BO3AYIIHEIX MacC, 3aBUCHT OT XapaKTE€PUCTHK 3THX MacC. DTOT
YTOA MOXKHO OIIPEAEAHTE 110 popMyae Mapryaeca:

20-Sing V,T,-V,T,

g0 =
§ TZ_TI '

(7.1)

rae: Vu T — ckopocTts BeTpa (M/c) u Temnieparypa (K) Bosayxa, co-
OTBETCTBEHHO. 3Ha4YeHUS C UMHALKCOM «1» OTHOCATCS K XOAOAHOM
BO3AYILIHON MaCCe, a C UHAGKCOM «2» — K TEIIAOHU; ® — YTAOBAas CKO-
POCTB BpallleHHUs 3eMAM; (¢ — IHMPOTAa MecTa; § — YCKOPEHUE CHABI
TAXKECTH.

OOBBIYHO HAKAOH (PPOHTAABHOM IIOBEPXHOCTH 0YeHb HEOOABILION
u paBeH 1/300 — 1/50. B cpeateM CIATAIOT, 9TO HAKAOH IIOBEPXHOC-
TH TeIAoro (hpoHTa paseH 1/100, a xoropnoro 1/50 uau 1/75, npu-
yeM, ueM OBICTPee cMelaeTcs (PPOHT, TeM Kpyde HaKAOHeHa (PpoH-
TaAbHAs MOBEPXHOCTE. ,

Vi3 puc. 7.2 MOXKHO CAeAaTh ellle OAWH MHTEePeCHEIN ¥ OUeBUA-
HEIM BBIBOA: QMMOC@epHBI (POHIM Y 3eMAU U HQ BhICOMAX BCErga
HaxXogumcs B AOKGUHE. NeUCTBATEABHO, B I€PBOM €AMHUYHOM CTOA-
Oe BO3AYXa XOAOAHOTO BO3AyXa MeHbIlie, 4eM BO BTOPOM, & BO BTO-
POM MeHBIlle, YeM B TPEThEM. JTO OUeBUAHO. TakKe OUeBUAHO, UYTO
XOAOAHEIH BO3AYX TSIPKEAEE TEIIAOTO, @ CAeAOBATEABHO, aTMOChepHOe
AdBAEHUe B [IepBoM cToADe 6yAeT MeHBIIe, YeM BO BTOPOM, & BO BTO-
POM MeHbIIIe, 9YeM B TpeTheM. TaK MOKHO «A00paThCa» U AO IIPU3eM-
HOM AMHUY (DPOHTA, TAE XOAOAHLIH (Donee TAKeABIN) BO3AYX NMpak-
THYeCKH OTCYTCTByeT. CAeAOBATEABHO, aTMOC(hepHHIM (PPOHT BCeraa
PaCHOAOKEH TaM, rae HaOAXoAaeTCsi HauMeHblllee AaBACHUE, T.e. OH
He IIPOCTO HAXOAMTCA B AOKOMHe, a AeXKUT Ha ee ocH. Kak 11paBuao,
AOKOWHaE BCerpa ORIBAET YYTh AVUIIIe BEIPA’KeHa CO CTOPOHBI XOAOA-
HOTo Bo3ayxa. IlToueMy TaK OPOHCXOAHMT — XOPOIIO BHAHO H3 TOTO
Ke puc.7.2. OOpscHeHNe TOTO, YTO aTMOC(hepHEIH (DPOHT BCErAd Haxo-
AWTCS B AOKOMHE, KOTOPOE MBI IIDMBEAM BBIIIE, ACCTATOYHO IIPOCTO U
oHATHO. OAHAKO 3TO He eAMHCTBEHHAs TPUYHMHAE HaXOKACHHUS (DPOH-
Ta B AOKOHHe. CyIecTByeT ellie HeCKOABKO IIPUYMH, TIOSCHEHHE KOTO-
PHIX TpeOyeT IPOYHLIX U PYHAGMEeHTAABHBIX 3HaHNY B oOAacTH QU3H-
KU aTMOoCdeprl. 3TH TPUIUHEL MBI C BAMH PACCMAaTPUBATh He OyAeM.
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"W eme opHO 0OCTOATEABCTBO. ECAM ¥ 36 MHOUM IOBEDXHOCTH B
TENAOHN ¥ XOAOAHOM BO3AYUIHOM Macce aTMochepHOe AaBACHUE OAH-
HaKoBo (puc.7.1 a), TO MOAHABUIACE HA OAMHAKOBYIO BEICOTY, B Tell-
AoM Bo3ayxe aTMoctepHoe paraeHne Gyaer GOABIIE, UeM B XOAOA-
HOM (TEIABI BO3AYX A€rie XOAOAHOTO, M IO3TOMY B HEM AABACHHE
W3MEeHUTCS Ha MeHBUIYIO BeAnduHy). CAeAOBATEABHO Ha 3TOH, IpakK-
TH4eCKU A10003 BEICOTE, BOZHUKHET IOTOK BO3AYXA CO CTOPOHEI TEII-
AOTO BO3AYXa B CTOPOHY XOAOAHOTO AASI TOTO, YTOOBI BEIDOBHSTE aT-
MocgepHOoe AaBAeHHe. JTO IIPUBOAUT K HAKAOHY QPOHTAABHOMN NO-
BEPXHOCTH TA&KHUM 00pa30M, 4TO TEIIALIM BO3AYX OKa3BIBAETCH HAA
XOAOAHBEIM (CM, pHC.7.2).

ITeproHaYaABHO rpapu-
€HTHI TeMIIepaTypsl, hopMu-
pytoiue PPOHTAABHYIO 30HY,
BO3HUWKAIOT 3a CYeT Cylie-
cTRyomero 6Gapuieckoro
noast. ECAUM IpeaCcTaBUTh yC-
AOBHOe OapHyecKoe IOoAe
{puc.7.3), TO 3p€Ch 1D} IEPBO-
HAYaAbHOM pPaBHOMEDHOM
TIOA@ TEMIIEPATYP BAOAL OCH

«€y»-OCH COXATHA - IPOMCXOANT Puc.7.3. K HosscHeHM10 GU3UKU
YBEAMHCHIE TOPU3OHTAABHBIX 06pa3oBanus (PPOHTAALHEIX 30H.
TPAAUEHTOB TEMIEPATYDHL, U 1- AVMHVM TOKE, 2- M30TePMEL
BO3HUKAET (ppoHTaABHAST 30-

Ha, OCh «X» Ha PUCYyHKe Ha3klI-

BAIOT OCBIO PaCTSOKeHHUS.

B npupoae ¥ Ha TPAKTUKE BCE 3HAYUTEABHO CAOJKHEE, XOTS OC-
HOBOIIOAATAaIoUMe TeOPEeTHYECKHe IPHHIUILI OCTAIOTCS TEMU Xe
caMbIMH. TeopeTuuecky QPOHTAABHEIN PA3AEA, PA3ACATIONIHHN ABE
KaKHe-An00 BO3AYIIHEIE MACCH], AO/AKEH 3aMBIKaThCSI BOKPYT 38MHOT'0
apa, ¥Mesi B OAHMX PaloHaX rpeGHM TenAg, @ B ADYTAX — ACKOUHES
xonopa. Ha caMoM pene M3-33 TpaHCHOpMAalUHu BO3AYIIHBIX MAacC,
Pa3HOY NOACTUARKOLISH TOBEPXHOCTH, 8 MHOTAA ¥ M23-3a IIAOXOTO aHa-
AM3@ KapT IOTOABI 3TOr'0O Ha KapTe He YBUAMIIL. BOT HO3TOMY U FOBO-
PST, WTO CHHONITUKOM He POKAGIOTCSE, @ UM CTAHOBATCS, IPHYEM CTa-
HOBATCH, IpopaboTaB Ha IpakTHKe He MeHee 3-5 aeT. Toraa cam cu-
HOIITUK OYAET B COCTOSIHUU YBUAELTH BCe HETOYHOCTH aHaAM3a ¥ BHe-
CTH B HETO He0O6XOAWMEBIE KOPPEKTHUBHI,

KcraTy, ellle OAHO 0UeHb PACHPOCTPaHEeHHOE U OYeHb HYXKHOe
TeopeTHYeCKoe IIOAOKEHUE:! 3HAK ammocghepHoro pponma Bcerga
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MeHsiemcs Ha ocu rpebrs. ITo IpocTo OOBICHISTCS C IOMOINBIO
puc.7.4. Ha pucyHKe IpeACTaBAeHO BapruiecKoe IOAe U (DPOHTAAb-

Puc.7.4. K nosicCHEHNIO ONPEASACHUS TOUKH CMEHE! 3HaKa aTMOCEPHOIo
dpoHTa.

Hasi 30Ha. A0 ocu rpeGHs 0 IOTOKY B KaXKAYIO TOYKY 3€MHOMH ITOBeD-
XHOCTHU BMECTO XOAOAHOTO BO3AyXa OyAeT mOCTYIaTh TeHMAHH, T.e.
UMEeEeT MeCTO TeIALIN aTMocdepHbIN hpoHT. [Tocae ocu rpedHs, Ha-
0o60pOoT, B KAXKAYIO TOUKY 3€MHON IIOBEPXHOCTH OYAET MOCTYIIATh
XOAOAHBIN BO3AVX, T.€. UMEET MECTO XOAOAHBIHN aTMOChePHBIH (DPOHT,
a CAeAOBATEABHO, 3HAK (DPOHTE MEHSEeTCsI Ha OCU IpebHS.
ArmocgepHEle PPOHTE KAACCH(MUIHPYIOTCS OO IEAOMY PSAY
npusHakoB. OCHOBHBIE NPU3HAKYU KAACCHU(DUKALNY CASAYIOIIHE:
ITo reorpaghuieckomMy noroxkeHUuro aTMocdepHble PPOHTH ObI-
BAIOT ‘
—  apKTUYecKui QpOHT;
— THOASpHBEIM QPOHT; ,
-  TpomMyecKu! QPOHT (BHYTPUTPONNYECKAas 30HA KOHBEPreHINH).
ITo ropu3oHMAALROU U BePMUKAALHOU NPOMAKEHHOCIU (PPOH-
ma aTMocdepHble PPOHTEL OBIBAIOT
—  OCHOBHEIE;
— BTOpUYHLIE (\AMHUU HEYCTONYHUBOCTH, ANHHUH IIKBAAOB).
Ilo ocobennocmam cMeujeHus BO3GYWHbIX MACC aTMOChepHbIe
(pOHTEL OBIBAIOT
— TEeIABIC,
— xonaopmsie (1 ¥ 2 popa);
—  HeUTpaAbHEIE;
—  CTallMOHAPHBIE (MAAOTIOABHIKHEIE).
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Io caoxnocmu B3aumogeticmBusa BO3gYULHALX MACC B 30He (DPOH-
ma atMocdepHble GPOHTH OBIBAIOT
— TOpPOCTEHIE (TeABle HAU XOAOAHEIE);

—  CcAOKHBIE ((PPOHTEI OKKAIO3UH).

B 3aBucumocmu om BrpaKeHHOCINU XApaKmepucmux aTMocdep-
HBIe (DPOHTHI OBIBAIOT
—  XOPOUIO BEIPa’KeHHEBIe (PPOHTHI;

—  pasMBITHeE (PPOHTHI;

— obocTpsmwouyecs QpPoHTE;
—  pasMeIBarouiuecs GpoHTHI;
— MAaCKHupOBaHHBIE (PPOHTHI.

Bce xapakTepuCcTUKH arMocdepHbIX (HGPOHTOB HOAPOGHO pac-
CMATPUBAIOTCA B KYPCe CUHONTHYECKas METEOPOAOTUS, U MBI B AaH-
HOHM KHHT€ 3TOTO BOIIPOCa I0KA KacaTrhca He OyaeM. OTMETUM TOAL-
KO, YTO XOAOAHBIE (DPOHTEI 0OOCTPAIOTCS AHEM K PA3MBIBAIOTCS HO-
Y510, DTO O6YCAOBACHO YBEeAWYCHMEM AHEM IIPOTPeRa 3eMHOM ITOBEp-
XHOCTH ¥ KaK CAEACTBHE — yBEeAWYEHUEeM CKOPOCTU BEPTHKAALHEIX
TOKOB ¥ yBEAWYEHMEM KOAMYECTBa OOAAYHOCTH M MHTEHCHUBHOCTU
OC3AKOB.

Tenarle GpoHTEH], HACO0POT, OBOCTPAIOTCS HOYBIO M PA3MBIBA-
1otcst AHeM. OGocTpeHne TelANX BPORTOR HOULIO NPOUCXOAUT 38
CUeT OXA&KAeHUS BepXHeM rpaHuibl 0OAAYHOCTU M KaK CAGACTBUE
— yBeAWdYeHHe BePTUKAALHOTO FPAAMEHTa TEMIIEPATYPEI, BO3HUKHO-
BeHUE KyIeBO-A0KAEBOM 0OAQYHOCTY, TPO3 ¥ AUBHEBEIX OCAAKOB.

Kak OBLAO YKa3aHO BEILIE, aTMOCGEPHBIH (DPOHT BCETAQ ACTKUT
B A0KOuHe, [103TOMY IOHSATHO, YTO C YBEAWYEHHEM BLICOTHI B 30HE
Tenaoro poHTa BeTep HOBOPAYMBAET 10 YJACOBOM CTPEAKE, a B 30He
XOAOAHOTO (DPOHTA — IPOTUB YACOBOM CTPEAKH.

U eme opHAa 0COOEHHOCTE (PPOHTAABHBIX 30H, Ha KOTOPOM He
9aCcTO OCTAHABAMBAIOTCS B y4eOHHKAX: Ha TeHAOM (DPOHTE 30Ha OCaA-
KOB 3UMOM, KaK IpaBUAO, IpuMepHo Ha 100 kM umipe, yem AeToM. Aero
B TOM, YTO 3UMOM CHEKMHKH, BHIIIAAAIOUINE U3 CAOUCTO-AOKAESBBIX
obaakoB Ha paccrosgHun 300-400 KM oT npU3eMHOM AMHUN (DPOHTA,
He TAI0T ¥ AOCTHTAIOT 3€MAY, & A€TOM OHHY He TOABKO TAIOT, HO ¥ MHOT-
Ad UCTIaPSIOTCsI, HE AOCTUTAsI 3eMHOM [TOBEPXHOCTH.

Camast «TAOXasi» UAM caMasl CAOJKHAS II0TOAQ TPAKTHYECKH BCe-
TAA HabAIOAGEeTCS BO (DPOHTAABHBIX 30HaX. 3AECH 1 CIIAOLIHAS, YACTO
HHU3Kasi, OOAGYHOCTE, CUAbHEIE OCAAKH, CUABHEIM ¥ HOPHIBUCTHIN Be-
Tep. Mul He 6yAeM 35eCh IOAPOOHO OMUCHIBATE OGAAYHEIE CUCTEMEL
pPasAMYHBIX aTMOCchepHBIX GPOHTOB, & CAEAAEM 3TO YyTh IO3KE, KOT-
Aa GyaeM pacckasblBaTh 00 0O0pa3oBaHuy U KAaccudUranuu oGaAad-
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HoCTH. B 97T0% 9aCcT® AQAMM TOABKO OCHOBHBIE XaDaKTEPUCTUKH TEII-
AOTO M XOAOAHOTO OPOHTOB.

Tenastli hponm

Haxaon:

Ob6aaka:

IToropa:

Temmeparypa:

Touxa pocsl:

BHUAMMOCTS:

AaBaenue:

IIpuseMHEI BeTep:

Be'rep Ha BRICOTaAXx:
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Ot 1:100 po 1:300, uem akTHBHEN DPOHT, TEM
on kpyue. Cpeanuii HakaoH 1:200. DTo 3Ha-
YHUT, 9TO Ha BBICOTe | KM TeNALIN (hpOHT Ha-
XOAHTCS BOEPEAY CBOETO HPU3eMHOr0 IIOAC-
Kenns Ha 200 km.

IMo mepe npubAMIKeHMs TENAOr0o QPOHTA KO-
AUYeCTBO 0OAAKOB BEPXHETO APYCa YBEAUYH-
BaeTcs, 06AaKa CTAHOBATCS TOAIIE, MX HYK-
HsiA FpaHuNa onyckKaercsd. [1o ropHu3oHTaAH
obAaKa pacTAHYTH npubAu3KUTesbHO Ha 800
KM OT IPU3eMHOTO MOAOKeHs GpOoHTa.

Ha paccrostaun 300 —400 kM OT IPU3eMHOTO
TIOAOJKEHUSA (PPOHTA HAET CAAOBIN AOKAD AU
cHeT 0GAOKHOIO XaPaKTEPa, YCHANBAIOWI M-
csi 10 Mepe npubAwkenus pouTa. [1lupuna
30HBI 0CAAKOB 3uMO# Ha 50-100 kv mupe, uem
aetoM. [Tocae TpoxosraeHUA QPOHTA OGCAAKH
npekpaiaoTcs. OraeAbHEIE 09ard CAaboro
AOJKASI KAV MOPOCH MOTYT HaOAIOAGTBCSA B TEII-
AOM CEKTOpe€ IJUKAOHA 38 PPOHTOM.

MoskeT pacTu IoCAe TPOXosKAeHUud QPOHT],
HO He 00513aTEABHO, €CAY AOKAD IPEHSITCTBY-
er eé pocTy.

Pacrer nepep, hpoHTOM, TOCAE TPOXOKACHUSA
¢poHTa BEIPAaBHUBAETCS.

Xopoulas nepep QPOHTOM, YXyAHIAeTCs B
30HE 0CaAKOB, IIOCAE TIPOXOXKAeHUS PpOoHTa
MO’KeT OBITb IAOXOM M3-3a ABIMKHU MAM TYMaHa.
IMapaeT nepep dpporTOM. B GOABIINHCTBE CAY-
4aeB OCTaeTCs NOCTOSHHBIM MOCAE IIPOXOXK-
peHust QPOHTE, OAHAKO MOJXKET IIaAaTh, €CAM
[IPOMUCXOAUT YTAyOAEHME IIMKAOHE, C KOTOPBIM
CBs3aH PpPOHT.

Cherka BpalllaeTcs BAEBO (IPOTHB YaCOBOM
CTPEAKH) ¥ YCHAMBAETCH Tepea PPOHTOM, 3a-
TeM HOBOPAYMBAET BIPABO MOCAE IIPOXOKAL-

‘Husg dpoHTa.

IMToBopaumBaeT BIPABO C BBICOTOM.



ABuKXeHue:

CKOpPOCTb CMEII|eHHUsI TETIAOTO poHTa Hap MO-
pem npumepHo 80%, a Haa CyIIel — HPUMEPHO
70% oT ckopocTu BeTpa Ha yposHe 500 rlla.

XoaogHpie hpoHmbl

HaxnoH:

Obaaka:

IToroaa

TeMmneparypa:

TouKa pocsr
AaBaecune:

ITpn3eMHbIi BeTep:

Bertep Ha BrICOTAX:
ABHKeRue;

Or 1:30 po 1:100. Yem arTHUBHE! GDPOHT, TEM
oH Kpyue, CpeAHHI HAKAOH XOAOAHEBIX DPOH-
TOB 1:75.

Ob6AaKa MEANEHHO CMEIIIOITUXC S XOAQAHBIX
DPOHTOB ABASIOTCS 3€PKAABHBIM OTPaykeHH-
eM oBragroCTy Tenaoro ¢ppourta. Ha GricTpo
ABUTAKINNXCA PPOHTAX CAOUCTOOOpA3HAsA
06AQYHOCTS OTCYTCTBYET, OCTalorTcsi obDaaka
TOABKO KOHBEKTUBHBIX (hbopM. [Tocae Tpoxox-
AeHust PponTa MOTyT OBITL HeGoABIIIE 0OARY-
Hble CKOIIAGHHS AU OTAeAbHEIe 06AaKa KOH-
BEKTHUBHOTO NPONCXOKAEHUS.

¥Y3kras noaoca ocapkop (100-200 kM) okoao
TIPHU3EMHOTO TIOAOKEHHUS (DPOHTA, CHABLHBIN
AMBHEBO AOKAb HEIIOCPEACTBEHHO Ha (hpoH-
Te. BO3MOKHEL I'DO3EL U I'Paj.

O06GprgHo napaer. OAHAKO AHEM MOSKET HeMHO-
TO IOBBICUTBLCS 3@ CYET COAHEYHOT'O Harpesa
B YHCTOM BO3AyXe 3a (pOHTOM.

[Tocae npoxoxkaeHuSd BPOHTA TAAJET.
[TapaeT npu npubam>xeHuu GPOHTA, a HOCAL
€ro IPOXO>KAEHHUS OBICTPO. pacTeT.

Cherka BpallaeTcsi BAGBO (IPOTUB YaCOROH
CTPEAKH) U YCHAMBAETCd nepep (hpOHTOM, a
3aTeM IOBOPAYMBAET BIIPABO IIOCAE TPOXOMK-
AeHuusd GpoHTA.

TloBopauuBaeT BAEBO C BEICOTOH.

CKOpOCTE CMelLlleHUSI XOAOAHBIX (PPOHTOB CO-
cTaBAsieT npuMepHOo 90-95% oT cKOpoCTH BeT-
pa ua yposHe 500 rlTa.

OOBIYHO XOAOAHEBIE (DPOHTHI CMELIaIOTCS HECKOABKO OBICTpEE,
YyeM TeIIABIe, U YepPe3 HEKOTOPOe BPEeMS XOAOAHEIN (DPOHT «AOTOHS-
eT» TeIABIH U CMBIKAeTCS ¢ HUM. [1p1 3TOM BO3HHKAET TaK Ha3LIBaEC-
MBIH (PPOHT OKKAIO3UU. XOAOAHBIH BO3AYX, Kak 60Aee TIKeABIH, BEl-
TeCHsIeT TeIABINM BO3AYX HaBEPX, H B 3TOM BO3AVXE COXPAHSIOTCS OC-
HOBHBIE 00AAKA U 0CapKU. ECAM 38 XOAOAHBIM (PPOHTOM BOBAYINHAS
Macca 6oaee XOAOAHAsS, YeM IIepep TeNABIM (PPOHTOM, TO TaKOM (hpoHT
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OKKAIO3UU HA3BIBAETCS PPOHINOM OKKAIO3UU 110 MUNY XOAOGHOIO, &
ecar HaoBopOT, TO PPOHMOM OKKAK3UU NO MUNY MEeNnAOro (ppormd.

Ha teppuropuu Poccuu QPPOHTE OKKAIO3WH 10 THIY TEHAOTO
¢$PpoHTa Yalule HaOAIOAQIOTCS B XOAOAHBIN NEPHUOA I'OAQ, & IO THILY
XOAOAHOTC (DPOHTa — AETOM.

Puc.?7.5. TToscHeHUs K aHaAK3Y IMOBOPOTA BETPa € BEICOTOX B 30He (DPOHTA.
a) Tenart#t ppoxT, 6} XoAopHEM dpodT, _ - 1306apE! Ha HUWKHEM
YPOBHE,  -=---r---=-- - n300apHl Ha BepxHeM ypOBHe.

8. OBAAKA, UX OBPA3ZOBAHUE U1 KAACCHUOUKALIMA

O6AaKOM Ha3BIBAETCSI BUAMMOE CKOTIACHNUE B3BEIIeHHEIX KalleAk
HFIAM KPUCTAAAOB AbAQ, HAXOASIINXCSA Ha HEKOTOPOU BHICOTE HaA IO-
BEPXHOCTBIO 3eMAn. OBAaKa MOTYT 06Pa30BaTHCT TOABKO B TOM CAY-
Yae, KO'AA BO3AYX B 5TOM pPailoHe U Ha 3TO¥ BLICOTE CTAHOBUTCS Ha-
ceieHHsM. OCHOBHOMN IPUYUHOM, IPUBOASIIIEN BO3AYX K HaCkIlle-
HUIO, IBASIETCS €ro OXAKACHHUE, 8 OCHOBHAST IPHUUNHA OXAAKAECHUS
BO3AYXa — 3TO ero nopbeM. [TopareM Bosayxa B aTMocepe u obpa-
30BaHUe 0OAGKOB IPOMCXOAUT 33 CUET HePOBHOCTeM peabedd, KOH-
BEKIIUY, B PE3YABTATE BOAHOBBIX ABUJKEHUH MAU YIIOPSIAOUEHHOIO
moAbeMa BO3AYIIHEIX MAcC.

HepoBrocmu peabedd TPUBOAAT K BEIHYKAEHHOMY IIOABEMY
GOABIINX MACC BO3AYXa. 3TO CTAHOBHUTCSH NPUYHHON HE TOABKO €ro
OXAQKAEHHUS, HO ¥ BOBHMKHOBEHHIO B BO3AYXE BOAHOBBIX ABHIKEHUH,
KOTOPBIE UHOTAG MPOCAERKUBAIOTCS A0 OOABIIHX BLICOT.

Omo unmepecHo:
TToskanylt, YATATeAsTM He HY>KHO OOBSICHATE, YTO TAKOE BOAHA Ha BOAE.

TOUHO Takye )Xe BOAHE €CTh U B BO3AYX€, TOALKO OHM HEe BUAHEL Bos-
AYU.IHLII‘/II IIOTOK IIPH CBOEM ABVDKEHVH HE ABASIETCA FTOPU3OHTAABHBIM.

78



Maccel BO3AyXa TO IIOAHMMAIOTCS BBepX, TO OIIyCKAIoTCA BHU3 (Ha-
crosmas BoAHa). [1py opgneMe BO3AYX OXAGKAAETCH U MOKET AOC-
THYb HACHINIEHNS, W KakK CAGACTBHE ~ B 3TOM pailione 00pa3yeTcs
06A3YHOCTE. BOT 110 9T0# NIprYMHe Ha Hehe MBI MHOTA@ BUAMM TIOAO-
CBI UAM I'PSIALI OOAAKOB, KOTOPEIE YePeaAyIoTCs ¢ 6€300Aa9HBIM IIPO-
cTpaHcTBoM. [1pH 3TOM HAllpaBAeHUE BeTpa BCETAG IIePIEeHANKYASD-
HO IIOAOCe 00AAKOB. ['ASIASI Ha HallpaBAeHUe (OPUeHTAIHI0) OOAaUHBIX
TIOAOC, MOXXHO €3 BCAKOTO CHHONITHYECKOT'0 MaTepHaAd OIIPDEACAATD
HalpaBAeHUe BeTpa Ha BbICOTAX, & YTOOR! He OMIMOUTLCSA B HAIIPaB-
AeHUH BeTpa Ha 180 rpasyCcoB HYXHO YyTh-4yTh IIOHAOAIOAQTE 3@ CMe-
HIeHEEM 0OAQUHOM TOAOCHI.

Konexyus npeacTaBageT cob0M HeyIOPSIAOYEHHEIE BOCXOAS-
LK€ ABVDKEHHsI M30ANPOBAHHEIX 00BEMOB BO3AYXA (IOPLUH HAY ITY-
3EIPET), KOTOPEIE BO3HUKAIOT UAM M3-3a HEPABHOMEDPHOTO Harpesa
MIOACTHUARIOHIEH HIOBEPXHOCTH, HAU M3-3a XapaKkTepa HOoAd BeTPa. 3a
CYeT TEPMUYECKOM KOHBEKIMY (HEePaBHOMEPHEBIM HarpeR MOACTHAA-
IOHIeH IIOBEPXHOCTH) OYEHDb YaCTO BO3HUKAIOT MOIIHEE 00AAKa, U3
KOTOPHIX BHITTAAQIOT AVUBHEBEIC OCAAKH.

O BOAHOBKIX GBWKEHUAX, KOTOPHE IPUBOAAT K 00PA30BaHUIO
06GAQYHBIX TPSA, MBI YHOMUHAAY Brilile. OAHAKO He TOABKO HEpPOBHO-
ctu peabeda, HO ¥ COIPUKOCHOBEHME (B3aMMOAEHUCTBHE) PA3AMYHELX
BO3AYIIHBIX MACC C PA3HBIMH XapaKTePUCTUKAMH (BETep, TeMuepa-
TYPa, BAQKHOCTD U T.A.) MOJKET IPUBECTH K 06 Pa30BaHUI0 BOAHOBEIX
ABIDKEHHM Ha MOBEPXHOCTH pas3aend. B rpebHSIX BOAH IPOUCXOAUT
HOABEM BO3AYXE, 8T0 OXAKALHNE N KOHACHCAIKS BOASHOIO Hapa,
T.€. oOpa3oBaHue 06AQaYHOCTH BOAHOBOTO XapakTepa. B poamHax
BOAH, TA€ IPOUCXOAUT OTIyCKaHHe BO3AYXa, 0O0AaKa He 06pa3yroTCs u
COXPaHIOTCS TOAOCH 6e306AaYHOTO NPOCTPAHCTEAE (IIPOCBETOB).

Ynopsagouennksill noghem TEIAOTO BO3AYXa IO KAHHY XOAOAHOTO
BO3AyXa IPOUCXOAHUT B 30HE aTMOC(epHBIX (PPOHTOB, & TAKXKe B 06-
AQCTSAX CXOAMMOCTH BO3AYLIHBIX TOTOKOR. [TopHUMAarOHIUNCA BO3AYX
OXAaKpAeTCs U AOCTUTAEeT COCTOSHMS HACBIHIEHUSA., 1aKOH MOABEM
3a8XBaThIBaeT OAHOBPEMEHHO OTPOMHEIE MaCCHI BO3AYXa. BOGAw3u Au-
HuH DPOHTA MIOABEM BO3AYXA IIPOUCXOAUT HEIIOCPEACTBEHHO OT 3€M-
HOM IIOBEPXHOCTH, & C YAAAEHUEM OT AMHHUM (DPOHTA — C GoAee BRI
cokux ypoBHe#. CKOpOCTh OABEMa BO3AYXa He ABASIETCS OAMHAKO-
BOH Ha BCeX yJacTKaX (PpOHTA U Ha PA3HBIX BEICOTAX. JTO IPUBOAHUT
K 06pa30BaHMI0 MHOTOSIPYCHOM 06GAQYHOCTH U K PACCAOSHMUIO CTIAOIII-
HOTO 0OAQYHOTO MaCCHBa.

B Hacrosimee BpeMsi AASL XapaKTePUCTHIKYE 0GAQYHOCTH UCIIOAB-
3yeTcs MeXgYHAPOgHAsA Kaaccugukayus o6Aaxkos, [To ycrosustM 06-
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Pa30BaHUs ¥ BHEHTHEMY BUAY HIDKHEH IOBEPXHOCTH 0OAaKa Bce 06-
AAKa NOAPA3ASASIIOTCS Ha TPU POPMEL: KyHeBoOOpa3Hbie, BOAHUCINO-
00pa3Hbie U CAOUCMOOOPA3HbIE.

KyueBoobpa3snsle 00AGKA IPEACTABASIOT OO0 OTAGALHEIe 00-
AAYHEIEe MaCcCHl {KyYKH), PACTyLIHe BBEPX IIPH PA3BUTHU ¥ PACIIPOCT-
PaHSIOMKECS IO TOPU30HTAAY BO BPEMSI Pa3pylLleHus. BoAHucmooo-
pasHele 06AAKA — 3TO PACIPOCTPaHEHHEIe IO TOPU30HTAAN 00AAKE, B
KOTOPBIX MO’KHO BEIAGAUTD IPSALL, IIAGCTUHEI MAY YeIIYHKH (Oapali-
ru). Croucmoodpasnbie 00AQKA 3TO Takue 0BAaKa, KOTOPEIe HaGA¥O-
AQIOTCS Hap, OOLIUPHOU TEPPUTOPHEN ¥ UMEIOT BUA 60Aee UAY MEHee
CIIAOIIHOP OAHOPOAHOMU NTEAEHH],

B 3aBHCHMOCTH OT BEICOTEI HUJKHEH IPAaHUITBI 0OAAKOB BCe 00-
A8Ka MOAPA3ASASIIOTCST Ha 4eThIpe Kaacca. BCero HacYUTHIBAETCS B
3THX YeTHIPeX KAACCaX ACCATh OCHOBHBIX POACE 0OAQUHOCTH.

CaMbre HU3KHE O0AGKA — 00AGKA HWKHETO APYCH AMEIOT HIDKHIOKO
TPaHMITY Ha BBICOTaX IPaKTHIeCcKH OT 3eMAu A0 2000 M. K aTomy spycy
OTHOCSITCSI CAOUCIO-KY1€Bble, CAOUCIBIE U CAOUCINO-JOKgeBbie 0OAAKA.

CroucTo-Ky4yeBble o0Aaka (Stratocumulus) IpeACTaBAIIOT CO-
60oM ceprle 06AaKa, COCTOAIYE U3 KPYIHBIX TPSIA (BOAH) MAYM XAOMB-
€B, Pa3sAeAeHHEIX npockeTamMy, ToAnnHa 3Tux o6aakos 200-800 M.
Pacnoaararorcst CAOMCTO-KyyeBEIe 0OAAKA B BHAS IIPEBHABHEIX [TapaA-
AEABHEIX PSIAOB MAH BOAH, Kak IpaBUAQ, M3 3TUX 0OAAKOB OCAAKY He
BBIIAAAIOT. TOABKO B OTAEABHEBIX CAYYasIX BO3MOKHO (KpaffHe PeAKOo)
BBINIaAEHNE CAAORIX HEIIPOAOAKUTEABHEBIX OCAAKOB IPEUMYIIECTBEH-
HO B XOAOAHYIO IIOAOBHHY TOAQ.

Choucreie obGraka (Stratus) ¢ 3eMAM BOCHPUHUMAIOTCS KaK OA-
HOPOAHBIN CAOM CEPOTO IIBETa, OYeHb HallOMUHAIOIIUH TyMaH, IpU-
TMIOAHSITHIN Haa MOBEPXHOCTHIO 3eMAM, YacTO HUMKHSS IOBEPXHOCTh
3TOTO CAOSI ORIBaeT Pa30pPBaHHOMW. TOAITMHA CAOUCTBIX OOAGKOB KO-
Aebrerca B mpeaesax 200-800 M, a BeIcOTa HUOKHEH rpanuist 50-500
M. OBBIYHO cAOuCTEIE OOAGKA 3aKPEIBAIOT BCe HE6O OAHOPOAHOM ce-
poit meaeHON. OCaAAKY U3 3TUX OOAGKOB, KakK IIPABUAO, HE BRITAAAIOT.
Wuorpa AeTOM U3 HUX BEINIAAQET MOPOCH, & 3UMOM — PEAKWH CHeT
HUAHU MEAKHEe CHEe’KHBIE 3€DHA.

ChaomcTrIe 00AaKa MOTYT 3@HUMATh OFPOMHEIE TIAOIIAAY {BIIAOTE
A0 Bcert EUP) u pepsxaThCsi HepeAsiME. Takue 06aaKa HAAOATO BCEX
SKUTeAeH AMIISIOT COAHEYHOrO CBETa, a aBUAllUI0 — A€THOM IOTOARL

Chaoucro-poxkAeBbIe o6aaka (Nimbostratus). B To¥ wactu ¢ppon-
TAABHOM 30HEL TAe (PPOHTAABHAS IOBEPXHOCTD (&, CAEAOBATEALHO, U
obnraunocTh) Huke 2000 M, 06AaKa HA3BIBAIOTCSI CACUCTO-AOKAEBEI-
MH. 3TO TEMHO-CEePEIY 0GAQUHBIH CAOH, KOTOPBIM TPH BHIIAACHUN
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0CaAKOB KakKeTCsI OAHOPDOAHEIM (H8 CAaMOM AEA€ 3TO He COBCEM TaK).
OcHoBaHUe (HUKHSIS I'PaHUIIA) CAOUCTO-AOMKAEBEIX OBAGKOE BCETAA
pasMbITo. I1oa CAOUCTO-AOXKAEBEIMU 06AaKaMM 9aCcTO 00pa3yroTCs
Pa30pBaHHO-AOXKAEBBIe O0AaKa MAOXOM IOTOARL. M3 3TMX 06AAKOB
(cAOmMCTO-AOKAEBREIX) HIPAKTHUUECKH BCETAd BEINAAAKOT OOAOKHEIE
OC3AKH (AOKAB MAK cHer). HuoKHsIA rpaHuia oGAaKOB MOKET OIyC-
KaTbCst A0 100 M 1 HUXe, a BepXHAS MOAHUMATHCS AO 5-8 kM. OcHOB-
HOM NPUYMHOM 06pa30BaHUA CAOUCTO-AOKAEBEIX 0OAAKOB SIBASETCH
OXA&PKAEHHE BO3AYXa IPH ero BOCXOASIIEM ABMKEHHH BAOAL HAKAOH-
HO¥ (DPOHTAALHOU HOREPXHOCTH.

31H 06AaKa COCTOAT U3 IEPEOXAGKACHHBIX KAlleAb 1 AeASTHEBIX
KPHCTAAAOCB, & B HYDKHEH, O0Aee TeNIAOH HaCTH, - B3 KPYTIHEIX KAlleAb
U CHEXKWHOK.

Obaaka cpegHero apyca pacnoAOKeHEl B atMocdepe Takiam 06-
pa3oM, YTO UX HYJKHSS TPaHMIa HAXOAUTCS B AUANIA30HE BBICOT OT
2000 po 6000 M. K 06aaKaM CPEAHETO SIPYCa OTHOCSITCS BHICOKOKYYE-
Bbl€ U BBICOKOCAOUCIblEe 0OAAKA.

BricoKOKyueBbie 06aaKa (Altocumulus). BelcokoKy4YeBEIe 06Aa-
Ka — 3TO BOAHHUCTHIe 06AdKa, HMJKHSASA IpaHUia KOTOPRIX PACHOAO-
>keHa ouime 2000 M. OHM UMEIOT KalleABHOKHUAKOE CTpoenue. Ilo
BHEIIHEMY BUAY 370 OeAble, HHOTAA CePOBaTHIe 06AAKA, COCTOSILINE
U3 OTAEABHEIX HAGCTHH HMAM XAONBeB. M3 BEICOKOKYIEBBEIX 0OAAKOB
0CAAKH, KaK IPaBUAO, He BHINAAAIOT. TOABKO B XOAOAHEBIH IEpUOA
BO3MOJKHO BHIaAeHUE CAa60ro OYeHb MEAKOTO CHera. TOAILMHA BEI-
COKOKY4YeBHIX 0OAAKOB (BEPTHKaAbHAS MOIHOCTE) OOBIYHO HE IIpe-
Bruinaet 200-700 M.

BpicOKocAOHCTBIE 00AaKa (Altostratus) BOSHUKAOT IIOYTH KC-
KAIOUUTEABHO Ha DPOHTAABHEIX PAa3AeAaX, 0COOEHHO Ha TEIIAOM
dponTe. DTN 06AaKa IPEACTABASIOT COOOM CePYI0 MAK CHHEBATYIO
OAHOPOAHYIO HEASHY, M3 KOTOPOM MOTYT BHIIAAATE CAADEIE OCaAKU
OBAOXKHOTO XapakTepa IPEeUMYILIeCTBEHHO B 3UMHee BpeMsl.

TOAIIMHAE BRICOKOCACUCTEIX 00AaK0B 1000-2000 M. AeToM oHH
MMEIOT KAIleABHOKHAKOE CTPOeHME, U B BePXHeW YaCTH COCTOAT U3
IepPEOXAAKACHHEIX KalleAb, a 3UMOM — K3 IePeOXAAKACHHBIX KalleAb
¥ CHEJKMHOK ¥ B BEPXHEH JaCT! — M3 ABASHEIX KPHUCTAAAOB.

Ecan HroxHAS rpaHuna oOAaYHOCTYU HAXOAUTCSA Ha BEICOTE 60-
Aee 6000 M, To Takue 06AaKa OTHOCSATCS K 0OAQYHOCINU BEPXHETO APY-
ca. 3To ceMeHCTBO BKAIOUAET B cebsa nepucmsle, nepucmo-Ky4eBsble U
nepucmo-caoucibie 0GAaKa.

Hepucroie obraka (Cirrus) npeacTaBAsiioT cOB0M OTAEALHEBIE
HeAbie BOAOKHUCTEIE 00AaKa, OOBIYHO 0YeHb TOHKME U TPO3PAYHEIE.

81



OTr 06AaKa BCETAA COCTOSIT TOABKO U3 AEASHBIX KDUCTAAAOR, HMEIOT
YETKO BEIPAKEHHYIO ROAOKHUCTYIO CTPYKTYPY ¥ HUKOTAA IIOAHOCTBIO
He 3aKPHIBAIOT Bee He6o. OOBIYHO TepUCThie 00AaKa PAaCIIOAAraioTCs
Ha BBICOTAX 7-8 XM ¥ UMerOT TOAINHY He Goaee 1000 M.

Tlepucro-xyuessie o6aaka (Cirrocumulus) obpasyioTcs Ipu
BOAHOBEIX ABIDKEHWSIX B BepXHeH Tponochepe. 310 DeAble, oueHb
ToHKHe o6AaKa (MX TOAIWHA PeAKO npepbimaeT 500 M), cocrosiime
H3 OYeHb MeAKHUX BOAH, XAONBLEB AU pA6K. OCapKu U3 3THX 00AaKOB,
KaK ¥ U3 IePHUCTHIX, HUKOTAA He BBIIaAAQIoT,

Ilepucro-caoucreie o6aaka (Cirrostratus) mpeacraBasiior cobom
TOHKYIO MeAEHY, KOTOPast MOKET OXBATHIBATh BeCh HeGOCBOA. ODTH
06AdKa COCTOAT M3 AeASHBIX KDUCTAAAOB. OOBIYHO 3TO AOCTATOYHO
TOHKHE 00AaKa, U UX BePTHKaABHas MOIITHOCTD He npepsimaet 1000 M.

Smo unmepecHo:
Kak M3BeCTHO, IIPH NOAETaX Ha OOABIIMX BHICOTAX 3a CaMOAETaAMH
HHOTAA 06Pa3yIOTCs KOBAEHCAIIMOHHEIE CA€Abl, KOTOpPble BHEIIHe
HAIOMUHAIOT IePHUCTHIE UAM IEPUCTO-KyYeBhle o0AaKa. OOpasyroT-
Csl OHM 3d CYeT KOHASHCALUU BOASHOTO Tapa, COAEPIKAIerocs B ra-
30BOM MOTOKE CaMOAETHOTO ABUTATEAS.

- BoApmiast OTHOCUTEABHAS BA&XKHOCTE BO3AYXa Ha BEICOTE IMOAETa U
HUA3Kask TeEMIIEPATyPa ABASIOTCS OAArONPUATHEIMUA YCAOBUIMU AASA
KOHAEHCAIIU BOATHOIO IIapa, T.e. AAsl 00pa30BaHUsA KOHASHCAHAOH-
HBIX OOAAYHEIX CAEAOB.

BpeMst COXpaHeHUS KOHASHCAIMOHHLIX CAGAOB MOKET CAYKUTE KOC-
BEHHLIM MPU3HAKOM 3BOAIONuYK 00AadHOCTH. ECAM caep 3a camoae-
TOM cOXpaHsieTcs B reveHue 10 MUH U OOAee B YIAOTHAETCS, TO Ha
BLICOTe 06pa30BaHKA CAeAd B TeueHUe OAVDKANUIHNX 6 4 CAAYET OFKU-
A&TE 00pPa30BaHUS TEPUCTHIX OGAAKOB AU UX YIIAOTHEHHS.

EcAr KOHASHCAIMOHHEIM CACA COXPAHSIETCS 38 CAMOAETOM MeHee 10
MUH, TO B 6AvrKanmme 6 4 06Aa4HOCTE MAM He 00pa3yeTcs, UAU CAe-

. AVyeT-OKVAAThH PACTeKaHNUe MePUCTON OOAQYHOCTH.

CoBepIiIeHHO 0YEBUAHO, YTO CUHOIITHK C YaCaAMH B DYKax He OIpeAe-
ASIeT BpeMs CYU[eCTBOBAHUS CAeAA. DTO AeAdeTCa KaueCTBeHHo. Ecan
TIOCAE ITPOAETA CAMOAETa CAeA «IIepedepPKHYA» Bce HeDO 1 He pacce-
SIACSI, TO MOJKHO CYUTATD, YTO BpeMs ero COXpaHeHus boabire 10 M.
KpoMe TOro, cAep 3a CAMOASTOM MOKET UCIIOAB30BATLCH AT Ka4e CTBEH-
HOTO OIPeAeASHUS CKOPOCTH ¥ HAIIPABACHUS BeTpAa Ha BLICOTE TIOAETA
caMonaeTa {10 CKOPOCTHU Y HalIPaBACHHIO CMEILICHHMA CACAZ).

[TepBrIiMK paszpadarsiBaTh METOAUKY IPOTHO3a KOHAEHCAITMOHHBIX
OOAAYHBIX CACAOB CTAAU BOEHHBIE CHUHOIITUKY, TaK KaK CAEA OKazan-
€S XOPOIIUM AMaCKUPYIOIUM IIPU3HAKOM AETSINEero CaMOAETa.
XapaxTep 06AAYHOIO CAEAA MOKET COCAYKUTE XOPOIIYIO CAYXKOY
CHHONTHKY IIPU OTCYTCTBUH METEOPOAOTHYECKOM HHPOpManuu, Bot
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npuMep HUCIOAB30BAHUSA CACAA AASI HeAeH NMpoTrHo3a. TIpeAcTaBbTe
cebe, YTO CAeA coxpaHsiercs: 6oabIue 10 MUH. 3TO 3HAUUT, ITO OOAJKA
OYAYT YHAOTHSATLCS. Kak U3BECTHO, eprcTas O0AAUHOCTE ~ TPeA-
BECTHUK TEIIAOTO (hpOHTa, AC KOTOpOTo npuMepHO 600 kM. CaepoBa-
TeABHO, CYUTasl CKOPOCTh CMellleHus hpoHTa paBHOM 30°KM/4, MOXK-
HO CKa3aTh, YTO NpuMepHO yepes 10 4 mOUAET AOXKAB, 8 TOTEIIACET
TOABKO Ha CACAYIOILIVY AeHb IPAMePHO Yepe3 CyTKu. M ette, Ecancaen, -
CMEUIAeTCsI € I0Ta Ha CeBep, TO 3TC O3HaYaeT, MTO IPaKTUYECKY BO BCeH
Tpornocdepe HAOAIOARIOTCS IOXKHBIE IIOTOKY, 3HAUUT B OAMIKaitiee Bpe-
M5 JKAGTh TIOXOAOAGHUS He CAeAyeT. Ecay K 3TOoMy NpHOABUTS ellle ¢
3HaHHEe MeCTHBIX 0COOEHHOCTeM PalioHa, TO A&KEe TOABKO IO OAHOMY
CAEAY TPOTHO3 HOTOABL MOYKET IIOAYYHTLCS BIIOAHE IPUANYHEI.

[MocaeprVM, 4eTBEPTEIM KAACCOM, BRIAGACHEI 06AQKA BEPMUKAAD-
Horo pa3pumus. 3th 0O0NAKa MOT'YT HAUMHATECA B HIDKHEM ApyCe U
AOCTHTATh OYE€HBb OOABLIMX BLICOT, BIAOTH A0 Tpomonayssl. K o6aa-
KaM 3TOT0 KAACCA OTHOCSTCS Ky4eBble U KyieBO-goxkgeBble 0DAaKa.
[TpaBAa, MHOTAA 3A€CEH OTAGABHO BEIAGASIIOT KyU€eBhle CpegHUe U Mol -
HO-KyueBble 0BAAKa.

KyueBsle 06aaka {Cumulus) IBASIOTCST HA9aABHOM CTapuel 00-
pa3oBaHusA 0OAAKOB BEPTHRAABHOTO Pa3BUTHUS. BO3HMKAIOT OHHM
OOBIYHO B TENABIN HEPHOA TOAE HAA CyLIEH B yTPEHHUE JaChl, AHEM
AOCTHUTAIOT MAKCHMMAABHOTO Pa3BUTHS, & BEeYePOM PacCeUBaKOTCH.
Kyuerbie 06AaKa XOPOIIO Pa3BHUTHI IO BEDTUKAAHM, HMEIOT Ky4eBOO6-
pasHble BePUINHEI M MAOCKOE OCHOBaHUE.

B 3aBUCHMOCTH OT MECTHBIX YCAOBHMH M XaPaKTe PUCTHK BOZAYII-
HOM MaCCHI Ky4eBhIe 06AaKa MOTYT GHITh B BUAE OTAGABHEIX PEAKHX
00AaKOB UAY MX 3HAYHUTEABHOTO CKOTIACHMSI. HIOKHSIs rpaHuiia Kyde-
BEIX ODAAKOB HAXOAUTCS Ha BICOTax 600-1500 M, a X BepTHUKaAbHAsA
MOIHOCTE MOMKET AOCTUTaTh HECKOABKMX KUAOMETPOB.

Bmo unmepecHo:
B Hapoae CYLIECTBYET TaKasi IPUMETa: €CAY [IOCAE 3UMEL Ha HeGe 110-
SIBUAUCH KydeBEle 00AaKa (Ha MeTeOPOAOTHMUYECKOM JKapTroHe UX Ha-
3BIBAIOT «Ky4UeBKa»), TO 3TO 3HAYMT, YTO HAKOHEN-TO IPUIUAE HACTO-
siasl BecHa.

OOBIMHO U Ky4eBEle, U MOIIHEIE KyIeBhle 00AaKa COCTOAT U3 Ka-
nieAn. M3 aTux 00A8KOB HHKAKWX OCAAKOB, KaK MPABUAO, HE BLIMAAJET.
TOABKO HHOTAA U3 MOIIHEIX KY4eBHIX OOAAKOB MOTYT «CPEIBATHCSI» OT-
AGABHBIE KATIAM AOJKAS, HO TOTAR 3TO YK€ KyUeBO-A0KAEBEIe O0AAKA.

KyueBo-poxkaesbie 06aaKa (Cumulonimbus) seasiorcs mocae-
AHEH CTaAMEHN PA3BUTHUSI Ky4eBhIX 00AaKOB ITepea HauaAOM UX pacIia-
Aa. [Tpu GAarouprsTHRIX YCAOBHSIX Ky4eBEle 00AaKa pa3BUBAOTCI AC
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OueHb HOABIIHX BEHICOT (B cpepaHUX mupotax A0 10-11 KM, a B FOXKHBIX
— A0 15-16 xM u 6oaee). B BepxHell yacTH 0OAaKa CHAYAAA TIOSIBAS-
IOTCSH MTEePEOXAGKACHHEIE KAllAY, & 3aT€M — KPUCTAAARL 3a CYeT Ka-
TeAb KPHCTAAARE HAYWHAIOT PACTH, ¥ AOCTUTHYB ODOABIIINX Pa3Mepos,
KOTA@ UX HE MOTYT VAEPIKATh B BO3AYXE BePTHKAABHbBIE TOKH, BhIa-
AAIOT Ha 3eMAI0. Ha IyTH K 3eMAe KPUCTaAAB! YCIIEBAIOT PACTAsATh, ¥
Ha 3eMAIO HPOAHMBAETCS AMBHEBOM AOKAE. BOT moueMy HaM BCerad
Ka>XeTCsl, ¥ KaKeTCsd IPaBUABHO, 9TO AOJKABL XOAOAHEE BO3AYXAE.,

3mo urmepecro:

BepTHRaAbHEIE TOKM B KY4eBO-AOKAEBOM 00AAKE MOFYT AOCTUTAETH
ovYeHb DOABIINX 3HaYeHUH. V3BeCTHI CAy4ay, KOTAQ CKOPOCTh BOC-
XOAAIIYX TOKOR B 00AaKe paBHsAACk 50 M/, a HUCXOASAIINX — 35 M/
c. Oro coorBercreeHHO 180 m 125 kM/4. TIpeacraBeTe cebe TpySy
aAmaMeTpoM B 10 K (pasMep obAaKa), B KOTOPOM BO3AYIIHEIN TOTOK
HaMpaBAEH BBEPX CO CKOPOCThIO ouTu B 200 KM/4, pAd U IOTOK BHU3
€O CKOpPOCTHIO 120 KM/ 4 TOXKe BnedaTAsieT! BOT KaKasi 9HeprUsi €CTh B
Hamel atMochepe!

C Ky4eBO-AOKAEBBIMU 00AaKAMHU CBA3AHEI IPO3EI, AMBHH, IIIKBA-
ABI, TPaA ¥ APyTHe ONacCHEIe SIBAeHUS DOroasl. O Tex «Gepax», KOTO-
pBle MOTYT IPUHECTH Ha 3€MAK) Ky¥€eBO-AOKAEBEIe 00AaKa U CBSI3aH-
Hble CHUMM ONaCHBIe SBACHUS IIOTOAB], MBI C BaM# I'OBOPUAM BHIIIIE.

BHe BCSIKOro COMHEHUS, YTO Ha IPOdeCcCHOHaABHOM YPOBHE 00
06AaKaxX MOJKHO TOBOPHTE OYeHE MHOTO. [Tpo 06AaKa KaXkA0To sipyca
HaNMUCAHBI AECATKH, AQYKE COTHM PA3AMYHLIX CTaTed. VM mocBsiiie-
HEBI MOHOTPadmu. U BCe 3TO 0OIIpaBA@HO Ba)KHOCTHIO BAUSTHHUS 0GAaY-
HOCTH Ha 9€AOBeKa U Pa3AWdYHBIe XO3SHCTBeHHbIe CTPYKTYPHL. [Toa-
pobuyro nadopManuio 06 06AaKAX Pa3HEIX (POPM BEI BCETAA CMOIKE-
Te HAWTH B CIIeHUAALHOW AUTEPaTyPe, a AASE OOIIero «3HaKOMCTBa» C
00AaYHOCTBIO 3TOT'O MATepHana, HoKaryh, 6yAeT Bam AOCTATOTHO.

9. ATMOCOEPHLIE OCAAKH, X OBPA3OBAHUE U1
KAACCUOUKALIVA

Kanau BOABL MAM KPHUCTAAABl ABAQ, BEITAAaIoUIMe 13 arMocde-
PHL Ha 3€MAIO MAH OCAKAQIOMIMECd Ha 3eMHYIO IIOBEPXHOCTh, HA3kl-
BarT ocagkamu. HeoOxopUMEIM yCAOBHeM 06pa30BaHUSA OCAAKOB
SIBASIETCS VKPYIHeHUe KalleAb o0AaKa A0 TAKMX PasMepoB, IPH KO-
TODBIX BOCXOASHINE ITOTOKH B 00DA8Ke yiKe He MOTYT YAeDPKaTh 3Ty
«BOABIIYIO» KalAKQ (06 06AAYHEIX KATIASIX ¥ MEIALHEIX [Ty 3BIPSIX MBI C
BaMHU y>ke roBopuaH). Ilponecc yRpynHenust 0GAQUHEIX 3AEMEHTOB
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IIPOMCXOANUT B PE3YABTATE UAH KOHACHCALMH (CYOAMMAIUH) BOASHO-
ro mapa, AU CAUSHMS (KOAryAsilMHM) Kaneab. ATMOC(gepHas TypOy-
AEHTHOCTB, KOTOpasi B 06AaKax, 0cOOeHHO 0OAaKaX BEPTHUKAABHOTO
Pa3BUTHS, PA3BUTA 3HAUUTEABHO OOADLIIe, YeM B 6e306AaYHOM BO3-
AyXe, IDUBOAMT K G0OAee GBICTPOMY POCTY KalleAb U ITO3BOASIET AOC-
THYL 9THM KAaIASIM HarOOABIIETO pa3Mepa.

B 3aBHCHMOCTH OT (POPMEI BEITIAAAFOIIHMX OCAAKOB IIPHHSITO Pa3-
AMYATH CACAYIOIHE UX BHABL

1. Mopock — 0CaAKH, COCTOSIUINE U3 OYeHb MEAKHX KAlleAb, pa-
AHUYC KOTODBIX He npeBbimaet 0,25 MM. OTH KalAu IIOYTH He HMEIOT
ONPEeAEAEHHOTO HalpaBAeHHUS ABMKeHHs. OHM Kak OBl «IIAQBAIOT» B
BO3AYXe, IOCTENIEHHO CHMXXasiCh, MOpPOCH BHIIAARET U3 CAOMCTLIX B
CAOMCTO-KY4Y€BBEIX OOAAKOB (PeAKO), @ TAKKe IIPH PACCEesTHUM TyMa-
Ha. [Ipu OTpHIATEABHEIX TEMIIEPATYPaX BO3AYXa MOPOCSILHE OCAA-
KW MOIYT GBITh NIE€PEOXAAKACHHBIMH (KallA MOPOCH MOTYT HMETh
OTPHUIATEABHYIO TEMIIEPATyPy). IHTeHCUBHOCTE OCAAKOB IIPH MOPO-
cu "e npesbimaer 0,2-0,3 MM/4, @ CKOPOCTb NaA€HUS KAalleAb B He-
[IOABUHOM BO3Ayxe Koaebaetcs: B ipepaenax ot 0,3 po 2,0 m/c.

2. Aoxgp — npepcTaBasieT cOOOM XHAKVE OCBAKH, COCTOSIIHE
u3 GoAee KPYIHEBIX KalleAlb, Y4eM MOPOoCh. HabAIOAeHUS TOKA3EIBAIOT,
YTO B AOKAE Kamenwb C papuycom Hoaee 3,2 MM He BCTpevaercs. Ta-
Kue OOABIIINE KanAH, IaAasl, CIAIOUINBAIOTCS U pa30uBaloTcsa Ha 60-
Aee Mearue, CROPOCTh HAaACHUS KalleAb AOJKAS COCTaBAsgeT 4-8 M/ ¢, a
CaMble KPYIHBIE K&IIAM UMEIOT CKOPOCTh maperus 10 m/c. B xonoa-
HO€ ITIOAYTOAME MHOTAA BEITIAAAET [1€PEOXAGKACHHBIN AOXKAB. B aTOM
CAyJae Ha 3eMA€ U Ha PA3AUYHBIX IPeAMeTax HaOAIOAQETCS TOAOAEA,
AOXAB BEITIAAAET U3 CAOUCTO-AOKAEBHIX, KYYEBO-AOKALBBIX H MHOT-
AQ U3 BEICOKOCAOUCTBHIX OOAAKOB. IHTEHCUBHOCTD AOKAS 3HAUHTEAD-
HO GOABINIe, Y4eM HHTEHCHUBHOCTH MODOCH ¥ 3aBHCUT OT TOTO, M3 Ka-
Kux 00AaKOB BHIIIAAAET AOKAL. Hamboaee CHABHEIM AOKAR (AOKAD C
HanGOABIIIel HHTEHCHBHOCTEIO) BEIIAAAET U3 Ky4eBO-AO0KAEBLIX 00-
AAKOB. B 5TOM cAyduae MHTEHCHBHOCTD AOKAS MOJKET IpeBsaTh 10
MM/ 4. Ecau ydecTs, uTo B [IeTepOypre B cpepHeM 3a MeCSI] BEITAAAET
40-60 MM 0CAaAKOB, TO OAHH TAKOM «XOPOIIHI» AOKAL MOKET BEIAMTE
Ha 3eMAIO OYTH MECSTYHYIQ HOPMY BOABI.

3. CHer — 0CaAKM B BUAE CHEKHMHOK CaMOM pazHooGpa3HoH (op-
MBI ¥ pasmepoB. Haubonee npocTeie (GOPMEL CHEXRMHOK 3TO WTABI,
CTOADWKY, AGCTHHKY ¥ 3Be3AHL PasMeprl CHEXMHOK MOTYT OHITEH
pasabiMu. OGBIYHO AMHEHHBIE DA3MeDEI CHEXKMHOK He IPEBHINaIoT
4-5Mm. TIpu Temmeparype 0KoAo 0°C CHeXXHHKY CAWTAEIOTCS ¥ BBIIIa-
AAQOT KDYIHBIMU XAONBSMHU. Pa3sMephl XAOIBEB MOTYT AOCTHTATE GOAB-
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o BeAnYHHEL CpepAHud PAARYC XAOILEB CHEera paBeH 4 CM, OAHAKO
HM3BeCTHBI CAYYal, KOTAQ PAAUYC XAONEER CHera pocturaa 15-20 cm!
CHer BBIIaAQET U3 TAKUX JKe 110 PopMe 0OAAKOB, UTO U AOKAR, & HaU-
Ooaee CUABHBIH CHeT BHIIAAAeT, €CTECTBEHHO, U3 KYYeBO-AOKAECBON
oBrauHOCTH. CaMble KPYIIHEIE XAOIBS CHera TakKe HabAI0AQI0TCS B
KY4eB0-A0KAEBOM 00AGUHOCTH, HO AAS UX 00PA30BAHUS HYKEH AOC-
TaTOYHO CAAOHIH BeTep (2-4M/c), CKOPOCTE MaAeHUS CHEKUHOK MEHB-
e CKOPOCTHU [AASHUS KalleAb AOXKAS U coctasageT 3-5 m/c. CHer
WHOTAQ BEITIAAGET BMECTE C AOJKAEM B BUAE TAIOIIWX CHEeXMWHOK., Tor-
[la 3T¥ OCajku Ha3bl Baw T MOKDLLM CHETOM.

3mo uHmepecHo:!
B ceBepHbIX palioHax Poccuu CHABHBIN AMBHEBOU CHEr Ha3bIBAIOT
| «CHEKHBIM 3apsSA0M». TAKOM CHET AGMCTBATEALHO IOXOK Ha 3aPMA.
OH BHE3aIHO HaAeTaeT, IPOAOAKAETCS CPAaBHUTEABHO KOPOTKOE Bpe-
MSI, HO YXYAUIIAeT BUAUMOCTD AO ACCITKOB METPOB, MOMEHTAABHO 3a-
CHEINAET BCe AOPOTH U B3AETHBIE IOAOCE! a3POAPOMOB. AaXe HE AO-
KUAASICH OKOHYAHUS TAKOTO «3apspd», cueldanbHas CAyXKOa «CHe-
roBOpLOLI» HAYMHAET AMKBHAMPOBATE IOCACACTBHS pa3byineBapuIei-
ca cruxun. HanbGoaee 4acTo Takue 3apgabl OBIBAIOT B IEPEXOAHBIE
Ce30HEL I'OAZ, @ 0COOEHHO 9aCcTO HAOAIOAQIOTCS BECHOU.

4. Kpyna - 3TO BHMA OCAAKOB, COCTOSIIIUX U3 AATHBIX YaCTHUEK
UAU 3ePeH cHerd. Papauyc 3THX 4aCTUI KOAeDAETCS OT AOAEH MHANU-
Metpa AC 8 Mm. Kpyma o6pasyeTcs B pe3yAbTaTe 3aMep3aHus nepe-
OXAAKAECHHEIX KalleAb BOABI AW 3aMep3aHUs KalleAb BOABI Ha CHe-
JKUHKax (o003epHeHMe CHEXUHOK). B 23aBUCUMOCTH OT COOTHOIIEHUS
MEXAY CHEXKHON U AeAAHOHN YaCTSIMU KPYIHUHOK 3TOT BUA OCAAKOB
IIOAPA3AEASIOT (UNCTO BU3YAABHO) HA CHEKHBIE 3€PHE, CHEKHYIO UAN
AEASHYIO KPYIIY, KOTOPVIO YacTO CUHUTAIOT PA3HOBMAHOCTEBIO TPaja.
O6rraHO0 Kpymia 06pa3yeTrcs B 061aKaX BePTUKAALHOTO PA3BUTHS, UMe-
eT CKopoCTh naaenust A0 10-20 M/ ¢ ¥ BBITIAAGET CPAaBHUTEABLHO HEAOATO.

5. I'pag — 3T0 BMA OC8AKOB, KOTOPBIH CYUTAETCS CAMEIM OII&CHLIM
BO BCEX OTHOMICHHAX. ['paa BRITAAAET M3 KY4eBO-AOKALBOM OOAGUHOC-
TH. Pa3sMepHhI rpasuH MOTYT KOAeBGATECS B 3HAUUTEALHBIX TIPEAEAAX: OT
HECKOABKHX MHAAUMETPOB AO HECKOABKHMX CAHTUMETPOR. MI3BECTHEL
CAy4YaH, KOI'A@ BeC OTAEABHBIX I'papyH npeselman 2,0 kr! CKOpoOCTh BEI-
HNaAeHUs Tpapa B KAKOH-TO Mepe 3aBHCHT OT pazMepa rpapuHbl. Cpea-
HSIl CKOPOCTB IAACHUS TPAAMH COCTABASIET IPIMEPHO 20 M/ ¢, a MaKcH-
MaAbHasi CKOPOCTh HAACHYS IPaja IIPH AK0GOM ero pa3Mepe He IPeBEL-
maeT 50 M/c. [IPOAOAKHTEABHOCTE BEITAASHUS IPaAd CPABHUTEABHO
HEeBeAMKa — 5-15 MWHYT, HO ¥ 3@ 3TO BpeMs Tpap MOKEeT «HaAEAAThH
CTOABKO 6ep», YTO IOTOM AOATO OyAEIHE HOMHHTE 3TH 5- 15 MuHYT CTpasoMm,
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B 3aBHCHUMOCTHY OT QHU3UYECKUX YCAOBUH 0OPA30OBaAHUS OCAAKH
TTOAPABALASIOTCS Ha OOAOQKHbIE, AUBHEBLIE B MOPOCAULUE,

OBAOKHBIE 0CAGKU. DTO IPOAOAKUTEABHEIE [10 BDEMEeHH U O4eHb |
HOoABLINE 110 TACIIAAHN OCaAKU CpeAHel MHTEeHCHBHOCTU. OOAOKHEIE
OCAAKHU BEITIGAGFOT U3 0OAAKOB BRICOKOCAOUCTBIX U CAOHCTO-AQKAE-
BEIX B BUAE AOJKASL, CHEra ¥ MOKPOTO CHera.

AuBHeBble 0CagKu. DTO 0CAAKH, BEIIAAIIOIIHE B3 KYYEBO-AQ0XK-
AEBBIX OOAGKOB B BUAC AOXKAS, CHETd, KPYIIBI MAM I'PaAa OOABLIOH, UAK
Ad’Ke 09eHb OOABIION UHTEHCUBHOCTH. JTY OCaAKH BHE3AIHO HAYN-
HAIOTCS, TAK)Ke BHE3AIIHO IPEeKPAUaoTCs ¥ Pe3K0 MEeHSIIOT CBOXO
VHTEHCUBHOCTE 3a IePUOA UX BHITAACHUA. AMBHEBEIE OCaAKM 4aCTO
COHNPOBOXAQETCS IPO3AMU ¥ LIKBAAAMU UAM HPOCTO 3@aMETHEIM YCH-
AEHHEeM BeTpa. 30HTHWK, C TOUKYM 3peHHs OOBIBATEAs], OT AMBHEBBIX
OCaAKOB MPAKTUIECKHU He Cllacaert.

Mopocau;ue OCGgKll BBIHAAGIOT M3 ITAOTHBIX CAOHCTEIX M CAOHC-
TO-Ky4eBEIX OOAAKOB, KOTOPEIE 06pa3yioTCsl B YCTOMYUBEIX BO3AYLL-
HBIX MaccaX. Takue 0CapKyl IPEACTABASIOT COO0M HAHM OUEeHE MEAKHE
KAaIIAY BOABI, MAU MEAKHE AeASHBIe KpHCTaAADL. Camast OoablIast Gepa
MODOCSIIIHX OCAAKOB 3TO «IIPOMO3TAAS» IOTOAA M 3HAUUTEABHO YXVA-
IIIeHHast BUAUMOCTD.,

K ocapKaM, BEIAGATIOUIUMCS HEITOCPEACTREHHO U3 BO3AYXa, OT-
HOCSATCS TaK)Ke poca, UHell, U3MOpOo3b, KUGKUl u mBepghlli HaAem.

Smo uHmepeCcHo:
B cepepMHe IPOIIAOTO BeKa YUYEHBIE OIIPEAEAMAY, YTO KOAHYECTBO
0CAAKOB, BHINI@BIIMX U3 0DAAKA, IIPEBLIIIAET 3anac BOAEL B 00AaKe B
HBECKOABKO Pa3. 3TO 3HAYUT, 4TO 0DAAKO IPK CBOEM ABVKEHHUHU KOYEHb
SHEPTUYHO» IONOAHSIET CBOM 3aIaChl BOABI M3 OKPYKAiOIIEero BO3AY-
xa. CpepHee 3HaUeHUe OTHOUIEHMA KOAWYECTBA BEIIIaBIIUMX OCAAKOB
K 3afacy BOALI B 00AaKe HAM3KO K 20, a OTHOILIeHHE NAOIAaAY 0bAaY-
HO¥ CHCTEMH K HAOIIAAH, Ha KOTOPYIO B3 3TON CHUCTEMEI BHIITAAK OCaA-
KH, OpuMepHO paBHO 2. [IpUBeAEHHLIE AAHHLIC TOBOPAT O TOM, YTO
BCA MAcca BOAHL B 0O0AaKe (C y4eTOM BpEMeHU CYILIeCTBOBaHUs 0BAa-
Ka U KOAMYECTBOM BHIIIAAGIOIIMX OCAAKOB) OOHOBASIETCA HNpaKTUYEC-

KM KaXkpble 3 yaca.

10. OPTAHU3ALIMST METEOPOAOI'MYECKWX HABAIOAEHWIA
N CTPYKTYPA POCTHUAPOMETA

AAs Toro 4ToBHB CHHONTHKY pas3paboTaTh AI0OOH IIPOTHO3 IIOT0-
ABL MAM IITOPMOBOE NPEAYIpeXXAeHHe B IePBYIO OUepeAb HY)KHa
uHGOpMAILIHUs O IOTOAE. 3HAd O TOM, KaKas Moroaa HabAIOAQeTCS B
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HaCTOsIIIee BpeMsi, ¥ Kakas I0roaa ObIna paHbllle, CHHONTHK Opeae-
ASIET, KaKasi Toropa 6yaeT HaGAIOAQTHCS B AQABHEHIIEM, T.€. AGCT HPO-
THO3 MOTOABL, VIHEIMM CAOBaM¥, 3HAS TO, YTO €CHib, ¥ TO, YTO ObLAO,
CUHOITHK OIPEAEAsIeT TO, YTo Oygem. ECTeCTBEHHO, IPH 3TOM Heob-
XOAMMO Y4eCTh reorpaduieckoe ITOAOKEHHUE PalioHa, AAS KOTOPOro
AAETCS NPOTHO3 IIOTOALL, BpeMs FOAQ ¥ BpeMS CYTOR U T.p, JTO Tpely-
eT OT CHHOIITHKA CIIEIMAALHEIX 3HaHUH, 0€3 KOTOPBIX Al0GOH 1Ipo-
PHO3 HEBO3MOXKeH. Bce 3TO Ha3bIBAeTCSH KOMIAEKCHBIM aHAAU30M
aTMoCQepHEIX IPOIeCCoB IPpHU pa3paboTKe IPOTrHO30B HOroakl. Oc-
HOBaM TAKOTO aHAAW3a YIaT Ha CIeNHaAbHEIX Kypcax (yyeOHbBIX AuC-
nunanHax) B PITMY u Apyrux yueOHBIX 3aBeASHUSX THAPOMETE0pO-
AOTHYECKOT0 PO,
3mo UHIMepEeCHO:
Xo4ercs MPeAAOKRUTE BaM, YBAXKAEMELY YUTATEAb, HECKOABKO BaXK-
HEIX OTTPEACACHHIH.
Tlporno3 norogel — HAYIHO OOOCHOBAHHOE NPEABHUAEHME MOTOALL.
LiImopmoBoe npegynpexkgerue — TPOTHO3 ONACHOTO SIBACHHS IIOTO-
abl. LImopmoBoe onopeujerue ~ WHHOPMANUS O HaYaBIIEMCS OTlac-
HOM SIBA@HMY IOTOARL. ECAM C HPOFHO3aMHU ITOTOABL BCe DOAee MAU
MeHee SICHO, TO CO IITOPMOBLIMU TIPEAYITDEKACHUSMH U ONIOBeIe-
HMUAMU MHOTAQ ObIBaeT myTanulia. OCHOBHas pa3HUIA MEeXKAY IPEAYII-
PeXACHUEM U OIIOBEUICHHEM 3aKAIYaeTCs B TOM, YTO IPeAyIpesK-
ACHVE — 3TO IIPOTHO3, @ OOBEIIeHHe ~ 3TO MHGMOPMALIUS O TOM, 4TO
YKe UMeeT MeCTOo. aniMu CAOBAMH, €CAHW BHI IPOTHO3UPYETE, YTO
OYAYT HAAGTE «KaMHY C HeGay, TO 3TO IITOPMOBOE IIPEAYTIPERAEHNIR,
a eChAM Bh (QUKCHUPYETe, YITO «KaMHH ¢ Heba» yXKe IaAaioT, TO 3TO
HITOPMOBOE ONOBeIleHre, U elie OAHA PA3HUIIA MEKAY IITOPMOBEIM
IIpeAyTpesRACHUEM U IUTOPMOBLIM OnoBelenueM. lITopmosoe npe-
AVIPEXACHUE (IIPOTHO3) pa3padaThiBaeT ¥ 3a Hero OTBeYaeT CHHOI-
THK, a 3@ CBOEBPEMeHHYI0 WHGOPMALMI0 O HABAKOAQION[EMCS OIIac-
HOM SIBACHMH IIOTOABI (LUTOPMOBOE ONOBEIeHUE) HeCeT OTBETCTREH-
HOCTH METEOHABAIOAATEA.

Tarum 00pa3oM, AAA TOTO YTOOH pa3paboTaTk NPOTHO3, HY>KHBI
CBEAEHUS O [TapaMeTpax arMocdephl, KOTOPEIE IOAYYAFOTCS B Pe3yAb-
TaTe METEOPOAOTHYECKHUX HabatopeHM. COBOKYIHOCTE TAKHX CBE-
AEHUH NPeACTaBASIET COO0M NePBUYHYI0 MEMeoPOAOTIYECKYIO UHGOD-
mauuro. TleppuuHas MeTeOpPOAOTHUUECKas MHPOPMANHS OOBIYHO BH-~
AOM3MEHSIeTCd U IIPUBOANUTCS K BHAY, YAODHOMY AASL HCIIOAB30BAHUS
METEeOPOAOTHIECKON CAYKOON. MI3MeHeHHYIO TepBUYHYIC METE0PO-
AOTHYECKYI0 HHGOPMALHMIO yKe Ha3blBaloT BmopuiHol. Harasaubim
IPHMEPOM TPaHChOPMALHH [TePBHYHON METEOPOAOTHYECKOM HHGOP-
MalFH BO BTOPUYHYIO MOXKET CAYIKUTE CAeAvIollee. Ecan coOpaHHEBIS
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BMecCTe AaHHbIe HaOAIOAHHUHN 0 (DaKTUIECKOM ITOTOAE B KAKOM-AMG0
peruoHe (DepsuyHas MHGOPMalNsa) HaHeCeHbl Ha OAMH OAaHK Kap-
THI, TO IOAYYaeTCsl KapTa IOrOARl, KOTOPas IBAIeTCS YKe BTOPUYHOM
uHpopManuen.

Db PeKTIBHOCTD UCTIOAB30BAHNS I PBUYHOM METEO POAOTHYEC-
Ko MHGOPMaLMU OIIPEAESATIETCS ee TOYHOCTBIO, TIOAHOTOM U CBOEB-
PEMEHHOCTEIO HOAYICHHS IOTpebUuTeneM.

B xoMIIAeKC TepBUYHOM METEOPOAOTHIECKOM HHPOPMAIIHH BXO-
AST B HACTOSIIEE BPEMS CAEAYIOIIHE ITapaMeTphl: aTMoC(hepHOoe AaB-
AeHUe U eT0 U3MeHeHUe BO BpeMeHH, TeMIIepaTypa U BA&KHOCTD BO3-
AyXa ¥ TeMIIepaTypa IIOACTUAAIOIIEN IOBEPXHOCTH, HalIPAaBACHUE U
CKOPOCTE BETPa, XapaKTEepPUCTUKY OOAQUHOCTH (KOANYECTBO, hopMa
¥ BEICOTa HIDKHEH IPDaHULE), ABACHUS [IOTOAB] (BRAIOUASI OCAAKH, UX
BUA Y KOAUYECTBO), @ TaK)Ke TOPU30HTaAbHAA AAABHOCTE BUAUMOCTH.
B HEKOTOPBIX CAYYasaX B COCTAB IEPBUYHON METEOPOAOTHUIECKOM UH-
chopMaIu MOTYT BKAIOUATECS CBEAEHUS O CKOPOCTH BePTHKAABLHEIX
ABVJKEHUM BO3AYXA, 3arpsi3HEHUH aTMOC(EPh], XUMHYECKOM COCTaBe
BO3AyXa U T.A. BAXXHOCTE TOI'O MAKM MHOTO ITapaMeTpa aTMoCGhepsl AAS
Pa3AMYHBIX NIOTPeduTeAeN METEOPOAOTMIECKON HHPOPMaLyy pasHasi.

Hcxoas U3 ocobeHHOCTEH NOrop006pas3yommux arMochepHBIx
TIPOIECCOB, CYLIECTBYIOMINX CIOCOOOB UX aHaAW3a, METOAOB IIPOTHO-
3a [IOTCABI ¥ TPEOOBaHHM IIPAKTHUKY K IEPBUYHOH METEOPOAOTHYEC-
KoY HHGOPManuH, K Hell TPEABIBASIOTCS CACAVIOIIYEe TpeGOBaHUS:
KOMNAEKCHOCIb, MPeXMepHOCIE, FAOGAABHOCHLD, PEFYASIDHOCHTL, ONe-
PAMUBROCMb U CUHXPOHHOCHE.

KomnrekcHocme e pBUYHOM UH(OPMAI[MH 3aKAI0YAETCS B 00s-
3aTeABHOM BKAIOUEHUM B HEe BCEX METEOPOAOTHMYECKUX BEAUYMH U
SIBA€HUH IIOTOABI, O KOTOPEIX TOBOPHMAOCSE BHIIE. TpeboBaHue mpex-
MepHOCmu O03HadaeT HeOOXOAUMOCTD BKAIOUEHUS B PE3YABTATEL Ha-
6AropAeHUN UH(POPMaLH He TOABKO O METEOPOAOTHYECKUX BEAHIH-
HaX, U3BMEPEHHBIX Y 36 MHOM IOBEPXHOCTH, HO MU U3MEPEHHEIX AC Tpe-
AEABHO BO3MOJKHEIX BEICOT B aTMOCdepe. Tpeboranue rao6aabHOC-
MU 3aKAI0YAETCS B TOM, YTO IPU pa3paboTKe MPOTHO30B HOTrOARI IIAC-
[8AB, C KOTOPOH HEOGXOAMMO UMETH MH(GOPMAIIHAIO O TIOTOAE, AOATK-
Ha OBITH 3HAYUTEALHO OOABINEe NAOHIAAHM, AAS KOTOPOM AaeTcCsl Ipo-
THO3 (HanpuMep, arst TporHdsza norops no Caskr-Iletepbypry Ha
CYTKHM HeoOXOAMMO UMeTh UHPOPMAIMIO O IOTOAE Ha MAOUIAAY
3000x3000 xm). Peryasprocmb IePBAYHOM METEOPOACTUYECKON HH(DOP-
MaIUH 3aKAI0UAETCs B IPOBEACHU HAOAIOASHUIM B YCTAHOBASHHEIE CPO-
KU, 6e3 IPOITyCKOB U B IOAHOM o0keMe. OnepainuBHOCI: IOAPa3yMe-
BaeT OBICTPOE U CROeBPEMEHHOE [TOCTYIIACHUE TEPBUYHON METEOPOAO-
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ruyecko¥ nHhopMalny K norpebureato. HecobaropeHue 3Toro npaBu-
A8, eCTeCTBEHHO, 0OeCILieHNBAeT 3Ty MHDOPMALMIO (AOPOTa AOXKKA K
06¢epy). CuUHXpOHHOCIY — 3TO TPeOOBaHKe IIPOBEASHNSI HAOAIOASHNH B
OAHH M T€ 3Ke CPOKH Ha BCel CeTH METeOPOAOTMUYECKHUX CTAHITUH.

HabAroaeHs Ha BCEX METEOPOAOTHYECKHMX CTAHITMAX, BXOASIIIITX
B MEKAVHAPOAHYIO CeTh CTAHIIMM, IPOBOAATCS CHHXPOHHO B CDOKH
00, 03,06, 09, 12, 15, 18 1 21 vy no I'punsuyy. Cporu 00, 06, 121 184
HA3LIBAIOT OCHOBHBIMU CPOKAMU, & OCTaABHBIE CPOKM HA3BIBAIOTCH
JONOAHUMEABHBIMUL

Ha aspororuyeckux cTaHIMAX HaOAIOASHUS (30HAMPOBAHHE
arMocdepsl) IPpOU3BOASITCH YeThIpe pasa B cyTku B 00, 06, 121 18 4,
npuyeM cpoku 00 u 12 ¥ cunrarorcs ocHOBHBIMH, a 06 1 18 4 — po-
TIOAHUTEALHBIMH.

Taxum 06pa3oM, BCe METEOPOAOTHYECKHE U a3POAOIrHIECKHe
CTaHI[UH, KOTOPEIE BKAIOYEHH B MEKAYHAPOAHYIO CETh, IPOU3BOAAT
HaOAIOASHUS M IIPEAOCTABASIIOT NOTPEOUTEASM NIEePBUYHYIO METeo-
POAOTHYECKYIO HHDOPMATHIO.

I'mppoMeTeopoAorudeckoe obecreyeHue BCeX CTPYKTYp B Poc-
CHUM OCYLIECTBASIFOT OpraHm3anum Pocruapomera. B HacTosiee spe-
msi Pocruppomer siBasgercst QepeparsHo# CAy)G0H, KOTOpast He BXO-
AWUT B COCTAB HUKAKOIO MAHHUCTEPCTRA, @ HEeIIOCPEACTBEHHO NOAYH-
HsIeTCsi IpeMbep-MUHHCTPY Poccutickou Pepepaunu.

Smo unmepecHo:
Ao HepaBHero BpeMeHM PocruapoMeT OBIA CaMOCTOATEABHEIM KOMHU-
TETOM, BXOASIIAM B IPABUTEALCTBO Ha IpaBax MMHUCTEPCTBA. B TO
BpeMd B CPeACTBAX MacCOBOM MHMOPMANWUHA MOXKXHO OBIAO CABINIATD,
41O no nporaosy MUC oxmpaeTcs CAoKHaA 06CTaHOBKA B TAKOM-TO
patioHe. Bcerpa TakHue pedu BEI3BIBaAM YAHBAEHHE: OTKyAd B MUC
nporuo3?! [TporHo3n Ao KeH OHIA AdBaTh (1 AaBaA) Pocruapowmer, a
ROT PEIIEHNA IO 3TUM IPOTHO3aM AOAKHE! ORIAY IPUHHEMATE PA3ANY-
Hble CTPYKTyph MHC.

OcHOBHOM 3apa4elt PocruppomeTta aBasieTcs obecrieyeHUE Me-
TEOpPOAOTHYECKONW MHpopMauell HaCeAeHHs U BCEX BUAOB XO39H-
CTBEHHOM AEATeABHOCTH B CTPaHe, T.e. IPOTHO3aMH1 IOTOABL PA3HOI0
Ha3HAYeHMA ¥ Ha pa3AlYHBIe CDOKH. JTO OYeHb Ba)XHasi M1 OYeHb OT-
BETCTBEHHast pafoTa, TAK KaK IOTOAA HHTEPECyeT BCEX.

HemocpeacTBEHHO THApPOMeTeopoAornideckoe obecrnederHne
OCYUIEeCTBASIETCSI PETHOHAABHBIMH YIIPABAEHUSIMHU 10 THAPOMETe0po-
AOTMU ¥ MOHWTODHUHTY OKpyXXaroujel cpeprl (YIMC). B Hacrositiee
BpeMs Ha TeppuTtopur PoccHu AeficTBYeT 24 TaKUX ynpaBAeHus. B
cocraBe Kaxkaoro YIMC ects cBoit [MAPOMeTIIEHTD, KOTOPHIH 0b6ec-
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MeYMBAET ONEePaTUBHON MeTeOPOAOTUYeCKOM uHGoOpManuen ece
CTPYKTYPH B 30He CBOeH OTBeTCTBeHHOCTU. Kpome Toro, cymecTsy-
eT CBOsl aBUAIMOHHAS METeOPOAOTHYeCKas CAYXOa, MeTeocAyk0a,
oGecnieuyuBalomas paboTy jKeAe3HOAOPOIKHOTO TPAaHCIIOPTa, ¥ BOSH-
Hasi TMAPOMETEOPOAOTHYECKas: CAYK0Ba. 3aAa4y 3THX CAYKEG OUYeBHA-
HBI, & CTPYKTYPY CHeLHaAbHbBIX CAYKO MBI PACCMaTPHUBAaTh He 6yAeM.

Cucrema PocruppomeTra BKAIOYAET PSIA ONEPATHBHBIX U Hay4-
HEIX VYPEXXACHUH, KOTOPhIe 06eCceInBalOT BCe BUADI ACATEALHOCTH
CAY>KOBI TOroakl. K TaKMM OpraHu3anuaM OTHOCATCS [ MAPOMeTIIEHTD
Poccun («M03T MeTeOCAYKOLI»), APDKTHYECKUN U aHTaPKTHIECKUL
Hay4YHO-HUCCACAOBATEeALCKUY HHCTHTYT (AAHWY), 'haBHas reodusu-
yeckas obcepsaropus uM. AWM. Boelkosa, LleHTparbHas a3poAory-
geckas obcepraropus (LIAO), BcepocCHUCKUT HAyIHO-UCCASAOBA-
TeABCKHH UHCTHUTYT I'HADOMETEOPOAOTHUECKON UHGpOpPManuu —
Muposoit nentp pansbx (BHVIMIIMY — MLIA), MHCTHTYT IPHUKAGA-
HoOM reopusuky, UHCTUTYT 3KCIIepPUMEHTAABHON METEOPOAOTHH, pe-
TMOHAABHBIC HAYYHO-UCCAEAOBATEABCKHE HHCTUATYTH PocruapomeTta
U APyr'vie Opra’Hus3alui,

Bcro Texamyeckyro paGoTy N0 IpHeMy U ITepepade MeTeOPOAO-
TU4YeCKOM MH(OPMAIIMU BEAYT PA3AWYHEIE PAAMOMETEOPOAOTHIECKIE
LeHTPH! U OPraHm3aiiy CBsA3¥, CO3AaHHbIe IpH Kaxaom YIMC, Ha
CTPYKType 3THUX OPraHHM3aluH MBI OCTRHOBUMCH UYTh HUKE,

11. ANCTAHLIMOHHBIE METOABI USMEPEHNWA
METEOPOAOTHUYECKMX BEAVYVH

B nacrosamiee speMs IPAKTHYECKH BCE METEOPOAOTHYECKHME Be-
AMYMHLL MOT'YT H3MEePATLCSA AUCTAHNMOHHO. DT0 3HAUYUT, YTO HAOAIO-
AATEAIO COBCEM HE HYKHO HOAXOAUTE K IPUOOPY, & A0CTaTOYHO TOAL-
KO YCTQHOBHTD B HYKHOM MECTe AQTYMKH ¥ B IOMEU]eHUY MEeTeOCTaH-
WM — PETHCTpHUpPYIOWUN npudop. boaee Toro, 4acTh napaMeTpoB
atTMocdiepsl (HanlpuMep, BeTep Ha BHICOTaX) MOJKHO U3MEPUTH TOAB-
KO AUCTaHIJMOHHO.

3mo unmepecHo:
[To cymecTBYIOEMY IOAOKEHUIO Ha a3POAPOMax HHQ)opMauuﬂ o
TIOTOAE AOAJKHA MPY HEOOXOAMMOCTH OOHOBAATLCS Yepe3 ABE MUHYTHI
DT0 3HAUUT, YTO HaOAIOAATEAD AOMKEH B TeYeHMe OAHOTO Jaca OO
BaTh HA METECOPOAOTHYECKOM IaoImiaake ... 30 pa3! MBOroBaTo noAyda-
eTcsi. 3AeCh YK TOUHO 6€3 AUCTAHIMOBHBIX TIPHOOPOB He 000OHALIIILCS.

AAst IPOBEASHUS AVCTAHIVMOHHLIX HabAIOASHHH 3@ Pa3AWYHLI-
MU METEOPCAOTHYECKHMH BeAWYHWHAMH, 6e3yCAOBHO, CYLIECTBYHOT
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AVCTaHIIMOHHEBIE IPUOOPEHL U AaJKe IleAble CUCTEMEI U CTaHIuM. Tak
Ha HallIMX a3poAPOMax INOAYYHAM OOABLIOE PACIpPOCTPaHeHHUe CHC-
TeMbl KPAMC (rROMIIAEKCHAEST PapAMOTeXHUUECKAsh aBTOMaTHYeCKas
MeTeOPOAOrHYECKas: CTAHIUS) Pa3ANYHEIX MOAUMDHUKAIIMY, KOTOPEIE
co BpeMeHeM 6yayT 3aMeHenH Ha cuctemy AMUYIC (aBromaTiaeckas
METEOPOAOTHYECKas MH(MOPMAaIOHHO-U3MepUTeAbHas cucteMa). Oc-
T&HaBAWBATHCS Ha YCTPONCTBE TOM HAM HHOU CUCTEMEI MBI He OYAEM.
AKCTaHIIMOHHOe H3MepeHY e Pa3AHYHBIX XapaKTePUCTHK aTMOC-
heprbl IopAHUMaeMBIMU DpROOpaMy Ha3bIBAETCS adPOAOTHIECKHUM
30HAVUPOBaH#HEeM aTMocdephl. PasAndaloT BeTpOBOEe 30HAHPOBAHNE
— M3MepeHUe CKOPOCTH B HallpaBASHHUS BeTpa IlapaMu-TIHAOTaMHU 1
PRAHONIKUAOTAMH, TEMIIEPATYPHO-BETPOBOE 30HAUDOBaHNE — H3Me-
peHHe TeMIepaTypPhl B BAQJKHOCTH BO3AYXa Ha PA3AMYHEIX BBICOTAX,
a TakykKe HallpaBAeHHS U CKOPOCTH BeTPa, CAMOAETHOE 30HAMPOBA-
HUe — H3MepeHHe Pa3AUYHEIX HapaMeTPOB aTMOC®hepPsl ¢ IOMOIILIO
IpuBGOPOB, YCTAHOBACHHEIX Ha CAMOAETE, M a9POCTAaTHOE, paKeTHOe
¥ CIYTHHKOBOE 30HAMPOBaHNHe — H3MeDeHHe HapaMeTpoB aTMocde-
PEI C TOMOIIBIO NPHOOPOB, YCTAHOBACHHEIX Ha COOTBETCTBYIOMIUNX
HocuTeAszX. Bo BceM Mupe HauboAbLIEe pacIpOCTPAHEHYe IOAYIH-
AO BETPOBOE U TEMIePaTyPHO-BETPOBOE 30HANPOBaHue. Kpome Toro,
AOCTATOYHO LIMPOKO PACHPOCTPAHEHO B HACTOsIIee BPeMsT Papuo-
ACKAIIMOHHOE ¥ CHYTHHKOBOE 30HAUPOBaHMe aTMOCKepEL
HlaponuaomHoe songuposaHue. Ha ciellMaABHBIX a3pOAOTHYEC-
K¥X CTaHIMSIX ¥ Ha @3POAPOMaxX IPOBOASITCS 1IaPOIUAOTHEIE HaOALO-
AEHVSI, KOTOPEIE [O3BOASIOT ONPEAEAUTE CKOPOCTh M HallPaBACHHE
BeTpa Ha Pa3AWYHLIX BEICOTaX. CyTh 3TUX HaOAIOACHUHU 3aKAIOUALT-
CcsB CAeAyiomeM. HabaopaTens (a3poaor) Ha 3eMAe HATOAHSET Mia-
PONHAOTHYIO 060A0UKY BOAOPOAOM (IIPHMEPHO K&K ACTCKUH BO3AYIL-
HBIM HIAPHK), [10 CIIEIIHAABHBIM TaOANIIAM OIIPeAEeAseT BePTUKAABHYIO
CKOPOCTD HIapa, 3aTeM BEIYCKaeT LIap 1 HabAIOAaeT 38 HEM B ONTH-
geckul TeoporHT. [Ilap, ecTecTBEHHO, A@TUT BBEPX M CHOCHUTCS BET-
pom. [To Bpemenw, MpOILIEAIIIeMy TOCAE BBITYCKA IIapa-IMAOTa, U IO
a3UMYyTY U YIAY MEeCTa, OIPEACACHHBIX C HOMOHIBIO TEOAOAKT, MOJKHO
ONPEASAUTE HalIPaBAEHHE U CKOPOCTh BeTpa Ha Pa3AMYHBIX BBICOTAX.
DTO CaMBIfl TPOCTON M CaMBIH ASIIEBBIN AMCTAHIMOHHEIN Me-
TOA IPOBEAESHHUS a3 POAOTHYECKUX HabAtopeHNE. OOBIYHO BEPTHKAAD-
Hast CKOPOCTh mapa 6An3ka K 200 M/MHH, a BBICOTa IIOABEMA 1Iapa,
T.e. Ta BBICOTA, A0 KOTOPOM MOXXHO IPOBOAWUTH HAOAIOACHHUS 38 BeT-
poMm, koaeBaercs ot 20 po 30 kM. BeicoTa nopabeMa I1apa 3aBUCHT OT
KadecCTBa IIapPONMAOTHON 0BOAOUKM M KaUecTBa ee NOATOTOBKH K
BBIIYCKY, & BOT BHICOTA, AO KOTOPOH HIPOBOAATCA HAaOAIOACHHS 3a

92



11aPOM, 3@BUCUT OT IIOTOABI ~— COBEPIIEHHO OYEBHAHO, YTO ITOCAE TOTO,

KaK IIlap Bolllea B 00AaKa C HOMOILBIO ONTUYECKOTO TEOAOANTA OIIPEAe~

AWTBH €ro MeCTOMOAQKEHUEe B IIPOCTPAHCTBE HeBO3MOXHO. Keraty, ¢

MOMOIIBIO IIaPOMMAOTHEIX HaGAROAEHUN MOKHO OIPEASASITD 1 BEICOTY

HUKHeH IrPaHulB! OOAQYHOCTH (IT0 BEPTHKAABHOH CKOPOCTH Hiapa-mu-

AOT& ¥ TI0 BpeMeHY HaOAOAEHHS 38 HIM AO eT0 BXOAA B o6AaKa).
TemnepamypHo-BempoOBOE 30HguUpoBaHue. HabAopeHUs ¢ TOMO-

IHI0 PAAMO30HAA ABAAIOTCA BOAee CAOKHBIM AMCTAaHNVOHHEIM BH-

AOM a3pOAOTHUYECKHUX HabAIOAeHUHN. Papro30HA IPeACTaBASIET COBOH

YCTPONCTBO, KOTOPOE O3BOAsIET He TOABKO AUCTAHIMOHHO U3MEPSATh

aTMocepHoe AaBACHHME (BEICOTY), TEMIIEPATYPY BO3AYXA M €T0 BAAK-

HOCTB, HO ¥ C IOMOIIIBIO CHENHAABHOTO PAAHOTIEPEAATINKAE epeAa-

BaTh 3Ty RKHQOPMALMIO Ha HA3EMHVIO «IIPHHUMAIOUIYIO» DaANOCTaH-

uuio. Boaee Toro, 9Ta NPUHUMAIOIIEST PAAKOCTAHIIUS «CACANT» 34a

PaAMO30HAOM KaK 3a OOBIMHEIM 1P OM-IIHAOTOM U MO3BOASIET OIpe-

AEAUTEH HAPaBAEHHE B CKOPOCTh BeTPa Ha Pa3AHYHEIX BBICOTAX.
KoHcTpyRums papAuo30BA0B GHIBAeT PasHast, CKOPOCTE UX IOALE-

Ma KoAeOAaeTcs okoao 300 M/MuH, Macca mpubopa 3aBUCHT OT THIA

paAro30HAA 1 MOKeT MeHATbes oT 500 po 1000 1, a BeicoTa mopABeMa

— 70 25-30 xM 1 Gonee. KOHCTPYKTODEI ¥ IPOU3BOAUTEAN HPUGOPOB

HelpepHIBHO PabOTaIOT HaA YMEHBIIEHUEM BECA ¥ YBEAUUEHUEM BEI-

COTHI MOABEMA PAAVO30HAOB.

Mudopmanusi, IOAYIeHHAS C HOMOIIBIO PAAMO30HAOB, HCIIOAL-
3yeTCs PAa3AMYHEIMY CHEIAAANCTaMU-MeTeOPOAOTaAMH AASI pa3paboT-
KU IPOTHO30B JIOTOAR! Pa3HOT'O Ha3HAUYEeHHs, COCTABASHUA KapT Ha-
PUYECKOM TONOTPaduY ¥ APYTHUX [IeAeH. DTO O4eHb ITOAC3HAS 1 [1eH-
Has MHPOPMAIUS AAS CIIEeTAANCTE.

O6 aspoCTaTHOM, CAMOAETHOM M PAKeTHOM 30HAVIPOBAHUU aT-
Moceps! MBI C BAMY FOBOPHTE He OyAeM.

PaguonoxauuorHoe 30ngupoBaHue. OCHOBHEIM CPEACTBOM MO-
AydIeHUs] DPARAYOAOKAIIMOHHON METEOPOAOTHYECKOMN MHOPMALIHH SIB-
ASIeTCSI MeTeOPOAOTHUIeCKAasl PaAMOAOKallMoHHas craunusa (MPA), a
KpOMe Hee MOT'YT UCIIOAB30BAThCS AAS 3TUX JKe IeAeH CAMOASTHBIE M
AUCTIeTIEepCKUe PaAHOAOKATOPHL. ByaeM CUUTaTh, YT0 OOIIMM HTPUH-
uun paboThl PAAUOCAOKAUWOHHOM CTAHIINY BAM M3BECTEH,

C nomomiso MPA MOKHO OIIPEAEANTE:

—  ¢opMy ¥ pa3Mepsl OOAAKOB, X MECTOIIOAOKEHHE, & TAKXKE MO-
AOJKEeHMe CBA3aHHBIX C 3TUMH OOA8KAMH METEOPOAOTHUYECKUX
SIBA@HUY, TAKUX KaK I'PO3bI, AMBHY, TPAA U T.A.

—  CKOPOCTH ¥ HAlIpaBAeHUE IepeMeleHus 30H Ky4eBO-AOKAEBBIX
OOAGKOB ¥ 30H OCAaAKOB KaK AUBHEBOT'O, TaK ¥ OOAOKHOI'O XapaKTepa;
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—  DBOAIOHUIO Ky4YeBO-AOKAEBON 0OAaYHOCTYH;

—  TeHASHLUIO NU3MeHEeHHs XapaKTEePHUCTUK OTACALHBIX OOAGKOB U
06AAUHEIX CHCTEM;

—  IAOCLIAAB, 3aHATYIO 0CaAKaAMU PA3AUYHOMN UHTEHCUBHOCTH U Ile-

ABIM DSIA APYTHX XaPaKTePUCTHK.

PapnonrokanmoHHEIe HaOAIOACHUS IPOU3BOAITCS 6e3 3alrycka
Kakux-Anb0 IpUOOPOB B aTMOCHEPY U HO3BOASIOT HOAYIHTE B KOPOT-
KOe BpeMsI HH(OPMAIIHMIO C AOCTATOYHO OOABUION TEPPUTOPHH, A8XKe
U3 TeX PAaNOHOB, TAE HET HMKAKUX METEOPOAOTHMYECKHUX CTAHIIUH.
AelcTBUTEABHO, papuyc petictBuss MPA npuMepHo paseH 300 kM, a
CKOPOCTB BpallleHusi aHTeHHEI 6 06/MuH. CAep0BaTEABHO, METEOPO-
AOT MEHBIII@ YeM 38 OAHY MUHYTY MOJKET IIOAYUUTE AAHHELE 06 06Aau-
HOCTH Ha paccroguus A0 300 KM OT MeCTa PaCIoAOKEHHUS PAAHOAO-
Katopa. Bce mepeunicaeHHOE BHILIE SBASIETCS GOABIIMM IpeUMyllie-
CTBOM PAAMOAOKAITMOHHOTO 30HAMPOBAHMUS [10 CPABHEHUIO C APYTH-
MM METOAAMU U3YIeHUsS aTMOCHEPH], OAHAKO ATOT METOA UMEET U
CylIeCTBeHHEIe HeAOCTaTKU. [Ipeskae BCero, ClielinaAbHEIN MeTeopo-
AOTHYECKUI PAAMOAOKATOP — OYEHB «AOPOr0e VAOBOABCTBHES, IPHU-
obpeTeHUe, YCTAHOBKA M HKCIIAYaTallusl KoToporo TpedyeT 3HA4H-
TEABHEIX CpeACTB. KpoMe Toro, paauyc aericreusg MPA orpanmyeH
TEeXHUYECKUMU BO3MOJKHOCTSIMU AOKATOPE, ¥ KaK AIGOe PaauoTex-
HUYECKOe YCTpoHucTBO, MPA nopBepiKeH paaonoMexam.

OAHAKO, eCAU B PACTIOPSIPKEHUU METEOPOAOra eCTh PAAMIOAOKA-
LHMOHHAas MH(pOPManusd, T OH YYBCTBYET YBEpEHHee NIPU PellleHUN
CBOUWX 3384, TP pa3paboTKe NPOTHO30B IOTOABL U IITOPMOBEIX IIpe-
AYIIPEeXACHUN.

CnymrukoBoe 30HgupoBanue ammocgpeprl. COyTHUKOBOE 30H-
AUPOBaHME IPeAHA3HAYEHO AAS aHAAN3a aTMOC(HEePHEIX IPOLIeCCOB,
pa3paboTKy IIPOTHO30B IOTOARl M H2YUeHU KAuMaTa. Meteopoao-
ru4YecKHe UCKyCcCTBeHHBle cnyTHUKY 3eMan (HMIC3) cHabXeHE KOM-
[LA€KCOM Hay4YHOH aNnapaTyphl AAL IIOAYIEHMS He0OX0AUMOM nHGOP-
MAIlMU O COCTOSAHUU aTMOCHEPHI ¥ 3eMHOM IOBEPXHOCTU U CAYXeD-
HOM alnapaTrypoH, NpepHa3HAUeHHOU AAS HOAAEPIKaHUS HOPManb-
HOM paboTH BCeX NpuOOPOB U CHYTHUKA B IIEAOM.

O6rryro Ha MIC3 ycTaHaBAMBAETCS TeACBU3HUOHHAS anmnapary-
pa, IpepHa3HaueHHAd AAS NOAVYEHUS CHUMKOB OOAQUHOCTH ¥ IIOA-
CTHAQIOIIEH MOBEPXHOCTH Ha OCBEIeHHON 9aCTH OPOUTH], ¥ MHMPa-
KpacHas annaparypa, IpeaHa3HaveHHas AAST TIOAVIeHUsE n300pake-
HHuM 00AQYHOCTH H3 TEHEBOM CTOPOHE 3eMAH.

Hayunas annapaTypa MeTeOpOAOTHYECKHUX CIIyTHHUKOB paboTa-
€T B ABYX PeXXUMaX: B Pe)KHMMe 3alOMHHAHNI HHPOPMANNY U ee Ie-
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pHOAMYECKOTo cOpoca Ha 3eMAI0 UAM ITO KOMAHAE, HAH IIPH paGoTe o
38AAHHOM IIPOrpaMMe, a TAKKe B Pe’KuMe HeIIOCPEACTBEHHOM MepeAa-
YU Pe3YALTATOB U3MEPEHUH B MOMEHTHI UX BBITOAHEHUS (B PEXKUMeE
peanbHOro BpeMenu}. IlpreM u peructparst CIyTHUKOBOM HH(OpMa-
LMY OCYHIeCTBASETCS Ha3€MHBIM KOMIAEKCOM alapaTypsl, OT Xapak-
TEePUCTHK KOTOPOM 3aBUCHT KaueCTBO M OOHEM IPHHUMAEMEIX AAHHEIX.
C nomonibio MIC3 MOXHO MOAYYaTh NPOMUAN BEPTHKAABHOTO
pacipeAeAeHHsI TEMIePaTyPhl M BA&KHOCTH B aTMoCepe, a 1o cMe-
HneHUIO 00AAYHOCTH — MH(OPMALUIO 0 BeTpe. TakKuM 00pa3oM AaH-
Hele VIC3 1T03BOASIFOT CAGAATE KaK OBt 60A€€E TYCTOH CETh a2POAOTHYEC-
KHX CTaHIIMH, YTO OYeHb Ba)KHO IIPU pa3paboTKe POrHO30B MOrOABL.

12. CHUCTEMA CEOPA U PACTIPOCTPAHEHWS
METEOPOAOTUYECKOW MHO®OPMALINU

B ocroBe pabGOTHI 10 THAPOMETEOPOAOTHYECKOMY 06eCIIeYeHHIO
BCEeX CTPYKTYD AI0OOH CTPaHbl AeKUT cOOP U DACHpOCTPaHeHue Me-
TEOPOAOTHYECKON MHGOPMAaLUH. AeHCTBUTEALHO, TPYAHO TIPEACTa-
BUTEL cebe paboTy AI0GOro IPOrHOCTUIECKOTO LEHTPa, €CAN TYAA He
TOCTynaeT HH OAHOTO COOBIIeHHs O TOroaAe. 3HAsl TOABKO «IIOTOAY
Hap co6o¥» HEeBO3MOJKHO IPDaMOTHO paspaboTaTh MPOTHO3 MOTOAL
A&Ke Ha HeDOABIION CPOK.

INoatomy c60py ¥ pacIpOCTPAHEHHUIO METEOPOAOTHYECKOM HUH-
opMaluy YAEAIAOCE B yAeAsieTcs OoAbIIOe BHUMaHHE.

Hcrounuku nEGOpPMALEN MOTYT OBITh Da3AWYHBIMH: OT METEO-
POAOTHYECKOro CIyTHHKA 3€MAM A0 OOBIYHOM HaOAIOAATEALCKOM
MeTeOCTaHLHH, U OTKyAa OB 3Ta HHq)opMaﬁHﬂ He IIOCTyIaAa, OHa
AOMKHA OBITE CBOEBPEMEHHOH, IIOCTYyIaTh ¢ MUHUMAABHEIMA HCKa-
KEHUSAMU U OBITh pepe3eHTaTUBHOM!

K ocHOBHBIM HCTOYHHKaM METEOPOAOTHYECKOM HH(DOPMAIIUYN
OTHOCSATCS!

— Ha3eMHAas CeThb MeTEOPOAOTHYECKUX CTAHIIUH];

— CeTh CTaHI[MH 30HAMPOBAHUA aTMOCKHEPE;

— CeTh MeXAYHAPOAHOro 06MeHa;

— CeTh aBTOMaTH4YeCKUX CTaHINH;

— CpeACTBa PA3BEAKH IIOTOABL

— METeOpOAOTHYeCKas KOCMHYecKas CHCTeMa.

KaxxpbpI# 13 HCTOYHHUKOB HH(MOPMAIINH He SIBASETCS YHUBED-
CaAbHBIM, H YAOBAETBODHUTE TPeBOOBAHNA METEOCAY KOBI MOIKHO TOAB-
KO IIOAB3YSICH BCeMH lTIePEeUNCAeHHBIMA UCTOYHUKAMU OAHOBPEMEHHO.
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Haszemnas cems MemeopoAOruieCKUX CIMAH YUY TTOZBOASIET IIOAY-
4YHUTE OOABIION 00BeM HeOOXOoAMMON HH(POpMAI U, OAHEKO YacTO ero
OKa3bIBAeTCS HEAOCTATOUHO AASE PA3PAbOTKU POTHO30B IIOTOAR.

Kak u3BecTHO, IOTOAR He IPU3HAET HUKAKUX I'OCYAAPCTBEHHBIX
TpaHull, I03TOMY KpoMe Halllel BHYTPEeHHEH CeTHU CTaHIUM HeoOXo-
AVIMO HCIIOAB30BATE CeNlb MEKJYHAPOGHOro obMena. B xaxxpo crpa-
He eCTb CBOSI CeTh CTaHIUN, U IO MeXXAYHapPOAHOM AOTOBOPEHHOCTH
(#a To u cymectByeT BMO) Bce cTpans! IPepOCTaBASIOT UHQOpPMa-
IIUIO O ITOTOAE Ha CBOEH TEPPHUTOPHUHU AAS BCeoD1IIero NOAL30BaHUS.

Cems gBmomMamuuecKux CMAHYUU COCTaBAAIOT CTAHIIUH, YCTa-
HOBAEHHBIE B TPYAHOAOCTYIIHBIX PaIOHAX. DTH CTAHINU OOBIYHO de-
THIPE Pa3a B CYyTKU ITePeAAIOT CBeAeHMs 00 H3MePEHHEIX MeTeOPOAD-
rEvYecKuxX BeanunHax. CTaHIUM aBTOMATHYECKOM CEeTH NepeAparoT
UHPOPMAIUIO C HEOCBEIIeHHOM TEPPUTOPHUH, ¥ 3TO 0YE€HB XOPOIIIO,
OAHAKO HA TAKHX CTAHIIUSX He BHITTOAHSIOTCS a3POAOTHYECKUe Ha-
6aropeHua. Kpome TOTO, AAS Tepepadd #HGOPMALVUY B IeHTPHI TTOT0-
ABI TpeOyeTcs perpaHcasnus yepes FIC3.

K cpegcmBam pa3Begku norogsl CAEAyeT OTHECTH CPeACTBa pa-
AVIOTEXHUYECKOHN M BO3AYIHHOMN Pa3BEAKH.

Paguomexnuueckas paspegka MPOBOAUTCS C IOMOIIBIO PA3AHUY-
HEIX PAAHOAOKATMOHHEIX CTaHIHHN. OCHOBHEIMA 00'BEKTaMu HaOAIO-
AEHUN ABASIIOTCA 0OAaKa BePTUKAABHOTO Pa3BUTHS, AUBHH U I'PO3HL.
CrenuanbHEIe METEOPOAOTHYECKHE AOKATOPEl (MPA), Kpome TOTO,
AAIOT BO3MOXXHOCTE HAOAIOAGTH 38 00AaKaMU BCeX ADYTHX SIDYCOB,
P33AMYATE 30HEI OCAAKOB OIIPEAEAeHHOM MHTEHCUBHOCTH U T.p. O6
3TOM MBI PACCKa3bIBAAM BaM 9YTh PAHBIIIe.

K cpeacTBaM Bo3gywiHOU pa3BegKu OTHOCSTCS BO3AYIIHEIE CYAQ
6e3 macca>xupos Ha OOPTY, KOTOPEIE B CAOXKHOM M HEeyCTOMYHBOH
MeTEOPOAOTHIECKOM OGCTAHOBKE MOTYT BHIIOAHSTH CIIEIIMaABHEIE
IIOAETHI AASI OII€HKH MeTeOPOAOTUYECKUX YCAOBUH. DTH ITOAETHI ITPO-
BOASITCS IIO PellleHUI0 KOMaHANPa aBUATMOHHOTO OTPSAA (PYKOBOA-
CTBA aBMATIPEAIIDUSITHS).

Bo3aymHas pasBeAKa IIO3BOASIET OHPEAEAUTH BEPTUKAABHYIO
CTPYKTYPY 00A@YHOCTH, BUAUMOCTE B 00AaKkax, mo) obAaKaMu U B
SABACHUSAX, YXYAIIAIOIIUX BUAUMOCTD, HAAWYHE OTIACHBIX AASL aBHALTUN
SIBA€HHMH IOTOABL B T.A. K yH9acTHIo B IoaeTax Ha BO3AYIIHYIO Pa3BeA-
Ky MOI'YT IpuBAeKaThcs cuHonTuku AMCT, ecAu OHU UMEIOT Ha 3TO
CIenuaAbHOe paspelleHue,

5mo uHmepecHo:
ViHOTAQ CHHONTHUKOB, BHIIIOAHSIONTUX IOAETE Ha Pa3BEAKY IIOTOAHI,
HA3BIBAIOT «3aA0KHUKAMM», TAK KaK OHY CaMU AJQIOT ITPOTHO3, CaM¥U
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KOHCYABTHPYIOT OKHITAXK, CAMU CAAATCA B CAMOAELT U CaMU AETAT CMOT-
PeTh, HACKOALKO XOPOLIO OHU BCe CaMU «HAIPOTHO3HWPOBAAKY,

BosayiiHag pa3BeaKa B rpasKAGHCKOH aBHALFH [TPOBOAKNTCS CPaB-
HUTEALHO PEAKO — 3TO AOPOTOe YAOBOABCTBHe. HaMHuOTO Yate uudop-
MAaIMIO O IOTOAE, HAAMYMHY OIIACHBIX ABACHWH M UX BAUSHUY Ha B3AET,
IIOAET ¥ IMOCEAKY IEPEAAIOT SKUITAKU B3AETAIOMINX MAH ITPOALTAFOMINX
BO3BAYITHBIX CYAOB, 8 TAKOKE BO3AYUIHEIE CYAQ, 3@XOAAIINE Ha MOCAAKY.

Memeopoioruieckas KOCMUieCKasa CUCmeMa MO3BOASIET IOAY-
YUTH OUeHb O0ABIION 00 peM nHGopManny. Habaroaerus ¢ MC3 npu-
HUMAIOTCS Ha HA3eMHBIX IIYHKTAX IIPHeMa HHQOPMAaIUU U Iepeaa-
FOTCS CMHONTHKAM AMNST aHAA3a. B MaroOCBenIeHHBIX pafOHaX U HaA,
aRBATOpUEI MOPEN U OKEaHOB AASE OLIEHKY NOTOAHLIX YCAOBHI paH-
Heie MC3 0Ka3BIBAIOT HEOLEHUMYIO IIOMOITE.

Pa3ArgHEIE BUABI METEOPOAOTHYECKOH HH(MOPMALIHY, TOAYIAEMEIE .

¥3 PA3HBIX UCTOYHHKOB, B 3HAYMTEALHOH Mepe AOIIOAHSIOT APYT APYTa
¥ B KOHEYHOM CYeTe [IOMOTAOT YCIEINHO PeIlaTh 3apa4H 110 METEOPO-
AOTHYECKOMY 06eCHEeUeHHIO PA3AMYHEIX X035 CTBEHHBIX CTPYKTYD.
C6op 1 pacnpoCTpaHeHHE METEOPOAOTHYECKOH uHGpOpManun
B KaXXpoM YI'MC oCymecTBASIIOT ClIeljuaAbHEIE TOApPa3Aerenns. Un-
dopmanmo co «cBoek» Teppuropuu B YI'MC Mo)eT cOGHPATHCS IO
TIPOBOAHBIM MAHW PaANOKAHAAaM CBSI3M B 3@BHCHMOCTH OT TOTO, TAE
HAXOAUTCS Ta UAM MHAs METEOPOAOTMYECKasi CTaHIUsI, KOTopas Co-
ofmaet nepBuuRHyIo nHdopManuio. MudopManus oT cocepunx {(nue
TOABKO coceprnx) YIMC, a Taxke 3apyoerxkHas uHPOPMAaLus O 1o~
ToAe IPUHUMAETCS TOABKO IO HPOBOAHBIM KAHAAAM IO TaK Ha3bIBae-
Mot ACITA (aBTOMaTHYECKOH CHCTeMe fepepauu AaHHLIX). [1o cuc-
teMe ACTIA nepepaetcsi ocHOBHOM 06beM MHpopManuu. B pamrax
PocruapomeTa co3paHa CAOKHASA MHMOPMALOHHO-BHYUCAWTENBHAS
CHCTEMA C LIEABIM PFAOM ClIenuuIecKuX GyHKIMH, OGYCAOBASHHBIX
0COOEHHOCTSIMU TeXHOAOTHYECKOTo IIpollecca 00paboTKY THApOMeE-
TEeOPOAOTHYECKUX AGHHBIX: UX TAOBAABHOCTEIO, pa3sHooOpasrueM BU-
AOB nHGOPMANUH, Pa3HONAAHOBOCTHIO Ha3Ha9eHNsI, HEOOXOAUMOC-
TBLIO IPUMeHeHUS KaK OO BeKTUBHEIX, TaK U CYOBEKTUBHBIX METOAOB
KoHTpoAst. ACIIA mpepcTaBasieT COOOH COBOKYNHOCTE CIPaBOYHO-
nHEGOpPMaHOHHON U oOpalbareiBaiouleit cucrteM. C TOUKY 3peHUs
cucremoTexuuk ACITA MOKeT OBIT YCAOBHO PA3ASASHA HA OTACAL-
HBIE YPOBHH, KayKABIH 113 KOTOPHIX XapaKTe PU3YEeTCsl OUPeACACHHBIM
KABCCOM BHIIOAHSEMEIX 3aAa4. CHU3Y BBEDX UAST MH(POPMAIIMOHHBIH
TIOTOX B BUAE AQHHEIX METEOPOAOTMYECKUX U3MEPEHHH, @ CBEPXY BHH3
— TOTOK nepepadboTasHON MHGOPMaUUN B BUAE AUATHOCTHYECKUX U
IPOTHOCTHYECKHX KapT. IlopoGHas cTpykrypa nocrpoerus ACTIA
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OIpeAeAsieT YyeTKOe pasrpaHudeHue (PyHKIIUH Kak 110 COOPY UCXOA-
Ho# nHGOPMAIINH, TAK U 10 ee AdABHelIel lepepaboTKe.

Bce onmopHbIe TYHKTEL THADOMETEOPOAOTUYECKON CETH TPYIIIIK-
PYROTCSI IO paitOHaM CO CBOMM II€HTPOM CcOOpa IepBHIHOM HHMOD-
Mallgu — TEPPUTOPUAABHEIM I'MAPOMETEOPOAOTHYECKUAM L[eHTPOM
(TTMLI}. Taxou TTMI] aBAsieTcss HAYIHO-OIIEPATUBHEIM OPraHoOM,
OCYHIECTBASIOUIUM cOOP, 06pabOTKY M aHAAM3 HOCTYIAIoW e HHpOop-
MaItuu, TPOBOAUT HayIHEIE UCCACAOBAHUS F'MAPOMETEOPOAOTHYIECKO-
TO PEXUMA II0 3aKPEIIASHHOH TePPUTODHH, BeAeT Pa3paboTKy Ipo-
THO30B PA3AMYHOTO Ha3HAYEHUS, BEIIIOAHSIET KAUMATHYECKHE H THA-
poAOTHYECKUe pacuyeTH. Hanpumep, MIPaKTHYeCKU AASL BCETO CeBe-
po-3anapa Poccuu takum TTML siBasteTcst ruppoMeTtiieHTp CeBepo-
Banapuoro YI'MC, pacnoaoxeunniii B CanKT-IletepOypre.

TTo TakOMy Ke IPUHIUNY opragu3osaHa Becemupras Cayxba
TToroarr (BCII). OHa BrRATOYaET B cebsi TPU CHUCTEMEL: TAODAABHYO
cucreMy Habatopenni (I"CH), raobanpHyE0 cucTeMy TeaecBsiu (I'CT)
u raoGarbHyIo cucreMy o6paboTru AaHHEIX ([COA).

I'CH coCTOUT M3 CeTU METEOPOAOTHYECKUX U A3POAOIHYECKUX
CcTaului (BEIIe MBI TOBOPHUAM O CTAHITUSIX MEKAYHAPOAHOTO oOMe-
Ha) ¥ MEeTEeOPOAOTHYECKHUX CITYyTHUKAX 3€MAH.

T'COA, cocTouT U3 TpeX MUPOBBIX METEOPOAOTHYECKHUX IIEHTPOB
(BammnarToH, Mockea, MeAbSypH), 24 peIrMOHAARHBIX METEOPOAOTH-
yeckux neHTpoB (PM1]) 1 HanmMOHAABHBEIX MET€OPOAOTHYECKHUX I1eH-
TpoB (HMLI). Becb 3eMHOM IIap TOAeAEH Ha 24 KPYIHEIX PErHMOHA.
MeTeoponorudeckasi nE(pOpPMALHUs U3 KAKAOTO IOCTYTAeT B «CBOM»
PMILI. Tam ora 06 paBaTEIBASTCS M PACIIPOCTPAHSETCS HOTPEOUTEAIM -
B BHAE KapT, CXeM 1 IPOTHO30B 110 pernoHy. B Poccuu HaxoasTcst Tpu
PMLI: B Mockse, Hosocubupcke n XabapoBcke.

AHaAOTHUHYIO padOTy BEAYT U MUDPOBEIE METE€OPOAOTHYECKUE
tueHTpel (MMLI), HO UX 30H& OTBETCTBEHHOCTH 3HAYUTEABHO OOAL-
ure, Tak BamryHrTon oTBedaeT 3a BeCh 3eMHOU map, MocKsa 3a ce-
BepHOE IOoAylapue, a MeAsOypH — 3a 10)KHOe HoAymapue. MMI]
OCYIISCTBASIOT (PYHKIIUIO XpaHeHUs AaHHBIX. MockoBckui MMI]
UMeeT CIIeDUAAbHOE yupexkaeHue B I. OOHUHCK (MupoOBOH LIeHTD
AQHHETX), TA€ XPAHUTCS HHGOPMAIHS METEOPOAOTHYECKUX HabAro-
AEHUI CO BCEro 3éMHOTO I1apa.

T'roBaabHas CUCTEMA TEAECBSI3Y OPraHK30BaHa Ha TPEXCTYIIeH-
YaTON OCHOBE:

—~  TAABHASI MaTHCTpaAbHas enb cBa3bBaeT MMLI, pernoransneie
y3anl Teaecsizu (PYT), PMII u HMI];
~  PeruoHaAbHBIE CETH TEAeCBS3H; ‘
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—  HaIlMOHAABHLIE CETU TEAECBSI3U.

Bece PMLJ u MMILI uMeroT paBHEI AOCTYII K TAGBHOW MarucT-
panrbHOM Henu. Kpome Toro, PMIL u MMLI uMeror HenocpepcTseH-
HYIO CBSI3b MeXAY COOOM.

Mereopoaorudeckas HHQ)opMauHﬂ, noCTynaromaﬂ mo ACTIA,
COAEPKUT AGHHBIE BCEMUDPHON CUCTEME! 30HAABHEIX NPOTHO30RB
(BC3I1). BC3II — MexAyHapoaHas cucrema, ofecneduBarollas
npeAéT_aBAeHHe B epAMHOO0OPasHOU CTaHAAPTHOM (hopMe BCeX MeTeo-
poaorueckux Hporo3os. BC3I1 cocrout ua cOTAaCoBaHHON Ha MEX-
TOCYAQPCTBEHHOM YPOBHE CETH BCEMUPHBIX U PeTHOHAALHBIX IEHT-
poB 30HaAbHEIX porHo30B (BLI3TT u PLI3TT). Ilpu sToM OCHOBHBIM
Ha3HaYeHUEeM TaKOM CHCTeMH! sBAsieTcs ofecnedeHue BO3MOKHO
GoAee TOUHBIX 30HAABHBIX IPOTHO30B Ha peHTa0eAbHOM OCHOBE C
Y4eTOM COOTBETCTBYIOLINX TpeOOBaHNH, YTBepKASHHBIX BceMuprOM
MEeTEeOPOAOTUYECKON opranuzanue (BMO).

ITpundaTHE Ha Ce6s rOCyAaPCTBOM KaKUX-AUG0 06543aTEABCTE 110
obecrneyennro BLI3ITu/uau PLI3IT caepyer paccMaTprBaTh RKak obsi-
3aTeALCTBO TPEAOCTABAITH BBICOKOKa4eCTBeHHEIC AQHHBIE [10 30HAAD-
HLIM IIPOTHO3aM B IAAHE UX TOYHOCTH, CBOEBPEMEHHOCTH ¥ OGLIEro
YAOBAETBODEHHUS SKCIIAYATAIHOHHEBIX TpeOOBaHUN. DTO OAPa3yMe-
BaeT HaAMYME COOTBETCTBYIOUIEI'O IePCOHAaAd, COOTBETCTBYIOUIUX

ABHHEBIX 1 COOTBETCTBYIOUIUX TEXHUYECKUX CPEACTE, ‘

Ha ceroapssimauii peup BC3IT cocToUT U3 ABYX BCEMUPHEIX LeH-
TpOB (AOHACH 1 BAITHMHITOH) ¥ ISITHAALIATA PETUOHAABHEIX LIEHTPOB,
OAMH M3 KOTOPHIX HaxoauTcst B MoCKBe,

Ecau mo KaKuM-TO IPHYMHAM K CHHONTHKY HE ITOCTYIIHAA HY K-
Hasl CBOAKE, TO OH IIOCBIAGET 338IIpOC B OAMH U3 BaHKOB A@HHEIX. []o-
Ay4YeHMe OTBETOB Ha 3aNpPOCHI IPOMCXOAUT IO CAYReOHOMY KaHaAy
ACTIA, CyuiecTByeT BCero ISTh MUPOREIX GAHKOB AGHHEIX, KOTOPBIE
pacnoaoxeHBl B Mockse (BHyKoBO), Berne, bptocceae, Bamuurrone
u bpasuana. AAST POCCHICKUX IEHTPOB IIOTOABI IPEATIOUTHTEALHEE
obpallaTecd K 3apy0e)kHBIM 0aHKaM AQHHBIX, TaK KaK OHU, B OTAU-
une oT HaHKa AGHHEIX BO BHYKOBO, 38 METeOPOAOTHYECKYI0 UHDOD-
MaI[MIO ¥ C&M ee 3anpoc He TPeOyIOT ONAATHI.

13. BUABITTPOTHO3OB ITOTOABI 1 OCHOBHGLIE
TMTPMHIIUIIBI UX PA3BPABOTKU

Merteopoaorrdeckas cAyx6a pa3pabaThiBaeT MHOTO Da3AVYHEBIX
TIPOTHO30B MOTOAE! KaK 110 CPOKY MX ACHCTBUS, TAK ¥ [0 METOAMKE
NPOTHO3UPOBaHMUS.
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Ilo cpoky, Ha ROTODEIN pPa3pabaThIBAETCs IPOTHO3, IIPOrHO3EL
TOTOAKI OBIBAIOT!

—  CBEPXKpaTKOCPOYHbLIE IIPOTHO3BI — CPOK ACUCTBUS AO 12 9aCOB;

—  RPaTKOCPOYHEIe IPOIHO3bI — CPOK AelicTeus 12-36 4acos;

-~  CpeAHEeCpOYHEIe TIPOTHO3Hl — CPOK ASHCTBUS AO 2 HEAEAD;

—  AOATOCDOYHEIE IIPOTHO3EI — CPOK AEMCTBUSA ODONee ABYX HEACAL
(uailre BCEro Mecsil MAH CE30H).

B peruoHaABHEBIX THAPOMETEOIIEHTPAX, KaK IIPaBUAO, paspaba-
THIBAIOTCS CBEPXKPATKOCPOYHBIE ¥ KPATKOCPOUYHbIE HPOrHO3bI [IOT0-
ABI, B OTAGABHBIX METE€ODOAOTMUYECKHUX IIEHTPAaX MOTyT pa3pabaTsl-
BATBCS CPEAHECPOYHEIE TPOTHO3KI ITOIOAE], @ BOT AOATOCPOYHbIE TIPO-
T'HO3BI pa3pabarTrBaloTCs TOABKO KPYIIHBIMH METEOPOAOTUUECKHAME
LeHTPaMU U PeruOHaABHBIMH YIPABASHHUAMU II0 THAPOMETEOPOAO-
ruu. IIpyu paszpaboTKe Ka*kAOro BHA& ITPOTHOR0B eCTL CBOM OCOBEH-
HOCTH, [I03TOMY CHHOTITUKY HEAB3S «C OAHON MEpPKOH» IOAXOAUTE K
paspaboTrKe HPOrHO30B HA PA3AUYHBIE CPOKH,

Ilo Ha3HaUeHUIo TPOTHO3BI IOTOABL OBIBAIOT:

- OOIIero TOAB30BAHUSA (AAST HACEACHUS);

—  CHelUarU3upOBAHHBIE (AAS PA3AWYHBIX OTPACAEH XO3ANUCTBA).
Ilo npunyuny pa3paboTKyU IPOTHO30B IPOTrHO3HI OBIBAIOT:

—  HMHEPOUOHHBIH IIPOTHO3 — 3TO HPOrHO3 1o uHepnuu. Cuutaer-
Csl, UTO B A@ABHEMIIeM IToToAa OYAeT Takas e, KaK U ceryac.
TTpu npoTrHO3€e OrOABL Ha CYTKU OPAaBABIBAEMOCTE HHEPIIHOH-
HBIX IPOTHO30B OAM3Ka K 2/3, T.e. K 67%;

—~  KAUMATOAOTHMYECKHY IIPOTHO3 — 3TO BCEI'AA AOATOCPOYHBIN IIPO-
THO3, B OCHOBY KOTODOI'O IOAOXKEH aHAAN3 ¥ YYeT KAUMaTHIEC-
KUX AGHHEIX;

—  CAYYaWHBIH (CAETION UAM HOAYCAEIION) MIPOTHO3 — 3TO IPOTHO3,
KOTOPBIN AdeTcs Oe3 KaKoro-Aubo HaydHOTO IOAXOAA K €T0 Co-
CTaBAEHUIO, T.€. MPOTHO3 «C IOTOAKa», OUpPaBAKIBAEMOCTE Ta-
KX IPOrHO30B, €CTeCTBEHHO, paBHa 50% (1Au OyaeT, UAU HeT);

—  3KCTPAalOASIUOHHEIM IIPOTHO3 — IPOTrHO3, KOTOPHIM paspaba-
TBIBAETCS C YYETOM IPABHUA AMHEHHOW VAU (PU3UYECKOHN IKCT-
panoAsIvY;

—  MeTOAWYECKUM NPOTHO3 — IIPOTHO3, pa3padboTka KOTOPOro OC-
HORAHa Ha MCHOAB30BAHUMU KaKOM-AnG0 MeTopuku. Onparabi-
BaeMOCTh TAKUX IIPOTHO30B §eCCIOPHO 3aBUCUT OT Ka4ecTBa
IPUMEHSIEMOM METOAUKY, ee 3(hPEeKTUBHOCTH.

Ilo npegcmaBienuI0 pe3yAbLIAMOB NPOrHO3UPOBAHUSA IPOTHO3E]
TIOTOABI OBIBAIOT: .

- aAbBTEpPHATUBHEIE (AQ — HeT, 6yaeT — He 6yaeT);
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—  BePOATHOCTHEIE (BUPONEHTaX BEPOSTHOCTU BO3HUKHOBEHUS 5IB-
AEHUS).

2mo uHmepecHo:

- B AUTEDPATYPE, KOTAQ PEUb MAET O IPOrHO33aX MOTOAB!, «00pIOT-
csi» MeXAY COG0H ABa TEPMHMHA: «pa3paboTKa» IPOrHO3a U «CO-
CTaBAEHME» IPOLHO3a. ABTODSLI CKAOHHBI AYMaTth, YTO IIPOTHO3
BCe-TaK¥ pa3pafarviBaeTcsi CHHOUTHUROM, a He COCTAaBASETCS,
IIO3TOMY B CBOMX paboTaxX OHU OTAAIOT IPeANIOYTeHHEe HEPBOMY
TepMHHY «pa3padoTKa» IPOrHO3a;

- 110 HOBOAY CAYYAMHBIX MAU CACIILIX IPOTHO30B UHOTAA B IHYTKY
TOBOPAT, YTO BCE OHYM PAa3pabaTeIBAIOTCA IO OAHOH GopMyAe:
A=4C+3T], rAe A — Aro6as nporsosupyemast Beavunta, 4C
— YyeTBIpe CTeHHBl B KOMHATe, Ha KOTOPhle HYXHO [IOCMOTPeTh
IIpK IPOTHO3UPOBaHUY, a 3IT — 3TO HOTOAOK, TTOA H ... TIAAEIL,
KOTOPBIE IOMOTYT AQTH OKOHYATEALHEI 1 «OYeHb TOUHBIN» pe-
3YABTAT IPOTHO33;

- HET COMHEHHKH B TOM, UTO B IPMHIIAIIE BCE METEOPOAOTHYECKHE
TIPOTHO3Hl UMEIOT KaKYy10-TO BEPOSATHOCTD, 4 BCEM METEOPOAO-
rHYeCKUM opraHaM 65iA0 Obl YAODHEH AARATEL NPOTHO3H B BE-
POSTHOCTHOU popme. K CORareHHIO, 9TOMY, KaK MOTYT, COIpo-
THBASIIOTCS IIOTPEOATEAN MeTEOPOAOTHYECKOM MHMOPMAaIIH,
AeAo B TOM, UTO OPH aAbTEPHATHBHEIX IPOTHO3aX peHIeHue 110
A000MY XO3SIHCTBEHHOMY BOIPOCY IPHUHUMAET METEOCAYKOA,
NpUHAMaeT CUHONTHK (B IPOrHO3€ YKa3aHa I'po3a, W aBUalili-
OHHBIM AUCHIIETYED He Pa3pelnaeT NoCasKy CaMOAETa, B IPOTHO-
3€ YKa3aHo, 4YTO OYAET MeTeAb, ¥ KOMMYHaAbHBIe CAYXKGEI TOpO-
AA TOTOBSAT K paGoTe CHErOOUUCTUTEALHYIO TEXHUKY U T.A.). VI3
3THX IPHEMEPOB YATATEAIO AOAKHO OBITh SICHO, YTO KOMAHAYeT
BCEM «HAYaABLCTBO» IIO aALTEDHATHBHOMY IPOTHO3Y CHHOITH-
Ka. 3AeCh ellle HY)KHO NOAYMAaTh, Ha KOM U3 3THX ABYX AHII Ae-
JKUT O0ABHIAA OTBETCTBEHHOCTD, HO Y «HaYaABCTBa» B AMIIE CHU-
HOIITHKA BCETAA eCTh «CTPEAOYHHUK». ECAM JXe MPOTHO3 AaeTcst
B BePOSITHOCTHOM dopMe, TO UCYEe33eT «CTPEAQUHUKY, U PYKO-
BOACTBO AOAXKHO CaM0 IPUHUMATD PelleHre Ha KaKue-Aubo peil-
CTBUA. AeHCTBUTEABHO, €CAM CHHONTHK CKa3aA B OAHOM CAyUae,
YTO BEPOATHOCTE I'Po3sl 70%, a B Apyrom 30%, TO B TaKOM CUTya-
MK Ha BOIPOC «UTO AGAATL?» OTBET AOAKEH AATh CAM AUCTIET-
qep. Mul, MeTeocAy)X0a Ar0G0ro panra, 6e3yCAOBHO, AOAKHEL
TIOMOTaTh PYKOBOACTBY NIPHHATE IIDaBUABHOE peHIeHUe, U MBI
3TO AeAaeM, HO O9eHb OOMAHO ¥ HECTIPAaBEAAMBO BCE BPEMS «XO-
AWTh B CTPEAOYHHKAEXY.

QOcHoBHple MemOgb! pA3paBOoMKU NPOTHO30B NIOFOghl CACAVIONIHE:
CHHOHTHYECKHI METOA HPOTrHO3a. DTOT METOA OCHOBAH Ha KOM-

IIAEKCHOM aHaAM3e CHHOINTUKOM IIPU3EMHBIX CHHONITUYCCKUX U KOABL-
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LIeBBLIX KaPT MOTOAL], KapT GapudecKol TonmorpaduH, PasARYHEIX HPO-
THOCTHYECKUX KapT, COCTaBACHHEIX YNCASHHBEIMY METOAAMH, U ADY-
rux Marepuanros. CHUHONTHK, IPOaHaAU3UPOBaB BCIO MMEIOLTYIOCS B
ero pacHopsUKeHUHE HHPOPMAIIIO, AeAGET 3aKAFOUEHHEe O BO3MOJKHOC-
TY BO3HUKHOBEHWSI TOTO UAHM HHOTO SIBASHNS. DTOT METOA TIPOTHO38 AO-
CTATOYHO OIEPATUBEH, IPOCT ¥ UCIIOAL3YETCS OYeHE HIMPOKO. [ AaBHEIM
HEAOCTATKOM 3TOI'0O METOAA SIBASIETCS TO, YTO Pe3YABTATEI IIPOTHO34 3a-
BUCSIT OT OIIBITa CHHOIITHKS, T.€. METOA IBASIETCS CYOBLEKTHBHEBIM.

Omo unmepecHo:

ECAM PSIAOM C CHHOIITUKOM, KOTOPBIM pa3padaThIBaeT Kakou-Aubo
POTHO3 CUHOINTHYECKHUM METOAOM, TIOCAAUTE HE OYEHDb CBEAYIIEro
YEeAOBEKA, TO €My MOJKET II0KA3aThCs, YTO CHHOIITHK HUYETO HE ACAQ-
eT. OH IIPOCTO TaK CUAWT, CMOTPHUT TO Ha OAHY, TO Ha APYTYIO KapTy,
MOAYa KHMBaeT I'OAOBOM M BADYT AdeT IIPOrHo3. BHelrHe 3TO 9acro
WMEHHO TaK U BHITASIART. OAHAKO 38 MOAYAAWBLIMH KMBKAMH IOAO-
BOY Y CHHOIITHKA CKPLITA O4eHb HAlIpsDKeHHast padoTa MEICAH, KOTO-
past IOCTOPOHHEMY He BUAHA. BeAb BECh aHAAN3 CHHOITHK BBIIOAHS -
eT yCTHO, OBICTpO He npuberas K KaKuM OBl TO HH OBLIAO CPEACTBAM
pacueta. He 3ps 1 ceffyac rOBOPST, YTO OCHOBHEIM «OPY’KUEM» CH-
HONTHKA IBASETCS KapPaHAAMI ¥ Pe3UHKA.

PacyeTHBI METOA HPOTHO3a. DTOT METOA 3aKAIOYAETCA B TOM,
9TO CUHOITHK AAS IIOAYICHUS Pe3YABTATa AOAKEH PACCUMUTATE KaKHe-
TO MapaMeTpPHi UAU BeAWHUHHEL. [IpU 3TOM UMeeTCd B BUAY, YTO CPeA-
CTBaMHM pacueTa AOAKHa O:ITh He OBM, a B AydllieM cAydYae KarBKY-
astrop. B xawecTBe mpuMepa HCIIOAB30BAHUS PACYETHOTO METOAA IIPO-
rHO3a MOJKHO IPHUBECTH PAacyeT YucAa PUYapacoHa AAS KaKOTO-HH-
OyYAB CAOSI ATMOCQ EPEL HAH OPeAEACHNE BEICOTEl HIPKHEH IPaHMITE]
06AAKOB 10 MOAYIMIUPHIECKUM POPMYAAM, UCHOAB3YsI KOTOPHIE U
KanrBKYASITOP-TO He BCErAa Hy KeH.

Vi3 cka3aHHOTO BEIIIIE OYEBUAHO, YTO PACYETHEIA METOA IIPOTHO-
3@ [10APAa3YMeBaeT IPOCThIE BEMUCASHHS, IPOCTYIO BEIYUCAUTEALHYIO
TeXHUKY U 6BICTPOE NOAYYeHHe Pe3yAbTaTa NporHo3a.

UnCAEHHBINT METOA NIPOTHO3a. JTO TaK)Ke PaCYeTHbLIN METOA
[IPOTHO3a, HO B AAHHOM CAyYae MOAPa3yMEeBAeTC s, YTO AAS BEIIIOAHE-
HHS BCeX PacyeTOB HCHOAb3yeTcst OBM. ITosToMy HHOrAA HEKOTO-
pbie aBTOPEI [IPY KAACCU(UKAIIMY METOAOBR Pa3paGoTKU IIPOTHO30B
MOTOABI PACYETHEIH U YUCAECHHEBIN MeTOAB! IPOrHO3a OO BLEAUHSIOT B
OAHY FPYHILY, CHPABEAAWBO CYHTAs, YTO B ODOHUX METOAAX HYKHO YTO-
TO CUUTATE, HO PA3AUYHEIMU TeXHUYECKUMH CPEACTBAMH.

C 970 TOYKY 3PEHHS C aBTOPAMU MOJKHO COTAACHTECS, HO BCe-
TaK} MEXAY PAaCUYETHEIM M YUCAECHHEIM METOAOM IIPOTHO3a Pa3HMUIla
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ecTb. IIpH PacYeTHOM METOAE IIPOTHO3a AAT HOAYIEHHS] KOHEIHOTO
Pe3yAbTaTa, Kak IPaBUAO, PACCUMTHIBAETCS OAMH NAPAMETD, T.€, UC-
[IOAB3YETCA TOABKO OAHA (DOPMYAQ, & IPH YUCACHHOM METOAE UCIIOAb-
3YTOTCS IIEABIE MOAGAH.

BOT THAIIMYHEIN HNpUMEp YHCASHHOTO IPOTHO3WPOBaHUs. B Ka-
4eCTBe UCXOAHBEIX AGHHEIX HCIIOAB3YETCS TTOA AABACHHS U (HAH) reo-
TOTeHNUANA Ha GOABIION TePPUTODHIH (HaCTO IO BCEMY HOAYLIADHIO)
1 Ha HECKOABKHMX YPOBHSX B aTMocdepe (50 50 ypoBHeH). 3Tu pAaH-
Hele (UKCUPYIOTCS B y3Aax ceTkH ¢ maroM 500, 300 u paxe 50 kM.
3areM, HCIIOAB3Ys KaKyI0-AN00 YHMCACHHYIO MOAEAR, C TOMOIIBEI0 DBM
BBITIOAHSIFOTCSI PACUETE! IIOAST AABACHUS UAH F€0TIOTEHIINAAA A GOAL-
IO TEPPUTOPHUM Ha PA3AMYHEIX VPORHAX, PacyeTwl (IpoTHO3H) Ae-
AGIOTCS Ha CPoK oT 1 A0l2 4acoB, 3aTeM, IPUHKAMAST HOBOE [OAE 34
UCXOAHOE, BEITICAHSIOTCS CAEAYIOUIMe pacyeThi Ha 1 —~ 129aCoB U T.A.
CPOKOM AQ ARCSITH CYTOK. ECTeCTBEHHO, Ha KaALKYASITODE TaKyIo pa-
60Ty He BEITOAHUIIE. BoAee TOro, IPOrpaMMUCTEL CYATAIOT, YTO HaH-
6oree TPYAOEMKHME U 00'BeMHEIMH 3apa4aMu A OBM B HacTosmee
BpeMs SIBASIOTCS UI'pa B IIaXMAaTH Ha XOPOIIeM YpOBHe U TIPOrHO3H-
pOBaHMe HOTOARI. OTH 33pa4u TPeOYIOT OT KOMILIOTepa COABIIOH
[aMSATH ¥ GOABLIOTO GHICTPOAEHCTBHSL. AAS PEIIEHHUS IPOTHOCTUYeC-
KHX 3aAa4 Ha 0ase COBpeMeHHOM KOMIIbIOTePHOM TeXHUKH CIIelua-
AMCTaM ITO YHCAEHHBIM HPOTHO3aM IPUXOAUTCS VIPOIIAThL MOAHEIE
ypaBHeHNS TePMOTHADOAMHAMMKH, CO3AABATE PA3AMYHELIE MOAGAH,
KOTODEIE HE BCEFAA YCHEIIHO «pafoTaloT» B PA3ANYHEIX YCAOBHSX U
Ha Pa3HOM TePPUTOPHHU. DTO ¥ IPUBEAO K CO3AAHHUIO 09eHb GOABIIOrO
91CAQ CAMBIX Pa3HOOOPa3HEIX IMCACHHEIX IPOTHOCTUYECKUX MOABALH.

3mo unmepecHo: )

CaMO CAOBO «MOAEAb» 3BYYHT KpacuBo. OAHAKO B CTaphle AOGpLIe
BPEMEHA, KOTAQ VICHEIE elie He UPHAYMAAW AT CBOMX UCCAEAOBA-
HUM 3TOTO CAOBa, OHU FTOBOPUAY IIPOLUE: «IIPEATIOACKHUM», Heab3s He
COTAACUTBCS C TeM, YTO MOAEAb {AX00ast) 9TO TOXE IPEATNIOAOIKEHKE,
B Tex caydadx, KOrAd KaKoM-AMOO0 NOTOAHBIH ITPOIECC HPOXOAUT 110
HPYMEHEHHO! PaCYeTHOM MOAAY (11O HAWIeMY IIPDEATIOACKEHHIO), TO
MOKHO OBITE YBEDEHHBIM, YTO B 3TOM CAyYae Halll TPOrHO3 OIpaBAa-
€TCsl, Hy 8 €CAML HEeT — 3HAYUT MBI HCIIOAL30OBAAM B AQHHOH CHTYAIAN
He CaMyI0 AYYINYIO MOAEAL. Tak 4To, He 001Kag «IUCACHHUKOBY (3a
HEMY OyAylIee), MOKHO CKa3aTh, 9TO MOAEAL 3TO IIPEAIIOAOKEHHE U
VIPOLIeHNe PearbHEIX aTMOC(HEPHEIX IPOLIeCCOB, HECMOTPS Ha TO, 9T0
B 3TOM 00AACTH AOCTATHYTEI OOABIIHE YCIIEXU. IIOTOAHBIX YCAOBHM,

PDH3HKO-CTATHCTHYECKHI METOA IIPOrHo3a. B oCHOBY hu3uKo-
CTATHCTHYECKOI'C METOAA ITPOrHO34a IMOAOKEHAa CBA3E MEXKAY KaKoH-
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HUOYAD METEOPOAOTHISCKOM BEANYHMHOM U ee (hH3HMIeCKOM 3aBUCH-
MOCTEIO OT APYTOrO IIapaMeTpa aTMocdepsl. Hampumep, U3BeCTHO,
YTO NIPU OTPHUIIATEALHBIX TEMIIEPATypaxX BO3AYXa TyMaH 4acTO BO3-
HUKaeT IPH OTHOCUTEABHOU BAAXKHOCTH MeHee 100%, 1moaToMy Ard
Ka>XA0r0 IYHKTa MOKHO YCTaHOBUTH 3aBUCHMOCTE MEJKAY TeMHepa-
TYPOH BO3AYXA, OTHOCUTEABHOM BAAKHOCTBIO M BO3MOKHOCTEIO BO3-
HUKHOBEHHS TyMaHa. VIcloAb30BaHMe TaKOH 3aBUCUMOCTH IIPH IPO-
rHO3e TyMaHa ¥ OyAeT Kak pas (OU3UKO-CTaTHUCTUYECKHUM MEeTOAOM
IpOrHo3a. 2TOT METOA IPOrHO3a OOBeKTUBEH, AOCTATOYHO MPOCT,
HO3BOARET GBICTPO HOAYINUTE PE3YALTAT IPOTHO3a, HO MOMKET UCTIOAD-
30BaThCSA TOABKO PETUCHAABHO.

CHHOIITUKO-CTATHCTHYECKHUI MeTOA MPOrHo3a. B ocHOBY cH-
HOITHUKO-CTATUCTHYECKOTO METOAA IIPOTHO3a IIOAOJKEeHa CTaTHUCTH-
YeCKasl CBSI3b MEXKAY KaKuM-AUO0 ABACHMEM IIOTOABL ¥ TOU CHUHOIITH-
YeCKOU CHTYallMel, B KOTOPOU 3TO ABAeHME HAaOAI0AaeTCs. AaHHBIN
MEeTOA, KaK ¥ NIPEAbIAYIINN, OO BEeKTHUBEH, IIPOCT, OBICTPO O3BOASET
IIOAYYMTDH PE3YABTATHI IPOTHO3a, HO TOXKE ABASETCS PETMOHAABHEIM,

KomnaekcHOe HCIIOAB30BaHHNE BCEX CYHIECTBYIOHIMX METOAOB
IIPOTHO3& HOTOABI, IIAIOC HAAMYHeE OIBITa PabOTHI, IAKOC 3HAHME MeC-
THBEIX OCOOEHHOCTEN BOBHUKHORBEHUS ONACHBIX IBACHHUH IIOTOARI I10-
3BOASIET METEOPOAOIHYECKON CAY>ROe YCIellIHO PelllaTh IOCTaBACH-
HbIE IIepea Hel 3apauul.

14. TIOTOAA Y AAMUHMCTPALVA PETMIOHA

OueHb TSKEAO AAKEe HAaYMHAThH, @ He TOABKO ITUCATEH 3TOT pas-
2eA. Aeno B TOM, 4YTO METEOPOAOTHYECKas CAY KOa B Poccuu oTHOCUTCS
K FOCYAQPCTBEHHOM CAYKOe, T.e. (DHHAHCUPYETCA U3 F'OCYAAPCTBEHHO-
ro SrwoaXeTa. DTO 3HAUMT, YTO OHA (hPHHAHCUPYETCS IIA0X0. B GropKeTe
Poccun 1 Bcex cyOBEKTOB (hepepalliy HeT OTAEABHOMH CTPOKH, IIOCBS-
HIeHHOM (PMHAHCHPOBAHHIO METEOCAYKOEI. MEI HAEM IIOA AMTEPOM
«IIpoune pacxoarbi». BOT OTCIOA@ ¥ HAUMHAIOTCS BCE HAITM OEAHL.

— B cBoux paGoTax ¥ 0TYeTaX TelepelHUH PYKOBOAUTEAL POCTHA-
pometa A. Y. Beapuiikufi IPHBOAUT HECKOABKO HHTEPECHBIX HUdp:
~  MeTeopoAOrmyecKas CAykOa Poccum — npubwIAbHas cAy»kOa.

OAMH py6OAD, BAOKEHHEIH Ha COASPIKAHNE HAY PA3BUTHE METEO-

CAY>KOBI, YMeHbIIAET 3KOHOMUYeCKHe IoTepu Poccum wa 8,3

pyOasi. BoT ecau 65l 3T0 GBIAC He YMEeHBUIEHNE IIOTEPE, & IIPH-

GBIAE B 8,3 pyOast, TO TOraa ObI K Hallle# CAY>KOe OTHOCHUAMCH OBl

C OOABIIIEM YBa>keHHEM;
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—  eXeTOAHO NOTEepH HAPOAHOTO X03s¥cTBa POCCHM OT IIOrOAHBIX
YCAOBHH COCTARASIIOT IpuMepHO 20 MApA. $. Ecan MeTeocayk6a
COBCEM ITepecTaHeT pafoTaTh, TO 3TH IOTEPH YABOATCS U GyAYT
pasusl 40 Mapa. $;

—  BHAaCToOsAIIee BpeMs HelpeAOTBPATHMEIS TIOTEPH OT IIOTOABL AAST
HAPOAHOTO X035HCTBA B CPeAHEM CoCTaBAdoT 50-60%, morepw,
KOTOpEIe MOXKHO IIDEAOTBPATHUTD yKe CeMuac, BOCIOAL30BaB-
TIVICH CIIeITHAAM 3UPOBAHHEIM IPOTHO30M, OAM3KHY K 20-30%, a mmo-
TepH, KOTOpble MOKHO HPEAOTBPATHTE B BYAYIIIEM, COCTABASIOT
10-20%; '

—  OCHOBHOM ymep0 OT rTHAPOMETEOPOAOTHYECKHUX YCAOBUM HECYT
CAEAVIOIIHE OTPAaCAH HaPOAHOI'O XO34MCTBa; arPOIPOMEIIIACH-
HEBIY KoMIiAeKC (60% ot obiero yiiepba 110 CTpaHe), 3HepreTu-
Ka (8,5%), TpaHcuopT (8,5%), KOMMyHaAbHOE X038HCTBO (8,9%),
CTpPOUTEABCTBO (6,8%), AecHOe x03sUCTBO (3,1%), cBSi3h (2,6%) 1
TOUAUBHO-3HEPTreTUdecKu# KomMnaekc {1,6%).

Camu 1o cefe HudPhI BIIEYATASIOT, OCOGEHHO €CAN BCIIOMHUTD
0 BeAHYHHE TOCYAAPCTBEHHOTO OIOAKETA.

Ecawm ellje pasz nocMoTpeTs Ha HUDDHL, IpuBepeHuEle A M. Bea-
PULIKEM, TO MOJKHO CKa3arhb CAepylolnee. 5e3ycaoBHO, BCe OTPacAr
HapPOAHOT'O XO3MCTBa HECYT 3HAUYWTEALHEIE VOLITKH OT IIOTOAHEIX
ycaoButl. 5e3ycaoBHO, BCe OTPACAY HAPOAHOT'0 X035 CTBRA 3aUHTEpe-
COBAHLI B CBOEBPEMEHHOM MTOAYYEHHMH IPAMOTHOIO CHELHAAH3INPO-
BAHHOTO IIPOTHO3a. be3yCcA0BHO, 06eCcneunTh CROeBPEeMeHHO BCe OT-
PaCAM HaPOAHOI'O X035 CTBA TPAaMOTHBIM CIIEITHAAN3UPOBAHHEIM IIPO-
THO30M IIOTOABI MOJKET TOABKO TaKasi MeTeoCAy>K0Ga, KOTOpasi oTBe-
yaeT COBPeMeHHBIM TPeGOBAaHKAM U OCHAIeHAa 110 IIOCAEAHEMY CAO-
By TEXHHKH. be3yCAOBHO, TaKO€ OCHAINleHHe MeTEOPOAOTHIECKOH
CAY>KOBL CTOUT ACHET, M HEMaABIX, KOTOPHIX HeT B 61opkeTe Poccum.
BezycaoBro, MeTeocayR0a AOAKHA DHHAHCHPOBATHCS K3 GI0AKETOB
TeX OTpPaCAed HapPOAHOTO XO35IMCTBA, AAS KOTOPHIX OHa paspabarki-
BAET MPOTIHO3HI MOTOAHI.

Taxkum 006pazoM, eCAM TaKKe OTPACAH KaK CeAbCKOe X03AlCMBO,
3HEepremuxa, MPAHCNOPI, KOMMYHAALHOE X03AUCIMBO, CMPOUMEAb-
CIMBO, AECHUA NPOMBIWAEHHOCHE, CBA3b U TOK O6yAYT mepepaBarth
9aCTh CPEACTB, KOTODEIE IIOMOTAA UM C3KOHOMMTE METeOCAYKBa, Ha
opAepsKaHue 3TOM CAYKOEL, TO MPOOAEM CO CHeIHAAM3UPOBAHH -
MM [IPOTHO3aMH AASI OTAEABHLIX OTPaCcAeH HAPOAHOTO X035HCTBa OBIAG
OFBI 3HQUHWTEABHO MEHbIIE.

AaBaiiTe HEMHOXKO rocuuraeM. Mrak, 1o aAaHHEIM Pocruapo-
MeTa yXKe ceryac, IpaMOTHO MCTIOAb3YS CIEeNMAaAN3UPOBAHHEIE TIPO-
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THO3BI HOTOART, HAPOAHOE X0351HCTBO Poccum MOXKeT IPEeAOTBPATUTE
20-30% Bcex noreps. [ycts ato 6yaer 20%, T.e. 4 Mapa. $. Ecam us
STHX CPEACTB BCero ¢ HePEeAaBaTh Ha COAePIKaHUe METEOCAYKOEI, TO
MeTeOCAYK0a OT moTpebuTeAel cBOer nHpopManuu 6yaeT IOAYIaTh
€ eroAHO 0KoAo 1,0 MApA,. §. M 3T0, He cunTasi AeHer, KOTOpbie MOXK-
HO IIOAYYATE OT CPEACTB MacCOBOY MHMOPMAanH, CTPaXOBBIX KOMIIa-
Hul, MuHHCTEepCcTBa 060pOoHE 1 MUC,

Hert cMBICAa TOBOPUTE O TOM, 9TO, MITKO TOBOPSI, B HACTOsLEEE
BpeMsI MeTeOCAYKOa GUHAHCUPYETCS U3 TOCYAAPCTBEHHOTO BFOATK e~
Ta B 3HAYUTEABHO MEHBIINX 00'beMaX. TaKou IIOAXOA K PelIleHUI
npobaeMEl DUHAHCHPOBAHHS METEOCAYKOEI IO3BOAHUT COBCEM IIpe-
KpaTuTh €€ PUHAHCUPOBAHUE U3 BDFOAJKETa I TO3BOAUT BCEM MEeTeOo-
cayx6e, HaYHHas OT CEeTHU THAPOMETEOPOAOTHYECKIX CTRHITHI ¥ KOH-
4asg YYPEKACHUSMH 110 IOATOTOBKE METEOPOAOTHYECKUX KAaAPOB,
AOCTOMHO CYILIeCTBOBATE, PA3BUBATECS U UATH B HOTY CO BpeMeHeM.
EcTecTBeHHO, 4TO, TEpPEX0AS Ha TaKOM cr1ocod hUHAHCHPOBAHMUSI, BCE
NIPaBOBLIE BOIIPOCE! AOAYKHEI OBITH PellleHBl B 3aKOHOAATEABHOM I10-
PSIAKE B IIEPBYIO OUepeAb.

B HacTosiniee BpeMs OYeHb OCTPO CTOUT BoIIpocC 06 ocHallleHun
METeOPOAOTHYECKHX BBIYUCAWTEABHEBIX EHTPOB COBPEMEHHOHN BEI-
YU CANUTeABHOM TeXHUKOU, Enle COBCeM HepABHO CIENUAAUCTHI IO
BBEIYMCAUTEALHOM TEXHUKE (MBI TOBODHAY BaM 00 3TOM 9yTh PaHblile)
OTKa3aAKCH PelIaTh B KOMIBIOTEPHOM BapUaHTe ABE 3aAa4y: UTPATh
B IIaXMAaThl ¥ 3aHUMATHCS paszpadOTKOM IPOTHO30B moroast. Obe 3a-
Aa4u TpeOyroT 0T IBM OrpOMHOT0 ORICTPOACHCTBHS X OTPOMHOTO 00be-
Ma namsati. Ceduac 3TH IPoOGAeMEl BpOAe GBI pellleHE], HO CTOUMOCTh
COBPEMEHHOTO KOMIIBIOTEPA «HEe II0 3y0amM» AAT MeTEOCAYKOEBL.

W emie opHO 0GCTOSITEALCTBO. B IOCAEAHKE TOAR! HPOMCXOAUT
3aMEeTHOEe pa3pyUIeHHe CeTH THAPOMETEOPOAOTHYECKHUX CTaHIUH,
3HAYMTEABHO MEHbIIIe CTaAO 1 METEOPOAOTHIECKUX HaOAIOAATEALC-
KHUX CTaHIUHN, U TUAPOAOTUYECKHUX CTAHHWY U IIOCTOB, U a3POAOTH-
4eCKUX CTAHIIUN, U METEOPOAOTUUECKUX PAANOAOKATOPOB U T.A. MEI
YoKe He TOBOPUMIO O METEOCIIeIMAANCTAX, KOTOPHIE M3-3a8 MU3EePHBIX
OKAAA0B Pa3beraroTcst KTO KyAa. Pa3pyliuTe BCE «A0 OCHOBAHUA» UAH
IIOYTH AO OCHOBAHUS AOCTATOYHO IIPOCTO, HO BOCCTAHOBAEHHE BCETO
PaspymeHHOTO (8 BOCCTAHARAUBATE IIPUAETCS O0sI3aTEABHO) HOTpe-
6yeTr 0YeHb GOABLIMX CPEACTB M 3HAYMTEALHOrO BpeMenu. He xoTe-
AOCB OB, YTOOR! «Ha CAMOM BepPXY», pelilas IPOOAEMEl METEOCAYIK-
OB, BTOPUYHO HACTYTIMAHY O Ha «COOCTBEHHBIE TPabAm»,

W nocaepree. OAMH COBpEMEHHBIHM TTaCCAMKUPCKUN CaMOAET CTO-
WUT {TOABKO «KeAe30») HECKOABKO AECSTKOB MUAAMOHOB AOAAGDOB,
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OAVIH KOpabAb MAK TAPOM — HECKOABKO COTEH MUAAKOHOB AOAAGDOB.
Aaske ecan MeTeochayK0a B TeUeHUE MOA& IPEAOTBPATUT KATaCTPO-
&y TOABKO OAHOTO CAMOAETA U TOABKO OAHOTO IIapoMa, TO OHA yXKe
MIOAHOCTBIO OKYHIUT, M HE OAMH pa3, CBOe TelepeniHee GUHAHCHDO-
BaHue. CMeeM BaC YBEDUTH, YBA’KaEMBIU YUTATEAD, UYTO METEOCAYXK-
6a 0Ka3LIBaeT HapOAHOMY XO34MCTBY 3HAUUTEALHO GOABIIE IOAE3-
HBIX YCAYT, YeM-OAMH CIIaCEHHBIH CAMOAET U OAMH IAPOM.

Takum 06pazoM, MOKHO CUUTATH, YTO OCHOBHBIE TIOTPEOUTEAR
MeTeOopoAOTHYECKOH nHpopMaluy HaM u3BeCcTHE. CAAOBATEABHO,
HaM M3BECTHEI U OCHOBHEIE (IIOKa TOABKO BOSMOXXHEIE) UCTOUHUKHA
bHHaHCHPOBAHKUS METEOCAYKOB], BKAIOUAS U F'OCYAAPCTREHHBIN OI0A-
>KeT. XoueTcs HapesATbCA Ha MyADBIE DellleHMs BCeX, OT KOTO B TOM
WAY MHOY Mepe 3aBUCUT BEICOKHH CTARHAADT ¥ 3KOHOMMUYECKOE MTOAO-
JKEeHUE METeOPOAOTHYECKOM CAYKOHL. Bealb He CeKper, YTO AaXKe B
cpeae «OOABIINX YMHOBHUKOB» DEAKO BCTPETHINb YeAOBEKA, KOTO-
PEIM B TeUEeHHE AHS XOT OBl Pa3 He IHOMHTepeCOBanca Noropou, OueHb
He X04eTCsa 06MaHLIBaTh «GOABIINX AIOACH».

MHorue aBTOpBI IBITAAUCH K IBITAIOTCS OLEHUTE TOT SKOHOMU-
YeCKuH yuiep6, KOTOPHIY HAHOCAT OIIaCHEIE U HeOAAronpusTHEIE STB-
AeHUS IOr'OABlI HADOAHOMY XO3SHUCTBY. 3peCh HeAb3s He BCIIOMHUTE
namux yyesslx H.A.barposa, I".I'T. BumGepra, E.E. J)Kykosckoro, B./.
Konapatioka, 2.M1. MoHOKpOBHYa U OCHOBATEAs 3KOHOMHYECKOMH
MeTeopororuu AA. XaHAOXKKO.

MErl He 6yAeM aHaAM3UPORATH U Pa3bUpaTh «II0 KOCTOURAMD»
MOAXOABI K PeIIeHUIO NIPOGAEMBI ADYTHME aBTOPaMH, & IPEAAOKUM
CBOM MOAXOA, KOTODHIY, Ha Halll B3TASIA, He AHIIEH 3APaBOT0 CMEICAA.

Cravana MBI HOAOIIAM K PELIEHHIO AAHHOH IPOOAEMEI C ABYX
CTOpPOH. MBI OLEHHUAH, K@KUEe ONaCHBIE SBACHUS MOTOALI BAUSIOT Ha
TY MAY HHYIO OTPaCAb IPOMBIIIACHHOCTH (HAIPHMED, Ha AeCHOE XO-
39HWCTBO BANSET CUABHBIN BeTeD, IPO3LL, BEICOKAS 110’KapPOOACHOCTE
KU T.A.), & 3aTeM YPKe OL@HHUAM Ha KaKue OTPaCAY BAHAET TO UAK MHOE
OIlaCHOe SIBA€HHE IOrOABl (HalpUMep, CHABHLIM BeTep OKAa3LIBaeT
3aMeTHOe BAUSHHIE Ha CeABCKOE XO035IMCTBO, A€CHOE XO3AHCTBO, KOM-
MyHaABHBIE CAY>KOBI U T.A.). B pe3yabTare yuera TOABKO OCHOBHEIX
NPUYMH, 13-3a KOTOPHIX BO3HMKAIOT 3KOHOMHYECKUE IOTEPU B OT-
PACAHU, MBI IIOAVYMAY CACAVIONIYIO KADTHHY.

Brlre MBI Ka4eCTREHHO (OUTH 6e3 1udp U CyMM) OI[€HUAM IO~
Tepy, KOTOPHIe HeceT HapOAHOe X03giCcTB0 Poccuy 0T OMacHEIX U
HeOAAroIpUSATHBEIX SBAeHUH Noroabl. Hiske GyAyT NpuBeASHE! pas-
AWYHEE OUEPE], KOTOPEIE [TO3BOAST OLIEHUTH BKAGA TOIO UAM MHOTO
OIIaCHOTO SBACHUS Ha HEKOTOPHIE OTPaCAH HAPOAHOTO X0O3STHCTRA.
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Bce nudprr pAaBaruce ¢ GoAbIINM TPYAOM. K coRareHuIo, METO-
AUKa OIleHKH TOTeph OT MOTOAHKIX YCAOBHI ITOKA el He paspaborTa-
Ha. ToABKO CYyMMUPYS M 8HaAU3UDPYS OTAEABHYIO Pa3PO3HEeHHYIO HH-
dopManyio, YAGAOCH IOAYIUTE OPUEHTUPOBOYHYIO OHEeHKY BAUSHUS
SIBAGHHMY OTOAERI HA Pa3AMYHEIE OTPACAHM X03sHCTBa. Ml He GyaeM
YTPY>KAQTh Bac, YBa’kaeMEIM YUTaTeAk, BCEMU TOHKOCTSMU HalIUX
pacueToB. ITpoCTo CKaXeM, YTO B KaUeCTBe MCXOAHOM uHGopManuu
HaMW NCIOAB30BAAMUCEH AGHHEIE O TIAOIINAAM TOTO UAU HHOTO PeruoHa,
KOAMYECTBE XUTeAeH, IPOKUBAIOLIUX B TOM UAHU HHOM paloHe, AaH-
HEbIe 00 UHTEHCUBHOCTHU TPAHCIIOPTHAIX IEPEBO30K B PA3AUYHBIX pe-
rMOHaX, HH(OPMAIUIO O AECHEIX HOXKapaX ¥ HaHeCceHHOM yiepbe,
KOTOPYIO MOJKHO «BEIYAMTEH» U3 Hamnx CMU. Tak Kak ncxopHas UH-
dhopManyig MoAyYeHa B pa3Hble FOABL, TO AAS DOABIIEH CTAaOMABLHOCTH
pPe3yAbTaTOB BCE CYMMEL, BCe HOTepU OYAYT HaMU YKa3aHBI B AOAAA-
pax, a He B pyOASX.

Bot mpumep mammx pacueros. M3 pamnnasix LICY uzeecTtHO, 9TO
CeAbCKOXO03AHCTBEHHEIE YTOALS ([IalllHs, CEHOKOCHI, NacTOUINa U
capbt) B Poccuwm cocraBasior 222,3 MaH. Ta. [To pannsiM Pocruapome-
Ta CEeABCKOE X031 CTBO Poccuy e3XxeropHo TEPIIUT YOBITKY OT OTaCHBIX
¥ HeGAATOIPUSITHEIX SIBAGHHH HOTOAEL B pasMepe 10 mapa. $. ITpocrast
apu@MeTHKa TOBOPHUT O TOM, YTO Ka>KABIM IeKTap CeAbCKOXO35MCTBEH-
HEIX yTOAMM HeceT yORITKY B pasMepe 453, 13 Koropsix 30 — HenpeaoT-
BpaTUMEIE IIOTEPH, @ 38 OCTaABHEBIE 15 MOKHO «ITOOOPOTHCA».

AHarOTUYHEIM 00pa3oM HOAYYEHEI U OCTaAbHBIE pellepHBIe
nudpel. BOT HECKOABKO OPUEHTUPOBOYHEIX IIU(P, KOTODPEIE MOTYT
OBITH OTIIPABHBIMY [TPU PEIIeHUU CaMBIX Pa3HOOOPAa3HEIX 3KOHO-
MUYECKUX 3aAQY:

. Cpeassisi BeArdMHa yiiepoa OT IIOTOAHBIX YCAOBUH past [ TeTepbypra
1 AeHUHTPAACKOI 06AaCTH cocTaBasgeT 0KoAo 900 max, $ B roa,.

° B Aenunrpapcko# ob6aractu 21.07.1999 roaa HabAOAEACS TPAA,
pasMepoM A0 5 ¢M B pmameTpe (8ec rpapvH A0 50 r). Yiiep6 or
TAaKOTO TPaAa CoCTaBuA okoao 400 tric. §.

. ITpopaareHME OTONIUTEABHOTO Ce30Ha B I leTep6ypre TOALKO Ha OAHU
CYTKU [IPUBOAUT K AOTIOAHUTEALHBIM 3aTpaTaM B 170 Teic. $.

e  Ha oroineHue 0AHOTO KBAAPETHOI'O METPa >KHAOM IAOIIAAH B
roa 3aTpavyMBaeTcs npuMepro 3 $.

. ITpu pa3zyMHOM OTOUAEHUM .(HO CYUIECTBYIOIIMM HOPMAaM)
yMeHblIeHIe CPEAHEeCYTOUHOM TeMIlepaTyPE Ha 1 rpapyc npu-
BOAUT K ACIIOAHUTEABHBIM 3aTpaTaM TOABKO Ha €BpPONEeNCKOH
teppuropun Poccun B 700 TrIC. $ 8 CyTRY,

. B Espore 1 KBT/4 3AeKTPO3HEpPIUU CTOHUT B cpeaHem 0,04 §.
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OpWH MOTOHKBIM METDP COBPEMEHHOMN B3AETHO-IIOCAAQYHOM IT0-
AOCHI cTOUT 0KOAO 20000 $, a moronuein MeTp COBpEMEHHOI/I aB-
tocTpaasl — 7000 $.

3aKphITHe BCeX a3ponoprtos Poccuy Ha 1 9ac IPHHOCHUT YOBITKH
B 300000 §.

OpHa TOHHA aBUaAlMIOHHOTO KepocuHa cTout npumepHo 200 §, a
Ty-154 3a 0AMH Yac TOAETA «CBbepaeT» OKOAO 7,5 TOHH.

OpuH yac paboTHE TEXHUKH [I0 OYHCTKe a3poApoMa [TyAKoBo oT
cuera crout npumepro 3000 3.

PaGoTa 0AHOTO TPAaKTOpPa 110 OYMCTKE YARII OT CHera CTOUT OKO-
70 10 $ B gac.

OpHOpa3zoBag MOCHINKA Beex yaun letepOypra necouno-coae-
BOM CMeChI0 CTOUT OKOAO 240 Tric. $. C OAHOM CTOPOHEI, 3TO,
KOHEYHO, MHOTO, HO C ADYTOM — 3TO BCETO-TO ABA-TPH IPUAMY-
HEIX «Mepcepecar.

DKOHOMHYECKHEe IIOTEPH II0 AOIIOAHHTEABHOMY YXOAY 3d AOPO-
TaMM ¥3-3a HeOAQronpUsATHEIX TOTOAHBIX YCAOBHUM COCTABASIOT
25 te1c. $ B roa Ha 100 kM popor.

CTo¥MOCTb BOCCTAHOBAEHMSI OAHOTO OODEIBA BO3AYIHHOMN AMHIH
CBA3M cocTaBasietT oKoAao 5000 §.

CTOMMOCTE BOCCTAHOBUTEABRHEIX pador B [lerepGypre npu pas-
AMYHBIX IOBPEXAEHMSX M3-38 CUALHOTO BeTpa COCTaBASIET B
cpeateM 100 Teic. $ Ha OAHO IOBPEXACHHUE.

OpHa rposa B cpepHeM HaHOCHUT yOBITKM HADOAHOMY XO3AHCTBY
B 70 TriC.§.

B Aecy Ha opAHOM rekTape pacret okoao 100 kyGoMeTpoB Aeca, u
ecAM AecC TUOHET M3-3a Ho’Kapa MAHM [0 ADYTMM IDHYMHAEM, TO
yep6 cocrasasier 10008$.

IMpocroit oaHOTO GallleHHOTO KpaHa B TeYeHHe Jaca oGopayu-
BaETCs AASI CTpouTeAeH yiepbom B 150 §.

BoccraHOBAGHUE OAHOM OMODPH Maructpasbuon AT o6xoamT-
cst sepreTukam B 200 ThiC. §.

ITpocrort Ha AMHIK OAHOTO BaroHa TpaMBasi, aBTOGYCa UAY TPOA-
Aeiibyca o6opaduBaeTCs AAS TPAHCIOPTHOTO HPEANPUSATHS
yiep6om B 7-10 $ 3a yac mpocTosi B TOopoAe C HACEAGHHEM AQ
500 Te1C. yenoBek u B 10-15 $ - B ropoae ¢ HaceaeHHEeM GOABILE
500 TEIC. UenOBEK.

BHe BCAKOTO COMHEHHMS, BCe NIPUBeAeHHEBIe HUQPH MOTYT OBITE

VTOYHEHE B pe3yAbTaTe OOAee AeTAaALHOI'O aHaAu3a H0Aee AOCTOBED-
HOM nHGOpMaNUH.
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Hy a «roay6as MeuTa» aBTopa CO3AATE 10 6e30yMaKHOM TeXHO-
AOTHH «ATAAC SKOHOMHWYECKUX OTePh HAPOAHOTO X03aMcTBa Poccuu
OT HeGAATOIIPHATHRIX ¥ ONACHEBIX SBACHHH IIOTOABI». XOTEAOCH OFL,
YTOOBI 3TOT ATAAC IMO3BOASIA U3 0a3bI AAHHBIX « BBHITACKUBATE» AFOOVIO
uHGOPMAIHIO, B AT060OM COYeTaHUH ¥ MPOBOAUTH AASE BBIODAHHOIO
aKeTa H3OAUMHYU TOTEPh IO PepAeParbHBIM OKPYTaM HAYM CyOBEKTaM
deaepaumu Poccun.

Ha maim B3aTAsia, IpUBEASHHAS B 3TOM Pasjeie HHGOPMALHI AOA-
JKHa OBITH TOAe3HA DYKOBOAUTEASAM AFOOOTO PEruOHA AAS HPHHSATHUS
IPaMOTHBIX peIUeHHI 10 YMEHbIIEHHIO HOTEPh peTHOHa OT Hebaa-
TFOTIPUSTHERIX ¥ ONIAaCHBIX SIBA€HUM IIOTOABL.

15. TIOTOAA U CPEACTBA MACCOBOM MH®OPMALIMM

TTokaAyi, HeT HU OAHOTO ePHOAMYECKOTO M3AAHMSL, HU OAHOM
PaAMOCTaHIIMY, KOTOPHE B TOM MAY UHOM (HOopMe He COOBIIaAH OB
CBOWIM YMTATEASM, 3PUTEASIM HAHY CAYIIATeAIM HHPOPMALUIO O IIOT0-
Ae. AeliCcTBUTEeABHO, TOT0AA MHTEepecyeT Bcex, ¥ Bce CMMW 3aunTepe-
COBAaHEL B IIOAYYEHHUU AOCTOBEPHOM MHMOPMANUM O IOTOAE U IPO-
rHO3aX MOTOALL ECTeCTBEHHO, YTO «CHPOCY» Ha IIOTOAY BO3pacTaeT
IepeA BEIXOAHBIMU ¥ IPA3AHUYHBIMU AHIMH, B IEPHOA BO3MOXKHEIX
BECEHHHX ¥ OCEHHUX 3aMOPO3KOB, B nepuop cbopa ypoykas Ha pad-
HEIX y9aCTKax U T.A.

Cnocofbrl peAcTaBAeHES HHGOPMANUK O IOTOAE B IIPecce BO
MHOTOM 3aBUCST OT XYAOKECTBEHHOTO BKyCa B IPOdeCcCHOHAAR3MA
PeAaKTOPa, a TAK Ke OT (PUHAHCOBBIX BO3MOKHOCTEN U3AAHMS (KOM-
nanun). besycaosHo, 3a nHMoOpManuo o norope sce CMU maarar
Pa3AMYHEBIM METEOPOAOTMYECKUM OpraHU3alusIM MAN YACTHEIM AMIIAM
KaKUe-TO A@HBIM, HO MEI C BaMu He 6yaeM 0OCy>KAATh (PHMHAHCOBYIO
CTOPOHY BOIIPOCa. 3TO AEAC MeHEAKEPOB. 3AeCh XOTEAOCE BB OCTa-
HOBUTLCHA Ha Tpex npobieMax.

Bo-mepBuIxX, ecau B3sTh U3 pa3zHblx CMU nHGOPMATHIO O IOT0-
A€ AASI OAHOTO ¥ TOT'O ’Ke pa¥oHa Ha OAWH M TOT XK€ CPOK, TO «Pas-
6poCc» pes3yABTAaTOB MIPOTHO3a OKAXKEeTCs OTPOMHEIM. OTO IPOU3E0-
AUT OYeHb HeNIPUSATHOE BIIeYaTAeHYe, 0CODEHHO, €CAM CPa3y Mpoyn-
TaTh MAY IPOCAYIIATH HECKOABKO PA3HBIX NCTOUHMKOB MHPOPMALUH.
Meskay TeM HU B OAHOM Ira3eTe BBl He HallpeTe AGHHEIX O TOM, OTKYAA
oAyYeHa 3Ta nHopManusa. Ha Haw B3TAsA, 3TO HEIPABMABHO. AFO-
fas razeta, Ar06as mporpaMma TeAeBHUACHHS, AF0Oas PapAMOCTARIUS
BIIPABE «BelLaTh» TO, YTO CUUTAET HY KHBIM, OAHAKO CACAYET CCHIAATE-
¢ Ha ucrouauk ungopmanuu. Ecan nadopmanmsa o morope noAydeHa
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13 KaKOM-AN00 MeTEOPOACTAYECKOM OPTaHU3aIHMH, TO 3Ty OPTaHU3aIInIO
HY>KHO Ha3BaTb. ECAM JKe KaKOM-TO, HyCTh AAYKe O4€Hb OIBITHBIMN, CH-
HONTHK aHaAU3MPOBaA MH(OpMaLio, ToAy4YeHHYo B IHTepHeTe, 1 1o
a7o¥ nHGOPMaNK pa3paboTas IPOrHO3 IIOTOAR], TO HA HALl B3TASIA, CAG-
AyeT Ha3BaTh ¥ (PaMUANIO 3TOI'O CHHONTHKSE, B TOT CaliT B VIHTepHeTe, ¢
KOTOPOTO OblAa B3sITa UCXOAHAS nHGOPManus. Ha xyAolt koHel, rycTs
B rasete O6yaeT HameyaTaHa (MAH Ha3BAHA BCAYX B iepepade) haMuAust
PEAAKTOpa, FOTOBUBHIETO TEKCT C HH(pOpMaI#eti 0 IOToAL.

Bo-BTOpEIX, OueHb gacTo pasanyHsie CMU nepeaatot ungop-
Mallii0 O IOTOAE B PA3HOM IIOCAEA0BATEABHOCTH. AaXKe OpHAa U Ta JKe
pPapMoCTaHIUSL CHavaAd lepeAaeT pAaHHBIe 00 aTMocdiepHOM AaBAE-
HMH, IOTOM O BA@KHOCTY BO3AYXQ, & Ha CAAYIOUIUHM AeHb Ha060poT
(cTpaBeANMBOCTH DaAM HYJKHO CKa3aTh, YTO YV BCEX BCETAA Ha Iep-
BOM MecCTe HHQOPMAIUs O TeMIeparype BO3AyXa, KOTAA IIepeaaroT-
csl AaHHEBIE 0 GAKTHYECKOM NOroAe). Anst CAyILaTeAeH 1 UMTaTerel
3TO He 0YeHb YA00HO. BEIAO GBI HAMHOrO AyUIle, €CAN GBI IOPSAOK
nepeAady 3ToN MHPOpManuu OBIA eAVHEIM AAS BCEX, PelluThL 3TOT
BOIIPOC, B IPMHIUNE, AOCTATOYHO IPOCTO.

B-TpeTnux, cyliecTByeT enie BOT Kakasi npoOaema. AUKTODEI
MHOTHX PAaAMOCTAHIMY (a OHUY «TpelllaT» OOABIIE APYTHX) AAS Kpac-
HOTO CAOBILIA IIOCAE IIPOTHO3a MOTOABI AFOBAT A0BaBAITE BDPa3y, UTo
HaAIOTCA Ha TO, YTO HA 3TOT PA3 WX CHHONTUKH He NOABEAYT. Ecau
XOTHTE, 3TO yXKe IpodeccruoHaAbHAA 00KAa Ha paOOTHUKOB PapUo-
CTaHIMM. JTO, HOXKAAYH, TO e CaMoe, €CAX G5l 1 CKa3aA, YTO HaALIOCh
Ha TO, 4TO, YWTAas HTOT BHIIYCK HOBOCTEH, AUKTOD 3aMKATHCS He BYAET.

16. TIOTOAA U 3AOPOBLE

Oyenb MHOTHE AIOAU PEaTHPYIOT Ha IOTOAY U €€ W3MeHeHue.
PasauunaeiMu aBTOpaMHy B POccum 1 3a pyGeskoM IPeAAOIREHO GOALIIOe
KOAMYECTBO Pa3HOOOPa3HBIX METOAKK K IIOKA3aTeAel AAST OTIpeAcAe-
HUS BAUSIHUS HIOTOAHBIX YCAOBHMY Ha COCTOSHUE 3A0POBBS YEAOBEKA.,
Bce oHI AOCTATOYHO CAOKHEL, IPEAHA3HAYEHEI TOABKO AAS CTICITUAAMC-
TOB ¥ KaK CAEACTBHE - PEAKO UCHIOABIVIOTCS B TPAKTIYECKHX 1TeAsX.

Hamu paspa6oTaHa npocTas METOAMKA ONIPeAeACHUS:Memeopo-
AOTUHeCcKOro ungexca 3goposns (MI3), KOTOPEIY 103BOASET AIOGOMY
YeAOBEKY, CIOCOOHOMY COCUMUTATE CAQUY B MarasmHe, OI{eHUTE, KaK
IIOTOAQ ¥ €€ U3MeHeHHs OyAYT BAUATH Ha €70 CAMOUYYBCTBHE. AAST 3T0O-
IO HY>XHO TOABKO IPOCAYIIATH COOOUIEHKE O HOTCAE, TepepaBaeMoe
110 PaA¥o, ¥ IOCMOTPETH B'OKHO,
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B kauecTBe METEOPOAOTMYECKHUX XaPaKTEPUCTUK, BAUSHLIE KO-
TOPHIX MBI YUUTHIBAEM, BEIOPAHEI, C OAHOM CTOPOHLI, CaMBle 3HAYH-
MBI€, & C ADYTOU - Hanboaee AOCTYITHEIE AAS IOHUMAHUS AtOOEIM de-
AOBeKOM. TaKUMU XapaKTePUCTHKAMHK 0Ka3aAMCh TeMIepaTypa BO3-
AyXa, aTMOC(epHOe AaBAEHHE, CKOPOCTh BETPA, OTHOCHUTEABHAs
BA@XKHOCTB BO3AYXa, HaANIHe 00AaYHOCTH M CCAAKOB, a TAK)Ke BeAU-
YpHa M3MEeHEeHHs TeMNepaTyPhl U AaBASHUS 38 NPONIeAllIe CYTKH.
Wtoro namu rrpu pacdete MW 3 UCIIOAB3YETCS U YINTEIBAETCSI BOCEMbB
XapakTepucTuk arMocdepst. OneHKa BAUSHUS TOTOAL Ha YEAOBEKa
MIPOBOAHMAACKH 10 TAK HA3KIBAEMBIM «GarnaM KOMMOPTHOCTH AASI KaiK-
AOTO 3AeMeHTa oTAeAbHO, Hanbonee koMGopTHEIE 3HAUEHHUS TeMIle-
pPaTypH BO3AYXa, aTMOCHepHOro AABASHUSI U APYTHUX IapaMeTPOB B3s-
TBEI HAMU W3 Pa3AMYHEIX TPYAOB POCCUICKUX ¥ 3aPyOesKHEIX YYeHBIX-
MEAMKOB ¥ GMOAOroB. AAsi KaKAOTO 3AeMeHTa MaKCHUMaABHBIN 0aar KOM-
OPTHOCTH IPHUHST HaMK PAaBHEIM MIATH, & MUHUMAABHEIN - HYARO. KoH-
KpeTHble 3Ha4eHUs 6aAr0B KOMQODPTHOCTH AASL PA3AUYHEIX METeOpo-
AOTHYECKHUX BEAUUYUH IPUBOAVTE 3AECh, [TOKaAYH, HeHeAeCO0OPasHo.

MeTeopoAOruYeCcKUuii MHAEKC 3A0POBBS He AaeT HUKAaKUX MeAU-
IMHCKUX DEKOMEHAALMH, @ TPOCTO [IPEAYIIPEKAAET, KAKOE BAUSHHE
OyAeT OKa3bIBaTh HA BAC CETOAHSINHMAS IOTOAd, U HO3BOASIET ONTHU-
ManbHO CIIAAHWPOBATE Ha AeHb CBOIO MH3IHUECKYIO, AGAOBYIO ¥ HH-
TEAAEKTYAABHYIO @KTUBHOCTB.

HuTepecuon ocobenHoCThI0 MU3 ABASIETCS TO OOCTOSTEABCTBO,
YTO KASKABIF 4EAOBEK MOMKET OHPEACAITh M3 TOALKO IIPUMEHUTEAD-
HO K CBOE¥ peakilMu Ha noroAy. Hampumep, TeMiepaType Bo3ayxa
30°C no of11eli IIKaae COOTBETCTBYeT 0aan KOMPOPTHOCTH, PaBHBLH
3. OpHaKO OAHOMY TIPH TAaKOU TeMIneparype 6YAET CAHIIKOM JKapKo,
U OH IIOCTABUT BMecTO 3 GaAroB |, a ApyroMy 3Ta TeMueparypa noka-
KeTcst KOM(POPTHOH, ¥ MOXKET OIIeHMUTh ee B 5 6aArOB U T. A, B aToMm
CAVYae AOCTHraeTcsi MOAYYeHHe COOCTBEHHOTO (MHAMBHUAYAALHOrO)
METEeOPOAOTHYECKOTO HHAEKCA 3A0DOBbSI, COOTBETCTBYIOMIErO TOARL-
KO Ballleyl peakKniuy Ha noroay. Ha Hamr B3rAsiA 3TO BBITASIAUT AOCTa-
TOYHO AOTHYHBIM, TaK KaK [IOHSATHO, YTO XKUTeAb SIkyTuu Oyaert uc-
OBITEIBATH B COUM TAKOM JKe ACKOMMOPT, YTO U COUMHel B JIKyTCKe.

Ecau M3 onpepeaste 10 GakTHIECKON TOTOAE, TO B 3TOM CAY-
4Jae [MOAYYaeTCs OIeHKa BAUSHUS (DaKTUIeCKOH IIOTOABL Ha YeAOBe-
Ka, T.e. IePUOA ACUCTBHS TAKOM OIeHKH OyAeT HeBoAbIINM. Ecan Ke
onpeaeAsTs M3 1o OporHocTHYeCKOY HHPOPMAINHA (IO IPOTHO3Y
TMOTOABL), TO HEPHOA OUEHKH BAWAHUS IOTOARI Ha YeAOBeKa OYAET
paBeH IePUOAY, Ha KOTOPHIM pa3dpaboTaH HPOTHO3 HOTOARL. Ecal Xe
B KQ4eCTBe UCXOAHOM UHMOPMAIMN MCIOAB30BATHE KAMMATHISCKHE
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XapaKTepPUCTUKH, TO MBI IOAYIUM KOMGODPTHOCTE YCAOBUM IPOSKHU-
BaHus B TOM WAM MHOM pernoHe Poccum K He ToABKO Poccumn.
TIpeaBapHTEALHEIN aHAAR3 HCCAGAOBAHMWH AGA HECKOALKO HEO-
JKHAaHHBIEe Pe3yAbTaTH. Hanpumep, Hanboaee KOMPOPTHEIMH YCAO-
BHSIM# IIPOKUBAHUS HA TEDPUTOPHUM POCCHY SIBASIFOTCSI FOJKHEIE pali-
on®l EYP, 9TO BIOAHE eCTeCTBeHHO, a TakXe [IpuMOpCKul Kpait u
parion KoabiMer, CaMBIMH CAOMKHEIMH YCAOBUSME AAS IIDOKUBAHNST
Ha Teppuropuu Poccuu siBASIOTCSA palioHb ceBepo-3anapa EUP, ce-
BepHas 4acTh KpacHOSIPCKOro Kpas ¥ pavioH o3epa bavikaa. Vicxops uz
CKa3aHHOro, NOKAAYH, €CTh CMBICA IICAYMATH O AOTIOAHHUTEABHEX ALIO-
TaxX ¥ HaAOaBKaX TeéM AMIIaM, KOTOPEIE JKUBYT ¥ PabOTaloT B YCAOBUSIX
TIOBBILIEHHOTO AUCKOMGOPTa. JTO HEIPOCTOH BOIPOC, HO €T0 HEeAeCo-
06pa3Ho 00CYKAATh XOTs OBl Ha IEPBBIX [I0Pax B HOPSAKE IIOCTAHOBKY,
MeTeopoAOTHYECKUM HHACKC 3A0POBBS MOXKET OBITE UCIIOAD-
30B&H DU PEIIeHNH CaMBIX PA3HBIX 33534, O KOTOPHIX Ha HePBHIA
B3TASIA AGJKE U He 3aAyMEIBaelubcs. Hanpumep, MeTEOPOAOTHYSCKU
MHAEKC 3A0POBbBS MOJKET OFITh UCIIOAB30BaH B CIOPTe, OHU3HecCe, BO-
€HHOM AEAE T T.A,
Teneps y>xe MOXHO TOBOPHTE M O 3aPOXKACHUN METEOPOAOIHH
AASE Gu3HecMeHOB. K aBTOPY 3THX CTPOK HEOAHOKPATHO OBpalllarkch
AEAOBEIC AFOAU C IPOCEOOM AQTH ITOAPOOHBIM IPOTHO3 Ha CAGAVIONIHM
AeHE. Ha BoTIpoC 0 TOM, AAST KAKUX leAeH 3TO HY)KHO, OBIA IOAYYEH
OTBEeT, UTO Ha 3@BTPa HAMEeUEeHO AeAOBOe COBElIlaHKe, U «Halll TPOCH-
TeAb», 3Hasl, 9eM OOACIOT ero yYacTHHKH (KaK OHU PearupyioT Ha Ty
HMAYM MHYIO IIOT'OAY), XOUEeT 3TO YIECTE IIPH 3aKAIOUEHUU CAEAKH C KEM-
HUOYAB M3 yIaCTHUKOB COBEIaHUs C OOABIIEH AAST ce0st BRIroAOH. Tax
YTO HOroAQd CTAHOBUTCS HE TOABKO 3A€MEHTOM 60€BOM 0OCTaHOBKY, KaK
TOBOPSIT B apMUHM, HO ¥ SAeMEHTOM CIIOPTUBHOM ¥ AGACBOM OGCTAaHOBKH,
¥ Haubonee AAABHOBUAHEIE AIOAM CaMBIX PA3HEIX Cep ACATeABHOCTH
3TO HRUUHAIOT IOHMMAaTh ¥ YYUTHIBATh U MCIIOAB30BATh B CBOEH pabore.
U ansi IOSICHEHUS CBOEY MEICAY O 3aPOKASHVH METEOPOAOTUHN
AAST DU3HECMEHOB MAU AGAOBOM METEOPOAOIHMH BOT TAaKOM IIpuMep.
Ecau s 3Har0, YTO MO¥ LIed AIOOUT SICHYIO U THXYIO IIOTOAY ¥ OYeHb
pasppaXkurereH B AOXKAB, KaK BB AyMaeTe, CTOUT ¥ Hero IpoCHUTh
Hap0aBKy K 3apHAaTe, €CAH 32 OKHOM AMBEHB?

17. TIOTOAA Y CIIOPT

Tloropa u cnopt OYeHb TECHO CBSI3aHEI MeXAy coboil, I'pamoT-
HBIN TPEHep, IPaMOTHAIHM CHOPTCMeH 00643aTeAbHO AOAKHEBI YIHUTHI-
BaTh XapaKTep MOTOAHEIX YCAOBHM B IePUOA COPEBHOBAHUH (IIPOTHO3
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MIOTOALL}, @ TPEHEP AOTIOAHUTEALHO 00513aH 3HATH PEaKI[HI0 KaXKAOTO
CIIOPTCMEHAa Ha TO UAU HHOE SIBAEHUE TTOTOABI.

Suauenus MWU3, ocobenno unpusupyassuoro MWU3, u paspa-
6oTaHHbBIE MPOTHO3E TMOIOABL HOMOTYT CIIOPTCMEHY U eTO TpeHepy
OLPEASAUTH TAKTUKY BEAEHUS CIIOPTUBHON OOPHOEI B ATOOOM BHAE
CHOPTa, AAKE eCAM COPEBHOBAHUSA MPOBOAATCH II0A KDBINIeH, UAK
BEIOpATh HAMAYYIINM COCTAB CHOPTUBHON KOMAHARL Ha ACHL COPEB-
HOBaHUM. [TpeATIOAOKUM, ITO TPEHEPY IO AeTKOM aTAeTHKE Heo0X0-
AVMO M3 TIAITH KAHAWAATOB BEIOPATH OIITHMAABHBIN COCTaB KOMAHABL
arst actaderroro Gera 4x100 MeTpoB. Ha mepBEIM B3TASA 3A€Ch HU-
Yero TpyAHOTO HeT. Hy>KHO BRAIOYNTE B KOMAHAY TeX, ¥ KOO K 3TOMY
ppeMenu B Gere Ha 100 MeTPOB MOKa3aHH Ay4llIMe Pe3yAbTaTHL. Ha
MIPaKTUKE TaK 4acTo U pAeAaeTcss, OAHAKO eCAY 5 3HalO IPOTHO3 NIOT0-
ABE Ha IIEPUOA COPEBHOBAHU Y UAM IIPOCTO 3Hal0, KaKas TeMIepaTypa
BO3AYXa Ha CTAAMOHE, MOJKHO ITOCTYNIUTE MHa4Ye. ECAM MHe, TpeHepy,
M3BECTHO, 4T0 Ha cTapuoue 6yaet 30°C, a MOl «IIepBBINT HOMep» IPH
TakO¥H TeMIeparype «pacKUcaeT» U He CMOXKeT Kak CAeAyeT npode-
JKATh CBOM 3TAl, TO B 3TOM CAyYae Aydllie AQHHOTO CIOPTCMeHa Ha
3TUX COPEBHOBaHUIX OCAAUTE Ha CKaMeMKy 3aacHBIX. 3aTO B CAe-
AVIOIINH pa3 opu Goree GAArONPHATHOM IIOTOAe MOH «IIePBLIM HO-
Mep» IOKa)keT BCe, Ha 4To OH cnocobeH. IIpaBaa, AAS 3TOTO s AOA-
JKEH XOPOIIO 3HATH BCEX CBOMX CIOPTCMEHOB, 3HaTh IPYU KaKOH I10-
TOAE M Ha YTO OHHU CITOCOGHEI ¥ 3HATE POTHO3 MMOTOABL. JTO OAHA I'PaHb
B3aUMOAEHCTBHS TIOTOABL ¥ CIIOPTA. g

Bropas rpaHb B2auMOAEHCTBHSA IIOTOARL ¥ CHOPTA 3aKAIOYAETCS
B TOM, YTO ITOTOAQ 3aTPYAHSIET, @ HHOTAA U UCKAIOYAEeT BO3MOKHOCTE
[IPOBEASHUS COPEBHOBAHNM Ha OTKPBITOM Bo3ayxe. Hanpumep, npu
TeMIleparype Bo3ayxa HiKe -21°C 0TMEeHSIFOTCS ABIKHEIE TOHKH H3-
3@ BO3MOKHOCTH 0OMOPOXKEeHUS TOHIIMKOB Ha AUCTAHITAU. [IpH TeM-
meparype BoAbI HiKe 22°C B COPeBHOBAHUAX IO TPHATAOHY CIIOPT-
CMEHEI AOASKHEI IIABITE 1500 M B THAPOKOCTIOME, IPH BUAUMOCTHU Me-
Hee 100 M BO BpeMs CHETONIaA@ OTMEHSIFOTCS AU NIePeHOCATCS CO-
peBHOBaHUA 110 6UaTAoHY. CUABHBIY BeTep MelllaeT HPOBEACHUIO
COPEeBHOBAHUY MO IPBI)KKaM Ha ABDKAX C TDEMHOAMHA, @ IITHAB HC-
KAIOY@eT MpOBeASHHE COPEeBHOBAHNH IO TaPyCHOMY coopTy. Kpome
TOTO, IPU NOWYyTHOM Betpe B 2 M/C 1 O0OAee He 3aCYUTHIBAKOTCS pe-
KOpaLI B Gere Ha 100 1 200 M, a TaK)Ke 10 IPEDKKAM B AAMHY # TPOH-
HOM IPBIXKe. [TepeueHtb TAKHUX IOTOAHBIX SBA€HHM, KOTOPEIE KAK-TO
OTPaHHYUBAOT IIPOBEACHNE COPEBHOBAHUHY 110 TOMY UAM UHOMY BUAY
CIIOPTa, MOKHO MPOAOAKUTE. OAHAKO, AdSKe U3 TPUBEACHHBIX IPU-
MEpOB, UNTATEAIO AOAKHA OBITH TOHSTHA CYTE IPOOAEMEL.
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Tperssi rpalb IPOOAEMEBl — CPOKH IPOBEASHUS COPEBHOBAHUM,
Vi3BecTHO, YTO KaAeHAAPE COPEBHOBAHUHN, OCOOEHHO MEXAVHADPOA-
HBIX, COCTABASIETCA 38A0ATO AO KX IIPOBEASHUs. B 3TOM mAaHe aast
ONTHMAABHOIO MAQHUPOBAaHNS (YCTaHOBAEHUS) CPOKOE IPOBEACHUS
TeX UAHM WHBIX COPEBHOBAHNHN 0053aTeABHO HY>KHO VIMTHIBATE KAM-
MaTHYeCKHe XapaKTepPUCTHKY PaloHa, TAE OHM OYAYT IPOBOAUTBCS.
Hanpumep, B patione CanKT-IleTep6ypra B IIepBEIX YHCAGX SHBaps
TIPOBOAUACSI OAMH U3 3TanoB KyOKa Mupa IO ABDKHBIM F'OHKAM (Celi-
Yac 3TH COPEBHOBaHUS He IPOBOASATCH). Bee 3aMeuaTeAbHO, HO Hep-
erie AHU sHBapa B CaHkT-IlerepOypre uacTto GbiBaioT Oe3 cHera, #
YacTO 3TH COPEBHOBAHUS HAXOAMAMCE IIOA YTPO30i# CpbiBa. ECAM 6B
3TH COPEBHOBaHNS OBIAU 38TIAAHMPOBAHE! Ha KOHell PeBpars — Ha-
YaA0 MAPTa, TO TAKUX HPOOAEM CO CHETOM HUKOTAA OBl He OBLIAO.

[To RAMMATHYECKUM AGHHBIM M 10 KAMMATHIECKUM 3HaYeHUIM
MW3 651AM BEIOPaHE! ONTHMAaAbHEIE CDOKY HPoBeAeHUa OAUMIIHNAC-
kux urp B CaeKT-Ilerep6ypre B 2004 ropy, HO, K CORAACHHIO, 5TA
rH(popManus He ObIAa BOCTpe6oBaHa — OAMMIUICKEAE UTPEL COCTO-
sAMCh B AduHax, a He B CaHkT-1letepGypre. A BoT B Adunax, moxo-
JKe, He YUAM KAMMATHUeCKHUe XapakKTepPUCTHKY peruoHa. [1o kauma-
THIECKUM AAHHEIM B AcdbuHax B nepruoa OAUMIUNCKUX HI'P BO3MOX-
HBI AHEM TeMIIepaTyphl Bo3Ayxa 35-40°C (1 3TO B TeHH Ha BEICOTE 2 M
oT HOBepxHOCTH 3eMAn!). He Ayuiie Aut 65110 AASI CIIOPTCMEHOR | 3pU-
TeAel nmepeHecTy Mrpet Ha 60Aee MO3AHUIM CPOK. BeAR ycTpouTeasim

WIrp 1 0 CnOPTCMEHAX, U O 3PUTEASIX CAeAOBAAO OB IOAYMaTh. K aAb, -

YTO 3TOTO HE MPOH30MIAO.

U enre opHA I'paHb B3aMOAEHCTBYS IOrOARL 1 cItopTa. Haur ynu-
BEPCUTET XOTeA YCTRHOBUTD AOTOBODHBIE OTHOWIEHHUS CO CTAAMOHOM
«ITeTpOBCKUI», U AAST PYKOBOACTBa CTAAMOHA pa3pabaThIBaTh IPO-
THO3BI ITOTOABI IO ¥X 3asiBKe. AGAOBEIX OTHOIIEHUH V HAC He IIOAYIHU-
AOCh. AeAO B TOM, YTO KaAGHAAPh COPEBHOBAHUH YTBEDPIKAEH HA TOA
BIepeA, ¥ KaK PaHblle NHCAA0Ch B athuniax: «Mard coCTouTcst Ipu
Atoboi norope». ECAM 5TO TaK Ha CAMOM AeAe (& 3TO Ha CaMOM AEAe
TaK}, TO 3a4eM PYKOBOACTBY CTaAMOHA IPOTHO3 ITOTOARL ¢ AAMUHHCT-
PpaIuio CTAAMOHA MHTEePeCyeT TOALKO HEPBHM U NOCASAHUM CHETr B
TOAY AASL TOTO, UTOOBI 3HATh, KOTA@ BKAIOUUTE, & KOTA@ BHIKAIOUHUTE
noporpes GyT6oABHOTO noAs. C IPOTHO30M NOT'OAEl HY aAMUHUCT-
palus CTapMoOHa, HA TPEHEPCKHUH COBeT Ar000I KOMaHABL A0 KaXKA0-
TO CIIOPTCMEHAa «AOHTH» He CMOJKeT. BOT IO3TOMY MeTeOpOAOTHYEC-
Kasi muopManus B CIIOPTUBHLIX Cepax HOKa He OYeHb BOCTpe6o-
BaHa, OAHaKO, Ha Hall B3TAsA, BCE-TAKU Y’Ke MOXKHO TOBOPUTE O 3a-
PORAEHWH CIOPTUBHOI METEOPOAOTHH.

115




18. TIOTOAA Y XO3AVCTBEHHBIE CTPYKTYPBI

Bce, uro HamMu 6BIAO CRA3AHO BHIIIE, AOAKHO OBIAC YOEAUTE BAC,
YBa’kaeMBIH YHTATEAD, B TOM, YTO IIPAKTUIECKH HeT HU OAHOM OTPac-
A TPOMBIIIAEGHHOCTH, HU OAHOM XO35TMCTBEHHON CTPYKTYPEI, Ha KOTO-
PYIO He OKa3bIBaAM 651 BAUSHHUE YCAOBHUS IOTOABL AdKe @CAH PYKOBOA-
CTBY OTPaCAM Ka>KeTCs, YTO TIOropa Hy HAKAK He MOKET HOBAMSTH Ha
IPOU3BOACTBO, KAYECTBO IPOAYKINUY U, B KOHEYHOM CYeTe, Ha IPUOBIAB,
TO OHO o1mubaeTcs. Beab IpOMO3rAas MOT0AA «AOCTaHET» COTPYAHUKOR
A0GOM OTPACAM CO BCEMHU BEITEKAIOINMY OTCIOAA TIOCAEACTBUSMH.

Ham xoTeAochk 65 0OpaTuTe Ballle BHUMAHUE BOT Ha KaKyio
TpoOAEMY.

B Poccuu cyuiecTByeT akiuoHepHoe obuiectBo «PAO EDSC».
3710, B CBOEM POAE, MOHOIOAUCTEHL. JKUBYT xopoiuo. B Poccuun cyme-
cTByeT aknmoHepHoe o6mecteo OAO «['aznpom». 3To, B CBOEM POAE,
TakXe MOHOIMOAKCTEL YXuByT xopomro. B Poccun ecte Gepepanrcroe
arenrtctBo «Pocruppomer». OHHU TOXKE MOHOIIOAMCTEL, HO HE KUBYT,
a cymecrsyior. [IOYEMY?

MEI 0YeHB AOATO MCKAAU OTBET Ha 3TOT Bolpoc. B pesyapTaTe
MHOTHMX KOHCYABTAIMH CO CIIeUaAUCTaMM CAMOIO Pa3HOoro TOAKA B
o01ieM BUAE HaM IPEACTABAAETCS CACAYIONIAs KAPTUHA.

Bo-mepBEIX, 4TO GBI MBI HE TOBODHUAM, KaK OBl HaM He OBIAOC OOHMA-
HO, CAEAYET IPH3HATh, YTO METEOPOAOTHYECKAs CAYK0a OTHOCHUTCS
K cthepe ob6caykuparus. [Tpoayrnus Hamie# cay>kK6b1 (IPOrHO3EL
TIOTOABI) MCIOAB3YETCS MPAKTUUYECKY BCEMU KakK B AUYHEIX, TAK U B
CAYKeOHBIX OeAdX.

Bo-BTODHIX, B METEOPOAOTHYECKOM CAy>KOe O4eHb HAOXO Opra-
HU30BaHLl MAPKETUHTOBEIE UCCAEAOBAHUS ¥ MeHepXKMeHT. VIHEIMH
CAOBaMU, MbI He 3HaeM, KOMY, KaK 1 38 CKOABKO MOKHO IIDOAGTE HAIy
(MOEOIIOALHYIO) METEOPOAOTHYSCKYIO HHpOopMaluio. Kak HY CTpaH-
HO, HO TypHucTHYecKre GUPMEL, CTPaXOBble KOMIIGHHH, aBTOMOOHAL-
HEI¥ TPAHCIIOPT ¥ MHOTHE, MHOTHe ApyIrue 06xopaTcs 6e3 undopma-
UM O TOTOAE. A BCe AEAO B TOM, UYTO 38 CEPBUCHEIE YCAYTH, €CTE€CTBEeH-
HO, HY>KHO IIAGTHUTH U, €CTECTBEHHO, IAATUTE He xodeTcs. BoT u no-
CTYTIAIOT PYKOBOAUTEAHN (DUPM U HEABIX OTPACAeH TaK, UYTO BPOAe Onl
06xoasaTCs 6e3 AAHHEIX O Tioroae. Ha camom pene a1y QUPMEI HCIIOAD-
3YIOT IPOTHO3 IOTOALI ODIIET0 IIOAB30BAHMS, KOTOPEIM METEOPOAO-
rudeckas CAy>k6a 06g3aHa IPEACTABASTE PYKOBOACTBY PEIMOHOB U
paszandyHEIM rocypapcreeHHEIM CMMU (Beps MeTeopoArOTHYECKAS
cayk0a — rocyAapCcTBeHHas cAyk6a). Taror IoaAX0oA 3KOHOMUT hup-
M€ AEHBTU AO T€X TIOP, TOKA IO IOT'OAHEIM YCAOBUSIM He HPOU30HALT
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Kakoe-T0 «4II», KOTOpoe TPYAHO GEIAO IPEATIOAOIKHUTD 110 IPOrHO3Y
0011ero TOAB30BaHMA. BOT TOTAG «BCIIOMHHAOT» PO METEOCAYIKOY,
BCIIOMMHAIOT 4acTO HeAOOPBEIMU CAOBaMHM B OYeHb YaCTO PyTaloT He-
CIIPaBEAAMBO.

B-TpeThUX, pYKOBOACTBO XO3AMCTBEHHEIX CTPYKTYP 110 HOAYYEH-
HOMY IPOPHO3Y MOTOABI AOASKHO IIPUHSTE TPAMOTHOE ITOTOAQ-X0351H-
CTBeHHOe pellleHre. ITO OUeHb HENIPOCToe AeA0. Aasi Hadana HYIKHO
OBITH I'PAMOTHEIM CIIEIIMAAMCTOM B TOY 00AACTH, TA THI paGoTaels,
¥ He TpOCTO paboTaelllb, @ pyKOBOAKIIL TPOU3BOACTBOM. Kpome Toro,
HY>KHO YMeTb IPUHMMATEL PEUI€HUS U OTBEYaTh 34 HUX. DTO TOXKE
CAOJKHO, ¥ MAAO KTO X04eT OpaTh Ha CeOs «AMIIHIOIO0 TOAOBHYIO OOABY.
TTpouie BCIO BHHY IEPEAOKUTE Ha IA€YU METEOCAYKOH (a MHE Tak
AdAW, MHe TaK Cka3anru). Ho, IOBTOPstO, IPHUHSATE IPABUALHOE, I'Da-
MOTHOE pellleH#e [0 IPOTHO3Y O0UIero NOAL30BAHUS OUeHE CAOKHO, °
¥ €CAM NIPEANIPUSATHE SKOHOMHMT Ha CIellMaAu3HPOBAHHEIX TTPOTHO-
3aX MOTOABI, KOTOPEIE VYUTHIBAIOT €r0 MHTEpPeCH, TO 06sI3aTeAbHO
3aTpaTAT OOABIIYIO CYMMY Ha AMKBHUAAIMIO IOCACACTBHI CBOEH 9KO-
"omuu. ITIpobrema METEOPOAOTHYECKUX PHCKOB M METEOPOAOTUYEC-
KOM «TIepeCTPaxoBKM» - 3TO NpobaeMa 3IKOHOMUUYECKON MEeTeOPOAO-
ran. Me! He GyaeM OCBeUaTs €€ NOAPOOHO, GyaeM CUMTATh, 9TO MEL
ee «0003HaYUAND.

Hy u 4eTBepTas npobreMa 3aKAI0YAETCH B TOM, YTO XOTEAOCH
Obl, 4TOOHI B METEOCAYKO€e TOT, KTO C «COLIKO», OBIA HE COBCEM OT-
CTpaHeH OT «A0XKKH». CIIpaBEAAMBOCTHU PaAU, CAGAYET CKa3aThb, YTO
310 6epd, 3Ta npobaeMa CYmeCTBYeT U, K CO’KAaAeHHIO, He TOABKO B
MeTEeOpPOAOTHYECKOM CAYXKOe.

19. TIOI'OAA M1 DKOHOMMUKA

ANS1 OLIeHKY M @HaAU 38 IIOTEPb SKOHOMUKY TOTO UAKM UHOTO pe-
THOHA OT IOTOAHBIX YCAOBUM HEOOXOAMMO MMETh (3HATh) KAMMATH-
YeCKUe XapaKTePHUCTUKY PETHOHE, XapaKTePUCTUKY SKOHOMHMYECKO-
ro MOTeHII¥AaNA PEeTrHOHAa ¥ 3HATh BeAWYHHY IOTEePb KaXKAOM OTPAaCAHK
OT Pa3sAMYHBIX HeOAQTONPUSATHEIX ¥ OTIACHBLIX SIBACHUM MOrOABL Ta-
KyI0 MH(PODMAIUIO IOAYYHUTE AOCTATOYHO TPYAHO. MeHbiiie BCero
po6AeM BO3HUKAET C NOAYYEHHEM KAMMATHIECKUX XaPaKTePUCTHK
peruoHa — HeoOXOAMMEIe AQHHEBIE €CTh B Pa3AMYHLIX KAMMATHUYEC-
KHUX COPABOYHHUKAX (U 3A€Ch METEOPOAOTHYECKAsA CAYKOa OTKPHITE,
‘AocTymiHa U OecmaaTHal). AaHHBIe 06 3KOHOMMYECKOM IIOTEHIHAAE
PeruoHa MOKHO [TOAVINUTE B CTATUCTUYECKOM VIIPABACHWK Peruoua,
Kaxkasi-To 4acTh 3TOM nHGOPMALINU AOCTATOYHO OTKPHITA, & AASE TOTO,
4ToOB1 cOOpPATh BCe HeOOXOAUMBIE AGHHEIC — IPHUAETCS IOTPYAUTHCS.
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ChoxHee BCero «p00bITh» HHMOPMALHIO ¢ KOHKPETHHIX YOBIT-
Kax (IOTepsix) TOTO AN MHOTO NPEANPUSTHS UAM OTPACAH OT HebAa-
TONPUATHEIX ¥ OTIACHBIX SBACHUM HOTOAEL AaARKO HE BCE PYKOBOAH-
TeAY XOTAT AGAUTHCSA TAKUMHU AQHHBIMHU. OAHAKO TOABKO Ha OCHOBE
TAKUX AQHHEIX 06 5KOHOMHYECKUX IIOTEPSIX MOKHO IPOBECTH AOCTa-
TOYHO IPaMOTHBIN aHAAN3.

HudopManmsa 06 5KOHOMHYIECKUX IIOTEPIX OTPACAM PETHOHA B
COYETAHUHU C KAMMATHIECKUMM XaPaKTepHUCTHUKaMH AdeT BO3MOXK-
HOCTE OTIPEACAWUTH MEMeOPOAOTUHeCKUe pucKU. VICTIOAR3Yd TOAYYEH-
HBIE AGHHEIE O BEAWYHHE METEOPOAOTHYECKUX PUCKOB, PYKOBOAUTEAD
Ka>XAOH OTPACAH, IPEANDPHSATHSA UAM KOMIaHUY AOAXKEH CyMeThb [IpH-
HATE FPAMOTHOE XO35HCTBEHHOe PellleHNe C YIeTOM UMEIOLIerocs B
€Tro PaCHopsKeHUH IPOrHO03a TOroALl. OO 3TOM MBI yITOMHHAaAHY BEINITE.

EcAn BeAMYHHY METeOPOAOTHYECKHX PHCKOB OIPEAEASITh 110
KAMMATHYeCKHMM AQHHBIM, TO MEI IOAYYUM CPEAHIOK BEAWYHHY IIO-
Teps OTPACAH (IPEAITPHUATHS) 38 KAKOHM-TO CPOK (Mecsii, CE30H, TOA).
I'lpu onpepenreHUM BeAHMYHHBI METEOPOAOTHYECKHUX PHCKOB HO AOA-
TOCPOYHOMY IIPOTHO3Y, MBI IOAYYHM HPOrHO3UPYyEMOe 3HaueHHe 3KO-
HOMHYECKHX HOTePE OTPACAH (IPEANPHUITHS) 38 CPOK IIPOrHO3a.

W eme opHO 0OCTOATEALCTBO. B IpHMHIUIIE MOXKHO MOAYIHTD
KaKMe-TO YCAOBHEIE (penepHbie) eAMHUIIE!, YCAOBHBIE IIOTEPHU B OT-
PAcAM Ha eAWHHIY IOPOAYKINU (Takue nudpsl OBIAU HPHUBEACHEL
BEILIIE) OT TOI'C MAY HHOT'O OIIaCHOTO SIBAHHS IIOTOARL, & 3aTeM, C yie-
TOM 3KOHOMMYECKOTO IIOTEeHIMaAa APYroro PermoHa, OIIPEACATITE
BEAUYHUHY MEeTEOPOAOTHMYECKOTO PHCKA (3KOHOMHYECKHX MOTEPEh) B
Ar060M peruone Poccuy, u He TOABKO Poccum.

CAepOBaTeABHO, VUMTLIBAS BCE CKa3aHHOE BEHIIIE, MOKHO CAe-
A&TH BHIBOA, UTO AAS MIPOTHO3UPOBAHMS BO3MOJKHEIX IIOTEPH PEruo-
Ha& OT HeOAArONPHUSITHEIX ¥ ONACHEIX SIBAGHHM NOTOABL, HEOOXOAUMO
NPUHKMMATE BO BHUMAaHUE CACAVIOIIHME MOMEHTHI!

—  5KOHOMHUYECKHH ITOTEHIMAA PETHMOHA, KOTOPHIH OIPeAeAseTCs
KOAMYECTBOM TPYAOBBIX PECYPCOB, 00BEMOM TIPOU3BOACTBEH-
HBIX MOIITHOCTEH NPOMBINIACHHEIX M CTPOUTEALHEBIX HPeAIPHs-
THH, OIPOH3BOACTBEHHEIME BO3MOXXHOCTSIMH CEABCKOTO XO35H-
CTBQ, IPOTSKEHHOCTEBIO TPAHCIIOPTHLIX MarucTpaseit 1 HaAuIu-
€M TPaHCIIOPTHEIX CPEACTB, 00BeMOM HPHPOAHEIX pecypcoB. OT
3TOTO 3aBUCHUT yPOBEHD Pa3BUTHUS OTPacAel, a B KOHEYHOM UTO-
re — pOAB KaKAOU U3 HUX B CTPYKTYpPe PETMOHAABHOTO IPOU3-
BOACTBA (MAHM B CTPYKTYPE BAAOBOTO PeTHOHAABHOTO IPOAYKTA).

—  KAHMMAaTHIeCKHe 0COOEHHOCTH pPermuoHa, OIPeAeAIeMEble IIOBTO-
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pPsIEMOCTBIO M paclipepeAeHHEeM HeOAaroHpHUsTHEIX U OIIAaCHBIX

SIBA€HH TTOTOABL.

AAST OIEHKHU M HCCAEA0BaHUSA 0COOeHHOCTeN (popMupOBaHUSI
yijepfa pernoHa oT HeOAAronpHUsITHEIX M ONACHBIX SBACHH TOTOALI
HeoOXOAMMO CO3AATh MH(POPMALAOHHYIO 633y, BKAKOYAIO[YIO KAHT-
MaTu4yeCcKHue AQHHEIQ, CBEACHHUS O CTPYKTyDe YOBITKOB 110 OTPACASIM
U TIOTepAX pervuoHa OT ONACHBIX SIBA€HHH HOroAbl. BEIGHpast mpons-
BOALHOE COYeTaHWe OTPACAH M OHACHHIX SIBAGHUM MOTOABI, MOXKHO
MMOAYYUTE AQHHEIE 0 pasMepe yilepOa H ero pacipepeAeHuH o Tep-
PUTOPHHU B pa3AMYHLIE TIEPUOARI BDEMEHH.

HaM npeactraBasieTcs, YTO Takasd Dasza AAHHBIX AOAKHA B cebg
BKAIOYATD CACAYIOINE SAEMEHTHL
1.  KaummMaTruuecKyrw MH(POPMALUIO, COAEDKAIIYIC CPEAHEE YHCAO

AHeH C 1e6ATOIPUATHEIME 1 ONTaCHBIMHM IBACHUSAMM IIOTOALE T1O

MecCsilaM U B IIeAOM 3@ TOA,

2. AASIKaKAOU OTPACAK AOAJKEH OBITh CO3A8H NepeveHk Hebaarom-
PUSTHEIX ¥ OTIACHEIX ABA€HHUU IOTOABI C YKa3aHHUEeM HX BECOBBIX
KO3 PHUIHEHTOB IIPH OIPEASACHUH S3KOHOMUYECKUX TTOTEPE,

3. CymMMa CpeAHUX IOTephb AAS KaKAOH OTPACAM PErHoHa 3a TOA,

Bce pacueTsl CBOAATCS K OIPEAGACHHIO CPEAHHX TTOTEPh OTPAC-
AM OT OAHOTO KOHKPETHOTO HOTOAHOTO stBAeHus. Micxoast 13 KAMMa-
TUYECKUX AGHHBIX 0 TOBTOPSIEMOCTH U PacClpeAeAeHHUH HeGAaronpHu-
SITHEIX U OHACHBIX SIBAGHUH IOTOABL, OAYYaeM CBeaeHust 06 yiepbe
pervoHa. B 3aBUCHMMOCTH OT MOCTABACHHOM 3aAa4H, UH(OPMAaIUs
MO’KEeT UMETh Pa3ANYHOe BpeMeHHOe pa3pelleHne, a TaKKe MOXKeT
OLITH IPEACTEBACHA AASL KOHKPETHOIO IYHKTa AU OIPEASACHHOU
TeppUTOPHH. Pe3yApTarsl 00paboTKy MH(POPMALUU BEIBOAATCS Ha
T1e4aTh ¥ IPEAOCTABASIOTCA NOTPEOUTEAIO B YAODHOM AAS DPUHSATHA
pelieHus BHAe — B BHAe TAOAHII, 'PAPUKOB, KapT HAU AarpaMM.

20. TIOTOAA Y SKOAOTUS

B pa3HBIX CAOBApPSX AZETCS PA3AMYHOE, XOTS U MOX0Kee, TOA-
KOBaHMe CAOBA «3KOAOTHA». Tak, B MeTeopororudeckom crosape C.IT.
XpoMopa IPOCTO HATIMCAHO, YTO SKOAOrUs — 3TO VIEHHe O B3auM-
HEIX CBSI39X MeJKAy OpraHu3MaMu ¥ cpepod. CAOBaph HHOCTPAHHEIX
CAOB AgeT 6onee pacHIMPeHHOe ONpeAeAeHUe 3TOMY HOHATHUI0. CAo-
BO «IKOAOTUS» TIPOMBONIAD OT I'PEUECKHUX CAOB 0ikos — AOM, KUAU-
e, poariHa 1 logos — MOHSITHE, yieHHe. JKOAOTUS — 3TO paspen 6uo-
AOTHH, U3YYaIOIHN B3aMMOOTHOIIEHHS OPraHu3Ma ¢ OKpPy»Karoei
cpepoil. BElpeneHME 5KOAOTHY B CAMOCTOSTEABHYIO HAYKY YCAOBHO,
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IOTOMY, YTO AFOOAst OMOAOTHYECKasl AVCIUIIAMHA AOAKHAE paccMar-

PHUBaTh OPTAaHU3M B EAUHCTBE C YCAOBUSIMHU CYII€CTBOBAHMS.

Ha skororuuecKyro o6CTaHOBKY B AOGOM paiioHe 3eMHOTO 111apa
AEHUCTBYIOT Kak TAOOAaABHEIE ITPOIIeCChl, KOTOPhIe MEAASHHO, HO Bep-
HO U3MEHSIIOT OKPY’KaIOUIyI0 CPEAY, TaK ¥ CHHONTHYECKUE ITPOLeCCH],
KOTOPBIE Ha KOPOTKUE CPOK MOTYT YAVUIUMTE A YXYAIIUTE CPeAy O0HU-
TaHU$, T.€. 5KOAOTUIECKYI0 OOCTAaHOBKY B TOM UAHM UHOM PETHOHE.

MHorue yueHEsle B PoccuH 1 3a pyOesKoM 3aHUMAIOTCst FA0GaAb-
HEIMY IPOOAEMaMU U3MeHeHHs KAUMAaTa BCel IAaHeTEl UAY KaKOoTo-
TO OTASABHOTO TOCYAAPCTRa (MaTepuka). [Ipu 3ToM M3y4aroTcd Ipo-
OGAeMBI 3aTPsI3HEeHHs aTMOCGEDH! ¥ BOAHBIX OO0 HEKTOR, COKPAlLleHUs
AECOB, 3arpsI3HeHNs IPUOPE’KHBIX MOpeH, YBeAUYeHUs HAOINAAK Y-
CTBIHB, UCTOIIEHUSI 030HOBOTO CAOS, TOBBIIIEHUS YPOBHA MAPOBOTO
OKeaHa M yXyAHIeHHs 37A0POBBsI HacenreHUst. Kpyr rn06aAbHBIX KO-
AOTHMYECKUX TPOGAEM AOCTATOYHO BEAVK U PAa3HOOOpa3eH. ‘

XOUeTCss IPUBECTH 33eCh HECKOABKO «TAOGAABHEIX» NUEP, KO-
TOPEIE TTOKa3bIBAIOT, KaK 6&3KaA0CTHO YeAOBEK OTHOCHUTCSI K CBOeH
cpeae OOUTaHUS: ‘

—  AQ HAYAaAA 3eMAECALAMS Ha IAaHeTe 3eMAS AeCa NIOKPLIBaAH 62
MAH. KM? CYIIIH, @ Cefuac — TOABKO 36 MAH. KM%

— B CpeAHEeM Ha Ka>kAQTO KUTEAT IIAGHEeTEl eKeropAHo A0OBIBaeT-
€51 OKOAO 20 T CRIPBS, KOTOPEIE ITepepabaTEIBaIoTCA C UCIOAB30-
sanueM 800 T cBexxelt BoAB! M 2500 BT MomiHOCTH. A BeAb IOAY-
YeHHBIe 13 3TOTO CHIPbsI IPOAYKTEL HOTPeOASHUS — 3TO TaK Ha-
3BIBAEMEBIE «OTAOKEHHEIE OTXOABI;

—  IPOAYKTHI HOTPeOACHUST AT KAXKAOTO YeAOBeKa OOXOASITCS Ma-
TYlIKe-TIIpupoAe nepemelnenneM npuMepto 400 T ropaON no-
POABI B TOA, & TAK)Xe HapyluleHueM 2 M2 HOBEePXHOCTH 3€MAL;

—  MOIIHOCTBL BCEX BYAKAHOR U reii3epor Ha 3emae ipuMepHO B 100
pa3 MeHbllle aHTPOHOTeHHON MOIHOCTH, TOAYIaeMolH 3a CYer
COKMTaH¥s UCKOIIaeMOoTo TOIAHERG, T.€., YeAOBeK npuMepHOo B 100
pa3 OoABIlle 3arps3HseT aTMocdepy, YeM 3TO MOKET CAEAATh
caMa IPHUPOAE;

—  BPoccuu B 1991 ropy cymMMapHsie BEIGPOCH 3arpsI3HAIONINX Be-
IeCTB B aTMOC(Hepy, OCHOBHYIO POAL B KOTOPEIX UTPAIOT OTXO-
ABI OT COKUT@HUS TOIIAMBE, COCTABUAM 53 MAH. T;

— B Pa3BHUTHIX CTPaHAX MUPA KaKALIM YEAOBEK «CO3AEET» e3Kep-
HeBHO 1,0-2,5 KT OBITOBLIX OTXOAOB.

TaxuMm 06pa3oM, OAATOTIOAYIHASA )KU3Hb UHAYCTPHAABHO Pa3BU-
TEIX CTPAH AOCTUTAETCS O4eHb OOABIION I[eHOH. UTOOEI HOAHSTE YPO-
BEeHb KM3HH BCeX AIOAEN A0 « HOPMAAbHOTO», caeayeT (mo HO.IT. [le-
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peBeaeHIleBy) YBEAUYUTE IIOTpeOACHME ChIPES, JHEPTHE U BOABI XOTS
OBl Ha OAMH HOPSAOK, T.e. B 10 pa3, 0pAHaKO peCcypChi HallleH NAATeTh
He DecnpeAeAbHEL

M1 He 6yaeM DOAPOOHO OCTAHABAMBATLCS Ha TAODAABHEIX 3KO-
Aoruyeckux Bonpocax. OTMeTHM TOABKO, YTO IPHUPOAOOX PAHHAS Ae-
SITeABLHOCTE B AT060# CTpaHe B YCAOBUSAX MHTEHCHBHOTO @HTPOIIOI'€H~
HOTO BO3AEMCTBHS Ha OKPY KAIOULYIO CPEAY AOATKHA PeHIaTh TPUEAHN-
HYIO 38Aa9y: COXPaHeHHe U BOCCTAHOBAEHUE IPHUPOAHBIX SKOAOTH-
YeCKHX CucTeM, obecnederne 6e30aCHOr0 NPOKMBAHMS HACCACHHUS
u obecneyeHe YCTOMYUBOTO PA3BUTHA 3KOHOMHUKH.

ToBOpS © IOrOAE M 3KOAOTHH, B IIEPBYIO O9€PEAb CACAYET U3Y-
4aTh U PaCCMATPHUBATE IPOLECCH], KOTOPhIE MOTYT 3@aMETHO YXYALIUTE
3A0POBBbE AIOAEH, IPOKHMBAIOUIUX B TOM MAHM MHOM PEruoHe. 3aech
CAEAyEeT BePHYTHCSA K TOMY Pa3apeAy KHHI'H, B KOTOPOM MEI PaCCKa3bl-
BAAU O TOM, KaKyIO OTIACHOCTE HPEACTABASIET TO HAW MHOE ONaCHoe
HAM HEOAArOIPUSATHOE siBAeHUE TOoroabl. CTaHOBUTCS OYEBHAHO, ITO
1 C TOUYKHY 3PEHMs 3KOAOTHH CAeAYeT IPOTHO3UPOBATE IIOTOAY, “HMOP-
MHPOBaTDh O MPOrHO3€e MOrOARI HACEASHHE, Pa3AUYHEIE XO3IUCTBEHHEIE
H AAMHHHUCTPATHBHLIE CTPYKTYPE], ¥ YKE 3TH CTPYKTYDH AOAKHEI HPH-
HUMATE I'PaMOTHBIE PeHIeHHsT, UCXOAS U3 HaUIero IIPOTHO3a.

BKOAOTHYECKAS ONMaCHOCTh OCHOBHBIX SIBACHUH ITOTOALI 3aKAKO-

YaeTCH B CACAYIOIIEM:
— Temnepamypa Bo3gyxa — HU3KHeE TeMIEPATYPH IPUBOAST K BbI-
XOAY U3 CTPOSI OTOINHUTEABHBIX CHUCTEM CO BCEMH BHITEKAIONMMHU OT-
CIOA@ TIOCAEACTBUSMY, HYAEBBIE TEMIEPATYPHl — K IOBLIUIEHHOMY
TPaBMaTH3My HaCEAEHHd, a BBICOKUE TEMIEPATYPHl B COYETAaHUH C
TIOBBILIEHHON BAGKHOCTEIO BO3AYXa — K HIOBBIIIEHHOMN BEPOSITHOC-
TH BO3HMKHOBEHHS PA3AHYHBIX 3MHAeMUM. KpoMe TOro, MHBEPCUH
TeMIepaTyphl IPHBOAAT K 00pa30BaHMIO CMOra, 8 HeYCTOHYMBas
crpatuduKanus arMocdephl, Ha0OOPOT, K HOABEMY U IIEPEHOCY BPeA-
HBIX [IPUMECEH Ha AOCTATOYHO BOABIIOE PACCTOSTHHUE,

3mo unmepecHo:

B npecce A1004T TOBOPUTL O TOM, YTO B POCCHM Mar0 BHUMAHUA YAL-
ASIIOT SKOAOTHYEeCKHM npobaemam. [T03KaAy#H, 3TO BEpPHO, HO 3amlap-
HBIM CTPaHaM 10 3TOMY II0BOAY OCOOEHHO OeCIIOKOUTLCA He CTOUT. AeAo
B TOM, YTO CYHIECTBYIOLAs UPKYASIHSL aTMOChePH 0fecreduBaeT 3a-
TIAAHEIM IePeHOC BO3AYIIHEIX Macc. CAGAOBATEABHO, BCE BO3AYLIHBIE
MaCCHI CMell|at0TCs € 3a113Aa Ha BOCTOK. [103TOMY IPaKTHYECKM BCETA
TpY ATOOBIX BPEAHBIX BEIOPOCaX B aTMOC(epy MBI 3aTpsA3HsieM cam ceds,
a ot EBpora HaM B 6YKBaABHOM CMBICAE CAOBA IIOPTHUT BO3AYX.
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— Ammocgeproe gaBierHue caMo 10 cefe He MPeACTaBASLT coBom
SKOAOTHYECKOH onacHocTi. OAHAKO pe3Kue M3MeHEHUS AABACHUS
IPUBOAAT K CHABHEIM BETpPAM, a ¢ HUMHU U K HEIALHEIM OypsAM, U 3Ha-
YUTEABHOMY YXYAUIEHHIO CAMOTYBCTBUS MHOTHX ATOAEH.

—  HHmeHCUBHble 0OCAgKU — 3TO, IPEsKAE BCETo, IPOOAEMEI AUBHEe-
BOYM KaHAAM3aTiViM, Ka4eCTBa NUTHEBOM BOALI, pa3AdHbIe UHGEKIIV-
OHHEIE 3a00AEBaHUS U T.A.

—  CuAabHble BEmpsl U WKBAAL — TAKXKe «AOCTOMHEI» TOTO, YTOOHI
3aHUMATHCS HX IPOTHO30M.

[TepeuncaeHue ONACHEIX U HeOAATOHMPUSATHBIX STBACHHN HOTOADBI
MOJKHO IPOAOATKATDH, OAHAKO 3TO OyAeT y’Ke IOBTOPEHMe TOro, YTO
OBIAO HAaN¥MCAHO BEILIE, BCe ABACHUS MOTOABI HY>KHO U3Y4UaTh, YMETh
IPOTHO3UPOBaThL, YMETh OTI€HUBATH yIeps OT 3THUX SBAECHUHU U Ipa-
MOTHO TIPEAYIIPEsXKAATh HaCeAeHHe U Pa3AWdHbBIE XO35UCTBeHHEIE
CTPYKTYDEI O BO3BMOKHOM OHACHOCTH ¥ 3KOHOMHYeCKOM yiepGe.

SAKAIOYEHHME

BEI, yBaKaeMEIi YMTATEAD, TOABKO YTO 3aKOHYMAY U3YYaTh (4H-
TaTh UAM IPOCMATPMBATH) AaHHOE yieOHOe mocobure. B HeM MEI ITO-
IBITAAMCE OXBATUTh M ITOKa3aTh BaM B AOCTATOYHO IPOCTOM U3A0KE-
HUY MHOTHEe aTMocC(epHble IPOLECCH], UX B3aUMOCBSI3b U UX BAHS-
HHE Ha AEATEABHOCTB YeAOBeKa. B MocoOuM 3aTPOHYTEL BOOPOCH],
KOTOpBIe paHblIe He OOCYKAAAUCE Ha CTPaHUIaX METEOPOAOTHYEC-
KHX Y4e6HUKOB. Be3yCAOBHO, BCEro M3A0KEHHOTO 3AeCh MaAO, OUeHb
MAAO, AASE TOTO, YTOOHL CTaTh ITPAMOTHEIM METEOPOAOTOM. AAst TAYOO-
KUX 3HAHUM MO CHenWaAbHOCTH eCTh XOopoliue y4eOHUKH, TPOMAA-
HEBIe «KupIuYm», OAHAKO eCAM BHI 3aHUMaeTeCh MapKETHHTOM B 00-
AACTH METEOPOAOTUH UAU ABASETECEH IPEACTaBUTEAEM AAA CBS3HU C
OOLIeCTBEHHOCTHIO KaKON-AKO0 METeOPOAOTHYECKOM OPraHu3alliH,
HUAH ABAFCTECH MEHEAKEPOM IO IPOAASKAM MEeTEOPOACTHYECKOM HPO-
AVKIHH, TO 3TO YYeOHOE ToCcoOHe Kak pa3 AAs Bac.

OueHs HapeeMCs, UTO 3TO yuebioe nocobue OyAeT BaM HOAS3HO.

Bce samewanus U NOKeAaHUS, CBA3aHHEIE C COAep)KaHUeEM U
CTPYKTYPOM nocobus, KOTOpEIe aBTOP C OAaroAapHOCTEIO MPUMET,
HAIIPABASIUTE IO aapecy:

Poccus, 195196, Cauxr-TletepSypr, MarooxXTuHCKRH 1p., 98,
PITMY, boratkury Oaery 'eopruesuyy.

E-mail: bogatkin@@rshu.ru.
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FOREWORD

At the end of the previous century our higher education school,
as well as some other institutions, did not experience the best times,
Every institution of higher education faced the problem of surviving.
And every institution solved this problem in its own manner as did the
Russian State Hydrometeorological University (RSHMU).

The university began educating specialists in the fields that were
a bit far from the traditional ones for the RSHMU. We started prepar-
ing specialists in the fields of ecology and natural resource manage-
ment, marketing, management, public relation, and information secu-
rity. It was not only desirable, it was also necessary for survival. Special-
ists in these areas are required for almost all branches of the economy.

The specialists in these new fields are needed to support
hydrometeorological activities. However the education and training
programs for them could be designed in a better way. At RSHMU these
students study for the same period as those studying the traditional
specialities. During this period they are supposed to learn all subjects
concermning economics: MacroeConomics, microeconomics, marketing
etc., and in addition they must learn meteorology, hydrology, and ocea-
nography. Though they are expected to work in these fields, the short-
age of time does not allow them to get proper knowledge of these dis-
ciplines. As a result, the graduates in "fashionable" specialities are
badly educated in the traditional subjects including meteorology. That
is not their fault, but it does cause them problems. Their salary will
depend on the quality of the service they can provide they came work-
ing in. Imagine a public relation specialist (graduated from the
RSHMU) who obtained a job in a meteorological organization. He/
she must know very well what this organization is doing if he/she is to
inform people in the best manner about the potential of the organiza-
tion and its products {for instance weather forecasts). If he/she cando
it well, that person will be a valuable specialist. In the opposite case
he/she will not be needed by the organization.

Being a bit familiar with this "kitchen” within which meteorolo-
gists work, we have decided to write a training aid under the title "Ba-
sics of Meteorology” where important processes taking place in the
atmosphere would be described in a simplified way. To take account
of the scientific/mathematic background of students studying the
humanities, the amount of formulas, mathematical calculations and
deductions has been kept to a minimum. Thus, this training aid is an
ABC book that will allow students to learn the basics of meteorology.
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In the book the basic aspects of the physics of the atmosphere,
dynamic and synoptic meteorology, climatology, and some other
branches of meteorology are described. Where and when it seemed
appropriate, economic problems related to various meteorological
phenomena are also discussed.

This book is intended for the students who are not studying me-
teorology as a basic subject. It will also be useful for the students at
hydrometeorological colleges and pilotschools, i.e. for those who need
fundamental knowledge of meteorology without the serious mathemat-
ics that is required for “big meteorology".

INTRODUCTION

‘We live on the Earth that is one of the planets of the solar system.
We know that the Earth has an atmosphere or air envelope, hydro-
sphere or water envelope, lithosphere or solid envelope, and biosphere
or simply life. Life exists in all these three envelopes. The processes
going on in all these envelopes are interrelated and they are not sepa-
rated from each other. However the science devoted to the Earth de-
veloped in such a way that each of the envelopes was studied sepa-
rately by different specialists. The lithosphere belongs to geologists
and geophysicists, the hydrosphere is the field of hydrologists and
oceanographers, the biosphere is the subject of biologists, and the at-
mosphere is the field of meteorologists.

Meteorologyis the science of physical processes and phenomena
in the atmosphere and their interaction with the Earth's surface (water
and land). The word "meteorology” came to us from the Greeks. It
consists of two words: “meteor” that means any phenomenon in the
sky, and "logos” that means science.

The planet Earth was not always as we know it now. About 4,5
billions years ago a huge rock 13000 km in diameter had been freely
flying in the Universe. Eventually it fell into the gravitation field of the
“yellow pygmy" (the Sun) and became a member of the solar system.
Now we call it the Earth. First the Earth was a big, cold stone. After a
while, inside of this stone, pressure started gradually increasing and
resulted in tremendous temperature rise. Some rocks inside of the
planet melted and volcanic activity commenced.

Erupting volcanoes vented from the inner part of the Earth large
volumes of water vapor and other gases since the erupted products
contained 7% of water (in gaseous form) and 1% of other various gases,
the oxygen being in bonded states only. Ever since the Earth has been
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in existence, volcanoes venting huge masses of various substances have
created the Earth's crust.

About 3 billions years were needed for the water envelope and
the atmosphere to appear on the Earth. The water filling in the low
places formed seas and oceans where a bit later life came into being.

Now, let us turn to the atmosphere. The word "atmosphere” con-
sists of two words: “atmos" that means "vapor” and "sphere” (in Eng-
lish also "sphere”). Aristotle had been known to use this word. M. V.
Lomonosov was the first to introduce it into Russian scientific lexicon.

All biological processes on the Earth are associated with the at-
mosphere. Breathing by human beings and animals causes blood oxi-
dation by the air. When we start a fire to cook our food or to protect
ourselves against cold, we use the oxygen. Also when we speak, we
produce sound waves in the ocean of air. Living on the bottom of this
ocean, we breathe and exist as the fish do in the water.

Experience poses various problems for the world of science. Sci-
entists try to solve these problems by identifying the laws and regu-
larities of the relevant processes, and then controlling them in the fu-
ture. In this context meteorology deals with a similar problem, namely,
to learn the essence of the atmospheric processes with the ultimate
aim to know how to control them. All that we know about the atmos-
phere at present is used to support various practical activities, the most
important of them being weather forecasting. As to the weather con-
trol problem, we are only just at a starting point of its solution.

Meteorology studies many different kinds of atmospheric phe-
nomena. It is natural that meteorologists cannot avoid using many other
scientific achievements and knowledge. Studying meteorology can-
not be done without knowledge of mathematics, physics, chemistry,
astronomy, hydrodynamics, geography and so on.

Meteorology belongs to the family of geophysical sciences such
as hydrology, oceanography and soil science. Processes going on in
the atmosphere are related to those in the Earth’s crust, soil, and water
envelope.

As early as in 19th century, there was a tendency to split meteor-
ologyinto several separate disciplines. At present, meteorology is clas-
sified in the following way.

Physics of the atmosphere (Physical meteorology) studies physi-
cal processes and phenomena observed in the atmosphere. The main
concern of this discipline is the structure of the atmospheric phenom-
ena and establishing relations between various meteorological param-
eters and those phenomena.
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Meteorological instruments and method of measurement creates
instruments and develops measuring techniques that must meet the
requirement of the world standard for correct measuring the param-
eters needed for meteorological activity.

Aerology is the science on the upper levels of the atmosphere. 1t
also includes methods to obtain information about the free atmosphere.
Meteorologists engaged in this activity make measurements and then
analyze the data with the aim of learning about the processes at vari-
ous altitudes. They measure wind velocity, atmospheric pressure, air
temperature and humidity up to a height of 40 km. Such measurements
are made around the world every day with the aid of radio soundings.

Dynamic meteorology studies regularities of the atmospheric flows
and related energy transformations by solving the hydrodynamic and
thermodynamic equations. The main concern of dynamic meteorol-
ogy is the hydrodynamic simulation of atmospheric processes to pro-
duce numerical weather prediction.

Satellite meteorology is a branch of meteorology which develops
methods to study the atmosphere as it is seen from outer space. For
the more than forty years meteorologists accumulated a vast amount
of valuable data and used this to obtain knowledge of the atmosphere
from space. :

Radar meteorology is the discipline to study the atmosphere with
the aid of special radar stations. These stations can detect some phe-
nomena such as thunderstorm, precipitation zone, squall lines and at-
mospheric fronts.

Climatology is the science that studies climates and investigates
their phenomena and causes in various geographical regions. Climate
is the synthesis of the day-to-day values of meteorological elements
typical for a given regional weather regime. The climate is influenced
by the solar radiation influx, the properties of the underlying surface,
and the atmospheric circulation. At present, the theory of climate, dy-
namic climatology, and climate transformation {transitivity of climate)
is receiving more and more attention from the scientific community.

Synoptic meteorology is the science of weather and weather fore-
casting. Theword "synoptic” came to us from the old Greeks, It means
“affording of abroad view". Synoptic method implies that the observed
data are plotted on a geographical map; such a map is called a synop-
tic (weather) map. These maps allow forecasters to study (even to see)
the development of the large-scale processes and, on this basis, to pre-
dict the weather. This method can be used for both short-range and
long-range predictions.
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Applied meteorology serves the needs of various branches of hu-
man activity. Its task is to supply these branches with the information
required to diminish losses from unfavorable weather conditions.

Further division of meteorology is feasible. Some of them have
been long established: agrometeorology, aeronautical meteorology,
biometeorology and military meteorology. However, some are in their
infancy such as economic meteorology, sport meteorology and meteor-
ology for businessmen.

{. COMPOSITION AND STRUCTURE OF THE ATMOSPHERE

In this chapter we consider the composition of the atmosphere and
the characteristics of the various layers of the atmosphere, with empha-
sis on the vertical temperature distribution.

Composition of the atmosphere

The air is a mixture of many gases. Three of them are considered
to be the main constituents of the air: nitrogen (N,), oxygen (O,), and
argon {Ar). The content of them is believed to be almost constant. There
are some variable constituents of the air: carbon dioxide (CO,), water
vapor (H,0), and ozone (O,) are the most important. Besides, “traces”
of neon, helium, methane, hydrogen, and some others can be found in
the atmosphere but their quantity is very small.

If water vapor and carbon dioxide are not taken into account, the
main constituents will occupy 99,97% of the whole atmospheric vol-
ume (nitrogen — 78,09%, oxygen — 20,95%, and argon — 0,93%). The
fraction of the smaller constituents is just 0,03%. On one hand thisis a
very small amount, however, on the other hand it is enough to influ-
ence some processes taking place in the atmosphere. This composi-
tion of the air remains practically constant up to a height of 25— 30 km.

The amount of carbon dioxide amount in the atmosphere is not
constant — it fluctuates depending on the processes of burning and
breathing, and on the vegetation cover in the region. The carbon diox-
ide content in the megalopolises can reach 0,04%, and in the country
0,002%. At nighttime carbon dioxide content in the atmosphere is larger
than at daytime since at night plants do not assimilate carbon dioxide.

‘Water vapor is present in the atmosphere in larger quantities than car-
bon dioxide. Its amount fluctuates appreciably in the range from 0,2 to 4,0%.

Ozone in the atmosphereis present in a very small quantity, namely
10%% of the general volume of the atmosphere. However, even this neg-
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ligible quantity plays very important role as it protectslife on Earth, With-
out ozone life would be quite different or could disappear completely.

Variable constituents are significant because they absorb both
solar and terrestrial radiation {carbon dioxide and water vapor absorb
infrared radiation emitted be the Earth's surface and the atmosphere,
and ozone absorbs ultraviolet radiation arriving at the top of the at-
mosphere from the Sun). Consequently they influence the thermal
regime of the atmosphere.

The air, which does not contain water vapor, is called dry air, and
that containing the water vapor is called moist air.

As result of some natural processes and human activities some
gaseous, liquid and solid admixtures are introduced into the atmos-
phere. The liquid and solid admixtures have the names liquid and solid
aerosols respectively. Some of the air molecules are ionized.

Half of the mass of the atmosphere is found in the lower 5 km
layer, 75% of its mass is found in the layer 0 — 10 km, 90% in the layer
016 km, and the layer 0—20 km contains 99% of the whole mass of
the atmosphere. There is no sharp boundary at the top of the atmos-
phere; it grades into interplanetary space. However, there is some evi-
dence that traces of air (some molecules) can be detected at altitudes
of up to 2000 km.

The vertical extent of the atmosphere is small compared with its
horizontal extent. This results in the vertical scales of the phenomena
observed in the atmosphere being much smaller than the horizontal
ones. Various meteorological structures have horizontal sizes of hun-
dreds or even thousands kilometers, and the vertical ones of only a
few kilometers. Withrespect to its physical properties, the atmosphere
is not homogeneous in either the vertical or horizontal directions. In
the horizontal direction the atmosphere is divided into different air
masses. The property of every air mass depends upon the region in
which the air mass was formed. In the vertical direction the atmosphere
is divided into five main layers called spheres.

Air masses will be discussed in a following chapter.

Structure of the atmosphere

Now consider the atmospheric layers. The main characteristic of
every layer is the vertical temperature distribution within that layer.

The lowest layer of the atmosphere is named the troposphere.
This layer spreads up to 10— 12 km in the middle latitudes, up to 8 —
10 km in Polar Regions, and up to 16 — 18 km in the tropics. The tropo-
sphere is influenced by the underlying surface more than all the other
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~ layers. In the troposphere air temperature decreases with height. The
reason for this is that the troposphere receives the heat mainly from
the underlying {ground) surface. This surface is warmed due to solar
radiation absorption. Therefore it is obvious that the higher the air,
the lower its temperature.

It should be noted that the temperature variation with height var-
ies from place to place and from time to time. We can say the same
about the horizontal temperature variation. It means that the tempera-
ture distribution in space and time is not homogeneous. In turn this
non-homogeneity results in somewhat complicated distribution of the
mass and pressure. Due to the non-homogeneous distribution of the
temperature and pressure, the atmosphere is found to be in constant
motion in both the horizontal and vertical directions. Ascending mo-
tion results in the air cooling, water vapor condensing and clouds form-
ing. The roughness of the underlying surface influences horizontal
motion in such a way that small eddies appear in the flow facilitating
the mixing of the air masses.

The troposphere contains about 80% of the whole mass of the
atmosphere. The lowest layers of the troposphere are significantly pol-
luted with the solid aerosols (dust).

The layer of the troposphere within 50 —250 m of the ground is
known as the surface layer, and the layer up to 1000 — 2000 mis known
as the boundarylayer. Sometimes the boundary layer is called the lower
troposphere, the layer from 2000 to 6000 — 7000 m is called the middle
troposphere, and the rest is called the upper troposphere. In the tropo-
sphere the air masses and the boundaries between them (i.e. the fronts)
form, and cyclones and anticyclones develop and decay. Sometimes
they spread up beyond the troposphere to the next layer called the
stratosphere. The transition layer between the troposphere and strato-
sphere is called the tropopause.

The thickness of the tropopause fluctuates from a few hundreds
meters to a few kilometers. Within this transition layer the verticai
temperature decrease becomes smaller compared with that in the
troposphere. In many cases the temperature may not vary with height
{isothermal condition), or even can rise (inversion). Under the
tropopause a zone of very strong winds can be observed. These are
the jet streams. Due to the concentration of aerosols under the
tropopause there is often poor horizontal visibility., This occurs be-
cause the small temperature variation with height (i.e. isothermal and
inversion conditions) is a barrier for the vertical movement of various
kinds of particles both natural and artificial in origin.
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It is interesting

— It is quite natural that the position (height) of the tropopause is of
specific interest for aviation. When being informed about meteorologi-
cal conditions, pilots often exhibit some interest in the ropopause. Such
a “quivering” respect to this transition layer is most likely explained
not by necessity but rather a tribute to the fashion and respect of the
old traditions. The reason is that when the jet planes appeared in 1950s,
the pilots were paid for flying in the stratosphere. The payment was
rather appreciable — one rouble for a minute flying in the stratosphere.
Taking into account that a pilot's salary those times was not more than
300 roubles and the plane can be in the stratosphere four or more hours,
a pilot's interest in the tropopause becomes understandable. Suppose
the flying altitude is 11000 m and the tropopause height is 10900 m. In
this case four hours of flying at this altitude brought to the pilot 240
roubles in addition to his salary. If the height of the tropopause was
11500 m, he received no extra money to his salary. This was the reason
why the pilots “fell in love” with the tropopause.

- —And there is one more interesting observation. If you are traveling in
a plane, and the flight is taking place near the tropopause, then you
can see the tropopause with your own eyes. Under the tropapause the
sky is whitish and even almost gray. Above the tropopause it is trans-
parent, dark blue or almost violet. The boundary between "gray and
bilue sky” is seen very weil, That is the tropopause. Knowing this phe-
nomernon, you can amaze your fellow travelers by showing them the
tropopause.

The stratosphere is the layer of the atmosphere from the top of
the tropopause up to 40 — 45 km. In this layer the air temperature {be-
ing about —55° to —60°C at the top of the tropopause) remains prac-
tically constant up to altitudes of 25— 30 km. Above this level it starts
rising to reach the value about 0°C at the top of the stratosphere. The
stratosphere is known to contain most of the ozone with maximum
ozone concentration at a height of 22— 25 km. The upper boundary of
the ozone layer is found at an altitude of about 50 km.

It is the ozone layer that determines the temperature dlStI’Ibll-
tion and fluctuations in the stratosphere.

Notlong ago itwasbelieved that the stratosphere is a rather calm
layer of the atmosphere as this layer is stable due to the temperature
distribution being an inversion. In this case there would be no ascend-
ing motion, no clouds, no strong winds and no turbulence. Now we
know that it is not quite so. Stratospheric jet streams, sharp tempera-
ture variations, strong turbulence, and even "mother-of-pearl clouds”
at the altitude 25— 30 km can be observed.
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The layer above the stratosphere is called the mesosphere. Be-
tween the stratosphere and mesosphere there is a transition layer
known as the siratopause. Its top is found at an altitude of about 50
km, where the air temperature reaches its maximum.

The mesosphere is situated at altitudes between 50 and 80 km.
In the mesosphere the air temperature decreases with height (here
ozone is absent) to reach its minimum value which can be as low as
between —80°and —90°C at the top of the mesosphere. Near the up-
per boundary of this layer some thin "luminescent” clouds can some-
times be seen. The reason for these clouds forming is so far unknown.

It is interesting

—The mesosphere is the "difficult” layer in the sense of studying the
atmosphere. The troposphere and stratosphere are studied using the
data from radio soundings of the atmosphere. This allows us to meas-
ure wind, temperature, pressure and humidity. At altitudes of 200—300
km the atmosphere can be studied with the aid of satellites and rocket
soundings. As to the layer 50—80 kin, there is not any appropriate equip-
ment for making measurement in this layer. Russian and foreign spe-
cialists make all possible efforts to cope with this “freakish” layer.

Above the mesosphere is the thermosphere. Between the
mesosphere and thermosphere there is a transition layer called the
mesopause. The air temperature in the mesopause attains its minimum
value.

The thermosphere is a layer of significant vertical extent. It
spreads up from 80 to 450 — 500 km. Within this layer the air tempera-
ture continuously increases with height. This can be explained by the
absorption of the short wavelength part of the solar radiation accom-
panied by decomposition of the nitrogen and oxygen molecules into
atoms. Due to this decay of molecules into atoms, the composition of
the air in the thermosphere is different from that in the lower layers.
An important feature of the thermosphere is the existence of a large
quantity of electrically charged particles called ions. That is why this
layer is also called the ionosphere.

Above an altitude of 450500 km the highest layer of the at-
mosphere is found. It is called the exosphere. The transition layer be-
tween the thermosphere and exosphere is named the thermopause.
The air density in the exosphere is very small. Therefore, atoms of
gases move very fast. Theirlarge speeds allow them to overcome grav-
ity and easily leave the atmosphere by flying off into the interplan-
etary space.
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It is interesting
— High electric conductivity of the ionosphere makes a big impact on
the spreading of radio waves. The conductivity, in turn, depends upon
the state of the ionosphere, time of the day and the year, and the solar
activity. The aurora and magnetic storms that we observe on the Earth
owes their origin to the ionosphere and higher solar activity.

2. METEOROLOGICAL PARAMETERS, THEIR UNITS,
AND INSTRUMENTS

In this chapter we consider the meteorological parameters used
by meteorologists in practical activities and their unit of measurement.

Atmospheric pressure

The pressure, at each level, is given by the weight of all the air
above it, per unit area of surface. At sea level the atmospheric pres-
sure is close to the pressure that is produced by a 760 mm column of
mercury. It means that the atmospheric pressure equivalent to the
pressure of a 760 mm mercury column at temperature 0°C is equal to
the force exerted by a mass of 76X13,596 g on an area of 1 cm? (13,596
g/cm?is the specific weight of mercury).

On average the mass of the air column with an area of 1 cm? is
1033,3 g. According to Newton's law a force is the product of mass
and acceleration. Therefore, taking the acceleration due to gravity as
980,665 cm/s?% in the CGS (centimeter — gram —second) system the
pressure value will be

1033,3X980,665 = 1013250 dyne/cm? = 1013,25 mbar.

We know that 1 dyne is the force which gives a mass of 1 g an
acceleration of 1 cm/s* The dimension of force in the CGS system is
g-cm/s? In the SI system a pressure of 1013,25 mbar is equivalent to
101325 Pa or 1013,25 hPa. Also the unit of force is the Newton (N)
defined as the force which gives a mass of 1 kg an acceleration of 1
m/s% Thus, the dimension of force in the SIsystem is kg « m/s% From
the aforesaid it appears that the units of pressure measurement can
be presented in the following ways.

1 bar — 1000000 dyne/cm? — 100000 Pa.

! mbar — 0,001 bar — 1000 dyne/cm? — 100 Pa — 1 hPa.

1 Pa — 1 N/m? — 0,01 mbar.

1 mmmer. — 1333,3 dyne/cm? — 4/3 mbar — 4/3 hPa.

1 hPa — 1 mbar — 0,75 mm mer.

At present, in meteorological practice, the commonly adopted
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pressure units are hectoPascal (hPa) and millimeter of mercury (mm
mer.). Besides the units mentioned above there is also the technical
atmosphere {at or kg/cm?);

1 at = 98066,5 N/m? and physical atmosphere (atm)

1 atm = 101325 N/m? (760 mm mer.).

It is interesting
— As the altitude increases over any point of the Earth, the atmospheric
pressure always increases, and by no means can it be vice versa.
— The atmosphere presses on every man with a force of 15 tons. We do
not notice this load because there is the same pressure inside us. If, for
some reason, the outer pressure suddenly falls sharply (for example, if
depressurization of the plane cabin occurs), then the inner pressure
balancing with the outer one will attempt to expand our body. That is
why military pilots fly in special high altitude compensating suits.
— People standing near a loud gun are recommended to slightly open
their mouth when the gun is fired. This diminishes the loading on the
ear-drums caused by the loud sound. When the Ioud sound occurs the
sound wave will make an impact on the outer surface of the ear-drum,
and through the slightly open mouth on the inner surface of the ear-
drum as well.
— Perhaps everyone of us has seen or experienced how to put the so
called medical cupping-glasses on the skin. As you may recall, first of
all a spirit-lamp is inflamed, and then an overturned cupping-glass is
kept for a short time over the flame. Only after doing all this is the cup-
ping-glass pul on the skin, The cupping-glass is placed very firmly. Why?
When it is kept over the flame, inside the cupping-glass the tempera-
ture sharply increases, and the pressure falls. Therefore, the higher outer
pressure acts as if it "sticks” the glass to the body. We'll not discuss
medical aspects of this matter.

The atmospheric pressure is measured with the aid of mercury
barometers or with aneroid barometers. To trace the pressure varia-
tion with time, barographs are used.

Air density )

The ratio of a mass of air to the volume it occupies is called the
air density. From general physics we know the equation of state for a
gas. For dry air this equation is

' p= pRT= pR(t+273)

where p is atmospheric pressure (Pa), p is air density (kg/m?), ¢ is air
temperature (°C), and R =287 J/kg K (m?%/s?K) is the gas constant for
dry air. From this equation we may determine the air density as
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P 4

" RT  RQ73+1)

For example, with p=1000 hPa and t=0°C we get p={,276 kg/m". These
results can be used to give an approximate expression for p given the
values of pand t.

= __P__ - wi o= 1
P 1,2761000(1 at) with 273
For some practical purposes the notion of relative air density is
introduced. The value of this relative density (A) is the ratio of the
actual density (p ) to the standard air density (p

A= /7
p«")‘S( .
It is interesting

— As stated above, the pressure always decreases with height. Con-
trary to this fact the air density sometimes increases with increasing
height. This may occur if the air temperature sharply decreases with
height.

— Once, in the beginning of 20th century, F. I. Shaliapin sang in a splen-
did restaurant in Italy. The public was delighted with his singing, and,
after the concert was over, had bought up everything what was found
in the hail where F. 1. Shaliapin had sung. One very rich merchant got
nothing. He simply let a chance slip (missed his chance). Then, being
heavily drunk, he said to the restaurant owner that he was going to buy
all the air in the hall. Naturally the owner immediately agreed to sell
the air and informed the merchant that the volume of the hall was 5000
m®. The merchant became afraid of such a big volume and said that he
would not pay for the cubic meters, but rather for kilograms of the air.
The owner agreed with this proposal and, as a result, he got one third
more money than he would got for the cubic meters. The merchant was not
aware thal the cubic meter of the air weighted more than one kilogram.

ost)

The air density is never measured. On meteorological stations the
observers measure atmospheric pressure and air temperature, and these
data are used to calculate the air density from the formula given above.

Geopotential

Geopotential is the potential energy relative to the sea level of a
unit mass (specific potential energy) determined by the position of
this mass in the gravity field.
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dd = gdz; <D=]:]:gdz

Geopotential at a point of the atmosphere is numerically equal
to the work done in the gravity field to lift a unit of mass from the sea
level to the altitude of the given point. Geopotential at the sea level is
taken to be equal to 0. Its dimension is m?/s? (that is the dimension of
specific work). However this unit is not convenient for practical ap-
plications. Dividing equation the equation for @ by the number 9,8,
we get the quantity

¢ _g

H=

dz
9.8 9,8J¢

Since g =9,8, the quantity H is numerically equal to the height

expressed in the usual meters. However its dimension remains as i.e.
m?/s% That is why H is given in geopotential meters.

For many purposes meteorologists need to know the spatial posi-
tion of various kinds of imaginary surfaces. For instance very often
they deal with the surface of constant pressure — this is called the
pressure or isobaric surface, The geopotential at a point on any pres-
sure surface expressed in geopotential meters is the geopotential
height of the surface at the given point. As a rule, the heights of the
pressure surfaces are expressed in tens of geopotential meters, i.e.
geopotential decameters (dam).

Air temperature

Heat is a form of energy. Temperature is a measure of heat. The
air temperature is the degree of "hotness” or "coldness” of the air as
measured with a thermometer found to be in a full contact with envi-
ronmental air. .

To measure the temperature there are different thermometric
scales. Every one of them includes two registration points. Commonly
adopted registration points are the temperatures of the ice melting
and water boiling. At present three thermometric scales are used in
meteorological practice.

—  Centigrade (Celsius) scale (°C), with the registration points 0°C,
and 100°C.,

—  Fahrenheit scale (°F), with the registration points 32°F, and 212°F.

—  Absolute (Kelvin) scale, K, with the registration points 273,2 K,

and 373,2 K.

To transfer the temperature values between the Celsius and Fahr-
enheit scales, the following formulas are used.
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o Do
t°C =§(t F -32)

t'F = gt"C +32

There was one other scale, which was in use in 19th century; that

is Reaumur scale{°R) with the registration points 0°R, and 80°R.

There is also an International thermometric scale, thermodynamic

thermometric scale, and empirical thermometric scale. As well as the
Reaumur scale, they are no longer in use in meteorological practice.

It is interesting
—J. London in his stories tells about the very low temperatures (-70°, -
80°) in Alaska. Of course, he kept in mind the Fahrenheit scale. In the
centigrade scale these temperatures would have a bit higher values but
still it was very cold there.
— The reader will be surprised to learn that the German physicist Fahr-
enheit had little connection with the scale that bears his name. How-
ever this is a story we'll not discuss here.
— On the Earth, at any time, one can find two points where the air tem-
perature differs from each other by 100 (hundred! ) and even more degrees.
—The highest air temperature {58°C) observed in the world was in
Mexico, and the lowest air temperature (—89,2°C} was recorded at
Vostok (Antarctica).
— In Russia the highest air temperature (42, 3"C} was recorded in the
lower reaches of the Voiga, and the lowest one (-71,8°C) in Jukutia.
— Once upon a time, after a comparatively warm winter in Jukutia, one
journalist wrote that “during the last winter the thermometer thread of
mercury did not get down lower than —53°C". Suppose it was s0. How-
ever, the journalist made a mistake. He showed his physical and mete-
orological illiteracy. The reality is that the mercury freezes at a tem-
perature of —38,9°C, and naturally the thread of mercury could not go
down lower than that point. He did not know that the lower tempera-
tures are measured with alcohol thermometers but not with the mer-
cury ones. This means that when hunting for an “effect word", one
should be very careful.

On meteorological stations the air temperatures are measured

with many kinds of thermometers. They can be mercury, alcohol, or
bimetallic but, in any case, they must be kept in meteorological shel-
ters 2mabove the ground. As to their functions, they can be standard,
maximum, minimum and soil thermometers, and there are also some
other types of thermometer.



Wind speed and direction

The air motionrelative to the ground surface is called the wind. The
horizontal component of this motion is 100 — 1000 times larger than the
vertical one. It is the horizontal component we sense as the wind.

The driving force of the wind is the difference of the atmospheric
pressure between two points on a horizontal surface. The value of this
difference relative to the distance between the points is known as the
pressure gradient (some more information about gradients of the me-
teorological parameters will be given below). Thus the pressure gra-
dient creates the driving force of the air motion (wind). In addition to
the driving force, there are so called steering forces: friction force,
deviating force of the Earth spinning, and centrifugal force.

The part of the horizon from which the wind blows represents
the wind direction. It can be presented as an angle in degrees or as
cardinal points. In the majority of cases 8 cordial points are used. They
are N, NE, E, SE, S, SW, W, and NW. For some separate cases 4, or 16
points are used.

The wind speed is measured in m/s, km/h, knots, and conditional
points. One knot is a mile (1853 m) per hour. Note that 1 knot =0,5m/s.

To determine the wind speed (strength) in conditional points, a
12 point scale giving the Beaufort force is used. This scale is based on
visual estimation of the wind impacts on various articles on the ground
and sea state. Information to transfer the wind speed in Beaufort force
into m/s is given in table 2.1

Table 2.1.
Transfer the wind speed in Beaufort's points into m/s.
Beaufort force Wind speed (m/s) © Beaufort force Wind speed (ra/s)
0 0-0,2 i 7 13.9-171
1 0.3-1,5 ; 8 17.2-20,7
2 1.6-3,3 : 9 20.8-24,4
3 34-5.4 : 10 24,5-28,4
4 $.5-7,9 : 1 28.5-32.6
S 8.0-10,7 ' 12 >326
6 10.8-13.8

Also there is an empirical formula to transfer the Beaufort force
(B) into m/s (U).
U=28-1
This formula is valid up to B € 8. To describe the relation be-

tween knots (U) and Beaufort force (B) for all values on the Beaufort
scale there is another formula.
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U =188

When making visual ship observation, the following relations are
used.

- Calm, B = 0.

- Moderate wind, B = 4,

- Strong wind, B = 6.

— Storm wind, B = 10.

- Hurricane, B = 12

At present, the wind direction is usually indicated as an angle in
degrees, with the wind speed at the surface in m/s or knots, and at
upper levels in km/h.

ICAO (International Civil Aviation Organization) recommended
that all member countries of ICAO measure wind speed in km/h.

It is interesting
— As we already know, the wind is the motion (displacement) of masses
of air, It is worth thinking about how much mass of air is transferred
under the action of the pressure gradient force. If the wind speed is just
3m/s for only 30 seconds, every one of us is “blown on” by the air mass
that is equal to the weight of our body. Actually, the height of a man is
not less than 1,5 m, and width of shoulders is about 30 cm. It means
that the area of the body is about 0,5 m?. Hence, for a second, with «
wind speed of 3 m/s, the body is blown by the air with volume of 1,5 m?,
and for 30 seconds by 45 m®. Taking into account that the mass of one
cubic meter of air is equal to 1,276 kg, the total mass of the air passing
the body for a half of a minute will bé a bit more than 57 kg. That is

close to our weight.

On meteorological stations some stationary and movable instru-
ments are used to measure wind speed and direction. Wind vanes
measure the direction of the wind, and anemometers measure the wind
speed. These instruments are established at a height of 6 — 10 m above
the ground. At present, the instruments M-63 and M-64 are used to
measure the wind speed and wind direction.

Air humidity

Water vapor content in the atmosphere is called the air humid-
ity. It can be described using a number of parameters. The main ones
are absolute humidity, humidity deficit, relative humidity, water vapor
partial pressure, dew point, dew point deficit, and mixing ratio. Let us
discuss these parameters.
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Absolute humidity (a) is the mass of water vapor (in grams} in
one cubic meter of the air (g/m?. Absolute humidity is related to the
water vapor (contained in the air) partial pressure (e) which is meas-
ured, like the atmospheric pressure, in hPa or in mm mercury. The
formula

a=217% 2 08¢
p l+or
gives the relation between absolute humidity values {a) and water vapor
partial pressure {e) where eis expressed in hPa. If the water vapor partial
pressure is expressed in mm mercury, the relation takes the form
e 1,06
a=289—="—— i o=
T Trar M 273
In both formulas T denotes the temperature in Kelvin (K}, and t is the
temperature using the centigrade scale (°C}.

Specific humidityis the ratio of water vapor density to the humid
air density, or the ratio of the weight of water vapor to the weight of
humid air for the same volume of air. Specific humidity (s} is a func-
tion of the water vapor partial pressure and the atmospheric pressure.

o 0,623¢
p-0,377¢ X97kg

In this formula the e and p values must be expressed in the same units.
For practical purposes specific humidity is expressed in g/kg and
calculated from the formula

s = 623¢
p-0,377¢

Mixingratio (r) is the ratio of the mass of water vapor mass to the
mass of dry air in the same volume. The unit of the mixing ratio is g/kg.

e
p-e

Dew point (T, or 1) is the temperature at which the air becomes
saturated (with respect to water) at constant pressure if the water vapor
contentin the air remains unchanged. The dew point is always smaller
that the air temperature provided that the air is not saturated. If the airis

saturated its femperature and dew point temperature are the same.
Relative humidity is the ratio of actual water vapor partial pres-
sure (e) to the saturated water vapor partial pressure (E} at the same

r =623
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temperature. It can be expressed both in decimal fractions and in per-
cents.

R=% or R=S100%
E E

The relative humidity can be also defined as the ratio of actual spe-
cific or absolute humidity to the saturated specific or absolute humid-
ity at the same temperature.
Humidity deficit (d) is the difference between saturated and actual
water vapor partial pressures at a given temperature and pressure.
d=E-e¢
Dew point temperature deficit (D) is the difference between ac-
tual and dew point temperatures.
D=t-r
Depending on the task to be solved, the appropriate humidity
parameter is chosen for a particular application. Weather forecasting
procedures most often include absolute and specific humidity, rela-
tive humidity, dew point temperature, and its deficit. The weather fore-
casting procedures will be discussed below.

It is interesting
—The water vapor (not water!) is known to be lighter than dry air. There-
fore, ifyou are in a hurry to dry up a vessel, for instance a glass jar, you
must place it in a position with its open side directed upward. Then the
lighter water vapor will be able to freely ascend, and the jar will be dried
faster than in any other position.

To measure the humidity, meteorologists use hygrometers,
hygrographs, and various types of psychrometers. Most often
psychrometers consisting of wetand dry bulb thermometers pare used.
The associated tables can be used to calculate any of the above men-
tioned humidity parameters.

Cloudiness

Conglomeration of the water droplets and ice crystals suspended
in the air is called cloud {or cloudiness). The main characteristics of
clouds are their amount, form, and heights of their top and bottom.
Cloud amount can be determined in points or in oktas. It should be
noted that in weather forecasting for aviation, oktas are used.

When cloud amount is determined in points, the sky is divided
into 10 parts; one part represents one point. The sky cover can vary
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from O (clear sky) up to ten points (overcast). When oktas are used
the cloud amount varies from 0 (clear sky) to 8 (overcast).

There is a scale to transfer cloud amount in points to those in
oktas (see below)

6 | 7 8
7-81 9 110

N

QOktas 0 1 2 3
Points 0 T 1237 4

hn
[« RV

The heights of the top and bottom of a cloud are measured in
meters or kilometers, and, in some countries, in feet. If the height is
indicated in meters, its value is usually rounded off to tens of meters
(bottom), and hundreds of meters (top).

In general forecasts to indicate cloud amount, the following terms
are used.

— Cloudless (clear) sky (0 —1 point)

— Little cloud sky {(2— 3 points)

— Variable cloudiness (4 — 7 points)

— Above average cloudiness (8 —9 points)

— Overcast (10 points).

It is interesting
— Sometimes it is difficult to imagine the appalling weather civil
aircrafis have to fly through. Nevertheless on large aerodromes aircraft
can make landings when the cloud base is only about 30 meters. Now,
imagine a 14-story building facing you. The height of every story is about
3 meters, You see that the airplane can make a safe landing even when
thel1th floor is found in the cloud.

On meteorological stations observers determine cloud amount
and cloud type without any equipment, just visual observations are
made. The height of the cloud base is measured with the aid of a cloud
height meter (CHM), or laser cloud height meter (LCHM]), or with
the aid of cloud height register (CHR-2). All these instruments deter-
mine the time a light beam takes to travels from the cloud searchlight
to the cloud base and back. On the basis of this time the cloud height is
calculated and indicated on the scale calibrated with cloud height units.

Visibility

Visibility (meteorological visibility range) is the largest distance
from which one can distinguish a black object with the angle size more
than 15" against the sky background near the horizon. At nighttime
visibility is the distance from which at existing transparency of the
atmosphere the same object can be distinguished at daytime.
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Depending of its values, the vigibility range is measured in me-
ters with rounding off to tens or hundreds of meters, or in kilometers.
Visual estimation of the visibility range can be made in conditional
points. The visibility range in terms of point is as follows.

Points 0 1 2 3 4 5 6 7 8 9
Visibility (km}) | <0,05 ; 0,05 | 0.2~ | 05~ | 1.0~ | 20~ | 40~ | 100~ 200~ | »50,0 |
0.2 0.3 10 2,0 4,0 10,0 | 200 50,0 J‘

At present determination of the visibility range in points is rather
rare. More interesting are the visibility ranges as they appear by the
visual estimation of the intensities of various meteorological phenom-

ena. Corresponding data are shown in the table 2.2.

Table 2.2.
Visibility range values (m} associated with weather phenomena
of different intensity.

Weather Intensity of the phenomena
phenomena Strong Moderate Weak ¢

Pouring rain 500-1000 2000-4000 4000-10000
Heavy snow 100-500 300-1000 1000-4000
Blizzard <50 50-500 300-1000

Drizzle 1000-2000 2000-4000 4000-10000
Snowstorm <1000 1000-2000 2000-4000
Snow, tapioca snow 500-2000 2000-4000 4000-10000
Haze 1600-2000 2000-4000 4000-10000
Dry haze <1000 1000-2000 2000-6000
Blowing snow 1000-2000 2000-4000 4000-10000
Duststorm <1000 1000-2000 2000-4000
Fog 50-200 200-500 500-1000

Data in table 2.2 may be of value when users of meteorological
information are being informed about the current and expected

weather.

It is interesting
—According to existing rules, when the visibility range is determined
visually, consumers are informed on the visibility range value up to the
most remote object (land mark). In the North East of Russia there are
meteorological siations, where due to specific geographical features
the amount of landmarks is very small. As a result, sometimes strange,
and even conflicting, situations may arise. For instance, there is one
aerodrome situated in the northern part of the Far East, where flights
are allowed, if the visibility range is not less than 3 km. However vis-
ibility landmarks are practically absent around it. There is a dwelling
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house 2km from the meteorological station and a hill at 20 km. So then,
when it starts snowing, the hill becomes invisible. In this case the ob-
server must determine the visibility range as being equal to 2 km (up to
the most remote mark) although the real visibility range can be 10 km
or even more. Nevertheless, at the official value of the visibility range
equal to 2 km the flights are forbidden. Thus a conflict often arises be-
tween the meteorological service and civil aviation personnel. Fortu-
nately at present instrumental determination of the visibility range has
brought an end to these conflicts.

In addition to the visual determination of the visibility range with
the aid of artificial and natural landmarks, on meteorological stations
various visibility meters are in use. Most often Visibility Range Regis-
ters (VRR) or the FI-2 instruments are used. They operate in the fol-
lowing way. The instrument generates the light, which splits into two
beams. One of them is closed in the instrument optical system and
memorized there. The second beam travels a distance (usually 100
m)}, and after reflection from the mirror established at this distance, it
comes back into the instrument after being attenuated by the air tur-
bidity. Comparing intensities of the beams allows the atmospheric
transparency to be determined and hence the visibility ranges.

Precipitation

Water drops and ice crystals falling from the atmosphere is called
precipitation. Two criteria characterize precipitation: type and inten-
sity. The main types of precipitation include rain, snow, dew, drizzle,
hail and sleet. The type of precipitation is determined visually. The
amount of precipitation is understood as the thickness of liquid water
layer that could be formed after precipitation falls on a horizontal sur-
face (1 mm = 1 kg/m?. The amount of precipitation falling out per a
unit of time is called the precipitation intensity.

Sometimes the amount of precipitation is measured not for a unit
of time but for the passage of an atmospheric object (such as a thun-
derstorm cloud or front).

In addition to the quantitative estimation of the precipitation in-
tensity it is possible to make visual estimation of the intensity. This
estimation can be done from the visibility deterioration in the phe-
nomenon (see the table 2.2).

It is interesting
— Suppose fallout of precipitation is 15 mm. Is it large or small? After
some calculation 15 mm appears to be equivalent to about 15 liters of
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water on every square meter. Now everyone can answer this question in
the sense that this quantity of water for a single rain event is rather large.
— The most “wet” region in the world is found in India on the southern
slopes of the Himalayas. Here the annual precipitation comprises 14000
mm, That is very much!

— According to Berg's classification a shower is a rain with intensity i
0,38 mm/min, and with duration not less than 10 minutes.

— Snowfall of not less that 7 mm per 12 hours intensity is a dangerous
phenomenon for auto-vehicle transport.

To measure the precipitation amount, the instruments known as
rain gauges are used. First precipitation fallout is accumulated in a
special vessel. If it is snow, after accumulation it should be melted.
Then, whatever it is rainwater or melted snow, the liquid water is
poured into a measuring glass to determine the precipitation amount..

To determine the height of snow cover, a special measuring snow
dipstick is used.

Aircraft icing and glaze

Ice deposition on the outer surface of an air vessel is called ic-
ing. A quantitative characteristic of this phenomenon is icing inten-
sity. The icing intensity is the ice mass deposited in the course of flight
on a unit of surface in unit of time. According to this definition the
unit of the icing intensity is mm/min. Usually the icing intensity is
denoted by the letter “I".

Icing is considered to be weak if [<0,5 mm/min, moderate if
0,5<I<1,0 mm/min, and strong if I>1,0 mm/min.

Glaze isice deposition on articles and the Earth's surface caused
by supercooled water drops precipitating and freezing after collision
with surfaces at negative temperatures. The thickness of the depos-
itedice determines glaze intensity. The glaze is considered to be weak
if the ice layer is smaller than 5 mm, moderate if the layer is 5—20
mum, strong if the layer is 20 — 50 mm, and very strong if the layer is
more than 50 mm. According to the adopted classification, a glaze of
more than 20 mm of ice is considered to be a dangerous phenomenon.

It is interesting
—Some cases are known when after landing 13 cm thick layer of ice has
been found on an aircraft surface, Let us imagine that it happened with
aircraft TU—154. The area of these aircraft wings is 200 m? and its total
area is 500 m? If this is so, the aircraft would "bring” 65 m? or 50 tons of
ice. Fortunately it is impossible because the icing may occur only over fron-
tal parts of the aircraft and it is equipped with an anti-icing system.
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On meteorological stations a so-called glaze bench is used to
measure the glaze. It consists of wires stretched between columns in
two directions perpendicular to each other. Ice deposition is meas-
ured either as ice thickness on the wires, or as the water volume re-
ceived after melting.

Units of work, energy, and heat

In the CGS {centimeter-gram-second) system the unit of energy
and heat is 1 erg. An erq is the work done by the force of 1 dyne mov-
ing a mass of 1 gram a distance of 1 cm. The dimension of work and
energy in this system is gcm?/s?

In the international SI and MKS systems the unit of work is the
Joule. Its dimension is kgdm?/s% Hence 1 J= 107 ergs.

In the technical unit MKFS (meter-kilogram-force-second) sys-
tem the unit of work is 1 kilogram-meter (1 kgm) thatis 1 kgm = 9,81 J.

An important practical unit of work is Watt-hour (W.h.}: 1 W.h.
= 3600 J.

Since the heat is a form of energy, the units of heat and energy is
the same: i.e. in the CGS system it is 1 erg, in the SI system itis 1 J.

In practice a unit called a calorie is used though it is not included
in any standard system. One calorie is equal to the amount of heat
needed to warm 1 gram of water by 1°C within the temperature inter-
val from 19,5°C to 20,5°C (1 calorie = 4,1868 J).

Units of heat (energy) flux and influx

In meteorology we often use the notions of heat (energy) flux
and influx. The amount of heat (energy) passing through a unit of area in
a unit of time is called the heat (energy} flux. Its unit is J/(s-m? or W/m?

The difference between the incoming and outgoing heat (energy)
flux for abodyis called the heat (energy) influx. Usually heat (energy)
influx is calculated with respect to a unit of mass. Therefore its di-
mension is J/(s-m2kg) or W/ (m?kg).

Unit of power

Asis known from general physics, poweris the work done in unit
time, Therefore its unit in the CGS system is erg per a second (gHcm?/
s%). In the SI or MKS system the unit of power is 1 Watt = 107 ergs,
and in the MKFS system itis 1 kg m/s = 9,81 W.

In practice we often use a unit thatis not included in any system,
that is horsepower (h.p.). The relationship between this unit and more
conventions ones 1 h. p. = 7355 W = 75 kg m/s.
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~ ltis inleresting
— A physically strong man can develop a power equal to 1 h.p. when he
Is running up the stairs at a rate of 5 steps per a second (every step is of
20 cm height) and his weight being 75 kg.

Units of the light parameters

In the Sl system the unit of the light intensity is candle (cd). One
candle is the intensity of the light emitted from the area of 1/600000
m? of the cross-section of the total emitter in the direction perpen-
dicular to the cross-section at the emitter temperature equal to the plati-
num hardening temperature and the normal atmospheric pressure.

Light flux unitis lumen (Im). 1 Imis the light flux emitted by a dot
source of light of 1 cd intensity within the solid angle of 1 steradian.
The unit of light energy is lumen per second {Im/s). Luminosity unit is
Iumen per squared meter (Im/m?.

Intensity of illumination is measured in Jux (1x). 1 1x is the illumi-
nation intensity of the sphere with the radius 1 m created by a dot
source of light found at the center of the sphere, the intensity of the
light being 1 cd.

Amount of lighting is determined in luxes per a second (Ix/s),
and brightness of the light in candles per one meter squared (cd/m?

Units of sound pressure level
Level of sound pressure (L} is measured in bel (b} or decibels {(db).
The value of this level is determine from the formula

P
L =2kig—L

g
where k is proportionality coefficient: k = 1 if L value is determined in
bels, and k=10 if L value is determined in decibels; Peﬁ represents the

effective pressure of the sound wave, and B, =2x107n/m’is the con-

ditional threshold of the sound pressure. This parameter is also called
the standard threshold of audibility. Usually it is determined for the
frequency 1000 Hertz.

Affixes for denotation of the multiple units

In practice we often use not only the main units but also so-called
derived units. They differ from the main ones by several orders of mag-
nitude. Every one of the derived units has its name, but we do not
always know these names sufficiently well. For instance, everybody
knows what is a centimeter or kilogram. However, not everyone can
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immediately answer the question: what is picofarad or gigocalorie?
To be able to answers such kind of questions without difficulties, one
can use the affixes cited in the table 2.3.
Table 2.3.
Affixes for denotation of the multiple units

Names of the S Abbreviated
Vg Coeflicient .
affixes notation
Pico 107 P
Nano 107 n
Micro 10° i
Miijli 107 m
Centi 107 ¢
i Deci 107 d

Deca 10 da
Hecto i0° H
Kilo 10° K
Mega 10° M
Giga 10° G
Tera 10 T

The values of the multiple units are not necessarily to be learnt
by heart. However, you should always keep such a table handy and
know how to use it.

It is interesting
~Try to calculate how much water can be warmed from 0°C to 100°C if
you have at your disposal 1 gigocalorie of heat? (If you didn't make
any mistakes, the answer is 10 m*).

Non-standard units

Sometimes, reading old books (and not so old) of Russian or for-
eign authors, you may find unfamiliar units of various quantities. We
have made an attempt to collect all these non-standard units of Rus-
sian and foreign origin. Here they are.

Measures of length

1 verst =1060 m.

1 sazhen = 2,13 m.

1 slanting sazhen = distance from the leg heel to the finger end
of the other side hand risen up.

1 arshin =071 m.

lell = (0,50 m.
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1 span

1 vershok

1 point

1 geographical mile
1 statute mile

1 nautical mile

1 cable (cable's length
1 lieue

1 yard

1 foot

1inch

Measures of area
1 are
1 hectare
1 hundredth part
1 desyatina
1 acre

20 cm.

=44 cm.

0,2 cm.
7420 m.
1609 m.
1852,2 m.
185,2 m.
4,5 km.
91,44 cm.
30,48 cm.
2,54 cm.

100 m?

100 are

100 m?

2400 squared sazhens
4047 m?

= 1000 m?

= 1,09 he.

Measures of volume of liquid and friable substances

1 pail

1 quarter

1 bushel (USA)
1 quart (USA)
1 pint (USA)

1 British pint

1 gallon (USA)}
1 barrel {USA)
1 oil barrel

12 liters (1)
3L

3524 1.
1,101 1.
0,5508 1.
0,5682 1.
3,7851.

= 119,24 L

Measures of weight

1 pud

1 ounce

1 pound

1 zolotnik
1 granum

1 drachma
1 karat

Astronomy

1 light year (distance a light beam travels in one calendar year) =

158,76 1.

16,38 kg.
28,35 g.
373,27 g.

1/96 of pound
64,8 mg.

1,772 g.

0.24g.

9460 billions of kilometers.
1 parsec = 3,26 light years = 30840 billions kilometers.
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Here we have not cited all existing non-standard units. However,
as readers are now familiar with the most frequently used non-stand-
ard units, the rest of them can be found in guidebooks on mathemat-
ics or physics and in encyclopedias. ‘

3. TEMPERATURE DISTRIBUTION IN THE ATMOSPHERE

In this chapter we consider the factors which affect the air tem-
perature and the way the temperature varies. We also consider some
derived temperatures which are used in weather forecasting.

Air temperature

The air temperature in the atmosphere varies widely both in the
horizontal and vertical directions. Air temperature distribution over
the surface of the Earth depends upon the solar radiation influx to the
upper boundary of the atmosphere and to the ground surface, the ab-
sorption of the solar radiation by the land and sea surfaces, and the
emitting capability of the various surfaces. An important role belongs
to the general circulation of the atmosphere that causes displacement
of the air masses.

The Earth's atmosphere absorbs just a small part of the solar ra-
diation passing through it. The solar rays warm the air very little. [t is
the underlying surface (land and oceans) that is responsible for the
air warming and cooling. The underlying surface can be both a heater
and a cooler. During the daytime the incoming solar radiation warms
the surface, while at nighttime the surface cools the air because its
temperature down due to loss of terrestrial radiation. In winter the
nights are long, the days are short, and the Sun altitude is low. As a
result, the underlying surface is colder than the air (at least overland)
since during the short days it cannot be warmed enough by the low
Sun. The opposite situation occurs in summer. The summer nights
are short, the days are long, and the Sun altitude is high. Therefore,
the underlying surface is well heated and becomes a sort of “stove"
for the air.

There are several mechanisms to transport the heat from the
ground surface to the atmosphere.

-~ Molecular exchange. The molecular conductivity of the airis very
small. Due to this reason the molecular mechanism can only
change the temperature in the very thin layer (a few cm) adja-
cent to the surface.

—  Radiation. Long wavelength terrestrial radiation can be absorbed
by the air. That is a constant process but it does not play an im-
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portant role. The radiation balance of the surface and the adja-
cent layer of the atmosphere is positive during daytime (the en-
ergy incoming exceeds that outflowing) and negative at night
time (the energy outflowing exceeds that incoming).

—  Convection. The warm air parcels ascend since they are lighter
than the environmental air (recall the smoke of a fire), and the
colder air descends since it is heavier than the environmental
air. This process is known as convective mixing. The result is the
upward transfer of heat.

—  Eddy mixing (eddy exchange). This mechanism is more impor-
tant than all those mentioned above. It should be noted that eddy
exchange can act both in the vertical and horizontal directions.
However it is more intensive in the vertical direction.

—  Water vapor transfer. A significant role in the heat transfer from
the ground surface into the atmosphere belongs to water vapor.
Awarm underlying surface provides the energy needed to evapo-
rate the liquid water {from the surface. To evaporate 1 kg of wa-
ter, 2500 kJ of energy {heat) must be sacrificed and this amount
of energy (heat) is taken from the surface. Then convective and
eddy fluxes transport the water vapor into the atmosphere, where,
in certain conditions, it condenses and releases the latent heat.
Numerous studies suggest that the main reasons for the heat

transport into the atmosphere are convection, turbulence (eddy mix-

ing), and water phase transfer.

Temperature variations

The land is warmed more than the water surface. Therefore in
the warm period of year the air over land surfaces is warmer that over
lakes and seas. In winter, contrary to the summer, over land the air is
colder. As the land surface in various regions is different, the proc-
esses of surface heating (cooling) and interaction between the sur-
face and the atmosphere are also different. The lowest, so-called sur-
face layer of the atmosphere experiences the most significant influ-
ences of the underlying surface. The thickness of this layer varies from
10 to 200 m. Note that the air temperature is measured in meteoro-
logical shelters at an altitude of 2 m.

Diurnal temperature variation depends on the underlying sur-
face temperature variation. As soon as the Sunrises, the surface starts
warming until equilibrium between the heat influx and outflow is es-
tablished. The equilibrium usually occurs at about 3 p.m. local time.
The maximum air temperature is observed a bit later than that of un-

152



derlying surface. The heated soil "needs"” some time in order to "“lift"
the heat up to 2 meters where the air temperature is measured.

It might be expected that the minimum air temperature occurs
at sunrise. However, in reality the minimum air temperature occurs a
bit later than this. Immediately after sunrise some of the radiation from
the Sun is absorbed by the surface but the temperature does not start
rising until there is sufficient solar radiation to offset the loss of ter-
restrial radiation. Therefore the warming begins when the Sun reaches
a certain altitude, then everything takes its proper place. The time
necessary for the air temperature to start rising depends upon lati-
tude, season, and some other conditions.

Cloudiness and wind also affect the diurnal temperature varia-
tion. Cloudiness does not allow the Sun to heat properly the underly-
ing surface. Doing s0, it smoothes the diurnal variation of the air tem-
perature. Strong wind at the surface intensifies the eddy mixing, and,
in so doing, it equalizes the air temperature at all levels. As a result,
the amplitude of the diurnal air temperature variation diminishes. This
amplitude is largest at the surface and it decreases with height be-
coming zero at the top of the boundary layer of the atmosphere.

Geographical distribution of the air temperature will be discussed
later together with the air mass properties.

The air temperature distribution with height has its own particu-
larities. From the above discussion we may conclude that the air tem-
perature usually decreases with height. On average the rate of this
decrease is 6,5°C per kilometer. The average (standard) air tempera-
ture at the surface is taken to be 15°C. If we assume the altitude of the
top of the troposphere is 11 km, the temperature at the top will be —
56,5°C.

In some cases it may happen that within an atmospheric layer
the air temperature increases with height. This phenomenon is known
as temperature inversion, and the layer is called an inversion Iayer. A
layer where the air temperature does not vary with height is called an
isothermal layer.

A parameter characterizing air temperature variation with height
bears the name lapse rate or sometimes temperature lapse rate (y). It is
defined as the ratio of the air temperature difference at two levels to
the difference of the height of these levels.

L-1_ L-T
z,~-z Az

153




where T, and T, represent the air temperature values at the heights of
the lower level z,and the higher level z,. Usually the lapse rate is cal-
culated in degrees per 100 mor 1 km. The sign " — " in the formula for
vis used to make the lapse rate value positive in the usual atmospheric
conditions (temperature decreasing with height). Here we'll restrict
our discussions by considering only the troposphere.

Derived temperatures

For specialists in meteorology the term "temperature” has many
meanings. Itis not the air temperature thatis of interest for many peo-
ple, and it is not dew point temperature we already know about. It isa
whole series of other temperatures that are “under the control” of spe-
cialists. Below we'll consider various temperatures which are used in
weather forecasting procedures.

For a better understanding of the essence of various tempera-
tures let us recall some notions from physics. It is known that energy
cannotbe destroyed. It can justbe transformed from one form to another.
If a body (let's say a layer of the atmosphere} receives some energy, the
body may use it for increasing or decreasing its volume, for warming;, for
electrization, etc. The processes taking place under energy income (in-
flux) or out flow are called diabatic processes. They are accompanied by
variations of the parameters describing the state of the body.

Along with this there are some processes going on without en-
ergy influx from outside. They are accompanied by redistribution of
already existing energy in the body. These are adiabatic processes. The
affix "a" means “without", i.e. without influx or outflow of energy.

In our meteorological publications the term diabatic is often writ-
ten in a funny way as "non-adiabatic”.

Virtual temperature. The notion of virtual temperature is applied
to only humid air. The virtual temperature of humid air is the tem-
perature the dry air would have if its pressure and density were the
same value as those of the humid air.

T =T +AT,

AT, = 0,608sT = 0,378T%

where s is specific humidity, e is water vapor partial pressure, Pis at-
mospheric pressure, and T is the temperature of the humid air. The
magnitude AT, is called virtual addition. Sometimes it is used for vari-

ous theoretical purposes.
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Potential temperature (0). Potential temperature is the tempera-
ture the air would take if it were adiabatically brought to the standard
pressure level 1000 hPa.

0.238
6-T ( 1000)
P

From this formula it follows that in the case of adiabatic descent or
ascent the potential temperature of the vertically displacing parcel
will remain unchanged. Any variation of potential temperature means
that the process has occurred with energy influx or outflow {(diabatic
process). Potential temperature value can be calculated from the above
formula or determined with the aid of an aerological diagram.

Although the potential temperature of an air parcel does not vary
with its vertical displacement, the measured temperature of the airin
the ascending parcel falls by 1°C/100 m, and it rises by 1°C/100 m in
the descending parcel.

Equivalent temperature (T'). Equivalent temperature is the tem-
perature the air would take if all the water vapor it contains has been
condensed at constant pressure, and the released heat has been used
to warm the air. As was mentioned above, condensation of 1 kg of
water vapor releases 2501 kJ of latent heat. This amount of heat will
raise the air temperature by 2501/¢, degrees, where ¢, = 1005J/kg-K
is the specific heat capacity of the dry air at constant pressure. If the
air contains s grams of water vapor per kilogram of humid air, the
equivalent temperature of the air will be:

o, 2501
1005

s=T+255s=T+2e

where e is the water vapor partial pressure in mm of mercury. The

freezing 1 kg of water additionally releases 333,5 kJ of heat. In this

case the equivalent temperature with respect to ice will be equal to:
T'=T+2,8e

The notion of equivalent temperature is widely used for various theo-

retical calculations. »

Pseudo-equivalent temperature (T, ). Pseudo-equivalent tempera-
ture is the temperature the air would take if it had been adiabatically
ascended until all the water vapor contained in the air had condensed
and then, being dry, adiabatically descended back down to the initial
level. The pseudo-equivalent temperature differs from the measured
temperature by an amount equal to temperature increment caused by
the latent heat released due to condensation.
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Pseudo-potential temperature (@W). Pseudo-potential tempera-
ture can be defined in the same way as the pseudo-equivalent tem-
perature with the only difference being that the dry adiabatic descent
should be taken down to the standard level of 1000 hPa rather than
the initial level. The line connecting points of equal pseudo-potential
temperature is called the moist adiabat. Pseudo-potential tempera-
tures are determined with the aid of an aerological diagram.

Equivalent-potential temperature (6 ). Equivalent-potential tem-
perature is the temperature the air would take if all the water vapor in
the air had been condensed at constant pressure and all released la-
tent heat was used to warm the air and then it was adiabatically brought
to the standard level of 1000 hPa.

2,55
0 ~0fexp| ==

k
where T, is the condensation temperature in degrees K.

Note, all these derived temperatures cannot be measured; they
are to be calculated. Although there are some more "special tempera-
tures”, we presented here only six which seem to be most important.
Three of them, namely, virtual, potential and equivalent-potential tem-
perature are most widely used in various forecasting procedures.

4. WIND IN THE ATMOSPHERE

In this chapter we consider the relationship between the wind and
pressure, and discuss some derived winds that are of value to meteor-
ologists.

‘Wind and pressure

Aswe have already noted, the atmosphere is in constant motion,
i.e. wind is observed at all times. The reason for the air motion (wind)
is the uneven distribution of the atmospheric pressure over the globe.
Like in connected vessels where the liquid strives {0 make the levels
equal, the atmospheric pressure at a certain level also endeavors to
become even. Therefore, in the atmosphere flows of huge air masses
arise. These flows are directed from higher-pressure areas to lower-
pressure ones. In other words, the atmosphere pressure gradient (G)
is responsible for the motion of the air mass. However, moving on the
spinning Earth, the displacing air mass immediately falls under the
influence of a deviating force known as the Coriolis force (K) that de-
viates the flow to theright (in the northern hemisphere) from the move- .
ment direction at an angle of 90°. Under the influence of these two
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forces the air begins moving in the direction U_ (see figure 4.1 a).

. R . Figure 4.1a.
£ A scheme of the air movement initiation un-
JE der influence of pressure gradient {G) and
g Coriolis (K} forces.
Meanwhile, the Coriolis force will e
continue tc deviate the flow to the B
right until these two forces be- —7,

come balanced (see figure 4,1 b)
resulting in steady-state motion of
the air.

The pressure gradient force
is directed perpendicular to the
isobars. Therefore, to balance it,
the Coriolis force must be directed in exactly the opposite direction.
This means that the steady-state air motion must be directed parallel
to the isobars in such a way that the lower pressure remains to the left
of the wind direction, and the higher pressure to the right. The steady-
state horizontal air motion in the straight-lined isobar field in the ab-
sence of friction forces is called the geostrophic wind { Ug). Thereisa
formula to calculate the geostrophic wind.

L ep
P2wmsin @ dn

L 23

Figure 4.1b.
Steady-state air motion.

8

where @ =7,29%x10™ s is the angular velocity of the Earth's rotation,

P
¢ is the latitude, p is the air density, and o is the horizontal pressure

gradient along the normal n to the isobars.

However, friction forces act in the boundary layer of the atmos-
phere. There are two such forces. One of them is the friction caused
by the underlying surface roughness, and the other is eddy friction
force caused by the turbulence viscosity. The resulting force (F) of
these two affects the moving air. Actually, in the boundary layer two
forces (K and F) balance the pressure gradient force (G) as shown in
figure 4.2.
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Figure 4.2, Evaluation of the air motion velocity at
different values of the friction force.

Asis seen from the figure, in cases (a) and (b) the pressure gradi-
ent force has the same value while the friction forces are different. In
case (a) the friction force (F) is significantly larger than in case (b}. It
is also seen that the angle between the isobars and wind vector U, is
larger than that between the isobars and wind vector U,. Hence the smaller
the friction force, the closer the wind direction is to that of the isobars.

Since the main friction effect comes from the underlying surface,
the friction force diminishes with height resulting in the wind direc-
tion approaching that of the isobars away from the surface.

Now it is the proper place to introduce the notion of the bound-
ary layer of the atmosphere. This is the layer from the earth surface up
to altitude 500 — 1500 meters, within which, due to eddy mixing, diur-
nal variation of meteorological parameters is very well defined, and
the amplitudes of the variation decreases with height approaching
zero at the top of the layer. The lower part (20 — 250 m) of the bound-
ary layer is called the surface layer. Within this layer the eddy coeffi-
cient increases with height, and this causes rather large vertical gra-
dients of meteorological parameters.

As it was stated above, the wind deviates from being parallel to
the isobars due to frictional effects. The bigger the force, the larger
the deviation angle. This is why over water surfaces the angle is taken
to be 15—20°, and over land surfaces 30 —45°.

The wind velocity variation with
height is well described by the Ekman's
spiral that is shown in figure 4.3.

Figure 4.2 allow us to make one more
conclusion. As follows from the figure, the
lower pressure is found to the left of the
direction of air motion, and the higher one
to the right. Now imagine that isobar field

Figure 4.3. Ekman's spiral.
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is a closed circle or oval and the lower pressure is found at the field
center. This pressure system is called a low or depression {for Russian
uuxaonr). For the lower pressure to be to the left in such pressure field,
the air motion must be going counterclockwise. That is what we actu-
ally observe in depressions of the Northern Hemisphere. If at the
center of the closed isobar system pressure has the highest value, such
system is called an anticyclone. Using a similar reasoning it becomes
clear thatin this case the wind will be directed clockwise. These rea-
soning are valid for the Northern Hemisphere.

‘With air motion in curved isobars, both closed and non-closed,
the centripetal acceleration has to be taken into account. If there is
no friction, the wind associated with a balance between the pressure
gradient force, Coriolis force and centripetal acceleration is called
the gradient wind. However, if the Coriolis force is negligible com-
pared to the pressure gradient force and centripetal acceleration the re-
sulting wind is called the cyclostrophic wind. Note that the geostrophic,
gradient and cyclostrophic winds are all theoretical winds.

At the surface there is always friction so the actual winds in de-
pressions and anticyclones always deviate from the isobars toward the
lower pressure side, i.e. the wind vector turns always clockwise.

Derived winds

In addition to the observed wind, there are some other “derived
winds".

Isallobaric wind. This is the wind component caused by tempo-
ral pressure variations. Due to this component the actual wind in the
free atmosphere, where the friction force does not act, deviates from
the gradient wind direction. However, this deviation does not exceed
more than 20°. The notion of this wind has no practical value; itis only
used in some numerical experiments.

Thermal wind. This is the vectorial difference between the
geostrophic wind vectors at upper and lower boundaries of an atmos-
pheric layer. The value of this difference is proportional to the hori-
zontal gradient of the average temperature with respect to height in
the layer, and its direction coincides with the isotherms of average
temperature in such a way that the lower temperature is to the left of
the wind direction. That is why this parameter was given the name
thermal wind.

Examples of the thermal winds, which can cause the horizontal
transfer of warmer air towards colder air (that is termed warm
advection) and vice versa (cold advection), are shown in figure 4.4.
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Position (a) illustrates a warm advection and position (b) cold
advection. In figure 4.4 U, represents the wind vector at the lower level,
Urepresents that at the upperlevel, and AU, denotes the thermal wind.
Examining figure 4.4 makes clear that wind changes in a clockwise
direction (i.e. the wind veers) with height when there is warm advection
and counterclockwise (i.e. the wind backs) for cold advection. In other
words, with the warm advection (4.4 a) the wind moves to the right
side and with the cold advection to the left side (4.4 b). In meteoro-
logical practice these rules are widely used when meteorologists de-
termine advection character from only the wind sounding data.

Figure 4.4. Thermal wind examples at warm advection (a)
and cold advection (b).

Average wind. This is deter-

mined as the average vectorial o s

value of the wind vectors ob- P
served within that layer. To de- <y o
termine the average wind, the Uep

wind sounding data are used. In Figure 4.5.

an arbitrary chosen scale on a  petermination of the thermal wind.
piece of paper the observed wind
vectors are plotted and a resulting vector is determined in the way
shown in figure 4.5. Direction of the resulting vector indicates the
average wind direction. To determine the average wind speed the .
length of the resulting vector should be divided by the number of
summed up vectors.
Relative wind. This is a wind in a relative coordinate system.
Absolute wind. This is the wind which equals the sum of wind ve-
locities relative to the Earth's surface and to the speed of the Earth's rotation.
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Equivalent wind. This is a calculated wind that has a constant
speed, directed along the trajectory of a flying vehicle. It influences
the flight in the same way as the actual wind does. The notion of the
equivalent wind used to be in practice some time ago. Now it is con-
sidered obsolete.

Jet streams

Jet sireams are strong, comparatively narrow air currents in the
free atmosphere at altitudes of more than 5 km. Meteorologists have
agreed that an air current is considered to be a jet stream if its speed is
30 m/s (100 km/h} or more. Observations suggest that the thickness
of jet streams does not usually exceed 10 kilometers, with a width of a
few hundred kilometers and length of a few thousands kilometers.
Some cases have been reported with the jet stream going around the
whole globe. The maximum registered wind speed in jet streams over
Russia was 340 m/s.

Meso-jet streams are air currents at altitudes 200 — 500 meters.
The speed of this current is 15— 30 m/s. These streams can appear at
nighttime over inverstons within the area occupied by low level anti-
cyclones. It should be noted that at the same time the surface wind
usually does not exceed 3 m/s. The meso-jets disappear 2—3 hours
after sunrise (as the surface inversion is destroyed). However, in win-
ter, especially in Arctic and Antarctic, they may exist for a longer time.

It is interesting
—The strongest surface wind was recorded in a mountainous areq of
the USA. Its speed was 129 m/s, or about 450 km/h.
—In the 1940s when radiosounding had been in its childhood, meteor-
ologists did not believe that the wind speed in the free atmosphere could
be more than 100 km/h. The jet streams were not yet known. Now we
know a lot about this phenomenon. The maximum jet stream speed of
750 km/h was recorded over the North Pacific. If IL—18 airplane that
flies with speed 650 km/h happens to fly against this jet, its speed rela-
tive to the Earth's surface would be negative, i.e. it would fly by "its tail
forward” with the speed 100 km/h.
—When speaking about relative wind, we have in mind the airflow rela-
tive to the Earth's surface. Otherwise we would get confused. Really,
the Earth flies along its orbit around the Sun with the speed of 30 km/’s.
If we account for the Earth spinning around its axis, every point at the
latitude 60° (S.Petersburg, or Stockholm) is traveling at 230 m/s, and
the wind speed can be just 5 m/s or so. Imagine what would happen if
we have change the system of reference?
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5. WATER IN THE ATMOSPHERE

In this chapter we consider the processes of evaporation and con-
densation, and how this explains the growth of cloud elements. We also
consider why it is that cloud elements remain within clouds rather than
falling out.

Condensation, evaporation and growth of cloud elements

Water rotation in nature is known to everybody from their school
lessons. The Sun warms land and water surfaces, the water from the
surface evaporates, the water vapor is lifted to the atmosphere, where
it condenses and then water droplets or ice crystals precipitate on the
surface. Annually 355000 km?® of water evaporate from the Earth's sur-
face. Although the evaporated water rapidly returns back to the sur-
face, still about 13000 km? of water is always found in the atmosphere.
That is a very big quantity. This amount of water exceeds the water
contained in all river basins in the world by 11 times. The water store
in the atmosphere is renewed about every 9 days, i.e. 40 times a year,

How does the water get into the atmosphere? There is only one
way; that is evaporation followed by eddy and convection transport
of the water vapor. Evaporation is a process of water molecule com-
ing off from the surface. Evaporation intensity depends on tempera-
ture, wind speed, and, to a certain degree, on the atmospheric pres-
sure.-The nature of the evaporation can be presented in the following
way. Imagine a horizontal water surface (figure 5.1). From the surface

Figure 5.1. Explanation of the evaporation process nature,

molecules come off (evaporation) and come back to the surface (con-
densation). Depending on which process prevails, one can say that
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either evaporation or condensation is taking place. When the number
of molecules coming off is equal to the number coming back, we say
that the air is saturated. The saturated water vapor pressure (E) in-
creases with the air (and surface) temperature increase, i.e. if T < Tz'
then E <E,

Saturated water vapor pressure also depends upon the state of
the substance. The stronger the effort required for the molecules to
come off, the smaller the saturated water vapor pressure. That is the

reason E,, <E and the E value is smaller over a concave surface

water !

than overa flat one, and even smaller than over a convex surface (see
figure 5.2).

Figure 5.2. Evaporation from the different curvature surfaces.

It is interesting
—Have you ever run in the water? If you have, you may recall three
possible cases. The first one as the water is up to your ankle, the second
case when the water is up to your knees, and the third it is up to your
waist. It is natural that at the last case you must make the largest effort
to get out of the water.

From the reasoning above it follows that the saturated water vapor
pressure is larger over smaller droplets than over larger ones. Now
imagine a situation when the saturated water vapor pressure in a cloud
(e) is larger than over bigger droplets and smaller than over smaller

droplets (E, <e<E,

). Hence, the smaller droplets will evaporate,
while the water vapor will condense on the larger droplets, i.e. the
larger droplets will grow at the expense of the evaporation of the
smaller ones.

A similar situation occurs with the cloud element growth in mixed
clouds consisting of water droplets and ice crystals. The crystals grow
at the expense of both large and small droplets. The growth of the
cloud element results in precipitation.

The water in the atmosphere can be in three phases: liquid water
{(droplets), ice crystals, and water vapor. Sometimes the liquid water can be
in a supercooled state. However it cannot be considered as the fourth phase.
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The state of the water in the atmosphere depends upon tempera-
ture (T} and pressure (p). It can be determined from the water state
diagram that is also known as the Magnus curve (figure 5.3).

Let us turn our attention to the diagram. Suppose parameters of
the atmosphere correspond to those at the point "A". In this case the
water vapor partial pressure at point "A" (e,} is smaller than the satu-

rated one (E),i.e. e, < E. Hence, in this situation the evaporation proc-
ess will take place. Just the opposite situation occurs at point “B",
where ¢, > E, and that means that in this case the water vapor con-
densation will take place. At point “"C" water vapor and liquid water
is in equilibrium, and the air is saturated with water vapor, i.e. ¢. = F .

As is shown in figure 5.3, at negative temperature the saturated
water vapor pressure over water is just a bit larger than over ice. This
"just a bit” is quite enough for initiation of some important processes
in the atmosphere. As was mentioned above, due to this “just a bit", in
clouds the crystals grow as a result of the droplet evaporation. An-
other important process refers to the interaction between snow cover
and fog. They say, and this is true, that the snow cover "eats up” the
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Figure 5.3. Magnus curve. Diagram of the water state in the atmosphere

164



fog. Really, the fog droplets evaporate, and the vapor sublimates on
the snow crystals. In thisway the fog water content decreases and one
can get an impression that the snow cover is "eating” the fog.

It is interesting
~A tricky question: please, show on the diagram (figure 5.3) the point
corresponding to the water vapor state in your room.
—As indicated above, a small difference of the saturated water vapor
pressure over water and ice ("just a bit" ) results in some important and
interesting processes in the atmosphere. This fact, in a way, resembles
the operation of an ordinary lift. A necessary part of every lift is a coun-
ter weight that is "just a bit" heavier than the lift cabin with passen-
gers. As a resulf, even a small power motor is sufficient to move the
cabin whatever weights the cabin would have. Here, like in the atmos-
phere (or vice versa), the principle “just a bit" works.
—~Speaking on evaporation and condensation, it is worth citing an ex-
ample. One birch tree evaporates annually a few thousands liters of
water into the atmosphere, It means that for only one clear sunny day
every tree evaporates 3—5 pails of water. And that is just a tree for a
day only!
—Now an example on evaporation that shows the strength and the greal-
ness of the atmospheric processes. Imagine a “cb” (thunderstorm} cloud
of a moderate size (10x10 km in the horizontal direction and 5 ki in
height). Let its water content will be only 1 g/m* which is a bit less than
normal for ¢ "cb” cloud. A simple calculation suggests that in such a
cloud the amount of water would be 5x1(° tons or 10000 rail tank—trucks
of water. The volume is sufficient to fill a basin of 5 meters in depth,
and horizontal size of 100x1000 m?. This amount of water appeared in
the airdue to condensation of the water vapor contained in the air. It is
worth recalling that condensation is accompanied by the latent heat
release. If all released heat would be spent for warming the water that
filled a basin of volume 5x100x6000 m’, the water temperature would
increase from 0 to 100°C. This amount of energy is comparable with the
energy of a nuclear bomb.

Why do cloud elements remain in clouds?

There is one more interesting question. Everybody knows that
the water, as well as water droplets, is heavier than the air. However,
the water droplets do not fall down at once after they have appeared.
Why? The reason is vertical motion that almost always exists in the
atmosphere. Even though the speed is not more than a few mm/s, it is
sufficient to prevent the droplets falling to the Earth. As soon as the
droplets, in the process of enlargement, become large enough, the
vertical motion cannot hold them in suspension any longer, and they
precipitate on the Earth's surface as rain or snow. Did you happen to
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make soap —bubbles in your childhood? If you did, it is easy for you
to imagine the rain drops as small soap —bubbles!

Vertical motions in the atmosphere arise for a variety of reasons.
For instance, there is a type of the motions that is caused by airflow
confluence. These motions occupy huge areas. As a matter of fact,
they are vertical components of a large-scale (thousands kilometers)
general air motion. This is why we call them large-scale vertical mo-
tion, although the value of the vertical components is just a few mm/
s or cm/s. This type of the motion is responsible for stratiform cloud
formation.

Another type of vertical motions occurs in comparably narrow (a
few km or tens of km} air currents directed upward. The speed of the
airin such currents canreach a few tens of meters per a second. These
motions have the name vertical current. They are responsible for the
formation of clouds giving shower type precipitation

The vertical currents arise when the atmosphere is statically un-
stable. This kind of the atmosphere state appears as a parcel of air for
some reasons becomes warmer than the environmental air. Being warmer
and consequently lighter this parcel starts rapidly ascending. Then it is
followed by some others parcels. That is the way the vertical currents
arise. Recall the smoke of a fire. The smoke isin the warm air parcel over
the fire and you can easy watch how it rises. A more heated piece of a
land, for instance a ploughed field, suitrounded by a forest, is that “fire",
inwhich instability and vertical currents in the atmosphere are produced.

6. UNFAVORABLE AND DANGEROUS WEATHER
PHENOMENA

In this chapter we consider the impact of temperature, pressure,
wind, precipitation, fog, thunderstorms and hailstorms on people and
economic activity.

Definitions

Unfavorable and dangerous weather phenomena are those re-
sulting in death of people and large economic losses. At present the
following terms concerning these phenomena are adopted.

—  Dangerous phenomenon (DPH) is the phenomenon the intensity
and duration of which exceeds the limits defining it as being
dangerous.

—  Unfavorable meteorological phenomenon (UMPH) is the phenom-
enon the intensity and duration of which does not reach the lim-
its defining it as being dangerous.
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In principle, all meteorological phenomena can be regarded as
dangerous.

It is interesting
—Once, at a school, the teacher of chemistry was asked whether “an
inoffensive substance” is toxic. The teacher answered that all sub-
stances can be toxic, even sweets depending on how much of it one has
eaten. The same thing applies in the nature. Every phenomenon can be
dangerous. It all depends on its intensity and duration.

Let us consider the main meteorological parameters and phe-
nomenag, and evaluate their danger for people and various economic
activities.

Low temperatures

Low temperature is an uncertain notion. For S.Petersburg and
Moscow the temperature is low if its value is —20°C or lower; for
Jukutia —40°C or lower; for Sochy —10°C or lower. Hence, the notion
“low temperature” depends on the geographical position of the region.

Low temperatures at the surface strongly influence human ac-
tivities in many ways.

A man can get frostbite. The possibility for getting frostbite de-
pends on the temperature, wind speed, duration of staying out of
doors, and clothes.

Construction organizations may face the problem of discontinu-
ance of out-of-doors construction work and limiting of some indoor work.

Sport competitions can be cancelled due to low temperature and
the possibility of sportsmen getting frostbite.

Municipal economy and house-heating complexes can have a
problem with freezing of the heating systems and the need to change
the operation of the boiler-house to a critical regime. Low tempera-
tures result in prolongation of the heating season in towns. In
S.Petersburg, prolongation of the heating for only one day calls for
additional expenditure of $170000, and the heating 1 m? of a dwelling
costs about $3 a year.

Automobile transport operations become much more complicated
both for the car mechanisms and drivers. For example, in the far North-
ern regions the drivers do not switch off the engines for the whole 24
hours since at the very low (well below freezing point) temperatures
starting the engine is practically impossible.

Railway transport can meet some great difficulties with the rolling
stock operation and with people working in frosty weather conditions.
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Marine transport can face the possibility of the vessel icing and
the crew having difficulty working on the deck.

In agriculture a situation can arise when all winter crops and or-
chards may be killed by frost. Consequently animal farms and green-
houses will require additional heating which requires with extra ex-
penditure and increases the risk of fire occurring.

Fuel economy can face the possibility of crystals forming in the
automobile or aviation fuel if the fuel is not stored correctly. The crys-
tal formation makes the fuel unusable.

Metallurgy may suffer due to pieces of ore freezing together in rail-
way wagons. That makes the ore become impractical for processing in
the factories because of the long time needed for unfreezing the ore and
removing it from the wagon. Alternatively measures need to be taken to
keep the ore from freezing. All these increase the cost of production.

Work and life in reserves require additional care of trees and feed-
ing animals and birds that lead to some extra expenditure.

Some industrial harmful activities may result in the formation of
smog that badly affects the ecological situation in the region.

Mining industry, when working in open quarries, can face the
possibility of smog formation at the bottom of the quarry.and signifi-
cant fall of temperatures between the upper and lower levels of the
quarry. In one of the quarries in Kolsky peninsula the air temperature
at the bottom was recorded to be —42°C, while atits top only — 18°C,

Tourist agencies and resort organizations can experience dimin-
ishing tourist flows.

Electric power supply systems need to increase the output of elec-
tric power plants up to the highest level.

High temperatures

The notion of high air temperature, like the low one, is not strictly
defined. People do not always enjoy the high temperatures, and those
engaged in different branches of the economy may have problems
with such temperatures. '

For those working in agriculture the high temperatures may be-
come a cause for crop losses due to drought, may diminish the amount
of the stored hay, and may require some efforts to find additional
sources of fresh water for livestock. Besides, the high temperatures
can result in creating a fire risk with unpredictable consequences (dev-
astation of the livestock, fodder, and crops).

For those working in forestry the high temperatures produce a
threat of forest fires that usually results in the death of birds and ani-
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mals, and in losses of trees. According to statistical data, in Russia
annually 1000000 hectares of the forest perish due to fire and the same
amount is cut down.

For every citizen the high temperatures are dangerous for health,
especially for those suffering heart vascular disease, asthma, and sug-
ary diabetes. At high air temperatures, the amount of oxygen decreases
in the air. That is also not a reason for a good feeling. A noticeable
change in the state of a human being occurs as the air temperature
rises from 36 to 37°C. When the air temperature is equal to 36°C, the
body still “gives away" some {although very small) amount of energy
into environment. When the air temperature becomes 37°C, the body
heat "has no way to go anywhere".

For municipal economy the high air temperatures create a “head-
ache" associated with the necessity to water flowers, gardens, and even
parks and streets, with increased frequency of work for rubbish re-
moval, and with a fire threat.

For all kind of transport the high air temperatures are unfavorable
because they create hard working conditions for drivers (crews), in-
crease the fuel consumption, and require making longer running starts
and landing run for airplanes.

Air temperatures around °C

Once again, like high and low temperatures, the air temperature
around 0°C affects various branches of the economy in different ways.
Let's take a few examples.

For agricultural activity a small decrease of the air temperature
around 0°C (frost) can kill the winter and spring crops. If the frost oc-
curs at the time of fruit-tree blossom, it can kill the crop of fruits in
orchards. Besides, at an air temperature around 0°C the condition of
country roads become impassable and the wires of the overhead com-
munication and electric power transmission lines can be ragged due
to adhesion of wet snow and ice. This creates a dangerous situation
not only for agricultural enterprises.

For municipal economy these air temperatures are unfavorable
and even dangerous because they require and additional care of
roads. It is necessary to clean the mud and wet snow from pave-
ments and street roads and, in the case of glaze, to scatter a mix-
ture of sand and salt {to do this only once for all the road in
S.Petersburg costs $240000). Another problem is caused by icicles.
They are very dangerous and, therefore, must be knocked down.
However, to find volunteers to do this job is not easy, and, more
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over, the municipal services often do not have enough money to
properly pay for this work.

The solution of the problems associated with such kind of weather
requires a lot of money. Sometimes, wishing to save money, the mu-
nicipal services disregard their responsibilities. The pavements, roads,
and buildings remain with mud, wet snow, glaze, and icicles. Certainly
the municipal services save their money but the public health depart-
ment becomes "bankrupt” because it spends a lot of money treating
numerous breaks, bruises, and other injuries.

For public health institutions having temperatures close to 0°C
is undesirable not only because of various injuries but also due to ca-
tarrh diseases when the number of people affected exceeds the epidemic
threshold. In the case of influenza the epidemic threshold is considered
to be when one in every 500 citizens seeks the help of physicians.

For energetic and communication enterprises the air tempera-
tures close to 0°C are harmful because of the possibility for glaze for-
mation and sleet sticking to the wires. This may result in the breaking
of overhead power transmission lines. To fix a broken line, the repair
team has to get to the place where there are broken wires by the im-
passable roads. Besides, this kind of weather is usually accompanied
by high air humidity. With these conditions the losses of the electric
energy in transmission lines significantly increases and that may re-
sult in'some undesirable consequences.

For all kinds of transport enterprises having the air temperature
slightly below 0°C is also “not a desirable gift". For aviation it may
result in icing of aircraft when they are on the ground or icing of run-
ways. Hence, postponed flights or/and turning back of the planes oc-
curs since they cannot make a landing (due to runway icing) at the
destination airport. For qutomobile transport road icing decreases the
speed of car movement and increases the amount of traffic accidents.
For railway transport near zero temperatures can cause contact wires
to be broken, rolling stock icing, and significant deterioration of the
conditions for outdoor work. For the river and marine fleet near zero
temperatures create the possibility of vessel icing.

For constructing companies near zero temperatures can be a rea-
son for the access roads to become impassable resulting in construc-
tion mechanisms standing idle. Besides, the work at the building sites
becomes dangerous.

The information given above makes clear why the air tempera-
tures can sometimes be an unfavorable condition, and in some in-
stances even dangerous one.
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Atmospheric pressure and its variations

Atmospheric pressure and its variations is the least “harmful”
weather condition, although near the ground it can vary over a wide
range. Some cases were 1eported when the pressure value at S.
Petersburg has been as low as 720 mm mercury, and as high as 790
mm mercury.

The value of the atmospheric pressure affects the way people
feel. One of its effects is that the low pressure diminishes the oxygen
content in the air. It makes a negative impact on every human being
inthe region. A second one influences ill people. Those suffering from
low blood pressure feel unwell, when the atmospheric pressure is low,
as do those suffering from high blood pressure when the atmospheric
pressure is high. Therefore, the appreciable lower or higher atmos-
. pheric pressure makes our physicians, polyclinics, and other medical
institutions work harder.

It is interesting

~Qur heart ("pump” or "motor” whatever you may like to name it)
makes the blood travel through our blood vessels. After every impulse
of the heart the next portion of blood goes into our vessels, When re-
ceiving every portion of blood, the vessels pulsate a little. Doing so,
they have to widen, thus increasing the diameter, Therefore, even at
normal blood pressure (120/60 mm mercury) our vessels overcome the
effect of the atmospheric pressure. For persons with higher blood pres-
sure [t is necessary that the vessels become wider as much as possible
to lower their blood pressure. However, the high atmospheric pressure
“hinders” the vessel widening. That iswhy ill persons are badly affected
by high atmospheric pressure, As to those suffering low blood pressure,
everything is just the opposite. Although this explanation is very primi-
tive, we hope that some of the processes in human organisms became
more understandable for the readers.

Thus the atmospheric pressure variations, especially sharp ones,
resultin deterioration of the people's feelings. Besides, the sharp pres-
sure fall leads to a strong wind that makes some undesirable impacts
on various branches of economy.

Wind

Alight wind at the surface is a good thing, while a strong wind is
always a problem for everyone and everything. Some cases were re-
ported when the wind speed reached 65 m/s or more. Naturally, such
a strong wind is considered by people to be a catastrophic event. Of-
ficially, we consider the wind to be strong if its speed becomes more
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than 15 m/s. Not specifying its speed, let us see how the "strong wind"
influences various economy branches.

For agriculture the strong wind is a dangerous phenomenon be-
cause it may result in the need to store crops and the consequent loss
of crops in fields and orchards. In addition there may be damage to
agricultural buildings.

For energy enterprises a strong wind is dangerous because of the
possibility of destruction of electric power transmission lines: break-
ing wire, damage or overturning of the wire bearings, and damage of
transformer substations. As a result, the consumers will not receive
the required amount of power and that can lead to so called "missed
benefit” for many economy structures. -

For communication services the strong wind “brings" problems
associated with overhead line usage. These lines still exist in rural
areas. When the wires of a line are on the old (or even very old) wooden
poles, the strong wind can easily damage these poles creating a big
problem for the telecommunication workers.

For all kinds of transport the strong wind cannot be regarded as
"good”. For aviation the strong wind is an unfavorable phenomenon.
It may result in damage to aircraft staying on the ground, in postpon-
ing flights, in closing airports, and in planes and helicopters having
to return without completing their flight. The flight postponing and
airport closing can be considered, as "missed benefit” but the dam-
ages of aircraft and returned flight are the losses in an "absolute form".

During strong wind conditions motor transport is forced to de-
crease the speed of motion (that is particularly true for the high capac-
ity motor transport} and, hence, to increase the fuel consumption and
the time needed for the transportation of the goods. Besides, the dust
lifted by the strong wind deteriorates visibility and negatively influences
the work of the engines. All these cause some additional expenditure,
additional decrease of vehicle speed, and increase of traffic accidents.

Railway transport also suffers from strong winds although it
“runs” on the railway. The strong wind can break the contact wires,
produce snow-drifts on the railway bed, and hamper the work of hoist-
ing cranes in the goods junctions.

Water transport is also greatly affected by the strong wind. First
of all, the strong wind causes waves on the water surface. The waves
make navigation very difficult and less safe due to the possibility of
the loads being displaced. Besides, the strong wind excludes the
proper working of the cranes in ports and significantly hampers the
vessel motion in the navigable channel. ‘
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Municipal economy in towns and villages can suffer from strong
winds. For example the wind can break wires of various overhead trans-
mission cables; tram and trolleys contact wires, and fell trees. The
felled trees can block traffic and make some damage on the streets.
Besides the strong wind may result in broken roofs, felled advertising
shields, broken windows, and even in human deaths. In the Far East
the strong wind associated with a tropical cyclone can cause losses of
about $10000 every hour.

For forestry the strong wind is a danger because it causes so-
called "wind fallen wood". Not only do the trees fall down, but also
they block forest roads and cuttings. To remove the fallen wood from
the forest costs a lot of money. v

For building organizations the strong wind can become a reason
for the termination of work. According to their technical characteris-
tics various tower cranes can operate at wind that does not exceed a
critical speed. For example, some cranes cannot operate if the wind
speed exceeds 17 m/s and for some other cranes the threshold is 22
m/s. On average, one crane standing idle for an hour leads to losses
of $150. Besides, the crane standing idle causes missed benefit due to
termination of the construction operations. Unfortunately, by break-
ing accident prevention rules, the builders often continue working at
a wind which is stronger than that allowed for the cranes.

Organization of fuel and energy-production complex (FEPC). The
strong wind limits the operation of drilling rigs. As well as for build-
ing organizations, critical wind speeds are established for various kind
works of FEPC objects. Unfortunately, the accident prevention rules
are sometimes violated here as well.

Precipitation, snowstorms and fogs

Precipitation, snowstorms and fogs can make some undesirable
impacts on various branches of the economy. We'll discuss here just
afew examples. Qur readers will be able to find all the rest themselves.

For agriculture heavy precipitation is dangerous because it may
result in the storing of crops, the impossibility of harvesting, and in
making roads become limp so that crops cannot be brought out. Early
snow falling on the fields can "bury” all production made by the agri-
cultural farm during a year. Meanwhile one must not forget that pre-
cipitation is necessary for the normal growing of plants. In the case of
drought or lack of rainfall the crops may perish.

For energy enterprises precipitation and fogs are unfavorable
phenomena. They cause significant losses.of power in the overhead
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transmission lines. As stated above, due to precipitation the country
roads become impassable, and snowstorms produce snowdrifts on the
roads. Consequently these phenomena do not allow for proper moni-
toring of the complicated power transmission system, It is known that
this system needs some reguiar preventive inspections and, if neces-
sary, some maintenance. However, the maintenance crew has some-
how to get to where the lines are located in order to make inspections
and carry out repair work. It is here that the main problems arise with
respect to the effects of precipitation, snowstorms, and fogs on the
energy enterprises.

The communication services experience the same kind of problems
with precipitation, snowstorms, and fogs as the energy enterprises.

Precipitation, snowstorms, and fogs are unfavorable (and even
dangerous) phenomena for transportation enterprises. As to aviation,
these phenomena can cause flight cancellations (delays), airport clo-
sures, and, in the case of an unsuccessful weather forecast, the return
of aircraft. All these result in significant losses. For instance, one air-
craft return “costs" about $4000, airport closing for an hour costs
$3000, and intensive work for cleaning snow from Pulkovo airport costs
$3000 an hour.

When these phenomena occur automobiles have to decrease
their speed of motion due to low visibility, bad state of the roads, and
snowdrifts. The road services have to make a lot of effort to clean the
roads. It is worth mentioning that use of a cleaning machine costs about
$20 an hour, and maintaining 100 km of road in working conditions (due
to unfavorable weather conditions only) costs about $25000 a year.

It is interesting

~—Once, newspapers in France published a story about an unusual traf-
fic accident which occurred in thick fog. On a highway two cars were
running toward each other. The accident occurred as both cars were
just passing one another. The drivers of the cars were taken into a hos-
pital being in very bad conditions. However, the cars remained abso-
lutely undamaged. To explain the accident more clearly, the detail was
cited in the newspapers. Because of the low visibility in the fog, each of
the drivers dropped down the side window of the cars and leaned out
the window. At the moment the cars were puassing the brows of the driv-
ers collided. As to the cars, they remained safe and sound.

Asto therailway transport, the most significant dangers are snow-
drifts and the possibility of the railway bed being washed away dur-
ing heavy and long duration precipitation. The water transport expe-
riences some difficulties at low visibility condition. The boat crews
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have to decrease the speed of motion and take special care when the
boats are moving along narrow channels and when making moorings.

Municipal economyis mostly affected by heavy shower type rains
and snowdrifts. Those working in the economy must keep in good
order so called pouring rain sewerage, clean off the roads and inner
yards, and remove the snow from the streets and yards. In mountain-
ous regions some problems may arise because of avalanches, land-
slides, mud flows, etc.

Building organizations have to allocate some additional resources
to maintain in working order their tracks (they are not in a best condi-
tion even in fair weather) when heavy rains occur. Sometimes they
are even forced to stop assembling and decoration work of unfinished
structures. Hence, the volume of works decreases and the organiza-
tion can miss the benefit.

For fuel and energy complexes precipitation, snowstorms, and
fogs create the same difficulties as for other organizations. In addition,
some appreciable problems arise for those working in open-cut mines.

Precipitation, snowstorms, and fogs can make some undesirable
impacts on the feelings of human beings. This kind of weather is to be
considered as unfavorable rather than as fair for human health. It is why,
when these phenomena occur, the load on medical institutions increases.
Ambulance services, hospitals, polyclinics, medical personnel of sana-
toriums and rest houses have to significantly increase their activity.

From the discussion above it becomes clear that various branches
of the economy need specialized forecasts about the state of the roads,
drying out of natural ground airfields, snowdrift development, etc.
And it is obvious that such specialized forecast must be specific for
different branches of the economy.

Thunderstorms and hailstorms

Perhaps thunderstorms and hailstorms are the most danger-
ous weather phenomena. There is no branch of economy, for which
the thunderstorms and hailstorms would be a pleasure. Let's cite a
few examples.

For agriculture the thunderstorms and hailstorms are dangerous
because they can demolish the crops in the fields, the crops in or-
chards and vineyards. Besides, they are also very dangerous for rear-
ing stock. First of all there is destruction of cattle-breading buildings,
then there is the possibility for fire as lightning hits these buildings,
and, finally, there is the possibility of cattle injury and even injury
due to heavy hail stones.
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It is interesting
—A thunderstorm is one of the most dangerous weather phenomena,
—On Earth about 44000 thunderstorms are observed every day, that is 1800
thunderstorms in an hour, every minute 100 lightning glitter in the sky.
—The energy of all thunderstorms is equal to one-thousandth part of
the enerqgy arriving from the Sun. Since the time of M. V. Lomonosov,
experiments for utilization of this energy have been conducted and go
on at present. However, unfortunately, they are not successful so far.
—The energy in a thunderstorm cloud of 10?10 km? area and 5 km thick
is comparable with the energy of 10 atomic bombs, similar to the one
dropped on Hiroshima.
—Ascending motion in a thunderstorm cloud can be as strong as 50—
60 m/s and descending motion can be 30—35 m/s (200 and 100 km/h
respectively).
—In front of a thunderstorm cloud squalls can develop with the wind
speed being more than 60 m/s (230 km/h).
—The amount of water in a thunderstorm cloud with 100 km? area and
5 km thick is sufficient to fill up the basin with a volume of
1000210025=5210° m®. That is about 15000 tankers. All this amount of
water is contained in a single cloud! That is a great power!
—For a cloud droplet of 20 microns in diameter to reach the size 2 mm,
1000000 (a million!} collisions with the similar droplets need to occur.
—Thunder itself is not a danger for human beings. However, we are not
able to react to lightning. We try to protect ourselves when we hear the
thunder.
—Ifwe divide by the time interval (in seconds) between the moment we
see the lightning and the moment we hear the thunder, we'll get the
distance from us to the place where the lightning had occurred.
—In a heavy downpour the visibility range can decrease down to a few
tens of meters. Some cases have been known when all surface transport
had to stop working due to poor visibility in a heavy shower,
—The total force of the shower raindrops pressing on the surface of the
airplane TU—154 is...2,5 tons.
—Some thunderstorms are accompanied by a hailstorm that is also «
very dangerous phenomenon. The hailstones can be rather size. In Rus-
sia the largest size hail was observed in Rotovskaya district. Here, the
registered weight of some hailstones was a large as 1800 grams. Imag-
ine that a vessel filled with two liters of water drops down on your head
from the 5 km altitude! The largest hailstones were observed in India.
There some of the hailstones weighted up to 2200 grams. An elephant
once experienced such hail. Even the elephant could not stand it and
died in 3 days. Being sorry for the elephant, we cannot escape from
imagining what would happen to crops, orchards, buildings, aircraft,
and cars. All of them fell victims to this natural disaster.
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The thunderstorms and hailstorms are very dangerous for energy
enterprises. First of all they can put transformer substations out of action,
and damage electricity transmission lines. As a result, consumersreceive
less energy than they need. For instance, in Orlovskaya district, which
cannot be referred to as being a well developed region (in the sense of
industry), various enterprises receive less than they need by about 400
mWh of energy a year. That can be considered as a “missed benefit".

As to the communication services the thunderstorms and hail-
storms can put out of action relay stations, overhead communication
lines, and antenna management.

The thunderstorms and hailstorms are dangerous for all kind of
transport. For instance, any airport is practically always closed when there
is thunderstorm activity. Hence aviation companies incur some losses.

The losses of the motor transport due to thunderstorm phenom-
ena come from the speed decrease, and increase in the number of traf-
fic accidents,

For the railway transport the thunderstorms and hailstorms are
unfavorable phenomena because they cause damage of the contact
wires, wash away the railway bed, and breach the normal working re-
gime of cranes used for loading (or unleoading) the cars.

For the water transport the thunderstorms are unfavorable phe-
nomena because they can break communication, and, what is most
dangerous, the lightning can hit vessels causing many undesirable
consequences.

Municipal economy of any region also suffers from thunderstorm
activity. First of all it will influence the overhead lines.of communica-
tion and electricity transmission for street illumination and electrical
transport. Besides, thunderstorms and associated downpours "in-
spect” the functioning of the run off canalization (sewerage) and pos-
sibly create obstructions, snowdrifts, and water flows on the roads.

For forestry any thunderstorm as the source of lightning can cause
forest fires. Also strong squalls can fell the trees.

For the building industry a thunderstorm is a reason for the stand-
ing idle for both cranes and various kinds of work, and, as conse-
quence, a "missed benefit".

Downpours, thunderstorms, and hail do not directly influence
the human health. Perhaps, it is not the case when in medical institu-
tions the amount of working activity increases. However, various kind
unexpected problems can arise from time to time. [t would be better if
one is aware beforehand about these problems and gets prepared to
cope with them.
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In principle, we might continue to talk about the unfavorable
weather conditions and their impacts on human life and activity. How-
ever, it seems to us that the readers are now prepared enough to do it
without our assistance.

Economic losses

According to statistical data, the losses of all economic struc-
tures of Russia because of unfavorable weather conditions are $20 bil-
lions a year. 60% of them are non-preventive losses. As to the other
40%, we may try to prevent them. To do this, we need not only correct
specialized forecasts but also a competent decision-making process
within organizations so that appropriate action is taken. If we ignore
the forecasts, the losses will be doubled.

In Russia recent trends are toward the assessment of risks. In 2003
November, under the leadership of the President of the Russian Fed-
eration, a special government session devoted to this problem was
held. Naturally, the problems of all kinds of risks were discussed in-
cluding those of meteorological nature as they can be applied to ex-
isting, developing, and projected enterprises in various branches of
the economy.

It is important although not very interesting

—According to the order Ne104 of 15.10.1999 issued by ROSHIDROMET
the list of unfavorable and dangerous weather phenomena that result
in large-scale economic losses and human death and injury is approved
and introduced into action from 1.01.2001. This list includes phenom-
ena specific for every economic region. The phenomena and the levels
of thelr intensities indicated in the list depend upon the geographical
position of the region, its economic potential, etc. There is no sense in
providing any examples from the list. Simply, one must know that the
appropriate order exists and allows us to estimate the losses that vari-
ous natural phenomena can bring to one or another region.

7. AIR MASSES AND ATMOSPHERIC FRONTS

In this chapter we consider the classification of air masses and
their properties, along with the origin of atmospheric fronts and the
way they are classified.

Classification of air masses

As mentioned in a previous chapter, our Earth is covered with an
air envelope known as the atmosphere. It is obvious that over the equa-
tor the air properties are not identical to those over the poles. Meteor-
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ologists have agreed upon a division of the air envelope into various
air masses.

An air mass is a huge body of tropospheric air possessing homo-
geneous properties in the horizontal and moving in a definite direc-
tion. The horizontal sizes of the air masses vary in the range from 500
to 4000 km, and their vertical extent can be from 2 to 10 km. It means
that the air mass can cover a large part of a continent or an ocean. The
main properties of the air masses are temperature, humidity, static sta-
bility and visibility. The secondary properties are cloudiness, precipi-
tation, and some other phenomena. As follows from the air mass defini-
tion, the main properties do not vary much in the horizontal direction.

Air mass formation is influenced by the underlying surface over
which the air mass is circulating for a rather long time. Consequently
the air mass takes on typical values of temperature and humidity, both
near the surface and in the upper levels, for that region. This means
that the air mass acquires a definite vertical distribution of the air tem-
perature and humidity which determines its static stability. Air masses
are distinguished by their thermodynamic characteristics {main prop-
erties) or by their source regions.

The air mass moving into a colder environment, i.e. onto an un-
derlying surface colder than the air, is called a warm air mass. The air
mass moving onto an underlying surface warmer than the air is called
a cold air mass.

The thermal effect of the underlying surface on the air mass re-
sults in significant changes to its thermal regime. It means that a warm
air mass is cooled from below as it moves over a colder underlying
surface, whereas a cold air mass is warmed from below as it moves
over a warmer surface. This process will change the air mass lapse
rate. The lapse rate will decrease in a warm air mass, and increase in a
cold one. Hence, in these circumstances a warm air mass will become
more stable {less unstable), while a cold one will become less stable
{more unstable).

Depending on the lapse rate both a cold air mass and warm one
can be stable or unstable. In addition they can be designated as hu-
mid or dry depending upon their watervapor content. Hence, accord-
ing to their thermodynamic characteristics, the air masses can be clas-
sified in the following way.

— Warm, stable, and humid air mass.
— Warm, stable, and dry air mass.

— Cold, stable, and humid air mass.
— Cold, stable, and dry air mass.
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— Warm, unstable, and humid air mass.

-~ Warm, unstable, and dry air mass.

— Cold, unstable, and humid air mass.

— Cold, unstable, and dry air mass.

Every type of the air masses has its inherent weather conditions.

They are indicated in table 7.1.

Table 7.1.

Weather conditions in air masses of different types according
to thermodynamic classification

Alrmass type

Weather in sisnmer

Weather in winter

Stable, warm and
hwmid air mass

Hot, humid. Ac. As.
Sometimes Ns and rain

Low clouds, drizzle, fogs.
Thaw.

Siable, warm and
dry air mass

Fair, hot weather

This air mass dogs not appear
over Europe in winter

Stable, cold and Sc, chilly. Moderate cold weather.
humid air mass Fogs, glaze, sleet, low clouds
Stable, cold and dry Cold, fair weather Very cold, fair weather.
air mass

humid air mass

Unstable, warm and |
¢ thunderstorms, squalls, hail, and

Convective phenomena:

tornado.

Shower type snow, snowstorms,
gusty winds efc.

dry air mass

Unstable, warm and

Custy winds and dust storms.

Thaw
Snow melting

Unstable, cold and
humid air mass

Showers, Cb clouds

Snowstorms, gusty winds, and
convective type clouds.

Unstable, cold and
dry air mass

Cu hum, cold gusty winds and
separated Sc.
Chilly weather.

Fair weather with frosts and gusty
cold winds.

In this table weather conditions typical for the air masses arve cited. However, in realify.
they may deviate from those indicated in the jable depending on the influence of local
| fearures and other synoptic objecr impacts.

The geographical classification divides air masses into four main
types corresponding to the air mass source regions:

— Arctic (Antarctic) Air,

— Polar (Mid-latitude} Air,

- Tropical Air, and

- Equatorial Air.

Except for the Equatorial Air, each of the other three types can
be of continental or maritime origin. Knowledge of the geographical
position of the source region, the direction of movement, and the main
characteristics of the air masses is very valuable for practical purposes.
It suggests how to estimate and forecast the weather in every region.
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Let us discuss the properties of the main types of the air mass enter-
ing Europe or forming over it.

Properties of different types of air mass

Maritime Arctic Air (MAA) enters Europe with NW or N winds
blowing from Greenland and Spits Bergen. Passing over the open and
warm waters of the Norwegian and North Seas, this air get moister
and warmer by contact with the sea surface. In this way the air be-
comes unstable and more humid. Near the shores of Northern Eu-
rope the MAA is always found to be an unstable air mass. In spite of
this fact, it almost never produces thunderstorms. Over the deep con-
tinental part of Europe the weather in the MAA depends upon the
season. In summer, moving over the warm continent, itbecomes more
unstable and becomes Continental Polar (Mid-latitude) Air (CPA). In
winter the process is different. Moving over a cold, snow surface the
MAA gets colder from the underlying surface (i.e. from below), and
gradually itlosses its unstable character and converts into a stable air
mass. In spring and autumn its stability is variable. In daytime it is
unstable, at night stable.

Continental Arctic Air (CAA) arrives over the European part of
Russia {EPR) with NE winds (sometimes with N winds). In winter over
the EPR this air remains dry and stable. The weather is cloudless (or
small amount of clouds), and the air temperature is very low. Some-
times ice needles fall from this air, and over large towns and indus-
trial factories frost hazes and ice fogs can arise.

In summer, the CAA warms from below and in this way becomes
unstable. It also receives some moisture from the underlying surface.
However, low temperature and, hence, small water content does not
allow appreciable convective development. Therefore, only weak
downpours and rare weak thunderstorms may occur in this air.

In spring and autumn over the EPR the CAA is statically unsta-
ble but not very humid. Very often precipitation from this air is found
to be in the form of graupel or soft hail. The invasion of CAA causes
early autumn and late spring frosts to appear, and also the lowest air
temperatures in Europe.

Maritime Polar Air (MPA) forms in mid-latitude parts of the At-
lantic and Pacific. In winter the cold continental air from Canada ar-
rives after traveling over the comparably warm waters of the Atlantic
Ocean, and, when moving to the east, it acquires maritime properties.
Being warmed and moisten from below (from warm water), it becomes
unstable and humid. That is why in the coastal regions of Western
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Europe cumulonimbus clouds and shower type precipitation are ob-
served as this air arrives. Moreover, winter thunderstorms are also pos-
sible, though to predict them is an extremely difficult task. As the MPA
becomes unstable, strong gusty winds appear. Further movement of
the MPA into the continent makes it loose its instability and become
colder from below. Ultimately the air becomes stable and colder.

Over the European Part of Russia it is typically humid, stable air
with low stratiform clouds, fogs or hazes, and drizzle or light snow. As
it actively propagates to the east, thaws can be frequently observed
up to the Ural region.

In summer, the MPA forms over the North Atlantic near Iceland.
Here, the underlying surface is rather cold, and, therefore, this air is
stable. As it moves eastward to Europe passing over the warm waters
of the Gulf Stream, it is warmed from below. In this way it acquires
instability and moisture. When this air approaches the coastal areas
of Western Europe, it has already become unstable and humid. As a
result, thunderstorms and downpours often accompany its arrival at
coastal regions. When moving further into the continent, the amount
of convective phencmena decreasesin the MPA since the air has al-
ready lost most of its moisture and instability in the coastal areas.

Continental Polar Air (CPA) forms over the mid-latitudes of Europe,
Asia, and America. Over Europe and Russia this air is considered to be a
local air mass. The properties of the CPA depend upon the season of the
year and the features of the region where this mass has formed.

In winter, usually, the CPA is a cold air mass, and in summer it is
a warm one.

In a cold part of the year, low cloud accompanied by drizzle, and/
or fog is typical for this air mass. In the warm part of the year,
cumuliform clouds with afternoon downpours and thunderstorms are
the usual phenomena.

Maritime Tropical Air (MTA) forms over tropical parts of
oceans, and sometimes over the Mediterranean Sea. At the source
region this air is stable, warm and humid. Moving over extratropical
continents in winter, the MTA acquires huge zones of {ogs, low
cloud, drizzle, and glaze. In summer, being warmed from below, it
becomes an unstable air mass. Even in a short distance from the
coastal areas convective phenomena such as cumulonimbus clouds,
thunderstorms, hail, squalls, and downpours actively develop. in
the MTA. In transition seasons the MTA is usually humid and sta-
ble. Onlyin the late spring or early autumn can it become unstable
for a short time in the afternoon.
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Continental Tropical Air {CTA} forms over tropical parts of conti-
nents and regions similar to the tropics in the warm period of year. To
the territory of Russia such an air mass comes from Middle Asia,
Kazakhstan, the lower Volga region, Nearest East, and Balkan Penin-
sula, and to Western Europe from Africa.

Due to strong heating from below this air is always unstable. How-
ever, the high temperature and low humidity does not allow clouds to
develop in the summer. In winter the situation is different. In this pe-
riod of the year low stratiform clouds, drizzle, and thick fogs can fre-
quently be observed.

Equatorial Airhas almostidentical properties to those of the Mari-
time Tropical Air. That is why, at present, meteorologists in the trop-
ics do not recognize it as an individual air mass.

It is interesting

—Any airmass is a mobile body. It moves northward, southward, or some
other direction. It can transit from oceanic surface to land surface and
vice versa. Whichever direction it moves its displacement results in
variation of its properties that we call air mass transformation. Together
with the change of temperature, humidity, and stability all other weather
conditions change too. All these changes must be accounted forwhen fore-
casting the weather. Without accounting for the air mass transformation,
all forecasts may turn out to be “more accurate than the real weather”.

Origin of atmospheric fronts

The transition zone between two different air masses has been
named a frontal zone. If this zone happens to be very narrow, it is called
an atmospheric front. Any frontal zone is characterized by a sharp vari-
ation of meteorological parameters in the horizontal direction per-
pendicular to the front. The width of the transition zone near the
ground surface is 50 — 100 km, and at upper levels 200 — 400 km. The
thickness of the transition layer near the Earth's surface does not ex-
ceed 100 —200 m, while at the upper levels it increases up to 500 —
1000 m. As compared with the sizes of the air masses, the thickness of
the transition layer is very small. This allows us to approximate this
layer by a surface called a frontal surface. The intersection of the frontal
surface with some other surface makes a line that is named a front
{frontline). Sometimes the frontal surface, for the sake of shortness, is
also called a front {or atmospheric front). The length of the frontal sur-
face in the horizontal direction perpendicular to the frontline is 600 —
1000 km, and along the frontal line it corresponds to the horizontal
size of the air mass {i.e. about 5000 km or so}. In the vertical the at-
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mospheric fronts can be traced up to 5—6 km. The frontal surface is
inclined to the ground surface at a very small angle and in such a way
that it forms a sort of wedge of cold air. Thus, in a frontal zone the cold
air is always found to be below of the warm air. Because of the small
width of the frontal zone it is denoted on the weather map by a line
{see the term frontal line defined earlier)

As stated above, in the frontal zones a sharp variation of the me-
teorological parameter values takes place. That is why the interac-
tion of the air masses in the frontal zones is responsible for the forma-
tion of clouds, precipitation, and other phenomena. This fact makes
forecasters be extremely careful when analyzing weather maps and
locating the positions of atmospheric fronts.

So, any atmospheric front is a divider of two air masses with dif-
ferent properties. Usually the differences in temperature and humid-
ity are the best way of identifying these fronts. According to statisti-
cal data, the temperature jump between two air masses near the earth
surface is 5°C or more, and at the upper levels it changes by 8°C or
more per 1000 km. )

From the equation of state it follows that the warm air density
(p,) is less than the cold air density (p ), i.e. p_ < p_. Suppose that in
the initial stage the frontal surface is vertical (see figure 7.1a). Then,
in principal, the heavier cold airwould have to expel upward the lighter
warm air (see figure 7.1b).

<y 53]
R T2
R —
!
fo = s
Figure 7.1. Position-of the divider between two air masses.
a— initial; b —ultimate (theoretical).

In fact such expelling of the warm air, as it is shown in figure 7.1,
never occurs. The frontal surface is always inclined under a very small
angle to the horizon as it is shown in figure 7.2.

In reality, the atmospheric pressure under the first air column is
less than under the second, and under the second is less than under
the third. The pressure distribution can be explained by the fact that
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the height of the cold part of
the column at the third posi-
tion is larger than at the sec-
ond position, and at the first
one. Hence, the third column
is heavier than the second and
the second is heavier than the
first. If so, a pressure gradient
force arises, and it is directed
toward the lowest pressure.
The pressure gradient force
causes the air movement. As
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Figure 7.2. Actual position of the
frontal surface. G, represents the
pressure gradient in the frontal zone.

soon as the movement ap-

pears, the Coriolis force arises too. As a result, the airflow is directed
along the surface front line. This flow keeps the frontal surface in the
inclined position. The angle of the frontal surface inclination (o) de-
pends upon the properties of the air masses divided by the front. The
angle can be determined from the formula

2wsin VT, -V,T,
(7, “Tl)

tga =

where V, and V, represent the wind speed in the cold and warm air
mass respectively, and T, and T, are the corresponding air tempera-

tures. @ = 7,29x107 s is the angular velocity of the Earth, and gis the

gravity acceleration.

Inclination of the frontal surface is rather small and has values of
1/300 —1/50. The average inclination of the warm front is 1/100, and
that of the cold front 1/50 — 1/75. The faster the front, the steeper the
tilt of the frontal surface.

Figure 7.2 allows us to make one more interesting conclusion:
any atmospheric front is always found in a pressure trough. As we look
at figure 7.2, we see that the pressure decreases toward the frontal
line (see reasoning above), where the cold air is practically absent.
Hence, here the pressure is smaller than in any other part of the fron-
tal zone, and the front is found in a pressure trough. From this reason-
ing it also follows that, as a rule, the trough is better defined on the
cold side of the front. This explanation seems to be simple and under-
standable. However the reason given above is not the only one which
explains why the front is found in a pressure trough. There are some
others. We do not exhibit them here because to understand the ex-
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planation based on these reasons, one must be equipped with a good
deal of fundamental knowledge of the physics of the atmosphere.

One more point needs to be taken up. If at the Earth's surface
the pressure in both (warm and cold) air masses is the same, at some
altitude above the surface the pressure in the warm air will be higher
than in the cold air. The reason is that the warm air is lighter than the
cold one and, therefore, when ascending up to the same altitude, the
pressure in the warm air will decrease at a smaller rate. Hence, at this
level airflow will arise from the warm air side toward the cold air side.
Doing so, the atmosphere tries to equalize the pressure distribution.
This process results in the frontal surface inclining in such a way that
the warm air appears to be above the cold air (see figure 7.2).

At the beginning the temperature
gradients forming a frontal zone arise
under the influence of the existing pres-
sure field. In figure 7.3 a conditional
pressure field is cited. The isotherms
are situated under a small angle with
dilatation axis (axis X). The airflow is
directed in such a way that it brings the
isotherms closer together, i.e. the tem-
perature gradientincreases and frontal  gjgyre 7.3 Explanation of the
zone forms with respect to the contrac-  frontal zone formation.
tion axis (axis Y). 1 represents streamlines,

In nature this process is signifi- 2 represents isotherms.
cantly more complicated although the
main principles remain the same. Theoretically, any frontal partition
between two different air masses must go around the Earth having
ridges of warmth over some regions and troughs of cold over other
regions. In fact, one cannot see it on the weather map because of the

. air mass transformation and different underlying surfaces, and some-

times, because of poor weather map analysis. To become a competent
forecaster (weather map analyzer), one must carry through his (her)
responsibilities for a period of 3— 5 years. After such experience the
forecaster will be able tonotice all mistakes in the weather map analy-
sis and correct them.

Now is the right time to mention one more very important point.
That is that the atmospheric front always changes its sign when cross-
ing a ridgeline. The explanation is obvious from figure 7.4, where the
pressure field and frontal line are exhibited. To the left of the ridgeline
the airflow is directed in such a way that the warm air is moving to-
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Figure 7.4. Determination of the point, where atmospheric front
changes its sign.

ward the cold air, i.e. this part of the front represents a warm front. To
the right of the ridgeline the situation is reversed. Here the airflow
makes the cold air move toward the warm air, i.e. this part of the front
becomes a cold front. Hence, the front changesits sign at the crossing
with the ridgeline.

Classification of fronts

Atmospheric fronts are categorized according to a number of in-
dicators (evidences).

According to geographical position the fronts can be classified
as being
—  Arctic front,
— Polar front, and
— Tropical front (intertropical convergence zone).

According to horizontal and vertical extensions the fronts can be
classified as being
— Principal front,
— Secondary front (instability or squall lines), and
— Upper front.

According to movement, structure, and weather conditions the
fronts can be classified as being
— Warm front,
—  Cold front (first and second kind),
— Neutral front, and
— Stationary front.

According to air mass interaction in the frontal zone the fronts
can be classified as being
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—  Ordinary front (warm or cold), and
—  Occluded front.
According to stage of development the fronts can be classified as

being

—  Sharp front,

—  Weak front,

—  Sharpening front,

— Weakening front, and
—  Masked front.

Main characteristics of warm fronts

Slope

i 1:100 1o 1:300, with a steeper slope for more active fronis. Average 1:200. This
means that at an altitude | km the frontal surface is found at about 200 km ahead
of the surface front (hereafer referred to as the front).

Cloud

Increasing amounts-of upper cloud, which thickens and lowers with approach of’
the front. Leading edge of upper clouds is about 800 km ahead of the front.

Weather

Slight rain approximately 200-400 km ahead of the sucface front becomes
moderate close to the front, and ceases afier its passage. Scattered outbreaks of
slight rain or drizzle may occur in the warm sector. The width of the precipitation
zong in winter is larger than in summer by 50~100 km.

Temperature

May rise on passage of the front, but not necessarily as rain depresses the
temperature.

Dew point

Starts to rise ahead of the front, and levels oif during its passage.

Visibility Good ahead of the front, hecoming moderate in precipitation, occasionally poor
in the warm secior.
Pressure Falls increasingly as the front approaches. Generally becomes steady in the warm

sector, but continues to fall if the depression is deepening.

Surtace wind

Tends to back and increase ahead of the front, and veers as the front pagses.

Upper winds

Veer with height ahead of the surface front.

Movement:

Over sea about 80% of the wind speed at the 500 hPa level. Over land about 70%.
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Main characteristics of the cold fronts

Slope 1:30 10 1:100, with a steeper slope for more active fronts, Average 1:75.

Cloud In a slow moving cold front the cloudiness is the mirror image of what happens at -
a warm front. Some active cold fronts have oceasional embedded cumulonimbus,
and some are composed principally of convective cloud, though this tends to be
more a feature of the fast moving cold fronts. Cloud becomes convective and
well-broken behind the front.

Weather A fairly narrow band of rain around the surface frontal position, with some
heavy, especially on the front. Risk of hail and thunder if cumulonimbus is
present.

_Tempemturc Usually falls, but may rise duc w insclation in ¢learer air behind the fons.

Dew point Fails on passage of the front.
Fq\"isil'yiii'ry Moderate in precipitation, improving rapidly to good or excellent behind the
front.

Pressure Falls as the front approaches, rising quickly on and behind the front

lightly ahead of the front. Veers sharply on pa

Upper winds | Back with height behind the surface front.

Movement: | The rate of movement is about 90-95 % of the wind speed at the 500 hPa level.

Occlusion front

A front which develops during the later stages of the life cycle of
afrontal depression is called occlusion front. The term arises from the
associated occluding (shutting off) of the warm air from the earth's
surface. As the faster moving cold front closes in on the warm front,
the warm sector is thus reduced to a trough line called the line of oc-
clusion. The trough line is marked by a belt of cloud and precipita-
tion and by a wind shift. In those cases where there is substantial tem-
perature difference between the cold air mass in advance of the warm
front and that behind of the cold front a warm occlusion (less cold air
behind) or a cold occlusion (more cold air behind) forms. The effect is
to extend the cloud and precipitation well in advance of the surface
occlusion in the former case, and behind the occlusion in the latter
case. In Russia the warm occlusion is more common in winter, and the
cold one in summer.

Some other remarks

All other characteristics of the fronts are thoroughly studied in
the discipline Synoptic Meteorology. In this book we'll restrict our-
selves to a few remarks. The cold fronts are sharpened by the daytime
heating of the underlying surface due to insolation. The heating re-
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sults in instability increase and, consequently, in cloud development
and increased precipitation intensity.

Contrary, the warm fronts are sharpened during the nighttime
and weakened during the daytime. At night the upper part of the warm
front cloudiness cools down due to long wavelength radiation from
the cloud top. Consequently, the lapse rate inside of the cloud mass
increases and as a result embedded convection develops. This facilitates
further cloud development and increased precipitation intensity.

As atmospheric fronts are always found in pressure troughs, both
at sea level and upper levels, the wind turns clockwise with height in
the warm front zone, and counterclockwise in the clod front zone (see
figure 7.5).

Figure 7.5. Explanation of the wind direction variation with height in frontal
zones. a) Warm front; b) Cold front:
___-Isobars at the sea level e -Isobars at an upper level.

It is worth noting one more feature of the warm front. In winter
the precipitation zone of the front is wider by about 100 km than in
summer. The reason is that in winter snowflakes falling from
nimbostratus clouds associated with the front at a distance of 300 —
400 km from the surface front do not melt and reach the ground. In
summer falling crystals are melted to become drops that evaporate in
the air and so they do not reach the ground.

The "worst" and the most unfavorable weather is always observed
within the frontal zones. Here it is usually overcast with very low clouds,
heavy precipitation, and strong, gusty winds. The cloud systems associ-
ated with atmospheric fronts will be discussed in the following chapter.
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8. CLOUDS, FORMATION AND CLASSIFICATION

In this chapter we consider how clouds are formed and classified,
with particular emphasis placed on describing the ten basic cloud types.

Formation of clouds

A visible conglomerate of suspended droplets and ice crystals
above the Earth's surface is called cloud. Clouds only form when the
airin a given region and altitude becomes saturated. The main reason
for the air to become saturated is its cooling due to the ascent of the
air. The air ascent and cloud formation goes on due to irregularity of
relief, convection, wave motion, airflow over frontal wedges, and wind
convergence. The last two reasons are responsible for so-called or-
dered ascending motion.

Relief irregularity leads to a forced ascent of huge masses of air.
‘When ascending some kind of wave motion in the air arises together
with air cooling. The wave motion can be spread up to the high levels,

It is interesting

—Perhaps the readers are familiar with the waves on various water sur-
faces. The same kind of waves can exist in the airflows although one
cannot see them. When the air is moving, the airflow is not horizontal.
It is alternately ascending and descending (that is the real wave). When
ascending, the air is cooling and can reach the saturation state that
will result in cloud formation. That is why we can see in the sky the
bands and rows of clouds that alternate with cloudless breaks. When
this take place, the wind direction is perpendicular to the cloud bands.
Looking to the band orientation, one can easily determine the wind
direction at the upper levels without any measurements and synoptic
charts. In order not to make amistake (by 180°) in determining the wind
direction, one must watch for a while the cloud band displacement.

Convection is arandom ascending motion of isolated volumes of
air (parcels or bubbles) that appears due to either non-homogeneous
underlying surface heating {thermal convection), or some special char-
acter of the wind field. The thermal convection results in develop-
ment of thick clouds (cumulonimbus) which are responsible for heavy
precipitation and thunderstorms.

The wave motion we have mentioned above is caused not only
by the relief irregularities but also by interaction of contrasting air
masses having different properties such as wind, temperature, humid-
ity, and stability. The wave motion develops at the separating surface.
In the wave ridges the air ascends and air temperature falls making
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the air become saturated. Then water vapor condensation occurs and
this produces the undulating cloudiness. In the wave troughs, where the
air descends, the clouds do not formn. Here we observe cloudiess breaks.

The ordered ascending motion of the air takes place at fronts and
in the areas of wind convergence, At a front the warm air ascends over
a wedge of cold air. When ascending, the air is cooled and ultimately
becomes saturated. Huge masses of air are involved in this ascent.
Near the front line the air ascends directly from the Earth's surface.
As one moves away from the front line, the ascending motions start
from upper levels. The rate of ascent is not homogeneous at different
parts of the front and different altitudes. This results in formation of
multilevel cloudiness and layering of the cloud masses.

Cloud classification

At present, to identify clouds, the International Cloud Classifi-
cation is used. According to formation conditions and visual appear-
ance of the cloud bottoms, the clouds are divided into three classes:
cumuliform, undulatiform, and stratiform clouds.

Cumuliform clouds are separated cloud masses growing upwards
when developing, and spreading horizontally when decaying.

Undulatiform clouds are horizontally widespread clouds in the
forms of rows, plates, and scales (like cotton-balls).

Stratiform clouds are continuous cloud masses over a large area.

Depending on the altitude of the cloud bottom, all clouds are
divided into four classes. Each of the classes, in turn, includes a number
of cloud types. All together clouds are categorized into ten basic types.

Low level clouds

Low level clouds (the lowest clouds) are those with bases no
higher than 2000 m. They include stratocumulus, stratus and
nimbostratus clouds. »

Stratocumulus clouds (Sc) are gray clouds in the form of large
wave-like bands or flocks separated by cloudless breaks. The thick-
ness of these clouds is 200 — 800 m. As a rule, they do not give precipi-
tation. In some rare cases short duration drizzle can occur in the cold
part of the year.

Stratus clouds (St), as they are seen from the Earth, look like a
homogeneous layer which is gray in color. These clouds resemble a
fog lifted from the surface. The thickness of stratus clouds can vary
from 200 to 800 m and their base is 50 to 500 m above the ground.
Usually, these clouds cover the sky with a homogeneous gray shroud.
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They may precipitate with drizzle, and, in winter, with powdery snow,
or small granular snow. Stratus clouds can occupy large areas (for in-
stance, the whole European Part of Russia) and persist for weeks de-
priving people of the sunlight and aviation of fair weather.

Nimbostratus clouds (Ns) are thick, gray clouds giving a gloomy
appearance. These clouds are responsible for widespread precipita-
tion (rain and snow). When precipitating, they seem to be homogene-
ous, although in reality it isn't so. The base (lower boundary) of
nimbostratus is almost always not very distinct. It can be situated as
low as 100 m, while the upper boundary as high as 8 km. However, the
upper boundaryis usually found between 5 and 5,5 km. The main rea-
son for nimbostratus formation is the air cooling due to it ascending
over sloping frontal surfaces. The micro — physical structure of these
cloudsincludes supercooled water droplets and ice crystals in the up-
per part, and larger water drops or snowflakes in the lower part.
Nimbostratus is usually not a separate cloud mass. It is a part of the
system known as an altostratus—nimbostratus cloud system.

Middle level clouds

Middie level clouds are situated in the layer from 2000 m to 6000
m. They include alfocumulus and altostratus clouds.

Altocumulus clouds {Ac) are wave-like clouds. Their cloud base
is higher than 2000 m. They consist of small water droplets. In visual
appearance they are white, sometimes light gray, and the clouds can
be in the form of plates or flocks. In general no precipitation falls from
these clouds. However, in winter, some tiny snowilakes can fall though
not very often. The thickness of altocumulus does not exceed 700 m.

Altostratus clouds (As) arise, as a rule, on atmospheric fronts, es-
pecially on warm ones. These clouds appear as a gray, sometimes livid,
homogeneous shroud, from which weak widespread precipitation can
fall. Their thickness is 1000 — 2000 m. In summer they consist of lig-
uid water drops, and at their top supercooled droplets and ice crys-
tals can be found; in winter the clouds consist mainly of supercooled
droplets and ice crystals.

High level clouds

If the cloud bottom is found at an altitude more than 6000 m, it is
referred to a high level cloud. The family of these clouds includes cirrus,
cirrocumulus, and cirrostratus. Precipitation never falls from these clouds.

Cirrus clouds (Ci) are separate, white, fibrous clouds. Usually they
are very thin and transparent. They consist of only ice crystals, have

193



well defined fibrous structure, and never completely cover the sky.
Mostly cirrus clouds are situated at an altitude of 7~ 8 km, and their
thickness does not exceed 1000 m.

Cirrocumulus clouds (Cc) are the product of wave-like air mo-
tion in the upper troposphere. They are white, very thin (<500 m)
clouds consisting of very small waves, flocks, and ripples.

Cirrostratus clouds {Cs) appear as a thin (<1000 m) shroud that
can cover the whole sky. These clouds consist of ice crystals.

It is interesting.
—Perhaps everybody has seen the condensation trails after airplanes
flying at high altitudes. The visual appearance of these trails resem-
bles cirrocumuli. The trails result from condensation of the water vapor
contained in the gases exhausted from the airplane engines.
—High relative humidity and low air temperature at the flight altitude
are favorable conditions for water vapor condensation, i.e. the conden-
sation trails formation.
—The period for which the trails remain can serve as an indirect evi-
dence of cloudiness evolution. If the trail behind the airplane isretained
for 10 minutes or more and becomes denser, we can expect cirrus clouds
to form at the trail altitude in about 6 hours. If cloudiness already ex-
ists, it will become denser. If the trail has disappeared in less than 10
minutes, it means that the cirrus clouds will not form in the next 6 hours,
and existing cirrus clouds will disappear. )
—It is obvious that the forecaster will not attempt to determine the trail
behavior with a watch in his hand. There is another way to do it. If the
trail has "striked through" the sky from "horizon to horizon" and hasn't
disappeared after the airplane flew by, one can assume that the trail
has been retained more than 10 minutes. Besides, the irail behind the
airplane can be used for qualitative determination of the wind velocity
at the flight altitude {from the visual displacement of the trail).
—Military forecasters were the first to work out techniques to forecast
the condensation {rails since the trail was a good way of idenlifying
flying aircraft.
—The character of the trail can serve as a good predictor when no
other meteorological information is available. Suppose that a trail
is retained for more than 10 minutes. It means that the cloudiness
will increase. We know that the cirrus clouds are a forerunner of the
warm front, and that they occur about 600 km ahead of the front.
The average rate of the frontal displacement is about 30 km/h.
Hence, one may expect that in about 10 hours precipitation will start
falling, and in about 20 hours the air temperature will commence
rising. If the trail moves northward, it means that southerlies pre-
vail over the whole of the troposphere. Therefore, the cooling is not
likely to occur soon. If the forecaster is familiar with the local fea-
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tures of the region, a quite reliable forecast can be made on the ba-
sis of a single condensation trail.

Heap clouds

The last class of cloudiness is deals with clouds with appreciable
vertical development. They start developing at a low altitude (less than
2000 m) and spread up to significant heights, sometimes up to the
tropopause. This class includes cumulus and cumulonimbus clouds.

Cumulus clouds (Cu) are the initial stage of chimney cloud for-
mation. Usually, these clouds arise over land in the warm period of
the year. They areinitiated in the morning. In the afternoon theyreach
the maximum development, and in the evening they decay. Cumulus
clouds are well developed in the vertical. The bulging upper parts
often resemble a cauliflower, and their bottoms are flat. These clouds
consist of water droplets and never precipitate.

Depending on local conditions and the air mass properties, cu-
mulus clouds can be either in the form of separate clouds or in cloud
clusters. The lower boundary of these clouds is found at the altitude
of 600 — 1500 m, and their vertical extent can reach a few kilometers.

Cumulus clouds, in turn, are divided into cumulus humilis (Cu
humy), cumulus mediocris (Cu med), and cumulus congestus (Cu cong).

It is interesting
—There isafolk’s believe that if at the end of a winter cumuliform clouds
appeared on the sky, it means that, at last, the spring has come. The old
Greek used to say "The God PAN has woken up!”

Cumulonimbus clouds (Cb) present by themselves the highest
stage of convective development. In certain conditions cumulonimbus
clouds can develop up to very high altitude (10— 11 km in moderate
latitudes and 15— 16 km in tropics). In the upper part of these clouds
both supercooled water droplets and ice crystals are found. Due to
the distillation process the ice crystals grow at the expense of water
droplets evaporating. When the ice crystals become large enough,
the vertical motion cannot keep them floating, and the crystals start
falling. On the way down to the ground the crystals melt and are con-
verted into heavy rain. That is why the raindrops seem to us to be colder
than the air, and they are really colder.

It is interesting
—Updrait speed in cumulonimbus {"Cb" ] clouds can reach very large
values. Some cases are known when the speed was as large as 50 nv/s
(180 km/h). As to the downdrafts, their speed can be also very impres-
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sive, up to 35 m/s (125 km/h). Imagine a tube of 10 km diameter (that
is the horizontal size of a "Cb" cloud), within which the air flow goes
up with the speed almost equal to 200 km/h, and down 120 km/h. Thai
is something, isn't it? What energy one can find in the atmosphere!

Thunderstorms, squalls, hail, and some other dangerous phe-
nomena are related to cumulonimbus clouds. Above we have already
discussed the “problems” associated with these clouds. There is no
doubt that at the professional level one can say much more about the
clouds. Hundreds of papers, and even books, are written about every
type of cloud. All these are justified by the importance of the impact
of clouds-on human life and activities. Readers may find more detailed
information on clouds in various specialist publications. However we
believe that for general "acquaintance" with the cloudiness in the at-
mosphere the information given in this chapter will be sufficient.

9. PRECIPITATION, FORMATION AND CLASSIFICATION

In this chapter we consider the types of precipitation that occur
(i.e. drizzle, rain, snow, graupel and hail) and their extent and intensity.

Types of precipitation particles

Water drops and ice crystals falling from the atmosphere to the
Earth's surface are called precipitation. The necessary condition for
precipitation formation is the enlargement of the cloud elements up
to the size which allows them to overcome air resistance and upward
motion within the cloud, and thereby fall from the cloud (cloud drop-
lets and soap bubbles were discussed previously). The reasons for the
droplet enlargement are water vapor condensation (sublimation) and
droplet coagulation. Eddy mixing, whichis better developed in clouds
(especially in heap clouds) than in the clear air, results in the faster
growth of the cloud droplets and ice crystals. Thus, the eddy mixing,
condensation, and coagulation are the factors allowing droplets to
reach the largest possible sizes. There are many types of precipitation.

Drizzle is precipitation consisting of very small droplets (radius
the droplets <0,25 mm). The droplet falling trajectories are not di-
rected strictly downward. They float in the air and gradually descend.
The drizzle is believed to precipitate from stratus clouds and rarely
from stratocumulus. It also can appear when fog dispersal takes place.
When the air temperature is less than 0°C, the drizzle droplets can be
supercooled (i.e. their temperature becomes negative). The drizzle
intensity does not exceed 0,2—0,3 mm/h, and the droplet fall speed
fluctuates between 0,3 and 2 m/s.
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Rainisliquid precipitation consisting of droplets which are larger
than those in drizzle. The largest drops have a radius of 3,2 mm. The
rain drop falling speed is usually 4 —8 m/s, and the largest drops fall
with a speed of 10 m/s. If the radius of drops becomes larger than 3,2
mm, the falling drops are flattened, and then they break up into smaller
droplets. In the cold part of the year the raindrops can be supercooled.
In this case a glaze can appear on cold surfaces, wires and tree
branches. The rain can fall out from nimbostratus, cumulonimbus, and
sometimes even from altostratus clouds. The rain intensity is signifi-
cantly larger than that of drizzle. The intensity depends on the type of
cloud producing the rain. The rain with largest intensity falls from
cumulonimbus clouds. In this case the intensity can reach 10 mm/h.
Forinstance, in S.Petersburg the mean monthly rainfall is 40 — 50 mm.
Hence, one such "good” rainfall can pour on the Earth's surface al-
most the average monthly amount of water.

Snow is precipitation in the form of snowflakes of various shapes
and sizes. The simplest shapes are needles, stylus, plates and stars.
The snowflake are usually notlarger than 4 — 5 mm. When the air tem-
perature is above 0°C the snowflakes stick together to make the larger
sized flakes. The average size of snowflakes is about 4 mm, while in
some cases they can be as large as 15— 20 mm! The snow falls from
the same types of cloud as rain. The heaviest snow falls from
cumulonimbus clouds and these clouds also produce the largest snow-
flakes. However, the largest snowflakes can only form if the wind speed
does not exceed 2 —4 m/s. The rate of fall of snowflakes is less than
that of the raindrops. It is about 3—5m/s.

In some cases precipitation can be a mixture of snow and rain, or
melting snow. This type of precipitation is called sleet.

It is interesting

—In the northern regions of Russia the heavy, shower type snowfall is
cailed "flurry of snow" . Snowfall of this kind really resembles “a flurry”.
It springs up unexpectedly, lasts a short time, makes visibility very poor,
instantly covers roads and runways of airports, and disappears. Not
waiting for the end of the flurry, a special snow-removal service starts
dealing with the consequences of this natural calamity. These flurries
of snow occur frequently in transition periods of the year, and espe-
cially in the springtime.

Graupel is a type of precipitation consisting of ice particles or
snow grains. Radii of these particles vary from 0,1 to 8 mm. The graupel
forms as a result of the freezing of supercooled water droplets in the
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cold air or freezing of water droplets onto snowflakes (snowtflake grain-
ing). Depending on the ratio between snow and other ice particles,
this type of precipitation is subdivided into snow grains and ice
graupel. The latter is often confused with some sort of hail. Usually
graupel forms in clouds with vertical development, its rate of falling’
is 10—20 m/s, and it only lasts a short time.

Hail is a form of precipitation that is considered to be the most
dangerous in all aspects. Hail falls from cumulonimbus clouds. The
size of hailstones ranges from a few millimeters to a few centimeters.
Some cases are known when the weight of individual hailstones ex-
ceeded 2 kg. The rate of hail falling, to some extent, depends upon
the hailstone size. The average rate of the falling is about 20 m/s, and
the maximum rate (regardless of the size) does not exceed 50 m/s.
The duration of the hail fall is not long; it lasts 5— 15 minutes. How-
ever, that short period is sufficient for the hail to cause much damage
so that later on one will remember those minutes for a long time.

There is also so-called surface precipitation: dew, hoarfrost, rime,
solid and liquid deposits.

Intensity and extent of precipitation

Depending on the physical conditions of formation, precipita-
tion can be divided into three groups: widespread, downpour (shower),
and drizzle precipitation.

Widespread precipitation is long lasting (that is why it is also
called continuous) rain, snow or sleet observed over a vast area (that
is why it is called widespread). Widespread precipitation falls from
nimbostratus and altostratus clouds.

Downpour (shower) precipitation falls from cumulonimbus clouds
in the form of rain, snow, or hail. Usually, the precipitation is very
heavy. Showers start suddenly and cease just as quickly, and their
intensity can vary rapidly. The showers are often accompanied by thun-
der, squalls, or simply by some increase in wind. From the philistine's
point of view any umbrella cannot protect a person from the shower rain.

Drizzle falls from dense stratus and stratocumulus clouds that
are formed in a stable air mass. It consists of very small water droplets
or ice crystals. The most significant problems caused by drizzle are
poor visibility and "dank" weather.

It is interesting
—In the middle of the last century scientists determined that rainfall
{or snowfall) significantly exceeded the water store in the precipitat-
ing clouds. This means that, when moving, the cloud actively replen-
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ishes iis water store from the environmental air. The average ratio of
the precipitated water to the water stored in the cloud is about 20, and
the ratio of the precipitating cloud system to the area of the surface the
precipitation has fallen on is about 2. These figures suggest that the
whole mass of waler in the cloud is renewed every 3 hours.

10. ORGANIZATION OF METEOROLOGICAL OBSERVATIONS
AND ROSHYDROMET STRUCTURE

In this chapter we consider why observations are required and
their characteristics, and the role and structure of ROSHYDROMET.,

Observational requirements

To make any forecast or storm warning, the forecaster first needs
initial information about the current weather. Knowing the current
and past weather, the forecaster can try to foresee what kind of weather
would be likely in the future, i.e. he (she) can forecast the weather. In
other words, knowing what kind of weather is and what weather was,
the forecaster determines what weather will be. In addition to knowl-
edge of meteorological processes, he (she) must take account of the
geographical position of the region for which the forecast is being,
the time of day and year, and many other things. All these require the
forecaster to be competent in various aspects of the science. Without
this knowledge itis impossible to make an accurate forecast. The fore-
caster applies this knowledge when analyzing the current synoptic
situation. The analysis always precedes the weather forecasting proce-
dure. The basis of such analysis is included into some special disciplines
that are studied in RSHMU and some other educational institutions.

It is interesting

~Let us introduce some important definitions. A "weather forecast” is
the scientifically justified expectation of weather conditions. A “storm
warning " is a forecast of dangerous weather phenomenon. A "storm
notification" is the provision of information about an existing danger-
ous phenomenon.

—As to the definition of a weather forecast, everything is more or less
clear. The situation with regard to the definitions of storm warnings
and storm notifications is guite different. Sometimes confusion may
occur. The main difference between warning and notification is that
the first one is the forecast of the phenomenon, which is expected to
occur (at the moment it does not exist), and the second one is the infor-
mation on the phenomenon, which is already taking place. In other
words, if you forecast that “the stones from the sky" will fall, that is a
storm warning; if you inform that “the stones from the sky” are already
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falling, that is a storm notification. There is one more difference be-
tween these two notions. A storm warning is a forecast. The responsibility
for the accuracy of the forecast falls to the forecaster. However, responsi-
bility for the storm notification falls to the observer, who must provide timely
information about the occurrence of this dangerous phenomenon.

To prepare a weather forecast, meteorological observations are
needed. The totality of such data is known as primary meteorological
information. This information has to be brought together in a form
suitable for weather forecasting. The information in this new form is
called secondary information. A weather map serves as an example of
primary information being transformed into secondary information.
The collected meteorological observations constitute the primary in-
formation. After plotting them on a geographical map (thatis a sort of
processing the data) we get a weather map that can be considered as
the secondary information and used to predict the weather.

The accuracy, completeness, and timeliness of the primary in-
formation determine its effectiveness. At present, the vast amount of
primary information includes the following parameters: atmospheric
pressure and its temporal variations, air temperature and humidity,
underlying surface temperature, wind speed and direction, cloudi-
ness (amount, form, and altitude of the cloud base}, weather phenom-
ena (precipitation, fog, thunderstorm, etc), and visibility range. In
some cases primary information can include rate of vertical motion,
chemical composition of the air, and degree of air poliution.

The importance of one parameter or another is different for dif-
ferent users of the meteorological information.

Based on a consideration of the way data are processed and
analyzed and the requirements of the forecasting process, the follow-
ing requirements are imposed upon the primary information: com-
pleteness, three-dimensional character, global embrace, regularity, re-
sponsiveness and synchronism.

—  Completeness of the primary information means that all mete-
orological parameters and phenomena must be included in the
meteorological messages. ‘

—  Three-dimensional character of the primary information means
that the set of data must contain not only surface but also upper-
air data up to the highest possible altitudes.

—  Global embrace of the primary information means that the set of
the data must cover an area that exceeds that for which the
weather forecast is to be made. For instance, to make a forecast
for S. Petersburg with 24-hour lead-time, the data from an area
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of 30003000 km? are needed.

—  Regularity of the primary information means that the observa-
tions are made at the right time and are complete (without any
omissions).

— Responsiveness of the primary information means quick and
timely arrival of the information to the users. If the information
does not arrive in good time, it looses its validity (fast enough is
good enough).

—  Synchronism of the primary information means that all the ob-
servations are made at the same time.

All meteorological stations included in the international network
make observations at the same time: 00, 03, 06, 09, 12, 15, 18, and 21
GMT. The times 00, 06, 12, and 18 are the main hours, and the others
are the additional hours. At upper-level stations the observations
{(soundings) are carried out four times a day at 00, 06, 12, and 18 GMT,
the times 00 and 12 are the main hours, and 06 and 18 are the addi-
tional hours.

In this way all surface and upper-level stations of the interna-
tional network produce observations and supply users with the re-
quired primary meteorological information.

Role and structure of ROSHYDROMET

In Russia various branches of ROSHYDROMET provide hydro-
logical and meteorological services. The ROSHYDROMET is a Fed-
eral Service under direct supervision of the Prime Minister of the Rus-
sian Government.

The main task of ROSHYDROMET is to provide the population
and various branches of the economy with meteorological informa-
tion, i.e. with weather forecasts of various kinds and for various ranges.
That is a very important and responsible function since the weather is
of great interest for everyone. ROSHYDROMET includes a number
of Regional Administrations for Hydrology, Meteorology and Moni-
toring of the Environment {RAHMS). These Administrations perform
direct servicing at a regional level. At present, there are 24 such
RAHMS. In the structure of every RAHMS there is a Hydrometcenter
that provides all consumers in its region with operational informa-
tion. In addition, RAHMS includes its own aviation meteorological
service and some other services such as those for the railways and the
military. Here we'll not go into details about these services.

The ROSHYDROMET organization also includes a number of
operational and research institutions. Their responsibility is to sup-
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port and perform all activities related to weather watch. Among these
institutions are Hydrometcenter of Russia (“the brain of the meteoro-
logical service"}, Arctic and Antarctic Research Institute, Main Geo-
physical Observatory, Central Aerological Observatory, the Russian
Research Institute of Hydrological and Meteorological Information
(World Data Center}, Institute of Applied Geophysics, Institute of Ex-
perimental Meteorology, and many Regional Research Institutions.

All technical work related to collecting and transmitting mete-
orological information falls on various communication centers exist-
ing at every Regional Administration. The structure of these centers
will be discussed in the next chapter.

11. REMOTE MEASUREMENT OF METEOROLOGICAL
PARAMETERS

In this chapter we consider the remote meteorological measure-
ments using automated surface observations, conventional upper-air
soundings, and radar and satellite soundings.

Automated surface observations and conventional upper air
soundings

At present, almost all meteorological parameters can be meas-
ured with the aid of remote sensing. It means that the observer does
not need to approach the measuring device. It is sufficient to place
the sensors at the required place and to put the registering equipment
inside a station. Moreover, some of the parameters can be measured with
remote techniques only (for instance, the wind in the free atmosphere).

It is interesting
—At some airports there are situation when information about weather
conditions must be brought up to date every 2 minutes. This means
that an observer would have to go to the meteorological shelter 30 times
an hour! That is something! In this case one cannot dispense with re-
mote measurements.

To make remote observations there are some special instruments
and even whole systems. So, at our airports the system CRAMS (Com-
plex Radio-engineering Automated Meteorological Station} with vari-
ous modifications is widely used. Now a new system AMIMS (Auto-
mated Meteorological Informational Measuring System) has been
developed to replace the CRAMS.

Remote measurement of various parameters in the free atmos-
phere with ascending instruments is called sounding the atmosphere.
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There are wind soundings and temperature wind soundings.

— A wind sounding provides wind speed and direction measured
with a pilot balloon.

— Atemperature —wind sounding (or composite sounding) pro-
vides air temperature and humidity, and wind speed and direc-
tion at various altitudes measured with a radiosonde.

Besides, there are aircraft soundings (with instrument installed
on an aircraft), tethered balloons, rockets, radars, and satellite sound-
ings. The upper-wind soundings with pilot balloons and composite
soundings with radiosondes have gained the widest acceptance around
the world. At present, radar and satellite soundings are also widely used.

Wind sounding. At upper-air stations and airports the pilot bal-
loon observations are carried out routinely every day. These observa-
tions provide the wind speed and direction at various altitudes. The
essence of this technique consists of the following procedure. The
observer, being at the surface, fills up the balloon with hydrogen (like
small balloons for children) and determines the balloon vertical speed
from special tables. Then he {(she) launches the balloon and watches
it through an optical theodolite. The balloon flies upward whilst drift-
ing in the wind. From the azimuth and elevation angles obtained with
a theodolite one can determine wind speed and direction at various
altitudes. That is the simplest and cheapest method to obtain upper-
air observations. Usually, the vertical speed of the balloon is approxi-
mately 200 m/min, and the balloon is able to reach an altitude of 20—
30 km. The exact value of this altitude depends upon the properties
of the balloon material and the quality of preparation of the balloon
for launching. The extent of the observations also depends on the
weather. Tt is obvious that as soon as the balloon has entered into a
cloud, it becomes impossible to determine its position with the opti-
cal theodolite. By the way, from the speed of ascent of the balloon,
and the time interval between the time of launch and the moment it starts
entering the cloud, one can determine the height of the cloud base.

Temperature—wind sounding. This sounding is performed with
the aid of a radiosonde. It is more complicated than a wind sounding.
The radiosonde is a device, which allows not only the remote meas-
urement of atmospheric pressure, air temperature and humidity, but
also for transmission of these quantities to a surface "receiving” radio
station. Moreover, the receiving station monitors the track of the ra-
diosonde as if it were a pilot balloon; that way it determines the speed
and direction of the wind at different altitudes.
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There are many types of radiosonde; their mass, depending on
the radiosonde type, varies from 500 to 1000 grams, the rate of as-
cending is about 300 m/min, and the height they can reach is 25— 30
km or more. :

Designers and producers of these sounding instruments continu-
ously work to reduce theirweight and increase the altitude they canreach.

The radiosonde data are widely used for a variety of purposes, and
mainly for upper-air chart composing and, hence, for weather forecasting.

Radar and satellite soundings

Radar sounding. The main tool for getting meteorological infor-
mation using a radar is a Meteorological Radar Station {MRS), al-
though some other types of radar {for instance, an aircraft radar) can
be used for this purpose as well. Let us assume that the general princi-
ples of the radar operation are known to readers.

‘With the aid of an MRS one can obtain the following information.
—  Type and size of clouds, their location and the location of vari-

ous phenomena associated with the clouds such as thunder-

storms, squalls and hail.

— The speed and direction of cumulonimbus clouds or their clus-
ters and precipitation zone displacement.

—  Evolution of cumulonimbus.

— The variation of separate cloud and cloud system characteristics.

— The area occupied by precipitation of different intensity, and
some other information.

Radar observations do notrequire the launching any instruments
into the atmosphere and they provide frequent information from a
large territory where no meteorological stations are in operation. The
radius of MRS action is 300 km from the point the radar is placed, and
its antenna rotates 6 revolutions per a minute. Hence, in less than a
minute a meteorologist can obtain information on cloudiness over the
distance of 300 km from the location of the radar.

As discussed above there are appreciable advantages in having
the radar observations compared with other kinds of sounding. Along
with the advantages this method has some shortcomings as well. First
of all, MRS is an “expensive pleasure”. Its acquisition, installation,
and running is expensive. Also the technical features of the radar limit
its range of operation since, as like every radio device, MRS is subject
to radio noises. Nevertheless, the radar information makes meteor-
ologists more confident when solving the problems related to weather
forecasting and storm warning.
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Satellite sounding of the atmosphere is used for analysis of the
atmospheric processes, weather forecasting, and climatological stud-
ies. Meteorological Satellites (MSAT) are equipped with complex sci-
entific tools necessary for obtaining information on the state of the
atmosphere and Earth's surface. They also contain equipment for
maintaining the normal operation of all devices instalied in the satel-
lite and the satellite itself.

Usually, television equipment is installed on MSAT to take im-
ages of clouds and the underlying surface on the illuminated part of
the Earth, and infra red radiometer to take the images on the shaded
part of the Earth.

In addition to this information some weather satellites make thou-
sands of vertical profiles each day of temperature and humidity down
through the atmosphere. Thus weather satellites orbiting the Earth
provide meteorologists not only with details of the location of cloud
across the globe but also {fill the gaps in the radiosonde network. Be-
sides, the weather satellites make one more kind of observation: some
special cloud types are known to be a good "tracers"” of the wind. The
locations of the clouds in following times of observation allow for es-
timation of direction and speed of the cloud masses by comparing
their positions on consequent images. In this way, a significant number
of extra wind observations are made available for the regions where
there are few or no wind soundings.

All the equipment installed on the satellites works in two regimes.
— Information storage regime. The information is transferred to the

Earth in a periodic manner, under command from the Earth, or

according to a given program.

— Direct transmission regime. The information is transmitted at the
time of observation (real-time regime).

Receiving and registration of the satellite information is done by
complex equipment installed at the Earth's surface. The quality and
amount of the satellite data received depend upon the properties of
the equipment.

12. METEOROLOGICAL INFORMATION COLLECTION AND
DISSEMINATION SYSTEM

In this chapter we consider the various types of observing net-
works that exist, the mechanisms for the collection and dissemination
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of meteorological information, and the role of the World Meteorological
Organization (WMO) in supporting the international exchange of data.

Observing networks ,

In any country the collection and dissemination of meteorologi-
cal information is the basis of meteorological servicing of all economic
structures. Really, it is difficult to imagine any forecasting center op-
erating without receiving meteorological information. Knowing "the
weather at the point”, a reliable, competent weather prediction is im-
possible even for a short range. That is why in any weather service the
collection and dissemination of the meteorological information has
been and always will be the first priority.

There are different sources of sources of information from con-
ventional surface meteorological stations up to meteorological satel-
lites. Whatever the source, the information must arrive in a good time,
with minimal amount of errors, and be representative. The main
sources of the meteorological information are as follows.

- Network of the surface meteorological stations.

- Network of the upper-air stations.

— Network of the international exchange stations.

— Network of the automated meteorological stations.

— Means for weather prospecting.

- Meteorological satellite system.

Each of these sources separately cannot be regarded as being
universal. Only by complex, simultaneous use of all these sources of
observations can we get satisfactory results.

The network of the surface meteorological stations provides large
volume of essential information. However, the amount of this infor-
mation often turns out to be not sufficient for weather forecasting.

‘As we already know, the weather "does not recognize"” political
boundaries between different countries. Therefore, in addition to the
data from a national network of surface meteorological stations, me-
teorologists have to use the data from the network of international
exchange stations. Every country has its own network, and, according
to an international agreement {through WMO), all countries are obliged
to make weather information available for world-wide distribution.

The network of automated meteorological stations consists of re-
mote meteorological instruments installed in the regions which are
difficult to access. These automated stations usually transmit the meas-
urements of the meteorological parameters four times a day via satel-
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lites. This is very valuable information from the areas where there are
no other sources of information.

The means for weather prospecting include radio technical and
aircraft prospecting. Radio technical prospecting is carried out with
the aid of radar. We have already discussed this in a previous chapter.
Aircraft prospecting is made with the aid of airplanes (without pas-
sengers on board) that can make flights in complicated and unstable
meteorological situations with the aim of providing detailed weather
conditions. These aircraft supply information about the vertical struc-
ture of the clouds, visibility within the clouds and various phenom-
ena dangerous for aviation. Sometimes meteorologists from aviation
meteorological service take part in the aircraft weather prospecting
provided that they have the necessary permission.

It is interesting
—Sometimes the forecasters taking part in the aircraft weather pros-
pecting are called “hostages” since they make the weather forecast,
they instruct the flying crew, they board the plane, and fly to see the
weather, which they themselves have predicted.

Aircraft prospecting is an expensive affair. Thereforeitisdone in
only special circumstances. Instead, information about current weather,
and the presence of dangerous phenomena influencing taking off, fly-
ing, and landing of aircraft is obtained from the crews of airplanes.

Meteorological satellite systems provide the large amounts of
information necessary for the forecasting units of the Meteorological
Services. The data (images) from MSAT are received at the surface
stations and then they are transmitted to the forecasting units. These
data are very valuable for the proper assessment of the weather condi-
tions over oceans, seas, and remote territories which are difficult of access.

Various kinds of the meteorological information obtained from
different sources to a large extent complement each other, and ulti-
mately assist the successful solving of problems related to meteoro-
logical servicing of the various economic structures.

Collection and dissemination of meteorological information

Every meteorological service {Regional Hydrometeorological
Administration) has a special unit that is responsible for the collec-
tion and dissemination of meteorological information. Meteorologi-
cal Services collect information from their “own" area through the
local telecommunication system; it can be wire or radio telecommu-
nication depending on the location of the meteorological station. In-
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formation from neighboring Meteorological Services is transmitted
only through Automated Data Transmission System (ADTS) channels.
At present, a complicated information computing system has been
developed. It has a number of specific functions because of the par-
ticularities of the hydrological and meteorological data: their global
character, variety of data types and purposes, and the necessity of
both objective and subjective data checking.

The ADTS represents a complete information and processing sys-
tem. From the point of view of system theory the ADTS can be condi-
tionally divided into separate levels. Every level carries out a special
kind of operation. From the bottom upward the flow of information
brings data in the form of the meteorological observations and from
the top downward the flow of processed information in the form of
diagnostics and prediction charts. Some kinds of ADTS have a struc-
ture where there is a distinct separation of the functions both with
respect to data collection and data processing.

In Russia the Territorial Hydrometeorological Center {THMC)
is also the Center of Primary Meteorological Information Collection.
It collects the data from the stations around it. Such a Center per-
forms both operational and scientific functions. It processes and analy-
ses the information collected from the area for which the Center is
responsible, forecasts the weather for various consumers and organi-
zations, and calculates various hydrological and climatic characteris-
tics. For example, the Hydrometeorological Center of the NorthWest
Regional Hydrometeorological Administration situated in Saint
Petersburg performs all these duties for the NW of Russia.

‘WMO and the international exchange of data

The worldwide weather servicing is done through the World
Weather Watch (WWW) created by the World Meteorological Or-
ganization (WMO)j. The World Weather Watch has three component
systems: Global Observation System (GOS), Global Data Processing
System (GDPS), and Global Telecommunication System (GST).

GOS consists of a network of surface and upper-air stations (those
ones referred to above as the international exchange stations), auto-
mated stations, and meteorological satellites.

GDPS consists of three World Meteorological Centers (WMCs):
‘Washington, Moscow and Melbourne, 24 Regional Meteorological
Centers (RMCs), and many National Meteorological Centers (NMCs].
The world has been divided into 24 large regions. Meteorological in-
formation from every region arrives at the corresponding RMC. Here
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it is processed and disseminated in the form of charts, graphs, and
weather forecasts for the region. Three of the RMCs are in Russia at
Moscow, Novosibirsk and Khabarovsk.

Similar functions fall on the WMCs, but their zones of responsi-
bility are much wider. Washington is responsible for the whole world,
Moscow for the northern hemisphere, and Melbourne for the south-
ern hemisphere. In addition, WMCs provide storage of the meteoro-
logical information. Moscow WMC has a special institution (in
Obninsk), where the global data are stored.

GTS is organized on a threefold base.

-~ Main trunk circuit that connects World Meteorological

Centers (WMCs), Regional Telecommunication Centers
(RTCs), Regional Meteorological Centers (RMCs), and
National Meteorological Centers (NMCs).

— Regional network of telecommunication.

— National network of telecommunication.

All RMCs and NMCs have equal access to the main trunk cir-
cuit. They are also connected to each other.

The meteorological information arriving through the ADTS con-
tains data from the World Zonal Forecast System (WZFS). WZFS is
the International System intended for making and presenting mete-
orological forecasts in a unified, standard form. By international
agreement the WZFS includes a number of the World Zonal
Forecasting Centers (WZFCs) and Regional Zonal Forecasting
Centers (RZFCs). The main purpose of such a system is the provi-
sion, as far as possible, of the most accurate forecasts on a profitable
basis according to WMO requirements.

If a country has accepted an obligation to support an WZFC and/
or RZFC, it is obliged to create high standard working conditions in
the Center enabling it to produce accurate, timely weather forecasts
satisfying all the users of the forecasts. It means that the Center should
have competent personnel, high quality technical equipment, and be
supplied with appropriate data.

At present two WZFCs {Washington and London) and 15RZFCs
{one of them in Moscow) are in operation.

If for some reasons a forecaster has not got a meteorological mes-
sage, he (she) sends the inquiry to one of the Data Banks. The answer
will come to him (her) by the service channel of the ADTS. There are
five World Banks of Data: Moscow, Vienna, Brussels, Washington,
and Brasilia. For the potential users of the Russian Weather Data, for
them it is preferable to seek data from a foreign Data Bank. The rea-
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son is that the foreign Data Banks send the information free of charge,
while the Russian Bank only provides information upon payment.

13. TYPES OF FORECASTS AND THE MAIN PRINCIPLES
OF WEATHER FORECASTING

In this chapter we consider the various types of forecasts that can
be made and the methods available for making those forecasts.

Types of forecasts

All Meteorological Services make many varied weather forecasts
which are different with respect to lead times and forecasting tech-
niques.

On the lead-time the forecast can be
—  Super-short-range forecasts; the lead-time is <12 hours.

—  Short-range forecasts; the lead-time is12— 36 hours.

— Medium-range forecasts; the lead-time is up to 2 weeks.

— Long-range forecasts; the lead-time is > 2 weeks, usually a month,
or a season.

Super short-range and short-range forecasting is performed at a
majority of forecasting units. Medium-range forecasting is done at
some Meteorological Centers only. Long-range forecasting is done
at large meteorological Centers such as RMCs, NMCs, and WMCs.

Every kind of forecast has its specific features. Therefore, the
forecasters cannot use the same procedures for all kinds of forecasting.

On the purpose the forecasts can be
—  Of general usage (for people).

— Of specialized usage (for various branches of the economy).

On the principles of forecasting the forecasts can be
—  Persistence forecasts which assume that the weather will remain

asitis at the initial time. It should be noted that one-day persist-

ence forecast is justified in 67% of cases.

—  Climatological forecasts which are a kind of long-range forecast
produced on the basis of climatic characteristics.

— Random ("blind" or "semi-blind"} forecasts which are those given
without any scientific ground. Justification of the random
forecasts-is 50% (it will be or not will be).

— Extrapolation forecasts which are forecasts made on the basis of
linear or physical extrapolation.

— Systematic forecasts which are the forecasts made on the basis
of a forecasting technique. Justification of the systematic fore-
casts depends upon the quality of the method used.
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On the presentation of the forecasting results the forecasts can be

~— Categorical forecasts {"yes —no", "will be —will not be"}.
—  Probability forecasts {percentage probability of an event arising).

It is interesting
~Studying various publications, the reader can find two terms: “fore-
casting” ("to forecast” ) and "predicting” (“to predict”). Although these
two words are synonyms, the quthors prefer to the term “forecasting”
as possessing more general sense.
—As to the random or blind forecasts, there is a joke that these fore-
casts are made from the formula A=4W+3F. Here, A can represent any
forecast value (phenomenon), 4W means four walls of the room the
forecaster is to look at when forecasting, and 3F=F +F +F, where F,
denotes the floor in the forecasting office, F, denotes the furniture in
the office, and F,is a finger in the forecaster's mouth as he(she) is think-
ing on what weather is likely to be. As to the accuracy of such kind a
forecast, it is left for us to appreciate.
—There is no doubt that any meteorological forecast is justified with a
certain degree of probability. It is clear that any forecasting office would
prefer to present their forecasts in the form of probabilities. However,
the users of the forecasts reject this form of the forecast, they resist this
idea in all possible ways. The reason is that the categorical forecast
ultimately means that the decision concerning economic problems falls
on the Meteorological Service. For instance, if the forecast holds an
expectation of a thunderstorm, the airport dispatcher does not allow
for aircraft landing; if the forecast warns of a snowstorm, municipal
services of the town start preparing the snow removal engineering.
These examples make clear for the reader that everything is under the
control of the “boss” who refers to the categorical forecast. It is not
clear who is more responsible: the "boss” or the forecaster? As to the
“boss”, he doesn’t want to bear a load on his shoulders. He prefers to
have a little man blamed (a scapegoat) in the person of the forecaster.
If the forecast is given in probability form, "the scapegoatl” disappears
and the leaders have to take the necessary decision by themselves.
Really, if in one case the forecaster has predicted a thunderstorm oc-
currence with the probability 70%, and 30 % in another, then in this
situation the dispatcher himself is to answer the guestion "What is to
be done?” It goes without saying that Meteorological Services must
provide assistance to the heads of organizations and various economic
structures to take optimal decisions. Meteorologists are ready to do it.
However, it is unfair to always be “a little man to be blamed".

Forecasting methods
At the disposals of meteorologists there are a variety of forecast-
ing methods.
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Synoptic method. This method is based on the combined analy-
sis of surface and upper-air weather maps, the surface ones being of
various scales. Besides, the forecasters use numerically predicted
charts and some other information such as satellite and radar images.
Have analyzed ali available information, the forecaster arrives at a con-
clusion about the forthcoming development of the atmospheric proc-
esses, on the possibility (or impossibility) of various phenomenon aris-
ing, and, hence, on the weather that is likely to occur. This forecast-
ing method is ratherreliable, simple, and widely used. The main draw-
back of the method lies in the fact that the quality of the forecasts depends
upon the forecaster's experience (i.e. it is a subjective method).

It is interesting

—Imagine a situation when someone who knows little about the weather
is sitting beside a weather forecaster. Looking at the forecaster, the man
mdy think that the forecaster is just doing nothing. He is simply lcoking
at one weather map, then to another one, silently nodding his head,
and suddenly gives the forecast. For an outsider this may seem strange.
However, an intensive thinking process is concealed in the forecast-
er's head. This intensive work is not seen from outside. The forecaster
performed all analyses in his mind without making any calculations.
Even now, not for anything, they say that the main “weapons” of the
forecasters are a pencil and an eraser.

Calculation method. This method is used when the forecaster
needs to obtain values of some parameters that define the expected
weather. These simple calculations do not require the aid of an elec-
tronic computer — an ordinary calculator is quite sufficient in this
case. An example of such a calculation is determining the value of the
Richardson Number for an atmospheric layer. Another example is the
calculation of the height of the base of low cloud from semi-empirical
formulas. In the last case even a calculatoris not always needed. From
the above reasoning it follows that the calculation method implies just
simple arithmetic actions, uncomplicated calculatlon technique, and
the prompt obtaining of the results.

Numerical method. This method is a more sophisticated and it
requires the use of powerful electronic computers. Since both calcu-
lation and numerical methods require computing operations, they are
often regarded as belonging to the same group of methods. Never-
theless theses methods are different. The calculation method is a sim-
ple one and intended for obtaining, as a rule, the value of one param-
eter. On the other hand the numerical method requires use of compli-
cated numerical models.
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For a better understanding of the method let us cite an approxi-
mate scheme for numerical prediction. The pressure field over a large
area (Hemisphere) at many levels is used as the initial data. These
values are specified at grid points on a three-dimensional grid with
up to 50 levels in the vertical and a horizontal grid length of 500, 300,
or even 50 km. Then, using the physical laws describing the behavior
of a fluid, the expected pressure values are calculated a short time
ahead (referred to as the time step). The time step depends upon the
horizontal grid spacing. The predicted pressure field is then adopted
as being the initial one, the calculations are repeated. This process
continues until a forecast of the required is reached. ~

In reality numerical models use sophisticated techniques to de-
termine the grid point values of atmospheric parameters (e.g. pres-
sure, wind, temperature and water content) from the observations.
Also, as well as using the full set of thermodynamic and hydrodynamic
equations, the models include simulation of processes such as radia-
tion exchange, turbulent diffusion and interaction with the surface,
convection, and formation of cloud and precipitation. There are many
different ways of formulating these models depending upon the ap-
proximations made to the basic equations, the representation of physi-
cal processes, and the resolution and domain of the model. This has
resulted in the creation of a large number of different prediction models.

It goes without saying that these calculations cannot be done
with an ordinary calculator. Moreover, computer programmers believe
that at present the most laborious and bulky problems for computers
are those related to high-level chess-play and weather prediction.
These problems require a large computer memory and tremendous
computation speeds.

It is interesting
—The word "model” sounds fine. However, at some good, old times,
when scientists didn’t have this word in their lexicon, they used to say
simply “let's assume”. Let us agree that any model is just an assump-
tion. When a model is able to fully represent a meteorological situation
and the way it develops the numerical forecast will be quite accurate.
It may also happen that sometimes the model is not able to accurately
simulate what is going on in the atmosphere. So, by no means offending
“numericans” (any way the future belong to them}, we may say that so
far the existing models are still just a simplification of the real atmos-
pheric processes in spite of many successful development in this field.

Correlation method. This method is based on the correlation be-
tween one meteorological parameter and some others. For instance,
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we know that with negative air temperatures a fog can appear when
the relative humidity is less that 100%. Therefore, for every locality
one can find a relationship between air temperature, relative humid-
ity and the possibility of fog formation. Using this relationship when
forecasting the fog we can apply the correlation forecasting method
based on the expected values of air temperature and humidity. This
method is objective, and rather simple; also it provides quick results.
However, it may only be used for a definite location.

Synoptic objective method. This method is based on statistical
relations between a phenomenon and the synoptic situation in which
the phenomenon develops. Like the correlation method, this method
is also objective, simple, and easy to use, but it may only be used for a
definite location.

The combined use of all existing forecasting methods, experi-
ence, and knowledge of local weather features enables meteorolo-
gists to make successful forecasts.

14. WEATHER AND REGIONAL ADMINISTRATION

In this chapter we consider the financing of the Meteorological
Service and the losses to the economy caused by the weather.

Financing the Meteorological Service

— The Meteorological Service of the Russian Federation is
financially secured by the Russian Government from the state
budget. It means that the financial support is very poor. The
leading officials of the Service stated that the Meteorological
Service of Russia is a profit-maker.

— One rouble invested in the Service diminishes the losses to the
economy by 8,3 roubles, If meteorologists could be given the 8,3
roubles of profit instead of diminishing the losses, then the Serv-
ice would be respected and get more investment.

— Thelosses of the Russia economy due to weather impacts are as
large as $20210°a year. If the Meteorological Service stops func-
tioning, the losses would be doubled (i.e. $40210° a year).

— At present the losses due to weather impacts, which cannot be
prevented, on average are about 50 — 60% of all losses; the losses,
which can be prevented using specialized forecasts, are about
20~ 30%, and for the other 10 — 20% the losses could be prevented
by more accurate and detailed forecasts.

The most considerable detriment due to weather conditions falls
on the following branches of the economy.

214



¢ Agriculture and industry (60% of all losses)
¢  Energetic (8,5%)

i Transport (8,5%)

b Municipal economy (8,9%)

®*  Construction industry {6,8%)

®*  Forestry (3,1%)

*  Communication (2,6%)

. House heating complex (1,6%)

These figures are very impressive, and they become even more
impressive if we recall the size of the State budget.

Considering the figures cited above, one can state the follow-
ing. Certainly, all branches of the economy suffer significant losses
due to weather impacts; certainly, all branches of economy are inter-
ested in getting well-timed, correct, specialized weather forecasts;
certainly, these good quality forecasts can be made by the Service,
which meets all modern requirements and is equipped with recent,
high standard technology devices; certainly, the high standard equip-
ment costs a lot of money that is not available in the State budget.
Hence, the Meteorological Service should be financed from the budg-
ets of those economic branches, which use the forecasts prepared for
them. Thus, if such economic branches as agriculture, energetic, trans-
port, municipal economy, construction indusiry, forestry, communica-
tion, and house-heating complex transfer a part of the money they
saved due to the Meteorological Service, then the number of prob-
lems with the provision of specialized forecasts would be much smaller.

Let's make some calculations. According to the
Hydrometeorological Service data, a proper usage of the specialized
forecasts can prevent 20 — 30% of all the losses of the Russian economy.
Let it be 20% only (i.e. $4 billions). If only ? of this sum is transferred
to the Russian Hydrometeorological Agency it would get $10° a year
(At present, the Agency is financed from the State budget with sig-
nificantly smaller funds.) This sum does not include the money that
could be obtained from the mass media, insurance companies, Defense
Ministry, and ESM (Extraordinary Situation Ministry). Such an ap-
proach would allow the Hydrometeorological Agency to raise its ac-
tivities up to the highest, world standard.

At present the most urgent problem being faced by the Mete-
orological Agency is providing the Meteorological Computing
Centers with the modern computing facilities. Some time ago com-
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puter experts could not solve two kinds of problems: chess-play and
making meteorological forecasts. Both kinds problem require com-
puters with immense memory and rapid speed of computation. Now
these problems have been already solved, but the cost of the appro-
priate computers is too much for the Meteorological Service.,

One modern civil plane costs a few tens of millions dollars, and
one sea boat or ferryboat a few hundreds millions of dollars. The Mete-
orological Service would completely cover its expenditure for its ac-
tivities for a number of years if it could prevent a catastrophe to just
one plane or one boat. However, the Meteorological Service renders
more vital services than for one boat or one plane.

We may assume that the main users of meteorological informa-
tion are known 1o us. Hence, we are aware of the main possible sources
of finance for the Meteorological Service, including the State budget.
Let us hopes that those responsible the proper state and high stand-
ard of the Meteorological Service make wise decisions about fund-
ing. There is no secret that among VIPs one may hardly meet a person
who would'be notbe interested atleast once a day in what the weather
is like. It's not worth disappointing such high ranking people.

Estimating economic losses due to the weather

Many attempts were made to estimate the losses due to danger-
ous and unfavorable weather conditions. Qur scientists N. A. Bagrov,
G. P. Wimberg, E. E. Zsukovsky, V. I. Kondratjuk, and E. 1.
Monokrovitch, and the founder of the Economic Meteorology, L. A.
Khandozsko, greatly contributed to this matter. However, here, we'll
propose our own approach that, in our opinion, has some comrnon sense.

First of all we estimated what dangerous phenomena influence
this or that branch of the economy (for instance, forestry is affected
by strong winds, thunderstorms, dry and hot weather of long dura-
tion), and then we estimated the impacts of every dangerous phenom-
ena on various branches of the economy. The initial information in-
cludes the area of the region, population of the region, intensity of
the transport operations, occurrence of forest fires, and data on losses.
The latter are indicated in US dollars for the sake of relative stability.

Here is an example of our calculation. According to the informa-
tion from the Central Statistical Department (CSD), the agricultural
arable lands (ploughed fields, meadows, pastures, and orchards) of
Russia are 222,3 million hectares. According to official data, agricul-
ture suffers losses due to unfavorable weather conditions of about $10
billions a year. Simple arithmetic calculation suggests that every hec-
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tare of the arable lands suffers losses of $45 annually, $30 of which
are unavoidable losses, and for the other $15 it is possible "to strug-
gle" to avoid these loses. In the same way figures were obtained for
the other branches of the economy.

Here are some figures that can be used to estimate the economic

impact of various weather conditions.

For S. Petersburg and Leningrad district the average losses due
to weather conditions is about $900 millions a year. A hailstorm
occurred on 21.07.1999, the sizes of the hailstones being as large
as 5 cm (weighing about 50 g), resulted in losses amounting to
$400000.

Prolongation of the lieating season by only one day results in
additional expenditure of $170000

Expenditure for heating 1 m?a yearin S. Petersburg is about $3.

Providing reasonable heating (according to existing norms) when
the air temperature over European Part of Russia falls by 1°C
results in additional expenditure of $700000 a day.

In Europe 1 kW/h of energy costs in average $0,04.

In case of catastrophic weather phenomenon it may happen that
airport run way or auto roads can be damaged or destroyed. In
connation with thisitis worth remembering that one linear meter
of a modern runway costs about $20000, and one linear meter of
an auto route $7000.

Closing all airports of Russia for one hour brings losses of
$300000.

One ton of aviation kerosene costs about $200 and the plane
"TU— 154" consumes about 7,5 tons for one hour flying.

Snow removing operations at “Pulkovo" airport costs about $3000
per hour.

Caterpillar cleaning for one hour in the streets of S.Petersburg
costs about $10.

To sprinkle with the salt-sand mixture all streets in S.Petersburg
costs about $240000.

Economic losses due to additional expenditure for keeping roads
in working condition during unfavorable weather are $25000 for
100 km of a road per year.

If an airline of communication is damaged by a strong wind of
glaze, the cost of restoration of one block of the line is about
$5000.

Restoration of the consequences of strong winds in S.Petersburg
on average costs $10000 per event.
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- A single thunderstorm inflicts losses to the economy of about
$70000 on average.

- A forest of one hectare produces approximately 100 m® of tim-
ber, and, if the forest perishes due to fire or for some other reasons,
the losses can amount to $1000 per hectare.

- Stoppage of a tower crane for an hour produces a loss of $150 for
the construction company.

- Restoration of a single mast of a trunk power transmission line
costs $200000.

- Stoppage of one tram, bus, or trolleybus for an hour causes the
transport enterprises to lose $7—10 in the town with the
population up to 500000, and $10 — 15 in the town with population
of more than 500000.

It is obvious that all these figures are very approximate and sub-
jects to change depending on the place, time, and situation. How-
ever, the information cited here seems tc be useful in enabling any
regional administration to take proper decisions aimed at diminish-
ing losses caused by unfavorable and dangerous weather phenom-
ena in the region.

15. WEATHER AND MASS MEDIA

In this chapter we consider some of the problems associated with
the weather information that appears in the Mass Media.

Perhaps, there is no such newspaper or radio station that would
notinformreaders or listeners about the current and expected weather.
In fact, the weather is of interest for everyone, and the Mass Media
has an interest in providing plausible information about the weather.

Naturally, “"demand” for the weather forecasts increases at week-
ends and holidays, on the days when autumn or spring frosts are likely
to occur, and during the harvest. The method of the weather presen-
tation in the press in many instances depends upon the artistic taste
and professionalism of the editor, and also on the financial state of
the publishing company. Certainly the Mass Media pay somme money
to various meteorological institutions or to some persons for the
weather information. We'll not discuss this matter here. Instead, we'll
take up three other problems.

Firstly, if one gets from various Mass Media information on the
expected weather for the same region and the same period of time,
the differences in the forecasts will often be significant. This gives
consumers an unpleasant impression about the expertise of meteor-
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ologists. Meanwhile you'll not find in any of the newspapers a state-
ment about the source of the information. That does not seem appro-
priate. Of course, any newspaper, radio station, and TV station has
the right to “broadcast” what it considers to be needed. However, it
should make reference to the source of the information used in the
presentation. If the information has been obtained from a meteoro-
logical institution, the name of that institution should be mentioned.
Similarly, if an experienced forecaster, even a very experienced one,
prepared the forecast on the basis of the data taken from the Internet,
the name of the forecaster should be indicated. In the worst case let
the name of the person who prepared the text of the weather forecast
be mentioned in the newspaper or in the radio (TV) program.

Secondly, very often various radio stations broadcast informa-
tion on the current weather in a different sequence. Even a single ra-
dio station on one day will broadcast first the pressure, and then the
humidity, but on the next day it can be in reverse order (for the sake
of fairness, we must admit that in every case the air temperature is
always the first to be mentioned when the weather conditions are
broadcast). For the listeners it is not convenient. It would be more
useful if the broadcasting order was always the same. In principle it is
not difficult to solve this problem.

Thirdly, radio (TV) announcers, after broadcasting the weather
forecast, they often like to add just for effect that they hope that this
time the forecasters will not let us down. That is unfair; it makes the
forecasters bear a professional grudge against the announcers. That
is very like forecasters saying that they hope that when reading the
news the announcers will not stutter.

16. WEATHER AND HEALTH

In this chapter we consider an index that can be used to provide
information about the impact of the weather on the comfort of an indi-
vidual.

Many people react to weather and its variations. Many scientists
both in Russia and abroad studied these reactions and have worked
out a series of techniques and indexes for determining weather con-
ditions that impact on human health. All of them are rather compli-
cated and are intended for the specialists in this field. As a result, these
techniques and indexes are seldom used for practical purposes.

However among these techniques and indexes there is rather sim-
ple one called the Meteorological Health Index {(MHI). It allows any-
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one who is able to count the change in the shop to estimate the possi-
ble weather impact on his (her) general state. To employ this index,
one must just listen aradio broadcast of weather information and look
through a window of his (her) flat at the sky. The meteorological char-
acteristics chosen the index are always available and understandable.
These characteristics are air temperature, atmospheric pressure, wind
speed, relative humidity, presence (or absence) of cloudiness and pre-
cipitation, and also temperature and pressure variations during the
past 24 hours. When calculating the MHI value, all together eight char-
acteristics are to be taken into account.

Estimation of the weather impacts on the human health was made
through the calculation of so-called “comfort points” for each param-
eter. The most comfortable values of the air temperature, atmospheric
pressure and other characteristics were taken from various publica-
tions by Russian and foreign scientists (biologists and physicians). For
every element the maximum comfort point was adopted as being equal
to 5, and the minimal one as 0. [t seems to be unnecessary to cite here
the exact numbers given to the comfort points for various meteoro-
logical parameters. It is sufficient just to indicate a possible approach
to the problem.

The MHI is not intended to give any medical recommendations.
It simply provides a warning about the likely impact of weather con-
ditions one may expect on a given day and, on the basis of this effect,
plan his (her) activity.

An interesting feature of the MHI is that everyone can determine
the MHI value as applied to their own reaction to the weather condi-
tions. For instance, the comfort point 3 corresponds to the air tem-
perature equal to 30°C on the common scale. However, one may feel
too hot at this temperature, and he (she) can choose point 1 instead of
point 3. At the same time, another person may feel very comfortable
at this temperature, and therefore he (she) may choose point 5, and so
on. It means that every one can create an individual MHI correspond-
ing to his (her) reaction to the weather conditions. For example, citi-
zens of Jukutia will experience discomfort being at a place in Central
Africa whereas a citizen of Africa will be uncomfortable in Jukutia,
especially in wintertime,

If the MHI value is determined from the current weather, the es-
timate of weather impact on human beings is valid for a short period
(i.e. that is the current effect), If the MHI value is determined from a
weather forecast, the period of the index validity will be equal to the
forecast lead-time. If the initial information needed for the MHI cal-
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culation is climatic data (characteristics} of the region, the calculations
will suggest the comfortability of the living conditions in the region.

Preliminary research has given some unexpected results. It turns
out that along with southemn regions of the European Part of Russia
{EPR), that is naturally so, the most comf{ortable living conditions were
found in Vladivostok and Kolima region. The northwest regions {for
instance Saint-Petersburg) of the EPR, the northern part of Krasnojarsk
Krai, and regions near the Lake Baikal are found to have the most
uncomfortable conditions. It seems that the people living in the most
uncomfortable regions need to be supported by some increments to
their salaries and by some other privileges, That is not easy problem
but it should at least be put forward for discussion,

The Meteorological Health Index can be used when solving vari-
ous problems, even those we usually do not think of. For instance, it
can be used for sport, business, military matter, etc. Overall weather
becomes an important element of various fields of human activities
(transport, business, health, care, etc), and the most far-sighted peo-
ple take this into account when planning what they are going to do.

7. WEATHER AND SPORT

In this chapter we consider three aspects of the impact that
weather can have on sport.

Weather and sport are closely related to each other. A compe-
tent trainer and well-prepared sportsman should take account of the
character of the weather expected within a competition period. The
trainer, in addition, should know the reaction of each sportsman to
various weather phenomena. Meteorological Health Index {(MHI)
values, especially the individual MHI values, and the weather fore-
castwill help the sportsman and his (her) trainer to determine the tac-
tics for any kind of sporting event, even in the case where the compe-
tition is conducted under a roof, or to chose the best members of the
team for the current day.

Suppose a trainer in field and track athletics is to choose from
five available athletes the optimal membership of the team for a relay
race of 42100 meters. At first sight that is a simple task. The trainer
must choose those sportsmen who have shown the best results in 100
meter races. Usually that is the common approach to the team forma-
tion. However, if the trainer is aware what kind of weather is likely, or
at least he knows the air temperature at the stadium, he may take an-
other approach for choosing the team. For instance, if he has known
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that the air temperature at the stadium is expected to be, let's say,
30°C and his “first member"” (the best racer} wilts at this temperature
and, therefore, will be unable to produce his best results, he will keep
this racer in reserve. Next time, during more favorable weather con-
ditions, his "number one” is more likely to produce his best results.
Of course, to do this, the trainer should be well aware of the ability of
his sportsmen, the strengths and weaknesses of their bodies, and the
expected weather conditions. That is one aspect of the interaction
between weather and sport.

The second aspect of the weather and sport interaction lay with
the fact that the weather makes out-of-door sports competitions diffi-
cult, and sometimes leads to their cancellation.

- ‘When the air temperature falls to ~21°C or lower, ski races are
cancelled due to the possibility of racers getting frostbite.

- In triathlon competitions, when the water temperature is lower
than 22°C, the sportsmen must swim 1500 m in hydro clothes.

- Biathlon competition must be postponed or cancelled when the
visibility is less than 100 m due to snowfall. -

- Strong winds hinder the conduct of ski jumping competitions.

- Calm conditions cause the cancellation of sailing competitions.

- ‘When the wind is more than 2 m/s the records established in 100
and 200 m races are not taken into consideration. The same ap-
plies for records in the long jump and tripie jump.

The list of the weather conditions restricting various kinds of
sporting competitions can be conti‘nUed‘. However, the examples above
show very clearly the impact of weather.

The third aspect of the weather and sport interaction is the choice
of the period suitable for various competitions. It is well known that
the timetable of any competition, especially international ones, is pre-
pared well in advance. Hence, to make an optimal plan and timetable
for the competition, one must take account of the climatic character-
istics of the region where the competition is to take place. For instance,
sometime ago every year one of the stages of the World Cup for ski-
racing used to take place near Saint Petersburg at the beginning of
January. That was fine, but often the required snow cover wasn't
formed by the first days of January. That is why frequently this com-
petition was under threat. If it were planned for the end of February or
beginning of March, the “snow problem” would never arise.

Using climatic data and values of MHI based on climatic charac-
teristics, an optimal period was chosen for the Olympic Games in Saint
Petersburg in 2004. Unfo}rtunately, this information was not required
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as the Olympic Games took place in Athens. It seems that the organ-
izers did not take account of the climatic particularities in Athens and
chose a wrong period for the Games. During the competitions the day-
time temperatures were near 40°C. It would have been much better
for the sportsmen if the games were scheduled for a bit later in the
year {let's say in October). This would have been of advantage to both
sportsmen and spectators.

18. WEATHER AND ENTERPRISES

In this chapter we consider the consequences of enterprises be-
ing unwilling to pay for specialized forecasts.

All that has been written previously, dear reader, was intended
to convince you that, in fact, there is no branch of industry, nor any
enterprise, which is free of weather impacts. Even though the leader
of an enterprise may consider that the weather can never affect the
production, quality of the products, and consequently the income,
the leader is mistaken. For example, even dank weather may affect
workers involved in any activity with unpredictable consequences.

Let's draw our attention to the following problem. In Russia there
is a joint-stock company "RAO EES". It includes many enterprises.
They are monopolists and trade without problems. In Russia there is
another joint-stock company “GASPROM". 1t is also monopolist and
also has no problems. In Russia there is a Federal Agency
"ROSHYDROMET" which provides meteorological services. Itis also
monopolist, but its “life" is far from what can be called normal. Why?

After a long search and consulting a number of specialists, we
can tackle this question in the following way.

Firstly, whatever we may think, we must accept that the Mete-
orological Service is just part of the service industry. Everyone for per-
sonal and business purposes uses the products {mainly weather fore-
casts) from the service. '

Secondly, in the Meteorological Service the marketing and man-
agement is poorly organized. To be precise, we do not know to whom
and for what price our monopolistic information can be sold. It may
look strange, but tourist firms, insurance agencies, automobile trans-
port, and some other branches of the economy prefer to operate with-
out weather information. The reason is that this information, natu-
rally, costs a lot of money, and, it is also natural that the firms and
agencies do not want to pay for that information. That is why direc-
tors of the firms and whole branches of the economy try to manage
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their activities without using meteorological information. In fact they
use the weather forecasts made for general purposes. The Meteoro-
logical Service makes and publishes these forecasts free of charge
since the service is a State Organization. This kind of practice saves
some money for the firms until an extraordinary accident has occurred
due to unfavorable weather conditions; namely an accident that
couldn't be foreseen from the general weather forecast. That is the
time when the Meteorological Service is remembered and often with
unfair words which seem to be very unjust.

Thirdly, leaders of the economic structures need to take compe-
tent decisions when receiving weather forecasts. That is not an easy
task. They need to be competent specialists in the field in which they
work and be able to supervise the production activities. In addition,
they should be able not only to take competent decisions but also be
responsible for them. That is also not easy matter and there are not
many people who are ready to take on these exira “headaches". It is
much easier to transfer all responsibility to the Meteoroclogical Serv-
ice ("I've got it from the Meteorological Service", or "I was told..,
etc.”). It is true that o take a competent decision on the basis of the
general weather forecast is a very difficult task. To make this task
easier, the enterprise needs specialized forecasts. These forecasts cost
money. Saving money on obtaining specialized forecasts is short-
sighted; the cost of making wrong weather-related decisions far out-
weighs the cost of these forecasts.

The problem of so-called meteorological risks and meteorologi-
cal “double insurance” is a matter of another subject, namely “Eco-
nomic Meteorology”. Here, we just refer the readers to this subject.

And finally, it would be desirable that in a Meteorological Serv-
ice those working with "ploughs” would be not pushed aside with a
“spoon". To be fair, we must mention that this trouble (or problem)
unfortunately exists everywhere, not only in the Meteorological Service.

19. WEATHER AND ECONOMY

In this chapter we consider the information that is required to es-
timate the economic impact of unfavorable and dangerous weather phe-
nomenon for a particular location or region.

To estimate and analyze the losses of aregional economy due to
weather conditions, it is necessary to know the climatic characteris-
tics of the region, its economic potential, and the losses of every branch
of the economy due to unfavorable and dangerous weather phenom-
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ena. Not all this information is always available. It is not a real prob-
lem in getting the climatic characteristics of the region. All these
characteristics can be obtained from various climate reference books
{in this respect the Meteorological Service is ready to make all this
information available and free of charge). Data on the regional eco-
nomic potential can be obtained, in principle, from the statistics ad-
ministration of the region. At least a part of this information is also
open. However, to obtain all the information needed, one must make
considerable efforts.

The most difficult task is to procure realistic information about
losses incurred by an enterprise or a branch of the economy due to
unfavorable and dangerous weather phenomena. The leaders of en-
terprises and organization are always reluctant to share this informa-
tion with anybody. However, without these data one cannot make a
competent analysis.

The information on economical losses in combination with the
climatic characteristics allows us to determine meteorological risks.
Applying values of the meteorological risks, leaders of every branch,
enterprise, firm; or company can make corpetent economic decisions
which take account of the available weather forecasts as already dis-
cussed in the previous chapter.

If the values of the meteorological risks are determined from cli-
matic characteristics, we'll obtain a mean value of the losses for a given
period of time {(month, season, and year)}. If we do it on the basis of a
long-range forecast, we'll obtain a predicted value of the losses valid
for the forecast range.

In principle, we ¢an obtain some conditional value of losses due
to dangerous weather phenomena with respect to units of production.
Moreover, accounting for economic potential of other regions, we can
determine values of the meteorological risks for any region.

Summing up the reasoning given above, we can conclude that
to predict possible losses due to unfavorable and dangerous
weather phenomena in a given region, one must pay attention to
the following two factors. »

—  Economic potential of the region. This is determined by labour
resources, production possibility of construction and industrial
enterprises, production possibility of the regional agriculture,
length and state of the arterial roads, and availability of natural
resources. All these determine the level of development of the
economy, and, finally, the role of each of them in the structure of
the regional gross output.
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—  Climatic particularity of the region. That is determined by the
frequency and distribution of unfavorable and dangerous
weather phenomena.

To estimate and investigate for a particular region the detrimen-
tal impact of unfavorable and dangerous weather phenomena, one
must create an information base that includes climatic data, informa-
tion on loss structure in every one of the economic branches, and the
regional losses due to unfavorable and dangerous weather phenom-
ena. Choosing an arbitrary combination of a branch and unfavorable
and dangerous weather phenomena, it is possible to obtain data on
the detriment level and its distribution over the region in various pe-
riods of time. Such a database would include the following elements.
— Climatic information including mean number of days with

unfavorable and dangerous weather phenomena for every month

and for every year.

— List of unfavorable and dangerous weather phenomena with an
indication of their weight coefficients when determining
economic losses for every branch of activity.

—  The sum of the average losses of every branch of activity for a year.
All calculations are intended to provide a determination of the

average losses in a specific type of activity due to onie specific weather

phenomenon. Proceeding from the data about the frequency and dis-
tribution of the unfavorable and dangerous weather phenomena, one
can get information about possible detrimental impacts in the region.

Depending on the task to be solved, the necessary information can

have various temporal resolutions, and can represent a definite point

or territory. The results of the process must be presented to consum-
ers in a form suitable for taking decision, i.e. in the form of tables,
graphs, diagrams, and maps.

20. WEATHER AND ECOLOGY

In this chapter we consider some if the factors which affect the
environment in which we dwell and some of the ecological dangers as-
sociated with the weather.

The word "ecology"” came to us from Greek words "oikos" that
means house, dwelling, homeland, and “logus” that means notion, sci-
ence. As we understand it now, ecology is a branch of biology study-
ing the interaction of living organisms with the environment. Distin-
guishing ecology as an independent science is actually conditional
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because any biological discipline should consider every organism in

unity with the external conditions.

The ecological situation in every region of the Earth is subject to
variation due to the impacts of the global processes that slowly and
continuously change the environment and under the impacts of syn-
optic scale processes that change the environment for short periods.

In many countries of the world scientists try to solve the problem
of both the global change of the climate, and its variations within spe-
cific regions. Doing this, they study the water and atmospheric pollu-
tion, cutting down the forest massifs, sea pollution in coastal areas,
desertification, ozone layer exhaustion, rise of the global sea level,
and human health problems. The range of the ecological problems is
rather wide and diverse.

Let us cite a few global “figures”, which show how the human
beings are careless with respect to environment in which they dwell.
— Before people started farming on the Earth, the forests covered

627105 km? of the land; now the forests cover only 367105km?
— Inaverage 20 tons of raw materials are mined per person per year

on our planet. These materials are processed using 800 tons of

fresh water and 2500 kW of power. However, the consumer
products made from raw materials can be regarded (and they
really are) as "postponed waste".

— The consumer products for each person costs "Mother — Nature”
the equivalent of displacing 400 tons of rocks a year and spoil-
ing 2 m? of the ground.

— The power of all volcanoes and geysers on the Earth is about 100
times less than the power obtained from burming fossil fuel, i.e.
man pollutes nature 100 time more intensively than nature.

— In Russia in 1991 the overall input of pollutants into the atmos-
phere was equal to 53710° tons, the main constituent of these
being the substances formed during the burning of fossil fuels.

— In developed countries every man “creates” 1,5—2 kg of waste
every day.

Thus for the happy life in the developed countries the people
pay avery high price. To raise the living standards up to the “normal"”
for the whole population of the planet, it necessary to increase the
raw materials, energy and fresh water consumption by at least one
order of magnitude (i.e. ten times). However, the resources of our
planet are not unlimited.

Though not going into details about the ecological problems,
it is worth noting that the nature preservation activity in any
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country, in response to significant anthropogenic impacts, is to

solve three problems:

—  Preserving and restoring the natural ecological system.

— Supporting the population to save life.

~—  Providing for sustainable economic development.

Taking up the relationship between weather and ecology, first
of all one has to consider the processes which can markedly influ-
ence human health. Here, dear reader, we refer you to that part of this
book, where we discussed the impacts on health of the unfavorable
and dangerous weather phenomena. From the ecological point of view
it becomes obvious that the weather forecasts are needed, and the
population and various economic and administration structures need
to be informed about the expected weather conditions. In turn the
administration and leaders of the economic structures have to take
appropriate decisions on the basis of the weather forecasts. The fol-
lowing considerations demonstrate the ecological danger of some
weather elements.

“— C‘Airtemperature. Very low temperatures can result in the destruc-
tion of heating systems. The consequences are obvious. Air tem-
peratures around 0°C result in increased traumatism. High air
temperatures in combination with high humidity can lead to a
large probability of various epidermises. Also a temperature in-
version is a good condition for smog formation, and an unstable
stratification of the atmosphere makes possible the transfer of
harmful admixtures over a large area.

It is interesting

—The western Mass Media likes saying that in Russia the ecological
problems do not receive the necessary attention from the government.
Perhaps, it is true. However, the western countries should not be
concerned about it. The matter is that the existing atmospheric circu-
lation provides for the air mass displacement from the west to the east.
Therefore, when any harmful emission occurs, we practically pollute
ourselves, and Europe spoils our air in a direct sense.

— Atmospheric pressure. By itself this does not present any eco-
logical danger. However, its significant variations in pressure
resultin very strong winds and dust-storms. Also its large temporal
variations make an appreciable impact on human health.

— Intensive precipitation. This creates some problems for canaliza-
tion, and the quality of drinkable water becomes low which can
result in some infections.
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- Storms and hurricanes. It is goes without saying that storms and
hurricanes are destructive phenomena. That is why the prediction
of these events is of great value for our well being and safety.

AFTERWORD

Dear reader, you just have completed studying (reading, getting
through) this training aid. In this book we tried to show you in a most
simple way various atmospheric processes, their interactions, and their
impact on the human activities. We broached some questions, which

-were never discussed in the meteorological textbooks. Of cause, all
what we managed to take in is just a small part of the knowledge
needed to become a competent meteorologist. To get the necessary
knowledge, there are many comprehensive textbooks, so—called
“huge bricks"”. However, if you are engaged into marketing meteor-
ology or you are a public relation officer of a meteorological organi-
zation, or responsible for selling meteorological products, this book
is just intended for you.

We hope that this book will give everything you need for your
activity.
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