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NPEAMCJIIOBHE

TIpennaraeMas guTaTeNl0 KHUTa HAllCaHa B COOTBEICTBMU C IIPOrpaM-
MOH JUCIUILIMHEL «MeToAbl 30HAMPOBAHUSI OKPYXKAioWEH .cpenpn Il
TIOATOTOBKH JHUIUIOMHPOBAHHOTO CIIEIMAIICTA 110 HanpaBneHuio 657200 —
Tunpomereoponorug u crnerupamsaocts 073100 — Mereoponorus. B Heit
H3JIOXKEHEl BOIPOCH TEOPHH KOHTAKTHBIX M JMCTaHIMOHHBIX KOCBEHHBIX
METOIOB 30HAMPOBAHYS OKPYKaroIiel cpe/ibl, pacCMOTPEHEl COBPEMEHHEIE
U TIEPCHEKTHBHEIE CPECTBA 30HJUPOBAHUI aTMOC(epE], OCHOBEI METONOB
06paboTKK ¥ aHATH3a MOdy4aeMOl HHbOpMaLuH.

OcHOBHOE BHMMaHHE YHAEICHO (bopmanmaunn 3anaq 30H,unp013aHnﬂ
OKPY’XAIOMIEH CPEME! KaK C OMOIIBIO MEPBAYHBIX H3MEPHTENBHBIX NPe0s-
pasoBarerneii (KOHTaKTHEIE METO/IbI), TAK U C HUCIOJIb30BAHHEM dIIeKTpOMar-
HUTHBIX BONH PAa3IMYHOIO CIEKTPAJIbHOIO HHTEepBaia (IUCTAaHIHOHHBIE
KOCBEHHBIE METOIBI). -

HpI/I TIOATOTOBKE KHHUTH aBTOPHI HCITOJIB30BAJIM KaK MaTCpHabl, H3JI0KCH-
Hble B CYMIECTBYIONHX YISOHBIX HM3MAHMAX (HAIpuMep, «AdSpOIOTHs, paguo-
MeTeoposorud 1 Texauka 6ezonacsocTy H.®. ITasnosa. JI.: T'ugpomereons-
nat, 1980; «MeTtons! MeTeoponornueckux uMeperuit» JL.I'. Kagypuna. JL.;
I'uapomereonszar, 1985), Tax 1 MaTepHaisl JOCTATOYHO MHOTOYMCICHHBIX
CIEIUABHBIX HAyIHBIX U3JJaHHH.

IIpy HanMcaHMy KHUTH YYTCHEI OMBIT ITCHHMA Kypca JICKIMH [10 MeTo-
JlaM 30HIUPOBAHHUS OKpYyKarolleH cpelsl B PoccHiickoM roCynapCTBEHHOM
THAPOMETEOPOIOTHIECKOM YHUBEPCHUTETe M KPUTHUECKHE 3aMEdaHMsd H
MIOKeNaHus, BEICKa3aHHEIE aBTOpaM PelleH3eHTaMHU U B Ipolecce obcyxe-
HUS IIPEJCTaBICHHBIX MaTepHaJIOB.

ABTOpHI OTHAIOT cebe OTUET, YTO OrpaHHICHHEIH 00BeM JaHHOTO yHeh-
HUKa He ITO3BOJIMI B IIOJHOH Mepe OTPa3sHTh BCE MHOrooOpa3He METOAOB U
CpPEICTB 30HAUPOBaHUA aTMoc(epHl, a B HEKOTOPBIX CIIydasx OBLIN BBHIHYXK-
JeHBbl IPUBOAUTDH CBEICHMA, IO3BOISIONIHE MONYYUTh I 00iee Ipel-
CTaBJICHHE O COOTBETCTBYIOIICM MCTOAC IIOIIYYCHHSI I/IH(l)OpM_aL{IfII/I 0 COo-
CTOSIHUM aTMOCHEpHI. ' o

ABTOpHI BBIpaXaioT GarofapHOCTh 38 GONBUIYIO TOMOLIE B IOATOTOB-
K€ JIJaHHOTO y4eOHOro mocobus COTpyAHMKAM Kadeapsl SKCHepHUMEHTANb-
HOH ¢m3uxm atMoctepsl Poccuiickoro I"ocy1apcTBEHHOTO THAPOMETEOPO-
JIOTHYECKOTO yHuBepcurera, LlenTpanpHoil Aspomormyeckoi obcep-
atopuu, ['maBHod Teoduzudeckoit obceppaTopun uMm. AWM. Boeiikoa u,
ocobenHo, mpod. I'.I". Hyxuy. :




BBEJIEHME

-HccnenoBanne cocTosHus aTMOC(HEPEl HMEET IIENBI0. YCTaHOBHTE
OOBEKTHBHBIE 3aKOHOMEPHOCTH, OTPAXKAIOIINE (PHIHIECKHE SBICHHUS,
IpoucxoauHe B atMochepe 3emnu. s [OCTHXEHUS JaHHOH 1eln
BBIACIAIOT [Ba HAYYHBIX HalpaBleHWs: (m3uka cBoOOIHON aTMo-
chepsl U MeTonpl ee uccnenoBaHus. Jl0 HEIABHETO BPEMEHH 3TH
Hay4HBIE HaNpaBJeHUS OOBETUHANMCH B paMKax ONHON HayKH o[
HasBaHHEM «Asponorus». B Hacrosmee Bpems ¢usuka cBOOOLHOM
aTMoC(heph! Yallle BCETO PacCMATPHBAETCS KaK 9acThb 00med MeTeo-
POJIOTHH, a YIOX a3poJOrHeil MOHUMAIOTCs IMILL METOIBI IOy YCHHUS
MH(bOPMAIMH 0 COCTOSHMM CBOGOAHOM atMocheps. IlosTomy mpen-
CTaBIIUIOCH BIIONHE OOOCHOBAaHHBIM JaTh Ha3BaHWE COOTBETCTBYIO-
el QUCHUINIMHE H, €CTECTBEHHO, NAaHHOMY Yy4eOHOMY IOCOOHIO
HasBaHHe «MeTobI 30HIUPOBAHUA aTMOC(Eph».

B mocmemHHMe TroApl pa3sBUTHE HAyKH M TEXHHKH Jalo BO3-
MOXHOCTb. OXBAaTHTh HM3MEPEHHUSIMH HPaKTHIECKH BCIO aTrMochepy
3eMiu, a B HEKOTOPHIX ' CIOydasX W arMocepsl OPyrux IUIAHET,
YICTIONB30BaTh B IIPUPOHEIX YCIOBUSX HOBEHIINE NPUOOPE! U METO-
IB! I3MEPEHH, CTONB K€ TOHKHE F COBEPIICHHEIE, YTO M B HAYYHBIX
naboparopusax. IMEHHO IOITOMY MOXHO YTBEPXKIaTh, YTO METOMBI
30HIAUPOBAaHMA aTMOC(EPHl COOTBETCTBYIOT COBPEMEHHOMY Da3BH-
THIO HAYK{ U TEXHUKH.

Hogeiinme HayYHO-TEXHUYIECKHE HallpaBICHHS B aBHALlMH, SHEP-
reTUKe, aTOMHON M XMMHMYECKOH IPOMBIIUIEHHOCTH, PaKeTOCTPOE-
HUM H 3KOJIOTHH MOTpeOOBaM 3HAHMA OETAIBHBIX IPOCTPAHCTBEH-
HBIX- M BPEMEHHBIX XapaKTEPHUCTHK IIONEH MEeTEeOpONIOrHIECKIX
BENUYUH aTMoc(epHsl, 9T0 NPHBENO K HEOOXOAMMOCTH pa3pabaTsl-
BaTh M ¥CIONB30BATh HOBHIC NUCTAHIIMOHHBIE CPEICTBA M3MEPEHHU,
B MEPBYIO OYEPE/b, TAKHE, B KOTOPHIX NPHMEHAETCS IPOTPaMMHU-
pyeMas H3MepUTENbHAS U BBIYHCIUTENBHAS TEXHHAKA, NO3BOMSIOMIAs
aBTOMATU3HPOBATH MPOIECCH 30HIUPOBAHMS, AHATH33 PE3yNETATOB M
BBIIAYM JI0NyJaeMOi HHGMOPMALMH B pealbHOM MacIuTabe BpeMeHH.

JlocTaTouHO yCHENIHO B HACTOSLIEE BpeMs NPUMEHSIOTCS IHC-
TaHIMOHHBIE METOABl 30HIAMPOBAHMSA aTMOC(heEpEl - C HCIOIb-
30BaHHEM HCKYCCTBEHHBIX CIYTHHKOB 3eMIIH M OpOHMTAaNBHBIX KOC-
MHYECKHAX CTaHITHH, pakeT, BEICOTHBIX CaMOJIETOB, a TAKKE HA3eM-



HBIX HH(OPMAIIMOHHO-M3MEPUTENbHBIX CHCTEM, HCIONB3YOIUX
pazuo-, Ia3epHOE U ApyTHe BUIBI H3TyICHHH.

Pe3ynbpTaThl 30HOMPOBAHMSA OKpYXKaromleil cpeisl IMHPOKO HC-
NONB3YIOTCS, IIPEXIE BCErO, IPU COCTaBJICHHH HYMCIICHHBIX IPOTHO-
30B IOTOABI, a TAKKe NP MCCIEHOBaHHM SBIICHHH M IIPOILECCOB,
MPOUCXOIAMHUX B aTMochepe. Benuka pons momygaeMoli B mponecce
30HJMPOBaHUS aTMOocdephl HMHODOPMAIMH M B’ YAOBICTBOPCHHH
3aIPOCOB MHOTUX OTPACIel X035HCTBA CTPaHbL.

Pa3sBuTHE METOJ0B 30HIMPOBAHHUS OKPYXAOWEH Cpeasl U U3y-
yeHHe TIPOLECCOB, IPOUCXONAMIUX B aTMocdepe, ABIAIOTCS OXHUM
U3 BAXHBIX YCIOBHH YCIEXOB IPAaKTHYECKH BCeX HaIpaBlIeHUH
COBPEMEHHON METEOPOJIOTHH.




NH®OPMALIUS O COCTOSIHUN
ATMOC®EPbI

I'JIABA 1
METO/bI HOJYYEHUS HH®OPMA AN

1.1. MeTeopoaornieckue BeJTUINHBI
H MeTeopoJiornyeckas undpopManus

Memeoponozuyeckue eenuuunsl — 310 06IIEe HA3BAHKME LJI pa3-
JIMYHBIX XapaKTEPHCTHK COCTOSHHSA BO3MyXa M IOACTHJIAONICH
IIOBEPXHOCTH, K KOTOPBIM, IIPEXE BCET0, OTHOCATCSH aTMOCdepHoe
JaBlIeHHe, TeMIepaTypa, OTHOCHTENbHAas BIIAXHOCTh, CKOPOCTh H
HANpaBIECHUE BETPA, BHIBI U KOIMYECTBO OOJAYHOCTH H BHINALAIO-
MIAX OCaJKOB.

B mocnenHue roasl 94acTo, 0COOCHHO B pu3uke aTMocdepsl U Hc-
CIIEOBaHMAX OKPYXKaIOIleH Cpembl, HCIONb3yeTCs OIH3KOe MOHATHE
«mapaMerpsl (QH3MYECKOTO COCTOSHHS Cucmemsl ammocpepa —
NOOCMUNAIOWAS NOBEPXHOCbY.

COBOKYITHOCTE CBEJCHHH O COCTOSHHM aTMOC(hEpPH W TOACTH-
JaroUiell NOBEPXHOCTH, 3alaBaeMas ¢ MOMOMIBIO 3HAYCHHHM OTHENb-
HBIX METEOPONIOTHMYECKHX BEIMYNH, HA3BIBACTCH MEMeoponocuye-
cKou unghopmayuer.

Ilo cBoeMy BHIY MeTeopolorHIecKas HHPOpMaNus NOxpa3HeIii-
€TCsL Ha nepeudnyio, T. €. HENOCPEICTBEHHO HOIy4aeMylo B pe3yiib-
TaTe METEOPOJIOTUIECKUX HAOIMIONCHNH, B 6MOpUYHYI0, TIONY4aeMyI0
Ha OCHOBE 00pabOTKH NHEPBHYHOH METEOPOIOTHIECKOM HH(bOpMa-
HHH.




OT obvema, xauecmea U C60€8peMeHHOCMY TIOCTYIUICHHS Hep-
BHYHO# METeOpOJIOTHIecKoii HHpOpMALK B 3HAYUTENBHOH CTETIeHH
3aBUCHT 2(PeKTHBHOCT: ee WCHoNb30BaHusg motpeburenavu. B
YaCTHOCTH, HMEHHO OT:9THX XapaKTepUCTUK MEPBHIHON METEOpOIIo-
THYECKON MH(OpMAINM 3aBHCHT NPABHILHOCTh aHANIHW3a U yCIel-
HOCTH NIPOTHO3a aTMOC(EpHBIX IponeccoB. bonee TOro, MPOTrHO3H-
pOBaHHE TIOTOJBI HEBO3MOXHO Oe3 HMHOOpPMAaluH HE TONBKO O
TEKyIIeM, HO W O IPEIIIECTBYIOUIMX COCTOSHHAX aTMOCGEPH! - U
nojacTHIatomei noBepxHoctH. IlpryeM, dem OGonbiie 3abmaroBpe-
MEHHOCTD IIPOTHO3a, TeM 0onee MoHas U ¢ OOJBIIEro IPOCTPAHCTBA
JIOJDKHA TIOCTYIATh MeTeopojorudeckas -uH(opMmanums. Tak, ot
COBPEMEHHOTO CPeJHECPOYHOrO = MPOrHO3a IIOroApl HeoO0xoauma
METeopOIIOTHYECKas HHGOPMALILT CO BCETO 3eMHOT0 IIapa.

Henu v 33a1a9¥ UCIONB30BAHUS IEPBUYHOM METEOPOIOTHIECKOMH
HHGOpPMAIIH ONpPEREIIIOT COBOKyHHOCTBTpe6OBaHI/II‘/'I K OCHOBHBIM
€€ XapaKTEePHCTHKAM. S

Baxuelmel xapakTepHuCTUKOH ITepBUYHOM MeTeoponornquKon
uHpopManuu SBIIETCS €€ mouHOocmb. TpeOOBaHMA K TOYHOCTH
HHGOPMAIHK OLPEACIISIOT - CBOMCTBAa W3MEPHTENBHBIX CHCTEM I
[POBEIEHHS METEOPOIOTHUECKUX U3MEPEHIIA. o :

Bosnpmoe 3HaueHWE HMEIOT TAKKE XapaKTEPUCTHKH, -OIpeie-
JSIIOUINE paspeuienue 8 NPOCMpancmee u epemeHu (nepuoousHocmu)
nocrynatomeii wHbQopManuu. OcHoBanweM i (OPMHUPOBAHUS
KOHKpPETHEIX TPeOOBaHUI 110 CTENlEHH pa3peilcHus HHPpOopManuy B
DPOCTPAHCTBE U BPEMEHH MOXET SBILATHCS OLEHKa IOTeph U Ipe-
HMYIIECTB, CBA3aHHBIX C HCIOJL30BaHHEM HHGOpMalKH, HMEIOMEH
Pa3NYHYIO CTENEHb PaspelIeHus M TOYHOCTH. B 3afiadax mporHosa
TOTO/IBI 3TU TpeOOBaHUS BO3HUKAIOT M B CBSI3U C KOHKPETHOU pealtu-
3arveit YUCIeHHBIX MoJeied NUPKY AT aTMOCchephl. ‘

K o6muM xapaKTEepHCTHKAM METeOpOJIOTHUECKOH mH(popManun
CIICAYET OTHECTH €€ 2I00aNbHOCHb, MPEXMePHOCMb, KOMHWIEKC-
HOCHb, pezyIsPHOCMb U CUHXPOHHOCM. . :

TInobansrocme npepmosnaraet, YTO MNEPBHYHAS METEOPOIIOTHYE~
ckas wHbopManus MODKHA OBITH MONyYeHA C. TEPPUTOPHIA, COM3Me-
PUMBIX C IIOINAIBI0. KOHTHHEHTOB, & B HOEalie — CO BCETO 3eMHOTO
mapa. Tak Kak pasBUTHE aTMOC(EPHBIX MPOLECCOB MPOMCXOAUT HE
TOJNBKO . Ha OOWIMPHBIX TEPPHUTOPUAX, HO M B 3HAUMTENBHOH TOIIIE
BO3/yXa, TO H -JaHHBIC HAONMIONEHWH. JOIDKHEI XapaKTepU30BaTh
COCTOSIHHE aTrMoc(epbl He TOJNBKO HAJ OONBIIMMH IUIOINAJSIMH,
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HO B 3HAYUTENBHOM [Hama30HE BBICOT, YTO K O3HA4gaeT ee
mpexmepHOCmb. :

Ilockonpky -aHaMHM3 aTMOCQEPHBIX MPOLECCOB HpeAIoaraeT of-
HOBpPEMEHHOE PaCCMOTPEHHE TI0JIEH PA3IMYHEIX METEOPOIIOTHIECKHX
BENMYVH, TO €CTECTBEHHLIM CTAHOBHTCA TPEOOBAHHE KOMHAEKCHO-
cmu TIEpBUYHOH HHGOpManuy.

HenpeprIBHBIH XapakTep H OTHOCHTENHHO OONBIIAS CKOPOCTB
aTMOC(EepHBIX IIPOLIECCOB IPHUBOJIT K TOMY, YTO camas IONHAas W
Ka4geCTBEHHas! METeopoJIorndecKasi HHPOpPMAIMs MOXKET TepAThH
CBOIO [IEHHOCTH B CIIydae ee ycrapeBaHus. [103ToMy HEOTheMIIEMbBIM
TpeOOBaHMEM K IEpBUYHOH MeTeoponornueckord uHQpopManumn
SABIAETCS ‘ONEPAMmuUEHOCHy €€ TIOCTYIUICHUS:

JloCTaTO9HO OYEBHIHBIM SBIETCA W HEOOXOXUMAs pezynsap-
HOCHMb OCYHIECTBICHMS HAOMIONCHWUH XpH MONYYCHHH ICPBUYHON
METEOPONOTHYECKOH HHpOpMaHy, A BOT BKIIOYaBIIEECH KO HENaB-
HETr0 BPEMEHHU TpeOOBaHUE CUHXPOHHOCMU TIPOBENEHUS METEOPOINO-
rideckux  Habmomeuwit (B eIuHBIE MOMEHTHI BpPEMEHH) Ha BceH
TEPPUTOPVH 3E€MHOTO Iapa B HACTOAIIee BpeMs HE HOCHT CTONb
KaTeropuIHOI0 XapakTepa, XOTS M ABIACTCA CYLIECTBEHHBIM UL
HEKOTOPBIX BHIOB ONEpaTHBHBIX HaOmozeHHil. OOycIOBIEHO 3TO
NIMPOKUM Pa3BUTHEM aBTOMATH3HPOBAaHHBIX CHCTEM aHANH3a aTMO-
chepHBIX TIPOLIECCOB.

B mocnexHne rojisl Ha OCHOBE CIIELHANBHBIX HCCIETI0BaHUH Obl-
Ju chOpMYJIMPOBAHBl KOHKPETHEIE TPEOOBaHUSA K METEOPOIIOrHYe-
CKOH mHGOpMAaIyY, HoaydaeMoil pasnuuHeiMu MeTofaMmH. Crenyer
3aMETUTEL THPH 3TOM, YTO B CBS3H C HCIOJNB30BAHUEM €€ MpH pele-
HHH MHOTOUHC/ICHHBIX HAYYHBIX M NPaKTHYECKUX. 3afad B METEOpO-
norud, ¢usuke arMocdeprl, KINMATOIOTMH H DKOIOTHM Takue
TpeGOBaHMs K OIPEAENCHHBIM XapakTepHCTHKaM MOTYT - 3aMETHO
OTNNIATECSL. :

1.2. MeToanl MeTEOPOIOrHYeCKMX H3MEPEHUM

OrpoMHOe pa3zHooOpa3ue Kak no Gu3MIecKor Npupoe, Tak U 1o
NPOCTPAHCTBEHHBIM M BPEMEHHBIM MacIitabaM sBIEHMH M Ipoliec-
coB B arMocthepe ompemenieT pasHooGpasHe H3MEPHTENHHBIX
CPECTB, UCIONB3YEMbIX I TOMYYeHHUs MEPBUYHON METEOPOIOrH-
geckoil napopMaru.- MHorre U3 HuX ObIIHM cIenuanbHO paspabo-




TaHbl I METeOpOJIOTHYECKOrO: MPHMEHEHHUS, HEKOTOPHIE MeTOJIBI
ObLIM 3aMMCTBOBAHEBI 3 CMEXHBIX 001acTell HayKu.

B Hayke W TeXHHKE CYIUIECTBYIOT CTPOTHE TEPMHHOJIOTMYECKHE
CTaHAapTHl Pa3iHYHBIX THIIOB M3MepeHui. Vcxonsa u3 ocobeHHOCTEH
METEOPOJIOTHIECKMX M3MEPEHHH MOMHO IPEIOXHUTH CIEXYIOMIYI0
KJIacCU(UKALHIO THIIOB METEOPONIOTHYECKUX H3MEPEHHH.

IIpsmvie usmepeHus — W3MEPEHHSA, B KOTOPHIX  HCHOJNB3YIOTCS
STAIOHBL. HMHTEPECYIONIMX XapaKTEePHUCTHK (BENMYMH) COCTOSHHSA
OKpY>Xarome# cpefpl. IT0, HaPUMEP, H3MEPEHHUS ANHH. 00BEKTOB C
MOMOIIBIO 3TAJOHOB PAacCTOSHUM, MAacChl — C IIOMOLIBIO 3TaJOHOB
Maccsl U T. . CiexyeT 3aMeTHTh IIPH 3TOM, YTO NPSIMBIX M3MEPEHUR
B TakoM IOHHMAaHHM IIPH pealu3alldd METOAOB 30HIUPOBaHMSA
atMocdeps! IPaKTHIECKH HET.

Kocsennvie usmepenus — W3MEPEHHs, NMPH KOTOPHIX HCKOMOE
3HAYEeHHE BEIHYMHEI HAXONAT HA OCHOBAHHH HM3BECTHOH 3aBHCHMO-
CTH MEXIy 5TOH BEIHMYHHON M BENHUIHHAMH, IOJBEPraeMBIMHU IIps-
MEIM H3MepeHusM. Takoe oIpezieneHne COOTBETCTBYET TEPMUHOIIO-
THYECKOMY CTaHIAapTy, ¥ TIpH €ro: MHPOKOM TOJIKOBAaHHH
MPaKTHIECKH BCE METO]IBI 30H11Hp013aHm aTMoc(epsl OTHOCATCS K
KOCBEHHBIM M3MEPEHHAM.

Jlokanvhvie usmepenus — N3MEPEHNUS, IPH KOTOPHIX JaTYHK (Kak
IPSAMBIX, TAK ¥ KOCBEHHBIX M3MEPEHHH) HAXOAHMTCS B HENOCPEJCT-
BEHHOM KOHTAaKTe. ¢ HcclexyeMoil cpemoil. YacTo Bce pasHooOpasue
HOROOHBIX METOAOB HA3BIBAIOT KOHMAKMHuIMU memooamu. Ipn
HCCIIEOBaHUH aTMOoCc(epBl X OOBIYHO HA3BIBAIOT TaKXKe A3ponozu-
yeckUMU Memooamu, OCHOBAaHHBIMH Ha TNPUMEHEHHH IEPBHYHBIX
u3MepuTenbHeIX npeobpasosarenedt (IIMII), nocraBnseMbIx Hemo-
CPEICTBEHHO B Ty TOUKY IIPOCTPAHCTBA, IJe HE0OXOAUMO IPOBOJUTE
H3MEPEHMUA.

Hucmanyuonnvie usmepenus — A3MEPeHNS napaMeTpOB busnge-
CKOTO COCTOSHHS Cpefibl, OCYIECTBAIeMBIE Ha pa3NM4IHbIX PAcCTOs-
HMSX OT TOYKH, I'le IIPOBOIATCA H3MEPEHUS C IIOMOIBIO PETHCTpa-
HAH = XapaKTepHCTHK pasIu4dHBIX Doned (3NEeKTpOMAarHWTHEIX,
aKyCTHYECKHX U Jp.)

B cooTBercTBMM ¢ TEpMHHAaMH NPHBEIACHHOM KiaccupuKamyn
METOAbl 30HAUPOBaHMS aTMOc(epbl, OCHOBaHHBIE HA PErHCTPALUM
Pa3sNMYHBIX XapaKTEPUCTHUK DJICKTPOMATHUTHBIX IOJEH, ABIAIOTCS U
KOCBEHHBIMM, ¥ JUCTaHIHOHHBIMH. B TO Jke BpeMs YHCTO adspojoru-




YECKHEe METObl 30HANPOBaHMs aTMOCc(hephl MOKHO CYNTATH JIOKAJIb-
HBIMH KOCBEHHEBIMH TUCTAHIIHOHHBIMH N3MEPEHHIMH.

MOXHO TIPEJIOKUTE PA3IUYHBIE BHABI KIaCCH(UKAMM ¢ UL
IACTAaHIMOHHBIX METOZOB H3MEPEHHUIL.

Tak, B 3aBECHMOCTH OT IPHUPOIHI NIOJ MOXHO BBIACIHUTE IPaBH-
TallMOHHEIE, SICKTPUYECKIE, MarHUTHEIE, SNEPHBIE H aKyCTHYECKHE
METOJIBI, & TAKKE METOBI dNeKTpoMarauTHoro (OM) menyuenus. B
TO K€ BPEMs MOXHO OCYIIECTBILITH KJIacCHPUKALHIIO U 110 HCTOYHU-
Ky TOJS: TIACCUBHBIC W aKTUBHEIE. [Ipy 5TOM ecii B IIepBOH kiaccu-
duKanpy perncTPUPYIOTCST XapaKTEepUCTUKH €CTeCTBEHHBIX ITI0NeH,
HPHCYTCTBYIOIIUX B IPHPOJE BHE BCAKOH CBS3HM C CAaMUMH H3Mepe-
HUSMH (TpaBUTaliOHHEBIE IO 3€MJIM U IUIAHET, COJNHEYHOE H3Iy-
YeHHe, eCTECTBEHHAS PajMOaKTHBHOCTG M T. J.); TO BO BTOPOH HC-
MOJB3YIOTCS MCKYCCTBEHHEIE. OIS -(HapuMep, 3JIEKTPOMATrHUTHOTO
H3Ty4EHYS).

B cBoro ouepens, s AUCTAHIIMOHHBIX: METOIOB, OCHOBAHHBIX Ha
HCIIONIB30BAHNN XAPAaKTEPHCTHK 3JIEKTPOMArHHTHOTO IIOJNS, MOXHO
[IPEATIOKHUTE COOTBETCTBYIOIIME KIacCHQUKauy IO 00NacTw Criek-
Tpa (ynbTpadroneToBbIid, BUAMMBIH, HHppaKpacHbIi, CBEPXBBICOKO-
YACTOTHEIH JHAla30Hb]), IO OCHOBHOMY IIPOIECCY B3aMMOMACHCTBUA
(unm reHepauuu) W3IY4YCHUS (paccesHHE, TOTTOLIEHHE, H3TYJYCHNUS,
pedpaknuy 1 T. 11.).

Knaccudukanuo MeTonoB 30HAUPOBAHHS aTMOC(EPH MOKHO
IpONOJDKATh M AeTanu3upoBaTs. Hampumep, IuCTaHIMOHHEIE METO-
Ibl, OCHOBaHHEIEC HAa HCIOIB30BAHUH PACCESIHUS DJIEKTPOMAarHUTHOTO
H3IIyYeHNs HA YacTHIax OONadHBIX CHCTEM, MOXHO IIOAPa3AeiaTh
Ha METOJIbI PElIeeBCKOI0 PACCESHHA 1 Ha paccesHue 1o Mm. -

B mocnemuee Bpemsa ocoGoe BHHUMaHHe yiemnsercs paspaboTke
JICTaHIIMOHHBIX KOCBEHHBIX METOLOB, MCIOJB3YIOLIMX H3MEPCHHMS
HENIOro - PAda XapaKTePHCTHK 3JIEKTPOMATHUTHOIO H3ITYYCHHS B
pasnuyHEIX o6nacTax cmekTpa. K OCHOBHBIM JOCTOMHCTBAM 3THX
METOJ0B MOKHO OTHECTH OTCYTCTBHE BIIISIHHSA Ha O0BEKT HCCIEN0-
BaHMS, ONHOPOJHOCTH U3MEPEHHUH M HX BBICOKAsS HH(POPMATHBHOCTS.

1.3. @opmajm3anus 3aaa4 30HAMPOBaHUA aTMOChephI
Bonpmioe pasHoobpasme CyIIECTBYIOLIHMX METOMOB 30HIHPOBA-

HHS TIpeNTojaraer, TeM He MEHEe, peleHune NOCTaTOYHO OTpaHu-
YEHHOTO Kilacca 3aJad MOJy4YCHHS METeOpPOIOTHIECKOM HH(pOpMa-

10




UK. AHIN3 9THX 33/1a4 IO3BOJLIET BbIACIHUTH JIUIUE ABa OCHOBHBIX
THIIA HCIONB3yeMBIX (GYHKIHOHAIBHBIX 3aBHCHMOCTEH, KOTOpBIE
YCIIOBHO MOTYT GBITh Ha3BaHLI npAMbIMU ¥ 06pamHbIMU 33Ja9aMA
MOJTy4eHH HHPOPMALUK O COCTOSHUN aTMOCGHEPEI. :

BcenencTBre KOCBEHHOTO XapakTepa M3MEpeHHH B CYIIECTBYIO-
IIHMX CHCTEMaX 30HAWPOBAHHA aTMoc(epsl B Hanbosiee o0IIEeM BHIE
npsMas 3aada MoKeT ObITh 3alKCaHa CIeIyIOUHM 00pa3oM:

u(x) = A[x,v(t)], | (1.1)

rae u(x) u v(t) — GyHKUUM, DpUHALIEKANINE HEKAM (QYHKIMOHAID-
HBIM NIpOCTpaHCTBaM F 1 @D, a ¢ U x SIBISIOTCS dIEMEHTaMH MHOXe-
CTBA BEIICCTBEHHEBIX HMCEN; A — oleparop, ILCI/ICTBy}OHII/II/I mPBF,
TaK Ha3bIBa€MBIi, OTIepaTop mpAMOH 3ajauu.

Omepatop A ycTaHaBaMBaeT TakKuM  00pa3soM IIPUIUHHO-
CIIEICTBCHHYIO. CBA3b MEXIYy u(x) u w(t); GYHKUMA u(x) ONHUCHIBAET
CIIEJICTBHE HEKOTOPOro TIpoliecca, MPUYHHA KOTOPOTO ONPEReNAeTCs
bynxuueit v(¢). HanpuMmep, ClieAcTBHEM MOXET ABJIATHCS PETHCTPH-
pyeMas B IpoliecCeé M3MEpEHHi : BeUUHHA u(X), a TPHYMHOM, T. €.
byskumed v(f), MOKET BBICTYNATEH ACHCTBUTENBHOE pacnpe;xeneHne
METEOPOJIOTHYECKHX BENUYHH B aTMOchepe. :

Tlox oOpaTHO# 3amaueii 6yneM HOHUMATE 3a7la4y OIpeHeICHHs!
byuxouu v(f) no Gyskmum u(x). Takum oOpasom, mox 0OpaTHOH
3ajaueil, BooOue roBops, MOXXKHO NOHHMATh ONpeNeNieHHE NPUIHH
HEKOTOPOTO SBIEHHUA IO pe3yJIbTaTaM Haﬁmoneﬂnﬁ CIEeNCTBUA.

ITo pe3ynbraraM HabmofeHHH onpenenseTcs oObIYHO HE (YHK-
nus u(x), a TUOIG PAA €€ 3HAYCHUH, XOTS, BO3SMOXKHO, U. B JOCTATOUHO
GonBIIOM, HO BCe-TaKM KOHEYHOM uHcne Touek. X, (i = 1,...,n). C

yueToM 3Toro BeIpaxkeHHE (1.1) MOXXHO 3amHcaTh B CIEAYIOLIEM
BHJIE: o

= A[v(®)].i=ln, 12

rae u; = u(x;) —~ 3HaueHMe QYHKIMH u(X) IPH X = X;, a MHACKC i
u3MeHsgercs ot 1 1o n.

Tlpu xaxxoM 3Ha4YeHWH I 3HAYEHHE U; SBISETCS BEIECTBEHHBIM
YHCIOM W MPUHAMIEKUT MHOXKECTBY R! - MHOXXECTBY BELLIECTBEH-
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HBIX urcen. OmepaTop, KOTOphii oToGpaxaer @ B R’', mpHHATO
Ha3BIBaTh gynkyuonarom. Takum obpazom, u3 (1.2) BHOHO, YTO
pemienne o6paTHOM 3a1adyM CBOAUTCS K ONpPENENCHAI0 HEU3BECTHON
GysKIMH v(f) Ha OCHOBE HAONIONEHHN CHCTEMBI '(QYHKIHOHAIOB
Ai=1,...,n). ' :

OtMeTHM, ITO PYHKITHOHATE ¥; HE 00A3aTENHHO ClEIyeT [TOHHU-
MaTh Kak 3HaYeHHs (QYHKOMH #(X) B TOYKE X;. OTO MOXET OBITH
mo0oe, HanpuUMep, JINHEefHOe HHTErpalibHOE NPeodpa3oBaHHe:

b
u, = [u(x)p(x,x)dx, i =1,...m, (1.3)

rae GysxuuuP(X,X;) MOXHO, HAalpUMep, NPUAATh CMEBICH aIlapa-

TypHOH QyHKIOHH TIpHOOpA.

QyHKIUOHATE], H3MEpseMble NPH AUCTaHIHOHHOM 30HAUPOBA-
HHHM aTMocdepsl, SBIAIOTCH, KaK [IPaBHIIO, HEMHHEHHBIMI OTHOCH-
TENBEHO HCKOMBIX QYHKIH# v(f).

AHanu3Npys CyHMIECTBYIOIIHNE METOABI 30HIMPOBAaHHS aTMocde-
PBI, MOXKHO BBIIEIUTE JBa THITA OOPAaTHBIX 3a/1ad.

Ilepsviii mun oOpaTHBIX 3a1a4 GOPMYIHUpPYETCs CAEAYIOIUM 00-
pazoM. 3amaHbl WIK U3MEpeHb! T€ MM HHBIE XapaKTePHCTHKH MO
H3TyYCHHs, a TaKKe 3aaHbl WIM U3BECTHHI HA OCHOBE IpEIBIAYIINX
HCCIICOOBaHHM MapaMeTphl B3aMMOJCHCTBHA HJaT4MKa CO CpeHoil.
Tpebyercs onpenenuTs Te WIK HHbIE METEOPOIOTHIECKUE BETUINHBI
v(r).

B o0paTHBIX 3aadax 6mopoz0 munda NPEAIONaraeTcs, 4To 3a1a-
HEl MM HM3MEpEHbl XapaKTePHCTUKM IONsS W3Iy4EHWsS, W3BECTHBI
napaMeTpbl (PU3UIECKOro cocTosHUS cpeasl w(f). Ilpu aToMm ompene-
JICHHUIO TIO/UIEXAT XapaKTePUCTHKY B3aUMOAEHCTBHA (OOBIYHO H3NIy-
YEHHST) CO CPEIOii.

WmmocTpupys ckasaHHOE, MOXHO OTMETHTH, 4TO BCE YHCTO ad-
POJIOTHYECKHE U3MEPEHUs (JOKaIbHBIE KOCBEHHBIE NUCTaHIHOHHLIE
HW3MEPEHHs), KOTJa sl M3MEPEHUs METeOPOIOIrHIECKUX BEJIMYKH B
arMocdepe UCIONB3YIOTCS TC WIH HHEIe NEPBUYHBIEC H3MEPUTEILHBIE
npeobpazoBarTent, MOXKHO OTHECTH K OOpaTHBIM 3aJadaM IEpBOTO
Tna. OGpaTHBIM 3aZjadyaM BTOpOrO THIIA OYAYT COOTBETCTBOBATH
TaKW€ AMCTAHIMOHHBIE M3MEPEHUSA, UIT KOTOPHIX BCH M3MEPHTENb-
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Hasd HHpOpMAalMi 3aKIIOYeHA B TEX MM HHBIX XapaKTEPUCTHKaX
B3aHMOJICHCTBHA JIEKTPOMATHUTHOTO M3IydeHHS CO CPemoi (koc-
BEHHBIE AMCTAHIMOHHEIE H3MEPEHHS).

B Hacrosmee Bpemsl MaTeMaTHuUecKas TEOpHs pelueHHs obpat-
HBEIX 3a]a4 JIOCTaTOYHO CTPOro pa3paboTaHa TONBKO IS JHHEHHEBIX
3a/1ay, T. €. JIHHEHHBIX onepaTopoB A. Ilo3ToMy OOBIMHO. pelIeHHe
HeWHEHHOU 00paTHOH 3a/laul HAYHHAIOT C. €€ JUHeapu3ayuu, T. €. C
MIPUOIMKEHHOM 3aMEHEI HCXOHOTO HEIMWHEHHOro omneparopa Omms3-
KM €My B MaTeMaTHYecKOM CMEBICIE JHHEHHBIM OIIEpaTOpOM B
HEKOTOpOH HeGoNbIOoi 06macTy npoctpaHcTea .

JInneapuzanus CyIECTBEHHO M3MEHSET IIOCTAHOBKY 3ajadn. Te-
Iepb NpH pPEIIEHWH OOpAaTHBIX 3aJa4 30HAHPOBAHHA COCTOSHHE
aTMoc(epEl Ha OCHOBE HM3MEpEHHH 3a7aeTcs HaOOpoM (YHKIMOHA-
0B A, lv(t)+5v(t)J, rae v(¢) — mpenmoiaraeMoe 3apaHee H3BECT-
HBIM HEKOTOpOE CpejHee 3Ha4eHue MCKOMo# ¢yHkumu v(f). Torma
v(t) + Ov(t) xapakTepW3yeT MAEHCTBHTEILHOE COCTOSHHE CpPEMIEL,
eci o Ov(?) TOHHMATh OTKJIOHEHHE JEHCTBHTENLHOTO COCTOS-

HUA Cpelibl OT €€ CPeHEero COCTOSHUA (BapHalis BEMHYUHEL V(Z) ).
3HayeHns A [v——(t—)J CUHMTAXOTCA U3BECTHBIMH, TaK KaK MOTYT OBITh
OIlpenerieHBl Ha OCHOBE HCIIOb30BAHHAS COOTHOIICHHA (1.2) mnsa
CpeHUX 3HAYCHMUH, T. €. 17(1—)
HewussecTHoll gyuxuueii Teneps spusercs sapuamusa Ov(z). Ec-

JH Teleph IOCTPOMTH BapHaluy (PyHKIMOHAIOB M BBecTH 0003Ha-

YEHUA
f,=84pm],
o) =dv(),

TO OKOHYATENbHO B JHHEApH30BaHHOW (opMe 3amava thma (1.2)
MOJKET OBITH 3allHCaHa B CICAYIOMEM BUAE: '

P .
fi=fatowdt,i=1.., - 14

rae O(f) — uckomas GYHKIMA, ¢ U d — UPEENEl H3MEHEHHs apry-

MEHTa ¢, a 3HaueHUd 4, (?) OIpPENeIsIOTCS COOTHOLICHHEM
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o) =2 @]
; dv(t)

. Oysxima O(f) B THHEAPU30BAHHOM 3a1aue NpeacTaBiseT coboH
OTKJIOHEHHE MCTHHHOI'O 3HAYCHHWS HCKOMON MeTeOpOJIOTHIecKOl
BEIMYHHLL B MOMEHT W3MEpEHHS OT ee cpefHero 3nadenus. llpum
5TOM OOBIYHO B 337a49ax 30HAMPOBAHUS aTMOC(EpHl IIOA apryMeH-
TOM ¢ IOHHMAIOT BpeMs HJIH BEICOTY.

Jlns paccMaTpuBaeMoro Kiiacca 3a/ad, T. €. 3a1a4 30HAUPOBAHUS
arMocdepsl MOXHO Tonarats, yto O(f) € C [c,‘d ], T. €. TIPOCTPAHCT-
By HENpEPHIBHBIX HA MPOMEXYTKE [c,d] byuxnumit, a f, € R',
i = 1,..,n ®ysximH a,(f) Ha3BIBAIOT IPU JHCKPETHOM 3HAYEHHH I
BECOBBIMU (DYHKITUIMH.

PaccMOTpMM Ha [BYX HPOCTBIX IIPUMEpax, KAKHUE CIOXHOCTH
BO3HHKAIOT TIPH PENICHUH ypaBHeHUH THIa (1.4).

1. Tlockonbky mensr0 HaOMIOACHHN SBISETCS OIpPECICHUE
byukuun @(¢), TO OYEeBMAHO, 4YTO Hawboiee ONArONPHATHHIMH
ABISUIMCE OBl TakWe HM3MEPEHHs, B KOTOPBIX BECOBHIE (YHKIHH
ABIIOTCS O -(yHKIHAMH. B 9ToM cirydae mMenach 651 BO3MOXKHOCTE
HEIOCPEICTBEHHO TIONyYaTh 3HaYeHWE MCKOMOK (QYHKIHH B 3a/aH-
HOM YHCIIE TOYEK A1.

HeitcTeurensro, noactasnss B (1.4) a,(t) =8(t ~1,) u ucnons-

3ys1 OCHOBHOE CBOKCTBO HOPMHPOBAHHOM O -(QyHKIMH, [I0Ty4aeMm
d .
f= j 8(t —1.)p(t)dt = @(t,) , i = 1,..n. (1.5)

W3 cootnomrenns (1.5) ciemyer, 4To jAaxe TaKHe HACATHIHPO-
BaHHBIE U3MEPEHUS JAIOT TOYHBIE 3HAYEHHs (YHKLUH JHIIb B PSIe
Touek f; (i = 1,...,n), OTHAKO NPU 3TOM OCTaeTCA HEU3BECTHHIM, Kak
BefeT cebf HCKoMas (QYHKIMSA B NPOMEXYTKaX MEXAY 3THMM TOY-
KaMH. A pa3z Tak, TO 3TO MO3BOJIET YKa3aTh OECKOHEUHOE KOJMYECT-
BO HenpephiBHBIX (yHkuuii (), KOTOpble Hapsiay C HCKOMOM
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¢bysaxoueit @(t) OymyT ymoeneTBopATh ypaBHeHuio (1.5). Hampm-
Mep, QyHKIHH BI/II[a

. .

T (t —t ,)]} >

‘ 0 o
@) = o) {1+H[cas 2mk (t—1)+ N sin 2
: i=1 d-c d
rae k = 1,2,...N, a N — 11000¢ BEIECTBEHHOE TUCIIO, TAKXKE SIBIIIOT-
¢ pemenusaMu ypapuenus (1.5). Ongmako rpaduueckue 3aBHCHMO-
CTH, onuckBajomMe nopenenne Gynxmmit O(t) n Q(f) , kaxmas us
KOTOPHIX ABNIAETCH pemenmeM ypasremmus (1.5), oueBmmno, GymyT
CyIWIECTBEHHO OTIMYATLCS APYT OT APYTa. o
2. ApanornyHas CUTyallus 6y11eT MMETh MECTO U B TOM CIIy4ae,
KOIZa BeCOBBIE (DYHKIMH HE ABIAIOTCS CTONH «6J1ar0npm1THLIMH» c
TOYKH 3DEHHMS MPOBENCHMS W3MCPEHHH. PaCCMOTpI/IM B. Ka4ecTBE
CIIEOYIOLIETO IpHMepa BECOBEIE (byHKLmH 3aJaHHBIC B BHJIE IPAMO-
YTONBHUKOB, IMMPHHOM A :

Lq-£$t$q+é
2 2
a,.(t)={ I=1,...n (1.6)

A A
0,t,>t+—,t<t,——
2

IMoactasnas (1.6) B (1.4), nomy4nm crenymoiee BHIPAXKEHHE:

t+A/2

- d
fi=[a@owat="[owa.

t-A/2

INonoxuM j1st mpocToTE, uTo O(f) =¢. Torma

2 eal2 ? 2
f}z 1+ =_1_ [ti'*'é) _[ti—é) =tiA’
i-a6r2 2 2 2 L

v
2
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TPaHCIIOHNPOBAHMA) ¥ 0O03HAYUTE CUMBOIIOM A MAaTpHIly, 3JIEMEH-

THI KOTOpoﬁ“cocraBneHLr a3 npomBe}:[eHHﬁ BUIA (t,)o;, roe i
YKa3BIBAaE€T HOMED CTPOKH, a j — HOMEp cron6ua
[IpursaTee 0603HAYECHHSA TIO3BONSIOT 3AIIMCATH cq)opMyanOBaH-

HYI0 0OpaTHYIO 3a7auy B BHJIE
f=Ap+E. | (1.9)

3mecs € — n-MepHBIH BEKTOp OMHOOK H3MEPEHMH.

OTHOCHTENEHO OMIMOOK M3MEPEHUH MOXKHO IPEAIIoNararb, 4ro,
10 KpaiHeH Mepe, B HEKOTOPOW CBOEH HEYCTPaHHMOW YacTH OHH
MIOMUMHAIOTCA  KaKOMY-TMOO0 BEPOSATHOCTHOMY —PAaCIpPEIeNeHHUIO.
Cunraercs, YTO XOPOIIXUM IPHOIVDKEHHEM B 9TOM CMBICHE SBIECTCA
raycCOBCKas IOMeXa C HyJEBBIM CPEIHHM 3HAUYCHHEM M 3aJaHHOM
KOBapHallMOHHOH MaTPHIIEH.

PaspemmmMocTts ¥ ycTolunBocTh pemenus ypasHenus (1.9) om-
penenseTrcs MHOTHMH (akTopaMH, M3 KOTOPHIX Hambojee CymecT-
BEHHBIM SBJIAETCA COOTHONIEHHE Pa3MEPHOCTH TpocTpaHcTB R” u R™.
B paccmarpuBaemspIX 3afjadax JMCTaHIMOHHOIO 30HIAMPOBAHHA
atMochepsl Hambonee >(PQEKTHBHBIM SBISETCA yCIoBHUE KW < m,
T. €. YHCJIO MCKOMBIX ITapaMeTpoR . Oonplie TuO0 paBHO YHCIY. M3Me-
peHmii, ¥ peaKo BCTPEUAIOTCA CHUTYAIlMH, AN KOTOPEIX n > m, T. €.
KOTa YWCII0O W3MEpPEeHWil Oonplle Yucla HCKOMEIX IIapaMeTpoB.
Hocnenuuii cryyad XapakrepeH sl M3OBITOUHBIX CHCTEM HIIH IIPH
OIIpEe/IeNIeHHbIX YCIOBUAX — JUIA 3aad CTaTHCTHYeCKOH o6paboTku
pe3yIHTATOB H3MEPEHHH.

Jlns cydast n = m ycToH4MBOCTH 00paTHOH 3a/auu onNperaesnseT-
cs cBoiictBamu Matpunel A. Hanbonmee cymecTBeHHBIM CBOHCTBOM
MAarpyuIbl A SBJISETCS JUHEHHAs 3aBHCHMOCTH ee CTpok. Ecmu kax-

JYIO i-10 CTPOKY MaTpHIBI PACCMATPHBATE KaK BEKTOD d;, TO CHCTe-
Ma BEKTOPOB Zii (i=1,.,n), SBIgeTCA TAHECHHO 3aBUCHUMOMH, KOTIa

BLITTIOJTHACTCA PABCHCTBO .

n
Zc;ai =0

rJe He BCe Koaq)qmunemm C; PaBHBI HYJIO. DTO YCIOBHE O3HAYAET,
'YTO XOTA OBl OJMH U3 BEKTOPOB, HALPUMED, &, , KO3DUIHMEHT Cy
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IpY KOTOPOM OTIIMYEH OT HYJ, MOXKHO BLIpaBPITB gepes IpyTrHe
BEKTOPHI 4 .

Eciy B Marpuie A UMEIOTCS JHUHEHHO 3aBUCHMEIE CTPOKH, TO
omnpelenuTeNs TAKOW MATPUIBL paBeH HyII M TaKylo MAaTpHIly
HA3BIBAIOT 6bipoicoennol. [Ipu pemeHny ypaBHeHH ¢ OAO0OHBIMH
MaTpUIAMH OTHOCHTENbHEE OIIMOKH ONpeieNeHus BekTopa ¢

MOTYT JIOCTHUTATH CKOIb YTOJHO OONBIIMX 3HAYSHHH.

Jlng cucreM 30HAMpPOBAaHUSA arMochepbl HACaNbHBIMU SBILIIOTCA
TaKMe H3MEpPeHHsA, B KOTOPBHIX BECOBBIE (QYHKIMH IPEICTABILAIOT
coboi O -(yHKIMH. OGycnom:eﬂo 5TO TEM, YTO B KOHEYHOM Mpefi-
crasnenny (1.8) polb BECOBBIX (YHKIHH MIPAalOT CTPOKM MATPHIIEL
A ¥ and ciydas n = m WACAIBHBIMH OyZyT Takde M3MEPEHHs, I
KOTOPBIX MaTpHL@ A SBISETCS ANATOHAIBHOM.

K COXANEHHIO, IPH TIOCTAHOBKE PEaibHBIX 3a7ad OOPATHBIX 3a-
Jad 30HOUPOBaHMSA aTMOCGEpHl Takas CHUTyallds BO3MOXKHA JIHMILIb
JUTSL TPAIMIMOHHBIX a3POJIOTHIECKHX (MHCTPYMEHTAIBHBIX) H3Mepe-
HUif; 1711 KOCBEHHBIX JUCTAHIMOHHBIX M3MEPEHHH, HCIOb3YIONIX
3EKTPOMATHHUTHOE HW3TyYeHWE Ui TNPOBEIEHWS 30HIHPOBAHHSA,
(PaAMOMETEOPONOTHIECKIX, JIA3ePHEIX, CIEKTPOMETPHYECKHX W
ApYTHX) Takas MAeanbHas CHTYals He BOSHUKAET HUKOTZa.

CucteMa BeCOBHIX (QYHKIHM B pEabHOM Cllydae, Kak MPaBuIIo,
Gonee win MeHee NuHEHHO 3aBucuMa. CTeleHb 5TOH 3aBHCHMOCTH
ompenensercs OOBIYHO YHCIOM KCKOMBIX IIapaMeTpoB (m), a It
ciydas n = m — 9HCIOM HeoOXOJUMEIX H3MepeHHii (n). YeM 60mbIme
n. ¥ m, TeM TpyIHee N00aBIATH K UMEIOIIEHCS CHUCTEME H3MEpEHHH
HOBEIE M3MEPEHUs1, KOTOphIe OBUIN OB J'II/IHC[/IHO HE3aBHCHMEI C YyiKe
AMEIOIIUMUCS.

B ciywae n < m, T. €. KOTJa YHCIO MCKOMBIX ITapamMeTpoB 6OIb-
e YHCiia U3MEpPEeHUN, MaTpyLa A SBISCTCS BHIPOKICHHOU BCeria,
mo3TOMY O0paTHas 3alada He MOXKeET OBITh perieHa, Tak KaK OTCyT-
CTBYET BO3MOXHOCTh IOCTPOSHHS 06paTHOro npeoGpa3zoBanms A~

Jns BeImENCHHUS €UHCTBEHHOTO DPEIICHHUS W YIYYIIEHHSI 06)-
cnosneHHocmuy CUCTeMbl ypaBHeHuH (1.9) npw pealin3anuy KOCBEH-
HOTO METOJa 30HAMPOBAaHHUSI aTMoc(epsl HeoOOXOAUMO IpUBICYCHIE
JOCTYTIHBIX alpUOPHBIX CBeIEeHHH 00 MCKOMOM pelleHMH, KOTOphle
MOTI'IM OBl TIOBBICHTH €I yCTOHIUBOCTS OTHOCHTEIIFHO BO3MYILICHHUH,

NPUCYTCTBYIOIMX B Bekrope f u Marpune A. IlpmBnexaemsle
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CBEJICHHS MOTYT HOCHTH KakK BechbMa OOmuii xapakrep (orpaHndeH-
HOCTb, HEOTPULIATENBHOCTE, CTENEHE TaAKOCTH U Ap.), Tak U OBITH
BECbMa KOHKPETHBIMHU — YKa3bIBaTh Ha IPHHA/IEKHOCTh PEMICHHS K
BEPOATHOCTHON COBOKYMHOCTH C 3aJJAHHBIMM MOMEHTaMM. (pyHKIHN
pacrmpeneneHus. - ‘

MeTozB! MOKCKa YCTOWYMBOrO PEIIEHHS IS MOXOGHOr0 Kiacca
3a7ay BechMa pasHOOOpa3Hbl B HACTOAMIEE BpeMS W OTIMUAIOTCS
JMIUG CII0CO00M ydera anpHOPHEIX CBEIeHHI 00 MCKOMOM BEKTOpE
@ . Tax, HanpyMep, B OCHOBE METOJIOB PETYNAPU3ALIH, CTATUCTHYE-
CKOH peryJspu3alvy, MAHHUMyMa anpHOpHOW HHGOpMaupH U T.II.
JEXKHT CBA3aHHOE C Y4ETOM aNpHOpHOH MH(OpMallMH «HCKaXEHHUE»
(perynspusanus) UCXOAHONU MaTPHIBl A ¢ LENbI0 ee CTab3aluy,
a B, TaK HA3KIBAEMOM, NPAMOM WA UMEPAYUOHHOM METOJIE PELIEHHS
anpropHas “HGOpMaLHs 3aKII0UcHA B HaYaIbHOM NPHOIIIKSHHH.

IlpuBeeM 6a3oBble MaTeMaTHYESCKHE COOTHOLICHUS, XapaKTepH-
3YIOIIHE 0COOCHHOCTH HCTIONB30BaHU HEKOTOPBIX METOIOB.

B MeTozne craTHCTHUECKOH perynspu3anui, HCIOIb3yeMOM MpH
PEIIEHAH MIHPOKOTo Kilacca 3aja4 JMCTAaHIMOHHOTO 30HIHPOBAHMS
atMocdepel, perenre ypasaenus (1.9) umeer cnenyromuit Buj:

0=0+[ATK A+ K T AR (- 1) (1.10)

3nece @ M f — COOTBETCTBEHHO CpEAHHE 3HAYCHMS BEKTOPOB
® u f; K, — xoBapuanuoHHas MaTpuna BEKTOpa @ ; Marpuna

5 -
K, = 6°I, e G° — mucnepcus OmHOOK H3MEpEeHMs BekTopa f

I — egpHuYHAsg MaTpHIA.
Bripaxenue (1.10) MOXHO Takxke TIPEICTaBUTH B SKBUBANCHTHOR

3aIMCH, HO YK€ He Tpedyronieil o0pareHus MaTpHIIbL K(p :
0=0+K,AT(K, + AK, AV (f - ). (1.11)

Pemenne cucremsl ypasHeHu# (1.9) MeTonoM MUHHMYMa anpy-
opHOM HWH(OpPMaIMKM HCIONB3YETCs INPU OTCYTCTBHM amnpHOpPHOH
urdopMaIy — KOBapHALOHHOW MaTpHUIlbl NICKOMOM METEOpONIOTH-
yeckoli Benmmauuel 1 uMeeT Bux (1.10) mmm (1.11) ¢ Toit pasuunes,

20




> 2 2
uro 3xeck Matpuna K, samensercs Ha K, =0,/ , rae O, — ouenka
cpenHell OUCTIEpCHU BEeKTOpa () Ha BCeX yPOBHSX 71 MPEICTABIACTCS

o 2
B BUJC JUATrOHAJBHOH MAaTPHIBI C JJICMCHTAMHU Gi , [IpCACTaBIIAIO-

nmMu co00i OIEHKH QUCIIEPCHH Ha i-M YPOBHE.
B oOmeM Bujie mpsMOit MM UTEPalHOHHBIH METONB! pEHIeHHS
cucteMs! (1.9) MOXXKHO pEeNCTaBHUTE B cieqytomeii hopme:

Pt =@, ~BruA B(AQ, - f). 1)
3nece k - HOMep HTepaL, B, a " mar HOCJIeILOBaTeJIBHBIX

npn6nm1cemm B - Tak HaskBaeMas ycxopmomax Mannua OOBIIHO
paBHas KE , ©, — k-e mpubmwxeHue k BekTopy ¢ (B OTKIIOHEHHAX

OT €ro cpemHero 3HayeHus @ ), f — 3HaUeHHe IeBOH JacTH ypaBHe-

Huii (1.9) ( B OTKIOHEHHIX OT CpeHero 3Ha4eHus f ).

Hapsny ¢ yKaBaHHLIMH METOAAaMH, pa3paboTaHHBIMH IJI HAXO-
KIOCHUS YCTOHYMBOIO pEIICHUS ypaBHerm (1.7) w1 cooTBeTCT-
BYIOIIEH €ro ammpOKCHMAIlMH, T.e. CHCTeMEl ypaeHeHmit (1.9), B
MPEANONIOXEHHH, YTO M3BECTHBI sApa ypaBHeHHS (Marpuma A),
uMeercs M JPYrod MOAXOA K HMHTEPIpPETAUUH [AUCTaHIMOHHBIX
KOCBEHHBIX H3Mepenumif. Tako# momxox COCTOMT B IOCTPOCHHH
perpeccnonﬂoro COOTHOIIICHHSA BUAA '

0=0+C(f~f), o 13)

rne C — marpunma nXm kod¢pdunuentoB perpeccun. B ocHore
JAQHHOTO METOJA JIEXKHT MPETOIOXKCHHE O IMHEHHOM CBA3H MEXIy

penuguHamu (Q — (P) n(f-f).:

Martpuna C B BEIpaKeHHU (1.13) OTIpEJEINAETCA [I0 PEe3yIbTATaM
saBucuMOl BEIOOpKH. Takas BEIOOpKa COCTOHMT W3 [ map JaHHBIX O

npodie METEOPOIOrnueckoi Benuuunsl (¢ (Matpuna W(mxl)) u

COOTBETCTBYIOIIMX WM NAHHBIX H3Mepenuil mpodmns f (MaTpuua
S (n X 1)). Ha ocuose Takoif nH(bopMaunn Marpuua C Moxce'r OBITH

BBIYHCIICHA C ITIOMOILBIO BBIpa)_I(eHHS{
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C* = (SST)"'sw'. (1.14)

ECJII/I B npouecce pacquOB BBISICHACTCA, YTO Mannua SST IIN10XO0
obycnoBnena, TO OUCHKY MaTpHisl C MOXHO OCYILECTBHTH IIO
thopmyne S : L o

: C" =(SS" +aK)'SW”, (1.15)

e O, — mapaMeTp perynapu3ain, K — perymspusupyromas MaTpy-
11a, pazmMepoM n X M. -

ITocne onenku matpuibl C B COOTBETCTBHHU ¢ dopmynamu (1.14)
wi (1.15) ona moxker OBITH HCNONB30BaHA W VIS HE3aBUCHMOM
BHIGOPKH, T. €. ISl OLPEIEICHNs BeKTopa ¢ 1o pe3syIbTaTaM H3Me-

penns BekrTopa f .

PeanusyeMble Ha TIPAKTHKE METOAB PEIICHHS OOPAaTHBIX 3a71a4
30HIHPOBaHUs aTMocdephl He BCerAa B MOJIHON Mepe COOTBETCTBY-
0T CTPOrOMY MaTEMATHYECKOMY IIPEACTAaBIEHHIO, OMHCAHHOMY
BHIIIE: - Tak, HampuMep, ONEpaTHBHBIE METOABI adpOIOIHMYECKOro
30HIMPOBAaHUA aTMOC(EPH! NPEANoNaraloT IPOBEACHHE H3MEPECHHH

TIOJHBIX 3HAYCHUHN METCOPONOruICCKUX BENTHYNH, a HE MX OTKIIOHC-

HHH OT CpeAHEro, HeAOCTATOYHO IONHO: YUWTHIBAIOTCS TEOPETHUE-
CKkHe TpeOOBaHHA K AUCKPETHOCTH M3MEPEHMI M KOMHYECTBY H3Me-
pPSIEMBEIX METCOPOJIOTHYECKMX BEINMYMH M T.J. TeM He MeHee,
ApPECTaBISAETCS, YTO BHIIOJIHEHHAs MaTeMaTHyeckas (popManusamus
3aljad 30HIUPOBAHHS aTMOC(ephl INO3BOIHT, C OJHOH CTOPOHEI,
BELIBHTH OOIIHE TEH/ICHIIMHA Pa3BUTHS METOOB, a C APYroit CTopo-
HBEI, — OUCHHTH METPOJIOTHYECKHE OCOOCHHOCTH pEalnu3yeMBIX B
HACTOsIIEE BPEMs METO/IOB.

1.4. 3onnupoBanne aTMocdepsl
41 HHPOPMaNHOHHbIE XaPAKTEPHCTUKHU

Mertonsl 30H,Z[I/Ip0BaHI/I$I arMocdepsl TOIDKHBEL. 00ecleunBaTh He
TOJBKO M3MEPEHHE METEOPONOrHIECKUX BENHYMH, HO M UX Npeobpa-
30BaHHE . Hepefady MoTPeOHTensM. Hnave roBops, NPH peanisa-
IIMH METOZOB 30HAMPOBAHHS aTMOCHEPHI HEOGXOIUMO HMETH JENO C
nHOpMalKEd O COCTOSHMM HEKOTOPHIX OGBEKTOB H3MEPEHMI,
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nmepemadeld u o0paboTkof 3TOH MHGOpMAIHEH, a TaKkKe: ee XpaHe-
HHEM. : '

UzydyeHuneM BceX STHX. BOIIPOCOB M 3aHHUMAETCA TEOPHS HH(bop-
mamus. Teopus ur(GOpManum — 3T0 Hayka o Haubonee oOmumx Bepo-
STHOCTHO-CTaTHCTUYESCKUX 3aKOHOMEPHOCTSX Mepenadyl cooOmeHni
1 nprema uaopManuy. OOBEeKTOM H3ydYeHHS TEOpHU HH(OpManUH
SBIIIFOTCS CIIOCOOBI OLIEHKH KOIWdYecTBa MH(pOpMaluy U MPOLECCH],
CBSI3aHHBIE -C NOJNydEHHEM, IepenadeH, Mpeodpa3oBaHMeM U XpaHe-
HHEM HHQOpMAaIHH. .

B Teopun uadopmManuu JIIO6BIC CBEICHHs, OATeKAIUME TIepeaa-
4ye W 3apaHee He W3BECTHBIC IMOIydYaTenro (afpecary), Ha3BIBAOTCS
cooGmeHmsiMA. JIocTOBEpHBIE -CBECHMS, coOepKaluyecs B coobme-
HHUH, IONYyYEHHbIE W NPaBWIBHO TIOHJTHIE aJpecaToM, Ha3bIBAKOTCA
uHdpopmarued. TakuMm o00pa3oM, cOOOIEHNEe — 3TO KaTeropus,
NpHHAIJIeKAAs mepefaromeil cTopoHe, a HHGOpPMAIUS SIBIAETCS
MPUHAIIECKHOCTHIO . IPHEeMHOM cTopoHbL. Coolmenue npeobpaszyer-
¢ B MHPOPMAIMIO JHUIE IIOCHIE TOrO, Kak OHO Oyjer TIpHHATO U
MPaBAIGHO IIOHATO. afgpecaToM. Jo MoMeHTa TipueMa HH(popMaI,
coJiepKaIascs B COOOINEeHNH, HaXOAUTCS ‘KaKk Obl B CKpPBHITOM . CO-
CTOSIHUM M JJI1 NIPAEMHOH CTOPOHBI BHICTYIAET B BHAE HEKOTOPOH
HEOIIPEAENCHHOCTH. YKa3aHHas HeOUpeNeleHHOCTh MOXeT OBITh
CHATa Iocle NpueMa MHGOPMAaIMHM JHIIb IPH YCIOBHH OTCYTCTBUS
Pa3sIMYHOro poJa NCKAXAIOMMUX (HaKTOpOB.

HeficTBuTENsHO, KaK OBUIO MOKAa3aHO B MPEBLIYIIEM pasfelne,
cooOIIeHnEeM SABIETCd H3MEPEHHOE 3HAYCHHE METEOPOIOTHICCKOH
BEJIMYUHE], KOTOPOE C MOMOIIBIO COOTBETCTBYIOIMIETO M3MEPUTEb-
HOro mpeoOpasoBaTens NpeoOpasoOBaHO B CHMTHAL OTH CHTHANBI
TIEPEeJAIOTCH OT HCTOYHHMKA COOONIEHUH K MONyHaTeNnr0 HHGOPMAIHH
TI0 OTpeNeNeHHOMY KaHaTy CBSA3H, T10]] KOTOPBIM ClIEAyeT OHMMATH
Bech KOMILIEKC (OpPMHUPOBAHHS CHTHANIOB, HX TIEpeJaut U TIpHeMa Ha
IPHEMHO} CTOpOHE, a TaKXKe pealH3yeMbIX METOZOB 00paloTKH U
IOJTy4eHus MHpOPMALKH.

Kak M3BECTHO, B OCHOBY KOJNMYECTBEHHOTO M3MEpeHHs HH(POp-
MalliH TIOJIOKEHA HAes O HEOIPENeNeHHOCTH COCTOSHUS HCTOYHHIKA
COOOIEHNH (3HAYEHNUS U3MEPAEMON BENUYHMHEL). 32 €MHHIY KOIH-
4ecTBa  MHGOPMANKMH TPHHAMAETCS HEONPEAENEHHOCTh, COAEePKa-
mascs B COOOMmEHnH 00 MCTOYHHKE C ABYMI PaBHOBEPOSTHEIMY ¥
HE3aBUCUMBIMH COCTOSIHI/IFIMI/I Taxast equHANA KOTMYCCTBA HHDOP-
MalliH, KaKk H3BECTHO, MoJy4niia HazBanue 6um (log, 2 = 1).
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BriscHuM, yemy paBHa HH(OpMaLus, €clH 3apaHee H3BECTHEHI
BEPOATHOCTH COCTOSHME McTO4YHHKa coobmeHui. O4eBHIHO, YTO B
9TOM Cllydae KONMYeCTBO MH(popManuy OyneT 3aBHCETh OT TOro, B
KaKOM COCTOSIHMM HCTOYHHKA IIOTydeHo coobmienue. B camom aerne,
IIPU TIOJIy9eHHH COOOIIEHHS O COCTOSHHH MCTOYHMKA, BEPOATHOCTh
KOTOpPOTO BeNHKa, MoiydaeMas HH(popMmanus GyneT Maia, Tak Kak
MIOSIBJICHHE OTOTO. COCTOSHMSA Ul IIONydaTels He ObUIO0 OOIbHION
HEOXXUIaHHOCTBI0. W HaoOopoT, ecnm NojdydeHO COOOIIEHHE O
COCTOSIHUM HCTOYHMKA, BEPOATHOCTH KOTOPOTO Majua, OHa OyndeT
obnanare Gonpmed mHGOpPManuye, Tak Kak ero HaCTYIUICHHE MEHEe
BCETO 0XKHAIIOCE. ‘ :

B Tex cmyyasx, Korja BepOATHOCTH COCTOSHHM HCTOYHHKA CO-
o0LIeHNH HEOIWHAKOBEI, ONPEACNAThH KONMYECTBO. HH(OpManHu B
(YHKIHH. OT YHCNIAa 3THX COCTOsSHHM Oynmer HeBepHO. ClenoBaTelb-
HO, K Mepe KoIWdecTBa WHGpOpMaunuu AODKHO OBITH H0OOaBIECHO
JOTONHHUTENBHOE TpeboBaHKE, KOTOPOE 3aKII0YaeTCs B TOM, YTO IIPH
HACTYIUICHHH COCTOSHHS HCTOYHHKA CcoOOmeHMs, 06Iafaromero
MeHbLIeH HHpopManmeH, 0MKHO OBITh MOIy4eHO GoMbllee KOIMYe-
cTBo mHdopManuu. ITOMy TPEeOOBAHHIO YIOBIETBOPSET (QyHKIUS
BHZIA

1
lg——=-lgp(a,). (1.16)
p(a;)

Takoe onpefieneHre KonuyecTsa HHdopManuy ABIAETCA OOMIM
H HE TPOTHBOPEYHT BBEICHHOMY paHee. J[€HCTBHUTENBHO, €CIIH
BEPOSATHOCTH N COCTOSHHI HCTOYHHKA COOOLICHWH ONMHAKOBEIL, TO
BEPOSATHOCTH €AMHUYHOTO COCTOSAHMUS 6yaeT p(a;) = I/n u xonmaect-
BO HH(OpMAaNKH IPH HACTYILICHUH @; -TO HcXoa OyneT paBHO

I(a,.)=1g—1—=1gn. (1.17)
p(a)

i/

Temeps pacrpocTpaHuM BBEAEHHOE OMNpPENENICHHE KOIMYECTBA
nHbopManuy Ha emte Gonee obmmit cnydai. IIycTe UMeeTCS HCTOY-
HHK COOOIIEHHH, KOTOPBIA MOXKeT NpPHHUMATE 1 AUCKPETHBEIX CO-
CTOSHMH C pPasiIM9HBIMH BEPOSTHOCTAME (HAIPHMED, H3MEPEHHe
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ONpENENeHHON  MeTeopoJorHdeckod  Benuumasl). Heobxomumo
OIIpEeNICTIUTh CpeAHee KOMHIeCTBO MHGMOPMAIMH, NPHUXOAIIeecs Ha
OITHO cOCTOsTHMe. Mepoii kommuecTBa MH(pOpMAalUK B 3TOM ClIydae
CIyxHuT sumponusa. C GU3NIECKOH TOUKM 3pEHHS — 3TO Mepa Heoll-
PEneeHHOCTH, KOTOpas 3aBUCHT OT 4YHCJa COCTOSHHN MCTOYHHMKA H
WX BEpOATHOCTEH W paBHa CyMME TpPOM3BENEHHH BEPOSTHOCTH
pasIM4YHBIX COCTOAHHE Ha norapmbM 9THX BEPOATHOCTEH, B3ATHIX. C
0o6paTHBIM 3HAKOM: -

Ha)=-Y p@)gp@).  (118)
i=1

Taxoe 6onee obimee ompenencHre KOIMYecTBa HHQOPMAIHH He
MPOTHBOPEYHT BBEIECHHOMY paHee. B camoMm Jene, eci paccMOT-
PETH COCTOSHHE WMCTOYHHKA COOOWIEHHH C 7 PaBHOBEPOSTHBIMH
HMCXONaMH, TO BEpOATHOCTh KaXAOro ucxoma Oymer paBHA
p(a;) = 1/n. Torna

H(a)= —n—l—lgl =lgn,
non

YTO.COBMAJAET C ONpeecHieM KoanuecTBa nHGopmauwmn (1.17).

BemmuvHa 3HTpONMH TpefcTaBiseT co0oit morapupMHIecKyro
Mepy OecropsAOYHOCTH COCTOSHHH MCTOYHHKA CcooOmeHni (B
paccMaTpHBaeMOM Cllydae — aTMocdephl) M XapaKTepH3YeT Cpefi-
HIOIO CTEIIeHb HEONpENCICHHOCTH COCTOSHHM 5TOr0 HMCTOYHHKA. B
TOM Clydae, KOTJla COCTOSIHHS NCTOYHMKa COOOIICHHI PaBHOBEPOAT-
Hbl, SHTPONMS MaKCHMalbHa, a CJIeJ0BaTelbHO, MAKCHMAIBHO H
KOIMYEeCTBO HH(POpMAIHH, COICpKAIIEHCs B. TAKOM COOOLICHHH.
Ecnn cocTosHMs HCTOYHMKA COOOIIECHHI HEPaBHOBEPOATHEI, Cpell-
Hee KOJIMYEeCTBO HHGOpMaNHH, coAepikanieecss B OXHOM COOOIIEHHH,
Oynmer meHbme. Ilpemensl M3MEHEHHUS DHTPOIIHH COCTaBIAIOT OT 0
no 1. Ecou u3BecTeH 3apaHee 3aKOH paclpelelieHHsS COCTOSHHI
HMCTOYHNKA COOOMIEHHH, TO MOXKET OBITh BEIYHCIIEHA €T0 SHTPOIIH, a
CHENOBATENbHO, M KONMYECTBO HHGOPMANHM, IOCTYNAIOMEH OT
HCTOYHHKA.

IIpuMeHnTENFHO K 3aJaYaM 30HIWPOBAaHUSA aTMOC(ephl 3aKOH
pacopenencHis 3HaUeHHH H3MepSeMOH METeOpOIOTHYeCKOH Benu-
YHHBI €CTH 3aKOH paclpellefleHHs COCTOSHMH HCTOYHHMKA cooOIe-
Huil. B cilydae KCIIONB30BaHusA HACANHHON M3MEPHUTENBHOH CHCTE-
MBI, B. KOTOpOH OTCYTCTBYIOT IIOOble OIIMOKH, BBEIYHCIIEHHAS
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sHTpomusa W OyHer paBHa KONHYECTBY IIONYyYCHHOH B pe3ynbpTaTe
sopmuposanus uapopMarin. Ilockoneky B camoM 00IIeM crydae
3TO HE TaK, IojiyyaeMas B pe3yipTaTe 30HAMPOBAHKA HH(GOpMAaIHs
OymeT TpeacTaBisTh coboit cymmy wmudopManuil: mEGopMammsa o6
H3MepAEMON [PY 30HAMPOBAHHM METEOPONOTHICCKOH BENHYMHE H
urdopManyst 0 OMexax, CO3aBaeMBIX CaMOH peanmu3yeMOR CHCTe-
MOM 30HJHPOBAHHS, BKIIIOYAsi, €CTECTBEHHO, U OMMOKM MaTeMaTu-
YECKOT0 pelieHus OOpaTHBIX 3a1ad.

Jinst onpezieneHns KONMYeCTBa HHQOPMAIMH, IOy ICHHOH B pe-
3yIbTaTe M3MEPEHUs P 30HAMPOBAHUH, NOCTATOUYHO HAMTH pas-
HOCTh MEX/Ty SHTPOIHAMH [0 M3MEPEHUs (SHTPOIMS M3MEpPAEeMOro
mpomecca) ¥ Iocie H3MEpEeHHs (BHTPOHI/IH myMa i ommboK).
Taxum o6pasom,

I=H@) - HQO). (1.19)

WHBIMH CIOBaMH, KOJMYECTBO wHH(OpMamuu, IonydaeMmoil B
npolecce 30HAUPOBAHUS, OIPEAEIIICTCA B 9TOM Cly4ae KaKk yMEHb-
HIEHKE SHTPOIMU OT aXpHOpHOro 3HadeHus H(a), KOTOpoe XapaKTe-
pHU3yeT HEeONIpEeNeNIEHHOCTh M3MEPSIEMOH BEIHYMHEI NEpes M3Mepe-
HHEM, IO arnocTepuopHoro 3Hadenus H(a/a;), T.e€. IO SHTPOIHH
IOTPEITHOCTH, KOTOpas ‘OCTaeTCsl’ B CHCTEME IIOCIE IPOBEHEHHs
U3MEPEHUH. 3TO.03HAYAET, YTO HE3HAHHWE TOYHOIrO 3HAUYEHMs H3Me-
PAEMOiT METEOPOIOTHIECKOH BEIMYHHEI COXPaHsIeTCA H IIOCIE IIPO-
BEICHUS U3MEPEHUS gy, HO 3TO He3HAHHE XapaKTEepH3yeTcs He IOJI-
HO¥ MCXOIHOM 3HTpONMEH, a 9HTPONHEN TOTPEIIHOCTH, KOTOpasd, KaKk
OBIIIO- OTMEYEHO BhIIIIE, OCTAETCS ¥ IIOCTIE [IPOBEACHUS H3MEPCHUM,

Jli paBHOMEPHOTO -3aKOHA paclpele/ICHHUA ‘BO3MOXKHBIX H3Me-
HEHWi HU3MepseMol B Ipoliecce 30HANPOBAHUA BEIHUMHE anpnop-
Hast SHTPOIIUSA onpenenﬂercsl COOTHOIIIEHHEM

H (@)=~ [ p(a)lg pla)da=

e[ —da=1g(a, - a), (1.20)
, a, —a ) ‘ . ‘

a, —q

a arOCTEePUOPHAs YHTPOIHS pe3yapTaTa u3MepeHus OyIeT paBHa
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a, +A
H(ala)=- [ —z—lglgida =1g 24, (1.21)

a,—-A

rae A — aGcomoTHasg NOrpEeOTHOCTL H3MEPEHUI.

Orcroma obmee konu4ecTBO MH(GOPMALWH, [OJNYy4EHHOE B pe-
3yNBTATE M3MEPEHHi mpH peannsaunn 30H,I[I/Ip0BaHI/I}I aTMocdephl,
Oyxner paBHO

I=H(a)-H(ala)= 1g%‘ﬁ- = —1g;%. (1.22)

2 1

Ilpu mpyrux 3akoHax pacupeieneHus H3MEPSEMOM MeTeopono-
THYECKOM BENMYHMHE! BHIYUCIIEHHE KOJINYECTBAa HHPOPMAIUH YCIOXK-
HAETCS, TaK KaK BMECTO aOCONIOTHEIX IIOTPENTHOCTEH H3MepeHHs A
HEOOXOAMMO paccMaTpuBarh CpelHEKBaIpaTHIECCKHE IOrPENIHOCTH,
YMHOX€HHBIE Ha OHTPONMHHEIN KO3GhQHIMEHT, YYUTHIBAIOMIHIA
3aBHCHMOCTh SHTPOIHIHOM IIOTPENMHOCTH OT 3aKOHA paclpejene-
Hust. Tak, Jyis HOPMAJILHOTO 3aKOHA PACIpeNeNeHUs 3HTp0HI/II/IHI>II/I
ko3¢ durment pasen 2.07.

WndopMannoHHEIH TOOXOX K pe3yNbTaTaM H3MEPEHHH I103BOJIA-
€T B KOHEYHOM HTOre OIEHWUTh 3(P(HEKTHBHOCTH HCIIONL30BAHUS
CHCTEMBI 30HANPOBAHHS [IPH IONYyYEHHH HHOOPMALHH O. COCTOSHHU
arMocepsl.
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KOHTAKTHBIE METOAbI
30HAWPOBAHNS ATMOC®EPbI

I'JTABA 2

W3MEPEHUE OCHOBHBIX XAPAKTEPUCTHK
BETPA B ATMOC(I)EPE

2.1. MeToan! H3MepeHHii

Jns nsMepeHns{ CKOPOCTH H HaIpaB/IeHM BeTpa B aTMocdepe
MOryT OBITH HCIIOJB30OBAHBI Pa3NIHMUHbIC METONBI, OJHAako Hauboiee
IIUPOKO NPHUMEHSETCS METOH, KOTAa A MOTYHEHHA uHpopManua o
BeTpe BO Beeil Tonmie arMocdepsl M, 1o KpaiiHell Mepe, B €€ 3Ha-
YUTENBHOW HIDKHEH dacth (Tpomocdepe u cTparocdepe) ncnonb3y-
I0TCsL HaOIIOeHNs 3a IepeMelieHHeM 00BEKTOB, KOTOPEIE mepeMe-
HIAIOTCS HE TOJNBKO B TOPU30OHTAIBHOM, HO M B BEPTHKalIbHOM
HalpaBleHNN. llepemenieHue B TOPU3OHTAIBHOM HAaNpaBlICHUU
OCYINECTBIAETCA 3@ CYET JBIDKECHHUS BO3IYMIHBIX MOTOKOB, & B BEp-
THKaJBHOM HaIpaBJICHUH — Nu0O0 3a cyeT Cuibl ApxuMena, 1160 3a
CYET CHUNBI 3€MHOTO NPUTKEHHA. TakuMH OOBEKTaMH MOTYT SB-
JAThCA MAPHI-TIWIOTE], B KAa4eCTBE KOTOPBIX OOBIYHO HMCHONB3YIOT
00011049KH, HAaITOJHEHHEIE Ta3aMH JIErde BO3AyXa, JIH0O CrelHaibHbIe
MUIIICHH, OIIyCKAIOIIHECS Ha NapanioTax.

OmpeneneHne CKOPOCTH M HAaHpaBJICHHA BETpa IPH 3TOM OCHO-
BaHO Ha W3MEPEHHH HW3MEHEeHHil KOOpAMHAT TaKUX OOBEKTOB 3a
onpeneNcHHbI HHTepBan BpeMeHU. [Io BpPEMEHHBIM HHTEpBAIaM
MEXAY U3MEPCHHSIMHU KOOPAMHAT MOTYT OBITh pacCUUTaHBl CPEAHAL
CKOPOCTh BETpa M €ro HampaBleHHE B ClIoe arMoc(dephl, ToNmuHA
KOTOPOTO OIpEAETSIEeTCS BEPTUKAIBHOH CKOPOCTBIO IEepeMEICHHUS
00BEKTa U HHTEPBATIAMA BPEMEHH MEXIY CMEXHBIMU OTUETAMH.
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B saBucuMocTH OT crmocoba OmpefeNeHrs KOOPAMHAT Iepeme-
miarouierocs o0BeKTa B aTMOc(epe MOKHO BEIACIUTE PAX Pa3HOBHL-
HOCTEM MAHHOTO METONA: ONMUYECKUl, pAOUOMEXHUYECKUN N HAGU-
2QYUOHHDBIU.

Ilpu oCyUIeCTBICHHN ONMUYECK020 METOja HaONIoAeHHS 3a Iie-
peMemieHHeM O0BekTa B arMocdepe BBIMOIHAIOTCA C IOMOIIBIO
CHEIMATbHBIX YTJIOMEPHBIX NPUOOPOB — a3pONIOTHYECKUX TEOMOIIH-
TOB. Paduomexnuyeckuii METOH TPEAMONIATacT M3MEPEHUE KOOPIH-
HAT OOBEKTa ¢ IOMOIIBIO CIENHANBHBIX PaXdOTEXHHUYECKHX YCT-
POWCTB: PaJHOTEOROIUTOB W pAJAUONOKAlMOHHEBIX cTaHuumii. B
HasuzayuorHoM METORE TIONOoXKeHMe 00nekTa B aTMocdepe onpene-
JIIETCA ¢ HNOMOIIBIO CHTHANOB CIENHUANLHEIX HABUTALMOHHBIX CTaH-
uii. CliexyeT OTMETUTDb NPH 3TOM, YTO ONTHYECKHE M PaiHOTEXHH-
YecKHe MeTOHbI, Kak IpaBWIO, INPEAIONaraloT HpoBEAeHHE
U3MEPEHHN KOOPAHHAT IepeMelralomerocs oOBekTa ¢ 3eMHOH
HOBEPXHOCTH, @ HABUTAIIMOHHbIE METO/BI — ONPENECICHNE KOOPAMHAT
MO BEHITIONHSEMBIM CIEIHATBHBEIM H3MEpEeHHSIM Ha IepeMeniaronieM-
cs oOBeKTe.

ITokaxkeM, Kak METOIBI H3MEPEHUA CKOPOCTH BeTpa BEITEKAIOT K3
001eif TOCTaHOBKH 3a1a4 30HaupoBanusa arMocdepsl. C 3TOH Leibio
nepenumieM ypapHenue (1.7), uMes B BHLY, 9TO H3MEPAECMBIMH
XapaKTePUCTHKAMM [IPW BBIIOJHCHAHM BETPOBLIX H3MEpEHHH B KO-
HEYHOM HTOTe ABJIAETCA 0600MIEHHas TOPHU3OHTANbHAS KOOPAMHATA
X, @ BBIYMCIIIEMOM METEOpPOJOTHYECKOH BEMMYMHOW — CKOpPOCTD
BeTpa v:

x= J:a(x,t)v(t)dt. 2.1)

41

Snpo a(x,f) 3amucaHHOTO TakUM OOPa3OM JMHEHHOTO HHTe-
rpanbHOTO ypaBHEHHsA PpenroisMa 1-ro poaa MOXKET ONpPEaEnATh B
naHHOM ciy4dae 3ddexr yBiuedenus HaGmomaeMoro o0beKTa BO3-
IYIIHBIM IOTOKOM. ECIIH npeRmonoxuTh, 9T0 HaOIIomaeMEli mepe-
MEIAIOIHUIACT 00BEKT B aTMoc(epe ABIIAETCS HEBECOMBIM, IepeMe-
niaercs Ha OIPEAENEHHOH BBHICOTE M TIOJNHOCTHIO pearupyeT Ha
moOple M3MEHEHHS XapaKTEPUCTHK BO3AYILIHOTO IIOTOKA, TO MOXKHO
3ammcaTth, 4T
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a(xt) = 1.

-TIonp3ysach TeopeMOl O cpedHeM, BEIpaxeHHe (2.1) MOoxHO Ie-
pemucarh B BHIE

x=v(t,—t,), (2.2)
OTKYJia OUEBHIHO CIIeAyeT oOpaTHas 3a1ada '

V=— (2.3)

Ilpu Gonee moNHONM MOCTAHOBKE 33434, T. €. KOTAa IBHKEHHC
00BEKTa OCYHIECTBISICTCS B BEPTHKAIRHOM U TFOPU30HTAIBHOM
HaupaBleHUAX, AP0 a(x,f) MOXHO OHpENEeNUTh ¢ HOMOHIBIO
O -pyHxumm, a HaliileHHOE peIIeHHE IS CKOPOCTH BeTpa Oymer
COOTBETCTBOBATE OIPECICHHOMY CIIOI0 aTMOC(EpEl W 3a OIpese-
TIeHHBII BPEMEHHOH HHTEpBAaIL

Cremyer OTMETHTb, UTO HAIPaBICHHUE JBIKEHHUS 00BEKTa B Bep-
THKAJIBHOM IUTOCKOCTH (BBEPX HJIM BHH3) NPHUHIUIMAIBHO HE MEHSIET
HOCTaHOBKY 3aJ[a4H, IO3TOMY B HaJbHEHIEM M3JI0KEHHUH I OTpe-
JieneHHocTrH OyaeM ImpenronaraTh OBIDKEHNE CHHU3Y BBEpPX, UTO, Kak
ObLJI0 CKa3aHO BHINIE, COOTBETCTBYET LIAPONMMIOTHOMY METOLY
HaOII0CHUM.

2.2. BepTukajibHas CKOPOCTh IIAPOB-IIHJIOTOB

CymiecTBeHHBIM (HaKTOPOM, OIPEASIIIONINM OCOOEHHOCTH pea-
JIH3AI[HA TOTO KU MHOTO METOJAA BETPOBBIX M3MEPEHHH B aTMOCde-
pe, SBIAETCA BO3MOXHOCTE OIPEIETCHHSA BEPTHKAIBHOH CKOPOCTH
JBIDKEHHS IMapa-muioTa. PaccMoTpuM Ooree HeTanbHO 0c06eHH0-
CTH IBYDKEHHS IIapa B BEPTHKAIBHOM IUIOCKOCTH.

OnacTrgHas 00070YKa MIapa-WIoTa IO Mepe HaIllOIHEHHS ee
raszoM nprodperaeT ceprieckyro GopMy, IpH 3TOM JaBIeHHE rasa
BHYTpY OGONIOYKY " JIMIIG HE3HAYATENHHO IPEBHINIACT JABICHUS
okpyxatomero so3ayxa. Cosjaromeecs cBepxJaBleHHE Ta3a BHYTPH
000I0YKH yPAaBHOBEHINBACTCA YIPYIHMH CBOWCTBAMH MaTrepHaia
obonoukn. Ha ocHoBammm 3akoHa ApxwMela HaIlOJHCHHAs Ta3oM
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jerde Bo3qyxa obosouka OyneT HaXOMUTHCSA MOJ ACHCTBHEM BBITAN-
KHBAIOIIEH CHIBI, MOJ BO3ZEHCTBHEM KOTOPOH 000J09Ka  JAOJDKHA
IBUTaThCS BBEPX.

B npenmonoxenun, 4ro 000JI09Ka HEBECOMA, BBITAIKHBAIOIIAs
CWIa; NEHCTBYIOMas Ha 000I0YKY, Ha3BIBACTCH TOINHON HMOABEMHOM

cunont E . Torza B COOTBETCTBHH C 3aKOHOM Apnge,ua
E=(E-k)=Vg(p,-p,), 2.4)

rae V — 06beM 000I0UKH IIapa-IwioTa; g — YCKOPeHHe CBOOOIHOTO
najgeHus; P, H P, — IUIOTHOCTH BO3LyXa M ra3a COOTBETCTBEHHO,

k — enuHAYHEIA BEKTOp B HANPABIEHUY OCH Z. ‘
C yueroMm Beca 000JI0YKH B Ha HANMONHEHHYIO Ta30M JErde BO3-
Iyxa o6omouky OyneT AecTBOBaTH CHla A

A=E-B, o - (25)

KOTOpas HA3HIBAETCA CBOGOHOM OXBEMHOM CHIIOH Iapa-IHIoTa.
~ Tlox ne#icreueM cBOGOAHOW NOABEMHON CHIBI MIap-MIOT OyJeT
JBHTaThCS . BBEPX, HPH 3TOM MO Mepe JIOAbEMa AOJDKEH YBEIHYH-
BaTbCs OOBEM IIApa-MAIOTA M HM3MEHATBCA TEMIIEpaTypa Hamoll-
HAIOIMIEro ero rasa (CBepXJaBIEHHEM ra3a BHYTIpPH MIapa-IIHIOTa
BCIIEJICTBHE €r0 MaJOCTH MOXHO IpeHeOpeusp). BosHukaromee
BCIIENICTBUE YKA3aHHBIX (PAKTOPOB M3MEHEHHE CBOGOMHON HOXBEM-
HO# cuinsl AA MoOXeT GHITh ONPEAEIEHO C MOMOIIBIO CIIEAYIOLIETO
BEIPRKCHHUS:
; : t.—t, .
A=V, gp,, P 2.6)

B

rae Vp — o0BneM miapa mepej BBIIYCKOM B Ha3eMHBIX YCIIOBHAX,
0., — MIOTHOCTH HANOJHAIONIEr0 0O0NIOYKY raza B Ha3eMHEBIX YCIO-

BUAX; !, M ! — TeMIeparypsl BO3AyXa H HaNOJHAIOMETo 060109Ky
rasa Ha BBICOTE COOTBETCTBEHHO. M3 3armcaHHOro COOTHOIIEHHSA
CIIENYEeT, YTO €CIIK TEMIIepaTypa HalOoIHAIOMEr0 000I0UKy rasa Bce
BpeM:A paBHa TEMIIEpaType OKPYXaIoWIero BO31yXa, TO M3MEHEHHE
cBOOOTHO¥ ITONBEMHOM CHIIBI JOJDKHO OBITH PABHEIM HYIIIO.
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B peaspHBIX YCIOBHAX 3TO YCIOBHE NPAKTHYECKH HE BBHIIONHI-
ercs. IMeHHO MO3TOMY TIpH peaiu3alliy IIoAkeMa apa, Kak IIpaBu-
JI0, BCET/Ia IMEET MECTO U3MEHEHUE CBOOOIHOM NOABEMHOM CHIILL.

OmnpenenyM BEPTHKANBHYIO CKOPOCTh IIapa-IHIOTa B IPEAIo-
JIO3KEHHH, 9TO €T0o cBOBO/HAS TO{bEMHAs CHJIa HE MEHAETCS C BBICO-
Toi. J[BH)KEHHe MIapa-IIIoTa JOMDKHO NOMYMHHUTHECHA 3aKoHYy Hbro-
TOHa (3aKOHY COXpPaHEHHS MOMEHTa), KOTOpBIM 3almumeM B
muddepernnansHoN Gopme:

n
d(Mw) =Y (Fdt), 2.7)

i=1

raoe M — Macca mapa ¥ COJEpaImerocs B Hei rasa; w — BepTHKalb-
Hasg CKOPOCTH ABIDKEHUs Irapa; F; — cuibl, JelicTByIoIe Ha miap;
t — BpeMs.

Jleast uacTh BhIpakeHus (2.7) ompenenseT U3MEHEHHE KOIMde-
CTBa JBUKEHHS I1apa, a TpaBas 4acTh — CYMMY HMITYJIbCOB JAeHCT-
Byronmwmx cuwi (i = 1,..., n). B peanpHBIX ycnmoBusAx moj AeHCTBHEM
CcBOOOIHOM IOXBEMHOM CHIBI IIAp-IHJIOT HAUMHAET C YCKOPEHHEM
NOAHMMATECS BBEpX. IIpM 3TOM mpoTHB CBOOGOAHON NHOXBEMHOM
CHIIBI A OEHCTBYET culla COIPOTHBIEHMs BO3Ayxa R. YCTaHOBICHO,
YTO, HAYMHASA C HECKONBKMX METPOB HaJ[ IOBEPXHOCTBIO 3eMiy,
cBOGOHAA MOABEMHAS CHIA M CHIIa CONPOTHBIIEHHUS BO3LYyXd ypaB-
HOBEIHBAIOT APYT IPYyTa. '

C yueToM CKa3aHHOTO ypaBHEHHE (2.7) MOXHO NEpemucarh B
BUJIE: h

d(Mw) = 0. (2.8)

B cnyuae, eciu HET YTEUKH HAMOIHAIOMET0 000I0UKy rasa (M =
const) W OTCYTCTBYeT H3MEHEHHE CBOOOJHON IOTBEMHOM CHIIBI
(AA = 0), oueBuaubIM perenneM ypaBHeHus (2.8) sBisercs pemie-
HHUE BHIA

w = const. v 2.9

Cuna conpoTHBICHMS, ASHCTBYIOMAS Ha IIap, MOXeET OBITH OIl-
peneneHa ¢ IOMOIIBI0 COOTHOUICHHU S

R = kgS, (2.10)
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rae k — xo3pPuuueHT J060BOr0 CONPOTHBICHMS, 3aBUCAIMHA OT
pexxuMa 00TeKaHHs IIapa BO3MYIIHBEIM MOTOKOM; g — JHHAMHUIECKOE
JlaBlIeHye, NCIBITHIBAEMOE IapoOM CO CTOPOHBEI 0OTEKaloIero moTo-
Ka; S — IUTOIaIs MONEPEYHOro CeUeH s mapa.

-B cnyudae, ecimu map umeet cdepudeckyio Gopmy,

nD* p.w?
S: , - oglB s
4 178,

re D — quaMeTp mapa, BHIpaxKeHHe VIS R MOYKHO 3aIMCaTh B BHJE
kn 2.2
R=—8-ngD w . 2.11)
Tak kKaK paccMaTpHUBaeTCs yCTaHOBHBIIEeCs HBIDKEHHE (A = R),

TO

A= %péDzwz : (2.12)

Paspemnias BeipaxeHue (2.12) OTHOCUTEIBHO W, IIOIYIaEM

=\/§ ii (2.13)
n\p, D

Bripaxast quaMeTp IIapa yepes AIMHY OKPYXHOCTH ero 60oIbmo-
ro kpyra C

noJiy4a€M OKOHYATECIBHOC BBIPOKCHHC JUIA ONPCACICHHA BEPTH-
KanbHOM CKOPOCTH mIapa-IuinoTa B BUAC:

=a\/Z
2

(2.14)
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Bn
rae a = 7 — K03¢ (HUINEHT; p — INIOTHOCTH BO3TyXa (HHAEKC «B»

OTIYIIEH).

Ecnu M3BECTHA He JUIMHA OKPYXKHOCTH 06onouxu C, a, Hampu-
Mep, ee Macca B, BEIPaXCHHE I BEPTHKAIBHON CKOPOCTH IIapa w
MOKHO TIOJIYIUTH CIEIYIOMMM 00pa3oM.

Iepenmmem Bripaxenue (2.4), 3aMeHnB 00beM obonmouku V Ha
COOTBETCTBYIOIIEE BEIPAXKEHIE Uepe3 ANMHY OKpyKHOCTH C:

3

C
E=A+B=Vg(p,—-p,) =—6?g(pa -p,). (2.15)

Ilonarasg, 4To pa3sHOCTH INIOTHOCTEH BO3AyXa W Tras3a, HAalol-
HAIOMIETO O000JIOUKY, ABIAETCA BEMHYHMHOM, NIPONOPLHOHANBHOMN
IUIOTHOCTH BO3yXxa (MHIEKC «B» onymieH), T. €.

g(ps_pr):Np’

rae n — KO3(pPHUIUECHT NPONOPIHUOHATBHOCTH, BbIpaxkeHHe (2.15)
MOKHO IIEpeIicaTh B CIECAYIOIEM BUIE:

3

A+B= ¢

nz

Np.

Paspemax 9TO BBIPAXXCHHUE OTHOCUTCIBHO C, oJIydacMm

; 6n*(A+B)
Np '

C= (2.16)

 Hoxacrasnas (2.16) B (2.14) nonyyaeM HCKOMOE BBIpaXKEHHE U
BEPTHKAIFHON CKOPOCTH ABHKEHHUS IIapa-NUIIOTa B BUIE

VA

W=b—r—e | (2.17)

YA+B’
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rac

po [ [V 1
kVen® ¢fp

B peansHo#t atMocdepe CymecTByeT Nenblli psan (akTopos,
BIHAIOMUX HA YCIOBHS IBHKEHHS LIapa-IIANOTA M OTKIOHSIOLIMX
BeNHYMHY (PakTHIEeCKOl BEpTHKAJIBHOM. CKOPOCTH OT PacCUUTaHHOU
TEOPETHYECKH. PacCMOTPUM HEKOTOPHIE U3 HUX.

Vmenvuienue nromnocmu 8030yxa ¢ 6blcOmoi. 3anycaB BEIpa-
xenne (2.14) qng onpeneneHus BEPTHKAIBLHON CKOPOCTH Y MOBEPX-
HOCTH 3eMan (W) U Ha HEKOTOPOH BBICOTE (W) H NOAEIHB HX IpPYT
Ha JpyTa, HOTy4aeM ‘

Y _So P
w, CJ\p

YuuteBas, yto 06BeM o0omouky 00paTHO MNPONOPLHUOHAIECH
IIIOTHOCTH BO3AyXa, IPCABIAYIICC BBIPAXCHAC MOXKHO IIEPEIINCATE B

BHJC
1=3/_p_ /p_0=6/p_0, (2.18)
wo \poVe Vo

U3 (2.18) BUIHO, YTO C YMEHBIICHHEM IIIOTHOCTH BO3LyXa Bep-
THKaJbHAass CKOPOCTh IIapa-MUJoTa NOIDKHA BO3pacTarh; Tak, Ha
BEICOTe 10 KM OHA NpEeBHIMAET HCXOAHOE 3Hauenue B 1.19 pasa.

Jupysus zaza uepes obonouxy. Benencreue nuddysun rasa
(o6er9HO, BoJOpOX MM renmii) yepes o60T0UKy Macca raza B 000-
JOYKE yMEHBIIAeTCs, 4TO IIPUBOJUT K YMEHBIIEHHIO CBOOOIHOM
IOTHEMHOMN CHIIBI H, COOTBETCTBEHHO, BEPTUKANEHON CKOPOCTH.

Csepxdaenenue 2a3a, HanonHaoOwezo 06ono4Kky. TO CBEPXIaB-
JIeHHE OOBIYHO HEBEIMKO M CTAHOBHMTCS OLIyTHMEIM JMING Ha BBICO-
Tax, npesbimaomux 10xM. CBepxAaBieHne ra3a B 060JI0YKE MOKET
HECKOJIBKO YBEIHMYUBATH BEPTHKAIBHYIO CKOPOCTH [IAPa-IIHIOTa.

Pasnocmy memnepamyp 6030yxa u 2asa 6 obonouke. Ota pas-
HOCTH OOBIYHO JOCTaTOYHO Majla; 3HaK 3TOH pasHOCTH oNpenenseT
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YMEHBIUEHNE WM BO3PACTAHHE BEPTHKAJIBHOW CKOPOCTH IUapa-
IIJIOTA.

Omxnonenue opmul wapa om cgepuueckor. Hanuuve Takoro
OTKJIOHEHUS NPUBOIUT K YMEHBIIEHHIO BEPTHKAIBHON CKOPOCTH
mapa-ImMioTa, T.K. HelpaBuiIbHasA GopMa MIapa-MAIoTa YBEIHINBAET
COIIPOTHUBIIEHHE BO3AYILIHOTO IIOTOKA.

Typbynenmnocmo U 6epmuxanbHeie Moku 8 ammocgepe. ITO
OJlHa W3 OCHOBHBIX IIPHMYMH, KOTOpas MOXET NPHBOAWTH K 3HAYH-
TEJBHBIM “OTKJIOHCHHSIM ACHCTBUTENBHON BEPTHKANBHOW CKOPOCTH
or pacdetHoi. Ilpu 3HaumTensHOH TYpOyNeHTHOCTH aTrMochepsl
K03(hGUITHEHT k, BXOISIIMHA B BEIPOKEHHE IS CHIIBI COLIPOTHBIICHHAS
R (eipaxenue (2.10)), 3HAYUTENHHO YMEHBIIACTCS, YTO IPUBOIMT K
COOTBETCTBYIOLIEMY BO3pDacTaHHIO BEPTHKAIBHOUW CKOpocTH. Bepru-
KaJbHBIE TOKH OOBIYHO HECYIIECTBEHHO MCKaXal0T BEPTHKAJIBbHYIO
CKOPOCTB IIapa-IIKHIIO0TA.

CuMTaeTCs YCTaHOBJICHHEIM, UTO B IIOTPAHHYHOM CJIOE aTMoche-
pBl daxkTHuecKas BepTHKANbHAA CKOPOCTH LIapa-MANIoTa OOBIYHO
mpesbiIaeT pacueTHylo Ha 20-25 %, B Tpomocdepe OHH IIOYTH
COBIIAJAIOT, a B cTparocdepe — (akTHdeckas BepTHKaIbHAs CKO-
POCTH CTaHOBHTCS MEHBIIE PacueTHOH, IpHYeM, HX PasHOCTh Pe3Ko
BO3pacTaeT ¢ BHICOTOM 3a cuer muddys3ud rasa, HaAMONHIIOMIETO
060101KY.

2.3. OnTHYeCcKHe H PafHOTEXHHIECKHE METOAbI
BETPOBBIX HA0II0XCHUH

Kax M3BeCTHO, NONOKEHHE MI000H TOUKM B IPOCTPAHCTBE OIpe-
JenseTcss TpeMs KOOpAMHATaMH. J[JI OIpefeleHMs IIOJIOMXKEHHA
IIapa-TIIJIOTa [PH PEANn3alldd BETPOBBIX M3MEpEHHU B aTMocdepe
IpH HAGMIONEHHAX C MOBEPXHOCTH 3€MIM MOTYT HCIIOJIB30BATHCS
CHCTEMEI KOOPIMHAT, COIEPIKAINE [BE YITIOBBIE KOOPAMHATE IIapa
(a3UMyT OL ¥ €T0 BEPTHKANBHEIA yron [3) ¥ TpeThs NHHEHHAS KOOp-

JMHATA, KOTOPOH MOXET GBITh MK BBICOTa H mapa-nunoTta (onTHde-
CKHE ¥ PAIMOTEOJONMTHBIE METO/EI), WIH €T0 HAKJIOHHAS JATLHOCTE
R (pagvonoKallmOHHEIA METON). ‘ _

Ha puc. 2.1,a u306paxkeH MWApONMNOTHELA Tpeyronsauk PCO. B
Touke O HAXOAWTCA HA3EMHBIH yTIOMEpHEIH MpHGOp, B Touke P —
map-IunoT; Touka C TpecTaBisieT coboH MPOEKUHIO Iapa-muioTa
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Ha TOPH3OHTAIBHYIO IUIOCKOCTb, INPOXOAAUIYI0 uepes Touky O.
Torpa PC = H — BeicoTa mapa-mmwiora, OP = R — HaKJIOHHAS Jalb-
HOCTh, OC — TOPH3OHTANbHOE YyJAleHHWE NIapa-MWioTa. Yroa O
a3UMYTaJBHEIA (TOPH3OHTANBHEIR) YTON mIapa-THIoTa, T. €. VIO,
00pazyeMblii IDIOCKOCTHIO MIAPOIIMIIOTHOTO TPEYTONbHHKA C MIIOCKO-
CTHIO MEPHJINAHA; [3 — BepTHKAIBHEI YTon Imapa-unoTa.

Ha puc. 2.1,6 u3o06paxeHo cMelleHue mapa-IuioTa B IPOCTpaH-
ctre. VaMepeHns KOOpAMHAT BBUIQNHSIOTCA JUIS MOJIOXEHu# P, P,
P;.

Taxum 00pa3zoM, IOJNOXKEHWE MIapa-TIAIOTAa B OO0 MOMEHT
BPEMEHH MOXXHO ONpENENUTh MM KoopjuHaTamMu OLf,R, mmm

koopauHatamu o3, H .
VrioBEIe KOOPAHHATE O,[3 MOryT 6HITH ONpeeneHE ¢ IIOMO-

IBIO YIJIOMEPHBIX IPUOOPOB, PACIONOXEHHBIX Ha [IOBEPXHOCTH
3emmu. s 3TO¥ menH MCIONB3YIOT, Kak OBUIO YKA3aHO BEINIE, WIH
ONITHUYECKUE TEOJONMTHl CTENUANBHOM KOHCTPYKIHH (23pOJIorHHe-
CKHE TEOJONUTHI) MM PaAXOTEO0IUTHl U PaJHOIOKATOPEI.

OnTryeckre METOIBl PEAIM3yIOTCS C MOMOINBI0 OJHOTO HIIH
IBYX a’pOJIOTMYECKHX TeoJonuToB. IIpu ompeneneHuy MOIOKEHUSI
Imapa ¢ MOMOIIBI0 PaJUOTEOHONNTA K MIAPY TOBEIIUBACTCS PAIHO-
30H MM CIIENHANbHBIA paJHoONepeNaTyHK, a IPH HCIIONB30BAHUH
PaJMONIOKATOPa. K- apy NOABEIIMBACTCS MHINEHb, CIIOCOOHAR OTpa-
XKaTh CHTHAIBI paJII/IOJIOKaTopa WIN TEPeAaTIHK-OTBETINK, HWIH
PamHoO30HL. :

Bricota H ompenensercs B 3aBUCHMOCTH OT oco6eHH00TeH pea-
m3yemoro Meroga. Ilpocrefimuii M3 HUX (METOA OOHOMYHKMIHbBIX
ONTHYECKUX IIAPONHIOTHEIX ‘HaOMIONeHHH) OCHOBaH Ha MpPeIoNno-
JKECHUH IIOCTOSHCTBA BEPTUKANBHON CKOPOCTH W Iapa-nmiota. Ecnu
KCIIOJIB30BATh TaKoe NPeANoNOXKeHHe, TO BEICOTa NIapa-nuiaota H
HaJl IOBEPXHOCTBIO 3e€MIIM B MOMEHT BPEMEHH ! BBIPAXKACTCS IIPO-
CTOH (OPMYIIOH:

H=wt. - ‘ (2.19)

Torma cmenieHue mapa-muiIoTa B rOpI/ISOHTaJIBHOI/I rmocxocm
OC oxaxeTcs paBHEIM
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OC = wictg.

OueBngHO, 9TO CKOpPOCTE BeTpa B cioe PC nponopunonanbna
JnuHe orpeska OC u -MOXKeT OBITH omlpezieiieHa CIeAyIonuM obpa-
30M: a -

v= _0_t£~= wetgf. (2.20)

Hampasnenue BeTpa nerko TONy4HTS, IIpuGaBUB K H3MEPEHHOMY
aspMyTalbHOMY yIoy Of 180°.

a) P i 6)

H

B.JC : Q

Puc.2.1. Cxema waponunomusix usmepeHui.
a — WApONUROMHbLI MPeEY2oNLHUK, O — nepemeujeHue wapa-nunoma 6 ammocgepe.

HalineHHsle CKOPOCTh M HANIPABICHHE XapaKTEPH3YIOT CPEIHHE
CKOPOCTh M HAmpaBIEHHE BETPa B CIIOE, ONPEAENIEMOM BBICOTAMH
BBITYCKa IIapa-IIMIOTa ¥ B MOMEHT BpeMeHH f. [IpHHATO OTHOCHTH
MOyYeHHBIE PEe3yNBTATHl K BEICOTE CEPENVHEL CIO, T. €.

= 221

Beicoty H MOXXHO OIpeNenuTs U 0ojee CIOXHBIM CIOCOOOM —
TPUTOHOMETPUIECKIM IPH YCIOBUH, YTO W3MEPEHHS BBIMOIHIIOTCS
¢ IOMOMIBIO JIBYX TEOHONHUTOB M M3BECTHO NPH 3TOM PaCCTOSIHHE
Mexay TeomoimTamu (6asa). Takoil MeTOxm OOBIYHO HA3BIBAETCA
ba3UCHBbIM, WITH O8YXHYHKMHbLM METOJIOM H3MEPEHUS XapaKTePUCTHK
BeTpa B atMocdepe.

38



O6mas cxeMa peanu3anyi 6a3UCHBIX IIApONMIOTHHIX Habmoze-
Hull npencrasneHa Ha puc. 2.2. Ilpu atom, puc. 2.2,a COOTBETCTBYET
CIIy4alo, KOrja TeONONUTHl HaXOAITCS Ha OMHOH BEICOTE HAJ ypOB-
HEM MOp#I, a puc. 2.2,6 — KOT/la UX BHICOTHI pa3HBIE.

Urak, paccTosiHue Mexay Teoponuramu (L) B JaHHOM METOJIE
cunTaercs u3BecTHHIM. Ilpm sToM 6asa B Touke (O; COCTaBIILET C
HallpaBJICHHeM MEpHIUaHa yroi O, , a B Touke O, — yroa O, . O6a

STHX yT7Ia I JaHH0M 6a3bl ABIAIOTCA BEIMYMHAMH [OCTOSHHEIMH K
M3BECTHBIMH 3apaHee.

Eciu P — IIONIOXKEHHE IIapa-TIHI0oTa B MOMEHT £, TO 3a]1a4a OTpe-
[ENEeHNsA CKOPOCTH BeTpa CBOJUTCS K M3MEPEHHIO JNHMHBI OTpe3ka
O,C, a 3agada OIpEACIICHHs] HalpaBleHUs BETpa — K H3MEPEHHIO
yrna Mexay oTpeskoM O;C U MEpUAMOHANBHBIM HapaBIeHHUEM I
touxu O;. ‘

Jng MoMeHTa BpeMeHH { ¢ IOMOIIBIO adPONOTHYECKHX TEOM0NHU-
TOB U3 Touek O; U O; IPON3BOAUTCHS M3MEPEHHE TOPU3OHTANBHEIX
yrioB O U O, . Takum o6paszoM, TpeyronsHuk O;CO; OKa3bIBAETCA

TIONMHOCTHIO 33aHHBIM, TaK KaK M3BECTHA OJHA W3 ero CTOpOH (cTo-
pona L) u Bce TpH yria: _
¢, =0 Ty,
0, =0, ta,, ‘ (2.22)
©=180"— (¢, +,).

Ecm O, > O5, B O, < O, TO UCIONB3YETCS 3HAK «ILIIOCY; B

OCTaJBHBIX CIIyYasX — 3HAK «MHUHYCH.
W3 tpeyronsauka O;CO,, UCTIONB3YS TEOPEMY CHHYCOB, MOXKHO
3amucaTh, 3T0

0Cc=1"%
sing
Torna
v = %:é% (2.23)
t t sinQ

Takum o6pa3oM, I U3MEPEHUs CKOPOCTH BETpa B clioe Oasuc-
HBIM METOZOM (IIPH OJMHAKOBBIX BBICOTAX TE€OJOJUTOB) JOCTATOUHO
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H3MEPEHMH JByX TOPHM3OHTAaNbHBIX yTNOB. HampaBneHwe BeTpa

OTIPEIENAETCA AHATOTMIHO METOAY OIHOITYHKTHEIX HAONIOIeHNH.
Ecnu TeononuThl yCTAaHOBIEHB! Ha pPa3lWYHBIX BHICOTAX Hak

YPOBHEM MODs, OTJIMYAIOIIUXCA Ha BeMuunuHy A (cM. puc. 2.2, 6), TO

orpesok O,C; = O,C;, onpenensomuii CKOPOCTh ¥ HAIPaBIEHHE

BETpa, BBIYHCISCTCS TaK XKe, KaK B cjlyqae PAacCIonoXeHusI TeO 0N~
TOB Ha OHUHAKOBOI BBICOTE.

a)

Puc.2.2. Cxema deyxnynkmuoix (6a3ucrblx) waponuiommsix usmepeHut.
a — pacnonodicene meoOOAUMOB HA OOUHAK0BOY Bbicome, 6 — pacnonodiceHue
meoo0onumoe Ha PA3HbIX BLICOMAX.

BeIcOTHI mapa-nuiIoTa OIPEAENSIIOTCA C TIOMOIIBIO CIIEAYIONHX
COOTHOIICHMH:

PC; = LigB, S2% (2.24)
sin@

PC? = L1gp, S0 | (2.25)
sin@

HpI/I [IPpaBHUIIbHO BBINOJHCHHBIX HU3MECPCHHUAX ITOJUKHO BBIIIOI-
HATBCA YCJIOBUE

PC, - PC, =h. - (2.26)

Cnenyer OTMETUTB, YTO NIPH NPOBEJACHHH Ga3UCHBIX BETPOBBIX
HaONIOACHUH TOYHOCTh BETPOBHIX ~M3MEPEHHH HEOIMHAKOBA IO

40



BCeEMy TIPOCTPaHCTBY TOJIOXKeHHWH mapa-mrora. Haubonemas
TOYHOCTh OYNET JOCTHIraThCi B TOM Cilydae, KOrma yroia ¢ tpe-

yroneauka O;CO, 6ynmer npubmmxarscs K 90° u, HaobopoT, TOY-
HOCTh M3MEpEHH OyAeT yXymmarbkcs, €CIIH 3TOT yrol Oyler IpH-
6nrxarecs k 0° (180°). '

Haxonen, seicoTa H MOXeT ObITH BBHIYHCIEHa IO GapoMeTprye-
cKoit gopMyne, ecnu K MIapy-IHIOTY IOABEMIEH PagHO30HI, H3Me-
PSIOLIME JaBJICHHE, TEMIIEPaTypy U BIAXHOCTH B HCCIEAYEMOM CIIOE
arMocdeps! (paiHOTEORONIUTHBINA METOR).

[Ipn peanuzayuy pagdoIOKaIUOHHBIX METONOB M3MEPEHHUS BET-
pa ¢ mOMONIBI0 PATHOJIOKAMOHHON CTaHIUK H3MEPSIOTCS HE TOIBKO
BEPTUKANBHEIN M a3UMMyTANbHEIH YITIBI, HO M HAaKIOHHAs JalbHOCTD
R (otpe3ox OP Ha puc. 2.1,a). Torna cooTBeTcTByIomue GopMyIs!
U HAXOXJICHHA CKOPOCTH W HaIIpaBICHHS BETPa, a TaKKEe BHICOTHI
OyIyT UMEThH CIeAYIOIIMH BU:

H; = RsinB,
2.27)
e=0.+180°, (2.28)
2 2

IpriMeHEHHE PaAHOTEXHUYECKIX METOZAOB IO3BOJIET ITOBBICHTD
TOYHOCTH BETPOBEIX HaOmoneHuil, obecrmeunts HX permepHoe
TpuMeHeHHe A0 GONBIINX BBICOT.

2.4. HaBuraumoHHbIE METO0/Ibl BeTPOBBIX HA0I0XeHMil

W3MmepeHue KOOpAMHAT IepeMemaromerocs obbekra B IIpo-
CTPaHCTBE MOXKET IPOMU3BOJUTHCS H C MOMOLIBIO' CHCTEMBI HaBUTIa-
IHOHHBIX CTAHIUH, MCIIOMb3YIOMHUX CHUIHAIL OYeHb Huazcou uacmo-
mer (OHY). :

— OMET'A (OMEGA) — cuctema obecrneqnBaeT BeCh 3eMHON
map. OHa GYHKIMOHHMpPYET MO MEXIyHApOIHOMY COTTTAlIEHHIO
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NPaBUTENLCTB CTPaH, Pa3MECTHUBIINX HA CBOWX TEPPUTOPHSIX mepe-
JTAFOTI{HAE CTAHIIH. :

— CUI'MA: (SIGMA) - cuctema, opraumsoBaHHag B Poccum,
obecmednBaeT OOIINPHBIE TEPPUTOPUH, HO He BECh 3€MHOM IIap.:

— JIOPAH-C (LORAN-C) - cucrema, opraunzosantas B CHIA.
Ona obecrieunBaeT 60NBIINE MOPCKUEC M IIPHOPEIKHBIE TEPPUTOPHH,
HO MOXET HCIIONB30BAaThCA M JUIS IPOM3BOJCTBA H3MEPEHHMIl: Han
OTIpeIeICHHBIMA PETHOHAMH CYTITH. :

Cnenyer OTMETHTH, 4YTO  PaJWOHABUTANHOHHAs CHCTEMA
JIOPAH-C x0Tl ¥ MOXXET MCIIONB30BATHCS I ONPEACICHAS BeTpa,
HO, CTPOTrO TOBOPS, OHA HE MOXET CUHUTATHCS CETHIO HABHTAITHH
JATBHEro IEHCTBHUS, T. K. paboTacT B HECKOJBKO JIPYTOM JAHANa30HE
(100 xI'm). Cern cpencrB ganpHe# Hasuranmuu OMEI'A u CUT'MA
SBJISIFOTCS HJCANBHBIMH CHCTEMaMy I H3MEPEHHS BeTpa.

B wmacrosmee Bpems OOBIYHO JWICHIONB3YETCS COBMENICHHAS
OMET'A cuctema, KyJa BXOIST 8 MHPOBBIX CTAaHUMH M 3 CTaHINH
Poccun (puc. 2.3). B 3T0it cucTeMe CyIIECTBYET JOCTATOUHO OONb-
mast #30BITOYHOCTD I TapaHTHH TOTO, YTO ONPENENICHIE MECTOIO-
TOXKeHHs OyIeT BO3MOXKHO TIPH JIIOOBIX YCIOBHAX.

Kaxnas masuranumonnas cranmuss OMELA cucrems! m3nydaer
9JIEKTPOMAarHHTHBIE BOJHBI O4YeHb HH3KOH uacTtoThl (10.2, 11.3 m
13.6 xI'1y), KoTOpBIE CBOOOIHO PacIpOCTPAHAIOTCS BO BCEX HalpaB-
nenusx. Ecin MeCTOIONOXKEHHE NIEPENATINKOB TOYHO H3BECTHO, TO
BpeMs IIPOXOXKACHWS  CHTHAJIOB 3aBUCHT TOJNBKO OT PacCTOSHUHN
NpHEMHHKA OT IIePEIaTINKOB.

OrpannyuBatomuM GakTopoM B Hcons3oBanuu curaamros OHY
JUISL OTIPENEINICHAS MECTONOJIOKEHNST 00bEKTa B MPOCTPAHCTBE. B~
eTcs NPHEMONEpEJaTdiK IIepeMeIlaromerocs o0beKTa, KOTOPHIit
JOJDKEH OBITH CIIOCOOHBIM K IPHEMY U Tepefade CHTHAJIOB Ha3eM-
HOW HaBUTAI{HOHHON craHituh. TpeOoBaHHe K MPaKTHIHBIM M HEIO-
POTHM pEIICHHSIM OTPAaHUYHBAIOT YACTOTHI, HCTIOJIB3YyEeMbIC B CETH
OMETA. v

CurHaisl, H3MydJacMble. HAaBHTALHOHHBIMEA CTAHITHASIMH CHCTEMEI
OMET'A, nepeparoTcs B ONpPENENcHHON IOCIEHZOBaTENEHOCTH,
KoTopas mnopropsercs Kaxnaele 10c. Ilpu sToM Xaxmas craHIiug
BHYTPH 3TOrO INEpHO/a NepeiaeT KaK CBOK XapaKTEPHCTHYECKYIO
gactoty (11.8 — 13.6 xI'm), Tak u, TaK Ha3BIBAEMBIE, HAGUECAYUOHHbIE
gacrotsl (10.2, 11.3 n 13.6 x['m).
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i1 ompeneneHus BpeMEHU NPOXOXKACHUS CHIHAIOB CYIIECTBY-
€T iBa OOBIYHO MCIONB3YEMbIX METO/A. :

1. Bpems npuemMa pagyouMITyIbCa MOXKeT OBITE U3MEPEHO a6co-
TMOTHBEIM MeToJoM. CpaBHEHHE BpPEMEH IpHeMa CHIHAJIOB OT TPeX
CTaHILMI HenaeT BO3MOXXHBIM pacdeT KOOpAMHAT NpHeMHHKa (Tepe-
Memarollerocs oosexTa B atMocgepe). Takoit MeTon mcmonb3yercs
B IPOCTHIX IIpHeMHKKax ceteit TOPAH-C.

S0 o7 PHopeerus
2% 5

InGepus
\ Oﬂ ﬁ)
270 PetoHbon

ApreHTnHa Aac‘rpanmio

.

Puc.2.3. Pacnonoorcenue nasuzayuonnvix cmanyuii OMETA.

2. H3MepsIoTCs CpPaBHHUTENBHEIE (hashl IMPHHUMAEMBIX pajro-
CHTHAJIOB, T.e. (askl NPYHAMAEMBIX CHTHAJOB 1O OTHONICHHIO K
dase curnana, reHepupyeMoro Ha MeCTe H3MepeHHs. Takod MeTon
obecrieunBaer GONBLIYIO TOYHOCTH M3MEPEHHUs Garoaaps GONBLIHM
BPEMECHAM HHTErPHPOBaHMA. VIMEHHO 3TOT METO[ HCHONB3YETCS B
IpHEMHHKaX, paboTaromux ¢ cucremamu OMETA. ,

Paccmotpum Gonee meranpHO 3T0T MeToA. Ha puc. 2.4,a nokasa-
HO pe3yNsTHPYIOIIee B HEKOTOPHI MOMEHT BPEMEHH IIOJIE Pa3HO-
cTeil (a3 BONH, pacPOCTPAHIIONIMXCS OT ABYX cTaHuumit. KoHuen-
TPUYECKHE OKPYXHOCTH COSIUHSIOT TOYKM HyJeBoit  (asel
SIIEKTPOMArHHUTHBIX TOJIeH (HyNeBBIX IOJeH) s OBYX CTaHIM.
I'mmep6onbl Ha pUCYHKE MOKA3BIBAIOT TEOMETPHYECKOe mecto (To-
JIOXKEHHE) BCEX TOUEK, PA3HOCTH (a3 B KOTOPHIX ABIAETCA OMHMHAKO-
BOM H HE MEHSICICS C PacCTOsHMEM OT craHumil. CeTs rumep6o,
TIOCTPOEHHAs ITyTEM COEIHHEHHUS TOYEK C HyJIEBBIM IOTIEM, SBILSIETCS
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o0meit g oboux moneit. PasnocTs (a3 Ha runepOONHIEcKUX KpH-
BBIX paBHA HYJIO0. DTH JINHUN HA3BIBAIOTCS JUHAMU HONONCEHUU.

V)‘
/)

NALERPRYIISLy)
AN/
SE ORI AL
A X KA XA

SASKRACAT 7

vA\“ \ A7

Puc. 2.4. Peaynemupytowie nons passocmeti a3z HasuzayuoHHbIx
. . cmanyuil:
a — O 08YX HABUZAYUOHHBIX CAHYUT, 6 — 0N MPEX HABUZAYUOHHBIX
cmanyuil.

Tak KaK ceTh IMIepOOI OCTaeTcs reorpad@uyecKy ITOCTOSHHOM,
OHa M MOXeT OBITh TPHUHATA 32 HOBYIO CHCTEMY KOODHHAT VI
ompeneneHnss reorpaguIeckoro Mecromnonoxenus. OJHAKO COBep-
MIEHHO SACHO, YTO OJMHA JTUHHS TIONOMKCHHSI HE JaeT BO3MOMKHOCTH
ONpPENENHTh KOOPJMHATE OOBEKTa; [UIA STOr0 Hy)XHa BTOpas Iapa
cTanmuil ¥ BTOpas CHCTEMA JIMHHM TONOXEHHA. DTO JTOCTHTAETCS
MPUBJIEUCHHEM TPETHEH HABHUTAIMOHHOM cTaHiuu. Cxema pacriono-
JKEHH CTaHIUd npeacTasieHa Ha puc. 2.4, 6. [lapa nepenatunkos A
U B dopMupyeT OIHYy CHCTEMY THIEpOOIHMIECKIX KOOPAUHAT, a mapa
A u C — BTOPYIO cHCTeMy. Pe3ynbTHpyromas KOOpAHHATHAsA ceTka
IoKa3aHa B IeHTpe puc. 2.4, 6. V3mepenue pasHocTeil (a3 maer
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BO3MOJXKHOCTB  ONPENENHUTh ABE THIEpPOONE], NEepecedeHne . KOTOPBIX
TeTIeph ONpeaesieT TOYHOE MOJOKEHHE IIepEMEIIAIOMIErocs 00beKTa
B TOPHM30OHTAJBHOH mockocTH. llocnemoBarenbHoOe . OmpenelcHHE
KOOpAMHAT, IlepecedeHre KOTOPHIX Teneph ONpeleNsieT TOYHOE
IIOJIOJKEHUE TOYKH X, MO3BOJNIIET MOCTPOUTH TOPU30HTANBHYIO HPO-
eKIMIO TPaeKTOPHH NepeMeInaromerocs oorekra B atMocdepe, a TeM
CaMBIM — ONIPEIETHTH CKOPOCTh M HallpaBlICHUE BETPa.

Crnemyer OTMETHTH, YTO TOYHOCTH OLpEACICHHSA KOOPAMHAT B
3HAYUTENHHON CTENEHH - -3aBUCHT OT . B3aHMMHOIO PpacIONOXKEHUS
nepeMeraonerocs o0pekTa B arMocdepe M NepenaroluX HaBUra-
UHOHHEIE CHUTHaNbl cTaHUui. Jlydmias TOYHOCTR NOCTHraeTcs IpH
HepecedeHHH THIepOoI B MOJIOKEHUH, ONM3KOM K MEPIECHANKYIAP-
HOMY. ECIIN e 3TH THHUMN IIePECcEeKatoTCs 10, O4eHb OCTPHIM YTIIOM,
BO3HHKAET 3HAYMTENbHas 30HA HEONPEIEeNICHHOCTH, BBI3BIBAIOIIAS
oumbKy B OTpeAeneHHH KOOPAWHAT H, COOTBETCTBEHHO, BETPOBHIX
JaHHBIX. B 3TOM ciiyyae HeoGXOOMMO M3MEHSTH CHCTEMY HCHONb-
3yeMBIX HaBUTAMOHHBIX CTAHUMH MM YBEIMYMBATh UX KOJIHYECTBO,
COOTBETCTBEHHO, M3MEHSI U METONMKY PEeIleHUs 3a1a4H.

[Ipu GaskcHOM (IpOCTeilIeM) pENIEHHH IONOXKEHHE OBBEKTa
ompenendeTcs MyTeM MPOCTOTO BBIYUTAHHA (a3 IBYX BEHOMEIX
craHuu# 3 Qazel Bemymeil crannuu. B obmem runepbonnieckoM
PEHICHHH HUCIIONB3yeTcs Oonee Tpex nepeaaTdukoB. OHU CUMTAIOTCS
9KBUBAIEHTHHIMY, T. €. U1 HUX HE ONpEeAeNieTcs BeAyllas HaBHUra-
UHMOHHASA CTAHIHA. _

Hawnygmme pe3ynsTatel 00ecneurBacT COBMELMICHHOE PEeIICHIE,
KOTZa M3 KaXJIO0ro repefaTynKa UCIoNb3yeTcs 6onee omMHOH yacTo-
THI, 8 YHUCJIO MCIONB3YEMBIX HABUTAIMOHHBIX CTaHIMME — HE MeHee
BOCBEMH. Bce Haxoznsmuecs B pacOpsPKEHHH CHCTEMBI NepeJaTdHKy
ABTOMATHYECKH HCIIONB3YIOTCS CHCTEMOHM M pacdeT NOJOXKEHHA
Oasupyercs Ha ONTHUMH3AlMH HCIIONB30BAaHUSA NeEpelaTIuKoOB Ha
OCHOBE KayecTBa CHUTHaJNOB. ONTHMH3AIMSA OCYILECTBIIETCS IyTeM
pacuera ko3 HIHeHTa B3BEIINBAaHNA M1 KAKIOTO CHTHAIA IO €T0
KaueCTBy H IIOCIEAYIOIIEro pacyeTa «CpeAHEB3BELICHHOTO» 3Haue-
HUSI BCEX NPHHATHIX CUTHANOB. IIpm 3TOM 3ddeKT nryMoB B CHTHa-
JIaX pasNMYHBIX TIEPENaTINKOB MMeeT TCHACHUHIO K YMEHBUICHHUIO
H3-3a OTCYTCTBHS KOpPpPEISILMH, ONTHMH3alys B3BCIIUBAaHUS Ha Oase
KayecTBa CHTHAJNA MHHHUMH3HpPYET d(Q@exT mrymMoB, a H3MEHEHHS
HHTEHCHBHOCTH CHTHAJIa HE HMEIOT 3HAYEHHS.
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Bricota mepemermatorerocss o0bekra B aTMocdepe B AaHHOM
METOJZIe He M3MEpsIeTCs; OHa BBIMMCIIAETCA C TOMOIIBI0 6apoMeTpH-
YeCKOH (HOPMYJIBL

2.5. O6paboTka TaHHBIX BeTPOBBLIX HA0MI0deHMit

Onmuyeckuil u paouonoOKayUuOHHbLHE MemMOoObl HAbII00eHUI.

Ecmu B pesynbTaTe HaOMIOACHAH 33 IEepeMenaomyMcs B aTMO-
chepe MapoM-IIMIOTOM IONYYaeTCs IOCJIeI0BATENFHOCTE OIpee-
JICHHBIX KOOPAHMHAT IIapa, TO CKOPOCTH W HAIIPaBJICHHE BETPA MOTYT
OBITH BEIYHCIICHB! KaK IrpadUIeCKy, TaK U aHATHTHICCKH.

I'paduueckas 06paboTKa MpeArToNaracT UCHOIL30BaHUE adPONO-
FHYECKHX IUIAHIIETOB (KpyroB MoXMaHOBa); IIpH 3TOM Jid 06paboT-
KM JaHHBIX -ONTHYECKHX MIAPOMHIOTHBIX H  PaAHOTEONOTHTHBIX
HabmoneHnit npenuaszyaded Kpyr 4-30, a mms o0paboTKy paguono-
KaWOHHEIX Habmoaennit — kpyr 4-30D. TeXHONOTHsA MCIIONL30Ba-
HUS 9THX KPYrOB JETaJIbHO OIHCaHA B COOTBETCTBYHOImX Hacras-
neHuAx Pockomruapomerta [27, 28].

Anamutrndeckas oO6paboTka mpeanonaraeT HCIONbE30BaHUE COOT-
BETCTBYIOIIMX TEOPETHYECKHUX 3aBHCHMOCTEH, YTO B CBA3M C HHTCH-
CHBHEIM Pa3sBUTHEM CPEICTB BBHIYHCIHTENBHOM TEXHHKHM TIPECTaB-
ysiercst GoJiee KOPPEKTHBIM, TIOCKOJBKY OOECTICUHBAET OONBINYIO
TOYHOCTD ¥ OIIEPATHBHOCTH MMOJYUYCHHBIX BETPOBEIX JTaHHEIX.

PaccMOTpHM HEKOTOpBIE OCHOBHBIC ACIIEKTHI aHATHTHYECKOW 00pa-
OOTKH OITHIECKOT0 W PAIHONOKAHOHEOTO METOIOB HAOTIOASHTIH.

PaccmarpuBast m3oOpaxernue Ha puc. 2.1,0, COOTBETCTBYIOIIEE
[EpEMEIICHUI0 Mapa-IIoTa B atMocdepe, BBEIEM B TOPU30HTANE-
HOHW IUTOCKOCTH JUIi TOYKH - C; Odexapmogy CHCTEMY KOOPIMHAT:
HanpaeuM oCh X N0 MEpUAMAaHY Ha ceBep, a och Y — IO Mmapajuiend
Ha BOCTOK: Ilycte mampaenenseii orpe3ok C;C,; COOTBETCTBYET

BEKTOPY CKOPOCTH BeTpa V B pacCMaTpMBAEMOM CIIoe. PasioxkuM’

3TOT BEKTOpP Ha JBE COCTABISIOINME; TOIAa BEIHYMHA CKOpOCTPI
BeTpa MOXKeT OHITh HalineHa o popmyie

2 2 .
v=,[v vy, (2.30)
rae v, ,Vy — MCEpHAHOHAJIbHAA M 30HaJIbHAaA COCTABIIAIOIINE BEKTOpa

BETpA.
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Hampaenenue Betpa (e), T. €. HanpaBleHHe, OTKyqa AyeT BeTep,
MOXHO OIIPENENIUTh C IOMOIUBIO BEIPAKEHUA

e=arctgl)—y-+180°. (2.31)
v

X

Meropuka onpenencHus. KOMIIOHEHT BeTpa (V,,V,) 3aBUCHT OT

TOT0, KaKO# BHJ BETPOBHIX HAOIIOIEHHUH peaau3yercs.

Tak, npAMOYTONBEHEIE KOOPAUHATHL X, y, Z MIapa-TIAJIOTa IIPH pa-
JHMOJIOKAaIINOHHOM MeToje HaOIofeHHH CBS3aHBI ¢ KOOpPIMHATAMH
R,0,p (HasbiBaeMmMn cepHUCCKUMH) CIEAYIOIMME COOTHOIIE-
HUSAMHU:

x = Lcoso, = RcosPcosa,
y = Lsina = Rcosfsinot , (2.32)
Z=Rsinf.

COOTBETCTBEHHO, MPAMOYTOJBHBIE KOOPAWHATH X, y, Z HIapa-
TIAJIOTa TIPY ONTUYeCcKuX (WIH pagMOTEOHONHMTHBIX) HAOIIONECHHAX
cBs3aHbl ¢ KoopauHatamu H,0,[ (HaseBaeMbIMH HWIHEIpHIe-

CKI/IMI/I) C IIOMOINBKO OYEBHIOHBIX BLIpa)KeHI/II‘/'Il

x= Lcoso. = HetgBcosal,
y = Lsinat = HetgPsino . (2.33)

B (2.32) n (2.33) mox L moHMMaercs ANMHA TOPU3OHTAILHOM
MPOEKIMH CMEMICHUS MIapa-MAIOTa MEXKAY COCETHUMH ITOJ0XKEHHU-
MH.

COCTaBJUIIOH.II/Ie vx,vy MTHOBEHHOM CKOpPOCTH TOYKH, KakK H3-

BECTHO, IPCACTABIAIOT coboit IIPOHU3BOAHBIE COOTBETCTBYIOLIMX
TFOpU30HTAJIBHBIX KOOpJHUHAT, T. €.

dx dy
V,=—, vV =—.
e 7 dt
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Cpenuue 3HaYeHWst KOMIIOHEHT CKOPOCTH 3a IPOMEXYTOK Bpe-
MeHn Af Torma MOTYT OBITH OIpeNeNeHBl ¢ MOMOLIBIO KOHETHBIX
npupamennit Ax,Ay:

A& Ay
AT A

Taxum obpazom, muddeperppys (2.32) u (2.33) o ¢ u nepexo-
A5 K KOHEYHBIM HPHpALICHHAM, MOXHO IOJYIHTh BRIPXCHHS L
OIIpEIETeHHs KOMIIOHEHT CKOPOCTH BETPa I PAAUONIOKAIMOHHOTO
H OIITHYECKOTO (PaJHOTEOONMTHEIX) METOI0B HAGIIHOIEHHMH:

v, = % = ARicosBcosoc - RsinBcosocA—B -
— A : (2.34)
— RcosPsino 2%
A . o A
v, = Ly _AR cosPsino — RsmBsmocéE + RcosBcosoc—a :
At At : At At
Ax AH H AB
v, = ~ =— cthgosoc - Sin’B cosocA—t -
A T, (2.35)
- Hcthsinoc—a
At
Ay AH . . A
v, = = —ctgfBsino ——— smocA—B + Hcthcosoc—OL .
At At . sin“B At At

YuureiBas, 4To W=~—A-—, BEIpaxeHHA (2.35) MOXHO mHepenu-
t

caTh B BHIE
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' H A -
= wetgPBcosa — cosoci—? - HcthsmocT(Zc , (2.36)

sin’f
AP

sino.— + HctgPcosa Aa :
At At

v, = wetgBsinot = —
sin

HaiineHHble CKOPOCTH M HampaBlIeHHA BeTpa ABJIIOTCS CPEIHHU-
MM JUIS COOTBETCTBYIOLIMX CJIOEB, PACIOJIOXKEHHBIX MEXTY BBICOTA-
va H; 1 Hiyy, T. €.

H+H,,
2

H=

Cneflyer OTMETHTh, 9TO AHANOTMYHOE PACCMOTPEHHE MOXHO
ObUTO OBI BEUTONHUTE, PACCMATPHBAS PagUalbHYIO (BIOIH TOPH30H-
TAJBHOIO CMEIEHUA) W TAHTeHUHAIBHYIO (10 HOpMall K TOPHU30H-
TAIBHOMY CMEIICHNI0) KOMIIOHEHTEl CKOPOCTH BETPa; MOXKHO OBIIO
pewars 3ajady, OIpenessis HeIOCPEICTBEHHO MOZRYIb CKOPOCTH
BeTpa U HalpapJieHle BeTpa. '

Kax Obuto OTMeueHO BBIIE, OJHUM K3 Haubollee COBPEMEHHEBIX
METOJIOB pealli3alliil HaBHUTAIIMOHHOI'O METOJAa HaOIIOJCHMM sSBIA-
eTcs Tak Ha3bIBaEMBIH coemeuyenniti memod. COBMEIEHHEI METO
TpebyeT OOIMMPHEIX BO3MOXHOCTEH 00pabOTKM NAHHBIX H3-3a 3HA-
YUTEABHEIX 00BEMOB 00paboTKH CcHrHaIoB. MOXHO BBUICIHTD
CIIEAYIOLIMEe OCHOBHEIE 3Tanbl 00paboTKH JaHHBIX.

Hasuzayuonnwtii Memoo Hab100eHU.

Hemexmupoeanue ¢azvl. I Kaxaoro mepenaTduxa dasza Kax-
JI0# YaCTOTHI HOJDKHA JETEKTHPOBATECS B XOJ€E MOCIEN0BATENBHOCTH
nepenayr. 10-cexyHaHas HOCIENOBATENBHOCTE MEPENaYd CHUTHANOB
B cucteme OMEI'A cocronr u3 BOCBMH OKOH IIepefiadH, a
3,6-cexyHnHas rocnenoparenbHOcTs ceTt OHY CUTMA, Bxomamux
B coBMelieHHyto cucteMy OMEI'A, cOCTONT U3 mIeCTH OKOH mepe-
Iagd. YacToThsl MCIONB3YIOTCSA TAaKUM 00pa3oM, 9TO IUIS CeTH HEeIo-
cpencteedHo OMEI'M mMmeerca 8+6=48 pnerexktupoBanmit ¢a3 B
teuenue 10 cexyHn, a A CeTH CUTMA -5 I(e’TeKTHpOBaHHPI B
Te4geHre 3,6 CeKyHaI.

Qunvmpayus yposus cuzhana. B xoxe QunbTpanyy ypoBHS CHT-
HANla TOYKH OTKJIOHEHHS (Pasbl OAABISAIOT Ha OCHOBAHMH CHELHalIb-
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HO paspabortannoil perpeccMOHHON Monenmu. PUIbTPaIUs IPON3BO-
IWTCS OTAENBHO VI KAXKJIOTO CHI'HAJIA.

Cosmeryenue u npogepxa coemecmumocmu. COBMECTHMOCTD
IPOBEPAETCA IS IIPOM3BOAHBIX (ha3 Kaxaoro mepenarauka. OOmas
mpou3BoAHas (a3 BEIpaXaeTcs MyTeM oObeTMHEHHS BCEX IIPOU3BO/I-
HBIX (a3 OTHEeNbHBIX 9aCTOT.

Onpedenenue sempa. Bektop BeTpa MoXeT OBITH ONpenencH C
TMOMOIIBIO CIIEIYIOMETO BEIPAXKCHH:

V =(F'K'DF ' F'K'DP, (2.37)

rae F — matpuna cdepruecKoil TPHIOHOMETPHH MEXIy IepeaaTdu-
kamu OHY wm 30HmMpyIomeii crannuei; K — MaTpuna B3BEIIMBaHUS
Ha 0a3ze KauecTBa curHana; P — BekTop mpomsBomHbIX (aser; D —
IUaroHaJbHas MaTPULa, IPH IOMOMM KOTOPOH MOXHO HCKIIFOYATh
WIH BKJIIOYATH B PACCMOTPEHHE T€ WM WHBIE NIEePeJaTINKH HaBHIa-
IIHOHHBIX CTAHIHH.

Ilposepra coemecmumocmu CUZHANO8 KANCOO20 nepeoamyuxa.
Ecmu mmeercs Gonee Tpex mepenaTiMkoB, Kaxkaas KoMOmHanus
MOJKET IPOBEPATECS U ONIPEHEICHUS TOTO, yBEINUNBAECT JIH KaKoM-
100 M3 MMEIOIMXCS CHIHAIOB OCTATOK PErPECCHM 3HAYUTEIBHO
6onpiie apyrux. OTkmoHSAONMecS CUTHANBl JOKHBL HCKIIOUaTHC,
a BEKTOp BETpa — IEPECUUTHIBATECS.

Qunempayus cocmasnsowux sempa. IlpousBomurcs GuisTpa-
U BEKTOpa BeTpa AJs yJAJleHHS CYLIECTBEHHO OTKIIOHSIOIIMXCA
BEKTOPOB.

Cucrema m3Mepenns BeTpa Ha 6aze OHY umeer BHYTpEHHIONO
cHOCOOHOCTh KOHTpONs TouHocTH. Hambonpmas BO3MOXHAs TOU-
HOCTH MOJKET OBITh oneHeHa nyteM mpuema curaanos OHY cranmo-
HapHOH aHTEHHOM M pacueTa (aKTH9IECKOTO IepeMeleHus. pyrum
METOJIOM SIBJIIETCSA CPAaBHEHHE CKOPOCTH BETPa, M3MEPEHHOH pas-
JIMYHBIMA METOJIAMH. ‘

Cremyromue cpeTHEKBaApaTHISCKAE OMMOKH MOTYT ObITH TH-
NHYHBIMA [IPU CPaBHEHWH PaslHYHBIX MeTonoB pacdera OHY mo
OTHOIIECHHIO K HAaJeKHOMY 3TAIOHHOMY DPE3yNbTary, H3MEPEHHOMY
NpH H3BECTHHIX YCIOBMSX: TPEX-UETHIPEXCTAHIMOHHAS CHCTEMA —
2 M/c; BOCEMHCTaHIMOHHAS cucTeMa — 1.2 M/c; COBMEIICHHAs CHC-
tema — 0.8 mM/c.
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I'JTABA 3

M3MEPEHME OCHOBHBIX
METEOPOJIOTHMYECKHUX BEJIMYUH
IPU PAINO30HIANPOBAHAU ATMOC®EPHI

3.1. OcoGeHHOCTH H3MEPEHUH METEOPOTOTHIECKHX
BEJIMYHMH NPH PaJHO30HIMPOBAHAN ATMOCHEPHI

M3MepeHHs] METeOpOJIOTHYECKHX BEJMYUH [PU PamMO30HIUAPO-
BAHHM aTMOC(EpHl OTHOCATCA K KIACCy METEeOpOJOTMYEeCKHX M HX
NENBIO SBISETCA ONpEENeHHe KaK CaMHX METEOPOJOTHIECKHX
BEIMYHH, TaK W UX pachpepencHuit B arMocdepe. OcoOEHHOCTHIO
TaKuX U3MEPEeHUH fABIETCS TO, YTO OHH IIPOH3BOAATCA HE B OJHOH
TOYKe, KaK NIPH HA3eMHBIX METEOPOJIOTHYECKUX H3MEPEHMAX, 4 BO
BpeMs JBH)KEHHS M3MEPHUTENHHOTO Npubopa Mo BEpPTHKAIM ¥ TOPH-
30HTAJIH.

B CyIEeCTBYIOWHUX CHCTEMAX PaO30HIMPOBAHUS U3MEPSIOTCH,
KaKk MpaBUiIO, JHIUb OCHOBHEIE METEOpPOJIOTHMUECKHE BEIHIHHEL
Crnenyer 3aMeTHTh, OJHAKO, UX IlepedeHb MOXKET OBITH pasHBIH. B
PaIHOIOKALMOHHEIX CHCTEMAaX M3MEPSIOTCA OOBIYHO TemIepaTypa U
OTHOCHTENHHAS BIAXHOCTH BO3AYyXa, B HABUTALMOHHBIX CHCTEMaX —
TEeMIepaTypa, OTHOCHTENbHAS BIAKHOCTE U JaBlieHHE Bo3myXa. lIpn
3TOM HauOOoNbIIEH MPOCTPAaHCTBEHHO-BPEMEHHOH H3MEHYHBOCTBIO
00nagaroT TEMIepaTypa i OTHOCHTEIILHAS BIAXKHOCTD, 4 TEMIIEpATy-
pa BO3LyXa IpeacTaBseTcs Hanbonee nHHOPMaTUBHOH, IOCKOJIBKY,
B KOHEYHOM HTOr€, OIpejeNnsdeT 3aKOHbl M3MEHEHHI NaBIeHHA C
BBICOTOH.

VIMEeHHO MO3TOMY MpPEACTAaBISIET OCOOBIN MHTEPEC MCCIEIOBaTh
0COOCHHOCTH H3MEPEeHWH TeMIepaTyphl BO3IyXa IPH paaHO30HAH-
pOBaHHH aTMOC(EpEL.

PaccMOTpuM YCIIOBHS TENNIOOOMEHA TEPMOMETpA CO Cpemoit, Ko-
TOpHIC OIPEAEISIOT TEIUIOMHEPLMOHHEIE CBOHCTBA TEPMOMETPOB.
IIpy aHATHTHYECKOM HCCICIOBAHHMH YCIOBHH TEIIOOOMEHa TepMO-
MeTpa CO Cpefod TerIooOMeH CONPHKOCHOBEHHEM (KOHOYKIMSA U
KOHBEKIIMSA) MOXKHO XapaKTepu3oBaTh 3akoHOM HeroToHa ¢ cymmap-
-HBIM k03¢ ¢uuneHToM Teruionepenadn o). [ ecTeCTBEHHBIX yCIIO-
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BUH TIpH 9TOM OCHOBHYIO POIb WTPAacT KOHBEKTHBHEIH TEMIOOOMEH,
HMEHHO KOTOpPHIA 1 OyieM yYuTHIBATE IIPH BHIIOJHEHUH aHAIN3a.

Paguanuonselii TeNI000MEH XapaKTepH3yeTCs BENMYHHOH pas-
HOCTH BCEX Pa/MalMOHHBIX IIOTOKOB, OTHECCHHBIX K C/IMHMIIC Bpe-
MEHH W €JVHWMLE [MOBEPXHOCTH AarTduka (Tax HA3bIBACMBIH, panua-
UHOHHBIHN Oanmanc B).

IIpeanonoxum, 4To TEPMOMETP — HEKOE TEPMOMETPHIECKOE Te-
710, MMEIOIIee MACCy 771, yNIENBbHYIO: TEMIOEMKOCTE ¢, TEMIEPaTypy
T , IIoWazb TEIUIOBOTO COTIPHKOCHOBEHHMS CO Cpeiol §, IIomans,
110 KOTOPO# MPOMCXOMUT PaTHallMOHHEIH TeroobMen § . Temmepa-
TYpY CPENBl, B KOTOPOM HAXOMWTCSA TEPMOMETPHYECKOE TeNO, 060-
sHaguM depe3 7. Torga oTHECEHHBIH K eIWHHIIE BpeMEHH ¢ CyMMap-
HBIH TEIJI0BOM HOTOK K TEPMOMETPHIECKOMY TEIY

Q| T
o 5y B
= !oc(T T)dS-l}-_([BdSk. @3.1)

Ecnu HConp30BaTh MOHATHS CPENHHMX BEJWYHMH, TO BBIpaXKEHHE
(3.1), moxHO nepenucars B BUIE

‘;_? = —a(T —T)S +BS®. (32)

B T0 k€ BpeMs, cunuTas moje TEMIIepaTyp B TepMoMeTpe Oesrpa-
JINEHTHBIM, MOXKHO 3aIIHCATh

dQ = mcdT . (3.3)
Wckmogas w3'(3.2) u (3.3) Benmuuuny dQ, noiydaem

‘mc%=‘—&S(f—T}+ESB. (3.4)

BaenieMm o6o3Hauerne mc/ OS = A. DTy BenMuuHy OOBYHO Ha-
3BIBAIOT KO3 OHIHEHTOM TeIUIOBOM HWHEPIHH TEPMOMETpa WIIH
MOCTOSIHHOU BPEMEHH TEIUIOBOM MHEPIIMH; Pa3sMEPHOCTD 3TOM BEIH-

52



YMHBL — BpeMs. Torna, HCIONE3ys BBEACHHOE 0003HAYEHNE U OIIyC-
Kas 3HAYKH OCPEIHCHUS, ypaBHeHHe (3.4) MOXKXHO IepenucarTh B BUAC

dT +F-1-B5 0. 35
oS

B npenmnonoxeHuy, YTO pajMalMOHHBIH TEILIOOOMEH OTCYTCT-
ByeT, ypaBHEHHE (3.5) MOXHO NepeNuCcaTh CIEAYOmuM 06paszoM:

ar__ _dr (3.6)

Wnaue roeopsi, B COOTBETCTBHH C (3.6) MOXHO YTBEp)KIATh, 4TO
KOI(Q(YUIMEHT HHEPIHMH ONpEleNIeTCs CKOPOCTHIO H3MEHEHHS
TeMnepaTprI TEpMOMETpPa IPY E€IUHUYHOH Pa3HOCTH TeMIEpaTyp
MEXIY CPeNoi U TEPMOMETPOM.

PaccMoTpuM BapuaHT, KOrJa TEPMOMETD, HMEIOLIMH HayalbHYIO

Temmeparypy 1,, BHOCHICA B cpedy, Ilie TeMIepaTypa IMHEHHO
HU3MCHACTCA BO BPCMCHH (HaHpHMep, YMCHBIIACTCA, YTO SBJIACTCA
AOCTaTOYHO XapPAaKTEPHBIM UL MOABEMA TepMOMeTpa B Tpomocde-
pe), T- e.

T=T,+v1¢
roc

ar
y=——=const.

Jlnist MHTErpUPOBaHUS CelaeM 3aMeHy nepeMenHoi 1 Ha mepe-
MEHHYIO X, TIOJaras

x=T-T=T-T,—yt
Torna ‘
dT =dx+vy dt.
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Ilocne  moacTaHOBKM M pasgciacHua INCPEMCHHBIX MOXHO
HONy4YHTh

dx dt
—_=_= (3.7)
X+ YA A

UnTterpupys (3.7) no Bpemenu ot 0 10 T ¥ 110 IEPEMEHHOH X OT
Xy =Ty —Tymo x=T —T , momydaem

T—T=(T,~T,+y e —y\. (3.8)

U3 (3.8) cmenyer, uro passocts 1 —71 ¢ TedeHHEM BpEeMEHHU
CTPEMHUTCS. HE K HYIIO, YTO COOTBETCTBOBAJIO OBl 3aJa4e M3MEPEHNU,
a K HEKOTOPOH NOCTOSHHOH BeNIHYMHE, KOTOpas TeM Oomslie, gem
Oonpure  KO3(GUIMEHT TENNOBOH HHEPIMH TEPMOMETpa M 4YeM
GoJIbIIe CKOPOCTh M3MEHEHHUS TEMIIEPATyPHI CPEBL; IIPH AOCTaTOUHO
GOINBIION BEIIEPIKKE TEPMOMETpa B cpefe (T >> A)

—~

T—T=—y\. (3.9)

Tax, HanpuMep, €CIIH TEPMOMETP NOAHUMAETCS B CIIOE € IIOCTO-
SHHBIM TpaguieHTOM TEMIIEpPAaTyphl, TO IIOKa3aHHS TepMOMETPa
IpUOIDKAIOTCST K HEKOTOPOH TeMIEpaTypHOH IpsSMOH, OTCTOAMEH
OT WICTHHHOU TeMIEpaTypHON 3aBHCHMOCTH Ha BEIHYHMHY —Y?». B
ClTydae MOBBIIIAIOIIEHCsT TEMIIEPATYPEI CpeABl TEPMOMETD 3aHIKAET
TEMIIEpATypy, @ B Ciydae MOHIDKaomelcs, Hao00pOT, 3aBhIIIacT.
Ilpu 3TOM, U B TOM, U B APYI'OM CIIy4ae HMEET MECTO «OTCTaBaHUE»
TEpMOMeETpa.

[IpakTudecku mpu GPOBEACHUH 30HIMNPOBAHHUA BBEIOCDXUBACTCS

yemosue T>> A, npr kotopom T —T = —Y\, H ONpEAEIsIOT TeMIle-
patypy cpens kak 1 = T+ YA, IpUYEM ISl OIPENETEHHS Y MOXKHO
BOCIIONIE30BaThCs paBenctBoMm Y =dT /dt = dT / dt , nonyueHHBIM
nyteM auddepenuuponanus (3.9).

Benuuuny — YA MOXHO TOIZA Ha3BaTh UHEDYUOHHOU NOZPEUHO-
Cmvio mepmomempa B Cllydae NTHHEHHOrO U3MEHEHHS TeMIIEpaTyphl
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Cpellbl; Ty K€ BENMYHHY ¢ OOpAaTHBIM 3HAaKOM MOXXHO Ha3BaTh uHep-
YUOHHOT RONPABKOY MEPMOMEMPA.

Cnenyer oOpaTuTh BHUMaHHE Ha TO, HACKOJHKO OTIHYACTCS IO~
Ty4eHHBIH pe3ynbTar OT MIEaJbHOIO M3MEpeHHS C SApOM, Ipen-
CTaBIIEHHBIM B BHIE O -(QyHKIHA.

PaccmoTtpum mpuMmep, Korza npyu HOABEME C HOMOILIBIO TEPMO-
MeTpa H3MepseTcs TeMmieparypa B ciloe atMocGepsl ¢ WHBEpPCHOH-
HBIM pacIpesie]IeHUeM TeMIIEPaTYPHL.

. Torma, B MONBIHBEPCHOHHOM CJIOE TEpPMOMETpP OyIeT 3aBbImIaTh
TEMIIEpPaTypy, & B WHBEPCHH, HAOOOPOT, 3aHMXaTh. B pesynsrare
TEPMOMETD «CTJIALHUT» H3JIOM TEMIIEPAaTYpHO# KPHBOH Ha BEIHUYHHY
AT wu 3aBeicuT Ha BenW4MHY AK BBICOTY PaCHONIOXEHUS TOYKH
H3MEHEHHS IPaJIueHTa TeMIIEPaTypEl.

Hixe Touky u3noMa TeMuepatypsi (T >>A)

v,<0,a (T-T), =—yA (3.10)

DTa Pa3sHOCTh fABISETCS HAYANBHON pPasHOCTBIO VIS BEPXHErO
CJIOA BBINIE TOYKH H3oMa. [ToaTomy

(T,~-T,), =—Y,:. (3.11)
Torza ypasHeHHe (3.8) JUI BEPXHETO CIOS IPUMET BH
T T =(-yA+v,M)e™ —y,\, 3.12)

I'Zle BpeMs OTCUMTHIBACTCS OT MOMEHTa H3MeHeHHs 3HaKa TpagueHTa
TeMuepartypsl, a Y, > 0. UToOB HONyuYHTh TOYKY H3MEHEHHs 3HAKa

TpajMeHTa TEeMIEPaTypsl TEPMOMETPA, MPHPABHSIEM HYIIO NPOH3-
BOJHYIO OT TEMIIEPATYPHI IO BPEMEHHN:

~

dT .
E=Y2—(Y2—Yl)t h=0. (3.13)

Pemmus (3.13) oTHOCHTENBHO T M YMHOKHB pe3yJbTaT Ha BEPTH-
KaJIGHYIO CKOPOCTH JBIDKEHHUS JaT4vKa B cpene w = dh/ dt, nony-
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