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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-
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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,
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> 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,

22




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
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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-
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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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JacM IPCBBINICHUC TOYKH nepem6a TeMnepaTprI TEPMOMETPa Haq
JIEHCTBUTEIBHOM TOYKOM nepern6a

Ah=wt=whlnt2z— Y1 (3.14)
Y

ancraBnB T u3 (3.14) B (3.12), momyuaem
T-T=0. (3.15)
A noacraBuB T ﬁs (3.14) B paBeHCTBO
AT =Y,T,

MONyYaeM BENHYMHY, Ha KOTOPYH OyJeT 3aBHIMICEHO MHUHHMAIBHOE
3HAYCHHE TEMIIEPATYpPHI (B TOYKE HAYala HHBEPCHH ):

AT =y Y2 =N (3.16)
2
Ilpu wncnons3oBarmu (3.14) u (3.16) nng BBeXEHHS IOIPABOK
CIIEyeT YYUTHIBATh, 4TO Y; H Y, UMEIOT Pa3HBIe 3HAKH.

HUTak, B ciiy4ae OTCYTCTBHA PaiialldiOHHOTO TemnooOMeHa HHep-
IHOHHEIE MOTPEIIHOCTH 30HUPOBAHMS TIO TEMIIEPATyPe TEM MEHb-
mie, 4eM MeHbIIe K03 QrIreHT nHepurH TepMOMeTpa, YeM MEHBIIe
abcommoTHas BeNMYKHA TPaJHEHTa TEMIEpPaTypHOi CTpaTHOUKALUK
aTMocdepsl 1 UeM MEIICHHEE TIepEMENIaeTCsS TEPMOMETP 0 BEPTH-
KaJIH. - : S :
Kax mmenurcs pemenwne .(3.8), ecnu ydecTs Haau4ue pamualiy-
OHHOTO Oananca TtepMomerpa? IIpeAnonoX UM, YTO paJHalOHHBIA
anaHc B IpoLecce H3MEPEHNA He M3MeHseTcs. TOorza, OCyIeCTBHB

B HCXOHOM ypaBHenm (3.5) 3aMeny mepemenHOM 1 Ha TIepeMeH-
HYIO X
x=T—-——,
oS

PUXOJIAM K CHELYIOMEMY YPABHEHHIO:
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dx x—

_ dt A _ . |
Vpapaenne (3.17) TOBTOpSeT MOMTyYeHHOE paHee ypaBHEHHE
(3.7). ToaToMy, y4uTHBas CACTAHHYIO 3aMEHY TIEPEMEHHBIX, HMEB-
meecs penieHue (3.8) MOXHO 3amuCcaTh B BUIC:

r =0. (3.17)

B

. N BS BS
T-T=(T,—Ty,———+yAMe ™ —yA+
T Ty oS ) s

(3.18)

Takum o6pa3om, ecny BenWYHWHA PafHalHOHHOro 6GajaHca Tep-
MOMETpa He H3MEHSETCA B MPONECCE U3MEPEHHUS, TO TIPH T >> A 310
TIPUBOAMT K TOMY, YTO TEMIIEpaTypa TCPMOMETPa OKa3bIBACTCA 34BbI-
1meHHo# (pu B > 0) wim 3anmKenHo# (TIpu B < 0) Ha BeIITIHHY

B
AT = BS
oS

(3.19)

Ora BenMYMHA HA3LIBACTCA PAJUAIMOHHON IOrPEeNIHOCTBIO, a
oOpaTHas €ii 110 3HaKy — paouayiloHHO NONPASKOTL.

OmHako B AEHCTBUTENFHOCTH PaJUallMOHHBIH OanaHc H3MEHIeT-
¢ BO BpeMeHH. Bo-TIepBEIX,” H3MEHAIOTCS pajlialliOHHBIC IIOTOKH B
aTMocdepe TI0 Mepe H3MeHeHHs 06IaYHOCTH WM BhICOTHl ConHua,
WIH CMEIIEHHs HM3MEPHTENBHOro NpuOopa B NpOCTpaHCTBE. Bo-
BTOPBIX, MOXKET H3MEHATHCS OpPUEHTAlUs U3MepHUTeNbHoro npudopa
B IPOCTPAHCTBE, YTO BHI3BIBACT H3MEHEHNE PaiHallMOHHEIX TIOTOKOB,
rnaBHBIM oOpa3oM, IpsIMOH CONHEYHOH paauanud. B-TpeThux,
M3MEHEeHHe TEMIIEpaTyphl CaMOTr0 TEPMOMETpPA B PE3yNBTaTe TErIo-
obMeHa OOYCIOBIHMBAST H3MEHEHHe ero COOCTBEHHOTO H3ITydYeHHS,
KOTOPOE SBJISETCS OFHOH M3 COCTABILIOIINX PaHalliOHHOTO OaaHca.

IIpn cpaBHHTENBHO MAalbIX CKOPOCTAX ABHXKEHMS H3MEPHUTEIb-
HOTrO NipuGopa B aTMocdepe TpeTbe 0OCTOATENBCTBO, KaK MPaBmilo,
ABIIeTCA HalMeHee cymecTBeHHBIM. COOTBETCTBYIOLIEE H3MEHEHHE
bamanca paIHalFiOHHEIX NMOTOKOB OKA3HIBAETCH cpaB'HmeJiLHo Ma-
JNBIM, TaK KaK OHO 3aBHCHT OT CKOPOCTH M3MEHEHHs TeMIIepaTypsl
npn6opa KOTOpas B CHIY CHCTaHHOTO npennonomenm HE MOXET
6BITI:- 60JII>HIOI/I
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Ecnu paiialioHHEI GalaHe TepMOMETPa U3MEHSAETCA, TO ypaB-
HEHHUs HECKONBKO YCIOXHAIOTCS. PaccMOTpuM Cnydai, Korma H
TeMIeparypa Cpeisl, ¥ PaJMalHOHHBIH 0alaHC TEPMOMETpa H3MeE-
HSIOTCS TUHEHHO:

T=T,+vt,
B=B,+ft, (3.20)

rae 3 — Hekas XOHCTaHTa, XapaKTepU3ylomas CKOPOCTh M3MEHEHHS

paIralroHHOrO OajJaHca TEPMOMETPA.
Torna, ocymecTBuB B (3.5) 3aMeHy TepeMEHHBIX C MCIIOIB30Ba-
HHEM COOTHOILICHUS

BS®
oS

(3.21)

1 pa3nciuB NEPEMCHHBIC aHAJIOTUYHO TOMY, KakK 3TO OBIIO BEINOJ-
HEHO JJId ciydas B = O, MOXHO TIONTYy4YUTH CICAYIONIES BEIPAXKCHHUC:

- - B,S®
T-T=(T,—T, -2
‘ 6T oS

B
Y RIS
s (3.22)

B B
BS® e BS°A
oS oS
B npenene npu T >> A (3.22) npuMeT BUJ

+

B ‘noB
BS" ) _BS
oS oS

T-T=

A (3.23)

Cpasnusas (3.18) u (3.23), MOXHO 3aMeTHTh, 4TO B (3.23) mos-
B

BHJIOCE HOBOC cliaracMoe

A, KOTOpOE XapaKTEpPH3YeT TEHIO-

BYIO HMHEPIMIO, OOYCIOBJCHHYIO pPaIHallOHHBIM TEIIOOOMEHOM
TEPMOMETpa ¢ OKPYXKaromei cpemoil.

IpencraBinsgeT mpakTUYECKUH HHTepec CIydall pe3koro m3MeHe-
HUs pazuanuoHHoro Oamanca. Tak, HampuMep, e€ClIM TEpPMOMET,
HOJHUMAaeMbld BBEpX, IIPOXOJUT BEPXHIOIO TpaHUIy oOmaka, TO
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pafalMOHHbINA GalalHc TepMOMETpa PE3KO yBENMYMBACTCA, a 3aTEM
“M3MEHsETCs CPaBHMTENbHO cabo. B TakoMm ciygae TepMOMETp NpH
B > 0 MoXeT 1oKa3arh JIOXHY0 HHBEpCHIO Hajx obnakoM. ITomoxus

nns ynpomenus B (3.22) P=0,T1.e.B=0u fo ~T, =0, nonyunm
IS TAKOTO CITydast

T-T=| 22—y [1-e). . (324)

oS

Ecmu max obnakom umeer mecto msotepmus (Y =0), To, xak 310

cienyer u3 (3.24), TepMOMeETp TMOKaXeT ee JHIIh Ha BHICOTE, Ha
KOTOPYIO OH MOJHMMETCS HO NPOIIECTBMM BpeMEHH T >> A, TIpH-

N . pQb
4eM ¢ ommOKo#, pasHoi BS” /.S .
Urak, npu 3 =0 nHepHHOHHEIE MOrPEIHOCTH TEPMOMETPa Ol

PEIeNIOTCs. BENMIUHOH A = mc/OuS , a paJHaOHHBIE IO PEIIHO-
. B :
cru — BenuyuHoi AT, = BS” /S .

Ta e Bemmauna AT, MoxeT OBITH 3amKcaHa B BUJE

S

AT, ==Z—B. o (3.25)

mc

B Tom cnyuae, kKorga TepMOMETp 3aAIIHIIEH OT HETIOCPEACTBEH-
HOTO BO3NEHCTBMS paJHAlMOHHEIX IIOTOKOB, CYIIECTBEHHO YMEHB-
HIaeTcs pafualMOHHEIN OanaHC TepMOMETpa, a TeM CaMbIM M paaua-
NHOHHAS MOrPEITHOCTb. ' :

Hpyro# BaxxHOH XapaKTEpHCTHKOH, ONPEIEIAIOMEH paatalioH-
HYIO TIOTPEIHOCTE, SIBIAETCS Ko3dduumeHT Ternooraadn. Vme-
HATH BENIMYMHY O. MOXXHO, CO3[aBas MCKYCCTBEHHYIO BEHTHIISAIMIO
BO3/yxa okoyio TepmoMetpa. Koaddumuenr rennoornaun 6yaer tem
0oJblIe, a, CICAOBATENIFHO, PaJHalMOHHAs MIOTPEMIHOCTE (M HHEp-
M) TeM MeHbIIEe, YeM OONbHIe CKOPOCTh IBIDKEHHS BO3LyXa OTHO-
cuTensHO TepMoMeTpa. OHaKo ¢ yBEIMYEHHUEM CKOPOCTH BCTYIIMT B
CHWIy W ApYTod, HE OTMEYEHHbIH Bhie (HaKTOp — HarpeBaHue Tep-
MOMETpa 3a CYET TPEHHS BO3[yXa O TEPMOMETP M BHIAENEHUS Tella
B BO3JyXe, CKHMAIOIIEMCS N0J AeHCTBUEM IMHAMHYECKOIO JaBie-
HHS OKONO TIPETATCTBHSA, KAKUM SIBIIETCS TEPMOMETD.
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OcpenHeHuble 3HAYCHHMS TEMIEPATYPhl CPEAbl M TEMIIEPaTypHI
pEaNEHOTO TEPMOMETpa OTIAMYAroTCs JApyr otT Jpyra. [Ipm aToMm

?—T=;T(f—T)dt. (3.26)

IMoacraBisin BMecto paswoctd 1 —71 B Bripaxenwme (3.26) mo-
nyuennoe pemenue (3.18), MOXHO OUECHHTEL Pa3HOCTH COOTBETCT-
BYIOIIUX OCPEAHEHHbBIX BEJINIHH.

Ilpu T, >>A, T. €. i1 TaKUX COCTOSHWH, KOTZa POJb HaYalb-

HBIX yCJIOBI/Iﬁ YK€ HC CKa3bIBaCTCA H3-3a JOCTAaTOYHO GOJIBIIIOTO
BpEMEHHN BBLACPKKH B CPEMEC, COOTBETCTBYIONICE PEHICHHE IIOJTyda-
€TCs B CJICAYIOIICM BUIC!

T—T =—yA+AT.. (3.27)

Vnage roBOps, IPH NOCTOSHHOH CKOPOCTH OXJIXKACHWS CPEIbI
(8 wactaoctu, npu Y =0) cpemHme TeMrepaTypsl TEPMOMETpa H
Cpensl OTIMYAIOTCSA APYT OT ApPYra TOYHO TaK e, KaKk U MTHOBEH-
HEI€, €CJIM TOJIBKO BBIIIOIHEHO YCIOBHE T, >> A, .

Taxmm 06p830M, BCIICOCTBHC GOJIBIIIOTO YHCIIA UCTOUYHHKOB pas-
JIMIHBIX HOI‘peIHHOCTefI, TOYHOCTB I/I3MepeHI/Iﬁ TEMIIEPATYPEl U,
CCTCCTBCHHO, APYIUX OCHOBHBIX METCOPOJIOTHYCCKUX BCIWYHUH IIPH
peamm3ay pagrao30BAHPOBaAHMA aTMOCCI)epBI 6YJ.ICT S3HAYHUTCIBHO
HIXEC TOYHOCTH METCOPOJIOTHHCCKUX HBMCPCHHﬁ, BBIIIOJIHSACMEBIX B
Ha3C¢MHBIX YCIIOBHAX. Bce sTo INPpUBOOUT K HCO6XOZ[I/IMOCTI/I Kak
pa3BUTHUs MCTOLAOB Y4Y€Ta HCKaXKarOIUuX BHHHHHﬁ, TaK H CIieuuanb-
HEBEIX NICPBUIHBIX H3MCPUTEIBHEIX Hp606pa30BaTeJICI7L

3.2. MzmMepuTeIbHbIE NIPeodpa3oBaTe I TeMIIEPATYPHI

[Ipouecc m3Mepenmss TEMIIEPATYPEHl B COBPEMEHHBIX CHCTeMax
30HAMPOBAHUA aTMOoc(hepsl 3aKiIo9aeTcs, KaKk MpaBuio, B npeobpa-
30BAHUH WHQOPMALUK -0 3HAUCHUIM H3MEPAEMOM TeMIIEpPaTypHl Kak
HESJIEKTPUIECKOH BETHUNHEI B (popMy, ynoOHYIO I AardbHeHRIx
npeoOpa3oBaHmii.

OnrIT cOo3MaHUs COOTBETCTBYIOMIUX HM3MEPUTENBHBIX YCTPOUCTB
[OKa3al, 4To Haubojee HEePCIECKTHBHBIME SBJISIOTCS NMpeoOpa3oBa-
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TEAW TEMIEpaTyphl, y KOTOPHIX pe3ylbTaThl MpeoOpasoBaBus
H3MepsieMO# TeMIlepaTypsl BBIPaXKaloTCAd B BHIC H3MEHECHHS 3JEK-
TPHIECKOH BEITHYHHEL.

B COBpEMEHHBIX CHCTEMaX 30HIHPOBAHMA aTMOCHEPE! IOy THIH
HauGonbllee PacIpoOCTPaHEHHE PEe3HCTOPHEIE (MeTanmMIecKue,
TIOJTYIPOBOJHHUKOBEIE B (DONBIOBEIE), & TAaKXKe eMKOCTHEIE peobpa-
30BaTENH. '

Pe3ucTropHble TEPMOAATYUKU. DINEKTPONPOBOZHOCTE BCEX BE-
IIeCTB, KaK H3BECTHO, B TOH WK HHOH CTENIEHH 3aBUCHUT OT TEMIIEpary-
pbl. DTy 3aBHCHMOCTE IPHUHATO XapaKTepH30BaTh 3HAYCHHEM TEMIIEpa-
TypHoro  koabdummenra conporueneHns (TKC),  xoropeni
ompenensercs Kak OTHOCHTENBHOE MPHpAlcHHE 3JIEKTPUYECKOro
compotuBienus BemecTsa (R) npyu H3MEHEHNH €ro TeMIIepaTyphl Ha 1°:

o, = iﬂi— (3.28)
R dT

MeTa/LIHUeCKHE TePMOCONPOTHBIICHNs. 3aBHCHMOCTE 3JIeK-
TPHYECKOTO COIPOTHBIICHUS METAWIOB OT TEMIEPaTyphl HUCIIOIb3Y-
eTcsl B KauecTBE TEPMOMETPHYECKOr0 CBOHCTBA B METAILIMYECKHX
TepPMOMETPax CONPOTHBICHHI. V3Mepsis H3MEHEHHE CONPOTHBICHAS
IIPOBOJHMKA, TaK HA3BIBAEMOrO TEPMOCONPOTHBICHUS, MOXHO TEM
CaMbIM OLEHHUTH U3MEHEHHE €r0 TeMIIEPaTyPsI. ;

Merannsi, TpeHA3HATCHHBIE IS H3TOTOBICHHS TepMoconpo-
THBICHHH, JOJDKHBI 06na11aTb JOCTATOYHO BEICOKOM CTaGIIIBHOCTEIO;
MX TEMIIEPATYPHEIH K0I(hGHUIMEHT CONPOTHBICHHS M YHEIHHOE
COTPOTHBIICHHE JOIKHEI GBITH CPaBHHTENBHO Gombmmmu. W3 Me-
Taana ¢ OOJIBIIMM YJETBHBIM CONPOTHBIICHHEM JIETY€ HU3TOTOBUTH
JaTYMK C MaJOH MacCoi, a CIeHOBaTeNbHO, U C Maloil TeIUIOBOMH
uHepuueil. HakoHen, MeTamnbl, IpeiHa3sHa4YCHHbIE LT cepritHOrO
M3rOTOBJICHHS TEPMOCONPOTHBICHUH, NOMKHE! OONafaTh HEHM3MEH-
HBIMH CBOMCTBamMH. HamGosnee ynoTpeGHTENbHBIME MeTallaMH B
3TOM CMEBICIIE ABJIAIOTCS IUIATHHA, BONb(PaM, HUKENb, XKeJe30, MENb.

TeMnepatypHsiii K03 HUIMEHT CONPOTUBICHUS A GONBIIMH-
CTBa METaJUIOB IPAKTHYECKH IIOCTOSHEH B IIHPOKOM JHaIa3oHe
TeMIepaTyp, YTO IO3BOJSET, IPOMHTErpHpoBaB (3.28), MONY4YMTH
CIIEYIOUIYIO 3aBHCHMOCTE: ’
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R=Rye "™, (3.29)

rae Ry — conpotusneuue mnpu 1.

Boipaxenne (3.29) MOXHO YIPOCTHTBH, pasiaras SKCIIOHEHIM-
albHy!0 GYHKIMIO B psai. EclM OrpaHHYHTHCS NEPBBHIMH ABYyMS
WIEHaMH pasnoxeHusd, To npu Ty =0°C

R=R,(+0.T). (3.30)

Ha npaktuke BmecTo BeIpakeHHS (3.30) yacTo HOIB3YIOTCH CO-
OTHOHICHHSIM

R(T)=R,(1+ AT + BT?), mpu T > 0°C,
R(T) =R, |l+ AT + BT* + CT*(T —100), mpu T < 0°C,

rae A, B, C — nocrossHble K03(Q(UIMEHTH, 3aBUCAIINE OT THIIA
Meraiia. OHH ONPeENIOTCS IPY FPaTyHpPOBKE TEPMOMETPOB.

Hanpumep, 118 METaIIHIECKOTO TEPMOCOIPOTHBICHHUS U3 ILIa-
THEBL A = 3.9684710°K", B=-5.847-107K ", C=-4.22:10""K*
OOGBIHO MAMETP NPUMEHAEMOH B TEPMOMETpPAX COTIPOTHBIICHNUS
IUIATHHOBON HHUTH cocTaBiseT 20 MKM, a B OTHENBHBIX CIy4asxX —
nmaxe 5 MM. IInmaTHHOBas HUTH KPENUTCSA Ha KapKace, IIPH 3TOM e
MOXHO XECTKO COETUHATH C KapKacOM TOJBKO B TOM Cliydae, eCiu
MaTepHal, U3 KOTOPOTO H3TOTOBIICH KapKac, HMEeT TaKO# JKe TepMH-
gecKui K03 UIMeHT pacmiupenns, 4To U miatuHa. [ToaroMy MOX-
HO, B YaCTHOCTH, BHAMBATh IJTATHHOBHIH TEPMOMETP B CTEKIIHHYIO
OIIPaBYy.

ONexTpUYECKUH TOK, nponyCKaeMLm qepe3s TEPMOMETp COIIpo-
TUBICHUS TP M3MEPEHUN TEMIIEPATyphl, JODKEH OBITH ITO BO3MOXK-
HOCTH MAJIBIM, YTOGHI BBIIEAIONIEEC IPU 3TOM TEIUI0 He HCKaKao
PE3yJIBTATOB M3MEPEHHUIL; IIPH 3TOM Y€M MEHBIIE BEHTHIALUA TEp-
MOMETpa, TeM MEHBINE JOJDKHA OBITh IOIyCTHMasl CUNIa TOKA.

TTocKoJbKY TEPMOMETPHI M3 TLTATHHBI HMEIOT BECEMA MAJIBIE I0-
TPEIHOCTH H3MEPEHMs TeMIepaTypsl BO3IyXa Haxe pd cnaboit
BEHTIWIALIUY, OHH SBILIOTCSA BEChMa MMEPCIEKTUBHBIME AJIS 30HIMPO-
BaHHA aTMOC(HEDHI, OJHAKO UX CTOMMOCTH JOCTATOYHO BHICOKA, UTO
* HECKOJBKO OIPaHUYMBAET BO3MOKHOCTH HX HCIIOJIB30BAHHU.
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Cy1recTBEHHBIM - O0IMM HEOCTAaTKOM TEPMOMETPOB COIIPOTHB-
JIEHHS ABNAETCA TO, YTO JNA HONYYEHUS AOCTaTOYHO BEICOKHX CO-
TPOTUBJICHUH, KOTOPEIE OIPEAEIIIIOTCS  BO3SMOXKHOCTAMH HCIONb-
3yeMo#l IpM 30HAWPOBAaHMHM TENEMETPHUECKON - CHCTEMBI,” B HMX
JIOJDKHA DPUMEBATHCSA OYeHb TOHKAsl M BHICOKOKa4E€CTBEHHAsS IIPOBO-
NOYHAs HUT. :

CepniiHsiii HM3MEpUTENBHBIH - Ipeobpa3oBaTenh - TEMIEPATyphl
(mpoBonounslit  oOpasmossii) — WIIT-IIO u mpepHasHayeH s
HCIONB30BAHUSA B KayecTBe MEPBHYHOTO NpeodpasoBarens Temiiepa-
TYpbI ¢ HOpPMHUPOBAaHHBEIMH METPOJIOTHYECKUMH XapaKTEPUCTHKAMI.

TepmouyscTeuTensHpM dneMeHTOM UIIT-ITIO sBmserca Heuso-
TMpOBaHHas IUTATHHOBAA IPOBOJIOKA JUAMETPOM 5 MKM.

HUIIT-TIO umeet cnexyionpyie OCHOBHBIE IapaMETPEL:

— ANana30oH U3MEPAEMBIX TEMIIEPATYD .......coe.... (-90...+60) °C;
~ HOMHHAIBHOE COIIPOTHBIICHHE

mpu TeMIEPATyPe 25 °C. rivciiiinenieceeeeeeieen o 510 Om;
—IpeAen JOMyCKACMOM OCHOBHOM IIOTPEIHOCTH HM3MEPEHHI
TEMIIEPATYPBL ..eiererrerererreeineerensreressrerareeesrssarner oo es <03 °C;

— pazuanMoHHas IOTPEmHOCTh Ha BrIcoTe 35 kM-.....< 0.5 °C.

HomunansHoe craTtindeckoe npeobpasosanue MIIT-IIO 3anaercs
B BHJIE MAaTEMATHYECKOTO BHIPXKEHHA C OJHHMM IOCTOSHHEIM KO3(-
GbunrenToM, onpeensIeMsIM HHINBHAYaTbHO JUIs KaX1oTo oOpasia.

Komctpykrusno MIIT-IIO mpencraBnser coboif mpoBOIOUHYIO
pPaMKy, Ha KOTOpoil V-00pasHO pacTsSHyTa IUIATHHOBAs IIPOBOJIOKA
JnuHOH 100 MM.

MoaynpoBogHUKOBLIE TEPMOMETPHI CONPOTHBJIEHMS. [l
HM3MEpEeHHsd TeMIIepaTyphl HCHNONB3YIOTCA TAKKe MOIYIPOBOIHUKU.
Ilpy HOHMXEHHMH TeMIIEpaTypHl COIPOTHBICHHE HOIYIIPOBOAHHKOB
BO3pacTaeT M IpHU OUeHb HU3KWX TeMIIepaTypax IOJyIPOBOJHHKH
OpeBpaliaTCsa MOYTH B H30NATOpEL. HampoTwB, ¢ DOBEHINIEHHEM
TeMIIEpaTyphl CONMPOTHUBICHUE IMOMYyIPOBOIAHAKOB YMEHBIIACTCS H
IIpH BBICOKMX TEMIEPaTypax CBOHCTBA NOMYHPOBOJHUKOB CTAHOBSAT-
cs OMM3KMMH K CBOMCTBAM IIPOBOAHMKOB. Takum o6pa3oM, B OTIIH-
9He OT NPOBOJHHUKOB, 007afaI0MHUX TONOXKUTENFHBIMU TEMIIEPaTyp-
HBIMH KO3 GUIUEHTaMH CONPOTHBIIEHNS, ¥ TTOTYIPOBOJHIKOB OHH

oTpuuaTensHsie. Ilockonpky 3Ha4eHUS OlLp Y MONYHNPOBOIHWKOB IO

aOcomoTHOW BenuuuHe npuMepHO B 10 pa3 Gomnbimie, 4eM y npoBOJI-
HHKOB, YYBCTBHTENFHOCTH IIONYNPOBOJHUKOBEIX TEPMOMETPOB
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CONIPOTHUBIEHHUS, KaK TPABHIO, 3HAYUTEIHLHO BBIIEC TyBCTBHTEIBHO-
CTH METAIMYECKUX TEPMOMETPOB COIPOTHBICHHS. ‘

HonmynpoBogHUKaMH ABISIOTCS, HAIPUMED, CMECH ABYX HIIH 6o-
Jiee OKCHIOB METAJUIOB (ypaHa, MarHMs, TUTaHa, HUKeJd, kobaibra u
Ip.). I3MeHsas cooTHOUIEHHsT MEXIY pa3iIiuHBIMU COCTaBISIOIIAMHE
B CMECH, IIOIyJaloT KeaeMbIi XapakTep 3aBHCHMOCTH COTIPOTHBIIC-
HES HOJYUPOBOAHMKA OT TeMIepaTypsl. B mporiecce M3roToBIEHUS
OKCHJBl METAJUIOB IPUMENINBAIOT B BH/E MOPOIIKA K CBS3BIBAIOIIHM
BEMIECTBAM, 3aTeM MM HpUAAT QOpMy IHIHHIPOB, OYCHHOK WM
IUIaCTUHOK M OOKHraroT. TakuM 00pa3oM H3TOTaBIMBAIOTCS CEpHii-
HBIE JATYUKM TeMIIEpaTyphl — TEPMOPE3NUCTOPHI, OONajaromye 3a-
JAaHHBIMH TEPMOMETPHIECKUMY CBOHCTBAMHU.

3aBHCHMOCTH CONIPOTHUBIICHHUS IONYNPOBOAHHKOB OT TEMIIEpaTy-
pHI Koebercss B MHPOKHX mpefenax. Y ONHUX MOIyIPOBOIHHKOB
3Ta 3aBHCUMOCTH IPAaKTHIECKHM HUYTOKHA, IIOITOMY MX NPHMEHSIIOT
B Ka4€CTBE [IOCTOAHHBIX MM JTAJIOHHBIX CONPOTHBICHUH. Y IpyTruX
HOJYNPOBOJHUKOB COIPOTHBICHHE 3aBHCHT OT TEMIEpaTyphl B
3HAUMTENBHO OONbliel CTEmeHHW, YeM y METAJUIOB, IOJTOMY HX
HCTIONB3YIOT B Ka4ECTBE TEPMOJATUHUKOB.

Pasnmu4aroT nomynpoBOIMKOBEIE TEPMUCTOPEL, Y KOTOPBIX O < 0,
¥ TO3UCTOPEL, y KOTOPHIX BEIMYMHA Ol MOXET GBITH KaK IOJOXKH-

TETLHOH, TaK U OTPHIIATENHHOM.
3aBHCHMOCTH CONPOTHBIEHHS TEPMHCTOPOB OT TeMnepaTypm
MPUHATO BEIPAXKATh C IIOMOIIIBIO0 YPaBHEHUS

R = Aexp ——? , (3.31)

roe A U B — 1ocTosHHEIE JaHHOTO TEPMUCTOPA.
3HayeHwe TeMIepaTypHoro koed@uumenta corxpomBneHm
(TKC) TepmucTopa MoxeT GBITh Halieno u3 (3.31):

_1drR_ B

o == 3.32
" RAT T? (3:32)
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Tak kak B CIIpaBOYHOH JUTepaType OOBITHO YKA3BIBAETCS COIPO-
THBJIICHHE IMOIYIPOBOAHUKOBEIX TepMmopesuctopoB TIipu 20 °C
(293 K) = R3p, TO Ha MPAKTHKE ITONB3YIOTCS COOTHOIIEHUEM

R(T)=Ryexp| -2+ 2] (3.33)

BaxxHoll XapaKTEepHCTHKOI IIONYIpPOBOZHHUKOBOTO TEPMOPE3HU-
cTopa sBigeTcs K03(hdUNMEHT dHepreTudeckOd dyBCTBUTENHHOCTH
(B BaTTax Ha IPOLIEHT H3MCHEHHS COIPOTHBIEHNS), OIPEACIIEMBIi
COOTHOIIIEHHEM

G=o, i , (3.34)
100
rae H — ko3¢ dunyenT paccesHys TeINIOBOM SHEPTHH Ha TepMOpE3H-
crope, Br/°C. _

B Ta6n. 3.1 npexacraBneHsl OCHOBHEIE ITapaMETPBI MONyIPOBO-
HHKOBBIX TEPMOPE3HCTOPOB, HCIOJB3YyEeMBIX JUIA 3O0HIMPOBAHHUS
atMocdepsr. S

OCHOBHBIMH HCTOYHUKAMH IIOTPENIHOCTEH M3MEPEHHU TeMuepa-
TYpHl ¢ IIOMONIBIO IOAYIPOBORHUKOBBIX TEpPMOPE3UCTOPOB IIPH
30HAMPOBAHUH aTMOC(EpHI SBIAIOTCH, Kak 3TO ObIIO IIOKa3aHO B
pasgene 3.1, conHeuHas pagwanus (pagualfOHHBIM IIeperpesB) H
TeruioBas uuepuusd. Kpome Toro, Ha TOYHOCTh U3MEPEHUS BIMAET U
HarpeB MOJIyIIPOBOSHHKOBOI'O TEPMOPEINCTOPa MPOTEKAIOIINM depes3
HEro H3MEPHUTENBHBIM TOKOM. s

B 1paBWIBHO CKOHCTPYMPOBAaHHBIX HW3MEPHTENBHBIX CXeMax
TIPOTEKAIOMIMH Yepe3 TEePMOPE3UCTOP H3MEPHTENbHBIH TOK JOCTa-
TOYHO MaJI ¥ MPAKTHIECKH HE BBHISHIBAET HAIPEB TEPMOPE3HUCTOPA.

Crenenp paguan@oOHHOTO IEperpeBa 3aBUCUT OT BBICOTH! ConH-
1a, INIOTHOCTH BO3AyXa, CKOPOCTH JABHIKEHHUS JaTyuKa B atMocdepe,
HamHgusg 00JIAYHOCTH M ee CTPYKTYpHI, OTpakaromeil CriocoOHOCTH
001aKOB ¥ MOJCTHIAIONICH TOBEPXHOCTH, a TakXKe OT KOHCTPYKTHB-
HEIX 0COGEHHOCTEH HCIIOIB3YyEeMOro IOIYIPOBOAHUKOBOIO TepMOpe-
suctopa. C Henblo yMEHBIOICHHUS paJHalliOHHOW OMMOKH IMOIYIIpO-
BOJHHKOBBIE TEPMOPE3HUCTOPH! IIOKPHIBAIOT CHELHANBHBIMH AHTH-
pPAIUAIIOHHBIME IIOKPBITHAMH ¢ GONBIIHM KO3(QQUIHEHTOM OTpa-
JKEHHMS COJIHEYHOH pajguanuu. TeM He MeHee, BEJIMIHHA PaTHallioH-
HOM TIOTPEIIHOCTH TIPH U3MEPEHUH TeMIepaTyphl JOBOJIBHO 3HAYH-
TENBHO YBEIMYUBAETCS C BHICOTOM IMOABEMa M BbIcOTOM CoHIa.
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B nocnennee BpeMs HOABHIIMCE 0cO00 YMCTHIE IOIYHIPOBOXHU-
KOBBIE€ MaTEpUAIBl — TePMaHNH M KPEMHHA, KOTOPhIE IPEICTABISIOT
0COOBIH WHTEpEC INpU CO3MaHUHM TEPMOPE3UCTOPOB. Merpuieckue
CBOWCTBA TAKUX IOJYIPOBOJAHUKOB Pa3IHYAIOTCS B 3aBHCHMOCTH OT
HX KPUCTAJNTMUECKOH CTPYKTYpBI, KOTOpas ONpeAeNsIeTCsS HCIONb-
3yeMoM TEeXHONIOTHeH KpucTalmsanuu. Kak TepMOpE3UCTOPHl, OHU
MOTYT UMETh HMIIM IIOJIOXKUTENBHEIN, Uiy oTpunarenbasii TKC, aro
onpenensercs crIoco0OM CO3aHUS KpUCTaia W 0ocobeHHocTeH
JETUPOBaHMA IIpUMECIMHU. TEPMOCOIPOTHBICHUS U3 YHCTBIX IIOJLY-
IIPOBOJHMKOBEIX MaTepuaioB MmeloT TKC Toro e mopaaka, 4To H
TKC y metamnoB. OgHako oHH 00JafaOT OYEHH BBICOKHUM YIelb-
HBIM COIIPOTHMBIEHHEM, II03TOMY HX MOXHO JENaTh MHKPOCKOIIHYE-
ckumy. Takue MHKPOCONIPOTHBICHHS MAJIOWHEPIMOHHEI, BBICOKO-
CTaOrIIBHEI, 8 CPOK UX MCTIONB30BaHMS TPaKTHYECKH HEOTpaHHICH.

DoJLTOBbIE TEPMOPE3UCTOPHL. B mocneanee BpeMst Iy U3MeE-
PEHHS TEMIEpaTypbl BO3AyXa MOCTATOYHO & YaCTO HCIONB3YIOTCA
¢domsroseie TepmopesncTopsl (O TP). Ux uyBCTBHTENBHEIM 2JeMeH-
TOM ABJIETCSA TEPMOUYBCTBHTEIbHAS MeTAJUTHYECKas (obra.

®TP coememaer B cebe JOCTOMHCTBA METAINIMIECKUX H TIONY-
IIPOBOJHHUKOBBEIX TEPMOMETPOB compoTuBneHmst. Ilpu 3Tom, obnamas
JUHEWHOCTHIO 3aBUCUMOCTH COIIPOTHBIEHH OT TEMIEPATYPhI, OHHU B
TO € BpeMs UMEIOT JOCTaTOYHO OOJIBIIOE COMPOTHBICHHE, a CIIEN0-
BAaTENIFHO, M YyBCTBUTENBHOCTh K TEMIIEPAType, XOTS M HECKOIBKO
MEHBIINE, Y€M Y YHCTBIX NMOIYNIPOBOJHMKOB. Tak, HaIpUMep, OTHO-
meHre conpoTuierus garanka OTP npu 100 °C x conpoTHUBIEHNIO
upu 0 °C moxer cocTanath 1.607.

B oreuectBennom @TP B kauecTBe TEPMOIYBCTBUTENBHOTO 3IIE-
MEHTa HCIONb3yeTcs Hukenesas ¢onsra HII-1 Tommumbo# 5 MxMm. B
KadgecTBe THOKOro HocHTeNs (PONBIH HCIOMB3YETCS IONMAMUAHAS
mwiedka ToxmuHOH 15 miM. Ilonmamujnas TeHKa BBIIEPKHBAET
JIOCTaTOYHO BBICOKYIO Temieparypy (mo. 300 °C), 4To CymIeCTBEHHO
obneruaet Texponoruio usrororienus OTP. donpra Hanocurcs Ha
THOJVIOKKY, @ 3aTEM Ha 3TOM MAaTrepuale MeTooM (oTonuTorpadun
(bopMHpyeTCs ONpPENEIeHHb PHCYHOK TyBCTBUTEIBHOTO JJIEMEHTA.
Cepmiinsiii o6pazer; ®TP npencrapnser cobol NHIMHAP JHaMETPOM
1.6-1.8 MM 1 AnuHO¥ OoKoNO 12 MM, IOJMyYEeHHBIH HaKpY4YMBaHHEM
TOJIOCKH (OJIBIM HAa TOKONPOBOAANIME BHIBOABL JlIMHA BBIBOJOB
coctapngeT 31 MM, a quamerp — 0.5 Mm. C nenpto 3amuter OTP ot
TIOTIaZIaHus BIaru TOPIBI LIUIMHAPA 3alIHIIEHB! STOKCUIHBIM KOM-
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naysgoM. Jng ymernslienus neperpesa TP conmeynoit paguanmeit
HCHONE3YETCA CIelHalbHOe aHTHPATUAIOHHOE IOKPEITHE (3MAlIb);
cam. OTP pasmemaercs B pamke. IIpu 3ToM ciexyeT OTMETHTH, UTO
TEpMHYECKas HHEPIM €ro COCTaBiieT 3.3 ¢, YTO [IO3BOMSET IIOYTH B
IBa pa3a YMEHBIIMTH AMHAMHUYECKYIO IIOFPEHIHOCTh H3MEPEHHUS
TEMOEPATypsl, paaHaluOHHEIE NMOTPEIIHOCTH Takke B 1.5 — 2 paza
MeHBIIIE, YEM Y NOIIYNPOBOJHUKOBBEIX TEPMOPE3NCTOPOB; OCHOBHAS

norpemnocts — +0.15°C.
T a6ﬂi¢ua 3.1
OCHOBHbIE NapaMeTphI MOIYNPOBOXHUKOBHIX TEPMOPE3HCTOPOB,
HCIIONb3yeMBIX IPH 30HAMPOBAHMH ATMOC(EphI

HocTosuuse T
O O | NTnanason é) . | BpeMEHH Hpi .- M ?
S~ 2 -~ m
Tun | Rag, xOM B s S | pabounx & 2 obrexanun |
. 5 | Temmepa- = o5 | CDasHeIMH Jinave
S B Typ, °C =y CKOPOCTAMH MMTP’
. (M /c n 4 m/c)
MMT-1| 6.8;82 | 2500-2400 | 2.4-2.8( -90..+125 | 1.6 | 0.6 35/65 10-13
. ) 1.8-2.2
MMT-6 | 10-100 2060 24 | -60..+125| 1.7 | 0.3 35/22 36
0.7-0.8
0.48
CT3-18 33 2250-3520 | 2.6-4.1} -90... +125 | 0.18 | 0.05 1.0/0.28
0.34
0.27
CT3-25 33 2600-3200 | 3.75 |-100..+125|0.08 | 0.02| 04/0.11 0.17

®onbroseii Tepmopesucrop — UIIT-O (muTErpansublii npeobpa-
30BaTElb TEMIEPATYpPE], (GONBroBEIH), pa3pabOTaHHBIA CIIEHHAIBHO
IUIA 30HIUPOBaHMA aTMOC(EpPEl B KayecTBE CIIEIHANBHOrO JaTYHKA
HEPCHIEKTHBHEIX PAdHO30H/IOB, SBISETCA 3aKOHYCHHBIM CaMOCTOS-
TENBHBIM H3JEIHUEM C HOPMUPOBAaHHBIMHE METPOJIOTHYECKUME XapaK-
TEPUCTUKAMHU. -

TepmouyscTBUTENBEHEIM dneMeHTOM WIIT-® sBnsercs Hukene-
BEIH (hoJIbroBeIN TepMopesucTop Tuna TPTI2-1.

- UIIT-® uMmeer crexyrompe OCHOBHEIE TIAPAMETPHI:

— IMAaINa30H N3MEPSIEMBIX TEMIIEPATYP.......... (-90... +60) °C;

— BBIXOJIHOM IapaMeTp dIEKTPHYECKOrO :
COIIPOTHBIICHHS

— YYBCTBUTEABHOCTD ..cevveenvreenererannrerannaneanness > 2.5/ °C;
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— Npesen oIyCKaeMOoi OCHOBHOH IOTPENTHOCTH
HU3MEPECHUS TEMICPATYPEL ...eivevreerareeeieennies <0.5 °C

HomunpanbHas cTaTHUecKas XapaKTEpPHUCTHKA MpeoOpa3oBaHms
HIIT-® 3apnaercd B BUAE MaTeMaTHIeCKOd (GOpMyNBI ¢ AByMS IIO-
CTOSHHBIMH KO3 (OUIHEHTaMu, ONpeNeIeMbIMH UL  Ka)XIO0ro
obpasma gaTguka.

Koncrpykrusno UIIT-® mpencrapnser coboit TepMOpe3nUCTOp,
IIOKPHITHIH aHTHPaJHalMOHHOM 3Malbl0 M 3aKPEIUICHHBIA Ha TPOBO-
JIOUHOH paMKe.

EmkocTHEIE npeoOpazosareny. IIpHHIAI JEHCTBES €MKOCTHBIX
npeobpasoBareniel (TEPMOKOHIEHCATOPOB) OCHOBAH Ha 3aBHCHMO-
CTH €MKOCTM KOHJECHCATOPOB OT TEMIIEpaTyphl, 00YCIOBIEHHOM
TEMIEPATYPHOH 3aBHCHMOCTBIO AUBJIEKTPHIECKON NPOHHIAEMOCTH
IIPEMEHAEMBIX IM3JIEKTPHKOB. ,

OCHOBHOH XapaKTEPHUCTHKON EMKOCTHOTO Mpeobpa3oBarens sB-
JSETCA €0 TEMIEPATyPHBIH  KOdQOHUIHEHT O , NPEACTABIAIOMMNIA

co00l OTHOCHTENbHOE W3MEHEHHE EeMKOCTH KoHzaeHcaropa (C),
NPUXOAIICECs Ha M3MEHeHHe TeMIiepaTypsl B 1 K:

o, = iﬂ (3.35)
cdr

Kak npaBuno, TEpMOKOHAEHCATOP BKIIOYAETCS B KOJebaTelb-
HBII KOHTYpP BBICOKOYAaCTOTHOTO T'€HEPATOpa, 3amIWHICHHOTO OT
BO3HCHCTBHSA Temmeparypbl. Tak, HampuMep, IPH HCIOIb30BaHHUH
TEPMOKOHIECHCATOpPa € ~ TEMIepaTypHbeIM  Koadduipentom
o, ==720-10°K™" npu usmeneHnn nu3MepseMoil TeMIepaTyphl Ha
100 K n3menenue emixocTH cocraBuno 7.2 nd, uro obycnoruio
HM3MEHEHHWE YaCTOTHl BBICOKOYACTOTHOTO TEHeparopa ¢ 4YacTOTOMH
oxomo 8 Ml Ha 2.7 xI'm.

EmxocTHOH npeobpa3oBaTens TEMIEPAaTyphl, pa3spaboTaHHBIN B
Ounnaanun pupmoit Baiicana mpezncraBuser co6ol €MKOCTHYIO
xarcyny (TEPMOKAID).

UyBCTBUTENLHBIM D7E€MEHT. IPEACTABIAET COOOH IUANEKTpHUe-
CKHH KEpaMMYECKHM MaTepHal, TeMIepaTypHas 3aBHCHMOCTb KOTO-
pOro TOYHO KOHTPOIHPYETCS 3a CYET BBIOOpa MaTepHaia ¥ YCIOBHi
€T0 M3TOTOBICHHS. MeTalnyu4ecKue dNeKTPOoIbl IOMENIEHRI ¢ 00enx
CTOPOH TOHKOM ILJACTHHKM M3 KEPAMHYECKOI'O Marepmaia, TONIIH-
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Hott 0.2 MM, KOTOpas W ONpeenIeT 3aBHCUMOCTE JaTINKa OT TEMITe-
paTypEL. - :

s 3amuTe OT BIAXHOCTH JAaTYHK ITOMEIIASTCA B MAICHBKYIO
CTEKJISIHHYIO Kancyny (mmuHo# 2.5 MM m auamerpom 1.5 Mm) ¢
JBYMs TOHKHMH TOIBONAIIAMU HpoBoaxkaMu (muamerpom 0.04 mm).
Jng ucknrodeHws omuboK H3MepeHus, 00YCIOBICHHEIX BO3MOXKHEIM
CMayHBaHUEM JaTdhKa M BO3ICHCTBHEM KOPOTKOBOJIHOBOTO COJI-
HEYHOTO M3My4YeHNMs, CTEKIBIHHAS Karcyna noprrra TOHKOH MOAUPO-
BaHHOH aMIOMIHHEBOH TLIEHKOH.

Jatunx temnepatyper TEPMOKAII obnagaer cnenayromumu oc-
HOBHBIMH TIapaMeTpaMHu:

— H3MepsAEMBIA HHTepBal TEMIIEPATyp (-90... ¥60) °C;
=~ PASPEIICHHUE ....ueevreererrersirsinsnisroneceessesrosses 0.1°C; :
~  MaKCHMaJbHAs paJuanrdoOHHas MOupaBKa- :
(mpu 10 rIla u - Beicore Comuua  45°) ... < 2°C;
~ .TepMmYecKas MHEPUHWS IpPH CKOPOCTH 001yBa 6 M/C:
u naBneHnd Bo3ayxa 1000 r1la ... .. et <25c.

Wcnonp3oBanue  1momo0HOrO  JaTuMKa IpU  HM3MEPEHMAX
TeMueparypsl B armocdepe I103BONAeT 06ECTIEUHThH H3MepeH1/m c
TOYHOCTEIO mopsaka + 0.2 °C.

3.3. MzmepuTeabHbIe Npeodpa3oBaTeld AaBJIeHUs]

ATMmoc(epHOe [aBleHue SBISETCS BAXHEHIIeH XapaKTepHCTH-
Ko# aTMoc(ephl, TaK Kak €ro HPOCTPAHCTBEHHBIE M BPEMEHHbIE
M3MEHEHHUs COIPOBOXXAAIOTCS HM3MEHEeHHSIMH XapaKTepuCTHK BO3-
TYIDTHBIX TEYCHHUH.

MeToB M3MEPEHUS [JaBIEHUs, MCIONb3YEMBIE NPH Paiuo30H-
JMPOBaHWU aTMOC(EpHl, OCHOBHIBAIOTCS, Kak IIPAaBUIIO, HA HM3MEpe-
HHM CHIBl AaBleHHA. Tak, B IWana3soHE W3MEHEHHS IAaBICHUS OT
mpusemuoro 7o 1 rlla (Beicota 50 kM) B KadecTBe . JaTYMKOB AABIie-
HUSI HMCIOJB3YIOTCA 0apoKOpOOKHM W CrIenuanbHBIC HHTErpajbHbIe
peodpazoBaTEIH. ‘

Bapoxopo6ku. bapokopobxu oTHoCSTCS K Ki1accy AedopMalu-
OHHBIX IIPeOOpasoBaTeNel U MPEACTaBIAIOT CO00H KPyriyro, repme-
THYECKH 3aMKHYTYIO, HEBRICOKYIO KOPOOKy, Jallle BCEro ¢ rogpupo-
BaHHBIMH YIPYTMMH, OCHOBaHHMAMH (MeMOpaHaMHM). M >KECTKUMH
cTeHKamMu. MeMOpaHbl M3rOTaBIMBAIOTCA M3 YNPYTHX MAaTepHaloB,
KaK IPaBHJIO, NMPEICTABIMIONMX cO00# cIulaBel (Hampumep, HeH-

69




3unpbep — CIIaB M3 HHUKENL, MEIM W IMHKA), GOCGOPHUCTYIO WM
OepumueByro O6poH3y u cramb. [IBe MeMOpaHbI, TepMETHUECKH
cmasHHble OOpTaMH TakK, 4TO MEXIY HHMH CO3[a€TCsi IIOJOCTb,
obpasyror OGapoxopoOky. Bosgyx u3 KOpoOKM OTKauMBaercs 0
TaKoOH CTeleHy, ‘4TO IaBICHHE Ta3a B Hel COCTaBjIeT BCEro He-
CKOIIBKO TeKTonackanei. B pane cnydaes ams obecmedenns Temiie-
paTypHOM KOMIIEHCAIHU TIONIOCTh KOPOOKH 3aIlONHSETCS WHEPTHHIM
rasoM, HO yaue a3oToM npH nasneHuM 40-50 rlla. Ilnockmit neHTp
OZTHOM MeMOpaHBI HEMOJABIKHO KPENUTCS, a IIOCKHMIA HEHTP APYTroi
OCTaeTcs CBOOOIHEIM M HMEET BO3MOXXHOCTH CBOOOAHO IEepeMe-
IATEC.

Ilon nmeficTBHeM BHemIHEro aTMoc(epHOTO AaBlenus MeMOpaH-
Hasg KOpo6Ka CXXMMaeTcs WM PAaCHIUPAETCS [0 TEX IOp, IOKA CHJIbLI
YIPYrocTH MeMOpaHsl B 3aKII0YEHHOr0 B KOpOOKe Ta3a He YPaBHO-
BeCAT cuily atMocepHoro namrienvs. [Ipy ypaBHOREIIMBAHNH CHIIBI
aTMochepHOro JaBieHHAs MeMOpaHbl CBOOOTHO MpPOrHOarOTCs, IPH-
BOJA K IIEpEMEIIEHHUIO IIOABIDKHOIO ILIEHTpa KopoOku. Bemuumna
3TOTO IEPEMEIIECHHUS H CITYXKHT Mepon H3MEPSIEMOTO aTMocdhepHoro
JIaBJICHHSL.

YcTaHOBIEHO, 9TO 3HAYECHHE npom6a IJIOCKOM MeMOpaHHI T

IeHcTBHEM aTMOC(EpPHOro HaBleHus p ompenensercs 3/ p . s

HonyquI/m THHEWHOHN 3aBHCHMOCTH HPOTHOa OT BEIMYMHBE - JaBIIE-
HHS BO3AyXa MeMOpaHBl H3TOTaBIHMBAIOT roQpUpPOBaHHEIMH, B pe-
3yJbTaTe Yero nporubd MeMOpaHHoi KopoGku AL B 3aBUCHMOCTH OT
M3MEHEHHS aTMOC(EPHOTO [ABNEHHS Ap MOXHO OLEHHTH C ITOMO-

B0 HpI/I6JII/I)I(eHHOFO COOTHOHICHHS .
4

AL = c—A , 3.36
PE D (3.36)

rae ¢ — ko3¢ dunueHT, 3aBUCSIMH OT MaTepraia u Gopmel MemGpa-
HEL, r — paguyc MeMmOpansl; [ — TommpuHa MeMOpaHbl, E — MOy
VIPYTOCTH MaTepHraia MeMOpaHEL

U3 cooTHomenus (3.36) cnexyeT, 4To A7 YBEIHYESHHUS YyBCTBHU-
TENTBHOCTH MEMOPaHHON KOPOOKH HEOOXOAMMO YBEIMYUBATE PasMe-
psl MeMOpaHbl' U yMEHBIIaTh MX TOMMMHY. Tak Kak yBeIudeHHE
IMaMerpa KOpoOKu BiiedeT 3a cOOOH CHIDKEHHE €€ MEXaHM4eCKON
HPOYHOCTH, TO HapboJee ONTUMANBHBIM ABJIETCA AUaMeTp 4 — 6 cM.
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[TockoneKy OOBIMHO CYHMTAETCH, YTO MPOrHO MeMOpaHHON KOpOOKH
HE JOJDKeH IpeBhImaTh 5 % Iuamerpa mMeMOpaHBI, MaKCHMalbHO
BO3MOXXHBEIA ITPOru® omHON MeMOpaHHOM K0p06KH HE IIPEeBBIIIacT
2 -3 MMm. ‘

s nonygenns Goxpirero npom6a BMECTO OJHON MeMOpaHHOH
KOpOOKH MPHUMEHSIOT TOCIEI0BATENEHOE COSMHEHHE IBYX-YEThIPEX
KOpOOOK, I 4eTo co3maercs 6apoOmoK.

B psage cnyvaeB npuMeHsIOT 6apoKOpOOKH ¢ IUIOCKHMH MeMOpa-
HaMM, 9TO OOECHeunBaeT IOBHIIIEHHYI0 UYBCTBHTEIBHOCTEH IIPU
M3MEPEHHH MalbIX AABJICHUI (B HECKOIBKO pa3 IO CPaBHEHHUIO C
0OBIYHEIMU TOQPHPOBAHHEIMI MeMOpaHaMHu).

UyBCTBUTENBHOCTH 0APOKOPOOOK MOXET OBITH yBETHYEeHa U 3a
CYET HCTIONE30BaHMs CIEIMAIBHEIX KHHEMAaTHYECKHX Tlepeaay.

CymiecTBeHHBIMU HEAOCTATKaMH 0apOKOPOOOK SBIAIOTCA THCTE-
pE3HC M 3aBHCHMOCTH Npornba MeMGpaHBI He TONBKO OT BEIMYMHEI
JaBIECHUS BO3LyXa, HO U OT TEMIEPATYPHl OKPYKalomiei - cpesl.
Hocnennee 06ycnoBIeHO 3aBUCHMOCTBIO OT TeMIIEPATyphl MOMYISA
YIIPYroCTH MaTepuana KOpoOKM U 3aKIIOYeHHOTo B Hed rasa. [{ns
YMEHBILIEHNU TEMIIEpaTypHBIX OMMOOK IpPY H3MEPCHHH [aBJICHMs
MOTYT HCHONB30BaTHCS Pa3iHYHEIE CIIOCOOEI TepMOKOMneHcauHH
KHHEMaTH4eCcKas, CHIOBas H Ia30Basl. v

IIpuHnmn kunemamuyeckoli TEPMOKOMITEHCAITHI COCTOUT B TOM,
9T0 B OTHOM M3 DJIEMEHTOB KMHEMAaTHUECKOH TIiepeladd UCIONh3yeT-
Cs1 3BEHO, BHIIOJHEHHOE M3 OHMeTaa, KOTOPOe [0 CBOUM IapaMer-
paM noabupaercs Tak, 4To Aedopmamus 6apoKopoOkH, 06yCIOBIEH-
Hasg TOJNBKO WM3MCHEHHEM  TeMIIEpaTypbl, KOMIICHCUPYETCS
IPOTHBOIIOIOXKHON 10 3HaKy Aedopmanuer oumeranna. [Ipn uzme-
PEHMM JaBICHHS B MIUPOKOM AMANA30HE KMHEMAaTHIeCKHe KOMIICH-
Caropsl MOTYT BBINOJHATHCA C MEPEMEHHOW YYBCTBUTENHHOCTHIO,
3aBUCAIIEH OT BETMYHHBI JaBICHUA.

CunoBas TEpMOKOMIOCHCAIHS 3aKJI0YaETCS B TOM, 4TO YCHIIHA,
passuBaroumecs npu pedopManuu OUMETAUIA, UPUKIAIBIBAIOTCS
HETIOCPEACTBEHHO K MeMOpaHHOH KopoOke. DTa JONMOIHMTENbHAS
CHIa OOJDKHA KOMIICHCHPOBAaTh HM3MEHEHHE J>XECTKOCTH YyBCTBH-
TEJIFHOTO 2JIEMEHTA O/ BIUIHUEM TeMIePaTypHL.

IIpusnun 2a3060t KOMIIEHCAalHH COCTOUT B TOM, YTO MeMOpaH-
Hasi KopoOKa HamoJHAeTCA Ta3oM [0 HEKOTOPHIM HeOONIBIINIM
napleHueM. lIpy moBBIIEHWM TeMIepaTyphl JaBIEHWE ra3a B KO-
pOOKe pacTeT U KOMIIEHCHPYET CHIDKEHHE JXECTKOCTH TYBCTBHUTEID~
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HOT'O 3JICMEHTA; IIpY [IOHIKEHUH TEMIIEPaTyPhl — MPOLECC NIPOTHBRO-
MIOJIOXKHBIH. . ,

TazoBas u CHIIOBAs TEPMOKOMIICHCALMY TIO3BOJAIOT CYIHECTBEH-
HO CHU3UTH BIMSIHHUE TEMIIEPATYPHl IPH M3MEPEHUAX B OIpaHHYEH-
HOM [Hala3oHe W3MEHeHMs JaBlIeHHsd, Korma oO0seM OapokopobOku
W3MeHseTCs He3HauynTeNbHO. TeM He MeHee; BCe BHUIBI TEPMOKOM-
TIEHCAIINY HE TI03BOJIAIOT IIOJHOCTBHIO MCKIIOUHTD BIMSHHE TEMIEPa-
TYpBI Ha Pe3yJIETATEl K3MEPEHHUS JaBJICHHUS C IIOMOIIBIO OApOKOPOOOK.

BecbMa . TIEPCIEKTHBHEIM  SBISIETCS  JIaTYMK  JaBICHUS
BAPOKAII;, paspaborannpiii B Ounmaagmu ¢upmol  Baiicana.
JlaTauKOM OaBIEHHS SBISETCS MAICHbKAsS AHEPOMIHAS Kalcylia C
YYBCTBUTEIFHBIM 3JIEMEHTOM BHYTPH aHeponpaa. UyBCTBHTENBHBIN
SIIEMEHT IpeACTaBiseT coOOH ABE IUIACTHUHEI, OTCTOAIIUE JIPYT OT
Ipyra u o0pasylomye JeKTPHYecKyo eMKOCTh. BepXHas muacTtuHa
ECTKO CBA3aHa C BepXHeH MeMmOpaHoi. 6apoKOpPOOKH C IIOMOIIBIO
CTEpPKHA, BEPXHHH KOHEIl KOTOPOTO Ha 5 MM BBICTYIAeT Haj IO-
BEPXHOCTHIO BEpXHEH MeMOpaHBI;” 3TOT K€ CTEPXKEHb SABJIAETCH
SIEKTPOIOM, M30JIHUPOBAHHEIM C IOMOIUBIO CTEKIITHHOM BCTABKH OT
6apokopo6ky. IS MOBBIIEHHS MaKCHMalbHOH dyBCTBUTEIBHOCTH
IpW MaJBIX [ABICHUSX BTOpas IUIACTHHA C IIOMOIUBIO JPYToro
CTEp)KHS TaK)Ke JKECTKO COeqUHIETCA ¢ HypKHeH MeMOpaHO# Gapo-
KOpOOKH; 3TOT CTEPXKEHb Taloke BBICTYIIAET HAJ IOBEPXHOCTHIO
HIDKHEH MeMOpaHs! -0apOKOpOOKH M ABJSEeTCA BTOPEIM JIIEKTPOJOM.
UsroToBnenue AaTduka TpeOyeT NpEenU3MOHHONW TEXHOJIOIHH, IO-
CKONIBKY JOJDKEH PEerHCTPHPOBaTh JIMIIL M3MEHEHHE €MKOCTH JBYX
IUIaCTHH.

Taxko# faTyuK o0JaaeT CIeAyOIMIMY NapaMeTpaMu:

—  HHTEPBAN H3MEPEHHS JABIECHU .....ocevvereuennnne (1060... 3) rlla;
—  PABPEIIEHIE ...c...ieemeerreererarieneenneernesaerresnsessnsessasssanes 0.1 rlla;
—  OMAMET]P KATICYIIBL ....eouviemeeerarenreerenareeeneesneesnnesnens 35.5 mm;
= BEC.iteereererrieienenneed S ST OO SRR TOTRUPTIN 5r.

Hiis yMeHbIeHNs ‘BO3ICHCTBAA TeMIIEpaTyphl OH IIOKPHIT TOH-
KOM MONMUpOBaHHO}H aTIOMHHHUEBOH IIICHKOH.

B cuny Toro, 9To ZaTUMK BEChMa MalCHbKUM, nerKI/Ii/'I, B HEM OT-
CYTCTBYIOT KHHEMAaTHYECKHE CXEMBI, TOYHOCTh M3MEPEHHSI C €ro
MOMOIIBIO NaBJICHHU ABIAETCA BechbMa BeIcOoKor — 0.5 rlla.

HurterpajibHble H3MEpPHTeNbHbIe Npeodpazoparenn. B mo-
cueiHee BpeMs MOSBWIMCH TpeoOpasoBarely HaBieHusS Ha Oase
[ONYTPOBOJHAKOBEIX -~ TEH30PE3UCTOPOB. MX - MpUHIMAN JAEHCTBUA
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OCHOBaH Ha TEH30PE3UCTUBHOM 3G ¢eKTe — U3MEHEHHN JIEKTpHYE-
CKOT'0 COCTOSTHHS NOJYNPOBOIHMKA (0OBIYHO B BHIE KPHCTANIa) IOA
ICHCTBHEM BHEIIHEH HArpy3Kd, co3mamomei nedopmanuio B Kpu-
cTamie. B ‘ '

Jlns XapakTepUCTHKH H3MEHEHHUs COIPOTUBIEHHS HpH medop-
Maluy MOJB3YITCS KO3()(PUIMEHTOM TEH309yBCTBHTENBHOCTH (),
KOTOpBIA IpeficTaBiser co00l OTHOMICHHE OTHOCHTENBHOTO H3Me-
HEHUsI conpoTHBIeHU (R) K OTHOCHTEILHOM NedopManuy B JAHHOM
Hanpasnenud (I):

_AR/R

ALY

TonympoBOJHUKOBAS TEXHOJIOTHA HHTEIPAbHBIX CXEM I103BOJLI-
€T CO3JaTh COBEPIICHHO HOBYI KOHCTPYKIHIO, - COCTOAINYIO H3
MOHOKPHCTAIHYIESCKOTO YIPYToro 3neMeHTa (MeMOpaHEl), Ha KOTO-
POM BBHINOJHEHE! YYBCTBUTEILHHE K JABJICHHIO HOJYNPOBOJHUKO-
Bele OOIIAaCTH — TEH3OPE3HCTOpHI, M KOpIyca, OOpasyIoIIero mpu
COEIMHEHUH ¢ MeMOpaHOH BaKyyMHYIO T4EHKY.

Jlnst Toro, 9TOGE! BEIIONHUTE U3MEPEHHE JABICHUS, JOCTATOYHO
H3MEPUTH TOK, NPOTEKAIOMKI dYepe3 TeH3ocompoTupiacHue. s
YCHIIEHHs] BHIXOQHOIO CHUTHANA 0OBIYHO HCIONB3YIOT YETHIPE TEH30-
Ppe3ucTopa, BKIIOUEHHEIX 10 CXeMe MOCTa Y HTCTOHA.

IIpriMeHeHne pa3NUIHbIX METORAOB TEPMOKOMIICHCAIUH, B YacT-
HOCTH, HCIIONB30BaHHUE SKBHUBAJICHTHOH MOCTOBOH HM3MEPUTENBHON
CXEMBl, M3MEHEHHE CONPOTUBIEHHS KOTOPOH 3aBHUCHT TOINBKO OT
H3MEHCHHUS TeMITepaTypbl OKPYXarolie# cpexsl, MO3BOISET OJHO-
CTBIO  YCTPaHHTH TEMIICPATYPHYH) IOIPEHIHOCTh IPH H3MEPEHHH
IaBIICHUA B INHPOKOM AHaIa30He.

Uzmepurenselii npeobpazoBaTelb aTMOCGHEPHOTO JaBICHUS
(UITAJ]) sBnsercss 3aKOHYCHHBIM CaMOCTOSTENBHBIM H3JIENHEM,
MpeqHa3HAYeHHBIM JUIA  KCTIONB30BaHHS B KadecTBE IEPBHYHOTO
npeoOpaszoBaTens NpU W3MEPEHUH HaBIEHHS BO3IyXa, C HOPMHUPO-
BaHHBEIMM METPOJIOTHYECKHMH  XapaKTepuCTUKaMH. UyBCTBHTENb-
HEIM sneMmeHTOM HMIIAJl sBIsSeTCS WHTETPambHBIM KpPEMHHEBEHIN
TeH30PE3UCTOPHEI Ipeobpa3oBaTelh JaBICHMA.

HITA]L uMeer cnexyrolyie OCHOBHBIE NIapaMETPhI:

(3.37)

~  JIHama30H U3MEPEHUS JABIICHHS .....cccovverees ., (1070...10) rlla;
—  Ipezel JOmycKaeMOH MOTpEMHOCTH H3MEPEHHS

JABIEHHUST «ovvveeneennrennnnns. s e 1 rlla;
—  JMana3oH paboUHX TEMIEPATYD.....ccrrieeersuenns (-15... +65)°C;

—  BBIXOJHEBIC MAPAMETPHI — TPH 3HAKONCPEMEHHBIX HATIPSHKECHMA
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B IIPEAEHAX c..verurenreenrenennne feererreeneeenie it (0.1 :2.5) B;

—  HAOPKCHUE HCTOYHMKA THTAHHS «o.vivveneeeeenernreeeenvennens 5B;

— - TOK, HOTPEOJIIEMEIH OT HCTOYHUKA TUTAHUL. ............. <5 MA.

O6nagas maeIMu rabapUTHEIME pa3MepaMu (AxaMeTp MeMopa-
HBL 5 MM, BbIcOTa — 1 Mm), UTTAJ] obecriednBaeT BEICOKYIO YyBCTBH-
TeNFHOCTE U3MEPEHMIA, IPY 3TOM OCHOBHAS IIOIPELMIHOCTh H3Mepe-
HUS naBnaeHus cocrasiier 0.5 %.

Homunanenas craruueckas xapakrepuctuka WIIAJL 3amaercs B
BH/IE MATEMATHIECKOTO BHIPAKEHUS C HECKOJBKAMH MOCTOSHHBEIME
k03 hUIHEeHTaMI, OTpEACIIEMBIMH T KAKIOTO 00pasiia.

3.4. U3mepureabHbie npeodpa3oBaTe/ i BIAAKHOCTH

BraxHOCTh BO3/AyXa WIPaeT 3HAYHTENHHYIO DONb B PANle BaX-
HeHmKX aTMochepHBIX MPOUECCOB, HAaUPUMEpP, Ha PagHaTMOHBEBINR
pexxuM atMocephl ¥ 3eMHOHM HOBepXHOCTH. IlosToMy H3MepeHHe
BIAXHOCTH B aTtMocepe SBJITETCS JOCTATOYHO BaKHOMW 3ajadei.
Cremyer OTMETWUTH, OXHAKO, YTO TOYHOCTH WMMEIOIIMXCH METO0B
M3MEpEeHus BIAKHOCTH SABIISETCS, KaK MPABIIO, NOCTATOYHO HU3KOH,
a cO3JaHHE HOBBIX THUITOB U3MEPHUTENBHEIX NMPpeoGpa3oBareneil BiIax-
HOCTH HATaJIKHUBAETCSA Ha OYEHb OONBLINE TPYAHOCTH, CBA3aHHBIC, B
YACTHOCTH, C TEM, 4TO IPH HHU3KHX TEMIIEPATYpax COAEpIKaHHe
BOISIHOTO I1apa B aTMocdepe JOCTaTOUHO MAJIO.

Hns usmepennit B arMocepe HauboNbIee pacHpOCTPaHEHHE
MONYYUIH TpeoOpasoBaTeNy BIAKHOCTH, B KOTOPBIX pPEaH3yIOTCA
ZIBa OCHOBHBIX METO/a: ONHH — COPOIIMOHHBIA METON, KOT/Ia HCHOIb-
3yeTcsl UyBCTBUTENBHEIN 27eMeHT (KHBOTHAS IUTEHKA), JJIHHA KOTO-
pOTo H3MEHsETCA B 3aBUCHMOCTH OT OTHOCUTENHHON BIIAXKHOCTH, a B
OpYTOM OT OTHOCHUTENBHON BIANKHOCTH 3aBHUCAT 3JIEKTPUYECKUS
CBOMCTBaA AaTYNKa (EMKOCTHEIC M PE3UCTUBHBIC JATIHKH).

Cop6uuonnbie MeToAbl. CBOHCTBO TEN NOIIIOIIATH BOMSHOMN
Iap Ha3bIBAeTCA TMIPOCKONMYHOCTEIO (copOmmeii). B camom obiiem
CiIydae IpY IMOIIOHICHHH BOJIHOTO IIapa MOTYT M3MEHATHCH Macca,
JVHEHHbIE pa3sMepsl X O00BEM Tena, a TAKXKE ero JJIeKTPHYECKHe
XapaKTCPHCTUKH (EMKOCTE).

B uactHOCTH, Ha CBOMCTBE M3MEHEHHUS JHHEHHBIX pa3MEPOB KU~
BOTHOM IUICHKM B 3aBUCHMOCTH OT OTHOCHTENBHOM BIAXHOCTH
OCHOBaHBI, TaK Ha3elBaeMble, AedOpPMalIOHHbIC NaTYMKU. Marepu-
an, U3 KOTOPOTO H3rOTABIMBAETCA NATYHK, O0NAgaeT MUKPOCKOITH-
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YeCKHMH IIOpaMH, KOTOpPEIE BO BJIAXXHOM BO3AyXe -3allONHAIOTCS
Bojoi. Ilopel medopmupyrorcs Benel 3a M3MEHEHHEM BIAXXHOCTH
OKPY’KAIIIEero BO3JyXa: OHH PAacHIMpSIOTCSA, €CIM BIaXHOCTH IIO-
BHINIAETCA, ¥, HA00OPOT, CTATHBAIOTCS, €CIH BIaXHOCTh ITOHMKAET-
cs1. COOTBETCTBEHHO, M3MEHSIOTCS H JIMHEHHEIE pa3Mephl MaTepHala.

@opmyity I 4yBCTBHTEIHFHOCTH TakHX AebOPMAIMOHHBIX AaT-
YHKOB MOXKHO TIONYYHTH, €CINH CYHUTAaTh, YTO KPHBH3HA BOIHBIX
MEHVCKOB M3MEHSETCS TaK, YTO JaBJIEHHME HACHIIICHUS HaJ HUMH
BCETZa OKa3bIBAaeTCA paBHBEIM AaBJICHHUIO I1apa B OKPY’KAIOIIEM BO3-
ZIyXe, T. €. OCYIIECTBILIETCS JUHAMUIeCKOe paBHOBECHE THIIA

e=E,, (3.38)
nnmu
E
===, 3.39
TEETE G-39)

rie E, E, — gaBneHue HACHIIEHHOIO BOIAHOTO IIapa B arMocdepe u
HaJ BOJHEIM MEHMCKOM, pajguyca r, e — IapluanbHOE JaBlieHHE
BOJSHOTO Tapa B arMocdepe IpH OTHOCHTENBHOM BIIaKHOCTH BO3-
myxaf.

BennunHy Er MOXXHO paccudTaTh, MCIONb3ys Gopmyny Tomm-
COHa:

L
PNkKT

rie 0 — IIOTHOCTE BOMASHOIO Tapa IpH Temueparype T; p — xanun-

E =Eexg -———p|, (3.40)

JSIpHOE AaBlieHre; N — KOHIEHTpAIHs MOJIEKYJI BOASHOTO Iapa.
JInis ManbIx yIpyrux JedopMaryii B THHEHHOM IpHOIVKEHIH

dp__dr (3.41)
M r

e M — MoayJb yIpYTOCTH MaTepHalia JaTUHKa.
Jins nedopManoHHOTO 3JIeMeHTa AJIHHOH [ MOXHO 3alucaTh

dl =2nldr, (3.42)

rae n — 4ucCiIo nop Ha €AMHuIYy JUINHEL
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U3 (3.39) u (3.40) umeem

E U
In=r=Inf=e-"p, 3.43
= f ONET p (3.43)
OTKyJa '
dinf__ # (3.44)
dp PNkKT '

Ucnions3ys (3.41) u (3.42), NIpUX0auM K BLIPQKEHHUIO, OIpPE/e-
TAFOIIEMY 9YBCTBUTENBHOCTE JaTIHKa (B Oe3pa3MepHOM BHU/E):

dInl _ pNkTD
dln f um

roe D — nedpunuT TeMiepaTypsl TOUKH POCHL

Jnst npuMeHsIomuxcs AeOpMalMOHHbBIX JaTIHKOB Oe3pasmep-
Has 1yBCTBUTEIHHOCTh 3HAYMTENBHO MEHBIIE €IUHMIBLL B paszmep-
HOM BHJIE UyBCTBUTEILHOCTh MOXET OBITH OTpPE/eNeHa ¢ TOMOIIBIO
CIIEYIOILETO BBIPAKEHHUS: ‘ ’

, (3.45)

dl _IpNKTD | (3,46
daf uM

Haubonee HeNMOCTOAHHOMN BENMUHUHOMN B BRIpaxeHuH (3.46) SBI-
ercsa Momynb ynpyroctd M. OH yBeNHYHBAETCA C IOHIKEHHEM
TEMIIEPaTYpEl ¥, KPOME TOTO, 3aMETHO M3MEHSETCS IO MEpe crape-
Hud fatuvka. TeM He MeHée 3amMcaHHbe QOPMYJIBl ¢ JOCTATOYHOH
CTEIEHBI0 TOYHOCTH IO3BOJAIOT ONPEHEIHUTh YYBCTBUTEIBHOCTE
nehOpManMOHHEIX JaTIUKOB,

B macrodmee BpeMs IIpy U3MEPEHUSX OTHOCHUTENBHOM BIIAXHO-
cTH B atMocepe B KadecTBe JepOPMAIMOHHOrO MaTepHana HCIob-
3YIOT, TAK HAa3BIBAEMYIO, XXUBOTHYIO TIeHKY (0o/Iprom, 3070TO0MIIa,
napdromepHas jakka). JTa IUICHKa HMMeEeT BIIONHE NOCTATOUHYIO
qyBCTBUTENHEHOCTE M MAIIYI0 TEMIEPaTYPHYIO 3aBHCHMOCTB. JKHBOT-
Has IUICHKA, HCIIONBb3yeMas B HM3MEPHTENBHEIX . IpeoOpasoBaTensx
BIKHOCTH, JOJDKHA OBITH OJHOCIONHOM W HENaKMpPOBAHHOM, TOJ-
muHa ee — 0.003 cM. Ilnenka MOHTHUPYeTCS B JaT9UK C HATHKEHHEM
oxono 20 r Ha 1 ¢M IMHpPHHEI U JONXKHA OBITE BEIAEpPKAHA B TEUCHHE
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HECKONBKHX YacOB B HACHIIICHHOM IIapOM BO3IyXe, IOIBEprasch
MPH 3TOM HATKEHUIO. [{sT yMeHBIOIEHHs THCTepesuca sBIAeTcs
XKeNaTenbHBIM HAaXOXICHHEe AaTunka B TedeHne 20 MHH A0 H3Mepe-
HEH B HACHIIIEHHOM BO3JyXe. Coe

ITpu nomananuy Ha )KHBOTHYIO IUIEHKY BOJBI TOYHOCTH H3Mepe-
HUH pe3KO yXYJMIAeTcs, MO3TOMY IUICHOUHBIH NaTYHK AOJUKEH OBITH
3alMIIeH OT Kamenb Joxiad. ChelyeT OTMETHTb, 9TO IIOJOOHEIE
IaTYHKKH BOOOIE OTIMYAIOTCS HEBBICOKOM YCTONYHBOCTBIO Ipamyu-
POBOYHEIX JaHHEIX BO BPEMEHH.

Hcnonp3oBaHne MIEHOYHBIX AATINKOB [TOKA3ajlo0, YTO OHH JOC-
TaTOYHO YIOBICTBOPHTENHHO paboTaioT a0 TeMmeparypbl —40 °C
(ommbka gocturaer 20 %); npu Ooiee HU3KUX TeMIlepaTypax OHHU
paboTaroT IIOXO BCHEACTBHE 3HAUMTENBHOM HHEPHMOHHOCTH, NOC-
TUTAOIIEH JECATKOB MUHYT, U THCTEPE3NCA. ‘

O pemuunHe OeOPMANMOHHBIX H3MEHEHHH IpeoOpasoBaTels
BIQXHOCTH OOBIYHO CYIOAT IO COOTBETCTBYIOLIEMY H3MEHEHMIO
SNEKTPHYIECKOTO COMPOTHUBIICHUS PEOCTaTa, ABHXOK KOTOPOTO JKECT-
KO CBf3aH C CaMHM JedOpMaIrMOHHEIM JaTyukoM. FiMenrHo mosTtomy
TaKre W3MEpPHTEIBHBIEC IPeoOpa30BaTeNll BIAXHOCTH HHOINA Ha3bl-
BAIOT JATYMKAMH 3JIEKTPOMEXaHNYeCKOTO THIa (KOMOWHHpPOBaHHEI-
MH JaTYUKAMH).

Emxoctable qaTunkn. CoBpeMEHHBIMHM AOCTaTOYHO 3 ¢EKTHB-
HBEIMH SIBISIOTCS €MKOCTHEIE TOHKOIUICHOYHEBIE H3MEPHUTENIbHEIE
npeobpa3zoBarenn BiaaxHocTH. HauGonpniylo H3BECTHOCTB Cpely
HEUX momyumi gatauk Braxuoctn XbIOMMUMKAII, paspaboranusiii B
Ounansaaun Gupmoit Baiicana. ITpunnun ero paboTsl OCHOBaH Ha
M3MEHEHWH XapaKTepHCTHK TOHKOIUIEHOYHOTO KOHJEHCAaTopa, B
COCTaB KOTOPOrO BXOIHUT BIarOYyBCTBHUTENBHBIN ITONMMEp, CIyKa-
Ui OUANEKTPUYECKUM. MaTepualioM KoHJeHcaTopa. - Monexkynbl
BOJBI, aJICOPOMpPOBaHHbIE IUICHKOM, H3MEHSIOT €€ TUIICKTPHIECKYI0
MTOCTOSTHHYIO, BBI3HIBas COOTBETCTBYIONIEE H3MEHEHHEe eMKOCTH
KOHZEHCATOpa. :

KoncTpykius maryvka BHENIHE JOCTAaTOYHO mNpocta. Huxuwuii
3NEKTPOJ TOIYYaeTcs IyTEM NpOTPaBINBaHNS IIOKPHITONH METAILIIOM

CTEKJIAHHON IUIACTHHKH (IUTOIAAbio 4 MM’ H TonmmHOM 0.2 MM),

KOTOpas IOKPHIBA€TCA AKTUBHBIM TIONMMEPOM TOJIMIMHOM ~OKOJO
1 mxM. BepxHuil 31€KTpOJ BHIIIapUBAETCS B BaKyyMe Ha IIOBEPXHO-
CTH 3TOTO IojuMepa. BepxHuil 37eKTpo IPOHUIIAEM AJIS BOASHOTO
napa, 9To obecreyrnBaeT aJleKBaTHYIO peakiuio JaTYHMKa Ha U3MeHe-
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HHE OTHOCUTENHHOH BIAXXHOCTH Bo3AyXa. VIHepHus JaTdymKa cOCTaB-
msier 0.3 ¢ npu temnepatype 200 °C. I'ucrepe3nc OTHOCUTEIBHO Man
— okosto 3 %. TemmepaTypHas 4yBCTBHTENIBLHOCTh HE3HAYUTEIHHA,
HM3MEHEHHE €MKOCTH IIpeoOpa3oBaTeiid NMPOIOPIHOHAIEHO H3MEHe-
HHUIO OTHOCHTENBHOH BIaXKHOCTH BO3LyXa.

OcHoBrble TexHHUeckue mapaMeTpsl gatunka XbIOMUKAIL
CIIEAYIOIIHE:

—  AWana3oH H3MEPEHHs .OTHOCHTEIHHOM

BIIAMKHOCTH «.veueeeneanneereetenaleanannenneeneains (0... 100) %;
= PABPEIICHIEC. . cieernrieeerureeneeeereneeniressreeseereessrebeesnnesreeeneess 1 %;
= TOTHOCTD...eueeeeeeereereeersrereresaresseeeeas e et et 2 %,

Bricokasi- TOYHOCTh M XOpOIas JHHEHHOCTh 00eCcIeunBaroT 3(¢-
¢exTHBHOCTH HMcmonb3oBanus Aatanka XbIOMUKAIL mnsa uzmepe-
HHSL OTHOCHTENILHOM BIIa)KHOCTH BO3IOYyXa IPH PagurO30HIAUPOBAHIHI
atmMocepsl.

OTteuecTBEHHEIN COBPEMEHHBIN JaTYNK BIKHOCTH IIPEICTaBIs-
eT co0oif IUIEHOYHBIH COPOIMOHHEI peobpazoBaTensb ¢ eMKOCTHBIM
BBIX00M. IIpHHIHUI ero AeHCTBUA B LENOM SBAAETCS aHATIOTHIHBIM
IpUHIUY NeficTerus naTanka BaaxHoctd XbIOMUKAIL Onpnako 3a
CUET MCIIONB30BaAHUS CTPYKTYPEI C BEPXHUM 3JIEKTPOJOM M3 TOBKOTO
BJIATOTIPOHMIIAEMOTO CIOS 30JI0Ta H3MEPUTENBHEIN IIpeobpa3zoBaTeib
BrnaxHoctH (MIIB) mMeer BBICOKYIO CTaOMIBHOCTH M BOCIIPOU3BO-
JIAMOCTB XapaKTePUCTHK.

HIIB umeeT cueayroline OCHOBHBIC TTapaMETPHI:

— THalia30H U3MEPEHHUS OTHOCHUTENHFBON

BITAKHOCTH . .+t et eeeeeeeae e aeiee e eaeteeeanaeeeaaans 2...99) %; -
—  GYBCTBHUTEIIBHOCTD .....vrereiimrereenrireranntennnreesonnnrresoneneeesans 2 %;
—  OWarna3’oH PabOouHX TEMIIEPATYP:..cccvivreierienens (=60... +60) °C;

—  TOYHOCTE MBMEPEHIM ....cvveirerrrerererienrsinrrsvessserensenanns +2 %;

— HanpsHKEHHE UCTOYHUKA MUTAHHUA .............. ..(8.5+12) B.

HomunaneHas - cTaThdecKas XapaKTepHCTHKa IpeoOpasoBaHHS
HWIIB 3amaercs B BHAE MaTeMAaTHIECKOH (OPMYNBI ¢ HECKONBKHMH
IIOCTOSIHHBIMU KO3 QHIMEHTaMy, ONpeneNseMbIMI HEAUBHIYAIEHO
UL K&KIOTO JaTdHKa.

Korctpyktuso MIIB BEINONHEH Ha MpsAMOYTOJBHOU TI€YaTHOM
rutate pasmMepoM 50 X 35 MM ¢ BEIHOCOM YyBCTBHTEIBHOIO DJIEMEHTA
Ha paccrosuue 40 MM OT ILTaTHL.

PaccMotrpenssle U3MEpUTENbHEIE NPeoOpasOBaTENH  YCIEIIHO
HCIIOJIB3YIOTCS IPH PaJUO30HIUPOBAHUN aTMOChEpEI.
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I'JIABA 4
PAINO30OHIUPOBAHHUE ATMOC®EPDBI

4.1. Pa/]l/lOTeJIeMeTpI/IH cHcTeM 30HIUPOBAHUSA

JMCTaHIMOHHOE M3MEPEHHE B aTMOCHEPE METEOPOIOTHYECKHX
BENIMHMH C MOMOIIBI0 U3MEPUTENBHEIX IIpeobpasosatenel o6bIHO 1
Ha3BIBAIOT paouo3oHouposanuem. CyIIeCTBECHHBIM MOMEHTOM IIpH
3TOM SIBIISETCA TO, YTO NPH PEATH3AITHN pannoz.on)mpOBaHm aTMo-
ceprr HeoOx0aUMO ofecreunTh H3MEpPEHHEe He TOIBKO METEOpOIIo-
THYECKHX BEIMYHH, HO M KOODIAWHAT H3MEpHUTENLHOro npubopa B
MOMEHT U3MEPEHHH.

W3MepeHne MeTeOopOJIOTHIECKAX BEIMIUH B aTMOcepe U Tepe-
Jaua pPe3yNbTAaTOB OCYIUECTBISETCS C IIOMOINBIO CHEIHATEHOTO
YCTPOHCTBA, HA3BIBAEMOTO paoduo30HOOM, IPEACTABIAIOMEro coboit
COBOKYMHOCTE COOTBETCTBYIONMINX NMEPBHYHBIX mMpeobpasoBareneil u
pazuonepenartynka. IIpueM pe3ynsTaToB H3MEpEeHHUI U ONIpeeneHre
KOODAMHAT DajMiO30HIa B NPOCTPAHCTBE NPOU3BOIUTCS CIIENHATb-
HEIMH HA3€MHBIMH PaJHOTEXHAIECKAMH YCTPOHCTBAMM, B Ka4eCTBE
KOTOpEIX Hambollee IIHPOKO ncnom;sylorca paZuONIOKAIMOHHEIE
CTaHIHWH.

TakuM 06pasoMm, MOXHO CKa3aTh, YTO paJZ[I/IOBOHIlI/IpOBaHI/Ie at-
MOChEpBl OCYIIECTBICTCA C IIOMOINBIO CIEIUANBHEIX CHCTEM,
obecnieunBaOMUX U3MepeHue, cbop, nmpeobpa3zoBaHue, Nepenady Ha
pPacCcTOSIHHE TI0 PafgHOKaHANaM H3MEpHTeNbHOH WHdopMaimu, ee
npueM, o6paboTKy U aHanM3, a TaKKe BHIJAYY IOIYIECHHON MeTeo-
poyloTHdeckoi WHGOPMAIVH © COOTBETCTBYIOIHHM OTPEOUTEIIAM.
Takue CcHCTEeMB TONYYHIH Ha3BaHHE paduomeneMempuyeckux
KoMnaexkcog, o0Ias CTpyKTypa KOTOPEIX IIpeAcTaBlieHa Ha puc. 4.1.

IIpu panuo3oHANPOBaHUE aTMOCGHEPH AOJDKHEI PEaTH30BLIBATH-
Cs1 U3MEPEHHUS HECKOJIBKAX METEOPOJIOTHHECKHX BEJHYHH, OITOMY
pafHOTEIEMETPHYECKHE KOMIUIEKCH MOXHO HAa3BATH MHOZOKAHAb-
HblMU. ‘

Iepeoarowjiue ungopmayuonnsle noocucmemsvl PEeLIaAOT PAN
BaXHEHIINX 3a/1ad, K YHCIY KOTOPHIX MOXHO OTHECTH cOOp c000-
MEHNUH, NOCTYNAIOIUX OT IEePBUYHBIX M3MEPHUTENbHBIX Mpeobpazo-
pateneii (IIMII); mpeoOpa3oBaHne cUrHanoB B GpopMy, YOOOHYIO s
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nepenaud 1o paadoKaHaly, YOpaBICHHE IPOrPaMMOH H3MEpeHHId;
cxatie mHpopMmanuu oT pasmuuneix [IMII B exuHblii curhanm, wc-
KJII04as BIMSAHUE U3MEPUTENBHBIX CUTHAOB IPYT Ha Apyra; mepena-
4a 0606IEHHOI0 H3MEPUTENBHOTO CUTHANIA B PAIHONHHHUIO.

IIpuemnvie unghopmayuonnvie noocucmemsl TOIHKHBI OCYIIECTB-
IATh NpHEM HHGOPMAIMOHHBIX CHUTHAJIOB, IOCTIAHHBIX IO PaJHONH-
HUHA ¥3 TEPEJAIOMIEN IIOCHCTEMB], AEMOAYSAUMIO IPUHATOIO CHI-
Haja, KoHTponb  ¢yHkumonumpoBanus PTK, onpenenenue
MECTOIOTIOXKEHHA U3MEPUTENBHOro npubopa B mpocrpancTse, Gop-
MHpPOBaHHE CHI'Hala 0OpaTHOM CBS3M, NOCTYIAIOIIETO Ha Nepearo-
Y10 HHPOPMALMOHHYIO IOACHCTEMY.

Hodcucmema ananusa, omobpPa’ceHus u ces3U ¢ nompebumens-
MU peanu3yeT JEKOJUPOBaHHE U IeIIH(PUPOBaHUE CHTHAIOB, 00pa-
00TKy, KOHTPOJIb H aHAIM3 NOIy4aeMol HH(OpMAIK, OTOOpaKeHHe
U Iepefady COOTBETCTBYIOIIEH METEOpOJIOrMIECKOH HH(pOpMaluu
noTpeduTeEITIO.

B 3zaBucumoctn ot ycrpoiictea ITHUI], xapakTepa momyuaemoi
pHQOpMaly, CBOWCTB pPAIHONMHWH, HEOOXOAMMOH TOYHOCTH W
obbeMa mepenaBaeMoil HHGOpPMAIMKM NPUMEHSIOTCS pa3THYHEBIE
BHJIBL MOOYNAYUU USMEPUMENLHBIX KAHATO8.

T,-»LIZM—> Mepegawuas | Paguo- | lpuémuas Mogeuctemsr (K 5

_ | wHgpopma- | nuHms | nHgpopma- | _anamsa |[oTpeoHTemo
Ta—>|[ 15 - »i UMOHHaSA "1 ynonHas " orfgg;(g:uﬂ
T~ 1, nogencrema PTC nogeucrema ¢ notpebuTenamm

! 1

Puc.4.1. Cmpyxmypuas cxema paduomenemempuseckozo KOMILeKca.

VmenHO 1o cnoco6aM MOILYJSIIIMK CHI'HAJOB M IOAPa3IeNaioTCs
PajMOTEIIEMETPUYECKIE KOMIUIEKCH Ha ONPENETIEHHEIE BUIEL.

ITo cocoby pazaencHus naMepuTenbHbIX KaHaaoB PTK moxHo
Pa3leuTh Ha CIEAYIOMME BUJBL C YaCTOTHBIM, BPEMEHHBIM, KOJIO-
BBIM M KOMOMHIPOBaHHBIM pa3IelIeHUEM.

B PTK ¢ wacmomnuvim pasoenenuem I KOKAOTO U3MEPUTENb-
HOTO KaHajla MCIOIB3YeTCS CBOE BBICOKOYACTOTHOE Kolebanue
OTIPENENIEHHON YacTOTHl, HA3BIBAEMOE MOOHECYuUM Koaebanuem,
KOTOpO€ MOILYJIHPYETCS U3MEPUTENBHBIMH CHUrHanaMu. 1lpu nepeza-
Y€ HECKOJNBKO MOIYTHPOBaHHBIX IOJHECYIMHX KoleOaHuH -o0benu-
HAIOTCA B OJUH H3MEPHTEIbHEIN KaHain. Ha mpmemHoii cropowe
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pasJeNeHHe  U3MEPHUTENBHBIX < CHTHAIOB MOXET OCYMECTBIAThCA

METOJIOM ~ YaCTOTHOH = CeNeKIHMH MOIYIHPOBAHHBIX ~ITOJHECYIIUX

KoneOaHMi crielHaNbHbIMH Pa3IeTUTENbHEIMI QUIBTPaMU.
Bpemenroe pasdenenue KaHaNOB 3aKIIOYACTCA B [O0YECPEIHOM

MOTKAIOUEHHH H3MEPUTENLHEIX peobpa3oBaTeeil K KOAUPYIOMEMY

M TepefalomieMy ycTpoiicTsaM. B pesymbrare, B mo060i MOMEHT
BpEeMEHH PafHONepeNaTIuK paboTaeT TOMBKO C OTHUM H3MEPHTENb-
HBIM npeobpasoBarteneM. Ilo crocoby BBIMONHEHUS 3TOH Onepanuu
KOMIUIEKCEI C BPEMEHHBIM pa3feleHUuEeM KaHAJIOB MOXHO [10Ipa3je-
JUTh Ha CHCTEMBI C GHympeHHel W eHewHeu cuHxporusayuei. B
cHCTEMax C BHYTPECHHEH CHHXpOHM3ALMEH COIIacoBaHME MIPONECCOB
Ha nepefamouieil ¥ MPHEMHON CTOPOHaX OCYIIECTBIseTCS GopMuUpo-
BaHHEM Ha 0OEHX CTOpPOHAX OIWHAKOBEIX YIIPaBISIONIUX CHTHAIOB,
00NalajoluX BHICOKOH CTENEeHBIO ' CTAOMIBLHOCTH - BO BpeMeHHM. B

CHCTeMaX ¢ BHELIHEH CHHXpOHHM3aIMeH TaKue CHUrHaibl GopMupy-.
I0TCSL TOJNBKO ‘Ha Nepealomniell CTOpOHe M MOIYT IlepefaBaThCs . Ha.

MPUEMHYIO TIOJCUCTEMY BMECTE C U3MEPUTENHFHON HHpopManueH. |

B PTK ¢ k00oebim pazdenenuem CUTHAJIOB NPU3HAKOM KaHana
ABJISIETCS AIPECHBIH KOA, B TakuX KOMILIeKcax ImepenaBaeMoe coob-
IEHHEe COCTOUT W3 ajipeca KaHajia M COOCTBEHHO MH(pOPMAIVOHHON
gactu. Ha mpuemMHON CTOpOHE DOJDKEH MMEThCsl KOZOBBIH pasaenu-
TENb CUIHANOB, B KOTOPOM 3aJI0KEHBI Bce afpeca. Aapec IIPUHATOrOo
coobmeHns mo3BossteT HHGOPMAIMOHHYIO YaCTh CUTHANIA HATIPABUTh
B COOTBETCTBYIOHI KaHal oOpabOTKH, aHAIH3A.H 0T06pa)KCHI/I}I
nH(pOpMaLHH. /

Komrnexcsl ¢ kombunupogarntovim pasaeﬂenuem CUTHAJIOB HC-
TTONB3YIOT PA3TUYHBIE COYETAHMS H30XKEHHBIX BHIIIE CIIOCOBOB.

B npouecce mepenaym pe3ynbTaTOB H3MEpEeHHIT He0OXOAMMO
obecreuynTs nepesady OTAENbHBIX 3HAYeHHH HM3MepsieMbIX BEIHYHH,
HCKIIIOYMB BO3MOXXHBIE OIMIMOKY U UCKaXKeHUs. VIMEHHO 1OSTOMY Ha
nmepenameif CTopoHe HeoOXOOUMO OCYIIECTBHTH KOJHUPOBaHHE
M3MEPUTENLHON HMH(OpMamMu TakuM 00pa3oM, dTOOBI KaXKIoMy
OTHENFHOMY 3HAYEHHIO H3MEPAEMOrO HapaMeTpa COOTBETCTBOBATIO
OJHO W3 3HAYCHMA ONpE/ENCHHOr0 IapaMeIpa IepeNaBacMOro
curHana (nepeuunas MoOYNAYUSL).

s mepenaun M3MEPEHHEIX 3HAYCHNMI METEOPOIOTHIECKUX Be-
JINYHH C TIOMOIIBIO PAJHOBOIH KCIIONB3YETCS MOXYJIALHMS BBICOKO-
9aCTOTHBIX CHUTHAJIOB IEPENaTINKa KOJMPOBAHHBIMM H3MEPUTEIb-
HBIMU CHTHAIIaMU (6MOpUsHas MOOYNSYUS,).

Moxzynsauus MoxeT OBITH aMrumTy;[Hon (AM) yacToTHOH (UM)
u dazosoil (OPM). ‘
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Cnoco6 xonupoBaHus, IPAMEHIEMEIH B PaIHOTENIeMETPHYECKOM
KOMIUIEKCE 30HIUMpPOBaHMA aTMOC(EPHI, 3aBHCHT OT criocoba pasjie-
JICHUS KaHAJIOB. : . .

Tak, B KOMILIEKCAX C 6PEMEHHBIM pasdelieiemM Yallie BCETO HC-
MONB3YKT  MMIIYIBCHYI0 MOIYJANUIO (MMIYIECHOE KOAHWPOBAHHE
TIOHECYIIIeT0  KonebaHus) =~ CHEAYIONMIMX  BHJIOB: AMILTUTYIHO-
umnyiscaas (AVMM), mupoTHO-mMmyibcHas (IIM),  ¢dazo-umM-
nynscHas . (OUM); Bpemsa-umnyibeHas (BIIM) u koJo-MMIOyIbCHAS
(KM). Ilpu sToM mepBUYHAS MOAYJISIHL MOXET OBITH aMILTUTY-
HOW, ba30Boil win gacToTHOM (AM, ®M, UM COOTBETCTBEHHO).

B koMmnekcax ¢ yacmommuubim: paszOeneHuem KaHAJIOB IIOIHECY-
niee KonebaHne MOXXHO MOIYJIHMPOBATh MO aMIUIUTY/E, YaCTOTE WA
daze.

Ilpu kodosom paszdenenuu KaHAIOB ONIPOCHAS YacTh HOPMHUPYET-
¢s IyTeM MOIYJUINWH CWFHaNa MOJHeCyIero Kojebanus cnocoboM
Komo-uMnynscHoH momynsaime (KHMM) unn uMmynsCHO-BpEeMEHHOH
monysiim (MBM), a urdopmarmonHas yacTs KOQUPYETCA JIIOOBIM
BHUIOM HMIIYABCHON MOIyNSAIMH. HoaHecymero konebanus (KVM,
BUM, 1M u np.). ‘

B xommnekcax ¢ KOMOUHUPOBAHHBIM pa30eneHuem ACTIONb3YIOT-
C WUMITYyJBCHBIE BHAB MOJYJNAIMH TMOXHECYINETO0 KoyeOaHus W
HETPEPLIBHBIC BB MOAYJIALUUH IPH YaCTOTHOM pa3iCICHUH KaHa-
JIOB.

B oTeuecTBEHHEIX paUTENEMETPHIECCKIX KOMIUIEKCaX 30HIUPO-
BaHHUS aTMocephl Yalle BCETO B HACTOAIEE BPEMS TIPHMEHIETCS
BpPEMEHHOE pa3lelcHue W3MEPUTENbHBIX KaHaJlOB IPH BHEIIHEH
CHHXPOHH3AIMHA C HUMITYJILCHBIM KOJUPOBAaHUEM W YaCTOTHOW MaHH-
MyJAueil mojHecyIero Kojie0aHWus W IMPOCTO C HMITYIBCHOMH
Moy sueii. OcHOBHOE Hecymiee Koebanue MOXYIUPYEeTCs aMILIH-
TYAHO-HMITYJIECHBIM CIIOCOOOM.

4.2. IzMepuTeNbHbIE CATHAIBI M UX XAPAKTEPHCTHKH

Kax u3BecTHO, B TeOpHH HHGOPManuH NIOOBIE CBEICHUS, ITOJ-
Nexalye mepefade u 3apaHee He M3BECTHHIE IONydaTeNmo (afpeca-
Ty), Ha3HIBAIOTCA coobujenuamy. JJOCTOBEPHBIE CBEJEHHS, COJIED-
XKalpecss B COOOINCHWH, TMOMyYeHHBIE ¥ TNPABUILHO MOHATHIE
ajzpecaToM, Ha3bIBAKOTCH uHpopmayuel. Takum obpasom, coobuue-
HHE — 3TO KaTeropus, NPUHAMNIEXAIAs IEPENAIONEN CTOPOHE, a
nadopManus SBISIETCS IPHHAMIECKHOCTBIO IPHEMHOH CTOPOHEL.
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Crnenyer 3aMeTWTh IIPH 3TOM, 4TO cooOINeHHe npeobpasyercs B
MHQOPMAIINIO JIMIIG IIOCNIE TOro, Kak OHO OyZeT NpHHATO M Ipa-
BHNIBHO - IOHATO agpecaroM. J[o MoMeHTa mnpuema HHpOpMAIu,
COIEpXKaIasicsi B COOOIIEHHH, HaXOAUTCA Kak OBl B CKPBITOM CO-
CTOSHMHM M I NPHEMHOHM CTOPOHHI BEICTYIAeT B BHIE HEKOTOPOU
HEONPEAENeHHOCTH, KOTOpas MOXeT OBITh CHSTa IOCNe IpHeMa
COOOIIEHHUs JIUING NPU YCIOBHH OTCYTCTBHS B JIMHHH CBSI3H HCKa-
JKAOMMX (PaKTOpOB, HAIPHMED, IOMEX.

Coobuienue niepejacTcs aipecaTy ONnpelielleHHBIM HOCHTENEM; B
pamuoTeNeMETPHYECKIX ~KOMIUIEKCAX 30HIMPOBAaHUSA arMochepsl
(PTK3A) B KauecTBe HOCUTENS UCIOJB3YETCI DNEKTPUYECKUM TOK M
anexrpoMarduTHoe none. Muage rosops, B PTK3A B kauectBe
M3MEpUTENBHBIX CHTHAIOB BCET/a BEICTYIIAET SJICKTPHYCSCKHI CHTHA.

B PTK3A coobmeHneM ABISETCS H3MEPEHHOE 3HAYCHHE METeo-
POJOTHYECKO} BEJIMYMHEL, KOTOPOE C MOMOLIBI0 MEPBUYHOTO M3Me-
pUTEIBHOrO mpeobpasoparemns npeobpasyeTcsa B curHan. s ompe-
JENICHHOCTH 3TOT CHUTHAN B OTJIMYHE OT APYTHX CHIHAIOB HA3BIBAIOT
UIMEPUMENbHBIM CUZHANOM. VI3MEPUTENEHEIE CHTHAIBI IIepelaroTCs
OT WCTOYHUKA coonemm (IINII) k nmonmyuaTeno wHOOPMALKK 10
KaHally CBSI3H.

W3mepuTenbHEIE CUTHATEL B PTK 30H1:[npOBaHH>I aTMocq)epm -
3TO 3MEKTpUUecKas BeNM4YrHa (TOK MM HaIPsOHKCHHE), OTPA3UBIIAs B
CBOEM HM3MEHEHHMU CHHXPOHHBIE H3MECHEHHS H3MEPIEMEBIX METEOpO-
JIOTHYECKHX BeNHMYHMH. V3MepHTeNbHEIE CHTHANBL, HOJUICKalIne
nepenade mo pagvokasany B PTK3A, momxHEI o0ecrieudTs OIHO-
3HAYHOCTE NPEACTABIEHMS pe3yNbTaTOB U3MEPEHUI U BMECTE C TEM
0611a]1aTh YCTOMIABOCTHIO K HCKAKEHHSIM, BO3HHKaomuM B PTK.

H3mMeprTenpHEIE CUIHANE KIACCH()UIUPYIOTCA M0 HX [apaMeT-
paM M BpeMeHHHBIM CBoMHcTBaM. Ilpw: kmaccH(HKamMKM CHIHAIOB
OCHOBHBIMH IPH3HAKaMHU SBIITIOTCS BHJ, CHTHANA ¥ HETIPEePHIBHOCTD
(wiIn TUCKPETHOCTH) CHTHANA IO NapaMeTpy WX BO BpeMeHH. Pas-
JHYAIOT CIEAYIOIINE OCHOBHBIE BHUABI W3MEPUTEIBHEIX CHTHAIIOB:
HENpEepHIBHBIC [0 IIapaMeTpy W BPEMEHH, HETPEpHIBHBIE IO Napa-
METPY M OMCKPETHBIE 10 BPEMEHH, AUCKPETHEIE IO IapaMeTpy H 0
BpEMEHH.

HenpepniBHble N0 napaMerpy M 0 BPeMEHM H3MepUTeNhb-
Hble cHrHajinl. K HEmpephIBHEIM IO IapaMeTpy W 1O BpeMeHH
M3MEPUTENBHBIM CHUTHAldaM OTHOCATCA CHTHANBI, IOBTOPSIOLIHE -
HM3MCHEHHUST H3MepsAeMOM BENMYUHEI (TaK Ha3bEIBaeMble, CHTHAJBI
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HMHTEHCHBHOCTH) M TapMOHHYECKHE KONeOaHus, MOLYHPOBaHHHEIE
IO aMILTHTYJIE, 9acTOTE UK (ase.

CurHaibl WMHTEHCHBHOCTH 00pa3yroTcs TIyTeM OJHO3HAUHOTO
H3MEHEHHs IMOCTOSHHOIO TOKA MM HANpsDKEHHS B 3aBMCHMOCTH OT
3HAUEHMS M3MEPSeMOro mapaMeTpa. 3aBMCHMOCTh TOKa (WJIM Halps-
XKEHMS) OT 3HAUYEHMs M3MEpPAEMOTo napameTpa, KaK NPaBHio, IOJDK-
Ha OBITH TIMHEHHOM.

B panmuoreneMeTprYecKHX KOMIUIEKCAX 30HIHPOBAHHSA AaTMO-
chepsl U3MEPUTENbHEIC CHIHAALl B BHJE ‘CHTHAIOB HHTCHCHBHOCTH
OOBITHO IMEIOT MECTO TONBKO Ha BHIXOJIC TIEPBHYHOIO H3MEPHUTEIb-
HOro mpeoOpasoparensd. [Ipr 3TOM OHU TPEACTaBIAIOT COOOH CITy-
JaldHble CHTHAIEL, TaK Kak HecyT MH(OpMaluio 0 MeTeoponornye-
CKHX BEIWYMHAX, M3MEHSIOMUXCH CIydaitHeIM- oOpasoM. [loartomy
Ul ONHCAHMS TaKHX CHTHAJIOB HCIONL3YIOTCA METOIBI TEOPHUH
BEPOSTHOCTH M TEOPHH CIIyYaiHEIX IPOLIECCOB M XapaKTEePH3YIOT MX
TaKAMH XapaKTEPUCTHKaMH, KakK JIMTEIBHOCTE CYIIECTBOBAHHMS,
OUHAMHYECKHH IMana3oH M CIIEKTP.

Lnumensnocme cuznana - O4YE€HL BaXKHAsS €T0 XapaKTEPUCTHKA,
TaK Kak OHa ONpEeAEeNsieT BpeMs, B TEICHHE KOTOPOro OJDKHA 3aHH-
MAaThCS IMHHUS CBS3H, & TAKXKE onepaTuBHOCTE Bcero PTK.

Hunamuyeckum ouanaszonom cursana (D) Ha3spIBaeTCs OTHOIIE-
HUe ero HamOompmed (A,q.) YW HauMeHbIeH (A,,,) aMIIATYH.
OO0pyHO AUHAMHUYECKHH AHMAaIia3oH M3MEPSIOT B JAECATKAX Jorapud-
MHYECKIX SIMHHII U BEIPaXaoT B JenuOenax. O4eBAIHO, 9YTO BEIOOD
MHHAIMAJIBEHONW aMILTATYEl CHrHala CBA3aH C YPOBHEM IOMEX. XOTA
UL VIOBIETBOPHUTEHBHON (C TOUKH 3PEHMA MCKAKCHHI) nepenauyd
pe3yIbTAaTOB M3MepeHnid OOBMHO TpedyeTcs, YTOOB MUHHMANbHas
aMIUTITyJa CUTHalla HECKOJBKO NPEeBBINAa aMIUTYAY OMEX HIIH
myMoB (A,), B KauecTBEe JHHAMHYECKOTO JHANa3oHa H3MEPHTENHHO-
IO CHTHaJIa TPHHUMAIOT BEITMUHHY

D =10 1g (A axc/Aw)- 4.1)

Crexmp curHana HeceT B cebe BaxHeimyo nHdopmamuo. Eciu
H3MEPUTENBHBIA CHTHANl HPEACTaBIAeT co00M (QYyBKIMIO BpeMeHH
(U(¥)), T0 ero MOXHO IPEACTaBUTE pAIoM DPypee, T. €. PazIoKUTh Ha
rapMOHMYECKHE COCTABISAIONINE B COOTBETCTBHH C COOTHOLICHHEM
BUJA
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U@ =U, +2 U, coskwt +U smkwt)“ 42)
k=1
rac _
1’ T/2 )
Uy = ;_letzf_a)_dt,
T/2

Ul = 2 j U(t)k(o 1,
T—T/Z
TI2

Ul = 2 jU9t)kcoltdt k=12,3,..
T

-T/2

rne T - BpEMA CYIUCCTBOBAHHA HSMCPHTCHBHOFO CHUT'HaJja, (D -

YTJIOBas 4acToTa IEePBOI FrApMOHHUKH.

Tak kax cymMma OByX TapMOHMYECKMX COCTAaBIAIOIIMX OXHOM
9acTOTHl NpeAcTaBIsieT coboi rapMoHUIecKkoe KonebaHue, TO BhIpa-
xeHue (4.2) MOXHO HPEICTaBUTH B BUIE -

U@)=U,+ YU, cos(kot +@,). 4.3)
T k=l

3meck Uy ¥, — aMIIIMTyXBI M 9aCTOTHI: I‘apMOHPIK onpenensle-

MBIE COOTHONIEHUAME :
; ’ N2
U, = (Uk)’ +U)
U
- k
¢, =arctg U

OrnenbHBIE craraeMble B BhIpaxxeHUH (4.3) Ha3BIBAIOTCS 2apMO-
HUYeCKUMY UNU . CREKMPATIbHbIMU: COCIAGIAIOUWUMY U3MEPHTEIHHOTO
CHTHajla, @ COBOKYNHOCTE 3TUX ClaraeMeix — cuexmpom. llpu stom

COBOKYIIHOCTh BeTIMYHMH Uy Ha3BIBACTCA CHEKMPOM -aMuaumyo, a @, —

CIICKTPOM (1)33 Yanie Bcero ‘TOBOPAT HMCHHO O CHCKTpe aMHHHTy,Z[ u
JUIA KPaTKOCTH HA3BIBAIOT €T0: MIPOCTO CIIEKTPOM.

-Fpa(bnqecxnﬂ cuextp U, = f(®) MoxHO mpeAcTaBUTH B BUIE
BEPTHKAIBHBIX OTPE3KOB, MPONOPLHOHANBHEIX aMIUIHTYNaM COOT-
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BETCTBYIOLIHX TapMOHHK; 3TH OTpPE3KH Ha3hIBAIOTCSA CHEKMpPalbHbl-
MU TUHUAMU, & CaM CIIEKTp — Aunetiuamoim. B 06IeM ciydae cymma
(4.3) npencrapnser coboii Geckoneunsii psan. sl peabHbIX H3Me-
PHUTENBHBIX CHIHANOB YHCIIO CHEKTPANBHBIX JIMHHMH, KaK MPaBHIIO,
OTPaHHYEHO, T. €. M3MEPUTENBHBIE CHIHANBI IPAKTHYECKH BCETHA
MMEIOT OrpaHUdIEHHbIH criekTp. VIHTepBan Ha OCH 9acTOT, B KOTOPOM
pa3MeIaeTcs OrpaHUIEHHBIN CIIEKTP CHrHANA, Ha3BIBACTCS WUPUHOU
cnexmpa. B ciydae, KoToa mUpuHA crekTpa OeckOHEYHa, TO 3a
IMUPHMHY CIEKTPa U3MEPHUTENHHOrO CHrHajia MPUHUMAKIOT MHTEpPBA
9acTOT, B KOTOPOM COCpeloTOYeHO He MeHee 95 % Bcell mudopma-
I[UM O CHUTHaJIE. ‘

Ecnu n3MepuTenbHBIH CUTHAT HE OTPaHHYeH BO BPEeMEHHM H JO-
TIOTTHUTENBHO YIOBIETBOPSET YCIOBHIO

00

[lv@ja <o, - 44

—c0,

TO €r0 MOXXHO IIPEACTAaBUTH HHTCTPATIOM CI)pre: -

oo oo

1 it —iwt
U= je _J;U(t)e dt . (4.5)

—o0

Bropoii u3 unTerpanoB npaBoil wactu (4.5) Ha3LIBAIOT NPAMbIM
npeobpazosanuem Pypve, a NEPBHIH HHTETPAN — 0OpamHbIM NPeod-
pazosanuem Pypve (WK UHTErPAIIOM OOpaIICHHS).

IMpsimoe tpeobpazoBanue Oypre MO3BOIAET IO UIMEPHTEIHLHOMY
CUTHATY HalTH ero YacTOTHEIH CIeKTp, a oOpaTHoe npeobpasoBaHue —
IO H3BECTHOMY YaCTOTHOMY CIIEKTPY OIPENENHTh XapaKTep U3MepH-
TENBHOTO cHrHala. BeipaxxeHue (4.2) B LETIOM OpPEACTABISET H3Me-
PUTENBHBIN CHTHAJX B BHAE CyMMBI O€CKOHEYHOIO HHCIA TapMOHHK C
HETPEPEIBHO M3MEHSIOIEHCS TaCTOTOH, T. €. JaeT paszioiKeHHe H3Me-
PUTENBHOTO CHIHANA B HEIPEPHIBHEIH CIIEKTP C INIOTHOCTHIO S (M) .

Curnanbl, HelnpepbIBHBIE 10 NAapaMeTPy M JMCKPETHbIE 10
BpeMeHH. Takue CHTHalbl NPEACTaBIAIOT COOOH IEPHOIUUECKYIO
IIOCNIeIOBATEIbHOCTE HUMIIYJIECOB TOKA HIIM HAlpPsOKEHMS, U3MEPH-
TenbHas HHpOpManusa B KOTOPOH MoxeT OHITH 3aJI0)ke€Ha B H3MEHE-
HHUM aMIUTUTYJIbl UMITYIBCOB (AMILTUTYIAHO-UMITYTbECHAS MOIY SIS
— AVIM), ux JUIUTENbHOCTH UM «IUHPUHBD (ITHPOTHO-MMIIYIbCHAS
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monymsanus — IIUM), MoMeHTa BO3HUKHOBEHUS WM (a3l (BpeMs-
HMITyIbcHas WM (azo-uMiynscHas — BAM nwmm ©VIM), gacToTh
CENIOBAHUS WMIYILCOB (YacTOTHO-UMIIYJIbCHAd MOIYIALMA —
YVIM). K cursanaM Takoro THIA OTHOCSATCS CHUTHaibl, KBAHTOBaH-
HEBIC 110 BPEMEHH.

AHUM-cuenanel. 1Ipu aMIUIMTYAHO-UMITYJIBCHOH MOXYJIANMH aM-
IUIHTYJa KOPOTKHX HMITYTIBCOB IIOCTOSTHHOM INTUTENbHOCTH HM3MEHS-
€TCSl IPONOPIMOHATHEHO W3MEHEHHUIO NIEPBUYHOIO MOAYJIMPYIOLIETO
curHana. Ha npaktuke npuMeHstorcd aBa suna AVM. Ipn AVIM-1
BepILIMHA HMITYJIECOB HE IUIOCKAs, a IIOBTOPSAET W3MEHEHHE MOTYJIH-~
PYIOLIET0 HM3MEpPHUTENbHOro curHana, a npu AVM-2 uMImyinscsl
HUMEIOT NPSIMOYTONBHYIO popMy (puc.4.2a,6).

Cnextp AVIM CHTHaIOB MO>KHO OIIPEIENUTh CIIEXYIONIMM 00pasoM.

ocnemoBaTeTEHOCTE HEMOXYTHPOBAHHBIX NIPIMOYTOIBHBIX M-
MYJIBCOB C aMIUIUTYROH Uy, INIUTENBHOCTRIO T M MEPHOAOM CHENO-
BaHus T, MoxxeT ObITH IpeACTaBIcHa psaoM Dypee:

U(zf)=U0]'wi 1+2Ukcosk(ot , (4.6)
n k=1
rae
. ko
sm71
U,=2 w
—1
2

I'padudeckoe n300pakeHHe CEKTpa TAKON HMITYIIECHOH ITOCIIe-
JIOBATEJIBLHOCTH IMPEACTaBICHO Ha puc. 4.2 B, OTKyJa BHAHO, YTO
CIEKTP COJEPXHUT MOCTOSHHYIO COCTABILIIONIYIO M TAPMOHHKH dac-
TOTHl IIOBTOPEHHS, MPHYEM, B 3aBHCHMOCTH OT cooTHomeHnus T/T
HEKOTOpHIC TAPMOHHMKM MOTYT OTCYTCTBOBATH HIIH MX AMIUTHTYHIBI
OJIU3KH K HYJIIO. _

IIpu AVIM-2 B cioydae MORYJIANOMH [OCIENOBATENHHOCTH HM-
IyNbCOB TaAPMOHUYECKUX CHUTHANOB aMIUIUTYIB MMIYJIBCOB OyAyT
H3MEHSTECS 110 3aKOHY

U,®)=U,(1+mcosw.t), : .7
rae m — K03 PUIHEeHT aMIUTHTY JHOH MOIYJISLHH.
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C yueroMm (4.7) mocnenoBaTelbHOCTh HUMITYIIBCOB, Mo,uynnpo-
BaHHas [0 AMILTHATY e, 6y,ueT HMETh BI/I,B; '-

’UM(t) =U0; {1+ mcoswct + ZU cosku)t +

k=1

+— > UCOIZ}U cos(ko)+(oc)t+ > UCOZU , COs(km— coc)tj| (4. 8)
a) 9
U, Ue(t) " U,

4]
A 6)
Ukbeo
N
\\
UO-— N \\ .
\\» //’
0‘ ) : T T\//TT >
®r, g 200 3M9 Q%

Puc. 4.2. Xapaxmep usmepumenvHbix CUZHANO8 U CREKMP CUZHAN08 NP AMAIUMYO-
HO-UMRYRbCHOU MOOyRAYuL: a, 6 — usmepumensuote cuznanst AUM-1 u AUM-2
coomeemcmeenHo; 8 — cnexmp ciienanos AUM-2

AHamH3 3TOT0 COOTHOIIEHHWS M puC.4.2,B IOKa3BIBAIOT, YTO
crextp curana AVM-2 MONHOCTBIO COEPKUT CIIEKTp HEMOIYJIH-
POBaHHOW IIOCIIEAOBATEIHHOCTH HMIIYJIBCOB (IIOCTOSHHAS COCTAaB-
JAIOIAS ¥ TaPMOHHKM YaCTOTHI' CICAOBAHUS MUMITYJILCOB) H, KPOME
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TOro, BKIIIOYAET YacToTy MOLYNHpYIoWero Konebanus O, u 60Ko-
BBIE Y4CTOTHI TAPMOHKK YACTOTHI CIE0BaHus Buaa kWt .

Crexrp curnaioB AIM-1 colepuT aHaJOTMYHBEIE TapMOHHYE-
CKHE COCTaBJITIOMINE, HO HECKONBKO MHOH aMILIUTY IBL.

BUM (LIM, ©®UM)-cucrarsl. BpeMa-UMITyIbCHAsA MOLY AN
0o0BeIMHACT OBA BMAA MMIyIscHOM Mmoaymamwu- (ILIUM u OUM),
IpY KOTOPHIX H3MEHAIOTCA BPEMEHHBIE. XapaKTEPUCTUKH NEPHOIU-
4eCKH CIERYIOMUX MMITYIbCOB (M3MEHAETCA TMTENBHOCTE MMITY b=
COB IpM HEM3MEHHOM IIepHoje WX clemoBaHus). IIpm mHPOTHO-
HMITyJICHOH MOIYJIIIUM TOUISXKAIlIM MOIYJIANMH MapaMeTpoM
ABIAETCA JUTHTEIBHOCTE UMITYIECOB. Pa3iM4aloT OZHOCTOPOHHIOH
(HECHMMETPUYHY0) 1. IBYXCTOPOHHIOW (cMMMeTpuuHyio) LIIMM. B
MEPBOM CIIy4ae MOMEHTHI Hadasla MMITYJIbCOB XKECTKO 3aKpEIUICHE], a
BO_BTOPOM — KECTKO 3aKpEIUICHBI -MOMEHTHI. BpEMEHH, COOTBETCT-
BYIOIIIME CepeluHaM UMIYJbCOB. IIpu (a30-UMILyIBCHOHN - MOXYIIS-
IIMH M3MEHAECTCs IEePUOJ CIENOBaHUA HMIYJECOB npn HIOCTOSIHHOM
UX JIHTENBHOCTH.. . - : k

B cimysae mnpomo I/IMl'IyJIBCHOI/I Monynxmm TapMOHMYECKHM

KosebanueM, B oTindre oT AIM, kpoMe COCTaBIAIOIMUX M, U
GOKOBEIX 4acTOT BHHa kWt .- cmexTp Gyner conépkaTh GoJbIoe
guco. GOKOBHIX yacToT THHa kOt naw. (n = 1,2,3,..). Honoca
MPOMYCKaHUS CUCTEMBI B OCHOBHOM - ONIPENEIAETCSA - JUIMTEIBHOCTBIO
MMIyIsca T, B JaHHOM CiIydae MUHUMAaJIbHOH. :

- UHM-cuenanet. 1lpu 9acTOTHO-UMITYIIECHOM MOIYIALIUK YaCTOTa
CIICAOBAHUS UMIIYJIHCOB U3MEHSIETCS IIPONOPHHAOHANBEHO U3MEHEHHUIO
HIEPBHYHOTO MOAYJIUPYIOMIEro H3MEPUTEIBEHOIO CUTHANA.

Curnajbl, AUCKpPeTHbIe N0 NapaMeTpy M BpemeHH. K curHa-
JlaM TaKoro THIIAa OTHOCSATCS M3MEpHUTENbHBIE CUTHAIBI, KBAHTOBAH-
Hble 10 MapaMeTpy W 1o BpeMmeHu. IIpu mx mepejmade: 1o KaHay
cBA3u HeoOxoauMo o0ecneduTh He TONBKO HX . HEHUCKaXKECHHYIO
mepeady 3a OmnpejielieHHble HHTEPBAlkl BpEMEHH, HO . HEUCKAXKeH-
HYI0 Iepenady 3HauCHMS CHrHajla B KaXKIbIH. KOHKPETHBIH MOMEHT
BpeMeHH. IIpy 5TOM Ha TIPUEMHOH CTOPOHE HEOOXOOUMO pa3iINiaTh
Mexay coOoH 3HaueHus 3THX CHUrHamoB. OOBMHO UL HEHCKaXKCH-
HOM mepefadyd- TaKMX CHUTHANOB NPHUMEHSIOT - KOJO-HUMITyJIECHYIO
MOMYJIAIMIO, TIPA KOTOpOH MM HEHCKaKEHHOH Mepeladl Hu3MepH-
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TEIBHOTO CHTHAJIAa JOCTATOYHO MEPENAaTh KOHEYHOE YHMCIIO €ro 3Ha-
YEeHHH ‘
N=(Up-U,) g, (4.9)

rae Uy u U, — 3HaueHus: U3MepUTeNpHOro curHana U B Hawane u
KOHIIE H3MEPEHHI, a g — IIar KBaHTOBaHHS. '

Taxum -00pa3oM, IS TOro, 9ToOBI 00ECIeUnTs Iepefady BCeX
BO3MOJXXHBIX - 3HAYEHHH H3MEPHTENBHOTO CHIHANA, HEoOXoamMmo
COCTaBUTb N OTIHYAIOMHUXCA APYT OT APYra AUCKPETHBIX CUTHATIOB.
Taxue curHane!l QopMmupyrorcs IyTeM o0pa3oBaHHS KoMOHHanmi
HMITYyJIECOB, Ppa3NHYaromUXcs II0 CBOMM IDapaMerpaM, KOTOpEIE
MOryT OBITH AMCKPETHBIM 00pa3oM mpoMoAynupoBaHel. KoMOwuma-
OUs HMIYIBCOB, OFHO3HAYHO COOTBETCTBYIOIUX KBAHTOBAHHEIM
3HAYCHHSAM H3MEPUTENBHBIX CUTHAIOB, HA3BIBACTCA KOOOM, & MOy~
YeHHBIE TaKUM 00pasoM KOAMPOBAHHBIC HMITYIbCHBIC CHIHANbl —
KOJIO-HUMITYIbCHBIMH.

4.3. IlpeoGpa3oBaHue HeNMpepPbIBHLIX
H3MEPUTEJIbHbIX CUTHANOB B IUCKPETHBIC

O HeoOXOAMMOCTH AWCKPETH3AUMH H3MEPHTENBHBIX CHTHAIOB
yXe YINOMMHATIOCH BHINIE IIPH PACCMOTPEHHH MAaTEMaTHYECKO#
¢dopManu3alul METOAOB 30HIUpOBaHHA (cM. pasfmen 1.3). Omnako
HHUKaKHX NPaKTHYECKHX PEKOMEHIALHH [0 BHIIONHEHHIO TUCKPETH-
3aIMy cOeNlaHoO He OBLIO, TaK KaK TIOHATHE PaaHOTENeMETPHYECKOTO
KOMILIEKCa ellle He pacCMaTpUBANOCh. Tenepb MOMHO PacCMOTPETh
3TOT BOIPOC JEeTaNbHEE.

VITak, HempephIBHEIC H3MEPHUTENbHBIE CHTHANEL, T. €. IPEICTaB-
nsrompe cobol HelpephIBHYIO (QYHKIHIO BPEeMEHH, KaK IPaBHUIIO,
MMEIOT MECTO Ha BBEIXOJE IEPBHYHOrO M3MEPHUTENBHOrO Mpeobpaso-
BaTensd, OTOOPaXKalOMmIeT0 CHHXPOHHbIC H3MEHEHWS OIpeAeNICHHOM
METEeOPOIOTHYECKON BETHYMHEL.

B pamuoTeneMeTpuuecKkuxX KOMIUIEKCAX 3OHIMPOBAHUSA aTMO-
cepsl U3MEPUTENBHBIE CUIHAIBI TOABEPTAIOTCS Pa3IUYHEIM IIPeos-
pa3oBaHHAM, B TOM YHCIE M3 HENPEpHIBHBIX MpeodpasyioTcs B
muckperHele. IIpomecc mpeoOpa3oBaHMs HETPEPHIBHBEIX H3MEPH-
TEJbHBIX CHTHAJIOB B JUCKETHBIC HA3EIBAETCS KBAHTOBAHHEM,

Pa3znuyaror kBaHTOBaHME 0 BPEMEHH M 110 ITapaMeTpy.
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KpanroBanue mo BpeMeHH. TeopeTHueckol OCHOBOHW KBAaHTO-
BaHMA II0O BPEMEHH ,sBIAETCA Teopema KoTensHHKOBa, KOTOpas
IPAMEHHUTENHHO K 3a/ade KBaHTOBaHHS H3MEPHTENBHOrO CUTHANA 110
BpEMEHH MOXKeT OBITh chOpMYITHPOBaHA CIEAYIONIHM 00pasoM.

Ecnu uMeeTca HENMpPepHIBHEIA N3MEPUTEIbHBIH CHIHAI C OTPaHHU-
YEHHBIM YaCTOTHBIM CIIEKTPOM, T. €. HE COJAEPIKAIMM YacTOT BBIIIe
F;, TO. OH TIOJTHOCTBIO OIPENENAETCS CBOMMH MIHOBEHHBIMH 3Hade-
HHSMH B MOMEHTHI BPEMEHH, OTCTOSIIME APYT OT APYra Ha BEIHIHHY
1/2F,. .

qum,maz BAKHOCTB KOppeKTHOI‘O peleHus 3a/:(aq KBaHTOBAHHUA
10 BPEMEHH, PACCMOTPHM BOIMPOCH peanusaluu TeopeMsl Korens-
HHKOBa 0oJee JeTanbHo. :

Ilycts Ha BXOJ M3MEPHUTENBHOTO KaHajla C IIOJIOCOH nponycxa-
uus AF mocrymaer HempepblBHBIH curHan U(f), INMTENbHOCTH
Kotoporo pasHa 7. Torma, eclnu 3TOT CHI'Hajl MMEET OrPaHMYCHHEIH
YACTOTHEIM CHeKTp Af , TO OH MOXET GBITH NPEACTABIEH C MOMO-

B0 1 OTYCTOB, YHCIIO KOTOPHIX OHpeHeJISICTCH BBIPpAXXCHHUCM BHJA

_T

=2AfT, ‘ - (4.10)
At
rae At — uHTepBal BpeMeHH Mexmy COCEIHUMH OTIETaAMH.
B aHamuTHYECKOM BHAE TEOpeMa. KOTCJ‘II:HI/IKOBa 3aIMHACHIBAETCS
clexyomuM obpasom:

. \sm 2nAf t—%f 7
U(t):éu 2Af} - t-L 4.11)
, 20f

Takas 3amuch O3HAYaET, 4T0 JroOas (bymcum BpeMeHH, o0na-
Jlaronias OrpaHHIEHHBIM 4aCTOTHBIM CIIEKTPOM, MOXET OBITH Npen-
CTaBleHa B BHAE OSCKOHEYHOH CYMMBI, WIECHBI KOTOpOH IpercTaB-
JISIOT BEIp)XCHUS BHAA '
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sin ZﬁAf t—i—
I

Yon
_ fJ ZﬁAf't—%

Bemuunns U I SIBJIAIOTCSA 3HAYCHHAMH HCXOAHOH (I)}’HK-

MM BPEMEHH U(t) ONPENENSIEMBIMH B JUCKPETHEIE MOMEHTHI Bpe-
MeHd. DTH BEIHYHMHE HA3LIBAIOTCA ‘omcuemamy WA OMCYEmHbIMU
3nayenusmy QyHKIMA O ’

Mmuoxurens Buaa

sin 271:Af t—-L
2461

P P
20

HaspBaeTca  Qyuxyuel omcuemos (K). Ecmm  06o3HauMTE

k
-——=1,T0 (pyHKupm OTCYETOB TIPUMET BHJ:

20f

5

k(o) - Sn2mft

2nAfT

I'padudecku QyHKIMA OTCUETOB NpEACTaBICHa Ha prc. 4.3.

[Ipy HpaKkTHYeCKOM MPEMEHEHHH TeopeMbl KoTenbHuKoBa HMe-
IOT MECTO [Ba IPUHIMIIMANLEHBIX 3aTPYAHEHHWS, HE ITO3BOJIIOLIHE
HCIIOTIB30BaTh €€ CTPOrO AT U3MEPUTENBHEIX CHTHAIIOB,

IlepBas TpyZHOCTE COCTOHT B TOM, YTO BCSKHH peaIbHEBIH H3Me-
PHUTEIBHBIM CUTHAN MMEET KOHEYHYIO IUIMTENBHOCTH, T. €. H3MEPH-
TEJIBHBIA CUIHaJI OTpaHWYCH IO apTyMEHTY, B TO BpeMs Kak B COOT-
BeTcTBHH - ¢ (4.11) H3MepUTENBHBIH CHrHAN - IPEeACTABILETCS
COCTOAIMM K3 OECKOHEYHOM . CYMMBI -OTCYETOB WIH OTCUETHHIX
3HaYeHUH. B TO ke BpeMs OrpaHMYeHHOCTh U3MEPHUTENBHOTO CHFHA-
J1a BO BPEMEHH IPHBOJUT K 6ECKOHEUHO IIMPOKOMY CIIEKTPY, UTO B
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COOTBETCTBHH C TeopeMod KoTenpHHKOBa HE MO3BOIIAET BHIOIHATD
KBaHTOBaHHE 110 BpEMEHH. : -
Btopas TpyAHOCTE CTPOroro HCIONB30BaHHA TeopeMsl Korens-
HHKOBa 3aKJII0YAeTCs B TOM, YTO AN BOCCTAHOBJIEHHS M3MEPHTEIb-
HOrO CHrHalta Ha npueMHOM ctopoHe PTK mo ero QuCKpeTHBIM
3HAYEHWsIM B IPHEMHUKE HEOOXOUMO TE€HEpHPOBaTb (QYHKIMH
OTCY4ETOB, a TaK KakK IOCIEIHHE MMEIT OeCKOHEYHYIO IPOTSKEH-
HOCTbh BO BPEMEHH KaK AN NOIOXKUTEIbHBIX, TAK M IS OTPUIATEIb-
HBIX 3HAYeHuH MOMeHTOB BpeMenu k/2Af, To cooTseTcTByMOmIHE

¢dunpTpany GU3NISCKH HEOCYIIIECTBUMEI. ‘

TpeTbs TPyIHOCTD ONpPEAENAETCs TEM, YTO. B COOTBETCTBHH C yC-
noBUAMH TeopeMsl KoTensHIKOBa HEOOXOIHMMO UMETh. U3MEPUTEIIh-
HEI CHTHAN Kak QYHKIMIO BpemeHH. [Ipy peanusauyy 30HAUPOBa-
Hus atMoctepsl ¢ nomonisio PTK uMeercs u3aMepuTeNbHEIN CHIHA
KaK (YHKOHS BHICOTH, & CIEIOBATENbHO, NPH OCYIIECTBICHHH
HOJbEMa H3MEpUTEeNbHOTO mHpubopa B aTMocdepe He06XOIUMO
c*xpoi‘o ONpeneNaTh W 3aBUCHMOCTD H(?).

sin 28 Aft
1 © 2n AR
1 1
gy 2At 2Af f\\
- ‘1\/ 0 \/1 T
AT N

Puc.4.3. Qynxyus omcuemoe

OTMeueHHbie 0COOCHHOCTH peanu3anyu TeopeMbl KoTensHukoBa
CYLIECTBEHHO 3aTPYAHSIOT CTPOTO€ €e HCIONB30BaHME JHIIb B TEX
clIydasx, Korja HeoO0xoauMo abCOMIOTHO TOYHOE BOCIIPOH3BEACHHE
IepefaBacMoOro HM3MEpUTENIFHOTO CHrHaiza. B ciydae, korma Ha
npueMHo# cropore PTK w3MepHTeNnpHBIH CHTHAN AOIMYCTHMO BOC-
CTaHOBHTH C OIPENENICHHON CTENeHbIo NpHOIKeHus (TOUYHOCTH),
Teopema KoTenpHHKOBa [TO3BOJISIET 3TO YCHEMIHO BBINOJIHATE. SIBIA-
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€TCs CYIIECTBEHHBIM M TO, YTO HAa OCHOBAHHH CTPOroro HCCIeaoBa-

HHS MO)XeT OBITh BBIYMCIICHA TOYHOCTh TaKOTO NPHOIVDKEHHUSL.
TaxuM 06pa3oM, IOCKONBKY B PEATBbHBIX YCIOBHAX BMECTO ITH-

PUHBI 9acTOTHOro cmextpa Af 06BIYHO HCIOJB3YIOT BEPXHIOI

TPaHUIly YacTOTHOTO CHeKTpa F,, TO ¢ OUPEHENeHHON CTeNEeHBIO
TOYHOCTH MOXXHO YTBEPXKIATh, YTO H3MEPUTEILHBIN CHIHAT Opese-
JIIETCSL €00 AUCKPETHHIMY 3HAYEHHUSIMH, COOTBETCTBYIOIIUMH HHTEP-
Baity kBaHToBanus 1/2F, .

KpautoBanne mo mapamerpy. [Iponiecc mpeoGpazoBanusa He-
MPEPHIBHOTO U3MEPUTENHHOTO CHIHajla B AUCKPETHYIO 10 NIapaMeTpy
(GYHKIMIO HOCUT HA3BaHUE KBAHMOBAHUS NO NAPAMEmpy WIH Ouc-
Kpemuzayuu (KeaHMOBAHUS) NO YPOEHIO.

IIpu KBAaHTOBAHWM 10 YPOBHIO B JHANa30HE HEINPEPHIBHBIX 3Ha-
YEHHH W3MEPHTENBHOTO CHUTHANIA BHIOMpacTCAd KOHEYHOE UHCHO ero
JUCKPETHEIX ‘3HAYCHUH, OORMHO PaBHOMEPHO pPAacCHpeAeNeHHBIX II0
BCEMY amana3oHy. IIpm 3TOM B NPOW3BOJILHBIM MOMEHT BpPEMEHH
3HAYEHME M3MEPHUTENHHOTO CHTHANA 3aMEHSETCA ONFDKaimmM Juc-
KPETHEIM €ro 3HayeHueM. B pesynsraTe HEIIPEPHIBHBIN H3MEPHUTEIh-
HBIH CUTHaJl IPHOOpeTaeT CTYLIEHYATEIH BU/.

Pa3HOCTE MEXAY COCENHHUMHM AUCKPETHBIMH 3HAYEHHMSIMH H3Me-
PUTEIBHOTO CHUTHAlla HA3BIBACTCA UHMEPBANOM KEAHMOBAHUS NO
ypoenio. B ciy4ae paBHOMEPHOTO KBaHTOBAHHS IO YPOBHIO HHTEp-
Ban kBantoBauusi AU B TeueHHe BCero BpPEMEHH CYLIECTBOBAHHS
CHTHAJIa OKA3EIBACTCS PaBHBIM

AU = _}_ (Umaxc - MHH), (412)
qg-1

r7le g — YHCIIO YPOBHEH KBaHTOBAHHS.

HenpepbiBHBIA H3MEPUTENLHBIN CUIHAI HPOXOMUT Yepe3 TOUKH
CTYNEHYATOH (YHKIMK, COOTBETCTBYIOLIME CEPEANHAM HHTEPBAIOB
KBaHTOBaHHS. B pesynsrare abcomoTHas ommOKa KBaHTOBAaHMA [0
YPOBHIO MOXXET M3MEHSThCA OT Hyns 1o 3uavenus AU /2. Otaocu-
TebHas OMMOKA KBAHTOBAHMSI N0 yPOBHIO O_ MHpH 3TOM Oyjer

M3MEHATHCS B IPEIEax

O<8K<—1-

2(g-1)°
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Ecim npussTs Bee 3Haverns O, ot 0 xo ————1— PaBHOBEpO-
2(g-
ATHBIMH, TO CpeJHsA KBaipaTudeckas omHOKa KBaHTOBAaHHS Oymer
paBHa ' '

5 2, 1 0.3
* J_ 12— q-1’

Vcnionmezoranue (4.13) mo3Bosster 1o 3a1aHHOM CpeiHeH KBapa-
THYECKOH OImMOKe ONPEASINTh YACIO YPOBHEH KBaHTOBAHMA HU3ME-
PHTENBHOTO CHTHANA. '

CremyeT 3aMeTHTbh, YTO KBAHTOBAHHE II0 YPOBHIO NO3BOJIAET B TO
K€ BpeMsI YMEHBIIUTH BIHIHHUE CIa0BIX IOMEX NpH Mepeaade u3Me-
PHUTENBHBIX CUTHAIOB 10 KaHATY. JT0 OOYCIOBICHO TEM, YTO €CIIH
IoMeXa He IPEeBOCXOJNUT IOJIOBMHEI WHTEpBaia MEXIy ABYMS CO-
CEIHUMH YPOBHSAMH KBAaHTOBaHHSA, TO OHA HE BBI3BLIBACT MCKAKEHHS
JUCKPETHOTO 3HAYCHHS HW3MEPUTENHHOTQ CHTHAjla IIPH ero BoCCTa-
HOBJICHUH.

(4.13)

4.4. PanuoIoKalMOHHbBIE CTAHIUM.
OcHOBHBIC XapPAKTEPUCTUKH

OmHuM H3 BaXHEMIIMX 3NEMEHTOB paJHOTEIEMETPHIECKOTO
KOMILIEKCA 30HIAMPOBAHUA aTMOC(heEepBl SBISIOTCA CHEHHATIBLHBIE
Ha3eMHBIC paAMOTEXHHYECKHE YCTPOHCTBA, KOTOPHIE M HOJDKHEBI
ONpEeeNATh MECTONONIOKEHHE H3MEPUTEILHOro Ipubopa B IIpo-
CTPaHCTBE, a TAKXXe NPUHAMATh U OCYIECTBIATh 00paboTKy u3Me-
PHUTEIBHOrO KaHana. ’

MOXHO BBIZENNUTH TPH OCHOBHBIX THIId PaXHOTEXHHYECKHX YCT-
POHMCTB, HCHONB3YEMBIX B PaIHOTENIEMETPHUECKHX KOMIITeKCax
30H/IIPOBAHMS atMocepsr:

— paduoneneH2ayUoHHble CMAaHYUU, TIO3BOIIIOMKE TIPH HATHIHA
H3MEPUTENILHOTO CHTHAJIA OIPENEIUTh YrIIOBbIe KOOPAMHATH 00BeK-
Ta B IPOCTPAHCTBE (KaK IPaBUIIO, BEPTHUKAJIBHBIA U a3vMyTaIbHBIH
YTIIBI), BEICOTA OOBEKTa BRIUHCIICTCS KOCBEHHBIM 06pa3oM, HalpH-
Mep, TI0 U3MEPEHHOMY JaBJICHHIO;

— DAOUONOKAYUOHHYIE CIMAHYUY, TIO3BOJISIOIINE ONpPeeNuTh yI-
JIOBEIE KOOpJAMHATH 00BEeKTa B MPOCTPAHCTBE M HAKIOHHYIO Jailb-
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HOCTH JI0 HETro, a TakKe OCYIIECTBUTH NIpHEM M 00paboTKy H3MepH-
TENbHBIX CUTHAJIOB; ' "

— OMET A-cmanyuu, TI03BOJISIONIFE HA OCHOBE IIPHHATOTO H3-
MEPHUTENBHOIO CHTHajla, OCYIIECTBHTH BBIYHCICHHE KOOPAWHAT
00BEeKTa B MPOCTPAHCTBE, a TakXKe HeoOX0auMy 00paboTKy H3Me-
PHTENBHBIX CUTHAIOB,

Haubonee mmpoxoe pacrpoCTpaHEHHE NPH 30HIAPOBAHHH aT-
Moc(eprl noxydnnu paguosiokaronnsie 1 OMEILA-cranmuu. 06
ucnons3zoBaHu OMEI'A-cTaHmmii yxe TOBOpIWIOCH paHee (CM.
L. 2); B IRHHOM pa3fielie pPaCCMOTPHUM PaIHOIOKAIIOHHbIE CTAHIIIN
(PJIC).

PagnonokanvioHHbIe - CTAHIMM HCIIONB3YIOT U TPOU3BOJICTBA
PaluOJIOKAIIMOHHEIX HaOIIONCHH  JIEeKTPOMATHHTHbIE BOJHEL B
OCHOBE PaAHMOJIOKaNMOHHOTO HAOMIOAEHHUS JISKAT CICAYIOMIKE CBOH-
CTBa  JICKTPOMArHUTHBIX BOJIH: OTPaXEHHE BOJH OT OODBEKTOB,
¢usHIecKue CBOHCTBA KOTOPHIX OTIHYAIOTCS OT CBOMCTB OKPYIXKAKO-
el Cpefibl; IOCTOSHCTBO CKOPOCTH PacHpOCTPaHEHHS BOJNH B OHO-
POIHOH cpelle; NPSIMOIMHEHHOCTD PAacPOCTPAHEHHS BOJH B -OJHO-
POIHOH cpezie; BO3MOXHOCTh KOHIICHTpAlMH HM3NYUYCHUS W MpHEMa
3NEKTPOMAarHUTHEIX BOJIH B Y3KHX CEKTOpaXx.

Wmnynecuas PJIC (puc. 4.4) BritodaeT B ce0sl nepenaTyuk, Ipu-
EMHHK, aHTE€HHO-(QHACPHYIO CHCTeMYy, GIOKH ATBHOCTH, YTTIOBOM
ABTOMATHKH, CYeTa, NEpedadd M PETHCTPalM JAHHBIX, & TaKKe
SHEPTONUTAHHS. ,

Iepedamuux GOpMUPYET MOLIHBIE KOPOTKHE BHICOKOYACTOTHEIE
HMILYJIBECHl 3JIEKTPOMArHUTHO SHEPTHH.

Anmenno-gpudepnas cucmema UpenHa3HaueHa Ui Iepeladu
MOIIHBIX BBICOKOYACTOTHBIX HMIYJILCOB C BBIXOJ@ TIEpelaTUHKA K
aHTECHHE W WX WU3SIyYeHHs B NPOCTPAHCTBO, I (HOPMHPOBAHHSA
HAIPABJICHHBIX CBOMCTB aHTEHHEI, a TAKKe JJII IIPHEMa OTPaXKEHHBIX
WM M3NYYEHHBIX BHICOKOYACTOTHBIX CHUTHAJIOB M IOIBEIACHMS HX KO
BXxoay npueMuuka. B cospemennnix PJIC mng manmydeHns u npuema
BEICOKOYACTOTHBIX CHMIHAJIOB HCIONB3yeTCs OJHa aHTeHHa. Ilepe-
KITIOYEHNE aHTEHHB! ¢ BEIXOJA NEPEAAIOIIET0 YCTPOHCTBA B PEsKHME
H3IIyYEeHHs Ha BXOJ IPHEMHHMKA B PEXUME NPHEMa OCYILIECTBISET
anmenHiil neperirodamenso. .

Ilpuemnux TpeaHazHadeH U YCHJICHHWS TPHHATHIX BBICOYAC-
TOTHBIX CHTHAJIOB OO HEOOXOJMMOH BEIHYHHBL, 00eCIednBaOIei
paboTy Bcex Apyrux snementos PJIC.
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bnok yanoeoti asmomamuku MO3BONSET OTIPE/ICIUTE MOJIOKEHHE
aHTEHHBI B [IPOCTPAHCTBE, @ TEM CAMBIM H3MEPATH yl"J‘IOBBIC KOOpAH-
HaThl 00BEKTA B IPOCTPAHCTBE.

Brox dansrocmu (MHOTHA HA3BIBAIOT cunxpouusamopom) (bop-
MHpYET IIyCKOBbIE MMITYJIBCEI, C TTOMOIIBI0 KOTOPBIX OCYILIECTBIISIET-
cs corylacoBaHue paboThl BO BPEMEHH BCEX OJIOKOB CTaHIWH M BBI-
TOJHAETCA H3MEPEHHE HAKJIOHHOH NaIBHOCTH 0 OOBEKTa. :

Bnok cuema BHIMONMHAET CHET U3MEPUTEIHHBIX CHTHAJIOB, TIOCTY-
DAONIMX. OT ICPBHYHBIX H3MEpUTENbHBEIX INpeobpaszopateneii B
MpPOLIECCE 30HAUPOBAHUS aTMOCHEPEHI. ‘

Bnox nepedauu w pesucmpayuu Oaunbvix: 0O6BEIUHAECT IOTOKU
BCEX BH/IOB H3MEPUTEIHbHOH HHGOPMaIUY C LETHI0 €e PerucTpaluH,
06paboTKH, a TakxKe Mepeaadn ToTPeOUTEIM.

. nepgﬁg'ﬂ"( le— Bnox | . Brok
: RansHoCTH nepeRan
- - - X [
"7 parucTpaniin
MpueMink Bnox RBHHEIX
PNC 1 cvera .

') Snox
Bnok NATaHKA <

yrnopo#

2208,400 M, 30" -~

Puc.4.4. @ynxyuonanvras 6roK-cxema UMnyIbCHOU .
. paouonoxayuornol cmanyuu (PJIC)

Cucmema snepzonumanus obecniednBaeT paGoTy BCell pagHONIo-
KaIlMOHHOM CTaHIMH 3JIEKTPHYECKON SHEPTHEH. '

Pabota PJIC u 0co0eHHOCTH €€ HCIOJIb30BaHHS onpezxemuo'rcz
COOTBETCTBYIOIIMMH TEXHHYECKUMH H TAKTHICCKMMH XapaKTepH-
CTHKaMH.

TexHn4yecKHe XapaKTePUCTHKH

Lnuna eonnwl (Hecywas uacmoma) 8blCOKOUACIMOMHBIX KONEba-
Huti A sBIOAETCA OXHOM U3 OCHOBHEIX XapakrepucTtuk PJIC. ITpu
BBIOOpE IUIMHBI BOJHBI YYHTBIBAIOT XapakTep PaclpOCTpaHEHHs H
paccesiHus 3JIEKTPOMATHUTHEIX BOJIH, BO3MOXXHOCTH KOHCTPYHpOBa-
HHSA QHTEHH, BO3MOXXHOCTH TE€HEPHPOBaHHA BBICOKOYACTOTHEIX
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KonebaHuii OONBHION MOLIHOCTH WM TpHEMa W3MEPHTENBHBIX CHIHA-
noB. O6br4HO BBEIOOP MIHHEL BoNHEl PJIC OOBIMHO HPOH3BOXHMTCS
KOMIIPOMMCCHO, YYHTBHIBas MHOXeCTBO (akTopoB. OTedeCTBEHHBIE
PJIC, ucnionp3yeMsle Ui 30HIMPOBaHHS aTMOC(EpDI, Kak MPaBHIIo,
paboTaroT B cBexBrIcOkodacToTHOM (CBU) MHTepBaie ¢ HCIONB30-
BaHHeM HecymieH yacToTsl 1782.5 mI', 94To mprMEpPHO COOTBETCTBY-
€T AJMHE BOJIHEI OKoMo 17 cM.

Hznywaeman mownocms. Ilpu ucnoms3oBanun PJIC pazmuuaror
CPERHIOI HMITYIBCHYIO MOIIHOCTh Hepenarinka (Pu) 3a Bpems
JUINTENBHOCTH HMIynbca T M CPEAHIOI MOIUHOCTH NEpefaTdHKa
(Pcp) 3a TIEpHOA TNOBTOPEHHS HMMIIYJIBCOB 7, KOTOpHIC CBS3aHBI
MeXIy co00H COOTHOMICHHEM:

P,T =P,T,. (4.14)

Hna obecnedenns Gonpnioi maneHOCTH Aekicteus PJIM mom-
HOCTb M3JIyYEeHHs HODKHA OBITH GONBINON; B COBPEMEHHBIX CHCTE-
Max 30HJUPOBAHHS OHa COCTaBIET COTHH KHJIOBATT.

numenvrocmo uanyuaemvix GblCOKOYACMOMHBIX UMNYILCO8 T
OKa3bIBaeT cyllecTBeHHOE BiusHue Ha padory PJIC. C Touku 3peHus
obecneuenns Gonsmel nampHOCTH Aeticteus PJIC, ¢ oxnolt cropo-
HEI, €NeCO00PasHO MMETh OONBIIHE 3HAYEHHS JUTMTEIHLHOCTH HM-
IyJHCOB, 9TO O0YCIIOBIEHO BO3MOXKHOCTBIO CY)KEHHS IIONOCHI TIPO-
MycKaHWs paguoJOKallMOHHOr0 NPHEMHHKA, NPHUBOMAAIIETO K
TIOBBIMIEHHUIO €0 YYBCTBUTENBHOCTH, & C JPYIOH CTOPOHEBI, Majbie
3HAYCHUA [JINTENBHOCTH HMIIYJIBECOB ~TO3BOJBIIOT — PEATM30BATh
GoNbIINE 3HAYEHH HMITYJIHCHOM MOIHOCTH, Ty4Iliee paspelliecHne B
IPOCTPAHCTBE, YMEHBIICHHE, TAK HA3HIBACMOM, «MEPTBON 30HBD> H JIp.

JelicTBrTENBHO, ,IUII/ITGJIBHOCTB HMILYJIbCOB . OIIPEAETISICTCS CIIe-
Iy IOIIHMH ¢daxTopamu:

— MaKCHMAJIbHO JIOHYCTI/IMOI/I CpeI[HeI/I MOIUHOCTBIO BEICOKOYAC-
TOTHOTO TepenaTunka PJIC, T. K. IId Hero HeoOGXOIHUMO anonne-
HHE OYEBHIHOTO YCIOBHS

‘PCP.MaKC 2 PMT/TH;

'— pasMepOM «MEPTBOH 30HBD Ry
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CcT
RMHH =
2

— pa3pemaoneii CiocoGHOCTBIO N0 HAMBHOCTH AR
; s
AR e 2 —.
2

B PJIC 30saupoBanus aTMoc(ephl JJINTEIBHOCTD 30HUPYIOLINX
HMITYJIECOB OOBIYHO COCTABIIAET BEJIHIMUHY OpsazKka 1 MKC.

Yacmoma nosmopenus usny4aemvlx UumMnyibcos. Beibop 4acToTh
TIOBTOPCHHUS MMITyJIbCOB F, IpOU3BOAMUTCS B COOTBETCTBHU C MaKCH-
ManbHOM nanbHOCTBIO  Ae#cTBUA PJIC Ry, CKOPOCTBIO 0030pa
IPOCTPaHCTBA ¥ HEOOXO0AMMOH BENMUNHON OTHOIIECHHS CUTHAI/IIYM.
MuHuMaIbHOE 3HAYESHHE YacTOThl IOBTOPEHUS MMITYJIECOB BHIOHpa-
eTci Tak, YTOOBI [UINTENBHOCTH NEPHOJA H3IYUCHHS WMITYJIHCOB
Obuta OBl HE MEHbIIEe BPEMEHH 3ala3[BIBAHHS CUTCHAIOB, OTPaXKESH-
HBIX OT CaMOH yAaJIeHHOH 1eny, T. €. He00X0QUMO, YTOOBI BLIITOTHS-
JIOCh YCIOBHE ‘

Ty = 1/Fy 2 2Ry IC. ' (4.15)

Ecnu BBecTH, Tak Ha3pIBaeMBIi, K03 GHIHEHT 3araca o MepHo-
Iy OBTOPEHM kp,, TO COOTHOIIECHUE CIEAYET NEPEMUCATh B BHJE"

Frsn < cQhkpRoarc) ™

IIpu onpeneneHun MaKCUMAaNbHOrO 3HAYEHHUA YaCTOTHI TOBTOpE-
HHUS HMMIYJIbCOB HEOOXOJUMO YYMTHIBATh, YTO I ObecredeHus
YBEPEHHOT0 00HapyXeHUI 00BbeKTa He0OX0AUMO, 4T00BI TIpH 0630pe
TNPOCTPAHCTBA OT HETO MOCIENOBATENEHO MPHUILIO HECKOBKO OTpa-
)KEHHBIX HMITYJIECOB:

N=te,F=0F /Q, 7 4.16)
rae O — mupuHAa [UarpaMMbl HAIPaBICHHOCTH aHTeHHH; Q - yrio-

Basg 4acTOTa CKaHHPOBAHUS JUArPaMMEI HanmpaBJIEHHOCTH aHTEHHEI.
Torna .
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Fp=—=. (4.17)

Ecnn MunuManeHO Heo6X0auMoe st YBEPEHHOTO 0OHAPY KEHHS
LEeNH YHUCIO0 OTPaKEHHEIX MMIIYIECOB O003HAUHUTEL uepe3 Ny, TO
(4.17) MOXHO epenucaTh B BUIE

Fsae 2 N /0.

Taxum 06pa30M 4aCcTOTa HOBTOpeHI/Iﬂ W31y 9aeMBIX I/IMl'IyJIBCOB B
umiynscHbIX PJIC nomkxa BBIﬁI/IpaTBCiI B COOTBETCTBHUH C COOTHO-
IICHUEM

2.5Rmce > Fu= N oo /0. (4.18)

. O6BIYHO HacTOTa CIEROBAHHA 30Hnnpy}omnx HUMITyJIbCOB CO-
CTaBIIIET COTHH TePIL.

Xapaxmepucmuxy auaepaMMbl HanpaeﬂeHHocmu anmennvl. Ha-
NIPaBICHHBIC CBOHCTBA AHTEHHEI XapaKTEPHU3YIOTCS C IOMOIUBIO
AHAarpaMMbl HanpaBIeHHOCTH aHTEHHBI, a TUCIEHHO — KO3 QHULHEH-
TOM HAIpPABICHHOTO ACHCTBHS M IIMPHUHOM NMArpaMMEI HalpaBieH-
HOCTH.

I[HarpaMMon HanpaBneHHocm AHTEHHE! I MOHOCTATHYECKHX
cucTeM (M3NyJaroias v IPUeMHAas aHTCHHEI COBMEINEHE]) HA3BIBAET-
¢S 3aBUCHMOCTH 3HAYCHHIH MOIIHOCTH (H3IIy4acMoil WM NpHHUMAE-
MoO#f) OT HAIpaBJIEHHA €€ M3IydeHHs Wix nprema. O6BIIHO HOIB3Y-
0TCA = HOPMHPOBAHHBIMH JUarpaMMaMi HATIPABICHHOCTH,
NPEACTABIAIONIME OGO OTHONIEHHE COOTBETCTBYIOIIEH MOIIHO-~
CTH anempomamnmoﬁ BOIHEl K €€ 3HAYCHMIO B’ HANPABICHUH
MaKCHMYyMa. '

IHupusa IIHanaMMLI HaHpaBJIeHHOCTH onpenen;leTc;I YTIIOM
pacTBopa IWarpaMMBl Ha YpOBHE IIONOBHHBEI OT MAKCHIMAIBHOH
MOIHOCTH (0.5 Pyacc) 11 Ha ypoBHe 0.707 MakcuManpHOH aMIIIH-
TYXBI BOTHEI (Eyayc)-

- KosdduumenToOM HApaBIeHHOrO JCHCTBHS AHTEHHB! B 3aJaH-
HOM HANpPAaBIICHUH D\v HA3bIBACTCs BEHUMHA, NOKa3BIBAKONIAs, BO

CKOJIbKO pa3 INMOTHOCTH II0TOKA MOITHOCTH B JaHHOM HalIpaBICHUH
H\V OTIHYACTCA OT CPEAHCTO 3HAUCHUA IINIOTHOCTH INOTOKAa MOIIHO-
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ctH Ilep, CO3/aBaEMOM NMPH H30TPOIHOM PACIPOCTPAHEHHH H3JIyde-
HYMA, T. €.

D,=I1,/T1 = E,/E’, (4.19)

OueBHIHO, 4TO B HANpaBICHHM MakCHMyMa JAHarpaMMsl Ha-
IPABJICHHOCTH MMEeT MECTO MaKCHMAaJbHOE 3HaueHue KodGhduiueH-
Ta HanpasiieHHoro zaeiicteus (D). Muorma Bmecto kosddmummenta
HaNpaBJIEHHOTO nencmm HCIIONB3YIOT xodQpuimenT ycuneHus
anTeHHsl G, :

G, =n,D
rae 1, — K03 OHUIHEHT 0TEe3HOro AeHCTBHS aHTEHHEL

Mexay ko3(dHIHEHTOM HaIPaBJIEHHOro NEHCTBHSA aHTEHHHI B
HANpaBieHUH MaKCUMyMa AHarpaMMbl HapaBICHHOCTH H YITIaMH e
pacTBOpa B OPTOTOHANBHBIX INIOCKOCTAX UMECT MECTO 3aBUCUMOCTD

4
D=1 . 4.20)
X a
rne 0,,0; — mupuna nﬁarpaMMLI HANPABICHHOCTH AHTEHHH (B

panuaHax) B I‘OpI/IBOHTaJIBHOPI M BEPTHKATHFHON IIOCKOCTAX COOT-
BETCTBEHHO. =

B PJIC:308aupoBanus atMocdeps, Kax npaBnno HCIIONB3YIOTCS
3epKaJIbHBIE AHTEHHBI-C OCECHMMETPHYHOM HIOIBYATOM [HArpaMMoit
HAIIPaBJIIEHHOCTH, I KOTOPOH CIPaBeIAMBO CIIEXYIOMIEE BHIpaXke-
HHE:

4mA

D=}»2,

4.21)

rae A — 3q)q)eKTI/IBHa51 IUIOMAb AHTEHHEL. KpOMe TOTO, IMPHHA
JMArpaMMBI HATIPABJICHHOCTH (B TPaJycaxX) CBA3aHa C AMaMeTPOM MX
packphiBa d COOTHOUICHHUEM

A
0=(60+80)—.
( )d
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]_HI/IpI/IHa ArarpaMMbl HamnpaBICHHOCTH OJIsL ONEPATHUBHBIX CHC-

TeM 30HAUPOBaHMS aTMOC(hepBl OOBITHO COCTABIIET 5+6°.

YyecmeumenvHoCnb pAOUOIOKAYUOHHO20 NPUEMHUKA OIICHUBA-
eTCA C MOMOUIBI0 MOHATHS MUHMMAJBHO Pa3sNHYMMOIO CHUTHANA Ha
(doHe COOCTBEHHBIX ITyMOB IPHEMHHUKA:

Pl;lp. MHH — mpPu.h . ' (422)

rae m, - Ko3bQUIMEHT pasIMYMMOCTH, XapaKTepHU3YHIIUH
HEoOXOIMMOE MHUHHUMAJBHOE NPEBBIEHHE MOIIHOCTH [OPOrOBOIO
CHrHama HajJ MOMIHOCTBIO COOCTBEHHBIX IyMOB NPHEMHHUKA; Py —
MONIHOCTH COOCTBEHHBIX IITyMOB IPUEMHHKA.

YyBCTBUTENHFHOCTE PAAHONOKAIMOHHOTO IPHEMHHMKA MOXET
GBITH 3afaHa TPEMs CII0CO6AaMM: EAMHHIIAMH MOWIHOCTH, OTHOCH-
TEAbHBIMA EAMHHIIAMH MONIHOCTH W €AMHHHIAMHU Kod(doHIeHTa
myMa. UyBCTBUTENBHOCTh IIPHEMHHUKA, BBIPaXXEHHAas B €IUHUNAX
MONIHOCTH, Ompenensercs cooTHomenueM (4.22). Ilpu sToM it
YBEPEHHOTO OOHapYyXEHHs CHTHala Ha (OHE LIYMOB IIPHEMHHKA
Heo0xoauMo, 4ToOEl m, > 1. OueBHIHO, YTO UYBCTBUTEIHHOCTH
OpUEMHHKA TE€M BBIIIE, YeM MEHBIIE YPOBEHb €ro COOCTBEHHEBIX
myMoB. UYBCTBHTEIBHOCTE COBPEMEHHBIX DPaJHMOJIOKAIMOHHEIX
IIPYIEMHHKOB COCTABIIAET BENHIMHY mopska 1072 + 107" Br.

OCHOBHEIM HEIOCTaTKOM 3afaHusi YyBCTBUTEIBHOCTH B €IUHH-
HaxX MOIIHOCTH SBIETCS HEOOXOANMOCTE ONEPUPOBAHMA C MAabIMU
BeMMuYMHaMH. [l yCTpaHEHHs STOT0 HEAOCTaTKa IONB3YIOTCA
3a/laHMEM YYBCTBHUTENBHOCTH B BHJIE€ OTHOCHUTENBHBIX JIOTapH(MH-
yeckux enuuuil (memuben). UyBCTBUTENFHOCTE PalOI0KaHHOHHOTO
[pYEMHUKA OXPENENSETCS IPH 3TOM OOBIYHO XK MOIIHOCTH B 1 BT:

n= 101g (Pnp. MHH)—I'

Takum 00pa3oM, UYBCTBUTENPHOCTH INPHEMHMKA, pPaBHOH
107" BT, cOOTBETCTBYET OTHOCHTENBHASL TyBCTBUTENBHOCT 120 J16/Br.

B coBpeMeHHOW paguonoKaluy 1S 3a4aHKsd JyBCTBHTEIBHOCTH
IIPHEMHHKOB HCIONB3YeTCs W, TaK HaspBaeMbIi, Kodddurment
myma Ny, CBSI3aHHBIA C MOIIHOCTBIO COOCTBEHHBIX HIYMOB NpPHEM-
HHKAa: '
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w = NukT Af,

rae k — mocrosHHas bomsrmana, 7 — TeMmeparypa OKpyXaromieid
cpenst, Af —nosnoca nponycKkaHus OPHEMHHKA. »

Hcnons3zoBanue koddduipenta myma s 3aAaHUS YyBCTBH-
TENBHOCTH NPHEMHHKOB OOYCIOBIECHO €0 OTHOCHTENBHOM IIPOCTO-
TOH N3MEpEHMUSL.

Takrnyeckne XapaKTepPUCTHKH

3ona nabmooenus. 3oHoit HabmomeHus PJIC wHaskiBaeTcsa 06-
7aCTh MPOCTPAHCTBA, B KOTOPOH MOIYT IPOM3BOAUTLECS OOHapysxe-
HHUe 0OBEKTOB U M3MEPEHHE HX KOOPIMHAT C 3aJaHHON TOYHOCTBHIO.
30Ha HAOMIOJEHWS XapaKTepU3yeTCs MaKCHMAllbHOH W MHHHMAIb-
HO¥ JaNBHOCTAMMU AEHCTBUS CTAHIMH, IpefienaMu 0630pa 1o asuMy-
TY U YIIIy MECTa, a TAaloKe Pa3pemaomeii cioco6HOCTBIO.

Munumanvhoti danvhocmoeio Oeticmeus PJIC (MepTBOi 30HOI)
A7 MOHOCTaTHYECKHMX CHCTEM HasbIBaeTcs Oymsiexamas o0iJacTsh
IPOCTPaHCTBa, B kKoTopoii PJIC He MOXET 0GHAPYKHBATH OOBEKTEL.
OueBHIHO, YTO PafUyC «MEPTBOH 30HBD» 3aBHCHT OT IJIUTEHABHOCTH
30HIUPYIONNX UMILYIbCOB, B TEYEHHE KOTOPHIX IIPHEM OTPAXKEHHEIX
CHTHAJIOB OKa3bIBa€TCI HEBO3MOXKHBIM:

Ry, = L (4.23)
MHH R 2 . } .

IIpakTraecku pafnyc MEPTBOI 30HBI BCEr/la IIPEBOCXOIUT BEIIH-
9HHY, OIpeAesIeMyIo U3 COOTHOmCHHS (4.23), Tak Kak mocie H3y-
YEeHHs aHTEHHOM HMIYJBCAa BCETZa HEOGXOMMMO HEKOTOPOE BPEeMS
Ha Iepexo] U3 pexuMa IepeJaddl Ha PexHM IpHeMa OTPaKCHHBIX
CHTHAJIOB,

Maxcumanvroi danvriocmoio Oeticmeus PJIC HasbIBaeTcs Takoe
HanboJpiee pacCTOsHHE, Ha KOTOPOM emie BO3MOXKHO OJHO3HAYHO
ONPENENNTh, Ha KAaKOH 30HAUPYIOIUI HMITYJILC MOJYYEH COOTBETCT-
BYIOHNIMH OTBET. Jl0CTaTOYHO OYEBHUIHBIM HPH 3TOM ABJIICTCH, YTO

Ruuee = C/2F,. ,‘ (4.24)
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Ilpedenvi 0b30pa no yainosvim koopouHamam (a3UMYTAIEHOMY
yriay u yriay Mecrta) B PJIC BeIOuparoTcs TakKuMH, YTOOBI 00eCTICUNTE
0630p Beell HebecHOM MOTyCHEpHL. ‘ o

Paspewarowas cnocobnocms. Paspemiaromed CIOCOOHOCTBIO
PJIC maseiBaeTcs €€ CIOCOOHOCTH pasfielbHO HaOmonaTh OIHM3KO
PACIONOXKEHHBIE IPYT K APYTY OOBEKTH B arMoc¢epe. Pasnuuaror
Pa3penanyio criocCOOHOCT 110 NANGHOCTH M IO YITIOBBIM KOOPAH-
HaTaM. , _ '

Paspemaromas cmoco0HOCTE N0 KaJbHOCTH ONEHHBACTCS MUHM-
MANBHEIM PACCTOSHHEM MEXITY JBYMA TOYEUHBIMH OOBEKTaMH,
HaXOIAMUMUCS Ha ogHOM HampaBnenuu oT PJIC, npu xoTopoM oHH
HabmonatoTcs pasgensHo. B ummmynecueix PJIC paspemaromias
CIOCOOHOCT IO AANBHOCTH OIPEAENsIeTCs ANMTENbHOCTBIO 30HIH-
pyromero uMunyisca. J{eldCTBUTENEHO, €ClIM ABa 00BEKTa HaXOIATCs
Ha O/{HOM HAUpaBJIEHUH COOTBETCTBEHHO HA PACCTOSHUSIX R 1 R,, TO
OpH TIOCTOSIHCTBE CKOPOCTHM PAaCIpOCTPAaHEHHS 3JIEKTPOMAarHUTHOHN
SHEPTHH B aTMOC(pepe OTP2)XCHHBIEC OT HHX CHIHANBI NPHXOLAT K
PJIC uepes HpOMe)KYTOK BpPEMCHH

At = B_R =£‘§. (4.25)
c ¢ c

OueBHIHO, YTO OOBEKTHI OYIyT HAOMIOIATECS PA3EIBHO, ECIIH
A>T, (4.26)

C yuerom (4.25) Boipakenue (4.26) MoxeT OBITH TEPEIMCAHO
Tax:

2
T<—AR s
C

OTKyza

ARy 2

T
—. 4.27
> 4.27)

Paspemnraromas cIocOOHOCTB II0 YINIOBBIM KOOpAMHATaM OICHH-
BAETCA MUHUMAJBLHBIM YITIOM MEXy HalpaBJICHUAMH Ha J{Ba PaBHO-
yranenusx or PJIC ToueunbIx o0bekTa, IPU KOTOPOM OHH HalIo-
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JIAIOTCS pa3jienbHo. Paspeniaromnias criocoOHOCTH IO YTIIOBBIM KOOP-
JUHATAMH ONpeleNdeTcs INHPHHON IuarpaMMbl HaOpPaBIEHHOCTH
anTeHnsl. OUEBHIHO, YTO Pa3peIlaloNas ClIOCOGHOCTE 110 YITIOBEIM
KOOp/MHATAaM JOJDKHA OHITH paBHA MIMPUHE AHArpaMMEl HAlPaBIIEH-
HOCTH aHTEHHE], T. €. IOJDKHO BHIIONHATECS yCIOBHE

Ay=0. ' (4.28)

B peanbHBIX YCIOBHAX pa3pemaromas cioco6HOCTE To YIJIOBEIM
KOOpJMHATAM OKa3HIBAETCA HECKOJIBKO JIydIle TOH, KOTOpas onpese-
nsrercs (4.28), uTo 06ycnoBNeHo GOPMO¥ JUArPaMMEL HanpaBIeHHO-
CTH aHTeHHHI. IIpefenpHOe 3HAYCHHE pa3pelIAlONiel CIOCOOHOCTH
TI0 YTTIOBEIM KOOPAMHATAM OTPeIeseTcsi COOTHOIIEHHEM

AY 1pen = 0.60.

Paspenatomnyie criocoOHOCTH N0 a3UMYTY M YIIIy MecTa Ul oce-
CHMMETpPHYHBIX JHArpaMM HalpaBlIeHHOCTH aHTEHHHI OKa3BIBAIOTCS
PaBHBEIMH ¥ BEIYHCIIIOTCS AHATIOTHIHO.

4.5. PaccesiHue 3J1€eKTPOMATHUTHBIX BOJIH

DddexkTuBHAn WAOWANs paccessHuA. CrnocobHOCTL pas-
JUYHBIX OOBEKTOB OTPAXKATH DIEKTPOMATHATHEIE BONHEI ONpees-
eTcs SIeKTPUIECKUMH CBOMCTBAME MaTepHasia, U3 KOTOPOTO OHM
COCTOSAT. DNEKTPUUECKHe CBOMCTBAa MHOOOTO BEMECTBA, KaK M3BECT-
HO, XapaKTepu3yIoTCs 3NEeKTPHIECKOH POBOAUMOCTHIO, HHANEKTPH-
4ecKOM M MarHHTHOM NpPOHHIAEMOCTHIO. B 3aBHCHMOCTH OT 3lIeK-
TPHYECKHX CBOMCTB Tella MOTYT OTpaxaTb, IOITIOMATE HIIH
IPOIyCKAaTh Mafalomy0 Ha HHUX JIIEKTPOMarHUTHYIO SHepruio. Ilpu
3TOM, €CIM Ha TpaHWIe IOBEPXHOCTH pasfena JBYX CPel IPOHCXO-
AT PE3KOE M3MEHEHHE OJHOTO U3 NEPEUHCIIEHHEIX TIapaMeTpoB, TO
npy OGIYYCHIH MOBEPXHOCTH Pa3iena HOTKHO HabmogaTecs pac-
CestHHE IEKTPOMArHUTHEIX BOJIH.

Ilpu paguoNOKaNMOHHEIX HAOMIONEHUAX PACCEHBAIONINE CBOMCT-
Ba 1eneit OObIYHO XapaKTEepH3YIOT ONHOH OOBeNUHEHHOM XapakTte-
pUCTHKOM — d(dextuBroM mmomansw paccesuus (JIIP). Tox a¢-
(exTHBHO# TUIOMAARIO paccesHIs ( O ) 00BEKTa IIOHUMAIOT BENTHIUEY
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o =4nR’ I—Ii, (4.29)
Hl
rae I1; u Il — IIOTHOCTH IMOTOKOB MOIIHOCTH SACKTPOMAarHUTHOMN
BOJNHBI B TOYKE PACIIONOKEHMS OOBEKTA M MOIIHOCTH PACCESHHOH
BOJIHBI B TOuke pacrnonoxenus PJIC cooTrBercTBeHHO; R — paccros-
uue ot PJIC 1o oOnexTa.

Bripaxenne (4.29) 3amucaHo IpH YCIOBHH, YTO PacCEHBAIOIAs
TIOBEPXHOCTh O PaCIIONOKEHA NEPIICHANKYIAPHO NaJaromeMy Iyqy
¥ paccerBaeT MAfaloIyl0 Ha HEe SHEPTHI0 PABHOMEPHO BO BCEX
HalpaBICHUIX.

Eciu WCIoNs30BaTh CBA3b MEXAY MOINHOCTHIO M HANPSIKEHHO-
c1h10 (E) 37eKTpOMarsuTHOH BOJHEI, TO (4.29) MOXHO NEpENHCATh B

BHUJIE:
2

G=41rR2§27,
1

rae E; v E| — HanpshKeHHOCTH MAJaron(eif 3JIeKTpOMAarHuTHOH BOJTHEI
B paifoHe [eH B OTpaXeHHOH BoIHEI B paitone PJIC cooTBeTcTBEHHO.

OIIP 3aBHCHT OT 3JEKTPHYCCKHX. CBOMCTB MarepHana OOBEKTa,
€ro KOHMWTypaly, reOMETPHYECKIX Pa3sMepOB WM HaIpaBICHHS, C
KOTOPOTO IPOUCXOAUT 00xydeHue. Jlna GonblMHCTBA OOBEKTOB
OIIP MOXHO OIpPEeAeNHTh JUINEL SKCIEPUMEHTANBHO; TEOPETHUECKU
penuunaa JIIP moxer OBITH paccuMTaHa TONBKO AN OOBEKTOB C
3aJaHHBIMH CBOMCTBAMH W IIPOCTEHIIMX reoMeTpuueckMx ¢dopm. B
KauyecTBe TAKHX MPOCTEHNINX OOBEKTOB OOBIYHO PaCcCMATPUBAIOT
IUIOCKYIO MJEaNbHO MPOBOAAILYIO OONBIIYIO IUIACTHHY, OOJBIIYHO
HAeanbHO MPOBOIAINYI0 cdepy M, TaK Ha3bIBacMblE, YIOJNKOBEIE
OTpaXkaTemH.

IInockasa uaeanbHO MpoBOAAIIAA GoJbIaa niuacTuna. [IycTs
IUTOCKas MeTanyuyeckas (MACalbHO IIPOBOAAIIAA) IJIACTHHA C TTaj-
KoH VSCpKaJIBHOVI\/'I [IOBEPXHOCTHIO, JHMHEHHBIE pPa3Mephl KOTOPOH
HaMHOTO 6ONBINE MHBI NAJAMONIEH DIEKTPOMATrHUTHOH BOJHEL,
HaxozauTca Ha paccroguud R ot PJIC u opueHTHpOBaHa HepIEHU-
KyJNApHO HalpaBIeHMIO Majaromeil BomHbl. [0 CBOMM HampaBleH-
HBIM  CBOMCTBAM Takas IINacTHHA OKAa3bIBAcTCs JKBHBAJICHTHOH
aHTeHHE ¢ K03 QHUEEHTOM HAIPABIEHHOrO JAeHCTBHS
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4m

D= ? S s (4.30)

rie A — JUIMHA BOJHBI MaJaIOMEro 3JeKTPOMATHUTHOIO H3JTy4eHHMS,
Si — TUIOTIA/E TLIACTHHEL. ‘ ‘

Ecnu npeHebpeds MOTEPSAMH B MaTepHalie IUIACTHHBI IPH pac-
CesHHM MaIaiomell SIeKTPOMATHHTHOM DHEPTHH ¥ IPENOJIOXKHUTE,
9TO paccesHHE IUIACTHHEI HEHATPABIEHHO, TO IUIOTHOCTh MOTOKA
MOIIHOCTH PaccesHHOH BONHEI B Touke pacmonoxenus PJIC Gyzer
paBHa ' ‘

IT
H, = 1 S 1
> 4mR?

C YUY€TOM HaIIpaBJICHHBIX CBOMCTB IJIACTUHEI 3TO BBIpaXCHUC
MOJXXHO IIE€PEIUcaThb B BUAC ‘

: I1
Il = H,D n;-‘:—lS nnDrm-
2O 4nR?

I/Icnom;:;yx onpeJeseHue 3IIP, DIIP TUIACTHHEL Oymer ompene-
JIATBCSA CIACAYIOUIUM COOTHOIICHUEM:
I 4m

=—247R* =

= = Szn,, (4.31)
1

3aprcumocts DIIP macTHHEI OT KBajpaTa ee IUIomand Gusnde-
CKHA OOBACHIETCS TEM, YTO C YBENMYEHHEM IUIOINanH NNACTHHEI
YBETMYUBAETCSH HE TOJNBKO IIOTOK MOIIHOCTH, IaJAlOIIKi Ha IUIacTH-
HY, HO ¥ K03 PUIHEHT ee HaIpaBIEHHOIO AeHCTBHA. 3aMeTUM, 9TO
DpY HAKIOHE IUIACTHHBI OTHOCHTENbHO HATpPAaBICHUS ~NaJeHHS
BoJHEI ee DIIP pe3xo ymeHpIIaeTcs.

Hneannno npoBoasimas Goasumias cepa. PaccMoTpuM OZHO-
poauyio cepy Gonbmoro pamgmyca (r), i1 KOTOPOH BHIMOIHIETCI
cooTHomeHHE r >> A . IlpeamonoxumM, 4to 3Ta chepa obramaer

HJIeaibHOM IIPOBOIUMOCTEIO. SIBnsgercs. JOCTATOYHO O4YCBHUIHBIM,
YTO HpH HAJTHINHA na;(aromeﬁ SHCKT‘pOMaTHHTHOﬁ BOJIHBI Pa3IUYHBIC
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YYaCTKH IIOBEPXHOCTH cdepbl OYIyT paclONOXXeHHI IOJ pPa3HBIMH
yTrjlaMi OTHOCUTEIIHHO HalpaBIeHHs NaJaioliel BONHEI, BCIECICTBHE
9ero ux BKIaAd B (opMHpOBaHHME OTpPaKEHHOI'O CHTHana OymeT
YMEHBIIATBCA OT LEHTPANbHOM TOYKH Ha IOBEPXHOCTH c(epsl K
nepudepun. CrenoBaTeNsHO, TAK XKe JODKEH YMEHBIIAThCS BKJIAL
IUIOIa/iel 3TUX YYacTKOB B cyMmapHyio OIIP coeprl. Pasmennum
IIOBEPXHOCTh C(epbl IIOCKOCTAMY, NapayUICNBbHBIMU IUIOCKOCTH
(poHTa MaAroIel XEeKTPOMATHUTHOM BOJIHEL, Ha, TAK HA3BIBAEMBIE,
30HK ®peHens TakuM 06pa3oM, YTO TyOHMHA KAXIOH 30HEI B Ha-
NpaBICHAY NaJarolei BOJ;[BHI:-I Obina 661 paHa A/ 4 (puc. 4.5).

T
A r o

A]}’

Puc. 4.5. K pacuemy IIIP 6onviuoii npogodsuyeti cpeput

HauGonpmuii Bkaajg B pacCesiHHBIA CHTHAN BHOCHT IIepBas 30Ha
®PpeHens1, NepneHAUKYIIPHAI TaJaloIeMy Tyqy. Paauyc 3Toi 30HbBI

paBed
A Y /xr
nL=r 11— —| = ]—. .
4r 2

Taxum 06pazom, MIOMEAAL TOBEPXHOCTH NepBOH 30HEI DpeHess
Oyzner paBHa '

ATr
S, =Kt ==,

VCTaHOBIIEHO, YTO HAIPSHKEHHOCTH IOJS, CO34aBaeMOro yce-
4eHHOH chepuueckoll MOBEpXHOCTHIO, B T pa3 MEHbBIIE HalPsKEH-
HOCTH, CO3JaBaeMOH IIOCKOM mnacTHHOM. Tak Kak Takas moBepX-
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HOCTB yqaCTByeT B (OpMHIpPOBAHHH pacceﬁmﬁoro CHT'HAaJIa OBaXbI,
TO 3TO npnBe,ueT k ymerbuiesnto JIIP cooTBercIByroIe MIOCKOH

IUIACTHHH! B T0- pa3. MHaue roBops, DIIP coeprl (O,) Gyner papHa

BIIP mIocKoM HAEaNbHO IPOBOAAIIEN TUIaCTHHEL C IUIOLIA/IBIO,
COOTBETCTBYIOIEH IUIOmaaH NepBOH 30HB DpeHens ¢ MONPaBKoOH,
0ZIHAaKO, Ha ee HallpaBIIEHHEIE CBOWCTBA '

1 " 4ns?
c =—-G,,,1=—Sl-=nr2. (4.32)

TaKnM o6pa30M OITP 6OJII>U10H nneam,Ho npOBop;;ImeH C(bepm
paBHa IIOmManH e¢ OONBIIOr0 CEUeHHS. '

Yroaxosrle 0TpamaTeJm. VYTONKOBbIE OTpa)kaTeNH npencraB-
JSOT cO0OH cHCTEMy W3 JIBYX HIH TPEX MEPICH/HMKYIAPHBIX TUIa-
CTHH, KOTOPIE 'Ha3BIBAIOTCH TPAHsAMH. I'paHH YTONKOBEIX oTpaKare-
Mell MOTYT WMMeTh pasiuuHbBle pasMepbl H ¢opmy. Yame Bcero
HCTIONB3YIOTCA erJ‘IKOBBIe OTpakaTelu C TPEYroNbHBIMH H KBaJpaT-
HBIMH TPaHAMH. XapaKTepHOH OCOOEHHOCTBIO yTOJKOBEIX OTpaka-
TeJeH SABNAETCS CIIOCOOHOCTE MHOTOKPATHOTO PaccesHus Najarome
Ha HHMX DJIEKTPOMArHWTHON sHepruu. HambGompmmit addekr  mpu
9TOM JIOCTHTAETCsA B CIydae pacCesHUs Najaromed 3JeKTpOMarHuT-
HO#t BONHEI B OGpPAaTHOM HalpaBleHWH. VHaue roBops, OHH MOTYT
ObITH TOJOOHBI 3€pKajly, IUIOCKOCTh KOTOPOTO IepIeHIMKYIpHa
HANpaBIICHUIO TafAIOMEH YEKTPOMATHUTHOH BOJHEL

JByXTpaHHBIC YTOJIKOBEIE OTpPa)kKaTeld NAloT 3epKaJIBHOB pac-
CesiHHe. B TOM Cilydae, eClH MaJafolui JIyd JEeXKWT B IUIOCKOCTH,
IEePICHTUKYIAPHOH pebpy OTpaxKaTess (puc. 4.6). Hpn TaJCHHH B
JAPyTHX TIOCKOCTSX PaccesHHbIi ay4d GyOeT yXOIUTh B CTOPOHY OT
HaInpaBJIeHus Hajaroniero gy4a. Jns Toro, 4To0sl pacCesHHBIH Tyd
HanpaBIICs B CTOPOHY NANalomEero B JNHOOOH IUIOCKOCTH, HE06X0-
HEMO, YTOOBI pacCesHHBIA Tyd HMeN TPEXKpaTHOEe" paccesiue OT
TpeX B3aUMHO IIE€PIICHIHKYIIAPHEIX TPaHeH.

109




Puc.4.6. Paccesnue s1ekmpoMazHumHol OIHbL OM Y2ONKO8bLX Ompaxcameneii.
@ — 08YX2PaHHbLIL Y20IKOBbI OMPANCAMenb C KGAOPAMHBIMU 2DAHAMU,
6 — mpexzpanHbill Y20NK0BbIE Ompadicamens ¢ K8AOPAMHBIMU 2PAHIMU.

PaccMOTpHM paccenBaroIye CBOXCTBA JBYXTDAaHHOTO YTOJIKOBO-
ro orpaxarend. IlycTe Ha IBYXIpaHHBIH YTOJNKOBBIA OTPa)aTeib
najaeT dIeKTPOMAarHUTHAs BOJIHA, HalpaBlCHHE NafcHHS KOTOPOH
JIEXHUT B IIOCKOCTH, NEPNEHAMKYIApHOH pebpy yronka. Paccesnue
3IEKTPOMATHUTHOM BOJIHEI ABYXIPAHHBIM YTOJKOBBIM OTpaXareleM
B 00paTHOM HalpaBJIeHHH MOKHO 3aMEHUTh PACCESHHUEM OT ILIOCKOH
IUIaCTHHEI, JIEXalle# B MIOCKOCTH MaJaroIlel BOJIHBI M IPECTaB-
nsAromeR cobod oOmui ydacTok IUIOmajed NMpOeKUHH rpaHei Ha
IIOCKOCTh  (PPOHTA mHajaronled BOMHBL. TakuM 00pa3soM, 3KBHBa-
JIeHTHas IUIOIaJb IBYXIPaHHOIO YIOIKOBOTO OTpakaTens Oyner
paBHa

S,=28,sinYy,

rae Sy, — IIOMaab OAHOM IpaHHM, Y — Yo NafeHHs BOIHBI, OTCUH-
THIBAEMBIN OT BEPTHKAJIBHON IpaHH. 3Jech ClleNyeT yKas3aTb Ha TO,
9TO IpeneNsl H3MEHEHH 3TOTO yIIIa 3aKIFOYeHEl B HHTepBaie oT 0

no 45°; upu yrmax Y >45" muoxurens Sin’y nHeoGXoaumo 3ame-
HUTH Ha COSY. OueBumHo, uro S, GyZeT MMeTh MaKCHMAIBHOE

3Hauenue mpu Y =45 u S, =\/§S s
OIIP IBYyXIpaHHOTO YTOIKOBOIO OTPaXkaTels 6yIeT paBHa

0”=16%Szrpsinzy. (4.33)

MakcumanpHoe 3HaueHue OIIP onpenenuTcs BeIpaKeHHEM
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- 8n
” 2
o) Maxc=—S (434)
}\’2
AHanoruuHble paCCMOTPEHMS I TPEXTPAHHEIX YTOIKOBHIX OT-
paxaTenedl TO3BOJNAIOT MONYYHTh CIEHYIOUIHE BHIPAKEHHA A
ONpeeNeHHs MAKCUMAIbHEIX Bemuaun J1IP:

— JUI1 YTOJIKOBOI'O OTpaXKaTeiid C TPCYTrOJIbHBIMU I'PAHAMH B BHAC
IIPpaBHIBHBEIX TPCYTOJIBHHKOB!

” 4t
e 'rp nfaxc=“3—}yz_; (435)
— AT YTOJIKOBOI'O OT'i)aX(aTeHﬂ [} KB-';li[paTHLIMPI TpaHsAMHU.
-,,, 12nl*
O xe.maxc = (4.36)

X
rae | — anuHa pedpa. .

YTONKOBEIE OTpaXKaTell B CHIy CBOEH 6011511101/1 OIIP Hammz

Han6om,mee npnmeHeHne npn nponsBo,uche BCTPOBBIX H3MEpEHHi.

4. 6 Hsmepe}me KOOp}IHHaT Oﬁ’beKTOB B aTmocq)epe

Hpn peanusanyy paJroIOKAaLMOHHEIX HabIOAEHMI 3a mepeMe-
HIAIOIIMMHCS 00beKTaMu B aTMocdepe, Kak YK€ OTMEYaIoCh BBIILE,
HeoOX0MMO BHINONHATH M3MEPEHHS YIIOBBHIX KOOPAMHAT (a3HMy-
TaJIBHOTO M BEPTHKAJILHOTO YTIOB), a TaKXKe HAKIOHHOW AalbHOCTH
ot aHTeHHH PJIC no oObexkra. PaccMOTpHM OCHOBHbBIE METOIBI
H3MEpPEHHs KOOPAUHAT 0GBEKTOB B aTMochepe.

H3MepeHne yIrioBBIX KOOPAHHAT 00BEKTOB.

H3MmepeHne yrioBBIX KOOpAHUHAT (IIeNEHrays) 0ObEKTOB MOXET
OBITH OCHOBAaHO Ha aHANHM3e aMIUIHTYH WIH (a3 H3MEPHTEIbHBIX
CHIHaNOB. B COOTBETCTBMH C 3THM pAa3slHYalOT AMIUIUTYIHBIE H
(a3oBEIe METOMIB H3MEPEHUS YTIOBHIX KOOPIHHAT.

AMIUINTYAHBIC METOABL. B OCHOBY aMILIHTYZIHBIX METOHOB H3-
MEPEHHUs YITIOBBIX KOOPAMHAT OOBEKTOB MOJIOKEHO HCIIONB30BAHHE
HANpaBIeHHBIX CBOMCTB pPaqHONOKAIlMOHHBIX aHTEHH, KOTOpBIE
‘ XapaKTEPH3YIOTCS IHArPaMMON HAMpaBIeHHOCTH. IIpH 3TOM cumMTa-

eTcd, 4TO aMIINHTyJa CHUTHAJA, IOCTYMAloLIero OT IelH, OYAET B
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TOYHOCTH IIOBTODPATEH JHATPaMMYy ‘HaNPaBICHHOCTH. B 3aBucHMOCTH
OT CcImocoGOB aHANM3a aMIUIATY/ABI PHHATOTO HM3MEPUTENBHOTO
CHI'HAJa MOYXHO BBIIENIHTH IBE PA3HOBHIHOCTH AMIUTHTY/IHBIX METO-
JIOB: METOJi MAKCAMyMa 1 METO/ CPaBHEHHUS.

Memoo maxcumyma TpeanonaraeT, 9To MAKCHMyM IMarpaMMBl
HaIpaBJIE€HHOCTH COBIAJ@eT C HanpaBleHMeM Ha OOBEKT (pHC.
4.7, a). TIpx mOBOPOTE qUArpaMMb] HAIIPaBICHHOCTH CHIHAJ, IIOCTY-
maomuii ga BXxox mpueMmHuka PJIC ot memw, OyAeT H3MEHATHCS,
cremysl H3MEHEHMIO JAMarpaMMEl. B TOT MOMEHT, KOTja IOCTYIIako-
MM OT LEJM CHUTHAI JOCTHIHET MAKCHMAlIbHOrO 3HA4YeHMs, IPOU3-
BOJHUTCA OIPEAEICHHAE YIJIOBOM KOOPANUHATE 00BEKTa IO IOJI0XKe-
HMIO IHAarpaMMBI HAPABICHHOCTH B IPOCTPAHCTBE.

OCHOBHOE IIPEMMYILECTBO METOAa MAaKCHMyMa 3aKIIO4Yaercs B
TOM, YTO B MOMEHT M3MEpEHHil JOCTUTaeTCs MaKCHMAIBHBIN ypo-
BCHb M3MEPUTENBHBIX CHUTHAIOB, 4r0 obecmeynBaeT uX OGosiioe
NpeBHILICHHE HAJA [oMexamu. HemocrtaTok MeTofa MaKCHMyMa
COCTOHMT B TOM, 9TO B 06JAacTH MaKCHMyMa [JHarpaMMa HalpaBieH-
HOCTHM aHTEHHBI MMEEeT JOCTATOYHO MAlyl0 KPHBHU3HY, BCICICTBHE
Yero CHHIKAETCS TOYHOCTH M3MEpeHHMs YIVIOBHIX, KoopimHat. Ecmu
qyBCTBUTENBHOCTh HM3MEPHUTEILHOTO ~ YCTPOMCTBA TI0 - MOIIHOCTH
pasna AP, to B mpepmenax yria -2A0 (puc. 4.7, a) mpaKTHYECKH
HEBO3MOXHO OOHApYXHMTh H3MEHCHHs aMIUITYZ IpPHHIMaeMbIX
H3MEPUTENBHEIX CHIHANOB. [I03TOMY TOYHOCTH U3MEPEHHS YITIOBBIX
KOOpIMHAT METOJIOM MakCuMyMa 1 OyzeT onpeesTscs yrinom 2A0.

a

Py @

Puc. 4.7. K usmepenuio y2nogix Koopounam 06sekmoe amnmyoHsimu
Memodamu: a — Memod MaKcumyma, 6= memoo0 CpasHEHU.
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CymHOCTE Memooa cpasHeHus TIPH ONPENeNeHNH YIIIOBBIX KO-
OpIMHAT OOBEKTOB 3aKJIFOYACTCA B IOCIIENOBATEIBHOM CPaBHEHHH
aMIUTITYZ CHTHAJIOB, HPUHSATHIX IOCIEAOBATENHHO BO BpEMEHH Ha
aHTEHHY CO CMEICHHBIMH IOJIOKECHUAMH JUarpaMMbl HAallPaBJICHHO-
cTd. llpm peammsanuy JaHHOTO MeToJa HCIIONB3yeTCS Ruarpamma
HAIIpaBJICHHOCTH B BHJE JICIIECTKA, KOTOPBIA OOYEPEIHO 3aHIMAET
nBa nonoxerns (I wimm IT) otHOCHTeNBHO JMHMU OO, (puc. 4.7, 6).
Ecnu 06beKT HaxOAWUTCS BHYTpU yria 2\ (f — yroi Meximy Ha-

rpasneHusmu [ u O0,), To, cpaBHUBAs BEJIMYHHEI CHTHAJIOB, [TOCIIC-
JIOBaTENbHO NPHHSATHIX AHTCHHOM, MOXKHO OIpENENUTh OTKIOHEHHE
obwekTa oT Hanpapnenus OO;, KOTOPOe, KaK MPAaBUIIO, B COOTBETCT-
ByeT HaIpaBICHUIO T€OMETPUUIECKOH OCH aHTeHHO# cucTeMsbl. Ilo-
BOpauNBasl aHTCHHYIO CUCTEMY B IIPOCTPAHCTBE, MOXXHO HANTH Takoe
HalpapJeHHe, KOrja BeJMYMHBl CHIHAIOB, IIPHUHATHIX NPH KpaiHHHUX
(IpOTHBONONOXHEIX) MOJOXKEHUSIX IUATPaMMBI HANpPABIEHHOCTH,
6yayT onuHaKOBBIMM. IIpOCTpaHCTBEHHOE HAIpaBIICHHE AHTEHHBI,
COOTBETCTBYIOIEE PABEHCTBY aMIUINTYH CUTHAJIOB; U Oy[er onpene-
JATh HalpaBileHHe Ha o0bekT. Hanpasnenne OO;, KOTOpOMY COOT-
BETCTBYET PaBEHCTBO CHUTHAJIOB OT OOBEKTAa IPH JIBYX TOJOKEHHSIX
J¥arpaMMBl  HanpaBIE€HHOCTH, HAa3bIBAaCTCH  PAGHOCUSHANbHBIM
(PCH). B peanbHbIX YCIOBHUSAX BCIEACTBUE OrPaHUYEHHON TOYHOCTH
H3MEPEHNs YITIOBHIX KOOPJMHAT HMEIOT Aeiio 00braHo He ¢ PCH, a ¢
pasnocuznanvrol 30rnot (PC3). IlosToMy MHOTOAa Memod cpagHeHus
Ha3bIBAIOT PAGHOCUZHANLHBIM METOIOM.

Merton cpaBHeHHs obecrieunBaeT 6oiee BEICOKYIO TOYHOCTE, YEM
METOJi MakcuMyma. D10 OGYCIOBJEHO HCIIONb30BAHHEM YdYacTKa
JuarpaMMBbl HalpaBlICHHOCTH AHTEHHBI C OONBIION KPYTH3HOM,
BCTIE/ICTBHE Yero NpH MajioM OTKIOHeHHH o0bekra oT PCH Habimro-
JaeTcs JAOCTAaTOYHO OONBIIOe W3MEHEHHWE BEIWYMHBL TPHHATOTO
H3MEPUTENIFHOro curHaia. OTcueT HalpaBJICHUS TIPH 9TOM MIPOH3BO-
JHUTCS MIPH JOCTATOYHO OONBIIOM YPOBHE IPHHHMAEMOTO H3MEpH-
TEJIFHOTO CHTHAJA, VI 4eTO TOYKA IepeceyeH s uarpaMM Hanpas-
JICHHOCTH BBIOHpAeTCs IIPHMEPHO Ha CepeauHe.

®asoBble MeToabl. 13 (Pa3oBbIX METOIOB M3MEPEHHS YIIIOBBIX
KOOpAWHAT HauOOJbIIee PacIpOCTpaHEHHE MOIMYIHI METO/ CpaBHe-
HHA (a3 CHUTHANOB, OJHOBPEMEHHO IPHHATHIX HA pa3HECEHHBIE
antenHs! (puc. 4.8). IIpu onpeneneHUN YriIOBEIX KOOPAWHAT TAKUM
METOZOM B IUIOCKOCTH HEOOXOAMMO MIMEThH ABE Pa3HECEHHEBIE aHTEH-
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HBI, @ TIPH TICJEHIOBAaHHWHM ‘B JOBYX OPTOTOHAIBHBEIX IIIOCKOCTIX

Ri-R;

‘Puc. 4.8. K onpedenenuio pasHocmu (pas CUZHAROS, RPUHUMAEMbIX
08yMsA DA3HECEHHBIMU AHMEHHAMUL

(HanpuMep, BEPTUKAIBHOW M IOPHU30HTAIBHON) HEOOXOAUMO HUMEThH
YEeTBIPE aHTCHHBI, pPa3HECEHHBIE TONMAapHO B COOTBETCTBYIOIIHX.
mmnockocTax. Kpome toro, PJIC, peamusyiolmasi TakoH METOM TIEIIEH-
TOBaHMA, I0JDKHA UMETh €IIe U MATYIO aHTEHHY — IEPEAAIONIyIO,

PaccMOTpuM TpHHIMI (Ha30BOTO IENEHTOBAaHHA B OJHOH IIIOC-
kocTH. BenencTBre pa3snuyHEIX pacCcTOSHUN OT 00BEKTa IelleHIoBa-
HHUS [0 IPUEMHBIX aHTCHH IIPUHHUMAaeMble H3MEPUTEILHBIC CUTHANB
B TOYKAX PAcCIOJIOKEHUS 3THX aHTE€HH OYJYT CABHHYTH 1o ¢aze Ha
BEJIMYUHY

) ,
(p=—;£(R1 ~R)), (4.37)

rae R; 1 R, — paccTOSHHA OT 00BEKTa /10 COOTBETCTBYIOMINX aHTEHH.,
OueBuHO, UTO ‘ :

2T .
=—>Lsino,
*=

rae L~ paccrosHue MexXIy aHTeHHaMH (6asza); OL— yronx B TIOCKO-
CTH TIEJIEHTOBAHMS MEX/Ty HATpaBIeHHEM NPHXO0/a H3MEPHTEIHHOTO
CUrHaja (HampaBlieHHEM BU3MPOBAHMA) M HOPMANBIO K 6ase.

. Jlns MaEIX yriios sin 0L = 0L , IO3TOMY
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AQ
=—. 4.38
T (4.38)

TakuMm 06pazom, u3mepss (Ha3oBBIA yron (), MOXHO PacCYMTaTh

YIJIOBYI0 KOOPMHATY B IUIOCKOCTH. OMINOKY IEJeHIOBaHHSA MOXHO
Ol'lpeJICJII/ITB nyTeM nmbtbepenunpoaaﬁna o6eux gacTell COOTHOIIE-
HHSL (4 38): \ .
’ A0
o= 209 .
2nL

rae OQ —omubka U3MEPEHUs Pa3HOCTH (a3 M3MepHTENBHBIX CUTHA-
JIOB, TIPHHSATHIX aHTEHHAMH.
UyBCTBUTENLHOCTE METOJa K H3MEPEHHIO yrna (Eq,) MOKHO

OLICHHUTH € momomibio (4.38), M3 KOTOPOH UMEEM -

_9_ 27‘EL

£
‘”oc}»

- (4.39)

U3 (4.39) cnenyer, uto ‘IYBCTBI/ITCJ'ILHOCTB ‘a CJ'ICL[OB&TCJIBHO H
TOYHOCTH M3Meperus. yrua 6yayT TeM BblIe, yeM Oonpie Gasa L u
MEHBIIE JIHHA BOMHEL “A. C Touku spenns oGecnedcHus Gonpuei
TOYHOCTH JKENaTeNbHO TakXkKe H3MEepsTh GonbIre pasHocTH. (as.
Onsako, ecnu m3MepsieMas pasHocTh (a3 okaxercs Oonsie 27T,
BO3HHMKAET HEOMHO3HAYHOCTE B €€ M3MEPCHUH, a CIeOBATEIbHO, U B
M3MEPEHUH YIIIOBON KOOPAMHATEL. J[JIs1 MCKIIOYEHHUS HEOJHO3HAYHO-
CTH M3MEpPCHHWH BeNNYuHYy -0a3pl HEOOXOAWMO BBIOHMPATH . TAKIM
06pa3oM, ITOOH! IpH. OTKIOHEHNH 00BeKTa B 00€ CTOPOHBI 0T HOP-
Malu K cepenute 0a3bl Ha MAKCUMANBHBIN, YTOI O yaxe PA3HOCT (a3
H3MEHSIach OBl Ha BENUYHMHY, He NPEBHIMIAIONYIO 27T, a IIPH OTKIIO-
HEHHH B OJHY CTOPOHY — Ha BEJIMYMHY, HE IPEBHIIAIOIYIO TT, T. €. -

‘%;.ésmamsm @40

W3 (4.40) BumHO, yTO BennuuHa 0a3sl (a3zoBoil CHCTEMBI HM3Me-
peHHs YTIOBEIX KOOPAMHAT, pabOoTalOMmel Ha [THHE BOJHE A U TpH
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MaKCHMaNbHO BO3MOKHBIX OTKJIOHEHHSIX UENH Oy, MODKHA BEI-
OupaTbCs U3 YCIOBHS

LS———————ZSin); - ’ (4.41)

Makxc

OCHOBHBIM IIPeNMYIIECTBOM (Ha30BOIO METOJa U3MEpEHHs yr-
JIOBBIX KOOPAMHAT SBIIAETCS OYEHL BHICOKAsA TOYHOCTDH, a Hambomee
CYIIECTBEHHbIM HENOCTATKOM — HEOOXOJMMOCTh IIOAAEPKUBATE
HIECHTHYHOCTE (Pa30BBIX XapaKTEPHCTHK OOOMX NPHEMHBIX YCT-
POWCTB. ‘ ,

Cnenyer 3aMeTHTB, YTO PacCMOTPEHHBIH (Ha30BBIH METOX OIpe-
JleNIeHHs] YIIIOBBIX KOOPAMHAT JaeT XOCTATOYHO SACHOE TIPEACTaBie-
HHE O METOAC M3MepeHHsA KOOpAHHat, peammuzyemoro B OMETA-
HaBHTalIHOHHBIX CHCTeMaX; HEOOXOAMMO TOIHKO BMECTO IPHEMHBIX
anTeHH noHuMath OMEIA-crannuu. MsmepeHHe pasHOCTH a3
konebanuii, npumenmux oT OMEIA-cTanimi, BHIIONHIETCS IIPH
3TOM CaMHM OOBEKTOM, IIepeMEIAtoIIUMCs B aTMocdepe.

B mocnennee Bpems Bce Gofblliee PacpoCTPAaHEHHE IIONYYArOT
METOJBI H3MEPEHHA YITIOBBIX KOODAWHAT Ha OCHOBE HCIIONB30BaHHA
dbasuposanHsIx aHTeHHBIX pemeTok (DAP), obecnieunBaromue Gonee
IIHPOKHE BO3MOXKHOCTH bopMEpOBaHMA TOCTATOYHO Y3KHX JIHa-
rpaMM HanpaBneHHocm aHTEHHB! M yNpaBleHHs €. B mpenemax
PAacKpbIBaHHA aHTCHHOH pELICTKU YCTAHABIHUBACTCS MHOMXECTBO
H3IIydaioIyXx 371eMeHToB. Kaxaplii s1eMeHT BO30YXXHaeTcs Hamps-
KCHHEM, aMIUINTyIa M (asa KOTOpPOrO YCTaHABJIHMBAIOTCA -MHKPO-
npoueccopoM. PacnpeneneHue amnnuTyR u (a3 HanpsDKEHHH Ha
M3ITyYaIOMX 3JICMEHTaX aHTEHHOH CHCTEMBI ONpefelsieT MOJoXKe-
HHUE, POpMY. ¥ NOIBIPU3ALIAIO: pe3yMTHPYIOMEH HarpaMMbl HallpaB-
neHHoctH. - DopmupyeMas = TakoH — pemerkod - - guarpaMma
HaNpaBlIeHHOCTH MOXeT OBICTPO M3MEHSATH CBOE HAIpaBICHHE B
MPOCTPAHCTBE; B TO BpEeMs KaK 'caMa QHTCHHAS CHCTEMAa OCTaeTcs
HEIOABIDKHON. SIBNsfeTcAd CYINECTBEHHBIM, OIHAaKO, 4YTO IIpH
ucrnons3oaHud  PAP MOTYT peann3oBEIBATHCA PaCCMOTPEHHEBIE
METO/IBI H3MEPEHHS YITOBBIX KOOPAMHAT.

H3mepeHne JajIbHOCTH 00bEKTOB

Bce cnocobsl pafnolIoKaliHOHHOTO H3MEpeHHs JanbHOCTH 005b-
€KTOB OCHOBAaHbI Ha M3MEPEHHUH BPEMEHH PacHpPOCTPAHEHHS PaIHo-
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JIOKaI[MOHHBIX CHTHAIOB. Pa3nu4aroT aMOnIMTyIHEIH, YaCTOTHBIA M
(ha30BbIif METO B! H3MEPEHUS JATFHOCTH.

AMmintyaHbId MeToA. [Ipy aMIIUTYZHOM METOJE: H3MEPCHHUS
0 JaNbHOCTH CYIAT IO BPEMEHHU 3alla3[bIBaHUA XapaKTEpHOTO H3Me-
HEHHs aMIUINTYIBI IIPHHUMAEMOr0 paJuoiOKAI[MOHHOTO CHUTHAla,
IUI1 9ero M3iydaeMble CHTHalbl MOAYIHpPYIOT HO aMmiuTyze. B
COOTBETCTBHU C 3THM aMIUIMTYIHBIH METOX M3MEPEHHA NAIBHOCTH
Ha3bIBalOT OOBIYHO UMNYIBCHBIM MEMOOOM, & pa;monoxaTop, peanu-
3YIOIIMIA 5TOT MeTOX — umnyascHou PJIC.

[Ipn MMOyNECHOM METOAE M3MEPEHHSA NaIbHOCTH Nepefarolice
yerpotictBo PJIC u3mydaeT B HDPOCTPAaHCTBO MOIHBEIE BHICOKOYAC-
TOTHBIE UMITYIBCEL Ilpolins paccrosuue R, 30HANPYIOMNNA HMILYJIbC
OTpaXaeTcs OT Lenu M Bocupunumaercs npuemaukoM PJIC. Ilpu
HOCTOSHHOM CKOPOCTH PacIpOCTPaHEHHUS 3JIEKTPOMArHUTHEIX BOJH B
atMocdepe (c) BpeMs, HEOOXOAMMOE Ha PACIPOCTPAHEHHE BOJIHBI HA
YABOECHHYIO NAIbHOCTH, OyAeT paBHO

2R
ty =,
[
OTKya
R= %ctR o 4.42)

TaxuMm 06pa3oM, IIpH UMIOYJIECHOM METOJNE M3MEpeHHE NalbHO-
CTH CBOIUTCS K ONPENEICHUIO BPEMEHHOTO MHTEpBajla MEXIY MO-
MEHTaM{ H3JIy4YEeHUs HMMILyJ6Ca M MpHeMa OTPaKEHHOTO OT LU
pagUONIOKAMOHHOr0 curHama. Omubka wu3MepeHHs JadbHOCTH
HMITYJIECHBIM METOIOM OyAeT BBIpaXkaThCA COOTHOLICHHEM

AR = %CAIR , (4.43)

rae Afp — omubKa H3MEepeHHs BpEMEHHOTO HHTEpBaa.
Wmnynscasie PJIC MONydMTH MHPOKOE PaclpocTpaHeHHe B Me-
TEOPOJIOTHYECKOl NpaKTHKE Kak B KadeCTBE HEOOXOOMMOH cocTaB-
HOH YacTH paXuoTeleMEeTPUYIEeCKHX KOMMJIEKCOB 30HIVPOBAaHUS
arMoc(epsl, Tak ¥ B BUAe cnenuanusupoBadHsix PJIC, mpennasHa-
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YEHHBIX [N 30HOUPOBaHUS aTMOCheph HCHOCpe,IICTBeHHO C IIOMO-
IBIO JIEKTPOMAarHUTHEIX BOJH.

YacroTHbiii MeTOA. lIpu peammzamym 9acTOTHOTO METOIa O
JATbHOCTH OOBEKTOB CYAAT IO H3MEHEHHIO 4acTOThl YaCTOTHO-
MOZYJIMPOBAaHHBIX HENPEPHIBHEIX CHUIHAJIOB, M3Iy4YaeMBIX paguono-
KaIlMOHHEIM IepenaTdyukoM. IIpm 3ToM BpeMs 3ama3fbIBaHUS 3JEK-
TPOMAarHWTHOH BONHEI IIPH €€ PpacIpOCTPAaHEHHH  Olipeendercs
IyTEM H3MEPEHHA Pa3sHOCTH YacTOT MEXIY H3Iy4YCHHBIMH BBICOKO-
YaCTOTHBEIMU KOJe0aHusAMY, OTPaXXEHHBIMU OT HElH PaguoNIOKallH-
OHHBIMHU CHTHaJIaMH.

Ilyctp mepenaromee ycrpoiictBo PJIC m3myuaeT HenpephIBHBIE
BEICOKOYaCTOTHBIE, MOTYTTHMPOBAaHHBIE 110 YaCTOTE KoJeOanus

U,(t) =U, sin m0t+-g’3sinth : (4.44)

M

rae 0, — cpeiHee 3HAUCHUE HeCyIlei JacTOTHl 3IEKTPOMAarHHTHBIX
konebanuit, nanydaeMeix PJIC, AW — neBuaiys 4acTOTH H3IIydae-
MBIX Konebanumit, {2 — yIIOBas 4acTOTa MOXY AL

Curnansl, OTpakKeHHBIE OT HEIOABIDKHOH Llend, OyayT ompene-
JATBCS BEIpaXKEHHEM

U,@t) =U,,sin| oyt — 1, )+ %sinQM(t—tR) . (4.45)

Hcnone3ys (4.42), pasHOCTh YacTOT MEXIY H3NYy4aeMBIMHU BBI-
COKOYaCTOTHBIMH KONEOAaHHSIMH MOXHO BBIPa3HTh C IOMOINBEO

COOTHOIICHUA ‘
F,=38% p
27c
OTKyZa
R=2mC (4.46)
8AMQ, -
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YaCTOTHBIA MeTOJ] U3MEPEHNA JANbHOCTH IO3BONIET M3MEPAThH
OYeHb MAallble PACCTOSHUSA C BBICOKOM TOYHOCTBIO M HCIIONB30BaTh
TIpH 3TOM JOCTATOYHO MANBIC MOIIHOCTY H3TyYEHHUS.

®azosbiii Meton. [Ipn (asoBoM MeToze U3MEPEHHs TAIBHOCTH
0 JIIBHOCTH CYJST 10 WU3MEPEHHSIM pasHOCTH (a3 HETIPEePHIBHBIX
CHHYCOHATBHEIX KoJIeOanmi, H3Ty9aeMBIX HepeIaloHuM ycrponcr-
BOM U IpUHAMaeMeIx npueMHukoM PJIC.

ITycTh mepenaroniee yCTPOHCTBO M3MydaeT HEPEPBIBHBIE BHICO-
KOYaCTOTHBIE Kone6aHpm CDaSa 3THX KoneGaHHH Oynet OTpeNEILATE-
Cs Kak

P = O + @, ' 4.47)

rae (, — HadanpHOE 3Ha4eHHE (asbl. -

®daza OPpUHHUMAeMOTO PaIHOJIOKAIHOHHOI'O CHI'HAJIA,  OTPAXKEH-
HOro oT ey, GYI[CT paBHa

(pnp = (’00 (t - tR) + (pl + (powp + (ppac ? (4’48)

rae Q. — (a30BEIN CABHI CHTHANA, 00yCIIOBICHHBIH OTPaXCHHEM

or uem; @, — dazosas sanepxka cursana B uemix PJIC, o6y-
CJIOBJICHHAS PAaCCEHBAHUEM. '

Ecnyi ¢a3oBas 3anepixka CHTHAIIA, 'BO3HHKAIOMIAA B LeTsX PJIC,
3apaHee MOXET ObITb W3BECTHOH, TO CIy4aiHbIi (a30BBIi CHBHT,
BO3HHKAIONIMH B Iporecce orpamemm OT IeNH, 3apaHee yaTeH GBITh
He MOXeT. B pesynbTate CpaBHEHHs IPUHATHIX KoneGanmit ¢ Kone-
GaHMSIMH, M3Ty9aeMEIME IepefaTauxom PJIC, MOXeT 6BITH Ompese-

neHa Pa3HOCTH ¢az s3Tux Kone6aHnH

4r
A= R Oy
OTKY/A CIIEIYET, 4TO
R="(rp+0, ).  (4.49)
4m o

PaccMoTpeHHbIH (a3oBeIil cmocod m3MepeHus NAIBHOCTH B pa-
JHOTIOKaIHOHHBIX CHCTEMaX B HACTOAIIEE BpPEMA NPAKTHIECKH HE
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MPHMEHAETCS BCIEACTBHE HAIMYMS CiTy4daiiHolt cocTaBusionei Porp »

KOTOpas 3apaHee HE MOXCET OBITh yUTeHa, a TaKkKe BCIEICTBHE
MO} JANBHOCTH JEHCTBHS TNpPH YCIOBMH HCKTIOUEHHS HEOMHO-
3HAYHOCTH M3MEpEHHM, KOTJa MJO/KHO BHINONHATECS YCIOBHE
AQ<2m. DTOT METOX HOCTATOYHO WIMPOKO MCIONB3YETCS B

OMET A-HaBHTraliMOHHBIX CHCTEMaXx, KOTJa IPUMEHSETCS U3)IydeHHe
OHUY.

4.7. JansHOCTh PATHOJIOKAIMOHHOT0 HAOII0Ne RS
3a o0bexTaMu B aT™Mocdepe

B mpomecce cosmaHus paiHOTENEMETPUYECKHX KOMILIEKCOB
30HIUPOBaHUsI atMocheprl OonbiIoe 3HAYEeHHE ymemserca obecme-
YeHHI0 - HEOGXOAMMO# - TambHOCTH OOHapyXeHHs OOBEKTOR npn
ncnons3oannu PJIC.

Hamprocte getictBus PJIC 3aBHCHT OT €€ TEXHHYECKUX XapaKTe-
PHCTHK, OTpaXXaTeIbHOH CIIOCOOHOCTH LiENIM M COCTOSHMS aTMocde-
pel. UT0OB! oNpenenuTh AaIbHOCTH PagHONOKalHOHHOTO HadIHone-
HHs, BBENEM HEKOTOpHlE HACANHN3UPOBAHHEIE IIPEICTABICHHUS: Ha
TUHNH, coenuHsomie anteHny PJIC ¢ nenplo HeT HUKaKHX MpersT-
CTBHH, OcJablieHHe 3IEKTPOMAarHuTHHIX BOJH B atMocdepe 0TCyTCT-
ByeT, 3eMJI1 HE OKa3bIBacT BIMSHHS Ha TPACKTOPHIO pacrnpocTpaHe-
HAS 3NEKTPOMATHATHEIX BONH (TpaekTopus IIpSAMONMHelHas),
3¢ deKxTHBHAA IUIOILAAb PaccesiHUA 00bEeKTa H3BECTHA.

Hrtak, mycTs IpH cHOPMYIHPOBAHHBIX BBILIE YCIOBHAX C IIOMO-
mpeto PJIC HabmognaeTcs nene Ha pacctosHHM R. Ilens umeer 3¢-
dexTuBHyI0 MIomany paccesnus O . Tak kak antenna PJIC obnana-
€T HallpaBIeHHBIMU CBOMCTBaMH, TO INIOTHOCTH ITOTOKA MOIIHOCTH B
TOYKE pacIoNIOKEeHHU HabmogaeMoro oobekTa Oyner paBHa

: F,
Hl = 4_1;-0R_2.Dw pas (450)

rae Py — MOIIHOCTD, M31yYaeMas aHTEHHOW, D\u nps — KOpHIMEHT

HaIpaBJIEHHOTO JIEHCTBHSA MEpEaloNIel aHTEHHEI B HANIPaBICHHH Ha
00BEKT, KOTOPEIH ONPENEIIETCS COOTHOMIEHHEM

120




D, wpz=Dro:F ().

3meck Drp; — k03¢ QHUIHEHT HANPaBIEHHOTO NEHCTBUS aHTEHHEI
B HalpaBICHHH Makcumyma, F (ul)— (GyHKIMS, ONMMCHIBAIOLIAS

HOPMHPOBAaHHYIO JUarpaMMy HalpaBJIeHHOCTH H3Iy4alolieH aHTeH-
HBI TI0 MOLITHOCTH.

Eciay He y4YMTHIBaTh MOTEPH B MPOLECCE OTPaKEHHs, TO MOMI-
HOCTb, NI3/IaJ0IIast Ha eJIb U COOTBETCTBEHHO paccerBaeMas LelbIo,
OyzeT onpenensrses CIeayIOIUM BHIPaKeHHEM:

- (o) :
Pop = ch::Z?'tRﬁR)annF(W)-

Torna MOILIHOCTE, NPUXOZAAsACSA Ha IPUEMHYI0 aHTCHHY MOXET
OBITH BEIYHCIICHA C HOMOHIB}O COOTHOILNCHWA

( )2 4 Pann F(W)A\v opM»

rae A\v npu = Anpu F () — 2bdexTnBHAA MIOMaAs IPUEMHOH aHTEH-
HBI, Appy —30(EKTHBHAA IIIOINANE NPHEMHON aHTEHHE! AJI HaIpaB-
JNleHHs MAKCHUMYMa JHarpaMMbl HampasieHHocTH, F () — gyHknus,

OMHMCHIBAIONIAS HOPMHPOBAHHYK J¥arpaMMmy HampaBICHHOCTH
PHEeMHOM aHTEeHHBI 10 MOHNTHOCTH H3IYYCHHUA,
C yueToM mpuBeIeHHBIX COOTHOIIEHUH

Pnp:WPOD npnAan F(W)F(W) .

IMockonbky H3Ay4YEeHHE W MPHEM OOBIYHO NPOHU3BOMATCS C IIOMO-
IIBI0 O/HOW U TOH e aHTEeHHB! (MOHOCTATHYECKHE CHCTEMBI), a
COOTBETCTBYIOIIME AHarpaMMEI HallPaBIIeHHOCTH — aHAJIOTHYHEIE, TO

 HEKOTOPBIE HHAEKCHl MOXXHO OHYCTHTB. Torna momy4yaem

Poy= ( )2 4PDAF (v). “4.51)
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Ecnu MOLIHOCTP NpPUHATOrO CHTHaTa OyAeT paBHA IOPOroBOit
MOIIHOCTH Ppp \, TO 3TO 03HAYAET, YTO IENb HAXOAMTCA HA MaKCH-
MaJIbHOM HaibHOCTH OOHAPYXCHHS Ryae. OCYLIECTBHB Taxoi mpe-
Jenbuelil mepexon B (4.51) W paspemias INONy4eHHOE ypaBHEHHE
OTHOCHUTENBHO Ry, IOIyYIaEM ‘

o 2
Ryie= t/——P.DAF-(\y). : 4.52
4 ( 4713)2_ P o’ (W) (4.52)

np.M

s cnydas, Koraa MakCHMyM JHarpaMMbl HaIlpaBICHHOCTH Ha-
IpaBlieH Ha LeNb

F(y)=1,

¥ Beipaxkenue (4.52) MoxeT OBITH IEPENHCAHO B BUIE

(o}

s|————PDA. .53)
(41)" By

Riaxe =

Hockonbky Mexny 5G¢EeKTHBHOM TUIOIAABIO -aHTCHHEl A U ee
k03¢ dUIUEeHTOM HallpaBIeHHOTo AeicTBHA D NMeeTcs CBA3b

p-im

OKOHUATENBHO (4.53) MOXET OBITh IEPENHCAHO B CIECAYIOMNX ABYX
BapHaHTax: o

Ryaee = RD?), - (4.54)

o
i (4n)3I)l'lpM

(4.55)
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CootHomrenns (4.54) u (4.55) npenctaBisioT coboi ypaBHEHHS
PaTUONOKAMHOHHOTO HAaOJIFOAEHYS 32 TOYEYHOH LENBIO ¢ U3BECTHOH
OIIP (uHorma Takylo I€NIb HAa3BIBAIOT MACCUGHOU) B CBOOOIHOM
IPOCTpPaHCTBE. \

Eciy noAcTaBUTh B cOOTHOMmEHHS (4.54) win (4.55) KOHKpeTHEIE
3HAYEHHs BXOJAIMUX BEIMYHH, COOTBETCTBYIOMME PEATBHEIM CHCTE-
MaM 30HIVPOBAHHUS aTMOC(EPHI, TO YIONYYIEHHEIE Ry B 3TOM CIIy-
yae OKAa3BIBAIOTCH PaBHBIMH NpHMEpHO 50 KM, 4YTO OKashIBaeTCs
SBHO HEJOCTATOYHBIM IS TpPOBEIeHMA 30HIUpoBaHMiI. HanGomee
G GEKTUBHEIM METOJOM MOBBIIEHUS R,y OKA3aJOCh HCIIONB30Ba-
HHUE HE TIaCCUBHOH, & aKMUGHOU LETH.

PaguoIOKAIMOHHYIO CHCTEMY C aKTHBHBIM OTBETOM IIPEICTaBUM
cocTosmeit w3 PJIC-3ampocunka W OTBETYHKA; MPH 3TOM KakK 3aIpo-
CYMK, TaK M OTBETYHK MMEIOT IO OJHOH aHTeHHe, paboTtaronieii Ha
H3IYYECHUE H IPUEM. S

Hrax, nycte PJIC-3ampocunk wu3nydaer B INPOCTPAaHCTBO HM-
NyJIBCHEIE CHTHANBI 3alpoca MOIMHOCTBIO P, IlnoTHOCTH HOTOKA
MOIIJHOCTH CHUTHAJa 3alpOCYHKa B TOYKE PACIIOJIOKEHHS OTBETUHKA
OTIPENENUTCS COOTHOIIEHHEM

1

et

I, =

rAe R — paccTosHue MeXAy 3alpOCYHMKOM M OTBETYHUKOM, D, — KO-
¢ PunreHT HampaBlIeHHOro JAefCTBHS aHTEHHBI 3allpoCYHKa B
HaIIpaBJICHUH OTBETYHKA.

.. MomHocTs cUrHana 3apocyiKa Ha. BXoJe NPUEMHUKA OTBETYH-
Ka OyJeT paBHa

: 1
P,=TLA, = —— PD:A,, 4.56
A yp— WA (4.56)

rae A, — 3¢bbekTHBHAA IUIOIIANs AHTEHHB! OTBETYHMKA B HaIpapie-
HHY 3aIIpOCYHKa. ' "

Ecnu Takoi 3anpoCHBIM CHrHAN MPUHST OTBETYHKOM, TO OH BEI-
pabaThIBaeT OTBETHBIH CHTHANl MOIIHOCTBIO P,,. IIoTHOCTE HmOTOKA
MONIHOCTY CHTrHajla OTBeTa B TOYKE PACHONOXKEHHS 3alpocdHKa
paBHa
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1

= W P,D,,

0

rae D, — xoaGQuLeHT HanpaBIeHHOTO JEHCTBUS aHTEHHBI OTBET-
YUKa B HallpaBlIEHUH 3alpocdika. MONIHOCTH CHTHala OTBETa Ha
BXOJi¢ IPHEMHHKA 3aIIPOCYNKa OKAXETCS PaBHOU

1
Po= —— PyDoA; . 4.57
AR oA (4.57)

OueBHIHO, YTO €CIM OTBETYMK OyJeT HAXOAWUTHCA HAa MAaKCH-
MaIBHOH AANBHOCTH Ry, TO B 3TOM CIy4ae MOIIHOCTH Ha BXOAE
[PYEMHHKA 3alIPOCYMKa JODKHA OBITh PaBHA €ro YyBCTBUTEILHOCTH.
C yuetoMm 3toro BeipaxeHue (4.56) MOXKHO 3aNucaTh B BHIE

Pmnn.o = PusDaAo/ 4TCR2 MaKc» (458)
OTKyZa
Ruaxe = ( PDA/ 4P Mm—x.o)ll2 . (459)

Ecnu Temepp 3ampocyuK OYAET HAXOTUTHCS HAa MAKCHMAJIbHOMN
JATBHOCTH Ry, TO B 3TOM CITyYae MOIMHOCTH HA BXOJE MPHEMHHKA
3allpocyMKa JO/DKHa OBITH paBHa €ro 4YyBCTBHTEIBHOCTH. Torma
(4.57) MOXHO TIEpeNCaTh

Priniz =PuoDoAs/ 47[:R2 MaKcs (460)
OTKyZa
Ryaxe = (PnoDoA3/ 4P MP[H.3)1/2' (461)

Cucrema OynmeT sHepreTHdecKy cOalaHCHPOBAHHOHM, ecld Mak-
CUMAJIbHBIC NanbHOCTH, ONpEAEieMbIC COOTHOIIEHUIMHU (4.58) u
(4.61) 6ymyT paBubL. IIpUpaBHAB TOT/A& TIPaBhle YaCTH 3TUX COOTHO-
HIeHUH, TOTydaeM

PH3D3PMMH.3AO = PyoDoPrynoAs (462)

HMcnone3ysi COOTBETCTBYIOIIHUE BEIPAXKEHUA 1A KO3 DUIUEHTOB
HAIIPaBJICHHOTO AeHCTBUS aHTESHH 3allpOCYMKA M OTBETIHKA
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Am
3=’}:‘2§A3, D, = %Am

cooTHomeHne (4.62) MOXHO HpeoOpa3oBaTh K OKOHYATEILHOMY
BULY:
PsPyiis = PuoPrmiso- - s : (4.63)

Bripaxenus (4.62) u (4.63) HaspIBaIOTCS ypaBHEHHSIMH PajHO-
JIOKAI[HK C aKTHBHBLIM 0TBeToM. OHM IO3BOJNISIIOT IPOU3BECTH BHIOOP
OCHOBHEIX TIapaMeTpOB A -COaaHCHPOBAHHON CUCTEMBI PaIlO30H-
JIpoBaHus, obecneunBas JaJbHOCTh AeHCTBHA paAloTeneMeTpude-
cKoro komimiekca a0 300 kM.
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I'JTABA 5

CUCTEMBI PAINO30HIUPOBAHUA
ATMOC®EPBI

B HacTosmiee BpeMsi B pasHBIX CTPaHaX MHpa MCIIOIB3YIOTCS
pa3UYHbIE CHCTEMbI PAAMO30HAMPOBAHHSA aTMOCGEPH], pasiiHdaro-
mHecs TI0 Ha3HAYeHHIO, IPUHIHILY JAEHCTBHS, CIOCO0Y NPHMEHEHNS,
KOHCTPYKIMH M T.IL : :

UzobperaTeneM MeTona pPafgrO30HANPOBAHUS aTMOChEphl SBIL-
ercs npopeccop A.JI. Momuanos. [lepBriit B Mupe paguo30H KOH-
cTpyknun MonganoBa Obut cozfad B IlaBimoBckoil oGcepBaTopnu U
BeimyineH B monet 30 sasaps 1930 r. K 1937 r. B psne ctpan obpa-
30BANIUCH NEPBBIC CETH PagHO30HIMPOBAHMS, M3MEPEHHS Ha KOTO-
PBIX IPOU3BOAMIMCH € IIOMOIIBI0 HAITHOHANBHEIX PaAHO30H 0B,

ITo cBOEMy Ha3HAYCHHUIO BCE paJHO30HIBI MOXKHO MOAPa3AEIUTh
HA CepHIHBIC, HCIONB3yeMbIe U CHCTEMATHIEeCKOTO 30HANPOBAHU
Ha CTaHIHAX CETH PaJuo30HIMPOBAHMS, M Ha PaaUO30HMIbI CIICIU-
aNbHOTO HAa3HAYEHWS, NPUMEHICMBIE TIEPHOIIMIECKH UL CIIEIHATb-
HBIX U3Mepenuii B arMocdepe. K neppoii rpyine oTHOCATCS MPaKTH-
YeCKH BCE PaZMO30HIBI KOMIUIEKCHOTO 30HAMPOBAHHUS aTMOCHEpPHI.
Ko BTOpO#l rpynne ciemyer OTHECTH 3TallOHHBIE PaHO30HIbI, pa-
IMO30HIB! U U3MEPEHHS [IOTOKOB JYYHCTOH dHEprHH B aTMocde-
pe, paguoMeTpUUECKUE Paguo30HAB! IS M3MEPEHUS MHTCHCHBHOCTH
€CTECTBEHHOW M MCKYCCTBEHHOHM pajHalli¥, paAHO30HIBI I H3Me-
peHHS KOHIIEHTpALHH 030Ha M HEKOTOPHIX JPYTHX MajbIX Ta30BBIX
KOMIIOHEHT B atMocdepe H JIp.

ITo cnocoby u3MepeHus Bce paguO30HABI AEIATCS Ha BOCXOJS-
HIpe, HUCXOSIIHE, & TAK)KE YPAaBHOBEIICHHBIE PalHO30HIEL, IPHMe-
HAEMEIE 71 HM3MEpeHHM Ha OIPENCICHHOM YpPOBHE H CBOOOIHO
YBJIEKaE€MEBIE BO3IYIIHEIM IIOTOKOM.

AHanu3 KOHCTPYKIMM COBPEMEHHBIX PaJHO30HIOB IOKAa3hIBaeT,
YTO BCE OHH IPENCTABIAIOT CO00H MHOTOKaHAJIBHBIC H3MEPHUTETh-
HBIE CHCTEMBI, HCIIONB3YIOMHE AT H3MEPEHHH METEOPOIOTHYECKUX
BEJIMYUH pa3INuHbIC TIEPBUYHBIE H3MEPHUTENBHBIE [IPe0Opa3OBaTEIIH.
CaMu pajHO30HIBl SBISIOTCS COCTAaBHOM YACTBIO CIOXHEHIIHNX
pPamuOTENeMETPHIECKUX KOMIUIEKCOB, CO3IaBaEMBIX IS 30HAUPO-
BaHHA atMocdepsl. IIpu sToM npueM mHpOpManuy 06 H3MEPEHHBIX
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3HAYECHUAX METEOPOJIOTHYECKHUX BEIHYHH OCYIECTBISETCS C MOMO-
HIBIO - CIIEHMANBHBIX TEXHUYECKMX CPEACTB, pasHOOOpasHe BHAOB
KOTOPBIX TakXe AOCTaTOYHO BEIHKO. : ’
PaccmotpuMm Gomee AeTalbHO CHCTEMBl PagHO30HIUPOBAHMS,
HMCTIONB3YeMBIE ISl 30HTUPOBaHKs aTMocdepsi B Poccun.

5.1. Cucrema paqno30HAMPOBaHUs aTMOChephl
«Mereopur — MAP3»

Cucrema pamuosongupoBanus «Meteopur — MAP3» npunaj-
JIEKUT K ONEPaTHBHBIM OTEUECTBEHHHIM CHCTEMaM 30HIAPOBAHMI
aTMocepsl, B COCTaB KOTOPO#l BXOXWT Ha3eMHasd HMIIyJILCHASL
paguonokanponHas crannud tuna (PJIC) «MeTteopur» u pagro30H
MAP3. ‘ : ‘

B nponecce peanusanuu 30HXUPOBAHMS M3MEPSIOTCS TeMIlepa-
Typa ¥ OTHOCHTEJIbHAS BIQXHOCTh BO3[yXa, a TAKXKe TEKYIIHe KOOp-
JWMHATHl PaJHO30HAA. OTO IO3BOIAET HOIONHMUTENBHO OMpPEREIHTH
TaKue Ba)KHEHINHNE XapaKTEpHCTHKH KaK CKOPOCTH M HalpaBlICHHE
BETpa, AaBICHHE BO3IyXa, TEMIIEPATypy TOYKK POCHL H APYTHE.

Cucrema paguozongupoBanus «Meteoput — MAP3» umena pax
MoauduKanui; B HacTosmee BpeMs ucnonsdyercs PJIC tuma «Me-
TEOPHUT-2» U paguo3ony MAP3-2-2,

PJIC «MereopuT-2» HCIONB3yeTCs U PagHo30HAUPOBAHHUS aT-
mocdepst ¢ 1971 r., a paguoszonn MAP3-2-2 — ¢ cepevHBl BOCHMH-
JIeCATHIX TOJOB. » ~ ‘

PJIC «MeTeoput —2»

PagnonoxanuonHas craHmus «Mereoput-2» 00nanaeT 60IbIoi
MaKCHMAaNIbHOH MaNbHOCTBHIO ACHCTBUS B PEXXHME aKTHBHOIO OTBETA
3a CUET HCIONb30BAHHKA ‘KOPOTKOBOJIHOBOIO. fHana3oHa JJIHH BOIH
SIIEKTPOMAarHUTHBIX KoIe6aHuH (XeHUMETPOBOTO NIPH AJIMHE BOJHEI
oxono 17 cMm.), Gompmroit MomHoCcTH nepepardrnka PJIC # BEICOKOIA
YyBCTBHTENBHOCTH €€ IIPHEMHOTO YCTPOMCTBA, a TaKXe B -CHIY
XOPOIIKX HapaBIe€HHEIX CBOHCTB aHTEHHO# CHCTEMEL.

B nanHOM cHCTeMe TOTHOCTBIO aBTOMATH3HPOBAH IPOLECC H3-
MeEpEeHHs KOOPAUHAT PAafH030HJA, CONPOBOXKJCHHS PafHO30HIA II0
YIJIOBBIM KOOpPAMHATaM M JalbHOCTH, a8 TAKXKE NPOLECC PEerUCTpalii
pamnoTENeMETPHYECKOH U pafHOIOKAMOHHOR UHPOpMAaIUH.

OynxnuonaneHsle y3uu1 PJIC «MeteopuT-2» B HETOM COOTBET-
CTBYIOT 53J€MEHTaM THIHYHOH WMIYIBCHOH pPagyoAOKAlMOHHOM
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CTaHIINM, paccCMOTpeHHHIM B 1. 4.4. B TO ke BpeMms. 3Ta CTaHIMIL
HMeeT P HEKOTOPBIX OTIIMYMH, IO3BOJISIONINX 60nee 93¢ PEeKTHBHO
BBINIOJIHATH PaJHO30HIMPOBAHUE aTMOCHEPEL.

PJIC «Mereoput-2» uMeeT B CBOEM COCTaBE IBa HEpEIaTUMKa:
Mamomonaeiii (1 xBr): m  mepematumk  -GONBIIOH - MONIHOCTH
(200 kBt). ManoMomHbIH IepefaTINK HCIOJB3yeTcs IpH IMOAro-
TOBKE paliO30HAa K BBEIIYCKY M B IIEPBEIC MOMEHTHI BPEMEHH IOCIIE
BBIIIyCKa, KOrAa OoJbInas MOUIHOCTh HM3JIy4acMOH SJICKTPOMAarHHT-
HOH dHepruy He HyxHa. B nponecce npoBeneHus paro30HIHPOBa-
HUS IIepeNaTYiK OONbINOH MOIUMHOCTH HCHIONB3YETCs, KaK IPaBHIIO,
JUIIE [pu OONBIMX BEPTHKANBHBIX - YITIaX AHTCHHB; IPH MAaJbIX
BEPTUKANBHBIX YIJIaX aHTEHHEI - MEPERaTINK MaTIOH MOIIHOCTH. .

B cucreme «MeTeopuT-2» HMEETCA . CIENMANBHEIH BBIHOCHOM
IyNBT YOpPaBICHUA, IpEAHa3HaYCHHBIM M1 BU3yanbHOro HaBeIeHHUs
AHTEHHOI CHCTEMEI Ha PaJHO30H/ IEPEH BEITYCKOM M Ha HAYallbHOM
Y4acTKe TPACKTOPHH C-IOCHEAYIONNM IEPEXOA0M Ha PEXHM aBTO-
MaTHYeCKOro conpoBoxaeHus. HeobXomIuMocTh BBEIECHHSA TaKOro
IyneTa OOYCIOBIECHa TeM, YTO -HAa Y4YacTKe TPAacKTOPHH IOJera
HENOCPEACTBEHHO IIOCTE BHIIYCKA M B IIEPBHIE MHHYTEI IIOAREMa
pajiio30H[a €r0 ABYKEHHE NPOUCXOIHT, KAK IIPABUIIO, ¢ OONBIIAMMU
YTJIOBBIMH IIE€PEMEIIECHIAMY, YTO HE NO3BOJIIET AOCTATOYHO OBICTPO

PJIC «3axBaTuTh» pajMO30HJ ¥ BHIIONHATE €T0 aBTOMATHYECKOE.

‘COIIPOBOXKICHHUE.

YyscrutensHocts PJIC - «MeTeopuT-2» sBIsSETCA AOCTATOYHO
BBICOKO#f 3a CYET NPUMCHEHHS B IPHEMHOM YCTPOMCTBE CIIENUANb-
HOTO YCHJINTEISI BEICOKOH 4acTOTHI.

B urore PJIC «Meteopur-2» oGnanaeT CIIEeTYIOMIMHE OCHOBHEI-
MH TEXHHYECKUMH XapaKTepUCTHKAMHU:

—  Omana3oH 9acTOT JJIEKTPOMAarHUTHON PHEPTHH, H3IyIaeMOM

nepenaTankamu PJIC.............oconal 1772.5 + 1792.5 mI'm;-
—  HMIyIbCHAsA MOIIHOCTH IEPEAATINKOB:
Y EN (0170031112 00) N o S e vreeeneeeerranaae 1 xBT;
OONBIIOH MOIIHOCTH. . ........... B SN 200 xBT;
. —  IUIATENBHOCTH U3NIy4aeMbIX UMIIYIbCOB
BAMPOCA. « e entrenenereseinensnteeeseaaraennnenene (1.5 £0.3) Mxc;
—  YacToTa IOBTOPEHUA HMHyJIBCOB 3ampoca. ...... ST 416 Ty
— aHTeHHa NapaboJMYecKoro THNA C AUAMETPOM. .......... 2.5wm;
— IUMpHHA AUarpaMMBl HallpaBlIeHHOCTH aHTEHHEL. ..... (5+1)°;
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— 9yBCTBHTENbHOCTH Ipuemuuka PJIC................... 10" Br;
—  JaIbHOCTH aBTOMAaTHYECKOTO COIPOBOXICHUS PaHO30HAA

C perucTpauyei JaHHBIX . ..250 KM;
— cpenmuss ommbka onpe)J;eJIeHm YTJIOBBIX Koop;(HHaT
JoZ:i 0% (00 01 : T PP 7.2,
—  CpeuHHAs OMHOKA H3MEPEHHS NATBHOCTH:
IPH JATBHOCTIX IO SO KM ..o.oviniiiiiiiinininiiiiienins 20 m;
IIPH AATHHOCTAX A0 150 KM ....ovniiieniiiiiiiiec e ~40
—  TOYHOCTL PEeruCTparlMH: '
YTIOBBIX KOOPAMHAT . ...vcueerenenennnns i, e 3.6;
piEhiS: (Vv v e e verieias 10 Mm;
YaCTOT M3MEPEHHEIX METEOPOIOTHYECKHX BEHUHH. .. ........ 1T
— noTpebiseMas MOIHOCTH IIPH HaIPSKCHUH

mataHua 220 B....o e 9 xBA.

K coxanenuto, GonpIIoH Bec, 3HAYUTENbHas IOTpedIsIeMas
MOIIHOCTE, - yCTapeBIas dJJeMeHTHas 6a3a, a TaKkXKe OTCYTCTBHE
CpeICTB aBTOMAaTH3ALMUM : IIpollecca IPOU3BOACTBA HaOMIOACHUH H
00paloTKH NOMY4YEeHHBIX pe3yIbTaTOB HE COOTBETCTBYIOT COBPEMEH-
HBEIM TpeOOBaHMAM, IIPEABABIAEMBIM K IOAOOHBIM CHCTEMaM.

Paguozonne: Tuma MAP3

Masnora6apursbie pagno3onist MAP3 umeror HECKOIBKO pasHo-
BUJTHOCTEH, OZHAKO, KaK YK€ OTMEYaJIoCh Beme, ¢ PJIC «Mereopm-z»
MOXET HCHONE30BaTECA TONBKO Pajuo30HA THIa MAP3-2-2.

DTOT pagro30H]] BEIIIONHEH Ha 3JIeMEHTHOM 6a3e ¢ UCIIONB30Ba-
HHEM MOJYNPOBOAHHMKOBBIX OJIEMEHTOB M HMHICIPAIBHBIX MHKpO-
cxeM. VICTOYHMKOM TIHMTAHHS PajMO30HIa CIYXHT BOLOHAIMBHAS
MEIHOXTIOPHCTOMAarHueBasi’ HHU3KOBOJIBTHAS Manora6apnTHax ara-
pes 28-MXM-0.1, obecneunsaromas Hanpsoxenus 27 u 9.5 B. Hc-
[IOJF30BaHME CTa6PIHH3aTOpOB IUTaHUSA TO3BOJHIO TOBBICUTH Ha-
JEXKHOCTh ~ (DYHKUHMOHMPOBaHHS ~ PafMO30HAA ~ M YMCHBIIHTH
HOTPEIIHOCTE PaHOTENEMETPHIECKOTO KaHaNa. ‘ o

Pagno3oHA MMeEeT JOCTATOYHO Masble MAaccy, TabapuTel H II0-
TpeOJIeHre SHEPrHY, YTO JENaeT ero JOCTATOYHO TIPUBIIEKATETbHBIM
UL 30HTUPOBAHUS aTMOCHEPHI.

Pamrnozonn MAP3-2-2, dyaknpoHanbHaAS 6n0K-cxeMa KOTOpOl"O
[pEeACTaBlicHa Ha PHC. 5.1, COZIEP)KUT TEPBUYHBIE HW3MEpPUTEILHEIC
npeo0pa3zoBaTeny TEMIEpaTyphl ¥ OTHOCHTEIHHOW . BIIAXKHOCTH,
9NEKTPOHHBIM KOMMYTaTOp, NpeoOpa3oBaTellb CONPOTHBIICHHE —
gacrtora, . CBU-aBroresepaTop, reHepaTop HMITYJILCOB, HCTOYHHK
[IMTaHUA U CTabHIN3aTop HaNpsDKEHUH U TOKa.
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Mpeobpasosatens | .| - CBY-- ~-1 - Tenepatop
r conpoTuenenue - yactora [~ astorerepatop [ umMnynbCos
L t 4

Ron [] 1R | _FAXIRF

JREKTPOHHbI} Crabunusatopb! McTounnk
KOMMYTaTOp o L Hanpsokenmis, Tokal 1 nuTaHws

Puc. 5.1. Qynxyuonanvuas 6nox-cxema paduosonda muna MAP3

B kadecTBe MEPBHYHOrO M3MEPUTENLHOro mpeodpasoBaTens Hc-
TONB3YETCA TEPMOPE3UCTOP C aHTHPATUANHOHEEIM ITOKPBITHEM; I
H3MEPEHHS OTHOCHTENHHON BIAXKHOCTH CITYXKHT IIpeoOpasoBaTeilb
3IEKTPOMEXaHMIECKOr0 THIa ()KMBOTHAA ILIEHKA, IPOrUO KOTOPOH
COOTBETCTBYET H3MEHEHHIO 3IEKTPHUYECKOTrO COIPOTHUBIECHHS CBS-
3aHHOTO XECTKO C Hell peocrara).

MAP3-2-2 npeacrapiseT co6oi IpreMONepeNaTIrK ¢ JBOMHON
aMITUTYAHON MomyJsuuedi, paGoTaomuii B cBepXpereHepaTHBHOM
pexume. Hecymas gacrora 1782.5 MI'y MOAYIMPYETCS 110 aMILTHTY-
&€ KOpPOTKHMH I/IMHynLcaMﬁ, cnenyiompMu ¢ "actoroit 800 kI
(dactoTa cynepmsanun). CBepXpEereHEPaTHBHBIA PEXHM paGOTHl
IIPHEMONIEPEATINKA PaJHO30HAa O0OeCIeurBacT (GOPMHPOBAHKE
OTBETHOr0 CHTHANIA Ha MPHHATHIN 3aupocusiii umnynsc PJIC. Tene-
MeTputuecKkas HHPOPMAIHs epeJaeTCs MyTeM BTOPHYHON HMITYIbC-
HO# Momynsaimu. B wsnydennn snexrpomarsuTHOH sHeprun CBY-
aBTOreHEPaTOpOM paauo30Ha (GopMUpPYIOTCA INpeobpa3oBaTeneM
COTIPOTHBIIEHHE-9aCTOTa NAy3Hl UIMTENEHOCTRIO 240 MKC, 9acToTa
CIIEJIOBaHUA KOTOPHIX 3aBHCHUT OT 3NIEKTPUYECKOr0 CONPOTHBICHMA
TIEPBHYHEIX . HI3MEPUTENBHBIX Ipeo0pa3oBaTened TeMmeparypsl H
OTHOCHTENHHOH BIAXHOCTH, KOTOPOE, B CBOIO 0UEPEb, ONpeNeneT-
¢S MICXOIHBIM 3HAYEHHEM - COOTBETCTBYIOIICH METEOPOIOrHIeCKOH
BENMYKHEL. YacToTa cIeJOBaHHA 3THX UMILYJIECOB MOXET H3MEHSTh-
cq 0T 50 o 1100 I'm. Jing oGecrneuenus HEOOXOIUMOH TOYHOCTH
u3Mepenuii (ydera XecTaOMIMBHPYIONMX (aKTOPOB) HCIOIB3YETCSI
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ONOPHOE CONMPOTHUBIICHHE, KOTOpoe obecreunBaeT (GOpMUpOBaHHE
HMIYJIbCOB B ONOPHOM KaHaJle ¢ HOMHHaIbHOH uyacroroit 1080 I'm.
Ilepenaya M3MEpUTENBHBIX CHUTHANIOB TEMIEpPaTyphbl, BIAXHOCTH U
OIIOPHOI'O OCYIIECTBIIAETCA ITyTEM BPEMEHHOTO Pa3leICHHIs KaHAIOB
€ IOMOIIBIO IEKTPOHHOI0 KOMMyTaTopa. LUKl KoMMyTaliy BKITIO-
qaeT B ce0s U3MepeHHe BENHYHH OIIOPHOTO COIPOTHUBIICHHS, COIPO-
THUBIICHHS JaTYUKa TEeMNEpaTyphl, CONMPOTHUBICHNS JaTUUKa OTHOCH-
TENBHOM  BIAXHOCTH W  CHOBa  COIpPOTHUBICHHS  JaTYHKA
TeMIepaTypbl. JIHTENBHOCTh KaXIOTO  H3MEPHTENBHOrO - KaHajia
cocrasmnger 20-25 c. :

TakuM 00pa3oM, NPU HCHONB30BAaHUHM PATHO30HJA MAP3- 2 2
0 3HAYEHHIX H3MEPAEMBIX METCOPOJIOTUUCCKHX BEITHYHH MOXKHO
CyIUTh NO W3MEPEHHBIM YacToTaM nay3 B u3nyueHun CBU-
reHeparopa paauo3oHza. OOHakO DOCKONBKY Ha : GopMupoBaHue
9THX YacCTOT B Ipolecce NOJeTa pajuo30H/Aa BIHSIOT MHOIHE He-
KOHTPOJIMpPYEeMBIe MCKaxaromue GakTopsl (HampuMmep, yMEHbIIEHHE
HaNpsLKEHHS MCTOYHHKA [IUTAHUS), TO UI1 YMEHBIICHHS TTOTPENIHO-
CTH U3MEPEHHI TEMIIEPaTyphl U OTHOCUTENBHON BIaKHOCTH OOBITHO
HX OUpeAeICHNE BBHIIONHAECTCS 1O OTHOIICHUIO COOTBETCTBYIOIIHMX
3THM METEOPOIOTHYECKUM H3MEPEHHSM YacTOT K OIOpPHOM YacToTe
panuo30HzA.

Ipu noctynneHun 3anpocHuIX UMITyabcoB oT PJIC 3a cuer cpsl-
Ba KojlebaHuM reHepaTopa MMILYNbCOB (GopMupyercs ocobas maysa
(6onpoIol IIUTENBHOCTH), KOTOpas MOXKET ONpPeNensarhcs Kak OT-
BETHBINA CUTHAJI PaJI030H/1a.

B wurore, pagmozonn tuna MAP3-2-2 obmamaer cne;[yromnMn
OCHOBHBIMH XapaKTEPUCTHKAMH:

— JMama3OH M3MEPEHHs TeMIlEpaTyphl Bo3ayxa...(50...—80) °C;

—  /IMana3soH U3MEPEHHS OTHOCHTEITHHON BIAXHOCTH BO3AyXa

(nmpu Temmeparype ot +50 5o -40 °C) ..... ...... (15...98) %;
-~ JMala3oH BRIYHCICHUS JaBleHUS Bo3Ayxa....(1050... 5)rlla;
—  HeCyIas 4acToTa pagfo30H/a ......... (1782.5 £ 12.5)ml';
—  4acToTa FEHEPaTopa UMHYJIBCOB ............ (800 + 25)kI;
—  YacTOTHI Iay3 W3MEPHTENbHBIX KAHATIOB Paii030H/a:
OTIOPHAT TACTOTA Flog v oevveariiriinieereaeeaaeannenns, (1080—40)I't;
4aCTOTA CHTHAJIOB TEMIEPATyPhl Fr. ............ (50 - (For—25)I'w;
JacTOTa CUTHAIOB OTHOCHTENHHON
BIAXHOCTH ......... et e F,(500 - (F0 ~25)m;
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.— NIUTENBHOCTH - TIay3sl B H3JyYeHWH  TEeHepaTopa
CBUY...........ooild e e e e (240+40)MmKkc;

—  BEC CHapsDKEHHOTO PAAMO30HIA. ... ... ... vt 430r.

IlorpemsocTs paaro30HAA ITI0 TEMIEpaType, XapakTepuzyemas
CPeAHMUM KBaJApaTH4YEeCKUM OTKIOHEHHWEM pe3yNbTaTOB H3MEpEHHH,
He nomxHa upepbmmars 0.5 °C. Jomyckaemasi HOTPEINTHOCTH 10
OTHOCHUTEJBHOH BIIQKHOCTH “TIPH M3MEHEHHH TEMIIEpPaTyphl OKpY-
xarome#i cpezpl or —40 mo 50 °C pasma 15 %. IIpu Temneparype
ke —40 °C morpeniHoCTh 0 BIAXKHOCTH He HopMupyeTcs. ITocto-
SIHHBIE BpeMEHH JaTYMKOB TEMIEPATYPHI U OTHOCHTENBHOM BIaKHO-
CTH B HOPMAaNBHEIX YCIOBHSAX IIPH CKOpocTH 00myBa 6 M/c He mpe-
poimatoT 10 c. * BennumHa wu3nmywaeMoit momHOCTH - (0.6 BT) 1
JOCTATOYHO BHICOKAs YyBCTBUTENBHOCTH K 3aMPOCHOMY HMITYILCY
(< —50nb) ofecreunBarOT yBEPEHHBIH IPHEM H3MEPHUTEIBHBIX CHI-
HaJIOB OT PaJHO30HIAa W €ro yBEpEeHHOEe CONPOBOXKIEHHE Ha pac-
crosHHue 110 300 xM. ‘

O6paboTka curHanos paguo3oHaa Tuna MAP3-2-2

K xaxmoMy panno30HAY TPHIIATalOTCA TPagyHPOBOYHEIE TaHHEIC
— CTaTHYeCKHe XapakTepHcTHKH npeobpaszoranus (CXII), xoropeie
MO3BOJIAIOT [IEPEBECTH 3HAUCHHS OTHOLICHHMH JaCTOT

FT FT
= —H _——
yT yu F

(5.1)
FOH u .

B COOTBCTCTBYIOLIMC 3HAUCHHA TCEMIICPpATYphl H OTHOCHUTENHEHOH
BJIQ’KHOCTH:

T= B —=—C—273.5; (5.2)
R

Inl| B _p |2

vy 02 A

2
u=K+ ﬁ—leo2 0°+M ﬁ—ROZ 10°°,
Yu Yu
(5.3)

roe A, B, C, Ry;, Ry, K, N, M -~ XapakTepHUCTUKH CTaTUUYECKOTO
npeobpazoBasys.
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ITo m3MepeHHBIM YTJIOBBIM KOOpAWHATaM (BEPTHKAIBHOMY H
a3UMyTANPHOMY YIaM) M HAKIOHHOW JaNbHOCTH JO Paavo30HA
MO>XXHO OIPEJENHTh €ro BBICOTY B KaXKAbIH MOMEHT HabmiomeHuii, a
TaloKe CKOPOCTb 1 HANpaB/eHHe BETpa B COOTBCTCTB}'IOII.II/IX CIIOSX
(em: m. 2.5).

Janee paccuuTHIBaIOTCA CpPEIHAL TeMIepaTypa H CPeIHAS OTHO-
CHTENIbHAs BIIAXHOCTH IS COOTBETCTBYIOIIMX CJIOEB, IIOCIIE Yero.
OKa3bIBaeTCSI BO3MOXKHBIM OIPENEeNUTh CPENHIOI0 BHPTYAIHHYIO

TeMneparypy cnoes ( T, ) B °C, HCTIONB3Ys CIESKYIOMHE BRIPAXKESHUS:

T, =T +( +273.15)-0.37942—° (5.4)
ST -

e="61. 1075T/(2373+T)

, 5.5
100 ©-)

rae T —cpemHsas Temmeparypa CiIos, U — CpeXHIS OTHOCHUTENbHAS
BII&XKHOCTH CNOSl, e — MapIpalbHOe HaBieHHe BOASHOTO napa, p —
JaBIICHHE 110 CTaHIlapTHOI/I aTMocdepe, COOTBETCTBYIOIIEE CEPEAUHE
CIIOSL.

Hia onpeneneHus DaBICHHUA BO3IyXa Ha CTaHAAPTHBIX BHICOTAX
(p) MOHO HCTIONTE30BaTH GApPOMETPHIECKYIO HOPMYITy BHIA

gAh
p= exp| ~-————/|, . (56
P=PocXp R(T, +273) (>6)

rae R = 287.052 I[)K/Kr K- ynenLHa;I ra3oBas MOCTOSHHAS CYXOro
Bo3ayxa ; £=9.81 M/c’> — yckopeHHMe CBOGOHOTO HafeHHS, po —
FaBICHHE HAa MCXOAHOM ypoBHe; Ah— Tommuna cnos. OG6brHO
GepyT CIOM CTaHHapTHOH TONIUMHEI, COOTBETCIBYIOMEH nepenamy
CTaHAAPTHBIX BEICOT.

OIIpCI[GJ'IPITB BBICOTY CTAaHAAPTHBIX n306apnqecxnx I'IOBerHO-
creit MOXXHO, UCIIONIB3Y A COOTHOHICHPIC
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Hn =h+w1n&’

s p

6.7

rae H_ - Bricota cranmapTHOM M300apHUYecKOil TOBEPXHOCTH p; Py —

JaBJICHWE BO3HyXa Ha Oyypkaiimeidl cTaHaapTHOM BBICOTE A, § —
KoHCTaHTa, paBHas 0.0341677, ecnu HCIONB3YIOTCS 3HaUSHUST BBICO-
TEL & B MeTpax.

3Has BBICOTHl CTaHAAPTHHIX M300apHUeCKHX IOBEPXHOCTEH,
MOXXHO OINpENEINTh 3HAYECHUS TEMIIEpPaTypel M OTHOCHTEIHHOHR
BIIQYKHOCTH BO3/yXa Ha HUX.

Jna cTaHmapTHBIX HM300apUYeCKUX TIOBEPXHOCTEH CIEAYET BEI-
YUCIUTH €le U AePUIHUT TOYKHA POCH (D), KOTOpPbIH MOXKET OBITH
HalJeH CIeAyIoNM 00pa3oM:

T,=T-D,
D=T—ocA*, (5.8)
B .
rac
. * U
A" =BT +y(0.+T)In| == |,
BT +y( ) 100
* U
B" =of —y(on+T)ln| 2 |,
B-vy(a+T) 00

o =241.9;4=7.6326,y=0.43429; T, — Temmeparypa TOUKH
POCEL

- Temepb MOXHO TIOATOTOBHTH IIOJIy4eHHBIE NAaHHBIEC K IEperade,
3aKOJMPOBAB HX C IIOMOIIBIO COOTBETCTBYIONIMX KOJOB.

5.2. CucremMa paiHo30HIHPOBAHHS ATMOChEphI
ABK-1 («Tutan») - MP3

B macrosimee BpeMsa Haubosee NIMPOKO HA OTEUECTBEHHON CETH
CTaHIMH 30HANPOBaHMs aTMocdepsl npuMeHsiercs cucrema ABK-1
(«Tutan») — CHEHHATM3NPOBAHHEIA HH)OPMAIMOHHO-BBIYHCIIH-
TENBHEIN KOMIUIEKC, B COCT@B KOTOPOTO BXOJAT Ha3eMHas paxuoio-
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KallMOHHAd UMITYNBECHAS CTAHIWS CO CIENHAIbHEIM KOMIBIOTEPHEIM
YCTPOMCTBOM H pafuo308 Tuia MP3-3A.

ITo npuHIUIY EHCTBIS 3T4 CHCTEMA aHaNoIHyYHa cucteMe «Me-
TeopuT ~ MAP3», HO sBnsgercs Oonee COBpEMEHHOM TEXHIYECKH.
PajgmonokamuoHHass CTaHIWS BHIIONHEHA HA 00Jee COBpEMEHHOU
3JIEMEHTHOM Ga3e W OCHAIIeHa KOMITBIOTEPHBIM YCTPOMCTBOM, KOTO-
poe ofecreunBaer IPOU3BOJACTBO 30HIHUPOBAHHA aTMOc(hephl ¢
[IOJTHOW -aBTOMATH3aIMe mnpueMa u 00pabOTKH HM3MEPUTENbHBIX
CHIHAJIOB, a TAKXe BBIIAYY BCEW METEOpONIOTHYECKO HH(OpMAaH
noTpeOUTENO0 B BHAE CHENUANbHBIX TenerpaMMm. Kpome toro, Kom-
IBIOTEPHOE YCTPOHCTBO MO3BOJISIET BHITONHATH TECTOBHIA U (YHK-
OHUOHAIBHEIA KOHTPOIIb pa60TOCH0006HOCTPI camoii PJIC.

Komnnexc ABK-1.

Kommnekc ABK-1 paboraer COBMECTHO € PaqMO30HAOM THIA
MP3, BbIyckaeMBIM B CBOOOJHBIH ITOJNET Ha HAIONHEHHOH BOXODO-
moM obomoyke. B mporecce’ monera KOMIUICKCOM IIPHHEMAIOTCH,
tdhopmupyroTcs u 00pabaTHIBAXOTCS BCe MOCTYTAIONINE H3MEpUTEIh-
HBIE CUTHAIIBI, 4 TaKXXe OIPENENAETCS MECTOIIONOKEHHE - Pazmo3oHa
B [IPOCTPAHCTBE. ]

CrpykTypHas cxeMa KOMILIEKCa IPEICTABICHA Ha pHC. 5.2.

KoMmImekc cOmepXUT CIEmyIOIMe CHCTEMBI: IepeNamyo, aH-
TeHHO-DUIEPHYIO (ADC), [PUEMHYIO, 0TOGpaXkeHuss MHGOPMAIUN
(COM), onmpenenenus xoopaunat (COK), 06paboTku U ympasieHus
(COY), ynpasnenus anrennoii (CYA), aBTOMATHIECKOr0 KOHTPOJIS
(CAK) u snexrpomuranus (COII).

Ilepedatowas cucmema TIO3BOISET cpopanOBaTB KpaTKOBpe-
MEHHBIE MMIIyIECHl B CBEPXBBICOKOYACTOTHOM JHUara3oHe (MMILyJb-
CHI 3ampoca) 6onemoi u Manoi MomuoctH (1 kBt u 10 xBT).

Anmenno-guoepnas cucmema neEpenacT >IEKTPOMATHUTHYIO
SHEPTUIO HMITYJILCOB 3allpoca, T'EHEPHPYEMEBIX MepelaTYnKaMH, K
aHTEHHEe, KOTOpas M W3IIy4YaeT 3Ty SHEPrHio B IPOCTPAHCTBO B pe-
XHUME TIepefaull ¥ NPHHUMAET H3MEPHUTENHHBIE CUTHAIH B PEXUME
nprueMa. KOHCTpYKIHs aHTEHHBI ¢ UCIIOIB30BAHHEM BPAIIA0IIErocs
CTIMPATBHOTO M3IyYaTeNis MO3BOJAET MONYIHTE KPYroBOe CKAaHHPO-
BaHHE AMarpaMMbl HanpaBneHnocm aHTEHHBI B MPOCTPAHCTBE, YTO
obecrieyrBaeT aBTOCOIPOBOXACHUE pazmoson,ua 0 YIJiOBBIM KOOp-
munatam. ADC obecrieanBaeT Takxke paboTy yCTpoHCTBa I/I3MepCHI/I5[
Ko3ddulmeHTa myMa H UMHUTaTOpa CHIHAIOB PaAHO30HAA, UCIIOIb-
3yeMBIX IJs KOHTPOJISI M HACTpOiKH Beero komrurekca ABK-1.
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.- Ilpuemnan cuemema npeobpasyer IPHANTEIC AHTEHHOH H3MEPH-
TeJbHRIE CHTHATE, & TAKKE YCHJIHBACT MX A0 BENHYHH, HeoGXomu-
MBIX I ycToMunsoll paGoTEl CHCTEMH OIpPEAENICHAS KOOPIMHAT,
CACTEME] YIPABIICHHS amennoﬁ a Taxmce CHACTEMEI YTIpaBIeHNL U
obpaboTkn undpopManmn,

Cucmema onpedenerus xoop()uuam BKIIIOYAET B ce64 IHPPOBYIO

CHCIAMYIO CHCTEMY- AANBHOCTH, CXeMy - IpeofpasosaHrs yrioB
TIOJIOXKEHAS AHTSHHK 110 a3AMYTY H-YTIIY MecTa B IH(pOBEIe KOAET H
cxeMy : HOPMHPOBAHAS CHHXPOHH3HPYIOIMAX muynwos 3anyclta
uepena’rmos -

¥, MeTs Harpswama yp. £

Hunpe sayecs

Puc.5.2. Cbgpyxm}puas cxema xomnaexca ABK-1,

. Briok NaMBHOCTH B 3TOM CHCTEME ACTIONE3YET Nay3y B M3ydeHAN
TIepENaATYHKA PASMO30HMA Ml MAMEPEHAA HAKIOHHOM JANLHOCTH KO
PAIHO30HAA H aBTOMATHICCKOTO €T0 CONPOBOXKACHH. JaIBHOCTE 10
PaITHO30HAA OMpENENACTCH HMIYNLCHEIM METOZIOM, T.€. IO, BpeMeH:
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MEXTy MOMEHTOM MOCBUIKH HMITyJbca 3anpoca nepenardnka PJIC u
MOMEHTOM IprieMa OTBETHOTO CHTHAlla pafHo30HIa.

3HaueHNs U3MEPEHHOH NANBHOCTH A0 Paji030HIA B umprBOM
KoZie, a TaKXKe IIOJIOKEHHSA aHTEHHBI [0 a3sUMyTy H YINy MecTa
IiepealoTCsA B CUCTeMY 00pabOTKH U YIIpaBICHU. ,

Cucmema ynpaenenus aHmenHol CIyKHUT sl H3MEHEHHA IOJIOo-
JKEHHS aHTCHHBl OTHOCHTENBHO BEPTHKANBbHOH (BpalleHHE IIO -a3H-
MYTYy) H TOPH30HTANBHOH (Bpainenue no yriy mecra) oceil. Ilpemy-
CMOTPEHEHI CIEYIONINE PEIKUMEI paboTHl aHTEHHEI:

* PEXHM PYYHOTO yIpaBlicHHS, HCIONB3YEMBIH Il HABEICHHS
aHTEHHB Ha pagUo30HX IIepel NEPEeXOZOM Ha aBTOMAaTH4ECKOE
COTIPOBOKACHHE;

* PeXXHM aBTOMATHUYECKOTO CONPOBOXICHHS, ncnonwyeMLm it
OIpefieNieHds. KOOpAMHAT B MpPOLECCe N0NeTa pa;mo30H,ua METOOM
PABHOCHUTHAJIBHOH 30HEIL. ,

VHpnkanus moJjioKeHus aHTeHHBl HPOU3BOIUTCS Ha YKpaHE BH-
JIEOKOHTPONILHOTO YCTpoiicTBa B-iindpoBO# B aHaNOTOBOM dropMe.

Cucmema omobpadicenus ungpopmayuy OCyIIECTBIIET Nepenasy
HHGbOpMaINH B Bnneoxomponmoe ycrpoiictBo (BKY), Ha npunTep
H TETETaMII.

Ha sxpane BKY.oToOpaxaercs pagHoa0KalHOHHAsA, METEOPOIIO-

THYECKas ¥ KOHTpONbHAsA MH(pOpMAalus B aHAIOTOBOH .M MHGpoBOH
dopme. :
Ha npunTep BHIZaeTcs Bed HHGOpManus, kotopas 0T06pa>i<aeTc;I
Ha 3kpa”e BKY, nomomauTensHO nmeyararoTCad HEKOTOPHIE IIPOMEXKY-
TOYHBIE HAHHEIE W PE3yJIbTATHl, MOJyJaeMble B MPOLECCE PEUICHHU
3aJja"uy 30HINPOBaHUS aTMOC(hEpEL.

Cucmema 0bpabomxu u ynpasneHus BHIIONHAET o6pa60TKy nep-
BUYHBIX PaAHOJIOKAMOHHBIX JAHHBIX U H3MEPUTEIBHBIX CHTHAJIOB, a
TaxKe ympasiser paboToif cHCTEM KOMILIEKca.

COY peniaer cienyronye 3agaqm;

* 00pabaTbIBaCT PagHONOKAIMIOHHEIC JAHHBIC M HU3MEPUTEIBHEIE
CHTHAJIB! OT PaiHO30H/A;

* MPOHM3BOAMNT BHIUMCIEHHE METEOPOIOTHIECKHNX BEIHYHH B CO-
OTBETCTBHH C 3afiaueii 30HAUPOBAHHAS;

* MIOATOTABNHBAET a3dpoaorudeckue Tenerpammbl KH-03, KH-04,
«Croit», «Ipusemuslii caoi», «Topm»;
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* 00pabaTrsIBacT W BHIJACT B CHCTEMY OTOOpakeHHS BCeH OTO-
OpakacMOM W pPETHCTPUPYEMOH pPaJHOJIOKAIHOHHOW ¥ METEOpOJIOo-
TH9eCKOl HH(OpMAIUH;

* BBIPaGATHIBAET KOMAHBI 110 BKIIOYEHHUIO, H3MEHEHHIO M BHI-
KIIIOUEHHIO PEXVMOB CHCTEM KOMILIEKCA B IIPOLIECCE MOJTOTOBKH U
IPOBEJECHUS 30HAUPOBAHUS ATMOCHEPET;

‘s obecrieunBaeT COBMECTHO C CHCTEMOI aBTOMAaTHIECKOro KOH-
TPOJIs GYHKIMOHAIBHBIN KOHTPOJIE aIIapaTyphl KOMIUIEKCA.

COY sxirovaer B ce0s CHCTUANN3HPOBAHHBIN KOMIBIOTED, YCT-
pOMCTBO BBOJA-BBIBOJA C TPeMs KaHAjIaMM BBUIAYH uHpOpMAaII,
BHEILIHNE YCTPOHCTBA.

Ynpasnenue paboToil KOMIIBIOTEpa, BBOJ, HEOOXOIHMBIX HCXO/I-
HEIX JJAHHEIX OCYIIECTBILIETCS C MyNETa OIIepaTopa.

~ Bpems BBINONBEHHS 33024 3a1aeTCA HHTEPBAIAMH BPEMEHH, KO-
TOphie HOPMHUPYIOTCS B TaliMepe.

" Ilpeobpa3oBaHue METEOUMIIYNBCOB Flpreo B - U(QPOBBIE KOMEL
JUTITETBHOCTH NMEPUOAA U JTTUTENBHOCTH UMITYJIECa OCYILECTBIICTCS
B 'MeTeonpeodpa3oBaTeie, KOTOpLII/I BMeECTEC-C TaMepoM BXOJIUT B
cocrag COY.

Cucmema asmomamuiecko20 KOHmMpOJs OCYIIECTBISET aBTOMA-
THYECKUH (QYHKIMOHAIBHEIN - KOHTPONb IIapaMETPOB -anmapaTypsl
KOMILJIEKCA M YIPABICHUs alaparypoil B Ipoliecce 30HAUPOBaHUA.
IIpoBepka mapaMETpOB OCYIECTBIAETCS IOCHCTEMHO, KOTJla B
KOMIIBIOTEpE BHITONHACTCS NporpaMMa GyHKIMOHABHOTO KOHTPO-
ns. KonrponsHas wuHGOpMALHS Takke OTOOpaXkaeTcs Ha SKpaHe
BKY. . : :

B kauecTBe MCTOYHMKA BXOAHBIX CHTHAJIOB IPH NpoBepke pabo-
THI CHCTEM KOMILIEKCA HCIIONB3YETCS UMHTATOP CHTHAJIOB Pauo-
30HAA. - ‘

IIpu npoBeaeHUN PYHKIMOHATHFHOTO KOHTPOJS MPOBOTUTCS JI0-
IIyCKOBBIH KOHTPOJE NapaMeTpoB ammaparyprl. Bo Bpems pabGotThr
KOMIUIEKCa 10 30HAHPOBaHUIO aTMOC(EpH CAK pa60TaeT B pexxume
YIIpaBICHHS. :

Cucmema anekmponumanus TpeJHA3HAYeHa VIS 0GECIIeICHHU
BCEX CHCTEM KOMILIEKCA HEOOXOAUMEIM HANPSUKEHHEM TTHTAHML.

Kommnnexkc ABK-1 nmMeer: cienyromme OCHOBHBIE XapaKTEPHCTH-
KH: '

—  JanbHOCTH aBTOMATHYECKOT'O CONPOBOMK/ICHHS

oL (11012 16 D PPV 300 xm;
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—~  MakCHMAaJIbHasl BEICOTA 30HAUPOBAHUA. .. .........(40 + 50) km;
. — MakCUManbHble. OIMOKM  H3MEPEHMA  KOOPIMHAT

panuo30Hna: ,

‘= HAKJIOHHOU JATBHOCTH . ..\ eeiiivnraanaaseeeeesrnnnnns 30 m;
—  YTJIOBBIX KOOPIHHAT. ... .. enrnrnarneeneinennannescnnennennns 7.2;
—~ JMamna30H HecynieH YacTOTHI IEPELaTIMKOB

PTG (1775 + 1790) mI'n;
JUTHTENBHOCTE M3Ty4aeMbIX UMILYIbCOB 3alIPOCHOTO CHUTHAla:

—  wmommHoro nepemarunka (10 xBT)......... . ST 1.1 MKc;
— " Mmanomomyuoro mepemarauka (1 kBt)................... .0.5 MKc;
—  YacTOTa IOBTOPEHHUS 3aIPOCHOI0 CUTHANA. . ............457 I'I;

— IIHpUAHA JuarpaMMbl HaIlIpaBJI€HHOCTH. -

— © YroJ OTKIOHEHHSI MaKCUMyMa ,ELI/IaI"paMMLI HaIIpaBJIeHHOCTI/I'
oT I‘COMC’I‘pI/I‘IeCKOI/I OCH aHTEHHEI........ e e

— YacToTa prFOBOFO CKaHPIpOBaHI/Iﬂ JyarpaMMel
HaHpaBJIeHHOCTI/I ...................................... ..

— YYBCTBHTEIIBHOCTbH HpHeMHOﬁ AHTEHHBI ............0.

THIBI HHAUKATOPOB: '

Rl G113 2 (V101 v O OO S SIS e Ay
—  oToOpakeHUusA MHQOPMAIH. ............... e BKY;
3NIEKTPONUTAHNE KOMILIEKCA!

—  HalpsDKEHHE ....... S PP 220 B;
. £ ¢ 1 s T S 400, 50 I'1x;
— - MIOTPEBIAEMAT MOITHOCTD. .+« e v eueeuiiieteeenesnnionannsannn 8 xBT.

Papuozonam Tana MP3

Jnsa padotsl ¢ ABK-1 mcnonesyrorcs paguoszonas! Tuma MP3:
MP3-3A u MP3-3AM; B 3081ax MP3-3AM wucnons3yercs B OTiH-
yue OoT 30H#a MP3-3A MOmepHU3UPOBAaHHBINH NEPBUYHEIN H3MEpH-
TENBHBIH TPeodpazoBaTens OTHOCHTENBHOM BIaXKHOCTH, TO3BOJIAIO-
MU  TPOBOIUTH . COOTBETCTBYIOIIHE  M3MEpEeHHs B OonbpmeM
Iuana3oHe ¥ ¢ 6oiee BEICOKOH TOUHOCTBIO.

Paguozonnsr MP3 otnuuarorcss ot paagnosornnos:MAP3 cnoco-
6oM MOZYNIALMHU HeCyIEeH 4acTOTHl (B 3THX palHO30HAaX NpHMeHe-
Ha YacTOTHAs MOMYJAIMS), a TakkKe IHTEIBHOCTHIO KaHAIBHBIX
HMHTEPBAIOB B paboTe 3NEKTpOHHOTO0 KoMMyTaTopa (5.5 ¢).

OyuknuoHanbHas cxeMma paguoszonga MP3-3AM rnokasaHa Ha
puc. 5.3. Kak Bugno w3 puc. 5.3, pammoszonn copepxur CBY-
aBTOTEHEPATOP, COBMEIAIONMMI (DYHKIMH IeHepaTopa, BHICOKOTYB-
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CTBUTENBHOIO IPHEMHHUKA  3aIPOCHBIX HMIyiabcoB 0T ABK-1 u
aKTHBHOI'O OTBETYHKA I10 KaHAILY JANBHOCTH; TEHEPATOp CyIep-
HPYIOIIHX UMIIYTbCOB, BEIpaOaTHIBAIOIINI IPSIMOYTONEHEIE HMITYIIh-
cbl ¢ yactotoi crmepoBanuda 800 mmm 600 xI'n, obGecmeunparoiue
pabory CBU-AI" B pexxume CBepXTeHepalllH; UePBHYHBIC H3MEPH-
TeNbHBIE [IPe0o0pa3oBaTeNld TEMIIEpaTypsl (TepMopesuctop MMT-6)
M OTHOCUTENBHOH BIAXKHOCTH (OKCHJ{ AJIFOMIHUS WM TPATUIHOHHASL
JKHBOTHasl IJIEHKA € IIpeoOpa3oBareneM MEXaHHUECKHX . Ae(opMarimii
B 3JIEKTPHYIECKOE CONMPOTUBIIECHNE); INEKTPOHHBIN KoMMmyTaTop (OK),
obecneyrnBaroIui 100YepeHOe MOJKBOYCHHE METEOPOIOTHIECKIX
JAaT4MKOB K M3MEpHTeNbHOMY Ipeobpasoparento (UII), xoTopsrii
BBIOJHAET IpeoOpa3oBaHHE  OIEKTPHIECKOTO - CONMPOTHBICHHMS
JaTIUKOB B IlepHoJ cienoBaHus Temmepatypor (Tr) wnm OTHOCH-
TenpHOH BraxHocTH (T,); dopMupoBatens ummyascos (D), Beipaba-
THIBAIOIMH CYIIECTBEHHO PasHOH UINTENBHOCTH CHTHAIBI OT HC-
MONB3YEMBIX METEOPOJIOIMYECKUX JATYMKOB; 0OaTapero MHTaHHA
28-MXM-01 co crabunusaropamu Hanpspkenus U Toka (CHuT).

Ipunnun nelictBus panno3oHza Trna MP3. cocTOHT B HCIIONEB-
30BaHMH YaCTOTHO-MaHWITYJIHPOBAHHHOH MOXyNMAUMH.  (B3aMeH
aMIUTATY THOH MORYISIIHHK Y pafno30unoB MAP3) wacrorsr 800 wmwin
600 xI'm. , .

Hupopmamys 0 3HAYCHHUAX TEMIEPATYphl H OTHOCHTENLHOMN
BIXKHOCTH . COJICPIKUTCS B IlapaMeTpax paJHOTENEeMETPHIECKOro
CHIHaJa, NPEACTABIIOMEro U3 cebs MOCIeIOBATeIBHOCTE HMITYIIb-
COB, CAECAYIOIMX C 4acToToi cymepusanuu (800 mmum 600 k') u
HUMEIOIINX B KA4yecTBE YacTOTHI 3alOJHEHHSI HECYIIYIO - JacTOTY
nepefaTyuka - paguo3oHaa. IlocnezoBaTenbHOCTD CYIEpPHPYIOIHX
HMIIYyAECOB  SBJETCS YacTOTHO-MAaHHITYJTHPOBAaHHBIM CHTHAIIOM,
YacTOTa CIAECHOBAHUSA KOTOPOIO MOXET MMETh JBa 3HAYCHHUS, OTIIH-
YaJOIMXCS Ha 4YacToTy JeBHanuu (17 x['m). JleBWanus 9acTOTEHI
CIIEIOBaHMs CYNEPUPYIOIMX HMIIYIbCOB HAXOAWTCA B Tpenelax
11+17 k't IpH OTKNOHEHHUAX OT HOMHHANGHEIX 3HaueHuni (800 min
600 xI'm) He Gosee wem 5-25 k', DTH H3MEHEHMSA ONPENEIAOTCA
BO3JICHCTBHEM : IOCTICZIOBATENEHOCTH MOIYIHAPYIOIHAX BHICOHM-
MyJILCOB, IEPHOJ, NMOBTOPEHHS KOTOPHIX SBIIETCSA MapaMeTPOM, B
3HAYEHUIX KOTOPOro 3aKOJHpOBaHa MH(OpMauusd 00 H3MepsieMBIX
METCOPOJIOTHUECKHX BEIHIHHAX.

JIeHCTBUTENBHO, CHIHANBI C M3MEPHUTENHHOTO lipeobpazoBarens
nozjaroTcs Ha (GOPMHPOBATENb HMITYJIECOB, TJie OHH YUIHHSIIOTCS C
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10 MOBHINEHUS NOMEX0YCTOHYMBOCTH H3MEPHUTEINRHOIO KaHaja
chcTeMBl pamuosonaupoBanuis ABK-1 — MP3. ®opmuposareins
BHIpa0aTEIBACT MMIYJIGCH CYIIECTBEHHO PAsHOH AMUTENLHOCTH IS
JAaTYMKOB TeMIeEpaTyphl ¥ OTHOCHTENBHOM BiaxxHocTH. KoManay Ha
mepexox oT (OpMHpPOBaHHS HMIIYIBCOB OIHON JMUTENEHOCTH K
Jpyroi nopaeT JIEKTPOHHBIH KOMMYTATOp B MOMEHT IEPEKIIOUEHIS
MEpBUYHBIX M3MEPHTENLHEIX NpeobpasoBareneil. TakuM o6paszom, B
3aBHCHMOCTH OT TOTO, KaKOW METEOpOIOTHUCCKHMI JAaTUHK OKa3kiBa-
eTcd MOAKIIOYEHHBIM K HM3MEpPHTEeIHHOMY IIpeoOpa3oBaTelio, HM-
IyJIBCHL Ha BBIXOAE (popMMpOBATENd MMEIOT Ty WM MHYIO JUIHTENb-
HOCTB, TIPHYEM Pa3HOCTh B HX IJMTENLHOCTH AJ8 KOHKPETHOrO
panuo3oHAa coctapiseT He MeHee 180 Mkc. briaromapsa atoMy ABK-
1 yBepeHHO pasgemnsieT CUTHANBl JaT4MKa TeMHepaTypH OT JaTYHKa
OTHOCHTENLHON BIAXXHOCTH.

Damimk Jarumk ,
TeMnepaTypi BNAKHOCTH AnTea

rF======="-" i |
) 1
' y N

a =4 o bl ren leguaria et | tammm|
|
. I
l___ .__CD[I____'

Puc. 5.3. Qynxyuonansrnas cxema paduozonoa muna MP3.

B pammosonnax tina MP3 Tax jxe, Kak ¥ B paauo3oHnax MAP3
HCIONB3yeTCA ONMOpPHOE coNpoTHBIeHHE (R,;) Mg ydeTa BIMAHHA
necrabunusupyomux (GaxTopor B paGote pammoszonna. Uk KoM-
MyTaluy TOXKE ABIACTCS aHATOTHMYHBIM paxno3oHzaMm Tuna MAP3:
Rons Ry Ry, Ry .

Juana3oH u3MeHeHHs NepHoAa CIEIOBAHHUS UMILYJIbCOB nsMepn-
TeNBHOTO Ipeobpasopateid Ui paguo3onnos MP3 cienyrommit:

e B KaHaJIe H3MEPEHHS TEMIIEPATYPHI ’ -

mpd Ry =3+1000 KOM......ccovveeevvereneeccnenn.n. (1562+5882) MKcC;
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® B KaHaNe N3MEPEHUSI OTHOCUTEIBHON BIAKHOCTH
opa R,=1.5+1.5 kOM.......cooiii i, (1526+2564) mxc.
B T0 >x€ BpeMs Iuana3oH H3MEHCHHs [IMTENbHOCTH UMIYJIHCOB
Ha BBIXOZE (POPMHUpOBATENS COCTABIIACT:
® B KaHAJE OIOPHOrO COMPOTHUBICHHUA. . ............. (200+350) mxc;
- ® B KaHA/IaX METEOPONOTHIECKUX BEINUYMH. .. ...... (435+765) mxc.
IlepemaTunk papmozonma MP3 BeipabaThiBaeT OTBETHBIH curHan
Ha sanpocHel uMiynsc ABK-1. Orser cocToWT m3 NepBUYHOMN -1
BTOPUYHON PEaKIMM Ha 3alPOCHBIN CHTHANT M ITIPENCTABISIET cO0O0H
IIOCIIeTOBATENBHOCTh H3 - JBYX HMIIYJIBCOB, M3 ‘KOTOPBIX IEpPBBIE
YBENWYEH, @ BTOPOH — YMEHBIIEH 0 AJUTENEHOCTH OTHOCHTEIHHO
BCeX- OCTaNBHBIX uMnynbcos ['CH. HMuade roBops, npu Tpuxone
3allpOCHOT0 CHIHAJIa TIPOMCXOLUT paclIipeHre UMITYNbca CYIepHO-
ro myma (IHVM) 6e3 n3MeHEeHHS ero aMIIUTYIEl B BCAC 38 3THM —
CYXCHHE CIEIYIOIIEro UMIYJIbCa WM IOJNHOE €ro MCYe3HOBEHHE,
T.e. oOpasyeTci maysa (XOCTaTOYHO OONBUIOW UIMTENBHOCTH) B
m3nydeHnn nepeparunka CBU-panuozonya.
Mo>XHO yKa3aTh CIEXYIONIHE OCHOBHBIE XapaKTEPHCTHKH paJuo-
30H10B THna MP3:

— JUAIa30H U3MEPCHUS TEMIIEPATYPHI ..............(—80... +50) °C;
— IMana30H H3MEepPEHUs OTHOCHTENBLHOMN BIaKHOCTH:

30HIA MP3-3A i (15... 100) %;

30HAa MP3-3AM....... oo (10... 100) %;
— Ipefensl  JONyCKaeMOH OCHOBHOM IIOTPEIIHOCTH KaHala

BIAKHOCTH:

songa MP3-3A ......... e He 6onee 10 %;

3008 MP3-3AM ..o, He Gonee 7 %;
— HECYIAT TACTOTA w.covvierernrerrisrriissinesatenesnenss s ssvessnonens 1782 mI'm;
— gacroTa cireaoBanusa mMiyiascos I'CH ........800 umu 600 xI'r;
— IOTPebIIAEMBIE TOKH PAIHO30HAOM. .. ............. (20...50) mA;
— BpeMsl HeNpephIBHON paboThI 30HAA ............... .He MeHee 2 ;

TS MACCA L.ininnnnns S TP He Gonee 0.36 Kr.

Kowmnbiorep crannmm ABK-1 mo BenmdunaM OTHOUIEHHSA COOT-
BETCTBYIOIMX YaCTOT K OIOPHOM YAaCTOTE PACCUMTHIBAET 3HAUCHHS
TEMIIepaTyphl U OTHOCHTENHHOH BI2KHOCTH BO3LYXa.

CrenyeT 3aMeTUTH IPH 3TOM, ITO EPEXOJ] OT YHCIIa HMITYIbCOB
B eIUHUNY BpeMeHH (YacTOTHI MMITYIBCOB) K MIEPHOLY HX CIEHOBA-
HUS IpH M3MEPEHUN MeTeoponornyeckux Benuaui B PTK 3A sipis-
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€TCqd OJHHM W3 Ba)XKHEHIINX OTIHYMK paguo3oHxoB MP3 ot 30H10B
MAP3, 1no3BomAOMNM NOBEICUTH 3(Q(EKTHBHOCTD H3MEPESHUS Me-
TEOPOJIOTHUECKUX BEITHYHH.

5.3. IlepcniekTHBHBbIE CHCTEMBI
PAINO30HAKPOBAHNS aTMOC(hEPHI

K nepcrieKTHBHEIM OTEYECTBEHHEIM CHCTEMaM PaJIi030H/MpPOBa-
HHS aTMOCQEPE! CHENYET OTHECTH pannoreneMerpnqecxne KOM-
mnexcsl MAPJI-T u BPI3. : :

"MAPJI-T — MHKpPO3JEKTPOHHBIH a3pONOTHYECKHH pPaanoNIoKa-
Top (pamMoTeomONUTHEI BapuaHT). OCHOBHBIE JOCTOMHCTBA
MAPIJI-T: S

® MEHbINAs CTOMMOCTb MO CPABHEHUIO C I/ICHOJII:3yeMI>IMI/I KOM-
mexcamu ABK; '

® OTCYTCTBHE HEOOXOIUMOCTH B C’I‘pOI/ITeHLCTBe CIIEHHaTbHOTO
spaHus ang PTK 3A;

¢ YMCHBUICHHBIE IKCIUTYyaTAlIHOHHEIE PACXOIbI;

e pabounii guana3oH YacTOT, COOTBETCTBYIOMMA MEXTyHAPOI-
HOMY CTaHAApTY;

e ripuMeHerHe Ga3MPOBAHHON aHTEHHOH PEMIETKH, 4TO TO3BOIS-
€T OCYHIECTBIATh aBTOMAaTHIECKUH MONCK M «3aXBaTy» PafgHO30HIA B
CJIOKHEIX METEOPOJIIOTHIECKHX YCIOBHSX;

® BO3MOXHOCT PabOTHI KaKk C OTEUYECTBEHHBIMU PaiO30HIaMH,
TaK ¥ ¢ paJruo30HIaMHi QUPMEL BAVICAJIA; ‘

® BO3MOXKHOCTB pa60TI>1 OT HCTOUHHKA GecrepeGoiHOro
NUTaHUA.

OCHOBHBIE TEXHHYECKHE XapakTepucTuku MAPJI-T:
Cocmae annapamypoi:

® PagHOTEOMOTUT (pa;monorcaTop) KOHC’I’pYKTI/IBHO pasMeneH-
HBI B oH0M 610Ke ¢ DAP;

L4 l'IepCOHaIIBHBII/I KOMHBIOTep C IIPUHTEPOM H MOJACMOM.

Pabouuii ouanaszon wacmom ..............................1680 mI'w.
Hanvnocms conpoeoxncoenun paouoszonoa ... ue Menee 250 kM.
Tun GUMEHHbBI..o......ocevoviiiiiiiiii i iiiiieass OAP.

~ IIpedenst nosopoma duazpammol HARPAENEHHOCHU:
B TOPM30HTAILHOM ILIOCKOCTH:
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® MEXAHUTECKHH TTOBOPOT .1 v ivenivnresarsennennrmmenneavonni +210°%;

© 3JIEKTPOHHOE CKAHUPOBAHHE. ..\ .vvvvrenreniennnnns USRI +25°;

B BEPTHKAIbHOM MIIOCKOCTH: . ,

® SJIEKTPOHHOE CKAaHHPOBAHHE B CEKTOPE........... (-10... +100)°.

Hlupuna ouazpammol HANPAGAEHHOCHU:

B TOPU3OHTAIBHOM MITOCKOCTH. .« ieeneeneeneenneesneenenenneanens 9°;

B BEPTHKAIBHOMN TTOCKOCTH .« v euveueeneeneenaennenneneenareneneanens 6°.
. Cucmemamuueckue ouuGKU UMepeHUs y2106b1X

KOOPOUHAML. ...........cotereeveearresrnnsansensssnresassssnseenss He Oonee 0.05°.

I-)Jzelcmponumanue... ............. 0/:[H0(ba3Ha;1 cets 220 B, 50 I'm. -

TIOTPEOIAEMAS MOIIHOCTE . .. .vvveneressenaaiennennnaseensens 1000 Br.

Bec PTK 3A... ..o it 385 kr.

Bpems pazeepmpleantis...................coceenen.... He Oornee 1 4.

B coctaB koMIIieKTa HEpCHEKTUBHBIX ‘OT€YECTBCHHBIX paIuo-
30H10B, pabotatomux ¢ MAPJI-T, BXogaT nepBHYHEIC H3MEPHUTEIB-
HBI¢ NpeoOpa3zoBaTely . (JaTYAKH) TEMICPATYpPhl, OTHOCHTEIBHOU
BIIaXKHOCTH ¥ aTMOC(HEPHOT0 AaBIEHMS, PaguoOiIoKH (BKIIOYAIONIHE
B ce0a GopMHpOBaTENb TENEMETPUYECKOTO CHTHANA M IpHeMonepe-
JATIHK), BOJOAKTUBHpyeMas Oarapes NMHUTaHWS H TEILIO3ALIHTHBIIA
KOPITYC C 5TIeMEHTaMH KpEIUICHHUS.

B xauyecTBe NEPBHYHOIO HM3MEPHUTEIBHOIO npe06pa3013aTen;1
TEMIIEPATYPhl B PAAMO30HAaX MOTYT MCIIOJIL30BATEC KAK CEPHAHBINA
Jatunk 30H00B THna MP3 (MAP3), Tak B JaTuMK¥ TeMIepaTypbl
nopbiieHHod Toynoctd UIIT-® u WIIT-IIO, BhmonseHHble Ha
OCHOBE HHKENEBOTO (ONBEIOBOrO TEPMOPE3UCTOPa H HA OCHOBE
NJAaTHHOBOW MHKPOIIPOBOJIOKH. '

B kauecTBe HaT4WKa OTHOCHTENBHOW BIIAXXKHOCTH HCIONB3YETCH
M3MEpUTENbHBIH npeodpasoBarens WIIB ¢ 4aCTOTHBIM BBIXOZOM,
BBIIIOJIHEHHBIH Ha OCHOBE HMHTEIPAJBLHOrO IUIEHOYHOTO mpeolpaso-
BaTeNs BIAXKHOCTH.

B xadecTBe naTyMKa aTMOC(EPHOTO MABJICHHS HCHOIB3yeTcs
H3MepHTeNbHEIH npeobpasosatens UITA]JI, BEINONHEHHEH Ha OCHO-
Be HHTETPAIBHOTO KPEMHHEBOTO IIpeoOpasoBares.

C HoMOIIBI0 paguobIoKa OCYIIECTBISETCA Npeobpa3oBaHue BEI-
XOJHBIX IapaMeTpoB JaTYMKOB METEOPONOTHYECKHX BENUYHH B
YACTOTHBIE TEJEMETPHYECKUE CHTHAIBI H MX IIOOYEPENHOE TIOMKITIO-
YeHne Ha BXOJ IpueMmonepenaTdnka. CBepXpercHepaTHBHEBIN TpHe-
MOIIEpEaTUHK PEAH3yeT Nepesady TENEMETPUIECKOTO CHIHANA Ha
mecymeit yacrore 1780 (1680) MI'm 1 BeipabOTKY OTBETHOTO CHTHa-
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Jla Ha 3alpOCHBIH UMITYJIbC, U3TydaeMblil CTaHIHEH CONMPOBOXICHUS.
IlonHeIl OMKI Hepenady BceX TeleMeTPHYECKUX - CHTHAJOB CONEp-
AT BOCEMBb PaBHBIX N0 JUIMTENBHOCTH KaHAIBHBIX HHTEPBAIOB
BpeMenn. KonugecTBo TereMeTpHYeCKHX CHUTHAIOB H -IOCIEAOBa-
TENBHOCTH MX Tepeladd B LUKIE YCTAHABIMBACTCA B PaanoOIOKe
ABTOMAaTHYECKH NPY IMONKIIOYEHUM K HEMY OIpeelieHHOro (Heob-
XOJUMOTO Ul JAaHHOrO. BHJA 30HIUPOBaHHA) Habopa JaT4UKOB
METEOPOTOTHIECKHX BeMHIHH. MOryT HCTIONB30BaThCA cne;[yfomne
HabOpEI AATUHKOB:
- — TeMIEpPaTypHI;

— TeMIOepaTypHl U OTHOCUTENBHOH BIAXXHOCTH;

— TEMIIEPATYPhI 1 aTMOCHEPHOTO TABICHHUS; :

— TeMIIepaTypsl, OTHOCHTEILHONW BIAXXHOCTH H aTMocq)epHoro
JIaBIIEHUS. - :

. 3a cuer npnMeHeHmI B pazmoﬁnoxax HpOI’paMMI/IpyeMBIX TIOTH-
YeCKHX WHTETPAIBHBIX MHKPOCXEM O00eCIIeYMBAETCS BO3MOXHOCTB
M3TOTOBJICHHWS PaJMO30HJIOB C PA3IMYHON JIUTEIHFHOCTBIO KaHANb-
HBIX MHTEPBAJIOB, YMCJIOM W IIOCIENOBATEIBHOCTBIO IEpEfayd CUT-
HAJIOB B TEJIEMETPHIECKOM LIHKIIE, 9TO 00ECTIETMBAET BOC3MOXKHOCTD
HCIIONB30BAHHS PAJMO30H/IOB C PAsIHYHBIMU CTAHIUAMH COIPOBO-
XKICHUA. ,

BPHU3 - aaponornqecxaﬂ pannonoxauHOHHa;I CTaHIHA npem{a-
3HAaY€Ha /U1 paboThl B COCTAaBE CHCTEMBI CETEBOIO PaHO30HIUPO-
BaHMS aTMOC(EpE], a TAKKE MOXKET IPHMEHATHCA H JUIs 30HIHPOBA-
HUSA aTMOCQEPE! B HAYIHBIX ¥ CTICIEANBHBIX HEAX. -

CraHupst oGecredHBacT aBTOMATHUECKHI KOHTPOIb q)ymcuno-
HHPOBAaHMUs, NPEANONETHYIO IPOBEPKY PaJHMO30H/a, aBTOMAaTHIECKOE
COTIPOBOXKIEHHE PAAHO30HAA B IONETe, PHEM B 06paboTKy KOOp-
JMHATHO-TENeMeTPHIECKod MHGOpMAIMH, BEIIHCIICHIIE METEOPOIIO-
TMYECKHX BETMUHH, COCTABIICHHE H nepeady TeaerpaMM ¢ JaHHBIMH
30H/INPOBAHUA B cranaaptHex Kogax KH-04, «Cnoit», «IlItopm» 1
«IIpu3eMHBIH CIOW».

PTK BPU3 moxer paboTats ¢ cepHnHBIMH OTEUEeCTBCHHBIMH Pa-
IIMO30HAAMH MP3-3A, MP3-3AM u MAP3.

OcHOBHEIE XapaKTePUCTHKH KoMiutekca BPH3:

Tun anmenHOU CHCIMEMDBL.ue.........coiniiieineinniiniann...
Boicoma 30HOUPOBAHUA .................vevenniniiennnnn,
Hanvnocms agmoconpogoicoenua...
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Huanazon pabouux yacmom ...... APPSR (1782 %+ 10) mI'u;
Huanazon eutuucnaemvix MemeoposoZudecKux enuduun:

TI0 TeMIleparype BO3AyXa........ Tt (-80... +50) °C;
10 OTHOCUTENBHOH BIAKHOCTH. ...vv'ieennensenansan (15... 100) %;
TI0 CKOPOCTH BETPA. . cuuvneerieinenaaneneaeanenilannens 1o 150 m/c;
TI0 aTMOCQEPHOMY HABIEHMIO. ........evevenenen.. .(1100... 2) rIla;
dnexmponumanue.. ... mepeMenHoe, ogaodasuoe 220 B, 50 I'p
MOTPEOIIAEMAS MOIITHOCTD. « . 2.t iurateerennenaennanrnns e 500 Br;
Macca PTK:

amnnapaTypsl QaHTCHHOTO TOCTA. .....c.uvnuererenninn.ns (120-150) xr;
aNNapaTypsl IOCTA ONIEPATOPA. . .eueveneerernnnienen.....(30—40) KT}
Hapabomka Ha OMKA3.............. ...l e meree 2000 q.

ITepcniexTuBHEIME paauno3oHmamu s pabotel ¢ PTK BPU3 sag-
ns10TCA paano3onasl MP3-10, ucnonpiyromue B KaueCTBe MeTEOPO-
JIOTMYECKHX JAaTYMKOB BEICOKOTOUYHBIE YyBCTBHTEJBHEIE IIpeobpazo-
BaTEIH, BRINIOJTHEHHBIE Ha OCHOBE COBPEMEHHBIX TEXHOJIOTHH.

5.4. CucreMsbl CHEAAILHOTO
PaNO030HIMPOBAHUA aTMOChepbI

HUccnenosanus B o6nacti $husukn ceoOOAHOM atMochepsl KpoMme
JAHHBIX O TeMIePaType, OTHOCHTENBHON BIXHOCTH, HABJICHHH
BO3IyXa W CKOPOCTH BETpa TPEOYIOT TAKKE CBENECHHUM O pacipenene-
HUAX B aTMocepe psna IOMONHMTENBHBIX XApaKTEPHCTHK, TAKMX,
KaK IIOTOKOB IJIMHHOBOJHOBBIX M3IY4eHHH, COXEp>KaHHSI O30HA,
asp0o30JIeH, YrIEKUCIIOro ra3a, YPOBHS Paqualiy U T. 1.

MaccoBsle n3MepeHHUS BePTHKAIBHEIX Ipodued 3TUX TONOIHY-
TEIBHBIX XapPaKTEPUCTHK BO3MOXKHEI TONBKO C ITOMOIIBIO PaAHO30H-
70B. TToCKONBKY 3TH PaHO30HIL B OTIHYME OT OOBIYBEIX JOMKHBEI
U3MEPATh TOT WIH MHOH CeNUAaNbHBIA NapaMerp, OHH IONyYMIH
Ha3BaHUE CHeyuanbHblX paduo3ond0s, a PanuO30HIUPOBAHHE B
UENIOM — CHeYUanbHOe paouo30HOUPOBAHUe.

Hanbonpmree pacrpocTpaHEHHE W3 BCEX BHIOB CIEIUATBLHOTO
30HOUPOBAHMS IOTYUHIH aKTHHOMETPUYIECKOE ¥ 030HOMETPHUYECKOE
pPagHO30HIUPOBAHMS, a TAaKXKE 30HAUPOBAHME C IENBIO HCCIEN0Ba-
HUS PaJOaKTUBHOCTH B aTMOc(epe.
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. 5.4.1. AKTHHOMETPHYECKOE PAANO30HMPOBaHKE aTMOChHEpPBI

AKTHHOMETpHYECKOE pafi030HANPOBaHHE aTMOC(epH! ABIACTCS
OJTHMM W3 BaXHEIX HAlpaBJICHHH PasBUTHA CIIEHUATBHOTO 30HIUPO-
BaHHs, KOTOpO€ IO3BOJISIET 3KCIIEPUMEHTaNbHO H3MEPATH BEPTH-
KaJbHEIE IPOQHUIK TOTOKOB U paJHaldoHHOro 0anaHca JIMHHOBOI-
HOBBIX HM3JIy4eHHi B CBOOOJHOH aTtMocdepe mo BBICOTHI 30+35 kM.
JIMMHHOBOJIHOBOE U3JIy49eHUE — 3TO TeloBoe (nHppakpacHoe —~ UK)
u3IyieHne 3eMin H arMocephl B Auana3oHe IIHH BOMH 4-+40 MKM.

AKTHHOMETpPHYECKOE PaJHO30HAMPOBaHHE aTMOc(ephl Ipou3-
BOJMTCS C IIOMOIIBIO AKTHHOMETPHUYECKHX paJno30HIO0B (AP3),
COCTOSIINX, KaK MPaBHJIO, U3 CTAHAAPTHHIX PaZMO30HIOB H aKTHHO-
METpHYECKHX NPHCTaBOK (pamuometpoB). ConpsbkeHre paanoOMeET-
POB C CETEBBIMH PaJUO30HAAMH IO3BOJISIET UCIIONB30BATE U aKTH-
HOMETPHYECKOTO 30HIWPOBaHHUA CETeBbiE pPAAHOTENEMETPUIECKHE
KOMILIEKCHI 30HIUPOBaHMs aTMOC(EpEI.

B pesyssTare BEINONHEHHS aKTHHOMETPUIECKOTO 30HANPOBAHMIS
BMECTE CO CTaHIApTHOH MH(opManumeii 0 pacHpeneneHny METEOPO-
JOTHYECKUX BENHYUH MOIYJalOT TaKkXe JaHHBIE O BocxomuueM
MOTOKE JANMHHOBOJIHOBOH pamuarmu (), HUCXOAAMIEM IOTOKE Q
9 (EeKTUBHOM H3ITyYEHUH CUCTEMBI «3EMHAs IIOBEPXHOCTh — aTMO-
cepa» F, mpeacTapisaiomeM co0oi pa3HOCTH BOCXOAIUETO U HUC-
XOZAAIIEro HOTOKOB M3iydeHus. PasHoCTh 3QQEeKTUBHEIX H3ITyJIEeHMIA
Ha rpaHumax cnosd AH ompenenser mpuTOK IIHHHOBOIHOBOH pajina-
uuE K 9ToMy cnowo. Clol BeIXonaxusaercs, ecin >(QOexTuBHOE
M3JTydeHHEe Ha BEpXHEH rpaduue cios Gojblue, 4eM Ha ero HynkHelt
TpaHMIE ¥, HaoOOPOT, HarpeBaercs, eclu dpHeKTUBHOE U3IYICHHE
Ha BepXHEH rpaHUIe CI0s MEHbIIE, UeM Ha HIDKHEH. PagpalyioHHbIH
OpUTOK TEIUIA IIO3BOJIAET BHIYHCIHTE CKOPOCTH PamdalldOHHOTO
M3MEHEHHs TeMIlepaTyphl BO3AyXa, T.€. TO H3MEHEHHE TeMIIepaTypsl,
KOTOpoe OO0YCIOBIEHO IpOLeccaMH IIOI‘I[OH.ICHPlﬂ WK H3TYIeHUS
JUIMHHOBOJIHOBOU pafMai(iii.

B mpakTHKe OTE€4ECTBEHHOTO AKTHHOMETPHYECKOTO PAJHUO030H-
JMpOBaHUs aTMoc(epsl Haubolpmiee PacHpPOCTPAHCHHE ITOJLYYHII
aKTHHOMeTpHuuecKkuii paanosons (AP3), cosmanusiii B IleHTpanbHOM
asponorngeckoit: oocepBaropur (LIAO). IlepBUdHEIM H3MEpHTEIH-
HBIM Ipeobpa3oBareneM, IO3BOJSIONMIMM = BHIIONHITE COOTBETCT-
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BYIOIINE U3MEPEHN TOTOKOB JUIMHHOBOJHOBOH PafUalliH, SIBISETCSA
JUIMHHOBONHOBBIN pagioMeTp.

Kakx npapuno, B npubopax, npenHasHadeHHBIX I H3MEPCHUSI
JNMHHOBOJHOBEIX ‘MIOTOKOB paIUalldH, ‘HCHONB3yeTcs 2 deKT ee
TEIUIOBOTO ‘BO3MeHCcTBHA. [IpH 3TOM B TepMOINEKTPHUIECKUX Paguo-
MeTpax u OamaHcoMepax B pe3yibTaTe TEIUIOBOTO BO3ACHCTBHSA
PaivMallMOHHBIX IOTOKOB HA' MX BEpPXHHE W HUXHHE MOBEPXHOCTH
BBIPabaThIBACTCA  BNEKTPOABIKYIUAS . CHJIA, MPONOPIMOHAIBHAS
Pas’HOCTH OSTHUX HOTOKOB. Mepolt HHTEHCHBHOCTH HPHXOANICH
pamualuy B TEpPMOMETPHYECKIX paAHOMeTpax SBISIETCS TeMIICPATy-
pa NpHEMHOH MOBEPXHOCTH, KOTOpas, BO3PACTacT NPH yBETHUYCHIH
MIPUXOIAIIECTO Ha 3TY TIOBEPXHOCTD, paHAMOBHOTO MOTOoKa. [lpHem-
Has (4yBCTBUTEIIFHAA) HOBEPXHOCTE PAAHOMETpa CTPEMUTCH IIPHHTH
B TEINIOBOE PABHOBECHE C OKpyxarouieit cpenmoil. s Toro, 4robni
ONPEACTUTh MOTOK. pajUallii, HPHUXONAIINA Ha IPUEMHYIO HOBEPX-
HOCTb, HE00OXOIIMO COCTaBUTh YPAaBHEHHE €€ TEIUIOBOTO OanaHca.

Wrak, BEIENMM Ha NPUEMHON HOBEPXHOCTH HEKOTOPYIO ILIO-
WaaKy Iuomagpio s. Toraa mOTOK paidani, IPUXOAAmieH Ha
BEPXHIOIO IUIOMIALKy paguoMeTpa, OyAeT CKIagnIBaThCsA M3 Cle-
IYIOIIMX TOTOKOB: IOTOKAa ATHMHHOBOIHOBOW pajualuy, NPUXOAd-
el Ha TWIOIAAKY CBEpXY; NOTOKAa JIMHHOBOIHOBOH PajiHaIliy OT
Pa3IUYHBIX 3JIEMEHTOB KOHCTPYKIMH Pal030HIa; [TOTOKA JIHHHO-
BOJIHOBOM pajiiallii, MOCTYMAIONIEH OT HIDKHEH NPHEMHOH TLIACTH-
HEI U IIPOMEXYTOYHBIX SKPaHOB PaJMOMETPa; HarpeBa 3a CHET TOKa,
TIPOTEKAIONIET0 B LENH TEPMOCONPOTHBICHHSA, H3MEPSIONIEr0 TeM-
TepaTypy MPUEMHOM MOBEPXHOCTH.

Yka3aHHBIE IOTOKU 3HEPTHH AaiyT CICXYIONIHE claracMble Tell-
noBoro bananca:

BOQL +BBQ3J, +BHQT +4, : : (59)

e Po — 3bdexrrBHbIL K03 QULIEHT NOTNOMIEHHS ISl H3MEPIEMO-
T0 IOTOKAa JMWHHOBOJHOBOHN. pafyaliiy, IPUXOASIIEH cBepXy; P; —
3¢ eKTHBHBIH KO3)PUIMEHT TOTIOMEHHMS MEIIAONIEH FIIH JOXHOM
paxuannu cBepxy; By — 3 hexTrBHbI K03DGUIHEHT MOTIOMEHN
MeIaronei WK JIOXXHOH paguanuu cHu3y; O,  — MOTOK paiHalvy,
H3IIy4acMOM SKpaHHPYIOIIMMH YCTPOMCTBAMH pafHOMeTpa HIIH
KOPIIyCOM paawo30HIa; O — MOTOK JANHHHOBOJIHOBOM paJHalliu OT
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aTMocdephl, TPUXOIAINH CBEPXY; QT — IOTOK IMHHOBOJHOBOU
pagvalpy, IPUXONIUNN CHU3Y Ha IOBEPXHOCTh pagUOMeETpa; g —
IIOTOK TEIlNIa 3a CYET IPOTEKAIOIIET0 H3MEPUTENHFHOIO TOKA.
BrimeneHnas mmomazka TepseT YACTh TEllda Ha M3IydYeHHE
BBEPX, H3JIy4CHNE BHU3, HA TEIUIOBEIE IIOTOKY ONarofaps KOHBEKIHN
M TEIUIONPOBOJHOCTH BBEPX U BHM3, TEIUIOBHIE TTOTOKH BIOIH IpPH-
€MHOH ITOBEPXHOCTH W 3a CYeT M3MEHEHUs ee TeMIeparyphl. JTH
IIOTEpH TemiIa MOI'YT OBITH ONpEENICHEI CIIEIYIONMM 00pa3oM:

BT, + BuxOTy" + AsgradT, + AgradT, +

+ AogradT,, + ¢ ‘Zﬂ , | (5.10)

rie Bus — K03hPUUHEHT M3TyUYeHns TIOWALKA BBEPX; Py ~ KO3(-
GUINERT U3TydeHHs IUIOMAAKH BHH3; Ay, Ay B Ay — 30 deKTHBHEIE
K03 GUITHEHTH TEIUIOBEIX MOTEPh C BepXHEH U HIDKHEH IOBEPXHO-

cTeH BEIICNCHHOM IUIOMIAJKH, a TAK)XE BONb MPUEMHO TOBEPXHO-

CTH 4epe3 TPaHMHBl IVIOMANKH IUIOMAAbIo S; ¢ — TemIOeMKOCTh
TUIOINAJKH, IPUXOImascs Ha efuHuny ee mnomany; T, Ty u T, —
TEMIIEPaTyphl BEpXHEH, HIDKHEW M BCeH NpHEeMHOH IOBEPXHOCTH,

In

COOTBECTCTBCHHO, H3MEHCHNE TEMIIEPATYPHI IUIOMIAOKH 3a. Bpe-

M dt.
IIpupassse Beipaxkenus (5.9) u (5.10), monmyvaem ypaBHeHue Te-
IUIOBOTO GayiaHca it BepXHei MOBEPXHOCTH Pa{HOMETpA:

B0 + B0 +B.Q =
= BOTy' + BuOT" + AygradT, + AugradT}, + AngradT, + ¢ d;;" . (5.11)

AmnHanorunynoe YPaBHCHHUC TCHJIOBOTO GaaHca MOXeT OBITE 3aId-
CaHO W I IUIOINaAKKH HIDKHEH IIpPICMHOﬁ IIOBEPXHOCTH PaguOMET-
pa. HOJIy‘ICHHBIC ABa YPaBHCHUA SABJIAIOTCA UCXOOHBIMU I pacdcra
HHCXOLAMIEro ¥ BOCXOIAMIEr0 IMTOTOKOB paXHanun. HpeoGpa3013aHne
ITHX ypaBHeHI/Iﬁ C Y4€TOM KOHCTPYKTHBHBIX ocoBOeHHOCTEH aKTHHO-
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MCTPHUICCKOT0 Pagu0O30Haa IMO3BOJMIIO IMOJIYINUTE JOCTATOIHO y,[[06-
HBIC OJIs1 HpaKTquCKOﬁ peamm3aniui COOTHOIICHUA

0" = O\(Tw) + Qu(T.) — OK(T),
0" = O\(T,) + OoT:) — Ox(T), (5.12)
F=0'-0',

rae O, O 1 Qs onpesieneHHbIe QYHKITAY, 3aBHCSAIINE OT KOHCTPYK-
THUBHBIX OCOOEHHOCTEH HCIIONB3YeMOTO aKTHHOMETPHYECKOTO pa-
I1030HAa, T, TeMIepaTypa OKpyXaromeH cpe/isl.

IIpy m3MEpeHNMM IIOTOKOB AJMHHOBOJIHOBOM paJdaliii B aTMO-
chepe ocobble TPYOHOCTH BO3ZHHKAIOT B AHEBHOE BpEeMs, KOTZA
HMeeTCs M KOPOTKOBOJNHOBoe w3nydenwe Comuia. Ilpumenenue
MIOGBIX GUIBTPOB [JIsl H3MEPEHHS THHHOBONHOBOMH PaTHaliH JHEM
HE JaeT HEOOXONUMBIX PE3YNBTATOB, TAK KaK OKA3HLIBAETCS NPAKTH-
9eCKH HEBO3MOXXKHBIM BBIIENICHHE MOJNE3HOTO CHMTHAda Ha (oxe
IIOMEX OT KOPOTKOBOJHOBOM pajiialluM, M3NydYeHHs (HUILTPOB M
TeMIEPaTypPHBIX TPAIHEHTOB B CAMOM IpuGope.

PaspaGoTtanHslil c1oco6 H3MepeHus NMUHHOBONHOBOM pajUaIuu
Ha (POHE KOPOTKOBONHOBOTO H3IIyYEHUS OCHOBAH Ha MCIIONb30BaHUM
B aKTHHOMETPHYECKHX ITpeoOpasoBaTeNsax IBYX IOKPBHITHH, HMEIo-
X BHICOKYIO OTPaKaTENbHYIO CIIOCOGHOCTH B 0GJNACTH KOPOTKO-
BOJIHOBOH 9acTH CIEKTPa M pe3K0 OTIHYHYIO H3NydaTeNbHyHo (ITo-
ITIOMIATENBHYIO) CIIOCOOHOCTH B ANMHHOBONHOBOH o6nacTy. K Takum
MIOKPBITHAM OTHOCATCS, HallpuMep, SMaib -Oemas tima BJI-548 u
cepebpo wmi amomuaui. Koadduimentst oTpaxkenus 3THX MaTe-
pHaloB B CHEKTpanbHOH 00macty 0.4 + 2.5 MKM HUMEIOT 3HaYCHUS,
paBHEIEC IpUMEpHO 95 %.
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Puc.5.4. banancomep akmunomempuieckozo paduosonda AP3-2.
a) euo cboky; 6) euo cgepxy.
1 —kopnyc 6aJtch0M6pa 2 u 3 — mepmobamapeu, 4 — nonas pyuxa barancomepa,
5 —cunukazeny, 6 — Onoproe KORbYO U3 NIEKCUNACA, T — NOTUIMUTEHOBbIT IKDAH

BKITIOUeHHBIe HABCTpEuy APYT APYTY TepMoOaTapeH, IOKpPHITHE
paznrunbiMu MaTepranamu (BJI-548 amomuHuiT), IO3BOJLIIOT U3Me-
pUTE GANaHC ATMHHOBOIHOBOM PaHaliiyl ¥ B THEBHOE BPEMAL. ‘Tako#
PaIuOMETp HCHOMB3YETCs B aKTHHOMETPHIECKOM —pAjuo30Hze
AP3-2.

BajnaHc JIMHHOBOJIHOBOM pajiManuu B pagno3ouge AP3-2 usme-
pseTcs C TOMOIbI0 OalaHcOMepa, TyBCTBUTENBHBIM ' 3JIEMEHTOM
KOTOPOr'0 ABJIAETCA TEPMOdNIeKTpHUecKkas 6aTapesi, IpeACTaBIAIOmAas
co0oit xpyrmelil AucK M copepxamas okono 2000 Tepmomnap ceped-
po-KOoHCTaHTHH (pHc. 5.4). s UCKITIOYEHNs BIMSHUASL BO3IOYIIHBIX
MOTOKOB M aTMOC(EpHBIX OCaJKOB Ha IIOKa3aHHUs OaraHcoMmepa
IPUMEHAIOTCA ToNycheprueckue IONHITHICHOBbIE SKpaHH, :001a-
JIAfoNIMe JOCTaTOYHOM CTENeHBIO npospaqucm B pabouem puama-
30HE JUIMH BOJIH. : ‘

AKTHHOMETPUYECKHE PaJHO30HABI OOECIICUHBAIOT = H3MEPEHHE
MOTOKOB IMHHOBOIHOBOH pagualui- B OHANa30HE OT HyIS IO
2.9 Jix/(cv*mun). IloCTOsSHHAS BpeMEHH NEXHT B HHTEpBANC
30-45 c. Cpensss KBaipaThdeckas OMNOKa H3MEPEHHS IOTOKOB
pamuanun coctapnszer 0.02 JHx/(cM°MEH), a ONpeeNeHns CKOPOCTH
paJMAIllMOHHOT0 M3MeHeHus Temueparypsl Bo3myxa 0.007 °C/a s
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p = 100 rlla. MakcumanpHas omubKa MOXeT, OOHAKO, HOCTHraTh
0.03 °C /u. :

5.4.2. O30HOMETpHYECKOE PAKNO3OHANPOBAHNE ATMOCPEPDI

O30HOMETpPUYECKOE PpaJHO30HAUPOBAHHE aTMOC(EpEl Hrpaer
BECBMa BAXHYIO pONb B HCCICHOBAHHAX COCTOSHHSA OKPYXarorei
Cpenbl, IIOCKOJIBKY O30H HE TONBKO HIpaeT OOJNBIIYI0 POJb B aTMO-
cepHBIX Mporeccax, HO M MOITOMAET yIbTpadUONETOBOE H3Iyde-
aue Comnna (¢ mmHOM BoHK MeHee 0.290 MKM), H36BITOK KOTOPO-
TO BPEOHO OTpakaeTcs Ha Pa3sBUTHH KUBBIX OpPraHU3MOB.

B 1986 r. mMHOrMMH crpaHaMH IOINKCAaHA MEXIYHApOAHAL
«Benckas xoHBeHITH 00 OXpaHe 030HHOTO CIOs B 3¢MHOM atMocde-
pe». HeoGxoauMocTs 3aKi0denus 3Toil KOHBeHUHH Obla 00ycioB-
JeHa TeM, YTO TNPOMBIIIICHHAS AEATCNLHOCTL YEJIOBEUecTBa (B
JacTHOCTH, BEIOpOCH B atMocdepy dpeoHOB, coequHeHnH (ropa 1
XJIOpa) CYILECTBEHHO BIIMACT HA 030H, YMEHBIIAS ero COACPXKaHUE B
aTtMochepe. _

Hanbonpimuit pHTEpEC MPEACTABISIOT CIESAYIOUIME XapaKTepH-
CTHKY COJIEp>KaHHS 030Ha B aTMocdepe:

e obmee coxepxanue o3ona (OCO) TommuHa TOTO C€HOs, KOTO-
priit oOpasoBain Os1 Bech 030H atMocdepst (O3), coGpaHHEIH 0TAEb-
HO ¥ pUBEEHHEIH K naBnennio 1000 rlla u Temneparype 0 °C.

® INOTHOCTs (WIM KOHUEHTpauus) o3oHa ({0, ); BHIpaaeTCs

OOBIYHO B MI/M’;
e IapUHaibHOe AaBleHHe 030Ha ( Po, ); BRIpakaeTcs OOBIYHO B

MIUIHHAacKanax, MI1a;
® OTHOLIEHHE CMECH (P, ), T. €. OTHOIIEHHE IUIOTHOCTH O30H2 K

IUIOTHOCTH BO3ZyXa.

Jlns u3MepeHUs XapaKTepUCTHK COJICPIKaHUsI 030Ha B aTMochepe
UCTIONB3YIOTCS pa3NMYHbIe METOIBI, CPEA KOTOPBIX 0c000e 3Hade-
HHE MMeeT 030HHOE PaJH030HAUPOBAHNE, KOTAAa COOTBETCTBYIOIIHC
U3MEPEHHs TIPOM3BOAATCA € IIOMOLIBIO CHENMANIBHBIX O30HHBIX
30HOB (030HO30HJIOB).

B COOTBETCTBHM C IPHHATHIMH METOAAaMH. H3MEpPEHHUS 030Ha 030~
HO30HIBl Pa3fENAIOTCS Ha ONTHYECKHE, XEMOIMIOMMHECIEHTHEIE K
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anexTpoxuMudeckue. . Hanbonpinee pacmpocTpaHeHye IIPH 3TOM
MOTYYIHIIH JIEKTPOXUMHUIECKHE 030HO30HEL. :
Onmuueckue 030HO30HOb! OCHOBAHBI Ha .H3MEPEHHH WHTCHCHB-
HOCTH yNbTPaduoneToBO# pagualini, MOCTYNANMEH K Ipubopy: oT
Comuia. Bee onTrueckue 030HO30HAB! H3MEPSAIOT 00IIEe KOMHYECT-
BO 030HA Xx(h), HaXOISMIErOCs B JAaHHBIA MOMEHT.Hal NPHOOPOM,
JocTurimeM BeICOTHE /. Torpa ¢ momoniplo gucneHHoro quddepen-
nupoBaHus x(h) 1Mo A MOXeT ObITH OIpERENeHa IUIOTHOCTH -030HA

Po, (1) Ha pasHBIX BHICOTaX.

Obmmee coepaHue 030Ha B CTOI6e arMocheps! Hafl YPOBHEM /i
MoxxeT OBITh BBIYHCIEHO HAa OCHOBE CPaBHEHHs OCIa0NEeHHsS MOHO-
XPOMATHYECKOTO H3TYUEHH B TI0J0CE TIOTVIONIEHHS 030Ha U BHE €.

Onruyeckuii 030HO30HA B CHJIY 3TOTO M TpPEACTABIAeT coboi
IBYXKaHAIBHEIA aBTOMAaTHYECKUN yIbTpadHONETOBBIH (OTOMETp,
OIpeieN O HHTEHCHBHOCTD TIOCTYNAOINEH yHLTpaq)HoneTOBoﬁ
panuanyy oT CONHIA B NONOCE NOTTIOMEHNUS 030Ha Ha JTHHE BOTHBL
0.310 MxM ¥ BHe 3Toif Tomockl Ha fmue BomEsl 0.369 MxM. OH
COCTOMT M3 CBETOIIPHEMHHKA, BEIIOIHEHHOrO M3 KBAPIIEBOTO CTEKIIa,
TPOIYCKAIOMIEro  yIbTpauONeToBOE H3IydeHHe, H cHaGXKeHHOTO
CHCLMANbHBIM ~ OCECHMMETPHYHBIM  3KPaHOM, 00ecneYnBarommM
TIOCTOSIHCTBO PajualiOHHOrO TOTOKAa Ha NPHEMHHK ' H3IyYeHHs
HE3aBHCHMO OT YTVIa TajieHus CONHEYHBIX Hyuelf, cBeTOdHIBIpA,
OTCEKAIOMIET0 BHAMMYIO 9acTh CIIEKTpa COJHEYHOrOo H3IydeHHs,
On0Ka CMEHHBIX CBETOMHMIBLTPOB I IONYyYCHUS MOHOXPOMATHYE-
CKOTO H3ITyqeHH, MOAYJIATOpa PajMallMOHHOIO TMOTOKAa H MHUHHA-
TIOPHOTO 3JIEKTPOIBHUTATENs, NPUBOISAIIETO B JeHCTBHE MEXaHH3M
NEPEKITIOUCHH S SKCIIO3UIMIA ¥ BPaIlleHU {CKa MOMYJIATOpa.

Mounoxpomaruueckas pajiualiiis, BBIIEJIEHHAs COOTBETCTBYIO-
MK CBETOQHILTpaMH, MONAJaeT Ha NPHEMHHMK H3IYy4eHHS (KaK
npaBuio, (GOTOpPe3UCTOp, YyBCTBUTENBHBIH K yibTpaduoneToBoi
panuanuy). IIpHeMHNK M3IyYeHns Yepe3 cOITacyiolee YCTPOHCTBO
MOJKET NOAKIIOYAThCA K H3MEPUTENBHOMY IIPEoOpa30BaTENIO 00K~
HOTO CEpHAHOro paaHO30HAa ¢ TOCIEAYIONHM HCIONE30BAHHEM
COOTBETCTBYIOWIETO PaJHOTEIIEMETPUIECKOTO KOMIUIEKCAa 30HIHPO-
BaHMA aTMochepsl IUI1 ONpeneleHHs paclpefeNeHHs II0 BEICOTE
IUTOTHOCTH MM KOHIIEHTPAIMH 030HA.

Xemontomurecyenmuvle 030H030HObL. TIpHHIN NeHCTBHS XeMO-
JIOMHHECIEHTHBIX ~ O30HO30HIOB MPEOJaraeT HCIONb30BaHHE

153




JIIOMHHECHEHIMY (CBEYEHMs) HEKOTOPHIX BEIEeCTB (Hampumep,
MIOMHHAJIA, pOJaMHHa K Ip.) Iox aeifictBueM o3oHa. Ilpm 3rom
JIIOMHHECIICHIIMS OKA3hIBACTCSI TEM CHIIbHEE, YeM BEINIE KOHICHTpA-
1¥s 030Ha B aTMocdepe.

XeMONIOMUHECIICHTHBIA 030HO30HI COCTOMT M3 JItoMHHO(DODA,
HCIIYCKAIONIETO CBETOBOM MOTOK IIPH KOHTAKTE C BO3AYXOM, COAEP-
AIIUM 030H, IPHEMHHKA CBETOBOTO M3IYUYEHHs, HIPUHIMAIOIIETO
CBETOBOI IMOTOK OT JOMHHOGOpa ¥ -HAcoca, IPOKAIMBAIOLIETO
BO3YX BIOJb IOBEPXHOCTH JtoMHHOGDOpa. CHennanbHO M3roTaBIu-
BaeMbId TOMHHO(OpP, Kak NpaBHIO, OOJIANAET IIOMHHECUEHTHBIM
YI3IIyYeHHEM, HE 3aBUCAIIMM OT BJIAXKHOCTH BO3LYXa M JOCTATOYHO
GOJBIINM BPEMEHEM (CKHUBYYECTI», He OGHapyXHBasi «yCTAaIOCTH»
IpH JUIMTENBHBIX 9KCrosuuusx. Takodl momuHOdOp He JeTyd,
MHTEHCHBHOCTH €T0 JIIOMHHECHEHIMH JMHEHHO 3aBHCHT OT KOIHde-
CTBa O30Ha B NPOXOZSLIEM BO3AYIIHOM mOTOKe. Kpome Toro, oH
o6ajaeT OTHOCUTENBHO MAJbIM BPEMEHEM HMHEPIWH, T.e. OBICTPO
pearupyer Ha M3MEHEHHE KOHIICHTPAIlMH 030HA, a TAaKXKE SIBILAETCS
HEYYBCTBUTEIBHBIM K JPYTHM MAJbIM KOMIIOHEHTaM aTMOC(EPHOro
Bo3myxa (NOy, SO,, Cl, u ap.).

Tlepen 'BBITYCKOM O30HO30H]| KaluOpyeTcss B BO3MyXe, COAEP-
XaeM ONpeeNeHHOe KONMYeCTBO 030Ha. B mpouecce moabema
U3MEpeHHs OOBIYHO MPOBOAATCS JMCKPETHO C JIOCTATOYHO MAJOH
9acTOTOH, COOTBETCTBYIOLICH HECKOJLKMM M3MEPEHMSM Ha 1 KM
H3MEHEHUS BBICOTHL.

XeMOTIOMHBECIIEHTHBIE 030HO30HIBI TAKXKE BHITIONHAIOTCS B BH-
Jie IPUCTAaBOK K CEPHIAHBIM PaJHO30HAM, YTO II03BONAET HCIIONE30-
BaTh COOTBETCTBYIOLINE PAJHOTENEMETPUIECKHE KOMILIEKCH 30HIH-
pOBaHMsA JUIA MOJyYeHHs HHGPOPMAIMH O PACIpPENEICHHH 030Ha B
aTMocdepe.

Dnexmpoxumuyeckue 030H030HObI. Takue 030HO30H]BI peal-
3yIOT CBOMCTBAa ONPEJCICHHON aKTMBHOCTH O30HA NP B3aHMOJEH-
CTBHH C HEKOTOPHIMM XMMHYECKAMH BEIECTBaMH. Tak, Hanpumep,
u3 pactBopa Homucroro kamus (KJ) 030H mpu B3aMMOAEHCTBHHA
BBIJEIAET CBOGOIHBIN HOM: ‘

2KJ + O + H,0 = 2KOH + J, + O,.

~ Ipm sToM, ecu B pacTBOp MOIPY3WTh JBA JJEKTPOJA, K KOTO-
pPHIM [PHIOKEHA HeOONbIUas pasHOCTh IOTEHIHATOB (0OBIYHO
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JecAThle JONH BONBTA), TO IPH OTCYTCTBHH O30HA H, COOTBETCTBEH-
HO, Homa Toka He Oyner. Ilpu mosBineHHM Hoxa ero MOJEKYNbl y
KaTofia (2NEKTpoJa C OTPULIATENIBHBIM NOTEHIHAIOM) 06pasyioT
HOHEI :

Iy+2e=21,.

KOTOPBIEC IIOTOM OBUIaAIOTCA K aHOLY (SJICKT'pOI[y C INOJIOKHUTEIIbHBIM
HOTCHHI/IaIIOM), e Hop BOCCTAaHABIINBACTCA, T. €.

25 -2e=1,.

Ecnu Tak unu mHade MOMeIUaTh €ro BO3BPAIICHUIO B MacCy pac-
TBOpA, TO TEKYIIMH TOK (IEPEHOCUMEIH 3apsn) OyAeT MpOomopIHoHa-
JIeH KOJIMYECTBY 030Ha, pearupylomero ¢ pactsopoM KJ.

Bo3moxHO npuMeHeHHe APYIUX 3JEKTPOIMTOB AN OIpeaeiie-
HHs KOHILEHTpallMH 030HA, HO NPHHIHMI paGoTHl BO BCEX CIy4Yasx
ABIICTCS aHAJIOTHYHBIM. yC’IpOﬁCTBO TAC pCaM3yCTCA OIIMCaHHas
XMMHYECKasl peakuusa, oOBIYHO HasbIBaeTCS KyJIOHomeTpnqecxon
WIH 3JIEKTPOXMMHUIECCKON TISHKOI.

TaxkuM 06pa3oM, IIEKTPOXUMHUYECKUH O30HO30HM JIODKEH CO-
JepKaTh KyJOHOMETPHUECKYIO S4efKy Ui M3MEpEHHs KOHIECHTpa-
1{MH 030HA, BO3AYIUHLIN GHIBTP, HACOC U PETYISTOP TIPOTEKAIOIIErO
BO37yXa. OJIEKTPHYECKHE CHTHANbl, CHHMaeMBIE C JIIEKTPOAOB
AYEHKH, YCHIMBAIOTCS, IpeobpasyloTcs U MOCTYNAIOT Ha COOTBETCT-
BYIOIIMH U3MEpHTENBHEBIN npeodpa3oBarens. CleayeT 3aMeTHTb, YTO
C LIECIBI0 y4eTa TeMIIepaTypHOI'0 PeXuMa, ONpeJeIIIOmero HHTCH-
CHBHOCTB COOTBETCTBYIOIIEH XUMHYECKON: PeakuH, HeoOXOmIHMO
H3MEPATE U TEMIEPATypy BHYTPH 3JCKTPOXHMHYCCKON TIEHKH.

DIEKTPOXUMHUIECKHH 030HO30H]] TAKOKE OOBIYHO' BHIMONHAETCS B
BHJIC TIPUCTABKU K CEpHIHOMY paZHO30HLY, YTO IIO3BOJIIET AOCTa-
TOYHO IIHPOKO €r0 KCIIONB30BaTh B pa;mmenememnqecmx KOM-
IUIeKcaxX 30HAUpPOBaHMUI aTMOC(eEpEL. :

JlaHHBIM MeTOx U3MEpEeHHs Collep KaHHs 030Ha B aTMOC(pepe SIB-
nsercs Hambosee COBEPIUCHHBIM M3 BCEX ONMHCAHHLIX METONOB H
HMEET JNOCTAaTOYHO MHOIO DPa3sNMYHEBIX. peanusanuid. IlorpermmHocTs
H3MEPEHHs KOHLICHTpaluy 030Ha B aTMocdepe NpH: HCIOJIL30BAHNA
3TOro MeToAa O0BIMHO HEe npepsimaer £10 %. -
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'5.4.3. Pagno3oHaupoBaHue pacupeneaeHus
PAIMOAKTHEHOCTH B aTMoc(hepe

PangnoakTHBHOCT B aTMoc(epe MOXET BEI3BIBaThCS KaK eCTecT-
BEHHBIMH, TaK M HCKYCCTBEHHBIMH aktopamu. K ecTecTBEHHBIM
(hakTopaM OTHOCSATCS CONHEYHBIC U TAIaKTHIECKHE MOTOKU KOpIycC-
KyJI, BTOpraiomyxcs B arMocgepy 3eMiH U B HEKOTOPBHIX CIIydasx
JOCTHTAONINX Jake MOBEPXHOCTHA 3eMiu. SmepHsle B3pBIBHI OIpe-
JENIIOT TPYNIY HCKYCCTBEHHBIX : pakropoB. B mocmemnme rofsl,
ocobeuno mocne smepHoit aBapuu Ha UYepHoOsmbeckol AJDC B
1986 r., McCaeqOBaHAAM PATUOAKTHBHBIX H3Ny4YeHHi B aTMocdepe
yaensiercsi oco0eHHo Oonplioe BHUMaHHe. Tak, B COOTBETCTBHH C
KOHBeHIHeH Becemuproii Mereopomormyeckoit opranusanun (BMO)
O3y kaxmoit ADC JMOIKHEI paboTaTs HE MEHEE TpeX Ha3eMHBIX
METEOPONIOTHIECKUX CTaHIHUH U OJHON CTaHIWHM 30HIUPOBAHUA
aTMocgepsl. :

IepBUYHEIM H3MEPUTENHHEIM IIpeoOpa3oBaTeNieM ' pairo30HIa,
IPeoOpa3yIoMKUM  KOPITYyCKYJSPHOE - H3Iy4eHHEe B IIEKTpHIecKuit
TOK, SBIAIOTCS . IBE€ PACIONOKCHHBIE OIHA HaJx ApPYyrod ~Kaccerl,
Ka)x/Jasi M3 KOTOPBIX COCTOWUT M3 IIECTH. CAMOracAIIUXCs CICTIUKOB
T'eiirepa — Mronnepa. Kaccersl 00pa3yioT; Tak Ha3bIBaeMBIH,; KyOu-
yeckui Teneckom. Mexay kacceTaMH pasMeliaercs IUIacTHHA allo-
MUHHS TONIIMHOW HECKONBKO MMIUIMMETPOB, IO3BOJLTIONIAs OTAE-
TaTE Opw paboTe CXeMBl COBHNAZCHMH MATKYHO = BTOPHYHYIO
KOMIIOHEHTY KOPILYCKYJISIPHOI'O M3IIyIeHHS. K

ITpu momamaHuy KOPIYCKYISIpHOH YacTHLEl B OAWH M3 CUETYH-
KOB B HEM BO3HHKAaeT ra30BBI paspsjl, a Ha €ro BEIXOJE, COOTBETCT-
BEHHO, UMIYJbC HanpsokeHus: Eciu rasoBslil paspsd BO3HHKaeT B
CUeTYHKAX OOEHX. KacceT, TO BBIXOIHEIC HMILYJIBCHI -HAIPSIKECHHI
BO3HHKAIOT Ha BBEIXOJaX IBYX KacceT. UacToTa CIEHXOBaHHS TaKHX
HMIYJIECOB COOTBETCTBYET YacTOTE PErHCTPAlN KOPILYCKYISIPHBIX
yacTul B 00enx Kaccerax. ClemyeT 3aMeTUTh, YTO B 3TOM CIydae
PETHCTPUPYIOTCSA IMOTOKHM YacCTHIl, MOCTYNAIOIMX Ha IpeobpasoBa-
TENb U3 ONPEICNICHHOTO MPOCTPAaHCTBEHHOro TelecHoro yria. Js
pETHUCTPAlN CYMMAapHOIO IIOTOKA KOPIYCKYJISPHOIO H3IydYCHHA
CYHTAIOTCS UMITYJIBCH HANPSDKEHMI OT OTACTABHBIX CIETINKOB.

HenocpencTBerHO  [UII A3MEPEHUA PAaAUOAKTUBHOCTH HCIIONB-
3yI0OT Y- M [-TpyOKH, NO3BOJISIONIME 3apeTHCTPHPOBATH Y- U
B-usnyuyenuns B armocdepe.
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WnTepBains: H3MepeHm71 COCTaBISOT: Y-Tpy6OKo#t 107+10" p/u, a
B-Tpy6Koit 4-10*+20 p/u. TouHOCTH I/ISMCpCHI/II/I COCTAaBIIIET OKOJO
10 % no w3nyuenuio Cs 137. s

CoOTBeTCTBYIOIINE  M3MEPUTEIBHEIE npe06pa30BaTenn 0OBIIHO
HPEJICTaBIAIOT COO0OH IpucTaBkH BecoM Okolo 100T kK ceTeBBRIM
Pazno30HAaM, HCIONB3YEMBIM JUIs 30HAMPOBAHNA aTMOCHEPEL.
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I''TABA 6

3OHJII/IPOBAHI/IE ATMOC®EPBI
C ITIOMOHIIBIO ADPOCTATOB

6.1. A3pocTaThl M UX UCIIOJIL30BAHUE
JUISL 30HAUPOBaHus aTMOC(ephl

AbdpocTaToM Ha3BIBaeTCA JETAaTeIbHBIA annapar, I0JbEMHAs CH-
Ja KOTOPOro onpenemsdercs 3akoHOM Apxumena. ng nomydenus
HNOABEMHON CHJIBI 000JIOUKY a’pocTaTa HANONHAIOT ra3oM, yAENb-
HBIHi BeC KOTOpPOTO MEHBIIE YIENBHOTO Beca Bo3ayxa. CrobonHas
IOBEMHAS CHIIa adpocTaTa A oIpeeNnsieTcs BEpakeHHeM

A=E -G, 6.1

rae E - apXuMeZoBa Cuila, paBHAsA BECY BBITCCHCHHOI'O BO3OyXa H
HanpapJICHHAsI CHU3Y BBCPX; G — Bec Beell cHCTEME] aspocrara.
YcnoBuem nogpeMa adspocrara ABJICTCA BBIIIOJHCHHUE OYCBHUI-
HOI'O HEPABCHCTBA:
E>G.

AdpocTaT NOAHMMAETCS A0 BBICOTHL, IZIe €T0 BEC CTaHOBUTCSH
PaBHEIM BECY BEITECHEHHOTO BO3AyXa. TakuM 00pa3om, paBEHCTBO
E = G sBugercs ycnoBueM Apeda ajspocTaTra Ha ONpeNelICHHOM
ypoBHe. Ecimm Heo0XoaMMO HORHATHECSA BEINIE, TO CIEAyeT IHOO
yMeHslinTh G (Hanpumep, cOpaceiBas Oamiact), mubo yBeTHIHTS E.
s criycka aspocTara, Kak [IpaBHIO, YMEHBIIAT cHy E, BBITyCKast
13 000JIOUKH Tas.

KoHcTpykTHBHO cXema adpocrara BKIIOUYAET B ce€0s 000JOUKY,
IIOJBECHYIO CHCTEMY H IIOABECKY CO CIEIHAIFHONH H3MEPUTEIBHOMH 1
HABUIAIMOHHOM annapaTypou.

Ob6onouxa BBHIIOIHAET PONb pe3epByapa A MOALEMHOTO rasa U
OJHOBPEMEHHO SBJIIETCS OCHOBHBIM CHJIOBEIM 3JICMEHTOM KOHCT-
PYKIIMH, BOCTIPHHUMAIOITUM CTaTHICCKHE ¥ AUHAMHUICCKHE HATPY3KH.

KoHCTpykTHBHO 000704YKa MOXKET OBITH OTKPHITOH, 3aKpHITOM
WM HONY3aKpEITOi. B epBoM cityyae BHYTpeHHUH 00heM 000I09KH
cBobogHO coobmaercs ¢ arMocdepoit. Bo BropoM ciydae obomouka
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3aKpbiTa, ¥ BHYTPH Hee co3JaeTcs ONpelenecHHoe CBepXAaBicHue. B
060JI0YKax IONY3aKpHITOro THIA BEIMYHHY CBEPXAABICHHMS MOXKHO
PETYIMpPOBaTh C IOMOIILIO Ta30BOTO KilanaHa. '

JdhexTHBHOCTE a’3pocTara, T. €. ero crnocoOHOCTh HOCTHYH Ofl-
pe/leIEHHOM - BEICOTBI W COBEPLINTE Ipeiid 3amaHHON MPOHOIDKH-
TENBGHOCTH C IIOJIE3HBIM IPY30M OIPEAEIEHHOro Beca, BO MHOTOM
ompenensercs MaTepuanoM obonouku. Ocoboe 3HaYCHHE TIPU 3TOM
HMEIOT HPOYHOCTHBIE, BECOBHIC W - ONTHYECKHE XapaKTEPUCTHKH
HCTIONB3yeMoro ansi o6omoukw Marepuana. OOBMHO 060109KH
W3TOTABIHMBAIOTCA M3 HEPACTDKUMBIX: IINICHOYHBIX MAaTepHaloB,
HMEIIX HeOONBIIOH yIeNbHBIH BeC M BBICOKYIO IIPOUHOCTB.

BaxxHEI onTHYECKHE CBOMicTBA MaTepuana 000JIOUKH, BIUAIOLINE
Ha meperpeB AT rasa, cofepsamierocs B 000JIOUKe, B Hpolecce
Ipeitda aspocrara:

AT =T, -T,, (6.2)

rae 1, —TeMreparypa rasa; 1, — TeMIepaTypa OKpYyKarolero BO3ayXa.

Tlepemaua Temna B cucreMe 000/109Ka — MOABEMHBIHA a3 UAET OT
000I0YKH, U3MEHEHNE TEMIIEPATyPEI Koropon onpez(en;rercx ypaB-
HEHHEM BHIA '

drT,
oqos—;—=Q1+Q2—Q3—Q4—Q5, o (63)

o

IIe Co — TENMNOEMKOCTh MaTepHana oGOI0uKH; g, — Bec 1 M> Mare-
puana o6oo4ky; S — mwIomans obonouky; I, — temmneparypa o060-

7mo4ky; Q) — NPHUTOK TeIlIa B PEe3ynbTaTe IOIJIOIICHHS CONHEYHOH
pamuanuy; (J, — IPUTOK TEIUIa BCIEACTBHE IIOTJIOMICHHS IJIMHHO-
BOJIHOBOH pammanmu; O3 — pacXof Telula 3a C4eT M3nydeHus o6o-
J0YKH; (4 — pacXoX Teluia B pe3yNbTaTe TEIDIOOTAAYN B OKPYKA0-
M BO3AyX; s — pacxoJ TeIla 3a cUeT TEINIOOTAAYH B ras.

YpapHeHue (6.3) OKa3bIBACT, 9TO TeMIepaTypa 0G0TOUKH 3aBH-
CHUT OT TeINIOBOro OamaHca W TeIIOPU3HYECKHX XaPAKTEPHCTHK
Marepuana obonouku. Yem MeHbIIe meperpes rasa B 000JI0YKe, TEM
Oonee OnaronpuaTHE YCIOBHA I Opetida adpocTara.
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ASPOCTaTHBIe IUICHKH B 3aBUCHMOCTH OT TOJIIHHBI IIPONYCKAKOT

50-90% .oHepruu B ANMHHOBONHOBOHM dacTH coekrpa u  95-98 %:.

SHEPTrdu B BUIMMOH YacTH: CIIEKTpa.: CeTeKTHBHOCTh IPOIyCKaHUA
paguanpy UMeeT BecbMa BaXXHOE 3Ha4eHHe IIPH OLEHKE BIMSHUS
BHEMIHUX YCJIOBUH B pa3HOe BpeMS CYTOK Ha Apeid U SKCILTyaTary-
OHHbIE XapaKTEPUCTHKH a3pOCTaToB. v

- Coxpanenne CBOOOAHON IMOABEMHOM CHIIBI 3aBHCHT TaKKe OT I'a-
30TIPOHHUIIAEMOCTH MaTEPUAaNOB - 000J0YEK, T. €.  OT CIOCOOHOCTH
IUIEHKH TIPONYCKATh Ta3, MMEIOMIMH pasIiYHOe NaplHaIbHOe JaBie-
HHE 0 00€ CTOPOHEI IUIEHKH, B HANPaBlIeHUH OT OONBIIEro, Iapiy-
aNbHOTO AaBICHUS K- MeHbmeMy. Eciu obomouka aspocraTa Hamoli-
HEHa BOJOPOAOM WM TeJHeM, TO B OKPYXKAIOIIYIO CPERy YXOIHUT

HOABEMHBIH ra3, a BHYTpPb OOOJOYKH IOCTyHAeT aTMOCQEPHBIH

Bo3ayX. OOBYHO Ta30IPOHMIAEMOCTh IUICHOYHBIX MaTepHAaJOB,
obyciopitennas maddysued raza, oueHp HeOOJbINast. 3HAYNTEIHHO
BaXKHee MOTeps rasza 4yepe3 MHUKPOOTBEPCTHS B OOONOUKE, SBIISIO-
HIMECS CIIEACTBHEM MEXaHHYeCKUX IOBPEXKICHHA Wi AehexToM
Opou3BOZACTBa. B 3TOM cllyyae CKOpOCThH yTEUKH rasa, Kak IpaBmio,
OKa3bIBaETCS IPONIOPLIMOHANBHON CBEPXIABICHHIO B 000IOUKE.

Takum 00pazoM, HaMYHAe MHKPOOTBEPCTHH NPHBOAMUT K H3Me-
HEeHHIO0 00BeMa ra3a W BCIEACTBHE STOTO K HAPYIICHHIO CTATHIECKO-
TO PaBHOBECHS a’pPOCTaTa M YMEHBIIEHHIO BEICOTHl apefida. Yuer
BO3MOXKHOM YTEUKH Taza gepe3 MHKPOOTBEPCTHS HMEET pellaromiee
3Ha4eHHE NPH OIEHKE MaKCHMalIbHOH NpOoJOIKUTEIBHOCTH Apeiida
a’pOCTaToB, 0COOEHHO a3pPOCTATOB C 3aKPHITHIMHI 000JIOUKaAMH.

TIodvemuvim 2azom, 00eCIEUNBAONIMM [IOJIET a3pOCTaTa, MOXKET
OBITH 000 ra3 ¢ BECOBOM IIOTHOCTHIO MEHBINEH, YeM V BO3AyXa,
MOCKONIBKY YAENbHAs MOObEMHAS CHIa rasa f ompenensercs BHIpa-
KEHUEM

f=% Y (6.4)

TJIE Y M ¥ — BECOBBIE TUNIOTHOCTH BO3AYXa M I'a3a COOTBETCTBEHHO.
B xauecTBe MOJBEMHOTO Ta3a, KaK IpaBUIIO, HCIIOIB3YIOT BOAO-
POJ UIH TeNHH, OCHOBHEIE XapaKTEPHCTHKU KOTOPBIX CIIEAYIOLINE:

_ 8000p00 2enuti
£, KM 1.1 1.0
Yoo KI/MC .o 0.125 0.225
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HanGonpnryio ynenpHy1o MOJbEMHYIO CHIIy MMEET BOXOPO, II0-
9TOMY € TOYKH 3peHHS BHIOOpa KOHCTPYKTHBHEIX IapaMeTpOB a’po-
CTaTa OH, Kak IIPaBUJIO, IPEACTABIAETCSA BeCbMa BRIrOHEIM. OHAKO
u3-32 I10KapOONAacCHOCTH M B3PHIBOONACHOCTH BoJopoda Gonee
HpeANOYTUTEILHBIM HHOT/A ABJIAETCS TEIUii, KOTOPBIA HE TOPHT.

Iloosecnas cucmema SBIAETCA BaKHBIM DJIEMEHTOM KOHCTPYK-
man aspoctata. OHa coemuHsIET O0OJOYKY C IPy30M W HepemaeT
YCHJIHA OT Ipy3a k 06oouke. OGBIMHO HOXBECHAS CHCTEMa BKITIOYA-
eT B cebs airy u 6anky, Ha KOTOPOH KpensTcs KOHTEHHEPHI ¢ aIa-
paTypoil, a TaiKe HapamnoT Ui CIaceHHs ‘anmmaparypsl. MHorma
YacTh BJIEMEHTOB allapaTyphl B BU/E MEYATHEIX CXEM MEPEHOCHUTC
HETIOCPENCTBEHHO Ha 0GOI0UKY.

O6oJ10uKa 1 MOABECHASA CHCTEMA B COCAWHEHMH APYT C APYIOM
TpENCTABIAIOT coGoit QU3HMYEeCKHii MasTHHK, KONeOaHHA KOTOPOTO
HPOHCXOAAT OKONO ofmero meHTpa TmKecTH. OnHAKO IPH 3TOM
rpy3oBas (ana ¥ Ipy3 MOTYT COBEpILATh M BpallaTeILHOE JBIKEHHE
B TOPM3OHTANBHOM IUIOCKOCTH. Pacnpenenenne 3HadeHMi yrioBoit
CKOPOCTH () BpAIlICHUS MOJBECKH ITOJIHHIETCS HOPMATHHOMY 3aKO-
Hy pacnpeleneHus CIyJaiHbIX BenuuuH. CpenHee KBaJpaTHIECKOe
OTKJIOHEHHE YITIOBON CKOPOCTH G = 1.07 °/C IPH O yaxe = 0.5°/C- 1 ©
=0.13 %%c.

Jlns GonBIIMHCTBA U3MEpeHUH BpallleHHe IIOBECKH HE ABIACTCS
CYLIECTBEHHOM ITOMEXOH, OIHAaKO €ro CIEAyeT Y4YHTHIBATHL TOTJA,
Korna Heo6xouMa (BPUKCAIMA MECTHOMH BEPTHKAIH.

Iloosecka METEOPOIIOTHYECKHX a3POCTATOB COCTOHT U3 KOHTEH-
HEpOB PA3INYHON KOHCTPYKIMH, B KOTOPEIX Pa3MEIIAcTCs ammapa-
Typa YIpaBAeHM, PaJuo- ¥ HABUTAlHOHHOE 000pyHOBaHHUE, METEO-
POJOTHYECKHE H3MEPHUTENBHEIEC OJIOKH M HCTOYHNKH TATAHUS.

Bo03MOXHOCTH a3pOCTAaTHBIX H3MEpPEHHUH BECbMa 3HAYHTENLHEI,
HOCKOJIKY BO BpeMs - Apeiida a’spocrara MOryT OBITH H3MEPEHEI
MHOTHE (QHU3NYECcKre XapaKTepUCTUKH aTMOCchepEI.

AHanu3 METOJOB a3pOCTaTHOrO 30HUPOBAHMS IOKA3bIBAET, YTO
a’pOCTaT ABIACTCA U3MCPHTENHLHOH CHCTEMOMH, NO3BOJIAIOMIEH ompe-
JIETUTH U3MEHEHHE B NEepeMeHHBIX JIarpamxa CKalApHBIX HIH BEK-
TOPHBIX BETMYMH JIs HEKOTOPOro 06beMa BO3yXa.

H3meHeHne HEKOH BEIMYMHEL Y, Xapakrepusyoniel Guzudeckue
XapaKTEePUCTHKA IBHXKYIIETocs 00beMa BO3AyXa, ONpENENAIOTCH
YpaBHEHHEM : ‘
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av_dv, ov  ov oy 65
dr ot ox dy az , .
e , oY
rpe E—' HHI[HBHI[YEUIBH&H IIpOonU3BOOHAA BCITHYHHEBI Y, -

JIOKajlbHas NOPOU3BOJHASA, ONIpeaendromas CKOPOCTE H3MEHEHHS

’ 8Y BY

BCJII/I‘-II/IHBI YB HCHO).IBI/DKHOI/I TOYKE: IPOCTPAHCTBA, U —— a a
x Y

aI[BGKTI/IBHBII/I ey, xapaKTepnaonmHH HU3MCHCHHC BCIMYNHBL Y 3a

CUET TOPH3OHTANBHBIX IBWKEHHMI; W—— — KOHBEKTHBHBIH dIeH,
7 :
XapaKTepu3yIOIUil M3MEHEHHE BENMYHHBI Y 32 CUET IBYDKCHHS
YACTHUIIEI B BEPTUKAIBHOM HANPABICHHH; U, V, W — COCTaBISIOLINE
BEKTOpa CKOPOCTH BETPa IO OCIM KOOPAUHAT X, Y, Z h '
" YpaBHEHHE OBMDKCHUS 71 CAMHUYHOM MacChl 3allMIIeM B BHJE:

{szz(é—ég)mi,. | 6.6)

rae | —napaMerp Kopnonnca; C — BeKTOp FOPU30OHTANBHO COCTaB-
JrOMIeH CKOPOCTH BeTpa C ¢ BCKTOp reocTpodGHIECKOH CKOPO-

CTH: BETpa, k —BCpTI/IKaJ]LHBII/I CI[I/IHI/I‘-IHBII/I BCKTOD; F'r - CHIa

TpeHvs, OTHECEHHAsI K eIMHUIE MAaCCHI.
Anpocrat mpu cBoeM Ipeiide HEIOCPEACTBEHHO JaeT 3HAUYEHHE
CYMMBI TpeX TIepBHIX 4JICHOB B mpaBoii wactu (6.5). Unen, o6ycnos-

JICHHBIH BEPTUKAIBLHOHN aIBEKIHEH CKOpPOCTH w~a— , He IpEBHI-
o : 0z
maer 20%. yckopeHHus o T.€. BEIHYMHOW W-— He Bceria
/ ” z

MOXHO mnpeneGpeub.  [109TOMY mpH pacueTax HHIMBHYILHOR
npoﬁéBohHoﬁ‘T KeNaTenbHO UCTONb30BaTh U JaHHBIE CHHXPOH-

HOT'0 BEPTUKAIBHOIO 30HAUPOBAHUSA ¢ TOMOIUBIO PaAO30HIOB.
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A3pOCTaTHBIe H3MEpCHUA MOXHO HHTEPIPECTUPOBATHL U B IEPC-
MCHHBIX Sﬁnepa. Taxast BO3MOXXHOCTb MMEET MECTO BCCraa, Korjaa

paccMarpuBaeTcs MHGOpPManusg, NOCTyHammas B. (UKCHPOBAHHEBIH

MOMEHT BpeMeHH. B 3ToM ciywae umeem

oY dY Y oY oY
2w (67
ot dt YV ay Y 0z ©7

dy

roc 'd—— M3MCHEHHUE BEIWYHHBL Y C TEUCHHUEM BpPpEMCHH  IJIA
¢ .

WHIMBHULYalbHOM JaCTHIBL.

TakuM o0pa3oM, ONHOH M3 CYIIECTBEHHBIX 4EpT a’pOCTATHOTO
30HINPOBAHHUA SBILIETCS NOTy4YeHHe HH(opManuu 00 HHIHBHIY b~
HBIX HM3MCHCHHAX XapaKTEPHCTHK aTMoc(epsl M O TPaeKTOPHIX
BO3IYILIHBIX YaCTHIl B TOPH3OHTANBHOH Iurockoctw. VHIUBHIyaIs-
HBEIE M3MEHECHHS XapaKkTepU3yIOT. [IPOLECCH], IPOUCXOININE B aTMO-
chepe, 6onee MONHO, YeM JIOKaIbHEIE H3MEHEHM. BO Beex ciydasx
onpefeneHne HHANBUAYAIBHBIX IPOHU3BOJHBIX IIyTEM CyMMHpPOBa-
HHA JIOKAIBHBIX U 8JIBEKTUBHBIX H3MEHEHHIA, a He IyTeM IIPSIMOro HX
H3MEpEeHHs. IPUBOJUT K IIOTEPE TOUHOCTH.

AspocTaTHOE 30HAMPOBAHUE XapaKTePH3yeTCs BBICOKOH MHGOP-
MAaTHBHOCTBIO M3MEPEHMH, IIPOM3BOJUMEBIX BJONb  TPaCKTOPUH
apeitda. OTa 0COGEHHOCTH BBITEKAeT W3 TOTO, YTO OIpPEIeICHHOE
MHOXECTBO HMHBApHAHTHBIX COOTHOIUCHHH CONEPXKUT ‘pasluIHbIe
KoMOuHaNMH QYHKIMH M UX IPOM3BOJHEIX, COXPAHIIOMUXCS HEH3-
MEHHBIMY BJIOJIb TPAeKTOPHHM ABKXKEHU:. lHave TOBOps, ecliM HHBa~
pHaHT NONy4YeH I HadalbHOW TOYKH TPAeKTOPHH, €ro 3HAYSHHE
MOeET OBITh IPHUNHCAHO JIIOOOH TOYKe Tpaekropum nApeiida. Tax,
HallpuMep, MHBApPHAHTHBIM BIOJb TPACKTOPHH MOKET OBITH YCJIOBHE

i Q+20

rad® |=0, (6.8)
ati- p o -

rae Q — BHXph CKOpOCTI/I @ — yrnosas CKOPOCTH BpAlICHUS 3eMIH;

© — noTeHIMANBHAS TEMIIEPATYPA,; P — IIOTHOCTH BO3AYXa.

I/IHBapHaHT (6. 8) BEID2XKEH Uepe3 XapaKTePHCTHKH IOJis Ieomo-
TeHIHana (2; COCTaBIIOIIIE CKOPOCTH TAKXKe BEIPAKEHEI YEPE3 3TO
mone.
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C xa4ecTBEHHOH TOUYKH 3peHHs HHHOPMALHS, OCTYAOIIAs IPH
a3pOCTaTHOM 30HANPOBAHNH, MOXET OBITh pa3eneHa Ha IEPBUIHYIO
¥ BTrOopuuHyo. IlepBuunas unopManus GopMHUPYETCS B Pe3yIIbTaTe
HEIOCPENCTBEHHBIX H3Mepenuil. Bropuunas nabopmanus aensetcs
pe3yIbTaTOM BBHIYHCICHWH W B HEMIOCPEACTBEHHBIX U3MEPEHHSX HE
COHEPXXUTCA.

B mpomuecce a’poCTATHOTO 30HIHPOBAHHS, KAK H IPH BCAKOM
H3MEPEHUH, MOXHO BBIACNHTH HECKOJNBKO 3TAroB IIONYYEHHs MH-
dhopmarmm:

—CheM MHOOpMALlMM; OMpPEAENseTCS THIIOM H3MEPHUTEIbHBIX
mpubOpOB, MEPHOANIHOCTHIO ¥ TOUHOCTHIO H3MEPEHHUIA;

— 1mepegada HHQOPMaIMHK; 3aBUCUT OT THIA PAAUONMHIH ¥ CHC-
TEMBI [IpHeMa;

— obpaboTka wHpOpMaNUH, ONpeneNIeMOii CHCTEMOit; XapaKkTe-
pHU3yeTcs METOIOM aHalu3a | CIoco00M OTOOpaXKeHHA.

PaccMoTpuM HeckoIbKO IOAPOOHee mpoleccsl cheMa HHpopMa-
IIUY U €€ 0TOOpaKeHH .

OCoGEHHOCTBI0 METEOPONOTHYECKHX HONEH ABISETCS HMX HEmo-
CTOSHCTBO BO BPEMEHHM M NPOCTPAHCTBE, HaJMYHE BO3MYILCHHH
pas3MIHOro MacimTaba ¥ MHTEHCUBHOCTH. ECiH IpeAmnonoxuTs, 9To
BO3MYUICHUA METEOPONOTHIEeCKUX TOJIeH - MpeAcTaBnsoT coboi
HMHIUBHIyalbHBIE O0pa30BaHMUA, TO HMX MOXHO OXapaKTepH30BaTh
TpeMs. llapaMeTpaMH: I'€OMETPHUYECKHM pasMepoM [; MHTEHCHBHO-
CTBIO f; IPOJIOIKUTENBHOCTBIO CYIIECTBOBAHUS At

IlepnogndHOCTh CcheMa HHGOPMaNMH OO0YCIOBIMBAETCSA Cle-
IYIOIMMH XapaKTepPHUCTHKaMH W3MEPUTENBEHOH CHCTEMEBI: paspe-
MIAIONIEH CIIOCOOHOCTBIO TI0 TEOMETPHH [, T. €. PACCTOSIHUEM MEXIY
TOYKaMHM H3MEDPEHHH; paspemiaroneii cnocoGHOCTBIO 1O BpPEeMEHH
Atysy, T. €. FHTEPBAJIOM BPEMEHM MEXIY H3MEPEHUAMH.

Beenem GespasMepHbIe mapaMeTpEL L=l/ I, n N=At/ At,,,. Ec-

mi 1 < L <2, To npeacrapisgercs BO3MOXKHBIM OOHApyXHTh BCe
BO3MYILCHHUS pa3MepoM /; ipu L > 2 pacrio3Har0TCs BCe BO3MYILEHHS
0 WX reoMerpuyeckuMm napamerpam. Ilpu 1 < N < 2 mepuoan4-
HOCTb H3MepeHMH OyZer COOTBETCTBOBATH IOJHOMY = H3YUYCHHIO
BOSMYIIEHUH ¢ HEKOTOPHIM U3OBITKOM HH(MOPMAIHH.

A3pOCTaTHBIE CHCTEMEI 30HAMPOBAHHUS TO3BOJIAIOT M3y4aTh HH-
HaMHKy Me30- M MaKpOIPOIIECCOB C XapaKTEPHBIMH TOPH3OHTANb-
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HBIMH pasmepami 100+2000 kM U IPOXOIDKATENEHOCTHIO cymecmo-
BaHUA 2+48 . :

Hcnons3ys NpUBeeHHbIE BBIMIE COOTHOIIEHUS 1 L 1 N, MOX-
HO OIPEAENUTh BPECMEHHBIE U IIPOCTPAHCTBEHHbIE HHTEPBAIIE! H3Me-
pEeHHUi, UMes B BHAY, YTO B Jy4IIEeM CIIydae a’poCTaTHas H3MepH-
TellbHAs CHCTeMa JODKHA OOEcCIieYrBaTh IPOCIEKUBAHHE BCETO
IWKNIA pa3BUTHAS BO3MYIIEHHMS — OT €0 BO3HHMKHOBEHHS JIO 3aTyXa-
HUSL. _ ,

I'pacpmaeckn pesynbTaThl a3pOCTATHOTO 30HIMPOBAHUS MOIYT
OBITH TIpEICTABIEHE! PA3IMIHEIME METOIAMH, KOHKPETHOE COMEpKa-
HHE KOTOPHIX OIpeNeeTCs BIUIOM MOy JaeMoit HH(bopMauHH

Kak yxe yka3piBanoch, OCHOBHOM OCOOEHHOCTHIO adpOCTaTHOIO
30HIUPOBAHHS ABJIAETCS NPEACTABICHHE PE3yNbTATOB H3MEPEHHIA B
nepeMenHbIx Jlarpamka. OTa 0COOEHHOCTEL OIpENETIeT XapakTep
MPOCTPAHCTBEHHO-BPEMEHHOIO oroGpamean MCTCOpOJIOFH‘{eCKHX
1 (0)) (5% 8

BosHukaeT BOIPOC O IpPaBOMEPHOCTH nocrpoem&;r HSOHHHHI/I
HOCKOJIBKY U3MEPEHHS aCHHXPOHHBL.

CornacHo rumortese 0 IPAMEHUMOCTH TeopeMbl KOoTenpHIKOBa K
METEOPOJIOTHYECKUM NONAM, GYHKIHA f(f), IMEIomas CIIeKTp YacTOT
¢ BepxHell TrpaHMUeH (), ONpPENeNAETCH MOCIENOBATENEHOCTHI0
CBOMX 3Haqupm, HHTepBaJI orcuera KOTOpBIX onpeue;mercx u3
Bmpamemu

At =—o, | : (6.9)

rZie ¢ — BpEMEHHas WM [POCTPAHCTBEHHAS KOOPAMHATA. JIIsd mpej-
craBieHus ¢yHkuuu f{f) B uHTEepBale AIMHOU f, Tpebyerca n =
= 2 t,0, OPAUHAT C MPOMEXYTKOM Af MEXHY HOCIENOBATENBHEIMU
orcuetamu. IIpu Takom ycnoBum GyHknus ff) BRpaxaercs aHaIM-
THYECKH depe3 MTHOBEHHEIE 3HaYCHUS B BHIE

< sin 2w, (¢ — kAf)
t)= kAt . 6.10
o 2f< e — i) (6.10)
U3 (6.10) cnemyer, uTO MpPaBHILHOM BEIGOpE At Mo6oe ackH-
XpOHHOE IONe MOXeT OBITh corjacoBaHo. Ecim B mpegmenax

15002000 xM METEOpPOIOTHYECKHE IO MOXKHO CUHTATH JIOKAJIBEHO
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OJHOPOAHBIMU W U30TPOIHBIMH, T.€. HAIIPABIICHUE 0TCUETa HE BIIM-
€T Ha BUJ KOPPENAIMOHHON (YHKIMH, IPENCTABIIETCS BO3MOXKHBIM
OIIPENENIUTh PAacCTOSHUS Ad, TIPH-KOTOPBIX BO3MOXKHO COTJIACOBaHHE
df / dt, w3 BeipaxxeHus

Ad ===, ' 6.11)

rae d. — macmralb JOKalbHOM HEONHOPOJHOCTH H U30TPONHOCTH.
Opu d. = 15002000 xM dopmyna (6.11) JlaeT 3HAuYCHHS
Ad = 100+200 kM. ‘

YacToTa H3MEpPEHHM, COOTBETCTBYIOIIAS Ad = 100+200 kM,
BIIOJTHE MOKET OBITH JOCTHTHYTA HPU a3POCTaTHOM 30HIUPOBAHHH,
OJIHAKO NPAKTHYECKH TaKOH pexuM paboThl morpebyer mepepauu
Gonboro obbeMa uahOpMAIMH, YTO MpPHBENET K YCIOKHEHHIO
CHCTEMBI npneMa nmaHHbIX. [Ipn yBenmaenwy 3paueHni Ad Hapymia-
eTCs IPUHNKI OJHOPOAHOCTH M H30TPONHOCTH, B PE3yNBTATE YEro
cornacoBanue o OyJeT NPOUCXOAUTE C OTIPEAENICHHOH OmMOKOH,
BEJMUMHA KOTOPOH 3aBHCHT, OT IIPOCTPAHCTBEHHO-BPEMEHHOH M3-
MEHYHBOCTH HCCHEAYEMOTO MO,

Ecni cuMTaTh, 9TO XapaKTepHbIA pasMep (pamuyc) armocdep-
HEIX BO3MYIIeHHI paBeH npuMepHO 500 KM, TO paccTosHME MEXIY
TOYKaMH H3MepeHui XomkHO Obpite OnmmskuM k 400 kM, 9T0 IpH
CpeIHMX CKOPOCTAX BO3IYIIHEIX IIOTOKOB COOTBETCTByeT 3+10 1
npeiida aspocTarta.

Ipencrasnsercs BeckMa NMEPCHEKTHBHBIM BKIIIOYEHHE a’poCTa-
TOB B €IUHYIO CHCTEMY ITI00abHOTO cOOpa HaHHEIX O COCTOSIHUH HE
TOJIBKO aTMOC(hepEI, HO M OKpy>Karomeh cpezxm B CHUIY CIEIYIOIUX
coo0paxeHmii: .

® a3pOCTaTHl MO3BOJIIOT B MEPCIIEKTUBE MPHOIM3UTECA K pele-
HHIO TPOoOJeM TONydYeHHs ONTHUMAIbHOTO 00beMa HH(bopMaunH 0
COCTOSIHUM aTMOC(hEpHl B OKPY KAIOIIEH Cpensl;

® a’POCTATHI MEPEMEIAIOTCs BMECTE ¢ BO3YIIHOM Maccoi H Ho-
3BOJISIIOT NPOCIEAUTH IPOLIECCH €€ IBOIOLIHMH;

® a3pOCTaTHl ABIAIOTCA YHUKAIGHOH TIaT)OPMON 1t pasmente-
HUS Pa3NUIHOM HAyIHOH anmaparyphl ¢ LeJbI0 PElIeHHS Gom,moro
CIIeKTpa 3a/1a9 30HIUPOBAHHMS aTMOCHEpET;

® 23pOCTATH MO3BOJIIOT TOTyYaTh HHGOPMALIHIO HpaKTI/I‘IeCKI/I B
N060H MOMEHT BpEMEHH H B 11000 TOUKE IPOCTPAHCTRA,;
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® JAaHHBIE a’3pOCTAaTHOTO 30HAUPOBAHUA MOTYT CIIY)KUTH DPEHEP-
HBIMU IIpU HHTCPIPCTALMH PA3INYHBIX BHOOB KOCBCHHEBIX HUCTAaH-
IINOHHBIX I/ISMepeHHﬁ, BKIIFOYas A CIIYTHUKOBBIC.

6.2. IBHkeHMe apocTaTa B aTMochepe

AspocTar, BHIOIHAIONUN HoneT B armocdepe, y4YacTByeT B
MBYX ABWKCHHUAX: OH COBEPIIACT TOPU3OHTAILHOE JABIKCHHIE BMECTE
C BO3OYMHBIMM MacCaMM OTHOCHMTENIBHO 3€MHBIX KOOPIHMHAT - M
IEpeMEIaeTCd B BEPTUKAIBHOM HAIPaBICHHUU B PE3YNBTATE M3Me-
HEHUA TOOHEMHOMN CHIIBL.

JBmxenne adpocrara B BEPTHKATFHOM HalpPaBICHHH COBEpIIa-
€TCAd OTHOCHTEIIFHO BO3/1yXa H MOXeT OBITh OIMCAHO ypaBHEHHEM
BHJA

ma%=A—ch2, - (6.12)

TZe m, — Macca a’pocTaTa; w — BepTUKallbHas CKOPOCThH JBMKCHHS
aspocTaTa; A — cBOOOIHAS NOABLEMHAS CHNa; Cp — OOmuMH Ko3(hdu-
OUEHT a9POJUHAMHIYECCKOrO COMPOTUBIEHUSA.
Bennunay A B m0060# MOMEHT BpEMEHH ¢ MOXKHO HaHTH W3 BEI-
pakeHUd
6, O :
— H _“o
A=A +q(t—t)+q, Caiat ol N (6.13)
H o
rae Ao — cBoOO0IHAd MOJBEMHAs CHNIa B HAYAIBHEIH MOMEHT; g — BEC
Gannacra, cOpackIBaEMOro B €IVHHUIy BPEMEHHM; (,, — BEC BBITEC-

HEHHOI'O a’pOCTaTOM BO3AyXa Ha YPOBHE B3JIETa; f, — MOMEHT Bpe-
MEHH, ¢ KOTOPOro HaumHaercs copoc 6amnacra; T, u Ty — Temmuepa-
TYpHI BO3IyXa Ha YPOBHE B3JIeTa U Ha BBICOTe H COOTBETCTBEHHO; O,
u Oy — TemIepaTypa raza B 000JI0YKe Ha YPOBHE B3I€Ta M Ha BEICOTE
H cOOTBETCTBEHHO. ,

TloncraBMB 3HAYeHWEe A B ypaBHEHHE JBIDKEHHS a3pOCTATa
(6.12), momyuaem cieayioiiee BEIpaXKeHUE:
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dw R 0, 0 ) ’
m—=A +qglt —1 )+ —H _ o |\ w?, 6.14
ar o ‘.7( 0) g0 T, T R (6.14)

o]

VYpasuenue (6.14) crpaBenyMBo 11 HEBBIIOIHEHHOTO a3pOCTa-

Ta, T. €. TaKOTo, Y KOTOPOrO IOXBEMHBIH ra3 He 3aHHMaeT BCETO

KOHCTPYKTUBHOIO 00BneMa 0000ouky. J[1is BEHIIONIHEHHOTO a3pocTara

(ra3 3aHHMMaeT BeChb KOHCTPYKTHBHBIH - 00BEM), COBEpILAIONIETO

Ipedid Ha 3a7aHHON BHICOTE (B 30HE PaBHOBECHSA), ypaBHeHne IIBH-
JKEHHUS MOXHO 3aIlicaTh B BUJIE

m 2 g Y _G_e w2, 6.15)
dt Yoo ‘

rac Eo — HavYajdpHasd IIOJIHAaA NMMOABCMHAA CHIIA, 'YBO n 'YBH — BECOBBIC

IUIOTHOCTH BO3[yXa Ha YPOBHE B3NIETa U BEICOTE H COOTBETCTBEHHO;
G — IoNIeTHEIH Bec a’pocTara.

Ananu3 ypaBHeHuil (6.14) u (6.15) nokaseiBaeT, YTO JBHKEHHUE
a’pocTaTa B BEPTHKAIBHOM IUIOCKOCTH B OCHOBHOM OIIPENEISETCS
HU3MEHEHHEM TeMuepaTyphl ra3a (0) Bo BpeMs apeiida, T. e. Temo-
(bU3NYeCKUMH IIPOLECCAMH, IPOMCXOISIIAM B CHCTEME a’3po-
craT—atMocdepa.

Iepenada Teria oT 06ONIOYKH K Ta3y, HAIOJIHAIONIEMY a3pOCTarT,
IIPOUCXOMHUT, TJIABHBIM 06pa3oM, 3a CUET KOHBEKIMH. YpaBHEHHE,
OIIMCHIBAIONIEE STOT IIPOLIECC, MOXKHO 3aIKCATh B CIEAYIONIEM BUIE:

%?—:ocTS(% .~6), | (6.16)

rae Q — KOJIMYECTBO Tema; O, — KO3()QHIHEHT TEIIOOTAaqH OT
000JI0YKH K Ta3y WIIHM OT rasa K 000JI0UKe; S — IUIOMaAb MOBEPXHO-

~

CTH 00OJIOUKH, CONIPHKAcAONIercs ¢ razoM; 1, — cpemHss TeMmepa-

Typa obonouky; O — TeMIiepaTypa rasa.
BenencTere HarpeBa WM OXJIQKICHHS OOOJOYKH M TIOCIEAYIO-

me# rmepenayn Telvla ra3 HarpeBaeTcs (WM OXJIAXIAETCsA) OTHOCH--
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TENBbHO OKPYXKAroUIero Bo3xyxa. AOCOMIOTHBIN meperpeB (Hepeox-
JaX[ICHHUEe) ra3a oNpeNeTuTCs CleIyOMUM BEIpaXeHHEM:

AT=0-T. 6.17)

Ilpn paBeHCTBe Temieparyp rasa M BO3LyXa YCIOBME PaBHOBE-
cus adpocTaTa Ha ypoBHe H 3amuniercs CIEeTyonmuM o6pa3om:

G = fyVy = Ep, (6.18)

Ta¢ fy — yAenbHas MOABEMHAs CHIIA Ha BEICOTE H; Vi — 00beM 060-
70uKH Ha BeicoTe H; Ey — MOgBEMHAs ciia Ha BeicoTe H.

IleperpeB raza MpUBOJUT K HapYIIEHHIO PABHOBECHS a3pOCTaTa.
Aspocrtar OyaeT MoAHUMATECA 0 TeX MOp, II0Ka Ha BEICOTE H| CHIIBI

Gu E,; ne ypasHOBeCATCS:
G=fuVy- (6.19)

3neck f, - yAenbHas NOAbEMHas CHIA NIEPETPETOTO rasa, TeM-

neparypa koroporo paBHa 0, +A0 . .

CoxpaHenre 3a1aHHOrO KOHCTPYKTHBHOro oohbema obomouxu V
IOCTUraeTCsd TeM, 9TO M3JMINEK ra3a MOKuaaeT 0boouky. B pesyns-
TaTe HEKOTOPOH: HOTEPH Ta3a adpoCTaT OMYCTHTCS HIKE 30HBI paB-
HOBECHS, OJHAKO MEPErpeB OISTH IPUBEAET K YBEINUCHHIO TIOXBEM-
HOH CHUIBI M TOABEMY -adpocTaTa  HAa BBICOTY Hj;, The
YCTaHABIIUBAETCS HOBOE PABHOBECHE: s :

G=fyVs,.

IIpr oTcyTCTBHM HarpeBa a3 OXJIQXKIAETCs, €ro . TEMIepaTypa
MOCTENEHHO CTAHOBHUTCS PaBHOH TeMmepaType Bo3ayxa. [Ipu oxma-
sk neHud Ha AD 00beM rasa yMeHbIIaeTCqd Ha BENUYHHY »

V'=A_6V.'
0, +A0

OTO NPHBOAWT K YMEHBIUEHHWIO Beca BO3[yXd, BBITECHIEMOFO
000I109KOI a3pocTara:
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A©

=—"— v V. | 6.20
9H+Aey"“ ©.20)

VoDV

Ha 31y xe BenmuuMHYy yMeHBIIaeTCs U IOABEMHAs CHia; paBHO-
BecHe OymeTr HapyLIeHO, M a’pocTar HadHeT cHmxaThes. COpoc
gacTh OajnacTa MO3BONSET NPEKPATUTh 9T0 CHIDkeHHe. CyTOYHEIH
pacxox bayuracta Moxet OBITE paccyuTad 1o hopmyne

geyr = kG, 6.21)
rae k — k03 GHUMEHT CyTOYHOro pacxoza Oamnacra;
8T
k=-—DLA8 (6.22)

1+L,,f°
AB” vy

BO

rme T’ — temmeparypa Bo3myXa Houbio; AQ' — mepeoxmaxmenue
rasa Houpto; AB” — meperpes rasa JHeM; f, — yAENbHAS TOXBEMHAS
CHJIa rasa. '

PaccMoTtpenssIi porecc ABIAETCS MEPHOIMYECKHM U TIOBTOPS-
eTcs OT OJHHUX CYTOK K IPYIHM, B pe3yibTaTe 4ero mpoduis aspo-
cTaTa UMeeT KoneOaTenbHbIN XapakTep, IpH KOTOPOM JTHEBHAs 30Ha
paBHOBECHs pacnionaraercs Ha 5...15 kM Bbiie ypoBHs cOpoca
Oamracta. Tako#l mpodune monera xapakTepeH IS a’pOCTaTOB,
coBepmammux npetid B cpemHeil crpaTochepe (Ha BBICOTax
20...35 xm). Ilpu 5TOM yBENMUEHHE aMIUTHUTYIBI CYTOYHBIX KojeOa-
HUf NPUBOAUT K YMEHBILEHHIO CyTOYHOTO pacxoja GauiacTa M K
YBEIMUYCHHIO IIPOAOIDKUTENFHOCTH Apetida.

B. mmxkuHe# crpatochepe m Tponochepe obmias cxeMa BepTH-
KaJIHOTO IBFDKECHHS a’pocTaTa HE MEHSCTCS, OJHAKO 3[eCh He
UMEET CMBICIA YBEIMYNBATH aMILIUTYAy M3MEHEHHS BBICOTHI Ipeii-
ta, mMO3TOMY CYTOYHBIC KOJIEOAHUS IIPOHUCXOJAT OKOJIO 3aJaHHOU
30HBI paBHOBECHS, PETYAMPYEMOi IporpaMMoit paboThl GapoMeTpH-
4eCKOro CTabHMIM3aTopa BBICOTHI, KOTOPEHIH YyIpaBuser cOpocoM
Gaynacra 1o onpeneneHHOMY 3aKOHY..
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BapoMeTprueckuil HPHHUUI PETyIUPOBAHHA BBICOTHI Apeiida
obecreunBaeT CTAOMIH3aLMIO II0JETa a’3pOCTaTa -OKOJIO YPOBHS,
Ha3bIBAEMOTO ypOBHEM OainacTupoBaHMs. [IpHHYIMTENBHBIA OB~
€M a3pocTara ¢ 3TOr0 YPOBHS OCYMIECTBIIIETCA IyTeM cOpoca HEKo-
TOpo# yacTu Gajiacta AJ1 BBEIIOMHEHHS HepaBeHcTBa E > G. Ilpm-
HYJIUTENbHOE CHIDKCHHE a3poCcTaTa BO3MOXHO 32 CYET BHITyCKa
YaCTH ra3a depes clielyalbHEIH KIanaH. -

KonebatensHEIi mpoduib NojeTa XapakTepeH I a3pOoCTaToB. ¢
OTKPBITOH. 000IOYKO#, T. €. Korzna o0beM M Macca ra3a M3MEHSIOTCS
B mpomecce apeiida. 3HAYNTENBHBIA HHTEpeC NMpECTaBIAeT Apeit
aspocTaTta Ha QUKCHPOBAHHOM BEICOTe 63 pacxona 6amnacta. OToMy
TpeGOBaHMIO OTBEYAET a3pPOCTAaT C .3aKPHITHIM THIIOM -000JI0YKH,
Korpa o0ecrieqnBaeTcsl COXpaHeHne OJHON M TOH. K€ MacCHl rasa B
TEYCHHE BCETO IoJieTa. B TakoM cilydae JUll HCCIENO0BaHUS IIpomec-
COB, NPOHCXOAAMUX B 0005I09Ke aapocraTa MOJHO - IPEMEHHTH
YpaBHEHHE Ta30BOI'0 COCTOSHNS :

prV = m:R.0, (6.23)

re pr — IaBieHue rasza B obomouke; V — obbeM rasa; m, — Macca
rasa; R, — ynenbHas ra3osas IOCTOSAHHAs; O — TeMIepaTypa rasa.

CeepxnaBnenre rasa B obonouxe (Ap, ) Ha BEIcOTe H MOXHO
MIPEICTaBUTh B BIIE

Apy =Ap, +Ap, +Apy,,  (624)

r7ie Ap; — CBEpXJaBIeHHE, 06ycn03neHH0e H3MeHeHneM TeMHepaTy-
pBI ra3a; Ap;, — CBEPX/aBIEHHE B IOIOCHOH TOUKE, 0BycIoBeHHOE
BECOM CTONGA Ta3a BEICOTOH h; Apay — CBEpXIABIEHNE 32 CUeT nepe-
XO/a a3pOCTATOM 30HBI PABHOBECHS IIPH TOIBEME.

‘OCHOBHOM BKJIaJ B CYMMAapHOE CBEPXIABJEHHE BHOCHT MIEH
Ap,, BeIMIHHA KOTOPOTO ONPEJIENAET BCe KOHCTPYKTHBHBIE 0COGEH-
HOCTH a3POCTAaTOB C 3aKPHITOH 060M0uKoil. Bemmauna Ap, MoxeT
6LITE ONpefieNieHa U3 BEPaKeH s . ‘

0, Vy. . ,
Ap, =| HL -0 ] pB , (6.25)
’ TH ‘ HYrH g o
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rae Ty u Oy — TeMueparypa Bo3ayXa H rasa Ha BeicoTe H COOTBETCT-
BEHHO; .V, — HavaabHBIH 00BeM rasa; Vy — o0beM rasa Ha BeicoTe H,
Yo — HAYaNIbHAS BeCOBas IUIOTHOCTH Tas3a; Y.y — BECOBas IIOTHOCTH
rasa Ha BelcoTe H; p,y— AaBleHue BO3TyXa Ha BeicoTe H.

Hcnons3oBanue a’pOCTATOB C 3aKPBITBIM THIIOM OOOJIOYKH OII-
penenseTcs BO3MOXXHOCTBIO COXpaHEHHUS 3aJaHHOr0 obbhema 000-
JIOYKH IIPH MAKCHMaJIbHBIX Hepeoxnaxc)lemmx rasza u l'IpO‘-IHOCTHBI-
MH XapaKTepUCTHKaM{ MaTeprana 00ONOYKH, KOTOPHIA HE MOJDKEeH
pa3pymaThCs NPU MAKCHMAITBHBIX BEIHIHHAX CBEPXIABICHMUS,

JIns BEIDOTHEHUS MEPBOTO YCIOBHSA 000I0YKA 3aIIONHAETCS OIl-
peleNneHHBIM KOJMYECTBOM Taza, 00eCIeYHBAIOMIAM COXPAaHEHUE
¢opMbl 1 00beMa OOOJIOUKHA TIPH HOYHBEIX HMEPEOXIAKACHUIX Ta3a.
Brtopoe ycnoBue BBIIONHAETCS B TOM CIIydae, €CIIH KONHYECTBO ra3a
B-000JI0YKE - CO3/]aeT CBEPXJAABIICHHE, HE IPEBHIIAIONIES MaBJICHHE,
JIOIIYCTHMO€ Tt MaTepHaa 3aJJaHHON TIPOYHOCTH.

B ciydae BBINONHEHHA 3TUX YCNOBHI 00IIas TpPOJOIDKUTENb-
HOCTE IIOJIETA fogy, AIPOCTATA C 3aKPHITHIM THIIOM O0OJTIOYKH OTIpesie-
JISIETCS BEIpaXKEHHEM

tosu; = lln e,T 1+ 2€Y°6 | (6.26)
p oT pr

rae p — nasnenne; 1° u T” — TeMmeparypa Bo3ayxa HOYBIO M JHEM
cootserctBenHo; O m 07— Temmeparypa rasa B 060JIOUKe HOUBIO H
JIHEM COOTBETCTBEHHO; L — pasphIBHas [JIMHA MaTepHalia 000JI0UKY;
Yo — BECOBast IUIOTHOCTh MaTepuana 000J0YKH; & — TONIIMHA [ICHKH;
r — pajuyc O0GOJIOYKH; n — 3amac IMpOYHOCTH MaTepHana 000I0UKH;
D, — JaBIIeHHE BO3IYXa THEM.

HanGomnee CymecTBEHHOEe OrpaHUYEHHE NPOAODKATEIBHOCTH
monera O0YCIOBIIEHO Rupdysueli ¥ BCIEACTBHE ITOTO IOTepeH
(yTeuxoii) raza yepe3 MHUKpoOTBepcTHs 000m04kn. K 3T0H OCHOBHOM
npuauHe J06aBiIsgeTcs BO3MOXXHOCTH OONEACHEHHS OCOIOYKH C
Tponocdepe U CTapeHHne MaTrepuaia B pe3yibTaTe AeHCTBHS yiIbTpa-
dbuoneToBoi pagwanuu B BepxHell cTparochepe. MaxcumanbHas
IIPOJOJDKHTENRHOCTE TOJIETa BO3MOXKHA B BepXHeH Tpomocdepe u
HIkHeH crpatochepe (cBoie 400 cyToK).
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VI3MeHeHne BEICOTH ipeli(a B TeueHre MHOTOCYTOYHOTO NOJeTa
3aBHCHT OT TEILIO(U3NIECKUX MPOLECCOB, MPOUCXOANINX B CHCTE-
Me. aspocraT—aTMoctepa. Cpeny- Terutodusmgeckux GakTopoB NpH
3TOM OIPEAENAIOIINM  ABISETCA Mapamerp 7, onpenenﬂeMLm COOT-
HOIUCHHEM BHMA

bo
T=—,
€

rae b,— cpennuii xo3dGuIMEHT morIOMeHHs 060I0UKOH MpAMOH

COJHEYHOW pajMalyH; €o— CPeNHHH Kod((UIMEHT YepPHOTH 060-
JOUKH. '

Js IICHOK, MCIOb3YeMBIX IS H3TOTOB/EHHA 0GOI0YeK aspo-
CTaTOB HOCTOSHHOTO YPOBHS, 3TOT MapaMeTp T oOBIYHO HE MPeBOC-
xomut 0.1. BcreacTsre 5TOTO MOXHO MPENONaraTh, 9T0 TEMIEpa-
Typa Tasa B TeueHHe Jpeiida W3MEHAETCS HE3HAUUTENBHO.
JeHACTBUTENBHO, OTKIOHEHHE a3pOCTaTa OT 3alaHHOM BBICOTHI Jpeii-
¢a, xak HpaBWIO, He NpPEBHILUACT HECKONBKUX HECATKOB METPOB
(20+60 M) npyu COXpaHEHNH BEIMYHHbI YTEUKH Ia3a 9€pPe3 MEKPOOT-
BepCTUs B MaTepuaie obonouxu. B npunumme, BO3MOYHO H3IOTOB-
JIeHAE TaKAX MATEPHAaNoB Ui 06OIOYEK, Uil KOTOPHIX ra30np0Hn-
I1aeMOCTh OKa3bIBaeTCs BEChbMa HHU3KOM.

JIBIKEHHe a3pOCTaTa B BEPTHKAIBHON IUIOCKOCTH B 3HAYUTEINh-
HOM Mepe OKa3BIBaeTCsl aHAJIOTMYHEIM JBWKEHHIO BO3IYNIHON dac-
Tunsl. CTeneHs 5ToH aHATOTHYHOCTH MOXET 6BITh YCTAHOBIEHA NPH
pPaccCMOTPEHHH B3aUMOJEHCTBHS CBOOOIHOIO Tela C HEYCTaHOBHUB-
HIMMCS TIOTOKOM HI€ANbHOM KUIKOCTH. _

CoBnajieHne CKOPOCTH JBIDKCHHS a3pOCTaTa cO CKOPOCTBIO IO-
TOK2 BO3MOXXHO TOIBKO B CIy4ae yCTaHOBHMBILETOCS IBIDKCHHUS Ha
omHoM yposHe. IIpu TOfbEME WM CHHXCHHM a3DOCTAT MOXET
OOroHATh MOTOK MJIH OTCTaBaTh OT HETO, T. €. BO3HHUKAET SBIICHHE
CKOJIBXKEHHS 23POCTaTa OTHOCHTEIBHO NOTOKA. CTETEHb HeCOOTBET-
CTBUsl 3aBHCHT OT KOHCTPYKTHBHBIX OCOOEHHOCTEH a’pocTaTa H
BPEMEHH CyTOK. '

6.3. Jlokanu3sanmus a3pocTaToB

Hpefipyromuiit aspocTaT ABISIETCS NOABHXHOW HM3MEPUTENBHOMN

m1aTOpMOH, TOYHOCTh M3MEPEHHI AN KOTOPO#l B 3HAYMTEIBHOM
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Mepe OIpenenseTcss TOYHOCTBIO nsMepeHI/m TIPOCTPaHCTBEHHEIX
KOOpAMHAT a3pocTara. : :

Mertonpl, peanm3yeMsele IS OINpeHeNieHns reorpaduiecKux Ko-
OpJMHAT a’3pOCTaTa, MO3BOIUIN CO3aTh HAaBUTAIMOHHEIE YCTPOHCT-
Ba, KOTOPBIE MOT'YT OBITH pPa3/ICIeHb] Ha Be OCHOBHBIE IPYIIIEL:

® aBTOHOMHEIE, paboTa KOTOPHIX He CBA3aHa ¢ (QyHKIMOHHPOBa-
HHEeM KaKAX-TH00 Ha3eMHBIX MM KOCMHYECKHX YCTPOICTB;

® HEcaBTOHOMHBIC, SBJIAIONIMECS COCTaBHOH YacTh0 Ha3EMHBIX
HJIH KOCMHUYECKHX CHCTEM.

K nepBon TPyNIE OTHOCATCA pasziIHYHbBIe ACTPOHOMHYECKUE,
MarHUTHBIE ¥ ACTPOMArHHTHEIC YCTPOMCTBA, XAPaKTEPU3YIOIIHECS
OTHOCHTENFHO HEOONBINMM BECOM W MANEIM IIOTPEOICHHEM 3JIEK-
TposHepruu. HampruMep, HpOCTEHIINM acTpOHOMHYECKHM HAaBHTa-
LMOHHEIM YCTPOHCTBOM MOKET SIBITHCS NaTYHK BEIcoTH ComnHua. K
COXAJICHHIO, HUCIIONb30BaHME NOJOOHBIX YCTPOMCTB B CHILY pasiind-
HBIX NIPHYHH HE II03BOJSET JOCTaTOYHO TOYHO OIPEAENHTH reorpa-
¢dudeckue KOOPIMHATHI a’pocTara; HanOolee BEPOATHEIMHA SBISAIOT-
cs ommOku 80+100 kM, XOTS MakCHMAaJbHBIC MX 3HAUCHHUS MOTYT
nocrurats 300 kM. s pemreHus Gospluell 9acTH METEOpONOrHYe-
CKHX 3aJ1a4 TaKas HHM3Kasd TOYHOCTh IPOCTPAHCTBEHHOM JOKami3a-
LMK a3pOCTaTOB ABJISAETCS HE/IOTIY CTHMOH. I/ICHOHBSOBaHI/Ie KOMOH-
HUPOBAHHBIX METOJIOB M3MEPEHHS HABMTAIMOHHBIX NapameTpoB
(coBMecTHOE HM3MepeHue BBHICOTHI M asiMyTa CONHIR WIM OHOH 13
COCTABJISIOIMX MardUTHOTO TOJIA 3eMIIH), XOTS M JaeT HEKOTOPOE
yIIydIIeHre TOYHOCTH ONPENENeH s TIONOKEHH adPOCTATa, MOMHO-
CTHIO 06eCIIednTs TpebyeMoe KauecTBO H3MEPEHHMH He T03BOILIET.

HeaBToHOMHEIE HaBHUTAIMOHHBIE YCTPOWCTBA NAIOT BO3MOXK-
HOCTP ONPENEIATh KOOPIMHATHI B II000€ BpeMs CYTOK TP YCIOBHH
TIeJIeHTaIHHI palboTaromIero aspOCTaTHOTO NepeiaTIMKa ¢ 3eMIH WK
¢ UC3, nnu ucnons30BaHus CHEHMATBHBIX HABATAMOHHBIX CETEH
tia OMETA. Hau6onee 5QHEKTHBHBIME SBISIOTCS METOIBI CIYT-
HuxoBoii 1 OMET A-nokKanmu.

CyTh METOJIOB, HCIONB3YIOMMUX CETh HABMTALMOHHBIX CTaHIHIL
OMET'A mms onpezeneHus IPOCTPAaHCTBEHHBIX KOOPAWHAT IlepeMe-
mammmxcs 00BEKTOB B aTMOCQEpe, yXe paccCMaTpHBalach HAMH
panee. PaccmoTpuM Gonee eTaNbHO METOJ(BI CITyTHHKOBO# JOKAJIH-
3alHH.

B Meronax CIyTHHKOBOM TOKA/M3aliy HanOONbIIee PasBUTHE
TIOJTYIXA TOTIJICPOBCKYM - METOJ, OCHOBaHHBIH Ha MU3MEPEHUH CIBHIrA
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9acTOTHl BEICOKOCTaOMIBHOTO CUTHANA, IIEpefaBacMoro Ha a3pocTar
U OTpa)keHHOro obparHo. B HOMIepOBCKHX HAaBUTANMOHHBIX CHCTe-
Max HCHOJB3YETCS. CBA3b MEMXIy CMENEHHEM HacTOTHI IepefaTinKa
Af u. BemuuuHON pazmanbHOM cxopoctu nmBikeHns VIC3 (Bektop
HaIpapJeH N0 JuHuH, coeaunsomen YIC3 ¢ aspocratom) vy .

IZie A — IIMHA BOJHEI HepefaTInKa aspocTara.

Benvuuna Af 3aBucut oT ymaneHus aspoctara oT UC3, T. €. oT
BPEMEHHOH PasHOCTH MEXAY HaudaloM [IpUEMA CHUTHAIIOB M MOMEH-
ToM npoxoga YIC3 gepes TpaBepc a3pocTara. :

DTOT METOJ| peanu3yeTcs [Is, Tak Ha3HBAEMBIX, OJHOCTOPOHHEH
H iBycTOpOHHeH ymHuM CBs3u MexAy VIC3 u aspocrarom (pwuc. 6.1)..

Pucé6.1. Onpeaeﬂeﬁue Mmecmononodicenus aspocmamos ¢ HC3 npu peanuzayuu
: Memooa OONNEPOBCKO20 COBULA HACIMOMbL:
a — OOHOCMOPOHHAS CXeMA C653u; 6 — .t)sycmopquum cxema ceasu

- Ilpu ofHOCTOPOHHE!H IMHUK CBS3K ONpEZeIeHAE MECTOIIOTIOKE-
HUs a3pOocTara JOMIEPOBCKMM METONOM OCYLIECTBISETCS NyTEM
«onHocTopoHHero» (Ha HC3) nsMepeHm JOIUIEPOBCKOT'O CHBHIa
4acToTsl. I'eomerpus OTIpEsETIEHNL TIONIOXKEHUS  aPOCTATOB TIpH
OITHOCTOPOHHEHW JTHHUU CBA3H npencraBneHa Ha pHC. 6. la.

' AC—)pOCTaTHBII/I nepe)laT!mK B TeYEHHE BPEMEHH ! C IEPHOLOM At
H3NIydaeT CUTHAJ Hecyriei (OHOPHOH) 9acToTH f,. Ha YIC3 mpunu-
MaeTcs 3TOT CUTHAIl M ONPEJENeTCS M3MEHEHHE YaCTOTHl CHTHAjIa
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Af (nonnepoBCKuM CABUT 9aCTOTHI) NPH IPOXOXKISHUH €To OT a3po-
ctara g0 UC3.

Torpa aspocraT HOMKEH HAXOOUTHECA HA KPHBOH (), 00pa3oBaH-
HOM IiepecedeHneM KOHYCa C BEPUIMHON B TOUKE 5| MECTOIOTIOKEHHS
HC3 B MoMeHT BpeMeHH f; u chephl ¢ IIEHTPOM, COBIAJAIOIIHUM C
nentpoM 3emnu. Ilonyyron ©; mpu BepuKHEe KOHYCa ONMpPEAENTACTCS
KaKk (yHKOMS BEIHYHMHBI IOIUIEPOBCKOTO CABHIA 4acTOoTH Af u
opburansHoit ckopoctit MC3 v

Afc

f.lv

a

©, = arccos

5t

THE ¢ — CKOPOCTH PACIpOCTPAHEHHUS ANeKTPOMAarHHTHOTO H3TyYCHHS.
Konyc ¢ nomyyriom ©; uMmeeT 60NpIIyI0 MOIYOCH, onpeiensie-
MYIO BEIMYHHON BEKTOpa CKOPOCTH V . Pamuyc chepsi R pasen

CyMMe BEICOTHI a’pocTtata H pa;myca 3emnn R. Crenpyroliee
H3MepeHne, BEIMOIHEHHOE 4epe3 MPOMEXYTOK BpeMeHH Af, Korma
WIC3 oxaxxeTrcs B TOYKE Sp, JaCT HOBYIO KPHBYIO (1, 00pa30BaHHYIO
IepecedeHHeM KOHYCa ¢ mapamerpamu O, u V,, U chepsl, COOTBET-

CTBYIOLIEH IIOJIOXKEHHMIO a’pocTaTa HaJ IOBEPXHOCTHIO  3JeMIIH.
Crnemyer 3aMeTuTh, 4TO BHICOTAa aj’poCTaTa MOXET H3MEHATBCS,
OIHAKO ee U3MEHEHHE 3a MHTEpBall Af SBIIAETCA JOCTATOYHO HE3HA-
YUTENHHEIM H HE MOXXET CYLIECTBEHHO MCKAa3HTh pe3yJbTaThl JOKa-
JU3allMy adpocTarta. JIBe KpuBBIE () M (), IEpeceKaroTcs B ABYX
TouKax A H A, O/[Ha H3 KOTOPHIX COOTBETCTBYET MHHMOMY IIOJIOKE-
HHIO a’pocraTa. CHcTeMaTndeckoe HaOIIOJCHHE 3a. a3poCTaToM,
OJHAKO, JIETKO HO3BOJIAET YCTAHOBUTH MCTHHHOE ITOJIOXKEHHE adpo-
cTata (Touka A ). ECIIH BOCTIOB30BATECA TPEMS MOCIEAOBATEIHHEL-
MH H3MEPEHUSMU COOTBETCTBYIOUIMX BEJIMYHMH, TO TPH KPHUBEIE O],
() H () NEPECEKyTCA TONBKO B ONHOM TOYKE, COOTBETCTBYIOLICH
HCTHHHOMY HOJIOKEHHIO a3pOCTaTa. ‘

Ilpn Hanu4uu OBYCTOPOHHEH CXeMBbl CBA3H IUIA OIpeesiCHUS
KOOpAUHAT a’pocTara usMepsiorcsi paccrosuue d ot UC3 o aspo-
crata, yroa ©, napaMeTpsl OpOUTHI CIyTHHKA M BEICOTA a3pocTaTa.
PaccrosHue 1o aspocraTa onpeAenseTcs Mo BPEMEHH MPOXOXACHHUS
curnana ot UC3 o aspocrtara u 06patHo.
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I'eomeTpryeckoe MECTONOIOKEHHE adpOCTaTa HaXOOUTCS Ha Iie-
pecedeHuH KOHycCa ¢ IapaMeTpaMu v H © ¢ BEpHIMHOH B TOYKE S,
BITMCAHHOTO B cdepy pamuycoM d, u cdepoit paguycom R=R+H
(puc. 6.1, 6). B 3TOM CIydae TaKiKe - obpasyioTcs aBe (MHHMas U
peanbHasg) TOYKH AnA nepeceuenui. [Ipu mocnenyromem usmepe-
HMM 4Yepe3 MHTEepBall BpEMEHH Af HEONPENEIEHHOCTh YCTPaHACTCS.
TakuM o6Gpa3oM, IpH JIBYCTOpOHHe# cxeme cBs3u Mexny MC3 u
a3pOCTAaTOM JOCTATOYHO JIMING JBYX M3MEPEHMI NaIBPHOCTH M JOII-
JIepPOBCKOI0 CABHra 9acToThl oguuM mwmwm asyms UC3.

Ha TOYHOCTH OIpeeICHHA MECTONONOKEHHI ad3pOCcTaTa AOILIe-
POBCKMM METOJIOM CITyTHUKOBOH JIOKAJIU3ALMK B OCHOBHOM BIIHMSIOT
cnemyromue (GpakTOpH: JaCTOTHAs HEYCTOHYHBOCTH a3POCTaTHOTO H
CILyTHHKOBOTO HEepEIaTINKoB, HOHOC(hepHas pedpakiys U IIyMoBbIe
st dexTsl, omudku B uaMepennn sbemepuast UC3 u BBICOTH adpo-
crara. '

CylecTBYIONME MOAENH IIO3BOJSIOT paccuuTtars opbuty MC3 ¢
omu6Ko#t 1.7 kM BAOMB OpGHTHI H 1.2 KM Tonepek op6uTEL YacToT-
Has HEYCTOHYMBOCTH NEPEHaTYMKOB, OOYCIOBICHHAs TEIUIOBBIM
[IyMOM, MHOTOKPATHBIM OTPa)KeHHEM 3JIEKTPOMAarHUTHOH BOIHEI OT
TIOBEPXHOCTH 3eMJH ¥ BIUSIHUEM pedpakiuy, IpuBOAUT K omubke B
nokanu3auuy B cpegaeM Ha 300 M. B utore, ¢ IOMOMIBIO JOIIEPOB-
CKOT'O MeToJja CIYTHHUKOBOH JIOKaIHM3allMd KOOPAMHATE a3pOCTaToOB
OTIPENENSIOTCS ¢ OIHOKOH, He MPEBOCXOMIIEH 2—3 KM.

6.4. CucTeMBI 23POCTATHOTO 30HANPOBaHMS aTMOChEPHI

6.4.1. CTpyKTypHasi cCXeMa CHCTEM a3POCTATHOIO
30HIUPOBAHMS aTMochephbl

OOmas CTPYKTypHas CXeMa CHCTeM a’3pOCTaTHOrO 30HAUPOBA-

HUA aTMoc(epsl, IPEACTABICHHAS B ONECPAaTHBHOM M CHEIHAIBHOM
peXXuMax, n300paxxeHa Ha pic. 6.2.
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30HOMPOBAHUSA
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OnepaTusHoe CreuunanbHoe
30HgUpoBaHUe . 3soHAMpoBaHKE
I‘opmsoHTaanoel BepTukansHoe ., | |
30HAMpPOBaHNE 3QHOUpOBaHWe

Alr3

T

YA
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Puc. 6.2. Cmpykmypuas cxema cucmem aspocmamuoeo;ouaupoeauuﬂ ammocgepbl

B OnepaTHBHOM peXHMe HPOH3BOIHTCA H3MEPEHHE OCHOBHBIX
METEOPOJIOTHIECKHX BEMYMH (HaBIEHHs, TEMIEPATypPhl, BIAXKHOCTH
BO3/yXa), 2 TAKKe TPOCTPAHCTBEHHO-BPEMEHHBIX KOOPIMHAT a3po-
crata (MECTOIONOKEHUS B BBICOTHI MOJIETA) B MOMEHT M3MEPEHHUH.
OmnepaTHBHOE 30HIWPOBAHHUE OCYIIECTBIACTCS adpOCTaTaMH TOpH-
30HTaNTPHOTO  30HmMpoBaHus (AI3), a5pOCTATaAMU-HOCHTEILAMH
(ADH), CGpaCBIBaeMBIMI/I Ha mapamiotaXx panuosonmoB (CP3) u
aspocTaTaMH IepeMeHHoro npoduns (ALILD). _

IlonmyueHne HeoNepatHBHOM METEOPOOTHYECKOH HHpOpMALMH
IPOU3BOAHMTCS, KaK IIPABHNO, adPOCTATAMH CIEIHANBHBIX H3MEpe-
nuil 1 Habmonenuit (ACHH). B norpann4HoM ClI0€ MHOTAA HCTIONb-
3y10Tcz npnBﬂSHHe a3pOCTATHI (ITA). Taxue apOCTATHI ocnamaroTcx
CHeNuanbHON anmapaTypodl Ansd NMpPOH3BOACTBA COOTBCTCTBYIOH.II/IX
HU3MEpeHHii.

CBS3VIOIIAM 3BEHOM MEXIY METEOPOJIOTHISCKHMH a3pOCTaTaMu
M HA3eMHBIM KOMIIEKCOM, BKIIOYAIOIMM ILEHTPHl YIPaBICHUS
moteramu (L{YII) m o6paborxu mamseix (ILOM), ssmsrorcs HUCS.
WC3 mo3BONSIOT OCYIIECTBHTH IPOCTPAHCTBEHHYIO JIOKATH3AITHIO
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a3poCTaToB, a TAaKXe PCaNn30BaTh 060p H PCTPAHCIAIINIO JaHHBIX
30HANPOBAHN.

6.4.2. CucteMa ropu3oHTANbLHOTO 30HIUPOBAHUSA ATMOCPEpPLI

Cnioco0HOCTE a3pOCTaTOB CBEPXIABICHHA COBEPIIATH UIHTEIb-
HBlE [OJIETHl HAa KBA3HIOCTOSHHBIX BHICOTaX (M30IMKHHYECKUX
YPOBHSX) HCIIONB3YyETCS B CUCTEME FOPHU3OHTANBHOIO 30HAMPOBAHHS
aTMoc(epsl. .

T'opu3oHTaNEHOE 30HIUPOBAHHUE, ABILLACH JOCTATOYHO. OKOHOMM-
9eCKH BHITOJHBIM H OTHOCHTENBHO NPOCTHIM IUIL TEXHUYECKOM
peann3aiyy, OpeacTaBisieTcss 0cOOCHHO 3 (GEKTHBHEIM B. HIDKHEH H
cpenHeii crpatocdepe, 9TO 00YCIOBICHO CICIYOMUMHE GaKTOpaMH:

® 3TOT cNoii arMocepsl B MEHBIIEH CTENeHN OXBadeH TpaauLin-
OHHBIMH METOIaMH 30HAMPOBAHHS, 4eM Tporochepa;

® TIPOJOJDKHUTENBHOCTE IOJIETOB a3pOCTATOB CBEPXAABICHMSI B
Tponocepe, 0coOEHHO B HIDKHEM €€ Cloe, He3HAYUTEIbHA BCICACT-
BHE BBICOKOH BEpOATHOCTH OOJICAEHEHHA a3pOCTATHOM CHCTEMEI, a
TaK)Xe BO3MOYKHOCTH CTOJIKHOBEHUS C IPaXIAHCKUMH CaMOJIETaMU;

® IPOCTPaHCTBEHHO-BPEMEHHAS YCTONYHUBOCTH BO3AYIIHBIX -I10-
TOKOB B CTparocdepe B LIENIOM BBIIIE, 4eM B Tponocdepe, 4To CIo-
COOCTBYeT HE3HAUUTENbHOMY pAacCEesHHI0 (CXOMMMOCTH) = TPYIII
a’pOoCTaTOB. :

BoproBoe  060pynoBaHue adpoCTaToB FOPH3OHTANBHOIO 30HIHU-
POBaHHS COCTOMT W3 [BYX OCHOBHBIX OJIOKOB: M3MEPHUTENBHOIO M
paguoTexHH4yeckoro. B cocraB HM3MepHTENBHOrO 0510Ka BXOAAT
MIEpBUYHBIE H3MEPHUTENBHBIE Npeobpa3oBaTeIl METEOPOJIOTHIECKUX
BeNIMYMH (TEMIEPATYpPHl, JAaBICHUS U BIAXKHOCTH BO3AYyXa), a TAKKE
H3MEPHTENH BEICOTHI M JaTUHK HATSHKEHUS MaTeprana 000I0UKH.

HsMepeHue TeMIepaTypsl BO3AyXa Ha a’pocTaTax HMeEeT psf
CYIHEeCTBEHHEIX O0COOCHHOCTEH, CBSI3aHHBIX C TEM, YTO JATYHMK TEM-
nepaTypsl [lepeMenaeTcst BMECTE ¢ BO3AYIUHBIM ITOTOKOM. TenmnoBoe
COCTOSIHHE NaTYHKA TeMIIEPATYPHl IPH 5TOM B OCHOBHOM 3aBHCHT.OT
pagpanoHHOro OanaHca CHCTEMBI JAaTYHK TEMIIEPATypHl —adpo-
cTar—aTMocdepa, 0T KOHCTPYKTHBHEIX:! 0CODOEHHOCTEH: - JaTunka
(onTHYECKHX XapaKTEPHCTHK €ro TIOBEPXHOCTH, PasMepOB M 0OCO-
OEHHOCTH TOIUIEPXKUBAIOIINX KOHCTPYKOMH. JlaTuuk TeMmneparypst
BO BpeMs apeitda A3 moasepraercs BO3AEUCTBHIO IPAMOM U OTpa-

179




JKCHHOH CONTHEYHOH pajualliu, a TakKe JUIMHHOBOJIHOBOM pa/:maunn
(3eMnH, 00maxoB, 00ONOUKHY U [TOABECKH adpOCTaTa).

Hanbonrpmee npuMeHeHHe NpH 30HAUPOBAaHHH aTMOC(epHl Ha-
MK OYCHHKOBBIE TEPMOPE3HUCTOPEL, ITO3BOJIOMINE H3MEPSTH TeM-
nepaTypy Bosmyxa oT —80 mo +50 °C ¢ tounoctsio 0.5 °C. Moryt
HCHOJB30BaTbCA M TPOBOJOYHBIE TEPMOPE3UCTOPH  TOIIIHHOM
20+40 MxM.

Ha To4HOCTE H3MeEpeHHs TeMIepaTyphl BO3OyXa Ha a’dpocraTax
OonpIoe BNUSHME OKa3BIBAIOT JUIMHHOBOJHOBAs pajuanus OT 000-
JOYKH M HarpeB MM OXNaXIeHHE 00OIOUKOH MOrpaHWYHOro CIOS
OKPY>XAIOIIEro BO3LyXa. DTO BBRI3HIBACT HEOOXOAMMOCTH YAATICHHS
IaTIVKa TEMIIEpaTypbl OT O0ONOYKM Ha PAcCTOSHHE IO HECATH ee
JIIaMETpPOB.

Jid m3MepeHHs HaBiieHUs Bo3gyxa Haumbonee 3(dexTHBHBEIME
OKa3aJluCh JaTIMKH MEMOpaHHOIO THHA C PA3NMMYHBIMH JWara3oHa-
MU H3MEpeHHs HapleHus. Tako# JaTamK MaBleHHS MOXeET odecre-
YUTE - TOYHOCTH H3MepeHud mnopsaka 0.1 rlla Ha MaKCHMaIBHBIX
BHICOTAX Apetida.

B cBsa3u ¢ TeMm, 9TO a3pocTaThl CBEPXIABIICHHS COBEPIIAIOT IO-
JeTHl Ha YpPOBHE H3ONMKHHYECKOH MOBEPXHOCTH, BOZHHMKaeT HEOO-
XOJMIMOCTb IIPUBSI3KH JAHHBIX 30HIMPOBAHUA K BHICOTE Apedda Hax
noBepxHOCThI0 3emnu. [ns srtoro Tpedyercs 3HAHWE WMCTHHHOH
BBICOTHl YPOBHA HOJIETa a’dpocraTa B MOMEHT w3MepeHuil. C 3ToH
LeNBI0 Ha adpocTaraX, Kak IPaBHUIO, HUCIIONB3YETCs PagMOBBICOTO-
mep 1ns u3MepeHnii B nuanasone 0.5...30 kM. TounocTs M3MepeHunit
cocrapinset 0.02+0.07 % oT BEMUYHUHEI BRICOTHL.

ITpu mosernoO# Macce AI'3 2-3 kr muamerp obonouex AI'3 co-
cTaBnseT 4+6 M.

Boproeoe obopymopanue Al'3 COCTONT U3 perie BpeMeHH, KOIH-
PYIOILEro yCTpOHCTBa, pagHoNepeRaTydKa, MCTOYHHKA MUTAHWSA A
aHTeHHBL. Peme BpeMeHH oOecrieunBacT NEepHOANIECKOE (3aaHHOe)
BKJIIOUEHHE U BBIKIIOYeHHE anmaparypsl. Kogupyromee ycrpoiictso
OCYILIECTBIIIET TIpeoOpa3oBaHHe H3MEPUTENBHBIX CHTHAIOB B PagUo-
curHaisl. Yacrora nepenady DaHHBIX COCTaBisfer 1+2 d, a mponon-
JKHUTENBHOCTE Nepefadn +1c. JansHocTs NeHCTBUS HI3KO9aCTOTHOTO
nepenararka He npepbimaeT 1000+1200 kM. CoXHEUHBIH reHeparop
WA [1aHeNb CONHEYHBIX GaTapel o0ecneunBaroT yCTOI/I‘{I/IB}’IO pa60-
Ty almapaTypsl a3pocTaTa B TedeHue Bcero nonera AI'3.
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CunraeTcs, 9TO ONTHMAJILHOE KOIHYECTBO aspoctaToB Al'3, ox-
HOBPEMEHHO HaXOJAIIMXCA Ha OJHOM CTparocepHOM YPOBHE B
CEBEPHOM IIONTyIIapHH, cocTaBisieT 300+425. - :

6.4.3. CrHcTeMa BepTHKAJIBLHOr0 30HANPOBaHNs aTMOchephl

J1s1 momydeHus B OmepaTHUBHOM pexuMe uH(pOpMamuu o
(GH3EIECKOM COCTOSHMM aTMOC(EpH 0 BEPTHKAILHOMY ‘Pa3-
pe3y HCIONB3YEeTCsl CHUCTEMa BEPTHKAIBHOTO a’pOCTaTHOTO
3oHzMpoBaHus. 110 TEXHWYECKOH 'peanu3aluu H o6pa60T1<e
MHOOPMALMH HTOT METOJ ABISETCS HAMBOIIEE CIOKHBIM.

BepTukanbHOe  30HAMPOBAHHE OCYIIECTBISETCS aapOCTaTaMn
TIEpEMEHHOr0 TIPOdHIA (AIIIL) u cOpaceBacMEIMHU PazuO30HaMK
(CP3) OITYCKAIOIIMMHCS Ha TapalllioTe. Wnaue rosops, BepTHKATE-
HOE 30HIHPOBaHHE MOXeT 6BITH ocymechneHO 6OpTOBEIMH JaTdH-
KaM¥ TIPH TIPUHYIUTETHHOM HIIH €CTECTBCHHOM H3MEHEHHH BEICOTEI
Apeiiha aspocTara MIM FATYMKAMH COpPAcEIBAEMBIX PaJyI030HIOB.
Ciriexyer 3aMeTHTb IpPH 3TOM, YTO 30HAMPOBAHUE 6OpTOBBIMH JaT-
YUKaMHu a3pOCTaTOB 'OTPaHMYUBACTCS CPABHUTEIHLHO He60n5an o
BEPTHKAIBLHON MOIHOCTH cloeM 5+10 kM.

OCHOBHBEIM HCTOYHHKOM MH(pOPMALMH HpH BEPTHKAIBHOM 30H-
AVPOBAHUN SBISIOTCS MOKA3aHWA COPACEIBAEMBIX pPajMO30H/IOB,
OIHAKO M3MEPEHNs, BEINONHACMEIEC BIOIb TPACKTOPHH H TP U3Me-
HEHUH BBICOTHI Apeidha, Takoke HMEIOT BeChMa BaXHOE 3HaYCHHUE.

HawubGonpuiee npuMeHeHHe HALLTH ADH ¢ ob6onoyxkamMu nony3a-
KpBITOTO THIIA. KOHCprKTPIBHO Takue OOOJIOYKH OTIMYAIOTCS OT
060JI04€eX 3aKPHITOTO THIIA JIAMIE HATHMIHEM cneunanmoro ra30BOTO
KIanaHa, HEOGXOAUMOro Ul CTPAaBIMBaHUS U3GEITKA Ta3a U COOT-
BETCTBEHHOI'O YMEHBIICHHs CBOOOIHOM OABEMHOM CHIIEL, [0 BEITH-
YMHEI, HeoOxomumo# ans ynaepkanus AIIIl Ha 3amaHHOM ypOBHE
nocie copoca CP3. IlpumeHenne kiamaHa obeclieyuBaeT M COXpa-
HEHHE IIOCTOSHCTBA pabouero cBepXJaBieHus B 060104xe ADH.

Huamerp obomouek coBpeMeHHEIX ADH, KoHTeifHep KOTOpBIX
croco6er Bmemars 10 200 CP3, cocrasmser 20+35 M. ITockombKy
KOHTelHep, conepxamuit CP3, npeacTaBiiger CymecTBEHHYIO OIac-
HOCTB [UIS JIETATENBHBIX alaparoB, ypoBeHsb nonera ADH momkeH
HAaXOIHMTCS AOCTATOYHO BBICOKO B CTpaTochepe.
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Copoc paaino30HIOB OCYILECTBIIETCS HAX 3aJaHHBIMH paloHa-
MH TI0 KOMaHAaM, ToctynatomuM 1uoo u3 [{YIL, mibo u3 6opToBOro
MPOrpaMMHO-KOMaHHOTO ycTpoiictea. Croboxubiii oT CP3 xoHTeH-
HEP MOXKET OTAEIHMTHCS OT IOABECKH M OIyCTHTHCSA HA IIOBEPXHOCTH
3emun Ha mapaniore. Taxum o0pasoM, Iocie 3aBepHIeHHS Ipo-
rpaMMBl BepTHKanbHOrO 30aupoBanus ADH ¢ obomoukoi noiysa-
KPBITOrO THIIa IPEBpaIlaeTcs B adpOCTaT TOPH30HTAIBEHOIO 30HH-
pOBaHHA. :

KomnTeiinep ¢ CP3 m3roTapTMBaeTCs U3 TEIIO3aIUTHOTO MaTe-
pHala, IOKPLITOro CBETO3AIIUTHOM IUICHKOM. ONHAKO TEILIOo3allnTa
He TpeioXpaHseT KOHTEHHEp OT HArpeBa IpsAMOil COMHEYHON paaua-
IHeH, B pe3ylbTaTe 4Yero B KOHTEHHEpE CO3AaeTcs OTIMYHEIA OT
BHEITHHX YCJIOBHH TEIIOBOH peXWM. B CBSI3HM ¢ 3THM mepen copa-
CHIBAHHEM JIOJDKHA BBINOJNHATHCA BBIEPXKKA paaMo30Baa. Pamwo-
30HJ CUMTAaeTCs BBIAEPXAHHBIM, KOIAA IOKa3aHWs OGOPTOBOro Ha
ADH H pajiri030H0BOrO aTIHKa TEMIIEPATYPEI COBIAMAIOT.

CP3 BriouaeT B ceOs M3MEPHTENBHEI M PaJHOTEXHHYECKUH
OII0KH, a TakxKe CIENUANBHEIA NapanmoT. [TapamioT paccUMTHIBAETCS
TakuM 06pasoM, uTo6s1 CP3 CHIDKAICA ¢ ONTUMANLHOK CKOPOCTBEO
500+600 m/MuH u pH cﬁpacmBaHnH C BEICOTHI 30 KM CMECTHIICS OT
TOYKH cOpoca He Gomee yeM Ha 300 kM.

~ CGpacsiBanne PazFO30H0B HPOU3BOAUTC ABTOMATHYECKH WA
10 KOMaH/aM M3 [IEHTPa YIPABJICHHS 0JIETOM.

JlaHHbIE M3MEPEHUH OCHOBHBIX METEOPOIOTHYECKUX BEIMUMH C
CP3 wuepes ADJH, BblmonusoOmmA (QYHKIMIO IPOMEKYTOTHOIO
peTpaHCIATOpa, Tepematorca Ha HKIC3, KoTophiif «cOpachiBaeT
TIONyYeHHYI0 HH(POPMAIIHIO B HA3eMHEIE IIEHTPH 0OpabOTKY HaHHBIX
30HIMPOBAHHUS.

OnpeneneHHe TOYHOTO MCCTOI‘IOJ‘IO)KCHI/ISI CP3 B mpocTpaHcTBe
OCYIIECTBNIAETCS C IOMOIIBIO HHU3KOYACTOTHBIX HABMIALMOHHBIX
crannuii cuicteMet OMETA.

BopToBoe obopynoBanue aBPOCTaTOB -HOCHTENEH, KpoMe KOH-
tefinepa ¢ CP3, M3MEpPUTENBHOrO M PagHOTEXHHYECKOro OIOKOB
JIOJDKHO COIEpIKaTh ONOKH YIpaBICHHS IIOJIETOM W CIAaCeHWs aIllia-
paTypbl a3pocTaTa.

Biok YTIpaBJICHHUS noneroM ASH BKJ‘IIO‘{aeT B ce04 IIpOorpaMMHO-
KOMaHI[HOC YCTPOHCTBO, Oapopene W YCTPOHUCTBO JIMKBHAAIIUA
obonouku. B cocTaB TOr0 Gnoka BXOAAT TaKxe YCTpoHCTBa yIpas-
JIeHWs Ta30BBIM KIJAIlaHOM, MEAJCHHOI'O0 W aBapHifHoro cOpoca
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Gaymacta. PaGorta aToro Gioka opraHu3yercs Kak aBTOHOMHO (Ha-
IpuMep, ¢ IoMolIblo 6apopere), Tak u 1Mo koManaaM u3 ITVII.

Cucrema crmaceHMs aIllaparypsl NPEAIONaraeT HCIONB30BaHUE
3aMKa-OTIe[la IOXABECKM OT OOOJIOUKH M TIpPY30BOTO IIapallioTa,
obecneunBaroniero 6e3omacHeIi cIyck anmnapaTypel. OOBIYHO NpH-
OOpBI HE HMCHIBITHIBAIOT CKONBKO-HUOYIh 3HAYMTENBHBIX MOBPEXKIE-
HUH, €CIIH CKOPOCTh UX NMPH3EMIICHHS He IpeBsimaeT 4-+5 m/c.

6.5. N3mepenne MeTeopoJOrHIeCKNX BeJTHYMH
IIPH 23POCTATHOM 30HAMPOBAHHH aTMOC(hEpPDI

6.5.1. OnpenencHue XapaKTepUCTHK MOJISE BeTpa
Ilpu aspocTaTHOM rOpPH3OHTANFHOM 30HAMPOBAHHH IIPOH3BO-

IUTCS HENOCPEACTBEHHOE OIpeNielieHre BEKTOpa BeTpa Ha (PUKCHPO-
BaHHOM BEICOTE. B 3TOM Ciyuae

— 1
C=
L-4

f Cdt, L (627)

3

rae C — CKOPOCTb FOPH3OHTAIBHOIO JBIDKCHUS BO3AyXa 3a GECKO-
HETHO Mallblif IPOMEXYTOK BPEMEHU; f; U f, — MOMEHTHI BPEMEHH,
COOTBETCTBYIOLIME HaYally M KOHIly y4acTKa TPaeKTOPHHU ¥ OIpere-
JAIONINE BPEMEHHON MHTEPBAl OCPEIHEHHS BETPA.

Cxopocrs Berpa C, monydednas B pesynsTare ocpennenns C 3a
HHTEpBal BpeMeHH Af = £, — |, IPUHAMAETCA 32 CKOpOCTB BETpa B
MOMEHT BpEMEHH ¢ = 1 + At/2.

IpakxTudecku IpU ad3pOCTaTHOM 30HAUPOBAaHHN CKOPOCTH BEeTpa
BBMMUCIsIETCA 10 hopMyIie

C= : (6.28)

rae Ar — TPOTXEHHOCTH ydYacTKa TPAeKTOPWH, orpaHquHHoro
IIOJIOKEHMAMH a3pOCTaTa B MOMEHTEI BPEMECHHU | U 1, . '

183




CpennexBagpaTHueckas OIHOKa H3MepeHus CKOPOCTH BETpa O
OTIPE/IEIIAETCS BEIPaXXEHHEM

o, =——, - (6.29)

4 . .
rae O, — CpeqHeKBagpaTHUecKas OmuOKa H3MepeHus Ar, 3aBHCS-
mas OT OIIMOOK OUpEeNeHNs IBYX MOCIEI0BATENBHBIX IOI0KEHHUIM
aspocrara.
Ecnu cuurars, 4TO CpemHEKBaApaTHIECKHe OIIMOKK OIpenene-
HUS JBYX IOCIIEAOBAaTEIbHBIX TIOJIOXEHHUI a3pocTaTa paBHbI, TOrAA

o, =2—"—, (6.30)

rae o, — CpeZIHeKBaﬂpaTHqéCKa}I paguaibHasd omubKa OIpeneacHua
MecTa adpocrara. '
Tpaexropus monera AI'3 mo3BosigeT Takke BBHIYHCIHTE CpeIHEee

3HAYCHHC I‘OpPIBOHT&J'IBHOI‘O YCKOpE€HHuA a 110 (bOpMYJIe
Ar,/t,—AnlT

a= L 6.31
A (6.31)

rae Ar; ¥ Ar, — YYaCTKH TPAacKTOPUH a’spocTaTa 3a TPOMEXYTKH
BpeMeHU AT; B AT, COOTBETCTBEHHO; Af — HHTEPBAT BPEMEHH MEXIY
IBYMS TIOCIIEAOBATENbHBIMA ONPE/IETICHHAME CKOPOCTH BETPA.

. CpenuexBazpaTiyecKkas OnInbKa ONpeNeNeHds YCKOPEHHS aspo-
cTaTa MoXeT GBITh paccuuTana mo Gopmyre

o
o, =2—"-, 6.32
7.V (6:32)

TractT=1;="1,.

W3 3anmcanasIx BLIpa)KeHI/Iﬁ BHUOHO, YTO TOYHOCTHL H3MCPCHUA
BETPa U YCKOPCHUs IO TPACKTOPHUHN a’pocrara 3aBUCHT OT TOYHOCTH
OnpeﬂeﬂeHHﬂ €ro KOOpI(HHaT CKOpPOCTH II0JICTa U BPCMCHHEIX HH-
Tepsanos At u T. ClTelOBaTeNBHO, BEIGOP BPEMEHHBIX HHTEPBATIOB
OCpCOHCHUST HMCECT BaXHOC 3HaYeHHE U He MOXET OBITH IIPOU3BOJIb-
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HO# onepanueii. BHIGOp HHTEPBAIOB JOJDKEH obecreduBars QHIbT-
panuo KOPOTKONEPHOIHBIX CIy4aiHBIX MyJIbCalMil BETpa U B TO XKe
BpeMs He  MO3BOJNHMTH CHUNBHOIO CIJaXHBaHMSA CKOPOCTH 'BETpa.
IpakTryeckyt 0OBIYHO MHTEPBAJl OCPETHECHMS OIMPEAEIAETCS HCXOIS
U3 00mIeH CTPYKTYpPHI ITOJIS BeTpa U TpeOyeMoH TOYHOCTH €ro u3Me-
penus. Torma, 3afaBasch 3HAYCHHIMH OTHOCHTENBHOH OIMOKH
HU3MEpEHU CKOPOCTH M OIMIMOKM ONIpelelIeHHs KOOPIHHAT a3pocTa-
T4, MOXXHO HAWTH ONMTHMAIBHEIN HHTEPBall OCPEAHEHH B 3aBHCHMO-
CTH OT CKOPOCTH. II0JIETa adpocTara.

CpenHeKBaapaTHIeCKylO OIMMOKY OIpeleNeHHs HalpaBlICHUs
BETpa MOXKHO OLICHUTH 10 (popMmyie

o, =22 10 (63
C(t —tl)n :

W3 (6.33) BuAHO, 4TO IIpH 3a/[AHHOM 3HAYCHHH OLINGKH olpene-
JIEHHS KOOPAWHAT a3poCTaTa BeJHYHHA Oy 3aBHCHUT -OT CKOPOCTH
BO3YIIHOTO MOTOKA ¥ BPEMEHHOT0 MHTepBana ocpexHeHus. O6wId-
HO TIPH ONpeIeNeHHH HalpaBileHHUs BeTpa HCHONB3YeTCs TaKOH ke
BPEMEHHOM HHTEPBa, KaK ¥ IIPH ONpPEACIICHIH CKOPOCTH BETpa.

Habnromenus 3a IepeMemieHneM a3’poctaroB AI'3 103BOILIIOT
OLICHATH areOCTPOQUIHOCT ABHKCHUS M BHIYHCIIHTE areOCTpO(bH-
YeCKHe OTKIOHEHWS BETPa, ONpPEEUTh MyJbCaliu cxopocm BETpa
u ropnsomanbﬂylo JIMBEPIeHIINI0 CKOPOCTH BETPA. :

- TpaeKTOpHH a’pOCTaTOB C H3MEHMIOMMMCA npoduieM Ionera
MO3BOJIAIOT BHIYHCIHUTE CPEJHUY BETEP B CIIOE, B Ipeiesiax' KOTOPOTro
OCYIIECTBIIIICA MOABEM WM cIyck aspocrtara. Ilpu mocrosmHOM
BEPTUKANFHON CKOPOCTH a3pocTaTa IpH HU3MEHEHHMH BBICOTHI cpell-
HUI BeTep BEIUHCIAETCS HEIOCPEACTBEHHO TI0 YIaCTKY TPaeKTOpUH,
COOTBETCTBYIOIIEMY IIOOBEMY WM CIIyCKy a3pOCTara. - :

Torma cpenHuii BeTep B-CII0€ MOXHO ONPEAEIUTH IO hopMye

_H ‘ , '
C= [Cdz, . (6.34)
H, '
rae C— cpenHee 3Ha4€HHE CKOPOCTH BETpa B CIOE OT BBICOTHI H)

o BEICOTHI H,; C — CKOPOCTb TOPH3OHTAABHOIO IBIXKECHUA B JJIE-
MEHTapHOM CIIO€. ' '
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Vcrionmp30BaHnEe METON@ BEPTHUKAJIBHOIO a3pOCTaTHOrO 30HIHPO-
BaHMS ITO3BOJIIET PACCUUTATh IIONHEBIH IOTOK B CJIOE, BEPTHKAIBLHBIC
CIIBUTH BETPA, a TAKKE€ ONPEAENHTH BEPTHKAIBHYIO COCTaBISIOIIYIO
BUXPS CKOPOCTH.

6.5.2. M3MepeHne TeMIepaTypsl BO3AyXa INPH a3POCTATHOM
30HIHPOBAHNHK :

V3mepenue TemuepaTrypsl BO3AyXa IPH aspOCTaTHOM 30HIHPO-
BaHUH aTMocepbl HMeeT pan - crnenudpUIecKux 0COO6EeHHOCTEH,
3aBUCAIINX OT HCIOIB3YEMOU CHCTEME] 30HAUPOBAHUS.

Ilpu ropu30OHTAIBLHOM 30HIMPOBAHUH TEPMOMETPHUUECKOE Telo
NIepeMEIAeTCss BMECTE ¢ BO3IYIIHEBIM ITOTOKOM. [Ipu 3TOM, OCKONE-
Ky TOPHM3OHTaIBHBEIH Apeiid oOBUHO peanm3yercs B crparocdepe,
IUIOTHOCTH BO3AyXa MOCTATOYHO Maja, a COJHeYHas pamuamus (B
JHEBHOE BpeMs) HanboJiee HHTCHCHBHA.

TemnoBoe COCTOSHUE AaTYMKA TEMIEPATypHl MOXKHO HpHOIIH-
’KEHHO OINCATh ypaBHEHUEM

ci—f = 9,85 +qkS, - S koT* ~ S,0(T -T,)+Q,. (6.35)

I7ie ¢ — TEIUIOEMKOCTh MaTepHana naT4uka; 1 — CpefHss TeMIepaTy-
pa AaT4MKa; ¢ — BpeMS; ¢, — IUIOTHOCTH IIOTOKA MPsIMOM CONHEYHOH
pajuanuy; g — IUIOTHOCTH IIOTOKAa IJIMHHOBOIHOBOH pamualuu
3emum u arMocdepsl; S B S, — MOBEPXHOCTH, Ha KOTOPHE MaiaeT
mpsiMasi CONTHEeYHasi W JUIMHHOBOJHOBAS PagWallid COOTBETCTBEHHO,
S2 — TIOBEPXHOCTH JATYMKA, Yepe3 KOTOPYI0 HPOUCXOIUT KOHBEKTHB-
HOE OXJIXACHUE; kK — IIOKa3aTelb. YePHOTHI NaT4YHKa; O — K03ddhu-
IMEeHT KOHBEKTHBHOI'O TENNo0OMeHa - aTdYuKa ¢ OKpY’KalomeH cpe-
noit; T, — TemmepaTypa Bo3AyXa; (Jx — TOTOK TeIia K AaTduKy
TEMIIEpaTyphl depe3 KOHTaKTh; O — nocrosHHas Credana-
bonplMana.
W3 ypaBrenus (6.35) umeem

) o 4
AT=T-T =€ 4T 485 +lg=oT'ks, O,

; — , (6.36)
S,00 dt S,0 S,a
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rge IIEpBOC ClaracMoe€ B npaBoﬁ YacTH XapaKTePHU3yeT HHCPIIHIO

JlaT4uKa, BTOpoe — 3((EeKTHBHOE IOTTOMICHHE IIOTOKOB IIPAMOM
CONHEYHOH M JTHHHOBOIHOBOM pajMialliy, a TPEThE — IPHTOK TErna
K JaTYHMKY dYepe3 KOHTAKTEI, IPUXOIAMMICA Ha €AHHHUIYY IIIOIIaIH.

- B mepuon nmpeiida BenuyuHH S, ¢, kK OCTalOTCA IMOCTOAHHEIMH,
MEHSIOTCA BEJIHUYHMHH g, ¢, O U O, T. €. MOTOKH Tera u ko3dhuu-
€HTHI, XapaKTepHU3yIONIke TEMI00OMER TepMOMETPHIECKOTO. TeNa C
BHENIHEH cpemoi.

PaccMOTpHM BIIMsSHME MHEPLIMH JATIMKA TEMIEPATypHl Ha BEIH-
yuny AT = T — T, 0603HauKB K03(bGUIHEHT HHEPLIHU
=5 637
oS,

Eci Hpe/IonokuTh, 9T0 PaAHalHOHHBIE IOTOKM M ITOTOK TEMa
gepes KOHTaKTEL OTCYTCTByIOT TO

T-T, =(T0—TB)e7, | (639

roe Tp— TeMHepaTypa JaTUMKa B HAYaJbHEIH MOMEHT BpeMeHPI t=0.
3 BHpaxceHIm (6 38) ciexyer, 4To ¢ TeYeHHEM BPEMEHH TEMIIE-
parypa JaTiuKa MOHOTOHHO npn6nm1caerc;x K TeMnepaType BO3MyXa,
NpHYEM CKOPOCTH STOTO NMPHUONHKEHHS TeM GONbIIE, YeM MEHbLIe
Koa(bfbnuneHT unepmuu A. Eemm ¢t >> A, 0 T — T, = VA, rhe
dl . dT dz

V =———=——— - BelN4YHHa, XapaKTepHU3yIolas CKOPOCTh

dt - dz dt

H3MEHCHHS TeMl'IepaTypBI BHEIIHET Cpesl. : :

Tlpu u3MepeHNH TEMIepaTyphbl BO3MyXa B TedeHHe Apeida aapo-
CTaTa mapaMeTp BpeMEHH .HaMHOTO 0OIble A; TaK Kak ! H3MepsieTcs
MMHYTAaMH HIH 9acaMh, a A — CeKyHjgamu. Jlaxe eclu a’pocrar
COBepIIaeT HEKOTOpHe KolleOaTenbHBIEe IBIDKCHHS OTHOCHTEIHHO
ypoBHS Apeiida, HHEPLHOHHAS NOIPEIIHOCTh HEBEIHKA. HoncraHOB-
Ka B hopMmymy

T-T = _EEA
dz dt
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XapaKTEPHBIX 3HAYCHH ar =6.5 K/1xm, 4 =2 wvcui=20c

dz dt
1o3BosseT onenuTs norpenrHocth AT = 0.3 K. Ilonydennas oneska
NOTPEITHOCTH H3MEPCHUA TeMIIepaTyphl SBIACTCS MaKCHMalbHOH,
HOCKOJBKY B PEIbHBIX YCIOBUSAX KO3GGHUIMEHT HHEPIMH JaT4HKa
Temneparypsl Tuna MMT, Hcons3yeMBIi PN a3pOCTATHOM 30HIH-
poBaHmNM, B auanasoHe BhIcOT 3034 KM m3MeHseTcs B mpedenax
10+16 c.

Bornee CIOXHBEIM ABIAETCSA Y4€T BIMAHMA PaIHAlMOHHOrO NOTO-
Ka R = g, + g, KOTOpHI} He paBeH HyIIO B 000 BpeMms cyTok. B
TeueHne apelda JaTIMK TEMIEPaTypHI MOJBEPraeTcs BO3ICHCTBHIO
NIPSIMON H OTpaXeHHOM COJNHEYHOM pajuallui, a TaKkke JIMHHOBOJI-
HOBOH pammarum OT 3eMiH, aTMocdepsl H caMoro aspocrarta (060-
JIOUKY W aNnapaTypHOro KoHTeHHepa). [Ipu 3ToM BO3HHKAeT BeCbMa
CIIOXHAs 3aBUCUMOCTD ¢,g, O H O OT MHOTHX (haKTOpOB, 9TO He
THO3BONISIET KOPPEKTHO onpenenuts Beauuuny AT = T — T, . Ocoben-
HO BEIHMKH MOTYT OBITH ommOku omnpexeneHus 7, BCIEACTBHE BIIHS-
HUSI IPSAAMOUN COJTHCYHOH PaJHalliyl B CBETJIOE BPEMS CYTOK B CTPATO-
cepe. :
3HAYNTEIEHOTO YMCHBIIICHI/I}I PaZHaIOHHOTO HarpeBa MOKHO
OOMTHCA, ECITM HCII0TH30BaTh B KAUECTBE U3MEPUTEIBHEIX Ipeobpa-
30BaTeNell TepMOMETPOB COMNPOTHBICHAS INPH YCIOBHU CO3IAHHS
HCKYCCTBEHHOH BEHTWIAIMM. Tak, NPH CKOPOCTH BEHTHIISAIIMH
10 M/C 1 IpIMEHEHNM JaTYHMKa TEMIEPATyphl M3 IUIATHHOBOH Tpo-
BOJIOKH TONMHOMN 20+40 MKM paJManioHHas OIHMOKa Onpe/IeIeH s
TEeMIIEpaTyphl Ha BEICOTE Apeiida B 30 kM He npepbimaer 0.6+1.1 °C.

IIpu ncnionp3oBaHMK OYCHHKOBOI'O TEPMOPE3HCTOpa C Mpo3pad-
HBIM CTEKISHHBIM ITOKPHITHEM INpPH H3MEPEHHUSIX TeMIEpaTyphl B
Tponocdepe u mparocq)epe panuanyoHHas OMKOKa HE IPEBOCXOIUT
0.5°C.

IlomMuMo TpsMOH CONMHEYHOM paguialliyil Ha TOKa3aHMs IepBUY-
HBIX H3MEPUTENbHBIX MpeoOpazoBareneil TeMepaTypbl B 3HA9H-
TEJIFHOH CTENeH! BIMSET HOTOK . ATHHHOBOJIHOBON pajdanuu, WLy-
med or camoro aspoctara. Ilockonpky B AHEBHOE BpeMs CYTOK
neperpes rasa B o6onouke Moxet gocrurats 20+30 °C, a BepxHeit u
OokoBBIX rpaHelt KoHTeHHepoB 100+120 °C, obomogka M KOHTEHHE-
pBl SABISIOTCS MHTCHCUBHO M3IyYalOmMMMY TelaMu. B HouHOe BpeMs
cyTok oboxouka M KOHTeHHep MOryT HMeTh TeMIeparypy Ha
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20+30°C Hmwke TeMmmepaTypsl OKpYXKalOIIero Bo3lyxa H Oolee
aKTHBHO M3ITy4aromiel CTaHOBHUTCS OKpYXKalomas cpefa. ;

Ecnyu pafualliOHHBIH TEMIOOOMEH NMpPOMCXOOUT MEXTY ABYMA
HEMpO3payHEIMU TeTaMK S; M S,, OPHEHTAIHA KOTOPHIX JAPYT OTHO-
CHTENIBHO ApYyTa He MEHAETCA, MIOTOK Teruia Q;, MOTIOIEHHBIH TeIOM
S5, MOXET GBITH ONPEENEH U3 BHIPaXKEHHUS BHA

0 = EITSZJSJ cos9,dS, { j C‘):—z%dsz . (639)

rae E; — usnydarensHas ciocoOHOCTH Tena Sy; &, — OCpeIHEHHbIH 10
JUTHHAM BONH K03((HUIMEHT MOrTOMIEHHS TeNa Sy; @1 — YTOJI MEXIY
HOPMANbIo K dS; M TpAMOH, coenuustomedt dS; u dS; ; @, — yroxn
HafieHus pafnalyy, H3IyJaeMoi SIEMEHTOM dS; Tena Sy Ha SJIeMeHT
dS,; r — pacCTOsIHHEe MEXAY dNeMeHTaMu dS) u dsS,.

B o6uiem Buge unTerpaist B (6.39) He 6epch;I M 3ajada o Tell-
nooGMeHe H3IY4eHHeM PEIIaeTCs TONbKO i KOHKPETHBIX CITy4aes
TENJOBOr0 B3aMMOAEHCTBHA Tell. OAHAKO KAueCTBEHHEBIM aHAIN3
(6.39) mosponseT caenaTtk HOCTATOYHO QUEBHM/HBIA BEIBOX, 4TO
MOTOK MOXTOIEHHOro Tema Jr CYMEeCTBEHHO yMeHBHIaCTCH Cc yBe-
NUYCHNEM PacCTOsHus 7 . TeM caMBIM SBJISETCS AOCTATOYHO 060C-
HOBaHHBEIM TpeOOBaHHE MAaKCHMAlbHEIX yaleHHH IIEPBAYHOTO
M3MEPUTETBHOTO IPE06pPa3oBaTeNss TEMIEPATypl OT OCHOBHOH
moaseckd (xo 100 —150 m).

V3MepeHue TEMIEPATYPH! BO3AyXa MPH BEPTHKAILHOM 30HIUPO-
BAaHHM YXE€ DacCMaTPUBATIOCh DaHee IpPH pealu3allii MOAbEMa
IEPBIYHOIO H3MEPHUTENBHOTO NpeoGpasoBaTelli TEMIEpaTypH B
armMocdepe. 31ech JHIIb KPAaTKO PAcCMOTPHUM HEKOTOPbIE 0COGEHHO-
CTH H3MEPEHHs TEMIICPAaTypPHl IPH HCIONb30BAHAM poacmBaeme
PajIO30H/I0B.

WITak, Npy H3MEPEHNH TEMIIEPATYPH! B 3TOM CIIydae IPOSBIIOT-
csl OMOKH TpeX BUAOB: HHEPIHMOHHON, PaAMaiMOHHON M «CKOPOCT-
HOH» (338 CYeT KHHETHYECKOTO Harpema). YpaBHEHHE TEILIOBOrO
GanaHca JaT4MKa TEMIEpaTyphl COPacEIBAEMOTrO PajHO30HOa UMEET
BU

ES , ) W2

+r , ' (6.40)
oS 2000

T =—yAw+
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re Y — BEPTUKAILHEIN IPaJHeHT TeMIlepaTypsl; A — Kodpdurment
HHEpIMH JaT4uKa TeMmIepaTypsl; R — paananmoHHBIA Oananc;
S — muomazb COMPHKOCHOBEHMS IAaTYMKOB C BHEIIHEH CPEOM;
S — mmomazns NaT4uKa, U1 KOTOPOH paJuanyvOHHBIA OanaHCc He
paBeH HymO; O — K03h(HIHEHT KOHBEKTHMBHOIO TEILUIOOOMEHA
JaTIHKa C OKPY KAIOIIeH cpeloit; w — CKOPOCTh MafieHus Pagro30H-
Ia; r — K03 OUuenT TOPMOKEHIA,

Crnenmyer 3aMeTHTh, YTO TIPH aHAM3¢ OMMMOOK M3MEPEHHS TEM-
mepaTypbl NP HCIONB30BAHUM IIOJHUMAIONINXCA B aTMocdepe
PaaMO30HI0B M3-32 JOCTATOYHO HEOONBIION CKOPOCTH BEPTHKAIIh-
HOTO JBWDKEHHS CKOPOCTHas TONpaBKa He paccMaTpuBanack. [l
cOpachIBaeMBIX PAJHO30HIOB €€ Y4YEeT CTaHOBUTCS HEOOXOINMBIM.
MakcHManbHbIE ONGKH COOTBETCTBYIOT COPACHIBAHMIO PaHO30H/A
¢ HauOONBIINX BBICOT; TaK, IPU cOpachIBaHUH PaH030Ha C BEICOTHI
nopsigka 30 KM BeNMYMHE! MHEPUMOHHON M CKOPOCTHON NONIpPABOK
JOCTHTaIoT 3Hayenuii, pasubix 0.8 u 3.8 °C, coorBercrBenno. Bemu-
UMHA PAJUAIHOHHOM TIONPABKH 3aBUCHT MOTOJHUTETHHO H OT BEICO-
61 CoNHIIA.

Ilpn npeiide adpocrata B crpaTtocdepe MOKeT HaAOMIOAATHCA
CHNBHEIN Ieperpes KOHTEHHepa, Ie HAXONATCA COpAcHIBaeMBIe
pazuo3oH/apl. BrusHuie 3T0ro (axropa NPHBOAUT K TOMY, YTO TOIb-
KO 10 Mepe CHIDKEHHS PaJHO30HAA TEPBUYHEIN HM3MEpHTETbHBIH
npeobpa3oBaTens NPHXOOHT B TEIJIOBOE PAaBHOBECHE CO CPEIOH,
KOTOpO€ HACTYNAaeT 3HAYUTENHHO HIKE YpOBHS cOpachiBaHHA pa-
JIuo30HAa. MiHage TOBOPs, IPU BEPTUKAILHOM 30HIUPOBAHHHU MOXXET
BO3HMKATh HEKas WHEPLUUOHHAs 30HA, rae BemuuumHa AT =T - T,
MMEET JTOCTATOYHO OONBIIOE 3HAYEHHE. B CBS3HM C 3THM HeoOX0au-
MOH omepanuell 1pu o0paboTke pe3ylbTaTOB H3MEPEHUS TeMIepa-
TYypHl TIPU BEPTHKATHFHOM 30HAMPOBAHUM C IIOMOIIBI0 cOpachiBae-
MBIX PaJHO30HIOB SABISETCA ONpEJENICHHE BpeMEHH Hadaja
orcuera Af:

T-T,

At=}\,ﬁ,
T'-T;

(6.41)

rae A — xoabduuuent nHepuun gaTduka Temneparypsi; T — T, —
Ha4aJbHAs Pa3HOCTh TEMIEPATYp «HaTIuK — atMochepar; T — T, —
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Pa3HOCTh TEMIIEpaTyp «AaTYMK—aTMochepa» IpH yCTAHOBHUBIIEMCS
TEIUIOBOM PaBHOBECHHM JATUYHUKa CO CPEIOH. -

B 3aBucHMOCTH OT HayalbHOTO IIEPETrpeBa M 3aJaBacMOH BeNH-
uMHH pasHOCTH AT TIpU TEIUIOBOM DaBHOBECHH CO CPEIOH BEpTH-
KalbHas NPOTSLKEHHOCTh HHEPIHMOHHON 30HEI M3MEHSAETCS B IIpelie-
nax 7-10 kM.

6.5.3. 3Mepenue 1aBJaeHHs NP a3POCTATHOM
30HANPOBAHNH

IIpu BEIMONHEHWH TOpPU3OHTANBHOTO npeiida AI'3  nameHue
BO34yXa MOXET.OHNPEACIIATECA KaK HENIOCPEACTBEHHO C UCIIOIB30Ba~
HHeM MEeMOpaHHBIX JaTYUKOB JAaBJICHNS, TAK H HAa OCHOBE UCIIONB30-
BaHWS H3MEpeHHH Apyrux ¢usmueckux BenuwduH. Tak, HampuMmep,
NIOKa3aHUs JAaTYNKOB, U3MEPSIONIMX HAaTsOKEHUE 000JI0YKH, IIOMUMO
CBOETO IIPSIMOro Ha3HAYEHMs, MOIYT OBITH HCIIOJNb30BaHbl IS OIIpe-
JIeJIeHHs INIOTHOCTH 0 W AaBJICHUS p BO3AyXa o GopMyIaM:

0= MAZ (6.42)
Vota—V,
lO
= PRT, . (643)

3mech M — mdcca aapocTaTa C y4eToM HpI/ICOeIIHHeHHOﬁ MACCHI;
Vo — HavaneHBIH 0OBEM ‘adpocTaTa; Ol — YHCIOBOH Koa(b(bnunenr
(mnst cepnt & = 3); Al /1y — omocm‘eanoe yBeJIquHHe HATSOKCHHS
060109KH, I/I3Mep$IeMOC COOTBCTCTByIOIlII/IM I[aT‘II/IKOM R- razopas
IIOCTOSIHHAS AJIs CYXOr0 BO3yXa;

OCHOBHBIM HCTOYHHKOM HH(popMaunH TpH BepTHKaJILHOM 30H-
TUPOBAHUYU SIBIAIOTCA IOKa3aHHs COpacHIBAEMEIX DPaAHO30HIOB,
OJ(HAKO MX TOYHOCTb CYIIECTBEHHO 3aBHCHT OT KOPPEKTHOCTH OIpe-
JENIEHHs BEICOT H300apHYECKIX IOBEPXHOCTEH.

BricoTy m300apuuecKuxX MOBEPXHOCTEH MOXKHO BBIYHCIIATD nBy-
M5 OCHOBHBIMH METOJIaMH.
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A..Om nosepxnocmu 3emau no bapomempuueckoli gopmyne. B
9TOM Ciiydae BricOTa uzoGapuueckolt nosepxnoctr H , ompenens-

€TCA U3 BBIpa)I(eHHﬂ
_ P P, '
H, =H, +AH}' +..+AH}' - (6.44)

rie Hp — BBICOTA TOBEPXHOCTH 3eMIM HAJ YPOBHEM MODS;
P . 17 P;
AHp' —Tommusa cnos OT YpOBHA po A0 YpoBHS pi; AH ' —ron-

IIMHA CJI0A OT YPOBHA p;.; KO YPOBHA p; .

OmmOKa . BEIYUCIEHUS BBICOTHL HM300apUUeCKOd NOBEPXHOCTH
pacTeT mO Mepe YMEHBIEHWs JABIICHHS, a OIHOKa onpeneneHus
BBICOTHI IIOBEPXHOCTH 3eMJIH HaJ YPOBHEM MOpS 3aBUCHT OT TOYHO-
CTH U3MEPEHMS JABJICHHS p H TeMIepaTypsl Bo3ayxa T H TOYHOCTH
NPUBA3KK paiioHA MPU3EMIICHHS PaIHO30H/1a K MECTHOCTH.

B. Om yposus nonema aspocmama, 8vicoma KOmopo20 QOnx#CHA
usmepamvca Hesagucumo. BBICOTa H300apHYecKOd OBEPXHOCTH
ONPENENACTCA M3 BEIPAKEHUS

H, =H, —AH{"—..—AH", (6.45)

i

rne HPM— BBICOTa H300apHU4eCKO IIOBEPXHOCTH Apetida.

Bo BTopoM Merone ommbKa ompeneneHHs BBICOTH M300apuye-
CKOH IIOBEPXHOCTH 3aBHCHT OT TOYHOCTH OIPENENCHHSI BHICOTHI
Ipefida ¥ pacTeT ¢ yMEHbIICHUEM JABICHHU.

CpaBHHTENbHEIA aHANHM3 BO3MOXKHOCTEHM HCIOJB30BAHUA yKa-
3aHHBIX METOJOB ITOKa3bIBAaeT, YTO Oolee MpeNrnouTHTENbHEIM IBIA-
€TCs IEPBBIH METOJ, IIOCKOJBKY MO3BOJIIET NOCTUYb OOJbIIeH TOY-
HOCTH.

6.5.4. IsMepeHne pagualiOHHBIX IIOTOKOB HPH a3POCTATHOM
30HIHPOBAHMH

I/ISMCPCHI/IC paiAauHOHHBIX TIOTOKOB € a’pOCTaTOB HMCECT CBOH

ocoberrnocTd. Hanbomnee BaxkxHBIM GaKTOPOM, OCIIONKHSIIONMM 06pa-
O0TKY BBINONHEHHBIX HM3MEPEHHUH ABNAETCS OTKIOHEHHE IOIBECKH
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a’3pocTara OT BEPTHKAIM, B pe3yJbTaTe Yero HapymaeTcs TOpHU30H-

TaJIPHOCTh NPUEMHBIX IOBEPXHOCTEH JaTUMKOB paguanun. Brusuue
HETOPU3OHTANBbHOCTH NPHEMHBIX IMOBEPXHOCTEH Hambolee CymecT-
BEHHO CKa3BIBAaCTCA HA W3MEPEHHUH cmeapHon pamuaniy u pazma—
LMOHHOTO OanaHca.

Jpyras 0coGEHHOCTh H3MEpeHUT pazmaunonnmx IIOTOKOB o6y-
CIIOBIICHA HEOOXOIMMOCTBIO IPHBECHUS Pe3yIbTATOB H3MEPEHUH K
3alaHHOMY MOMEHTY BpEMEHH.

Ilpu vHTEpnpeTauWy a’pOCTATHBIX HM3MEPEHHH HEOOXOIHMO
HUMETH B BUIY, 4TO B IOJIE 3pEHUA JATUMKA [OIaaeT HHTEerPaIbHEIH
MOTOK C HEKOTOPHIX IUIOMIA[iel, pafghyChl KOTOPBIX CYIIECTBEHHO

-pacTyT ¢ yBEIHYCHHMEM BBICOTHI Apefida M yria 3peHHs INpUMeHse-
MOro gaT4dHKa.

B cBoro ouepens, mmomans 0030pa MOXKET XapaKTepH30BaThHCS
Pa3NMYHON TeMIIepaTypoi M3Iy4eHHs WK OTPaXaTelbHOH Crocos-
HOCTBIO. BcnenchHe 9TOT0 paguaIMOHHBIM ITOTOK, (hHMKCHPYeMBIH
Ha aspocTaTe (Q ), pencTaBisieT cob0i HEKOTOPYIO CYMMY BIIEMeH-
TApPHBIX IIOTOKOB:

0'=Y0, (6.46)
i=1

TIe 71 ~ YHCII0 YYACTKOB IUIOMAMBI0 S = T ¢ pa3nu4YHOM Temrepa-
TYpPOH WM OTPAXKaTENBLHOH CIOCOOHOCTERIO.

Ecmm cuutath, 4TO SIPKOCTE HMOACTHIAIOMICH MOBEPXHOCTH MO-
CTOSHHA W BHEHIHAA Cpefa OINTHYECKH IIYCTa, TO SHEPreTHYECKas
OCBEIIEHHOCTH OT KpyTa, paliycoM r, OyIeT paBHa

F =TS, sin

l\.)|$2

rae I — sHepreTudeckas ApKOCTh; Sy — IUIOMANb 0030pa JaTYHKa Ha
BEICOTE H; Ol — yTOJI 3peHHUS IAaTYHKA.

MakcuManbHBIH BKIax B OOIIMH TOTOK BOCXOXSIIEH pagpaliu
BHOCAT IUIOIIAAM OTHOCHTENbHO OONBLIMX pa3sMepoB (IECATKH
KHJIOMETPOB), KOTOpBIE OIHAKO BCErga MeHBIIE BCed IUTOINa[H,
COOTBETCTBYIOLIEH JAIBHOCTH BUAMMOIO TOPU30HTA C BEICOTHI H.
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Konebanus moiBeCKH adpocTaTa OTHOCHTENHHO MECTHON BEPTH-
KalH MPUBOMSAT K TOMY, YTO B HpeAeNax Kpyra paiuycoM r ¥ B
npenenax Bcel momann o630pa M3MepeHHOe 3HaueHHe BOCXOIS-
el pagpanuy MOXET CYIIECTBEHHO OTIHYAThCA OT (PaKTHYECKOro.
ITosToMy 3HaueHHWE BOCXOMAINETO IOTOKA CIEAYeT ONpPEHCIiITh U3
cepun HaOmogeHUH KaK MaTeMaTHYeCKoe OXKUAaHNUE. ‘
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['JIABA 7

30HAUPOBAHME ATMOC®EPHI C IIOMOIIBIO
METEOPOJJIOI'HYECKHUX PAKET

7.1. MeTeoponornieckne pakeTsl
H MX MCI0JIb30BaNHe NPH 30HIMPOBAHMH aTMOCHEphI

MeTeopoNOTHIECKO) PaKeTol HashlBaeTCs pakeTa C YCTaHOB-
JICHHBIMH Ha HEH W3MEpUTENbHBIMH HpHOOpamH, npe(HasHAtCHHAT
IS HCCIIEIOBAHMUS BEPXHUX CIIOEB aTMOC(EPEL.

Bepxuue ciou aTMOchephl 9acTo MOAPA3AEIIOT Ha Cpednion u
sepxnioro atMocepy. IlepBas BkmogaeT B cebst cTpaTo- U Mesoche-
pY, a Bropasg — TepMochepy H 3k3ochepy. Hanbosee HHTEHCHBHO
BEIYTCA HCCIIEOBaHUA cpefHel aTMocdepsl, T. €. cios oT 15+20 no
80+100 kM, BHYyTpH KOTOPOr0 PaCHOIOXeHb OOJbIIas 9aCTh 030HO-
ceprl ¥ HIKHHK crnoit moHocdeps! 3emiu. OCHOBHOE BHMMAaHHE
OpH 3TOM YHAeNSeTcs HCCIENOBaHMAM 3aKOHOMepHocTel TepMude-
CKOTO W AWHAMHYECKOTO PEXHMOB CTPaTo- i Me3oc(epsl, CocTaBa u
IUIOTHOCTH BO3[yXa B 3TOM CJO€ H T. [I.

Jlist oCyIIecTBIIEHHS 30HIMPOBAHKSA C TIOMOIIBI0 METEOPOJIOTH-
YECKHMX PAKET HCIOJB3YKOTCS CHCTEMBl PAKETHOTO 3O0HIMPOBAHMA.
CrcTeMa PakeTHOTO 30HAMPOBAHMS aTMOC(EpH! COCTOMT M3 COGCT-
BEHHO METEOPOIOTMYECKOH pakeThl M Ha3eMHOIO PAaKETHOrO KOM-
ILIEKCA, T10J] KOTOPHIM NOHUMAETCsl COBOKYIIHOCTD HA3EMHBIX PajHo-
TEXHUYECKUX CPENCTB, NPEAHA3HAYEHHBIX KaK IS MOJNyYeHHs
uHpOpMAIHE 06 M3MEpPAEMBIX METEOPONOTHUECKMX BETHUMHAX C
TOMOIIBI0 NEPBHYHBIX HM3MEPHUTENBHBIX IpeobpasoBaresneii, ycra-
HOBJICHHBIX Ha METEOPOJIOTHIECKOH paKere, Tak M UL M3MEPEHHs
KOOPAMHAT pakeThl B MOMEHT H3MEPEHHUH.

ITo Tuny WCHONB3yeMBIX ABHTATEIBHBIX YCTAHOBOK METEOPOJIO-
THYECKHE PAKeTHl JENATCS Ha OJHOCTYNEHYAaTHe M ABYXCTyNEeHYa-
Thle, OOBIYHO WCTIONB3YIOLIMMH B KauecTBE T'OPIOYEr0 TBEPIOE
TomwmBo. I1o cnocoby ynpaBiieHHs METEOPOJIOTHIECKHE PAKETHI, KaK
HPaBUIIO, ABJIAIOTCA HEYNIPABIIEMBIMH.

K cucremaM pakeTHOrO 30HAMPOBAHMS aTMoccbepLI TNPEXBABIIS-
JOTCsI BEChMa CIIOXKHBIC TpeGOBaHUS.
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1. KoHcTpyKIms pakeThl JOKHA 00eCeyrBaTh JOCTaBKy H3Me-
PHTEIBHAEIX PHOOPOB Ha 3a1aHHYIO BEICOTY. IIpH 3TOM meperpysku,
KOTOpbIE€ BO3HHKAIOT B IIPOIECCe MBHKEHUS . PAKETHI (OT €AUHHUI 1O
COTEH g), HE NOJDKHBI BEI3BAaTh MOBPEXKICHHE M3MEPHUTEIbHBIX IPH-
6opos.

2. B cuny nogseMa pakeThl 10 GONBINNX BRICOT METEOPONIOTHYe-
CKHE BEIMYHHBI M3MEHSAIOTCA B JAOCTATOYHO IIMPOKOM HHTEPBAJIE,
YTO IPUBOAUT K HEOOXOIMMOCTH HCIOJL30BAHHS PA3IMYHBIX MEp-
BUYHBIX M3MEPHUTEIBHEIX IpeoOpaszoBaTeneii, IPOBOAAIINX H3Mepe-
HUS B TOM I HHOM JMAIa30HE H3MEHEHHs METEOPOIOTHYECKON
BEIMYMHBL. BechkMa CyIECTBEHHBIM ABIAETCA U Y4eT 0COOEHHOCTEMH
B3aMMOJIEUCTBHSI M3MEPHTENBHBIX NIPe0Opa3oBaTeleli Co CPEOH.

3. Ha MeTeopoIorueckoii pakeTe BCsS H3MEPHUTENbHASL U Apyras
anmaparypa JOIDKHBI PACIONAraThCs B TAaKOM MECTE, L€ BO3MOXK-
HBLi TeMIIepaTypHBIA [Ieperpes ABILETCA HauMeHbIuM. Jleno B ToM,
9TO B IPOLIECCE NOJIETA Ha MOBEPXHOCTH PAKETHI PAa3BHBAETCS TaKas
BBICOKas TEMIIEpaTypa, 9ro M3MEPHTEIbHEIC npubopsr Aaxe IpH
HCIIONB30BAaHAN HEOOX0IUMON TEILIOBO# M30MIALUH MOTYT IIOIYIUT
nospexxaeHusa. IIocKonbKy Ipu IIONETE pPAKeTHl B Pa3pexeHHOMN
arMoc(epe MOXKET BBIACIATHCS aAcOpPOHMpPOBAaHHBIM BO3IYX, B pe-
3yJbTATE 4€TO BOKPYT pakeTsl 00pasyercs cobcTBeHHas aTMocdepa,
METEOPOIOTHIECKUE IIPUOOPE] JOMKHBI BHIHOCHUTHCS B HEPEIHION
9acTb paKeTsl (Ha ee IITHIb), [I€ BIMIHHE Ta30BbIIEICHHS HE SBIIA-
€TCsI CTOJb CYIIECTBEHHBIM. '

4. Tlpu IBUOKEHMH PAaKETHl Ha AKTHBHOM YYacTKE TPAeKTOPUM
OHa JOIKHA OBITH ONpENEeNeHHBIM O00pa3oM CTaOWMIM3MpOBaHA B
npocrpancTse. Ha maccuBHOM y49acTKe TpaeKTOpuH (TOJIET PaKeTHl ¢
HepaOOTaloMUM JBHTATENEM M CIyCK NpuOOPHOro KOHTEHHepa),
KOT/Ia IPOU3BOLATCS METEOPOIOTHYECKAE H3MEPEHHS, JOJIKEH OBITH
CTabUNU3UpOBaH NPHOOPHEIH KOHTEHHED.

5. Jlna nepenaun pe3yiasTaTOB H3MEPEHHI HA HA3EMHEIN pajio-
TENIEMETPUMECKHI KOMILIEKC B COCTaB GOPTOBOM aImapaTypsl Me-
TEOPOJIOTHIECKOH PAaKeThl JOIDKHA BXOAHMTH CICLHAIBHAS PafoTe-
JTeMeTpHdeckas — CHCTeMa,  o0ecleuHMBaomas — IONHOTY M
HEHCK@XEHHYIO [epefady BCeH H3MEpHUTENbHOM uHbOpMAaIHH.
Annaparypa Ha3eMHOTO PaHOTEIEMETPHIECKOT0 KOMIUIEKCa JIOTK-
Ha o0ecrieurBarh TIpUEM IO pazuoKaHay peSynBTaTOB HU3MEpPEHUH,
IlepelaBaeMbIX C METEOPOJIOTUYECKOH PaKeThl, a TakXKe H3MEpeHUe
KOOpAUHAT PUOOPHOTO KOHTEHHEPa B MOMEHTEI TIPOBEAEHHUS H3Me-
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peruii. [Ipu sTOM NOTyYeHHE H3MEPHUTENLHOM HHGOpMamuK U ofpe-
JieJieHde KOOpAMHAT MpuOOpHOTro KOHTEHHepa B MOMEHTHI H3Mepe-
HUH JOJDKHEI OBITH CTPOTO CHHXPOHU3UPOBAHEI 10 BPEMEHH.

fise  HR0SILIM

ot s |
304 A
ung;axm;v //‘

p , A
,/// ﬂ-mz'.f:u $Z§ ' mmm
//;/ m r fé:lg\
8 1// /f‘ﬁ”' V*é -

Puc.7.1. Cxema 3anycxa u O6udiCceHUs Memeoponozudeckoli 0gyxcmynenyamot
pakemsl ¢ OmOenAIOWelica 20108HOH YACMbIO U NPUGOPHBIM KOHMEUHEPOM

BaxHBIM yCHOBHEM yCHEIIHON peann3aliH PaKeTHOTO 30HIHPO-
BaHHS aTMOC(EPH! SABISETCA PeaTH3aIysd CHCTEMBI CHACEHHS, 00ec-
MEYNBAIOIICH . COXPAHHOCTh KOHTeHHepa € anmapaTypoi paKeTHl.
CucremMa cHaceHHs MOXET HCHOJB30BATH ONUH WM HECKOIBKO
HapaIlioTOB W CIENHaNbHEIX YCTPOMCTB, 00eCIieYnBaIOIIX HE0OX0-
IHMOE raleHye CKOPOCTH P NaJeHNH NpHOOPHOro KOHTeHHepa, a
Takxke AeMnupoBaHUe yaapa B MOMEHT npu3eMienns (puc. 7.1).

Tonpko HONHEIA y4eT Bcex CHOPMYIMPOBAHHBIX TpebOBaHUI
1o3BoJseT 3((PEeKTUBHO BHINOMHATH 30HIOMPOBaHHWE aTMochephl ¢
TIOMOTIBE0 METEOPOJIOTMYECKHX PaKeT. ‘
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7.2. JIBHOKEHHE MeTeOpOJIOIrHYeCKHX paKeT

PaccMoTpuM 0COOCHHOCTH IBWXXEHUS PAKET, UCXOIS W3 IIPHH-
IUIOB PpakeTHOrO JHBYDKCHMS, BIEPBEE CHOPMYyIHPOBAHHEIM
K.92. ITnonkoBckuM.

IIycTe B MOMEHT BpeMEHH fy UMeeTCs Macca m, ABMKYHasIca co
ckopocteio v. Torma, ecnmi B MOMEHT BpEMEHH ! NpPOH30HAET
YMEHBIICHHE MAcCHl HA BEMMYMHY A m, CKOPOCTh ABMIKEHHS KOTO-
PO W, TO OCTaBINasACsA Macca IOMYYHT NpHpaIICHHE CKOPOCTH Av,
paBHOE IO BEIWYMHE M MMeEIoIee npomBononoxmoe HaIIpaBJICHHE
CKOpPOCTH JIBHKEHWS Macchl A m. -

C ¢usnueckod TOYKH 3peHUs TOZOOHBIH MOXXOA COOTBETCTBYET
JIBIDKEHHUIO Tel ¢ IepeMeHHOH Maccoi. Ilpw 3ToM cuMraercs, 4TO
HM3MCHEHHE KOJMYECTBA JABMXEHHS TaKOH CHCTEMBI OIpeNeiseTcs
UMILYJIBCOM AEHCTBYIOMUX HA CHCTEMY CHIL, T. €.

=Y Fdr. (7.1)

IMonaras Iy MPOCTOTHL, YTO paccMaTpHUBaeMasl CHCTEMa SIBIISET-
Cs 3aMKHYTOH; T.€. Ha CHCTEMY HE IEHCTBYIOT BHENIHME CHIIBI,
MOYHO ypaBHeHHe (7. 1) nepenncaTL B BUIE

" d(m v) O
Brimonuaus onepanuio quddhepeHIUpOBaHus, TIOTyIaeM -
mdv +vdm=0. (7.2)

YunteiBas, 4TO H3MEHEHHE MAacchl OTpHOaTeibHOoe (Macca yObI-
BaeT) M v = —w, BeIpaxkeHre (7.2) MOXHO II€pelncaTh B BUIE

mdv .+ wd m= 0,
OTKYJIa -

e (1.3)
Sl

Cunras, 9T0O B MOMEHT BPEMEHHU f) PACCMATPHBAEMAs cncreMa
nMena MacCy myo M HaXOAWIach B COCTOSHMH mokos (v = 0), a B
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MOMEHT BPEMEHH f, CHCTEMa HMeJia Maccy KOpILyca M, MBHXKYIIYIO-
Csl CO CKOPOCTBIO v, IPOUHTErpUpyeM ypaBHeHue (7.3) B COOTBETCT-
BYIOILIHX Mpenerax

Idv = —j win. (7.4)

BEITIONHSST COOTBET CTBYIOILICC MHTCIPUPOBAHHUC, ITIOIYyTIacM

y=whih, (1.5)
m

K

HOCKOJIBKY B I[BH)KymeﬁCﬂ paKeTe U3MEHEHNE MaCChl IPOUCXO0-
JHUT 3a CUCT CrOopaHus paKCTHOrO TOINIMBA, MOXHO CHHTATh, 9TO

my = my + m,,

TJIe M, — Macca TOILIMBA B PaKeTe.
Torpa ypasaenue (7.5) npuobperaet BUJ

y=wln| 1+ , (7.6)
m

K

IIe W — CKOPOCTh Ia30BOH CTpyH, oOpasyromedcs B pe3yibTare
CrOpaHusl PaKeTHOrO TOILIHBA.

i1 peanbHEIX YCIOBHUiA, KOr/ia Ha JIBHKEHHE PAKeThl OKa3bIBAIOT
BIMAHME CHJIB 3€MHOrO TATOTEHHSA M CONPOTHBIEHHS BO3IYXa,
ypaBHeHHe (7.6) MOXXHO Iepenucarh B BUJIS ’

m’l‘

v=wln 1+—= |—gt—-Av,, (17

K

I7e g — yCKopeHne cBOOORHOTO mageHus; Av, —H3MeHeHHe CKOpo-
CTHU JBW)XEHHS PaKeTHI 32 CUET CONPOTUBIICHUA BO3yXa.
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‘. Vpasuernue (7.7) DmONy4dHWsI0 Ha3BaHHE YPaBHEHHS pPaKETHOTO
neukenus. OHO Wrpaer BeCbMa BRXKHYIO OB UL TIOCTPOESHUS
PaKeTHBIX CHCTEM, [IOCKOJIBKY MO3BOJACT 3apaHee OHEHUTh CKOPOCTh
JIBIDKEHHS peanbHOM paKeThl B 3aBMCHMOCTH OT BHJIA HCIIONB3YEMO-
ro TOIUIMBAa M €€ KOHCTPYKTHBHEIX ocobeHHocTed. B dacTHOCTH,
OTHOIIEHHE m, / m, MIMeeT 0¢000€ 3HAaUCHHE, IOCKOJIBKY MO3BONISAET
Ha OCHOBE aHAJIN3a COOTHOIIEHWS MacChl PaKETHOrO TOIUIMBA M
COOCTBEHHOH MAacCHl PakeThl BBECTH METOJABI MHOTOCTYIIEHYATOTO
IIOCTPOCHHUS PAKET.

YuntriBas 3acmyra K.O. 1{nonkoBckoro B pa3pa60TKe TEOpETH-
YECKMX OCHOB PAaKETHOTO IBIDKEHHS, NPHHATO OTHOIUCHHE M, / My
‘HaseiBaTh dnciaoM Iluonkosckoro (I]), a camo ypaeuenue (7.7) —
ypaBHeHHEeM L[HONKOBCKOTO.

B xauectBe npumMepa Ha puc. 7.1 mpencraBieHO M300pakeHHE
OCHOBHEIX ATAIIOB IBIDKEHUA ABYXCTYTIEHYATON METEOPOIIOTHYECKOM
PakeTHl ¢ OTACIAIOLICHCS TOJIOBHONU 9aCThIo ¢ MPHOOPHBIM KOHTEH-
HepoM. OTUeTnHBO BHIHO, KaK 33 CHET OTJEEHUSA OTPabOTaBIIKIX
CTYIIEHEeH paKeTsl, peanu3yercs MaKCHMallbHas BHICOTA 30HIHPOBA-
HUSL.

7.3. A3MepeHne TemnepaTypsl BO3ayxa
IIPH PAKETHOM 30HAMPOBAHNH aTMOCdepbI

7.3.1. OcoGeHHOCTH H3MepEeHHs TeMOepaTyphl IPH PAaKETHOM
30HIHPOBAHMN

VI3MepeHne TeMIepaTyphl BO3/lyXa LpH peau3aiy PaKeTHBIX
M3MEPHTEIBHEIX KOMIUIEKCOB 3HAYMTENBHO OTINIACTCS OT PEleHNs
NofoGHOH 3a7a4H B paMKax TPAIHIHOHHBIX CHCTEM 30HAMPOBAHHSL.

JIeHCTBATENBHO, TIpH YBEIMYCHH! CKOPOCTH JBHKCHNS JATUHKa,
KaK yXe OTMEYaloCh paHee, TeIUIOOT[ada TepMOMeTpa YBEIHYHBa-
€TCsl, YTO BJEUeT 3a COOOH yMEHbIICHNEe HHEPUHOHHEIX M paIHaliy-
OHHBIX norpemHocTeil. OQHAKO ¢ YBEIMICHUEM CKOPOCTH HauHHaeT
BCTYNATh B CWIy H APYToH, HE aHAIM3UpPYEeMBIH paHee (akTop —
HarpeBaHue TEPMOMETpa 3a CUET TPEHHSA BO3AyXa O TEPMOMETp M
BBIJICTICHHS TEIUIA B BO3AYXE, COKUMAIOMEMCS IO ACHCTBHEM JHHA-
MUYECKOTO JABJIEHUS OKOJIO NPENSTCTBHs, KAKHM SABJIAETCS TEPMO-

MeTp.
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MaxkcuManbHBIH HarpeB TEPMOMETPA COOTBETCTBYET TOMY CIIy-
4a10, KOTHa BCS SHEPTHS JIBWKEHHS BO3IyXa OTHOCHTEJBHO TEPMO-
METpa mpeBpaliaeTcs B TEIUIOTY. TeMnepaTypy, KOTOPYIO NIpHHHAMAa-
€T TPH 3TOM TEPMOMETP, HA3BIBAIOT TEMIIEPATypOH TOPMOMKEHH.
OHa MOeT ObITh OIpe/ielIeHa CIEeAYIOMHM 00pa3oM.

Kunernueckas SHeprus, OTHECCHHAs K SIHHHLIE MacCH Bosnyxa
paBHa v*/2. Ecin 9Ta sHeprus 6yneT mpeBpaiueHa B TEIUIOTY, KOTO-
past LETIMKOM IOieT Ha HarpeBaHWE €IWHHIEI MAacChl BO3MyXa, TO
9TO BHI3OBET €ro HarpeB Ha BenuuuHy AT,, KOTOpas MOXeT OBITh
Hali/ileHa U3 PaBeHCTBa

32—=cPAT;=éP(7;—T), A

HiIn

—=c¢@-T). a9

rae ¢, — TENI0eMKOCTh BO3IyXa THp¥ MOCTOSHHOM JaBieHuM; T —
TeMIepaTypa TOpMOKEHHs; T — TeMIepaTypa BO3IyXxa.
Otcrona

AT =—. (7.10)

HpaKTI/I‘IeCKI/I B PE3YJIBTATE TOIO, YTO. KHHETHYECKas SHeprI/Iﬂ HE
MOMHOCTBIO TIEPEXOAUT B TEIUIOBYIO, TEMIIEpaTypa TEPMOMETpa
OKa3pIBACTCSA MEHBILC TEMIICPATYPhl TOPMOXKECHU. Pazmiune MEXy
HHMH, 3aBHCAIICC OT KOHCTPYKLIHH TEPMOMETpa U XapakTepa IOBH-
XKCHHA BO3OyXa IIpH oOTexaHun ‘TCpMOMETpa, HpI’IHﬂTO YYHTBIBATD C
IIOMOMIBIO KOS(bq)I/IHI/IeHTa BOCCTAaHOBIIEHUS TepMOMCTpa rg, ITIOKA3BI-
BAIOIIETO, KaKas YacTh KHHETHIECKOH OHCPrvH IOTOKa IIPpH TOPMO-
KEHHH OKOJIO TCpMOMCTpa BOCCTAaHABJIHMBAE€TCA B TECIIOBYIO JHED-
C YU4E€TOM KOS(I)(I)I/II.II/ICHTa BOCCTAHOBIICHHUSL CKOpOCTHOﬁ nepe-
TPEB TEPMOMETPA
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A v2
AT, =T-T=r,—, (7.11)
2cp

rae T — peanbHas TeMmmeparypa TepMOMETPa, 7, - KO3 huIpent
BOCCTAHOBIICHHS
Pasnemus (7.11) va (7.9), noxygaem

-T
B, =, 7.12
= Y

eﬂ )\]>

Crnenyer oTMETHTH, YTO KO3()(PUIIMEHT BOCCTAHOBIEHHS CYIIECT-
BEHHO 3aBHUCHT OT umucia PelHonbnca (Re). Ilpu atom B obmactu
JIAMHHapHOTO TeyeHus K03(QQUIneHT BOCCTAHOBIICHMS TIPAKTHISCKH
nocrossHeH. TypOymusanus Ismkenus npu OonbIINX yuciax Re
BBI3BIBACT yBeNW4eHHe Koddduimenta BoccranoBmenus. CymiecT-
BEHHO, YTO B IIOTOKE OOBIYHOH IIOTHOCTH Bceraa r, < 1. B cunsHO
pa3pexxeHHOM ra3e 3TO YCIOBUE HAPYIIASTCA.

Ilpu Gompmoit ckopocTd 0OTEKaHHS TEPMOMETpPa IMIOTOKOM (HUIH
IBYDKEHHS TEPMOMETPa B IIOTOKE) BMECTO vV OOBIYHO BBOMST YHCIIO
Maxa:

Ma=—, (7.13)

THC C,x — MECTHAA CKOPOCTH 3BYKa B BO3AYXE, KOTOpaA OJIA CyXOro
BO3AyXa MOXCT ObITH OIIpCACIICHAa KaK

cax =+ YRT .

3neck ¥ = ¢p/cy; R — rasoBas HOCTOSHHas.
Torga noxyaum

S -1
ATv=T—T=TYTMa2. (7.14)
CootBercTBeHHO opMmyte (7.9) MoxeT ObITh IPUAAH BUJ
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T =T 1+_YT'1M:¢12 @15)

H, CIIEJI0OBATENBLHO,

T=T 1+r33(-;—1_Ma2 : (7.16)

Ilpy peanu3anui M3MEPEHHs TEMIIEPATYPHl C MOMOLIBIO PAKET-
HBIX KOMILIEKCOB CIIE/yeT JOIONHUTEIBHO YIMTEIBATE, YTO C BBICO-
TOM pE3KO YMEHBINAETCS IUIOTHOCTH BO3AyXa H, COOTBETCTBEHHO,
BO3pacTaeT JUIMHA CBOOOJHOTO npoGera MOJEKYL. Orcroma ucmons-
30BaHHME KIACCHYECKHX 3aKOHOB Ta30BOH Z[I/IHaMI/IKI/I CILIOIIHOMH
CpPeIBl CBS32HO C PSIOM OTPaHMYCHHMH, a MpH HEKOTOPBIX ycnoBHAX
OHM BOOOIIE MOTYT OBITH MPUHIMIHAIBHO HeBLIHOJ'IHI/IMBIMI/I Pac-
CMOTPHM IPHYHHDI, BEISEIBAIOIHE STH OTPAHHICHH.

Ilpu pacuerax, CBSI3aHHBIX C JBW)KCHHEM TNl B rasax, CTeleHb
Pa3peXEHHOCTH T'a30B MPHHATO XapaKTEpH30BaTh Oe3pa3sMEpHBIM
guciioM Kuyzacena (Kn), paBHBIM OTHOIICHHIO JUTHHBEI CBOOOIHOTO
npo6era monekyn (I) k xapakrepHomy pasmepy (L). Ilox mocnensHum
B 32BHCHMOCTH OT TOTO, Kakas PeacTCs 3ajava, Ciie/yeT IOHUMATh
mm6o pasMep Tela, ABMXKYIIETOCs B rase, MO0, HalpUMep, TOMIHHY
CIIOSI CKauKa IUIOTHOCTH IEpe]l ABIDKYIIUMCS TeIoM (ecid, pasyme-
eTcs, MapaMeTphl JBIKECHUS TAKOBEL, YTO MOIPAHMYHEIA CIIOM HIH
CKaYOK TIOTHOCTH 06pa3y10Tcs1) I-Imcno KHyz[ceHa

2 (717)

(opManbHO MOXKHO BHIPasUTh depes 4ncia PeliHonbzaca n Maxa:
Ma
vRe

Ilpr o6TekaHu: Ten BO3AYXOM OOBIYHOHM (IPHU3EMHOMN) IIOTHO-
CTH BO3J(yX BeJieT ce0s Kak CIJIOIIHAs cpefa, TaK KaK [UIMHA IIyTH

Kn~ 719
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cBoOoaHOrO mpobera MoJeKyl IpeHeOPeKUMO Masla IO CPaBHEHUIO
¢ MOOBIME pa3MepaMH, KOTOPbIE MOI'YT PacCMaTpHUBAaTBhCA IPH pac-
yere 00TEeKaHus Tell BO3YIIHLIM [IOTOKOM.

Ecmu Teno (IaTYuK TeMIIepaTypsl) OKa3hIBAE€TCS B Pa3speKECHHBIX
cIogx aTrMmocepsl, Xxapakrep oOTeKaHHs m3MeHsdeTca. Tak, yxe Ha
BBICOTaxX 0k0NO 100 KM jmHA IyTH CBOGOAHOrO mpofera MONEeKyI,
U3 KOTOPBIX COCTOMT BO3AYX, CTAHOBHTCS COM3MEPHUMOH ¢ pasMepa-
MH JaT4UKa, a TAKXKe IPOCTPAHCTB, K KOTOPBIM OTHOCATCS pe3ynbTa-
THl COOTBETCTBYIOIIMX WM3MepeHHH. Moiekynbl Ha TaKMX BBICOTax
CTAJIKUBAIOTCA C NaTIMKOM HE PEXE, YeM IPYT C ApyroM. OTpaxasch
OT HaT4vKa, YaCTHLBl CTANKHBAIOTCA APYL C JAPYTOM B CPelHeM
JOCTaTOYHO PEAKO. DTO NMPUBOJAMT K TOMY, YTO IBIDKEHME Tel B
CHIBHO Pa3speskeHHOM BO3NYXe HE CONPOBOXIAETCA 0Opa3soBaHHEM
MOT'PaHUYHOIO CJIOS MM CKa4KOB YIUIOTHeHHMs. J[aTuuK OKaspiBaeTCA
KaK OBl «OJMH Ha OAMH» C OTIEIBHBIMH JacTHIAMH BO3OyXa (MoJe-
KyJaMH, aTOMaMH, HOHAMH, JIEKTPOHAMH).

Y CcTaHOBIEHO, 4TO 3aKOHBI KNACCHYECKOHM a3poJuMHAaMUKH, CIpa-
BEIUTMBBIE I Ta30BBIX IOTOKOB KaK Jisl CIIOLIHOM CPEJI, TONHO-
CTBIO IPUMEHMMBI THIIb UL Cilydaes, koraa Kn < 107 . Haub6onee
XapaKTepHOH UepTOH [BHKEHHA NP TAaKHX YCIOBHSIX SBIAETCS
[IOJHOE TOPMOJXKEHHE [IOTOKAa y IOBEPXHOCTH JATYHKA: K TIOBEPXHO-
CTH JaT4YMKa [PUMBIKACT IOTPaHMYHBIN CIOH rasa, B KOTOPOM CKO-
POCTP T'a3a OTHOCHTENHEHO JATYMKA MOHOTOHHO BO3DACTAET OT HYJA
IO 3HaYeHHs, XapaKkTepHOTo IJIA IPOCTpaHCTBa, TIe HCKaxamomice
BIMSHUE JATUYUKA HA IOTOK NPEHEOPERUMO MaJIo.

IIpn yeenwyennu 3Havennii uncna Kayncena saMerHast 9acTh ra-
30BBIX MOJIEKYJl HAUMHAET CKOJB3UThH BIOJb IIOBEPXHOCTH JaTYHKA.
3OTo, Tak Ha3bBIBaEMbIH, PEXHM IBIKCHHSI CO CKonbxenneM. OH
XapakTepu3yercs uncnamu Kayncena B quanasone ot 107 10 0.25.

IIpn Kn = 10 pexuM JABIKEHHS Ha3bIBAlOT CBOOOIHO-
MOJIEKYJIApHBIM. JIaTUHK ydacTByeT BO B3aHMOJEHCTBHH C MOJEKY-
JIAMH «Ha paBHBIX IpaBax» ¢ HuMmH. B nmanazone 0.25 < Kn <10
PEXUM IBIDKEHHMS SBIACTCS EPEXOIHBIM.

- TaxuM 0Opa3oM, U pacueTe TEII00OMeHa JATIUKOB CO CPENoOi
1py GONBIMINX CKOPOCTAX ABYDKEHUS U HA GONBIINX BBICOTaX CIEAyeT
YUHTHIBATh M H3MECHEHHE XapaKTepa B3aMMOJECWCTBHUA JaTUHKa CO
cpenoit.

204

i
|
|
I
1
i
|
|
|
|



7.3.2. I3MepeHne TeMnepaTypst IPH PAKeTHOM
30HANPOBAHNH aTMOChepsl

IIpu m3MepeHnn TemmepaTypsl BepxHEH aTMocdepsl MOryT Mc-
MOJIb30BAThCA JABa crocoba. B  0ogHOM H3MepeHHE TeMIepaTypbl
TOPOU3BOJMTCS C IIOMOIUBIO IEPBUYHOIO H3MEpHTeNs (HampHMep,
TEpMOMETpa CONPOTHUBIEHHS WIM TEPMOPE3UCTOpa), a B JAPyroM
TEMIIEPAaTypa MOXeT OIpPEeHeAThCA Ha OCHOBAHMM IOKa3aHHM Apy-
TMX TIepBUYHBIX H3MEPHTENBHBIX IpeoOpas3oBaTeneill KOCBEHHBIM
METOZIOM. -

Jaraux TeMieparypsl yCTaHaBnHBaeTc;I Ha HCKOTOpOM ynane-
HUH OT TOBEPXHOCTH IINIMJISA PAaKeThl M IpeACTaBlsieT coboi mibo
TEPMOPE3NCTOP B BHAE TOHKOH BONB(PAMOBON HHTH AHAMETPOM
ropsaka 40+50 MKkM, HATIHYTOH Ha H30JMPOBaHHBIE KOCBIHKH, THOO
TIOJIYIIPOBOAHUKOBEIH OYCHHKOBHIH TEpMOPE3UCTOP, BKIIOYEHHBIN B
HW3MEpUTEIbHBIH HepaBHOBECHBIH MOCT.

C nenpio ydyera BIMSHHUS HCKAXKAIOIUX (baKTOpOB HA pe3yJIbTaTH
u3MepeHuit pazpaboTaHa MeTOAMKA. BBEJCHHS COOTBETCTBYIOIIMX
nomnpasok. g Toro, 4ToOBl HONYYHTH HEOOXOAWUMEBIE aHaluTHYe-
CKHE BBIP2XCHHUs, IO3BONAIOIINE PaCCUNTATh TEMIIEPATypy BO3AYyXa,
HEoOXO0IuMO NpOaHAIN3UPOBATE . yPAaBHEHHE TEIUIOBOrO OanaHca
TEPMOMETPHUECKOTO TEa.

PaccmoTpuM ypaBHeHHe TemnoBoro 6anaHca HUTH TepMOMeTpa
(zns1 GYCHHKOBOIO TEPMOPE3UCTOPA PAaCCMOTPEHHE MPAaKTUYECKH
AHAJIOTHYHO)

dQ=dQ, + dQ, + dQs + dQs, | (7.19)

rae dQ — u3MeHeHue Tennoco,uepxcanm HATH npn M3MEHEHUU €€
TEMIICPATYPEI HA ONPEAEICHHOS 3HAYCHUS; dQ; — npmox Terma oT
BHYTPEHHETO MCTOYHHUKA; dQy — TEIINO, MONTYIEHHOE HUTHIO 33 CUET
BO3JCHCTBAA Ha e IOBEPXHOCTb IIOTOKOB KOPOTKOBOJHOBOH W
JUTHHHOBOHOBOH pajyalyy (C yIeTOM II0Teph Ha U3IyIeHHe); dQs—
IPHTOK TeIla 3a CUeT BSaI/IMO,D;CI/ICTBI/Iﬂ TEPMOMETPUIECKOrO TENa ¢
HaGeraromyM BO3LyHBIM [OTOKOM; dQs — COCTaBNIOmAs GaaHca,
YHHUTHIBAIOIIAS TIOTOK TeIUIa OT HUTH K IUIMIIO 4Epe3 KpOHIlITeI/IHLI
(KOCEIHKR).
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H3MeHeRNE TEMIOCOACPKAHUS HUTH NIPU U3MECHEHUH €€ TeMIie-
parypsl Ha dT rpanycoB 3a BpeMs df OymeT OmpenemnsTbCs COOTHO-
IICHHEM

dQ = puc,VedTs, (7.20)

rae Py — INIOTHOCTH MaTepralia HUTH; ¢, — TeIUIOEMKOCTh MaTepHaa
HuTH; V, — 00BeM HUTH.

IpuTOK Temia OT BHYTPEHHETO UCTOYHMKA 33 CYET NPOTEKAHMS
HU3MEPUTENHLHOTO TOKA TI0 TePMOPE3UCTOpyY Oyaer paBes

dQ, = i’R,dt,

TAe | — NPOTEKAIMHUHA HU3MEPHUTENLHBIN TOK; R, — CONPOTHBICHHE
HUTH. ‘ '

CocraBitomnas TeIIoBoro Gamamca d(,, YYHTHIBAIOMAS TEILIO,
MONy4YeHHOE HHUTHIO 3@ CUET BO3MEHCTBHS HA ee MMOBEPXHOCTh IIOTO-
KOB KOPOTKOBONIHOBOM M JAJIMHHOBONHOBOHM pamuaimm (c yuerom
MOTEPh Ha HsnyquHe) 6YIICT OIMCHIBATHCSA COOTHOIIEHHUEM

dQ, = Fig151dt + F1A1€15:dt + Fa&y83dt + FoeA084dt +
+ [630T, ss + £:0(T* =T, *)seldt,

rae Fi 1 F; — NIOTHOCTH KOPOTKOBOJIHOBOIO ¥ JIMHHOBOJIHOBOTO
JIyYUCTBIX TOTOKOB; £ H € — K03 HUIMEHTH NOTIOMIEHHS HHUTHIO
KOPOTKOBOJIHOBOM M JJIMHHOBOJIHOBOW pamuanuu; A; U Ay — x03(-
(UUMEHTE! OTpakeHUS TOJOBHOM YacThIO MIMIHIA KOPOTKOBOJIHOBOI
Y ATTHHHOBONHOBOH pafiMaliy; s;... S¢ — 2Q(PeKTHBHEIE MOBEPXHOCTH
HHTH JUIsL COOTBETCTBYIOLIMX [IOTOKOB; Ty, — PETHCTpUpYEMas TemIle-
parypa HHTH; 1, — TeMIIepaTypa FOJOBHON JacTH MINIIA; O — IIOCTO-
SHHASA H3Ty9eHHA. - '

Hpurox Teruia 3a CyeT B3aUMOAEHCTBHS TCPMOMETPHIECKOLO Te-
J1a ¢ ra30BBIM IOTOKOM GYIET HMETH BI/IIL

dQs = o(T, — T,)sdt, @321
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rae o — k03 GHuIHeHT TemIoo0MeHa HUTH ¢ HaberaomuM BO3AyI-
HBIM HOTOKOM; T, — CpeIHssI TeMIepaTypa BO31yXa, 3aTOPMOKEHHO-
ro B HNOTPaHHYHOM CJIO€ HHTH; § — IIOBEPXHOCTL HHUTH, B3aHMoxei-
CTBYIOIIAs C BO3AYIIHEIM IIOTOKOM.

Ecnu cumrath, 4T0 cpeHsas TeMueparypa T, paBHa TeMIleparype

A

Bo3ayxa I, 3aTOPMOXXEHHOTO B IIOTPaHHYHOM CJIO€ HUTH, TO IO-
CKOJIBKY

2c; 2YR™

COOTBeTCTBYIONee Boipaxenue (7.11) MOXHO niepenucaTs Clexyro-
muM o6pasom:

T=T+r 121, (7.22)
* 2YR
I7ie Y — OTHOWICHHE TeMIOEMKOCTE] Tasa IPH MOCTOSHHOM JaB/ICHHH
51 HOCTO}IHHOM 06’BCMC R - yHI/IBCpcaJ'ILHaX raszoBas HOCTO;IHHafI
V — CKOPOCTb IBIDKEHHUS NAaTINKA B CPElIe.
C yueToM (7. 22) BBIpa)KCHPIe nns dQs MOXKHO TIEpENuCaTh B BHzE

dQ,=of T + ~T lsdt. 7.23
0, h 2YRV u |5 - (7.23)

HOTOK TEIIA OT HI/ITI/I K TOJIOBHOH 4acTH IHHPIJI)I ‘ICpCB A€pxKarc-
Jn MO)KCT OBITE OHpCI[CJICH c HOMOIIIBIO BBIpa)I(eHPIH

dQs = MT, -Ty)s dt, (124

rae A — TEIUIONPOBOAHOCTE MaTepualna AepiKaTernel; s — momans
CONPHKOCHOBEHHUS HUTH C ICPXKATCILIMA. '

IMoxcrapinss BHIpaXXEHHs I COOTBETCTBYIOIIHX COCTaBJIAOMIX
TEMNOBOrO 0azaHca B OCHOBHOE CQOTHOIIIGHI/IC, TOJIy4aeM

OV dl R Y o vLo g oo
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rze 2 — 0603HaYaeT COCTABIIAIONIYIO TEIIOBOro Oanaxnca dQ; .
Pemas ypaBHeHme (7.25) OTHOCHUTENBHO TEMIEpaTyphl HEBO3-
MYIIEHHOTO OTOKa T, onydaeM

. o A 2 )
T=7 -r Y 1v2_2 +lR"+ndT"+§(TH—Tr), (7.26)
2YR os -oas 0 odt '

rae v — KodGQUIHEHT HHePIMH HUTH, § — KoohuIMeHT, 3aBUCS-
MU OT KOHCTPYKIHH TEpPMOMETPHYECKOro Teia (OIpemenseTcs
9KCTIEPUMEHTANIBHO).

Baenennsle ko3hUIMEHTH! ONPERENIIOTCS COOTHOMICHUSAMHE

_ PV e A

os os

AHanu3 COOTHOIICHMSA (7 26) HOKa3BIBaeT qTo H3MepeHHe TEM-
TepaTypsl HEBO3MYILEHHOTO 'BO3[yIIHOI'O TIOTOKA CBOJIMTCS K H3Me-
PEHHIO TEMIIEPATYPSl HUTH K BBEICHHIO COOTBETCTBYIOIIHX IIOMpa-
Bok. Ilpm sTOM BTOpOM WIEeH B NpaBOM YacTH HPEICTABISIET
IONpaBKy HA CKOPOCTHOH Hamop, TpeTHil — Ha pagualMOHHBLI Oa-
JIaHC, YETBEPTHIH — MONpPaBKY Ha HarpeBaHHe TEPMOMETPA M3MEpPH-
TEIBHBIM TOKOM, IISTHI — HA MHEPLUHOHHOCTH TEPMOMETpa, a IIec-
TOM — Ha TEII000MEH MEXTy HHTBIO H TOJOBHOH YacTBIO ML
4epes JAepiKaTeiH. AHanu3s BBOAMMEBIX IONpPAaBOK IOKA3BIBAET, YTO
TOJIBKO NONIPABKa Ha MHEPIMIO M TIOTOK TeIUIa [0 JepKaTelsM MOryT
HMETh NIepEMEHHbIH 3HaK, B TO BPEMS KaK BCE OCTATbHBIC HOIPABKH
BEIYHTAIOTCA M3 BEIMUYMHBI H3MEPEHHOM TeMIepaTrypbl HHTH. DTO
O3HayaeT, YTO 3TH NOCHeAHMEe (AKTOPbl 3aBHIMIAIOT IOKA3AHHS
TepMOMETpa.

Crnenyer 3aMeTHTB, YTO 10 BI:ICOTI:I 50 kM BCe MONIPaBKH, KPOME
NONPaBKH Ha IHHAMHYCCKHMH HAIOp, MPeHeOPeXUMO Mansl M HX
MOXHO HE yYMTHIBaTh. [[eliCTBUTENBHO, NONPaBKa Ha CKOPOCTHOH
HAMOpP YYHTHIBAET BIMAHHE TOPMOXCHHS IMOTOKA B HOTPAHHYHOM
CJIO€ HUTH, BCIEACTBHE UEr0 TEPMOMETP BOCHPHHHMAET HE TOIBKO
SHEPTHIO; TEIUIOBOTO JBIDKEHHS - MOJEKYJX, HO M KHHETHUECKYHO
9HEPrHI0 MX YUOPSAOYEHHOIO IBHKEHHS CO CKOPOCTBIO v. B cmmy
3TOro 3Ta IoNpaBKa CyIIecTBEHHa Ha BCeX BEICOTax. Ha BrIcoTax or
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50 mo 70 kM, Toe yxKe UyBCTBUTENEH MepeXxol B 001acTh AUHAMHKH
paspeKeHHOTo Iasa, IPouMe ITONpPaBKH, KpoMe ITONpaBKH Ha JHHA-
MHYECKHI Hamop, He OYeHb BEIMKH, HO Ha BBICOTax CBBIMIE 70 KM
3aMETHO yBEIHMYUBAIOTCA. :

HenmocraTtkoMm pacuera TeMmeparypbl 10 (7.26) sBuseTcs TOT
(axT, 4TO BETMUYHMHHL 7y U O, Bxojamue B (7.26), caMu 3aBUCAT OT
COCTOAHMA cpexbl. I NpeomosieHus 3TOro 3aTpyAHEHHS PacHeTHI
TeMIIepaTyphl BHITOJIHAIOTCS METOIOM IIOCIENOBATeNbHBIX MPHOIH-
xennit. Ileppoe mpubmmkeHue BerauciieTcs mo (7.26), ams xoTopo-
TO 7y ¥ 0L COOTBETCTBYIOT TEMITepaType [0 CTaHAApTHOH aTMochepe
JUIS JTAHHOM BEBICOTHI, a TOCIEAYIOIME — IO IapaMeTpaM 7y U O,
OTIpeleNICHHBIM 110 3HAYEHMSM TeMIIepaTyphl, BBIYUCICHHON B IIpe-
JBIAYIIEM IPUOTIDKCHHH.

CreyeT OTMETHTH, 9TO B IIpoLiecce BEIBOAA CooTHoUmeHU: (7.26)
IPEOIoNaranoch, YT0 HUTh TEPMOMETPHIECKOrO Tela HAaXOOWTCS B
MOTOKE BO3AyXa BHE MOTPAHWYHOTO CJIOS TOJOBHOM YacTH . IIIHIIA.
Ilpu aBwxeHUM pakeTsl JaHHOE YCIOBHE MOXET HapymaThed. J(is
HCKIIOYEHUS CBS3aHHBIX ¢ 3THM MOTpENIHOCTEH Ha IIIHIE PaKeThI
pasMelaercs He OJUH TEIUIOBOM TEPMOMETp, a HECKOJIBKO, PaBHO-
MEpPHO PACHOJIOKEHHBIE 110 MOBEPXHOCTH INIMWIA, JaHHBIE KOTOPBIX
ocpemHAoTCA. IIpH 3TOM HUTH TEpMOMETPOB JOJDKHBI OBITH IIepIIeH-
JUKYJIIPHBIMH 110 OTHOIIEHHIO K HaberaromeMy HOTOKY.

Ji1s mpoBeseHHs pacueToOB IO COOTHOLIEHHIo (7.26) sBisdercd
HEoOXONMMEIM eIlle ¥ H3MEPEeHHe NPOM3BOAHON TeMIlepaTypsl 3Toi
HUTU HO BpPEMEHH, YTO JOJDKHO Takoke BBIMONHATHCA B MPOLECCE
OCHOBHEIX M3MepeHUH. JIOJDKHBI H3MepATBCS Takke -TeMIepaTypa
TOJIOBHOM 9acTH INIMJIA M BENWYUHBI JIyYHCTBIX MOTOKOB, KOTOpBIE
bukcupyroTcs crenuaJbHBIMH NpUOOpaMH, YCTaHOBJICHHBIMH Ha
ronoBHOM yacTy mmuis. CKOpOCTh ABMXKEHHS PAKeThl OIpeAensIeTCs
Ha OCHOBE paJHOJIOKAIMOHHOIO COIPOBOXKICHHSI, BBIIOIHIEMOTO C
nomoneo HaseMHoi PJIC. _

CpepHexBagpaTHdecKas oOmuOKa H3MEPEHHs TeMIEpaTypsl C
TIOMOIIIBI0 TEPMOPEIUCTOPA TIPH PAKETHOM 30HAUPOBAHHH aTMOChe-
psl o BeIcOoTEI 40 kM He npebimaer 5 °C, Ha BeicoTe 50 kM OHa
coctaBmsger 10 °C, a Ha Bbicotax 70+75 KM OHA MOXeT JOCTHIATh
20 °C.
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CymHocTh KOCBEHHOTO METOJIa U3MEPEHHUs TeMIepaTyphl COCTO-
HT B TOM, 4TO TeMIEpaTypa aTMoc(epbl pacCUUTHIBACTCA IO H3Me-
PECHHOMY aBICHHIO.

HelicTBuTensHO, B 00NacCTH IPHMEHHMOCTH 3aKOHOB- I'a30BOM
JIVHAMUKH CIPABEINMBO YPaBHEHUE COCTOSHU

p = NKT, @127

r7ie p — JaBlenue, N ~ 4nucio 9acTHI] B eQUHHIE 00heMa, kK — OCTO-
sHHas bonsuMana, T — vonnas (3MeKTpoHHas) TeMieparypa cpenst (K).

W3 (7.27) cnemyer; 4TO MpPH U3BECTHHIX HABICHWH U yIENBHOM
KOHLIEHTpAIMK YacTHI[ - MOKET OBITH paccuMTaHa TeMIEpaTypa
CpeBL.

B npunIinme, MOryT WCHOJIB30BAaThCA W APYTHE KOCBEHHEIE Me-
TOJBL N0 YOBRIBAHUIO aTMOC(HEPHOTO HaBIEHHUS C BEICOTOM (IO YORI-
BAHUIO IJIOTHOCTH BO3yXa C BEICOTOI ), O U3MEPESHHBIM JaBJICHAIM
B IBYX TOUKaX 00TEKaeMOro KOPITyca pakeThl, 10 CKOPOCTH Paclpo-
CTpaHEeHHUA 3BYKa K T. 1.

7.4. U3mepeHHe XaBJIeHUSA BO3AYXa
HpH PaKeTHOM 30HANPOBAHUH ATMOC(EpPHI -

Omrolt w3 0CoOeHHOCTEH W3MEpEeHHs MaBICHUS IPH PaKeTHOM
30HI[I/Ip0BaHI/II/I SBIETCS OONBINON Ayana3oH U3MEPSIEMBIX 3HAUSHHN
(ot 10° o 107 ITa). :

B stom gmamazone mipHa IyTH CBOOOXHOTO Hpodera MONEKYH
MHOTO MeHBIIIE XapaKTEPHEIX Pa3MepoB H3MEPHTENLHOTO Npeobpa-
30BaTend. 3jiech ULl M3MEPEHUSA JaBICHHS HCIONB3YIOT Pa3InvHBIC
THIBI MeMOpaHHBIX U3MEepPUTENEHBIX npeobpazoBaTeneit
(10°+10° IIa), a Taxxe Termossie ManoMmerpsl (10°+107" ITa).

Wsmepenne atMochepHOro TaBieHus HA OOPTY PAaKETHl TaKXKe
uMeeT pag ocobenHocreil. Tlocne crapra HAa akKTHBHOM Y4YacTKe
TPAEKTOPHH CKOPOCTEH PaKeThl OKA3hIBACTCH BECbMa 3HAYMTEIHHON 1
MOXXET Ja’ke 3HAYUTEIHHO TIPEBHINIATh CKOPOCTh 3ByKa. [Ipu monere
pPAKETHl ¢ TaKOH CKOPOCTBIO BOKPYT HEE CO3JAaeTCs CIOH BO3MYIIE-
HHSA, B KOTOPOM, KaK YKa3BIBaJIOCh BBIIIE, TEMIIEPATYpPa, AABJICHUE U
CKOPOCTh O0TEKaHWsI BO3JyXOM KOpITyca pakeThl MOTYT CYIIECTBEH-
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HO OTJIMYAThHCSI OT COOTBETCTBYIOIMX 3HAUCHMI B HeBo3My1ueHH0H
cpeze. :
ITone maBlIeHHS BOKPYT PaKeThl OLEHUBAIOT C IIOMOLIBIO KO3(-
¢dHUIFIeHTa BOCCTAHOBIICHUS AAaBICHUA

_P.-P

Sy (7.28)

T/Ie pc — JaBJICHHE Ha IOBEPXHOCTH PAKeThL, p — HaBIEHUE Bo3,uyxa B
HEWCKa)XEHHOH cpejie.

Ho cxopocre#t, He npeBHmafomnx 4Ma (Ma — umcmo Maxa) B
TOYKAaX, yAAIeHHBIX OT KOHIA IS PaKeThl Ha 5—6 eJUHMI[ LiH-
HEI, 3HaYeHHe K03 PHIMEHTa §; IPAKTHIECKU paBHO Hymo (< 0.05).
OTo 03HaYaeT, 4TO NABIEHHE B TAKMX TOUKaX Ha IIOBEPXHOCTH pake-
TH (W Wmmis) OyZeT Mano OTIMYaThCs OT JaBICHHA HEBO3MY-
IEHHOro TMOTOKA. CIeM0BAaTENbHO, ECIM B TaKHe TOUKH YCTaHOBHTB
3a0OPHVKH HM3MepHTeNel NaBIEHHs, TO TOTPEIHOCTs H3IMEPEHHS
JaBJIEHHs, 00YCIIOBIICHHAS JBIDKCHUEM PAKEeTHl, IPaKTHYECKH OymeT
OTCYTCTBOBATb. '

Hna mBrkeHME CO CKOPOCTSIMH, NPEeBOCXOMAIMMH CKOPOCTH
3ByKa, BENMYHMHA CPEJHEro MAABIECHHA B IIOFPaHMYHOM cioe (p.)
MOJXXET OBITH OTIpeielicHa C IOMOIIBIO BEIPaXKCHHUS

= p(1+sB%Ma2). (7.29)

B ycnosusax ciomHOM cpemsl, HO JOCTaTOYHO CHIBHOTO paspe-
XKEHHA BO3[yXa JUI1 H3MECPCHHS AaBJICHUS HCIIOJIB3YETCS TEILUIOBOM
ManoMeTp. IlpuHIMI ero AeHCTBHSA OCHOBaH Ha 3aBUCHMOCTH TEll-
JOOTAA4YH HarpeToro Teia (OOBIYHO TOHKOM METAIMYECKOMN HMTH
HIIM TEPMOPE3UCTOPA) OT YHCIA COYAApSIOMHUXCS C HHM MOJIEKYJ B
YCIOBHSAX CHJIBHOTO Pa3pexeHus.

TennoBol MaHOMETp IpPEACTABISIET c060p1 coonaxonmncx c
aTMOCdepol CTEKITHHBI OalIOH, BHYTPh KOTOPOTO BIASHA TOHKAS
MeTaMyeckas HuTh (00bI9HO - Bonb(pamoBas). Ecnm naBneHme
BO3/yXa B 0aJUIOHE MOCTOSHHO, TO HOJDKEH YCTAHOBHMTHLCS TEILIOBOH
6aaHc, IpH KOTOPOM KOJMYECTBO 3HEPTHH, [OMYIaeMOM OT UCTOY-
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HUKa UHTaHWA, PaBHO KOMMYCCTIBY OSHEPIHUH, TepﬂeMOﬁ HHUTBIO
BCIIEICTBHE TEILIOOOMEHA C BO3OYXOM B Gamnone. YpaBHeHHe TCII-
JIOBOT'O 0ajlaHCa HUTH MOXHO 3aIIHCarh B CIICAYOIICM BUIE!

PRy= Q1+ Os + O, (7.30)

TAe i — TOK, IPOTEKAIONIHII 110 HUTH; R, — CONPOTHBIICHHE HATH,

B neBoit wactu ypaBHenus (7.30) npezncrasneHa sHeprus, MOIy-
gaeMas HUTBIO OT HCTOYHHKA [TUTAHHUS B BUJIE [UKOYJIEBa TEIIIA.

TlpaBas wacts (7.30) mpencraBmser coboii notepu TEMIOBOU
OHEPTUU HUTHIO: O) — TIOTEPH 3a CUET TEILIONPOBOJHOCTH Tasa B
6amrone; O, ~ HOTEPH 3a CYET COOCTBEHHOTO W3Iy4eHUA HUTH; O3 —
MIOTEPH 3a CUeT OTBOjIa TEIIA OT HUTH K 0oJiee XONOXHBIM BEIBOAM
¥ KOHTaKTaM. ‘

B mponecce npakTH4ecKol peanusanyi TETUIOBBIX MaHOMETPOB
TPHHUMAIOT MEPH! K YMEHBIICHHIO BenuduH Or 1 O3 3a CUeT npuMe-
HEHUS HHUTH C HH3KOMH H3nyanenLHou CI'IOCO6HOCTBIO U Manoi
TEILIOIPOBOTHOCTEIO.

VYUTEIRAs 3TO, MOXKHO IOTOXKHTE

R, = Q. ; (7.31)

OHeprus, NepeHocuMasi MOJIEKYJIaMH Ta3a C €JUHHUIEl HarpeToi
IIOBEPXHOCTH HHUTH B €OWHUIYY BPEMEHH, ONPEAENSETCS COOTHOMIE-
HHEM

Ql = CkapM(TCT - TM) = iZRH, (732)

rae ¢ — ko3hULIHEeHT, 3aBUCAIINN OT THIA Ta3a; k — kKoaddument
aKKOMOJALHY, XapaKTepH3YIOMmKH >(QQEeKTHBHOCTh TEIIooOMeHa
MEXIY -TIOBEPXHOCTBI0O HUTH M MOJICKYJIaMH BO3IyXa B MAaHOMETDE;
o — k03 uImeHT TermmooTAaYM MONEKYN Bo3nyxa; T, — TeMiepa-
Typa CTeHOK MaHoMeTpa; T, u p, — TeMImepaTypa HUTH | ,uaBneHHe
BO3/lyXa B GalIOHe MaHOMETpa.

Taxkum 06pa3oM, IPH M3BECTHBIX CONPOTHUBICHWH HUTH, IIPOTE-
KaloIlleM depe3 HUTh TOKE M KOHCTPYKTHBHBIX [apaMmerpax MaHO-
MeTpa, U3MepeHre MAaBICHHS B IIOJOCTH MaHOMETpPa CBOAMTCS K
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H3MEPEHUIO TEMIIEPaTypPhl HUTH (TeMIIepaTypsl MOJIEKYI pa3peeH-
HOTI'O ra3a) U TeMIIEpaTyphl CTEHOK 0aJlloHa MaHOMETpa.

B peanbHBIX YCIOBHSX, OXHAKO, BCeria HaOMIOHAeTCs pa3HOCTD
TEMOEpaTyp B Telle MaHOMETpa M IOTPAaHHYHOM CJIO€ BO3AYXa,
OMBIBAIOUIMM JIPEHAXKHOE OTBEPCTHE. DTO ABJICHHE OIHCHIBACTCS
ypaBHEHHEM BUAA

n

P [ L | (7.33)

P \T,

rae n — ko3 dunpenT nudb@y3uy, BeNUUYMHA KOTOPOTO ONpenensieT-
Csl IMaMeTpoM TpyOOIIPOBOKA MAHOMETPA M CTETICHBIO Pa3pexKEHHO-
CTH CpelplL.

YVuursisas (7.16) u (7.29) npu ycnoBuH, 9TO T= T, , nomy4aem

T 1+};Y;1Ma2
p=— Do (7.34)

1+s, L Ma? y
2

VYenmoBus M3MEPEHNUs JABJICHUS CYIIECTBEHHO 3aBHCAT OT yIila
atakd. IIpu BepTHKaIFHOM IIOJIETE€ PAKeTHl ¢ HEOONBIIMMHU yTiIaMU
ataku (5+6°) x03QPHIMEHT BOCCTAHOBJICHHS HABICHHA TaKoKe
CTpeMHUTCA K HyO. s TOro, 4To0bl YMEHBIIUTD YTOJl aTaKH, MOJIET
PakeThl JDOJDKEeH OBITh cTabmnmsupoBad. JIjis CTaOMIIM3alUu paKeTh
B TIPOCTPAHCTBE HCIIOIb3YETCS BpallaTeNbHOE IBYKEHHE DPAKeTh
BOKpYT IPOHOJBHOM OCH, a Takke CTaGMIM3HPYIOIHE YCTpOiicTBa
Ha OCHOBE FOPOCKOIIOB. Bo BpeMs ZBIKEHHS PaKeTa, OJJHAKO, MOXKET
COBEPIIATL M NPEHECCHOHHBIEC KOJIEOAHMS OTHOCHUTENLHO OCH Bpa-
nieHus. J{g MCKIIOYEHWsS BIMSHHUS TAaKOro ABIDKCHUS PAaKeTHl Ha
pe3yNBTaThl U3MEPEHHS AaBICHHUI BXOJHBIE OTBEPCTHS H3MEpUTENei
JABICHMS Pa3MEINAIOT B MPOTHBOMOJIOXHEIX CHMMETPHMYHEIX TOUKAX
TIOBEPXHOCTH PAKETEL.

HcTnHHOE 3HAYCHHE NABICHUS BBIYHCISIOT OCPEIHEHHEM pe-
'3yJIBTaTOB M3MEPEHHUM.
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Jnsg mpoBeleHNs U3MEpEeHHH JaBleHrs B YCIOBHSX efite 005~
HIETO pa3speXEHUs MOTYT HCIIONB30BATHCS HOHM3AMOHHEIN MaHO-
METpP K MarHUTHBIN 3IeKTPOPa3PATHbI MaHOMETD. o

7.5. MeTeopoioruyecKue paKkeTHbIe CHCTEMbI

- OTedecTBEHHEIE METEOPOJIOTHICCKHE pAKETHBIE CHCTEMBI HC-
MONB3YIOT pPAN PAKECTHBIX KOMIUIEKCOB, CpEIH KOTOPHIX MOXHO
otMmetuTs MMP-06M, M-100b, MP-12, MP-20 1 nx MoanuKaIiuy.
CrnenyeT OTMETHTH IIPH O3TOM, UYTO €CIH PAKETHBIH  KOMILIEKC
MMP-06M sBasercsa 6a30BEIM KOMIUIEKCOM, C TIOMOIIBIO KOTOPOTO
peanmu3yercs OIepaTHBHOE 30HAMPOBaHUE aTMOC(EpHl, TO OCTallb-
HEIE KOMILIEKCH! ABIAIOTCA MHOTOLIEIEBEIMH, C TOMOIIBIO KOTOPBIX
MOTYT BBIIIOJHATHCS KAK METEOPOJIOTHYECKHE, TAK U CHELHAILHEIC
reou3ndecKue U3IMEPEHN B BEpXHEH aTMochepe.

Paxernniii kommirexke MMP-06M. Bxopamas B 3TOT KOMIUIEKC
pakeTa IpeACTaBIseT co0OH HeyHpaBIIeMyio TBEPAOTOILTHBHYIO
OJHOCTYTICHYATYIO paKeTy, -IpeJHa3sHAYeHHYI0 JUIi IOCTaBKM Ha
BBICOTY 60+65 xM (o 80 kM) IONE3HOro Ipy3a, PasMEICHHOIO B
TOJIOBHOW 9aCTH PaKeTEl.

1 ocymiecTBIEHHS cTapTa PakeThl HCIONB3YETCA CTapTOBast
YCTaHOBKa, KOTOpas C IIOMOIUBIO CIMPATBHEIX - HaIlpaBISTFOLIUX
IpHAaeT pakeTe BpaliaTelsHOE. JBIDKeHHE, HeoOXommMoe Ui cTa-
OmnM3alnK IPOJOIBHOH -OcH pakeTsl B moiere. Ilo moctmxennn
paxeroit .60+65 kM oT Hee .OTHENAETCS [ONOBHAA 4YacTh, KOTOpas
cIyckaeTcs Ha 3eMIII0 ¢ ITOMOLIBIO TlapainioTta. Bee MeTeoponoruge-
CKHE M3MEpPEHH MIPOBOISITCS. Ha HUCXOAANIEM YJacTKe TPAacKTOPHUH
(cmyck Ha mapamore).. Pe3ylpTaThl  m3MepeHMH IlepenaroTcs Ha
3eMIIO IO . paJHOTENeMeTpUIeCKOMY KaHaiy. KoopamHaTel romos-
HOW YaCTH OINPEEIIIOTCS paIloJOKalOHHEIM CIIOCO00M.

HazeMHOM pamnoTeXHHYECKON CHCTEMOM, peanu3yromen 30H 11~
poBanue armocdepsl pakeTHpIM komiiekcoM MMP-06M, spiserca
paznoNOKallMoHHAasA CTaHnus Tana « Mereopur-P».
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Puc. 7.2. F'onosnas wacms u npubopHulii Omcex paKemnoz0 KOMnIeKca
MMP—06M: a — npubopHeii omcex,; 6 — 20106HAA Hacmb

T'ooBHAs YacTh pakeTHOro KoMIUIekca (puc. 7.2) COCTOHT U3
KOpIIyca ¢ U3MEpUTENbHEIMU IPUOOpaMU B KOHTEHHEPa, B KOTOPOM
PacloIOKEHBl  alllapaTypa paguoTelNeMeTpUIecKoro KaHalna M
HCTOYHHKH IUTAHU. ,

H3sMepeHue naBiieHNs BO3LyXa HPOM3BOIMUTCS € MOMOIIBIO MEM-
OpaHHOro JaT4HKa JAaBICHHA M TEIUIOBOrO MaHOMETPA, MCTIONbL30Ba-
HYE KOTOPBIX ONPEJENIeTCH AUaa30HOM H3MepsIeMOro. IaBICHHUA.

M3mMepeHne TeMmiiepaTyphl BO3MyXa BEINONHAETCA C HOMOIUBIO
IByX OyCHHKOBBIX MOIyHPOBOJHMKOBEIX TEPMOPE3HCTOPOB. s
onpeseneHNs TeMIepaTyphsl NOBEPXHOCTH I'OJJOBHOM JaCTH U CTEHOK
TEIIOBOTO MaHOMETpPA HCIONB3YIOTCS METAIUIMYECKHE TepMOpesH-
cropsl. TemmepaTypa KpOHIITEHHOB OCHOBHBIX TEPMODPE3HCTODOB
M3MEPACTCA ¢ IOMOIIBIO BCIIOMOTraTENBHEIX OyCHHKOBBIX IONYIIPO-
BOJHHMKOBBIX TEPMOPE3HCTOPOB. _ )

Ha BOCXOIfIUEM y4acTKe TPAeKTOPHM IOJETa PAKETHI KOPIIYC
ronoBHO# gacTy (1) 3aKpHIT CHENMAILHEIME IPENOXPAHATETHHEIMU
muTKamu (6), pacKphIBa€MBIME BOJIU3H BEPIIUHEI TPACKTOPHH IEpEn
oTAeNeHreM ronoBHON vacTd. IIpmOOpHEIH OTCEK BBIIONHEH U3
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PaaHoNpO3paYHOM CHEIHANbHOM IIaCTMACCHl M B HEM PACIIOIOKESHBI
paguoTeneMeTpuIecKui 610k (3), paguonepenatyvk (2), HCTOYHHKA
mutapus (5) v mapanior (4).

Kommnexc MMP-06M umMeet cnexyromue OCHOBHEIE XapaKTepH-
CTHKH:

® JUIMHA: _
OOTIIAT «.vvvivieeeienrecreeite et et eeae et e eseeeere s e s see e eeeneeaes 3.38 m;
TOJIOBHOH 9acTH (C MapalitOTHEIM OTCEKOM) .............. 1.06 w;
e Macca:
To10}111:T: QORNRTRR . ... 135k
TOJIOBHOM HACTH =..euevvvrieeeeernvrrereseseseesssssnseeeessesssasnnns 11.5 kr;
IpUOGOPHOTO OTCEKA .......... tere et et r ettt ese bt nee 5 xT;
® KOJIMYECTBO CTYTEHEH HBHTATEIIS .....vooveovieesersseersosrenns, 0lIHa;
® TOTUTHIBO .....eeeuremrrereeneerersenserersnssessassnnsassasions IIOPOXOBOM 3apsiz;
® MaKCHMAambHAsA CKOPOCTh: ‘
Ha BOCXOJAIIEM YYACTKE .......ecevrennnen. rrerreeerenareen e 1300 m/c;
TIPH CITYCKE TONOBHOM YACTH ...eccvvecereereeareenreaeeans <300 M/c;
® BpEMs JOCTHKEHUS BEPXHEH TOYKH
TPaeKTOPHH (60—64 KM).......oovvvviiiiiniiiniiienininn, 115¢;
® TaTYHKH:
TEMIEPATyphi BO3AYXA ......... OyCHHKOBEIE TEPMOPE3HUCTOPET,
JABICHUS BOZAYXA ... eeieenis MeMOpaHHEBIH JaTYHK JAABICHU,
TEIIOBLIE MAHOMETPHI;
® H3MEPEHHUE BETPA -.ovveneerernnenrannen PamvOIOKAIHOHHOE CIEeKEHHE
3a ApeiidoM mapanrora ¢ IpUOOPHEIM OTCEKOM;
® CICIUATBHBIE JATIHKAMH ................... ONTHYECKHUI 030HOMETD.

IlpuMeHseMble HCTOYHHMKH IHUTAHHSA [O3BOJISIOT OOECTICYMBATH
paboTy U3MEPUTETHHOTO KOMILIEKCA B TeYEHHE 2 .

Paxernniii kommiexe M-1006. OcHOBY 3TOro KOMIUIEKCA CO-
CTaBJIET MeTeoponormyeckas pakera M-100B, sBnstomascs Teep-
JOTOIUTMBHON IBYXCTYIEHUYATOM HeympapiseMoii pakeroil. Kom-
mnekc M-100b npennasmadeH AN 30HIOWPOBaHMS — BepxHeH
aTMOCGEpH! IyTeM HOCTaBKH M3MEPHUTENBHON ammapaTypsl 10 Mak-

CHMaNIbHOM BHICOTHI 0k0n0 100 kM.

3amyck pakeTsl (pHc. 7.1) NPOM3BOANUTCS ¢ MOMOIIBIO ITYyCKOBOM
YCTaHOBKH, OCHOBHOH 4acThIO KOTOPOI ABIAIOTCA Jader ¥ CTBOMI CO
CTONOPHBIMU YCTPOHCTBAMHU - M CIIHMPaNbHBEIMM - HaIPaBISIOIIUMH.
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Ilpu mycke pakeTsl CTBOJ HaXOAWUTCS NIOYTH B BEPTHKAIHHOM: IIONO-
xennn (80+85°). :

MoOXHO BEIICTHTH CIEAYIOIIHE OCHOBHBEIC STambl pPaKeTHOTO
30HIMPOBAHUS aTMOChEPH! ¢ ToMoIpIo KoMmIiutekca M-1005:

¢ 0+8 ¢ — 3amyck u paboTa JABUraTess epBO CTYIICHH;

¢ 8+9 ¢ — 3amycCK ABHraTelii BTOPOi CTymeHH, cOpoc oTpaboTaH-
HOM IIepBOM CTYIIEHH;

¢ 9+60 ¢ — paboTa ABUTaTEN BTOPOH CTYNCHHY;

® 61+70 ¢ — cOpoc oTpaboTaHHOM BTOPOH CTYNEHH M 3alMTHHIX
CTBOPOK INIIHMIIA, OT/IENCHHE TOJIOBHOH YacTH, PacKphITHE KpOH-
IITEHHOB;

e 71+145 ¢ — moner npn60pHoro KOHTEHHEpa Mo WHEpUIHH 10
BBRICOTHI 90—92 xM; :

® donee 146 ¢ — HECXOAAIIEE IBI)KEHHE TPUOOPHOr0 KOHTEHHE-
pa, TIOe TPOU3BOJUTCA U3MEPEHHNE METEOPOIOTHIESCKHX BEIHIHH.

T'onoeHas yacts (puc. 7.3) COCTOMT W3 IUIMIA, MPUOOPHOrO OT-
ceKa, IPOMEKYTOHOTO OTCEKa € PasHENHTENBHEIM OTCEKOM H Ma-
PAIIIOTHOTO OTCEKa.

Jlns M3MepeHWs TeMIIepaTyphl BO3IyXa HCTIONB3YIOTCS YETEIPE
TepMopesucTopa (3), yCTaHOBIEHHEIE Ha KpoHIUTe#Hax (depe3 90°).
Haxoxsce moJt 3a0IMTHEIME CTBOPKaMH, KpOHIUTEHHH! (1) B cloxeH-
HOM BHJIE OPHMEHTHPOBAHBI BAOJL NI, a 1ocae cOpoca CTBOPOK
YCTaHABIMBAIOTCS B IOJOXKEHHE, IEPICHIUKYISAPHOE OCH INIHIIA.
Jiis u3MepeHus TeMIeparyphl KpOHIUTEHHAa HCIONB3YeTCs CIelH-
albHBIH TepMopesucTop (2).

H3mepenne naBleHHs BBHIIONHSACTCH C IIOMOIIBI0 MEMOPaHHOTO
JlaTYMKa JABIECHHA, a TalkKe JBYX TEIJIOBBIX MAHOMETPOB, YCTaHOB-
JICHHBIX Takke Ha mmwie. Ycnone30BaHKMe TOTO WIIM HHOTO JaTIMKa
ompeneseTcs JUarna3oHoM H3MEpIeMOro IaBleHHs Bo3gyxa. TeM-
nepaTypa CTEHOK TEIUIOBBIX MaHOMETPOB TOXe M3MEpAETCS C IOMO-
MIBI0 ABYX TEPMOPE3UCTOPOB. '

TlepeuncneHHBIH COCTaB H3MEPUTENBHOTO OOOpPYIOBaHHS CO-
CTaBJIET CTaHAAPTHBIH Bapuanr. OAHAaKO EMKOCTB NpPHOOPHOTO
OTCEKa IO3BOJIET MCIONB30BATH NIPU 30HIVPOBAHUM CIECIHAIBHEIC
H3MEpHUTENbHBIE Ipeo0pa3oBaTeN IIOTHOCTH BO3AYXa, CONCPKAHNA
030Ha, KOHICHTPaLMH BOASHOTO IIapa, aTOMapHOTO KHCIOpOJAa |
3apsHKEHHBIX YacTHIl B crpaTocq;)epe u Mesocdpepe Kpome storo,
MOTYT M3MEpATHCA IOTOKM IPSAMOH CONHEYHOH W PacCessHHOW pa-
JIMaIUY B Pa3IMIHBIX CIIEKTPAIbHBIX HHTEpBaNaX, HAJMIHUE U COCTaB
KOPIYCKYRSPHOTO H3IIyIeHHUS.

Vcnonp3yemasi MHOTOKaHaIbHAs PagyoTeIeMETPUIecKas CHCTe-
Ma C BPEMEHHBIM pa3lelieHHeM M3MEPUTENBHEIX KaHAOB [03BOJIET
OCYILIECTBUTh aMIUIMTYIHBIH NPHHIMI KOAMPOBAaHHMA C YacTOTHOM
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MOAyNIOAEH CHIHAIA [IO BRICOKOH 9JacTOTe. DTH CHIHANEL ¢ TIOMO-
IR0 DOPTOBOTO PANHONEPSAATIHEKS MONIHOCTRIO OKONO 2 BT neper
ZaloTcd HA HAZEMHOE PamHONPHAEMHOES YCTPOHCTRO. -

Mismeperyie KOOPAMHAT PAKCTEL B IPOCTPAHCTBE OCYIIECTRIACTCA
¢ MOMOWIBI0 HA3EMHOH pamouoxannonﬂou crannpM THoA «Meteo-
paT-Py». : :

Puc. 7 3. Forosnas ywacmy paxemuozo xomnrexca M—i005:
a —damuuru meumepampu mdyxa b ~2onpgHaR YaCKbL ROMIREKCA

- PaKeTHHIH KOMILIEKC M-IOOB 06J1anaer cue.uylomnuﬂ OCHOB~
HEIMH TeXHHYeCKUMHY xapampuc‘mxa&m - -

. JAHAHE:
OBIIAL «..vcivveneremsrmensnssossssasnens o ' 8.34 m;
7 TOMOHEOH IACTH (C NAPAIIIOTHEIM OTCEKOM) ..vvvvrrnrnrnr 2.60 M
* Macca: . , _ .
OBIIIASL crvvvrvvappesessssrsssses s srsssssssssipsssssres wonre 466 KT

. TOJIOBHOM 9ACTH - oeevisiinnd 1 1.4 KT
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® KOJIMYCCTBO CTyneHeﬁ B1023% 0 I G b OO JBC,

® TOIUTHBO ....oovvereneenrennensenseresiessessesesssesssnesasnes HIOPOXOBOM 3apsz;

® MaKCHMaJIbHasi CKOPOCTb!
Ha BOCXOMAIIEM YHACTKE ...ceveerreiurernrrereeanerenrenenenns 1400 m/c;
TIPU CIIYCKE TOJIOBHOM JACTH ...coveervenmrenrererereranennenns 600 m/c;

® BPEMS JIOCTIDKEHHAS BerHeI/I TOYKH TpaeKTopHH (85 KM). 140 c;

. ® TaTYUKHU: , v ‘

TeMIIEPaTypHl Bos)lyxa e Bonsq)paMdBax nposonoxa;
bi6:1:3) (55176 SRR MeMOpaHHBIH IATYHK TABICHHUS,
TEIUIOBEIE MAHOMETHI, ’

® U3MEPEHHUE BETPA .................... )AIHONOKAIMOHHOE CIEKEHNE
3a ITapamnroToM ¢ IPHOOPHEIM KOHTEHHEpOM;

® HATHYHE CICUMATBHBIX ATIHKOB. ..ooovvvvvvscnness ..pa3HO00OpasHEIE,

- B 3aBHCHMOCTH OT 3a/{a¥ HCCIIeIOBAHMSL.

HWcnons3oBatite paketHoro komrutekca M-1005 mosBomsieT npo-
BOIOHUTEH 30HAUPOBaHHE aTMOCGEpHl A0 OOJBINHX BBICOT, YE€M C HC-
moJB30BaHKeM  KoMiurekca . MMP-06M, . obecrieunBas MpH 5TOM
M3MEPEHHE JOCTaTOYHO OONBIIOTO KONMYECTBA PA3IMYHEIX METEO-
POJOTHIECKUX BEIHMUHH.

Paxernnre kommaexcet MP-12 u MP-20. Jlng 3oHAMpOBaHNA
aTMochepsl 710 BEICOT nopsiaka 180 kM MoXeT IPUMEHSTBCS pakeTa
MP-12, a no BeIcoT nopsinka 250 kM — MP- 20.

MHoroueneBme TOJIOBHBIE YaCTH 3THX paKeTHBIX KOMILIEKCOB
[I03BOJIAIOT mMepzTL COCTaB HEHTpanbHOM aTMocdpepLI u I/IOHocq)e-
pBI, JaBIEHUS, nnomocm M TEMIICPaTyphl OKpPYKaloWeH Cpensl,
TIOTOKOB 3HEPreTHYeCKHX YaCTHII, SIeKTPHIeCKUX TIoJeH, OITHde-
CKMX XapaKTepHCTHK aTMOC(ephl M NPYrux XapaKTepHCTHK, OIpese-
JHIOMIUX CBOMCTBA OKOJIO3EMHOI'O KOCMUYECKOTO ITPOCTPAHCTRA.

MoznynsHas KOHCTPYKLHMS TOJIOBHBIX YacTed IT03BOJIIET yCTa-
HapnuBaTh Oonee 30 BapHaHTOB M3MEPHUTENHHBIX KOMILIEKCOB IS
KOHKPETHEIX 3a[a4 pealu3yeMoro 30HAupoBanud.. IIpm 3TOoM Bec
TIONE3HOM HArpysku cocTasiseT 120+280 xr. .

TakuM 06pa3oM, PaKETHBIE KOMILIEKCH MP 12 mn MP 20’ stBIsI-
HOTCS CIEMHAIN3UPOBAHHBIMA PAKETHBIMU - M3MEPUTEILHEIME KOM-
IUIEKCaMHM, MO3BOJLIOIIMMH PEealn30BaTh MIPHU 30HAUPOBAHHH, aTMO-
cepsl MMPOKHH CHEKTP METEOPONIOTHYECKHX M Te0(hH3HYECKHX
3anay.
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[VNCTAHLIMOHHBIE KOCBEHHBIE METO1bI
30HAUPOBAHUS ATMOC®EPI

I''TABA 8

PAIII/IOMETEOPOJIOFI/I‘-IECKOE
3O0HAUPOBAHHUE ATMOC®EPHI

8.1. DeKTpOMArHHTHbIE BOJHBI
H HX B3auMoOJelcTBUe ¢ aTMochepoit

DNeKTPOMArHUTHON BOTHOM HA3HIBAETCA COBOKYIMHOCTB 3JIEK-
TPHYECKOr0 H MArHHTHOTO IMOIeH, CO3JaBaeMBIX IEPEMEHHBIM
ANEKTPUIECKUM TOKOM. IIpu pacnpocTpaHeHHH 3IE€KTPOMArHUTHOH
BOJIHBI B KaXXIOH TOUKE NPOCTPAHCTBA HMEET MECTO JJIEKTPHUYECKas
Y MarHUTHAs COCTABJBIIOIIKE. DTH COCTaB/LIIOIIME XapaKTEPH3YIOTCA

BEKTOPAMH HAIPSKEHHOCTH dyieKTpudeckoro nois (E) u marHur-

noro nons ( H ), xoropeie B CBOGOJHOM IPOCTPAHCTBE PACIIOJIONKE-
HBI B IUIOCKOCTH, NEPIEHAUKYIAPHON HANpaBICHHIO PAaCIpOCTpaHe-
HUS BOJHBI, M OPHUEHTUPOBAHBI JPYr OTHOCHTENBHO ApYyra IOZ
npsMbIM ymioM. HanpasieHue pacnpOCTpaHEHHUs! 3JIEKTPOMarHHT-

HOM BOJIHH ompenelsseTcss BekTopoMm Ymosa—lloitHTHHra (ﬁ),
MPEICTaBIIOMIM c000H BEKTOPHOE IIPOU3BEACHUE E u H. Bexk-
TOPBI E,I:I u I1 00pa3yioT mpaByi0 TpOMKY BEKTOpoB. Moxynb
BEKTOpa I1 uncnenno paBeH MOMIHOCTH BOJIHBI, TIPUXOAAIIeHics Ha

CINHULY IUIomanu, u O0OBIYHO HA3LIBAETCS IUIOTHOCTBIO IOTOKA
MOIIMHOCTH BOJIHEI.
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XapakTep paclpOoCTPaHEHUs NIEKTPOMArHHUTHBIX BOJH CyLIECT-
BEHHO 3aBHCHUT OT CBOHCTB CpeXpl, B KOTOPOH OHH PacIlipOCTPaHSIOT-
cs. CBs3b IapaMeTpoB 3JIEKTPOMArHHTHOH BOJIHBI C XapaKTEpHUCTH-
KaM# CPeJBI OTpeeNiIeTCs ypaBHeHsIMHA MaKcBena:

rotH = s%—lz +oE,

t )
rotE = — a—hl, (8.1)
ot
divH =0,
divE="2,
14

rae € — IOUINCKTpHUYECKas MPOHHUIACMOCTh Cpeabl; O — YHACHbHAA
SNCKTPHYCCKasaA IPOBOAMMOCTE Cpeabl; U — MarHuTHas IIPOHHULIAC-
MOCTB CpEIibl; O ~ INIOTHOCTD CB06OI[HBIX 3apsa0B B CpEE.

I[I/ISHCKTpI/I‘IeCKaH " MaI‘HI/ITHaﬂ MPOHUITAEMOCTE CPEARBI ompene-
JIA0TCA COOTHOIICHUAMH

€ = €&, L= UUy,
Il € — OTHOCHTENBHAs JMBIEKTPHYECKAs npoHnuaeMocTL Cpemsl;
1 -
€, =§8—10 O/m - ,unanexrpnqecxax MpOHHIIAEMOCTS BaKYYMa;
T

’

W — OTHOCHTEIbHAs MarHUTHAs NPOHHUIAEMOCTE CPENBl; Uy = 47- 10’7
I'i/M — MarHUTHas TIPOHHIIAEMOCTDH BaKyyMa.

Ecim cpena npencrapnser coboi OZIHOPOIHEIH IMDICKTPHK, TO
0=0,p=0,u=1,e=constu ypaBHeHI/m Makcsena (8.1) MOTYT
65m, 3aIMCAHEl B CHEAYIOMEM BHAE:

~ OE
tH =¢—,
ot =e—
oH .
tE = — © (8.2
1o o~ (8.2)
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divH =0,
divE = 0.

[Tycte B MOCATFHOM OJHOPOJHOM MHANEKTPHUKE BIONL OCH X
pacmpocTpaHsieTcss IUIOCKas 3IeKTPOMarHWTHAs BONHA (IIOCKOH
Ha3BIBA€TCs BOJHA, UMEIOLIas IUIOCKHH (pPOHT; B CBOIO OYEPEnb,
¢dponToM win (Ha3oBoil MOBEPXHOCTHIO BONHEI HA3BIBAETCA ITOBEPX-
HOCTh, BCE TOYKH KOTOPOH B KaXKIBIH MOMEHT BPeMEHH XapaKTepH-
3yIOTCS OINMHAKOBBEIMH 3HaueHHAMM (a3). Pemenune cucremsl (8.2)
IS TAaKOM Cpesl B CTyyae rapMOHHNYECKHUX KonebaHul OyaeTr uMeTh
BHJ

E.,=0,H,=0,
Je x
Ey=0,H =ft—FE cos t——| (8.3)
Z, v
E =E, cos t—— H,=0,
v

rie v = 1/4/€U, — CKOPOCTh PaCIpOCTPAHEHHUS 3TEKTPOMArHUTHOM

BOJIHBI B HA€aTbHOM JUANEKTpuKe, Zo= 1207 — BONHOBOE CONIPOTHB-
NeHre CBOOOIHOTO NPOCTPAHCTRA. '

Awnamu3 perenus (8.3) mMoKa3pIBaeT, YTO pacCMaTpUBaeMasi BOJ-
Ha SBJSIETCSA IMOMEPEYHOH, T.e. B HEH OTCYTCTBYIOT IIPOJONBHBIE

cocraBisomue Bextopos E u H (puc. 8.1, a). B moboit Touke

TIPOCTPAHCTBA BEKTOPHI E u H wsmensiorcst cuadasHo, a camu
IOJS PAaCIPOCTPAHSIOTCS C OAMHAKOBOH CKOPOCTBIO. AMILTATY B
COCTABJISIOIINX TIOJIEH 110 Mepe pacIpOCTPaHEHHs BONHBI OCTAlOTCS
HEM3MEHHBIMH U OJHO3HAYHO CBSI3aHBI MEXIy cOOO uepes compo-

THBJICHHE CBOGOJIHOTO HMPOCTPAHCTBA Z, = «/EEm /H,, . B nnamaso-

HC paguoBOJH HACANBHBIM OJHOPOAHBIM JHIJICKTPHKOM MOXHO
CYHUTaTh CYXOﬁ BO3OyX. B nmama3oHe ONTHYECKUX BOJH TaKOe npen-
IMOJIOKCHHUE B PAAC cnyqae'B MOXET O0Ka3aTbCs HEBEPHBIM.
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Ha npaxTuke cpempl B BUAE HACANbHOTO IUINEKTPUKA BCTpEYa-
I0TCSA PeAKo; KaK MPaBUIIO, NPUXOAUTCA HMMETh Je0 ¢ IOIyIpOBO-
JTEIMAMHEA CpefaMu (CpellaMH ¢ MOTEpSIMH), At KOoTophix ¢ # 0. Ilns
TaKo# cpelbl B Ipenonoxenu P = 0 ypasHeHus Makcpewia 6yayT
HMETh BHI

rotil =92 4 oF,
ot

- oH :
rotE = —u,—, 8.4
—Hy or (8.4)
divH =0,
divE = 0.

HaHpiDKCHHOCTB DJEKTPHYUECKOro II0Jid, HU3MCEHSIOLICrocs II0
TFapMOHHYCCKOMY 3aKOHY, MOXET OBITH 3armHcana B BHOC

E=E, ", 8.5)

rae E, — aMITUTya DIEKTPHYIECKOH COCTABIIIOMEH BOHEL

Puc. 8.1. HUzmenenue HANPANCEHHOCMU INEKMPUHECKO20 U MASHUMHO20 ROJIA 6
HANPABAEHUY PACKPOCMPAHEHUS, ITEKMPOMAZHUMHOU 80NH:. 4 — 8 OOHOPOOHOM
udeanvbHoOM OudneKmpuke; 6 — 6 norynposodawjel cpede (cpede ¢ nomepamu)

223




E=E &, (8.5)

m

rae E,, — aMIUTATy/a 3NeKTPAIECKOH COCTABIISIOMIEH BOHEL
Juddepenrmposanue (8.5) no ¢ gaer

9 _ioE, e =ioE=-2F,
ot i
OTKy/Ia
E=-iLl% (8.6)
w ot

C yuerom cootHomenus (8.6) cucrema ypaHeHuH (8.4) MoxeT

OBITH Iepenrcana B BULE
= 6 \oE
rotH ={ e—i— —I—E—

) ot

_ oH

rotl = —u,—,

“’0 a ¢ 4
divH =0, (8.7)

divE = 0.

CpasHenne cucteM ypasHeHHH (8.2) u (8.7), COOTBETCTBYIOIIHX
HICAIBHOMY OJHOPOHOMY JH3JIEKTPUKY M MOIYIPOBOISLIEH cpene,
[OKA3HIBAET, YTO OHM AHANIOTHYHBI MPU YCIOBHH, €CIHU IOXYIPOBO-
Jgmias cpefa obnanaeT KOMIUIEKCHOH MIIEKTPHYECKO MmpoHuIae-
MOCTEIO

€, =€—i

K b

o)
W

¢ MHHMMOH 9aCThIO, 3aBUCAIIEH OT YaCTOTEHI.
KoMiIutekcHas OTHOCHTENIbHAS AUANIEKTpHYecKas IpOHUIIAeMOCTh
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0y ;O 60)»0 (8.8)
€ & £,

OJIHO3HAYHO CBS3aHA C KOMIUIEKCHEIM KO3((HIHMEHTOM IIpenomIe-
HHsL SJICKTPOMArHUTHBIX BOJH COOTHOILICHHEM a

m=\Je, (8.9)

BellleCTBEHHAS YaCTh KOMILIEKCHOTO Koatbq)nuneﬂra npenomie-
HUA (1) Ha3BIBACTCA [OKa3aTeNeM NPEIOMIIEHNS, 4 MHUMAs 4acTk (p) —
TI0Ka3aTeNeM TOTJIOMIEHHS SIEKTPOMArHUTHOMN BOJHEL.

AHanm3 3aBUCHMOCTH KOMILIEKCHOTO K03(dHLUUEeHTa IpenoMiIe-
HHA OT YaCTOTHI () HOKA3EIBAET, 4TO M = 1 IIPH () —> o, T. € 3IeK-
TpPOMAarHHTHas BONHA B OCHOBHOM INPENOMIIETCS B CPEAE, a MpH
® — 0 —m = p, T. € AIOMAHUPYET IOTIIOMEHHE 3ICKTPOMarHUTHOM
BOJIHEIL. ,

Pemrenue cucteMs! ypaBHeHu# (8.7) naet

E.,=0,H,=0,

Jnt + Zpx
E=O,H=———n—pEec'cos P ——arctg , (8.10)
Yy y Z v

0

[2)
——px X\
E,=E_. ¢ cos®) t—— |, H,=0,
14

e v = c/\/s_;- — CKOPOCTh PAacIpOCTPaHEHHUs 3JECKTPOMAarHHUTHOU
BOJIHBI B [IOJIYTIPOBO/IAMICH cpefe.

Kak cnenyer m3 cootHomeHuil (8.10), mpu pacnpocTpaHeHHH
SJIEKTPOMAaTrHUTHOU BOJIHBI B NOITYNPOBOIAMEH Cpefie HMEIOT MECTO
clexyromuie 0COOEHHOCTH (puc. 8.1, 6): O Mepe pacIpPOCTPaHEHUs
BOJHEI 06€ €€ COCTABIIAIONINE MCIHITHBAIOT OcnablieHue, YTo ompe-
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Q]

JENAeTCd MHOXUTEAEM € ¢ ; COCTABIAIONINEG BOJHEI CABUHYTEL
APYr OTHOCHUTEIBHO APYyra Ha BEIUUHHY (O = arctgﬁ; AMIIIUTY Bl
n

SIIEKTPUIECKOH M MATHHTHOW COCTABJIAIOIINX CBA3AHBI MEXIY COO0H

COOTHOIICHUEM .
2 2
NIk :
H,=Y""P

m m *
Z 0

IloaToMy Ay OIMCaHMS SIEKTPOMArHUTHOW BOJHEI JTOCTATOUHO
BBIPAKEHMS IS SIEKTPUIECKON COCTABIIAIONIEH I1OTIs.

IInockas BomHa ABnAeTCa ynoOHOH Micamu3alMel 3JIeKTpoMar-
HHTHOTO IIOJ, PaccCMaTpHUBAaeMOr0 B IpeZeiax HeOOIBIIOro M3Me-
HEHHA PAaCCTOAHHSA X. . - : -

- Bonna, m3mydaemas TOYEYHBIM HCTOYHHKOM, HMeEET chepuue-
ckylo ¢opmy. OHa ONHCHIBAETCS BBHIPDAKECHUAMH, AHAIOTHIHBIMU

(8.10), ogHaKO HANPSHKEHHOCTS 3eKTpHYecKoro ((F ) 1 MarHUTHOTO

(H ) noneit yGbBaeT 0GpaTHO NPONOPIHOHAIBHO PacCTOSHHIO.
TI1OTHOCTH MOTOKA MOIIHOCTH, PaBHAS BEKTOPHOMY MPOHM3BEIEHMUIO

MM=ExH , HM3MeHAeTcs OOpaTHO MpPOMOPIMOHAIFHO KBaApaTy
paccTosHuA. MHEIMHE clTOBaMH, MOIIHOCTD, W3IydacMas B Ipezaenax
(GUMKCHPOBAHHOTO TEIECHOTO YIVIA, PACHpEeneseTcs MO IUTOINaIu
CEYEHMs 3TOTO YIJa, IPONOPIHOHAIBHO KBaJpaTy PacCTOSHHA JI0
HMCTOYHHKA. o

8.2. Paguoduznyeckue XxapakTepuCTHKH aTMOCchephl
H HX CBA3b C METEOPOJIOrMYeCKMMH BeJIMIUHAMHA

Pamnodu3nIecKUMH XapaKTepUCTHKAaMH aTMOC(HEPHI SBISIOTCS
JIMIJIEKTPUYECKas MPOHUIAEMOCTh U KOX(P(UIMEHT IMPENOMIICHHS,
KOTOpBIE MEXIy COOOH OIHO3HAYHO CBiA3aHB. B olmem cimydae
IM9JICKTPUIECKas HPOHHUIIAEMOCTh M KOd()(QUIMEHT NpenoMIeHHA
SABJIAIOTCA BENHIMHAMH KOMIUTEKCHBIM.

TIpM paccMOTPEHHH PagHO(QU3MUYECKUX XAPAKTEPUCTHK DEaib-
HOM aTMOocepH! IenecoobpasHo pacCMaTpUBATh TPH CPEAbl: 6e306-
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Ja4Hy10 aTMocdepy, T'HApOMETEOpHBIE JacTUIBl U aTMocepHEIe
06pa3oBaHus C YaCTUIIAMH THAPOMETEOPOB.

be3o0aagnaa atmocepa. llon melicTBueM majaromieit 3neK-
TPOMAarHMTHOM BOJHBI MOJEKYIE! [a30B M BOJSHOTO Mapa, COCTaB-
nsromye 6e306maunyio aT™Mocdepy, MONApH3YIOTCA. BeKTop smek-

TPUICCKOT O CMCIUCHHA Cpeanl D CBA3aH C BEKTOPOM

HaIIpsSKCHHOCTH JJICKTPHYCCKOI'0 ITOJIA E coorHomenueM

- _ P \- _
D=¢,E+P =|e,+= |[E=¢,E, (8.11)

I3 .
raec ? — MOMCHT IIOJLIpHU3alU CIHHMUIIbI obreMa CpE€Obl; €, A €y —

ZUBJIEKTPHHECKHE NIPOHUNIAEMOCTH aTMochepsl 1 BaKyyMa COOTBET-
CTBEHHO. .

W3 coorHomenms (8.11) cnenyer, 4To moysapusyeMas cpeia uMe-
€T OTHOCHTENBHYIO AUIJIEKTPHICCKYIO IPOHULaEeMOCTh

;€ »
g ==+, (8.12)
80

rae X, = P, /€,E — snexrpudeckas BOCHPUAMIMBOCTE CPEIBL.

PaccmarpuBas Ge306maunyio arMocdepy Kak CMech «CyXux» ra-
30B ¥ BOASHOTO Iapa, MOXHO 3amucarh

& =1+%_(O)+ X (8.13)

rge X _(r) — anekTpuueckas - BOCIPUUMYHBOCTE Ta30B; Xomy

3JIEKTpUYecKasl BOCIIPUUMYHBOCTE BOASHOTO Iapa aTMOC(HEpHI.
Mostexyibl ra3oB He 00JaJalOT HAYANBEHBIM 3JICKTPUYECKUM MO-

MEHTOM, M HX MOIApu3aIMsg o0yCIOBIIEHa CMEIIEHHEM 3apsioB B

MOJIEKYJIe  OTHOCHTENEHO DPaBHOBECHOTO TOJIOXCHHS. ITostomy

BEIIMIMHA X (r) ompenensercs COOTHOMEHHUEM
X (D) =N (T), (8.14)
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rae X (T) SIICKTpI/I‘IeCKaﬂ BOCIIpI/II/IM‘II/IBOCTB O,ZIHOI/I MOJICKYJIbI

rasa; N; — aucno MOIIEKyJ Ia34 B 1.

~ Ymcno monekyn B 1 M°, XapaKTepH3yIolmee IUIOTHOCT aTMocde-
pHl Ha JAHHOM BBICOTE, CBA3aHO C JaBICHHEM p (B IACKATIX) H
abCcomoTHO TeMneparypoit 7 COOTHOIICHHEM

P
N. =+,
T gkT

rae k= 1.38-107% /K — mocrosunas bonplMana.

Mouexynsl BOASHOTO Iapa HMEIOT IMOCTOSHHBIN 3JeKTPUIeCKHH
MOMEHT W HX IOIIpH3alisd OOYCIIOBIEHA HE TOJBKO CMeIeHHEM
3apA0OB B MOJIEKYJIe, HO M MIOBOPOTOM CaMoOii’ MOJIEKYNbl OTHOCH-
TeNbHO - TIoNs. TIOBBIIIEHHE TeMIepaTypbl YBEIHUIHBAET CKOPOCTH
JBIDKEHHS MOJNEKYN W 3aTpyIOHSET OPHECHTALMIO MOJEKYJ] OTHOCH-

TENBHO MO, TAaK YTO BENWUMHA X (BII) 3aBHUCHT OT TEMIEPATyphl
BO3/LyXa B COOTBETCTBHH C COOTHOLICHHEM

¥ (B1) = X;mn@ N, (8.15)

rae X, (BII) — 3MeKTprYeckas BOCIPHAMYUBOCT ONHOM MOJIEKYIEI
BOISHOTO napa npu Temueparype 1K, N, = e/kT — xoHueHTpanus

MOJIEKYJT BOTHOTO TIapa TIPH apLHuaIbHOM JABIEHHH e.
B peaynerate noacraHoBky Beipaxkenuii (8.14) u (8.15) B coor-
momenue (8.13), monygaem

Xe(BD) |
T

Xe(T)P
€.kT k]’

=1+ %, (B )+

TomcTapnsas 3Havenus BemmuuH ), (T) H Xz (Bm) , onpenemse-

MBIX 9KCIEPHMEHTaNBHO, M BBIpaXas CyMMapHOE JaBIeHHE p H
IaplIyanbHOe JaBIeHHe BOATHOTO Mapa e B rlla, Temneparypy T — B
Kenpeunax (K), moyzaeM BeIpa)KeHHUE s OTHOCUTENBHOHN JUINEK-
TpUYECKO# poHUIIaeMocTH 6e306maunol aTtMocheps:
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8’=1+[157(p+ 4300¢ HIO“’. (8.16)
T T

W3 coornomenns (8.16) BUAHO, 9TO 3HAYCHUS TUICKTPHUECKOM
IPOHMIAEMOCTH BO3AyXa HE3HAYHTENBHO IIPEBBIIAIOT ENHHUILY.
Jit BonmH InuHOM Gosee 1 cM DIIEKTPOIIPOBOJHOCTH HIDKHEH 4acTH
armocdepsl (Tpomocdepsl) oueHb Mana, M AUIIEKTPHIECKYIO IIPO-
HULAEMOCTh MOXHO CYHTATh BENHYMHOM IIOYTH JACHCTBUTENBHOM.
IIpu 3ToM x03dUIMEHT NPETOMICHHS ONPERENAeTCs MPUOIIKEH-
HEIM BBIpayKCHHEM

n=Ve =J[-1)+1=1+

78.5(  4800¢
=1+ + 107, 8 17

B cuny manoctn BenuuuHEl # —1 ko3dduuneHt npeHOMneHmI
ynoOHO BbIpaxarh B N-eIMHHAIAX:

|

OTKyJAa

N= (n—-1)106. | (8.18)

Ecnu U3BECTHO HE MapuHaIGHOC HNABJICHUC BOAAHOIO I1apa e, a
yAacabHas BIaXXHOCTH BO3AyXa g, TO HCIIONIB3YsA COOTHOIIICHHC

g=62%,
P

BEIp@KEHHE ANA pacueTa KodhGHIHEHTa NPEeTOMICHHI MOXHO
3amucaTh B BHIE

n=1+ 851"(1+622 )10-6. (8.19)
T T
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IMorpentnocts onpenenesns kodddunnenTa TpeaIoMICHHS B Ha-
3eMHBIX YCIIOBHAX COCTABISET 3HaueHue nopsanka 0.7 N-equHHI, a B
cpenHelt Tporniochepe MoxkeT pocturarh 1.2 N-exuaun u Gonee.

B peanpHoll aTMOCcdepe BenencTBHE H3MEHIHBOCTH METEOPOJIO-
TMYECKMX BENWYMH TIPOHCXOIAT CIOXKHBIE IPOCTPAHCTBEHHO-
BpPEMEHHEBIE H3MEHEHHS K0d(h¢HIueHTa npenomMieHns. Pasnuyaior,
OJTHAKO, CE30HHBIE U CYTOYHbIE M3MEHeHHs Kod(dHIIeHTa nNpeaoM-
JICHHS B TPOIIOCHEpe, a TakKe CllyYaiiHble H3MCHEHNS, 00yCIOBICH-
HBIe aTMOChEPHON TYPOYIEHTHOCTEIO. -

CesonHble M3MEHEHUS 00YCIIOBNEHE], IMaBHBEIM 00pa3oM, rojo-
BHIM XOAOM BJIZXKHOCTH C. MAKCHMYMOM B TeImioe momyromue. Hawm-
Oonpiine y3MEeHEeHUS KoaddunuenTa npenoMIeHus MpH 3TOM HMe-
IOT MECTO B HIDKHEM TPEXKHAIOMETPOBOM clioe aTMocdepbl, YTo
00ycnoBneHo GOIBIINMH H3MEHEHHSMH B 3TOM CIJIO€ TEMIIEPATYPHI U
BnaxxHocTH. CyTOdHBIE HM3MEHEHMS KOI(P(QUIMEHTa INPEIOMIICHHUS
atMocdeps! Hanbolee 3HAYATENBHE B HIXKHEM KHIOMETPOBOM CIIOE
¥ MoryT mocturats 10+15 N-emummi. OHu Takke OOYCIOBIEHEI
GOMBIIAM CYTOYHBEIM XOJOM TEMIIEPATYPH M BIAKHOCTH BO3MYXa.
Cnyuaitasle Gnaykryanun kodhduiyenTa IpeoMICHHUS, CBI3aHHbIE
¢ atMoc(hepHOH TypOyNeHTHOCTEIO, TakXke MOTYT OBITH HOCTaTOYHO
BENUKH, IOCTHTas 3Hayerui 10 N-equuui. :

OO6BIYHO YYMTHIBAIOT H3MEHEHHE KOI(DQHUIHEHTA NPETOMICHHS
atMoc(epsl TONBKO II0 BEICOTE, IpeHeOperas TOPH3OHTaIBHOMH
HU3MEHYMBOCTHIO, KOTOPasl YUUTHIBAETCA JIUIIE B PsAE CTIECIMATBHBIX
3aja4.

Jiis XapaKTepHCTHUKH BEPTHKATLHOW H3MEHIHBOCTH Koa(b(pmm-
€HTa [IPEIOMIICHUS aTMOC(ephl IONB3YIOTCA IOHATHIMY BEPTUKAIb-
HOTO IPagenTa U 5)PEKTUBHOIM BHICOTOIA.

BeprukanpHblii rpagueHT Kod(@unueHTa IpenoMIeHHs aTMo-
cdepbl MOXKeT OBITH ONIpeNeNneH ¢ MOMOIIBI0 COOTHONIEHHUH BUIA

A _mph (820)
dh Ah h-h’ -

HIIA

dNANNN

dn Ah h—h
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ny (N)) 1 ny (N;) — COOTBETCTBYIOIIME 3Ha4YeHHS KodddHuupeHTa
MPENOMIICHHST HA BBICOTaX HIDKHEH M BepXHeH IpaHWIl paccMaTpH-
BaeMoro cnos ( Ay u ).

U3 (8.20) cinemyer, uto peansHON atMocdepe, A1 KOTOPOH KO-
3 QHUIMEAT OPETOMIEHHS YMEHBIIAETCS C BEICOTOM, COOTBETCTBYIOT
OTpHLATENbHEIC 3HAUYCHHS FPagueHTa.

B paf@oMeTeOpOIOrM4ECKOM 30HIMPOBAHMA aTMOC(EPEI, & TaK-
e TIpU pelIeHHH psiia APYTHX 3a[ad IMONb3yIOTCS MapamMeTpamy
CTaHIApTHOM, WM HOPMalpHOU, aTMocheprl. B Tporocdepe mns
HOpPMAaJbHOM aTMoc(epbl HMMEIOT MeCTO JHHEiHOe yMEHBIICHHE
TeMIIEpaTypsl BO34yXa ¢ BHICOTOM, paBHoe 6.5°C Ha 1 kM, yMeHbIIe-
HUE JIaBIEHUA 110 6apOMETPUIECKOMY 3aKOHY

gh
h)=p.exp — 2= 1|,
p(h)= p, RT

)51 y6LIBaHI/Ie BJIAXXHOCTH Bos,t[yxa 110 3MHI/IpI/I‘{eCKOMy COOTHOHMICHUIO
g(h) = q,exp(— k(b - ch)),

Tae po ¥ go — naBienne (rIla) u ymembHAs BIAXHOCTH (I/M°) Ha

HIDKHEM YPOBHE; g — YCKOpernue cBoOoauoro nagenust; 1 — cpemusis
TeMIeparypa cronba BIaXXHOTO BO3ZyXa OT HWDKHETO YPOBHS IO
ypoBHS i (kM); R — yHHBepcajgbHas ra3oBas MOCTOSHHAS, b u ¢ —
k03¢ ¢unuents (0.1112 < b <0:2181; 0.0286 < ¢ £0.0375).

Ecnu npennonarath, 4To B CTaHAapTHOU atMocdepe koadpdumu-
€HT IIPCIIOMIICHU U3MEHSCTCA C BBICOTOH IIO JIPIHeI;'IHOMy 3aKOHY, TO
€ro BePTHKaIbHBIH IPalieHT OKa3EIBACTCS PaBHBIM

@ =-4-10"% 1/m umu d—N =-4.102 N -emumumy/m.
dh dh

*OnHaKo, YYMTHIBas 3aKOHBI M3MEHEHHUS METEOPOIOTHYCCKUX Be-
JUYMH C BBICOTOH B Tpomocdepe, JOTUYHO NPEANOIOXUTH, UYTO
3aKOH W3MEHeHHs Kod(pHIueHTa mpeloMIEHHs C BHICOTOH Gomee
KOPPEKTHO OIMCAaTh 3aBHCHMOCTBIO BHIA
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n=ne ™, - (8.21)

e 0. — HeKHii ko3 }UIMEHT, BEIMYHHA KOTOPOTO ONPENeNIeTCS B
COOTBETCTBHHM C BEPTHKAJIHHBIM pacHpeieleHHeM MeTeopoJIorHYe-
CKHUX BEJINYHH. ‘ '

Hnsa ydera xapakTepa pacupelelieHHs Ko3(hGHULUFEHTa IIPEIoM-
JICHUsS. C BHICOTOM BBOZAT B PacCMOTpPEHHE, TaK HaszbIBaeMylo, 3¢-
(bexTuBHYI0 BHICOTY KOd(¢unuenTa npenomiaeHus H, — BBICOTY, Ha
KOTOpO# BenuurHa KO(QQHUIMEHTa NPENOMIEHAS YMEHBINASTCA 1O
CPABHEHHIO C YICXOJHBIM 3HAUCHHEM B ¢ pa3. B cllydae CTaHIapTHOMH,
YUTH HOpMalbHOH aTMocdepsl, 7= 1.000253 u s pexTuBHAS BLICOTA
OKa3bIBa€TCA PaBHOHM OKOJIO 8 KM.

I'apoMeTeopHble YacTHUBL. Jlex ¥ BOIa, U3 KOTOPEIX COCTOSAT
B3BEUIEHHEBIE MK BBHIMANaIOMKE JaCTHIBI 0OJIAKOB H OCaJKOB, OTHO-
CATCA K TOMYTIPOBOISLINM CpeJaM — cpelaM ¢ noTepsamu. Jusd Takux
CpeX OTHOCHUTENbHAS IUINIEKTPHUECKas NPOHHULACMOCTh SBILIETCA
BENMYMHON KOMIUIEKCHOH W ompenensercs cootHomeHueM (8.8),
KOTOPOE MOXHO IIEPENHCATh B BUIE

€ =€;— &y,

rae €; U €, — JEHCTBUTENbHAs ¥ MHHMMAs 9aCTH AUDJICKTPHUECKOR
[IPOHHIIAEMOCTH. °

CornacHo nunonsHOH Teopuu Jebast, NeHCTBUTENbHAS K MAXMAL
HacTH IUSIEKTPHIECKOH NPOHMLAEMOCTH ONPENENAIOTCS BBIpaXe-

HHUSAMHN
2

8 —
gy= mp+—2 0 (8.22)
1+] 2
A, €,-n;
b= SE 0 (8.23)
14| L
A

232



Tae ng — OITHYECKHI KOS(b(bI/IIII/ICHT TIPCIOMIICHHS,; € — CTATHYCCKasA
JAMIJICKTpUICCKaA NOCTOsSHHAS, }\. — TaK HaSI:IBaeMaﬂ JJIMHA «BOJIHBI
cxatn(a» KOTOpOI/I COOTBETCTBYCT MaKCHMaJIBHOC 3Ha‘IeHI/IC IecT-
BI/ITCJ'IBHOI/I JaCTH III/IC-)JICKTpI/I‘ICCKOI/I npOHnuaemocm /1 - JUIMHA

BOJIHBI H31ydYeHus. J{ns somas! € = 80.8; no =18; A =16cm

U3 cootHomenuii (8.22) m (8.23) cimemyer, 4TO Kak HNEHCTBH-
TEIbHad, TaK U MHHMAasg 4YacTH IHIIEKTPHUSCKOHW NPOHHIAEMOCTH
JUISL. THAPOMETEOPHBIX UACTHIl 3aBHCAT OT JUIHHBI NaJaromeH sIex-
TPOMATHMTHOM BONHBL JIJIS MaNbIX UIMH BOJH ( A =~ 2 CM) JU3IIEK-
TpUdecKas MPOHHIIAEMOCTh NPAKTUYESCKHU SABIIIETCA NeHCTBUTENbHON
BEJIUUHHON, Ipr A = 6 CM JeACTBHUTENHHAS W MHAMAs KOMITOHEHTE
JHRIIEKTPHYECKOM TPOHUIIAEMOCTH OKa3bIBAIOTCS IIPUMEPHO PaBHBI-
MH, a IpH A = 9 CM MHHMas 4acTh MOXET Jaxke HECKOJIBKO MpeBEI-
IaTh AEHCTBHTENBHYIO YaCTh AUAIEKTPHICCKOM IPOHMIIAeMOCTH.

AtMmocdepHpie 00pa3oBaHdA. AHATOMMYHO BhIpaxeHHIo (8.13)
OTHOCHTENBHYIO IHAIEKTPHYECKYIO IPOHHIAEMOCTh CMECH, CO-
CTOSIHICﬁ Hé BJIQXXHOI'O BO3AyXa W B3BCHICHHBIX THAPOMCTEOPHBLIX
YJaCTHII, MOXXHO ITPENCTAaBUTh B BUOE

€ = 1+ (1) + Xe(BT) + Xe(A), (8.24)

rae Y(A) — dnekTpuyueckas BOCIPHHUMYHMBOCTE a’pO30NBHOH (pak-
ITHH.

B cnyuae armocdepHOro ob6pa3oBaHMs, COCTOSNIErO M3 PaBHO-
MEPHO paclpeleneHHEIX B TIPOCTPAHCTBE C(EpHYESCKHX YacTHII,
3NIEKTPHYECKass BOCIPHUMYHBOCTD . a3PO30JILHOH YacTH €IMHHLIEI
061eMa ONpeeNeTcsl COOTHOLIEHHEM

m*-1|
x(A) = N,@° eyl (8.25)

rae N; — 4YHCIIO 4YacTHIl B eOUHHIE 00beMa; a — CpemHHi paauyc
a3pO30JIbHBIX YAaCTHL; M — KOMIUIEKCHBIN K03(h¢HUIHEHT IpenoMIe-
HM# BEIIECTBA YacTHIL.
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. . s
IMockonbKy 00BeM OTHON JacTHLEL V = gna U BOJHOCTE aTMO-

cepHOTO 06pasosanua W = pNV, cooTHomenwe (8.25) mpeacTaBuM
B BHJIE

m?—1
2 b
m+2

3 W
Xe(A) = ———
41t p

(8.26)

rze Q) — INIOTHOCTD BEMIECTBA a3PO30JIbHBIX YaCTHII.

-C yaerom (8.26) BRIpakeHHe s ko3¢ UIHEHTa AUIJIEKTPHYE-
CKOM NPOHHLAEMOCTH CMECH, COCTOSIIEH M3 BJIQKHOTO BO3IyXa H
B3BEIIEHHBIX a3PO30JIBHBIX JACTHII, MOXKHO 3aIIHCATh B BUIE

m?—1
m?+2

g=1+ 15—710'_6(p+
T

4800e ] 2 W (8:27)

T . 41t p

CootBeTcTBeHHO, KO3()(MHUIMEHT INPEIOMICHHS TaKOH CMecH
MO>KET OBITH BEIYHCIICH HO (hopMyJie

‘ 157, 4800e) 3 W|m*-1
n=_[1+—107| p+ |
T 4 p |m”+2
Bocnonb3oBaBmmch ' npn6n'n>KeHHLIM COOTHOIEHHEM

1
vi+o z1+EOL mpu & << 1, OKOHYATENHFHOE BHIpaXKEHHE st

k03¢ UIIeHTa IPENTOMIICHHS CMECH MOXKHO 3aIIHCaTh B BUIE

m* -1
m:+2

n =1+——78'510‘6(p +
T

48008)_*_ 3 W (829

T ) 8ntp

IlepBeie nBa cnaraeMbIx B IpaBod wacta (8.28) ompenensror
BKJIaJ| B BEIMUMHY ITOKa3aTeNs NPEIOMIIEHHS BIAXHOTO BO3LyXa, a
TpeThe cJaraeMoe — BKJAI adpo30JbHOM dYacTH aTMochepHOoro
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obpazoBaums. s KanenpHO-XHAKOH obnagHocTH, monaras W = 1

2
™M, p =1, —2——1 =~ 1, BemMuYMHA TPETHETO CIIAraeMoro OKAa3BIBa-
m°-+2 A

eTCs CYIIeCTBEHHO MEHbIIE (IIOYTH Ha TPH NOPsAKa), 4eM BeNHUIHHA
BTOpOTO ciaraeMoro. TakuMm oOpa3oM, MOXKHO CHENaTh 3aKII0UcHHE,
910 K03 (HUNMEHT npenomieHus B aTMochepe B OCHOBHOM OIIpEfie-
JIfeTCA TeMITepaTypoil M IaBliCHHEM BIAXXHOTO Bo3nyxa. CilenyeT
3aMETHTH, OJHAKO, YTO JJI MOIHBEIX KOHBEKTHBHBIX OOTaKOB THNA
Cb BeNMMYMHBEI BTOPOTO H TPETHETO cliaraeMuix B (8.28) MoryT cTaTh
COTIOCTABUMBIMH, W BENHYMHA IOKA3ATCNA MPEIOMICHHA B aTMO-
chepHEIX 06pa3OBAHUAX MOXKET OTIMYATHCS OT norcasarenﬂ TIpeNoM-
JICHUs Ta30BOH aTMoctbepm

8.3. Ilpenomaenne 3J1excrpomarm}n“nmx BOIH B aTMOC(hEpe
- 8.3.1. Pajiopedpaxius B aTMocdepe

V3MeHeHne MOKa3aTens MpeoMIIEHHs 3JIEKTPOMArHMTHOH BOJI-
HBI B aTMOc(epe NIPUBOIUT K NOABIIEHHIO paguopedpakuun. Paguo-
pebpakipell Ha3BIBAETCA HCKPHBIEHHE TPACKTOPHM 3JIEKTpOMAr-
HUTHEIX BOJH IIPH PACTIPOCTPaHEHKH B aTMocdepe.

. TImoTHOCTE peanmsHON aTMocdeps! YOBIBaET ¢ BHICOTOH, IO3TOMY
PazuoNIyd, HalpaBleHHBIH C 3eMHOH MOBEPXHOCTH BBepX, Oyxaer
MEePEXOANTh U3 00NacTH ¢ OONBIKMM 3HAYEHHEM TIOTHOCTH B ofnac-
TH C MEHBIIUMH 3HAYEHHSIMY IIOTHOCTH. . ,

Ecnu smekTpOMarHMTHBIA JIyd TOTAZacT Ha TPaHHUIly pasnena
TIOCKOMAPAUIENIEHBIX CPefl ¢ Pa3sHbIMU 3HAUCHHSAMHU Kod(dHIeHTa
n (puc. 8.2, a), To UCKpUBJIEHHE TPAEKTOPHHU JIyda OyJeT MpOHCXO-
IUTH TI0 3aKOHY #;8in; = const. ;

Tak Kak Jyd TEpexXOmUT M3 cpeldsl ¢ OONBIIMM 3HAYCHHEM R B
Cpelly ¢ MEHBIIEM 3HAaYeHHEM 7, TO YTON (O, JOIKEH OBITH GONBIIE
yraa. g, T. €. TPAaeKTOpPHA ITyHda 6y116T obpanieHa BOTHYTOCTBIO B
CTOpPOHY T'paHHIEI pasfena.
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a)

L1 |

Puc.8.2. Xapaxmep npenomaenus nyua:
a — 6 nockoti ammocgepe; 6 — 6 cpepuyeckoii ammocgepe.

Ecnu sryq majaer Ha rpaHUIy paszeia ceprueckKux ciaoes (puc.
8.2, 6) ¢ pasnMUYHHIMHU 3HAYCHHUAMH KOI(QHIMEHTa NPEIOMICHH,
TO, CUHUTAs B Hpeaciax Kaxaoro Cjioga pacnpocrpaHeI-mé IpAMOIINA-
HEHHBIM ('-ITO NpeaCTaBIACTCA BIIOJHEC BO3MOXKHBIM IPH JOCTOYHO
TOHKMX CJIOfX), IJIsk TOYKH A MOXKHO 3aIIHCaTh

nysin @y = nysin @; . (8.29)

W3 tpeyronsauka AOB 1o TeopeMe CHHYCOB HAXOJUM

. R, . ’
sin@ =~%sin@,, (8.30)
R
rae R; u R, — paccTosHus To4eK HafeHus BOJHBI OT LEHTpa chepH-
yeckor 3eMin. ' .
B pesynberate noacranoBku (8.29) B (8.30) momygaem

nIRlsin(pI = anzsin(pz
HITH ;
nRsin@ = const. ' (8.31)

Ecnn snexTtpoMarHUTHBIH Jyd OyZET pacHpOCTPaHATECA B
IUIOCKOCTIONCTOM ~ aTMocdepe, B  KOTOpoil  KOIHIHEHT
NpEJIOMIIEHHS. H3MEHSeTCS IOCTEHNEeHHO, TO OyNeT NpOHCXOTUTH
IUIaBHOE HCKPMBIICHHE TPAGKTOPHUM Jyya. Paauyc Kpusu3HHE (D)
Oyner ompeneniaThCs BENMYHHOH TIpajgueHTa Kod(HIHMEHTa
HpPEJIOMIIEHUS B COOTBETCTBHH C BRIpa)KEHHEM
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1

P="Gnran’

rie dn/dh — BepTHKaNBHBIA ITPaaueHT Ko3(dunreHTa mpenoMiIcHus.
Korga paguyc KpHBH3HBI pPajyioNyda, HAIpPaBICHHOTO BJONb
3eMHO# TIOBEPXHOCTH, PaBEH PaJycCy KpHBH3HBI 36MHOH IIOBEPXHO-

CTH, 1dy4 orubaer 3eMHOH map. Takas pedpakiysa Ha3bIBaeTCAd KpH-
THYECKOM pedpaknueii. YCIoBHEM KpUTHIECKOH pedpakiyu Oyaer

—=——=-15.7-10"% 1/m,
dh R, '
rae R, — pamuyc 3emny. _

MOXHO BHIIEIHTH U APyTHE XapaKTepHHE BUAbl pedpakiun. B
3aBHCHMOCTH OT XapakTepa HCKpUBICHHS pajHONyda pasIvdaroT
TP OCHOBHBIX BHZa Pauope(paKiy: OTPULATENbHYIO, HylICBYIO H
[OJIOKUTENbHYI0 (pHC. 8.3 1 Tabi. 8.1.).

Tabnuya 8.1
Bnapr pagnopedpaxuyuu : '
Tun pedpaxuumn _ dn/dh, 1/m
OtpuuarensHas : : >0
Hynepas . , 0
TTonoXKHATENEHAS: )
TIOHWXCHHAs : ot 0 no —4-107%
HOpMaJbHas : ' © 4107
TOBBINICHHA . " or—410% g0 -15.7-107®
KpHUTHYECKast —~15.7-1078
aHoManbHas <-15.7-10°%
(cBepxpedpaxiris)
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Puc. 8.3. Tpaexmopuu pacnpocmparenus paduo8onH npu PasnuiHbix MUNAx
paduopedparyuu:
1-nyneeas, 2—ompuyamenvnasn, 3—HOPMANLHASA (CMAHOAPMHAS),
4-nosvruuenras, S—Kpumuuecxkas, 6—anomanvHas (ceepxpedpaxyus).

IIpu HyneBoil pedpakuuu (HyJdeBoe 3HAYEeHHE IpafueHTa Koad-
(HUuMenHTa TIPETOMIIEHHS) TPAEKTOPUS PAAHOTyYa SBISETCS MPIMO-
nuHedHol. OTtpunarenbHas pedpakuus HMeeT MeCTO, KOrga Jyd
HanpasJicH BBIITYKJIOCTBIO BHU3, T. €. JIyd U3 MEHEE IUIOTHOH Cpesn
IepexoquT B Oojee MIIOTHYIO. DTO MOXET OBITH TOJBKO HPH IIOJO-
JKATENBHBIX 3HAUYCHUSX BEPTHKAJNBHOTO IpalucHTa Kod(durmenra
npenomieHusd. [lomoxurensHas pedpaknys BO3HHKAET IPU OTPHIIA-
TEIBbHBIX 3HAUEHMSAX BEPTHKANBHOTO TIpajueHTa KodgduuueHTa
TIPEIOMJIEHHS U, B CBOIO O4€pEb, NOAPA3AEIIETCsS Ha TIOHIKEHHYO,
HOpPMaJIbHYI0, [TOBBIIEHHYIO, KPUTHUECKYIO H aHOMAIBHYHO (CBEpX-
pedpaknuo). HopMmanbHas pamuopedpakuus COOTBETCTBYET ped-
pPaKkIMy B HOPMallbHOH (CcTaHZapTHOM) aTMochepe, UMerommel Bep-
THKAIBHEIA TpamueHT Kod(duuuenTta nperommenus —4-107° 1/m.
Pagnopedpaknus npH 3HaUCHHAX BEPTHKAJIHHOTO TI'PAJHEHTa IIpe-
nomierns oT 0 1o —4-107 1/M HasbIBaeTCA NMONOKHTEIBHOM TOHH-
JKeHHO# pajmuopedpaknmeii. Pammopedpakuus mpu —15.7-10% <
dn/dh < —4-10™ HasEIBaeTCS [ONOKHTENBHOM IOBBIICHHOM pedpak-
nuel. IIpy 3HadeHHMAX BEpTUKAIBHOTO IpaAnMeHTa KodddHIueHTa
npenomienns Mesee ~15.7-107 1/M mMeer MecTo aHOManpHas mo-
JoXuTeNbHas pedpakuus (cBepxpedpakuus). Paguyc KpuUBH3HBI
pamuonyda B 3TOM Cllydae MEHBIIE pajuyca KPHUBH3HBI 3EMHOTO
miapa, BCIEACTBHE YE€TO JIyY HCIBITHIBACT MHOTOIPAaTHOE OTpaKeHHE
OT 36MHON [TOBEPXHOCTH.
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Kpurrueckas pedpakiua u cBepxpedpakius XapakTepu3yHTCs
CBEPXJATBHAM PacIpOCTPaHEHHEM PaauoBOIH B atMocdepe. Takoe
SBJICHHE CBS3BIBAIOT C 00pa30BaHMEM, TaK Ha3HIBAEMEIX, aTMocdep-
HBIX BOJHOBOJOB, KOTOpPBIE MOTYT OBITH KaK IMPH3EMHBIMH, TaK
OPUIOJHATEHIMA (OTpaXXeHHE B 3TOM CHyYae HMEET MECTO He OT
3eMHOI MOBEPXHOCTH, a OT CJIOF aTMOCchepEl Hajl 3eMIleit).

8.3.2. MeToax! yuera paguopedpaKuun

Senenue pe(bpaKum/I OpHUBOOUT K oImmoKaM H3MEPEHUA BBICOTHI

00BeXTOB B aTMOcdepe Hal MOBepXHOCTBIO 3emin. Paszmigarot npa
OCHOBHBIX METOHAa ydeTa paguopedpakiud B aTrMocdepe: METOx
SKBMBAJIEHTHOTO pajyca 3eMIH M. METOJ IpHBeIeHHOro ko3ddu-
[(UEHTA [IPETOMIICHUS.

MerToz 3KBHUBAJICHTHOTO PaJiiyca CBOAMT 3a1ady KPUBOIMHEHHO-
TO PacIpOCTPaHeHHs PafMOBOIH K 3ajade C IPSMOIHHEHHBIM pac-
MPOCTpaHEHHEeM B YCIOBWAX peansHOM pedpakunu B arMochepe.
KpuBonunelinyro TpaeKTOPHIO JTy4a IPH 3TOM «pa3rHOarT, u3Me-
HAs. pajuyC 3eMIH O TeX IOp, IOKa TPaeKTOpHs JIyda He CTaHeT
IPSIMOTIHHEHHOH. HOHy‘{CHHLII/I panguyc cq)epm Ha3bIBAIOT JKBHMBA-
JIEHTHBIM PaJIny COM. o

OnpenenuM SKBHUBaJICHTHBIN pa;:myc IS cnyqa;[ KOTJla BepTH-
KaJIbHBIA TPafHEHT Koa@@nunema IPENOMIICHHS TIOCTOSHEH, a JIyY
TIEpBOHAYANBHO HANpaBIeH MOJ YrIoM (o K BepTHKamH. Jlms xByx
TOYEK, OOHA U3 KOTOPHIX PAacllONIOKEHa Ha 3€MHOW ITOBEPXHOCTH, a
BTOpasi — Ha BBICOTE H Ha OCHOBAaHHHM CoOTHOUIeHHS (8.31) MOXHO
3aIucaTh

noR:Sin@o = n(R, + H)sing, (8.32)

Ifie ng U n — 3HaYeHUs Koddduunenra mpenoMieHus Ha ypOBHe
3€MHOM IIOBEPXHOCTH M Ha BBICOTE H COOTBETCTBEHHO.

3HaueHne kodGdHUINEeHTa TPETOMICHNUT aTMochepsl Ha BBICOTE
H CBS13aHO ¢ ero NPHU3eMHbBIM 3HAYEHHEM COOTHOIIEHHEM

n:n0+d—nH.
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[MostoMy cootHomenue (8.32) MoXKeT OBITh IIEPENMCAHO B BULIE

Rysing, = 14 -1 (R, + H)sing,
_ n, dh
uiy

2
sin@, = 1+id—nH+£+iH—@- sing. (8.33)
ny, dh R, n, R, dh

H dn
Tak kak — <<1 u @ << 1, to, npenedperas B (8.33), mocnen-
3
HHM CJIaraéMbIM B CKOOKax, IIOJIydaeM

sin@, = {1+ H(i+i%}:|sin(p. (8.34)

3 My

CpasHuBasg (8.34) ¢ (8.32) npu n = ny, MOXXHO 3aMETUTB, ITO CO-
otuomenue (8.34) GopMasbHO COOTBETCTBYET CIIydar0 OTCYTCTBHS
pedpakuun, HO yxe He B aTMocdepe 3eMiIM ¢ paiiyCOM KPHBH3HEI
1/R;, KaK 3TO UMENO MeCTO TpH OOBIYHOMN HyNEeBOH pedpaknuu, a B
aTMocdepe Hekoit HOBOH chepsl C paiycOM KpUBHU3HBI

i= L =i id—n, (8.35)
R, K,R, R, n,dn
OTKyZa
R,=K,R;, (8.36)
rIe
1
K =—
P
L Lp®
ny, ~dh

Bennunna R, onpenenser paiuyc 3TOH HOBOH chephl H Ha3bIBa-
eTCs OKBHBAJICHTHBIM paauycoM. [ HOpManabHOM aTtMocdepsl,
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d ~ X .
noJaras d_Z =—4-10"° Um, Ry = 6370-10° M, no= 1, nomyuaem Kp=

1.33 u R,= 8460 xm. CnexyeT OTMETHTE IPU 3TOM, 9TO IIPU HYJIEBO
pedpakuuu R,= R;, a npu oTpunarensHoi pedpakuuu R, < R;.
BBeeHHOE MOHATHE YKBHBAIEHTHOrO Painyca IMO3BOJAET Ompe-
IENUTH JATbHOCTH PAJUOBHIUMOCTH Ryp, T. €. TaKyIO JalbHOCTH, TE
elle BO3MOXHO OOHapyxuTh 00BeKT. [eficTBuTENBHO, Haxke mpu
HYJIEBBIX yIJIaX BO3BHIICHUS PafUOIyd ITOTHUMAETCS C yBEIUYEHU-
eM paccTOSHHUS Haj MoBepXHOCTHIo 3emmu. Ilpu 3ToM GymeT cyme-
CTBOBATh PACIHIUPAIONIASCA C PACCTOSHHEM 30HA, IIPOCTHUPAIOMIASCS
OT MOBEPXHOCTH 3eMIH M0 paxuonyda. OOBEKTHI HE MOTYT
OOHapy)XHBaTbCsS, €CII OHM HAaxoAATcs B OTOH 30He (Tak
Ha3bIBaeMasi, 30Ha paguoTeHH). g HyeBBIX YITIOB BO3BBIIICHUS

Ruy= 2R, (Jﬁ N ) @)

rie h° — BBICOTa aHTEHHBI PaJHOJIOKATOPA HaJ MOBEPXHOCTHIO 3eM-
.

PeanpHas BeicoTa H 00BeKTOB B aTMOcepe MOXKeT OBITh Haiime-
Ha ITyTeM BBEJCHHA COOTBETCTBYIOIICH IONPABKM Ha paauopedpax-
110, OOBIYHO 3Ty BEICOTY H ONPENeasioT VI YCIOBHHA HOPMABHOH
panuopedpakouu o popmyie

H=Rsind + ER:, -~ (8.38)

rae R — paccTosHHE 10 00beKTa, O — BEpTHKAIBHEIH YTOM paJHoiy-
ya, & — koaddunuenr, Koropmﬁ IUIS YCIOBUH HOPMAJBHOM paIuo-
pedpakuuu pases 6:107 k. . :

Mertoa npuBeReHHOTo Kod(ppuumenTa l'[pe.IIOMJIeHHﬂ COCTOHUT
B TOM, YTO BIMSHHE KPHUBU3HBI 3¢€MHOH NOBEPXHOCTH (a clenoBa-
TENBHO, ¥ KPUBU3HBI ChepudecKoi CIOUCTOH aTMochephr) 3aMEHIIOT
BIMSHUEM RONOIHUTEIHHOrO 3HaueHHd KoddounueHta mnpenomie-
HusA arMocdepsl. ns 3TOro kpHBONHHEHHYIO TPAEKTOPHIO JIy4da
BMECTE C 3€MHOH IIOBEPXHOCTBIO «pa3rubaroT» N0 TeX Iop, IOKa
ceprueckas MOBEPXHOCTh 3eMIH HE INPEBPATHTICA B IUIOCKYIO, a
JyY TpH 3ToM OyJeT UMeTh ApYyryio Kpusu3Hy. COOTBETCTBYIOLIMIA
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HOBOH pedpakuun kod3)GHUIHEHT mpenoMiIeHus atMochepsl Hasbl-
Ba€TCs IPUBEACHHEIM K0Y)OHUIMEHTOM NnpeoMIEHHS.
I[Tycre, Kak ¥ B IpEeABIAYIIEM CIy4ae, U3 TOUKH, PacIoNOKeHHON
HA 36MHOM TOBEPXHOCTH, B IIIOCKOCIIOUCTYIO aTMOC(hepy HATIPABIICH
panguonyd. IIpumennTensHO K 3TOMY CIydaro Takke OyJAeT crpasen-
nH

nuBo coorHomenue (8.32). C y4eToM TOro, 4T0 —— = — (TaK Kak
3 3’
n = 1), coornomenue (8.32) MOXHO NEpenucaTh B BUIE

n+R£ sinQ =n,sinQ,. (8.39)
, ,

Otcrona npUBeAEHHBIH KO3()DUIIMEHT TPEeTOMIICHHS

H
Nop= N +— (8.40)
R, :
UM B N-eJUHHIEX
‘ H
Npp = (15— 1) 10° = n+—R——1 0°. (8.41)

3

IpuBeneHHs KOIGPUIIMEHT NPENOMIECHHS HCIIONB3YETCs TaK
Ke, Kak 1 OOBIIHBIN K03 OHIMEHT NPeNOMIEHUS B 3aJa4ax pacipo-
CTPaHEHHU: 3JICKTPOMArHUTHOH SHEPIUH, HO HAJ INIOCKOH 3eMIeH.

8.4. Ocnabnenne 3JeKTPOMATHHTHBIX BOJH B aTMoc(epe

B mportiecce pacpoCTpaHenus SIEKTPOMATHUTHBEX BOIH B aTMO-
cthepe BO3HHKAIOT TMOTEPU SHEPrHH, 3aBHUCAINHE OT €€ CTPYKTYPEL
TIpu uccneoBaHUM ATUX TIOTEPE aTMOC(EPY MOKHO pacCMaTpUBATE
KaK CMeCh COCTaBIIIONINX € ra30B, BOJJHOIO Iapa M adpo30JbHOMN
dpakipa. MexanusM B3aUMOIEHCTBHS DIEKTPOMATHHUTHBIX BOJH C
razaMu aTMocepbl M- BOISIHBIM TApOM, C OZHON CTOPOHSI, U C THA-
poMmeTeopaMu M atMoc(hepHBIM -a3pO30JIEM, C APYroid, UMEET CBOM
0COOEHHOCTH.
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8.4.1. OcnatGienne B razax arMocgepsbl

Ocnabnenue B razax aTMoc)epsl TIPU PACIPOCTPAHEHUH OJIEK-
TPOMAarHMTHBIX BOJH B aTMOC(epe UMeeT MECTO BCIIEACTBHE HOTIIO-
HNICHAS M paccesHys SHEpruM BOJH MolIeKyldaMmH. B 1mmamasone
ceepxpeicokux 4actor (CBY) mmuna BonHEI KojeOaHMH HaMHOTO
Goxblre pasMepoB MOJEKYH, TOITOMY () (HEKTOM pacCEesHUs] MOKHO
npeHedpeds U pacCMaTpUBaTh TOIBKO 3G PEKT NOTTIOMEHHU.

Y3 rasos, cOCTaBILIIOMMX arMocdepy, Hanbonee CHIBHO 3JEK-
TPOMArHUTHAas 3HEPTUs OCHabiieTcss KMCIOPOJAOM WM BOJSHBIM Ia-
POM, TIpH 3TOM OCHabJICHHE BO3HUKAET BCIEACTBHE TOrO, YTO JJIEK-
TPOMAaruuTHAs BOJIHA B3aHMOJIEHCTBYET ¢ AUITOJNBHBIMH MOMEHTaMHU
MOJIEKYJI YKa3aHHBIX ra3oB M BHI3BIBAET MX BBIHYXICHHBIE Koneba-
HAS. MoONekynsl KHCIOpOLa MarHUTHO B3aMMOIEHCTBYIOT C 3J€K-
TPOMaruMTHHEIM M3TYYCHHEM, a. MOJEKYJBl BOISHOIO Iapa — 3JeK-
TPUYECKH.

Ocnabnsiomye CBOWCTBA KHCIOPOA@ 3aBHCAT OT HaBJCHMA H
TEMIIEpaTyphl: C MOHKXEHUEM TEMIIEPATypPhI TIOTTIOMEHHE KHCIOPO-
JoM yeemmumBaeTcs. Tak, mpu temmeparype —40 °C ono ma 70 %
MOXeT OrITh Gonbiue, geM mpu 20 °C. Ocnabienne BOASHEIM IapoM
OKa3bIBacTCs NPOMOPUMOHATBHBIM YACILHON BIaXKHOCTH BO3AyXa M
TAKXXe YBEIWIHBAETCS C IOHIKEHHEM TEMIIEPATyphI: TIPH TeMIepa-
Type —40 °C ocnabnernue Ha 20~45 % Gonsie, wem npu 20 °C.

Iornomenne B KUCIOPOAE MOXET OBITH BEIPAXEHO CIEXyIOmen
dhopmyoii:

o (A) ~ %Af', (8.42)

rae N — KoHIeHTpanns MoJlekyn kuciopoga; T — temneparypa; Af —
IIMPUHA JIMHUM TOTIOMEHHs KUCIOPOAa; Oh(A) — I(OC)(l)(bI/IIII/IeHT
ocnabiIeHus KUCIOPOLOM Ha JUTHHE BOJIHEI A.

- OnHaKo KOHUEHTpAalUA MOJIEKYI KUCIopoAa N IpOnOpLHOHAIIE-
Ha TIIOTHOCTH BO3AyXa P, a W3 ypaBHeHH;{ cocrosaus P = p/RT.
ITo3TOMY MOXXHO 3aIlUCaTh :

p

~—

RT’

e R — ra3oBas IOCTOSIHHASL.
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B cBoro 04epCab, LINPpHHA JINHHH TIOTTIOMIEHHS B OCHOBHOM  OII-

penemserca dpdexkTaMu coyJapeHHs MONEKYJ; H3 KHHETHYECKOM
TEOPHH I'a30B CIEAYET, 9TO '

A ~E_
: NT
B urore nony4aem

o,(A) ~ £ (8.43)

IlockonbKy maBieHHe W TeMIIepaTypa BO3AYXa C BHICOTOM. CHIIb-
HO H3MEHSIOTCS, TO U OmpeneneHus Koddduuuenra ocnabieHus
KHCIIOPOJOM Ha HEKOTOPO#t BBICOTE & (0L(A, k) neobxomumo B (8.43)
BBECTH HeKkyw Oyukouio (@;(h)), 3aBHCANIYIO OT BEICOTHL

Torma
2

o, M) =L—0,h),

T5/2
Tae ;
(pl (h,) — e—l1/5.3 . '
Torma MOXHO 3alIKCcaTh
o, (A k) = o, (A,0)e "3 (8.44)

3meck 0 (A,0) — koadduurenT ocmabieHns KHCIOPOAOM NpH
h=0. :

Bemmuunna Ay, = 5.3 kM Ha3bIBaeTcs 3¢ (GEKTHBHOH BBICOTOMH Cl10st
. KHCIIOpoJa Ha 3Toi BeicoTe 04 (A,0)/0L(Ah) = e, T. e. 3 dexTuBHAS
BBICOTa CJI051 KUCIIOPOJa COOTBETCTBYET M3MEHEHHIO €ro Kodddurm-
€HTa ocrableHys B € pa3. o

WurerpansHoe mOrnomeHne B KACIOPOAe OyIOET ONpenensiTses
BEIPAXCHUEM ’

7, = [, O h)dh = o, MO, , (8.45)
0
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rae H, xapaxrepusyeT 3KBHBAJICHTHYIO AnuHy mmornomenns (DI1);
B ClIy4ae 5KCHOHEHIHANbHOM BHICOTHON 3aBUCHMOCTH O (A, &) DJIIL
coBmanaer ¢ 3(hGhEKTUBHON BBHICOTOH CIIOA KHCIOPOJA, T. €. PaBHA
5.3 kM. ‘ .

Jna pacueToB ko3¢ duIieHTa NOINIOMIEHUS BOAIHEIM NTAPOM BHE
obyiactefi pe3oHaHCa OOBIYHO HCIIOIB3YETCA CIEAYION[As 3aBHUCH-
MOCTb:

Oy (A) ~ %(ﬁ Fe0T) (8.46)

rae O — abcomoTHAas BIAXXHOCTh BO3IyXa.

VYuuteiBas, 4To abCOMOTHAS BIAXKHOCTD, TaK e, KaK JaBICHHE U
TeMIepaTypa Bo3JyXa, yMEHbIIAIOTCA C BEICOTOM, MOXHO aHAJIOTH4-
HO TIPOBEJEHHOMY BBIILIE PACCMOTPEHHMIO 3aIIUCATh

o, (AR =, (A0)e (8.47)

Bemmunna h,, =2.1xm HaseBaercs 3QQexTHBHON BHICOTOM

CJIOA BOLAHOIO I1apa.
I/IHTel"paJ'IBHOC IOorJIOMICHHUE B BOJASAHOM IIape MOXXHO OIIpene-
JITBH C IOMOIIBIO BBIPAXKCHHUA

7,0 = [0, Oul)dh = 0, LO)H,, . (8.48)
_ J ‘

3neck BenHuMHA My, TOXKE XapaKTepH3yeT SKBHBAICHTHYIO IJIH-
HY TOTJIOIICHHU, HO B BOISHOM Iape.

Taxum o6pasoM, ko3 UIMEHT MOTTIOMECHH JHEPTHH IIEKTPO-
MAarHHTHOTO M3Iy4eHHs BHE 00JIACTH Pe30HAHCa ra3aMu aTMOC(eps
B 3aBHCHMOCTH OT BBICOTHI MOXET OBITh OIpENENeH B COOTBETCTBUM
C BEIPaKEHHEM ~ o

o1 =0, () +04, 0 1) =0, LD 40, L0)e ™™ 8.49)
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HnTerpanpHOE NOIJIOMEHNE Ha BEPTHKATBHON Tpacce Toraa Mo-
ET OBITh OIIpeJIENIeHO C TIOMOIIBIO. COOTHOIIEHHS BUA

) =1,A)+1,,A) =0, A0H +o,, (A0)H, . (8.50)

Pacuer mornomenus rasamMp aTMocepsl IIpH paclpoCTpaHEeHUH
3NIEKTPOMATHUTHOTO M3Ty4eHHs II0 HAKJIOHHBIM TpaccaM B Auanaso-
HE BEPTHUKAIHHBIX YIIO0B 5° <8 < 90° mpOM3BOAUTCSA C MOMOIUBIO
BHID@KEHUH, yUHUTHIBAIOIINX CHEepHIHOCTH CIIOEB aTMOChEpEL:

Li=o (Wl +o (A L,, (8.51)

rae /; u [, — SKBUBaJIEHTHBIE [UTMHB! IIyTel, NPOXOMMMBIX 3JIEKTPO-
MArHHUTHOU BOJTHOW COOTBETCTBEHHO B CYXO# aTtMocdepe M B BOAS-
HOM I1ape, IPUBEICHHEIE K IIPU3EMHBIM YCIOBHAM:

I =_S?r-l_38(1_e—h/5.3)’

I, = 312n18 (l_e—h/ll).

(8.52)

IToTepu 31eKTpOMarHUTHOH SHEPTHM B Ta3ax aTMOcdepsl O00BI4-
HO YYHTHIBAIOT C MOMOIIBK) YAENHHEIX KO3(QGHUIIMEHTOR HOTIIOIIE-
HHSA B KUCHOpoae (Vi) ¥ B BOATHOM Tape (Yu), XapaKTepU3YIOUIUX
ocnabneHue MpoxXoaaIled 3NEeKTPOMArHUTHOM SHEPTHH Ha €NUHHIE
paccrosausA. s cinos atMocdepsl MPOTSHKEHHOCTHI0 R CyMMapHEIN
k03¢ durmenT ocnabraeHus OyaeT BEIPaXaTsCsl COOTHOILICHHEM

I = (e Han)R - : . (8.53)

MoOIHOCTE SHCKTPOMaFHHTHOﬁ BOJIHBI € YYE€TOM ocnabnenus
MOKET OBITH OIpeaCICHa C IIOMOINBIO BEIPAXKCHUA

Pz‘%.lo—().lrﬂ’
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rae Py — MOIIHOCTH 3JI€KTPOMATHUTHOM BONHBI IPH OTCYTCTBHH
ocnabneHus.

IIpUMEHHUTENPHO K paJHONIOKAIIHOHHBIM 3aiadyaM, KOIZHa dJeK-
TPOMArHHTHAS BOJHA MIPOXOAUT OJHO H TO )X PacCTOsHHE R JABax-
JB1 (10 06BekTa 1 00paTHO), DpUHUMaeMas MOIIHOCTh BOHBI MOXKET
OBITH OlpeaeneHa no GopMyne

P=P107%" (8.54)

—02r,
Benmamaa K =1077"°, ma3ssiBaeMas MHOKUTENEM OclablIeHus,

IIO3BOJISIET YYECTH ocna6neHHe 3J'ICKTpOM3FHPITHOﬁ SHEepruun 3a CHET
ocrmabieHns B Tazax aTMocdepsl. YAHTHIBasA CTPYKTYpy 3TOro Ko3¢-
¢urenTa, BelMHyruHb! I, 00BIYHO 3amaroTcs B nenubdenax (ab).
AHanu3 3aBHCHMOCTH YAETBHBIX KO3(D(UUHMEHTOB OCHalbleHus
KHCJIOPOAOM M BOJSHEIM TapoM NOKA3HIBAET, YTO KaK y KUCIOPOJa,
TaK A Yy BOOSAHOIO napa HMCIOTCA O6HaCTI/I JJIUH BOJIH, I'AC TIOTJIONIC-
HUE MOXeET OBIThL JOCTAaTOYHO BECIIMKO 3a CYET pe3OHaHCHBIX ABJIC-
uui. Tak, y kuciopona pe3oHaHCHas 00JAacTh JISKHUT BOIM3H JIIIHH

BormH 0.5 u 0.25 cMm, Te 3Ha4YeHHe YAETBHOro K0d3(hGHLUHeHTa 1no-

TIIONMICHUSA Y 36MHOH MOBEPXHOCTH MOXKET AOCTHTaTh 3 U 14 gb/kMm
coorBercTBeHHO. OcableHne 3IeKTPOMATHUTHOR BOJIHBI BOISHEIM
NapoM 3aBHCHT OT €ro cojepxanus B atMocepe. Pesomancmoe
TOTJIONICHHE Y BOASHOTO Tapa Haliroaerca Ha juirHax BonH 0.16 u
1.35 cM. Ha 5THX JTHHAX BONH HpH YAENbHOM BIaXHOCTH 7.5 r/M’,
XapaKTepHOH M YMEPEHHBIX IIMPOT, YAEHbHBIH KO3 HUIHEHT
MOTJIOMIEeHHs oka3biBaeTcs paBHBIM 20 u 0.2 1b/KM COOTBETCTBEHHO.
Ocnabnenne BIEKTPOMArHUTHOTO H3IYyYCHHS BOASHBEIM TIApOM IIPH
3TOM SBISIETCA MPOTIOPIIMOHANBHEIM YAEIBHOMN BIQXHOCTH BO3IYXQ;
TIPH TIOHPKEHUH TEMIIEpaTyphl BO3AyXa OHO MEIIEHHO PACTET. ‘

Ha mmeiHe BostHBI 0K0JIO 3 cM (pabodas JUIMHA BOJHEI PagHoiio-
karopa MPJI-2) ynensnbiii k02¢dunuent ocnabieHnus B KUCIOPOJE
paBer 0.0072 nb/xM, B BOmsHOM mape mpu Temmneparype 20 °C —
0.00039 nb/xM mpu BogsocTH 1 /M u 0.004 KB/KM IpH BOLHOCTH
7.5 /v’

JIns JOCTaTOYHO MPOTKEHHBIX Tpacc (nopsaka 300 kM) ocnab-
JIeHHe B razax arMocepbl MOXET BEI3BAaTh YMEHBIICHHE JHHAMHAYC-
CKOTO AHAIa30Ha METEOPOJIOTHIECKOTO paaroiokaropa 1o 6 1b.
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8.4.2. Ocaabaenue rugpoMereopamMu

Ocnabnenne rEApOMETEOPaMH IIPH PACHPOCTPAHEHHH 3JIEKTPO-
MarHMTHOH BOJIHBI IIPOMCXOAMT BCIEACTBHE HOTJIOIUEHUSI U pacces-
HMs JHEPrHH Ha TMIPOMETEOpHBIX JacTHUaxX. HTEeHCHBHOCTH Mpo-
UECCOB IOITOUIEHH U PacCesTHUs U1 OMHON HacTHLB! OLIEHUBAIOT C

MOMOIIBI0 3G (EKTHBHBIX IUTOmaAeil mornomenus (G 5, ) 1 TIOIHOTO

paccesHus (O, ):

P P
c, ==, =-£,
R | i |

rae Py v P, — MOLIHOCTH, TepseMBIe NafaloleH 3MEeKTPOMarHUTHOH
BOJIHOM BCIJICACTBHE HOIJIOMECHHS M IONHOTO PacCESHHS COOTBETCT-
BeHHO; Il — MIOTHOCTE MOTOKa MOWIHOCTH, Majarollel Ha YacTHIY
3JIEKTPOMArHUTHO# BOJHEL.

IInockuiit GppoHT 3MEKTPOMArHUTHOH BONHEI TIOMIAABIO0 S HMEET
MomHoCTE Py = I1S. Ha snemenTe nyTH dR naparoomas 3JIeKTpoMar-
HUTHAs BOJIHA B3aMMOJeHCTByeT ¢ NSAR yactuuamu. Torma TOJIHYIO
MOIIHOCT, HOTJIOUICHHYIO HJIH pAaCCesHHYIO Ha D3JIEMEHTE MYTH,
MOJKHO NPENCTaBUTH C IIOMOIIBIO BEIPAXKCHUI

dP,=-I16, NSdR
dP,=-I1G, NSdR,

rae N — KomM4ecTBO YacTHI[ B €AUHHIE 00beMa.
W3 3anmcaHHEIX BRIpaXXEHHUH CIELYET, 9TO

ak, =-NO, dR, (8.52)
E) i

",

—P— = —NO‘p'_ dR

0

IIponHTErpHPOBaB ATH BHIpaXKEHHS [0 JAJILHOCTH B TIPEAENax OT

0 10 R, a mo MOIHOCTH — B HipeJenax oT Py A0 Py T TIOTIOMIEHUS 1
oT Py o P, U1 paccesiHus, NOIy9aeM
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i = -NG, R, ' (8.53)
R) i

HIIN
101g£", =-4.34NC, R,
})0 i
P
10lg—==-4.34NG_R
P p;
0 :

BenuduHbl, onpeaensionye NoTepy MOMIHOCTH Ha ITyTH B 1 KM,
TIPEACTaBIAOT c060i yaensHble Ko3(bUIHEHTH NOrIomeHus (Yy) U
TIOJIHOTO paccesHuA (Yp), PACCUMTHIBAEMEBIE B JB/KM:

Yo=4.3410°NG, , (8.54)
Y, =4.3410°NG , .

Ecnu noTepu Ha NOIVIOMIEHHE M pacCesHUE 3IEKTpOMarHUTHOM
9HEPTHU CYMMMpPOBaTh, TO IIONHOE OCIAbIEHHE MOXKHO OLIEHUTH
yIeNBHBIM K03((dHUIeHTOM ToMHOT0 0caabaeHus

Y5 = Yn + Y, =4.34-10°Noy;, : - (8.55)

TAe Oy = O, + O, — 50OeKTHBHA] IIOMA/b [IOIHOTO OCIa0IeHHs

9aCTHITHL.

D deKTHBHBIE TUIOMAAN IOTIONEHHS ¥ IIOIHOTO PACCETHHSA
chepHUUECKHX JacTHI[ MOTYT OBITH paccuMTaHbI 10 (GopMynaM Mu,
KOTOpBIE IJIS CIydas MaJIBIX YacTHI], YAOBICTBOPAIOMIMX YCIOBHIO
nd/A << 1, uMeloT BUI
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2 73 2 _
o, = T 1| - m =1 (8.56)
‘ A m”+2

21°d® | m? -1
G e &7

roe d — nouaMeTrp I-of wacTMibl, Im — MHHMMas 4acTh CTOSINETO B
CKOOKaxX KOMILIEKCHOTO YHCTIA.

Benmauab: Gn- u O'p_ B paSHH‘IHOﬁ CTCIICHU 3aBHCAT OT pasMe-
g [}

POB YACTHI[ M JNMHBI BOJHBI MAaJalOINero 3JICKTPOMAarHUTHOTO
m3nydeHus. Mg wacTHIl MambIX pasMepoB, IS KOTOPEIX

cripaBe/UIMBEl BEIpaXeHus (8.56) u (8.57), o, >> G,, T.c

sbdeKkTuBHaA  INOMAanb [ONHOro ocHableHus TNPaKTHYECKH

onpenensercs IHOIb 3G PEeKTUBHON MIOMIAABI0 TOTJIOMICHHUS.
Hcnonp3yeMsle Ui pacyeToB IIOJNHOTO OcnableHHs 3HAYSHUS
: m?

KBaapara MOLyJsa d MHEHMOH 9YacTH OTHOMNICHHSA JJI4 BOJBI

m*+2

3aBHCAT OT TEMIEPATYPHI U JJIMHBI BOJTHEI, 4 JJId JIbAa MPaKTHIECKH

HE 3aBUCST OT JUIMHEL BOJHEL H 3aBHCAT JIUIUG OT TeMIeparypsl. s

MPaKTHYECKUX PACYETOB OOBIYHO MOJATAIOT, UTO JUIS BOJBI BEIIHYM-
m? 1|’ :

Ha |———| wuMeeT 3Hauenue okoyo 0.930 (mpu 0 °Cu A =3 cm) u
m +2

0.9340 (mpu 0 °C u A = 10 cm), a wig apaa — 0.197 (upu m06BIX

2

temneparypax). Bemmuuner. Im| — Ul BOIBI MMEIOT 3Ha-

m* +

werns 0.0335 u 0.1102 cooTBeTcTBeHHO, a /st Tpaa — 9.6-107.
8.4.3. OcnaGnenne B aTMocgepHbIX 06p3303énﬂﬂx

OcnaGiaenne B J0XKAe PACCUUTHIBAIOT B (DYHKIHH €ro HHTCH-
CHBHOCTH, BBIP2)KCHHON B MM/, TIOCKONBKY HAWTH KOHIICHTPAIUIO K
pacnpefeneHHe Kalledb [0 pa3MepaM 3aTpyaHUTensHO. OueBHIHO,
YTO BKIAJ YacTHUI Pa3IMYHBIX Pa3MepoB B OOIIYI0 WHTEHCHBHOCTB

250



o pasnudeH. [lapnuameHas MHTEHCUBHOCTD NOXAA I, hopMu-
pyeMasi KarsiMy JHaMeTpoM d;, OIPENENIAeTCs] COOTHOIEHHAEM

nd’
L= 3.6~106N,.?’pv,., (8.58)
rpne v, — abcomroTHas CKOpPOCTh Ha_ﬂeHI/I}I Kariau JuaMEeTpoOM

d; (cM/c); N; — KONHYECTBO COOTBETCTBYIOIIMX Kallenb B €AWHHIE
00BeMa; P — IIOTHOCTE BOJEL.

B mosae coaepxarcs Kalli pa3sHbIX pa3MepoB, IO3TOMY 00mias
HHTCHCHUBHOCTD JOXASA IPEICTaBNsgeT cOO0H CyMMy IapriHalbHBIX
HHTEHCUBHOCTEN

C yuerom (8.58) coomomeﬁne (8.55) moxer 6LITB‘HépéHH03HO
B BHJIE

043 Ay o
6 }; iVi_o.12621,.c,.,

i=1

e V; — obbem kamnmu juamerpoMm d; ; Ci=v; / vV); p = 1 (mna
BOJEI).

Takx xax MHOXHTENs C; IpW (QUKCHPOBAHHBIX JUIHHE - BOJHBL 1
TeMIeparype TNpeacTaBiIsder co0oif MOCTOSHHYIO - BENHYHHY, TO
Koaq_)(bnuneHT ocnabneHus B OXK/I€ MOXXeT ObITH 3aITUCaH B BUJE

N .
y=0.126CY I,. (8.59)

i=1

13 coorHomenus (8.59) cimexmyer, 4ro ocnableHue B JOXKAE C
HWHTEHCHBHOCTBIO ] MM/4 TUHEHHO 3aBUCHUT OT HapUHaIbHBIX HHTEH-
CHBHOCTeH I;, 00yCIOBIICHHBIX IPYyTIIIaMH KaIlellb Pa3IHYHEIX pa3sMe-
poB. OfHaKo CllelyeT 3aMeTHUTh, YTO TaKas 3aBHCHMOCTH MEXAY
VAETBHEIM KO QUITHEHTOM OCNabiaeHuss H HHTEHCHBHOCTHIO IO
Habmonaercs  OOBIYHO NHUIIb AN HEKOTOPHIX CPEAHMX YCIOBHI.
MoryT UMeTs MeCTO CIydaw, KOTAa JOXIH C OJUHAKOBON HHTEH-
CHBHOCTBIO OyZyT 1aBaTh Pa3IMIHOE OCHabIeHuE.
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Jus HanboJiee THOMYHBIX 3aKOHOB PACIpEICIeHHs Kalelb B 10-
KIAX Pas3IMuHOM MHTEHCHBHOCTH KO3((HIMEHT yIEIbHOro ociab-
JICHUS OTIPEJEISIOT C IOMOMIBIO OMITUPHIECKOH (OpMyIIEI

y=pI%, (8.60)

rae Y BeipaxkeHo B nb/km, a [ — B MM/4, O ¥ B — sMImpHUecKue
K03 QUIHEHTE.

3nauenus kodd¢uupenta o cocrapmaor 1.3l mpu A = 3 cm u
1.00 mpu A = 10 cM, a koaddumuenta § — 0.0074 u 0.0003 coorsert-
CTBEHHO.

Ananu3s 3aBuCHMOCTH Tuma (8.60) ImpH yKa3saHHBIX 3HAYEHHAX
ko3 duneHToB O ¥ [} OKa3kEIBaeT, YTO OCNabIeHHe B JOXKAE SIBIIS-
eTcs 6oJiee 3HAYUTENBHEIM IS A = 3 ¢M, ueM it A = 10 cm.

Ocaabnenne B 00;1akax ¥ TYMaHaX MOXXHO PacCUMTaTh, IIONb-
3yACh TAKOM XapaKTepHCTHKOH 3THX o00pa3oBaHWi, KaKk BOJHOCTE,
KOTOpas B CIy4ae MOHOZMCIIEPCHOTO 00pa30BaHMs CO CepruecKu-
MH YaCTHLAMH OIIPEJEeNIeTCS COOTHONIEHHEM

3
W =N_.“g_p, (8.61)

rae N — KOIH4ecTBO 9acTui B 1 M>; p — IIOTHOCTH BellecTBa; d —
IHaMeTp YacTHII. ' :

Jng kanenpHO-KiAKHUX 00makoB u TymaHOB (P = 1) ymembHbBIH
K03 QULHEHT IOIHOTO OCIabICHHS DIEKTPOMATHUTHOTO M3y UEHHS
onpeznensercs GopMyIoi

2._.
vs = 0.43%1_ ——”71;—2—:% W . (8.62)

B nmamazoHe JUIMH BOJIH, HCIIOJIB3YEMBIX B METEOPOJOTHYECKHUX
PaIONIOKAMOHHBIX CTAHIMAX, BEMHIWHA CTOSIIETO B KBAJPATHBIX
CKOBKaX MHOXHTEN 06PaTHO MPONOPHHOHANBHA A, T03TOMY (8.62)
MOXeT OBITH IPEICTABICHO B BH/IE '
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w

y=0438—. (8.63) |

)\’2

ITockonbKy OfHOM M3 OCHOBHEBIX XapaKTEPUCTHK TyMaHa SBIISET-
cf ONTHYecKas MalbHOCTH BUOMUMOCTH D (B MerTpax), CBsI3aHHas C
BOJHOCTBIO COOTHOLICHHEM

W =9286D7%, (8.64)

TO JANbHOCTh BUAMMOCTH MOXET HCIOJB30BaThCA B KadeCTBe Mapa-
MeTpa HpH OIpEIeSicHHH YAENbHOro Ko3dduuueHTa ociabieHus
3NEKTPOMAarHATHOH BOJHE

-143
Y = 4067 —— D 72 : (8.65)

Ocnadnenne B rpajge 1 CHere¢ COCTaBIICT BCEI'0 HECKOJIBKO
l'IpOI.ICHTOB ocnaGleHus B JOXIE TOH e HHTCHCHBHOCTH, ‘ITO 06y-

—1
CJIOBJICHO :- MaJIbIM 3HAYCHUCM MHOXXHTENEH — H
: m’+2
-1
Im| =——5———| B coorHowenusx (8.56) u (8.57). Ilosromy, ecnu
m + .

HHTEeHCHBHOCTb Ipajia He OdeHb BelMKa, oclableHHeM B rpaie B
Ixana3oHe AMHH BOMH A oT 3 mo 10 cM moxuo mpeneGpeus. Uto
KacaeTcsi ocabieHus B CHETe, TO B CIydae Cyxoro cHera ocnabie-
HHe Taxxe npeHebpesxumo mano. Ecnu cHer MOKpEIH, To ocnabie-
HH€ DJIeKTPOMAarHUTHOH BOJIHEI B HEM TaKoe e, Kak U B Aoxe TOH
e HHTEHCHBHOCTH.

8.5. Paccesinme 31eKTPOMarHUTHBIX BOJIH B aTMoc(epe

8.5.1. DdpexTUBHAA NNONIAAb pacCesTHHA
3J1eKTPOMATHHTHBIX BOJIH

" Hapsany c¢ sddexToM mormomieHus HOpH ocnabieHHH 3JIEKTPO-
MarHUTHBIX BOJIH CJIEAYET YUUTHIBATH M PACCESHHUE IEKTPOMAarHuT-
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HOW BOJHBI KOMIIOHEHTaMH aTMocepbl. JTo sBiserca TeM Goiee
Ba)KHBIM, YTO HMEHHO 3 {EKTHI paccessHus NPUBOIAT K GOPMHPOBa-
HMIO OTPa)KCHHOI'O CHTHalla, KOTOPHIA NpH peanu3alii pagroMe-
TEOPOJIOTHYECKOI0 METOJA 30HAMPOBAaHHS M HECET MOJE3HYIO WH-
(opManuio 0 COCTOSHHH OKpYXaromeif cpejp.

KonmyectBo smepruy, paccenaemoe B Hanpariemu PJIC (or-
paXeHHOe), XapaKTepu3yeTcs dPQexTHBHON MIOMEAABI0 pacCesHus
(OI1P). CrappaprHoe ompenencaue OIIP kax IOKAIMOHHON IeM
CBSI3aHO C BBeJCHHEM (UKTHBHOM IeJIM, pacCerBarollei magaiomee
Ha LEeJb U3IYyYeHHE H30TPOIHO M CO3JAIOINEH B TOYKE NpHeMa Ta-
Kyl0 XK€ IUIOTHOCTH IIOTOKa H3Ny4deHHs [[;, KaKk M peanbHas IENb.
ITox OIIP B TakoM BapHaHTEe NOHHMAIOT IUIOIAAL MIOMEPEYHOTO
CeYeHMs 30HAMPYIOIIETO JOKAaHOHHOIO CHIHAJIA G, HOTOK SHEPTHH
H3IIydeHUsI 9epe3 KOTopyIo /1,0 obecrieuynBacT BHIMOJUEHHE YKA3aH-
HOTO YCJIOBHSL.

Taxum o6paszom

11,6 = ILATR?, (8.66)

rie I1; 1 O OTHECeHHBI K TOUKE PacHONOKEHHs TIelH, a [1, — K TouKe
IpreMa; R — paccTosHME OT IEIH A0 NPUEMHHKA 3Ty YCHHUA.

Tak Kak paccessHWe pealbHBIX LeNed He H30TpomnHo, To OIIP
KOHKDETHOM IeNH CYNIECTBEHHO 3aBUCHUT OT TOTO, IO KaKUM YTIIOM
II0 OTHOLICHHIO K 30HAMPYIOLIEMY CHTHANy IIPOCMAaTPHUBAETC IElb
MPUEMHHKOM H3IIy4IeHUSL. ’

Crnenyer OTMETHTH, YTO JaHHOE ompenaenehue DIIP oTHOCHTCA
JMUIb K €OWHUYHOW JIOKAallMOHHON LIENH, B KAa4eCTBE KOTOPOH, Ha-
IOPHUMEP, MOXKHO DPacCMaTpHBaTh OTACIBHYIO OOJayHYI0 YacTHIY.
Ilpn >TOM, ecny HM3IMy4EHHE M NPHEM OCYILECTBISIOTCA B OIMHOM
TOYKE IPOCTPAaHCTBA (Ha OZHY aHTCHHY), TO HCIONB3IYETCS TEPMHH
«abhdexTHBHAS IIIOMAIs 00PaTHOTO PACCESHUA

Hoctarogno npocto teoperudecku JIIP mMoxeT OBITH BBHIYHCIIE-
Ha TONBKO JJI YacTHL] HECIOXKHOH (OPMBI, B YaCTHOCTH Cheprye-
ckux. CormacHo Teopur Mu, DIIP cdepuyeckoi 4acTHIIBI BBIpaXa-
ercs Gopmynoit

Y (a,-b,) . (8.67)
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rae a; U by — Ko3()PUIMEHTE], ONpeAcsIIONIUe TaK Ha3BIBacMBIC
AMIUTATY/IB! TIAPIAATBHBIX BOJIH B PaCcCEHBAIOIIEH YacTHIIE.
Koaddunuentel @, u b, MOTyT OBITH CPaBHHTENBHO JIETKO BBI-
YKCIIEeHB! JTHUIIG TIPH YCJIOBHH, YTO IJWHA BOJHBI MAJalONIEero U3Iy-
YeHHUs 3HAYMTENHHO IIPEBOCXONHUT PasMEPHl pacceHBaromied chepH-
yecKOH wacTHUpl. B sToM cimywae mms pacuera JIIP - moxnO
TIPUMEHSATh TEOPHIO MUQPPAKIHOHHOIO PACCESHHS DIICKTPOMAIHUT-
HBIX BOJH, pa3BuTyIo Pemeem.
Bripaxxenuie A1 G OKa3bIBAaeTCA COBCEM IIPOCTHIM, €CIIH paguyc
YACTHIE! @, BO-TIEPBBIX, HAMHOTO MEHBIIE JUIMHE] BOJNHEI A (TOdHee,
< 0.03)) u, BO-BTOpBIX, MEHBIIE AIHHBI BOJNHBEI BHYTPH JaCTHIEI

(a < 0.13}\./‘}71' ). Ecnu 5T0 ycnoBue He BBIMOJNHAETCS, TO 3JIEKTPO-

MAarHUTHOE T0Jie BHYTPH YacTHLE He GyJeT COBIAjATh C BHEIIHHM,
H TIPOHHKIUME B YaCTUIy BONHEI NOPOAAT Pa3NMYHBIE CHCTEMBI
CTOSYHX BOJH.

Jns Takux Manbelx gacTHIl chepuueckoi GopMbl G ONHCHIBACTCS
¢dopmyioit Penes

2
6 2
m-—1
= | 5 | (8.68)
|m +2I
MHO)KI/ITCJIB 2—2 JJIs1 BOXBI B CaHTI/IMeTpOBOM auara3oHe
m + .

InvH Boitd pased 0.93 1+ 0.04, a ans nmena ¢ eQMHUYHOMN IIIOTHOCTHIO
—0.197. OT1croma cnexyer, 9TO dTa BENUIHHA JJIS BOASHOM ceprte-
CKOH YacCTHI[BI IIOYTH B IIATH pa3 OoJiblue, yeM Ay JeIsMHOM chepu-
YeCKOH JacTHIIBI TEX XKE PasMepoB.

C yBemiueHHEM pa3MepoB YacTull, korga a = 0.03A, BennyuHa ©
CHayaJla CTPEMHTENIFHO PACTET 0 HEKOTOPOro Ipe/ieNna, 3aBHCSIIEro
OT COOTHOIUCHUS MEXIy ¢ ¥ A, a 3aTeM HAYUHAET ocunnnnpOBaTL
TIOCTETICHHO npn6nnx<axcr, K npez(em,HOMy 3HAYECHHUIO, TPONOPIHO-
HaNbHOMY Ta’.

C yBenunuenueM pasMepOB CyXMX NEASHBIX chep HAUYHHAIOT OT-
MEeYaThCs aHOMAITHH B PacCesHUH. UHTEHCHBHOCTH PaccesHus CyXuxX
nensHEIX cep, pasMepsl KOTOPEIX PaBHEI WM Gonbie AIIMHEL BOJI-
HEl, Ha IOPAZOK GOJBIIE, YeM BOMSHBIX Kallelb PABHOTO pajHyca.
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O10 00ycIOBIEHO TEM, 4TO JeAsHas chepa ¢ MaNbIM IIOKA3aTeIEM
IPEIOMIICHUS U NPEHEOPEKIMO MaJIbIM BHYTPEHHUM IOTTIOIICHUEM
BefleT cebs Kak IUINIeKTpHdYecKas JuH3a. Manslii ko3 unueHt
OTpakKEeHMS Ha €€ TIEPeHEH MOBEPXHOCTH II03BONSIET OONBIIEH JacTh
[aJalonieil SHEPTHU IPOHUKHYTH B cepy, rie oHa GoKycHpyeTcs Ha
BHYTPEHHEH MOBEPXHOCTH W YaCTHYHO OTpaXkaercs Hazaa. B mpoTu-
BOIIOJIOKHOCTh 3TOMY OTPa)KCHMIO, OTpaK€HHE OT OONBIIOH BOAS-
HOM cepsl (KaK M 0T METAJUINIECKOI) n3-3a OONBIIOr0 TOKA3aTEs
HpeNoMIICHUs. (AaKTHYECKH IIPOMCXOMUT OT IEpEeIHEH 10 OTHOLIe-
HUIO K [AJArO0LIeH BONHE IOBEPXHOCTH, BEITYKIOCTE KOTOPOH IpH-
BOJUT K PAaCXOXKICHUIO OTPaXKCHHOTO IIyuka. TakuMm oOpasom, He-
OonpuIoe KOMHMYECTBO 3HEPTHH, KOTOPOE IONaNaeT BHYTPH CQephl,
HHUKOTa He JOCTUraeT e¢ 3aJHed INOBEpXHOCTH, TaK KakK IIyH4OK
nocne NPEeNoOMIEHHsS Ha IepeNHEeH IIOBEpXHOCTH CTAaHOBUTCS Ha-
CTOJIBKO Y3KUM, 9TO €r0 Jy4H CXOAATCS Ha OCH BOJH3H mepenHei
TIOBEPXHOCTH c(peprl. DHEPrys, MMONaBNIas BHYTPb, CHIBHO Ocliabe-
BaeT U3-3a OONBIIOT0 KO3 GHUIMEHTA IOTJIONICHIUS BOJEL.

ITo aTo#i e npuynHe CMaYyMBaHHE OONBUIMX JEHIHBIX CHEP
(2a = 0.8\) IPHBOAUT K YMEHBIICHHUIO UX O; IS 3TOTO JAOCTATOYHO
TOIIIMHEL KIIKOH 060TOYKY BCEro TOMMHMHEOM B 107 cM, 4T0 BIION-
HE BO3MOYKHO DM OOTaMBAHMK JIeASHbIX YaCTHII.

Eme 6onprune omuOKy MOryT BO3HHKATh H3-3a HEyYeTa 0COOCH-
HOCTEH paccesHHs DICKTPOMAarHUTHOHN 3HEPrHMM Ha HeCEepHUICCKUX
gactunax. CooTBETCTByIOLIas TEOpHsS IPH 3TOM JaeT TOCTATOYHO
IOpOCTHIE pacueTHble (OPMYINBI JHIIb IS MPOCTEHIIET0 Clydas —
TPEXOCHOTO DJUIMIICONJA BpamieHHsA. PaccesHre OT TakMX YacTHYCK
ABIAETCSA PyHKIHEH HEe TOJBKO UX IEKTPHUIECKHX CBOMCTB M pa3Me-
pOB, HO M e¢ (DOPMEI, T.€. OT COOTHOIICHHSI MEXIY IMONyOCAMHU
3NIHIICOUAR, a TAKXKE OT YINa, MOJ KOTOPHIM YaCTHI& OOIy94aeTCo.
Paccesure TakoM HacTHIEH MOXET H3MEHMTH IIOJIAPHU3ALHIO  IIa-
Jaloliel = 3ICKTPOMAarHUTHOM BONHBL. V3MeHeHHWe IOIsIpH3aluA
9JIEKTPOMATHUTHON BOJIHBI IIPH DPACCESHHH CYILECTBEHHO 3aBHCHT
TaKXe U OT arperaTHOTO COCTOSIHUSI PacCEBaIONIEH JaCTHIIBL.

IIpocTpaHCTBEHHO-pacpeleICHHEIE METCOPOIOTHYSCKUE IENH
(GopMHPYIOT OTpaXKeHHBIC CUTHAJIBI, CO3/1aBaeMBlc HE OTHOM YacTH-
IeH, 8 COBOKYNHOCTBIO YaCTHII, KOTOPBIC 3aKIIOYEHEI B HEKOTOPOM
paspemaeMoM o0beMe. I103TOMY IS XapakTepUCTUKH - 3 (EKTHB-
HOM IUIONIA/M PACCESHHUs . COBOKYHOCTH JaCTHIT ONB3YIOTCS TOHS-
THeM 00 3((EKTHBHOH ILTOIIATM PacCessHHs eNUHHIBI o0beMa 1).

L4
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Ecnn nonoxxenye paccewBalOIUX YacTHI B 00beMe B3aUMHO He3a-
BHCHMO H IIPOM3BONIBHO, @ PACCTOSIHAE MEX/Y YACTHIIAMH TaKO€, UTO
OTCYTCTBYET B3amMojiciicTBHe (MHTep)EpEeHINI) MeXIy  IOJIAMH,
CO3[1aBacMbIMH IIPU PACCESIHHU OTAETHHBIMH YaCTHIAMM, TO TaKoe
paccesHue JBISeTCA HEKOTepeHTHEIM. B 3TOM cirydae

n=>y oy, - (8.69)
V,i

T. €. 3¢ dexTuBHAs IUIOIANL pacCesHUS €OMHULEI 06beMa V' paBHa
cyMMe 3¢ ¢EKTUBHBIX IIOMAAeH paccesHHd O; OTHCNBHBIX YACTHII,
HaxOJIMIMXCS B €IMHHUIIE paccenBaroniero oorema. JacTo BeIHIUHY
1M Ha3bIBaIOT yaenasHoH JIIP.

Teopernyeckn Hanboliee NPOCTO MOXKHO PacCYHTaTh YAEIHHYIO
OIIP MoBOAMCHEPCHBIX aTMOChEpHBIX 00pa3oBaHMi, COCTOAMINX U3
gactul cepudeckoit ¢HopMEBI, TpeAmonaras, 4To CyMMapHas MOII-
HOCTh OTPaXXEHHBIX CHTHANOB ompeznensercs cymmoil OIIP oTaens-
HBIX pacceuBateel, 00pa3yomuX CIOXKHYIO Ieb.

OueBuano, yro yaenbHas OIIP Takoit MeTeoporornyeckoil uenu
OyZIeT B 3TOM CIlydae ONpeaeIsThCA COOTHOIICHHEM

n =No;, ' | (8.70)
rae N — KOTM4ecTBO PaCCEMBAIONIMX YaCTHII B ¢MHHIE 00beMa.

C ydJeToM 3aKOHa pacrIpefeNleHUS PAaCCEeMBAIOIIMX YacTHI[ IO
pasmepam N(a) BelpaxkeHue Juis yaenbHoit DIIP Oymetr uMeTs B

n=>Y N(a)o,(ar). ®8.71)

Takum o0b6pa3oM, BBeleHHOE TOHATHE yAeabHoM DIIP HeceT uB-
(dopManHio 0 METEOpOIOTHIECKUX 00bekTax B aTMocepe (oOnakax,
ocafKax H T. IL.); I3MepseTCA OHA B M T, e MM,

8.5.2. OrpaxaeMOCTh MeTEOPOJIOTHYECKHX 00HEKTOB

O¢dexTHBHAT IUIOMAAL PACCESIHUS PEANbHOH LM MOXET Cy-
IUECTBEHHO OTINYAThCS OT BEIMYMHBI BBEACHHOHN yaenpHoit DOIIP,
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MIOCKOJBKY MIPH HCIONB30BaHUH PagHOMETEOPOIIOrHIecKOr0 MeToa
30HANPOBAHHUS PACCESHHBIA CHrHal (GOpMUpPYETCsS HE CIUHMIEH
o0Bema, a, TaKk Ha3bIBAEMOTO, pa3zpenaeMoro oobema MeTeopoIorH-
YeCKOH LIENH-

PaccMorpuMm mongTHe paspenraemoro oonrema (puc. 8.4). Takoi
00beM IIPH HCIOIL30BaHHU MUMITyIbcHBIX PJIC WHOTIa Ha3BIBAaETCS
HMIyIbCHBIM 06beMoM. Tak Kak JanpHOCTB R 10 06beMa, oOmydae-
MOTO 3JIEKTPOMArHUTHBIM HMIIYNbCOM JUIUTENHFHOCTBIO T, HAMHOI'O
OoJbIle paccTOAHMS €T, 3aHUMAeMOT'0 HMITYJIBCOM B IIPOCTPAHCTBE,
TO 3TOT 00BEM MOXXHO CUHTATh LIIHHPOM C IUIOMAABI0 OCHOBAaHHUS
S u BBICOTOW ¢T. OMHAKO CHTHAIBL, OTPaXEHHEIE OT YACTHII, 3aI0Jl-
HAIOLIMX JaHHBIHA 006eM, OyOyT OJHOBPEMEHHO IPHHUMAThCA HE CO
BCET0 LMIMH/PA, a TOIBKO C €ro 4acTh BHICOTOMH ¢1/2. B pesymbrare
AN y3KOH CHMMETPHIHON NMArPaMMB! HAMDABICHHOCTH AHTCHHEI
IIMPHHON O BENMUMHA Pa3peIaeMOro WK HMIyIbCHOro 00beMa V,
MOJKET OBITh ONPEENEHa U3 COOTHOLICHHUS

2n2
V= s< = M . (8.72)
2. & '

Torma B cirydae peleeBCKOTO PaccesHus A MOHOOUCIEPCHBIX
MeTeopormorudeckux 00bekToB ux OIIP Oyner ONHMCHIBATBCA ClIe-
JIYIOIIMM BBIPOKEHHUEM:

_mPRer  |m 1]

(8.73)

At |m2 +2|

Puc.8.4. K onpedenenuio pazpewaemozo obbema Memeoporo2uieckozo obvexma
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I[J'I}I ClIydass NONMUAMCICPCHBIX METCOPOJIIOIHICCKHX v06pa3013a-
HUH COOTBETCTBYIOLIICC BEIPAXKCHUC IPUMCET BHUA:

m 22 R?0%ct sm?—1
==~ " "VN RELS 8.74
Al ; (@)a m*+2 674

Bripaxenus (8.73) u (8.74) cnpaBeIyTHBEI B TOM Clydae, KOT/a
paspemaeMbli 005€M IPOCTPAaHCTBA BECh 3allONHEH OTPAXKAIOIIMMU
YaCTUIIaMH. B peasbHBIX YCIOBHSIX, OCOOCHHO NpH HabIIOJAeHHU
METEOPOJIOTHYECKHX OOBEKTOB Ha 3HAYMTENBHBIX PaCCTOSHUIX,
paspelaeMslii 06beM NPOCTPAHCTBA, KOTOPHIH YBEIHMYHBAETCS IO
Mepe poCTa pacCTOSHHUA, MOXKET OKa3aThCs JIMIIh YaCTHYHO 3aIoJI-
HEHHBIM OTpakaloHMMH dacTuliaMu. COOTBETCTBYIOHIEE yYMEHbIIe-
Hue OIIP MeTeoponoruueckoro OOBEKTa YUHTHIBAIOT C IIOMOIIBIO
koa(dunrenTa 3amonuenus k, (0 < k, < 1).

Vaensnas JIIP mereoposorudeckoro o6beKTa NpH PereeBCKOM
THUIIE PACCEesHUs IEKTPOMAarHUTHOH SHEPTUu MoXeT OBITh Ompese-
JIeHa U3 COOTHOMICHUS

_64r° 2a6|m,.2 -1f

s . 8.75
A Vi |m,-2+2| )
Ecnu 0603HaunTH
PR
m-—1
Z =Y al—— , (876
¢ ; “lml+2 - (B76)
TO
641’ B
= X Z,. - - (8.77)

Bennuuna. Z, HaseIBaeTCA pajyoOKAMOHHON OTPaXKaeMOCTHIO.
Kax cnenyer u3 (8.76), paguonokanHoHHas OTPaKaeMOCTh Ompejie-
nseTcs KOHICHTpalue! M pacrlpeleNieHHeM YacTHI IO pasMepaM B
eIMHUIHOM 00BbEME M HX KOMIUIEKCHBIM KOS(h(HIHEHTOM MpeIoM-
JICHUS B HCIOIB3YEMOM [HanasoHe aneKTpOMamHTHoro H3IIy4YEHU.
Bennunna Z, XapakTepusyer paccenBaromue CBOJCTBa METEOPOJIO-
THYECKUX OOBEKTOB B [HANa3oHe pam«xononn Ecmu. B: 00bEMe Me-
TEOPONOrHYECKOro 00BbEKTa HAaXOAATCS TOJBKO YaCTHIBI BOMBI HITH
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TOJIBKO YacTHOBI JIbAA, PAAHUOJIOKAIHOHHAA OTPa)Xa€MOCTh OIIpEIc-
JICTCA TaK:

Z = 6 8.78
¢ m+2 Z ©.7%)

Ecny Benn4uHa paauoIoKaldOHHOH OTPaXKaeMOCTH BBIPAXKACTCS
gepes3 AuaMeTp 4YacTHIl di, TO OHa 0003HauaeTcs Z M ONHCHIBACTCS
BBIP@KCHHEM

Z=Yd'—— " . (8.79
; m +2 )
IIpn sTom
Z =647,

Bennuuna Z u3Mepsercs B cM, T. €. eMO/eM’, mmH M, T. e. MO,
B onepaTuBHBIX yCIOBHAX MOXET AN Z HCIIONB30BaTHCS pazMep-
HOCTH MMY/M°, BBE/ICHHEM KOTOPOH MOTUEPKUBACTCSA, 9TO B CIHHULE
o6beMa (M) CyMMHpYIOTCS HE IPOCTO PATHYChl HAXOAAIMUXCS B HeM
YACTHI, a PaJMyChl YaCTHIl B IIECTOH cremenH (Mm®), COOTBETCT-
BYIOIIME DPENECEBCKOMY THILY DACCESHHs 3JEKTPOMArHHTHOH 3Hep-
THH.

B cBasy ¢ TeM, 4TO AManas’oH OTPaXKacMOCTH Z IJis peaJ'IBHBIX
MEeTEeOPONIOTHIECKHX 0GBEKTOB MOXKET OBITh 0ueHs Bemuk (ot 107 10
10° mm%/M?), wacto mas yo6eTRa 3aMHCH Z HCIIOB3YIOT IOTapi(MET
unn aenunorapudmel (Ig Z wmn 101g Z).

OtpaxxaeMoCTh SBISIeTCA CIENHGHUECKOH METeOpOIOrHIeCcKOH
XapaKTePUCTHUKOH HHTErPabHOM -~ MHUKPOCTPYKTYpPHI OONakoB |
0CafIKOB, TaKOH e, KaK BOXHOCTh 00i1akoB W MM MHTEHCHBHOCTH
BBINANAIOIIHX OCAAKOB I, U COAEPKAT METCOPOIOTHIECKYI0 HHDOP-
Mamno 06 00beMax OGNaKoB U OCAIKOB, paccenBa}omnx 3JIEKTPO-
MarHUTHOE H3Iy4YeHHE B paanoiarna3oHe.

BenuunHa Z, B OTIIMYHKE OT 1], HE 3aBHCUT OT IJIHHEI BOIHEI A, a
TaKOKe OT KaKMX-JIMOO IPYTHX XapaKTEePUCTHUK TEXHHUKH, HCTIONB3ye-
MO IS pagHoOMETEOPOJIOTHIECKOTO 30HAUPOBAHUSA aTMOChEDEL.

Dopmynsl A1 Z ¥ 1) BEIPaXaloT ele OAHY 0COOEHHOCTH paIuo-
MeTeoposioTHYecKoH HH(popManuy, a8 HMEHHO €€ CHIIbHYIO 3aBHCH-
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MOCTb OT Pa3MepOB YaCTHI[ B MeETEOpOJIOrHYecKoM 0o0Bekre. B
pe3yibTrare, BeNHYUHB Z U 1) pe3KO BO3PACTaioT NPH yBEIHYECHHH
Pa3sMepoB YaCTHI ¥ MX KOHLCHTPAL¥H B METEOPOIOTHYECKOM 00B-
eKTe M Pe3KO MafaioT 1o Mepe ux yMmeHblueHHs. OTcrofza sACHO, YTO
PAIHOMETEOPOTIOTHYECKHH METOH 30HIUPOBAHUS SBIAETCS HauOO-
nmee 3GPeKTHBHBIM NPH OOHAPYKEHHH H ONpPENCICHUH METeOPOIo-
TMYECKHX OOBEKTOB, COCTOSMIMX 13 OOJBHIIOr0 YMCHa KPYIHBIX
YJacTHIl. S ‘ R '
Hcnone3yercs ¥, TaK HasplBaeMas, SKBHBAICHTHAs PaauOJIOKa-
IHMOHHAs OTPAXaEMOCTh Z, — BEIHYNHA, XapaKTepH3Yolias CBOKMCT-
Ba €JMHUYHOIO OTpaXawiiero obseMa B NPEAIONONKEHHH, UTO
OTpaKEHHBIM CHIHAJI CO3JaeTCs JHIUL BOJAHBIMM KaluiaMu. Bemw-
yrHa Z, onpezneercs no gopmyne

}\’4
z, =—ZI‘? | (8.80)
'J'LS mz — - .
Cmt+2
C i m? -1 ’
Torza, mMoCKOMBbKY IS BOIBI ﬁ =0.93=1, a qua nmpOa
' m

COOTBETCTBYIOmas Benuumaa pasHa 0.197 (0.176+0.208), To I
BOIMHBIX YaCTHI Z = Z, a IS NeISHBIX YaCTUI

Z,=(0.189 — 0.224) Z
nnu B 1bZ ' ’ :
- Z, =[Z—(12-65)].

I[JI}I YaCTHII, OTIHUYHEBIX OT PCICCBCKHUX,
Z =3.52-10°n)\", (8.81)
TJie pa3sMEPHOCTH 1] — B eM ' uABCM.
OTpaxaemMocTh 001aK0B. Pacuer HHTEHCHMBHOCTH pPacCEsHHs
BﬂeKT‘pOMaFHHTHOﬁ OHEPIrHH OG’BCMOM, coAcpXxamuM 4YaCTUIKHU

o6nakoB, TpeGyeT 3HAH¥MS AHATUTHYECKOTO BHIPAXKEHHS I QYHK-
MM pachpelencHuss OoONa4yHBIX Kamenb II0 pasMepaM (CHEKTpa
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Karens). CHEeKTp SBISETCS BAXKHON CaMOCTOSTENLHOM XapaKTepH-
CTUKOH 00JaKOB, OJTHO3HAYHO CBSA3aHHOM C MX BOJHOCTBIO.

M3Mmenenue CIeKTpa ¢ BHICOTOH CBA3AHO C PasBUTHEM B 00IaKax
BOCXOJUIIMX HOTOKOB. Karu B ofHMMaromemMcs 00/1aaaoM BO3Iy-
Xe pacTyT 3a c4eT KOHJAEHCAIH (TaK KaK OXJaXIEHWEe ITOTHMMAIO-
LIETOCsA BO3[yXa IPHBOAMT K CO3LAHUIO B OOjaKe MEPECHINIEHHI) 1
koarynsiuH. Ha crekTp oOnagHbIX Karenb BIHACT TaKXkKe HCTIapeHHe
BONMM3M rpaHul 0OJlaKa W MaJeHHE Kalelb OTHOCHTENBHO BO3AyXa.
I'paBuTaniionHas KoaryisIys, HUrpaiomlas [IABHYIO pPOJIb Cpead
KOaryJALIMOHHBIX SBJIEHHH B O0NaKaX, HAYNHACTCA JIHIIb IIOCIE
MOSIBJICHUS. B O0JIaKe Kaneyib ¢'a = 15 MKM.

CnoxHOCTh (PHU3UIECKUX TPOIECCOB, MPOUCXOANMX B O0IaKax,
HO3BOJISET TOBOPHTE TONBKO 00 OCPEXHEHHEIX CrieKTpax. IIpmaem
OCPEHEHHE NOIDKHO IIPOU3BOAUTHCA 0 OONBIIOMY YHCIY H3MeEpe-
HYH, BHINONHEHHBIX B pasHBIX 00JaKaX M Ha PasHBIX CTAOMAX HX
pasBUTHA. :

Kpusrie pacnpepmencHus oOnadgHbIX Kamenb XapakTepPH3YIOTCH,
KaK OPaBUIIO, HAIMYKMEM OZHOTO MaKCHMyMa, MOJOKEHHE KOTOPOTO
MOMET M3MEHATBCS B IIpolecce Ku3HH obOnaka. Cnektp ymoGHO
XapaKkTepU30BaTh PajuyCoM Kalelb dy, T. €. PaJHyCOM, COOTBETCT-
BYIOIIUM MAaKCHMyMy KPHBOH pacIipeleleHus, WK, WHave TOBOpI,
HauboJIee BEPOATHOMY 3HAUECHHIO PATHyca B JAHHOM CIIEKTpE.

Kpugsrie fla), npencTaBisronme 3aBHCUMOCTh OTHONICHHS YHCIIA
Kanenb N,, paguyc KOTOPBIX 3aKII0UEH MEXIY d U d T da, K obeMy
YHUCIy Kanelk B HEKOTOpOM oO0BeMe BO3Ayxa NN, Kak H3BECTHO,
HA3BIBAIOTCH KPUBBIMU IUIOTHOCTH: pacupenencuusa. boiee crporo
byuknus fa) MoxxeT ObITH OIpe/ieieHa Cle Iy oM 00pazoM.

Ilycte oTHOCHTEnbHAs nond dN(a)/N wucia 9acTHL, paguycChl
KOTOPBIX 3aKJIIOYEHHI B Iipenenax (a, a+da), IpeCTaBIcHa B BUIE

dN@) = Nfia) (8.82)

P YCIIOBHH
| de—(a) = [ f(@)da=1. (8.83)
o N 0 o

262




Oyuxnus fa) MoxeT OBITH Takxe Ha3BaHa (PYHKIMEH CUETHOTO
pacnpeneneHus 9acTHIl 10 pasMepaM. Torzaa cpemuuit apudmernye-
CKMH pajiyC YaCcTHIBI MOXET OBITh HalIeH U3 BRIPAXKEHHS

a=[af (a)da. | (8.84)
) |

Brio mpenioxeHo OCTaTOYHO MHOTO BMITHPHYECKHX (OpMYII,
OIUCHIBAIONIMX PEANBHBIC - CIIEKTPHI Karens oOmakoB. Camas pacmpo-
CTpaHeHHas M3 HuX — (opMyna XpruaHa—MasuHa, SBISTONIAICS YacT-
HBIM CIydaeM YeThIpeXNapaMeTpUYecKOro  raMma-paclpenesicHus.
Dopmyna Xprrasa—MasuHa YIOBISTBOPUTEIBHO OIIMCHIBAECT CIIEKTP
Kallenb It 00JIaK0B CIIOUCTHIX (GOpM:

N(a)da=c"a*e™™da, (8.85)
TJie ¢ ¥ b — OCTOSHHEBIE, 3aBUCAIIHE OT GOPMEI 06IaKOB;

. 5w

* 5

C =——
2 mpa

a

W= iTcp"’NJ-a3f(a)da, b= i (8.86)
3 0 .
p” — IIOTHOCTH BEIIECTBA Karens obnaka; W — BOIHOCTE 06aka.
Dopmyna XpruaHa-MasuHa OKa3BIBACTCS HENPHTOJHON AL
ONHCAaHWA KPYIHOKAIICNbHONW YacTH CIeKTpa. PacmpeneneHHe mmo
pa3MepaM KpyNHBIX YacTHI[ B 00/1aKax JOCTATOYHO XOPOIIO OIHCHI-
BaeTcs 00paTHON CTENICHHON 3aBUCUMOCTBIO BUIa

N(@ = (- M)

a,a

rae N; — 9MCciIo 9acTHL, NPEeBHILANHNX OIpPENEICHHBINA OPOT; di —
MHMHHMAaJIbHBIN pasMep YacTHLl; O — IT0Ka3aTellb, XapakTepU3yrOLMit
Crajt KpUBOH paclpeneneHus A pa3siIHIHbIX 00JIaKoB.

3HaueHHs O IUIA TpeX THIIOB 00IaKoB (B CKOOKaX CpemHss MOLL-
HOCTb OOJIaKOB) ciemyrorque: ciouctsle St o = 6 (0.22-1.3 kM),
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CIOHUCTO-KydeBhie Sc O = 5 (0.1-05 xM); croncto-noxuesse Ns o =
3 (2.1-2.8 xm). Kak u B ciyuae MeNKOKAamenbHON YacTH CIEKTPa,
(dopma KpuBOIH paclpenieNeHHs KPYNHBIX YaCTHI[ 110 PasMepaM —
BIIOJIHE OIIpefieTCHHAs XapaKTepHCTHKA 00IaKOB,

HecMoTpss HA HMYTOXHO MANyI0 KOHIEHTPALMIO TAKUX Kalelb
[0 CPaBHEHUIO ¢ KOHLEHTpanueH MeNKux Kamelb (PaguycoM MeHee
75 MKkM), uX cymmapHas OIIP MoXeT HpPeBOCXOANTH CyMMAapHYIO
OIIP Bcex MeNKUX Karellb B 3aIaHHOM 0GbeMe 00Iaka.

3Hasg CHekTp O6JIauHBIX Kallellb, MOXHO PacCYNTaTh OTpaXkae-
MOCTB €JHHHYHOTO 00beMa obaka. 3anumeM ¢ 3To# nensio Gopmy-
Iy Xpruana-MasuHa B CIeAyIOIIEM BUIIE:

N@)=2 Mo grexgf -2,

N ‘
S

rae Ny — 9HClIo Kanelb B eIHHALE 00beMa.
Cpennuii paguyc o6nauHOH JaCTHLEI MOXET ObITH ONpENENeH Ha
OCHOBE BBIPaKECHUS

fN (a)ada
a=2

j N(a)da |
0

Torna
Z = IN(a)a(’da: ;lj% % a exg{ —%)aﬁda =~ 27.6N0(c‘1)6 . (8.87)

Beipaskenue (8.87) mo3BonsgeT pacCUHTATh OTpakaeMOCTh 00Ma-
Ka uepe3 CpeiHUH pasinyc 00nagHoi YaCTHIIBI

MoxHO HCII01B30BATE U COOTHOIUECHHE, HEMOCPEACTBEHHO Y4UH-
THIBAIONIEE BOJHOCTH oOmaka. Tak, miusg obnakoB ¢ a < 15 MKM U
W < 1.3 t/m° pacueTHas popMyita st Z HMeeT CIeAYIOH it BUA;

Z =0.048W?, Sl (8.88)
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_ Ilonyyennas ¢opmyiia npencTaBIseTCs BIIOIHE JIOTHYHOM, €CIH
y4eCTh, YTO BOAHOCTE IPONOPIMOHANBHA pasMepy 00IauHOMN 4acTH-
IIBI B TPETHEH CTEMEHH, a4 OTPaXaeMOCTh — B IIECTOH.

CrenyeT 3aMeTHTh, 4To 3aBucuMocTu (8.87) m (8.88) mozBoisor
[P PEATH3ALNH PaglOMETEOPOIOTHIECKOTO METO/AA 30HAUPOBAHHS
OTIpeNENSTh CPENHHUI paxuyc 00IadHBIX YaCTHI] X BOJHOCTH 00JIaKa.

OtpakaeMoCTh KHAKHX OcaakoB. Karm MopocH W IOXKIs
3HAYMTENBHO KpYIHEe 06/aunkIX. Panuyc xamens MOpOCH COCTaBII-
er 0.025:0.25 mxm. Pammyc Han6onee KPYIHBIX Kareib TOX s
MOXKET HOCTUrath 3+4 MM, KAl JOXAA OONbIIEro pasMepa He
MOTYT CyIIECTBOBATh B pE3yJbTaTe pa36p1>13mBaan KonnquTBo
Karenpb CYIECTBEHHO 3aBUCAT OT HHTCHCHBHOCTH JOXKISL.

Cpennee pacnpeneneHne Kanelb J0XK/Is 110 pasMepaM J0CTaTo4-
HO Y/IOBIIETBOPUTENEHO onncm]sael‘cx COOTHOIIICHHEM

F(a)=1-exg —2-4? . (8.89)

rae F(a) xapakrepusyer Ty 4acTh oOmniero o6semMa BOIEI, KOTOpas
MPUXOAUTCA Ha Karud paguycoM ot 0 1o a ; ¥ — napamerp, 3aBHCH-
il OT MHTEHCHBHOCTH Moxaa (mpu I = 1 MM/q y =13,anmpul=
=25 mM/a ¥ =2.74). :

3HAYNTENBHOE YUCHO JIOXKHEBBIX Kamelnb HMEIOT CHEepHUECKYyIO
dbopMy, OAHAKO KPYINHBIE KaIUIM AOXKAA NPHOOPETaloT BO BpeMs
nafeHus GOpMYy CILTIOCHYTHIX SIUTHIICOUIOB.

XoTa 3HAYMTENBHBIE M3MEHEHHS B Daclpe/elieHHH Kamelb II0
pasMepam SBJIIIOTCS IPABHIOM M OHY CBSI3aHBI C H3MEHeHHeM (bu3u-
YeCcKMX YCIOBHH B TIpollecCe MaleHus Kamellb 10 MOBEPXHOCTH,
BIMSAHHE 3TUX U3MEHCHUN B CIIEKTPE 3aBHCHT OT 3ajad, B KOTODHIX
3TH paclpelneieHus WCIOIB3YI0TCI. EMWHCTBEHHOE, YTO MOYKHO
YTBEPKJATh OTHOCHUTENBHO CHEKTPa Kamelb, ¢ IOJHOW YBEpEeHHO-
CTBIO 3TO TO, YTO 3TOT CNIEKTP H3MEHSETCS BO BPEMEHH M IIPOCTPaH-
cTBe M, O€3yCIIOBHO, 3aBHCHT OT THNa OONaYHOCTH, U3 KOTOpOi
BBITIAJIAIOT 3TH OCAIKH.

Wwmesd B BUAY, 4TO

I= ’Fg [N@a*v(ayda, (8.90)
0
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B PE3yNBTAaTE PAcYETOB C ITOMOMIBI0 MHKPOPHU3INUECKHX HCCIEI0BA-
HUH paclpeleneHus 4acTHI OCaJKOB MO pasMepaM MapiiamioM H
IMansMepom ObLa OMy4YeHa 3aBHCUMOCTE Mexay Z u I:

Z = A = 2201, (8.91)

3neck v(a) — CKOPOCTh IaJICHHs Kalenb HAOXOL, Z — oTpaxae-
MOCTE B MM /M>, T — MHTEHCHBHOCTE OIS B MM/4.

Coornomenne (8.91), xoTopoe mHorga HaseBaloT Z—I-
COOTHOIICHHEM, AaeT Hambollee TOYHYIO OLEHKY HWHTEHCHBHOCTH
ocankoB 7o I <25 mm/4. TIpn 3T0M K03DOHIHEHTH A 1 B 3aBUCST OT
MHOTOYHCITEHHEIX (DaKTOPOB (B HYACTHOCTH, OT THIA OCAAKOB H
0COGEHHOCTEH METEOPOJIOTHYECKUX TIPOLECCOB B paiioHe Halmrome-

HUil) ¥ MOTYT H3MEHATHCA B OCTATOYHO UIMPOKUX MPEJCIax.
' Hrxe IpHBeieM HHTEHCHBHOCTH OCAIKOB I (MM/4), BENUIHHB! Z
u 1g Z, coorBeTcTBYromue 3aBucUMOocTH (8.91):

I, mM/9 0.1 05 1 2.5 5 10 25 50 100
Z,nbZ. 7 18 23 29 342 39 45 50.2 55
IgZ 1.1 0 0.5 1.1 12221 - 27 322 33

3aBucuMocTs Mapmanmna-IlaneMepa Dns M BRIDISAT CIEXyIO-
MM :00pa3oM:

N=5.7-10°1"3*, (8.92)

OrtpakaemocTs cHeronaga. Ha ocHOBaHHM MUKpO(H3NIECKUX
HU3MEPEHNH YCTAaHOBJIEHO, YTO.Z ¥ I CBA3aHBI COOTHOIICHHEM

Z= 1178012-2‘, ' (8.93)
rne Z—B MMé/MS, I - B 1BZ unu Mm/4.
Z=325+22.11gl
Hns raromero cuera Z, (1bZ)

Z.=26+22.11lgl. (8.94)

266



ITockoIbKy ¢ yBENMYEHMEM MHTEHCHUBHOCTH CHEroIana MeHseT-
ca ero (a3oBoe COCTOSHHE WM TIPOMCXOAMT HApyIICHHE YCIOBH
PENeeBCKOTO PacCedHUs, pacCUMTaHHas BenWuuHa [ Jjid CHEra Mo-
JKET 3HAYATENBHO OTIHYAaThCA OT [ JUId JOXKJfA, pacCUMTaHHOU C
MOMOIIBI0 cooTHomeHus Mapiuanna-Ilansmepa.

OrpaxaemMocTs KaHaJ0B MOJHNH. B rpo3oBrix obnakax mpu
IPO30OBBIX pa3psfiaX, CONPOBOXIAIOMIKXCI MOJHHEH, B arMocdepe
o0Opa3yercs MOHW3MPOBAHHEIH KaHan. OTOT KaHall XapaKTepHu3yercs
OONBMKUM TpagueHTOM KO3 GdHUIHEHTa. IPEIOMIICHHAS Ha TPaHHIaXx,
BBICOKOH KOHIIEHTparyeil HOHOB M CBOOOAHBIX 37EKTPOHOB M SBII-
€Tcsi II03TOMY HHTEHCUBHO. OTPAKAIOIIMM METEOPOIOTrHUECKUM
00 BEKTOM.

IIpu onpenenenuu. 1P MOTHMEBEIX KaHANOB UX aIllIPOKCHMH-
PYIOT UHIHHApPOM miuHo#H [, ;s kotoporo JIIP moxer OBITh tipes-
craBlieHa GopMyIaMu

o =2np*rl? % | (8.95)

It Gonbioro paguyca cedenus (r >> A) u

2

A
In— 8.96
n27tr (“ )

o =nl*p*

JUIS TOCTAaTOYHO MAJIOro paauyca cedenus (r << A).

Kos(GHUIMenT 0TpaxkeHns Ho MOMHOCTH (p°) Ompeensercs mo
bopmynam Openens U U1 HOPMATBHOTO [aJICHHs BOJIHEI 0€3 yuera
MOTTIOMICHHUS COCTABIISIET

2
(n—1)

2 _
S )

roe

2 c

1/2
[ ]

peacTaBIICT co00oif moKa3aTelhb HpeJ'IOMJIeHI/ISI HOHHU3NPOBAaHHOTO
BO34yXa, BLIpa)KaeMBIﬁ 9e€pEe3 NPOBOANMOCTE CPEABI 8, AHHY BOJIHBL
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A, CKOPOCTH DPACIpPOCTPAHEHHs 3JIEKTPOMArHUTHOTO H3IYyYSHHS B
BaKyyMe ¢, IU3JIEKTPUIECKYIO IPOHUIIAEMOCTS E. '

" 1IpoBOIUMOCTD HOHU3UPOBAHHOM CPEBI ONPEACIACTCS BhIpaXKe-
HHEM ' ‘ '

5= Ne?
- mle? +v?)

M 3aBHCHUT OT CpeJHEl KOHLEHTpALWH 3JIEKTPOHOB N, 3apsja 3JeK-
TPOHA e, €ro MaccChl m, YITIOBOH YacTOTHl Majarolied 3JIeKTpoMar-
HATHOM BOJHEI (0, YIIIOBOH YacTOTHl CTOJIKHOBEHHS DIIEKTPOHOB V.
CpenHsisi KOHIIEHTPAIHS 3JIeKTPOHOB N U yrIIoBas 4acToTa CTOJKHO-
BEHHS 3JIEKTPOHOB V' B KaHaJe MOJHHH ONPEIENAIOTCA 3aBHCHMO-
CTAMH '

N=—?  v=32010"pT .
nr'eEK,

Iie r — pajuyC KaHajma MOnHuH, I — TOK paspsna MonHud, E — Ha-
TIPSHKEHHOCTD SIEKTPUIECKOro Hons, K, — MOJBIKHOCTH 3JEKTpo-
HOB, p — JaBIEHHE BO3yXa, T — TeMIepaTypa B KaHAIe MOJHUH.

IToaBHXKHOCTD 3JEKTPOHOB MOXET OBITH OIpefeNeHa B COOTBET-
CTBHH C BHIPOKEHHEM "

© __ 075107 p 0T

e

2 1/2 °

1+|1+0.0 £l L

p ) otk

rae O; — CpemHMH pajuyc- CTOJKHOBEHMS OJIEKTPOHOB (CM), k —
OTHOCHTENbHAs YacTh DHEPIUH, TepseMas JICKTPOHOM IIPH CTOJK-
HOBEHHH.

C npexpamieHueM MOJHHEBOro paspsaa KOHNEeHTpamus cBoGoI-
HBIX DJEKTPOHOB B HOHHM3MPOBAHHOM KaHaleé YMEHBHIACTCA 10
3aKOHY

1+ Ngot ™
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rae Np — HavyanpHas KOHIEHTpaUys dJIEKTPOHOB, O — Ko duirent
pexoMOMHAIAM, I — BpEMA.

B rpo3oBoM o0liake KOHLEHTpaUMs 3IEKTPOHOB MOXKET H3Me-
aatbes ot 10" mo 10V sn/cv’. Tlpu HaGMIONEHHH 3XO0-CHTHATOB
MonHHu# oT 1 1o 5 ¢ koapdHuIHeHT peKOMOHHALIMK H3MEHAETCS OT
10? mo 107 cm’/amc. Paguyc MONHHEBOro KaHana 7 COCTaBJisfeT
npumepHo 0.1 M, a 1nuHy KaHana mpHHHEMaOT nmopsaka 1 kM. C
WCIOJIB30BAHHEM NPEACTARICHHEIX < JaHHBIX MOXHO = PacCYUTaTh
KO>(}HULHEHT OTPaXEHHs [0 MOIIHOCTH P’ IS Pa3siMYHBIX JUTHH
BONIM. JINf MCIONB3yeMBIX UIMH BOJNH IIPH PagHOMETEOpPOJIOTHYe-
CKOM 30HAHPOBaHMH OKpYyXaromieit cpemst (3, 10 cM) BemnunHa p?
CYIIECTBEHHO 3aBHCHT OT MHTEpBana BpeMeHn npomemnero c
Hadana paspsja: Tak, eclld OpH f = 10‘6 cp’=l, Tompu t = 107 p?
COCTaBIIAeT BEMMUMHY Topanka 107, a mpuf=1c-yxe 10 1,

Yaempayro OIIP xanama MOHHHH MOXXHO ONpENENTh U3 Clie-

IYIOIHUX BbIPAXKEHHH:
A1t 60IBIIOTO pajiyca CeYeHNs KaHala MOJHAH

T o
=2p*=—; 8.97
n Y (8.97)

AJIA MaJIoro paguycCa CCUCHHNA KaHajla MOJIHNH

’ - 2
nzizpzln A . (8.98)
;

Tlockomsky p° GEHICTPO YMEHBIIAETCA BO BPEMEHH, TO H COOTBET-
CTBYIOIHi€ BENHYMHBI 1) OYAYT pe3KO YMEHBIIATHCH, YTO CHCIAET
NPaKTHYeCKH HEBO3MOXHBIM OOHapyXeHHe KaHajla MOJHHM IpH
PaIOMETEOPOIOTHYECKOM 30HIHPOBAHUH ATMOCHEPEL.

8.6. Ilonspu3anys paxHoJOKANMOHHBIX cnrnanon,
OTPa’KEHHBIX OT 00J1aK0B M 0CAAKOB -

Obnaka 1 ocagkyd B o0meM ciydae COCTOAT M3 9acTHIl IIPOM3-
BONIbHOH (OpPMBI; TONBKO Kallld TYMaHOB H KaNeIbHO-KHIKHX
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005aKoB, HE MAIOMAX OCAJKOB, NPHONIKEHHO MOXHO CUHTATh
chepuveckumu. [IpUYMHBI, NPUBOAAMINE K H3MEHEHUIO (DOpMEI
Kallelb OCaAKOB, OO0YCIIOBIICHEI, ¢ OXHOH CTOPOHEI, TPABUTALMOH-
HBIM TIaJIEHHEM, a C APYTOi — a3pOIMHAMUYECKHM COIPOTHBICHHEM
BO3AYIUHOU cpelpl. B pe3ynpTaTe 5TOr0 Karii OCaJKOB OKa3bIBatOT-
CA CIUTIOIIEHHBIMH B BEPTUKAJIBEHOM IIOCKOCTH ¥ IIPUOIHKAIOTCA 10
thopMe K IBYXOCHOMY 3IUTMIICOUY Bpamenus. YTo kacaercs 4acThIl
KPUCTaIIMHECKHX OONAKOB M CHEXHHOK, TO OHH MMEIOT SBHO He-
chepugeckyio Gopmy.

Teoperuyeckoe pemIeHNe 3aaqM pacce;mpm 3J1eKTp0MarHHTme
BOJIH Ha YAaCTHIAX CIIOXHOH (QOPMBI 3aTPyIHEHO, TaK Kak KOOPIH-
HATHBIE CHCTEMEBL, B KOTOPBIX PEMIAIOTCA COOTBETCTBYIOIIHE BOJIHO-
BBIE YPaBHEHHs, MOJDKHBI COOTBETCTBOBATH (OPME PacCEHBAIOIIMX
9gacTUIl. 3aada MOXET OBITh pelieHa, eCid THAPOMETEOPHEIC JACTH-
IBl aNIpOKCHMHPOBATh ABYXOCHBIMH JJUIHIICOMAAMH BpAIUCHHS C
pasMepaMu, MHOTO MEHBIIMMH JTHHEI BOIHEL ‘

s IByXOCHOro 3/UIMIICOWIa BPAIIECHUS ¢ HOMYOCSIMH d, b, ¢ H
IM3IEKTPUYECKOH MPOHUIAEMOCTRIO € 3HAYEHMS IUIONBHOTO MO-
MEHTA BIOJb COOTBETCTBYIOLIMX OCEHM OKa3BIBAIOTCA PasIHYHBIMEM H
OTPEENAIOTCA COOTHOMCHHEM

pif,Eig’
_abc e-1
S T e-n,

rae E; — mpoeknus moJis Hajaromieii BOJHBI Ha COOTBETCTBYIOMIYIO
ock (i = a, b, ¢); n;— ko3P dHIMERTH POPMEI, OTPEACIAEMBIC KaK

abcT ds
= J' :
o (s +a”)R;

a

U IPyTAMHM aHATOTHYHBIMH BEIPaKECHUSAMH.
Jn cheprl, kKak YACTHOTO Ciydast 3JUIHNCOuIa, a = b = c U n, =
np = 1. = 1/3, a BRIpakeHUE AUIOTLHOTO MOMEHTA OYIeT HMETh BHI

p= Eog’

270




g==
31+(e,—1)1 £+2
)4
—_ 8“"1 3
=F a.
=50

ITpu IpOW3BOJIBHOM OpHEHTALNM YaCTUIBI OTHOCHTENIFHO BEKTO-
pa 1o majaroiel BOJIHEI B 00LIieM cilydae Bo30yXAaroTCs BCE TPH
COCTABIISIONIME TUHOIFHOTO MOMEHTA YaCTHIBI M OyAyT PasiiuHEL
}assl COOTBETCTBYIOUMX HM COCTABISIOIMX CurHana. Ilosromy
OTPaXEHHEBI OT TaKOH YacTHIBI CHUTHAJN B 06meM cinydae Gyner
MMETb, JIUIHITHIECKYIO TONAPH3AIAIO, OTIMYAIONIYIOCS OT MOJAPH-
3allMH NagaroIlei BOJIHEL.

I[JI;I TOro, 9T100Bl BEIYHUCIINTH BCIIMYHWHY CHIHala, paCCEeIHHOTO
9acTHIeH B OOpaTHOM HAaIpaBICHHHW, HEOOXOXMMO OIpPENeINTh
COCTaBJISIOLIKE AUIIOJHHOIO MOMEHTA BJIOJIb BEIODAaHHEIX HallpaBiie-
guit, Ecmu Bekrop moNA mMajamomiedl NHMHEWHO IIOJIIpU30BaHHOH
BOJIHBI HapajijI€JIEH OIIHOﬁ U3 oceit JJINHUIICON A, TO B 4aCTHIIC 6yz(eT
13036y>1gz(an>c;1 TOJIBKO COCTaBJIAOMIas AUITIOJbHOIO MOMCHTA BHOJIb
3TOH OCH U B OTP&KEHHOM CHrHane GyJeT MpPUCYTCTBOBATh TONBKO
COCTaBIsAOmas, OOYCIOBIEHHAsS 3TOM KOMIIOHEHTOM JHIIONBHOTO
MOMeHTa. TakuM oOpazoM, eciu oOiyyaeMas 3JIIMICOMAANbHAs
t{aCTI/II_If:l OpI/IeHTI/IPOBaHa TaK, 49TO OﬂHa I/IB €c OCCPI HapaJIJICJILHa
BEKTOpY MONs Majaromiell NMHEHHO NONIPU3OBAHHOH BOIHEL TO
OTpaXkeHHas BONHa OyseT Taroke JUHEHHO HOJAPU3OBAHHON B Ol
e IUTOCKOCTH, UTO M Ia/lalolias BoNHa. B aToM ciyuae B oTpaeH-
HOH BoNIHE OyHeT OTCYTCTBOBAaTh nonepetmo TIOJISIPU30BaHHas . CO-
CTaBJIAIOMIAs (ETONAPU3aIOHHAS KOMIIOHEHTA).

OueBuaHo, 4TO. YacTuLa Chepruueckoit GOpMbL B CUILy €€ CHUM-
METPHYHOCTH HE H3MeHsAeT (PopMy NOIAPHU3ALHOHHOIO JILIMICA
majamoleil Ha Hee BONMHBL OJHAKO, TIOCKONBKY HalpaBleHHE DPac-
HPOCTPaHEHHs NP OTPAXKEHHH MEHAETCs, BpalllcHHe MaNaromel u
OTpa)KCHHON BOJIH GyIET MPOTHBOMONOKHEIM.

B o6mem cmygae mpu OOIydeHHH SIIHIICOMAAIBHOMN qacmum
TVHERHO IIONAPH30BAHHOM BOJHOH C IPOM3BOJIBHOTO HAIpaBICHUS
OTpaXeHHas BOIHa Oyzer MMETh KaK OCHOBHYIO, TaK ¥ JIeNIOJApH3a-
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[HMOHHYIO cocTapiutomue. Ilpy npakTHaeckux pacueTax OCHOBHOM U
JENOISIPU3ALMOHHON COCTaBIAIOIIX HX YIOOOHO -ONMpEeNeNaTh OTHO-
CHTEIBHO MOIIHOCTH BOJIHBI, PACCESHHOH PaBHOBENHKOH cdepute-
CKOH 4aCTHIEH, AUIIONBHBIM MOMEHT KOTOPOH JIErKO BBIYHCISETCS.
OtHocHuTeNnbHAs MOIIHOCTh, OTPKECHHAS DIUTAUIICOUNATBHOM Jac-
THIIEH, OKa3pIBaeTCA NpH 3TOM (QYHKIWEH oTHOweHHs g/ g, yria

HaKJOHa BEKTOpa noist E B MIOCKOCTH (GpPOHTA BOJHEL O (TIapameTp
HOJSIPH3aIHN), a TAKXKE YIIIOB, ONPEAENSIOINX OPHEHTAIMIO YaCTH-
116l B mpoctpanctee. IIpu stoM g/ £, B CBOIO 0odepens, ABIAETCS

(yHKImEH TU3IEKTPHYECKOH POHMIIAEMOCTH BEIIECTBA JACTHIEL H
dbaxropa GpopMmsL. '

BBozs mapamerpsl I, W I, XapaKTepU3yIOIIME OTHOCHTENBHEIE
MOIIHOCTH, OTPaKEHHBIE JIUTHIICOMAANBHOMN YacTHIell B HaIpaBie-
HESIX X ¥ y (TOPHU30HTAJFHOM M BEPTHKAILHOM COOTBETCTBEHHO),
MOYKHO 3aIHCaTh

2 2
=L 1 =5
2 p

Taxum 06pasom, MOXKHO OIPEAETHTH OCHOBHYIO H IETIONApH3a-
IIOHHBIE KOMIIOHEHTHI BOJIHBI, OTPaXCHHOH OT SJLIMIICOMIANbHOMN
9acTUIB! ¢ MoObIM (akTopoM (GopMBI pH OONYUCHHH €€ BONHOMN
060 NONIPU3AIHH.

Omnpenenenue NONAPU3ALMN BOJHBL, OTPaKCHHOW OIUIMIICOH-
JalbHOH dYacTHIed Npu OOMyYEHHWH €€ BOJHOM 3IUIMITHYECKOMH
MOJIAPHU3AIMH, NPEACTABIACT CO00H CIOXHYIO 3NIEKTPOAMHAMHYE-
CKYI0 3ajady, TaK KaK IIPH CYMMHPOBaHHH COOTBETCTBYIOIIUX CO-
CTaBJIAIOIIMX BOJHBI HEOOXOMVMO YYWTHIBATH W (Pa30BBIE COOTHO-
IIEHHS. ' '

- IlpoananusupyeM HONSAPH3AIAIO PaIHOTIOKAIHOHHEIX CHIHAIOB,
OTPaXCHHBIX OT aTMOC(epHBIX 00pa3soBaHMH KaK COBOKYIHOCTH
YaCTHULI JUIMIICOUIAALHOH HOPMEI.

 Joxne. Kamm noxns umeror dopmy, GIm3Kyr0 K JJBYXOCHOMY
CINTIOCHYTOMY 3JUIHIICOMIY BpallleHus, MEHbIIas 0Cb KOTOporo (0ch
CHMMETPHH) OpPHEHTHPOBAHA B BEPTHKAILHOM HATIPABICHHH.

Ecmu nomoGHas uacTuma o0Nydaercss B TOPH3OHTAALHOM Ha-
NPaBJICHUN BEPTHKAIBHO MONIPHU30BaHHOW BomHOHM (Bce PJIC mum-
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HEeHHO! moJpu3anuy paboTaloT, Kak NpaBHIO, C BOJIHOM BEpTH-.

KaJIBHOM MOJISPU3aIKH), TO B 3TOM CIIy4ae OKa3bIBAETCs, YTO
2

g
=0,1,=5;,
g
a TIpu 06JTy4EHHUH FOPU30HTAIBHO MOJIIPU3OBAHHON BONHOM
ne
NG
1,="¢1 1 =0.
8

Jns MHOXKECTBa BOJSHBIX M JICASHBEIX YaCTHII 3JUIHICONIAIBHOMN
(GOpMEI, CIUTIOCHYTBIX B BEPTHKANGHOM HAlpaBIICHWH, BIHTHHE
¢opMBI 0COOEHHO 3aMeTHO MU BOAAHBIX dacTull. Hanpumep, Boms-
HEBIE YaCTHIIEI C (hakTopoM GopMEl P = 2 (BEpTHKAILHEIA pa3Mep B 2
paza MEHBIIE TOPU3OHTAIHLHOTO), XapaKTEpHHIM UL HOXIeH 60mb-
110 MHTEHCHBHOCTH, PACCEUBAIOT FOPU3OHTANBHO NOAPU30BAHHYIO
BOJIHY B 2 pasa Oojblle, 4eM pPaBHOBEIHKHE N0 00beMy chepuye-
CKHe Kalli. B TO >Xe BpeMs IpH BEPTHKAIBHO MNOJAPHU30BAHHOMN
00myJarorieil BOTHe OTpa)kKeHHEBIH CHrHai OyAer B 2.5 pa3a MeHBIIIE,
YyeM JUIS TaKuX ke cepuiecknx vactur. M3sMeHeHne yria HakioHa
aHTEHHBl BEPTHKAIGHOW NOJNSPH3aLMM NPUBOAUT K W3MEHEHMIO
OTPOXEHHOTQ CHTHANA OT HAWMMEHBIIEr0 3HAYEHWS NPH TOPHU30H-
TAITBHOM - HalpaBJICHHH JO HaHOOJBINEr0 MpH BEPTHKAILHOM. Jlns
HafpaBJICHU B 3€HHT BEJMYMHA OTPAXKCHHOIO CHTHAlla HE 3aBHCHUT
OT BHJa IONSAPH3aLKK 00TyJaronei BOIHEL.

Kpucrannudeckue obiaka. JlensHpie 9acTHIB KpHCTaJmme-
CKHX 00JIaKOB, HaXOJSICh BO B3BEIICHHOM COCTOSHHH WM HE3HAUH-
TEIBHO MepeMeInasch, XaOTHIeCKH OPHEHTUPYIOTCS B MIPOCTPAHCTBE
H HE NMEIOT MPEHMYILIECTBEHHOM OpPHEHTAIINA OTHOCHTEIFHO aHTEH-
Holt cuctemsl PJIC (BexTopa mons oOmydaromeil BomHbI). PaccMor-
" pUM HOJISIPHU3AIMI0 PaJFOIOKANHOHHEIX CHIHANOB, OTPaXKEHHBIX OT
YACTHL KPHUCTAITMYECKMX OONAKOB, COOTBETCTBYIOIUHX CIIy4dasiM,
KOTZA - BEITAHYTHIE KPHUCTAJUIBI XAOTHYECKH  PACIIONIOKEHE B T'OpH-
30HTAJBHOMN MIOCKOCTH (OCH CHMMETPHH FOPH30HTANBHEI) U KOTOA
BBITSHYTHIE KPUCTAINYECKHE TaCTUIH Xa0THUECKH PACIONIOKEHE! B
MPOCTPAHCTBE IO BCEM HAIIPaBJICHISIM.

J7d COBOKYIHOCTH YacCTHL, OCH CHMMETPHUH KOTOPHIX XaOTHYe-
CKH PACIIONIOKCHH B TOPH30OHTAIBHOM MIOCKOCTH, IPH 00IyYeHNH ¢
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IIOMOMIBIO BEPTUKAJILHO HAIPABICHHOM aHTeHHB ocHOBHas (I)) u
JenonsipusanuonHast (1) coctaBnsioniie curyana 6yayr
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HasbIBaeTcsa kodddurmentom nenonspusanuu. Kosddunment mermo-
JNSAPU3ALMH UL 9ACTHL, OPHEHTHPOBAHHBIX B TOPH3OHTAIBHOM
IUIOCKOCTH, 3aBHCHT OT ¢Qakropa ¢opmbl. Ilpn H3MEHEHHH yria
HaKJIOHA BEPTHUKANBHO TOJNAPHU3OBAHHOM aHTEHHHBI OT Hynd f0 90°
MOIIHOCTh OTPa)KEHHBIX CUTHAJIOB MEHSETCS OT MUHUMAJIBHOTO A0
MaKCHMallbHOro 3HaueHHH. TakuMm oOpa3oM, IO HATHYHIO AEIONI-
PH3aOHHOW KOMIIOHEHTHl ¥ 3aBHCHMOCTH OCHOBHOHM COCTaBJISAIO-
IIEeH OT yria HakJIOHAa aHTEHHHI MOXKHO MOJYYHTh HH(OpMaImio 06
OpHICHTAlUU YacTHIl B IIpocTpaHCTBe. B 9acTHOCTH, €Cilu NpH Kada-
HUW I10° YIIIy MECTa aHTCHHEI, H3Ty4alonied BEpTHKAITBHO MONIAPH30-
BaHHYIO BOJHY, M3MCHSETCA OCHOBHOW CHIHajl M OOHAapy>XHBacTCs
JENOIIPHU3aIOHHAs] KOMIIOHEHTa, TO OCH CHMMETPHH OTPa’KaroIuX
HecEepHIECKUX YacTHI DPACIoNiaraloTcs BC€ B TOPU3OHTAIBHOMN
wiockocTd. Y1 Hao60poT, OTCYTCTBHE AENONIPU3alMOHHON KOMIIO-
HEHTBF IPH TeX K€ YCIOBUAX CBUIETENBCTBYET O PACIOJIOKEHUH
ocell CHMMETpHH YacTHIl B BEPTHKANBFHOH IIJIOCKOCTH.

JI1s1- 5IUINIICONMAANBHBIX YaCTHUII, Xa0THIECKH OPHEHTHPOBAHHBIX
B IPOCTPAaHCTBE, MOIIHOCTh OTPAKEHHOTO CHTHAJIA OCHOBHOM H
JCNOJIIPU3aLOHHON - KOMIIOHEHT HE3aBHCHMO OT HallpaBIICHUS
o0ITyYeHrns ¥ TOJIPU3AlHH, OONyJaromielf BONHEI OIpeAessieTcs
COOTHOIIEHHUAMHI ’
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