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KOPPEJALHUOHHAA OBPABOTKA CUI'HAJIA
HEKOTEPEHTHOI'O PACCEAHMA

Crioci6 HeKorepeHTHoro PO3CIIORAHHA NO3BONAE MO Kopensuifniii abo cnekTpaabHiil dyukuil poscis-
HOro CHIHaJIY BH3HAYHTH OCHOBHi napaMeTpH ioHocdepH. JUi TXHBOTO BH3HAYEHHS B PEUTLHOMY 9aci
cTBOpEeHHH uporpamonalmu kopensTop. BiH ciiagaerica 3 Garatoxanamsnoro ALII, TIEPCOHAILHOTO
KomII'loTepa Ha npouecopi Pentium-IlI, napasenstoro inrepdeficy i BGyRoBaHOro CHHXpOHizZaTOpa.
BHMIPIOIOTECA BHCOTHI 3aJIe/KHOCTI Bi1 6 10 19 3aTpHMOK KOMNNEKCHOT GYHKIIT Kopenauii B iHTepsani
prcot 100 - 1500 KM 3 RHCOTHHM po3pisHeHtsiM 10 - 120 kM.

The method of incoherent scattering (IS) allows on correlation or spectral functions of IS signal to de-
termine basic ionosphere parameters. For it’s measurements in real time the programmed correlator is
created. One consists of a two-channel analog-to-digitial converter (ADC), personal computer (PC) on
the Pentium-11I processor, parallel interface between ADC and PC and built-in synchronizer. The alti-
tude dependence 19 samples of complex correlation function of a IS signal in a heights interval 100
1500 km with an altitude resolution 10 - 120 km are measured.

Beenenne. Mccnenosanne noHocdepsl METOIOM HEKOTEPEHTHOTO PACCEAHHA
(HP) panxoBOJH MO3BONAET 3KCNCPHMEHTANILHO ONPEACIMTE OCHOBHBIC IApaMET-
pb1 HOHOCQEDBI, TAKME KAK JJICKTPOHHAA KOHUEHTpauma N, HoHHaA T; M Jjek-
Tpounas 7, Temmeparyphl, CKOpocTe apeda V; noHochepHOH MiazMbl, MOHHBIH
coctaB. ITI0 HHM PAaCCUMTHIBAIOTCA AOMOHHTCIBHBIC MAPAMETPhL, KOTOpbIE HE0D-
XOAMMBI A1 CO3JaHUA H Pa3BHTHA HOHOC(CPHBIX MOAENEH H B NPHKJIANHBIX pa3-
paborkax. Meroa peanusyerca ¢ NOMOMILI0 HPEUH3NOHHONO H3MEPHTEIBLHOIO
ycrpoiictea — pagapa HP, B coctaB kKOTOPOro BXOJHT CHCTEMA MEPBHYHOM 0Opa-
6OTKH — KOppe/ATOp WM CHeKTPoaHaym3aTop. OT TOMHOCTH M3MEPCHMA BBHICOT-
HBIX 33aBMCHMOCTCH mapamerpos HP cursana 3aBHCHT JOCTOBEPHOCTH Ompezee-
HHA napaMerpoB HoHocdepHoit mwiasmel. H3-3a 31010 pa3ssurue METOROB H CPEACTR
MUMCTAHIMOHHOIO M3MEPEHHA MapaMeTpOB HMOHOCHEPHOH IIA3MBbl B CHIOKOHHOM M
BO3MYLICHHOM COCTOAHHH ABJACTCA aKTyaibHOM 3aaaueii pamuodusuxu. I{esmio
PaGoTHI SBIACTCS METOMAMYECKAA, MPOrPAMMHAA H ANMAPATHAA PCATH3AMAL METO-
JOB M3MEPCHHA MAPAMCTPOB HOHOC(EpHOH MIAa3Mbl H IKCHEPHMCHTAILHOE MOZ-
TBEPXICHHE JOCTOBEPHOCTA MONYYCHHRIX pe3yabTaTtoB. HayyHas HOBH3HA 3aKmO-
YACTCs B ONPCACIEHHH VHMKANBHBIX BPEMCHHBIX 33aBHCHMOCTEM 3JICKTPOHHOI
KOHUCHTpaLHM, TEMNECPATyYP 3apDICHABIX “ACTHIl ¥ JPYIHX NAPaMETPOB HOHO-
Cepui BO BpeMs CHILHOR MATHHTHOH GypH H COJTHEMHONO 3aTMCHHA.

1. Annaparypuas peammiamus cncremsi 06paboTkn. OO6LMHO M1 06pa-

HP curuana u ompeaeneHns napamMcTpoB HOHOC(EPHOH IUIA3MBI B peaib-
HOM BpEMEHH MPHUMEHIOTCA CHELHMATA3APOBAHHLIC YCTPOHCTBa [1, 2]. B ceasu co
3HAYHTCLHBLIM MOBHIIEHHEM TPOH3BOJATENSHOCTH NEPCOHANHLHBIX KOMITHIOTCPOB
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(T1K), npocToTOH NOAKIOYECHHA K HHM BHEWMHHX YCTPOHCTB M HAIH4YMA Pa3BETB-
NEHHOTO MPOrPAaMMHOro 00CCHCHCHUA CTANO BO3MOXKHBIM PEATU30BaTh KOPPEA-
TOp MM CHEKTpoasanu3aTop panapa HP Ha mporpaMMHO-annmapaTHOM KOMIUICKCE,
BLITIOJIHEHHOM HA ocHoBe [TK. Komnerorep ynpaBiseT CHHXpPOHM3AlHEH Npolec-
COB BBOJA PAJHOJIOKAUMOHHBIX JAHHBIX H BBLIYHCICHUA BBICOTHBIX 3aBUCHMOCTE}
3HaYeHMH kopenauHoHHbX (Qynkiuit (K®), T.H. npodwreit 3anepxek [3], mpoms-
BOIMT HX KOPPEKLHIO H onpeacneHue no vum N,, 7;, 7,, V, u nonHoro cocrasa [4].

Jna obpaborkn HP curnana B UnctuTyTe sioHOC(EpHI CO3/aH MPOrpaMMH-
PYEMBIH KOPPEIATOP, KOTOPbIH COCTOMT W3 MHOTOKAHANTLHOTO aHANOro-IH(ppoBOro
npeobpaszosatens (AL[T), mepconamsHoro kommbrorepa (ITK) Ha mpomeccope
Pentium-III ¢ Takrosoit yacroroit 800 MI', napauiensnoro HHTepdeiica Mexy
ALIT u 1K u BctpocHuoro cuuxponn3aropa (BC). it ceasu AL u BC ¢ I[IK
MCTIOJIL3YCTCS BCTPOCHHBIH B MaTepuuCKyHo miaty [TK napannensusii uurepdeiic,
paborarounii B pexxume EPP (ymywineHsbii napaanensusiit mopr). I'nasHoi orm-
YUTENBHOH uepTOil MHTEp(EHica ABNACTCA BHINONHECHHWE BHCLIHEH nepeaayd NaH-
HBIX 32 BPEMS OJTHOTO MPOLECCOPHOTO LHKJIA BBOAA-BHIBOAA. DTO NO3BOJMET HOC-
THYB CKopocTH o6MeHa 0.5 - 2 MBaiit B cekyray. T.x. umupuHa cniektpa cmecn HP
CMTHaIa M wyma Ha Bxozmax ALIIT e mpeswmiaer 15 KI'n To, B COOTBETCTBHH C
TeopeMoil KoTenmpHHKOBA, MPHMEHACTCA 4aCTOTa KBAHTOBAHMA BXOJHOIO CHIHANA
oko10 30 kK['u. CrpyxTypHas cxema KOppensTopa Noka3aHa Ha puc.l.
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Puc.1. CTpykTypHad cxema Koppejstopa

Ha sxoap1 koppessTopa 1oJar0TCA CHIHANH C BRIXOXOB CHH(}A3HONO H KBaJX-
PaTypHOTO KaHAJIOB NPHEMHHKA (COOTBETCTBCHHO, KaHaNu A H B). Ipexycmor-
PEHa BO3MOJKHOCTh NOAKIIOYEHHMA K BLIXOAHOMY Oydepy BhxomoB Lu(pPOBOFO
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NPHCMHHKA, KOTOPbIH MCMOJB3VETCH B KAYECTBC YCHAMTC/ NMPOMEXKYTOUHOH Yac-
7OTbl 1 CABOCHHOT'O CHHXPOHHOTO JIETCKTOPA.

(CMHXPOHHOCTb padoTeI-KOppensTopa u pagapa HP obecneumBactca noaauei

a BC mmnyabca 3anycka nepeaatynka (U3I1), Takrosoii 4acToTsl u oanoro no-
[ONHHTCIBHOTO CHHXPOMMIYJILCA. B MMEIOUIMXCA H3MEPHTENBHBIX CHCTEMAX Ha
uu)pOBBIX MTPOLECCOPAX CHIHAIOB TMS320C10, xoropsie paGoraror 6onee 10 ner
[2], 0OBCM Oy(depHOro 3anOMHMHAIOLIET0 YCTPOHCTBa cocTasnser.24 kb, yro orpa-
HIUMBACT BO3MOMKHOCTL NMPHMEHEHHA HOBBIX alrOPHTMOB O0OpPabOTKH M BOCCTA-
yopreHus HoHoc(eprod mu@opmaums [3]. IlpuMmeHenue annaparueix M Npo-
rpamsHbIX cpeacTs IIK CHMMAeT Takue OIpaHHYCHHA, A MPOM3BOAMTEILHOCTH
npoueccopa C TakToBoii yacrotoit 800 2000 MI'u nocrarouso s 06paGoTku
601bLIOT0 MACCHBAa HOHOC()EPHBIX NAHHBLIX HA HA3KOH YAaCTOTE B IIMPOKOM JHAMNA-
soHe BBICOT 60 - 1500 kM.

[MporpaMma nepsuuHOH 00paboTkM HauHHAaeT PaboTy C OmMpoca CHrHaja
“cdnar 1”7, xoropsiii Gopmupyerca no uMnysCy 3amycka M3I1. Ecnu BricTaBneH
“¢par 1”7 TO MpOrpamMma 3amMCHIBAET “1” Ha COOTBETCTBYIOMVIO IMHY pErucrpa
VITPABJICHHA, YEM Pa3PEIIAeTCs MPOXOKICHMC TAKTOBOH 4aCTOTHI FT HA KOppes-
top. Ilo /7 3amyckarorca AL Tlocne oxonuamss MPeoOpPa3oBaHHMA OYEPEIHOIO
OTCYETA AHAJIONOBOrO CHIHANA B 1M(POBOH KOA BBIOAETCH CHIHAN “KOHEl mpeod-
pazosaHwi” MO KoropoMy (opmupyerca cursan “®mar 2” [lo 3TomMy CHrHamy
MPOMCXOJHT YTCHHE NAHHBIX C MEPBOro, a 3areM ¢ nocneayrommx ALIIT u samace
3HaYeHuii HuQpoBOro CHrHaIa B B MacCHBA. TakuM 00pa3oM, npeoGpasyercs oT
680 no 1800 oTCc4€T0B BXOJHOIO AHANIONOBOTO CHIHANA B KAXKAOM KAHANE HA KaXK-
JOM NEpHOAE MOBTODEHHA 30HAMPYIOHMMX HMIYnscoB. [Tocne mosmHoro 3aeepiue-
HHA O4EPEeTHOTO LMKJIA BBOJAA MPOMCXOMMT PACYET aBTO H B3AHMHO KOPPCIAILHOH-
HBIX QYHKUMH U1 KBAAPATYPHBIX KaHANOB A H B 32 Bpems, He mpeBblmaromec
NCpPHOA MOBTOPCHHMA 30HIMPYIOMHX PaAMOHMMIYILCOB. Bo3MOXHO Taloke ompene-
JIEHHE MOIIHOCTH CHTHAJIOB B ABYX AONOJHHMTENLHLIX KaHanax. Jlanee mporpaMma
NEPEXOUT B PEXHM OXKHAAHMA CHrHana «®uar 1». JMrebHOCTh OQHOTO CeaHca
H3MEpeHHA BbhIOMpaeTca 3ananueM koimyecrsa M3I1. O6pryHO oHA cocraBmser 1 -
1.5 MustyThI. O61I€EE KOMHYECTBO CEAHCOB 32 CyTKH cocTaBseT 960 - 1440,

PaspaGotannoe nporpamMmHOe 00€CHEYEHHE TAIOKE NO3BOJAET 3AMMCHIBATL B
TCUCHHE HECKOJMBLKHX CYTOK OTCYEThI BXOAHBIX CHTHANIOB O6¢3 00paboTku HX B pe-
AHOM BpeMeHH (2 * 1024 ywcna Ha neproae nosropenns M3I1, okxono 8.5 I'baitr
B CYTKH). 310 HEOOXOAMMO UIA OT/IATKH HOBBIX PEKHMOB 00paGoTKH M BO BpeMA
Pabotst panapa HP B cionaoit nOMEX0BO#H OGCTAHOBKE.

2. Anropurmer 06paborkn HP cHrHajia B OCHOBHBIX PEKHMAX H3y4de-
HHA JOHAMPYIOMuX CHIHANOB. B peknMe M3TyYeHHS 30HXMPYIONMX HMITYILCOB
(3H) Ge3 BHYTPMHMITY IbCHOR MOy iawad Gombmoi ummreasHocTd T~ 800 mic (T
> Taopp, Txopp — HHTEPBAJI KOPPENAIHHE PACCCHBAIOMCH CPER) YACTO HCTIONL3YETCA
Clleayromas ouerka K, 3anucamuas moke B HHTEIPANTBHOM PEICTABICHHH:
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* 1 1 N
R (rj ) =——— X Ju, (X)u, (x+ 1 )x ¢))
N b-an=la

3acchk fj — BpeMA 3ana3/bIBAHUA OTHOCHTENIBHO NEPEAHEro (poHTa 30HIM-
PYIOIICTO PATHOMMITYIIBCA, Ty — BpeMeHHas 3aaepxxa K®, j — Homep orcyera cur-
Hana Ha nepwonc nosropeHus 3U, k  HOMEp 3amepkkH: T = kAT, AT -

JMCKPETHOCTD 110 331EPHKKE, Tyopp. HHTCPBaN koppenauud HP curnana, N — xo-
JIYECTBO TICPHOIOB NOBTOPEHHS 30HAMNPYIOIIHX PAJHOHMITYJILCOB.

3Havenud a u b 3asucar ot Buaa ouchku K®. Ecnma = £, b = ;+ T - 5, no-
JyusM Haubozee “cTapyro” oucHky. /lng Hee XapaKTepHO Pa3pemICHHE 10 BLICOTE,
paBuoe AH = cT, rae ¢ — ckopocTb cBera. JIHncnepcHA Takoi ONEHKH YXyAIHACTCA C
poctoM 3agepxa. Ecnu ana 3toro cimyyast K BbIpakeHHro (1) MpMMEHHTL ApAMOe
npeobpazopanue Pyppe, TO MOJyYHM OLEHKY CHEKTPAILHOH IUIOTHOCTH MOIIHO-
ctu (CIIM), 3KBHBAJICHTHYIO CHCKTDPY, BBIMHCJICHHOMY IO 3HAYCHHAM CHIHANA,
B3ATHIX HA HHTEpBaNE (I, ;+7).

Ecmma=1t-mAr- 7, b=4+mAr, m=0,1,2,..., TO NOJy4uM ONICHKY 1A

T.H. TPANCLCHAANLHOr0 CYMMHPOBAHHA [3], BADHAHTH pEalM3aLMH M NOrPEHIHO-
CTH OLEHOK KOTOporo moiy4eHs! B [3]. i 31o# ouenku aucnepcua K@ ve yxya-
IAETCA C POCTOM 3aJICP>KKH, a BRICOTHOE Pa3peliCHHC MpH HeOONLILHMX 7 PaBHO
AH = cT/2. Tlpu Gonbmux AIHTEILHOCTAX MMITYJIbCA, U4 BLICOT BHEIMHCH HOHO-
cheps! Hanbonee IPPCKTHBHA HMEHHO 3Ta OLICHKA.

Ecnu B BeIpakeHsn (1) NOMEHAT MECTAMH ONEPALIMH CIOXKCHHA H HHTCTPH-
POBaHHA, TO MOTYYHM OLCHKY

) ) _1 ?g (x) Ydx 2)
R (t;,75)= u,(u,(x+7 .
Jk N b—-aan=1 " " k

B pa3paboraAHoM xoppensTope NPUMECHASTCE MMEHHO Takas oncHka. CymMMa,
KOTOpast CTOHT NOJ 3HAKOM HHTCIpala, I KKIO0ro CEaHCa HIMEPCHHH BBIYMCIIA-
€TcA B PeKMME PEabHOTO BPEMCHH M 3amMchiBacrca B Ga3y mawmerx. IoapmTe-
rpajibHas CyMMa, AeNicHHAA Ha N, senderca KO napHeix BHIGOPOK B MOMCHTHI 4 K I;
+ 7. IIpenBapHTENBHLIT pacyeT OLCHOK (2) M BHMHCICHHME MO HAM NApaMETPOB
HoHOC(epHI MPOM3BOAMTCA B NEPHOA MEXKAY CeaHcaMH. JIns paBeHCTBA pe3yJbTa-
TOB, NONYYEHHLIX COrnacHo BbipaxeHwsM (1) m (2), Hax cymMMaMH HE AOJDKHBI
MPOH3BOMHTECA ONCPAIAH OKPYIJICHHA M yceucHus. [IpHMEHEHHE TakOH CTPyKTy-
PH JaHHBIX MMO3BOJMCT NMOCTE M3MEPCHHE BHMHACIIATH PA3NHYHLIE OLCHKH KOppe-
JNAIMOHHBLIX H CHEKTPANLRBIX (pyHiumii ;U1 GONMBIIMX H MaibX BHICOT, 3 TAKKC
NPHMECHHTS METOX BOCCTAHOBJICHHA BHICOTHBIX 3aBHCHMOCTe# MomHocTH B KO
HP curnana.

52



OnpecAeieHHe TEMIOBbIX U IMHAMHYECKUX MapaMeTpoB HOHocdepe! TpebyeT
pIYHCTEHHS KOMIUIEKCHOH K® HP curxana. Jlis 31010 B peaibHOM BpPEMEHH Ofl-
pC/IC/ISIOTCS ABTO-

* 1 N
[Ry(,7] =; %l"A,n(’)"A,n(’*'T)* (3a)
* 1 N
[Rq@t,7] = ; § B,n(t)uB,n(t+r)’ (36)
1 B3aUMHO-KOPPEJIALIMOHHBIE
* 1 N
[R4pt,7)] = ; % uA’n(l)uB,n(t + 1), (4.a)
* 1 N
(Rpa @Ol % upp(@ug @ +2) 56)

¢yHKIMH NapHeIX BbIGOpOK B cuHdasHoM (A) u xBanpatypHom (B) kaHanax. Io
HHM PacCYHTbIBAIOTCA AEHCTBHUTENbHAS

(Rre(t. 0 = (Rt o0 +(Rp N )12 )

H MHHUMas

im0 = (R gp o -~ (Rgate o0 )2 ©)

yacth K@ BxonHoro cHrHana koppensaropa. B sbipaxenmix (3)— (6)t=1¢, 7= 5.

B pexuMe 30HIHPOBAHMA NEPHOAHYECKOH 110CIEAOBATENLHOCTHIO OLHHOYHBIX
H CABOCHHLIX PaJHOWUMITYAbLCOB MIHTENBHOCTLIO T = 65 Mkc wnu T = 130 Mkc,
komrurexcHas K taioke BLIYHCIAETCA NO U3MEPEHHLIM B KaHalax A u B orcueram
curHana. Cocrapmaromne K@, u3 xotopeix obpasyercs kommnekcHas K@ B atom
PeXHMeE ONpenenloTcs COrIacCHO BbIPAXKEHHIO:

N M-1
R(tj 70) = nél mEO u(tm-}-jM )u(tm+jM),
N M-1
Rjor) = B 2wl jig YCms jM =30k +6)) ™

3necs % = Ar(k+6) — 3anepxka 1 KOTopoii BeuucnseTcss K@, YHCneHHO paBHas

BpeMeniomy HHTEpBANY MeXJy CABOEHHBIMH PagHOUMITYJIbCAMHU, AT=3A, k=1 -
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6, M=5,At = t,. —t, =13 MKC — NEpUO/I KBAHTOBAHHUA MO BpeMEHH. T.€. M3p
PAIOTCS MOLLHOCTb ¥ 6 3HaucHHid koMIuiekcHoi K®, kotopsie ana Boicot 100 - 5
KM JiexaT B obslacTi ee Hanbonee HHPopMaTHBHBIX 3HaYeHnH. CyMMHpoBaKHe
BPCMCHH H 110 MHOXECTBY OCYUIECTBASIOTCS B PEAIbHOM BPEMEHH.

BxoaHo# curHan koppensTopa IpeAcTaBisieT co00il afqUTHBHYIO CM¢
HP curnana v urymoB Ha BbIXOJ€ NPUEMHOIO yCTPO#HCTBA. 3aBUCHMOCTH 3HAYEH
K® HP curnana R;s(t;,7) oT BpeMeny 3ana3abiBaHus {; (WIK BBICOTHI 4 = ct/2) n
(GHKCHPOBAHHBIX 3aCPKKAX 7= T

RIS(tj,r) = R(tj,z') - Ryg(7),

rae Rys(7) — ycpeanennas K@ wyma, koTopas onpenenseTcs Npyd BpEMEHMU 3an
JIbIBaHUA, COOTBETCTBYIOLIEro 6onsiuM BhicotaM (Oosmee 2000 xM), Ha KoTOp
paccesHHbI CHrHaN He 00HApYXMBAETCA pafAapoM.

IMpu pacuere K@ curHasa yuurtsiBaeTcd, 4To MHAMad yacth K@ mryma r
MIEHTHYHBIX XapaKTePHCTHKaX CUH(A3HOro ¥ KBaApaTypHOro KaHajlOB PaBHa |
mo. T.o. npumensas UHPPOBOH LIPHEMHHMK WM CHHXPOHHBIH JETEKTOp, BIJIIOYE
wMe B 060MX KaHaTaX HACHTHYHbIE PUILTPYIOLIME LENH M UMelolue oauH Al
Ha BXOJie, HET HeOOXOJMMOCTH BbLIYUTaTh MHUMYIO HacTh K® nryma. Ecou npm
HAIOTCA aHanoropele AeTekTopbl M Ba ALIL, To ko3 dHuMEHTH NEpeaiH B Ka
nax MoryT otnvdarsca. IIpu onpeneneHnn ckopoctu apeiida HeobxoauMo pas,
UTh MHHMY1O0 YacTb K@ Ha neiicteutensuyro. Eciu ko3¢ duimMeHTs nepenadu
HaMpPSHXKCHUIO NEPBOTO M BTOPOrO KaHAIOB paBHbI, COOTBETCTBEHHO, K, U Ky,
MOJYYHTCS YMEHbIIEHHOE B (K% + KZB)/2KAKB 3HauyeHue. JIns UCKIIOYEHUA Tak
[OrpeLIHOCTH AcHCTBUTENbHAs YacTh K@ HopMHpyeTca Ha MOLIHOCTD LfyMa

Rni(0) = 0.5[Rus 4(0)+Rns 5(0)],

MHHUMasi 4acTh —Ha Rpo (0) = \/RNS AORNg g(0)

OtHowenune curHa/uoym g() = R;(£;,0)/Ry,(0).

B papape HP npumensieTca anreHHbldi nepewnoyarens (AlIl), BbINOAHEHH
Ha ra3oBbiX pa3psAAHHKax. BpeMs MX BOCCTaHOBJIEHMA AOCTHraer 1.5 mcek. ]
KOPPEKLHU HUCKAXKECHNH BBICOTHBIX 3aBMCHMOCTEH 3Hauenuit K@ usmepsercs
pakTepucTHka BoccTanoBieHus (no momHocTH) AK Ksw(f). B pexume 3oHaH
BaHHUA PAHOUMITYJILCAMH OONBIIOH JUTHTENBHOCTH ckoppekTHpoBaHHas K@ Oy.
paBHa

RisctiD= RIS(’j’T)/\/KSW(’j)KSW('j *)

B Beipaxenun (9) npunato, yro obe cocrasnsiomive K® Ris(4,7) yxe n

HOPMUPOBAaHbI Ha CBOM MOUWHOCTH wiyMa (fipH 7= 0 nojy4aeTcs OTHOILEHHE ¢
HaJI/ILYM, a2 HE MOIHOCTb).
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B peXuMe CIBOCHHBIX MMITYJIbCOB ONpENENAETCA XapaKTepuUCTHKa BOCCTa-
wosnennsa Al B (yHKUMH OT BpPEMEHH 3ana3fiblBAHHA M BPEMEHH 3aNCPKKH
Ksw(t), 7). I3MEpPEHHBIC K® HP curHana mensitcs Ha 3170T K03hduuseHT.

C noMoubio BoipaxeHHii (2) u (9) nmoayyaeM MHTErpajibHYIO OLEHKY, KOTOpas
npuMCHSlBTCﬂ KaK InA AeHCTBUTENBHON, TaK H 118 MHUMONH coctaBisoilei KO HP
curHana.

* 1 1 b
R (’j,Tk)=_—_“§R[S c (x, 7 )dx,
Nb-aa
* * *
R (7)) =q (jrp)r (), (10)

3aech q'(tj) — OlIEHKA OTHOHIEHWS CUTHaI/LIyM, r'(t,, T,) — OLIEHKa HOPMHPO-
paHHOiIt Ha MolHOCTL curHana K@ (HK®).

Jins MHTErpHPOBAHHS, a NPH HEOOXOAMMOCTH M CITIAXXHBAHUA OLICHKH, pa3pa-
Gorana cCiUlafiH-KBaapaTypHas ¢oOpMysia Ha OCHOBE CIIOKHBAIOIIMX CIUIAHHOB
Illen6epra n Pefinwa.

[Tpu 30HAMPOBaHUM HOHOCHEPH! pPaJHOHMMYNECaMH 6ONBLION LTHTENLHOCTH
13-32 U3IMEHCHHUA MOILHOCTH CHTHAIAa B UMITYJbCHOM obbeMe (B HampaBlieHHH pac-
MPOCTPAHEHNA) BO3HUKAET CMEUIEHHE MOMYYEHHBIX oueHok K®d pacceumatomeii
Cpefibl U PaCCUMTAHHBIX MO HEl TeMMepaTyp 3apsXEHHBIX HacTwil. [lpumenss me-
TOJMKY KOppeKimMK H3mepeHHbIX K®, onucadHylo B [3], koTopas yuuTHIBaeT AIH-
TEeNBHOCTb W POPMY 3OHAMUPYIOLICTO PAJHONMITYNLCA, H3IMEHEHHE MOILHOCTH pac-
CeSHHOTO CHrHaIa B MMIYJILCHOM 00beme H anropuT™ MHTerpupoBanus K@ nap-
HbIX BLIOOPOK MOXXHO TIOJIYYHTH AOCTOBCPHbBIE PE3YJIbTaThl B 3TOM PEXHME B [Ha-
nasoHe BbicOT 200-1500 kM. OOGBIMHO B TAKOM pEXHME MOXHO MOJY4HTh TONBKO
NiapaMeTpb! BHELTHEH HOHOCGEPDI (Bl MAKCHMYMa cnosa F2).

Ouenka HopmuposaHHo# KO paBHa

P ) =R e fa@Ke T,
an
AP(lj,T)

SR 4P ,0)’

IJ+AT(II) T—z

AP(lj ,T) = f—— - | fPim- (- xUX)U(x + t)dxdr .
T+ AT(tj ))tj—r—AT(tj) 0
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3neck P.{) = R(t;+aT,0), AT(1))= m(t)Ar, m=0,1,2,.. , K(t;,7) — BbICOTHas
3aBUCHMOCTh KO3 dHIIMeHTa KOPPeKUHH. 3anHch KOdPPULHKEHTa m KaK PYHK-
MM 3ana3fblBaHMA O3HAYAET, YTO €ro MOXHO YBEJIHYMBATH C BBICOTOH HNA KOM-
fleHcal¥d pocTa aucnepcud oueHkd K@ ¢ yMeHblI€HHEM OTHOLIEHHA CHr-
Haj/urym.

Ounenka HopmupoBaHHoit K® nuddepeHuHanbHOro ce4eHns paccesiHus pae-
Ha r.y'p(t_’, T) = r'(tj+ al,t), a = a(1-|5|/T), ay = 0.6 - 0.7 npH ANUTEILHOCTH
30HAUpYIOILEr0 uMNynbca okono 800 mkc. B nureparype no HP oO6niuno
NpHHHMAETCA Qo = 0.5 (T.€. OTCUeT 3ana3asIBaHUsA (M NPONOPLUHOHAILHOMH eMy
BbICOTBI) MPOMU3BOAMUTCA OT CEpPENHHBbI 30HAUpYlOLEro uMnyiasca. CpaBHeHHe
JaHHBIX, MOJyYEHHBIX B PEXHUMaxX H3INYYEHHA MMIYJIbCOB ANHUTENbHOCTBIO
800 u 65 MKc, a TaKXKe C MOAENBHBIMH pacyeTaMH MOKa3ay, YTO U3-3a U3Me-
HEHHWA MOIIHOCTH CHTHajla B MMIYJbCHOM 00beMe 3TO NMPUBOIMT K Hempa-
BUJILHOMY ONpENENCHHIO BHICOTHI MAKCHMYMa HOHM3aUUH Ha 15 - 20 kM (He-
OMnpeleNeHHOCTb [0 BBICOTE).

Ounenka cnektpa HP curnana

Krrgax
S(tj,fi) =/+2 kél [RRe(tj,rk)COSZIjirk

—le(tj,tk)sinhgfirk]
Ouenka orubaroweit HK®
* _ * 2 * 2 12
re”v(tj,r)-— [rRe(tj,t)] +[r1m(tj,r)] (12)

HercTBuTenbHY0 M MHMMYIO YacTy HK® MOXHO npeacTtaBUTh Tak

rRe(tj,r) = renv(tj,r)cos.Qd(tj)r,

r[m(tj,r) = renv(tj,r)sin .Qd(tj)r.

3necw ;= 27f; = 2aC,V,; f; ROIIEpOBCKas 4acToTa, ¥, CKOpOCTH Apeii-
¢a B pannanbHoOM HanpasieHHH. [{ns papapa ¢ AJTHHON BOJIHBI OKOJIO 2-X METPOB,
3Ta 4acToTa He npesbiwaer 10...50 T'u AN MarHHUTHO-CrIOKOMHBIX YcioBuii. [py
3TOM OTHOILUEHME F (), T)/rp(t;, T) << |. YuHTbIBAs 3TO, NOTYUHM:

Y 2
rp (1) ry (t:.1)
- Im’"j o m"j . (13)
"env(’jv _rRe(’j'T) I+ ——"— ~rRe(tj,‘r) 1+0.5| —2—

rRe(tj,r) rRe(lj.t)

H3 soipaxenna (13) creqyet, YTO 3HAK 7., (Y, 7) ONpENENseT CoCTasstonas
K® rg.(h;, 7). ITOT BHIBOA @a€T BO3MOKHOCTh BOCCTAHOBMTDL 3HaK orubarowuei Ko
Ha BCEM €€ MPOTAKECHHH.
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Jlas pacucrta TeMmneparyp OObIYHO MPHMEHAETCA CpPABHCHHME H3MEPCHHOM
HK® r.(h,7) C PACCHHTAHHLIMH B COOTBETCTBHH C TEOPETHYECKHM BbIPaXKEHHEM
kOppes UMOHHBIMH $yHKUMAMH TETUIOBbIX UTyKTYaUHH 3JIEKTPOHHOM MIOTHOCTH
r{(.T.T0) {5]. 3anaua HaXOXAEHHA TEMNEPATYp CBOAMTCA K HAXOXICHHIO MUHH-
MyMa HCBA3KH B COOTBETCTBHH CO CPEAHEKBAIPATHIECKUM KPUTEPHEM:

K

z
Te)ET xTe k=1 D[r(h T )]
3jech 1104pa3yMEBAETCA, YTO 3NeMEHT 7; NpUHALIEXHUT MHOXeECTBY T;, a aneMent
7, muoxectsy T, p= TJT, D{r(h,5;)] — nucnepcus ouenkd HK®D, koropas uc-
N0JIb3YETCS B KA4ECTBE BECOBOTO KO3 puumeHTa.

Jlns orpeneneHus MHHMMYMa HENHHEHHOH (YHKUHMM HECKONLKHX MEPEMEH-
HbIX, CHauasa oHa npeobpasyerca B GpyHKIHIO 0IHOH nepemeHHoOM — Homepa K, a
3aTeM MPHUMEHAETCS METOJ KOOPAMHATHOrO CITyCKa, KOTOPbIH MO3BOJAET PELUMTD
3ajayy MUHUMH3AUHM QYHKIMH OXHOW nepemMeHHOH 6e€3 pacdera mpOM3BOMHBIX.
Paccuutaem N KOPPENALHOHHBIX (YHKLMI pacceuBarowleii cpeapl:

rT(r:n):ﬁ'(T9Ti[aﬁm) (15)

D1u GyHKIMH OXBAaThIBAIOT BO3MOXHBIE KOMOMHALIMK MOHHOH TeMmmepaTypbl
M OTHOUICHHS TEMIIEpaTyp, B3ATHIX C IUIArOM COOTBETCTBEHHO A7, U AfS, Hauanb-
HbiMH 3HAYCHUAMMU T} .0y U B,z MaKCHMANBHOS KOJIMYECTBO 3JIEMEHTOB JIIS HOH-
HOW TeMmnepaTypbl NONOXHM paBHbIM L, IS OTHOILLEHUA Temieparyp — M. Mak-
CHMMaTbHOC KOJIHuecTBO paccuuTaHHbiX K@ pasHo N = LM. Ipu pacuere K® 3Ha-
YEHHS 3JIEMEHTOB BLIOUPAETCA COTMIACHO CIIEAYIOLIEMY YCJIOBHIO!

f(hj Te)= [env(h )-—rT(hj,rk,];,ﬂ)]z (l4)

Ti() =T yqy +( -DAT;, 1 =12, L.
(16)
PU.m)=B 4 t(m-1DAB, m=12,.M.

Hus storo anropurMa B BhipaxeHuu (14) samenum f4,T,,7T,) Ha f(h,n) u HKD
ri{h, 5, T, B cooTBeTCTBHH C BbIPDKEHHEM (15). Iocne omnpesenenns reopeTnye-
CKo#l GyHKuMN ¢ HOMEPOM n', COOTBETCTBYIOUIEH MHHHMYMY, 3Ha4eHUs ¢usnue-
CKMX napameTpoB MOXXHO HAiTH cornacHo BhipaxeHuam (16), rae / u m onpene-
AAoTea 110 nonyuexHbM u3 (16) popmynam:

* *
n n
I =INT(—)+1, m=n- INT(—)-M
M M

3nech INT() - onepauus ycedeHus Y4Ca A0 UENOTO. DNEKTPOHHAA TeMMNepa-

Typa byner pasna T, = 7,8. Tak kak n = n; IOKANM30BaHa B MHTepBane [n,.,,n;.,],
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TO MOrpelIHOCTh B onpenesieHnd T; U J He MpEBBILIAET 1Jara no cOOTBETCTBYIOIIE-
MY [1apameTpy, a B 6/1aronpUATHOM CITy4ae MOJIOBHHB! 3TOr0 3HAYEHHS.

MeTtonmnka onpeneneHus dNIEKTPOHHON KOHUeEHTpauuu (N.) ocHOBaHa Ha 3a-
BMCHMOCTH MOLIHOCTH (OTHOLIEHHA curHan-myM) HP cursana ot N, [6]

a(h)h* [1+T,(h)/T,(h)]

N.(h)=124x10" -
a(ho )b [1+T.(hy )/ Ti(hy )]

(foF2)’

rae hy — BbICOTa MAaKCHMYMa CJIoA F5, g — OTHOLICHHE CUTHAT-LITyM.

CkopocTb apeiida HoHochepHO#H mw1a3Mbl ofnpeaenseTcs no 4acrote Jlomepa
LW): 2nf(t) = Aplt, w) o, tne Ag(t, 7i) — npupallenne ¢asbl PH 7= 7, OTHOCH-
TeabHO asbt mpu 7= 0. [Ipu pa3HbIX 3a/iepXKKax pacCYMTaHHas CKOPOCTh OXHHa-
KOBa C TOYHOCTBIO O CTaTHCTHUECKUX QumykTyaumii. OueHKa 4YaCTOThbi B ITOM CJIy-
yac MOXeT ObITH B3ATa KaK CPeHee NpH Pa3HbIX A, a OLeHKa ckopocTH apeiida [7]

* A 1 Kmax A?’(’j,fk)
V)=s——"— 2 —— an
¥ 4 Kmax k=1 Tk

Ha papapax HP (Munncroys-Xwui, ClLIA), HC3® PAH [8], HucTuTyT HO-
Hocdepbl) NPUMEHACTCA Taloke OLIEHKa CKOPOCTH, MOJlydeHHas METOAOM HaH-
MEHBIIMX KBaJpPaTOR:

K
max
) , kz_l GkAqJ(t ,rk)
Vo) =-— “K (18)
47 K max max 5
> Gk 7
k=1
3neck Gy — BecoBble KO3 OHUHMEHTI,
* *
t = .
Aptt 7)) arctg(rlm(zj,rk)/rRe(tj,rk)) (19)

3aMeTuMm, 4TO Ui CPEAHEILHPOTHOH HOHOC(EDHI BEPTHKAIbHAA COCTABJAIO-
was ckopoctH npeiida o6b14HO He npesbiwaet 100 - 200 m/cex. B ucnonansyemom
MHTEpBAJIE 3a/1EPKEK 7 OTHOIIEHHE MHHMOH M AEHCTBUTENLHOH COCTAB/IAIOLIMX
nosy4aercs He 6onee 0.3. B 3ToM cityuae u3 BeipaxeHus (19) nomyuum

E 3 *
A¢(tj,rk)zrlm(tj,rk)/rRe(tj,tk). (20)
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ITpumenenure Bolpaxenus (20) npy Maibix OTHOWICHWAX CUrHan/wym Oosee
{IpE/INOMTHTENBHO, T.K. H3-32 6onbinHx (IyKTYaumii MHMMOH cocTaBistoWei nmpu-
MEHCHHC HEJIMHEHHOrO paBeHCTBA (19) B BoipaxeHun (17) MOXeT BbI3BaTh CMellie-
uue oLEHKH CKOpoCTH Apeitda.

3. [IpumMeHeHHe COCTABHOIO 3OMAHPYIOILEro curHana. CocTaBHO# 30HAHU-
pylOLIMi CUTHAN MPEHA3HAYEH JUTA YNYYLIEHHA PaspellieHHst M0 BHICOTE HIMEPEH-
HO J/ICKTPOHHOM KOHUEHTpaUMK B HWXHEH noHocpepe. OH COCTOMT M3 IBYX Yac-
TOTHBIX 2MEMEHTOB ¢ Gonbiio# (okono 0.7 Mc) u manoii (okono 0.1 Mc) wHTens-
nocTAMH, 00CCMIEUHBAIOMIMMH HEOOXONHMOE Pa3peliCHHE MO BBHICOTE H BO3MOXK-
jioctb onpenenerna 18 orcyeros K® HP curnana. Mowsocts HP curnana, nosy-
yeHHas MPU PACCESHHH 30HAMPYIOUIErO CHTHAIA MAIOH WIMTENbHOCTH MCTIONb3Y-
ctca TaKoke B KauectBe P,{f) Ana pacuera ko3¢ HIHEHTa KOPPEKLMH B BhipaXke-
nmm (11).

T.k. TEMIEPaTyphl 3apAKEHHBIX YAaCTHL H3MEHAIOTCA MEIJIEHHEE, YeM JJieK-
TPOHHAs KOHUEHTPALMA, TO MOXHO TNONYYHTh NAPAMETPbi HOHOC(EpBI C MpHeEMIIe-
MbIM BbICOTHbIM pa3pelieHueM B auanasoHe BbicotT 80 - 1200 km 1 6onee. Mom-
HOCTh, pacCesHHas [IPH W3Jy4YeHHW KOPOTKOTO PadMOHMMITYNibCa, M3MEPAETCA HO-
MOJHUTENBHLIM KBAaApPATypHHIM MPUEMHBIM KaHAJIOM, BBIXOIbl KOTOPOrO ITOAKIIO-
yensli ko AByM JononuurenbHsiM ALIT xoppenstopa. KsantoBaHue cvruanos B
OCHOBHBIX ¥ JONOJHHUTENLHLIX KaHaJlaX MPOUCXOJMT OJHOBpPEeMEHHO, a BBoA B I1K
10C/ie10BATENbHO.

4. Pe3yJibTaThbl H3IMEPEHHSI OCHOBHbLIX NTapamMeTpoB HOHOCGEPHOI NMaa3Mbl.

Ha puc.2 npuseneHo BoicotHoe pachpesneneHne HK®, a Ha puc.3 BbICOTHbIE
3aBUCUMOCTH CEYEeHMs paccesiHHs B OCHOBHOM (pa3speiueHde no BbicoTe 90 kM) H
J0N0IHUTENIbHOM (pa3pelieHue nmo BeicoTe 10 kM) kaHanax npu 30HAMPOBAHMH
HOHOC(Epbi COCTaBHBIM CHUrHajioM. Ha puc. 3 Xopo1o BUAHO CIOUCTYIO CTPYKTYPY
voHocdepbl, CrIaXeHHYI0 MPH 30HAMPOBAHMH HMITYJILCOM OOJNBIUIOH ATHTENBHO-
CTH.

Ha puc. 4 nokazaH CyTouHBIif XOJ 3JIEKTPOHHOH KOHLEHTPAUMH, HOHHOH M
MEKTPOHHOH TeMINepaTyp BO BpeMA OTPHLATENbHOH HOHOCepHO# 6ypH, BbI3BaH-
HOW cBepxCHIbHOH MarHuTHOH Gypeit 30 mas 2003 r. (unaekc K usmensnca ot 8
10 4 B Teuenmuu cyTok). Byps Gblia BbI3BaHa COJHEUHBIMH BCIILILIKAMH B HOUb C 27
Ha 28 mas 2003 r. Ha pucyHkax BHAHO, 4TO B HOYHOE BPEMS B HECKOJILKO pa3
YMEHbUIUNACHL JNEKTPOHHAA KOHLEHTPAlMS W Pe3KO YBENHYHWICA HarpeB HOHO-
chepHOit 1asMbl: HOHHas TemmepaTypa yBeauuunach a0 1500K, anexTponHas
Temnepartypa — go 2500K Ha Bricote 308 kM, npumepHo B 1.8 pa3a Bo3pocno or-
ROLWIEHHE 3JICKTPOHHON U HOHHOI TeMrepaTyp (Mo CpaBHEHHIO C HEBO3MYLICHHOM
HOHOCQepOii, Koraa B HOUHOE BPEMS 3TO OTHOLIEHHE PaBHO 1).

Ha puc.5 u puc.6 nokasansl cyTouHble XOa TeX e MapaMeTpoB BO BpEeMs
YacTuydoro 3atMeHus Conuua 31 mas 2003 r. (crenens nokpbiTHa aucka CosHua
TyHo# cocTasnisuio okosio 0.46). Xopoluo BHaHa GbiCTpas peaxiys 3HA4EHHH dJek-
TPOHHOI TeMnepaTyphl Ha U3MeHeHHe (a3bl 3aTMeHHs COJTHLA.
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Puc.4. CyTouHbli X0 OCHOBHBIX 1apaMETPOB HOHOC(HEPL! BO BPEMS
CHIIBHO# MaruuTHOH 6ypu 30.05.2003 r. Bricora 308 km

YMeHbLIeHHe 3MEXKTPOHHOM TeMnepaTyps! Ha BbicoTe 308 km cocraBuwio 500 -
600 K. OxnaxxaeHHe HOHOB Mano3aMeTHO.
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Puc.6. BpeMeHHbIe 3aBUCHMOCTH OCHOBHBIX I12DAaMETPOB HOHO-
ctepst 31.05.2003 r Boicora 308 kM.

Habmonaetcsa Takke HeGonbloe yMeHbIIEHHE NEKTPOHHON KOHLCHTPALMH.
Otamume or satmenus 1999 I., KOTOpoe NMPOMCXOAMIO B MarHHTOCNOKOHHOM 06-
CTaHOBKE, B AHEBHOI! NepHoA COCTOMT B TOM, 4To B 2003 r. 3aTMeHHe coBnaio c
BOCxonom Conuna Han W3MEPHUTENBHON YCTAHOBKOH M OKOHYaAHMEM MarHUTHOMH
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6ypu. lanHble, nokazauHbie Ha puc.4 — 6 nomyueHsl npu 06paborke KP HP ¢
Hajla, M3MEPEHHLIX B PEXXHME W3ITYYEHHA PAaHOMMITYALCOB OONLILONA IUIUTENBI
cTH. BpeMeHHble 3aBHCMMOCTH CTPOWIHCH B pealbHOM BpeMeHH. Bpems Hakor
HHA paBHo | MHH. [TomyuéHHble 3aBUCMMOCTH AOMOJHHUTENBHO 0OpabaThiBal
CTNaXHBAOIUKMMH caiiHaMH. OIHOBPEMEHHO H3Mepsnach CKOpOCcTh apeiida 1
HocdepHoif nima3mbl. Y3 HaHHBIX HUCKIOUYEHBI Pe3yNbTaThl BO3NEHCTBUA OTpa
HUii OT JleTaTeNbHbIX annaparoB. [Ipu BropuuHOH 00paboTke MpoU3BOAUTCA CYy
MHpPOBaHHE BbICOTHBIX 3aBHCHMOCTeii K@ 3a BpeMs, paBHOE |5 MHUH. U BbIYHC)
HHE MO HUM 3JIEKTPOHHOM KOHUEHTPALMH, TEMIEPATYp 3apAXKEHHBIX YAaCTHLL, CI
pocTu apeida u HoHHoro cocraa. [Ipu 3ToM craTHCTHYECKass MOTPEITHOCTb H3N
PEHHs, HaNpHMep. TEMIEPATyp B AHEBHOE BpeMA yYMeHbiuaetcs ot 50 - 70 K mo
- 20 K (6€3 cruiaitHOBOTO CriiaXHBaHMA).

BriBoani. PaspaboraHa HOBast M3MEpPHTESIbHAs CHCTEMAa  MHOTOKaHAIbHI
NpOrpaMMHUPYEMBIii KOPPEIATOP HA NMEPCOHANBHOM KOMIbIOTEPE, METOAMKA M Nf
rpammsl 1iepuuHOi 006pabortku HP curuana, o6pa3oBaHHOro npu 30HAUPOBAH
HOHOC(epbl CHrHaNaMH{ pa3IMUHON NNHTENLHOCTH. [10 H3MEpPEHHBIM KOppeNAL
OHHbIM W cnexTpaibHbIM yHkHssM HP curnana paccuntanbl BbICOTHbIE 3aBK(
MOCTH OCHOBHBIX TIapaMeTpOB HOHOC(hEphl B peaibHOM Mmaciwitabe BpeMeHH. Pi
paboTaHHas MeTOAWKAa KOppekuuu H3MepeHHbIX K@ nossonsger onpeaenuts )
PAKTEPHCTHKM paccenBaroLlel cpebl C TOUHOCTIO, JOCTATOUHOIM Ui reodu3H
ckoro aHanusa. C NOMOLIbIO KOPPEJIATOPA MOJY4€Hbl JOCTOBEPHbIE HAHHBIE O I
BEAEHUH HOHOC(HEPbl BO BPEMs CBEPXCHWILHONW MarHUTHOH GypH W CONHEYHOrO :
TMeHUsA. JIaHHbie 0 MoBeleHHH WOHOcdepsl BO Bpemsa HOHochepHOH 6ypu M c(
HEYHOro 3aTMEHHS] MOXHO MPHUMEHNTh [UIA reodH3NUECKOro aHalu3a W CO3AaH
MOJieJIH HOHOCGEPDI B BO3MYILIEHHOM COCTOHHM.
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