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OCOBEHHOCTH AHAJIOT'O-IU®POBOI'O ITIPEOBPA30OBAHUSA
P UBMEPEHUUN NTAPAMETPOB HOHOC®EPBI METO/IOM HP

PO3risnaroThesl MUTAHHS aHAII3Yy XapaKTEPHCTHK Ta OCOOJIMBOCTEl CHIHAlTy HEKOTEPEHTHOTO
poscisHus. IlpencraBieHa eBOMIOLISE METOMIB OTPUMAHHS MapaMeTpiB i0HOC(EPHOI IUIa3MH.
HaBoasTbest BapiaHTH aHANOro-1IM(POBOTO MEPETBOPEHHS NPH BUMIPIOBAHHI MapaMeTpiB ioHoChepH
METOJOM HEKOIepEHTHOTO PO3CIsHHSI.

PaccMOTpeHBI BONPOCHI aHANM3a XapaKTCPUCTHK H OCOOCHHOCTEH CHrHajda HEKOTEPEeHTHOTO
paccesHus. IlpencTaBieHa 5BOIIONHS METOJOB IONYYEHHS I[apaMeTpOB HOHOC(EpOil ILIa3MBl.
IIpuBeneHsl BapuaHThl aHANOro-UM(POBOrO MPEOOpPa3OBaHUs INPU H3MEPEHUM IapaMeTpoB
HOHOCHEPHI METOIOM HEKOT'€PEHTHOTO PACCEsIHUS.

Questions of the analysis of characteristics and features of the incoherent scattering signal are
considered. Forward for the evolution of methods to obtain the parameters of the ionospheric plasma.
The options presented are analog-digital signal conversion in the measurement of parameters of the
ionosphere by the incoherent scattering.

Beenenne. Meron nHekorepenTHoro paccesnust (HP) ocHoBaH Ha ToM, 4TO
NPU HKCIOJIb30BAHUM YACTOT BBIIIE KPUTUYECKOM pPACIPOCTpaHsIONIascs B
IUTa3Me PagUOBONIHA PACCEMBACTCA HAa IPOCTPAHCTBEHHBIX HEOTHOPOIHOCTSX.
BrI3piBaeMBIX M3MEHEHHEM KOX(PQHUIMEHTa IPEIOMICHUS, NPUINHONH dYeMy
SIBIICTCSI TEIUIOBOE IBIDKEHHS YaCTHI. B MeTpoBOM IHama3oHEe paguoBOIH
CHEeKTp CHTHAJlla PAcCesHHS — COOTBETCTBEHHO M €ro aBTOKOPPEISIIHOHHAS
¢yaxkmus (AK®) — ompenensiorcss KOJUIEKTHBHBIMHA CBOMCTBAaMH  ITTA3MBI:
KHHETHYECKUMH  TEMIIepaTypaMd JJEKTPOHOB W  HMOHOB, KYJOHOBCKHM
B3aMMOJICHICTBHEM MEXIy HOHAaMH M 3JEKTPOHAMH, HOHHBIM COCTaBOM H
BO3JICHCTBMEM BHEIIHUX CWI. [Ipy WUMITyJbCHOM 30HIAMPOBAHWUHM HOHOCQEPHI,
KOTOpOE B HACTOsIIee BpeMs HCIOJNB3YyeTCs Ha BCeX JEHCTBYIOMINX
panuonokaropax HP, mH(OpMaTHBHOCTH CHTHana pacCestHUS OINpEeIeIsIeTCs
TaKXKe U XapaKTepUCTUKaMU 30HAUPYIOLIEro curHana. Mcnons3oBaHue aHaioro-
mudpoBoro mpeoOpa3oBaHMsl MPH HM3MEPEHUSIX IapaMeTpoB HOHOC(EpHI
metonoM HP Taxske nmeer oco6eHHOCTH, KOTOpPBIE HEOOXOANMO YUHTHIBATE.

Ananau3 gutepatypbl. CIIEKTp paccesHHUs MPUBICKACT HATIIAIHOCTHIO U
MPOCTOTON WHTEPHPETANN MPOIECCOB B HMOHOCHEpe, OCOOCHHO B IIEPHOMBI
AHOMAJIBHBIX BO3MYIICHHH. B Toxke Bpemst cucTeMbl 00paOOTKH CHTHAJOB
OonpImIMHCTBA  ACWCTBYIOUMX  panxuoiokaropoB  HP  moctpoensr  Ha
HCIOIH30BaHNH NU(POBBIX KoppernomeTpos [1, 2].

Curnan HP wumeer HopManbHBIA 3aKOH paclpe/iesieHUss U BCIEACTBHE
OOJIBIIOTO KOJIMYECTBAa HE3aBHCUMBIX PAaCcCEHMBAIOIINX JJIEMEHTOB OIHCBIBACTCS
MHOTOMEPHBIM CIy4YailHBIM BEKTOPOM C HE3aBUCUMBIMU KOMIOHeHTamu [1, 3].
®a3a npunaroro curnana HP sBnsercs ciy4aitHON 1 paBHOMEPHO pacripesiesieHa
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B unTepBaie [0; 2n]. Ecniu uaTepBan Mexay ero orcuéramMu OOJbIIe HHTEpBajIa
KOppeIsILUH, TO Pa3HOCTh (pa3 paBHOBEPOSATHA B TOM ke HHTepBaie. Benencreue
OTOTO JII YMCHBLUICHUSA CTATUCTUYECKOU MOTpCIIHOCTU  TIPU CUHXPOHHOM
JACTCKTUPOBAHUM TNPHUMCHIAIOT JBa KBaJApPaTypHBIX KaHalla, WKW MCIHOJIB3YIOT
00paboTKy cHUrHaja Ha NPOMEXKYTOYHOH YacTOTe C HCIOJIb30BaHHEM
COOTBETCTBYIOIIUX PEKUMOB aHAIOTO-IIM(poBOro mpeodpazosanus [1 — 3].

Honocdepa npeacraBiser cpeay CO CIOXKHBIM BBICOTHOM CTPOCHHEM. DTO
oTpaxkaeTcss M Ha xapakrepe curHana HP. B kaudectBe mpumepa npuBoaAnM
Tabn. 1, B KOTOpOH, Kak OJMH M3 NMPUMEPOB, OTPAXEHO BBICOTHOE CTPOCHHE
HOHOC(EPHI 11T HU3KOU COTHEYHOH akTUBHOCTH [1].

Tabnuua 1
BrIcOTHOE CTpOCHHE HOHOCHEPHI U1 MUHIMYMa COTHEYHON aKTHBHOCTH
Jleto, monaeHb
h, kKM Mo M > Doxm | T,K | T,K | 0", % |H' % |He", % | O,,% | NO,", %
1500 650 790 2420 | 3650 100
1000 1580 520 2930 | 3200 50 45 5 0 0
700 23300 300 2030 | 2900 80 18 2 0 0
500 67800 110 1430 | 2700 96 4 0 0 0
300 342875 90 975 | 2600 99 0 0 0 1
200 351100 90 800 | 1470 23 0 0 21 56
3uMa, MOJHOYb
1500 5600 830 960 | 1600 0 95 5 0 0
1000 7400 500 890 | 1550 7 83 10 0 0
700 11100 220 890 | 1500 35 58 7 0 0
500 34400 80 890 | 1370 80 18 2 0 0
300 81146 100 750 | 1230 100 0 0 0 0
200 2700 650 800 78 0 0 4 18
Heas cratbm —  aHamM3  OCOOCHHOCTEH  aHANIOTO-IK(POBOTO

peoOpa3oBaHus IPU U3MEPEHUIX TapaMeTpoB HOHOChepsI MeTonoM HP.
HouHblit coctaB u otHotieHue Temneparyp 7,/7; CyliecTBEHHO BIHSIOT Ha

¢dopmy cnektpa u AK® curnanma paccesuusi. B pabotax [1, 2] maHbl OIeHKH

HMIMPHHBI criekTpa 2Af (Ha yposHe — 10 1b) ¥ MHTEpBaa KOPPENALNH Tyopp.

124 —— —
zAszoﬂ/T,./mi,Kru,rmwz4.5x0 m [T e, (1)

rae m, — Macca JOMHUHMPYIOIIMX WOHOB B C€IMHUIAX aToMHOro seca; T,, T; -

KHUHETUYCCKUEC TEMICPATYphl 3JICKTPOHOB MU HMOHOB B K; )\.0 - pa60qa51 JJIMHA
BOJIHBI, B MCTpax.

B TpeTBeI}’I KOJIOHKEC Ta6J'II/I].[bI B Ka4yC€CTBC OIICHKH q)OpMBI BBICOTHOI'O
pacnpeacicHisd MOHNIHOCTH CHUI'HAJla HP NPpUBCACH HMHTCPBAJ BBICOT Do, Ha
KOTOpOM npu BCPTHUKAJIbHOM 30HAUPOBAaHUUN MOITHOCTH perHﬂpHOﬁ

COCTaBJISIIOLLEN MEHSIETCS B € Pas.
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®Dopmynsl (1) Ui UTHHBL BOTHBL 2 M JAIOT MPeIeNbHbIe 3HAYCHUS, KOTOPHIC
CBEJICHBI B Ta0I. 2.

Tabmnuma 2
IIpenenpHbIC 3HAUYEHNS TAPAMETPOB CUTHAJIA PACCESTHHS

WHTepBan koppemsiuuu, MKC Iupuna cnexrpa, kI'1g

MakcumyMm aist MunuMyM Makcumym MuHuMyM
200 km st 1500 kM Juist 1500 km Juist 200 kM
1700 150 36 xI'n 3kl

Ecnu Bocmosib30BaThbcs peKOMEHAALMSIMH, KOTOpPbIE OPUEHTUPYIOTCS Ha
MHTEPHOIAIHOHHBIE (opMynsl HeroToHa [5, 6], W COTJIaCHO KOTOPBIM JIJIs
JOITyCTAMON OIMUOKH WHTEPHOJIIHUUA MeHee 2 % HeoO0XOAUMO HMETh OKOIIO
IBYX JECATKOB TOYECK, TO ISl WM3MEPCHHH HIDKE MaKCHMyMa HWOHHW3AINH
JOIyCTUMBIM SIBJSIETCSl IIar mo 3aaepkke T ~ 70 MKc, a B 0o0JacTu BHIIIE
MaKCHUMyMa JTOCTaTOYHBIM ABJIseTcs mar 10 10 MKc.

IIpuBeneHHbIe BbINIE PE3YIbTAThl PACCUMTAHBI AT MOHOXPOMATHYECKOTO
30HaUpoBanus. [Ipyu 30HAUPOBAHUM UMITYJIbCAMHU C UJCAIBHO MPSMOYTOJIBLHOM
¢bopMbl  oruOaromiel ATUTEIBHOCTEIO 1 BO3HHKAKOT CCTECTBEHHBIC IS
HEKOT'€PEHTHOTO PACCESIHUSI OTPaHUYCHHUS

R, (D= f(x)= R“”(T)(I_T/T)(; iTT’ ®)

OTMeTuM, UYTO JUINTENBHOCTh MPOCTOrO 30HAMPYIOUIETO HMIyJbCa IJIs
MOJy4YeHHUsT JOCTaTOYHO TMOJHOrOo o00b&éMa wuHpopManmu JOKHA OBITH
COTOCTABUMOH C MHTEPBAJIOM KOPPEISIIUY WX OOJIBIIE €ro.

B Tex cmydasx, TIe HWCIOIb30BAHHE NPOCTHIX HMITYyJIbCOB BCTYMAaeT B
MIPOTHBOPEYHE C TPEOYEMBbIM BBICOTHBIM Pa3pelIeHHEM, HCIIONIB3YIOT, HAIIPUMED,
pPEKMM 30HOMPOBAHMSA CABOCHHBIMH HMITyJIbCAMH MalOH UINTEIBHOCTH,
CIIEAYIONINX C MEPEMEHHBIM HHTEPBAJIIOM T, BEIMYMHA KOTOPOTO H3MEHSETCS
JHMCKPETHO B npezenax ot 0 1o WHTepBaIa KOPPEILHH.

ITomuMo orpaHuyeHHH, KOTOpbIEe HAKJIAABIBAIOTCA HA XapaKTEPUCTUKU
30HIUPYIOLIETO CHIHala, HEOOXOAMMO OTMETUTh TO OOCTOSTEIBCTBO, YTO C
YBEJIMYCHUEM BBICOTHI U DAaCIIUPEHHEM CIIEKTpa paccesiHusi HaOogaeTcs
CYIIECTBEHHOE YMEHBIIICHUE COOTHOIICHHS CUTHAJ/IITYM.

Jis HeMCKaXEHHBIX W3MEPEHUH JIOKAIBHBIX IapaMeTpoB HOHOC(EpHOH
IIa3Mbl  NPUACPKUBAIOTCS TOTO KPUTEPHs, UYTO TO0J0Ca MPOIyCKaHUS
MpUEMHOTO TPaKTa IOJDKHA OBITH IMpe crnekrpa curHama HP ¢ yuérom ero
CBEPTKH CO CHEKTPOM 30HIMPYIOIIEr0 HMITyJbca. BBIHYXIEHHBIH BBIOOD
MIOJIOCHI TIPOITYCKAHUs, YIOBJIECTBOPSIOUIMN HCHONb3YEMOMY KPHUTEPUIO JUIS
BEpPXHEH TpaHUIIBl HCCIEAYEeMOTOo WHTEpBaja, HEONpPABAAHHO YBEINYMBACT
CTaTUCTUYECKYIO MOTPEIIHOCTh HM3MEPEHHMH Ha OoJiee HU3KUX HOHOC(HEPHBIX
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BBICOTHBIX YPOBHSX. B mpakTHke n3MEepeHMi BBIXOJA W3 MOJOKEHHS HAXOIST B
UCIIOJIb30BAHUH TIEPEKITIOUEHHNSI aHAIIOTOBBIX (PUIIBTPOB C pa3HOil MOIOCOM.

OpHako Takoe MEpeKNIOYeHHe TOJBKO  YIydIIaeT  COOTHOIICHHE
CUTHAI/IIyM, HO HE pellaeT amnmnapaTypHbIX BOMNPOCOB JUIS TIOJyYEHUS
COOTBETCTBYIOLIETO pa3pelieHus MO YacToTe ITPH H3MEPEHUSX CIEKTPOB H
BEIOOpDY Imara IO 3aJEpKKe M KOJIWYECTBY M3MEPSIEMBIX OpAMHAT IIpU
onpeneneHun AK® curnama paccesnusa. IlapamuienbHoe UCHONB30BaHUE
HECKOJIKMX, ONTHMAJIBHBIX JJIS KaKAOTO M3 BBICOTHBIX YPOBHEH YCTpOMCTB
oOpabotkn curHama wiaun  I[IK ¢ COOTBETCTBYIOIIMM  IMPOTPaMMHBIM
obecrieueHreM CTAJIKUBACTCS c npoOemMoit nx COBMECTHOTO
(YHKIIMOHMPOBAHUS TPU 3aKITIOYUTENIFHOM aHAIN3€ PE3yJbTaTOB HAOIIONCHUI
IIPU ONPEICIICHNH BBICOTHOTO PaclpeieIeHUsI HOHOC(HEPHBIX TTAPAMETPOB.

Bo3HHUKaeT ecTeCTBEHHOE NPENIOKEHNE — 3alUCh 0e3 oTepy HH(POpMALUH
B pEKHME on-line CUTHAIIOB Ha BBIXO/IE PAAMONPUEMHOTO YCTPOICTBA, U TOIBKO
3aTeM UX KOPPEJSIMOHHAs WU CIIeKTpajibHasi 00padoTKa.

EcrecTBeHHO, YTO B COBPEMEHHBIX YCIIOBHSIX Takasl 3allUCh CUTHaja YKe
BO3MOXXHa NpU €ro UU(PpPOBOM NpEACTaBICHUM, Npu 4E€M c TpeOyemMoi
pa3psAAHOCTBIO. BaXHBIM sIBIIsIeTCst M TO, YTOOBI 3amicaHHas nHQopmanus, Bo-
NIEpPBBIX, YXKE€ HMEET MHHUMAJbHO HEOOXOAMMBIE OOBEMBI, M, BO-BTOPBIX,
COOTBETCTBYET HMEIOIUMCSI B BBIUMCIHMTENFHONH TEXHUKE BO3MOXKHOCTSIM
CPE/ACTB 3allMCH W XpaHEHUs WHQPOpPMAIMH, EMKOCTh KOTOPBHIX JOCTHIaeT
JIECATKOB TUTA0aMT.

B Hacrosmee BpeMs CyIIECTBYIOT KaK MHHAMYM TPH TEXHHYECKHX
pellieHus, MO3BOJISIOIIMX mpencTaButh curian HP B uudposoii  dopme.
CormacHo [7], ero mapHBIE OTCYETHI, NpEACTABIIEMBIC KaXKIbI OaifToMm,
(dopMupyIOTCST Ha BBIXOAAX KBaJApaTypHbIX KaHAJIOB IIOCIE CHHXPOHHOT'O
JIETEKTHPOBaHMsI C (UKCUPOBAHHBIM IaroM auckperusanuu 30.55 Mkc, uro
MO3BOJISIET € TaKUM ke 1arom onpenensitb AK® curnana paccesHus BOOib Beel
PaaAnoIOKAllMOHHOM pa3BEPTKE NaNbHOCTH.

CornmacHO JApyroMy pelleHdr0 [4], curHag mOJABEpraercss aHajoro-
UGpoBOMYy TPeoOpa30BaHUIO HETIOCPEICTBEHHO Ha MPOMEKYTOYHOH YacToTe
10 MI' ¢ maroM, paBHBIM YETBEPTH €€ MEpHOa.

B pabote [2] ommcaH peamm3oBaHHBI B Koppenomerpe KM-73 [6] u
cucreMe o6pabotku curHamoB CKU® [6] mpuHIMT IUCKpETH3AIHUH, COTIACHO
KOTOpOMY  4YacToTa f;, C KOTOpPOH IPOMCXOAUT  aHaJIoOro-uudposoe
peoOpa3oBaHUE M IPOMEKYTOUYHAS YaCTOTA fny, HA KOTOPOH IPOM3BOAUTCA
00paboTKa, CBA3aHbI OTHOLICHUEM IIEJbIX YHCEI

f] o =mfn. (3)

IIpu Takoi cBs3M, KOTOpas JOCTaTOYHO IPOCTO peANU3yeTcs B
panuooKaTopax, IIOCTPOCHHBIX 110 KOTEPEHTHOH CXEME, MOSABISIETCS
BO3MOXHOCTb HU3MEPATHL BECbMa MaJbI€ OOIUICPOBCKUC CIABHUIH, KOTOPLIC B
PCAIbHBIX YCJIOBUAX MOTYT COCTABJIATH BCIMYUHY HOPSAIKaA OL[HOﬁ TBICSIYHON M
MEHbIlIE OT IIUPUHBI CHEKTpa paC(S:%SIHI/ISI, U ONpeieNsATh OruoOaroIIyro



ABTOKOPPEISAIMOHHON QYHKIMH Rpy(T), KOTOpast Ha MPOMEXKYTOYHOW YacTOTE B
OTCYTCTBHUE Apeida IIa3Mbl ONUCHIBACTCS BBIPAKCHUEM:!

Ry (1) =R, () cos| 2nfyy (1) ]5 “)

rne  Ro(t) ¢yHKOMSA, TOBEJCHHME KOTOPOH ONpENessieTcsl  JIOKaJIbHBIMU
rapameTpamMy HOHOC(EPHOH Tu1a3mMbl ¥ (POPMOH 30HIAMPYIOIIETO UMITYJIbCA.

BoiBoabl.  PaccMoTpeHHBIE — BapumaHTBl  NPEOOpa3OBaHUS  HUMEIOT
XapaKTepHbIE JOCTOMHCTBA M HEIOCTATKH. TakK, MCIOJIb30BaHUE KBaJpaTypHBIX
KaHaJlOB TIPW CHHXPOHHOM JETEKTHPOBAHMM TIO3BOJSIET MHHHMH3HPOBATh
KOJIMYECTBO orepanuii mpu oopaboTke U 00BEMBI UCTIONB3YEeMON ammapaTypel,
OIHAKO TpeOyeT BHICOKOW HAEHTHYHOCTH KaHAJIOB, B KAXIBIH M3 KOTOPBIX
BXOZAT (PUIBTPBI HIDKHUX 9aCTOT, APYTUE aHAIOTOBBIE aneMeHTs! 1 ALIIT.

B apyrux TexHMYeCcKHX pelIeHHSIX Hcmoib3yercs enuHcTBeHHBIN ALl n
NPOUCXOJUT OpPHEHTALMSl Ha WCIOJIb30BaHHE IU(PPOBbIE KOPPEIOMETPHI,
KOTOpbIE C EOUHBIM alTOPUTMOM 3a BpeMsl PpaJAHOJIOKAIIMOHHOM pa3BEPTKU
paboTaroT ¢ JOCTATOYHO OONBIIMM KOJIWYECTBOM OTCYETOB. JlOCTOMHCTBO
TaKOT'0 IT0/IX0/1a 3aKJIF0YAETCsl B TOM, YTO 00BEMBI HTOrOBOM HHpOpMAIHHU c1abo
3aBHUCAT OT JUIMTENBHOCTU CeaHCca U3MEPEHUIL.

OOmMM HEIOCTATKOM PACCMOTPEHHBIX TEXHHUUYECKHX PEIICHUI SBISETCS
WCIIOJIb30BAHUE CHUTHAIBHBIX IPOIECCOPOB C (UKCHPOBAHHBIM aAJTOPUTMOM
paboTel. DTO HE TMO3BOISACT MOTUPHUIMPOBATH AalTOPUTMBI O0pabOTKH B
3aBUCHMOCTH OT yCJIOBHH M3MEPEHHUH Ha BBIJEICHHBIX BHICOTHBIX YPOBHSX U OT
KOHKPETHOU 3a7auil HOHOC(EpHBIX m3MepeHnii. Hampumep, B ciiydae n3MeHEHHS
miara mo 3ajepxkam npu u3MmepeHusx AK® curnana HP, npu nabnronenue u
MHTEpIIpETanus IPOLECCOB B HOHOC]EpE NMPH aHOMAIBHBIX €€ BOZMYIICHHUSX 10
pe3ynbTataM CIEeKTPaIbHOTO aHanu3a [S] u 1p.

W3 paccMOTpeHHOro BBILIE CIEAYET BBIBOJ, YTO YCTPAaHEHUE OTMEUYEHHOIO
He/loCTaTka MOXKET OBITh OCYIIECTBJICHO MNpPU TaKOW 3alnucy W XpaHEHUH
ouM(pOBaHHBIX 3HAYCHUH, MMOCIEAYIOIIEe MCIIOIb30BAaHHE KOTOPBIX MO3BOJISIIO
Obl IIPUMEHATH ANBTEPHATHBHBIC BapHaHTHl 00paboTKH. Bompoc cocrout B
OpTaHM3alli TAaKOTO Mpolecca 3aliCH OUM(POBAHHBIX 3HAYCHUH CMeECH
CHUTHAI+IIYM, KOTOPBIA COXpaHsul OBl BCIO HH(OpPMANWIO O JIOKAIBHBIX
XapaKTepUCTHKAaX MOHOC(HEPHON IIa3Mbl IPH MHHHMAIBHBIX 00bEMaxX 3ammcei
1 MUHUMAJIBHBIX KOJMYECTBAX MCIOJIBb3yEMBIX aHAJIOTOBBIX 3JIEMEHTOB.

Pemienne 5TON 3a7a4u  OTKPBIBAET W BO3MOXHOCTb HCIOJIB30BAHUS
nudposoii  ¢unpTpanum  [8, 9], uYTO MO3BOJIAET JOOMTHCS HAMIYHIIEro
COOTHOIICHHSI CUTHAJI/IIIYM Ha BCEX MOHOC(EPHBIX YPOBHSIX.
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