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CIIOCOB UBMEPEHUA ABCOJIOTHOI'O 3HAYEHUA
JIEKTPOHHON KOHIIEHTPAIIUA B UIOHOC®EPE PAJTAPOM
HEKOTEPEHTHOI'O PACCESIHUSA

Po3ristHyTI MOXKIIMBOCTI BUMIPIOBaHHSI aOCOMIOTHOTO 3HAUCHHSI €JICKTPOHHOI KOHIIEHTpalil B ioHOChepi
pajgapoM HEKOTEPEHTHOTO PpO3CISHHA 0€3 BHKOPUCTAHHS CTaHI[i BEPTUKAIBHOTO 30H/yBaHHSL.
IMoka3zaHo, mo 11t KaniOpyBaHHS MOXKHA BHKOPHUCTOBYBATH CHTHAIM pajapy, BIZOWTI BiJl IITY4HHX
CYMyTHHKIB 3eMili. 3alporoHOBaHO HOBHH CHOCIO KamiOpyBaHHS Ta OTpUMaHO (GOPMYIH Ui OLIHKH
HOro MOTEHIIHNX MOXKIUBOCTEH.

Possibilities of measuring of absolute value of electronic concentration are considered in an ionosphere
by radar of incoherent scattering without the use of the station of the vertical sounding. It is shown that
for calibration of radar it is possible to use signal of radar, reflected from artificial satellites. The new
method of calibration is offered and formulas are got for the estimation of his potential possibilities.

IMocranoBka 3apaun. [Ipu npoBeaeHNH U3MepeHuUit mapameTpoB HOHOCHEPHI
C TIOMOIIBIO pafapoB HekorepeHTHoro paccesHust (HP), paboratomux no meroxy
«IIpOQUIST MOIHOCTIY, JUISl MOJTy4eHHsT HHPOpMauu 00 aOCOTIOTHBIX 3HAYCHUSX
JIEKTPOHHOM  KOHIIGHTPAallMHd  HCHOJB3YIOTCA  CTAaHIMH  BEPTHKAJIBHOTO
30HIUpOBaHMs (MOHO30H/BI). [Ipr BO3HMKHOBEHHH HEHCIIPAaBHOCTH B MOHO30HE
TIOSABIISIETCS OTTACHOCTD MOTEPH IEHHOM HH(POPMAIMU O MPOIECCax, MPOTEKAOIINX
B HoHOC(epe Bo BpeMs ceaHca m3MmepeHuid. [loaTomy HeoOxoammo pa3pabaTeiBaTh
CHOCO0OBI, KOTOPBIE MO3BOJISIIOT M3MEPSTh NPO(MIIb 3IEKTPOHHON KOHIICHTPAINU B
aOCONIOTHBIX ~ BENMYMHAX  O€3  TPUBICYEHHS  JAaHHBIX  BEPTHKAIBHOTO
30H/IMPOBAHMUSL.

Leap craTbum — paccMOTpEHHE HOBOTO CIIOCO0a M3MEPEHUs! abCOJIIOTHOTO
3HAUeHHs OJIGKTPOHHOW KOHIEHTpalMK C ToMolplo pamapa HP  0e3
HCIOJb30BAHUS CTAHIMM BEPTUKATIBHOTO 30HAUPOBAHUS.

OT0 NO3BOJIAET:

— MIPOBOJIMTH CEAHCHl M3MEPEHHs 0e3 UCTIONb30BaHHsI HOHO30HA;

— TIOBBICHTh TOYHOCTh HW3MEPEHHUs] A0COIFOTHOTO 3HAYEHHS 3JIEKTPOHHOU
KOHLIEHTPALMK IIPH COBMECTHOM HCIOJNB30BaHUM HOBOTO crocoda paboThI
MOHO30H/1a.

MeTtoanl MOJIyYeHHU S a0COJIIOTHOTO 3HAYEHHUS 3JIEKTPOHHOM
KOHLeHTpauuu. 3BeCcTHO, YTO Ui OHIpeleleHHs [apaMeTpoB HOHOC(EPHI:
HOHHOU T; U 21eKTpoHHOW 7, TemmepaTyp, CKOPOCTH IlepeHoca Ia3Mel V.,
KOHIICHTPAIUK 3JCKTPOHOB N B mOHOC(epe ucmonb3yioT meron HP. M3BecTHbI
Tpu BapuaHTa peanuszanuu Metoma HP: ¢ usmepenuem sddexra Dapanes, ¢
W3MEpPEHUEM MIa3MEHHOM JMHHUU M C U3MEPEHHEM MOIIHOCTH pPacCesHHOIO
curHana [1].
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CnocoObl, OCHOBaHHBIE Ha NpUMEHeHHH d¢dekra Dapanes n mIa3MEHHOH
JVHAM HE HAOUIM [IHPOKOTO NPUMEHEHUs, TaK KaK XapaKTepu3yrTcs
HEJIOCTATOYHOH TOYHOCTHIO U3MEPEHHUS ITapaMeTPOB HOHOCHEPHL.

Meron HP ¢ ucrnionb3oBaHreM U3MEPEHUS MOILHOCTH PAcCEsIHHOIO CUrHalla
[1] momyuyun HauGoibliee pacrpocTpaHeHune. OH 3aKIOYaeTcss B TOM, 4TO
W3JTYy4aloT MMITYJIbCHBIM 30HNPYIONIMH CUTHAJ. 3aTeM NPUHUMAIOT HEKOTEPEHTHO
paccestHHBI MOHOC(EpOH CHrHAN, ONPENeSSIOT KOPPEIAUUOHHbIE (YHKIMU HIIH
CIEKTPbl W MOIIHOCTh CHTHaja, 1O (opMe CHEeKTpa WM KOPPENSIMOHHON
(yHKIHUU OTpenenstoT 31eKTpoHuyo T,(/4) u noHHyI0 T;(h) Temreparypsl, nanee
BBIYHCIISTIOT 3JIEKTPOHHYIO KOHICHTPAIMIO N COTIIACHO BBIPAKECHHIO

N(#)= cp e[ 1+ E) ()

T.(h) )

rne h — neicrByromast Beicota, Po(h) — HOPMHPOBaHHBIH BBICOTHBIN TpO(MIB
MomHocTH curHana, C — koddunueHT npornoproHaIEHOCTH.

Kosdpdunument C 3aBUCUT OT mapaMeTpoB pajapa, KOTOPbIE H3MEHSIOTCS CO
BpEMEHEM, a II0TOMY M3BECTHBI HEJOCTaTOYHO TOYHO. [lostomy  uist
HOPMHPOBAHHUS 3aBUCHMOCTH 3JEKTPOHHOW KOHIEHTpauuu N(i) B equHHIAX
9JIEKTPOHHON KOHIEHTPALMH HCIIOJIb3YIOT MOHO30H[ (CTaHIMIO BEPTHUKAJIBHOTO
30HIMPOBAHMS), KOTOPBIII M3MepseT a0COMIOTHOE 3HAYEHHEe KOHIEHTpauu Ny, Ha
BBICOTE MakcMMyMa MoHu3aimu [1]. Ota mporenypa HOPMHPOBAHUS HA3BIBAETCS
KaauOpPOBKOIl panapa.

HoBsiii cnoco6 kamu6poBku pagapa HP. PaccmarpuBaemslii cnoco6
OCHOBaH Ha 3aBUCHMOCTH (pa30BOil 3a/lep>KKH BOJHBI B HOHOC(EPHOMH IIa3Me OT
4acToThl. M3BecTHO, YTO CKOPOCTH pacHpOCTPAaHEHHUs BOJHBI 3aBHCUT OT
KO3 PHUIIEHTA MPETOMICHUS HOHOC(HEPHI BUIA

2

rze ® — paboyas yacTtora, My — KPUTHYECKasi YacTOTa IUIa3Mbl, KOTOPasi 3aBUCHUT OT
KOHIIEHTPALUU 2JEKTPOHOB.

B cootBerctBuM ¢ [2-3], woHOChEpYy 30HIUPYIOT PpaJUOUMITYILCAMH,
KOTOpBIE COCTOSIT M3 JBYX 21IeMeHTOB. IlepBblii mmeer mmHYy 7; M HECYIIYIO
4acToTy (;, a BTOpod — T, TpHUYeM €ro Hecylas 4acToTa () CIBHUHYTa
OTHOCHUTEJIBHO ~ 4YaCTOTBI TEPBOrO0 djeMeHTa. HekorepeHTHO paccestHHBII
noHoc(epol CHUTHAJI TPHUHUMAIOT PaAJAUONPUEMHUKOM, KOTOPBIH HMeEET JBa
YAaCTOTHBIX KaHalla, HACTPOGHHBIX HAa M U ;. ONpenensioT KOppelsHOHHbIC
(YHKUMM WM CIEKTPbl CUTHAJIA, TPHHATOTO KAaHAIOM paJuoONpHEMHHKA,
HACTPOEHHBIM Ha ©;, © HOPMHUPYEMbII BBICOTHBII NPO(UIb MOIIHOCTH CHUTHAJA
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Pd(h), mpuHATOTO KaHAIOM pAAMONPHEMHHKA, HACTPOSHHBIM HA YacTOTy ;.
Janee onpenemnsiroT TeMIepaTypsl JIeKTpoHOB U HOHOB T(h) u Ty(h).

Bo BHempenHoMm crocobe [2—-3] manee TpeOyeTcs MPOBECTH KaaHOPOBKY
paznapa c UCIojIb30BaHHEM HOHO30H/IA.

Jist kanuOpOBKM Tarke MOXKHO HCIIONBb30BAaTh CHTHANIBI, OTPKEHHBIE OT
HCKYCCTBEHHBIX cIyTHHKOB 3emin (MC3).

TpeOoBaHus K NMEPUOAMIHOCTH TPOBEACHHS KaTUOPOBKH YIOBIETBOPSIOTCS
3a CUET MPUCYTCTBUS OOJBIIOTO KOJIMYECTBA OOBEKTOB C M3BECTHBIMH OpPOUTaMH.
B [4] noka3aHO, YTO MpH JKCIUTyaTaldd XapbKoBckoro panmapa HP cratmcTmka
CpemHell 4acTOTHl HOSBICHHS O0BEKTOB, KOTOphIC HaxonsaTcs Ha opburax MC3, B
30HC BHIOMMOCTH pajapa COOTBETCTBYyeT 25 o0beKTaM 3a OAMH dYac. ITO
MOJHOCTBIO  YZIOBIETBOPSET TPeOOBaHHAM K HHTEPBAy BPEMEHH MEXIY
MPOBEICHUEM JISKYPHBIX KaJTHOPOBOK.

Jna  wu3MmepeHHs aOCONIOTHOTO 3HAYEHHS 3JIEKTPOHHOW KOHIIEHTPALU
npeyiaraeTcss U3MepATh pazHUIy (a3 Mexay orpaxeHHbMH oT MC3 ummynbcamu
Ha pa3HbIX 4YacToTax (®; W ;). HawanbHble ¢a3pl OTpaKEHHBIX CHIHAJIOB
OIPEEIIAIOTCA CIEIYIONUM 00pa3oM:

Y =of+0,+0, -0,
Y, =yt + @, + 0, —m,1,.

IMockonbky paszmepst MC3 maibl, T0 u3MeHeHus (a3l IPH OTPAKCHUH Ha
JIBYX 4YacTOTax OJIM3KH Tak, 4To ®; =~ ;. YacToTHl ®;, ®, U HavaIbHBIC (a3bl
(1, (2 CUTHAJIOB M3BeCTHBI. C y4E€TOM 3TOr0 MOXKHO ONpPENeNUTh pa3Huily (a3

o=0T —0T, . 3)

VYuureiBas BeIpakeHue (2), morydaeM (pa3oByro 3a1epKKy CUTHAIA
ot~ [n(h)dh, “4)

rae » — gansHOCTh 10 MC3, ¢ — ckopocTh cBera.
ITockonbky pagapsr HP paboTaroT Ha yacToTax, 3HAYUTENHEHO MTPEBHIMIAIOMINX
IUIa3MEHHYI0, TO (hopMmyda (2) mpruobpeTaeT BUA

1 o
n(h)zl—;m—g,

20r 1_SO.SkNM ,
2m

a moToMy u3 (4) momydaemMm T &
c
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rie k= ljF(h)dh. (5)

OTMeTHM, YTO HOPMHUPOBAHHBIA NPO(GUIb DJIEKTPOHHOH KOHLEHTPALMU
F(h)= M B BeIpaXeHHH (5) U3BECTeH U3 M3MepeHui paxapa HP.
NM
0O003HaYMB Pa3HOCTh MEXY HYacToTaMu ) = ®, — ®| ¥ CPeAHEee MEXy HUMHU

O, +O Q

= #5 a TaKXe Y4YUTbIBasgd HEPABCHCTBO —— << 1 , W HCIHOJIB3YHO
cp 2 “)C
P

BEIpakeHue (5), momydaem (3) B BUzIE

o 2|1 306N, (6)

c 2 o
Paccrosame go MC3 wmoxer OBITh MOMYyYeHO W3  BHEIIHHUX
CIEUMAJIM3UPOBAHHBIX 0a3 JaHHBIX (KOTOpbIE OTKPBITO IYOIUKYIOTCS BO
BceMHpHOH ceTu “Internet”).
3Has u3 BelpakeHus (5) pasHuiy ¢a3 o U uHTErpai npoduis k, ¢ MOMOMIBIO
¢dopmyisl (6) BEIYMCIMM 3HAYE€HHE 3JIEKTPOHHOW KOHIIEHTpAalMM B MaKCHMyMe
HOHM3AIMU HOHOChEPHI KaK

M

2

_ 2% () ca) Y
80.6k 2rQ

Pesynbrar pacuera no ¢opmyine (7) ucnoib3yercs Aas pacyera aOCONIOTHBIX

3HAYCHUH BBICOTHOTO PACHpEAETICHHS HJICKTPOHHON KOHIICHTPALUN HOHOC(HEPHON

mwiasmMel N(h) = Ny -F(h), rne F(h)=P.(h)#*(1+7,(h)/T,(h)) — HOPMHpYyemas
3aBHCHMOCTH JICKTPOHHOW KOHIICHTPAITUH OT BBICOTHI.

OTMeTHUM 9YTO, IPH U3MEPEHUH pa3HUIB! (a3 OTPakEHHBIX BOJH BO3HUKAET
HeonpeIeNnéHHOCTh BesiecTBHEe Habera no dase (mx2m), rne m =0, 1,2, ... . s
yCTpaHeHHs 3Toro (hakTopa cieayeT BHIIIOIHUTH TpeOoBaHNE

20 o (o,)
r c
0———<27, TO eCTh Af =—<| —2 | —.
c 2n o, ) kr
Hanpumep, npu ycnoBuu, 4to @cp/@o =10, k = 02 u r = 500 kM, mOIy4YHM

Af<300 x['a. OTo TpeboBaHKE ABIACTCS MPHEMIIEMBIM, TOCKOJIBKY pa3HOC 9acTOT,
Harpumep, A xapbkoBckoro pajgapa HP cocrasnser 100 xI'w.

[Tonp3ysick TNpHUBEAECHHBIMU BBIIMIE BBIPAKCHUSIMH, MOXKHO MOJY4YHUTh
¢dopMyny 1A ONpeneNeHHs OTHOCHTEIBHOM CpEeIHEKBAJPaTUIECKOW OIIHOKH
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(CKO) m3mepeHHs MaKCHMaJIbHOW KOHIICHTPALWH 3JIEKTPOHOB MPEIIOKEHHBIM
CIocoOOM B BHJIE

Gi ca Y o2 o Y >
S+t | 5+ | 0%’ )
k 2r ) r 2Qr

rae N, — moiydeHHas OIEHKa MaKCUMAaJbHON KOHIICHTpaLWH, O, G, 0, — CKO

OITNOKH OIIEHKN COOTBETCTBYIOINX BEIUIHH.
CKO orneHKH aTBHOCTH G, 3aBUCUT OT XapaKTEPHCTUK BHEIIHETO MCTOYHUKA
KoopauHATHOW uHGpopMmanuu. OcCTalbHBIC TUCIEPCHHA MOXHO OIICHUTH 110

bopmyaam

21 1 Ny N

Gy —_—

a0 6]2:2PT1 2P, ©)

g,
» 2O

R (10)
2]

B (9) noapasymeBaercs, 4yro P — MOLIHOCTb OTPa)KEHHOro curHana, I, —
JUIMTEIbHOCTH UMITYJILCOB pajapa Ha COOTBETCTBYIOIIMX YACTOTaX, CHEKTPaJbHAS
IJIOTHOCTh WYMOB Ny = Ny + N,, rne N; — myM npueMHuKa, N, — CpeaHss
CHeKTpanbHas moTHOoCcTh HP curnana miist Toit BeIcOTHI, re Haxoautes MC3.

B (10) npunsro, uro F; = F(h), o% :<(E —E)2> — JMCIIEPCUs. U3MEPEHUs
HOPMHPOBAHHOTO NpOQMIss KOHIEHTpAalWH 3JIEKTPOHOB JUISi JaHHOH BBICOTHI
panapom HP.

B cooTBeTcTBUM ¢ TeOpeMoil 0 cpemHeM 3HaYCHUH, BhipaxeHue (10) MOXHO
MIPEIICTABUTH B BHUJIC

2
oi _1.%h (11)
KM Fy

rie M — KONM4ecTBO OTCUETOB MPO(WIIS BIOJIb BEICOTHI, KOTOPBIE MOXKHO CUHTATh
B3aUMHO HEKOPPEIUPOBAHBIMH.

Kak moka3bplBalOT mpeABapUTEIbHBIC OIEHKH, IPEIOKEHHBIH CIoco0
obecrieunBaeT M3MEPEHUE DIIEKTPOHHOM KOHIEHTpAIMU C TOYHOCTHIO HE XYXKE,
yeM HOHO30HI. Eciam sxe pagap paboTaeT OJHOBPEMEHHO C HMOHO30HJIOM, TO
UCIIOJNIB3Ysl JaHHBIH CHOCOO MOXHO YMEHBIIUTH JUCIIEPCUI0 HM3MEPEHHH
MaKCHMaJIbHOM KOHLIEHTPAIMH B COOTBETCTBUU € (hOPMYJIIOH
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1 1 1
STzt (12)
On Ownr Opar

rie Gf\, — PE3yJNbTHPYIOIIAs AUCIEPCUS N3MEPEHUS KOHLEHTPAILMH 3JIEKTPOHOB,

2 o 2
Oy — AUCHCpCHUs OIIMOKU HU3MCPCHUHM HMOHO30HJ4, Opp — AUCICPCHA OIINOKU
H3Mep€HHﬁ PAaCCMOTPCHHBIM BbIIIC METOIOM, OIIpEAC/IsICMasl BbIpaKCHUEM (8)

BriBoabI.

1. TIpennoxeHHbIH cr10co0 MO3BOJIIET MPOBOJUTH U3MEPEHUST KOHIIEHTPALIH
351eKTpoHOB pagapoM HP 0e3 ncnonb3oBaHms HOHO30HA.

2. Tlpu coBmecTHO# paboTe pajapa W HMOHO30HAA CHOCOO MOXKET ObITh
HCIIOJIb30BaH ISl yMEHBIICHUS OIIMOOK KaIMOPOBKHU pajapa.
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