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BAPHAIIHH OTHOCHTEJBHOI'O COAEPXAHASA
MOJIEKYJISPHBIX HOHOB B 3ABHCHMOCTH OT CE30HA
1 MATHATHOM AKTHBHOCTHA

B CTaTTi pO3rJHHYTO TEOPETHYHY MOZENb HEIDKHBOI wacThHHH obnacti F ioHochepn, axa mossomie pos-
paxyBaTH aGComoOTHY TR BifHOCHY KOHIEHTpaNii MOJKCKY/DIpHEX jomis. Poarymmyro BiCOTHO-IACOBi
papianii 1HX NAPAMETPIS UIN IITHLOIO T& JEMOBOTO CE30HiS, 3 TAKOX Bapianii PHCOTH NEpeXOAy BiJ
MOJEKY/ISPHEX iOHIB JIO OHIB STOMAPHOrO XHCHIO HiJ{ 9ac MarsiTHol Gypi.

In this paper the theoretical model for the lower part of the F layer of ionosphere is presented. This
model enables to calculate the absolute and relative concentrations of the molecular ions. The altitude-
temporal variations of the ion composition for summer and winter are described. The variations of the
transition height from molecular ions to atomic oxygen ions during the magnetic storm are considered.

Beeaenme. JlanHnle EIMCPCHHH OTHOCHTCIBLHOTO COACPKAHAA MOICKYIAp-
HbIX HOHOB, NOJY4CHHHE HA XapbKOBCKOM pajape HEKOT€PCHTHOrO PaCCesHHA,
MPEACTABAAIOT HHTEPEC KAK JUIS YTOYHECHMA CYIIECTBYIOIEX 3MITEPHYECKAX MOJe-
7Iei, TaK M 1A pa3BHTHA TCOPHH HIDKHEH YacTH o6nactu F sonocdepm [1].

OCHOBHHIMH HOHHO-MOJICKY/IMPHRIMHA PEAKIHAME B HIkHElH yacTH obmacra F
HOHOC()EPHI ABJIAIOTCA CHCAYIONTHE:

O"+ N, > NO'+ N, O"+0, >0+ 0O,
N,'+ O > NO'+ N(°’D),
N2++O —)0++N2, N2++02—)02++ Nz,
0;'+ NO - NO*+ 0,, O'+ N(*S) > NO*+ O,
0.;'+ N(D) > N* + 0, O;'+ N, - NO'+ NO,
N' + 0, » 0"+ N(’D),
N + 0, » NO*+ O.
Kpome T0ro, x HAM HyXHO JOOABHTH TPH PEAKIHH JHCCOMHATEBHOM PEKOM-
OnHaIgm:
NO"+e » N+ O,
0 +e—>0+0,
N'+e > N+ N
H3 Teopermdeckux B maGOpaTOPHKMIX HCCIHCAOBAHME BHITEKACT, 4TO MpHBE-

ACHHbIC BRINC PEAKIHM ARISIOTCS OCHOBHLIMH IpPOIECCAMH, ONpPEHCISIONIAME
Tipeobpasosanne mepmyrkx Horos O', N,*, O, m N*.

23



Caexyer oTMerATh, YI0 BKIOYECHAC MNOMHOH COBOKYIHOCTH HOHHO-
MOJICKYJISPHEIX DEAKIHEH, MPOTEKAHHE KOTOPHIX BO3MOKHO H2 PACCMATPHBACMBIX
BHICOTaX, CyIICCTBCHHO YCIHOAHACT AHAJNH3 BCCH KAPTHHH M HE IO3BOJACT HATIAR-
HO BBABHTh OCHOBHHIC TCHCHITHH B IIOBSACHHH KOHIICHTDAIHH HOHOB, 3 BBCZICHHE
NONONHHTCALHNX PEAKIMAI HE H3IMEASET ITHX TCHACHIHI 1O CYINECTBY.

Iessi0 pafoTsl SBNIETCA HCCICADBAHAE BAPHAIMYE OTHOCHTCILHOIO COACP-
JaHHA MOJCKY/IEPHBIX HOHOB C OMOMIKO pa3paboranuoil B HucTHTYTE HOHOC(e-
PHI TEOPETHYCCKOK Moe/H BRvKHEH 4acTH 00macTd F B moNyueHHLIX 3KCIICPHMCH-
TaNIbHEIX PE3YJIBTATOB.

Pa3paboTanmas TEOPETHYECKAS MOJCHS YMETRBACT HOHA3AIMIO HEHTPATHHOM
arMOC()CpHl CONHECYHLIM HINTYYCHEEM H ONpPECHSCT KOHICHTPAIMIO 3JICKTPOHOB
N, ® HOHERIX cocrarnmomux [NO'], [0,"], [0*] 1 [N,']. ITapameTpnt BeliTpamsHoi
arMochepn Gepyrcs m3 Moaema MSIS-86 ans KOHKPETHRIX IeJHOreO(pH3HYECCKHX
YCIOBHIA,

Moznere HCHONL3YeT ACBATHHHTCPBAILHLIN CIEKTP KOPOTKOBOJXHOBOIO COM-
HEYHOrO0 HiNy4YCHHH, NPHBCACHHMHA B [2], H 3HAYCHHA HHTCHCHBHOCTH KOPOTKO-
BOJIHOBOTO H3aydcHHa CONHIA, onpeAcIIcMBIe 3HAYCHAIME HEACKCa Fig, [3].

IMpeionenras MoAeb YIHTHIBACT MECTh HOHHO-OOMEHHEIX PCAKITHH:

yl y2
0" + N, - NO" + N, ot + 02 » 0 + 0,
y3 y4
0" + N('S) > NO' + O, 0Ot + N, - NO' + NO,
y5 yo
N+ 0 - NO' + N(D), N+ 0, > 0 + N,
H JIBC PEAKI[HH JHCCOIMATHBHOH pexoMORHaMR:
al a2

NO* + e > N + O, 0 +e »0(D + O,

(1, y2, y3, y4, ¥5, y6, al, a2 - cropocTH peaximif).

Konnertpauas aromapsoro kucnopoza [O'] onpenenserca myrem pemenus
YPABHCHAA HENpepHBHOCTH. M3 cHCTEMBI ypaBHCHRN GaJaBCa HOHH3ANHA BHI'MHC-
NAOTCA KOHICHTPAIEE MONCKYIapHEIX HoroB [NO'], [02'], [N2'] u anextpormas
ROHICHTpamus N,.

Pa3spaboramnas TCOpeTH4ECKan MOJCIH I03BONSCT PAacCIMTAaTh Kak abcomor-
HYIO, TAK H OTHOCHTSJIHYIO CYMMAapPHYIO KOHIICHTPAIAIO MOJICKYIRPHEIX HOHOB.

OGcyxacane pe3yLTATOB. PacCMOTPHM pe3yIsTaTHl H3MEDPECHHH OTHOCH-
TEJLHOTO COACPMAHAS MOICKYISPHBIX HOHOB, MONYYCHHRC HA XAPHKOBCKOM pa-
Zape HEKOTePEHTHOTO PACCEAHHL.
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IpuMep BHICOTHRIX HpodEUeli OTHOCHTEIBLHOM KOHICHTPAIAH MOJCKYJISp-
HbIX HOHOB B HEDKHeH mHoHOC(epe maH Ha pHC. 1. BEama HexoTOpas TEEACHNES
pOCTa KOHICHTPAIIHE MOJICKY/IPHEIX HOHOB [M'] B TeMHOe BpeMs# CYTOK.

b xma MVN. 12 mona 2001 r. I'M"VN, M'VN.
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Puc.1. IIpuMepH BHICOTHOTO PACIIPEIeIEHHE HOHHOTO COCTaBa B Hy&HeH MoHOCepe

B pa3sHoe BpeMs CYTOK

Ha prc. 2 npEBEACHN BHICOTHO-BPEMCHHLIC BADHAIMH HOHHOIO COCTaBa AJIA
pas’HBIX CE30HOB roAa MO pedyabTaraM HabmoncHm# Ha pamape HP B Xapnkose.
MOXXHO OTMETHTDL 3HAYHTC/IBHOC YMCHBINICHEE OTHOCHTEIBHOH XOHICHTPAIHH
MOJICKy/APHRIX HOHOB HIDKHEH HOHOC(EDH B 3HMHHH NCPHOA. Tak, BOIHE3B mo-
nymas orromenne [M']/N, neroM cocrasiser oxono 0,3 aug Bucors 170 kM, B T0
BpeMs Kak 3HMOM OHO yMeHbIIACTCS A0 3Hayenns 0,1.

LA AL T LI B I!I

Puc. 2. BricoTHO-BpeMeHHEIE BAPHAIMU OTHOCHTEILHON KOHICHTPAIIHH MOJICKYTISp-
HBEIX HOHOB B IIEPHOJL CONHIECTOSHHMN
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3HAYMTELHOE YMEHbIICHAE OTHOCHTCILHOH KOHLUEHTPALMH 3THX HOHOB (10
3 pa3), mo-BHAAMOMY, MOXKHO OOBACHHTH YBEIHYCHHCM KOHICHTPALHHE HOHOB O's
3MMHEH MepHOA. ITO TAK HA3KWBACMAasA CE30HHAS AHOMAJHA, KOTOpas 06yCcnosneHa
CC30HHKBIMH BapHAIMSIMH HEHTPANBHOIO COCTaBa aTMOC(EpEI, YBEIHYCHHCM KOH-
HEHTPAIMH aTOMapHOTO KHCIOPOJA H YBEIHYCHHCM OTHOIICHHA KOHLICHTPAIMH
[OV/IN2} 3rmot.
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Puc. 3. BapHaluna BEICOTH IIEpeX0ia OT MOJIEKY/SPHEIX HOHOB K HoHaM O', rae
[O*VYN, = 0,5, Bo Bpemu Gypu 25 ceHrsGps H B CIIOKOMHEIA ZieHn 23 ceHTstps 1998 .
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Prc. 3 mumocrpHpyeT 0COOGHHOCTH NOBEICHHA HOHHOIO COCTaBa HIDKHEH
HoHOC(epH B mepHOx cHubHelmel MarawrHOM Oypm 25 cemrabps 1998 r. Vcra-
HOBJIEHO, YTO B IIaBHYIO (paly mMarmwrsOli GypH B mEcBHON MOHOChepe Moseky-
napHsle HoEN AoMEEApoBamA ([0'])/N,<0.5) mouru xo 180 xM, B HeGoNBmOM KO-
JHYECTBE OHA MPHCYTCTBOBAJIHE Jaxke Ha Bhicore ~300 xuM. Bricora mepexona h; or
MOJIEKy/MpHLIX HOHOB K HoHaM O' Bospocna mourm ma 20 xM mocne 03.00 UT.
Habmopaemsiii 3dppexT 0619CHICTCA OTPHIATEIHHLM XapaKTepOM HOHOCEPHOTO
BO3MYINCHAS, BRABAHHOIO MAarHWTHOH OypeH, MDA KOTOPOM, KaK NOKA3aIH MCCle-
I0BAHAH, KORNIEHTpamEs HoHOB O B 061acTH F2 yMEHEIIRIACE B HECKOLKO Pas.

OcnoBHbIC BHIBOARL JRCICPHMCHTANBHRIEC JAHHBIC, KAK H TCOPETHUCCKHE
pacyeThl, MOATBCPIHIM 3HAYHTEILHLIC BAPHAIMH KOHICHTPAIHH MOJICKYISPHBIX
HOHOB B HIDKHE# YacTH 06nactn F RoBOCepH B 3aBECEMOCTH OT CE€30HA IOAA H OT
YPOBHA MATHHTHOH aKTHBHOCTH. OHE MOIYT HCHIONL30BAaTLCA OpH paspaborke
NPOrHOCTHYECKHX MOJENCH HOHOCHEPH.
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