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OBHAPYKEHHUE INEPEMEIIAIOINAXCSI HOHOC®EPHBIX
BO3MYIEHWU B KBASUITEPUOJUYECKHUX BAPUAIIUAX
MOIIIHOCTHU HEKOT'EPEHTHO PACCESIHHOI'O CUT'HAJIA

BolsBIeHBl BpEMEHHBIE HHTEPBalbl, HAa KOTOPBIX MOILIHOCTh HEKOTEPEHTHO PAaCCESHHOTO
panuocHrHalia UCIbIThIBajIa KBa3UIIEPUOAMYECKHE Bapyualuy ¢ rneproaamu 5 — 120 MUH Ha BBICOTaxX
100 — 400 kM. B npenrmonoxeHuy, 4T0 3TH BapuUaldy BbI3BAaHBI IPOXOXKACHUEM MEPEMEIAOLIHXCS
HOHOCHEPHBIX BO3MYILCHHUH, ONpEICNCHBl WX MNapaMerphl. [loka3aHo, YTO HCIOJIb30BAHUE
30HIMPYIOLIETO HMITYJIbCa JUIMTENBHOCTBIO 663 MKC TPHBOAWUT K 3aBBINICHHOH OICHKE
BEPTUKAIBHOM (ha30BOii CKOPOCTH BOJHOBBIX MPOIIECCOB HA HIKHUX BBICOTAX.

KiioueBble cjIoBa: MOIIHOCTh PaJUOCHTHANA, KBA3UIIEPHONMYCCKHE BAapUALIMU, BOJHOBBIC
MPOIIECCHI, ITAPaMETPhI IIEPEMEIIAIOIINXCSI HOHOCPEPHBIX BOSMYIIICHHH.

BBenenne. AKycTHKO-TpaBUTAIIMOHHEIE BONMHBI (AI'B) sBisifoTCs BaskHOM
COCTaBJIAIOLICH JMHAMUYECKHX IIpoleccoB B atMochepe 3emiu. OHH HUTparoT
KIIOYEBYI0 pOJIb B IEPEHOCE HMIYIbCa W DHEPIHHM MEXIY pPa3IU4YHbIMU
atMocepHbIMH 00JAaCTAMHU, CIOCOOCTBYS B3aWMOJEWCTBHUIO TIOJCUCTEM B
cucremMe 3emus — armocepa — reokocMoc. AI'B Moryr reHepupoBaThCS
JBIDKEHHEM  COJIHEYHOTO  TEPMMHATOPa,  COJHEYHBIMH  3aTMCHUSAMH,
3eMJICTPSICEHUSIMU | T. 1. bonmbmmHacTBO KpynHOMacmTabHbIX AI'B Bo3HHKaIOT B
BBICOKMX IIHPOTax BO BpeMs BapualUii KOCMHUYECKOH MOroAsl H
paclpoCTpaHsOTCd  MOYTH  TFOPU3OHTANBHO K  3KBaTopy. McTouyHMKH
cpenaeMacitabHeIXx AI'B OOBIYHO JIOKanM30BaHBI B HIKHEH aTMocdepe H
HPE/ICTABISIOT COOO0M IBMKEHUS TOTOJHBIX (POHTOB, IPO3bI, CTPYHHbIE TEUCHUS
u T. 1. Kpome ecTeCTBEHHBIX, CYyIIECTBYIOT U HCKYCCTBEHHBIE HCTOUHHKH Al'B,
TaKkHe KaK MOIIHBIE B3PbHIBBI, CTApThl pakeT M MoAM(PHUKANUS HOHOC(HEPHI
MOIITHBIM PaTHOU3ITydCHUEM (CM., Harpumep, [1]).

MHoroo6pasne HCTOYHHKOB, a TaKKe CYyIIECTBEHHas 3aBHCHMOCTb
napameTpoB AI'B oT Mmecra HaOJIOJEHHS M TeNUOreo(pH3NYEeCKUX YCIOBUI
ABISIIOTCSI NPUYMHAMHM OTCYTCTBHSI aJEKBATHBIX MOJENEH 3THX BOJIHOBBIX
nporeccoB. [loATOMy akTyanbHOW SIBISIETCS 3aaada OOHAPYKEHHS W OIEHKHU
napameTpoB AI'B Haj kakJbIM OTJEJIBHBIM PETMOHOM 3€MHOIO IIapa B TEUEHHE
JUTUTEJIFHOT'0 MHTEpBaJla BpDEMEHHU U B IIMPOKOM JIHATIa30HE BBICOT.

Honocdepupivu  nposiBneHmsivu  AI'B  sBnsroTcss  mepemeniaromuecs
nonocepusie Bozmymierus (IIMB). Ilpu mpoxoxaernn IIMB umeror mecto
KBa3UNEPUOANYECKHE BapUalMM KOHLEHTPALUM JJIEKTPOHOB, TEMIIEPATyphl
MOHOB M DJEKTPOHOB M JAPYIHX HOHOC(EpHBIX mapameTpoB. Ilockombky
MOIIIHOCTh HEKOTepeHTHO paccesHHoro (HP) curnana mpsmMo mponopuuoHaibHa
KOHLIEHTPAallUX  JIEKTPOHOB, CYHIECTBYEeT NPUHIMNUAIBHAS BO3MOXKHOCTb
obnapyxenus [IMB ¢ ucronbp3oBaHreM JaHHBIX XapbKOBCKOTO pajapa HP.
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Pesynbrarel TpeABIAYIIMX HCCIEAOBAHUN BOJHOBBIX BO3MYILIEHUN B
HOHOC(]EpPE C MOMOIIBIO XapbKOBCKOTO pajapa, OMUCaHbI, B YaCTHOCTH, B [2 — 4].

Henbio padoTbl SBISIETCS aHAIW3 KBA3UIEPUOAMYECKUX BapUaLUil
MOIITHOCTH HEKOTEPEHTHO PACCESIHHOTO CUTHANA, BBI3BAHHBIX MPOXOXKACHUEM
MEePEMEIIAIONNXCST MOHOC(HEPHBIX BO3MYIIEHHWH Hajx XapbKOBOM, a TakKkKe
OLICHKA MMapaMeTPOB ATUX BO3MYIIECHUI.

Januble 1 MeToabl UX o00padoTku. /[ HaxoxxaeHus mapamerpos [11B
UCIIOJIB30BAINCh BpPEMEHHbIE 3aBUCHUMOCTH MomHoctd HP panmocurnana,
TIOJTy9EeHHBIE C TIOMOIIBIO XapbKOBCKOTO panapa Ha mpotspkeru 2010 — 2013 rr.
B MHTEPBAJIbl BPEMEHH, OJIM3KUE K BECEHHEMY U OCEHHEMY PaBHOACHCTBUSM, a
TaKke 3MMHEMY M JIETHEMY COJIHIECTOSHHMSAM. OTH JlaHHbIE BHadaie
MOABEPraINCh NPEIBAPUTEIbHON (UIBTPALUK C LETBI0 yNAICHUS Pa3INYHBIX
MIOMEX B COOCTBETCTBHH C METOMHMKO#, omucanuoi B [5]. Jlamee mpoBoauiach
cTaTUCcTHYeCKasi 00paboTKa, puBeeHHAs B [2], ¢ HEOOMBIIMMH YIYYIICHUSIMH.
B wacTHOCTHM, [UI BBIYMCICHHUS TPEHIA MCIOIB30BAJIACH AaNpPOKCHMAINs
MmourHoctTy HP currana moimumHOMOM 3-To mopsika MO METOAY HaWMEHBIINX
KBaJpaToB Ha MHTepBajie BpeMeHH 120 mMuH ¢ maroM | MuH. OTO MO3BOJIMIO
6onee 3PpeKTHBHO OTHHUIBTPOBATH ANEPHOANUECKHE BapUaIllMU CUTHAJNA, YeM
IpH HaXOXKICHUH TPEHAA METOJOM CKOJNB3SIIEr0 CPEeAHEro, Kak OmucaHo B [2].
OpHako, MpH ATOM TaKXKe INPOUCXOIUT HEKOTOPOE YMEHBIICHHE aMILTUTYX
KBA3UIEPHOIUUECKUX MpoueccoB. CpaBHEHHE pE3yJbTATOB, ITONYYEHHBIX C
HOMOIIBI0 TPUBEICHHON B [2] M cierka MOAM(DUIIMPOBAHHON CTATHCTHIECKOI
00paboTku mpeacTaBieHs! Ha puc. 1 u 2.

IIpu mocnexyromeM aHalW3e OMNPENEISUINCh WHTEPBAJIBI BPEMEHH, Ha
KOTOpBIX MouiHOcTh HP curHana ncmbIThIBaNa KBa3HIEPHOANYECKHE Bapualuu
JUIUTENIFHOCTBIO HE MEHEe JIBYX MEepUOJOB M B IIMPOKOM AMANa30He BHICOT. J{ng
YTOYHEHHUS] IapaMeTpoB JTUX BO3MYIIEHMH IPUMEHSUIACh  I10JIOCOBas
(bunbTpanus ¢ ucnoiabp3oBanueM rudposoro Guistpa [6].

PesyabTaTsl M o0cyxaenune. Ha puc. 3 mpeacTaBieHsl MpUMeEphl BEICOTHO-
BPEMEHHBIX 3aBUCHMOCTEH OTHOCHUTEIBHBIX Bapuanuii mMomHoctn HP curnanma
COBMECTHO C OTHOILLICHHWEM CHTHAN / LIyM (, TOJy4SHHBIX IPH 30HIUPOBAHUU
noHoc(epsl  PaIMOMMIIYIbCOM JUIUTEIBHOCTBIO T~ 135 wMKC (BBICOTHOE
pazpererne Ah ~ 20 kM) 1UIs IBYX HCCIEAYyEeMbIX CyTOK. Kak BUIHO U3 pHUCYHKA,
Ha QoHe CiydalHBIX Bapuanuii MOIIHOCTH, YETKO IPOCIEKHBAIOTCI €€
KBa3UIEPUOANUECKHE Bapuanui ocooeHHo Ha BbicoTax 150 — 300 km. IIpu sTom
MMEEeT MECTO 3arta3/ibiBanue (a3bl KoJeOaHnii ¢ yMECHBIIEHHEM BBICOTHI, @ TAKXKe
HEKOTOPOE YBEJIMYEHHE WX OTHOCHUTENBHBIX aMILIMTY]] BOJHM3M YTPEHHEro |
BEUEPHEro COJHEYHOr0 TEPMUHATOPOB. MHTEpecHO, YTO Takoe K€ IOBelICHHE
MIPHUCYIIE U BEICOTHBIM NMPOuIsx ( (cM. puc. 3).

[MomoOuble (azoBele NpPOGMIM HMEIOT H HAONIOJACMBIC PA3TUYHBIMU
aropamu AI'B/IIMB, eciu MX HUCTOYHHMKH DPACIOJIOKEHBI Ha 3emile OO B
HIDKHEH aTtMocdepe, a BEepTHKaJIbHAs IPYIIIOBas CKOPOCTh HaNpaBiieHA BBEPX
(cm., Hampumep, [7 — 10]).
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Puc. 1 — Dransl ctatuctrdeckoir 00paboTKH qaHHBIX pagapa HP, moxydeHHbIX
29 aBrycra 2012 r. 15 BBICOTBI 255 KM: BpeMeHHbIE 3aBUCHMOCTH MotHocti HP
curHana (a) u uryma (6); TpeH/Ibl, HaliJIEHHbBIE C TIOMOIIBIO alPOKCUMAIIH TIOJTMHOMOM 3-
TO TIOPSIIKA (6) ¥ METOJOM CKOJIB3SIIEro cpeaHero (2); abcomoTHsIe (0, €)
oTHOCHTENbHBIE (Jic, 3) Baprau MouiHocTH HP crurnana, BeIYHCIIEHHBIE ©
HCIIOJIb30BaHUEM TPEHOB, HAlIEHHBIX allpoOKCHMaIiel OJINHOMOM 3-To Hopsizka (o,
21C) ¥ METOJIOM CKOJIB3SIIIIETO CPEeHETO (e, 3)
P, a P o

n

4l | W T o NCEERPRSeS

Puc. 2 — To xe, uto u Ha puc. 1, xast 23 HOs0pst 2012 T. ¥ BBICOTHI 225 KM
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Puc. 3 — OtHocutensHble Bapranuy MomHocTd HP curHana (BepXHsist maHemnb) 1
OTHOILICHNE CUTHAJI / IIyM (HIDKHSS MaHels) Juis 29 aBrycra (a) u 23 HosiOps (6) 2012 1.
BeprukanbHbIMU TyHKTHPHBIMH JIMHASIMHA TTOKa3aHO MIPOXO0XKJCHHE YTPEHHETO U
BEUEPHETO COJHEYHOTO TEPMUHATOPOB HA IIOBEPXHOCTH 3EMIIH.

B npennonoxxeHuu, 4to OOHAPYKEHHbIE KBa3UIIEPUOAMYECKUE BapUaluU
MOIIIHOCTH BbI3BaHbl npoxoxacHuem AI'B /TIMB nam mectoM HaGIOgeHMs,
HaMH OBLTH OLICHEHBI OTHOCUTEIBHBIC aMIUTUTYABI Om, BEPTHKAIbHBIC (ha30BBIC
CKOPOCTH U, U BEPTUKAJbHBIC JIMHBI BOIH A, TOCICAHUX. Pe3ynapTaThl 3THX
OIICHOK JUTS IBYX CYTOK TNpeicCTaBieHBI Ha puc. 4. 3 pucyHka BHIHO, 9TO 29
aBrycta u 23 HosOps 2012 r. 3HaueHus Oy, jexanu B npeaenax 0,03 — 0,15. C
POCTOM BBICOTHI 3TH aMIUIUTYIbI BHAYAJIC YBEIMYHBAINCH 32 CUCT YMCHBIICHHS
IUIOTHOCTEH HEUTpadbHOW ¥ HWOHHM3HMPYIOIIEH COCTaBIAIONMX aTMochepsl,
JIOCTHTaId MaKCUMyMa Ha BbicoTax 180 — 250 kM u qajiee yMEHBIIAINCH 3a CYCT
YCHJICHHSI POJIM MOJICKYJIIPHOM BS3KOCTH, TEIJIOMPOBOIHOCTH U aMOUIIOJISPHOM
mupdy3nn. C 3TUMH IIpoIleccaMH CBS3aHO YBEIWYEHHE C POCTOM BBICOTHI
BEPTHKAJBHBIX (pa30BOIl CKOPOCTH W JJIMHBI BOJHBI, KOTOPHIE K TOMY JK€ €IIe
MOBBIMIATKCH 32 CYET YBeIUUeHUs: CKopocTH 3ByKa [11]. 3naueHus v, 0OBIYHO
nexanu B npegenax 50 — 200 m/c, a A, — 100 — 900 kM (cm. puc. 4).
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Puc. 4 — BoicoTHbIe
npopuIu
OTHOCHUTEIIBHBIX
amIuTy[ (a),
BEPTHKAIBHBIX (pa3oBoif
CKOPOCTH () 1 JUTMHEI
BoJHbI (6) mis ITUB,
00HapyXEHHBIX

29 aBrycta 2012 r.
(xpyxxkn), T = 85 MuH 1
23 Hos10ps1 2012 1.
(xBampartsl), T = 35 Mun

OCHOBHBIM HEJIOCTATKOM IIPH 30HJMPOBAHMN HOHOC(EPHl HUMITyJIbCaMH C
T~ 135 MKC ABNS€TCS HEBO3MOXKHOCTh OMPEACICHUS TeMIepaTyp IEKTPOHOB H
noHOB. [T03TOMY HaHHBIA UMITYJIbC UCTIONB3YETCS JINIIb KaK JIOMOJTHUTENbHBIN, a

OCHOBHBIM SIBJISIETCS UMITYJIbC C T =~ 663 MmKkc [12].
Ha puc. 5 npencrasneHsl BoICOTHbIE 3aBUCUMOCTH U, [I1B, ouieHeHHbIE TIO
JIAHHBIM, TIOJTyYEHHBIM OJTHOBPEMEHHO C MIOMOIIIBIO 3TUX JBYX UMITYJIBCOB.
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Puc. 5 — CpaBHeHue o1leHOK BepTHKaIbHOH (hazoBoit ckopoctu [1MB B nquanasone
nepruonoB: a — 20 — 40 muH u 6 — 40 — 80 MuH, morydeHHBIX 23 HOs0pst 2012 T. ¢
WCTIOJIb30BAHUEM 30HIUPYIONINX PATUAMITYJIBCOB € T ~ 135 MKC (Kpy»KKH)

U T~ 663 MKC (KBagpaTsl)

Kak BumHO U3 pUCyHKa, 3HAUYCHUE U;, OIICHEHHOE IO JaHHBIM, MOTYYCHHBIM
C TIOMONIBI0 UMIIyJhca C T =~ 663 MKc B cpeaneMm Onm3ko k 100 m/c m cmabo

70 — 20 m/c, a Ha BbicoTax 250 — 300 KM — ee 3aHIKEHUE Ha BEJIMUYMHY BIUIOTh
mo 150 m/c. [leicTBUTENBHO, NPH HMMITYJIBCHOM 30HAMPOBAHUH OIICHHUBACTCS
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cpenHee 3HaueHHMe v, Ilpm T~ 663 Mxc Ah~X, u ummeer Mecto Gojee
CYIIECTBEHHOE pa3JIMuue MEXIY OLECHKOH M pealbHbIM 3HAYCHUEM U;, YEM B
ciydae MpUMEHEHHs UMIyIbca ¢ T~ 135 Mkc, mmst kotoporo Ah < ;. DToT (akt
HEoOX0MMO YYUTHIBATh TIPH OLleHKe napameTpoB [1MB Temneparyp a1ekTpoHOB
U UOHOB, a Takxke IIMB KOoHLIEHTpaluy 3JIEKTPOHOB, €CJIM AAHHBIC, II0JIYyYCHHbIE
C TNOMOIUBIO pajguouMIyjbca ¢ T= 135 MKC, MMEIOT HU3KUE 3HAueHus (
(cMm. puc. 3).

BeiBoapl. Takum o00pa3oMm, aHanW3 KBa3HIIEPUOAWYECKAX BapHaIlHiA
MOIITHOCTH HEKOTE€PEHTHO PacCESHHOTO CHUTHANIA B ITUPOKOM JIHAIla30HE BBICOT
MO3BOJISIET OOHAPYXKUTHh IEepEeMEIIalonIiecss HOHOC(EpHBIE BO3MYIICHHA U
OIICHUTh WX TmapaMeTprl. [loka3aHO, YTO ATH BO3MYIIEHHWS B IHAla3OHE
nepuogoB 5 — 120 mma Ha BeicoTax 100 — 400 KM HMEIOT OTHOCHTEIHHEIC
ammmutyasl 0,03 — 0,15; BeptukambHble (a3oBbie ckopoctd 50 — 200 m/c u
BepTuKanbHele JuHBI BodH 100 — 900 kM. BrIBIEHO cyliecTBeHHOE
3aBBILICHUE OLCHKM BEPTUKAIBHOH (ha30BOM CKOPOCTH Ha HHM3KHMX BBICOTAaX
(100 —250 M) mpH WCHONB30BAHUM JAHHBIX, MOJYYEHHBIX C [OMOIIBIO
30HIUPYIOUIETO UMITYJIbCa JUIUTEIHHOCTHIO0 663 MKC.
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VJIK 550.388.2

BusiBjieHHsi pyxoMHuXx ioHocepHHX 30ypeHb y KBa3inepiogH4HUX Bapialisix MOTY:KHOCTI
HeKorepeHTHO po3scisinoro curnanay / C.B. Ilanacenko, A.O. MamenoB // Bicauk HTY “XIII”.
Cepist: Pamiodisuka ta ionochepa. — X.: HTY “XIII”, 2013. — Ne 33 (1066). — C. 12-18. Bi6umiorp.:
12 nass.

BusiBiieHO 4acoBi iHTepBamM, Ha SKHX IOTYXKHICTH HEKOTEPEHTHO PO3CISIHOrO CHrHaja Maja
KBasinepioanyHi Bapiamii 3 nepiogamu 5 — 120 xB Ha BucoTax 100 — 400 xM. 3a npHUIymeHHs, O Il
Bapialil BUKJIMKaHI HOPOXOKEHHSIM PYXOMHX i0HOC(epHHX 30ypeHb, BHU3HAUCHI IX MapaMerpu.
TMokazaHo, 10 BUKOPHCTAHHS 30HIAYIOYOT0 IMITYJIbCY TPUBAIICTIO 663 MKC IPU3BOAUTH JO CYTTEBO
3aBHULICHHOI OLIHKU BEPTUKAIBbHOT (ha30BO1 IIBHKOCTI XBUIHOBUX MPOLECIB HA HIXKHIX BHCOTaX.

Kiro4oBi ciioBa: noTyXHICTh pagiocurHany, KBasimepiogudHi Bapiallii, XBHJIbOBI MPOLECH,
rnapaMeTpy PyXOMHX i0HOC(HEPHHUX 30ypeHb.

Time intervals with incoherent scatter signal power varying quasi-periodically with periods of 5 —
120 min at altitudes between 100 km and 400 km are detected. Assuming these variations are caused
by passage of travelling ionospheric disturbances, their parameters are estimated. Using a 663 pus
transmitted pulse is shown to result in overestimation of vertical phase velocity of wave processes at
low altitudes.

Keywords: radio signal power, quasi-periodic variations, wave processes, parameters of
travelling ionospheric disturbances.
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