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OBHAPYXEHUWE KBASUIIEPUOINYECKUX ITPOLIECCOB
B NOHOC®EPE B IUAITABOHE AKYCTUKO-I'PABUTAITMOHHBIX BOJIH

VK 550.388

Onucana memooura gblOeNeHus: K8A3UNEPUOOUYECKUX KONeOAHUL (14208 BOIH) U3 6DEMEHHBIX P08 3HAYEHUL OONIEPOBCKO20
CcMewenust Yacmomul paouoCUSHAI08 OONIEPOBCKO20 BLICOKOYACMONHO20 PA0apa 6ePMUKaIbHO20 30HOUPo8anusL. s evloene-
HUsL KOTeOAHUT U3 CMeCU CUSHALA U WYMA UCNONb308AIACh NOJIOCHO-NPONYCKAIOWAs (PUIIMPAYUsL COBMECHHO CO CHEKMPATbHbIM
ananusom. Iloxaszana spghexmusnocmo gvidenenus Koaeodanul, COOmeemcmsyIowux Kax aKycmuieckum, max u GHympeHHuUM
2pasumayuoHHbIM 60IHAM. Memoouxa npumernena 015 8blOeNeHUs KONeOAHUTL, 2EHEPUPYEMbIX YIMPEHHUM COTHEYHbIM MepMUHA-
mopom. TIpodemoHcmpupogano, 4umo 08udICeHUe MEPMUHAMOPA CONPOBONHCOANOCH Konebanusmu ¢ nepuooamu 6 +7 u 20 mun
U OMHOCUMENLHBIMU AMITUMY OAMU BO3MYUeHUL KOHYeHmpayuu 31eKmporoe okoao 0.2 u 2 % coomeemcmeenHo.

Knouegvie cnosa: noHOChepa, KonedaHus, OJIO0CHO-TIPOITYCKHAs (GUIIBTpAIHs, CIEKTPaIbHBII aHAIN3, COMHEUHBIH TEPMHUHATOD,

AKYCTUYCCKHEC BOJIHBI, BHYTPEHHUEC I'PAaBUTALIUOHHBIE BOJIHBI

1. Beeaenue

BonHoBEIE TIpoliecchl B aTMocdepe UrparoT 3Hauu-
TEJIbHYIO POJIb B TIO0ATFHOM OanaHce KOJTUYecTBa
JIBIOKEHUS (MMIyJIbCca CHJIbI) U 3HEpTHH. BomHbI
BO3HHUKAIOT MO IEHCTBHEM IPUIMBOB, COTHEYHOTO
TEPMHHATOPA, TEPMUUYECKUX MPOIECCOB, MPU 00TE-
KaHUU BO3LYIIHBIMH TEYEHUSMH IPENATCTBUH U T. II.
BouHbl B atMocdepe reHepupyroTest IPU reOKOCMHU-
yeckux OypsiX, MaJCHUSX METEOPUTOB, 3eMIIETpsICE-
HUSX, U3BEPKECHUAX BYJIKAHOB, MOIIHBIX METEOIPO-
neccax, rposax u T. A. Llensli psig aHTPONIOreHHbIX
WMCTOYHHKOB HEPTOBBIACIICHHS CTI0COOEH TeHEPHUPO-
BaTh BOJTHBI B IIMPOKOM JTHAIIa30HE IEPHOIOB (OT yilb-
Tpa3ByKa 0 BHYTPEHHUX TPaBUTAIMOHHBIX BOJIH —
BI'B). K Takum MCTOYHMKAM OTHOCSATCS CHJIbHBIE
B3PBIBBI, CTAPTHI U MOJIETH KPYHMHBIX KOCMHYECKHUX
anmapaToB, MOIIIHOE PaTUON3ITydYeHHE U P.

UccnenoBanuio BoJH B atmMochepe u nonochepe
TOCBSIIIEH PsiJi MOHOTpaduii (cM., Hanpumep, [ 1-4]),
0030poB (cM., Hanpumep, [5—13]) u OonbIoe KoIu-
YECTBO OPUIMHAJBHBIX cTareil. HecMoTpst Ha Bie-
YaTJIAIOMNE JOCTHKEHUS B M3YUEHUHU TEHEpaIluu
Y pacTipoOCTpaHEHUs BOJIH B OKOJIO3EMHOH cpeie, ak-
TyallbHBIMH OCTAIOTCS 3aJ[a4i pa3padOTKH BBICOKO-
YyBCTBUTEIHHBIX METOJIOB BBISBIEHUS BOJHOBBIX
(KBa3HIIEPHOJMYECKUX) MPOLECCOB B HOHOCHEpE,
CeJNIeKIINH 33JaHHOTO HCTOYHHKA BOJTH, ONIPEICTICHHS
MapaMeTpoB MCTOYHWKA, UCTIOIB30BAHMUS BOJH JIJIS
JTUArHOCTHKH aTrMoc(epsl U Te0KoCMoca.

Kak nokazano B pabore [11], GONBIIMHCTBO pa-
TO(PU3NUECKIX METOJIOB TTI03BOJISIET OOHAPYKUBATh
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BOJIHOBBIE Bo3mymieHus (BB) koHIIeHTpaum siiekt-
poHoB N B HOHOC(hEpPE C OTHOCUTEIHHONW aMILTUTY-
noii 8y 21+10 % wunepuogom T >10 muH (quarna-
30H BI'B). HecomHeHHBIN MHTEpec IpelcTaBiseT
taxxke BeisiBieHne BB ¢ 6y ~0.1+1% wu mepuo-
noMm T <5+10 MuH (quama3oH akyCTHYECKUX BOIH
i uH(ppaspyka). Kak nmokasaHo Huxe, s 3TOTO
MOJKET MPUMEHSATHCS METO]I BEPTHKAILHOTO JIOTLIe-
POBCKOTO 30HIMPOBAHUS, COUETAIONINI B ceOe BBI-
COKYI0 YYyBCTBUTEIBHOCTh K MallbIM BapuanusMm N
Y BBICOKOE BPEMEHHOE pa3pelieHue.

Hns ouenku nepuongoB u aMiutya BB tpanu-
IIMOHHO NPUMEHSETCS CIEKTPaIbHBIA aHANMHu3 (CM.,
Hampumep, [14]), a B mocieqHee BpeMst MOupUKa-
uu npeobpazopanus Oypwe [15], BeliBneT-ananu3
(cm., Hanpumep, [15, 16]), cucTeMHBIN CHEKTpalb-
HbIl aHanu3 [17]. 3agaya BocCTaHOBICHUS MTapaMeT-
poB BB pemaeTcs B CTaTUCTUYECKON U TUHAMUYEC-
KoM nmocraHoBkax [18].

Lenbio HacTosimed pabOThI SABISIETCS ONMKCAHUE
METOJIOB BBIJICJICHUS JOCTATOYHO cIaObIX (O ~
0.1+1 %) kBa3zumepHoAMYECKUX KOIeOaHH il (IyroB
BOITH) M3 BPEMEHHBIX BapHAaIlHii TOTLIEPOBCKOTO CMe-
mennst 4actothl (JICYH) pannocurHaioB 1omiepoBc-
KOTO pajiapa BEpTHUKAIBHOTO 30HAHPOBAHHUS.

2. CpencrBa HaOIOEHUS
H METOIHUKH 00padoTKH

JomnnepoBckuii pagap peaHa3sHaueH A1 BEPTUKAIIb-
HOTO 30HAMpPOBaHMs HoHOCGepsl. B Hacrosmiel pa-
00Te OH MCTOJIB30BAJICS [UIsl peructpaiyy BB B nono-
cdepe, BBI3BAHHBIX JBHKCHHUEM COJHEYHOI'O TEPMH-
Hatopa. Pagap pacnosnoxeH BOiau3u I. XapbKoBa
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(Ykpauna) Ha Tepputopun Paanodusuueckoii odcep-
BaTropyH XapbKOBCKOTO HAITMOHAIEHOTO YHUBEPCUTETA
umenn B. H. Kapasuna, ee koopaunars:: 49°38" ¢. .,
36°20" B. 1. OcHOBHBIE MApaMeTphl pajiapa: auana-
30H yactor f =1+24 MI'1, UMITY/IECHAS MOIITHOCTD
panuorniepenaromero ycrpoiicrsa — 1 kBT, miurens-
HOCTH 30HAMpYIoLero nmmyisca T=500 Mkc, gac-
TOTa MoBTOpeHus: umnynbecoB — 100 ', monoca mpo-
MycKaHus GUIBTPa PaAUONPHUEMHOTO YCTPOHCTBA —
10 I'u. AHTeHHasi cucTeMa MpeacTaBisieT co0oi
BEPTUKAIBHBIA pOMO ¢ KO3(DOUIIMEHTOM yCHIICHUS
G =1+10 B 3aBHCUMOCTH OT YaCTOTHI 30HANPYIOIIEH
BoNHBIL. [Ipy TakoM moTeHuuane pagapa OTHOIIE-
HME CUTHaJ/loMeXa (; B HOYHOE BPEMS JOCTUraeT
10° +10°. B sHeBHOE Bpems g, 00bryHO Ha 1+2 mo-
psinka MeHsble. Pagap BMecTe ¢ mepcoHaIbHBIM KOM-
MBIOTEPOM 00pazyeT MpOrpaMMHO-aIapaTHbIA KOM-
TUIEKC, IPOBOASAIINN U3MEPEHHS U ITPEIBAPUTETHHYIO
00paboTKy OTPaKEHHOT'0 OT MOHOC(EPHl CHTHAIA
B peasibHOM MaciTabe BpemeHu. Vi3mMepeHust BBINoJI-
HEHBI Ha YacToTax 30HaupoBanus 3.2 u 4.2 MI'm.

BricoTHas MpOTSEHHOCTh OTPaKEHHOT'O CUTHAJIa
CYLIECTBEHHO MPEBBIIIATA BEMIUHY CT/2~75 KM
(c — ckopocTh cBeta B Bakyyme). [loaToMy mucomns-
30BaJIOCh CTPOOMPOBAHUE TIO BBICOTE C JIUCKPET-
HOCTBIO AZ =75 KM B IHana3zoHe AeHCTBYIOLIUX BbI-
cor okono Z'=75+450 kM (MM COOTBETCTBOBAIM
ucTUHHBIE BBICOTHI 75+300 xM). B ocHOBHOM Ka-
HaJle aMIUTUTYZla CUTHAJIA TPHHUMAJa MaKCHMallb-
HBbIC 3HAYCHMSI, B IPYTUX KaHAJIaX OHA ObLIa 3aMeT-
HO MeHbIe. O0paboTKe Mo yIekKall CUTHAI B OCHOB-
HOM KaHaje.

Jus o01iero KOHTPOJSI COCTOSTHUSI HOHOC(EPHI
UCTIONB30BaNCs IU(POBOI HOHO30HI, PACIIONIOKEH-
HBIH PSAJIOM C JIOTJIEPOBCKUM pagapoM.

Komrmiexcrast amrummiTyna 6reHunii koneGaHuii omop-
HOTO IreHeparopa JOIIEPOBCKOTO pajiapa U OTpakeH-
HOTrO CHTHaia B mU(POBOM BHJE (YaCTOTa Ompoca
10 T'ry) 3amuceiBamack Ha HOCUTENb HMH(pOPMAIIHH,
a 3aTeM IpH MTOMOIIH npeodpa3oBannug Pypre BbI-
YHCISUTUCH TOTIIIEPOBCKYE CIIEKTPHI B TMANa30HE BO3-
MOKHBIX JJOTLIEPOBCKUX CABUTOB OT —2.5 0 +2.5 1
Ha uHTepBajne BpemeHu 60 ¢ (pa3pelmeHne mo Jac-
tore ~17 wml1). [loTeHnmanbHAs MOTPENTHOCTH
ouenku JICY, Hanpumep npu ¢, = 10° +107, cocras-
asma 1.8+5.8 mI'u. Ilpu GOnmbImMx 3HAUCHUSX (g
oHa ObuTa emle MeHbIIe. PeanbHas morpemHocThb
He mpeBbimana 8§ mI .

[Hanee ocymiecTBisiach (pUIBTPAIVS K CTIEKTPATh-
HbIM aHanu3 BpeMeHHo 3aBucuMoctu JICY B 3anan-
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HOM Jrana3oHe neproaos. OOHapyKEHUIO IO IekKa-
A KoJieOaHus ¢ TIEPHOJIOM OT eauHUI] 10 60 MuH.

3. Pe3yabTaThl MOJEJMPOBAHUS

3.1. Mogneas Bapuanmii JICH
BBICOKOYACTOTHOTO CHTHAJA

151 oOcCHOBHOM MO/IbI OTPaKEHHOTO CUTHAJIA B CIIydae
OTCYTCTBHUsI BHYTPEHHEH MHOTOJIy4YEBOCTHU MPEICTa-
BuM Bapuamu JICU f,(t) Ha nnTepBane Habmone-
HUSI B BUJIC CYTICPIIO3HIMH BOJTHOBBIX TAKETOB (IIyTOB):

fi ()= i E; (t)cos(Qit+vy;),

i=1

roe E(t) = E(t;{(xj}i), E(t;{(xj}) — MHOromapa-
MeTpHUYecKasi MOJIeNb Oru0aronIe myra, i — HoMep
uyra, {0;} — BexTop mapameTpoB orubaromei;
Q; =2n/T, — 4acToTa 3alOIHEHUS 1yra, 1, — Ie-
puon; Y, — HadaibHas Qasa.

B kauectBe Momenu ormbaromieii BeIOEpeM clie-
OYIOUIYIO 4-1apaMeTpruiecKyo GyHKIHUIO:

a

1+[2(t—tc)]

E(t;a,mt,,1)=
To

TJIe ¢ — aMIUTUTY/IA; 1 — IApaMeTp, KOHTPOJIUPY O
KOHTPACTHOCTH Kpasi BO3MyIlueHus; t, =ty +1/2,
t; — Hadano Imyra; T, — JUIMTeIbHOCTH Lyra. IIpu
t—t, =1/2 3nauenne ynkumu E(t) ymenbmaercs
B IBa pa3a OTHOCHUTEJILHO 3HA4YEHUs B TOUKe f.

W3 HabmomeHuil nepemernarnuxcs nonochep-
HBIX BO3MYIIIEHUH W3BECTHO (CM., Hampumep, [19]),
YTO JJIUTENBHOCTH BO3MYIIEHHH T, TPH HEOOIBIINX
T cocraBisieT HECKOIBKO TIEpPUONOB, a ipu | =1 4
u 6onee T¥ T, OAMHAKOBBI 110 MOPSIAKY BEITHYHHBI.
B xauecTtBe TectoBoil peanuzanuu Bapuauuu JCH
paccmoTpuM MojaenbHyto ¢ynkuuio fy(t) c mapa-
METpaMH:

{2,}=1(0.3;0.2;0.1;0.05;0.04,0.02), I's;
{t,i 3= (0;320;0; 250;100;300), mun;
{Mm}=(44,4,4,4,4);

{T.} = (120;60;30;15;10;6), mux;
{w6i}=(0;0;0;0;0;0);
{k}=(2;3,4;5,7;10); i=12,..,n, n=6;
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rae T; =kT;. VarepBan HaOitoneHus: paBeH 7 d.
Ha puc. 1, a npuBeneHna MozenbHas peanu3anus
fq ().

B nacrosmeit pabore pemaroTca IBE 3aJavuu:
oOHapyXeHHE BOJHOBBIX (KBAa3UIEPUOINYECKUX )
mporeccoB (Iyra ¢ 3aJaHHOM Y9acTOTOH 3amojiHe-
HUA) U OIICHKAa MX mapaMeTpoB. OT MOCTaBIEHHON
3a/1a4M 3aBUCHUT BBIOOP METO/a PEIICHUS U eTO Xa-

ACY, I'n

pakrtepuctuk. Ecnu anmpuopy HEM3BECTHBI CHEKT-
pansHbIii coctaB ACY u ero quHamMuKa, TO Ha mep-
BOM JTalle pacCUUTHIBACTCSI BPEMEHHas I10CIIEJ0-
BaTEIbHOCTH CIIEKTPOB (AMHAMHYECKHUE CIIEKTPHI).
Hanee BplAensieTcs uccielyeMas TapMOHUKA.
Jliis onpezneneHus napaMeTpoB COOTBETCTBYIOLIE-
T IIyTa IPOBOJIUTCS TOJIOCHO-TIPOITY CKAroIIast (hHIb-
tpanus Bapuanuii JCY. CrnexTpaipHBI aHannu3

0.4

JACY, I'n
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-0.01 +

O-Wme

-

-0.02 T T T
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Puc. 1. Monenbhbie Bapuaiu JJCH: 6e3 ¢puibTpaliyiy U B OTCYTCTBHE IIyMa (@); TIOCIIe MOJIOCHO-TPOITY CKaroLIeit (pUIbTpaIivy 1 B
OTCYTCTBHE IIyMa (6); OCJIE TIOIOCHO-TPOITY CKAIOLIEH (DMITBTPALIMH IPU HATTMYUH aTUTUBHOM TOMEXH B BUIE HOPMATIBHOTO GEI0ro rymMa
C OTHOIIEHHeM cUrHa/myM g =2 (6); q=1 (2)u q=0.5 (0). [lapameTpsl GubTpa: HeHTpanbHas yacTota— 104!, momoca—2 4!
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U TIOJIO CHO-TIPOITyCKaroiasi QuiabTpanus B TaHHOM
ciydae He SBIAIOTCS aJlbTepHATUBHBIMU METOJa-
MU 00paboOTKH, a JOTMOJHSIOT APYT Apyra. MoxHO
TOBOPHTH O CHCTEMHOM TIO/IXOJIE K PEIICHHUIO 3a/1a9H.
Paccmorpum 310 moapoOHee.

3.2. TloaocoBas ¢uibTpanMs CUrHAJA

[Ipu 06paboTKe curHana OyfeM UCIOIb30BaTh MUQ-
poBble 0azucHble GUIBTPHI bartepyoprta [20]. Ecu
anpuopy M3BECTHA YacTOTa 3alOHEHHS MCKOMOTO
BOJIHOBOTO TTAKETa, TO JIJIsl €r0 00OHAPY KEHUS MOXKHO
MCIOJIB30BaTh MPSIMYIO MOJOCHO-IIPOITYCKAIOIIYIO
¢duETparmio.

ITycts, HanpuMep, YacToTa 3armoTHEeHUsT HCKOMOTO
nyra pasua 10 ™', Ha puc. 1, 6 mpuBeIeHb MOZICITH-
Hele Bapranuu JICY nocie noaocHo-npornycKaromein
¢bunbTpanny 6-NOMOCHBIM CHHYCHBIM (HIBTpoM bart-
Tepyopta. [lapamerpsl QuibTpa ciemyromnye: IeHT-
panbHast yacTota paBHa 10 4 ', IIMPHHA MONOCH —
24!, Ha pucyHKe 4eTKO BHJEH Lyr C HAuajoM
B MOMEHT BpeMeHH t = 300 MUH, 9TO COOTBETCTBYET
IyTy C 4acTOTO# 3amoaHeHus, papaoii 10 a 'y amm-
sutynoit okoso 20 mI . Kpome Toro, pu t = 0 moss-
JISIeTCS IIyM C aMIUIUTyAoM okono 4 mI'n. Ilpu stom
OTHOIIEHHE CUTHAI/IIyM ¢ (110 MOIIHOCTH) COCTaB-
JISIET OKOJIO 25, YTO CBUETENBCTBYET 00 YBEpEHHOM
BBIIEICHUH HCKOMOT'O KOJIeOaHus.

3. 3. CnekTpajbHblii aHAJIW3 CHIHAJIA

Ecnu oTCyTCTBYIOT anpuopHBIE CBEIEHUS O CIIEKTPE
CUTHAJIa, TO MPEIBAPUTENILHO MPOBEACM yaajeHHe
HU3KOYACTOTHOTO TpeHaa Bapuauuil JICU B uccne-
JyeMmoii monoce gactor. [l sToro mpomyctum f, (t)
Yyepe3 BHICOKOYACTOTHBINA (MIILTP M BBIACIHM JTHa-
Ma30H YacTOT, COOTBETCTBYIOIHNHA aKyCTHUYECKUM
BOJIHAM ¢ yacToToit F >6 u* (mepuoa T <10 mum).
TToM0MM YaCTOTy OTCEUKH (QHUIETPa PaBHOM 6 u .
[Tonyuennsie Bapuaruu JJCY momBepraeM CIEKT-
panpHOMY aHayM3y. IHTepBassl aHaIM3a TMHAMUYec-
KHX CHEKTPOB 0e3 nepeKpbITHs paBHBI 30 MUH.

Ha puc. 2, a npuBeneHbl HOPMUPOBAHHBIE Ha
MaKcHMallbHOE 3HaYeHUe S, TUHAMUYECKUE CIICK-
TpsI MotrHocTH S Bapuauuit JICY. Ha puc. 2, 6 npu-
BeJICHA 3aBUCUMOCTh MaKCUMYMOB aMILTUTyAHBIX JIC
Bapuanuii JICH ot BpemeHn.

B nuHammdeckom criektpe ¢ ioMepom N = 3 mosiB-
nseTcss MakcuMyM Ha dactore 6 u - (T =10 mun).
OTOT MakCUMyM HaOIogaeTcs ¥ Ha ABYX MOCIIEIYI0-
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mux cnekrpax. B cnektpe ¢ N, =8 oOHapyxu-
BaeTCs MaKCUMyM Ha JactoTe 4 gt (T =15 mumn).
MaxkcuMyM Ha 3TOH 4acToTe HabIogaeTcsl ¥ Ha clie-
nyroieM criektpe. B criektpe ¢ N =10 mosnster-
cst MakcumyM Ha gactote 10 u (T =6 mum). Cpas-
HUBasi JTUHAMUYECKHUE CIEKTPHI C MapaMeTpaMu
L[yTOB, MOXXHO CAEJaTh BBIBOJ, YTO B paccMaTpH-
BacMOM JMAamna3oHe BOJH NMyTeM KOMOWHHMpOBa-
HUSI TPOIIECCOB (PHIIBTPAIMN M CTICKTPAIBHOTO aHa-
nu3a oOHApYKEHBI BCE CMOJCIHUPOBAHHBIC BOJHO-
BbIC MAKETHI.

3.4. Bausanue ciayvaiinbix Bapuammii JICH

OKCIepUMEHTAIBHO TOJIYYCHHBIE BPEMEHHBIC Ba-
puaryu JICY npeacrapnstor co0oil Hallo)keHUe KBa-
3UNEPUOJUYECKUX U clydaifHbix Bapuauui JJCY.
Bo3M0OXHOCTD BBIIEICHHS NEPBBIX U OLEHKH UX Ma-
paMeTpoB 3aBUCHUT OT OTHOIIEHHS CHUTHAI/IIYM ¢.
[Ipu >1 cnyuaiiHsle Bapuanuu (IIyMbl), €CTECT-
BEHHO, CJ1a00 BIUAIOT Ha 3P PEKTUBHOCTH OOHApYKe-
HUS ¥ OlIeHKY napamerpoB BB. HanGomnbmnit naTe-
pec npeacTasinsieT cutyanus korga  <1. [lns ouen-
ku BiaustHUA 1rymMoB [ICY MBI ipoBenH MoJIeNbHbIE
HCCIICIOBAHUSI.

Ha puc. 1, 6-0 npusenens! Bapuanun JICY Ha Gone
aJTUTUBHOM MOMEXH B BUJAE HOPMAaJIBHOTO OEII0ro
IrymMa cO CIEAYIOIMMH TapaMeTpaMH: CpeaHee
3Hauenne paBHo 0 I'l u cTaHmapTHOE OTKIOHEHHE
0=0.01, 2Y2.107%, 0.02Tu (Tma"enu 6, 2 M 0 COOT-
BETCTBEHHO). [Ipy 5TOM OTHOIIEHKE CUTHAT/IIYM (] =
A? / 26°, 11e A — aMIUTHTY/a TapMOHMYECKOTO CHI-
Hana, uMmeeT 3HaueHus 2, 1, 0.5 cooTBETCTBEHHO.

U3 puc. 1, 6—0 BUIHO, YTO Aake MPU HATUIUU
IIYMOB I0JIE3HOE KOJieOaHNe BBIICISIETCS IOCTATOY-
HO yBepeHHo, eciu (= 0.5.

4. Pe3yabTaThl HAOJIONEHHUI
4.1. AKycTHueckue BOJIHbI B aTMocdepe

Ha puc. 3, a, 6 nokazaHo pacrnpe/ielieHHe CUTHAla
¢ yacrotoii 4.2 MI'1| mo kaHajaM BO Bpemsl HaOJIro-
nenuit 23 u 24 mapra 2010 r. Bepxusis gopoxka
COOTBETCTBYET IIEPBOMY KaHATY (IeHCTBYIOIINE BbI-
cotbl 75+150 kM), ciemyromias — BTOPOMY U T. 1.

Ha puc. 4, a, 6 npuBeaens Bapuamuu JCY
U aMIUTUTYABI (TyHKTUP) OCHOBHOM MOJIbI CUTHAJIA
¢ vactotod 4.2 MI', mpuHATOr0 ¢ JCHCTBYIOIINX
BeicoT 300+375 kM (MCTHHHBIE BBICOTBI OKOJIO
200+240 kM), B epuosl BPEMEHH, BKJIFOUAIOIIHIA
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Puc. 2. HopmupoBaHHBIE TUHAMHYECKHE CIIEKTPbI MonenbHbIX Bapuatmii JJCY (a) u Bapuanuu ux ammutyz (6). iHTepBan ananmza

criektpoB — 30 MuH, 6e3 nepekpsITus. LT — MecTHOE BpeMs, Ay .x — aMIUIUTYIa OCHOBHOH CIIEKTPAIBEHON COCTABIISIONIEH

MPOXOXKJICHUE COTHEYHOTO YTPEHHETO TEPMUHATOPA
23 u 24 mapra 2010 . UuTEpBan OUEHKH JOMIEPOB-
CKOTO cIieKTpa OueHui paBeH 60 c.

Ha puc. 5, a npuBeaeHsl HOPMUPOBAHHbIE TUHA-
Mudeckue crnekTpsl A 23 mapra 2010 1, momydeH-
HBIC 110 METOAMKE, U3JI0’KeHHOH Bhiwe. [IpeaBapu-
TeJbHas MOJIOCHO-TIPOITyCKatoIas GUIBTpaus mpo-
BefeHa B monoce 6+12 . OT(UIBTPOBaHHbIIL
BPEMEHHOW psJ TOJABEPTrCcs CIEKTPAJIbHOMY aHa-
JU3y C TPEBapUTEIbHBIM yAaJIEHUEM OCTaTOYHOTO
HH3KOYacTOTHOro TpeHxaa. MHTepBansl aHanusza
0e3 nepekpoiTus paBHbl 30 MuH. Ha puc. 5, 6 nmoxka-
3aHBl MAKCUMYMBbI COOTBETCTBYIOIIMX CIIEKTPOB.
AHanu3 criekTpoB OyzieM IPOBOJAUTH B 3aBUCUMOCTH
OT UX MakCUMaJIbHOTo 3HaueHHud. Haumnas ¢ 15-ro
cnektpa (o Bpemenu ¢ 7:00 LT, LT — mectHOe Bpe-
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Ms), B CIIEKTpax MOSABISIOTCS TAPMOHHMKH C YacTO-
tamu 8 u 10 u', uTO CoOTBeTCTBYeT NEpuonam 7. 5
n 6 muH. KonebaHusi ¢ TakuMHU TEpPHONaMU MOTYT
OBITH BBI3BaHBI MPOXOXKACHUEM B arMocdepe akyc-
TUYECKHUX BOJH. ICTOYHMKOM MX TeHEpaIllii MOKET
ObITh conHe4YHBIN TepmuHarop. Bocxon Comnia B
3TOT AeHb UMen MecTo npumepHo B 05:30, 04:30,
04:10 u 03:40 LT na Beicorax 0, 100, 200 u 300 km
COOTBETCTBEHHO.

U3 puc. 5, a u 6 cnenyer, uto B criektpe ¢ N =15
JIOJDKEH HaOIIOAAThCS YT ¢ YaCTOTON 3allOHEHNS,
pasuoi 10 q_l, U amrutynoi okono 33 mI'm.
[IponycTim OTGUIBTPOBAHHBIN BPEMEHHOM PS/I ye-
Pe3 MOJIOCHO-TIPOITY CKAIOLINIA (PMIIBTP C LEHTPab-
Hoi#t wactoToit 10 u™ 1 momocoit 2 4. Ha puc. 6
MIpUBEACHBI MoNTydyeHHbie Bapuanuu JCY.
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Puc. 3. Pactipesienenyie ciuruasia BBICOKOYACTOTHOTO 30HANPOBAHHUS M0 KaHaiaM: a — 23 maprta 2010 ., 6 — 24 mapra 2010 r. Bepxasis
JIOPOXKKa COOTBETCTBYET IIEPBOMY KaHAITy (IeHcTByIomue BeIcOThl 75+150 kM), yactora 3oH1upoBanus —4.2 MI'g
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Puc. 4. Bapnaru JICY n aMmumaTy eI (IyHKTHP ) 0CHOBHOM MOJIBI (4-# KaHAT) BRICOKOYAaCcTOTHOTO curHasa: @ —23 mapra 20101,
6 —24 mapra 2010 . Yacrora 3oaanpoBanms — 4.2 MI'n

338 ISSN 1027-9636. Paouoghusuxa u paouoacmponomusa. T. 17, Ne 4, 2012



ObHuapyaicenue K8a3unepuoOUteckux npoyeccos 8 UOHocpepe 8 OUAna3oHe aKycmuKo-2pasUMayUOHHbIX 601H

Hauano — 00:30 LT IIponomxenue
S/8 pax /S max
,—-'"‘f HHM,__H__ 4 d__ﬂ-r"ffﬂ- ]
T | AT LTI T 171 L 11
1] [t ™ //. [
. | [ 2 . pd -12
- ) o 11T s
| T ]
TT1 41 -3 E 7 r13 E
L1 ] o - I Z
41 ™4 o 4171 ™ L14 ©
AT . ’ LT g
|1 It I I ol N =M - ™ =
1 ™ g I o I e =
o /h__& - 5 = - LT -15 5
d e B T U e E
b =11 B N ,__'_,.-—-"' B =8
ﬂ_,f“'m-_hfﬂ”‘”f Bmw . § P Sy . §
4 L] L i L
T L] [ | Fe - AL T8
|+ M | | I S Py
. P o 9 411 L19
=
10 20
0 5 10 0 5 10
ImKmrdeckas yacToTa, o\ IuKmgecKas 4acToTa, 4!
a
A, TI
0.05 1
0.041 \
0.03 \ /
ML
0.024 ] k \‘
0.01 7 \1\

01:00 03:00 05:00 07:00 09:00
Bpemsa LT
6

Puc. 5. HopmupoaHubie quHamudeckue criektpbl Bapuarmid JJCY (a) u Bapuanmu ux ammuatya (0) it 23 mapra 2010 ©. MaTtepBan
aHanu3a crekTpoB — 30 MuH, 6€3 TepeKphITH

ACY, T'n
0.04 =

0.02 -
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-0.02 4
—-0.04 -
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OrH. BpeMs1, MUH

Puc. 6. Bapuauuu JICY mocsie mon0CHO-POITyCKaomeil pumbTpariu (napaMeTpsl (pUIbTpa: HeHTpanbHas yactoTa — 10 a ™,
monoca— 2 4™ s 23 mapta 2010 T

W3 puc. 6 BUIHO, 4TO B JaHHOHW MOJOCE HAONIO-  BAalOT YIOBJIETBOPUTEIBHOE COOTBETCTBUE PE3YIIb-
naercs MakcumyM JICU ¢ amrmutynoit okoio 40 mI'y  TaTOB MpUMEHEHMs CHEKTPaIbHOIO aHAIU3a U IO0-
npu t=440 wmwuH. [lomydeHHbIE OLIEHKHM MOKa3bl-  JIOCHO-TIPOITYCKAIOMIEH (DMIIbTpaIIHK.
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4.2. BI'B B atmocdepe

Meronuky, U3I0KEHHYIO B pasnene 3, Oymem wuc-
MOJIb30BAaTh JUIsI OOHAPYKEHHSI HU3KOUACTOTHBIX aT-
MocdepHBIX BOIH, Ha3biBaeMbix BI'B, ¢ mepuona-
Mmu 6onee 10 MuH. J{nst ycTpaHeHUsS! BBICOKOYACTOT-
HOTO ITyMa BHadajie MPUMEHUM HHU3KOYaCTOTHBIN
(GUIBTP K UCXOAHOMY BpEeMEHHOMY psny. YacTora
orceukn (uasTpa pasHa 6 u . Jlanee mogBepraem
BPEMEHHOH pAI CHEKTpajJbHOMY aHanu3y. MHTep-
BaJl aHayin3a paBeH 60 MUH, CABI)KKA TWHAMHUYEC-
KHX CrIeKTpoB — 30 MUH. YIanuM 0CTaToYHBIN MOJTH-
HOMHWHAJBHBIN TpeH I 2-i cteneHu. Ha puc. 7, a u 6
pHUBEIECHB HOPMUPOBAHHbIE TUHAMUYECKUE CIICK-
TPBl U COOTBETCTBYIOIIME UM MaKCUMYMBI JJIS
23 mapra 2010 r. MakcumanpHOE 3HAYEHUE TUHA-
Mu4eckoro criektpa, pasHoe 0.2 I'm, Habmogaercs

Hagamo — 00:30 LT

B 6:00 LT u cooTBeTCTBYyeT KOJIEOAHUSIM C TEpPUO-
oM B 20 MuH.

Ha puc. 8, @ npusenens Bapuaruu JCY, mpormy-
LICHHBIE Yepe3 IMOJIOCHO-NPOIYCKAOMUN GuisTp,
apaMeTpsl KOTOPOro Cleqyloliue: LEeHTpalbHas
4acToTa paBHa 3 a ! momoca — 1y

AHanoru4HbIe JaHHbIE, CBA3AHHBIE C MPOXOXKIE-
HHEM YTPEHHEro TE€pPMHUHATOpPa, MOJYUYEHBI I
24 mapta 2010 1. Ha puc. 3, 6 noka3zaHo pacnpeje-
JIeHWe CUTHajIa 1o kaHanaMm. Ha puc. 4, 6 mpuBeneHbl
Bapuaru [ICY u aMIUIMTY[IBl TIaBHOTO MaKCHMY-
Ma JMHAMHUYECKUX CIIeKTpoB OmeHuil. Ha puc. 8, 6
noka3ansl Bapuanuu JICU, nponyieHHbIE depe3
M0JI0COBOM (UIIBTP C MPUBEICHHBIMHU BBILIE Iapa-
MeTpamu. [lodydeHHble naHHBIE MOATBEPKAAIOT
nosinenne BI'B ¢ nmepuogom 20 MuH BO BpeMs
MIPOXOXKJICHHSI TEPMHUHATOPA.
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Puc. 7. HopmupoBaHsbie quHamuueckue criektpbl Bapuanuii JJCY (a) u Bapuarmuy ux amrumtyf (6) it 23 mapra 2010 . Matepsan

aHaJiu3a cekTpoB — 60 MuH, ¢ nepekpriTueM 30 MUH
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Puc. 8. Bapuaruu JICY nocne nmonocHo-mponyckaromieid GuibTpanuu (mapaMmeTpsl GuiibTpa: HeHTpaNIbHas 4acToTa — 3 a*, 10-
noca—1u™) g—23 mMapra2010T, 6 — 24 mapra 2010 1.

5. O6cyxknenne rae M — 49uciio HE3aBUCHMBIX OTCYETOB.
TTosy4eHHbIE PE3YIIBTATH COOTBETCTBYFOT MOJIET -
Hist oueHku 9 GEKTHBHOCTH QUIBTPALUA UCIIOIb- gy naHHBIM. Prc. 1, 6-0 TEMOHCTPUPYIOT BIUSHUE
syercs Mozienb Bapuatmii JICH B BUJIE CYNeprosn-  gnnyruproro Genoro myMa (cilydaifHbIX BapHALHid
UMM KBA3MTapPMOHMYECKHMX IYTOB C PAsIMYHBIMA  JICY) a ofHApysKEHHE HCKOMOTO IyTa. 13 pHCYHKOB
NICPUOJAMH, AMILTHTYAaMH, BPEMCHAMH TIOSBNCHAS ¢ jrenvier, 4T0 TIPH OTHOIICHIH CHIHAT/IIYM (IO MOIII-
M JUIATENBHOCTAMH. 3aBHCHMOCTD AMILTHTYIB M U= yocryr) > 0.5 myr 0GHAPYKHBAETCS C TOMOIIBIO
TENBPHOCTH OT NEPHONIA OEPETCS M3 IKCIEPUMEHTAIb"  11,110CHO-MPOMy CKAIOMIEH (BHTHTPAIIHIL.
HbIX JaHHbIX. Ha puc. 1, a npuBeaeHsl UCXOAHBIE T1pH OTCYTCTBUH APHOPHBIX CBEICHMIT O CIIEKTpe
sapuaiun JICH. B npesnonokenuu, 9To 4acToTa  gapyanyii JICY npeiBapuTeIbHO IPOBOAHTCS CIIEKT-
3aIlOJIHCHIS HCKOMOTO I1YTa B AANAOHE AKYCTUYEC.  pajpypijf analu3 B HCCIEAYEMOM JHAIA30HE HaC-
KUX BOJIH Ha BbIcoTax woHOChepbl (6+12 9™) wu3- TOT, HampUMep Ul aKyCTHYECKHX BOIH. MHTepBan
BECTHa anpHopH i pasha 10 4™, MPOBOAUTCS MOJIOC- aHanM3a CIIEKTpa JUIs 3TOrO JMaria3oHa BhIOUpaeTcs
Ho-nporryckatonas punsrpaus. Ha puc. 1, 6 puse-  papypny 30 mun. HH3KOYaCTOTHBIN TPEH/ yATSeTCs.
nenst Bapuatnn JICH mocne dpunbrpauun. WyMbl  Cpegrparmpibit anamms MoxesHbIx Bapuait JJCU o-
npu t=0+30c caasanbl ¢ KpaeBbIM dIPDEKTOM 3501y oGHAYSKHTH Bee HMyTH B 33AHHOM JHATIA30HE.
¥ KOHEYHOCTHIO BPEMEHH YCTAHOBJICHHUS (DHIBTPA. 3aMeTHM, UTO MY HATHYHH LTHPOKOTIONOCHBIX MO~
W3 puc. 1, 6 onpeziensiercst Bpems NOSBICHUS, VM- yiex (peskux ckaukos JICH) 1010CHO-TIPOITyCKaowas
TEIEHOCTE M aMIUTMTY/1a UCKOMOTO Lyra. AMIUMTYI  dyyigrpatiist MOYKET IPHBOMIHTS K 3201y K ICHHSIM IIPH
Lyra HAXOJTCS 13 OLLeHKH CIIEKTPATBHON IIOTHOCTH  opcke rapMOHHK C 3/[aHHBIM repuoioM. Jist HCKTiO-

§ momHoCTH 110 hopmyre YEeHHUsI TAKKX CHTYalUi POU3BOIMIACK TIOJIOCHO-TIPO-
mycKaromasi GPUIBTPaIKs B COCEHUX CHEKTPAIbHBIX

2 i -

A= - 3 okHax. [Tpy MIMPOKOIIOIOCHOM MOMEXE AMILTUTY/IbI CUT™

HaJla B COCCIHUX CIICKTPAJIbHBIX OKHAX OKA3bIBAIOTCS
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COM3MEPHMBIMH. JTO M CITy>)KUT KpHTEpHUEM OTOpa-
KOBKH MCKOMOT'O BOJTHOBOTO IIyTa.

CoOOTBETCTBHE PE3YIbTATOB MOJECIBHBIX pacue-
TOB ¥ 3KCIIEPIMEHTA MPOBEPEHO B XOZE U3MEPEHUI
Bapuaruii JICY curaaia qomiepoBCKOro BEICOKOYA-
CTOTHOTO pajapa BO BPeMs MPOXOKICHHUS COTHEU-
HOro tepmuHaTopa. OnucaHHasi METOJUKA IMO3BO-
JISIeT HAWTH NePUOoJ ¥ aMIUTUTYLy KBa3UIIEPHOIUIEC-
KOT0 Tpoliecca B HoHochepe.

O11eHNM OTHOCHUTENTFHYIO aMITIUTYLy BO3MYIIIEHHHA
KOHLICHTPALMH 3IeKTPOHOB Oy B mone AI'B. [Tyt 3toro
BOCIIOJIb3YEeMCSI COOTHOIIIEHHEM U3 paboThl [16]:

_CTE
N anlL f

TJie ¢ — CKOPOCTh CBeTa B Bakyyme, 1 —nepron AI'B,
fs —ammutyaa JICU Ha wacrtote f, L — xapakTep-
HBII BHICOTHBIH MacITab H3MEHEHHUS Jy .
Ipu T =6 mun, fy, =30+40 My, f =4.2 MI'y
u L=50 kv numeem &, =0.14+0.18 %.
Hns BI'B ¢ T =20 mun amnautyga JCY
fygo =0.15 I'm. Torma 6 = 2 %. Bunno, uro 3Have-
Hue Oy it BI'B Ha mopsigok 6osibliie, yeM ais aKy-
CTHYECKOH (MH(pPa3BYKOBOI ) BOJIHBL Takue nepuoabt
Y OTHOCHTEJIbHBIE aMIUIUTY/bl BO3MYLICHUH KOHLICH-
TpalMH JIEKTPOHOB COOTBETCTBYIOT PE3yJbTaTam
JIPYTUX UCClienoBanuii (cM., Harpumep, [10—13]).

6. BbiBoabI

1. [IponemMoHCTpUPOBaHO, YTO COBMECTHOE MpHUMe-
HEHHE CIIEKTPaJIBHOTO aHAITN3a U ITOJIOCHO-TIPOITy CKa-
ronieii GUIbTparyu BisieTcst 3PPEKTUBHBIM UHCTPY-
MEHTOM JIJIsl BBISBJIICHHs JOCTaTO4YHO ciabbix BB
B HOHOC(hepe, BBI3BAHHBIX PACIIPOCTPAaHEHUEM aKyC-
THUKO-TPaBUTALMOHHBIX BOJTH.

2. Metoauka mo3BoissieT BbIIBUTH BB, koTopbiM
cootBercTByeT amruutyaa JICH ve menee ~ 10 ml T,
a ammmtyga oy =0.1%.

3. [lokazaHo, YTO JBMIKEHUE COJIHEUHOTO Tep-
MUHATOpa COMPOBOXIACTCS KOJICOAHUSMH, KOTOPHIE
COOTBETCTBYIOT KaK aKyCTHYECKHM BOJIHAM (TIEpHOI
6-+7 mun), Tak 1 BI'B (nepuon oxomno 20 muH).

4. OTHOCHTENBHAS aMIUTATYIA KOJICOAHH KOHIICH-
TpalMK IEKTPOHOB B MMOJIe aKyCTHUECKOM BOJIHBI U
BI'B 65112 oxono 0.2 u 2 % CcOOTBETCTBEHHO.

ABTOpBI O1aroiapHbl pereH3eHTy U 3aMECTUTEII0
IJIAaBHOTO peAaKTopa kypHaia akageMuky HAH Yk-
pausbl A. A. KoHoBaneHKo 3a MoJyie3HbIe 3aMeqaHusl.
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BUSBJIIEHHA KBA3IITEPIOMYHUX ITPOLIECIB
BIOHOCO®EPI YV ATAITA30HI
AKYCTUYHO-TPABITALIIMHNUX XBUJIb

OmnuncaHo METOAUKY BHIIUICHHS KBA3iIepiOAUIHNX KOJIHBAaHb
(LyTiB XBWJIb) 3 YaCOBUX PSAJIIB 3HAYESHB JIOTICPIBCHKOTO 3CYyBY
JaCTOTH PafiOCHTHAIB JOILIEPIBCHKOTO BUCOKOYACTOTHOTO pa-
Jlapa BEPTHKAIbHOTO 30HAyBaHHs. [l BUAIICHHS KOJUBAaHb
i3 cyMillli CUTHAJTY Ta IIyMy BUKOPHUCTOBYBaJIaCh CMYTO-IIPO-
MmycKaroua QuIbTparis pa3oM 3i CHeKTpalbHUM aHai3oM. [Toka-
3aHO ¢()EKTUBHICTh BH/IIJICHHS KOJMBAaHb, 10 BiAMOBINAIOTH
SIK aKyCTUYHHM, TaK 1 BHYTPIIIHIM TpaBiTalliiHUM XBUIISIM.
Mertonuka 3acTOCOBaHa JUTsl BUUICHHS KOJIMBAaHb, TEHEPOBAHHX
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PaHKOBHM COHSYHHUM TepMiHATOpoM. IIposeMOHCTpPOBaHO,
IO PyX TEPMiHATOpa CYIPOBOIKYBABCS KOJIMBAHHSIMU 3 TIE€pio-
naMu 6+ 7 120 XB Ta BITHOCHUMH aMIUTITYJaMu 30y peHb KOH-
HeHTpaii enekTpoHiB Ou3bko 0.2 Ta 2 % BiNoBiHO.

V. F. Pushin and L. F. Chernogor

V. Kazarin National University of Kharkiv,
4, Svoboda Sq., Kharkiv, 61022, Ukraine

DETECTING OF QUASI-PERIODIC OSCILLATIONS
IN THE IONOSPHERE WITHIN
THE ACOUSTIC-GRAVITY WAVES RANGE

A technique for estimating parameters of quasi-periodic oscilla-
tions (wave trains) in time series of Doppler shifts acquired
by HF Doppler radar at vertical incidence is presented. The
oscillations were extracted from the mixed signal and background
noise by employing a bandpass filter together with spectral ana-
lysis. The efficiency of extracting oscillations has been shown
for both acoustic and internal gravity waves. The technique has
been used for extracting oscillations generated by the dawn ter-
minator. The terminator has been demonstrated to be associated
with oscillations of electron density with 6+7 and 20-min
periods and amplitudes of 0.2 and 2 %, respectively.
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