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CIHEKTPAJIBHBIN AHAJIN3 BUEHU OITIOPHOI'O CUTHAJIA
" OTPAXKXEHHOTI'O OT HOHOC®EPHI BU CUTHAJIA

YAK 550.388

Axmyanvrocms pabomul 00y ciogneHa Heobxo0UMOCMbIO UCCIEO08aHUsL PuzuyecKux 3¢hghexmos, conposodicoalouux npoyeccol
6 macnumocghepe u uonocepe. [ns nabaodenuti ucnonvzosaics donieposckuii BU paoap eepmuxaibnoz2o 30H0uposanusl.
st 06pabomku OanHbIX NPUMEHSLICS CNeKMPATbHbLU aHANU3 OUeHUTI 8 pedicuMe OONAePOSCKOl uibmpayuu 0isi 0OHapyIce-
Hus akycmuyeckux 601H. CnekmpanbHblll aHaiu3 UCHONb308AICA MaKdice Oisi 8bloeNeHUsl Ko1ebanull 8 Ouanasone 4acmom
1+12 Iy (snexkmpomacnumuvie VHY 60nnol). Memoouka 06pabomku nposepsiace nymem YucieHH020 dKCnepumenma. Jxcne-
PUMEHMANILHO YCMAHOBIEHO, Ymo 8 OHegHoe epemst Habooaromes YHY eonnvt ¢ vacmomoti 1.5 Ty.

Kniouegwie criosa: mopenupoBanue Ouennii BU curnana, pomiepoBckuil panap, HoHocepa, CeKTpaIbHbINA aHaIN3,

QJICKTPOMAruuTHbIC VHY BOJIHBI, aKyCTHUYCCKUC BOJIHBI

1. Beenenue

OnxauM 13 3G (QEKTUBHBIX METOIOB HCCICAOBAHUS
HECTaIMOHAapHBIX MPOIIECCOB B MOHOC(]Epe HUKE
Makcumyma ciost F2 (Beicotsl z =100+300 M) sB-
nsieTcst BeicokoyactoTHoe (BY) 3onamnpoBanue Ha
¢ukcupoBaHHbIX yacTtoTax 1.5+15 Ml ¢ u3mepe-
HHeM OMCHUI 0TPaKEHHOTO CHTHANA ¥ CUTHAJIA OTIOP-
HoTro reTepoanHa [1]. OCHOBHOE JOCTOMHCTBO ATOTO
METOJIa — BBICOKAsl YyBCTBUTEIHHOCTh K BO3MYIIIE-
HUSM HOHOC(EPHI ¥ BO3SMOKHOCTH X HETIPEPHIBHOTO
MoHuTOpuHra. K HegocTarkam MeTofa cliemyer oT-
HECTH OTHOCHUTEIBHYIO CIIO)KHOCTh WHTEPIIPETAIIUU
pe3ynbTatoB n3MepeHuit. OcoOblli HHTEpEC Mmperc-
TaBJISIFOT MCCIIEIOBAHMUS BOJTHOBBIX MIPOIIECCOB B HEM-
TpabHOM aTMocdepe 1 HoHoCc(hepHOI TIIa3Me, YCII0-
BUI1 UX F'€HEepalMK U pacrpocTpaHenus. Jleno B ToMm,
YTO BOJHBI B cHCTEME 3eMJisl — aTMoc(epa — HOHO-
cepa — MarHuTOC(Eepa OTBETCTBEHHBI 32 B3aHUMO-
JIefiCTBUE TIOACUCTEM B 3TOW CHUCTEME, 3a TMEPEHOC
SHEPTHH, BOZMYIIEHUH U T. 1.

B XapbkoBCKOM HallMOHAJIbHOM YHUBEPCHUTETE
umenu B. H. KapasuHa B TeueHHe HECKOJIBKHX JIe-
CATUJICTUN MPOBOJAMTCS 30HIUPOBAHUE UOHOCHEPHI
noriepoBckuM BY pajgapom BepTHKaIbHOTO 30HIH-
poBanus. B pesynpTare HaKOIUIEH OOITMPHEBIN OaHK
TIEPBUYHBIX JIAHHBIX, CBA3aHHBIX C PA3TUUYHBIMU ['€0-
(PUBUYECKUMU SBICHUSIMH €CTECTBEHHOTO U aHTPO-
TTOTEHHOTO TIPOUCXOK/ICHUS (COMTHEYHBIN TepMUHA-
TOp, COJTHEUHBIE 3aTMEHUS, 3eMIICTPSICEHHSI, ITyCKU
U TIOJISThI PAKET, HArpeB MOHOC(EPHl MOIIHOW pa-
JTMOBOJIHOM U T. 11.).
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Lenpro paboTHI SBIAETCS H3ydeHHE BO3ZMOYKHOC-
TH pacIIMpEHUs] TPAIAUIMOHHOTO Juara3oHa dvac-
TOT HAOJFOAEMBIX TIEPUOIUICCKUX BOJHOBBIX BO3-
MYTIEHH, HalpuMep, B 001aCTh aKyCTHIECKAX BOITH
[2—4] u yapTpanuskoyacToTHbIX (YHY) snekrpomar-
HUTHBIX BOJIH B IJ1a3Me [5—7] ¢ MOMOIIBIO U3MEHE-
HHSI METOJMKH 00pabOTKH.

2. CpeacTBa JMArHOCTHKH

JoruiepoBckuid pajap BEpTUKAIBHOTO 30HIUPOBA-
HHSI MOHOC(hEpHl MCTONB30BAJNICS IIISI pETHCTpa-
nuu MoHOoc(epHBIX BO3MyIeHUi. Pamap pacmoo-
eH BONM3M T. XapbkoB (YKpanHa) Ha TEPPUTOPUU
Papnodusuueckoii odbcepBaTopun XapbKOBCKOTO
HaIMOHAJIBHOTO YHHBepcuTeTa uMeHu B. H. Kapa-
3uHa, ee KoopauHaTel: 49°38" c. mr, 36°20° B. 1.
OcHOBHBIE MTapaMeTphl pajapa: AWana3oH 4acTOT
f =1+24 MI'n, umMnybCHAS MOIITHOCTD Parionepe-
Jlaroniero ycrpoiictsa — 1 kBT, 1iuTenbHOCTb 30H-
JUPYIOLIEro umiyisca T= 500 MKC, 4acToTa IIOBTO-
penust umnyinbcoB — 100 [', mosoca mponyckaHust
¢uneTpa paguonpuemHoro ycrpoictsa — 10 I'm.
Yacrora BEIOOPKH BBIXOJHBIX JaHHBIX paBHa 10 [
AHTeHHas cucTeMa NpeJICTaBIsIeT COO0H BEpTHKAIb-
HBIA poMO ¢ Kodduumentom ycmeHust G =1+10
B 3aBUCHMOCTH OT YacCTOTHI 30HAMPYIOLICH BOJHEI.
[Ipn TakoM moTeHUIMae pajapa OTHOIICHUE CHUT-
HaJI/TIoMexa g B HouHoe Bpems nocturaer 10° +10°,
B nueBHOE Bpemsa g oObYHO Ha 1+2 mopsaka
MeHbIe. Pamap compsikeH ¢ MepcOHaATbHBIM KOM-
MBIOTEPOM, 00pasys MPOrpaMMHO-aNapaTHBIN KOM-
IJIEKC, BEAYIIMA M3MEPEHUS U MpeaBAPUTEIbHYIO
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CnexmpanvHulil ananuz OGueHull ONOPHO20 CUSHALA U OMPAJICEHH020 om uoHocgepvl BY cuenana

00paboOTKy OTPaKEHHOTO OT HOHOC(EPHI CHTHAIA B
peanbHOM MacmTade BPEMEHH.

JlorepoBekuii pajiap OTHOCUTCS K BRICOKOIIPEIIU-
3MOHHBIM PagUOCHCTEMaM. 3a CYET BHYTPECHHEIO
KBapIIEBOTO CHHTE3aTOPa YaCTOTHl HA OCHOBE TPHU-
6opa U631 obecneunmBaeTcs KpaTKOBpeMEHHas
(B TeueHnn 1 MMH) OTHOCUTEIJIbHAS HECTAOMIILHOCTh
gacToThl 0kono 1.5-107"" (abcomoTHas HecTabUIb-
HOCTB — 0Koto (4.5+6)-107* T'm). JlonroBpemeHHas
HEeCTAOMIHLHOCTh YaCTOTHI KOHTPOIUPYETCS pyOH-
JIUEBBIM CTaHAApTOM 4YacToThl Y1-69, y xortoporo
OTHOCHUTENbHAS HECTaOMIBHOCTh YaCTOTHI COCTaB-
nseT okono 107",

Paspemaromas cmocoOHOCTh pajapa 1Mo 4acToTe
Oomuska x 17 ml'm.

B nacrositieid pabote paccMaTpuBaloTCsS pesyiib-
TaThl U3MEPCHH, BHIMIOJTHCHHBIC HA YaCcTOTaX 30H-
nupoBanus 3.2 u 4.2 MI'.

BricoTHas MPOTSIKEHHOCTH OTPaKEHHOTO CHT-
Haima paBHa ¢T/2=75 KM (¢ — CKOpPOCTh CBeTa
B BakyyMe). [1o3TOMy MCTIOIB30BANOCH CTPOOHPO-
BaHHE I10 BBICOTE C NUCKPETHOCTBIO Az =75 KM B
Jana3oHe ACHCTBYIOMIMNX BBHICOT Z’=75+450 xm
(MM cOOTBEeTCTBOBAIM 1—5 KaHaJdBl NMPUEMHO-
peructpupylomel annapatypsl). B ocHoBHOM Ka-
HaJle aMIUTUTY/la CUTHAJIa IPUHUMAJIa MAaKCUMallb-
HbIe 3HAUEHNUS, B IPYTUX KaHAJIaX OHA ObLIa 3aMeT-
HO MEHBIIIE.

3. MoaemupoBanue mpouecca OMeHmit
3.1. O0mue COOTHOIMIEHUS

B pamkax narepdepennmonnoit moxenu [ 1] BY cur-
Hajia, OTPaXKCHHOTO OT MOHOC(EpPHI, pACCMOTPUM
CYIEPIO3HIINI0 M CHHXPOHHBIX CKaJIIPHBIX TapMO-
HUYECKUX KOJICOaHMI

M
s = 2 A cos(wt —@,).
i=1

[Tocne npeoOpa3oBanuii nmeem [ 8]

s = Acos(wt — @),

rae
M
R ZAi sin @,
A ZZZAI-A]- COS((P,- —(Pj)» tg(p:?\;l—
=1 j=1 Z A; cos,

i=1
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PaccMoTpuM BaXkHBIM YaCTHBIM CiTydaid, KOrja OaHO
13 KOJICOaHH UMEET aMIUTUTYy 3HAUUTEIILHO 00JIb-
Y10, YeM aMIUTHTYbI IPYTHX KoJeOaHuH, T. €.

A >4, i=2,3,.., M.

Torma mis aMIIUTY MBI OMEHUH TTOTYIUM

M
A= 4+, 4;cos(9, ~9)). 0]

i=2

CornacHO JaHHBIM MHOTOUYWCIEHHBIX JKCIEPH-
MEHTOB ITpH 30HAUpOoBaHNHU F-00mactn moHOCheps
JoBONBHO 4acto (1o 50 % cmywaeB) BCTpedaeTcs
OJIHOMOJIOBBIN curHai. B stom ciyuae 4, Oyner
aMIUTATYIO0N KoJIeOaHHUI CUTHAJIA OTIOPHOTO TETEPO-
InHa, a A, — aMIUINTYAON CUTHaja, OTPaKCHHOTO
oT noHocdepsl. Yncto naTepdepeHIInOHHAST MOACTH
CHUTHAJIa HEe YYHUTHIBaeT MU(PAKIHOHHBIE 3P PEKTHI
U CTaTUCTHYeCKHE dPQEKThl paccesHUsI Ha MEJKO-
MacITaOHBIX HEOJHOPOIHOCTSIX IEKTPOHHOH KOH-
ueHtpanuu. C y4eToM paccesiHusl CUTHaIa Ha MeJl-
KOMAaCIITa0OHBIX HEOTHOPOTHOCTIX UMEeM IS (pa3wl
OveHmit

0, =@, =) +6(0), @

rne d(z) — meTepMUHUPOBAHHBIN Tporiecce, O(7) —
CTaLMOHAPHBIN CITydalHbIN IPOLIECC, CBA3aHHBII € pac-
CEesTHUEM Ha MEJKOMacCIITa0HBIX HEOJHOPOJHOCTSIX.
3agada COCTOUT B OIEHKE MapaMeTpoB JETePMU-
HUPOBAHHOTO Tpoiiecca. B 3ToM citydae ciydaiiHblii
MIpoIiecc UrpaeT poiib mryMa. Kak 3To npuHATO B KOH-
LEMIUH aHATUTHIECKOro CUrHaia, OyleM HasbIBaTbh
“MTHOBEHHBIM™~ CMEITICHHEM YacTOTHI BETHUNHY

do
0=—-:.
dr

C yueroMm cootHomennii (1) u (2) BeIpakeHUe IS
OWEHUI UMEET BUJT

A(t) = A4, + A, cos(D(1)+6(7)).

Pasmepsl MenkomacmTaOHBIX HEOJHOPOIHOCTEH
MaJIbl 110 CPABHEHHUIO C pa3MepaMu 00JacTH, cyIie-
CTBEHHO BJIMSIIOIIEH HAa OTpaKEHHBIN CUTHAJ, a Bpe-
Ml UX XKHU3HH f, Majo IO CPaBHEHHIO C XapaKTep-
HBIM BpEMEHEM HM3MEHEHHUs KPYMHOMAaCIITaOHBIX
HEOJTHOPOJHOCTEN 7,,. B 3TOM cilydae mocTtaHOBKa
3a/1a9M MOXET OBITH CHOPMYTHUPOBAHA CICAYIOIINM
oOpa3zoM. 3aiaH ciayyaiiHbli mpouecc B Buue (2).
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XapaxTepHoe BpeMs IeTepPMUHUPOBAHHOTO ITPOIIeC-
ca paBHO 7,;, a A7 CTAlIAOHAPHOTO CIIy4alHOT O IIPO-
Lecca MHTepBal koppeisinun T, < f,,. B kadectse
JIETEPMUHUPOBAHHOTO MTPOIIECCa PACCMOTPHIM rapMo-
HUYECKUM mporecc

D(¢) =acos(Qt+vy,),

rae a — ammuryaa npouecca; Q=2n/T,, T,
MepHoJl KPYMHOMACIITAOHBIX HEOAHOPOJHOCTEH;
Y, — HauasnbHas (aza. [lapamerpsl 4, u 4, Oymem
CUNTATh MOCTOSHHBIMH. VICX0/Is1 M3 CKa3aHHOTO BbI-
nre, B kKauectBe 0(7) Bo3bMEM MoJeNb Oeloro nryma
C TayCCOBCKOH (yHKIHMEH pacnpeaeieHus

(0-6)°

26°

b

W(e) = ﬁ eXp| —

e O — cpenHee 3HaueHHe, G- — aucHepcus. [Ipen-
MOJOKHUM, YTO 3aJlada COCTOUT B OLIEHKE Iapa-
metpa T,,.

ITycTe nHTEpBaN aHanU3a paBeH 1 U He IPEBOCXO0-
JIUT HHTEPBAJ CTaAllMOHAPHOCTH 1porecca A(7). Jms
HMOHOC(Ephl 3HAYCHNE HHTEPBaAJIa CTALMOHAPHOCTH
6mmsKo x 10% c.

3.2. Cayyaii “menieHHbIX” MPOLECCOB

PaccmoTpum cHavana TpaauinOHHBIN CITy4daii, KoTaa
T,,>T. YcioBUMCs Ha3bIBaTh TAKUE BPEMEHHBIC
W3MEHEHHUS “‘MeyieHHBIMK . Torna MOXKHO CUHMTATh,
YTO Ha WHTEpBajie BpeMeHHu aHanmm3a [0, 7]

O(7) = 0(0)t + ©(0),

raie ®(0) =—2mnasiny,/T,;, ®(0)=cosy,. B arom
cinydae BenmmunHa £, = 0(0)/(21) Ha3bIBaeTCS 0TI
JIEPOBCKUM cMerneHneM dacToThl (JICY) Ha mHTEp-
Bajie aHanu3a. Beipaxkenue misi A(f) Ha UHTEpBalie
[0, T] mpuHuUMaeT BUA

A(r) = A + A, cos (2nf;t + D(0)+ 6(7)).

[Tony4yeHHbIN pe3yabTaT IEPEHOCUTCA Ha CIy4dai cy-
TIEPITO3UITIH M KOTeOaH .

Pazobpem maTEpBaN HaOmMIOMeHUs Ha (n—1) oOT-
pe3koB, paBubix 7. [Ipu crabom myme (T. €. a/G >1)
noxyuum psin ouerok ACY f,, i=0,1,.., n—1, misa
KaXXIOT0 OTpe3Ka:

S =—sin ﬂT"'\Vo

td td
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HckoMbli mapamerp 7,, ONpENenauM IIyTEM CIIEKT-
pabHOTO aHaNM3a BPEMEHHOTro psija. Yem GoJbiie
MOITHOCTH IIIyMa, TEM BBIIIE MOTPEIIHOCTh OIICH-
KU MapaMeTpoB JETCPMUHUPOBAHHOTO IpoIlecca.
s ipeyioxkeHHON MOIeN M IPOaHATM3UPYEM BIIHSI-
HUE CITyJaiHO# COCTaBIIIONICH (ha3bl cCHTHAJIa Ha TOY-
HOCTbH OIICHKH MapaMeTpOB JETCPMUHUPOBAHHOMN
Y4acTH CIy4aifHOTO IpoIliecca.

BonHoBbie Bo3MylieHHs B HMOHOC(heEpe ¢ Aoc-
TaTOYHO OOJBIIMMH IMEPUOTAMH CBA3BIBAIOT C
BOJIHOBBIMH TIPOIIECCAMU B HEUTpabHOI aTMoche-
pe [2, 9]. lucriepcnoHHBIC XapaKTCPUCTUKHA aTMO-
c(epHBIX BOJH UMECIOT JIBE BETBHU: BBICOKOYACTOT-
HyI0 (aKyCTHYECKHE BOJIHBI) M HHU3KOYaCTOTHYIO
(BHyTpeHHHUE TpaBUTallMOHHBIC BOJHEI (BI'B)).
Mesx Ty STUMH BETBSIMH CYIIECTBYET HE3HAYUTEIb-
Has 3anpeTHas 30Ha. JlnanazoH U3MEHEHUS BpeMEH-
HbIX nepuojioB st BI'B cocrtaBiser oT 5 MUH 70
eauHuI] yacoB. byneM nomnarars, 4ToO HA MUHUMAJIb-
HOM TIEpHOJIe JOJDKHO YKJIQJBIBATHCS, HAIIPUMeED,
ne meHee yeM ST. Torma 7 <1 mun. OnHako crie-
IyeT MTOMHHTD, YTO C YMEHbIIeHHEeM 1 yMEeHBIIIaeT-
Cs1 TOUHOCTb OLIGHKH f,.

JIi1st criekTpaibHOTO aHa3a OMeHNH, KOTOPhI Ha-
3BIBAOT JIOTUICPOBCKON (DUIIbTpariueti, OyJieM UCIob-
30BaTh JIUCKPETHBIA TapMOHUYECKUIN aHAIU3 U Me-
To11 ObICTpOTO MpeobpazoBanus Dypre (BIID) [10].
Hns onpenenenns 3uaka JJCYU BBemeM CMeEIICHHE
YaCTOTHI U3JIy4aeMOr0 CUTHAJIa OTHOCUTENILHO Yac-
TOTHI ONoOpHOro rerepoauHa Af,. Ilpu mare xBan-
toBaus Ar=0.1 c 3zamazum Af, =1 I'm — 3Ha-
YeHHe, paBHOE MaKCHUMAalbHO O0XHIaeMOMY OTpH-
naTeIbHOMY CMEUICHHUIO 4acTOThl. B merTone
BII® pa3zmep aHanu3upyeMOro BPEMEHHOTrO psjia
A = A(iAt), i=0,1,..., N=1, paBen N,tne N =27,
a umcno onerHok — (297 +1). 3amamm ¢ =9. Torma
N =512, u npu mare kBantoBanus 0.1 ¢ 7=51.1c.
JIMCKPETHOCTh OIIEHOK CIIEKTpa cocraBiseT Af =
1/T =0.02 Tu. JIns CriaKuBaHUs JIAQHHBIX Ha Kpasx
BPEMEHHOTO PsIZia UCTIONB3YETCST KOCHHYCHOE OKHO [ 10].

Ha puc. 1, a—6 npuBeneHb HOPMUPOBAHHBIC CIIEK-
TpaJbHBIC TJIOTHOCTH MOIIMHOCTH OWEHUU S mpu
f,=0.1 I'n ans nepeMernaromuxcst HOHOC(HEPHbIX
BO3MYIIIEHUH Ha MHTEPBaJie aHATN3a [T Pa3THIHBIX
CPEIHEKBAIPATUUHbBIX OTKJIOHEHUN CIy4allHOU CO-
craBysromeii ¢asel curnana (6 =1, 1.5, 3).

Ha puc. 2 mokazana HOpMHpOBaHHas CIEKT-
paybHas IUIOTHOCTH MOIMHOCTH Bapumamuii JJCU
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Puc. 1. HopMupoBaHHBIE CLIEKTPAIIbHBIE IITIOTHOCTH MOLHOCTH Ouennii BY curnananpu f,, = 0.1 I'li s nepeMemaromuxcs HOHO-
cepHbIX BO3MYILCHHUI Ha MHTEPBAJIC aHAIN3a [T PA3JIMYHBIX CPEAHEKBAIPATHYHBIX OTKJIOHEHUH ClTydaiiHOM cocTaBistonieit (a3bl
curgaina:a— o=1, 6— 6=1.5,6— 6=3

S fd / (S fd) max

0.8
0.6
0.4
0.2

[ S

0 10 15 20 25 30 fiul

Puc. 2. HopmupoBaHHasi ClieKTpaibHast IIOTHOCTH MOITHOCTH Bapuarmii ICYH
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npu oTcyTCTBHHM ImyMa juid a =10, 7,, =2 MuH u
T =20 c Ha MHTEepBase HaOIIoAeH s, paBHOM 30 MHH.

3.3. Cayyaii “ObIcTpPBIX” MpoLECCOB

IIpencrasisier uHTepec cayvail, korna 7,, <7. VYc-
JIOBUMCS Ha3bIBaTh TAKUE BPEMEHHbIC M3MEHECHMUS
“OpicTpeiMH”. B 9TOM cityuae Ha WHTEepBasie aHAIH-
3a pynkius D(¢) ABIsIETCSA HEIMHEHHON M MTHOBEH-
Has 4acToTa U3MEHSETCsl BO BpeMeHHU. Bripakenue
st A(¢) 3ammiieM B BHIC

A(t)= A + A, F|(t)cosO— A, F,()sin6, 3)
rae Fi(¢), F,(t) — IeTepMUHHPOBAaHHBIE NIEPUOIH-
yeckue ¢pynkuuu. [lpn a <1 paznoxum F;, F, B

CTETICHHBIC PSIJIbI U OTPAaHUYUMCS YICHAMU TIOPSIIKa
a*. Torna BeIpaxkenue (3) HIpUMeT BH

A() = A+ 4, (1= 0 [4)cos (1) — asin B(r) cos(C) -
~(a*/4)cos6(r) cos(2Qt)] +0(a*f31). 4)

Benmnuwnna a 3aBUCUT OT aMIUTATYABI HEOAHOPOIHOC-

TH JIIEKTPOHHOMN KOHILIEHTpaIluU |AN el -

OOb1yHO cuntarotr, yto BI'B co3garor B moHoC-
bepe kpymHOMacITabHbIE HeOTHOPOAHOCTH. CTieK-
TpainbHblil aHanu3 BI'B gaer creneHHOM 3akoH
YMEHBIIICHUS UX UHTEHCUBHOCTHU MPU YMEHBIIICHUT
rmepuona ¢ ImokasareiieM, paBHBIM 2, [9]. OTcroma
MOJKHO IPEIIOI0KHUTb, YTO C yMEHblIeHUueM 7,
yMeHbIIaercs 1 a. Tak Kak | fd| ~alT,, TO MOKHO
JIOITyCTUTh, YTO C YMEHbIIEHHEM 7,, YMEHBIIACTCS
u | fd|.

N3 cootHOmEeHus (4) clemayer, 9To IeTePMHUHH-
POBaHHBIN MPOLIECC TPUCYTCTBYET B OMEHUSIX B BHJIE
CKpbIThIX TapMoHUK. IIpu Af=0.1 ¢ yacrora Ko-
tenbHUKOBa (HailikBucra) paBHa f,, =5 I'm. Tou-
HOCTb OLICHKM IapaMerpa 7,, 3aBHCHUT OT OTHOIIE-
HUS MOIIHOCTH AETEPMHUHUPOBAHHOM COCTaBIISIONIEH
(ha3bl K MOIIIHOCTH CITy4alfHOW COCTaBIISIONICH, T. €.
OT OTHOIIEHHUS CHUTHaI/mIyM. PacueTsl criekTpoB
OueHMii, MpOBEICHHBIE B PAMKAX MOJICIHN, TOKA3aJIH,
uro npu 3aganubX a =0.1, a/o=1u T, =1 coueH-
KA 7, yCTOMYUBBI IPAKTUYECKH [ BCEX 3HAYCHUN
0, npn O=m/4, 0=m/2 omnenkn 1,;, yCTOWYUBELI
npu a/c >1/3. Tlpu npubmmxennn 6 x m/2 wum
3m/2 BimMsHWE mIyMa Ha BTOpOe ciaraemoe B (4)
ocnabeBaer.
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3.4. Cayyaii “ObICcTpbIX”
H “MeIJIeHHBIX” MPOLECCOB

PaccmoTrpum ciydaif, korga B ¢ase MpUCYTCTBYIOT
OJTHOBPEMEHHO “OBICTpBIC” U “Me/JICHHBIE” BPEMEH-
HbIe M3MeHeHus. Torma BeIpaxkeHue il A(¢) B IU-
HEHHOM NPUOIMKSHUHU IO g UIMEET BT

A(t) = 4+ 4, | cos(6— 1) -
—(a/2)(cosB(sin(w_r)+sin(w,7))+
+sin9(cos(03_t)+cos(®+t)))], (35)

rme o, =0+Q, o=0,+An,, Ao,=214Af,.
U3 cootHomenust (5) cienyer, 4To B OMCHUSX TPH-
CYTCTBYIOT KOMOMHAIMOHHBIE 4aCTOTHI ®,. Pac-
CMOTPHUM HabIogaeMble KOMOWHAIIMOHHBIE YacTo-
THl KaK (DYHKIIMH 9acTOTHI OBICTPBIX KoJieOaHM
f=Q/2n. Ilycth 4acToTa OTCEYKH HU3KOYACTOT-
Horo guisTpa f, =2 f, n Afy = f, /2. Torna B ciy-
qae, xoraa f, € [0, f,,], KoOMOMHAIIMOHHBIE YaCTOTHI
CHMMETPUYHBI OTHOCUTENBHO (Afy + f,) H

f=1 =G+ 1)

3HaueHUs f, C yBEIMUYCHMEM f IIpU MajbX f, TO-
YTH OJJHOBPEMEHHO JOCTHUTAIOT ITPABOY U JICBOM rpa-
Hun uaTepBana [0, £ ]. [Ipu nanpHelinem yBenuye-
HuM f HaOJIFoaeMble KOMOMHAIMOHHBIE YaCcTOTHI
AMEIOT BUJ:

==+ 1), fi=2fy =+ f)— 1
(6)

IJIe 3Be3/I0YKa 0003HAYaeT YacTOTy HAJIOXKEHUs. 3a
CUeT f, 3HAYCHMA f, CMEIIAIOTCS Ha BEJIUYHHY
—f,; ¥ CIIeKTpajbHas INIOTHOCTb MOIIHOCTH HECUM-
MeTpUYHa OTHOCUTENBHO (Af,+ f,). C yBenuue-
HUeM f HaOmonaeMble KOMOMHAIIMOHHBIE YacTOTHI
CMEIIAl0TCA HaBCTPEUy JIPYT APYTY U MEHSIOTCS CTO-
ponamu. U3 Beipaxkenus (6) ciemyer, 4To

2

—foadp
f_fNi2|ff f+

T. €. 4acTOTa f ONpENENsAeTCS B 5TOM Cydae HeoJ-
Ho3HauHoO. [Ipu nanpHeiimem pocTe f 4acToThl f,
HOYTH OJHOBPEMEHHO JOCTHIalOT I'PAaHMYHBIX 3HA-
yeHut f, u f.. danee OynyT HaOMOAATHCSA TONBKO
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OTpHULIATCIIbHBIC KOM6I/IHaHI/IOHHLIe YJaCTOTHhI B BUIC
YaCTOT HAJIOXCHUA

=21+ W+ 1)~ T (7

U3 Beipaxenus (7) Haxonum, 4To

f=2f+Ah+f)- 1. (8)

N3 cooTtHOmIeHus (8) ciemyeT, 4TO MaKCHMallb-
Hasl olpejelsieMas 4acTora KoineOaHHi Bblie f,
Ha BEJIMYUHY, IPUOIU3UTEIBHO PaBHYIO Afj.

[Ipennonoxum, Hanpumep, uto f, =0 I'n, Af, =
25 Tmu f=2 I'nm. OueHum 3HAYCHUS KOMOHMHA-
IIMOHHBIX YaCTOT MyTeM CIEKTPAIbHOTO aHAN3a
OueHmi. I TOro 4ToOBI IIaBHAS COCTABIISIOIIAS

S/S

max

CIieKTpa He “3a0nBaja” moO0YHBIC, YMHOKHAM CIICKTP
Ha TIepeaTOUHy0 (DYHKITHIO 3arpaJUTeIHHOTO (DHTh-
Tpa, TOCTPOCHHOTO Ha OCHOBE (PUIBTPOB HMKHHUX
1 BepxXHUX "acToT barrepBopTta [7], ¢ meHTpaIbHOM
4acToTol f, = Afy + f,; = 2.5 'l ¥ IMpHUHON TOTOCHI
b, paBroii 0.3 I'm. Ha puc. 3, a npuBeneHa CIiekT-
pajibHas INIOTHOCTH MOLITHOCTY OMeHHi curHana. Mak-
CUMYMBI CIIEKTpa COOTBETCTBYIOT 4YacToTaM Onm3-
kuM K 0.5 u 4.5 T', 4TO OTBEUaeT MOJENH OMEHUH.

Ecnu koMOWHAIIMOHHBIE YaCTOTHI BBIXOMSIT 3a
npenensl [0, /)], HaOnronaeTCsA HANOKEHUE YACTOT.
Ha puc. 3, 6 1 ¢ npuBeACHBI CLICKTPATbHBIC TIIOTHO-
ctu MomHocTu i f =6 T'u. nsapuc. 3,6 f, =0,
a ani puc. 3, 6 f, =—0.2 I'n. CpaBHUBas PUCYHKH,
BUAMUM, 4TO 1IpHU [, <0 CIEKTpalbHbIE COCTABIISIO-

0.04

0.02

S/S

0.03

0.02

0.01

SIS

max

0.041

0.021

A, &

8

Puc. 3. CnexTpaibHas INIOTHOCTb MOIIHOCTH Ouennii BU curnana BHe nosnocel 3arpaxaenus npu Afy =2.5 I'ma— f, =0 I'n,
f=2Tu, 6—- f,=0Tn, f=6Tne6— f,=-02Tn, f=6TIn
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[IHe CMECTUIIMCh B CTOPOHY YBEIUYEHUS YaCTOTHI
Ha BEJIMYMHY — f,.

[Ipn HANIMYWK CyMMBI TApMOHUK B (pa3ze OMeHMI
B JJMHCHHOM MPHOIKCHUH B CIIEKTPATLHOM IIOT-
HOCTH MOUIIHOCTH OyJeT HaOIroaThCcsi HaOOp KOM-
OMHAIIMOHHBIX YaCTOT.

B o6mem ciayudae mid oueHkH mapamerpa 7,, B
OJIHOMOJIOBOM 3KCIIEPHUMEHTE OOBIYHO UCIIONB3YET-
cs “kimaccudeckuii” ¢aszoBeIit Meton [1].

[Ipu 06paboTKe 1 aHamM3e OueHMH peabHOr0 BU
CUTHaJIa, OTPaXXEHHOTO OT MOHOc]ephl, crieayer
YYHTBIBATh ONUCAHHBIC BBIIIE PE3YIBTATHI MOCIb-
HOTO aHaJIM3a OMCHU.

4. Pe3yabTaThl 3KCHepUMEHTA

[TepeiineM K pacCMOTPEHHIO pealbHBIX OMEHUN
CUTHaJa, OTPaKEHHOTO OT HOHOC(hEpPHI, IPH BEPTHU-
kassHOM BY 30HaMpOBanny nonocgepsl. buenus cur-
Halla perucTpUpyroTcsa npuemMHou cucremoit BU pa-
napa B auanazone 0-+10 I'u. IIpu atom Ar=0.1 c,
Afy=2.5 T'n.

B ta6u. 1 mpuBeneHs KOMOMHAITMOHHBIE YaCTO-
THI U X YaCTOTHI HAJOXKEHUS f JJIs Pa3IHYHBIX
4acToT KojebaHui B ¢asze Ouenuit npu f, =0.
Hns gactor f<2.5 'l cnekTp CHMMETpPUUYCH
OTHOCHUTENIFHO YacCTOTHI CMEIIECHHS, NI 9acTOT
7.5> f>2.5 I'lt BepXHHE YacCTOTHI CIEKTpa IOo-
ABJISIIOTCSL BCJIEACTBHE HANOKECHUSI YacTOT, AJA
gacToT 12.5> f >7.5 'l monoxuTeapHbIe KOMOU-
HaIlMOHHBIE YaCTOTHI “00pe3arorcs” JecsTurep-

Tabauya 1. 3aBECAMOCTH KOMOMHAIMOHHBIX YaCTOT f,
H YACTOT HATIOKEHHST f, OT 4AaCTOTHI KoJebanmii
B (ha3e Ouenuii

STn [ Tu /T fi. Tu /i T
1 1.5 - 3.5 -
2 0.5 - 4.5 -
3 -0.5 - 5.5 4.5
4 -1.5 - 6.5 3.5
5 -2.5 - 7.5 2.5
6 -3.5 — 8.5 1.5
7 —-4.5 — 9.5 0.5
8 55 45 (10.5) -
9 6.5 35 (11.5) -

10 -7.5 2.5 (12.5) —

11 -8.5 1.5 (13.5) —

12 95 0.5 (14.5) -
166

IOBBIM (UIBTPOM (B TaONI. 1 OHM yKa3aHBI B CKOO-
Kax) U CHEKTP CTAHOBHUTCSH HECHMMETPHIHBIM.

g mpuMepa mpuBeieM pe3yabTaThl SKCTIEPIMEH-
Ta, mpoBeneHHoro 22 Mapta 2010 1. (10:30:02 mect-
HOTO BpeMeHH) Ha foruiepoBckoM BY pamape BOIH-
3 XapbKoBa Ha yactoTtax 3.2 u 4.2 MI'1.

Ha pwuc. 4, a u 6 npuBeneHbl OMCHUS, TTOJTyICHHBIE
Ha paboueit yactore 4.2 MI'T ¥ IpomyIeHHEIC Ye-
pe3 mosocoBoit husTp. LlenTpansHas moxoca Qrb-
Tpa paBHsiercss f, =4 u 1 ' coorsercTBenHo. n-
puHa nosocel ¢puisTpa paBHa b=0.2 f,.

Ha puc. 5, a m 6 npuBeacHBI T€ ke OWEeHUS, HO B
0oJiee KPYITHOM MaciuTade B OKPECTHOCTH MaKCH-
MyMa OueHWi. BwImenmeHHbIE YacTOTHI COOTBETCT-
BYIOT KOMOWHAIIMOHHBIM 4YacTOTaM JJisl BO3MYIIe-
HUSl B MOHOC(EpHOU TIa3Me C 4acTOTOM, paBHOM
1.5 T'm. Ha puc. 6, a u 6 npuBeacHBI OMECHHSI, TI0-
Jy4deHHble Ha pabouell yactote 3.2 MI'n. Makcu-
MyMBbI OMeHUH Ha 3TUX PUCYHKaX COBITIAAAI0T I10 Bpe-
MeHH. MOXXHO MPEIoNIOKUTh, YTO HAOIIOJA0TCA
KOJIEOAHUS SJICKTPOHHOM KOHIICHTPAIINN BOTU3H 00-
JACTU OTPaXKEHHUS PaJMOBOJIH C yacToTaMu 4.2 u
3.2 MTI'L.

5. O0cyxKnenue

buenus ¢ mabmomaemoii yactoToi, pagHoi 1.5 I,
MOTYT BBI3BIBAThCS, HAIIPUMEp, PaclpoCTpaHEHUEM
YHY BonH B MOHOCQEepHOHU I1a3Me, AJsi KOTOPBIX
BBITIOJTHSACTCS YCIIOBUE [4]

0, <,

e o, — Kpyrosas yacrora YHY Bomnbl, Q; — ru-
podactoTa noHoB. Jlnst norocdepst €2, =100+300 ¢ ™.
CootsercrByromas yactora F; =16+48 I'u.

YacTtoTra xonebanuit B 1.5 ['T COOTBETCTBYET
4acToTe MyJibcalldii MarHUTHOTO ToJist Pcl, peruct-
pUpyeMBbIX Ha moBepxHocTH 3emiH [6]. Takue mynb-
CalluM BbI3BIBAIOTCS MAarHUTOTUAPOINHAMHYECKHU-
MU BOJHAMHM, paCIpOCTPAHSIOLUIMMHUCS Yepe3 HOHO-
chepy. g oObsicHeHus mynbcanuii Pcl mpusie-
KaeTcs MeXaHU3M FMpPOPE30HAHCHOH (LIMKJIOTPOHHOM)
HeycToiuuBoctu [6, 11].

YHUY BonHbI B HOHOC(]EpPE MOTYT UMETh U aKyC-
THYECKYIO npupony. Bonnsl ¢ nepuomamu 1+100 ¢
IFeHEPUPYIOTCSl NOTOAHBIMU (POHTAMM, MOJIHHS-
MU, 3eMJIETPACEHUSAMU U T. A. 15 X JuarHoCTHKU
TaK)Ke IPUMEHSETCS JOIUIEPOBCKOE PAaTUO30HIM-
poBaHUE C MONOCOBOW (uibTpanueil (cM., Hapu-
Mmep, [12, 13]).
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Puc. 4. buenus cursana nocie 1moyiocoBoi ¢puibTpanuu (dactora curnana — 4.2 MI'): a — ueHTpanbHas 4yacToTa MoJjoco-

Boro ¢uibTpa cocrasiser 4 ', mupuna nonocsl — 0.8 I'l; 6 — neHTpanbHas YacToTa NoJa0coBoro Gpuiabrpa cocrasiser 1 I,
mmmpuHa onockl — 0.2 '
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Puc. 5. buenus curxaiia nocie mnojocoBoi guiabrpanuu (dyacrora curHana — 4.2 MI'n): a — neHTpanbHas 4acToTa 10JI0CO-

Boro ¢unbTpa paBHa 4 ', mmpuna nosnocel — 0.8 I'1; 6 — neHTpanbHas 4acToTa MojocoBoro Guibrpa paBHa 1 ', mmpuHa
nosocsl —0.2 I'rg
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Puc. 6. buenus curHana mocie 1mojocoBoi ¢puiabTpanuu (4actora curaana — 3.2 MI'n): a — ueHTpajibHas 4acToTa I10JI0CO-
Boro (uibrpa paBHa 4 I'u, mupuHa nosockl — 0.8 I'l; 6 — HEeHTpaibHas 4acTOTa MOJ0COBOT0 GuibTpa paBHa 1 ['u, mupuna

rostocel — 0.2 I'1x

6. BoiBoabl

MopenupoBanue oueHuit onopHoro v BU curnaos,
a TaKKe CPaBHEHUE MOJICIBHBIX U HKCIICPUMEHTAb-
HBIX CIIEKTPOB MOKA3aJI0 CICAYIONIEE.

1. Jlnst Me/JICHHBIX M3MEHEHUH (pa3bl OMeHUIT OTIeH-
ku cnektpa ¢ ACH f, ~0.1 I'n ycroituuBsl npu
CpeIHEKBAIPAaTUYECKOM OTKJIOHEHUH CITy4YaltHOM co-
crapisironiend ¢asel ¢ <1.5.

2. YMmeHbIas UHTEPBaT OLEHKHU JOIJICPOBCKUX
cnekTpoB 70 20 ¢, TpH MEJICHHBIX U3MEHEHUSX (a3bl
OMEeHUI MOYXKHO OIICHHUTH ITEPHO]T KOJIeOaHU aKyCTH-
YecKHX BOJH OT 3HadeHus 10° ¢ u Gornee.

3. Jlns OBICTpBIX M3MEHEHUH (ha3sl OMeHUH MOX-
HO omeHUTs dacTtotry YHY BoNH B mMoHOCHEpHOM
1a3Me B auamnaszoHe yactor 0+12.5 ' (mepuomabt
0.1 ¢ u Gomee).

Agrtopsl 6maromapsas! A. I1. Hukomaenko 3a mo0po-
JKENATEIbHYI0 KPUTUKY PYKOITHACH CTAThH.
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XapKiBChKMIA HALlIOHAJIBHUH YHIBEPCUTET
imeni B. H. Kapasina,
M. CBobonu, 4, M. Xapkis, 61022, Vkpaina

CIIEKTPAJIbHUI AHAJII3 BUTTIB
OIIOPHOI'O CUT'HAJIY TA BIZIBUTOI'O
BIJ IOHOC®EPH BU CUTHAJIA

AKTyanbHICTh poO0TH 00yMOBIIEHA HEOOX1THICTIO TOCITIPKEH-
Hs Qi3UYIHUX ePEeKTiB, M0 CYMPOBOKYIOTH MPOIECH B Mar-
HiTocdepi Ta ioHOoCchepi. s cnocTepekeHb BUKOPHUCTOBY-
BaBcs goriepiBcbkuii BU pagap BepTHKaIBHOTO 30H/yBaHHS.
Jlnst 0OpoOKH JaHHMX 3aCTOCOBYBABCS CIEKTPAJIBHUIT aHAi3
OHTTIB B PeXKHMI IOTIEPiBCHKOT (PLIBTpaIlii 1T BUSIBIICHHS aKy-
CTHYHUX XBUJIb. CHIEKTpaJIbHUIT aHalli3 BUKOPUCTOBYBABCS Ta-
KO JTs BUJTUICHHS KOJIMBaHb y iana3oni yactot 1+12 ' (emek-
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tpomarHitHi YHY xBuii). Metonuka o0poOku nepesipsiiach
LIIIIXOM YHCIIOBOTO EKCIIEPUMEHTY. EKCIIepUMEHTAIIbHO BCTAHOB-
JIEHO, 1110 B JICHHUI yac crioctepirarothest Y HY xBuiti 3 uacto-
Toro 1.5 I'm.

V. F. Pushin and L. F. Chernogor

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

SPECTRAL ANALYSIS OF REFERENCE SIGNAL
AND OF HF SIGNAL REFLECTED
FROM THE IONOSPHERE BEATS

Topicality of this work is due to the necessity of studying the
physical effects associated with the processes in the magneto-
sphere and the ionosphere. The HF Doppler radar of vertical
sounding is used for observations. The spectral analysis of the
beat mode for detecting the Doppler filtering of acoustic waves
is used for data processing. Spectral analysis is also used to
select oscillations in the frequency range of 1-12 Hz (ULF
electromagnetic waves). Processing technique was verified by
the numerical experiment. ULF waves are experimentally estab-
lished to be observed in the daytime with a frequency of 1.5 Hz.
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