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O BOBMOXHOCTU BUCTATUYECKOTI'O B4 30HANPOBAHUA
NOHOC®EPbLI CUTHAJIAMU TOYHOI'O BPEMEHUA

VJIK 537.874

IIposedenvl uccnedo8anus xapakmepucmux umMnyibchovlx BY cuenanos, komopovie pacnpocmpaHaniucs mexcoy paouocmanyuen
PBM (Mockosckas 06xn., Poccus) u npuemnvim nynkmom 6 Paduoacmponomuueckoii o6cepsamopuu PU HAHY (Xapvroec-
Kas 061., Ykpauna) na uacmomax gvlue MAKCUMALLHO NPUMEHUMOI Yacmombl OJis NPAMOU mpaccol. B npunamom na nenan-
DABNIEHHYIO AHMEHHY MHO20MOO0080M CUSHALE UCCIE008AHbL OONIEPOBCKUE COBUSU U BPEMS 2PYNNOBO20 3aNA30bI6AHUS OMOElb-
Huix cocmasaaowux. C nOMOWbI0 OCMPOHANPAGIEHHOU AHMEHHbL USMEPEHbL A3UMYMANbHbLE 3A6UCUMOCIU MOWHOCHU NPUHS-
moeo cuenana. Ilokasano, ymo pacnpocmpanerue 31eKmpoMasHUMHOU SHeP2UU MeHCOY NPUEMHBIM U NePeOaiouuM NYHKMamu
APOUCXOOUM NO HECKOTIbKUM PAZIUYHBIM MPACCAM, KOMOPble OMAUYAIOMCS RPOMANCEHHOCMBIO, NOJIONICEHUEM 8 NPOCMPAHCIEE
u 8pemenem cywecmeoganus. [Ipeonodceno obvacHeHue pemeHu 2pynnosoll 3a0epicKu 0moeIbHbIX MOO U nepuodd ux cyuje-
cmeosanus. [lokazano, 4mo 0CHOBHASL COCMABNAIOWASL MOWHOCIU NPUHAINOZ0 CUSHALA 6 CHOKOUHbBIX 2e0MAZHUMHDBIX YCIOBUAX
onpeoensnacy CUSHAIAMU 08YXHOZUYUOHHO20 B036PAMHO-HAKIOHHO20 30HOUPOBAHUS, NPUXOOAUWUMU C 1020-60CIMOUYHO20 Ha-
npasienus, a 60 6pemMs MAHUMHO20 603MYUJeHUS — PACCEAHUEM HA 2PAHUYe NONAPHO20 06aAld.

Kniouesvie crosa: MakCUMalbHO IPUMEHUMASI YACTOTA, UMITYJIbCHBIM CHTHAJ, BPEMsl IPYIIIIOBOrO 3aIa3/iblBaHus, TOILICPOBCKOE
CMEIICHHIE, HOHOC(EPHBIE HEOXHOPOAHOCTH

1. Beenenue

Bnusinue nonocdepHsIx mporeccos Ha QUIyKTyaluu
TPAaeKTOpPUH, aMILIUTYyAbl U yacToTel BU curnanos
Ha KOPOTKOH OTHOCKAa4YKOBOM Tpacce, a TaKXkKe perre-
HHE 00paTHOMN 3aJa4y — BOCCTAHOBJICHUE TTapaMeT-
POB MPOIIECCOB M0 XapaKTEPUCTUKAM CHUTHAJIOB —
PaccMOTPEHBI B IOCTATOYHO OOJIBIIOM KOJIMUYECTBE
pabot (cM., Hanpumep, [1, 2]). Kak npasuiio, uccie-
JIOBaHHS MPOBOJMIINCH B YCIIOBHSX, KOTJIA YacTOTa
MPOOHBIX CHTHAJIOB ObLIa HIKE MAaKCHMAJIBHO MPH-
MeHuMOi#t yactoThl (MITH) nin B mepexoaHbIX yciio-
BUSIX, KOTJa 3TU YacTOTHl ObUIM paBHBI. 3HAYUTEIb-
HO pe’ke B Ka4yeCTBE MPOOHBIX ObUTH MCIIOIb30BaHBI
curHansl ¢ yactoroi Beimue MIIY. Pesynsrarsl, no-
Jy4€HHbIE BO BpeMsl OJIHOTO M3 TaKHX JKCIIEPUMEH-
TOB, nipuBeieHbI B [3]. B 310l paboTe ObLIM U3Mepe-
HBI XapaKTEPUCTUKH CUTHAJIOB, KOTOPBIE PacpocTpa-
HSUTHCB I10 IIPAMOM Tpacce 3a CYET PaccesHUs Ha MeJl-
KOMacCIITaOHBIX HOHOC(EPHBIX HEOTHOPOAHOCTSIX.

© C. b. Kamees, A. B. 3anuzosckuii, A. A. Conus,
U. N. Muxynuk, 2013

Llenpro HacTosmeld pabOTHl SIBIsSETCS UcCCIe-
JOBaHHUE BIUSHUS IIOOAIBHBIX HOHOC(PEPHBIX HEO-
JTHOPOJIHOCTEH Ha XapaKTePUCTUKU CUTHAJIOB C Yac-
toramu Beilie MITY. B otnuuune ot pabotsr [3]
H3MEPEHUs] XapaKTepUCTUK MPOBOJAMUIOCH C IpUMe-
HEHHEM YacTOTHO-BPEMEHHOTro Crocoba aHain3a,
KOTOPBII TT03BOJIMJI TOJTYYUTh HE TOJIBKO CIIEKTPAJIb-
HBIE XapaKTEePUCTUKA MHOTOMOJIOBOTO CUTHAJIA, PH-
HATOI'O Ha aHTEHHY C KpyTrOBOW narpaMMoON Harpas-
JICHHOCTH, HO TaKXe U3MEPUTH BPEMS TPYIIIOBOTO
3anasplBaHusl OTAEIbHBIX MoA. C IMOMOIIBIO OCT-
POHANPAaBICHHOW aHTEHHBI AEKAMETPOBOI'O PaIHo-
teneckona YTP-2 [4] Obutn n3aMepeHsl a3uMyTajb-
HBIE 3aBUCUMOCTH MOIIHOCTH curHana. OOHapyxe-
HO, 4TO PacIpOCTPaHECHHUE DIICKTPOMArHUTHOH 3HEp-
THH MEX]y MPUEMHBIM U MEPeJatoluM TyHKTaMH
MPOUCXOTUT HECKOJIBKUMH MOJIAMHU CO 3HAYUTEIHEHO
OTIMYAIOIIMMUCS BpEMEHAMU TPYIIOBOM 3amepik-
KM, IpUYeM OCHOBHASl COCTABIIAIOMIAS MOIIHOCTH
CHUTHasIa 00yCJIOBJICHA HE CAMBIM KOPOTKHM ITyTEM
pacnpoctpanenus (psmMoii Tpaccoit). Ipeamoxeno
00BSCHEHNE BPEMEHH IPYTIOBOH 3aIEPHKKH OTAEIb-
HBIX MOJI.
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2. MeToauKa mpoBeJeHHs 3KCIEPUMEHTOB
H 00padOTKH pe3y/IbTaTOB

B kadecTBe mCTOYHMKA MPOOHBIX CUTHAIOB ObLIa
WCIIONIb30BaHA CTAHIUS CIIY>)KOBI TOYHOTO BPEMEHU
u gactotel PBM (MockoBckas 0611., Poccust, koop-
muHaTel 55.75° c. mr., 37.64° B. 1.). Ee ocHOBHBIM
MPEUMYIIECTBOM SIBISICTCS KPYTIIOCY TOYHOE H3ITyUe-
HUE KOTEPEHTHBIX CHTHAJIOB MapajuIebHO Ha TPeX
Hecyux yacrtorax: 4996, 9996 u 14996 k1. Ha Bcex
YacToTax MepeaTyrku paboTaloT B OJHOM M3 TpeX
PSKUMOB: HEMPEPHIBHOM JINOO B OJJHOM M3 JIBYX TH-
OB UMITYJILCHOTO. [1epBBIii THII UMITYJILCHOTO PEXKHU-
Ma MMeeT 4acToTy noBropenus 1 I’ mpu aimuTens-
Hoctu nockuikd 100 Mc, BO BTOPOM HMITYJIbCHOM
pexxumMe gactora nmoBTtopeHus cocrasiser 10 I,
a JuMTenbHOCTh uMnynbca 20 Mc. Hauano nzmyde-
HUS UMITYJTBCHBIX ITOCJICIOBATEILHOCTEH CUHXPOHHU-
3UpOBaHO ¢ MUPOBBIM Bpemenem (UT).

Curnanel crannuu PBM Obutn npunsatel B Pa-
nuoacTpoHoMuveckoi obcepatopun PU HAHY
(PAO) (XapbkoBckast 00i1., YKpanHa, KOOPIUHATHI:
49.67°c. m., 36.83°B. 1.) C MTOMOIIBIO MHOTO-
KaHaJbHOTO MPUEMHOTO KOMIUIEKCa MapajuielIbHO
Ha Bcex yacrorax. [IpueM NpOBOJMICS HA IIUPO-
KOTIOJIOCHBIM BEPTUKAIIBHBIA BUOPAaTOp U, B psie
CJIy4aeB, C WCIIOJIb30BAHHEM OCTpPOHAIPAaBICHHOM
aHTeHHBI paguoTeneckona YTP-2. Hauano paGotst
AIIT xoMIutekca OBUIO CHHXPOHHM3MPOBAHO C MHUPO-
BbIM BpPEeMEHEM C MoMoIpio cucteMbl GPS, urto mo-
3BOJIMJIO U3MEPATh a0COJIOTHOE BpeMs 3alIePIKKU
CUTHAJIOB TIPH PACIPOCTPAHEHUHU 1O Pa3IMYHBIM
Tpaccam. TOUHOCTh M3MEPEHUs BpEMEHH, KaK IIPaBH-
J10, OTPE/IENSUIACh YaCTOTOM OLUM(pPOBKY curHasa F,, .
Bo Bpems nepBoi H3MEpUTENBHON KaMIIAaHUH, KOTO-
pas npoBoauiack ¢ 21 mo 26 centsiops 2010 r., ata
qacToTa COCTaBJIsLJIa Fou =700 I'n (mepuon ouud-
poeku T, =1.4286 wmc). Bo Bpems BTOpoid, cOCTOSIB-
meiics ¢ 15 nmo 18 ampens 2012 ., Fou =2230 I'
(T,, =0.4484 Mc), 4TO COOTBETCTBOBAIIO INCKPETHOC-
TH U3MepeHust JUTHHBI Tpacchl mopsiaka 430 u 140 km
COOTBETCTBEHHO. UTOOBI YMEHBIIIUTh BIUSHUE BHE-
IIHUX ITYMOB U (PIyKTyalllii aMIUIMTYAbl CUTHAlA
Ha TOYHOCTh U3MEPEHH, MMOCIIeTHUE TTPOBOAMIUCH
IO CpeTHEH aMIUTUTY e UMITYIIbCOB B PEXKHME U3IY-
yenus ¢ gacroroil 10 I'm. Jlms 9TOro Kaxkawli Ie-
pHO/I, B TEUSHHE KOTOPOTO M3ITy4ajcs TAKOH CUTHAT
(10 mun), 6611 ozesieH Ha N MHTEPBAJIOB MPOIOJI-
KUTEIHLHOCTBIO B 1 c. Jlanee oTcYeThl aMILTUTYIbI
CUTHaJa ObLIN TOCEKYHTHO YCPEIHEHBI:

I7ie @ —CpeAHUH i-i OTCUeT aMIUIUTY/bI, 3aIepIKaH-
HbI OTHOCUTEIBHO Hayaja KaKJ10H CEKYHIbl MUPO-

—; | M3MeHseTCA B TIpeie-

oy
nax ot 0 mo (F,, —1); @&, —i-if oTcueT amMIIMTy B!

BOTO BpeMeHH Ha 1, =

B N-i CeKyH/1e UMITYJILCHOTO M3JTyUCHHS.

Ha puc. 1 npuBenensl pe3yasTaThl TAKOrO ycpen-
Henus (pparment mmTenbHocThio 0.3 ¢), momydeH-
Hele st iepuoga 19:20-19:30 mMecTHOTO BpeMeHU
(LT) 22.09.2010 r. KpuBast 1 oToOpaxaeT cpeaHIo0
aMILTUTYQy curHana Ha yactote 9996 kI 11, 3ametum,
YTO HAa MOMEHT IPOBEACHUS N3MEPEHUI 3Ta 4acTOTa
obuta Beitie MITY. Kpusast 2 — cpenssist ammmuTyaa
curHana Ha yactote 4996 k1, koTopas B 3TO Bpemst
obuta HIxe MITY. U3 rpadukoB BUIHO, UTO BpeMeHa
[prUeMa CUTHAJOB Ha Pa3HBIX YacTOTaX OTJIMYAIIUCH.
Ha gactore 9996 kI'11 curHan cocTost U3 JAByX MM-
MYJILCOB MMPUMEPHO OJMHAKOBON aMILIUTY/IBI C Pa3HOM
3a7IePKKOi, T. €. PACIPOCTPaHAIICA 1O IBYM Tpaccam
pasnuuHoii npoTspkeHHoCTH. Kpome Toro, B HeM mpu-
CYTCTBOBaja KOMIIOHEHTa, 00yCJOBJIEHHAs! pacIi-
pocTpanenueM no obdparHoii Tpacce. Ee ammumTyna
3HAYUTENILHO MEHbLIE, IT03TOMY Hadajo oOpaTHOro
UMITyJIbca Ha (JOHE MPSMOro CUI'Haja HE IPOCMAaTpH-
BaJIOCh, 3aTO OTYETIIMBO BUIHO €ro OkoH4YaHue (yka-
3aHO CTpeJKaMH Ha puc. 1).

[MTapannensHO OBLI IPOBENICH CIEKTPAIbHBIN aHa-
JIM3 CUTHAJIOB Ha 00EMX YacToTax ¢ paspelieHUueM

40
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1 L
100 0.1 0.2 Bpewms, ¢
Puc. 1. ®parMeHT 3arucH CpeHEH aMIUTUTY/IbI CUTHANIA pa-
muoctannu PBM, nonygennsiii 22.09.2010T. ¢ 19:20 no 19:30
MECTHOTO BpeMmeHH: KpuBas 1 — Ha uyactore 9996 kI'u,
kpuBas 2—Ha yacrore 4996 kI 1t
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0.1 T m mocneayromuM yCpeHEHUEM B TCUCHHE
10 mun. B cnektpe curHana Ha yactote 4996 kIt
HaOMIOaNCs OMH Y3KHH MaKCHMYM, a Ha 4acToTe
9996 kI'11 — 1Ba OoJiee MUPOKUX MAaKCUMyMa CpaB-
HUMOU aMIUTHTY/IBI ¢ Pa3IMYHBIMU JIOTIEPOBCKHUMU
cauramu yactotel (JJCY).

s Beramcnenns 3asucumocty JICY ummynscHO-
rO CUTHaja OT BPEMEHHU 3aJIePKKH OB HCIIOJNb-
30BaH CHOCO0 YacCTOTHO-BPEMEHHOTO aHaln3a.
[Tpu 3TOM crieKTp CHUTHAIA BEIYUCIISUIICS HE 110 BCEM
orcyeram AIIII ¢ yacroroit F, , a TOJbKO 1O BbI-
OOPOYHBIM 3HAYECHUSIM, PABHOOTCTOSALINM OT MOMEH-
Ta U3TYYCHUS 04EPETHOTIO UMITYJIbCa, 8 UMEHHO: a;,
801r, Bs0zr,r Qsosr, (MHACKC | H3MCHsCTCS

ot 0 o 0.1F0u —1). Yacrora 06pabOTKH COCTaBHIIA
F/. =10 I'u, mpu 5TOM BCE JUCKPETHBIE CIIEKTPAIIb-

[

HBIC COCTABJIAIOIINC UMITYJIBCHOI'O CUT'HAJIa CBOpa-
YHMBAJIHUCh K O,Z[HOﬁ qaCToTC

F=(f,, —NF,+Fp),

npo
e f,,, —npomexyrounas yactora ouMppoBaHHOIo
curnana, N — uenoe yactuoe ot aenenns f,, / F.,
F, —ACY curnana.

Junst Berancnenust criektpoB 6panock 100 oTcue-
TOB, YTO COOTBETCTBYET uinHe peanusanuu 10 c.
B pesynbrare ObuIa MOJTydeHa MOCIEI0BATEILHOCTh
MT'HOBEHHBIX CIICKTPOB CUTHama B moiyioce 51
¢ paspemenuem no dacrore 0.1T'u. Tak xak mo-
MeHT 3amycka AIIIl cucrembr 00pabOTKU TaHHBIX
OBLI )KECTKO CBSI3aH C MUPOBBIM BpEMEHEM, TIEPBBIT
OTCUET AJis pacuera MEpBOro CIEKTpa COBHAAall
C Ha4aJIOM MEePHOoJIa U3ITyUeHUs] UMITYJIbCHOTO CHTHA-
J71a, BEIYUCIICHHE CIEAYIONIETO CIeKTpa HAUNHAIOCh
4yepe3 BpeMs t:]/ F,, u T. 1. Bes nocnenoparess-
HOCTB, KOTOpasi MOXET ObITh Ha3BaHa CIIEKTPOTrpaM-
MOH, cocrout u3 0.1F, MrHOBEHHBIX CIEKTPOB
Y OXBAaThIBAET BPEMsl, paBHOE MEPUOY U3TYUECHHON
UMITyIsCHOM mocienoBarensHocTd (100 mc). B ka-
YecTBe MPUMepa Ha PUC. 2 IPUBEIICH PE3yNbTaT TaKoi
00paboTKHM CUTHAJIA, TIOTY4YEHHBIN B HHTEpPBAJIE Bpe-
MeHu ¢ 19:23:00 mo 19:23:10 mecTHOrO BpeMeHHU
22 centa6ps 2010 r. AMIIMTYAa CIIEKTPAJIBHBIX CO-
CTaBISIIOIIMX HA PUCYHKE OTOOpakeHa B jorapud-
MHYECKOM MaciiTade TrpajalusMu CEporo LBETa.

st Bcex nepuonos pabots! craniuu PBM B nm-
MYJIBCHOM pekuMe ¢ yactortoid noproperust 10 [y 6b110
NOTy4eHO 10 60 He3aBUCUMBIX CIIEKTPOrPaMM CUIHa-
Ja, KOTOpPbIE YCPEOHSUTUCH Ul KaKIOro IMepuoja.
Ha puic. 3 nmpuBeneH pe3ysbrar yCpeAHESHUs IS Tie-

Yacrora, I'ny
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Puc. 2. Cnexrporpamma curnaina PBM, nmomyueHHas B HHTEp-
Baie 19:23:00-19:23:10 mectHoro Bpemenu 22.09.2010 r.
Ha yactore 9996 k1t
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Puc. 3. YcpennenHas criekrporpamma curaaina PBM, momyden-
Has i neprona 19:20-19:30 mectHoro Bpemenu 22.09.2010T.
Hagacrore 9996 kI

puona Bpemenn 19:20-19:30 22 cenrsops 2010 .
W3 pucyHka cnenyer, 4To IpUHATBIM CUTHAJI COCTOSIT
u3 2-X OCHOBHBIX MOJ. [lepBas o BpeMenu, Oojee
“mmpokononocHas”, 3a7ep>KaHa OTHOCHUTEIEHO HM-
yJibca rnepeaaryrka Ha 8.6 Mc 1 CZIBUHYTa B MaKCH-
MyMe€ CIIEKTPaIbHOM MIIOTHOCTH MO YaCTOTE OTHOCH-
TENBbHO W3Iy4YeHHOTOo curHaina Ha —1.7 I'm. Bropas
Mo/1a 3a/iep>KaHa OTHOCHUTEIBHO UMITYJIbCa Nepeaar-
gyuka Ha 12.9 mc u umeer JICY —0.4 T'u. (ITpuse-
JICHHBIC 3HAYCHUS 3aJ€PKKH COCTOSIT M3 CYMMBI
3a/Iep’KeK Ha Tpacce paclpoCTPaHEHHS U B Y3KOIIO-
JIOCHBIX IIEMSIX MPUEeMHHUKA.) [ToBbIlIIEHHASI HHTCHCHB-
HOCTh CHUTHAJIa CO CHEKTPOM, 3aHMMAIOIINM BCIO
rmoJiocy aHaiusa ot 25 10 55 Mc, 00BSICHIETCS TEM,
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4yTO Kax /bl uMnynsc PBM, coBnanaronuit ¢ Hava-
JIOM CEeKYyHJIbl, UIMEET JUIMHY B 2 pa3a 0OJblIyro,
yem ocranbHble (40 MC), U, COOTBETCTBEHHO, CO3-
JTaeT JAUCKPETHBIE COCTABIAIOIINE CIEKTpa, KOTO-
pBI€ OTCTOAT APYT OT Apyra Ha 1 I'm.

B psge cayuaeB Bo BpeMsi HEIPEPHIBHOTO H3IIY-
yeHust ctanuuun PBM (mepuoj Takoro u3iydeHwus
JUTAJICS 8 MUH W HEMOCPEICTBEHHO MTPUMBIKAJ K HC-
CJIelyeMOMY TEPHOAY HMITYJIbCHOTO H3JIy4CHUs)
MPOBOJUIIOCH CKaHUpPOBaHUE aHTeHHOW YTP-2
o a3umMyTy. [Ipu aTOM OBIIa MCTIOIB30BaHA CPABHU-
TENBHO MIMPOKAst rarpamMMbl HanpasieHuocTd (JIH),
MIpH 3TOM 00paboTKa cHrHajla MPOBOAMIIACH HE T10
BCEH anepType aHTeHHBI, a TOJIBKO I10 arepType Of-
HOWM cexnmu 3amagroro mieda [4]. (B stom ciaygae
mmpuna JIH no azumyTty Ha yactore 10 MI'y MeHs-
nmack ot 10° mo 15°, a mo ymry mMecTa cocTaBisuia
nopsiaka 50°.) Hanpasnenne JIH cekunu auckper-
HO TIEPEKITI0YAIOCh Yepe3 45° 1o a3umyTy npu Guk-
cupoBaHHOM yrie mecta 35°. B kakgom mosnoxe-
HUH B T€UECHUE OJHON MUHYTBI U3MEPsIach CPEAHss
MOIIHOCTh NPUHSTOrO CHUTHAJA, 3aTeM OHA HOPMHU-
poBajach Ha CPEIHIOI0 MOLTHOCTb CUTHAJA, IPUHS-
TOT'0 OTHOBPEMEHHO Ha BEPTUKAJILHBIN BUOPATOP, KO-
TOPBIA HaXOAMJICSI B HENOCPEICTBEHHOW ONM30CTH
or anteHHbl YTP-2. Pesynbrarel uzmepenuil a3u-
MyTaJbHOU 3aBUCUMOCTH cUrHalioB PBM Bo Bpemst
SKCIIEPUMEHTOB OyIyT NPUBEICHBI HUXKE.

3. Pe3yabTaTbl M3MepeHMi
U HUX 00CYyKIeHne

MHOTOMOIOBBIE CUTHAIBI C PA3IMYHBIMHE 33]I€PIKKa-
MH ¥ TOTUIEPOBCKUMH CIBUTAMH OTACIHHBIX KOMITO-
HEHT OBbUIM 3apETMCTPUPOBAHBI Ha PAa0OUYUX YACTO-
Ttax 9996 u 14996 k['11 B TeueHUE BCEro BPEMEHHU
HaOJIIOIEHNIA, KOra OTH 4acTOThI ObLIH BeIe MITY.
IIpu 31OoM Ha yactoTe 9996 KI'11 OOBIYHO MTPUHUMA-
Jch 3 MOJIBI, a BpeMEHaMH U OoJiee. ITO YUCIIO Oll-
PEneNsIOCh BU3YAIBHO 10 YCPETHEHHBIM aMIUTATYIaM
CUTHAJIOB, TAaKUM K€, KaK TPEJCTaBlIeHBI HA puc. 1.
Ha puc. 4 npuBeneHbI BpeMEHHBIC 3aBUCHMOCTH JIJTH-
HBI TPYMIIOBBIX IMyTEH Pa3IMYHBIX MOJ] CHTHAaja Ha
gactore 9996 kI'1, monyuennsie B anpene 2012 r.
OmmbKku onpeneneHus: pacCTOsHU, Kak ObUIO yKa-
3aHO BblIIIIe, He npeBocxoamn 140 km, T. €. ObLIM 3HA-
YUTEIIFHO MEHBIIIE, YeM U3MEpPEHHAs Pa3HOCTh TPYT-
MOBBIX ITyTEH OTACIBHBIX MOJI.

Haunbonee sHepronecymiass KOMIIOHEHTa CUTHAA,
MOKa3aHHas Ha puc. 4 KBajaparamu, Oblla MMPHHATA
C 3a/ICP’KKOH, COOTBETCTBYIOIICH JUIMHE TPACCHI OT 3
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Puc. 4. [InvuHa rpynmnoBoro MyTH Pa3IMYHBIX MOJ HM-
MyJIbCHOTO cUTHaia Ha yactote 9996 kI'11 Ha Tpacce cTaHIus
PBM — PAO: ¢ — 15-16.04.2012 r.; 6 — 16-17.04.2012 r;
6— 17-18.04.2012r.
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o 5 teic. kM. Ha puc. 5 npusenensr duykryanuu
JCY 0CHOBHOTO CHEKTPaIbHOTO MaKCHMyMa 3TOH
Mozibl. B mepBble 1Ba IHS XOpOIIO MPOCMAaTpUBaeTCs
o6mmas TenaeHims: Hyneoi casur 10 00:00 mectHOTO
BpPEMEHH, 3aT€M OTPHUIATEIBHBIA CABUT MPUMEPHO
110 03:00, nanee ciemyeT NoNOKUTEIIbHBINA CIIBHT B 4achl
paccBeTa Ha MOHOC(epHBIX BbIcoTax. Takoe moBee-
Hue [ICY CcOOTBETCTBYET CIEAYIOLIEMY HU3MEHEHHUIO
JUTMHBI TPacchl PaclpOCTPaHEHHUs CUTHAIA B 3TO Bpe-
Ms (puc. 4, a, 6). HeM3MEHHas JUTHHA PAJHOTPACCHI,
YUTMHEHUE TPACCHI U MOCIISAYIOIIee YKOpoueHHe (X0-
poiio BHAHO B Oojiee mo3/Hee BpeMsi Ha puc. 4, a).
Ckopee Bcero, 3Ta Moaa 00yCJIOBJIEHa OTPaKEHHEM
CUTHAJIOB OT NOBEPXHOCTH 3€MJIM Ha OOJBILINX pac-
CTOSIHMSIX OT MEPEAAoLIero U NPUEMHOIO IyHKTOB.
WX MO’XHO Ha3BaTh CUTHAJIAMH OUCTaTHYECKOTO BO3-
BPaTHO-HaKJIOHHOTO 30HAnpoBanus (BH3). ITpu aTom
AIIEKTPOMAarHUTHAs SHEPTUsl MEPEHOCHTCSI OT Tepe-
JaTYuKa HOHOC(EPHON BOIHOM 3a CUET 3€pKaJIbHOTO
OTpaKEHHs, 3aTEM PACCEUBACTCS 3eMHON OBEPXHO-
CTBIO M OISTH-TaKH MOHOC(EpHON BONHON IOXOAMUT
110 npueMHuKa. KoOCBEHHbIM MOATBEPKIECHUEM HTOU
THIIOTE3bI SIBISETCSl TOT (AKT, YTO COOTBETCTBYIO-
M UMITYNIbC OBLT “pa3MBIT. IO BPEMEHH MPHUXO/a,
T. €. B COCEAHUX AYEHKaX pa3peleHus Mo 4acToTe
HauMHAJICA B Pa3HOE BpeMs, TaK Kak OTpa)alics
OT MPOTSHKEHHOT0 00BEKTa (CM. BTOPYIO IO BPEMEHU
MOy Ha puc. 3).

Jns onpeneneHus asuMyTa OCHOBHOM SHEPIrOHE-
cyuiei cocrapisonieii curnana PBM B pane ciy-
4yaeB MPOBOAMIIOCH CKaHHUPOBAHUE IO METOIUKE,
W3JIOKEHHON BhIIIE. Pe3ynbrar 0gHOTO M3 TaKUX
CKaHOB MpuBeneH Ha puc. 6. OTcyTcTBUE SPKO
BBIPaYKEHHOTO OCHOBHOT'O HAIPABJICHHSI IPHXOSIIIETO
CHTHAlla MOKET OBITh CBSI3aHO C OOJIBIION MPOTS-
JKEHHOCTBIO PACCEUBAOIIECH ITOBEPXHOCTH HE TOJHKO
M0 TAIBHOCTH, Ha YTO YKa3bIBAJIOCH BHIIIE, HO U MO
a3UMYTY, 4TO CJIEAYET U3 TOro xe puc. 6. Pesynbra-
ThI CKAHUPOBAHHUH B BEUEepHEE BPEMs B Pa3HbIC THH
WU3MEPEHUI MOBTOPSUIMCH. DTO MMO3BOJUIIO CAEaTh
BBIBOJI, UTO HanboJjiee MOIIHBIN CUTHAN TOCTYIAI
C I0TO-BOCTOYHOT'O HANPaBJICHUSI.

OTMeTnM, 4TO B CHIIy OCOOEHHOCTEH KOHCTPYK-
IIUH aHTEHHBI TEJIECKOIa HU3KUE 3HAYEHHUS MOIIHOC-
TH IPUHSTOTO CUTHAJIA IPH a3UMYTAJIBHBIX yriax 90°
u 270° ompenenstoTcs YaCTUYHBIM TI0JIaBIICHUEM
CUTHAJIa B 3TUX HAIPABICHUSAX 32 CYET COOCTBEH-
Hbix JIH onuuouHbIX BuOparopoB YTP-2 [4].

s mccnenoBaHust CBSI3M MECTOPACTIONOKEHUS OC-
HOBHOM paccemBaroIieil 001acTi ¢ TeKyIIUM COCTOSI-
HHEM HOHOC(EPHI ObLIO MPOAHATM3UPOBAHO IMOJHOE
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005 T . .
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8

Puc. 5. ICH 0CHOBHOIO CIIEKTPalbHOIO MaKCHMyMa CHT-
nana PBM na wacrore 9996 xI'n; @ — 15-16.04.2012 r.;
06— 16-17.04.2012r.; 6 — 17-18.04.2012r.
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270° 90°

240°

180°

Puc. 6. A3umyTanbHas 3aBHCHMOCTh MOIIHOCTH CHTHaja
PBM, 3apeructpuposannas B PAO B nepuon 18:30 — 18:38
16.04.2012r. 12-ii cexuueii reneckomna Y TP-2

anmekrponHoe coxepkanne (I13C) u ero m3meHenue
BO BPEMEHH B paiioHe MpoBeieHns sxcnepumenta. [19C
BBIUHCIICHO C UCIIOB30BaHHEM INIOOABHBIX HOHOChEp-
HBIX KapT, JOCTYIHBIX Ha caiite <ftp://ftp.unibe.ch/aiub/
CODE/2012/>. Ha puc. 7 noka3aHbl POSKIIUH U30JIH-
Huit [19C Ha noBepxHOCTh 3eMiH (CIUIOIIHBIE KPH-
Bbie) B equnaniax TECU (1 TECU =10 m72) B pas-
HOe BpeMs CyTOK. Ha prcyHKe npHBe/IeHO TakxKe reo-
METPUYECKOE MECTO TOYEK, CyMMapHOE PacCTOSHHE
OT KOTOPBIX JI0 MPUEMHOTO U TIEPE/IAIONIEro MyHKTOB
TIOCTOSIHHO M COOTBETCTBYET U3MEPEHHOM JUTMHE Tpac-
cel mpu BH3 B coorBercTByomiee Bpems: (yHKTHp-
Hble KpuBbIe). [LITpUXITYHKTUPHBIMU KPHBBIMH [TOKa3a-
HO TEOMETPHYECKOE MECTO TOUYEK, PaBHOYNAJICHHBIX
OT MepeIAoIIEro/lIPUEMHOTO ITyHKTA H PACCEHBAOIICH
HOBEPXHOCTH. [ IpSIMBIMH JIMHUSIMU TTOKa3aHbI BO3MOXK-
HBIE TPACKTOPUH PACIPOCTPAHEHMs TI0 Tpacce Imepe-
JIATYMK — MOBEPXHOCTh 3eMJIM — MIPUEMHHUK, & TOYKH
UX TIEPECCUCHHS CO INTPHXITYHKTUPHBIMU KPUBBIMH TTPH-
MEPHO COOTBETCTBYIOT MOJIOKEHUIO TOUEK OTPasKCHUS
ot noHocdepsl. 13 rpagukoB crieyer, 4To B BeuepHee
¥ HOYHOE BpeMs B FOTO-BOCTOYHOM H FOT0-3aIlaJHOM
HAIPaBJICHUSIX OT IIPUEMHOT'O ITyHKTa XapaKTep H3Me-
nenust [13C npaktiuecku onuHakos (puc. 7, a, 6). Kak
YK€ YIOMUHAIOCH, CKAHUPOBaHHE TI0Ka3aIo, 4TO OC-
HOBHOE HalpapJieHHe, C KOTOPOro MOCTYIAeT CHIHA
Ha PAO B BeuepHee BpeMmsi, — 3TO F0ro-BoCToK (prc. 6).
OTCyTCTBHUIO SKCTPEMYMa CUTHAJIA, IIPUXOASILIETO C FOro-
3amazia, MOXKET OBITh JTAHO CIeAyromiee OOBSICHEHNE.

10°  20° 30° 40° 50° 60°

03:00 LT 16.04.2012

10°  20° 30° 40° 50° 60°
6

07:00 LT 16.04.2012

10°  20° 30° 40° 50° 60°
8

Puc. 7. ITOC nonocdeps! B paifoHe NpoBeIeHHS IKCIIEPHUMEH-
Ta U BO3MOXKHBIE TPacChl pacnpocTpaHeHus curHaia BH3:
a —23:00 LT 15.04.2012 r.; 6 — 03:00 LT 16.04.2012 r.;
6 — 07:00LT 16.04.2012T.
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Beuepom ocBemieHHOCT HOHOC(EPHI B BOCTOYHOM
Y 10r0-BOCTOYHOM HAaIPaBJICHUH YMEHBIIIACTCS PaHb-
1I1e, 4eM B 3anagHoM. [103ToMy 31eKTpoHHAs KOHIIEH-
Tpauus B HIDKHEH HOHOC(]epe, TIie BBIonHAeTcs PoTo-
XHUMHYECKOE NPUOIMKEHNE, MEHBIIIE, 8 3HAUKT U 3aTy-
xaeT BU curnait Kk BOCTOKY U F0r0-BOCTOKY OT ITPSIMOi
Tpacchl ciabee, 4eM B 3alaJHOM HalpaBJICHHU.

Heckonbko oTMYanuch XapakTepUCTUKH CUTHaja
B TPEThIO HOYb M3MepeHuil (puc. 4, ¢ u puc. 5, 6).
B 310 Bpems curnan Oucrarnueckoro BH3, 0603-
Ha4YeHHBIN KBaJ[paramMy, NIPUHUMAJICS HE ITOCTOSHHO
U €ro MHTEHCHBHOCTH ObLIa CpaBHMUMAa WM MEHb-
1Ie THTEHCUBHOCTH CHUTHaNa, IPUXOSIIETO C MEHb-
IUX AMCTAHLMM, JJIMHA TPYMIIOBOIO MyTH KOTOPOTO
nperncraeiieHa 3Be3noukamu. CHEKTp 3TOro CUTHaja
3HAUMTENFHO Immpe cnekrpa curaaina BH3, a JICY B
paMKax MpPUMEHSEMON METOOUKH OOpabOTKH 3adac-
Ty10 OBUIO HEBO3MOXKHO OIPEIENUTh, TaK KaK ero
IIMpHHA TpeBbIana noyocy aHaimmsa 5T (puc. 8).
[IpuHuMancs curHan ¢ TaKUMH 3aep>KKaMHu B Te-
YeHHE BCEH HOYM B OTIIMYHE OT JIBYX HPEABLIYIINX
Houel. BeposiTHO, OH OBIT OOYCIIOBIIEH paccesHueM
Ha HEOTHOPOTHOCTSIX, PACTIONIOKEHHBIX HA TPaHHIIE TT0-
nsipHOoro osana. JmuuHel rpynmoBoro mytu ot 2000
10 3000 KM MPUMEPHO COOTBETCTBYIOT POTSHKEHHOC-
TH Tpaccsl cranius PBM — nonspuslil oBan — PAO.
BOsibIasi MHTEHCHBHOCTD ATOTO CHTHAJIA M HECKOJIBKO
MEHBIIUI TPYIIIOBOM ITyTh B HOUb Ha 18.04.2012 00bsic-
HSFOTCSI MAaTHUTHBIM BO3MYILCHHEM, YTO TIOITBEPXK-
JlaeTcsl 3HAUCHUSIMU MHJIEKCA MATHUTHOW aKTUBHOCTH
am, KOTOpbIe MPUBEICHBI B Ta0. 1 (HaHHBIC B3STH HA
caiite <http://isgi.cetp.ipd.fr/lesdonne htm>). XKupubmm
mpr(TOM BBIJIENICHBI 3HAYCHUSI UHIIEKCOB, COOTBET-
CTBYIOIIIMX BPEMEHH ITPOBENICHUS U3MEPEHUI XapaKTe-
PHCTHK CUTHAJIOB, PE3YJbTaThl KOTOPHIX HPHBEICHEI
Ha puc. 4 v puc. 5 (LT =UT +3 u).

KommnonenTa curnasa, npeacTaBlieHHAS TPEYToib-
HHUKaMU (puc. 4), CTAaHOBMJIACh 3aMETHOM B KaXKIyIO
HOYb TIPOBEJICHUS DKCIIEPHMEHTA B TIPEIPACCBETHHIC

Tabnuya 1. 3HaYeHUsI MHAEKCA MATHUTHO AaKTUBHOCTH am

Yacrora, I't

2 =
L L 45
1F i1
L it I 40
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Puc. 8. Yepennennas cniekrporpamma curaaia PBM, nonyuen-
Hast Juts ieproza 00:50-01:00 mectHOTO Bpemenu 18.04.2012T.
Ha yactore 9996 kI'1t

(Ha BBICOTAX MOHOCHEPHI) YACHl MPUMEPHO B OJTHO
u 1o ke Bpems (02:00-03:00 mecTHOTO BpeMEHH).
[To Mepe npubIImKeHNs K BOCXO/Y €€ MOIITHOCTh yBe-
JTMYUBANIACK. 3a/IepP’KKa COOTBETCTBOBAJIA TPYIIIIOBO-
my mytr 800-+1000 kM, 9TO OIM3KO K JJTHHE TPACCHI
3epKaJbHOIO CUTHAJA MPU OTPAKEHUH OT cios F.
Ora KOMIIOHEHTa 00YCIIOBJICHA pacCesHUEM CHUTHAjIa
Ha MEJIKOMaCIITaOHBIX HOHOC(EPHBIX HEOTHOPOIHO-
CTSIX Ha MpsIMOM Tpacce.

Kpome nepeuricienHpix Boie Mo, 16 u 18 anpens
MIPUMEPHO B OJIHO U TO € BpeMsi ObUIH HPUHATHI
curdaipl ¢ gucradmmi 11+12.5 teic. kM. B kauect-
BE MpUMepa Ha puc. 9, KOTOPBIA OTIWYAETCS OT
puc. 4, a 60npIIMM IUAMa30HOM W3MEPEHUS Iallb-
HOCTH, IPUBEJCH TPYIIIOBOM MyTh TAKOTO CHIHANA.
D70 pe3ynbTar KpyroCBETHOTO paciipOCTpaHeHHs Ipe-
JBUTYIIX UMITYITBCOB IIEPEIaTINKA [0 00OpaTHOM Tpac-
ce, KOrJa CyMMapHas 3aJiepiKka SKBUBAJICHTHA ITyTH
B 41+42.5 Thic. kM. Haromuum, uto mjimHa o0OpaTHOH
Tpaccel craniwss PBM — PAO mo moBepxaocTH 3eM-
ym coctasister 39350 kM, go6aBka B 1+2.5 TeIC. KM

T Bpems UT Cpennee
03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00 3a CyTKH
15.04 4 9 8 9 9 5 15 9 8
16.04 6 8 2 2 10 9 6 10 6
17.04 9 3 18 16 21 16 32 17 16
18.04 R 23 23 9 10 9 8 14 16
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Puc. 9. JlnnHa rpyIinoBoro my Ty pasindHbIX MO HMITYJIbCHOTO
curaana Ha yacrore 9996 k' Ha Tpacce anTeHHB! PBM —PAO
15-16.04.2012r.

MOXET ObITh 00yCIIOBJIEHA OOJIBIIEH MPOTSHKEHHOCTHIO
Tpacchl Ha HFOHOC(EPHBIX BHICOTAX M/MIT MHOTOCKAY-
KOBBIM pacnpocTpaneHrueM. [loaTBepskIeHneM mpaBo-
MEPHOCTH TAaKOH THIIOTE3bI SIBISIETCS U BPEMsI BO3HHUK-
HOBEHUSI 3TOM MOZIbI — PaHHEE YTPO, KOTZIa COTHEUHBIH
TEpPMUHATOP NPAKTHYECKH OAHOBPEMEHHO MPOXOIMIT
yepe3 MPUEMHBIN U IEPENAOIINI ITyHKThI, YTO 3HAYU-
TENIFHO YMEHBIIMJIO MOTEPH HPH PACIPOCTPAHEHUH
CBEpXJATbHUX U KPYTOCBETHBIX CUTHAJIOB [D].

4. BoiBoapl

Pa3zpaborana MeTonnka OUCTaTUYECKOW YaCTOTHO-
BPEMEHHOM JIOKAIMHY TI00ALHBIX HOHOC(EPHBIX 00-
pa3oBaHuil C UCMOIB30BAHMEM UMITYIIHCHOTO U3ITyde-
HUS CTAHI[MM TOYHOTI'O BpEMEHH U 4acTOoThl. C momo-
B0 3TOM METOAMKHU TOKa3aHo, UTO, Koraa padodas
yactoTa curHana npessimaer MIIY ans xopoTkoi
PaaroTPacChl, PaCIpPOCTPAHEHHE AIIEKTPOMArHUTHON
SHEPIHY MEXTY TIEPEAAtOIIM 1 PUEMHBIM ITyHKTaAMHU
MIPOUCXOIHUT HECKOJIBKUMH MOAAMHU CO 3HAYUTEIHHO
OTIIMYAIOLIUMHUCS TPACKTOPUAMU. MI3MEpEHBI IIHHBI
TPYMIIIOBOTO MyTH, OTHOCUTENbHBIE HHTEHCUBHOCTH
n JICY pa3nuvHbBIX COCTABISIONINX CUTHANA.
OO06HapyXeHO, U4TO OINPEACIIAIONTNI BKIAA B YHEP-
THIO TIPUHSTOTO CHTHajla BHOCST MPOTSDKEHHBIE pa-
JTUOJMHUH, KOTOPBIE MTPOXOAAT HE TI0 Ayre OOJIBIIOr0
Kpyra. B wactHocTH, pu npueme curianos PBM B
PAO B criokoifHO¥ MarHUTHOH 0OCTaHOBKE OCHOBHOM
BKJIAJ] OOYCIJIOBJICH CUTHaIaMu Ouctarndeckoro BH3
C IOTO-BOCTOYHOTO HAIPAaBJICHHUS, @ BO BPEMs MOBBI-

IIEHHON MAarHUTHOM aKTUBHOCTHU — CUTHAJIAMH, pac-
CEeAHHBIMU Ha T'PaHUIIE MOJISIPHOTO OBaJa.

ABtopsl Onaropapusl pod. 0. M. Smmonsckomy
3a ydacTHe B 0OCYKIACHUH PEe3yJbTaToB, IMONyUYCH-
HBIX B pabOTe, U pAA MOJIE3HBIX 3aMEUaHHH.

UccnenoBanusi mpoBeeHbl IPH YaCTHYHOM (H-
HaHcupoBaHuu B pamkax HUP “36ypenns” (ITocra-
HoBienue Ilpesnnunyma HAH VYkpaunsr Ne 160
ot 26.05.2010 r.), mpu momuepxkke HTLY B pamkax
napTHepckoro npoekra P-527, a Taxxke B pamkax
BoinonaeHuss HUP “ [nundepren-2012" (Homep roc-
peructparn 0112U004096).
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Panioactporomiunuii inctutyT HAH Vipainn,
Byn1. YepBoHomnpanopHa, 4, M. Xapkis, 61002, Ykpaina

moaAO0 MOXIIMBOCTI BICTATUYHOI'O
BU30HAYBAHHA IOHOC®EPU CUT'HAJTAMU
TOYHOTI'O HACY

BuHKOHAHO OCTTIDKEHHS XapaKTepHCTUK iMITynbeHnx BY curHarmis,
SIK] TIOLIMPFIOOTHCS MK pagiocTanuiero PBM (MockoBcbka 00,
Pocist) Ta npuiiMaTbHIM ITyHKTOM PajtioacTpoHOMi4HOT 00cepBa-
topii PIHAHY (XapkiBchka 00i1., YKpaiHa) Ha 4acToTax BHIIE
MAaKCUMAaJILHO 3aCTOCOBYBAHOI YaCTOTH JUIS IPSIMOI TpacH. Y Oara-
TOMOZIOBOMY CHTHAJi, IPUHHATOMY Ha HECTIPSMOBAHY aHTEHY, 10C-
JJKEHO JAOMIUIEPIiBChKI 3CYBH YaCTOTH Ta Yac TPYIOBOTO 3aITi3-
HEHHsI OKPEMHX CKJIIOBUX. 3 JOMOMOT'OI0 FOCTPOCTIPSIMOBAHOT
AHTEHH BUMIPSTHO a3UMYTAJIbHI 3a7I€)KHOCTI OTY KHOCTI HPUHHATO-
ro curHay. [1oka3aHo, 10 MONMPEHHS eNeKTPOMArHiTHOT eHeprii
MiX nepeJaBalbHIM Ta IPUIMATBHIM TYHKTaMH 31iHCHIOETHCS
JIEKUTbKOMa PI3HHUMH TpacamH, 10 BiAPI3HAIOTHCS JOBXKUHOIO,
TIOJIO’KEHHSIM Y TIPOCTOPi Ta YacoM icHyBaHHs. [IpomoHyeTbCs
TIIyMadeHHs 9acy rPyIoBOro 3ali3HeHHs okpemux Moz, [Tokasa-
HO, 1110 OCHOBHA CKJI3/I0BA [TOTY)KHOCTI IPUIAHATOrO CUTHATY Y CIIO-
KIHHVX FeOMarHiTHIX yMOBaX OyJIa CUTHAJIOM IBOTIO3HIIIFHOTO 3BO-
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POTHO-TIOXHJIOTO 30H/IYBAHHS 3 MiBJACHHO-CXiTHOTO HAIPSAMKY.
ITix yac Mar"iTHOro 30ypeHHsI CUTHAIIM OUTBIIO TOTYKHOCTI 3y~
MOBITIOBAJINCS PO3CISTHHSIM Ha MEKi HOJISIPHOTO OBATY.

S B. Kashcheyev, A. V. Zalizovski, A. A. Sopin,
andl. . Pikulik

Ingtitute of Radio Astronomy, National Academy
of Sciencesof Ukraine,
4, Chervonopraporna St., Kharkiv, 61002, Ukraine

ON THE POSSIBILITY OF BISTATIC HF IONOSPHERIC
SOUNDING BY EXACT TIME SIGNALS

Characteristics of high-frequency signals that propagated
between the RWM radio station (Moscow region, Russia)
and Radio Astronomical Observatory (Kharkiv region, Ukraine)

at frequencies above the maximum usabl e frequency on direct
path wereinvestigated. The Doppler frequency shiftsand group
delay of individual componentswereinvestigated for the multi-
mode signal received with the nondirectional antenna. The azi-
muthal dependence of received signal power was measured by
ahighly directive antenna. It is shown that the electromagnetic
energy propagated between thetransmitting and receiving points
through several different paths, which differed inlength, posi-
tion and time of existence. An explanation of the group delay
of individual modes and their existence time is proposed.
It is shown that the main component of the received signal po-
wer is determined by the oblique back scatter sounding from
the south-east and by scattering on the edge of the auroraoval
during geomagnetic disturbances.

Cmamus nocmynuna 6 peoaxkyuro 24.01.2013
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