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JEKAMETPOBBIE BCIIVIECKHA I1I TUITA .
C UIBSMEHAIONINMCA 3HAKOM CKOPOCTHU YACTOTHOI'O APENDA

Mpoi coobwaem o nabnrodenuu dexamemposvix scnieckos 11 muna, y Komopuix ckopocmy Opeligha MeHAem 3HaK ¢ OmpuyamenbHo-
20 Ha nonoxcumensvHwiil. bonee mozo, y HEKOMOPLIX BCHAECKOE CKOPOCHIb Opeligha MeHsem 3HAK HECKOTbKO pa3. Mo npoucxooum,
HecCMOmpsi HA MO YMO Npeonoaazaemvliil UCMOYHUK usnydenus osudxcemcs om Connya u mem camvim obecneyusaem opetigh
UBTLYYEHUsl OM BLICOKUX YACHIOM K HUSKUM. SHAUEHUsL ROTONCUMETbHBIX CKOpOCcmell Opeligha 0151 OMOEIbHBIX GCNIECKO8 USMEHSIIOM-
csom 0.44 00 12 MI'y/c. B mo oice camoe 8pems 3Havenus ompuyamenbHblx CKOpOCmeli 4acmomuozo opeliga y Smux 6Cnieckos
Haxooamcs 6 cmandapmuuix npedenax. Q6cyxHcoaemcs 603MONACHAS UHMeEPNPemayus, MAKUX 6CRIECKO8 HA OCHOBE NIAZMEHHO20
mexanusma usnyyenus. Ona 3aKm04aemcst 8 moM, Ymo 6 HeKOMOpPOM YACMOMHOM OUANA30He SPYRN06As CKOPOCMb I1eKmpoMas-
HUMHBIX GOJIH, 2EHEPUPYEMbIX ObICIPLLMU INEKMPOHAMU, MEHbULE CKOPOCHU IMUX INIeKMPOHO8, U MAKUM 00paA30M U3JIyYeHle
OM UCMOYHUKA 6CRIECKA HA MEHbULET YACONME PESUCPUPYemcs PaHbuie U3Ty4eHus Ha 6oavuleil yacmome.

Knioueswvie cnosa:ecrnecku 111 Tuma, oTpunarenpHas CKOpoCTh Apeiida, MoIoKUTeIbHAs CKOPOCTh Apeiida, I1a3MeHHbIH MeXa-
HU3M H3JTy4eHHS, TPYTITOBasi CKOPOCTb, IJIa3Ma COTHEYHO KOPOHBI

1. BBenenue yactoThl [1]. B MeTpoBoii o0nacTu [UIMH BOJH CKO-
pocTh npetida TocTUraeT HECKOIBKUX COTEH Merarepit
B CeKyHAYy [3], a B I€KaMETPOBOM JAMAIla30HE — He-
CKOJIBKMX €UHHUI] Merarepil B cekyHay [4, 5]. Takas
3aBHCUMOCTh CKOPOCTH Jpeiidha OT 4acTOThI OIpese-
JISIETCS 3aBUCUMOCTBIO TUIOTHOCTH COJTHEYHOM KOPO-
HBI OT BbICOTHI. CUMTAETCs, YTO UCTOYHUKOM 3TOTO
W3ITyYEHVS SBJISIOTCS ITyYKH HJIEKTPOHOB, KOTOPBIE JIBH-
YKYTCS C TIOCTOSTHHOM CKOPOCTHIO (0KoIo 0.3¢, ¢ — cKo-
pOCTh CBeTa) Ha Oosbime paccTosHus — oT CoHIa
10 3emiu u gasneiie [1]. Ha BeIcOkuX yacToTax B Jie-
IMMETPOBOM JTHAMa30HE U KOPOTKOM METPOBOM JIHa-
Ha30He UINH BOJH HaOmromarorcsa Beruieckd [ tuma
C HEOOBIYHO OOJIBIIMMH 3HAYCHUSIMHU CKOPOCTEH Yac-
TOTHOTO Jpeiia, a TakKe C MOJOKUTEIBHBIME CKO-
poctsimu apetida [6—11]. Takue coObITHS HHTEPIIPE-
TUPYIOTCS KaK CIydah PacHpOCTPaHEHHUS ITyYKOB
JNEKTPOHOB Yepe3 HEeOAHOPOAHBIE KOPOHAIBHEIE
CTPYKTYPBI, KOTOPBIX MOXKET OBbITh 3aMETHOE KOJIUYe-

Bcennecku I Tuna usyuatorcs 6omee 60 et. x cBoii-
CTBa JOCTATOYHO XOPOLIO UCcleAoBaHbl [1]. Ogaum
W3 HUX SIBISIETCSI Apeiip BCIIIECKOB OT BBICOKMX Yac-
TOT K HU3KUM YacTOTaM, YTO B IUIa3MEHHON MOJENIN
W3ITy4EHHs O3HAYaeT JBIKEHUE UCTOUHUKA U3ITyYEHUS
B kopoHe oT CoJHIla — 13 001aCTH BEICOKOH B 00J1aCTh
HU3KOH IITOTHOCTH. V3mydeHne mponcxonuT Ha MeCT-
HOH IUIa3MEeHHOHN YacToTe ((yHAaMEHTaIbHOE HU3IY-
YEeHHE) WK yIIBOCHHOM IJIa3MEHHOHN YacToTe (rapmMo-
HUueckoe m3nyueHue) [2]. Kak npasuio, usnydeHnue
Cc OOJIBIINX BBICOT, T. €. HA MEHBILEH YaCTOTE, IPHXO-
IWUT Ha 3eMITI0 MO3KE, YeM M3JIyUYeHHE Ha OOJbIIei
yactore. CIeICTBUEM 3TOTO ABISETCS TO, YTO CKO-
POCTh yacToTHOTO Apetida y Beruieckos I1I Tuma nmeer
OTpHLATEIbHOE 3HaYeHHE. AOCONIIOTHBIE 3HAYCHHUS
CKOPOCTH JApeii(a yMEHbIIAIOTCS C YMEHbIICHHEM
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nennto K ComnHity. Tak MHTEpIIpeTHPYIOTCS, HAIPUMED,
BCIUIECKH, (hopMa M300pakeHUI KOTOPBIX Ha AWHA-
MHYECKHX CIEeKTpax HanomuHaeT OykBy “C” [8§, 11].
B sToM cnydae cunrtaercs, 4TO Ha HEKOTOPOU BBICO-
T€ MPOUCXOAUT OTHOBPEMEHHOE YCKOPEHHE EKTPO-
HOB, KOTOpBIE paclpOCTPaHSIIOTCA Kak MO Harlpasie-
Huto kK ComnHity, Tak ¥ ot ConHua. Hy»Ho Taxoke otme-
TUTD TaK Ha3bIBaeMble HHBEpTHUpOBaHHbIe U-Berec-
K{, KOTOpPBIE MPEICTaBISIIOT cO00W M3IydYeHue, re-
HEpPHUPYEMOE ITyYKOM 3JIEKTPOHOB, IBHKYIIUXCS 110
MarHUTHBIM apKaM OT OZJHOTO OCHOBAHMS apKH K JIpY-
romy [1]. [Ipu ABM>KEHUU IO BOCXOMALIECH BETBU apKHU
CKOPOCTB Apelida Beuiecka OTpuLaTenbHa, a MpH IBH-
KESHUH M0 HUCXOISIIEH BETBH CKOPOCTD JApeiida mo-
JIOXKHTEIBHA.

Kak y»xe roBopuiocs BbIlle, B IEKaMETPOBOM JHa-
nasoHe JUMH BoiH Berwiecku 11 tuma nmeror HeGoIb-
Me CKopocTH apeiida, a mmenHo 2+4 Mlm/c [5].
Onnako nHOTIa HabmronatoTest ObicTphle Beruiecku 111
TUIIA CO CKOpocTsMU Ipeida Brutots 10 40 MI'w/c
[12]. IIpu MCHOAB30BAaHUU OOBIYHOTO YpaBHEHHS
JUIS 3aBUCUMOCTH cKopocTH apeiida df /df oT cko-
G _&dn
dt dndr
e n(r) — IWIOTHOCTH IUTa3MBbl, JUIS OOBSCHCHHS
osIcTphIx Bemieckos 11 Tuma TpeOyrorces cBepxcBe-
TOBBbIE CKOPOCTH MCTOYHHMKA M3JIyueHHus. B pabote
[12] mnst mpeonoaeHust STON TPYAHOCTH OBLIO TIpe-
JIOKEHO YYUTHIBATh TO, YTO B MECTE IeHEpaLUu U3-
Jy4eHHs TPYIIOBas CKOPOCTb JIEKTPOMATrHUTHOM
BOJIHBI MOXET OBITh 3aMETHO MEHbBIIIE CKOPOCTH
CBETa U CPaBHHMA CO CKOPOCTBHIO I€HEPHPYOLINX
H3JIydeHue 31eKTpoHoB. Kak ciencreue, 31eKTpOHbI
HE3HAYUTEIBHO OTCTAOT OT AIEKTPOMArHUTHOH BOJI-
HBI IIPY IBM)KEHUH B COJIHEUHON KOPOHE, a HO3TOMY
BO3MOXKHBI ciry4an BeruteckoB 11 tuma ¢ 6ompmmmu
CKOPOCTSIMU YaCTOTHOTO Apetia. UnciaeHHoe pere-
HUE 3a/1a4¥ PaCIPOCTPAHEHUS U3Iy4EHUs B IJIa3Me
COJIHEYHOM KOPOHBI C Y4ETOM IMPOCTPAHCTBEHHBIX
pa3MepoB IyyKa JIEKTPOHOB, YBEIUYCHUS ITUX pa3-
MEPOB U HallpaBJICHUsI ABUKECHUS YJIEKTPOHOB ITOKa-
3aJ10, 9TO Takoi ekt Bo3moxeH [13]. boiee Toro,
IIPU AOCTATOYHO OOJBIIUX CKOPOCTSX JIEKTPOHOB,
KOTJ]a OHM MOTYT JBHUraThCs CyIIECTBEHHO ObIcTpee
ANIEKTPOMArHUTHOH BOJIHBI, CKOPOCTH Jipeticha Bermiec-
KOB MOXET OBITh U IOJIOKUTEIBHOM.

B nacrosmeit pabore Mbl coobmmaeM o HabrOIE-
HUHU AeKkaMeTpoBbIX BerieckoB 11 tuna ¢ uzmensro-
LIIUMCSI 3HAKOM CKOPOCTH 4acTOTHOIO Ipeida.
VY 3THUX BCIUIECKOB B OHOM YacCTOTHOM JMaIla30He

POCTH UCTOYHHKA HU3JIIYUYCHUA V),
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CKOpPOCTh Apeiida MOJOKUTENbHA, a B IPYIOM —
oTpuuarensHa. B paborte naercs Takke BO3MOXKHOE
OOBSICHEHHE TaKUX BCIUIECKOB, OCHOBAHHOE Ha MPO-
XOXIICHUH ITyYKOM OBICTPBIX 3JIEKTPOHOB oOnactei,
B KOTOPBIX TPYIIIOBAsi CKOPOCTh 3IEKTPOMarHUTHBIX
BOJIH, TEHEPUPYEMBIX 3TUMH 3JIEKTPOHAMH, Pa3HAasl.
TaMm, rae OHa MEHBIIE CKOPOCTH 3JIEKTPOHOB, CKO-
pocTh Ipeiida MoJoKUTENbHA, a TaM, Tae Oomble, —
OTpULATENBHA.

2. Haoyonenusa

[IpuBeneHHbIC HUKE PE3yIIBTAThl HAONFOICHHUH ObLITH
MOJIyYeHBI MPU OJHOBPEMEHHBIX HaOIIOIEHUIX
Ha Tpex pannoteneckonax: YTP-2, YPAH-2 u NDA.

B HaOMIOMEHUSIX CONHEYHOTO PaIMOU3ITYUCHHS
Ha paamoteneckone YTP-2 (1. XappkoB, Ykpanna)
HCIIONB30BAIIMCH TOJIBKO YETHIPE CEKIMH € 00IIEH 110~
manapo okoio 50000 M. Panuoreneckon YPAH-2
(r. IlonraBa, YKparnHa) IMEET MOJTHYIO IUIOHIA b OKO-
0 28000 M, a y paguoteneckorna NDA (r. Haucw,
Opannwms) mwromaas 30000 M’. OGa YKPaWHCKUX pa-
JMOTENECKoNa OCHaIlleHb! criekTpomeTpamu DSPZ,
KOTOpBIE TO3BOJISIOT PETUCTPUPOBATH H3IyUEHHE B
HEeNpepbIBHOM nojioce 4yacToT 8 +32 MI'n. Ilpu atom
4acTOTHOE paspemieHre paBHO 4 kI 11, a BpeMeHHOE —
100 mc. Paguoreneckonn NDA ocHareH ClieKTpoMeT-
pom ROBIN, koTopbIii maeT BO3MOXHOCTH HAOJIO-
JaTh B HEMPEPBIBHOM monoce yactor 28+41 M.
Ero wactoTHO€ pa3perieHne U BpeMEHHOE pa3pelie-
HUE B IIEPHO]T OTHOBPEMEHHBIX HAOITIOICHUH COCTaB-
Jstmu cooTBeTcTBeHHO 12 KI'i 1 37 mc. Hy»kHo oT™Me-
TUTh, yTO paauoTeneckonsl YPAH-2 u NDA umeror
TaKXKe BO3MOYKHOCTb U3MEPSATH MOJISIPU3ALIUI0 IPUHH-
MaeMOro U3JIy4eHUs.

3 mions 2012 . B nepuoj; OMHOBPEMEHHBIX Ha0-
moaenui Teneckonamu YTP-2, YPAH-2 u NDA
ObL1a 3aperucTprupoBaHa rpymma seruieckos 11 Tuma
C U3MEHSIOIHUMCS 3HAKOM CKOPOCTH YaCTOTHOI'O
npetia (cm. puc. 1). Haubonee MomHbIM SBUIICS
Bcruieck 111 Ttuma, Habmogasmmiics B 12:04:48 UT
Ha yactore 28 MI'u. OH OBl 3aperHuCTpUPOBAH
Ha panuoteneckonie NDA u pagnoreneckonax Y TP-2
u YPAH-2 B momoce ugactot oT 12 mo 41 MIm.
B monoce vactor 28+41 MI'n no naHHbIM pa-
nuoteneckorra NDA ckopocTh npeiida mepemnHero
Kpasi BCIUIECKa ObLIa IMOJIOKUTEILHONW M PaBHSIIACH
21.51 MI'u/c. B monoce wactot 28 +32 MI'n (nan-
HbIe paguoreneckonoB Y TP-2 u YPAH-2) ckopocTth
npeiida rmepeaHero Kpas BCIDIECKa Takxke OblIa Imo-
JIOKHTEIbHON 1 cocraBuia 20 MI'n/c, a B mosioce
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Puc. 1. I'pynna Bcruteckos 1l Tuna ¢ u3MEHSIOIIMMCS 3HAKOM CKOPOCTH YaCTOTHOTO Apeii(a, 3aperucTpupoBaHHas 3 MIOHA
2012 r. na paguoreneckorie YPAH-2 (a) n Bcruteck 111 Tuma, HabmronaBmuiics B 12:04:48 UT 3 uronst 2012 1. Ha paguoTenec-

xorie NDA (6)

gacToT 12+28 MI'l — oTpuIaTeNbHOM M paBHOHU
—1.4 MI'/c. To ecth B 00OmacTh OONBIINX YACTOT
CKOpOCTH Jipeiida OblIa OJOKHUTETHFHON, B TO Bpe-
M KaK B 00JIACTH MaJIbIX 9aCTOT — OTPHUIIATEIHHOM.
Ha puc. 2 nokazano nepeMenieHne MaKCUMaJIbHOTO
ITOTOKA 3TOTO BCIIECKA HA JHHAMHUYECKOM CIIEKTpE.
BunHzo, yto o ganHeM paguoreneckona NDA B mo-
qgoce 41+36 MI'm MakcuMyM BCIUIECKA UMEI OTPH-
HareabHy0 CKOpoCTh apetida —3.3 MI'/c. B nuana-
30HE yacToT 36+ 28 MI'1 ckopocTh apeiida Makcu-
MyMa BCIUIECKa HECKOJIBKO pa3 MeHsUIa 3HaK, Cpe-
Hsisl TIOJIOKHUTEIIbHAS CKOPOCTh Jpeiida paBHsIIACH
12 MTI'i/c B 3TOM YacTOTHOM HHTepBae. [To Habro-
neHusM Ha paauoreneckornax Y TP-2 u YPAH-2 cko-
pocTh npelidha uMmena OJIM3KOE 3HAUYECHUE, PABHOE
11.6 MI'/c B wacTtoTHOM mMHTepBajie 28-+33 MIm.
Hwxe 28 MI'u ckopocts apeiida Oblia oTprnaTesb-
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Ho# 1 paBaoii —0.84 MI'/c. Takum 00pazom, CKOpOCTh
npeiida Bertecka 11 Tua HeCKONBKO pa3 MeHsIa 3HaK.
[IprdeM 3To MPOUCXOAMIIO HE KakK B CIIydae MHBEPTH-
poBaHHBIX U-BCIUIECKOB, KOT/a W3MEHEHHE 3HaKa
CKOpOCTH JIpeiiha IporCXOmUT C U3MEHEHHEM JIpeii-
(a BcriecKa OT BBICOKHX YacTOT K HU3KUM Ha Jpetig
OT HHM3KHX YacTOT K BBICOKHM. Y 00CyXJaemMoro
Beriecka Il Tumna HampaBienue apetida He MEHsIeTCS
Ha BCEM MHTEpBaJie PETHCTpali BCIUIECKA.
Bcemneck, nadmogapmuiics 3 urons 2012 r.,
Ha yactore 41 MI'1 umen JIUTENbHOCTh OKOJIO 5 C.
Ero notok Ha 370l yacToTe COCTaBIAN OKOMIO S C. €. IL.
(1c.e.m=10" Br/(T'u-m?)). Ha gactore 29 MI'n
JUIMTEIBHOCTH BCIIecka OblIa 9 ¢, a MOTOK cocTaB-
s 50 c. e. m. [Ipu yMeHBIIEHHH 4YacTOTHI OT 29
70 12 MI'1 HOTOK NPaKTUYECKN HE U3MEHSUICS, a UIH-
TesbHOCTh Ha 12 MI'nm Obuia paBHa 21 c.
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Puc. 2. lpetidp makcumyma Bertecka I11 Tuma, Habmronasierocst
3 nronst 2012 r., Ha TMTHAMUYECKOM CIIEKTpE 110 JAHHBIM PaJInoTe-
neckonioB NDA (a) u YPAH-2 (6)

Eme omanm Bermieckom 111 Tima ¢ u3MeHsronmMest
3HAKOM CKOPOCTH YacTOTHOTO jpeiida ObLT BCILIECK,
KoTOpbIH HaOronascs 25 aprycra 2012 r. CkopocTth
npeiida (puc. 3, a) mepemHero Kpas BCIUIECKa COC-
taBisia —3.6 MI'n/c u 0.95 MI'i/c cOOTBETCTBEHHO
B auana3zoHax 4yactoT 18+32 MImwu 11+18 Ml
AHanm3 U3MEHEHUs CKOPOCTH Jpeiia MakCUMabHO-
r'0 ITOTOKA TOTO BCILIECKA IMOKA3bIBAET, UYTO B YaCTOT-
HOM juana3oHe 21-+32 Ml oHa nMmena 3Ha4eHHEe —
1.66 MI'n/c. B nnanazone yacror 921 MI'1 cko-
pocTh Jpeiiha MakcuMyMa BCIUIECKa HECKOJIBKO pa3
MCH:JIa 3HAK U B CPETHEM B OTOM YaCTOTHOM JUaria-
30He ObuTa paBHA 1.5 MI'TI/C.

OTOT BCmieck Ha yacTtore 32 MI' nmen minTeib-
HOCTb 0KoJ10 13 ¢, a Ha gactote 13 MI'1— 16 c. [ToTox
BCIUIECKA YBCIMYUBAJICA C YMCHBIICHHUEM 4YaCTOTHI:
Ha gactore 32 MI'm on Owut1 paBen 10 c. e. .,
a Ha yactora 13 MI'u gocruran 3Hagennst 10° c. e. mw.

26 aBrycra 2012 1. HabIrOnAIICS e1le OANH BCILIECK,
Yy KOTOPOTO CKOPOCTS Jpeiidha MeHsia 3Hak (puc. 4, a).
[lepemnnii kpait Bcmiecka napeiidoBan OT HH3-
KHX 9acTOT K BBICOKHM CO CKopocThio 5.1 MI'miy/c.
MaxkcuMyM Bcriiecka apeidoBan B nuamna3zoHe
gactoT 31+27 MI'1 co cxopoctrio 0.44 MTI'iyc,
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B auamna3oHe JacTtoT 27+19 MI'1 — co CKOpOCThIO
—5.56 MI'/c, a B quamaszone gactoT 19+12 Ml —
co cxkopoctbio 0.97 MI'/c (puc. 4, 0).

OT10T BCIIecK ObLUT CAMBIM MOIIHBIM U [UTATEIEHBIM
W3 pacCMarpuBaeMbIX BCIUIECKOB. Ero UIMTELHOCTH
Ha yactore 32 MI1; Obuza 25 ¢, a OTOK 5 C. €. I
Ha gacrore 14 MI'1| IJIHTEIBHOCTh COCTaBIISAIIA
38 ¢, a moTok — okoo 10* c. e. m.

3. O0cyxnenne

Kak mpl BuauM B I€KaMETPOBOM AHANa30HE JTHH
BOJIH MHOT1a HaOmronatorcs Berecku 111 tuma, y ko-
TOPBIX CKOPOCTH Jpeiiha MOKEeT U3MEHSTh 3HaK C
O0OBIYHOTO OTPHUIATEIHHOTO Ha TOJOXHUTEIbHBIH.
B MUKpPOBOTHOBOM JTaIta30HE TaKKE BCIUIECKU BCTpe-
YaroTcs T0BoJIBHO yacTo [8, 10, 11]. Eciu 310 Bemec-
KU, U300paKEHUE KOTOPBIX Ha JAMHAMUYECKUX BCILIEC-
Kax HaroMuHaeT OykBy “C” (T. €. B HEeKOTOPBIif MOMEHT
BpPEMEHN HAOIOAIOTCS /1B TPeKa BCIUIECKa, KOTOPBIE
IpeiyroT OJJHOBPEMEHHO B 00JIACTh BHICOKHX W HH3-
KHX 49acTOT, 00pa3ys TeM CaMbIM BCIUIECK C TIOJIOXKH-
TENBHOH U OTPULIATETIEHOM CKOPOCTHIO Jipetidha), To OHH
HMHTEPIPETUPYIOTCS KaK BCIUICCKH, TIPOU3OIICIIIIE
OT ITyYKOB JIEKTPOHOB, KOTOPBIE U3 00JIACTH yCKOpe-
HUS pacTpOCTPAHSIOTCS OJIHH I10 HarpapiieHHto K CoH-
1y, a xpyroi — ot ComnHua. Takast uHTepIpeTauus st
BCIUIECKOB, HAOIIIOMAEMBIX B OOJACTH JIEKAMETPOBBIX
BOJIH, TPEACTABISAECTCS MAJIOBEPOATHOM, TTOCKOIBKY
B ATOM Clly4ae HEOOXOIUMO IMPEATOIOKHUT, YTO 00-
JIACTh YCKOPEHUsI HAXOAUTCSI Ha BbIcoTax 1-2 paguyca
Comana. Kpome toro, He sICHO, KakiM 00pa3oM MOXKHO
WHTEPIPETHPOBATH WHBEPTHPOBaHHBIE C-BCILUIECKH.
Emte TpyaHee 00bSCHUTS BCIUIECKH, KOTOPBIE HECKOITh-
KO pa3 MEHSIOT 3HaK CKOPOCTH apeiida.

[To HamreMy MHEHHIO, BO3MOXKHOE OOBICHCHHE
siBinenus Beruieckos III Tuma ¢ u3aMeHsromumcst 31a-
KOM CKOPOCTH 4YacTOTHOTro npeida 3akirouaercs
B OCOOEHHOCTSX PACIPOCTPAHEHUS TEHEPUPYEMOTO
IMy9KaMu OBICTPBIX 3JIEKTPOHOB HM3IYUYCHHS B KO-
poHAIBHOM TazMe. Tak Kak TpymnmoBasi CKOPOCTh
TeHEPUPYEMBIX JIEKTPOMATrHUTHBIX BOJTH MOKET 3Ha-
YUTEJIBHO OTIMYATHCA OT CKOPOCTH CBETa, TO BO3-
MOXHBI CHUTyallHH, KOTJla CKOPOCTh DJIEKTPOHOB
OKa3bIBaeTCsl OONbIEe ATOW TPYNIIOBOH CKOPOCTH.
Kax crencTBure, renepariis BOJIH Ha OOJBIINX BBICO-
Tax (B IJIa3MEHHOW MOJENH H3JIyYeHUS ITO O3Ha-
YaeT, YTO TeHEPUPYIOTCS BOJHBI Ha MEHBIIHUX Yac-
TOTax) OyAeT B 3TOM CiIy4ae MPOUCXOAUTH PaHBIIIE,
9YeM Ha 3TH BBICOTHI TIPHUJIET paHee U3ITydeHHAs 3TH-
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Puc. 3. Becruieck 111 Tmna ¢ M3MeHSIOIIEHCS CKOPOCTBIO YaCTOTHOTO Apeiida, HabmonaBimuiics 25 asrycra 2012 1. B 9:20:42 UT
Ha gactote 32 MI' Ha pagnoreneckone YPAH-2 (a) u npeiid MakcuMaIbHOTO MOTOKA 3TOTO BCIDIECKA HA TMHAMAYIECKOM CIIEKTPe

B moJioce 4actoT 9 +32 Ml (6)

MH K€ 3JIEKTPOHAMM Ha MEHBIIeH BBICOTE BOJHA
C COOTBETCTBEHHO Ooubliell yacToTol. B pesynb-
tare HaOmromaercst Bemeck Il tuma c¢ “Hempa-
BHJIBHBIM™* TIOJIOKUTEILHBIM YaCTOTHBIM JIpeitdom.
Ha Takyro Bo3MoxHOCTh yKa3biBai B. Jlenenes enie
B 2000 r. [14]. Ecam rpynmoBast CKOPOCTh T€HEPH-
pyeMoro H3nyudeHHs OJHM3Ka K CKOPOCTH JJIEKTPO-
HOB, TO CKOPOCTh Jpeida Oyner Oonbioil. Takue
Beriecku 11l tuma ¢ GoNbIIol CKOPOCTHIO 4acTOT-
HOTO Apeiia HabIIOOaINCh B JEKaMETPOBOM JlMaIla-
30He JuIiH BoJH [12]. B pabote [13] urcnenHo pac-
CMaTpHuBaioch (HOPMHUPOBAHKME UIITyUEHHS BCILUIEC-
ka III Thna npu yuyere KOHEYHOrO MPOCTPAHCTBEH-
HOT'O pa3Mepa Iydyka JJIEKTPOHOB M Oblia HaiineHa
CKOPOCTb 4acTOTHOTO Jpeiida BCIulecka Npu pas-
JIMYHBIX CKOPOCTSIX 3JEKTPOHOB, YIVIax UX pacipoc-
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TpaHeHMsI K Jy4dy 3pEHHUS U C y4eTOM H3MEHEHUs
TPYTIIOBOI CKOPOCTH MPH pacIipOCTPaHEHUN U3Tyde-
Hus B kopoHe ConHua. beuto mokaszano, 4ro o0cyx-
naeMblil 3G GeKT NeCTBUTETFHO MOKET OOBICHUTH
HaOmomaeMble OBICTpPBIE EKaMETPOBBIE BCIUIECKH
III Tuma. PaccmaTtprBaeMble B HacTosmed padbote
Bciuiecku 11l Tuma ¢ M3MEHSIIOIMMCS 3HAKOM CKO-
POCTH YacTOTHOTO Apeida, Ha HAll B3I, TAKKE
CBSI3aHBI C 3TUM 3(PPEKTOM.

HaiineMm ycioBusl, Ipu KOTOPBIX BO3MOKHO U3MeE-
HEHHUe 3HaKa ckopoctu apeida Berutecka [II tuma.
B [12] 6b110 1IOKa3aHO, YTO CKOPOCTS Jpeiidha onpe-
JeNsieTCs CIEAYIOIINM BBIPAKEHUEM:

G vw,
dt dndrv,-v, cosa.’

(M
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Puc. 4. Berineck I11 Tina ¢ u3MeHsIOMENCs CKOPOCTBIO YaCTOTHOTO Jpeiida, HabnronaBimiics 26 arycra 2012 1. B 12:42:52 UT
Ha gactote 30 MI'1 (@) u apeti MakcuMyMa 3TOTO BCIIECKa Ha TMHAMHYECKOM cIieKTpe (0)

rae f— 9acToTa m3nmydeHus, n(r) — IUIOTHOCTD TUIa3-
MBI Ha paccTosiHuM 7 oT ColHI@A, v, — CKOPOCTb UC-
TOYHHKA M3ITy4eHus Bemiecka [l tnma, v,, —rpymmo-
Basi CKOPOCTh M3IYUYEHHs Ha 4acToTe f, O. — YToi
MEXIy HarpaBlIeHHEM PacHpOCTPaHEHHUsI OBICTPBIX
3JIEKTPOHOB, OTBETCTBEHHBIX 3a Bemeck Il tuma,
Y HampaBJIeHHeM Ha HaOmromarens (puc. 5). s mo-
JIy9EHWSI CBA3H IPYIIIIOBOM CKOPOCTH CO CKOPOCTHIO HC-
TOYHHMKA W3IY4YEHHUS] BOCIIONB3YEMCS PEe3y/bTaTaMU
paboTsl [15], B KOTOpO# paccMaTpuBaIOCh pacipocT-
paHeHwe Iy4Ka ObICTPBIX AEKTPOHOB C HAYAJIBHOH CKO-
POCTBIO V, 4epe3 IIa3My IIpU yueTe reHepaluu JeH-
IMIOPOBCKHX BOJH U WX 0OpaTHOTO BO3JEHCTBHS
Ha OBICTpBIE BJIEKTPOHBL. B 310 paboTe ObIIO MmoKa-
3aHO, YTO BCJIEJICTBHE TAKOTO HEIWHEHHOTO pacmpoc-
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TpaHCHU 3JICKTPOHBI IBHXKYTCA YEPE3 IJIa3MYy B BUJIC
ITYYKOBO-INIa3MEHHOTI'O O6pa3OBaHI/IH CO CKOpPOCTBIO

v, =v,/2.

D10 00pa30OBaHKE COCTOUT M3 AIIEKTPOHOB M JICHTMIO-
POBCKHX BOJH, Y KOTOPBIX MaKCUMyM CIEKTPaJIbHOU
ITUIOTHOCTU SHEPTI'MH HAXOAUTCA IIPH BOJTHOBBIX YMCJIaX

ko zmpe/vo.

12
3nmecy ©,, = 4me n(r)/ m, — IJIa3MEHHas 4acToTa,

ey m, — 3apsj U Macca 2JIEKTPOHA.

YuuteiBas, 4TO HpU TPaHCPOPMAIMU JICHT MIO-
POBCKHX BOJIH B IIONIEPEYHbIE BOJIHBI B IIpOIIECCaX
[+i=t+i (I — neHrMrIopoBcKas BOJIHA, { — IIOIepey-
Hasl BOJIHA, { — IOH) YaCTOTA ITONIePEYHON BOJIHBI PaB-
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Puc. 5. Cxema pacnpoCTpaHeHus ObICTPBIX JIEKTPOHOB U TEHEPUPYEMOTO HMH U3JIYYEHHS: V, — CKOPOCTb JIEKTPOHOB, V,, —
IpYIIOBas CKOPOCTb U3IIyUCHHUS Ha YacTOTE f, 0. — YTOJI MEXXy HaIIPaBICHUEM paclipoCTPaHEHHs MEKTPOHOB U HaIIPaBICHUEM

Ha HaOIroIaTess

Ha YacTOTe JIEHTMIOPOBCKOW BOJHBI (), = ®;, W3 3a-

KOHOB JICIIEPCHH TSI STUX BOJH, () = 4/ (x)ie +3kvr,,

®,= (of)e +k/c® (v, — TeNOBas CKOPOCTB HMEKT-
POHOB, k, U k, — BOJIHOBBIE YHCJIA JICHTMIOPOBCKOM
U TOIEPEYHOH BOIHBI COOTBETCTBEHHO), HAXOIUM,
YTO MOIEPEYHBIE BOIHBI B OCHOBHOM OynyT HMETh

BOJIHOBOC 4YHCJIO

v
~ Te
o =3k
c

ow, c?
J1s1 5TUX BOJIH IPYIIIOBAsi CKOPOCTE V,, = =k, —

[0)

t t

OyIeT OmpenensThCsl BEIpaXCHHEM

Vo.C
v, =315
D

Vo

U3 Beipakenus (1) cinemyert, 4To cKOpocTh Apeiida
Bcruiecka Il Tuma oTpuniarenpHa, Korjaa

V., >V, COSQL

Taxk, ecnit OBICTPBIE AIIEKTPOHBI ABMKYTCS K HaOII0-
natemo (o =0), To 3TO ycnmoBue OymeT UMETh BHUJ

Vv, < «/2\/5\%0,

U B Cllyuyae, KOrJja TeMIeparypa JIeKTpOHOB 7, =
2-10° K (Vpe =5.10° cm/c), GymeT BBHIMOTHATHCS
npu v, <7-10° cm/c. B obpaTHOM ciyuae, v, >

\ 2«/§vTec , OBICTPBIE AIEKTPOHBI TeHEPUPYIOT BCILIEC-

ku Il Tima ¢ momoXuTenpHO CKOPOCTRIO npetida.
C yBeMHeHHeM yIiia o, KPUTHYECKas CKOPOCTb v,
IIPY KOTOPOH IPOMCXOUT CMEHA 3HaKa CKOPOCTH Jpei-
(ha Bcrmecka 111 Tumna, yBenmnamBaeTcst COrIacHO BbI-
PaKEeHHIO

* 2\/§vTec

cosa

124

YuuteiBasg TO, YTO CKOPOCTH OBICTPBIX BIIEKTPO-
HOB IIPH PacnpoOCTPaHEHUH B KOPOHAIBHOM ILTa3Me
OCTaeTCsl IPAKTUYECKY TOCTOSIHHON, HaOII0atoIue-
cs1 Beruteckd 11 Tumna ¢ u3MEeHroImUMes 3HAKOM CKO-
poctu apeiiha MOTYT OBITH OOBSCHEHBI CIIEAYIOMIAM
00pa3oM. BeICTphIe ANEKTPOHBI CO CKOPOCTHIO MEHb-
1€ KPUTHYECKOU vg re”Hepupytor Beriecku III tu-
Ma ¢ OTPHUIATENbHON CKOpoCThio Apeiida. [lomamas
B 00JacTu 1a3Mbl ¢ MEHBILEH TEeMIIEpaTypoil, B
KOTOpPON KPUTHYECKasi CKOPOCTh CTAHOBUTCS MEHb-
1€ HacTOJbKO, YTO BBIMOJHSAETCS COOTHOIIEHUE
vy > v;, OBICTpBIE IEKTPOHBI TEHEPUPYIOT BCILIECKU
111 TrmIa ¢ MONOKUTENHHOM CKOPOCTRIO Mpeiida. Ecmu
B JaJIbHEWIIIEM 3TH 3JIEKTPOHBI MIPOXOAAT uepe3 00-
JIaCTH, B KOTOPBIX KPUTHYECKAs] CKOPOCTh YBEJINYH-
BaeTCS M OMATh CTAHOBUTCS CIIPaBEMJIUBBIM HEpa-
BEHCTBO V, < v; , To HabOmromaroTcst Berutecku 111 Tuma
C OTpHIIATENTFHON CKOPOCTHIO npetidha.

Takum oOpaszom, peructparnus Bereckos 111 Trma,
HECKOJIBKO pa3 MEHSIOIIUX 3HaK CKOPOCTH Apetida,
O3HaYaeT, YTO OBICTPBIC AEKTPOHBI, OTBETCTBEHHBIC
3a 9TU BCIUIECKH, IPOXOAAT Yepe3 00JIacTH € Pa3HbIMU
TeMmeparypamu. Tak, B ciaydae Berecka I Ttuma,
HabOmromaBmerocs 25 asrycra 2012 1. (cm. puc. 3),
3NIEKTPOHBI reHepupoBaiy Beiwieck Il tuna ¢ oTpu-
LAaTeIbHOI CKOPOCTHIO Apeiida B miuazme coHEY-
HOH KOPOHBI B JIMANA30HE BBICOT OT 7y, =1.74R, (41O
COOTBETCTBYET M3IYYEHHIO Ha IUIA3MEHHOW 4acToTe
32 MI'm) no r, =2.05R; (M3mydyeHHe Ha 4acToTe
21 MI1). 3mecs W gajnee BBICOTHI BBIYUCIISIOTCS
B paMKax MOJIEN KOpoHbI Hprokupka [16], B KoTOpoit
IUIOTHOCTH TUIa3Mbl M3MEHSEeTCd MO 3aKoHy n(r) =
4.2-10*-10*32Rs/7 R, — pammyc ConHua. 3aTteM
ObICTpBIE ANIEKTPOHBI ABUTAIMCH Yepe3 00J1acThb I1a3-
MBI C MEHBILEN TEMIIEPATypOi, B KOTOPOW KpHUTHYEC-
Kasi CKOPOCTh OblJIa MEHBIIIE CKOPOCTHU OBICTPBIX JJIEK-
TPOHOB, a CJIE0BATENILHO, CKOPOCTB Apeti(a BCIuiecka
1II Tima craHOBUIIACH TTOJIOKUTENBHOM. JTa 001acTbh
ObLIa 3aKIIOUEHA MEXIY BBICOTAMHU 7y, = 2.05R;
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(cooTBercTBYyIOIIas TuIa3MeHHas dactota 21 MI'm)
u 15 =2.38Ry (mma3meHHas yactora 15 MI'm).

s Bernecka I11 Tuna, Habmionasierocs 26 asry-
cra 2012 ., cutyanus Obuta apyroil. Bemneck umen
TTOJIOKUTENBHYIO CKOPOCTh apetia B obracTu dac-
ToT 27 +31 MI'11 u ipu yactotax MeHbImx 19 MI'g
(cMm. puc. 4). D10 03HaYaeT, YTO B IJIa3Me Ha BHICO-
Tax oT 7y, =1.76Rg 1o r,;, =1.85R; HOT iy = 2.13R;
U BBIILIE KPUTUYECKAas CKOPOCTb V, OblIa MEHbILE
CKOPOCTH 3JIEKTPOHOB, KOTOPHIE TEHEPUPOBAIU ITOT
Bcruieck [II Ttuma. Bmecte ¢ TeM Ha BbICOTax OT
757 =1.85Rg u 10 1y =2.13R¢ mma3Ma ¥Mena Tem-
neparypy, Kotopasi o0ecreurnBaia 3Ha4CHUE KpU-
TUYECKOW CKOPOCTH HECKOJIBKO OOJbIIee CKOPOCTH
OBICTPBIX AIEKTPOHOB. ITO MPHUBEJIO K TOMY, YTO CKO-
pocth apeiida Bemecka 1l Tuma ObLta oTpUIIaTENh-
HOW 1 nMena OOoIbIIoe 3HAYCHHE.

4. 3axkinoueHnue

B nekameTrpoBOM Auamna3oHe IJIUMH BOJIH HapaBHE
¢ o0bprYHBIME Bermieckamu 111 Trma, KOTOpBIe HMEIOT
cKopocTH apetiga 2 +4 MI'1/c 1 ¢ ObICTpbIMH BCILIEC-
kamu I Tuma, ckopoctu npeiida KOTOPBIX MOTYT
B HECKOJIBKO pa3 MpPEeBBIIIATh CKOPOCTU Apeida
OOBIYHBIX BCIUIECKOB, HAOMIONAIOTCS TAKIKE BCILIECKH
III Trra ¢ M3MEHSIOIIMMCS 3HAKOM CKOPOCTH npetida.
[Mocnenuue ornuuarorcs oT U-BCIUIECKOB, KOTOPHIE
TarOKe MEHSFOT 3HaK CKOPOCTH Jpetida ¢ oTpuIaTesb-
HOT'0 Ha ITOJIO’KUTENBHBIH, HO IIPH 3TOM HAUMHAKOT Apeii-
(hoBaTh U3 00IACTH HU3KUX B OOJIACTH BBICOKHX Yac-
TOT u3yueHusi. Kak u3Bectno, U-BCIUIECKH SIBIISIFOTCS
M3ITyYEHUEM OBICTPBIX 3JIEKTPOHOB, PACIPOCTPAHSIO-
LMXCS [I0 MATHUTHBIM apKkaM. BMecTe ¢ 3TUM BCILIECKU
Il Tuna ¢ U3MEHSIOIMUMCA 3HAKOM CKOPOCTH 4ac-
TOTHOTO Jpeiida mpeacTaBisioT co0oi M3TydeHne
OT 3JIEKTPOHOB, NBIDKYIIHXCA B Tuiazme oT CourHIa,
YTO HaOJIOMAETCs Kak Apei() BCIIECKA OT BBICOKHMX
9acTOT K HU3KUM dacToTaMm. Ilo HareMy MHEHHIO,
Takas 0co0eHHOCTh BemieckoB 11 Tnma MoxxeT ObITh
00BsSICHEHA B paMKaX IOIX0/1a, KOTOPHIi HCIIOIH30BaJI-
cs sl 0OBSACHEHMsI OBICTPBIX BCIuteckoB Il Twuma,
U CBS3aHA C TE€M, YTO CKOPOCTh UCTOYHHKA M3ITyde-
HUS MOYKET MPUOIIKATHCS K TPYIIIIOBOI CKOPOCTH H3-
TydeHus (B 3TOM ciiydae HaOIImaroTcsi OBICTpEIS
Berutecku 111 Tnma), a vHOTAA MPEBBIMIATH €€, YTO MPH-
BoauT K Bemwreckam III Tuma ¢ uzMeHsronmMes 3Ha-
KoM cKopocTH apeiia. Kpurndeckas ckopocTs, Ipu
KOTOPO# IPOUCXOTUT TIEPEXO]T OT OTPHUIIATEITLHOTO 3HA-
Ka CKOpPOCTH Jpeida K MOT0KUTEIHFHOMY, OTpee-
JIIETCS TETUIOBOM CKOPOCTHIO JIEKTPOHOB M yTIIOM
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MEXJ1y HalpaBlIeHHEeM Ha HaOJIIOATeNs U3 TOUKHU Te-
Hepaluy 1 HalpaBJIeHUEM PaCTIPOCTPAHEHHS OBICTPBIX
anekTpoHoB. Berecku 11 Trma, KoTopple HECKOIBKO
pa3 MEHSIOT 3HaK CKOPOCTH Jpetida, MOryT ObITh UH-
TEPIPETHPOBAHBI KaK M3JIy4eHHE OT OBICTPBIX AJIEKT-
POHOB, IPOXOSIIMX 00IACTH KOPOHBI C Pa3HBIMH TEM-
neparypamu. W3 obnacreid, riie CKOPOCTh MCTOYHUKA
BeruieckoB I11 TrIia MeHblI1Ie rpyTIIOBOM CKOPOCTH U3ITY-
YeHVs1, MBI HAOTIOTaeM BCIIJIECKH C OTPHIIATETHHOM CKO-
pocThIO npeiida, a U3 odIacTel, rae CKOpoCTh UCTOY-
HHKa OOJIBIIIE TPYIITION CKOPOCTH U3Ty4eHHs, — BCILIeC-
ku III Tuma ¢ MooKHUTENBHOW CKOPOCTHIO Jpetida.
Takxum 00pa3oM, OTKPBIBAETCS BO3MOXKHOCTH T10 H3-
MEpEHHsIM CKOPOCTH Jipeiiha orpeaems T KaK TeMrie-
parypy I1a3Mbl 001aCTe KOPOHBI, U3 KOTOPBIX BBIXO-
JIUT 3TO W3JTyYeHHE, TaK M TPAHMIBI ITUX OOJIACTEH.

PaboTa Obl1a 4acTHUYHO BBITIOJNHEHA B PaMKax
npoexta SOLSPANET (F9P7-People-2010-IRSES).
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JEKAMETPOBI CIUIECKH III THUITY 13 SMIHHUM
3HAKOM IIBUJIKOCTI YACTOTHOI'O JIPEU®DY

[oBimOMIISETHCS PO CIOCTEPEKEHHS AEKAMETPOBHUX CIUIECKIB
III Tumy, y SKuX WBUAKICTB Apeidy 3MIHIOE 3HAK 3 HETaTHB-
HOTO Ha MO3UTUBHUH. BinbIie TOro, y IeSKuX CIUIECKiB IIBH/I-
KicTh npeiidy 3MiHIOE 3HaK KiJbKa pa3iB. e BinOyBaeThcs,
IIOTIPH Te IO TTepedadyBaHe [HKEPEo BUIIPOMIHIOBAHHS Py-
xaeTbest Big COHIA 1 TUM caMuM 3a0e3nedye apeiid BUIpoMi-
HIOBAHHS B1Jl BACOKHX YaCTOT JI0 HU3bKUX. 3HAYCHHS IO3UTHB-
HUX HIBUJIKOCTEH Ipeidy i OKpeMHX CIUIECKIB 3MiHIOIOTh-
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csa Bim 0.44 o 12 MI't/c. Y Toii caMuii yac 3HaYCHHS HETaTUB-
HUX LIBUJIKOCTEH YaCTOTHOTO Apeidy y HUX CIUIECKiB 3HAXO-
JUIThCS B CTAHJAPTHUX MeXax. JJUCKYTy€eThCs MOXKIIMBA THTEP-
MpeTallis TAKKX CILUIECKIB Ha OCHOBI IJIA3MOBOTO MEXaHi3My
BUITPOMiHIOBaHHs. BOHa rmossirae B TOMY, 110 B IEAKOMY Yac-
TOTHOMY Jliania30Hi 'PYIOBa MBHUAKICTh €JIEKTPOMArHiTHUX
XBHJIb, TEHEPOBAHUX IIBHAKHUMH €JIEKTPOHAMH, MEHIIA
3a IBUAKICTH IIAX €JIEKTPOHIB, 1 TAKUM YIHOM BHITPOMIHIOBaH-
HS BiJI JpKEpeia CIJIECKY Ha HIDKYii 4acTOTi PeeCTPYEThCS pa-
Hillle BUTTPOMiHIOBAHHS Ha BHILIM YaCTOTI.
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DECAMETRIC TYPE III BURSTS WITH VARIABLE
SIGN OF FREQUENCY DRIFT RATE

We report the observations of decameter type Il bursts whose
frequency drift rates change their sign. Moreover, some bursts change
the sign several times. This occurs in spite of that the expected
radiation source moves from the Sun, thus providing the radia-
tion drift from the high frequencies to the low ones. The values of
positive drift rates for individual type III bursts vary from 0.44
to 12 MHz/s. At the same time, the values of the negative frequency
drift rates of these bursts are within the range of usual type III
bursts. A possible interpretation of these bursts is discussed in the
frame of plasma emission mechanism. It consists in that in some
frequency range the group velocity of radio emission is smaller
than the velocity of electrons responsible for this radio emission,
thus the burst source radiation at lower frequency is recorded
before that at higher frequency.
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