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B paforte aHanH3MpyIOTCA 3HEPTETHYECKHE CreKTphl conHeunbix HoHoB (H, He, C, O, Fe)
g 23 cobwmthi 23-ro UMKIA CONHEYHOH AKTHBHOCTH, C LENbI0 BRISBIEHMA I1apaMeTpoB
KnaccH(UKalmMp 3THx coBEITHi. PeaysTaTsl aHaNM3a NOKA3AMH, YT0 cOBLITHA pacnpefensioTcs BHYTDH
Tpex IPYyNn No 3HEprHAM HINOMa chneKTpa MoHOB. B mepsyio rpynny nmomamu 7 cobmrruit, mia
xotopsix E(A)/E(P)=A, roe E(A) - monHas KMHeTHIeCKas SHEPrHsd M3OMa CIEKTpa HOHOB C
aTOMHEIM YHeToM A M E(P) - 3Hepris ManomMa crexrpa npotoHos. [ins sropo# rpynmsl (7 cobummii)
E(A)/E(P)=Q,, tae Q, - 3apan woHoB. [Ina Tperseit rpymmnl (9 coburrnit) E(A)/E(P)=A/Q,.
l'lonyqemme 3aBHCHMMOCTH UTA Bmpoﬁ H TPeThEH IPYIN TaKoKe MO3BOJAIOT C BEICOKOH TOYHOCTBIO

ONPEaCIATDL 3apAllbi HOHOB.

1. Beedenue. [Ing yroyHeHUs MoHIeNei NMPOMCXOXIEHMA TaaKTHYECKHX
xocmuyeckux gydeit (F'KJI) BaxHyI0O pojib MIpaeT TOYHOE 3KCIepHMEHTAIBHOe
3HaHHUE MOBEAEHMA MX SHEPreTHYECKOro CIIEKTpa OT MaJBIX O CBEPXBHICOKHX
aHepruit. B 310l npo6GnemaTuke ocoboe MecTo 3aHMMaer 00JacTe M3JIOMa
ripu sHeprusx E, = (2 +5)- E® I'aB, rae crektp 10 uanoma dJ/dE ~ E~5+28)
yKpy4aercs u npunumaer sun dJ/dE ~ E-®932)  Hanom B sHepretHueckom
criextpe I'KJI 3KcriepMMeHTanbHO ycraHOBIEH AaBHO [1] M HamexHo (cM.
Hanpumep, [2,3]).

Mopenu npoucxoxaeHns I'KJI oT MX MCTOYHMKOB TpeOYIOT KOJIOCCATBHON
MolHocTH sHeprossienenus (~ 103 +10*! spr/c) [4]. B nawre#t Ianakruke
3TOMy TpeOOBaHHMIO YNORIETBOPSIOT B IIEPBYIO OYepelb B3PHIBEI CBEPXHOBRIX
3pean. Mnmes yckopenus I'KJI B3peIBAMM CBepXHOBRIX Ohlia BhIIBHEHYTa Daane
¥ IIpuku eme B 1934r. [5]. Ilocne B3pEIBa: CBEPXHOBOM 000I0YKA BEIOPOIIIEHHOTO
BEILIeCTBA PACIUMPSIETCS CO CKOPOCTHIO ~ (1 + 2)- 10* xm/c. CoBpeMeHHBIE MOIEH
PaccMaTpuBalOT BO3MOXHOCTH yckopenus [KJl Ha ynapHEIX BONHax B
pacImmMpsomuxcs 060youKax cBepxHOBRIX [6,7]. HecMorps Ha BO3MOXHOCTB
LLIMPOKOro BhIGOpa IMapamMeTpoB YHAPHO# BOJHEL, s MAKCHMAIBEHO! SHeprum
YCKOPEHHBIX MOHOB IOKa MoJydJaercs 3Hayenuwe E, .. ~ (105 + 106) Z I'aB, rue
Z - 3apsA7 WOHOB. XOTH 3Ta THUIIOTe3a B HAIIM JHM TOITBEPXIAETCS HECKOIBKMMH
KOCBEHHBIMH CBMIETENbCTBAaMM (cM. Hanpumep, [8,9]), omHako moka Her
YOOBJIETBOPHTE/IbHO 3(HDEKTHBHOIO MEXaHHM3Ma YCKOpPEHHS.
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B colHEYHOi CHCTEME YCKODMTEJIeM HOHOB SBJIACTCA ConHue. Bo Bpems
MOILIHBIX CONTHEYHBIX BCTTBILLEK MOHBI YCKODSIOTCS IO SHEPIHit MOPA/KA JIECATKOB
I'sB [10]. DHeprusi, BhENsAEMas BO BpeMs CaMbiX (51631111 COJIHB‘I'Hbzlx acgw
ek, coctassier ~ 10% +10* spr. Ona BeuIe/sieTC B TEYEHHE ~ 10 3‘;-10 S
T.e. MOILMHOCTb 3HEProBBIIEIeHMs MOJOGHBIX BCIBILUEK COCTABIACT ~ 10* =10
apr/c. XoTsi MO MOILHOCTH CONHEYHbIE BCTIBILUKA HA MHOTO NOPS/KOB cnabee
B3phIBA CBEDXHOBOM, OIHAKO, C TOYKM 3DEHMA YCKODEHHS WOHOB, B oboux
cyyasix, TIO BCEit BEPOSTHOCTH, KAaYeCTBEHHO NPOMCXOAAT OAHH H TE Xe
nponecchl. C 310 Touky 3peHnust ConHue SBISETCA TNIPUPOIHOMN ﬂaﬁOPmP"eﬁ,'
e MOXHO M3y4aTs mpoGmembl nmpoucxoxaenus TKIL

ConHeyHble BCILIUKK COMPOBOXAAIOTCA BhiOpocamMu KOPOH@IBLHOM MacChI
(BKM), KOTOpble B MEXIUIAHETHOM IPOCTPAHCTBE HHMLMHMPYIOT yAapHbIe
BOJHEI, CKOpOCTh KoTopmix gocturaer no 3000 xm/c [11]. ConHeuHbie
xocmuyeckue nyuu (CKJI) yckopsiores Kak Ha CoJHIE - B IPOLECCE BCILIIKH
(MMmynbCHEIE COGBITHA), TAK M Ha YAApHBIX BOJIHAX B MEXIUIAHETHOM
mpocTpaHcTBe (mocreneHHsle cobbitust) [12,13]. Psn ¢akroB CBHICTEIBCTBYET
O TOM, YTO O PEJIATMBMCTCKMX 3HEPTMH COJHEYHbIe MOHBI YCKOPSIOTCA Ha
MEXTUIAHETHRIX YIapHbIX BonHax [14].

Knaccuduxarms cobbITHii HA UMITYJIBCHBIE M ITOCTENEHHBIE JAET BO3MOXHOCThL
IPYIIMPOBATL COMTHEYHBIE CODBITHSA 0 MECTY M MexaHuamy yckopeHust. OlHako
Kaxnoe cobelTHe, maxe BHYTPH 'STMX TIpYII, HE IOXOXe Ha HpYrHe M
WHIUBHAYATHHO 110 MHOTMM 3KCIIEDUMEHTANBHO H3MEPEHHBIM XapaKTEPHCTUKAM.
Ilencio maHHOM paGoTel sBNIsAETCS IIONEBITKA BRIABMTL HEKHE I1apaMerphl, C
[IOMOILBI0 KOTOPEIX MOXHO OymeT Xapakrepu3oBaTb Kaxmoe COOEITHE H
KiaccHpUIMpOBaTh MX B IPYNIBI IO 3TMM mNapamerpaM. Ui 3TOM LIENH MBI
VCCITEOBANM SHepreTvdeckue crexTpsl uoHoB CKJI mocTeneHHBIX COGBITHIA
23-r0 LMKIA CONHEYHO! aKTWBHOCTH, a B KAYECTBE IapameTpa KiacCHOWKalMu
MCIIOJIB30BAIM 3HAYEHMA SHEPrMM B TOYKE M3/IOMA CIEKTpa MOHOB.

2. launvie u Memoduka aHaausa.

2.1. Mauuvie. JIna moNyd4eHHUs] SHEPreTHYECKUX CIIEKTPOB COJHEYHBIX
SHEPrHYHBIX MOHOB HaMH OBUIM MCIIONB3OBAHBI NaHHBIE CIIYTHHKOBBIX
akcriepumenToB GOES Pchann [15], ACE/ULEIS [16], ACE/SEPICA [17],
ACE/SIS [18] u aHanmu3upoBamu 3HepreTudeckue crekTpbl MoHOB H, He,
C, O u Fe. B skcnepumeHte GOES Pchann perucTpupyioTcs HOTOKH
TIDOTOHOB B CeEMH 3HeprerHyeckux uHrTepBanax or 0.6 MaB mo 500 MaB.
ITomo6ubie xapakrepuctuku mis He, C, O u Fe mpuseneHst B Ta6m.l.

Hamu monyvenn muddepeHnmansHeie crniekTpsl HoHoB H, He, C, O u
Fe nna 23 cobeituit ¢ 19 despans 1998r. (nagano panumx ACE/ULEIS)
o xoHoa 2003r. M3 u3pecTHHIX He BOLUIM B CIMCOK coOmrrus 2.05.1998r.,
24.08.1998r. u 14.07.2000r., u3-3a orcyrcreus manHsx ACE/ULEIS. Crumcox
9THX COOBITHIA M MX OCHOBHbIE XaDAKTEPHCTHKM INPHMBENEHHI B Tabn2.
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Tabauua 1

DHEPTETUYECKMUE . XAPAKTEPUCTUKY HOHOB He, C, O u
Fe, PETUCTPUPOBAHHBIE B DKCITEPUMEHTAX ACE/ULEIS,
ACE/SEPICA W ACE/SIS

He C 0 Fe
DKcIepHMEHT E Yuc. E Yuc. E Ync. E Yuc.
MaB/u |uwreps.| MsB/H  [mareps.| MsB/H |mmreps.| MbaB/ | mmeps
ACE/ULEIS | 0063+867| 15 | 0041+14 | 9 |004+104| 8 | 0035+307 | 9
ACE/SEPICA| 04+6 7 |0R2+117 | 6 |043+709| 5 | 043+307 [ 4
ACE/SIS | 34+412 | 8 | 61+763 | 8 |71+898 | 8 | 105+1677 | 8
ACE (ofmec) |0.063+ 41.2] 30 [0.041+76.3| 23 [0.04+89.8| 21 [0.035+167.7] 21
Tabauya 2
XAPAKTEPUCTUKH AHAJM3UPOBAHHEIX COBBITUH
Hara GOES Koopn. | Hauano Vnapuas* Ckopocte | Cxopocts
KIacC |BCMBIKM |BCIBILIKH BOJIHA BKM, xM/c|VB, xm/c
UT uT
20.04.98 | M1.4/? | S43W90 9:38 23anp., 17:14 1863 ~450
6.05.98 | X2/IN | S11W65 7:58 - 1099 -
30.09.98 | M2/2N | N23W8l 15:20 - - -
12.09.00 | M1/2N | S17W09 11:31 15cen., 4:15 1550 ~360
8.11.00 |-M7.4/3F | N10W77 22:42 10Ho56., 6:01 1738 ~900
24.11.00 | X2/3B | N20WO05 4:55 |26H0s6., 11:26 1245 ~620
28.01.01 | C4.7/SF | S31W17 19:45 31sus., 7:36 916 ~420
15.04.01 | X14.4/2B | S20W85 13:19 17anp., 23:57 1199 ~540
18.04.01 | C2.2/2B |S20W120 2:11 2lanp., 14:57 2465 ~390
1.10.01 | M9.1/? | S22W91 4:41 - 1405 -
24.09.01 | X2.6/2B | S16E23 9:32 - | 25cen., 19:51 2402 ~850
22.10.01 | X1.2/2B | S18E16 17:44 250kT., 7:57 1336 ~500
4.11.01 | X1/3B | NO6W18 16:03 | 6mos6., 1:20 1810 ~700
22.11.01 | M9.9/2N | S15W34 22:32 | 24nos6., 5:33 1437 ~750
26.12.01 | M7.1/1B | NO8W54 4:32 29nek., 4:56 1446 ~470
21.04.02 | X1.5/1F | S14W84 0:43 23anp., 4:08 2393 ~640
22.05.02 | C5/? S30W34 3:18 - 1557 -
24.08.02 | X3.1/1F | S02W8l1 0:49 | 26asr., 10:20 | . 1913 ~420
28.10.03 | X17.2/4B | S18E20 9:51 290kT., 6:00 2459 ~1100
29.10.03 | X10/2B | S15W02 20:37 ? 2029 ~1900
2.11.03 | X8.3/2B | S14W56 17:03 4Hos6., 5:53 2598 ~700
4.11.03 | X28/3B | S19W83 19:29 | 6Hon6., 18:56 2657 ~550
20.11.03 - - - 20H056., 7:28 - ~650

* Bpems JOCTIXEHMA yaapHoit BomHE crytHuka SOHO B UT.

2.2. IlTocmpoenue anepzemu4ecKux cnekmpoe u Memoouka aHaiu3a.
Hcrnonp3oBaHHass HAMH METONMKA ONpefeNeHUs SHEPreTHYeCKHX CIIEKTPOB
HMeeT aBe OCOOEHHOCTH, OTIMYAIOLIMECS OT OOLIENPUHATHIX ITOIXONOB.
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OB Onpenensercs Mo TNOTOKaM,
foToKka JaHHOro HMOHa,
BpEMEHHOM HHTEpBAJE.

a) OBBLIYHO 3HEpreTHYecKuil CneKTp HOH
MHTErPUPOBaHHEIM 110 BCEMY BPEMEHM perMcTpalii
nubo 1O IOTOKaM, MHTErpUPOBAHHBIM B LIMPDOKOM

B ommMuMe OT OGIUETPUHATON METOIMKH, IS TIOCTPOCHHS 3HepreTuHecKoro
CITeKTpa MBI B3sUIM 3HAYEHMS MAKCHMATBHBIX NOTOKOB JUIA BCEX SHEPreTHIECKHX
MHTEpBA/IOB, MCIONB3YS 4YacoBble NAHHbIE MOTOKOB. DroT noaxoa 0OOCHOBaH
TeM, YTO MAKCHMATTBHBIA TIOTOK Gonee nH(pOpMaTHBEH OTHOCHTEJIEHO 1NapaMeTpPOB
06J1aCTH YCKOPEHMS ¥ MEXIUTAHETHO# Cpefibl, Yepe3 KOTOpYIo pacrnpoCTpaHAITCH
yCKOpeHHBbIe yacTHIB! [19].

6) CrieKTpsl CONMHEYHBIX 3HEPTHYHBIX WOHOB OOBIYHO annpoKCUMHPYIOT
enuHoM (pymxumeirt (cM., Hampumep, [20])

dI[dE ~ E°.e El5 (1)

npeIoxXeHHOi B pabore [21], mns onMcaHusi CNEKTpa COMHEUHBIX MOHOB,
YCKODEHHBIX Ha MEXIUIAHETHBIX YNapHBIX BOJHAX. 3neck © - ENHMHBIA
noxasatesb CrekTpa, E, - 3Heprus, B 061acT KOTOpO# MeHsIeTCs1 TOBEAeHHEe
crexrpa (e-folding).

B HaieMm aHanu3e Ui OTNpefeNieHusl SHEPTHH M3JioMa Mbl arnpoKCHMH-
POBATH CTEKTPbl CONHEYHBIX MOHOB CTENEHHON (PYHKUMEH

dJ|dE ~ E™", : (2)
C MNOMOLIBIO KOTOpOﬁ TAKXKE OIIMCHIBAETCHA IIOBENCHME 3HEPreTHHECKOro

cnekrpa I'KJI (y - nokasarensb CIeKTpa). :
D11 (hyHKIMH OIMH M TOT XK€ CIEKTP OMKCHIBAIOT C TIOMOLUbIO OTIIMYAIOLIMXCS

IpYT OT Apyra napameTpos (o #y, Ey # 3Hepruu uanoma 1o (2)). Jna wuniocr-

1000 @® GOES Pchann Data (18.04.2001)

R A PR RN T e e e e e no [21] y=1.4, E,=22MaB

e M e Y S no [21] y=115, E,=30MaB
Z 100 2 SHeprus uanoma E,

3 . Cnextp (GOES Pchann Data (18.04.2001))
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JHeprua npotoHa, MaB

Puc.1. Cnextp npotoHos 18 anpesst 2001r., annpoxcumuposanHsiii no (1) u (2). Ha pucynke
CNeBa M CNpaBa OT TpahMKa COOTBCTCTBCHHO NMPHBEACHB aNNMPOKCHMALIMOHHBIC CTCNCHHBIE (DYHKLIH
CNEKTPa NPOTOHOB JI0 H nocie nanoma. B ckobkax coorsercTeyiomine Ko3hHLIICHTE KOppensuii.
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paumuu Ha puc.l MpUBeNeH CrEKTp MPOTOHOB OT COJHEYHOro coberrus 18 anpens
2001r., NMOCTPOEHHBIA MO MaKCHMAJIBHBIM [MOTOKAM.

Haunyyiuass anmpoKcHManus CIieKTpa IpoToHOB Mo cdopmyse (1) momyyaercs
npy eIMHOM mnokasatene o =1.15 u E;=30 MaB. Anmnpokcumauys 3T0ro xe
CITeKTpa CTerneHHOM (yHKLMeH IOKa3bIBaeT, YTO CIIEKTP MMEET H3NIOM B TOYKe
E=22M3B ¥ nokasarejld CIIeKTpa JO M MOC/ie M3JIoMa COOTBETCTBEHHO MMEIOT
3Hayenuss v, =1.41 u vy, =2.88. CienoparensHo, moHsTus e-folding crektpa
M uanoM criektpa (B TOM NOHMMaHMM, Kak npuHaTo B cnexktpe I'KJI) He
HAEHTUYHBI.

3. HA3zrom 6 cnexmpax uonoe CKJI. Mu onpenenwny MakCHMaJbHEIE
MOTOKM Mo BpeMeHHmIM npodwiaM norokos H, He, C, O, Fe u no 3tum
MaKCHMaJIbHBIM MOTOKAM TOJYYMIM SHEPIreTHYECKME CIIEKTPEL 3TMX MOHOB B
3aBMCHMOCTH OT ITOJIHOM KMHETHYECKOH SHepruM MoHOB. IIomy4YeHE! CIeKTpEl
YKa3aHHLIX MOHOB JUIS KaXOOro coObiTMg M3 Tabn.2. Jlanee, moiy4eHHbIe
CMeKTphl annpoKCHMMMPOBAIMCh CTemeHHOM dyHkuMe# (2) ¥ onpeneysUiach
TNOoJNHas KMHETHYEeCKasi SHeprus B MecTe Maoma E, moxasaTeNM CIeKTpa J0
U Iocie M3JIoMa Yy H Y.

B paHHO# paboTre MBI aHAMM3MPOBAIM 3aBUCUMOCTE 3HEPTMM M3JIOMa OT
aToMHOro Homepa MoHOB A. Ha puc.2 npuMBeNeHO pacupefeneHue 3HaYeHU!
E(A)/E(P) (i=He, C, O, Fe) B 3aBUCHMOCTH OT aTOMHOTO HOMepa JUIs
Bcex 23 coberuit. E(4) - mMONHAsA KMHETHYECKas SHEPrHs TOYKH M3JI0Ma
criektpa MOHOB TMma i, E/(P) - monHas KMHETHYeCKas 3HEprus TOYKH
H3NOMa CrnexTpa IPOTOHOB.

Kak BumHO M3 puc.2, 3HaueHus E (A)/E(P) pacrpelensiorcs BHYTpH
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Puc.2. Pacnpenenenue E(A)/E(P) B 33BUCHMOCTH OT aTOMHOIO HOMEpa A. —— COOTBETCTBYET

sapucuMocth E(A)/E(P)= A4, - - - - - cootBeTcTByeT 3aBucHMocTH E(A)/E(P)=Z, — - -

cootsercTeyeT 3asucuMocTH E(A)/E(P)=A/Z, rae Z 3apsaji COOTBETCTBYIOILETO AApa.
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3-x rpynn (POMGMKH, KPYTH, TPEYTONLHMKH) M PacCTOSHHE MEeXIy rpynramMu
YBE/IMUMBAETCS C YBEJMYEHHEM ATOMHOIO YHMCJa HOHOB, T.C. HaboAaTes
Tpu pasHuie 3aBacumMocTH E (A)/E,(P) OTHOLIEHHS OT aTOMHOTO YHCJIa MOHOB.
Ananua 3HaueHuit E(A)/E(P) BHYTpH KaXIO# Tpyrmbl MOKa3bIBAET, 4TO
3HAYeHUS BHYTPH MepBol (BepxHeir) rpynmst (7 cobmTHi) GIM3KM K ATOMHLIM
yHC/IAM WMOHOB, 3HaueHMs BTOpOH (cpemmeif) rpyrmnsl (7 cOOBITHH) MO BCeH
BEpOATHOCTH MPOTIOPLUMOHANLHEI 3apSily MOHOB M, HAKOHELl, 3HAYCHHA TpeThel
(evkHeit) rpynnsl (9 coObITHIA) TPOMOPIHMOHANBHEI BEIMYHHE A/Q, Hns
WLTIOCTDAlMK, Ha pHc.3 mpuseneHs cnextpw uoxos H, He, C, O, Fe mia
cobuTuit 28 oxkTabps 2003r., 22 mas 2002r. u 11 Hos6pa 2001r., ~
COOTBETCTBEHHO MNPHHAMIEXAIMX K TepBOi, BTOPOA M TpPETheH Ipynram.

1.00E+0 28-10-2003
1.00E+02
1.00E-02

1.00E-0

1.00E+04

1.00E-02

3
.

1.00E-08s

1.00E+07 |

MoTok

1 .00E+03]
1.00E-01

1.00E-05

1.00E-09 I——vvrrrver——r— . — it
0.1 1 10 100 1000 10000
SHeprusa, MaB AHeoCeODOFe AP

Puc.3 Cnexrpu noHos H, He, C, O, Fe mn 28 oxrabpa 2003r. (E(A)/E(P)=A), 22 Mas
2002r. (E(A)/E(P)= Q) u 22 nosGpa 200Ir. (E(A)/E(P)=A4/0).

Yepenuennne 3uavyenusi E (A)/E(P) oTHONIEHMII CO CTATMCTHYIECKHUMH
OIIMOKAMM BHYTPH KXKIOM IDYNILI M Ul KAXIOrO THIIA HOHOB NPHUBENEHHI
B Tabn.3.

3TH maHHEE B rpaduyeckoM BHMAE NpENCTABNEHH Ha pHUC.4, Ie HAa OCH
OpIMHAT JUIS JAHHBIX TIepBoi rpymnst E (4)/E(P)=A, nna BTOpO# Ipynmsl
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E(A)/E(P)=Q,-1 ¥ [na TpeTseil Ipymmsl E(A)/E(P)=4/0Q,
Tabnuya 3
VCPEOHEHHBIE 3HAYEHMUSA E(A)/E(P) OTHOIIIEHUHA
0 I'pynns He C 0 Fe Tun
3aBMCHMOCTH
I 3.63+0.6 13.29+2.8 17.63+2 47.15£79 A
II 1.94+0.2 458+038 595+£09 99+1.1 Q,-1
III 1.9+0.3 27+04 3.2+05 43+09 A/Q,
<Qp>" ~2 ~4.5 ~5.1 ~13.1
* CooTBeTCTBYIOIME CPEIHHE 3HAYEHMA 3apANa MOHOB JUIA STOH IPYIIILL
1003
A E A
= i
o
5 -
s :
o
'g 103 Q-1
=] g
£ d Q
= ALl ; A/,
uf*
- i
1 10 100

ATOMHbIA HOMEp

Puc.4. YcpenHennsie suayenns E (A)/E(P) no rpynmaM H 1o TvIly HOHOB. JIHHHAMM npecTas-
nmmmmumemmmom@wmmmmmmnmnnm&m).

DxcnepumenTanbHbie 3HaueHus E (A)/E(P) oTHOWEHHH NepBOA M
TpeTseil IPYNI XOpOWIO AINPOKCHMMPOBATHChL CTENEHHOH (yHKUMeH oT
aToMmHoro yuc/a A. JlaHHEe BTOPO# IPYIIIEl ANNPOKCHMHPOBAIKCH Jlorapud-
muyeckoit Qymxumedt. Hioke, B T1abn.4, NpHUBENEHH ANMPOKCHMAIMOHHEIE
opMy/IBl VIS TPEX TPYIm HaHHBIX. B ckobxax MPHBENEHBI COOTBETCTBYIOIIHE
3HaueHUs KO3((HUIMEHTOB KOpPPENALMH.

Tabauya 4
AIIITPOKCUMAILIMOHHBIE ®OPMYIJIbI
I'pynna E(A)/E(P) otHOwWeHHe 3apucumocrs 0, ot A
I =A (=M,/M) (0.992) -
I =Q,-1 (0.991) 3.05In(4) - 2.55
I =4/0, (0.985) A
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DTH 3MIMPHYECKHE COOTHOLLIEHHS YCTaHABINBAIOT B3aMMHYIO CBHA3b MEXIy
E(A)/E(P) n 3apsnoM M/WIX aTOMHBIM HOMEpOM HOHOB.

4. O6cyncdenue pesyasmamog. TlomydeHHbIE Pe3yJIBTATHI obcynnm
OTHENBHO UL KAXIOM CPYIIIEL.

4.1. 3aeucumocms 3Hepzuu uU3NOMa OmM GMOMHO20 HOMepa (A-
3a6UCUMOCMY). A-3aBUCHMOCTh SHEPTMM M3JIOMa B CIEKTPE HMOHOB
Habmonaerca mis coburuit 6.05.98, 30.09.98, 8.11.00, 24.09.01, 4.11.01,
21.04.02 u 28.10.03 (XMDHEIMM OTMEYEHbI COOBITHSA, BO BpEMsA KOTOPhIX
Habmomanuch HaszeMHble Bo3pactanus moroka CKIJI). ¢

CyTb A-3aBHCHMOCTH COCTOMT B TOM, 4T0 3HaueHus E (A)/E,(P) OTHOWEHHS
YHCJIEHHO DABHAIOTCS aTOMHOMY 4Mciy A

E(A)E(P)=M,/Mp=A. (3)

W3 cooTHowweHuA (3), rae B JIEBOMA YACTH OTHOLUCHME MOJHBIX KWHETHYECKHX
SHEpIuif MOHOB M IPOTOHOB, CHEIYeT, YTO NpM DPa3MEpHOCTM 3HEPrMs Ha
HYKIOH M3/IOMbl CNIEKTPOB BCEX MOHOB Habmonaercs NpU OZHMX M TeX Xe
sHepruaX. Ha puc.5 npencTaBieHbl YCPEAHEHHBIE M0 CEMM COOBITUAM 3HEPIHU
uanoma cnextpa MoHoB H, He, C, O, Fe mma rpynmsl A-3aBUCHMOCTH.
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Pur.:..s. Ycpennenusie 3HepruM (M>B/H) manoMa cnextpa woHos H, He, C, O, Fe mm
coburTvit rpynmsl A-3aeucumocT. [TyHKTHpHAS JIMHKS COOTBETCTBYeT 3HepruM 22 MaB/H.

Kak BMAHO, BHEpPrMM H3NIOMa DPa3HhIX MOHOB pacIpedeNeHBl BOKpYT
3HayeHusa ~22 Ma3B/H u cornacHo cooTHomeHuio (3)

Ek (A)/A = Ek (.P) =22 Maml{ .
CoBpeMeHHbBIE MOIETH YCKOpDEHHs HOHOB Ha YHNApDHBIX BOJIHaX He

NpecKasbIBalOT Tako! 3aBucuMMocTH (cM., Hanpumep 6). Umes cyuiectBopaHus
TaKoOi 3aBHCUMOCTH MEXMIy SHEPIrMsSMM HOHOB M NPOTOHOB B 06/1aCTH M3IOMa
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8 criextpe I'KJI 6bU1a BhicKazaHa B paGorax [22,23]. CyTb Mae B TOM, 4TO
B cnextpe nepBudHbiX I'KJl M310M OTCYTCTBYET M B Ha3eMHBIX W3MEPEHMAX
TOSIBSIETCS KaK CiIeCTBHE MAMEHEHMS XapakTepa B3aHMOIEHCTBHSA NEPBHYHEIX
yactuu B atmocdepe 3emau mpu sHeprusix Eo/A 23-10° Tap/H.

O/HaKo MONy4YeHHBIE HAMM DPe3yJIbTaThl YKa3hlBalOT, YTO A-32BUCHMOCTB
CcKOpee CBOMCTBO KOHKPETHOTO MeXaHM3Ma YCKOPEeHHs, MO0 CIIeACTBHE OTpelie-
JIEHHOM KOMOMHAIIMM TMapaMeTpoB 06JIaCTH YCKOpeHHS M paclpoCTpaHeHMS.

4.2. 3asucumocms 3Hepzuu uzroma om 3apada (Q-3aeucumocms).
B rpynny Q-3aBucMMocTH BouuM cobmtua 20.04.98, 12.09.00, 24.11.00,
22.05.02, 29.10.03, 4.11:03, 20.11.03. [laHHBIe 3TO¥ IPYMNBI YCTaHABIHBAIOT
sMnupuyeckue cpsisu mexny E(A)/E(P), O, u A

B omiMyue OT A-3aBUCUMOCTH, [UIS 3TOM IPYMIEI COOBITHIT M3NIOM CIIEKTpa
MOHOB HabloIaeTcs B LUIMPOKOM 3HEPreTHYeCKOM IHMAara3oHe (HanpuMep, Wi
npotosos 6 < E,(P)<36 MaB, a mwis noHoB Fe 60 < E,(Fe)<400 MaB).
B 3TOM Ciyyae €CTECTBEHHO IPEINOIOXEHHME, YTO MEXIY SHeprueit mamoma
TIPOTOHOB M MOHOB CYLIECTBYeT ONpeNeJeHHas (yHKUMOHaIbHAs CBA3b. [lisa
BLISIBNIEHMSI ITOM CBA3H MBI BOCIONB30BAIMCH rpacdMkaMu paccesHUi (scatter
plot) mexny E(4) n E(P). lna wutocTpalMi rpagyK pacCesHus MeXmy
E(Fe) n E(P) npusomutcs Ha pHC.6.
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Pitc.6. Tpadmk pacceanns mexay E(Fe) n E(P) ana 7 cobemmit rpynnsi 0-3aBIICHMOCTH.

Wiccnenosanue 3asicumoctn E(4) or E(P) nna wmoxoB He, C, O, Fe
M 06o6lIeHHe pe3yNbTATOB MPHMBENM HAc K 3aKIIOUeHHIo, yTo Mexny £ (4)
u E(P) cywectByer cnemyiowmas JWHeHHas CBA3b
Ed(AVE(P)=0,-1. Q)
‘BaxHo Takxe oTMeTHTb, uT0 E (A)/E(P) OTHOWEHHME (CNEN0BATENBHO
u Q,-1) OT aTOMHOTO YHCIA A 3aBUCHT KaK JIMHEHHAsA QYHKUMA OT Jorapudma
aTOMHOTO 4YHCJIa :
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E (A)/E,(P)=a-InA-b. (5)
Y, nakoHell, u3 (4) u (5) cnenyer, 4To 4epes IKCIIEpMMEHTAIbHBIE 3HAYECHHS
E (A)/E,(P) OTHOIUEHUS MOXHO ONpPENENUTE 3HATCHHA 3apsijia HOHOB

Q4 =1+ E(A)/E(P) wm Q4 =alnA-b+1. (6)
West 3aBUCMMOCTH 3HEPrHHM M3/I0Ma CIIEKTpa MOHOB OT 3apsjia MoITyJIsipHa
cpemu cnenuanucroB actpodmsuku I'KJI. OHa TecHO CBf3aHa C npobyemMoit
copmupoanust uanoma B crexrpe IKJI 1 ompejesieHMsl MaccoBOTO COCTaBa
IIepBUYHOTO KOCMMYECKOro HanydyeHus [24-26]. TeopeTHYECKHE MOIETH
YCKODEHMs Ha yIapHHIX BonHax Mexny E(4) u E(P) mpefronaraior CBi3b
E(A)/E(P)= Q, B pa6ore [27], mpu paccMOTPEHHH BO3MOXHOCTH
yckopenuss TKJI B 06Gonoykax CBEpXHOBHIX, YKa3hIBaeTCs, 9TO IpH Ompe-
JeJIeHHBIX YCIOBUAX MEXIYy MaKCHMMAaJIbHBIMH SHEPrHsIMH HOHOB M IIPOTOHOB
IDOJDKHA CYyIECTBOBaTh CBS3b THIA (4)

EM(A) =&- QA' EM(P)’ )
rae X03(@dUIHEHT MPONOPIMOHANLHOCTH & =1 NpH PENATHBHCTCKUX SHEPTHAX
u &=1/2, Ipu HEPENATHBUCTCKMX SHeprusax, E_ - MakCHUMalbHOe 3HauYeHue
[OJHOAX KWHETHYECKOH SHEPIMH BCIIEJCTBHE YCKODEHWS.

HUccnenys 3aBucuMocTb (7), aBTopel paboTsl [28] npHImM K BEIBOAY, 4TO
skcriepuMenTanbHble faHHEle CKII TpeGyior HeCKONEKO MOIM(HUIIMPOBAHHLIA
BUI 3TOM 3aBHCHMOCTH M Tpeiiaraid 3aBUCHMOCTD

Ey(A) = Ey(P)-(Q,4/4) (8)
rne E(A) u E(P) coorercTBeHHO e-folding 3Hepru¥ Ha HYKJIOH IUIi HOHA'
¢ MaccOoBHIM YMCIOM A M mporoHa. Ilo maHHEIM [28] 3HaYeHHS ITOKa3aTelIs
& MeHsIoTcd OT cOORTHA K cobprTvio. Hanmpumep, mns coburus 20.04.98 st
agaveHus B uHTepBane 0.8<5<1.3, a g cobmrua 25.08.98 B mHTeppaie
19<56<28.

KomOunupys nanaue skcnepumeHtos ACE/SIS, Wind/EPACT/LEMT
u IMP8/GME, aBTopH paGoThl [28] mo MHTErpaJbHEM IO Bpéueun CITeKTpaM
onpenemd 3HepruM e-folding u ¢ moMolnsio (8) ompene M 3apsasl HOHOB
C, N, O, Ne, Mg, Si, S u Fe mna coburut 20.04.98 m 25.08.98
(unTepBan e-folding sHeprud#t ~ 2 + 60 MaB/H). TaM Xe aBTOpDH CpaBHHBAIOT
ToNyJIeHHbIe 3HaYeHHs O, CO 3HAYCHUSMM 3apSJIOB ITHX MOHOB, ONpPEENeHHBIX
B 3kcrnepuMenTe ACE/SEPICA (uHTepBan sHepruit ~ 0.2 +1 MaB/H) [29].

Jns cpaBHeHMS HAUIMX pe3ynbTaToB C HaHHBIMH [28] m [29] Mm s
coburrusa 20.04.98 E (A)/E(P) orHOmeHWe ompenemama mia uoHos He, C,
N, O, Ne, Mg, Si u Fe mo manneim ACE/SEPICA u ACE/SIS. Ilo
pesy/IbTaTaM Hallero aHaqyM3a 3HAYeHUs SHepruil W3JoMa CIIEKTPOB YKA3aHHBIX
HMOHOB HIONaIM B WMHTEpBal ~ 45 +400 MaB (~ 7 =16 MaB/H). CpaBHeHue
Pe3yJIbTaTOB IMpPHBEIEHO HA DHC.7.

]
-
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13 1
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O Hawm pesynbrarthi
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a ¢ no [28]
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] A ACE/SEPICA [29]
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1 1 21 31 41 51 61

Puc.7. CpaBHEHHe HALIMX PE3YNETATOB NO ONpPEIENEHHIO 3apAIa HOHOB ¢ NAHHBIMA [28] M [29]
A coberrun 20 anpens 1998r.

Hamu panHsle ¥ sxcnepuMenTansHbie ganHsie ACE/SEPICA annpoxcu-

MUpOBalX BhlpaxeHueMm (6)

0, =3.92In A-3.76 (ACE/SEPICA),

0, =3.84In 4~ 3.39 (Haum faHHEE).
CooTBeTcTBYIOIME 3HayeHHs KoaddummenTa Koppensuuu cocraBwin 0.976
u 0.986.

Kak BumHO M3 pHcC.7 ¥ BBILIETIPHBEACHHBIX anlPOKCUMALMOHHEIX BhIpa-
XEHUlt, 3HAYEHMS 3apsfa MOHOB, ONpPENENIEHHBIE C ITOMOILBIO BHIPAXEHMS

" (6) u nns mHTepBana ~ 7 +16 MaB/H, NpaKTHYECKH COBNANAIOT C JaHHBIMA
ACE/SEPICA (~0.2+1 M3B/H).

CieoBaTenbHO, VIS KAaXIOro CoOBITHA, NpHHamIexauero K rpymme Q-
3aBUCUMOCTH, 3HAUYEHME OTHOLICHMS IOJHON KUHETHYECKOH SHEPrMM M3JIoMa
CIIEKTpa MOHOB K DHEPrMM M3JIOMa CIIEKTpPa NPOTOHOB MO3BOJNSET C XOPOILIeH
TOYHOCTBIO ONpENENMTH 33apANOBOE COCTOAHHE MOHOB B OONACTH 3HEPIHU
M3II0Ma.

Co6BITHs, NMpHHALIEXalMe K Tpynne (-3aBUCHMOCTH, NPOSBJIAIOT elle
OIIHY MHTepecHyI0 ocobeHHOCTb. [l Bcex COOBITHA 3TOW IPYNIIEI YCKOpPEHHE
MOHOB MPOMCXOMWIO B CHCTeMe BaamMonecTByionmx BKM [30].

4.3. 3asucumocmp 3Hepauu U3N0MA OM OMHOUWEHUA AMOMHO20 HUcCra
K 3apady uona (A/Q-3aeucumocms). B rpynny A/Q-3aBACUMOCTH BOLIIA
cob6errust 28.01.2001, 15.04.2001, 18.04.2001, 1.10.2001, 22.10.2001,
22.11.2001, 26.12.2001, 24.08.2002, 2.11.2003. daxHHble 3TOH TIPYIIIEI
YCTAHARIMBAIOT CIIEAYIOIMe aMIMpuyeckue cesisu mexay E(A)/E(P), A wn Q;

1. 3navenus E(A4)/E(P) OTHOICHHSA YMCICHHO PAaBHAIOTCS OTHOILEHMIO
aroMHOro yucna A K 3apagy moHa 0,

E(A)/ E(P)= A/Qy . 9
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2. E(A)/E,(P) oTHOUIEHHE OT aTOMHOIO YMCIA A 3aBHCHT KaK CTeIleHHas
dyHkous or A

E.(A)/E,(P)=1.06 - A% (10)
3. U3 (9) u (10) cnemyer, urO
0, =7-A9, (11)

rae kKo3(dduimeHT mponopuuoHatbHOCTH X ~ 1.
Kax cnemyer u3 (9), no mauueiM III rpynmmel ToXe MOXHO OIPEIETHTH
CpEellHHEe 3HA4YEHHs 3apsAla HOHOB

(04) = A E (P)/E,(4), nu6o (Q,)=x-A"". (12)

Ecu urs cobeITHit, MpHHALIEXANMX K rpymie (-3aBUCUMOCTH, 3aBHCHMOCTD
3HAYEHMI 3apsIa MOHOB OT ATOMHOIO HoMepa A MMeeT JIorapH(MHUYECKHH BHI,
TO, KaK BUAHO M3 (12), st cobrITHiA rpynmbl A/ Q-3aBUCMMOCTH 3Ta 3aBUCHMMOCTh
crenenHas. Ha puc.8 wis cpaBHeHMs NpUBeIEHbI 3aBUCMMOCTH 3HAYEHMI 3apsia
OT aToMHOro Homepa ia cobutuit 20.04.1998r. (Q-3aBHCHMOCTB) H
26.12.2001r. (A/Q-3aBHCHMOCTB).

17§ /'O
3 -~
3 -
3 -~
133 >z
T 3
(-
AQ (24.04.1998)
51
3 0Q (26.12.2001)
S SeniieT e T e
1 1 21 31 41 51 61

A -
Prnc.8. 3aBHcHMOCTH 3HaYeHMI 38pAIA HOHOB OT ATOMHOTO HoMepa I coburrait 20.04.1998r.
(Q-3asucumMocTs) M 26.12.2001r. (A/Q-3aBMCHMOCTE).

Yro KacaeTcsi TEOPETHYECKHX MOJEIEH YCKOpEHHS, TO B HUX OTMEYaeTcs,
YTO IPH PacHpOCTPaHEHUH YIAPHOH BOJHBI B IUIa3Me, IJi¢ IIPUMECHEIE MOHEI
MOHM30BaHbl HEe MOIHOCTHIO, CIIEKTDP YCKOPEHHBIX YacTHIL Oyner oGoramarscs
ANpaMM TSDKENBIX 3neMeHToB [31,32,27]. Takke oTmMeyaercs, YTO MOCKONBKY
npober paccestHUs GBHICTPHIX YaCTHIX SBJIseTCH pacTyiuel (byHKIMelt XecTKoCTH,
HOHEI C GOMbIUMM OTHOWEHHEM A4/Q, OymyT nansine IMDOHMKAaTh B 061acTh
npendpoHTa, BCIEACTBME YEro MX CHEKTP Kak (YHKIMsS SHEPrHM HA HYKJIOH
Gyner Gonee monorum. O6a sddexra HaGmonaoTcst B 3KCriepuMeHTe (CM.,
Hanpumep [33]).
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5. Bui6odsi. Tor Gakr, 4TO NpUBENEHHEIE 3aBHCHMOCTH MEXIY 3HEpPrHsIMHA
U3/10Ma CrIeKTpa HabIMOAAIOTCS JUIS MAKCHMATBHEIX TIOTOKOB MOHOB M MPOTOHOB,
10 BCEH BEPOATHOCTH, FOBODMT O TOM, YTO COBBITMH IPYIIMPYIOTCS B COOT-
BETCTBMM C TPeMH Da3HBIMM MEXAaHH3MaMM YCKODEHMsl M pAaclpOCTPaHEHHS
noHoB. C 3T0# TOYKM 3peHMs OGOGIIEHME pe3y/LTATOB M OCHOBHEIE BEIBOIEI
MBI C/IeJIaeM TI0C/Ie aHANIM3a APYTMX XapaKTePHUCTUYECKHX NapaMeTpoB (pasHOCTh
MoKa3areneil CreKIpa MOHOB A0 M Iocie M3NI0Ma, BpEMS HapacTaHWs IIOTOKa
MOHOB JI0 MaKCHMyMa, DaclpOCTPaHEHHOCTb MOHOB M T.I.).

BaxHBIM pesylsTaToOM NaHHOIO 3Tana aHamu3a ABJISETCA EIE TOT daxr,
YTO BBIABNIEHA BO3MOXHOCTD ONPENeNeHHs 3apsafa B o6NacTH SHEPrHH M3NoMa
yepe3 3HayeHust E(A)/E(P) OTHOWEHHMS.

BaIpaxaio 61aronapHoCTb KOJUIEKTHBAM CITyTHHKOBBIX aKcnepumenTos GOES,
ACE/ULEIS, ACE/SEPICA, ACE/SIS, SOHO/LASCO 3a sKcnepMMeH-
TAIBHbIE NAHHBIE, BHICTARIEHHBIE B Internet; A.YwiMHrapsHy, 3a MOJIE3HBIE

3ameyaHus. Pabora BeinonHeHa B pamkax rpanTa A1058 U rpaHTa TEMaTHYeCKoro
¢unancupoBanua PA 1465.

EpeBaHckuit u3MyecKuili HHCTHTYT,
Apmenus, e-mail: hmart@crdixs.yerphi.am

SOLAR FLARE CLASSIFICATION ATTEMPT BY SEP.
I. CLASSIFICATION ACCORDING TO KNEE
ENERGIES OF SEP ION SPECTRA

H.S.MARTIROSYAN

During work activities energetic spectra of solar ions (H, He, C, O, Fe)
-for 23 events of 23d solar activity cycle are being analyzed with the aim of
finding out classification parametres of these events. The results of the analysis
showed that the events are distributed within three groups according to ion
spectra knee energies. The first group includes seven events, for which
E(A)/E(P)=A, where E(4) is the total kinetic energy of ion spectra knee
with the atomic number 4, and E(P) is the proton spectra knee energy.
In case of the second group (7 events), E(4)/E(P)= 0, where 0, is the
ion charge value. For the third group (9 events) E(A)/E(P)=A/Q,
Dependencies acquired for the second and the third group also allow to
determine ion charges with high precision.

Key words: Sunjflares:classification
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