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K ornasnennio

TNPEQUCIOBHE PEIAKTOPA

HNpemnaraemuf "Karamzor SHepPTeTWUECKHX CHEKTDOB COJHEYHHX
OPOTOHHHX coOutEik I1970-1979 rr." aBisercd passurmeM "Karanora
COJIHEYHHX IIPOTOHHHX COGHTHE I970-I979 rr.", ONMyOJMKOBAHHOTO B
1983 r. /1/

B Karanore /I/ Owim COOpaHH ¥ CHCTEMATH3MDOBAHH JAHHHE O
HOTOKAX GOJHEUHHX NPOTOHOB, IPEBHUABNKX HA OPOWTe 3eMIN BeJuduu-
Hy 1 oM %™ cp"I TpE sHeprEM Goxee 10 MsB maa 102 CIIC, o0 mx
BO3MOXHHX JCTOYHHKAX H O CBA3AHHOM C JAHHEM COOCHTHEM M3JIYUeHHEM
B ONTHYECKOM, DajMoO ¥ DEHTTEeHOBCKOM JIEalia3oHax. Tam ke ORAE 1pu—
BeJleHH CBeNeHMSa 00 8RTHMBHHX OOGJACTAX, B KOTODHX IPOUBOIIIM BCIMHIM-
KW, BH3EABEME BO3PAacTaHKe IOTOKa NPOTOHOB, HEKOTODHE CBEIEHHA O
CONHEUHHX IATHAX BOJM3M MeCTa BCHHUKM, IepedeHb caadux CIC za
1970-1979 Tr. E CHOMCOK JHTEDATYDH.

Hacrosmmit Karasor comepzmr Gosee 100 sHEpPreTHYECKHX CIEKT-
poB, MOGTPOEHHHX Ha OCHOBE aHaJW3a Marepmaaos Karamora /I/ u
pPe3YABTATOB SKCIEPEMEHTANBPHHX DAaGOT WIEHOB ABTOPCKOLO KOJLIEKTH~
Ba. CEJia Xe BKJINYEHH BPEMEHHHe NPOJUWIM TOTOKA HPOTOROB, GHHON-
TEYeCK¥e KaprH COJHNa, NOJATOTH CBAZK 3eMiu ¢ COJHIEM ¥ CXGMH
TPYHI IATEeH aKTHBHHX ofjacTel. OTM MaTepHals NpeIHA3HATEHW LA
TNONYIEEAA JHONOJHUTENLHO! EHopMAImM O COJHEYHOM HPOTOHHOM COCH-
TEE, JJIS CoJee HOJHOTO IpelcraBleHus O CHTyanmmu Ha -Coumie mo
¥ TIOCJIe BCUHNKY, SABEBHEH#CHA HCTOYHMKOM YCKODEHHHX YacTHil,

BpemenHofl mpoduab MOTOKOB HPOTOHOB JiaeT OCOOEHHC HaTJAUHYD
mHfOpMAIUD O XapakTepe COCHTHA. I'naukuil mpodmab ¢ CHCTDHM Hapac-—
TaHMEM ¥ MeIJIeHHHM CHAIOM HOTOKOB YACTHIl, KaK IIPABWIO, COUYTCT—
ByeT "KJIaCCHYECKOMY" COOHTHK, T.€. OIFHOYHOMY HCIfyCHAHAD YaCTHI
73 CosHIa ¥ BX DacHpOCTPSHEHN® B HEBO3MylleBHO# mexnnaHerTHoik cpe-—
Ie. B oroM ciydae sHepreTHYecKEH# CIEKTD, UPHBEAeHHHE B HACTOS-
meM Karanore, OymeT CHEKTDOM YacTyll, BHIenmux #3 CosHua B Mex-
ILIaHEeTHOE NPOCTPaHCTBO. HeoGXomuMo NONYEepKHYTH, 9T0 3TOT CUEKTD
He OCH34TEJBHO ABIASETCA CIEKTPOM YCKODEHHS WIB TeHepanuy JacTHD
BO BCHHEKE, TaK KaK YCRODEHHHe d4acTHiH Ao BHXoxa M3 CojHna moi-
BepranTcd BO3AeHCTBUM pa3JmIHHX QU3MIECKMX IPOLeCCOB KaK B ca-
MO# OGJIACTH YCKODEHWS, Tak ¥ B KOpoHe COJHIA, IDWYEM DOJB ITHX
IpONECCOB MeHAeTCA OT COOHTEA K COCHTHN.

Ecom BpeMeHHO# NDOPWIL HOTOKOB M3DE3aH, TO BTO T'OBODHT O
CJOXHOCTH GOOHTAS, MHOTOKDATHOM MCIYCKAHWE YaCTHI WM BO3MymMEH—



HHX YCJOBHAX B MexmiaHeTHOR cpelle. Kiaccmpmxan®s rapux coOHTmH
QUPHOPHE 3aTPYyIHHTeNbHA ¥ JAA DEemeHAA BOHOPOCa O XapaKrepe IanHO-
T'0 GOOHTEA HeOOXOZWMO NPEBJIEKATH IPYTHE MATEDMSNH, B TOM YHCIE
7 u3 Karanora /1/. Ipe mcuoAb30BaHEM MarepmalioB Kararora B Kex—
JIOM’ KOHKDETHOM CJAyvee HyXHO YeTKC OIpEeNelMTh 3aIavy HCCJAeJOBa—
HHS.

JHepreTEYECKEe CHEKTPH JaHHOro KaTajora MOTYT OHTEH MCHOJIB-
30BaHH LJIA NPOBENEHHMA CTBTHCTHYIECKHUX MCCJAETOBAHME COMHEYHHX dac-
THI[, NOMCKa 3aKOHOMepHOCTel P MX CHEKTPANBHHX XapakTEepHACTHKAX,
I #3y4eHEA (E3¥dYecKEX OpPOLECCOB, CBA3AHHHX C YCKODEHHEM M pac-
OpOCTPAHARMEM JaCTHI. OTH CHEKTDH MOTYT OHTH INOJIE3HH M IIPH pas-—
padoTKe METONOB TPOTHO3MPOBAHMA DAXHAIMOHHOZ OGCTAHOBKE B OKOJO-
3eMHOM KOCMHYECKOM IIPOCTDAHCTEE, HPM H3YUYeHWM NPOHUKHOBEHEA
YACTHN B T'AYOOKHe CJOH marH¥rocfepH 3emim, a Tak®e IIPK CONOCTEB-
JCHUR DASIMIHNX TeOoPH3MYeCKEX sSBAeHuE C COJHEYHO} AKTHBHOCTHR
(HaupmMep, NpX ONEHKe BEJMYMHH HOTJOWEHHA KOCMHYECKOTO DAJIHOH3-
JyYeHEA B TOJHPHOR WanKe, YCJIOBM pacNpoCTPAHEHHA DANHOBOJH H
T.h.), T.€. B DAMEAX GoJee OOmeH# MpOCAOMH COJI: (UHO-~BEMHHX GBI~
3¢H.

Hacrosuum#i Karaior HONTOTOBIEH NDEICTABHTEIAMA DSAS HAYYHO~
HecaeloBarensckux yupexnennii CCCP, o0beNMHEHHHX B CO3HAHHYD B
1980 r. padouyn rpymny “Karajor" B cocrase CeKHME COJHEYHHX IpO-
TOHHHX coOHrmE Hayumoro cosera AH CCCP mo npodGreme "@uawka coX—
HeuHo-3eMEuX cnAseit” (Coper "Coxrue-3emaa").

Opemunymas paGoTsa 2T0r0 Xe aBTOPCKOTO Koaiekrmsa "Karaxmor
COJHEYHHX HIPOTOHHHX coOmTmi# I970-I1979 rr." /I/ orasaxach moxes—
HOE uccaenoparesaM CoJHIE M COJHEYHO-3eMHHX opaselt. 0COGEHHOCTE
Hacroamero Karamora cocTorT B TOM, YTO ABTOPH OCYWMECGTBEAR KOMI-
JEKCHHE MOXXOJ KX pa3HODPOXHHM MaTepmaliaM ¥ NOJYJYRAM PHepreTHYe-
CKM¥e CIEKTDH IPOTOHOB B Da3JWYHHX COCHTHAX eNuHO# MeTORuKO#.

Padory uay KaramoroM axTuBHO moinepxuBaiM npercenaress Co-
sera "Coxmnme-3emna"” wi.-rxopp. AH CCCP B.E.CrenanoB, HApeRTOop
H3MUPAH 4i.-xopp. AH CCCP B.B.Muryxms, nmupertop MIT' TockoMrumpo-
Mera N.T.H. C.M.Asmomws, 3am.pupekTopa HUWERR MIY kx.0.-M.H.
M.U.[JaHaCOK ¥ DYKOBOAMTEJNM NPYTEX yupexneHu#t. OpopmieHEe H HOZ-
roroBska Karanora K nevatm ocymecrsieHd B HUFR MUY n M3MUPAH
IpE HemocpexcTBeHHOM yuacruu M.T.CmMarosa, E.U.Ipyrencro#,
T.A.Jlarenenxosoft, B.B.loxopoascko#t, J.H.Crporanvso#, H.B.Koxu—
Ho¥, H.M.Makaposoit, I'.J.llepdaxopoi. Bcem mepeuCAeHHHM AMIAM
cocTaBHTeJ¥ Kararmora BHpaxapT HCKDEHHER OIaroXapHOCTH.

«



K ormasnenuio

BBEJUEHNE

TuaBHaA ueab HacTosAmero Karanora — JaTh CBeJEHUA 06 SHep-
TeTHYECKEX CIEeKTpax MOTOKOB IMPOTOHOB B COJHEYHHX [POTOHHHX CO-
Ouruax (CIC), BrMOMeHHHX B "Kartagor CIIC I970-1979 rr."/I/.

KaTanor BrRINYAET CJeAylUde MATEePHAJH:

MHTErpaJbHHE dSHepreTHdYecKHe CIOEKTPH NMPOTOHOB C 3Heprumeit Goan-
me 5 MsB;

CXemaTHYeCKMe BpDEMEHHHEe NPOJUIM MOTOKOB IPOTOHOB LA OINHOTO
MM HECKOJLKNX SHaUYEHMil SHepruu;

CHHONTHYECKHE KApTH COJHIA B JMHAM H, ¥ LOJTOTH COEAMHEHW
Semm ¢ ComuueM naf CIIC, HAZEXHO OTOXIECTRIEHHHX CO BCIHUKAME
Ha CoJjmHue;

CXEMH I'pyNI NATEH aKTHBHOH 0067aCcTH#, B KOTODO# NMpPOM3OIJIR BCIIHI-
‘K& — HCTOYHMK CIIC.

OHepreTuveckuit CHEKTD COJHEUYHHX KOCMUUecKux Jyueh (CKI) -
BaxHelmasa xapaxTepACTHKA YCKOPUTEJHHOT'O Npoliecca, IPOTEeKAKMEeTo
B coJHeuHORl BChHuKe, X PU3NUECKUX YCJOBE{ B OONACTH YCKOPEHUA.
PasnuMyHHe MEeXaHA3MH YCKODEHNWA B COYETEHHN C DA3JMUYHHME YCJIOBUA-
M B OGJIACTH YCKODEHMA JalT PA3HHE DHEPreTHYECKHE CHEeKTDPH YCKO-
PERHHX 4YacTuu. $opMa CHEKTpa ¥ MOJHAA HHTEHCHBHOCTH YCKOPEHHHX
49aCTHI, B MCTOYHHKE TECHO CBASAHH, B YACTHOCTH, C BSHEPTETUKO} u
MeXaHM3MOM camo#t BCIIHUIKK,

Crexrp CKI y 3ewmu npelncTanifeT CoJbpmOft MHTepeC IAA OUeH-
KN panuaimoHHOR OGCTAHOBKY B OKOJOSBEMHOM KOCMUYECKOM IIPOCTpaH-
CTBe M LJIA HccienoBanuAa Treofusmyeckux sdbdexron CHJ.

IIA HOCTPOeHMA COEKTPOB HCIOJL30BAHH IAHHHE O MOTOKAX IPO-
TOHOB C SHeprueid £ > 5 MdB, M3MepeHHHE HA KOCMNUECKUX annapa-
rax (KA) IMP, ~OAA, "Meteop", "lIpornos3" u "BesHepa", a Takxe
JaHHHe cTpaTocdepHHx ( E = I00 MeB) u Hasemiux ( E = 500 MaB)
HaoumoneHARk /I-3/.

SHepreTHYeCKAe CIEKTPH MOCTPOEHH [0 MAKCUMAJBHHM 3HAYSHUAM
IOTOKO® TIPOTOHOB pPA3HHX JHepru#l Ha paccrofgsmu I a.e. oT Coamua.
9TH 3HAYEHMA MOTYT OTHOCHTHECA K DPA3JMYHHM MOMEHTaM BpEeMeHM LJIA
YacTHl pasHHx SHepruil, Takroil nONXON K NMOCTPOSHMD CIEKTPOB OHJI
IIPOJYKTOBAH COOCpDAXEeHUSMI, BHTEKAKNIUMY K3 COBPEMEHHHX MOJEJBHHX
npelcTaniIeHnt 0 MeXaHX3Max yCKOpeHWd vyacTul Ha CojmHle, XX UCHOyC-
HAHMA 73 KOPOHH ¥ DACIPOCTDRHEHMSI B MERINIAHETHOM IPOCTDAHCTEE.

Ecim ucnyckanue YCKOPEHHHX NPOTOHOB CUUTATH KMIYJBCHHM, &
pacnpocTpaHeHde -~ AUPHY3MOHHHM, TO DHEPreTMUEeCKMil CIEeKTp, IIo-
CTPOeHHH# N0 MAKCHMAJBHHM 3HAYEHHMAM HaOAIAeMHX IIOTOKOB IPOTO—
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HOB pasJMuHHX SHepruft ABRIAETCA CIEKTPOM HPOTOHOB, BHXOJANAX U3
KOPOHH COJIHIA B MEXIIGHETHOe NPOCTPAHCTBO, T.e. CIEKTPOM HCOyC-
KAHUA COJHEYHHX NPOTOHOB. B HeicTBMTENBHOCTH BHXOJL CKI B3 KOpO-
HH B COJBUMHCTBE CJAYYaeB He ABIAETCHA MCHOBEHHEM, a HPHX pacmopocT-
PaHeHUN B MeXIUIaHEeTHOH cpele 3apAXEHHHEe 4HaCTHOH, HOMUMO Iuddy-
3UM, KCIHTHBAKT KOHBEKIMP, KOPOTaIMbD, anracaTHvyeckoe 3aMejjIeHue,
npeild ¥ JOKYCHDOBKY B MEXJIAHETHOM MATHHTHOM IoJie. TeM He MeHee
B OTCYTCTBME KPYNHOMACHTACHHX BO3MymeHH# (HanpIMEp, MEXILIAHET-
HHX YOAPHHX BOJIH) BO MHOI'MX CJyyasX SHEpreTHYeCKHE CmekTp, mo-
CTPOEHHHI 10 MAKCUMAJNBHHM 3HAYEeHAAM HaCJIONASMHX IOTOKOB HPOTO-
HOB, MOFHO DacCMarTpUBATL KAK NepBoe NPUONKEHMEe K CIEeKTpYy HC~
NycKaHnA, B nonoOHHX ciayyaax CIC MMenT caeiynmye XapaKTepHHE
OCOGEHHOCTH ;

I) roanxuit BpemenHoOfi nMpofusb C NOCTATOYHO De3KHM HapacTa-
HUEM HHTEHCHUBHOCTHM, OTYETJMBHM MAKCHUMYMOM M MeLJIEHHHM CHANOM;

2) nucuepcuo N0 CKOPOCTAM, T.e. 3aNa3IHBAHME HOPHXOM2 dac-
THUL, MEeHbilejl SHEPr¥M IO CpPaBHEHUD C NPUXOROM dacThi] 6oJiee BHCO-
KIX SHepTHii; '

3) BHAUNTEJBHYK BeJMYWMHY SHMSOTPONMM YACTHL B HAYAJBHON
CTamMM COOHTHA C OHCTDHM e€ YOHBAaHUEM K MOMEHTY MAKCUMyMA U Ha
cliajle BPEMEHHOTO IIPOPUJd.

Kax npaewio, 9T OCOGEHHOCTY HACGIWIAWTCA B COCHTHAX, yBe-—
DPEHHO OTOXIECTBJEHHHX C KpymHoft u3oiMpomanHo#t Benuumkoff, pacmo-
JIOXeHHO! B 3amanHoM moaymapuyu CouHua. OHM yKASHBAWT Ha TO, YTO
paclnpocTpaHeHue dacTHL, IPOMCXOIAIO B OTHOCATEJNBHO CHOKOUHONK
MeXIJaHeTHOH# cpere.

B HEKOTOPHX COCHTHAX MAKCHMAJLHHE MOTOKM IPOTOHOB DA3HHX
SHeprumil HAGJINIAKTCA ONHOBPEMEHHO. B BTOM cCiydae Hambosee BepO— -
ATHO, 4YTO PETMCTDEPYETCA He BPEMEHHOe, 4 IPOCTPAHCTBEHHOe pac-—
npegeJieHue vyacTuu, Taxue COCHTUA BOJMASK 3eMIE 4acTo COBIaIAKnT
C BHE3aNHHM HAYaJOM MarHUTHO# Oypu ( sc ), KOTOpOe YKA3HBAaeT Ha
OpUXOM K 3eMIe BHCOKOCKODOCTHOH COMHeuHO# MiasMH ¥ CBA3aHHOK C
Helt MexIIaHeTHOR ynapHO# BOJHH. (QUpelieseHHas A0JA COOHTHE ¢ on-—
HOBPEMEHHHM IPHXOIOM NIPOTOHOB DASJIMYHHX SHEPTruit, No-BHIEMOMY,
CBABEHA C KOPOTHPYIUWMMHM OOCJNACTAMA B3aMMOAENCTEBAS PA3HOCKOPOCT-—
HHX IIOTOKOB COJHEYHOT'O BeTpa. BO3MOXHO TaKEe YCKODEeRMEe YaCTHil
B MEXIUIZHETHOM [POCTPAHCTBE BOJUBH YIAPHOrO §poHTa, MERLY. yiap-
HEME QporTamu ¥ HA QpPOHTe TOJOBHO# ynapHO#t BOJHH Nepexn MArHATO-
chepoit 3emii.. XOTA [EPBOHAYAJNBHO STH YACTULH AMEWT COJHEYHOe
IPOMCXOXIEHHE, 3a BPeMAd CYWECTBOBAHMA B MATHUTHHX JOBYMKAX KX
CIEKTDP; HECOMHEHHO, NOLBEPraeTCA 3HAUATENBHOR Tpancopmalmu,



TaK YTO CHEKTDp Yy 3emMiM, HOCTPOEHHHH IO MAaKCUMAJBHHM 3HAYEHHAM
IOTOKOB IPOTOHOB, HE COOTBETCTByeT CHeKTPYy BOmsH Counua. Ha-
CADNaeMH#l CIeKTP B HONOCHHX CJydYafAX [0 CYWECTBY ABIAECTCHA MI'HO-
BEHHHM CIIEKTPOM B RaHHO! IPOCTPAHCTBEHHOH CTPYKTYpe M OTpaxaeT
yCJIOBAA YCKOPEHHA ¥ yAEDRAHAA UACTHL B Heit. '

3HaunTeJbHoe 4ucio CIC umenT BpeMeHHO# mpoduis, KOTODHIH
TPYIZHO OTHECTH K YKASAHHHM BHIE IBYM TUIaM., MaKCUMyMH B STHX
COOHTHAX PABMHTH, ITPOUM IOTOKOB CWIBHO HM3De3aHH, COCHTHE. B
HEKOTOPHX CJYYAAX HMeeT LIATENBHOCT: 1o I0-I5 nHeit, a wHOTHA
Bcero I-2 mHA., B STEX CJayvyadX NJIA HOCTPOGHUA CIEKTpPa ABTOPH Ha
OCHOBE THATENBHHOTO AHANM38 BPEMEHHOTO XONa MHTEeHCHUBHOCTH CKI,
TPOABAEHUR BCHHEEUHOA SKTABHOCTHM ¥ IeOMATHUTHHX NAHHHX CTapa-
NACH BHAGJHATE HA BPEMEHHHX NPOPMJIAX HacTML pasHHX SHEpPruil Max-
CHMyMH MHTEHCHBMOCTHZ, MMekupe odliee NPOUCXOXNeHue, OIHAKO B Df-
Ie CIy4YaeB CleJaThk 3TO YBEDEHHO He yIajoch (Hampumep, COCHTHSA
k¥ I3, 24).

CoBpeMeHROe COCTOAHAEe HAIMX [IpeXcTaBieHuft o0 Impoueccax, Ipo-
TEKaMuNX BO BCIOHIKAX, [IPM PACIPOCTPaHEHMM 4YacTHl, B KOpoHe COJH-
U8 ¥ B MEXIJAHETHOM NPOCTPAHCTBE, & IVIABHOE — HEJOCTATOYHOCTH
9KCIEePUMEHTANBHHX IGHHHX O [OTOKAX YACTHUIl, KX IPOCTPAHCTBEHHOM
M YTJIOBOM pacrpelesieHil, O KOPOHAJBHOM ¥ MEXIJIAHETHOM MATHUTHOM
moJie He IO3BOJAKNT OJHO3HAUHO ONPeNeJMTh NPUPONY COCHTHUA H MHTEep-
OpeTHPOBATH. MOJNYUYEHHHH CIIeKTp. HecMoTpsa Ha yKasaHHHE Heompene-—
JIEHHOCTH, &BTODH COWIM LieNleCOOCPA3HHM BRIWOYNTL B KATANOT CHEKT-
pH Bcex CNC u3 Katamora /I/, kpome cOOHTHS ¥ 4I, LIA KOTOPOTO
BpeMeHHO# npounb usMepeH JIMWEL LA NPOTOHOB ONHONM sHepruu. Me—
TOJINKA MOCTPOCHHS PSHEPTeTUUECKUX CIIEKTPOB U3 IAHHHX DPASHODOI-
HHX HaOnmneHu#t MOXPOGHO ONMCAHA HIKE.

CIeKTPH NPENCTABJIEHH B BUIE TpafUKOB U NOMOJHEHH HEKOTOpOit
uafopmaumeit, KoTopas, IO MHEHUW aBTOPOB, MOXET OHTEH CBA3aHA C
XapaKTePUCTUKAMI CIEKTDPOB,

B mocJienHue TOOH BCe GOJbllee DKCIEPAMEHTAIBHOE NONTBEDPKIE- -
HUe [OJy4YaeT KOHUENIMA KOPOHAJBHOIO DPACIPOCTDAHEHUS YCKODPEHHHX
9acTHll, COIVIACHO KOTOpPOHl a3MMyTaJbHHiI NEePEeHOC YaCTHL OT MecTa
YCKOpEHNA MPOUCXOIMT, B OCHOBHOM, B KOpPOHE COJHIE C MOCTOSHHOHR
yTeuxoif JacTHi B MEeXIJZHETHOE MPOCTPAHCTBO BLOJL OTKPHTHX CHJIO-
BHX JMHUA MAGTHUTHOI'O MOJIA.

B MemIJIaHETHOM IPOCTPAHCTBE A3UMyTaJIBHOE DaCHpPOCTpaHeHVe
YaCTHL 3aTPYIHEHO H3-3a OTHOCHUTEJBHOH! MajocT! KOs{puLmeHTa HO-
nepeyHo# mufdysmm, nosTOMy HadARmaTeNb perucTpupyeT CKI, npu-
Wenuwe BROJL MATHHUTHO! CUNOBO# JMHUEM, COelUHAKWER TOUKY HAGIO-
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IeHua ¢ COJIHIEM.

CTPYKTypa KODOHQIBHOT'O MATHATHOTO MOJIA MOXET MMeTh Olpele-—
Jsnlee BIMAHAE HA BPEMEHHOH Npoduab u IpyTHe XapakTepucTHku CKI.
OIHaKO ¥M3MEepeHHs MATHUTHHX NoJefl B KOpOHE CTaJKABANTCA C GOJb~
UMMA TRYZHOCTSAMM

[IpuBelieHHHEe B KaTaJjore CHUHONTHYECKUWE KAPTH COJHUA B JMHUK
H, orpaxaioT pacnpeleJieHMe KDYNMHOMACWTACHHX MaCHUTHHX THoJeft Ha
ypoBHe XpoMocPepH. ITH KapTH MO3BOJAKNT IO HEKOTODPO# cTemeHM Cy-
IUTH O CJIOXHOCTY KODOHAJBHOT'O MATHUTHOT'O IOJIA, B KOTOPOM IPOMC—
XOoInuT pacupocTpaHeHue u xpaHenue CKJ. OZHAKO CHHONTHYECKHE KAD~
TH He JanT NpeincTanjeHNA O HAIPAKEHHOCTH MATHATHNX moJelt ¥ He
OTpaxanT IMHAMAYECKUX ABJIEHU{ B KOPOHE, KOTOpHE, IO—BUIUMOMY,
WIpaiT OYeHb COJBUYD POJIP BO BCIHUEYHHX IPOLECCEX. CleayerT
[IOMHKTE, 4YTO oTOoCPepHHe NOJIA TOXE MEHAKNTCA BO BPEMEHM, ¥ HA
Kapre, oTpaxaime# BpeMA OZHOro o6opoTa COJHUA, LOCTOBEPHHMMA
ABJANTCA TOJBKO CTDPYKTYPH, YAWIEHHHE IO I'eJUONONTOTe Ha + 60°
OTHOCUTEJBHO LEHTDAJNBHOT'O MEPHIMaHA IJIA IAHHOTO NHA. JTH KAPTH
CHaOkeHH TaKke CBeLEeHUAMU O AOJATOTE COENUHEHUa 3eMIN - IeJMo-
IOJTOTEe, Ha KOTODYKH IIPOEKTUPYeTCS NOJOXEHMe 3eMIM BAOJEL CHJIOBOl
JIMHUA MEeXIMaHEeTHOT'O MATHHTHOT'O IOJA C Y4eTOM CKOPOCTH COJHEYHO-
TO BETPa.

boslee IeTaJbHOE INIpenCTaBIeHNe O CTPYKTYPe MATHHTHOIO IIOJA
AKTUBHOM OGJACTH, B KOTOPOM NpoM3ouia BCIHIKA, MOXHO IOJYIHTH
43 [pUBeIEeHHHX B KaTajore 3apiCOBOK TI'PYNI NATEH, B3ATHX M3 Oli-
aetensa /7/. Ha 5TUX 3aDHCOBKAX YKA3aHH NOJADHOCTH NIATEH, M30-
OpaXeHa HelTpaJibHas JHHWSA, B OTAEJbHHX CIAYYaAX NPUBOLATCA KOH-—
TYPH BCIHIEK,

KaTanor chHaCxeH LBYMA CIIMCKAMY JIATepaTyDPH. [IepBHiIt OTHOCHT-
oA K JITEpaType, LUATHDYEMOR B TEKCTe [PEIMCJIOBAS DeLaKTOpa U
Beenenns, Jpyroif CIUCOK BRINYAET JUTEPATYPY, OTHOCAUYHCH HEIO-
CPEHCTBEHHO K SHEPreTHYECKUM CIEKTDaM U IPYyTUM MATepHasaM,
IpeicTaBiIeHHHM B Kartajnore, CrenyeT NONYEPKHYTH, UTO STOT CIIMCOK
ABIAETCA IONOJHUTENBHHM O OTHOWSHHI K GHAJOTMYHOMY CIIUCKY
Kartamora /1/.



K ormasnenuio

OIMCAHME MATEPHMAJIOB KATAJIOTA

QCHOBHHE XapAKTePUCTUKM COOHTHA M Tpaduky CIESKTPOB

Ka)IoMy COGHTHI OTBEIEHA OTAeNBbHAA CTpaHuua (MHOTZA 2-3
CTpaHMiH), colepxamas B 3aTOJOBKE CJEAYKUME CBeIEHUA:

- HOMEp COGHTMA 1Mo Karanory /I/ (VA HEKOTOPHX CJOKHHX COCHTHUH
Hocs:: HoMmepa CcJaelylT UmppH (2) wiM (3), oGo3HauAlUME UYUCJIO
CTpPaHUL CO CIEeKTpaMi, OTHOCAIMMACA K IAHHOMY COGHTHD) ;

~ IaTa HayaJa COGHTHA B crenymmeR HOC/eNOBaATEABHOCTM: TOXN,
MecAl, IEeHb Mecdla;

-Bpema T ( UT ) PEeTUCTPAIMY MAKCHMAJIBHHX 3HaYeHME HOTOKOB
yacTHL (uepe3 3HAK " — " yKASAHH HAUaJO ¥ KOHel] MHTEepBaJa Bpe-
MEHHM, B TeYEeHHE KOTOPOTO HACIKIAJUCHh MAKCHMAJNBHHE 3HAYCHUA
[IOTOKOB YaCTHLl OQHO# WIM pasHHX DHEepIuil; B CJIOKHHX COCHTHUAX
C HECKOJBKAMI MaKCUMyMamy, IpelCTaBjAeHHHMM B Karamore /I /ue-
pes sHak " / ", NOCHAENOBATENBHHM MAKCUMyMAM [IDAIMCAHH MOPSL-
KOBHE HOMEpa max I, max@ ¥ T.M0.; B TeX CJAyYadax, KOrza OT-
CYTCTROBAJIY IAHHHE O NMOTOKAX YacTHI, B MAKCHMyMe, BpEMA T yKa-
33HO 6e3 MHIEKCA "max");

- GaJul COCHTMA MO KIACCHQUKAIWMM, NpuHATOH B Karanore /I1/.

B nocsenymuux CTPOKaX NPUBENEHH CBeleHus 00 MCTOuHMKe (HC-
TOYHMKAX) JAHHOTO COOHTHA W3 Karamora /I/. IIDUHATH Caenymouye
0G03HAUEHUA ¢
O - BCHHIIXA Ha Bupumoit mosycdepe COJHUE;

O - BCOHIKAZ (WM AXTUBHOCTH) 348 BANAIHHM WM BOCTOYHHM JHMGOM

CouHLA ;

¢ - aKTHEBHOCTH OGJNACTM Ha HUCKe COJHUA, 3a MCKINYEHUEM RBCIIHUEK;

MOLYJIALUMOHHHE SQQPEeKTH B MEXIJAHETHOM NPOCTpPAHCTBE;

A - K3MEHEeHUA B NOTOKE YacTHI, CBABAHHHE C SC .,

CreneHb YBEPEHHOCTH, C KOTOpoit ocymecTBIeHa NPUBA3KA COOH-
THA K MCTOYHUKY, BHDAKEHa CJACIAYKMUM OCpasoM ([OKA3AHO Ha IpHMe-
pe BCIHIEK) :
® - IAHHAsA BCIHIKA OIpeneJeHHO ABIACTCSA UCTOYHMKOM BO3DACTAHUA

OTOKA YaCTHll;
© - IAHHAA BCIHUKA C GOJBHONE BEPOATHOCTBHI ABIAETCA MCTOUYHMKOM

BO3PACTaHUA [TOTOKOB YACTULL;

O - BCIHWKA, BO3MORHO, SABIAETCS UCTOYHVKOM COOHTHUA, HO €CThb
[IPMYUHH, [0O KOTODHM 3T& BO3MOXHOCTE NOJABEPI'&eTCA COMHEHHI,
@ - BCOHUKA He ABIAETCA OCHOBHHM UCTOYHUKOM, HO BHecJa (Wi

MOTVI& BHECTM) BRJAN B HAGIKLAEMHE HOTOKH IPOTOHOB.
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[locne oTHX DAHHHX LA KAXIOrO COOHWTHA Ha Ipafukax npusefe-
HH UHTETPaJbHHE SHEPreTHvecKue CHeKTDH MOTOKOB IIPOTOHOB HA MO-
MEHT (MOMEHTH) MAKCUMYyMaZ MOTOKOB. [0 OCK a6CLMCC OTJIOXKEHA SHED-
IMA YacTAL B MoB, 1O OCH OPIMHAT — BEJMUMHA NIOTOK& B CM “C ~¢p -
PazyHEMI CUMBOJIGMM HAHECEHH SHAYEHNA WMHTeTDANBHHX [OTOKOB IpO-
TOHOB, M3MEPEHHHE B DABHHX OJKCIEpUMEHTaX. CTDEJNKA BBepX (BHH3)
Yy CUMBOJIa O3HayaeT, YTO NPUBENEHHOE 3HAYEHHE NOTOKA ABIAETCH
HUXHUM (BEDXHEM) IpefieJoM. B BepXHEM IIDaBoM yTJIy Tpafuke ykaza-
HO, IO JAHHHM KAKOT'O 3KCIEDHUMEHT& IOCTPOEH CHEKTD. [IPHHATH CJe-
Iyxure OCO3HAYEHUA
METo - nannne KA "MeTeop" (UHTETrDAJIbHHE KAHAJH);

IMPe - nannne KA "IMP-5,6" (MHTeTDANBHHE KAHAJH);
NoAaAe-lIaHHHE KA "nNoaa =-2,3" (¥MHTEeTpDaJBHHE KAHAJH);

IMP x - nammme KA "IMP-5,6,7,8" (mubdepeHUMANbHHE KaHAJH) ;
[IPOe ~ nanune KA "Mporuos-I-7" (mudd. H WHTErpanbume KaHanu);
BEH 0 - naHHHe KA "Besepa-II,I2" (nubdepeHUMANBHHE KAHAIH);
FAT A - 1aHHHe CaJIJIOHHHX U3MepeHuit B cTparoclepe;

HM & - naHHHe MMPOBO# CeTH HeHTDOHHHX MOHUTODPCB.

Ha rpaguxax HOpoBelleHH NpAMHE JIMHUN, AIMPOKCUMAPYKUHE SHep-
TeTHYeCKuil CIeKTD QyHkumes Buma 1 (> g ) ~ £ V-, TOe
J (> E ) - NOTOK yacTHI C BHepruelt Coxblle E ¥ Y - Ookasa-
TeJNb CHEeKTpa. JIIA Kamnoro NPUBEREHHOTO CIEKTDa 3HAYEHMe | YKa-
3aHO Ha rpadure. CHEKTPH, OTHOCAUMECS He K MAKCHMYyMaM IOTOKOB,
NOKasaHH WTPUXOoBoil JvHMeH, DANOM CO CIEKTPOM YKABEHO COOTBETCT-
Byouiee Bpema { UT ).

B cuyvasx, ecJy CIEKTD He YIAJIOCH ONMCATH OIHOM dyHKIMel
BO BCEM NVAIlA30HE JHePIuil, MPOBeleHH ANIPOKCUMADYHUME IpAMHE B
HECKOJBKUX SHEPTeTHUECKUX MHTEpBaJaX C YKA3aHUEM COOTBETCTBYL-
WHX BHAUEHNH IIOKasaTesd CHEKTPa B KAXIOM MHTepBajle, MHOTIA Npu
3HAYUTEJBHOM PACXOXIEHMM JAHHHX DAs3HHX SKCIEPHMEHTOB LJIA OLHOTIO
X TOT'O Xe MAKCHUMYMA NpPMBELEHH AB& OTIEJBHHX CIEeKTpa.

[19 CHIOXHHX COCHTHI NpUBONATCA IBa WM 6ojee CIEKTPA B CO-
OTBETCTBUY C YMCJOM MAKCHUMYyMOB, BHIEJIEHHHX B 3arOJIOBKE. B 3TUX
CJAyYasx y CIEeKTpa YKa3aH IOPANKOBHiI HOMEp MakcuMyma. HeKOTOpHe
CIEKTPH B CJORHHX COCHTHAX MMENT OTIEJBHYK WKATY OPLUHAT, IIOMe-
YEHHYI0 COOTBETCTBYMIAM MOPAIKOBHM HOMEDOM Makcumyms. Clelyer
OTMETHTH, YTO B 3THX CJY4YaAX BHuMTanue $OHA OTHEJBHO IJA Kawio-
IO MAKCHMYMa He NPOU3BOLUIOCE.
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K ornasnenuio

CXemaTH4eCKHEe BPEeMEHHHE npodumt

B HuxHell YacTH JMCTS IJSA KAXIOrO COOHTHA IPHBOIMTCA CXOMa-—
TRUECKNH cIVIexeHHNY BpeMeHHO! NpOfWJE IOTOKOB UPOTOHOB C yKa3a-
HUEM SHEpTMM M KOCMAYECKOTO amiapara, Ha KOTOPOM HaGAKNaJoCh
COOHTYE . BpeMeHHHe PO NOCTPOeHH 0e3 BHYKTAHMA (oHA Ianak-
THYECKUX KOCMUUYECKMX Jydelf Mo JaHHHM O IIOTOKAX IpoToHoB CKI,
3aperMCTPUPOBAHENX Ha KA "MIporro3” B MEXIJAHETHOM IPOCTPaHCTEE
X KA "MeTeop" B TUIYGOKO# MOJAPHON WAaNke (MHBAPUAHTHHE UMPOTH
donee 67~70°, BpeMA [IPOXORIEHMA OT 5 10 IS5 MMHYT, MHTEDPBAJ Bpe-
MEHM MeXLy [poJieTaMy Haj ceBepHOR 1 kxitoif MOJAPHHMY HAIKAMMA
30-45 MMHYT B 3aBMCHMOCTH OT OPOUTH KA).

B caIy4ae OTCYTCTBAA JAHHHX C KA "Mereop" wm "IporHos"”
BpeMeHHHe Npodum IPEBOZATCA MO AaHHHM KA IMP LiA MOTOKOB Ipo-
TOHOB ¢ E> I0 M5B wii B sHepreTHYECKUX MHTepmaJax I3,7-25,2
MsB, 20-40 MsB 1 I9-80 MsB.

1A caMHX MOWHHX COCHTHH ¥ 36 m ¥ 37, HaCmopasuixca 4 u 7
aprycra 1972 r., NpUBEASHH BPEMEHHHE NPOYWIE RIA NOTOKOB IIPOTC-
HOB ¢ E > I0, > 30, > 60, > I00 # > 200 MaB. [J1d IPOTOHOB C
E > 200 MsB BpemenHO# mpoduib HOCTPOEH IO JAHHHM GaJsllOHHHX
maMepeHult B crparocdepe (uepe3 Kaxpne 2-3 yaca).

Ha bBpeMeHHOM mpodure CTPeJKOH yKasaHH MOMEHTH BpPEMEHN Dpe-
THCTDALW MAKCHMAJLHOTO 3HAYEHMA HOTOKA IPOTOHOB JAHHOH sHep-
TUX; K STOMY MAKCHMyMy (MaxCHMymaM) OTHOCATCA NpeNCTaBIeHHHEe
BHIlE SHEPTeTHYECKUE CHEeKTDH. LBe CTPEJIKM, COeIMHEHHHE II€DPeMHY-
KOHt, YKA3HBAGKT, YTO MAKCHMAJIbHHE 3HAUYEHWA [OTOKOB IAHHON YHEp-
UK HAGIOLAJMCH B TeYeHHe LIMTEeNBHOTO MHTeDBaJa BpeMeHd. [
HECKOJBKAX COCHTHI ¢ MaKCHMyMaMu, pasleJeHHHMA HeOOJbUUMY Bpe-
MEHHHMM WHTEPBAJaMd, MPKBOLUTCA COBMECTHHH MDPOJUAL STUX COOH-~
THi HOK KAKAHM IIPEICTABACHHHM CIEKTDOM.

[lpt OTCYTCTBMM HENPEPHBHHX IAHHHX C ONHOTO KA KOHTYP Ipo-
@uiA [OTOKOB YACTMI JaHHOM SHEPTHH HOKa3aH MYHKTHPHO# JMHUeR
HA OCHOBE QHAJM3a BPEMEHHOro IpofwiA NMOTOKOB IO ApYyTUM KA, @yHE-
IIOHMPOBABIMM B STOT IEPHON, B OKOJOSEMHOM KOCMAYECKOM IPOCTpat-
CTBE.

CHHONTHUYECKUEe KAPTH (OJHUA K ormasrerio

Ina rex AQ, B KOTODHX NPOM3ONUIE BCIIHUKM, . YBEPEHHO OTOXILE-
craiaeHHHe ¢ CIIC (3HAuUKM @ ¥ © ), B KaTajore IpUBEIEHH CUHON-
THYECKMEe KADTH COJHIE, NOMEleHHHe Ha OTIEJBHHX JIACTax Helocpen-
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CTBEHHO IIOCJIe CXeMATHIECKMX BPEMEHHHX pofmieft moTokoB CIC. Me-
NONTb30BAHHHE B HACTOAWEM KATasore CHMHONTMYECKHe KADTH 38 IEPHOL,
¢ sAuBapa 1970 r. 0o ceHTAGph 1973 I BSATH M3 aTAsca/d/, a za
ocTaJpHO nmepuoln - U3 COOPHHKOB /3/.

B 3arosoBke CJeBa HalpaBO NPHBOLATCH HOMED COGHTHA 1Mo Ka-
ranory CIC /I/, HOpALKOBHII HOMEp axTuBHO# oduacT® (AO) mo naH-
HHM OCCEPBATOPMM McMath Hulbert (McMm), & ¢ HOAGpE I979 r. -
IO IAHHHM OCCEPBATOPHM Hale ( HR); JHajlee CJeAyeT IeJMOUpOTA
I KSPPUHI'TOHOBCKASA HNOJroTa JasHO# AO. Hibke NpUMBOIMTCA CHHOITH—
yeckad KapTra COJHEYHHX MATHATHHX MOJe#t, BHIIOJHEHHAA 0 MeTOLy
Max-MnToma /5/. Ha Kaxuoil Takoil xapTe NpeicTaBIEHO pacnpeneJe-
HHEe KpylnHomacuTalHwx doTocPepHHx mnoJeil, IOJIy4eHHOEe O ONTHYEC-
KM HaCJIIeHNAM B ﬂMHMHI{a. HuxHAA rOpU3OHTATRHAA OCh JAET
KOPPUHI'TOHOBCKYH IOAT'OTYy Ha CoJHUEe. B BepxHelt yacTu KapTH naHa
BpEeMEeHHad WKaJa, COOTBETCTBYKNAA NPOXOXIEHMI0 NAHHOH KSpPPUHITO-
HOBCKOHl NOATOTH uepe3 LeHTpaJbHHE MepuIvaH CoHLA. Toukamu
IpeiCTABIEHH ADKHE (UIOKKYJbHHE NOJA, YEDHHMA KDYKOUKAMM ~ GOJIBb-
ime MATHA, ILINCH X MUHYCH OCO3HAYAlT MOJAPHOCTH KPYTIHOMACHTAG-
HOTO (OTOCHEPHOr0 MATHUTHOTO NOJA, I'DAaHMUM OGPAlleHHS HOJAPHOC-
TH COBNANANT C NeTalAM! CTDYKTYPH, BHOMMOE B JMHHUK H, : BOJOK~-
HaMyl (3aUTPHXOBAHH), KAHAJAMHA BOJOKOH (CILIONHHE X ﬂyHKTHpHHe
JUHEY) ¥ (UIOKKYJNBHHMI KODPHAOpaM# (IpaHMIAMIA BHYTPE QIOKKYIBHHX
noneit). IIYHKTHPOM NDOBENlGHH TDAHULH, ONpEleJeHHHE ¢ Majolf cre-
neHLm YBepeHHOCTM. Kamunas Kapra OXBaTHBAET MHTEDPBAJ IeJUOJOJATOT
IBO C LEHTPOM Ha INOJTOTEe. aKTMBHOH 0GJECTH M COOTBETCTBYET lie-
PuOLy BpeMeHM, KOTIa oTa AG OWwia BHIHA Ha 1ucke CoJHiia. B cuy-
Yagx, KOrAa ®TO SHJIO HEeOOXOIMMO, KADTH IPOLOJNKeHH K 3amaly Win
K BOCTOKY, IpPHU 9TOM AOINOJHUTEJHHAA 4acThk OTHeJeHa OT OCHOBHOM
Y3KNM CBETJHM I[IDOMEXYTKOM,

Hap cunHonmTuueckoil xaproit MOKa3aHO BpeMEHHOe paclpeleseHue
BCHUIEK B JNAHHOK AQ. WTpwxm BBEpX OT TOPHBOHTANBHON JMHAY OTHO-
CATCA K MOMEHTaM OUTHYECKMX BCIHUEK Oalia 2 1; BCHHWKH, CBA3QH-
HHe ¢ CIIC, OTMeYeHH CHMBOJIOM, COOTBETCTBYMIMM CTEIICHH yBEeDEHHOC-
TH OTORNECTBIEHUA. [Jocne 1975 T'. WTPUXaMH BHU3 OT TOPUBOHTANb—
HO# JIMHMM YKASSHH MOMEHTH DEHTTEHOBCKMX BCIIHIIEK GaJuia > MI.

Bumsy mon kapramu HaHeCeHH LOJTOTH COEIMHEHNR, KOTODHE
0C0SHAYAKT TeJHMOROITOTY OCHOBAHUA CWIOBON JUMHWM, COemMHsouei
Comue ¢ 3ewre#f, B I2HHHH! MOMEHT BpEMeHHU. BHAUEHMA LOJITOT COe~
LUHEHUSl, OIpeleJeHHHX B (MKCKPOBAHHHE MOMEHTH BDEMEHM, COOTBET-
CTBYNT HEUMHej LWKaJe IeJMOJOJTOT HA KAapTe. [IpM 5TOM CBeTJHE
KPY#KHM OCOBHRYAKRT JLOJITOTY COENMHEHNA B Havyajle CyTOK, IATA KOTO-

I3



PHX yKa38HA YMCJIOM IIOJ, KPYXKOM. TEeMHHMM KDyXKamMu Ge3 uudp 06o-
SHAYOHH NOJNT'OTH COEJMHEHHS B CepeliMHE COOTBETCTBYKUUX CYTOK. C
[IOMOWBI0 4HCJIA DANOM C TEMHHM KDYKKOM yKa3aHa JONAToTa COeNUHEeHWS
B JAHHHI MOMEHT BpeMeHM. [Ipi 3TOM IMPpH, pa3lelieHHHe KOCOo# yep-~
Toit, oGOBHAuAWT ATy M BpeMa B vacax, Tak, Hampmmep, I5/I2 o3-
HagaeT: 159 I2" . Kpymkamm ¢ Touxo#f B cepenume 0GOBHAUEHH NOJ-
TOTH COEIMHEHMS B MOMEHT BCIIHUKY, OTOXKIECTBJICHHOM C IAHHHM IIpo-
TOHHHM COCHTHEM. B 8TOM CJyuae Takke YKABHBAETCS BpeMd HAUAJA
BCHHUKYM B vdacax. JOAToTa COeRMHEHNAS 3eMIM OpHBeNEHa JIIb NI
TeX MHTePBAJOB BPEMEHU, KOIJA HMEJUCH IEHHHE II0 COJIHEYHOMY BET-
ry /6/.

K ornasnenuio

XEMH T I _IATeH

B HumHell 4acTH CTPAHULH NAHH CXEMATHYECKUE BAPUCOBKA I'DYII
nareH B AO, BsaTHe 3 /7/. CXEMH OTHOCATCA K JATaM, YKA3AHHHEM B
Il yacTs Karamora /I/: a) ZaTa IPOXORNEHMA LEHTDPAIBHOTO Mepuaa—
Ha CosHUA; 6) LATH BCNHNEK, BH3BABINX CIIC; B) ZaTH MAaKCHMyMa
(omHoro mwmM 1ByX) passuTuA AQ O IVIOMAUY, €CJIM STH IHM He CO-
BIAZAKT C JHAME, YKA3AHHEMZ B (2) I (G). HoMepa Ipyun nsaTeH Ha
cxemax (MOAYEPKHYTHE LMPPH) COOTBETCTBYIT HyMEpAaLMM O "COJHEeu-
HEM JaHHEHM" /8/. ]I OCHOBHHX MATEH TPYNIH NPUBOLATCH HalIpAKEH~
HOCTh (B COTHAX I'C) ¥ NMOJAPHOCTh ( N WIM S ) MATHHTHOTO MHOJISA.
llrpuxoBasd JUHMA 0CO3HAYAeT HeRTPANBHYD JHHAK [IPOJOTBHOTO MATHMT-
HOT'0 mossi. B cayyae, KOTHA B DACIODSXEHMM ABTOPOB UMEJACH HOTO-
TeyuorpaMMa BCIOHUKY, CHATAS B ﬂKHHHI{d , KOHTYDH BCIHIKZ HaHO-
CHINCH HA KADTHHY COOTBETCTBYWUETO NHS IYHKTHPOM. Bce DpHCYHEH
JaHH B OBHOM Macurade ¥ ONMHAKOBO OPMEHTHPOBAHH. Macwrad ¥ opu—
EHTaldsA JaHH Ha DACYHKE COCHTHA M I,
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K ornasnenuio

METOJJKA IIOCTPOEHKA SHEPTETWYECKMX CIEKTPOB

JHEPreTHYECKHEe CNEKTPH IPOTOHOB CTPOWINCEH I'DafWiecKH Ha
OCHOBE LAHHHX O MAKCHMAJBHHX IIOTOKAX YACTHIl PABHHX SHEpTHH, npu-
BEJIeHHHX B uacT# I Karamora /I/. JCHOIB30OBATOCH HECKOJBKO BHILOB
MHPOPMALWN : - IAHHHE NPAMHX X3MeDeHNil MHTeIPAJbHHX M IudbepeHLmA—
aJPHHX NMOTOKOB IPOTOHOB Ha DABJNMYHHX KOCMUYECKMX annaparax (KA)
B o0acT sHeprufi E > 5 + I40 MsB; pesyAnTaTH HaGADLIEHEHK B
crpatocepe B mMuTepmase E ~ 100 + 500 MoB; NAHHHE HeNpeDHBHHX
Ha3eMHHX HalJuoneHu# C [MOMOmBI HEeHTPOHHHX MOHMTOPOB ( E = 500
MsB). HuRe KpaTKO OIMHACAHA METOIMKA 0CpaGOTKY STUX NAHHHX.



K ornasnenuio

TeI' BHHE IIOTOKHA

Ilp¥® MOCTPOEHUM SHEPT'eTHUYSCKHX CHeKTDOB IAHHHE WHTOTP&ABHHX
KSHENOB HAHOCWMCH HENOCDEeICTBEHHO Ha rpaduy.dTO — SHAUSHHA NOTO-
ko mpoTosor ¢ B>5,>15,>25,>40,>90 MaB ("Merecp™), ¢ E>I0,>30,>I00
MsB (MiporHos-6,7",c E>10,>30,>60 MsB "mvps,6 " B "NoAA2,3" B No-
ToroB ¢ E>I00 M3B mo zaHHHM GannoHHEX #amepeHnft.llpercTaBleHHHE B
Karanore /I/% ua rpadurax SHa4YeHNMd MHTEI'DAABHHX IOTOKOB C IDOTOHOB
¢ E>7,6,>12,>28,>72 MeB mo HC3'"lporkos-6,7" u NOTOKOB MPOTOHOB €
E>25,>60,>130(I40)MsB no KA "Benepa~I1I,I2"- 5TO DESYJARTAT Nepecye—
T4 W3MEDEHHHX SHAUYEHH} NMOTOKOB NDOTOHOB B NAGYEDEHIMANBHHX KaHAJAX,
BHIIOAHEHHOT'O 8BTODAMHM THX sKcmepumeHrToB (B.I'.CroamoBckuit m ID.).

Il HeKOTODHX COGHTHH GHIM HCHOJB30BAHH LONOJHMTENBHHE IAH-
HHE, He Bomeyme B KarTajoT /1/, a Takke HCIDABJICHH 3aMEYEHHHE
OIeYaTK

K ornasnennio

EPEeH bHHE IIOTOKU

TIpM NMOCTPOEHMY SHEPTeTMYEeCKOT'o CIEKTPa IPOTOHOB HAPANLY C
BeJIAUVHAMA MHTETDPANBHOTO HOTOKA HCIONB30BANUCH TaKKe JAHHHe N3~
MepeH7il B IubdepeHIMANbHEX kaHalaX Tpuéopo Ha KA "IMP-5",
"IMP-7,8" ¥ "[Iporxos-3". IIpi 3TOM NOABIAETCS HEOOXOLUMOCTH Iepe-
cueTa NoxaszaHmit InfhepeHIUA bHHX KAHAJIOB B MHTETDANBHHE MOTOKA
[IPOTOHOB. llepecueT OCYMECTBJACA MO Clexylmeldl ympomeHHOH# mpoue-
Lype.

I mepBHX 40 coOuTHili B HACTOsWEM Karajore UCIOJB3OBAHH
nasEHe KA "IMP-5" o nuddepeHIMANBbHHX ITOTOKAX IIPOTOHOB B KaHaJuax
E = 6-19 1 I9-80 MoB B eauHAUAX oM R cp MaB“;: J (6~I9 MsB)
u 3 (I9-80 M2B). JLif ONpPefeNeHHA MOTOKA HPOTOHOB B TOM W
mHOM KaHaste 1 (E, ~ E, ) HEOOXOLMO Ipexie BCEr0 COOTBETCTBY-

omue sHauenus J ( E, — E, ) YMHOXHTH HQ UMPUHY SHEPreTHYeCKOTo

OKH& A E =E_ — E
2 1

I(El_Ez)n—.J(El-'Ez)AE (I)
C yYeToM TOTO, YTO IMPUHA BNCOKOSHEPIWYHQTO OkHa HA KA "IMP-5"
NOCTATOYHO BeJMKR, BRJAALOM ¥acTull ¢ E > 80 M2B MOXHO mpeHes-
pedb, & A BHYMCJCHNA SHAYEHMH MHTEIPaJbHHX NMOTOKOB I ( E>
I9 MaB) 7 5 ( E > 6 M3B) MOXHO WMCIOJIB30BATH §OPMYJH

J(E>19 MeB)=61J(19-80) (2)

J(E>6 MsB ) =13 J(6-19) +7J (E>19MeB)  (3)
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[lo msmepenuam Ha KA "IIporHo3-I-5" OKA3ANOCH BOSMOXHHM HC—
OOJB30BATE JaHHHe omjHoro nrddepeHumManbHOro KaHata E = I4 + 30
MaB:

J(E>14 MsB) = 16 J( 14—30)+J(E>30 MaB , (4)

tae J( E > 30 M3B) ompejesasoCh 10 JAHHEM Apyrux KA.
Hawuuas ¢ COCHTHA ¥ 54 uchnoiap3oBasmCh JaHHwe KA "IMP-7,8"
B TpeX KaHaJax E = 13,7-25,2; 20-40 m 40-80 MsB: _ J (I3-25),
7(20~40) m 7 (40-80) B emauHMEax cu‘zc"Icp"IMaB“I.
[Ip¥ CTENeHHOM MpeACTABIEHUN HMHTEIDAJIBHOTO SHEpPIeTHYeCKOI'o
cnextpa J( E > Eo ) = AEL OTOK [POTOHOB, M3MepAEMHi
B MHTepBaJie oHepruit oT E, IO E, , OIMCHBAETCA COOTHOMEHMEM

,1(E1-52)=-’$(E'17-E;T). (5)

[pn nepecueTe IudPepeHUMANBHEX NMOTOKOB B MHTEIDAJIBHHE €C-—
TECTBEHHHM fABIAETCA IIPENIOJOREeHAEe, YTO [IOKA3ATEJNh SHEepreTHyec-—
KOI'0 CHEeKTpa B IBYX COCEIHMX SHePIeTHYEeCKHX MHTEpBAJAX HEe MeHdA-
eTcl. C y4eToM 3TOI'0 mpeamosoxexma u3 (I, 5) AcHO, 4TO MOKA3a-
' TeJb MHTETDAJBHOTO CIEKTPA 7, HA CTHKE IBYX BHCOKOZHEPIMYHHX
KaHAJOB E = 20-40 ¥ 40-80 M2B MOXHO BHUMCJIATH, HMCXOHA K3 OTHO-
meHNA IuidepeHIMAIBPHEX MOTOKOB  J(20-40 MsB) / J (40-80 M3B);

J(20-40
1, - a0 [ (6)

Janee, 3Hag 7, ¥ HOTOKR  J (40-80 MsB), J(20-40 MsB), Jaerko
PACCUMTATH MHTEHCHBHOCTH MOTOKA TNPOTOHOB C 9Heprume#t - E > 80,
> 40 ® > 20 MsB:

3 (E>80Mop) - 20.3(40-80) (7)
2T1_4

J(E>40MsB) = 40 J(40-80) + J (E>80MsB), (8)

J(E>20MsB) = 20 3(20-40) + J (E>40MsB). (9)

CleyXuEM WATOM JOJXHO OHTH OmpeieJieHue OOoKasaTesid CIIeKTDa Y,
Ha CTHKE NBYX HU3KOSHEPTMYHHX KaHamoB E = I3,7-25,2 m 20-40
MoB. BupageHue, CBASHBaKmEe T, X OTHONEHUE 3(I3-25 MaB) /
/ 7(20-40 MasB), uMeeT HECKOJBKO GOJee CJOXHHI BUA:
T2

J(13-25 Y5 (1,84'2-1)

J§20—40§ - 1,592 21 (10)
I6



OnHako aHayms sapucumocTd (I0) (CM. puc. I) HOKA3HBAET, YTO B
WHTEpecymeM Hac uHTepBade I < T, < 4 NOKA3aTeJNb CIEKTDA MOXHO
BHUMCJIATH O YUIPOMEHHON npudymxeRHOR dopmydie ’

. 0,575 J(13-25
T, == 6,06 lg{—,_JT%IO—)_—Z* 0,1]- (I1)

TIOCKOJIBKY IBa HM3KOBHEPI'MYHHX KaHaJa E = I13,7-25,2 ¥ 20-

-40 M®B 4YaCTMYHO NEPEeKPHBAKNTCA, IJIA JaJbHeMUMX DPACUYEeTOB HYXHC
ONpeAeJNNTH HOTOK IPOTOHOB B MHTeppaJe E = 20-25,2 MaB ~ 1 (20-
-25). Ucxona us (I, 5) ¥ 3HaA 7, (II), BTO MOXHO CHEJATH KAK IO
oTHOWeHW©  1(R0-25 MsB)/ 1 (20-40 MsB), Tak M [O OTHOWEHHIO

1 (20-25 MaB)/ 1 (I3-25 M3B). COOTBeTCTBYIUME BHPAXEHHUA, KOTO-
pHE [ KPQTKOCTH 34eCh He NPUBOIATCH, He YIOOHH IJIA DACYETOB.
B rpagwyeckoii opme 3aBMCUMOCTH MeXIY 7, M YKA38HHHMM OTHOIUE-
HUAMY MHTEHCHBHOCTEH MOKA3aHH Ha DUC. 2. BUIHO, YTO B MHTEDBa~
ge T € 7, < 4 OHMM MMEKT NPAKTHYECKN JMHeMHH! XapakTep M OIK-
CHBAWTCH JOCTATOYHO MPOCTHMY HPUGJMKEHHHMM COOTHOMEHHAMA I

1,(20-25) = 3(13-25) (-0,637, +4,14), (12)
1,(20-25)~ 3(20-40) (1,547, +6,76). (13)

OroHuaTeNbHAA BesmtuMHa 1 (20-25 MdB) moxyyaeTcs myTeM ycpeliHe-
HUA 3SHaueHuft, BHUMCJIEHHHX 1o Gopmyaam (I2, I3), T.e.

x(zlo-zs)=[11(2o-25)+12(20-25)]/2. (14)

Tenepb, MCHOAb3YA Gopmysan (9, I4), MOXHO paccuMTaTh HeJocTaiuye
BEJIMYMHH

J(E>25,2 MeB) = J(E>20 MaB) -1{20-25), (I5)
J(E>13,7 MeB) = 11,5 J(13-25) + J(E>25,2 MsB). (16)

TakuM 06pas30M, IpU [OCTPOEHMU MHTEI'DAJILHOT'O ZHEPreTHYEeCKO-
IO CIIeKTpa Ha OCHOBe u3MepeHMit B mudhepeHUMaNBHHX KaHaJax Ha KA
"IMP~7,8" ONODHHMM SABIANTCA BeJMUMHH J( E > 40 MsB), J( B>

20 MaB), J( E > 25,2 MeB) m 3 ( E > I3,7 MoB), BHuMCIA~
emue no gopwysam (8, 9, 15, 16) COOTBETCTBEHHO, PACYEeTH BEJMUYMH
7, » J(EB > 80 MB), 1, m 1(20-25 MeB) no gopmyznam (6, 7,
171, I4) HOCAT BCIIOMOTYTEJBbHHI XaparTep.

[py HAMIYAX APYIUX NAHHHX, KpoMe IaHHHX IuddepeHUMabHHX
KAHAJOB, 3HauyeHus J(E => 40 MoB) m J(E > 80 M9B) KOppek-
THPOBAJCH METONOM MOCJENOBATEJNBHHX NpUCHMKeHMit - B Gopmyay (7)
B KAauecTBe Y, NOACTABJIAMICH 3HAYGHUA NOKABATENA, ONPeNeNeHHHe
[0 BCell COBOKYIHOCTM UMEKUMXCHA IAHHHX.
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JapHHe He#TPOHHHX MOHHTODOB S EEEETD

B omymuMe 0T ApPYTHUX ClIOCOGOB u3mepeHuft, He#TPOHHHE MOHMTOD,
PACIOJIOXEHHH HA IOBEPXHOCTH 3eMIM B IOYHKTE C XECTKOCTHD I'€OMAr-—
HMTHOTO OCpeBaHMA R_ , PeruCTPUPYeT He NEPBUYHHE, & BTOPUUHHE
4acTUUH, TeHepupoBaHHHe CKI B 3eMHolt aTmocpepe. [Ipuxox CKI co-
IOPOBOXIETCH BO3paCTaHMEM CKODOCTH CueTa HellTpDOHHOTO MOHMTOpA

A N , KOTOpOe CBA3aHO C InjdepeHUUANBHHM SHEPFeTHYECKAM ClIeKT-
poM CKI d7 ( E)/ aE - COOTHOWEHAEM
AN(R_) = fmma(’;a)___”(E) aE
c Ec aE (17)

rne E . — TPeliebHOe 3HAYEHHEe, 1O KOTOPOTO YCKOPAKTCA COJHEY-
HHe IPOTOHH B IAHHOM COCHTUM; m ( E ) — MHTEI'pSJBHAd KPaTHOCTH
TeHepauMil BTOPHMYHHX 4acTul, onHol mepemuHoft yacTmueft ¢ sHeprumeit
E . JHEprus IeOMATHUTHOT'O OoGpe3aHuA E_ CBA38HA C R, COOTHOmE-
meM £, = \/ (Mc?) 24 RZ -mc? , THeé c - CKODOCTh CBerTa,
M - macca [IpoTOHA.

OTHOCHTEJIBHO IPUPOIH ¥ BEJNMIMHH Ep,., B HacTodmee BpeMA
HeT NOCTATOYHON ACHOCTH (2T& BEJHUMHA OLEHUBAETCA IMIMPHYECKH
IJIA KAKIOTO COOHTHA). MEeXLy pe3yJbTaTaMi DACuYeTOB BHAUCHME m(E)
Pa3MYHHMUY UCCJIENOBATENAMA TaKke MMEOTCA HEKOTODHE DACXOXIEHNA.
TeM He MeHee, IJIf LPAKTUYECKMX LeJeft BIOJNHE YOOBIETBODATENBHHE
pe3yabTaTH MOFHO HOJYYUTH, MCHOJB3YA MHTETpPaJbHHEe KPATHOCTE I'e—
Hepaumn/9/ A HeATPOHHHX MOHHTODOB Ha YDOBHE MOpA. BHia IpHHA-
Ta CTelleHHAd ANIPOKCHMAIMA COeKTpa dJ( E )/ dE = I, £,
3uaveHud J, , 3 n E, oy HAXOILIICE C TOMOMbBI (I7) meTonoMm mocae-—
IOBATEJBHHX IPUC/MEEHIH

B KayecTBe NepBOTO MpUCJMKEHMA BHOUpAJOCh 8, , ompeneJeH-
HOe 0 JaHHHM m3MepeHuit B odnacTd E < 500 M3B, u 3Hadenue B ax?
COOTBETCTBYKUIEE 3HAYEHUO R VA Camoil HUBKOUMPOTHOM CTAHUUM H3
YUCJNa 38perMCTPUPORSBIMX HadmNIaemoe Bospacramue CKI. IlomydeH-
HHe 13 (I7) 3HaueHMA ACCOMITHHX IHOTOKOB IPOTOHOB LA KAKLOIO
HefiTPOHHOT'O MOHHTODA, HA KOTOPOM HAGJKNIAJIOCH MOBHIEHAE TEMIa
cueTa, MCHNOJbSOBAJMCH IJIA HOCTPOEHUA CHEKTpa di(E) / dE =
Ig B2 , KOTODHH pacCMATDHBAJICS B KadeCTBE CJAELYWWEIro Hpudimme—
Husi., BG4 [IpOLIECC IOCJAENOBATEJNBHOI'O IPUOJMESHHMA HE CXOMMJICH,

TO BHAYEHME E_ .. YBeJHUABAJIOCH, X NpOLELypa NOBTOPAJNACH CHAua-
Ja. JIpE OpapuJbHOM BHOOpe 3 M E ox AGCONOTHHE NOTOKU, ONpeje-

JIGHHHEe MO JIGHHHM HeJTDPOHHHX MOHAPOPOB, XOPOWO CTHKYWTCA C pe-
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SyJabTaTaMI IPYTHMX HK3MepeHWi, NpuyeM SHePTeTHuYeCKU#t CIeKTp ¢ poc-
TOM SHEPI'MM MOKET MEHATHCH TOJHKO B CTODOHY YKDPYUYEHHS.

OnucaHHH{ MeTOl JaeT NPABMJIBHHE DPe3YyJbTaTH TOJNLKO B CJyuae
IHTY-YIVIOBO# M30TPONMM uYaCTHL, NAlAKUMX Ha TDaHULY aTmochepu
3ewmnt, U OPH HEBO3MYHEHHOM T'@OMarHMTHOM IoJie, B GOJIBUMHCTBE CJIy~
YaeB BO BpeMmd Ha3eMHHX Bo3pacTauMit CKJ, 3aperdCTPUPOBEHHHX B
I970~I979 rr., aMILIATyIa I'€OMATHATHHX BOSMYyWEHHH He IpeBHUANS
I00 HT, 4TO naeT OCHOBAHMWE MOJBL30BATHCA HEBO3MYUCHHHMU 3HAYEHH-
AMH R_ o [IpM 3TOM OTHOCHTEJIBHHE BOSDACTAHMS TEMIA CuYeTa Ha CTaH-
AKX ¢ CIMBKAMM 3HAYCHUAMA R, JOJKHH OHTH NPMMEPHO OIMHAKOBHMH,
Kpome Toro, ms-3a arMocepHOro oSpesaHud aMINMTYIHE BO3paCTaHUA
Ha BCEX CTaHIMAX C noporoM R_ € I I'B He NOJKHH CYmMECTBEHHO pas-
JMYATHCA. ACCoyoTHHE noTOKM CKI ONpelesAnuch HpM YCJAOBHM, HTO
pasdpoc BOSpacTaHU}l TeMila CyeTa Ha CTAHIMAX ¢ R, < I TB He Ope-~
BHIAT 50 % OTHOCHTEJNBHO CPEIHEro 3HAUEHMA. B CJIyuae CHIBHOM aHu-
30Tponuy norokoB CKI (mampumep, 1y CIC ¥ 79 - 07.05.I978 1)
ompelieJIeHHE BHEPI'eTHYECKOT'O ClIEKTPA YKA3aHHHM METOLOM HEe IIpous—
BOJMNOCE, ¥ OHJ HUCIHOJB30BAH CHEKTP, HOJYUYEHHHH C YyUETOM &HI30-
crpormun /10/.

OTHOCHUTEJIPHOE BO3pacTaHue TeMna CYyeTa HelTPOHHOTO MOHMUTODA
OIIPpEAEJIAJIOCH II0 JaHHHM 3a 4ac HaoJopeHu#, uTo CJuxe BCEero COOT—
BETCTBYET MHTEpPBAJy BPEMEHM H3MEpPEH!S NOTOKOB IPOTOHOB C IO—
MOWBI APYTHX NETEKTOPOB. B HTH JAHHHE BBONMIACH NONPABKA HA
IapjeHue, HO Oe3 ydyeTa pasHOTO GapomeTpuueckoro afdexra mis
COJIHEYHHX M TIaJaKTAYEeCKUX KOCMMYEeCKMX Jyueit (I'KlI). B ToM cuayuae,
korga CIIC MPOMCXOLWJIO BO BPEMH>®Op6ym-3@®eKTa TKI, goHoBOE 3HA-
YeHWEe MHTEHCUBHOCTH ONPEAeJIAIOCh IyTeM MHTEDIOJAUMM OT HOBCHH-
IEYHOTO X IIOCJAEBCIHIEYHOMY YPOBHI0O CUeTa. B OCTAJNBHHX CJAYY&HX B
kayecTBe PoHA MUCIOAL3OBAJIOCEH 3HAYEHHME TeMNs CueTa 3a 5 yacos 1o
Havyasa Bo3pacTaHusg., CYTOYHAsA BOJHA He YUYUTHBAJACh, B peayJabTaTe
TOYHOCTH OIlpeliesIeHUA ACCOJNTHOR MHTeHCHBHOCTH CKJ IO AaHHHM
HEHTPOHHHX MOHanpOB He npesHuwasga 50 %, 4 TOYHOCTH ONpeleJieHUs

E cocTannAaa oxoJso I I'aB.
max .
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K ormasnenuio

CTeneHHas annpoKCHAMAIMA CIEKTPOB

BeJIMIMHH HHTETDAJbHHX NOTOKOB IPOTOHOB, M3MePEeHHHE HEermo—
CPENCTBEHHO M BHYACJIEHHHe MO IAHHHM Iudde peHUMANBHHX KAHAMOB
KA ¥ HelTPOHHNX MOHUTOPOB HAHOCWIMCH HA Ipadux B ABO#HOM JoTa-—
pudMEyecKoM ‘MacuTade. [0 3TUM TOYKAM IIyTeM KYCOUHO-JUHEHHO!
annpoxc_miaunn CIeKTpa B CTENEHHOM OpeicTamieHuu J ( E>E_ ) =
= AE, ONpeAesANOCh 3HAYEHNE [OKA3ATENA T .

Bo MHOI'MX COCHTIAX CIIEKTD BO BCEM AMalla30He M3MepeHuit
YIOBIETBOPUTEJNBHO OIMCHBAJCA CTelNeHHON QyHKuMed ¢ eINuHHM [IOKa-
3aTeJeM 7 o JTO OTHOCHTCSA B OCHOBHOM K CPABHUTEJBHO CJACGHM CO~
OHTHAM, KOTOPDHE PETUCTPUPYRTCH TOJbLKO B OCGJACTH HUBKMX BHepruil.
B MOWHHX COOHTHUAX, OXBATHBAIWMNX 3HAUUTENLHHE BSHepreTHueCKMHt BH-
TepBaJ, KAK MPaBUIO, NPUXONIIOCE BBOILMUTEH ABA WIM TPU 3HAUEHHA
moKasarea, OTPAXAWIMX YKPYUeHHE CIEKTpPa C DPOCTOM DHEPI'MH.

Ecom paxHHe pasHHX KA, OTHOCAUMECS K OJHOMY X TOMYy X& CO-
OHTHKN, 3aMETHO Da3JMYAJUCEH 10 BEJUYMHAM HOTOK2 WIM II0 HAKJIOHY
CIeKTpa, 3HAYEHMA NOKA3aTes]sl ONPEleJIANICh OTIENBHO IJIA KAKLOTO
KOCMUYECKOI'0 annapaTta. [[pd aHadu3e TakuX COCHTUH! caelnyeT YUMTH—
BaTh, B YaCTHOCTM, 9TO laHHHe KA "MeTeop" NOJYy4YeHH B IVIyOOKOH
NOJIAPHO# WANKe NpK MOMOUM BCEHANPABIEHHOTO IEeTEeKTopa, TOrAa KAK
u3Mepenus Ha KA "IMP" NnpOM3BORMIUCH, B OCHOBHOM, 3a IpeleIaMi
MarHuTocepH 3eMId C UCIONB30OBAHUEM JNETEKTOPOB, OOJIANAKUMX OI—
pelesIeHHO# HANpaBIeHHOCTHI,

B COOHTHAX CO CJOKHHM BPEMEHHHM IpoduieM, HMEOIMX OBa WX
doJjiee MAKCHUMYMOB, IIOCTDOEHHE CIEKTPOB U OmpejlesieHMe MOKA3BATEJNA
1 BHIIOJHAAOCH OTIEJBHO ILJA KAXN0I'0 MAKCUMyMa B COOTBETCTBUU C
nasHHMM Karamora /I/.

Hapany ¢ rpaduveckuM NPeRCTaBIEHNEM SHEePTeTHYeCKNMX CIEKTDOB
CIIC, pe3yJabTATH onpeleJieHUd [IOKas3aTesd CHeKTpa 7 JJg COOTBEeT-
CTBymmﬁx MAKCUMYMOB CBeleHH B radiumiy (cTp. 210 ). B Hell yxasza-
HH CJelylu4e JAHHHE: HOMep CoCHTHA no Karamory /I/; marta Hava—
Ja CIIC; Bpemd Maxcumyma, K KOTOPOMY OTHOCHTCS CIIEKTP; BUI M3Me
penuit (KA, GAJUIOHH WIX HEATDOHHHE MOHHTODH); IMaNa30H SHEDIWii;
BEeJIAYMHA NOKABATEJNA CIEKTPa.

B 3aBHCUMOCTH OT xapakrepa CIIC moxasarTeJb Y IPUBOAUTCH
L9 OJHOTO, JBYX WIA TPEX MaKCUMyMOB, A OTINEJNBHHX MaKCHMYyMOB
(B OCHOBHOM B COCHTUSX 1978-1979 IT.), KOTIA CHEKTPH, IOCTDOEH
HHE MO NI@HHHM pasHHX KA, CymeCTBeHHO pa3jMYalTCA, BEJMYMHH 10—
KasaTeJd ¢ MIaHH OTAEJBHO IV COOTBETCTBYuMX KA. B KOJOHKe
"BpeMag MAKCHMyMAa' 3Be3LOYKAMM OTMEUEHH Te COOHTHH, B KOTOPHX
TIOKa3aTe]b CIEKTpA OlIpelesAJCA He B MOMEHT MAKCHUMyMa.
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K ornasnenuio

METOIVKA BHUMCIEHMA TEIVOKCOPHVHAT COEMMHEHMA SEMIII C CONHUEM

Kak HOKe3HBaWT MHOI'QUUCJEHHHE Haduunenud, mudysua CKI B
MERIJIAHETHOM ITPOCTPAHCTBE IIPOMCXORUT IPEHMyWEeCTBEHHO BIONBL CH-—
JIOBHX JIMHIE MMII (npoZonbHHiT xosd@uuieHT IMP@ysHM BHAUNTENRHO
GoJiblie NONEePeYHoro)., OTCHIA CJAELyeT, YTO 3HAA HOPMY CHIOBOH JiM-
HEM, MOXHO OIDeReJMTHh MECTO MCIYCKAHUA YCKODPEHHHWX YACTUL U3 KO-
PoHH COJHIA,.

MeTOIuKa ONpereJieHHsA T'eJMOLOJTOTH COCIMHEHMA TOYKMA HaGJmo-
Iexud ¢ Comuem /I1/ ommpaeTcs HA LPEANONOXEHME O TOM, YTO COJ—
HeuHH}{ BETep pacHpOCTPAHAETCA KBA3MPAIUAJNBHO, NDAYEM er0 CKO-
POCTH, U3MEpPEHHE8A B TOYKE HACJWNCHUAA, OCTAETCA HEU3MEHHOHi C Mo-
MEHTa BHXOJ2 COJHEYHOI'0 BEeTpa U3 KOPOdH. PeallbHoe caadoe yBes—
YeHHEe CKODOCTH COJIHEYHOT'C BeTpa C .DPACCTOAHMEM YaCTHYHO KOMIEH-
cupyeTcA s@dexToM COBMECTHOTO BpalleHWA IMA3MH C COJHLEM Ha pac-
CTOAHUAX OJIIKE AJIbBEHOBCKOY KPHTHYeCKO# TOUKM, TOUHOCTH Ompele-
JIEHUA JOJITOT COeIMHEeHMA (IIPU YCJOBUM, YTO“CKOPOCTDH COJHEUHOTO
BeTpa B TOuYKe HAGNKIEHHA MeHAETCH He GOoJblie, ueM HA 50 % B LeHb)
cocraBigeT oxkono I0 %. KOPPHHI'TOHOBCKY® HNOJIOTY COENUHEHWS 3eN-
J ¢ COJHIEM MOXHO BHUUCJMTE 10 QopmyJe

b = + i Q (18)

K o Ucp

rne ¢, - K9PPUMHI'TOHOBCKAS LOJTOTA HEHTPAIBHOTO MepuuuaHa CoJH-
U2 B MOMEHT HaCJKIEHUA, U, - CKOPOCTH COJHEUHOI'O BeTpa B MO-

MEHT HaOVINEHHA, rg = I a.,e. - paccrosHue OT 3emm no COJHUA,

e = I4,3O/CYTKM ~ yIJIoBasl CKOPOCTH BpallleHUA COJHLA .

B cooreercTBMM ¢ (I8), HOJTOTA COENUHEHHA 3eMIHM HENDPEPHBHO
MeHAeTCA KAK U3-3a BpaumeHuA CoJHIA, TAK U3-3a Bapualyii CKOpOCTH
COJIHEYHOI'0 BeTpa. [I[pM HEU3MEeHHO! CKOPOCTH COJIHEYHOTO BeTpa Ipo-
HACXOIMT DaBHOMEDHOE IlepeMeljeHMe IOJTOTH COEIVHEHUS K BOCTOKY CO
cxopoctsb 13,3° B CYTKU M3-34 M3MEHeHud ¢, . Korzna 3ewrs nonana-
€T B BHCOKOCKOPOCTHOIl NMOTOK COJHEWHOI'0 BeTpa, TO W3-3a PEe3KOTO
YBeJMUEHH U ., TOYKA COEHNUHEHUA OHCTPO (CKAYKOM) CMellaeTCs K
BOCTOKY. [[pM YMEHBUEHHK U, TOYKA COEIVNHEeHUA MOXeT MHOTIA OC-
TaBaTbhCA HA ONHOM MeCTe B TeUeHWe CYTOK U CoJee WM JaXe HCIH-
THBATH HONATHOE JBUXeHHe (K 3amany).

TesommpoTa TOYKA COENVMHEHUA MOXET OHTEH OlEHEHaA IO I'eJHo-~

THO# MpOeKIMY 3eMIH, KOTODaA USMEHAETCA B TeYEeHHME TI'Oha OT
-7,25 1o +7?25 (puc. 3). Takas OuUEHKA, OIHAKO, TpPeGYyeT OCTOPOX-—
HOCTH, TAK KAK YKAB4AHHYK 3aKOHOMEPDHOCTH MOXET CYWECTBEHHO HCKa-
3UTEH CXOILAMAACA K IVIOCKOCTM TI'eJMOSKBATOpA I'eOMeTPHA MATHUTHHX
CHJIOBHX JIMHIHA,
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CHHONTHYECKMe KAPTH COJHIA B JMHUE H o MOTYT MCIONB3OBATH~
Cf IS TOTO, YTOOH NOJYYATE UMCTO KAUECTBEHHOE MpelCTaBiIeHHEe O
CTPYKTYpPEe KDPYNIHOMACWTAGCHOI'O KOPOHAJNBHOI'C IOJA B pailoHe Mexuy
BCNHIKO! ¥ Touko#t coelMHeHMA Semumd. JIA 5TOH UeJM IpH Haxoxne—
HHMM MeCTa BCIHURM ROCTATOYHO KCIOJAB30BATH KOODOUHATH HEHTpa
TaxecT# AQ, JAHHHE B 3aT0JIOBKEe KAPTH, XOTA B NeHCTBUTEJBHOCTH
MECTO BCHHIKM MOXET OTKJOHATHECA OT ®TOH TOUKM HA HECKOJBKO I'pa-
IYCOB Kak [0 Lojarore, Tak ¥ 110 WMPOTE.
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EDITOR'S FOREWORD K ornapnenuto

The Catalogue of Energy Spectra of Solar Proton Events (SPE)
1970-1979 is an extension of the Catalogue of Solar Proton _
Events 1970-1979 published in 1983 [1]. '

The latter was a systematic collection of data on solar
proton fluxes of energies > 10 MeV exceeding 1 em2e lar™! at
the Earth's orbit for 102 SPE's, on their possible sources and
on associated optical, radio and X-ray emissions. It also con-
tained information on those active regions (AR) in which the
flares occured that caused an increase in proton flux, as well
as some information on sunspots near the flare origin, a list of
weak SPE's for 1970-1979 and a list of references.

The present Catalogue comprises more than 100 energy spect-
ra based on the analysis of data from the Catalogue of SPE's [1]
and on experimental results obtained by the authors. It also
contains time profiles of proton fluxes, synoptic charts of the
Sun, Sun-Earth connection- longitudes and a schematic represen-~
tation of sunspot groups in AR, These materials are intended to
provide additional information on solar proton events for a bet-
ter understanding of the situation on the Sun prior to and after
the particle-accelerating flares.

The character of the event is illustrated best of all by
the time profile of proton fluxes. A smooth profile with a ra-
pidly growing and slowly decreasing flux usually characterizes
a "clagsical" event, i.e., & single ejection of particles from
the Sun and their propagation in the undisturbed interplanetary
medium. In this cese, the energy spectrum given in the Catalo-
gue will be the spectrum of particles leaving the Sun for inter-
planetary space. It is to note that this spectrum should not
necessarily be that of acceleration or generation of particles
in a flare, since before they leave the Sun, the accelerated
particles undergo the influence of different physical processes
both in the acceleration region itself and in the corona, whose
role changes from one event to another.

A jeagged time profile implies a complex event, a multiple
ejection of particles or disturbed interplanetary conditionse.

A priori classification of such events is difficult. Therefore
other materials, including the data from the Catalogue of SPE's
[1], should be invoked to decide on the character of a given
event. When using the Catalogue, one must clearly define the re-
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search objective in each spécific case.

The energy spectra included in this Catalogue may be use-
ful for a statistical study of solar particles, a search for
regularities in their spectral characteristics, and a study of
physichl processes associated with particle acceleration and
propagation. The spectra are also helpful when developing pre-~
diction methods for radiation hazard in the near-Earth environ-
ment, when analyzing the penetration of particles deep into the
Earth's magnetosphere, estimating the polar cap absorption of
cosmic radio waves, and studying other geophysical phenomens
within a more general problem of solarsterrestrial relationships.

The Catalcgue has been compiled by the members of WG Cata-
logue of the Section of Solar Proton Events that forms part of
the Scientific Council on Solar-Terrestrial Physics ("Sun-Earth"
Council). v

The previous issue by the same authors (the Catalogue of
SPE's 1970-1979[ﬂ ) proved to be useful to solar and solar-ter-
restrial physicists. The present Catalogue is notable for a
complex approach to the variety of data which allowed the pro-
ton energy spectra for different events to be obtained on the
basis of a single method.

The work on compiling the Catalogue was willingly suppor-
ted by Prof. V.E.Stepanov (Chairman, "Sun-Earth" Council), Prof,
V.V.Migulin (Director, IZMIRAN), Dr. S.I.Avdyushin (Director,
Institute of Applied Geophysics), Dr. M.I.Panasyuk (Deputy Di-~
rector, Institute of Nuclear Physics of the Moscow State Univer-
sity), and administration of other institutions. The editing of
the manuscript was undertaken at IZMIRAN and the Institute of
Nuclear Physics with the assistance of I.G.Simakov, E.I.Pruten-
skaya, G.A.Danilenkova, V.V.Podorolskays, L.P.Stroganova, N.V.
Kozhina, N.M.Makarova, and G.L.Shcherbakova. To all these peop-
le the authors owe most sincere gratitude.
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K ornasnexnto

INTRODUCTION

The main purpose the present Catalogue is intended for is
to provide information on the energy spectra of proton fluxes
observed in the solar proton events that are included in the =
Catalogue of SPE's 1970-1979 [1].

The Catalogue comprises the following datas
- integral energy spectra of > 5 MeV protons;

- gchematic time profiles of proton fluxes for one or several
energy values;

- Iia synoptic charts of the Sun and Sun-Earth cbnnectlon longi=
tudes for the SPE's reliably identified as being produced by
solar flares;

- schematically represented sunspot groups in the active regions
(AR) where SPE-generating flares occured.

The energy spectrum of solar cosmic rays (SCR) is the most
important characteristic of the acceleration process in a solar
flare and the physical conditions in the acceleration region.
Various acceleration mechanisms combined with different condi-
tiong in the acceleration region give different energy spectra
of accelerated particles. In particular, the form of the spect-
rum and the total amount of accelerated particles in a sour-
ce are closely related to the energetics and the mechanism of
the flare itself.

SCR gpectrum at the Earth's orbit is of great importance
for estimating the radiation conditions in thé near-Earth envi-
ronment and investigating SCR geophysical effects.

The spectra were derived from the data on E > 5 MeV proton
fluxes measured on board IMP, NOAA, Meteor, Prognoz, and Venera
spacecrafts , as well as the data of stratospheric (E > 100 MeV)
and ground-level (E > 500 MeV) observations [1-i].

The maximum values of proton fluxes of different energies
at a distance of 1 AU from the Sun were used. These values may
correspond to different moments of time for the particles of
different energies. Such an approach to the spectrum construc-
tion is implied by up-to-date model conceptions of the mecha-
nisms for solar particle acceleration, escape from the corona
and interplahetary probagation.

If the emission of accelerated protons is congidered to be
pulse~like ant their propagation - diffusive, then 'the energy
spectrum baged on the maximum observed values of proton fluxes
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of different energies will be the spectrum of protons leaving
the Sun for interplanetary space, i.e., the emigsion spectrum
of solar protonse. Actually, however, the escape of SCR from the
corona is not instantaneous in the majority of cases, and apart
from diffusion, the charged particles propagating in the inter~
planetary medium are also subject to convection, corotation,
adiabatic deceleration, drift and focusing in the interplaneta-
ry magnetic field. Nevertheless, if large-scale disturbances
(e.g., interplanetary shock waves) are abment, the energy spect-
rum based on the maximum observed values of proton fluxes may
often be regarded as the first approximation to the emission
spectrum. In such cases, solar proton events are characterized
by:
1) a smooth time profile with a rather steep intensity increase,
a pronounced maximum and a slow decay;
2) a dispersion of velocities, i.e., 8 delay in the arrival of
low-energy particles with respect to those of higher energies;
3) a considerable anisotropy of particles at the initial stage
of the event and its rapid diminishing by the moment of maxi-
mum and further at the decay of the time profile.

These features are usually observed in the events
reliably identified with a large isolated flare in the western
hemisphere of the Sun., They show that particles propagated un-
der relatively quiet interplanetary conditions.

In some events, the maxima of proton fluxes of different
energies are observed simultaneously. Then it is most likely
that a spatial rather than temporal distribution of particles
is registered. Such events in the Earth's environment often
coincide with a sudden commencement of magnetic storm (SC) which
indicates the arrival of high~speed solar plasma and the res-
pective interplanetary shock wave. A part of events with simul-
taneous arrival of protons of different energies may probably
be attributed to corotating regiong of interaction between solar
wind streams of different speed. The acceleration of particles
may also take place in interplanetary gpace near the shock
front, between the fronts and at the bow shock near the Earth's
magnetosphere. Though these particles are of solar origin, their
spectrum is obviously subject to considerable transformations
in magnetic traps, such that the spectrum at the Earth's orbit
derived from tlhe maximum proton fluxes does not coincide with
that near the Sun. In fact, the spectrum observed in these ca-
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ses is an instantaneous spectrum in a given spatial structure
and reflects acceleration and retention conditions in it,

A large number of SPE's have a time profile which ig diffi~
cult to refer to one of the above types. The maxima in these
events are broad, the flux profiles are strongly jagged and the
event lasts -sometimes for 10-15 days and sometimes for 1-2 days.
In these cases, the spectrum construction was preceded by a tho-
rough analysis of SCR intensity time variations, manifestations
of flare activity and geomagnetic data. In the course of the
analysis, the authors tried to identify intensjity maxima of com-
mon origin in the time profiles of particles of different ener-
gies. However in a number of cases it could not be done with
confidence (e.g., in events No. 13 and 24).

The present-day level of understanding of flare processes
and those of particle propagation in the solar corona and inter-
planetary space, as well as the scarcity of experimental data
available on particle fluxes, their spatial and angular distri-
bution, and on the coronal and interplanetary magnetic fields
prevents an unambiguous identification of the origin of the
event and interpretation of the spectrum obtained. It spite of
these embiguities, the authors thought it reasonable to include
in the Catalogue the spectra of all SPE's from the previous Ca-
talogue [1], except for event No. 41 for which the time profile
was only obtained for protons of one energy. The methods for
constructing energy spectra from diverse observational data are
described below.

The spectra are represented in graphical form and are sup-
plemented with additional information that,in the authors' opi-
nion, may bear some relation to spectrum peculiarities.

Further experimental evidence has lately been obtained to
corroborate the concept of coronal propagation of accelerated
particles. According to this concept, the azimuthal ‘transport
of particles from the acceleration region takes place mainly in
the solar corona and is accompanied by a continuous escape of
particles into interplanetary space along the open magnetic
field lines.

The azimuthal propagation of particles in interplanetary
space is hampered owing to a small transverse diffusion coeffi-
cient and, thus, the observer registers SCR that have arrived
along the magnetic field line connecting the observation point
with the Sun.
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The coronal magnetic field structure may = crucially affect
the time profile and other SCR characteristics. However, coro-
nal magnetic field measurements face considerable difficulties.

The synoptic charts of the Sun in H, given in the Catalo-
gue illustrate the digtribution of large-scale magnetic fields
at the chromospheric level. The charts give some idea of the com-~
plexity of the coronal magnetic field in which SCR are propaga-
ted and stored, but do not allow any conclusions to be drawn
about the field strength and do not reflect dynamical effects in
the corona that seem to play an essentialtrole in flare proces~
ses. One should bear in mind that photospheric fields are also
subject to temporal changes. Therefore, on the charts taken for
one solar rotation, only those structures are reliable that are
+60° away in heliolongitude from the central meridian for a gi-
ven day. These charts are supplemented by data on Sun-Earth con-
nection longitudes, i.e., the heliolongitudes on which the
Barth's position along the interplanetary magnetic field line
is projected taking into account the solar wind velocity.

In more detail, one can get an idea of the magnetic field
structure in flaring active regions by examining the sketches of
sunspot groups taken from the supplementary issue [7] . The sket-
ches show the polarity of sunspots, the neutral line and, in so-
me particular cases, the contours of the flares,

The Catalogue is provided with two lists of references., One
of them is relevant to the Hditor's foreword and Introduction
and another to the material body cf the Catalogue. Note that the
latter is complementary to the analogous ligt of references in
the Catalogue of SPE's b].

DESCRIPTION OF THE MATERIAL BODY Koraseniio

Bagic characterigtics of the event and plots of the gpectra

A separate page (sometimes 2 or 3 pages) is assigned to
each event. At the top of the page are given:

-~ the number of the event as adopted in the Catalogue of SPE's
h] (for some complicated events, the number is followed by a
figure (2) or (3) which indicates how many pages are assigned
to this particular event);

~ the ‘date of the onset of the event and the time (hours, UT)
when the particle flux begins to increase;

- the time, ’I‘max (UT), when the maximum flux values were registe~
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red; the sign "-" denotes the beginning and the end of the ti-
me interval in which maximum particle fluxes of one or diffe-
rent energies were observed; in complicated events with seve-
ral maxima (sign "/" in the Catalogue of SPE's [1] ), the latter
are numbered consequently (max1, max2, etc.); in the cases
when no data on maximum particle fluxes are available the ti-
me, T, appears without the index "max";

~ the importance of the event according to the classification
edopted in the Catalogue of SPE's[1].

The following lines contain information on the source (sour-
ces) of a given event from the Catalogue of SPE's [1]. The con-
ventiorns adopted are:

O - a flare~associated process on the visible hemisphere,

0 - a flare-associated process beyond the west or east limb;

O -~ activity of the region on the solar disc except for the flares
or modulation effects in the interplanetary space;

# = a flux increase associated with a sudden commencement (sc).

The degree of confidence in attributing the event to one
or another gource is expressed as follows (the example is given
for flares):

® - the association is certain;

© -~ the association is probable;

O = the association is possible but for some reason open to
doubt;

@ = this flare is not the main source but contributed (or might

have contributed) to the observed proton fluxes,

These date for each event are followed by integral energy
gpectra of proton fluxes for the moment (moments) of their ma-
ximum. The axis of .abscissae shows. the particle energy in MeV;
the flux value in cm 28 'sr~! is plotted along the axis of or-
dinates. Marked with different symbols are the values of the in-
tegral proton flux measured in different experiments. An arrow
upward or downward by the symbol means that the given flux va-
lue is the lower or the upper limit, respectively. The experiment
that provided data for spectrum construction is indicated in the
top righthand corner of the plot. The conventions adopted are
as follows:

MET o0 - Meteor data (integral channels);
IMPe - IMP 5,6 data (integral channels);
NOAAe- NOAA 2,3 data (integral channels);
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IMP x - IMP 5,6,7,8 data (differential channels);
[IP0 ® - Prognoz 1 -7 [differential and integral charmels );
BEH 0 . Venera 11,12 data (differential chammels);
BAI 4 - gtratospheric balloon data;

HM » - data from the world neutron monitor network.

The straight lines in the plots approximate the energy
spectrum by a function of the form J(> E)~ E_T, where J(> E) is
the particle flux of energy > E and y is the power index of
the spectrum. The value of ¢ for each of the spectra is given
in the plot. The spectra irrelevant to the flux mexima are plot-
ted with a dashed line, the corresponding time (UT) being indi-
cated nearby.

If the spectrum cen not be described by one function all
over the energy range, approximating straight lines are plotted
in several energy intervals, the corresponding values of the
spectrum power index being indicated for each interval. Someti-
mes, when there is a considerable discrepancy between the data
from different experiments, two separate spectrs are given for
one and the same maximum.

Two or more spectra are plotted for complicated events ac-~
cording to the number of maxima identified. In these cases, the
spectra are numbered to match the respective maxima. Some of the
spectra in complex events have an individual axis of ordinates
marked with the number of the respective maximum. It should be
noted that in these cases the subtraction of the background
particle flux was not done for each individual maximum.

Schematic time profiles K orniassiennio

For each event, a smoothed time profile of proton flux is
schematically represented at the bottom of the page; nearby the
energy value and the spacecraft on which the event was observed
are indicated. The time profiles are presented without subtrac-
ting the galactic background particle flux and are based on the
data on SCR proton fluxes registered by Prognoz in interplane-
tary space and by Meteor deep in the polar cap (invariant lati-
tudes are more than 67-70°, the passage time is 5 to 15 min,
and the interval between passages over the northern and the sou-
thern polar caps is 30-45 min depending on the spacecraft orbit)

In the cases when Meteor or Prognoz data are not available,
the time profiles are based on IMP data for proton fluxes with
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E > 10 MeV or in the energy ranges 13.7-25.2 MeV, 20-40 MeV and
19-80 MeV.

For the most powerful events No. 36 and No. 37 observed on
August 4 and 7, 1972, the time profiles are given for proton
fluxes with E > 10, » 30, > 60, > 100, and > 200 MeV, The time
profile for protons with E » 100 MeV is derived from the stra-
tospheric balloon data obtained at intervals of 2-3 hours.

The moments when the maximum proton fluxes of a given ener-
gy were registered are indicated with an arrow on the time pro-
file; these are the maxima to which the above energy spectra re-
fer. Two linked arrows show that the maximum flux of a given
energy was observed for a long time. For several events with the
maxima spaced at short intervals, their joint profile is given
under each of the spectra.

If continuous data from one spacecraft are unavailable,
then the flux profile for particles of a given energy is repre-
sented by a dashed contour based on the data from other satelli-
tes orbiting the Earth at the same time,

Synoptic charts of the Sun K ornasnennio

For thoge active regions in which flares reliably associat-
ed with solar proton events were registered (symbols e and © ),
the Catalogue gives synoptic charts of the Sun. The charts are
placed on separate sheets and follow immediately after the sche-~
matic time profiles of SPE fluxes. The synoptic charts used in
this Catalogue are taken from the atlas by McIntosh [4] (for
the period of January 1970 to September 1973) and from Solar
Geophysical Data [3] (for the rest of the time).

The heading from left to right contains: the number of the
event according to the Catalogue of SPE's {1], the number of
the active region in McMath Hulbert classification (McM) and,
from November 1979, in Hale classification (HR), followed by the
heliolatitude and Carrington longitude of the active region.
Below the heading, the synoptic chart of solar magnetic fields
drawn by McIntosh method [5] ie represented. Every chart shows
the distribution of large-scale photospheric fields obtained
from optical observations in H_. The lower horizontal axis gives
the Carrington longitude on the Sun. At the top of the chart,
there is a time scale corresponding to the passage of the given
Carrington longitude across the central meridian of the Sum.
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Bright plages are indicated with dots, large spots with black
circles and the signs "+" and "-" denote the polarity of the
large-scale phoiospheric magnetic field. The polarity reversal
boundaries coincide with the structural features in Hy: fila-
ments (hatched sections), filament channels (solid and dashed
lines) and plage corridors (boundaries inside plage fields).The
boundaries that could not be unambiguously identified are shown
by dashed lines, Every chart covers the interval of 180° in he-
liolongitude centered at the active region and corresponds to
the period of time when the active region was visible on the so~
lar disk. When necessary, the charts are extended west~ or
eastwards, the additional part being separated from the rest of
the chart by a narrow light gap.

Shown at the top of the chert is the time distribution of
flares in the given active region. The strokes upwards of the
horizontal line correspond to optical flares of importance » 1;
the flares sssociated with SPE's are marked by symbols that de-
note the reliability of identification. After 1975, the strokes
downwards of the horizontal line indicate X-ray flares of impor-
tance > MI.

At the bottom below the chart, the connection longitude is
given, i.e. the heliolongitude of the footpoint of the field 1li-
ne connecting the Sun with the Earth at a given moment. The va-
lues of connection longitudes determined at some fixed moments

-agree with the heliolongitude scale in the lower part of the
chart. The hollow circles designate the connection longitudes
at the beginning of the day, the respective date being indice-~
ted under the circle. The filled circles without the figures
designate the connection longitude in the middle of the day. The
figure nearby indicates the connection longitude at the given
moment. The figures separated by an oblique stroke show the da-
te and the time in hours, e.g., 15/12 means 15d12h. The circles
with a dot in the center indicate the connection longitudes at
the moment of the flare associated with a proton event. In this
case, the time of the flare onget in hours is also adduced. The
connection longitude is given only for thosge time intervals for
which the data on solar wind are available [6].
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K ornasnennio

Schematic representation of sunspot groups

A schematic representation of sunspot groups in a given ac-
tive region appears at the bottom of the page. The sketches are
taken from [7] and refer to the dates indicated in Part III of
the Catalogue of SPE's 1 : a) the date of passage across the
dentral meridian; b) the dates of SPE-generating flares; c) the
date (or dates) of maximum development of AR in area (if it does
not coincide with (a) and (b)). The numbers of sunspot groups
on the schemes (underlined figures) correspond to the numera-
tion adopted in Solnechnie Dannie [8]. The main ppots in the
group are supplied with information on the magnetic field
strength (in hundreds of gauss) and polarity (N or S). A dashed
line ig drawn to mark the neutral line of the longitudinal mag-
netic field. In the cases for which a photoheliogram of the fla-
re taken in Ha. was available, the contours of the flare are
delineated with dots. All pictures have one scale and orienta-
tion which are indicated in the picture for event No. 1.

THE METHOD FOR CONSTRUCTING ENERGY SPECTRA KCorapierino

The energy spectra of protons were plotted proceeding from
the data on maximum fluxes of particles of different energies
that are given in Part I of the Catalogue of SPE's [1]. Informa-
tion of several kinds was used: the data of in situ measurements
of integral and differential proton fluxes on different space-
crafts in the energy range E = 5-140 MeV; the results of stra-
tospheric observations in the range of E ¥ 100-500 MeV; and the
data of continubus ground-based observations with neutron moni-
tors (E > 500 MeV). The data processing method is briefly des-
cribed below.

Inte gzal fluxes K oriaBieHuio

The integral fluxes with the proton energy above the wvarious
thresholds, Eo, were provided by several experiments in situ. These
are the values of the integral proton fluxes at Eo- 5,15, 25, 40, 90 MeV
from "Meteor", at E°= 10, 30, 60-MeV from "Prognoz 6,7" and at Eo
100 MeV from ballon experiments the threshold energy depending on
residual atmospheric pressure, at Eo= 10, 30, 60 MeV from "IMP 5,6"
and "NOAA 2,3". The values of the integral proton fluxes at Eo- 7,6,
12, 28, 72 MeV from "Prognoz 6,7" and at Eo-25, 60, 130 (140) MeV
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from "Venera 11, 12" included in the Catalog [1] and plotted on the
graphs were derived from the differential channel data by the authors
of these experiments (V.G.Stolpovsky et al).

For some events, additional data unavailable in the Catalo-
gue of SPE's [1] have been used., Besides, the misgprints noted in
the previous issue have been corrected.

K ornasnenuio

Differential fluxes"

When constructing proton energy spectra, the integral flux
values were used together with the data of differential measure-
ments on IMP‘5,7,8 and Prognoz 3 satellites. This required a
transformation of the data from differential channels into inte-~
gral proton fluxes, for which purpose the following simplified
procedure was adopted.

For the first 40 events in the present Catalogue, we used
IMP 5 data on differential proton fluxes obtained in the channels
E = 6-19 and 19-80 MeV 1in units cm™2e™ lar™ 'MeV™'s J(6-19 MeV)
and J(19-80 MeV). In order to estimate the integral proton flux
in one or another channel, I(E1-E2), first of all it is necessary
to multiply the corresponding values of J(E1-E2) by the width of
the energy window A E = E2-E1:

1 (E~E,) =J (B, -F,)AE (1)

Taking into account that the width of the high-energy win-
dow on IMP 5 is large enough, the contribution of E > 80 MeV par-
ticles may be neglected and the integral fluxes J(E > 19 MeV)
and J(E > 6 MeV) may be estimated from the expressions:

J(E>19MeV)=61- J( 19-80) (2)

J(E>6MeV )=13-3(6-19)+IJ( E>19MeV) (3)

In the case of Prognoz 1-5, it was possible to use the da-
ta from one differential channel E = 14-30 MeV:

J(E>14MeV )= 16-J( 14-30) + I (E>30) (4)

where J(E > 30 MeV) was estimated using the data from other spa-
cecrafts. From event No. 54 onwards, the data from IMP 7,8 were
used obtained in three channels: E = 13.7-25.2, 20-40 and 40~

80 MeV: J(13-25), J(20-40) and J(40-80). When the integral ener-
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gy spectrum is represented in the power-law form, J(E > Eo) =
= AE;r ,» the proton flux measured in the energy range E1-E2 is
described by the relation:

(£, -B,) « 2(=77-E5T). (5)

In transforming differential fluxes into integral ones, i1t
is natural to suppose that the power index of energy spectrum
keeps unchangeable in two adjacent energy ranges. Under this as-
sumption, it is clear from (1) and (5) that the power index of
the integral spectrum, Y, , at the junction of two high-energy
channels, E = 20-40 and 40-80 MeV, can be derived from the ra-
tio of differential fluxes, J(20-40 MeV)/J(40-80 MeV):

J(20~40
Ta= 3v331€[?§ao—.é%7]- (6

Then, 7, - and the fluxes J(40-80 MeV) and J(20-40 MeV) being
known, it is easy to calculate the proton flux intensity for
E > 80, > 40 and > 20 MeV:

J(E>80 MeV) = %(M , 7

. 2V1_4 .
J(E>40 MeV) = 40-3(40-80) + J(E>80 MeV), (8)
J(E>20 MeV) = 20-3(20-40) + J(E>40 MeV) , (9)

The next step should be estimating the spectrum power index, Yo
at the junction of two low-energy channels, E = 13.7-25.2 and
20-40 MeV. The relation connecting 7, with the ratio J(13~25
MeV)/J(20-40 MeV) has a somewhat more complicated form:

- T2
J(13-25 T2 (1,84'2-1)
= 1,59 .
J(20~40 " oT2_4 (10)

However an analysis of (10) (see Pig. 1, p. 18) shows that the
spectrum power index in the range we are interested in
(1& 1, £ 4) cen be estimated from a simpler ‘approximated ex~

1, 6,00 1 222813200 o, . (1)
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Since the two low-energy channels, E = 13,7-25.2 and 20-40 MeV
partly overlap, further calculations require the proton flux to
be ‘determined in the range E = 20-25.2 MeV, i.e. I(20-25). Pro-
ceeding from (1) and (5), 7, being known from (11), this may be
done using both the ratio I(20-25 MeV)/I(20-40 MeV) and

I(20~25 MeV)/I(13-25 MeV). The respective expressions, that are
not given here for short, are not suitable for calculations.

Tre dependences between 7, and the above ratios are illustra-
ted in Pig. 2 (p. 18) in graphical form. One can see that in the
range of 15 7, £ 4 they are practically linear and are descri-
bed by rather simple approximated relations:

11(20-25)zJ(13—25)-(-o,6372+4,14), (12)

1,(20-25)~ 3(20-40)-(1,547, + 6,76). (13)

The final value of I(20-25 MeV) is obtained by averaging the va-
lues derived from (12) an® (13), i.e.:

u20-25)=[H(20-25)+12(20-254/2, (14)

Then the missing values can be estimated using expreseicns (9)
and (14):

J(E>25,2 MeV) = J(E>20 MeV) ~1(20-25), (i5)

J(E>13,7 MeV) = 11,5:-3(13-25) + J(E>25,2 MeV). (16)

Thus, if the integral energy spectrum is calculated by
using the data of differential measurements on IMP 7,8, the ba-
sic values are J(E > 40 MeV), J(E > 20 MeV), J(E > 25.2 MeV),
and J(B > 13.7 MeV) derived from (8), (9), (15), and (16), res~
pectively. Estimation of 171,, J(E > 80 MeV), 7,, and I(20-25 HMeV)
from (6), (7), (11), and (14) is an auxilliary procedure.

When other data were available besides those from differen-
tial channels, the values of J(E > 40 MeV) and J(E > 80 MeV)
were corrected by the method'of successive approximations, l.e.,
‘by substituting for 7, in (7) the values of the index deter-
mined from the totality of data available.
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K ornasnenuio

Neutron monitor data

Unlike other measuring facilities, the neutron monitor in-
stalled on the ground level at a point with geomagnetic cut-off
rigidity, Rc’ registers secondary particles generated by SCR in
the Earth's atmosphere, rather than primary ones. The arrival
of SCR is accompanied by an increase in the neutron monitor coun-~
ting rate, A N, which is related’to the SCR differential ener-

gy spectrum, dJ(E)/dE, through the expressioﬁ:

Emax
N(R_) - J m(e) H(E) 4 “17)
dE
where Ee

E ax 18 the upper limit energy to which solar protons are acce-

lerated in a given event; m(E) is the integral multiplicity of
generation of secondary particles by one primery particle of
enexrgy E. The energy of geomagnetic cut-off, Ec’ is related to
the rigidity, Rc,:through the expression E = (Mc2)2+R2-Mc
where ¢ is the light velocity and M is the proton

2

mass.

So far, there is no sufficient certitude as to the origin
and magnitude of Emax’ which is determined empirically for each
individual event. Between the values of m(E) calculated by dif-
ferent authors there are 'also some discrepancies. Neveitheless,
the results quite satisfactory for practical purposes can be ob-
tained by using integral generation multiplicities[9]for_peutron
monitors at the sea level., A power-law approximation of the
spectrum has been applied, dJ(E)/GE = JOE-B, the values of J,

8§ and Emax being derived from (17) by the method of successi-
ve approximetions.

As a first approximation, we have chosen the value of 3, ,
determined from measurements in the range of E & 500 MeV, and
the value of Emax corresponding to Rc for the lowest-latitude
station of those that regigtered the observed SCR increase. The
absolute proton fluxes estimated from (17) for each neutron moni-
tor of those that revealed an increased counting rate have been
used to construct the spectrum dJ(E)/dE = JOE—az that is regar-
ded as the next approximation. If successive approximations do
not result in convergence, a larger value of Emax is introduced
and the procedure is repeated. If 3 and Enax are correctly
chosen, the absolute fluxes determined from neutron monitor da-
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ta agree with the results of other measurements, the energy
spectrum steepening as the energy increases.

The method described above is valid only for the case of
pitch-angle isotropy of particles precipitating at the boundary
of the Barth's atmosphere and for undisturbed geomagnetic con-
ditions. In the majority of SCR increases registered at the gro-
und level during 1970-1979, the amplitude of geomagnetic distur-
bances did not exceed 100 nT, which justifies the application
of undisturbed Rc values. In this case, the relative increase
in counting rate should be of approximate%y the same value at
the stations with similar Rc’ Besides, owing to the atmospheric
cut-off, the amplitude of SCR increase at all stations with a
threshold Rc.é 1 GV should not differ essentiall.y. The absolute
SCR fluxes were determined when the scatter of counting rate in-
creases at the stations with Rc £ 1 GV did not exceed 50% with
respect to the mean value. In the case of a strong anisotropy
of SCR fluxes (e.g., for SPE No. 79, 07.05.1978), the energy
spectrum was not determined by this method, but the spectrum ob-
tained with anisotropy taken into account was used [1d].

A relative increase in the neutron monitor counting rate
was determined from observations for one hour. This correspon-
ded best to the time interval during which proton fluxes were
measured with other detectors. The data were corrected for pres-
sure, but without taking into account the difference in baromet-
ric effect for solar galactic cosmic rays (GCR). When a solar
proton event occured during the Forbush-effect in GCR, the back-
ground intensity was estimated by interpolation from pre-flare
to post~-flare counting rate. In other cases, for background was
used the counting rate value 5 hours before the increase. The
diurnal wave was neglected. As a result, the accuracy in deter-
mining the absolute SCR intensity from neutron monitor date did
not exceed 50% and the accuracy in estimating Emax was about
1 GeV,

K ornasnenmio

Power-law approximetion of the spectra

The integral proton fluxes obtained by direct measurements
and those calculated from satellite differential measurements
and neutron monitor data were plotted on double logarithmic
scale, The points obtained were used to determine the power in-
dex, y , by partially-linear approximation of the spectrum re-
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presented in the power-law form, J(E > Eo) = AE’:r .

In many events, the spectrum over the entire range of mea-
surements is satisfactorily described by a power-law function
with a single index, 7 . It mainly applies to relatively weak
events that are only registered in the low-energy range. For ma-
jor events that covered a large energy interval, we usually had
to introduce two or three values of the power index to indicate
a steepening of the spectrum towards higher energies.

If the data on one and the same event obtained on different
spacecrafts differ considerably in flux valye or in spectrum
slope, then the index is estimated separately for each space-
craft. When analyzing such events, it should be borne in mind
that, in particular, Meteor data were obtained deep in the polar
cap, with the aid of an omnidirectional detector, whereas measu-
rements on IMP were made beyond the Earth's magnetosphere with
detectors having a fixed directivity.

For events with a complicated time profile having two or
more maxima, the spectra were constructed and the index, | , was
estimated separately for each maximum using the data from the
Catalogue of SPE's [1].

Depending on the character of the event, the index, 7 , is
given for one, two or three maxima. Sometimes (mainly in the
events of 1978-1979), when there is a considerable discrepancy
between the spectra based on deta from different spacecrafts,
‘the corresponding values of Y are given separately for each of
them. In the column "time of maximum", the events for which the
gspectrum indices were not determined at the maximum are indica~
ted with an asterisk.

METHOD FOR CALCULATING THE SUN-EARTH CONNECTION K orasienmio

LONGITUDES

As shown by numerous observations, SCR diffusion in inter-
planetary space proceeds mainly along the IMF lines (the pa-~
rallel diffusion coefficient considerably exceeds the trans-
verse one)., Hence, the shape of the field line being known, one
can localize the escape site of accelerated particles from the
corona.

The method for estimating heliolongitude of the connection
line between the Sun and the observation point [11]proceeds
from the assumption that solar wind propagates quasi-radially,
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its velocity not changing from the moment it leaves the corona
until it is registered at the obgervation point. A slight solar
wind acceleration that actually takes place with distance is part-
ly compensated by the effect of plasma corotation with the Sun

at a distance r < Ty where Ty is the critical Alfven point. The
connection longitudes are estimated with an accuracy of 10%, pro-
vided the solar wind velocity at the observation point does not
change by more. than 50% a day. The Carrington longitude of Sun-
Earth connection is given by the expression:

- Vs,
d>x d>°+ Uons Q (18)
where ¢, is the Carrington loﬁgitude of the central meridian,
Usw is the solar wind velocity at the observation moment, rg =
= 1 AU ig the distance from the Earth to the Sun, and £ = 14.3°
per day is the angular rotation velocity of the Sun.

According to (18), the connection longitude changes conti~
nuously owing to both the rotation of the Sun and variations of
the solar wind velocity. If the latter did not change, the con-
nection longitude would uniformly shift eastwards at a rate of
13.3° a day owing to the Sun rotation, When the Earth gets into
a high-speed stream of solar wind, the connection point sharply
(in a jump) shifts eastwards due to a sudden increase in Usw'
When USw decreages, the connection point may keep its position
for a day or more, or even move back westwards.

The heliolongitude of the connection point can be estima-
ted from the heliolongitudinal projection of the Earth which
ranges from -7,25°to +7,25°during a year (Fig. 3, p. 23). Such
estimate , however, should be treated with caution since the
above regularity may be considerably distorted by the geometry
of magnetic field lines convergent at the helioequatorial plane,

The synoptic charts of the Sun taken in Ha can be used to
give a purely qualitative idea of the large-scale coronal field
structure in the region between the flare and the connection
point. Por this purpose, when localizing the flare, it is suf-
ficient to use the coordinates of the AR gravity center given
in the heading, though the real flare site may be shifted from
this point by several degrees both in longitude and in latitude.
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K ornasnennio

TABINIA

noKasaresyeil ®HepPreTUYECKOTO CIEeKTpa IOTOKOB IIDPOTOHOB

Homep Jara,mecs Bpema = KA, ﬂnanasonfﬂoxa—l Maxcu-
COOH~ Hadaja, MaKCHMyMa, - Ipucop 9HepTH#t | 3aTeJb| MAIBHH}
THA ~ MeB ' cmerr-| moror®
‘pa ! (10 %B),
P er
¢ Cp
. o 3 4 5 3 7
I970 r.

I. 29.01 18-21 IMP5 I0-60 0,7 2,6
24 IMP 5 6-60 0,9 4,5

2. 31.0I  20-1%01 IMP5 660 1I,5 5
3. 06,03  I19-7%02 - IMP 5  I0-60 2,7 8
4. o7.03  8%0-03  IMP5 I0-60 4,3 - 125
5. 23,03 2I-24 IMP § 6-60 1,8 7,8
6. 25.03  26%04-21 IMP 5 6-30 3,4 1,2
7. . 29.03 07-17 IMP5 10-60 1I,0 44
BAI 130-300 2,0 .

19 IMP 5 6-60 I,2 65,5

8. 30.05 20-21 MET,IMP 5 5-60 3,I 24
9. 25,06 26%07-08  MET,IMP 5 5-40 3,2 11,9
10. 07.07 21-8%0I MET,IMP 5 5-60 1,7 5
1I. 23,07 23-24%2  MET,IMP 5 5-30 2,7 14
25%00-0I  IMP 5 6-30 4,I 250

I2. 11,08 15702-16%05 MET,IMP 5 5-65 3,6 220
13. 05.11 - 6%0I-02 IMP 5 6-60 3,0 42
7206 . IMP 5 6-10 5,0 39,5

14. 12.12  I9-13%13 IMP 5 6-30 2,9 2,5
13%16-23 IMP 5 6-19 3,3 2,0

14%04-09 IMP 5 6-19 2,8 1,6

15. 24,12 13 . IMP5 I10-60 1I,6 5,6
IMP 5 6-19 1,7 2,6

17-22 IMP 5 6-30 1,3 3,6

*) [IpuBOAATCA SHAYEHMA NIOTOKA, MHTEDIOJMDOBAHHHE IO BHEpre-
THYECKVM CIEKTDaM

ALY



%) Usmepenns He B MOMEHT MaKCHMyMa LHOTOKOB TNPOTCHOB

I 2 3 4 : 5 6 7
Ig?I T
16,  24.0I 25%00-10 IMP5 6-60 I,I 900
HM  433-3500 3,I
25%07-18 IMP5 6-60 I,3 I260
25011 BAI I50-300 2,9
17.  0I.04 2%09-10 IMP S 6-I9 4,2 2,2
I18.  06.04 13-22 IMP5 6-60 2,1 51
I9.  20.04 23-21%02 IMP5 6-30 2,4 3,4
20,  22.04 16-I9 iP5 680 I,9 1,6
2I. 16.05  I15-I17%04  MET,IMP 5 5-60 2,I 16,6
22.  0I.09 22-2014 MET,IMP 5 5-65 0,9 450
HM  430-I540 3,5
2Rog¥* BAI I50-500 . 2,7
23. 3.10 4%07-16 MET,IMP 5 5-60 I,2 3,5
24, 14,12 16M05-17%14 IMP 6 I0-80 2,0 5
1972 T.
25.  10.0I 06 IMP 6 10-60 I,3 1,3
26.  20.0I 21-22 IMP 6 I0-30 4,8 R
27.  -06.03 21-22 IMP 6,MET 5-I9 6,0 3,2
28, I7.04  18%03-07 MET,IMP 5 5-40 2,8 27
19%02 MET 525 3,8 25
IMP 5 10-30 3,8 105
29. 28,05 29%01-04 IMP 5 I0-60 I,2 8,8
29%19-24 IMP5 6-I9 3,2 43
30. 08.06  16-9%02 IMP5  6-60 2,I 14
3I. 16.06 24 IMP5,IIP0 I 6-30 3,1 10
17%07-18 IMPS,IIPO I 6-30 4,1 28
32. 19.07  22-20%04 IMP5,IIPO I 6-30  2,I 2,9
33, 22,07 13-I5 IMP5,IPO I10-30 1I,6 13
34, 23,07  24%14-26%08 IMP5,0POI I0-60  I,2 3,6
28%21 IMP5,IIPOI I0-30 2,7 8,2
35, 02,08 3815 IMP5,IPOI 6-30 2,7 50
4704-06 MET,IMP 5 5-60 3,6 630
PO I 4
36,  04.08 14-17 MET,IMP 5 5-60 1,6 5,510
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I : 2 . 3 4 : 5 : 6 @ 7

MET,IIPO I,2, 90-1540 4,0.

BAL,HM . _
22 IMP 5 10-60 1,5 8 .10%
5%03-05 IMP 5 10-0 1,5 9,5103
MPO I,2,BAI I00-400 5,2
37. 07.08 I6-8%02 MET, IMP.5  5-40 1,3 1,3 103
MET, IMP 5, 60-I00 2,2
Po I,2
HM 433¢1540 3,3
gog™** BAIL 140-300 3
- 9%00-0I MET,IMP 5  5-I5 1,9 2,5 10°
38, I1I.08 I8-2I MET,IMP 5 5-40° 2,4 7
39, 16.08 05-10 IMP 5 6-30 2,5 1,6
20-23 - IMP § 6-60 1,4 3,8
40. 29.10 31%00-02%* IMP 5 6-30 3,0 32
31’16 IMP 5 6-30 4,6 35
1973 1.
42, I2.04 I4-I7 INP 6,1IP0 3 I0-60 2,1 5
43, 29.04 22-30%04 IMP 6,IIP0 3 10-60 1,2 48,7
30%0g%** BAI 160-300 1,6
44, 29.07 30722 MET, 1IPO 3 5-I5 1,5 1,8
45, 07.09 13 MET 5-90 1,8 60
9H10-11 MET 5-25 2,9 4,2
1974 1.
46. . 03.07 23 MET 5-40 2,8 36
.4703 MET 5-25 2,9 35
47, 05,07 04 MET 5-40 2,7 50
15-24 MET, NOAA 23 5-40 2,8 380
48. 06,07 03 MET 5-40 3,2 230
49, O7.07 II-13% MET 5-40 3,0 80
1% NOAA 2,3  10-30 4,8 2
50. 10.09 13%03-22 MET 5-25 1,9 150
MET 25-40 4,6
5I, 19.09 207I4-I5%% MET 540 3,0 70
52. 23.09 24%19-23 MET, NoAA 2,3 5-90 1,7 W
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I: 2 3 4 5 : 6 7
BAI 120-300 3,5
53. 05.II 22-23  MET, NOoAA 2,3 I5-40 2,5 76
19751,
54. 03.08 20-4%02 IMP. 7,8 20-40 I,0 0,4
55. 2I.08 7 MET 5-90 2,7 16
18-20 IMP 7,8 13,7-40 I,0 4,7
56. 22.08 3-6 MET,IMP 7,8 5-90 1,7 10
19761,
57. 23.03 26510-I4 IMP 7,8 13,7-40 1,0 0,8
_ MET 5-15 1,0 1I,3
58. 28,03 0% MET 5-I5 3,7 0,6
24 IMP 7,8 13,7-40 1,6 0,5
59. 30,04  22-TM0I  MET,IMP 7,8 590 - I,4 166
HM 433-1124 3,7
TR0os** BAI 100-200 2,6
60. 22,08 I7®* IMP 7,8 13,7-40 I,7 20
1977z,
6I. 08.09 20-9%22 IMP 7,8 I13,7-40 2,8 4,2
62. 12,09 13%09 IMP 7,8 13,7-40 3,5 3,3
63. 16.09 . I7M0I-02 MET I15-40 1,7 100
' IMP 7,8 13,7-40 1,7 54
64. I19.09 2I-24 MET 15-90 2,1 230
IMP 7,8 13,7-40 2,I 500
16%% BAI 140-300 2,8
20%03-05 MET 25-40 1,6 170
BAI 140-300 4,I
65. 24,09 07-I8 MET,IMP 7,8, 5-150 I,I 95
IIPO 6,BAI :
IIPO 6,BAT,HM 150-1540 2,4
66. I2.I10 06-09 PO 6 7,5-I50 1,9 3,2
' IMP 7,8 13,7-40 - 1.9 5
67. 22.I1 10-I8  MET,IMP 7,8, 7,5-100 I,2 330
‘ TPO 6
HM 433-1540 2,7
7R BAIL - 150-300 3,2

2I3



I: 2 : 3 H 4 : 5. 6 7
68. 27.12 13-17 PO 6,IMP 7,8 5-40 2,2 I,I
1978 . HET
69. 02.0I 09-24 1PO 6 7,5-150 1,4 2,0
IMP 7,8 13,740 1,2 3,3
70. 08.0I 15-20 PO 6,IMP78 7,5-40 3,I 1,4
7I. 13.02  I7-14%10 MET,IMP 7,8  5-40 2,5 900
72, 25.02  I7-I9 M 7,8 - I3,7-40 2,3 1,3
73, 08.04 06 IMP 7,8 13,7-40 2,4 3,0
MET 5-15 3,0 0,5
74, II.04 15 IMP 7,8 13,7-40 1,0 80
20-24 MET 5-90 1,6 35
» IMP 7,8 13,740 I,6 75
75. 16.04  I7%12-14 MET 5-40 I,9 8,5
I7%13-15 IMP 7,8 13,7-40 I,0 8,0
76. 19.04  I9-2I IMP 7,8,MET 5-40 1,5 4,5
20807 MET 5-90 I,8 16
- IMP 7,8 13,7-40 1,3 13
77, 21.04  25P00*%* MET,IMP 7,8 5-40 2,6 16
78, 28.04  29705-I9 MET,IMP 7,8, I5-200 2,0 140
BAIL
30%20-1%04 MET 5-90 2,8 760
INP 7,8 13,7-40 4,2 2,8 103
1%18-21 MET 5-256 3,4 260
IMP 7,8 13,7-40 3,I 600
79. 07.05  0335-08 MET,IMP 7,8 13,7-90 I,3 160
0335-0415 HM 433-8111 SKCNOHEHIMAIL-
HH# CIIeKTp
06407 BAX 150-300. 1,8
80. 1I.05 09 IMP 7,8 13,7-40 1,9 3,2
8I. 3I.05 15 IMP 7,8 13,7-40 2,5 10
1%02 IMP 7,8 13,7-40 2,8 3,6
MET 5-15 6,1 I,0
2509 MET 5-15 6,8 2,0
2Pog** IMP 7,8 13,720 5,1 6,6
82, 22,06 24815 MET © 5-25 4,6 .I2
25803 MET 5-15 4,0 8,5
83, II.07  13%05-16 MET 5-26 4,6 8,0

2I4



T . 3 4 5 6 7
IMP 7,8 I3,7-40 2,7 8,6
84, 06-07 MET 5-25- I,9 2,4
' IMP 7,8 13,7-40 2,6 4,3
85. 12-14 MET, IMP 7,8 5-90 I,3 400
BAIL 100-400 2,2
" BAII, HM 433-I540 2,7
24%02-18 MET,IMP 7,8 5-40 2,3 10%
86. 23-9%04 MET,IMP 7,8, 5-140 1,9 2
BEH '
87. 23-10%02 IMP 7,8, BEH  13,7-140. 2,1 25
88. 19 MET 5-I15 2,0 2,5
18%01 IMP 7,8 13,7-40 2,6 I,3
89. 22-11701 MET . 5-15 5,2 3
: IMP 8 13,7-40 4,0 I5
11%16-18 MET 5-15 - 6,0 1,7
IMP 8 13,7-40 4,0 6,3
9. 12%22-13%05 IMP 8 13,7-40 3,2 0,7
14718 IMP 8 13,7-40 3,0 0,7
9I. 17%21 MET,IMP 8 15-90 © I,5 45
18%18-20 MET 5-25 2,6 4,5
IMP 8 18,7-40 I,I 2,6
92. 3%00-12 IMP 8, MET 5-40 2,1 3
4%09-19 IMP 8, MET 5-40 2,1 3
93, 11%02-24 IMP 8, MET 5-40 2,5 I
14™1-15"%15 IMP 8, MET 5-20 3,2 0,6
94. 21-4705 IMP 8 13,7-40 3,0 .6,5
5%04 MET,IMP 8 13,7-40 3,4 20
95. 20-21 MET 5-40 4,4 28
' 720103 MET,IMP 8 5-40 2,8 400
96. 6701 INP 8,MET 5-40 2,6 I,3
7011 MET,IMP 8 5-40 3,2 I3
97. 4%00-16 MET 5-90 1,8 4
IMP 8 13,7-40 0,9 0,5
6%13-16 MET 5-40 1I,6 3

-
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I: 2 3 4 i 5 6 7

IMP 8 13,7-40 0,9 1,2
98, 18.08 20%06-09 MET,IMP 8 - 5-40 2,2 500
‘ MET, BAX 40-150 3,8

20%16-18 MET,IMP 8 5-40 2,I 400

21%06-08 MET,IMP 8,BAl 5-200 2,2 750

98a 27.08 10-1I IMP 8 13,7-20 3,4 6,5

. 29704 IMP 8 13,7-20 3,3 2

99 08.09 I4-20 IMP 7,8,MET ' 5-40 I,4 4

11%04-I0 MET,IMP 8 5-40 2,3 3

12%08-14 MET,IMP 8 5-40 2,0 2,5

100. 14.09 I7%07-21 MET, BAI 5-I00 2,6 220
IMP 8 13,7-40 1,2 80

10I. 15.II  I6%II MET,IMP 8 5-40 3,6 55
102, R2I.II  II-I5 1IMP 8,MET 5-40 2,I 2,2

QI6



CICOK JOMOJHEHM, VCTIPABIEHWA ¥ OMEYATOK K ormaunesmno

B YACTU I "KATAJOTA TTIC I970-I979 rr."

B npomecce pacoTH Han "KarTanoroM sHePr'oTHYECKEX CHEKTDOB" L4
KARJIOTO COCHTHA GHAY NPOBEDeHH NAHHHEe O MAKCHMAJNBHHX HOTOKAX Npo-
TOHOB M BPEMEHW MX perwcTpalUd. I[py 5TOM B HEKOTODHE COCHTMA CHIM
BHECOHH MCIDaBJEeHHUdA, Kacamimecs, B OCHOBHOM, MOMEHTOR DOTMCTDAaLAN
MaKCHMANBHHX 3HAUEHRE! IOTOKOB ¥ JNONOJIHOHMH, CBASAHHHE HAM C BHIE~
JIGHWEM 6eMe ONHOT'O MaKCHMyMa B HOHHOM COCHTHM, ¥JM C BBEJEHHEM HO-
BHX JOHHHX., B HacToAmeM pasiene IDUBEUSH CHMCOK 3THX coCHrTmit., Haa
Kawgoro m3 Hmx B I-oft cTpoKe yKazaH:

—~ HoMep coouTma mo "Karamory COC I970-I1979 rr.";

- mHOmeKc "m", "H" wm "o", ykaswBawumt, YTo B MAHHOM COCHTHH
UMeeTcd HCIDaBiCHmE, NONOJHEeHWe WM ONevyaTKa, 3aMeueHHad B 9acTH I
"Karanora CIC".

Ianee cnemyer MHHOpMAlMA O HOTOKAX HOPOTOBOB B COOCHTHH, MNpEX~
cTaBneHHas B Toit ®e dgopme, Kak m B vactH I "Karanora CIC". B kax-
IOt CTpOKE YKAa3aHH MOCAEeROBATENBHO:

- KocMuyeckut anmapart;

- BHEPIMA NPOTOHOB B MaBj;

— BpeMd Havala YBENWYEHMA NOTOKOB HPOTOHOB aToR sHeprmm ( UT);

- BpeMd DPErMCTDALUY MaKCUMaJIbHHX 3HAYEHHE INOTOKOB MPOTOHOB
(ur);

— NDONIORKUTENBHOCTE COCHTHA (CYTKM HAM 9acH) ;

— MaKCHMaNbHA2A MHTEHCHMBHOCTH NDOTOHOB JaHHOR 9HEDIHM
(cm‘z-c' -cp‘I ~ I8 MHTErpajbHHX RAHAJOB, cM‘Z-c‘I-cp‘I-MsB'I -
nna nmddepeHIManbHEX KaHAJIOB) .

B cOMcKe HPUBOIATCH TGABKO T€ CTPOKM IO NAHHOMY COCHTHD, KOTO—
pHE COIEDEAT MCHpaBJACHHHE M HOBHE JNaHHHE IO CpaBHEHMD ¢ 9acTsp I
"Karanora CIIC I970-1979 rr.".

Ix

IMP5 Ip>10 14 (I8-21)/24 >504 2,6/4,3
TIp>30 14 (I8-2I)/24 4Ty 1,4/2
Tlp>60 14 (18-21) /24 34q 0,7/0,7

60

IiP5  Tp-30 <22 26110 . 0,03

"

s 1p-I0 02 o7-17 8¢ 44,8

II )

IMPS  TIp-30 2T 23/25%01 32y 0,8/0,3
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MET Ip-65 1550208 484 0,4

14 1

IMP5 Tip~30 05 05-I4%09 559 0,I

I5 o ‘ ;

PS5  p6-I9 08 13/17 >I2¢ 0,35/0,4

P S , ,

IMP5  Ip6-I9 24 25810/25%(I3-18)/ >7c 50/100/

/25723 /150

A3 .

MET Ip-40 <I6I2 <411629 >0,58

259 ‘ ~

IMP6 IIp-30 23 11%06 3c 0,4

~"-  Ip=60 23 11%06 220 0,I

27 H ,

IMPS Ip6-I9  5AI7 22 >2¢ 5

~"-  [pI9-80 - 5HI9 21 34q 1073

28 o.H

MET Op-5  <I8™0I05 18%070I/19%0I41 >5,7¢ 166/418

IMP5 Hp6-I9 24  18%03/18%07/18%1I  >7c 1,2/7/13

1 S , :

IMP5 Ips-I9 06  (24-17%05) /17818 5¢ 3,2/13

B0 : ,

IP0I I[pI4-30 00  25°15-26M08/28™2I >9¢ 0,06/0,12

IMP5 Ip>I0 00  26%00-07/28%1 >9¢ 3,6/8,2

35 o

MET  Ip-5 - 40422 - 7960

36 H :

POI TMp-I00  O7 15-16/5%03 >3¢ I,4-10°/1,5-10°

T H ‘ .

MPOI  Ip>I00 15 20 3c 21,9

380 - _ —
Hp>30 <16 16-20 304 1,1

IMPS
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IMP5 Ip-I0 20 317102/31816 30 >30/33
"~ Mp-30 30511  31%02/31%16 304 >1,3/0,2
" pe-19  <2I 31%00/31%13-16  >60 >10/30
" MpI9-80 20 31™00/31%16 3¢ >0,06/0,03

43 0 :

MPO3 IpI4-30 22 30704 60 I,I

Hcrounukx: e BenmHuka 2056 NI4 w73 2B McM 12322

47 1

MET  IIp>5 <0051  0424/(15-24)  >274 269/3,8-103

-"-  Ip-I5 <005  0424/(I5-24) >274 - 22/193

-"~  Ip>40 <005  0424/(I5-24) >249 1,4/6

55 K

MET  Ip>90 1658 >1658 - 0,03

58 0,H

IMP7,8 Tp 40-80  2I 24 >3,5¢ 1079

MET  IIp>I5 <2019 0,I3

64 o . .

MET  Ip>I5 1,I 2I-24 644 120

65 H

mos  Mp->7,5 >0630 18 >40 83

-~ @p-I2  >0630 18 >40 60

-"—  Tp-28  >0630 12 >4c 25

66 _H

P06 Ip-7,5 0250-03I0 09 >4c 4,3

" Tp-I2 0250-03I0 0730 >4c 2,I

-"~  Ip>28 0230-0300 0730 >I8q . - 0,4

-"—  Ip-I50 0230-0300 0400 104 0,025

67_H
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