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BBEIAEHME

I[IpoBeneHHEBIE paHee WCCIENOBAaHUS IMMPOKUX
arMocdepHbix muBHeH (IIIAJ]) BRISIBMIIN LIEIBIIA PSII
HEOOBIYHBIX SIBJICHUM BO B3aMMOJECTBUSIX YaCTUIL
BBICOKMX 1 CBEPXBBICOKUX DHEPIHUil: B U3MEPEHHOM
DHEPreTUIECKOM CIIEKTPE KOCMUYECKMX JIydeit, TMe-
IOILIEM PEe3KO NaJaloluii CTeIIeHHOM XapakTep, B 00-
nmactu okojio 5 IIsB Habmopmaercs “m3noM”; mpu
sHeprugx Boile 100 I1>B HabmogaeTcst BTopoit n3-
JIOM M H30BITOK YHCJIa MIOOHOB B COOBITHSIX IIO
CPaBHEHUIO C pacyeTaMM II0 BCEM CYIICCTBYIOIIM
MomensiM (T.H. “MIOOHHAas 3aragka”); BO MHOTHX
9KCIIepUMEHTaX ObLJIM 3apErUCTPUPOBAHBI HEOObIYU-
HBIE COOBITUS U SIBJICHMS ITpY 3Heprusix Boiie 10 [13B:
“BBICTPOCHHOCTB”, “TIpOHMKAIOIINe KacKampl”’,

KEeH-
3
TaBpbl”, “aHTUKEHTaBpbI”, “Tajgo” u ap.

Ha maHHBIIT MOMEHT HET HU ONHOM OOIICIpu-
3HAHHOI1 MOJEJIN, CITIOCOOHON OOBSICHUTH 3TU SIBJIE-
HUS B paMKax eIuHOro noaxona. Kimo4uoMm K ux o0b-
SICHEHUIO MOTYT CTaThb PE3YJbTAThl MYIbLTUKOMIIO-
HeHTHBIX uccinepoBanmii IIIAJI, korma B omHOM 1 TOM
Ke COOBITUM AETeKTOPaMU pa3HbIX TUIIOB PETUCTPU-
pYIOTCS pa3IMyHble KOMIOHEHTHI. [1o sTOMy ITyTH
WAYT pa3IddHbIe 3KCIIepuMeHThl, Hanpumep TAIGA
[1] B Poccuu u LHAASO [2] B Kurae.

i mpoBeaeHUST MYJIBTUKOMIIOHEHTHBIX KUCCIe-
npoBaHuii IITAJI nepCrieKTUBHBIM SIBJISIETCSI KOMILIE-
MEHTAPHbLII MOIX0M, K aHAIN3Y dKCITEPUMEHTATbLHBIX
JaHHBIX, TP KOTOPOM He3HaUMMasi, C TOYKU 3PEHUS
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HE3aBUCUMOTIO0 aHaJIn3a, H(opMalus 06 oqHOMN Win
HECKOJbKMX KOMIOHEHTaX JMBHSI MOXET ObITh J10-
0aBjieHa K JAHHBIM IO JPYTMM KOMIIOHEHTaM, YTO
MO3BOJISIET TOUHEE onpeneysath napameTpsl IITAJL u,
COOTBETCTBEHHO, MHULIMMPOBABIIEH €TI0 YaCTULIbI.

Takue ucciienoBaHusl U TaKOi TTOAXON pPeaaTu30-
BaHbI Ha AKcIiepuMeHTaabHOM KoMIiekce HEBO/I B
HUAY MUODMN.

HKCMEPUMEHTAJbHbBIN
KOMIUIEKC HEBO{

OkcnepumeHTanbHblil KoMriekc HEBOJI o6b-
€IUHSIET AEBSITh HAYYHBIX YCTAaHOBOK [3], B JaHHOI
paboTe aHAIM3UPOBAIUCH JAHHbBIE IIECTU U3 HUX:
YBK, CKT, JEKOP, HEBOI-IIAJI, TTIPU3MA u
YPAH.

YacTh yCTAaHOBOK 3KCIIEPUMEHTAJIBHOTO KOM-
IUieKca pa3MellleHa BHYTPU OJHOIO 3MaHUST U BKIIIO-
yaeT: YepeHKOBCKUi1 BonHbIM Kamopumerp HEBO/]
[4] 06BemMoM 2000 M3, BHYTpY KOTOPOTO PACIIONIOXKE -
Ha IIPOCTPaHCTBEHHas pelreTka u3 91 kBasuchepu-
yecKoro Monyns. YepeHKOBCKHMI BOIHBINA KaJaopH-
METP MO3BOJISIET U3MEPSATh SHEPTOBBIICICHUE 3apsi-
KeHHbIX yacTull. Ha mHe 1 KphIllIKe Y4epeHKOBCKOTO
BOIHOTO IETEKTOPA PACIIOJI0KEHBI INIOCKOCTU CIIUH-
TUJTISILAOHHBIX JT€TEKTOPOB CUCTEMBbI KaTUOPOBOY-
HBIX TeJiecKomoB [5]. B cocTaB Kaxmoil MIOCKOCTH
BXOIUT 110 40 TIeTeKTOPOB, KOTOPBIE ITO3BOJISTIOT ITPO-
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Puc. 1. 3apsinoBble CIEKTPbl OTKIMKOB NE€TEKTUPYIOIIEH
cranuuu HEBO/I-IIIAJI B pexxume camosamycka: [ —
3KCIEPUMEHTAIbHBIN CIIEKTP, 2 — MOACIMPOBAHHBII.

BOIUTH KanuOpoBKY PDY 4epeHKOBCKOTIO BOIHOTO
JIETEKTOpa 1 UCCIIENOBATh JIEKTPOHHO-(MOTOHHYIO U
MIOOHHYI0 KomMnioHeHTHI IITAJI B nuamasoHe 3Hep-
ruit 1014—107 5B. KooparHaTHO-TPEKOBBI 1ETEKTOP
JEKOP pacrionoxkeH BOKPYTr Ye€peHKOBCKOIO BOJI-
HOT'O KaJIJOpMMeTpa M COCTOUT U3 8 BEPTUKAJIbHBIX
cynepMmonyJieil ooueii tomansio 70 M? [6], meTek-
TOP IIO3BOJISIET PETMCTPUPOBATH I'PYMNIIEI MIOOHOB B
HakJIoHHBIX IITAJI 1 IpoBOAUTL aHAINU3 TNIOTHOCTH
YaCTUI B 3TUX TPyMIIax.

Ycranoska HEBO/I-IIIAJI pa3smeniena B DKcIre-
puMmeHTaibHOM KoMmiuiekce HEBOJI Ha xpblinax
30aHUI U TIpUJIeraroleil TeppuTopuu [7] U COCTOUT
u3 9 KjIacTepoB, B COCTaB KOTOPbIX BXOAUT T10 4 ne-
TEeKTUPYIOIIMX cTaHIMK. OO0Ias mioumagb yCTaHOB-
ku coctaisier 10 m2. HEBOJ/I-1LIAJI no3BossieT
BOCCTaHaBJIMBaTh MapaMeTphbl IIMPOKUX aTMochep-
HBIX JIMBHE! KJIaCCUYECKUM CIOCOOOM — TIO 3JIeK-
TPOHHO-(MOTOHHOI KOMIIOHEHTE.

YcraHoska [TPU3MA pasmellieHa HA YETBEPTOM
aTaxe 3JaHus DKCINEepUMEHTaTbHOTO KOMILIeKca
HEBOJ/. YcranoBka cocTOMT M3 2 KJacTepoOB IIO
16 371eKTPOHHO-HENTPOHHBIX IETEKTOPOB KaXKIbIii [ 8],
mwiowank ycraHoBku cocrasisier 500 m2. [TIPU3MA
MO3BOJISIET PETUCTPUPOBATD JIEKTPOHHO-(OTOHHYIO
KOMITOHEHTY [9] u TeruioBbie HeliTpoHBI IITAJIL, pox-
JIIECHHbIE B pe3yJIbTaTe B3aUMOIECHCTBUS aApPOHHON
KOMITOHEHTHI JIMBHSI C BEIECTBOM, OKpPYXKalOIIUM
JIETEKTOP.

YcraHoBka YPAH saBasgercs cieayrolyMm IIaroM
B peructpauun agpoHoB IIIAJI mocpencTBoM Temio-
BbIX HEHTPOHOB. YCTaHOBKA pa3MellleHa Ha KpbIIle
SKCIEPUMEHTAILHOIO KOMILIEKCA U COCEIHEro Jia-
6OpaTOPHOro KOpITyca M BKIIIOYAET 6 KJIAacTepPOB IO
12 pmerexTopoB B KaxkmoM. CymmapHasl IUIOLIAIb
ycTaHOBKM cocTasisieT 1000 m2 [10].

MN3BECTHUA PAH. CEPUA OPUINYECKAA

AMEJIBYAKOB u ap.

OHEPTETHUYECKAS KAJIMBPOBKA,
ITOPOI' 1 YIJIOBAA TOYHOCTD
YCTAHOBKHN HEBO/I-1IIAJI

151 BOCCTaHOBJIEHUSI TapaMEeTPOB IIIMPOKOTO aT-
Moc¢hepHOro JUBHS B OTAEILHOM COOBITUM HEODOXO-
JMMO 3HaTbh abCOJIIOTHOE 3HAYEHUE IHEPTrOBbIAEIE-
HUS B Kaxnou nerektupytomiei cranuuu HEBOJI-
ITAJI, koTopoe MOXeT ObITh ITIEPECUUTAHO B KOJIMYE-
CTBO 3apsIKEHHBIX YaCTHII.

Hdna xkamuoposkn B ycranoBke HEBOJ-IITAJI
Kaxable 4 4 1 Bcex 36 JeTeKTUPYIOLIMX CTAHLUIA B
pexXyrMe caMo3aItyckKa HaGUParoTCsl CIIEKTPHI OTKIIU-
KOB, T.€. 3aITMChIBAIOTCS 3apsiAbl CUTHAJIOB C KaxKOOI
CTaHUMMU 0e3 HOINOJHUTEIbLHBIX TPUITEPHBIX YCJIO-
BUil. B OCHOBHOM 3TH CHUTHAJIBI OOYCIIOBJIEHBI TTPO-
XOXIEeHUEM 4Yepe3 CTaHIUIO0 OTWHOYHBIX MIOOHOB.
B MeHbIIC#T cTeIIeHM OHU MOTYT OBbITh BHI3BAaHBI ajl-
pOHaMHU, BBICOKOPHEPTMYHBIMU 3JEKTPOHAMU U
BJIEKTPOHAMU OT raMMa-KBaHTOB.

J11s1 sHepreTUYeCcKoil KaIMOpOBKM B IIPOTPaAMM-
HoMm nakeTe Geant4 ObL1a co3maHa MOJIEIb JETEKTH -
pyIOLIEel CTaHIIMY, YYUTHIBAIOIIASI TeOMETPUIO Y Ma-
Tepuajibl AETEKTOpa, CBOMCTBA CIHUHTWLISATOpA U
dortoymHoxuTtens. Ilociae 3Toro mpoBeaeHO MoOJe-
JIUPOBAaHUE OTKJIMKA NEeTEKTUPYIOLIEH CTaHIUM Ha
OIMHOYHbIE MIOOHBI, BJIEKTPOHBI, TIPOTOHBI U TaM-
Ma-KBaHTBhI.

IIpu po3bBIrphIllle TPEKOB MIOOHOB, IIPOTOHOB U
raMMa-KBaHTOB MCIIOJIb30BaJINCh OJIM3KKME K peallb-
HBIM JuddepeHIInaabHbIe CIIEKTPHI, TTOJYYeHHBIE C
MOMOIIBIO MOAEIMPOBAHMS B IIPOIrPAMMHOM ITaKeTe
CORSIKA nng pasHBIX 3HaUCHWIT 3¢HUTHOTO yIJia
[11]. st pO3BITpHIIIA SHEPTUH DJIIEKTPOHOB MCITOIb-
30BaIcd TU(hDEPEHIINATIBHBIN CIIEKTP, OOBETUHSIIO-
U pe3yJIbTaThl MOASIMPOBAHUS B IIPOrPaMMHOM
nakete CORSIKA (1 KWHEeTUYeCKOM SHEPTUU BhI-
e 100 MaB) u pesyabTaT pacuerta [12] ajist KWUHETH-
JyecKoii sHeprun MeHbme 100 MaB.

Ha puc. 1 npencrasieH 3KCIepMMEHTAJILHBIA U
MOJEMPOBAHHBIN 3apsiAOBbIe CIIEKTPbl OTKJIMKOB
JIETCKTUPYIOIIEil CTaHLIMM B peXuMe camMo3allycKa.
JleBbIii MUK B 9KCIIEPUMEHTAIbHOM pacIIpeacIeHUN
00YCJIOBJICH BKJIAZOM OT 3JIEKTPOHOB OeTa-pacrana u
TeMHOBBIX 1IymMoB MPBDY. Kak BuaHO U3 pHUCyHKa,
¢opMa 3KCHEPUMEHTAIBHOIO M MOIEIMPOBAHHOIO
CIHEKTPOB B 00JIACTU PETUCTPALMM ONUHOYHBIX Ya-
CTHUII OTJIMYHO COIJIACyeTCsI, a HanboJiee BEPOSTHOE
3HadYeHMe 3apsna cocrapisgeT 27.5 nKi. Pesynbrarsl
MOJICIMPOBaHUS B TIIporpaMMHOM makete Geant4
MO3BOJISIOT OINpPENC/INTh, YTO MaHHBINA 3apsii COOT-
BETCTBYET SHEPIOBBIICIICHUIO BHYTPU ACTEKTUPYIOIIEH
cranuuu 11.1 M»3B. Takum o6pa3oM, OTHOIIIEHUE TTO-
JIy4eHHBIX 3HAYCHUIA MO3BOJISIET HANTU KaIOpOBOY-
HBIIT KOX(GUILIMEHT, MCITOB3YEMBIII B HaTbHEHUIIIEM
MpU PEKOHCTPYKILIUU SKCIIEPUMEHTAIbHBIX COOBITUIA.
B mannoM ciygae oH paseH 0.40 M»sB,/mKoi.

st pa3paboTKi M OTIaAKA METOIOB PEKOH-
CTPYKIIMY ITapaMeTPOB JUBHEI B MpOrpaMMHOM Ma-
Ne 7
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kete CORSIKA c¢ mcronap3oBaHMeEM MOJIEIN agpOH-
Hbeix B3aumopeucteuii QGSJET-11-04 + FLUKA
2020.0.3 6BUIO TIPOBEASHO MOICIMPOBAHNUE JIMBHEM,
WHULMAPOBAHHBIX NPOTOHAMU U SIApaMU XKeje3a B
IMara3oHe nepBUYHbIX sHepruii 10'4—10"7 3B u un-
TepBajie 3eHUTHBIX ymioB 0°—50°. DHepreTndecKuii
CHEKTP MEPBUYHBIX YaCTUL] UMEJT CTEIIEHHYIO (popMy C
rokazaresneM Y + 1 = 2.7. MonennpoBaHue OTKIINKA Jie-
TEKTUPYIOLLMX CTaHIIMI HA YaCTULIBI JIMBHS IIPOBOIM-
JIOCh C TIOMOIIBIO IIporpaMMHoro 1akera Geant4.

OnHuM 13 HauboJiee BaxKHBIX ITapaMeTPOB yCTa-
HOBKM SIBJISIETCSI SHEPreTUUECKUl Mopor cpabaThIBa-
HUSI, IUIST eTO ONpeAceHUs aHAIM3UPOBaiIach I0OJIS
MOJACINPOBAHHBIX COOBITHII C OCSIMU BOJIM3U LIEHTpa
YCTAaHOBKHM, B KOTOPBIX cpaboTalio He MeHee 7 Kia-
CTepOB, C MAaKCUMAaJbHBIM OJHEPTOBBLIACICHUEM B
LIEHTpaJIbHOM KJIacTepe ycTaHOBKM. Kitactep cunta-
eTcd cpaboTaBIINM, €CJIM B HEM MMEIOTCS CUTHAJIBI
HE MEHee, YeM OT IBYX JETCKTUPYIOIINX CTAHIINA.

Ha puc. 2 mpuBeneHbl 3HEPTETUYSCKHUE CITIEKTPHI
BCEX MPOMOJICIMPOBAHHBIX JIUBHEN, MHUIIUUPOBAH -
HBIX MPOTOHAMMU M SIIpaMM Kejie3a W MPOIIeAIINX
ycioBus otoopa. Ilo criekrpam OBLIO YCTaHOBIIEHO,
yro 90% >(PHEeKTUBHOCTh pPErMCTpaLlMU JIUBHEM,
WHULIMMPOBAHHBIX TIPOTOHAMU, [OCTUraeTcsl Mpu
sHeprum 0.7 I1sB. I1pu 3TOM JTMBHM OT IIPOTOHOB C
sHeprusmu Boiile 1 [13B peructpupytorcs ¢ apdek-
THUBHOCTBIO 60J1ee 65%. i1 TuBHEH, THUIIMUPOBaH-
HBIX sapamMu Xxenesa, 50% >POEKTUBHOCTb peru-
CcTpalMu Jocturaercs npu sHeprum 1.4 [13B, a nipu
sHeprum Bhimie 1 [13B addekTuBHOCTD cOCTaBIIsSIET
46%. Ilpu oTOOpPE OKOJOBEPTHKAJIBHBIX JMBHEA
(nuamna3oH 3eHUTHBIX yTJ10B oT 0° 10 30°) ahdekTuB-
HOCTb peTUCTpalliy Mpu 3Hepruu Boime 1 I13B co-
craBiisieT 6oJjiee 98% mNpu MPOTOHHOM IIEPBUYHOM
cocraBe u Gosee 91% mist MTUBHEH, UTHULIUMPOBAaH-
HBIX SIIpaMU XKeJie3a.

CoOBMECTHBIII aHaJIU3 COOBITHI, 3apeTuCTPUPO-
BaHHbIX B yctaHoBkax HEBOJ-IIAJI u JEKOP
IO3BOJISIET IIPOBECTU MEPEKPECTHYIO OLIEHKY TOYHO-
CTH BOCCTAHOBJICHMS HaIIpaBJeHMs JIMBHSA. Tod-
HOCTh PEKOHCTPYKIMHU TpeKoB MIooHOB B JIEKOP
JIydire 1°, mo3ToMy yIVIbl TPEKOB MIOOHOB B COBMECT-
HBIX COOBITHUSIX MOTYT CUMTAThCs STAJIOHOM [JIsi Ha-
TpaBJIeHNI, BOCCTAaHOBJICHHBIX 1o JaHHBIM HEBO/I -
HIAJI. 151 COBMECTHOIO aHAJIM3a OTOMPAJIUCh TOJIb-
ko Te cooritusa JJEKOP, B KoTophix cpaboTaio He
MeHee 3 cyrepMonyieil m ObIO PEKOHCTPYMPOBAHO
He MeHee TpeX KBa3unapajuledbHbIX TPEKOB MIOOHOB.
Yuciao oToOpaHHBIX COBMECTHBIX COOBITHIA 3a TTepHr-
on akcno3uuuu ¢ 01.07.2020 r. mo 08.09.2020 1. ¢
KpaTHOCTBIO cpabaThIBaHUS KJIaCTEpOB He MeHee 5
cocTaBWIO 2456 COOBITUIA.

IIpu anammze nanueix HEBO/I-1IIAJI ucrnionb3o-
BaJIOCh 2 crmocoba BOCCTAHOBJICHUS HaITpaBJICHUS
I[IIAJI. B nepBoM croco0e peKOHCTPYKIIMSI HanpaB-
JIEHUSI IIpOBOAMJIACH CHAYasla o JaHHBIM OTACIbHBIX
KJIaCTepPOB, a MTOrOBHIM BEKTOPOM HarlpaBJICHUS
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Puc. 2. DHepreTndeckue CIeKTpbl: I — CHEKTpP MepBUY-
HBIX YacTUIl (IIPOTOHOB U sNep Xeje3a); 2 — perucTpupy-
MBIl CIEeKTp JUBHEH, MHUIIMUPOBAHHBIX MPOTOHAMU;
3 — perucTpupyemblii CIIeKTp JUBHEN, WHULIMMPOBAH-
HBIX SIIpaMU XKeJie3a.

HIAJI canrancg cyMMapHBI BEKTOP OT BCEX KIacTe-
poB. BTopoii crioco6 yuuThIiBaeT 1aHHbIE BCeX cpabo-
TaBIIMX CTAHLMA, KaK HE3aBUCUMBIX 3JIEMECHTOB
ycTaHOBKU. B 000MX BapuaHTax MCHOJIb30BalIOCh
MpuoaKeHre T1ockoro ppoxTa IHITAJI.

JJ1s1 OLIeHKM TOYHOCTH BOCCTAHOBJICHUST HAITpaB-
neHus HIAJI onpenensiicss yrojl pacxXoxXAeHUsST MEXITy
HaIIpaBJICHUEM TIPYIIIbl MIOOHOB, 3aperMCTpUPOBAH-
Hoit B JIEKOP, 1 HampaBjieHeM JIMBHS, BOCCTAaHOB-
neHHbM 1o gaHHeIM HEBO/I-IIAJIL. IlonydyeHHbIe
pacrpeneiaeHus 111 YIJIOB PacXOXKIEeHUsT TTPUBEICHBI
Ha puc. 3. B KauecTBe OLICHKU TOYHOCTH BOCCTAHOB-
JIeHUs] BbIOpaH 68-if MPOLIEHTWJIb pacHpeacieHUsI
cobniTuii. Takum 00pa3oM, TOUHOCTh BOCCTAHOBJIE-
HUSI 1O OTHEJIbHBIM KJjlacTepaM cocTaBuiia 5.9° =+
0.1°, a mpu BOCCTAHOBJIEHUHU 110 BCEM JIETECKTUPYIO-
IIUM cTaHLgIM 3.5° + 0.1°.

B pa6ore [7] Ob10 MOKa3aHO, YTO PEKOHCTPYKIIMS
HaIMpaBJIeHUU JIMBHENW B MOJEJIMPOBAHHBIX COOBITH-
sIX, IPOBEICHHAs IIEPBBIM CIIOCOOOM, JaeT TOYHOCTh
Jiydiie 5° it SHEepruid IIepBUYHON YAaCTULILI BBIILIE
1 IT>B. Takum o6pa3oMm, NOJIydeHHBIE SKCIIePUMEH -
TaJlbHbIE PE3yJbTaThl XOPOIIIO COIIACYIOTCS C MOAE-
JIMPOBAHUEM.

NCCIIEJOBAHUE
AJPOHHOHN KOMITOHEHTBHI LITAJI

Hetexktopbl yctaHOBKM YPAH cnocoOHBI peru-
CTPUPOBAaTh TEIUIOBBIE HEUTPOHBI, BO3HUKAIOIINE
Ipyd B3aMMOJCHCTBUM aIpOHOB CTBOJA JIUBHS C
OKpYXaloIlllMM YCTaHOBKY BelllecTBoM. Ha pwuc. 4
MIpUBeAcHA 3aBUCUMOCTD YMCJIa HEMTPOHOB, 3aperu-
CTPUPOBAaHHBIX ycTaHOBKOW YPAH B skcnepmMeH-
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Puc. 3. PacripeneneHust 1o yriioBbIM OTKJIOHEHUSIM Ha-
npasneHuii LIHAJI W, BocctanoBneHHsix HEBO/I-1IIAJI,
OT HampaBJICHUSI TPEKOB MIOOHOB B AeTekTope JJEKOP:
1 — 1o BceM Kitactepam, 2 — IO BCEM JAETeKTHUPYIOIINM
CTaHIIUSIM.

TaJIbHbIX COOBITUSIX, OT MOLIHOCTU LITAJI [13] 1 3aBU-
CUMOCTb UMCJIa aIPOHOB Ha YPOBHE HAOJIOAEHUS OT
MOIIIHOCTH JIUBHSI B MOJIETUPOBAHHBIX COOBITUSIX (TO
K€ MOJIeIMPOBaHUE, YTO U B MPENbIAYIIIEM pa3aesie).

B nBoitHOM JTorapudmMmnieckKoM MaciuTade ooe 3a-
BUCHUMOCTHU OJIM3KU K JIMHEWHBIM, CJIed0BaTEIbHO,
¢dyHKIIMM UMEIOT cTerieHHo# XapakTtep. [loka3zaTenb
HakJIoHa (IoKa3aTedb CTEIIEHU) IJIs 3KCIIepUMEH-
TaJIbHOI 3aBUCUMOCTU paBeH o = 0.89 = 0.09, mis
MOJIeJIMPOBAaHHBIX JIMBHEN IMOKa3aTejlb paBeH O =
= (.85 £ 0.02. B mpeaenax morperHoCTy MokKa3aTeau
coBragatoT. TakuM o6pa3oM, YMCIO TEIIOBbIX Heli-
TPOHOB, PETUCTPUPYEMBIX YycTaHOBKOM YPAH, mips-
MO MPOINOPLUUOHAIBLHO YUCIY aipOHOB B JiuBHE. [1o
OTHOIIICHUIO MPUBEACHHBIX Ha pUC. 4 3aBUCUMOCTe 1
OBLIO OIlpeAcsieHo, YTo ycTaHoBKa YPAH B cpenHem
peructpupyeT 1 teruioBoit HeTpoH Ha 3000 ampo-
HOB, MPUXOJSIINX HA YPOBEHb HabMoaeHus. B nanb-
HEWIIeM 3TO CBOMCTBO YCTaHOBKU TJTAHUPYETCS UC-
MOJIb30BaTh NPU BepudUKALUU MOAENIEH afpoH-a-
POHHBIX B3AaUMOJIECMCTBUMNA.

AHAJIU3 )
MYJbTUKOMIOHEHTHBIX COBBITUI

Bce ycTraHOBKY 3KCIEpMMEHTAILHOTO KOMILIEKCa
HEBO/l o0bennHEeHBI TP MTOMOIIM CHUCTEMBI TJI0-
OanbHOI BpeMEHHOM CUHXpOHU3AIIMK, KOTOpasl M03-
BOJISIET IIPOBOAUTD IPUBSI3KY COOBITHIA, pETUCTPUPY-
€MBIX KaXXI0i YCTaHOBKOI, K NI00AJIbHOMY BpEMEHU
¢ BpeMeHHOi1 TouHocThio 10 HC. [JIsI COBMECTHOTO
aHaim3a nH(GOPMAIIMK CO BCEX YCTAHOBOK KOMILIEK-
ca pa3paboTaHa enuHas 6a3a maHHbIX. Ha puc. 5 ipen-
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Puc. 4. 3aBucuMOCTb yucia apoOHOB OT MOUIHOCTHU
HIAJI: 1 — cpenHee 4uCJIO aipOHOB Ha YpOBHE HabJTIoIe-
Hus1 no maHHeIM Moxenu QGSIJET-11-04 + FLUKA
2020.0.3; 2 — cpegHee YMCIIO TETUIOBBIX HEUTPOHOB, pe-
TUCTPUPYEMBIX B COOBITUSIX ycTaHOBKOM YPAH.

CTaBJICH TIIPUMED COGI)ITI/IFI, 3apeTuCTpupOBaHHOTI'O
YCTaHOBKaMM SKCIICPUMCHTAJIbHOI'O KOMITJICKCA.

B neBoii yacTu pucyHKa CBEpXY IIPUBOIUTCS BU-
3yanu3auusl coobitusi B yctaHoBke HEBOJ-IITAJI
(RUN 2018-01-05, Bpems1 cpabaTbiBaHMs 3 Kj1acTepa —
12:27:39.509.021.755) ¢ peKOHCTpYyKLIMEH MO JTaHHBIM
OTKJIMKA cTaHIapTHBIX DDY meTeKTUPYIOMINX CTaH-
nuit. CHU3Yy MOpencTaBiieH pe3yabTaT TeoMeTpuye-
CKOM peKOHCTPYKINHU OoTKINKa netektopoB HEBO/I,
JEKOP u CKT B 3tom xe cobowsituu (RUN 595,
Ne 514045,  12:27:39.509.022.094), kpectukaMu
1300paXkeHbl cpaboTaBIIMe KBa3uchepuyeckre or-
TUYECKHE MOIYIN YePEHKOBCKOTO BOTHOTO IETEKTO-
pa, KpyxkKkamu — cpaborasuine @Y. IIpsiMoyroiib-
HMKaMM YKa3aHBl cpaboTaBIIMe CHUHTWLISIINOH-
Hble cueTunku ycraHoBku CKT. B mpaBoii yactu
pUCYHKA MpeACTaBlIeHbI Pe3yIbTaThl PEKOHCTPYKIINN
oTkuKoB yctraHoBok YPAH (csepxy) u I[TPU3MA
(cHmu3y). JleTeKTOphl YCTAaHOBOK IIOKa3aHbl B BHIE
COCTaBHBIX OKpallleHHbIX KpyroB. BHellIHee KOJbIlIo
CUMBOJIU3UPYET aMIUIMTYAY A OTKJIMKA AeTeKTopa Ha
ajieKTpoMarHuTHyto KomnoHeHTy IITAJI (B kKomax
AIIIT). BHyTpeHHUII KPYr COOTBETCTBYET OTKIIMKY
cueTyrka rnpu perucrpauuu HeitpoHoB HIAJI (ko-
JIMYECTBO 3apEeruCTPUPOBAHHBIX HEUTpoHOB, N). Co-
OTBETCTBYIOIIIME I[BETOBBIC IIKaJbl MPUBEACHBI IS
o0eux ycraHoBok. [lia ycraHoBku ITPHU3MA am-
IUIATYJAa U YMCJIO HEUTPOHOB B KaXIIOM JIETEKTOPE
JNOMOJITHUTEIbHO YyKa3aHbl UMdppamMu B dopmare
“A/N”. Ina ycranoBku YPAH nipuBonsitcs BpemeHa
cpabaTbeiBaHUs KyacTtepoB. i1 ob6enx yCTaHOBOK
yKa3aHbl CyMMapHBI€ YMCJIO 3apeTMCTPUPOBAHHBIX
HEWTPOHOB M aMIUIMTYAA OTKJMKA Ha 3JIeKTpoMar-
HHUTHYIO KoMToHeHTYy LITAJI.
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B 3TOM CcOOBITMM, COINIACHO OLIEHKAM 110 JaHHBIM
ycranoBkn HEBOJ/I-1IIAJI, ock iMBHS ITonajia mpak-
TUYECKU B LIEHTP KOpHyca YepeHKOBCKOI'O BOIHOIO
JleTeKTopa, Ha KOTOPOM pacHoyioXeH Kjactep Ne 3,
YTO COIJIACYyeTCsl C pacHpeleicHUEM YacTUIl 3JIeK-
TPOMAarHUTHOII KOMITOHEHTHI M1 HEATPOHOB B AETEK-
topax ycraHoBok [TPU3MA u YPAH. B merexrope
JEKOP 6bLIO 3aperucTpupoBaHO 36 TPEKOB MIOO-
HOB, NPUILEIIINX MO 3¢HUTHBIM U a3UMYyTaJlbHbIM
yrimamu 30° u 217°, cooTBeTCTBeHHO. B ycTaHOBKe
HEBO/I-IIIAJI naHHOe COOBITHE XapaKTepU3yeTcCs
PE3YABTUPYIOIINM HallpaBJIeHUEM IIPUX0/ia C yIJIaMU
0=28°u @ =219°.

Takum oOpa3oM, B JaHHOM COOBITMU MPEICTaB-
JIEH TIpMMep OOHOBPEMEHHOI HE3aBUCUMOM peErucTpa-

LM 3JIEKTPOHHO-(MOTOHHOI, MIOOHHON W aIpOHHOM
KOMITOHEHT IIUPOKOTo aTMOC(EPHOTO JIMBHSI.

SAKIIIOYEHHME

MonennpoBanne yctaHoBku HEBO-IITAJI mo-
Ka3ajo, UTO Hau0oJiee BEpOSITHOE IHEPIrOBbIACICHUE
B IETEKTUPYIOIIIEH CTAaHIIUU B peXKMME caMo3aITycKa
(TOJIOXKeHUE MIOOHHOTO TTHKa) COOTBETCTBYET BEJIU-
yuHe 11.1 M3B, a 3¢ppeKTMBHOCTh peTUCTpaLIAM 11K -
pOKMX aTMOC(HEpPHBIX JIMBHEH C 3HEPTUSIMU BBIIIE
1 I1sB paBHa 65% niis nuBHEI OT MIPOTOHOB U 46%
U JIUBHEW, WHULMUPOBAHHBIX SIpaMU KeJjie3a.
ITpoBeneHHOE cOMOCTaBICHUE HATPABICHUM YaCTHUIL
B JIUBHSIX, BOCCTAaHOBJIEHHBIX 1O TaHHBIM YCTaHOBOK
HEBOJ-IIIAJI u JEKOP, nmokaszano, yro mist 68%
CcOOBITHII pasHUIA cocTaBiisgeT MeHee 3.5°. Ilepe-
KPECTHBII aHaJIM3 dKCIEPUMEHTAJILHBIX 1 MOJIEIM-
POBaHHBIX COOBITUI MO3BOJINI YCTAHOBUTD, UTO YHC-
JIO TEIUIOBBIX HEHTPOHOB, PErMCTPUPYEMBIX YyCTa-
HoBkOli YPAH, mpsMo TponopuuoOHAIBHO YUCTY
aIlpoHOB B JIMBHE. Takum oOpaszoMm, DKCIIepUMeH-
tanbHBI KoMmIuieke HEBO/I mo3Bosisier mpoBOaIUTh
OOHOBPEMEHHBIC MCCIENOBAaHUSI 3JIEKTPOHHO-(O-
TOHHOM, MIOOHHOM M aAPOHHOMW KOMITOHEHT LLIUPO-
KX aTMOC(EPHBIX JIMBHEI.

HMccnenoBaHue BBITTOJHEHO Ha YHUKAJIbHOW Ha-
YUHOM yCTAaHOBKE “DKCIepUMEHTATbHbBII KOMIJIEKC

HEBOJ” mpn momaepxke Poccuitckoro HaygIHOTO
donmga (rmpoekt Ne 22-72-10010).
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Multicomponent extensive air showers studies at the installations
of the experimental complex NEVOD

M. B. Amelchakov’, A. G. Bogdanov’, D. M. Gromushkin?, A. N. Dmitrieva’, R. P. Kokoulin*,
A. Yu. Konovalova?, K. R. Nugaeva“, A. A. Petrukhin®, A. D. Pochestnev®, S. S. Khokhlov* *,
I. A. Shulzhenko?, E. A. Yuzhakova“®

¢ National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Moscow, 115409 Russia
*e-mail: sskhokhlov@mephi.ru

Results of the analysis of the parameters of extensive air showers detected by the installations of the Experi-
mental Complex NEVOD, as well as the results of their comparison with simulated events are presented. The
calibration and energy threshold of the NEVOD-EAS air-shower array, as well as the results of reconstructing
the axes direction according to the data the NEVOD-EAS and DECOR installations are discussed. An ex-
ample of the event detected by all installations of the complex is given.
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