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[MpencraBiieHbl pe3y/abTaThl aHAIM3a MHOTOYAaCTUUYHBIX COOBITUII B KOCMUYECKUX JIy4yax Ha KOOPIAUHATHO-
TpekoBhIx ycTaHoBKax Ha npetidpoBbix Kamepax KTYIK u IIporoTPEK. Anranmn3 nanusix [IporoTPEK mo-
KasaJl, YTO MHOTOIIPOBOJIOYHbIE Ipeit(hOBbIE KAMEPHI MO3BOJISIIOT PEKOHCTPYUPOBATh COOBITUSI C TIJIOTHO-
CThIO 0 15 yacTuil Ha KBaapaTHbI MeTp. BrimosHeHa olieHKa 9HePTUii MEPBUYHBIX KOCMUYECKUX JIydeit,
OTBETCTBEHHBIX 3a FeHepalluIo IPYIIT MIOOHOB, 3apeructpupoBaHHbix KTYIK.
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BBEAEHUE

B coBpeMeHHOIT (pM3UKE BHICOKUX U CBEPXBBICO-
KX 9HEPTUii aKTyaJbHbI MPOOJIEMbI HEPTreTUYECKO-
ro CIeKTpa, XMMUYECKOTO COCTaBa, pacIlpocTpaHe-
HUS U TIPOUCXOXIECHUSI KOCMUYeCcKuX Jiyueit. s pe-
IIEHUST 3TUX 3a7a4 CO3[Al0TCS HOBbIE YCTAHOBKU U
pacIIMpSIOTCS yXKe cyliecTByomue [1—5].

B psine skcnepuMEHTOB IO MCCIEIOBAHUIO KOC-
MUYECKUX JTy4eli CBEPXBBICOKMUX IHEPTUIA Hab0aa-
eTcsl U30bITOK KOJIMUECTBa MIOOHOB T10 CPaBHEHUIO C
pacyeTamMu, B KOTOPBIX HCIIOJIb3YIOTCSI pa3InyHbIe
MO IV aIpOHHOTO B3aumoneiicteus [6, 7]. DTo yKa-
3bIBAET HA HEKOPPEKTHOCTD 3TUX MOJEJIEN TTPU DHEP-
run yactull Boiue 107 3B, 4ro He MO3BOJSAET mpa-
BUJIBHO ONpPeAesIsiTh XUMUYECKHUI COCTaB B 3TOM 00-
JIaCTH.

Cpenu Bcex 3KCIEPUMEHTOB BbIAESIETCS DKCIe-
puMmeHTanbHbIN Komuiekc HEBO/-AEKOP [8], ko-
TOPBIi1, 00JIagass HauMeHbIel 3(h¢GeKTUBHOM TUI0IIA-
1bio (0K0s10 70 M?), MO3BOJISIET UCCIIEN0BATHL KOCMUYE-
CKUE JIydM B LIMPOKOM auarasone 3 - 104—3 - 1018 5B.
YepenkoBckuit BogHbiil KanopuMerp (YUBK) HEBOJL
MO3BOJISIET U3MEPSITh MOTEPU IHEPTUM MIOOHOB, a KO-
opauHaTHO-TpekoBbIii AetekTop JIEKOP — ompene-
JISITh VX JIOKQJIbHYIO TIJIOTHOCTh 1 HaIIpaBJIeHUe Mpuie-
Ta. DTO €IMHCTBEHHbIN B MUPE KOMILJIEKC, TTO3BOJISI-
IOIIUIA  U3MEPSITh CPEIHIOI DHEPTUI0 MIOOHOB
murpokux atMocdepHbIx auBHeil (ILIAJI) — mapa-
METp, KOTOPHIN CITOCOOCH JaTh OOBSICHEHNE HAOIIO-
nmaemMoMy u30bITKy [9]. OmHako JIEKOP oGnanmaet
JIBYMSI HEJOCTaTKaMU: OH He TMOJIHOCTbIO MEPEeKPhI-
BaeT UBK, 4yTo He MmO3BOJISIET OIpEeaeauTh TOYHOE
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YUCJIO MIOOHOB, TPOIIEAIINX Yepe3 KaJlopuMeTp, a
JIIByXTPEKOBOE pa3pelleHure nerekropa (okoiao 3 cm)
CUJILHO OTPaHUYMBAET BO3SMOXXHOCTb UCCIIEIOBAHUS CO-
OBITHIA C ITIOTHOCTBIO BBILLIE OQHOIA YacTu1l/M2, B TO Bpe-
Msl KaK M30bITOK MIOOHOB HAaOMIONAETCS MpeuMyllie-
CTBEHHO ITpU OOJTBIINX MJIOTHOCTSIX.

Jlas1 penieHusT 3TO MpoobIeMbl pa3padaThIBaeTCs
HOBBII KPYyMHOMACIHITAOHbBI!I KOOPAMHATHO-TPEKO-
Boiii netektop TPEK [10] Ha ocHOBe MHOTOIpPOBO-
JIOYHBIX ApeidoBbix Kamep [11]. HoBelit meTekTop
OyJeT MOJTHOCTBIO TEePEKPHIBATh OOJIBIIYIO CTOPOHY
KajopuMeTpa, objamast 3¢p@EKTUBHOM ILIOMIAIBIO
250 M?, ¥ UMETh pa3pellleHKre ABYX TPEKOB OKOJIO
Tpex MM, 9TO Ha TTopsnok aydiie, yeM y JJEKOP. Ha
CETOMHSIIHMI 1eHb CO3IaHbl 1Ba TMTPOTOTUIIA AETEK-
TOpa — KOOPAMHATHO-TPEKOBasl yCTAaHOBKA Ha Apeii-
¢oBbix Kamepax (KTYIAK) [12] u IIporoTPEK [13].
Ilenbio pabGoOThI SIBASIETCS U3YYEHUSI BO3MOXHOCTU
HCCeA0BaHUs COObITUH C TUIOTHOCTBIO Bhille 10 ya-
CTUII Ha KBaJPaTHBIA METP C MOMOIIbIO MHOTOMPO-
BOJIOUHBIX peii(hOBBIX KaMep, a TaKxKe MCCeI0Ba-
HME TPYIII MIOOHOB, 3apeructpupoBaHHbix KTYIK.

IMTPOTOTHUITBI KOOPANHATHO-TPEKOBOI'O
JETEKTOPA TPEK

KTVYJIK cocTouT n3 AByX IJIOCKOCTEH 110 8 KaMep
B KaXI0M ¢ OOMHAKOBOM OpUEHTALlME B MPOCTPaH-
cTBe. I110CcKOCTH pacnoioXeHbl B KOPOTKUX rajepe-
sX ¢ IIpoTuBoIoNoXHbIX cTopoH YBK (puc. 1). Ta-
KO€ pacHoJjioXeHue KaMep He TT03BOJIsIeT pEeKOHCTPY-
MPOBAaTh TPEKM YACTUIIL B TPEXMEPHOM ITPOCTPAHCTBE,
OJIHAKO MO3BOJISIET BBIAEJSATH IPYIIbl MIOOHOB Cpenu
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Puc. 1. Pactionoxenue npeiicdoBbix kamep B ycraHoBke KTY/IK.

MHOTOYaCTUYHBIX COOBITUI OJjaromapsi HaJIM4YUIO
9KpaHUpOBKU B Buae Kamopumerpa HEBOI. Dd-
(beKTUBHAs TUIOIIAAL OMHOM MIOCKOCTH 15 M2,

Bropoii nporotun — [MpotoTPEK (puc. 2) — co-
CTOUT U3 ABYX IIJIOCKOCTEM MO CEMb KaMep B KaXKI0M
C pa3Ho (ITOYTH MEePIIEHANKYISIPHOM ) OpyueHTaLIe
B TipocTpaHcTBe. [Ipn aTOM Kaxkpaasi IIOCKOCTh IO-
BepHyTa Ha 3.5° OTHOCUTEIBHO TOPU30HTA, YTO I10-
BTOPSIET B3aUMHOE PACIIOJIOKEHUE KaMep B JE€TEKTO-
pe TPEK. DddexTrBHAad MI01aas yCTaHOBKU 13 M2.

ITIporoTPEK He mMeeT 3KpaHUPOBKHU, ITOITOMY
pPETUCTPUPYET Bee 3apskeHHbIe yacTUlbl LITAJI, Ko-
TOpBbIE JOJETAIOT 10 MOBEPXHOCTU 3eMJIU. DTO MO3-
BOJISIET M3YYaTh BO3MOXHOCTH APEii(POBBIX KaMep I10

Puc. 2. ®ororpacpus yctanosku ITporoTPEK.

MN3BECTHUA PAH. CEPUA OPUINYECKAA

perucTpanuu coObITUI ¢ MIOTHOCThIO Oojiee 10 ya-
CTHUII] HAa KBaIPATHBIN METP.

KTVY]K mo3BoisgeT n3ydyaTb OKOJIOTOPHU30HTATb-
Hble 1UBHHU, a [IpoToTPEK — oKoJIoOBepTUKAIBHBIE.
Peructpupytomas cucrema KTYJIK 3anuceiBaeT co-
OBITHS TIPH CpadaTHIBAHWM JIIOOOM YCTAaHOBKM SKCITE-
pumenTtanbHoro Komriekca (YUBK, JIEKOP nnp.), a
IMpoToTPEK mojsiygaeT TpUITepHBIA CUTHA OT ABYX
CUUHTWUISILMOHHBIX CUETYMKOB, MEXIY KOTOPbIMU
OH pacMoJOXeH.

PEKOHCTPYKIIMA TPEKOB
SAPAKEHHBIX YACTHUL 110 JAHHBIM
JNPEM®OBbLIX KAMEP

PexoHCTpyKIIMST MHOTOYaCTMYHBIX COOBITUII IO
JTaHHBIM OpeiiOBBIX KaMep BBIITOJHSIETCS B He-
CKOJIbKO 3TarioB. B mepBylo ouepenb MCKIIOYAOTCS
W3 aHalu3a MOCIEUMMYJIbCHI, HAJIW4YNE KOTOPBIX
NPUBOAUT K JIOXKHBIM PEKOHCTPYKUMSIM. 11 3TOrO
HWCHOJb3yeTCsl (DUIIBTP CUTHAJIOB HA OCHOBE CBEPTOY-
HBIX HEHpOHHBIX CeTeil, KOTOphle Ha MOIEIMPOBaH-
HBIX MeTogoM MoHTe-Kapjio coObITUSIX TTO3BOJIUIU
HUCKJIIOUYUTh 85% IIOCIEMMITYJIBCOB, COXpaHUB 95%
MOJIC3HBIX CUTHAJIOB [14].

Ha BTOpOM 3Tame BBIIIOJHSIETCS CEerMEHTALUS
CUTHAJIOB IO TpeKaM C IIOMOIIBIO PEKYPPEHTHOI
HelipoHHOI ceTn [ 14], o pe3ynabpTaraM ee paOOTHI 3a-
Jlaya CBOOUTCS K PEKOHCTPYKIIUM OTHOYACTUYHBIX
cobbiTuii. B cnydyae aHanmza TpyImm MIOOHOB Ha
KTVYJIK Ha mociemHeM 3Tarie BBIIEISICTCS YIO, IS
KOTOpOro B Auaria3oHe *5° mMeeTcsl HamOOoJIblllee
YuCJIO TpeKoB. TakuM 00pa3oM, onpeneisieTCs yroi
KBa3unapasjlelbHbIX TPEKOB MIOOHOB.
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Puc. 3. Pacnipenenenue coObITHil, 3aperucTpUPOBAHHbBIX
B [IporoTPEK, 1Mo MHOXeCTBEHHOCTU PEKOHCTPYUPO-
BaHHBIX TpEeKOB m. YepHble KBaApaTUKW — BEPXHSIS
IJIOCKOCTb, Cepble KPY>KKN — HVKHSIST TUTOCKOCTb.

MHOTI'OYACTHUYHBIE COBBITUA
B I[TPOTOTPEK

st aHanu3a MHOTOYACTUYHBLIX COOBITHI OBLIA
OTOOpaHEBI T¢ SKCIIEPUMEHTAJIbHBIE HAOOPHI JaHHBIX,
B KOTOpBIX Bce 14 apeitdoBbix kKamep [IpotoTPEK
UMEIN YIOOBJICTBOPUTEIBbHOE cocTosiHHUE. Bcero 3a
npomexyTok ¢ 10.06.2021 no 10.02.2022 x1Boe BpeMs
paboThI YCTAaHOBKM cOCTaBWIO 1486.2 4 1 GBLIO PEKOH-
cTpyrpoBaHO 1863497 coOBITHIT ¢ MHOXECTBEHHOCTBIO
TPEKOB Ha KaXX/IOl ITIOCKOCTU HE MEHEE TPEeX.

Ha pwuc. 3 moka3aHo pacnpeneiieHue COOBITHIT TTO
MHOXECTBEHHOCTH PEKOHCTPYMPOBAHHBIX TPEKOB
JUIST KaXKOOM TNTOCKOCTH OTAeIbHO. M3 prcyHKa Bu-
HO, 4YTO pacrpenejieHue oOpbhIBaeTcsd B paiioHe
170 yacTui, 4TO YKa3bIBaeT Ha BEPXHUI Mpenea Bo3-
MOXHOCTH pa3le/IcHUsI TPEKOB 110 JaHHBIM JIpeiido-
BbIX Kamep. C yueToM 3 (PeKTUBHOM TUIOIIAIN BEPX-
HUI IIpe e ITNIOTHOCTH COCTaBJIsieT IpUMEpHO 15 ya-
CTHII Ha KBaJpaTHEII METp.

I'PYIIITBI MIOOHOB B KTYAK

B KTYK rpynnbl MIOOHOB BbIACSIIOTCS B TLIOC-
KOCTHU, KOTOpasl IJisi TaHHOTO COOBITUS (HaIpaBiie-
HUSI MIPUXOJAa TPYIIbI) SIBISIETCSI 9KpaHUPOBAHHOI
kanopuMmerpom HEBOJ/I. AHanu3upoBanuch coObI-
THUS, 3apeTUCTpUpPOBaHHBIC B mepuoxn ¢ 22.03.2017 o
17.04.2019 co ciaeayolnM1 YCIOBUSIMU: B DKpaHU-
POBaHHOM IUIOCKOCTA MUHUMYM TPHU ITapaUIeIbHBIX
TpeKa, a B HE9KpaHUPOBAHHOI MO MEHbIIIE Mepe —
ONWH; OJIsI MapaJlJieJIbHbIX TPEKOB Ha SKpaHUPOBaH-
HOI1 IIoCKOCTH Oosbline wian paBHa (.5; a3uMyTaib-
HBIi1 yroJI TpyIINbI JIEXUT B 1Marna3oHe +£37.5° ot HOp-
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Puc. 4. Pactipenenenue coObITHi, 3aperucTpUPOBAHHbBIX
aKkpaHupoBaHHON mockocThio KTVYJK, mo mHoxke-
CTBEHHOCTH MIOOHOB /. KpuBble — pacuer, 4epHble
KBaJpaTUKU — KCIIEPUMEHTAIbHbBIE TaHHBIE.

MaJIi K TUIOCKOCTH KaMmepbl. C TaKMMHU YCIOBUASIMU
661U 0TOOpaHbI 16 149 coOBITHIA.

Ha puc. 4 noka3aHo pacrnpeneyeHue 1o MHOXe-
CTBEHHOCTH MIOOHOB B 3KPaHMPOBAHHON ILIOCKO-
ctu. Pa3HBIMM TUHUSMU MTOKa3aHbI OKUIaeMbIe pac-
YeTHbIC 3HAYEHUSI MHOXECTBEHHOCTU B TPEIIOJIO-
JKEHUM O CTETICHHOM CITeKTpe JIOKAJTbHOI TUIOTHOCTH
MIOOHOB ¢ Tloka3zaTeseM 3. 3HaueHuto 1.9 coorBer-
CTBYIOT NEPBUYHBIC KOCMUYECKUE JTYYU CO CpemHeit
sHeprueii okoio 3 I[13B, a 2.3 — co cpenHeii sHepru-
et Beimie 100 I13B [15]. BugHo, 9yTo Maibie MHOXe-
CTBEHHOCTHU JIy4llleé BCEro OIMCHIBAIOTCS KPUBOU C
B = 1.9, a camble GOJIBIIIME MHOXECTBEHHOCTH — [ =
=2.3.

CormacHo MeTOy CIEKTPOB JIOKAJIbHOM IJIOTHO-
CTH MIOOHOB [15], sHepTruo NepBUYHBIX SIep MOXKHO
OLICHUTH MO hopmyIie

(E, T3B) = 7.03 +1.071g(D, M) + 3.80 Ig(sec(6)), (1)

rae © — 3eHUTHBINA yrona, D — cpeaHsisl TLUIOTHOCTb
MIOOHOB. [J1s1 omnpenesieHUs TUIOTHOCTU MCIIOJb30-
BaJIUCh YIJIbl IPUXO/IA TPYIIIbl, BOCCTAHOBJIEHHBIE 10
nanHbeiM JIEKOP. HaiineHo, 4To 3a reHepalunio 3TUxX
TPYIIIT MIOOHOB OTBETCTBEHHBI IEPBUYHBIE KOCMUYE-
CKMeE JIy4M ¢ 3Hepruamu 3 - 10°—108 3B.

Jwuana3zoH 3Hepruii, JOCTYITHBIN 1151 UCCaea0Ba-
Hus ¢ momomibio nerekropa TPEK, Oyner pacimpeHn
10 10'4—10" 5B kak 3a c4eT BO3MOXHOCTU PETUCTPa-
I COOBITHI C TMIJIOTHOCTBIO HA MOPSIAOK MEHBIISH
OJiarogapsl 0OJbIIOH IUIOLIAAM AETEKTOopa, TaK U C
TUIOTHOCTBIO Ha TIOPSIAOK OoJiblleil 3a cueT HOBOM
pEruCTpUpPYIOLLEii cucTeMbl [16].

2023
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3AKJIIOYEHHME

AHaJIu3 MHOTOYaCTUYHBIX COOBITUI, 3aPETUCTPU-
poBanHbIX ¢ momotipio [IporoTPEK, mokasan, aro
MHOTOIPOBOJIOYHBIE ApeiidoBbie KaMepbl TTO3BOJISI-
IOT PETUCTPUPOBATH U UCCIIETOBATh COOBITUS C TJIOT-
HOCTBIO HO 15 gacTni Ha KBaapaTHEIT MeTp. Mccire-
JIOBaHUE TPYMIl MIOOHOB KOCMMYECKMUX JIydyel Ha
ycraHoBke KTVYJIK mokasano, 4To 3a UX TeHepaiuio
OTBETCTBEHHBI TIEPBUYHbIE KOCMUYECKUE JTyUU C DHEP-
rusamu 3 - 10°—10" 5B. Ucnonp3oBaHue HOBO peru-
CTpUpPYIOLIEl CUCTEeMbl 1 METOHIOB IIIyOOKOro oOyde-
HUS 1103BOUT B 3KkcriepuMenTe TPEK paciimputs aToT
JIMAIa30H 0 PEKOPAHBIX 3HaueHuit 104—10" 3B.

HMccnenoBaHue BBITIOJIHEHO NpU  (DUHAHCOBOMA
noaaepxke Poccuiickoro ¢oHaa (pyHIaMeHTaIbLHBIX
uccaegoBanuii (mpoekt Ne 20-32-90155) u Cosera 110
rpanTam Ilpe3uaeHra PD st rocynapcTBeHHOM TTOI-
JEP>KKU MOJIOJIBIX POCCUMCKMX YYEHBIX U MO Tocyaap-
CTBEHHOM TMOMIEPXKKE BEMYIIMX HAaydHbIX 111KOa Poc-
cuiickoit @enepanyu (mpoekt Noe MK-4137.2021.1.2).
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Multiparticle events in cosmic rays registered by means of drift chambers

V. S. Vorobev* *, E. A. Zadeba“, R. V. Nikolaenko“, I. Yu. Troshin*
“National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Moscow, 115409 Russia
*e-mail: VSVorobev@mephi.ru

Results of the analysis of multiparticle events in cosmic rays in coordinate-tracking setups on the drift cham-
bers CTUDC and ProtoI REK are presented. The analysis of the ProtolT REK data show that it is possible to
reconstruct events with a density of up to 15 particles per square meter. The estimation of the energies of pri-
mary cosmic rays responsible for the generation of muon bundles detected in the CTUDC was made.
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