JIMBHEBAS YCTAHOBKA TAHb-LLUAHLCKOW
BbICOKOTOPHO CTAHLUWW ®UAH
N MTEPCMNEKTWBHBIE HATTPABJIEHWA
NCCNEQOBAHNA KOCMUYECKNX TYYEWN

ﬂ.M.anbgaHosab,B.B.N<yKOBb,FlA.HaMb,
B.M.MNaentouenko?, B.B.Muckans?, B.A.Ps6os?, T.X.Cagbikos®,
A.B.Crenanos®, A.M.Yybenko?, A.N.Wenetos®?

(a) ®uznyecknii nnctutyTt nm. MN.H.Jlebegesa, Mockea, Poccus
(b) TsHb-LLlanbckas BbiCOKOropHas Hay4Has cTaHumsi, Anmatbl, Kasaxcran
(c) ®Pusnko-TexHnyeckunii nHcTuTyT, Anmatel, KasaxcraH

2014-2015



CUVHTUANSLUNOHHBIV AeTEKTOP

2usa #1 Bt 43 ausct 45 o #1 o #9 aunot #11 aod £13
B 2 » o

]
o

s
A
b
o
S [|en
0056 "
X630V v

ouso H13 (9]

HY.
+900..1300V.

Buod #5 ()

YCUANTEAL CUTHAAOB
CUMHTUA/SUMORAOT O AETEKTOPA
HA ©39Y52, ©3482, ®34Y110
Cxeva PUSECKS MPURLUTLG b0

1/35



Cxema cuuntunnsumnonHoii ycranoskn CENTER

A 68 69 2
s ; X = ) n
CTypen'l [ B oo = &
il B e 3, ; b
% s 7 i 8
8 ”
B ", "
L. g R R
.
N 115,101
.
"
" (s
2 ! Foses) B i insna
o "
{"03epo™) 53 Bl B4 “Mun”)
, . W - " o | enllan
h Cisspsl Clsed) B Tis,e1 el | — 1
| ; ; x 5
=
B & o
i » M
x
4 i g o, ——
o ) o W el
N
3 2 B CU-Bemexmop nnowadse 0.25 xbm
M [ ——

(xema pacnonoxeHust demekmopob aubrebod cucmemu B uenmpoasHod yacmu TWBHC

2/35



Brnok-cxema nueHeBoi ycTanoBky - [ cuctema AL

— o

| KPEMT KAMAK - |

mpuzzepHue
Uz

mb#1

fmbRZ I m

o
3|
s

NAATA HBEPTOPOB

NAATA AHAADCOBOA MAMSITU
(128)

I 4e/
o m
L7/ o
z
S H
= =
5= 85
i8= EH
=
g8 E TPWU aMNANTYAHBIX fUaNa3oHa:
B £
E ® sricokoin (HS);
HV -
-1000..1300V -
- ® cpegneii (MS);
& cnexmpamemp
O mpuzzeUp CxeMy ® 11 HU3KOW ([_S)

HYBCTBUTENBHOCTIN




@DyHkymoHanbHas cxema cuctembl AL

Obwasn cTpykTypa cructemsl CrpykTypa moaynsi ALIT
= BbI60p HeETHOrO (W1B) Ses] ADC| Bui60p HevETHoro (W10) ——bcs| ADC
Y g g o2
| KPEWUT- 3 TakT nm!b—llz ] TakT (WiZ)—the| 2
| KOHTP g—x: rIK KOMaHZHSIA KO (WA1) >—“;g & ool — Kouamaneih xoa () o 8 Lol
onnep | |i o1 2 senz 2
KoHTponnep| 4%, £ o
Tpurrep — | cucTembl KN FYI8 R em—
A onl1e
8x04 118
Bxoa 1 —
B?;:Az “woayne AU § eutop vervoro (10—
Broa 127 | # s raxt (Wiz—dbo]
< Komamarii koa (W11} —{ow]
Bxon1 ] >4 x0a120 H
BXoA2 —| mogyns ALM N < iyt I cm—
BXOA127 ) #2 T Boii8
O < B
3 SelE ——ilv
Bxoa 1 w
vont -] 3
w H
Bxoaz —»f moayne ALM Ky Wa l ! l R123
Bxon127 ] — [
Bxoa 128 —»| ] L Ré S =
’BC o<
mic
R85
W5
Buiop 03y (W8)
® /lnanasoH BXOAHbIX ® [lepnog TakTOBOW NOCNEfOBATENBHOCTY 2US.

amnauntys 0.01...5B. ® CymmapHoe Bpemsi cbopa gaHHbIx 5124s.

® [lnanasoH BbIXO4HbIX KOQOB
1...4095 (12 paspspos). 4/35



Tpurrep

Brnok-cxema nueHeBoi ycTanoBky - [/

cncTembl KOHTponst & ynpasneHus

® CrekTpomeTp

| s oo

CNEKTPOMETP

I KPEAT

CXEMBl TPUTTEPA

LMCKPMNAHATOPY
)

CUMHTUAAGLNOHHAS /MBHEBAS YCTAHOBKA “CENTER™

BAOK-CXeM CUCMeMs KaHmponst & ynpabienus

[C]



JIncKpUMUHATOP UMNYNBCHBIX CUTHANOB

300
T
Ve g

JlJ:LJ:LJlJlJlJlJ:LJlJ:LJ:LJl
w ) W & u..,,..m,u °

"LJ_M‘,LJ s LJ_M“LJ ...

R

Dﬂggnmjc::gnmggum

H

uglnuxijl M

INCKPUMUHATOP [U.MHTWV\QLMOHHHX CWrHA/OB
(NAATH DB#1 .. DB#12)

[XEMQ 3NEKMPUMECKOR NPUHLUNLAASHOA

PHATOR CUTURLYOX AR
Clopond vepne

6/35



Cxembl reHepaynm TpUrrepHbiX CUrHanaos

b 12
=,

e
bunod 4t

oz

e

1 e

F

OXENY SCPMIPOSAYIS TRYITEPHOD CHT AT
“TRBH1,2". AHANOTQBHM CYNMATDP
e Sreumsastxn MBS yran

«Tonukoeblii Tpurrep»: 3D : Ap > T

j

¥l

4I
Sl
il

n WWWW

e
T s
R
. gy Bkigaones
T v B

o vy ShcpaoD
o s T

Sepmiago

ﬁi 1 120‘““ " o

M

=2
i
|
|
|
|
|
I

[z=

[ ‘

[ | "r.,.“::““ﬂm
C& it

CXEMH GOPMAPOBAHMS TPHITEPHOTD CATHANA
TVATA "TRB#3% NUFWMECK/A CYMMATOP

TXBML 30BKMPIMRCKLS MPUHLUUG ALt

N

i-nmg%%éﬂ "Ui-" “U;EED" "DU"D

AHCKPIAATOP TPHTCEPX CATHANS
INAATA “DB12")




I3amepeHne numMnynbCHbIX CNEKTPOB

MmnynbcHbizi ALIT

BrodHol TxemMn aWaA02oBod naMamu —‘
cuanan 3 [re—

11 [
1]

aprd pasped

npeoSpuso-
uimepgeacot

mocsetotanenat
o s
i

AHanoroeblii KOMMyTaTOp

' 2 2

nopozoboe
\cmponcmbo

wuha KAMAK

%
]
3|

ot 1 )
i
nput 1 01/

i wrm

mpuzzep

500Ky

MPC508A
MPC508A
MPCS0BA

VIMEPEHME AMIMTYAHDID CMEKTPA MMIY/LLOB
PUHKULOHAALHAS CXeMa

—%
N
T"““
)
8]
(&l
s
‘l»

5V beaszan s

- — — — 19
] @ x| ]
o oy o
o 2 [T
i 3 It 51 C/E) &
o | ™ 3 oo g
h

frEan . " o ag
[ corm w22y

o et 33 D/ 8
nput L8 1728 oo 82 by

nput 45 Tsdsi 28
irarrormid
R

o

MPCS08A
MPCS0BA
MPCS0BA

! il
pv] A

i

[zzz[F~==r=n23)
MPC508A |

]
ol _pi—H

y

&

MPLSU8A

KOMMYTATOP AHA/IOrOBHX CUTHAAOB
/9 THCTEM AMN/MTYAHOTG AHA/MIA
CxeMa 3AeKMPUHECKAS NPUHLUNUAeHAA



Obwnii Bua cuctembl cbopa AaHHbIX

e 3 [ 7 B
EEE‘EE“&? ;:;w] il trb #1 & ] trb #2 i
?w o ] " T
i A1 FE [ p
Homepa. Bt 2 b1 = b #L Y
B d 2 2
omei -
= = - =
] T 5] g
b amb #1 3 b amb #2
‘Em a3 i i
[ oo w1
| H 5 (b #s)
w-« 20 nnu zAﬁinvznun | [¥1 brezda
% 5% S Wbl e Rt T wanponud odwo- Homepd I fh #2
[ARBERIB ARG Detpanorn AT db #2 o b
I ) [ Gaans | |5 (b #6) o]
T Kpedm KAMAK || nivr,
A YA §i"ni”u%g“ai:‘l”“n RCCE R et | A
B3 VB ARAREIADEL R bt
B s e | dbES
029224 EHABRGILY db #4 db #8
1 [ 1 [
dboHe
vn.w,mww.x%mwmv.’: | Py A
| b #10
L &
bud cneha bud cnepedu bud cnpaba

CMCTEMA (BOPA AAHHBIX "CENTER™
CxeMa pa3MeweHus UHGOPMAUUOHHBIX KAHA0k




[Mporpammbl ynpaeneHust yctaHoBkoli - [ cuctema AL

BADK AL

11006

MACTEP-B/I0K

o ot

Tin,

11002

g0 onppaus
ooz,

confiellianilow web-cmpanuue

ot Tab-llarscrou cmanuuy
confiellianimidi_|
canfiellianihigh ::g:i?:;:nrn

(i

Scintiellishw

atuna damn
rousa

SEapia fomss

s ypabiens
Wl

1 sacers

11007

Oded

ety

CONFI: BA3A JIAHHbIX 10 KOHOUT SPALIVM_YCTAHOBKI

A
ey

tsttep

rsaepnia ¢
et abaro

web-cmpanuua
""" Taus-Uarecron cnanuu

CUMHTUANSUMOHHAS AVBHEBAS YCTAHOBKA "CENTER"”
B/0K-CXeMa NpozpamM ynpabaenus cucmemod ALN




[AHANOT 0BHA KOMMYTATOP)

[Mporpammbl ynpaenenus - /I: cuctema KOHTpons

|

BHXDAHOA PEFUCTP

WMNYABCHER ALIN

BADK MEPECHETHHX CXEM

k12001

[

k12002

ncepam,
-

dat

gaon
Sintumytiezs creas

SHESCINTE: BA3A JAHHBIX
110 PEIYLTATAMN UMEPEHUA

CONFI; BAIA AAHHHX
110 KOHOWTYP ALY YCTAHOBK|

k12003

ozpanna cosu
e ceppegin

S

web-cmparua
Trko-LaHbcrol

nnimsie cverapoh

K1in.

9100 KoxpuEypRL

k11001

pazparn uratres
it

k11002

g,
e~

dat

oo saux
e

scintielliinti

o

ey

cmanyuu

k11003

g ctuau
figrs

=

web-cmparuua
Trns-Lanacron

tmaKuuY

CUMHTUANAUMDHHAS ABHEBAH YCTAHOBKA "CENTER™
Bnok-cxeMa npo2pamMM KOHMPOAs 34 COCMOAHUKM Gemexmopol




Pe3ynbTaTbl KOHTPOIbHBIX N3MEPEHNI




I3mepeHne amMnnnTyabl CUMHTUAASLMOHHOTO CrHana - /

VicxopHble nsmepennsi: lMpoueaypa «CWIMBKN» ANANasoHOB
KOAbl aMNANTYA B TPEX AMana3oHax

Phs = ams - Pms + bms
ecnn
Pms > tms

Phs 4095

4000

Gotof{TdnNumleXit/Quit

3900f

3800F

ms
3700F

Gotof{IdnNumleXit/Quit
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IamepeHune amMnanTyabl CUMHTUANSLUOHHOMO curHana - //

HIGH SENSTIVITY CODE
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I3mepeHmne amnanTyabl CUMHTUANSUUOHHOIO crrHana - /1]

Mepexog ot kogoe AL

K MAOTHOCTU NOTOKa 4HacTtuy

Tt 75 1703.03 20 0570403

o0
% 6000
"o
1000 :
%
- k
——t : o >
o W o )
ADC code (no wkane cnekTpoMmerT) spc
Mspe ( pomerpa) d

D= Pspc/Mspc

entr_01//16 X 2014
o

PULSE SPECTROMETER CODE
o

PULSE SPECTROMETER CODE

Kanunbpoeka kaHanoB
B cucteme ALM

VMY ACHAA
TEHEPATOP

TIEPENEHHDA
AMNIUTYOG

Pspczahs'Phs+bhs

NAATA AHANGTDBOR
NAMSTH
BADK AU

cntr_03// 141X 2014

AHA/OTBHR
priintvivetd NAATA WHBEPTOPOB
MMNYALTHER AL

entr_12//18 X 2014 nr_09 /117 1X 2014
10 10
10

PULSE SPECTROMETER CODE
PULSE SPECTROMETER CODE

10° 0
ADC SYSTEM CODE

10 W0
ADC SYSTEM CODE

10" o 10 10
ADC SYSTEM CODE ADC SYSTEM CODE
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PesynbTaT: 0bbeanHeHHbIE KOAbI aMNANTYA
& OLEHKW MIOTHOCTK NMOTOKA HYacTul

48 [1028) BCD.

23.02.2015 02:07:48 [1028] BCD

max: 10762; sum: 103245

max: 13458; sum: 92702
23.02.2015 03:30:58 [1630] BCD

Gotol|IdnNumeXit/Quit]

23.02.2015 03:30:58 [1630] BCD

oy o
000 —
°°°°—§ nmm:;
0005 100008
o o

max: 102011; sum: 538188 max: 108805; sum: 604567

Gotol[T dnNumleXit/Quit]
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[uHamuyeckunii [nanasoH N3MepeHuid NAOTHOCTK HacTul, - /

D:Pspc/Mspc; Pspczahs’Phs+bhs; Phs = ams - Pms + bms
ams ~ 30 ; bms ~ 2000 ; aps ~ 0.8 ; Mspe ~ 3

Pmax = 4000

D™ ~ 30000 — 70000
(no ABYM amMnANTYAHbIM
AnanasoHam)

17 /35



NuHamunyecknii onanasoH uamepeHunii NAOTHOCTK YacTtuy - //

Loif] 34 (19.92014..27.92008) Loty 33 19.9.2014. 27.5.2019) cntr_31(21,9.2014..27.9.2018)

L1l 36 19.9.2014.27.9.2019)
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10° 107
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pnka(r, s, Ne) =

PARTICLE DENSITY, m~2
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10
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AI'II'IpOKCI/IMaLI'I/IH MJOTHOCTU NMOTOKA 4YaCTuUL,

Sp— . ) 7Ne H
X = D (PR Y — minge o)

23.02.2015 02:07:48 [1028] BCD 23.02.2015 03:30:58 [1630] BCD

15 5N

max: 5035; sum: 61163; shower: 6.3 4.2 2.5e+06 0.94 35.6 max: 46530; sum: 348186; shower: 7.1 1.0 1.2e+07 0.87 219.5



Pesynbtat: annpokcumupytowme dyHkuun HKT
& ouenkun napametpos LLIAJI

23.02.2015 02:47:03 [1313] BCD

max: 40098; sum: 158993; shower: 8.5 3.9 4.5¢+06 0.75 56.8

23.02.2015 13:38:25 [6381] BC

1
5 @

S

10 s 0 oo(d\
m <

max: 690; sum: 21641; shower: -3.0 9.9 1.1e+06 1.25 3.2

23.02.2015 09:12:06 [4324] BCD

max: 71377; sum: 339568; shower: 7.3 4.9 1.0e+07 0.79 218.9

23.02.2015 15:11:15 [7357] BCD

10
” SN

max: 11492; sum: 41195; shower: -8.6 7.8 1.2¢+06 0.84 24.3

23.02.2015 04:47:50 [2230] BC

ot ° 10
> -5

max: 2119; sum: 31765; shower: 4.6 10.3 1.5¢+06 1.04 29.2

23.02.2015 16:14:53 [7886] BC

10
.
o S
g

g
g
3

5 &
g 2
8
particle density, m

max: 5860; sum: 40463; shower: 0.3 10.7 1.2e+06 0.72 22.6
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m ~2 hour !

F(>N,),

Cnektp LLUAJI no wncny wactuy
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Cnektp LLUAJI no yucny yactuu & HOBble M3MepeHus

m ~2 hour !
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Cnektp LLUAJT & cratnctuka

Oxungaemoe konmyecTso cobbituii 3a 1000 Yacos usmepeHuii

CENTER CENTER +
Mopor (3anyLweHHas nepucbepus
yacTb) R < 100m
Ne > 10° 5 5
2.1 -1
(Eo > 3-10%eV) 0 §-10
N, > 106 3 .
-1 2.1
(Eo > 3-10%V) 6-10 0
N > 107
(Eo = 3 - 10%V) 00 200
Ne > 108 ~ )

(Eo >3- 1017eV)




PE3V/IbTATblI PABOTHI

® Npon3BefeH TEXHWYECKNIA 3anyCcK NEPBONA o4vepem
CUMHTUANALMOHHONR nuBHeBoii ycTaHoBkn « CENTER».

e 0TpaboTaH KOMMAEKC NPOrpamMm 1 aaropuTMOB, NO3BONSOLMX
nony4atb pusmyeckyto nidopmaunto (NIOTHOCTL NOTOKA
NnBHEBbLIX YacTuy v napameTpbl LLIAJT) no ncxogHbiM faHHbIM
CUMHTUAASALNOHHOI ycTaHoBkn (kogam ALLM).

o pn3anyeckune pes3ynbTaThl TECTOBLIX U3MEPEHUI Ha YCTaHOBKE
«CENTER>» ynoeneTBOpuTENIBHO COTIACYOTCA C AaHHBIMN
npeabiAyLInX SKCNEPUMEHTOB Ha TsHb-LLlaHbckol cTanumu.



[MnaHbl pa3BuTus Ha 2015-16rr

yCTaHOBKa nepudpepuiiHbiX NMBHEBLIX LETEKTOPOB CUCTEMbI
CENTER na paccrositunsax 20-30 m n 40-50 M oT ueHTpanbHoii
NOACUCTEMBI; BPEMEHHbIE (YrNOBbIE) U3MEPEHUSI.

nogkatodeHme sTopoin nueHesoit cuctembl CENTER-/ n
COBMECTHbIE U3MEPEHUS C AETEKTOPAMU aAPOHHOIO
KanopuMeTpa.

nepexof K U3MEPEHNSIM C AMHAMUHECKIM AUANa30HOM
amnauntyg (1 —2) - 10°.

MOA3EMHbIA KOMMJIEKC LETEKTOPOB: MIOOHHBIN FOLOCKON 1
HETPOHHbIE LETEKTOPbI.



Cxema CUMHTUANAUUOHHOV ycTaHoBKM - /]

CENTER
= =
=
®
CENTER 1l
(INCA)
4

v —
= Cl-demekmop nnowadsm 0.25 kb.m

8 [l-demexmop nnowaden 1 kb.m

(xema pacnosoxerus demekmopob nubHebol cucmems
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Bo3mMoxkHble HanpaBJIEHUA I/ICCJ'Ie,£I|OBaHVII7|

yrnosoe pacnpeaenedne & aHM30TpoNuA NMBHeR B obnactn
sHepruii 1014-1018 3B.

CTPYKTypa MOTOKOB YacTul, B LEeHTpafbHOR 0bnactu un
HENOCPEACTBEHHO B paiioHe cTteona LLIAJL

SHEpreTnyecknii cnekTp (HaKNOHHBIX) JIMBHEIA.

0COBEHHOCTN B CNEKTpe JIUBHEN, «3K30TUYECKUEY
B3aUMOZENCTBNS 1 TEMHAA MaTepus.

LLUAN & celicmonorus.

LLIAJT & HeiiTpoHbi.

LLIAJT & appoHHbie(?) cobbiTnsi B NOA3EMHOM HEATPOHHOM
MOHUTOPE.



LLUAJT & celicmonorus

L LA

nmm naemocnsd mpussep “GHIKL"
cumupoburus pie=et
waian #7.
CUUKMUAASLUOHHIO Meeckon o

RNV VA4

S i

Kpeam-kaunponep

CAMAC
5

Pl v/ v it

emacege ey ASCOET”
Ko H1G

Borve
2/ 16-paaptie

BEPTVIKA/bHBIA MBOHHHA TEAECKON B MDASEMHOM NOMEWEHAA
DUAKLOHT bHAS CXeMa

Avc cope

Avc cope

Avc cope

u.,,uwvwww»mmwmw

Avc cope

¥

G.A. Gusev et al Cosmic Rays as a New Instrument of Seismological Studies // BLPH vol. 38, 2011, 12,

374.

G.A. Gusev et al The First Results of Observations of Acoustic Signals Generated by Cosmic Ray Muons
in a Seismically Stressed Medium // BLPH vol. 40, 2013, 3, 74.
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LLIAJT & HeATpoHbI: BpeMEHHbIE XapaKTEPUCTUKY

® BpeMeHHble pacnpegesieHns ® HeliTPOHHbIE N3MEPEHNSI C BbICOKUM
CNTrHanoB B HEMTPOHHOM MOHUTOPE BPEMEHHBIM pa3peLUEHNEM
5 1 | T e e
5 M=10-30: 102486 evenis 14-30-60: 59066 events M=60-100: 24996 events
é " 01k 4F 4 |
e = oot 4 4 4
o o
3 2 o001
- £
ol ~ 0.0001 4F E
2 1e-05f. fall.flad bl n 4
° p T
= M=100-200: 31323 events | [ M-200-400: 8943 events M=400-700: 1882 events
= _ 0.1
o S
@ % oot
& R 2 oot 4 4F 4
0 500 1000 1500 2000 2500 3000 £
0.0001 E H4F |
Time, us
. 1e-08| | L L L
? [ T S | -
N, ) S
“ H ° 5 o
8l g oo E 9
H g
10 2 £
1000 g0 ° o001 L E ‘
1500 s
I sor ° 0 1000 2000 3000 0 1000 2000 3000 O 1000 2000 3000
3000 01 . m 5 50 B3 00 05 76 78 80 Time, ks Time, us Time, us

IgN,
A.P.Chubenko et al Anomalous time structure of extensive air shower particle flows in the knee region of
primary cosmic ray spectrum // Journal of Phys.G, 2002, 2, 251.
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