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542 MOATPYOKOB u np.

[TpoToTun MaIoro MMUPOKOYTrOIBHOTO TeeCKOa GbLT YCTaHOBIIEH B TYHKUHCKOI ZOJIMHE B COCTaBe yCTa-
HOBKHU TAIGA B ceHTs16pe 2019 r. 3a mpoutenimue 8 ceaHcos HaOJII0IeHU# ObLIM COGpPaHbI JAHHBIE ITO pa-
GoTe ycTaHOBKM, IPOBEieHa MPOBEPKa PeXUMOB paboThI CHCTEM TellecKora, paGoTa TPUITEPHOU CUCTEMBI

M CUCTEMBI COMpPsKEeHUs ¢ KoMIuiekcom TAIGA. TT

paboTe MPOTOTHIIA TENIECKOTTA.

DOI: 10.31857/S0367676521040293

BBEJEHUHE

[TpoToTun Manoro LIMPOKOYTroIBHOIO TEIECKONa
(small imaging telescope, SIT) 6bu1 YCTaHOBJIEH B
LIeHTpe MepBoro kiacrepa netekrop HiSCORE kxom-
TUIeKCHOM yctaHoBKM TAIGA [1, 2] u npopaGoTan B co-
CTaBE€ YCTAaHOBKM CE€30H u3MepeHui 2019—2020. SIT
BXOIIUT B CETh conpsikeHus ycranoBku HiSCORE [2]
HapaBHE C OCTAJIbHBIMM €€ CTaHUMSIMU. TeecKorn
NPeIHAa3HAYEH [UISl PETUCTPALIMM BCITBIIIEK U3ITyde-
Husi BaBunoBa—Yepenkosa (masiee YEPEHKOBCKUIA
CBET) OT LIMPOKHX aTMOC(HEPHBIX JTMBHEH (LIIAJT).

SIT coCTOMT U3 IECTUYTOTBHOTO 3epKaJa c 00yIb-
UM nuaMeTpom 700 MM U pamMycoM KpUBH3HEIL
940 mm. Tlone 3peHuMs orpaHuYeHO nuradparmMoit
aunameTpoM 400 MM (¢ ydeToM Kamepsl 3¢ dbekTUBHAs
omians 0.1 M2), oTcTosImeii ot LIEHTpa 3epKajia Ha
710 mm. Mexny nuadparmoii u 3epPKaJIOM yCTaHOB-
JIEHa KaMepa Tejieckona auaMmerpoM 250 mm. IMoj-
HBI yroJ1 0630pa YCTaHOBKM COCTaBJISIET OKOJIO 18°.
ITonpo6Hoe onucaHue ycTaHOBKM IIPUBEIEHO B [3].
OnTuyeckasi OCh YCTAHOBKM HaIpaBiieHa CTPOro Ha
IOT TIOJ YIJIOM 25° K BEpTUKAJIH.

CaerouyscTBuTenbHas kamepa SIT, MPENCTABIISIET
COOOI LIECTUYTONBHYIO MaTpUILy, COCTOSIIIYIO U3
49 KpeMHHEBBIX (HOTOYMHOXHUTEIEH (SiPM) SensL
MicroFC-SMTPA-60035 co CBETOCOOPHUKAMH,
006ecrevnBaloIIMMK COOp cBeTa ¢ 73% MOTHOI IUTOIIA-
1 Kamepsl. OuudpoBKa CUrHasIa IMPOM3BOIUTCS C Ya-
crotoii 80 MI'u. [To curHaty Tpurrepa 3anuchbIBaOTCS
CUTHaJIbI BCEX KAHAJIOB TeYEHHE | MKC IO CUTHAJA
TPUITEpa U 5 MKC rocye, GopMUpyst onux “kanp”. B
Teneckone SIT UCTIONb3yIOTCSI CCTEMBI yIIpaBIeHUs
QJICKTPOHHMKOM U cO0pa JaHHBIX, paHee pa3paboTaH-
HBIC 1 UCTIBITAHHBIC B 9KcniepuMeHTe CDEPA-2 [4].

B teuenue Bcero mepuoma msmepenwuii U3MepsI-
JIMCh M 3alTUCBIBAJIUCHh BMECTE C JAHHBIMU COOBITUL
NIApaMETPhl  TEJICMETPUU: TEMIIepaTypa MAaTpPHLIbI
SiPM, o6uIuii TOK U HamnpsDKEHUe TTUTAHUS Marpu-
bl TEMIIEPATYPA 3JIEKTPOHUKH, TEMIIEPATYpa U 1aB-
JICHUE BO3/1yXa. [laHHbBIE TEIEMETPUU UCIIOIb3YIOTCH
IUTSL OTIPE/IEIEHUST KATMOPOBOYHBIX MOMPABOK IO Ha-
NPSAKEHUIO MUTaHUS U TemnepaTtype SiPM.

CTATUCTHUKA

SIT npopa6oran ¢ cents6pst 2019 r. o anpeJb
2020 r., B TOM YHCJIE B peXuMe COMIPSIKEHUSI C yCcTa-
HoBKoit HiSCORE c koHua nexka6pst 2019 r. B Teye-
HHUE 3TOro BpeMEeHM Habpaiock 110 sicHbIx Ge3myH-
HBIX TIEPUOIOB HAOIIONEHWA, U3 HUX 66 HOYeil B pexXu-
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PEACTaBJIEHBI ITEPBEIE PEe3yabTaThl aHaJIM3a JAHHBIX O

M€ compskeHust ¢ ycraHoBkoit HiSCORE. 3a stor
epron 3aperucTpupoBaHo 1.92 MitH cobwITHii. Bee co-
OBITHSI BOILUTY B aHAJIU3 PaGOTHI MaTpuiel SiPM, onpe-
NCJICHUE 3aBUCUMOCTU YCWJICHUSI Kaxaoro SiPM or
TEMIICPATYPBI U HATpsDKeHust. JIst olleHKH pe3ysibra-
TOB pabOTBI CAaMOTO JETEKTOpa 3apervCTPHPOBaHHBIE
COOBITHSI POIILTH MPOLIEAYPY OTGOPA.

[TepBuYHBIit OTGOP COBBITHIA 3aKITIOYAIICS B IIOMC-
K€ ITUKa COOBITUSA B pa3BEPTKE CYMMapHOTO CUIHAIA
Bcex 49 xaHanoB. Yactora paGoTs TPUTTEPHOM ILIa-
Tl OTJIMYaIack B 8 pa3 OT 4YacTOTHl pabOTHI ILIAT
OLUGbPOBKM CUTHANA, TO3TOMY [TOJIOXKEHUE TPpUTTEp-
HOW METKM U3BECTHO C TOYHOCTHIO 0K0J10 100 He. Co-
ObITHE B “Kangpe” CUUTATIOCH HaWIEeHHBIM, €CJIM B OKHE
150 HC BOKpYr oxXumaemoi MeTKu TpUITEPA HalIeH
NUK BBILIE 5C OTHOCUTEILHO OCTATBHOIO CUTHATA B
“KaIIp e”.

ITonoxeHne OGHApYXEHHOrO MUKa CYMMAapHOTo
CUTHAJIa ajie€ CYUTATIOCh BPEMEHEM IIPUXOIa COObI-
Ts1. B uHTepBane 60 Hc BOKpyr Hero IIPOBOIUJICS
TIONCK VI MHTETPUPOBAaHUE UMITYJIbCOB B Pa3BEPTKe
KaXnoro kaHamna, (popMupysi u3o6paxeHne CoObI-
Tusi. Jlajiee MpOBOLMIICS OTCEB CIyYaifHbIX MUKOB,
HE OTHOCSILIMXCA K COOBITHIO: TETIIOBOI irym SiPM,
(oTO3/1eKTPOHBI OT GOHOBOIH 3aCBETKHU, MIPOSIBIISIO-
LIMECS KaK U30JIMPOBAHHBIE MTUKCEIIH.

B cuny pacnionoxenus matpuisr SiPM BHe ho-
Kyca 3epKaJia pa3Mep IATHA CBEACHUSI MapajUIeIbHO-
T'O IyYKa JIy4eii MPeBBIIIa pa3Mep OLHOTO ITUKCEIs,
T.¢. cBeT oT LIIAJI He Mor opmupoBaTth n300paxe-
HUE, COCTOSILLIEE TOJILKO U3 OMHOIO MUKCcest. [103To-
My U3 PACCMOTPEHMST UCKITIOYAIUCh TAKXKE COOBITHS,
B M300paXeHUH KOTOPHIX MPUCYTCTBOBAN TOJBKO
OIIVIH TTUKCEJIb.

ITo aTum KpuTepusim us ncxomHbix 1.92 MIH 3amu-
CaHHBIX TPUITEPOB OBLIO 0TOGPaHO 610 THICSY COOBI-
TUIA, U3 HUX 75 THICSY GbLIU OTHOBPEMEHHO 3auKcu-
poBaHbl yctaHOBKOI HiSCORE. 115t KaskIoro U3 3Tux
COOBITHI1 OBLTH BOCCTAHOBJIEHBI HaTIpaBJIEHUST TIPUXO-
Ala 94epeHKOBCKoro ceeta ot LIIAJI, cymmapHast amrumi-
Ty[a CoOBITHS S’ B DOTORJIEKTPOHAX, TUIOMIALD HU300pa-
KCHU, ITUTETIBHOCTh CYMMapHOTO MMITYJIbCA, BPEMST
NpUxoa CBeTa IS IIOCTEMYIOIIEro 0OJiee TOYHOIO
cpaBHeHus1 ¢ HISCORE u psin npyrux IapaMeTpoB.

AHAJIN3 COBMECTHBIX COBBITUM

Ilpu ananuse coBMecTHBIX co6bITHIH SIT u
HiSCORE wucnonp3oBanuce rapaMeTpsl, HE peru-
crpupyembie SIT, HO ompenesnsieMbie MO TAHHBIM
Neo 4
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Puc. 1. ®ITP YC, BoccraHosiieHHas1 1o gfaHHbIM SIT wis
MEPBUYHBIX YacTHIl ¢ 3Heprueit 350—450 TaB. Paccros-
Hue 1o ocu u 3Heprusi IIAJI momygensr ot HiSCORE.
3aperucTpupoOBaHHbBIM CUTHAJ S TIpUBEIEH B Yuciie Ho-
TO2JIEKTPOHOB. JIMHMEW mpuBeneHa TeopeThdyecKas
®ITP YC u3 padoTsr [7].

HiSCORE: koopauHaThl OCU JIUBHSI U SHEPIUS TIep-
BUYHOM YaCTHUIIBI. AJITOPUTMBI BOCCTAHOBJIEHUS TTapa-
metpoB IIIAJT B skcriepumente HiSCORE onucanb! B
pa6ote [5]. CTOUT OTMETUTD, YTO OLIEHKA PACCTOSTHUS
1o ocu IIIAJI mo naHHbIM SIT BO3MOXHA IO IIMPUHE
UMITYJIbCA, OJTHAKO TOYHOCTH 3TOM OLIEHKW KpaiiHe
HU3Kasi B CUJIY HEIOCTATOYHOM YaCTOTHI OLIM(POBKH,
MMOCKOJIbKY TPeOyeTCsl YacToTa OLM(pPOBKU CUTHAIA
Boitre 200 MI.

B 1uensix MCKITIOYEHUsI CIyJaliHBIX COBIAJCHUM,
IUISL aHAJIM3a OpaIuCh TOJIBKO T€ COOBITUSI, B KOTO-
pPBIX CpabOTaI0 HECKOJIBKO M3MEPUTETbHBIX ITyHK-
toB yctaHoBKM HiSCORE, BKITI0Yast OMMH U3 YETHI-
pex ommxaimx K teneckorry SIT, pacrmonoxke HHBIX
Ha PaCCTOSTHUSIX OKOJIO 75 M KaxKIbIi.

Ha puc. 1 npuBeneHa cpenHsisi GyHKIIUS ITOIIEepey-
HOTO pacripeeeHus1 yepeHKoBCKoro cBera (PITP YC)
B auaria3oHe sHepruii 350—450 TaB. ®ITP nmosaydeHa
MYTEM YCPEIHEHUS 3apETMCTPMPOBAHHBIX CYMMAapPHBIX
aMIUTUTY .S COOBITHI C OCHIO Ha BEIOPAHHOM PacCTOsI-
Huu oT netekropa SIT. Jannas ®ITP o opme cosra-
naet ¢ mogenbHeiMA DITP YC [6], T.e. perucTpupye-
mbie SIT cOOBITUS B LIETIOM SIBJISTFOTCST BCITBIIIIKAMU Ye-
peHkoBckoro ceta ot IIAJI, a He ciay4aliHBIMU
COBTMAICHUSIMH.

AHanu3 3(OEKTUBHOCTH PErucTpalii, BO3MOX-
HOW €€ HEOAHOPOIHOCTH IT0 ITOJII0 3peHUsI, (PaKTHIe-
CKOM KBaHTOBOM 3(HEKTUBHOCTU UCIOIB30BAHHBIX
SiPM u 2 deKTOB reoMeTpUIeCKUX UCKAKEHUNA OY-
JIET MPOBENEH B MOCIEAYIOIINX paboTax. AHAINU3 pa-
00TbI OTAENBbHBIX SiPM mnpuBeneH yacTu4yHoO B [3].

ITpoBeneHa mpuBsi3Ka mapaMeTpa S CcyMMapHoOii am-
TUIATYbI coObITUS netekTopa SIT K mepBUYHOI 3HEP-
U coobITUsI, moayyeHHou u3 naHHbeix HISCORE. Ha
puc. 2 MoKa3aH CpeIHsIsI pa3HOCTh Jiorapudma IoJi-
Hoit sHepruu LIAJI B TaB u norapudma mmosaHoi
AMIUTUTYIbI COOBITUS S B (DOTOBJIEKTPOHAX B 3aBU-
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Puc. 2. Cpennsist pasHocTh jorapudma sHepruu E mep-
BuyHOM yacTulisl IITAJI B T3B u torapudma mosHoi am-
ATy AbL S cobbiTust SIT B hOTO3IEKTPOHAX B 3aBUCUMO-
CTH OT PAcCTOSIHUA A0 OCH JUBHSI. CIUIOIIHON JTWHUENR
roKa3aHa NapaMeTpu3alusi 3TOi 3aBUCUMOCTH. Touka-
MM I10Ka3aHbl JaHHBIE, BOIIEAIINE B ITOCTPOEHUE Mapa-
METPU3aLU, KOCBIMU KPECTAMU — HE BOILIEIIINE.

0 100 200 300 460 500

CUMOCTH OT pacCTosiHUSI R mo ocu jauBHsA. Kpusoii
MoKa3aHa napaMmeTpUu3alus 3aBUCUMOCTH KyCOYHO-
HETIPEePBhIBHOU (DyHKITME, TOUKaMM OKa3aHbI 3KC-
NepUMEHTAJIbHbIE NTaHHBIE, BOIIEIIINE B MOCTPOE-
HUE TMapaMeTpU3allii, KOCBIMU KPECTMKAMU — HKC-
KJTIOYEHHBIE U3 aHaIu3a TaHHBIE B 00JIACTSIX MAJIOH
CTaTUCTUKH, II€ TIOJTyYeHHbIE TOYKH HEJOCTOBEPHHI.

C y4eToM MOJYyYeHHOW Ha MpeNbIAYLIEM Ilare
KPMBOU IIOIIPABOK 3HEPrUU BO3MOXKHO OLIEHUTh
sHepruto [IAJI no nokasanusm SIT ¢ npusieyeHu-
em oT HiSCORE nuib nHGOpMAaIINY O ITOJIOXKEHUA
ocu 1uBHs. Pactipenenenue coObITHIA 10 SHEPTUH, T10-
CTPOEHHOE 10 rapametpy S teneckora SIT npuBeneHo
Ha pUC. 3 BMECTE C pacIipefe/ieHUEM I10 SHEPTUH, OITpe-
neJieHHOM 1o naHHbIM yctaHoBKM HiSCORE.

4
10? 8;800900 o1
:OQ 088 .2
103:_‘ Se
: 088
[ [ ]
[ 3
1025* o’.
E ° ..
" ]
10'E AT’

g

10#1 1 1 1 1 1 I
2.0 2.5 3.0 3.5 3.0 4.5 5.0

Ig(E/1 TaB)
Puc. 3. Pacnipenenenust coObiTuii o sHepruu, I — mo-

CTpOeHHBIE 110 MapaMeTpy S teseckomna SIT, 2 — mo sHep-
THH, OTIpe/ieJIeHHOM o naHHbIM yctaHOBKU HiSCORE.
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B nmanpHelnieM IUIaHUPYETCS MPOBECTU IIPSIMOE
MMOJTHOE MoJieTMpoBaHue padoTsl SIT 1 MonenmupoBa-
HUE OTKJIMKA JETeKTOpa C U3BECTHBIMHM CBOMCTBAaMU
SiPM. Takas paboTa 1o3BOJUT NEPEUTU OT UCITOJIb-
30BaHUsI KPUBOM HA PUC. 2 K HUCIIOJb30BAHUIO MO-
JIETbHBIX COOTHOIIEHUWM TSI pa3IMYHBIX PACCTOSTHUMA
OT OCHM JIMBHS JUISI PA3JIMYHBIX MEPBUYHBIX YACTUL] C
Pa3JIMYHBIMU SHEPTUSIMU, T.K. y4€T 3aBUCUMOCTH OT
9TUX IIAapaMETPOB IIO3BOJIUT IIOBBICUTH TOYHOCTH
OLIEHKM HEPTrUU NePBUYHOMN YACTUIIHI.

3AKJIIOYEHHUE

[TpoToTun Maaoro MIMPOKOYTOJIBHOTO TEJIECKOITa
SIT npopaboTai B cocTaBe acCTpO(PU3NIECKOTO KOM-
miekca TAIGA B TeyeHME U3MEPUTEIBHOIO Ce30Ha
2019—2020 rr. Peanmu3oBaHa ammapaTypHasi CHHXPO-
Hu3anus teaeckona SIT ¢ ycranoBkoit HISCORE.

Ha ocHoBanuu manHbiX yctaHoBKM HiSCORE
MIPOBeIeHAa MPOIIEaypa SHEPTreTUIECKOM KaTMOPOBKU
teneckona SIT. B nanpHeiem miaHupyercs pa3pa-

0OTKa HE3aBUCHMMOTIO METOJIa OLIEHKM SHEPIUU CO-
OBITHI MO JAHHBIM TEJIECKOIIA.

Pabora momnepxxana PH® (mpoekt Ne 19-72-
20230).
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The prototype of a small wide-angle telescope was installed in September 2019 in the Tunka Valley as a part

of TAIGA installation. During 8 measuring sessions the data was collected on prototype systems, as trigger,
data acquisition, telemetry, TAIGA synchronization. Here we present the first results of telescope prototype

performance analysis.
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