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MocKBa, rrpocrreKT 60-JieTHJI 0KTJI6pJI, 7 A. 
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ABTopecllepaT paaoCJiaH 1 4 HOA Z016 

Y'ieHbIH ceRpeTapb 

)J;HCCepTau;HOHHOro COBeTa ,z:i; 002.119.01 

)J;ORTOp cPH3HRO-MaTeMaTH'ieCKHX HaYK C.B. TpOHD;KHH 

06w,aS1 xapaKTep1i1cr1i1Ka pa60Tb1 

AKTyanbHOCTb pa6oTbl 

K 2011 ro.n;y yposeHb aHaHHH o .n;HcPcPY3HOM rroTOKe HeHTpHHO B ,n;H­

arraaoHe 3HeprHH 1013-1018 aB, 0 JIORaJibHbIX HCTO'iHHKax He:fiTpHHO 

C 3HeprHeH CBbIIIIe 10 raB, 0 rrpHpO)J;HOM IIOTOKe 6bICTpbIX MarHHTHbIX 

MOHOIIOJieH H 0 rrpOHBJieHHJIX MaCCHBHblX qacTHD; TeMHOH MaTepHH 6bIJI 

CcPOPMHpOBaH, rJiaBHblM o6pa30M, peayJibTaTaMH 3KCrrepHMeHTaJibHbIX 

HCCJie,n;osaHHH Ha BaliKa.rrbcKoM rJiy6oKoso,n;HoM HeliTpHHHOM TeJiecKo­

rre HT200, Ha ,n;eTeKTope AMANDA Ha I0'1<HOM rroJiroce H (B rroCJie,n;HHe 

2009, 2010 ro,n;b1) Ha ,n;eTeKTope ANTARES B Cpe,n;HaeMHOM Mope. Bso.n; 

B CTpOH B 2011 ro.n;y ,n;eTeKTopa IceCube Ha I0'1<HOM IIOJIIOCe II03BOJIHJI, 

B pH,n;e aa,n;aq, IIO)J;HJITb 'IYBCTBHTeJibHOCTb 3KCrrepHMeHTaJibHbIX HCCJie­

)J;OBaHHH e~e Ha O,ll;HH-,n;Ba rropH,n;Ka BeJIH'IHHbI. CaMbIM cy~ecTBeHHbIM 

BKJia)J;OM IceCube B HeihpHHHyro aCTPOcPH3HKY BbICOKHX 3HeprHH IIOCJIY­

'1<HJia rrepsaJI B MHpe perHcTpau;HH HeHTpHHO BbICOKHx aHeprHH Ernie 

H Bert c aHeprHHMH oKoJio 1 IIaB. 

Ha rrosecTKe )J;HH CTOHT aa,n;aqa coa,n;aHHJI B CesepHOM rroJiyIIIapHH 

)J;eTeKTOpa(OB) CIIOC06HOrO(bIX) BeCTH H3)":1eHHe a;eHTpa HaIIIeH raJiaKTH­

KH Ha ypoBHe 'iysCTBHTeJibHOCTH, COH3MepHMOH c ,n;eTeKTOpOM IceCube, 

HO c ropaa.n;o Jl)":IIIIHM yrJIOBbIM paapeIIIeHHeM BOCCTaHOBJieHHJI MIOOH­

HbIX TpaeKTOpHH. 3To CBJI3aHO c TeM, 'ITO )J;JIHHa pacceJIHHJI CBeTa B aH­

TapKTH'ieCKOM Jlb,ll;Y Marra ITO cpaBHeHHIO C oaepHOH H MOpCKOH BO,ll;OH, 

'ITO CJIY'1<HT o60CHOBaHHeM )J;JIH paapa60TKH BO)J;HbIX Ky6oKHJIOMeTpOBbIX 

HeHTpHHHbIX TeJieCKOIIOB, Ha6JIIO,n;aro~HX I0'1<HOe He6o. ,lJ;a.rrbIIIe BCex 

B peIIIeHHH 3TOH aa,n;a'IH rrpo,n;BHHyJiacb ce:Hqac Ea:HKa.rrbcKaH KOJIJia6opa­

a;HH , r.n;e B 2015 r. aasepIIIeHo coa,n;aHHe rrepsoro KJiacTepa Ha 8 rHpJIHH,n; 

c 36 OIITH'ieCKHMH MO)J;YJIJIMH Ha Ka'1<)J;OH - 6aaosoro 3JieMeHTa ,n;eTeKTOpa 

Ky6oKHJIOMeTposoro MaCIIITa6a BAIKAL-GVD. 

IlpHpO)J;HbIMH HCTO'IHHKaMH qepeHKOBCKOI'O H3JI)":leHHJI, HHHD;HHpy­

IO~MH perHCTpHpyeMble co6bITHJI B HeHTpHHHOM TeJieCKOrre, JIBJIJIIOT­

CJI peJIHTHBHCTCKHe MIOOHbI H BbICOK03HeprH'IHbie KacKa,n;hl aJieMeHTap­

HbIX qacTHD;. c D;eJibIO orrpe,n;eJieHHJI cPH3H'ieCKHX xapaKTepHCTHK 3THX 

HCTO'IHHKOB paapa6oTaHbl MeTO)J;bl Bbl)J;eJieHHJI cPH3H'ieCKHX co6bITHH H3 

aKcrrepHMeHTaJibHoro Ha6opa ,n;aHHbIX HeHTPHHHoro TeJiecKorra. Coa.n;a­

Ha o6IIIHpHaJI 6H6JIHOTeKa pac'ieTHbIX rrporpaMM, BKJIIO'iaIO~aJI B ce6JI 
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KaK rrporpaMMhI MOAMHpoBaHMH rrpou;ecca pacrrpocTpaHeHMH qepeH­

KOBCKoro M3JiytieHMH B rrpoapa'IHbIX cpep;ax (B BOp;e, BO JlbAY) M OTKJIM­

Ka <l:>oTOIIpHeMHMKOB HeiiTpHHHOro TeJieCKOIIa Ha 3TO M3JiyqeHMe, TaK 

M rrporpaMMbl BOCCTaHOBJieHMH MIOOHHbIX TpaeKTOpHH, a TaIOKe KOOPAM­

HaT M 3HeprMM BhlCOK03HeprM'IHbIX JIMBHeH. c u;eJibIO aHaJIM3a M orrepa­

TMBHOH o6pa6oTKM o'leHh 60JihIUoro o6'beMa p;aHHhIX BaH:KaJihCKMX HeH:­

TPMHHhlX Te.rrecKorroB 6blJia peaJIM30BaHa CTaHp;apTHaH cxeMa o6pa6oTKM 

AaHHhlX BARS (Baikal Analysis and Reconstruction Software), KOTopaH 

BbITJIHAMT KaK u;erro'!Ka M3 He3aBMCMMbIX CTaHp;apTHbIX 6JIOKOB, BhlIIOJI­

HHIOID;MX KOHKpeTHhie p;eHCTBMH Hap; AaHHhlMM. 

Ue11b pa60Tb1 

II;eJihIO AMCCepTau;MOHHOH pa60Thl HBJIHeTCH paapa60TKa M rrporpaMM­

HaH pean.Haau;m1 anropMTMOB o6pa60TKM MIOOHHhlX co6bJTMH, aaperM­

CTpMpOBaHHblX Baikal-GVD. 

Hay'"IHaH HOBlll3Ha pa60Tbl 

1. BrrepBhle 6hlJIM paapa6oTaHhl anropMTMhI M rrporpaMMnI, o6ecrre'IMBa­

IOID;Me MIOOHHYIO KaJIM6pOBKY AllHHhlX, BOCCTaHOBJieHMe MIOOHHblX co-

6blTHH AJIH coap;aBaeMoH: Ha oaepe BaH:Kan yttMKaJihHOH yCTaHOBKM -

HeHTpMHHoro Te.rrecKorra Ky6oKMJIOMeTpOBoro MaCIUTa6a Baikal-GVD. 

lfcIIOJib30BaHMe crreu;MaJIM3HpOBaHHhlX H3blKOB rrporpaMMHpOBaHMH 

M 6M6JIMOTeK B o6JiaCTM o6pa60TKM 60JibIUMX MaCCMBOB AaHHhlX II03BO­

JIMJIO Ha IIOPHAKM yBeJIM'IMTb CKOpOCTb M BBeCTM AOIIOJIHMTeJlbHbie 

B03M0'1tHOCTM aHaJIM3a M o6pa60TKM AJIH Hay'IHhlX MCCJiep;oBaHMH 

B o6JiaCTM HeHTpHHHOH aCTpo<l:>M3MKM BhlCOKMX 3HeprMH. 

2 . BrrepBhle 6nma paapa6oTaHa apXMTeKTypa CMCTeMnI o6pa6oTKM p;aH­

HblX BARS, coCToniu;an M3 6noKoB c yHM<i:>Mu;HpoBaHHnIM <l:>opMaTOM 

BXO)J;HhlX M rrpoMejKYTO'IHhlX p;aHHbIX, 'ITO II03BOJIHeT AOCTyrr MCCJiep;o­

BaTeJIHM Ha n1060H: CTap;MM o6pa6oTKM ;n;aHHnix. TaKaH apXMTeI~Typa 

;n;aeT B03MOjKHOCTb paapa6aTblBaTb rrpMJIOjKeHHH AJIH Kamp;oro H3 

6JIOKOB 6e3 rrepeHaCTpOHKH BceH: CMCTeMhl, o6nerqaeT ;D;OCTyrr MCCJie­

AOBaTeJIHM K p;aHHhlM c MCIIOJlh30BaHHeM MHAMBMAYaJibHblX CMCTeM 

o6pa60TKM M HBJIHeTCH Heo6XOAMMblM IUaroM K CMCTeMe «OTKpbIThlX 

p;aHHbIX». , KOTOpaH Heo6xop;MMa AJIH a<P<l:>eKTMBHOH pa60Tbl B I'no-

6aJibHOH ceTM HeHTpHHHbIX TeJieCKOIIOB, yqpe:IK;n;eHHOH B paMKax co-
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rnaIUeHHH c IceCube, ANTARES M KM3Net o «I'Jio6aJibHOH HeHTpMH­

HOH o6cepBaTopHH» OT 13 OKTH6p.a 2013 rop;a. 

3 . BnIJIM MCCJiep;oBaHhI M MCIIOJih30BaHhI opHrHHaJibHhJe aJiropMTMhI, rro-

3BOJIMBIUMe aBTOMaTM3HpoBaTh Tpy;n;oeMKMe aTarrhI o6pa6oTKM ;n;aH­

HhIX. 

npaKTlll'"leCKaH 3Ha'"llllMOCTb 

Bee paapa6oTaHHhJe B peayJihTaTe MCCJiep;oBaHMH anropMTMhI, apXM­

TeKTypa CMCTeMhl o6pa60TKH ;n;aHHbIX, KaJIH6poBKM M BOCCTaHOBJieHMH 

co6bITMH MCIIOJib3YJOTCH ;D;JIH o6pa6oTKM ;n;aHHbIX ;n;eHCTBYJOID;ero KJiaCTepa 

Te.rrecKorra Baikal-GVD. Pe3yJihTaThI pa60ThI 6bIJIM HCIIOJih30BaHbI KaK 

;D;JIH HaCTpOHKM M OTJiap;KM BHOBb ycTaHaBJIMBaeMbIX CMCTeM Te.rrecKorra, 

TaK M ;D;JIH perMCTpau;MM MIOOHHbIX co6bITMH M peIUeHMH ;n;pyrHX MCCJie­

AOBaTeJibCKMX 3ap;a'I. rrpMHMMaJI aKTMBHOe yqaCTMe B C03p;aHMM rrepBoro 

KJiaCTepa HeHTpHHHOro 

11111'-IHblH BK/laA aBTOpa 

ABTop rrpMHMMaJI aKTMBHOe yqacTHe B co3p;aHMM rrepBoro KJiacTepa 

HeHTpHHHOro TeJieCKOIIa «Baikal-GVD», B MCCJiep;OBaHMHX M C03)J;aHMM 

apXMTeKTYPhI cMcTeMbI o6pa6oTKM AaHHhIX BARS, B MCCJiep;oBaHMHX 

M pa3pa6oTKe aJiropHTMOB M rrporpaMM p;JIH MIOOHHOH KaJIM6pOBKM M BOC­

CTaHOBJieHMH MIOOHHbIX co6bITMH, B KaJIH6poBKe H o6pa6oTKe p;aHHbIX, 

IIOJiyqeHHbIX B 2013-2015 rop;ax. 

OcHOBHble no110>1<eH111H, BblHOClllMble Ha 3aW.lllTY 

I . Pe3yJJhTaThI onrnMH3au1·rn pelKHMa pa6oThI TpHrrepHow cHcTeMhl BaikalGVD 

.1J)UI perncTpaUHH MJOOHOB (3<J><J>eKTHBHa» rnrnma,nh KJJaCTepa M » MJOOHOB 

c :meprneii I 0 TJB COCTaBJJ»eT - 2 x 104 M2). 

2 . ApXMTeKTypa cMcTeMhI o6pa6oTKM ;n;aHHhIX " BARS" HeliTpMHHoro Te­

JiecKorra Baikal-GVD, 06ecrre'IMBa10iu;an CTaHp;apTM3au;mo cTpyKTYP 

;n;aHHhIX, rrpou;ecca MX o6pa60TKM M <i:>M3M'leCKOro aHaJIM3a. 

3 . AJiropMTM M rraKeT rrporpaMM p;JIH MIOOHHOH KaJIH6poBKM ;n;aHHhIX. 

4. Pe3yJihTaTnI rro;n;roTOBKM ;n;aHHhIX ;n;JI.a BOCCTaHOBJieHMH MIOOHHhIX co-

6hITHH, a MMeHHO peayJibTaTbI KaJIM6pOBKM KaHaJIOB, <l:>opMMpOBaHMH 

co6bITMH H orrpep;e.rreHMH KOOp;D;MHaT OIITM'leCKMX Mop;yJieH B MOMeHT 

perMCTpau;MM co6hITMH. 
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5. Pe3yJibTaTbI MIOOHHOH KaJIH6poBKH KaHaJIOB, rro3BOJIHIOJ..Wie orrpeJJ,e­
JIHTb BeJIHqHHY MejKKaHaJibHhlX BpeMeHHhlX C)J,BmKeK H CTa6HJib­
HOCTb pa60Thl KaHaJIOB. 

Anpo6a4111si pa6oTbl 

OcHOBHhle pe3yJibTaTbI AOKJiaJJ,hlBaJIHCb Ha CJieAyIOJ..WiX KOH<i>epem:i;H-
ax: 

1. A. D. Avrorin, "Baikal-GVD: status and plan", SAO-BNO, The 
International Workshop on Quark Phase Transition in Compact Objects 
and Multimessenger Astronomy: Neutrino Signals, Supernovae and 
Gamma Ray Bursts, Terskol, Russia, October 7 - 14 2015. 

2. A.D. Avrorin "Data handling of the Baikal experiment", Baikal 
Technical Advisory Board, 30 January 2015 

3. A.D. Avrorin et al., "The first construction phase of the Baikal­
GVD neutrino telescope'', Proc. of the 34th International Cosmic Ray 
Conference (ICRC 2015, Hague, Netherlands) 

4. A.D. Avrorin et al, "Baikal-GVD: first cluster Dubna'~ Proc. of 
European Physical Society Conference on High Energy Physics (PoS 
EPS-HEP 2015, Vienna, Austria) 

5. A.D. Avrorin et al, "Status and perspectives of the BAIKAL-GVD 
project", Roma International Conference on AstroParticle Physics 
(RICAP-14), 2014, Noto, Italy, September 30 - October 

6. A.D. Avrorin et al, "Status of the Baikal-GVD Project", Proc. of 
16th Lomonosov Conference on Elementary Particle Physics: Particle 
Physics at the Year of Centenary of Bruno Pontecorvo : Moscow, Russia, 
August 22-28, 2013, (ed.) A.Studenikin, 2015, 98-101. 

7. A. D. Avrorin et al. "Status and recent results of the BAIKAL-GVD 
project ", The International Workshop on Prospects of Particle Physics: 
"Neutrino Physics and Astrophysics", February 1-8, Valday, Russia 

8. Pa6oqHe coBeIIJ;aHHH KOJIJia6oprui;HH BaifKaJI (2012-2016). 

ny611111Ka4111111 

Bcero TIO TeMe AHCcepTa:ri;HH oTiy6JIHKOBaHo 5 pa6oT B peIJ;eH3Hpye­
MhlX Mem)J,yHapO)J,HbIX H pOCCHHCKHX mypHaJiax, HX CTIHCOK TipHBe)J,eH 
B KOHIJ;e aBTOpe<PepaTa. 
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CTpyKrypa 111 o6beM AlllCcepTa4111111 

,Zl;HccepTaIJ;HH COCTOHT H3 BBe)J,eHHH, TIHTH rJiaB, 3aKJIIOqeHHH, CTIHCKa 
JIHTepaTypbI, CTIHCKa pHCYHKOB H CilHCKa Ta6JIHIJ;. 06IIJ;HH o6'beM AHC­
cepTaIJ;HH COCTaBJIHeT 135 CTpaHHIJ;, BKJIIOqaa 89 pHCyttKOB, 3 Ta6JIHIJ;bl 
H CTIHCOK IJ;HTHpyeMOH JIHTepaTypbI H3 70 CCbIJIOK. 

CoAep>1<aH1.1e pa60Tb1 
Bo Bee,ZJ;eHHH TIPHBOAlfTCH aKTyaJibHOCTb TIPOAeJiaHHOH pa6oTbI, BbI­

TIOJIHHeTCH TIOCTaHOBKa IJ;eJIH pa60TbI H 3a)J,aq, pemeHHe KOTOpbIX Heo6-
XO)J,HMO )J,JIH ee )J,OCTHmeHHH. IlpHBO)J,HTCH TipaKTHqecKaH 3HaqHMOCTb 
H HayqHaH HOBH3Ha TIOJiyqeHHbIX pe3yJibTaTOB, a T~e TiepeqnCJIHIOTCH 
TIOJiomeHHH, BHOCHMbie Ha 3aIIJ;HTy. 

B nepeoii rJiaBe TipHBeJJ,eH o63op MeTOAOB perHCTpaIJ;HH MIOOHOB 
B KpynHoMacrnTa6HbIX qepeHKOBCKHX )J,eTeKTOpax, Ha6JIIO)J,aIOJ..WiX ecTe­
CTBeHHbie cpeJJ,bI. OTincaHbI 06J..W1:H TIPHHIJ;Hn pa6oTbI TaKHX ycTaHOBOK 
H OCHOBHbie OTITnqecKHe xapaKTepHCTHKH Ha6JIIOJJ,aeMOH cpe)J,bl. B rJia­
Be OTIHCaHbI MeTO)J,bl peruCTpaIJ;HH MIOOHOB Ha qeTbipex JJ,eTeKTOpax: 
HT-200, AMANDA, IceCube n ANTARES. 

IlpHHIJ;HII perHCTpaIJ;HH HeHTpHHO c :rneprHHMH 6oJiee 109 aB B ecTe­
CTBeHHbIX cpe)J,aX OCHOBaH Ha peruCTpaa;HH qepeHKOBCKoro H3JiyqeHHH 
IlPOAJKTOB B3aHMO)J,eii:cTBHH HeHTpHHO c HyKJIOHaMH Ha6JIIOJJ,aeMOH cpe­
)J,bl H pe3oHaHCHOro pacceHHHH aJieKTpOHHOro aHTHHeHTpHHO Ha aJieK­
TpOHe c aHeprHe:H B pe3oHaHce E0 = 6.3x106. MCToqHnKaMH HeHTpHHHOro 
CHrHaJia MOrYT 6bITb KaK aCTPOcPH31fqecKHe o6'beKTbI, TaK H aTMoc<l>ep­
Hbie HeHTpHHO, o6pa30BaHHbie B pe3yJibTaTe pacTia)J,a TIHOHOB, pom)J,eH­
HbIX B pe3yJibTaTe B3aHMO)J,eHCTBHH KOCMnqecKHX Jiyqeif c aTMoc<Pepo:H 
3eMJIH. 

PeJIHTHBHCTCKHe MIOOHbI, o6pa3oBaHHbie B pe3yJibTaTe TaKHx B3an­
MOAeHCTBHH, HBJIHIOTCH HCTOqttHKaMH CBeTOBOro TIOJIH, COCTOHIIJ;ero H3 
H3JiyqeHHH BaBHJIOBa-1.JepeHKOBa caMoro MIOOHa, a Ta~e cBeToBoro 
TIOJIH IlPOAYKTOB B3aHMO)J,eHCTBHH MIOOHa co cpeJJ,OH (pomJJ,eHHH e+e-­
Tiap, TOpM03Horo n <PoTOHJJ,epHoro B3aHMOAeHCTBHH). TaK KaK cpe)J,HHH 
yroJI OTKJIOHeHHH HanpaBJieHHH MIOOHa OT H3Ha'laJibHOro HanpaBJieHHH 
MIOOHHOro HeHTpHHO COCTaBJIHeT 0. 7(Ev /TaB), TO TIO 3aperHCTpHpoBaH­
HOH TpaeKTOpHH MIOOHa B03MOmHO BOCCTaHOBHTb TpaeKTOpHIO TiepBnq­
HOH qacTHIJ;bI. 
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MeTOA pa6oThI KpynHoMacuITa6HhlX HeihpRHHhlX Te.n:ecKonoB, npe;:i;­

nomeHHhrn aKap;eMRKOM M. A. MapKOBhIM B 1960M ro;:i;y, ocHoBaH Ha pe­

rHCTpaa,RH CBff'leHRSI BTOpRqHbIX npO,ll;JKTOB B3aRMO)l;eRCTBRSI HeRTpRHO 

co cpe;:i;oli c nOMOII1,bIO perneTKR <l>oTOaJieKTpOHHbIX JMHO:IKRTe.n:eli, no­

rpymeHHbIX B npoapa~yro eCTeCTBeHHYIO cpep;y (aHTapKTH.qeCKRR Jiep;, 

03epHyIO HJIH MOpCKyIO BO,ll;y) Ha rny6RHy, ,ll;OCTaToqHyIO AJISI nop;aBJieHRSI 

<l>oHa OT aTMOcc}lepHbIX MIOOHOB (CM. PRC. 1). 

rnaBa 1 3aBeprnaeTCSI onRCaHReM qeTbipex yCTaHOBOK: HT-200, 

AMANDA, IceCube R ANTARES. ,D,nsi aTRX yCTaHOBOK npRBO,ll;RTCSI onR­

caHRe: 

1. MeTop;oB KaJIR6poBKR perRCTpRpyroII1,RX KaHanoB. 

2. TpRrrepHoli CRCTeMhI. 

3. AnropRTMOB nop;aBJieHRSI IIIYMOB. 

4. CRCTeM o6pa6oTKR p;aHHbIX. 

5. Oco6eHHOCTR Ha6nro;:i;aeMhIX cpe;:i;. 

;v 
I µ 

\v 
\ 

Puc.1. Ilpwuvm pa6oTbl KpynHoMacuITa6HhlX He:ihpHHHblX TenecKonoB 

e 

B rJ1aBe 2 npRBep;eHo onRcaHRe KJiaCTepa ycTaHOBKR Baikal-GVD, 

onRcaHa CRCTeMa c6opa ,ll;aHHbIX R TpRrrepHaSI CRCTeMa TeJieCKona. IIo­

Ka3aHbl peayJihTaThI onTHMH3~RR TpRrrepHbIX yCJIOBRR KJiaCTepa ,ll;JISI 
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Puc.2. KnaCTep Baikal-GVD, c<l>opMHpOBaHHbrii: H3 8 rHpnsrn,I{ 

perRCTpaU,RR MIOOHHbIX co6hITRR. IlpRBep;eHO OnRCaHHe npou,e;:i;ypbl 

MOHTama rRpJISIH,ll;hI TeJieCKOna. 

Baikal-GVD - cne;:i;yro~ aTan paaBRTRSI BaliKanbcKoli HeliTpRH­

HOR o6cepBaTopRR (BHO). 8TOT npoeKT smmi:eTCSI npo;:i;onmeHReM ;:i;eTeK­

TopoB HT-200 R HT-200+. Baikal-GVD pacnonomeH psi;:i;oM c HT-200+, 

B qeTbipex KRJIOMeTpax OT no6epemhSI oa. BaliKaJI. <l>8Y Baikal-GVD 

pacnonomeHhI Ha rny6RHe - 1 KM (cM. PRC. 2). 

y CTaHOBKa COCTORT H3 H)l;eHTRqHhIX, cPyHKU,HOHaJibHO He3aBHCHMbIX 

;:i;eTeKTopoB - KJiacTepoB. Kamp;hrn KJiacTep coCTOHT na 8 rnpJISIHA -

7 nepR<}lepRRHbIX, pacnonomeHHbIX no OKpymHOCTR pa;:i;RycoM 60 M, 

R u,eHTpanhHOR rnpJISIHAbI. B KOH<}lnrypau,Rn 2015 r., Ha Kam;:i;oli rRp­

JISIHp;e c rnaroM 15 M pacnonomeHO 24 cPOTOaJieKTpOHHbIX JMHOmRTeJISI 

(<l>8Y) Hamamatsu R7081-100 c nOJiycc}lepnqecKHMH <l>oToKaTO,ll;aMR 

)l;RaMeTpOM 25 CM H KBaHTOBOR ac}lc}leKTHBHOCTbIO 32-34%. <l>8Y pacno­

naraIOTCSI Ha rny6nHax 1276 - 941 M. Ha u,eHTpanbHOR rRpJISIHp;e pacno­

nomeH u,eHTp KJiaCTepa (IJ;K), ocy1I1,eCTBJISIIOII1,HR nepe;:i;aqy ;:i;aHHhlX c 6e­

pera H Ha 6eper no )1;0HHOMY OIITnqecKOMY KaHany, a TaKme OTBeqaIOII1,RR 

aa c}lopMnpoBaHRe 061I1,ero TpRrrepa ycTaHOBKH. 
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Puc.3. 01ITW1eCKHH Mo,ZJ;yJih Baikal-GVD 

<1>3Y yCTaHOBKH paCTIOJiaraIOTCH B onmu'leClCUX ~wayJlRX (OM) - OCHO­

Be perHCTpHpyrorn;e:H CHCTeMhI Baikal-GVD. 06rn;n:H BH,11; H <PoTorpaqmH 

OM Baikal-GVD Tipe,11;cTaBJieHbI Ha Pnc. 3. 
OM rnpJIHH,ll;hI crpyTITIHpOBaHhl B ceRa;mi:, TIO 12 OM B Kam,11;o:H. KpoMe 

OTITH'ieCKHX MO,ll;yJie:H, B CeKIJ;HIO TaI<me BXO,ll;HT MOAYJib ceKIJ;HH (IJ;M), BbI­

TIOJIHHIOID;HH OIJ;H$poBKy CHrHaJIOB <1>3Y H OTBe'iaIOUJ;HH 3a ynpaBJieHHe 

ceKr.i;ne:H. Kam,11;aH ceKIJ;HH Tipep;CTaBJIHeT co6o:H <i>YHKIJ;HOHaJihHO aaKoH­

'ieHHhrn yaeJI ,11;eTeKTOpa, BKJIIO'iaIOUJ;HH B ce6H CHCTeMhI perHCTpar.i;HH 

H3Jiy'ieHHH, o6pa60TKH CHrHaJIOB, KaJIH6pOBKH, <i>opMHpOBaHHH TpHrre­

pa H Tiepe,11;aqn p;aHHhIX. 

,[J;JIH 3$$eKTHBHOH perHCTpaIJ;HH MIOOHOB H KaCKap;HbIX JIHBHeH KJia­

CTepoM Baikal-GVD HCTIOJihayeTcH TpnrrepHaH cncTeMa, TI03BOJIHrorn;aH 

3aTIHCbIBaTb ,ll;aHHble OT <l>oTO,lJ;eTeKTOpOB TOJibKO B TOT TiepHOA BpeMeHH, 

Kor,11;a OHH ocyrn;eCTBJIHIOT perHCTpar.i;HIO IIOJie3HOro $H3H'ieCKOro CHrHa­

Jia, a He <l>oHa. l:ICTO'iHHKaMH <PoHa yCTaHOBKH CJiymaT aTMOC$epHbie 

MIOOHhI, cBe'ieHne BO,ll;bI oa . Ba:HKan H TeMHOBOH TOK <1>3Y. IIo,11;aBJieHHe 

<l>oHa OT aTMoc<PepHbIX rnyMOB (TeMrr C'ieTa TaKHX co6hITHH KJiaCTepOM 

Baikal-GVD COCTaBJIHeT IIOpH,11;Ka 50 rr.i;) BblllOJIHHeTCH Bbl,ll;eJieHHeM co-

6hITHH H3 HHmHe:H IIOJiyc$ephI, o6yCJIOBJieHHbIX B3aHMO,ll;eHCTBHeM He:H­

TpHHO, rrporne,11;rnHx CKB03h 3eMJIIO. IIo,11;aBJieHHe rnyMoB OT TeMHOBoro 

TOKa <1>3Y H xeMHJIIOMHHecr.i;eHIJ;HH BhlllOJIHHeTCH Ha arrrrapaTHOM ypoB­

He TpHrrepHOH CHCTeMOH, a TIOTOM, rrpH off-line o6pa6oTKe, c IIOMOID;blO 
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anropHTMOB TIO,ll;aBJieHHH rnyMOB. 

CeKIJ;HH orrTH'ieCKHX Mop;yJie:H - 6aaoBhrn 3JieMeHT TpnrrepHo:H cncTe­

MhI KJiacTepa. Ha ypoBHe ceKIJ;HH B peayJihTaTe aTITiapaTHOH o6pa6oTKH 

CHrHaJIOB <1>3Y <PopMnpyeTCH JIOKaJihHhrn Tpnrrep. CxeMa <PopMnpoBa­

HHH JIOKaJibHoro Tpnrrepa ceKIJ;HH rrpe,11;cTaBJieHa Ha Pnc. 4. JloKaJih­

Hhre TpHrrepbI ceKIJ;HH o6'he,ll;HHHIOTCH B MOAYJIHX rHpJIHH,11; H IIOCTynaIOT 

B r.i;eHTP KJiaCTepa, r,11;e <l>opMHpyeTCH rJio6aJibHbIH TpHrrep. 

3arrpoc ceKIJ;HH rrocTynaeT Ha cqeT'iHK aarrpocoB H Tiepe,11;aeTCH B r.i;eHTp 

KJiacTepa, rp;e <PopMHpyeTCH o6UJ;H:H Tpnrrep (cM. Pnc. 5). 06rn;n:H Tpnr­

rep KJiaCTepa IIOCTynaeT Ha pa3BeTBHTeJib, KOTOpbrn <l>opMHpyeT TpHr­

repHbie cnrHaJihI AJIH Bcex rnpJIHHA KJiacTepa. TpnrrepHhre cnrHaJibI H3 

r.i;eHTpa KJiaCTepa rrepe,11;aIOTCH B MOAYJIH rHpJIHH,11; TIO KOaKcHaJihHbIM Ka-

6eJIHM ,ll;JIHHOH OKOJIO 1 KM, r,11;e pa3BeTBJIHIOTCH Ha BCe ceKIJ;HH, BXO,ll;HID;He 

B cocTaB rnpJIHH,ll;hI. TpnrrepHhrn cnrHan ocTaHaBJIHBaeT pa6oTy AU:II 

H HHHIJ;HHpyeT rrpor.i;ecc Tiepep;aqn ,11;aHHbIX OT ceKIJ;HH. 

TaKOH pemHM pa60TbI TpHrrepHOH CHCTeMbI, rrpH KOTOpOM <PopMH­

poBaHHe TpHrrepa Ha O,ll;HOH H3 ceKIJ;HH Be,11;eT K c6opy p;aHHbIX co Bce:H 

ycTaHOBKH, Ha3hmaeTCH cuHxp01-t11htM. BoaMojKeH TaKjKe acuHXpOHHbtii 

pejKHM pa60Tbl TpHrrepHOH CHCTeMbI, TIPH KOTOpOM Ha 6eper OTrrpaBJIH­

IOTCH TOJlbKO AaHHble OT ceKIJ;HH, Bbipa6oTaBillHX JIOKaJibHbIH TpHrrep. 

ArrTiapaTypa TpnrrepHo:H CHCTeMhI KJiacTepa Baikal-GVD II03BOJIH­

eT BapbHpoBaTb yCJIOBHH <l>opMHpOBaHHH JIOKaJihHOro Tp11rrepa ceKIJ;HH. 

,[J;ocTynHO ,ll;Ba cr.i;eHapHH <PopMHpOBaHHH JIOKaJibHOro TpHrrepa ceKIJ;HH: 

MajKOpHTapHbIH. Tpnrrep ceKIJ;HH Bb1pa6aTbmaeTCH B TOM CJiyqae, 

eCJIH aMIIJIHTy,11;a c11rHaJia <1>3Y Ha He MeHee, 'ieM N OM ceKIJ;HH rrpeBbI­

CHJia 3a,11;aHHbIH TIOpor B aap;aHHOM BpeMeHHOM OKHe. 

IIapHhrn. TpHrrep ceKIJ;HH Bhrpa6aTh!BaeTCH B TOM CJiyqae, eCJIH B aa­

AaHHOM BpeMeHHOM OKHe aMilJIHTy,11;a cnrHana <1>3Y Ha nape coce,11;HHX OM 

ceKIJ;HH rrpeBbICHJia HHjKHHH H BhICOKHH Tioporn L H H cooTBeTCTBeHHO. 

ArrrrapaTypa TpHrrepHOH CHCTeMbl II03BOJIHeT AOCTaTO'iHO r116Ko 

ynpaBJIHTh yCJIOBHHMH Bhrpa6oTKH Tpnrrepa KJiaCTepa: KpaTHOCThIO co­

Brra,11;eHHH KaHaJIOB 11 rHpJIHH,11;, TIOporaMH TpnrrepHbIX CHrHaJIOB. qaCTO­

Ta Bbipa6oTKH TpHrrepHbIX CHrHaJIOB orpaHH'ieHa rrpOH3BO,ll;HTeJibHOCTbIO 

rrpor.i;eccopa TIJiaTbI Au;II, ocym;ecTBJIHrorn;ero o6pa6oTKY BpeMeHHhIX ,11;0-

pojKeK H BbI,ll;eJieHHe IIOJie3HbIX CHrHaJIOB: MaKCHMaJibHbIH TeMrr TIOCTy­

IIJieHHH TpHrrepHbIX CHrHaJIOB COCTaBJIHeT BeJIH'iHHY - 1 Krr.i;. 
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Puc. 6. 3<l><l>eKTHBHan nno~aAb KJiaCTepa Baikal-GVD AJIH pa3JIH'IHbIX TpttrrepHbIX 

YCJIOBHH 

MaKCHMaJihHaH a<fl<PeKTHBHaH mrn~a,zi;h ,ll;JIH MIOOHOB ,zi;ocTHraeTCH 

B pejKHMe CHHXpOHHOH pa60Thl ycTaHOBKH ,ll;JIH COBrra,zi;eHHH coce,zi;HHX 

KaHaJIOB rrpH HH3KHX rroporax (0.5/0.5 <fl.a.). IlpH aTHX TpHrrepHhIX yc­

JIOBHHX TeMII cqeTa TpHrrepoB Ft coCTaBJIHeT BeJIHqHHY l.5xN Kru;, r,zi;e 

N - KOJIHqecTBO ceKll;HH B KJiacTepe. ,D;ajKe ,ll;JIH MHHHMaJihHOH KOH­

<PHrypau;HH c 2-MH ceKu;HHMH Ha rHpJinH,zi;e Ft - 25 Kru;, qTo 6oJiee qeM 

Ha rropn,zi;oK rrpeBhIIIIaeT orpaHHqeHHe Ha MaKCHMaJihHoe aHaqeHHe Ft 
(F tmax - 1 Kru;). IlpH yBeJIHqeHHH rroporoB perHCTpau;HH ,zi;o 3HaqeHHH 

0.5/3 H 1.5/4 <fl .a. Ft CHHjKaeTCH ,ll;O ypOBHH 500 H 20 ru; COOTBeTCTBeH­

HO, qTo HlfjKe Ftmax. 0,zi;HaKo, B rrepHO,ll;hI IIOBhIIIIeHHOH HHTeHCHBHOCTH 

CBeqeHHH oa. BaifKaJI, Ft ,!J;JIH rroporoB 0.5/3 <fl.a. MOjKeT rrpeBocxo,zi;HTh 

rrpe,zi;eJihHO ,zi;orrycTHMoe aHaqeHHe. 

Ha PHc. 6 rrpe,zi;cTaBJieHa aaBHCHMOCTh a<P<PeKTHBHoif rrJio~a,zi;H KJia­

CTepa Baikal-GVD OT aHeprHH MIOOHOB ,ll;JIH CHHXpOHHOro TpHrrepa c rro­

poraMH 0.5/3 <fl.a. (qepH.) H aCHHXpOHHhIX TpHrrepOB c rroporaMH 0.5/0.5 

(CHH.), 0.5/2 (3eJI.) H 0.5/3 <fl.a. (KpacH.). 3<P<PeKTHBHaH IIJIO~a,ll;h BhiqHC­

JIHeTCH ,ll;JIH co6bITHH, co,zi;epjKa~HX He MeHee 6 KaHaJIOB Ha 3 rnpJIHH,ll;ax 

(Heo6xo,zi;HMO ,ll;JIH BOCCTaHOBJieHHH HanpaBJieHHH MIOOHa). 

B rJiaBe 2 TaKjKe rrpHBe,zi;eHa IIOCJie,zi;oBaTeJihHOCTh MOHTajKa H ,zi;eMOH-
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Ta~a rHpmIHA KJiaCTepa. OnHCaHbI nocJieAOBaTeJibHOCTb H BpeMeHHhle 

paMKH pa3BepTbIBaHHH noJieBoro Jiarepsi:, MOHTa~a H TeXHH'ieCKoro 06-

CJIY~HBaHHH rHpJIHHA. 

rnaua 3 noCBHIIJ;eHa nporpaMMHOH nJiaTCpopMe BARS (BARS­

Baikal Analysis and Reconstruction Software), npeAHa3HaqeHHOH AJIH 

o6pa6oTKH AaHHhlX, noJiyqeHHhIX Ha Baikal-GVD. 

BARS ocHOBaH Ha MARS (MAGIC Analysis and Reconstruction 

Software)- 6H6JIHOTeKe CERN ROOT, npeAHa3HaqeHHOH AJIH o6pa6oTKH 

AaHHbIX aKcnepHMeHTa MAGIC. OcHOBHbIM 3aHMCTBOBaHHeM HBJIHeTcsi: 

np:mru;Hn yrrpaBneHHH npo~eccoM o6pa6oTKH AaHHbIX. B MARS o6pa6oT­

Ka AaHHhlX COCTOHT H3 ~HKJIHqecKoro BbIDOJIHeHHH 3apaHee 3aAaHHOH 

noCJieAOBaTeJibHOCTH MOAyJieH - cne~HaJibHbIX KJiaCCOB, BbffiOJIHfilOIIJ;HX 

npeo6pa3oBaHHe AaHHbIX. 3TOT ~HKJI 3aBeprnaeTcsi: B TOM CJiyqae, eCJIH 

OAHH H3 MOAyJieH BbIAaeT CHrHaJI OCTaHOBKH. TaKOH nOAXOA Ha3bIBaeTCH 

~HKJIOM co6hITHH, TaK KaK o6b{qH0 aa OAHH ~HKJI BbIDOJIHHeTCH o6pa6oT­

Ka OAHOro 3aperHCTplipOBaHHOro co6bITHH, a OCTaHOBKa ~HKJia npoHCXO­

AHT TOrAa, KOrAa Bee co6hlTHH HcqepnaHhl. 

MoAyJIH, KaK npaBHJIO, BbffiOJIHfilOT OAHY 3aAaqy: qTeHHe KaJIH6poBoq­

HhlX Ta6JIH~, KaJIH6pOBKa OTKJIHKa AeTeKTOpa, qTeHHe co6hITHH, onpeAe­

JieHHe llIYMOBbIX HMnyJibCOB H T.A. ,1J;aHHbie B ~HKJie co6hlTHH xpaHHTCH 

B CTPYKTypax, Ha3bIBaeMbIX «KOHTeliHepaMH». IlpH Ka~AOM nepe3arry­

cKe ~HKJia KOHTeHHepbI B03Bparn;aIOTCH B HCXOAHOe COCTOHHHe, HOBhlX 

KOHTeHHepoB BO BpeMH ~HKJia He C03AaeTCH . .n;o Haqana ~HKJia co6bITHH 

MOAYJIH «nOAnHChlBaIOTCH» Ha KOHTeHHepbI, c KOTOpbIMH OHR XOTHT B3aH­

MOAeHCTBOBaTb B ~HKJie, H B AaJibHe:HrneM MOrYT pa6oTaTb TOJibKO c TeMH 

KOHTeHHepaMH, Ha KOTOpbre OHR nOAnHCaHhl. 

BARS HcnoJib3yeT MOAeJih ~HKJia co6hlTHH MARS, a T~e OTAeJihHhle 

MOAYJIH (B qaCTHOCTH, MOAYJib qTeHHH :meMeHTOB AepeBa ROOT-<l>a:H­

Jia). Co cBoe:H CTopoHhl, BARS A06aBJIHeT cne~HaJibHhle KOHTeHHepbI 

AJIH pa6oThl c AaHHhlM, cne~H<l>HqecKHMH AJIH Baikal-GVD H MOAYJIH, 

peaJIH3yIOIIJ;He anropHTMbI nOAaBJieHHH llIYMOB, BOCCTaHOBJieHHH co6bI­

THH, onpeAeJieHHH reoMeTpHH yCTaHOBKH H T.A. Ha ocHoBe 3THX MOAyne:H 

H KOHTeHHepoB peanH30BaHbI BbICOKoypoBHeBbie nporpaMMbI o6pa60TKH 

AaHHhlX, B qaCTHOCTH nporpaMMbI AJIH o6'beAHHeHHH H BOCCTaHOBJieHHH 

co6hlTHH, KOHTPOJIH KaqeCTBa pa60Thl KaHaJIOB yCTaHOBKH. 
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I TIApO MARS -i 
Puc. 7. 06w;asi: apiuueKTypa BARS 

06rn;asi: apXHTeKTypa BARS npeACTaBJieHa Ha PHc. 7. 

B rnaue 4 OIIHCaHa nOArOTOBKa AaHHbIX B Baikal-GVD K <l>H3HqecKO­

MY aHaJIH3y. K 3aAaqaM nowoTOBKH AaHHbIX OTHOCHTCH: 

1. OnpeAe.n:eHHe napaMeTpoB 3aperHCTpHpOBaHHhlX HMIIYJibCOB no AaH­

HbIM ceK~HH. 

2. KaJIH6poBKa BhlAeJieHHhlX HMnynhCOB no BpeMeHH, 3apHAY H aM­

nnHTYAe. 

3. 06'beAHHeHHe MaCTepHbIX aanHce:H c pa3JIHqHbIX ceK~HH ycTaHOBKH 

B eAHHOe co6bITHe, COOTBeTCTByrorn;ee perHCTpa~HH MIOOHa HJIH 

KaCKaAa. 

4. OnpeAeJieHHe noJio~eHHH <l>oTOAeTeKTopoB B MOMeHT co6bITHH. 
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5. IIp1rne,1wHHe aKcrrepHMeHTaJibHbIX co6bITHH K ep;HHOMY <PopMaTy 

C MO,IJ;eJlbHbIMH p;aHHbIMH. 

6. IIop;aBJieHHe IIIYMOBbIX HMIIYJibCOB. 

OnpeAeneHMe napaMeTpoe MMnynbcoe 

IIepBbIH aTarr rrop;roTOBKH rrpep;cTaBJIHeT co6o:H rrpeo6paaoBaHHe OT­

KJIHKa ycTaHOBKH B MaCCHB 3HaqeHHH, cop;ep:il<aIIJ,HH BpeMeHa H aMIIJIH­

TYAhl HMilYJibCOB Ha cpa6oTaBIIIHX KaHaJiax p;eTeKTopa. 8To rrpeo6pa-

30BaHHe II03BOJIHeT Ha p;aJibHeHIIIHX 3Tarrax o6pa60TKH paccMaTpHBaTb 

OTKJIHK ycTaHOBKH He KaK Ha6op ,z:i;opoJKeK <1>8Y, a KaK Ha6op BeKTOpOB, 

xapaKTep11ayxo~HX aaperHCTpHpOBaHHbie HMilYJibCbl. 

KanM6poeKa 

KaJIH6poBKa H3MepHTeJibHbIX KaHaJIOB ycTaHOBKH BKJiroqaeT B ce6H 

BpeMeHHyxo II aMIIJIHTYAHYID KaJIH6poBKH. llaMepHTeJibHblH KaHaJI COCTO­

HT H3 CJiep;yro~HX OCHOBHbIX 3JieMeHTOB (CM. PHc. 8): cPOT03JieKTpOHHOro 

YMHmKHTeJIH, perHcTpHpyxo~ero qepeHKOBCKoe H3JiyqeHHe aapHJKeHHbIX 

qacT11:u;; ycHJIHTeJIH CHrHaJIOB <1>8Y; rJiy6oKOBO,IJ;HOro KOaKCllaJibHOro Ka-

6e.rrH PK50, rro KOTopoMy ycHJieHHbrn CHrHaJI rrepe,z:i;aeTCH B 6JIOK o:u;H<P­

poBKH CHrHaJIOB; aHaJIOro-:u;H<PpoBoro rrpeo6paaoBaTeJIH (AIJ;II) , rrpeo6-

paayro~ero CHrHaJI B :u;11<Pp0Byxo <PopMy. 

KaJIH6poBKa KaHaJIOB B :u;eJioM H Hx cocTaBHbIX aJieMeHTOB Heo6xo­

AHMa AJIH rrpeo6pa30BaHHH napaMeTpOB CHrHaJIOB ( aapHp;a HMilYJibCa 

H BpeMeHH ero perHCTpa:u;1111, H3MepeHHblX np11 IlOMO~ll CKaH11pyxo~ero 

AIJ;II) B HHTeHCHBHOCTb ( aMilJIHTYAHaH KaJIH6pOBKa) H BpeMH perHCTpa­

D;HH (BpeMeHHaH KaJIH6pOBKa) IlOTOKa qepeHKOBCKHX cPOTOHOB cPOT03JieK­

TpOHHbIM YMHOJKHTeJieM. 

AMilflHl)')J.HaH Kam16pOBKa KaHanOB OCHOBaHa Ha xopomo H3BeCTHOH MeT0-

)1.HKe H3MepeHHH 0)1.HO-<i>OTO'.meKTpOHHblX (o.<P.3 .) crreKTpOB - aMnnHl)')J.HblX 

pacrrpe)J.eJieHHii, rronyqeHHhIX B pe)l(HMe perncTpaQHH e)J.HHH'IHhIX <l>oTo3neKTpo­

HOB. B pe3yn1>TaTe o6pa6oTKH o .<P.3 . crreKTpOB orrpe)J.em1eTCH BenITTHHa 3ap»Aa 

YC141114Tem. 
Ka6enb, 90 1\1 

At.tn. 12 614T, 200 Mn.1, 

Puc. 8 . lfaMepI'ITeJibHbIR KaHan 

16 

<l>oT03JieKTpotta, H3MepeHHa» B KO)J.ax AU:II, (q 1e). IlapaMeTp q 1e Ha3bJBaeTc» aM­

nnHl)'AHhIM Kantt6pOBOqHblM K03<j><j>HI..{HeHTOM H HCI10flb3yeTCJI AJIH orrpe)J.eneHHJI 

KOJIHqecTBa <i>OT03neKTpOHOB, o6pa30B3BIIIHX 3aperHCTpttpOBaHHhIH HMrrym.c. 

,il;JIH aMilJIHTYAHOH KaJIH6poBKH KaHaJIOB HCilOJib3yeTCH cne:u;HaJib­

HbIH pe'1mM pa60Tbl YCTaHOBKH, np11 KOTOpOM Ha BCe KaHaJlbl nop;aeTCH 

o6~HH TpHrrep OT "BHernHero" HCTOqHHKa, He3aBHCHMO OT cpa6aTbIBa­

HHH KaHaJIOB. PeayJibTaThl aMIIJIHTYAHOH KaJIH6poBKH 2014 rop;a rrpep;­

CTaBJieHhl Ha PHc. 9. 
BpeMeHHaH KaJIH6pOBKa COCTOHT B onpep;eJieHHH BpeMeHHbIX C,IJ;BH­

JKeK 11aMep11TeJibHbIX KaHaJIOB, o6yCJIOBJieHHbIX aa,z:i;epJKKaMH <1>8Y, AIJ;II 

11 Ka6eJIH . Bo BpeMH pa6oTbI yCTaHOBKH, cy~eCTByeT TPH crroco6a onpe,z:i;e­

JieHHH TaKHX C,IJ;BHmeK: 

1. C noMO~bIO KaJIH6poBoqHbIX CBeTo,11;110,z:i;oB, pacnoJioJKeHHbIX Ha OM. 
2. c IlOMOI:u;bIO BHernHero HCTOqHHKa CBeTa (cBeTO,IJ;HO,IJ;HOH MaTpHD;bl 

HJIH Jiaaepa). 

3. c IlOMO~bIO aTMoc<PepHbIX MIOOHOB . 

BpeMeHHaH KaJIH6poBKa c noMOI:u;bIO cBeTo,11;110,z:i;oB, rroaBOJIHeT yqecTb 

BKJiap; aa,z:i;epmeK Bcex coCTaBHbIX aJieMeHTOB KaHaJIOB. CBeTOAHOAHbie Ka­

JIH6poBoqHbie HCTOqHHKH yCTaHaBJIHBaIOTCH Ha KOHTpOJIJiep OM H opH­

eHTHpoBaHhl B HanpaBJieHHH, rrpoTHBonoJiomHoM <PoToKaTop;y <1>8Y. Ta­

KaH op11eHTaD;HH CBeTOAHOAOB Il03BOJIHeT perHCTpHpOBaTb llX CHrHaJibl 

K aK <1>8Y, pacnOJiomeHHOM B MO,IJ;yJie co CBeTOAHOAOM, TaK H <1>8Y, pac­

IlOJIOmeHHOM Bb1rne Ha rHpJIHHp;e ( cM. P11c . 10). 

CBeT Ha BepXHHH <1>3Y pacrrpoCTpaHHeTcH qepea Bop;y, Ha HHmHHH 

<1>3Y - qepea CTeKJIHHHblH Kopnyc OIITHqecKoro MOAYJIH, KOTOpbIH Bbl­

CTyrraeT B pOJIH BOJIHOBop;a. 

,il;JIH onpep;e.rreHHH OTHOCHTeJibHblX BpeMeHHbIX C,IJ;BHJKeK cocep;HHX 

KaHaJIOB (T SHIFT) B~HCJIHJIOCb BpeMH Memp;y HMilYJibCaMH dT (H3Me­

peHHe BpeMeHH CHrHaJia ocy~eCTBJIHJIOCb Ha IlOJIOBHHe BbICOTbl) H cpaB­

HHBaJIOCb c OJKHp;aeMhlM BpeMeHeM, B~HCJieHHhlM HCXOAH H3 paCCTOH­

HHH Memp;y OIITHqecKHMH MOAYJIHMH H CKOpOCTH pacrrpoCTpaHeHHH CBeTa 

B 6aliKaJibCKoli Bop;e. Ha PHc. 11 npep;CTaBJieHbl BpeMeHHbie cp;BHmKH 

Memp;y KaHaJiaMH T SHIFT' H3MepeHHhle AJIH yCTaHOBKH 2014 rop;a. Bpe­

MeHHble cp;BHmKH BbJqHCJIHJIHCb HeaaBHCHMO AJIH Kam,z:i;o:H ceK:u;1111 OM 
( 12 onT11qecKHX Mop;yJie:li) . IIepBhl:li (HHJKHHli) KaHaJI ceK:u;HH BbI6HpaJICH 

B KaqeCTBe 6a30BOro, OTHOCHTeJibHO KOTOporo onpep;e.rrHIOTCH BpeMeHHbie 
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Puc.10. CxeMa BpeMeHHo:ii: KaJIH6poBKH c noMo~bro cBeTop;Hop;oB 

cMem;emrn: T SHIFT ocTa.JibHbIX KaHa.JIOB. 

MeTo,n;:uKa BpeMeHHo:H Ka.rr:u6poBKH, orr:ucaHHaSI BhIIIIe, II03BOJISieT 

orrpe,n;eJI:UTb BpeMeHHbie C,ll;B:u:JKKH KaHa.JIOB He3aBHCHMO ,ll;Jl.H KajK,lJ;OH 

ceK~:U:U ycTaHOBKH, a ,ll;Jl.H orrpe,n;eJieHH.H BpeMeHHbIX C,ll;B:UjKeK MejK,n;y ceK­

~H.HMH, pacrroJIOjKeHHbIMH Ha O,ll;HOH r:upJI.HH,n;e, BepXH:uli OM Hm1me:H 

ceK~:u:u 3acBe'IHBa.JI HHjKHHH OM BepxHeli. 

BpeMeHHa.H Ka.JI:u6poBKa ceK~:u:H, pacrroJIOjKeHHbIX Ha pa3HbIX r:up­

JI.HH,n;ax, ocym;eCTBJISIJiaCb c IIOMO~IO KaJI:u6pOBO'IHOro HCTO'IHHKa, COCTO-
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Puc.11. PeayJibTaTbI BpeMeHHOH KaJIH6poBKH 2014 rop;a 
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Puc.12. Pacnono:iKeHHe CBeTOp;HOp;Ho:ii: MaTpHQbI B KJiaCTepe Baikal-GVD 

.Hm;ero H3 12 CBeTO,ll;HO,ll;OB, paCIIOJIOjKeHHbIX B OT,D;eJibHOM rJiy6oKOBO,ll;HOM 

Kopnyce (MaTpH~e:H cBeTO,n;:uo,n;oB). MeCTo pa3Mem;eH:u.H cBeTo,n;:uo,n;Holi 

MaTpH~hl rroKa3aHO Ha P:uc. 12. 
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Puc.13. lfaMepeHHbie (T-T0)185 H pacc'IHTaHHhle (T-T0)EXP npeMeHHbie aa,D;epmKH 

Mem,ZJ;y Kamw:aMH, pacnoJIOJKeHHbIMH Ha pa3HbIX rHpJI.llH,ZJ;aX (CJieBa) H BeJIH'IHHa Bpe­

MeHHOH C,D;BHJKKH MeJK,ZJ;y ceKQH.llMH, H3MepeHHa.ll no pa3HbIM napaM KaHaJIOB 
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Puc.14. Koop,D;HHaTbI aKyCTH'lecKoro MO,ZJ;eMa N2l6, ceaHc 556, 2015ii: ro,ZJ; 

0THOCHTeJibHbie BpeMeHHbie CAJ3HmKH ceKIJ;HH orrpeti;eJIJIJIHCb KaK 

pa3HOCTb Memti;y omHti;aeMbIMH (dT EXP) H H3MepeHHbIMH (dT) BpeMeH­

HbIMH 3ati;epmKaMH Memti;y CHrHaJiaMH, 3aperHCTpHpOBaHHbIMH Ha 

KaHaJiax, pacrroJiomeHHbIX B pa3HbIX ceKu;HHX. PHc. 13 HJIJIIOCTpHpyeT 

MeTOAHKY orrpeti;eJieHHJI MemceKIJ;HOHHbIX BpeMeHHbIX CABHmeK dT SEC 

Ha rrpHMepe BepXHHX ceKIJ;HH 2-o:H H 8-o:H rHpJI.HHtJ;. ,lJ;JIJI Bbl'IHCJieHHJI 

dT SEC HCIIOJib30BaJIOCb OAHH KaHaJI 8-o:H rHpJI.HHAbI (N2185) H 9 KaHaJIOB, 

pacrroJiomeHHbIX Ha 2-o:H rHpJIJIHti;e. B JieBo:H qacTH pHCYffKa rrpeti;cTaB-
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JieHhl H3MepeHHhle BpeMeHHbie 3a)l;epmKH Mem.zw KaHaJiaMH (T-T0)185 

H paccqHTaHHbie Ha OCHOBaHHH H3BeCTHoro IIOJiomeHHJI HCTOqHHKa CBe­

Ta H OIITHqeCKHX MO,ll;yJie:H (T-Ta)EXP' 

Ha rpaii>HKe, pacrroJiomeHHOM B rrpaBo:H qaCTH P:uc. 13, rrpep;CTaBJieHa 

pa3HOCTb Memp;y omHp;aeMbIMH H H3MepeHHbIMH 3ap;epmKaMH KaHaJIOB . 

MHHHMaJibHOe OTKJIOHeHHe pacqeTHbIX 3ap;epmeK OT H3MepeHHbIX rroJiy­

qaeTCJI rrpH BpeMeHHOH C,ll;BHmKe Memp;y ceKIJ;HJIMH 142 HC (cpep;HeKBa­

p;paTHqHoe OTKJIOHeHHe 1. 7 HC). 

OnpeAeneHHe nono>KeHHiil <1>0ToAeTeKTopos 
B MOMeHT perncTpaU,HH co6blTHSI 

B Ba:HKaJibCKOH Bop;e onm6Ka B rroJiomeHHH orrTHqecKoro MOAYJIH Ha 

1 M 3KBHBaJieHTHa BpeMeHHOH C,ll;BHmKe CHrHaJia B 4.6 HC. B TO me Bpe­

MJI, CMe~eHHe OIITHqecKOI'O MOAYJIJI Ha rHpJIHH,ll;e MomeT ,ll;OCTHraTb 10 M . 

B TeqeHHe op;Horo ceaHca. ,lJ;JIH orrpep;eJieHHJI Koopp;HHaT OM B MOMeHT 

perHCTpau;HH B Baikal-GVD HCIIOJib3yeTcJI rHp;poaKyCTHqecKaJI CHCTeMa 

II03HIJ;HOHHpOBaHHJI, COCTOJI~aJI H3 Ha6opa aKyCTHqecKHX MO,ll;eMOB, pac­

IIOJiomeHHhlX B,ll;OJib rHpJIHHA yCTaHOBKH. IlpH6JIH3HTeJibHo pa3 B MHHYTY 

ocy~eCTBJIJieTCJI IIOCJiep;oBaTeJibHbIM orrpoc H BOCCTaHOBJieHHe OTHOCH­

TeJibHbIX KOOp,ll;HHaT MO,ll;eMOB. IlpHMep TaKHX KOOp,ll;HHaT rrpep;CTaBJieH 

Ha PHc. 15. 

,IJ;aHHhle 0 KOOp,ll;HHaTax MO,ll;eMOB «BbipaBHHBaIOTCJI», TO eCTb HHTep­

IIOJIHPYIOTCJI TaK, qTo qepe3 paBHhle rrpoMemyTKH BpeMeHH orrpep;eJIJIIOT­

CJI KOOp,ll;HHaThl Bcex MO,ll;eMOB ycTaHOBKH - mcycmUl.f,eCH:Ue H:OH</Ju2ypa-

4uu yCTaHOBKH. 

B HeKOTOpbIX CJiyqaJIX, Korp;a c MO,ll;eMOM ,ll;OJirOe BpeMJI HeT CBJI3H, ero 

KOOp,ll;HHaTbl IIOJiyqaIOTCJI JIHHeHHbIM C,ll;BHrOM KOOp,ll;HHaT MO,ll;eMa, pac­

IIOJiomeHHOro Ha TaKOH me rJiy6HHe, TaK KaK rrpep;IIOJiaraeTCJI, qTO rHp­

JIJIH,ll;hl ABHmYTCJI rrapaJIJieJibHO p;pyr p;pyry (cM. PHc. 15). 

IlpH rrop;roTOBKe co6bITHJI K il>H3HqeCKOMY aHaJIH3y, ,ll;JIJI 3ap;aHHOro 

BpeMeHH co6hlTHJI orrpep;eJIJIIOTCJI p;Be 6JIHmaHWHe K HeMy aH:ycmUl.f,eCH:Ue 

H:on</Ju2ypa4uu, p;o H rroCJie co6hlTHJI. Koopp;HHaTbI OM rrOJiyqaroTCJI JIH­

HeiiHoii HHTepIIOJIJIIJ;Heii IIOJiomeHHH aKyCTHqeCKHX MO,ll;eMOB Ha 3apaaee 

H3BeCTHYIO pa3MeTKY rHpJIHHA ycTaHOBKH. 
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npviBeAeHVle C06blTVllil K eAVIHOMY <J>opMary 
VI noAasneHvie wyMOB 

IloCJie orrpep;e.rremrn: rrapaMeTpoB HMIIYJibCOB, KaJIH6pomm, <l>opMH­

poBa.HHH co6bITHH H BbfqHCJieHH.H reoMeTpHH YCTa.HOBKH B MOMeHT pe­

I'HCTpa~HH, co6bITHe npeo6pa3yeTC.H K CTaHp;apTHOMY npep;CTaBJieHHIO, 

KOTOpoe HCIIOJib3yeTC.H )J;JI.H nop;aBJieHH.H lllYMOB, Bbl)J;eJieHH.H H BOCCTa­

HOBJieHH.H co6bITHH. ::ho npep;CTaBJieHHe cop;ep~HT TOJibKO HH<i>OpMa~IO 

0 HOMepe Ka.HaJia, 3ap.Hp;e H BpeMeHH perHCTp~HH 3aperHCTpHpOBaH­

HbIX HMIIYJibCOB . .D:onoJIHHTeJibHa.H HH<l>opMa~HH (HanpHMep, oco6eHHO­

cTH <l>opMbl HMIIYJibCOB) MO~eT HCIIOJib30BaTbC.H B )J;aJibHeliIUeH o6pa6oT­

Ke, Ho CTaHp;apTHoli CTPYKTypo:H p;aHHbIX B ,ll;aJibHeliIUeM 6yp;eT HMeHHO 

TaKOH <l>opMaT. 

B cHJiy MO,ll;YJibHOCTH BARS, nop;aBJieHHe IUYMOB B Baikal-GVD MO­

~eT ocyw;ecTBJIHTbC.H pa3JIH'IHbIMH aJiropHTMaMH. CTa.Hp;apTHbIM nop;xo­

,ll;OM HBJI.HeTC.H MeTop; npH'IHHHOCTH, pa3pa6oTaHHhrn )J;JIH HT-200 H npep;­

Ha3Ha'leHHbIH, B nepByro oqepe,ll;b, )J;JI.H Bbl)J;eJieHH.H MIOOHHbIX co6bITHH. 

B paMKax aToro nop;xop;a npep;noJiaraeTC.H, 'ITO pa3HOCTb BpeMeH JII06o:H 

napb1 HMIIYJibCOB B co6blTHH p;oJI~Ha 6hITb MeHhIUe BpeMeHH pacrrpo-
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Puc.15. OIIpe.D;eJieHHe X-xoop.D;HHaThl Hepa6oTaro~ero axyCTWiecKoro MO.D;eMa (cep.) 

IIapamieJibHhIM Cp;BHrOM KOOp,!l;HHaT coce.D;Hero MO,!l;eMa. HoBbie KOOp.D;HHaThl OTMe'Ie­

Hbl KpaCHbIM ~BeTOM. 
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CTpa.HeHH.H CBeTa Memp;y 3THMH Ka.HaJiaMH. 8TO YTBep~p;eHHe Ha3bIBa­

eTC.H KpHTepHeM npH'IHHHOCTH. Te HMIIYJibCbl, KOTOpble He yp;oBJieTBOp.H­

IOT KpHTepHIO npH'IHHHOCTH B 60JibIUHHCTBe nap, C'IHTaIOTC.H lllYMOBbIMH 

H OT6paCbIBaIOTC.H. 

rnaBa 5 IIOCB.Hill;eHa aHaJIH3Y MIOOHHblX )J;a.HHblX, IIOJiyqeHHbIX B pe-

3YJibTaTe perHCTpa~HH npop;yKTOB B3aHMOp;eHCTBH.H HeHTpHHO co cpe­

p;o:H, a T~e aTMoc<l>epHbIX MIOOHOB. ATMoc<l>epHbie MIOOHbI HBJI.HIOTC.H 

<l>oHOM npH perHCTpa~HH HeHTpHHO aCTpo<l>H3H'leCKOH npHpO,ll;bl, op;­

HaKO HX MO~HO HCIIOJib30BaTb )J;JI.H HCCJiep;OBa.HH.H OTKJIHKa p;eTeKTopa 

H onpep;eJieHHH BpeMeHHhIX MemKaHaJibHbIX cp;BHmeK. MrooHHbie co6h1-

THH HCIIOJib3YIOTC.H )J;JI.H IIOHCKa HCTO'IHHKOB aCTpo<l>H3H'leCKHX HeHTpH­

HO H rrpO)J;YKTOB a.HHHI'HJI~H.H CJia6o B3aHMOp;eHCTByIOw;Hx MaCCHBHbIX 

qaCTH~ (WIMP). B Ka'leCTBe npHMepa <l>H3H'leCKOH 3ap;a'IH, Henocpep;­

CTBeHHO CB.H3aHHOH c perHCTp~Heli MIOOHOB, B pa6oTe npHBep;eHa o~eH­

Ka 'IYBCTBHTeJibHOCTH Baikal-GVD K cHrHaJIY OT a.HHHI'HJIH~HH TeMHOH 

MaTepHH B IJ;eHTpe I'aJiaKTHKH (PHc. 16). O~eHKa cp;eJia.Ha p;JIH op;Horo 

rop;a pa6oTbI TeJiecKona Baikal-GVD, coCTo.aw;ero H3 12 KJiaCTepoB, 2304 
OIITH'leCKHX MO)J;yJieli, pa3Mew;eHHbIX Ha 96 I'HpJI.HH)J;ax. 

XoTH ~eJibIO Baikal-GVD HBJI.HeTC.H perHCTp~HH HeliTpHHO OT aCTpo­

<l>H3H'leCKHX HCTO'IHHKOB, IIOTOK aTMoc<l>epHbIX MIOOHOB T~e He 6ec­

IlOJie3eH. Pe3yJibTaThI perHCTp~HH ceK~HHMH aTMoc<l>epHbIX MIOOHOB 

MO~HO HCIIOJib30BaTb )J;JI.H BpeMeHHOH KaJIH6poBKH KaHaJIOB ceK~HH, 

lc-15 

le- If> 

lc-17 

. .., lc-18 

... e lc-19 
,; 

lc-211 # .. 
0 
v lc-21 

lc-22 

lc-23 

lc-24 
10 100 

mDM•Gl·V 

bh -
w•w· -···­

r•1· ·····• ····· 

1000 

v v · -ti ­

µ+µ· --- - · 

• 

ICIOOO 

Puc.16. 't.JYBCTBHTeJibHOCTb Baikal-GVD K <crV> B Te'IeHHe ro.D;a ,!l;Jl.11 pa3HbIX KaHa­

JIOB aHHHrHJDru;HH 
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np0Bep1m TOqHOCTli MOP,eJrnpoBaHRH li CTa6mihHOCTli pa60Tbl KaHaJIOB. 

)J;JIH 3TRX u;eJieli RCnOJib3yIDTCH /:J.T-pacnpep,eJieHRH - pacnpep,eJieHRH 

aap,epJKeK pacnpocTpaHeHRH cnrHaJia MeJKp,y napoli KaHaJIOB no aTMoc­

cl>epHbIM MIOOHaM (cM. Pnc.17). IlycTb t:J.rrAij R /:J.TBij - pacnpep,eJieHRH 

aap,epJKeK MeJKp,y KaHaJiaMR i nj, noJiyqeHHhie na paaHhIX tta6opoB p,aH­

HhIX. IlyCTb, p,aJiee, !:J.tABij - paCCTOHHRe MeJKp,y 3TRMR pacnpep,eJieHRH­

Mli. IIpep,noJiaras, qTo t:J.rrAij n t:J.TBij RMeIOT op,nHaKOByro cl>opMy, l:J.tABij 

6yp,eT paBHO paCCTOHHRIO, Ha KOTOpoe Hap,o CP,BRHYTb OP,HO pacnpep,eJie­

HRe, qT06h1 OHO noJIHOCThIO "HaJIOJKRJIOch" Ha p,pyroe. Torp,a: 

• ECJIR t:J.rrAij noJiyqeHo na aKcnepnMeHTaJihHhIX P,aHHhIX, a /:J.TBij - na 

MOP,eJIRpoBaHRH, TO t:J.tABij 6yp,eT pa3HOCTblO BpeMeHHbIX CP,BRJKeK Ka­

HaJIOB i li j. Ha OCHOBe 3HaqeHRH !:J.t P,JIH Bcex nap KaHaJIOB ceKD;lili 

MOJKHO BbflliCJIRTb 3HaqeHRH BpeMeHHblX CP,BRJKeK KaHaJIOB, qTO aK­

BliBaJieHTHO BpeMeHHoli KaJIR6poBKe ceKu;nn. TaKoli MeTop, TaKJKe no-

3BOJIHeT npoBepRTb peayJibTaTbl BpeMeHHOH KaJIR6poBKR, BbIITOJIHeH­

HOH p,pyrnMR MeTop,aMR (B qacTHOCTR, npn noMOID;R cBeTop,nop,Horo 

liCToqHlfKa CBeTa). 

• ECJIR t:J.rrAij noJiyqeHo na aKcnepnMeHTaJibHhIX p,aHHhIX, a /:J.TBij - na 

MOP,eJIRpOBaHRH, TO cpaBHeHRe 3TRX pacnpep,eJieHRH n03BOJIHeT ou;e­

HliTb KaqeCTBO MOP,eJilipOBaHRH. 

• ECJIR t:J.rrAij R /:J.TBij noJiyqeHbI na pa3HhIX Ha6opoB aKcnepnMeHTaJih­

HhIX p,aHHbIX, TO 3HaqeHRe t:J.tABij n03BOJIHeT ou;eHRTb CTa6RJibHOCTb 

BpeMeHHOH KaJIR6pOBKR, a cpaBHeHRe cl>opMbl pacnpep,eJieHRH - CTa-

6RJibHOCTb pa60Tbl KaHaJIOB. 

CoBoKynHOCTh nepeqnCJleHHhIX aap,aq Ha3brnaeTCH MIOOHHOH KaJIR-

6poBKOH. BbflRCJieHRe t:J.tABij ocyID;eCTBJIHeTCH c noMOID;blO MRHRMR-

3au;nn aapaHee onpep,eJieHttoB: cPYHKD;RR "paccTOHHRH" MeJKp,y pacnpe­

p,eJieHRHMR (CP,BRJKKR /:J.T-pacnpep,eJieHRH OTHOCRTeJibHO p,pyr p,pyra). 

B KaqecTBe TaKRX cPYHKD;RH RCnOJih3yIDTCH CTaTRCTRKa x2, CTaTRCTRKa 

KoJIMoropoBa-CMnpHOBa n RHTerpaJI nepeceqeHRH HOpMnpoBaHHhIX 

/:J.T-pacnpep,eJieHRH. IIpnMep ncnoJib30BaHRH MIDOHHOH KaJin6poBKR p,JIH 

onpep,eJieHRH li3MeHeHRH BpeMeHHbIX CP,BRJKeK KaHaJIOB 2014-2015 rr. 

npep,cTaBJieH Ha Pnc. 18. 

PeayJihTaT pa6oTbI ycTaHOBKR npep,cTaBJieH B Bnp,e noToKa ceKu;noH­

HhIX aannceli. 1.fro6bI ccl>opMRpOBaTb li3 aToro noTOKa OTKJIRK ycTaHOBKR 

Ha op,Ho co6b1Tne, HYJKHO onpep,eJIRTh, KaKne na ceKD;ROHHhIX aannceli 
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dT distribution for channels 54 and 55 
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Puc.18. M100HHble CABmKKH 2014/2015 

ccl>opMnpoBaHhI o6ID;RM TpnrrepoM. Ha annapaTHOM ypoBHe P.JIH aTnx 

u;eJieli B KaJKp,oli aanncn ceKu;nn cop,ep:llrn:TCH 3HaqeHne TpnrrepHoro 

cqeTqnKa TaK, qTO aanRCli c OP,RHaKOBbIM 3HaqeHReM OTHOCHTCH K OP,HO­

MY co6bITRIO. Op,HaKo B03MOJKHhie c6on B pa6oTe cqeTqlfKOB R npncqeThI, 
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Puc.19. Pacnpe.n;enemrn co6bITHH no ~t 

cmrnaHHbie c 6pocmlMH Hanp.!DKeHH.H 3JieKTponHTaHHH, MoryT HCKaJKaTb 

3Ha'leHHH C'leT'IHKOB. IIoaToMy AJIH <:PopMHpoBaHHH o6m;ero co6bITHH 

MOJKHO HCnOJib30BaTb p;onOJIHHTeJihHhIH napaMeTp - pa3HOCTb BpeMeH 

perncTpaI.1,HH TpHrrepa Ha ceKu;mix ~t. 

KoppeKTHOCTh o6'be,D;HHeHHH co6bITHli B cepnn H3MepeHHH onpep;e­

JI.HeTCH no BeJIH'IHHe cpep;HeKBap;paTH'IHOro OTKJIOHeHHH CJ(Af), KOTOpoe 

p;oJIJKHO cocTaBJIHTh BeJIH'IHHY oKoJio 6 He. Ha Pnc.19 npep;cTaBJieH npH­

Mep pacnpep;eJieHHH 3Ha'leHHH ~t, noJiy'leHHOro BO BpeM.H O,ll;HOH H3 ce­

pHH H3MepeHHii AJIH p;Byx AIJ;II ycTaHOBKH. 

C<:PopMHpoBaHHhie co6bITHe roTOBhI K BOCCTaHOBJiemuo. IIpou;ep;y­

pa BOCCTaHOBJieHHH MIOOHOB B Baikal-GVD B HaCTO.Hlll;HH MOMeHT aHa­

JIOrH'IHa npou;ep;ype BoccTaHOBJieHHH B HT-200 H npep;cTaBJI.HeT co6oli 

MHHHMH3aIJ;HIO X,2 no OJKH,D;aeMhlM BpeMeHaM cpa6aTbIBaHHH KaHaJIOB 

ycTaHOBKH: 

x2 =I; ('Ii (il)-ti )2 

i=l (\ 

3p;ecb Ti - OJKHp;aeMoe BpeMH perHcTpau;HH HMnyJibca Ha KaHaJie i, 

(J t .- onrn6Ka H3MepeHH.H BpeMeHH, µ - napaMeTpH3aIJ;H.H rnnoTeTH'le­

cKbii MIOOHHOH TpaeKTOpHH. Ha Pnc. 20 npep;cTaBJieHbI p;Ba BoccraHOB-

JieHHbIX MIOOHHbIX co6bITH.H. 
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Puc.20. BocCTaHOBJieHHhie MIOOHHbie co6bITH.H Baikal-GVD. BocCTaHOBJieHHbie ae­
HHTHbie yrJibI: 33° (CJieBa) H 69° (cnpaBa) 

B 3aKJIIO'leHHH npHBOAHTCH ocHOBHhie pe3yJihTaThl pa60Tb1: 

1. Pa3pa6oTaHa apxHTeKTypa cncreMbI o6pa6oTKH H aHaJIH3a p;aHHhIX 

BaliKaJihCKoro aKcnepHMeHTa: nporpaMMHOH nJiaT<:PopMhI BARS. Ctt­

CTeMa o6pa60TKH p;aHHblX o6ecne'IHBaeT ep;HHyIO MO,D;YJihHYIO nJiaT­

cPOPMY ,ll;JIH aHaJIH3a ,ll;aHHblX H CTaHp;apTH3aD;HIO <:PopMaTOB npep;­

CTaBJieHH.H 3KCnepHMeHTaJihHOH, MO,ll;eJihHOH H KaJIH6pOBO'IHOH 

HHcPOpMaD;HH. 

2. Pa3pa6oTaHa, onpo6oBaHa H peaJIH30BaHa MeTO,D;HKa MIOOHHoii KaJIH-

6poBKH KaHaJIOB. M100HHa.H KaJIH6poBKa no3BOJIHeT onpep;eJIHTh Bpe­

MeHHhle C,ll;BH:IKKH KaHaJIOB H MOHHTOpHpOBaTb cra6HJihHOCTb HX pa-

6oTbl. Pa3pa60TaHHaH MeTO,D;HKa TaKJKe MOJKeT npHMeHHThCH ,D;JIH 

KOHTPOJI.H Ka'leCTBa MO,D;eJIHpOBaHHH OTKJIHKa yCTaHOBKH Ha MIOOH­

Hble co6hITHH. 

3. Ha OCHOBe IIJiaTcPOPMhI BARS pa3pa6oTaHo H peaJIH30BaHo npo­

rpaMMHOe o6ecne'leHHe ,ll;JIH o6pa60TKH p;aHHhlX CHCTeMhl n03HD;HO­

HHpOBaHH.H Baikal-GVD (aKyCTH'leCKOH CHCTeMbl H3MepeHHH KOOp­

,ll;HHaT onTH'leCKHX Mop;yJieli). Pa3pa6oTaHHa.H nop;cHcTeMa no3BOJI.HeT 
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~llThIBaTb ,ll;HHaMHKY reoMeTpllll ycTaHOBKll IIpll o6pa60TKe co6h1-
TllH. 

4. Bh!Jia HaM:,n;eHa OIITHMaJihHaa Kom)mrypa:o;m1 Tp1:1rrepa ycTaHOBKH, 
o6eCIIff'IHBarorn;a.a MaKCHMaJibHyID a<t><i>eKTllBHyro IIJIOIIJ;ap;b per1:1cTpa­
IJ;llll MIOOHHhIX co6bITllH B YCJIOBll.!IX orpaH1:1qeHH.H Ha nponycKHyro 
CIIOC06HOCTh KaHaJIOB nepep;aq1:1 ,n;aHHhIX KJiaCTepa. 

5. Bh!Jia npOBe,n;eHa KaJI1:16poBKa KaHaJIOB KJiacTepa Baikal-GVD B KOH­
<1>1:1rypa:o;m1x 2013, 2014 1:1 2015 ro,n;oB. 

6. IlpoBep;eHHhie pa60ThI IIO o6pa60TKe 3KCIIep1:1MeHTaJihHhIX ,n;aHHhIX 
noaBOJIHJIH no,n;roTOBHTh 6aHK ,n;aHHhIX Baikal-GVD ,n;JI.a npoBe,n;eHH.H 
<1>1:1a1:1qecKoro aHaJIH3a MIOOHHhIX co6hITllH. 

7. Pa6oTa, BhIIIOJIHeHHa.a np1:1 no,n;roTOBKe Jie,n;oBoro Jiarep.a 1:1 MOHTaa<e 
ycTaHOBKH BO BpeM.a Tpex aKcne,n;1:1:o;1:1M: Ha oa. BaM:KaJI, .HBHJiaCh cyrn;e­
CTBeHHhIM BKJiap;oM B C03,ll;aHHe nepBoro KJiaCTepa rJiy6oKOBO,ll;HOro 
HeliTpHHHoro TeJiecKona Baikal-GVD. 
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