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Pa6oTa BhlIIOJIHeHa B <I>eµ,epaJihHOM rocyJVlJKT111•1moM 610µ,;KeTHOM yq­

pe;Kµ,eHHH HaJKH MHcTHTyre srµ,epHhlX HCCJieµ,onamdl: PoccHlicKoli aKa­

µ,eMHH HaYK (IUIM P AH). 

HaY'fllLiii pyxouo~Te.JIL: 

KaH,rr;H,rr;aT ¢H3HKO-MaTeMaTH'IeCKHX Ha-yK, CTapurn:H: HayqHhlll COTpy,rr;HHK 

Jla6opaTOpmI HeliTpHHHoi~ acTpo¢H3HKH BhlCOKHX :meprHli MHM P AH 
Auuymowwe BJiaou.Mup Mapamoeu•t. 

0.PH~a.JlbHLie onnoHeHTLI: 

Xpeuoe Bopuc Ap1caobeeu<i, ,rr;oKTop ¢H3HKO-MaTeMaTH'leCKHX HayK, 

HayqHo-HcCJieµ,osaTeJibCKHH HHCTHT}'T sr,rr;epHoli ¢H3HKH HMeHH 

,D;.B. CKo6eJibII;b1Ha MocKoBcKoro rocy,rr;apcTBeHHoro YHHBepcHTeTa HMe­

HH M.B. JloMoHocoBa, Jla6opaTopHSI qacTHII; cBepxsblcoKHX 3HeprHli, OT­

,rr;eJI KOCMH'IeCKHX HayK, BeJJ,~HH HayqHhlM COTpy,rr;HHK. 

H1Cywee Eezeuuu Nte1Ccauopo6u<i, KaHJJ,H,!l;aT ¢H3HKo-MaTeMaTH'IeCKHX 

Ha-yK, 06'be,rr;HHeHHblH HHCTHTYT sr,rr;epHbIX HCCJie,rr;oBaHHH, Jla6opaTopmI 

sr,rr;epHhlX rrpo6JieM HM. B. II. ,Zl;'1<enenoBa, HatiaJihHHK ceKTopa N2 1. 

Be.zzym;aJI opraHHaaIJ,HH: 
<I>e,rr;epanhHoe rocy,rr;apcTBeHHoe 610,rr;;KeTHoe yqpe'1<,rr;eHHe HaJKH <l>H-

3H'!ecKHH HHCTHTYT HM. II. H. Jle6e,rr;eBa Pocc11.licKoli aKa,rr;eMHH HaJK 

(<l>liAH). 

3am;HTa COCTOHTCSI 1 5 JlEK 2016 B 12 .' J '(/ qacon 

Ha 3ace,rr;aHHH ,rr;HccepTaa;HoHHoro coBeTa ,D; 002.119.01 Ha 6a3e <I>e,rr;e­

panbHoro rocy,rr;apCTBeHHOro 610,rr;JKeTHoro yqpe'1<,D;eHHSI Ha-yKH liHCTHTY­

Ta a,u;epHhlX HCCJie,u;oBaHHM PoccHMcKoM aKa,u;eMHH HayK, a.n;pec: 117312, 

MocKBa, rrpocrreKT 60-JieTHH 0KTH6pa, 7 A. 

C ,rr;HccepTaa;HeM M0'1<HO 03HaKOMHThCSI B 6H6JIHOTeKe MHM P AH H Ha 

caliTe www.inr.ru. 

ABTope¢epaT pasoCJiaH 1 4 HOA 2016 
YtieHhlH ceKpeTapb 

,rr;HccepTaII;HOHHoro COBeTa ,n; 002.119.01 

,rr;oKTOp ¢H3HKO-MaTeMaTH'IeCKHX Ha-yK C.B.TpoHII;KHH 

06~as. xapaKTep~cn1Ka pa6oTbl 

AKryanbHOCTb TeMbl 11tcrneA0BaH11tR 

li3yqeHHe acTpo¢H3M'IeCKHX HCTO'IHHKOB H MeXaHH3MOB reHepa­

II;HH HeihpHHO CBepXBblCOKHX :meprHH SIBJISieTCSI aKTYaJibHOH 3a,rr;a'leli 

B o6nacTH acTpo¢H3HKli 3JieMeHTapHhlX '!aCTHI.J;. B noCJie,rr;HHe ,rr;Ba ,rr;e­

C.f.!TWieTHH Ha6JI10,rr;aeTC.f.! 6ypHoe pa3BHTHe ¢H3liKH qacTHI.J;, a TaK;Ke 

acTpo¢H3HKli H KOCMOJIOrHli, Hsyqarom;mr npoa;ecchl, npoTeKaIOm;He rrpH 

3Heprnax He,rr;ocTynHhlX ycKOpHTeIDIM. 8To HaIIIJio CBOe OTpa'1<eHHe B C03-

,u;aHHH pa,u;a KpynHoMaCIIITa6HhlX ,rr;eTeKTOpOB (HeHTpliHHhlX TeJieCKO­

IIOB ), npe,rr;HaaHa'IeHHhlX ,rr;JIR peIIIemm urnpoKoro Kpyra HayqHhlX aa,rr;aq 

acTpo¢H3liKH :meMeHTapHbIX qacTna;: HCCJie,rr;oBaHHe BblCOK03HeprM'!HhlX 

rrpoa;eccoB B acTpo¢n3nqecKHX o6'heKTax n BO BceneHHoli B a;enoM c rro­

MOII.J;bIO HeHTpHHO BhlCOKHX 3Heprnli, liCCJie,ll;OBaHHSI <l>YHAaMeHTaJihHblX 

¢n3H'IeCKHX rrpo6JieM (B T. '1. ITOHCK HeliTpllHO, 06pa3yrom;mrcsr B peayJib­

TaTe aHHHl'HJIHII;HH HJIH pacna,ll;a 'IaCTHII; TeMHOH MaTepHli), e:ayqeHHe 

KOCMH'leCKliX nyqe.li c IIOMOIIl;hlO aTMoc¢epHbIX MIOOHOB, MOHliTOpliHr 

I'anaKTHKH C T0'1KH apeHHH perncTpaII;HH He:fiTpllHO OT BCIIbIIIIeK CBepx­

HOBblX. Hapsmy c rrpo6JieMaMH acTpo¢liaHKH, HeliTpHHHhle TenecKonhl 

H HX HH¢pacTpyKTypa HCIIOJib3yeTca BO MHOrHX ,rr;pyrnx o6JiaCT.f.!X Hay­

KH H TeXHHKH, TaKHX KaK rH,rr;poaKyCTHKa, rn,rr;po6noJiorns:c, rn,rr;poJIOrHH, 

oKeaHoJiorHR, reoJiorna, reo¢naHKa, rJIHII;HOJiorliH. 

R HaH6onee aHa'1RMhlM na BBe,ll;eHHhlX B 3KcrrnyaTaa;n10 n rrpoeKTH­

pyeMhlX He:BTpllHHblX Te.JieCKOITOB CJie,ll;yeT OTHeCTH IceCube (lOJKHhlM 

IIOJilOC), Ha KOTOpOM BIIepBhle 6hlJIH aaperHcTpHpOBaHhl HeRTpHHO acTpo­

¢n3H'1eCKOH npHpO,rr;hl, ANTARES (<l>paHII;RR) n KM3Net (rrpoeKT, o6'be­

,ll;HHHIOm;Hli HeliTpRHHhle TenecKOIIhl Cpe,ll;HaeMHoro Mops:c). 

B HacTos:cm;ee BpeMH B oa. BaliKaJI Ha 6aae ycTaHOBKH HT-200 coa­

,ll;aeTca rny6oKOBOAHblll HeHTpHHHblH TeJieCKOII MacIIITa6a Ky6H'!eCKoro 

KHJIOMeTpa Baikal-GVD (HTlOOO). Te.necKorr npe,rr;cTaBJISieT co6oli npo­

cTpaHCTBeHHyro peIIIeTKY ¢oTO,ll;eTeKTOpOB (oIITH'leCKHX MOJJ,yne:H:), perH­

CTPHPYIOm;HX naJiyqemrn BasnJioBa-1IepeHKoBa aapH;KeHHhlX qacTMII;-
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IIPOAYKTOB B3aIIMOAeHcTBIIH HeihpIIHO. OrrTI1qec1me MOAYJIB (OM) 

HeHTpIIHHOro TeJieCKOIIa crpynIIIlpOBaHbI B BIIAe KJiacTepoB-¢YHKIJ.Il­

OHaJihHO 3aIWHqeHHbIX 6JIOKOB ycTaHOBKII, crroco6HbIX perIICTpilpoBaTb 

HeHTpIIHHbie co6bITil.!I KaK B COCTaBe IIOJIHOMaCIIITa6Horo AeTeKTopa, TaK 

II B aBTOHOMHOM pe'1mMe. KnacTepbI B CBOIO oqepeAh ¢opMHPYIOTC.!I ll3 

rllpJI.!IHA OIITllqecKIIX MOAYJieli, 'ITO II03BOJI.!IeT OCYIIleCTBJI.!ITh MOHTa:IK 

ycTaHoBKll co JihAa o3. BaliKaJI. 

XapaKTepIICTHKll ¢oToIIplleMHllKOB OIITll'IeCKIIX MOAYJieli II ¢YHK­

D;llOHaJihHOCTh IIX :meKTpoHHhIX Y3JIOB B 3HaqHTeJihHoli cTerreHII 

orrpeAeJISIIOT rrapaMeTpbI HeHTpIIHHoro TeJieCKOIIa: BeJillqllHY s¢¢eK­

TllBHoro o6'beMa AeTeKTopa, 3HepreTI1qecKoe 11 yrnoBoe pa3perneHlle 

ycTaHOBKll, HaAe:IKHOCTh ll CTa6HJihHOCTh pa6oTbI perIICTpllpyrorn,eli 

CIICTeMbI B n;enoM. B cBoIO oqepeAh KOHCTPYKD;llH OIITllqecKIIX MOAY­

ne:B: HBJIHeTcH OAHHM 113 orrpeAeJIHIOIII,llX ¢aKTopoB AJIH orrepaTHBHoro 

pa3BepThIBaHHH KpyrrHoMacrnTa6Holi ycTaHOBKll, COAepmaIII,e:li 6onee 

ABYX TbicHq OM. ,Il;aHHaH pa6oTa rrocBSIIII,eHa rrpo6neMaM orrTIIMH3a­

D;llll 11 C03AaHHH orrTI1qec1wro MOAYJIH AJIH 6atiKaJihCKoro HeliTpllHHoro 

TenecKorra Baikal-GVD. 

Uenb pa60Tb1 111 MeTOAbl 111crneA0BaH111si 

IJ:enb pa6oThl 3aKJIIO'IaeTC.!I B pa3pa6oTKe OIITll'IeCKOro MO).J;YJIH, OIITll­

Mll3llpoBaHHOro AJIH pa6oThl B cocTaBe BaliKaJihciwro HeliTpllHHoro Te­

necKorra Baikal-GVD ll pa3pa6oTKe aBToMaTil3llpOBaHHoli CllCTeMhl AJIH 

KaJIH6poBKll ll rrpoBepKll orrTH'IeCKIIX Mo;:i:ynell: B ycnoBHJ:IX llX MaccoBoro 

IIpOI13BOACTBa. 

OrrT11qecKI1H Mo;:i:yni, AOJI:>KeH s¢¢eKTllBHO perllcTpllpoBaTh cna6hle 

BCIIhlllIKll ll3JIYlJeHHSI BaBHJioBa-"llepeHKOBa (BIIJIOTh ;:i:o eAHHllqHhIX ¢0-

ToHoB) c BpeMeHHhlM pa3perneHileM Ha ypoBHe eAllHIID; HaHOCeKYHA, Bhl­

AepamBaTh r11;.i:pocTaTI1qecKoe ;:i:asneHHe AO rny6I1H He MeHee -1,5 KM, 

OOeCIIe'IllBaTh B03MO:IKHOCTh yrrpaBJieHMSI ll MOHllTOpIIHra rrapaMeTpOB 

OM ll rrpoBeAeHHSI aMITJIHTYAHOM ll BpeMeHHoli KaJIH6poBKH KaHaJioB 

ycTaHOBKII. KoHCTPYK~H OM AOJI)ICHa 6hlTh orrTHMll3HpoBaHa AJIH one-
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paTllBHOro MOHT~a MOAyJieli Ha HeCYIIIIle Ka6enhHhle KOMMYHH~llll 

B rrpon;ecce pa3BepThlBaHIIH ycTaHOBKll co JihAa o3. BaliKan. 

3aAa'IaMII pa6oThl HBJIHJillCh: 

• OIITllMll3aD;ll.!I KOHCTpYKIJ.IIII II ¢YHKIJ.IIOHaJihHOro COCTaBa 6JioKa 

3JieKTpOHIIKII OIITil'IeCKoro MOAYJI.!I; 

• pa3pa6oTKa arrrrapaTypbI cHcTeM perHcTpan;HH, ynpaBJieHHH, Ka­

JIM6poBKll ll MOHllTOpIIHra rrapaMeTpOB OIITil'IeCKOro MOAYJIH; 

• C03AaHMe arrrrapaTyphl ll nporpaMMHoro o6ecneqeHMSI IICIIhlTa­

TeJihHhIX CTeHAOB AJISI IICCJie).J;OBaHil.!I xapaKTepIICTIIK OIITil'IeCKIIX 

MOAYJieH II llX KOMITJieKTYIOliillX 3JieMeHToB; 

• rrpoBeAeHile KOMITJieKCHhlX na6opaTopHbIX IICCJie).J;OBaHIIH xapaK­

TepllCTMK OITTllqecKIIX MOAyneli; 

• HaJiaA:Ka rrpon;eAYPhl rrowoToBKH OM B ycnoBIIJ:IX llX MaccoBoro 

IlpOil3BOACTBa; 

• ;:i:onroapeMeHHhle HaTypHhle MCIIhlTaltll.!I OM B o3. BaliKan B cocTa­

Be rrepBoli oqepeAII KJiacTepa Baikal-GVD. 

Hay•masi HOBlll3Ha "1 npaKT111lfeCKasi 3HalflllMOCTb 

Pa3pa6oTaHHhlH B paMKax AIICcepTaD;IIOHHoli pa6oThl orrTil'IecKIIH 

MOAYJlh .!IBJIHeTC.!I ocHOBHhIM perI1cTpIIPYIOIIIllM 3JieMeHTOM YHIIKaJih­

Holi ycTaHOBKll: rny60KOBO).J;Horo HeliTpIIHHoro TeJieCKOila Ky6oKIIJIOMe­

TpoBoro MacrnTa6a Baikal-GVD. OnTI1qecKI1e MOAYJIII co'leTaIOT B ce6e 

rrpocToTy KOHCTPYKD;llll, o6ecrre'lIHBaIOIII,yro B03MO:IKHOCTh llX HaAe:JK­

Holi ll 6hlcTpoli c6opKH ll orrepaTIIBHoro MOHTama co JihAa 03. BaliKan, 

II ¢YHKIJ.IIOHaJihHYIO 3aKOH'IeHHOCTh, IT03BOJIHIOliIYIO AilarHOCTHpOBaTh 

llX COCTOSIHile ll OCYIIleCTBJISITh rrpoBepKy, KaJIM6pOBKY ll MOHMTOpIIHr na­

paMeTpOB B pe)ICIIMe YAaJieHHoro AOCTyna. 

MeTOAHKa ll nporpaMMHoe 06ecrre'IeHI1e, C03AaHHoe AJIH aBToMa­

Til3IlpoBaHHoli KaJIM6poBKII, rrpoBepKII ll rracrropTH3aD;IIII OIITll'leCKMX 

MOAYJieli 3aperI1cTpI1poBaHhl B PeecTpe rrporpaMM AJI.!I 8BM «l>eAepanh­

Holi cnym6hl no IIHTeJIJieKTYaJihHOH co6cTBeHHOCTll 19 ceHT.!I6pSI 2012 r. 
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(CBl'.I}l;eTeJihCTBO 0 rocy}l;apcTBeHHOH peI'HCTpau;m1 nporpaMMhl }l;JIJI 8BM 

N2 20126184 70). Pa3pa6oTaHHaJI MeTo}l;HKa H nporpaMMHoe o6ecnetieHHe 

aBTOMaTH3lipOBaHHOH KaJIM6poBKH H npoBepKH MOI'YT 6hlTh HCilOJlh30Ba­

Hhl B }l;eTeKTopax, B peI'HCTPHPYIO!WfX CHCTeMax KOTOphlX npHMeHJIIOTCJI 

<PoTo3JieKTpoHHhle YMHOJKHTeJIH. 

Jl~'-IHbn1 BKJlaA aBTOpa 

1. ABTop npMHHMaJI Henocpe}l;cTBeHHoe yqacTHe B co3}l;aHHH onTntie­

cKoro Mo}l;ymI my6oKOBO}l;Horo HeHTpMHHoro TeJiecKona Baikal-GVD: 

pa3pa6oTKe KoHcTpyKD;HH OM, pa3pa6oTKe 6JioKa aJieKTpoHHKH OM, 

CHCTeMhl KaJIM6poBKH li MOHliTOpHHI'a napaMeTpOB MO}l;YJI.H. 

2. ABTop .HBJI.HeTC.H }l;e.HTeJihHhlM yqacTHHKOM BOChMH 3HMHHX aKcne}l;H­

u;Hli Ha os. BaliKaJI, B nepno}l; MeJK}l;Y aKcne}l;Hll;H.HMH HCTIOJIH.HJI o6.H-

3aHHOCTH }l;ejKypHoro onepaTopa Ha TeJiecKone. 

3. ABTopoM pa3pa6oTaHhI H BHe}l;peHhl MeTo,zurna H nporpaMMHoe o6e­

cnetieHHe }];JI.fl aBTOMaTH3HpoBaHHOH KaJIM6poBKH, npoBepKH H na­

cnopTH3all;HH OilTH'IeCKHX MO}l;yJie:ft. 

4. ABTopoM 6bma ocymecTBJieHa KaJIM6poBKa, npoBepKa H IIO}l;I'OTOBKa 

K pa6oTe npoTOTHllOB OilTH'leCKHX MO}l;yJieH (2007-2008 rr.), OilTli­

qecKHX MO}l;yJieH SKCIIepMMeHTaJibHhlX I'HpJI.HH}l; B 2009-2012 I'O}l;ax 

n orrTHtiecKHX Mo}l;yJieli rrepBoro KJiacTepa Baikal-GVD 2013-2016 rr. 

B o6ru;eli CJIOjKHOCTH orrTHMH3HpoBaHhI napaMeTphl H rrpoBe}l;eHa Ka­

JIH6poBKa }l;JI.H 6oJiee 300 OM, ycTaHOBJieHHhlX B 03. BaliKaJI. 

no11o>KeH~SI, BblH001Mble Ha 3aUJ,~TY 

1. Co3}l;aHHe cHcTeMhl perncTpau;HH tiepeHKOBCKoro nsJiyqeHHJI MIOOHOB 

H KacKa}l;HhIX JIHBHeli oIITMtiecKoro MO}l;YJI.H BaliKaJihCKoro rny60K0Bo­

}l;Horo HeHTpHHHoro TeJiecKona Baikal-GVD. 

2. Pa3pa6oTKa BCTpoeHHhlX B OllTH'IeCKMH MO}l;YJib CHCTeM KOHTpOJI.fI 

H KaJIH6poBKH, II03BOJI.HIOlll;HX H3Mep.HTh BpeMeHHYIO 3a}l;ep.mKy OM 

c TO'IHOCThIO - 2 HC H KOHTpOJIHpoBaTb JIHHeHHOCTh crreKTpOMeTplitie­

CKOI'O KaHaJia B }l;HaIIa30He }l;O - 103 <PoT03JieKTpOHOB. 
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3. Pa3pa6oTKa anropHTMOB H nporpaMMHoro o6ecnetieHH.fI }];JI.fl aBToMa­

TH3MpoBaHHo:ft KaJIH6poBKH, KOHTpOJI.H li rracrropTH3all;HH OIITH'IeCKHX 

Mo}l;yne:B, 06ec11etI11Baroru;HX H3Mepemrn ocHOBHhlX rrapaMeTpoB OM 

H BhlpaBHHBaHIIe RX Koa<l><l>Hu;HeHTOB ycnJieHH.fI c TO'IHOCTbIO He xyjKe 

10%. 

4. Pe3YJibTaThl H3MepeHHH BpeMeHHhlX, aMIIJIHTY}l;HhlX 11 IIIyMOBhlX xa­

paKTep.HcTHK OIITH'IeCKHX MO}l;yJieH, BXO}l;.HIWfX B HaCTo.Hru;ee BpeM.H 

B COCTaB rrepBOI'O KJiaCTepa rny6oKOBO}l;HOI'O HeHTpHHHOI'O TeJieCKOIIa 

Baikal-GVD. 

5. Pe3yJihTaThl }l;OJII'oBpeMeHHhlX HaTypHhlX HCIIhlTaHHH OM (cYMMap­

Hoe BpeM.H pa60Thl Bcex OIITH'IeCKHX MO}l;yJie:ft B COCTaBe TeJieCKOIIa 

COCTaBHJIO -400 JieT) . 

Anpo6a....,~si pa60Tb1 

OcHoBHble pe3yJihTaThI }l;HccepTau;HoHHoli pa6oTbl 6bIJIH rrpe}l;cTaBJie­

Hhl B BH}l;e }l;OKJia}l;OB Ha pa6otIHX COBeru;aHHJIX COTpy}l;HH'leCTBa «BaHKaJI» 

(2008-2016 rr.) n MejK}l;YHapo}l;HhlX KoH<PepeHu;HJIX H coBeru;aHHJIX: RI­

CAP (2007, 2014), ICRC (2015), VLVNT (2015). 

Ilo TeMe }l;HCcepTall;HH ony6JIHKOBaHbl 8 netiaTHhlX pa6oT, B 'IHCJie KO­

TOpbIX 2 CTaThli B MejK}l;YHapo}l;HbIX peu;eH3HpyeMhlX jKYPHaJiax, 2 CTaTbli 

B MaTepHaJiax MejK}l;YHapo}l;HbIX HayqHhlX ceMHHapoB li 4 CTaThli B poc­

CHHCKHX peu;eH3HpyeMhlX jKypHaJiax. A TaKjKe 3aper11cTp11poBaHhl o}l;HH 

rraTeHT Ha IIOJie3HYIO MO}l;eJih H O}l;HO CBH}l;eTeJibCTBO 0 rocy}l;apCTBeHHOH 

perncTpau;nH rrporpaMMhl }];JI.fl 8BM. CrrHcKH ony6JIHKoBaHHhlX pa6oT n 

peayJihTaTOB HHTeJIJieKTYaJihHOH }l;e.HTeJibHOCTH rrp.HBe}l;eHbl B KOHD;e aB­

TopecpepaTa. 
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CoAep>KaH111e pa6oTbl 

CTpyKTypa Ill o6beM AlllCCepTa ..... 111111 

,il;HeeepTaqliJI eoeTOliT li3 BBep;eHRJI, rneeTli rJiaB, 3aKJIJO'leHRJI, errH­

eKa liJIJIIOeTpaTliBHoro MaTepRa.rra H Ta6JIRq, errReKa eoKpam;eHiiH Ii ye­

JIOBHbIX o6o3HaqeHliH, errlieKa TepMHHOB, errReKa JlliTepaTypbI. 06m;u:H 

o6'beM p;HeeepTaqRH eoeTaBJIJieT 166 eTpaHIIq, BKJIIO'laJI 106 pReyHKOB, 

20 Ta6JI1Iq II errlieOK qRTRpyeMOH JIHTepaTyphl li3 89 eehlJIOK 

OCHOBHOe COAep>KaHllle pa60Tbl 

Bo BBe,rt;eHHH o6oeHoBhlBaeTeJI aKTyaJibHoeTn pa6oTnI, cpopMyJIR­

pyroTCJI qeJib Ii oeHoBHhle 3ap;aqli neCJiep;oBaHHJI. IfaJiaraeTCJI Hay-qHaH 

Ii rrpaKTliqeeKaJI 3HaqlIMOeTb IIOJiy-qeHHbIX pe3yJibTaTOB p;ReeepTaqH­

OHHOH pa6oThl. IlepeqlieJIJIIOTCJI IIOJIO;KeHIIH, BhlHOelIMhle Ha 3a1Il;IITY, 

n yi<a3hlBaIOTCJI p;aHHhle 06 arrpo6aqrrrr pa6oThl H JIHqHoM BKJiap;e aBTopa. 

TaKJKe orrHenrnaeTCJI eTpyi<Typa p;neeepTaqn:H. 

B nepBoii rJiaBe paeeMaTpHBaroTeH pa3JIHqHbie THTihl cpoTop;eTeKTo­

poB (OIITli'leeKRX Mop;yJieH), pa3pa60TaHHbIX i'];JIJI He:ihpHHHhlX TeJieeKO­

IIOB: HEBO,IJ;, AMANDA, IceCube, ANTARES, NESTOR, NEMO, HT-

200, KM3Net II o6eyJKp;aeTeH BJIHHHHe Ha Bnr6op oeHoBHbIX rrapaMeTpoB 

OIITII'leeKHX Mop;yJieH YCJIOBliH HX 3KenJiyaTaqnn: xapaKTepReTHK li3JIY­

qeHHJI BaBHJioBa-qepeHKOBa, BeJirrqnHhl eBeToBoro cpoHa, HHcppaeTpyi<­

Typhl TeJieeKorra n erroeo6oB ero pa3BepThlBaHHJI, opraHH3aqnH erreTeMhl 

e6opa p;aHHbIX. 

B KoHqe rJiaBhl rrpnBop;HTCJI epaBHeHrre xapaKTepneTHK oIITIIqeeKHX 

Mop;yJie:H no CJiep;yrom;nM rrapaMeTpaM: 

• TliIIY Ii KOHcpHrypaqHH cpoTop;eTeKTOpoB; 

• MeTOi'];aM o6pa60TKII li rrepep;aqlI eHrHa.rroB; 

• rrop;xop;aM K MliHHMH3aqHH 3JieKTpOIIOTpe6JieHHH; 

• KOHeTpyKqHII rJiy6oKOBOi'];HOI'O Koprryea (B T. 'I. MeTOp;HKe MOHTa;Ka 

<P8Y H THIIY MarHHTHbIX 3KpaHoB). 
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Bo BTopoii rJiaBe rrpep;eTaBJieHo o6oeHoBaHrre Tpe6oBaHHH K Tex­

HnqeeKIIM 11 KoHeTpyi<THBHhlM rrapaMeTpaM orrT11qeeKoro Mop;yJIJI Bai­

kal-GVD: 

• OIITHqeeKHH MOi'J:YJib i'];OJIJKeH IIMeTb aHaJIOI'OBbIH BbIXOi'];, p;JIIITeJib­

HOeTb aHa.rroroBoro enrnaJia He MeHee 20-25 He, rrepep;HHH cppoHT 

He MeHee -10 He; 

• 3HeprorroTpe6JieHne OM He p;oJI;KHO npeBhllllaTb - 5 BaTT, aJieK­

Tporr11TaHHe n elirHa.Jihl OM p;OJI;KHhl nepep;aBaTbCJI no pa3HhlM 

IIpOBOi'];HlIKaM; 

• KOprrye OIITIIqeeKoro MOi'J:YJIJI i'];OJI;KeH eooTBeTeTBOBaTb pHp;y 

Tpe6oBaHHH: 

• rrpo3paqHoeTb B p;rrarra30He i'];JIHH BOJIH qepeHKOBeKoro li3JIY­

'!eHIIJI H KBaHTOBOH qyBeTBHTeJibHoeTH cpoToaJieKTpOHHoro YM­

HO;KHTeJIJI; 

• Hap;e;KHaH 3am;rrTa OT rrorrap;aHHJI BOi'J:hl BHYTPn Koprryea H rn­

p;poeTaTIIqeeKoro p;aBJieHIIJI p;o -1,5 KM; 

• 3KpaHHpoBaHIIe <P8Y OT MarHHTHoro IIOJISI 3eMJIH; 

• o6eerreqeHHe OIITH'leeKoro KOHTaKTa Me;Kp;y KoprryeoM li eTe­

KJIOM KOJI6nI <l>8Y; 
• oeHam;eHHe repMeTnqHhlM rJiy6oKOBOi'];HhlM pa3'beMOM i'];JIJI Bhl­

Bop;a errrHaJia <P8Y, BBop;a 3JleKTpOIIHTaHHJI li JlliHlilI yrrpaB­

JieHIISI RS-485; 

• aJieKTpOHHKa OM p;omirna o6eerre'IHBaTb B03MO;KHoeTn yrrpaBJie­

HHSI HaIIpSI;KeHI-i:eM Ha cpoToaJieKTpoHHOM YMHO;KHTeJie, yerrJieHHe 

eHrHa.rra e BhlXOp;a <P8Y, MOHIITOpHHr H KaJin6poBKY rrapaMeTpOB 

OM; 

• OM i'];OJI;KeH o6Jiap;aTb BhleOKHM ypoBHeM Hap;e:iKHOeTH H aproHo­

MHqHoeTH, 'ITO 06eerreq1rnaeTCJI CJiep;yrom;HMH perneHHJIMH: 

• HeIIOJlb30BaHHeM BhleOKOHap;e'1rnbIX rJiy6oKOBOi'];HbIX pa3'beMOB 

p;JIJI rrop;KJiroqeHIIJI OM K erreTeMaM TeJieeKorra e B03MO;KHo-

eTbIO «MOKporo» rrop;eoei'];RHeHHSI, 

• MHHHMH3aqne:H KoJinqeeTBa pa3'beMoB Ha op;HH OM, 
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• npocToToli MOHTa;Ka (,Il;eMoHTa;Ka) OM K Hecy:rn;eMy Ka6emo 

rlipJIHH,Il;l>ITeJieCKOila, 

• npocToToli c6opKli OM li MliHliMH3aII;Heli Tpy,Il;o3aTpaT Ha aTy 

npou;e,Zl;ypy, 

• cHH;KeHHe 3aTeMHeHHH OM KOHCTpyKTHBHhlMH :meMeHTaMH. 

B TpeTi.e:H: rJiaBe onHchlBaIOTCH KoHcTpyKII;liH OM li npHHII;Hil ero 

pa6oThl, a TaKJKe xapaKTepHCTliKli ocHOBHhlX KOMilOHeHTOB OM. 

06ru;Hli BH,Il; orrTH'!ecKoro Mo,Il;ym:r rrpe,Zl;cTaBJieH Ha pHcyHKe 1. OM co­

CTOHT li3 cne,Il;yIOIII;HX OCHOBHhlX KOMilOHeHT: 

• rny6oKOBO,Il;HhlH Koprryc, B TOM '!Rene pa3'beM, y3eJI KpenJieHH.fI 

K Tpocy, MarHHTHbIH :mpaH H liMMepcliOHHhlH MaTepliaJI; 

• cpoTo,Z1;eTeKTop: cpoTO:meKTpoHHhlH YMHO;KHTeJib; 

• 6JIOK :meKTpOHHKH. 

<PoTo:meKTpoHHbIH YMHO;KHTeJib c rronyccpepH'!ecKHM cpoToKaTO,Zl;OM 

pa3Meru;aeTCH B 17-Tli ,Il;IOHMOBhlM (42 CM), ccpepH'IeCKOM, rny6oKOBO,Il;­

HOM Koprryce VITROVEX, Ha KOTOpbIH ycTaHaBJIHBaeTCH 6Jio'!HhlH 5-H 

llITbipbKOBHli rny60K0Bo,Z1;Hhlli pa3'beM SUBCONN LPBH5FSS H Ba­

KYYMHhlH nopT. 1Iepe3 BaKYYMHhlH nopT npOli3BO,Il;liTCH OTKa'!Ka B03,Il;yxa 

H3 OM ,Zl;O ,Il;aBJieHHH ~ 0, 7 aTM, ,Il;OCTaTo'!Horo ,Il;JIH Ha,Z1;e;KHoli cpRKcau;nn 

,Zl;Byx rronyccpep rny60K0Bo,Z1;Horo Koprryca Me;K,Zl;Y co6o:tl:. 

IlpocTpaHCTBO Me;K,Zl;Y <P3Y H CTeMHHHhlM IWpnycoM 3aIIOJIHHeTC.fI 

cHJIHKOHOBhlM reJieM SilGel 612A/B (rroKa3aTeJIH npenoMJieHHH 6opocH­

JIHKaTHoro CTeMa 1,47, CHnliKOHOBOro renH 1,404, BO,Il;hl 1,33). I'enb Ha­

,Zl;e;KHO cpHKCHpyeT <P3Y B rny6mwBO,Zl;HOM Kopnyce li o6ecrre'IHBaeT He­

o6XO,Zl;liMYIO 3JiaCTH'IHOCTb ,Il;JIH KOMIIeHCaIJ;Hli B03MO;KHbIX MeXaHH'leCKHX 

B03,Zl;elicTBHH Bo BpeMH TpaHcrropTHpOBKH OM H ,Z1;ecpopMaII;HH rny60Ko­

BO,Z1;Horo Koprryca OM rro,Zl; ,Z1;elicTBHeM BhlCOKoro BHellIHero ,Zl;aBJieHHH Ha 

rny6HHe. ,[I;nH YMeHbllieHHH BJIHHHHH MarHHTHoro noJIH 3eMJrn Ha pa6oTy 

cpoToaneKTpOHHoro YMHO;KHTeJIH, <P3Y 3aIII;Hru;eH aKpaHOM (ceTKoli) H3 

OTO;K;KeHHoro nepMannoH, YMeHblllaroru;eli BJIHHHHe MarHHTHoro noJI.fI 

3eMJIH Ha BeJIHqliHY ClirHaJia <P3Y rrpH ero IlOBopoTe c ~ 30 % ,Il;O 5-8 %. 
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Puc. 1. Mo,ll;e.rrb OIITHtiecKoro Mo,ll;ym1 (cneaa) H cp0Torpacpm1 onTHtiecKoro MO,ll;YJIH 

CMOHTHpoBaHHoro Ha rnp.rrHH,ll;e (cnpaaa) 

BnoK aneKTpoHHKH orrTH'!ecKoro MO,Zl;YJIH ycTaHaBJIHBaeTCH Herrocpe,Zl;­

cTBeHHo Ha II;OKOJib <P3Y. Herrocpe,Zl;cTBeHHo Ha pa3'beMe SUBCONN 

ycTaHaBJIHBaeTCH KOMMYTaII;HOHHaH IIJiaTa c MeMMHhlM COe,Il;HHliTeJieM 

H BhlcoKo'!acToTHhlM KoaKcHaJibHhlM pa3'beMoM SMA. 1Iepe3 KOaKcH­

aJibHhlH pa3'beM nepe,Z1;aeTCH aHaJIOrDBhlH CHrHaJI c <P3Y, qepe3 MeMM­

HHK-SJieKTpOIIHTaHHe H CHrHaJihl yrrpaBJiemm RS-485 (3eMJIH KOaKcHa­

Jia H aJieKTporrHTaHHH o6'be,Il;HHeHhl). B cocTaB 6noKa aJreKTpoHHKH OM 

BXO,Zl;HT HCTOqHliK BhlCOKOBOJibTHoro Harrpa;KeHHH, IlJiaTa ,Zl;eJIHTeJib-y­

CHJIHTeJib H 6noK ynpaBJieHHH (KoHTponnep OM), BMIO'Iaroru;Hli B ce6H 

cBeTO,Il;HO,Il;Hyro KaJIH6poBO'IHYIO cHcTeMy. BnoK-cxeMa aneKTpOHHKH OM 

rrpe,Il;CTaBJieHa Ha pHCYHKe 2. 

HcTo'IHHK BhlCOKOBOJibTHoro HarrpH;KeHHH TRACO POWER PHV12-

2.0K2500P (.HrroHHH) o6ecne'IHBaeT aJieKTpOilHTaHHe ,Il;eJIHTeJIH <P3Y 

HarrpH;KeHHeM IIOJIO;KliTeJibHOH IlOJIHpHOCTH (MaKCliMaJibHhlH BbIXO,Zl;HOR 

TOK 1 MA) B ,Il;Hana3oHe OT 0 ,Il;O 2,5 KB c TO'IHOCTbIO He xy;1<e 1 B. IlpH­

MeHHeTCH cxeMa ,Zl;eJIHTeJIH c 3a3eMJieHHhlM cpoTOKaTO,Zl;OM. ,[I;JIH li30JIHII;lili 

BhlCOKOBOJibTHoro HarrpH;KeHHH rrpHMeHHeTCH pa3,Il;eJIHTeJibHhlH KOH,Il;eH­

caTop. IIonHoe conpoTHBJieHHe ,Zl;eJIHTeJI.fI cocTaBJIHeT 18 MOM. 
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Puc.2. BnoK-cxeMa :meKTpoHHKH OM 

,I(JIH .n;ocnr:>Kemrn Tpe6yeMoli Bemr'IHHhl O,ll;HO<POT03JieKTpOHHOro CHr­

HaJia (25-30 MB) cHrHaJI c <l>8Y ycHJIHBaeTCH. <l>YHKD;Heli ycHJIHTeJIH 

HBJIHeTCH TaIOKe lI OIITHMH3aD;HH cpopMhI aHaJioroBoro CHrHaJia ,ll;JIH F.13-

MepeHHH ero 3apH.n;a lI BpeMeHH perHCTpan;HH IIpll IIOMOID;ll AIJ;II c 'la­

CTOTOR .n;HcKpenrnan;HH 200 Mrn;. Y cHJIHTeJih MOHTMpyeTcH Ha o.n;Ho:tl: 

IIJiaTe c .n;eJIHTeJieM HaIIpH:>KeHHH <l>8Y lI BKJIIO'laeT B CBOll COCTaB ,ll;Ba 

KaHaJia ycHJieHHH. IlepBhill KaHaJI (crreKTpOMeTpH'leCKHll) c Ko3¢¢Mn;H­

eHTOM ycMJieHlrn - 14 rrpe.n;Ha3Ha'leH ,ll;JIH cpopMHpoBaHHH aHaJIOroBoro 

CHrHaJia ,ll;JIH AD;II. 06ID;MiI K03¢¢Mn;HeHT yc1rneHHH KaHaJia COCTaBJIHeT 

BeJIH'lHHY -108 (ycMJieHMe <l>8Y -107, OCJia6JieHMe B 90-MeTpOBOM rny-

6oKOBO,ll;HOM Ka6eJie -0, 7' K03¢¢Mn;HeHT npeo6pa3oBaHHH ycHJIHTeJIH 

-14). BTOpo:B KaHaJI MHBepTHpyeT cMrHaJihl <l>8Y H yc1rnMBaeT MX B -20. 

8TH CHrHaJihl rrocTyrraIOT Ha C'leT'lHK llIYMOBhlX lIMIIYJihCOB KOHTpOJIJiepa 

OM .n;JIH H3Mepemur ypoBHH illYMOB KaHaJia. 

KaJIM6poBO'lHaJI CHCTeMa OM peaJIH3oBaHa Ha ocHoBe .n;Byx cBeTO,ll;H­

o.n;HhlX IICTO'IHIIKOB CBeTa II reHepaTopa CIIrHaJIOB, lIMHTHpyrorn;MX IIM­

IIYJihC c <l>8Y (rrpoBepo'IHhIR HMIIYJihc). CBeTO,ll;HO,ll;HhlR HCTO'IHHK cBe­

Ta BKJIIO'laeT B cBoli cocTaB CHHHR cBeTQ,ll;IIO,ll; Kingbright L 7113 PBC-A 
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H cxeMy yrrpaBJieHHH-.n;paiIBep CBeTO,ll;lIO,ll;a. licCJie.n;oBaHHH IIOKa3a­

JIH, 'ITO .n;JIHTeJihHOCTh CBeTOBoro HMIIYJihCa 3aBHCHT OT rrapTIIII CBeTo­

,ll;HO,ll;OB II COCTaBJI.HeT BeJIH'lIIHY -5-7 HC . .IJ:pa:H:Bephl co CBeTO,ll;IIO,ll;aMH 

rro.n;KJIIO'laIOTCH K KOHTpoJIJiepy OM 'lepe3 BhlCOKO'laCTOTHhle pa3'heMhl 

SMA. IlepeKpecTHhie HaBo.n;KH MeJK.n;y cBeTo.n;no.n;HhlMM KaHaJiaMH .n;ocTa­

TO'lHO Hll3KHe: MeHbllie 1 % . .IJ:narra30H peryJIIIpOBaHIIH lIHTeHCIIBHOCTH 

BCIIhlllleK CBeTO,ll;HO,ll;OB COCTaBJIHeT 0-108 cpoTOHOB (peryJrnpoBKa rrpOH3-

BO,ll;IITCH He3aBHCHMo .n;JIH Ka-'K.n;oro cBeTo.n;Ho.n;a). TaIOKe rrpe.n;ycMoTpeHa 

B03MOJKHOCTh peryJIHpOBKll sa.n;ep:>KKH MeJK.n;y IIMIIYJihCaMH CBeTO,ll;IIO,ll;OB 

B ,ll;HaIIa30He OT 0 .n;o 1000 HC c maroM -100 HC (TO'lHOCTh ycTaHOBKH Be­

JIH'lHHhI 3a.n;ep-'KKH -1 He). 

CBeTO,ll;HO,ll;hl B OIITH'leCKOM Mo.n;yJie HarrpaBJieHHhl BBepx OTHOCIITeJih­

HO cpoToKaTo.n;a <l>8Y. TaKaH reoMeTpHH o6ecrre'lHBaeT rrpHMepHo paBHyro 

3acBeTKY ¢oT03JieKTpOHHhIX YMHO-'KHTeJieli, pacIIOJIO-'KeHHhlX B OIITH'-Ie­

CKOM Mo.n;yne, cpopMHpyrorn;eM cBeTo.n;no.n;Hhle BCIIhIIIIKH, H B OM, 3aKpe­

IIJieHHOM BhllIIe no Tpocy Ha rIIpJIHH,ll;e. lfaMepeHHe pa3HHD;hl BpeMeH 

perncTpan;HH cBeTO,ll;HO,ll;HhlX cHrHaJIOB Ha rrapax coce.n;HHX Mo.n;yneli rro-

3BOJIHeT ocyrn;ecTBJIHTh OTHOCIITeJihHYIO BpeMeHHyro KaJIII6poBKy KaHaJIOB. 

,I(JIH ll3MepeHHH a6coJIIOTHOH BpeMeHHOH 3a.n;ep:>KKH KaHaJia CHrHaJI, 

CIIHXpOHH30BaHHhlll BO BpeMeHH c CHrHaJIOM 3arrycKa CBeTO,ll;HO)l;a, rro­

.n;aeTCH Ha BhIXo.n;Holi KacKa.n; ycIIJIMTeJIH H3MepnTeJihHoro KaHaJia OM. 

B pe3YJihTaTe cpopMIIpyeTCH .n;Ba cHrHana: CHHXpOHMIIYJihc OT reHepaTo­

pa OM H MMIIYJihc, cpopMHpyeMhlli <l>8Y rrpH BCIIhlllIKe cBeTO,ll;HO,ll;a. Bpe­

MeHHoiI IIHTepBaJI MeJK.n;y 3THMH llMIIYJihCaMH orrpe.n;eJIHeTCH 3a.n;ep:>KKOR 

rrpoxoJK.n;eHHH cHrHaJia B cpoTo:meKTpOHHOM YMHO-'KHTeJie. ,I(JIH a6coJIIOT­

Holi BpeMeHHOll KaJIH6poBKII KaHaJia 3a.n;ep-'KKa CHrHaJia B <l>8Y CKJia,ll;hl­

BaeTCH c sa.n;epjKKOll CIIrHaJia B rJiy6oKOBO,ll;HOM Ka6eJie .n;aHHoro KaHaJia 

(Ka6eJibHhle 3a.n;epjKKll KaJIII6pyroTCH He3aBHCHMO). 

,I(JIH aMIIJIHTY,ll;HOll KaJIH6poBKH KaHaJia ll3MepHeTCH o.n;Ho¢oTo:meK­

TpOHHOe pacnpe.n;eJieHlle CllrHaJIOB <l>8Y, cpopMnpyeMoe IIpII IIO,ll;CBeTKe 

cpoToKaTo.n;a HMIIYJihCaMH cBeTo.n;IIo.n;a MaJioiI HHTeHcHBHocTII (Bepo.HT­

HocTh cpopMHpOBaHHH HMIIYJihCa He rrpeBhllllaeT 10 % Ha BCIIhlllIKy). ,I(JIH 
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Bhl,D,eJiemm Ta:KHX HMIIYJihCOB H3 ¢oHa o.n,Ho¢oTO:meKTpoHHhlX IIIYMO­

BhlX cpa6aTblBaHHH <P8Y HCIIOJih3YeTCH HMIIYJibC co BTOporo CBeTO,l],HO,l],a 

c 66JihIIIOH aMIIJIHTy.n,oli (-100 ¢.:i.), 3a.n,ep)KaHHhlH OTHOCHTeJibHO rrepBoro 

CBeTO,ll,HO,l],a, pa6oTaIO~ero B O,ll,HOcPOTO:JJieKTpOHHOM pe)KHMe Ha -200 HC. 

CBeTo.n,Ho.n,HaH KaJIH6poBo'lHaH cHcTeMa OM rro3BOJIHIOT rrpoH3BO,ll,HTh 

rrpoBepKy JIHHeHHOCTH H3MepHTeJihHhlX KaHaJIOB. I1cIIOJih3yeTCH MeTo­

,ll,HKa rrpoBepKH JIHHeHHOCTH He Tpe6y10~aa HCIIOJih30BaHHH HCTO'IHHKOB 

CBeTa c JiliHeHHhlMH xapaKTepHCTHKaMH. ,L(JIH rrpoBepKH aHaJIH3HpyeTCH 

rrapaMeTp R = Q(Ll+L2) I (Q(Ll)+Q(L2)), r.n,e Q(Ll) u Q(L2) - 3apH,ll,hl 

CHrHaJIOB, H3MepeHHhle rrpH IIO,ll,CBeTKe <P8Y IIOO'lepe.n,Ho rrepBhlM H BTO­

pb!M CBeTO,l],HO,ll,OM, a Q(Ll +L2) - 3apa.n,, H3MepeHHbIH IlpH IIO,ll,CBeTKe 

O,ll,HOBpeMeHHo ,D,BYMH cBeTo.n,no.n,aMH OM. 

CucTeMa yrrpaBJieHHH orrTH'lecKHMH Mo.n,yJIHMH pa3pa6oTaHa Ha oc­

HoBe MHKpOKOHTpoJIJiepa SiLabs C8051F121. B <PYHKIJ;HH MHKpoKoH­

TpOJIJiepa BXO,ll,HT yrrpaBJieHne OM H MOHHTopHHr 3Ha'leHHH ocHOBHhlX 

rrapaMeTpoB OM (TeMrrepaTyphl, cKopocTH ctieTa IIIYMOB <P8Y, ypoBHe:il: 

BhlCOKOBOJibTHOro HaIIpH)KeHHH <P8Y, HaIIpH)KeHHH :JJieKTpOIIHTaHHH 

OM). K BHYTpeHHe:il: IIIHHe KOHTpoJIJiepa I2C .n,orrycKaeTCH rro.n,KJIIO'leHne 

,ll,OIIOJIHHTeJibHhlX .n,aT'lHKOB: .n,aBJieHHH, BJia)KHOCTH, TeMrrepaTyphl, opH­

eHTaIJ;HH. YnpaBJieHHe KOHTpoJIJiepoM OM oc~ecTBJIHeTcH rro JIHHHH 

CBH3H, opraHH3oBaHHo:il: Ha 6a3e HHTep¢e:il:ca RS-485. 

B Ta6JIHIJ;e 1 rrpe.n,cTaBJieHhI ocHOBHhie xapaKTepncTHKH orrTH'lecKoro 

MO,ll,YJIH. 

Ta6nmra L OcHOBHhle xapaKTep11cTIIB11 OM Baikal-GVD 

XapaKTepHCTHKa 3ua'IeHHe 

Kopnyc VITROVEX 1 7" 

IloKa3aTeJih rrpenoMJieHHH cTeKrra Koprryca 1,47 

SUBCONNLP-
Pa3'heM BH5FSS, 

5 KOHTaKTOB 

2-XKOMIIOl-ICUTIJhIR 

MMMepcn:OI-IHhlH MaTepHaJI 
CV!JHHWHOBbIH reJib 
WACKER SilGel® 612 
AIB 

14 

) 

IJor,a3aTeJih IIpeJIOMJieHHH CHJIYJKOUOBOro rPJIH 1,40 

<l>oTOti;eTeKTOp <l>3Y R7081-100 

Konw:recTBo <l>3Y 1 

XapaKTepHcTYJKYI <l>3Y: KBaHToBaJI '!YBCTBliTeJihHOCTh 35 % 

ti;liaMeTp ¢oToKaToti;a 254MM 

MliHRMaJibHaJI 3¢¢eKTHBHaJI o6naCTh 0 220MM 

o6JiaCTh crreKTpaJihHOB 'IYBCTBHTeJihHOCTYJ 300-650 HM 

npeMeHHoe pa3pemeHY1e (TTS) 3 ,4 HC 

ypoBeHh co6cTBeHHLIX myMoB 8Kr~ 

nanp.a:1Ke1rne (ycHJiem1e 10 7) 1500 B 

CorrponrnneHYJe ti;e.JiliTemI HarrpJI:IKeHYISI (rraccliBHhlH 
18MOM 

ti;eJIHTeJih) 

IlapaMeTpbI BhlXOti;Horo cHrHaJia: rrepeti;HHH ¢poHT 12 HC 

)I,JIHTeJihHOCTh liMIIYJihCa (o6JiaCTh JIHHellHOCTli) 25 HC 

Oti;Ho¢oT03JieKTpOHHaJI aMIIJiliTYti;a 25-30 MB 

3HeprorroTpe6neHHe 300 MA x 12 B 

KanH6poBo'!HaJI cncTeMa: KOJili'IeCTBO cBeToti;noti;oB 2 

TliII CBeTOtl;liOtl;OB 
Kingbright L7113 
PBC-A 

)I,JlliHa BOJIHhI B MaKCHMyMe H3JlY'!eHHJI 470HM 

ti;liaIIa30H perymipOBKli HHTeHCliBHOCTH li3JIY'!eHli.fl 
0-108 ¢oTOHOB Ha 
B CIIhlllIKY 

ti;liaIIa30H perynHpOBKH sati;ep:IKeK CBeTOt];HOti;a 0-1000 HC 

ypoBeHb HaBOtJ;OK c KaHaJia Ha KaHaJI <1% 

CliCTeMa MOHli!TOpliHra: KOHTpOJih HaIIplDKeHlie Ha <l>3Y peaJilisoBaH 

KOHTpOJtb CKopocTli C'IeTa UJYMOB peaJlli3oBaH 

KOHTpOJih TeMrrepaTyphl Iii HaIIpH:1Ke1-rnfi :meKTp011liTaHHJI peannsoBaH 

Crroco6 MOHTa:JKa Ha Tpoc 
PaMa HS Hep:IKaBeIO-
IIIeH CTaJIH 

TcMncpaTypa m'crrnyaTan;vcvc -20 . .. +40 °C 

TeMnepaTypa xpatteHHJI -40 ... +40 °C 

B ~eTBepTo:U rJiaBe rrpHBO,ll,HTCH orrncaHHe aBToMaTH3HpoBaHHoro 

cTeH.n,a ,D,JIH n:cCJie.n,oBaHHH OM u nx nacnopTH3aIJ;HH, rrpe.n,cTaBJieHhl Me­

TO,ll,HKa H3MepeHHH napaMeTpOB OIITH'leCKHX Mo.n,yJie:il: H CTaTHCTH'leCKHH 

aHamrn IIOJiyqeHHhlX pe3yJibTaTOB. 
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IIpoBepKa H KaJrn6poBKa OM BhlIIOJIHHJiacb Ha cTeH,Zl;e, coa}l;aHHOM Ha 

6aae u;mppOBoro 4-x KaHaJibHoro ocD;HJIJiorpa¢a LeCroy HDO 4034 (rro­

rroca nponycKaHHH 350 Mru;, qacTOTa ,Zl;HCKpeTH3aIJ;HH ,Zl;O 2,5 rru;). OM 

ycTaHaBJIHBaJIHCb B CBeTOH30JIHpoBaHHhlH, 3KpaHHpoBaHHhlH OT 3JieK­

TpoMarHHTHOro H3JiyqeHHH CHJIOBOH ceTH (50 I'u;) 60KC, BMe~aIO~HH 

,Zl;O 4-x OM O,Zl;HOBpeMeHHo, H no,Z1;KJ110qaJIHCb K BXO,Zl;aM ocu;1mrrorpa¢a 

90-MeTpOBhlMH rrry6oKOBO,ll;HhlMH Ka6eJIHMH, HCIIOJib3YeMhle B TeJieCKOIIe. 

B KaqecTBe KaJIH6poBoqHhlX HcToqHHKOB cBeTa HCIIOJib30BaJIHCb cBeTo­

,Zl;HOAbI, ycTaHoBJieHHhle B OM. Ilpou;e,Zl;ypa H3Mepemm rrapaMeTpoB OM 

IIOJIHOCTblO aBTOMaTH3HpoBaHa. 

IlporpaMMHoe o6ecneqeHbe cTeH}l;a paapa6oTaHo B cpe}l;e Microsoft 

Visual Basic for Application 7.0, BXO,Zl;H~e:ft B cocTaB Microsoft Excel. 

.D:rrH yrrpaBJieHHH OCIJ;HJIJiorpacpoM HCIIOJlb3yeTCH IIaKeT ,Zl;JIH HHTerpa­

IJ;HH OT rrpoH3BO,ll;HTemr rrpH6opa LeCroy HDO 4034 c Microsoft Excel. 

.D:rrH coe}l;HHeHHH c TCP/IP cepBepoM (NPort 5150) ncrrorrbayeTcH 6H-

6JIHOTeKa Windows Client I Server Communications for Visual Basic 

(CSC4VB) Version 6.2 OT 21.02.2012, paapa6oTaHHaH KOMIIaHHeli Mar­

shallsoft. 

IIorrHaH rrpoBepKa OM BKJ110qaeT B ce6H CJ1e,Z1;y10~e ocHOBHhle rrpo­

u;e,Zl;yphl: 

• H3MepeHHe aaBHCHMOCTH rrapaMeTpOB OIITHqecKoro MO,Zl;YJIH OT Be­

JIHqHHhl BhlCOKOBOJibTHoro HaIIpH.?KeHHH; 

• H3MepeHHe xapaKTepncTHK OM npH perHcTpaD;HH CJ1a6hlX cBeTo­

BhlX CHrHaJIOB (o,Z1;H0¢0TO:meKTpOHHhlH pe;KHM pa6oThl <t>8Y); 

• HaMepeHHe aaBHCHMOCTH rrapaMeTpoB OM OT ypoBHH no}l;cBeTKH 

<t>8Y (MHoro¢oT03JieKTpOHHhlH pe;KHM pa6oThl <t>8Y); 

• H3MepeHHe napaMeTpoB BcrroMoraTeJihHhIX cHcTeM OM: ¢opMHpo­

BaTem:r rrpoBepoqH:hIX HMIIYJibcoB H cqeTqHKa cpa6aThlBaHHH Ka­

Harra; 

• H3MepeHHe lIOCJieHMIIYJibCOB; 

• H3MepeHHe KpHBOR HaChl~eHHH. 
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B Ta6rrHu;e 2 rrpe}l;cTaBJieHhl peayrrbTaThl HaMepeHHR ocHOBHhlX xa­

paKTepHcTHK orrTHqecKHX Mo,z:i.yrre:H. Bee H3MepeHHhle xapaKTepHcTHKH 

coxpaHeHhl B 6aHKe }l;aHHhlX OM. Ha ocHoBaHHH 3THX xapaRTepHCTHK 

cpopMHPYIOTCH rracrropTa HH,ll;MBH,Zl;YaJibHbIX OlITHqecKHX MO,Zl;yJieli. 

Ta6mru;a 2. OcttoBHhle xapaKTepHCTIDIB OM 

Xapa1nep1-tcTliKa 3naqe1rne 

Kmicpcpm.i;>rnHT ycm1emrn: KanaJia (1,000±0,0079)· 108 

O.cp.3. pa3pemeirne 0,44±0,027 

0THOIIleirne IlliK-,ll;OJllrna 1,9±0,40 

K pMBaH Hacbm~eHMH-<PYHK~HH 1 
y(N cp.) = QM<t>s / (Qoq,;Nq,·a.) y= 

1+(~r 
, 

x =lg Nq,.a.> 

x0 = 2,681, 
p = 8,67. 

BpeMeHHhle xapaKTepHcTMKM KaHaJia 

Pa36poc BpeMeirn rrpOJieTa 3,6±0,31 HC 

3aAeP*Ka o.cp.3. CHTHaJia DOT Be.JIM'IMHhl BhlCOKo- D=a·HV+b 
BOJihTHoro HarrpH*eHMH HV a =-0,024; b = 129 

XapaKTepHCTHKli KaJIM6poBO'IHOH CliCTeMbl 

3a.D:ep*Ka ClirilaJia Ha rrepBOM CBeTOJJ:liOJJ:e 2,0±0,86 HC 

3aJJ:ep*Ka Cill'HaJia Ha BTOpOM CBeTO)J;liOJJ:e 1,3±0,83 HC 

XapaKTcpHcTHKli nponcpo'IIJoro MMnyJihca 

3a.u.ep*Ka 23±1,1 HC 

AMrmMry,n;a 377±15 MB 

J.JllipHHa 92,6±0,15 HC 

Ilepe.D:Irnli cppoHT 47,3±0,74 HC 

3aAHHH cppoHT 56±1,0 HC 

B nJIToii rJiaBe orrMcaH rrpou;ecc no}l;rOTOBKM oIITHqeCKHX MO,ll;yrre:H 

B yCJioBMHX HX MaccoBoro rrpoM3BO,Zl;CTBa, o6ecrreqHBaIO~MH Tpe6yeMhlH 
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ypoBeHh HX Ha,n;e:a<:HocTH. Ha,u;e:a<:HOCTh pa6oThI OM onpe,u;em:reTCH CJieAy­

IDIIJ,HMH ¢aKTOpfilrn: 

• Ha)J;e:a<:HocThID :meKTpoHHhlX Y3.JIOB, BXO)J;.lIIIJ,HX B cocTaB OM; 

• Ha)J;e:a<:HocThID repMeTH3aD;HH rny6oKoBO)J;Horo Kopnyca OM; 

• MeTOAHKOH HCIIh!TaHHH KaK OT)J;e.JihHhlX KOMIIOHeHTOB OIITH'leCKO­

ro MOAYJI.lI Ha pa3HhIX nanax ero no)J;roTOBKH, TaK H OM B n;enoM. 

CxeMa, OIIHCh!BaroIII,a.lI OCHOBHhle 3TaIIhl c6opKH H no,u;roTOBKH OIITH­

qecKHX Mo,ll;yneli H MeTOAHKY HCIIh!TaHHH annapaTyphl Ha 3THX 3Tanax, 

npe)J;CTaBJieHa Ha pHCYHKe 3. 
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PHc. 3. CxeMa noaTrurno:ll: no.nr oTOBKH H HCilhITaHH:li: OM 

Ilpe,11;cTaBJieHHa.lI opraHH3al.J,HH HCIIhITaHHH OM 6h!Jia BHe,ll;peHa 

c 2014 ro,u;a H ,!l;OCTaTO'IHO xoporuo 3apeKOMeH,!l;OBa.Jia ce6H c TO'IKH 3pe­

HHH oT6paKOBKH HencnpaBHhlx Y3.JIOB H Mo,n;yne:li B n;enoM. B qacTHOCTH, 

B pe3y.JihTaTe TecTHpoBaHH.lI 6.JIOKOB 3.JieKTpoHHKH OM npH IIOBhlilleHHOH 

TeMnepaType 6h!JIO BhI.lIBJieHhl HencnpaBHOCTH B y 3nax ynpaaneHHH KOH­

Tponnepa H oT6paKoBaHo ,u;aa KOMIIJieKTa 3.JieKTpOHHKH OM. 

B mecToii rmme npe,n;cTaBJieHhI Bhl6opo'1Hhle pe3y.JihTaThl HaTyp­

HhlX HCIIh!TaHHH OM B 03. BaliKan, a TaK:a<:e pa6oThl nx B cocTaBe nepao­

ro KJiacTepa Baikal-GVD, KoTophlH 6h!JI BBe)J;eH B 3KcIIJiyaTaD;HID B 2015 
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r o,ll;y: MOHHTopHHr rrapaMeTpoB OM, pe3y.JihTaTbI Ka.JIH6poBKH OM, perH­

cTpan;HH MIDOHOB H )J;aHa on;eHKa Ha)J;e:a<:HocTH OM. 

Pa6oThl Ha)]; co3)J;aHHeM Baikal-GVD rrpoBO.D;HTC.H c 2009 ro.n;a . Oc­

HOBHhie 3TaIIhl C03.D;aHHH KJiacTepa npe,ll;CTaBJieHhl Ha pIIcyHKe 4. IloJI­

HOMacruTa6Hhlli KJiacTep Baikal-GVD 6h!JI aae,zi;eH B 3KcnnyaTaD;llro 

B anpene 2015 ro,u;a. CxeMarnqecKIIH BHA KJiacTepa noKa3aH B HH:lK­

Heli qacTII pHcyHKa 4. Pa,n;Hyc KJiacTepa 40 MeTpoB, BhicoTa KJiacTepa 

(,!1;.JIIIHa rllp.JI.HH,!1;) 345 MeTpOB, o6III,ee KOJIH'leCTBO OIITH'leCKHX Mo,zi;yneli 

2012 2013 2014 

t c.n 
3 

Puc. 4. OcHOBHhle 3TaIJhl co3.n;amrn nepBoro KJiaCTepa Baikal-GVD 
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192 IIIT. PaccTOSIHlie OT Bepxmu OM ,n;o rroBepXHOCTli o3epa oKoJio 1 KM. 

B sKcrre.z:o·m;mo 2016 r. Ka'1<,n;aSI n1pJIRH,n;a KJiacTepa 6bIJia ,n;orroJIHeHa 

o,n;Ho:ti ceKI.~Jmli H yBeJIWieH pa,n;Hyc KJiacTepa ,n;o 60 M . TaK:HM o6pa3oM, 

o6m.ee KOJI:H'IeCTBo OM cocTammo 288 llIT., pacrronoJKeHHhlX Ha rny6H­

Hax OT 750 ,n;o 1275 M (paccTOSIHHe no my6:HHe MeJK,n;y MO,!l;YJIRMH 15 M). 

0,n;Holi H3 OCHOBHbIX 3a,n;aq, KOTopag pelllaJiaCh BO BpeMSI 3KCIIJiyaTa­

~HH KJiacTepa, 6bIJia rrpoBepKa KoppeKTHOCTH pa6oTbI Bcex OCHOBHbIX CH­

CTeM ycTaHOBKH, B rrepByIO oqepe,n;h OIITH'IeCKHX Mo,n;yne:ti. IlpoBepKa OII­

TH'IeCKHX Mo,n;yJie:li IIpOH3BO,!l;HJiaCh BO BCeX peJKHMax HX 3KCIIJiyaTa~HH: 

• MOHHTopHHra rrapaMeTpoB OM; 

• aMIIJIHTY,!l;HOH H BpeMeHHOH KaJIH6pOBKH KaHaJioB ; 

• peI'HCTpa~HH MIOOHOB H KaCKa,!l;HbIX JIHBHeH. 

Ha pHCYHKe 5 B KatiecTBe rrpHMepa rrpe,n;cTaBJieHhl peayJihTaThl ro,n;o­

Boro MOHHTopHHra rrapaMeTpoB ,n;BeHa,n;~aTH OM (o,n;Ha ceK~HSI ycTaHoB­

KH): HaIIpSDl<eHH.fI 3JieKTpOIIHTaHH.fI, TeMrrepaTypbI Ha IIJiaTe KOHTpOJI­

Jiepa, BbICOKOBOJihTHOI'O Harrp.Ha<:eHHSI <D8Y H CKOpOCTH: C'IeTa llIYMOBbIX 

cpa6aTbIBaHHH OIITH'IeCKOI'O MO,!l;YJI.fI. 

Pe3yJihTaTbI MOHHTOpHHra napaMeTpOB OIITH'IeCKHX Mo,n;yneli, Bo-rrep­

BbIX, yKaabIBaIOT Ha KoppeKTHOCTh pa6oTbl aJieKTpoHHKH OM: cTa6HJih­

HOCTh BbICOKOBOJihTHOI'O HanpSia<:eHHSI <D8Y, OIITHMaJihHOCTh pea<:HMa 

sKcIIJiyaTa~HH sneKTpOHHKH Mo,n;yn.H. Bo-BTOphIX, rronyqeHHble pe3yJihTa­

Thl rro,n;TBepa<:,n;aIOT acpcpeKTHBHOCTh pa6oTbl BcTpoeHHOH B OM cHcTeMbl 

MOHHTOpHHra c TO'IKH apeHH.fI KOHTpOJI.fI YCJIOBHH pa6oTbl OIITH'IeCKHX 

Mo,n;yneli:. 

Ilp:HMeHSIJIHCh ;:t;Ba MeTo,n;a BpeMeHHOH KaJIH6poBKH KaHaJIOB: 

1. IlepBbIH MeTO,!I; OCHOBaH Ha IIpSIMOM H3MepeHHH aa,n;epa<:eK <D8Y. ,D;ng 

aToro KOHTponnep OM cpopMnpyeT crre~HaJihHhIH rrpoBepo'IHhlH :HM­

nynhc, CHHXpOHH:30BaHHbIH c 3arrycKOM CBeTO,!l;HO;:t;a. 8TOT liMIIYJihC 

rro,n;aeTCSI Ha Bhl:Xo,n; ycHJIHTeJISI cHrHaJIOB <D8Y. PaaHH~a BpeMeH pe­

rHcTpa~HH CHI'HaJIOB c <D8Y, reHepHpOBaHHbIX CBeTO,Il;HO,!l;OM, Ii rrpo­

BepO'IHbIX HMIIYJihCOB noaBOJISieT orrpe,n;eJIHTh aa,n;epa<:Ky cpoTosneK­

TpOHHoro YMHOa<:HTeJISI. 
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2. .1l:JUI BToporo MeTO)l,a BpeMeHHOH KaJm:6poBIGI HCIIOJih3YIOTCSI BCilhlll­

KH cBeTO,lJ,HO,ll,OB OM, perncTpnpyeMhle ,ll,BYMH <I>8Y coce)l,H.HX KaHa­

noB ce1m;nn. Raim:6pOBoqHhIH KmcpcpHIJ,HeHT onpe)l,enSieTcSI ncxo,l],SI 

H3 BhlqHcneHHH pa3HOCTH BpeMeH pacrrpocTpaHeHHSI CBeTa )1,0 <I>8Y 

(nono:iKeHHe OM Ha rnpnHH,n;e H3BecTHo c ToqHocThIO - 10 CM). 

TaK:iKe 6hln npoBe)l,eH aHaJIH3 3aBHcHMocTH 3a)l,ep:iKeK cnrHanoB OM 

OT HanpSI:iKeHHSI Ha ,!l;eJIHTeJie <I>8Y ,!l;JISI onTnqecKHX Mo,n;yneH:, ycTaHOB­

neHHhIX Ha Tpex rnpnHH,n;ax KJiacTepa Baikal-GVD. Pe3yJihTaThl npe,ll,­

CTaBJieHhl Ha pncyHKe 6. IIonyqeHHhre pe3yJihTaThI xopomo cornacyroTcSI 

c ,n;aHHhlMH na6opaTOpHhIX HCilhlTaHHH. 

B KaqecTBe HJIJIIOCTpaIJ,HH B03MO:lKHOCTeH perncTpaIJ,HH MIOOHOB OilTH­

qecKHMH MO,D;YJIHMH, HCIIOJih3yroTCSI Bhl6opoqHhle pe3YJihTaThl, nonyqeH­

Hhle npH TaK Ha3hlBaeMo:H «MIOOHHOH Kamr6poBKe» KaHanoB. MrooHHaSI 

KaJIH6poBKa npe)l,Ha3HaqeHa ,n;nH onpe,n;eneHHSI BpeMeHHhlX aa)l,ep:iKeK 

Me:JK,n;y coce)l,HHMH KaHaJiaMH (Me:iKKaHaJihHhIX 3a,n;ep:iKeK). 8KcrrepHMeH­

TaJihHhle H MO,l],eJIHpOBaHHhle pacnpe,n;eneHHSI Me:iKKaHaJihHhlX 3a)l,ep:iKeK 

xopomo cornacyroTCH ,ll,pyr c ,l],pyroM, qTo YKa3hlBaeT Ha 1wppeKTHyro pa-

6oTy onTnqecK.HX MO,ll,yne:H B pe:iKHMe perncTpaIJ,HH MIOOHHhlX co6hlTHil. 
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Puc. 6. BpeMemn.ie 3a,n;ep~KH murnJioB, R3Mepemn.ie c noMo~ro npoBepo'IHoro 

RMIIym,ca, B 3aBHCRMocm OT HanpmKeIDIB Ha ,n;e.JmTeJie Cl>SY JI)ISI 72 OIITWie­

CIIBX Mo,n;yneii Baikal-GVD 
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Ha HaCTOSIIIJ,HH MOMeHT BpeMeHH o6~aSI Hapa6oTKa Ha OTKa3 COCTaB­

JISieT 400 neT Ha 0)1,HH H3MepHTeJihHhlH KaHan, qTo COOTBeTCTByeT Be­

poSITHOCTH BhlXo,n;a H3 cTpoH KaHana - 1 % B ro,l],. BepoHTHocTh BhlXo,n;a 

H3 CTpOH OIITHqecKHX Mo,n;yne:H COCTaBJIHeT IlOJIOBHHY OT 3TOH BeJIH'IHHhl: 

-0,5 % B ro,n; (MTBF -106 qacOB). 

c TQqKH 3peHHH pa6oTOCIIOC06HOCTH ycTaHOBKH B IJ,eJIOM, BhIXO,ll, 0,5 % 

OM B ro,ll, SIBJiaeTcH npneMJieMhlM ypoBHeM Ha,n;e:JKHOCTH OM c yqeToM 

B03MO:IKHOCTH rrpoBe)l,eHHH e:iKero,n;HhlX npocpHJiaKTHqecK.HX pa6oT. 

B 3aKJIIO'leHHH npe)l,cTaBneHhl ocHoBHhle pe3yJihTaThI BhIIIOJIHeH­

HOH pa6oThl. 

3aK111-0~eH111e 

1. IIpoBe,n;eH ,n;eTaJihHhIH aHaJIH3 rrpoeKTOB onTH'!ecKHX Mo,ll,yne:H He:H­

TpHHHhIX TenecKonoB: AMANDA, IceCube, ANTARES, NESTOR, 

DUMAND, KM3Net, HT200+ Ha ocHoBaHHH KOToporo 6hIJIH pa3pa-

6oTaHhl TeXHnqecKHe Tpe6oBaHHH K napaMeTpaM OIITH'leCKOro Mo,n;y­

JIH ,Zl;JIH rny6oKoBo,n;Horo HeihpHHHoro TenecKona Baikal-GVD. 

2 . Ha 6a3e <I>8Y R7081-100 c noBhlilleHHoli KBaHTOBoli qYBcTBHTeJihHO­

CThIO cpoToKaTo)l,a (-35 %) C03,D;aH KJIIOqeBOH 3JieMeHT CHCTeMhI pe­

rHcTpaIJ,HH HeHTpHHHoro TenecKorra Baikal-GVD: rny6oKoBo,n;HhlH 

onTH'leCKHtl MO,ll,YJih (OM). XapaKTepHcTHKH OM y,ll,OBJieTBopHIOT oc­

HOBHhIM Tpe6oBaHHHM, npe,D;'h.HBJIHeMhlM K cpoTo,n;eTeKTOpaM KpyrrHo­

MaCmTa6HhIX HeHTpHHHhIX TeJieCKOIIOB: 

• 'IYBCTBHTeJihHOCTh K CBeTOBOMY IlOTOKY Ha ypoBHe e)l,HHHqHhlX cpo-

TOH OB; 

• ,!l;HHaMH'leCKHll )1,HanaaoH )1,0 -103 cp.3; 

• BpeMeHHOe pa3pemeHHeM Ha ypoBHe e,n;HHHI.l, HaHOCeKyH,ll,, 'ITO co­

OTBeTCTByeT yrnoBOMY pa3pemeHHIO TeJieCKOila MeHee O,D;Horo rpa­

,n;yca. 

3 . .RoHCTPYKIJ,HH OIITHqecKoro Mo,n;ynH pa3pa6oTaHa c yqeTOM oco6hlx 

Tpe6oBaHHll K Ha,n;e:JKHOCTH H 3proHOMHKe OM: 

• no)l,KJIIO'leHHH OM K cHcTeMe c6opa ,n;aHHhlX TenecKona ocyrIJ,ecT-
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BJISieTCSI qepe3 O~H rJiy6oKOBO~hlll pa3'beM c B03MO:>KHOCTbIO «MO­

Kporo» np11coe~HeHRlI; 

• o6ecneqeHa npocToTa c6opKH OM M MOHTama K Hecym,eMy Ka6eJIIO 

r11pJIHHAhl TeJiecKona; 

• MHHHMH3HpoBaHo aaTeMHeHHH OM KOHcTpyKTHBHhlMM :meMeHTa­

MM (paMOH, 6aHAaJKOM, 6JIOKOM aJieKTpOHHKH), 'ITO 06ecneq11BaeT 

ynyqmeHHe ero yrJioBhlX xapaKTepHCTHK. 

4. OnTH'lecKHH MOAYJib HBJIHeTCH cpymai;110HaJI1>Ho aaKoHqeHHhlM np1160-

poM, OCHarn;eHHhlM CHCTeMOH ynpaBJieHHSI peJKHMaMH pa6oThl M KOH­

TpOJISI napaMeTpoB, KaJIH6poBO'IHOH CHCTeMoli (H3MepeHHe 3aAepJKKH 

OM c TO'IHOCTbIO ~2 He H AHanaaoHa JIHHeRHOCTH AO~ 103 cpoToaJieK­

TpoHoB), aITITapaTypoft AJIH MOHHTop1rnra yCJioBHH aKcrmyaTau;nn OM 

(H3MepeHHe CKOpOCTH C'leTa AO ~ 102 KI'u;, pa6oqeli TeMITepaTyphl 

H BhlCOKOBOJlbTHoro HaITpSimemm Ha <l>8Y) H KaJIH6poBKH. 

5. Paapa6oTaHa MeTOAHKa M C03AaHo ITporpaMMHoe H aITITapaTHoe o6e­

cITe'leHHe AJISI ITpOBepKH, KaJIH6poBKM M ITaCITOpTH3aD;HH OITTM'leCKHX 

MOAYJieH Baikal-GVD. CoaAaHHoe nporpaMMHoe o6ecne'leHHe aape­

rncTpMpoBaHo B PeecTpe nporpaMM AJIH 8BM <l>eAepaJI:bHoli CJiym6hl 

ITO HHTeJIJieKTYaJIIiHoli co6cTBeHHocTH. Ha cTeHA AJIH HCCJieAoBaHHH 

ITapaMeTpoB cHrnaJioB cBeTo~OAOB OM ITOJiy-qeH naTeHT Ha TIOJie3-

HYIO MOAeJI:b NQ 163505. ,UocTHrHyTO BhlpaBHHBaHne Koacpcpnu;neHTOB 

ycHJiemm KaHaJia JIY'lllle 10 %. 

6 . IlpeAcTaBJieHHhlH B pa6oTe OM 6hlJI AeTaJibHO nayqeH H oxapaKTe­

pnaoBaH. BhlJIH ITpoBeAeHhl H3MepeHHH ocHOBH:bIX ITapaMeTpoB OM: 

TeMHOBOH CKOpOCTH C'leTa CHrHaJIOB, cpopMhl HMITYJibCOB B OAHOcpOT03-

JieKTpOHHOM H MHorocpoT03JieKTpOHHOM peJKHMax pa6oThl, BpeMeHHO­

ro paapellleHHSI, OTKJIHKa Ha «60JibllIHe» CBeTOBhle HMITYJibChl (pa6oTa 

B pemHMe «HaChlIIJ;eHHSI» ), ITapaMeTphl ITOCJieHMITYJibCOB, yrJIOBOH 3a­

BHCHMOCTH OTKJIHKa OM. 

7. IlpoBeAeHhl Jia6opaTopHhle MCIThlTaHHH M ITacITopTHaau;HH 60J1ee 300 

oITTM'leCKHX MOAYJieli H coaAaH apXHB AaHHhlX ITapaMeTpoB OM. 

8. HaJia:>KeHa ITpou;eAypa ITOArOTOBKH OM B yCJioBHHX MaccoBoro ITpOH3-
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BOACTBa. IloAI'OTOBKa OM BKJIIO'laeT B ce6SI TecTHpoBaHHe H ITacITop­

THaau;ttro OTAeJibHhlX KOMITOHeHTOB OM (B T. q_ ycHJIHTeJIH, AeJIHTeJISI 

HaITpHmeHHH <l>8Y, KOHTpoJIJiepa OM, cBeTOAHO~bIX KaJIH6poBo'l­

HhlX HCTOqHMKOB), TeMITepaTypHhle HCIThlTaHHSI 6JIOKa 3JieKTpOHHKH 

OM H Ha6op ITpoBepo'IHhlX ITpou;eAyp, IT03BOJIHIOIIJ;HX KOHTpOJIHpoBaT:b 

pa60Tocnoco6HocTb OM Ha pa3HhlX aTaITax ero ITOWOTOBKH (IToCJie 

c6opKH, repMeTH3aD;HH, TpaHCITOpTHpOBKH H MOHTaJKa Ha ycTaHOBKe). 

9. IloAI'OTOBJieHhl oITTH'lecmrn MOAYJIH AJIH ITepBoro KJiacTepa Bai­

kal-GVD. B HacToHrn;ee BpeMH B cocTaB KJiacTepa BXOAHT 288 OM. 

10. IIpoBeAeHhl AOJiroBpeMeHHhle HaTypHhle HCIThlTaHHH HaAeJKHOCTH 

OITTH'leCKHX MOAYJieft. CYMMapHoe BpeMSI Hapa6oTKH OM cocTaBHJio 

~ 400 JieT. AH:aJIH3 pa6oTocIToco6HocTH OM IToKa3aJI BhlCOKMH ypoBeHb 

HX HaAe:>KHOCTH: cpeAHee BpeMSI Hapa6oTKM Ha OTKa3 COCTaBHJIO 6oJiee 

100 JieT (B Te'leHHe OAHOI'O ro,n;a 3KCITJiyaTaD;HH KOJIH'leCTBO Bhlllle,IJ;­

llIHX H3 cTpoSI OM MeHee 1 %). 

11.BoJiee 'leM roAOBaSI 3KCITJiyaTaD;HSI OITTH'leCKMX MOAYJieH B COCTaBe 

ITepBoro KJiacTepa Baikal-GVD ITOKaaaJia acpcpeKTHBHOCTb HX pa6oThl 

B pemHMe perncTpau;mi MIOOHOB li KacKaAHhlX JIHBHeli, Ha,IJ;eJKHOCTb 

pa6oThl KaJIH6pOBo'IHOH cncTeMhl OM (To'IHOCTb BpeMeHHoli KaJIH-

6poBKH COCTaBHJia ~ 2 He), AOCTaToqHyIO HHcpopMaTHBHOCTb MOHHTOp­

HOH cncTeMhl OITTH'lecKHX MOAYJieli. B HacToHrn;ee BpeMSI ITO AaHHhlM, 

ITOJiyqeHHhlM Ha CHCTeMe MOHHTOpHHra CKOpOCTH C'leTa cpoHOBhlX CHI'­

HaJIOB OM, ocym,ecTBJISieTCSI aHaJIH3 ,IJ;HHaMHKH rJiy6HHHbIX TeqeHHH 

B oa. BaftKaJI. 
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