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OJ>rriuI XAPAKTEPMCTHKA PAI>OTbl 

AI£TYaJibHOCTb npo6J1eM1>1.KocMH'lecKasi: noro.ua - :no Te ycrroBIDI coJIHeqHoli 

aKTHBHOCTH, COJIHeqHoro BeTpa, MarHHToc4Jepbi, HOHOC4Jepbl H TepMoc4Jepbl, KOTOpbie 

MOryT npe,UCTaBJUITb onaCHOCTb )J;JUI KOCMHqecKHX H Ha3eMHb!X TeXHOJIOIB'ieCKHX CHCTeM, 

a nuoKe ,[(JUI qerroBeqeCKOH )l(H3HH HJIH 3,UOpOBMI. B CBJI3H c 6ypHblM pa3BHTHeM HOBblX 

TeXHOJIOrHH c KOCMH'leCKHM 6a3HpOBCUIHeM CTaIIOBHTCH Heo6XO,UHMbIM yrryqlllaTb 

nporH03HpOBaI!He onaCHblX llOCJie,UCTBHH KOCMHqeCKOH norO,L(bl c IIOMOlllbIO CIIYTHHKOB H 

KOCMH'leCKHX CTaIIIJ;HH, a TaJOKe Ha3eMHbIX CHCTeM H3MepeHIDI. XOTH cnyTHHKOBbie 

cneKTpOMeTpbl npe,UOCTaBJIHIOT CaMbie TOqHbJe ,L(fil!Hble 0 HH3K03HepreTH'leCKHX llOTOKax 

qaCTHIJ;, )J;fil!Hble Ha3eMHblX ,L(eTeKTOpOB qaCTHIJ; MOrYT npe,ll;OCTaBHTb YHHKaJibttyIO 

HH<jJOpMau;HIO 0 KOCMH'leCKHX rryqax Bb!COKHX 3HeprHH, KOTopax HBJIHeTCH Heo6XO)J;HMbIM 

3JieMeHTOM nporH03HpOBaIIIDI KOCMH'leCKOH llOfO,ll;bl. Tax Ka.I< llOTOK HOHOB BbICOKHX 

3HeprHH crra6, a CaMbie MOlllHbie co6bITIDI 06&1qHo aIIH30TpOllHbl, )J;JIH HS,L(e)l(HOH 

perHCTpau;HH qaCTHIJ; Heo6XO,L(HMO C03,UaTb 60Jiblll)'IO ceTb ,ll;eTeKTOpOB qaCTHn;, 

pacrrOJIO)l(eHHYIO Ha HH3KHX H cpe,UHHX lllHpOTax npe.unoqTHTeJibHO Ha ropHbIX BbICOTax. 

I1H4JopMau;IDI 0 THITax H 3HeprHH nepBJiqHblX HOHOB HCKa)l(aeTCH npH llOCJie,UOBaTeJibHOM 

B3aHMO,ll;eHCTBHH qaCTHIJ; c aTMOC<jlepHbIMH JI,L(paMH. Ilo3TOMY TOJILKO H3MepeHHe Bcex 

BTOpH'IHblX llOTOKOB (HeliTpOHOB, MIOOHOB H :meICTpOHOB), a TaJOKe HX KOppeJUIIJ;HH, MO)l(eT 

crroco6cTBOBaTb npe,UOCTaBJieHHIO TOqHblX nporH030B H ou;eHOK 3HepreTHqecKHX cneKTpOB 

COJIHeqHblX KOCMH'leCKHX rryqeii: cpe,UHHX H npoMe)l(JTOqHbIX 3Heprlili, crre,U)'IOlllHX BCJie,U 

3a qacTHIJ;aMH Bb!COKHX 3Heprnli. 

Ha yrrroB&ie H 3HepreTHqecKHe pacnpe.uerreHHe rarraKTH'lecKHX KOCMHqecKHX rryqeli 

BJIIDIIOT TaKHe rrro6aJibHble HBJieHHH, KSK pacnpoCTpaI!eHHe MarHHTHbIX o6rra:KOB H 

y,11;apHblX BOJIH. B CBOIO oqepe,ll;b, HHTeHCHBHOCTb BTOpJiqHblX KOCMJiqeCKHX rryqeif 

BOCilpOH3BO,L(HT 3TH H3MeHeHIDI. Pa3Hb!e THilbl MO.LIYJIHIJ;HH H3MeHHIOT CKOpOCTb cqeTa 

Ha3eMHbIX ):\eTeKTopoB qaCTHIJ;. B3aHMO)J;eHCTBHe MarHHTHblX o6Jia:KOB H y.uapHblX BOJIH c 

B036y)l(,L(eHHblM Me)l(llJifilleTHbIM MarHHTHbIM norreM H MarHmoc<l>epoli MO)l(eT C03,ll;aTb 

pa3rrHqHbie 3<jl<jleKTbl MO.ll;YJIHIJ;HH, q'fQ BJIIDieT Ha H3MeHeHIDI CKOpOCTH cqeTa HS3eMHblX 

,1\eTeKTOpOB qaCTHIJ;. 0,UHaKO, HeHCHO, KOTOpbie H3 3THX 3<l><l>eKTOB MO,ll;)'JIHIJ;HH, 

COOTHOCHTCH c MOlllHOCTblO Ha,!IBHraromerocx IIITOpMa. Ilo3TOMY ,L(JIH Ha,!le)l(HOro nporH03a 

reoMarHHTHblX 6ypb Heo6xo,UHMbl HCCJie,ll;OBaBHH npOXO)l(,L(eHHH MarHHTHhIX o6Jia:KOB OT 

CorrHu;a K 3eMrre H noCTOHHHaH perncTpau;IDI Mo,11;yJUiu;HoHHhIX 3<jl4JeKTOB ,1\BH)l(Ylllerocx no 

HanpaBrreHHJO K 3eMrre o6rra:Ka COJIHeqHoli llJia3Mbl. PerHcTpau;IDI BCex KOMITOHeHT 

BTOpHqHblX KOCMHqecKHX rryqeli, a He TOJILKO HeliTpOHOB HJIH MIOOHOB Ka.I< B 

cymecTB)'IOlllHX ceTHX, 1103BOJIHT 3HaqmeJibHO yrryqlllHTb llOHHMaI!He M0,1\YJIHIJ;HOHHbIX 

34J<jleKTOB H C03,ll;aTb CHCTeMbl OllOBellleHIDI 0 Ha,D;BHraIDlllHXCH pa,!IHfilJ;HOHHblX H 

MarHHTHblX 6ypxx. ,ll;JIH Ha,Lle)l(HOH pernCTpau;HH BpeMeHHbIX pH,UOB HeliTparrbHblX H 

3apg)l(eHHblX KOMIIOHeHT KOCMH'leCKHX rryqeif 6&ma C03,Ufilla CHCTeMa COBpeMeHHOH 

3JieKTpOHHKH. ycTaIIOBJieHHaH Ha Mo,11;yJUix SEY AN B pa3JIJiqHbIX CTpaBax H Ha ,UeTeKTopax 

Aparau;cKoro l(eHTpa KocMHqecKoli Iloro,11;&1 (ASEC). 

IleJib pa60Tbl. l(eJiblO HaCTOHllleli pa60TbI HBJIHeTCH pa3pa60TKa HOBOM 3JieKTpOHHKH, 

o6ecrreqHBarollleH pa60TOCllOC06HOCTb CYilleCTB)'IOlllHX H BHOBb KOHCTpyHpyeMbIX 
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,neTeKTopoB 3JieMeHrnpHb!X qacnru: H tflopMHpOBaHHe .D:OTIOJIHHTeJibHOM HmflopM!IUHli, 
noJiyqaeMott c 3THX ,neTeKTopoB. Eonbruoe "!licno ,neTeKTopoB, HX reorpatflHqeCICoe 
pacIIOJIO:lKeHlie Ii pa6orn B CJIO)!(HblX MeTeopOJIOrH"!eCICHX ycnoBHHX npMBeJlli K 
Heo6xo,nliMOCTH 3aMeHbI cym:ecTBy10m:ett 3JieKTpOHHKH HOBbIMH pa3pa6oTKaMH BXO)IHbIX 
ycTpottcTB, YCTPOMCTB c6opa liHljlopMau:Hli, ynpaBJllIIOII(HX 3JieMeHTOB H YCTPOMCTB, 
o6ecrreqliBaIDW:eM pacnpe,n;eneHHe H xpaHeHHe liH<flopMau:HH. 0,nHHM li3 OCHOBHbIX 
TPe6oBaHliM HBJIJleTCJI B03MO)!(HOCTb )IHCTaHu;HOHHOro c6opa HH<)JopMau;HH, MOHHTOpHHra 
,neTeKTopoB H ynpaBJieHHJI HX napaMeTpaMH B rno6aJII>HOM Macrurn6e. MmflopMauHH, 
CHHMaeMaH c ,rt;eTeKTOpOB, B 3aBHCHMOCTH OT TIOCTaBJieHHOM 3a,uaqli - 3TO HJIH CKOpOCTh 
cqera, HJIH aMIIJIHTY.Ilhl, HJIH HH<flopMau;HH 0 COBMeCTHOM cpa6aTb!BaHHH KaHaJIOB. KpoMe 
Toro, TPe6oaaJiacr, .D:liCTaHQHOHHaJI ,n;oczynHoCTb K HH<flopM!!UliH H 3JieMeHTaM ynpaBJieHHH 
3JieKTpoHHbIX YCTPOMCTB . .ll:JIJ1 o6ecneqeHHH ycTOM"IHBoro ljlyHKI.UiOHHpoBaHHH i:1eTeKTOpoB 
CJie,rt;OBaJIO o6ecneqHTb MOHHTOpHHr napaMeTPOB noro,rt;HOM o6CTaHOBKH. 

IlpaKTH'ICCKaH 3Ha'IHMOCTb noJiy'leHHblX pe3yJibT3TOB. 
CeTh Ha6JIIO,rt;eHHH H AHaJIH3a KocMHqecICoil: Iloro,nbl (SEVAN) , cocTOJIIu;aJI H3 

,neTeKTopoB, paCTIOJIO)!(eHHbIX B cpe,nHHX H HH3KHX umpornx, HaqaJia C03.D:aBaTbCJI B 
paMKax Me)!(.rlyHapo,nHoro r O)la CoJIHQa (IHY -2007). OcHOBHOM QeJiblO cern JIBJIS!eTCJI 
HCCJie)lOBaHIDI KOCMH'leCKOM IIOrO,rt;bI H HCCJie.D:OBaHHJI ycKopeHIDI qacTliQ B6JIH31i COJIHQa. 
Enaro.napH C03,rt;aHHOM 3JieKTpOHHKe, MO.D:YlIH CeTW O.D:HOBpeMeHHO H3MepHIOT H3MCHeH!rn 
IIOTOKOB 60JibIIIHHCTBa pa3HOBM,D;HOCTeil: BTOpHqHf,JX KOCMffqeCKHX Jiyqeil:, npeBpaIQaS!Cb, 
TaICHM o6pa30M, B e,rt;HHbIM HHTerp!ipOBaHHbIM ,ll;eTeKTOp, HCIIOJib3yeMbIM .ll:JIJI pentcTpaUHH 
3<)J$eKTOB coJIHeqHoli MO.IIYJIJIUmr. Hosr,1e ,rt;eTeKTopbI TI03BOJIJIIOT nonyqHTb 6oJiee 
no.npo6HYIO HH$opMau;HIO 0 CTPYKType IIOTOKOB KOCMHqecKHX nyqeli H HX BapHaI1HS!X .IIJIJI 
pa3JiffqHbIX THIIOB 3JieMeHTapHbIX qacnru B 60JibIIIOM ,l1Halla30He ,llOJirOT OT Yfll,J1HH )10 
CJIOBaICHH, nepeKpbIBaIDW:eM 62 rpa,uycoB. c TIOMOW:blO C03,llaHHOH CeTH MOiKllO eecrn 
Ha6JIIO.neHIDI 3a CoJIHIJ;eM 16 qacoB B ,rt;eHb, B TOM qffCJie 2 CTaHUHJIMH 24 'IUCOB. c 
ycTaHOBKOH HOBOH 3JieKTpOH!iKH 3HaqmeJibHO yseJIH'IHJIHCb <liYHKUHOHaJibHbie 
B03MO)!(HOCTH ,neTeKTopoB ASEC. pacnoJio:lKeHHbIX Ha ypoBHe Ha6JIIO,rt;eHHH 800, 2000, 
3250 Ha,ll ypOBHeM MOpJI; 

HarrnaH HOBH3Ha. 
> C03.llaHI>I cwcTeMh! 3JieKTPOHMKH ,rt;JIJI ceTeli Ha3eMHbIX 

,neTeKTopoa ASEC H SEV AN, no3BOJIJIIOW:Me npoBo,rt;HTI> ceneKQHIO noTOKOB 
BTOpffqHb!X KOCMHqeCKHX qacTHI( 110 THny qacTHU, HaTipaBJieHHIO H :rnepr!iH. 

> HoBaJI 3JieKTpOHHKa BCeMHpHott CeTH Ha6JIIO,lleHMJI M 
AHaJIH3a KocMH"!ecKott Iloro,rt;hl (SEV AN) TI03BOJIJleT perncrp11p0Bar1> M 
IIOCbIJiaTb B 6a3y ,llaHHblX OT)leJia KOCMHqecKHX Jiyqeil: BpeMeHHble pH)lbl 3 THIIOB 
3JieMeHrnpHI>IX qacTHU (3apy6e)!(H1>1e aHaJiorn SEV AN-a pernCTPHpYIOT TOJII>KO 
O,llHH THI! "IUCTHIJ;). 

> PeaJIH30BaHHbie cxeM0TeXHHqec1rne perneHID! IT03BOJIJIIOT 
ocym:ecTBJIJITI> c6op )laHHbIX c YLlaJieHHI>IX ,rt;eTeKTopOB B peaJibHOM apeMeHM, a 
TaIC)!(e npoBO)IHTb )IHCTUHIJ;HOHHbIH KOHTpOJib H peryJIHpOBKY 3JieKTPOHHKH, "ITO 
KpaliHe Heo6XO.IIMMO .IIJIH cypoBh!X ycJIOBHH BbICOKoropHH H ,rt;eTeKTOpOB, 
pacnono:lKeHHbIX B 3apy6e:lKHbIX CTPaHax. 
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0CHOBHble DOJIO:IKCHHSI JUICCepTaguu, BblHOCUMbie Ha 3aWHTy. 
>KoHCTPYKUIDI ,lleTeKTOpHO:il: roJIOBKH, COCTOJIII(eil: H3 <1>3Y-49, nporpaMMHpyeMoro 

HCToqHHKa BbICOKOBOJibTHOro IlHTUHHH <1>3Y H 6yljlepHoro YCHJIHTeJib 
BbIXO)U{Oro CHrHaJia [1-12]. 

> IIporpaMMHpyeMblil: H ,llHCTaHUHOHHO perynwpyeMbIH HCTO'IHHK BblCOKOBOJibTHOro 
IIHTaHIDI <1>3Y ,rt;JIJI .ncreKTOpHo:il: ronoBKM [ 4, 1 OJ . 

>CxeMOTeXHffqeCKOe HCIIOJIHeHHe JiorapHljlMHqecKoro AlUl Ha KOJie6aTeJibHOM 
KOHType [4). 

> MHoroKaHaJibHbiil: aHaJIH3aTop liMnyni,coB .ll:JIJI onpe,rt;eJieHHJI 3aKoHa pacnpe.neneHID! 
aMIIJIHTY.II 3JieKTpli"!eCKHX MMnyJii,coB, TI03BOJIJIIOII(HM B peaJibHOM BpeMeHH 
tflopMMpoBaTb uwtflpoBOH CMrHaJI aMTIJIHTY.llbI HMnyJibCOB H )lJIJI aHaJIM3a 
pacnpe,n;eJieHHJI 3HeprnM qaCTHIJ pa3JIHqHb!X BM,D;OB H3JiyqeHIDI [1, 4, 5, 7, 9] .. 

>. Ilpn6op .D:JlJI .M-omrropmrra anmcljlepKoro .naMearoi, . ij'Me~. BLICOKyIO 
tiy}IC'J;l'iHT$HOcTL H pa3pc;1Ilc;HHi: . .rtllir noMHHYTHOii. KOt)peraurn sapHauHM 
I\1:0pH'lffi>iX l<OCMWieCKHX. Jiyqett [3, lOf 

Anpo6auHH pa6oTLI. OcHOBHble pe3yJihTaTbI .nuccepT!IUHOHHOH pa6oTbI 
J(OKJia,rt;bIBaJIUCb: 

>Ha nepBOM Me:lK,llysapO.IIHOM CHMII03HYMe TIO KOCMffqeCKOMY o6pa30BaHHIO 
(UNIVERSAT 2006, MocKBa, PoccHH, 2006), 

> 13-oil: KOHljlepeHIJ;HH MOJIO.llbIX y-qemIX 110 acTpOHOMHH H 4>u3HKe KOCMOCa (KMeB, 
YKpaHHa, 2006), 

> TpM.D:uaTb ruecrn:il: HayqHo:il: accaM6Jiee COSP AR (IIeKliH, KuTail:, 2006), 
> 31-ott "Me:lK,llyHapo)lHOH KOHljlepeHu;HH 110 KOCMffqeCKUM nyqaM" (SEE 2007, 

A4>HHbI, fpeu;HH, 2007), 
>CoBMeCTHOM COBeII(aHHli eaponettcKo:il: H HaIJ;HOHaJibHOH aCTPOHOMHH apMS!HCKOro 

acTPOHOMuqecKoro o6m:ecTBa (JENAM 2007, Epesan, ApMeHIDI, 20-25 aerycm 
2007), 

>CeMuHapeUN/ESA/NASA/JAXA 110 Me:lK)lyHapo,rt;HOMY reJllio4>u3MqecKOMY 2007 
ro.ny (IHY 2007, Co3onoJih, EonrapIDI, 2008), 

> Me)!(.rlyHapo,n;Hott KoHljlepeHIJ;uu no KOCMMqecKUM nyqaM (21th ECRS, KoIIIHQe, 
CJIOBaKHH 2008), 

> Me)!(.rlysapo.nHoM CMMII03HYMe "FORGES-2008" (Hop AM6ep.n:, ApMeH!iH, 2008), 
> PernoHaJihHo:il: BCTpeqe no KOCMuqecKott noro.ne (IHY-ISWI Regiona!Meeting, 

lllu6eHHK, XopaaTHH, 2009), 
>CeMuHapeUN/ESA/NASA/JAXA 110 Me:IKJ()'HapO)lHOMY renuolj_)u3uqecKOMY 2007 

ro.ny (IHY2007, Te.rt:lKeH, Pecny6JIHKa KopeH, 2009), 
>CeMHHape ITO KOMMepu;HaJIU3all;HH TeXHOJIOrHM C03,rt;aHHJI .naTqHKoB H .neTeKTOpOB 

(CNCP, CeBacTononb, YKpaHHa, 2009), 
> Me)!(.rlyHapo.rtHoli KOH4>epeHuuu "TEP A-20 IO" (Hop AM6ep.n, ApMeHIDI, 2010), 

> 23-eM Me:lK)lyHapo.rtHOM CMMII03uyMe no KOCMH"!eCKHM JiyqaM (23th ECRS, MocKBa, 
2012), 

>Ha Me:lK)lyHapo.nHott KoHtflepeHuuu "TEPA-2012" (MocKBa, 2012). 
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lly6JIHKauuu. OCHOBHOH MaTepHaJI ,!IHCCepTar:(Jrn: orry6JIHKOBaH 12-H pa60TaX, B TOM 

ql{cJie 6-x CTaTMIX H 6-x Te:mcax )l;OKJia,!IOB (CM. CIIHCOK B KOHUe aBTOpeqiepaTa). 

CTPVl£TYpa u o6beM 1mccepTaguouuoil pa6on.1. ,!lHccepTaIIIDI cocTOHT M3 

BBe,neHIDI, Tpex rnas, 3aKJilOqeHIDI H CIIHCKa HCIIOJII.30BaHHOH JIHTepaTypbI. 

,!lHccepTaLIHOHHWI pa60Ta H3JIO)({eHa Ha 111 CTp. H co,11ep)({HT 28 Ta6JIHU, 67 pncyHKOB H 73 

HaHMeHOBaHIDI 6H6JIHOrpa«!iHqecKHX CCbJJIOK. 

CO,L(EPJKAHllE PAliOTbl 

Bo eee;:i;euuu o6ocHoBaHa aKTYaJII.HOCTI. npo6neMI.I, c<t>opMynHpOBaHI.I uenH H 3a,11aq:H 

HCCJie,!IOBaHIDI, HayqHWI HOBH3Ha H IIpaKTHqecKWI 3HaqHMOCTb nonyqeHHI.IX pe3yJII.TaTOB. 

llepeaH rJiaea ,!IHCCepTaUHH COCTOHT H3 BBe,neHIDI H 7-H pa3,nenoB. 0Ha IIOCB.sIII1eHa 

orrncamno HOBhlX 3JieKTµOHHblX ycTpOHCTB, pa3pa6oTaHHblX B paMKax ,llaHHOH 

.I1Hccepn11..1Houuo:li pa6on.1, npe,llHa3Ha'leHHI.IX .11n.si pa6oTI.I B .11eTeKTopax ASEC H 

SEVAN. B Haqane c«POPMYJIHposaHI.I o6mHe Tµe6osaHIDI, npe.110.siBJI.sieMi.re K 3JieKTµoHHI.IM 

CHCTeMaM c6opa HH«!iopMaIIHH c ,lleTeKTOpOB, COCTO.sIIIIHe B Ha,lle)({HOH pemcTµauHH 

CHrHaJIOB co Bcex ,lleTeKTopoB, a TaK )Ke p.sI,lla ,llOIIOJIHHTeJII.HbIX Tµe60BaHHH, 

Il03BOJI.sIIOIIIHX 3HaqJffeJII.HO yseJIHqJffb «liH3HqecKYIO HH«!iOPMaIIHIO c 3KCrrepHMeHTaJII.HbIX 

ycTaHOBOK: 

Ha,11e:lJ<HO H3Mep.sITb aMIIJIHTY.llY K~oro HMrryni.ca, KOTOpWI ):lai:T IDI«!iopMaUHIO 0 'IHCJie 

qacni:u, O,llHOBpeMeHHO IIOila,llaIOIIIHX B ):leTeKTop HJIH 06 3HeproBhl,lleJieHHH 

3apemCTµHpOBaHHOH qacTHUI.I. 

IlpOBO,!IHTb H,lleHTH«!iHKauHIO 3apemcTp!ipOBaHHOH 'laCTHUI.I c IIOMOIIII.IO MHOrDCJIOHHI.IX H 

KOM6HHHpOBaHHI.IX ):leTeKTopax. 

VfaMep.sITb O,llHOBpeMeHHO 3ap.sI)({eHHI.Ie H HeHTµaJII.Hble KOMIIOHeHTI.1 BTOpHqHI.IX 

KOCMHqecKHX nyqeii. YKa3aHHhle 3a,11aql{ perneHI.1 c rrpHMeHeHHeM (CPLD)-CJIO)({HOH 

rrporpaMMHpyeMOH JIOfWieCKOH HHTerpaJIE.HOH cxeMOH, CIIJIMC, Ha OCHOBe 

HCIIOJII.30BaHIDI 6a30BI.IX rrporpaMMHpyeMI.IX JIOm'leCKHX MaTµHU c nporpaMMHpyeMOH 

MaTpHue:li coe,!IHHeHHH Me)({,lly HHMH, c rrporpaMMHpyeMOH BeHTHJIE.HOH MaTµHUeH (FPGA) 

H 6I.ICTµO,lleHCTBYIOIIIHX MHKpOKOHTpOJIJiepoB. B pe3yJII.TaTe 6I.IJIH C03,llaHbl .11ernesi.1e H 

BMeCTe c TeM Ha,lle)({Hble MHoro«PyuKUHOHaJII.HI.Ie ycTpOHCTBa c6opa IDI«!iopMaIIHH, 

o6Jia):laJOIUHe pacnrnpeHHI.IMH «!iYHKUHOHaJII.HblMH B03MO)({ff0CT.s!MH, IIO cpaBHeHHIO c 

auanoraMH, HCIIOJII.3yeMI.le B cymecTBYIQIIIHX ceT.sIX Ha6rno,neHIDI KOCMWieCKOH IIOrD,llbl. 

IlpH pa3pa60TKe 3JieKTµOHHKH o6ecneqeHa B03MO)({H0CTI. cqHTI.IBaHIDI H 3aIIHCH 

,naHHhlX c MHO)({ecTBa pa3HeceHHI.IX B npocTµaucTBe .neTeKTopos. PemcTµauIDI 

KoppenHpOBaHHI.IX BpeMeHHI.IX PMOB .naeT B03MO)({HOCTI. Ha6mo.neHIDI He TOJII.KO 

IIOBhlIIIeHHH H IIOHH)({eHHH HHTeHCHBHOCTH KOCMWieCKOfO H3JIY1feHIDI, CB.sI3aHHhlX c 

COJIHeqHoH MO.IIYJI.sIUHeH, HO H HX B3aHMHYIO KOppeJI.sIUHIO, qTQ .naeT HOBYIO HH<i>OPMaIJHIO 

06 H3MeHeHID!X KOCMWieCKOH IIOrD,llbl H 0 3HepreTHqecKHX rrpoueccax Ha COJIHUe. 

,L(aJiee OIIHCb!BaIOTc.si 3JieKTpoHHble y3ni.1 cneKTpOMeTpHqecKHX ycTaHOBOK ASNT H 

NAMMM. <l>yHKUHOHaJII.HWI qacn 6noKa 3JieKTpoHHKH ASNT H NAMMM cocTOHT H3 

.nsyx qacTeH - CHCTeMhl c6opa H o6pa6oTKH ,!(aHHb!X H CHCTeMhl onepaTHBHOro 

):IHCTaHUHOHHOro yrrpasneHH.sI .neTeKTOpaMH (pHc.1) 
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Puc. 1 CxeMa CHcTeMI.I C6opa ,ll;auHI.IX (CC,[{) ASNT 

CKopOCTb cqeTa c MOHHTOpOB ,!IJI.sI perHCTµaIJHH BTOpWIHhlX KOCMH'leCKHX .rryqeli HeBeJIHKa 

(He 6onee lOKI'u), qro II03BOJI.sieT HCIIOJII.30BaTE. HOBYIO KOHUeIIUHIO CHCTeM C6opa 

,[{aHHI.IX (CC,[{), B3aMeH IIIHpOKO pacrrpocTpaHeHHI.IX 6I.ICTpE.IX, yHHBepcaJIE.HhlX, HO 

CJIO)({HE.IX H ,11oporHx MHoroKaHaJII.HhlX cqeTqHKOB rrpoH3BO,!ICTBa KOMIIaHHH ADLINK H 

F ASTWEL, KOTOpb!e qacTo HCrrom.3y10Tc.si B aHanomqHi.IX 3KcnepHMeHTax. HoBI.Ie 

MO.!IYJIH 3aMeHHJIH 4JmHqecKH H MOpam.Ho ycTapeBIIIYIO 3JieKTpOHHKY HCIIOJIE.3yeMYIO 

paHee, a TaJOKe II03BOJIHJIH C03,llaTE. HOBhle 3KCrrepHMeHTaJII.HI.Je ycTaHOBKH .IIJI.sI H3Y1feHH.sI 

KOCMWJeCKOH IIOfO.Ilhl H Ha3eMHI.IX rp030Bb!X rrpeBI.IIIIeHHH c B03MO)({HOCTI.IO C03,llaHH.sI 

MHpOBhlX ceTeH. qT06i.1 CHH3HTI. CTOHMOCTE., IIOBI.ICHTI. Ha)le)({ffOCTb H IIpOCTOTY B 

o6c.rry)({HBaJIHH, B KaqecTBe OCHOBHOH 3JieMeHTHOH HCIIOJII.30BaHbl MHKpocxeMI.I BhlCOKOro 

ypoBu.si HHTerpaIJHH (EMC). B qacTHOCTH, rrpHMeHeHI.1 «rrporpaMMHpyeM1>1e BeHTHJIE.HI.le 

MaTpHUI.I» (FPGA) H ((CJIO)({Hhle rrporpaMMHpyeMI.Ie JIOfWJecme ycTpOHCTBa>> (CPLD), a 

TaJOKe 32-pa3p.sI,llHbJe MHKpOKOHTpOJIJiepI.1 ARM. MHOfOKaHaJII.HhlH 6JIOK CC,ll; COCTOHT H3 

8-H KaHaJII.HOfO MO.llYllil JIOrapH4JMWieCKOf0 aHaJIOfO-UH«!ipoBOfO rrpeo6pa30BaTellil c 

nporpaMMHpyeME.IM rroporoM, c UH«!ipo-aHanoroBI.IMH rrpeo6prooBaTeJI.sIMH (IJ;AII) ,!IJI.sI 

HaCTµOHKH rroporoB, MHKpOKOHTpoJIJiepa H nocne.noBaTeJII.Horo HHTepqieH:ca (USB, RS-
23 2) .IIJl.sI IIQ,!IKJIIOqeHH.sI K KOMIII.IOTepy. ,[{JI.sI CUHHTHJlllilUHOHHbIX .neTeK.TopoB Ba)({HO 

ycTaHOBHTb rrpaBHJIE.HOe 3HaqeHHe BblCOKOfO Hailp.sJ)({eHH.sI 11>3Y H noporoBoro 3HaqeHH.sI 

,llHCKpHMHHaTOpa ,llJI.sI YJIYlfIIIeHIDI COOTHOIIIeHH.sI CHrHanfIIIYM. B C03,llaHHbIX CC,[{ H 

BI.ICOKOBOJII.THE.IX HCTOqffHKax BbICTaBllileMI.Ie 3HaqeHIDI rroporoB H HarrpIDKeHHH 

rrporpaMMHpyeMI.Ie. I>rroK BI.ICOKOBOJIE.THoro rrpeo6pa3oBaTeJI.sI BMecTe c corJiacy101uHM 

YCHJIHTeJieM, YCTaHOBJieHE.I BffYTPH aJIIOMHHHeBoro KO~a «l>3Y, KOTOpblH CJI)')({HT 

xopOIIIHM 3KpaHOM OT BHeIIIHHX IIOMex. 3JieKTpoHHKa 11>3Y H 6JIOKa CC)], IIHTaeTCH OT 

HH3KOBOJII.TH0f0 HCTOqHHKa IIOCTO.sIHHOfO TOKa 12B H IIOTµe6JI.sieT OKOJIO lOOBT, qTo 

Il03BOJI.sieT HCIIOJII.30BaTE. B KaqeCTBe CHCTeMbl 3HeprocHa6)({eHIDI aBTOHOMHble CHCTeME.I 
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pe3epBHoro 3JieicrpomrraHIDI Ha conHe'IHLIX 6aTapel!X. Pa3pa6onunu.rn norapncpMlf'leCKHM 

aHanoro-IU1cppoBoro npeo6pa30BaTen1> (JIAI(II), ocHOBaH Ha H3Mepemm BpeMeHH 

3aTyxaHIDI KOne6aHHM, B036yJK,D;aeMLIX HMIIyJILCaMH TOKa B rrapanneJILHOM RLC 

KOJie6aTeJILHOM KOHType. 3TOT IIpHHQHII HCIIOJ1b3yeTCH Ha CTaHQHH Apar~ c 1980 ro,n:a 

Ha ycTaHOBKax no nccne,n:oBamno lllM:poKHx aTMoccpepHLIX JIHBHeli (IIIAJI) MAKET AHH 
H rAMMA. Ha 3T.liX, JIAI(II MOHTMpOBaJICH Herrocpe,n;cTBeHHO BHYTPH KOJK)'Xa <1>3Y, a 

BLIXO,ll;Hh!M CHrHaJIOM IIpli 3TOM HBJIJ!JiaCL IIOCJie,n:oBaTeJlhHOCTL CTaH,D;apTHLIX HMIIYJILCOB 

'IaCTOTOM OKOJIO I Mf'Q H c KOJIH'IeCTBOM IIpOIIOPIUIOHaJihHLIM norapHcpMY IIOJIHOro 

3apH,L1a, H3MepHeMoro TOKOBOrO HMrrym,ca. BLICOKOBOJihTHOe mrraHHe <1>3Y IIO,ll;aBaJIOCL c 

O,ll;HOro MOI.I.UiOfO HCTO'IHHKa c IIOMOID;LIO pa3BeTBHTeJIJ!. Hccne,n:OBaHHJI IIOKa3aJIH, 'ITO c 

TO'IKH 3peHIDI IIOMexoyCTOM'IHBOCTH npe,n:IIO'ITHTeJILHee pa3Mem;eHHe HH,!IHBH.AYaJILHblX 

BhICOKOBOJILTHLIX HCTOlJ:HHKOB B KOlKyxe «1>3Y, a aHaJIOfOBhIM ClirHaJI ITepe,n:asaTL B rryHKT 

CC,[( .D:JIH ,n:an1>Hemneli OIU!lf>POBKH. CooTBeTCTBeHHo, HMrrynr,c TOKa, CHHMaeMLIM c 

pe3HCTopa HarpJ3KH <r>3Y cornacyeTCH c JIHHHeli rrepe,n:a'IH 6ylf>epHLIM ITpe,n:ycHJIHTeneM. 

y Cl!Jil!Te.JIL c BhlXO,ll;HhlM COIIpOTHBJieHHeM 50 OM, ,ll;JIJ! cornaCOBaHHH c KOaKCHaJILHOM 

JIHHHeM ITepe,n:a'IH, B:&I,D;aeT HMITYJiheH:&rn CHrHaJI, ITOJIHOeT:&IO IIOBTOpHIOI.l.IHM ITO lf>opMe 

HMrry.JILC aHO,ll;HOfO TOKa Cl>3Y. TaKHM o6pa30M, B na6opaTOpl!IO rroeTynaeT ITpaKTH'IeCKH 

6e3 IIOTepr, BeH HHCpOpM~HJI 0 3aperncTpMpOBaHHOM ,D;eTeKTOpOM eOOhITHH. TOT lKe CHrHaJI 

MOlKeT rroeTyrraTh O,ll;HOBpeMeHHO Ha pa3Jilf'IHLle 3JieKTpOHH:&IM yCTpolieTBa. Mom;HOCT:& 

ycHJIHTeJIJ! Il03BOJIJ!eT ITapannenhHO no,n:aaaTI. CHrHaJI Ha HeCKOJILKO yeTpolieTB co 

BXO.D:H:&IMH eonpoTHBJieHHHMH 50 OM. HanpnMep, ):IJIJ! norlf'l:eeKoli o6pa6oTKH (H, H.Jlll, 

HE) c MaJihlM MepTBhlM BpeMeHeM, OH MOlKeT noeTynaTh Ha ):(HCKpHMHHaTOp c 

(j_JHKCMpOBaHHLIM noporoM, a ):(JIH aMITJIHTY):(HOro aHaJIH3a - Ha Al{II, HJIH, 0,ll;HOBpeMeHHO, 

MOrYT 61>rr:& 3a,n:elicTBOBaHhl pa3Hhie AIU1. IlpHH~HaJILHaH cxeMa norapncpMH'!eeKoro 

AIJ;Il (LADC) npe):(CTaBJieHa Ha Pnc.2. B OTJIH'Ilfe OT npe.t1hl):(YI.l.IHX pa3pa6oTOK, rp;e 

HeOOXO,!IHMOe 3aTyxaHHe ,n:oeTHfaJIOCh ycTaHOBKOH B HH;n;YKTHBHOCT:& eep):(e':IHHKa H3 

JiaTYffH, B HaeTOHI.1.1eli pa3pa60TKe Tpe6yeMoe 3Ha'IeHHe p;o6pOTHOCTH ):(OeTHraeTeH 

IIIYffTMpOBaHHeM LC KOHTypa cTaOHJI:&HhIM H TO'IHLIM pe3HCTopoM R. KoHeTPyKTHBHO Bee 

8 LADC pacITonararoTcH Ha op;Holi rre11aTHoli rrnaTe. B:&rxo.11;H:&1e HMrrynr,cr,1 KOMrrapaTOpa 

rro):(aroTejJ Ha MHKPocxeMy nporpaMMnpyeMoli norHKH CPLD THIIa XILINX CoolRunner-Il, 

enylKameli ,n:JIH H,AeHTncpHKaIU!H eo6LITHH, c11eTa HMIIYJihCOB B:&IXO):(H:&IX «naqeK» LADC H 

eBjJ3ff c MO,n:yJieM MHKpOKOHTpOrrJiepa. IlpHHa,D;JielKamHMH K O.ZJ;HOMY cpH3H':leeKOMY 

eo6b1Tl!IO ClJ:l!TaIOTCH Bee CHrHaJihI noeTynHBIIIHe e ,!leTeKTopoB B Te11eHHe onpe.11;eneHHOfO 

HHTepBana. HHTepBaJI BpeMeHH:&IX aopoT BhIBO):(HTCH H3 CPLD B BH,Ae norH'!ecKoro 

enrnana GATE. Co6i;rrn:e, H, cnep;oBaTeJlhHO, 3arrycK BpeMeHHhIX BOpOT, HHHIUIHPYeTeH 

IIOCTYIIJieHHeM HMrryJILca ITO JII060MY H3 BXO):(OB. HHcpopM~HJI, OTHOCHBIIIHeCH K O.!l;HOMY 

H TOMY JKe COOhITHIO, cpHKCHpyeTCH B MOMeHT OKOH'IaHHH apeMeHHhIX BOpOT. 0Ha 

3arroMHHaeTCJ1 B CPLD a BH,Ae 6aH:Ta MaCKH, a KOTopoM KaJK.D:OMY OHTY cooTBeTCTayeT 

o,n:HH H3 axo,11H1>IX KaHaJIOB a e.11;HHH'!Hoe 3Ha'IeHHe 3Toro 6HTa 03Ha11aeT, 'ITO B Te'IeHHe 

BOpOT Ha 3TOT KaHaJI IIOCTyrrHJI HMIIyJlhC OT ):(eTeKTopa 
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Puc. 2 IlpHHIUIIIHaJILHaJ! cxeMa JIAI(II. 

0.ZJ;HOBpeMeHHo c Ha'IanoM BpeMeHHhIX BopoT B CPLD OTKphlBaIOTCH Bxo.11;1>1 Bcex BOCl>MH 

C':leTlJ:HKOB, H OHM HalJ:HHaIOT ClJ:HTaTL HMilYJILChl B «na1IKax», nocryIIaIOIIIHX c BhIXO,ll;OB 

LADC. TaKJKe c Ha'IaJIOM co6LITHH reHepnpyeTcJI c11:rnan DURATION, coo6ma10ml!M 

MHKpOKOffTPOJIJiepy 0 TOM, 'ITO H,ll;eT npoQecc perHCTPaQHH COOblTHJI. 3TOT CHrHaJI 

CHHMaeTCH rrpHMepHO qepe3 I MKC IIOCJie Toro, KaK 3aKOH1IHTCJI C1leT CaMOli .D:JIHHHOH nalJ:KH 

HMIIyJILCOB. Ilo ero OKOHlJ:aHHH BXO):ILI Bcex C'IeTlJ:HKOB 3aKphlBaIOTCJI, a MHKPOKOHTPOJIJiep 

Ha11HHaeT onep~ c11HTLIBaHHJ1 HaKOilJieHHoli B CPLD HHcpopM~ - 6ail:T MacKH 

co6hITHJI H no 6aH:ry e'IeTa Ha KaJK,D;hIH H3 BOChMH KaHaJIOB. C'IHTaB HH(j_JopM~HIO, 

MHrcpoKOHTPOJIJiep BhI.!l;aeT HMIIylihC c6poca Ha CPLD, ITO rcoTopoMy c6pachlBaIOTCjJ Bee 

ClJ:eTlJ:HKH H JIOrH'IecKHe CeTH nepeBO):(J!TCJI B HalJ:aJILHOe COCTOJIHHe. CHCTeMa fOTOBa K 

pemcTpaQHH cne):(yiomero co6:&1THJ1. Enorc CC,[( cnpoeKTMpOBaH TaKHM o6pa3oM, 'iTO re 

o,n:HOMY MHKpOKOffTPOJIJiepy MOlKeT 61>1T1> IIO.ZJ;KJIJO'IeHo .n:o 'IeT1>1pex nnaT LADC, 

l)iopMMpyJ1, TaKHM o6pa3oM, 32-rcaHaJILHYIO cnCTeMy CC,[(. C11HTLIBaHHe nmpopMaQHH c 

Mo,n:yneli 8LADC B MOAYlih MHKpoKOffTPOJIJiepa C32USB ocYI.l.leCTBJIJ!eTCH ITapanneJILHLIM 

rco.11;0M no 8-6HTHo:ii IIIHHe. Mo,n:yrri; C32USB co6paa Ha MHrcporcoffTPOJIJiepe apxmeKTypLr 

ARM NXP LPC2138. OH cnpoeKTHpOBaH rcaK MHororf.>yHKllHOHaJILHoe BLl1IHCJIHTem.Hoe 

yeTPo:iicTao ,n:JIJ! npe):(BapHTeJILHO:ii on-line o6pa6oTKH ,n:aaHhlX pa3JIH'IHLIX cpH3H':lecrcnx 

3KCrrepHMeHTOB. f11:6rcocTL npHMeHeHHJI MO,D;yJIH o6ecrre'IHBaeTCH B03MOlKHOCTLIO BLI6opa 

pa3JIH'IHLIX HHTepij_Jeii:coa .!l;JIJ! BKJIJO'ieHHH ero B CHCTeMy. B CBJl3H c TeM, 'ITO 3JieKTpOHHhie 

YCTPOHCTBa, co6paHHhie Ha 6a:Je MO,ll;YJIJ! C32USB MOfYT HCITOJIL30BaTLCH B cocTaBe 

aBTOHOMH:&IX ycTaHOBOK c 3aTpy.!1;HeHHLIM ):(OCTyIIOM AJIJ! o6cJiyJKHBaHHH, O'IeHL BaJKHO 

HMeTL yp;aneHHhl:ii ):(OcTyrr qepe3 11HTepHeT He TOJILKO AJIJ! ycraHoBKH napaMeTPOB 
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,lleTeKTOpOB (rroporn, Harrp1mcemra IIHT3HIDI 4>3Y H rrp.), HOH ,lllUI nepenporpaMMHpOB3HIDI 

CaMoro MHKpOKOHTpOJIJiepa. TaKaSI B03MO:lKHOCTh Heo6XO,llHMa ,llJU! MO,llepHH3runrn 

rrporpaMMHOfO o6ecTie'leHIDI Fl TaK:lKe ,lllUI CMeHhl ycJIOBHH cjimH'leCKOfO 3KCIIep!'IMeHTa -

3aMeHa cxeM COBTia,neHIDI H aHTH-COBIIa.!leHIDI, 3aMeHa ycJIOBHH TiporpaMMHO 

reHepapyeMhlX TpHITepos FI rrp. PeaJIH30BaJIHI.re HHTepcjieiic1>1 II03BOlUIIOT 

TieperrporpaMMHposaTI. MHKpoKompormep qepe3 no.r1Kmo'leHHhlii K HHTepHeTy PC. 

06bl'IHO 3TO TOT JICe CaMbIH KOMIIhIOTep, KOTOphlii o6ecne'IHBaeT c6op Fl HaKOITJiemi:e 

,llaHHhlX (DAQ). IIporpaMMHOe o6ecrre'leHHe MHKpOKOHTporrrrepa COCTOHT H3 ,llByx 'laCTeii. 

IlepBaSI 'laCTI. BKJIIO'laeT HHHI.1HaJIH3a.IUllO, CTOpollCeBO:ii: (watchdog) H pa60'IHe Taii:MepbI, 

o6crryllCHB3HHe rrpepI.IBaHll:H, BBO,ll-BhlBO,ll, o6crry:lKHBaHHe JIOKaJihHO:ii: yrrpaBlUIIOlI.le:ii: CeTH 

FI rrpo'IHe aHaJIOfH'IHI.Ie IJ.iYHKUHH. BTOpiuI 'lacn BKmo'laeT rrpe.r1BapF1TeJII.ffYIO o6pa6oTKy, 

xpaJieHHe 11: B1>maqy B ceTI. 'Iepe3 PC ,llaHHhlX TiorryqaeMI.IX c ,lleTeKTopoB. B 'laCTHOCTH, 

HaKanmmaeTCJI aMIIJIHTY,llHI.I:ii: CIIeKTP ,llJIJI KRJIC'AOfO H3 ,lleTeKTOpOB, o6pa6aTI.IBaIOTCJI 

COBIIa,neHIDI H aHTH-COBIIa,neHM51, HaKaTIJIHBaeTCJI CTaTHCTHKa TIO HaIIpaBJieHIDIM 

rroczyrrrreHIDI 'laCTHQ, reHepHpyIOTCJI rrporpaMMHI.Ie TPHrrepi.r FI rrp. 

,lJ;aJiee OTIHCbIBaIOTCJI 6JIOK CC):{ Fl CHCTeMa ,Il;HCTaHQHOHHOfO yIIpaBJieHH51 (C)J;Y) ,lllUI 

HeilTpoHHoro Cynep-MOHHTopa (NM). 3rreKTPOHHI.Iii TPRKT HeilTpoHHoro c'leT'IHKa 

COCTOHT 11:3: 

• - rrporpaMMHpyeMoro HCTO'IHHKa BhlCOKOro HaIIpJl:lKeHHJI,. 

• - TPaHCHMne.,n;aHcHoro rrpe,llyCHJIHTeJUI, 

• - ,llHCKpHMHHaTOpa!KOMIIaparnpa c rrporpaMMHpyeMI.IM TIOporoM, 

• -TpexKaHaJII.Horo c'leT'IHKa HMnyrri.coB, pearrmoBaHHoro BffYTPH HC rrporpaMMHpyeMo:li 

JIOrHKH FPGA Spartan 3E, 

• - yHHBepcaJII.Horo HHTep!J.ieiica .D;IDI CBJl3H c PC. 

HcTO'IHHK B1>1c0Koro HaIIpJ1J1CeHHJ1 MO:lKeT nporpaMMHpOBaTI.cJI B .,n;Hana3oHe - 1.5 .•• 3 KB, c 

maroM 2B. To'IHOCTI. TIO,ll,llep:lKaHM51 ycTaHOBJieHHoro 3Ha'leHM51 +-SB. 

TpaHcHMrre,llaHCHhlH rrpe.,n;ycHJIHTerri. npe,D;Ha3Ha'leH .IIIDI rrpeo6pa30BaHH51 HMTiyrr1>coB TOKa 

B HMIIyJI1>c1>1 HarrpJ1:lKeHH5l c rrponopuaoHarri.Hoi!: aMITJIHTY.D;Oi!:. K03cjJcjJ11:n:11:eHT 

rrpeo6pa30B3HIDI HMeeT pa3MepHOCTb 3JieKTPH'IeCKOfO conpoTHBJieHHJI (B/A) II: COCTaBJIJleT 

IOOKOM. TpaIIcHMne,IJ;aHCHaSI cxeMa ycHJieHIDI BI.I6paHa c TeM, 'IT061>1 yMeHI.IIIHTb 

,lllIHTeJII.HOCTb BhlXO,Il;HbIX HMIIyJihCOB IIJTeM 'laCTWIHOH Hei!:TpaJIH3fillll:H eMKOCTH K8MepbI 

H rrapa3HTHoi!: eMKOCTH Harpy3KH. Erraro.r1apJ1 3TOMY y.r1aeTcJ1 pa3,lleJIHTI. ,llBa 

nocrre,llOBaTeJII.HhlX HMIIyJII.Ca HOHH3RUHH, eCJIH rrpoMe)KYTOK BpeMeHH Me)l('Ay HHMH 

6oJII.me rrocTOJIHHOH BpeMeHH 3JieKTPOHHoro TPaKTa (-400Hc ). .D:11:cKpHMHHaTop 

rrpe,llHa3Ha'leH ,llJIJI cpopMHpOBaHHJI CTRff'A3PTHb!X JIOm'leCKHX HMIIyJibCOB H3 BhIXO,Il;HhlX 

HMIIyJII.COB TPaHCHMTie,IJ;aHCHoro npe,llyCHJIHTeJUI, ecrr11: aMITITHzy.lla rrocJie,llHHX rrpeBI.IlllaeT 

HaIIpJl:>KeHHe rropora. .D:rrHTeJII.HOCTh JIOrWieCKHX HMITYllbCOB OKOJIO 400HC, aMIIJIHzy,n;a 

3.3B. BerrH'IHHa nopora rrporpaMM11:pyeTcJ1 B .r111:ana30He 0 ... -lB maraMH 4MB. C'IeT'IHK 

HMIIyJII.COB HMeeT TPH KaHarra A, EH B c pa3JIH'IHI.IMH 3Ha'leHHJIMH «Mi:!pTBoro BpeMeHH»: 

A - IIOCTOJIHHaSI BpeMeHH 400Hc. 

E - IIOCTOJIHHaJI BpeMeHH 350MKC. 

B - IIOCTOJIHHaJI BpeMeHH l.5Mc. 
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Ecirn npoMe:lKYTOK BpeMeHH Me)l('Ay 'ABYM51 HMIIyJII.CaMH 6y,lleT MeHI.llle Ml.\pTBoro BpeMeHH, 

TO OHH OY'AYT COC'IHTaHhl KaK O,llHH HMIIyJibC. 

CeKyff'AHI.Ie ,llaHH1>1e c ycTPo:ii:cTBa pemcTpRUHH qepe3 HHTep!J.ieH:c USB MITH RS-232 

IIOCTynaIOT Ha MHHHKOMIIbIOTep. Aim yrrpaBJieHIDI HCTO'IHHKll.MH BbICOKOro HarrpIDKeHH51 H 

ycTpolicTB ycTaHOBKH noporoB acnoJib3YeTCJI HHTep!J.ieiic- RS485. Ha MHHHKOMilhIOTepe 

ycTaHOBJieHa nporpaMMa, TI03BOJIJllOlI.laSI IIpH IIOMOII{H y.r106Horo rpacjJH<!eCKOro 

mrrepcjJei!:ca, BbI3I.IBaeMI.Iii c mo6oro web 6paY3epa, npoH3BO,!l;HTh y.r1arreHHI.Iii: KOffTPOJII. 

BCei!: YCTaHOBKH. AparaucKHM MHOrOKaHaJII.HbIH MIDOHHb!M MOHHTOp (AMMM) OhIJI 

OCHRlI.leH CKei!:rrepll.MH (3JieKTPH'IeCKHe C'leT'IHKH HMIIYJII.COB) Ha OCHOBe ,llHCKpeTHhIX 

3JieMeHTOB CTaporo COBeTCKOro speMeHH. )J;JIJi o6ecne'leHIU! CTa6HJII.HOM paOOTbl AMMM 
Mb! pa3pa6oTaJIH KOMIIaKTHb!M H Ha,ne)l(Hl.IH OJIOK cc.n; Ha OCHOBe FPGA Xilinx 'IHIIOB 

Spartan3E. ErroK COCTOHT H3 .llByx TIJiaT 60-H KaJiaJII.HJ>IX C'leT'IHKOB HMIIyJibCOB, 

nocTPOeHHI.IX Ha MHKpocxeMax FPGA Xilinx Spartan3E, 6rroKa IIHTaHHJI H nrraTbl ATMEL 

NGW-100. KaJIC'AaJI nrraTa FPGA Xilinx II03BOJIJleT pernCTPHpOBaTI. HHTeHCHBHOCTI. C'leTa 

c 60-H KaJiaJIOB. IlporpaMMHaJI qacTI. FPGA BKJIIO'laeT B ce6J1 6rroK rrocrre;:i;oBaTeJII.Horo 

nopTa UART H 60 He3aBHCHMI.IX aCHHXpOHHI.IX C'leT'IHKOB. Qemparri.Hoil 'laCTI.IO 6rroKa 

cc.n; JIBJIJleTCJI nrraTa ATMEL NGW-100, Tipe,llCTaBJIJl!OlI.laJI co6010 CeTeBOH ,IJ;Byx­

nopTOBOM MapIIIpyrn:3aTop c MHOJICeCTBOM .r1onoJIHHTeJII.HI.IM HHTepcjJelicoB (2 USART, 2 

Ethernet, USB, I2C, SPI H JTAG). TaK:lKe Ha TIJiaTe ycTaHOBJieHo rne3,llO ,IJ;JIJI SD/MMC 

4Jrrem KapT IIaMJITH. HarrH<JHe HHTepcjJelica SD/MMC JIBJIJleTCJI KJIIO'leBI.IM ,llIDI ycTaHOBOK 

TaKOfO po,D;a H3-3a HaJIFl'IM51 OOJII.IIIHX OOI.eMOB ,Il;3HHI.IX KOTOpbie Heo6xo,llHMO COXpaHJITh. 

NGW-100 pa6oTaeT no.r1 yrrpaBrremi:eM MHKpOKOHTporrrrepa ATMEL AT32AP7000. IlrraTa 

IIOCTaBJIJleTCJI c YCTaJIOBJieHHOH CHCTeMOH Linux c ITOMepllCKOH ,llpaii:BepoB BCex 

OIIHC3HHI.IX HHTepcjieiicoB. B Ka'JeCTBe ,llaT'IHKa aTMOCcjJepHoro ,llaBJieHH51 HCIIOJII.3yeTCJI 

norrynposo,IJ;HHKOBI.IH ceHcop !J.iapMI.I Motorola, pa6oTaIOillHH Ha ni.e3ope3HCTOpHOM 

3$$eKTe (TeMrrepaTypHO-KOMIIeHCHpOBaHHI.IM, KarrH6poBaHHbIM ,L\JIJI H3MepeHIU! 

aTMoc!J.iepHoro ,IJ;aBJieHHJI). ,lJ;aT'IHK IIpOH3BO,Il;HT npeo6pa30BaHHe ):laBJieHHe - HarrpJl)KeHHe 

c TO'IHOCTI.IO 45mV/kPa ( IIpH H3MeHeHHH ):laBJieHH51 OT 15 ,llO 115k:Pa, BhIXO,llHOe 

HaIIpJl:lKeHHe H3MeHJleTCJI OT 0,2 ,Il;O 4,7 B). c Bh!XO,lla ceHcopa ClffHaJI TIOCTYITaeT Ha AllII 
ADS 1100- TO'IHhlM, HeTipepi.mHo caMoKarrH6pyIOlI.IHHCJI 16 OHTHhlH Al\II: ADS 1100 

HCIIOJII.3yeT I2C-COBMeCTHMbIH TIOCJie,llOBaTeJII.HhlH HHTepcjJeilc H rrpe,llHa3Ha'leH ,Il;JIJI 

npHMeHeHHH, Tpe6yIOlI.IHX H3MepeHIU! c BhlCOKHM pa3pemeHHeM, B ,Il;aJII.Hei!:meM rrpH 

IIOMOlI.IH I2C HHTep!J.ieiica ,Il;aJIHhle IIOCTynaIOT Ha MHKpOKOHTPOJirrep, KOTOpbIH rrpH 

IIOMOlI.IH crreQHaJibHOro KO,IJ;a rrpeo6pa3yeT 'IHCJIOBhle ,llaHHble B 'laCTOTY HMIIyJibCOB. 3TH 

HMIIyJII.CbI IIOCTynaIOT Ha O,llHH H3 CBOOO,Il;HhlX KaHaJIOB OJIOKa CC)J;, ,Il;JIJI 3HaJIH3a BMeCTe C 

,Il;aJIHbIMH 0 CKOpOCTJIX C'leTa c ,IJ;eTeKTOpOB. KaJIHOpOBKa ,IJ;aT'IHKa ):laBJieHIU! IIpH IIOMOlI.IH 

PTYTHOro 6apoMeTpa noKa3arra, JIHHeiiHyIO 3aBHCHMOCTI. 'laCTOTI.I OT ,IJ;asrreHHJI. 

BTopaH rJiasa ;:i;11:ccepTauHH rroCBJIIIleHa OIIHCaHHIO Cern: Ha6rr10,IJ;eHH5l H AHarrH3a 

KocMH'lecKoii Iloro;:i;1>1 (SEVAN). CeTI. ,IJ;aT'IHKOB qacTHQ SEVAN, pacrrorro:lKeHHJ>rx B 

cpe,llHHX H HH3KHX IIIHpOTax (CeTi. Ha6mo;:i;emrn H AHarrH3a KocMH'leCKOH IIoro.r11>r), 

C03;:i;aeTCJI B paMKax Me)l(,llyHapo,D;HOfO ro,IJ;a CoJIHua H Me)l('AyHapO,Il;HOH HHHUHaTHBbI TIO 

H3y<JeHHIO KOCMWieCKOH IIOfO,llbl. Qerri.10 RBJIJleTCJI rrpoBe,lleHHe IJ.iYff'AaMeHTarrI.m.IX 

HCCJie,IJ;OBaHHM B OOJiaCTH ycKopeHH51 'laCTHII BOJIH3H COJIHI:(a H HCCJie):IOB3HH51 KOCMH'leCKOM 

IIOfO):lbl. HoBI.IH THII ,llaT'IHKOB 'laCTHI.1 O,iJ,HOBpeMeHHO H3MepJleT H3MeHJllOII.IHeCJI IIOTOKH 

6oJII.IIIHHCTBa pa3HOBH,Il;HOCTeH BTOpH'IHhIX KOCMH'leCKHX rryqei!:, rrpeBpRlI.laJICh, TaKHM 

o6pa30M, B MOlI.IHOe HHTerpHpOBaHHOe YCTPOHCTBO,' HCITOlII.3yet.me .,lllUI HCC~e,D;OBaHHJI 
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JcjlcjJeKToB coiJHe•rnoii MO,ll:YIDIUHH [2, 10, 12]. MJ:.r npe,n;nonaraeM, qTO noTOKH qacnm, 

H3MepeHHbie HOBOH CeTblO Ha cpe,!l;Hl!X H HH3KlfX IIIHpOTaX, BMeCTe c HmpopMan;Heii OT 
CnyTHFIKOB Fl ceTeii BbICOKOIDHpOTHbIX ,n;aTqffKOB, o6ecneqaT JKcnepHMeHTaJibHbie ,llaHllJ>Ie 

JHepreTH'leCKJfX npoueccax Ha COJIHIIe, a HOBaJI CeTb CTaHeT BIDKHb!M JJieMeHTOM CJIY)K6bI 

rrpOrH03HpOBaHIDI H KOliTpOIDI rno6aJibHOii KOCMffqeCKOH norO,!l;bI. 
,l(eTeKTopb! SEV AN ycTaHOBJieHbr B ApMeHHH, BonrapHH, XopsaTHH, HH,D;HH H 

CnoBaKHH (PHc.4). CeTb SEVAN cne,n;HT 3a cocTOllHHeM coJIHeqffOH aKTHBHOCTH 16 qacos 
B ,n;eHb H crroco6eH perHCTPHpOBaTb, KaK 3apJnKeHHbie, TaK H HeiiTpaJibHb!e KOMilOHeHTbl 

BTOpHqHbIX KOCMH:qeCK:HX~JI;;:;oY'!<-;;.;e;,;;;ii"" . .......,-,...-___ ~-· 

,/':~;:--~,.,._:+_~:- ·-=~~::~~:;..~~'~..;:_,.__ 
.: ~{:a!iti-~;;t ·:_·•~ 

I - . , 

f· I ,.,:. 
r . 

\ ·--~t..:,_:·: .. 
\ ·- ·-

\,·· 

" '-,.j;l., \,. 
'')'."' --

'',<~ --~~"~~~~j~~~<J::;- ./'J~_.~""' ::_ 
PHc. 3 CeTb ,n;eTeKTopos SEY AN [2, 6, 10, 11, 12j. 

,,, ... , 
' -·: 

·.~ .... :..~-,-
,.,., 

·:r .' " 
•.; 

Bo BTopoii rnaae rrpHBO,!l;llTCll rroporH qyBCTBHTeJibHOCTH ,n;eTeKTopos HaxO,!l;lllI(HXCll Ha 

pa3HbIX IIIHpOTax, ,!l;OJiroTax H BbICOTax ,L(JUI pa3JIHqHbIX crreKTPaJibHbIX HH,!l;eKCOB 
rrepsHqHoro KOCMHqecKoro mnyqemrn [10, 12]. · IloeyqeHbI TaIOKe JcjlcjleKTHBHOCTH 

perHCTpan;HH pa3JJHqHJ)IX KOMIIOHeHTOB KOCMlfqeCKJfX eyqeii. IlpH "pactieTax yqTeHbl 
IIOrJIOII(eHHll CBeTa B CUHHTHJIJlllTOpe [10, 12]. 3cjlcjleKTHBHOCTb perHCTpan;HH 3apIDKeHHOH 
KOMIIOHeHTbl BTOpffqHbIX KOCMH:qeCKHX nyqeii COCTaBIDleT 95% ,!l;Jlll scex TPeX CJIOeB: 

3cjJcjleKTHBHOCTb perHCTpan;HH HeiiTpOHOB c JHeprHllMH OT 200MJB COCTaBJllleT 30%, 
JcjJcjJeKTHBHOCTb ,ll;Jlll raMMa-KBaHTOB Tex iKe JHeprHH 60% ,ll;Jlll cpe,n;Hero 25 CM 

CIU!HTHJIJlllTOpa (10, 12]. 
TatoKe paccMoTpeH OTKJIHK ,n;eTeKTopa SEVAN Ha Ilpesb!IIIeHm Ha YpoBHe 3eMJIH (GLE) 
HHHIU!HpOBaHHbJe COJIHeqHb!MH KOCMHqecKHMH JiyqaMH (CKJI). IlpH6b!BaIOIIIHe 

COJIHeqHbJe HeiiTpOHbl co,n;epiKaT BIDKHYJO HHcjJOpMan;HIO 0 npoueccax ycKopeHHll HOHOB, 
IIOTOMY ~o OHH He no,n;aepiKeHbl BJIHllHHIO MeiKilJiaHeTHOro MarHHTHOro IlOJlll. 

Hccne,n:OBaHHe HeiiTpOHOB, HcnyCKaeMblX BO BpeMll BCilb!IIleK, Il03BOJllleT nonyqHTh 
BIDKffYIO HHcjJOpMaUHJO 0 MeXaHH3Me BCIILIIIlKH: MaKCHMaJibHOH JHeprHH ycKOpeHHLIX 

qacTHII, TeMne ycKopeHHll, aHH30TPOITHH, IIOJIHOM qHCJIO H cjJopMe crreKTpa ycKopeHHLIX 
qaCTHII. IlpllMbie Ha6JI10,n;eHHl1 COJIHeqffbIX HeiiTpOHOB Ha OKOJI03eMHbIX op6HTax 
3aTpy,n;HeHbI scne,n;cTsHe Toro, ~o 3HaqHTeJibHaJI HX 'l:acTb c JHepmeii HHiKe -30 MJB 
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ycnesaeT pacrraCTbCll Ha nyTH K 3eMJie, H B03MOiKHa JcjJcjJeKTHBHaJI pernCTParum TOJI])KO 
HeiiTpoHoB c 6onI>meii JHepmeii. TeM He MeHee, HeifTPOHHble co6LITHll oqeffb pe,n;KH, H 
oqeHb TPY.LIHO HX OTJIHqHTJ. OT 6orree qacTbIX npoTOHHblX co6LITHii. CpasHeHHe 
npeablmeHHii cKopocTeii c'l'.eTa Ha pa3JlHqHbIX crrollx MO.J:IYJlll SEV AN Il03BOJllleT pa3JIHqaTb 

Ha3eMHble npeBLIIIIeHHll (GLE) C03JJ:aHHble COJIHeqHblMH HeiiTpOHaMH Ila,ll;aIOIIIHMH Ha 
3eMHYJO aTMOC<j>epy. ,ll;ll.flee Il0Ka3aHLJ pe3yJibTaTbI pemCTpan;Hii IJ>op6ylli ITOHHiKeHHH 

(<l>TI) CeTLJO ,n;eTeKTopoa SEVAN B Ha'l'.arre 24-oro IIHKJia coJIHeqHoii aKTHBHOCTH [10]. IJ>II 
6bmo 3apemcTpHpoBaHo ,n:eTeKTopaMH ApMeHHH, BonrapHH H XopsaTHH. ,ll;ereKTop 
pacnono>KeHHbIH B HH,D;HH He cMor 3aperHcTpHpoBaTb H3-3a 6onI>mero 3Ha'l:eHHll 
>KeCTKOCTH reoMarHHTHOro o6pe3aHHll. 18 cjJespaJlll 2011 ro,n;a H 24 llHBapll 2012 6LIJIO 
3apemcTpHpOBaHO <l>II B IlOTOKax HeiiTpOHOB, HH3KO JHepmqffJ,IX 3aplliKeHHblX qacTHII Fl B 
noToKax MJOOHOB Bb!COKHX JHepmii. Mo,n;yrrH SEV AN pacnoJioiKeHHble B ApMeHHH 
pemcTpHpOBaJIH f'po30Bble Ha3eMHble IlpeBbIIIIeHHll (TGE). 3a nep11:0,n: c 2008 no 2011 ro.z:1 
6bmo 3apemCTpHpOBaHO oKorro 343 TGE MaJibIX co6LITHH H 6 KpynHb!X c aMilJIHTy,n:oii 
npeBblilleHHH 60Jibille 20%, ~o Il03BOJIHJIO c,n;enaTb JJ:eTaJibHbIB aHaJIH3 H 
CHCTeMaTH3HposaTL HOBbie BblCOKOJHeprlfqHbie llBJieHIUI B aTMOCl}lepe. B rnase TaKiKe 
OIIHCaH 6JIOK cc,n; ,llJlll ,LleTeKTOpa SEV AN (pHC. 3), KOTOpLiii Il03BOJllleT BblilOJIHllTb He 
TOJibKO pemcTPaIIHID ,n;aHHbIX, HO TaIOKe H c03,n;asaTL cjJaiiJibl H BbIKJillJJ:b!BaTL HX Ha FTP 
,!l;Jlll CKa'l'.HBaHHll IIO CeTH [2, 4, 10, 12]. 

Puc. 4 BnoK CC,ll; .llJlll .LleTeKTopa SEY AN 

YcTaHOBKa CeBaH TaKiKe rrocTpoeHa Ha ocHoBe NGW-100 H o6na,n:aeT TeMH iKe 
cjJyHKIIHllMH qro H 120-H KaHaJibHbIB cqeTqHK. B JTOM cnyqae rrocne,n;oaaTeJILHblii rropT 
/dev/ttySl IIO,llKJIJOqeH K 4-x KaHaJI])HOMY cqerqHKy, nepe.n:a10II1eMY ,n;aHHbie B l}lopMaTe 
ASCII. IlopT /dev/ttyS2 no,n;KJ110qeH K npeo6pa3oBaTeJIIO HHTepcpeiicos RS232 - RS485, no 

KOTOpOMY IIO,llKJIJOqeH 6JIOK ynpasneHHll Bb!COKHM HanpsnKeHHeM, HaxO,!l;llIIIHHCll Ha <1>3Y. 
3TO ,!l;aeT B03MOiKHOCTL Y.LlaJieHHOro KOHcjJHrypHpOBaHHll H MOHHTOpHHra COCTOllHHll 
BbICOKOro HaupRiKeHHll Ha <l>3Y [4, 10, 11, 12]. ,l(Jlll JTOH uerrH C03,n;aHa KOHCOJlbHaJI 
nporpaMMa console.elf, KOTOpaJI ocymecTBJllleT rrpHeM KOMaH.ll OT noJIL3oBaTeJlll qepe3 
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Linux KOHCOJIL, H nepe,n;aqy HX JIH60 Ha nnazy cqeTqHKa ,n;mr KOHcpHrypHpOBaHHJI noporoa, 
im6o Ha 6JIOK ynpaaneHIDI BLICOKHM Hanp.lDKemieM. IIporpaMMa no3BOIDieT: 

- cqHT1>1BaT1>/yCTaHaam1aaT1> noporH Ha nnaTe cqerqHKa 
- BH,LJ:eTL TeKymee COCTOJIHHe cqera 
- cqHTJ>IBaTL!ycTaHaBJIHBaTL BLICOKOe Hanp1rnceHHe 
- BKJllOqaTL!BLIKlIIOqaTh BLICOKOe HanpIDKeHHe. 

(~O n03BOJllleT ,n;erraTh yrrpaarreHHe YCTaHOBKOH He TOllhKO B JIOKaJILHOH CeTH a 
TllIOKe H B rrro6a.rrLHOH MHpOBOH CeTH). HoBhrn MO)l;YllL IIpaKTHqecKH BhIIIOJIHlleT cpyHicu;mo 
KOMnhIOTepa, TeM CaMLIM Hcqe3Jia Ha,n06HOCTL B OT)l;eJILHOM MHHHKOMIILIOTepe, KOTOpLIH B 
5 pa3 npeBOCXOJJ;HJI no u;eHe. 

B TpeTbeii rJiaBe OIIHCaHLI HOB1>1e B03MOllCHOCTH ii;eTeKTopoa AparauKoro U:eHTpa 
KocMHqecKoro IIoroii;LI (ASEC), ocHam:eHHLIX onHCaHHOH B nepaoli rrraae :meKTpOHHKOH 
[l, 5, 7, 8, 9]. l'.Iccrreii;oBaHHJI H3MeHeHHJI apeMeHHhIX pH,n:OB BTOpHqHJ>IX KOCMHqecKHX 
qaCTHIJ; MOryT IIpOmITh CBeT Ha BhICOKO:mepreT0:'1eCKHe MeXaHH3Mhl ycKopeHHJI qacTHIJ; Ha 
conHu;e. BpeMeHHOH PM HHTeHCHBHOCTH qacTHu; BbICOKHX :meprHii MOJKeT TllIOKe 
npe,n;OCTaBHTb oqeHL BIDKHYJO HHcpopMaumo 0 1011oqea1>1X oco6eHHOCT.l!X pa,nHailHOHHLIX H 
reoMarHHTHLIX 6ypL. HeiiTpOHHLie MOHHTOpbl, pacnOJIOJKeHHLie Ha BLICOTax 2000 M H 3200 
M Ha CTaHIJ;HllX Aparau H Hop-AM6ep,n; (ArNM H NANM) pemcTpHpyroT HeiiTpoHLI 
BTOpHqHbIX KOCMffqeCKHX rryqeii. ArNM H NANM BXO,WIT a MHpoayro CeTb HeiiTpoHHLIX 
MOHHTopoa NMDB. OqeHL a1>1c0Krui HHTeHCHBHOCTb cqem no cpaaaeHHIO c ,n;ereKTOpaMH, 
paCIIOJIOJKeHHLIMH B KOCMOCe, ,n;aeT n:eocnopHMOe npeHMymeCTBO ,n;mr HeHTpOHHLIX 
MOHHTOpOB. 3TO Il03BOJllleT CTaHIJ;HJIM n:a6lIIO,n;aTb MHOrO He60JILIIIHX H n:e,n;mrreJILHb!X 
H3MeHeHHH B HHTeHCHBHOCTH KOCMll'leCKHX nyqeii (oKOJIO 0,5% no BeJlliqHHe), KOTOpbie 
HeB03MOllCHO 3apemcTpHpOBaTL ,n;eTeKTOpaMH B KOCMOCe [8, 10]. 
OT,n;ellhHb!H HeiiTpOHHbIB MOHHTOp perHCTPHpYeT rrepBll'IHble KOCM0:'1eCKMe JiyqH, KOTOpbie 
HMeIOT 3HeprHIO H MarHHTHyro JKeCTKOCTh BLIIIle nopora, H TOllhKO B orpaHaqeHHOM pM,n;e 
HanpaaneHHH. TaK KaK 3TH napaMeTPbl B OCHOBHOM 3aBHCHT OT paCIIOJIOJKeHIDI 
HeiiTpOHHOro MOHH'ropa Ha 3eMJie, TO CeTH HeliTpOHHblX MOHHTOpOB npe,n;OCTaBIDllOT 
IIIHpOKyro B03MOJKHOCTb )l;Jlll H3BJieqeHHJI H3 )l;aHHLIX cjJH30:'1eCKOH HHcpOpMailHH, TaKOH KaK 
3HepreTHqecKHe cneKTpLI H HanpaaneHHJI pacnpocrpaHeHIDI nepBHqH&IX coJIHeqHbIX 
qacTHIJ;. TaKJKe OHM npe,n;OCTaBJIJIIOT HaM B03MOllCHOCTb HCilOllb30BaTL HeiiTpOHHLie 
MOHHTOphi )];Jill MOHHTOpHHra KOCMHqecKOH noro,n;LI. ;D;mI 3TOf0 Heo6xo,n;HMa 6a3a )l;aHHbIX 
a pearr&HOM apeMeHH, J;aKM KaK NMDB. YcTaHOBKa MAKET cocToHT H3 IIIeCTHaJJ.Il;aTH 
IDITHCaHTHMeTpOBbIX Cll;HHTHJIJIJllJ;HOHHLIX )l;eTeKTOpOB DllOillllJJ.bIO B 1 KBll,}J.paTHb!H MeTp, c 
IIOMOillbIO KOTOpLIX pemCTpHPYJOTCH qacTHIJ;bl IIIHpoKHX ATMOC«jlepHLIX JlHBHeH (IIIAJI) H 
H3MepHIOTCH DOTOKH HH3KO 3Hepr0:'1HLIX 3ap11JKeHHLIX qacTHIJ; [1, 7]. c IIOMOiu;bIO 
AparaucKoro TenecKona CoJIHeqm,ix HeliTpoHoB (ASNT - Aragats Solar Neutron 
Telescope) H3MepJieTCH He TOllbKO q:HCJIO qacnm, HO H HX 3HeproBbIJJ;elleHHJI [l, 5, 7, 8]. 
,ll,eTeICTop, OCHameHHLIH HOBOH 3lleKTpOHHKOH, Il03BOIDleT perHCTPHpOBaTb HaTipaBlleHHH 
npmm,n;a qacTHIJ; c IIOMOIIJ;hIO cxeMbl coana,neHHH MeJK,n;y aepXHHMH H HHJKHHMH 
Cu;HHTHJIJIJITOpa~m. TonmHHa HHJKHHX Cll;HHTHlIJlllTOpOB 60 CM, a TOll!IIHHa BepXHHX - 5 CM. 
lfa-3a 60llblll0H TOlllUHHbl HHJKHHX Cu;HHfHJIJIJITOpOB ,n;eTeKTOp cnoco6eH pemcTpHpOBaTh 
TllIOKe TIOTOKH HeHTpaITLHblX qacTHu;. EcJIH qaCTHu;a He 3apemcTpHpOBarracb B aepXHeM H 
3aperHCTpHpOBarrac1> B HHJKHeM, TO c 60llhIIIOH BepOHTHOCTblO MOllCHO yTBepJK,n;aTb, ~o 3TO 
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6Lina HeiiTparrLHaJI qacTau;a (KoM6HHauIDI «01»). ,ll,aHHbie ,n;e-reKTopoa ASEC rro3BOIDIIOT 
HCClle,n;oBaTL pa3HL!e cjJH3HqecKHe HBJieHHJI B IIIHpOKOM )l;HaITa30He 3Hepmli [I, 5, 7, 9]. 

B 3aKJIIO'leHHH nepeqHcJieHLI ocHOBHble pe3yllbTaTbl ,n;HccepTauHoHHoii pa6on1 H 
OTMeqeHO HX COOTBeTCTBHe noCTaBlleHHOH 3ll,}J.a'!e. fJiaBHLIM pe3yJI1>TaTOM HBIDieTCH 
Mo,n;epHH33llHll ASEC H C03)l;aHHe MMpoaoii CeTH SEY AN. ;nrui ,n;oCTHJKeHHJI YKa3aHHOro 
pe3yllLTaTa 6MlIH pa3pa6oTaHLI cne,n;yromMe 3JieICTpoHHLie Y3lILI H YCTPOHCTBa: 
1. EnoK npe,n;ycwmrren1>-,n;McKpHMHHaTOp-cjlopMHpoBaTeJI1> ,n;mr cqi:'fqwKoB qacTwu; 
2. JiorapwcjJMll'lecKMii AIUI 
3. n1>ICTPLIB 8-KaHarr&Hblii cqeTqHK c nporpaMMHpyeMLIM noporoM 8CNT 
4. 12-KaHaJILHb!H cqeTqHK c nporpaMMHpyeMh!M noporoM 12CNT 
5. YHHBepcarrLHLIH MHoroKaHarr1>H1>1M: cqeTqHK co61>rrwM: UMEC 
6. Mo,n;ynL MultiTFC JJ;Jlll coe,n;HHeHIDI Bh!IrrerrepeqHcJieHHLIX Mo,n;yneM: c PC HlIH 
Henocpe,n;cTBeHHO B HHTepHeT 
7. IIporpaMMHO HaCTPfillBaeMb!H BB HcToqHHK nHTaHHJI <l>3Y 
8. ,ZJ;onoJIHHTeJILHO 6Lina pa3pa60TaHa 3JieICTpOHHKa ,n;lil! H3MepaTeneM: aTMoccpepHoro 
,n;aBJieHHH, BJIIDKHOCTH H TeMnepaTYPLI. 

Bee nepeqwcneHHble Mo,n;ymi: 61>mH HcnoJIL30BaHbl ,n;mr nocTPOeHHH 3JieICTpOHHLIX 
CHCTeM ,n;IDI ,n;eTeKTopoB ASEC H SEY AN. 
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Abstract 
In the dissertation we present the description of electronics of SEV AN and ASEC networks 
and several examples of network operations. Electronics was developed having in mind the 
distributed nature of particle detector networks worldwide. Therefore. the system is 
designed for autonomous operation. error recovery and remote management capabilities. In 
contrast to existing worldwide networks measuring only single component of secondary 
cosmic rays (muons or neutrons) ASEC intended to measure low energy charged component 
(mostly electrons and muons), neutrons and high-energy muons. Correlations between 
changing fluxes of elementary particle measured at same location gives additional valuable 
information on transient solar events. Therefore, the Data Acquisition (DAQ) electronics 
should be designed to issue control signals and provide information readout and store from 
multiple remote detectors. Secondary cosmic rays are products of interactions of the primary 
high-energy particle with terrestrial atmosphere; therefore fluxes of charged and neutral 
particles are correlated. Registration of the correlated time series, gives possibility not only 
detect peaks, deeps and other features connected with solar modulation effects, but also 
correlation matrices containing new interesting information on the nature of primary solar 
cosmic rays. Mentioned tasks assigned to DAQ electronics are realized using integrated 
systems of Complex Programmable Logic Devices (CPLDs). microcontrollers and Field 
Programmable Gate Arrays (FPGA). Incorporation of the ''intellectual" elements allows 
fulfilling rather complicated tasks of particle detection and, also, performing remote control 
and tuning of most crucial parameters of the detector. ASEC DAQ system is much more 
complicated and flexible as compared to ones often used in particle detectors of worldwide 
networks monitoring fluxes of cosmic ray. The basic electronic devices are the frontend 
circuits for particle detectors. The shaper-discriminator circuit is used in the systems 
operating in counter mode. The dead time of these systems has been reduced to 0.4us using 
fast comparators and CPLDs. Programmable threshold and remote control allows for 
combining these shaper-discriminators into flexible devices. Logarithmic Amplitude -to­
Digital Converter (LADC) is used in systems requiring measurements of pulse amplitudes 
giving information about particle energy or number of incident particles. On base of these 
circuits, several devices were developed for solving different tasks. For this purpose the 
following electronic modules were developed. The Buffer Preamplifier module is designed 
to be used with photomultipliers and to be mounted inside its housing. It has unity voltage 
gain. I 00 k input impedance. more than I GHz bandwidth and 50 Ohm output impedance. It 
is intended, for the impedance matching of the coaxial line translating the PM pulse to the 
DAQ. The Programmable Regulated High Voltage DC Power Supply is designed to supply 
high voltage to photomultipliers (PMT) and other elementary particle detectors. The module 
output voltage can be remotely controlled by 1-2 V steps. Remote control functions are 
performed by local microcontroller through RS-485 interface. The Programmable Threshold 
8-channel fast Discriminator/Counter ( 8CNT module) is designed for usage in particle 
counter setups after the buffer preamplifier. It can be used as a main DAQ device along the 
MultiIFC module (see below) and as the intermediate stage between detectors and FPGA 
based counter modules (UMEC, sec below) in more complex experimental setups. The 12-
channell Discriminator/Counter with Programmable Threshold (I 2CNT module) is similar 
to the 8CNT module. but has more input channels, while being slower, delay in range 300-
500ns. This module is cheaper solution for slow detectors, like proportional chambers. 
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Universal Multichannel Event Counter (UMEC) is a high-performance FPGA based 
programmable module to be used in different Cosmic Ray detector setups. It has 60 standard 
3.3V TTL level digital inputs and can be programmed as conventional multichannel counter, 
trigger-driven multichannel counter, trigger generator for complex event patterns, readout 
for fast Flash ADCs, etc. and combination of listed.Depending on the data rate and 
complexity there are different possibilities to communicate with the host PC or directly to 
Ethernet. The MultiIFC module is universal electronic module for connecting above listed 
electronics modules to PC or directly to Ethernet. Different types of interface connections 
can be used alternatively without any reprogramming. The 8-channel Logarithmic Analog­
to-Digital converter module (8LADC) is low-cost ADC module designed for usage in 
particle detectors where the fine resolution is not necessary.8LADC contains 8 logarithmic 
ADCs, based on a ringing tank principle, 8-channel counter and logic unit. based on the 
Xilinx TI CPLD chip. 8LADC boards should be used in couple with the C32USB 
microcontroller board.4 such modules can be connected to the microcontroller to make an 
up to 32-channel Data AQcuisition system. The 32-bit universal microcontroller module 
with USB interface (C32USB ) is designed for usage as universal data processing and 
interface unit for ASEC detectors DAQ and Detector Monitoring System (DMS ). Tt is based 
on the NXP (former Philips) LPC2 I 00 Advanced RISC Machine (ARM - de facto industrial 
standard) microcontroller. Total energy consumptions including DAQ electronics for 24 
channels and build-in micro-PC did not exceed I 00 Wt. Therefore, accu-battery system 
powered by solar energy can be also used for feeding the detector, as usually is required for 
the CR experiments. Additional electronics has been designed for the Pressure, Humidity, 
Temperature - PHT SENSOR. It is a general purpose microcontroller unit, designed for 
environmental measurements: pressure, temperature and humidity. All listed above modules 
can be used as constructive elements to build different electronics units for Cosmic Ray 
Detector remote controlled setups. Dissertation consists of 111 papers, 67 figures, 28 
tables. 
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