LLIKonbHbIU MpoeKm
Hacmb 1

Perncrpauuns KocMmn4yecKmnx

NTy4en Ha NOBEPXHOCTU 3eMIN.
N3ydeHne LnNpoKnx

aTMOCdepPHbIX NMUBHEN




MHuumaTopsl

» AHcoH Oayapa EsreHbeBny (MNON)
Ten 8 916 985 2701
mail yanson-edu@yandex.ru

» borgaHoB Anekcen ['eopruesmnd (MADN)
Ten
mail alekb@rambler.ru




KocMmunyeckue nyym

KocMmuuyeckne nyunm — obblYHble 3reMeHTapHble YacTulbl U
aapa atomMoB, 00pa3oBaBLUMECH U YCKOPEHHbIE [0 BbICOKUX
aHeprun B rnybuHax BceneHHowm.

Kocmunyeckme nyudm Obinn OTKpbITEl B 1912 1. aBCTPUNCKUM
domsumkom Buktopom 'eccom. C Tex nop 6bifio caenaHo MHOro
OTKPbITUN, CBS3A@HHbLIX C KOCMWYECKMM U3ITyYEHUEM, HO
OCTaeTcq eLle N HemMmano 3aragok.

dur3nKka KOCMUYECKUX NYYEN N3YyYaerT:

— npouecchl, NpuBoAsLLIME K BO3HUKHOBEHUIO U YCKOPEHMUIO
KOCMWYECKNX NyYen;

— YaCTULUbl KOCMNYECKNX ﬂyquI, X npupoay m CBOWUCTBA,;

— SIBNEHUs!, BbI3BaHHble YacTULLAMM KOCMUYECKUX Ny4yen B
KOCMUYECKOM MpoCcTpaHcTBe, armocdepe 3emnn wu
nnaHer.



obpaszoBaHne KOCMUYECKNX Nyyen B
[[anakTuke (B3pbiBbl CBEPXHORBLIX 3B€3/1)

KOCMWYECKNX NyYen Yyepe3 atMmochepy
— oBpa3oBaHne BTOPUYHBIX YacTUL,

3emMnsa n ee atmocdepa




LLInpokne atmocdepHble NMUBHA

« B pesynbrate B3aumogencTema C sapamuM  aTOMOB
aTmMocdepbl NepBUYHbIE KOCMUYECKME Ny4n (B OCHOBHOM
NPOTOHbI) CO34al0T BOSIbLLIOE YMCNO BTOPUYHLIX YacTuL, —
MMOHOB, MPOTOHOB, HEWTPOHOB, MIOOHOB, 3NEKTPOHOB,
NO3UTPOHOB N (POTOHOB. 3TU YacTuubl pacrnagarTcH
unnu, B CBOK O4epedb, B3aMMOOEUCTBYIOT, 0bpa3sys
apyrme yactuubl. Taknm obpa3oM BO3HUKAET Kackag u3
GoNbWOro  4Yucna BTOPUYHBLIX  YacTul,  KOTOPbIN
Ha3blBaeTCS LUNPOKMM aTtMoCdEPHbIM TMBHEM. JIMBHMU
YyacTuu Obinu oTKpbITEl B 1938 1. ppaHLy3CckuM OU3NKOM
[Tbepom Oxe

e CyLllecTBylOT OOCTATOYMHO MNpPOCTble “BUpTyanbHblE” W

oKCnepuMeHTanbHble  UHCTPYMEHTbl AOnd  U3ydeHud
4acTUL, KOCMUYECKMX Ny4Yen.



P 0@ "N — agpo atoma aTMocdeps! (a30T, kKMcropoa)
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@ MepBMYHaAa YacTULa KOCMUYECKUX nyyven (NPOToH)
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[TonobHble NPOEKTDI

» Cenvac BO MHOIMx ctpaHax obICTpO
Pa3BMBAIOTCS CETU OETEKTOPOB ANA
perncrTpaumm 4yacTmL, KOCMUYECKNX NYyYEN
C NPUBMEYEHNEM LLKOSIbHUKOB N YYUTESEN.



North American Large area Time coincidence Arrays
http://csr.phys.ualberta.ca/nalta/
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CHICOS -
KonnaGopauus rpynn aKCnepuMeHTaTopoB 13 California High school Cosmic ray
Kanagbl 1 CLUA, 3aHMMaroLwmxcs ObServatory. [leTekTopbl KOCMUYECKNX
“ccreaoBaHUAMY B 06racTy (ousmkm ny4yen okono Chaminade Middle School.

KOCMWYECKUX Ny4eun BbICOKUX SHEPTi



SEASA - Stockholm Educational Air Shower Array
http://www.particle.kth.se/SEASA/

CUMHTUNNSAUNOHHbIE OETEKTOPLI [leTeKTopbl KOCMUYECKUX JTyHEN Ha KpblLLe
HiISPARC, Hugepnanabl AlbaNova University Centre, LLiseyuns,
http://www.hisparc.nl/ CTOKrosibm



Berkeley Lab Cosmic Ray Detector

$1500-2700



Poccunckmne npoekTbl?

* Hay4yHO-0DOpasoBaTesfibHN KOCMUYECKUIN MPOEKT
MoCKOBCKOro rocyaapcTBeHHOro yHMBepcureTa
nm. M. B. JlomoHocoea "MI'Y-250" npuypoyeH K
ero 250-netuto. Ero ocHoBHaga 3agaya —
Hay4yHasa n obpasoBaTesribHas AesaATenbHOCTb Ha
OCHOBE 3KCMnepuMeHTarnbHbIX AaHHbIX C MarnbIX
KocMunyeckmx annaparos (http://cosmos.msu.ru/)

* MHTEPHET-NPOEKT “JImBHM 3HaHnn” OUNAN, [1ybHa
http://livni.jinr.ru/index.php



LLIKOMbHbIU TpoeKm
Hacmpb 2

CUMHTUNNALUNOHHDbIN OeTeKTop
AnsA perncrpauun
LULMPOKUX aTMOCepHbIX
FINBHEN
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MpuHUMN padoThbl
CUMHTUNNALUMOHHOIO AeTeKTopa
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YacTtuua KOCMUYECKOro U3nyyeHust (MIOH nnm
ONEKTPOH), nonagas B  CUMHTUNNATOP,
BO3by)XOgaeT  atoMmbl  Bew-Ba.  [laHHoe
BO30yXOeHue cbpacbiBaeTcs nyTem
ncnyckanma  @otoHa. CUUMHTUNNSAUNMOHHBIE
dOoTOHbI goweawmre [0 nepeunsnydvarens
NHULUMNPYIOT  UCMYyCKaHUE nepensnyvyeHHbIX
dOTOHOB, KOTOpblE , pPacnpPOCTPaHSASACL Mo

rle€PEeN3rtydarternio, OOCTUraroT OKHa
C?GTO‘-IyCTBI/ITeJ'IbHOFO anemeHTta — OJY.
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PIY — POTO3NEKTPOHHDBIN YMHOXUTEND.
IT0 npmnbop ans perncrpauum poToHOB.
Ecnun Ha BxogHOe OKHO nonagaeT gOOTOH
(nyywe coTHA OOTOHOB), TO Ha BbIXO4Ee
NOSABIISAETCA ANEKTPUYECKUN NMIYSIbC.




Cxema CUMHTUNNALNOHHOU COOPKN

AeTeKTopa

* 8 CEKTOpOB U3
CUMHTUNNALMUOHHOrIO
nnacTuka

» 8 3adonKCUpPOBaAHHbIX
MeXay cekTopamu
nepeunsnyyareneu

e OOTOSNEKTPOHHbIN
YMHOXUTENb (PIY)
pacrnonaraeTcs B
LEeHTpe COOPKK




CuMHTUNNALMOHHAA cOOopKa




CumHTUNNAUMOHHAA cOOpKa

LleTpanbHasa 4YacTtb

LleHTpanbHoe
pPacronoXxeHme
OY NO3BONAET
Nony4ynTb
NOCTOUHbIE
XapaKTePUCTUKU
OeTeKkTopa.




[MepensnyyaTtenu




JlnBHeBOM OeTeKTOop

CunHTMNNAUMoHHast cbopka 1 KB.M.
TonwmHa nnactuka 20 Mmm.

lcnonb3yloTcs CBETOBOALI-NEpPeEN3ny4yaTenn.
ONeKTpoHUKa JeTeKkTopa COCTOUT

610K CBA3M C LEeHTparnbHOW MaLUNHOW;
npeobpasoBaTens 3apsan — ungpa;
npeobpasoBartena BpemMsa — uudpa.
Cucrtema Tepmoctabunusaumn.

Bec petektopa ~ 70 kr. MoXeT pacnonaratbcs Ha
3emMIe UM Ha Kpbille 30aHus.



Cxema cBeTocOOpa

+—
Shifter turns light and
/®/ PMT =30 mm directs it exactly
5 to photocathode

AN

100 mm




Cucrtema TemnepaTtypHoOu
cTabunusauumm

Cucrtema TepmMmoctabunusaumm obecneymBaet
NOCTOAHHYIO TeMnepaTypy BHYTPU OETEKTOPA BHE
3aBMCUMOCTU OT BPEMEHM roga unm nepenanos
TemneparTypbl AeHb - HOYb. [.e. TemnepaTypHbIn
doaKkTop He BNMUAET Ha TOYHOCTb U3MepPEHUN
geTekTopa (amnnutyga curHana, MOMeHT
cpabartbiBaHuda). Cuctema TepmocTtabmnnumsaumm
COCTOUT U3:

* TepMOoUn30nALMOHHbIM DOKC U3 NeHonnacTa.
 [1Ba Tepmoaartyumka.
* YnpaBnaembiy Harpesarernb.



TepMOU30nALUNOHHbLIN OOKC

e XecTkum
neHonnacT

e TonwunHa
CTEHOK
~ [ CcM




TepmoOOKC B coope

30echb
XONoAHbIN
BO34YyX
HarpeBaeTcs U
NpoKayYMBaEeTCs
obpaTHO B

| neTekTop

TepmoTpyOKa

| NS XONo4HOro
.| BO3ayxa

TepmoTpybKa
ans ropsiyero
BO3dyxa



TemnepaTypa B OeTeEKTOpe
TemMmneparypa Ha ynuue

5-7 min

temperature m the detector
temperature outside
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JANeKTPOHUKA AeTeKTopa

CobcTBEHHaAsA aNeKTpoHUKa JeTekTopa obecneymBaer:
« Perncrpauuto 4yacTtumL KOCMUYECKOIo N3NYyYEHUs;

* MOHUTOPUHI TeMnepaTypbl B AETEKTOPE,;

« KanmbpoBKy N3MepuTenbHOM 4yacTu.

ONEeKTPOHUKa JeTeKTopa COCTOUT N3 ONOKOB:

« KonTponnep (microcontroller 8051);

* [NpeobpasoBatenb 3apag — undpa (12-bit QDC);

» [NpeobpasoBatenb Bpemsa — uundpa (12-bit TDC);
 TepmoaaTyuk;

« Cuncrema KanmbpoBKu;

« BbICOKOBOMNLTHLIN Npeobpasoatesb (ana ®3JY);

* Tpurrep nepBoro ypoBHS;

« KommyHukaumoHHasa cuctema (CAN-open ctaHgapT).



ANEeKTPOHMKA AeTeKTopa




[eTeKkTOop Ha ynuue

'BHelHuK
kKopnyc — 0.7 Mmm
OLMHKOBKa

& KoMMyHMKaumo
HHbIN Kabenb

|, leTekTop

| MoXeT

| pabotatb  Ha
paccTodHUM Ao
1 KM oT
= | LeHTpanbHoro
A KomnbloTepa




MeTtoauka perucrtpauuu LLUAJI

\

CtaHgapTHaa metoauka peructpauun LLnpoknx
ATmocdepHbix JlnsHen (LWAJT) npeaononaraet
CUCTEMY IMBHEBbLIX OETEKTOPOB BKIHOYEHHbLIX B
CXeMy  coBMageHuu, T.€. OOHOBPEMEHHO
paboTaBlUME [OETEKTOPbl CBUAOETENLCTBYKOT O
Hanprshaa LLATT.




LLikonbHbIN NpoeKkT. BapuaHT 1

IluBHeBas ycTaHoOBKa
pacrnonoxeHa B
NHCTUTYTE (Hanpumep
8 M/DN)

llkona wvmeeT nNOMHbIK  JoCTyn K
YyCTaHOBKE W HaACTpoMKamMm [OeTeKTOpOoB
yepes VIHTepHeT. Ha MoHUTOpax y4eHUKOB
oToDpaxaeTca Takaa Xe WHdopmMauus,
YTO U Ha LEHTparnbHOW MaLUNHE NIMBHEBOW
yCTaHOBMW. Mo>XHO BbIMOMHATb
nccnenoBaTenbckme paboThl.

\—I//J \—/ I | I I

NHTepHeT




LLIkonbHbIN NpoeKT. BapnaHT 2

NvBHeBasi ycTaHoBKa pacnonoxeHa B wKone. MOXHO  BbIMOSMHATb
nccnegoBartenbckmue paboThbl.




KoMmMmyHukauumm

Butasa napa (CAN)

W LleHTpanbHbl
n
QDC IZOANADOL IATAN
NUIVITIDIVU 1 U'J
TDC 3anpoc
Cxema
LED COBMageHu
HV noareepxageHmne I;;II
Thres OOblvyHasA
220V v < po3eTka
< > > < >
ONeKTPoHMKa Kabenb, coegnHatoLwmn ] LleHTpanbHas
AeTekTopa [1eTekTop N LeHTpanbHbIN 4ACTE

KOMMbIOTEP

AMNEKTPOHUKM




LleHTpanbHas
yacTb
3NIeKTPOHUKM
NIMBHEBOM
YCTaHOBKM

LieHTpanbHbIK KOMMbIOTEDP.
WinXP

1B Cxema coBnageHui
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OpgHa Takas cTonka
no3BosigeT obcnyXxmneartb

I 00 48 neTeKTopOoB.



IlaHHble C geTeKkTopa

(kannbpoBka)
100 -
Kak ogHo 13
3agaHunm angd 90 -
LLIKOJIbHUKOB.

CneKkTp CUrHanoB C 6o
Ped = 106

feTekTopa npu

perncTpaumnm 10
OOMHOYHbIX

MIOOHOB 20
KOCMUWYECKNX

nydeu 0




LLIKONBbHbBIU MpoeKm

Uacmpb 3
SAKJ/IOYEHUE

UTo (cobCcTBEHHO) NpeanaraeTcs ang
peanusaunmn (U B npoLecce peanmsauun)
LLIKOJTbHOIO MPOEKTA MO NU3YYEHUIO
LLUMPOKUX aTMOCdepPHbIX NMMBHEN



[ Oe pa3mewaTb?

1. YctaHoBKa BapuaHT 1 (o1 500 Tbic py®o B ropa)
Hetektopbl Haaxoaatca B MUOU (nnm gp Touke). Bea
nccnegoBaresnibckaga (LWKoNbHMKamm) paboTta ocyLweCcTBsIETCS
yepes VIHTepHeT. Y4eHUKM nony4yaroT OOCTYMN K HacTpoukam
OETEKTOPOB YCTAHOBKU, K ddbannam BbIXOAHbIX JaHHbIX N AaHHbLIM
MOHUTOPMWHra.

2. YcTaHOBKa BapuaHT 2 (MUHUMYM 2 MIH pyornen)

Hetektopbl B JAHHOW wkone; WKOoNbHUKN MOTYT NONYYnTb
MNOMHbLIN AOCTYN K HACTPOMKaM JIMBHEBOW YCTAHOBKWU, HO NPU 3TOM
yCTaHOBKa KOHTPONUPYeTcA (Yepes MHTEPHET) UHXEeHepaM¥
npoekTa. PasmelleHne OeTeKTOpOB NPOBOAUTCS MO COrnacoBaHuio
CO LUKOJSIbHOW agMUHUCTPALKMEN, NOXKAPHOU OXpPaHOU U NPOYMMN
cnyxbamu. BoamMoXxHble BapnaHTbl pa3MeLLeHUs:

* Ha Kkpblwe WKonbi;
« Ha Tepputopuu;
B nomeweHun.



Y4ebHbIn npoLecc

. NMnaH 3aHaT™um

Ilekuunn no omnsnke Kocmmyeckmnx nyvyeun (4actumy) (3 — 10
4YacoB 3a Y4eOHbIN roa) (NPOBOAAT UHXKEHEPHI NPOEKTA);

INNekuunn ob ycTponctee getekropa (ynpoLleHHasa
mogernb) (3 — 10 yacoB 3a y4yebHbIW roa) (nposoasaT
NHXXEHEPbI MPoeKTa);

JTabopaTtopHble paboTbl (Y4EHUKN + NHXKXEHEPDI MPOEKTA)

CamocTodaTenbHble paboTbl (Y4eHUKN) (pedoeparthl,
goknagebl ..... )

[MpakTnyeckaa pabota (Hanpumep: OOMUKU O5S
OETEKTOPOB)



MIHTepec

4. AcTOUYHNKN (pHaHCUpOBaHUA

Hapo nucaTb 3asBKku B pasnuyHblie ooHObl MK opraHn3aummn. 3To MoryT ObiTb TONbKO
no HanpasneHuto "OBPA3OBAHWME” nnn coBmecTHble. TEXHNYECKYHO YacTb 3asiBKU
NULWYT UHXEHEpPbI MPOeKTa, a OCTarbHble rMasbl MULLYTCA COBMECTHO.

5. MpuObLINK WKonbI

[MpnobpeTeHne LWKONbHUKAMMN HOBbIX 3HAHUA N YMEHWUN
[MoBbILLIEeHME KBanudukaumn yautenem
[lononHnTENbHbIN NCTOYHUK (OUHAHCUPOBAHMUS LLKOSbI
ABTOPUTET LLKOSbI

OT4yeTHbIN MaTepuarn

YyacTtme B KOHpepeHUUX

nOCKOﬂbe noaobHble MPOEKTbl CYLLECTBYHOT TOJIbKO 3a FpaHI/ILI,eI7I N 3TN 3apy6e>|<Hb|e
KOJITEKTUBbI NOTOBbI K COTPYAHUYECTBY — MOXHO HaJ1TaAUTb KOHTAKTbI (O6MeH
I/IH(*)OpMaLI,I/IeIZ, OI'IbITOM). Bo3moxeH npmnem NHOCTPaHHbIX LWKOJIbHUKOB 34€eCb, U
noe3gkn Halunx LWKOJIbHNKOB U yL||/|Tene17| 3a rpaHuuy.

6. MpnbbLINKM ncnonHutTeneun (MHxeHepoB-HOU3UKOB)

[aHHbIN NPOEKT paccMaTpMBaeTCa Kak NUNOTHLIW U , B Cly4ae ero ycnewHoro
npoBeaeHus, npeanosaraeTcs rnobanebHoe paclumpeHne getektopHon 6asbl, 4To
NO3BOSIUT NOSYYUTb NUHTEPECHbIE HAayYHble pe3ynbLTaThl.

[lononHnTENbHbLIN NCTOYHUK UHAHCUPOBAHUSA



YYacCTHUKN

7. U\cnonHutenun (MHMUMATOPDLI)

AHcoH 3.E. (MUDON)

borgaHoB A.[. (MADN)

8. CoucnonHurtenu

* [1pyrne cotpyaHukn MNOU

* NOB3I (NHCTUTYT Pnsnkm Beicoknx SHeprmn)
(CepnyxoB)

* [Cl (FT'ocynapcTBEHHbIN
CneunanunanpoBaHHbin [TpoekTHbIn NHCTUTYT)

* YHuepcutet "[ybHa”



