


HemHoro 06 atou nekuun

B 6onbliMHCTBE CydaeB A Oyay pacCKasbiBaTb O AETEKTOPAX YacTul, Ha
npumepe YHUBEPCa/IbHbIX 3KCNEPUMEHTAIbHbIX YCTAHOBOK Ha
Konnanaepax.

[pOoCTO NOTOMY, YTO TaKMe IKCNepumMeHTbl bonee n3BecTHbl. Kpome
TOro, KapTUHa CObbITUIN ANS TaKUX SKCNepMMeHTOB bonee HarnsgHa.
[leTeKTopbl AN SKCNEPUMEHTOB C HEMOABUMKHON MULLEHbBIO
NPUHUMNNANIBHO HUYEM, KPOME reOMeTPUN He OTAMNYaIOTCA.

((yHMBepcaﬂbHOCTb» O3HAY4dEeT YTO YCTAHOBKa MNnpeagHa3Ha4yeHa A4
peweHna MHOXeCTBa 3a44a4 N1, COOTBeTCTBEHHO, Halle/iIEHa HA c60p
MaKCMManbHO MNOJIHOM MH(I)OpMaLI,MM 0 cobbITUM.

«CI'IELI,MEU'IbeIe» IKCNEPUMEHTDBI NpeaHa3Ha4YeHbl ANA CBEPXTOYHOIO
namepeHmna otae/ibHbiX BEJTNYAUH. Paan noctuxeHuA 3TOM TOYHOCTU
NMPUHOCATCA B XXEPTBY BCE OCTAJ/IbHblE XAdPaKTEPUCTUKHN. Tem He meHee B
H6oNbLINHCTBE C/ZlydaeB OHU NCMNOJ/1b3YIOT AETEKTOPDI pa60Tarou.|,V|e Ha
TEX XKeE nNpmnHuununax.



O TepmuHonornun

CNnoBO «AeTEKTOP» B 3KCNEPUMEHTANIbHON GU3UKE
CINWKOM MHOro3HayHoe. A byay ncnonb3oBaTb TEPMUHDI

*  «IKcnepuMmeHTanbHaA YCTAaHOBKaA» NN « AETEKTOPHbIN
KOMMJIEKC» A9 0603HaYeHuA BCen annapaTypbl
3KCNepMMeEHTa LENNKOM

e «Cuctema» nnm «noacucrtema» ansa obosHavyeHms
GYHKUMOHANIbHOM YacTU YCTAaHOBKU. Hanpumep —
«TpeKoBas cMcTema» Uan «cnuctema cbopa AaHHbIX»

e «JeTekTop» - ANa 0603HaUYEeHUA «6a30BbIX INEMEHTOB» U3
KOTOPbIX MOCTPOEHbI NOACUCTEMbI YCTAaHOBKKU. Hanpumep,
TAaKOW AETEKTOP KaK cYETYMK lemnmrepa morKeT ObiTb 4acTbiO
TPEKOBOM CUCTEMDI



Llenn akcnepumeHTOB

[TpoBEPUTb KOPPEKTHOCTb HEMPUBUAAbHbBIX TEOPETUYECKNX
npeAcKkasaHWK, B C/ly4ae HaAMYMA HECKOIbKMX KOHKYPUPYIOLWLMX
MOAENEN UCKNIOUYNTb HENPUMEHMMBbIE ( B AaHHbIX YCA0BUAX)

OnpeaennTb rpaHnLbl TPUMEHMMOCTU CYLLECTBYIOLLIMX Moaenemn
YTOUYHUTb NapaMeTpbl BXoAALLME B TEOPETUYECKUE MOAENN

YTO ANA 3TOro HYXKHO?

Co34aTb YCNOBMA B KOTOPbIX OXKMAATCA Hanbonblime
OTKJ/IOHEHMA OT NPeACKa3aHNMN KNacCUYeCKnX Teopuin. NoCcKobKY
Ax~ 1/Ap o6bekTOM MHTEpeca PU3MKKU YaCTUL, ABNAIOTCS
B3aMMOAENCTBUA C BO/IbLLIOW Nepeaavyen MMnyabea

[MoNy4nTb MAaKCMMA/IbHO NOJIHYO MHPOPMALUIO O TaKUX
cobbITnAX



UCTOYHUKM BbICOKO9HEpPrmyHbIX 4aCtunuuy

* PagunoaKTMBHbIE pacnaabl

* Kocmuyeckue nyym

— ABNANUCH OCHOBHbIM ODBEKTOM M3YYEHUA U
MHCTPYMEHTOM dU3MKM Yactuu, Ao ~1940 ronos.
CoBpemeHHble 3KCNnepuMeHTbl MO perncTpaumnu
KJ1 ABNAOTCA MHCTPYMEHTAaMU aCTPOPU3UKU U
KOCMONOIrnUK, a He PU3IUKK HYacTuL,

* YcKopuTtenu 3apa*XeHHbIX YacTuu



Bonpoc «4TO MUMEeHHO NPOUCXQAUT B TOUKe
NIKHOB: \ eey cmbicna
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MaLMIO O HaYa/IbHON
cTembl




KaKkyio umeHHO nHdopmauuio o
CTONKHOBEHUUN Mbl XOTUM MONYYUTDL?

* OI'IpE,EI,EIIVlTb UMNY/1bCbl HaCTUL, N UX TUIN

— CDO,DMGfIbHO, 3TONoO AOCTATOYHO, TaK KaK TEOPETUKN OMNCbIBAIOT
BBaVIMO,EI,el';ICTBMe B UMMNYAbCHOM MNMpeactasieHnn.

* YbeauTcA, YTO 3apPErMCTPUPOBAHHbIE YAaCTULbI MPUHAANEKAT
OAHOMY CcObbITMIO. Hanpumep - NponcxoaaT U3 04HOMN TOYKM
— nepsu4vyHoU 8epuiUHbI

* Bo nepBMYHOM B3aMMOAENCTBMM MOTYT POXKAATLCA YaCTULbI
(Ks,B,D...), nponeTatoLiMe MakpoCKONMMYecKoe pacctoaHme (ot
~ 100 MKM A0 CM) A0 TOYKM pacnaga - 8mopuyHoU 8epuiuHsl.
B Takom cniyyae TpebyeTtca BOCCTAaHOBUTb KOOPAMHATbLI 3TOM
TOYKMW, UMNY/bC PacnaBLUencs YacTULbl.



Kak onpeaenutb umnynbc?

TONbKO NO KPUBU3HE TPAEKTOPUMN B MAarHUTHOM nose. pyrmnx
HaZeXHbIX cnocobos HeT. [NoacmcTema AeTEKTOPA,
OTBEeYatoLw,an 3a PerncTpauunto TPEKOB YacTUL, Ha3blBAETCA
mpekoeol cucmemou . Xopolasa TpekoBaa cucrtema cnabo
B3aMMOJEMNCTBYET C YaCTULLEM N MOYTU HE U3BMEHSAET ee
MMNysbC. «ba3oBbIMM 3nEMEHTAMM» TPEKOBOW CUCTEMDI
ABNAIOTCA KOOPOUHAMHbIEe 0emeKmopbl

A 3Hepruio?

Ecnm yactMua NONHOCTBbIO OCTAaHOBUAACHL B AETEKTOPE,
BblAE/INBLUYIOCA SHEPTUIO MOXKHO M3MepuTb. Moacmuctemeil,
npeaHa3Ha4YeHHble AnA 3Toro Ha3biBaeTcs Kasopumempamu.
B pe3ynbtaTte namepeHuma Yactmua nornbaet



Y10 3HAUUT onpepenntb TUN

yacTumubl?
* Ha Cerop,HgLUHMM,D,eHb vy M=0, Q=0
U3BECTHO 8 A0/ITOXKUBYLLUX
& yH et 0.511 MeV EM

YyacTtuu,

-+

p— 105 MeV, ~200m,

-+

* Cyuntaem, 4TO APYyrnx 139 MV ~280m
e

AONTOXKUBYLLUNX HaCTUL, HET . EM
K= 493 MeV ~1000m,

Strong
+ ~
* NpeHTMdUUMpPOBaTb — p= 938 MeV =2000m,
3HAYUT MO XapaKTepy
o K 497 MeV
B3aMMOAENCTBUA C Strong

BELLLEeCTBOM UK (M) 3a cyeT n 939 MeV
N3MEepPEeHNA MacCbl OTHECTU
4acTULy K OAHOMY U3

YyNOMAHYTbIX 8 TUNOB 3apAad, macca, xapakmep 83aumodelicmeus —
Knoy K udeHmuguKkayuu



Tpy KUTa YHUBEPCaNbHbIX
3KCNepuMeHTa/IbHbIX YCTAHOBOK

* TpekoBaAa cuctema
* KanopumeTtpbl
* Cucrtema ngeHTMPumKauum yactumu,



TpurrepHble AeTeKTopbLI.
Heé3aMeTHbIle repoun akcnepmmeHTa/ibHbiX YCTAHOBOK

OyeHb YacTo AeTeKTopPbl He MoryT 3ddEeKTMBHO NPOBOAUTL
N3MEPEHNA HENPEPDLIBHO.

[laneko He Bce cobbITUA HAaM MHTEpPECHbl. HeKoTopble coBpeMeHHble
3KCNepMMEHTbI 3anuncbiBaloT MeHee Yyem 1 cobbiTve N3 MUANOHaA.

Heobxoanma cuctema, KOTopas BblAacT CUrHan “di, MPOCHMUCH, YTO-TO
npomnsoLwno. M 3To YTo-To AeNCTBUTE/IbHO UHTEpecHoe”. ITo
mpuzaz2epHas cucmema.

TpurrepHaa cuctema MoXKeT UCNO0Nb30BaTb KaK MHPOPMaLUIO OT
Apyrux noacuctem (04eHb YacTo — KaJIOPUMETPOB) TaK U
cneunannsnpoBaHHble AeTeKTOPbI. 3aaa4elt NocaeaHUX MOXKET ObITb,
Hanpumep, NPocTo H6bICTPO CHOPMUPOBATL CUTHAN O NPOXOXKAEHUMN
3HEPrnYHOM YacTULLbl Yepe3 YCTaHOBKY.

O6bIYHO TPUITepHasa cMcTeMa MHTerpmpoBaHa ¢ cuctemom cbopa
NaHHbIX



MpUHUMNDbI perucTpaumm 4acTul,

3apArkeHHadA YacTuLa NPOXoaA Yepes BeLWeCcTBO AETEKTOPA BbI3blBAET
MoHM3auuto atomos. Ob6pa3oBaBLLNICA 3apPAa MOXKHO cobpaTb U YCUAUTD.
B KOOpPAMHATHbIX AeTEKTOPAx NOYTU BCEraa MCNOb3yeTcs 3TOT METOA.

3apAXKeHHan 4acTuL,a Bbi3biBaeT BO3bOYKAeHMEe aTOMOB cpebl, KOTopoe
COMPOBOXKAAETCH U3NTy4eHNEeM. ITO U3yYeHne MOXKHO npeobpa3oBaTh B
3N1EKTPUYECKUI CUTHAN C MoMoLbio poToaeTekTopoBs. (PIY, boToanoabi...)

Ho Beab 310 NAPUMEHUNUMO TOJIbKO K 3apAXKEeHHbIM 4aCTUL aM. Kak
AETEKTUpPOBaThb HEVITpaﬂbele ‘-IaCTMLI,bI?

[TlomecTnTb B AETEKTOP AOCTAaTOYHO MHOTO BeLWecTBa, YTobbl HEMTPabHaA
4acTULA XKECTKO NPOB3anMOAEeNCTBOBANA B HEM C 06pa3oBaHMEM
BTOPUYHbIX 3apAXKEHHbIX YacTul,. M nx 3apernctpupoBatb. CoBcem
XOPOLLO, eC/IN 3TO BELLECTBO — aKTUBHAA cpeaa AeTekTopa. Ho Beab y Hac
€CTb TaKMe CUCTEMBI. ITO - KanlopumeTpbl. [Ipn3HaK HeEUTPaNbHOM
4acTULbl — NOKa/IbHOE 3HEProBblAeNIeHNE B KaJIOPUMETPE He CBA3AHHOE C
3apAXKEHOM YacTnuen



JleTeKTopbl OCHOBaHHbIEe HA UOHMN3ALUN
BellecTBa Npoxoasilen Yactuueu

Kamepa BunbcoHa(1912) - nepBbi NONHOLLEHHbIN TPEKOBbLIN AETEKTOP

1927 - N.N.Kanuuya, [.B CkobenbublH NpeanoKmMam NOMeLLaTb Kamepy
BunbCoHa B cnabHOE MAarHUTHOE noJse Ana onpegeneHuns 3Haka 3apaga u
MMnNynbca.

1933 — NaTtpuk bnakeTT n [xKy3zenne OKKMaAaNMHN NOMECTUIN Kamepy
BunbcoHa mexay AByMA cHeTYMKaMM, AaBaBLUMMKM CUTHAN Ha 3aNyCK
LMKA perncTpaumum npu NpoxXoK4eHnm 4actuubl

B coueTaHMm c BO3MOXKHOCTbIO OLLEHMBATb CKOPOCTb YaCTHLbl MO
MHTEHCUBHOCTM MoHmsaumn ( 46/, ~1/ , nnay < 1) kamepa BunbcoHa
npro6pena MHOrMeE YepTbl COBPEMEHHbIX IKCMEPUMEHTabHbIX YCTaHOBOK
(perncTpauums Tpeka , onpeaeneHme UMnyabea, onpeaeneHne Macchl
nyTem He3aBUCUMbIX M3MEPEHMI1 UMMY/IbCA U CKOPOCTH, Hanuume
TPUTTEPHOMN CUCTEMDI)



leTeKTopbl OCHOBAHHbIe HA MOHU3ALUUN
BELLEecTBa NPoxXoafaLlen YacTmuen

[anbHenwmnm pa3BUTUEM
TPEKOBbIX AETEKTOPOB CTaNM
Ny3blPbKOBbIE, NCKPOBbIE U
CTPUMEPHbIE KamMepbl

OCHOBHbI€ XapPaKTEPUCTUKM 3TUX
Kamep — TOYHOCTb AECATKM
MMUKPOH U CNOCOBHOCTL
«pacnyTaTb» C/IOXHbIe cObbITUA C
OrPOMHbIM KONMYECTBOM TPEKOB
BNOJIHE XOpOLWMN U cerogHA. Tem
He MeHee 3TN AEeTEKTOpPbI
NO/IHOCTbIO BbILWAN U3
ynotpebnenuns

[NaBHble NPUYUHDI:
HeAoCTaToO4YHaA CKOPOCTb U
naoxaA ynpaBnaemoctb
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First observed - event
6) [BNL Bubble Chamber]

Hy>XHbl 6b121K H6biCTPble AeTeKTOPbl MOHU3ALUMN C
NONIHOCTbIO 3/1IEKTPOHHbIM CYUTbIBAaHUEM



MpocTenwinin JeTeKTop MOHU3UPYIOLLLEro
U3ly4eHunA C ra3om B KayectBe paboueu cpeapbl

KaTo
X* ﬂ q "Uo
abouuit ras KOHTEeH HED
P  JJIA Ta3a
f Ft ettt tant bttt FHOIImeyIOHIM
1 bt b bt 4+ qacTulla
M

Vel i—-—{)— CHTHAJI
aHOA R

AMNANUTYAQ CUTHANA CIMWKOM Mana — meHee 100 31eKTPOH-NOHHbIX rnap
Ha caHTUMeTp. HeobxoaMmMo BHYTPEHHEE YCUNEHME.
Monpobyem nogHATbL HanpAXKeHue?



Number of ions collected

100

[a30Bble AeTeKTopbl U3NNYyYEeHUA NpuU
pa3sHom pabouem Hanpa)XeHUu
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BCA nepsnyHaa MOHMN3aUUNA CO6MpaeTCF|
ANEKTPOLAAX

3. HanpAa)eHHOCTb NONA AO0CTAaTOYH],

4YTOObI HEKOTOpPbIE N3 ApPenPyoLLNX
3NEKTPOHOB MOI/IN MOHU3UPOBATb
MOJIeKY/bl cpeabl. PasBuBaeTca
NNABUHA. CobpaHHbIi 3apsaa (MHoro)
6onblle NepBUYHOM MOHMN3ALUN

4, PassuBaeTca

camonoafepXuBatoLuincs paspsg,.
aMnNAnTyaa onpeaensieTca AeTEKTOPOM

Mnockuii getTeKTop moxet obecneuntb
Heo6Xo4uMylo aMnNAUTYAY CUrHaNa, HO

C/IMLLKOM HeyCcToiuuB B pabore
(cknoHeH K paspagam)




LiunnHaprnyeckue npoBosIOYHbIE cHEeTYNKU(TPYOKHK)

3.Pe3epdopaom, X.lerrepom, 1908r
B6113n aHo4a none 4OoCTaTOMHO CUbHOE ANA
pa3BuTUA naBuHbl. Cnaboe none Bganu ot

Saihose NPOBO/IOYKU CNYHKUT HALEKHBIM KU30IATOPOM»
| e npeaoTBpallas Npoboi
Yeunenue Bapbupyetca ot 10% no 6onee uem 108
e MpocToil, HagEeXHbIN U LLMPOKO UCMNOJIb3yEeMbIN

ceroaoHAa AeTeKTop

TERT
oA
XX

Bo Bcex K/1acCUYECKUX ra3oBbiX AeTEKTOPaX MCMNO/Ab3yeTcA aHOAbl B BUAE TOHKUX
NPoBoOsIcYEK U KOHPUTYypaLma nona 61n3Kan K umamHapuyecko B6amsm aHoaos



MHoOronpoBo/Io4UHaA NPONOPLUOHANIbHAA
Kamepa.

Mo CyTM — MHOXXEeCTBO NPOBO/IOYHbIX CYETYMKOB B 06WEeM 0b6beme

KoHdurypauma nona 861131 NpoBOIOYKM aHANOrMYHA TPyOKam.

CoueTaHue bonblwon naowaau, ~1mm paspeleHusn, NPoCTOTbl U3rOTOBAEHUA U
AOCTAaTOMHOM HA4EXHOCTH.

[leTeKTop, Ha4YaBLLUWNIM 3MOXY «MOJAHOCTbIO INEKTPOHHbIX» IKCNEPUMEHTOB

3a pa3pabotky MWPC Xopx LLlapnak(1967) nonyunn HobenesBcKyto Npemuio B
1992 .

Bapuaymm MHOronpoBo/A0OYHbIX MPONOPLMOHA/IbHBLIX KAMEP aKTUBHO
MCNONb3YIOTCA B HAacToALLlee BpemMA

:
®
.
4
]
]
]
v
Wi

e L) o
T ‘1{# T (mm
T imm)
T 7
H ) T ] T
T AN 3 =
T XA 17555 ) I
SN mum
e : T
i Eanunmms mme
=5 - f
T

-
1
ZE|




MHOronpoBosI04YHbIE
nponopunoHaibHblie Kamepbl

«CTOMKa» NPONOPLMOHANbHbIX
Kamep C pa3HOM OpMeHTaLneEN
CUIHaJIbHbIX MPOBOJIOYEK NO3BONAET
BOCCTAHaB/IMBATb 3-X MEPHYIO
KapTUHY TPEKOB.
PaboTtocnocobHOCTb KAaMepP MOXKET
COXPaHATbCA NPU MHTEHCMBHOCTU A0
COTEH TbICAY TPEKOB B CEKYHAY Ha
NPOBO/IOYKY




A ecnun HYXXHO TOYHee?

* Bpemsa mexay NpoxoxKAeHUeM 4YacTuLbl U NOABIEHMEM CUTHA/IA FAa30BOr0
[IeTEeKTOPa 3aBUCUT OT PAacCTOAHUA OT TPEKa 0 NPOBOA0YKN. Ecnn ero
N3MEPUTb, MOXKHO ONpeaenTb KOOPAMHATY TOYKU TPEKA C TOYHOCTbIO
nopaaka 100 MUKPOH Npu pasmepe sYeKn AeTeKTopa HECKO/IbKO CM.

* Takue peTeKkTopbl Ha3biBatOTCA Opelihosbimu (Kamepamum nnm TpybKamu)

* [lpelipoBble Kamepbl TPEOYIOT HAaIMYNA AONONHUTENIbHOTO AETEKTOPa TOYHO
onpeaensAroLLero MOMEHT NPOXOXKAEHMS YacTULbl

noTeHunaabHblE

NPOBOJ/IOYKHU
TpekK yactuubl R = f(t —t 7
= 0)
o o o o
o o o o

F\Q o

INEKTPOHbI NEPBUYHON NOHM3ALUN
Bpems gpeida 40 30HbI yCUNEHUS
onpeaenaeTca KOoOpAMHATOM Tpeka

CurHanbHble
NPOBOJIOYKMU




A eCnu HYXKHO TOYHee?-2

CurHan HaBoAMTCA He TO/IbKO Ha
aHOAHbIX MPOBOJIOYKAX HO M Ha
KaToOAHOM NAOCKOCTU. Ecnn ee
BbIMOJIHNTb B BUAE Y3KUX MOJTOCOK,
MOXHO onpeaennTb KUEHTP
TAXECTU» HaBeAeHHOro CMrHana c
TOYHOCTbIO ~100 MKM

MHOronpoBoOaA0YHbIE Kamepbl C
CermeHTUpPOBaHHbIM KaToAOM —
OAMH U3 NONYNAPHbIX BAPUAHTOB
NEeTEeKTOPOB A/19 TPEKOBbIX CUCTEM
cerogHA



[NpendoBble TPYOKU: peuHKapHauua
cyeTymkos lenrepa

% obvema yctaHoBKM ATJTIAC Ha BAK
3aHMMaeT MIOOHHaA TPeKoBas
CUCTEMA Ha OCHOBe ApendOoBbIX
TpyboK. bonee 600 Tbic. WTyK!!

JloCcTaToYyHaA TOYHOCTD,
BblCOYaMLLaA Ha4eXHOCTb CUCTEMDI
N NPOCTOTAa MaCCOBOTIO
npon3BoactBa — 3amMmeyaTte/ibHoOe
coyeTaHune

Cross plate
Multilayer
In-plane alignment
Longitudinal beam




TBepaoTesibHble AeTEeKTOpbI

B TBEpAOTENLHOM AEeTeKTOpe Ha
eAvHULE NyTK obpasyeTcs 3apag,
npumepHo B 10* pa3 6onblie
YeM B ra3oBbIX AeTEeKTOopax

BONbLIMHCTBO TBEPAOTE/IbHbIX
AeTeKtopos paboratoT 6e3
BHYTPEHHEero ycuaeHus

B oTAnuymnm ot ra3osbix
[NEeTeKTOPOB CKOPOCTH
MONOXUTENbHbIX U
oTpULaTeNbHbIX 3apAa0B 6/IU3KK

KaK npaBuno tBepaoTtenbHble
AEeTeKTOpPbl UMElOT OYeHb
KOPOTKUU CUTHaN

Amplifier

Charged Particle

Electrodes | — _—

TpeboBaHua K matepuany

* BbICOKOE CONPOTUBNEHUE

e Xopolaa NoABUMKHOCTb U
NOCTAaTOYHOE BPEMSA }KU3HMU
HocuTenemn 3apsaaa



[TonynpoBOAHUKOBbIE AEeTeKTOpbI

ca. 50-150 pm

Fully depleted zone Si{i“ s " { _—

A8

/ J.
\; + .- . r._ |
’\ . p* stlicen

n type silicen

n+ silicon

SiO,
passivation

300pum

[MonynpoBoAHMKOBbIE AETEKTOPbI YacTUL, — MO AMOAbl, HA KOTOPbIe B
pabouyem pexkmme nogaeTca sanumpatollee HanpsaxeHue. Mpu sTom B
paroHe p-n nepexoga BO3HMKaeT obegHeHHasA 30Ha — B KOTOPOW HeT
HoCUTenemn 3apsaaa U NPUCYTCTBYET AOCTaTOYHO CU/IbHOE

ANNEKTPUYHECKOE MNoJie.

[MpoxoaAllan Yactmua co3gaeT HOBble CBOOOAHbIE 3/IEKTPOHbI U
NbIPKK, KOTOPble cobupatoTca Ha aneKkTpogax GopMUpya CUTHaN.

MepBUYHAA MOHU3ALUMA A0CTaTOYHO BeaunKa (10000 nap Ha 100 mKm)
4YTOObI PpErncTpMpPOoBaTb CUTHAN 6e3 BHYTPEHHETO YCUNEHMUA.



BonbT-amnepHan XxapakKTepuUCcTnKa 3anepToro p-n
nepexoaa Npu HaANYMU NOHU3SUPYIOLLLETO
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nO.I'IynpOBO,D,HVIKOBbIe AETEKTOPbl MOTyT pa601'a'rb KaK B pexxunme
MOHM3aLI,MOHHOi;I KamMmepbl TaK U P pexxmme N1aBUHHOIo ycuneHus



MuKpocTpunosblie NOAYyNnpoBOAHUKOBbIE AETEKTOPbI

* CynTbIBaKOLLME 3/1IEKTPOAbI MUMEIOT BUA, CTPMNOB(MNONOCOK) LUMPUHOW OT
~NEeCATKOB MUKPOH 1 AnnHHOW A0 10-20 cm. KaxAabin sneKTpoa NOAKIOYEH K
YCUNUTENIO

* To4HaA KoopauHaTa TPeKa onpeaenaeTca B3BelunMBaHMem 3apaga. PaspeweHue
MOKET ObITb yywe 10 MKm
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M6bpuaHble NUKcenbHble AeTEeKTOoPbI

Mpn o4eHb BoNbLUNX 3arpy3Kax Yepes OANH CTPUN MUKPOCTPUMNOBOrO AETEKTOPA MOMKET
NPOWNTKU CPa3y HECKOJIbKO YacTuu,. Takoe cobbiThe CI0XKHO KOPPEKTHO BOCCTAHOBUTL. B Takom
CNy4vae aNeKTpoabl BbIMOHAIOT B BUAE nNukcenen paamepom ~20-50 MKm B WUMPUHY U A0 1 mm
B ANMHY. YCUAUTENDb N CXeMa OUMPPOBKM AN1A KaXKA0ro KaHana pacnosaratoTcs
HenocpeaCTBEHHO 33 HUM.

AocTtounHcTBa:

* OueHb BbICOKaA 3arpy3o4yHas cnocobHocCTb
OueHb Xxopoluee ABYXTPEKOBOE pa3peLueHune
BbiCOKOE NMPOCTPaHCTBEHHOE pa3pelieHue no
obenm KoopguHatam

Hu3kum wym BBMAY Maiov eMKOCTU
Xopou.lee BpeMeHHOoe pa3spelueHue

e[ 0CTaTKK:
OueHb 60n1blLOE KONNYECTBO KaHaN0B
Bonbluoe KONMYecTBOo BelecTsa
* CNnoXKHOCTb U3roTOBNEHMUA
* BbicOoKoe 3HepronoTpebaeHmne



[lnkcenbHble aeTeKTopbl YCTaHOBKU ATLAS




TpeKoBble AeTeKTopbl - CpaBHeHUe

* [a30Bble M NONYNPOBOAHUKOBbIE AETEKTOPSLI
COCTaBANAOT B HacToswee Bpema bonee 90% Bcex
KOOPAMUHATHbLIX AEeTEKTOPOB

* [MonynpoBOAHNKOBbIE AETEKTOPbLI UMEIOT NYYLLYIO
MPOCTPAHCTBEHHYIO TOYHOCTb U SIyYLLIEE
pasfgeneHne TPEeKoB B C/IOXKHbIX COObITUAX.

* [a30Bble AeTEeKTOPbl MHOMO AeLleBne U cogepaT
HaMHOro MeHblLLe BeLlecTBa. 3a CYeT 3TOro MOryT
obecneynTb Ny4LLYO TOYHOCTb U3MEpPEHUS
MMNyAbca ANA Hanbonee medsieHHbIX YacTuUL,



MpUHUMNDbI perucTpaumm 4acTul,

e 3apAXeHHas YacTMua NpoxoaAa Yepes BeWecTBO AETEKTOPA BbI3bIBAET MOHU3ALUIO
atomoB. O6pa30BaBLIMNCA 3aPsAa MOXKHO cObpaTb U YCUAUTb. B TpeKoBbIX

CncTtemax no4vTu sceraa Ucnonb3y-efreA-s+oMeTom,

3apAXKeHHaA YacTuLa Bbi3biBaeT BO36y»KaeHUe aToMOB cpeabl,
KOTOpoe COMpPOoBOXAaeTca uslyyeHmem. ITo UslydeHne MOXKHO
npeo6pa3oBaTb B 31EKTPUUECKUI CUTHA/ C MOMOLLbIO

dotopetekTopos. (PIY, potoguoapbl...)

Ho Beab 3TO NpUMeHUMO TOJTBRO K 3apArKeHHbIM Yactuuam. Kak
AEeTEeKTUPOBaTb HelTpaibHble YacTuubl?

* [lomecTuTb B AETEKTOP AOCTAaTOYHO MHOIO BELLECTBA, YTOObI HEMTPAAbHAA YacTULa
YKECTKO NpOoB3anMOAENCTBOBANA B HEM C 06pa3oBaHMEM BTOPUUHbBIX 3aPANKEHHbIX
yactuu,. M 3apernctpupoBatb. CoBcem XOpoLlo, eC/IN 3TO BELLECTBO — aKTUBHAsA
cpena geTtekTopa. Ho BeAb Y Hac ecTb TaKMe CUCTEMbI. ITO - KaNOPUMETPbI



MUMmnynbCHOe n KoopauHaTHoe
pa3pewieHue (MaeanbHbIN cayvyau)

Trajectory of
charged particle

o 3/20 8 3/20
Py _9s _ > Py 5 =32.6 pJ_2 > (m, GeV/e, T)
P, S (0 3L B)/(Spl) 03L°B L"B




[leTeKTopbl OCHOBAaHHbIE Ha Perncrpaumm nsny4yeHus
BO3Oy»KAEHHbIX aTOMOB

Bugnmbie n
/ \ UV ¢oTOHDI
Oetektop dpoTOHOB
( Paguatop ) .
aKTUBHOE BELECTBO ]
e CUMHTUANATOPBI | *  DoTOYyMHOXUTENU
e YepeHKoBCKUe * [lonynpoBOAHMKOBbIE
\ g AEeTEeKTOopbI

 bBonbwon 06BEM N Macca aKTUBHOIO BelwecTBa Npu HebobloOm Yyncne
KaHaN0B CYNTbIBAHUA
— KanopumeTpbl, HEUTPUHHbIE AETEKTOPbI, AETEKTOPbI KOCMUYECKUX JIy4EN
* bbICTpble curHanobl
— Mpamoe namepeHne CKOPOCTU YacTul, otbop nonesHbix cobbITUN(TpUrrep)
* [lpocToTa NCNONbL30BAHMA U AeLEBU3HA NO4AEPKAHUA
— Be3p,e, roe Hado NPocCTo 3apPeErncTpmnpoBaTb 4HaCtuuy



CpaBHUTENbHbIE CBOUCTBA

CUMHTUNNATOPOB
¢ HeopraHquCKMe ¢ OpI'aHM‘-IeCKVIe
— Cambint 6onbLLION CBETOBbLIXOA, — Jewesble,
— MoryT cocToATb 13 BeLecTBa — Nlerko obpabaTbiBatoTCA
c 6onbwnm Z — BbicTpble
— [oporue(oyeHb) — CpepHuii CBETOBbLIXOA,
* KanopumeTtpbl ANnA * Kanopumetpbl
permctpaunm ¢oToHOB U * BpemeHHble nsmepeHus
3/1IEKTPOHOB * Be3ge, roe HyXeH
Jelwesbin B

0bCcNy}KMBaHUUN AETEKTOP



[JeteKkTopbl OTOHOB: POTOYMHOKUTENN

Dynodes

-

Electron —

Us Voltage divider =

@PoTOHbI BbIOBMBAOT $OTO3NEKTPOHDbI U3 GOTOKATOAA

INEeKTPOHbI YCKOPAIOTCA 3/1eKTPUYECKUM NOoJIeM M NONaAatoT Ha CUCTeMy ANMHOAOB,
r/le Bbi3bIBAOT BTOPUYHYIO (YAapPHYHO) SMUCCUIO SNEKTPOHOB, POPMUPYA NaBUHY.

YcuneHne Ha ogHom anHoae 3-30, obliee ycuneHne moskeT npesbiwats 108

CnocobHbl peructpmposatb eaUHUYHbIE POTOHDI

BbiCOKas amnauTyaa CUrHanoB — ierko obpabatbiBaTb

MarHuTHoOe nose Hapyliaet paboty

Knaccnueckui, XxopoLo oTpaboTaHHbIW U LUMPOKO UCNOb3yeMblid TUN AEeTEeKTopa



MonynpoBogHUKOBbIE AeTeKTOpPbl GOTOHObI

PaboTaloT Ha Tex e NPUHLUKMNAX, YTO TPEKOBbIE NOJIYyNPOBOAHUKOBbIE
AETeKTOopPbl : pOoTOH Nnornowiaetca B 0begHEHHOM 30He CO34aBaA SNEKTPOH-
AbIPOYHYIO Napy

Ecnn HY»XHO 3aperncTpnpoBaTb CUrHan ot 60/1bLLIOro KoM4YecTBa
$GOTOHOB (COTHM TbICAY) NCNONb3YIOT 6€3 BHYTPEHHEro YCUNEeHUA

Ons pernctpaummn cnabbix CUTHANOB UCMNONL3YIOT ANOAbI C NAaBUHHbIM
ycuneHnem(naBuHHbIE AnoAbl)

KomnakTHble, HageXHble, nerkme
HevyyBCTBUTEJ/IbHbl€é K MarHUTHOMY NOJIO
CpaBHI/ITeanO Aellesble

TpebyloT YyBCTBUTENbHDIX YyCUAUTENEN

MNnoxo noaxopaTt ana perncrpauum eaMHUYHbIX L
¢doToHOB \

HeyctpaHMmbii 04HOGOTOHHbIN LWWYM LA



CUMHTUANALMOHHDbIE AETEKTOpPbI

* He umerloT YeTKOM cneumanmsaumm

¢ Ham,e BCEITO UCMOJIb3YHOTCA
— B cocTaBe KanoOpMMeETpOB

— KaK TpurrepHble AeTeKTopbl



Kanopumertpboi (1)
B3anmopgeincreme 3/1eKTPOHOB U POTOHOB C BELLLECTBOM

electron (E, pe) electron (E', p'e)

TOpMO3HOE U3/Ty4eHUNE 3/TIEKTPOHA

X

E = Eoe Xo (A Z)

—

photon (k)

Positron

SHepruyHble GOTOHbI B OCHOBHOM
B3aMMOZENCTBYIOT C BELLECTBOM Y
obpasya ete™ nmapol

Nucleus Electron

_9x
J=Jee 7Xo
1
X, - pagnauMoHHan OIMHA, XapaKTepUCTMKa cpeapl Xo~ 7z
Air Eau Al LAr Fe Pb PbWO, | LAr/Pb
Z - - 13 18 26 82 - -
Xo (cm) | 30420 36 8,9 14 1,76 0.56 0.89 1.9




Kanopumertpoi (1)
Pa3sutue INEKTPOMATHUTHOTIO JINBHA

r r al Z
L, i
/ 2R
LJ_J_, == / ; ~
Al KA

—1+ e /eE<E, \\ = 0
\..—\

—t— e /etE >E. ‘L‘w q\—’ %-

e S = 71\‘

CpeaHAs SHepPrus 4yacTuL, SKCNOHEHUMaNbHO NaAaeT C PacCTOSHUEM
Pasmep aetekTopa, Heob6xoaAMMbliA 419 MOAHOIO MOrNOLWEeHUs
SHEePrnm NCXogHOM YacTuLbl 1orapndMMUYEcKnN pacTeT C SHeprmen



INeKTPOMArHUTHbIE KaZI0pUMeTpPbI

MpeaHa3HaYeHbl ANA U3MepeHUsa sHeprmm GoToHOB n
3NEKTPOHOB. [lpyrne 4acTuLbl TOXKe OCTaBAAOT YacTb
3HEepPrunm, HO To/IbKo GOTOHbI U 3/IEKTPOHbI — BCIO

HHenatenbHO MCNONb30BATb MaTepmanbl C ManoWM
Xy (6onbwmnm Z)

KanopmmeTpbl MOTYT LLE/IMKOM COCTOATb M3 aKTUBHOM
cpeabl (Hanpumep Kpuctannos Csl) nnbo uns
YyepeayloLmnxca CZI0EB NOMNOTUTENS U AaKTUBHOM cpeabl
(Hanpumep cBMHEL, U NIACTUKOBbBIN CULMHTUNNIATOP)

CurHan - o6bIYHO CUMHTUNNALNOHHOE U3NYyYeHne —
nponopLnOHaNeH 3Hepruu



INeKTPOMarHUTHble KaJopumeTpbl

* KanopumeTpbl Ha OCHOBE HEOPraHUYECKUX KPUCTANI0B
06n1aaatoT oveHb Xxopowmnm paspeweHnem ~ 2 — 3% /VE(GeV)

* QueHb goporune




[eTeporeHHble DM KanopumeTpbl

Yepepaytowmeca caom naoTHOro
paamMaTopa 1 akTUBHOW cpeapbl

orpaHUYeHHoe pa3peLleHue

Bo3moXXHa npogonbHan
cermeHTaumA

TonbKo aneKTpoHbl c E > Ey, B
aKTUBHOM cpene reHepupytoT CUrHan

* [lornoTutenb — BbICOKUIN Z U NNOTHOCTb, 0bblyHO Pb, W, U

* AKTMBHOE BelecTBO — 0O6bIYHO OPraHUYECKUE CUNHTUNNATOPDI
Pa3spelweHne orpaHNYeHHO PIYKTYaUUSAMM SHEPTUN BblAENUBLUENCA B
aKTUBHOM BelLeCcTBe

o(E)/E = 10%/VE




AAPOHHDbIN NIUBEHDb

: ABSORBER

: E.M.

5 COMPONENT
______

: HADRONIC

I ) “;f s Heavy fragment COMPONENT

vl A | A

XapaKTtepHaa macwtabHaa BeAMYMHA IMBHA — AJIMHA AAEPHOTO
B3aMMOZENCTBMA A

A>>Xy, N0O3TOMY a4 POHHbIN IMBEHb UMEET ropasao bonblumne pasmepsol

dnyKTyaunm agpoHHOro INBHA OYEHb BE/IMKM BBMAY BbICOKOro NOpPOra
AAepHbIX peakumn ~2M, = 280M3B 1 Hannuma pasHbIX MEXaHU3MOB
B3aMMOAENCTBMNA a4 POHOB C BELLECTBOM AETEKTOPA



ALPOHHbIE KaZIopUMeTpbI

AJPOHHbIE KANOPUMETPbI MOXOXKWN HA reTepOreHHbIe
EM KanopumeTpbl, HO ropa3ao rpybee n bonblue

TUNMYHAA KOHCTPYKLUMA — YepeaoBaHUe caoem
NacCMBHOIO BeLLECTBa (Kenes3o) n AeTeKTopos
(Hanpmep — CUMHTUNNATOPOB)

AAPOHbI MOTYT OCTaBNATb 3HAYUTENIbHYHO YAaCTb CBOEN
SHeprun B EM Kanopumertpe.

TUNUYHaA TOYHOCTb onpeaeneHnA SHepPrmnm aapPoHoOB
50-100%/VE (GeV)



TpeKoBble cUCTemMbl U KaiIopumMmeTpbl:
CpaBHeHUe

TpeKkoBble cuctembl

ToNbKO 3apsarKeHHble
YacTuLbl

Kak npasuno bonee
BbICOKAA TOYHOCTb

TO4YHOCTb NagaeT C POCTOM
MMNYNbCa
— o(P)/P ~P

KanopumeTtpbl

* Bce Kpome MIOOHOB

* [lo3BonAeT onpeaennTb
06Uy SHEPTUIO TECHOM
rpynnbl yactuu(ctpym)
Korga pa3genunuTtb X TPYAHO

* TOYHOCTb yay4lLaeTca C
POCTOM SHEPruun:

o(E)/E~1/VE



NaoeHTMPUKauma yactumu,

XapaKTep B3aMMOAENCTBUSA B AETEKTOPE NO3BONAET
NAEHTUPNUMPOBATL POTOHbDI, 3NEKTPOHbI, MIOOHbI.
Bce 3apsarKeHHble aapOHbl B3aUMOAENCTBYHOT OAMHAKOBO

| I | | | | 1 |
Om m m im 4m 5m 6m m
Key:
Muon

= Electron

Charged Hadron (e.g. Pion)
- = = - Neutral Hadron (e.g. Neutron)
""" Photon

Silicon
Tracker

\ Electromagnetic
)J“l Calorimeter

Hadron
Calorimeter

Transverse slice
through CMS

Superconducting
Solenoid

Iron return yoke interspersed
with Muon chambers




NpeHTUPUKaLMA 3apAXKEeHbIX a4pPOHOB

T, K,p—777

Mo yaenbHOW MOHM3aUMn B TPEKOBOW cucteme(npwu
N3BECTHOM MMMY/ibCe).

st

AE 2KZ[. 2mc*f? , C 0
— = —p——|In— = —=—3
Ax ARY | I(1 =) zZ 2

C nomMoOLLbO MPAMOro N3mepeHua CKoOpocTu
(BpemanponeTHble cnctembl) XapaktepHaa To4HocTb 60 ps
N0O3BO/IAET Pa3genaTb T U K* no 1-2 GeV

[0 YepEeHKOBCKOro M31y4eHus B cneLmanbHO nogobpaHHOM
pagunatope nnu GakTy ero Haanums/oTcyTCTBUA



TUNUYHaA CTPYKTYpa AeTeKTopa
3KCNepumeHTa Ha Konnangepe

P OCHOBHas TpeKoBas
o cucrtema

EM kanopumertp

o o o P P P B B B R B R BB
B o e R M
ettt AR AN g LA h S

o S S S S SN SIS
RS S5 LISI oSNy

<

5
S

L




ELle HEMHOro o TpUrrepHou cucteme

* Mbl MOXeM COXPaHUTb TOIbKO Manyto 4acTb COObITUN,
nopagka 1/100000. 3apa4ya TPUIrePHOM cUCTEMbI BblbpaThb
NOTEHUMNANbHO NHTEpPECHble cobbiTnA, OTOpPOCKB
oCTa/sibHble. N BCe 3TO — B perKMme peasibHOro BpemMeHwU

 CobbiTnA, oTOpPOLLUEHHbIE TPUTTEPOM NOTEPAHbI HaBceraa!

* [lnAa cnpaBKWU : CTONKHOBeHMe Ny4ykoB Ha BAK npouncxoaut
KaXAble 25HC, B KaXKA0oM CTONIKHOBeHUn B cpeaHem 40
EeCTKMUX B3aMMOAENCTBMIN. 3anunucaTb Mbl MOXKemM He bonee
cobbiTt 200 B cekyHAy.... (akcnepmumeHT ATLAS)



TpurrepHaa cucrema

* YT10bbI CNPaBUTHLCA C MOTOKOM AAaHHbIX, TPUITEPHAA CUCTEMA
NOCTPOEHA Kak MHOFOYPOBHEBAA CTPYKTYpa.

* Ha nepBom, camom 6bICTPOM YPOBHE, Nponcxoant otbop no
Hanbonee obWMM Kputepmam. MaBHoe - He OTOPOCUTL BarkHoe. U
BbIUrpaTb BpemaA. Tpurrep nepBoro ypoBHA cHuxaeT 400 vacTtoTy
cobbiTun B 400 pa3 - ¢ 40 Mlu ao 100 kly. Ana yBennyeHus
CKOPOCTU aNnropuTMbl peann3oBaHbl B «xkenese» (hardware). B
~200x roay. be3 BO3MOXHOCTU N3MEHUTb Nno3xKe. A Bedb TOraa
HMKTO He 3HaN C KakKMMM 3aga4amm GU3UKKU CTONKHYTCA Yepe3 10-
20 net. «Mongn Tyaa He 3HAtO Kyaa» .

* YauBuTENbHO, HO pPaboTaeT.



O6 uoeasnbHOoM 0emeKkmope

* He bbIBaeT naeanbHbIX NN CaMbIX NYYLLINX JETEKTOPOB.
PeanbHaA ycTaHOBKA — 3TO Bcerga KOMMNPOMMCC.

e Cuctema, KoTopoi Bbl 3aHMMaeTecb He A0/KHa
obecneymBaTtb NyylLne B MUPeE XapaKTepuUcTukm. OHa
NI0N1XKHa peLlaTb NOCTaB/lEeHHbIe 3a4a4M.

OnpepeneHue 3a8a4 3KCNepuMeHTa

dopmynmnposKa TpeboBaHUM K
3KCNEepUMEHTANIbHOMN YCTaHOBKe

Bbi6bOp KOHKPETHOMU peannsaumm



YCKOpUTenun v sKCnepuMeHTbl

JKCNnepumMeHTbl Ha
YCKOPUTENAX BCTPEUHbIX
Ny4yKoOB

JKCNepuMeHTbl C
HenoABUXXHOU MMULLEHbIO

JKCNepUMeHTbI Ha JKCNepuMMEeHTbI Ha
NMPOTOH-NMPOTOHHDbIX 3N1eKTPOH-

WU NPOTOH- NO3UTPOHHbIX

AHTUNPOTOHHDbIX Konnampepax
Konnampepax




JKCNepMMeHTbl a4 POHHbIX Konnauaepax

MaKcumanbHaA AOCTYMNHAA aHEePrmAa CTONKHOBEHUN

— CUHXPOTPOHHOE Mn3nyyeHme NPoToHa Masio U He
OrpaHMYMBaeT MaKCMMa/IbHYIO 3Hepruio ny4ykos. CpaBHUTE:
ana LEP makcmmanbHaa goCTUrHytaa sHeprma nyykos 104

[3B, a anAa BAK, pacnosoXXeHHOro B TOM e Konble —
7000I3B

OyeHb 60/blLIOE CeYeHne B3aMMOAENCTBUA aJPOHOB
He najatolee ¢ POCTOM SHEPTUU => BO3MOXKHOCTb
HabnoaaTb OYeHb peaKkue cobbiTUA

[Thoxo onpeaeneHHas sHepPrnsa CTONKHOBEHUM

— B3ammopaencTBytowMe NapTOHbI HECYT HEONPEAENEHHYIO
4acTb OOLEN SHEpPrnm

BbicOKMn poH



JKCNnepuMeHTbl aAAPOHHbIX Konnanaepax

* DKCNEePMMEHTbI Ha aZiPOHHbIX Konnanaepax —
«MOUCKOBbIEY

* SPS

— OTKpbiTe W 1 Z 6030H08B

* Tevatron

— OTKpbITUE t-KBAPKA

* LHC

— OTKpbiTME 6030Ha XuUrrca



JKcnepumeHTbl aApPOHHbIX Konnanaepax
TpeboBaHUA K yCTaHOBKe.

N3mepAaTb MMNYAbC C NPUEMNEMON TOYHOCTbIO BMNJIOTb
[0 O4YEeHb BbICOKUX SHEPTUN

CoxpaHATb paboTocnocobHOCTb B YCNOBUAX OYEHb
BbICOKMX MOTOKOB YacTuL

NpaeHTuPnumMpoBaTb SHEePrnyHble GOTOHbI, SNEKTPOHbI U
MIOOHbI

C Xxopolluen TOYHOCTbIO onpeaenATb SHEPruto aapPoOHHbIX
«CTPYM»



JDKCNepuMeHTbl Ha 3/1eKTPOH-
NO3UTPOHHbIX KoNnnanaepax

To4yHO onpeaeneHHaa sHeprmusa CTOIKHOBEHUN =>
coXpaHeHue 4-Mmnynbca Ype3BblMaMHO MOLLLHbIN
MHCTPYMEHT aHa/n3a.

duUKcMpoBaHHble KBAHTOBbIE YMCNA CUCTEMDbI
obpa3ytolwenca B CTOIKHOBEHUMN.,

BO3MOXHOCTb HabnogaTb « MeyeHHble» pacnapbl

BO3MOHOCTb nCcCcnenoBaTb KBAHTOBO-CBA3aHHbIE
MNapbl HaCTuny,

MWHMMaNbHbIN YPOBEHb POHA

JKCNepUMEHTbl KTOYHbIX U3SMEPEHUN»



JDKCNepuMeHTbl Ha 3/1eKTPOH-
NO3UTPOHHbIX KoNnnanaepax

MaKCcMManbHO BO3MOX¥HOE MMMYNbCHOE
paspeLlueHmne

MaKcMManbHO Ka4yecTBEHHas 3/1eKTPOMarHMTHas
KanopumMmeTpuA

IdPeKTMBHOE NO/IHOE BOCTAHOBAEHUE COOLITUM

NaeHTUPMKaLMa NMOHOB, KAOHOB U MPOTOHOSB



JKCcnepumeHTbl C HenoABUXKHOM
MULLEHbIO

npaKTVlLleCKVI BCE 3KCMNEepUMEHTbI C HerlO,EI,BVI)'KHOf;I
MUNLWLEHBIO NCMNOJIb3YKOT BTOPUYHbIE MNMYYKH
— BO3MOXHOCTb MCNO/Ib30BaTb PasHble Ny4kn (p, 1, K, 1)

— BO3MOXHOCTb N0 XO4Y SKCNEPMMEHTA MEHATb MULLIEHb @ TaKMKe
3HEPruio 1 TN NyyKa

BO3MOXHOCTb UCMO/1Ib30BaTb NoNApmn3oBaHHbIE MNLLUEHN

JIErKMW A0CTYN K 9N1€MeHTaM YCTaHOBKU, BO3MOXXHOCTb
MEHATb KOHPUTYpPaLMIO YCTAaHOBKM B 3aBUCUMOCTU OT
3a/a4M.

CyuwiectBeHHO MeHbLaa ctommoctb. OQUH yCKopuTenb
0b6CNyKMBAET MHOXECTBO 3KCNEPUMEHTOB

TaKknx akcnepmmeHToB moKeT 6biTb MHOIO



