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Omican kprorenHblit MarauTHbl etekTop KMJI-2, ¢ MOMOLIBIO KOTOPOTo NpoBeNeHa cepust 3KCTIEpH-
MEHTOB Ha 3JIEKTPOH-N03UTPOHHOM Konaijiepe BOIII-2M B o6nactu anepruit 1o 1.4 T'aB. IpuseneHs!
KOHCTPYKIHH CHCTEM [ICTEKTOPa, airOPHTMBI IOHCKA TPEKOB B ApeiicdoBoit Kamepe u knacrepos B Csl- n
BGO-kanopumerpax. IIpocTpancTBEHHOE W 9HEPreTHYECKOE pa3pelieHHe CHCTEM JIETEKTOPa MOMYYeHO
U3 aHalH3a IKCIEPUMEHTANBHBIX cOObITHA. [IpHBENeHa KOHCTPYKIMS CBEPXIPOBOASIIErO COEHOHAA H
CXeMa BBOJIa TOKA C NOMOIIBIO CBEPXIPOBOASIIErO TpancopmaTopa. OmicaHa cXxeMa TpUrrepa AeTEKTO-
Pa U yCNIOBHS 3alIHCH ““3aPSDKEHHBIX” M “HEHTPANbHLIX” COOBITHII Ha MArHHTHYIO JenTy. M3noxeHna npo-
HeNypa MEJUIEHHOr 0 KOHTPOJISl, KOTOpasl HCMOJb30Baack /il MOHHTOPHPOBAHHSA NAPAMETPOB CHCTEM Jie-

TEKTOPA BO BpEM#A JKCIIEpUMEHTA.
PACS: 29.30.-h, 29.40.Vj, 29.30.Ep

1. BBEITEHHWE

OKCIEePUMEHTBI CO BCTPEYHBIMH 3JIEKTPOH-TI03H-
TPOHHBIMH NMy4YKaMH B T€4YEHHWE TOCIEIHHX JeCATH-
JIETHH ABISIACH OJJHUM M3 Ba)KHEHINNX HCTOYHHKOB
HHMOPMal|K, paclMpsAONeid u yrayOnsiomei Ha-
1M 3HaHHA O (pyHaMEHTANBHBIX B3aUMOJEHCTBHAX.
JlaHHBIE O CEYECHUAX 3JICKTPOH-MO3UTPOHHOM AHHH-
THJISIHE B aJIpOHBI IPH HA3KAX 9HEPrusix HeoOXoH-
MBI JUIs pelleHHs MHOTHX npoGieM B (pH3HKe Ya-
crun. B yactHocTH, BenmunHA R, paBHas oTHOIIe-
HHIO CEYEHHMH POXK/IEHHS a]pOHOB H MIOOHOB:

R(s) = o(e'e” — hadrons)/c(e'e” — u+u_),

HCTIONIb3YETCS NPH BBIYHMCICHHH BKJIala afpOHHOM
NONSpU3allid BaKyyMa B aHOMAJIbHbIA MArHUTHBIN

had
MOMEHT MiooHa a," [1].
O6nacTts sHepruii Komnasiepa BOIII-2M paer oc-
o had
HOBHOIi BKJIaJ| KaK B BEJINUHHY @, , TAK H B TOYHOCTh

ee onpepienenus [2]. B skcnepumente E821 (Bpykxaii-
BEHCKas HauuoHanbHas JjaGoparopmsi, CIIIA) aHo-
MaJIbHbIA MATHUTHBLIA MOMEHT MIOOHA H3MEPEH C OTHO-
cuTenbHOM ToUHOCTHIO 0.5 - 107 [3], uTo B 14 pa3 nyu-
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1Ie MpefBIAyIero pesynsrara, nomydyeHsoro 8 CERN
[4]. YTOGbI BEIYMCITATE BKJIAJ] AIPOHHOI NOJISPH3AIMH

had
BaKyyMma B BEJIMYHHY @, C aHAJIOTHYHOH TOYHOCTHIO,

CHCTEMAaTHYECKasi NOIPELTHOCTE H3MEPEHUS aJIPOHHBIX
CEYEeHMH OIKHA OBITE <1%.

Herexrop KMJI-2 [5] 6bin co3gan B UHCTHTYTE
spepHoi pusznkn CO PAH B 1985-1992 rr. nns npe-
IH3HOHHBIX U3MEPEHHI a[pOHHBIX CEYEHHI H TOMC-
Ka pefIKHUX pacnajioB JIErKHX BEKTOPHBIX ME30HOB P,
W M (@ Ha 3JEKTPOH-NIO3UTPOHHOM KOJnaiifiepe
BOTIIT-2M. TIpononsHblil ¥ MONEPeYHBIN paspesbl
AETEeKTOpa cXeMaTHYeCKH MokKasaHbl Ha puc. 1. Ko-
OpIHHATHAS CHCTEMA JIETEKTOPA COCTOMT M3 IHIIHH-
ApHYECKOH IperdOoBOit KaMepsl (J1.K.) 2 M IMTHHAPH-
9E€CKOM NPONOPIHOHANBHOM Z-KaMephbl 3, TOMEIEH-
HBIX BHYTPb TOHKOI'O CBEPXNPOBOJAIIETO CONIEHOM/Ia
¢ nonem 1 Tn. Iunueapudeckuii 31€eKTPOMATHAT-
HBIA KaJIOPUMETP Ha OCHOBe KpucTamios Csl 7 u mio-
OHHas npobexHas cucTeMa § pacnoiararoTes 3a co-
nenousioM 4. Pa3melenne TOpeBoro KaiopumeTpa
Ha ocHOBe Kpucrannos BGO BHyTpu coneHoupa
BIUIOTHYIO K TOPI[aM JI.K. fIeNIaeT IeTEKTOp NMpPaKTH-
YECKH FrepMETHYHLIM JIIs (pOTOHOB, BLIIETAKOIIHX H3
MECTa BCTPEYH IMyYKOB.
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Puc. 1. ITpofoneHblit 1 nonepeynsiit paspessl ferektopa KMJI-2. / — BakyymHas kaMepa; 2 — npeiicpoBast Kamepa; 3 — Z-Ka-
Mepa; 4 — OCHOBHOM CBEPXIPOBO/ISIIHI CONCHOM]L; 5 — KOMIEHCHPYIOLIHIl CONEHOHL; 6 — TOpLEBOH KaJOPHMETP HA OCHOBE
BGO; 7 — nHHpHdecKHii KanopuMeTp Ha ocHoBe Csl; 8 — npoGexHas cucrema; 9 — sipMo MaruuTa; /0 — KBaipynonbHbie
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Puc. 2. Cxema ipeiichoBoit Kamepsl. | — repmeTHsupytouias Tpy6ka; 2 — mposonouku; 3 — dnanen; 4 — obeuaiika; 5 — konsia

ANs MOAEePXKKH Kabeneit.

2. IPEN®OBASI KAMEPA

Wmnynbebl 3apsSKeHHBIX YacTHI] ONPEAeNsioTCs
10 KPHBH3HE TPAaeKTOPHIi B ipeiicoBoii Kamepe [6],
obmmii BAJI KOTOpO# noka3an Ha puc. 2. Kamepa co-
CTOHMT M3 TPEX CYNepciIoeB, KaXblil H3 KOTOPbIX pas-
OuT Ha pajnaJibHble TYCHKU. B nepBoM, BHyTPEHHEM,
C1I0€ COfepXHTCs 16 siueek Nno 6 CHrHANBHBIX MPOBO-
JI0YeK B KaxKJ0#, BO BTOPoM — 32 s4eliKu 1o 7 npoBo-
JI04YEK, a B TPETHEM, HAPYXKHOM, clloe — 32 A9YeHKH 1o
6 npoBonouek (puc. 3). B obuiei cnoXXHOCTH JI.K. CO-

IIPHBOPBI 1 TEXHUKA 3KCITIEPUMEHTA M 6

NepXUT 512 cHrHaAbHBIX MPOBONIOYEK THAMETPOM
15 MKM, H3roTOB/IeHHBIX U3 cniaBa W-Re € 30710TBIM
nokpbITHEM. [IpOBONOYKHM MMEIOT MOTOHHOE COIpo-
Tusienne 1.4 - 10° OM/M 1 HaxoATCA O] HyJIeBbIM 1O~
TeHnmanoM. [JIiHa YyBCTBUTEILHON 00IacTi MpoBo-
7oYeK BHYTPH Kamepbl paBHa 44 cm. IIpoBonoyku
3aKpeIvIeHb! ¢ OMOLIBIO JATYHHBIX TPYOOK ¢ Ha-
metpom otsepctusi 300 MkM. B Topusl Tpy6oK
BIIPECCOBAHbI YacOBLIE KAMHU C [IHAMETPOM OTBEp-
ctuit 90 MKM, UTO 06ecneynIo TOYHOCTh YCTaHOBKHA
CHTHAJILHBIX IIPOBONIOYEK Ha ypoBHE 10 MKM.
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Puc. 3. Pacnonoxenue NpOBONIOYEK B A49edKax 1.K. 1 Z—Kamepm. B f1.K. cBETIBIMH TOYKaMHU 0603Ha4YeHbI TOJIOXKEHHS MONEBBIX
H MOTCHIHAIBHBIX MPOBOJIOYEK, KOCBIMH KPECTHKAMH — MOMOXKCHHA CHIHANTBHBIX NPOBOJIOYCK. B Z—KaMepe NOoKasaHbl aHOq-

HbIE MPOBONOYKH U YCJIOBHBIC 'PAHNIIBI CEKTOPOB.

CHurHanbHbIe POBOJIOYKH B SUEHKAX PacIonoxkKe-
Hbl B pajiiaJlbHOM HanpapieHHH ¢ maroM 10 mm.
Mexpy nroObIMHE JBYMSI CHTHAJIbHBIMH IIPOBOJIOYKA-
MH TIOMeIlleHa NOTEeHIHaNbHAas IPOBOJIOYKA IHaMET-
pom 100 MM ¢ noreHnmanoM —1 kB, KoTopsii obecrie-
YHBAeT JIONOMHATELHYIO PETYIHPOBKY KO3 pripen-
Ta ra30BOTO YCHJIEHHS HAa CHTHANBHBIX NMPOBOJIOYKAX.
INoTeHumanbHbIE W MOJIEBbIE MPOBOJIOYKH H3TOTOB-
JIeHbI W3 THTAHOBOTO craBa VT1 ¢ MeIHBIM NOKpPbI-
THEM TOMUHON 8 MKM. YTOOBI HCKIIFOYHTE ‘‘NEBO-
npaByl0”’ HEONPENENEeHHOCTb 1Nt TPEKOB, KOTOPhIE
CHMMETPHYHO PACNONIOXKEHbI OTHOCHTENBHO IIOC-
KOCTH IPOBOJIOYEK, MPOBONIOYKH 4epe3 OHy pas-
aBuHyThI HA £300 MkM. [TnamMeTp nosieBbIX NPOBOJIO-
YeK 3aBHCHT OT IMPUIOXKEHHOTO K HUM HANPSKEHUs U
usmensiercs ot 100 mo 300 MkM.

BOnn3n ¢pranner kamepbl, M3rOTOBIEHHBIX H3
¢onbruposanHoro creknorekcronura CTO® Ton-
muHOM 15 MM, HaGmoganach NOHMXKEHHAs BEJIMYHHA
ra3oBOro YycWJIeHMsl — Tajaja IUIOTHOCTh 3apsfia
BOMM3M KpaeB NMPOBOJIOYEK BIUIOTh 0 PacCTOSHHUI
ot ¢naHna ~3-8 cM, YTO COCTABIAIO 3HAYATENBHYIO
MONIO UTHHBI Bced NpoBOJIOYKH. YTOoObI MOAHATH
IUIOTHOCTD 3apsifia, Ha MOBEPXHOCTh (pIaHIEB BHYT-
PH KaX[[oii SYeHKH B pajuaIbHOM HalpaBJIeHHH Obl-
JI YCTAHOBJIEHBI KOPPEKTUPYIOIINE 3TEKTPOAbl H3
IPOBOJIOKH iHaMeTpoM 1 Mm. B pesynbTraTe ux nmpu-
MeHeHHs! K03(p(PHLUHEHT ra3oBOro YCHIEHHS OCTa-
BaJICS HEM3MEHHBIM BIUIOTH IO PACCTOSHAM ~5 MM JI0
¢nannes.

s ynydineHust OfHOPOJHOCTH OIS M BEIDaBHH-
BaHUs Ko3¢hHIHEEeHTa ra30BOT0 YCHJICHHS BHEITHHX
IIpOBOJIO‘-lCK Tpe'rhero cynepcnox OTHOCHTEJIBHO
TeX, YTO HAXOAATCA B rinyOMHE KaMephbl, Ha BHENI-
HIOIO CTOPOHY LWIHHApUYECKON obevalku ¢ IoMo-
B HPOBOD,HIIICI‘O KJied HaKJieeHa MEJJHada c])om,ra,
Ha KOTOpYI0 nofiaBalicst noreHuman 3.5 kB. Ha ator

5 IPHUBOPHI U TEXHUKA DKCIIEPUMEHTA Ne 6

BBICOKOBOJIBTHBIH 3KPaH TaKXe CTeKalll HOHBI, KO-
Topele npoputdyHIMPOBaTH MAMO TOJEBbIX IIPOBO-
JIOUeK M MONaH Ha BHYTPEHHIOK CTOPOHY O0eYaiKH.
JIns 5NEeKTPOU30SIMHE BLICOKOBOJILTHOTO 9KpaHa OT
GNMHM3KO pacIONOXKEHHBIX 3JIEMEHTOB JIETEKTOpA €ro
MOBEPXHOCTH 3alIMIIIEHa BTOPBIM CIIOEM OJHOCTOPOH-
He (QOJBIMPOBAHHOIO CTEKJIOTEKCTOMUTA TOJIIMHON
150 MKM. DTOT Cl0Oii HaXOMIICS TIOJ] HYJIEBBIM MOTEH-
[UAJIOM, YTO TAKXKE CIIOCOOCTBOBAIIO 3AILUTE CHIHAb-
HBIX MPOBOJIOYEK OT BHEIMHHX JIEKTPOMATHHTHBIX
MIOMEX.

BakyymHas TpyOKa B MecTe BCTPEYH ITyYKOB BbI-
nonHeHa u3 Gepwunust Tonmmuon 0.77 MM M UMeeT
BHYTpeHHMI paanyc 17 MM. KonudecTBo BeuiecTpa
Ha MYTH YaCTHIbI IPH HOPMAJIbHOM MaJleHUA COCTaB-
nsiet (0.142 £0.021) r/em? mnum (2.2 £0.3) - 107X, e
X, — paguauHOHHas [JIMHA, a P NepeceYeHHH Been
kamepbl — 0.62 r/cm? winu 0.017X,, COOTBETCTBEHHO.

Kamepa npopyBanachk ra3oBoii CMECbIO Ha OCHOBE
aprosa (80%) u uzo6yrana (20%). [Ins Hanpsi>KeHHO-
CTEH 3JIEKTPHYECKOTO H MarHUTHOTO TOJIEH, MPH KO-
TOpbIX paboTrana j.K., yros Jlopenna cocraBma =30°.

KoopnuHaTa z BHONE NMPOBOJIOYKH OMNPENesnach
MeTONOM JiesieHns 3apsna. Kak nokasaHo Ha puc. 4,
CHTHAJIbl CHIMAJTHACh C 000MX KOHI[OB KaX/I0# IIPOBO-
JIOYKH W TIOCNIe YCHJICHMs MOCTYIalW Ha IJIAThl
ouucdposkn T2A [7], BeINONHEHHBIE B CTaHAapTe
KIIIOKBA [8], rie m3Mepsanuch BpeMs NpHXofa H
aMIIuTyAb! curaanos. Kaxnueni 6mok T2A oGenyxu-
BaJl YEThIpe MPOBOJIOYKH.

2.1. Mouck u soccmanosaere mpexkos
3APANCEHHBIX HACMUL

ITonck Tpeka B KaMepe HAYHHAJICS ¢ BOCCTAHOB-
neHusi PparMeHToB, COlepKaIIMuXCsi BHYTPH OTHEeNb-
HBIX siuYeeK KaMephl. Ecniu B npefenax onqHO#H TYeikn
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Puc. 4. Cxema cbeMa CUTHAJIOB € IPOBOJIOYKH. A — TOKO-
BbIfl YCHIIUTETb.

ObLIIO HaljIeHO TpU Wnu OoJsiee TO4YEK, NPOLIEHLINX
KpuTepuH (pUIbTpaluH, AN HUX (POPMHPOBATHCH
“nesprit” ¥ “npasbiii”’ Habopbl KoopauHaT. BibGop
“nipaBoii” MMM “NeBOH”’ KOOPAMHATBI IS KaXjoi
TOUYKH OCYIIECTBIISICH ¢ MOMOLIBIO KPHTEPHs ¥ IPH
anmpoKCcUMAaIHH (pparMeHTOB TPEKOB YTOd OKPYXK-
HOCTH. ITOCKOJNBKY CHTHANbHbIE NPOBOJOYKH pas-
JABHHYTHI OTHOCHTENILHO OCH CHMMETPHH STYEHKH, TO
3HAa4YeHus X> IpH “IpaBHILHOM” H “HeNpaBHILHOM™
BBIOOpE KOOPJHHAT CYIIECTBEHHO pPa3nHyalinCh.

Bri6panHbie “npaBuibHble” hparmMeHTbl 00bEIH-
HSJIACh B TPEK, KOTOPBIH CHOBA aNMpOKCHMHPOBAJICH
nyroit okpyxHocth. [lanee, K Tpeky JoOaBlsINCh
TOYKH, HE BOHIE/IIINE HU B OIMH W3 (DparMEHTOB H
nexaiue BHYTPU ONpPEJesIEHHOTO KOPHIOpa, OChIO
KOTOPOTO ABJISIACH YK€ BOCCTAHOBJIEHHAs TPAEKTO-
pusi. ITo 3aBepuieHun 3TOoro arama Tpek OmsATh all-
NPOKCAMHPOBAJICA IYTOM OKPYXKHOCTH, MapaMeTpbl
KOTOPOH ONpeessiiuch BHOBb.

KoopaunatHoe pa3spemienue (puc. 5) onpepens-
N0Ch MO ANCIEPCHH OTKIJIOHEHHWH BOCCTAHOBIEHHBIX
KOOPJMHAT OT MPOBEJEHHON IYTH OKPYKHOCTH. 3aBH-
CHMOCTh KOOPJMHATHOT'O pa3pelieHus G, OT BpEMEHH
npeiida t anmpoKCHMHPOBaiach (hopMyION BHIA

o2(1) = A’sin’(arctg(B/t)) + C*vt/(1 - t/t), (1)

rjie IepBoe cllaraeMoe ONMchbiBaeT BKJa “Kiacrep-
Horo” addexTa HOHU3AIMOHHBIX MOTEPD, a BTOPOE
CBSI3aHO ¢ Auddy3neiil HOHA3AIMA BO BpeMs ipeiida,
v — cKOpocTh fipeiica. Koadduuuent T BBefieH s
y4eTa IMOrnoieH|s 3MeKTPOHOR B rasze. B pesynbra-
T€e anmpoKCUMAlU| JaHHbIX (pHC. 5) OLUTH MOTYYeHbI
CIeyIoNpe 3HaYeHAs MapaMeTPOB, BXOIAIINX B BbIpa-
xenue (1): A =256 MkMm, B =572 He, C = 183.2 MEM 2,
T=1092 He.

MPUBOPLI U TEXHUKA 3KCITEPUMEHTA N 6

KooppunaTHOE paspemieHne, MM
7
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Puc. 5. 3aBHCHMOCTE KOOPJHHATHOTO pa3pelleHHs OT
BpeMeHH fipeiida.

IIpH BOCCTAHOBJIIEHHH TPEKOB B IJIOCKOCTH, CO-
fepXkaliei Och MyYKOB, HCIIOJIb30BATUCH TOIBKO Te
TOYKH, KOTOPbIE acCCOIMMPOBAaHbI ¢ TPEKOM B IPO-
necce peKOHCTpYKUuH. MIX KoopAHHAThI annpoOKCH-
MHPOBAJIACH NMPSMOI THHHEHR M BHOBL IPOBEPANAcCh
NPHHAJIEXHOCTh BCEX TOYEK TPeKa NpAMOi (BHYTPH
kopugopa 13c). Ecnu oka3biBaiock, YTO K NPAMOH
NPHIIUBAIOTCS IONONHATEbHbIE TOYKH, MpoLeypa
MHHHMH3aluK noBTopsanack. Ha puc. 6 npuseieHbl
pa3pelieHus No z-KOOPAWHATE M CPE/IHHE aMILTHTY-
JibI CHTHAJIOB C IIPOBOJIOYEK B 3aBUCHMOCTH OT HOME-
pa ciosi. BuaHo, 4TO paspeleHue no z-Koopjusare

G, CM AMnnaryna
1.0 52000
A ® I

09} a2 . - 1800

0.8} - 1600

0.7} ® 1400

0.6 - <1200
o A 4 . 9

0.5 PN e *e 11000

®e Hl5 a®
0.4 o . o0 ° 2 A ¥ = 800
A A

03} e . 3 600

021 2 —1400

0.1+ -200
1 o 1 1 1 1 L 1 1 0

0 2 4 6 8 10 12 14 16 18 20
Howmep cnos

Puc. 6. TounocTs u3Mepenns z-koopauHaThl (1) u cpef-
HHE aMIUTHTY/IbI CHTHAJIOB C MPOBOJIOYEK (2) B 3aBHCHMO-
CTH OT HOMEpA CIos.
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0 100 200 300 400 500 600 700
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Puc. 7. Umnynscnoe paspenienue .K. CIuionHast KpHBas —
paspellieHne 71 OTAENbHEIX TPEKOB, MYHKTHPHAS KpH-
Bast — paspelleHue s MOTyCYMMBbI HMITYLCOB B COOBI-
THSX YOPYroro e*e -paccesiHus.

COCTABJIsIET NMPAMEPHO 5 MM M KOpPEIHPOBAHO CO
CpefHe# aMIUIATYOH B J1.K.

Ha puc. 7 moka3aHa 3aBHCHMOCTb HMITYJIBCHOTO
paspeleHus 1.K. OT BETHYHHbI MMITYJIbCa AJisi COObI-
THI yIPYTOTO e -paccessHusi, KOTOpasi XOpOIIo OMH-
chIBaeTCH CyMMOM BHJIA

2 coord,2 m.s.\2
0p=(0p )+(0p )9
coord
rae O, " — BKIaj| KOOPJMHATHOTO pa3speleHns, a
o”" — BKJaJl, CBA3aHHBIN C MHOrOKPAaTHBIM pacces-

P
HHEM YACTHII B BEMIECTBE KaMEPhI.

ITonyyeHHbIe KOOPAMHATHLIE pPa3pelieHus B 1O-
TnepeyHoil IIIOCKOCTH M B IUTOCKOCTH, COfiepXKalei
OCh MYYKOB, 00€CHEeYHIN TOYHOCTh H3MEPEHHUs I10-
NAPHBIX U A3MMYTaJIbHBIX YTIIOB TpeKoB Og = 0.02 pan
u 0, = 0.007 paj COOTBETCTBEHHO.

2.2. Hamepenue yOeabHbIX UOHU3AUUOHHBIX HOMEPD

Opaum #3 cnocoGOB HAeHTH(HUKAIMH YaCTHIL
SBNIAETCSA U3MEPEHHE Y/leTbHLIX MOHU3AHOHHBIX 110-
TEph B rase, 3anojHsiomeM f.K. [Ipi 3alaHHOM MM-
nmyJibCe BENMYMHA HOHM3AIMOHHbIX NOTeph dE/dx 3a-
BHCHAT OT Macchl 4acTHlpl. Pesynbrarhl pacyeTa
dE/dx nmo ¢opmyne Bere-bioxa mpuBeleHbl Ha
puc. 8 1St 3IEKTPOHOB, MMOHOB U KAOHOB B 3aBHCH-
MOCTH OT UMITYJIbca. BHJIHO, YTO 115l e/Tt-pasaeneHus
HeOoOXOIMMO IHEPTETHYECKOE pas3pellicHHe He XyXKe
~15%. KpoMe cTaTHCTHYECKHX (DIYKTyaliil IepBraY-
HOIl MOHM3AIMK W ra30BOTO YCHJICHHs, HA H3MEPEH-
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Puc. 8. 3aBHCHMOCTS YIENbHBIX HOHH3AIHOHHLIX MOTECPh
OT HMITYJIbCA YaCTHIIBI.

HYIO aMILTHTY/ly OKa3bIBAIOT BIHAHNAE H Apyrue Gak-
TOPbI, TAKHE KaK:

1) 3aBHCHMOCTH aMIITATYMbI OT MOJSPHOrO yria
0, 4TO CBA3aHO C H3MEHEHHEM JITTHHBI Y4acTKa TpeKa,
¢ KOTOpOro co6HpaeTcs HOHU3ALHs: A ~ 1/8in0;

2) norJioleHne NepBHYHON HOHU3AIMH B ra3e Ka-
Mepbl, KOTOpOE BEAET K 3aBUCHMOCTH aMILTHTY/bI
CHTHAJIa OT [NIHHBI ipeiida;

3) HeMTMHEHHOCTh Ta30BOTO YCHIEHHS ¥ aHaJloro-
BOTO TPAaKTa 3JEKTPOHHKH.

PesynbraT y4era yKa3aHHBIX TONpPaBOK MNpef-
craByieH Ha puc. 9. BUIHO, 4TO MpPHHA pacnpefierne-
HUSl MOHH3AlIMOHHBIX noTepb dE/dx B aTOM cnydae
nocruraet (FWHM) ~17-20%, uro cpasaumo ¢ 15%,
NONy4aeMbIMH H3 MOJIETHPOBAHMUS.

3. ZZKAMEPA

JIByXCOMHAs HHIHHAPHYECKAs MPONOPLHOHANb-
Hasi Z-kamepa [9] ¢ KaTOAHBIM ¥ AHOIHBIM CYUTHIBA-
HHeM HH(OpMaIMK PacTIONOXKeHa 3a IpeiidoBoi Ka-
Mepoit. CHrHaJIbI C aHONHBIX POBOJIOYEK HCMONB3Y-
10Tcs s (POPMHPOBAHMS HMMITYJIbCA, KOTOPBI
MHAMAPYET paboTy MEPBHYHOIO TPUITEPA, & UX COB-
najicHie ¢ MOMEHTOM CTOJIKHOBEHHMS ITy4YKOB, KOTOpOE
NpOMCXOAMT Kaxkpble 60 He, MO3BOMSET BHIOPATh KOH-
KPETHOE CTOJIKHOBEHHE H CHHXPOHH30BATh MO BpeMe-
HH cOGBITHE, 3apETHCTPUPOBaHHOe B ieTekTope. Ka-
Mepa TpofyBaeTcst ra3oBoil cmeckio ¢peona CFy ¢
uzo6yranom iC,H,, B cooTHOmennn 4 : 1, cKOpocTh
npejiha 3MEKTPOHOB B KOTOPO# paBHa ~8 CM/MKC.

2006 5%



68 AHAIIIKHWH u np.

KonuyecTBo cOObLITHH
60 -
50k (a)
40
30
20
10

0 .u.l.-).l..a,i

T

100
80
60
40
20

T

0
0 2000 4000 6000 8000 10000

AMIIHTY/A, OTH. €]l.

Puc. 9. Pesynbrar yyeTa hakTOpOB, BIUSIOUINX HA BETHIH-
HY H3MepSeMOil aMIUTHTYJIbI HMITY/IbCOB: A — pacrpefene-
uue dE/dx no BHeceHus MOMPaBOK; 6 — TO 3Ke pacmpeaene-
HHe nocie KamnGpoBkH. [THK ¢ MEHBLIMME aMILTHTY/aMH —
SHEProBbIIENICHHs coGLITHIT ypyroro e'e -paccesmus npu
sueprud myuka 509.5 MaB, cobbiTHs ¢ GONBIIAMA aM-
IIMTYJaMH COOTBETCTBYIOT 9HEPrOBbIJIC/ICHASIM KAOHOB.

“BeicTpas” ra3oBas CMeCh H Majioe pacCTOSHHE
MeXKy aHOJHBIMH MPOBONIOYKaMH, ~2.8 MM, obecne-
YHJIH BPEMEHHOH pa30poc aHOJHBIX CHTHAJIOB B IIpe-
nenax ~+15 He (99% Bcex coObITHIA).

W3MepeHnsl MOKa3aJ|, 4TO JUIMHA MOTTIOICHHS
37IEKTPOHOB HOHM3AIMH B TaKOW ra30BOil CMECH CO-
CTaBISET ~5 MM, IO3TOMY 3230p MEXY aHOTHBIMH
MPOBONOYKAMA M KaToflaMi ObUI BBIOpaH paBHbIM
4 MM. YTo6b1 3¢h¢peKTHBHOCTL PETHCTPALMH 3aps-
KeHHbIX yacTul Obuta 6mm3ka Kk 100%, kamepa BbI-
TIONHEHA B BHJIE JIBYX HE3aBHCHMbIX cnoes. Kaxupril
cnoit umeeT 256 KaTOMHBIX TMOJIOCOK ¢ HE3aBHCHMBIM
C¢hbEMOM cHrHanoB # 704 aHOHbBIE MPOBONOYKH. [l
yMEHbIIICHHs YHCIIa KAHAIOB 3JIEKTPOHAKHA aHO[IHbIE
NPOBOJIOYKH OObEJUHEHBI B CEKTOPHI 110 22 INTYKH B
kaxjoM. Beero B ciioe umeeTcst 32 ceKTopa B COOT-
BETCTBHH C cerMeHTanmeil Tpetbero cnos A.K. Cek-
TOpbI BHEIIHETO CI05 CBHHYThI OTHOCHTEJILHO CeK-
TOPOB BHYTPEHHETO CJIOS Ha NOIOBHHY IITHPHHBI CEK-
Topa (cM. puc. 3).

KOHCTpYKTHBHO Z-KaMepa COCTOMT M3 TpeX IH-
JHHIPHYECKHX KaTOJIOB, JABYX TNOCAJOYHBIX KOJel,
aHOJHBIX IPOBOJIOYEK M MOHTAXHBIX Kosie] (puc. 10).
Karopgubie uanmaapsb! anusoi 800 MM ¢ TONIIMHOR
creEkn 1 MM mMeror pgaameTpbl 611.8, 6295 wu
647.7 mm. TTonHOE KOIMYECTBO BEINIECTBA COOTBET-
creyer ~0.03X,. Tpu mununapa o6pasyioT aBa crnos
Z-kamepsl. Cpepuuil (HEHTPANbHbIR) LIWHAD SBISA-
eTcs o61MM 111 000UX CITOEB ¥ HMEET JIBE CILIOLIHbIE
(hONBIAPOBAHHBIE MELIO TIOBEPXHOCTH. Y BHEITHETO
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Puc. 10. Ceuenne Z-kamepbl. Ha BcTaBke B yBeJIHYEHHOM
macmrade mokasaHa TpyOKa ¢ 4acOBbIM KaMHEM H 3axka-
TO# AHOJIHON MPOBONOYKOM.

¥ BHYTPEHHETrO UMIMHAPOB (hONLIHPOBAHHBIC MO-
BEPXHOCTH, OOpallleHHble K IEHTPaJIbHOMY KaTofy,
pa3jieNieHbl Ha KOJIbIEBbIE MOJOCKH IMPHHON 6 MM ¢
3a30poM Mexay nonockamu 0.5 mm. Kaxjioe KobIo
B CBOIO OuY€pe/lb Pa3fleJIeHO Ha YIJIOBbIE CETMEHTHI
no ciaefywoien cxeme: 16 OMKallINX K cepefiuHe
Konel — Ha 4 paBHble yacTH, o 10 Kozer ¢ Kaxaoro
Kpasi KaMepbl OCTaBJIeHbI CIUTOUIHbIMH, BCE OCTallb-
HBIE KOJIbI[A Pa3/ieJIEHBI TONONaM.

Bce Tpu uMIMHpa KPENATCs MO TOpLAaM B moca-
JIOYHBIX KOJIBIIAX, H3TOTOBJIEHHBIX U3 MENKOCTPYKTYP-
goro CTD®. [lo OKpyXHOCTSM KOJiel AHaMeTpaMH
620.7 1 638.7 MM paBHOMEPHO (€ TOYHOCTHIO ~20 MKM)
HacBepJieHbl OTBepcTHs, mo 704 B KaxjaoM cloe.
AHOJIHBIE TPOBOJIOYKH JHAMETPOM 28 MKM, H3ro-
TOBJICHHBIE W3 30JI0YEHOTO BOJb(paM-peHHEBOrO
CnaBa, 3aKpelUieHbl B TAKHX e TpyOKax, 4To ¥ CHT-
HaJbHBIE TIPOBOJIOYKH J.K. [l obecneyeHus repme-
THYHOCTH TOPIbI KaMepbl ¥ TPYOKH KPETUIEHAS Mpo-
ponouek 3anuThl repmeTnkoM KC-4. 3T0 Takxke 3a-
IAIAET KAMEPY OT BBICOKOBOJILTHBIX MPOGOEB MPH
NOBBIEHHOMN BIaXHOCTH BO3JyXa.

Cuna natsokenus npoosodek ~0.8 H 6b11a BbI-
OpaHa MeXJy MHHAMAJIBHBIM HATAXKEHHEM (0.4 H),
HEOOXOJMMBIM JIsi YCTOHYHBOCTH NPOBOJIOYEK B
3IEKTPHYECKOM M0JIe, H MPEAEIOM YNpyrux aecop-
manmii (1.2 H). Takoe ycunue pacTaraBaeT MpoBO-
704Ky NpPHMEpPHO Ha 1.5 MM, 4YTO COXpaHseT ee
YCTOWYHUBOCTH TIPH M3MEHEHUH TEMIEPATYpbl OKPY-
xaromei cpenbl B npepenax 30°C. Ilonxas cuna
CKaTHsl LIEHTPAJILHOIO KaTojla cocTaBnseT ~1 100 H.

Karon cknemBancs u3 derwipex jucrop CTO®
tomumuoil 0.5 mM. TlepBeie Ba JMCTa MOHTHPOBA-
JIUCh Ha XKEeCTKOI aTlOMUHUEBOM ONIPaBKe LIHITHHIPH-
4ecKoii (POPMbI TaK, YTO CTHIKH MEXJy JIHCTaMH Obl-
M napajijieNbHbl OCH onpaBKi. TOYHOCTL H3TrOTOB-
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Puc. 11. a — rECTOrpaMMa pacnpefie/ieHusi 0 BpeMeHH ABYXTPEKOBBIX MyYKOBbIX CoOBITHIt ¢ nonpaBkamu (/) u Ge3 HuX 2);
6 — 3aBHCHMOCTb POCTPAHCTBEHHOrO pa3pellieHns OT MONAPHOTO YIyla TPEKA YACTHIIb], BbLIETEBIUEH H3 MECTa BCTPEYH ny'-

KOB.

nedns Kaxpou onpaBkd 100 MKM OTHOCHTENBHO
puaMeTpa. Bropoil cioi COCTOSUI M3 Maphl JUCTOB,
COCTBIKOBAHHBIX BILTOTHYIO IPYT K JApYrY, ¢ HAaHECEeH-
HOM Ha HUX 3MOKCHIHOM KOMIIO3uIHe. Bropoii cioi
KPENuIcs Ha ONpaBKe MOBEPX NEPBOrO Tak, YTO CThI-
KM MEXNTY JTACTAMH B Pa3HbIX CJIOAX CABATANIACEH IPYT
OTHOCHTENILHO pyra Ha 90° mo asumyty. ITO CNo-
co6cTBOBANIO (POPMHPOBAHHIO KAaTOa C MOBEPXHO-
CTBIO, OIM3KOi K ITATHHPAIECKOM.

Ha 3akperuieHHble Ha ONpaBKE JHCTbI CBEPXY
OJieBaJICsi Pe3MHOBBIM MEIIOK, H3 KOTOPOIO OTKAYH-
BaJiCcs BO3IyX. ATMOc(epHOe JaBleHHe IPHXKHMAIIO
JIMCTBI IPYT K JIPYTY U K ONpaBKe, 4To 00ecrneyusaio
HeOOXOMMOe YCHIHE s OJHOPOJHOIO CKJIEMBa-
Husi. YToObl CHATH KaTOJ| C ONPaBKH, OHAa OXJIaXJla-
nace 1o Temnepatypsl npamepHo —10°C. TounocTs
M3rOTOBJIEHHS] KATOAHBIX IUIMHAPOB MO AHAMETPY
okasanachk He xyxe 200 mxm. Takoi pa3Opoc B BeJIH-
YHHE 3a30pa aHOJ—KATOJl IIPHUBOJUT K 3()(PeKTHBHO-
My pa30pocy pabo4ero HanpsDKEHUst B PasHBIX
ydacTKax Kamepol B mpefieaax 250-300 B, uro 3a-
MeTHO MeHblIe mpuHbl m1aro 600 B. ITocne MonTa-
Ka aHOJHBIX IPOBOJIOYEK HX HATSKEHHE MOHUTOPH-
POBAIOCh C IIOMOUIBIO H3MEPEHHA PE30HAHCHOM Ya-
cTOTHI KOoNebaHuil, KOTOpasi CBA3aHa C HATSDKEHHEM
COOTHOIIEHHEM:

i 1 T

2INW

rae [ — anMHA MPOBOJIOYKH, |1 — €€ JUHEWHas MIoT-
HOCTh, T — cula HaTsKeHusA. JacTora f, BLIYHCIIEH-
Hasi 1o 3To# ¢dopmyne, paBHa ~160 I'u. C nomomisio
JAHHAMHEKA, 3aKPelUIeHHOTO Ha KOpIyce KaMepbl, H
3BYKOBOT'O TeHepaTopa NpPOBOJIOYKA MEXaHH4eCKH

MPUBOPHI U TEXHHUKA 3KCIIEPUMEHTA N 6

packauuBanachk B MAarHUTHOM II0JIE, H [I0 MAKCHMYMY
HaBEJIEHHOT'O HANpsKeHUs ONpefesiack Pe30HaHC-
Hast yactora. Eciiu oHa Haxomiace B npefenax 150—
160 I'u, mpoBonoYKa He 3aMeHsnack. Beero B Teve-
HHe moayrofia GbUIO 3aMeHeHOo nopsika 1% nposo-
JIO0YeK.

Ha puc. 11 nokasaHo BpeMEHHOE paspelleHHe
Z-KaMepbl, H3MEPEHHOE MO KOJUIMHEAPHBIM COOBITH-
M. BHeceHne monpaBoK HA 3aBHCHMOCTD 3aflePXKKH
cpaGaTbIBaHUA AUCKPAMAHATOPOB m1at T2A ot am-
IUIATYABI AaHOAHBIX CHTHAJIOB YJIyUINAeT BPEMEHHOE
paspemieHue 0 ~3.4 HC, YTO NPaKTHYECKH COBIAJa-
€T C pe3yJbTaTaMH MOJICIMPOBaHMS.

WHTerpan cBeTHMOCTH ONPENENSIC N0 COObITH-
sim Bhabha paccesHus ¢ IONAPHBIMH yIrIIaMH TPEKOB
ot 1 go - 1 pap. Mopenuposanue 1moKasaio, 4To CH-
CTEMATHYECKYI0 TOYHOCTb M3MEPEHHS CEeYCHHH
MmeHblie ~0.5% MOXHO NONTY4YHTb, ECIIH CHCTEMaTH-
yeckasi TOYHOCTh M3MEPEHHs! Z-KOOP[IHHAT TPEKOB
6yner menbine ~500 MxM. M3MepeHusi, cieiaHHbIe
NOCJIe H3rOTOBJIEHHs KaTOJIOB, TOKA3alH, YTO 1Iar 1o-
JIOCOK BbIfepkaH ¢ TouHocThIO ~20 MrMm. Ha 6Gase
430 cM oT cepeiiHbI KaMephI — Kpasl TEJIECHOIO yIiia
IeTEKTOpa, BHYTPH KOTOPOro OTOMParOTCs KOJUIMHE-
apHble COOBITHS, — TOJIOXKEHHUs Z-KOOPAMHAT IOJIO-
cok uMeroT pasbpoc ~140 Mxm. KoopaunraTHoe pas-
pelieHHe Z-KaMepbl, H3MEPEHHOE IO COOBITHAM
Bhabha paccesnust, cocraBuno ~200 MKM st HOp-
MaJibHO Najalonmx yacTrl u ~800 MKM 1IpH yrije na-
neHus 45°.
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Puc. 12. OKTaHT UMIHHAPHYECKOro Kanopumerpa. | —
ANMIOMHHHEBAs IUINTA; 2 — KPHCTAJLILL, 3 — AEIUTCIH Ha-
npskeHus ¢ ¢.2.y.

4. TWINHAPUYECKUH
SJIEKTPOMATHUTHBIN KAJTOPUMETP
HA OCHOBE KPHUCTAJIIIOB Csl

Hununppryecknit kanopumetp [10] cocrour u3
CIHHTHUISIHOHHLIX KpHcTamnoB Csl ¢ nonepeuynbiMu
pasmepamu 6 X 6 cM ¥ HHOH 15 cM, 4TO ANt HOp-
MaJBLHO TAalomedl YacTHIkI COOTBeTCTBYeT ~8X),
(puc. 12). Takas TojlMHA aKTHBHOrO MaTepHana
Obl71a BbIOpaHa KaK KOMIIPOMKCC MEXy HeOOXO[H-
MbIM 3HEPreTHYEeCKHM paspelleHneM U 3¢ ek THB-
HOCTBIO peracTpalif (pOTOHOB, C ONHOM CTOPOHEI, H
JOCTYIHBIM /1715l KAaJIOPUMETpPa NPOCTPAHCTBOM BHYT-
PH IETEKTOpa — ¢ APYroi. 892 Kpucrania KaJlopaMeT-
pa obmien Maccoit 2200 Kr crpynmnupoBaHbl B BOCEMb
OKTaHTOB. KaXKNbIil OKTaHT COEPKAT CEMb JIMHEHHBIX
Mofyner (JMHEeeK), 3aKpeIUIeHHbIX Ha [opajieBOd
mIHTe. B OKTaHT BXOAAT NATH CTaHAAPTHBIX THHEEK
U [IBe JHHEHKH CYETYHKOB CHEenMalbHOH (pOpMBI,
obecneynBalomie CONpsXKeHHe COCEJHUX OKTAaHTOB
6e3 3a3zopoB. KanopumeTp nokpeiBaet obnacthb 1o-
nsapHeIX yrinoB oT 0.7 no ® — 0.7 pap, 4TO COOTBET-
ctByeT ~0.77 OT MOMHOrO TenecHOro yrna.

Jluneiika comepxut 16 cueTunkos Csl, 3akpen-
JIEHHBIX Ha CTalbHOM monoce TommuHOM 10 MM.
Kaxpbiii U3 KpUCTAllJIOB KpenuTes K Hell ¢ nmoMo-
B0 YeThIpeX IIypPyNoB, Kak MOKa3aHo Ha puc. 13.
CranpHas osioca TakkKe CIY:KMT U1 9KpaHHpOBa-
HUA (.3.y. OT paccessHHbIX MATHATHBIX NoJiei. CeeT ¢
KaX[IOro KpUCTallla PErUCTPHPYeTCs (POTOYMHOXKU-
tenem PIY-60 ¢ paGounm guamerpom 14 MM H BbI-
cotoit 70 MM. @.3.y. ycTaHOB/EHBI B OTBEPCTHA B JlIOpa-
neBo mmTe. [I719 AONOMHUTENLHOTO IKPaHAPOBaHHA
OT MAarHUTHBIX NOJeH KaxkNbli ¢.2.y. noMe1ancs B 1H-
JMUHAPUYECKHI 3KpaH H3 MEepMaliosl ¢ TONIIHHON
CTEHOK 3 MM.

IIpouenypa U3roToBIeHAs CYETYHKA BKIKOYAIa B
ce0s1 06paboTKy NOBEPXHOCTH KPHCTaLIa, NOKPLITHE
Npo3pavyHbIM KpeMHuiAopranmdeckum jgakom KO-08
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Puc. 13. Cxema kpenneHusi cHeTUHKA. | — alIlOMHHHEBAs
IUIMTA; 2 — MAarHATHBIA 9KpaH; 3 — cTalbHas [UIaCTHHA;
4 — CTeKNsSHHBIH CBeTOBOJ; 5 — (POTOYMHOXHTENb
DIY-60; 6 — nenuTeNh HANPSKEHUSA.

IS 3aIIHTHI OT eficTBHSA aTMOc(epHOI BIard, 060-
paunBanue Genoil mopucroi IUGY3HO OTpaxkaio-
mieit proponnacrosoit nenroi Tana CKJI ronmmuoi
70 MKM H yIaKOBKY B KOHTEHHep U3 aTlOMHUHHPOBaH-
Horo nascaHa TommuHoi 20 MxM. ITonHas TommuHa
YIaKOBKH Ha rpaHb cocTapisina ~200 MKM.

Ha kaxpjoM arane M3roToBjieHUs CY€TYMKA KOH-
TPOJHPOBAJHCEH CBETOBBLIXOJ] H HEOJTHOPOIHOCTD CBE-
Toc6opa. Ha H3MepHTEeILHOM CTEHJIe CHETYHK 00y-
Yasicsi KOJUIMMHPOBAHHBIM HMCTOYHHKOM Y-KBAaHTOB
137Cs, KOTOpBIA MOr IepeMelaThCst BIOIb OCH KpH-
cramna. Kpucrannel ¢ HH3KHM CBETOBBIXOJOM MM
GONBIION HEOJHOPORHOCTBIO cBeTocOopa (xyxe 20%)
6pakoBanuck. Beero 6b110 or6pakoBaHo Menee 3%
oT obmero uncna kpucramios. Koaddpuuuent cae-
TocOopa cocTaBuIl B cpefiHeM 2%, UTO 3KBHBAJIEHTHO
~30 ¢oToanexkrponam Ha 1 MaB sHeprun, BeijieeH-
HOM B KpHcTanie. [Ipu 3TOM BKIajl CTATUCTHKH Go-
TO3JIEKTPOHOB B HEPreTHYECKOE pa3pellleHHe CTa-
HOBHTCH NpeHeOpeXuMO ManbiM s (POTOHOB ¢
sHeprueit Beime 20 M3B.

Onekrponnka Csl kanmopumerpa noapobHO onu-
cana B [11]. Carnansi ¢ ¢.3.y. mOCTYyNarOT Ha YCHIH-
Tenn-opmuposarenn ($32) c Bpemenem hopMupo-
BaHMA 2 MKC, a 3aTeM I10 BUTOM Nnape nepefaroTcs Ha
NIaThl aMIUTUTYAHO-IMGPOBBIX npeobpazoBaTtesel
A32 [12]. ITnater ®32 copgep:xkar 32 kanana 1 obciy-
JKHMBAIOT [iBe NUHeHKN Kpucrannos. Ha atax xe nnaTtax
OCYILIECTBIISIETCS AHAJIONOBOE CYMMHPOBAHHE CHTHAJIOB
¢ IuHeeK H (hOpMAPOBAHHAE JIOTHIECKAX CHTHAJIOB (KO-
rja 3Hepro.bljie/IeHAe MPEBbINIAET YCTaHOBIEHHBIH
NOpor), KOTOPbIE HCNIONIBL3YIOTCA B CXeMe “HeHTpab-
HOTO” TpHITEpa W B KauecTBe cHTHana Cmapm B
TpakTe H3MepeHus BpeMenn. Curdan Crmon, CHHXpOHH-
3HPOBAHHBIA ¢ MOMEHTOM CTOJIKHOBEHHSI IyYKOB, BbI-
pabaTbiBaeTcs CHCTEMON NepBHYHOro Tpurrepa. Bpe-
MEHHO€ pa3spelleHHe KaJoOpuMeTpa COCTABJISeT OKOJIO
3 Hc 1pH 3HeproBuijeneHny B maHeike ~100 MaB. Ko-
adpuIEeHT YCHIeHHs Kaxaoro KaHana $32 moxer
perynupoBaTthcs B npenenax +10 gb.
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Prc. 14. DuepreTHuecKoe paspellicHHEe KalopHMeTpa
st GOTOHOB, PErUCTPHPYEMBIX B IIponecce etes — 1.
| — 5KCNEpHUMEHT; 2 M 3 — MOfIE/IHPOBaHHE COOTBETCTBEH-
Ho Ge3 yuera (N = 10%) u ¢ yyetom (N = 0%) Bkaja He-
OJIHOPOJJHOCTH CBeTOCOOpa KPHCTaIOB.

Ina xoHTpONs paboThl KaJopuMeTpa NpHMEHs-
JIMCH CTENYIONIHE IPOLEYPhI: MPOBEPKa paGoTocmo-
COBHOCTH CUYETYMKOB C MOMOIIBIO CBETOIHOMIOB, Ka-
NHOPOBKA O KOCMHYECKHM YacTHIaM, aGComoTHAsA
KanuOpOBKa C MCHONb30BAHHEM IKCHEPHMEHTAND-
HBIX COOBITHI ynpyroro e*e-paccesmus. s oGec-
neyeHns ONepPaTHBHOTO KOHTPOJIS U BbIABICHUS HE-
paGoTalOKX KaHANOB Ha OOKOBOH MOBEPXHOCTH
CBETOBOJIA OBLI YCTAHOBJIEH CBETOHO]. Cursan cre-
HepaTopa Yepe3 KOMMYTAaTOp MOOYEPEAHO NofaBai-
csi HA JTMHEHKH CBETOJMO/I0B, AMILTUTY/bI CHTHAJIOB C
KOTOpBIX OIM(POBLIBANACH B I1aTax A32 ¥ 3aNAChI-
BaluCh B 0a3y laHHBIX.

Ilnst mepBHYHON KanuGpOBKH KO3 HUIHEHTOB
npeoGpa3oBaHmst KaHaNoB A32 B eJIHHHIbI SHEPTHH
ACNONbL30BANINCH AMIUIATY[bl CHATHAJIOB NpH pEru-
CTpanyuyu KocMidecKux yacTuil. OTOHpanuch KOCMH-
YyecKHue YacTHIlbl, TPAEKTOPHH KOTOPLIX NepeceKalu
MPOTHBONIOJNIOXHBIE rpaHd KpucTauios. Ipu craTi-
crake okono 100 coObiTHH Ha CYETYHK TOYHOCTH
onpejeneHns cpeHeil aMILTHTY/bl COCTABIISIA 2-5%.
Ha6op CTaTHCTHKH TaKoro o0bema OObIMHO 3aHH-
MaJl OKOJIO JIBYX 4acoB. AGCOMOTHas KanuOpoBKa
KAaHAJIOB KAJIOpHMETpa NpoBojunack B pexume off
line mpu 06paboTKe COOBITHI YIPYTOTO €*e -pacces-
HUSL.

Pexoncrpykius (GOTOHOB H 3aPSOKEHHBIX 4aCTHIL
B KaJIOpUMETpe HauMHANaCh C TOUCKA TPYNT CBS3aH-
HBIX KPACTAJLIOB C 9HEPTOBbIJIe/ICHAEM BbIIIE E n=
=2 Mb3B, cofepxamux XoTs Obl OfMH CYETYMK C
HEProBLIiC/IEHHEM >15 M3B. Kpucramnsl cudTa-
FOTCS CBSI3aHHBIMH, €CJIH OHH CONpHKAacarTcs I'pa-
HbIO MM yrinoM. CYeTYHKH, BXOAAIIME B TaKyIO
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Puc. 15. YrioBoe paspelieHne KajopuMeTpa s GoTo-
HOB, YCPEJHEHHOE MO TENECHOMY YTy ETCKTOpa: 4 — B
IIOCKOCTH PACCEsiHusE; 6 — B a3HMYTaNbHOM MIOCKOCTH.

rpyIily ¥ PaHAYAINME C HEH, HO HMEIOIIHE IHEPro-
Bbigenenue <E_;, TPHCOCHUHAIOTCA K KiacTepy.
B TOM ciyyae, KOrjia TaKoi C4eTYMK rPaHuYHT C [IBY-
Msl KJIaCTEpaMH, OH OO'bEJHHSETCA € KIIACTEPOM C HaH-
GOJBLIIM 3HEProBbIleIeHrneM. DTOT anropuT™ obec-
neunsaeT 3 PeKTHBHOCTH BOCCTaHOBJICHHS (POTOHOB
6onee 95% nns auepruit poronos >50 MaB.

Sueprusi (POTOHA ONPEJIENANACH O CYMMapHOMY
3HEProBbIIE/ICHHIO BO BCEX CUETYMKAX, BKIIOYCH-
HBIX B KJIACTEP, C y4€TOM NONPaBKH Ha YTEYKH IHEP-
I'MH JIMBHA. YTJIOBbIE KOOPAHHATHI (POTOHA BBIYUCIISA-
JIACH 110 LEHTPY TSDKECTH KJIacTepa ¢ HCMONb30BaHHEM
NONpPaBOYHBIX (DYHKIHI, HAHJICHHBIX C HOMOLILIO MO-
nenupopanns. B kanopumerpe Csl Beiensercs B
cpenneM okoj10 80% 3Hepruy najaromero ¢oToHa.
JHEpreTHYECKOE U YITIOBbIE Pa3pelleHus onpeyers-
10Tcs QIYKTYauusiMH yTeYeK JIMBHSA B COCTaBISIOT
cooTBeTcTBeHHO Of/E = 8—10% (puc. 14) 1 6y , = 20—
30 Mpaj1 B jHANa30He 3HEPIHil POTOHOB 100-700 M3B
(puc. 15).

5. TOPLUEBOM KAJIOPUMETP HA OCHOBE
KPUCTAJIJIOB BGO

TopueBoii 3NeKTPOMArHHTHBIA KaJlOpUMETP [13,
14] Ha OCHOBe KPHCTANJIOB OPTOreépMaHaTa BHCMYTa
Bi,Ge;0,, (BGO) cocTouT U3 IBYX OJHHAKOBLIX MO-
[lyJTeif, yCTaHOBJIEHHBIX B TOpIax fierekropa. Kamo-
pHMETP NepeKphiBaeT 06/IacTH NONAPHBIX YTIOB OT
0.28 mo 0.86 pan u ot 2.28 o 2.86 paj, 4TO COOTBET-
cryer TenecHomy yriy 0.3 - 47 cp. Kaxprit Mopy b
KaJOpUMeTpa MpeJCTaBIseT COOOH MaTpuily u3
IUIOTHO YTOXEHHBIX 340 KpHCTanIoB OGIIHM BECOM
450 kr. Pasmeps! kprcramia 2.5 X 2.5 X 15 em. Tome-
peunblit pasmep 2.5 cM 6H30K K MOTIEPOBCKOMY pa-
maycy — 2.4 cm. Ilpu TakoM pasmepe KpHCTauia
BKJIAJ{bl B KOOPJMHATHOE pa3pelleHne, CBA3aHHbIC C
(YK Tyau|sMH NIONEPEeYHOro Pa3BUTUSA JTHBHS ¥ Ipa-
HY/ISPHOCTBIO KPHCTAIUIOB, TPUMEPHO paBHkl. Tox-
MHA KAJOPAMETPA JUIsi HOPMAJILHO Majlarollei ya-
cTHipbl cocTaisgeT 13.4 paguallHOHHBIX 1TTHH.

KanopumeTp cocrouT u3 80 JHHEEK KPHCTAILIOB,
cpef HUX: 8 JIMHEEK U3 LIECTH KPUCTANIOB, 44 — u3
BOCBMH KPHCTAJJIOB H 28 — M3 JleciaTH KPHCTAJLIOB.
Ha kax/oil THHElKe CMOHTHPOBaHBI BaKyyMHbIe (ho-
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Puc. 16. Cxemarnyeckoe H300pakeHHE JHHEHKH H3
BOCBMH KPHCTAILIOB. | — COE[JMHEHHE KPUCTAITIOB [IPYT C
npyrom; II — npucoennHeHne G0KOBOM CTeHKH. | — KpH-
crann, 2 — nepejiHss creHka, 3 — Kiei, 4 — manupocHast
Gymara, 5 — oTpaxarteib, 6 — GOKOBas CTEHKA.

TOTPHOJBI, MPEAYCHIUTENH M IUIaTa BbICOKOBOJILT-
HbIX unsTpoB. KOHCTpYKIMA NHHENKH H3 BOCHMH
KPHCTAJLIOB IOKa3aHa Ha puc. 16. MontynbHas CTpyK-
Typa KaJJoOpAMeTpa yIpoIaeT cOOpKy U obecrieunBaeT
3afoJIHEHHe TOPUEBOrO TNPOCTPAHCTBA JIETEKTOpa B
KOHpHUrypaman, 6IM3KOH K KPYroBOM, ¢ KBaipaTHbIM
OTBEPCTHEM BHYTPH Il KOMIIEHCHPYIOILETO MATHHTA.

Mexy KpucTallaMd B JIMHEHKE TNPOJIOXKEHa
TOHKasl manupocHas 6Gymara [Jisi 3alMThl OBEPXHO-
CTH OT MEXaHHYeCKMX HOBPEXJCHUH M 3aTeKaHHsA
KJiesl — 3THIHaHAKpHaTa, KOTOPbIM CKJICHBAJIHCh
KpHCTaJUIbI APYT ¢ ApyroM. KpucTranibl CKIECHBAIHCH
C IByX CTOPOH BIOJIL pebep, ¢ KOTOPBIX Oblia CHATa
¢packa BbicoTo# ~0.5 MM. Bee rpann KpHCTaIIOB 10~
JIAPOBaHbl, ¥ CBETOCOOP OCYILECTBIIANCS 3a CYET
MOJTHOTO BHYTPEHHETO oTpaxkeHus. [11s yBeTudeHnst
cBeTocO0pa MeXJy KpHCTalJlaMH W NepejHel mia-
CTUHOM NOMEIEH 3€PKaNbHbI OTpaXKaTelb U3 alllOMH-
HUPOBAHHOTO JIaBcaHa TomuHOi 20 MkM. CeeT pern-
CTPHPOBAJICS BaKyyMHbIMH (DOTOTPHONIAMH, CHOCOO-
HBIMHA paboTaTh B MPOJOALHOM MATrHHTHOM MOJE JIO
2 Tn [15]. CurHansl ¢ QOTOTPHOMOB MOCTYNAKOT Ha
BXOJI  3apsAfOBO-YYBCTBHTENBHBIX — NpEyCHIHTENCH
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(349Y), KoTOpble pacrooXkeHbI MpAMO Ha (hoToTpHO-
Jax.

BakyymHble (pOTOTPHOABI pa3paboTaHbl H H3ro-
ToBneHbl B UHCcTHTYTE sifepHoit usukn CO PAH.
MuameTp oTokaTona 22 MM, a IOJIHAs JJIMHA C yYe-
TOM BBIBOJIOB — 45 MM. B kadecTBe aHO[Ia HCIIONB30-
Basiach ceTkKa ¢ marom 250 MKM, KOTOpas uMeJia 1npo-
3paqHOCTh 0KONO 80%. TecToBble H3MepeHNs mapa-
MeTpOB (DOTOTPHOJOB MPOBOJMINCH B MarHHTHOM
none 1 Tn. OnTuManbHbIi KO3 PHIHEHT YCHICHAS
OJIy4€eH NPH COOTHOIIEHHN MOTEHIMANIOB KaToja u
manopa 4 : 1 (=800 B u —200 B). ®oroTpuopsl, KOTO-
phle UMeJH TOKH yTeuku >(0.5 HA uiIn BeJIMYMHY Npo-
W3BEJIEHHs] KBaHTOBOH 3¢h¢eKTHBHOCTH (hpoToKaTona
(Turmmynoe 3HaYeHre 10%) Ha KO3 (PULMEHT YCUITEHHS
(TunmuHoe 3Havyenue 10) Menbie 0.35 anexTpos/do-
TOH, OTOPaKOBBIBAJIUCH.

@®OoTOTPHOMILI IPUKJICHBAINCH K KPHCTAJJIaM OIl-
TyecknM kieem mapku CKTH. [Ise mnatel npep-
yeunuTenei mupuHon 20 MM ycTaHaBIMBaJIHCh pe-
pOM Ha TJIaTy BBICOKOBOJILTHBIX (DHILTPOB. Kaxkblil
YCHUIIMTENb 3aHMMAll Ha miaTe Mecto AaHHOH 50 MM
(nBoitHOI pa3zmep KpucTamios). CoOpaHHas THHENKa
3aBOpayMBajack B aTIOMHHHPOBaHHbIA JIaBCaH, YTO
ofecrneYrBano 3aliuTy OT CBETa M 3JEKTPHYECKYHO
9KPaHUPOBKY. [I71si MOBBLIIIEHHUA MEXaHUYECKOM MPOY-
HOCTH JIMHEWKa KaK LeJoe IUIOTHO BCTaBlslach B
KOHTelHep |3 JIaBcaHa C TOMIHHO cTeHKH 100 MKM.

TecroBbie H3MEpeHHS CHMHTHUISIMOHHBIX Napa-
METPOB IPOBOMIIIINACE ¢ TOMOHIBIO ¢.2.y. XP2102. Kpn-
cTajuibl 00J1y4aauch KOJUIMMHPOBAHHBIMH Y-KBAHTAMH
or ucrounnka ¥’Cs, u3aMepsUIHCh BEeJIMYHHA CBETOBbI-
X0J1a ¥ HEOTHOPOTHOCTH CBETOCO0Pa BJIOJIb KPHCTAJI-
na. Pe3yneTaThl H3MEPEHHI HOPMHPOBAJIMCH Ha CBe-
TOBBIXOJ] 0Opa3noBoro kpucraniaa BGO puamerpom
25 MM | BIcOTOM 25 MM. KpHCeTanisl, KOTOpbIe HMe-
nu cBeToBbIx0]l MenbIne 0.1 (mpu cpeprem 0.15) unm
HEOIHOPOJHOCTHL Ko3dguuuenTa ceeTocbopa 6oib-
me 20%, orOpakoBbiBanuck. [lo 3THM KpHTEpHIM
or6op He npouunu 4yTh 6onee 200 KpuCTaNIOB.

Pajmanuonnasi croiikocTh Kpucrannos BGO us-
Mepsach ¢ TOMOIIBIO Y-KBAHTOB TOPMO3HOTO H3JTy-
YeHHs JIEKTPOHHOTO MyYKa MPOMBIIIJIEHHOTO YCKO-
purens DJIB-6. [Tpu o6ny4yenun 1030i 2 Kpaj CBETO-
BeIXOl majgan npuMepHo Ha 30% m 3a 10 cyr
BoccraHapnuBancsa a0 90% ot nepBoHaYalbHOTO.
OneHKH, CHeNaHHble MO pe3ynbTaTaM H3MEpeHHH
¢dhoHOBBIX ycnoBHit Ha Komnaiiepe BOIIII-2M B me-
CTe pachmoJOXEeHHs KaJopuMeTpa, NOoKasajid, 4TO
oxujaeMast fo3a obmyqenus nopspka 100 pap/ron
SBJISETCA MIPUEMIIEMOIL, lasKe IS IECATHIETHETO 06-
nydeHuss. TeXHONOrHs BbIpalllABAHHMs KpPUCTAJJIOB
HENpPepLIBHO COBepLIEHCTBYeTCA. B Hacrosiuee Bpe-
msi B MHCcTHTYTe Heopranuyeckod xumun CO PAH
BBIPAIMBAIOTCS KPHCTAILIb], HMEIOLIHME Paj{HaldOH-
HYIO CTOMKOCTB ~10-20 Mpap/roj.

[Mompo6GHOE ONMHMCaHWE AaHATIOTOBOW 3JIEKTPOHHKH,
GNOKOB OIM(POBKH, NPOUENYPhI KaTMOPOBKH H TPHI-
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repa MOXHO HaiiTi B pabotax [16, 17]. OnepaTtusHas
npoBepkKa paboTOCIIOCOOHOCTH 3JIEKTPOHHOIO TPaK-
Ta OCYHIECTBISUIACH C NOMOIIbIO KaJIHOPOBOK OT re-
Hepatopa. KanuGpoBKH ¢ KOCMHYECKHMMH MIOOHAMHU
MO3BOIM/IM ONpefeHTh Ko3(uiuenTs! npeodpa-
30BaHUA KaHajoB miuat A32 B mkany sHeprui. Xa-
pakTepHOe BpeMsi Habopa KOCMHYECKHX COOBITHI
COCTaBHJIO 23 |, YTO OOECNeYnIO CTATHCTHYECKYIO
TOYHOCTB KaJIuOpoBOK ~1%.

AJITOPHTM TMOUCKA M PEKOHCTPYKLUH KJIACTEPOB
cocTouT M3 Tpex 3TanoB. CHayana ¢opMHUpYIOTCS
sipa KJIacTepoB H3 COCEJHHX KPHCTAJJIOB, 3HEPro-
BhIjleNieHHs B KOTOpbIX 6onbiue 5 MaB. Ha sTopoM
aTane K HalleHHbIM SAlpaM MPHCOEHHAIOTCS cocell-
HHe cpaboTaBIlIne KPUCTAIIbI, €CIIM 3HEPTOBBIIENIE-
HHWEe B HUX MPEBHIINAET 20 IIyMa, M ONpejesseTcs
YHCIIO KPHCTANJIOB B KaxjoM kiacrepe. Ecim kna-
CTep COCTOMT M3 OJIHOTO KPHCTAILIA, TO OH BBIJIEIISET-
cs B ClIEIMAJILHBIA KJ1acC “OMMHOYHBIX M B JalbHEMH-
meM KnacTepoM He cumraerca. Ha TperbeM sTame
NPOMCXONMT [IPUCOEHHHEHHE K KJIacTepaM “‘OfMHOY-
HbIX” KPHCTA/JIOB, €CJIM MX LEHTPhI HaXONATCA Ha
PACCTOSIHMHM OT IEHTPa SApa, MEHbIIEM, YEM 3a[laH-
Hoe. Paiyc mpucoeIUHEeHUs 3aBUCHT OT SHEPIHH H
ompepensieTcs u3 Mofenuposanus. ITonyuennas u3
MojenpoBanus 3(pPeKTHBHOCTL perucrpanuu ¢o-
ToHOB ¢ aHeprusiMu 20 u 50 MaB cocraBnsier 55% u
92% cooTBeTCTBEHHO. [IJ151 onpejieNeHnss IHEPreTH-
YeCKOro H KOOPJAHHATHOTO pa3penieHus KaJOpUMeT-
pa oTGHpanuch COOBITHS YIPYroro ete” — e*e” pac-
cessHHsT U COOLITHS JIBYXKBAHTOBOW aHHMTHIISIMA
e*e” — Yy B iuanasoHe 3Hepruit ot 180 no 685 M3B.
3aBUCHMOCTb JHEPreTHUYeCKOro paspelieHds OT
IHEPrHH Y-KBAaHTOB aNNPOKCHMUPOBAIACh (DYHKIHEH

0p/E[%] = 3.2/ JE[I'3B] + 1.4In(E[I'aB]) + 0.9. Ko-
OpIMHATHOE pa3pelleHue [Jisi 3THX 3HEPTHil COCTaBH-
710 ~6 MM B ~4 MM COOTBETCTBEHHO H aIlNPOKCHMHPO-

Basiock pyHkumeit Buga 6 [mMm] = 3.26/4/E[TaB].

YrnoBoe pa3spenieHMe B IUIOCKOCTH paccesHHs
OnpeeNsioch W3 pacrnpefieeHns COOBITHH 1O OIS~
HOMY YTy PaCKOJLUIMHEAPHOCTH KJIACTEPOB B JIBYX TOP-
1ax. 3aBHCHMOCTH pa3pelleHnst OT 3HEPTUH aINPOKCH-

mupoBasack yukumeit og[mpan] = 11.2/4/E[T3B] +
+ 7.2. Pazpemienne cocraBuino ~27 u ~ 20 mMpapn ans
TeX XKe SHeprui.

6. CACTEMA U3MEPEHHSA CBETUMOCTH

JInst onepaTUBHOIO H3MEPEHUs! CBETHMOCTH M ITOfI-
fopa onTHMAaNTBHOrO pexuMa paboThl KoJUTayepa
B3III1-2M (c To4kH 3peHHus (pOHOBOH 3arpy3KH) UC-
MOTb30BAJTHCH MPOLECCHI OJHOKPATHOI'O M JBOHHOIO
TOPMO3HOT'O U3JTy4eHus (0.T.1. ¥ A.T.1.). POTOHBI pe-
THCTPHPOBAJIHCH JIBYMS CUETYHKAMH MOJIHOTO MOTJIO-
mieHnst Ha ocHoBe Kpuctauios BGO gmunoit 104 MM 1
maameTpoM 74 MM. B kadectBe OTONPHEMHHKOB
MCNIONB30BATUCH (DOTOTPHOBI ¢ AMaMETpPoM oTO-
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kKatoa 47 MM [18]. CueTynkm pacnonarajimch CHM-
METPHYHO OTHOCHTEIBHO MECTA BCTPEYH IIYYKOB Ha
paccrosiann £220 cM.

OmnebiT pa6oTkl Ha BOIII-2M nokas3saii, 4To nopor
peructpauun (oTOHOB Ha ypoBHe ~1/3 oT aHepruu
MyYKa ABIAETCA ONTHMAIBLHBIM KaK ¢ TOYKH 3pPEHHMsA
CKOPOCTH CYeTa, TaK U JI/151 BBIICJICHUS ITOJIE3HBIX CO-
6n1THI U3 oHa. [Ipu TakoM mopore THINHYHASA CKO-
POCTH cYeTa MOHHTOPOB HaXO[U/Iack B IHANA30HE 5—
50 k' B 3aBUCHMOCTH OT pekuMa paboTbl HAKOIH-
Tens.

I1pu u3MeHEeHHH IHEPrUU YCKOPHTEs NIPH nepe-
XOJie Ha HOBYIO TOUKY Habopa CTaTHCTHKHN MOPOT pe-
rUCTpaluy (POTOHOB ONpPEJENsIC 3aHOBO B ClElH-
aJbHOM KaTHOpOBOYHOM 3axojie. MiaMepsincs aMIu-
TYQHbIH CHEKTP (POTOHOB, M IO NPaBOMY Kparo
CIIEKTpa M ero JIeBO# rPaHMIle ONpeesioch Nojo-
JKeHHe OpOora B 10X 3HEPTHH Iy4Ka, YTO MO03BOJIs-
70 BBIYHCIHThL CEYEHHMs NPOLECCOB O.T.H. M JI.T.H.
To4HOCTE M3MEpEHNs W BpeMs Habopa CTaTHCTHKH
TSt H3MEPEHNs CBETHMOCTH € NOMOIIBIO POLECCOB
O.T.M. H JI.T.K. CYIIECTBEHHO pa3nuyarorcs. [1as u3-
MEPEHHUs CBETHMOCTH IO COOBITHAM O.T.H. JOCTATOY-
HO HECKOJIBbKHX CEKYyHJi, OfHaKO (hoHOBas 3arpyska
MOHHTOpPOB OT YacTHll, BbIOBIBIINX H3 My4Ka, U OT
Y-KBaHTOB, POMBIIHXCS Ha SIPax OCTATOYHOrO rasa
BHYTPH BaKyyMHOH KaMephbl, CPABHHMa M YaCTHYHO
Jlake NPeBOCXOJIUT CKOPOCTh CYETa NMOJIE3HBIX COObI-
Tiii. CBETHMOCTb 3THM METOJIOM H3Mepsiach ¢ TOY-
HOCTBIO ~100%. [Ins1 ©3MepeHns CBeTUMOCTH TI0 CO-
ObITHSAM A.T.H. TpeGyeTcs 3HauuTeNbHO 6onbile Bpe-
MeHH — ~10 muH. IIpm 3TOM MeTOlE H3MEpPEeHMs
BKIIaJl CIy4YaiHbIX COBNAjieHU OT (POHOBOI 3arpys-
KH 3HA4YHTEIBHO MEHBIIE, MMOCKOIBKY OTOHparTCs
coOBbITHS, KOTJIJa OHOBPEMEHHO cpabaThiBaloT 06a
MOHHTOpa. CBETHMOCTb 9THM METOJIOM H3MEPSIach
¢ TOYHOCTBIO ~10%.

Bpewmst BeicBeunBanns kpucrannos BGO cocras-
nseT ~300 He, 9TO B MATEH pa3 6onble nepuopa obpa-
uieHns my4koB. [loaToMy s CHHXKEHHSI BEPOSTHO-
CTH HAJIOKEHHS CHTHAJIOB OT Y-KBaHTOB, OTHOCAIIHX-
ci K pa3sHbIM MOMEHTaM CTOJIKHOBEHHs Iy4YKOB,
aHAJIOTOBLIe CHTHANBI MOHHTOPOB YKOPaYWMBAJINCH B
¢opmEpOBaTee MeTONOM [BOHHOrO HucdepeHIu-
pOBaHMS Ha JIMHUSX 3afieP3KKH, MOTH(HIMPOBAHHBIM
JI71s1 [TOJTyYeHHsE KOPOTKHX CHrHaNIoOB (~110 He o ocHo-
pannio). CopMupoBaHHbIE (YKOPOUEHHBIE) aHalo-
rOBbIe CUTHAJBI MOCTYIANHN Ha CXEMY JBYXITOPOTOBOK
MACKPUMHHALMH 10 aMIuTyfe (puc. 17). TH Mepbl
[O3BOJIMJIH JOCTHTHYTh BpeMeHHOro pa30fpoca BhI-
XOTHOTO JIOTHYE€CKOr0 CHTHAIa MEHbIIIE, YEM ITEPHOJ
oOpalenust my4koB B HakonuTene. CoBlajicHue 3To-
ro CArHana ¢ curHajioM Pasa yckopurens (MOMEHT
CTOJIKHOBEHHMsI NTyYKOB) YMEHBIIAIO YUCIO CITy4ail-
HBIX COBMAJIEHHI MOYTH B [iBa pa3a. [Insa onpepene-
HUS OCTaBLIErocs (hoHa HCHOJBL30BANICA METOJ IIOf-
cueTa “NpAMBIX” U “3afilep>KAHHBIX~ COBMNAJEHHH, KO-
I7la CHTHAJIBI C OJTHOTO M3 CYETYHMKOB 3a/[ep>KHBAJINCE
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