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MHOrocnoiHbpI CHUUHTUIUISLIMOHHBIN CIICKTPOMETP 3 PAXKCHHBIX ITMOHOB

Onuc H KOHCTPYKLMS U NPUBOAATCH X P KTEPUCTHKHU 14-CIIOMHOrO CLUMHTUILIA-
LIOHHOTO CIEKTPOMETP VISl PErHCTp LIMU 3 PIXEHHbIX Me30HOB. [IpuBomiarcs pe-
3yJIBT ThI TECTOBBIX WCIIBIT HUM M K JTHOPOBKH CIIEKTPOMETP H Y CTHI[ X KOCMH-
YEeCKOro M3JIy4eHHs M C MCIOJB30B HHEM Iy4kKOB 4 CTHILl Ipu 3Heprusax mo 1 I'sB.
CreKTpOMETp BBIIIOJTHEH H OCHOBE IUTOCKUX CLMHTWUISLHOHHBIX IUT CTUH CO CIIeK-
TPONEpen3Nyd IOIUMU ONTOBOIOKH MH.
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Multilayer Scintillation Charge Pions Spectrometer

The design and characteristics of the 14-layer scintillation spectrometer for the
charged mesons registration are given. The results of the spectrometer testing us-
ing a space radiation and beam particles are given at energies up to 1 GeV. The
spectrometer is constructed on the flat scintillation plates glued with light irradiating
optical fibers.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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BBEJIEHUE

B Teuenune nocnennero spemenu B JI®BD OUSHN nposoauTcsd sKClEpUMEHT
H BHYyTpeHHell MulleHn HyKjIoTpoH JIDPBD no usydeHuio pe3oH HCHOro obp -
30B HUS 3 PSAKEHHBIX MHMOHOB IPOTOH MU U JEHTPOH MU H  TOMHBIX SIp X B
o611 ctu sHeprui nmydyk mnopsak 350 MaB/HykioH.

HccrnenoB Hus y3KOH pe30H HCHO-TIOHOOHOW CTPYKTYpPbI ITPU DHEPIUU OKOJIO
350 MaB npousBoxmiocs u p HeIue [1,2], 0O0H KO BO BCEX OTMEUEHHBIX BBIIIE DKC-
MEPUMEHT X M3MEHEHHE SHEpPIHM H JIET I0IIMX IPOTOHOB € II ToM 0Kojo 5 MaB
JOCTHUT JIOCh WM C TOMOIIbI0 GcopOep , Wi MPHU CIOXHOU MepecTpoiike pe-
KUM P OOTBI YCKOPHTENS], YTO CYIECTBEHHO BJIMSIO H YHCTOTY DKCHEPHMEHT .
ITosTOMY HU OfiMH U3 IIPOBOAUMBIX P Hee DKCIIEPUMEHTOB He 1 B J1 Y4eTKOIO OTBET
0 H JIMYMU PE30H HCHO-NOAOOHOI CTPYKTYphl. B 1 HHOM MCCIe 0B HHMHU BIIEpBbIE
HCIIOJIb30B Hbl YHUK JIbBHBIE BO3MOXHOCTH YCKOpUTEN HyK1oTpoH JI®BD OUAN
npu p 60Te H BHYTPEHHEM ITydKe, YTO ITO3BOJIMIIO M3MEHATb SHEPIUIO B UCCIENy-
eMoii 0651 cti ¢ m roM 1-2 MaB 3 Bpewms nopsuk 30 mMuH.

JIns1 mpoBeneHys 3TUX UCCIEI0B HUM ObLT CO3 H MHOTOCIIOMHBIN CLIMHTHILIS-
LUOHHBIM CHEKTPOMETpP 3 PSAKEHHBIX 4 CTHUIl JUId WASHTU(UK LUU TUID Y CTUIl U
W3MEpEeHHsl X DHepruu. BriepBble MHOTOCIIONHBIN IIPOOEKHBIN CIIEKTPOMETP 3 Ppsi-
’KEHHBIX ITMOHOB OBUT IpUMeHeH B aKcriepuMente H yckoputene CATYPH, @p H-
uus (puc. 1). CnexrpoMerp cocTosul U3 12 11 CTUH IUI CTM CCOBOTO CLUHTHILIS-
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Puc. 1. DKcriepiMeHT JIbH 4 YCT HOBK JUISL M3ydeHHS 0Op 30B HUS IIMOHOB H YCKOpHTelle
CATYPH



Top . CBeT ¢ K X0 IJI CTHHBI Mepe] B JICI H BXOAHOE OKHO (POTOYMHOXUTENS
MOCPEJICTBOM CBETOBOZ M3 OPICTEKJ . B COCT B yCT HOBKHM BXOAWIM T KXe€ B Ky-
YMH 5 K MEpP P CCEIHMS C YCT HOBICHHOW BHYTPH MEIHOH MMIIEHBIO, P CIIOJIO-
KEHH S H BBIBEICHHOM ITydKe IPOTOHOB CHHXPOLMKIIOTPOH , BCIIOMOT TEJbH o
MUILIEHb U3 MOJIU3TUIEH U CUCTEM MOHUTOPHBIX CUETUHKOB.

1. OIINCAHUE YCTAHOBKH

Jlnst 9KcriepuMeHT 110 U3Yy4eHHI0 0Op 30B HHS IIMOHOB H BHYTPEHHEHW MHU-
mieHn Hyks1oTpoH JIDPBD 6but T KXe BHIOp H IPUHIMIT CO3Jl HUSI CHIEKTPOMETP
B BHJIe MHOTOCJIOMHOTO H GOp IT CTM CCOBBIX CUMHTHUIALMOHHBIX IUI CTHH U3
IUI CTM CCOBOTO CUMHTH/UISITOP . CXeM ®KCHEepHMEHT JIbHOM YCT HOBKU M €€ P C-
MOJIOXEHNE H KOJIbLE YCKOPHUTENS IPEeACT BJICHBI H pHC. 2.
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Puc. 2. CxeM 9KCHEpUMEHT JIBHOH YCT HOBKH H €€ P CIIOJIOXEHHE H KOJIbLE YyCKOPHUTENs

IIpu mpoBeneHNN 9KCIIEPUMEHT HUCIIONB3YETCA CUCTEM [HH MHYECKHX BHY-
TPEHHHMX MHILIEHEH, P CIOJOXEHH I H NPSAMOIMHEHHOM y4 CTKE KOJIbLl yCKOPH-
TeJsl BHYTPU ChepUYEecKOro B KyyMHOIo KOXyX MHUIIeHHOH cT Huuu [3]. BBon
MHIIEHH B ITy4KOBYI0 OOJ CTh MOHOINPOBOJ ITPOM3BOAMTCS IPH MOMOIIY LI TO-
BOTO JIBUT TeJisl ¢ yIp BieHHeM oT DBM, mnpu 8ToM BO3MOXH p 6OT C HIECTHIO
P 3MUYHBIMH MHLICHAMH O3 p 3repMeTH3 LUK Y4 CTK HOHONpoBox . s oTHO-
CHUTENIPHOTO KOHTPOJISI HHTEHCUBHOCTH BO BpeMsl P OOTHI UCIIOJIb3yeTCsl TEIECKOI
U3 TPeX MOHHUTOPHBIX CYeTYMKOB ml, m2, m3, ycT HOBJIEHHBIH BOJIW3M MUILEH-
HOW CT HIMM U BBIIOJHEHHBIH H OCHOBE IUI CTM CCOBBIX CHUHTWUISLIMOHHBIX
w1 cTuH p 3MepoM 30 X 30 X 5 MM.

1.1. C M cnextpometp ST cocTouT u3 14 cloeB CUMHTWUIIIMOHHBIX CYETIH-
KoB TomiuHoi ot 20 10 40 MM, T. €. pe nusyercs cnekrpomerp AFE; — E-tun . On-
HOBPEMEHHO M3MepseTcs BpeMs NpoJieT BbUleT fomieid 4 ctuusl H 6 3e 1200 MM



npu nomoinu aerektopos TC1 u TC2 ¢ BpemenHsM p 3pemeHueM okoso 200 mc.
P ccroguue ot uccnenyemMoil MuieHu 10 ¢t prosoro gerektop 300 mm. Bpewms-
MIPOJIETHBIE JETEKTOPBI BBIMOJHEHBI M3 IUT CTUH CT HJ PTHOTO MOIHCTHPOJIOBOIO
cuuHTWUIATOP P 3MepoM 50 X 50 x 5 mm (TC1) u 160 x 160 x 20 mm (TC2).
JInd KOMIIeHC UM BPEMEHHOIO CABUI U3-3 KOHEYHOIO BpeMeHU IposieT ¢o-
TOHOB CUMHTWUIALMU 10 OKH PDY npu NpoxoxIeHUH Y CTULBI MO IUIOLL JU
w1 ctuHel B cyetyuke TCI ucnone3yrorcs AB  ¢oroymHoxurens tun XP2020,
P CHOJIOKEHHBIE H MPOTHUBOMOJOXHBIX TOPIl X IUT CTHHBI, CUTH JIBI C  HOIOB KO-
TopbIX cymmupyiorcsi. B cuetunke TC2 mcmosb3yloTca 4eThipe (POTOYMHOXKUTEIS
®DY-87, ycT HOBJIEHHBIE H Y[ X U H Ip BJCHHbIE H LEHTP IU1 CTUHBI, CUTH JIBI
C KOTOPBIX YCPEIHSIOTCS 110 BpEMEHH U MIUTUTYIE U H JIM3UPYIOTCS U1 p OOTHI
B AT-u AFE-pexuM X. OCHOBHbIE X P KTEPUCTHKH CIIEKTPOMETP TPEICT BIICHBI
B T Onuie.

II P MeETPbI CHUHTWLIAUOHHOI0 TEJIECKOII

Yucro w1 CTUH 14
P 3mep mn ctuH, MM 160-270
Tonamue 11 CTHH, MM 20-40
I ct™ ccoBblit
M Tepu 1 CLHUHTHJUISTOD,
ONTOBOJIOKHO
HeonnopogHocTs cBeTOCOOp 110 IUIOLI JIH
IUT CTHHBI, % <5
DHepreTuyecKuii M 1 30H
perucTpupyemsix 4 cruu, MsB
nt 40-150
Kt 80-280
p 70-320
d 150-600
P 3pewienue 1o BpeMeHu NpoJier , Ic 22200 (o)

ITnow nu perektopos crnektpomerp ST usmensiorcs or 160 x 160 mMm B
H 4 jge 10 270 x 270 MM B KOHIIE CHEKTpOMeTp . B K XIOM jaeTeKkTrope u3Me-
PAIOTCS MOHN3 LIMOHHBIE MOTEPH PETMCTPUPYEMOM Y CTHUIIBI MPU TOPMOXEHUH B
BEILIECTBE, T. €. omnpenenseTcs Xxox Kpusoil bparr . [Ipu aToMm p cueTsl, MpoBeneH-
Hble ¢ noMol1pto nporp Mvbl GEANT3.21, n03BOJIMIOT yTBEPXKA Th, YTO TOYHOCTh
nopsiak 3 % B ONpeneneHry DHEPriy 4 CTHLBI MOXET ObITh HOJIyYeH IIpH H3Me-
PEHUU SHEProOBBIIETICHUS B K XJIOM JETEKTOpe C TOUHOCThI0 0Kono 12 % (FWHM).
Jlyist aTOrO P 3pelieHue JOJKHO 3 BUCETh TOJIBKO OT CT TUCTUKH 0Op 30B HUS (o-
TOHOB B BELIECTBE U (POTOBRIEKTPOHOB BO BXOOHOU K Mepe DDV, Ge3 3 MeTHOro
BJIMSIHUSL MECT TIPOXOXJAEHHS 4 CTHLBI Yepe3 IUT CTMHY H  MIUIMTYIDY CHTH 1 .
IMoaToMy ObLT BBHIOp H TEXHOJIOTHS W3TOTOBJIEHHUS JIETEKTOPOB H OCHOBE KJle-



€HbIX COOPOK CUMHTHIUISLMOHHBIX IUI CTUH M ONTOBOJIOKOH CO CIIEKTPOCMEI -
IOLIMMU 100 BK MU (CTHPWIINMD 30JIMH), YTO O0ECHEeYHB €T OJHOPOIHBIA CBETO-
cbop ¢ w1 cTuH, 0COOEHHO ISl I CTHH Gosbiuoi miom au (270 X 270 mMm), He
xyxe 95 %, o eT BO3MOXHOCTh p 3MecTUTh PDY M KcuM JIbHO OIM3KO K JAeTeK-
TOpY U TO3BOJISIET CO3[ B Th CBETOBOJbI 110 €IUHON TEXHOIOIUH Ui JAETEeKTOPOB
P 3HBIX p 3MepoB. BOJIOKH BKJIEUB I0TCS B OJMH CJIOH, II P JIJIEJIBHO OPYT APYyry
KPEMHUHOPI HUYECKHM KJIeeM MEXy IByMS IUT CTUH MU U3 CLMHTWUIITOP H

OCHOBe MONUCTUPOS ¢ 100 BKOU p-tepcenmwn u POPOP ¢ TonmuHo# K Xmoi
i crunbl 10 mu6o 20 MM. 3 mpesiest MU U1 CTUHBI BOJIOKH COOMp IOTCS B ITy-
YOK, BKJIEUB IOTCS BO BTYJIKY JUI KpeIUIeHUs H BXOfHOM okHe DBV, Topusl ux
obpe3 1orcd U nonupyorcd. CH pyXH AETEKTOp HMOKPBIT clloeM Audy3HOro oT-
p x Ttend ceer (MgO) ¢ koadpuimenrom orp kenus 6onee 99 %. K xnuprid
c4yeTyuk npocM TpuB etcd aByms ®DY-84-3. OntoBosiokH au merpoM 0,8 MM
W3rOTOBJIEHBI U3 monuctupon (n = 1,59) u moKphIThl 0060I0YKOM U3 Topupo-
B HHOTO nomuMerwamer kpuwi T (n = 1,39) Tonmunoit 10 mxm. KepH BonokH

COIEPXKUT JIOMUHOOP, CHEKTP MOITIOLIEHUS KOTOPOrO UMEET M KCUMYM H JUIMHE
BOJIHBI 450 HM M XOpOLIO COBI A €T CO CIIEKTPOM BBICBEYMB HHA CLIUHTUIUIATOP .
CriekTp u3Imy4eHus JToMHHOGOpP HUMEeT M KCHMYM IpH JuthHe BoiHbI 530 HM U
COINl CYETCsl CO CHEKTP JIbHOM YyBCTBUTEIBHOCTbIO DDY-84-3. IInuH 3 TyX HUA
MEePEen3IydeHHOIO CBET B MPUMEHSIEMOM ONTOBOJIOKHE COCT BIISET Mopsiak 1,5 M.
®doto U rp uyeckoe U300p XKeHHe OJHOM U3 IUT CTUH NPEICT BIEHBI H pHC. 3.

Puc. 3. ®oto u rp ¢uyeckoe nu300p KEHUE CTPYKTYpbl OOHOH U3 IUT CTUH CHEKTPOMETP

OOumii BUI KOHCTPYKIIMK CIIEKTPOMETp MpuBOOuTCsS H puc. 4. CUUHTHILIA-
LMOHHBIE IUT CTUHBI B P MK X M3 JIOp JIIOMHHHUSI KpelsiTcd H Hecylled p Me u3
cT JpHOrO yrojx . @oroymHoxurenu T DODY-84-3 npuTdHyTH K MOJUPOB H-
HOW cOOpKe TOPLOB ONTOBOJIOKOH IIPH ITIOMOLIM IpYyXuH. Hecym s ¢t JibH 5 p M
YCT H BJIMB €TCSI BHYTPH CBETOM3OJIMPYIOILETO JIIOMHHUEBOTO KOXYX C BXOOHBIM
1 BBIXOJHBIMU OKH MH, 3 KPBITHIMH TOHKOH CBETOM3ONIMPYIOLIEH IUNIEHKON (H pH-
CyHKe He MOK 3 H).



1.2. TIpoBenieM cp BHEHHE II P METPOB CT HJ PTHOrO CUUHTUILIATOP U IUT -
CTHH C ONTOBOJIOKH MH. M3MepeHHe I p METpOB IUT CTHH CHEKTPOMETpP MO Of-
HOPOJHOCTH CHTH J1 MO IUIONI OH IUT -

CTUHBI OCYLIECTBJISUIOCH H K H je 7B
BTOPUYHBIX Y CTHUL[ YCKOPHUTEJIBHOIO
kommieke JIOBD myrem nepecTpoilku
PEXKUMOB 3JIEMEHTOB M THUTHOIO K -
HJ H P 3HbIE 3H YEHHUS HMITyJIbCOB
y ctul.  OTheneHne MHOHOB OT Mpo-
TOHOB IPOBOIWIOCH MPU MOMOIIU Bpe-
MSMPOJIETHOM CHCTEMBI. B pesyns-
T Te IOJly4eHO 3H YEHHE OSHepreTHde-
CKOTO P 3peIleHMs] K XIOW IUT CTHHBI
He xyxe 10 %. H3mepeHus ogHOpPOIHO-
CTH CcBeTOCOOp IO IUIOLI M I CTHUHBI
B P 3HBIX TOYK X IPOBOAWINUCH H TOM
Ke K H Jie [IpU MOMOIIHU JBYX IETEeKTO-
POB JuIs BbIIENIeHHs1 00 CTH Iy4K P 3-
mepoMm 40 x 40 mm. PesynsT Thl Ipen-
CT BIeHBl H puc.5, . BugHo, 4ro mo-
JIyYEHHOE 3H YEHUE OJHOPOJHOCTH CBE-
TocOop He xyxe 95 %, B TO BpeMs K K
B JIETEKTOPE CT HJ PTHOW KOHCTPYKLIUHU
CO CBETOBOIOM M3 Oprcreki (puc.S5,6)
MIUIMTYABI CHTH JIOB B P 3HBIX TOYK X
mwiom a4 otiuy 1orcs 1o 40 %.

1.3. CeeroBbixos (yucio oToaneKTpoHoB H  hoTok Toge PDY) Gbut uzme-
peH T kxe H K H je 7B yckopurensHoro kommiekc JI®BD nyrem nepen -
CTPOMKM M THUTHBIX dJIEMEHTOB K H J1 H Benuuuny ummnyinsc 700 u 1000 MaB/c
U MOJIOXUTENbHBIN 3H K 3 psn 4 crunl. Ilpu aToM p 3meneHue u ctul (IIMOHOB
U TPOTOHOB) MO M CCE€ TPOBOAWIOCH MPH MOMOIIM MOPOTrOBOI0 YEPEHKOBCKOIO
JETEeKTOP H OCHOBE P OM TOP W3 OPICTEKII .

PesynsT TBI M3MepeHuil mpencT BieHsl H puc. 6. KommdectBo oTosiek-
TPOHOB ONPEIEIATOCh MyTeM Cp BHEHHs (POPMBI M3MEPEHHOTO P CIIpEesIeHUs

MIUIUTYA CHUTH JIOB H Hoje @DV c dopmoit p crnpenenenus Ily ccon mpu
P 3/IMYHBIX CPEIHMX 3H ueHusx. IlomydenH s omnmpuueck s (opmyn Nppe =
21AFE (MsB)—10 ucrionp30B J1 Cb B 1 JIbHEHILIEM IIPH BBIYMCICHAN 9(PeKTUBHO-
CTH JETEKTOpP U MOJAEIMPOB HUHU €0 OTKJIMK Ipu nomoiuu nporp Mmsl GEANTS3.

1.4. AH 5oroBele CHUTH JIbl C AETEKTOPOB YCT HOBKH, P 3MEILEHHOH B TYyH-
Hesle HYKJIOTPOH , TOCPEICTBOM K ONIbHBIX JIMHWH CBA3M IUIMHOH OKojo 20 M
nepeq IOTCI K CTOMK M M3MEPUTENBHOH NI P TYphl, P 3MEIIEHHBIM B 3KCIIEPH-
MEHT JIbHOM 3 Jie. DIeKTPOHUK cOop U 00p OOTKM MH(OPM LMK BHIIOJHEH B

Puc. 4. BHyTpeHHSd CTPYKTYp  CHEKT-
poMeTp
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Puc. 5. I1 p MeTpbl OMHOPOOHOCTH CUTH JI IO IUIOLI O AETEKTOp ) Wi p 3p OOT HHOro
TUNl JETEeKTOp , O) Uil CUMHTWUISLIMOHHOIO JETeKTOp CT HI pTHOro tum [3]

ct ua pre KAMAK u cocrout u3 Mojyseil o6p G0TKM H JIOTOBBIX CHTH JIOB, I10-
CTYIl IOIIUX C AETEKTOPOB ((pOPMUPOB TeNU, CYMM TOPBIL, JIUHUU 3 JEPXKKHU U Ap.),
1 6JI0KOB TIpeodp 30B HUs UHGOPM LUHU B 1H(POBYI0 PopMmy (3 psa-LupoBbie U
BpeMs-1IM(pOBbIE IPE0Op 30B TEJH, CYETYNKH UMITYIbCOB.

ApXUTEKTYpHO cucTeM cOOp I HHBIX SBISIETCH OBYXyPOBHEBOI CHCTEMOH ¢
p cHpeneneHHbIM MHTEJIEKTOM, P ®TOM H HUXHEM YPOBHE H XOAUTCS KOH-
tpoiiep kpedtr CCPC, ocymectsinsiomuii c60p MHGOPM UM C YCT HOBKU H
yIp BJIEHUE €10, H BepXHeM — IepcoH JibH 1 DBM tun  PC, xotop s ucnosns-
3yercst Juisl pueM WH(OPM LUK OT KOHTPOIUIEP KpPEHT , 3 IHCH €€ H KEeCTKUH
IIMCK, Tp (hUYecKOro oToOp XeHUS H 9Kp He U Hepell UM B KOMIIBIOTEPHYIO CeTh
JIBD. Caa3p Mexay KoHTposulepoM U DBM omep Top oOcCyluecTBIsSeTcs 4yepe3
sunuto Ethernet.



Konrponnep kpeiir  CCPC4, p 3p 6ot Hublii B JIBD OUSIH, pxurektypHO
HpeicT BisieT coboi oObruHbIM cucTemubiii 610k PC ¢ 106 BiieHHEM IUT ThI CO-
npsxenuss ISA-CAMAC, p 3melueHHblid B ¢T HI ptHOM Moayie KAMAK mu-
punoit 3M. Ilepen 4 14 HHbBIX, KOH-

600 ————T——T——T—

TPOJNIBHOH W CT TYCHOW HH(OPM MU
OCYILECTBIISIETCS] TTOCPEACTBOM IOPTO-
BbIX onep uuit PC.

Tekct p 60YMX MPOTP MM H IH-
cH H sa3pke Borland C4++4 ¢ wuc-
nonb30B HueMm 6ubimuoreku OWL. Bo
BpeMs p OOThl IPOrp MM BBINOJIHSI-
10TCs crenyroiue (QyHKIIMU:

— TPOBEPK COCTOSTHMSI KOHTPOJI-
Jep KpeuT , 3 Ipy3K B HEro Ipo-
rp MMl KAMAK;

— BBIOOp I p METPOB MOAyNen
KAMAK, BpeMeHHBIX HHTEPB JIOB U
I p METpOB p OOTHI M BH3Y JIBHOTO
KOHTPOJIS;

— TpHeM, 3 THCh H JHCK, Npea-
B putenbH 51 00p 60TK U rp (puue-
cKoe oTo0p XeHue HHGHOPM LUHU OT
KOHTpOJUIEp ;

— oTOOp XEeHHe pe3yJbT TOB B
pexume off-line;

— OoOMeH [ HHBIMH C JPYIUMHU
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Puc. 6. KonuuectBo poTO271€KTPOHOB H
Home ®DY B 3 BUCUMOCTH OT 3HEpPIUH,
OCT BIICHHOH B IUI CTMHE [IETeKTOp IIpH
NPOXOX/JIEHUH 3 PSIKEHHOU Y CTHUIIBI

BBM.

2. DOPEKTHBHOCTD CIIEKTPOMETPA
NP PETUCTPAIIMU 3APAKEHHbBIX YACTHII

P cuers! achheKTUBHOCTH CHEKTPOMETP MNP PEruCTP LMU 3 PAXKEHHBIX U -
CTULl P 3JIMYHBIX THUIIOB OCYLUECTB/ISUIMCH IpU nomouin nporp Mmsl GEANT3.
ITpn »TOM NPOBOAMIOCH MOAENMPOB HHE IPOIECC MOHM3 LIMOHHOTO TOPMOXKeE-
HHUS Y CTHLBI IPU IOCIEAOB TEIBHOM NMPOXOXIEHUH Y CTHIBI Yepe3 CLUHTHILIA-
LUOHHbIE IUT CTUHBI IETEKTOP B 3 BUCUMOCTU OT DHEPruU (MOIEIUPOB J Cb KPU-
B o Bperr ). OTnenpHO p CCUMTHIB JIUCh MPOLECCH YUCTO KYJIOHOBCKOIO THII ,
T KXe BTOPUYHBIE IPOLECCH IPU TOPMOXEHHM Y CTHUIl: HEYNpPYroe p ccesHue,
p cn aHble npoueccsl. IlomyyeHHsle pe3ysnbT Thl IpeAcT BieHbl H puc.7. H pu-
CYHKE BHJHO, YTO M KCHM JIbH s 3(p(heKTHBHOCTb PETUCTP LM COCT BIISIET BEJH-
uynHy oT 90 % nna nporonoB npu sHepruv 100 MaB no 20 % nns K -Me30HOB.
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Puc. 7. DdheKTHBHOCTb CIEKTPOMETP IIPU PErUCTP LM 3 PSXKEHHbIX ) IIPOTOHOB, 6) IU-
OHOB, ¢) K OHOB U B 3 BUCHMOCTH OT THUI U SHEPIUH Y CTHII

DeKTUBHOCTh PETUCTP LUK A1 MOJIOXHUTEIBHBIX MHOHOB COCT BIISIET B CPEn-
HeM 50 % B sHEpreTrveckoM au 1 30He oT 40 no 140 MsB.

3. TECTUPOBAHHUE YCTAHOBKH
HA BHYTPEHHEM ITYYKE HYKIIOTPOHA

IMpoBepk p 6OTOCHOCOOGHOCTH YCT HOBKH B pE€ JIbHBIX YCIOBUSIX H IIy4Ke
YCKODUTEJIsl U OIpe/eeHre ee I P METPOB MPOBOJAWINCh H BHYTPEHHEM ITy4Ke
HYJIOTPOH ¥ MeIHOU MuineHu. [Ipumep AByMEpHOro CHEKTp , MOJIY4EeHHOrO B pe-
3ynbT Te off-line 06p GOTKM OJHOrO U3 H OOPOB DKCIIEPUMEHT JIBHBIX JI HHBIX U1
BBUIET IOIIMX M3 MHUIIEHU TOJI yIJIIOM 75° OTHOCHTEIIHO OCH ITYYK BTOPUYHBIX 3 -
PSKEHHBIX 4 CTHII, MPEACT BiieH H puc. 8. M3MepeHus NMpOBOAWINCh H IyYKe
IEUTPOHOB ¢ KuHeTH4ecKoi sHeprueit 350 MaB/ayknon. H aBymepHOM mioTe B
KOODAWH T X BpeMs IMpOJIET , HC — KWUHETUYEeCK s DHeprus 4 ctuipl, MaB, sicHo
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Puc. 8. JIByMepHsIil cIEKTp BpeMsl MPOJeT — KUHETUYECK 51 BHEPTHsl Y CTUIBI, MOTyIEH-
HBIA 1pH p 60Te H Iy4Ke AEHTPOHOB IPH YIJie perucrp uuu 75°
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Puc. 9. CrieKTp KHHETHYECKUX SHEPIHil 3 PSKEHHBIX 7T-ME30HOB IIPH yIVIe perucTp Luu 75°
U 9Hepruu nydk nporoHos 350 MaB
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p 34 10TCS TpH 00J CTH, COOTBETCTBYIOLIME IMMOHHOM, MPOTOHHOW M JAEHTPOH-
HOH BeTBAM. K JTMOPOBK 1K JIBI IO BPEMEHH MPOJIET MPOBOAWI Cb H Y CTHUI X
KOCMHMYECKHUX JIyd4ell IIPU p 3BOPOTE YCT HOBKHM B BEPTUK JIbHOE IIOJIOXEHHE IIy-
teM H 60p cr tuctuku p 3nuuyHoit (ot 0,1 mo 2,0 M) BpemsinposieTHOH 6 30ii.
K nubpoBouHble KO3(ULMEHTH! W1 TPpeodp 30B HHsl KOJ—SHEPrHs CUTH JIOB C
IVl CTUH CHEKTPOMETpP OIPEelessUICh METOJIOM BbIIEJICHUS COOBITUH KB 3HYIpPY-
TOTO P CEeSHUS Y CTUL MY4YK H HOJIMITHICHOBOU MuleHH. OJHOMEPHBIHA CIEeKTp
DHEPrUil U CTUIl B «[THOHHOW» 00J1 CTH, IOJIyYeHHBIH 1pH I JbHEeHIei 06p 60TKe
CYMMHPOB HHEM YHCJI 9 CTHIl P BHBIX ®HEPTHi (YMCJIO Y CTHUIl B «OMHE» IO OCH
9Hepruii), npeacT BileH H puc. 9.

4. OIIPEAEJIEHUE DHEPI'MU ITYYKA YACTHUI YCKOPUTEIA

IMockonbKy oXun eM s BemuuuH 3(¢eKT — OKOJIO HECKOIBPKUX MPOLEHTOB
IpU IIMpUHE pe30H HC 2-4 MbaB, HeoOXomuMo T KXe TOYHOe 3H Hue (K Ju-
OpOBK ) ®HEPrHHU MyYK YCKOPUTEI.

Jlist X TMOPOBKY My4YK YCKOPUTEIIS 110 DHEPIUU ObLT CO31 H CUCTEM JeTeK-
TOPOB I U3MEPEHUA SHEPTUH U CTULBI METOLOM YIPYIoro pp-p ccednud. Cxem
n3MepeHnii npuBoauTca H puc. 10. CHuHTWLIMOAOHHBIE AeTeKTopel M1-M6
p OOT 10T B CYETHOM PEXHUME M H CTPOECHbl H PErUCTp LHIO IIECTHKD THBIX COB-
1 JSHUM.

M3,

M1-M6 — IUIaCTHKOBBIE M2 %/

CUUHTHJUISIHOHHBIC IETEKTOPHI i

40X40X5 Mmm M1 %

B CUCTHOM PEIKHUME //

125

________________ I | 74 B
Och mydvKa MpOTOHOB a,

Muwens CH, / LERN M4

Puc. 10. Cxem p cronoxeHus ATEKTOPOB Ul U3MEPEHUs CPeIHel DHEPIuu IIy4K Y CTHILL
YCKOPUTEIL

VIibl i1 U (g BBIOUP I0TCS UCXOS U3 KMHEM THKH YIIPYroro pp-p CCesHusl.
PesynsT THI mpenct BiaeHsl H puc. 11. T'eomeTpust neTekTop H CTpoeH H pe-
TUCTP IIMI0 COOBITHII yIpyroro pp-p ccessHud npu sHepruu mydk 280 MaB. Ilpu
U3MEPEeHHUIX MPOBOAWICA H OOp CT TUCTHKM YUCI INECTHKP THBIX COBII JEHHI
3 3 7 HHOe Bpemd (B H LIeM Cly4 € 15 MHH) npu U3MEHEHHM SHEepruu Iy4k
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Puc. 11. Pe3yapT Thl U3MEpEHUIl CpeHEN HEPIUM YUK HYKJIOTPOH IIPU YCT HOBJIEHHOM
3H ueHuu 280 MaB

MPOTOHOB MociefoB TenbHo oT 270 go 288 MaB ¢ m rom 2 MaB. U3 pucyHk
BUJHO, YTO PE3YyJAbT T MIPOKCUM LIUU U3MEPEHHOTO P CIpPENeIeHUs KOIUYECTB
COBII JIEHUH 110 dHEepruu p cupeneneHueM I' ycc coBI [ €T 1O MOJOXEHUIO M K-
CUMYM C OXMJ €MBIM 3H 4eHueM ¢ TouHocThio 0,3 MaB. Orcion MOXHO crien Tb
BBIBOJI, UTO 1T P METPbl HYKJIOTPOH MO3BOJIAIOT IPOBEICHHE NMPELU3HMOHHBIX H3-
MepeHHid OXug eMoro dpgeKT ¢ I rom 1o sHeprud okoso 1 MaB u TouHOCTBIO
ycT HOBKHU sHepruu He xyxe 0,5 MaB.

BBIBO/JbI
Onuc H KOHCTPYKLMS M IPUBOIATCS X P KTEPUCTUKU 14-CIOHHOrO CLUH-

TIWULSIIMOHHOTO CIEKTPOMETP I PETUCTP LU U M3MEPEHUs 3 PSIKEHHBIX T- H
K -Me30HOB B 9KCIIEPUMEHT X H BHYTPEHHEH MUIIEHU HYKJIOTpoH . CrieKTpoMeTp
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BBIIIOJIHEH H OCHOBE IUIOCKMX CLMHTWUISILHOHHBIX IUT CTHH C Iepeu3iIyd IOLUMU
ONTOBOJIOKH MH. OTHC HBI PE3YbT ThI TECTOBBIX UCTIBIT HUH U K JTUOPOBKH CIIEK-
TPOMETP H Y CTHIl X KOCMHUYECKOIO M3Iy4EHHS U C HUCIIOJIb30B HUEM ITyYKOB
Y CTHL IIpH sHeprusx no 1 I'sB.

T kUM 06p 30M, MOXHO OXMJ Th, YTO X P KTEPUCTHKH M p 6oTOCrOCco0-
HOCTbh CUMHTWLISALIMOHHOTO CIIEKTPOMETP B CJIyd € €ro IPUMEHEeHUes H BHYTPEH-
HEM ITy4yKe Y CTHUI] U BHYTPEHHel MullleH! HyKJIoTpoH JID®BD no3BosiT nomyuurs
OXHI eMble (hPHU3UIECKUE PE3yNIbT ThHI.

ABTOpHI npu3H TenbHbI coTpyaHuk M JIOBD OUSIHN (Ny6n ): C.B.Ad H cb-
eBy, A.I.M 1 xoBy, A.®.Emumesy u WA PAH (Mocks ): A.H.Bepnesy,
E. A.Monnuy, B.A.Tn neunesy, M. B.T'ony6esoii, O.H.T'onu penko, B.C.Ilo-
noBy, A.JI. IIpockypsikoBy, B. U. P 3uny, T.I1. ®ununnosoii, E. H. M TBeeBoit —
3 momoulb B p 60Te M Mojie3Hble 00CYXKASHHU.
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