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C zuccepranycii MOKHO O3HakoMMTLes B Oubmmorcke benopycckoro
IOCY/IaPCTREHHOTO YHHBEPCUTETA

Astopedepat pasocian _« @6 » sapma 2000 e.

YueHsiii ccxpeTaph coBeTa ‘?/’/ o //”
A 7 bt
110 3ALUMTC AHCCCPTALHI gt o 5
KanuHaaT GU3NKO-MATEMATHUECKHX HAYK . TT. [Tpokonorny

OBLLUAA XAPAKTEPUCTUKA PABOTHI

Axmyanvrnocmo memut Quccepmayuy. IKCIEPUMEHTE! B (QU3MKE YaCTHI(
BBICOKMX SHEpTHil, KOTOpBIE 3aIIAHUPOBAHE! B CAMOM ONMM3KOM OYAYIEM B MUPOBBIX
LHEHTpax TIO WCCIefOBAHHID MHKPOMHpA, BKITIOTAA Esponeiickyro mabopaTopuro
snepasix weenenosanuit (EPH), rae Gyaer mocTpoen Hauboiee COBPEMCHHBIH
yexoputens LHC, TpefyioT co30anuia COOTBETCTBYIOIMX CHCTeM AETEKTHPOBAHMA 1
unenTHOUKaMy gacTiy. OXHOH M3 TAKMX CHCTEM SBISIOTCS 3IEKTPOMAIHHUTHEIE
KANOPUMETPS! HA OCHOBE CIMHTHLIMOHHBIX KpucTawios. Heoprammueckue
CHUHTILISIMOHEBIE KPUCTAJUIB], ABIAIOTCA OCHOBOH HOBEHIIMX CHCTEM M3MEPEHHS H
0beCIIeurnBa0OT NYYMME BO3MOXKHOCTH A TONYYEHHS PEBONFOLMOHHBIX  JUls
DyHAAMEHTATEHON QU3AKK Pe3ynbTaToB. B Qusuke BLICOKMX SHEPrud MCIONB3YIOTCS
9KCIICPUMEHTAIbHBIE  YCTAHOBKM C  OrPOMHBIMH  00BEMaMH  CLUMHTHIIATOPOB.
Hampmmep, snextpomaruuTHsie kanopumerpst (ECAL) miis IBYX SKCIIGPHMEHTOB, a
uvenso CMS u ALICE, xortopsie sammanuposarel Ha LHC, 6yayr mocrpoeHs! Ha
ocnoBe Oomee wuem 110000 HEeTEKTOpHBIX sueek Ha 0ase CLUHTHIULAIHOHHBIX
KPUCTANTOB BONb(pamaTa CBHHIA.

Takie KaTOPHMETDE], HATpYMMED, KanopuMetp sxcrmepimenta CMS, HOMKHEI
06eCIIeYnTh YHHKANBHOE OJHEPIeTHYECKOe PA3pPENICHUE [pY PErHCTPauuH ramma -
KBaHTOB. OHO JOMKHO OLITH mydme, ueM 2.5%/ JE® 0.3%, rae E - aneprus raMmma —
xsanToB B I'3B. Cpox paboTei xamopuMeTpa fomxex ObTh He MeHee 10 mer. Oro
03HAYAET, YTO [JOCTATOYHO JKECTKHE TPeOOBAHMS HANArAOTCA HA TEXHWIECKHE
[apaMETPhI UCIIONB3YEMbIX CLEHTAUIATOPOB ¥ JUCIIEPCHIO MX CBOMCTR.

CHMHTHIUISIMOBHRIE KPUCTAIUIBI, KOTOpsIe 6ymyT HCTIONB30BATECS B SEHKAX
nerexTopa mpoekta CMS, K0IKHBL GRITH PATMAIHOHHO CTORKHUMH, H3TY4aTh HE MEHee
00% csera B Teuemme 100 HC, MX CBETOBHIXOA MOJDKCH npespimars 10
dorosnexTpor/MaB, HEOTHOPOAHOCTE CBETOBBIXOJA 10 INAHE KPUCTAIIA HE JOIDKHA
MPEBLIMIATE HECKONBKO MPOIIEHTOB.

HOBHIi CITMHTHIIIATOP - MOHOKPUCTAILT BOb(pamata CBuHua (PbWO,, PWO) -
33 YHHKATBHYIO COBOKYNHOCT (DM3MYECKHX CBOHCTB Obul BhIOpaH xosutabopanuei
CMS 78  CO3[aHMs — MEKTPOMATHUTHOrO  Kamopumerpa.  CUMHTHIISLHOHHBIC
sMeMeHThl, Heobxomumple s mpoekta CMS, Oyayr MSTOTaBIMBATECA —HA
BoropouikoM 3aBojie TEXHOXHMHYECKUX H3NENHHA B Poccuu u B Ilauxaiickom
Wucturyre Kepamuxu 8 KHP B Tedenue 5 neT.

B pamkax [JMCCEpPTAIMOHHOHW pabOTHl BBINONHEH LMKI WCCIEeNOBaHUM,
TO3BOJMBIIAHA YIySIHTh COMHTHIUIAIMONHBIE IAPAMETPS! KPUCTAIIOB BOTbhpaMaTa
CBUHI@A IO YPOBHSA, OOECIEUUBAIOIIETO BO3MOXKHOCTL CO3JAHHUA DICKTPOMArHHUTHOIO
KAJTOPHMeTpa ¢ TPeOYeMBIMH 3HEPTETHIECKAM PA3PEIICHAEM 1 Ha/IeKHOCTRIO.

Cease pabombl ¢ KPYRHBIMU HAYYHBIMU  RPOEKIMAMU. Paboter B 3TOM
HATPABIEHWU  BLIIONHAIMCH B PAMKAX — TOCOKOUKETHBIX HUWP «Pa3paborka
BHICTPOAEHCTBYFOIINX TSDKEMBIX CLMHTUJULATOPOB Y JETEKTOPOB HA MX OCHOBE IV
IPUMEHEHHS B SKCIEPUMEHTAX 110 (PU3HKe BBICOKHX suepruii», N roc. per. 19943400 u
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«PaspaboTaTth HOBOE IOKOJEHHE OS(POEKTHBHBIX OBICTPOASHCTBYIOIUX TAKEIbIX

CUMHTHUIATOPOB M JETEKTOPOB HA WX OCHOBE I NPUMEHEHHWS B MEIMLHHCKOM

PaauosIoryy, 103UMETPUH 1 (H3UKe BEICOKHX 3Hepruit», N roc. per. 19971570.

Uccnenopanms 1O TeMe [MCCEPTAlMH INPOBONMIMCH TAaKkKe B  paMKax
Mexnynaponuoi nporpammel MHTIT (1996 — 1999 rr., TTpoext MHTII 354 u 354b).

Lenv u 3a0auu uccnedosanus. Lensmu NPOBEIEHHBIX HCCIEA0BAHMH IBIISIOTCS
YIyqIIeHWe CBOWCTB CUMHTHIIALIMOHHBIX KPHCTA/UIOB BONb(pamara CBHHIA |
NOCTYIKEHHUE  YPOBHA, HEOOXONMMOIO IS WX NPUMEHEHHS B 3IEKTPOMATHUTHOM
Ka.nopnMeTpe npoexra CMS, yrouneHuHe criequduKapy Ha KPUCTAUIL! M 00ecreyeHye
‘COXDaHEHHs NapaMEeTPOB KPHCTANIOB B PAMKAX CHENM(UKANMM IIPH MX MAaCCOBOM
IpOM3BO/ACTBE. [laHHbIE NENH NOCTUTAIOTCS. IOCPEACTBOM PELICHHS CICIYIOMUX 3aaq:
1) Vsyaute MeXaHU3M BO3HMKHOBCHHA CUMHTHULIIMA ¥  ONTHMH3HPOBATH

CLMHTHILIALAOHHEIE CBOMCTRA KpHCTéJ’UIOB BOTB(paMaTa CBHHIIA.

2) VCTaHOBHTH CBA3b MEXIy SHEPIETHUECKHM DaspElICHHEM 3IEKTPOMATHHTHOTO
KA/TODUMETPa W TAPAMETPAMH CLUHTIIISLFOHHEIX SJEMEHTOR M OUPEIEIHTH
TpebOBaHUs K CHMHTALISIHOHHBIM CBOMCTBAM KPUCTALIOB BONb(PAMATa CBUHLA U
MX CTa0WIBLHOCTM B YCJIOBHAX BBICOKOH pAJMAllMOHHOM HArpyskwm s
HCIIONB30BAHMA B SIEKTPOMArHUTHOM KaJlopuMeTpe Ha yexoputene LHC.

3) PemmTs npobmeMy ONTHMH3ALMM CBETOCOOpA B  CHOyYae  HCHONB3OBAHUS

'~ KpynmHoOrabGapuUTHOTO BEICOKOPE(PAKTHUBHOTO JBYIY4EIPEIOMIIIOLIETO
CLMHTHIATOPA CHOXHOM (OPMBI C HHM3KMM CBETOBBIXOZOM IPH PETHCTPALHME
curHana hoTOZETEKTOPOM MATIOH TUIOINAH.

4) PazpaboTath dusHyecKue OPUHUMIEL U METOHONOTHUIO KOHTpOJIS
CUMHTHULIIMOHHEIX [TApAMETPOB KDHCTALIOB BONb()pamMara CBHHIIA, IIPH HX
MacCOBOM  IPOM3BOICTBE I3PaHTHPYIOMYIO  CO3JAaHHE  INEKTPOMATHUTHOTO
KaJopuMeTpa C 3aJaHHBIMH [IAPaMETPaMH.

Obvexm u  npeomem  uccnedosanusn. O6BEKT  WCCACHOBAHMA  —
CUMHTHULIMOHHEIE KPHCTAINBI BONb(paMaTa cBHHNA. [IpeaMeT wuccregoBaHus —
CIMHTHILISIHOHHbIC [aPaMETPhl KPUCTAIIOB BOIb(pamMaTa CBHHIA [l IPUMEHEHNS B
NPEM3MOHHON EKTPOMATHUTHOH KaJOPUMETPHH.

TI'unomesa. B xome paGoTsl Obuta BHUIBMHYTA [UNOTE3d O MEXAHM3ME
PAaNMAlMOHHOIO IIOPAXEHHMA KPHCTALUIOB BOIb()paMaTa CBHHIA, B KOTOPOM
HOHM3UPYIOIIEE H3IydEHHE He nopamaef OCHOBHBIE W3Ny9YalOIIME IEHTPH, 2
PETHCTPUPYEMEIE TOTEPH CBETOBBIXONA JIPOMCXOAAT MCKIIOUHTEIBHO BCIEACTBUE
PafHanOHHOrO TIOPAKEHIS ONITHYECKOr0 IPOIYCKAaHUs KpUCTaina. B pamkax qanHoro
MEXaHHU3Ma, PaIUallHONHas CTOMKOCTh KPUCTAIIOB BOIb(paMara CBUHIA MOXET OBITh
ylly4qOli€Ha MOCPEJCTBOM JIETMPOBAHMS CHELM(QUIMPOBAHHBIMU IIPUMECSIME JIAHTAHA,
WTTPUS © HHOOWA. JIpyrum CHEACTBHEM [aHHOH TIMIIOTE3Bl SABISAETCA TO, IO
PanuanHOHHY0 CTOMKOCTE KPUCTALIOB BOJb(PaMATa CBHHIA MOXKHO KOHTPOIUPOBATH
[YTEM HCCIIeNOBAHMA ONTHIECKOTO NIPONYCKAHHS KPHCTATIIOB.

Taxxe Opima BEIABHAYTA rmmorTesa 06 ocoboit ponm HOHOB MonubaeHa B
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B xoae uccinenosanus 00e rUnOTE3L! HOMHOCTHIO MO ITBEPIMIIHACE.

Memoodonozus u memodvt nposedennozo uccnedosanus. Pabora BBINOTHEHA C
HCIT0/1b30BAHMEM TEOPETHYECKOTO, IKCIEPHUMEHTAITEHOTO METOA0B U C TIPHBIEYEHHEM
METOJOB MATEMATHYECKOTO MOJETHPOBAHKL. DKCIEPUMEHTHI OCYIIECTBISIUCE TYTEM
NPOBEEHHS 1aO0PAaTOPHEIX ONBITOB M SKCIEPHMEHTOB HA PEAlbHBIX NydYKaX YaCTHIL.
Pe3ynnraTh 9kcHEpUMEHTOB 00pabaThBANMCE METONAMH MATEMATUYECKON CTATHCTHKU
¥ METOIaMH KOPPENALMOHHOTO aHAIN3A.

Hayunas nosusua u 3nauumocms RONYUEHHBIX PE3PNbIMAMOE 3AKIIOUACCA §
cneoyroujem:

PaspaboTrana MoIenb BO3HHKHOBEHMS  CHPIHTHLLINMA B KpUCTaiax
BOIb(paMaTa CBUHIA M NPOLECCOB, BAUAIOIMX HA MX CLMHTHIIALMOHHBIE ITAPAMETPEI,
BKNFOYAS WX PaJUallMOHHOE TOPAKEHHME M NPUCYTCTBHE MEUIEHHBIX KOMIOHEHT B
CIMHTHIULALHAX. ‘

B ugacTHOCTH, OBINM YCTAHOBIEHLI YCIOBHMS MHUHUMHU3AUMH KPATKOBPEMEHHOMN
HecTabuneHoCcTH Napamerpos PWO mox nelicTBueM OOIydeHNM, a TAKKE YCTAHOBIEHO
BIMSHHME IIpuMeceil MonubjJeHa Ha IOABJIEHHE MEINEHHBIX KOMIIOHEHT U
MOCNIECBEYEHHS B KUHETHKE CUMHTHNIIAAHN-

ITpoBeNeHE!  CHCTEMATWYECKUE  MCCNEAOBAHMS  YCHOBMH  ONTHMH3ALHY
cgeTocOOpa B Cllydae MCIONB30BAHMS KPYIMHOrabapHTHONO BBRICOKOPE(DPAKTUBHOIO
[BYTYHENPENOMISIONIEr0 CIMETHILIATOPA CHOKHOH (HOPMBI ¢ HU3KMM CBETOBEIXOAOM
TIPY PErUCTPALIHK CHIHaNA (OTOJETEKTOPOM MaJIOH IIIOIIAIH.

TIpoBenen amamu3 BIMSHES CBETOBBIXOH3, HEOTHOPOIHOCTH CBETOBEIXOMA IO
IUIMHE KPHUCTAIa W PaJUallMOHHONW CTOMKOCTH, a TaKKe KMHETHKH CLIMHTHIULALMI
KPHCTAJUIOB BOJIb(GpaMaTa CBHUHIA Ha ITapamMeTphl AMEKTPOMATrHHTHOIO KaJOpUMeTpa U
YCTAHOBJEHLI MOIYCTHMBIE MpPEIENBl W3MEHEHHS CUMHTWUIIIMOHHBIX [apaMETpOB
kprcTanizos PWO B mporecce dKCILUTyaTalMy S0EKTPOMArHHTHOTO KaIOPHMETPA.

Tlpennoxkena M SKCHEPUMEHTANBHO anpoOHPOBaHA MHOTOYPOBHEBAS CXeMa
KOHTPOJIS mapameTpor kpuctannos PWO B nporecce MaccoBoro npousBoacTea. Cxema
MPeAyCMaTPHBACT IIPOBEACHHE KOMIUIEKCHBIX HCCIECTOBAHMH KPHUCTAJIIOB - HA ' BCEM
NPOTSDKEHHM — TEXHONOTHYECKOIO  LMKId: OT MOMEHTa TIONYYEHHsS 3aBOXOM-
W3TOTOBUTEINIEM CBHIPBS IO OKOHYATETEHOM YCTAHOBKM KPUCTaIa B 3NE€KTPOMAarHUTHBIA
KaJIOPUMETP.

Ha ocHOBe aHammsa O9KCIEPUMEHTAIBHBIX DACIPEAECNIEHME KPHCTAIIOB IO
pamMaAnMOHHON CTOMKOCTM OLEHEHbl BEPOATHOCTH IIONAJaHMs B KaIOPUMETD
HEKOHAMIMOHHBIX KPUCTAIIIOB (MPONYCK LETH) ¥ BEPOATHOCTH OTOPAKOBKY IOJHOTO
KpucTama (JIOXKHas TPEeBOra) Ipy IPUMEHECHUN IPENI0KEHHEIX METOI0B KOHTPOJIS.

ITokazano, YTO OT KOHTPOJISA PAJUALMOHHOTO TITOPAXKEHMS BCEX KPUCTAIIOB
NPENIOKEHHBIMA METOLAMH, BO3MOXKHO TIEPEHTH K BBIOOPOYHOMY KOHTPOTIO
paqHalMOHHON CTOWKOCTH KPUCTAIIOB, TO €CTh K KOHTPOIO COXPAHEHUs DOCTUTHYTHIX
HapaMeTpoB PACHPENENeHUS KPUCTAIUIOB 10 PaJMAalAOHHON CTONKOCTH.

Ilpaxmuueckan u 3KOHOMUHYECKAR 3HAYUMOCHLL NOJVHEINbIX PE3YIbIAN0s.
[TpakTryeckas 3HAYHMOCTH MOJYYCHHBIX B PaboTe pe3ynpTaToB COCTOMT B TOM, 4YTO
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CBHHIIZ M NPOIECCOB, BIMAIMINX HAa UX CLUUHTHULILHOHHbIE [AapaMerpbl, HO3BOJIKIA
BbIPabOTATh PEKOMEHAIMN TI0 ONTHMMU3ANUM TEXHONOTHH [POU3BOICTBA KPHCTAIIOB
BoIb()paMaTa CBHHLA, B PE3yJbTATE YEro, HAUaTO IPOM3BOACTBO KPHCTAILIOB C
napamMeTpaMu, yIOBIETBOPSIOMME TpedoBanuaM npoekra CMS.

ITpoBeneHHEIE HCCHENOBAHNS CBETOCOOPA M3 KPUCTAIIOB BOJMbGpaMara CBHHLA
[03BOJIMAM BbPaOOTATh PEKOMEHMALMH 10 KOHCTPYKUMH NETEKTHPYIOUIEH sdeiikn
3IEKTPOMATHHTHOIO KaJOpMMETPa, 4 TaKKe crHocobcTsoBand Oomee mIMPOKOMY
OPUMEHEHMIO TaHHEIX KPUCTAIIOB B OKCIEPUMEHTAX C DONEe HU3KUMY SHEPTHIAMH YeM
Ha ycxopurene LHC (mo 1 I'3B).

Pe3ynpraTsl aganu3a IpefesoB JOILYCTHMBIX 3HA4eHHH [apaMeTpOB KPUCTAJLIOB
NO3BONHIH ChOPMYIHpOBaTh TpeboBaHusA 0TOOpPA KPUCTAIIOB ANS MX HCIONL30BAHUS
B DIIEKTPOMAarHUTHOM KallOPHMETPE.

PaspaboTaHHble aNTOPHTMBEI 3KCHEPTHOH ONEHKHM KadecTBa KPUCTAJUIOB U
METOIB] KOHTDOJIS TIO3BOJIAIOT OCYLIECTBIATH B YCIOBHAX MAcCOBOTO IIPOM3BOACTBA
0TOOp KPHCTAIIOB C HapaMeTpaMu, HEOOXONMMBIME AN [POBEIEHHS IUIAHHPYEMBIX
IKCIIEPYMEHTOB. _

[IpoBeneHHbIe pabOTHl HMEIOT OONBIIYI0 SKOHOMHYECKYIO —3HAYMMOCTS.
Venemnoe npoBenenue  paboT O ynydmleHHIO  GU3MUECKAX — [APAMETPOR
CUMHTHILILMOHHOr0 MaTepuana, BeimonHerHsIX B HUW apeprsix npobaem (Munck,

- Benapycs) coBMecTHO ¢ BOropoaunkum 3aBoIOM TEXHOXHMHYeCKkuX n3nenuit (B3TXN)
BBI3BANIO pemierue pykosoxacrsa LIEPHa opranw3oBaTh mpOM3BOACTBO 3HAYUTEILHOM
yactu kpucramios Ha B3TXM, npm srom HUM AlII Oyper BHIIONHATE pONB LEHTpA,
00ecHeTnBaOIero HAYYHOe PYKOBOACTBO MPOM3BOACTBOM. B COOTBETCTBHH C 3THM,
[JEPH nmpou3Ben KpyINHLIE MHBECTHIMH B OPraHW3allMi0 TPOW3BOACTBA U
HCCIOENOBAHUH, YTO CHOCOOCTBOBATO COXPAHEHUIO PabOYHUX MECT M MONEPHW3ALIA
obopyaoBanus.

Vcnonmp30BaHue Pe3ynbTaTOB MPOBENEHHBIX HCCIENOBAHUM U paspaboTaHHOIO
OpH- 3TOM O0OpYNOBAHMA, [O3BOAMT 3HAYMTENBHO YMEHBUIMTH pPACXOHBI IO
CTPOMTENBCTBY KANIOPUMETPA KaK PE3yJIbTAT NPHUMEHEHHS OOOCHOBAHHOW CHCTEMEI
orbopa crMHTHIISTOPOB. Takke 9T0 00ECHEYMBACT BBICOKYIO  HANEKHOCTEH
NIOJIy9aEMBIX PE3YNIbTaTOB B TEYEHUE HECKONBKHX JIeT pabOThl 3JIEKTPOMarHUTHOIO
KaNOPUMETpPa BCIEACTBHE BO3MOXXHOCTH TOUHON KaIHOPOBKY NETEKTHPYIOIIHX, SUEEK.

Ocroguble nONONCERUA OUCCEPMAUUNL, GBIHOCUMBLE HA 3AULUMY:

1) Mopnens BO3ZHUKHOBEHHS CHMHTIWITAUMA B KpHUCTalax BOIb(pamara CBHHLA
BKIIOYAOmas MPOLECCH], BAUAIOWIME HA pagMalMOHHOE ITOPAXKEHWE CBOMCTB
KPHCTAJUIOB ¥ HATHYME MEMNEHHBIX KOMIIOHEHT B CLIMHTHIUISIIIHSX.

2) PesympraThl aHanuM3a  BIVAHWS ~W3MEHEHHS  CLUHTHWUIALIMOHHBIX  CBOHCTS
xpucrannoB PWO Ha napamerps! 51CKTPOMAarHUTHOIO KalOPUMETpa.

3) MeToip!l ONTHMHU3AUMK CBETOCOOpa M3 KPYIHOrabapuTHOr0 CHHHTHIUIAHOHHOIO
9NEMEHTa CHOXHOW  (OPMBI, H3TOTOBIEHHOIO M3  BBICOKOPE(PAKTHBHOTO

- ABYJYYENPENOMIAIOMET0  CUMHTHIUIAIMOHHOIO  KPHCTAIa  C  HU3KUM
CBETOBBIXOZOM IIPH  pErMCTpaiu  curHanma  (GOTOAETEKTOPOM C  MAloH,

S
OTHOCHTEIBHO  BBIXOZHOM  IMOBEPXHOCTH  CUMHTHIIIATOpPA, YYBCTRMTENBHOM
IOBEPXHOCTLIO. :

4) ®usuyeckoe 06OCHOBAHHE METOAONOTHU 0T00Pa CLUMHTHINIIAOHHLIX KPUCTAIIOB
IJI%  WCTIONB30BAHMUA B JJEKTPOMArHHUTHOH KaJOPDUMETPUM IPH HMX MacCOBOM
IIPOM3BOCTRE.

JMuunerii 6xknad couckamens. 3ajadu, PEIIEHHBIE B JUCCEPTALNH, OBITH
chOpMYITHPOBAHBl HAYIHEIMH PYKOBOJIHTEIIMH copckartens K.¢.-m.H. M.B.Kopxkuxom
1 JOKTOpoM (hu3uxy, mpodeccopom XK.-I1. Ilense.

Couckarens BHEC CYIECTBEHHBIH BKNAx B pa3paboTKy (H3MUECKOW MOAenu
BO3SHUKHOBEHHS MEIICHHOH KOMIIOHEHTE U IIOCIECBEUEHNUS B CHUHTIIILIIsX PWO, a
raxke ciocobos ux mnopasneHuA. CouckareneM ObUIM BBIIOIHEHBI PaboTHL 110
ONTHMH3ALEN KOHIEHTPALMH JIETUPYIOMUX NMPUMECEH B KPHCTAUIAX, HCIIONb3YEMBIX
IS MEHUMH3 QLA TIPOLIECCOB HOPAKEHNUS ONTHIECKOTO MPOITYCKAHNS KPUCTATIOR TIPH
HX 0OTydEeHHH raMMa-KBaHTaMH.

ComcxareneM  OBUIM  [PEMIOKEHBI,  CMOJCIHPOBAHBI M [POBEPEHEI
9KCIEPUMEHTAILHO BO3MOXKHOCTH yNydIIeHHs cBetocbopa B KpucTamie. - Bouio
HETanmbHO ‘HCCIENOBAHO BIHAHME THIA °~ MATEPUANa OTPAXKAIOIIETO TOKDPHITUS M
00paboTKi TOBEPXHOCTEH KPUCTANNOB Ha ycnoBua cOOpa CBETa CUMHTHIUIALMI U, B
TOM HHCITe, Ha IposBaeHne d(dexra POKYCHPOBKA BEIXOAAIIETO M3 KPUCTALIA CBETA U
MPEANOXKEHET  COOTBETCTBYIOIME  pellcHus. TakKe  IpPOBEAEHO  JETAaNbHOC
HCCIENOBAHNE BO3MOXXHOCTH MPHMEHEHHS CMECTHUTENEH CITEKTpa LI, MOBBLIIICHUL
cbopa cBeTa CLIHTHIIIAIIHA.

ConckareneM ObUI0 I[POAHANM3UPOBAHO BIMAHME IAPAMETPOB KPHUCTAILIOB
PWO, Takmx Kak CBETOBBLIXOJ], IOHIIKCHHE CBETOBBIXOA MON HeHcTBHEM 00IydeHHA U
KHHETHKH  CIMHTWIISAIWA Ha [apaMeTphl  JJNEKTPOMATHUTHOIO  KaJOpUMETpA.
YTOUHEHS! IPEAEIbHO AOMYCTHMEIE 3HAUESHUS JAHHBIX IapaMeTpoB kpuctamios PWO,
JUISL KX UCIIOB30BAHMS B AIEKTPOMATHUTHOM KaJOPUMETPHH.

CowckaTenb BHEC CYIIECTBEHHBIA BKIa B pa3paboTKy, CO3AAHME M MCIBITAHHE
METOMONOTAA  OTOOpa  CLUWHTHULINAOHHBIX KPUCTAMIOB NS MCHOOIL30BAHMS B
3NEKTPOMATHATHON KamOPUMETPUH TIPM WX MAaccOBOM Npou3BoicTe. Conckareiem
OBUTH TIPOBEHEHBI CUCTCMATHICCKHE M3MEPEHMsS MApAMETPOR W AHAITHZ PE3YNbTATOB
M3MepeHuil MePBbIX POMBIIUICHHBIX HAapTHH KPUCTAIOB BOJb(pamMaTa CBUHIA HA
ABTOMATHYECKOM CHCTeMe KOHTpoid kadecTBa Kpuctamios (ACCOS) u ananus
Pe3yJIbTATOB M3MEPEHMIA pa/[MAIIMOHHON CTOMKOCTH W TpPEANOiKEHa cXema 0TOOpa
CIMHTHIIAIMOBHEIX ~ KPUCTAUIOB  JUI  KCIIONB30OBAHUA B OJEKTPOMATHUTHOH
KAJIOPUMETPUH TIPH MACCOBOM TIPOH3BOJCTEE.

Couckartenem ObUT IPOBEIEH aHATW3 3KCHEPMMEHTANBHBIX PACUPEAEIICHHH
KPUCTAUIOB 110 PAJHALMOHHOM CTOMKOCTH M OLEHEHBI BEPOSTHOCTH TIONAfAHHs B
KATOPUMETP HEKOHIHLHOHHBIX KPHCTAUIOB (OPOIYCK IEMM) X  BEPOATHOCTH
0TOPaKOBKY TOJHOTO KPWCTANNA (J0XKHAS TPEBOTa) NPU NPUMEHEHUM MNPEMIOKECHHbIX
METOJOB KOHTPOJIS.

Anpobayus pesyromamos Ouccepmayuu. Pe3ynnTaThl, W3IOKEHHEIE B
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Symposium 1994, IEEE Nuclear Science Symposium 1995, VII International
Conference on Calorimetry in High Energy Physics 1997, IEEE Nuclear Science
Symposium 1998, Journées CMS-France de la Bussiére 1998, SCINT'99 a takxe Ha
PerynspHEIX CEMUHapax, poBoasiuxcs B [IEPHe.

Onybnukosaniiocms pesynsmamog Ouccepmayuu. PesymsTaTsl, ONYYEHHBIE
COMCKATENeM B COaBTOPCTBE . C IDYTMMHM WIEHAMH HAYYHOTO KONMITEKTHBA,
OnyONUKOBAHEI B CEMH NPENPUHTAX W OTHENBHBIX BRITYCKAaX BecTHika Komnabopanuu
CMS (CMS Notes) um naTH CTaThiX B W3BECTHBIX HaydyHbIX xypHalax (IEEE
Transactions on Nuclear Science, Nuclear Instruments and Methods, Physica Status
Solidi, Radiation Measurements), a Taxxe B CEMH TPYAaX MATEPHAIOB KOH(epeHIHii.
Obmiee xonu9ecTBO OMYOIMKOBAHHBIX MATEPHAOB COCTABIAET 222 CTPAHULbL.

Cmpyxmypa u ob6vem Ouccepmayuu. Jluccepralus HaNHMCAHA HA DPYCCKOM
A3bIKE W BKIFOYaeT Baenenue, OOuIyro XapakTepucTHKY paGoTel, Tpu [maBel,
pasneneHuBle Ha pasgens! M naparpadsl, 3axmwogenue, CHOHCOK MCTIOMB30BAHHBIX
rcrounukos ¥ ITpunoxenus. IlomHeni o6sem nuccepranmy cocTasnser 148 CTPaHHMII B
TOM HHCIIe PHCYHKH B KONWYECTBE 66 Ha 42 cTpanuuax, Tabnuipl B KomudecTse 19 Ha
11 :crpaHmnax ¥ TPMIOKEHHMSA B KOIMYCCTBE 2 Ha 5 CTPAHHIAX. Bubnuorpadus
BKIIFO9aeT 127 ucToYHUKOB Ha 8 cTpaHMIax.

OCHOBHOE COAEP>XXAHWE PABOTHI

Bo BBexenny mpuBOIHTCA XpaTKas HH(GOPMALHA O CTPOAIIEMCS B HACTOAILEE
‘ Bpemst B [IEPHe mpoTOH- MPOTOHHOM ycKOpuTene Ha BCTpeyHex myukax LHC ¢
ouepruedi 14 TsB. Ha aTom yckopwTene IUIaHHpYeTCS NPOBECTH HECKOILKO
' BAXKHEHIIMX [N COBPEMEHHOW (YHIAMEHTANHHOH (DH3UKM SKCIEPUMEHTOB, B TOM
arcre, npoekt CMS mo mowcky GosonoB Xwurrca. OmHEM M3 HPMHIMIHAIEHEX
OPEMMYIIECTB JETEKTopa HpoekTa CMS ABIAETCA 3MEKTPOMATHUTHEIN KATOPHMETp Ha
OCHOBE HOBOrO CHMHTHILILMOHHOIO MaTepHala Bolb(pamarta csumma (PWO,
PbWO,).

Taapa 1 NOCBAIIEHA UCCIIE/I0BAHUIO COMHTHLILMOHHRIX u
CTIEKTPOMETPHYECKHX CBOMCTE KPHCTAIIIOB BONb(pamMaTa CBUHLA.

B Pasnene 1.1 omucassr uccrefoBanHble 06pasier kpuctamios PWO, a taioke
TIPUMEHEHHEIE METO/IbI HCCIIEIOBAHMA M SKCIIEPUMEHTANBHOE 000PYA0BaHKE.

B Paspene 1.2 paccMarpuBaeTcst MOAENh BO3ZHMKHOBEHHMS CLMHTHITIIHN B
kpucTamzax PWO. Ha ocHOBE CIEKTPOCKONHYECKHUX UCCIEAOBARMI KprcTantos PWO
Ham¥ yCTaHOBJIEHO, 4TO JIOMHHECIEHIMS B KpHCTanNax Bombhpamara CRHHLA
BO3HHKAE€T BCIEACTBHE MEPEXOAOB C MEPEHOCOM 3aPANa B AHHOHHBIX MOJIEKYIAPHBIX

xommexcax WO2~ WO, . Ha puc. | npuBeaeHa cxemMa HIWKHEX 3HEPIETHUYECKHX

YPOBHEH 4 ONTUYECKHX MIEPEXOJIOB B IOMHHECLIEHTHLIX LEHTPaX B kpucTamiax PWO.
W3 DONy9eHHBIX CHEKTPOCKONMYECKHMX MNAHHBIX M CXEMBI SHEPrETHHECKUX
YpOBHEH OBl CA€NaH BBIBOJ, YTO HEPEry/APHBIE LEHTDPH ABNAIOTCS TYDIMTEILIME
JIOMUHECUEHIMK PEryIApHBIX rpymn. Takum obpasom, nmojasienue Ae(EKTOB TUIA
WO;, Gasupyrommuxcss Ha KHCIOPOHKEIX BaKaHCHAX, ABISETCA HEOOXOMUMBIM IS

2

YBENM4CHUS CBETOBhIXOAA kpucTamios PWO. [lomaeierne ostux  aedextoB B
KDHCTaITax  HaMH  OCYIIECTBIEHO VHOCpS,D;CTBOM NOACTPOMKHA  TEXHOTOIMHU
BBIPAIIMBAHHSA KPHCTANIIOB. YCTAaHOBNEHO, YTO B KPHCTAIIAX C MUHUMAILHBIM
UPUCYTCTBHEM  HEPEryJspHBIX rpymn - WO;, obHapyxuBaemMoMy TIO CHIBHO
[IONABICHHBIM 3ECHOM M KPACHOH JIOMHHECLEHIINHU, CBETOBBIXOX B o6ga3uax Ix1x1
M’ YBENHIHBAGTCA B, 11O KpalHed mepe, 2 pasa u goctiraer 30 (poro /MaB (POY
XP2262). TloToMy, B KpUCTANNAX, BHPAEHHBIX B ONTHMATHHEBIX YCIOBHAX,
TOMMHHPYET JNIOMUHECUEHUUS PETYIAPHBIX BONLMPAMOBBIX TPYII, BCIEACTBHE UEro
CIEKTP PafHONFOMHHECLCHINY WM CIUMHTHILIAMI TOKAIH30BaH B Tony6o# obnacty 1
nMeeT MakcuMyM 420 M.
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Ha ocHOBamwM aHanW3a NAaHHBIX DPEHTIEHOBCKOW M HEWTPOHHOW mu(paxiuu
YCTaHOBJIEHO, YTO CHHTETHYECKHE KpUCTaIsl PWO SBISIOTCS TBEPALIM PACTBOPOM
aByx (as. Kpucrannsl, ronydyenssie U3 paciuiasa, cogepxawero cmecs PbO u WO; B
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CTEXMOMETPHUIECKOM COOTHOLICHUH, 00/1a0aloT CTPYKTYPOH MICEINTA M XUMUYECKOH
dopmynoit PbWO,. B xpuctannax, TONyJeHHBIX M3 paciiaBa C AeUUNTOM CBWHIA,
BO3HMKAET CYNEPCTPYKTYPa KATHOHHBIX BaKaHCHH. J{aHHBIM THI KpHCTalia Ha3BaH
HAMM IH€eTATONONOOHBIM, a €ro XuMmmdeckas GopMyla OIpefeseHa HaMHU Kak
Pb; sWgOa».

B Pasmene 1.3 paccmaTpuBaeTcs mnpobnema IMONABIEHMS DPaIHALHOHHOIO
NOP&KEHM ONTHHECKOro IIPOIYCKAaHWA KPHCTANIoB BONb(Qpamara cemEIA. Hamm
YCTaHOBJIEHO, YTO BCAEACTBHE OTHOCUTEIHHO HEOONBINOH IIMPUHE 3aIIPEIIEHHOM 30HE!
(4.2 3B) B KpuCTa/IaX HE BO3HHUKAOT JJIEKTPOHHBIC X JIBIPOYHBIC LEHTPBI HA OCHOBE
COBCTBEHHBIX TOYECTHBIX Ne(EKTOB, KOTOphIe 0OpaszylTCs 3a CHET 3aXBaTa OJHOTO
3mexTpona nubo OnHOH HpIpKH. B KpHCTannax BOSHMKAKOT METACTaOWIbHBIE LEHTPEHI,
KOTODBIE 32XBaTBIBAIOT TONLKO [ABE IBIDKHM WM JBa 3MeKTpoHa. Momusupyromee
H3IYJEHHE HE NOpakaeT MEXaHW3M CIMHTHLIANMH, a HabmiomaeMoe CHIDKCHHE
CBETOBBIXO/I2 BBI3BAHO IIOSBICHHEM HABEJEHHOTO ONTHYECKOTO IOTJIOMIEHMA B
KpHCTAIIAX. YCTAHOBIEHO, HYTO JBYX-ABIPOYHBIC UEHTPHl Ha 06a3e KaTHOHHBIX
BAaKAHCHH SBISTIOTCSA OCHOBHBIM MCTOYHHKOM HABEJAEHHOIO IOIIOIIEHMS B KPUCTAJIaX
PWO.

[losToMy, U1 OLEHKM palMALMOHHOM CTOHKOCTH KDHCTanIOB BO3MOXKHO
HCIIONB30BATh M3MEPEHHE BENWYHHB! PAIHALMOHHO MHIAYLMPOBAHHOIO ONTHYECKOrO
nornomenns. Ha OCHOBaHMM OKCIIEPHMEHTANBHBIX NAHHBIX OBLIM yCTAHOBJIEHBI
KOppETALMA MEXY BENHYMHON HabmoqaeMoro mopakerus cerosbixona (I-Ip)/Iy mox
‘IeficTBHEM JIEKTPOHOB ¢ 3Heprued 120 B n ontaveckoro npomyckanus (T-To)/ Ty
npu y- 00nydenuy ¢ sHepruedt 1.25 MaB 11 MOTHOPa3MEPHEIX KPUCTAIUIOB, H MEXIY
WHOYIUPOBAHHBIM IOTJIOMEHMEM Ha JauHe BonmHel 500 HM, wH3MEpPEHHBIM Ha
NONHOPA3MEPHBIX JJIEMEHTaX BJONb OCH Ay M HHAYUUPOBAHHEIM TOTIOIIEHMEM
W3MEPEHHEIM Ha 00pasiax, H3BICYEHHBIX X3 BEPXHHMX YaCTEH KPHCTAIIOE Ay,
MIPUBEICHHBIE Ha PHC.2.

Jlnd TOHAaBNEHMS MEXAHW3MOB pAJMAUMOHHOTO IIOPAXKEHMA Hamu  ObUI
(pEeIOKEH U apOOHPOBAH METO/ KOMIICHCAIMY A(PEXTOB ¢ MOMOIBIO IETHPOBAHNS
HEHM30MOP(HEIMH  5-BANEHTHEIMH, 3aMEIIAIONMME WOHBI Bombdpama, © 3-X
BAJICHTHBIMY, 3aMEMAIOIMMY HOHE! CBMHNA, ipuMecsmu La, Lu, Y, Nb, a Taxke nopu
COBMECTHOM JIETMPOBAHWH HECKONBKMMH IPHMECSIMH W3 BBILENEPEYNCIEHHBIX. B
TIEPBOM CIydae, HOHBI HUOOUSA, JIOKATH3YACh B NO3MIMAX W cospmaror m36BITOMHEIH
HEKOMIEHCUPOBAHHEIN OTPHUATENBHBIA 3apsid, YTO NPUBOAUT K IIOABIEHUIO
JbIPOYHBIX LIEHTPOB. Bo BTOpOM ciyuae, MOHBI JIaHTaHa IPH JIOKAIM3ALMH B
nonoxenuax Pb®* cos3naioT M3GHITOMHBIN HEKOMUIEHCHPOBAHHEN MONOXKHTEIBHEIN
3apsifl, 9TO TPHBOAMT K TIOABIIEHHIO 3IEKTPOHHBIX IEHTPOB. Kak HamMy yCTaHOBIIEHO,
IIpY COBMECTHOM JIETUPOBAHUM MPHUMECAMY ONTUMAIBHOE KOHLEHTPAlXa KaXIOW u3
Hux cocTapnger nopsaaxa 100 ppm. B aToM ciyHae eme He IPOMCXOUT WX COBMECTHAS
cerperawyis (KOppeNUpOBAHHOE BXOJKACHUE) B KPUCTAILIE, & IPAMECH PACTIPENEIAIOTCS
CTAQTHCTHUYECKH, IPH 3TOM MPOMCXOTUT dDOEKTUBHOE NMOAABIEHHUE KAK IbIPOYHBIX KaK
U 3JIEKTPOHHEIX IEHTPOB.
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B Pasmene 1.4 upwBOmATCS  pe3ynbTATHI Hcéhenonannﬁ KUHETHUKH
CHMHTHIULMA, B TOM YHCE, DACCMATPHBAIOTCH MEXAHM3MBI  BO3IHHKHOBEHUS
'MEJINEHHBIX KOMIOHEHT ¥ NOCICCBEYCHUA B CLMHTHIIAUAIX MOHOKpHCTALIOE PWO.
YCTaHOBIIEHO, YTO OTHOCHTENBHBIN BKIAJ PAsIHYHBIX THIIOB IEHTPOR B CBETOBBLIXOL
CHMHTHIULILMI BapbUPYETCA TPH OTJETBHBIX H3MCHCHHSX B TEXHONOTHMH H OYEHD
YyBCTBUTENEH K YHCTOTE WMCXOAHOIO ChIpbi. OCHOBHOH Ipumecsio, kOTOpésx
H3HAYATBHO IPUCYTCTBYET B KpHcTammax PWO, ssisercs npuMech MommbreHa. Vo
MONHOAEHA WM3OBAEHTEH BOTb(PaMy, 06pasyeT TaKue e KPHCTAIIHYECKHe
COCIUHEHUA M OYEHb TPYJHO BBUIENACTCH IPH OYHCTKE ~ CHIPBA. Hamn 65uio
YCTQHOBIIEHO, YTO IPHUCYTCTBHE MOHOB MOIHUOJEHA SBISETCS OCHOBHBIM HCTOYHHKOM
TIOC/IECBEUEHNS, MEUIEHHBIX KOMIIOHEHT W TYIIEHHS NIOMUHECUEHITH PEryIApHBIX
neRTpoB. TYIIEHHE PEryIAPHEIX IEHTPOB MPOUCXOAUT H3-32 TOTO, YTO IHEPrETHIECKUE
YPOBHM IEPBOIO BO30YXKIEHHOIO COCTOSHHA HOHOB aHHOHHOTO KOMIIIEKCA MOTHOAEHA
MoOi_, nexar mmke Ha 3600 cv' (0.45 5B) uem ypoBHW mepBOTO B036y>xneHHoi‘o

COCTOSIHHJL MOHOB AHHOHHOTO KoMIUiekca Bonbppama WOZ™, Bemencteue dero

BO3HMKAET Oe3M3MyJareIbHOC TYIICHHE 3a CUYET KYJIOHOBCKOIO B3aumojeicTsus. [Ipu
ITOM, TIPH KOHUEHTpaLMIX MomubaeHa mopsaka 100 ppm B CHMHTHIIAMAX BOSHUKAET
MCEIUICHHAS KOMIIOHEHTa C XapakTepHbM BpemeHeM BoicBeumBanus 200 - 300 He u
NIOCIIECBEYEHHE C BpPEMEHAMHM B MHIUIMCEKYHIHOM  Juanazone. Ilpw ysemueHnu
KOHIEHTpaly MonubaeHa a0 ypoeHs nopsaxa 1000 ppm, mocnecsesuenue, CBA3aHHOE
C NPUCYTCTBHEM MONHOAEHA NEPEXOLUT B 00JIACTh MUKPOCEKYH, TO €CTh, CTAHOBHTCS
NONIOAHHTENBHOH MEIIECHHOM KOMIIOHEHTOH CIIMHTHIISIINN, & TYIUIEHHE CLIMHTHIISIEH
CTAHOBHTCS 3HAYMTENLHEIM. BIaronaps TYmenuio MOMUHECIEHIAN PErYISPHBIX TPy
kommiexcamu Mo Oi‘, JOMs OBICTPBHIX KOMIOHEHT B CLHTHWILULILKSX KPHCTAIUIOB,

JNETMPOBAHHBIX MOIMOLEHOM, YMEHBIIAETCS. YCTAHOBJICHO, YTO B 3aBUCHMOCTH OT
KOHIEHTpauuy MonuO/eHa MakKCUMyM CYMMAapHOrO CHEKTPa JIOMHHECTIEHIHH
MEHSIETCA B auarrazone ot 440 no 520 am.

B Paspmene 1.5 npuBeneHs! pe3ynbTaThl aHATH3A BIUSHUS [TAPAMETPOB KHHETHKU
kpuctaiios PWO Ha BO3MOXKHOCTH €ro HMCIIONB30BAHHMS JUTS OBICTPLIX IETEKTOPOE
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n3nydenns. VcenenoBansl OCOOEHHOCTH 3aBHCHMOCTH KHHETHKH CUHHTHULILME OT
TEMIEPATYPLl KPUCTANIOB BONbOpPAMATA CBWHIA, BBIPALUCHHBIX B PasTUYHBIX
YCHOBUsX. VYCTAHOBIEHO, YTO JUIT JAOCTHKGHWS 3aJaHHOTO YPOBHS [apamerpa
KUHETHKY CUMHTHUIALMHA ONpeNensIiomeH ABIIeTCs caMas MEIJCHHAas KOMIIOHEHTa
xuneruky cuuHTHsinui (13=100-300 HC), MHTerpanbHBIH BKIAJ KOTOPOH He NOIDKCH
npeesimats 0.5%. Ha oCHOBe mNpOBENEHHBIX DAaCYETOB M M3MEPEHHH KHHETHKH
CUMHTANLLIMEA KPUCTANIOB ¢ NMPHMECHI0 MONHONEHa YCTAHORIEHO, YTO NPENETBHO
JOIYCTUMOE CONCPKAHWE IPHUMECH MONMONEHA B KPHCTAIIAX IUA KalOpHMeTpa
npoekTa CMS cocraBigeT 5 ppm.

B Iixae 2 pacCMOTpEHLI BOTNPOCH  ONTHMHM3ALMH  cBeTocOOpa U3
KpYIHOrabapUTHOTO CLHTUUIALIMOHHOTO 3JEMEHTa CIIOKHOM (hopmEr,
H3TOTOBJICHHOTO u3 BBICOKOPE(PaKTHBHOIO JIBYIIYYEIIPETOMISIOIETO
CHMHTHIISIORHOTO KPHCTala ¢ HU3KHM CBETOBBIXOMOM IIPH PETMCTPALlM{ CUTHAIA
($OTOETEeKTOPOM ¢ MANOH, OTHOCUTENBHO BEIXONHON IOBEPXHOCTH CLHEHTUIIATOPA,
TYBCTBHTENHHOH IOBEPXHOCTBIO.

B Pasnene 2.1 obcyxaeHs! 0COGEHHOCTH CBETOCOOPA M3 KPHUCTALIOB C MajoH
HHTEHCHBHOCTHIO CIIMH AN,

B Pasnene 22  omucab! DPUMEHEHHBIE METOHbl Mcchexosanmid. Jlna
JICCIIE{OBAHTLS TIPOTIECCOB PACTIPOCTPAHEHHS CBETA B KPHCTAIUIE U CHCTEME KPHCTAILN -
(OTONETEKTOP  HCIONH30BANMCH KAk  SKCHEPHMEHTAaNbHbIE ~METOABI, TaKk U
Mbnennposaxme meronom MouTte-Kapno.

B Pasgene 2.3 IlpuBeAeHEl pPe3yNbTaThl aHaNW3a BIFITHAA H3MECHEHHA
CUMHTALULSIMOHAEIX  CBOMCTB  kpucTaimioB PWO, Takux Kak CBETOBBIXOL,
HEOIHOPOIHOCTS CBETOBRIXOA ¥ NaJCHME CBETOBEIXOMA IO/ NeHCTBHEM O0IydeH s Ha
3Hepre_mt{ecrcoe paspemeHue 3NEKTPOMATHHTHOTO KATOPUMETPA.

3aBHCHMOCTS MEXY BENUIHHON Aphoro — TEPMA CTOXACTAIECKON KOMIIOHEHTEI B
JHEPTeTHIECKOM Pa3PENIeHNH 3MeKTPOMATHUTHOIO KaJIOPHMETPA, 3aBHCAIIEr0 TONBKO
0T DOTOCTATHCTHKM ¥ W3GHITOYHOr0 IIYMOBOTo haktopa F naBWHHOTO (oToaMOAa
(JI®H, Avalanche Photo Diode, APD) 1 cBeToBEIXOQOM KpHCTalIa LY py M3MEpEeHHOM
¢ nioMotpio POV XP2262 onucsBacTes CleAyomeR GopMymoH:

F
aphoto = 3
LYpy - (QE ppp/QE pr) - Ko &

e E=Swoet/Swierr - OTHomenwe >dbexTuBHON Ilomaau QoroaeTekropa X
3G PEKTUBHOM IIOMANM BEIXOTHON DOBEPXHOCTH CUMHTHIIATOPA, ¢ ydeToM dddexTa
doxycuporkr, QEpy # QEppp —  COOTBETCTBEHHO KBAHTOBHIC 3(HEKTUBHOCTH
doroxarona OV u JIOM, Kiyy - K03dhGuLUuenT, yIUTHBAIOMMH AOMOIHUTEIBHEIA
ceetocbop oT nmpumenenvs B cnydae JIOJ] omrHdeckoro kies ¢ KOd(QQUUHMEHTOM
IPENOMACHHS 1.7 BMECTO ONTHYECKOH HMMEpPCHH ¢ KO3(DMHUIMEHTOM NPENOMIEHHUA
1.5, xak B ciiygae ucnons3osanus GIY.

B  pesynpraTre  HaMu  ObDIM  YTOYHEHBl  [pele/IbHBIE  3HAYEHMS
CUMHTHIIALHOHHBIX [apaMeTpoB KpucTamioB PWO, mpu KOTOPBIX €LIE NOCTHXKUMO
3HEPreTHYEeCKOe Pa3pElICHHE SIEKTPOMArHUTHOTO KaJlOpHMETpa HE0OXOAMMOE JULT

(1)

e
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SKCIepuMeHTOB mpoekta CMS.

Omperiener  HMKHMH  IIPEAEN  CBETOBBIXONA CLUMHTWULALMOHHOHW  AueHKH
SMEKTPOMArHiHOrO kamopumerpa CMS, pasHeii 8 ¢ortoonekrponos/MaB  npu
M3MCPECHIH, NPOBEAEHHOM ¢ noMonpro OV XP2262, npu BpeMEHU WHTETPHPOBAHUS
100 HC, TemmepaType 18°C w mcrounmKe H3JTyYeHMs, pacrnonoxesHoM B 80 mwm oT
BRIXOJHOM TIOBEPXHOCTH KpHCTalla, uyto obecrednBaeT BKIan (OTOCTATMCTHYECKOMH
KOMIIOHEHTEI 3HEPIeTMHYECKOro paspemieHus He Oonee 2.3%. VYyer pomycTmmoro
CHIDKEHHMS CBETOBBIXOA IIOJ AEHCTBHEM OOIYYEHHMA ONPEAENseT HIDKHWN Tpenen
CBETOBEIXOAa cuuMHTHIIATOPoB PWO, paueit 10 dorosnexrporos/MaB (MDY
XP2262). Onpeneneno NpefeNnbHO JONYCTHMOE HABEAEHHOE ITOITIONIEHHE B
nonHopasMepHBIX (aauHO# 230 MM) xpucramiax Aky= 1.14 ' u COOTBETCTBYIOLICE
MHYIFPOBAHHOE IOITIOMECHHE, H3MEPEHHOE Ha 00pasLax, U3BICYCHHbIX U3 BEPXHUX
gacTed KpucTanmop, Ak~ 0.8 M'l, 1P KOTOPBIX [JONOJHHMTENBHEIA BKIag B
CTATHUCTHYECKYIO KOMIIOHEHTY SHEPIETUIECKOro paspererus He Boiue 0.2%.

B Pasmemax 2.4 W 2.5 NpOBeAeH aHaIW3 BIWAHHA PA3lWYHBEIX THIIOB
OTP@XXAIOIIMX MOKPHITHH KpPHUCTANIOB M IIPUMEHEHHs CBETOBOXOB pA3SNUYHOMN
KOHCTPYKIMM Ha CBETOCOOpP M HEOTHOPOIHOCTH CBETOBBIXOZA 110 JUIAHE KpHUCTaNa.
HAuddysaere orpaxarenn ob0ecneywBarOT JNy4iunid CBETOCOOP [0 CPABHEHUIO C
3epKaATbHBIMY. HammydumM OTpaXaroniuM MaTepHalIoM C TOYKH 3PEHHs JOCTHXEHHUS
MakcuManbHOro cBeToBbixofa sABmtercs TYVEK®. Opnaxo TYVEK® neomsoponex
0 TONNIHHE, KoTopast cocTasisieT 200 M, 9TO IPUBOANT K YBEAMYEHUIO 3a30Pa MEXKIY
KPHCTAIAMH B KaJOPHMETPE, M, CIEHOBATEIBHO, K YXYMILEHHIO SHEPreTHYECKOIO
paspemenus. Ilostomy Hamu Obin uccnenoBaH Hopeli Matepwan TEDLAR® u
HPEINI0KEHO UCIONE30BATE KOMOMHUPOBAHHbIE IBYXCIOHHEIE TOKPHITYS THIIA Teanap-
Matinap, uMerommue 061y 0 TONIKAY 75 PM. - :

Usyuenue ocobeHHOCTE# 0OHapyxeHHoro sddexra (QOKyCHpPOBKH CBETA B
kpuctamiax PWO, wumeromux ¢dopMmy, BbIOpaHHYIO AJlA  SIEKTPOMArHUTHOTO
xamopumerpa npoexra CMS, mnosponuny cQOpMyIHMpOBaTE PEKOMEHTALMU I10
ONTMMAJbHOMY PpACHONIOKEHMIO Ha Kpucramie (OTOAETEKTOpa, MIOWAadh KOTOPOro
3HAYUTEILHO MEHBLIE [IOLIANH BHIXOJHON LOBEPXHOCTM KPUCTAILIA, KAK TO HMEET
MecTo B cnyvae upumenenms JIOJ[. B osTom cnydae HEoO6XOAMMO IOKPHIBATH
OCTAJBGHYK  4YacTh  BBIXOAHOM  [OBEPXHOCTH  CLUMHTWUIATOPA  OTPaXKaroLuM
MarepraioM, yTo0bl 06ecrieunTs OKYCHPOBKY CBETA B IEHTPAIBHON YacTH BBIXOJHOW
nosepxHocTH. OGHApYXEHO CMENIeHHe MaKCHMyMa II0TOKAa CBETa OT NEHTpa X
nepudepur IpH WCIOTIB30BAHUA IOTNIONIAIONIEr0 TOKPHITHS BOKPYT (oToAETEKTOpa
BMECTO OTPaXKAOIIETO.

VCTaHOBIEHO, HTO IIOKPHITHE BEIXONHOHM IOBEPXHOCTH MOJENHPOBAHHBIX
KPUCTAITIOB TOTIOMAIMM MaTepualoM He MOXeT 3P EKTHBHO MOJABIATH
PErUCTPALMIO0 MHOTOKPATHO OTPAXKEHHBIX B KPHCTANITE (DOTOHOB.

B_ Pasnene 2.6 pacCMOTpEHLI BONIPOCHl ONTHMM3anuu cbopa cBera
CUMHTHIUIALME 8 obNacTd couleHeHWs kpuctaura U oromeTexTopa. [IpuBenessl
PE3yIbTaThl aHaNH3a cBeTocbopa B ciydac conpspkeHus kpucranna PWO ¢ nasuHHEIM
$OTOAMOAOM MOCPEACTBOM CBETOBOLOB PA3HYHON KOHCTPYKUHM. IIpoBeNCH aHalM3
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NPUMEHEHHS METOJd KOHLEHTPAUMH  (DIyOPECHEHTHOrO II0TOKA C  MOMOIIBIO
CMECTHTENIEH CHEKTpa ANs YBENWdYeHHsa cseTocOopa Ha (POTONETEKTOpPE C MAaoH
YYBCTBUTENbLHON [IOBEPXHOCTHI0. Y CTAHOBIIEHO YTO IPY 3TOM COOp CBETA Ha TaBHHHOM
doroavioge MOXKeT OBITH YBEAMUEH O 5 pa3 N0 CPABHEHHIO C NPAMOH YCTAaHOBKOH
JI®J] nwa xpucramae. JlaHHBIE PE3yNbTaThl CHOCOOCTBYIOT UPHMMEHEHMIO aHHBIX
KPUCTAIIOB B AKCIIEPUMEHTAX ¢ Donee HU3KUMY dHepruamMu yem Ha LHC.

HccneqoBaso BIMSHHE BETWYHHBI KOd(MGUIMEHTa NPEIOMICHUS ONTHYECKOTO
xouTakra kpucramia u JIDOJI. Onrtmyeckas mMmMmepcus B 30He compskerus JIO] c
KPHCTAIIOM MOJKHA MMETh MAaKCHMAIBHO BO3MOXHEIM TIOKA3aTelb PENOMIICHH,
Hapbosee ONU3KUIT K TOKa3aTeNI0 IPEIOMIICHHA KPUCTAIIa BOIb(pamaTa CBHHITA.

Taxoke HCCIENOBaH cirydail cdopa cReTa CUMHTHILIALIMH IPK YCTAHOBKE CHCTEMBL
w3 4:JIOJ] Ha OTHOM KpuCTamie. YCTaHOBIEHO, YTO KOMOMHHPOBAHHME HECKONBKHX
JIOJ, ycTaHOBIEHHBIX Ha OXHOM KPHCTAJLIE, IPUBOMUT K YBEIMUYEHHIO CBeTOCOOpa HE
TPOTIOPIMOHAIBHO YBENUYCHHIO IOBEPXHOCTA ONTHYECKOIO KOHTAKTa BCIEICTBHE
“3bdexra HOKYCHPOBKHU. o

" "B Pasmene 3.1 DInaBbl 3 pacCMOTPEHH! - NPOOIEMBI  CepTHOHKAIUY
CUMHTHJULILMOHHEEIX [TapaMeTpor kpucTamioB PWO npu ¥x MaccoBOM MPOM3BOACTBE.
TIpou3BOACTBO ~ CLUMHTUIATOPOB  BONh(pamaTa CBMHLA JUIT  KOMIUIEKTaLMu
anekTpoMarsuTHoOro  kamopmmerpa CMS mpenctasnger coboil  koHBeHepHOe
IPOM3BOJCTBO, KoTOpoe Gyuer paboTaTh ¢ MaKCHMAIbHOH MPOM3BOAMTENSHOCTRIO B
TEYEHHE HECKONBKHX JIET, 4T00BI H3roToBuTh Oonee 80000 xpucramio PWO, mpruem
‘6e3 *CKIIAMPOBAHN BBITYCKACMON IPOAYKIwY: ODTO O3HAYAET, YTO HPOH3BOACTBO H
“Hoctasxa I(pHCT&JIJlOB JOTDKHEL COMPOBOXIATHCA XOPOIIO HPOAYMAHHOH CHCTEMOM
MepolpusATHif, obecieunparoniell 3GOEKTUBHOE TPOUSBOACTBO CHUHTHIIIAIMOHHEIX
KPHUCTAIIOB C 3aMaHHBIMI CBOMCTBAMY F MHHHMAIbHAIM KOTHYECTBOM PEKIaMAaIIHi.

I[IpeasIOKeHa TPEXYPOBHEBAS CXEMa KOHTDONS IIapaMeTpoB kpucrtamios PWO,
KOTOpas MPEATIONAraeT CIeIYIOmee:

e [TuNOTHEIC WCCTETOBAHWSA CHIPBA, T.€. BHIPALIMBAHUE OBGPA3NOBBIX KPHCTAIOB H
" HCCIEOBAHUE UX [IapAMETPOB B I1aGOPATOPHH.

o Cep"m(pnxaupix CEpHMHBIX KPUCTAIIOB HA 33BOJE - H3TOTOBUTEIIE.

o [Topropras ceprudukarus & [[EPHe

B ycnosusx MacCOBOrO IPOM3BOACTBA KPUCTAIIOB B CTONb OONBIIHX
MaciTabax, IPUMEHEHNE U CepTU(GUKALMMA KPUCTAILIOB 1ab0paTOPHBIX METOA0B 1
anmapaTypsl  OKA3BIBACTCS KpaiHe 3aTPy[HUTENBHBIM, a B CAy4yae KOHTpPOJS
PafMAHOHHON CTOMKOCTH KPUCTAJUIOB IPAKTUYECKH HEBO3MOXKHBIM, BCIEICTBUE WX
HU3KOM IIPOM3BONWTENBHOCTH M BBICOKOH croMMOCTH oOopynmoBamusa. Ilosromy
BO3HHKIA HEOOXOJMMOCTh B CO3NAHMM W (DU3HIECKOM OOOCHOBAHHM METOJNOJIOTMH
KOHTPOJISI, KOTOpas, HAa OCHOBE YCTAHOBJICHHBIX HAMM KOPPEIAUHH, II03BONAET
3aMEHHUTh KOMIUIEKCHBIE abOpaTOpPHBIE UCCIENOBAHMS HAOOPOM  KITFOYEBBIX
OKCIIPECCHBIX H3MEpeHuid. B wacTHOCTH, AN KOHTPONS PatUallMOHHON CTOMKOCTH
IPETAraeTCs MCIOIb30BaTh PE3YNbTaTH W3MEPEHUS PaJUalliOHHO HHIYIIUPOBAHEOIO
IIOTTIONIEHHS 00Pa3LOB, U3BICUCHHbIX M3 BEPXHMX HacTelf KpucTamiugeckux Oyme,
T KOHIEHTPANs Ie(heKTOB MUHUMAIEHA.

i
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BaxubiM 571€MEHTOM TPOrpamMMel cepTU(GUKATHE KprcTanios PWO g YCIIOBHSX
MaCCOBOr0 MPOM3BOACTBA sABJIseTCs paspaborannas B HMW snepurbix npobaem (Murck
benapycs) cosmectro ¢ JIAIIIL (Ancu-ne-Bse, ®panmus) u LIEPH (Kcuesa,
[[Iseiinapus) ABTOMATHIECKAs CHCTEMA komponﬂ xagecTBa Kpucrammos ACCOS
(Automatic Crystal COntrol System), onmcanuas B Pazgene 3.2. Cuctema ACCOS
IPEACTARNAET COOON MPOTPaMMHO-ANNAPATHBIA KOMIUIEKC, NPENHASHAYEHHbH s
U3MEPEHMS TEOMETPUICCKUX DPA3MEPOB, ONTHYECKOTO MPONYCKAHHA BIOTL - ©
NEePUEHIUKYIAPHO OCH KPHCTAla, KHUHETHKH CUMHTWULAUME, CBETOBHIXOHA W
HEO/THOPOJHOCTH CBETOBBIXO/IA B ABTOMATHYECKOM PEIKUME.

B Paspene 3.3 mpwBeneHsl pe3ysbTaTHI HCCIEIOBAHMI BOCIIPOM3BOIMMOCTH
PE3YNBTATOB M3MEPCBUI, IPOBEAEHHBIX ¢ IomMompbio cucTeMbl ACCOS u° pesymsTaTh!
M3MEPEHUI KPHCTAJUIOB IEPBOI NMPEAMACCOBON NAPTHHM, IPOBEAEHHEIX HA CHCTEME
ACCOS. YcTaHOBNEHE! KOPPEISIUA MEXKAY Pe3yIbTaTaMi H3MEPEHHH, NONYIeHHEIX
Ha cucreme ACCOS u na naboparoproM 060pyaOBAHYH.

Pajpanuonnas cTOMKOCTS KPHCTAIUIOB ABIIETCS OJHMM M3 HAHOONEE BAXHEIX
[aPaMETPOB, O0ECTIEYHBAIOIMX JONrOBPEMEHHYI0 paboTy kamopumerpa. C b0
CTabMIM3alUE TEXHONOIWM BHIPALIMBAHUA KPHCTAWIOR PWO ¢ BOCHpOH3BOXHMON
PafualMOHHON CTOMKOCTRIO M KOHTpoms smementoB PWO ana cbopkm mepsoro
CYNEPMOLYIA SNEKTPOMATHUTHOTO Kanopumetpa CMS, GRUTH MPOBENCHBI H3MEPEHHA
bomee 900 xpucramzos PWO. B pesyisraTe HamM YCTAHOBJIEHSBI NpEACTLHEIE
HOIIYCTAMBIE HOMEPA NOBTOPHBIX KPHCTAIH3AIMH [ kpucTamios PWO pasiugrex
TUIOB. B 4acTHOCTH, /IS KPHCTAIIOB C ABOMHBIM JIETMPOBAHUEM, BLIPAIEHHEIX B
ONTHMANBHBIX YCIOBUAX, IPEASABHON MNOIYCTUMOH KPHCTANTM3ALUMEN ABIAECTCS
JEBATAsL.

AHAaTHM3  pacHpefeNCHMH  KPHCTAIIOB  TIO  BENHYIMHE  paJUallMOHHO
MHIYUUPOBAHHOIO IIOIVIOMIEHHA ITO3BONMI OIIEHHTH .BEPOSTHOCTH TONAJAHHS B
KalOpUMETP HEKOHJHMIMOHHBIX KPUCTAIIOB (OPOIYCK MEeTH) ¥  BEPOATHOCTH
0TGPaKoBKM TOAHOTO KpHCTAMIa (T0XKHAs TPEBOTA) TPH IPHMEHEHUH [PCUIOKEHHBIX
METOJOB KOHTPOJIA. :

Cpennee KOIMYECTBO HEKOHTHITMORHEIX KPUCTAIIIOB, KOTOPOE MOXKET IIONACTE B
kanopumerp N:

>

X0
N=[Fx)G(x—xy)dx (2)
0
a CpeJHee KOMMIECTBO FOAHBIX KPUCTAIIOB, KOTOPHIE MOI'YT GBITE OTOPAKORAHEI M:

X,
M= [Fx)G(x-xy)dx 3)
X
roe F(x) - ¢ymxmma pacnpeneneHus KpUCTaIOB [0 BEJUYUHE pagualiOHHO
MHIYIMPOBAHHOrO nornomenns, G(x-Xg o) — QyHKIHS OTKIMKA CHCTEMBI W3MEPEHWU,
G - IOTPENIHOCTh METONA H3MEPEHHA, Xo - I[PENENbHO MONMYCTHMOE 3HAUYCHHE
PaIMaMOHHO-HHYIIMPOBAHHOTO IIOTTIOIIEHNS, X, — MAKCHUMAIbHOE JUIS JaHHOH
BEIOOPKH 3HAYEHHE PAHANMOHHO-MHIYINPOBAHHOTO TOTIOUICHMUS.
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Jis 5nexTpOMArHUTHOIO Kajopumerpa mpoekta CMS ¢ obmmM  9mciaoM
xkpuctannos 83000 B ciayYae ONTHMHSHUPOBAHHEIX [0 PAaAMALMOHHON CTOHKOCTH
KPUCTAJLIOB, CPEHEE HCIO HEKOHAUIMOHHBIX KPUCTAILIOB, KOTOPEIE MOTYT [ONACTb B
KajopumeTp ouerHeHo B 320421, a cpeHee KONMMYIECTBA TONHBIX KPUCTAJLIOB, KOTOPEIE
Moryr ObiTe OT6pakoBaHsl oneHeHo B 213x14.. Takum 00pasoM, MpeACTaBISETCS
NPUHIUIIKATEHO BO3SMOJKHBIM ‘ CO3ATh KalOPHMETP C TpeOyemol CTaOMILHOCTHIO B
ycnosusx o0aygenus. IIpu 5TOM 0T KOHTPOMA PaiMANOHHONO TOPAXKEHHS RCEX
KPUCTATUIOB, BO3MOXXHO IEPEHTH K BBIOOPOYHOMY KOHTPONIO —paJHAIlMOHHOMN
CTOMKOCTH ~ KPHCTaUIOB  NyTeM  W3MEPEHHA  paJUHalMOHHO-UHIYIHPORAHHOTO
TIOTIOIIERHS B 06pasnax, M3BIEUEHHBIX U3 BEPXHAX YacTell KPUCTAITHIECKHX Oymei.

B Ipu/ioKeHusAX CONEPXkarci AKTH O TPHEMKE 3aBEPIICHHBIX HAYYHO-
HCCIENOBaTeNbCKUX  paboT  «PaspaBorka:  OBICTPOAEHCTBYIOMMX  TSDKEIBIX
CIMHTWLILATOPOB U JETEKTOPOB HAa WX OCHOBE JUIA NPUMEHEHUS B.OKCIEPUMEHTAX IO
¢usnke BrIcOKHX 3Hepruil», N roc. per. 19943400 u «PaspaboraTs HOBOE TIOKOTEHYIE
3QHEKTUBHBIX OBICTPOAEHCTBYIOIMX THKENBIX CIMHTHINATOPOB ¥ NETEKTOPOB HA WX
OCHOBE JUIA IIPUMEHEHMS B MENUIMHCKOH PAJHONOTUM, NO3UMETPHH U (H3HKE
BBICOKHX 3Hepruit», N roc. per. 19971570.

SAKIMHOYEHUE

I Paspaborana MONENb - BOSHMKHOBEHHS  CLMHTIJULANEN B  KpUCTaIax
BONb()paMaTa CBYHIA BKIIOYAIOMAS [POIECCH, BIMAXONINE HA DaTHAEOHHOE
' TIOPaXEHHE CBOMCTB KPUCTAIOB W HaNWyWe MEIICHHEX KOMIOHEHT B
CUMHTHJULINMAX. Y CTaHOBIEHO, YTO B KPHCTAINE CYIIECTBYET 1O KpaHEeH Mepe Tpu
THIA JFOMHHECLEHTHBIX LEHTPOB: PerynspHas rpymma WO, Heperynspras rpymna
WO; ¢ xucmopogHOH BakaHCHe# ¥ Heperyispras rpyrmma WOs co CMEmEHHBIM B
MEXI0y3nue WOHOM kucimopona (aedexr Pperkens). IlokasaHo, 4To perymnsipHbie
P YILIIBL WOﬁ‘ BHOCAT OCHOBHOW BKJIaN B CUMHTWINALMK, a LEHTPHl HA OCHOBE
nedexToB THa WO; OPHBOAAT K TYUIEHMIO STUX CLMHTHIIAIWHA. YCTaHOBIEHO, YTO
CBETOBBIXO/ KpucTannos PWO MoxkeT ObITh YBENHYCH HE MEHee YeM B 2 pasa B CIydae
MHHVMU3AIAH B KPUCTAIIE KONMYECTBA HEPETYNAPHEIX IPyNn Ha 0aze aHHMOHHBIX
BaxaHcuii [1, 9, 10].

O6napyxeHo, 4ro Hapsny ¢ Ga3oi 4HCTOrO IIEENHTa B CHHTETHUECKHX
KpHCTalIax Bolb(pamarTa CBUHIA BO3HHKAIOT YIOPSIAOYEHHbBIE B CYNEPCTPYKTYPY
KaTHOHHbBIE BAKAHCHU B IIO3MIWYM HOHOB CBMHIA. Takas ¢asa HasBaHa HaMH
weenuronogobuoi. [Ipm  stom  xpucrammsr  PWO, BbipameHHBIE — METONOM
YoXpansCcKoro, sIBIAETCS TBEPIABIM PacTBOPoM ABYX (a3 [9).

OGuapy»ceno, YTO MOTEPH CBETOBBIXOXA B KPHCTAINIAX BONB(PaMaTa CBUHLA
opd  uX OONYYEHHMM HOHH3HPYIOUIMM  H3JIyYEHHWEM [POMCXOMST  BCJIELCTBUE
PalMalHOHHOTO TIOPAXEHHS ONTHYECKOTO IMPOIYCKAHMS KPUCTAId, IPH ITOM
OCHOBHBIM HCTOYHHKOM HHIYUUPOBAHHOIO IIOIVIOMIEHHA ABIAIOTCS J(BYX-JBIPOUHBIC
UEHTPB! Ha 0a3¢ KaTMOHHBIX BAKAaHCHH. {15 MOMABIEHNHS MEXAHU3MOB PAJUALIMOHHOTO
TOPaKEHHA NPEIIOKEH H ampoOHPOBAH METON KOMIEHCAUMY AC(PEKTOB C MOMOIIBIO
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MOTOIHUTENBHOIO TETHPOBAHNS HEM30MOPhHBIMM Npumecamu La, Lu, Y, Nb, a taxxke
COBMECTHOTO NETMPOBAHMH HECKOABKAMH MPUMECAMH W3 BBINETCPEHHCICHHBIX.
YCTaHOBIEHO, 4TO JECATHKPATHOE MNONABNEHHE HABENCHHOTO [OTVIOMEHHS B
CCKTPATILHOM THana3soHe CUMHTHMIsMH 350-600 HM TOCTHraeTCs IpH KOMIEHTpaIMK
aktusatopos ot 70 no 100 ppm {3, 11, 14, 15].

YCTaHOBNEHO, YTO NPUCYTCTBHE HOHOB MonubjeHa B kpucramiax PWO
SIBIAETCS. OCHOBHBIM ~HCTOYHMKOM TTOCHECBEYEHMS, MEIIEHHBIX KOMIIOHEHT B
CLUMHTHUIAIMAX ¥ TYITECHHS JIOMHHECLCHIWMH PETY/APHBIX LEeHTpoB. [lpu 3ToM, mpn
KOHIEHTparmsx wmomubnesa mopsaka 100 ppm B CUMHTHANAIMSX  BOSHUKAIOT
MEJINCHHAS KOMIOHEHTa C XapaKTepHBIM BpeMeHeM BricBewnBanusg 200 - 300 mc u
NIOCNECBCUCHHE C BPEMEHAMM B MIUUIMCEKYHIHOM napamaszone. [lpu ysemwuenmu
KOHLeHTpanuu Monubaena a0 yporHs nopsaka 1000 ppm, nocneceedenne, CesI3auHoe
C MPHUCYTCTBMEM MONUOAEHA TIEPEXONHUT B 00IACTH MHKPOCEKYH/, TO ECTh, CTAHOBUTCA
JOTIONHATENHHON MENIEHHOH KOMIOHEHTOH CITMHTHANALMN, a TYIIeHue CIMETHULLIHN
CTAHOBHTCS 3HAYUTENBHEIM. Brarofaps TymeHHi0 MOMHHECIICHLUY PEryIApHBIX MPYIIT
kommnexcamu Mo O%“, 10t OBICTPEIX KOMIIOHEHT B CLMHTWIIIMAX KPHCTANIOB,

JIETHPOBAHHEIX MONKMOAEHOM, yMeHbIIaeTes [1, 9, 10].

2. B pamkax MOAenH rOMOTEHHOTO KaTOPHMETPa ¢ HASHTHIHBIMHA [0 HAapaMeTpaM
ACTEKTHDYIOIIHMY sMefkaMu OBUIO yCTAHOBIEHO BIMSIHUE BEJMYMH CBETOBBIXOJIA,
TPOMONBHOM HEOJHOPOJHOCTH CBETOBBIXOJA, IALCHMSI CBETOBLIXONA TION neﬁéﬁiﬁeM
obnyuerns kpuctawioB PWO, Ha SHEpreTHYecKoe paspemieHue 3IeKTPOMArHHTHOTO
KaJIOPUMETpa, 4 TAKKE BIHUSHWE MAPAMETPOR KHHETHKY CLMHTWULILAN Ha HANOXEHe
HUMITYTbCOB. B pesynrraTte yCTaHOBIICHBI NpeAelsl HONYCTUMBIX 3HAYEHWH M3MEHEHUS
COMHTWULILMOHHBIX ~ CBOMCTB kpuctaymios PWO B mpomecce sxcniyararum
OIEKTPOMATHHUTHOrO0 Kanopumerpa. IlokasaHo, ¥To BenmmumHa (OTOCTATHCTHIECKOH
KOMIIOHEHTB! SHEPreTHYecKoro paspemenus He Oonee 2.3% mocTuraercs mpu
ceeToBbixone 8 Qotosnmextpon/MaB (DPIY XP2262). B pesymbrare, ¢ ydaeTom
JOIYCTMMOrO M3MEHEHHMs CBETOBBIXOJA 33 CHYET DPANHALMOHHOTO IOPAKEHUA
ONTHYECKOro NPONYCKaHHA, TPeOyeMBIi CBETOREIXOJ KPUCTANIOB HOIDKEH COCTABIATE
10 ¢orosnextpon/MaB (POY XP2262). PacauTano COOTBETCTEYHONIEE NPEAETHHO
JOTYCTHMOE HHIYIMPOBAHHOE TOIOMEHHE B TIOJIHOPA3MEPHBIX KPHCTAIAX, KOTOPOE
cocrapiser Akgy= 1.14 M B fuarasoHe JLTHH BONH CHMHTHITSIHI (350 — 600 um).
J14 MHHEMM3ALMH  YPOBHS HAJOXKEHUS MMIYILCOB ONpPEENAOIEH sBIseTCS
NPUCYTCTBHE MEIIEHHOM KOMIOHEHTH! KHHETHKH CIMHTHILILMHA (13=200 - 300 mc),
00YCITOBITEHHOH HAMMYHEM HEKOHTPOIUPYEMOH IPUMECH HOHOB MOTHMGIEHA, TIPU 9TOM
€e WHTErpanbHblii BKJaJ HE JOIDKEH npessim’a;rh 0.5%. Ha ocHOBE NpOBEXEHHBIX
PACYETOB W U3MEPEHMH KHHETHKH CIMHTIUIAIME KPUCTAJLIOB ¢ IPUMECEI0 MoIubiena
YCTAHOBIIEHO, YTO MPEAENBHO JOIYCTHMOE COZEPIKAHHE NpHMEecH MonubaeHa B
KpucTannax jus xanopuMmerpa npoexta CMS cocrtasiser 5 ppm [4].

3. Jns ontuMusanmu ceeTocO0pa M PEeruCTPAlUy CUrHANa (POTOAETEKTOPOM MATOH
[IOmMAa¥ B CIy9ae MCIIONB30BAHMA KpYHHOrabapuTHOTO BBICOKO-PEe(dPAKTHBHOIO
JBYNYIENPENOMISIONEro CLHHTHIATOPA CIOKHOH (hOPMBI ¢ HHU3KUM CBETOBBLIXOAOM
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NPEAI0KEHO HCIOIb30BaTE METOJ KOHIEHTPAUUM (IYOPEeCHEHTHOIO IIOTOKA C
[OMOIUBIO CMECTUTENEH CNEKTpa. YCTaHOBIEHO YTO TIPH 5TOM CBETOCHOp U3
CUMHTWIIATOPA HA JNABUHHOM (OTONHOAE MOXET OBITH yBemmueH 10 5 pas. s
YMEHDIICHHA  HEOJHOPOJHOCTH  cBeTocOOpa W3  CUMHTWULIUMOHMHON  SYEHKH
KATOPUMETPA MPEATOKEHO UCHONL30BAT, KOMOMHUPOBAHHBIE ABYXCIOMHbBIE TOKPHITHS
tuna Teanap-Maiinap. O6HapyxeH u HecnenoBaH 3QhexT GOKYCUPOBKH BBIXOAAILETO
¥i3 KpUCTalla CBETa B B JACTHOCTH, CABHI OT IIEHTpa K nepudepun MakCuMyMa ITI0TOKa
BBIXOJAIIErO M3 KPUCTANIA CBETA IIPH UCIIOIb30BAHIH HOIIOMAROIINX TOKPHITHI 30HEI
BOKPYT BBIXOJHOTO OKHa Kpucrania [4, 8, 13].
4. Paspaborano (usnueckoe 0b0CHOBaHHE METOXONIOI MK orbopa
CUMHTM/UIAIMOHHBIX ~ KPHUCTANIOB  ANsS  MCIONB30BAHUA B  DJIEKTPOMATHHTHON
KaJOPHMETPUH IIPU HX MACCOBOM NPOM3BOJCTBE. IIPEIIOKEHHEIE METOME! IO3BOJIAIOT
3aMEHWTh IPY  MacCOBOM  IPOM3BOLCTBE KpHCTaIoB PWO  kommuexcuble
71a00paTOpHEIE  MCCAENOBAHMA HA0OPOM  KITIOWEBBIX OKCHOPECCHBIX H3MEPEHMIA,
rapaHTUPYIOMHKX 0TOOP KPHCTANIOB BRICOKOTO KavecTsa [2, 5, 7, 12, 17, 18].

Jns mpoBefeHMsT KOHTIPONSA pPaJHALMOHHOH CTOMKOCTH KPHCTAanioB ObutH
YCTAHOBJIEHB! KOPPEIALMH MEXJAY BETHYMHOH W3MEHEHHWS CBETOBBIXOHA IIO[
nedcTBHEM  OONy4eHHss OYYKOM  OIEKTPOHOB M BEIMYHUHON  DPaguallHOHHO
MHIYIHPOBAaHHOTO ONTHYECKOIO ITOIVIOICHUS 0] ACHCTBHEM Y-O0Ny4eHHs, a Takxke
MEX/Yy BENMYMHON DPAJMANMOHHO MHAYLHPOBAHHOIO ONTHYECKOTO I[TOrJIOIIEHHS B
TOMHOPA3MEPHBIX dleMeHTax (mumHoM 230 mm) w B 00pasuax, M3BICYEHHBIX U3
. BEpXHHX 4YacTeH KpHCTalnmudeckux OyieH, rae KOBIeHTpauus Je()eKTOB MUHMMANbHA
[6, 16, 18].

Ha ocHOBe NONYYEHHBIX KOpPpENsnuii paspaboTaHa MHOTOYPOBHEBas CXeMa
KOHTPOJIA apaMeTpor KpucTamnoB PWO B mponecce MaccoBoro npoussojactsa. Cxema
npeuycmarpﬁBaeT [POBEJCHUE M3MEPEHHH IIapaMETPOB KPUCTANIOB Ha BCEM
OPOTSKEHHH  TEXHONOIMYECKOTO IMKIAa: OT MOMEHTAa TIOMYyYEHHsA 3aBOJOM-
U3TOTOBUTENEM CBHIPBA A0 OKOHYATENbHOH YCTAHOBKM KPHCTAILIA B ANEKTPOMATHUTHBLH
Kajopumerp [2, 16, 19].

[IpoBeneHHEIH aHANM3 SKCHIEPHMEHTANBHBIX PACIPEACICHHH [0 PaHALHOHHOH
cTOMKOCTH KPUCTAIIOB, TPOM3BENCHHBIX [0 W TOCHE MX ONTHMH3ALMM TEXHONOTHIL,
MO3BOJMI OLEHUTh BEPOATHOCTH TONAJAHWI B KaNOPUMETP HEKOHIUIMOHHEIX
KPHCTAJIOB (ITPOITYCK IIENH) M BEPOATHOCTH OTOPAKOBKH OJHOTO KpUCTaIa (I0XKHASA
TpeBora) TpH  NPUMEHECHUH  NPEIIOKEHHBIX  METOHOB  KoWTpons.  Jlns
3TEKTPOMATHUTHOIO KajnopumeTpa npoekra CMS ¢ obmwm yucmom kpucramios 83000,
B CIy9ac ONTUMHU3HPOBAHHBIX IO PaJMAIlMOHHOA CTOMKOCTHM KPHUCTAJIOB, CpeiHee
YHCJI0 HEKOHAUIHOHHEIX KPUCTANIOB, KOTOPBIE MOTYT IOMACTh B KAIOPHUMETP OLIEHEHO
B 320421, a cpenHee XOnMYECTBA TIOIHBIX KPUCTAUIOB, KOTOpPhIE MOTYT OBITH
orbpakoBaHbl oOneHeHO B 213+14. [loxasaHo, 9TO OT KOHTPONS PAIUALMOHHOrO
TNOPKEHUS BCEX KPUCTAIIOB, BO3MOXHO NEPeHTH X BHIOOPOYHOMY KOHTPOIO
PafMalHOHHON CTOHKOCTH KPHCTAILIOB, TO €CTh COXPAHEHHS HOCTUTHYTHIX TAPAMETPOB
pacrpeaenesis KpHCTANIOB 110 paJualOHHON CTORKOCTH [6].
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PE3IOME
HpobGsimes [ne6 Opreruy

"ONTUMU3ALSA CIII/IHTI/IHJIHHI/IOHHBIX [TAPAMETPOB
KPHCTAJIIOB BOJIbOPAMATA CBUHIIA 14 X [IPUMEHEHN Y B
IPEITA3MOHHOM SJIEKTPOMATHUTHOM KAJTOPUMETPUMY

Knarouesrre ciopa: IPENHU3HOHHAS 3ITEKTPOMArHUTHAS Kanopumerpus, KommakTHer
MIOOHHEIH CONEHOM (CMS), COMHTAIIANHOHEEIN KpHCTam, BONb(paMar ceuHIIa,
MONCIMPOBANKE,  CUMHTHIUIANUOHHELIE [apaMeTPhl,  CBETOBEIXON,  KMHETHKA
COMHTHIISMMY, paldanuonsas CTOHKOCTB, TEXHONOTHs BEIDATMMBAHYA KPUCTATIIOE,
cepTuduKanm, Maccoroe TIDOM3BOJCTBO.

Obnexr HCCAENOBARNSA — CHUHTHILTAHONHELE Ipuctamm PWO,
Ipenmer necnenopanns — CIMHTHIIANAOHHBIC 1apAMETPBL Kpncféﬁnbﬁ PWO s HX
UPUMEHEHASA B IPEUU3HOHHON SNEKTPOMArHHTHOH Kalopumerpud.

Henn weenenopanns - YIYIIICHHE CBOHCTB CUMHTHIIANMOHHEX Kprcrannos PWO,
NOCTHKEHME YPOBHS TPeOORAHMIA cnenuduKanmy npoexta CMS (LIEPH), yaepxxanme
[1apaMeTpOB KPUCTAILIOB B PaMKax CrenubuKanym Py ¥X MaccoBOM IIPOM3BOJICTBE,
Meroponorus u meromsr HCCNENOBANMA -  WCIONB30BANMCH TEOPETHYECKHIA,
OKCIICDHMEHTANLHEIE  METOARI M Merous! MaTeMaTHIECKOrO  MOJEMHPOBAHHS.
OKCIEPUMERTE!  OCYIIECTBIITHCE UYTeM IPOBENEHHA 1abOPATOPHBIX OILITOB 1
OKCIICDUMEHTOB  HA DEANBHBIX  ITy9Kax HacTan.  Pesymerarel  skcnepmmentos
obpabatsiBamics  Metomamu MATEMATHIECKOH  CTATHCTHKH M MeTomamu
KOPPENAMHOHHOTO aHaH3a,

Honywennsie pesyistarer u mx HOBUM3HA. Wccmenosamel Bnusmus YCIIOBU#A
TOXy9eHUs: XpucTamior PWO na mnx napaMeipm, Hpoananusuposano smusmue
HCKOTOpBIX mapameTpoB kpuctamnos PWO ma TTapaMeTphl  NEKTPOMATHUTHOTO
KalOpHMETPa W YTOYHEHB! MX MpENENBHBIE 3HAYCHUS. Hcenenosannr roamoxmocTn
YIyHamenns cserocbopa u3 kpucramta PWO u ONTHMASANMY COETUHEHUS KPACTAILI-
doTomeTexTop. Paspaboran anropuT™ 0T60pa CHHHTHILIANUOHHEIX KPUCTAIIIOB IS
ACTIONB30BAHMS B 3NEKTPOMATHUTHOM KaJOPHMETPHH IIPH MaCCOBOM TPOM3BOJCTEE.
Hcenenosansr kpucranis TICPBOH NIPEAMACCOBOIl mapTHy.

Crenens ucnonp3oBanus Pe3ynbTaTos. B pesymsrare ontHMusanmu rexHOmOrMH Ha
SaBONE-H3TOTOBUTENE HAYATO NPOHIBOMCTRO KPHCTAIUIOB, IPHTOHNIX 110 CBOHM
1IapaMeTpaM JUist HCNIOTB30BAHNS B poekTe CMS.

O6macrs npumenenns - paspaborka u cosganue SJIEKTPOMAarHUTHEIX KaJOPUMETPOB
AL SKCIIEPHMEHTOB 110 (DU3MKE BHICOKHX SHEPIHIA, -
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P33KOM3
Jpobsruay [neb IOp'esiy

"ATITBIMISAIIBIA CHLIHTI:IH)IIIBIIZHBIX ITAPAMETPAY KPBIIITAJIEY
BAJIbOPAMATA CBIHIIA JULA IX TIPHIMSAHEHHS V ITPALBI3IEHHAN
DJIEKTPAMATHITHAM KAJTAPLIMETPBIL"

KnrouaBpia CJOBBI: OP3LE3IEHAAS 3NEKTPAMArHITHAS KamapeiMeTpsrs, Kammaxtas:
mioonnsl cangHoin (CMS), CHBIHTHIANBIAHBIA KpblTans, Bagb(hpamar CBIHUA,
MaJ3NABaHHE, CLBIHTHUIAIBIAHEIA [IAPAMETPEI, CBETABEIXA, KIHETHIKA CIBIHTHUIAIILIA,
pajBIALBIAHAA TPHIBAJACTH, TIXHAJNOTIA BBIPONIYBAHHSA KPBUUTAIEY, cepTeI(ikalbi,
MacaBBbl BEIPab.

AG'exT JacaeNaBaHHS — CIBIHTBUILBIANEIE KppimTani PWO.

Ilpagmer gaciiefaBanHs — CUBIHTRUISALBIMHEIA ITapaMeTps! Kpeimrangy PWO mma ix
HPBIMSHEHHS ¥ IpOUBI3iEHHAN dMIeKTpaMarHiTHaH KanapsIMeTphIl.

MbThI nacnefaBaHHsA - IMALIINIOHHE YNaciBacHed CLBIHTRULUBIHBIX KPBIITALIY
PWO, pacarnense ¥3poyHa marpabaBanusy cremsipikauet mpaexra CMS (IIDPH),
YTPBEIMaHgHE MapaMeTpay KpeluTandy y pamkax crenplQikarbli Opsl iX MacaBbIM
BhIpate. i

Meraganoria i Meragsl  JaciueNaBaHHA - BEIKApPBICTANICS — TIAPATEIYHE,
9KCTIEPEIMEHTAIBHEL METANB! 1 METabl MaT3MAThIYHATa MAJdNSBaHHA. JKCIICPEIMEHTE
* TIPaBOA3LMICS K Y TabapaTOpHBIX YMOBAX, TAK 1 HA IIyIKy dYacuiHaK. BLIHIiKi
SKCIIEPBHIMEHTAY anparnoyBamicsa cTaThICTEIYHBIMI METafaMi 1 MeTaaMi KapansiplifHara
aHai3a.

Arppivanpis BeIRiKi 1 ix HaBi3wa. [lacmemaBaHel ¥TIEIBEL YMOY aTpBIMaHHA
xperranéy PWO Ha ix mapaMeTpsl Hpaquﬁi?,aBaHm-ynnmy HEKaTOpBIX Napamerpay
kpeiTanéy PWO Ha mapaMeTpsl SIeKTpaMaTHITHATA KanaphbIMETPa i ¥IakIamHeHs! ix
MEXaBELA 3HAudHHI. JlacTeNaBaHEl MardsiMacli DaTANIIdHHS CBeTa300pa 3 KphIUITans
PWO i anTtemvisansll 3mydasHHS KpelmTams-GoTagsToxTap. PacmpanaBaHBl anraphITM
aTGpr CUBIHTBUISIBIAEEIX KPEIUTANEY Uil BBIKAPBICTAHHS § ONEKTpaMarsiTHay
KajapbIMETpHI IPBI MacaBbiM BeIpade. Jlacnenasansl KphIuTani rmepruail npajmacapait
napThIi.

Crynenr BBIKADBICTAHHSA BhIHiKaY. V BEIHIKY anTeIMi3aubll TSXHANOTI pacriagara
BRITBOPYACTS KPBIUTANEY, NPHITOMHEIX I1A CBAIM TapaMeTpaM Uil BBIKAPBICTAHHA ¥
npaekie CMS. o

Tanina BHIKAPHICTAHHA - DACTIPALOyKA 1 CTBapoOHHE  SNEKTPAMATHITHBIX
KagapeIMeTpay N4 9KCHEepPhIMEHTay na (i3ilsl BBICOKIX HEPTii.
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SUMMARY
Gleb Yu. Drobychev

OPTIMIZATION OF THE SCINTILLATION PARAMETERS OF THE LEAD
TUNGSTATE CRYSTALS FOR THEIR APPLICATION IN PRECISION
ELECTROMAGNETIC CALORIMETRY.

Keywords: precision electromagnetic calorimetry, Compact Muon Solenoid (CMS),
scintillation crystal, lead tungstate, simulation, scintillation parameters, light yield,
scintillation kinetics, radiation hardness. crystals growth technology. certification. mass
production. :

Research Object -PWO scintillation crystals.

Research subject — scintillation parameters of PWO crystal for their application in
precision electromagnetic calorimetry.

Research goals - improvement of the PWO scintillation crystals properties,
achievement of the required parameters level of CMS Project (CERN) specification,
keeping the parameters level in frame of specification during mass production.
Methodology and research methods - the theoretical. experimental methods as well as
mathematical simulation methods were used. The experiments carried out as well in
laboratory conditions as on the beam of particles. The experimental results proceeded
by the statistical methods and methods of correlation analysis.

Obtained results and their novelty. The influence of the PWO crystals growth
conditions on their parameters were studied. Influence of some PWO crystals
parameters on the parameters of electromagnetic calorimeter werce analyzed and
limitations on them were specified. Possibilities for improvement of the collection of
light outgoing from PWO crystals and for the optimization of the crystal-photodetector
connection were studied. An algorithm of the scintillation crystals selection during for
their usc in electromagnetic calorimeter was developed. The first pre-mass production
crystals were certified. -

Scale of the results application. As a result of technology optimization the producer
started a production of crystals with parameters acceptable for use in CMS project.

Field of application - development and construction of the electromagnetic
calorimeters for high energy physics cxperiments.
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