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Bse.uenHe. 

3KcnepiiMeHTaJihHOe HCCJie,riOB3HIIe CJIO/KHhiX Qlli31IlJeCKHX npOUeCCOB .II HB

JieHIIH B 06JiaCTII Qlli3liKII Bh!COKIIX 3uepmif no,Upa3yMeBaeT C03,U3HIIe CJIO/KHOH If, . 

KaK npaBHJIO, BCer.ua .UOpOroCTOHIIJ,eH 3KCnepHMeHTaJihHOH ycTaHOBKH, onTIIMrulhHO 

co<ieTmomeif B ce6e pa3JIHlJHhie TIInhi .uen!KTopos 'laCTHU. OcHOBHa» npo6n'eMa, 

KOTOpaH B 3TOM cnyqae ,UOJIJKHa 6h!Th pemeHa, 33KJIIOtJaeTCH BnpaBHJihHOM BhJ6ope 

MeTO,UHKH H.UepHO-QlH3IIlJeCKOrO 3KCnepiiMeHTa. ba30BhlM KOMnOHeHTOM no.uo6Hh!X 

3KcnepiiMeHTaJihHhiX ycTaHOBOK HBJIHIOTCH TpeKOBhie cucTeMhi, co3.uaHHhie IIa 6aJe 

ra30pa3pH.UHhiX ,UeTeKTOpOB lJ3CTIIU C pa3JIIIlJHhiMII MeTO,UaMII CbeMaHHQlOpMaUHH; 

Tipii 3TOM, KaK npaBIIJIO, ,UJIH noJiytJeHlrn Qlli3HlJeCKII KpaCIIBhiX 3KCnepiiMeHTaJih

HhiX pe3yJihTaToB TPe6yeTc»: 

BO-nepBhiX, ,UeTaJihHO npoaHaJIH3HpOB3Th II MHHHMH3HpOB3Th BJIIIHHIIe KOM

nJieKCa 33lJ3CTYIO B33HMHO npOTIIBOpel.IIIBhiX Ql3KTOpOB BJIIIHIOIIJ,IIX Ha pa6oTy 3TIIX 

,UeTeKTOpOB, C UeJihiO peaJIH33UIIII HX npe,UeJihHO .UOCTH/KHMhiX napaMeTPOB; 

80-BTOphiX, liCCJie,UOB3Th If OnTHMH3HpOB3Th aJirOpHTMhl IIX B33IIMO,UeHCTBHH 

C .UpyrHMII ,UeTeKTopaMII,' BXO,UHIIJ,IIMII B COCTaB 3KCnepiiMeHTaJihHhiX ycTaHOBOK. 

Ocnosnast ueJib paoOTbi 

IJ;eJih H3CTOHIIJ,eH pa60Thl 33KJIIOtJaeTCH B TOM, lJT06hi Ha npHMepe HeCKOJih

KliX BeChMa YHIIKaJihHhiX II COBep~eHHO pa3JIIIlJHhiX no II,UeOJIOrHH Qlli3HlJeCKHX 

3KCnepHMeHTOB npo.ueMOHCTpiiposaTh cnoco6hi (IIJIH, MOJKHO CKaJaTh, CTPaTermo) 

C03,U3HHH II OnTIIMII33UIIII CJIO/KHhiX 3KCnepiiMeHTaJihHhiX ycTaHOBOK OCHOBHhiM 

(IIJIII cymecTBeHHhiM) KOMnOHeHTOM KOTOphiX HBJIHIOTCH TpeKOBbie raJOHanOJIHeH

Hhie .ueTeKTophi qacTIIU. YsepeHHOCTh B TOM, tJTO 3Ta uenh MoJKeT 6hiTh .uocTIIrHY

Ta, 633IIpyeTc» Ha MHoroneTHeM onhiTe ycnernnoif pa60Thi asTopa II ero Kon.iler no 

coJ.uaHIIIO TPeKOBhiX CIICTeM .llJIH pa3JIIIlJHhiX 3KcnepiiMeHTOB. 3To - 3KcnepHMeHThi 

E-715, E-761 II E-781 Ha mnepOHHhiX nytJKax B na6opaTOpHII IIM.3.<l>epMH 

(CiliA); 3KCnepiiMeHThi no II3ytJeHIIIO K3HaJIIIpOB3HIIH npOTOHOB II30rHYThiMII MO

HOKpiiCTaJIJiaMII B flllil<l> PAH; 3KciiepiiMeHT L3 s .• IJ:EPHe (Wseifuapii»); 3Kcne

piiMeHT HERMES B DESY (repl\faHIIH); 3KcnepHMeHThi CMS, ·ATLAS H LHCb s 

IJ;EPHe (illBeifuapiiH) II T.,U .. PelJh II,UeT 0 TaKHX ,UeTeKTOpax tJaCTIIU, K3K ,UeTeKTO

phl nepeXO,UHOrO li3JiyqeHIIH pa3JIIIlJHhiX MO,UHQlHK3UIIif; nponopUHOHaJihHhle KaMe

phi C 3HO,UHhiM II KaTO,UHhiM MeTO,UaMH CbeMaHHQlOpMaUHH; ,UpeifcpOBhie KaMephl CO 

CbeMOM liHQlOpMaUHH no BpeMeHH ,Upeifcpa 11 MeTO.UOM ,UeneHIIH 3apH,UOB. 

AKryaJibHOCTb TeMbi 

Bee BhiiiieynOMHHYThie ,UeTeKTOphl HBJIHIOTCH O,UHIIMII II3 OCHOBHhiX TpeKO

BhiX npii6opoB B cospeMeHHOH Qlii3IIKe BhiCOKIIX 3HepriiH. B 6y.uymeM, HecMoTp» 

Ha nOHBJieHIIe HOBOrO nOKOJI~,HlHI: Hflij}jt~\fv~~ka30BhiX MIIKpOCTpiinO

BhiX.,UeTeKTOpOB, ra30pa3pH.UHhW>nmi }:~.UYT npo.ii:6n 3Th IIrpaTh KJIIOlJeByiO 

-~.u.epHbiX nccne,u.oBaHIDi 
BMB1UIOTEKA 
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ponh s cospeMeHHhiX 3KCnepuMeHTanbHhiX ycTaHOBKax Ha ycKopuTemix KaK co 

BCTpe4HblMH TIY4K3MH, T3K H C QJHKCHpOB3HHbiMH MHWeHl!MH. 

,lVIll TOro, 4T06hl HHQJOpMaUHll 0 BTOpH4HbiX 43CTHU3X fihina M3KCHManhHO 

.ueTanhHOH, C03.!l310TCll CTieKTPOMeTpbl, COCTOliiUHe H3 pa3liH4HOro THTia .UeTeKTO

pOB, K3JK.!lb!H ll3 KOTOpblX HCTIOJib3YeT onpe.ueneHHYIO TeXHOJIOrHIO H pewaeT CBOH 

cneUHQJH'leCKHe 33.!l34H. Tio3TOMY 4pe3Bhi43HHO B3JKHblM H aKTYanbHblM npe.UCTaB

Jil!eTCll C03.!l3HHe ra30pa3pll.!lHhiX TpeKOBbiX .UeTeKTOpOB, KOTOpble TI03BOJiliiOT pea

JIH30B3Tb CJie.UyiOIUHe Tpe60B3HHll. 

Bo-nepBbiX, o6pa3oBaHue H nocnenyj{JIUHH pacna.u Hecm6unhHhiX 43CTHU 

(HanpHMep, runepOHOB, 't- JleTITOHOB, C H B- Me30HOB) npllBO.!lHT K TIOliBJieHHIO 

BTOpli'IHbiX sepWHH, .!lllll peKOHCTPYKUHH KOTOpblX He06XO.!lHMO BbiCOKOe npo

CTpaHCTBeHHOe H .!lBYX43CTH4HOe pa3peweHHll .UeTeKTopa B illHpOKOM .UH3ll330He 

yrnos BbiJieTa npo.uyKTOB pacna.ua. l{eTeKTHposaHHe npo.uyKTOB pacna.ua Tpe6yeT 

C03.UaHHJI CHCTeM H.UeHTHQJHK3UHH 43CTHU B ycnOBHliX, KOr.Ua Tp3.UHUHOHHble Me

TO.!lbl CT3HOBliTCJI ManO 3QJQJeKTHBHbiMH. 

Bo-BTOpbiX, npH BhiCOKHX 3Hepru»x 4aCTHUhl Mano OTJ<liOHliiOTC» B orpaHH-

4eHHOM o6beMe MarHHTHoro non» 3KcnepuMeHTanbHoif"ycTaHOBKH. Tio3TOMY .un» 
T04Horo onpe.ueneHHJI HMnynhca perucTpllpyeMhiX 4aCTHU 11 3HaKa 3ap».ua Heo6xo

.UHMO o6ecne411Th MHoroKpaTHoe H3MepeHIIe KOOp.UHHaT B.!lOJih TPeKa 43CTIIUhi c 

BbiCOKOH T04HOCTbiO. flpH4eM, Y4HTbiB3ll BbiCOKYIO CBeTHMOCTb COBpeMeHHbiX 

KOJIJI3H.UepOB (1 0 31 + 10
34 

CM -1 CeK-1 ), periiCTpaUIIll 43CTHU .!lOJIJKHa ocyiUeCTBJil!Tb

Cll B ycnOBHliX BhiCOKOH 3arpy3KH (B TOM 4HCJ1e H QJOHOBOH), 'ITO O.!lHOBpeMeHHO 

HanaraeT cepbe3Hhle Tpe6osaHHll Ha speMeHHoe pa3peweHue neTeKTopa. 

8-TpeTbiiX, .!lJIJI pafiOTbl .UeTeKTopa B 3KCnepHMeHTanbHOH QJH3H4eCKOH ycTa

HOBKe B Te'leHHe HeCKOJibKHX neT 6e3 .!lOCryna nepCOHana TpefiyiOTCll BbiCOKall Ha

.UeJKHOCTb II pa.UH3UHOHH3ll CTOHKOCTb np1160pa B YCJIOBHliX .!lJIHTeJibHOro H HH

TeHCHBHOrO o6ny4eHHll. 

Hay•mast nosn3Ha pa6oThl 
Pa3pa6oTaHhl 11 C03.li.3Hhl cnoJKHbie 3KcnepnMeHTanhHbie ycTaHOBKH, O.li.HHMH 

H3 KJIIO'IeBhiX 3JieMeHTOB KOTOpblX fihinH ra30H3llOJIHeHHble .U.eTeKTOpbl 43CTHU, 

OTJIH4310IUHeCH KOMnJieKCOM Bh!COKHX pa604HX xapaKTepHCTHK, TI03BOJiliiOIUHe 

3QJQJeKTHBHO pewaTb nepe4HCJieHHble Bb!We npofineMbl H TIOJIY43Tb BeJIHKOJieTIHble 

. QJH3HLiecKHe pe3yllhT3Thi. B 4aCTHOCTH: 

- C03.U.aHHe .ueTeKTopa nepexo.u.Horo 113JIY4eHHJI, pa6oTmomero B peanbHOM 

QJif3ll4eCKOM 3KCnepHMeHTe, C03.U.anO npHHUHTIHanbHYIO B03MOJKHOCTh .!lllll npoBe

.UeHHH B 1983-1998 ro.u.ax cepllH ycneWHbiX 3KCTiepHMeHTOB Ha rllnepOHHbiX ny4-

K3X (E-715; E-761; E-781; Fermilab, USA) c 3Heprueif oT 250r3B .u.o 600r3B, B 

KOTOpblX fihina nony'leHa UeJiaH CepHH YHHKanbHbiX QJH311'1eCKHX pe3ynhT3TOB 

(rnasa 1). 

- IiCTIOJib30BaHHe ·TPeKOBbiX CHCTeM, O.U.Ha H3 KOTOpblX HMena npe.uenbHO Bbi

COKOe npOCTpaHCTBeHm)e p~pewiHm{ (~S60 ~m) n(nBOJIHJIO 06HapyJKHTb 3QJQJeKT 
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KaHan11pOB3HHll npOTOHOB C 3Heprueif 1 r3B H 3QJQJeKT HX QJOKYCIIpOBKH 1130rHy

TbiMH MOHOKpHCTannaMH (rnasa 2). 

- C03.UaHHhiH B TIHRCI> Topuesoif KoopnuHaTHhiH .ueTeKTOp FTC .un» 3Kcne

pHMeHTanbHOH ycmHOBKH L3, c noMOIUhiO KOTopoif Ha ycKopnTene LEP B [(EPHe 

H3y4anHCb YHHKanbHble QJH3H4eCKHe npOUeCCbl pOJK.li.3101UIIeCJI B e + e-, CTOnKHOBe

HHJIX npH 3HeprH11X 5 + 200 r38. j{eTeKTOp ytiaCTBOBan B Hafiope CT3THCTHKH H 

ycneWHO HCTIOnb30BanCJI B aHanH3e .!l3HHbiX Ha npOTl!JKeHHH BCero .u.eCJITHJieTHero 

nepno.u.a pa6oTbi ycmHOBKH L3. Pa3pa6oTaH H npHMeHeH anropHTM omHMII3aUHH 

BCeX pa60411X napaMeTpOB .upeHQJOBbiX KaMep B ycnOBHJIX BHelUHIIX orpaHH'leHHH. 

Pa3pa6oTaH MeTO.ll. 3JieKrpOCTaTH4eCKOH 331UHThl 3JieKrpll4eCKHX noneif B .u.peii<jJo

BhiX KaMepax OT BHelUHHX pa3pyruaiOIUHX B03.U.eHCTBHH (rnasa 3). 

- Hccne.u.osaHHe HMnynhcHoro H yrnosoro pa3peweHHll «KopoTKHX» TpeKoB c 

TIOMOIUbiO CTieKTpOMeTPa Ha 6a3e nponOpUHOHanbHhiX KaMep, pa3MeiUeHHOrO 

BHYTP" MarHHTa ycTaHOBKH HERMES (DESY), .u.ano B03MOJKHOCTh aHanH3HposaTh 

co6hiTHll c poJK.u.eHHeM A o- runepoHoB (rnasa 4). 
- 3H34HTeJibHbiH OfibeM .li.HCCepTaUHH TIOCBl!IUeH pe3yJibTaTaM H3y4eHHll QJH-

3HKH ra30BOro pa3pll.ll.3 B pa3JIH4Hb!X THTI3X .U.eTeKTOpOB 43CTIIU, pa60T3101UHX B 

HHTeHCHBHbiX pa.U.H3UHOHHhiX TIOJiliX H3Jiy4eHHH (rnaBa 5) • 

TioKa3aHo, 'ITO MeTO.u. ».u.epHb!X peaKUIIH JIBJil!eTCJI o'leHb 3QJQJeKTIIBHhiM npu 

HCCne.U.OB3HHII MeXaHH3MOB CTapeHHJI .U.eTeKTOpOB. 0H TI03BOnHJI BnepBble B MHpO

BOH npaKTIIKe nonytiaTb KOJIH'leCTBeHeyiO IIHQJOpMaUHIO o nosepxHOCTHOM 11 rny-

6HHHOM pacnpe.u.eneHHH nerKHX · 3JieMeHTOB, BXO.li.HIUHX B COCTaB TIJia3MO

XHMH4eCKHX pa.U.HKanOB, KOTOpble o6pa30BanHCb B ra30BbiX JI3BHH3X, H «TipHillJIH» 

Ha 3JieKTPO.!lhl .U.eTeKTOpOB 43CTHU. 

Tipose.ueH lliHpOKHH KOMTIJieKC HCCJie.U.OB3HHH TIO 113y'leHHIO QJH3H4eCKHX Me

X3HH3MOB pa3BHTHH CTapeHHJI ra30pa3pll.li.HbiX .U.eTeKTOpOB 43CTHU B HHTeHCHBHbiX 

TIOJIHX H3JIY'IeHHH. 06HapyJKeH npHHUHTIHanbHO HOBbiH THTI CTapeHHH, KOTOpblH 

6hiJI H3MH Ha3B3H - 3QJQJeKT pacnyxaHHH 3HO.li.Hb!X npOBOJIO'leK. TioKa3aHa KJII04e

B3ll pOllb KIICnOpO.U.a B pa3BHTHH pacnyxaHHll npOBOJIO'IeK. flpe.!lJIOJKeHa QJH3H4e

CK3ll MO.ll.eJib pa3BHTHJI liBJieHHH, B OCHOBe KOTOporo neJKaT TIJia3MO-XHMH4eCKHe 

npouecchi o6pa3oBaHHH sonh<jJpaMO-KHcnopo.U.HhiX ~oe.u.nHeHHH. · TioKa3aHo, 'ITO B 

pH.U.e CJiy'laeB npoueCCbl, TipHBO.li.HIUHe K pacnyxaHHIO npOBOnO'leK, MOryT H.li.TH 

CTOJib HHTeHCHBHO, 'ITO BOJibQJp3MO-KHCJIOpO.U.Hble COe.U.HHeHHll npOCTO «Bhlfipacbi

B310TCH» H3HYTPH·TipOBOJI04KH Ha ee TIOBepXHOCTb H pacnpOCTP3HliiOTCH .u.aneKO 33 

npe.u.enhi 30Hhl o6ny4eHHJI. 

Pe3ynhT3TOM KOMTIJieKCHOro HCCJie.UOB3HHJI CTapeHHll npOTOTHTIOB MIOOHHbiX 

nponopuuoHanbHhiX KaMep .!lllll npoeKTa CMS ([(EPH) 6hlna Bbipa6oTKa TaKHX 

peweHHH, peanH33UHJI KOTOpblX TI03BOJIHJI3 rapaHTHpOB3Th Ha.u.eJKeyiO pa6ory rH

, raHTCKOrO MIOOHHOro CTieKTPOMeTpa B TetieHHH He MeHee 30 neT B ycnOBHHX MaK

CHManbHOH cseTHMOCTH LHC. TioKa3aHo, 'ITO peKoMeH.li.OBaHHaH K pa6oTe raJosaH 

CMeCh o6na.u.aeT YHHKanhHbiMH CBOHCTB3Mll: TI03BOnHeT H3K3TIJIHB3Tb 3KCTpeManb-
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no BbiCOKIIe .ll03bi o6nyt.teHII» (13 KynoHicM) II nonnocTbiO 6noKHpyeT npe.nenbno 
neraTIIBHOe BRHSIHIIe KpeMHIIHOpraHIIqeCKIIX·COe.lli-IHeHHH Ha pa6oTy KaMep. 

Hayt.tnaH n npaKTnt.tecKaH uennocrh pa6oTbl. 
flpaKTIIqeCKII BCe, nonyt.teHHbie B HaCTOSillleH pa6oTe pe3ynbTaTbl, 11MeiOT He~ 

coMnennyiO nayt.tnyiO II npaKTIIqeCKYIO uennocTb. B t.taCTHOCTII, 6bm cl}lopMynH
poaan (II peanii3oBaH B pn.ne yniiKanbHbiX 1}1113WiecKIIX JKcnep11MeHTOB) o6IUIIH 
nO.llXO.ll K C03)laHHIO KOOp.ll11HaTHbiX )leTeKTOpOB .llnSI I}JII3II'IeCKHX 3KCnep11MeHTOB. 
B OCHOBe.JTOfO neiKIIT KOMnneKCHbiH ananii~ I}JaKTOpOB, onpe.nen»IOlll11X OCHOBHb!e 
napaMeTpbi .neTeKTopoB, II peanii3aUII» na ocnose pe3ynbTaTOB noro ananma npe
.uenbHO )l0CTI11KIIMbiX napaMeYpOB )leTeKTOpOB. 

B nacTo»meii pa6oTe o6cyJK.naiOTC» pe3ynbTaTbi IIccne.nosanHii .caoiicTB .ne
TeKTopoB nepeXO)lHOro 113nyt.teHHSI H aHanii3IIpyiOTCSI OC06eHHOCTH HX npHMeHeHHSI 
a cepH11 n.nepno-I}J113IIt.teCKHX JKcnepiiMeHTOB,. no3soniiBWIIX nonyt.ti1Tb ynHKanb
Hbie I}JH3HqeCKHe pe3yJibTaTbl. 11ccne)lOBaHbl 11 OnT11MII3HpOBaHbl anropHTMbl IIX 

B3aHMO)leHCTBI1SI C .npyriiMII )leTeKTOpaMI1, BXOMIUHMII B. COCEl'aB 3KCnepiiMeHTanb
HbiX ycTaHOBOK. 

AeMoncTpHpyeTc» cKOJib wnpoKHM II pa3noo6pa3HbiM MOIKeT 6biTb .nHanaJon 
SI)lepHbiX peaKUHH, KOTOpbie MoryT 6biTb HCCne.noBaHbl Ha 3KCnepHMeHTanbHOH 
ycTaHOBKe, B OCHOBY KOTOpOH nonoiKeH KOMnneKCHbiH 11 B3ai1MOCOrnaCOBaHHbiH 
na6op MeTO.llOB )leTeKTIIpOBaHII» II H)leHTIII}IIIKaUI1II t.taCTIIU. 

llonyt.teHHbie pe3yRbTaTbl HCCne)lOBaHHH IT03BOniiJIII pa3pa60TaTb MeTO)li1KY 
HCCne)lOBaHIISI II onTMMI13aUII11 I}IH3II'IeCKIIX npoUeCCOB, npoTeKaiOlUIIX B )leTeKTO
pax t.taCTIIU, pa60Ta!OlUIIX B IIHTeHCHBHbiX nOJISIX II3JIY'IeHIIH. 

. flpOBe)leHHbie IICCne.UOBaHI1SI II pa3pa60TKII C03)lanii OCHOBY .lln» C03)laHHSI B 
fll15J<l> WIIpOKOfO cneKTpa 3KCnep11MeHTanbHbiX ycTaHOBOK Ha 6a3e )leTeKTOpOB 
nepeXO)lHOrO mnyt.teHIISI, nponopU110HanbHbiX II .npeiii}JOBbiX KaMep C pa3ni1'1Hb1MII 
TIIITaMI1 C'beMa IIHI}JOpMaUIIH (noKaHanbHb!H C'beM; MeTO.ll .neneHHSI 3apn.na; MeTO.ll 
H3MepeHIISI BpeMeHII .npeiii}Ja; C'beM IIHI}!OpMaU1111 Ha nHHIIIO 3a.nep1KKII; KaTO)lHbiH 
CbeM IIHI}JopMaUIIII H T.)l.). 3TH )leTeKTOpbl Ha)leiKHO pa6oTanl1 (H npO.llORIKaiOT 
pa6oTaTb).npaKTIIt.teCKII BO BCeX H.Uepno-1}1113II'IeCKHX 3KCnepiiMeHTaX, npOBO.llH
MbiX fli15Jcl> B o6naCTII I}JH3II[(H BbiCOK11X 3Hepmii, KaK B POCCI1II, TaK 11 B MeJK)lyHa
pO.llHbiX naytiHbiX uenTpax. 

Anpo6aunH pa6oTbl 
MaTepHanbi, H3noiKeHHbie B nacTonmeii .nHccepTaUHH, .noKJia.llbiBanHCb na 

pa3RH'IHblX KOHI}JepeHU11HX 11 COBeiUaHHSIX. 
L Vienna Conference on Instrumentation, Vienna, Austria, 22-27 Feb 2007. 
2. Vienna Conference on Instrumentation, Vienna, Austria, 22-27 Feb 2004. 
3. 8th International Conference on Instrumentation for Colliding Beam Physics 
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llHChMa B JK3T<D 
BonpOCbl aTOMHOH nayKI1 H TeXH11KI1 

IhoecTHH P AH 

JIH'IIIbiH BKJJa)l aBTOpa B llOJJyt.tellllble pe3yJJhTaTbl.· 
Bee npnse.neHHbie · B .llHCcepTaU11H pa6oTbi 6bmii BbmonneHbi 

A.r.KpHBIIIH'IeM mt6o nenocpe.ncTsenno no.n ero nay"'llbiM pyKoBO.llCTBOM, nH6o 
npii ero CaMOM aKTIIBHOM yt.taCTIIll (pyKOBO.llCTBO p».llOM KJIIO'IeBbiX nanpaBneHIIH). 

CTpyKTypa n o6oeM .nnccepTaU11H • 
AuccepTaUII» cocTOHT H3 aae.nenH», n»TH rnas II BbiBO.llOB, KOTOpbie BbiHO

c»Tc» na 3alUIIyY. 06IUHH 06'beM )lHCCepTaUHH- 278 CTpaHHUa. B HeH co.nepiKHTCSI 
174 pHCYHKOB H 13 Ta6nHU H CniiCOK CTaTeH aBTOpa, Ha KOTOpbiX OCHOBaHa .llHC
cepTaUH», BKniOt.taiOlUHH 42 naHMenosanH». CnHCOK ccbiJIOK na pa6oTbi .npymx 

aBTOpOB CO.UepiKIIT 98 naiiMeHOBaHI1H. 

KpaTKOe co.nep~Kanue .nuccepTauuu· .• 
Bse.nenHe co.nepiKHT I}JopMynHpOBKY OCHOBHoif uenH pa60Tbi.H npo6neM, B03HI1K
WHX npH ee peanH3aUHII, a TaKIKe BKJIIOt.taeT B ce6H KpaTKoe onHcanne co.nepiKaHHH 

acex rnaB npe.ncTasnennoii pa~OTbi. 

rJJaBa 1. flpiiMeHelllle )leTeKTOpOB nepeXO)liiOfO 113JJyt.teHIIH B 3KCnepnMeHTaX 
na nmepOHHhiX nyt.tKaX Jla6opaTOpHH IIM.3Hp11KO <Depl\111 (CWA). 

11CTOpHt.teCKll TaK CROIKHJIOCb, 'ITO B Hat.tane 80-X fO)lOB 3KCnepHMeHTanbHOe 
HCCne)lOBaHHe CBOHCTB rHnepOHOB nonyt.tHJIO MOIUHbiH TOJI'IOK B CBH3H C C03)laHll
eM HHTencnBHbiX nytiKOB mneponos · ua npoTOHHbiX ycKopHTennx EsponeiicKoro 
uenTpa n.nepHbiX nccne.nosanHH (.nanee - QEPH) H aMepnKaHCKOH HauHoHanbHOH 
ycKopHTenbuoii na6opaTopiiH HM. 3npHKo <l>epMH (.ii.anee - <l>HAJI). B t.taCTHOCTH, 
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BO <!>HAn 6biJI JanymeH nepBbiH B M11pe ycKOp11Tenb npOTOHOB BhlCOKOH :mepr1111 
(400 f3B) Ha caepxnposo.wnu11x :meMeHTaX. PoeT 3Hepr1111 npoTOHOB np11aen KaK K 
cymecTBeHHOMY yaenWieH11IO BbiXO.ll,a mnepOHOB, p0)l(.l(aiOIU11XCll np11 B3a11MO.ll,eH

CTB1111 npOTOHOB C ll.ll,paM11 M11IIIeH11, TaK 11 K 3Haq11TellbHOMY nopeHI.J,eBCKOMY yae
nWieH1110 Ha6mo.uaeMoro speMeH11 )1(11JH11 mnepoHoB. 3TO OTKphmano HOBbie BOJ

MO)l(HOCT11 B 11JyqeH1111 r11nepOHOB 11 npO.UYKTOB 11X pacna.ua. 
O.uHaKo .unll npaKTWiecKoi1 pean11Jau1111 3T11X B03MO)l(HOCTei1 Heo6xo.unMo 

6hin0 np11MeH11Th B MeTO.ll,11Ke ll.ll,epHO-QJ11311qecKOrO 3KCnep11MeHTa HOBbiH KJiaCC 

.ll,eTeKTOpOB, nOJBOlllllOIUHX 11.ll,eHT11Ql11U11pOBaTh qaCT11Uhl B 06JiaCT11 BbiCOK11X 

3Hepmi1, r.ue TPa.U11U110HHhie MeTO.Uhi (qepeHKOBCK11e cqeTq11K11, .ueTeKTopbi 1IOH11-

JaU110HHhiX noTeph) cTaHOBliTCll MeHee 3!lJ!lJeKT11BHhiMH. TaK11M11 np116opaM11 Mor
nii 6bi CTaTb .ll,eTeKTOpbl nepeXO.ll,HOrO HJnyqeHl!ll (.uanee - Jl:TII1), KOTOpbie B Haqa

ne 80-x ro.uos Haxo.uiiniiCh eme Ha cTa.unn na6opaTopHhiX IIccne.uosaHIIH. Pa6oThi, 

abmonHeHHhie a MI1<l>I1 no.u pyKOBO.UCTBOM npo!lJ. E.A.JJ:onroiiieiiHa, npe.uno

)l(HBIIIeM MeTO.ll, -perHCTPaUUH 11110HII3aUHOHHblX KnaCTepOB", OTKpbinll BOJMO)l(

HOCTh npaKTHqeCKOrO IICnOJibJOBaHllll Jl:TII1 B MeTO.ll,UKe SI.QepHO-lP113HqeCKOro 3KC
nepHMeHTa. Tipose.ueHHhiH HaMil aHaniiJ npo6neMhi noJBonnn npoaecT11 npe.usa

piiTenhHhie OUeHKH, He06XO.ll,HMbie .ll,nll C03.ll,aHHH 11 OflTHMHJaUIIII Jl:Tilf. B llTOre, 

coJ.UaHHhie B TIIUI<l> .ueTeKTOpbi nepexo.uHoro IIJnyqeHllll noJaoniinii npe.uno)l(11Th 

II ycneiiiHO npoaeCTH BO <!>HAn cepHIO ycneiiiHhiX 3KCnepHMeHTOB no HJyqeHHIO 

csoiicTB riinepoHoB. CymecTBeHHO OTMeTIITh, qTo a 3THX 3KcnepiiMeHTax .ueTeKTo

pbi nepeXO.ll,HOrO IIJnyqeHHll, liBllllliCb O.ll,HHM H3 KJIIOqeBhiX 3JieMeHTOB 3KCnepn

MeHTanbHbiX ycmHOBOK, peiiianii coaepiiieHHO pa3JIIJqHbie !lJIIJHqecKne Ja.uaqn. 

1.1. 3KcnepiiMeHT E715. JlpeunJHOHHOe HJMepeH11e IJ-pacna.ua noJIHpnJoaaH

HbiX E- - r11nepoHoB. 
HaqanoM COTPY.UHIJqecTBa TIIUI<l>-<l>HAJI cmno npe.uno)l(eHne TII1JI<l> o no-

CTaHOBKe 3KcnepnMeHTa no IIJyqeHHIO p - pacna.ua nonSipmoaaHHhiX L- - mnepo

HOB. 3KcnepuMeHT (E-715) 6hm npuHSIT u ycneumo JaaepiiieH a TeqeHue 1981-
1986rr. Jl:eTanhHoe onucauue ,n:n11 npuBO.UHTCll B [ 1-3]. CymecTBOBaarnue Tor.ua 

3KcnepiiMeHTanhHhie .uaHHhie no acuMMeTpnu pacna.na L- - runepoHOB uaxo.uunuch 

a peJKOM npoTnaopequu c npe.ucKaJaHllliMU Mo.uenn Ka6u66o, Tor.ua KaK p - pac
na.u .zlpymx qneHOB 6apUOHHOrO OKTeTa XOpOlliO OllHCbiBanUCb 3TOH MO.ll,eJihlO. 

· ll:nll pacna.ua E-~ ne-v MO)J.eJih npe.ucKaJhiBaeT cne.uyiOmee OTHorneHue aK-

ciianhHO-BeKTopHoro !lJopM !lJaKTOpa K BeKTOpHoMy: gl/fl =- 0.28±0.02, qTO COOT

BeTCTBYeT 6oJihiiiOi1 OTPUUaTeJihHOi13neKTpOHHoi1 acc11MeTPuu a.,;- 0.51 ± 0.04. 

A6coniOTHaSI aenWinHa 3Toro OTHOIIIeHHll 6hma onpe.ueneHa a pSI.ue 3KcnepuMeH

TOB C HellOJillpH30BaHHhiMU L- - runepoHaMH C cyMMapHOH CTaTHCTHKOH OKOnO 

10000 co6hnni1: lg1/fll =0.36±0.04. 3To JHaqeHIIe y.uosneTBopuTenhHO cornacy
eTcll c npe.ucKaJaHUliMII Teopuii Ka6u66o. Jl:nll onpe.ueneHmi JHaKa OTHOIIIeHnll 

g 1/fl 6biJIO BblllOJIHeHO qeTbipe 3KCnepuMeHTa flO UJMepeHHIO aCCIIMeTP11H BbiJieTa 
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AMnililTY.llHbiH cneKTp y
KBaHTOB nepeXO.llHOrO 
ilJilyqeHilil 3ileKTpOHOB C 
3Hepmei1 30 f3B. 

3neKTpoHOB a pacna.ue nonSipuJoBaHHoro L- - runepoHa. BenuqiiHa 3neKTPOHHOi1 
accuMeTPHU ycpe.uueHHaH no seeM qeThipeM 3KcnepuMeHTaM cocmauna 

(a.=+ 0.26 ± 0.19), qTo peJKO npOT11BopequT npe.ucKaJaH11HM Teopuu Ka6u66o, a 

JHaK accuMeTPUH OKaJanCH npoTuaononO)l(HhiM O)l(H.ll,aeMoMy. CymecTaeHHO OTMe

THTh, qTo cyMMapHaH CTaTHCTHKa B 3Tl!X 3KCnepHMeHTax COCTaBllHll~ 352 C06bJTUll, 
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'ITO He .LlaBaJIO B03MO)I(HOCTH Ha.nemHO KOHTpOJ1HpOBaTb BeJIH4HHY ClfCTeMaTH'Je

CKlfX oww6oK. 

oOJiblliOH OOTOK mnepOHOB B 11Y4KaX Cf>HAJI .naBaJI HaM B03MO)I(HOCTb H3y-

4aTb (3-pacna.n rwnepOHOB Ha CTaTHCTH'leCKOM ypOBHe 3Ha'lHTeJibHO npeBbllliaJO

IUlfM BCIO CTaTHCTHKy, OOJiy4eHHYIO BO BCeX npe.Llbl.LlYIUHX 3KCOepHMeHTaX. 

OCHOBHOH npo6neMOH B 3TOM 3KcnepwMeHTe 6bmo Bbi.LleneHHe wccne.nyel\WH 

peaKL(lflf L- ~ ne-V Ha cpoHe B 1000 pa3 6onee lfHTeHCHBHOH peaKUHlf, L- ->nrc-. 

Pa3JIH4HTb 3TH peaKUHH, onwpaSicb TOJibKO Ha KHHel\mTH4eCKHe KpHTepuu, 6hino 

HeB03MO)I(H0. TI03TOMY He06XO.LllfMO 6binO.pa3pa60TaTb CHCTeMy H.LleHTHcpHKaUHlf 

4aCTlfU, CI10C06HYIO 3cpcpeKTIIBHO Bbi.LleJISJTb 3JieKTpOHbl Ha 60JibWOM cpOHe rc-- Me-

30HOB. )VIH peweHHSJ 3TOH npo6neMbi rpynna TIIUICl> npe.nnomuna ucnoJib30BaTb 

.neTeKTOp nepeXO.LlHOrO lf3Jiy4eHIISI, KOTOpblH .LlOJI)I(eH 6bin 6hiTb 4YBCTBIITeJibHhiM K 

3JieKTpOHaM If MaJIO 4YBCTBHTeJibHbiM K rc-- Me30HaM. 3TO npe.nnome1111e He 6bJnO 

TpHBIIaJibHbiM, OOCKOJibKY .LlO 3TOrO TaKHe .neTeKTOpbl npaKTII4eCKlf He IIC110Jib30-

BaJIIICb B 110.Ll06HbiX 3KCnepHMeHTaX. 

B pa6oTe npHBO.LliiTCSJ onwcaHwe JKcnepwMeHTaJI[>HO~ ycTaHOBKH (P11c.l ). 

Tiy4oK npoTOHOB c 3Hepmeii 400 fJB H3 TJBaTpoHa HanpasnSJJICSJ Ha Me.nHyio Mil

weBb, noMemeHHyio B Ha4aJie mnepoHHoro KaHaJia. MamuT M I oT6upan BTOp114-

Hble 4aCTlfUbl C IIMOYJibCOM 250 fJB/c, o6pa30BaBWHeCSJ B MHWeHH B TeJieCHOM 

yrne L'iQ = I MKCTep H c HMnynhCHbiM pa36pocoM ±7%. 3HepmH .neTeKTIIpyeMblx 

3JieKTpOHOB (H rc-- Me30HOB) 6bJna B .LllfaOa30He 9-;-95 f3B. 3TOT .LlllaOa30H 3Hepn!H 

_ SJBmJeTCSI OOTHMaJibHblM .LlJISI lfCI10Jib30BaHI!ll )],fll1. L-- fHOCpOHbl COCTaBJISIJIH 

TOJibKO- 10% 4aCTHU B 11Y4Ke. )],OMlfH11pyiOIUHMH me 4aCTHUaMH 6binlf rc-- MC30-

Hbl, 11 lfX 11HTeHCHBHOCTb COCTaBJISJJia -2x J 0 5 1/c. 

.ll,eTeKTop nepexo.nHoro 113ny4eHI1SJ (.ll,TII1) pac11onarancH Mem.ny MarHI1THbiM 

Cl1eKTpoMeTpOM 11 C4eT4HKaMII SMI -;- SM4, 11pe.nHa3Ha4eHHbiMI1 .nnH o11pe.neneHHH 

411CJia 3apHmeHHbiX 4aCTHU, 11pOWe,llWI1X 4epe3 .LleTeKTOp. )],fll1 HMeJI 110JIHYIO 

.llfli1HY 110 11Y4KY 360cM 11 COCTOSIJI 113 12 O.Lli1HaKOBbiX MO.llyneli, Ka)I(.LlblH 113 KOTO

pblX HMeJI 11p0110pUHOHaJibHYIO KaMepy 11 pa.ullaTop (cxeMaTI14eCKI1 OT.LleJibHblH 

MO.llYJib 110Ka3aH Ha P11c.2). 4yBCTBHTeJibHaSJ o6nacTb .ll,TII1 6biJia I ,Ox0,6MeTpa. 

flOJIHOe KOJII14eCTBO )],fll1 BemeCTBa Ha 11Y4KC COCTaBJISIJIO 0, J pa,llllaUHOHHOH .llJII1-

Hbl II 0,06'SI.llCpHOH .LlJI11Hbl. Kam.UblH pa.U11aTop COCTOSIJI 113 220 CJIOCB 110JI1111p01111-

JICHa TOJIIUIIHOH 17MKM pa3.ueneHHbiX B03.LlYWHbiM 3a3opoM I MM. AHo.n Kam.uoli 

11p0110pUI10HaJibHOH KaMepbl COCTOSIJI .113 512 aHO.LlHbiX 11pOBOJI04eK TOJIIUIIHOH 25 

MKM (30JIOLJeHHbiH sonbcppaM) c waroM 2MM. AHO.ll pacnonaraJicSJ CI1MMeTp11LIHO 

Mem.uy .LlBYMH KaTo.naMH 111 aJIIOMI1HH3aposaHHoro Maiinapa. PaccTOHHI1e Mem.uy 

aHO.llOM 11 Ka)l(,llb!M KaTO.llOM - 8MM. Pa6o4aSJ ra30BaSJ CMeCb- 70%Xe+30%CH4 . 

npu pa6o4eM Ha11pHmeHHII 4,6KB MaKCIIMaJibHOe BpeMSJ .upeiicpa 3JieKTpOHOB CO

CTasn}Jno 330nc. 

3neKTpOMarHHTHblH KaTIOpHMeTp LG COCTOSIJI 113 72 6JIOKOB CBHHUOBOrO 

CTeKna SF5, co6paHHbiX B 4 cnoH o6meli TonmuHoli 26 pa.nuauuoHHbiX .unuH, B 
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HelirpoHHOM KaJiopwMeTpe NC H3MepHnacb JHepmH H Koop.uimaTa HeliTpoHa H3 

pac11a.llOB L-~ ne-V,'H L- ~nrc-. 
8 3KC11epHMCHTe He06XO.llHMO 6binO o6ec11e'lHTb Bb!COKYIO CTel1eHb peJKeK

UHH rc-- Me30HOB (Ha ypoBHe R,- "'10
5
). flony'lHTb CTOJib Bb!COKHH K03cpcpHUHeHT 

pemeKUHH rc-- Me30HOB npn &e ~ 99%, HCI10Jib3YH TOJibKO )],TIM, O'leHb TPY.LlHO •. 

TI03TOMY 6binO peweHO HCI10Jib30BaTb· KOM6HHaUHIO: )],TIM + 3JieKTpOMarHHTHbiH 

KaJIOpHMeTp (3MK) Ha ocHoBe 6noKOB H3 CBHHuosoro cTeKna. TipH JTOM rpe6osa-

HHSJ K 3MK 6binH .LlOBOJibHO CKpOMHbiMH (Rrc-- 10
2

, &e =:96%). 803MO)I(HOCTb 

HCI10Jib30BaHIISJ )],TIM B KOM6HHaUHH C 3MK - O.llHO H3 110JIO)I(HTeJibHbiX Ka'leCTB 

3Toro .neTeKTopa . 
TIOCKOJibKY B 3KC11epHMeHTe pe4b•WJia 0 11peUH3HOHHOM (c TO'lHOCTblO B 1 %) 

H3MepeHHH 3JieK1'pOHHOH aCHMMel'plflf, TO OCHOBHbiM Tpe6osaHHeM K C03,llaBaeMO-

MY .ueTeKTOPY 6bma BbiCOKaSJ 3cpcpeKTIIBHOCTb perlfCTpaUiflf 3JieKTpOHOB ( & e ~ 

99%). B rrocne.nHeM cny4ae sapRaURR He3cpcpeKTRBHOCTH (1- & e) pemcTpauRH 

3JieKTpOHOB 110 OJIOW.a.Lllf ,lleTeKTOpa Ha ypoBHe fi( 1- & e )/( 1- & e) :S20% He MOrn If 6bi 

11p!IBeCTII K 3aMeTHOH JIO)I(HOH aCIIMMeTpHII. 

)VIS! TOro, 4T06bl O.llHOBpeMeHHO o6ecl1e41ITb Bb!COKYIO 3cpcpeKTIIBHOCTb pe

rliCTpaUiflf 3JieKTpOHOB (ee ~ 99%) If He06XO.lliiMYIO ·pemeKUHIO rc- - Me30,HOB 

(R,- ~ 103), OCHOBHOe BHHMaH!Ie 11p1I pa3pa6oTKe If K(mcrpywpoBaHIIH 11p0110pUHO

HaJibHbiX KaMep )],TIM y.neJISJJIOCb IIOJiy'leHIIIO BbiCOKOH O.LlHOpO.LlHOCTII K03cpcp1IUII

eHTa ra30BOrO ycRJieHIISI (KfY) 110 BCeH 11JIOW.a.lllf KaMepb!. 

flpaKT!I'leCKaSJ peaJIH3al(HSI pe3yJibTaTOB pac'leTOB )],TII111pe,llbSIBIIJia meCTKlfe 

Tpe6osaHRSJ K KOHCTPYKUIIII H pa6oTe npo11opuwoHaJihHhiX KaMep. 

1. KaMepbi He .uonmHbi RMeTb "MepTsoli" ra30BOH 30Hbi Mem.uy BXO.llHbiM 

MaHJiapOBblM OKHOM H KaTO.LlOM • 

2. BbiCOKaH o.nHopo.nHOCTb K03cpcpRUReHTa raJoBoro ycHJieHRSJ (KrY) 110 

11JIOW.a.Lllf KaMepbl, MaKCIIMaJibHbie. cpJiyKryaUiflf KOTOpOrO He .LlOJI)I(Hbl 6binH 11pe-

BbilllaTb jL'iM/M ::;; 15%. 
1
-' •• 

obinlf Bhr.neneHhi TPR ocHOBHbie rpyrr11hi cpaKTopoB, Bbl3biBaiOIURe B .ll,TII1 

cpnyKryauim KrY 110 rrnoma.uR KaMepbr: «m.upocTaTH'lecKam>, KOHCTPYKUHOHHaSJ n 

raJibBaHH'leCKOe 06be.LlHHeHHe 11pOBOJI04eK B rpy1111bl. )],eTaJibHblH aHaJIIf3 Bb!We 

yKa3aHHblX cpaKTOpOB, HX B3aH~10CBSI3b Mem.ny C060H, xapaKTepHbie OC06CHHOCTlf H 

MaClliTa6 BJIIISIHHSI 1103BOJIHJI pa3pa6oTaTb MeTO.llbl MlfHHMH3aUHlf HX BJIHSIHHSI Ha 

cpnyKTyaUHlf K03cpcpHUifeHTa fa30BOfO yCHJieHHSI. 

Qco6oe BHHMaHHe 6biJIO y.neJieHO pellleHHIO 11p06JieMbl, KOTOpyiO Mbl ycJIOB

HO Ha3BaJilf «rll.LlpOCTaTR'leCKOH», .llflSI pellleHHSI KOTOpOH HaMil 6bin rrpe.LlJIO)I(eH If 

peaJIH30BaH MeTO.ll KOMIIeHCaUIIH [ 1 ), KOTOpbiH BI10CJie.LlCTBlflf HaWeJI 11paKTH4e

CKOe 11pHMeHeHHe BO MHOrliX OO.ll06HbiX 3KCOepHMeHTaX C IIplll\JeHeHHeM )],TII1. 

M.neH MeTO.Ll 3aKJII04aJiaCb B TOM, 'lTO B KOHCTpyKUHIO KaMepbl c" OJieHO'lHb!Mlf Ka-
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TOJJ:aMII BBO,li;RTCR JJ:Ba CIIMMeTPH'-IHO paCITOJIO/KeHHhiX 6y<j>epHhiX CJIOR fa3a MeiKJJ:Y 

KaTOJJ:aMH H aTMOC<jlepHhiM B03JJ:YXOM (PI1c.2). 3TI! 6y<j>epHhie 06beMhl HaiTOJIHH

JIHCh fa30M C MOJieKyJIRpHhiM BeCOM paBHhiM MOJieKyJIHpi-ioMy Becy pa6o'-!eH fa30-

BOH CMeCII II OJJ:HOBpeMeHHO IIMeiOIUHM MaJIOe Ce'-!eHHe ITOfJIOIUeHIIH KBaHTOB ne

peXOJJ:HOfO II31IY'-IeHIIR (6JIII3KIIM K COOTBeTCTBYIOIUeMy K03<jl<j>HUHeH-ry MR B03JJ:y

xa). IJpHHUHlliiaJihHhiM II Haii60Jiee npiiBJieKaTeJihHhiM MOMeHTOM B 3TOM MeTOJJ:e 

HBJIReTCR TO, '-ITO He HaJJ:O 3HaTh 3aKOH pacnpeJJ:eJieHIIR npom6a KaTOJJ:a no BhiCOTe 

KaMephi, Bhi3BaHHoro pa6o'-IIIM ra3oM KaMephi. · Aeno B TOM, '-ITO npaKTII'-!eCKII no 

TaKOMY /Ke 3aKOHy, HOB npOTilBO<jla3e JJ:eHCTByeT Ha KaTOJJ: ra3 6ylflepHOfO 06beMa, 

'-ITO B .ocHOBHOM II o6ecne'-IIIBaeT rrpocTpaHCTBeHHYJO cTa61IJIII3aUIIIO KaTOJJ:a. B 
Ka'-leCTBe ra3a MR HaiTOJIHeHIIR 6y<jlepHOfO 06beMa 6biJI Bhi6paH ymeKIICJihiH ra3. 

8 UeJIOM npOCTpaHCTBeHHaR lflopMa (npo<j>IIJih) KaTOJJ:a onpeJJ:eJIHeTCH He 

TOJihKO «fiiJJ:pOCTaTII'-IeCKIIMII», HO II 3JieKTpOCTaTII'-!eCKIIMII CIIJiaMH. Pac'-leThl no

Ka3aJIII, '-ITO IIpii COBMeCTHOM JJ:eHCTBIIII 3TIIX CIIJI KaTOJJ: rrp1I06peTaeT S-o6pa3HYIO 

<j>opMy II ero rrporii6 He npeBhilllaeT I ~LKI:o; 50 MKM, '-ITO cooTBeTCTByeT 
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Pnc.3. PacnpeneneHne no 'IHCJJY JapernCTpHposaHHhiX KJJacTepos ){Jill n· - Me3o

HOB (PHc.3a) H !IJIH 3JieKTpOHOB (PHc.36). 

3Ha'leHHe napaMCTpa A, HCnOJJb3yeMoe ){Jill nocrpoeHHll pacnpeneneHHll nyaccoHa, 

nony'leHo 113 COOTHOWeHHll A=- [nP(Q), me P(Q) - BepOHTHOCTb He 3apemcrpnpo

BaTb 1111 O!lHOro KJJaCTepa Ha O!IHY nporneiiWYIO 'laCTHUy. 
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I ~M/MIMaKc· :,; 5%. 
TipoBe.n;eHHhie II3MepeHIDI lflnyK-ryauiii1 KfY no nnoma.zui Bcex nponopuiio

HaJihHhiX KaMep, BXOJUIIUIIX B cocTaB ATIH, no.n;TBepJJ:IIJIII pe3yJihTaThi pac'-!eTOB II 

nOKa3aJIII o60CHOBaHHOCTh Bhi6opa II OnTIIMII3aUIIII BCeX IICnOJih30BaHHhiX KOHCT

pyKTIIBHhiX II TeXHOJIOrll'-!eCKIIX pemeHIIH. MaKCIIMaJihHble lflnyK-ryaUIIII KfY B 

mo6oi1 II3 KaMep ATIH noJIHOCThiO yJJ:OBJieTBOpliiOT Tpe6oBaHIIliM 3Kcnepi1MeHTa II 

He npeBhimaroT 12% KaK BJJ:OJih ocii X, TaK II BJJ:OJib ocii Y. 
B xo.~~:e 3Kcnepi1MeHTa 6hiJIII .n;eTaJihHO IICCJieJJ:oBaHhi OTKJIIIKII ATIH Ha npo

XO/KJJ:eHIIe KaK 1t-- Me30HOB, TaK II 3JieKTPOHOB. bhiJIII pa3pa6oTaHhi u peanii30Ba

Hhi anropiiTMhi pa6oThi ATIH B cocTaBe 3Kcnepi1MeHTaJibHOi1 ycTaHOBKII, o6ecne

'-IIIBWIIe MaKCIIMaJihHO BhiCOKIIH K031flifJI1UIIeHT peiKeKUIIII 1t-- Me30HOB (Ha ypOBHe 

1,0 

~ .. 

He3<lJ<lJeKTHBHOCTh 

pemcrpaunn 

3JJeKTPOHOB OKOJIO 0,3% 

~ __._....A 
1t -(9+95)r3B/c 

~ . . . 

~ 3
,..:- X-------~%11 
lOb~~ ~,A1 I ..... - ~Yr/1~ 

e (9+95)T3B/c 
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0.01 5~~~-::10-------: ./j_.__._ ·,. 

Pnc.4a // • Nc 

)6 _), .~~./{ 
.I I 

·I ? I 

,.·~ ' ~ . ' ' ' i ' ' .· ' ' Nc 

Pnc.46 

Pnc.4. He3<lJ<lJeKTHBHOCTh pemcrpaun11 JJJeKTpOHOB (Pnc.4a) 11 aeJJH'II1Ha 

K03<lJ<lJHU11eHTa pe)l(eKUHH 1t- - Me30HOB (Pnc.46) KaK <!JYHKUHH OT nopora no 

qncny 3apemcrp11pOBaHHbiX KJJaCTepoB .llJill pa3HbiX 3Ha'leHHli nopora no 

'IHCJJY cpa6oTaBIIII1X KaMep _nnl1. 
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R"- ~105). 
B KaiJeCTBe KpinepiUI .ll.lUI Bhi.UeneHmi :meKTpoHoB wcnoJJhJosanoch nonHoe 

IJIICJJO IIOHIIJaU.HOHHhiX KJJacTepos Nc, IIJMepeHHhiX .nm1 scex Mo.nyneii ,n:n11. 

OpiiMeHeHHe .nonoJJHHTeJJhHoro KpHTepmi - IJHcno «aKTIIBHhiX» KaMep Na (r.ne 

B03HIIK XOT» 6hi O,li.HH KJJaCTep) n03BOJJHJJO yseJJII'IHTh K03lf>QJHU.HeHT pe)l(eKL{HII 
niiOHOB eme B 5-6 pa3. 

Ha Pwc.3 npiise.neHhi pacnpe.neneHH» co6h!TIIH .ll.Jl» 1t~ MeJOHOB (Pwc.3a) w 

JJJei<TpOHOB (P1IC.36) no 'IIICJJy 3aperHCTpiipOBaHHh!X IIOHH3aL{IIOHHhiX KJJaCTepOB 

Nc s HHTepsane 3Hepmi1 9 + 55 fJB. Ha o6owx piicyHKax .naHhi pacnpe.neneHII» 

KaK ,li.JJ» C06hiTIIH C O,li.IIHO'IHh!MII IJaCTHL{aMII, TaK II .ll.Jl» C06biTIIH, B KOTOph!X OT60p 

no MHO)I(eCTBeHHOCTII He npomso.nwncn. OoKaJaHo, 'ITO a.npoHHhie H JJJeKTpoMar

HIITHhie JJIIBHII, o6paJyiOUJ.HeC» B MaTepiiane .lJ:flH, CyUJ.eCTBeHHO HCKa)l(aJOT nyac

COHOBCKIIe pacnpe.neJJeHIIll B 06JJaCTII 60JJhiiiHX 3HaqeHIIH Nc KaK .llJJ» 1t- Me30HOB, 

TaK II .ll.Jlll 3JJeKTpOHOB . .lJ:eMOHCTpiipyeTCll 3QJ!fleKTHBHOCTh pa60Thl npe.llJJO)I(eHHOfO 

anrOpiiTMa OT60pa C06hiTIIH, He CO,ll.ep)l(aiiiiiX 3JJeKTpOMarHHTHhiX JJHBHeH, Bhi-
3BaHHhiX B3aiiMO,ll.eHCTBHeM C MaTepiianOM .neTeKTOpa. ~ 

Bw.nHo (PIIc.3a), 'ITO ou.eHKa K03QJQJIIU.IIeHTa pe)l(eKU.IIII 1t-- Me30HOB B .naH

HOM .neTeKTope no pacnpe.neneHIIIO OyaccoHa co cpe.nHHM qiicJJoM, paBHhiM •mcny 

0-JJJeKTpOHOB C 3Hepmei1 Bhiiiie HeKOTOpOrO nopora, npiiBO.llHT K cyiiieCTBeHHO 

JaBhiiiieHHOMY pe3yJJhTaTy». A.neKBaTHhiH yqeT o6cy)l(.naBIIIHxcn Bhiiiie 3QJQJeKTOB 

B03MO)I(eH TOJJhKO s paciJeTe no MeTO.ny MoHTe-Kapno. PeJyJJhTaT TaKoro pacqera 
cornacyeTCll c nonyqeHHhiMII .naHHhiMII (P1Ic.3a). 

113 P1Ic.36 cne.nyeT, 'ITO JKcnepHMeHTanhHOe pacnpe.neneHHe IJHcna 3apem

cTpwposaHHhiX K.iJaCTepOB .ll.Jl» C06h!TIIH, B KOTOphiX 3JJeKTpOH He o6pa30Ban JJIIBH», 

xopoiiio onHCh!BaeTc» pacnpe.neneHHeM OyaccoHa co cpe.nHHM (Nc) ;= 26,92 ± 0,04. 

PaciJeT no MeTo.ny MoHTe-Kapno .naeT oiJeHh 6JJII3KYIO seJJII'IIIHY (Nc) = 27,04 ± 
0,16. 

HeJ!fl!fleKTIIBHOCTh periicTpau.mt JJJeKTpOHOB II semt'IHHa KoJ!fl!f>IIU.HeHTa 

pe)l(eKL{IIH 1t- - Me30HOB KaK lf>YHKL{II» OT nopora no 'IHCJJY 3apemcTpHpOBaHHhiX 

KJJacTepos .ll.Jlll pa3Hh!X 3HaiJeHHH nopora no IJHcny cpa6oTaBIIIHX KaMep ,n:n11 npH

se.neHhi cooTBeTcTBeHHO Ha P1Ic.4a H 46. Ha ocHosaHHII JTHX .naHHhiX nerKo Bhi

'IHCJJ»eTcl! B3aHMOCBll3h K03QJQJHU.HeHTa pe)l(eKL{HII nHOHOB li 3QJ!fleKTIIBHOCTH pe

rHCTpaU.HH 3JJeKTpOHOB, KOTOpall, no cymecTBy, »BJJl!eTCll 6aJOBOH XapaKTepHCTH
KOH.lleTeKTOpa nepexonHoro mnyiJeHH». 

BH.nHo, 'ITO Bhi6paHHOMY ycnoBIIIO TpHrrepa Ha JJieKTpoH - qwcno cpa6aThi

BaHHi1 .neTeKTopa Nc ;::: 12 II IJHcno cpa6oTaBwHx KaMep Na 2: 7 ~ cooTBeTcTsyeT 

He3<!J<!JeKTHBHOCTh perHCTpaUHH 3JJeKTpOHOB (1-l>e) = 0.3% If KOJ!fl!fJHUIIeHT pe

)l(eKL{IHI 1t~ Me30HOB R"_ ~ 1,8x10
3
. 3!f>!fleKTHBHOCTh Haii.neHHhiX anropHTMOB Bhi

nenemfl! JneKTpoHoB Ha !f>oHe MOUJ.Horo !floHa a.npoHHhiX pacna.nos Harnn.nHo npe.n
CTasneHa Ha Pwc.5. 
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PHc.5. PacnpeneneHHe co6hiTHil no aenHqHHe E/p (rne E- :mepmll qaCTHl\hi, 
H3MepeHHall B LG- KannopHMeTpe, p-ee HMnynhc) .llJill pacnanoa L- ~ ne:-v 
H L- ~ mt- 6e3 H.lleHTH~JHKal\HH e- (a) H c H.lleHTH~JHKaL{Heil e- c noMOillhiO 
)l,fU1 H KanopHMerpa LG (6). · 

o.s 
~r 

,~:;,'1, 1 
-0.4 3KcnepHMeHT E-715. 

a. =- 0.53 ± 0.14 

rCABIBBO 
,_, 

-O.Il -0.4 0 0.4 0.8 
gt/t, 

PHc.6. 3neKTpOHHalJ accHMeTPIIll 
KaK <jJyHKL{Hll OT BeJIHqHHhl 
g I /fl. 3aunpHxoaaHHhie o6nac
TH ll0Ka3hJBaJOT pe3yJihTaTbi, 
nonyqeHHhie B pll.lle npe.llhUlY· 
IllHX 3KcnepHMeHTOB. CnnOIIIHalJ 
JIHHHll • pe3yJihTaThl pacqeTQB B. 
COOTBeTCTBHH C npe,llCKa3aHHll· 
MH TeopHH Ka66H6o. 

.· 

B HaiiieM JKcnepHMeHTe y.nanocb peanHJOBaTb MaKCHManbHO BhiCOKHH KOJ!fl

!f>IIuiieHT pe)l(eKUHII OHOHOB C miMOUJ.h!O .lJ:OH no cpaBHeHHIO C .npyrHMH 3KCnep1I

MeHTaMH, B KoTophiX HcnoJih30BanHCh ,n:n11 (E.A.LJ:onroiiieHH, NIMA A252 ( 1986) 

137-144). 

B JKcnepHMeHTe E-715 6biJIO HaKonneHo oKono 90000 13-pacna.nos ~--.rune

poHOB. bbiJIO nOKaJaHO (PIIc.6), 'ITO OOJiy'leHHa» BeJJII'IIIHa 3JJeKTpOHHOH aCCHMeT

piiH .OIJeHb 6JIII3Ka K npe.UCKa3aHHOH II COCTaBJil!eT Ue = -0.53±0.14. B pe3yJJbTaTe 

.nanhHeiiiiiero aHanma scex HaKonneHHhiX co6hiTHH 13-pacna.na nqnnpmosaHHhiX 
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:E-- nmepouos 6hiJIII OKOH'IaTeJihHO onpe.neJieHhi 3HaKII II a6coJIIOTHoe 3Ha'leHIIe 

K03cp!fliiUIIeHTOB aciiMMeTpiiii B ymosoM pacnpe.neJieHIIII npo.nyKTOB pacna.na: 

ae = -0.519±0.104; an= -0.509±0.102; a_.= -0.230±0.061. 

3T~T pe3yJihTaT OTJIII'IHO COrJiacyeTCH C TeopeTII'IeCKIIMII ;IIpe.D.CKa3aHIIHMII 

(ae = -0.51±0.004) II pa3pernaeT B noJih3Y Teopiiii cyruecTBosasrnee .noJiroe speMH 

npomsope'IIIe MeJK.D.Y mnoTe3oii Ka6II66o II 3KcnepiiMeHTOM. 

BhiCOKIIe napaMeTphi .neTeKTopa nepexo.nHoro II3Jiy'leHIIH, npo.neMOHCTpiipo

saHHhie s 3KcnepiiMeHTe E-715, ero ua.neJKHaH•{m6om II npocToTa C'IIIThiBaiOrueii 

3JieKTpOHIIKII TI03BOJIIIJIII ysepeHHO IIJiaHIIpOBaTh IICIIOJih30BaHIIe 3TOrO KJiaCCa 

.neTeKTOpOB B cp1I3IIKe Bh!COKIIX 3Hepmil:. 

1.2. 3Kcnep11MCHT E-761. McCJie.nosauiie pa.niiaUIIOHHbiX pacna.nos riinepo-

nos. 
ITocJie 3aseprneHIIH E-715 6hiJI rrpe.D.JIOJKeH II rrpiiHHT HOB\>JH 3KcrrepwMeHT E-

761 (1986-1995r.r.), B KOTOpOM rrpe.D.JiaraJIOCh peiiiiiTh erue O.ll.HY IIp06JieMy B lfJH-

3IIKe mnepOHOB [4]. 

Momu6al{UR. Pa.niiaUIIOHHhie pacrra.nhl riirrepouos npe.ncTaBJIHIOT KJiacc pe.n

KIIX 6apiiOHHhiX pacrra.D.OB, KOTOpbie Tpe6yiOT BKJia.D.a KaK CJia6biX, TaK II 3JieKTpO

MarHIITHhiX B3aiiMo.neiiCTBIIH. B csoeii cpyu.naMeHTaJihHOii TeopeMe Xapa Y.Hara, 

(Phys.Rev.Lett., 12 (1964) 378) yTBepJK.D.aeT, 'ITO, K03lfl!fl1IUIIeHThl aCCIIMeTpiiii B 

pa.niiaUIIOHHhiX pacrra.nax L+ -+ PY II s- -+ :E-: y B rrpe.neJiax SU3 - CIIMMeTpiiii 

paBHhi HYJIIO. EoJiee Toro, IIMeBrniieCH B TO speMH 3KcnepiiMeHTaJihHhie pe3yJihTaThi 

Tpex pa60T, yKa3h!BaJIII Ha cyruecTBOBaHIIe 60JihiiiOH OTpiiUaTeJihHOH aCCIIMeTpiiii B 

pacrra.ne :E+ -+ py II 3TOT !flaKT He Moma o6bHCHIITh HII o.nua II3 cyruecTsosasrniix 

Tor.na Teop1Iii. CyruecTBeHHo OTMeTIITh, 'ITO 3Kcrrep1IMeHTaJihHhie .naHHhie 6hiJIII 

OCHOBaHhl Ha O'lellh MaJIOH CTaTHCTIIKe (OKOJIO 300 C06biTIIH) II 6hiJIII cepbe3Hhle 

COMHeHIIH B .ll.OCTOBepHOCTII 3TIIX pe3yJihTaTOB. B HOBOM 3KCIIep1IMeHTe npe.D.IIOJia

raJIOCh He TOJihKO MHOrOKpaTHOe yseJIIl'leHIIe CTaTIICTIIKII, HO II, 'ITO CaMOe rJiaB

HOe, Ha.neJKHoe Bhi.D.eJieHIIe peaKUIIII :E+ -+ py ua lfloHe B 400 pa3 6oJiee III-ITeHCIIB

Hoii peaKUIIII L+ -+ p1t0 -+ p2y, KIIHeMaTIIKa KOTOporo IIO.D.06Ha KIIHeMaTIIKe IIC

CJie.nyeMOrO rrpouecca, a B KOHelJHOM COCTOHHIIII o6pa3yiOTCH O.ll.HII II Te JKe lJaCTII

Uhl. K TOMY JKe Ko3lfllfJIIUIIeHT acciiMeTpiiii s lflouosoM pacrra.ne :E+-+ pn° KaK pa3 

liMeeT 60JihiiiYIO OTpiiUaTeJihHYIO BeJIH'IIIHY (l7t = -0.980 ± 0.016, KOTOpaH MOJKeT 

HMIITHposaTh ua6JIIO.naeMyro acciiMeTpiiiO s II3Y'JaeMoM pacrra.ne :E+ -+ py. TaKIIM 

06pa30M, B03HIIKJia He06XO.D.IIMOCTh B IIOCTaHOBKe HOBOrO 3KCIIepiiMeHTa (E-761), 

UeJihiO KOTOporo HBIIJIOCh 6bi II3MepeHHe rrapUIIaJihHhiX BepOHTHOCTeH II rrapaMeTpa 

acCIIMeTpHH .D.JIH pacrra.na :E+-+ py c BhiCOKoii cTaTHCTH'leCKoii TO'IHOCThiO II Ma

JihiMH cHcTeMaTH'lecKIIMII ornii6KaMII. KoJIJia6opauHH E-761 II36paJia pyKOBO.D.HTe

JieM 3Kcrrep1IMeum .D.HpeKTopa ITYUI<l> PAH A.A.Bopo6hesa. 
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113 uarnero orrhiTa, rroJiyqeuHoro s xo.ne rro.nroTOBKII II rrpose.neHHH 3Kcnepii

Meum E-715, Mhl IIOHHJIII, 'ITO Hay'lliJIIICh .lJ.OCTaTO'IHO XOpOIIIO IIpOC'lliTbiBaTb OT

KJiliK .neTeKTOpa II IIOHIIMaTh .D.IIaiia30H ero B03MO/KHOCTeH. fi03TOMY B 3TOM 3KCIIe

p1IMeHTe 6biJIO rrpe.D.JIOJKeuo IICIIOJih30BaTh Plllf 6 Heo6wmoM Kattecm6e - KaK 

Za.MMQ OemeKmOp C 6biCOKUM npocmpaHCm6eHHbiM pa3peU1eHUeM. [4]. 
<l>oTOHHhiii crreKTQoMem 6hiJI BhiiiOJIHeH ua 6a3e ,IJ;IT11. Koop.D.IIHaTHaH qacTh 

cpOTOHHOrO CIIeKTpOMeTpa (PIIC.7.) COCTOIDia II3 .D.BYX He3aBIICIIMhiX CeKUIIH, KaJK

.naH II3 KOTOphiX liMeJia CTaJihHOH KOHBepTOp, nporropUIIOHaJihHYIO KaMepy (PWC) II 

.D.Ba ,lJ;fiJ1 (TRD). [JiaBHaH II.D.eH COCTOHJia B TOM, 'IT06hi II3 3JieKTpOMarHIITHOrO 

JIIIBHH Bhi.D.eJIIITh BhiCOK03HeprH'IHhie 3JieKTpOHhl (II03liTp0Hhl), KOTOpbie XOpOIIIO 

COXpaHHIOT liCXO.D.HOe HarrpaBJieHIIe .ll.BIIJKeHHH rra.naiOIUIIX cpOTOHOB, B TO BpeMH 

KaK HII3K03Heprli'IHble 3JieKTpOHhl (II031ITP9Hhl) IIMeiOT 3Ha'IHTeJihHO 6oJiee IIIHpO

KOe pacrrpe.neJieHIIe. ,lJ;fiJ1 6biJI Bhi6paH .D.JIH 3TOH UeJIII erue II IIOTOMy, 'ITO 3TO -

rroporoshiH .neTeKTop. OH .neTeKTIIpyeT c BhiCOKOH 3cplfleKTIIBHOCThiO 3JieKTpOHhi 

(n03IITpOHhl) C 3HeprHHMII Bhiiiie 2.5 f3B/c II HBJIHeTCH npaKTII'IeCKII He'lyBCTBII

TeJihHhiM K 3JieKTpOHaM 3Hepmeii Meuee 1 f3B/c. Cpe.D.HHH 3HepmH cpoTOHOB II3 

peaKUIIII L+ -+ py pacrra.na COCTaBJIHeT 50 f3B/c. <l>OTOHhl KOHBepT1IpOBaJIIICh B 

O.ll.HOH II3 .D.BYX CTaJihHhiX IIJiliT TOJIIUliHOH 2.54cM (1.54 pa.niiaUIIOHHOH .D.JIIIHhl Ka-
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PHc. 7. <l>oTOHHhiH cneKTpOMeTJl. llono)KeHHe JneKTpoMarHHTHoro 

nHBHll B CTanhHOM KOHBepTope H3MeplleTCJI npOIIOpUHOHanhHhiMH 

KaMepaMII (PWC) II )J.llJ1 (TRD). 3Heprllll <\JOTOHOB H3MeplleTCJI B 

<\JOTOHHOM KanOpHMeTpe. • -
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)!():(a»). 
3Heprmi cpOTOHOB H3MepHJiaCb cpOTOHHbiM KaJIOpHMeTPOM, KOTOphlH HMeJI 

.uocTaTO'IHO cTaH.uapTHYIO rpaHYJIHPHYIO CTPYKTYPY n cocTo»n H3 TH)KeJioro cTeKna 
H KpHcTaJIJIOB BGO (Bi4Ge30 12). TaK KaK nonHaH 3Hepm», Ha6niO.uaeMaH B KaJio

pHMeTPe, npHMepHo O.UHHaKoBa .llJIH o6oHX npoueccos L+ -7 py H L+ ~ p7t0 ~ p2y , 

TO, npll llOllhlTKe pa3AeJIHTh 3TH pacna.Ubi; npOCTpaHCTBeHHOe pa3pellleH!le }J;llH 
CTaHOBilTCH HaH60Jiee Ba)I(HhiM KpllTepHeM OT6opa,. llO-cpaBHeHiliO C 3HepreTH'Ie

CKilM ·pa3perneHHeM. 

Ha PHc.8a npe.ucTasneHa X-npoeKUlUI·l<OOp.UHHaThi 3apH)KeHHoi1 qacTHUhi B 

:meKTpOMarHHTHOM JlllBHe, KOTOpaH 6hiJia H3MepeHa B KaMepax (PWC) 11 }J;lllf 

(TRD). 3TO C06hiTile HHTepnpeTHpyeTCH KaK JlllBeHh, C03,UaHHhiH O.llllHO'IHhiM cpo-

A y p 

-t-
211&~2 IH27 . j 

. I 
Neutral ... 

- cner·gv 
- . . I 

HIS::t·S&&: .. &..&...~ 

·I -'--

~LAif viEw e&!iiw&m;;; §::f.::::: sa l"r;,:wsosv:s N,;;;:; 

8 7to p 

""" :>111' .~a a::J[f:--"7. 1 y Neutral 
I -j cn~'W 

----...r- I 
I 

r'lu ';/ J •---.... -..._ 

PHc.8. OTKJJHK .unH nnH 

.unn 
nK 
CTaJJb 

.[(nil 
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.unu 
nK 
CTaJJb 

(A) :H~py (JJ.nH x2 =0.15; M~o =7.43 X J0-4r3B2/c4
); 

. . . 2 
{B) :E+ ~ pn° ()J.nH x2 = 50.0; M x" = 0.01~4 r3B2/c4

). 
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TOHOM H3 L+ pa.uHaUHOHHoro pacna.ua B nepsoM CTaJihHOM i<oHBepTope. PWC .ue

TeKTHpyiOT see 3apH)KeHHhie qacTHUhl B JIHBHe. llpH :noM CTPYKTYPa cpa6oTasumx 
nposono'leK B PWC HMeeT umpoKoe H pasHoMepHoe pacnpe.ueneHHe, 'ITO no.u
TBep)K.uaeT npe.UllOJIO)KeHHe 0 npHXO,lle O.llHOrO raMMa KBaHTa. }J;lllf 'IYBCTBHTeJieH 

K HaH6onee :meprH'IHOH 3apH)KeHHOH KOMllOHeHTe :meKTpoMarHHTHOrO JIHBHH H 

ll03TOMY CHrHaJihl, npHIIIe.UUIHe C npOBOJIO'IeK, rpynnHpyiOTCH B llHK, UeHTP TH)Ke
CTH KOTOporo COOTBeTCTByeT OCH JIHBHi llpH 3TOM aMllJIHTy.Ua C06hiTHH B }J;lllf 
COOTBeTCTByeT 'IHCJIY HMnyJihCOB, .ueTeKTIIpyeMhiX Ka)K,llOH npoBOJIO'IKOH. Ba)KHO 
OTMeTHTh, 'ITO )J;llH He'lyBCTBHTeneH K npoToHaM, B TO speMH KaK PWC HX perH-

cTpHpyeT. 
Ha PHc.86 npe.ucTaBJieH CHrHaJI c )J;llH .llJIH pacna.ua, KOTOphiH HHTepnpeTH-

pyeTCH KaK L+ ~ p7t0; Mo)KHO BH.UeTh, 'ITO npH 3TOM B03HHKaiOT·.usa umpoKHX KJia

cTepa C Ka)K.l{OH CTOpOHhl OT npe.UCKa3aHHOrO llOJIO)KeHHH TpeKa 1t
0

, KOTOpble o6pa-

3YIOTCH OT .UBYX raMMa KBaHTOB. 
Pe3yJihTaThi, nony'leHHhie nocne npose.ueHHH BhiiiieynoM»HYThiX oT6opos, 

npe.uCTaBneHhi Ha PHc.9, r.ue B03MO)KHOCTh 3cpcpeKTHBHoro OT6opa none3H.hiX co6hi

Tili1 npe.UCTaBJieHa B BH,lle TpexMepHOrO pacnpe,UeJieHHH C06hlTHH. BH.UHO, 'ITO OT-

6op C06hiTHH llO 3HeprHH H KOOp.UHHaTe cpOTOHa, H3MepeHHOH B ,UeTeKTOpe nepe

XO,llHOrO H3JIY'IeHHH, ll03BOJIIlJI Ha):(e)KHO Bhi,UeJiHTh pa,UHaUHOHHhiH pacnaA 
L+ ~ py (6enhiH3JIJIHnc) 

(i;
1
,:\}1v:;(P

1
-;l,j' lot t -7 p•;t end!-+ :;•rt• ·Ha cpOHe a,UpOHHOrD pac-

on:y one..,:$ cetecteq naAa L+ ~ p7t0. 

• 1 B pe3yJihTaTe aHa-

• . ! , • C ! .JiH3a OKOJIO 35000 CO hl-v'•'5q8 [£] 6 
v;~w 30t ~!. · ; THH pa.uHaUHOHHOro pac

PHc.9. PacnpeneneHHe / )J.nH KaK 1\JyHKUHll oT 

aenwmHbl M~o B BI1Jle TpexMepHoro pacnpe-

neneHHH nony'leHHbiX co6blTHH. 
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naii.a L+ ~ py 6hiJia no

ny'leHa cne.uy101Ua» se
JIH'IHHa napaMeTpa accH

MeTpHH pacnaAa: 

ay =- 0.720 ± 0.086(cTa 

T.) ± 0.045(CHCT.), H Ha 
OCHOBe aHaJIH3a npHMep

HO 32000 co6biTHH -
BeJIIl'IHHa BepOHTHOCTH 

pacnaAa B(L+ ~ py) 

= ( 1.20 ± 0.08) X 10"3 

(yKa3aHa · cyMMapHa» 

own6Ka). TaKHM o6pa-
30M, pe3yJihTaThi, · nony
qeHHhJe B 3KCnepHMeHTe 

E-761, noATBep.uHim, 'ITO 



a pa.nuauuoHHOM pacna.ne .neiicTBuTenhHO na6mo.naeTcH 6onhUial! no senu'luHe u 
oTpuuaTenhHaH no 3HaKy accuMeTpliH, a Ha6mo.naeMaH sepoHTHOCTh pacna.na He 
co.nep)I{HT BKna.na OT npuMecu co6hiTuii HHTeHCHBHoil: a.npoHHOil: MO.Uhi pacna.na 

:E .. ~. p7t0; B 3KcnepuMeHTe, B .nononHeHue K OCHOBHoil: nporpaMMe, 6h!na H3Mepe
Ha nonHpll33UHH pa3nll'IHhiX mnepOHOB. 

1.3. 3KcnepuMeHT E-781. Mccne.nosaHue pOiKJJ.eHHH C-6apuonos n nx cneK
.J TpOCKOOIIH. 

)l;anbHeil:Uiee ll3y'leHHe CBOllCTB O'lapOBaHHhiX 6apl!OHOB 6binO npO.UOn)l{eHO 
a 3KcnepuMeHTe SELEX (E-781) B 1996-98r.r. so <l>HAJl 

MomuBGlfi1Jl. Co3.naHHhiii cneKTpoMeTp He 6hm opueHTuposaH Ha peUieHue 
(uccne,nOBaHue) KaKOfO-TO O.UHOro unu HeCKOnhKUX tPH3U'IeCKllX npouecCOB, KaK 
3TO 6hmo B npe.nhi.UYIUHX 3KcnepuMeHTax E-715 u E 7761. HaKonneHHhiii onhiT 
pa60Thl B 3TUX 3KCnepuMeHT3X ll03BOnHn npe,nnO)I{l!Th C03.UaHue cnO)I{Heil:Uieil: 3KC
nepuMeHTanhHOll ycTaHOBKH .SELEX- cneKTpOMeTp (Segmented Large-X Barion 
Spectrometer) [5], no3BOnHIOIUeii nposo.nuTh cucTeMaTl!'lecKue uccne.nosaHHll 
UIHpOKOfO Knacca H,UepHhiX peaKUHll, CBl!3aHHhiX C pO)I{,UeHueM O'lapOB3HHhiX 6a
puOHOB uux pacna.naMu. 

610 GeV sificon -~ DC DC ~ 

n~- ~ll]CJI 10 -~~· -'-"'a -ii!UtrCJ ----- o---iv--HJ---I 
SCOGeV I t t Ml ·1!2~ M3 

~· @I ECAL ~ RICH , . ECAL ECAL NCAL 
targe! hodoscopes 

0 • 60m 

P11c.l 0. EnoK-cxeMa JKCnepHMeHTa!lbHOH ycraHOBKH: BTRD - ny'IKOBbiH ,lleTeKTop 
nepexonHoro H3nyqeHHll (.[1;011); ETRD - JneKTpOHHhili neTeKTop nepexonHoro 
H3ily'leHHll (.U011); EMCL - JneKTpOMarHHTHbiH Kanop.HMe-rp; PWC - nponopuHo
Ha!lbHbie KilMepbi; DC - npeli<f>oBbie KaMepbi; RICH - qepeHKOBCKHli .lleTeKTop; 
NCAL- HeliTpOHHbili KanopHMeTp; Ml, M2 u M3 -aHanM3MPYIOIUMe MarHMTbi. 

CneKTpOMeTp npe.nnonaran oTXo.n oT 633osoro no.nxo:U.a, CBH3aHHoro c po)l{
.ueHueM Heo6xo.nuMhiX qacTMU Henocpe.ncTBeHHO B MuUieHH (central production), u 
OplleHTHpOBanCH Ha perHCTpaUMIO lJaCTUU, BhiJJeTaiOIUiiX B nepe,UHIOIO nonyctflepy 
(leading production). 3To no3BOJJHJJO pa6oTaTh He TOnhKO c runepoHaMu, po.nus
UIHMHCH B MllUieHU, HO H C TeMH lJaCTHU3Mll, KOTOpbie HBnHIOTCH llpO.UYKT3MH UX 
pacna.na. AfiH 3TOfO CTpyKTypa cneKTpOMeTp3 npe,nyCM3Tpl!Bana B03MO)I{HOCTh 
peKOHCTpyKUHll .UBYX BepUIMH C XOpOWHM npOCTp3HCTBeHH.hiM H, COOTBeTCTBeHHO, 
yrnOBhiM pa3peUieHUHMH. 
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CneKTpoMeTp pcl3pa6aThiBancH ucxoM u3 Toro, 'ITO oH .non)l{eH co.nep)l{aTh 
WllpOKHll Ha6op MeTO.UOB U,UeHTlltPHKaUHll lJaCTllll H ll03BOnHn ocymecrBnHTh Ha
,Ue)I{HOe TpHrrepuposanue Heo6xo.nuMhiX co6h!Tuii. Pa6oTa c qacTuuaMii, Bhme
TaJOIUHMH B nepe,UHIOIO nonyctflepy, 03Haqana, 'ITO B paCCMOTpeHue BKni0'1310TCH 
HOBbie tPH3U'IeCKUe npoueCChi, perHCTp3UliH KOTOphiX Tpe6yeT H,UeHTlltPliUHpOB3Th 

qacTllllhi c .z:iocTaTO'IHO 6onhUIHM nonepe'IHhiM uMnynhcOM XF > 0.25. 
B pa6oTe npHBO.UllTCH omicanue 3KcnepHMeHTanhHOii ycTaHOBKll · (Puc.1 0) 

qpe3Bhi'IaiiHo B3)1{HOil: oco6eHHOCThiO cneKTpOMeTpa SELEX HBHnOCh Hanl!'lue 
CliCTeMhi nonHOll H,UeHTlltPHK3Ullll '13CTHU, KOTOpall 633llpOBan3Ch H3 C03.UaHHhiX B 

IIIUI<l> PAH .neTeKTopax: · 
ny'IKOBhlll )l;IJM ,UnH pa3,neneHUH '13CTHU Ha ypoBHe BXO.UHOfO ny'IK3 

(:E-/7t-, p/7t); 
- 3neKTpOHHhlll )l;IJM ,UnH TOfO, 'IT06hi u.neHTHtPHUllpOB3Th BTOpl!LrHhie 3neK-

TpOHhl (e~; 
• TpeKOBYIO CHCTeMy, KOTOpaH COCTOHT H3: TpeX aHanll3HpyiOIUHX MarHHTOB; 
26 nnOCKOCTeil: nponopUllOHanhHhiX K3Mep (PWC) C npOCTpaHCTBeHHhiM pa3-
peUieHlleM OKOnO 0.8MM; TpeX CT3Hllllll ,npeil:tfJOBhiX KaMep (DC), K3)1{,U3H ll3 
KOTOphlx co.nep)l{ana 26 nnocKocTeii c npocTpancTBeHHhiM pa3peUieHueM 

OKOJJO 100 MHKpOH 

3neKTpOHUKa IIJ'IKOBoro IIIIM o6ecneqUBana BLrpa6on(y 6htc"fi:loro TpHrrepa 

,UnH H,UeHTlltPHK3Ullll L- Hnll 1t- 33 BpeMH MeHee 100 HCeK. 3TOT )l;IJI1 003BOJJHn 
O'leHh Ha.zie)I{HO ll)J.eHTHtPHUHpOB3Th. 6apHOHhl ll Me30Hhl ny'IK3. 3neK!pOHHhlll 
lliiM ycneUIHo ucnonh3osanca npu u3y'leHuu npoueccos, Tpe6ymmux u.neHTlltPll· 

K3Ullll 3neKTpOHOB B KOHe'IHOM COCTOHHllll. 
Ha ycTaHOBKe SELEX 6hlnu nony'leHhi ynuKanhHhie tflu3l!'lecKue pe3ynhTa-

Thi. 3TO - BhiXO.Uhi 0'13pOBaHHhiX runepOHOB, ll3MepeHhl 33pH.UOBhie pa,nuyChl L
runepOHOB, ll3MepeHhi nomihle ceqeHliH pacceHHHH :E-, 7t- u npoTOHOB Ha 11.npax 
s6nu3u 600 f3B/c u T . .IJ.. )l;eTanhnoe o6cy)l{.neHue anropuTMOB u MeTO.UHKH o6pa-

6oTKH nonyqeHHhiX pe3yiihT3TOBMO)I{H0 H3llTll B pa6oTaX [6-14).. 
. • . - j- • 

fJiaBa 2. TpeKOBbie cncTeMbi ,llJIH uccne.uosannH 3!(>!(>eKTOB Kana;mposanuH 

npOTOHOB MOHOKpHCT3JIJI3Mll. , 
Bnepshle 3KcnepUMeHTanhHaH peanu3aUHH u.neu ynpasneHuH TpaeKTopum.iu 

33pH)I{eHHhiX '13CTHU C UOMOIUhiO ll30fH)'TOfO Kpucranna 6hlna, OCyiUeCTBneHa B 
1979r. B JJ:y6He Ha cunxpotfla30TpOHe JIB3 OIUIM (E.H.QhrraHOB u' .np.): ny'loK 
npOTOHOB C 3Heprueil:_ 8,4 f3B C noMOIUhiO ll30fHYTOfO KpHCTanna KpeMHliH .nnu

HOll 2 eM 6hm nosepnyT na yron 26 Mpa.n. 
B .naHHOM pa3.nene . .ziuccepTaUliH o6cy)l{.naJOTCH .usa 3KcnepHMeHTa, Bhmon

HeHHhle B 1981-82 r.r. B JIIUI<l> PAH (ceil:qac- IIIUI<l> PAH), B p~3ynhTaTe KOTO
phlx: 6hinO ,ll0Ka33HO cymecrs(manue 3tfl!(>eKTa o6neMHOro 33XB3Ta;. noKcnaHO Bhl-
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nonHeHIIe np11HUrma o6paTIIMOCTII .llJIH qacTHU B npouecce o6neMHoro 3axsaTa; 

o6Hapy)KeH 3cpcpeKT yrJIOBOH cpoKyC11pOBKII 'laCTIIU. J1MeHHO Ha'II1HaH C 3TI1X 3KC

nep11MeHTOB, s JIJ151<1> PAH Ha'laJIIICh umpoKI1e 11ccne.nosaHHH 3cpcpeKTos KaHaJII1-

posaHIIH tiaCTllU MOHOKpiiCTaJIJiaMH. 

B 3KCnepuMeHTaJihHhiX ycTaHOBKax 6biJIH npiiMeHeHhi .nsa B3aiiMo.nonon

HHIOllliiX MeTO.lla: nepBbiH MeTO.ll- 3TO IICUOJib30BaHIIe II30rHYTOfO MOHOKp11CTaJIJia 

Bhi.lleJIHIOlllHH KaHaJII1PYIOlllHe 'laCTIIUhl H H.lleHTIIQJHUIIpyiOllliiH TaKHe tiaCT11Uhi no 

IIX ::mepreTH'IeCKI1M noTepHM; BTOpOH MeTO.ll - 3TO TpeKOBaH CIICTeMa, .neTeKTH

pyiOIIIaH I}JaKT UOBOpOTa (IIJIII QJOKYCHpOBKH).!I.aCTHU. 3TO U03BOJIIIJIO: 

- ocymecTBJIHTb npe.nsapiiTeJibHbiH OT60p 'laCTHU B MOHOKpHCTaJIJie no IIX 

3HepreTH'IeCKIIM noTepHM H H3y'laTb llX pacnpe.neJieHHe B TpeKOBOH CIICTeMe; 

- IICllOJib3YH 11HBepCHbiH MeTO.ll, MO)KHO 6biJIO B3HTb y)Ke OT06paHHbie TpeKO

BOH CI1CTeMOH tiaCTIIUhl 11 II3Y'IHTh IIX 3HepreTI1'1eCKIIe noTepii II nose.neHI1e B MO

HOKp11CTaJIJie 6oJiee .lleTaJibHO. 

UeJihiO Harnero nepsoro 3Kcnep11MeHTa liBJil!Jiacb nposepKa mnoTe3hi o B03-

Mmi<HOCTI1 3axsaTa qacTIIU s pe)KIIM KaHaJI11posaHIIll KaK Iia Topue, TaK 11 s o6beMe 

H30fHYTOfO KQ11CTaJIJia [15-18]. 

8 pa6oTe .neTaJihHO Oll11CbiBaeTCH 3KCnepHMeHTaJibHaH ycTaHOBKa. Tiy'IOK 

npoToHos (p) c 3Hepmeii 1f38 npoxo.n11n qepe3 nponopuuoHaJibHbie KaMepbi TIKI, 

TIK2 H CUHHTHJIJIHUIIOHHhiH C'leT'II1K S 1 II nona.llaJI Ha H30rHYThiH MOHOKpHCTaJIJI 

(C). J13 npHMOfO nytiKa Bhi.lleJil!JIHCb Te npOTOHbl, KOTOpbie nona.naiOT Ha TOpeu 

Kp11CTanna, II H3MepHJII1Cb yrJibi 11x sxo.na s Kp11cTaJIJI (yrnosoe pa3perneHI1e 0.19 

Mpa.n). TiponopuuoHaJibHaH KaMepa TIK3 perucTpnposana ymosoe pacnpe.neneHI1e 

BbiXO.llHlllHX II3 i<p11CTaJIJia tiaCTHU c yrnoBhiM pa3pernemieM 0.41 Mpa.n. J13omyTbiH 

MOHOKpHCTaJIJI (C)6biJI 1130fHYTHO UHJIHH.llpy C pa.D.HYCOM R=46 CM. Ero Bbipe3Ka 

6biJia TaKOBa, 'ITO ero 60JiblllaH rpaHb 6biJia napaJIJieJibHa nJIOCKOCTI1 (111) H 1130-

rHyTa no UHJIIIH.llpH'IeCKOH nosepXHOCTH. TiytiOK na.llaJI Ha rpaHh napanJieJibHYIO 

UJIOCKOCTII (0 11 ). Ha H30rHYTOM MOHOKpHCTaJIJie TOJilllHHOH 0.4 MM, lliHpHHOH - . 

25MM w .llJIHHoii no ny'IKY - lOMM, H3rOTOBJieHHOM H3 nonynpoBO.llHI1Kosoro KpeM

HI1H, 6hiJIII peanu30BaHbi TPH He3aBI1CIIMhie .neTeKTIIpyiOmue CTPYKTYPhi (TI,IJ,1, 

TI,IJ,2, TI,IJ,3), HBJIHIOllli1MHCH nosepxHoCTHo-6apbepHhiMH nonynpoBO.llHI1KOBbiMI1 

.lleTeKTOpaMH. 3TO ll03BOJIHJIO KOHTpOJI11pOBaTb .llBII)KeHHe 'laCT11U B KpHCTaJIJie Ha 

scex CTa.llHliX: 3axsaT, KaHaJI11pOBaHHe, .neKaHaJI11pOBaHHe no BeJIII'IHHe IIOHH3aUH

OHHbiX UOTepb, OCTaBJIHeMbiX B 3TI1X 'IYBCTBI1TeJibHbiX 06JiaCTHX. 

Tipouecc H3MepeHHH (P11c.11) 3aKJIIO'IaJICH s onpe.neneHHII cneKTpa IIOHI13a

U110HHbiX noTepb tiaCT11U Ha pa3JII1'1.HbiX yqacTKax Kp11CTaJIJia (s o6nacTHX TI,IJ,l

TI,ll,3) 11 B Ha6JIIO.lleHIIH yrnoBbiX pacnpe.neneHHH qacTHU, BhiXO.llHill.11X 113 KpHCTaJI

Jia, s 3aBIICHMOCTII oT yrna nosopoTa <p. KaHanupyiOllli1MH C'IIITaJIIICb tiaCTI1Ubi, 

llMeiOmiie aHOMaJibHO MaJibie HOHll3aUHOHHbie noTepu 8 .neTeKTopax ·n,IJ,1-TI,ll,3 

(MeHbrne 0,74 oT Hau6onee sepoHTHhiX noTepb .llJIH "npHMoro" nytiKa). B Ka'leCTBe 

BToporo KpHTep11H, llO.llTBep)K.llaiOUlero TOT I}JaKT, 'ITO qacn!Ubl. C MMbiMll y;ieJib-
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KaHaJJHpyiOntHe 
'l3CTHUbl 
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00 
·~ 
Puc.lla. YnwsLie pacnpetteJJeHHH 
'13CTHU, nporneJ{lllllX KpHCTaJJn C 
oT6opoM no KpHTepHIO MaJJOH aM-

nnHTY.llbi. Yron nosopoTa <p=ll 
Mpa.u. 

" 

KaHaJJHPYIOIUHe 
'13CTHUbl 

II Dy'lOK I 
.. -L· 
l 1 f\1 IIAI I' 

~ .53Z 
:... &D4~>~muc1 
Lr 

Puc.ll6. AMnJJHTYJlHLie 
cneKTpbi 'laCTHU B D)]. 1 H 
D)l.2. 
0T6op co6biTHii- no D)]. 3 . 

Hb!MII noTepHMll HBJIHIOTCH Kamump0!3aHHhiMII tiaCTIIUaMH, CJiy:a<HJIO HaJil!'IIIe OT

KJIOHeHHOH I}JpaKUHII nytiKa C MaJI<?H yrJIOBOH paCXO)liiMOCThlO npii BhiXO.lle II3 Kpii

CTaJIJia . 
Ha ocHose nonytieHHhiX 3KcnepiiMeHTaJihHhiX .naHHhiX MO)KHO O.llH03Ha'IHO 

3aKJIIO'IIITh, 'ITO Bbl.lleJIHeMble 'laCTIIUhl HBJIHIOTCH KaHaJIHpyiOllliiMII. J.h 3TIIX .llaH

HbiX TaK)Ke CJie.nyeT cymeCTBOBaHIIe o6neMHOfO 3aXBaTa B pe)KIIM KaHaJIIIQOBaH11ll. 

XapaKTepHhiM npii3HaKOM KaHaJIIIposaHIIH HBJIHeTCll noHBJieHIIe niiKa s o6nacTII 

MaJihiX aMUJiliTY.ll (COOTBeTCTByeT npH6Jill3IITeJihHO llOJIOBIIHe aMUJIIITY.llhl HaH60-

Jiee sepOHTHhiX noTepb HeKaHaJIIIpyiOlllllX tiaCTIIU), 'ITO H Ha6JIIO.llaeTCH oco6eHHO 

OT'IeTJIIIBO .llJIH TI,n2. 

Bu.nHo (PIIc.11 ), 'ITO MHo me qacTIIUhi, 'nonasume .s o6nacTh niiKOB I IIJill II, 
He 6biJIII KaHaJIIIpOBaHHhiMH B TI,l],1 (IIMeJIII 60Jibllllle HOHH3aUHO.HHbie noTepii) II 
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6biJHI 3axaaqeHhi B pe)KIIM KaHaniipoaamrn TOnhKO Ha 6onhllliiX rny6IIHax B Kpii
cranne. BnepBbie 6bmo noKa3aHo, 'ITO o6nacTh 3axaaTa qacTIIU. B pe)KIIM KaHanii
poaaHIIH II30reyThiM KpiiCTanllOM OTHIO.llh He COCpe,llOTO'leHa TOllhK.O B6nii3II ee 
BXO.llHOrO TOpU.a, a MO)KeT peanii30BaThCH no BCeil. ,llniiHe KpiiCTanna, TaK KaK CyM
MapHblll yrnoBOll IIHTepBan 3aXBaTa qaCTIIU. COCTaBIIn -.., 20 Mpa,ll, TOr,lla KaK yron 
JlHH.llxap.ua paaHnncn - 0.12 Mpa.u npii yrnoaoil. pacxo.uiiMOCTII nyqKa - I Mpa.u, 
'ITO COOTBeTCTByeT 3aXBary npaKTII'leCKII Ha BCeil. ,llniiHe KpiiCTanna (lcM). 3TOT 
tPII3II'leCKIIll npou.ecc aBTOpbi Ha3Banii "3<!JtPeKTOM 06'heMHOrO 3aXBaTa" B pe)KIIM 
KaHaniipOBaHIIH. ..J 

TaKIIM o6pa30M, B xo.ue 3Toro JKcnepiiMeHTa, anepBbie y.uanoch npo.ueMOH
crpiipoaaTh B03MO)KHOCTh noaopoTa nyqKa npoTOHOB c 3Hepmeil. I fJB Ha yron II 
Mpa.u. BhiCOKOe yrnoaoe pa3pellleHIIe JKcnepiiMeHTanhHOil. ycmHOBKII no3BOniino 
pa3,lleniiTh 3tlJtPeKThl .llllH pa3llii'IHhiX KpiiCTannorpa<!JmeCKIIX nnOCKOCTeil. II OU.e
HIITh 3Ha'leHIIe aepoHTHOCTII o6oeMHoro 3axaam B pe)KIIM KaHaniipoaaimn .unn I 

f3B npoTOHOB B KaHan nnocKOCTII (Ill), II30rHYTOll no pa.ueycy R=46 CM (Po =9.2 

± 1.4%), II, COOTBeTCTBeHHO, .lllliiHY ,lleKaHaniipOBaHIIH (A =l.26tj: 0.09MM). 

Bo BTOQOM 3KCnepiiMeiue ( 19-21) 6bma IICClle,llOBaHa B03MO)KHOCTh IICnOnh-
30BaHIIH II30rHYTOrO KpiiCTanna, HBllHIOII.J.erOCH O.llHOBpeMeHHO nonynpOBO.llHIIKO
BhiM ,lleTeKTOpOM, B Ka'leCTBe dJoKyCIIQYIOII.J.ero KOlllliiMaTOpa KaHaniipyiOII.J.IIX '!aC
TIIU.. I1cnonb30BanCH MOHOKpiiCTann KpeMHIIH, II30rHYThlll no U.IIlliiH.llpy (R = 2 M), 
C KpiiCTannorpa<!JmeCKIIMII nnOCKOCTHMII (Ill), nepneH,lliiKynHpHbiMII K BOrHYTOll 
(BblllYKnOH) · rpaHII KpiiCTaJina, HBllHIOII.J.eHCH O,llHOBpeMeHHO noBepXHOCTH0-

6apbepHbiM ,lleTeKTOpOM (TI,lJ;l II I1});2). 
Ha KpiicTann Hanpaannncn llliipOKIIH (so aecb KpiicTann) ny'IOK c yrnoaoil. 

pacxo.UIIMOCTbiO 7,2 Mpa.u. Hcnonb30BaHIIe KpiiCTanna B KaqecTBe nonynpoBO.llHII
KOBoro .ueTeKTopa no3aonnno Bhi.Uen»Th ("MeTIITb") KaHaniipyiDmiie qacTIIU.bi no 
Benii'IIIHe IIX aHOManbHO ManbiX IIOHII3ai.J.IIOHHbiX noTepb. IlOCKOllbKY npii II3rii6e 
no U.IIlliiH.llpy KpiiCTannorpatlJII'leCKIIe llnOCKOCTII, HOpManbHbie K rpaHHM, pa3BO
pa'!IIBaiOTCH Beepoo6pa3HO C U.eHrpOM Ha paCCTOHHIIII pa.ueyca II3rii6a KpiiCTanna, 
TO KaHannpyiOII.J.IIe Me)K.lly HIIMII '!aCTIII.J.bl ~Y.llYT tPOKYCIIpOBaTbCH B TOqKy «0». 
Ilpe.uaapiiTellbHbie OU.eHKII nOKa3anii, 'ITO llliipiiHa tPOKyca ,llOll)KHa COCTaBnHTb OT 
50 .llO 600 MKM. . 

}J;nH Ha6niO,lleHIIH TaKIIX npocrpaHCTBeHHhll:.. pacnpe.ueneHIIH . He06XO.lliiMO 
6hinO C03.llaTb HOBYIO TpeKOBYIO CIICTeMy, 6a3IIPYIDII.J.YIOCH Ha no3IIU.IIOHHO
qyacTBIITenhHbiX ,lleTeKTOpax, IIMeiOII.J.IIX npOCTpaHCTBeHHOe pa3pellleHIIe npaKTII
qeCKII npe.uenhHoe .unn ra3opa3pH.llHhix· npii6opoa. B can3II c JTIIM 6bmo pellleHo 
ncnonb30BaTb nponopu.noHanbeyiO KaMepy (IlK) c aHanoroabiM coeMOM IIH<!JopMa
ll.llll C KaTO,lla Ha lliiHIIIO 3a,llep)KKII, nOTeHU.IIanbHbie B03MO)KHOCTII KOTOpOH n03BO

llHllii o6ecne'IHTb rpe6yeMoe npocTpaHCTBeHHOe pa3pellleHIIe (cr :::;100 MKM). Ilpo
ae.ueHHhie IIccne.uoaaHIIH noKa3anii, 'ITO pa3pa6oTaHHhie KaMepbi o6na.uaiOT BbiCO

KIIMII II3MepiiTenbHbiMII xapaKTepiiCTIIKaMII: B pa60'!eil. o6naCTII KaMepbl (30x30 
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MM) npOCTpaHCTBeHHOe pa3pellleHIIe He Xy)Ke 0' "" 40 MKM, a .lliitP<!JepeHU.HMbHaH 
HeniiHeHHOCTb He npeBbilllaeT 3%. 

3To no3Boniino ocymeCTBIITb 3KcnepiiMeHTanbHoe'Ha6niO.UeHIIe Y3Koro niiKa 
. (eM. PIIc.l2, Kpuaan 1) B pacnpe.ueneHIIII '!aCTIIU. B <PoKanbHoil. nnocKocTII c 

«BKniO'leHIIeM» OT6opa no ManbiM aMnniiry.llaM, 'ITO HCHO ,lleMOHCTpiipyeT cymecT
BOBaHIIe HC:iaoro 3tPtPeKTa: II30reyTblll ~OHOKpiiCTann MO)KeT pa60TaTb KaK tPOKy
CIIpyiOII.J.IIH KOlllliiMaTOp KaHaniipyiOII.J.IIX '!aCTIII.J.. IliiK XOpOlllO o6ecneqeH CTaTII
CTmeCKII II IIMeeT llliiPIIHY FWHM= 0.65 ± 0.05MM, 'ITO cooTBeTCTayeT yrnoaoil. 
paCXO.lliiMOCTII, onpe.uenHeMOH yrnoM JliiH,llXap.ua (0.12 Mpa.u) ,llnH .uaHHOH Kpii

CTannorpatlJn'leCKOll nnoCKOCTII (Ill). 
B pa6oTe .ueTanhHO o6cy)K.uaeTcH aniiHHIIe pa3nmHhiX <!JaKTopoa Ha··npo

crpaHCTBeHHoe pa3pellleHIIe ,lleTeKTOpOB•C KaTO,llHbiM C'heMOM IIHtPOpMaU.IIII, BXO
.llHII.J.IIX B rpeKOBYIO CIICTeMy, C TO'IKII 3peHIIH TOrO, KaK OHII BlliiHIOT Ha C06CTBeH
HOe (BHyTpeHHee) pa3peiiieHIIe ra30pa3pH.llHOrO ,lleTeKTOpa qaCTIIU. KaK TaKOBOrO. 
OnntMmiipyn 3TII <PaKTOphi MO)KHO ou.eHHTh TO npe.uenhHoe npocTpaHCTBeHHOe 

Ncb 

Si' (111) . 1 
3 

Puc.l2. ilpocrpaHCTBeHHoe 

150 1-llK 3 , X-nJIOCKOCTI:- V N r (xi O ) pacnonoiKeHIIe ny'!Ka Ha X 
l KamUI=0.048 MM nnQCKOCTII (0K3): 1 - C OT-

FWHMch= 2 6opoM no KpHTepmo Manon 
1001- 2 ,,----...... 0.65±0.05 MM aMnmrrynhi CHrHa1Ia c ncreK-

~ , Topa (s IIHTepsane 0.3+0.6 OT 
~I ', HaH6onee sepouHoro 3Ha'!e-

50~ / FWHM _ , 1 HH» nn» xaoTH'!ecKoil q>a3bi), 2 
_,/ 15 4±0 1r- ', - 6e3 OT6opa (npSIMOM ny-
, •• MM ..._ ) 

I ,.....-""' _L .. • \... 0 'lOK . 0 
300 400 500 600 700 800 KanaJILI 

pa3pellleHHe, KOTOpoe MO)KeT 6biTh .llOCTIIreyTO ,llnH ,llaHHOrO KnaCCa ,lleTeKTOpOB. 
IlOCKOllbKY pe'lb II,lleT 0 npocrpaHC:'TBeHHOM pa3peiiieHHII Ha ypoBHe ny'!llle 
} 00 MKM, TO ,llnH npoBe,lleHHH no.uo6HbiX IICCne,llOBaHIIll He06XO.lliiMO yMeTb C03,lla
BaTb «npo6Hble 3apH.llblll pa3MepaMII B ,lleCHTKII MIIKpOH, 'ITO CaMO no Ce6e HBnHeT
CH BeCbMa cephe3HOH npo6neMOH, ll IICCne,llOBaTb OTKniiK npii6opa Ha HIIX. 

An» JToro 6bm npiiMeHeH MeTO.llll3MepeHIIH.npe.uenhHoro npocTpaHCTBeHHO
ro pa3pellleHIIH KaMep c noMOII.J.biO JtPtPeKTa <PoKyciipoBKH IIOHHOro o6naKa. H.uen 
MeTO,lla 3aKniO'laeTCH B TOM, 'IT06bi my'laTb .BeyTpeHHee npocrpaHCTBeHHOe pa3-
pellleHIIe .ueTeKTopa, II3Mepnn nono)KeHIIe II npocrpaHCTBeHHoe pacnpe.ueneHIIe 
«npo6Horo 3apn.ua», KOTOpbiil. nanneTCH o6naKOM IIOHOB. Tipe.unaraeTCH IIccne.uo
BaTb nOllO)KeHHe II TO'IHOCTh llOKanii3aU.IIII B npocrpaHCTBe U.eHrpa TH)KeCTII llOH
HOro 3apH,lla naBIIHbl, o6pirJoaaHHOll B6llll3II aHO,llHOH npOBOllO'IKII. 3TOT 3apH.ll 
XOpOlllO CtPOKYCIIpOBaH B npocT}JaHCTBe JneKrpWieCKIIM noneM CaMOll KaMepbl II 
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no CBOeif !lJH3ll'IeCKOH npHpO.D.e HMeeT MHHHMaJibHble npOCTpaHCTBeHHbie pa3Me

pb1, KOTOpbie H onpe.D.emnoT npe.D.eJibHoe pa3perneHHe .D.eTeKTopa. 

J13MepeHH11 IIOKa3aJIH, qTO 3cp!lJeKT !lJoKyCHpOBKH 3ap.H.lla HaCTOJibKO CH

JieH, 'ITO IIpH pa3Mepax HCXO,llHOrO nyqKa 0"11)"11<3 :5120 MKM, pa3Mepbl perHCTPHpye

MOrD 3ap.H.llOBOrO 06JiaKa C'lKHMaiOTC.H )].0 BeJIHlJHHbl cr :5 20 MKM. 

B HTore, 6LIJI npe.llJIO'lKeH H ycnernHo npHMeHeH MeTO.D., B pe3yJILTaTe peanH

JaUHH KOTOporo: 

- pa3pa60TaHa MeTO)].HKa OIITHMH3aUHH H3MepHTeJibHbiX XapaKTepHCTHK Ka

Mepbl, noJBOJIHBrna.H .D.OBeCTH ee BHYTPeHHee' pa3perneHHe npaKTHIJeCKH .D.O !lJmH

qecKoro npe.uena, o6ycnoBJieHHoro !lJHJHqecKHMH pa3MepaMH HOHHoro o6naKa na
BHHbi, KOTOpOe HCIIOJib30BaJiaCb B KaqecTBe «npo6HOrO 3ap.H.lla». 

- IIOKaJaHO, 'ITO MO'lKHO .ll06HTbC.H, qT06bi BHYTpeHHee IIpOCTpaHCTBeHHOe 

pa3perneHHe )].eTeKTOpa COCTaBJI.HJIO: He Xy'lKe cr~2Q MKM (.llJIR y-KBaHTOB C :mepm

eif Ey=5.9 KJB); He xy'lKe cr ~50 MKM (.llll.H 3apH'lKeHHbiX qacmu). 

~ 

rJJaBa 3. Pa3pa6oTaH H C03,llaH Topuenoii Koop.uuuaTHblii )].eTeKTOp FTC )].JJH 

JKcnepuMeHTaJJhHOii ycTaHOBKU L3 
TpeTb.H rnaBa .uuccepTaUHH nocBRIUeHa onucaHUIO JKcnepHMeHTaJibHoif yc

TaHOBKH U 3a)].a'l 3KCIIepHMeHTa L3. IJpe.D.CTaBJieHO OIIHCaHHe Ka'lK)].OrO U3 OCHOB

HbiX. )].eTeKTOpOB B ycTaHOBKe- L3, BKJIIOqa.H TOpUeBOH KOOp.D.HHaTHbiH )].eTeKTOp 

FTC, OTBeTCTBeHHOCTb Ja pa3pa6oTKy u coJ.D.aHHe KOToporo 6Lma B03JIO'lKeHa Ha 

rpynny, B03rJiaBJI.HeMyiO COHCKaTeJieM. 

YcTaHOBKa L3 npe.D.HaJHaiJeHa .llll.H nponepKH npe.ucKaJaHHif H napaMeTpon 

CTaH.D.apTHOif Mo.D.eJIH. Bee .D.eTeKTopbi ycTaHOBKH HaXO.llHTCH BHYTPH MarHHTa 

(.D.i-IaMeTPOM ~11 M H .llJIHHoif 12M), coJ.D.aiOmero MarHHTHOe none 0,5 Tn. HaiJHHaH 

OT TO'IKH B3aHMO.D.eiiCTBHH e + e· nyiJKOB B L3 HaXO.D.HTC.H: UeHTPaJibHbiH BepiliHHHbiH 

.D.eTeKTop Ha ocHoBe .D.peii!lJoBoii KaMepbi "pacTHHyToro npeMeHH" - TEC, JJieKTpo

MarHHTHhiH KanopHMeTp BGO., cocTOHIUHif H3 KpHCTaJIJIOB opTorepMaHaTa BHcMy

Ta 8i4Ge30 12, ypaHOBbiH a.D.pOHHbiH KaJIOpHMeTP H MIOOHHbiH CIIeKTPOMeTp, CO

CTO.HIUHH H3 Ha6opa .D.peifcpOBbiX KaMep. 

TopueBoMy KOOp.D.HHaTHOMY .D.eTeKTopy FTC 6biJIO OTBe.D.eHo MeCTo (ncero 

72 MM no ocH nyqKa Z) B 3a30pe Me'lK.D.Y TEC H KanopHMeTPOM BGO. }J;eTeKTop 

npe.D.HaJHalJaJIC.H .llJIH pemcTpaUHII H H3MepeHHH TPeKOB qacTHU, BXO.D.HIUHX B TOp

UeByiO IJaCTb KaJIOpHMeTPa BGO B )].HanaJOHaX IIOJIHpHbiX yrnoB 14°::; e::; 35° H 
0 0 

145 ::; e::; 166' He nepeKpbiBaeMbiX )].eTeKTopoM TEC. Heo6XO)].HMOCTb TO'lHOro 

onpe.D.eJieHH.H KOOp.D.HHaT H HanpaBJieHH.H qacTHU o6ycJiaBJIHBaJiaCb MHOrOKpaTHbiM 

KYJIOHOBCKHM pacceHHHeM qacTHU B aJIIOMUHHeBoM 4JnaHue TEC. }J;JI.H BLIIIOJIHeHHH 

JToii Ja.D.aiJH FTC .D.OJI'lKeH 6LIJI o6ecneiJHBaTh: 

• IIpOCTPaHCTBeHHOe H yrnOBOe pa3perneHHe KOOp.D.HHaT H HanpaBJieHHH Tpe

KOB qacTHU cr::; 150 MKM II 10 Mpa.D., COOTBeTCTBeHHO; 
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• O,llHOBpeMeHHYIO perHCTpaUHIO TpeKOB 5+ 7 IJaCTHU; 

• Ha.D.e'lKHYIO pa6ory B TeiJeHHe He MeHee 2+3 neT 6e3 peMOHTa; 

8bi6op KOHCTPYKUHH .D.eTeKTopa 'lKeCTKo o6ycnaBJIHBaJICH ycnoBHHMH ero 

pa3MemeHH.H B ycTaHOBKe L3. Bo-nepBbiX, JaMKHYTOCTh u orpaHHIJeHHOCTh npo

CTPaHCTBa B 3a3ope TEC-BGO C03.D.aJIH' KpaiiHe cepbe3Hhie TPY.D.HOCTH B peanma

UHH TPe6yeMbiX pa6oiJHX xapaKTepHCTHK FTC. 3TOT 'lKe. 4JaKTop orpaHH'lHJI npo

crpaHCTBO )].JIH yCTaHOBKH npe.D.yCHJIHTeJieif, npOKJia)].KH Ka6eneii H CHCTeM raJO

o6ecne'leHH.H, ·qTo o6yCJIOBHJIO He06XO)].HMOCTb MHHHMH3aUHH lJHCJia KaHaJIOB 

JJieKTpOHHKH. HeB03MO'lKHOCTb · pa3MelUeHH.H CHCTeMbl OXJia'lK,lleHH.H IIOTpe60BaJIO 

npe.D.eJibHO MHHHMH3HpOBaTb TeiiJIOBbi)].eJieHHe IIpH)].eTeKTOpOHOH JJieKTpOHHKH. 

Bo-sropbiX, KOHCTPYKUH.H .D.eTeKropa .D.OJI'lKHa 6bJJia o6ecneiJHTb BbiCOKYIO. Ha.D.e'lK

HOCTh H pa.D.HaUHOHHYIO CTOHKOCTb B TeqeHHe HeCKOJibKHX JieT pa60Thl 6e3 .llOCTyna 
nepcoHana. 

,ll;ereKrop FTC 6hiJI COJ.D.aH [22-28] Ha 6aJe .D.peii!lJoBLIX KaMep (Mo.uyneif) 

CKOMIIOHOBaHHbiX B ,llBe napbl .llHCKOB )].HaMeTpOM 1MeTp, pa3BepHyTbiX .D.pyr OTHO

CHTeJibHO .D.pyra Ha 90 rpa.D.ycoB. qTo o6ecneiJHBaeT O.llHOBpeMeHHoe H3MepeHHe X 
H Y KOOp.D.HHaT TpeKa IJaCTHUbl C o6eHX CTOpOH OT TO'IKH e+e- B3aHMO)].eHCTBHH. 

06mee lJHCJIO MO.D.yJieii B Ka'lK)].OM .D.HCKe paBHO 26. }J;JI.H 3aiUHTbl OT JJieKTpOMar

HHTHbiX HaBO.D.OK. co cropOHbi JJieKTpoHHKH H BbiCOKOBOJibTHoro nHTaHHH TEC H 

BGO .D.HCKH FTC JaKpbiTbi 3aJeMJieHHbiMH JKpaHaMH H3 4JonbrHpoBaHHoro cTeK
nonnacTHKa G I 0. 

./ __ _. !:~~i'IIIJ.lt ...... , ""· 
G. 

l 

JJ.1-• .. ••~. Kar«~ 
L.........,..-~~~~. 

....... l&- --··-· "-··--·-- ---·--··-

PHc.I3a. PHc.I36. 

IlonepeiJHoe ceiJeHHe ~W.D.YJI.H FTC H H.D.eaJILHa.H CTPYKTypa JKJieKTHIJecKoro 

IIOJIH B HeM IIpHBe)].eHbl Ha PHc.J3a H 136, COOTBeTCTBeHHO. TaM 'lKe IIOKa3llHbl Ka

TO)]., IIOJie!lJopMHpyiOIUHe (FW) H .cHrHaJibHbie aHO)].Hbie IIpOBOJIO'lKH (SW). Ilo-
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nocKOBbie 3JieicrpO.llbi - CT{mnhi (Cnoii I u Cnoii2) Ja,llaiOT 3JieicrputiecKoe none B 

pa6otieM o6oeMe .ueTeKTopa u o6ecnetiHBaiOT ero Jamwry OT pa3pywa10mero BJIHH

HIDI COCe,llHHX 3a3eMJieHHbiX 3KpaHOB. 
· B Ka:lK.llOM Mo.uyne c KaJK.uoii SW nposonotiKH HeCKOJibKO pa3 H3MepHJIHCh 

,llBe (X H Y) KOOp.llHHaTbl 'TpeKa tiaCTHUbl: TO'IHO (B.UOnb HanpasneHHH ,llpeiicposoro 
nonH) - MeTO,llOM H3MepeHUH BpeMeHH .upeucpa H B,llOnb npOBOnO'IKH SW - MeTO

,llOM .ueneHIDI JapH.ua. PeanuJaUHH no.uo6Horo peweHIDI noJsonHno ycnewHo pe

lllHTh KOMnJieKC npo6neM: BO-nepBbiX, TO'IHO. H3MepHTb o6e KOOp.llHHaTbl 'TpeKa 

qaCTHUhi; BO-BTOpbiX, H3MepHTb yron HaKJIOHa1"IpeKa tiaCTHUbi; B-'TpeTbHX, o6ecne

'IHTb perHC'TpaUHIO MHOfO'TpeKOBbiX C06biTHll 3a C'leT npe,llCKa3aHHH KOOp,llHHaT 

"IpeKOB qaCTHll ,llJIH TO'IHOfO HX H3MepeHUH MO,llynHMH COCe,llHero ,llHCKa. 

B pa6oTe npoBe,lleH KOMnJieKCHblll aHaJIH3 C'fPYK'fYPbi B3aUMOCBH3ell OCHOB

HbiX cpaKTOpOB, BJIIDIIOIUHX Ha o6ecnetieHUe nuHeHHOCTH KOOp,llHHaTHO-BpeMeHHOll 

JaBHCHMOCTH B FTC u ero npoC"IpaHCTBeHHOro pa3pewenuH. ,ll;nH COJ.UaHHH O.LJ.HHa

KOBbiX ycJIOBHll .upeiicpa 3neicrpOHOB B .upeiicpOBbiX HtieUKax (30Hbl, peruCTpaUHH 

nposonotieK SW) MO.llYJIH Heo6xo.uuMo 6biJIO o6ecnetiHTb O.llHOpo.unoe 3neicrpHtie

cKoe none B ,llpeiicpOBOM npoMe'lKyTKe, O,llUHaKOBbJe K03cpcpHUHeHTbl fa30BOfO YCH

neHIDI (KrY), cTa6HJihnyiO TeMnepazypy pa6oqero raJa H MHHHMH3HposaTb Mexa

HH'IecKue norpewnocTu. 0nTHMH3aUIDI snHHHHH scex BblrnenepequcneHHhiX cpaK

Topos · Ha O>Kll.llaeMYJO norpelllHOCTb onpe.ueneHHH KOOp,llHHaTbl 'TpeKa 'laCTHUbl 

· Y, m~r nz ~e: 77.T TJZf T'j7f7j71 'I'J2!D.i1 13.1~9jV~ II - - .• '.-I ·--- f -·- • .; •. :' 

4o 

PHc.14. KoMnbiOTepH<UI CHMymiUHll crpyKrypbi :meK'TpH'!eCKOro nonll B MO)lyne 

FTC npH HaJIH'IHH ilsyx cnoes none!lJopMHpyiOIUHX CTpHfiOBH 3a3eM!leHHOro 3a
IUHTHOro 3KpaHa, ycrrumsneHHoro s 3,5 MM oT rpaHHUbi BHY'fpeHHero o6DeMa. 
BHeliiHHH CJIOH crpHfiOB CMeJUeH Ha IMM BHH3 (>THOCHTeiJbHO BHY'fpeHHero. 
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n03BOJIIIJia ,llOBeCTii 11TOfOBOe rrpOC'TpaHCTBeHHOe pa3pellleHI1e ,llO 0'1; "=' 120 MKM, 
'ITO cooTBeTCTBosano Tpe6osaHIUJM L3. 

Bni1HHue MarHI1THoro nonH ycniHOBKH L3 ·(B = 0,5 T) Ha FTC ytii1ThiBaTb He 

Tpe6osanocb 6naroaapH nonepetiHOMY pacnono'lKeHI1IO nposonotieK SW no OTHO-
weHI1IO K BeKTopy B. . . 

3HatiHTeJibHOe BHI1MaHI1e 6hiJIO y.ueneHO cpopMHpOBaHHIO O.llHOpO.llHOro 3neK-

'Tpl1'1eCKOro nonH B MO.llYIIHX aeTeKTopa FTC. PactieTHbiM rryTeM 6niJII1 BnmonHeHbJ: 

- Bbi60p OnT11MaJibHOll reOMe'TpU11 nonecpopM11pyiOIU11X CTp11fiOB 11 11X fiOTeH

U11aJIOB, npH KOTOpbiX HeO.[(HOpO.llHOCTb 3JieK'Tpl1'1eCKOfO nonH B 30He .llpeiicpa 

He .llOJI'lKHa npeBbllllaTb I ~lYE I ~ 2%; . 

- pactieT cTpyKTYPni nonecpopMHPYIDIU11X cTp11rros, o6ecneti11BaiOmeii 3neK

'fPOCTaTI1tiecKyiO 3aiU11TY 3Jieicrp11'1ecKoro nonH B Moayne OT PaJpywaiOmero 
B03.lleiicTBI1H BHelllHHX 3aJeMneHHbiX 3KpaHOB. 

PerneHHe 3a.[(aq OnTHMI13aU1111 KOHC'fPYKUH11 11 o6ecneq'enl1e Tpe6yeMbiX Xa

paKTep11CTI1K FTC KpaiiHe ocno'lKHHnocn TeM, 'ITO npocTpaHcTso, OTseaennoe .llJlll 

pa3MeUJ,eHI1H .[leTeKTOpa, COCTaBnHnO BCero 72MM no OCI1 nytiKa. l103TOMy .llnH 

cpopMuposaHHH · oanopoanoro 3Jieicrp11tiecKoro noJIH BHY'fPI1 pa6oqero o6oeMa MO

.llYJIH noTpe60BaJIOCb O.llHOBpeMeHHO MI1HI1MI1311pOBaTb KpaeBbie HeO.[(HOpO.llHOCTH 

C03.[laBaeMble fiOJiecpopMupyiOmi1MH C'TpHnaMI1 11 npe.llOTBpaTHTb HCKa'lKaiOIUee 
BnlUIHI1e BHelllHHX 3aJeMneHHbiX 3JieK'TpO.llOB. . 

Hau6onee OfiTHMaJibHOH OKaJaJlaCb reoMe'Tp11H C lllHpHHOii CTpurra a = 0,5 MM 

u waroM S,1 = 2 MM, K01;-opaH y'lKe B 2 MM OT 6oKosoii cTeHKH (XIS,, = 1) o6ecrretiH

saeT BbiCOKYIO oi:lnopo.llHOCTb 3neKTp11tiecKoro nonH (I ~Ey I Ey0 I~ 1%) npu MI1-

HHMaJihHOM rpa.[(UeHTe H a6coniOTHOll BenHtiHHe HanpH'lKeHHOCTI1 nonH Ha KpaHX 

CTp11na 11 nocepe.llUHe Me'lK.llY C'Tpi1HaMI1. 3TO, npaKTH'IeCKH, HCKniO'IaiOT MHKpO

npo6ou Me'lK.llY C'TpHIIaMH H B03HHKHOBeHHe CaMOfiO,ll.llep'lKHBaiOIU11XCH pa3pH.llOB 
Ha HX KpOMKaX. 

llpOBe.[leHHble H3MepeHHH H paCtieTbl nOKaJaJIH, 'ITO BHelllHI1e 3aJeMneHHhle 

3KpaHbi npaKTHtieCKI1 nonnocTbiO pa3pywaiOT oanopo~nyiO cTpyKrypy 3neK'fPH'Ie
cKoro nonH B Moayne. 

)J;eTaJibHblll aHanH3 nOKaJan, 'ITO 3'fY npo6neMy MO'lKHO pelllHTb npHMeHHB 

cneuuannnyiO C'fPYKTypy nonecpopMupyiOIU11X CTp11nOB, np11Be.[leHHYIO Ha Puc.14. 
PactieTbl nol<aJanu, 'ITO rrp11 3TOM B Jone apeiicpa 3neKTponos c KoopauHaTaMu 

lXI ~ 12 MM 5 ~ Y :s; 22 MM (3alll'fPHXOBaHHaH o6naCTb) 3JieK'Tpl1tieCKOe none CTaHO

BHTCH, npaKTH'IeCKH O.llHOpO.llHbiM (I~E lEI :s; 0,5%), 'ITO o6ecrretii1BaeT fJOCTOHHCT

BO cKopocm apeiicpa na yposne I~ VapNap I< 0,08%. 

Pa6oque xapaKTep11CTI1KH FTC rrony'leHHble Ha,rrpoTOHHOM rrytiKe c 3Hep

meii Ep = 1 r3s CHHXPOIUIKJIOTpoHa ll~(J> H B XO.[le 3KCrrepHMeHTa L3 npaKTH'Ie

CKI1 cosnan11. Ha P11c.15a rrpuseaena THfiHtiHaH 3aBI1CHMOCTb KoopaunaTHoro pa3-

peweHHH OT.[leJibHOH IIpOBOJIO'IKU SW OT BpeMeHU .llpeiicpa 3neicrpOHOB, l13MepeH

HaH B 'xoae 3Kcrrep11MeHTa L3. B .[laHHOM cnyqae oroupanHCb TpeKH tiaCTHU, BbiJie-
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TeBUJIIe 113 TOlJK11 B3a11MO,UeH-
+ -CTBWJ e e B .u11anrooHe yr-

nos 3axsaTa FTC. B11.UHO, lJTO 
BeJJ11lJ11Ha npOCTPaHCTBeHHO-
ro propellleH11ll He xy)J(e 

O"sw :S; 175 MKM BO BCeM 
.Upelilj>OBOM npOMe)J(yTKe. 

- fiOKa3aHO (P11c.156), 

u..,, MM I MeTO.U .ueneuwst 3apst.ua. I 
,.~~~~==~~~~==-~==:::::::::::::_~ r ,,, 

'ITO Tpe6yeMoe propeweH11e 
MeTO.Ua O",i{J /A,:::. 1% .UOCT11-
raeTCH B pafioqeli TO'!Ke, KO
TOpall COOTBeTCTByeT 3apli.UY 
QL = 5x106e-, o6pa30BaHHO
MY B .upelilj>osoli ll'leliKe Tpe-
KOM M11H11ManbHO 110HH311-
pyiOJUeft qacT11Ubl, np11 rroo-
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Puc.l5. npocTpaHCTBeHHOe pa3peweHHe FTC. 

BOM yc11neH1111 M = 8x 104
• B 

ycnOB11liX 3Kcnep11MeHTa L3 
npocTpaHCTBeHHoe propewe
H11e KOOp.U11HaTbl TpeKa MeTO
.UOM .ueneH11ll' 3apll.ua oueHI1-

•• sanoch no pacnpe.ueneHmo 
Beni-1'111Hbl pa3H11Ubl Me)J(.UY 
KOOp.U11HaT3M11, 113MepeHHbi
M11 TEC 11 - MeTO.UOM ~3 
(P11c.l5s): flp11 3TOM cpe.uHe
KBa.upaT11'1Hoe OTKnOHeH11e 
pacnpe.ueneHI1ll Mll 6onb-

10 llli1HCTBa Mo.uyneli ·He npeBbi
CI1no- cr:::.22 MM, ·a OTHOC11-
TeJJbHOe propeweHI1e 
I~LILJ:5:2%. 

_ l13MepeH11ll noKa3an11, 
'no .UOCT11rHytall 3aBI1CI1MOCTb Y-T JII1HeHHa nOlJTI1 BO BCeM .upeH!j>OBOM npOMe
:>i<YTKe, KpoMeyqacTKa I Y I = 1 MM s6n11311 npo8onotJeK. flp11 3TOM, Heni1H~HHOCTb 
s .U11ana3oHe I Y I = 2+22 MM He npesblwana 70 MKM. 

J].eTeKTop FTC, KaK o.umi 113 KOMnoHeHTOB yCTaHOBK11 L3 nocTOliHHo ytJaCT
sosan B Ha6ope .uaHHbiX. TaK, 11cncinh30BaHI1e .ueTeKTopa FTC np11 onpe.ueneu1111 
3HaKa 3apli.U~ tJacn-tu 11nniOCTp11pyeTCll ua np11Mepe pacna.ua zo ~ ,_t J-1-. J].pyroli 
np11Mep 11cnonb30BaH11ll FTC np11BO.U11TCll B pa6oTe no 11ccne.uosau1110 npe.ucKa3a
H11H KBaHTOBOH 3m!KTpo.ul1i-JaM11KH Mll peaKU1111 e + e'----). yy. Ol-6op co6biT11i:i 3TOH 
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peaKU1111 ocymecTBJJHJJCll c noMOIUbiO .ueTeKTopos TEC H FTC, nepeKpbiBaBIII11x 
-11HTepsanbi KOCI-mycos yrnos BbineTa · 'laCT11U I cos(8) I < 0,883 11 
0,833< I cos(8) I <0,97' COOTBeTCTBeuuo: flp11'1eM Tp11 TO'IK11 3Ha'leH11H ce'!eH11ll 
peaKU1111 B o6naCT11 ManbiX yrnOB 6bin11 nony'leHbl 11CKni0'111TenbHO C nOMOIUbiO 
FTC. l1ulj>opMaU11ll o TPeKax 3apli)J(eHHbiX qacT11U B TEC u FTC 11cnonb3osanacb · 
Mll 11.UeiH"111j>HKaU1111 y-KBaHTOB B KalJeCTBe "BeTo". flonyqeuuaH 3lj>lj>eKT11BHOCTb 
"BeTo" COCTaBHna 99,98% ± 0,02% . 

rnaBa 4. TpeKOB3SI CJICTeMa na 6aJe «MarmtTHbiX»- KaMep B 3Kcnep11MCIITC 
HERMES (DESY). -

OcuosHoli 3a.uaqeli 3Kcnep11MeHTa HERMES liBnlleTCll 113yqeu11e cn11uosoli 
CTPYKTYPI>I H)'KnoHoB nyTeM 11ccne.uosan11ll 11HKJJI0311BHbiX 11 nony11HKJJI0311BHbiX 
npoueccos rny6oKo-Heynpyroro paccel!H11ll nonllpH30BaHHbiX no311Tpouos (3neK
Tpouos) ua nonllp1130BaHHbiX M11WeHliX 113 so.uopo.ua, .ueliTep11H 11 ren11H-3. 3Kcne
p11MeHT, B OTJJ11lJ11e OT npe.Ubl.UYIU11X, n03BOJJlleT ll3ylJaTb DOJJY11HKJII0311BHbie npo
UeCCbl, 11CnOJJh3Yll ,UeTeKT11pOBaH11e a.UpOHOB B COBna.uemm C paccelJHHblM nenTO
HOM. J]..nll cymeCTBeHHOro ynpomeHI1ll aHani-13a ,UaHHhiX, nonytJeHHbiX B ycTaHOBKe 
HERMES, npe.uycMoTpeua B03MO)J(HOCTh 11.UeHmlj>11KaU1111 mna a.upouos (npoTo-
Hbi, n110Hhi, _KaOHhl). . -

3Kcnep11MeHT HERMES npoBO.U11TCH Ha ycKop11Tene HERA B·11ccne.uosa
TenhCKOM ueHTPe DESY B r. faM6ypre, fepMaH11ll. YcKop11Tenb HERA npe.ucTaB
nlleT co6oli D0311TpOH-npoTOHHhiH' KOnnali.uep. flonllp1130BaHHbiH D03i-ITpOHHbiH 
nylJOK 11MeeT 3HeprHIO 27.5 f3B, npOTOHHbiH nytJOK He DOJJllpH30BaH Hero 3HeprHll 
~ 920 f3B. B3KcnepHMeHTe HERMES 11cnoni>3yeTCll nonllp1130BaHHbiH no311Tpou
HbiH nylJOK, KOTOpblH pacce11BaeTCll, Ha rrooo6pa3HOH "lj>~KC11pOBaHHOH" MI11IIeH11. 
Yrnosol! 3axsaT ycTaHOBK11 cocTaBnlleT ±(40+ 140) M11nn11pa.u11au BBepT11KanbHOM 
uanpasneu1111 11 ±(0+170) M11mmpa.uHau B rop1130HTanhHOM uanpasnen1111. TaK11M 
o6pa30M, nOJJH)>IH .U11ana30H yrnoB paccelJHHll COCTaBJJHeT 40-220 M11JIJJ11pa,UI1aH. 
3TO 3a,UaeT MaKCHManhHO B03MO)J(HYIO K11HeMaTHlJeCKyiO o6naCTh, B KOTOpOH aua-
JJI1311pyiOTCll ,UaHHbie. • . 

J].eTeKTop HERMES npe.ucTaBnlleT co6oii- MarH11THhiH cneKTpoMeTp, BKniO
tJaiOIU11H B cefill TpeKOBhie . .UeTeKTOphl 11 .UeTeKTOpbl Mli11.UeHT111j>11KaU1111 lJaCT11U. 
Hanpli)J(euuocTb MarH11THoro nonll cocTaBnlleT B=1,3TM. Yrnosoii 3axsaT .ueTeK
Topa pa3.UeneH Ha BepXHIOIO 11 Hlf)J(HIOIO ~aCT11 ~eTanJJ11lJeCKOHHJJ11TOH, KOTOpall 
3aiU111UaeT n031ITpOHHhiH 11 npOTOHHbiH nytJK11 YCKOp11TeJJll 'oT BJJ11liH11ll MarH11THOro 
nonll MarH11Ta HERMES~ B ycTaHOBKe cymecTsyeT CI1CTeMa 11.UeHT111j>11KaUI111 qac
T11U npe,UHa3Ha'!eHHall .UJJH pa3.UeneH11ll n03HTpOHOB,, n110HOB, npOTOHOB 11 KaOHOB 
TRD cny)J(11T .unH pro.ueneuHH n03HTpouos 11 n11ouos 11 HMeeT BbiCOKYIO 3lj>lj>eKT11B
HOCTb TaKoro pro.ueneHmi (90%) npu 3Hepnm tJaCT11U 6oni>we 5 f3B. TpeKoBall 
tJacTh .neTeKl-opa cocTOHT 113 cne.nyiO-IU11X oc~;~osHbiX 3neMeuTos (P11c.16): sepwuu
Hbie KaMepbi VC, .npelilj><]BI>Ie sep~HHHbie KaMepbi DVC, _ nepe.nm-ie .npelilj>oBbie 
KaMepbi FC 11 3a.nuue .npeiilj>oBI>Ie KaMepbi BC. BuyTpn 3a3opa cneKTpoMel-putJe-
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cKoro Marmna ycmHosneHa pa3pa6oTaHHal! H cmnaHHal!•B TIYUI<l> TpeKosaH cnc

TeMa Ha 6a3e nponopUHOHanhHbiX KaMep (MC-cneKTJlOMeTJl). 
TpeKH qacTHU, KOTOpbie nonyqaJOTCll B pe3ynhmTe peKOHCTJlYKUHH, nenHTCll 

Ha 2 rpynnhl: «MHHHbie 'TpeKH» H «KOpOTKHe 'TpeKH» (PHc.l6). 
- «,lJ,miHHbie TpeKH» 

o6pa:30BaHHbl 'laCTHWIMH, 
rrpowenwHMH qepe3 necb 
cneK'TpOMeTJl HERMES. 
OHH peKoHcTpyupyiOTCH 

BepiiiHHHbiMH KaMepaMH 

VC H npeii!pOBbiMH Ka

MepaMU, ycraHOBJieHHbi
MH KaK no, TaK u nocne 

MarHUTa DVC, FC, BC. 

MarHHT 
HERMES 

BCl,l 

.. .J 

Ily'IOK 

PHc.l6. TpeKonall CHCTeMa. IlpHHUHrr pa.JneneHHll 
.nnHHHbiX H KOpOTKHX TpeKOB. 

JIC3,4 

- «KopOTKUe Tpe

KH» ReKOHCTJlYHPYIOTCll c 
IlOMOIUbiO BXO,li,Hb!X Tpe

KOBbiX neTeKTopos, ycm
HosneHHhiX nepen Mar-
HHTOM, H MC-

cneKTpOMeTpa, pa3Me-
meHHoro B 3a3ope cneK

TJlOMeTJlWiecKoro Mar-
mna. 

MC-cneKTJlOMeTJl 

HBJIHJICH onHHM H3 npnHunnuanbHO oa)!(HbiX KOMnoHeHTOB neTeKTopa HERMES 
[29,30], KOTOpbiH n03BOJil!eT: 

- pa3,11,eJil!Tb MHOroTpeKOBbie npoueCCbl npH peKOHCTJlYKUHH C06biTHii; 
- ocymeCTBJil!Tb HMnyJibCHbiH aHanH3 HH3K03HepreTH'IHbiX nponyKTOB pac-

nana 3a C'leT neTeKTHpOBaHUll H peKOHCTpyKIJ,HH 'TpeKOB 'laCTHIJ, C ManbiMH HM
nyJibCaMH, KOTOpble Bb!XO,ll,l!T 3a npeneJibl MarHHTa, He nona,ll,al! B 3aAHIOIO. TJleKO-

BYIO CHCTeMy HERMES( a). · 
' 3TO II03BOJil!eT H3y'laTb IIOJIYHHKJII03HBHbie peaKIJ,HH, KOTOpbie· Tpe6yiOT 

neTeKTHposaHuH n onpeneneHHll TpaeKTopwii nponyKTOB pacnana HecTa6HJihHhiX 
. 0 

'laCTHIJ,, KOTOpbiMH, HanpHMep, MOryT 6hiTb nHOHbl HJIH IIpOTOHbl OT pacnana A 
fHIIepOHOB. 

Ka)!(.l:thiii MC 6noK cocTOHT H3 TJleX Mon)!Jieii: MCl, MC2 11 MC3. 0Tnenh
Hhiii MO,li,YJih CO,ll,ep)!(HT TpeX IIJIOCKOCTH, B KOTOpbiX aHO,li,Hbie npOBOJIO'IKH HMeiOT 

TJlH pa3JIH'IHhie opueHTauHH B npOCTJlaHCTBe U(-30°), X(0°) 11 V(+30°). TipoBOJIO'I
KH B X-nnocKOCTH HaTl!flYThi sepTHKanbHO c IIIaroM 2MM. KaMephi pacnonaraiOTCll 

B 3a3ope MarHHTa neTeKTopa HERMES 11 · oxsaThiBaiOT yrnosoii nwanaJoH 40 < 
18sepT.i < 140 MHJIJIHpanHaH no HanpaBJieHHIO sepTHKanhHOH ocu "Y" H 0 < 
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18ropu3. I < 170 MHJIJIHpanuaH no HanpasneHHIO ropH30HTanbHoii ocu "X", 'Ito 
COOTBeTCTByeT BXO,li,HOMY yrny neTeKTopa HERMES. . 

To, 'ITO MC-cneKTpoMeTp pa3Memancl! BHYTJlH MarHHTa, Hano)!(uno )!(ecTKiie 
'Tpe6osaHHll Ha KOHCTpyKuHIO MC. B qacTHOCTH, 'Tpe6osaHHe 3KcnepHMeHTa o.6ec

nelJHTh MaKCHManbHbiH BepTHKanbHblH 3aXBaT 'laCTHU «MarHHTHbiMH KaMepaMH>> B 

ycJIOBHl!X orpaHHlJeHHOfO npOCTJlaHCTB.a Me)!(,ll,y IIOJIIOCaMH MarHHTa C HeH36e)!(H0-
CThiO IIpHBO,li,HJIO K He06XO,li,HMOCTH pe3KOrO yMeHhiiieHHl! IIIHpHHbl HeCyiUHX aniO

MHHHeBbiX paM KaMep. Hx nnuHHhie cTOpOHhi 6bmu oqeHb Y3KHMH 11 no3TOMy' He 
o6ecnequsann Tpe6yeMoii )!(eCTKOCTH, a 3Ha'IHT - MexaHH'IecKoii ycToiiqusocm 

MC. B pe3yJihTaTe paMhi npom6anHch B sepTHKanbHOM HanpasneHHH .Ha TaKYIO 

6oJihiiiYIO senH'IHflY, KOTopaH c TO'IKH 3peHHl! ycTOii'IHBOCTH pa6oTbi MC cosep-
IIIeHHO HenonycTHMa: Tipo6neMa 

0 KopoTKne TpeKu (DVC+FC+MC) 
5 • .[VIHHHble TpeKH (DVC+FC+BC) 

~ 4 
D KopoTKne TpeKu (FC+MC) 

[ 3 

• .[VIHHHbie TpeKH (FC+BC) 

<: 0 0 
0 

"' 2 0 0 n 

0 
0 

0 0 

llbiJ.JP~.f~ 
0 0 .. " .. .. 

0 
0.5 1 1.5 2 2.5 

P.c.tVJr: 

-~ r------------------------------------, 
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' ~ tp ' ' - ~ ~ ~ ~ 
0 2 2.& 0.& 1..5 

P,GcVJe 

PHc.l7. l1MrrynbCHoe H yrnonoe pa3pew~HHll, 
rrony'leHHbie .1\ml KOpOTKHX H .nnHHHbiX Tpe
KOB, ripH pa3nH'IHbiX KOM6HHai.\HliX HCriOnb-
30BaHHll HH<jJOpMaUHH" C pa3nH'IHbiX TpeKO-
Bb!X .1\eTeKTOpOB. 

OKa3anaCh OlJ:eHb cepbe3HOH H OT 

ee peiiieHHl! Jaswcena peanbHaH 
B03MO)!(HOCTb C03,ll,aHUll KalJ:eCT

BeHHO~O CIIeKTJlOMeTpa Ha OCHOBe 
MC seyrpu Mamwm. 

PeiiieHHe 6biJio HaiineHo 
nyTeM pa3pa6oTKH cneuHanhHoro 

MeTona KOMneHcauuu ne!flopMa
uuu paM. }:VIl! TOro, 'I:T06hi MHHH

MH3UpOBaTb pa3pyiiiaiOmee BJIHli

HUe ne!flopMauuii Hapy)!(HhiX paM 
Ha pa6oTy MC, 6i,ma npenno)!(eH 
H peanH30BaH KOMIIeHCall,UOHHblH 

MeTO,ll,, BKJIIOlJ:aiOIUHH B ce6ll CTa

TH'IeCKYIO H ,li,UHaMH'I:eCKYIO CO
CTaB.riliiOIUHe. bbiJI(l nO,li,TBep)!(,ll,e

HO 3KCnepHMeHTanhHO, 'ITO pa3pa-

60TaHHbiH MeTO,ll, KOMneHCaiJ,HH 

ne!flopMaiJ,HH TOHKHX IIO,ll,llep)!(H
Ba!OIUHX paM · MC 3!fl!fleKTHBHO 

npenoTspamaeT npaKTH'I:ecKH mo-
6i.Ie MeXaHH'I:eCKHe He CTa6UJibHO-

CTH paM H rapaHTHpyeT CTa6HJib
HYIO pa60TY ,ll,eTeKTOpOB 6e3 ,li,OCryna B TelJ:eHHe MHOrHX JieT: 

B xone 3KcnepHMeHm 6bino noKaJaHo, 'ITO :J!fl!fleKTHBHOCTH nnocKocTeii MC 
nn»" peKoHcTpywposaHHhiX co6hiTHii, BhineneHHhiX ycTaHOBKoii HERMES nn»" qac
mu C 3HeprHeii 6onee 3 f3B, HaxO,ll,l!TCll B ,li,HanaJOHe 96.8%+99.6%. IlpH 3TOM 

3!fl!fleKTHBHOCTb perHCTJlall,HH «MC KaMepaMH» KOpOTKHX TJleKOB, KOTOpbie ,ll,eTeK

THpOBanHCb nepenHeii TJleKosoii cwcreMoii ycTaHOBKn HERM~S, coc-fasnHeT 
npaKTH'I:eCKH 100%. KpoMe 3Toro, B pa6oTe JaMeTHoe MeCTO OTBeJieHo MeTonuKe 
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3KcnepnMeHTa, a nMeHHO, nccneAoBamno xapaKTepHCTHK pa6oThi nponopuno
HanhHhiX K3Mep, yCT3HOBJJeHHhiX B 3a30pe cneKTPOMeTpHlJeCKOrO M3rHHT3, KOTO

pb!e n03BOJIHIOT peKOHCrpynpOB3Th TpeKH HH3K03HepreTHIJHhlX '13CTHU. TipoBeAeHO 
nccneAOB3HHe yrnOBhiX H HMnynhCHhiX xapaKTepHCTHK CneKTpOMeTpa M» TpeKOB, 

peKOHCrpynpyeMhiX C'nOMOliJ,h!O «MC K3Mep». 
Ha Pnc.l7 noKa33Hhi nMnynhcnoe n yrnosoe pa3perneHH», nonylJeHHhie M» 

MHHHhiX H KOpOTKHX rpeKOB 1.J3CTHU npH pa3JJHlJHhiX MeTOA3X ylJeTa HH<flopM3UHH 
c nepeAHeif 'IaCTH rpeKosoll: cncTeMhi ycTaHOBKH HERMES: BnAHO, lJTO HannylJ

rniiM: pe3ynhT3T AOCTHraeTC», ecnn B peKOHCJPYKUHH ylJaCTBYIOT «MC KaMephi» 
coiiMeCTHO c rpeKOBhiMH AeTeKTopaMH, pa3MemeHHhiMH nepen MarHHTOM 

(DVC+FC+MC). B 3TOM cny'1ae HMnynhCHOe H yrnosoe pa3perneHH» AJI» KopoT

KHX H MHHHhiX TpeKOB OlJeHh 6nH3KH. 
B lJaCTHOCTH, KopoTKHe TpeKH nrpaiOT B3)!(HYIO ponh nn» anann3a co6hiTHH c 

po)!(neHHeM A 0 -mnepoHOB. TinoH, o6pa3oBaHHhiH npn pacnane A 0 -lJaCTHUhi, HMeeT 

MeHhlllHH HMnyJJhC lJeM npOTOH, H lJaCTO (npn6JJH3HTeJJhHO B 50% cnylJaeB), npo

XOAHT TOJJhKO '1epe3 nepeAHIOIO lJaCTh cneKrpOMeTpa H nponOP.UHOHanhHhle KaMe-
. @ 

phi, nocJJe lJero H3-3a CllJJhHOrO OTKJJOHeHH» MarHHTHhiM nOJJeM 11BhiJJeT3eT" H3 yc-

TaHOBKH Hero rpeK MO)!(eT 6hiTh peKoHcrpynpoBaH TOJJhKO c.ncnoJJh30BaHneM MC. 

Ba)!(HO OTMeTHTh, lJTO BKJJaA KOpOTKHX TpeKoB neTeKTnpyeMh!X MC, CT3HOBHTC» 

eme 6onee cymecTBeHHhiM npn II3y'1eHHH npyrnx npoueccoB, B KOTOphie BOBJJelJe

Hhi'IacTHUhi 6onee MaccnBHhJe, lJeM A-rnnepoHhi. 

rJJaBa 5. licCJJeAOB3HHe npouecCOB CTapeHIISI neTeKTOpOB '13CTHU, paoo

T310IUHX B HHTeHCHBHbiX nOJJHX HlJJY'IeHHH 
.CerOAHll, B 3noxy Eonhrnoro AnpoHHoro Konnall:nepa (LHC) pannaunoHHaH 

CTOHKOCTh CTana '1pe3BhllJaHHO B3)!(HOH pa6o'1eif xapaKTepHCTHKOH ra30p33p»nHoro 

neTeKTOpa, COllOCT3BHMOH no Ba)!(HOCTH C ero 3<fl<fleKTHBHOCThiO, 6hiCTPOAeHCTBH

eM H npocrpaHCTBeHHhiM pa3perneHHeM. 3TO o6yCJJOBJJeHO TeM, lJTO paAHaUHOHHa» 
CTOHKOCTh COBpeMeHHhiX neTeKTOpOB AOJI)!(Ha 6h!Th, no Kp3HHeH Mepe, Ha nopHAOK 

Bhlllle BeJilllJHHhl, AOCTHrHYTOH B paHee BhiUOJJHeHHhiX 3KCnepnMeHTaX. TaKHM 

o6pa30M, HCCJJeAOBaHHe 3<fl<fleKTOB CTapeHHll. 3THX HOBhiX AeTeKTOpOB HBJJHeTCll 
npHHUHUHanhHO Ba)!(Hh!M H CBOeBpeMeHHhiM. 

· . B 3TOH rnase aHanH3HpyeTc» onhiT co3A3HII» pannaunoHHO-CTOHKHX AeTeK
Topos, HaKOUJJeHHhiH HaMH B xone C03AaHHH H HCCJJeAOBaHml pa3JJHlJHhiX · THUOB 

ra3opa3pHnHhix AeTeKTopoB nn» TaKnx 3KcnepnMeHToB, KaK ATLAS, CMS, LHCb 
B l(EPHe (illsell:uapnll) 3a 1996-2004roAhl. Ha OCHOBaHHH 3TOro onhiTa 6hiJJa 

npeMO)!(eHa H peani130BaHa MeTOAHK3 nposeneHHH HCCJJeAOBaHHH (H OnTHMH33-
Ul1H) pannaunoHHhiX CB6ifcTB ra3opa3p»nHhiX neTeKTopoB nyTeM nx «6hiCTporo 
CTapeHH»» H 3KCTpanon»UHH UOJJylJeHHhiX pe3yJJhTaTOB Ha napaMeTphl AeTeKTOpOB 

npu 06hilJHOH (B AeCHTKH pa3 6onee HH3KOH) CKOpOCTH Ha6opa A03hl 06JJylJeHH». 
Peanmauun nono6Horo noAXOAa · no3sonHeT onTHMH3HposaTh · pannauuoney10 

CTOHKOCTb AeTeKTOpOB H3 3Tane HX npoeKTHpOBaHHH H HCCnenoBaHHH. 
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B pa6oTe anann3npyiOTC» pe3ynhTaThi IICCJJeAoBaHIIif · csoifcTB pa3niilJHhiX 
THnOB AeTeKTOpOB npn IIX pa6oTe C pa3JJHlJHhiMH raJOBhiMII CMeCHMll, 06Cy)!(Aa!OT
C» pe3yJJhTaThl HCCJJeAOB3HH» BJIH»HHH npocTp3HCTBeHHOrO 33p»A3 H3 BeJJIIlJIIHY 
K03tP<fJIIuneHTa raJosoro ycnnenH» (KrY) neTeKTopa np1I ocymecrBnellnn ycKo

peHHoro CTapeHIIH cospeMeHHhiX raJOBhiX AeTeKTopoB. HaXOA»merocn B paAnaun
OHHhiX nonnx pa3nHlJHOH nnoTHOCTl1. AIJann3npyiOTCH oco6ennocTn H3Mepenn» 

KrY AJJ» raJOBhiX CMeCeH, B KOTOph!X BOJHHKaeT CTpHMepHhiH pa3p»A H T.A. (31-
33]. 

5.1. llpnMeHenne HAepHO-lJ1113U'IeCKHX MeTOAOB AJJH HCCJJeAOB3HIIH npouecCOB 
crapeunst AeTeKTopoB. 

BnepBhie B Mnposoll: npaKTIIKe naMa 6hiJJ ycnernno npiiMeiien MeTOA »Aep

HhiX peaKUHH (MeTOA NRA) M» nccnenoBaHH» pa3BIITH» npoueccoscTapenun Ae
TeKTOpoB nyTeM ananma pacnpeneneHII» KOHUeHTpaUIIOHHhiX npo<flnnell: nerKIIX 

3JJeMeHTOB no rny6HHe aHOAHhiX npOBOJJOlJeK nnaMerpOM OT .20 AO 50 MHKpOH, 
KOTOphle npennonaranoch npiiMeHHTh M» pa3JJII'1Hh!X neTeKTOpOB B l(EPHe B 3KC

nepHMeHT3X CMS, ATLAS, LHCb II T.A. TipnnuiinHanhHO Ba)!(HhiM AOCTH)!(eHHeM 

6hiJJO TO, lJTO MeTOA U03iWJJHJI ocymeCTBJJliTh KOJIIIlJeCTBeHHYIO OUeHKY pacnpe

neJJeHHH 3neMeHTOB, npnxonnmwx II3 raJosoii naBIIHhi (Kncnopon, yrnepoA, aJoT, 
tPTOp II T.n.) Ha 3JJeKrpOAhl AeTeKTOpa, KaK no IIX noBepXHOCTII, T3K H no rny6HHe. 

,[VI» neTeKTIIpOBaHII» H KOJill'IeCTBeHHOH OUeHKH yrnepoAa, KHCJJOpOA3 H 
a30Ta B 30JJOTOM nOKph!Tllll 3HOAHhiX l)pOBOJJOlJeK B 33BllCllMOCTII OT rny6IIHhl 6hi

JIH HCnOJJh30B3Hhl CJJeAyiOliJ,He HnepHhJe pe3KUHH 3JieMeHTOB C neiiTpOHaMH H npo
TOHaMH: 
12

C + d ~ 13
C + p + 2.122 M3B 

160 + d ~ 170 + p +: 1.049 M3B 
14

N + d ~ 15N + p + 1.305 M3B 19F + p ~ 160 + a + QR, 
rne QR - 3Heprnn, BhiAenneMa» B peaKunn 

TipiiHUIInnanhHoe npenMymecTBO MeTona NRA (no cpaBHeHHIO c npymMn) 
3aKJJI01.JaeTC» B TOM, lJTO AeTeKTnpyeMhie nponyKThl »AepHhiX pe3KUHH HMeiOT 

3HeprHIO 3H3lJIITeJJhHO Bhlllle 3HepmH lJaCTHU, KOTOphie ynpyro pacceHB310TCH Ha-
33A OT TH)!(eJJOH M3TpHUhl OCHOBHOrO BemecTB3. TaKHM.·o6pa30M, CHrHanhJ OT JJer
KHX 3JJeMeHTOB AeTeKTnpyiOTCH B Toll:' 06JJaCTH 3HepreTH1.JeCKOro cneripa, rAe tPOH 
npaKTIIlJecKn oTi::yTCTByeT. 

MeTOAHKa npnMeHennH MeToAa HAepHhiX peaKunll: AJJ» nccnenosaHII» pa3BH
THH npoueccos cTapeHnll AeTeKTopos 6hma peann3oBaHa II oipa6oTana Ha 3JJeKTpo
cTaTnlJecKoM ycKopnTene TIIUI<l> PAH c MaKcnManhHOH 3Heprnell: lJaCTHU 1.7 

M38. TionylJeHHhJe H3MII 3KcnepiiMeHTanhHhie pe3ynhT3Thi, ncno AeMoncTpupyiO

mne BhiCOI(yiO. 3<fl<fleKTHBHOCTh npiiMeHeHHll MeTona »AepHhiX peaKUIIH M» HCCne
AOBaHH» npoueccos cTapeHnll AeTeKTopos, npeAcTasneHhi B pa6oTax [34-37]. 

Pa3pa6oTaH MeTOA NRA, no3BOJJHBllliiH npn nccneAOBaHnn paAH3UIIOHHoii 
CTOHKOCTH AeTeKTOpOB: 
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- .neTeKTllpOBaTh II npOBO.llllTh. KOJIII'IeCTBeHHhiH aHaJill3 BCeX JierKHX 3Jie

MeHTOB (KHCJIOpO.ll; yrnepO.ll, cpTOp, a30T), KOTOphie npHXO,WlT 113 ra30BhiX CMeceii, 

npiJMemieMhiX B ra30HallOJIHeHHhiX .neTeKTopax, Ha :meKTPO.llhl H KOHIIeHTPHPYIOT

CH B MaTepmtrie 3JieKTpO.llOB. 

- O.llH03Ha'IHO npo.neMOHCTPHPOBaTh KJIIO'IeByiO pOJih KllCJiopo.na B MeXaHH3-

Me pa3BHTHH npoueccos cTapeHHH (pacnyxaHHH) nposonotieK; 

- .neTeKTnposaTh 3apaHee Henpe.ncKaJyeMhle pacnpe.neneHHH Kncnopo.na n 

.npyrMX nerKHX ::meMeHTOB B.llOJlh llpOBOJIO'IKll (CM., HanpHMep, [36]). 
. .J 

5.2. 3cpcpeKT pacnyxaHMH 3HO.ll.HbiX npoBOJIO'ICK - npHHIIMllH3JibHO HOBbiU 

MCX3HH3M CTapeHHH ra3opa3pH.lJ.HbiX .lJ.CTeKTOpOB '13CTHII npu 60JiblllHX .1J.033X 

06Jiy'ICHIIH~ 
06hi'IHO 3cpcpeKThl CTapeHHH Bhl3hiBaiOT .nerpa.naiiHIO llOBepXHOCTll KaK aHO.ll.

HhiX; TaK M KaTO.llHhiX 3JieKTPO.ll.OB, KOTOpaH B03HHKaeT B Bll,[{e «OCa.ll.KOB». 3TH OT

JIO)KeHHH, KaK npaBMJIO, npe.ncTaBJIHIOT C060H KaKHe-TO Bll.IJ.bl llOJIHMepoB llJill, B 

OT.ne.JibHbiX CJiy'laHX, MOryT 6biTb 3JieMeHTapHbiM yrnepO.llOM.I!I 

HecKOJihKO neT TOMY HaJa.n npHHIIHllllaJibHO HOBbiH MexaHH3M cTapeHHH 

aHO.ll.HOH npOBOJIOKll - pacnyxaHHe npOBOJIOKll npH 60JiblllMX HaKOnJieHHbiX .ll.03aX, 

6&IJI o6Hapy){(eH 11 onucaH s xo.ne Hccne.nosaHHH [38-40], BhmonHeHHbiX OT.nenoM 

TPeKOBbiX .neTeKTopos TII15I<!> PAH. 3TO 6&wo Hosoe HBJieHne, Bbi3biBaiOIIIee cy

mecTseHHoe yxy.niiieHHe napaMeTpos raJOBbiX .neTeKTopos. Tipose.neHH&Ie Hccne

.nosaHHH llOKa3aJill, 'ITO npHHIIllllllaJibHOe pa3JIII'Ille Me)K.IJ.Y 06Hapy)KeHHhiM HBJie

HlleM «pacnyxaHHH» aHO.llHOH npOBOJIOKM M XOpOIIIO ll3BeCTHhlM llOJIHMepH3aiiHOH

HbiM MeXaHH3MOM CTapeHHH, CBH3aHO C TeM, 'ITO npH pa36yxaHHll 30JIOTOe llOKpbi

TMe pa3pyiiiaeTCH llO.ll BJIHHHMeM CHJI,. ,n:eHCTBYIOIIIMX M3H)'TpH npOBOJIO'IKll. B pe-

3YJibTaTe TaKoro npouecca .nnaMeTP nposonoKH yseJIII'IMBaeTCH. Ha Pnc.18 npe.n

cTasneHbi pe3yJI&TaThi SEM/XEM aHann3a, nony'leHHhie .llJIH pa3JIII'IHhiX MH pa3-

JIH'IHbiX KOOp.ll.HHaT B.llOJlh npOBOJIO'IKM nocne HaKOllJieHHH 3apH.na Q = 9KynoH/CM. 

PHc.l8. 3cflcpeKT pacnyxaHIUI aHO.llHOil nposoJJO'IKH. PHc.I8a. Kpail npo
BOJJO'IKH. Heo6ny'leHHaJI 30Ha, X= -14cm. }J.HllMeTp- 35MKM. 
PHc.l86. l{emp nposono'IKH. l{emp o6ny'leHHOi1 30Hbl. }J.HllMeTp- 42MKM 
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TaKOH aHaJill3 npOBO,llllJICH KaK B ueHTpe 30Hbl 06JiylJeHHH (X= 0 CM), TaK II .llaJieKO 

3a ee npe.nenaMH CO CTOpOHbl BXO.lla raJa (X = -14 CM). KaK MO)KHO BHileTb, 30110-

lJeHHaH llOBepXHOCTb npOBOJIOKll BHe 30Hbl o6ny'leHHH OCTaeTCH rna[lKOH, Heno

spe)K[leHHOH n 6e3 ocanKos. B ueHTpe )Ke 30Hhi o6ny'leHHH 30JIOToe noKpbiTHe pa3-

pyiiieHo 11 IlllaMeTP nposonoKH yseJIII'IHJICl! Ha 20% (c 35MKM no 42MKM). Pe)KHM 

o6ny'leHHll: HHTeHCHBHOCTb- 1.7 MKA/cM 11 .no3a- 9 Kn/cM Ha nposonoKy). 

SEM/XEM aHaJIH3bi, ·c.nenaHHbie s HeCKOJibKHX TO'IKax anon& nposonoKH, 

noKa3biBaiOT, 'ITO ocanKH, o6Hapy)KeHH&Ie 3a npenenaMH 30Hbi o6ny'leHlll!, conep-

M::E 

~ 
~ 

1.20E+22 

l.OOE+22 

~ 8.00E+21 

@" 6.00E+21_ 
u 

~ 4.00E+21 
"' = 1iJ 2.00E+21 
!=" 
;'] O.OOE+OO 
::1 

= 0 ::.: 

__,._ X= OcM, ueHTp30HLI o6ny'leHmL 

_..,_ X=+ 2cM, Kpaii JOHhl o6ny'leHHJI. 

-G- X=- 4CM, n;> HanpasneHHIO KO BXOJJ.y raJa. 

-e- X=+ 4CM, no HanpasneHHIO K BhiXOJJ.y raJa. 

L~_X=J1cM, He06!JY~'!<lJII1Jl()!I.OB_()'ll<_a, _ 

; 

-~+----· 

- t-- -

- .. ·' ~ 

0 0.5 1.5 2 2.5 3 3.5 4 
fny6HHa, Mr/cM2 

PHc.l9. Pacnpe.neneHHe KOHUeHrpauHH KHcnopona KaK (lJYHKUHJI rny6HHbi 
3onororo noKpbiTH.!I B pa3JJH'IHbiX TO'IKaX BllOJJb aHOllHOil nposono'IKH. OpH
eHmposo'IHbiH Maclllra6: 1MrlcM2 coonie-rcrsye-r 0,5MKM no TOJJlliHHe. 

)KaT HHTeHCHBHbie llllKll BOJibcppaMa H KllCJIOpO[la, a TaK)J{e CJie[lbl cpTopa. 

qT06bl llOJJY'IHTb KOJIII'IeCTBeHHYIO OUeHKY pacnpe[leJieHHll nerKHX 3JieMeH

TOB KaK B rny6uHy 30JIOToro noKpbi"!;Hll (PH~. I 9), raK 8nonh nosepxHOCTH nposo

JJO'IKH (PHc.20) Mbl npnMeHHJIII MeTO[l ll.llepHbiX peaKIIIIH (NRA). lh [laHHbiX, 

npencTaBJieHHhiX HaPHc.20- BH[lHO, 'ITO cymecrsyeT. npl!Mal! KOppeJil!IIHll MC)I(JlY 

[lllaMeTPOM aHO.llHOH npOBOJIOKII,H pacnpeneneHHeM KOHIIeHTpauHH KllCJiopo.na 

B[lOJib npOBOJIO'IKII. TipH'IeM, llOJIO)KCHllll H cpOpMbl llllKOB HMeiOT CllJibHYIO KOppe

Jll!IIHIO H XOpOIIIO COrnacyiOTCll C llOJIO)J{eHHeM ny'IKa. 

I1cnon&3Yll MeTo.n NRA, Mbi su.ziHM, 'ITO-nHKOBal! KOHIIeHTpauul! KHcnopo.na, 

co6paHHoro B ueHTPe 30Hhi o6ny'leHHll ysenH'IHJiac& 6onee, 'leM s 25 pa3, no cpas

HeHHIO C He06Jiy'leHHOH npOBOJIOKOH. ,[{anee, KOJIIIlJeCTBO KHCJIOpo.na B npOBOJIOKe, 

H3MepeHHOe B6JIH3ll BbiXO.llHOrO OTBepCTlll! raJa, OKa3aJIOCb cymeCTBeHHO 60JJblllC, 

'ICM KOJIIIlJeCTBO KllCJIOpo.na, H3MepeHHOe B6JIII3.H BXO.llHOrO OTBepCTHl! raJa. 3TO 

xopoiiio cornacyeTCl! c pe3yJI&TaTaMH, nony'leHHbiMH npu SEM/XEM aHaJIH3e. 
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fJlaBH<Ul H)leH, 06bHCHHIOIUaH 3cpcpeKT pacnyxaHJIH, 3aJ<JUOIJaeTCH B CJle

.llYIOIUeM. KHcnopo.n npnHnKaeT qepe3 nMeiOrunecH/o6pa3yiOrunecH nopbi B 3ono

TOM UOKpbiTHH H, KaK Mbl npe)lHOJlaraeM, OKHCJlHeT IIO.ll HHM BOJlbcppaM. Mbl He 

MOJ!<eM HCKJliOIJaTb, lJTO npn 3TOM Ha 3TOM )!(e ypOBHe MOryT o6pa30BbJBaTbCH H 

.npyrne coe.nnHeHIIH. B pe3ynhTaTe, ace 3TO BMeCTe B3HTOe npnao.nnT K 3HaiJnTenh

HOMY JlOKaJlbHOMY yBenHIJeHIIIO o6beMa BOJlbcppaMOBhJX coe.nnHeHHil BHYTPH npo

aonoKn, IJTO n co3.naeT BHYTPH npoBOJlOKH CHJlhl, Bhl3hiBaiOrune pa3pb1B 30JlOToro 

. UOKpbiTHH. 

flpe)lCTaBJleHHblll B )lHCCepTaUHH tliHpOKHH CUeKTp 3KCnepHMeHTaJlbHbiX 

)laHHbiX U03BOJ1HeT yTBep)!()laTb, lJTO 06Hapy)!(eHHblll HaMH HOBblll MexaHH3M CTa

peHHH - pacnyxaHHe aHO)lHbiX npOBOJlOIJeK - He HBJllleTCH YHHKaJlbHbiM HBJleHHeM, 

H OHO UpOHBJllleTCH npH pa6oTe )leTeKTOpOB B HHTeHCHBHbiX pa.nHaUHOHHbiX UOJlHX. 

flpnMeHeHHe pa3J1HlJHbiX ra30BbiX CMeceil H THHOB aHO)lHbiX npOBOJlOIJeK H3MeHHeT 

06nyiJeHne 
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TOJlbKO MaCUITa6 npOHBJle

HHH 06Hapy)!(eHHOf0 HBJle

HHH.fl.lJ:eTaJlbHOe H3yiJeHHe 

npoueccoB CTapeHHH 

aHO)lHbiX npOBOJlOIJeK, 113-

fOTOBJleHHbiX ll3 30JlOIJe

HOro BOJlbcppaMa )lllaMeT

pOM 25, 30 ll 35 MHKpOH, 

6hiJ10 BbiUOJlHeHO Upll pa3-

Jlll'IHbiX BeJlH'IHHaX HaKO

UJleHHbiX 3apH)laX BUJlOTb 

.no 9KnlcM. B Hccne.noaa

HHHX llCUOJib30BaJlllCb pa3-

JII1lJHbie ra30Bbie cMecu: 

Xe+ I O%C02+ 20%CF 4, 

Ar+ 30%C02+ I O%CF 4, 

Ar+40%C02+ 20%C2H 2F 4 

11 

Ar+ 30%C02+ I O%C2H2F 4· 

BnepBbie 3Kcnepn-

MeHTaJlbHO 06Hapy)!(eHO, 

'ITO npH onpe.neneHHhiX 

YCJIOBI1HX HJia3MOXHMll

qecKHe npouecchi, Bhi-

3hJBaiOmne «pacnyxauJie» 

npOBOJlOlJKH, MOrYT H.llTH 

CTOJlb HHTeHCHBHO, lJTO 

Bbl3bJBaiOT BbiXO)l 3Ha'IH-

TeJlhHOro KOJIJI'IeCTBa 

.BHOBb o6pa30BaHHhiX XHMHIJeCKHX COellHHeHHH, COllep)!(allJHX KHCJlOpO.ll 11 BOJlbcp

paM, H3HyTpH npOBOJlOlJKH Ha HOBepXHOCTb ee 30JlOTOro UOKpbiTHH, HpHIJeM B :3Ha

lJHTeJlbHOM KOJlHIJeCTBe 3a npenenaMH 30Hbl o6nyiJeHHH (PHc.2I ).· 

AHanH3 nonyqefiHhiX pe3yJlhTaToB noKaJan, IJTO, HeCMOTpH Ha cymecTaemiOe 

pa3JlH'IHe Me)!()ly HCCJle)lOBilHHbiMH 3cpcjleKTaMH CTapeHHH, npnpo.na CHJl, Bbl3bi-· 

BaiOllJHX CTapeHHe npOBOJlOIJeK, O)lHH?KOBa: pacnyxaHne MaTepHana npOBOJlO'IKH 

nopO)!()laeT BHYTpH aHO)lHOH npOBOJlOKH CHJlbl, KOTOpbie npHBO)lHT K o6pa30Bai!HIO 

Tpell!HH B 30J10TOM HOKpbiTHH • 

flpoBe)leHHblll aHaJ1H3 3KCnepnMeHTaJlbHbiX )laHHbiX U03BOJ1HJ1 HaM npellJl0-

£1 = I 1 1\JKI\1 

Pnc.21. Tnnwmhie pe3yJibTUTbi o6cnenosaHHll aHOllHOI! nposonoKH MeTOllOM SEM/XEM B 

TO 'IKe, paCUOJIO)J(eHHOll B6JIH3H 30Hbl 06Jiy'leHHll CO CTOpOIIbl BblXOllU. fa30BOI'O; IIOTOKa. 

O'!eHb TOJICTbiii enol! (I I 1\JKI\1) OKHCH BOJib!llpaMa xopowo ua6monaeTcll nosepx 30JioToro 
HOKpbiTHll npOBOJIOKH . ..QHUMeTp npOBOJIO'IKH- 30~tKM. . . 

)!(11Th MO.lleJlb B03HHKHOBeHHll II pa3BHTI1ll «pacnyxaH!Jll». aHOllHOH npOBOJlO'IKH, B 

KOTOpOH paCCMOTpeHa B3aHMOCBll3b MeJK)ly fJlaBHhlM.H cpaKTOpaMH, Bbl3biB<~IOll!l1M11 
pacnyxaH11e 11, KaK cne.ncTBI1e, cTapeHI1e .neTeKTopa. 

5.3. Hccne.noBanne npou.eccoB CTapemiH · 6oJibllliiX 1\Uoonnhlx KaMep llJIH 3KC-

nepnMenTa CMS B U:EPI-Ie. · .· . . 

MIOOHHaH CI1CTeMa B 3KcnepnMeHTe CMS COCTOHT IB 540 Kan:i.nHhiX CTpimo

BhiX KaMep (CSC) wecTI1 pil3ni1'1HbiX Tumia, caMbi~ 6oJibWH~ 113 KOTopbiX HMeioT 

pa3Mepbl 3.4x 1.5 M
2
• <Bee KaMepbi 113fOTaBJ111BaJ111Cb H3_ ceMH Tpaneuel1)laflbHbiX 

KaTOllHbiX naHeneil, pa3.neneHHbiX mecTbiO 3a3opaMI1 aenH'IHHoil I CM, ·a ueHTpe 

KOTOpbiX pacnonaran11cb aH011Hhie n'poaono'IHbie 3JleKTP011hi. · 06mall nmima.nb, 
2 . 2 . 

noKpbmaeMaH KaMepaMH, cocTaBJIHeT 6onee IOOOM (unn 6000M, ecm1 K:aJK.llYIO 

KaMepy C'IHTaTb oT.neJihHo), a o6mee '-iucno aHO.llHbiX npoaon~qe~_npeBbirnaeT 2 
MllJIJII10Ha • 
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.51CHO, 1.JTO HeJih3H 6biJIO Hal.JIIHaTb npOII3BO.D:CTBO TaKoro riiraHTCKOrO 06beMa 

KaMep 6e3 TUJ.aTeJibHOrO liCCJie.D:OBaHIIH II OOTHMII3aUIIII IIX. CBOHCTB II, B nepsyiO 

oqepe.D:b, 6e3 rapaHTIIpOBaHHOro o6ecne1.JeHIIH He06XO.D:IIMOrO BpeMeHII IIX IKII3HII B 

ycJIOBII»X peanbHoro 3KcnepiiMeHTa. B xo.ne pa6oT 6biJIII Hccne.nosaHbi pa3JIII1.JHbie 

npoTOTHObl KaMep, KOTOpbie 6biJIII II3rOTOBJieHbl C liCOOJib30BaHIIeM IIMeHHO TeX 

MaTepiianOB, KOTOpbie npe.nnonaranOCb npiiMeHIITb npii npOII3BO.D:CTBe KaMep. B 

3TIIX IICCJie.D:OBaHIIHX IICOOJib30Banifcb TPII pa3JIII1.JHbie ra30Bhle CMeCII 

30%Ar+50%C02+20%CF4, 30%Ar+70%C02, II 40%Ar+50%C02+10%CF4 [41-

42]. .J 

3KcnepiiMeHTanbHO .D:OKa3aHO, 'ITO npHMeHeHIIe ra30BOH CMeCII 

40%Ar+50%C02+10%CF4 (II 20%CF4 TOJKe) 003BOJIHeT HaKanJIIIBaTh 3KCTPe

ManbHO BbiCOKIIe .D:03bi o6nytJeHIIH - BnJIOTb .no 13 KYJIOH Ha caHTIIMeTP .D:JIIIHbi 

aHO.D:HOH nposono'IKIInpaKTIItJecKII 6e3 3aMeTHOro na.neHII» seJIHl.JIIHbi KrY. AHa

JIII3bi nosepXHOCTeH aHO.D:OB II KaTO.D:OB nocire npose.neHHbiX 06JiytJeHIIH OOKa3anii, 

1.JTO ra30Bble CMeCII, mvieiOUJ.He B CBOeM COCTaBe CF4, Bbl3biBaiOT B KaMepax KaTO.D:

HbiH THO CTapeHIIH. 3a.naqefi IICCJie.D:OBaHIIH C ra30BOH c~ec~ 30%Ar+70%C02 

6biJIO no.nTsep.niiTb no3IITIIBHYIO ponb CF4 B npe.noTsparueHIIII cTapeHmi aHO.D:HbiX 

nposonotJeK. TionytJeHHbie pe3yJibTaTbi noKa3anii, 1.JTO OTCYTCTBIIe CF4 npiiHUIInii

anbHO II3MeHIIJIO XIIMIIIO o6pa30BaHIIH OCa.D:KOB II pa3BIITIIH npouecCOB flOJIIIMepii-

3aUIIII no cpaBHeHHIO C TOll, KOTOpyiO Mbl Ha6JIIO.D:anii .D:JIH ra30BOH CMeCII 

30%Ar+50%C02+20%CF4. B tJaCTHOCTII, B 3TOM cnyqae B KaMepe pa3BIIBancH 

aHO.D:HbiH THO CTapeHIIH, a BpeMH IKII3HII yMeHbUiaeTCH B .D:eCHTKII pa3. 

ABTOp Bb!HOCIIT Ha 3aiUifl)' cne.nywmiie pe3yJibTaTbl: 

I. Pa3pa6oTaH u co3.naH noJIHOMacurTa6HbiH .neTeKTop nepexo.nHoro II3nyqe

HIIH (,[(TIM), KOTOpbiH 6biJI ycneUIHO npuMeHeH B cepiiii 3KCnepiiMeHTOB (E-715, E-

761, E-781); npose.neHHbiX Ha mnepoHHhiX nytJKax B Jia6opaTOpiiii IIM. 3.<l>epMII 

(Fermilab, USA) 3a nepiio.n c 1981 no 1998ro.nbr. 

1.1. MHoroMo.nynbHbiH ,[(TIM c pa6oqefi anepzypofi 1,0x0,6M II ManbiMII 

cpJiyKTyaUIIHMII K03cpcpiiUIIeHTa ra30BOrO yciUieHIIH no nJIOIUa.D:II (MeHee 12%) 

06ecne'IIIJI peKOP.ll:HYIO peJKeKUHIO nii-MIIHYC Me30HOB, KOTOpaH COCTaimJia R1t ~ 
1.8xl0

3 
npii 3cpcpeKTHBHocm pemcTPaUIIIf 3JieKTPOHOB Ee ~ 99,7%. B xo.ne 3Kcne

piiMeHTa E-715 6biJIII pa3pa6oTaHbl II peanli30BaHbl arrropiiTMbl pa60Tbl ,[(TIM B 

COCTaBe 3KcnepiiMeHTanbHOH ycTaHOBKII, o6ecnetJHBaiOIUIIe MaKCIIManbHO Bb!CO

KIIH K03cpcpiiUIIeHT peJKeKUIIII 7t-- Me30HOB. 3m anropiiTMbi 6biJIII ycner.imo npii

MeHeHbi BO BCeX OOCJie.D:yiOUJ.IIX 3KCnejmMeHTaX C IICOOJib30BaHIIeM ,[(TIM. TipiiMe

HeHIIe ,[(TIM B · 3KcnepiiMeHTe E-715 no3BOJIIUIO Ha.neJKHO Bbi.D:eJIIITb 6em-pacna.nbi 

OOJIHpii30BaHHbiX CIIrMa-MIIHYC riinepOHOB C IIMnyJibCOM 250 r3B/c Ha cpOHe B 

1000 pa3' 6onee IIHTeHCIIBHOro KaHana pacna.na ~-_; n1t -. obiJIO noKa3aHo, tJTO 

BOnpeKII IIMeiOUJ.HMCH B TO BpeMH 3KCnepiiMeHTanhHbiM .naHHhiM, OOJiytJeHHaH Be

JIHl.JIIHa 3JieKTPOHHOH aCCIIMeTpiiii B II3y1.JaeMOM pacna.ne Ol.JeHb 6JIII3Ka K npe.ncKa-

3aHHOH II COCTaBJIHeT Ue = -0.53±0.14. 

38 

1.2. McnoJib30BaHIIe ,[(TIM B 3KcnepiiMeHTe E-761 no3BOJIIIJIO Ha.neJKHO Bbi

.neniiTb pa.niiaUIIOHHbiH pacna.n I+-> py II Hccne.nosaTb ero aciiMMeTPIIIO Ha cp<me B 

400 pa3 6o.iiee IIHTeHciiBHOH peaKUIIII I+_. p7t
0 -> p2y, KIIHeMaTIIKa KoTopofi no

.no6Ha KIIHeMaTIIKe IICCJie.nyeMOrO npouecca;a B KOHel.JHOM COCTOHHIIII o6pa3yiOTCH 

Te JKe tJaCTIIUbi. B 3TOM 3KcnepiiMeHTe ,[(TIM 6bm npiiMeHeH B HOBOM KatJecTse: OH 

HBJIHJICH KJII01.JeBbiM 3JleMeHTOM cpOTOHHOrO KanOpiiMeTPa II BnepBbie IICOOJib30Ban

CH KaK raMMa-.neTeKTOp C Bb!COKIIM npOCTpaHCTBeHHbiM pa3peureHIIeM 

(FWHM::::::2MM). B 3TOM R<e 3KcnepiiMeHTe 6biJIU nonytJeHbl HOBbie .naHHbie no pa

.niiaUIIOHHbiM pacna.naM, OOJIHpii3aUIIII II MarHIITHbiM MOMeHTaM pa3JIII1.JHhiX rune
pOHOB, BKJIIO'IaH 3- II Q-; 

1.3. SELEX cneKTPOMeTP (3KcnepiiMeHT E-781) 6biJI opiieHTIIposafi mi II3Y-

1.JeHIIe UIIIpOKOrO KJiacca ».nepHbiX peaKUIIH, CBH3aHHblX C pOJK.D:eHIIeM Ol.JapoBaH

HbiX 6apiiOHOB n HX pacna.naMII. CTPyKTypa cneKTpoMeTpa npe.nycMaTpiiilana' B03-

MOJKHOCTb peKOHCTPYKUHII .D:Byx BepUIIIH C XOpOUIIIM npOCTPaHCTBeHHbiM II, COOT

BeTCTBeHHO, yniOBbiM pa3peureHIIHMII. BaJKHefiurefi oco6eHHOCTbiO cneKTPOMeTpa 

SELEX HBIIJIOCh HaiiHl.Jne ciicTeMbi nonHofi II.D:eHTIIcpiiKaUIIII qacTIIU, KOTopaH 6a-

3Hposanacb Ha C03.D:aHHOH B TII1.51<l> TpeKOBOH CIICTeMe co.nepJKarn.efi .D:Ba ,[(TIM 

(nytJKOBhiH II 3JieKTpOHHbrfi) II 26 nponopuiioHanbHbiX KaMep. ToJibKO 3a nocne.n

HIIe HeCKOJibKO JieT 6biJia OOJIY.l.JeHa CepHH COBeprneHHO HOBbiX cpii3II1.JeCKIIX pe-

3YJibTaTOB. C10.na BXO.D:HT: ll3MepeHIIe BbiXO.D:OB Ac, De, D 0 n D±Ha nyqKax E-,'1t- II 

p; 6onee T01.JHOe II3MepeHIIe BpeMeHII IKII3HII Ac; BnepBbie 6biJI II3Mep(m 3apH.D:OBbiH 

pa.niiyc E-; nonytJeHhl HOBbie .naHHbie' no nonHpH3aunii runepoHOB II T . .n. 

2. ,[(JIH IICCJie.D:OBaHIIH 3cpcpeKTOB KaHanHpOBaHIIH ll cpOKYCIIpOBaHIIH npOTO~ 
HOB c 3Hepruefi 1 r3B MOHOKpiiCTanJiaMII 6biJill 'pa3pa6oTaHbl II C03J:I.aHbl .nne TPe

KOBbie CHCTeMbl Ha 6a3e nponopUIIOHanbHbiX KaMep C pa3JIH1.JHbiMH MeTO.D:aMII Cbe

Ma IIHcpOpMaUIIII, pafioTaiOUJ.He COBMeCTHO C .neTeKTOpOM IIOHinaUIIOHHbiX OOTepb. 

Tipose.neHHbiH B .D:II.ccepmunii aminn3 noKa3an, tJTO cosMecnloe · IIcnoJib30BaHiie 

3THX .D:BYX MeTO.D:OB (TPeKOBaH CIICTeMa It .neTeKTOp IIOHII3aUHOHHbiX noTepb) 3Ha-
1.JHTeJibHO yseJIHl.JIIBaeT Ha.D:eJKHOCTb It Kal.JeCTBO noJiyqaeMbiX pe3yJibTaTOB. 

2. 'I. BhiCOKoe. ymosoe pa3peureHHe 3KcnepHMet~TanbHOH ycmHOBKH II03BO

JIHJIO .D:OKa3aTb B03MOJKHOCTb OOBOpOTa nytJKa npOTOHIJB C 3Hepmefi, 1 r3B li30rHy

TbiM MOHOKpHCTanJIOM Ha yron 11 Mpa.n, a TaKJKe pa3.D:eJIIITb 3cpcpeKTbl .D:JIH pa3JIH1.J

Hb!X KpiiCTaJIJIOrpacplll.JeCKIIX OJIOCKOCTefi It OUeHHTb BepOHTHOCTb 06beMHOro 3a

XBaTa B peJKHM KaHanHpOBaHIIH .D:JIH ·1 r3B npoTOHOB B KaHan OJIOCKOCTH (Ill). 

2.2. 3a C'leT npe.neJibHO BbiCOKOrO npOCTpaHCTBeHHOrO pa3peureHHH 

(cr:S50~m) KaMep, BXO.D:HlllHX .B COCTaB HOBOH TPeKOBOH CHCTeMbl, y.nanOCb 3KCne

piiMeHTanbHO npo.neMOHCTPIIPOBan; 3cpcpeKT YrJIOBOH cpOKYCHpOBKII KaHanHpyiO

UJ.HX npOTOHOB c 3HepriieH I r3B II30rHYThiM MOHOKpiiCTanJIOM. B pe3yJibTaTe, B 

cpoKanbHOH OJIOCKOCTII H30rnyTOro KpHCTanJia 6biJI 06HapyJKeH Y3KllH OHK UIHpH

HOH 0.65±0.05 MM, 1.JTO COOTBeTCTByeT ymoBOH paCXO.D:IIMOCTH, onpe.nenHeMOH 
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ymoM Jlmmxapna (0.12 Mpan) )lJHI )laHHOH KpHCTaJinorpaQJH'-!eCKOH nnOCKOCTll 

(Ill). 
3. Pa3pa6oTaH u co3naH Topuesoii neTeKTop (FTC) Ha 6a3e npeiiQ>oBhiX Ka

Mep MH 3KcnepuMeHTaJihHOii ycTaHOBKH L3 (~EPH, lllseiiuapuH). ,ll;eTeKTop FTC 

npenHa3Ha'-!aJICH MH perucrpauuu KoopnuHaT '-!aCTHU B nuana3oHax nonHpHhiX 

ymoB 14°::; e::; 35° ll 145°::; e::; 166°, KOTOpble He nepeKpbiBaiOTCH Z-KaMepaMH 

ueHrpanhHoro neTeKTopa TEC. 
3.1. B neTeKTope FTC c KmKnoii H3 320 aHO.llHhiX nposono'-!eK perucTpupo

sanuch nse KoopnuHaThi '-!aCTHUhi. Ilepsa» KoopnuHaTa H3MepHnach no speMeHH 

npeiiQ>a u o6ecne'-!usana npocTpaHCTBeHHoe u yrnosoe pa3perneHHH FTC Ha ypos

He: He Xy)l{e 0" :,; 150 MKM ll ~9~} 0 Mpan, COOTBeTCTBeHHO. BTopaH KOOp.llHHaTa 

H3MepHnach MeTonoM neneHHH 3ap11na. BnepBhie Ha HH3Kope3HCTHBHOii aHO.llHOii 
npOBOnO'-!Ke (100 OM/Merp) 6binO peaJIH30BaHO ll3MepeHHe KOOp.llHHaT TpeKOB '-laC-

'TllU MeTonoM neneHHH 3ap11na c npaKTH'-!ecKu npenenhHhiM MH naHHoro MeTona 

npocTpaHCTBeHHhiM pa3perneHHeM ( crx:::oO,O I L, rne L - nnuHa npoBOJIO'-IKH). 
3.2. Pa3pa6oTaH u peanu3oBaH anropHTM onTHMHJaUHH scero KOMnJieKca pa-

6o'-IHX napaMeTpOB npeHQJOBhiX KaMep B ycnOBlliiX OrpaHH'-!eHHOrO npOCTpaHCTBa 
Mil HX pa3MeiUeHHH. IlOKa3aHO, '-ITO JIHHeHHOCTh 3aBHCHMOCTll KOOp.llHHaThl TpeKa 

'-!aCTHUhi oT speMeHH npeiiQ>a (Y-T) iiBnileTCH enuncTBeHHhiM QJH3H'-!ecKHM KpHTe

pueM, BKJIIO'-!aiOIUHM B ce6H BeCh KOMnneKC QJaKTOpOB, BnHHIOIUHX Ha pa6oTy npeii

QJOBOH KaMephi FTC. OnHHM H3 npaKTHlJeCKHX pe3ynhTaToB npuMeHeHHH npeMO
)I{eHnoro MeTO)la, iiBHJIHCh TO, '-ITO 6hinll )lOCTHrHyThl npaKTH'-!eCKll O)lHHaKOBhie 

ycnOBHH npeiilf>a :meKrpOHOB Mil BCeX npeHQJOBhiX H'-leeK )leTeKTOpa, '-ITO 3Ha'-IH

TenhHO ynpOCTllJIO npouenypy ero KaJIH6pOBKll. IlpH 3TOM MaKCHMaJihHail norpern
HOCTh B onpeneneHHll KOOp.llHHaThl TpeKa '-!aCTHUhl, Bhi3BaHHail HeJIHHeHHOCThlO 

3aBHCHMOCTH «KoopnuHaTa-speMil», ne npeshJcuna S70MKM. 
3.3. Pa3pa6oTaH ll peaJIH30BaH B KOHcrpyKUllll )leTeKTOpa HOBhiH MeTO)l, no-

3BOniiiOIUHH O)lHOBpeMeHHO QJOpM11pOBaTh B npeHQJOBOM npoMe)l{yTKe O)lHOpO.llHOe 
3neKTpH4eCKOe none ll 3aiUHIUaTh ero OT pa3pyrnaiOIUero B03)leHCTBHJI BHeWHHX 

3a3eMneHHhiX 3Kpanos. Pe3ynhTHpyJOIUaH HeonHoponnocTh :JneKTpH'-!e~Koro nonil a 

npeiiQ>osoM npoMe)l{yTKe Monynil FTC cocTasuna I~E /EI ::; 0,5%, '-ITO o6ecne411no 

nocTOllHCTBo npeiiQ>osoii cKopocTH :JneKTponos Ha yposne I~ V np!V np I < 0,08%. 
3.4. ,ll;eTeKTop 6onee 10 neT ycnewno y'-!aCTBOBan B na6ope CTaTHCTHKH u 

ucnonh30BaJICll B aHanu3e naHHhiX Ha ycKopuTene LEP a ~EPHe npu my'-!enuu 

QJll3H'-!eCKHX npouecCOB C y'-laCTHeM 3neKTpOHOB, QJOTOHOB, MIOOHOB ll anpOHOB, 

pO)I{)laJOIUHXCll B e + e- - CTOnKHOBeHHiiX npu 3HeprHllX .llO Fs = 200 f38. ,lJ;aHHhie, 

nony'-!aeMhie HenocpencTsenno c neTeKTopa FTC, OKa3aJIHCh npunuunuanhHO Ba)I{

HhiM u npu onpeneneHim 3HaKa 3apllna '-!aCTHU B pacnane Z 0 ~ Jl + Jl- u npu Hccne

nosamm npenCKa3aHHH KBaHTOBOH :JneKTpO.llHHaMHKH)lnll peaKUllll e+e-~ yy. 
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4. · Pa3pa6oTaH ll C03)laH Ha 6a3e · nponOpUHOHaJihHhiX KaMep KOOp.llHHaTHhiH 
neTeKTop HH3K03Hepru4HhiX '-!aCTHU (MC-neTeKTop), 6onee 10 neT ycnernHo pa6o
msrnuii a cocTase :JKcnepnMeHTaJihHoii ycTaHOBKH HERMES (DESY, fepMaHuH). 

4.1. Pa3MeiUeHue MC-KaMep BHYTPH cneKrpoMeTpll'-!ecKoro MarHHTa 
3KCnepHMeHTaJihHOH yCTaHOBKll n03BOnHno peKOHCrpyHpOBaTh MHOroTpeKOBhle 
C06h!Tllil ll, '-ITO npHHUHnllaJihHO Ba)I{HO, )laJIO B03MO)!(HOCTh OCyJUeCTBniiTh llM
nyJihCHhiH aHaJill3 Hll3K03HepreTH'-IHhiX. nponyKTOB pacna.ua, KOTOphie B006IUe He 

Momu 6hiTh 3aperucrpuposaHh! 6e3 unQ>opMauuu, ·noczynaiOmeii oT. MC KaMep. 
I1MnynhcHoe u yrnosoe paJperneHue MH nux co6hnuii (KopoTKue rpeKu) OKa3a

noch nO'-ITll TaKUM )l{e, KaK II MH MHHHhiX TpeKOB, npoWe)lWllX lJepe3 BCIO TpeKO

BYIO cucTeMy HERMES. Cnoco6HOCTh peKOHCTpyuposaTh KopoTKue TpeKH cnena
na MC-neTeKTOp npuHuunuanhHO Ba)I{HhiM npu6opoM npu u3yqeHuu nonyHHKJII0-

3HBHhiX Kananos peaKuuii. B '-!aCTHOCTH, 3TO nano B03MO)I{HOCTh II3y'-!aTh pacnanhi 
6apuoHOB, TaKIIX KaK A 0. 

4.2. Ilpe.uno)l{eH If ycneWHO peanH30BaH MeTO.ll, n03BOnHBWHH HCnOnh30BaTh 

a KOHCTPYKUHH MC-KaMep ·He)l{eCTKHe napy)I{Hhie paMhi. 3To no3sonnno MaKcn
MaJihHO pacwnpnTh KHHeMaTn'-lecKyiO o6nacTb aHanH3a naHHhiX B y<;raHOBKe HER
MES. 

5. Pa3pa6oTaHa n peanmosaHa MeTo.uonoruJI uccnenosaHnH n onTHMII3aunn 
pa.UHaUHOHHOH'CTOHKOCTH )leTeKTOpOB '-!aCTHU, n03BOnlliOJUail aHaJIH3HpOBaTh B03-

)leHCTBHe KaK OT)lenhHhiX QJaKTOpOB ( COCTaB ra3a, MaTepnan 3neKTpO.llOB, ycnOBHll 

o6ny'-!eHHH, CKOpOCTh nponysa ra3a ll T . .ll.), TaK If KOHCrpyKUHH )leTeKTOpa B uenoM 
Ha ero pa.unaunoHnyiO CTOHKOCTh. Ilpose.ueH wnpoKnii KOMnneKc nccnenosaHnii 

no ll3y'-!eHHIO pa.UHaUHOHHOH CTOHKOCTH )leTeKTOpOB , '-!aCTHU, KOTOpail B :Jnoxy 
LHC CTana KJIIO'-!eBhiM napaMerpoM .ueTeKTopos. 

5.1. IlpeMO)I{eHO If npo)leMOHCTpnpoBaHO, '-ITO MeTO)l R.UepHhiX peaKUHH llB

nlleTCll O'-leHh 3QJQJeKTHBHhiM HHCTpyMeHTOM npH llCCne)J,OBaHHH MeXaHH3MOB pa3-
BHTHll panHaUHOHHOH CTOHKOCTH )leTeKTOpOB; BnepBhie B M11pOBOH npaKTHKe 11C

nonh30BaH MeTO)l H.UepHh!X peaKUHH ·)lnll KOnH'-IeCTBeHHhiX H3MepeHHH pacnpene

neHHH nerKnx :JneMeHTOB (Kncnopon, Y,mepon, a3oT), npuxo.uHIUHX H3 ra3osoii na
BHHhi Ha aHonnyiO nposono'-IKY B.llOJih ee nosepxnocTn, a TaK)I{e npocnenHTh nnHa
MHKY .llBH)I{eHHil 3THX :JJieMeHTOB B 'rny611Hy npos.ono'-IKH n nx o6paTHoe .UBH)I{eHne 
B COCTaBe HOBhlX XHMH'-!eCKHX COe)lHHeHHH Ha nosepXHOCTh npOBOnO'-IKH. 

5.2. BnepBhie o6HapyJ!<eH·n nccne.uosaH npnHuunnanhHo HOBhiii MexaHH3M 
CTapeHHil aHO)lHhiX . llpOBOnO'-!eK, KOTOphlH Ha3BaJIH - <<3QJQJeKTOM pacnyxaHHH>> 
npOBOnO'-!eK. 

5.3. IlpHHUHnllaJihHhlM OTnll'-llleM 06Hapy)l{eHHOrO «3QJQJeKTa pacnyxaHHH>) 
OT paHee ll3BeCTHh!X «nOnHMepH3aUHOHHhiX» MeXaHH3MOB CTapeHHil COCTOHT B 
TOM, '-ITO Cllnhi, Bhl3hiBaiOIUHe · )leQJOpMaU1110 aHO)lHOH npOBOnO'-IKll, pa3BHBaiOTCil 
BHYTPH nposono'-IKH, pa3phiBaH ee 3onoToe noKphiTHe mHyTpu. 

5.4. 3KcnepHMeHTaJihHO 6hinO )l0Ka3aHO, '-ITO KllCJIOpO.ll Hrp.aeT KJIIO'-!eByiO 
ponh a pa3BHTHH npouecca cTapeHHH npu 6onhrnux HaKonneHHhiX no3ax o6ny'-le-
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HI-UI. IJoKa33HO, qTO cymeCTByeT npHM3H KOppeJIHUHH Me)KJJ.Y BeJIHqHHOH AHaMeTpa 

npOBOJIOqKH H pacnpeAeJieHHeM KOHUeHTP3UHH KHCJIOpOAa BAOJib npoBOJIQqKH. 

5.5. BnepBbie 3KcnepHMeHTaJibHO o6Hapy)KeHo, qTQ npH onpeAeJieHHbiX yc

JIOBHHX nJia3MOXHM~ecKHe npoueccbi, BbiJbiBaiOIUHe «pacnyxaHHe» npoao

noqKH, MOryT HATH CTOJib HHTeHCHBHO, qTQ Bbl3b!B310T Bb!XOA 3HaqHTeJibHOfO KO

JIHqeCTB3 BHOBb o6pa30B3HHbiX XHMHqeCKHX COe)J.HHeHHH, COAep)KaJUHX KHCJIOpOA 

H BOJib<JlpaM, H3HYTPH npOBOJIQqKH Ha noaepXHOCTb ee 30JIOTOrO noKpbiTHH. 

5.6. IJpoBe)J.eHbl )J.eTaJibHbie HCCJie)J.OB3HHH npouecCOB pa3BHTHH CTapeHHH 

npoTOTHnoB «MIOOHHbiX KaMep» AJIH ycTaHOBlht CMS B ~EPHe. 
5 .6.1. 3KcnepHMeHTbl nOKa:JaJIH, qTQ npHMeHeHHe ra30BOH CMeCH 

40%Ar+50%C02+ 1 O%CF4 no3BOJIHeT HaKanJIHBaTb 3KCTPeMaJibHO BbiCOKHe JI.OJbi 

o6nyqeHHH - BHJIOTb .li.O 13 KynoH Ha caHTHMeTP AJIHHbi aHOAHOH npoaonoqKH 

npaKT~ecKH 6eJ JaMeTHOro naAeHHH aeJI~HHbi KrY. 
5.6.2. HaiiJI.eHHaH ra:JoBaH cMecb OKaJanacb HaCTOJibKO 3<fl<fleKTIIBHOH, 

qTO npaKT~eCKH nonHOCTblO 6nOKHpOBaJia 3KCTPeMaJibHO HeraTHBHOe BnHHHHe 

napOB KpeMHHHCO,ll.ep)K3JUHX MaTepHaJIOB, npHMeHHeMbiX B 'reXHOJIOrHH H3fOTOB

neHHH J].eTeKTOpOB qaCTHU, H3 HX pa6ory. 3KcnepHMeHTaJibHO 6blnO AOKa33HO, qTQ 

KJIJOqeayiO ponb B MexaHHJMe 6noKHpoaaHHH HrpaeT <flpeoH CF4. B qacTHOCTH, 

npH ero OTCYTCTBHH B COCTaBe ra30BOH CMeCH, KaMepa Bb!XO)J.Hna nOJIHOCThlO H3 

CTpOH y)Ke npH H3KOnneHHOM )J.03e MeHee 0.1 KynoHafCM AJIHHhl aHOAHOM npoBO

noqKH. IlpHqHHOM 3TOfO HBHnOCh HHTeHCHBHOe OCe)J.aHHe KpeMHHMCO,ll.ep)K3l!lllX 

ocaAKOB Ha aHOAHhie npoaonoqKH. 
5.6.3. IJonyqeHhl pe3ynhTaThl 6hiJIH peaJIH30B3Hhl B tPHHaJihHOM KOHCT-

pyKUHH nonHOM3CIIITa6HhiX KaMep, qTQ 1103BOJIHJIO rapaHTHpOB3Tb HX Ha)J.e)K

HYIO pa6ory B TeqeHHe -30 neT B ycnOBHHX HOMHHaJihHOM CBeTHMOCTH ycKOpHTenH 

LHC 
6. CyMMHPYH ace BhiiiieCKa:JaHHOM, Heo6XOAHMO OTMeTHTh, qTo IIpoae,ll.eH-

Hbie HccneAoBaHHH H pa3pa6oTKH co3JI.aJIH ocHoay AJIH cOJAaHHH B IIIUI<l> IIIHpoKo

ro CIIeKTP3 3KCIIepHMeHTaJihHbiX ycTaHOBOK H3 OCHOBe IIponopUHOHaJihHhiX H 

Apell:<fJOBhiX KaMep C pa3JI~HhiMH THnaMH CbeMa HH<fJOpMaQHH (IIO-K3HaJihHhiH 

CbeM; MeTO.ll. )J.eJieHHH 33pHAa; MeTOA HJMepeHHH BpeMeHH ,ll.pell:<fla; CbeM HH<fJOpMa

UHH Ha nHHHIO Ja)J.ep)KKH; KaTOAHhiM coeM HH<fJOpMaUHH H T.JJ..). 3TH ,ll.eTeKTOphl 

Ha)J.e)KHO pa60TaJIH (H IIpO,ll.OJI)K310T pa60T3Th) IIpaKT~eCKH BO BCeX H)J.epHO

$HJHqecKHX 3KCIIepHMeHTax, IIpOBOAHMhiX IIIUI<l> B o6nacTH <f!HJHKH Bb!COKHX 

3Hepmif, KaK B POCCHH, T3K H B Me)K.lJ.yHapOJJ.HbiX HayqHhiX QeHTP3X B TeqeHHH no

cne)J.HHX .25 neT. 
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