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AR'fYMhHOCTI, rrpodJiew. IlsyqeeRe ll3amdO~eiicTBJUI ~aCTm:( DBCOKOfi 
:rneprmr C KplICTaJrJ11f'l8CKOff Mllm8H1,I) JlllJ!JI8TCSI O~HM RS HOlniX: HaIIpaM8Hllfi 
qmsmrn: :BHCORllX 3Heprna. B CJIYllae, ROr'All lleJlleCTBO MRlll81!H 0,I(Hopo~o H 
HSOTpOilHO, HHT8HCllllHOCT1, HadJlll,ttaemix nponecco:e He 3!l!IHCRT OT opHeHTa
nRR MRm8HR. Kor~ Mm!l8Hl, npe,ttCTallJIJie_T codon KpHCTaJIJI, CRTjruntR M8HH~ 
eTCSI. Pacnpe,tteJICHH8 no npmi;e~HHM napmJ8TpaM R RHT8HCDHOCT1, eadJm,I(a
er.mx nponeccol! D 9TOM CJIYllae C~HO 38.nRCJIT OT.DSaRMHOA opneHTanRH 
ny,:ma ~aCTm:( H MRlll8HR. HcCJie~OBaHIDI !13aHMO,I(eiiCTllM ~acT:e:n C MOHORpRC-, 
TSJJJ.tru.m ,ItaDT HH~pM&nlID Rim O ll03HHR8IllllBX npR 3TOM qJH3R~eCRlll siflpeR
Tax, Tim ii O CTpoeHRH CaMoro RPRCT8Jl.JIS. 

B padoTe:ii; noxasaHo, 1iTO npn ~DeHHR JierRmc sapmremrnx ~acTim 
B,JtO~ RpHCTS.lIJIOrpaqin~ecxmc HanpaMeHHff ~OJD!tHO B03HHR8T1, MO~Hoe 3JI8RT
poMarHRTH08 RBJiyqeHne, ea·aeCROJII,RO llOPHJtROl! 6oJiee llHT8HCDHOe, ~eM 

TOpMOSHOe HJll'I CKHXp0Tp0HH08 llBJIY,.eHne. OTO OTRp-..maeT BOSMOZHOCTI, HC
no~SOllaHJIUl llSJiyqeHim 9TOro THIIa npn COS.I(aHmr i:ryqROB raMMa-RJSaHTOD 
~ H,I(epHO-qJK3ll118CRHX axcnepm.teHTOD, IlO-BH,ItHMOMY, CYJ118CTDY8T DO3MOX
HOCT1, COB~Tl, ~ 1l:aCTHn Cll8p:xmlCORHX 3Heprnff ,neTeF.TOp HOBoro THIIa, 
1JYBC'l'BHT8JII,Hmi R MaCCe 11acTmi:. Ilepe~lICJI~~HHe IlpHRJI8.ItHH8 npHMeH8HIUI 
rrpe~CKaBaHHOro llSJiyq8HH.ll, HapJJ.Ity C ~HCTO TeopeTK'ICCKHM lIHTepeCOM, 
.I(8JI81lT HCCJI8)tOBaHM ,naHHOrO 9ipp6K'l'a ~OCTaTO~HO aR'cy'aJII,HOff sa,na~eff • 

K MOM8HTy- rrpe,It1IOX8HM Ramero 3RCll8pm.!8HTa HSJiyq8HR8 1laC~Im, 
,n!lPDEYJIIHXCH JJ,ItOJIL OCR HJIH llJIOCROCTH RpHCTaJIJia, dHJIO.TOJII,RO npe,ItCKasa
HO, Hero 8RCrrepHM8HT8JI1,H08 OTRpHTne He dHJIO OCJlll8CTM8HO. K HaCTOR
~eyY DpeueHH npo:se,neHO H8CKOJI!,RO axcnepHM8HTOB, B KOTOpHX HadJIIIJtQJIOCI, 
npe,ncxasaHHOe llSJiyqeHne H llSY'{aJIHCI, HeROTOpHB ero xapaRTepKCTHKH • 
0,nHaRO HCJIOJII,80118JlBCb )tOJ!OJII,HO rrpocTM M0TO,Itmta,n psm Bonpoco:s oc
TMCSI He~ocTaTOt{HO HCCJle,noBaH!DiM. 

y8Jib·pa6om - ncCJie~onaene HBJIY'l8Hlffl, BOSHmtaDl!ero npR npoxoz.zte
eirn Il08HTp0HOD C SHeprHeff IO rsB 11epes MOHOKpKCTBJIJI Rp8MHWI'.. CpaBHe
HR8 llpSltTCpHCTHK H3Jiyq8HH/I C npe,ncRaSaHMMH Teopnn, xopomo paspado
TaHHOft R HSCTOJD118M,f Bp8M8HH. 

HOBHSHa pa.doTH~ Bnepl!!l,18 npRMeHeHa conpeM8HHM 9JI8KTpOHHM M8TO
ltHKll ~H3HKK BHCOKJa 8Heprd K HCCJI8,ItOBaHlffl 8ipp8RTOB, BOBHHKa~ npn 
rrpoxoJr,JteHD Jier1ua Sal)liXeHma: 1{8CTJm B,ltOJII, OCH H)IJIOCKOCTH KpHCTaJI
.na. HcCJie,nol!l8Jll[C1, xapaxTepnCTHKR HSJiyq8HHJI B mHpoKOM ,nRall&30H8 y-l'JIOB 
na,neau lJ&CTJm Ba RpllCTUJI. OTO llOHOJiltJIO :snepue IlOJIY1IHT1, ,naHH:118, 
ll0Ka3IIB&lllllll8 ,lJIHUJDCY nepexo,na OT HSJIY'{8Hlffl, B03H1ll'l:811118ro npH ~ue
HJOI llOSKTpoHOB B,lt()Jll, IIJIOCROCTH (IIOt R ROrepeHTHOMJ' TOp,IOSHOMY 113JIY-

~umakhov M.A. Phys. Lett. Ser.A. 1976, v.57, p.17. 
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'ieHHD. Bne_pm1e HC~_9olUlm!Cb yrJiomie pacnpe,1teJieHwi: H3JIY'{aeMHX rawa
R~aHTOB. Bnepnue noRisaHo, 'ITO B cnexTpe H3JIY'{eHM nosaTpoHOB, .ItBH

JltYlllHXCH B,Ito.in. ~OCROCTH (IIO) RPHCTaJIJUl, oeDTc.a: oco6eHHOCTH,He npe,It

cRa3aHHH8 TeOpHett. 
IlpaRT~8CRM H HQY'!HM.IlCHHOCTI,. IloJIY'{eBH HOBJle Jt8J]HHe,RaR TIOJt

TB8ps,ztaDltll8 npHIUITj'I) TeopeTK'l8CKYJ) MO.It~. T8R H He OIIHCJmaeMHe B 

pwmax: CYDl8CTByD!tll Teopd. Pesym,TaTH padOTll MOryT 6HTb HCTIOJII,SOBa-
BH )tJISI Ilp0B8PRH 'pasD'IHHX TeopeTH118CRHX MO,ItMeit. . 

YHnepcanBHit aJieRTp0H:-TI03HTp0HBH! nyqoR, cos,ItaHHHff JtJISI aToff 
pa60TH, HCTIOJII,SOBQACH B ,ItaADHeilmeM :a UMOft cepD 8RCIJep:imeHTOB. B Ha
CTOsmtee :apeMH ny,rox HCTIOJII,SyeTCJJ :acew TIOTp86HTeJmMH RaH8JI8 Ji4 ll~B:3 
.ItJIJI HacTpofllm H .KaJm6pomw: annapaTYPH• 

Jrpef~B&H RaMepa HH3ROrO ,naJ!JI8HBJI, COS,ItaHHM )tJISI 8TOrO 8RCTI8pH
M8HT8, BIIOCJl8,ItCTBID1 pa60T8JI8 B It8,Jl0M :p!JJte OIIHTOB Ha ycTaHolllte "KpH
CTaJLJI". KaMepa MOJteT 6HTb HCTIOJII,SOBaHa B Tex aRcnepoeHTax, r.1te Tpe-
6yeTc.a: llHCOROe yrJio:aoe paspemeHHe H MaJIOe ROD'l8CTBO Be~eCTBa TIO ny-

TH -qacTmt. ' ' ' 
IlporpaMMH, TIOJIY'{eHBHe TIPH o6pa6oTRe Jt8JJBHX, HCTIO.lll,90118JIHCb :a 

JtPYI'HX axi:mepHM8HTax:, npo:ae,IteHHHX Ha J'C'l'aBOBR8 "KpKCT&AA". 
Pesym,TaTB, TIOJIY'i8HHH8 :a pa6oTe, MOryT 6STb_HCTIOJII,SOBaBH npH 

MQHHpOBaHIDI H TipOB8,1t8HHH 8RCTI8pH?leHTOB Ha yCROpH:TemtX OIDIH, H<l>B:3 

H T.,It. 
Anpo6arom H ny6.mmamm. 0CHOBHH8 peSJJll,TQTK ,ItHCC8pTaitHll ,ItO~

BMHCb Ha ROH<pepem:um :a JlRoHe (I980r.} 11 ony6JmROll8.HH :a pa6oTax./I-6/. 
Q61,e11 Jl!CCePTaIOIH. l(KccepT8.I(lffl COCTOHT HS U8l(8HliUI, IUlTK rn:a H 

s8RJllJ'leHHH. Pa6oT&. co,ItepuT IOZcTpamni.1, IWIJJ'iU 48 pHcyHRo:a, Ta6~
u:, H 6H6nor~JAeCRd CIIHCOR JIHTepa-rypw · as ?9 HaKM8HO:&aHd. 

ABTop ~gr,maeT: 
I.PaC'i8T OCHOBHJIX JCapaltT8pHCT.IIR llCCJI8J0'8MOro JISJIY'{8HU. Onpe,JtMe

HH8 Tp860ll&Hd R COSJtlll'l&eMOJQ' CTieJCTpoMeTpy. 
2.COSJtRHH8 yHHBepCaJibHOro 9JI8RTp0H-llOSHTp0HHOro ny,ma Ha KaHUe Ji4 

H~ H HCCJie)tOJl&HK8 ero xapaitTepHCTHR. 
3.COS,ItRHKe ,Jtpeff\'po:aofl IUUot8plit HKSROro .l(UJI8HWI. P83yJII,TaTH RCllHTamul 

K8M8pH R HCCJI8,ItO:ea.IDUi 88 :xapaxTepHCTIUt • 
4.COS,ltaHHe nporpBJOf JtJlJ! o6pa6oTRH ,ttaHBHX 9KCTI8plBl8HTa no HCCJl8JtO

EaHHD H3JIY'{8HHJI llOSHTp0HOB B TOHROM MOHORpHCTaJLlle KpeMHU. 
5.PesyADTaTH HCCJl8,l(OBaHHH H3JIY'i8Hmt, BOSanaDltero IlpH npoxo-,ite

HHH ll03HTPOHOB C auepraett IO I'8B J!)tOJll, IIJIOCltOCTH (IIO) MOHORPHCTRJI- 1 

Jlll Rp8MHWI TOJmlHHOff IIO MIQI. 

6.PesyJll,TIIITll HCCJie,Jto:8:imm HSJIY'l8HHJI, BOBIDIR&111l8rO IlpH Ilp0XrurJl8-
Hml TIOSHTp0HOB C aaeprael IO I'8B JIJtOJll, HaIIp&U8HiUI oclif<II~MOHOKpHC

T8JLIIa xpeMHHH TOJlll!RHOI IIO mw. 
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Bo BBeneHHH pacCMaTpHBaDTCli OCHOBHHe TeopeTH'i8CRHe npe,ItCTallJie
HRH, JI8Dll!lI8 ~ OCHOBe 8RCTiepHMOHTOB no llCCJle)tOBaHHll 8JI8RTpOMarHHTHO
ro HSJIY'{8HIDI, BOSHmtaD11ero npH npoxmr,iteHHH JIOrRHX 38.PJUl'.8HHHX 11acTmt 
11epe3 MOHOKpHCTBJIJIH • .If.aeTc.a: KpaTRHff o6sop SRcnepIDAeHTOB no HCCJIO,ItOBa
HHll ,ItaHHOro R3JIY'i8HIDl. IlpDO,ItR:TC.FI OCHOBHHe SKCTiepIDAeHTaJII,HHe pesyJID
TBTH. 

BCJ1e,1tcT:aHe aipipeRTa .llollJiepa &HeprIDI raMMa-R:eaHTa, Ha6Jm,ItaeMoro 
npH nepexo,Ite MOlr,ltY Yp0BH.FIMH B llOTeHJUmJII,HOff JIM8, o6paso:aaHHott neno11-
ROff WIH llJIOCKOCT1,D aTOMOB RPHCTaJrJia, He COBll8,ltaeT C pa3HOCTbD 8Heprmi 
STRX ypoBHett. IlOSTOMJ' M&KC:HM9M cneRTpaJibHOit llJIOTHOCTH HSJIY'qeHR!I pe
JIHTHBHCTCRHX 'iaCTmt C,ItBHraeTc.a: B 06JiaCTb peHTreHOBCKHX H XOCTRHX 
raMMa-KBaHTOB. MO!JtHOCTb H3JIY'i8HHH B TOff o6JiaCTH 'iQCTOT, r.ite OHO cy-
ll!OCTByeT, ORa3JmB8TCH 0118Hb 6om,mol. X 

Bnepmie sipipeRT Ha6.JID.itaJic.a: rpynnoff MHpOmHH'iOHRO H.H. B CJIAK B 

I979r. AJ!TOpaMK HCCJle,ItOl!QJIOCb HSJIY'qeHHe llOSHTp0HOB C SHeprnea OT 4 
,l(O I4 raB B MOHOKpHCTMJie aJIMaaa T()Jliltl!HOfl 80 MRM. IlpoBe,IteH PJJ.lt SRCne
pHM8HTOB, B ROTOpHX HCCJIO,It0l!8JI0Cb HSJIY'{ell'll:e 11QCTmt HHSRott H cpe,ItHeff 
8HeprHI. Bee 9TH SRCTiepHM8HTH JIJIDOJIHeHll. C npm1eHeHHeM llpOCTlilX HBO 
MHOrOM orpaaneHHHX MeTO,ltHK, H llOSTOMY, XOTH H .FIBMl)TC$i ,ItOCTQT011HO 
HHTepeCHHMH, He .ltQl)T OTB8Ta Ha MHOrHe nonpocH, pemeHHe ROTOpHX BOS
MO&HO B 8RCTiepHMeHTax: Ha co:ap8M8HHHX ycTaH6BRax C 11BCT:HUQMH mtCORHX 
&Heprmt.B I98Ir. B UEPHe 6HJI npo:ae,nee aRcnepHM8HT aa ny,raax aJieRTpo
Ho:a H llOSHTpOHOB c aHeprHJDffl 5-55 I'8~AllTopaMH COSJt8J]a ycTaHOBKa, 
QHaJIOrH'iHa.FI OIIHCHBaeMOff B ,ItHCCepTQUHH. HcCJie)tO:BaJIHCb cneRTpaJibHO-yr
JIOBHe X&paltTepHCTBRH HSJIY'i8HHJI 8JI8RTp0HOB H llOSHTp0HOB B TOHROM KPHC
T8JlJI8 Rpe1mmr. ABTOpw TIO,ltTB8PlrJtf!DT H8ROTOpHe pesym,TaTH, ony6.mmo:aaH
HHe HSMH RaR pa.Hee, TaR H B llOCJie,llHee npewr, H .fIBJUIDIIH8C.FI 118CTbD ,ItHC
cepTaxnm. HeCOMH8HIIHM ,ItOCTOHHCTBOM SRCnep:imeHTa,BHTIOJIH8HHOro B l.lEPHe, 
JIBJUieTc.a: HCCJle,ItOBaHHe S(pp8RTa B IDHp0ROM ,ItruUUlSOHe SHeprHI 11QCTmt. 0,It
HQRO &BTOpaM HO }',JtlUOCb llOJiy,IHTb ,ItOCTQT011HOro yrJIOl!Oro paspemeHRH yc
TQHOBRH, 'iTO ,l(eJia8T HX pesym,TaTJi He,ItOCT&T011HO H8,lt8XHHMH H llOJIIIHMH. 

B nepnol rJI&Be OllHCUBal)TCJ! OCHOBHH8 HJteH H KpHTepHK, HCllOJibS0-
1'8HHHe npH npoeKTHpOBaliliH YCTB.HOBKH. a TaRXe HaH60Jiee BallHJ,18 ysJIH H 
6JIOKH 003,It&HHOro cneRTpoMeTpa. 

JvIR TIOJIY'{eHM cneRTpa H8JIY'i8HM 6es HCRUOHHI, CBl!SaHHHX CHS
Jcy"i8HHeM ~ H 6oJiee raMMa-KBaHTOB O,llHOff -qacTmteff, H806XO.l(Hll0 TOJI
~HY KPHCT8JIJI8 mi6paTb TaROff, ~T06H Bepo.FITHOCTb O,llHOBpeMeHHOro HSJIY
'i8HH.FI HeCROJibRHX l'81,!MQ-KBaHTOB 6wra MaJIQ. IloxasaHo, 'ITO JtJISI HCCJle-

1ivtnpomHH'iOHRO H.H. H ,Itp. IlHCbMa B JK8N/, !979, T.2, C. 789. 
HAtkinson M. et al. Phys. Lett., 1982, 110B, p.162. 
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'AOBaHIDI li3JIY'l9llliJI, B03IillRa.JWl9ro llpli .u;amte:mm nosIITpOHOB B'AOJII, OCHOB
Hl:lX RpliCTBJIJIOrpaqlll'I9CRliX HanpaBJI9Hllli B RpeMIIlm, Ha:II60Jiee no.roco~ 
RPliCTaJIJI!:l TOJII!lliHOH OROJIO IO0 MKM. ,lJ;m Toro, 'IT06H ~HOBOS H3JIY'I9Iill9 
OT B91!l9CTBa ycTaHOBRli He liCR8.lltaJIO HCCJie~ewe cneRTpH, ICOJill'I9CTBO B9-
l!l9CTBa Ha nyTH 'IaCTIIU 'AOJDKHO 6HTn orpamrqeHO B9Jm'IlllIOii nop.f.l.ll;Ka 
0,0OI J)a,nHa.Il;IIOHHl:lX ,IT,JIIDI. 

IlpOH3B9'A9H pac'IeT. B9pOHTHOCTH 38.XBaTa 'IaCTIIU Ha 0Ilpe'A9JI9HHH9 
ypOBHH nonepe'l:Horo .u;BIDK9llliJI B RpHCTaJIJie. PacCMOTpeHO rummme yr~OBO
ro paspemeHM YCTa.HOBRli Ha B03MOlltHOCTn BH60pO'IHOro saceJiellliJI ypOBHeii. 
IloRa3aHO, 'ITO ~e~ecoo6pasHO n~Tn paspemeHHe YCTaHOBKli no yr~ 
BXO'Aa OROJIO 5 MKpa,n. IlpHBO,wITCH 'AaHHH9, xapa.KT9pR3YJ!llllI9 OJKll'Aa9MH9 B 
3RCn9pliM9HT9 ~OHOBH9 YCJIOBM. B 3TOH 'IaCTH ~CC9pTa.Il;IIII OT06p8.llt9HH 
HaH60Jiee B8.lltllli9 npmm;mrn, co6.JnQJ{eHHe KOTOpllX H906XO'AliMO ,ItJIH npOB9'A9-
llliJI 3RCnepIDJI9HTa. 

3KcnepliM9HT llpOB9'A9H Ha npOTOHHOM CIDDCpOTpOH9 H~B3 (r.CepnyxoB). 
ily'IOK n03HTPOHOB H 3~9RTPOHOB C03'AaH cne~HO ,D;JI/I 'AaHHOro 3KCnepH
M9HTa. reHep~ raMi-ia-KBaHTOB (OT pacn~a n°- M930HOB) OCYTI\9CTBJISI8T
CH BHYTPSmmM npOTOHHHM nytnCOM, YCROpeHHIDII 'AO 3H9prRR 70 fsB, Ha O'A
HOii li3 MHmeHeii, ycTaHOBJieHHHX B 27 Moie ycxopRT~. CxeMa ~opMHpoBa
llliJI nytma llp8'ACTaM9Ha Ha PRC.I. YrOJI B~eTa raMMa-KBaHTOB, non~ruo

IllliX Ha ROHB9pTOp (K) , COCTa.BJill8T OROJIO 46 Mpa,n; no OTHOmemno R BHYT
peHHSMY nytmy YCKOpHTSM. TaKoii 60JII,mOii yrOJI Orpamrq:HBaeT 3Heprmo 
'IaCTIIU, nOJIY'Ia9MHX B KaHaJIS B9Jlll'mHO:fi OKOJIO 15 rsB. 

,_ ... 

PRc.I. CxeMa ~pMHpOBaHM nytma. 
T- MH11Iem,, K- KOHBSpTOp, f4- KOp
peRTRpYJ!llllI:fi MaI'HIIT, CI - C4- KOJI
~TOPH, MI - M3- O~OHJIKIIll!8 
Ma.I'HHTH, QI - Q4- MarHRTffil9 JIRH3li. 

XapaKT8pHCTRKH nytma HCCJIS'AOBaJIRCn C noMOmE,D arrrrapaTYPH BXO~
Ill8fi B COCTaB YCTaHOBKli "KpRCT8Jt1.I". IlpR c6poce Ha MBlll9HI, 7xI□f1npoTO
HOB sa ~ RHTSHCHBHOCTn nosRTpOHHOro ny'l:Ka Ha 3KCll9PRM8HTaJil,HO:fi yc
TaHOBKe COCTaBMST 6xI04 'IaCTIIU C 3H8prReii ID raB. XapaKT8pHCTmtlI 
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nOJIY'I9HHOro ny'IKa xopomo cor~acymca C paC'I9TOM H y,ItOBJI9TBOpmJT yc-
~OBRIIM rrp0B8'A9HHH 3RcnepHMeHTa*. , 

CxeMa YCTaHOBKli llpliB8'A8Ha Ha pHc.2D. Ily'IoK nosIITpoHop n~aeT Ha 

~-

PRc.2 •. CxeMa ycTaHOBKH "Kp:acTBJIJI". sI,s2,s3 - c~TWLllll~OHHHe 
c'IeTtraICH, PbGl - 'IepeHKOBCROBCRliii C'I9T'IRK n~oro nor~ol!lellliJI, 
CI -C2 - KOJLJmMaTOpH, M2 - M3 - MarHHTH, Kl - K2 - KoppeKTOpH. 

MHmeHn, pacnOJIOllteHHyJO B ~CT~OHHO ynpa.BJill9MOM roHHOMeTpe. ,lJ;m 

0Ilpe'A9JI8HRH Tpa9RTOpHR 'IaCTIIU 'AO H noCJie MHm9HR HCilOJin3YJ.OTCH 'Apeiiqio
BHe KaM9pH, CI'pynnHpOBainrue B Tpex MO~. Cyt,MapHM ROOMIDiaTHM 
TO;IHOCTn MOKa 06H'IHHX KaMep COCTaBMeT OROJIO 50 MKM, a JJ,C2 - OKOJIO 
90 MKM. TaKHe TO'IHOCTH o6ecne'I:HBam Ha 6ase I7 M paspemeHRe no yr~ 
BXO'Aa OKOJIO 6 MKpa,n, a no yr~ BHXO'Aa Ha 6ase IO M - OKOJIO 30 MKp~, 

C Y'l9TOM pacceHllliJI B,JJ.C2. ~9TB9pTHH MOR 'Apefi~OBHX Ka.M~p HCilOJin3Y9TCH 
,ItJIH 0Ilpe'A9JI8llliJI TpaeKTOpHR 'IaCTIIU noCJie aHaJIH3RpYEIQero MarHHTa. 

3Hepnm raMMa-KBaHTOB, HCITYill9HHl:lX B MHmeHH, Oilp9'AeJlSI9TCH C no
MOllll>D-'A9T9KTOpa Ha OCHOBe KpHCTaJIJia CsJ(Tl), OKPYJK9HHOro CB~OBOH 
3al!lHTOii H CHCT9MOii C'I9T'IHKOB'a.HTRCOBn~eHHH. CB~OBM 3amHTa RM99T 
ROJIJIRMa.TOp c arrepTypoii 8Dx80 MNf. B pa60'IHX YCJIOBIDIX .ItJIH ra.MMa-KBaH
TOB C 3Hep:rneii IOO MaB 'A8T8KTOp IDvl99T paspemeHHe OKOJIO 3% (m:apHHa Ha 
nOJIOBHHe BHCOTH paCilpe'A9JI9HHH). 

Yr~ B~eTa raMMa-KBa.HTOB 0Ilpe'A9JIHDTCH C IlOMOllll>D MOKa 'AP9li~OBUX 
KaMep co BCTpOeHHHM ROHBSpTOpOM, pacnOJio~eHHoro Henocpe'ACTBSHHO. nepe'A 
pa,nHaTOpOM raMMa-Cll9KTpOM9Tpa. COBM9CTHO C Ra.Mepru.m JI.CI H JJ,C2 npx6op 
o6ecne'IHBaeT H3M9peHRe yr~OB B~eTa raMMa-KBaHTOB c TO'IHOCTnD OKOJIO 
4 MKpa,n. 

,lJ;m :imeHT~~ BTOPli'IHHX 'IaCTIIU IICnOJinsyeTCJI 'I9peHKOBCrurli 
C'I9T'IHK n~oro nor~Ol!l9HHH Ha OCHOBe CB~OBoro CT9Ma PbGl. 

,lJ;m YM9Hbm9HIIH YPOBHH ~Ha no B03MOlltHOCTH CHIDKeHa TOJ!IllHHa c~
T~OHHl:lX C'I9T'IHKOB H ~apOBHX OROH BaKYYMOilpOBO'Aa. HCllOJ!b30Ba
HRe WlrHHTa KI C yr~OM OTMOH9llliJI 3 Mpa,n; H K2- 5 Mpa,n.ll03BOJIWIO Ha

llpaBliTn IIY'lOK TaKHM o6pasoM, 'ITO B arrepTypy raMMa-Cll8RTpOM9Tpa nona-

3\1aHmeeB B.A. H 'AP· ID?B3, 75-IIG, CepnyxoB, 1975. 
8Bo'AonMHOB A.C. H 'AP· OIDIH, PI-82-547, JJ,y6Ha, 1982. 
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,ll;a.JOT raMMa-KBaHT!:1, 06pa30Ba.Bilm9CJI TOJII,KO B Mm119HH mm B B9!ll9CTB9. nC2. 
Cyw.mpH08 KOJmll8CTBO B8!ll8CTBa, ){8.Dlt81'0 qioH B raMMa-CII8KTpOM8Tp8, 

COCTaBIDl8T OKOJIO 5xio-4 ~ommx: AlIRH• . 

B Ka,qecTB8 Mmll9H8li B SKcrrepHMeHTe HCilOJll,80BaJIBCI, 688,nHCJIOKartHOH

H!:19 MOHOKJ>HCTaJDill Kp9MlillJI ( ~CJIO ,nHCJIOKartHli He rrp9B.bllllaJIO IO CM-2) • 

KpHCTaJIJlli B!:1p88aII!:1 c TO~OCTI,D_OKOJIO 0,2 rpa,nyca K B!:1Il0JIH9H!:1 B BE;D;e 

,nHCKOB TOJIII!llliOli 0,5 MM H. 60Jiee. Jl,mI IlOJIY'!8lillJI TOHltll'.X 06pa8rtOB rteHT

pam,HasI lffiCTI, KpHCTaJLJia B!:lTpa.BJil!BaJiacI, .n;o .HYJKHOH TOJIIIO,IH!:1. 

TplUT9p )µIll 8a.JIYCKa YCTaIIOBKH B!:1pa68.Tl:1BaJIC.fl rrpll HaJIH!IlilI Clll'HBJIOB 

co cqeT~OB sI,s2,s3 n OTCYTCTBHH CJIII'HaJIOB co cqeT~OB a.HTKCOBila

.n;emm: AI,A2,A3. CqeT~ AI H A2 l!Mem OTBepcTIDI ,nHa.MeTpoM IO CM H 

8 MM COOTB9TCTB8HHO H rrp8,D;Ha.8HaqeHH )µIll OT6opa qacTHit H8 ~HTJ)BJII,

HOH lffiCTH ~- Pa6o~e 3aITyCKH YCTaHOBKH rrpe.n;Ha.8HaqeHH WDI HaKOil

JI9lillJI ~PMallIDI 06 HCCJie.n;yeMOM ajqleKTe H JJ;OITOJIHHTeJII,HOH ~

He06XO,ll;HMOH )µIll HOpMKpOBKH .n;aIIHHX. Jl,mI KOHTPOJIH sa pa60TOH YCTaHOBKH 

H KaJIH6pOBKH raMMa-cneKTpOMeTpa 6!:lJIH sa,n;e:iicTBOBaII!:1 BCilOMOraTeJII,HH8 

sarrycKH. 

Bo BTOpoii rJiaBe OilHCaHa KOHCTpyimmI .ztpeH~BO~ KaMep!:1 HH8KOro 

.n;aBJielillJI H pe8yJII,TaT!:1 HCCJie.n;oBamm: ee xaJ)aKT9pHCTllK. 06CyJK,1!;8llTCH BOil

poc!:1 pa60T!:1 KaM8p!:1 B 8KCII8pHMeHTaJII,HOli YCTaHOBKS. 

Ha,n;eJKHOCTI, .n;aHHHX, IIOJIT!a9MHX Ha YCTaJIOBKe "KpHCTaJIJI". B. 60JII,mOH 

CT9Il8HK 8aBHC9Jia OT ypOBlIJI ~cma TOpM08HOro ~elillJI H BeJIH'raH!:1 MHO

roKpaTHOro paCC8HlillJI B 6JIOK8 nc2, OrpaHH'IKB8Dll8I'O yrJIOB08 paspemeHHe 

Cil8KTpOM8Tpa. YMefilm8HK8 KOJilI'l8CTBa B9!ll8CTBa B KaMepe rrpOH8B8].t8HO sa 

cqeT CHIDK9HRII pa6oqero .n;aBJielillJI B KaMepe t · B!:1H8C8HIDI C IIYTH qacTHit 

BC9X CHI'H8JII,HHX H qiopMHPYDIUll IIOJie 3JI9KTpo.n;oB, YM9HI,m8Hl'IJI TOJIIIO,IH!:1 

BXO,Jl;HllX MailliapoBIDC OKOH. 

KaMepa BMOHTHpOBaHa B BaeyyMOrrpOBO,ll; ycTaHOBKH (pHc.3), H ee ra-
80Bllli o6~eM orpaHH'llmaeTCJI MrubrapOBHMK OKHaMH TOJIII!llliOH no I2 MKM. 

... .,,.... . ..... 

PKc.3. PasMB!ll9HH8 nc2 B yCTaHOBRe 

H cxeMa. rasoBoro rrpo.n;yBa KaMepu. 

HI, H2 - Ha.T8Ka.T9JIH, M - MaHOM8Tp, 

P2 - rasOB!Ili o6~eM KaMel)!:1. 
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KOH~l'II'ypanml: pa8M9!ll9IDm IIp0l!50JIO¥eR mi:6paHa C IIOMO!ll1D MO.n;emrpOMHrur » 
8JI9RTpOCTaT:ll1ieCROff l!laHHe. KoHCT~ RSMe.PJl, Kalt BH,ItHO H3 PHC.4, YCT

paHHeT Jie:no-npaisym H80,ll;H03Ha¥HOC'I'I, B onpe.n;eJieHHH KOOpJtRHaT ¥QCT~. 

. . . . . . . . . . . .. -- . . . . . .. . . . . 
nyqc.-- .-j .-j .. , -t 

Pnc.4. CxeMa paCIIOJIOXeHM npo:ao

JIO'qeK :n RaMepe. I - saaeMJiemnre 

Ilp0BOJIO¥RK, 2 - IIOT8HitH8JII,HHe 

npoBOJIO'IKH, qiopMllPYDIIH9 .I(peffqio:noe 

IIOJie, 3 - CHrHaJII,HHe npOBOJIO'IKH. -- . . . . . . . . .. . . ..... . 
-

Pa6o~aH 06JmCTI, Rallepn HMeeT pa3MepH IOxIO c~. B COOTBeTCTBHH 

C pa31,rnpm.ra HCCJie.n;yeMIIX RpKCT8JDIOB. Bee· 8JI8RTpo.n;H BliIIOJIHeHH Ha OCHOBe 

CT8KJIOT8KCTOJIHTOBWC pallOR, BIJYTpeHHee-OKHO KOTOp:YX YB9JI:ll1i8HO ,ItO Pa3-

Mepa 80x80 cil- .ItJ.D! j'M9HI,memm qioHa TOpM03HJIX raMMa-RBaHTOB, B03HHRa

DJll'!l[ B B9!ll9CTB8 pm,JOR. 

CTeH.I{OJ!He KCIDITilHHJI R&llePH IlPOlle.I(e!lll C IIOMODII>ll .B - HCTO'IHHRa 

( Ru IOG). Ha PRC. 5 IlOR838HH 38l!KCHlfOCTK 3qxlieRTKBHOCTH perHCTpaJllm 

'IQCTKJ:t OT aHO.I(HOro HanpDemm JtJIII P83Jill1lHHX .n;MJieHmt B RaMepe. Ha
npueHHe Ha RaTo.n;e JW6HpaJIOC»,R&R H JtJIII 06JlttHHX .I(peflipoma: RaMep,K3 

YCJIOBrur E/P~ 2 B/CM Top. B Ka1feCTBe pa6o¥eff 6wm BU6paHa CM9CI, c 

ROHit8HTpartHeff M9T.l'fJIBJDI IO%. B JtRCCepTartHK paccuaTp:e::aaJJTCH rrplPiHHH 
y:aeJIH1feHHSI M9Tl!!JI8.JUI B CM9CR. 
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PKC.5. 3a:BKCHMOCTI, 3~9RTKBHOCTK 

R&Mep,r OT aHO.I(HOro H8II.PJIZ9HM ,JtJE 

pa3Jlll'lma pa6011HJ: .n;auemrl!. raso

l!IM CM9CI,: 

Ar (62%) + C,iHroC28%) + 
(OCH3 )C¾(I~·). 

HcCJie.ztO:BaJiaCI, SURCIDIOCT» BpeMeHn Jt,Peffq:a 3JI9RTpoHo:n nepnnaoff 

HOHK3&.ItHK OT M9CTa npoXOJgtemm 1f&CTJmW 11epe3 JJP2. IlpllM8HJtJIKCI, JmHett-

7 



HM H Jtl!8J(paTR'iHWI anpoRCHManHR ROOp,ltHHaTH B .IIC2 B SaBHCHMOCTH OT 
BpeMeHH JtPellifa. B c.ny,me Jtl!8J(paTR'iHOtt anpORCHll8ItlDI TO'iHOCTh OlC891ma
eTCll mnne npBMepao Ha IO%. CTaHJVlpTHHe OTRJIOHeHlllJI ,ttJl'.fl pacnpel(e.1IeHd, 
XapmtTepH3YDJIHX OTRJIOHeHHe ROOp,ltHHaT, H3MepeHHRX JCC2 OT TpeRa,COCTaB
.nn:eT !20 H 00 MKM, ,ttJl'.fl pa6o-.rax l(UJieHHff IfiO l'I 2f{) Top. 

C03l(RHHe JtPenwono~ RaMepH HH3ROrO ,naBJieHHR Il03BOJIHJIO JMeHhlllHTh 
ROJil'IlieCTBO.~HOBOro Be~eCTBa Ha nyTH 'iaCTlfnl(O Be.JilAllHH 5xio-4 paJtHa
W,:OHHHX JtJIHH, ~o l(a.JIO B03MOSHOCTh lWIIOJIH.liTh HCCJiel(OJlaHHJI H3Jly,i8HM 
B TOHRBX MOHOKpHCTaJIJiaX. 

B TpeThett rme l(lICCepT~ paCCMOTpeHH BOllpoCH C03l(aHHJI npor
paMM WIJi o6pa6oTKK HH~PM~-

IlepBHM 8TallOM o6pa60TKH SBJilleTCJ! npel(BapHTeJll,HM reoMeTplr'i8CR8JI 
peKOHCTpyxnrur co6HTd ,ttJl'.fl IlOl(6opa KOHCTRHT JtPeiiqx)BHX KaMep. B pesym,
TaTe llOl(6opa ROHCTaHT Blll(aeTCll Ta6.Jnma WIJi pa60TH nporpaMMH Jl,CT,sa-. 
IlHCJU18.ll!ll8tt ~eHTH C;yMMapHHX l(aHHHX (]CJI). . 

IlporpaMMa .l(CT npoH3BOl(HT reoMeTpHlleCicyll peROHCTpyl{nHJ) co6HTd, 
OT6HpaeT MaCCHB l(aHHHX, ROTOpHe He06XOl(HMO nepenHCaTh Ha ]C.l(, npoH3-
BOl(HT ynaKOBRY OT06paHHHX l(aHHHX B peKOpl(I,[ H SanHCHBaeT 9TH peROpJtH 
Ha ]CJ{. B pesym,TaTe pa60TH nporpaMMH .IICT HH~,l)MaitM 3anHCHBa8TCll Ha 
]C.l(, YMOTHMCh npHMepHO BIO pas. 

,U.Jm o6pa60TRH ]CJ{ 6wm COSl(aHa nporpaMMa, ROTOPM OCY!ll8CTBJI!leT 
BBOl( Heo6XOl(l'IMJ,IX ROHCTaHT, 3aKa3 rHCTOrpaMM, C~TWMHl'I8 HH~p.tami,m 

c ]CJ{ H ee pacnaROBRY no C06HTW!M, paCROl(KpoBKJ napaMeTpoB R_a,r;ltoro 
co6HTlllJI, o6pa60TKY l(aHHHX H :ex BBOl( Ha pasJra1ll!lle nep1r(f>epHIHHe yc
Tpo!CTBa 3BM. IlporpaMMa pa3l(MeHa Ha ;z,;Ba ypoBHH. Ilepml! ypoB8Hb,npel(
Ha3Ha"leH )tJIH pa6oTH llOJII,30BaT8JIJI H ll03BOJDl8T npmmBOl(HTb H3MeH8H_B;e 
Ha,m.m,ma l(aHHl,IX H ROHCTaHT YCTaHOBRH. BTopol ypoBeHb npe,JtH,asHa'ieH 
,Wm pa60TH CJIYll861lBX nporpaMM, H l(OCTYll ll0Jll>30B8.T8JIJI Ha STOT ypoBeHb 
saxpwT. 

B l(lICC8pT,mRH o6Cyz,ttaDTCll SqqieRTH, npDOJtJIJllll8 R yxy;a;memm yr~o
Boro paspemeHWI ycT&HOBltH. Paspa60TaHa npor}18MM&, ROTOJ)M npoR3BOl(HT 
Roppe~. y-qllTHNDltl'Ie 3TH 8~8RTH, 'iTO IIOSBOJIJl8T npH6JIHSHTb peaJJl>
H08 yr~OBOe paspemem1e R IIP8J.t8Jll>HOMY paspememm JCTaBOBRH (5 MRpaJt). 

PaspemeHze cnexTpOMe-rpa oneHoaeTCll Ha ypoBHe ro't2 YKpa,tt. 

Paspa6oTaHa nporpamra, ROTOPM npoRSllO,ltHT peROHCT,PYRnKI) SHepro 
raMMa-RllaHTa no l'ISMepeRKIDI Tpex AUil c y-qeTOM oco6eHHOCTeft Jt&JrJtOroim-
Ha.JUl. . .. -

CneW,:aJll>HBJI nporp&MM& npoHSBOJtHT npoBepRJ :paCSoina: co6nd Ha 
COOTB8TOTU8 reoueTpneORHM llap&118TiaM JOTaHOJIIUI • 

B 'i8TB8pTol rme paCCM&Tp™8TOII Ilp0It8.JIJ'pa OT60pa l(aHHXX ,1tJIJI 

OROnJTeJll,HOI o6pa60TKJI, OllHCHBal>TOII llOJIYll8HBJl8 l)BSynTaTH, npoiso-
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,ltHTCJI HX o6Cyx,It8HHe H CpaBHBHHe C HeROTOpHMl'I TeopeTH"qeCRJIMH npel(CRa-
3ammMR. 

,U.Jm Toro; 'iT.06H onpel(eJll!Tb cneKTpaJII,Hji) lIJIOTHOCTb }I BepOHTHOCTh 
H3Jly,i8HHH,Heo6xol(IDIO 3HaTb 'q}IC~O H3Jly,ieHBHX raMMa-ItBaHTOB JtJ]'.fl BH6paH
eoro ,ltHaIIaSOHa seeprHn H yrJrB. BXOl(a Il03HTp0HOB B KpHCT8JIJl. Heo6xo,ItH
MO Y'iJITHBa.Tb yr~oBoe pacnpel(e~eHRe.nal(S.lllllero ny'iKa H no~Hoe 11HCJIO 
npomel(llll'IX -qepea YOTaHOBKY Il03HTpOHOB. KpoMe Toro, Heo6XO.l(KMO npHHHTb 
BO BHHMaHH8 pas.imqHHe annapaTJpHUe H (pH3H'q8CRH8 a@)eRTH, ROTopue BBO
,WITCH B Blll,Ite IlOllpaBOR R "IHCJIJ HSJ:ty,iaeMHX raMMa-RBaHTOB HR "IHCJIJ IlJ'i
ROBHX 1l&CTRJt. CHOTeMaTR'i8CRaJ'I: OIIIH6Ra B HOpMRpOBRe l(aHHHX 3aBHCHT, B 
ROH8'iHOM O'ieTe, OT TO'iHOCTH onpel(e~8HlllJI nonpaBOK. 

Ilp:a: o6pa60TR8 Ilp0H3BOl(l!'JICJI OT6op C06HTd, ltOTOpmt Il03Bo~· ·. 
-yMeHbllllITb 'llHCJIO q>OHOBHX H CJIY'laftHHX aanyCROB Cll8RTPOM8Tpa. ECJll! Tpe-
60BaHHli oT6opa co6HTd y,ttoBJieTBOPfiJll!Cb, npoHSBOl(HJl&Cb o6pa6oTRa J.taH
eoro C06HTlllJI l'I HaKOIIJI8HH8 HH~pMaJtHH B rHCTOrpaMMH.' 

IlpOH3BOl(HJI8.C» npoBepRa BJllUIHHH RPHTepzeB OT6opa co6HTHI Ha a6co
JlllTHYI) B8Jm'ql'IfiY S~RTa. Hal,D;eao, "ITO npz 40%-oM H3MeH8HW'I OCHOBBHX 
RpHTepzeB oT6opa, a6coJI11TH8JI Be.imq:ra:Ha.sqqieRTa :a:sue~cb aa I,5-2% 
(B 06JIS.CTH raMMa-ItBaHTOB C SHepr.He:!! 60 MaB). B 06JI9.CTH 6o~ee MSirRHX 

raMMa-RBaHTOB (30 MaB) H3M8H8HHe BeJmTnUIH a~eRTa 6o~ee 3HS'iRT8JII,HO -
OltO~O 8%. ,U.Jm raMMa-ltB!lHTOB O aeeprzea BHlll8 IOO MaB lISMeHeHH8 B BeJIH
,nme ·s@leRTa He npeBumaeT I%. 

CRCT8WlTR'i8CRM ODIH6Ita B HOPl\mPOBRe l(aHHHX OJt8HHBaeTCH aa yp0BH8 
IO% H onpe~8JIJl8TCH, B OCHOBHOM, H8ROHTpOJIKpyeMW1H l'I3M8H8HlMMH s~eR
TlilBHOCTH rBMMS.-Cll8RTpoMeTpa. H8M8p8HH8Jl: BeJDAKHa Cll8ItTpaJII,HOI IIJIOT
HOCTH l'I3Jly,i8HRfI JtJ]'.fl a.Dlll'IHHBBOI MHill8Hil COCTaB.llll8T O,II5+0,0I CM-I 
'iTO aaxo,ItHTCS B y,ttoBJleTBop:ra:Tem,HoM corJiacu c pac1leTOM. 

Ha pHC.6 npel(CTaBJieHa 89.BHCHMOCTb 'il'ICJia HSJ!Y1Ja8MHX rali!Ma-ltll8HTOB 
OT yr.na BXOl(a IlOSKTp0HOB B RPHCTBJJJI. B nepac11eTe Ha ItpRCTaJ"..JI TOJJllP{-

HOI I CM B M8.KCHMJMe H3.ly,IS8TCII ORMO 8 raMMS.-ItBaHTOB. B ,It.HCC8pTaJtHH 

'l~ IA' 5 <E,<3000M,B 

.. /•'V/'I 
;:; I F \,l ··~ u , - . 
;; ' , \ 
~ ~:•. . ~ 

' ~---· ·. ·-~ 
-200 -100 0 100 200 

0v, 1 ... •PAGI 

Pxc.6. 8aBKCHMOCTb 'qll~ l'ISJIY'lae
MHX raYMa-RBaHTOB OT yrJrB. BXOl(a 
Il03HTpoHOB B 1tpXCT8.1Ll[. 0To6paHH 
"18.0TIIIIUI, H3JIY'l1!Bllll'I8 r81111&-RBI.HT C 

aaepni:el B l(H&Ila30He 5-3000 MaB. 
IDTp:ia:-nymtTip0M OTM8'i8HO pacnpeJ.te
~eHJle, Il0Jll"'l8HH08 JtmI 8JIIIIIUIK8B0I 

1111111eaa. 
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llOKaSaHO, "ITO sa CMe~eHHe MaRCHMj'Ma BepoJITHOCTH HSJiy'ieHM OTHOCHTeJII,
HO HanpaBJieHM WIOCROCTH OTBeTCTBeHllll Kalt raMMa-ltllaHTH, H3nyqae.MHe 
rrpH umumpo:aaHHH, TaK H rawa-RBaHTH c aaeprxel 120-300 MaB, cusaH
HHe C RSJiy'i8HReM HSJt6apbepHHX 1iaCTl!lr(. CIIJ!omeol JIHHHeff Ha pHc.6 IIOKa
sae peayJII,TaT pac11eTa. IlpH BH1mCJieHHH Y'JHTHDaJIOCb paspemeeze axcrrepK
ueeTam.Hol annapaTJpu, BOSMOXHOCTb KSJiy1ieHKSI lJ:BYX raMUa-RBaiiTOB 0.lt
HHM II03RTp0HOM K HSJiy'ieHKe Ha.it6apbepHHX 1iQCTl!lr(. PeSJJII,TaT pa~eTa .Tta
eT xopomee COBnSJt8HKe c axcrrepm.teHTaJII,HHMH .TtaHHHMH • 

Ha pHc.7 npe,TtCTaBJieHH 38BRCHMOCTK cneKTpaJII,HOI IIJIOTHOCTK Hsnyqe
mm OT aeeprHH rB.MMa-RBaHTOB ,ItJUI 1iaCTl!lr(, KM8Dltl!X pasJm'IIHHe yrJm BXO,Tta 
B RPKCT8JIJI. PJJ,tt SaBHCHMOCTel Ha pHc.7 noRaSHBaeT ,TtHHB.Mmty nepexo,Tta 
OT J13J!Y11eHW1 npH ,TtBHlleHHH IU{OJll, WIOCROCTK (A), (E) R H3JJY'i8HHD B ne
peXO.JtHOI 06.naCTH yr~oB (B), (r) HR RorepeHTHOMY TOIJMOSHOMY HSJiy1ieHHD 
(KTH) • .ltJrg pacnpe,TtMeHHJ! Ha pxc.?r cneRTpaJII,HaJI WIOTHOCTb JJSJiy1ieHM 
B 06JJBCTll MaKCHJIYM8 (60 MaB) B 43 pasa npeBOCXO,TtHT cnexTpaJII,eyll WIOT
HOCTb HSJiy'iemm B EWOpqiHol MHmemr 3RBlr'IB8JleHTHOI TOJlllP'lllH. CwromHHe 
xpmme Ha pHc.7 nous:tmaDT pesy.m,TaTH pac11eTa. B .ltHccepT&ItHH rrpno

0-20 .. ..a 

f I If 

200 300 ••• E.IM18f 

.:ztHTCJt Ra1ieCTBeHmll aHSJm3 BOSMOZHHX 

npH1raH OTJmiiIDt axcnepHMeHTam.HHX 
.TtaHHHX OT TeopeTnecRHX RPHBHX RaK 
B 06.llaCTH Ha,ryqeau 1iaCTl!lr(, .TtBIDQ'
IIIHXCJt IU{OJII, Hanpm!Jlemm ~CROCTH 
RpHCTaJIJia, TaK H .ItJUI Ha.it6apbepma: 
"laCTl!lr(. 

Ha pHC.8 (Rpl'IBaJI A) HS06pueaa 
HHSK08HepreTnecxan: 11acn Sa.BJCCHMOC
Tll cneK~HOI WIOTHOCTK R:ury,leHM 
OT aaepr.illl. Hs STOro pHCJHRa CJle.1t1eT, 
1iTO B crrexTpe ,1t.llJ! ,1taeeoro yr~oBoro 
,TtHanasoHa CYJlleCTByeT IIHK .ItJUI rBMMa
RBaHTOB c 3Heprxea OROJIO 30 MaB • 

PHc.7. CnexTpaJII,HM IIJtOTHOCU R3JIY-
1ieHHJ1 B SaBRCHMOCTH OT aeeprHH raM
Ma-RBaHTOB. Pacrrpe,1te.neau IIOCTpoeeH 
,ItJUI JIOS.IITpOHOB, HMeDJtHX Jr.llli BXO,Tta 
B pa3JDl1iHHX HHTepB8.118.X. l'pammu HH
Tep:euoB JMSallll Ha Rall,l(OM r~HKe. 
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HcCJie,TtOBaHRlt IIORa3SJm, 1iTO ltJIII JUlYI'HX yr~OB BXO,Tta STOT llHK ee ea6Jlll
,TtaeTCJI (pHc.8 Rp.HBalt E). CpanHeIDle C qJOpyol cneRTpa qJOHOBoro 1!3JIY1l8-
mm noxasHBaeT,' 1iTO ,TtaHHH! IIHK He MOSeT 6HTb o6yCJIOMee qJOHOM (pKC.8 
RPKBSJl B). ]3 pmm8.X pasBHTOI Teo po HS.uyqeHM B MOHORpllCT8J!JUlX HHRa
RBX oco6eHHOCTel B cnexTpe npH aueprHH 30 MsB He npe.1tcxasHBaeTCJ1. B 
HaCTrumtee BPE!IISI npe.TtJipKHB:TH nODBTRH onpe,TteJieHM npHpo.Jtll Moro mnca. 
Tax, BaIIpHMep, B pa60T8~ IIORasaHO, ,n'O OC06eHHOCTH B cneRTpe IIOI'JT 
B03HHKaTb ns-sa BSa!DIO,JteffCTBKII HSJJY'ieH.wr C qJOHOJlaMH RpHCT8JIJJa. 0,JtHa
RO .1t1I11 IIpoBepxH 3Toro npe~oaeHHII eeo6XO.JtHMH .ltOIIO~HHT~HHe HCCJ[8.Jt0Ba~ 
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PHC. 8. CrreRTpaJII,HaJI lIJIOTHOCTb HSJIY'
-qeee .B suKcm.iocTK OT aeepru 
r8MM8.-JtBaHTOB. 0To6palll,I 1iaCTKnH, 

IIOWil1t8DIIJl8 B HHT8PB8JI frJlOB BXO,Tta 
20-30 MRpa.Jt (A) H 80-!20 MRpaJt (E). 
KpHB&lt -(B) H3o6pa&8T CIIeKTp qJOHB. 
~B ~eT B ced11 H3JJY'i8BH8 OT 
Be~ecTBa ycTaHOBltH H 3&nyCRH OT 
CJIY'lalma'. COBIIa;ltemil C myMOBBMH 

CHrH8.IIBMH cneRTpOMeTpnecxoro TpaR
TB. 

B ,TtHCC8pT8Itllll IIP8ltCT&BJ[eHll peaynTaTH HCM8lt0B&HM frJlOBHX pac
npe,TteJI8Hd H3nyqaeMHX raMMa-RBaBTOB. Ha p11c. 9 HSOdpaaeHH pacnpe,Tte.JI8-
mur frJlOB BHJieTa rauua-JtBaHTOB OTHOCHTe.n.HO ILlIOCKOCTK ltpKCT&UB Jt,11! 

1iaCTl!lr(, DeDIIJi[X yroJI BXO,lta B JtllflII830He 0-40 MR.PIIJt. 06CJQU>TCI! npH-
1iHHH Toro, .1iTO pacnpelteJieH][e .Ha pxc.9E oeeT eamieHDIIIJD nmpHHJ'. 

B IIIITOI rJlaB8 npllBON{TCI! peaynTaTR J[CCJI8,ll;Ol3aH:U J13.Q'118Hm JIO
SHTpoHOB c aeeprxel IO raB B MoeoxpKCTSJrJl8 xpe1unm npa: JIX .JtBDeHKll 

IIO.lt MaJIJDIII JrJf!UO! R RPKCTUJ[Or~ecxol OCH <III> . 
Ha p11c.IO a:so6pueeo pacnpelteJiemie, xapaxTepa:~ee BepOflTHOCTb 

H3.uyq8HlUI raMMa-RB&BTOB C 8H8pl'l!el B .ltll8II8.30He 5-200 MaB B SBBB:CHMOC
Tll OT yr.m BXO.Jt& ll03l11Tp0HOB B RpHCT&JrJ[. BHJtHO yne~eue Bep0JITHOCTH 
lll:3nyqeHHJI ~ 'IJ&CT~, llXO~ B KpllCT&IUI B H&II~8HB:H, 6.u:SKOM R 

OCII <III> , IL1[0CROCTJDI (IIO) a (II2). 
l?eBIICKIIOCT!, 1D[CJra lllSJrf'l&eMlDC rUMa-XJ38HTOB OT no.mpeoro yrJJli. 

BXO,Tta II03JITp0HOB B RpHCTUJt.IIpe,11;CT&BJr8HB ea pIC.II. MaltCJDl3'M BepoaT
HOCTll 118JIY"{8HD ltOCTKI'a8TCI! Ha rpamme 06.IBCTH oceBOro lt&HBDpOBaHU 

~eB B.~. Yxp. \l)J, I983, r.27, c.!482. 
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JI COCTUJI1l8T OltOJIO I9 raMMa-RBaHTOB Ha I CM 1tpKCTUJl8. ( ,1tJIII JrulSaH
HOro .P&Il&30Ha aHeprn). 
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PJllc.9. Pacripe,1teJieH11e yr.mB BHJ[eTa 
r&llllll-:XBaHTOB 1![3 ltpKCT8JIJIB, ,JtJirI 

U03J1Tp0HOB C JI'JIOM BXO,Jta B ,Jtll8II8-

SOH8 0-40 MKpa,tt. Pacnpe,11;eJiemm 
·, nocTpoeHH ,ttJISI rBMMa-ItBaHTOB B pas-· 

JDABKX 8HepreTJn8CRJJX ,D;lUUl8SOH8X, 
rpaH:anJ,l ltOTO_pHX JRU&BH B JI'Jf1 
~oro r~JIK& (B MsB). IlymtTlilpoll 
npoBe,JteHB ~JITB sxcnepHMeHTWBHX 
.ttaHHBX pacnpe,11;eJieneM I'aycca. 
B .1eBOM 1I'Jf1 lt8ll',1toro r~lllt& JRasa
HH CTaH,JtapTHll8 OTKJIOH8HIIIJl ,ttJISI IIp11-
B8,D;8HHIIX ~JITOB. 

PJic.IO. Pacnpe,11;eJie&xe UCJUl JI3Jf1'18-
eMHX r8Mll8-JUl8HTOB B SaBKCIIIMOCTI![ OT 
JI'JJll mo• noSKTp0HOB B KpXCT8JIJI. 

Pile.II. Suxcxuocn UC.18. R3Jl;f"Dle
MMX raaa-DllHTOB OT nOJillpHoro yr
JJll BXO,Jta noSRTp0HOB B KpRCT&U. 
IlOJJJ1plld JI'OJI O'l'C'UTDa8TCll OT 
aanpaueau OCH KPXCTLl'Jlll. 
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Ha pnc.12 npe,JtCTaBJieHa 38l3HCIDAOCTh cneRTpaJII,HOtt llJIOTHOCTH H3JIY
~eHWI OT 9HeprHH rWW'a-RBaHTOB ,JtJirI C06HTmt C IlOJiripHHM JI'JIOM BXO,tta B 
RpnCTaJLJI Meuee 80 MKpa.It. Pacnpe,JteJieane xopomo corJIB.cyeTrur c pesyJII,
TaToM 'IHM8HHOro MO,JteDpOBaHml (mTpHXOBWI Rp:tmall). 

CpaBHHT8J!DHO 60JIDill8Jl anepTYpa YCTaHOBRH Il03BOJIWra no~TD ,JtaH
BHe 06 H~8HHK ,JtJirI noSHTp0HOB B mHpoROM ;!tlmllaSOHe yrJIOB BXO,Jta B 
RpHCTaJLJI. ~8Jml)TCSi BHBO,Itll O BJilUIHHH OCH H MOCROCTett RpHCTaJIJ!a Ha 
xapaRTepHCTHRH H3~8HWI. 

j,f-., \ 8 ,; B~ MKPAA 
4 . rid 1 ·- . Si <111> 

i~ 3f t \ ftt fr-t+---. I I\ 113 MKM 

w I Hr---- · 
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PJllc.12. CneRTpaJII,HaJI IIJIOTHOCTh H3-
~eHHJI B 3aBHCBMOCTH OT saeprHH 
raMMa-RBaHTOB ,JtJirI ll03HTp0HOB, ,JtBH
XYIJtWCCH B,ltOJ!D OCH RpHCTBJIJia. 

B SaRJll)~emt111 *J>MYJIHpoBaHH ocaoBHHe pesyJIDTaTH ,JtHccepTamm: 
I.Ilo~eHll Jt8,HHH8, xapaxTepHSj'l)lllHe npOXOll,,Jt8HH8 llOSHTpoHOB BHCO

ROI aaeprHH ~epes MOHORpHCTaJIJI 1tpeMHml H BOSHHR9.lll!ee npH 8TOM H3JIY
~8HHe. 

IloRasaHO, ~TO npH ,JtBWl8HHIII ll03111Tp0HOB B,ltOJ!D WIOCROCTH RpHCT&JLJm 
cneRTpa.lll,HSJI MOTHOCTh H~8Hml B 371:I pas npeBOCXO,JtHT COOTB8TCTBYJ)
ll{YJJ B8.l!K'mffY ,JtJill IUIO!)pHOI MHlll8HH, npH ,JtBHll8HHK ~aCTHn B,ltOJ!D OCH npe
BHlll8HH8 COCT8BJIH8T 35!1 pas. 

2.HcCJie~O:eaJIOCh H3~8HH8 IlOSHTp0HOB B nmpoROM ~oHe yrJIOB 

BXO,Jta OTHOCJ!T8J!DHO MOCROCTIII RpHCTUJia, 1iTO noSBOJiitl[O Bll8pBH8 UOJIY-· 
-.:ran ,ttaHHHe, llORaS:rma.lQR8 ,JtHRaam:xy nepexo,Jta OT H3JJY"l8HB'JI 11aCTml, ,Jtml

Jr:JDIRXCK B,ltOJIL MOCROCTH 1tpHCT8.JIJill It KTH. 
3.BnepBKe l!CC.1[8,JtO:BSJIBCh JI'JIOBH8 xapaxTepHCTlltlt raMMa-RB&HTOB, 

JI3~811HX B RplICTaJIJIC. IlOKa3aHO, ~TO raMMa-KBaHTH, :a~ae,me no-
81i1Tpomura, ,JtB~CJI '.MOJ!D llJIOCROCTH (IIO} RplllCTaJrJia, 1Dl81l'r H8.H60-
Jl88 ysxoe yrJioBOe pacnpe,1teJiea11e. 

4.Ilplt yrJiaX BXO,Jta nosxTpoHOB B RpHCTaJIJ[ B ,Jtll8II830H8 20-30 MRpaJt, 
OTHOCHT8J!DHO llJIOCROCTJI (IIO), B cneRTp8 I'811M8.-ltllaHTOB Ha6Jl]),lla8TCll 
mm (c saepr1tel 30 MsB), ee npe~cxasaalld Teopxel. 

5.IlpHBO;ltliTCJI xapaRT8pHCTIIIKH H8~8HIIIJI ,ltJII! mHpOROI o6JIBCTIII-JI'.1IOB 
BOltpyr OCH RplllCT&JIJJ.a. 

. 6.Il~eHH Jt&HHHe, xapaxTep:a~e cyYMapHHe noTepx 1rnepru Ha 
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H3JIY'I8Hll8 npH ,nBIDKeHHH IlO3HTpOHOB B6JrH3li OCR H IlJIOCKOCTH KpliCTaJIJia. 

JlBmtYl.llli8CH B~OJib KpHCTaJIJIOrpaWH"I8CKofi IJJIOCKOCTH IlO3liTpOHH T9pm!JT Ha 
li3JIY'I9llli9 ~o 3 raB (B nepec~eTe Ha I CM KpHCTaJIJia). Ma.KCHMYM IlOT9pb 
8Heprmr ~OCTHraeTCJI npli yrJiax BXO~a OKOJIO I,5x0K. Ilpli ,nBlllKSHHH IlO3liT
pOHOB B6JIH8li OCH KPHCTaJIJia IlOT9pH ~OCTHraJOT 5 rsB/cM ,IJ,JIH IlOJIJipHHX yr
JIOB BXO~a TaKl!te OKOJIO I,5x0K. 

?.IlpOH3B9~9H pac~eT xapaKTepHCTHK H3JIY'I9HM IlO3HTpOHOB, ,nBIDKy
llUD{CJI B~OJ!b IlJIOCKOCTH (IIO) KpliCTaJIJia. Pac~eT ~THBaeT napaMeTpH yc
TaHOBKH "KpHCTaJIJI" lI COilYTCTBYJ(illli9 npo:a;eccH. CpaBH9Hli9 pac~eTHHX Kpli
BHX C 8KCil9PHM9HTa.Jll,HHMH ~aHHHMH IlOKa3aJIO RX Y)l;OBJI9TBOpHT8JlbHO9 corJia
CHe. O~HaKO Ha6JrIQD;aJOTCR Ta!Olt9 HSKOTOpHe CHCT9MaTH"l:9CKH9 OTJIH"IM, 3TH 

OT~M YK8.3illlaIOT Ha H9O6XO~HMOCTb ~eTa 60Jiee TOHKHX 3@leKTOB, 
8.Pacc~TaHH OCHOBHHS xapaKTSPHCTHKH HCCJI9~9Moro li3JIY'I9HM. Ha 

OCHOB9 Il~SHHHX ~amrnx onpe~SJieHH Tpe6oBaHHJI K YCTaHOBKe "KpHCTaJIJI'~ 
9.CnpoeKTlipOBaIIa H HaroTOBJieHa ~SHWOBM KaMepa HH3Koro ~aBJieH:im, 

IlO3BOJIHBWM 3Ha~HT9JibHO CHli3lITb WOH TOpMO3HHX raMMa-KBaIITOB Hy~
WliTb yrJioBoe paapemeHne ycTaIIOBKH, IlpHMeHeHHe ~eilwoBoil KaMepH Hllako
ro ~aBJieHM HBHJIOCb B8l!tHHM WaKTOpOM, onpe~eJIHBWHM Ha,ne~HOCTb n~eH

HHX ~amrnx. 
IO,Coa~aII YHHB9pCaJibHHH 3JI9KTPOH-IlO3liTpOHHHH KaIIaJI C xapaKTSpHC

THKaMH, Y)l;OBJISTBOpJmllliMH yCJIOBHRM npoBe~eHHJI 8KCil9pIDII9HTa. IlytiOK TaK
~e HCilOJ!b3Y9TCJI BCSMH IlOTp96HT9JIRMH KaHaJia .IM H~B3 ,IJ,JIH KaJIH6pOBKH 

annapaTypH. , 
II.Coa~aII KOMIJJISKC nporpaMM ,IJ,JIH o6pa6OTKR 8KCilepHMeHTaJ!bHHX ~aH

HHX. C IlOMOIIU>ID 3THXIlpOrpaMM IlpOli3BO~HJIOCb HaKOil7I9llli9 ~aHHHX B rHCTO
rpaMMH, copTlipOBKa OTO6paHHHX ~aHHHX, KOppeKIJ;M H9CTa6MbHOCT9H ycTa
HOBKR, HOpMlipOBKa ~aHHHX, B~HTaHH9 WQHa R npe~cTaBJI9HlI9 peayJibTaTOB 
B Hall60JI99.Har,mmHOH WOPM9, 

0CHOBHH9 peayJ!bTaTH ~HccepTa:a;HH ony6JrHKOBaHH B pa6oTax: 
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2.Ea.Bllllt9B M.A., ••• , THilKilH H.A. H ~- H~B3, 82-74, on, CepnyxoB, 

I980. 
3.rOJioBaTIOK B.M., ... , TRilKHH H.A. H ~p. OIDill, .llI-81-592, .lly6Ha, 

I98I; Phys, Rev. Lett,, 1982, v,48, N,7, p,488-492, Nucl, Instr, 
and Meth., 1982, v,192, No,1/3, p,239-241, 

4.EyJiraKoB H.K., ... , TRnKHH H.A. H ~- OIDIB, I-83-62I, .lly6Ha, I983, 
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