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UeJIJ,J) HaCTOSimea paC50Tl1 SIBJIS!eTCSI 3KcnepHMeHTaJibHOe HCCJie.n;oBaHHe 
CBOltCTB 3JieKTPOMarHHTHOro H3JiytieHHSI, B03HHKaJll!lero B nponecce. KaHaJIH
poBaHHSI YJibTpapeJISITHBHCTCKHX 3JieKTPOHOB B TOHKOM MOHOKPHCTaJIJie KpeM
Hlrn. 

AKTyaJIJ,HOCTI, npoC5JieMll. RaK H3BeCTHO, HCTOtIHHKlt ImTeHCHBHOro 1-· 
H3JiytieHHSI OT YJibTpatpHO~eTOBOro .1(0 xecTKOro peHTreHOBCKOro ,l(ItaTia30Ha 
HaXO,l(SIT mHpOKOe npaKTHIJeCKOe npm.1eHeHHe. K HHM OTHOCSITCSI qepeHKOB
CKOe H3JiytieHHe, H3JiytieHHe B HCKYCTBeHHllX neplt0.1(HtieCKHX CTPYKTypax, 
TOPM03H08 H3JiytieHHe H .n;p. 

OcoC5un HHTepec npe.n;cTaBnsieT H3JiytieHHe, B03HHKaJJlllee B nponecce Ka
HaJIHpOBaHHst JierKHX tiaCTHI;l B MOHOKpHcTaJIJiax. TeopeTHtI8CKH cynteCTBOBa
HHe H xapaKTepHlle CBOtfCTBa 3Toro H3JIYtI8HHSI, TaKHe,KaK BllCOKaSI cneK
TpaJibHaSI TIJIOTHOCTb H Y3Kast yrJIOBaSl HanpaBJI8HHOCTL,. C51lJIH npe.n;cKa3aHll 
B I976 ro.ny*. K MOM8HTY no.nrOTOBKH Hamero 3KcnepHM8HTa H3J!YtI8HHe 8Dt8 
He C5!1JIO OTKPllTO, HO yn B I979 ro.ny 3TOT 3qxpeKT BnepBHe HaC5JIJJ,l(aJICSl 
B CJIAR**• 

B HaCTOSIDtee BpeMSI HCCJie,l(OBaHHSI 3JI8KTpOMarHHTHOrO H3JIYll8HHSI, B03HH
KaJJDtero B nponecce KaHaJIHpOBaHHSI, npeBpaTHJIHCI, B C5ypHO pa3BHBalll!l88CSI 
HanpaBJI8HHe ¢H3HKH. AKTyaJibHOCTI, 3THX HCCJl8,l(OBaHHlt :IIM88T H8CKOJIJ,KO 
acneKTOB. Bo-nepBHX, 3TO npeKpacirun MeTO,l( ,l(JISI H3YtI8HHSl CBOltCTB MOHO
KpHCTaJIJIOB. Bo.;.BTOpllx, 3TO cnocoe5, Il03BOJIS!JlDtHtt H3ytiaTI, CBOltCTBa Ka-
HaJIHpOBaHHllX qacum. · · · · , · -

HOBH3Ha paC5oru 3aKJ!JltiaeTCSI B TOM, 'ITO BTiepBlle 3KcneplDleHT.C51lJI no
CTaBJieH C npHBJieqeHHeM COBpeMeHHOlt 3JieKTpOHHOtt MeTO,l(HltH ¢H3HltH BllCO
KHX 3HeprHn. JTO TI03BOJIHJIO BTI8pBlle .neraJibHO HCCJie,l(OBaTI, cneKTpaJibHlle 
xapaKrepHCTHltH H3JiytieHHSI ,l(JISI pa3JIHtIHl1X ,l(Hana30HOB yrJIOB BXO,l(a 3JieK
TPOHOB B KpHcTaJIJI BHYTPH KPHTHtieCKOro yrJia KaHaJIHpOBaHHSI. BnepB11e 
HCCJie,l(OBaJIHCI, yrJIOBlle xapaxrepHCTHKH H3Jiy11aeirux f -KBa.HTOB. BnepBl18 
.n;eTaJibHO HCCJie,l(OBaHll CBOltCTBa H3JiytieHHSI, B03HHKaDDtero npH nnocKOCT
HOM KaHanHpOBaHHll YJibTpapeJISITHBHCTCKHX 3JieKTPOHOB. 

IlpaKTHtiecKaSI H HaytIHaSI qeHHOCTI,. IloJiytJeHHlle 3KcnepID!eHTaJII,Hll8 pe-
3YJ!bTaTll TI0.1(TBepz.n;aJJT npaBHJIJ,HOCTI, TeOp8TlttJ8CKHX nonozeHHlt O 3HatIH
reJIJ,HOM npeBumeHHH BeJIHtIHHll cneKrpaJIJ,HOlt TIJIOTHOCTH H3JIYtI8HHSI npH Ka
HanHpOBaHHH no cpaBH8HHJl C aaanorHtJHOtt BeJIHtIHHOtt B aMOp¢Ron umneHH. 

Pe3ynuaT11, TIOJIYtIBHHlle B HaCTOSIDtett paC5oTe, MoryT 611Tb HCTIOJIJ,3000-

• KUllll;'-khOV M.A. Phys. Lett., 1976, v.57A, p.17. 

** MHpomHHtJeHKo H.H. H .n;p. IlHcbMa B !3TJ I979, T.2, c.789. 
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HH ,1tnl1 npoBepKH TeopeTH'l8CKHX MO,ltenen, )tnll npOB8,JJ;8HHll M8TO,ltOM MO,lte
nHJ)OBaHHll pacqeTOB cneKTPOB HsnyqeHHll B TOnCTUX KpHcTannax. 

Cos.1taHa 3KcnepHueHtanLHan ycTaHOBKa, paOotaBmaH Ha nyqKe aneKTpo
HOB H TI03HTPOHOB YCKOPHTenH li~B3. Tiapa.MeTpll ycTaHOBKH TI03BOnHnH ,lte
TanLHO HCCn8,ltOBaTL nponeccu CTIOHTaHHOrO r-HsnyqeHHll nerKHMH KaHanH

pOBaHHHMH qaCTHUa.MH. 
Cos.n;aH ra.MMa-cneKTPOMeTpHqecKHtt KOMIIneKC ,1tnll HsuepeHHll 3HepreTH

qecKHX H yrnOBUX XapaKT8pHCTHK TIOTOKa r-KB8.1ITOB. B ycTpOtlCTB8 rru.r-
11a-cneKTpOM8Tpa nnepBirn npHMeHeH pa,1t annapaTypHUX cpe.n;cn, nosBonHB
mHX B 20 pas COKpaTHTL Bpeua HaOopa cTaTHCTHKH H B IOO pas YM8HL

mHTL tpOH • 
Tipe.n;noxeHa H peanHSOBa.Ha M8TO,JJ;HKa paOOTll co cneKrpOM8TpHqecKHMH 

qJOTOYMHOEHTenHMH THTia p3Y-49 .n;na HSMepeHHll 3HeprHH t-KBaHTOB B mH
poKOM ,JJ;HHaMHqecKOM ~HanasoHe B ycnOBHllX B!lCOKHX sarpysoK. 

Pesynt,TaTu, nonyqeHHUe B paOote, MOryT OUT!, HCTIOnLSOBaHll npH 
nnaHHJ)OB8.HHH H npOB8,lt8HHH 3KcnepID!8HTOB Ha ycKOPHTenax orum, H~B3 H 

.n;p. 
0CHOBHll8 MaTepHanu ,ltHCcepTaUHH on;OnHKOB8.Hll B COD8TCKOtt H sapy-

OelltHOtt neqaTH H B npenpHHTax orum:11- I. 
.l{HccepTaUHll COCTOHT HS BB8,JJ;8HHH, qeTupex rnaB H saKnnqeHHll. PaOo

Ta co,1tepXHT IOI CTpaHHU, BKnnqaa 42 PHCYHOK,H OHOnHorpwpHqecKHtt 

CTIHCOK nHTe~aTypu H3 87 HaHMeHOBaHHtt. 

ABT Op sammnaeT: 

I. Cos,1taHHe 3KCnepHMeHranLHOtt ycTaHOBKH,,ltnll HsyqeHHll sneKTpowr
HHTHOrO HsnyqeHHH, B03HMKanmero B nponecce BSaHMo,1tettcTBHH ynLrpape
naTHBHCTCKHX aneKTPOHOB H TIOSHTpOHOB C MOHOKpHcTannauH. 

2. Cos,1taHHe rauua-cneKrpoMerpHqecKoro KOMTineKca ,1tna HsMepeHHH 

saeprerHqecKHX H yrnoBUx xapaxrepHcTHK HsnyqeHHH. 
3. PaspaOOTKY H peanHsaUHD M8TO,ltHKH paOOTli co cneKTPOM8TpHq8CKHM 

qiOTOyMHOZHTeneM THTia ~3Y-49 ,ltTtll H3MepeHHll 3HeprHH o"-KB8.HTOB B mHpO
KOM ,ltHHaMHqeCKOM ,ltHanasoHe B ycnOBHHX BliCOKHX sarpysoK. 

4. Pesynt,TaTll Hccne,ltOBaHHll CBOtlCTB HsnyqeHHH, BOSHMKanmero npH 
npOXOX,lt8HHH sneKTpOHOB C 3HeprHen IO 1'3B B,ltOnL HanpaBneHHll OCH 

(III) MOHOKpHcTanna KpeMHHll TonmHHOtt 41 MKM. 
5. PesynLTaTa Hccne,1tOB8.HHll CBOtlCTB HSnyqeHHH, B03HHKanmero npH 

npoxox.iteHHH aneKTPOHOB C 3Heprnett IO raB B,ltOnL nnocKOCTH (IIO) MOHO-

KPHCTaJUia Kp8MHHll ronmHHott 41.MKM. . 
Bo BB8,lt8HHH paccua.TpHB8.DTCll reopeTHqecKH8 npe,1tCTaBJI8HHH, nexamHe 

B OCHOB8 3qitp8KTOB KaHMHJ)OBaHHll H aneKTpoMarHHTHOro HsnyqeHHa nerKHX 

sapazeHHUX qaCTHI{ B MOHOKpHCTannax. 
Hccne,1tOB8.HHD 3qitp8KTa KaHanHJ)OB8.HHll TIOCBHmeHO OonLmoe qHCnO pKcne-
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pm.ieHtaJU,Hl,!X n Teopen1qec1rnx paCloT. !Iepmrn 3Kcnepm.ieHTaJILHUe paCloTU 
no uccne.n;oBaHnJO npoueccoB KaHam1ponamrn CluJin BunonHeHu npu cpaBmI
rent,HO HeClOJil,mHX 3 HeprHnx, nopa.n:Ka H8CKOJII,I\UX Ma B. B HaCTOSI!ltee Bpe
Mll TIOHBHJIOCI, 1.rnoro 3Kcnepl!M8HTaJILHl1X H reopen1qecKHX pa60T no KaHa
JIHJ)O}laHHJO npH BUCOKHX 3HeprHnx. J{aK OKaaaJIOCI>, B C00TB8TCTBHH C 
npe.n:cKasaHHHMH furn.n:xap,11;a, no Mepe yBeJIHqemrn 3Hepr:irn npHMeHeHHe 
KnaccuqecKon 11exaHHKn .l{JIH onucamrn npouecca EaHaJIHJ)OBaHHH craHOBHTCSI 
BCe Clonee KoppeKTHUM. !IpH 3H8prHHX a·JieKTPOHOB I-IO ra B KJiaccHqecKoe 
omrnamre xapaKTepa HX ,l{BHJ!t8HHSI CTaHOBHTCH B8CLMa roqmIM. 

C TOqKH apeHHSI KBaHTOBOtt MexaHHKH nonepeqHan 3HeprHH KaHaJIHJ)OBaH
HOtt qacTJIUU npHHHMaeT ,ll;HCKperH11e SHat/8HHll B CI!JIY cfiHHHTHOCTH nonepeq
HOro. ,l{BD8HHn, Eme To1mcoH* BTI8PBUe oClpaTHJI BHHMaHH8 Ha BOSMOJ!tHOCTI> 
cnOHTaHHllX pamm1urnHH1IX nepexo,ll;OB M8llt,ll;y YPOBHHMH nonepeqHon 3Heprmr 
KaHaJIMpOB8.HHl1X npOTOHOB, IIpH 3TOM, KaK rrpe.n:rronaran TOMTICOH, H3Jiyqe
HH8 ,l{OJIJ!tHO rrpoHCXO,ll;HTI, •B HHqipaKpacHon oClJiaCTH CIT~KTpa. J{aK ITOKasan 
aHanus, HHT8HCHBHOCTI> USJiy'l/eHHR B 3TOJ,! cnyqae Cly~eT HacTOJII,KO MaJia, 
qro OClHapYJ!tHT!, ero rrpaKTHt/8CKU H8BOSMOlEHO, 

0CHOBHU8 BhlB0,11;1! COBpeMeHHOt:l reopHH CBO,l{SITCH K cne.n:yKJmeMy. JlerKue 
sapmteHHU8 qacrmw OTHOCHT8Jl!,HO ,l{OJirOe BP8M/l .l{BHllCYTCfl B,ll;OJII, KaHaJioB, 
oClpasonaHHUX KpHCTaJIJIHqecKHMH ITJIOCKOCTSIMH HJIM OCflMH. IIpH 3TOM rrpouc
XO,l{RT cnoHTaHH!18 pa;i;1'!a.UHOHHl18 nepexo.n:u 1!8l!:.l{y YPOBHSIMH rrorrepeqHOt:l 
3HeprHH, a peJISITHBHCTCKHe 3q'ipeKTU urpaKJT ,ll;BOHKYKl pon1,. PeJIHTHBHCT
CKOe BOspaCTaHH8 Maccu t/aCTHUll rrpHBO,l{HT K YM8Hl>Jll8HHil pasHOCTH coce.n:
HHX YPOBHen rrorrepet/HOl1 3HeprHH, T,e. '1/aCTOThl rronepeqHUx KOJieOaHHn. 

C ,11;pyron CTOPOHU, aqicfieKT JlOITJiepa rrpnBO,ll;HT K TOMY, qTo 3 HeprHR HS
Jiyqaeuoro ~OTOHa SHaqHT8JI!,HO rrpeBOCXO.l{HT 3HeprHKl rrepeXO,ll;OB M8llr.ltY 
ypo BHflMH rrorrepe'I/HO!l 3 nepruu, a Tal{Jlt8 K KOHl.(eHrpal.(HH HHT8HCHBHOCTH 
HSJiyqemrn B HanpaB.JJeHHH rrpO,ll;OJILHOro ,ll;BHJl:8HHH,. 

B rrepnon rnaae OITHCUB8.KlTCSI 3Kcnepm.ieHTaJII>HaH ycTaHOBKa H M8TO,ll;H
qecKHe nonpocu, CBRSaHHUe C ycJIOBHSIMH ITOCTaHOBKH 3KCITepHM8HTa. CXeMa 
3Kcnep!IM8HTaJlI>HOV. ycTaHOBKH npHB8,ll;eHa Ha puc,I. !IyqOIC SJI8KTpOHOB rra
.n:aJI Ha l/OHOKpHcTaJIJIHt/8CI{yKJ MHrueHI>, pns11.ell{8HHYJJ B ,l{HCTaHUHOHHO ynpaB
JISI8MOJ.I fOHHOMerpe. )IJIH orrpe,1:;eneHH/l rpaeKTOPHH qacTHUU 'J].0 H sa MH
W8HI,IQ HCnOJU,SQBaJIUCI, CHCT8Ma 'JJ.,P8ilipOBUX KaMep ,crpyrrnHpOBaH!ruX B Tpex 
ClJIOKaX Jll{I, J!l{2, m:J. trenepTU!l ClJIOK ,11;pel1(I'OBUX Kauep JU{4 CJ!Yll£HJI ,ll;Jlll 
onpe.n:eneHHSI TpaeKTOpHH t/UCTHU ITOCJie aHaJIHSHpyDmero MarHHTa. rauw- . 
KBaHTll, HcnycKaeuue B MHmeHH, perucTpl!ponaJIHCI, ,!{8T8KTOpO!A Ha OCHOB8 
CUHHTHJIJIHPYKlll{ero KpHCTaJIJia CsJ(Te), OKpyxenHoro CBHHUOBOt:l salJl}lTOt:l H 
CHCTeMon cqerqmcoB aHTHCOBITa,ll;eHHt:l. YrJill BUJ!eTa raMMa-KB8.HTOB H3Mepn-

* t!.To1mcoH Y<I>H, I969, T,99, 1;•2, c,297 
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JIHCL C IlOl.lOll!LJl °6JIOKa ;n:pen(fJOBHX KaMep JUG co BCTpOeHHHM KOHBepTopou, 

pacnoJioxeHHoro Henocpe;n:cTBeHHO nepe;n: pa;n:HaTopoM rru.wa-cneKTJ>OMeTpa. 

.ltJU! HH,IteHTHtl>HKanMM BTOJll{llHHX 3JleKTJ>OHOB HCUOJl!,30B8.JIHC!, JIHBHeBUe _qe

peHKOBCKHe cqenMKH H3 CBHHnOBOrO CTeKJia, nepeKpliBB.lllllHe ,ItHalla30H HM

nyJILCOB OT 5 ,ll;O IQ I'3B/C. YcTaHOBKa 2anyCKaJiac1, CHCTeMOtt ClfeTtJHKOB 

COBna;n:eHHll H aHTHCOBIJa,IteHHtt, H paeloTaJia Ha JIHHHH c 311.t EC-1040. 

A1 S1 M _ 

~T 
MOHOnPOBCU. 

PHc.I. Cxeua 3KcnepHMeHTMLHOtt ycTaHOBKH. s I, s2, S3, 
AI-AB - CUHHTHJ!JlllUHOHHUe Cll8TlfHKH,. JUU-JlK5 - ClJIOKH ;n:pettqio

BblX KaMep, tJCIIII - qepeHKOBCKHtt Clf8TlfHK llOJIHOro norJ1011teHHll C 

pa;n:HaTOpOM H3 CBHHnOBOro CTeKJia, CsJ - r&1w-cneKTPOMeTp Ha 

OCHOBe MOHOKJ>HCTaJIJia ue3HJ-tto;n:, er, C2 - KOJIJIHMaTopu, M, MI, 

M2, M'.3 - OTKJIOHllllll!He u:arHHTU. 

llccJie;n:0118.HHll npOBO,ll;HJIHC!, Ha 3JI8KTJ>OH-n03HTPOHHOM nyqKe ycKO~HTeJlll 

H~BaM. HHTeHCHBHOCTL nytJKOB npH 3Hepr:im IO I'3 B cocTaBJiaJia ~ ICY qac

Tmt 3a nHKJIJCKOJ>HTeJlll npH HHTeHCHBHOCTH npOTOHOB, celpacuBaewx Ha 

Mm!leHL, ,.., I 2 • llimyJILCHOe pacnpe;n:eJieHHe nyqKOB HM8JIO cpe;n:HeKBa,l(pa

THlfIDltt pa3Clpoc OKOJIO 130 M3 B/c. IlpHMeCL a;n:pOHOB B nytJKax 3JleKTPOHOB 

H ll03HTJ>OHOB He npeBumaJia I %. Cpe;n:HeK_Ba;n:paTHlfHOe OTKJIOHeHHe yrJIOBO

ro pacnpe;n:eJieHHll nyqKa B pattoHe KpHCTaJIJia COCTaBHJIO ~I Mpa;n: (Boele

IDC npoeKnux), a ere pa3M8p COCTaBJillJI OKOJIO 20 MM (noJIHall mHpHHa Ha 

llOJIOBHHe BbtCOTU). IlpH npoxo~;n:eHHH qaCTHnll qepe3 ycTaHOBKY Hapn;n:y C 

HCCJI8,l(yeMHM H3J!Ylf8HH8M B03HHKa8T q>OHOB08 TOpM03H08 H3JIYlf8HH8 B B8-

11!8CTB8 ycTaHOBKH. KHT8HCHBHOCTL TOJ>M03HOrO H3JIYlf8HHll H3 MOHOKpHCTaJI-

• Jia Kp8MHHll TOJlll!HHOtt 100 MKM, opHeHTHpOBaHHOro CJiyqattHUM oelpa3ou, coc

TaBJIHJia Clli H8 ClOJ188 2 % OT HHT8HCHBHOCTH q>OHOBOrO H3JIYlf8HHll B B811!8-

CTB8 ycTaHOBKH. HCHO, lfTO OITT:1DlH3aUHll q>OHOBHX ycJIOBHtt B 3KcnepHMeHT8 

llBJillJiaCL cepL83HUM BOITJ>OCOM, H nepBUM maroM ero pemeHHll ClUJIO !'L'eHL

meHRe KOJI:lllf8CTBa B811!8CTB8. •. CyMMapuoe KOJIRll8CTB0 B811!8CTB8. B ycTaHOBK8 

nocJie MHmm:113anHH COCTaBJillJIO OKOJIO 5•lo-2 ~a;n:HanHOHHUX e;n:HHmt • .n,rn 

;n:aJILHettmero YJ,!eHLW8HHJI q>OHa RCITOJI!,30BaJIHCL OtJHll!alllllH8 MarHHTH. HCTIOJI!,-

30BaHHe MarHHTa MI 3a nepBUM OJIOKOM K&!8p C yrJIOM OTKJIOHeHHll 3 
MHJIJI:llpa;n:HaHa H uarHHTa-M2 nepe;n: Tp8TLHM ClJIOKOM Ka.Map c yrJIOM OTKJIOHe

HHll 5 MHJIJIHpa,l(HaH, Il03BOJIHJIO pe3KO yM8HLmHTL <pOH. 

H M • .Jt.Ea.BHX8B H ;n:p. IlpenpHHT H~B3, 82-74 on, CepnyxoB, 1982. 

4 

e 

-'' -

IlpR 3TOM B paelot1y10 aneptypy rai.ma-cneKTpoMeTpa nona;n:aJio oKono I % 
cpOHa, oelycJIOBJI811HOrO Be11teCTEOL! ycTaHOBJm, tJIO OKa3aJIOCL BITOJ!He npH

eMJielfilM. 

EpettcpOBall KaMepa HH3KOfO .l(ll.BJl8Hllll nK21 COCTOllBillll.H H3 2X H 2Y 
ITJIOCKOCTen, Cluna pa3paeloTaHa cneuHaJlbHO ,l(JIH Hll.CTOllll!ero 3KCnepmJeHia*. 

HCITOJib30B8.HHe CTaH;n:apTHOro ClJIOKa ;n:penq10BUX KaMep B Mee re pacnonoJKe

HUH .ltK2 ClUJIO HeJKeJlaTeJILHO Tll.KJll:e H3-31l. ClOJlbillOro irnoroKpaTHOro pacce

S!Hllll - ~100 !,!Kpa;n:. YJ.18HLll8HHe B811!8CTBll. B Ka11epe. nK2 ClUJIO npOH3Be

,ll;8HO 38. Ct;eT MUHID.rn3ariHH TOJIII!HHU MattJiapOBUX OKOH, BUHeceHHll BCex 

npOBOJIOtJeK H3 paelotietl oelJiaCTH H CHIDK8Hllll ,ll;ll.BJl8HWI ra3a. l{aMepa pac-

IIOJiarane.ct uenocpe;n:CTBeHHO 3a roHHOM0TJ>OM H CluJJa BMOHTHPOBaHa B 

HOHO!IpOBO,ll; YCTll.HOBJrn. Ee ra30Blltl Oel'beM orpaHHtJHBll.JICfl MattJiapOB!lMH OK

HaMH TOJIII!HROtl 12 MHKPOH. ra30Bll.fl cuecb COCTOHJ!ll. H3 62 % aproHa, 28 % 
n30ClyraHa H TO % napoB Merunana. naBnemrn paeloqero ra3a B nponecce 

3KCrtepm.ieHTll. Clune paBHO 250 Top, npH 3TOM cymiapHoe KOJIHtJeCTBO Beme

CT Ba B Kll.Mepe B,ll;OJ!b nytiKa COCTaBJillJIO OKOJIO 5 • I o-4 pa;n:uanHOHHUX e;n:H

mm. 
B Kll.'leCTBe MnmeHH B 3Kcnepl!MeHTe HCIIOJ!b30Bll.J!Cfl Cle3,JJ;HCJIOKaUHOHHUtl 

MOHOKpHCTll.JIJI KpeMHHfl ('IHCJIO ,ll;HCJIOKaUHtt He npeBumaeT IO/cM
2
). KpHCTaJIJI 

Clun·pa3pe3aH nepneH;n:HKYJlflPHO HCCJJe;n:yeMO!l KpHCTll.JIJIOrpaq:HtJeCKOI! OCH 

< III >c TO'IHOCTLKJ OKOJJO 0,2° 11 BUITOJIHeH B BH;n:e ,ll;HCI,a TOJIII!HRO!l 0,5 

UM. UeHTPll.JJbHll.H 'Ill.CU ;n:HaMerpoM 18 Ml.I Cluna BUTpaBJ!eHa ,l(O TOJilflHHli 

41 MK!,!, MOHOKpHCTll.JIJJ KpenHJICll B oelOV.My I II03 BO Jill Bmyll o;n:HOBpeMeHHO yc

TaHll.BJIHBaTb ;n:o qernpex pa3JIHtJHl1X oelpa3UOB. OelottMa ycraHaBJIHBaJiacb B 

roHH01'!8Tpe C ,ll;HCTll.HHHOHHUM ynpaBJieHHeM. roHHOMeipnqecKal! CHCTeMa TI03-

BOJlllJia ,ll;HCTaHUHOHHO IIOBOPll.tJHB8.TL KpUCTll.JIJI BOKpyr ;n:ByX B3aHMHO nepneH

~HKYJJflPHHX ocen (ueHa OTC'leTa COCTaBJJllJla 0,001°). 

~Jlfl BU~eneHHfl none3HOro coelUTHll B 3KCnepmreHTe CluJia npHMeHeHa 

~eyxypOBHeBaR CRCTeMa 38.ITYCKa: TpHrrep nepBoro YPOBHll (ClucrpuR), re

nepupyeuun B CJJytiae IIORBJleHHH e~HHU'IHO!l 'lll.CTHl\11 B 3a~aHHOtl aneprype 

YCTflHOBKH, H rpnrrep BIOporo ypOBHfl, o~ClnpaKJmHA coelHTHH, KOTOpue 

y;n:oBJJeTnOpflJJH 3a~al!HUM KpHrepHflM orelopa. ITOMUJ,10 OCHOBHOro THITa sa

nyc1cn reHepnpOBll.JIC.fl pa~ BCIIOMorareJlbHUX sanyCKOB, npe;n:Hll.3HatJeHHUX 

,JiJIR Tecrorn,ix l! Kll.JIHClpOBO'IHl1X UBJietl. Beere HCIIOJIL30Bll.JIOC1, ·mecTL TH

IJOB 3anycKOB, KOTopue ocymecTBJ!llJIHCb B onpe;n:eJieHHOtl ITOCJI8;n:OBaTeJIL

HOCTH, :ineKTpOHl!aSI CHCTeMa CHHXPOHH31l.UHH, ynpaBJ!eHHll HaelopoM ;n:aHIDlX 

n IIX perucrpal{HH, a Tll.KXe CHCTella CBfl3H c .3m CluJia BUIIOJIHeHa B CTaH

,!\llPTe ltAMAI( H TIOMell!ll.Jlll.Cl, B Ipex K·penrax, OJ!raHH30B8.HHUX B B8TB_L 

!{AMAi( ymrnepcaJJbHUM ;n:panBepoM B8TBH. CHCTeMa ynpaBJleHHfl H CHHXPOHH-

11 II. Tio!lTKOBCKa H ~p. Tlpenp:irnr Oliffi!, PI3-82-'.374, .ltyelHa, 1982. 
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3aUHH 003,ltaHa Ha OCHOBe 6JIOKOD, pa3pa6oraHHUX cneuHa.nLHO ,ltRH 3Kcne
pID.!8HTa. C ee n01WlltLil OCYIIt8CTBn.f!RHCJ, ClfilXPOHH3aUH.f! pa60TH ycraHOBKH, 
3BM H ycrpoJ:lcTB npe,1tcTaB,'I8HHH ,ltaHHUX c UHKJIOM ycKOPHTenR, nupa60TKa 
nocne,1torerem,HocrH 3anycKoa, Kanu6poaKa BI.UI, or6op co6urHtt no KPHTe
pimu. C noMOlllLJJ cneuHanLHO pa3pa6oraHHUX 6noKOB 6uno o6ecneqeHo con
psJKeHue C 3BM rpatpHll8CKOro ,ltHcnne.f! TEKTPOIDII{C-61'.3, an(f>aBHTHO-Ul!1ppo
BOro repMHHana l3A-I80-K H nynLTa ynpaaneHHR ycraHOBKOJ:l*. 

Bo aropon rnaBe pacc1.1arp1,rna10rcJI Bonpocu co3,1tamrn H Hccne,1toremm 
CUHHTHnnHUHOHHoro rmn.ia-cneKrpo:uerpa nonHoro nor no1IteHHJI. 

ra.Mua-cneKTPOMeTp (pHc.2) npe,!tCTaBn.f!eT co6on CUHHTWIRHUHOHHUJ:l 
Cll8TllHIC, pa,1tHaropoM KOTOporo HBn.f!8TCi! ItpHcTann CsJ(Te) (I), noMellteH-

Hllll B cneuHanLHUJ:l 3alltHTHllll KOHT8llHep. 

~----'",L-----l--h 

Pa,1tHaTop C O,ltHOro irn TOPUOB npocMaT
pHBaRCH qJOTOyMHOEHTeneM ~3Y-49 (2) c 
~H8.M8TPOM q>OTOKaT0,1.(a 150 MM. 0nTHll8C
KHJ:l KOHTaKT M8lB:,1.(yq>OTOYJ.IHOl[HTeneM H 
pa,1.(HaropoM o6ecnettHrencH npm.ieHeHHeM 
CHJIHKOHOBOJ:l CMa3ItH H MexaHUtreCKl!M 
n0,1.(JB:arneM C nOMOIItLD HaKU,1.(HOro KORLUa 

Pirc.2. RoHcrpyK1.um 
cneKTpoMeTpa. 

(4). lnR 3all{HTU _or B03,1tel:lcTBH.f! .pacce
.f!HHUX MarHHTHUX nonen HatranLHa.f! traCTJ, 
cpOTOyMHOlB:HT8R.f! OKpyxanacl> MarHHTHlll.! 
3B:paHOM ('.3) • 

TotrHOCTJ, H~MepeHH.f! 3HeprHH na,1.(a!OII{ero ra:1.ma-KBaHTa RHBH8BUM CUHH
THJIJIHUHOHH!lM c~eKTPOMeTpOM onpe,1.(enHeTCi! 

· pa3M8p8.MH pa,1.(l!aropa. B OTIHCUBaeMOM cne-
KTPOMeTpe npmieH.f!RCH KpHcTann UHRHH,!tpH
qecr,on 4)opw. 

Ha pHc.'.3 npe,1.(CTaaneHU 3HepreTHll8CKHe 
norepH B aemecTBe CsJ(Tf) B saaHcHMoc
TH OT rny6HHU pa3BHTH.f! KaCKa,1.(HOro RHB
HH. IlnaaHa.f! KpHBa.f! npe,1tcTaBJI.f!eT co6on 
ITOJIHOe tIHCRO qacTHU B RHBHe, o6pa30BaH
HOM rawa-KOO.HTOM C 3HeprHel:l IO.I'OB, KaK 
ipyHKUH.f! TOJil!IHHU pa,1tHaropa (B pal(. e,1.(.). 
RpHBa.f! paCC"<DITaHa C ytl8TOM n0Tep1, 8H8p
rHH Ha HOHH3aUHD traCTHU8.MH RHBHH. CTy-
neHllaTM KPHBa.f! npe,1tcraanaer co6on sa-

Kfl'ICTAM 

c,1m1 

111!~!~tfl) 

•. 

PHc. '.3. 3Heprer1tlleCKHe no
repn B aemecTBe CsJ(Tt). 

BHCHMOCTJ, OTHomeHHJI cpe,!tHHX 3HepreTHtr8CKHX norep1, Ha 0,1.(HOll pa).(Ha-

JE 3.fysHK H ,Itp. IlpenpHHT omm, I'.3-12952, J(y6Ha, 1980. 
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UHOHHOJ:l ,1.(J!HHe K IlOJIHOll 3Heprl!H RHBHH OT TORIItHHU pa,1.(HaTopa. ~H Har
RH,1.(HOCTH Ha puc.'.3 noKa3aH!l pa3Mepu KPl!CTanna ,1.(RHHOJ:l 2'.30MM l! ,ltHaMeT
pOM 150 w. KaK BH,1.(HO H3 pucym:a, KPHCTann c Ta.KHMH pasuepa.MH cnoco-
6eH nornoTHTJ, ,1.(0 90 '/, 3Heprl!H JIHBHH, BU3BaHHOro rru.rna-KB8.HTOM C Ha

llaJIJ,HOK 3Hepruen IO ran. 0,1.(HaKo HenonHoe norno1IteHHe 3Hepruu rawa
KBaHTa ,1.(0JillCHO npHB8CTH K HapymeHHD RHH8l:lHOCTH cneKTpOM8Tpa, tITO no,1.(
TBep,1.(HROCJ, 3Kcnepl!MeHTaJil>HO (cM. puc.4A). B KOH8tIHOM BaPHaHT8 B Ka
ll8CTB8 pa,1.(Haropa rawa-cnexrpouerpa 6un npHMeHeH xpucrann ,1.(JIHHon 
'.300 MM H ,1.(Ha.MeTpOM 200w (17 pal(. e,1.(. H II pal(. e,1t. COOTB.eTCTBeHHo), 

Koropun norno1Itan ,1.(0 97 % 3Hepruu nHB-· 

500,-----------

400 A 

300 

200 

100 

600~----------~ 

N 
500 6 

400 

300 

0 1000 2000 3000 
6P.aa 

HR. IlpH 3TOM e~o Kanu6pOBOtrHaH xapaK
repHCTHKa OKa3anacL npaKTHqecKH JIHHett
HOtt (cu. pnc.4B). 

·PHc.4. RanH6poaKa rruma-cneKrpoMerpa 
C nOMOIItl>D "ueqeHUx" qJOTOHOB. A - ]l'RH
Ha pa,1.(Haropa 2'.30 w, ~ - 150 w, B -
'.300 MM K 200 MM COOTB8TCTB8HHO. IJo 
OCH MCUHCC ornoxeHa pasHOCTL p. 
P0 - P,r,1.(e P0 - cpe,1tHHtt m.t:nyn1,c nyq
Ka, P - mmy~1,c BTOPHtlHoro anexrpoHa, 
a no OCH op,ItHHaT - OTCtreTU r8.MM8.-cneK
rpouerpa. CnnomHM KpHaaR - nammoMK
anl>HUtt qJHT. 

!laKCHMaRLHM aH0,1.(HM tIYBCTBHTen1,
HOCTJ, ~3Y-49 ,1.(0CTHraercR npH Hanpaxe
HHH nHTaHHH nopH,1.(Ka 2000 B, peKOMeH
,1.(yeMOM B xaqecrBe pa6ottero uanpaxeHHa. 
IlpH 3TOM HanpHX8HHH Ha ~3Y cneKTpo
MeTp m.t:_en uaunytlmee 3HepreTHqecxoe 

noMOIItl>D pa,1.(HOaKTHBHUX 
passemeHHe, KOTOpoe onpe,ItenRROCJ, C 

HCTOqHHKOB 6 co H Po - Be. Tait, ,1.(RH ra.wa-H3-
nyqeHH.f! Po - Be (E{ • 4,4'.3 M3B) pa3-
pemeHHe COCTaBJIHRO 6,7 ~ (pue.5). 

11, 
I I 

I I I I 
.,1,

11
11 1111 I 

I 
l,.H-

I 

1, 
I I 

I 

""''"-~ 

I I 11 I 
..... _ '• t 

PHc.5. 3aepreTHttecxun cneKTP rawa
ItBaH?OB OT HCTOtrHHKa Po - Be npK uan
paeHHH ITHTaHHH Ha ~3Y-49, paBHOM 
2000 :B. 
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C uem,n :rqxt,eKTHBHOro ucnoJU,30Ba.HIDI BpeMemr, OTB8,ll;8HHOro ;n;JISI paelo
TU Ha ycKOPHT8Jle, lr3Mepemm npOBO,ll;HJIHCb O,ll;HOBP8M8HHO BO BC8M ;n;Hana-
30H8 3Hepr1-1n. B TaKIDC YCJIOBHJIX paClOTa qJOTOYMHOlltHT811Jl aaTpy;n;HeHa ;n;aJJte 
np'H cpaBHHT81lbHO H8BUCOKV.X aarpyaKax (50 KI'u). C 0,ll;HOli CT?POHU~ ,ll;JISI 
perHcTpau1-1u HH3K03HepreTw,HUx rrun..ia-KnaHTOB c xopomHM paapememtei.i:, 
Heoelxo;n;m.i no11HUtt celop qJOT031!8KTpOHOB, B TO l!C8 BP8MJI perHcTpaUHJI BU

COK03HepreTJitfHUX rru.om-KBaHTOB cnsaaHa. c reHepauHen TaKoro KOJIHtrec
TBa CB8Ta, KOTOpoe npHBO,ll;HT K neperpyaKe H H8CTaClHJlbHOCTH paClOTU q,3Y. 
'l'.ITOClbl pemHTb np0Cl11euy, Clun npe;n;11ollCeH MeTo;n; ynytrmeHHJI cTaClHJibHOCTU 
paClOTbl <.P3Y, aaKJIIDtraDll!HllCJI B nOHHl!CeHHH ycu11eHUJI q,3Y C 0,l(HOBpeMeHHHM 
YB811UtreHU8M ycwreHHll cneKTPOM8TpHtreCKOll 31!8KTPOHHKH. n CBll3U C 3Tmt 
Clu11u npoBe;n;eHU Hcc11e;n;oBaHUll no no;n;Clopy cne1nra11bHoro pexHMa paCloTu . 
<.P3Y-49, pacrimpllDll!ero era )\HHa1mtrecKl'lll .n:nanaaoH ;n;o HyzcHUx npe;n;e110B c 
coxpaHeHHeM cTaClHJibHOCTH ymrneHHll H no11ytreHHH onuwa11bHoro paapeme
HHJI. TipoBe;n;eHHall npoBepKa noKaaana, tfTO YCH1!8HHe q,3Y ;n;ettCTBHT81lbHO 
H3M8HJI8TCJI npH H3MeH8HHH traCTOTbl aarpyaKH. Euna onpe;n;e11eHo, tfTO cTa
ClHJlbHOCTb YCH118HHJI y11yqmaeTCJI npH yueHbmeHHU oelmero Hanpmii:eHHJI Ha 
q,3Y, o;n;HaKO npH 3TOM yxy;n;maeTcJI 3HepreTHtrecKoe paapemeHUe. TaK KaK 
H8CTaClHJlbHOCTb ycH1!8HIDI <.P3Y TIPH 'naMeHeHHH aarpyaKH, otreBH;n;Ho, CBJI3a
Ha.-B nepByn otrepe;n:1, c Ten110BIDJH npoueccaMH Ha noc11e;n;Hmc ;n;HHO,nax <.P3Y, 
a paapememte onpe;n;e1!ll8TCJI, B OCHOBHOM, qioKycHpyn111mm CBOl!CTBaMH nep
BblX p1!8KTpo;n;oB, Clu110 pemeHO no,l(oClpaTb pellCHM nHTaHIDI 3THX tracTett <.P3Y 
paa,ne111,Ho. B peay111,TaTe Clu11 auClpaH c11e;n;ynmHn pex:iru nHTaHHll: oelmee 
HanplllteHHe - 660 B, pa3HOCTb TIOT8HUHa110B Ha npouexyTKax qJOTOKaTO,l(
MO;n;y11JITOP - 15,2 B, MO;n;y11HTOp-K011bUO - 209 B, KOJlbUO - I Wll:10,l\ ~ 18,4 
B, I .l(HHO.l(-2 ;n;HHO,l( - 39,7 B.IDiTepeCHO,tfTO B 8TOM CJIY'ffi8 p8l!WM ImTamlfl 
nepBblX 31!8KTpO;n;OB HeaHatrHTeJlbHO OTJIHtraeTCJl OT CTaH.n;apTHOro, nacnopT
HOro pexHMa q,3Y-49. YKa3aHHUtt pexHM npaKTHtf8CKH oClecnetrHJI HeaaBHCll
MOCTb YCR118HHJl <.P3Y OT aarpyaKH. 0THOCHT81lbHOe H3MeH8HHe, YCH118HHJl He 
npeBuma110 8 % npR H3M8H8HHR traCTOTbl .aarpy3KH OT I ;n;o 20 Krn. IlpR oCl
paClOTKe ,naHHblX Ha 3TY HecTaClHJU,HOCTb BBO;n;H11ac1> rrnppeKURJI no peay111>Ta-

=- ,, ¥•M-

I I 

1111111 II I 
1111 I I I 

, 111 I ii 11 I 
I f 111111 1-i~ "'t°- f 

- ·-

TaM r<amrClpOBOtfHUX aanycKOB OT )A -M830-
HOB ROT CBeTO;n;Ho,na. 3aepreTHtrecKoe 
paapemeHHe ,l(JIJl rru.n.m.-KBaHTOB C 3Hep
rHen 4,43 Man npH 3TOM HaTipHllt8Hlnt 
yxy;n;mu11oc1, Boero Ha. 20 % (pHc.6). 

Pnc.6. 3aepreTHtrecKHli cneKTp ra.wa-
1-aaHTOB OT RCTOtfHHKa Po - Be npH HaTI
pS!llt8HHH nHTaHIDI Ha q,3Y-49,paBHOM 
660 B. 
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CHrHaJlbl C q,3Y perRCTPHPOBaJIHCb 0,ll;HOBpeMeHHO .D:BYMll cneKTPOlleTpH-
qecr<RMH TpaKTaMH (pHc. 7). . .. 

'I l 
A<T 

TO 
~ALER 

TO 
01\&CLR 

LOGIC 

·::1 l t- 7__ ~ ~•~~~IC 

PHc.7. Cxeua c~eua HHqiopuauuu·c rauua-cneKTpoueTpa. 

TpaKT, B KOTOpOM CHrHaJI CHHMaJICJl c aHo;n;a q,3Y, oClecnetrHBaJI H3MepeHHe 
3HeprHH ;n;o I ran. lHHO;n;Hbltt TpaKT, B KOTOPOM cHrHaJI CHHMaJICll C noc-
11e;n;aero ;n;HHo;n;a <.P3Y, HMen paClotrHli ;n;HllllaaoH ;n;o IO ran. 

B ycTponcTBe ra.wa-cneKTpOMeTpa, BnepBue ;n;11n npHClopoB TaKoro' 
KJiacca, CluJI npm.1eHeH pll;n; annapaTypHUX cpe;n;CTB, n03BOJIHBillHX TIOBblCHTb 
aqxpeKTHBHOCTb OTClopa noJie3HOll HHqJOpMaUHH. Eu11 opraHH30BaH BpeMeHHOtt 
TpaKT, B KOTOpou CHrHan C ClucTporo BblXO;n;a aHO;n;Horo npe;n;ycHJIHT811Jl 
npeoelpa30Bb1Ba.11Cll B 11or1-1treCKHtt IDlilYJibC. 3TOT HMTiyJibC onpe;n;eJIHJI MO
MeHT npoxox;n;eHHJI tracTHUH trepea. cneKTpoueTp •. Yc110BHll OTClopa TpedoBa
JIH nona;n;aHHJl CHrHaJIOB OT rBJ.IMa-KBaHTOB B'HHTepBaJI 0-0,25 MKC HOT
cyTCTBHJI mc B HHTepaa11e OT :...5 L!KC ;n;o -0, 25 !.!KC. 

IlpH padoTe B illl-!pOKOM ;n;HHaMHtreCKOM ;n;Hana30He H ;n;ocTaTOtfHO dOJibillHX 
aarpyaKax Boauoxm HcKaxeHHJI aunJIHTy;n;u no11eaaoro cHrHa11a ua-aa ;n;pen
qia "HyJieBoro" noTeauHa11a cneKTpoueTpHtrecKoro TpaKTa. lJIJI ycTpaHeHHH 
3THX HcKlixeHHtt npoH3BO;n;HJIHCL 1-1auepeHHH (c nouo1111,n .AlID THITa LRS2249) 
"HyJieBoro" noTeHnm11a Ka:m:;n;oro cneKtpoueTpHtrecKoro TpaKTa aa 2 MKc 
;n;o padotrero CHrHaJia. IlpH odpaClOTKe ;n;aHHUX 3Ta HHqJOpt!aUiiH HCTIOJib30Ba
JiaCb ;n;nJI KOppeKUHH aMilJIHTy;n;u no11eaHoro CHrHaJia. 

RoHTpOnb ;n;o11roapeMeHHUX HecTadHJibHOCTeR_ cneKTpOMeTpHtreCKHX TpaK
TOB ocymecTBJIJIJICJI no HHqiopuauHR od-HOHH38.UHOHHblX TIOTepax qJOHOBblX 

)'-Me30H0-B B pa;n;HaTope ra.MMa-cneKTPOMeTpa H no CHrHaJiaM OT CBeTO~HO
;n;a. 

9 



TpeTLa rnaBa .itHccepTanHH nocBameHa Hccne.itOMHHDO-H3nyqeHHH, B03-
HHKa~ero B nponecce oceBoro KaBanMpoBB.HHa aneKTponoB. PaccuaTpHM
mca BOnpocu OT6opa ,JtaHHUX npH OKoHqaTenLHOtt o6pa60TKe, npOBO,JtHTCa 
06cyx,1teHHe pe3ynLTaTOB H me cpaBHeHHe C TeOpHett. 

Jena aHanH3a ,JtaHHUX He06XO,Jtmi:O 6uno OT06paTL none3'!11e co6UTHa~ OT
.itenHB me OT ~onoBux. O:c6op none3HUX co6aTHtt ocymecTBnanca no pa~ 
KpHTepHeB, yqHTUBaD~IDC reoueTpHqecKHe oco6eHHOCTH H annapaTYPHYD 3~
teKTHBHOCTL ycTaHOBKH. 

CneKTpaJILHaH llJIOTHOCTL H BepoaTHOCTL H3nyqeHHa npHBO~JIHCL K O,Jt
HOMY na,JtaDmeuy 3JieKTpOHY HK 8,JtHHHUe ,JtJIHHU KPHCTanna. Taxaa HOPMH
poBKa Heo6xo.itmm .itna 6on~e npocToro cpaBHBHHa c TeopeTHqecKHMH pac
qeTaMH. Jt}ra 3TOrO onpe,JtenHJIOCL qHCJIO JranyqeHHUX r-KBaHTOB B BU6paH
JraX .itH8.Ila3oHax 3Heprm, a TaKXe nonHoe qHcno 3nexTpoHoB, npome.itmmc 
qepe3 ycTaHOBKY B BU6paHROM HRTepBB.ne yrJIOB BXO,Jta aneKTPOHOB B KPHC
Tann. IlpH ROPMHPOBKe B qncno nepBHqRUx aneKTPOROB BBOcHnacL nonpaB
xa, CBa3&HHaa C reoueTpHqecKmi:H KpHTepHS!MH OTClopa co6UTHtt H C 3<lq,eK
THBHOCTLD BOCCTaHOBneRHa TpeKOB, a qHcno 3&perHCTpMpOB&HHl:lX f-KB8.R
TOB nonpaBnanocL Ra 3<lq,eKTHBHOCTL raMMa-cneKTPOMeTpa~ CHcTeM&THqec
Kaa norpemHOCTL B ROPMHPOBKe ,JtaBRUX oneHHBaeTca Ha.MK Ha ypOBHe IO% 
H onpe.itenaeTcH, B OCHOBHOM, TOqHOCTLD onpe.itenenua nonpaBOK • 

BepoaTHOCTL H3JiyqeHHa 3neKTpOHOB, .ltBDymmcca no.it uanauu yrJI&MH 
OTHOCHTenLHO KpHCTaJIJIOr~HqecKOtt OCH, 3aBHCHT OT ,JtByx yrnOBUX nepe
MeHHl:lX 8x H 8y. Ha pnc.8 npe.itcTaBJieHo pacnpe.iteneHHe co6aTHtt no yrnau 
BXO.ita, B KOTOpax 3!BKTpOHOM 6un HCllYm8H o-KB&RT C 3HeprHett .ltO 600 
M3B. 3TO pacnpe,1teJ1eHHe QTqeTJIHBO HJIJIDCTPHPY8T BnHSIHHe'ocH <III>H 
llJIOCKOCTett (IIO) Ha BepoaTHOCTL H3nyqeHHar-KBaHTOB. 

l 
I 

di 

,.. 

_..,. 

-1000 -500 t 500 1000 
8xM111,al 

Pac.a. Pacnpe.iteneHHe qHcna co6atnn, 
KOTOpae conpOBOZ,Jt&JIHCL H3JiyqeHHeM 

r-K'lll\HTOB C 3HeprHeit OT IO .ltO 600 
MaB, B 3&BHCHMOCTH OT yrna BXO,l{& 
3JIBKTpOHOB B KpHCT&!JI. 8X H 8y -
npoexnHH nonapHoro yrna Ba OCH ael
cnHcc H op,l{HH&T B nplDloyronLBOff CHC
Telle KOOp,ltHH&T. 
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Ha pnc.9 npe.itCTaBJIBHU pacnpe.n;eneHHa cneKTpaJILHon nJIOTHOCTH H3Jiy

tJ8HHH ,ll;JIH 3JI8KTPOHOB B pa:.rnnqHUX .nnana30Hax BXO,nHUX yrJIOB. IlyHKTMpOM 
TTOKa3aH yp0B8HL cneKTpaJILHOtl nJIOTHOCTH TOpM03HOro H3JiytieHHH H3 aJID
MHHH8BOtl HHlli8HH. IlpHae.n;eHHUe .n;aHHUe HJl]IDCTPHPYJOT saBHCID.IOCTL cneK
TpaJILHOll nJIOTHOCTH H3JIYtJ8HHH OT yrna BXO,Jta :rn01,TpOHa B KpHcTaJIJI. Blm
HO, qTo Hamlonee HHT8CHBHO H31lytiaDT 3Jl8KTpOHU C BXO,l\ffill.!H yrnaMH 
e'!lx~ 40 l.!Kpa.n;. l,!aKCIDAYM cneKTpaJILHOtl TTJIOTHOCTH 110llCHT B oelnacTH OK0110 
250 M3 'B. Ero ·B8JilllllU!a npeaamaeT ypoaeHL H3JIYtJ8HHa B aMOJ)qlHOM TeJie 
npHClJIH3HT8JILH.O B 70 pa3. Cne.nyeT oelpaTHTb BHID,laHHe l{ Ha TOT qiaKT, 
tiTO pacnpe.iteneHHe cneKTpanLnon nnoTHOCTH B cnytiae oceaoro 1caHaJIMpO
aaHHH 3JI8KTJlOHOB cymecTB0HHO mupe R npuelJIH3HT8JILHO B ,JtBa pasa Burne 
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PHc.9. 3aBHCHMOCTL cneKTpaJILHOtl llJIOTHOCTH H3JiytJeHHff OT 3HeprHH 
r-KBaHTOB .ltJlff pa3JIHqHUX yrJIOB BXO,na 3Jl8KTJlOHOB B KpHCTaJIJI. 

11 



( F- MaKcm;:yJ.le ') aHaJJOrll'lHOro pacnpe,n:eJJeHllll .:'!:Jill Il0311TPOHOB*. 3To oCh,llc

H,qeTcll E OCHOBHOI.' TeH, t;TO J:;aHaJinpo1iaHH1Je 3JJCKTJ)OHll npl!TllrllEaKJTCll 'i. 

aTO?,'.IrnH neno,mai: l! Clom,mee BPCMll ,llBID!i'.YTC/1 B oelJJaCTll C BHCOKID.l rpa)lll

eHTOM TIOJJfl. :3CJIC)'.CTBUe :JToro cneKTJ) 1!3JJY'lCH11ll 3JJCKTJ)OHOD c.nn11raeTCll 

B ClOJJee JKCCT!'.yKJ oelJJaCTI, no cpaBH8Hl!FJ C TI031!TJ)OHaJH!. 

TeopeTl!'lec:rne paCt!CTLI noKa31::rnaKJT 1 '-!TO OCHOBHafl 11HTCHC1!BHOCTI, 1!3JJY

'lCH1!/J npn KaHaJJupoBaHm1 .cocpe,n:oTO'leHa n cpanm1TeJJbHO yaKou Konyce. 

YrJJOBOll paCTBOP 3TOro KOHyca ~8 sanl!Cl!T OT 3Heprn11 'laCTHULI TaI<, ''lTO 
-J 

BHTIOJJHllCTC/1 COOTHOlliCHUe tJ.{)~r, r)le r- peJJllT11B11CTCK11ll ifiaraop. 3To 

BB.JiCHOe CBO!'ICTBO l13JJY'IeHUll npn KaHam1popamm Il03B0JJlleT Ha,ll;8/1Tl,Cll, 'lTO 

3TO n:iJJy'leHne uar.11:eT crnporrne npm.rnHeHne B pa,zn1orpac;,1rn, 1mKpoc1rnmrn, 

imTorpatnrn 11 ,n;pyri1x oelnacTHX npliKJJO}\HOP r7i11::i11;rn. l3 n.aHHou ::i:,cnepw10H

Te nnepnh!e Cl1rnn nccJJe,n;onaHu yrJJon1rn xapanepncTnKn uaJJy'leHnn YJil,Tpa

peJJllTUBl1cTch:nx ::ine::TpoHOB. ''.a.TC yEe or.rn'laJJoc1,, 3TO Cl1rno c.neJJaHo c 

nono~lhIO )(pet::,honott c:ai.:epH co EcTpoemm!: ::oHnepTopou**. 

Ha pnc. [O TIJ)llBC,l\CHLl pacnpe,l\CJl8Hllll COCl!lTl!!I no yrJJaJ.! BUJJ8Ta r-,rnaH

TOB 113 !,pncTaJllla 1i!Ifl 3JI8KTJ)OHOP C TIOJiflJ)HLllcll1 yrJI8.I.IH uxo.n:a 6Bx6'I20 
m:paJI OTHocnTeJJI,HO ocn <[ n>. lfa1.1epnJJac1, nepTmW.JJbHall npoeKunn yr non 

BaJJeTa r-,rnaHTOB OTHOC!1TeJJI,HO ropll3.0HTaJII,HOJ1 IlJJOCT,OCTll, B I'.OTOpO!' 

JieJKu.'Ia OCb < U[ >. 
11eTnepTan rJJam1 nocBm:iena 11ccJJe,1~onan11ro xapaKTepncTm<: 3JJeKTpo1.1ar

Hl1THoro 113JJY'lCH11ll 13 YCJJOBllllX IlJIOCf:OCTHOro :mHannponaH!1ll 3JJCKTpOHOB. 

B OT Jlll'llle OT oce noro KaHaJJnponaHm!, B CJJy'lae TIJJOCKOCTHOro KaHaJlll

poBaHllfl BCJ)OllTHOCTI> l13JJY'l8ll11ll :iaBl!CllT TOJ!l,KO OT O)\H0!1 yrJIOB0!1 nepe-

1.lellHO~ ey. Ha11Clonee llHTCHCIIBHO 3JJeI:TpO!lll 11:JJJY'laIOT B ,n;11ana30He yrJJOB 

PXO,na O ~ ey ~ 20 MKpa.rr (p11c. In. B 3 TOM CJJy'lae MaKcmAaJJbHa.fl BeJill'lliHa 

cne1apaJJbHOr. IlJIOTllOCTll l!3JIY'l8Hllll JIOCTllraeTcn np11 3Hepr1111 ;r-:rnanTOB 

OKOJJO I'.30 1,13 'll II npe BOCXOJIHT yponeHI, TOJ)J.!03l!Oro 113JJY'l8Hl1.fl lrn aMopr.HOt1 

J.lllllleHH np11ClJJ113!1TellbllO B 28 pna. 

Ha p11c.H )\JI/I cpanneHHll np11ne.ueH aHaJJOrll'lHUl1 cneKTP ]\JI.fl Il03HTJ)O

HOB C 3 Heprne11 10 r::i B, IlOJJY'l8Hllllt1 Ha KpllCTaJJJill'le CK.011 unmenn TOJIU{11H0!1 

II'.3 MKM*** • Ha TOM ne p11cymte TIOKa:JaH xapaKTepm1t1 Bl!Jl J.!8lKTIJIOCKOCTllUX 

ycpe.n;Hemrux TIOTem111aJJOB ]\JI.fl OelO!IX CJJY'lfl.CB. )lJill 3JJ8KTJ)Oll0B ClJI113l'.11H l'. 

peaJJbH01.1y flllJJfleTcl1 noTeHn11aJJ Bll)\a lj(x)= lfo ch-
2
x /C. 

H H.K.EyJiraKOB 11 JIP, IIpenpllllT mrnn I-83-7'.H, )ly611a, [9!1'} r. 

** M.n.ran1raen 11 )Ip. IIpenpl!HT o:rurn Pl'.3-8I-644, Jlyelnn, 198T r. 
*** H.l{.EyJJraKOB 11 .rrp. ITpenptrnT OIL9H T-8'.3-621, ,IT.y<lnn, i9[lJ r. 

12 

JlJI.fl TIJ!OCICOCTHOro KaHaJJHpOBfiHHll TIOSHTJ)OHOB TIOT8HUHaJI B nepaou 

npnelmraemm m.ieeT Bl!)\ napaeloJIH: . 2 
rr 'IUoX 
U(X) = d2. , 

r)le d - pancTOHHlle Me:m:.JJ;y coce.nHmm nJiocKocTllMH. 

NX ~ Jitir•,I<J,<D.5 I'IB 
60 

40 

20~ 

a .. ·•~~q_,~ 

j 
20 

111 

0 200 

6y bmPIJI) 

!'He.IO. Pacnpe.JJ;eJieHne co6uTHM no yr

nru.i BllJl81'6. r-KBfiHTOB 1!3 KpHCTaJIJia 

,JJ;Jlll ~JieKTpOHOB C TIOJillpHWH yrJiat.11! 

BXO,JJ;a M8HI,lll8 120 }.!Kpa,JJ; :OTHOC1!T8lll,HO 

OCH <III>. lilHpl!Ha cpe,n;HeKBa,l(paTH'lfHOro 

OTKJIOH8Hllll G" ,JJ;Jlll CJiytfafl 01 I <Et 0, 5 

I'sB COCTal3Jifl8T I05 ± 8 MKpa.,n, a B 

CJIY'!ae D,6<-ElI,I I'sBu= II5 ± 12 
MKpa.rr •. 

!{aK CJl8JIY8T HS Teop11H, paaJJMtrne B cneKTpax H3JJy'leH1!ll SJJeKTJ)OHOB H 

TIOSUTJ)OHOB B OCHOBHOM onpe.rreJJll8TCll saceJieHHOCTl,IO COCTOJIHl!ll nonepeq

Horo JIB11l1(8Hllfl, KOTopoe ¢opMHIJY8TCJI npH BJleTe qaCTHULI B KpHcTaJIJI. B . 
CJiyqae TI03HTP0ll0B cneKTp HSJiy'leHHfl OTJIH'!aeTCfl ClOJII,men MOHOXJ)OMaTl!'I

HOCTl,Jl. 3To Oel'I,llCHfl8TCll TeM, '!TO TIJ)H TIJIOCKOCTHOM ItaHaJIHpOBaHHH TIOSHT

poHOB B napaelOJllltfeCKO:U TIOTeHnHaJie cneKTp nonepe'lHHX 3Heprnn SKB11)\HC

TaHT8H (ci1. ]?He.II). nnll ~JleKTPOllOB cneKTp nonepe'lH!,IX 3H8prHit CY!ll8CT

BCHHO HeSKBHJIHCTaHTeH, nOSTOMY H3JIY'lf8Hl!e npH TIJIOCKOCTHOM KaHaJIHpOOO.

Hllll 3JieKTPOHOB l!MeeT SHatf11T8JII,HO 6onee illHJ)OKHit cneKTp, 3TOMY xe cno

co6cTBY8T H TO, '!TO B8J)OllTHOCTl, pa.n;HaUllOHH!ilX nepeXO,ll;OB B TIOT8HUHaJie, 

xapaKT8J)HOM ,JJ;JJJI 3Jl8KTJ)OHOB, npH YB8JJH'l8H11H pa3HOCTH KOO.HTOBHX 'lfHC8Jl 

( l-f) na.rraeT 60Jiee M8JIJl8HHO, tf8M B napa60JJH'l8CKOM TIOT8HUHaJie. 

CpaBH8HH8 TIOKasunaeT, '!TO xapaKTep~e tiaCTOTH H3JIY'l8HHfl ~Jl8KTPO

H8.MH B H8CKOJ!l,KO pas Bume, qeu TIOSHTpOHaMH. 3TO 06'I,JICHll8TCfl TeM, '!TO 
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3cpcpeKTHBHall illlipHHa noTeH1.tHaJ11,HOl1 HMH ,ll;JJH 3 JJeKTpOHO B MeHI,rue I qe1.: ,ll;Ji.li 
no3HTPOHOB ( 0 < d12.). Ha pnc. II aepTHKaJJbHUMH JJHHHHMH noKaSaHhl xa
paKTepHue qacTOThl HSJJytJCHHH ,ll;JJ/l pa3m1'l!Hh!X 3HatJeHH!1 nonepetJHOV. 3Heprim. 

Ha pHc.12 npHBe,n;eHU pacnpe,n;eJJeHH/l C06UTHll no yrJJaM BUJJeTa(-KBaH
TOB HS KpHcTaJJJJa ,ll;JJ/l pa3JJHtJHUX ,n;nana30HOB yrJJOB BXO,n;a 3JJeKTpOHOB. ' 
11:niepsrnacb BepTHKaJll,HaH npoeKUHH yrJJOB BUJJeTa (-KDaHTOB OTHOCHTeJll,HO 
):'OPU30HTaJJbHOJ;l nJJOC!~ocrn. I(pncTaJJJJOrpaqiHtJecKa/l nJJOCKOCTb (II 0) npH 
3TOM pacnoJJaraJJaCb rOpH30HTaJJb~O• 0T6HpaJJHCb r-KBaHThl C 3Heprue!l B 
o6JJacTH 1.1aKcm.1JMa cneKTpaJJbHOV. nJJOTHOCTH H3JJytJeHH/l. 

CnJJODIHb!MH KpH~UMH noKa3aH pe3yJJbTaT annpOKCHMaUHH :lKcnepHMeHTaJJb
Hh!X ,n;aHHUX pacnpe,n;eJJeHneM raycca. 

YrJJOBOe pacnpe,n:eJJeHHe H3JJYtJeHH/l ,ll;Jl/l 3JJeKTPOHOB SHatJHTeJJbHO lllHpe 
aHaJJorHtJHhlX pacnpe,n;eJJemtn ,ll;JJ/l noSHTpOHOB (){JIil n03HTpOHOB G" ~ 1}0 - 50 

-~ --- 1.0 A:~ 4 I 
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~ 3 11 
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'PHc.II.vlJIJIIOCTp3$1R BiIIDIHHR pa3JIH'l!HOro xapaK

Tepa BSallMO,ll;SHCTBl!.H 3JI8J(TpOHOB H nO3HTpOHOB 

C TIJIOCKOCT.fIMll (II0) Ha WoPMY CIIBKTpon H3Jly

'1!8Hl!.H. 

P.1-1c.I2.Pacnpe.n;BJieHHe co6HTHii no yrJiaM Bl,lJISTa ► 
'l(-KBaHTOB H3 KPHCTaJIJia .IVIR pa3JIH'l!HIDC ,IU1arraso

HOB yrJioB BXo,n;a 3JI8KTpOHOB B KpHCTaJIJI. ,l.\JJR 
CJIYlffiR 9Bx ~ 20 MKpa,11; CT = 75 ± 7 MKpa,n;, 20 
~ eBx ~ 40 MKpa,n; ~ = 80 ± 8 MKpa,n;, a MR 

40 .!: 9Bx 6 60 MKpa,n; XJ = 86 ± 8 MKpa,n;. 
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20 ~ 8BX 4 40 MKJ!'U 
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0 200 
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M:tpa,n; )-. :.ho pasJJlttJUe onpe,n;eJJ/l8TCR, B_ OCHOBHOM, He3ttml',!tHCTaHTHOCTbD 
cneKTpa nonepetJHh!X 3HeprHn ,n;JJR 3JJ8KTpOHOB. 

B 3aKJJIOtJ8HHH cqiopMyJJHPOBaHhl OCHOBHhle BHBO.n;u ,n:HccepTaUHOHHOtl paelo
TU. 

I• 311:cnepmieHTaJll,HO UCCJJe.n;oBaHO Hi3J!YtJ8HHe r-KBaHTOB 3JieKTPOHaMH . 
C 3HeprHen IO 1'3], ,ll;Bmitymm.mcH no.n; Ma.llID4H yrJJaMH OTHOCHT8JlbHO KpHc
TaJJJJOrpaciiRlleCKOtl OCH <III>- B TOHKOM l!OHOKPHCTaJIJJe KpeMHHH. HsyqeH11 
opneHTaUHOHHhl8 saBHCHMOCTH B8PORTHOCTH H3JJytJeHHH H pa,n;HaUHOHHhlX no
Tepb 3HeprHH 3JJ8KTpOH&IH. IloKa3aHo, tJTO MaKCln!aJJbHalI B8J!HtJHHa Ha 
cneKTpaJJbHOtl IlJIOTHOCTH H3JJytJeHHR B npouecce oce~oro KaHaJJHpOBaHHH 
npeBHmaeT COOTBeTCTBYDmyD B8J!HtJUHY TOPUOSHOro <113JJY'l8HHS! H3 al!Opq)HOtt 

' UHmeHH B 70 pas. Bneprue HCCJI8,ll;OBaHhl xapaKTepHCTHKH HSJJytJeHHH B pas-
' . 

JIH'lHhlX ,ll;l!8Ila30HaX yrJJOB BXO.n;a BHYTPH KPHTHtJecKoro yrJJa KaHaJJl!pOBaHHR. 
2. ieTaJJbHO HCCJJe.n;OBaHhl xapaKTepHCTHKH1-H3JJyqeHH/l, B03HHKa1>mero 

B npouecce TIJIOCKOCTHOro KaHaJJHPOB8.HHH 3JJ8KTpOHOB C 3HeprHett IO 1'3] 
B TOHKOl! MOHOKpHCTaJJJie. IloKasaHo, qTO cneKTpaJJbHalI TIJIOTHOCTb H3JJy'le
HHlI B 28 pas npeBOCXO,ll;HT COOTB8TCTBYIOmy10 BBJJH'lHHy -,ll;Jlll 8.l!Opq)HOtt MH
rueHH. 

3. BnepBH8 HCCJl8,ll;OB8.Hhl yrJJOBU8 XapaKTepHCTHKHr-KB8.HTOB1 H3JJytJa
emu: 3JJeKTPOHallH B nponecce KaHaJIHpOBaHHH. IloKasaHo, 'ITO, Ka.It B npo
necce oceaoro, TaK H B nponecce TIJJOCKOCTHoro KaHaJJHPOBaHHP. 1 H3JJYtJ8HHe 
HOCHT cTporo HanpaBJJ8HHhltt xapaKTep. B CJJyqae OC8BOro KaHaJIHpOBaHrut 
cpe,n;HeKaa,n;paTH'lH08 OTKJJOH8HHe yrJIOBOrO pacnpe,n;eJJeHHH COCTaBJJHeT Be
J!HtJHHy, npHl1JJH3HT8JibHO COBila,ll;allmYD C KPHT_HtJ8 CKHM yr JJOM KaHaJJlfPO BaHHSI 
,ll;JJH ,n;aHHOtl 3HeprHH. iRH IlJJOCKOCTHOrO KaHaJJHpOBaHHlI 3HatJeHH8 3TOtt B8-
JJHtJHHll npH0JIH3HT8JibHO paBHO 80 UKpa,n;. 

4. IloJJytJeHhl ,n;aHHHe;xapaKTepHSYDmHe pa,ll;HaUHOHHl,l8 noTepH 3HeprHH 
3 JJ8KTPOH8.MH npH me )-lBHXeHHH B0JJHSH KPHCTaJIJJ.orpaifrH'l8CKOtl OCH H IlJIOC
KOCTH. 3neKTpom B nponecce oceBoro KaHaJJHJ)OBaHHSl uoryT TepnTL 3Hep
·rHD Ha HSJIY'l8HH8 .JJ;O IO 1'3B B nepeCtJ8T8 Ha l CM KPHCTaJIJia. S j • 

5. C03.JJ;aHa 3Kcnepmi:eHTan1,HaR ycTaHoBKa, paOoTamnan Ha nyq11:e 3JieK
TpOHOB H'Il03HTpOHOB ycKOpHTeJIH H~B3. Ilap8.MeTp11 ycTaHOBKH Il03B0JIHJIH 
,n;eTaJJbHO HCCJI8.JJ;OB8.Tb nponeccll CilOHTaHHOrO r-H3JiytJ8HHH, B03HHKaJllll8rO 
npH KaHaJJHPOBaHmt 3JJ8KTpOHOB H U03HTpOHOB C 3H8prnen IO 1'3B B.MOHO
KpHCTaJIJiax KpeMHHR H repvaHrut. YcTaHOBKa ,n;aaana B03MOll:HOCTb C B!lCO
KOtl TO'lHOCTbll BOCCTaHaBJIHBaTb TpaeKTOPtm qacTHU ,n;o H IlOCJJe KpRCTaJI
Jia, H3l!8PSlTb mmyJJbC BTOPHtJHOtt tJaCTHUU, npOR3B0.JJ;HTL ee H,ll;8HTHq>HKa
nHD, onpe,n;eJIRTb yroJJ B!lJieTa r-KBaHTa H ero 3H8prHD. 

6. Cos.naH rawa-cneKTpoueTpHtJ8CKHtt KOMIIJJeKC ,ll;JIR H3MepeHHH 3H8pre
TH'l8CKHX H yrJIOBUX XapaKT8pHCTHK IlOTOKao-KBaHTOB. BnepBUe C03,ll;aH 
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JIHBH8BHtl CUUHTHJIJISIUROHHHtl cneKTpOMeTp, KOTOpHtl clHJI HllCTpoeH HO. R3Me-, 
peHite :rneprRR 1-KBllHTOB B ,11;lmlla30He OT IO M3B ,11;0 IO I'3B. IlonytteHo 
3HepreTRtt8CK08 pa3pemeHR8 Ha YPOBH8 Jiyttmroc npHclOpOB To.Kero 
KJiacca. l3nepBH8 RCilOJlb30BaJICSI cnococl aclcOJIDTHOtl KaJIR<lpOBKH CURHTHJI
JISIUROHHOro ,ll;8T8KTOpa IlOJIHoro norJIOI1!8HRSI M8TO,ll;OM "MetteHHX" qJOTOHOB, 
OCHOBaHHHtl Ha KOppeJISIURH IlOTepb 3HeprRR 3JI8KTPOHOM, R3MepeHHHX ,11;pen
qJOBHM MarHHTHl,IM cneKTpOL18TpoM, R OTCtt8Ta.MR CUHHTHJIJISIUROHHOro ,ll;8T8KTO
pa •. .IreTBKTOp Bil8PBhl8 pa<lOT0.11 COBM8CTlIO C ,n;petlcpOBOtl KaMepon co BCTPO-· 
8HHHHM KOHB8pTopoM. To.Koe cotteTaHRe npR<lopoB Il03BOJIHJIO O,n;HOBpeMeHHO 
H3M8pS!Tb 3HepreTHtf8CKH8 H yrJIOBH8 xapaKT8pHCTHKH IlOTOKllo-KBllHTOB, 
Bnepiiile B 3JI8KTPOHHK8 cneKTPOMeTpa npmieHSIJICSI Bp8M8HHOtl TpaKT, KOTO
PHtl RCil01lb30BllJICSI ,ll;JISI C8118KUHH perHcTpltpyeMHX ttllCTHU B ,ll;MO.Illl80H8 
± 5 Mc. Kopp8JISllUIB' Bp8M8HHOtl' H aMTIJIHTy,n;HOtl RHcpOpMaUHM Il03BOJIHJia no

nyttHTb BpeMeHHOe pa3p8lll8HH8 OKOJIO IO HC H B IOO pa3 YM8HblllHTb, cpOH. 
BnepBH8 cluna npHMeHeHa perMCTPllUHSI "HyneBoro" IlOT8HUHaJia cneKTPCJ.18T
pHtt8CKHX TpaKTOB 3a 2 MKc ,11;0 pa6ottero H3MepeHRH. 3Ta HHcpOpMaUHSI 
RCil0flb30BllJlaCb, ,ll;JISI KOppeKUHH 3HepreTHtteCKHX H3Mepemrn npR O.HO.JIH38 
.n;aHHHX. BnepBH8 HCilOJib30BllJIO.Cb HHcpOpMaUHSI ocl HOHH30.UROHHHX IlOTepsix 
qioHOBHX)'-Me30HOB, perHcTpltpyewx B npouecce pacTmtKH nyttKa ycKopH
Tensi, ,ll;O.BllBmasi CTO.clHJibHHtl penep ,ll;JISI KaJIH<lpoBKR H KOHTPOJISI ,ll;8T8KTOpa. 

7. Ilpe,n;noxeHa H BHe,n;peHa M8TO,ll;UKa paclOTH co Cil8KTpOM8TpHtt8CKHM 
cpOTOYMHOlltHT8118M THna q3Y-49 ,n;JISI H3MepeHHSI 3HeprHH o-KBllHTOB B mupo
KOM ,ll;RHaMRtteCKOM ,ll;UO.Illl30H8 (OT IO M3B ,n;o IO I'3B) B ycJIOBUSIX BHCOKHX 
3arpy3oK. 
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