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0HUAH XAPAKTEPHCTHKA PAEOTU 

AKTyam,HOCTl, rrpo6J.IeM!i. Hsy,1emie CBO:l!:CTB "8K30TH'!ecrn" 8T01!40B, 
TaKWC,RaK nosHTpomiit, MllOmnl, MesoaTOMll_, aJU)OHHlie aTOMll H ,IU> •• samr
MaeT 3aM8TH08 MBCTO B COBpeMeHHol IJ1Hsmte. HcCJie,ltOBaHHe BTBX aTOMOB 
,1t8JIO :samme CBe;n;eHH.a: 06 9.7!8_M8HTapHIDC B38l!M0,1t8RCTBH.RX, CTPYRTYi>e aTOM
Horo JUU)a H TBep,noro TeJia. 

Moorume M8308TOM!l .IIBJillllTCJI O,It.lllIM HS cpe;n;CTB ,JµI.11 IlOJJY'l8lWI .nammx 
0 pacnpe.D;eJiemm aapsma B Jl;lij)e. C IlOMODIJ>J) aJU)OHHl:lX aTOMOB llOJIY'Ull)'l' HH
q,op~ 06 8JU)OH-HYRJIOHHl:lX B38BM0,1teitCTBHJ'IX npH 0'!8Hl, IDl3RKX 8H8pl'JIUa, 
HcCJie.ItYJ)T pacnpe,neJieime BemecTBa B H,ItPe H onpe,neJI.RJJT To'!Hl,le SHa'!etwI 
TaICHX xapaKT8pBCTHlt 8JU)OH8, KaK, BanpHMep, ero Macca HMarIDITHHI MO
MBHT. 

B HaCTO.a:mee BpeMS:t CT8Jll! DIHPOKO H8y'!ST1,CJ! TeopeTH'!ecror H axcnepH
MBHTaJIJ,HO 8JI8MeHTapHHe aTOM!l, o6paSYJ)lllH8CJ! B CB060,1tHOM COCTOJIHID[ l'tSR 
npH HH3RKX, Talt H npH Bl:lCORHX 8Hepl'WIX. ATOM!l Il08HTPOHHJ! H MllOIWI B 
BaeyyMe 6.wm HCilOJI1,80BaHll ,JµI.11 npoBepKH KBaHTOBOit 8JI8KTpO.n;HHaMHKl!. 

Ha nHRJ)llt{8CRKX YCKOPHT8JllDC Bl:lCORBX 8Heprzl_MO~ 6HT1, IlOJJY'l8Hll 
yJI1,TpapeJIJ1TBBHCTCRBe Il03HTpomm c rru.lMa-qBRTOpaMH 103 + 104 H 6oJiee. 
Ha ycxopHTeJIJDC npOTOHOB 0.lllI B OCHOBHOM o6pa3YJ)TCJ! npH pacn:a.ne Jt

0 
-

M880Ha: JI°- '( + Il08HTpomnl, AltTyaJil,HHM SIBJIIIBT~ Ha~eHHe yJI1,Tpa
peJIJ1THBHCTCRKX Il03HTpOHH8B, HCCJI8,1tOBaHH8 BX B38HMO,nelcTBH.II C BemecT
BOM H 8JieKTpOMarimTHHM IlOJieM H npoBepRa Teop:im 8THX nponeccoB. 

B ;n;HccepTa~ OnHCHBaeTc.a: aRcnepnMeHT no Ha6JID,1temm.yJI1,TpapeJIJ1-
THBHCTCRHX Il03HTPOHH8B OT pacna,lta :JC0 -M830Ha, ajxlleRTHBHlie a.nropHTMli 
M0,1teJIHpOBaHHJI MeTO,ltOM MoHTe-KapJio pacn:a.noB 8JI8M8HTapH!lX 'iaCTHJ:t H 6HCT
po;n;elcTBYJ)llla.ll nporpaMMa MHOrOMepHoro IJ1HTRpOBaHHJI BKcnepHMeHTaJil,HWC 
,lt8HHl:lX MeTO,ltOM opTOI'OH8JI1,HHX IlOJIHHOMOB. Cos.namie 6HCTpo,nelcTBYJ)m8I'O 
nporpaMMHoro o6ecne'!eHHJI npe,1tcTaBJIJ1eTCJ1 TaRllte aRTyaJn,HHM. 

lleJil, paCSoTH • .ITltccep'l'8ItHJI nocB.a:meHa Ha6Jm.l(emm yJI1,TpapeJIJ1THBHcTc
RHX Il08HTpOHH8B OT pacna.ita 'Jf.0 -MeSOHOB H paspa6oTRe nporpammoro 
oCSecne'!emm axcnepHMeHTa no perzcTpaJ:tHH sTBX aTOMOB. 

HaY'Ul8Jl'. HOBJ![8Ha B npaRTH'!8CKrul qeHHOCTb. 8apeI'l!CTPHPOBaHO 
185±30 yJI1,TpapeJIJl'l'lIBHcTCDX Il03HTpoHHeB H o6mipµeH C8MHI pe.inatl lil3 
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Ha6Jlll.It8BllllilXCR pacna,noB - pacna.n J[
0 

-Me30H8 Ha 1-KBaHT H Il03HTpOlllH. 
Ha6.mme1me YJII,TpapeJIJlTHllllCTCKHX ll03RTPOHHeB OTKPHBaeT B03MO~HOCTb 
llOCTaHOBKR 8KcnepRMeHTOB no HCCJie,ItOBaHIDO nponeccoB B38HMO,It8HCTBM 
YJII,TpapeMTRBRCTCKHX aTOMOB C BenteCTBOM H 3JieKTPOMaI'HHTHHM IlOJieM. 

IlpaKTH'leCityD neHHOCTb HMelDT TaKllte paspa6oTamru:e 3qxleKTHBHHe M

ropHTMH MO,IteJIHpOB8HRR MeTO,ItOM MoHTe-Ka~o pacna,noB 3JieMeHTapHHX tiac
TRn H 6HCTpo,ttelcTBYJ)lllWI nporpaMMa MHorouepHoro qJHTHpOBaHRR 3KCnepH
M8HT~HHX ,ttaHHHX MeTO,ItOM opTOrOHaJII,ffiDC_ llOJllIHOMOB. 

Anpo6arom pa6om. B )tHccepTanmi OllRCa.llll pesym,TaTH HCCJie,ItOBalllii, 
BHllOUeHHWC B .lla6opaTOpRR JJ,ItepHWC npo~eM OHfill c 1975 no 1984 IT. 
PesyJn.TaTH ,ttORJia,ItI:maJIHCb Ha ceMRHapax Jiim OIDm, Ha ceccRH OT,neJieHHJI 
R,ItepHol (pnsHIDI AH CCCP (MocKBa, 1982 r.), npe,ttcTaBJieHH Ha PotiecTepc
ltYD KOHqiepeimi,m (IJapmt, 1982 r.). 

IJ;y6~nmr. PesyJII,TaTH, BOme,Itilllile B ,ltRCCepTaqHD, ony6JIHKOBaHH B 
6 pa6oTax. 

CTpyxTYpa lIHCCepTarom. ,Il,HccepTm:tWI COCTOHT RS BBe,IteHRJI, Tpex 
rJiaB H 38KJill'leBl'l/I; Olia CO,It8J)l!HT 120 CTpaHRn, 37 PHCYJIKOB, I Ta6.1llley 
H 6.H6Jmorpa~ecKRii CllRCOR JIHT8P8TYPH 'HS 96 HaRM8HOBa.Hliii. 

CO,Il.EPJWIHE PAEO'IU 

Bo BBe~emm: ,ttaeTCR o6sop TeopeT~ecKHX H 3KcnepHMeHT~HHX pa6oT, 
llOCBJlllt8HHllX HS~emm o6pa30BaHHR 3JieMeHTapmnc aTOMOB B CB060,ItHOM coc
TO.llllHH B nponeccax peRoM6RHanHR, B HHKJillSHBHHX nponeccax R npn pacna
.ttax 8JI8M8HTapHHX 'ISCTRn. 

Bo BBe,tteimH OllRCaHil TaKllte OCHOBHHe xapaKTepHCTHRH aTOMHoro pac
na,tta Ji.0 -MeaoHa H.OCHOBHHe CBORCTBa YJU,TpapeMTHBHCTCRHX Il03HTpoimeB 
( ll2e ) • OTHome1me f' BepORTHOCTR aTOMHoro pacna,tta 2l0 -M880Ha K Be
PORTHOCTR ero pacna,tta Ha ,ItBa 1-KBaHTa paBHO: .P = l,69•10-9• IlpH pacna
.ne !lr 0 -MeSOHa llOSRTpOHRH o6pasymcR B TpIDJJI8THOM COCTORHRH C BpeMe
HeM lm3HH, paBHHM l,4•10-7 c.IloaHTpOHRH c ra.MMa--qx:lRTOPOM ~103 HMeJJT 
.n,inmy pacna,tta ,., 40 RM, T.e. OHR JmJI.llJlTM npaR~ecRR CTa6~JIHMH. Ilo-
3HTpomtli, ,ltBRraRCb B Be11teCTBe, MC>Xe'l' pa:3BaJ.!KTbCR. ltmrna paa~a peM
THBHCTCROro ll08HTPOHIDI B yrJiepo,tte paBHa !:::! 0,14 MKM. IloSHTpoimi!: TaKllte 
paa~eTCR npH ,ItBHll[8HRH B nonepe~OM MarHRTHOM noJie C Ha~eH
HOCTI,]) 6oJibme noporoBoA; WU! OCHOBHOro COCTORH.HR Hnop = l,4·105/1 (3), 
r,tte 1-rruma--qaRTOP ll08RTPOHWI. 

Hs-aa MaJIOI .ItJ]l!Hl:l pasBaJia ll08RTPOimeB B Be11teCTBe He06XO.ItID,IO HC
llOJil,80:BaTb MH1118Im T8KOi TOJilltRHH, npx ROTOpol SHa~TeJU,HaJI 'l8CTb o6pa-
30B8BllllIXM Jr.0 -MeSOHOB pacna,ttaeTCR BH8 14RllleHH ( 7[

0 -M880H C :meprnefi 
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5 raB RMeeT .ItJIHHY pacna,na ~ I MKM). TaKYJ) MmIIem. Heo6xo,ItRMo ycTaHaB
JIRBaTb Ha BayTpeHHeM ~e YCKOpRTeM - Tor.na HS-38 MHOroKpaTHOro 
npoxo~eHHR 'lepes Hee KOS~eH'l' HCilOJil,30B8HHR ~ (OTHOmeHHe 'IHC
Jia npOB3aRMO,tteiicTBOB8BIIIl!IX npOTOHOB K 'IHCJIY npome,Itllil!IX tiepes MmIIem.) 
6y,tteT 6JIH30K K e,ltRHllne • .IlJm perncTpanRH aTOMOB HCilOJib30~0Cb CBOiiCT
BO ,ltRCCO~anira me B nonepe~OM Mal'HHTHOM noJie. 

B nepBoii rJiaBe )tHCcepTaI(lm npRBe,IteHH pesynTaTH pac'!eTOB MeTO
,ItOM MOHTe-Ka~o HHTeHCHBHOCTeii H lIMIJYJn.CHHX cneKTPOB ll03HTpOHHeB, 06-
pasyJ.)utroCCR B nponecce Ji. 0 

- f + fl2e , · WU! pJJ,Ita ~'leCKRX YCKOpHTe
Jieii npOTOHOB, B TOM 'IHCJie WU! YCKOPHTeM H~B3. Pacc'IHTaHH TaKllte HH
TeHCHBHOCTH lI HMnyJil,CHHe cneKTPH Jcµ -aTOMOB OT pacna,na K; -M830HOB, 
H np:e:Be,tteHH aqxpeKTRBHHe aJiroPRTMH MO,IteJmpo:samm MeTO,ItOM MoHTe-Ka~o 
nponeccoB pacna,na aJieMeHTapHIDC tiaCTRn npn MaJIHX TeJiec:awc yrJiaX ,tteTeK
TopoB • 

.IlJm OllRCaHWI yrJIOBOii lI 3HepreT~ecKoii saBHCHMOCTH :J[! lI K: -
MeSOHOB, o6pa3YJDll(HXCR B pp-coy.napeHWIX, lICilOJib30BaJllICb 8MIIHp:e:tiecRHe 
IPOPMYJIH wm cneRTPOB a.npoHoB. 

HeKOTOpHe pesyJU,TSTH pactieTa HHTeHCHBHOCTeiH HMnyJil,CHWC cneKTPOB 
nos:i.rrpoHHeB OT pacna,tta :Jl0 -MeSOHOB np:ime.neHH Ha PRC. l - 3 111 • 

dN I dfl•npomoH-p 
f}J:...,' .-------=-------

. < ::::-.,"'~ KJ"t ::::,,., 

r 

PHc. I. 3aBHCHMOCTb KO~eCTBa 
llOSRTPOimeB(Ha OJtHH npo
TOH) OT yrJia BX BWieTa 
WU! ycKopemmx npoTOHOB 
c aHeprwum 13, 30, 70, 
400 H 5000 raB. Ilpe.nno
~araeTcR, 'ITO llOSHTPOHRH 
B MHilleHH He pa3:aaJim3aIDT
CR. 

3aBHClIMOCTK ROJIR'l8CTBa llOSlITpO
HHeB OT yrJia BX BWieTa WU! ycxo
pHTeJie~ npoTOHOB C 8HepI'liUIMlil 13, 
30, 70, 400 H 5000 raB npne.neHH 
Ha pRc. l. Ilpz pactieTax npe,ttno-
JiaraJIOCb, 'ITO llOS:HTpOHRH B 14Rllle-04.__ ___ ....,,.. ___ ----=-----=-

50 ,o0 ,s0 Im He pa:rnaJIHBallTCR. lJRCJIO llOSHT-
po.BlleB, o6paSYJ)ll(HXM Ha YCRO~HTe

Jie M~3 B TeJISCHOM yrJie 10-4 cp 38 IO CYTOR pa60TH npH c6poce 1ol 
npOTOHOB sa ~. wm. paS.lIJ11UIHX TOJIDtKH MHIIIeHH npHBe,IteBO Ha pxc. 2 B 
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PHc. 2. KoJIHqecTBO Il0311TpOID!eB, 
o6pa3YIO!llllXCH Ha YCKOpH
Tene H~B3 B TenecHoM 
yrne-Io-4 .cp 3a IO cy
TOK IIpH c6poce I012 

npoToHoB/nmur B 3an11c11-
MocT11 OT yrm 11 TOJIIllHHl,I 
MmlleIDJ. 

38BRCHMOCTR OT yr.Jia RX BllR8T8. 
lfa pncyttKa CJie.n;yeT, qTo 38 IO 
CJTOK B Tenec1:n,1tt yron YCT8HOB
KH "Il03RTPOHHll" (2,6•Io-5cp), 
p8cnonoxe1moll non yrnoM 8,4°, 
npn c6poce Ha Mm!lem, TOJilllRHOtt 
I MKM 3•IoII IlpOTOHOB 38 U1IILJI 

BWieT8eT ~ 1700 Il03RTpoHReB. 
PacqeTHHe HMflYRbCHUe CilCKTPll Il03RTPOHH8B B 38BRCID~OCTR OT yrm RX BH
neTa ,nRH ycKopemrux IlpOTOHOB c 3Hepl'l'Ieil 70 r::iB IIPHBe,neHU na .pnc. 3. 

dN / dp;dQ-npamoH-p 
m'' 

Po=lOtJfJJc 
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!'Be. 3. 11Mn:yRbCHllil_ crreKTP Il03HT
poHReB ,nRH ycKopeHHWC 
npOTOHOB C 3Heprnen 
70 raB. 

Ha YCT8HOBKe "Il0311TpoHRil" OCHOB
HaH '!aCTb fl2e RMeeT HMflYRbCll 
.rt0 2 raB/c. 

Ila OCHOBa!llill TIOJIY'ICHlillX pe-
3YRbT8TOB dHJIH BUdpa1rn anepryp8 
R yron KaHaJia ycTaHOBKIJ "Il□ 3HT

pomtii". 
ITocpencTBOM MO,neRHpOBalillH B 

nnccepTar~m TIOJIY1IeHa oneHRa cT8-
THCTHqec1mn TO'lHOCTil Il3MepeHHH 
npeMeHH llrn:3lill .ll0 -MC30Ha Lr,u , 

KOTopoe MOJKer 6HTb BUTIOm!eHO Ha 

ycTanonKe "IT031npmrnl\". Crrocod 
11:rnepemrn Lr.· OCl!OBHH Ha TOM, 

1

11 

J 

r 

"ITO "lll:MO Jc" -Me30HOB, pacmmme:xcsr BHe MHilleHR, 8 3Ha1DIT, H 'IIHCJIO 
perncTpRJ)yeMIDC ll03HTpo~eB, 38BlICHT OT B8.1JR'lmHl:l 1:7{o • lf3 pe3yJII,T8TOB 
MO.IteJmpOBaHRH CJie.n;yeT 21, ~TO Ha aTott ycTaHOBRe 38 IO CJTOR pa6orn 
MOJltHO H3MepHTb 't,z-o co CT8THC~eCROtt TO~OCTbD 4-5%. 

B nepBott rJiaBe rrpHBe.IteHl:l Taia;e pe3ym.T8Tll pac~eToB HHTeHCHBHOC
Teit n m.myJII,cma: cneRTPOB 7rf' -8TOMOB, 06pa3yromm:csr B rrpo:a;ecce Kl ➔ 
'lf/: - 8TOM + V • Ha PRC. 4 IIpHBe,IteH BllXO.It 7lfl -aTOMOB npn c6poce 

1612 npOTOHOB/~ B 38BHCHMOCTH OT aHeprHR IIPOTOHOB HOT YI:~, llO.It 
ROTOPUM pacno~ozeH ItaHM .iµnmott 50 Mn ce~emteM 0,2x0,2 M / 3 • Ha 
Blll0.It8 H3 RaHaJia YCT8HOBRH "1Io3HT.POHH:li" 38 IO CYTOR pa60T!l MOlltHO IIO
~Tb ~ 1200 7C fl -aTOMOB npH c6poce ~ IIPOTOHOB Ha MH1ll8lib 
3 • roll /I.tliKJI. 

m•r'Hr----------------

!'Be. 4. 3aBHCRMOCTb 1111CJia Jif' -
8TOMOB (Ha 1012 ~pOB3aH
M0~811CTBOBaBlllliIX npOTO
HOB) OT yrM, no~ ROTO
PllM ycTaHOM8H RaHM, 
,nRH 3Heprntt npoTOHOB 

,,, 70/l/j 

Jor,s 

fOt;B 

( --------1o·•r -
> 
f 
r 
f 

10-•'--
5 (0 - ----,~ 

811.c, 3/HII. 

IO, 30, 70, 400 H 

1000 ThB • .lumHa Kal!Ma 

- 50 M, ceqeHHe -
0,2 X 0,2 M • 

B aTott ze rMBe OIIHC8Hll 
aqxr~KTllBHll8 aJII'OpHTl!ll MO,IteJIHpo
BaHRH pacna,D;OB a~eM8HTapma: 
~acTHU B CJiY'i88 MaJioit anepmu 
.ItSTSRTOpOB. 3TH aJII'OpBTMU 6~ 
Hcno~OBaHll nplt MO.It8Jll!IPOBaHHH 

o O 0 
8TOMHl,IX p~Cna,D;OB :Ji- , Ki_- H ? -M,3rOB, r~e OHH llOBllCHJIH 8<ppeK-

THBHOCTb MO~eJmpOBaHHSI B .It8CSlTiaI pas 4 • 
IlepBllit aJII'OPHTM II03BOM8T pa3urpUBaTb ~eT n-t 'l:8CTHU npH fL -

'l:8CTH'UIOM P8Cna,D;8 TO~O B Te~ecmd -yro~ ~8T8RTOpa. Ju)-yroil 8JII'0Plm4 
OTHOCHTCH R MO.It8JmpoBaHHD ltSCRa.ItHOro npo~8CC8 C ~O~ODBYllt8il npowexy
TO'UIOlt 'l:8CTHn8it, B 'l:8CTHOCTR, npo:a;ecca 

p+p-K;+ ... 
L,..9rf' - BTOM + V 
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0* * * 0 * B 3TOM aJII'OPHTMe nepeMemru:e cos , 'f , p ll t.. ( cos (J ~ as:e:-
* II o Mj"TaJII,mtl\ yroJI, 'f - DOJIJipmtli yroJI, P, - JnmyJll,C KL. -Me30Ha B 

CHCTeMe n;eHTpa MaCC pp, -l - paccTomme OT MlIIIICHH ,ItO TOtIKH pacna.zta 
k1 -MeSOHa) pa3Iil'pHB8!0TCJI C IlJIOTHOCTl,ll, paBHOii ((X-X0 / + ~: r2 

1 

r,Ite x : cos&* , 'f',, , p~ ll l . BH6op napaMeTpOB XO :e: c:; x OimCHBaeT
CJI, 

CJieJtYl)II!HI a.nropHTM 6I:UI paspa6oTaH .ItJIJI MO,ItempoBaHHJI npon;ecca 

p+p-f + ... 

Ltf'+ f'J - STOM + J 
'- e+ +· e-

B KOTOPOM e+ He- pe!'RCTPKPYIOTCJI ,ItByxnne~eB!lM ,It8T8KTOpOM, A.nrop:e:TM 
. 0 

OCHOBHBaeTCJI Ha TOM, ~o np:e: ll:3BeCTH!DC 3Ha~e.HRJIX l:IMIIyJII,ca 2 -M830Ha 
H HaIIpaBJ18HHH ero BWieTa c~eCTByeT T8JI6CH!l! yroJI Q., , npll BWI8T8 B 
KO'l'Opltli ( I'+ fF ) - aTOMa BOSMOllHO nona,wume e+ H e- B ,IteTeKTOpH. 
3'roT TeJiecmtl\ yroJI Q 0 TeM Mem,me, ~eM Mem,me TeJiecHHe yrJIH ,IteTeK
TopoB, Cnoco6 onpe,IteJieHIDI Qo OllHCHBaeTCJI, SToT aJirOpHTM MOJ!tHO l'ICDOJII,-
30BaTL n np:e: MO.rtempoBamm npon;ecca 

p+p-,. X + ... 

1- e+ + e- ( r+ r) 
Bo BTOpo! rJiaBe ,It:e:CCepTaD;lm Oilll:CHBaeTCJI 8KCnepKMeHTaJII,HaJI ycTa

HOBKa ,ItJlJI pel'l!CTpa!tml Il03HTPOHHeB OT pacna.zta :Jr 0 -MeSOHOB, ojj-tine 
nporpawa o6pa60TKH CT8Tll:CT~8CROrO MaTep:e:ana C 8TO! YCT8HOBKH H 
6HCTPO.rte!cTBYJ]ltaJI nporpaMMa .MHOroMepHoro qlHTll:pOBaHKJI Me'l'O,ItOM opToro
HSJII,mlX IlOJillHOMOB, 

C:xeua 011:cnepm.!eHTa.m,Hoii ycTaHOBKH npne.rteHa Ha p:e:c. 5, 311:cnep:e:
MeHT 6HJI llOCTaBJieH Ha YCROPRT8JI8 H~3. MlillI!em, RS yrJiepo,Ita TOJill!lllIO! 
"'0,5 11RM ycTaHaBJmBaJISCL Ha BH;yTpeHHeM ny,me. BaeyyMJm! KSHaJI ,ItJmHOil 
40 u 6wt no,1tcoe,ItHHeH 11: KaMepe yc11:op:e:TeJIJI 6es neperopo,1toK, Bee ~acT
RJI KaHBJI8,IIPO:XO,Itlllltll8 B paccemmwc IISrHRTmlX llOJISDC, 3KpaHHp0BaJI:e:CL, 
B,ItOJll, RaHaJia Ha ,ItJIKHe ~ 23 M nepn8lJJtl!KYJIJIPHO ~ 6I:UIO llpRJIO:ateHO 
MaI'HHTHOe llOJie HanpJI:ateHHOCTLlO 56 3. BTo llOJie He pasBammaeT ll03HTpo

.HHH c mmyJILcmm p < 2,5 ThB/c :e: mmo,It:e:T RS KaHMS sapJI:atemru:e ~CTH
Itli C mmyJILCSMH p < 3 ThB/c. Kamur 38KaHtmBaeTCJI IlJIOCKOii BaeyyMHOil: 
KaMepol, nouell!eHHoii B sasop MarHHTa Cll-73, Bm:o,ItHoe arum KSMepu c.rte
JIB.Ho R3 aJimmHWI TOJil!tlUiOii 0,8 MM, 

IlosHTpoHHI Ha l3XO,It8 B MaI'HHT pa3BaJnma8TCJI KpaeBHM llOJieM Ha 

8JI8RTPOH H Il03HTPOH, ,ItaJiee aJieRTpOH H nos:e:TpOH pa3BOMTCJI MarHHTHHM 
no~eu H pel'l!CTPKPYDTCJI .ItBYMJI TeJiecxonmm, COCTOJlllll!MR ll3 ,J:tpeiiqloBHX Ka-
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Mep, CD;HHTR1IT'i..RD;HOmrux c~eT~KOB H rasoBIDC ~epeHKOBCKWC c~e~OB, 
YcTaHOBKOii perncTpllpOBaJIHCL·nos:e:TpOHHH c m.myJILCaMll 800 - 2000 MaB/c. 
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P:e:c .• 5, Cxem YCTSHOBKH! a-cxeMa KaHaJIS: P -ny1IOK llpOTOHOB, 
M -IYJI8HO'lli8JI :,,mmem,, Il - IJJieHKS lI3 JiaBcaHa, IOI -
ROJIJmMaTOP, H - ropH30HTaJILHOe Mal'HHTHOe noJie, K -
ROHBepTop Hs DJieRclll'Jiaca; 6 -cxeMa pacnoJio:atemm 
Mal'HH'l'a ll ,Ite'l'eRTOPOB:·CM - DOJDDC MarHHTa Cll-73, BK -
BaRyyMHaJI RaMepa, JUU, ,IU{2, JU{3 - DaR8TH ,J:tpei@BHX 

. .. " 
KaMep, s,, S2 - Cl{l!H'l'llJIJIJlD;l'OHHHe c~e~. Cr, Cz -

, rasoBHe ~epeHRoBcIWe c~e'l'lllIRH, 
lfaC'l'8P-HWYJll,C BHpa6aTHBaJICJI np:e: COBna,It8HHR CHrHaJIOB O'l' Cl{l!HTRJJ:

JIJIWIOHHHX H ~epeHROBCKHX c~eT~OB, IlpH 8TOM B 6JIOim !CAMAK san:e:cHBa
~aCL ll:Hq>OpMSD;WI O HOMepax cpa60TSBIIIHX llpOBOJIOK, BpeMeHa ,J:tpe!qn, 
aMilJillTy,ItHO-BpeMeHHaJI H.Hql()l)IISitllJl OT CD;i!HTllt1IJISomna: n ~epeHROBCKHX 
c~e~OB H DOK838HWI MOHHTOPOB, 3aTeM npon;eccop OT6:e:paJI co6HTHJI, B 
ltOTOpHX TpeKH 3JI6KTpOHa H DOSKTpOHa ~eimJIH B O,ItHOM ropll:30HT8JILHOM 
CJIOe BHCO'l'O! 4 CM, Hliqx>pMaD;l,lll O co6HTHJIX, O'l'O6pamrux npon;eccopoM, 
nepe,ItaBaJISCL B BBM M-6000 H 38DRCHB8JISCL Ha mrmrrHHe JieHTH, 

Bo BpeWI Ha6opa cTaTHc'l'HIOt BeJIH'Il!!Ha c6poca ~ npoTOHOB Ha 

Mlml8HI, COCTSB.JllJJia (2-;- 3)-ra11/'JI)fM., IloJIH08 ~CJIO san:e:camrux Ha Mal'
HHTH!le ~8HTH TpmepoB COCTSBI!l'JIO 3,8,Io6, :&iJio 'l'aKZ8 Ha6paH~ l,2.!06 

q>OHOBHX co6HTd. J{,1llI 8TOro B Ha~aJILHYJJ ~C'l'L RaHaJia BBO;D;HJIBCL JiaBca
HOBaJI DJiem:a TOJlllll'[HOill 10 MRM', ltOTOpaJI paspymaeT Il03H'rp0HHR, 
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KaJm6poBOtJH!le R3Mepemm IlPOBO,ItWmCb Ha e+e--napax OT KOHBepcnn 
1-KBaHTOB B IIJISKCRrJiaCOBOM KOHBepTope TO~ll!HHO:ll: I MM, ROTOpH:ll: C 3TO:ll: 
ne~bIO BBO.mI~CJI :a KaHa~. STH co6!lTRH 6wm ncnoJII,SOBaH!l .ItJIJI onpe.I(e~e
mm TOtJHOCTH!lX xapaKTepHCTRK ycTaHOBKH. 

IlpH off- line o6pa60TKe nosRTpomm B!l,I(e~cb no psmy .xapaRTepmnc 
KPRTepHeB, 6oJII,maR tJaCTb RS KOTOp!lX onpe,I(eJIJieTCJI ~oil: 8Heprne:ll: CBJISH 
e+ Re- B aToMe: 

I. Yrm TpeKOB e+ He- OTHOCRTSJII,HO ropRSOHTMbHO:ll: IIJIOCKOCTH 81 
H 82 ~ R paBH!l MS.llrJIY co6ott, a npo.I(oaeHH!le tJepes MarHHT TpeKH 
HanpaMeH!l B MHllleHb. 

2. PaSHOCTb ROOp.I{HHaT e+ H e- B ropHSOHTaJII,HOtt IIJIOCKOCTH ( a X} 
Ha BXO,I(e B MarHHT paBHa HYJID. 

3. PasHOCTb ROOp.I{HHaT e+ R e- B BepTHKaJll,HO:ll: IIJIOCKOCTR ( A !I ) 
Ha B!lXO.I{HOM orure BaKYYMHOit KaMep!l paBHa HYJID. 

4. To~a RCTiyCK8HHJI e+e--nap!l ~elmT B TO:ll: qacTH RaHaJia, r,I(e 
npoxo.I{HT nyqoK 1-KBaHTOB. 

5. liMnyJII,C!l Pe+ H Pe- paBH!l Me.llrJIY 0060:ll:. 
B ,I(e!CTBHTSJII,HOCTR npHBe,I(eHH!le B!lme xapaRTepHCTHKH TPSKOB 3~8KTpOHa 
R noSHTPOHa BepH!l Jil!Jll1, ,ItJlJI cpe.I{HHX SHatJeHH! 8Tl'IX BeJll!ltmH, T.K. HM88T 
MeCTO MHoroKpaTHoe pacceJIHHe tJ8CTHU B aJIDMHHHSBOff MeM6paHe, B .I{pe!qio
B!lX KaMepax RB Bos,nyxe, a Ta10te HS-Sa HaJmtmJI ropzsoHTMbHOff COCTaB
JIJmme! noM MarHl!Ta CII-73. 

lhmyJII,C!l H KOOp;nniaT!l BJieTa B MarlmT a~eKTPOHa H ~OSHTpOHa onpe
,I(8JUJJIHCb HS SHatJeHHtt KOOp.I{HHaT R HanpaBJieHl'!ff IDC B!l.lieTa HS MarHl'!Ta; 
9TH S8BHCHMOCTH 6wm BSJIT!l IlOJll!IHOMHaJII,1-!IDdH. B60JII,mHHCTBe nporpaMM 
MHOroMepHoro g!HTHpOBaHHJI noJll!IHOMaMH (B TOM tmCJie B cTalJ,Il;apTH!lX 6B'6Jll!IO
TetJBHX} HCnO~bsyeTCJI MSTOn Ol)TOrOHaJIHsanmr ~pcaffTa-Baffcqie~a. B 
.I{HCcepTaumr IlOKaSaHC/5/' 'ITO MSTon OpTOrOHaJIH3aUHH I'paw.!a-IIMlmTa 
o6ecnetmBaeT B Ht-f/n pas 6ommee 6!lcTpo.I(e:ll:~TBHe, tJeM MeTO,I( ~pcaffTa
Baffcqie~a, r.I(e n - pasMepHOCTb qiHTHpyeMUX ,I(aHH!lX, M - 'IlIC~O ~eHOB 
B n~HOMe (o6!ltJHO n. ~ IO HM~ 6Q}, H OnHCaHa perum:san;RII 8Toro MSTO
,I(8. 

OcHOBHHMH ifJy}oo::tHmm ojf- line nporpaJ,!Mll o6pa60TKH 3Kcnepm.a:eHTaJII,
aoff HHqx:>pManira C ycTaHOBKH "IIosHTpoHH:ll:" .!IBJU!DTCJI: 'IJTSHl'!e HHqx:>PMaUHH C 
~eHT!l, pacnaROBRa 3TOff HHqx:>PMaUHH~ Haxo~emre TpeKOB B .I{p8:ll:qx:>B!lX Ra

Mepax, B!l'DICJI8Hl'!e HMIIy~bCOB H KOOp.I{HHaT BJieTa a+ He- B Mal'HHT H APY
I'HX .xapaKTSpHCTHK, aHaJIHS C06!lTd. 

B T~8Tbe! r~aBe ,ItHCcepTanim npOBO.I{HTCJI 8HaJIHS 3RcnePlJMSHTaJII,HliX 
nammx 77 . .lT.mI B!l,I(e~eHHJI Il03HTPOHl'ISB HCnOJII,SO~OCi, pacnpe,I(e~eHHe 
C06!lTHit no B8Jll!ll!HH8 £ = en (Pe+/ Pe-) ; B 9TOM pacnpe,ne~emra npO.ll:YRT!l 
pas~ nosHTpOimeB ,I(OJD!tH!l rpynnHpOBaTbCJI B ysRHit nHK B OKpecTHOCTH 
HYJIJI. 
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Co6!lTRJI OT6RpaJIHCb no RPHT8PIDIM Ha BSJll!llfflH!l AX , A y , A 6l H 
A 02 ' r.ne AB, H A612 - yrm OTMOHSHHJI TpeROB e+ D: e- B BSPTR
RaJII,HO:ll: IIJIOCROCTH OT nanpaMemm Ha Mmll8Hb. 3HatJSHHJl RPHTepReB saBH
cwm OT HMIIy~bCOB e+ Re- CJie,tcyl)tllBM o6paSOM: 

. . I (i -2 -/ 
/4X ~ fl, P, + '2 , 
/AIJ/ ~ 112 + 113 /P,-2+ p;2.' . -
/tJ.0.-j ~ /111 +/ls/Pt· ' l = I, 2, 

r.I(e A1 -;-As - napaMeTp!l. Fwxo BBe,I(eHo noc~enoBaTeJII,HO TPH aa6opa RPR
TepReB, ROTopue npu Pe•=~-= 600 MsB/c. paBH!l: 

/L1X/~2I MM, /Alj/!:I8 MM, /t.0;,/{: I0,5 MJip,I(, (I} 

/t.X/ {, I2 _MM, /11.y / ~ 7 MM, /tJ 0d, 8, 3 MJIP.ll:, (2) 

/,1X/{ 9 MM /tJY/ ~ 3,4 MM, /t.0d (; 6,5 MJIP,I(. (3) 

COOTBeTCTBYJOmRe pacnpe.I(e~emm oo6um CT8TRCTRKH IlpRBS,I(8Hll Ha PHO. 6. 
B pacnpe,ne~eHRH Ha p:irn.6B B OKpeCTHOCTR € = 0 HMe

0

eTCJl ysRH:lt nHK, 

CBJl3aHH!l:lt C no3HTpoHRJIMR. IIIE:pRHa ere paBHa 2,4%, 'IJTO ~3RO K pacqeT-· 
Hott BeJll!ltJHHe HMny~cHoro paspemeHRJI ycTaHOBRH no nepeMeHHO:ll: c . 

-~ =~ 
N 

JI» 

N 
JS/) 

6 

f/0 
N•JT/lt, 

so 

PHc. 6. Pacnpe.I(e~eHHJI (a,6 RB} 
C06!lTd CT8THCTllKH, Y.JtOB
~eTBOPJD:l1ltllX KpHTepHSIM 
(I}, (2), H (3) COOTBST
CTBeHHO IIO C , 

no TaRHM xe KpHTepHJIM OT6H
PaJ!l!ICb H qx:>HOB!l8 C06!iTRli, Ha6paH
H!le C JiaBC8HOBOI IIJieHKo:ll: (pRc.?). 
OrcyTCTBHe ~Ra B oxpeCTHOCTR 
e = 0 o&bacHJI_eTCJI · p8SBMOM no

SHTpOHRJI B IIJieHKe. 
Thra B pacnpe,I(eAemm no£ 

OTCyTCTBOBM R .ItJIJI co6!lTHI, 
Y.ItOB1I8TBOP.IIlllUDC KpB:TepHIIM (2), 
HO He y.I(OB1I8TBOP.IIlllUDC XOTJl 61l no 

..,,ln{P,•fP,'f 0,I(HOyY napayeTpy KpHTepHeB (3), 
H .ItJIJI co6!lTHff, HaXO.ztRlltl[XCH BHe 

06.naCTR nyqRa 1-RBaHTOB, H .ItJIJI c'o6!lTRff, reHepRpOBalIHHX Ha ~eKCHI'Jia"'." 
COBOM ROHBepTope. 
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j.PHc. 7. Pacnpe,IteJieHHR (a,6,B) 
co6HTBii qioHa, y,ItOBJieT
BOPSlDllllDC KpRTepRRM (I), 
(2) JiJ (3) COOTB8TCTB8H
HO no e . 

H8 npime,IteHHoro aHaim8a 
C.lI8JIY8T, qro co6UTlIR B IllIK8 JDl

.JIRJ_>TCR'llpO.J:tYKTaMI! pa8BaJI8 ym,T
pap8JIJITKBRCTCKBX n08KTpOJm8B B 
noJie MarJmTa. TaK KaK,OCHOBHOI 
JiJCTO~ nosRTpOHH8B - 8TO pac

mm Jl
0 

- r+ ll2e ' TO Ha6JIIJ,l(e
Jme no8lITPOJmeB ~eTCR BMec
Te C TeM 06HappteHHeM aTOMHOro 
pacmma 'J[ 0 -M880Ha. 

l{om,;qecTBO ll08BTpomieB 6u-

JIO onpe,1teJieHo IIORaHaJI1,HHM BUtm'l'aHBeM ns pacnpe,IteJiemm (pxc. 6B) qioHo
Boro pacnpe,IteJieHW! (pnc. 7B), HO!)MllpOBaHIIOro Ha noTOK 1-ItBaH'l'OB, COO'l'
B8TCTBYJ)lltlrl!: CT8Tl'ICTJme. Pa8HOCTHOe pacnpe,IteJieJme (pxc. 8) CO,ItepnT B 
Tpex ~eHTpa.lll,HHX RaHaJiaX lfflCJIO II08R'l'pOHKeB, paBHOe I85±,30. 

N 

-► 
Ill• 

-SIi~ 

PHc. 8. Pacnpe,1teJie1ma co6urni! 
CT8TBC'l'Rla!1 y,ItOBJI8TBOp.fI
Dll!HX Kp:e:TepBSIM (3), 
noCJie BUqRTamm qioHa. 
Illar no c paBeH O,OI. 

J);nJI HaXOllr.lt8HW:I mmym,cHoro Cll8RTpa n08H'l'pOJmeB IIO,It ll8MepR8Mlill 
yrJiou co6H'l'H.fI pa86Bl3aJ'JllcI> no BeJI:11,mHe Pe++ Pe'- Ha HeCKOJII,RO HHTep
BaJIOB H .ItJU1 Rallr.ltOro H8 JmX HaXO.Jt]IJIOCI, pacnpe,It8JI8HB8 _co6HTBtt no nepe-
118HHOI e . Ha·pnc. 9 nplIB8,It8H npnl~p B ~8 pa86HeHBJI Ha 1i8Tllp8 
BH'l'8pBSJia.. Ha PRC. IO nplm8,It8H mmyJII,Cmdt cneRTp 112 e B ~e pa86B-
8.HHJI Ha mec'l'I> J1HTepBaJIOB Kc yqeTOM 8amJClDIOC'l'l! aqqieRTBBHOCTH ycTa
HOBRll OT mmyJII,ca nos:e:TpoJm.fI. Ha STOY xe Pli1Cymt8 (nymcT:e:pRaJI JIBim.fI) 
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npnBe,IteH cneKTp 1-KBaHTOB, no.ny
qelilillil Ha co6HTRIIX c KOHBepTopa. 
3TH ,ItB8 Cll8KTpa lI8-88 6JIR8KO!i KH
H8MaTHKH nponecCOB !ll"~ f+ fl2e H 
Jr -rr ,ItOJilltHH npaKTl!q8CKH 

COBII8,It8Tl> lI OHR coBrumaIJT B npe,Ite
Jiax onm6oR. 

PHc. 9. Pacnpe,1teJieHHe co6uTHil cTa
THCTHKH, Y.ItOBJieTBOPRlOIIIBX 
KPHTepKRM (3) .It.lI.fI pa8HHX 
8HaqeJmii f'n2e = Pe+ Pe- : 
a) 600 < P112e.c:IIOO MsB/c, 
6) HOO< P112e 4 I40Q MaB/c, 
B) I400,; P11ze" I?OO MsB/c, 
r) I?OO .c: P112e-<- 2000 MsB/c. 

PHc. IO.liMnyJil>cHHe cneRTPH 
fl2e ( •) lI 1-RB8HTOB 
(nyHRrnp) B KaHaJie 
ycTaHOBKH. 

00'".s~----1'=0-----,.s'=------~L,o-
P, r,a/c 

IloJiara.R:, qTo Bee qioTOHI:,1 H no8HTPOHlilI ncnycKaDTCH npn pacmme 
fl 0 -M880HOB, 6uJia oneHeHa B8JilI'll'IH8 jJ OTHOWeHH.fI Bepo.R:THOCTH 8TOMHO

ro pacmma Jr." -M880Ha K B8PO.fITHOCTll ero pacna,Ita Ha ,ItB8 1-KBaHTa. IlpB 
8TOM 6wm yqTeHH 8/fxpeKTBBHOCTI, YCT8HOBKH lI 8/fxpeKTHBHOCTl> o6pa60TKH. 
0cHOBH8.fI Heonpe,IteJieJIHOCTI, B oneHKe B8JIRqHHll J> CBR88Ha C TeM, qTo llC
IIOJil>80BaHHHe B RaqecTBe MlIIIleHeii yrJiepo,ItHHe llJI8HKH pacCJiaHBaJIHCl>, ~TO 
nplIBO,ItlIJIO R ,ItOIIOJIHHTeJII,HOMY pa3pymemm ~CTR ll08HTPOHH8B. TaK RaR 
CTeneHI> pacCJI08HlI.fI lI pasBHTHe ero D Te~eime ceaHca H8ll8B8CTHll, TO 
onemca ,IteJiaJiacI> RaR .I(JISI umneHR 6ea paccJioeHIDI, TaR n .It.JI.fIIIOJIHOCTI>JO 
pacCJioeHHott umneJm: 

f = ( 1-f-4 }• f0- 9 
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0CHOBHlle pe3yJII,T8TH 1 Il0JtVII6HHlle B JO!ICCepTamra: 

l. BnepBHe ocymecTMeHO Ha6JID.zteime yJII,TpapeJ!JlTlllllICTCIGIX Il03RTpo
HReB c raMMa-qaKTOpru.m OT 800 ,ItO 2000 R 3aperncTp:irpoBaH caMIIil: pe,ItIGtli 
ll:3 Ha6JID,It8BIIIRXCR pacna,ItOB - pacna,It Ji0 -M630Ha Ha 1-KBaHT H Il03HTpo
HR:l!:. 

2. Ilo.nyqeHa oneHKa OTHOIDeHHR f B8PORTHOCTH aTOMHOro pacna,Ita 
Ji. 0 -Me30Ha K BepORTHOCTH ero pacna,Ita Ha .nBa 1-KBaHTa: 

Ji' = CI + 4)• ro-9• 

3. C03,ItaHa nporpaMMa peKOHCTP~ H 8HamI38 C06HTH:tt C YCT8HOBKH 
"Ilo3HTPOHR:l!:", C IlOMOUU,ID KOTopo:l!: o6pa6oTaHa no.nyqeHHaR B 3KcnepHMeHTe 
llHqx:>pMawm. 

4.MeTo,noM MOHTe-KapJio pacC'lll:TaHU HHTeHCHBHOCTH H IDJIIYJII,CHHe 
cneKTPH Il03HTPOHH6B OT pacna.zta 11' 0 -M830HOB ~ ~a qHKJmtJeCKHX yc
KOPHTe~e:l!:, B TOM ~CJie ~ YCKOPHTeM H<liB3, Ha OCHOBe no.nyqerurux pe-
3YJII,T8TOB 6~ BH6pamz yroJI H anepTypa KaHSJia ycTaHOBKH "Ilo3HTPOHH:l!:". 

Pacc~TaHH HHTeHCHBHOCTH H HMnYJII,CHHe cneKTPH 7( I-' -aTOMOB OT 
pacna,Ita I<{ -Me30HOB, 

5. Ilocpe,ncTBOM MO,neJIHpoBaHHR H3~8Ha B03MOlltHOCTI, H3M8p8HHR Bpe
MeHH Jm3HH Jl0 -Me3oHa 't,n. B :mcnepHMeHTe no perncTpanHH ero aToMHoro 
pacna,na, IlOKa38HO, tJTO Ha ycTaHOBKe "Il03HTPOHRa" BeJllI'mHa 7:J[o MOXeT 
6HTI, H3MepeHa co CTaTHCTHtJ8CKO:l!: TO'llIOCTI,)J ~ 4 + 5%. 

6. Pa3pa60TaHH 3<MeKTHBHHe a.n:ropHTMH MO,IteJ!l'IpOBaHHR pacna,ItOB 
8JieMeHTapma: 1!8CTHU ~ ,IteTeKTOPOB C MaJIO:l!: anepTypo:l!:. 3TH a.n:ropHTMH 
Il03BOJI111JIR llOBHCHTI, aqxl,eKTHBHOCTI, MO,neJIHpOBaHHR aTOMIDlX pacna.ztOB :JlQ... 
H K{ -M8SOHOB B .necRTKH pas, 

?, IloKasaHo, tJTO npHMeHeHHe MeTo,na opToromum3aUHH I'paMMa-lllt.m.ItTa 
nommaeT 6HcTpo,ne!cTBHe nporpaMMU MHoroMepHoro qiHTHpOBaHRR B .zteCRTKH 
pas no cpaBHemm C o6H'llIO HCilOJII,syeMHM M8TO,ItOM <liopca:l!:Ta-Ba:l!:cqie.n,na. 

Cos.naHa YJIHBepcanHM 6HcTpo.zte:l!:cTBYJ)lllrul nporpaMMa MHorouepHoro 
@,ITHPOBaHWl MeTO,ItOM OPTOroHanHHX no~OMOB, Pe3yJII,T8TH, no.nyqemme 
nocpe,ncTBOM aTo:l!: nporpaMM!l, 6~ HcnoJII,so:eaHl:l B npone.nype onpe.zteJieHl!lJI 
:m.myJII,COB 8JI8RTpOHa H IlOSHTpoHa H HX TpaeKTOpd B Mal'HRTHOM cneKTpO
MeTpe YCTaHOBKH "IlosHTPOHH!". 

MaTepHSJIH JO!ICC8pTamm OIIY~OBaHl:l B pa6oTax: 

l. ropqaKOB O.E., KynnoB A.B., HeMeHOB !.!. Oneima litHTeHOHBHOCTH 
nytlltOB peJ!JlTHBHCTCKHX Il0SHTPOHH8B Ha ycKOPRTeJIJIX BHCOKHX 8HeprH!. 
H<li, 1976, T,24, c.524. 
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2. BepTorpa,noB JI.C., roptJaKoB O.E., RynnOB A.B., HeMeHOB !.JI. Onemta 
TOtJHOCTli Il3MepeHRR BpeMeHH lltli3HH Ji'' -MeSOHa no Ha6JIKl,It8Hml ero 
aToMHoro pacrra.zta, OllillI, PI-9I8I, ,If,y6Ha, I9?5. 
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