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EalllKHpoB B.A. H np. 6 - 12342 
Ha6niDneHHe MID-HyKnoHHoro aroMa xnopa 

ITpHBeAeHbi peaynbTaTbi sKcrrepHMeHTa no Ha6niDAeHHID rvtiD

HyKnOHHoro aroMa xnopa, B03HHKaiD!llero rrpH aaxBare orpHua
TenbHhiX MIDOHOB aroMaMH aproHa, l1crronb30BanCH MeTOA rrpe
UeCCHH rronHoro MOMeHTa MID-HyKnOHHoro aroMa B cna6oM rrorre
pe~HOM MarHHrHOM none C perHCTpaUHeil BpeMeHHOro CIIeKTpa 
sneKrpoHOB ~-e pacrrana. 3KcrrepHMeHr rrpoBeneH Ha Me30HHOM 
KaHane J1a6oparopHH HAepHbiX rrpo6neM Ol1Hl1, raaosag MH!lleHb 
( o6'beM - 1,8 n, naBneHHe - 46 arM) HCIIOnb30Banacb OAHOBpe
MeHHo KaK CUHHTHnnHUHOHHb!M AeTeKrop AnSI perHcrpaUHH ocraHO
BOK MIDOHOB B ee pa6o~eM 06'heMe, 0ITHCbiBaeTCH 3KCITepHMeHranb 
Hag yCTaHOBKa H MerOAHKa rrpoBeAeHHH H3MepeHHM, 

Pa6oTa BhmonHeHa B J1a6oparopHH .HAepHhiX rrpo6neM Ol1Hl1. 

Coo6weHHe 06'beaHHeHHOrO HHCTHTyTa !IJlepHbiX HCCneaosaHHA, ,Uy6aa 1979 

Bashkirov V.A, et al. 6 - 12342 
Observation of ~- -Nucleon Atom of Chlorine 

The results of experiment on the observation of 
~- -nucleon chlorine atom produced at the capture of 
negatively charged muons by argon atoms are described. 
The method of precession of the total momentum of ~
nucleon atom in a weak transverse magnetic field with 
registrating time spectrum of ~-e-decay electron was used. 
The experiment was performed on a JINR meson channel, 
gas target (volune - 1.8 1, pressure - 46 atm.) was used 
simultaneously as a scintillation detector for registrating 
rruon stops in its working volume. Experimental setup and 
methods of measuring are described. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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BBEllEHI1E 

B HBCTOHWee BpeMH H3BeCTHhl ilBB SKCnepHMeHTB no o6-

Hapy)KeHHJO o6pa30BBHHH CB060UHbiX MJO-HyKnOHHbiX BTO-

MOB /1·3/ - MJO-Me30BTOMOB C nonHOC~b!O aanonHeHHOH 

sfleKTpouuoH. o6onoqKoii. B nepBOM H3 HHX 6wn o6uapy)KeH 

MJO-HyKnOHHbiH ¢rop, BO BTOpOM - BOUOpOJl. I1 HTepec K Ta

KHM CHCTBMBM CBH3aH C 60nblliHMH B03MO)KH0CTHMH no HC

nonb30BBHHJO HX B KaqeCTBe HHCTpyMeHTB KBK anH uayqeHHH 

¢H3HKO-XHM!fqeCKHX CBOHCTB BeWeCTBB, TBK If anH H3yqeHHH 

CBOl!CTB CBMOro MJOOHB 11·61. DosTOMy BB)KHbiM HBnHeTCH 

pacumpeHHe CnHCKB MJO-HyKnOHHbiX BTOMOB, Ha6niOJl8BlliHXCH 

SKCnep If MeHTBnb HO, 

HaMH HCCneaoBanoCb o6pa30BBHHe MJO-HyKnOHHOro BTOMB 

xnopa, B03HHKBIOWero npH 3BXBBTe OTpHUaTenbHbiX MJOOHOB 

aTOMBMH aproua. KaK H3Becruo, aTOM xnopa o6naaaeT napa

MarueTH3MOM, o6ycnoBneHHblM p -COCTOHHHBM ero BUeiDHeil. 

sneKTpouuoH. o6onoqKH. DosToMy cymecTBOBauue cBo6oaHoro 

MIO-HyKnOHHOrO BTOMB xnopa MO)KeT 6brTb 06Hapy)KeHO no 

npeueCCHH ero nonHOrO MOMeHTB F = J± ~ (rae J - MOMeHT 

sneKTpOHHOi1 o6onoqKH, t - CnHH M!OOHa) B MBrHHTHOM 

none C qaCTOTOil. w = g(F)MeH, rae H - MarHHTHOe none, 

Me - sneKTpOHHbrH. MarHeTOH Eopa, g(F) - cpaKTop flaHae, 

B onwre perucTp!ipOBancH BpeMeHHoil. cneKTP sneKTpoHoB 

11- e pacnaaa, MoaynupoBaHHbrH. qacroroH. npeuecCHH nonHoro 

MOMeHTB B nonepeqHOM MBrHHTHOM none HanpH)K8HHOCTb!O · 

3,0 H 4,4 3. 

3KCDEPI1MEHTAflbHA~ YCTAHOBKA 

YJccneUOBBHHH no o6pa30BBHHJO MJO-HyKnOHHOrO BTOMa 

xnopa npOBOUHnHCb HB Me30HHOM KaHane CHHXpOUHKnOTpOHB 
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Jla6oparopuu HAepHbrx npo6neM OM.HH /7/ ua MHf'KOM rry'IKe 

OTpuuaTeJihHblX MIOOHOB C HMTIYJihCOM 110 M38/c, paCTHHy

TOM BO BpeMeHU 11: JIHllleHHOM BpeMeHHOH CTpyKTypcl (nony

lllUpHHa Ha TIOJIYBb!COTe KpHBOH npo6erOB I'lL = 2,1 r/cM2 

yrnepoJJ.a, nonHpu3aUuH ny'IKa P 0 = 0,75:!:_0,05). 3ror ny'IOK 

UMeer onpeAeJieHHhle npeuMywecrsa B accneAOBaHuHx c oc

TaHasnusaiOWUMHCH B TOHKHX MY!lll8HHX MJDOHaMY!, o6eCTI8'IHI.IaH 

HaH60Jihlll88 OTHOlll8HU8 TIJIOTHOCTY! OCTBHOBOK B MY!lll8HH 

K HHTeHCYIBHOCTU 'IaCTHU, IIpOXOAHlllHX 'Iepe3 Hee !S/, 06ruaH 

CXeMa 3KCTI8pHM8HTaJibHOH ycTaHOBKYI 11: 6JIOK-CX8~1a 3JI8KTpOH

HOH annaparyphl npuseJJ.eHw Ha puc. 1 H 1. CuaurannHUYIOH

Hbre C'I8T'IHKU l U 2 pa3MepOM 20x20x1 CM3 11: 10x10x0,3cM 3 

COOTB8TCTB8HHO perucrpaposaJIH TIY'IOK MIOOHOB, npOXOAHlllHH 

'Iepe3 CBYIHUOBhlH KOJIJIY!MaTOp AY!aMerpOM 9 CM, ilaTIOJIHH

T8JihHOe ~opMY!posauae ny'IKa ocywecrBJIHJIOCb naryHHhlM 

KOJIJIHMaropoM AUaMerpoM 7 eM. ManaH ronwaua ¢YIJibrpa 

(5 -'-7 r/CM 2 ) TI03BOJIHJia Y!CTIOJJb30BaTb B KB'I8CTBe 3aMe,QJIH

T8JIH TIOJIH3THJieH, B KOTOpOM MlOOHbl cna6o pacceHBBlOTCH, 

fa30BaH MUlll8Hb HCTIOJib30BaJiaCb O,QHOBpeMeHHO KaK CUHHTHJI

JIHUUOHHhlfi ,Q8T8KTOp ):lJIH pef'UCTpaUHYI OCTaHOBOK MIOOHOB 

B ee pa6o'IeM o6beMe IJI. C~l:lepaqecKai:'r Kopnyc MHWeHH 

(pac, 3) U3f'OTOBJieH 11:3 Hep.>KaBeiOmeA CTaliH, BHyrpeHHHtr 

AHaMerp - 150 MM, TOJI!llHHa CTeHOK- 3 MM, pa6oqee ABBJie

HUe f'a3a - 46 aTMoc¢ep. 06beM ra30BOH MY!lll8HH IIpOCMaT

pusaJICH <:P3Y-110 'Iepe3 OKIIO, 3aKpb!TOe KBapll8Bb!M CT8KJ10M 

TOJI!llUHOH 40 MM. CseTOBOA U3 TIOJIY!CTY!pona YICDOJib30BaJICH 

AJIH BbiBOAB <P3Y C MBf'HHTHbiM 3KpEIHOM 11:3 06JiaCTH Maf'HHT

HOf'O IIOJIH, 

ilJIH Bhl,Q8JI8HHH OCTBHOBOK B f'a3e Y!CTIOJib30BaJICH M8TOA 

AUCKpHMYIHBUHU CHf'Hana C ra30BOH MY!lll8HU (c ITOMO!llbiO 

AUCKpHMY!HaTopa C TO'IHOH Bp8M8HH01~ TipHBH3KOll nn /101), 

OCHOBaHHbiH Ha pe3KOH 3aBY!CYII\10CTH HOH11:3aUHOHHbiX IIOTepb 

OT 3Hepf'Y!H 'I8CTHU, ITOITaJJ.aiO!llHX B f'83, 

llnH ¢opMUpOB8HYIH IIOJIHOCTbiO 38TIOilH8HHOH 3JI8KTpOHHOH 

060JIO'IKU MIO-HyKJIOHHOf'O 8TOMa XliOpa apf'OH AOJI~eH CO,Qepmarb 

XHMH'I8CKH IIHepTHyiO IIp!IM8Cb, o6JI8A8IO!llYIO TIOT8Hll11:8JIOM 

HOHH38UUH, M8HhlllHM, 'I8M 31-l8pf'UH CBH3H TIOCJI8AH8f'O 

3JI8KTpOH8 B MIO-HYKJIOI-IHOM aTOMe, ilnH 3TOH ll8JIH HCITOJih-

30B8JICH KC8HOH, MY1lll8Hh 1-IBIIOJIHHJiaCb CJI8AYIO!llHMH CM8CHMH 

ra3os: Ar (45 arM.) + Xe (1 arM.) H Ar (39artv!.) + 
+ Xe (7 arM,). YseJia'IeHue KORUeHTpauua KCeHoHa npaseno 
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8 

Puc. 1, 3KcnepHMeHTaJibHaH ycraHOBKa, 1,2 - MOHHTOpHbre 

C'IeT'IHKU; 3-7-5 - e -C'I8T'IHKH 3JI8KTpOHHOf'O TeJieCKOITa; 

6-7-8 - E -cqeT'IHKU sneKrpouuoro renecKona; 9 - raaosaH 

MHlll8Hb; 10- ¢HJibTp 11:3 TIOJIH3THJieHa; 11 - KOJihUa feJibM

f'OJibUa; 12 - CBYIHUOBaH 3a!llHTa; 13 - naryHHhlH KOJIJIY!MaTOp, 

K YB8JIH'I8HHIO aMTIJIUTYAhl CUHHTUJIJIHUUOHHOH BCTihllllKU U 

ynyqweHY!IO 8HepreruqecKoro pa3peweHHH AeTeKropa: llA/A =22%, 

rAe A - cpeAHHH aMnnuryAa carHana or a -HCTO'IHHKa, 

ycTaHOBJI8HHOf'O BHYTPH MHllleHu (puc. 3), i'lA -wupHHa Ha 

IIOJIYBhlCOTe aMTIJIHTYAHOf'O pacnpe,QeneHHH, 

Tpa sneKrpoHHbiX renecKona, Ka:iKJJ.biA H3 Koropbrx cocro

HJI H3 ABYX C'I8T'IHKOB, BKJIIO'I8HHbiX Ha COBTiaJJ.eHUH, II03BQ-
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JIHJIH nony'IHTb 60JibWOA TeJieCHhlH yron perHcrpaUHH aneKT
POHOB pacnaaa 477 x 0,3 cp. E - cqeT'IHKH aneKrpoHHoro 

TenecKona HMeiDT paaMephl nnacruqecKoro CUHHTHJIJIHropa 
( 30 X 30 X 10 CM 

3 
) C B03AYWHb!M CBeTOBOAOM AJIH 

Bb!BOAa ¢3Y-52 C MarHHTHblM 8KpaHOM H3 o6naCTH MarHHT
HOro nonH. CpeaHHH aHeprHH aneKrpoHOB pa.cnaaa -

33 MaB 11 11, ux aHepreTH'IeCKHe norepH B E -cqer'IHKax 

cocraBJIHIDT B cpeaHeM 20 MaB. Tiocne KanH6poBKH E -c'IeT
'IHKOB Ha nyqKe npOXOAHWHX penHTHBHCTCKHX 'IaCTUU Ha 

AHCKpHMHHaropaX n ycraHaBnHBanCH ypoBeHb AHCKpUMUHa

UHH, COOTBeTCTByiOWHA SHeprerH'IeCKUM norepHM 10 MaB 

B CUUHTHnnHrope, 'ITO UCKnhl'Iano B pa60'IUX ycnOBHHX 

perucrpaUHIO MHrKHX cfloHOBbiX y -KBaHTOB. ilnH acfJG,JeKTUBHOH 

pa6oTbr E -c'!eT'IUKOB Heo6xoauMo xopowee aMnnuryaHoe paa
peweHue H paBHOMepH8H 30HHaH XapaKrepHCTHKa ¢3Y. 3ro 

o6ecne'IHBanOCb noa6opOM noTeHUHanoB Ha 0oKycupyiDWHX 

aneKrpoaax u nepBOM AHHoae <1>3Y-52 no MeroauKe, npeano
)!{eHHoA B pa6ore /12/, 

BpeMeHHoe paapeweHue E -c'IeT'IUKOB, H3MepeHHoe anH 

npOXOAHIUHX qepe3 C'IeT'IHK 'IaCTHU,paBHO BpeMeHH HapacraHHH 

curHana Ha aHoae ¢oroyMHO)!{HrenH u cocraBuno -6 Hc. 

e -C'IeT'IHKH HMeJIH pa3Mepbl CUHHTUnnHTOpa (20x20xl CM 3 ), 

KOTOphlH npOCMarpHBaJICH 'Iepe3 nneKCHrnaCOBhlH CBeTOBOA 

cfloroyMHO)!{HTeJieM ¢3Y -30. l1 cnOJib30BaHue HU3KonoporOoblX 

cflopMUpOBareneA n03BOnHJIO nony'IUTb BpeMeHHOe paapeweHUe 

e -cqer'IUKOB nopHaKa 2 HC. CurRan c HU3KonoporoBbiX ¢opMH
poBareneA nocrynan Ha BXOAbi CXeM COBnaaeHHH C3, C4, 

C5 (puc. 2) C aaaep)!{KOH -10 HC no OTHOWeHHID K CUrHany 

C AUCKpHMUHaTOpOB. ilnH ynyqweHUH acflcfleKTUBHOCTU noaaB

neHHH aanyCKOB OT npOXOAHIUUX 'IaCTUU CUrHanhl C ci>H noaa
BanHCb Ha BXOA aHTUCOBnaaeHHH CXeMhl C2. 

Pacnpeaeneuue UHTepBanoB BpeMeHu Me)!{ay ocraHOBKoA 

MIDoHa B MuweHu (curuan 12fe) u ero pacnaaoM (curRan eE) 
perucrpupoBanOCb C nOMOIUbiD T-K KOHBepropa /13~ KOTOpb!H 
npeo6pa30BhlBan BpeMeHHoA HHrepBan B KQA, nocrynammuA 

Ha MHoroKaHanbHhrA auanuaarop Al1-4096. OcymecrBnHnocb 

paaaeneHue naMHTH auanuaaropa Ha qerhlpe nnocKocru no 

512 KaHanoB B Ka)!{AOH. K OAHpOBKa Ka)!{AOro C06biTHH C no

MOIUbiD CXeMbi "aewucflparop" n03BOJIHna aanUCbiBaTb ero 

B OAHy U3 rpex nnOCKOCTeA B 3aBHCUMOCTU OT HOMepa rene-

8 

CKOna, peruc rpupyiDIUero aneKTpOH pacnaaa. TI ocne npHXOAa 

curHana "crapr" (12f~) T-K KOHBeprop Bhlpa6aThlBan HM

nyni:C BOpciT anuTenbHOCTbiD 7 MKC, B reqeuue KOTOporo Be

naCb perucrpaUHH aneKrpoHOB pacnaaa. "OxpaHHaH" norHKa 
( 6nOKH KpaTHbiX C06bJTHH "2e" U '~211'~) KOHTpOJIUpOBana no

HBneHUe TOnbKO OAHOrO MIDOHa H OAHOro aneKTpOHa B pa6o-

'IeM HHTepBane 1 MKC 7 6 MKC ( t = 0 - MOMeHT OCTaHOBKH 
MIDOHa) , 'ITO o6ecne'IHBano paBHOMepHOCTb cfloHa cny'IaHHhlX 

coBnaaeHuA. B cny'Iae uapyweHuH aroro ycnoBUH co6hlTHe 

aarruchlBanocb B qerBeprym rrnocKocrb aHanuaaropa. CaBur 

MOMeHTa OCTaHOBKU MIOOHa B pa60'IeM HHTepBane WKBJibl 

aHanuaaropa Ha 1 MKC OCyiUeCTBnHnCH 6noKaMU Ka6enbHb!X 

nHHUH aaaep)!{KH fl3. TipH COBrraaeHUU BO BpeMBHU (XOTH 6hl 

'IBCTH'IHO) CUrHanOB C aneKTpOHHh!X reneCKOITOB Ha BXOA 

cxeMbi "2e" co cMeCHTenH CM rrpHxoaun ronbKO oauH cur

Han, rroaroMy nnH rrpaBunbHoA uneHrHcfJHKauuu raKoro co6hl

TUH Hcrronbaosanacb Ma)!{opurapHaH cxeMa cosnaneHHA MC 

KparHocrH nBa. BpeMeHHhle crreKrphl aneKrpoHoB pacrraaa or 

Kamnoro renecKona, MoaynHposaHHhle '!acroroA rrpeueccuu 

CITHHa MIDOHa, OTnH'IanUCb nHWb Ha'IanbHbiMU cflaaaMU rrpeuec

CHH ¢· YposeHb cfloHa cnyqaAHbiX COBrraaeHHH ITO OTHOWeHHID 
K rrepBbiM KaHanaM speMeHHoro crreKrpa aneKrpoHOB pacrraaa 

COCTaBUJI -1%. 

Ebino rrpoaHanuauposaHo BnHHHHe cnenymmux senu'IuH: 

At - wupuHbl KaHana aHanuaaropa; m - qucna KaHanoB 

aHanuaaropa, npuxoaHIUHXCH Ha rrepuoa npeueccuu T ; kAt 
BenH'IHHhl pa6oqero HHTepBana - Ha OTHOCHTenbHyiD OWH6Ky 

A a 
---- Bhl'IHcneHHH Koa¢¢uuHeHTa acuMMerpuu L B cooTBeT-a . 

CTBUH C rrony'IeHHhlMU peaynbTaTaMH 

rrpu cnenyromux ycnoBHHX: 

kAt 1) ------ > 3 
T - ' 

2) 

3) 

m 2: 10, 

T -- < 1, 
T 

H3MepeHHH ITpOBOAHnHCb 

rae T - BpeMH )!{lf3HH MIDOHa B BeiUeCTBe MHWeHHo lliupRHB 
KaHana aHanHaaropa At orrpenenHnacb 'IacroroA KBapueBoro 

reHeparopa T-K KOHBepropa H cocraBnHna 20 HC. Benu'IHHa 

HaiTpH)!{BHHOCTH MarHRTHOrO ITOJIH Bhl6HpanaCb TBKOH, 'IT06hl 

9 



BbmonHsinHCb ycnoBH.H 2) H 3). MarHHTHhie non.H HanpmKeH

HOCTbiO 1 7 5 3 C03UaaanHCb KOnbUaMH fenbMrOnbUa ( ¢ KO

neu = 670 MM), a non.H Hanp.H:»<eHHOCTbiO 40 7 60 3 - cone
HOHUOM C p = 150 MM H nnHHOH 300 MM, 0Cb KaTyiiiKH H OCb 

coneHoHna coananana c HanpaaneHHeM pacce.HHHoro nong yc

KOpHTeng ( H ycK= 4,5 3), KOTOpOe COXpaH.HnO nOCTOSIHHYIO 

aenH'IHHY H HanpaaneHHe B TeqeHHe npoaeneHHH H3MepeHHH, 

nosTOMY H l= H ycK +H 0. rne H 0 - none, C03UaBaeMoe Ka

TYIIIK8MH HnH coneHOHUOM. BpeMeHHaH HeonHoponHOCTb Mar-

HHTHoro nong (~Hl/Hl)BpeM. paBHHnacb 0,4%, HeOUHOpon-

HOCTb nonS! B o6naCTH, 3aHHMaeMOH ra30BOH MHllleHb!O , 

(~HC/H ~) - 2%, 
..:. 11 OCT • qHCTK~ rR3a MHllleHH OT npHMecei% OCyllleCTBJlHJlaCb 

nyTeM ero HerrpepwBHOH UHpKyn.HUHH qepe3 neqb c MeTannH
qecKOH CTpy»<KOH KaJlbUHSI H THT8H8, HarpeTOH UO TeMnepa

Typbl 650°C. 

MeTonoM xpoMaTorpaqmqecKoro aHanH3a 6bmo noKa3aHo, 

qTO OTHOCHTenbHaH KOHUeHTp8UH5I npHMeCeH ( 0
2

, N
2 1 

H 20, H 2 H npoCTbie opraHH'IeCKHe coenHHeHHH) B MHIIIeHH 

rrpH naaneHH H ra3a 46 a TM, He rrpeBbiiiiaer 10 -
6

. VI cnonb3Y .H 

H3BeCTHble KOHCT8HTbl XHMH'IeCKHX peaKUHH k a TOM8pHOPO 

Xnopa /l 4 / H KOHUeHTp8UifH COOTBeTCTB)'!OlllHX npHMeCeH (k = 

= 10-tOCM 3/c,n"'1 0 15 cM -B) ,MO>KHO paccqHThiBaTb BpeMH BCTynne

HH5I p-HyKnOHHOrO aTOMa xnopa B XHMifqeCKHe pe8KUHH C MOJle

KynaMH ITpHMeCCH C o6pa30BaHHeM UHaMarHHTHhlX COeUH!IeHHil 

tXHM. = 1/kn = 10-
5 

C, 'ITO ropa3UO 60Jlbllle BpeMeHH )Klf3HH 

MIOOH8 B aproHe TAr = 570 HC. 

YI3MEPEHYI.H 

B SKCnepHMeHTe Hcnonb3osanacb 3BM HP-2116. 4Hcno

Bhie MaCCHBhi HaKannHaanHCb B naMHTH aHanH3aTopa AYI-4096 

B reqeHHe onpeneneHHoro speMeHH, 3aTeM BhlBOUHJlHCb Ha 

3BM c 3anHCbiO Ha MarHHTHyiO neHry. DporpaMMbi nepBH'IHOH 

o6pa60TKH 8KCnepHMeHT8JlbHhlX cneKTpOB n03BOn51JlH 6hlCTpO 

nonyqarb Heo6xonHMhie naHHhie nnH Bbi6opa H KOHTponH 

ycnOBHll nposeneHHSI 8KCnepHMeHT8, 

1. KanH6posoqHwe H3MepeHHH nposonHnHCb Ha yrnepon

Holi MHllleHH p83MepOM 9x9x2,5 CM 3 B MarHHTHOM none Ha

npH)KeHHOCTb!O 40 3, DonyqeHHOe MeTOUOM H8HMeHblliHX KB8ll-
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I 

paros ( MHK) 3Ha'IeHHe napaMerpa aCHMMeTpHH a c = 
= (4,75:!:_0,10)'/o MO)KeT 6hiTb HCnOnb30BaHO llJlS! K8nH6pOBKH 

pe3ynbTaTOB. EonblllaH cTaTHCTHKa, onHO'IaCTOTHaH npeuec

CHH C 6onblliHM K08¢¢HUHeHTOM 8CHMMeTpHH n03BOnHnH 

c xopollleli TO'IHOCTbiO onpenenHTb Ha'IaJlbHhie ¢a3hi npeuec

CHH. 3TH ¢a3hl HCnOJlb30BaJlHCb npH o6pa60TKe cneKTpOB, 

nonyqeHHhlX Ha ra30BOH MHllleHH. 

2, 8bJ60p pa6oqero ypOBHSI llHCKpHMHHaUHH CHPHana C ra-

30BOH MRIIIeHH npoaonHnCH nyTeM BhweneHHH c noMOIUbiO 

MeTOUa HaHMeHblliHX KBanpaTOB llBYX 8KCnOHeHT BO BpeMeH

HOM cneKTpe 8neKTpOHOB pacnana, OTBeqaiOIUHX OCTaHOBKaM 

B KOpnyce MHllleHH (rFe "'200 HC) H B 'ra3e MHllleHH (rAr = 
"'570 He) !9/, Bhi'IHCnHnocb OTHOIIIeHHe NF

8
/N Ar, rne NFe

nonHOe qHCnO 8JleKTpOHOB pacnana MIOOHOB, OCTaHaBJlHBaiOIUHXCSI 

B cTeHKax MHIIIeHH, NAr -rronHoe 'IHCno sneKTpOHOB pacrrana 

MIOOHOB, OCTaHaBJlHBaiOIUHXCSI B ra3e, B 3aBHCHMOCTH OT ypOB

HSI llHCKpHMHHaUHH CHrHana c ra3osoi% MHIIIeHH, Bhi6Hpancg 

ypoBeHb lllfCKpHMHHaUHH, o6ecrre'IHB8IOIUHH Bb!COKYIO CKOpOCTb 

Ha6opa none3HOH CTaTHCTHKH H ManyiO noniO npOXOllHIUHX ra3 

qacTHU B o6IIIeM 'IHcne 3arrycKoB, B 8KcnepHMeHTe nony'IeHa 

cpeUH5151 CKOpOCTb Ha6opa none3HOH HH¢opMaUHH ll Ar = 
---= 9 co6,/c, HHTerpanbHhiH BKnan sneKrpoHOB 11-e pacnana 

OT OCTaHOBOK B CTeHKaX MlfllleHH NF
8

/N Ar He rrpeBbiiiian 10%, 

3, DonHOe BpeMH Ha6opa CTaTHCTHKH Ha ra30BOH MHIII8HH 

COCT05IJ10 H3 OTnenbHhiX 8KCn03HUHH, llJlHT8JlbHOCTb KOTOphiX 

MOHHTOpHpOBanacb nOTOKOM MIOOHOB N 
12

• 3TO IT03BOn51nO 
ocyrueCTBJlS!Tb KOHTpOJlb ycnOBHH nposeneHHSI 8KCnepHMeHT8 

If BHOCHTb He06XOllHMhl8 KOppeKTHBhl B rrpouecce H3MepeHHH, 

DpH o6pa6orKe pe3ynbraros rrposonHnocb rroKaHanbHoe cyM

MHposaHHe CITeKTpOB ornenbHhiX 8KCIT03HUHH,BpeMeHHa5I CT8-

6HnbHOCTb pa60Thi sneKTpOHHKH KOHTponHposanacb no nonox<e
HHIO Ha BpeMeHHOH lliKane 8H8nH38TOpa MOMeHTa OCTaHOBKH MIO

OHa B MHllleHH.llnH 8TOPO Ha rryqKe rrpOXOll5IIUHX qepe3 MHllleHb 

'IaCTHU opr8Hif30BhlBanC5I pe)KlfM pa60Thl sneKTpOHHOH CXeMhl, 

B KoropoM CHrHanhi "crapr" ( 12f) H "cron" (eE) Ha axone 

T-K KOHBepTopa HHHUHHpoaanHCb OllHOll H TOll »<e qaCTHUeli, 

C noMOlllb!O CneuHanbHhiX nporpaMM o6pa60TKH BpeMeHHOPO 

crreKrpa sneKrpoHoB pacnana nng ornenbHhlX 8KCIT03HUHli 

KOHTpOnHpOBanOCb OTHOllleHHe ~<tJq/NcpoH' ( rne N ~¢¢- qHCnO 
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3neKrpoHoB pacnaaa, N cpoH -qacno ¢oHOBbJX co6bJTHH Ha 

oaHOM H TOM Me BpeMeHHOM HHTepsane), CpeaHHH CKOpOCTb 

Ha6opa none3HOH CT8THCTHKH UAr H HHTerpanbHbiH BKnaa 
3neKTpOHOB Jl-e pacnaaa OT OCTaHOBOK MIOOHOB B CTeHKaX 

MHWeHH. 

OEPAEOTKA llAHHbJX 

11 PE3Y flbT ATbJ 3KCDEPMMEHT A 

DpeueccuH nonHoro MOMeHra aroMa B cna6oM MarHHT

HOM none noapo6Ho paccMorpeHa B pa6ore ~! npHMeHHTenb

HO K cny'IaiO MIO-HyKnOHHoro aroMa ¢ropa. KoHcimrypaUHH 

BHeWHeft 9neKTpOHHOH o6onO'IKH ranoreHOB oaHHSKOBa, noa

TOMY cxeMa yposHeti: MIO-HyKnOHHoro aroMa xnopa, KBaHTOBbJe 

•mcna, xapaKrepHSyiOmue KaMaoe cocroHHHe (puc. 4), Kap

ruHa npeUeCCHH TaKHe Me, KaK H anH MIO-HyKnOHHOro STOMa 

F . B nonepe'IHOM MarHHTHOM none aon:>KHbJ Ha6niOaaTbC51 ase 

'IaCTOThl npeueCCHH B OCHOBHOM COCT051HHH STOMa ranoreHa 

2p 312 ( w anH F = 2 u 5/3 w anH F= 1) u oaHa - B sos-

6yMaeHHOM COCTOHHHH 2 p 112 ( 1/3 w anH F = 1) • 3aeCb w
'IaCTOTa npeueCCHH TpunneTHOrO MIOOHHH B MarHHTHOM none 

roft Me HanpHMeHHOCTH. BpeMeHHoe pacnpeaeneHue aneKrpo

HOB p.-e pacnaaa anH Cny'Ia51 p -COCTOHHHH o6onO'IKH MIO

HyKnOHHOrO aroMa xnopa HMeer sua (s orcyrcrsue ¢oHa): 

N(t) = N0 exp(-At)l1 + a k [~- cos(-!wt + ¢) + 

+ (1- a)-~cos(wt + ¢) + (1- a)-1-cos(-~wt + ¢)]! 
16 16 3 ' 

( 1 ) 

-1 
rae A - BpeM51 MH3HH: MIOOH8 B aprOHe; rp- Ha'IanbHaH cpa3a 

npeUeCCIIH; ak - K03rPrPHUHeHT 8CH:MMeTpH:H, COOTBeTCTByiOWH:H 
OCTaTO'IHCd nonHpH3aUHH MIOOHa Ha K -o6onO'IKe B OTCyT

CTBHe CBepXTOHKOrO B38H:MOaeftCTBH:51; a - saceneHHOCTb 
2 pl/2 -COCTOHHH51; (1- a)- 3aceneHHOCTb 2p3~- COCTOH-

HHH; W - 'IaCTOTa npeueCCH:H TpH:nneTHOro MIOOHH:H, AMnnu

Tyahl npeuecCH:H: Ha COOTBeTCTBYIOWH:X 'IaCTOTaX 3aBHCHT OT 

BenH'IH:Hhl ak' OT xapaKTepa 3aceneHHOCTH COCTOHHHH 2P 112 

t2 

l ~ 

~ 

...... 
Clt> 

~ 

~ 

Cf) 
I 

.....J 

'--i 

lt. 

\c ~ cj 
t:::::l ~ ~ 
b I s.. '=::. "" ~IC'\l ~~~ ~~~ 

"'IC\l ~~~ ~~~ 

I '-ltv) ~~tY) -~ 

C\ZII'r) 'r-IC't) 

~t'\1 l'<)IC\l 

"I C\J 

"-t 

~IC\1 

C) ~ ~ C\1 
" 7 

f I 

< 

~ 
(J) 

u 
::s: 
::r 
:><: 
:il 
Ill 
0 
F-o 
ti: 
<1l 
Ill 
:.:: 
<1l 
::f 
::s: 
~ 

\0 
<1l 
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::s: 
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0 F-o 
~ 0 
:><: F-o 
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<1l 

~ ::r 
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F-o >:S: 
<1l (J) 

0 s 
J:... Sl 
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ti: F-o 
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~ F-o 
:.:: (J) 
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ti: F-o 
I 0 
Sl 0 

~ 
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>:S: ti: 
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:>, (J) 
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<1l (J) 

~ 0.. 
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H 2P S/2 H OT BeiiH'IHHbl {3 JlellOi15IpH38UHH MlOOHa B peaynh

TaTe aaceneHH5I cocTOSIHHli c paanH'IHbiMH npoeKUHSIMH MF 
nonuoro MOMenTa F ( Jlii5I cooTBeTCTByromHx qacror {3 = I /2, 
5/I6 H I/I6, pHC, 4). 

3KcnepHMenranbHhle BpeMeHHhle pacnpeJleileHHSI sneKrpo

HOB ~-e paCll8Jl8 o6pa6aThlB8iiHCb MeTOJlOM H8HMeHbmHX 

KBaJlpaTOB ( MHK) c HCllOilb30BaHHeM aaBHCHMOCTH (I). Y'IH

ThlBancg BKilaJl B sKcnepHMenran~uoe pacnpeJleneHHe sneKT

ponoB 11 -e pacnaJla OT M!OOHOB, OCTaHOBHBmHXC5I B KOpnyce 

MHmeHH H B KBapUeBOM CTeKile, qepe3 KOTOpoe llpOCM8TpH

BaJIC5I o6beM raaoBoli MHmeHH, Haqano o6pa6oTKH cneKrpa 

CJlBHraiiOCb H8 HeCKOilbKO KaHaiiOB, 'ITO ll03BOJI5Iil0 H36a

BHTbC5I OT BKnana 9KCllOHeHTbl 1 OTBe'laJOmeli pacnaJly MJOO

HOB, 38XB8'leHHbiX aTOM8MH KCeHOH8 ( TXe = 80 HC, ll!HpHHa 

KaHana- 20 HC) ,06pa60TK8 HHcpOpM8UHH npOB0JlHii8Cb B Cile

JlyJOmefi nocnenoBarenbHOCTH. llnSI KmK]loro cneKTpa, nonyqeu

uoro C llOMOmbro OJlHOrO H3 TpeX 9ileKTpOHHhlX TeileCKOllOB, 

npOBOJlHJIC5I rapMOHH'leCKHH 8H8iiH3, KOTOphlH ll03BOJI5Iil 

BhlJleiiHTb 'laCTOThl npeueCCHH H nonyqaTh Ha'lailbHhle npH6JIH

*eHH5I napaMeTpOB Jlii5I nocneJlyromeli o6pa6oTKH cneKTpa ne-

iiHHeliHbiM MHK (nporpaMMa FUMILI). HaqanbHbie ¢aabr 

npeueccHH ¢.uai1JleHHhle npH o6pa6oTKe cneKTpoB, nony'leHHhlX 

Ha yrnepOJlHOH MHmeHH, cpHKCHpOBaiiHCb, B CB5I3H c cHilhHOli 

KOppei!HUHefi napaMeTpa aCHMMeTpHH ak H 3aCeileHHOCTH 

2p 
112 

-COCT05IHHH M10-HYKiiOHHOrO aTOMa onpeneneHHe BeiiH

'IHHbl a c llOMOmbro IIeiiHHeiiHOro MHK 38TPYJlHel!O, nosroMy 

Ha nepBOM 9T8lle 06pa60TKH BeiiH'IHH8 a cPHKCHpOB8ii8Cb 

B npeJlllOiiO*eHHH CT8THCTH'leCKOi1 3aceneHHOCTH COCT05IHHH 

2p1/2 H 2p3/2 (a= 1!3). 
3aTeM llpHMeHHJICH MeTOJl JlByxnapaMeTpH'IeCKOrO 8H8iiH38 

38BHCHMOCTH X2(a, ak) Jli!H KB*JlOrO ClleKTpa (oCT8ilbHble 

napaMeTphl, uafineHHhle na nepBOM srane o6pa6oTKH, cpHKCH

poBanHCb). Bee a H Kos¢¢HuHeHT acHMMeTpHH ak ue aaBH

CHT OT cpaKTOpOB, KOTOpbre MOriiH 6hr MeHHTbC5I OT ClleKTp8 

K cneKrpy, nosroMy npoBOJlHilach onepauHH cno*eHHH x 2
, 

llOily'leHHhiX llpH OJlHHBKOBh!X 3H8'leHHHX a H ak Jlii5I KB*

noro cneKrpa. PeaynhTBTbi nByxnapaMeTpH'IeCKoro auanHaa 

no BCefi CT8THCTHKe npHBeJleHhl H8 pHC, 5, nonyqeHO 3H8'le

HHe BeCa 2 p 112 -COCTOHHHH MJO-HYKiiOHHOrO aTOMa Xi!Opa 

a = 0,22;t_O, 11. nanee napaMeTpbl a k' w ' A ' N 0 onpe-

14 

X2 -X~"' 

24.0 

12.0 

8.0 

't.O 

0.0 

ao 0.04 

I I 
I ~ I -- -~--- - ---r-- ---

f-Q= ~. 

I
! i l i 

jl: gij;; ~f:f .. 

0.16 

" -a = g,r% - l 
:X-1'in 1 t41S 

l 
I 

I 
1 --o--

-~-r---

0.24 O.J2. 0.40 a' 

'He. 5. PeaynhTaTbJ JlByxnapaMeTpH'lecKoro auanHaa 3aBHCH

IOCTH x 2 (a, ak ). 
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Ao,Jo 

2.00 

1.00 

0.00 

-1.00 
0.00 

A,0/o 

2.00 

1.00 

0.00 

-1.00 
000 

I 

1\ I \ 
If \I \, \f ., 

0.40 0.80 

I\ ,, 
(\ 

I) v , 
\ ~ 
v 

0.40 0.80 

a) 

-- (\J 
I v 

\ 
\J 
1.20 1.60 Wjw MU 

6) 

If' I/\ , 1'-.1 
J v 

1.20 1.60 W/wMu 
Puc. 6. Peaynbrarw rapMoHuqecKoro aHanuaa: a) aKcnepa 

MeHranhHoro speMeHHoro pacnpeaene&ag aneKrpoHoB pacna· 
aa B apro&e; 6) pacqer&oro pacnpeaene&ag,omaaaeMoro 
B cnyqae o6paaosaHaH MID-HYKHOHHoro aroMa xnopa. 

ti 

aen5macb Hena&eti:HbiM MHK npa cpaKcHposaHHOM a&aqeHaa 
rrapaMerpa a = 0,22 a ycpeAH>~nach no rpeM cneKrpaM 
COOTBBTCTBYIDWaX aneKTpOHHhlX TeneCKOnOB. TionyqeHO 
cpe.aHesaseweHHoe no sceti: craracraKe_ 3HaqeHae ak = 
= (5,9;t_1,2)i'o a BpBMH :>Ka3Ha OTpaUaTBJib'HOro MIDOHa B ap
roHe TAr= 571:t_20 HC. 

Ha pac.6 noKaaaHhl peaynhrarw rapMOHHqecKoro aHanaaa 
sceti: craracrrrKH. Ha aroM me pacyHKe npase.aeHa 
O:>KaaaeMaH Kpasag, nonyqeHHaH c yqeroM ycnosati: 
aKcnepHMeHra .an>~ cnyqag rpexqacrorHoA npeueccuu rrpu 
a k = 5,9% l:! a = 0,22, TI OCKOJibKY H3MepeHHH npOBO.[laJiaCb 

B MarHHTHbiX ITOJIHX pa3JifiqHoti: HaHpH:>KBHHo'cra, ,QJIH nocrpoe

HaH cyMMapHoA Kpasoti: ocb a6cuacc rrporpa.ayaposaHa 
B e.aHHHuax w/w , r.ae wMu -qacrora npeuecCHH Mu 
TpanJieTHOrO MIDOHHH B .[laHHOM MarHHTHOM none. 

Asropw swpamaiDr CBOID 6naro.aapHoCTh B.TI.il:>Kenenosy 
fi fl.~J.flanuaycy 3a DpOHBJIBHHhlH HHTepeC H BHHM8HHB K pa-
6ore, a raKme B.A.KaHueposy, B.H.Crapocenhuesy, P.fl.H6-
paruMosy H A.B.BacHJIHWYKY aa DOMOWh B rro,aroTOBKe 
u npose.aeHHH aKcnepaMeHra. 
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