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Y,llK 539.1 M-I6 

OYEPEnHOH GTAn GKCnEPMMEHTOB no M3Y4EHMO B]MRHHR TEMnEPATYP~ ~ rPA
B~TAUMM HA rAMMA-PE30HAHC lOgA~: npenp~HT ~T3~ 7-00/ 

*)
B.r.A~naToB, ~.B.BaIDKoB, B.M.re~Mc ,A.B.naBM~oB, ~.H.~caeB, 

r.p.KapTamoB, M.M.KopOTHOB, B.B.M~nIDT~H*),B.M.caMoM~oB - M.,2000-20c. 
OIIHCaHld pe3YJILTaThI 3KCrrepHMeHTOB TIO Ha6mo,nemno BJIIDIHIDI TeMllepaTYPbl H 
rpaBHTaI.UIH Ha pe30HaHCHOe nOrJIOrneHHe y-KBaHTOB 109mAg c 3Heprneii 88 K3B B 

MOHoKpHCTIUIJIe cepe6pa, co.n;ep)Ka.rQeM MaTepHHCI<H:H HyKJIHJl I09Cd. H3MepJIJIHCb 
OTHOmeHIDI R HHTeHCHBHOCTeH y-JUlHHH 109mAg H KOHTpOJIbHOrO Hepe30HaHCHoro 
'Y-HCTO'1ffiHKa B roPH30HTaJIltHOM H BepTHKaJILHOM HanpaBJIeHIDIX ByCJIOBHXX, Kor.n;a 
BHeIllHee MarHHTHOe none (3eMHoro npoHCXO)K){eHIDI) 6.:bIJIO HanpaBJIeHO 
aHTHllapaJIJIeJIDHO roPH30HTaJll,HOMY y-IIyqKy. OrnoCHTeJIb~e H3MeHeHIDI 
BeJIHlDlH R rrpH nepexo,ne OT TeMrrepaTYPbI 77 K K 4,2 K COCTaBHJIH 0,00397 ± 
0,00069.zpur ropH30HTaJIF,HOrO rrytIKa If - 0,00093 ± 0,00067 ,nIDI BePTHKaJIDHoro. 
C yqeToM BJIIDIHWI ,n;ef}>opMainiH BHyTpelmHX qaCTeH KpHocTaTa nOKa3aHO, QTO 
f}>aKTOP YlliHpeHIDI Mecc6a)'3poBcKoH y-JIHHHH I09mAg JIe)l(HT Bnpe.llenax OT 1 ,no 3. 

NEXT STEP OF THE EXPERIMENTS ON THE STUDY OF TEMPERATURE
 
AND GRAVITY EFFECTS ON THE 109Ag GAMMA RESONANCE
 

V.G.Alpatov, Yu.D.Bayukov, A.V.Davydov, V.M.Gelis*), Yu.N.Isaev,
 
G.R.Kartashov, M.M.Korotkov, V.V.Milyutin*) and V.M.Samoylov.
 

The results Qf the experiments are described on the observation of the 
temperature and gravity effects on the resonant absorption of 109mAg y-rays with 88 
keV energy in the silver single crystal containing parent nuclide I09Cd. The ratios R 
were being measured of the y-line intensities of 109mAg and of the control 
nonresonant 241 Am y-sources in the horizontal and vertical directions under the 
conditions when the outer magnetic field (of terrestrial origin) was directed 
antiparallel to the horizontal y-beam. Relative changes of R values corresponding to 
the temperature lowering from 77 K to 4.2 K turned out to be equal to 0.00397 ± 
0.00069 for the horizontal direction and to - 0.00093 ± 0.00067 for the vertical one. 
Taking into account the influence of cryostat inner part deformations permits to 
show that Mossbauer 'Y-line broadening factor is lying in the interval from 1 to 3. 

PHC. - 4, CDHCOK ~HT. - 16 HaHM. 

~ KHCTHTYT TeOpeTHQeCKOA H sKcnepHMeH~anbHoA ~3HKH, 2000 

*) l'M r, 11.1 l' t ').lC#te St~ i t~, ffl" HJ~ fJ 
RHcTHT)'T f}>H3H1ieCKOii XHMHH PAH 



1. BBE)J;EHHE 

,[(Ba npHpo)J;HhIX H30Tona cepe6pa, 101Ag H 109Ag, HMelOT HH3KOJIeiKaIllHe 

B036)'iK.lJ;eHHble COCTOHHWI CO Cpe,ll,HHMH BpeMeHaMH X<H3HH. rrop~Ka 1 MHH, 

Koropble MO)l(HO HCn0JIb30BaTL ,lUUI Mecc6appoBcIrnx 3KCnepHMeHTOB. B ~a.mmx 

pa60Tax [1-3] Ha6mo,lJ;anocb pe30HaHCHOe nOrJIOmeHHe y-nyqeii)J)ij>aMH 101,09Ag B 

OIlblTaX, CBflaHHldX C aKTHBaI(HeH nOJIUKpHCTaJIJIHqeCKIDC Cepe6p5lHbIX 

nOrJIOTHTtmeii y-rryqaMH CHJIbm.lX (1-3 Kropu) HCTO"lJllKKOB. 3.p.peKT aKTHBarnm 

6bUI O'LJ.eHb cJla6 H Mor 6bITb COrJIaCOBaH C 4>aKTOpOM yurnpeHlfjJ: 
6

Mecc6ay3poBcKOH y-JIHHHH nopR)l.Ka 10
5-1 0 . II03)l.Hee 6bUI BbIllOJIHeH P.H:,lJ; pa60T 

[4-8] ,ll,pyrHM MeTo,nOM. ABTOpbl 3THX ~60T H3MepJlJIH TeMlleparypHylO 

3aBHCHMOCTb CaMonOrJIOm;eHIDl y-rryqeH 1 Ag B MOHOKpHCTaJIJIe ~epe6pa, 
CO,lJ;epiKam;eM aTOMbI MaTepHHCKOrO HyKJIH,ll,a I09Cd. ELIJI 06Hapy)KeH 

H36bITOIIHbIH POCT nornOm;eHIDI y-rryqeH npH nepexo,ne K TeMITeparype )I{H,ll,Koro 

reJIWI no cpaBHeHKIO C O)l(H):(aeMbIM Ha OCHOBaHHH npe,ll,CTaBJIeHIDl 0 C)I(aTHH 

cepe6pa npn OXJlIDK,D;eHHH. 3ToT H36blTOK npHllHCWIH Mecc6ay3poBCKOMy 

CaMOnOfnOm;eHHlO y-KBaHTOB B Bem;ecTBe HCTo~a. AmI tPaKTopa yrrmpeHIDl 

y-JIHHIDI 6hIJIH norryqefud O~eHO'LJ.HLIe 3HaqeHIDI OT 16,ll,0 100 (B pa3HbIX pa60Tax). 

ECJIH ymllpeHHe y-JIHHHH B MOHoKpHCTaJIJIe cepe6pa ,ll,eHCTBHTeJILHO MaJIO, :no 

CJIe,ZJ;yeT pacu;eHHBaTL KaK OqeHb BIDKHoe 06CTO.H:TeJThCTBo. B 3TOM crryqae 

OTKpbIB81OTCR B03MOiKHOCTH H )J)UI C03,ZJ;aHIDI Mecc6a)'3poBCKHX cnelCTpoMeTpoB 

cBepxBbIcoKoro pa3pemeHIDI, H ,ll,IDI nOCTaHOBKH onLITOB no H3yqeHHIO rrpou;ecca 

B1dH)'JK,D;eHHOrO H3.rryqeHIDI y-KBaHTOB. 

UeJIblO OIIbITOB, BbIllOJIIDleMLIX Hameii rpynnoH, JlBmleTC.sI IIOJIyqeHHe 

0.Ll:H03HaliHhIX ,ll,aHHblX 0 BeJIWIHHe tPaKTopa yIlIHpeHIDl Mecc6ay3poBcKOH y-JIHHHH 

109mAg. ):(.JuI :nOH u;eJIH Mbl HCnOJIb3yeM YCTaHOBKY (onHCa:H.HYID B [9]), 
n03BOIDlIOIIJ,ylO, B IIpHHUHIIe, H3Mep.H:Th 3TOT .paKTop TPeMJI He3aBHCHMhIMH 

MeTO,lJ;aMH B O.nHOM 3KCrrepHMeHTe. Bo-rrepBhIX, Yeo H3MepeHHe TeMlIepaTYPHoH 

3aBHCHMOCTH BbIXO,lla y-nyqeH H3 MOHOKpHCTaJIJIHlIeCKOro HCTOllHHKa (no.n06Ho 

TOMy, KaK 3TO ,I:\eJIaJlOCb B [4-7]. BO-BTOPbIX, - Ha6mo):leHHe Pa3JIHlIWI TaIGlX 

BhIXO,ll,OB ):lJIjJ: rOpH30HTaJIbHOrO II BepTHKaJIbHOrO HanpaBJIeHHH H, B-TpeTbHX, 

H3yqeHlle BJIWlHIDI HanpaBJIeHWI BHelIIHero MarHHTHOrO nOAA Ha pe30HaHCHOe 

nOfJIolI(eliHe y-KBaHTOB. ECTeCTBeHHaH illHpHHa y-mrnHH 109mAg HaCTOJIbKO MaJIa 

(- 10.11 eV), Y.ITO B OTc)lcTIme yrrmpemrn: rpamrraI..r,'kiOlil1urrl C,li;BHr 1vI6)K,L(y 

pe30HaHCHOH 3Hepmeii nOfJIOm;alOm;ero .H:,npa II 3HeprlleH 4>oToHa ("KpaCHoe 
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CMeIIJ,eHHe") BbIBeJI 6hI y-KBaHT H3 pe30HaHCHbIX yCJIOBHH npH npoXO)K,neHHH HM no
 

BepTHKMH nyni - 1 MKM. ECJIH $aKTOp ynIHpeHluI y-JIHHHH paBeH 30, KaK
 

yrBep~aeTCjIB [4], TO nyTb <pOTOHa no BepTHKaJUl, ,UOCTaTOqHl.Il{ AJUI HapymeHHH
 

pe30HaHCHbIX yCllOBHH, COCTaBHT - 30 MKM.
 

MarHHTHOe nOJIe 3eMJIH, HecMoTpJI Ha Ma.JIYIO BeJIWurny ero HanpjDKeHHOCTH,
 

pacrqenJIj[eT Mecc6ay3poBcKyIO y-JIHHHIO 109mAg BCJIe,nCTBHe 3$$eKTa 3eeMaHa Ha
 

14 KOMllOHeHT, npOMe)KyTKH Mexmy KOTOpbIMH npeBOCXOmIT eCTeCTBeHH)'IO
 
6

mHpliHY y-JIHHHH B-10 pa3. I-f3BecTHo, qrO HHTeHCHBHOCrn 3eeMaHOBCKHX
 

CrreKTPaJIbHbIX KOMnOHeHT 3aBHCgT OT yrJIa e Me)J{):{y HanpaBJIeHRjIMH HMIIyJlbCa
 

$OTOHa Ii BeKTOpa HanpHJKeHHOCTH ManmTHoro nOJlJI. :fro npHBO,l(HT K TOMY, qTO
 

pe30HaHCHOe nOrJIOm;eHHe y-KBaHTOB OKa3bIBaeTCjJ. TO:>Ke 3aBHCJIlIUiM OT e [10].
 

B MOCKBe MarHHTHOe nOlle 3eMJIH HanpaBJIeHO BHH3 no.n; yrJIOM - 70° K ropH30Hry.
 

nOCKOJIbKY MaKCHMaJIbHOe pe30HaHCHOe rrorJIOIIJ,eHHe HMeeT MeCTO, Kor,na
 

e= 0 HJIH 1800 [10], TO AJUI nonyqeHIDI HaH60JIblIleH BeJIH"'lliHbI HCKOMoro 3$<peKTa
 

B ropH30HTaJIbHOM HanpaBJIeHHH cJle,zryeT CKOMlleHCHpOBaTb BepTHKaJIbH)1O
 

COCTaBIDllOIIJ.YlO 3eMHOrO MarHHTHoro nOIDI H opHeHrnpOBaTb
 

rOpH30HTaJlbHbIH y-nyqOK B,nOJIb MarHlITHOrO MepWl.HaHa.
 

2. OIIl1CAID1E 3KCIlEPHMElITA 

3KcnepHMeHTMbHWI yCTaHOBKa COCTOHT H3 MaJIora6apHTHoro KpHocTaTa, B 

KOTOPbIH nOMeIQeHbI .usa nrrOCKHX y-HCTOqRHKa: OCHOBHOH H KOHTPOJIhHbIH, 

YKpellJIeHHhIe Ha oxnlDK.n;aeMOH: BHyTpeHHeH qaCTH KpHocTaTa ("reJIHeBbIH 06'beM") 

no)); yrnoM 45° K ropmoHTy. Cepe6pmblH y-HCTOllHIiK npe,[(cTaBIDIeT C060H ,lUICK 

,l(HaMe'I'pOM 25 MM Ii TO.JIIIJ;HHOH 1 MM. Pa,l(HOaKTHBHbIH I09Cd BBe,UeH B Hero C 

06eHX CTOpOH IIocpe,nCTBOM TepMO,rufcP<pY3HH [11], npWIeM cpe,[(HSlSI rn:y6HHa 

3aJIeraHIDI aTOMOB I09Cd COCTaBJDIeT - 150 MKM. KOHTpOJIbHbIM y-MCTOqHHKOM 

KBJUleTCg ,IJ;HCK li3 xpoMaT0rr,a$WlecKoH 6YMam Toro )ICe .n;HaMe1pa, rrponHTaHHLdi .... . 
pacTBopoM a30THOKHCJIOrO 41 Am, BhIcymeHHLIH H ynaKoBaHHbIH B aJIlOMliHHeB)'lO 

$OJIbry. Cepe6pjIHbIH y-HCTOQH1IK yKpenJIeH BHYTpH reJlHeBOrO 06'beMa H OT,l(eJIeH 

OT BaK)'YMHOH lfaCTH KpHOCTaTa TOHKOH Me,lUlOH $OJlbrOH, K KOTOpOH OH nJIOTHO 

npFDKaT. KOH1:pOJIbHbIH HCTOlfHHK HaxO.ll.HTCR C .rqJyrOH CTOpOHbI 3TOH rreperopo,llKH 

H rrpH)KaT K Heii C nOMO~1O 6epHJIJIHeBOrO ,UHCKa. ,L(.ruI perncTPaIJ,HH y-KBaHTOB B 

ropH30HTaJIbHOM H BepTliKaJIbHOM HanpwmeHHHHX flCrrOJIb30BaJIHCb ~Ba 

Ge-,IJ;eTeKTopa. KOMIIeHcaUHH BepTHKaJIbHOH COCTaBJImoru;eii MarHHTHOrO noM 

3eMJIH OCYIQeCTBJUlJIaCb c nOMOInbJO napbI KOJIen; leJIbMrOJIbl\a, yKperrJIeHHhIX. 

KOaKCHaJIbHO KOpnyCY KpHOCTaTa. HanH'lHe OIlTWIeCKOH CHCTeMLI, BKJIlOlfaromeH B 

ce6H TeO,lJ,OJIHT, rr03BO.lUUI0 Ha6JIlO,lJ,aTb no TPeM OCjJM Koop,nHHaT nepeMemeHIDI 

reJIHeBOrO 06'beMa KpHOCTaTa, BbI3bIBaeMble CBJI3aHHbIMH C ero OXJIaJK,IJ,eHHCM Ii 

. OTorpeBOM ,lJ,e$opMalUDIMH, H H3MepHTb HX C TOqHOCTblO ,... 20 MKM. 
09

AIcrHBHOCTb OCHOBHoro y-liCTO'IHHKa C Cd BAg) OKa3aJIaCb .n;OBOJIbHO CJIa60H
 

K Haqarry 3TIIX 3KCnepHMeHTOB, 'ITO He rr03BOJIHJlO pa60TaTb npH 60JIbillHX
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paccTOmIDIX OT HCTOqmJKOB ,D;O ,D;eTeKTOpoB. OnaCaBCb, q-rO npH Ma.rIbIX 

pacCTOgHIDIX (14,5 CM ,D;O ,D;eTeKTOpa TOPH30HTaJIbHOrO Y-rryqKa H 21 CM AO 

HIDKHero AeTeKTOpa) npOXBHTCJI cJIa60e BJIIDIHHe Ha ypOBHH cqeTa ,D;eTeKTopoB 

n~pHO,lUNecKoro nepeKJllO'leHIDI HanpaBneHIDI MarIDlTHOrO nOAA, Ha qTO· 6h1JIH 

norryqeHLI HeKoTopbIe )'K83aHIDl, MhI rrpoBeJIH Bce H3MepeHHH npH HanpaBneHHH 

MarHHTHoro nOmI aHTHIIapaJIJIeJIbHOM ropH30HTIUIbHOMY y-nyqK)', 'ITO 

COOTBeTCTBOBallO orrTHMMLHbIM ycnoBIDIM ,D;IDI pe30HaHCHOrO rrOrnOII\eHIDI 

y-.rryq:eU: 109mAg B 3TOM nyqKe. 3aMeTHM, 'ITO yaenWleHHe pacCTOJIHHX OT 

HCTOqffiJKOB ,D;O .n;eTeKTopOB .n;on)KHO 6hIJIO 6bI CLIIpaTb nOJIO)J(UTeJlLH)'IO POJIb H no 

APyroH npWIHHe - C yaeJIHIIeHHeM paCCTOgHHjJ CHH)J(aeTCJl BnIDIHHe Ae<popMarurn 

KpHOCTIlTa Ha H3MepgeMYID. BeJlaqHH)' OTHomeHHX R HHTeHCHBHOCTeH Y-JlH.HHH 

OCHOBHOro H KOHTpOJlLHOro Y-HCTOqHHKOB. TaKoe BJlIDIHHe HMeeT MecTO~ 

IIOCKOJILK)' 3<p$eKTHBHble u;eHTpLI .nByx y-HCTOTffiHKOB He cOBna,n;3lOT. TalC, rrpH 

paCCTOJlHHH OT 0.llHOro H3 HCTOlffiHKOB ,D;O ,l{eTeKTopa paBHOM 250 MM H 

rrpoMeJKYTKe MeiImY y-HCTOqHHKaMH 3 MM CABHr HCTOtIHHKOB Ha 1 MM IIpHBO,l{HT K 

OTHOCHTeJILHoMY H3MeHeHHIO R Ha,..., 10-4• 

raMMa-crrelITpbI OT ,l{Byx Ge-AeTeKTOpoB H3MepJlJIHCh 06~M aMIIJIHTYtUIhIM 

anaJIH38TOpOM Nokia LP 4900B 'lepe3 6noK CeJIeKl{HH nOAIpynn nawrrH. Ka.xc.n;oe 

li3MepeHHe ));JIHJIOCh 1800 c. KOMllLlOTep aHaJIH3aTOpa 06pa6aTLIBaJI pe3ynLTaTLl 

KaJK.!Uill{ 5-TH Ta:KHX H3MepeHHH H pacrreqaThIBaJI ,l{aHHLIe 0 Cpe,l{HHX 3HaQeHIDIX 

OTHomemm HHTeHcHBHocTeH y-IIHKOB 88 K3B e°9mAg) II 59,54 I<3B e41Am) H HX 

norpeillHocuIx, KaK O:>KH.n;aeMLIX CTamCmqeCKHX, TaK H 0 peaJIhHhIX Cpe.n;HHX 

KBa;waTHqHhIX. IlpH ));aJILHeHIlleH o6pa6OTKe pe3YJIhTaTOB HCnOJIL30BanaCb 

HaH60JIhillaJI li3 3THX norpeIllHoCTeH. Ilpe.n;cTaBJIeHHe pe3yJILTaroB IDMepemrli B 

BH,IJ;e OTHOIlIeHmI HHTeHCHBHOCTeH Y-JlHHHH n03BOIDIeT )'MeHLillHTh BJIHJIHHe 

B03MO>KHOro .z:q>eif<pa 3JIeKTpoHHoH anrrapa'IYPbI H o-rqaCTH - ));e$opMa~ 

KpHOCTaTa. B HamHX npe)I(HHX H3MepeHIDIX [8] 6blJI0 rrOKaJaHO, qro TaKWI 

MeTO)l;HKa .n;aeT B03MO)KHOCTh ,n;OCTIfllb xopomero cornaCIDI Me)J():{y peaJILHbIM 

p336pocOM 3HaqeHHH omomeHHJI H O>KH.n;aeMoH CTarnCTH'leCKOH norpelIIHOCThIO 

Ha OTIIOCHTeJlLHOM ypOBHe - 10-4. 
K COJKaneHHlO, TOJIhKO nepBasI qaCTh npo.n;eJIaHHLIX OIILITOB OKaJaJIaCb 

ycnenmoH. nOcJIe HeCKOJIhKHX qHKJIOB oxna)KJleHHJI KpHoCTaTa OT KOMHaTHOH 

TeMIIeparyphI ));0 77 K H 3aTeM - .n;o 4,2 K, C nocne,lO'IO~HM OTOrpeBOM, MemIWI 

$OJIhra, p83.n;emnoI:Il;WI OCHOBHOH II KOHTpORLHhlli y-HCTOtiHHKH, rrOCTeneHHO 

));e$opMHpOBan:acb BCJIe.n;CTBHe .n;aBJIeHIDI co CTOpOHLI BnyrpeHHen: qaCTH rel1HeBoro 

06'DeMa, HecMoTps Ha HaJIlfqHe 6epHJIJIHeBOH llJIaCTHHKH, npIDKHM3lO~eH 

KOHTpOJI.LHbIU: y-HcTolffimc C BaJ<YYMHOH CTOpoHhI. IIo-BH,ZJ;HMoMY 3TO npOHCXO,ZJ;HJIO 

Ha rrOCJIe));HHX CTa,n;IDIX pa60ThI C OXJIa:lK)J:3lOIIUIMH )l(HJl;KOCTgMH, Kor.n;a rrpoHHKIJIHii 

Me)I{))y cepe6pgHbIM Y-HCTOlffiHKOM H Me.llHOH $OJILrOH ~ 830T H.l1H )IQI)lI<Hii 

reJIHH HaqjiHaJIH HCnapSTLcx: H B 3330pe rrOBhIIIIaJIOCh ,D;aBJIeHHe H3-3a 6oJILmoro 

cOIIpOTIlBJIeHHJI BbIXO,ny raJa H3-nO)J; IDIOTHO npIDKaToro K Me,zmou: qwJThre 

cepe6pjJ:Horo ,lUICKa. ,IJ;e$opMaIJ,IDI cPOJIhrH 6hU1a HeBeJIHKa - crpeJIa nporn6a 

--~---------~-
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- 0,4 MM, O~HaKO, 3TOro 6bIJlO ,ll;OCTaTOlffiO, lJT06:&I npH,ZJ;aTb Ha6mo,[(aeMoMy 

H3MeHeHIDO OTHOmeHIDI R HHTeHCHBHOCTeH y-JIHHHH npH OXTIIDK)J,eHHH 

y-HCTOQHHKa OT 77 K 1J.0 4,2 K 3HaK npOTHBOnOJIOlKHblH oJKH,I.J;aeMoMY: npH 

rrepexo,[(e OT OXJIa>K,[(eHlUI )JGf,UKHM 330TOM K OXJIax<,n;eHH1O >KH,ZJ;KHM reJIHeM 

3HaqeHHe R B03pacnuIO, a He y6bIBaJIO. 3T0 CB~3aHO C TeM, lITO ruIOTHOCTb 

JKH.ZI:Koro 330Ta ropaJ,[(O BbIIne ruIOTHOCTH >KH,l.(Koro remrn H y-nyqH 109mAg 
nornOI.IJ;aJIHCb B )l(H)J;KOM a30Te CMbHee. l1HTepecHO OTMeTHTb, qTO B Ka)K,[(OM 

IUU<JIe OXJIaJK,lJ;e~ )KH):(KHM a30TOM B yCJIOBIDIX, Kor,[(a $OJIbra j')Ke 6b1JIa 

.n;e<l>opMRpOBaHa, CHIDKeHHe BeJIWIHHLI R npOHCXO,lUlJIO nOCTeneHHO B Te.qeHHe 

,[(OBOJIbHO ,[(JIHTeJIbHoro BpeMeHH, T.K. >KH,ll.KHH a30T HCIIbITLIBaJI 60JIl:.moe 

COrrpOTHBJIeHHe rrpOHHKHOBeHHIO B 3a30p MelK.Iry' cepe6poM H Me,LUIOH <l>OJlLroii:. Ha 

pRC. 1 nOKaJaHbI ,[(WI cpwmeHIDI pe3YJIbTaTLI H3MepeHHH R IIpH TeMneparypax .no 

77 K H 4,2 K B yCJIOBHJIX, Kor.na YKa3aHHbIH 3$$eKT HMen MeCTO, a TaIOKe B 

rrepBbIX onbITax, Kor,[(a MeAHaJI q>OJIbra erne He npornynac:&. 

3. PE3YJThTAThI 3KCIIEPHMEHTOB 

B Ta6JI. 1 npHBe.n:eHLI pe3YJlbTaTbi H3Mepemm BeJI~HH R .nJUl,ll.Byx .neTeKTOpOB 

H rpex TeMllepaTYP. B KaqeCTBe YKa3aHHbIX 1l0rpemHOCTeH npRBe,[(eHbI 

HaH60JlbmHe 3HaqeHHJI H3 O)J(~aeMbIX CTaTHCTlfIIeCKHX oIIIH60K H cpe.n:HHX 

KBa,z:q>aTl{qH.bIX OTKJIOHeHHH, BbrtlHCJIeHHbIX no peWlbHOMY pa36pocy 3HaqeHHii R. 
B· nepBbIX CTpOKax. Ta6JIH:qbI, OTHOCJlmnxcSI K KIDK,D,OMY .neTeKTOpy, npHBe.n;eHhI 

109ffiAg) H 59,54 K3B eOTHomeHIDI R IDlTeHCHBHOCTeH y-JIHHHH C 3HepI1UlMH 88 K3B ( 
41 Am), rro.nyqeHHble Hellocpe,[(cTBeHHo H3 H3MepeHHit Bo BTOpblX CTPOKax AJISI 

KaJI<):(OrO .neTeKTopa YKa3aHbl BeJIHqHHbI R C BBe1J.eHHbIMH IIorrpaBKaMH Ha 

,ll.ecPopMauHH KpHocTaTa npH em oXTIaJK,UeHlIH. 3TH nOIIpaBKH paCC~IHTbIBaJIHCbHa 

OCHOBaHHH .naHHblX 0 llepBOHaqaJIbHOH reOMeTpHH 3KCnepHMeHTa, T.e. 0 

BeJIHqHHe npoMe)I()'TKa Me~ ):(BYMJI y-HCTOl{HHKaMH, 0 paCCTOXHWIX Me~ 

u;eHTpOM OCHOBHoro y-HcToWIHHKa H .nereKTOpaMH H 0 nOCJle.n;yrouurx H3MeHeHIDIX 

3THX paCCTOHHHH no BepTHKaJIH H rOpH30HTaJIH, H3MepeHHbIX C nOMO~bIO 

TeO,[(OJIHTa. TIpH· OXJl~eHHH KpHOCTaTa OT KOMHaTHOH TeMITepaTYPbI ,ll.O 77 K 
CMemeHHe y-HCTOtIHHKOB no ropH30HTaJIH OKa3aJIOC:& paBHbIM 0,124 ± 0,047 MM, a 

no BepTHKaJIH COCTaBHJIO 0,771 ± 0,040 MM B CTOpOHy y.naJIeHIDI OT .neTeKTOpoB. 

IIoCKOJIbKY B HCXO.nHOM COCTO~HHH HH)KHHH ,ll.eTeKTop OTCTOJIJI OT u;eHTpa 

OCHOBHOro y-HCTOl{HHKa Ha 210 MM, a npOMelKyToK Me)l()Jy 3cPcPeKTHBHbIMH 

u;eHlpaMH HCTOlJHHKOB COCTaBlliIJl - 2,5 ± 0,5 MM, YKaJaHHoe cMeIlleHHe ~OJDKHO 

6.bIJIO npHBeCTH K YBeJlHlfeHHID R ,ltlIJI HH>KHero ,ll.eTeKTOpa B 1,000088 pa3. 

TI03TOMY H3MepeHH)1O BenHWIHHy R .n~ .n:aHHoro .neTeKTopa HanO pa3,[(eJIHTL Ha 3TO 

QHCJlO. .z:vrn 60KoBoro .neTeKTopa COOTBeTCTByIOIlJ,HH ,[(emneJIb paBeH Bcero JIHlllh 

1,000007. npH ,llaJIhHeHmeM OXJlIDKAeHHH .no TeMrrepaTYpbl 4,2 K B03HHKJIH 

AOnOJIHHTeJIhHble CMeI.IJ;eHIDI HCTOlffiHKOB: B CTOpOHy y.n:aJIeHIDI OT HH>KHero 

,ll.eTeKTOpa - Ha 0,200 ± 0,068 MM H OT 60lwBoro .neTeKTopa - Ha 0,591 ± 0,081 MM. 

BTOpa51 nOnpaBKa, KOTOpyIO He06xoJ]J{MO BBeCTH, CBH3aHa C yn.JIOTHeHHeM cepe6pa 
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PRC. 1. Pe3ynI.TaTI.I nOCne~OBaTeJIhHhIXH3MepeHHH OTHOmeHIDI R HHTeHCHBHocTeH 

y-nmmH 88 K3B e09mAg) H 59,54 1GB e4 Am) 60KOBhIM (a}H HIDKHHM (b) 
oneTeKTOpaMH B ycnoBlOIX, Kor~a MeJnIWI <l>oJIbra, p83onemno~aJI y-HCTOl:lHHKH, 

OKa3anacL ~e$oPMHPOBaHHojt Cne~eT o6paTHTL BHHMaHHe Ha CHHXpOHHLIH 
crra,n 3HaqeHHH: R ,D;mI ~yx ,lJ;eTeKTopoB llpH 77 K, CB.sI38llHhIH C rrOCTeneHHLIM 

npocatUmaHHeM )I(H,AKOrO 3301'8. B 3a30p Me~ cepe6pmoH nJIacTHBKoH H 
Me~HoH <l>OJIbroH H pOCTOM nOrJIOII(eHIDI y-nytIeH 88 K3B B )I(H,lJ;KOM a30Te. ):(mI 
CpaBHeHIDI IIpHBe,lJ;eHLI pe3ynbTaTId ~BYX cepHiI H3MepeHHH R 60KOBLIM 

,D;eTercropoM (c), npo~eJIa.HHhix~OB03HHKHOBeHIDI,l(e4>opMarurH Me,l(Hoii 

<l>OJThI1f. 
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IlpH mma)l(,neHHH H COOTBeTCTBYIOID;HM yaeJIWleHHeM CaMonOrnOmeHIDI Y-JIYlIeif 

109mAg B cepe6pmoM y-HCTOtIHHKe. CTeneHb BJIIDlHIDI :noro 3$4>eKTa Ha BeJlIfIUIHY 

R npH OXJIIDK,[(eHHH OT 293 K .n;o 77 K MOiKHO onpe,IleJIHTb, CpaBHHBWI .ll.JUI 060HX 

,IleTeKTOpOB OTHOmeHIDI R )l;JJJl 3THX TeMnepaTYP IIocne yqeTa nonpaBOK Ha 

.n;ecPoPMarnm. Pe3ynhTaTLI no.n.CtIeTOB IIpHBeAeHhI B Cpe.n;HeM cTon6ue Ta6JI. 2. 
QTo6LI onpe.n;eIDITb, KaK CKa3hIBaeTCJ[ Ha BbIXo.n:e y-KBaHTOB yruIoTHeHHe cepe6pa 

npH nepexo.n;e OT 77 K K 4,2 K, MO)I(HO BOCnOJIb30BaThCJ[ .n:alIlfLIMR 0 

TeMlleparypHoH 3aBHCHMOCTH K03$$HQHeHTa nHHeHHoro pacmKpeHIDI cepe6pa 

[12], li3 KOTOphIX CJIe,z:oreT, tITO 3QlQleKT C>Ka1WJ cepe6pa IIpH 3TOM nepexo.n;e 

COCTaBJUleT 0,117 ero BenlfllHHbI .n:.ml nepexo.n;a OT 293 K K 77 K. 
COOTBeTcTBYIOnwe BeJIlAHHhI MUR rrplfBe,l{eHhI B TpeTheM cTon6ue Ta6n. 2 .n;JUI 

KIDK.u;Oro ,ZJ;eTeKTOpa. BBe,n;eHHe nonpaBKH Ha TeMllepaTYPHoe ynnoTHeHHe cepe6pa 

npHBO,lJ.:HT K HeKoTopoMY YBeJIHtIeHHIO 3HaQeWrH R npH HH3KHX TeMnepaTYPax. 

3HaqeHHjJ ~ nOJIYtIeHHhIe C ytIeToM 3TOH nOnpaBKH ,ZlIDI T=4,2 K, npHBe,ZleHbI B 

TpeThHx CTpOKax Ta6n. 1 ;cI.JIjI K8.}I(,L{Oro JJ.eTeKTOpa. OKOlPIaTenbHo rro.rryqaeM 

CJIe,lJ.YIOIII.Iie BeJIHtIHHbI OTHOCHTeJIhHhlX H3MeHemfn: R ).QllI ,l(Byx .n;eTeKTopoB: 

.n;IDI ropH30HTaJIbHOrO HanpaaneHWI
 

AR = R(77 K) - R(4,2 K) 0,00397 ± 0,00069,
 
R R(77K) 

,ZlIDI BepTHKaJIbHOrO HanpaBJIeHIDI 

AR = R(77 K) - R(4,2 K) _ 0,00093 ± 0,00067. 
R R(77K) 

HeCKOJIbKO BbIXownuee 3a npe.u;enbI norpeIllHocTH OTpHI.J;aTeJIbHOe 3HaqeHHe 

.1RIR JUUI BepTHKaJIbHoro y-ny~a .n;OIDKHO Hait:m 06'bJlcHeHHe B CBSl3H C MaJlhIM 

rroBopoToM IIJIOCKOCTH 'Y-HCTOqfiHKa, BLI3BaHH:.bIM .ll.eq,opMan;Heii CHCTeMbI nO)l;Beca 

reJIHeBOrO 06'beMa npH OXJIaJK,ZJ;eHHH KluiocTaT8 OT 77 K ,ZlO 4,2 K. )J;eHCTBHTem.Ho, 

H3MepeHIfjI C nOMO~ TeO,ZlOnHTa nOKa33JIH, lITO npH OXJIa>K,lI,emm MeTKa Ha 

IJ;H.1IHH,lij)lf1IeCKOH nOBepXHOCTH renHeBoro 06'beMa, JIe)f{aIQaSI Ha 4 MM BhIme 

ueHTPa cepe6pHHoro y-HCTOl:J:HHKa, c.n;BHaynacL Ha 0,591 ± 0,081 MM no 

HanpaBIJeHHIO OT AeTeKTOpa. Taxoe CMe~eHHe .n;OJDI(HO 6h1Tb CBJl3aHO C HeKoropbIM 

YMeHbllIeHHeM yrna a Me>K,lQ' roPH30HTaJIbHOH nnOCKOCThIO H IIJIOCKOCTblO 

'Y-HCTO~a, nOCKOJIbXY reJIHeBblH 06'beM 3aKpeIIJIeH Ha TOHKOCTeHHOH: Tpy6Ke H3 

Hep)KaBelO~eH CTaJIH, BnammOH BO BHeUlHHH KOpnyC KpHOCTaTa Ha paCCTOJlHHH 

365 MM OT ueliTpa cepe6pJ[Horo y-HcTo"tJHHKa. CMeI.QeHHe nOcne)l;Hero no 

ropmoHTaJIH 03HaQanO, q'f0 3Ta Tpy6Ka H30mynacb, a yron a YMeHbIUHJlCJI. 

PeaJILHWI BenH~HHa yrJIa {1, H3MepeHHasI npH KOMHaTHOH TeMneparype, COCTaBJUleT 

44,24°. OrKJIOReHHe OT 45 0 CBjJ3aHO C HeTO'lHOCTblO C60pKH KpHocTaTa up ero 

l13rOTOBJIemm. CaMOnOrJIOmeHHe Y-.JIY1IeH C 3HepmeH 88 K3B B cepe6pe npH 

H3MeHeHHH yrJIa a Ha 10 )lOJDKHO MeHJIThCJ[ Ha 0,72 %, rrplflieM 3HaKH H3MeHeHHjJ 

rrpoTHBOrrOJIO>KHLI )l;JIjI .n;Byx JJ.eTeKTopoB. 3'ra BeJlWlHHa paCCtIHTaHa )l;JIjI 

cHMMe'I'pHl:J:Horo .n;ByxCTopoHHero ,lUi<PQlY3HoHHoro pacnpe.n;eneHIfjJ I09Cd no 
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TOJllI(HHe HCTOtIHHKa npH CperolHx rny6HHax npomU<HOBeHIDI Ka,u;MIDI B cepe6po 

paBHhIX 150 MKM C KaiKJ(OR: CTOpoHbI. 

4. OEC~ID1E PE3YJIhTATOB M3MEPEHHH 

TIonyqeHHble pe3ynLTaThI cJIe,uyer CpaBHHTb C paCtIeTHbIMH BeJIHqlffiaMH 

3cPcPeKTa pe30HaHCHOrO nornow;eHIDI y-KBaHTOB )llliI Pa3.1JF1HbIX 3HaqeHHH «paKTopa 

ynmpeHHH Mecc6ay3poBcKOH 1-mnnm. ECJIH pacnpe)];eJIeHUe pa,D;HOaKTHBHLIX H.nep 

lO9Cd no TOJI~e cepe6pgHoit llJIacTHHKH OIDICLIBaeTCSI cPYHKI.J:UeH I.,(x) (TOtIHee, 

Ilx)dx - KOJIlflIeCTBO 1-KBaHTOB, 06pa30BaHHLIX B CJIoe dx, KOTOpLIe nonWIH 6LI B 

)l;eTeKTop B oTcyrCTBHe KaKOrO-JIH60 norJIoru;eHHSl B HCTOtIHHKe), IlpHlieM OCb x 

HanpaaneHa no)]; yrJIOM a K nnOCKOCTH rrJIaCTHHKH HCTOtIHHKa B HanpaBneHHH K 

)];eTeKTOpy rOpH30HTaJIbHoro y-rryqxa (CM. pHC. 2), TO ,l(JUI 3TOro HanpaBJleHHSI 

KOJIHtIeCTBO y-KBaHTOB, BblXO~ H3 nnaCTHHKH npH TeMnepaTYPe ~Koro 

renIDI, BL1p33HTCH cJIe,nyIOm;eii epOPMYJIOH (npe,nnOJIaraeTCH, lITO CeqeHHe 

pe30HaHCHOrO nOrJIoru;eHIDI HaCTOJILKO Marro,· tITO rrpH npoXOiKJ(eHHH TOJImHHhl 

HCTOIfHHKa He npoHCXO,D;HT 3aMeTHOrO ynrnpeHIDI Mecc6ay3poBcKOH y-JIHHHH): 

dlsina -YU(dlsina-x)

N = f I (x)e-p·(dISina-x) k dx
 

1" e . (1) 
o 

3.n;eCb d - TOJI~Ha Cepe6pgHOH rnraCTHHKH, (J - CetIeHHe pe30HaHCHOrO 

nOrJIOmeHIDI y-KBaHTOB, npolffiTerpllpOBaHHOe no crreKTPY y-rryqeH, v - 1JHCJIO 
3

aTOMOB cepe6pa B 1 CM BemeCTBa HCTolffiHKa, k - cPaKTOp ymHpeHIDI 

Mecc6ay3poBcKOH y-JIHHHH, f..le - JIHHemuilli Ko3$epHUHeHT Hepe30HaHCHOrO 

(3JIeKTpOHHoro) nOrJIO~eHIDIy-KBaHTOB. 

B oTcyrcTBHe pe30HaHcHoro nOrJIOw;eHHX (T.e. rrpH KOMHaTHOH TeMllepaType H 

C AOCTaTolffioH TOtIHOCTblO npH 77 K) epopM)'JIa (l) nepexo,uHT B 

d/sina 

No, = JI,(x)e-Jl·(dlsina-x)dx. (2) 
o 

B cnyqae BepTHKa.lThHOrO y-nytiKa .n;eJIO 06CTOHT CJIO/KHee, T.K. ycpe)];HeHHoe 

no cneKTPY y-KBaHTOB CelJeHHe pe30HaHCHOrO nOrJIOmeHHSI 3aBHCHT OT 

AfIHHLI nyTH, npoxo,uHMOro 1-KBaHTOM no BepTHKaJIH OT MeCTa HcnycKaHHx ll.O 
TOlJKH rrOrJIoru;eHIDI. CelIeHHe pe30HaHCHoro nOrJIOm;eHIDl 1-JIyqeii C 3Heprneii E., 
x,D;paMH, Mecc6appoBcKWI y-JIHHIDI nOrJIOrn;eHIDI KOTOpbIX B .n;amrOM BemeCTBe 

HMeeT JIOpeHUOBy epoPMY C IIIHpHHOH r (npH eCTecmemlOH illHpHHe r o), 
BhIpa>KaeTCB <pOPMYHOH: 



8
 

PIIC. 2. r eOMeTpWlecKHe Be.llWlHHhI, HCnO.lTh3yeMLIe IIpH paCqeTax nornomeHIDI 
y-.rryqeit B cepe6pHHoM HcroQHHKe. 
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3.neCb A - ,lVIHHa BOJIHbI y-H3rryqeHIDl; Je H Jo - CIIHHbl. COOTBeTCTBeHHO, 

B036y)l()l:eHHOrO Ii OCHOBHoro COCTOSIHHH: SIAPa; a - ,lJ,OAA H30Tona 109Ag B 

eCTeCTBeHHoA CMeCH (a=0.482); at - IIOJIHbIH K03<P<PRI.J;HeHT BHYTPeHHeH KOHOOpCHH 

.nIDI ):(aHHOrO SI,n;epHOfO nepeXOAa; [- BepOSITHOCTL nOfn01lJ,eHIDI 

(RcnycKaHIDI) 

y-KBaHTOB 6e3 OT.n;aQH; Eo - 3HepfIDI, cooTBeTcTByro~aJI MaKCHMYMY CeqeHIDI 

pe30HaHCHOfO IIOfJIO~emUl;k=rtro - tllaKTop yWHpeHIDI y-JIHHHH. 

nYCTh HOpMHpoBaHHhm Ha 1 cneKTP rrOfJIOmaeMbIX y-KBaHTOB npe,n;cTaBIDIeT 

C060H TaIOKe JIHHHIO rrOpeHI.J;OBOH <j>OpMLI C lllilpHHOH: r, HO C,lJ,BHHYJYIO IIO 3HepmH 

Ha S no OTHomemno K Eo: 

N(E )-2. _r_2_/4 _ (4) 
y - JZf (Ey -Eo _S)2 +r2/4' 

Ycpe)J;HeHHe CeqeHIDI (3) no :noM)' cneKTPY .naeT 

(Yo 1 0'0 1 
(5) 

0' = 2k ' (1+S 2 /r 2) = 2k . [1+(S2 Ir 2 k 2 )fo 

IlpH npOXO>K,lJ,eHliH <pOTOHaMH, ,lJ,BHJKYIII:HMHCSI cBepxy BHH3, nynl h B 

BepTHKaJIh-

HOM HanpaBJIeHHH B6JIH3H nOBepXHOCTH 3eMJm:, ax 3HepfHSI OKaJhIBaeTCSI 60JIbIDe 

pe30HaHCHOH 3HepmH nOfrroITXaIOmer0JmPa Ha BeJIINHHY 

gh
S=Ey '-2 ' (6) 

c 
3nech g - rpaBIiTaIUloHHoe YCKopeHHe, c - CKOpOCTb CBeTa B BaKYYMe. 

,[(mI 
y-.rryqeif 109mAg rpaaIiTaI.J;HOHHhlH C,lJ,BHf S BblpIDKaeTCSI Crre.nyroll(HM 06pa30M 

(h B CM): 

S = O.153472xlo·24 h. (7) 
llOCKOJIbKy illHpHHa ro ):VISI 109mAg paBHa 1,16xIo-17 

3B = 1.856xIO·29 
3pr, TO 

<j>opMYny (5) MO)l(HO C yqeToM (7) HaDHCaTb B Ba,lJ,e 

(J'o 1 
a= 2k' [1+O,683759x108(h/k)2f (8) 

,[(mI y-JIyqeH: 109mAg C 3HeprHeii 88 K3B B MeTa.rr.J1H'ieCKOM cepe6pe npH T=4,2 K 
2

Mecc6ay3poBclCHH <j>aKTop [paBeH 0,0535 Ii 0'0 = 6,35xIO·23 
CM • 3Ta BeJIH1I"HHa, 

O,D;HaKO, BbIlfHCJIeHa 6e3 yqeTa 3eeMauoBcKoro pacmenneHHSI JIHHHH: HcnycKaHIDI H 

nOrJIOmeHIDI 109Ag, Bhl3I.maeMOfO MarHHTHhIM 1I0JIeM 3eMJIIi. KaK nOKaJaHO B [10], 
npa HMHqJlH BHeIllHero MarHHTHoro nOIDI OflTHMMI.HbIe yCJIOBIDI .lJ)llI 

pe30HaHCHOfO nOrJIOmeHHSI y-.rryqe1f B03HHKalOT, Kor)J,a '3TO nOJIe HanpaBJIeHO 

B,lJ,OJIL (1-1J1H: B npoTHBononO)J(H)'lO CTOpOHy) nyqKa y-KBaHTOB. O,lJ,HaKO Ii B 3TOM 
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c.Jl)"Iae CeqeHHe pe30HaHCHOro rrorJIOII{eHIDl OKa3LIBaeTCX B 64/17 1'83 MeHbwe 

BeJIHtIHH.bI, KOTOpWl HMena 6Ii1 MeCTO npH IIonHOM OTCYTCTBHH MarHHTHoro nOM. 

llo:noMY ,I{IDI roPH30HTaJIbHOrO nyqxa y-KBaHTOB cne.nyeT B HameM cnyq:ae 
2

npHIDITb BeJIHtDIHy 0'0, paBHYJO 6,35xIO·23x(17/64) = 16,86xIO·24 
CM . ,[VuI 

BepTHKanbHOrO y-.rryqKa B .D;aHHhIX yCJIOBIDIX 3Ta BeJIH1Uma, cornaCHO [10], ,ll;OIDKHa 
2

6LITb e~e B 2 1'333 MeHbme: 0'0 ;:;: 8,432xIO·24 
CM . Ha pRC. 2 noxclUIIOTcjl 

reoMeTPHtIeCKHe BenlNHHbI, C HCnOJI.b30BaHHeM KOTOphlX no.nyqeHa cne,n;yIOmaR: 

tP0PMYJIa.D;IDI HHTeHCHBHOCTH 

y-nyq:eii, pemc11>llpyeMbIX HIDKHHM ,n:eTeKTOpOM B ycnoBIDIX, Kor.n;a BOOMOxmO HX 

Mecc6aY3poBCKoe nOrJIO~eHHeB HCTO'lHHKe: 

dlcosa 

d I cos a - Ja \d.Y,
 
N = f Ir(y)e-f.1e(dlcosa-Y)e Y dy =
 

2r 
o 

dlCOS a (1'0 Hiy, 
d I cos a .----~'-------=-~J 2k [l+O.683759x10

8(YI-yi I k
2 ]dy = J I (y)e-f.1e ( dl)cosa-Y Yer 

o 
d I rosa 

5 4= J I r (y)e-Pe(d Icosa-Y)e -2.9725xlO- ·arctg[O,826897x10 (d I cos a-y)1 k1dy. (9) 

o 
OrMeTHM, 'ITO epOPM)'JIbl (1), (2) H (9) COOTBeTCTByroT CrrytlaIO, Kor,na 

paCCTO.sIHIDI Me)l(,lJy HCTOtffiHKaMH If .D;eTeKTopaMH MHOro 6om.me HX JIHHemnux 

pa3MepoB. 

113 (9) CJle,JlyeT, qTO B HHTepecyw:rn;eM Hac IfHTepBane 3HaqeHHH k OT 1 ,no. 100 
BeJIH'Ilma N2y O'leHb cJIa60 3aBHCHT OT k. 3To CBJl3aHO C TeM, tITO 3$$eKTHBH3X 

,lJ;JIHHa pe30HaHCHOrO nOrJIOllleHIDi paCTeT nponopIUlOHam.HO k, HO 3aTO 06paTHo 

npOTIOpQlfOHaJILHO k CHIDKaeTCJI CetIeHHe nornOmemlJl. MO)KHO npHWITL ,l(IDI 3Toro 

IfHTepBalla BeJIHtIHHy (N<ry- N2y)/N<ry paBHoif (3,6 ± 1,0)x 10.5• Tor.r\a MO)KHO 

cliwraTh, 'ITO nOBopOT nJIOCKOCTH y-HcTOlffiHl(a npH OXJIa.:>I<,ZJ;eHHH KpHOCTaTa OT 

77 K ,l(O 4,2 K npHBeJI K H3MeHemno M{IR ,lVDI BepTHKaJILHoro n~Ka Ha 

(93 ± 67)x!0·5 + (3,6 ± 1,0)XIO·s = - (97 ± 67)XIO's, IIpWleM 3Ta BeJlwmHa 

lIpe3BLJliaHHO cJIa60 3aBHCHT OT k. Taxoe H3MeHeHHe .1RIR COOTBeTCTByeT yrny 
IIoBOpoTa IIJIOCKOCTH y-HcToqmn(a Ha 0,134° ± 0,093°. B pe3YJIhTaTe nom 
nOBOpoTa BenwmHa ARJR ,lUIJI ropH30HTIUlbHoro nytIKa ,n:OJDKHa 6bIJIa )'BeJIH'lHThCX 

Ha 1)' JKe BeJIHTmHy. Ha KOTOP)'lO yMeHLlllHJIOCb 3HaqeHHe AR/R. .n;J:UI 

BepTP..K3.rI1>HOrO ll)11:fiCa. 3H81.JIIT, OKCHTIaTeJIbHO cne,l:(yeT npmrn.Tb ,D,mI 

ropH30HTa.T.lltHOrO HanpaBJIeHIDl BeJIHTfHHY ~ paBHOH 

(0,00397 ± 0,00069) - (0,00097 ± 0,00067) = 0,00300 ± 0,00096. 
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B HaweM cnyqae ):{OnycTHMo npHMeIDITb epopMym.I (2) H (9) ):{AA paclleTa 

3<p<lJeKTa pe30HaHcHoro nOrJIOIlJ,eHIDI B BepTHKaJThHOM y-nyllKe, O}],HaKO, llT06bl 

c,n:eJIaTb Ol.(eHKH :noro 3«PcPeKTa .LJ:IDI rOpH30HT8.JILHOrO y-nyqKa, Heo6xo,l(HMo 

yqecTb KOHeqJible TeJIeCHble yrJIDI, no,n: KOTOpplMH "BH}],eH" ,n;eTeKTOp H3 P83JlH'lHblX 

TOlIeK y-HcTolIHHKa, nOCKOJThKy ):{a:>Ke OTHOCHTeJIbHO He60JILllIHe OTKJIOHeHIDI 

HanpaBJIemrn BbIneTa y-KBaHTOB OT rOpH30HTaJIbHoro CBJl3aHbl C YMeHhmeHBeM 

pe30HaHCHOrO nOrJIOIlJ,eHIDI BCJIe,llCTBHe BJIIDIHIDI rpaBHTaJJ;HH. 

PaCqeTbl BbillO.JllUIJIHCb no <}lopMYJIe (10), B KOTOpyro BXO,n:HT yroJI ~ Me:>K,n;y 

HarrpaBJIeHHeM BblJIeTa y-KBaHTOB (OCb q) H3 HCTOlIHHKa H roPH30HTaJIbHOH 

IIJIOCKOCTLIO. 3TOT yroJI onpe,n:eillIeTCJI Koop,n:HHaTaMH TOq}(H BblJIeTa e:poToHa H3 

HCTOlIHHKa H TOllIGI non3):(aHIDI ero B ,lleTeKTop. TIo 3THM Koop.LJ:HHaTaM , T.e. no 

nOBepXHocTBM HcrollHHKa (8s) H ,n:eTeKTopa (Sd), Be,lleTCB HHTerpHpoBaHHe: 

d 

-<TJ').<:n. vdq' 

oos{:+P) p.(_d__ q) - , 2k '[I+O.683759XIOS(Q'IS:P1J2]
 

N =ff flr(q)e cosJ...a+p) e dq=

1r 

S,Sd 0 

4 
COS(:+P) _p (_d_ _9) _ O,594988xlO-l .•_JO.826897XI0 'Sm P1(_d__9)] 

=ff f lr(q) e • cos(a+p) e ISlOpl ~~'6l k cos(a+p) dq. (10) 

S.Sd 0 

Ha pHC. 3 B .lUlyx Pa3JIHllHbIX MacWTa6ax nOKaJaHbl paCClIHTaHHble, 

COOTBeTCTBeHHO, no «poPMYJIaM (10), (2) H (9) 3aBHCHMOCTH OT k BeJIHlfHH 

(NOy - N1y)/NOy H (NOy - N2'y)/NOy, cooTBeTcTBYJOIWIe H3MepJleMbIM BeJIHliHHaM ARIR 
,l(IDI rOpH30HT8JILHOrO H BepTHKaJILHOrO nyqI(OB y-KBaHTOB. 3aUITpHXOBaHHOH 

nOJIOCOH nOKa3aHM 3KCnepHMeHTarrbHo norrylfeHHoe 3HalIeHHe ~ }],illI 

ropH30HTaJILHOm y-IIylJKa H KOpH}],Op em IIorpeIllHocTeH. BH)l]Io, 'lTO CorJIaCHO 

3THM )l;aHHhIM <}laKTop yWHpeHIDI y-JIHHHH JIe:>KHT B npe,Z:(eJIax 1 - 3 (c 67% 
BepOSImOCThIO). CTOJIb MaJIaJI BeJIHllHHa k 03Ha'laeT, 'lTO csepxToHKHe 

B3aHMo):{eHcTBHSI, B qaCTHOCTH, ,n:HIIOJIb-romOJIbHOe B3aHMo,n:eHcTBHe MamHTHhIX 

MOMeHTOB COCe,LUIHX sr,nep, npaI<THl.leCIGI He ynmpJIJOT Mecc6ay3pOBCK)'lO y-JIHHHIO 

109mAg B yCJIOBIDlX ,n:aHHorO OnbITa. B paMKax cym;eCTByromHX npe,llCTaBJIemm 0 

MeXaHH3Me q>OpMHpOBaHHJI Mecc6ay3poBcKOro y-pe30HaHca no He HaxO,llHT 

06'.b.SICHeHIDI. 

TIoKWKeM, 'lTO DOJIYlleHHbIii HaMH pe3YJIbTaT He npOTHBOpelIHT )l;aHHblM 

rrpe,n:meCTByrolI(Hx pa60T [4-7]. ABTOpbl 3THX pa60T He ytlHTblBaJIH ponb 

ManIHTHoro nOillI 3eMJIH H He npe):{npHHHMaJIH Mep no KOMneHCan;HH 

BepTHKaJIhHOH COCTaBJIJIIOIIJ,e.a 3Toro nOillI. Pa60TaJI B rro,n:06HLIX ycnoBHSIX, T.e. 

npH eCTeCTBeHHOM HanpaBJIeHHH MarHHTHOrO nOAA, MLI ,n:OJDKHhI 6bIJIH 6bl 

rrOJIYlIHTL, cornaCHO [10], BeJlWIIUlY LlR/R ,n:IDI roPH30HTaJIbHOro y-nytIKa B 2,33 
pa3a MeHbmyID, 'leM npH CKOMlleHCHpOBaHHOH BepTHKaJIbHOH KOMllOHeHTe 

MarHHmoro nOAA. T.e. BMeCTO 0,00300 ± 0,00096 Mbl IIoJIyqHml 6bl 0,00129 ± 
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PHe.' 3~PaCClIHTaHHble 3aBHCHMOCTH BeJIIflIHH 6RIR. OT cPaKTopa ynmpeHIDI k Mecc
"6ay3poBcKOH Y";'llHHHH 109mAg .LVUI rOpH30HTaJILHOro (KpHBa.Sll) H BepTHKaJlb

•'HOro (KpHBaJI 2) 'Y-IIyqKOB. 3anrrpHXoBaHHoH nOJIOCOH nOKa3aRO nonyqeHHoe 
B ,lJ;amlOH pa60Te 3HalleHHe ~,ltJUI roPH30HT8JIhHOrO nyqKa Hero norpem
HOCn, (~ = 0,00300 ± 0,00096). C 67-npolleHTHoii BepOJITHOCTLIO 3Ta 
BenHllHHa COOTBeTCTByeT cPa:icropy ynIHJJeHIDI y-JIH:HHH, ne)KaII{eMY B npe,lJ;enax 
OT 1 ,lJ;O 3. 
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0.00041. CpaBHHTb ~ny BenWIHHY CJIe.nyeT C paCqeTHOH KpHBOH 3aBHCHMOCTH MVR 
OT k, COOTBeTCTBYIOrn;eii CeqeHHIO pe30HaHCHOrO nOrJIOrn;eHIDI MSI 

HepaCrn;enJIeHHOH y-nHHHH, rrOCKOJIbKY aBTOPbI [4-7] He ytIHTbIBaJIH ,n;eHCTBHe 

MarHHTHoro rrOIDI Ha y-HCTOqHHK. Ilpol(e.nypa CpaBHeHIDI npe,n;CTaBJIeHa Ha pHC. 4. 

BH,ZJ;Ho, qTO BeJ]JlqHHa ~R1R = 0,00129 ± 0,00041 cooTBeTcTByeT q,aKTopy 
19

ynIHpeHIDI y-JIHHHH paBHoMy 35.10+ , Ho HMeHHO TaKoro nOpjl)J;Ka H 6bIJIH 

rrOJIYlieHbI 3HaqeHIDI k B pa60Tax [4-7]. Cne,n;oBaTeJIbHO, MO:JKHO yTBep)K,n;aTb, qTO 

rrpe,n;CTaBJIeHHbIe 3.n;eCb pe3YJIbTaTbI HaI1ll1X 3KcnepHMeHTOB COrJIacyroTCH C 

,n;aHHbIMH npe.nbI.nyIIJ;HX 1ICCJle,D,OBaHHH. 

Cne,ll,yeT yKaJaTb, qTO B OTcyrcTBHe CBepXTOHKHX B3aHMo.neHCTBHH MOJKHO 

OJKH,lJ,aTb B ycnoBIDIX ,ll;aHHOro 3KcnepHMeHTa HeKOToporo cyJKemUI y-.rm:HHH no 

cpaBHeHHIO C ee eCTeCTBeHHOH UIHpHHOH. KaK 6bIDO nOKa3aHO BJ1.BbICOl(KHM 

[13], pacna)]; y-aKTHBHbIX R,lI,ep MOJKeT 3aMe,lUIHTbCH, ecnH B6nH3H y-HCTOqHHKa 

Haxo.nHTCH MaCCHBHbIH o6paJel(, COCTOHll(HH H3 TaKIIX )Ke aTOMOB, HO C SI,ll;paMH B 

OCHOBHOM COCTOHHHH. IlpOHCXO,ZJ;HT 3TO BCne,lJ,CTBHe pe30HaHCHoro B03MYmeHIDI 

3THM 06pa3IJ;OM cneKTpa HYJIeBbIX 3neKTpOMarHHTHblX Kone6aHHH, BbI3bIBaIDrn;HX 

H3JlyqeHHe y-KBaHTOB jl)J;paMH. HMeIOTcx 11 HeKOTopbIe 3KcnepHMeHTaJIbHble 

YKa3aHIDI B nOJlb3Y :)TOH KapTHHbI [14-16], Bnpo-qeM, TPe6yrorn;He OCHOBaTenbHbIX 

nO,ZJ;TBep)K,lJ;eHHH. B HaIIIeM OnbITe y-aK111BHbIe X,lJ,pa 109mAg, o6paJyroI..I.Ut-eCH nocne 

pacna,n;a SI,ll;ef 109Cd, OKa3bIBaIDTCX B OKpyJKeHHH cTa6HnbHbIX x,n;ep cepe6pa, 48,2 % 
KOTOpbIX (10 Ag) MOryr yqacTBOBaT& B yKaJaHHOM MeXaHH3Me. 

OrMernM, qTO B HaUIHX onbITax XBHbIM 06pa30M npOHBHJIOCb O)KH.naeMoe 

paJJIH"llHe B pe30HaHCHOM nOrJIOm;eHHH y-JIYlieH B rOpH30HTarIbHOM H 

BepTHKaJIbHOM HanpaBJIeHlUIX. B TO JKe BpeMR B pa60Te [7] TaKoro Pa3JlMqHjJ He 

Ha6JIIO;J;aJIOCb, npaB;J;a, H rrorpelIIHOCTH pe3YJlbTaToB [7] ,n;OBOJIbHO BenHKH. YJKe 

3TO 06CTOjlTeJIbCTBO .neJIaeT Heo6xo;J;HMblM npo.nOJDKeH1Ie .naHIildX HCCJIe.noBaHHH B 

YJIytlIIIeHHbIx 3KcnepHMeHTaJIbHbIX YCJ10BHjIX. Tpe6yeTC.sI, B qaCTHOCTH, rrp.sIMblM 

06pa30M npo.neMoHcTpHpoBaTb BJIHXHHe HarrpaBJIeHIDI BHeUIHero MarHHTHoro noJlX 

Ha BeJIHqlfHY 3ct><peKTa pe30HaHcHoro rrOrJIOrn;eHIDI y-KBaHTOB. B HaCTmnn;ee BpeMR 

Mbl rOTOBHMC.sI K npo,n;OJDKemfiO HamID{ 3KCrrepHMeHTOB, MSI KOTOpbIX 6y.nyT 

H3rOTOBJIeHbI HOBbIe, ropa3,lJ,O 6oJ1ee CHnbHble, y-HCTO~HKH, n03BOJIXIOrn;He 

pa60TaTL rrpH 60JIbIIIHX paCCTOHHHKX ,n;o ,n;eTeKTopOB H HCnOJIb30BaTb MeTo.nHKY 

rrepHO,lJ,HqeCKOrO nepeKJIlOqeHHH HarrpaBJIeHHH MarHHTHoro noJ1X. PaJYMeeTC.sI, 

6y.lJ.YT yCTpaHeHbI BhUiBneHHhle B ,lJ,aHHOH pa60Te He,lJ,OCTaTlili KOHCTPYKlJ.HH 

KpHOCTaTa, B qaCTHOCrn, 6y,n;eT H3MeHeH npHHl(Hn KpermeHIDI B HeM y-HCTOqHHKOB. 

ABTOPbI 6naro.napHT r-JKy n.H.reHMaH 3a 60JIbIIIylO rrOMOm;b B rrpOBe,n;eHHH 

XHMHqeCKHX pa60T rrpH H3rOTOBJIeHHH' y-HCTOqHHKOB. 

,II:aHHa.sI pa60Ta BbIIIOJIHXnaCb npH nOMepJKKe P<I><f>M (rpaHT 96-02-19176a), 

INTAS (Ref. No. 97-31566) H nepCOHaJIbHOH nOMep)l{Ke A.B.,l],aBbmOBa co 

CTOpOHbI International Commission on Induced Gamma Emission H Europian 

Office of Aerospace R&D. 
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PRC. 4. CpaBHeHHe pe3YJI,bTaTa ):(aHHoH pa60ThI, nepeCqHTaHHOrO ,lUUI yCJIOBHH, 

Kor):(aBepTHKaJILHasI COCTaBJUIIO~aHMa.rHHmoro nOmI 3eMJIH He KOMll~HCH

pyeTCJl, C KpHBOH 3aBHCHMOCTH MVR OT «l>aKTOpa ynrnpeHIDI Y-illIHHH k ,nIDI 

roPH30HTaJIbHOrO ~Ka H HepaCII.(ellJIeHHOH Mecc6ay3poBcKOH y-JIHIiHH. 

3amrpHXOBaHHOH nOJIOCOH nOK83aHO nepeCIIHTaHHoe 3KCnepHMeHTaJI.bHOe 

3HaQ'eHHe AR/R H ero norpenmocTL (0,00129 ± 0,00041). COOTBeTCTByro~H 

«l>aKTOp ynulpeHIDI y-JIHHHH 0Ka3aJICJl6,bI npH TaKOM nO,llXo.n;e paBH.bIM 35_10+19. 
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Ta6JIHIJ,a 1 
Pe3YJIbTaTbI H3MepeHHH OTHoweHHH HHTeHcHBHocTeH y-nHHHB OCHOBHoro H 

KOHTPOJIbHOrO y-HCTOtIHHKOB 

)J;eTeKTOp 3Tan OTHomeHHe R HHTeHcHBHocTeH y-JIHHHH 
06pa60TKH 88 K3B H 59,54 K3B 

293K 77K 4,2K 

OOKOBOB 

Henocpe,n;cTBeHHo 
H3 H3MepeHHH 

0,134791 ± 0,134473 ± 0,133841 ± 
0,000108 0,000071 0,000058 

------- -------------~----------
(ropH30H
TaJIbHbIH 
y-nytIOK) 

C nonpaBKoH Ha 
.n;e<J?opMaIJ,HH 
KPHocTaTa 

0,134469 ± 0,133822 ± 
0,000071 0,000058 

-----1----------
C IIonpaBKoH Ha 
TeMnepaTYPHoe 
ynJIOTHeHHe 

0,133935 ± 
0,000060 

H}DKHHH 

Henocpe,n;cTBeHHo 
H3 H3MepeHHB 

0,412021 ± 0,410627 ± 
0,000417 0,000223 

-------~--- f--

0,410814 ± 
0,000148 

---
(Bepnt:-
KaJIbHbm: 
y-IJYtIOK) 

C norrpaBKoB Ha 
,n;e<J?opMaIJ,HH 
KPHOCTaTa 

0,410591 ± 
0,000223 

- --------

0,410805 ± 
0,000148 

C IIOnpaBKOH Ha 
TeMnepaTYPHoe 
yrrJIOTHeHHe 

0,410972 ± 
0,000158 

Ta6JIHIJ,a2 
lliMeHeHIDI OTHomeHHH R HHTeHcHBHocTeB y-JIHHHH 88 K3B H 59,54 K3B, 

BbI3bIBaeMbIe TeMneparypHbIM ynnoTHeHHeM BemeCTBa y-HCTOtIHHKa 

)J;eTeKTOp 8RJR npH H3MeHeHHH 
TeMnepaTYpbI 

OT 293 K,n;o 77 K 

~ rrpH H3MeHeHHH 
TeMllepaTYPbI 

OT 77 K ,n;o 4,2 K 

bOKOBOH 0,00236 ± 0,00096 0,000276 ± 0,000112 

HH:>KHHH 0,00347 ± 0,00074 0,000406 ± 0,000133 

Cpe,l:\HHe 
3Ha'LJeHl'UI 

0,00282 ± 0,00074 0,000329 ± 0,000086 
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