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MarHHTHble MOMeHTbl COCTOSIHHl! '. 168Er 1 B036y)Knae~biX 
npn aaxaaTe.ael!Tpoaoa · 

MeTonoM nponyCKSHHSI ael!TpOHOB. 'lepea nonHimaoBaHHYIO :MHW9Hb H3-
MepeHbl MarHHTHbie MOM9HTbl Hel!TpOHHbiX peaoHaHCOB 167 Er C SHeprHell· 
0,460 H. 0,548 SB. nony'I9Hbl 3H8'19HHSI p.. ( 0,460) = (0,9:!:,0,4) p. H 

P. J (0.584r = ( 1,8:!:,0,9) p. N. . I N 

1.,·:, 

fipenpHHT 06beAHHeHHOI'O HHCTHTyTa. JIAepHhiX HCCJieAOBamdi. 
· . :,Zzy6Ha, 1972 · 
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Lason L. 1 Mareev Yu.D~ 1 Ovchinnikov O.N.; 
Pikelner L.B. 1 Salamatin I.M. 1 Tishin V .G. 1 
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Magnetic Moments of 168
Er States Excited 

by Neutron Capture 

Magnetic moments 'of the neutron resonances in 167 Er 
at 0 .• 460 and 0.584 ev were measured using the' technique 
of neutron transmission through the polarized target. The 
following values are obtained P.J (0.460)=(0.9±0.4)p.N 
and p. 1 (0.584)=(1.8±0.9)p.N 

.. Preprint. Joint Institute for . Nuclear Research. · 
Dobna' 1972 
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J.1ccnenonanne en 

MenneHilhlX H9liTpOHO~ 

Hnepaor: !jlnaHKH.· MeTo. 

ncex cTa6nn&HhlX H He 

KOnH'I9CTBO T8KHX napl 

ll!HpHHa r n , panHai 

CITHH j 1 '19THOCTb, 

Hnpa no nocnenaero BJ 

ne~nro. Paapa6oTaHHhlE 

Hnep 6hxnH aenpneMnel\ 

to- 15 ceK, xapaKTepHl 

. /1 2/ 
B pa6oTax ' 

Hnep 6bmo npenno)KeHc 

C'I9T CBepXTOHKOrO B31 

ael!TponaMH nnu nonHp 

DepBhill aaKnro'IaeTCfl 1 

pH30B8HHYID MHW9Hb1 I 

TaU~H BHyTpeHHHX Mar 
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1. BBeaeHne 

YfccneaonaHHe cnoikTB ypoBHeil Siaep, B036ylKaaeMblX rrpn GaxBaTe 

MeaneHHhlX Hei!TpOHOB1 - O.QHO H3 aaBHHX H XOpOWO pa3BHThlX HanpaBneHHll 

SiaepHo'! cPH3HKH. MeTonaMH aeilTpoHHoil cneKTpocKorrnn npaKTH'ieCKH anSI 

Bcex cTa6HnbHblX H HeKOTOpblX paanoaKTHBHbiX Siaep onpeaeneHo 6onbwoe 

KonntiecTBO TaKHX rrapaMeTpon yponneil,· KaK ::meprHSI E 0 

[' 
n 0 paaHBUHOHI!8SI WHpHH8 ly , aennTenbHBSI wnpnna r, wnpnna 

CIIHH j qeTHOCTb. B TO lKe BpeMSI MarHHTI!bifi MoMeHT JL i :KoMrrayHa-

Siapa ao nocneaHero BpeMenn He noaaaBancSI sKcnepnMeHTanbHOMY orrpeae­

neHHIO. Pa3pa6oTaHHbie paHee MeToahi orrpeaeneHnSI MarHnTHbiX MoMeHTOB 

Siaep 6bmn nenpneMneM.hi B cnyqae ypoBHefi c BpeMeHeM lKH3HII nopSiaKa 

10-15 ~ . ceK 1 xapaKTepHblM anSI He.,TpOI!HhiX pe30H81!COB, 

/1 2/ B pa6oTax ' ann orrpeaenennSI MarHnTHbiX MoMeHTOB KoMnayna- · 

Siaep 6binO rrpe.QnOlK9HO HCIIOnb30B8Tb caBIIf' pe30H8HCOB 0 B03l!IIK8101UIIH 38 

C'ieT. CBepXTOHKOf'O B381IMOaefiCTBHSI B 9KCnep1IM9HTaX C IIOnSipH3i>BaHHb!MH 

iiefiTponaMH nnn nonSipH30BBHHbiMH SiapaMn. Bo3MOlKHbi aBa BapnanTa orrbiTa. 

DepBbiH 38KniO<I8eTCSI B npo~yCK8HHH nonSipH30B8HHbiX HefiTpOHOB qepe3 nenomt­

pH30B8HHYIO MIIWeHb1 naxoaSIIIlYIOCSI BO BH9WHeM M8f'H~THOM none anSI. OpneH;.. 

T8UHH BHYTpeHHHX MBf'HHTHb!X rronefi Ha Siapax. Bo BTOpOM BapH8HT9 HerronSI-. 



pM3c>BaHHhiil: aeil:TpoHHhiil: nyqoK nponycKaeTcH qepe3• MMIIleHb 1 nnpa. KoTopoil: 

nonHpM30BBIIhi BO BHyTpeHHMX . MBI'HMTHhiX non.11x •. BenMqMJihi cnBMI'a pe3o­

aauca (B CpaBHeHIIl! CO cnyqaeM OTCyTCTBli.II nOn.11pli3BUIIil:) ll810TC.I1 nn.11 

:aTMX nayx BapMauToB cnenyromn!'m Bbipa)Kel!II.IIMII: 
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f N = 0 
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3 n 21+1 1 

1 1 ] 
= - 3f nH [(1 + -~-} P. I - P. i ' 
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( 1) 

( 2) 

1 1 
{~E ·-f./11[1- 11 !I /•·-,,J,Ii·1+-!(3) 2 +1 I + 1 1 2 

f = 0 n 

t,. E = - f N H ( p. i - p. I ) ' (. j = I - + ) (4) 

3necb t,. E -cnBMI' pe3ouauca, H -Mai'HIITUoe none ua .11npe, f n II f N 

-no.rmp1I3BUIIII ueil:TpoaoB II .11nep, I -cniiH .~tnpa-MIIIIleHII, j -cniiH KOMna-

Yllll-.11llpa 1 p. I II p. I -Mai'lll!THbie MOMeHTbl COOTBeTCTByiOIUl!X COCTO.Illll!H. 

05a B8pl!8HT8 OnbJTa oqelJb CnO)KlJbl l!3-38 ManOCTl! :a<jlcpeKTOB. lleil:CTBIITenb-

110, npii :aKcTpeManbuo 5onbmoM · auyTpeuaeM none H = io 7 :apcT . II Mar-

Hl!THOM MOMeHTe /l 1 paBHOM Olll!OMY .IIUepHOMy MBI'HeToHy /l N , Benii-

qiiaa p. H , naroma.11 oueuKy cnBIII'a npM P. 1 -p. 1 = P. N , cocTaBn.lleT 

BCei'O 3 • 10-6 9B 1 TOI'll8 K8K COfiCTBeHH8.11 1Ill!pl!H8 pe30li8HCOB T.II)KenbiX .llllep 

5ni!3Ka K 10-1 9B. 

nepB,blH 9KCnepl!M9HT no onpeneneHl!IO M8I'HIITHbiX MOMeHTOB KOMnayun-

' . . /3/ . 
.11npa 5bm Bb!llonueu EeKypTcoM II EpyuxapTOM , • B KaqecTBe .~tnpa-MII-

meJIII 5bln Bbi5pau 167 Er , IIMe'romiiil: CIInbuoe BHyTpeuuee none H · = 

= 7 • '106 :apcT II yno5Hbie nnn II3Mepeu1Iil: pe3oHaHChi npii :aaeprn~x ueil:Tpo-

4 

HOB 0,460 li 0,548 :as. 

· 30B81IHYIO H8M8I'HIIqeHH; 

llBYX 'yKasaHHhiX COCTOS! 

p. ( .co,5;s) ='(5,9 ±_ 
nepBbiH II3 HIIX 5l 

·· = .:.o;56 p. N' . ~ a BTC 

' B CB.I131I c: HOBII3l 

5hinii l!3M9p9Hbl M8I'!Il!1 

TOll OM! COnOCT8Bn9Hl!el 

nonnpii3oBaHHYIO II uem 

.·.:..JJ. 

HaMepeHIIH npoBOl 

peaKTope HEP;..30 OHH 

pOHHOI'O IIMnynbCa 70. l 

25 KBT; nponeTuoe pac• 

CxeMa :aKcnepiiMe 

nonbsoaanacb aeaaM ar. 

.-cpeppoMai'HIITIIOI'O IIpl! ~ 

MIIIIleHll n03BOnHeT llOC 

•ro )Ke npeMH cpenJIHH 

ua5nroneune cnanroB pE 

•ronuume .0,2 MM ( n ' 

phifi noMemanacl, Mnme 

· pa H npencTaBmm co5c 

uueM 3 He B 4 He , n 

mean paCTBopoM 
3 /1 e 



'MHlll9Hb1 S!Jlpa KOTOpofi 

nH'IHllbl CJlBHt'a peso­

I3aUHfi) }laiOTCS! JlnH 

(j 
1 

I+-) 
2 

(I) 

( 2) 

I, ( i =I+....!_) ( 3) 
2 

I (4) I --) 
2 

e · na HJlpe, f n n f N 

mean, j -CIIHH KOMIIa-

l9TCTBYIOlllHX COCTOS!HHfi, 

3~~eKTOB, nefi:CT8HTenb­

H = io7 apcT . n Mar-

:arneToHy P. N , aenn-. 

1 COCTaBnHeT 

1930HaHCOB TS!)K9nbiX SI}lep 

HhlX MOM9HTOB KOMIIayHJl­

• B Ka.'lec'l'ne Hnpa-Mn­

pennee rrone H'= 

1 :npn aneprn~x Hefi:Tpo-

HOB 0,460 n 0,548 an, 11crronh3YH rronHpnsonaHHbie nefi:TpOHhi n nerronHpn-

30BaHllyiO HaMat'liH'19HHYID MHlll9Hb1 OHH OIIpenenHnH Mat'HHTHbie MOM9HTbl 

JlBYX yKa3aHHhiX COCTOS!HHfi: p. i ( ·0,460) =(-0,45 :!:_ 0,74) p. N H 

p. j (0,~8) = (5,9 :!:_ 1,2).p. N 

TiepBblfi H3 HHX 6nH30K K Mat'HHTHOMY MOM9l1Ty S!Jlpa-MHlll9HH p. I 

..:.o,56 p. N 0 a BTOpofi 3Ha'IHTenbHO Bbill!e, 

B CBSI3H C HOBll3HOfi ll Ba)KHOCTbiO IIOJl06HbiX pesynbTaTOB HaMil 

6binll H3MepeHbl Mat'HHTHbie MOM9l1Tbl 3TllX )1{9 COCTOS!HHfi, HO Jlpyt'llM Me-

TOJlOM: COIIOCTaBneH:UeM IIpOIIyCKaHHfi H9IIOnHpll30BaHHbiX HefiTpOIIOB 'lepe3 

IIOnHpH30BaHHYID H H9IIOnHpH30BaHHYIO ap6neBbl9 MHlll9liH, 

U. · CxeMa aKcrrepnMeHTa 

I13MepeHHH llpOBOJlHnHCb 110 MeTOJlY BpeMeHH IIponeTa !Ia _HMIIynhCHOM 

peaK-~ope 11EP;..30 0115fl1 /4/ rrpn cnenyrorunx ycnonnSJ:x: nnnTenhll~CTh nefi:T~ 
pOHIIOt'O HMIIynbCa 70 MKCeK; 'laCTOTa 4 t'Ui Cp9JlHHH MOIUIIOCTb peaKTOpa 

25 KBT; IIponeTHOe paCCTOHHHe 58,5 M, 

CxeMa aKcrrepnMenTa rrpnnenena na pnc, I. B Ka'leCTBe Mnmenn nc­

rronbsonanacb nenaMarnn'leHHaH rrnacTHHKa ns MeTannn'lecKoro sp6nH, 

.·tfleppoMarHHTHoro rrpn TeMm3paTypax JIH)Ke 20°K, fny6oKoe ~xna>~<~enne TaKofi 

Mnmenn rrosnonHeT nocTII'Ih BhiCOKOfi rrongpnsaunn Hnep BHYTPH noMeaoa; B 

·To )Ke DpeMSI cpeJlHS!S! IIO.MHll!eHH IIOnHpH3aUHS! OTCYTCTByeT, 'ITo·yrrporuaeT 

· na6mcinenne cnanroa pesonaacoa. Mnmenh nMena pasMepbi 60xl00 MM2 rrpn 

Tonruune .0,2 MM ( n = 1,5 • 1020 nnep 
167 

Er ua cM2), KpuocTaT, n KoTo­

phiit IIOMeiUanacb MHllleHb 0 6bin pacrrono)KeH Ha paCCTOS!HHH 32 M OT peaKTO~:. 

· pa II rrpencTaBmm co6ofi pe<flpn)KnpaTop aerrpepbiBHoro neficTBHH. c pacTaope· -. 

mreM 3 He B 4 He , rrono6Hbii1: orrncaaaoMy B 
151 , TipnMoe oxna)I(JleHn~ Mn...: 

menn paCTBopoM 3 He B 4 He B aameM cny'lae· 6hino. nerrpneMneMhiM, rrosTo-

5 



MY MHlli9Hb noMemanacb B KOHTell:nep, aanonuenHhill: *IIAKHM 4 He n OTAe­

nenHbill: OT 05'beMa B81Ulbl paCTBOpeHIIH Me}lHOM CT9HKOM. llnH yny'llli9HHSI 

TennoCBH3H M9)KJlY MHllleUbiD II paCTBOpOM ITOB9pXHOCTb 8TOM CT9HKII 

5bin8 CHnbHO pa3BHT8 KaK B CTOpoHy paCTBOpa, T8K H B CTOpOHy ~He • 

TeMnepaTypa MHllleHII KOHTponnpoBanacb yronbHbiMH 1-epMoMeTpaMn, na-

. roToBnemibiMH B HucTHTyTe tf>IIanqecKnx npo5neM AH CCCP 181• TepMo-

M9Tphl ITOM9lU8niiCb H9ITOCp9JlCTB9HHO B )KIIJlKHM 
4 . 

He , aanonHHBlliHll: KOH-

Tell:nep c Ml!llleHbro. Ha MHllleun cTa5nnbHo ITOAJlep*HBanacb TeMnepaTypa 

T. ::: 0,02oK, 'ITo npn 7 I 2 H YK838HIIbiX Bbllll9 3Ha'l:eHIIHX p. I II H. 

o5ecrre~nsano nonHpnaaunro f N = 0,97. llnH paapyllleHHH nonHpiiaauiiii MH-

. 0 
llleHb uarpesanacb no TeMnepaTypbi T = 0,5 K. Dpn aToM ocTaT O'l:HaH 

110nHpH38UIIH COCTBBnHna f .:: 0,12. OepeXOJl OT OJlHOM T9MITepaTypbl K. 
. N 

npyroll: aaunMan oKono imca, 'ITO Aenailo uesoaMo)I{HbiM 5biCTpoe qepeAoBa-

nne ll3Mepeunll: c rronHpnaaunell: n 5ea nee. M bi MeHHnll TeMrrepaTypy rrpn­

Mepnq rrocne Tpex qacos nsMepennll:. B ycnoBHHX peAKoro qepenosannH l!aMe­

peunn oco5oe suaqeune rrpno5peTaeT KOHTponb aa cTa5nnbuocTbro arrrrapaTy-

phl. B CBH3ll c 8TliM B ITY'IK9 ITOCTOHHHO H8XOJlllnCH pO}lii9Bbifi tf>HnbTp, 

pesouauc KoToporo rrpn aueprnn 1, 257 as cny*nn AnSI rrpnBH3Kll speMenuon 

lliKanhl anannaaTopa. KpoMe aToro, rry'IDK uet!TpouoB KonnnMaTopoM c 

llByMH OKH8Mll, 50 X 80 MM2 5bin p83JlBOeH TaKHM o5pa30M 1 'ITO OllliH ITY'IOK 

rrpoxoAnn qepes ocnosuyro MHllleHb, orrncauuyro Bbillle, a BTopot! - qepea 

auanornquyro MnllleHb na ap5nH, noMemennyro B TOM *e KpnocTaTe rrpn 

ITOCTOHHHOM TeMrrepaType T = l0°K. PacC.TOHHIIe Me)l{llY OKH8Mll KOnnHMBTopa 

COCTaBnHnO 40 MM 1 TaK 'ITO o5a ITY'IK8 perHCTpllpOBanl!Cb OJliiliM ll9T9KTOpOM 1 

onncaHHbiM Hll)l{e. 3a KpnocTaToM naxonnnacb aarnymKa, KoTopaH nooqepeAno 

nepeKpbiBana oanu nnn apyroll: ny'l:oK. CneKTp npn. aToM aanHCbiBancH, cooT-

BeTcTBenno, B nepsyro nnn BTopyro nonoBHHbi naMHTH speMeunoro anannaaTo­

pa. TaKHM o6paaoM, ·aapHAY c ocnoBHbiM naMepenneM, rae onpeaenHncH 

8 

~· 

@.,. 
- . 

.....--

Pnc. 1.~ CxeMa aKCf!9I 
TOphi. 3. KpnocTaT. 4, 

~ 

Pnc. 2. EnoK-cxeMa n 
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ii: )KllJlKHM 4 He n oTne-

3HKOH, llm1 ynyqmeHHll 

IOCTb 9TOH CTeHKll 

IK n B cTopoHy 4 He 

Ill TepMoMeTp8MII 1 ll3-

I\H CCCP 181 • TepMo-
~ . ' 

He 1 aarronHHBliiHii: KOH-

)KHBanacb TeMrrepaTypa 

:ne 3Ha'!eHHliX p. 1 n H 

ueHHll IIOnllpll38UHII Mll-

Dpn aToM ocTaTo'!Hal! 

llHOii: TeMIIepaTyphl K_ 

~HhiM 6biCTpoe qepenoBa-

eHHnH TeMrrepaTypy rrpn­

pellKoro '!epenoBai!HH naMe­

cTa6nnhHOCTbiO arrrrapaTy-

ncst ponneBbifi <tmnhTpl 

Jlnst IIpl!Bli3Kll BpeMeHHOii: 

:oB KonnnMaTopoM c 

o6pa30M 1 'ITO OllllH IIy'IOK 

ue 1 .a BTopoii: - qepea 

'M )Ke KpliOCTaTe Ilpll 

!e)KJlY OKH8Mll KOnnHM8TOpa 

>Banncb OllHHM neTeKTopoM 1 

IyliiKa·1 KOTOpast IIOO'!epellHO 

, 9TOM 38IIHCb!BanCH1 COOT-

ITH BpeMeHnoro aHannaaTo-

Pnc. 1. CxeMa sKcrrepHMenTa. 1. BaKyyMHhie neii:TponoBOJlhi. 2. KonnnMa­
Tophi. 3. KpHOCTaT. 4. 3p6HCBbJe MllliiCIIH. 5. 3arnyliiKU, 8. neTeKTop. 

Pnc. 2. EnoK-cxeMa JI3MepnTenbJIOii: arrrrapaTyphl. 1. neTeKTOp. 2. l1uTerpa­
TOp. 3~ Ka6enbllbie nnnnn. 4. AMrrnHTYiliihiii: KOll!IpOBliiHK. 5. 3arroMHI!aiOmee 
·ycTpoii:cTBo~ 8. BpeMennoii: Ko.nnpoBliiHK, 7• EnoK ynpaBnennH. 8. 3BM. 
9. MexannaM nepeMemenHH aarnyiuKH. 
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cnBnr pesonancoB1 o6ycnoaneHHhlfi rronHpnsauuefi1 Benoc& KOHTpon&noe1 

B KOTDpDM 9TDT CABHr 6hin 3aBBADMD HyneBb!Mo 

- B naumx ycnoBHHX nmi rronnoro ncrron&soBaHHH HHTBHCHBHocTefi 

nefiTpOHHhiX rry'IKDB- neo6xonHMD 6hino o6ecrretiHTb pa6oTy perncTpnpyromefi 

artrrapaTyphi B ycnoBHHX BhiCoKofi MrlloBeuuofi sarpysKn1 nocTiiraBmefi 
' 1 

5· to6 - • 
ceK 171 
B cBH3H c sTHM 6hin ncrron&soBan TDKDBhifi MeTon perncTpaunn 1 

cBo6o}lHhifi oT rrpoctieToB, CBH_sauHhiX c uenocTaTD'lHhiM 6hiCTponeficTBneM-

, arrrrapaTyphi. 

lii. HsMePHTen&HaSI arrrrapaTypa 

EnoK-CXBMa nsMepHTen&Hofi arrrrapaTyphi rrpencTaBnena ua pHc. 2. 

neTeKTDp ( 1) H HHTerpaTop ( 2) pa3MB!UBHhl B 9KCrtepHMBHTanbHOM rta­

BIInbC>HB. HHTerpaTOp CBH3aH Ka6enbllb!MH nHHHHMH (3) nnHHOfi OKDnO 1 KM 

C allanii3IIpyiO!IlBfi CHCTBMDfi. PacrronO)KBHI!aH B H3M8piiTBnbi!DM UBI!Tpe fla-

6opaTopnn anannsnpyromaSI cncTeMa BKnroqana B ce6H aMrtnHTYAilhifi Konn-: 

pOBIUHK Ha 128 KaHanoB ( 4) 1 BpBMBIIHOfi KOAIIpOB!IliiK Ha 1024 KaHana ( 6) 1 

38ITOMHHaJOIU88 ycTpofiCTBO Ha 2048 KallanOB C BMKDCTb!O B KaHane 

= 65000 ( 5) ll 6noK yrtpaBnBHHSI ( 7) • 

B Ka'IBCTBB ABTBKTOpa HBfiTpOHDB l!CrtOnb3DBancg )Kl!AKDCTHhifi CUHHTHn­

nSIUIIDHHblfi ( n , Y ) -neTeKT?P 
181 

o6'heMoM 210 n1 HMBJOIUHfi uunnllnpH­

qecKnfi Kanan nnaMeTpoM ~0 eM Bnon& ocH aefiTpoanoro rryqKa. B Kanan 

rroMemancSI na6op·nHCKOB ns rrneKcurnaca 11 cMecu penKoseMenhHhiX sne­

MeHTOB1 o6nanaroiUHX 6on&mnM ceqenneM pannaunonH:oro saxBaTa. 06'heM 

CUHHTIInnSITOpa rtpDCMaTpHBancSI ABBHanuaTb!O cPDTOYMIIO)Kl!TBnHMII c!>3Y -49. 

Bbixon rrapannen&no coennneHHhiX neTeKTOpHhiX c!>3Y rronKnro'lancSI ua 

BXDA l!HTerpaTOpOB TOKa. HaKOITHTBnbHaSI BMKDCTb HHTerpaTopa B-TB'lBHl!B 

8 

• • ~ 'I -·. 

.. / ~ 

.;' 

'-' 

•·. 

~ 

; ·' · 16 MKCBK ( II!HpiiHa Bpe 

paspSI)Kanacb no uyneBc 

muM no Ka6enro oT- Bpe 

)KBl!HSI ua Bhixone na·Te 

_. aefino CBSisaaa c Benw 

11ofi o6nacTn cocTasnSIT 

l!DCTH li3M8piiTBn,bHOfi C 

,ITOCTDHHHhiM TOKDM • 

HMrryn&chi 'c B~D~ 

, --_ Hhlfi KOAllpOB!IliiK-1 KOTO 

pannenhHhifi ceMupaspH 

uecymnfi uuc!>opMauJI_JO c 

sartOMIIllaJO!IlBB ycTpOfiC 

HOCOM KOADB li3- aMrtnll 

sarrycKancSI uMrryn&coN. 

'peaKTopa. 

~ B KatiecT~e sarro 

' ~uanuaa~op AH-:2048 -; 

• tJucnoBoii perucTp 

rronycyMMaTop," nosBoii 

~+1" rtpOBOllHTb Ortepa! 

rroniiea ua cTaunapTHhi 

sToro1 B auannsaTope 

6noKa yrrpaBneJinSI sam 

· · B 'rrepBofi/ nu6o BO BTC 

E.rioK yrrpaBnemiSI 

·Ku n's -'oliiioro rrytiKa B 

- · 'Bnn- rraMSITII auannsaTo 
~ >r·•: 

<I !! ~ J ( ' i; ; ,j ~ ' : . 



Benoch KOHTponhHoe, 

rH.H HHT9HCHBHOCTefi 

pa6oTy perncTpnpyroruefi 

aq)y3KH 1 JlOCTliraBruefi 

i MeTOJl perncTpaunn 
171 , 

'ilCTaBneaa aa pnc. 2. 

~nepnMeRTanhROM na-

~ (3) nnnaofi oKono 1 KM 

IM9pHT9nhHOM U9HTpe fla-

:e6.H aMnnHTYJlHblll KOJlH-: 

rinK aa 1024 Kanana (6), 

IKOCTh!O B KaHane 

3anC.H mHJlKOCTHhlll CUHHTHn-

0 n, HM910IUHll UHnHHJlpH-

JOHHoro ny"iKa. B KaHan 

:n penKo3eMenhHbiX sne-

OHHOrO 3aXBaTa, 06'beM 

oyr:!HomnTen.HMH ct>8Y -49, 

IhiX ct>8Y nonKniO"ianc.H na 

b nnTerpaTopa B Te"ienne 

I 
1--
! 

·· . 
• < 

; ·' 16 MKCeK ( IUHpHHa BpeMe!IHOrO KaHana) 3ap.HmanaCh TOKOM c!>8Y, a aaTeM . 

pa3p.Hmanach no nyneBoro ypoBH.H HMnynhCOM Kananhnofi cepnn, nocTynaB-. 

runM no Ka6enro oT BpeMennoro KonnpoBIUHKa, AMnnnTyna HMnynhca nanpH- · 

meHHSI na Bb!XOJl9 HH·TerpaTopa npH He O"i9Hh ManbiX BXOJlHbiX TOKaX nn-

·. aefiHO CBH3aHa C BenH"iliHOll TOKa, l.JyBCTBHTenhHOCTh HI!TerpaTOpa B nHHe-

HOll o6nacTH COCTaBnHna BenHimny ::: 15 B /Ma, nnH o6ecneqeHH.H nHHefi-

HOCTH H3MepHTenhHOll CHCTeMbl HCnonh30Banach nOJlllHTKa HHTerpaTopa 

noCTOSIHHbiM TOKOM, 

l1MnynhCbi c BbiXOJla HHTerpaTopa nocTynamr no Ka6enro aa aMnnHTYJl­

Hbifi KOJlllpOBIUIIK·, KOTOpblll 3anycKa.ricH HMnynhCaMU KaHanhJIOll cepHH~ fla-
I 

paimenhllblll CeM!Ip83pS!Jlllblll JlBOII"iHblll KOJl C aMnnHTYJlHOrO KOJl!IpOBIUHKa, 

necyruHfi HaclJopMauHIO o BenH•mne cHrHana c IIIITerpaTopa ,nonaBancH na 

GanoMHHaroruee ycTpoficTBo. BpeMenaofi KOJlHpoBtUHK, ynpaBnHIOtlllifi nepe­

aocoM KOJlOB II3 aMllnHTYJlHOrO KOJl!IpOBIUHKa B 3anoMHHaiOtUee ycTp_ofiCTBO, 

aanycKanCH IIMllynhCOM 11 CTBpT" ,CIIHXpOHII31IpOBaHHbiM C neii:TpOIIHOll BCnbiiUKOfi, 

- peaKTopa. 

, B Ka"ieCTBe GanoMIIHaromero ycTpoficTBa HCnonh30BancH npoMbiiUneHlibifi 

' ~aanH.3a~~P AH-;2048 / 9/, nepeo6opynoBaHHbifi nnH aaruero pemHMa pa6oTb;,, · 
. - .~-

.. . 
- l.JHcnoBOfi perHCTp aaari.H3aTopa 6bm .nepenenan B ·aeBSITHpa3pHJlHhifi 

'nonycyMMa;op,o noGBomtBlliHtt BMecTo o6bi"iROfi apHclJMeTH"ieciwli onepauim 

"+ 1" npoBogHTh onepauuro " + ii " ( n , .. -s; 29 - 1). ITonycyMM~Top Bhi­

nonitea aa cTaanapTHbiX st"iefiKax A H-2048 no· KnaccHqecKofi cxeMe; KpoMe ,. 

sToro, B aHannaaTope 6bma ·o6eci:reqeaa i3o3l'viomaocTh no KoMaane oi 

6noKa ynpaBneHHSI 3allHCb!BaTh "iHCna C aMllniiTYJlHOro KOJliipOBIUHKa nH60. 

·' B 'nepBoii/ 'nn6o · BO BTopoil: nonoBI!He naMHTH, 

EnoK yripaBneaHst · o6ecne"iHBan 'aBToM.aTnqecKoe nepeMemenne 3arnyru":' · 

·Kn n·3 -'oi:iiwro nyqKa B npyro'fi c. cooTBeTcTByromnM nepeimroqenneM nono- :~ .: · 

, srm· nal'vi51TH. anannGaTopa. Ha BpeMst nepeMememur' GarnyUIKH .n3MepnTenhnast 
.~r-· 

! : ! ' ' ~ I, ' > ,~! ' . I (I • ' : ' l . 
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cncTeMa 5noKnponanach. DpononmnTenhHOCTh HenpepbiBHoro naMepeHHH 

C Kamnoff iiS MHllleHeff H 'IHCm:i TaKHX H3MepeHHM B O.llHOM aaMepe 3a,llaBa­

lllfCb 5noKoM ynpanneHHH no na5opy unpeneneHnoro KonnqecTBa cTapTOBhiX 

nMnynhcon. BpeMSI onHoro aaMep~ Bbi5npanocb TaKnM o5paaoM, 'IT05bi 

ue · nepenonnnTh eMKOCTn KaHana npeMeHHoro aHannaaTopa. nocne KOHua 

aaMepa nH<PopMaUIIH na aHannaaTopa qepe~ ycTpoi1cTna·cnH311 nepenananach· 

ua 3BM 63CM -4 nnSI xpaHeHnH n nocnenyiOlllefi o5pa5oTKn. 

I~ HaMepennH n o5~a5oTKa peaynhTaTon 

Ha.MepeHnSI cneKTpon nnSI nnyx MHllleHefi npononnnnch cnenyiOIIIHM 

o5paaoM. BpeMSI nenpephlBHoro naMepeHHSI c ~amnoff na MHllleHeff aanana­

noch no na5opy 100 CTapTOBbiX nMnynhcon n BMecTe co npeMeHeM nepeMe­

llleHJJSI aarnylliKII COCTaBIIHIIO OKOIIO 30 .CeK~ 0.llllll 3aMep COCTOHII lf3 16-Tll 

TaKIIX 113MepeHifll C Kamnoff. lf3 MJillleHefi If 3aHJIM811 npnMepHO 20 MIIH. Docne 

KoHua aaMepa. cneKTpbi na aHannaaTopa nepenanannch ua 63CM-4, n npo- · 

nonnncH cnenyiOIIIIIM aaMep. Dpn nenaMeHHhlX TeMnepaTypax MJillleHeff npono~ 

,llllllOCb 8 ·aaMepon; 'ITO 3aHIIMallO OKOIIO 3~X 'JaCOB. 3aTeM TeMnepaTypa 

OCHOBHOM Ml!lllelllf li3MeiHinaCb, If npOBO.lllfllOCb 8 3aMepOB B HOBblX YCIIOBIIHX. 

Una T8KIIX 3~qaCOBhlX H3MepeHJISI1 0TIIH'IaiOllllfeCH no TeMnepaType OCHOBHOM 

MumeHn, nanann nne napbi cneKTpoB (nnH ocHonHoff n KOliTponblloff MnmeHeff). 

Ha puc. 3 B Ka'IeCTBe nnniOcTpaunn npnneneH O.llHli na cneKTpDIY nap hi. Bce­

ro n pa5oqefi cepuu uaMepeHnfi 6biiiO nonyqeHo 25 nap cneKTpon. 

llnH oT5paKOBKII peaynhTaToB naMepeHufi, HeynonneTBopnTenhHbiX na-aa 

c6oeB H3MepnTellbHOM annapaTyphl, II ,llllH KOppeKTHOM oueHKII TO'IHOqTH nony­

qeHHblX peaynhTaToB npononnnacb o6pa6oTKa He ncen cyMMapuo uaKonneu­

uon nu<jlopMaunn, a Kamnofi na nap cneKTpon B oTuenhuocTn. napbi, nony­

qeHHbie nnH Kamnon na MnmeHeff, c TO:<IKH apeunH ncex noaMomHhiX cnyttaff­

HhiX own6oK, .HeaanncnMhi. CnenonaTenbHo, onpeneneHHbie na aTnx nap cnnn­

rn peaoHaucon · ap6liH · nonmHhi 5biTh pacnpeneneHbi noKpyr neffcTBliTenhHhiX 

3Ha'!el1Hll no HOpMallbHOMY 3aKOHY C nncnepcnefi, xapaKTepli3YIOWeff TO'IHOC.Tb 

naMepeunff. 
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PHc. 3. Onnu na cneK 
N -qncno HeffTp~Iion, 

llm1 nanne'IeHIIH 

.qeHHbie n peaynhTaTe 

. o6pa30M. nycTb F 0 l 
i 

aHalllf3aTopa llnSI l1BYJ 

MOmHO, HeCKOilhKO pa: 

nneneHJHI ueo6xonnMo 

conepmawne KOHTponh 

cneKTpa . F : o5paaoe. ' . 

T * F; = [ Fi 

Dpoll3nonllaH anecb o 

a F* · F * 
·i . . i ~ 

= --a e. 



:pb!BHOI'O II3MepeHIISI 

onHoM 3aMepe 3anana-

KOniitteCTBa CTapTOBhlX 

liM o6pa30M 1 tJT06b! 

~3aTopa, nocne KOHUa 

:Tna·cBH3II nepenananaco· 

)pa6oTKII, · 

,TaTOB 

OAIIniiCb cnenyiOIUIIM 

)H Il3 MJirneaeii 3anana-

Te co npeMeHeM nepeMe-

3aMep COCTOSin Il3 16-TII 

11 npiiMepao 20 MIIH. nocne 

i1cb na E3CM-4, II npo­

epaTypax MIIWeaeii npono~ 

~. 3aTeM TeMnepaTypa 

aMepOB B HOBhlX ycnOB11SIX, 

10 · TeMnepaType OCIIOBHOH 

i II KOIITpOnbHOH M11WeHeii), 

f ~13 · cneKTpon· nap hi. Bee-

nap· cneKTpon. 

t'AOBneTBOp11TenhHbiX 113-38 

~OH OUeHK11 TO'tHOqT11 nony­

ceii cyMMapno HaKonneH­

aenbllOCTII. napbi, nony-

ncex B03MomHhiX cnyttaii-

;neHHb!e. 113 3T11X nap CAB11-

; BOKpyr neiiCTB11TenbHblX 

xapaKTep113YIOIU9H TO'tHO~Tb 

~ ,, . 

..; 

N cto5J 
Rh Er Er 

(251 Q584 Q460 

8 I I I 

1 

6 

5 

3 

2 

200 

Pnc. 3. Onnn Il3. cneKTpon napbi, t -noMep npeMenHoro Kanana no 16 MKCeK; 

N -ttJicno neiiTpoaon, 3aperJicTpnponallHhlX B Kanane. 

DnH JI3Bnettell11SI 11H¢opMa!lll11 o CAB11rax 3p6IIeBbiX pe3oHancoB nony­

.tteHHbie B pe3ynbTaTe 113MepeH11ii napbi cneKTpon o6pa6aTbiBaniicb cnenyiOIU11M, 

o6pa30M. nycTh F 0 11 F * -ttiicna OTCtteTOB B -OM KaHane npeMeHHOI'O 
i i 

ananii3aTopa nm1 nnyx cneKTpoB napbi, 3TH cneKTpbi nonytteHbi np11, B03-

Momao, aecKODbKO pa3niittHhlX ycnon11SIX no 113Mep11TenbHOH annapaType. DnH 

BBe):leHIISI Heo6XOA11MOH KOppeKUII11 IICnOnb30BaniiCb o6naCT11 9T11X cneK~pOB 1 

conepmaiU119 KOIITponhHLIH pe30H8HC pOA11H, H3 COOTBeTCTByiOIUero yqaCTK8 

. * cneKTpa . F i o6pa3oBhiBancH HOBbiH cneKTp 

* 
F'!= * a F. ] k ( 5) F. ·A t + ¢ 

• • '·at 

npo113BOAHaSI 3AeCh onpenenSinacb 't11CneHHO: 

a F* * * 
·i . F i+ 1 - F; -1 ' ( 6) 

at 2 r 
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rae r -ump1ma npe¥e~noro Kauana a~anHsaTopa. ITapaM:Tpbi 11 t , k 

¢ 1 xapaKTOpH3Y101llHe ... cpe.QHHe B riape HSMeneHHSI BpeMenno:ii WKanbl 

auamrsaTopa, MomuocTH peaKTopa, 8if>¢eKTnnuocTH aeTeKTopa,· !f>oua n T.n., 

onpeaenSinHCb MeTOJlOM HaHMeHhWHX KBa]lpaTOB. npH COBMemeUHH cneKT-
0 T 

poB F. H F. 
I f 

* F .. . , 
I· 

nnSI onpeaeneHUSI CJlBHrOB pesoHaUCOB 8p6HSI yqacTOK cneKTpa 

coaep>Kamnfi 8TH pesonaHCbi, npeo6pasoBb!BancH cneayromHM o6pasoM: 

* * a F * r * a F. 
F . = [ F . - -.-1

-· 11 t -
I I at 

a F. A E 
--

1
-u 01 

a E 01 
a Ei 11 E 02 ] k + ¢ . ( 7) 

02 

3aech E · , E -8Heprim pe3onancon 8p6Hsi, 
01 . 02 

: 3uepr:eTHqecKoe. paspewelme anSI paccMaTim'aaeMniX pesonaucoa 6nmo 

JlOCTaToqHQ XOpOWHM 1 'ITO nOSBOJlSIJlO HCnOJlh30BaTh JlllSI npoHSBOJlHbiX Bbipa-

>KelmH: 

aP.* * 0 a a * a F. · 'll a a 
~- = - n F -·-- ; ---•-·-· =- n F. 

' (8) 
a Eoi ; a E 01 a Eo2 

I a E 02 

rae n . -qHcno siJlep na 1 cM2 MHwenH; a :..ne:iiTponuoe ceqenue; onHCbi-

naeMoe !f>opMynofi · BpafiTa-Buruepa c napaMeTpaMu, BSHThiMir 
0 

Irs I 101 u npH- ·. 
. ... .. 

~eaeunniMH n Ta6nHue 1. 3nepreTnqecKHe 'cannrH 11 E 
01 

1 11 .E 
02 

onpe-

'ilenHmich MeTOJlOM HaiiMeHhWHX KBaJlpaTOB npH COBMellleHHU COOTBeTCTByiO-

lllHX yqacTKoB cneK~pon F ;
0 

H FiT c nariaeHHhiMH p~l.Hee napaMeTpaMH 

/). t • k ¢ , nnSI KOHTpOnH BHyTpenne:ii nenpoTHBOpeqHBOCTH peaynh-

TllTOB HCnOnhSOBanc.II B_apHBHT pacqeTa;· KOrJla 6bm tPliKCHpOBaH JlHWh n"apa-

MeTp A t 1 a napaMeTpbi k .n ¢ onpeaenHnnch anSI 8p6II~BhiX yqacTKOB 
' . 

cneKTpoa BMecTe cq. caaura:-.m · pesonaucoa. CrreunanhHO HccnelloBancH' · 

BonpoC 0 BJlH.IIHHll Ha nonyqaeMbie CllBHrH BD3MO>KHblX HeToqHOCTefi B KOHC-
• • • • 

0 a F* 
T8HTaX1 UCnOJlh30BaHHbiX npn BbiqncneHHH npOli3J;\0JlllbiX ___ i 

·a F * 0 

i 

H 

iJE 

a·E · 
. . 01 

• IToKasano, qTo 8TH neToqHoCTH cymecTnenno caanra ne MeHHIOT, 
02 

12 

~ 

l 
I -p 

' 

;.·· 

" •)--
!! 

\ 
r 

PesouancHhie --
E 

0 
( 8B) 

0,460 ::!:..01001 

0,584 ::!:..0,002 

0~1 

Q'BOeV 

ass'"v 

orl 
·f50 ·t00-50 

Puc. 4. Pacnpeaene 
If KOHTpOJlhHbiX nap 

Hs . nonyqeHHl 

OT6paKOBaHO no npE 

• poJlHH, OcTaBillHecSI 

aanH suaqeHHH canE 

npeacTanneHbi na pi 

OCHOBllbiX ( .T = ( 



f1apaMeTpbi !!. t , k 

nm BpeMeHHoil: mKanhi 

neTeKTopa,· .cpoaa JI T.n., 

II COBM9lli9HJIJI cneKT-

* Y'_laCTOK cneKTpa F 1: ., 

191lYIOlliiiM o5pa3oM: 

-!!. E 02 ] k + ¢ .. ( 7) 

IX pe30HaHCOB 5binO 

b llml npOJI3BOilHbiX. Bb!pa-

(8) 

pOHHOe C9'19l!He;. OnMCbl-

; B3S1TbiMH: JI3 /10/. n npn- .. 
" - ~ ·: "' . 

. ·tl'£
01

, tl,E~2 onpe.;. 

BMeillel!l!II COOTBeTCTByro­

oiMH paHee napar:.teTpaMn 

m~Bope'IIIBO~TM peay~h- · 

r cpiiKCJipOBaH mrillb napa-

.. nnSI ap5H~BhiX yq~cTKOB 

ari~l!o n~cnen6Bancg' · 
·,'... I ' ' ' 

Ihix HeTo'IHOCTeil: B KOHC­
a F* 

lHbiX· i ' ·n 
a·E· · 

. . 01,. ' .. ' 

9CTB9l!HO CllBMra .He M~IISIIOT. 

I 

Ta5nnua 

PesonaHCHhie napaMeTpbi 167 Er(. I 7/2 ) 

E ( 9B) r ( 10-3 aB) 
0 n 

0,460 :t. 0,001 0,279 :t. 0,005 

0,584 :t.,0,002 0,256 :t. 0,004 

0,02"K- 0,5"K 

Q'BOeV t£- (27± lJpeV 

~£-(,l,:t f6JpeV 

-f50 -f00-50 . 0 50 f()() f50 
~EpeV 

r c w-3 
aB) 

y 

88 :t. 1 

86,3;tJ,O 

fO"K-fO"K 
Q'60eV ~£-C-Q':t :6J peV 

50-100-50 0 50 fOO f50 
~Ep~V 

j 

4 

3 

Pnc. 4. PacnpeneneHHSI aKcnepnMeHTanhllhiX 3Ha'leHHfi !!. E nnSI ocHOBHhiX 
H KOHTpOnhHbiX nap cneKTpOB. 

H3 nonyqeHHhiX' 25-TH OCHOBHblX 'n KOHTpOnhHhiX nap cneKTpOB 5 5binO 

OT5paKOBaHO no npii3HaKy H9YAOBneTBOpHTenbHOrO COBMerueHHSl pe30I!aHCOB 

pOilHSlo 0cTaBIDHeCSI 20 nap, o5pa5oTaHHbie paCCMOTpeHI!biM Bbillie M9TOilOM 1 

nann sHa'leHHSI CllBJiroB pesoHaHcoB ap5HSI. PesynhTaThi aToll: o5pa5oTKJI 

npencTaBneHhi aa pnc. 4 B'Bnne pacnpeneneHHfi 

OCHOBHbiX ( ·. T = 0,02; 0,5°K) H KOHTpOnhHhiX 

tl E 
0 1 

n · !!. E 
0 2 

anSI 

T = 10; IODK) nap cneKT.:_ 



' . 
! 

poB. Ha ocHoBe nonylJeliHhiX pacnpeaene1111fi 6bin11 BbilJI1cneHbi cpeJlHI1e .ana­

lJeHI1H CJlBI1I"OB !l E 11 11x aKcnep11MeHTanhHhre Jll1cnepc1111 

1 n --
D = --- I ( !l E . - !l E ) 2 

• I"Jle n. = 20 - lJI1CIIO o6pa6oTaHHblX nap. 
n ~ 1 i= 1 1 . 

HopManhHbie pacnpeaeneHHH c nony"'eHHhiMI1 -;;-if 11 D npiiBeaeHbi Ha TOM 

>Ke p11cynKe. 3Kcnej:mMenTanhHhie Jl11cnepc11u, B cpeaiieM, B 1,5 paaa npe­

BOCXOJlHT Jll1cnepcl1n, nonyqennhre Ha 3BM . npn o6pa6oTKe oTaenhHhiX nap 

cneKTpOB 11 o6yCIIOBIIeHHbl8·, B OCHOBHOM 0 CTaTI1CTI1KOfi lJI1CJia OTClJeTOB B 

. Kananax aHalii13aTopa, 3To noKa3b!BaeT0 "'TO B napax, BKn!OlJ8l!Hb!X B o6pa-· 

6oTKy, cnyqafinhre oum6Kn oT necTa611nhHOCTI1 annapaTypbi HeBemrKI1. Dony-

lJel!nhre cpean11e analJei~ 

cpeaaero o (if£) = y _!!__ 
- n 

= 0,02; 0,5°K) ll, E (0,460) 

!l E II nx orni16Ku, BbilJucnennhre KaK orni16Kn 

, paBHbi: JlliH ocnoBHbiX nap crreKTpoB '( T. 

= (27 t.. 7)· w-6 aB; KE (0,584) 

= ( 44 ±. 16) • w-6 
aB; JlliH KOHTpOIIhflbiX nap crreKTpOB ( T == 10; ·woK) 

!l E ( 0,460) == (-0,4 ±.B). w-6 aB; KE (0,584) = (-11 ±. l4). 10-6 8B, 

V. llononl!HTeOhHbie KOHTpOIIb!!hie i?KCnepHM8HTb! H O!l8HKI1 

D03MO>Kflb!X CHCTeMaTI!lJeCKJ.IX OWH6QK 

0Jll!H ll3 AOnOIIHHTelihflb!X KOHTpOIIhflbiX 8KCrrepHM8HTOB HMen Uelih!O 

npoBepKy npaBI!nhnocTn onpenenennH Bennqnnhr CJlBIII"a npn uawen Me'rOJll!Ke 

naMepennfi n o6pa6oTKn peaynhTaToB, llnH aroro 6.hrno .rrpoBeaeno II3Mepe­

nne, aHaliOI"IIlJHOe pa6olJeMy 0 npn 3apanee li3BetTHhlX ~HKCripOB3HHhlX CJlBHI"3X 

peaonancoB ap6nn, <l>nKcnpoBaHHbre CJlBIII"l! peaonancoB coa!:raBannch c nc- .· 

nonhaoBanneM ~~eKTa llonnnepa npn Bpamennn o6paaua B nylJKe nei1rponoB 

T8Kl!M o6pa30M 0 "'TO B03HIIK81Ia ll3BeCT!!8SI .cpeJlHHH COCT8BIIH!Olll8H CKOpOCTII 

MHrnenn no ocH nyqKa, 

nonyqeJUibre peaynhTa'rbi !l E (0,460) = {'-124 £ 10) • to-6 aB; 

!l E (0;584) 

!l .£.(0,460) 

( -156 '±. 15) • w-6 8B llOCT8TOlJHO 6mi3KH K omnaaeMbiM: 

(-:-150,:!)6).10-6 aB; /l£' (0,5M)=(-170±_18)•'10-6 aB, 
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B JlPYI"OM KOH 

HUH B AOMeHaX SI)le] 

Typb! TepMbMeTpOB 

naMepHnoch nponyc1 

noMeliJeHHYIO 130 BHE 

qeHHaH MHWeHh .liME 

Crenenh naMarnnqe 

HOI"O nOIIH ll Mai"HII' 

reMneparypbi MO>Ke~ 

JlO KOHCTBIITbl ·c ·"' 
IIeHHH nponycKaHHfi 

cyrcTBHI! ( T0 ) no 

Til 

To 
cos h. 

rae a -peaonancnc 

p " { 

I . 

I + 1 

- ·1 

DpoBoannoch necKo; 

>Ke nocne ycTai.IDBII' 

BeaeHHbie JlliH paan: 

llil!X CKOpOCTHX H3M 

ycranoBnennn TeMn' 

Mnnyr. 

ManocTh naME 

B03MO>KHhiX CHCTeMi 

ne CBSI3aHHbiMH C ll 



III Bbi'IHcneHbi cpe.rume ana-

ncnepcnrr 

I - 'IIICnO 06pa6oTaHHbiX nap, 

E H D npnBeneHbl Ha TOM 

cpenueM, B 1,5 paaa npe­

o6pa6oTKe oTnenbHhiX nap 

:TIIKOfi 'IIICna OTC'J9TOB B 

Iapax, BKniO'I91IIIblX B o6pa­

nrrapaTyphl !IeBeniiKII, nony­

Bhl'IIICneHrihle KaK OWH6KH 

BllbiX nap cneKTpoB '( T. 

a; K£ (0,5B4f 

3KTpon ( T = 10; ·woK) 

34) = (-11 :!:. i4) • w-B aa. 

!liTh! H O!I9HK!f 

:rrep!!MeHTOB !!Men uenbiO 

:nanra npu namefi MeTO.lli!Ke 

> ?.blno nponeneno naMepe­

THbiX cpHKCHpoBaHI!biX C.llBH!'aX 

rancoa coanaaanncb c uc- · ·. 

o6paaua B ny'!Ke nefiTponoB 

!Sill COCTaBnHIOUlaH CKOpOCTH 

C-124 i 10) • 10-6 aa; 

·.6nH3KH. 'k O>KII,llae'MbiM: 

= ( -170±.18) •'10-6 sa. 

1 

B npyroM KOHTponbHOM aKcnepnMenTe rrpoaepHnocb apeMH ycTa!IoBne-

HHH B noMenax Hnepnoli nonHpnaaunn f N nocne ycTanoaneHH!I TeMnepa-

Typhi TepMbMeTpOB npH H3MeHeHHH TeMnepaTypHOI'O pe>K IIMa. llnH 3TOI'O 

H3M9pHnOCb nponycKaHHe HeiJ:TpOHOB qepe3 OCHOBHyiO ap6neByiO MHWe!lb 1 . 

noMemeHIIYIO BO BHemnee MarHHTHOe none C II = 16 Kap'cT. HaMarnrr-

qel!Hall MHW9Hb HMena cpeUHIOIO. no o6'heMy nonHpii38UHIO { N = C { N 
' 

CTenel!b naMarHH'IeHHOCTH MHmenn c , onpenemieMali BenH'IHIIOH Ma!'HIIT-

HOI'O nonH II Mai'HHTH~fi ~eCTKOCTbiO M8Tepnana 1 npii . HaWHX H3M81I8HIIliX -- .... 
TeMnepaTypbl MO>KeT C'IHTaTbCli nOCTOliHHOHo BenH'IHIIa f 'N II, C TO'IIIOCTbiO 

UO KOHCTaHTbl C 1 BenH'IHHa { MOI'YT 6b!Tb Orrpenenellbl 113 COnOCTaB­
N 

nenHH nponycKannfi T8 n T 0 B peaonaace npn aannqnnn ( T 8 ·) H B oT-

cyTcTBI!li ( T 0 ) nonH aa Mmuean: 

cos h .( n f N p a ) , ( 9) 

rne a -peaOII8HCHOe ceqeH.He 6ea n onHpnaaunn, 

={ 
I . I 

nnH j '= I + 
I + I 2 

p 
1 

- ·I nnH j I -
2 

npoaonnnocb necKonbKo nocnenoaaTenbHhiX 10-MnHyTHhiX aaMepon cpaay 

me riocne ycTanoanennH TeMnepaTyphi TepMoMeTpoB. 3Tn naMepennH, npo- . 

aenenHbie nnH paanH'IHhiX TeMnepa~ypHbiX pemnMoB, noKaaann, 'ITO. npn na­

mnx cKopocTHX naMeaennH TeMnepaTyphi npeMSJ ycTanonneanH f N (nocne 

yCTaHOBneHHli TeMnepaTypbl TepMOMeTpOB) ne npeBOCXO.llllT HeCKOnbKHX 

MHHyT, 

ManocTb IISMepHeMoro cnanra peaoaanca Tpe6yeT TwaTenbaoll ouenKn 

B03MO>KHbiX CllCTeMaTII'J9CKIIX OWII60K H3MepeHHll1 . o6ycnoBneHHbiX acpifJeKTaMII 1 

ne CBHSaHHhiMH c naMepHeMbiM. B nameM cnyqae, Korna pa6oqne naMepeaast 



IlpOBOiUITCSI rrpH pa3nHIJHb!X T9MrrepaTypax MIIlU9liH
1 

6binH paCCMOTp9Hbl 

cneJly!OlllH9 sljJ!jleKTbi, KOTOpbHi!_ :'-10ryT JlaTh TeMrrepaTypliyJO 3aBHCHMOCTb 

tPOpMbi p930HaHCa H HCKa3HTh pe3ynhTaT: 

1~. Tennonoe pacmnpeiine MHUieiin. 

2: · TeMrrepaTypiioe H3Meiieiine nonrrneponcKoro_ ymnpeiiHSI pesoiiaiica. 
~ . . ' 

3. l13M9Hel!He ljJopMbi pe3oRal!Ca 1 -. CBSI3aHHOe C T9MIIepaTypliOH 3aBHCH-_ 

MOCThJO ocTaToqnou cpenaeil Hnepaou nonSipH3aunn Mnmean. . -

· flepBbie nna sljJ!jJeKTa nomKHbi 6bi:h nC'!e3aiOIIH~ ManhiMH
1 

rrocKonhKY 

TeMrrepaTypa OCHOBHOH MHIUeHH 0'19Hh HII3Ka H _!'19HSI9TCSI H93Ha'IHTenhHO. 

TeM He Meiiee 1 no3Mom Hhiil BKnan oT sTnx sljJ!jJeKTOB rrponepSincSI SKcrrepn­

MenTanhHo. Bbrnn nponeneHhi H3MepeHHSI1 aiianorn'IHhie pa6o'IHM 
1 

·B ycno -

BHSIX 1 KOr)la T9MIIepaTypbi OCHOBHOH MIIlU9liH B IIape ycTal!aBnHBanncb 

4 H 10°K. Hnepl!aSI nonSipH3aUHSI 3Jl9Ch rrpaKTH'I9CKH OTCYTCTBOBana; a 

paCCMaTpiiB89Mbie sljJ!jJeKTbi JlOnmHbi 6binii IIpOSIBIIThCSI 3Ha'IHT9HbHO CHnhHee. 

flonytieHHbie pe3ynhTaTbi cornacyJOTCSI c IIyneBbiM cJinnroM: 

tiE (0 1480) = (-8:!:. 12)·10-8 sa; ,1 E (0
1
584)=(8t_l7)·10-8 

9Bo 

3TO II03BOnSieT IICKnJOtiHTh BnHSIHHe rrepBbiX JlByX sljJ!jleKTOB Ha pe3ynhTaT. 

Q B03MO)KHOCTH BnHSIHIIH OCTaTO'IHOH CpeaHeil IIOnSipH3~UHH MO~HO 

cKa3aTh cneayiOruee. l13y'leHne ¢opMbi na6nroaaeMbiX pe3oHaHcoa rro3BOnSI-

eT yTBepmnaTh, 'ITO B HalUHX ycnoBHSIX, OCTaTO'IHaH cpeJlHSIH IIOnSipH3aUHSI 

Mnmenn npn TeMrrepaType T = 0 102°K ne npenocxonnna aecKonhKHx 

npoueHToa. CneunanhHo nponeneHHhre_ pac'leTbi rroKa3ann
1 

'ITO Hannqne TaKou· 

OCTaTO'IHOH IIOnSipH38UIIII He BnHSieT 3aMeTHO !Ia nonyqaeMbJe rrpH Hameu 

o6pa60TK9 CJlBIIrii p930HaHCOB. 
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flponeileHHoe BbiJ 

Ha6nJOJl8BlUII9CSI CJlBIIrJ 

. B.b!'IIICneHHe Mar 

nony'I9HI~b!X CJlBHr;oB,-1 

IICIIOnh30BaHHII BM9CTC 

Ecnn rrpiiHSI'l'h H ,; i 

II j • (01 584) = 31 TO 

168 E 
T rrony'la!OTCSI :: 

·' P: I (0 1584) :' ( 11 8 :!:. 

oT nony'leHHhiX B pa6c 

BhlCOKOe 3Ha'leHH9 Mal 

yKa3aHnoil pa6oTe c~c 

XO)I<Jl9HIISI yKa3aTh Tpy 

nonSipH30BaHHhiX aeilTJ: 
13; ·. 

nocb B , nononHHTE 

CUT MarHIITHOe pacceE 
. . 

flonyqeHHbie H!iM: 

T90p9TII'I9CKIIMII rrpenc 

SIHIIH SIJlep1 KOTOpbi9 1 -~ 

nonmHhi cnnhno oTnH'It 

B 3aKniO'IeHne C' 

npH3HaTenhHOCTh. H.M. 

neHHSI n B.A. PonnoHo 

rrOMOIUh 8 rroaroTOBKe 
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I, 6binii paCCMOTpeHbl 

JaTypHyro 3aBHCIIMOCTh 

·o. yumpeHnSI peai>HaHca, 

c TeMnepaTypHou aaBncn~ 

1 MnrneHn. 

IIe ManbiMH, IIOCKOnhKY 

HSieTCSI HeaHa~nTenhHo. 

roB IIpOBepSinCSI SKCIIepn­

IHb!e pa6o~nM , ·B ycno -

pe ycTanaBnnBannch 

[II OTCyTCTBOBana; a 

bCSI ana~IITenhHo ciinhaee, 

CABIII'OM: 

= (8-t_17) ·10-6 
SB, 

1<jl$eKTOB na peaynhTaT, 

t nonSip1I3~UIIH MOX<HO 

'-~,hiX peaonancoB noaBonSI-

I cpenHSISI nonSipnaauiiSI 

'X0Jl1Ina HeCK.OnhKIIX 

. . 
>ny~aeMhie npii irarneu 

·, 

' . ~ ' 

ITpoBeileHHoe Bbirne paccMoTpeHIIe noaBom:reT yTBep.)I{JlaTh, ~To 

aa6nronaBrniieCSI CllBIII'II peaoHaHcoB CBSI3aHbi c HHTepecyroiUIIM nac slf><jleKToM, 

B.bl~IICneHIIe Mai'HIITHbiX MOMeHTOB KOMnayllll-COCTOSIHIIH 168 Er II3 

nony~eHHbiX cnBiu~oB MO)I{eT 6biTh npoBeneHo no <jlopMynaM ( 3) II ( 4) npn 

IICIIOnh30BaHHH BMeCTO { N pa3HOCTH 

Ecnn npiiUSITh H ,;, 7 ,1·· 106 a peT, JL 

f N. (0,02°) - [N ( 0,5°) = 0,85, 

=-0,56 JL N j (0,460) = 4 

II j ( 0,584) = 3, TO JlnSI Mai'HIITHhiX MOMeHTOB B036y)l{lleHHbiX COCTOSIHHH 

168 E · r nony~aroTCSI 3Ha~eHIISI: . JL i (0,460) = (0,9 :!:. 0,4) JL' N 

JL i (0,584) ':;' ( 1,8 :!:. 0,9). JL N , 8TH BenH~IIHbl 3aMeTHO 'OTnii~aroTCSI 

o~ nony~eHHhiX B pa6oTe 131, B ~aCTHOCTII 1 He IIOilTBep~aeTCSI o~eHh 

BbiCOKOe 3l!a~eUIIe M8I'HHTHOI'O MOMeHTa peaoHaHca 0,584 SB 1 KOTOpoe B 

yKa3aHUOH pa6oTe COCTaBngno (5,9':!:. 1,2) 
JLN 

XO)I{IleHIISI yKa3aTh TpyJlH0 1 cnenyeT .TOnhKO OTMeTHTh1 ~TO Ilpll I1pt_>IIYCK8l!HH . 

nonSipiiaoBaHHhix neuTponoB ~epea naMarHII~enHyro MIIrnenh, KaK sTo nena-

noch B 131, nonommTenhHyro HeonpeneneHnocTh npii II3MepeHHII p. . BHD-
1 

CIIT MarHnTnoe pacceSiane HeuTpoaoB, naiep$epnpyromee c s:ri:tepHhiM. 

flony~eHHbie H!iMII pesynhTaThl HaXOJlSITCSI B cornaCHH C COBpeMeHHhiMH 
. . 

TeopeTII~eCKIIMII IlpellCTaBneHIISIMII 0 Mai'HIITHbiX MOMeHTaX KOMII~YHil-COCTO-

SIHIIH SIJlep, KOTOpbie 1 KaK IIOK83aHO B pa6oTaX / 
11 •121 

1 B CpenneM, He 

JlOn)I{Hbl ClinhliO OTnii~aTbCSI OT _Oilli0~8CTII~Hb!X, 

B saKnro~enne c~nTaeM CBOIIM npnSITHhiM nonroM BhipasnTh rny6oKyro 

npnsHa_TenhHDCTh. H.M. ct>panKy sa nnTepec K pa6oTe n nonesHbie o6cy)l{­

nenns:r li E.A. PonnoHoBy II E.H. ConoBheBy, OKa38BlllliM cymeCT_BeHHyro 

IIOMO!Uh B nonroTOBKe annapaTypb!, 
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