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JO,A.Ea:cyoo:a 

I. OEll!AfI XAPAKTEPHCTHKA PAEOTH 

ARgmiiocTb npo6JieMl:1, 0J(Hott :as aKTyam.HWC ·npo6JieM a1tcne·pID11eH
Tam.Hott .1UtepHoif 4JH8HKH JlBJil!eTC.fl nccReJ(oBrume cBottcTB paJ(HOaKTHBHllX 
JJ,D;ep, YJ(M8HHllX OT 06RaCTH 6eTa-CTa6MbHOCTH, Pa60TH a'Toro Harrp~e
HHH BS.IJYTC.fl.MHOrHe ro,ns B 06'I,eJ(HHeHHoM HHCTHTYTe'JJ,ll;epmnc :accRe,noBa
mnt no nporpaMMe JJ,D;epHoil cneKTpOCKOITHH Ha nytJKe IlPOTOHOB. 3HatJeHHe 
3TIIX HCCR8J(OBamn1 B pa8BHTHH COBpeMeHHott Teop:irn aTOMHOro .II,ll;pa He BU-

8llBaeT COMHem. B llOCR8J(HH8 ro,ns .II,ll;epHM Cll8KTpOCKOmm o6oraTHJiaCb 
B08MOlltHOCTblO no~aTb 6oRee .neTam.HYJO HHqiOpMaJll'flO O CTPYKTYP8' '.II,ll;pa Ha 
OCHOBe 8HaJm8a cneKTpOB JJ.ll:8pHoro H8.JIY'l8HHH, no~ae~oro OT CHCTeMl:1 
opneHTnpoBaHHllX .II,ll;ep. HcMe.noBaHHe yrRoBoro pacnpe,ne~eHH.fl raMMa-ns
~eHHH ·opHeHTHpOBa.HHWC JJ,D;ep J(aeT'HHqlOpMaJll'flO O MarHHTHOM J(HITOJII,HOM 
MOM8HTe OCHOBHOrO COCTO.f!HIDI JJ,ll;ep, 0 KBaHTOBllX xapaKTepHCTHRax OCHOB
HWC H B086y.llr,Il;emmx: COCTO./IIDrlt aTOMHWC JJ,ll;ep, a TaKlll:8 0 qJH8R'l8CRKX 
CBORCTBax JJ.ll:8PHllXH8~eHHil~ nMbHeilmee pasBHTHe HCM8J(OBB.Imi1 opneH
THPOBaHHllX ~ep CB.fl8aHO,, B onpeJ(eReHHOil CTeneHH, C 003,namreM KatJecT
BeHHO HOBWC 3KcnepID/18HTWR!DC YCTaHOBOK. J!;m llp0B8J(8HH.fl no,no6m.a nc
CRe,noBa!mtt B OIDill paspa60T8Ha H BH8,lij)8Ha' raKTHKY 3~8KTHBHM KpH
oreHHM CHCT8Ma .IlJiiI opneHTHPOBalilI.fl JJ,ll;e~ I Ha OCHOB8 HOBOro' MeTo,na ' 
no~eJIM CBeiromsm -reMiiepaTYP'°'. 3Ta cnc-reMa onpe,neMeT ocHOBHlie 
q,H8RtJ8CKHe YMOBH.fl 3KcnepHMeHTOB H JIBJI.fleTC.fl tJaCTblO,KOMWI8KCa qlH8H
tJ8CKOR annapaTYpl:l, npeJ(Ha8HatJeHHoro AA.fl CHCT8M8TlltJ8CKOro H8YtJ8HH.fl' 
paJ(HOaRTHBHllX JJ,ll;ep KaK 1e7o.noM RX cTaTRtJecKoro opireHTHPOBaHHR: npn 
CB8~8KOR T8MllepaTYPe 2 , TaK H M8TOJ(OM JJ.ll:8pHoro MarHHTHOro peso
HaHca,31, .neTeKrnpyeMoro C ITOMOl!ll,10 raMMa-H8JIY'l8HH.fl opneHTHpOBaHHllX 
.II,ll;ep (HMP/OH). 

Uen pa6oTR. HacTO.flll1a.fl ~ccepTa!ll'fOHHM pa6oTa nocB.fl~eHa peme
mno pll,Ita qJH3HKO-T8XJIHll:8CRHX sa,natJ, CB.fl8aHH!lX C cos.naimeM KOMIIJl8KCa 
qJHSHtJecKott·am;ayaTYpU ;n;im :accRe,noBaHHH ·pacna.na opneHTnpoBammx paJ(Ho
aRTHBHllX .IU{ep' 47 B ]a6opaTopnn JJ,ll;epHliX npo6ReM OIDill, n npHMeHemno 
3TOro KOMUReKca AA.fl H8MepeHHH MarHHTHOro J(HITOJII,HOro MOM8HTa JJ,D;ep 
I53Tb, I5STb, 57co, GOCO H H8YtJ8HH.fl pacna,na KOpOTKOJmBYl!lero .IU{pa 
I48rb. YKasaHHM IJ;eJII, 6URa .nocrnreyTa 6Raro,napst peMHSarum·.neyx 

x) EopncoB H.C. n .np. OIDill, I3-I0253, ,1fy6Ha, I976. 
xx)HeraHOB E.C. n .np. R3'.N/, I966, 50, BHn.6, c. I445-I457. 
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nso6pe;emrii/5,6/ npn C03'Aa.HHH pecI>puepaTopa pacTBopemm 3ne B 4He 
HOBOli KOHCTp~. 

Haycmrur HOBH3Ha 

I. IlpeMOJ!teHJ5/ H BnepB!le C03'Aa.Ha/I/ HOBM KOHCTPYRUIDI peq>pH
xepaTopa paCTBOpemm 3He .B 4He, Il03BOJIJIIOll{M WQpcHpOBaTh OXJirutmeIDie 
3KcnepHMeHTam,HWC o6RasnoB; pasMemaTh roe Henocpe'ACTBeHHo B pas6aB
JieHHofi wase .lKli,D;KO~O ~e B KaMepe paCTBOpemm H 3aMeHf!Th HX Ha JD06ofi 
CTa.rtmI pa6oTu peq>puepaTopa. 

2. PemeHU MeTO,Itll'leCRHe Bonpocu OXJirutmemm KOPOTK~l!OIBymIDC pa,nno
aRTHBHIIX H,Ztep. 

3. Ilpe,ItJioxeHo ypaBHeIDie, 0Imc1,maD!llee BpeMeHHoe HsMeHeIDie TeMITe
paTYpll KaMepu paCTBOpemm: peq>poepaTopa 3ne -4He IlpH pa30BOM pel!OIMe 
OTKa.'lKH H3 Hee 3He. . ' 

.4. Ha, OCHOBe a.HMH3a ll3MepeHH!lX aHH30TpOITHH raMMa-HSJIY'leHHH 
opHeHTRp0BaHHIIX pa,nnoaKTHBHWCH,ll;ep IlOJIY'leHll Me.D;yIDIItHe pesynTaTl:l. 

- Onpe'AeJieHll MH C'A6Jialil,I oueHKH Be~H nap81,!eTpOB CMemHBa-
HIDI MY~THilOJII,HOCTett .JmJI I4 raMMa-nepeXO'AOB B I48od. · 

- O~oaHatJHo onpe'AeJieHll ·wm orpaimi:reHU BOSMOJltHllMil: aHatJemm
MR KBa.HTOB!le xapaRTepHCTlllra I2 B036YJll',IteHHWC COCTO.illlltii I 48ad. 

- BnepBUe R3Me~Ho 3Ha'leIDie HmltHero npe'AeJia MaI'IDITHoro ~
nonHoro MOMeHTa Jr,Ztpa I 3Tb .B OCHOBHOM COC.TOJJHHH. . . 

-·BnepBUe R3MepeH MarHHTmrll ~OJII,HUH MOMeHT Jr,Ztpa r55._rb B 
OCHOBHOM COOTOJJHHH. 

5. li3MepeHO MeTOiOM HMP/OH OTHO!IleHRe MaI'HlITHIIX ~OJII,HWC MOMeH
TOB H,Ztep 57con 60co B OOHOBHOM COCTOJIHHR, ROTopoe IlO'ATBepJlf,I{aeT H3-: 
BeOTHlle 3KOnepHMeHT8Jll,Hlle ,ItaHH!le. 

IlpattTHtJeoxaa: ueHHOCTh 

I. C03'AaHHllii KOM6HHHpoBa.Hmrl1 peq>pmKepaTop paCTBOpemm JJMJJeTCJJ 
KpnoreHHUM yoTpoiicTBOM, YHlllt8Jil,H!,lM no CBOHM MeTO'AR'leCRHM B03MOJKHOC
TJJM. Ero a.HaJIOrH MOryT CTaTh 6asomnm YOTaHOBRaMH B psr;Ite ItpnoreHHWC 
HaytIHo-ncMe~oBaTe~cRHX Jia6opaTope .JmJI BUn~emm: MHornx nporpaMM 
n:ccJie'Ao:arum:i!: K nooTaHOBRH pa.nee TeXHHtJecKH He~oorynHHX axcnep~eHTO~ 
(cBJJ3aHHWC~ HanpHMep, c BpamemreM wm nepeMell{eHHeM axcnepHMeHTaJII,HWC 
o6paanoB npn T~o,or K). . , . .. .·. , . . 

2. IlpeMoxeHHoe ycTpoiioTBO .JmJI o6MMHoro 'A03HpoB~G/·MozeT 
6UTh peaJIH30BaHO B B:0'.'Ae HOBoro npn6opa .lmR: npeD;H3HOHHOro Ollpe'ABJieHKJJ 
06'beMOB rel)MeTH'lH!,IX eMKOOTeii R CWIOlllllllX TeJI. . . . . 

3. IlpeMOJ!teHHaa: ROHCTPYRUIDI 'AaTtJHRa ypoBHJI . l!OI'ARoro reJIHJfl' ( ... 
6JI8I'O'AapJJ ero 3KOHOMR'IHOOTH, Ha'A6JltHOCTH H TO'lHOOTH H3Mepemm: M~llteT 
6UTh l!IHPOKO HCilOJII,30Ba.Ha B CRCTeMaX H3Mepemm ll peryJIHpoBamm_ypoBHJI· 
,m,n;xoro reJIWI. 
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. 4. ITpeMOl!t6HHM KOHCTPYI~ H TeXHOJIOrM H3rOTOBJiemm HlI3KO
TeMIIepaTYpHoro T6IlJI006MeHIDIKJ8 MOJ!teT 6llTh BHe'ApeHa B npOll3BO~CTBO 
oepllliHUX Mo~eJiett xoM6mmpoBaHHoro peq>pnxepaTopa paoTBopemm. 

5. YcTa.HOBKa "CilliH" CTaJia 6a30BUM imonepHMeHTaJIDHHM KOMWieKCOM 
.JmJI ocymecTBJiemm nepcneKTHBHott n mnpoxoii nporpaMMht H,ZtepHo-<I!Irawreo
KHX HCCJie~OBaHHH. 

Anpo6aurur pa60Tll. OcHOBHUe peiynTaTll HCOJie~o~aIDiii, llMOJ!teHHlle 
B ~ooepTa.ua:n, ~ORJI~BaJIHCh n o6CYJll',ItaJIHCh Ha XXYII (TamKeHT, I977 r.i 
XXYill (Am.la-ATa, I978 r.) H XXX (JieIDIHrPa'A, I980 r.) BceCOI03Hl,IX COBe-
11{8.HHJJX no H,ZtepHott cneKTpoc1mrnm n CTPYKTYPe aToMHoro H,Ztpa, Ha pa6o
'IHX COBell{a.HMX no YCTa.HOBKe "CilliH" B ,!Ty6He (!975 r.), B EeXHHe, tICCP. 
(!977 r.) H B JlnmHo, 1ICCP (!980 r.) ,Ha XY COBemamm no H,ZtepiIOii 
cneRTPOCKomm n: Teopmr aTm.moro Jr,Ztpa B ,!Ty6He· (I978 r.), Ha 5-:ii KOH
q>epeHUHH 'l6XOMOBanKIDC q>H3HROB B Romnue, l!CCP (I977 r.), Ha 2I-OM 
BoecoroaHoM coBell{aHHH no cI>nanRe HHSRIDC TeMnepaTYP B'XapnROBe (I980 r.) 
H Ha Y Me,ir,nyHapo~oii ROHq>epeHrnm no CBepXTOHKHM B3aHMO~e:iiOTBIDIM B 
3an~oM Eep.,mHe B I980 r. 

IIy6JIHKamm. OCHOBHlle peayJihTaTU HaCTOJJll{eli ~ccepTa.ua:H ony6JIH
KOBaHU B I5 pa6oTax·B BH'Ae npenpnHTOB owrn:, T63HCOB ~ORJia'AOB H CTa
Te:ii B OTetJeOTBeHHl:lX n aapy6eJ!tHUX J!tYPHaJiax. 

06~eM ,rurccepTamm • .I(HccepTanHJJ·COOTOHT H3 BBe~eHHJJ, IlJJTH rJiaB 
n aaRJI101IeHM,H3JIOJ!teHHl:lX Ha I46 oTpaIDiuax, BRJIJO'lM 35 pnCYHKOB, 8 Ta6-
JIHU n I46 6n6JIHorpa®r1lecKHX CCUJIOK. 

II. KPATROE OIDICAIIBE PAEOTbl 

Bo BBe.p:eIDIH paoct.mTpHBaeTCJJ aKTYaJihHOCTh npo6JieMU H3ytJeHHJJ 
cBoiicTB H,Ztep, opneHTnpoBaHH!:lX npn cBepxHHsKHX TeMIIepaTYpax, WCPMYJIH
pyeTCJJ HaytlHO-TeXIDI'leCKa.JJ 3MatJa: 003'Aa.HHJJ IlPHHUHilllaJihHO HOBOtt (llll3H
'l6CRO:ii YCTa.HOBKH B OIDIB H 'AaeTOJJ o6sop ~ccepTannn no, rJiaBaM. 

B nepBott rJiaBe paOCMOTpeH M6TO'A CTaTll'lecxoro opneHTHPOBa.HHJJ 
H,Ztep, OCHOBaHHllli Ha B03~eiiOTBHH CHJI1,Hl,IX BHennmx 3JI6RTPOMaI'HlITHllX no
Jieli Ha aJieRTpWiecKHtt KBa'APYJIOJihmrll H MaI'HHTHllli ~nOJI!,Hllli MOMeHT H,Ztep, 
OXJiru,me:mmx ~O HH3ROll TeMITepaTYpll. 0CHOBHOe BHHMB.HHe Y'AeJieRO OITHC8.HHIO 
Ha6Jm.ItaeMoro yrJioBoro pacnpe~eJiemm raMMa-H3JIY'l6HIDI aHcaM6JIJJ opxeH
THpoBa.HHllX H,Ztep n BJilllIHHIO Ha Hero pasJIWIHUX <I>an-ropoB axcnepHMeHTa. 
.l{aHa on;eHKa o6JiacTH BHe!llHHX MaI'HlITHllX nOJieii H HH3KHX TeMITepaTYP, Il!)ll 
ROTOpux ooymecTBJIJJeTCJJ aq>q>eRTHBHOe opneHTHPOBaHHe H,Ztep. 

BTopaa: rJiaBa noCBJJll{eHa paspa60T1te R!)llOreHHott CHCT6M!,I .lmJI opneH
THPOBa.HHJJ H,Ztep. B Hett ItpaTKO paocMaTp1maeTCJJ HCTOPM OCBOeHM HOBoro 
MeTO'Aa nOJIY1IeHHJJ CB6pxHH3KHX TeMITepaTYP nyTeM pacTBOpeHM 3He B 4He • 
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M3JIO%eHa 3HTpOIIlllHaa: TPaKTOBKa .zmarpaMM!1 COCTOmma: .llm,IUtOH CMecn ll30-
TOIIOB reJIH.II H IIOKa38.HO,· Kamm ocipa30M H3 CBOHCTB 3TOH CHCTeMli CJie
;i:ryeT HOBl1H crrococi OXJiruioi;emm, H Ha 'ITO Ha.no ocipamaTI, BHIIMa.Hlle IIPH 
paspaciOTKe pecppuepaTOPOB·pacTBOpeHHH. 

OCHOBHOH He~OCTaTOK pecppH%epaTOpoB paCTBOpeHHH, llCIIOJII,30BaB
llIJIXCH Pa.Hee B :rncrrepIDv!eHTaJil,HOH Wll3llKS, - HeB03MO%HOCTI, IIpgMOro ~OCTY
na B RaMepy paCTBOpemm. BurroJIHeHHe 3RCnepID,!eHTOB C · ROpOTKOJmBYJ]tHMll 
smpru.m B "oqi-JiailH" pe'100/Ie_ noTpecioBa.iro cos~ainm 

0

HOBoil ROHCTPYRU!IB 
pecppuepaTopa pacTBopeHH.II. OCHOBHaa: H~eH ycnopemm OXJiruioi;emm 3KCIIe
pmJ1eHTaJII,llliX ocipasn;oB saRJIIO,meTCH B ·TOM, 'IT0611 pacioTaximmi peqipuepa
Top II03BOJIHJI BCTaBJIIITI, ocipasen; IIPflMO B RaMepy paCTBOpeHHH. CxeMa 
·Taitoro pecppn%epaTopa IIOKa38.Ha Ha PHO.I. 0TJllI'IllTeJII,HOH ococieHHOCTI,ID 
~aHHoro pecppgepaTopa RBJIHeToH HaJIH'Ine ~ono.mrn:TeJI1,Horo Ka.HaJia, coe.zm
runomero ItaMepy pacTBOpeHHH C KaMepoil ncnapeHHH Herrocpe~CTBeHHO, Mll
HYH CllCTeMY HH3KOTeMIIepaTYpHWC TeIIJI006MeHHllltOB. IlpnBe~eHHaa: cxeMa 
~aeT o6mee rrpe~cTaBJieHHe o HOBOM peqipuepaTope, ROTopl1il co'IeTaeT B 
cecie ~OCTORHCTBa RaK ociHtJHoro ncrrapnTeJII,~oro pecppuepaTopa, TaK n 
pacTBopnTeJII,Horo. Cos~aHoo pecppnxepaTop'I/ ~aeT B03MO%HOCTI, ocy
mecTBJIHTI, 6!1CTpyro CMeey o6pa3D;OB, 38.KpeIIJieHHHX Ha HHEHeH 'IaCTll ll3-
BJieRaeMoil TeIIJioBoil rrpo6Kn, npoBO,ItHTI, me aqrpeRTHBHoe rrpe~BapnTeJI1,Hoe 
OXJiaJ!O];eHHe ~o TeMIIepaTYP MeHI,me 0,3K n pasMemaTI, Herrocpe~CTBeHHO B 
ItaMepe paCTBOpemm. Co'IeTrum:e OTMe'IeHHHX ~OCTOllHCTB II03BOJIHeT Ha3-
BaTI, TaKOH pecppuepaTop pacTBopeHHH KOMcillHllpOBaHHHM. 

Pnc.I. IlpllHI.l;llIIllaJII,HaH cxeMa ROMci:irnn
pOBaHHoro pecppuepaTopa pacTBopemm. 
I"'." RaMepa HcnapeHHH 3He, 2 - RaMe-

' pa pacTBOpeHHH 3He, 3 - coe.zmHHTeJII,
Haa: Tpy6Ra, 4·- OCHOBHOil ~pocceJII,, 
5 ~ CllCTeMa TeIIJIOOciMeHHHROB, 6 -Ten
~OBaH npo6Ra, 7-, IDTOR, 8 - ocipasen;, 
9 - ~epxaTeJII, ocipaan;a. 
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naJiee rrpnBO.ItHTCH ~eTam,Hoe orrncrume ococieHHocTeil Tpex Mo~eJieil 
ROMciRHHpo:erumoro pecppuepaTopa, rronasaHHWC Ha pnc. 2, reJIHeBoro Rpn
ocTaTa n cncTeMl:l n;npRYJil!Il;Hll cMecn 3He n 4He. 

Pnc. 2. Tpn MO~eJIH.ROMcillHllpOBaHHOro peqipuepaTopa 
paCTBOpeHHH. CJieBa HarrpaBO: pecppn%epaTOP C Henpe
pHB!ruM CIL1II,cpoHHHM TeIIJIOOciMeHHHKOM, pegipIDKepaTOP C 

. 3-CTYIIeHtJaTHM Hll3ROTeMIIepaTy-pHHM TeIIJIOOciMeHHHKOM, 
pecppnxepaTop C. 4-CTYIIeH'IaTl:ilM TeIIJI~OOMeHHHKOM. 

Bo3MO%HOCTH pacCMOTpeHllliX MO~eJie:11 BII.IUlll H3 rpa@ma HX cpaBHH
TeJII,HOH XOJIO~OIIpOli3BO,ItHTeJII,HOCTH (pnc.3) H xo~a OXJiaJ!O);eHIDI ocipasn;a 
(pnc.4) B HaHciOJiee COBepmeHHOH MO~eJIH KOMciHHHPOBaHHOro pegipro.tepaTopa 
paCTBOpeHHH C 4-CTYIIeH'IaTl:ilM TeIIJIOOciMeHHHKOM. J{OCTOIIHCTBa IIOCJieMei-i 
MO~e.JUI peqipnepaTopa pacTBopemm o6ycJIOBJiem: HOBOli CIICTeMOH InI3KOTeM
rrepaTYPHblX TeIIJI006MeHHIIKOB, ROHCTPYKIU1JI li TeXHOJIOrHH nsrOTOBJieHHH !{0-

TOpl:DC ~eTam,Ho om1crun/0/. 

5 



Q, 3'f"/C 

5lX) 

4001 I I // / I 

PHc.3. xo~O,I(OilpOR3BO,ll;lt
Te~bHOCTb pa3~R'IHHX pe~pn
lltepaTopoB, npRBe,I(eHHrui K 
ewmott CKOpOCTR ~PKYJIHUllli 
4Ie D3 = 3,ro-4 MMb/C. 
A-Teope,T:ir<Iecmm srumcn:
MOCTfr, 'B-KOMO:rumpomunntlt 
peqipgepaTOp pacTBopemm 

.llll I J · i // I I 
C ~CTYilelltJ.aTliM T8IJJIOO6-

MeHHRKOM, C-1toM6nHRpoBaH
HIDt peqipuepaTop C 3-CTY
neH'!aTHM T8IJJIOO6MeHHRKOM, 
- A - peqipnlltepaTop 3HXO~b
Max, :- □ - - KoMMeptJecKRtt 
peqipID!tepaTop. DRP - 36 
~pM!i S.H.E.Corp. 

mt I l:'::::>,,/f--,j' I I 

1001 I X/.,Y I I I 

0 10 20 :r, 

TK 
10• 

J 
• 

~· • • T • 

z 

,bl 

40 50 T.HK 

- "' ,, 
1\1\ 

I~ 'I\ 
.\ ! 

'\ ' ' 
I\. 1\ \ 

i":- '\ ,. 
'~ ,I',,, 'r--. 

~ --
0 1 , ~ _:, f, 'I 

PHc.4. XO.I( OX~SJK,Itemm B KOM6RHRpoBaHHOM peqipuepaTope 
C 4-CTylleH1lB.TliM T8IJJI006M8HHRKOM noc~e YCTaHOB.KR 8KC
nepID,18HTaJII,HOro o6pasua B KaMepy pacTBOpeHRll: l3 MOMeHT 
BpeMeHR t .;, O ~ 

x Ehnholm G.J. et al. Cryogenics, 1971, 11, p.J9. 
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IlepBOHatJam,mm 3anyCK JII06oro peqiplilltepaTopa paCTBOperum ynpo
JitaeTCJI, eMR TotJHo nsBecTeH o6'!>eM ero HHSKOTeMIIepaTYPHWC tJacTett, sa
noJIHf!eMWC D.IUmM remrnM. Jl,J:uI pe/GeHIDI aToii sa,n:atJR ripewrollteHo ycTpoii
CTBO ,Il;JllI O6'!>eMHoro ,I(O3RpOBaHIDI 61, KOTOpoe ucnonsyeTCH Ta.IOKe ,Il;JllI 

nsMepemm mme,I(anca ~cce~en peqipuepaTopa. · 
Jl,J:uI KOHTPOM n nsMepemm ypo:sHH Jm,ll;Koro re.lIID! paspa6oT~ aKo

HOMl'ItJHHe ll Ha.n;elKHEle .n;aTtJHKH • .UeTaJibHO ormcaHa me KOHCTpyrui;rul" 7' lI 
pa6otJRe xapaKTepncTHKH. 

Oco6oe BHIIMaHHe y.I(e~eHo Bonpocy nsMepeHIDI cBepXHHsKIDC TeMIIepa
TYP lI npo6~eMe OXJISJK,IteHRa a1tcnepHMeHTaJII,Horo o6pasua pas6aBJieHHott 
qiasoft 3ire.· HsMepeHHe TeMIIepaTYpI,I pas~ ys~oB peqipoepaTopa pacT- -
BopeHRH OCYJit8CTBMeTqa C IIOMO!ItbID MOCTa rrepeMeHHOro TOKa TlIIIa C:i,yo 

bridge, S72 H p8.3Jll!tJHHX pe3HCTOPOB TIIna Speer lI Allen Bradley. 

IlpRBO,I(HTCH xapaKTepRCTHKR ncnonsyeMWC ,I(aTtJRKOB, rrpoKaJIII6poBaHHWC no 
yrrpyrocTH rrapa 4Ie, a B o6~acTR 6o~ee HR3Kmc TehraTYP no rrepBRtJHO
MY smepHOM'J Ol)H8HT~OHH9MY T8pMOM8Tpy 5-\m(Ni) g • 3qqieKTJrIBHOe OX
~SJK,IteHRe pa,n:noaKTHBHllX o6pasuoB OCYJit8CTBMeTCH C noMO!ItbID crre~aJibHOii 
TeIJJIOBOft IlOWIOJltKlI C 6onmoii noBepXHOCTbID T8IJJIOO6MeHa. 

IlpH H3Mepemm TeMIIepaTYJ)HOii 3aBHCHMOCTH aHlI3OTpOIIl!ll raMMa-lI3~
tJ8HHH oplI8HTHPOBaHHWC pa,n:noaKTJrIBHWC SI,I(ep B pime ~aeB TPe6yeTCH 
no~eHRe CTa6MMWX TeMIIepaTYP HWKe IO MK. B pa6oTe rrpJrIBO,ll;ltTCH aHa
~3 BO3MOJKHOCTR no~eHRH TaKHX TerreP,aTYp B KaMepe pacTBOpeHHH IIplI 
pa3OBOM peDMe OTKatJKH H3 Hee 4Ie ID7. 

IlpH aHaJilI38 npHHR:TO, tJTO BKaMepe pacTBopeHRH ¾e B pa30BOM 
pelKlIMe Pa3BRBaeTCH XO~O,I(OrrpOlI3BO,ll;ltTenHOCTb 

• • 2 
03 = n3•(cx-p)T(t) <r> 

r,I(e ri3 - MOMPHruI CKOpOCTD OTKatJKR ¾e, d = I08 .I(llt/(Mon•K2) lI 
/J = 24 ,ll;llV(Mon•K2) npe,I(CTa.BJIHIOT TeMIIepaTYJ)HHe KO~UII8HTH MO

MPHOll T8IJJI08MKOCTH COOTBeTCTB_eHHO ,Il;JllI pas6aBJieHHoft H KOHUeHTplipo
BaHHOfi qiasH 4Ie, a T(t) - paBHOBeCHM TeMIIepaTYJla KaMepH pacTBope
mm B MOMeHT BpeMeHH t . qaCTD XMO,I(OilpolI3BO,ll;ltTe~HOCTH saTpatJH
BaeTCH Ha_KOMII8HC~ BHemHero TeIJJionpnTOKa q, a OCTaBIDMCJI tJaCTb 

Q3 yxo,ll;ltT Ha noHHl!temre TeMnepaTYJ)H o6eroc cpas ¾e Ha Be~ d T . 
Tor,I(a YPaBHeHneM T8IJJIOBOro 6aJiaHCa 6y.I(eT 

dT - 03 -q di 
- - C(T.t) 

. I 

C(T, t) MOXHO HarmcaTD .ll,mJ IIOJIHOfi T8IJJIO8MKOCTlI 

(2) 

C{T, t) = /3T(Mo - Yl3 t) + ciT(No + tl) 
1 

( 3) 

7 



I 

r.zte Mo ll No - HatJB.m,H!,18 MOJI/IpHHe KOJm'IJ8CTBa COOTB8TCTB8HHO KOH
ueHTpllpoBaHHOH ll pas6aBJieHHOH q>as 3He B KaMepe pacTBOP8HRlI, a ,f -
MOJIIIPHM CKOpoCTh Yl38RH'IJ8Hl!Si KOJmtI8CTBa pas6aBJieHHOH q>asu. 

OtJeBH.ItHO, tJTo t = n3V3c/V3d , . (4) 

r.ne VJc ·x 1/3d - Mo.wrp:irue 061,0m cooTBeTcTBeHHo Ko~eHTpHpoBaHHoil 
ll paBHOB8CHOH pas6aBJieHHoil q>aSU 3tte. IlO.ItCTB.HOBKa (I), (3) ll (4) B 
(2) n HHTerpxpoBrume )taIOT if!OPMYJfY 

. . . 
2 

. A - a ½c/½d 

[
n3(a_ -;3)T -qJ 2(cx-13) - -. z · -1 
n3(c<-f3) To -9 . 

(/3-rxVx/VJd Ji,3-t 
· ;3Mo + <XNo 

(5) 

ilioPMYRa (5), cnpane,lt1IllBM npn ycnoBllll, 'IJTO HatJMhHM TeMIIepaTYpa 
To < 40 MK, YlJHTUBaeT :rummme Ha'iaRDHOro q>aSOBOro COCTaBa .lltll,IJ;KOCTH 

ll ero .ItHHaMll'!JeCKOe llSMeHeHHe B KaMepe pacTBOpemm Ha KOH8lJHYJO TeMIIe
paTYPY T · . Ha pnc. 5 npHBe.zteH rpaipntiecrorli B.HaJms HeKoTopmc BepO.lIT
HliX CJrytJaeB pasoBoro peJm:Ma_pacTBOpeHIDI. Hs pnc. 5 BlI.ItHO, tJTo saxmo
tJHTeRDHM tJaCTh npouecca pacTBopemm npn HMHtillll TeWioBoil HarpysKK 

Yr. 
t 

(1} 

QB 

Q7 

(fj 

Q.5 

Q4 

Q3 

Q2 

Q1 

~~ l -
1~~ ., 

-~, ~~ . . -. , ~t--1-.. q=o,sQ, 

~ 
~0 
~ '-. ---~~-;--'Q-"= 0~2,~_J__j 

\~t-..t,.._ q;,~.,c; ' 
"' '---1-- q=aosG 

"'-~ l 
• ---~ .i . 

0 0,1 0,2 0,3 Q4 0,5 .Q6 Ql QB 09_ 1 ¼. _ 
Plfc. 5. 0THOCllT8RhHOe BpeMemroe ll3M8HElHHe TeMIIepaTYJJH KaMep!l 
pacTBopeHM npn pasoBoM peJIGThie OTKatJKH 3tte. Rpnnue pacc'IJHTB.HH 
no q,opMYne (5) ;It1IJI pasRll'iH!lX BHeil!HRX Tewro~ Harl_lysoK q , . 
COCT8B.limO!IlHX H8KOTO!)YID·'IJaCTI,OT CTapTOBOH xonojonpOH3BO.ItllT8Rb
H~CTll Q0(T0), B npe.ztnonoxemm No= 0, KpoMe. BepxHeit, ;It1IJI KOTO
pott npmmTo No ,,;, O,I n M0 = r.· 

8 

ill 

'i~ 

~ 
!J 

/, 
( 

I 
1: 

'I 
'( 
'1; 

/! 

I~ 
\~ 

I 

q nponcxo.ztnT npaKTHti8CKK npn IlOCTO.lIHHOH TeMIIepaTYpe. 3TOT BUBO.It 
HaxO.ztnT CBOe aKcnepm.ieHTaRDHOe IlO.ItTB8J)'1!.I(8Hll8 B pa6oTax x. 

B T~8Th8H rnane KpaTKO OllllCllBaIOTC.lI aRcnepm.ieHTB.m,HB.lI ycTaHOBKa 
"crnrn"/;I', B KOTOpOH KOM6mmpoBaHHUH peq,pHlltepaTop .lIBJI/I8TC.lI OCHOBIDIM 
npn6opoM, onpe.zteJIIIJXllHM qinsHtiecirne ycnoBim aRcnepHMeHTa; a TaIOKe Me
TO.ItllKK npHrOTOM8Hll:.lI pa.ztnOaKTHBHl:lX o6pasuoB, Il0Jry'IJ8Hll!J H o6pa60TKll 
cneRTpoMeTpll:'IJ8CKHX .zta.mrux. EJioK-CXeMa YCTaHOBKll "crnrn" noRaSB.Ha Ha 
pnc~6. faMMa-nsnytJeHne cncTem opneHTHPOBaHHWC .lI.I(ep perncTpnpyeTC.lI 

Ge(Li)-.It8T8KTOpaMH, ycTaHOBJieHHUMH ITO.It yrRaMH 0°, 90° ll I800 OTHO
CllT8RDHO HaITpaMeHim: IlOJI/I CBepxnpOBO.Itfil!lero MarHHTa. CneKTpoMeTpntJeC
Kll8 CllrHBJili ycnmmaroTC.lI CTaH.ItaPTHOH aneKTPOHHKOil R HaRanmmaIOTC.lI B 
IlaMlITll MHOrOK8.HM1,Hl:lX 8.HaRHSaTopoB. faMMa-cneKTpH nepe.ztaJOTC.lI C no
MOll!I>lO aMILlillTY.ztHO-unq,poBUX npeo6pasoBaTeneil, SanllCllBaIOTC.lI Ha MarHHT
H!,18 neHTU H o6pa6awmuoTrui Ha 3BM. AlmsoTpollll.lI Ha6RD.ztaeMoro yrnoBoro 
pacnpe)(8R8Hru! raMMa-RSRY'IJ8Hll.lI onpe.zt8JIII8TC.lI KaK OTHOCHT8RDHOe ll3M8He
Hll8 WIO~a.ztn crreKTpaJThHOH JmHllll ll aHMR3llPY8TC.lI C IlOMOll!I>lO TeopeTRtJec
KOil SaBllCll:MOCTll OT qJaKTOpOB aKcnep:imeHTa ll KOHKpeTHHX CBOHCTB .II,I(pa ll 
.lI,I(epHoro ll3RY'IJ8Hll.lI. IlpnBO.ItllTC.lI npoBepKa ,IlOCTOBepHOCTll nonytJaeMWC Ha 
ycTaHOBKe ."crnrn" .ItaHHl:lX Ha rrpm.iepe MeTo.nnqecKoronccne.ztoBaHll.lI .lI.I(pa 
I6G_r,b /II/. . 

/JCKOP/1T£17b 
H!HCK-Z ~ 53CH-6 

~-- r1op •-• • CDC 6500 --- ---=-:.. 
r-----~5,-~---7 ll.\6H4_l 

; 1
1~1-

.: ~-r· 
; KPffOCTAT 
: ll~1K 

L-[~f.}~ 

9-BIHN/I 

!6~ 
I ~ 
I!! I 

MACC
CEnAPAUHfl 

1-1 ~, ---1,,,,.;~-;.,;,...,..i I 1 
l ______________ J 

, YcrAHOBKA cnuH 

Pnc. s •. EJioK-cxeMa ycTaHOBKll "CIIllli" H·ee BHe!llHlle CMSll. 
I!Y --' saprmoBO'IJYBCTBHT8RDHHe npe.nycwmTeRH, Jr/.,;, crreKTPOMeTpH
tJecKHe- RHHeihme ycn;m-reim / • ICA-70 - MHoroKaHaRDHUe · aHannsa
TOJJH raMMa.;.cneKTpoB, HMJI - HaKOilllT8Jm Ha MarHHTHOtt R8HTe. 

X , . . . , 
Vilches o.E., Wheatley J.C. Phys.Lett., 1967, 24A, p. 440; 
IIemKOB B.Il. Y\liH, 1968, 94, c. 6fl7. ·· · 
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qeTBepTM r~a.Ba nocMII1eHa aKcnepnMeHTaJil,HOMY HCC~e~OBrumlO 
pacrrMa opHeHTHPOBaHHHX smep 153Tb, 

155
Tb H 

148 
Tb : • 

IlyTeM H3MepeHIDi H aHMH3a TetmepaTy-pHoii saB1:ICHMOCTH aHH30TpOITHH 
raMMa-H3JIY'ISHIDI opHeHTHPOBaHHHX smep onpe~eReHH napa.MeT~ CBSPXTOHKO
ro MarIDITHOro ~MnHoro paCl!leMemm .I(JllI smep 

153
Tb H 

55
Tb B rM~-

~H. TmIJNHHll rrpm1ep Truton 38.BHCIDAOCTH rrpHBe~eH Ha pnc.7. Ha ocHo
BaHUH H~eHHWC rrapaMeTpOB pacl!leMeHIDI lI H3B0CTHOrO 3Hatremm aqxpeK
THBHOrO MaI'IDITHOro IlOJIJI Ba@?.= 303 T, ~eitCTBYJOl!l0rO Ha npHMecHHe 
smpa Tep6HJI B rMo~~. BrrepBile aKcnepHMeHTaJil>HO orrpe~eRe/

12
,
13

/ 
HIDKHID1 npe~M MaI'HHTHOrO ~MnHOro MOM0HTa smpa 153irb B OCHOBHOM 
cocTomnui: ( }';;;: ~, l smegHoro MarHeTOHa), a TaKJKe HsMepeH MarIDIT~ 
~ITMnHHli MOMOHT smpa l 5.rb B OCHOBHOM coc_Tomnrn )A =2,0(2) .ff.M. 

14
{ 

(S~ecn H ~Mnme B KpyrJIWC cKo6KaX yKasaHa norpemHOCTn orrpe~e~eHHH 
noc~e.rurnx 3Ha'i8.Il)IDC nmf>p H3MeP.ffeMWC BeJIH'mH). 

TMK Pl'!c.7. 38.BHCHMOCTn 3HatreHHft HOP-
20 40 60 MHpOBa,HHOit HHTSHCHBHOCTH raMMa-

nepexo~a 161,3 KSB B 155ad B 3a-
BHCHMOCTH OT HOpMHp0BaHHOH HHTSH-

+ 
~ "[ ,1 ~ 

CHBHOCTH Qex JmHHH 835,3 KSB 
smepHoro opHSHTal{HOHHOrO T0p!V!O-

+ :I- MeTpa 54r4n(Ni). Teope'l'H'!eCKM 

1,4 
KPHBM paCCtJ:HTaHa B npe~oRoxemm, 
tJ:TO napaMeTp a~eKTplfCISCKOrO KBM-
¥~MnHoro B3aID/IO~e:ltcTBRII .I(JllI • 

5Tb B rMOJI1llllm pa.BeH P=9•I0-7 
1,31- 'ti sB. YKasaHHHe oll!H6KH orrpe~e~emm 

SKcrrepHMSHTMnHHX TOtJ:0K COOTB0T-
CTBYIOT cpe~eKBMPaTHtJ:HliM OTMO-

0,7 (18 oex 0,9 ~ HeIDIHM. 

BnepBile rrpoBe~eHO HCC~e~oBam;e P,aCnMa opHeHTHp0BaHHHX KOpOTKO~ 
lltHBYIUHX (T1;2 = 60 Mlrn) smep 148Tc! 157. Ha OCHOBe ITOJIY'l0HHHX SKcrrepH
M0HTMnHHX ~aruIHX orrpe~e~eHH rrapaMeTpH cMelllHB_amuI .I(JllI I4 raMMa-rrepe
xo~oB B 148ad , rrpHBe~eHHHe B Ta6Jnme I. YTotJ:HeHa cxeMa pacrrMa 
smpa I4STb , wparMeHT KOT0p0li C YtJ:OTOM HamHX pesynTaTOB IlOKa3aH Ha 
pMC.8. Onie~e~CHH 0~03HatJ:HO CilHH H tJ:eTHOCTn ,I(JllI BOCnMH B036yJl(,l:(eHHHX 
ypoBHeii l 8ad: (E = 2700,0 KaB, I"= 2+), (E = 2505,8 KaB, I"=3-), 
CE = 2503,7 KaB, r 71 = r), CE = 2424,I 1tsB! 1»- = 3+). CE = 23I0,9 

X Kobayashi s. et al. J.Phys.Soc.Jap., 1967, 23, P• 474. 
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Ta6mma I 
KllaHTOBUe xaprutTepHCTI-IItH ypOBH0li l4SGd H napaMeTr CMemHBa

HRII MY~nTHIIO~nHOCTen H3MepeHHHX rruAMa-JIYtISH 14 Tb 

YpoBeHI 1f K~i l' 
X 

6L 5 l8(d1<)I KSB t 

1863,4 2+ I079,0 2+ MI+E2 -0,24~9) ll.JII! 5,2(+40,-20) 
I863,4 o+ E2 

2I88,7 2+ I404,2 2+ MI+E2 O,I8{+33,-20)HJm I,5(+9,-7) ,;,;I,O 
2I88,6 o+ E2 

2233,6 T 960,I 3- MI+E2 -0,26(6) 0,3(+8,-3: 
I449,2 2+ EI+M2 -0,08(9) 

2276,0 r;2- I002,5 3- E2,MI . 
23I0,9 2+ I526,4 2+ MI+E2 -0 ,46(+22,--..'33) 

23IO,O o+ E2 

2424,I 3+ I007,7 4+ MI+E2 -0,24(8) MH -2,8(?) D,8(+19, 
1639,7 2+ IAI+E2 -0,40(+12,-22) UJm -I,4(4) -8) 

2503,7 2- I230,2 3- MI+E2 0,5I(+25~-l6)HJm 3,2(+24,~I3 ~0,6 
I7I9,6 2+ El+M2 -20(9) 

2505,8 T I089,4 4+ EI+M2 -0,026(30) 0,30(+IO, 
-12) 

2522,0 3!4+ II05,6 4+ MI+E2 
' 

26I4,6 r;2+ I830,l 2+ EI+M2 -0,06(+8,-5) 
MI+E2 -0,45(II) 

2700,0 2+ I426,6 3- El+M2 0,08(48) 
I9I5,5 2+ MI+E2 0,22(+21,-29) HJill I ,4(+8;6) 

3089,.5 2-;3+4➔ I8I6,l 3- EI 
MI+E2 

7T +) ( . 7i -) ( 7T +) KSB, I = 2 , E = 2233,6 RSB, I = 3 , E = 2188,7 RSB, I =2 , 
(E = I863,4 RaB, r7T = ~). OrpaIDitJ:eHH B03MOXHHe 3Hatremm KBaHTOBilX 
xapaKT0PHCTHK "IST!lpex B036yx,n;emrux ypoiHeii 148ad: (E = 3089,5.KaB; 
I 71 '= z--. 3±,: 4+), (E ·= 2614,6 KaB; I7T = f-, 7), (E = 2522,0 KaB; 
I 77 = 3+, 4+), (E = '2276,0 KsB; lJT = r, 2-). 

X lljycn·A.<li. H ~. TeSHCli ~OMMOB IDX COBel!laHH.ff IIO smepHO:li Cll8KTpO
CROnmI R CTPYKTYPS aTOMHoro smpa. "HayRa", i., I979, c.90. 
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(Tl 65 83 v, 
~5~~ 

~ 
p• 

2~t.,· ,}iliit ..-n~5 ~OJ ~· 
- .. 0~ 

ll76,1 0/-1 1,1 
287~ ~7 7,1 

2• 
!~ .. 

;~~ 2700/J \2J 7,5 

1~2'· ~~~~ 2614,b \75 ?,4 

J:,• t;;:~-~ 2'32>,0 D,21 ~J ,- llEc,~-:::- -""6,8 1,66 
2° -ll~ ---= 1,48 7,4 ,. 2424) 0,68 7,5 

2• ~!li~~~N __. 2310,9 1,45 ,., 
,-i" :!:il~~ -2276,0 

22:J:15 1,sz 
~~ 2• ~ 

21B8,7 ""' s· 

Ii~) 
208>,0 

2"{ 1913,0 :?,05 ~i 1863,4 15-,61 ~3:,· I I I II -18.)(,,6 

~ .. 
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10,5 7,2 

-,_ 

2• II II I I 11 I I' I' II 17 784,4 JO/ 7,0 

o• 

I"' usGd 
•• 84 

EIGS Ife,fit wgft 

PHc. 8. iliparMeHT cxer.ru pacrra.na I 48Tb 

ffi:rTM rJia.Ba rrocBml{eHa ocBoemno Texmnm .imepHoro MarHHTHoro pe
soHaHca. (mAP), ,ll;eTeKTllpyeMO;O ITO ll3MeHeHmo aHll30Tporrmr raMl'.la-H3JIY'IEl
HIDI CllCTeM!l opneHTllPOBaHHUX .imep (OH). KpaTKO pacCMOTpeHI:l rrpemilYilleCT
Ba MeTO,ll;a m.W/OH lf OCHOBH!W. CBOttCTBa ero· crreKTPOB. I'Jiaimoe BHHMaHHe 
y,ll;eJieHo ,lJ;ByM aKcrrepmmHT~IWM MeTO,ll;aM m,W/OH: M~TO,ll;y, ocHoBaruror.iy 
Ha ~aCTOTHOH MO,ll;y.JIRUID! BHeIDHero BllCOKoqaCTOTHOro IIOJIJI, n MeTO,ll;y 6UCT
poro a,ll;Ha6arnqecKoro rrpoxoJK.neHIDI BllcoRoqacToTHoro CHrHan:a ~epes 
06JiaCTI, pe30HaHCa. KpaTKO OIIHCaHa MeTO,ll;JIKa rrpHrOTOBJiemm PMMOa.KTllD-

12 

'1 

HllX o6pasnoB JJ.7IJI mi!P/OH, 6JioR-cxeMa arrrrapaTYpu R rrpone,2J;ypa B11IIOJIHe
HIDI 3KCIIepHMeHTOB c JmPaMH 57co_H 60co. IlpRBO,ll;/ITCH aRcrrepHMeHTaJII,Hl:le 
,ll;amme rro Hsyqemno c:im:H-pemeTo~ott peJia.KCaitHJr opHeHTHpoBamrux .fl')(ep 
B ~eJie3HOH MaTplflte. 

OCHOBirue aRcrrepHM~HTaJII,Irue ,ll;amru:e IIpllBe,ll;eiru .B rpa.ipHtrecKOM Bll,ll;e 
Ha pnc.9. B Ta6J!lflte 2 IIPRBe,ll;eiru Hamn n orry6JlliROBaHirue B ,ll;PYI'JDC pa.60-

Tax ,ll;aHirue o sHaqeHHmc pesOHaHCHWc qacTOT Yoo H lllaI'HRTHWc MOMeHTOB' 
OCHOBHI:lX COCTOHHI!li 57Co R GOCO. CorJiaCH0_8THM ,ll;aHimM,Haft,ll;eHHM Ha.MH 
BeJ!HqlfHa OTHomeHHH MarHHTiru:X ,ll;HIIOJII,HUX MOMeHTOB OCHOBHUX COCTOHHHH 
.imep 57 Co R 60co xopomo corJiacyeTcH B rrpe,ll;eJiax aKcrrep1meHTaJII,HWc 
OIDH60R C R3BeCTHIIMH 3Ha~eHRSIMlf, IIOJIY'IeHHUMH B ,ll;pyrroc pa6oTax. 06pa
maeT Ha ce6n BHHMrume pas6_poc pesoHaHCH!lX qacToT (~I%), IIOJIY'IeHHUX 
B pasHUX pa6oTax, JJ,7IJI .imep 3THX H30TOIIOB. 3TO CBH3a.HO, IIO-BJr.ImMOMY, 
C pasHott BeJI:wmHott aqxpeKTllBHOro MarHRTHOro IIOJIH B 3RCrrepHMeHTa.JII,HUX 
o6pasnax. JLm:r TO~oro orrpe,ll;eJieHIDI MarHRTHUX MOMeHTOB rrpHMeCHUX H,ll;ep 
He06XO,ll;HMO 3Hrume TOqHOH Be.Jralllriru aqxpeRTRBHoro IIOJIJI B o6pasne. B CBH-
3R C 3THM rrpe,lJ;IloqTHTeJII,HO HCIIOJI1,30BaTI, Ta.KRe o6pasnu, B ROTO!)UX MOX
HO RsyqaTI, pesoHaHc COBMeCTHO XOTH 6H JJ,1IJI .imep ,ll;ByX H30TOIIOB, O,ll;HH 
RS ROTOpux·rrpHMeHJieTCH B KaqecTBe perrepa. ' 

v.-----------, 
yr-----------, 

Mf4 
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PHc. 9. 3a.BRCHM~CTI, pesoHaHCHOil ~aCTOTH JJ.7IJI .imep 57co·B 
IlOJlliRPRCTaJIJmtleCROM (JIRHHH I) R MOHOKPHCTaJIJIJrq8CROM (JmHWI 2) 
xeJiese OT BHeIDHero MaI'HHTHoro IIOJIJI H Ta xe 3aBHCRMOCTI, JJ,7IJI 

.imep 60co B IlOJlliRPHCT~eCROil xeJie3HOH qioJII,re TOJimmIOtt 
I,2 MRM. 

m. OCHOBFillE.PE3Y.1II,TATU 

I. IlPH pemruomeM yqaCTJrn: a.BTOpa C03,ll;a.H RpHoreHirutt KOMlJJieKc· 3KC-
rrepHMeHTaJII,HOH YCTaHOBim "cmm". ' • 

2. Ha ocHoBe Hso6peTeHIDJ / 5/ cos,ll;a.Hpeq>puepaTop pacTBopeHIDJ 
3He B-4He, rrosBo.1IRJOiimfi qiopcRponaT1, oiJiruir,neHHe aRcrrepHMeHTaJII,HHX 06-
pasnoB, pasMemaT1, me Henocpe,ll;cTBeHHo B pas6aBJieHHofi ipase 3He B ItaMe-

• ' 
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MaTP!IUa 

Fe 
LMN 

Fe 

Fe 

Ta6mma 2 

57co 
.. 

60co 
5}';6~ 

¼:, MI'!~ -'5'1 JI.IA. MaTpurta Yoo l,ID.J; 07-' JI.M. 

292,5(2) 4, 720(!0) Fe 164,4(1) l,2454(16) 
!07,8(5) 4, 722(17) LMN 60,6(2) 3,790(8) I,245(7) 
295,42(6) 4,708(12) 

Fe 166,06(3) 
Fe 165,957(5 
Fe !66,32(44 
.Fe l66,DI(5) 
Fe l66,3I(7) 

295,40(25) Fe 165,75(25) l,247(3) 
'. 

a) Stewart G,A, et al, J,Phys,C,, 1977, 10, p, 3651, 
6) Niesen L,, et al. Physica, 1972, 57, p,1, 
B) Laurenz R,, et al, Z,Phys,, 1974, 270, p, 233 
r) Kopp M,, et al. Hyperfine Interac, 1977, 3, p, 321, 

-
Ccwma 

a) 
6) 
B) 
r) 
;ll) 

e) 
lit) 
s) 

H~ ,aH-
Hile 3 

;ll) H~gn E,, et al. Hyperfine Interactions, Uppsala. 1974, p. 148, 
e) Mattias E. et al. Phys.Rev.Lett., 19660 ·17, p,893; 
lit) Templeton J.E., et al. Phys.Rev.Lett., 19670 18, p. 240, 
s) Kieser R., et al.· Sol,id State Comm., 1975, 17, p,423, 

pe paCTBOpemm, 88.MeH.lITL RX Ha .mo6ofi CT~ pa60Tll pewpuepaTOpa ll 

no.nytiaTL Te.MIIepaTYPY Ha o6pasn;e OKOJIO 7 MK. BpeMSI OXJialli,ll;emm o6pasD;3. 
OT lCOMHaTHOH Te.MIIepaTYpll .n;o 20 MK COCTaBJI!IeT OKOJIO I,5 qaca. 

3. JJ;Jm ynpomemm nepBoHaqaJILHoro sanyc1ta pewpnxepaTopa pacTBo
pemm npe,I!,IIOllteHO llCilOJILSOBaTL ycTpOfiCTBO MR o6~eMHoro .n;osnpoBamm/6{ 
C IlOMOmLID KOTOporo MOlltHO npOll8B9rolTL llSMepeHHe 06~eMa YSJIOB pewp~
paTOpa ll npOqitX repMe~HllX eMKOCTefi Be~HOfi .n;o ~Tpa C TOtffiOCTLID 
OKOJIO O,I%. 3TO lite ycTpofiCTBO CJIYDT MR Toimoro ll8Mepemm HMITe,IJ;aHCa 
.n;pocceJiefi pewpnepaTopa, 

: 4. IIpe,wrollteHa n peMHSOBaHa KOHCTPYKUIDI SlCOHOMKtffiOrC)· .n;aTtmlta 
ypOBH.lI KpnoreHHofi JKII'AJCOCTll, HeKpllTlltIHOro lC pasMepaM ll wopMe Te.MIIepa:. 
TYPHO-qyBCTBllT0JThHOro aJieMeHTa ll HeqyBCTBllTeJThHOro lC KOJie6a.mmM TeM
nepaTYp!,l KpnoreHHoii Jltll'AKOCTll, ,Ua.T'IliR co CBepxnpOBO,ll;il:IJtlIM Te.MIIepaTYPHO
qyBCTBllTeJILHHM SJieMeHTOM llSMep.aeT ypoBeHL JKII'AJCOro He II C TOtffiOCTLID 
He xyxe 0,05 MM ll MOXeT pa6oTaTL B CHJII,HWC MarHHTHllX IlOJIIIX, 

5. PaspaOOTaHa KOHCTPYKUIDI ll TeXHOJIOI'IDI llSrOTOMeHIDI Hll8KOTeM
nepaTYPHOro T0M000MeHHHKa MR Jltll'AIGIX Wa8 3He B 4He, 

6, ,lleTaJThHO nsyqeIDI pa6otme XapaKT0PllCTllltll TpeX MO,IJ;eJiefi KOM6ll
HllpoBaHHOro pewpuepaTopa paCTBOpeHIDI, ,ll0Ka88HU Oom,nme M0T0~0Cltlle 
B08MOlltHOCTll pewp;p1tepaTOpa B ocymeCTMeHllll pa8H006pa8HWC Wll8ll'l:0CltllX 
SKCUepll:MeHTOB. 
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7. IIpe,wroxeHo yprumemre, OllllCllBaromee BpeMeHHoe nsMeHeHHe Tm,me
paTYPll B peam,Hofi KaMepe pacTBopemm pe~puepaTopa 3He-4iie npn paso
BOM peJmMe OTJtaqJCll ll8Hee 3He. IIoKasaHa B08MOlltHOCTL KpaTKOBpeMeHHoro 
IIO.nytiemrn rrpaKTII'IeCltll CTaOWILHWC TeMIIepaTy-p 6oJiee Hll:3KliX, qeM ,IJ;OCTll-
raewe B pelKliMe Herrpepi,rBHoii n;irpJCYJmltlilI 3He. · 

8. BrrepBUe SKCIIepHMeHTaJILHO orrpe.n;eJieH HmltHIDi rrpe.n;eJI MarmtTHOro 
'AHIIOJILHoro MoMeHTa JI.!(pa r53Tb B OCHOBHOM cocTOJIHRH, .),l ~ 3,I JI,M, 

9. BrrepBlle ll8MepeH MarHHTHllH 'A}{IIOJILHllli MOMeHT JI.Iipa r55Tb B 
OCijOBHOM COCTOJIHHll, .),I = 2,0(2) JI,M, 

IO. IIO,IJ;TBepl!Q(eHa BeJIWnrHa OTHOmeHIDI MarHHTHllX 'AHIIOJILHllX MOMeH
TOB Jl,!(ep 57Co ll 60co B OCHOBHOM COCTOJIHllll, 5:,.«/6~ = I ,247(3), 

II. Onpe.n;eJieHll napruireTpll CMenmBamm M,VJThTllilOJILHOCTeii MR I4 
r~a-rrepexo.n;oB, conpoBoJK,D;aro~_ pacna.n KopoTKODBymnx (Tr;2 = 60 MllH) 
Jl,!(ep 148Tb 'O,IUI08Ha1'.JHO.onpe.n;eJieH!l KBaHTOBlle xaprutTepHCTllltll BOCLMll 
B036yJK,D;eHHUX cocToJIHllfi I 48ad II orpaHnqeIDI BOSMOlltHue sHaqemm KBaH-
TOBUX xapaKTepllCTlllt .Itlili qeTllpex B036yJK,D;eHHUX COCTOJIHllli 148 Gd • 

0CHOBHlle·pesym,TaTU, ll3JIOllteHl!lle B 'A}{CCepTaIJ;Hll, orryOJIUKOBaml 
B CJie~ pa6oTax: 
I. Pavlov V.N., Neganov B,s., Kon:l'.cek J;, Ota J. A Combined 3ife-4He 

Dilution Refrigerator, Cryogenics, 1978·, 18, p. 115-119. 
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