
· " 
j 

0, 

0, 

J. (16) 

H~MH n~60ro CMem­
, OTKY,ll,a BblTel<aeT 

anbHOCTH QJYHK~IHI K. 

nocTynHJlo 
19 III 1951 

'.if 

~o~nahhl AKa~CMllll nay~ CCCP 
1953. TOll LXXXIX, )\i 3 

«1>. r AJIbnEPI1H, C. JIAPI1H Ii A. WI1Wf{OB 

, ' 

ct>11311I<A 

HCCJIE}l.OBAHHE BJIH5IHI151 BCECTOPOHHEro C}l{A THSl HA 
HAMAfHl1lJEHI1E HACblLUEHH5I }l{EJIE3A llPH TEMnEPATYPE. 

}l{11.ll.KOrO A30T A 

(flpeoclIla8/WlQ a1-:aOe,MIl1-:0.M. A. cP, Ho¢¢e 22 I 1953) 

Bml~HHe BbICOKHX ,ll,aBneHHH Ha MarHHTHhle CBoHCTBa QJeppOMarHeTH­
I\OB eme Mano H3Y'ieHO: HanpHMep, ,ll,ei1.cTBHIo BcecTopoHHero c»caTHH Ha 
lI aMarHH'ieHHeHachlmeHH~ 4HCTbTX MeTanJIOB nOCBfllll.eHhl Bcero JIHlllb 
.1 se 3KcnepHMeHTanbHble pa60Tbi (1, 2). B nOCJIe,ll,HHX HenOCpe,ll,CTBeHHO 

1 dtjl 
onpe.ueJI~eTCfl 3QJcpeKT (H3MeHeHHe MarHHTHoro nOTOKa tjlo dp 'iepea ¢eppo-

)larHeTHK, CM. QJOPMY JIy (2)), BhT3BaHHhTi1. BcecTopoHHHM c)KaTHeM. H3Me­
/leHHe )!{e HaMarHH'ieHHfl HaCbIUleHHfl BbI'iHCJIfleTCfl no QJOPMY Jle 

(1) 

r.lle 00 H '-\10 - COOTBeTCTBeHHO, HaMarHH'ieHHe HaChllll.eHH5I e,ll,HHHUbl MaCChI 
II MafHHTHhlH nOTOK npH ,ll,aBJIeHHH Po, a a H 1jI- TO )l{e CaMOe nO,ll, ,ll,aB­
lIeHHeM p; X - K03cpQJHUHeHT C)!{HMaeMOCTH. 

Yi3 Ta6JI. 1 BH,ll,HO, 'iTO 'lHCJIeHHble 3HalJeHHH , 3QJcpeKTa B 06eHX UHTH­
pOBaHHbIX pa60Tax paCXO.llHTCfl KaK no a6COJIIOTHOH BeJIH'lHHe, TaI< H no 
3uaKY: nocne,nHHH cor JIaCHO (1) OTpHuaTeJIeH, a no (2) MO)l{eT 6hlTb OTPH­
uaTeJIbHhlM HJIH nOnO)!{HTeJIhHhlM. B HaCTOfllll.eH pa60Te, TaKHM 06pa30M, 
npe.ucTOflJIO npe)!<,ne Bcero YTO'iHHTh Bonpoc 0 3HaKe 3QJQJeKTa. 

I dljl To dp.l0' aT",-'· 

, . 
-4±1<O 

D±0,5<O IiJlH >0 
O,2f.i±O;-t>O 

0,55±0,25>0 

t do I _ -.10' aT", -1 ** 
o· dp I 

-5,94.±1 
-1,95±0,5 
-1,70±0,1 

-1,39±O,25 

-1,4.9 

* BbI'IHCJleHO no q,opMyJle (2). 

Ta6J1Hl,\a 1 

YCJlOBIIR om>ITa 

20 o e , 1500-1900 9pCT. 
20 oe , 1300~000 9pCT. 
20 oC" 18.00-2000 9pCT. 

-196°e, 1800-2000 SpCT. 

HCTO'-IHBK 

(1 ) 
(2) 

.llaHHali pa,-
60Ta 

llaHHali pa-
60Ta 

TIo q,opwyJle 
(4) 

** Bbl'lHCJleHO no q,opwyJle (1); Z = 5,82.10-1 aTM.-1 

.lI.aJIee, B (1, 2) HCCJIe,nOBaHH~ BenHCb npH KOMHaTHOH TeMnepaType', 
TOf,na KaK ,nJlfl HCKJlIO'leHHfl BJIHflHH~ napa-npouecca H ,np. H8 HCKOMhlH 

3tPQJeKT meJlaTeJlbHO HMeTb HH3KHe TeMnepaTypbI . B ,naHHOH pa60Te 3KC­
nepHMeHT npOBe,neH KaK npH TeMnepaType )l{H,nKoro a30Ta (-196°C), 
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I. 

TaK H IlpH KOMHaTHOH TeMIlepaType (20oq. MarHHTHOe nOJIe H = 1800_ 
2000 3pCT. OHO .nOCTaTOt.{HO .nJIH lIaCblLUeHHH 06pa3ua 11.3 apMKO->KeJlel1. 
C)l{HMalOlll.eli cpe.now RBJIHeTCH ra3, He aaTBep.neBaIOlll.RH npH 77°K. 1 
2000 aTM. B (1,2) .nJIH E7TOH ueJIH ynoTpe6JIRJIH MaCJIO. 

CxeM8 yCT8HOBl<H .naHa Ha pHC. 1. HCIlblTyeMbllI o6paseu 1 - TOqell!ij 
CTep)l{eHb H3 apMKO-)l{eJIeaa .nJUlHOW 570 MM, .nH8MeTpoM 5,75 MJ4 *, Jle~11 
B KaMepe 3 cBo60.nHO (aaaop Me)l{,lI.y HHM H BHyTpeHHHMH cTeHKBMn ~t­
Mepbl COCT8BJIHeT OKOJIO 0,2 MM), 'lTO n03BOJIHeT C>KHMaTb o6paaell BCt-

PHC. 1 .. CxeMa YCTaHOBI{H IlJlll HCCJleIlOB3HHlI 
BJlHHHHll BceCTopOIlHero C>J(aTHIi ua HaMarUH­
'1eHHe HaCblmeUHII npH HH3KHX TelomepaTypax. 
1-o6pa3eu, 2- H3MepHTeJlbHali K3TYlllKa, 
3 - KaMepa C)f{aTHIi H3 He<jlepP01farHHTHoii 
6pOH3b1 5pA)j{M, 4 - H3MarHH'lHBalOlUali Ka­
TYlllJ(a, 5- cocyn ,UbI03P3, 6 - nepexoIlHali 
Tpy6Ka, 7 - Tpy6Ka BepXHIIlI, 8- BeHTIIJlb 
r330nycKa, 9 - UHJlHHllP nOIl>KIIMKH, 10- Ma­
HOMeTp, 11 -TPOl!HHK, 12-Tpy5Ka HH>KHIISI, 
13 - KOMneHcHpYlO1U3S1 KaTYlllKa, 14 - fHIl­
pOKoMnpeccop, 15 - nepexoIlHHK, 16 - TpaBc-

lj>oPM3TopHoe 1faCJlO, 17- BeHTHJlb 

I • 

.. 

CTopOHHe. BblcoK0e ,lI.aBJIeHHe B KaMepe ,lI.OCTHTaeTCH YMeHbllIemieM nepBO' 
Ha'laJIbHOrO 06beMa ra3a B nOJIOCTH YCTaHOBKH npH H8rHeT8HHH rUllpo, 
KOMnpeCCopOM 14 TpaHC<popMaTopHoro MaCJIa 16 B I.(rlJIHH,lI.P nO,lI.>KHMKH 
9 no Tpy6Ke ' 12. KaMepa C o6pa3uoM H H3MepHTeJIbHOH KaTYlliKoH KK 2, 
HaJleTOH Ha KaMepy **, norpY)l{eHa B JlbIOapOB cocy Jl 5 C )l{HJlKHM a30rOM. 

DPHHuHIlHanbHaH cxeMa 3neKTpoH3MepHTenbHoH 'laCTH yCTaHOBKH,lI.a~ 
Ha pHC. 2. HaMarHHt.{HBsIOLUee none H BHYTPH HaMarHHt.{HBalOlll.erO cOJle· 
HOHJla KH C03JlaeTCH nOCTOHHHbIM TOKOM .no i ... aKc = 20 aMn; H waKc = Kill.aRC = 
= 2440 3pCT. 

HaMepHTeJIbHaH uenb COCTORT ria KII' K", Rm H cpJL (pHC. 2). KH H .K. 
BKJIlO'leHbI HaBcTpet.{Y ,I1.pyr .npyry ,I1.JIH YCTpaHeHHH nOMex, CBHaaHHblX C 

... 06pa3eu oTolKlKeH B BOIlopOIle npH 1340°C B reqeHHe 15 MHII., 33reM Harper 8 
B3KYYMe IlO 900°C, nocJle tIero OXJl3lKIleH BMeCTe C ne'lblO. .• 
. ...* B (8) H3MepHTeJlbH3R KaTYlllKa nOMerueHa BHyrpb KaMephl. 
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U3MeHeHHeM nOJIH npH KOJ] 
tlJCTPOHKH KOMIleHc:aUHH. ~ 
NUIO cBeToBoro aaUt.{UKa 
lIap!lJlY C H3MeHeHHeM Mar 
!l illi, Ha6JIIo.naeTCH TaK)l{e 
.1CIlHoe rJIaBHblM o(5paioM 
II biM MOMeHTOM HHTH nO,l1.1 
IcnOJIaaHHH» aaH'!HK3 npo 
OOblt.{HOH rpa,lI.YHpOBKOH ¢JI 
110 npH 3TOM nOTOK MeHH( 
110 C onpe,lI.eJIeHHOH CKOPC 
~O' }i -196°C HCnOJIb3YIOT 

tl3MepHTeJIbHble KaTYlliKH 

CTseHHo, nl = 3960 H n2 = 
I\os) BBH,lI.Y Toro, 'lTO con 
II uenH <pJIIOKCMeTpa ,lI.OJI 

)/8JIbIM « 30 OM) npH 
60JIbllJOM KOJIJl4eCTBe BHT 

BeJIH'!HHa HCCJIe,lI.yeMoI 
Bbl4HCJIHeTCR no <popMyJIe 

r)l,e tjlo = 4r.:lsSo6P MaKCBeJIJI, 
BUTKOB B KR' 0: - OTKJIOHeH 
MeTpa B .neJIeHHHX, tlp = . 
• lOc<P e p). 

LI.JIH HCCJIe,lI.yeMoro c 
If(eJIe33 Is = 1690 raycc, S 
l1a npoBe.neHHblx 22 naMe' 

)l,eHO C~;); no HeMY, corJI 

I (~. ~ 
H, HaKOHeu, COrJIaCHO (1): 

CpaBHHM aHat.{eHHe, no 

no q,OPMY ne ,lI.JIH aTOMHor 
MeTaJIJIOB (3): 

m=2m 

f,lI.e rno = nd - 2; nd-'l) 
BTOMa. LI.JIfi )KeJIe3a nd = • 
paccToHHHH Me>KJlY aTOMO 

... H3MepeHHH npOBO~HTCR 
BBOIlHTCR ra3 H3 6aJlJlOH3 JlO ]I. 

nOlllKHMKH 9 HarHeTaeiClI )laClI( 
Hall BbineplKKa llJlSl YCTaHOBJleRI 
'l3eTCIi COJleHOHIl B ceTb nOCTor 
.1IHBaeTCIi TOK IlJlR C03)laHHR I 
Rm KOMneHcllpyeTcli H3MeHeHH 

HhlM 1I3MeHeHHeM TOKa B Ha 
PYKOSlTKH BeHTHJllI 17 nnaBHO 
Po. npH STOM IlaBJleHHe naIlaeT 
CKOPOCTH MOlKHO npeHe5pe'lb H 
HarHHTHorO nOrOKa qepe3 o6pa , 



ne , H = 1800_ 
apMKO-)!CeJieaa. 

Ii npH 77°K I! 

U 1 - T04eHhlA 
75 MM *, JIeX<l1T 

l CTeHKaMl{ I{a­
b o6paaeu Dee. 

ueHHer.l nepBO­

eTaHHH rH.l4PO' 
Hlp nO.l4)I{,I'IMICII 
ITYllIKOH KH 2, 
H.l4KHM aaOTOM. 

'CTaHOBKH .l4aHO 

alO~ero COJIe-
r~aKc = KiwaKc = 

:. 2}. KR H .K. 
CBHaaHHblX C 

, 3aTeM HarpeT B 

,j~rCHeIlHeM noml npH KOJIe6aHHSlx TOlca BAM', PeOCTaT Rw CJIY)I{HT .llJIH 
J:1POllf<H KOMneHcaU.iH. YicCJle.llyeMblw 3cpcpeKT H3MepHeTCH no OTKJIOHe­

liU iO CBeTOBoro 3aW4HKa cPJIIOKCMeTpa. llpH MellJIeHHOM CHHTHH .llaBJleHHst, 
iiJ PlIJlY C H3MeHeHHer.r MarHHTHoro nOTOKo: BblaBaHHoro na.lleHHeM .llaBJle 4 

Sltll, lIa6J1I0.l4aeTCH TaK)!Ce «cnOJl3aHHe» aah4HKa cpJIIOKCMeTpa, 06YC.nOB· 

.tefIHoe rJlaBHblM 06paioM KPYTHJIb­
IIbl}r ~IOMeHTOM HHTH nO.l4Beca. Y4eT 
, 'IlOJl3aHHH» 3aW4HKa npOH3B0.l4HTCH 
Jsbl4HOH rpa.llYHpOBKOW cpJIIOKCMeTpa, 
, 0 npH 3TOM nOTOK MeHHeTCH nJIaB­
:40, C onpe.l4eJIeHHOH CKOpOCTbIO. npH 
.D j{ -196°C HCnOJIb3YIOTCH pa3Hbie 
~3MepIlTeJlbHble KaTYUIKH (cooTseT­

C1BeHHO, III = 3960 H 112 = 6240 BHT­
. OB) BBH.l4Y Toro, 4TO conpOTHBJIeHHe 
3 ucml <jJJIIOKCMeTpa .l40JI>KHO 6bITh 

)laJibiM « 30 OM) IIpH ,n:OCTaT04HO 
6oJlbUIOM KOJIH4eCTB.e BHTKOB B KH *. 

BeJIli4HHa HCCJIe,n:yer.roro 3cP<jJeKTa 

9b14HCJIHeTCH no <jJopMy.ne: 

(2) 

rile ~o = 4rclsSo6p MaKCBeJIJI, Il - 4HCJIO 

allTKOB B KII' a - OTKJlOHeHHe cPJIIOKC­
)feTpa B .l4eJleHH·Hx, Ap = Po - P (aT­

)foecjJep ). 
1l.J1H HCCJIe.l4yeMoro 06pa3ua H3 

iKeJlC3a Is = 1690 raycc, S = 0,26 CM2. 

113 npOBe.l4eHHIXX 22 H3MepeHHli HaH .. 

ileHO (A;); no HeMY, COrJlaCHO (2): 

• I 

XI( 

PHC. 2. IlpHHl.\lInllallbHaR cxeMa 9l1eKTpo­
H3MepilTellbHoH lJaCTIl YCTaHoBKH. KH -

HaMarHHlJHBalOIUaR l(aTyulKa (OTKPblTblit 
COlleHOHll C eCTeCTBeHHblM B03JlYWHbiM 
OXllalKD.emleM); nOCTOIIHHaR K COlleHOH­
D.a=122 9pCT./aMn.; BHYTpeHHHH llHaMeTp. 
D.IIHHa H 0611acTb OllHOPOllHOCTH n01l1l co­
lIenOHlla paDHbl, COOTBeTCTBeHHO, 60, 670 
H 200 MM. K - H3MepHTellbHall KaTYWKa 

(llJlHHa 06MOTKH 160 MM); KK - KOMneHCH­

PYIOIUaR KaTYllIKa; Rw - peocTaT. WYH-

\ mpylOIUHH KK; CPA - <jJlllOKCMeTp TBn3 
\ fpacco C nocrollHHoH no nOToKY cljI=380 ±5 

MaKCBeJlJl/lleJleHHe H llonycTHMblM BHew­

HHM cOnpOnlBJlCHHeM RBHemM. ~30 OM. 

PaCCTOllllHe )l0 WKaJlbl OKOIIO 3 M 

(;0 ~~) = (0,55+0,25) 10-7 aTM-1> 0, 

1 dcr 
1I, HaKOHeu, COfJIaCHO (l):crodp =(-1,39+0,25)10-7 aTM-1 • 

CpaBHHM 3Ha4eHHe, nOJIY4eHHoe no (1), co aHa4eHHeM, Bbl4HCJIeHHblM 

no 4>0pMYJIe llJIH aTOMHoro MarHHTHorO MOMeHTa 4HCTbIX <jJeppoMarHHTHblx 
MeTaJIJIOB (3): 

(3) 

fllC rno = Ild - 2; Ild - 4HCJIO HenapHblx d-9JIeKTpOHoB H30JIHpOBaHHoro 

STOMa • .ll.JIH >KeJIeaa Ild = 4, Kl = 5,13 H 1(2 = 3,85 MarHeTOH / kX; d l H d2 -

paCCTOHHHH Me>K.l4Y aTOMOM H, COOTseTCTseHHO. 6JIH>KaWUIHMH H CJIe.l4YIO-

• 113MepeHHSI npOBO)ll1TCR B CJlellYlOIUeM I10pRllKe: 1) 4epe3 BeHTHJlb 8 B vCTaHoBKY 
880JlIITCSI ra3 H3 6aJlllOHa 110 .ltaDlleUHR Po = 150 aTM.; BeHTHJlb 17 saKpblT. 2) B UHIIHH.ltP 
nO)l)!(HMKH 9 HarneTaeTCR MaCJlO 16 .lt0 llaBJleHHR OKOJlO 2000 aTM. 3) ,ll,aercSi 10-MIIHYT­
Hall BbllleplKKa llJlR YCTaHOBlleHHR TeMneparYPbl. 4) IlpH BKlIlOlJCHHOM <jJJlIOKCMeTpe BKJlIO­
qaerCR COJleHOHll B ceTb nOCTOIlHHoro TOKa. IlpH nOMOUUI peocTaToB R (pHC. 2) YCTaHaB­
~ HBaeTCIi .roK llJlR C03)laHHII nOJIR ' OKOIIO 2000 3pCT. 5) BKIlIO'laeTCH CPA; npH nOMOUJ.H 
Rw KOMIIeHcHpyeTcR H3MeHeHHe BHeWHero MarHHTHoro I10JlR, 06YCIIOBJleHHoe HCKYCCTBeH-

Hblhl H3MeHCHHeM TOKa B naMarHHlJHBalOIUeM COJlenOHD.e. 6; MelllleHHblM nOBopoTOM 
PYKOllTKH BeHTHIIR 17 I1llaBHO BblnYCKaeTclI MaCJlO H3 l.\HJlHHllpa nOlllKlIMKH llO llaDlleHHR 
Po. IlpH 3TOM llaBJleHHe nallaeT paBHoMepHo co CKOPOCTblO 1000 aTM/MHH. IlpH llaHHoil 
CKOPOCTH MOlKHO npeHe6pelJb H3MeHeHHeM TeMnepaTypbl MaCCIIBHoro 06pa3ua. 113MeHeHile 
lIarHHTHOro nOTOKa lJepe3 06pa3eu H3MepReTclI no OTKJlOHelllllO 3aHlJHK3 <jJJlIOKCMeTpa. 
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lUH;\I!{ 6JJHi!{a l1wlI~1H COCe.lH.\III; .l.1li meJJe38 d 1 = 2,478 kX, d 2 = 2,86 kX. 
'D - Xapah"TepH 8fl J.1R h:<l;.K.loro rrepexo.lIlwro MeTaJJJJa 3MnJiPlltJeCl\at 
nOCTo~uIHaR; .a.1R n-.:l~lle33 OHa pasHa 2,73 kX. OTpHUaTeJlbHblH 3Hal( \ nep~~ 
TpCTbliM l{J1eHo~r (3) 6epcTcR, cellI{ d 2 > D .(KaK )lJlR )J{eJle3a). nOIlCTa DItP 
B (3) 'lIlClleHHble 3H3':eHI!R JJ,J1R )KeJle3a, HaH)leM, 'lTO m = 2, 23 MarHeTOIt~ 
(OITblT JJ,aCT 2,22). 113 ¢OpMy J1bl (3) BblTeKaeT CJle)lCTBHe: npH BceCTOpOH' 

HeM C)!{aTHH (YMeHbUIalOTI.H d l H d 2 ) m )lOJImeH YMeHbUIaTbCR, a npl! 
BceCTopOHHeM paCTR}I{ eHHH - YBeJlH'lBBaTbCH. 

113BecTHo, 'ITO 3TO CJleJJ,CTBHe Ka'IeCTBeHHO nO)lTBepm)laeTCli onblT3WIl 
(1,2,4). .lI.J1R I<OJlH'IeCTBeHHOH oueHKH 9ctJ<peKTa npO)lH<p<pepeHuHpyeM (3). 
HaXO)lHM: 

1 da 1 dill 1 1 d - -'-- = _. - = _ . - x. - (Kldl - K2 2)' ao dp ill Lip 3 • IlL 

1 ad 
B (4) npHHHTo, 'ITO d~ ajJ = _1/3 /... DO)lCTaBHB B (4) lJHCJJeHHble 311a. 

lJeHHH (CM. BbIllIe) )lJlH )I{eJle33, HaW)leM ~ dd' a = - 1,49.10-7 aTM-l, 'ITO 
. ~ p 

Y)lOBJIeTBOpHTeJIbHO cor J1acyeTcH C )laHHbIMH HaCTOlimeH pa60Tbl npH Tew. 
nepaType )J{H)lKOrO a30Ta (cp. 4-10 Ii 5-10 CTPOKIi Ta6J1., 1), a C (1) CHJIbno 
paCXOJJ,HTCH (cp. 1-10 H 5-10 CTPOKH Ta6J1. 1). 

UI1TI1POBAHHMI nl1TEPATYPA 

!1ocTynll.l0 
21 I 1953 

' IH. Ebert, A. Kussman , Phys . Z. , 38,437 (1 937). 2 <P. raJibnepHH. 
llAH, 78, 451 (1951 ); 11. OpewKIlH, llHccepTaUHII , MrY,1 951. a <P. raJibneplI1I 
113B. AH CCCP , cep.q)H3.,13,574(1949);llAH , 88, N24 (1953) . 'K. SelloB, >K3TcII ' 
19, 346 (1949); llAH, 61, 807 (1948). ' 
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UCKJIlOlfEH 

(ap 

OPH paClJ 

~\OJleKy JI '-IaCT 
3UBIICHMble KO 

03Tb cHMMeTI 

pClUeHBe 3a)l 
COOTHOllIeHHH, 

CTeneHH BeKO 

I1JlIi HCnOJlb3Y 

nOplIllKa MaTp 
nepeMHO)J{alOT 

HIIH Me)J{)lY K 

06pa30M MaTp 
OpaBHJla y 

BapHaHTax no. 
H!-Ill MexaHHKB 

pe'-lb H)leT 0 
nOKaaaHO HRm 

60Jlee npoCTO 

OYCTb Mel! 

B paC'leTe KOJ 

rJJ,e a/ - HeKO 
HCKJllOlJeHI 

XOJJ, OT KOOP)l 

cor JIaCHO COOTI 

HJlH, B BeKTOp 

• CJle)l.yeT 3< 
JllleTCR BbipOlK)l.eH 

,B STOW CJlY'Iae H 
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