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l11mai-111qecKaH rrc:inHpn3aUIHI rrpoToHOB n l\!l!lUenn 6onbruoro 
o6bel\ta 

/\\eTono1,1 comu:i'.""scpcpeKTa B M11rue11n o6beMOM 28 cl\/, cocTaaneH
uoii !13 MOHOKpnc·'i'annoa na11TaH-Marunenoro HIITpaTa c 0,4% rrpul\recbJO 

Nd 142 J rrony'leHO 500-KpaTJIOe ycnnemIe rromiplI381Ull! II]JOTOHOB Kpll
CTanm13£lUIIOIIJIOii BOilb! B l\larHHTH0M none 9,9 KS H rrpn Tel\mepaType 

1,5°K, 'ITO COOTBeTCTByeT ~On5!])1!3aUHII rrpoT0H0B 35%. 

npenpHHT 06b8.[lHHeHHOI'O HHCTHTyTa si.uepHbIX HCCne.uoBaHHit. 

,[ly6tta. 1964. 

Lushchikov V.I., Taran Yu,V, P-1868 

Dynamic Proton Polarization in a Large..: Volume 
Target 

In a 28 cni3 target consisting of the .Janthanum-magne
sium nitrate monocrystals with a 0.4o/o admixture cif Nd142 , a 
x 500 enhancement has been obtained for the proton polarizat
ion in the crystallization water. The magnetic field was 9,9 kO 
and the temperature - 1,5°K, 'This corresponds to the proton 
polarization equal to 35o/o, 'The solid- effect method was used, 
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11/ B pa6oTe 6brn ycneurno nonTBepJKneH MeT0/1 nom1pH38UHH pe30HBHCHb!X H TennoBblX 

HeiiTPOHOB C IlOMO!llblO nponycKaHHSI 'Iepe3 non9pH30BBHIIYIO np0Tmrny10 MH!ll9Hb, nn11 nonyqe

HHSI Bb!COIWHHT9HCHBHblX H BblCOKOilOIT9pH30BBllllblX H9ilTp011Ilb!X ny'IKOB Tpe6yIOTCSI non11pH30-

/2/ 
BBHHb!e npoTOHHbl8 MH!ll9Hll 6onhlllHX o6'beMOB ( cornaCHO • non11pH38I!Hll HeiiTpOHOB pacTeT 

C ysennqeHH9M TOnlllHHbl MHIIIBHH H rronHpH38UHH npOTOHOB, a COOTBe'ICTBYIOmee yMeHbllI9Hlle 

HHT9HCHBHOCTH MO)KHO KOMfl9HCHp0B8Tb yaenn:qeaHeM rrnomaJ:UI MHllI9HH) • B CBH3H C 9THM 

HBMll 6binH npoBeneHb! 9KCIT8pl!M8l!Tbl ITO ITOITllpll38UHll ITPOTOHOB MeTOUOM conHn-9cjlcpeKTa
131 

B MHllI9HHX o6'beMOM B H9CKOnhKO Jl9CHTKOB Ky6nqecKHX C8I-ITHM8Tp0B. 

8 KB'I9CTB9 o6pa3UOB IICITOITb30Ban11cb MOIIOKpl!CTannbl nBoilnoro na11Ta11-Mar1111eBoro 

I B KOTOpbIX 0,4% aTOMOB J18HTBH8 3aMemanocb rrapaMar-

HHTHbIMH BTOM8MH Nd , '-ITo6bI H36eJKaTh CBepxTOHKoro pacmeITnenn,r, Nd o6oraman-
142 

c11 no 98% qeTHbIM 1!30TOITOM Nd • 11crronh30Bancll La , 'IHCTOTa KOTOporo 99,99%, 

MHill9Hb cocTaBn11nacb 113 nByx MOHOKpl!CTannoB pa3MepoM 42 X 34 X 11 ll 42x34x9,2 MM 

( o6IUH9 pa3M9pbl, o5'beM H Bee 5brnH COOTB9TCTB9HHO ax b X C = 42 X 34 X 20 MM, 

28 CM
3

, 56 r) H IIOMeIUanacb B HBCTpaHB89Mbiii MHKpOBOITHOBOii ITpl!MoyronbHblii pe30HaTop 

o5'b8MOM OKOITO 60 cM
3

, Pe30HBTOP B035yJKnancg Ha 'IBCTOTe 37 fru (nmrna BOITHbl 8, 1 MM) 

c ITOMO!llb!O 100-MHITITHBBTTHoro HCTO'IHl!Ka Ml!KpOBOITHOBOii MOIUHOCTH, BonHOBOnHall ITHHHll c 

pe3oHaTopoM Ha KOHUe noMemanach B renHeBblii Kpl!OCTBT, B KOTOpOM MOJKHO 6uno nony

'IBTb T9MITepaTypy no 1,3°K. KpHOCTBT YCTBHBBITHBancg B 383ope 9IT9KTpoMarHl!Ta, C03na

IOIUero Mar1111THoe ITOne no 17 K9 c a6con10THOii cTa611nhHOCThIO 11e xyJKe 0,5 9 • Onnopon

uocTb MBrHHTHoro 110JI5I ynyqrnanach 6naronapH npHM8H8HHIO KOJ1hU8BOti llIHMMbI, TBK qTo 

3H8tI9HHH MarHHTHOro ITOJIH Ha OKpymHOCTH pannycoM 2 CM, J19)K8Ill8i;°J B M9JJ.H8HHOfI rrnoc

KOCTH, OTJIIPIBJIHCb OT ITOJIH B ueHTpe OKPY)KHOCTH He 6onee qeM Ha 1 8 • MarHHTHOe none 

6b!ITO 11anpaBne110 Bnonb rpal!H KpllCTanna b u nepneHn11Kyn11pno reKcaronanbuofl ocu 
a, 

KpHCTanna. B 9TOM cnyqae g --cj,aKTop Hona Nd -paBeH g l = 2, 70, 11 aneI<TpoH-

Hbitl ITapaMarHHTl!blH p830l!aHC ( 3ITP) Ha6n10naeTCll B Marl!IITHOM ITOne OKOno 9,9 K9. 

flon11p1!38Ullll npoTOHOB np11 H8Cb!lll8Hllll 3ITP "3aupemeHHbIX" ITepexonoB Nd 
a+ 

oITpe-

nen11nach ITO yc11neHH10 c11rHana 11nep11oro Marl!HTHoro pe3oHaHca ( HMP) rrpoTOHOB Kp11cTan

n113aunoHuoi1 BO/lb! ( ITonpo5Hoe OHHCBIIHe 9TOro MeTona conep~rnTCII B ( 
41 ) H HO B9ITH'IIIH9 

MarHHTHoro nong, C03Jl,8BaeMoro MHWeHhIO B pe3ynhTaTe TIOHBnenIHI 38MeTHOfi MBKpOCKOTIH-

qecKoil HaMarllll'I9HIIOCTII r.1 CIICT9Mbl HpOTOHOB ( nocnennnit MeTon 5bin npenno~<eH A5pa-

/5/ /6/ 
raMOM II Bnepsbre npnMeHeH lllaITenbe ) • 

3 



ITepBbIM MeTO/lOM 11onyqe11b1 cne/ly10m11e pe3yJ1hTaTbI 11p11 TeM11epaType 1,5°K: 11onoJK11-

TenhHOe yc11nemie 7/ + = 550: 60, COOTBeTCTBYIOII!aH 110l1Hp113aUIIH 11pOTOHOB 

p = 0,37 + 0,04; OTPIIUaTeJ1hHOe yc11nemie 
+ - 7/ = 570 + 60 11 COOTBe:rCTBeHHO 

p _ = 0,38:0,04. 

MeTO)lllKa H3MepeHIIH MaKpOCKOl1H'!eCKOro MarHIITHOro MOMeHTa ( HaMarHll'!eHHOCTH hf ) 

CIICTeMbl 11pOTOHOB 6bma cne)lyIOII!el!, Ha OKpy:JKHOCTH pa/lllYCOM R = 35, 5 MM ( BHe Kp110-

CTaTa) ycTaHaBnllBanocb /lBa )laT'!HKa .HMP 11pOTOHOB C pa3MepaMII 4x2, 5x2,5 MM, IIMeIO-

II!IIX III11p11HY cnrHana OKOJ10 0,5 a. 0/lllH /laT'!IIK HaXO/lHIICH Ha pa/lnyce, 11ep11eH)lllKYJ1HpHOM 

MarHHTHOMY 11011!0 II rpaHHM KpncTanna a II b , a BTopol! - Ha pa/lnyce, 11apannenhHOM 

HM, 06a /laT'!HKa 110/lKIIIO'!annch· 11ocne/loBaTenhHO K reHepaTopy, pa60TaI01IIeMy Ha '!acToTe 

42,5 Mru. EbIIIII C)lenaHbl Tpll cep11n 113MepeHllli paccTOHHIIH Me)K/lY cnrHanaMII H - H 1 2 

11pn 110110:JKHTenhHOli, OTp11uaTenhHOl! II HyneBol! 11011HplI38Ulrnx. Pe3yIIbT8Tbl cne)lyIOII!lle: 

(H 1-11,\= 1,105~0,019 a, (11 1 -HJ_= 1,677:0,026 a, (H
1
-1\i)o =l,409_::0,021 3 (11ep-

BOHB'IJanbHBSI pa3HHUa MarHHTHblX noneti: OKono 3,5 a. Bbl3B8HH8H HeO.[(HOpOUHOCTblO nonH, 

qaCTHqao KOMileHCHpoaanacb MarHHTHhlM rroneM coneHonna, H8MOT8HHoro Ha 0.[(HH H3 uaTqH

KoB). CooTBeTCTBYI01IIa>1 pa3H11ua MelK!ly 3Ha'!eHIIHMH MarHIITHoro 11on>1 H11 11 Hl , co3-

naaaeMoro MHlliBHbIO e MecTax pacnono1KeHHH naTqnKoa, oKaaanacb paBHofi rrpH nono>KMTenb-

HOl! 11011Hp1138UIIII LiH = HI -H1 = (H -H '-(H -'" =0,ll4+0 028 a. 11p11 OTp11uaTe1IbHOl! + I 1 2tl I .. "2'+ - , 

11on>1p113au1111 LiH =H11 -Hl =(HI-H2) _ -(HI -112)0 = 0,268: 0,034 3. 

3Ha'!eHIIH HI! MoryT 6b!Th paCC'IIITaHbl 110 cne)lyIO II!IIM 

-l 2 2 2 t 
H11 = HI larctg 2ac (~, +b )[a + c +4(fll + b) I + 

11 Hl q,opMynaM: 

-t 2 2 2- t -t 2 2 2 -t 
+ arctg2ca (f11 +b)[a +c +4(f11 +b) I -arctg2ac ~1 [a +c +4e11 l -

( I) 
-1 2 2 2 - 1 

- arctg2ca e11 [a +c +4f
11 

l l 

-t 2 2 2 -t 
Ill= 4M I arctg2a b(C.L +c)[ a +b +4(1 l + c) l + 

(2) 
-1 -1 2 2 2 -1 -1 

2 
2 -1 

+arctg2 ab(fl + c) [a +c +4(~ +c) l -arctg2a bfl [a 2 +b + 4fj l -

-t -1 2 2 2 -i 
a - arctg2 ab1

1 
[a + c + 41l l • 

111= R-0,Sb; 11=R-O,Sc; M=n1, p=0,53lp, 
3 p 

·o - '-IHCno npoTOHoB B l CM MI:u11eHH, µ. P 

rile 

- M8I'HHTHbiti: MOMeHT IIpOTOHa. TToacTaL• 

IIHH B ( 1) lI ( 2) 3KCnep11MeHTanhHbie 3Ha'IeHIIH H11 11 Hl , nonyqHM 

p + = 0,35 ± 0,033 n p _ = 0,32 : 0,04. Ha/lo OTMeTIITh, '!To eme n 1937 ro/ly Jia3apeB 

4 

171 n llly6HRKOB BbIIIonannn IIOXO>KHH aKcnepllM0HT no H3MepeHlllO CTaTIPl0CKOii BOCilpllHM'tJll-

BOCTll Tnep)loro BOllOPO/la ll nnepBbJe llOKa3ann cylI!eCTBOBaHlle H/lepHoro napaMarHeTll3Ma. 

0!l8aKO aq,,j,eKTbI, ll3MepeHHbie Ha 11011Hpll30B8HHOli npoTOHHOli MIIII!eHn, 6onee 'IeM Ha )lBa 
17/ 

11op>11lKa aenll'IIIHbl npeBOCXO/lHT aq,q,eKT, 113MepeHHb!l! B 
139 

B 3TOli :JKe MIIII!eHII Ha61IIO/laIIaCh 3H8'IIITeIIbHaH 110J1Hpll3aUIIH H/lep La (c1111H 

7 /2). ITpll TIOIIOlKl!TeIIhHOli 11011Hpn3aUIIII OTHOllleH11e IIHTeHCIIBHOCTel! 11epeXO/lOB 

-1/2 + - 3/2 n 3/2 ~ 1/2 OK838110Ch paBHWM " = 0, 7. 0TCIO)la cne)lyeT 38KIIIO'IeH11e 0 

TIOIIOJKIITenbHOM 3HaKe KOHCTaHTbl KBaupyrronhHOrO B3811MO)lel!CTBIIH H)lpa La C BHYTPIIKpllC-

Tannn'IeCKIIM noneM, '!TO cornacyeTCH C paHee C)lenaHHbIMII 3KC11ep11MeHTaMII A6paraMa II 

lIJanenbe181• Ham1qne HeCKOJ1hKIIX pe30H8HCHblX IIIIHllli La 1103BOIIHeT Henocpe)lCTBeHHO 011· 

pe)leIIIITh 11on>1p113aUIIIO g)lep 6e3 113MepeHIIH Heyc11ne1rnoro CilrHana ( Ha 3Kcnep11MeHTe OH 

6bln HlllKe ypoBHH II!yMoB), ilel!CTBIITeJ1bHO, HeTpy/lHO 110K838Th, '!TO K c-exp(-2118/IkT.) • 

rae µ -MarHIITHbIH MOM9HT s.apa naaTaHa, 

-3 0 
TeM11epaTypa. 0TCIO)la T _- = 1,6. 10 K II 

k -11ocT0>1HHa>1 EonhUMaHa, 

p
0 

= 0,26, 

JI II T e p a T y p a 

T 
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