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P-1626 

.llHHBMH'leCKBH nonnpH38UHB npOTOHOB B KpHcTanne naHTaH
MBrHHesoro HHTpaTa C npHMeCbID HeoanMa. 

MeTOilOM conua-acpcpeKTB B KpHCTanne ilBOl!:Horo naHTaH-Mar

HHesoro HHTpaTa C OilH01IpoueHTHOl!: npHMeCbID 'leTHO-'leTHbIX ll30TOilOB 
HeODHMB nonyqeHo 500-KpBTHOe ycuneHue nonnpH38UHH npOTOHOB 
KpHCTannH38UHOHHOl!: BOilbl B MBrHHTHOM ::ione 10 KS H npu TeMnepa
Type 1,5°K, 'ITO CO0TB9TCTByeT nonHpll38UHH npoTOHOB 35%. O6beM 
o6pasua paBeH 6 cM3 ~ l-13y'leHa 38BHCHMOCTb BpeMeHH npoTOHHOl!: 
cnuH-perneTO'IHOl!: penaKCBUHH OT KOHueHTpauun H90illlM8 ll TeMnepa

TYPbl o6pasua. 

npenoUHT O6'b8.lll:IH9HH0ro UHCTl:ITyTa si.nepHbIX uccne.noB8Hl:18. 
.l],y6Ha. } 964 • 

Draghicescu P., Draghicescu M., Luschykov V.I., 
Neganov B.S., Parfenov L.B., Taran Yu.V. 

P-1626 

Dynamic Polarization of Protons in Single Crystals 
of Lanthanum Magnesium Double Nitrate Containing 
Various Concentrations of Nd. · 

By the method of solid effect the dynamic enhancement 
factor of the proton polarization has been obtained be 500 for 
the protons in the waters of hydration in single crystal of 
lanthanum magnesium doub114~.itrate in which 1 o/o of lanthanum 
has been replaced by Nd • Hydrogen polarization as higr 
as 35o/o has been repeatedly achieved at a temperature of 
1,5° K and in a field of 10000 gauss, using microwave~ of 
37 k Mc/ sec. The volume of the target was about 6 cm • The 
proton spin - lattice relaxation time has been measured at va -
rious te1.1peratures and concLntrations of Nd. 
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Dubna. 1964. 
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Bne,oeHHe 

8 nocne,011ee BpeMH 601lbWOll HHTepec BbI3bIB8eT B03M0)KHOCTb nocTBHOBKH pg,oa aKc-

/ 1/ /2/ . . 
nepHMeHTOB B g,oepHoll <pH3HKe BbICOKHX H HH3KHX aueprHll C HCll01lb30B8HHeM nong-

pH30B8HHOl! npoTOHHOl! MHWeHH. 3TH B03M0)KHQCTH CTMH peanbHbIMH B CBll3H C · C03,ll8HHeM 

BbICOKOH011llpH30B8HHblX npoTOHHbIX MHweuel! 3H8'1HTenbHblX 06'beMoB. )lo 1964 ro.oa ua Iio-

JIHpH30B8HHbIX npOTOHHblX MHWeHHX Bb!IlOJIHeHbl ai.cnepHMeHTbl no pacceHHHIO nonHpH30BBH-

. . IY 
HbIX npoTOHOB ua nonHpH30BBHHhIX npoT011ax npH a11epr1m 20 Mas (CaKne,<Ppa11u1rn), no 

. /4/ 
pacceHHHIO 11 + -Me30HOB C a11eprHel! 246 Man H 11enonHpH30B8llllblX npoToHoB· C a11ep-

rnel! 1,7 - 6,15 raa
151 

Ha nonHpH30B811HblX n~OTOHax (BepKnH, CWA). B nepBOM aKcne

pHMeHTe HCll011b30B8JiaCb MHWellb C ~OJIHPH38UHell 19%, BO BTOpOM nonHpH38UH~ npoTOHOB 

COCT8B11HJI8 22% H B TpeTbeM - .60%. 

nonHpH38UHll npOTOHOB ocymeCTBJIHJIOCb .llHHOMH'leCKHM MeTO,llOM, ripe,llJIO)KeHHbIM 

. /~ IV 
A6paraMOM H npoKTOPOM H He38BHCHMO OT HHX 3p6oM, MoT'IOHe, I06epccpeJib,llOM • 

B ,ll811bHellweM aTOT M0TO,ll 6y.oeT ll83biB8TbCll_ MeTO.llOM COJIH,ll-acpcpeKTO. 06cTOHTeJibHOe 

/8/ 
ero paccMOTpeHHe ,oaHo a . 

)lo HHB8pll 1964 ro,oa caMall Bb!COKOH CTeneHb nom1pH38UHH npoTOIIOB 6bma ,llOCTHr

HyTa B 6epK11H, CWA/
81 

H COCT8B11ll118 70%. 

B H8CTOHWell pa6oTe coo6waroTCll pe3y11bT8Tbl aKcnepHMeH,OB no nonHpH38UHH npo

/9,10/ 
TOHOB MeTO.llOM COJIH,ll-acpcpeKTa, llB11lllOWHXCll p83BHTHeM HOWHX npe,llbI.llYWHX .pa6oT 

B o6naCTb Bb!COKHX nonell H '18CTOT. 

06p83Ubl 

B KB'leCTBe ci6pa3uoa HcnoJib30BanHCb MOHOKpHCTOJIJib1 .oaol!Horo nauTau-MaruHeaoro 

HHTpaTa La2Mg3(N03)12·~H20 (a ,ll81lbHgllweM 0003H~'IHM Lat.IN), B KOTOpbIX HeKo-

Topoe K011H'leCTBO ,llHOMaruH_THbIX .8TOMOB 118HT8H8 38Mewanocb napaMarHHTHb!MH OTOMOMH 

HeO,llHMa; npHMeueuHe HeO.llHMa a KB'leC,Be napaMarHH'l'HOil npHMeCH anepBbie 6bIJIO npe.o-
/4/ . 

11Q)KeHo )l)KecpcppHCOM • KpHCT81111bl !,aAIN BeCbMO no,oXO,llllWH ·,ll11ll nonHpH38UHH npo-
- 22 . 3 • 

TOHOB, T8K K8K OHH CH11bHO rH.opaTHpoaaHbl (3, 7. 10 npOTOHOB B 1 CM ) H nono)KeHHll 

pe.llK03eMeJibHblX HOHOB MarHHTHO aKBHB8JieHTHhl. KpHCT8JI11bl BbIP8WHB811HCb H3 HOCbIIUeu-
. 0 

uoro paCTBOpa La!.IN B ,lleCHK8TOpe npH O c. 11cnoJib30B811Cll JI8HTaH 'IHCTOTOil 

99,99%. 4To6b1 H36e)KaTb cnepxTOHKoro pacweuneHHH, Hee.OHM o6orawancH ,oo 98,0% 
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qeTHo-qeTHb!M 1!30TOnOM Nd 142 
• KonueHTpaun<I HeO,UIIMa B pacTBOpe sapbnposanac1, OT 

0,2 .uci 1%. Bb!pamnsa,rncb Kpl!CTannhI OObeMOM .uo 10 cM
3 

(nnoTHOCTb Kpl!cTanna 

p = 2 r/cM
3

). 

A n n a p a T y p a 

1-1ccne,uyeMblil Kpl!CTann noMemancSI B Ml!KpOBOnHOBOil npSIMoyronhHblil pe3ottaTop OQb-

eMOM 10 cM
3

• Yron Me)K,uy nanpasnettl!eM Marttl!Tttoro non<1 H I! reKcaronanbttoil OCblO 

Kpl!CTanna z' Mor II3MeHSITbCSI OT. 0 ·.uo 90°. 3Kcnepl!MeHTbl npOBO.Ul!nl!Cb npl! 

z' l H ( g.l = 2, 70) un,i s6nn3H nepnett,unKyn<1pnol1 op11ettTau11<1 ( <z' H = 80° ). PeaottaTop 

so3oy)K.uanc<1 tta qacToTe 37 rru (,un11tta sontthl A = 8, I MM) c noMOlllbJO lOO-M11nn11aa-r

ttoro l!CTO'iHl!Ka Ml!KpOBOnHOBOl1 MOIUHO_CTI!. 

Yaennqettl!e non<1p<13aun<1 npOTOIIOB npl! ttaCbI!llelll!I! ,meKTpOHHOro napaMarHHTHOro pe-
3+ 

3ottattca(3TTP)"3anpemetttthrx" nepexo.uos Nd 1!3Mep<1nocb no ycIrnettH10 cHrttana npoTottnoro 

MarHHTHoro pe3otta11ca. TTpoTOHHblil pe3ona11c .ueTeKTllposancSI aBTO,UHHHbIM renepaTopoM, 

BHTKH KOHTypa KOToporo ttaMaTb1Ban<1Cb Ha pe30H8TOp. PeaottaTop HMen .uae menH lllHpl!HOl! 

0,5 MM B.UOnb urnpoKHX CTeHOK. CHrttan aanHCbIBancSI Ha caMOnHceu npH qacTOTHOM npoxo)K

,ue111IH qepe3 npOTOIIIlblil pe3011attc, Mo.uyn<IUl!SI <1,uepnoil qacTOTbl ocy1UeCTBn<1nacb spamfl10-

IUHMCSI KOH,UettcaTOpOM, npH 3TOM Marttl!Tttoe none ttanpSI)KeHHOCTblO 10 K3 MO.UynHposanocb 

qaCTOTOil 33 ru tta rny611tty OKono 1 "· 

BonHOBO,UHaSI ITHHIISI C pe30HaTOpOM Ha KOHue noMemanacb B renl!eBbll! KpHOCTaT, I\ 

. 0 
KOTOpOM MO)KHO OblnO nonyqaTb TeMnepaTypy .uo 1,28 • Kp11ocTaT ycTattasn11sanc<1 B 3a30-

pe aneKTpoMartt11Ta, coa.ua10mero MarHHTHoe none .uo 17 K3 C aoconJOTHOil CTa611nbHOCTblO 

oKono 1 apcTe.ua. 

PeaynbT8TbI H ooCy)K.UeHHe 

a) Koa1'.92.HuHeHT JCl!neHl!SI non'!£_H38UHH 1!£.0TOl{OB 

YcHnenHe c11rttana npoTottttoro peooaaaca H3Mep<1noch a oonbmol! cep11H Kpl!CTannoa c 

pa3nll'iHb!MH KOHueHTp8UIISIMII tteo,UIIM8 (0,2; 0,4; 0,5; 1%). Bee KpllCTannoa aapbllpOBancSI 

OT 70 Mr .uo 15 r. Cao.uKa 3KCnep11MeHT8ITbllbIX pe3ynbTaTOB no K03cpcp11uHeHTY yc11nemrn B 

HeKOTOpb!X KpHCTannax ,uatta B TaonHue 1. 

l-1a Hccne.uosaHHhIX oopaauoa a KaqecTae M11mett11 ,un<1 <1.uep11bIx aKcnep11MeHTOB Mo-
3 3 

)KeT Ob!Tb 11cnonb3oBaH Kpl!CTann aeCOM 11,4 r ( pa3Mepbl 33 X 23 X 7,5 MM =5, 7 CM ) • B KO" 

TOpOM nonyqetto ycHnett11e 

pH3aUl!II npOTOHO~ 35%. 

1/ = 515 npH 'reMnepaType 1,49°K, 'iTO COOTBeTCTByeT non<1-
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npaBlrnbHOe II3M0p0HII0 yc1IneHHSI rronHpH38UHH rrpOTOHOB BO3MO>KHO rrpH BblllOnH0HHII 

.llBYX B8>KHblX TpeoOB8HHl! K H3M0pHT0nbHOi\ arrrrapaType: I) mrne11HOCTb aurrapaTypbl B wH

pOKOM HHT0pBane 8MI1nHTY .ll CHnranoB IIpOTOHHOro peaoaaaca, 2) OTCYTCTBlie H8CbHU0HHll 

rrpoTOHHoro peaoaaaca, nuaeliHoCTb annapaTypbI npoBepHnacb no penaKcauHH cHraana npo

TOHHoro pe3OH8HCa nocne BbIKnkl'!0HHS! HBCbIWBIOWell MOIUHOCTH. EcnH annapaTypa nHHellaa, 

TO pen8KC8UHOHH8ll KPHB8SI .non>KH8 OhlTb CTporo 3KCnOH0HUH8nbHOi\, n1Iael!HOCTb 8III18p8Ty

pbl ,ll0MOHCTpupyeT p1IC, I, Ha KOTOpOM Haoopa>Keaa penaKCBUHOHHBSI _K!)IIB8SI B nonynora

pHCpMH'10CKOM M8CWT8O0, nlIH0HHOCTb COXp811Sl0TCSI IlplI yaenlI'l0HHH BMnnHTY.llbl CHr11ana 

B 10
3 

pa3, 

BTopoe TpeooaaHHe 110 ObinO Bb!llOnHe11O IlplI II3MepeHHS!X ycHneHHll B KpHCTannax C 

KOHU0HTp8I!HSIMH H0O,llHM8 0,2; 0,4; 0,5%_, HM0BWHX O'1011b .nnHHllbi0 BpeMeHa cn1I11-pewe

TO'IHOl! penaxcauHH npOTOHOB, 3To npHBO,llHT K 38Bb!W0HHIO H3M0pl!eMoro ycHneHHSI no cpaa

H0HHIO C HCTHHHbIM 3H8'10HHeM, T8K K8K npoTOHHb!i\ pe3OH8HC C1Inb11ee H8Cblll!80TCSI nplI 

TennOBOM p8BHOB0CHH, '10M npH BKnIO'l0HIIOl! MHKpOBOnHOBOH MOll!HOCTII, H8Cb!W810ll!0l! 3np 

(cM, pHC, 2) • .llel!cTBIIT0nbHO, H8IIHlll0M yp8BH011HSI .nnH IIpOTOHHOl! nonS!pH38UIIII p nplI 

OTCyTCTBIIII H8Chlll!8IO!.U0l! MOll!HOCTII: 

dp 

dt 

II nplI BKnIO'l0HHOl! H8Cblll1810ll!el! MOll!HOCTII: 

r.ne Po 

T 
ln 

·w 
n 

r 
on. 

11, 

dp 

dt 

nonllp1I38UIIll npOTOHOB nplI TennoBOM p8BHOB0CIIII, 

Bp0MSI npOTOHHOl!.cnuH-peweTO'IHOl! penaxcauHH, 

xi 
aepoaTHOCTb nepexo.noa, ao36y*.naeMbIX HMP - .neTeKTopoM, 

apeMl! .llHH8MII'l0CKOl! IIOnllpH38UHII, 

u.neanbHOe ycuneaue, ecnu upeaeope'lb cnuH-peweTo'!Hol! penaxcauuel! II Ha

Cbrll!eHHeM npOTOHHoro p83OH8HC8, 

B CT8UHOH8pHOM COCTOllHIIH peweHHe nepaoro ypaBH8HIIll 8CTb 

p = 
l 

p ·1* 
---1.!l. 
T 

ln 

p O • 

a BTOporo 

r.ne T* = 
ln 

p ( + + :!..i_ ) Po(~ 

p2 = O 1n r on = tn 

_ 1_ 1 1 + w + + 
r,n 

n r r on ln 

T 
ln . - HaMepgeMoe apeMg penaxcauHH, 

1 + ·1,n·w n 

+ ..:!...l.. 
r on · 

_1 _ 

r On 

YcHne11He, H3M0pgeMoe Ha 3KCil8pHM8HTe, onpe.nenl!eTCll 

x/ 3.necb u .nanee -HMP - g.nepHbili MarHHTHbill peaonaac, 

5 
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Bn11HH11e HaCblUJeHHH npoTOHHoro peaoHaHca Ha npasunbttoe 11aMepeH11e ycnneHHH noJl-

po.6Ho obmo 11ayqeno Ha KpHcTanne c 1% Nd ' l!MelOI.UeM cpaBHHTenbHO KOpOTKOe BpeMH 

npoTOHHOl! cnuH-peUJeToqHol! penaKcauHII T tn • Ha pnc. 3 1130opa:lKeHa aaBHCIIMOCTb OT-

HOUJeHHH c11nianos npoTOHHoro peaoHaHca npH BKmoqeHHol! 11 BbIKmoqeHHol! uacb1I.Ua10mel! 

MO!.UHOCTH, ,, a TaK:lKe ·r tn . • OT ypoBHH reHepau1111 flMP - JleTeKTOpa. np11 l'r<25 MB 

ycuneHne 11 MeHHeTCH cnaoo, xoTH 11aMepHeMoe Tz*n ysen11q11saeTcH Ha 20-25%. TaKHM 

oopaaoM, npas11nbHOe 11aMepeH11e yc11neHHH 11 soaMO:lKHO s ycnosusix cnaooro HaCbJI.UeHHH 

npoTOHHoro peaoHaHca, yKopaq1tsa10mero HCTHHHoe speMH penaKcaunH T tn He oonee qeM Ha 

20%. Ecn11 :lKe 3TO ycnosHe He BblilOnHeHo, TO IICTHHHoe yc11neHHe MO:lKeT OblTb Hal!JleHo 

3KCTpanonHnnel! KpHsol!, aHanor11qHol! 11ao6pa:lKeHHol! Ha pnc. 3, K HynesoMy ypoBH!O reHepa-

UHH, 

nonsip11aauH_H npOTOHOB MO:lKeT OblTb 113MepeHa He TOnbKO MeTOJlOM HJlepHoro MarHH-r

Horo peaoHa_Hca, no T8K:lKe H no nponycKaHH!O Hel!Tpouos c aHepr11el! MeHbUJe 10 Kas. noc

neJlHHl! MeTOJl OCHOB8H Ha cnHHOBOl! aaBHCHMOCTH ceqeHHH pacceHHIIH Hel!TpOHa Ha npOTOHe, 

KOTOpag MO>KeT OblTb 11cnonb30B8H8 JlnH nonHpH38UHH peaoHaHCHblX Hel!TpOHOB np11 nponyc-
/2/ 

_ KBHHH qepea nonHpHaauuoHHY!O npoTOHHY!O MHUJeHb • HaMH Obin 11aMepeH acjlcjleKT OJlHo-

KpaTHoro nponycKaHHH TennOBhlX Hel!TpOHOB OT nonoHHll-6ep11nnHesoro HCToqHHK8 qepea MH

UJeHb Tonmm1ol! I CM c nonHp11aau1tel! npoTOHOB oKono 20% (11aMepeHHol! no MeTOJlY flMP), 

g - g 
HaonlOJlBncg acjlcjleKT OJlHOKpaTHoro nponyCK8HHH E, = ~ = (1,8:1,3)% (aJleCb gI 

H g 
2 

-cqeT JleTeKTOpa npH no irnp113aUHH npOTOHOB H oea nonHpH38UHII, COOTBeTCTBeHHO) • 

CTeneHb nonHpH38UHH npoTOHOB, paccqHT8HH8H 113 sen11q11HLl E 
I 

, s npeJlenax aKcnep11-

MeHTanbHblX OllJIIOOK cornacyeTCH C 113MepeHHHMH no npoTOHHOMY pe30H8HCy. 

6) DpOTOHHaH_cn11H-eeUJeToqHag..e_enaKcau11g 

J.13MepeHiie speMeHH cn11u-peUJeTOqHol! pena KCauHH npOTOHOB B 38BHCIIMOCTII OT TeM-

nepaTypbI H KOHueHTpau1111 HeOJlHMa B LaMN npOBOJlllnOCb no pa3pyUJeHH!O npOTOHHOl! 

nonHp1138lJHII nocne BblKn!OqeHHH HaCbII.UalOI.Uel! MO!.UHOCTII. BpeMeHHOl! XOJl ai-.rnn11Ty1lbl CHr

Hana npOTOHHOro pe30HaHca C xopoUJell TOqHOCTblO onHCbIB8eTCH 3KCnoHeHTOl! co speMeHeM 

T. • THnHqHbze speMcHa T Jl8Hbl s Taon1111e I JlnH TeMnepaTyp oKono 1,3° - 1,4 °K. 
tn In 
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Hano' OTMeTHTb, -iTo 1 In nm, KpHeTannoB pa3Hh!X pa3MepoB, BbipamenHhIX H3 paeTBOpOB 

e on1111aKOBOl! KonuenTpaunell 11eon11Ma, e11nbHO pa3nH'l8!0Tell, 3TOT 3cpcpeKT Bhl3B811, no-a11-

n11MOMY, pa3nH'IHhIM axo>Kne1111eM 11eon11Ma a uenTpe II ua nepecpep1m Kp11eTanna, 

Oeo5oe BIIIIMBHHe np11 113MepeHHII T In o5pamanoeb 118 11eKn10qe1111e anllllllllll uaehillle

llllll npoTonuoro pe3011a11ea, .[Ing 3Toro 11enonb3oaanoeb TpH enoeo5a H3Mepe1111S1 Tin 

1) yeTanoane1111e ypoanll re11epau1111 .HMP - neTeKTopa, ue Bht3hIBB!Olllero nae hillle1111S1, 

2) penKoe 11 5hteTpoe npoxo>Kne1111e qepe3 pe3onane, 3) 3KeTpanonl!UHll Kp11aoll H3MeplleMo-

ro T* 
In 

KBK cpyHKUIIII K HyneaoMy ypoaH!O reHepau1111, I n 2 enoeo5ht iieMOHeTpn-

PY!OTel! penaKeau11011110Ji: KpHBOll HB pne, 4, eHl!TOll e p83Hh!MH HHTepaanaMH apeMeHH Me>K

ny npoxo>KneHHllMH qepe3 npOTOIIHb!i! pe30118He; TO'IKH xopOlllO no>KaTell 118 KpHBY!O 3Ke

IlOHe11u11anbHOl! 38BHeHMOeTH, 

EenH npeneTBBHTb KOHueHTpau1101111y10 3aa11e11MOeTb np11 cp11KeHpOB8HHOl! TeMnepaType 

KBK T " >,.•n - KOHuenTpBUHll ueonHMa), TO nOK838Tenb c,ene1111 n e11nbHO 
In 

MeHl!eTell OT Konue11TpauH11, B 06naeT11 KonueHTpau11i! (0,5 - I)% 'Nd n " 2 , a np11 

( 0, I - 0,5 )% n " 1 , 3TH H3MepeHHll npoaonHnHeb np11 TeMnepaType 1,37° K 11' MBrHHTHOM 

none 10 K3, 

TeMnepaTypHa ll 3aa11e11MoeTb ·r In oqenb pe3KBll, TaK, 11anp11Mep, nnll KpHeTanna e 

1%-noi! Konue11Tpau11ell 11eon11Ma np11 4,2°K 1 1n =- 8 eeK, a np11 T = 1,39°K T =50 MHH 
In 

(o5'beM KpHeTanna - 7,2 eM
3

). 

B) nepexonnhie l!Bne1111ll npll ~!C.!:12£.'!.':.'!.'!.'!. H8eb!lll8!0Ulell _':::.!?!!:!.1!.~':.!.l!._'!..!1..£.'!._':.':::~~':.1!.'!.'!. 
Mar1111Tnoro _ nonll _ eo',s11aqe1111S1 _ H __ e _ OT£11U8Tenbnoll_ nonll£H3au11ei! _ na _ Il + __ e _nono>K11-

Tenb11oll nonS1p113au11ell. 

PoeT npOTOIIHOi! nonl!p1138UIIII npll BKn10qe111111 naehilll8!0lllei! MOIUHOeTH (oT 10 no 

100 MBT) 11neT no 3KenoHeHTe e apeMeHeM nonllp1138UIIII r 
On 1 KOTopoe 38BHCHT OT TeM-

nepaTyphI, KOHUeHTpBUIIII Nd H MOlllHOeT11. T11n11'1Hh!MII llBnlllOTel! eneny10m11e naHHbie: 

I) KpHeTann e 0,5% Nd np11 HaebilllB!Ollleii MOlllHOeTH 10 MBT II T = 1,35°K HMen 

r
0
n" 7 MIIH ('on/ 1

1
n 0,07); 2) KplleTann e 1% Nd npH MOIUHOeTH 30 MBT H 

T ~ 1,38°K HMen 'on 4 MIIH (ron/11n"o,1). 

HenpepbIBH8ll 3an11eb e11rHana npoTOIIHOro pesoHaHea noene BKnlO'leHHll H8ehilllB!Olllell 

MOlllHOeTII nosaonlleT npoenenHTb H3MeHeHHe cpopMbl H eTpyKTYPhI eHrHana npH eHnbHOM 

yaen11'1eH~H nonllpH38UHH npoTOIIOB, <POpMa eHrHana II xapaKTep ee H3MeHeHHll np11 yeHne-

HHH e11nbHO 38BllellT OT yrna Me>Kny oeb!O z' 11 HanpaaneH11eM nong H • Ha115onee 

THn11qHblMII llBnlllOTell naa enyqag, Ha5n10n~aIUHeeS1 Ha 3KenepHMeHTe: I) npOTOHH8ll nllHHll 

He HMeeT CTPYKTYPhl, II ee cpopMa He MeHl!eTell npH ye11neHHH (pee. 5,a); 2) nHHHll IIMeeT 

eTpyKTypy, 3BMeTHO necpopM11py10my10eg npu yeHneHHH ( pHe, 5,5), .[IelleTBHTenbHOe yeH

neH11e non>KHo' 5bITb Bhl'IHCneHo nyTeM epaaHeHHll nnomanell non Kp11ab1M11 nornomeHHll. 
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l111TepeC!lbie 3q:>cpeKTbl 11a61llOA8IOTCSl npll CMeme111111 M8I'IIIITII0I'0 nonSI co 311aqe1111SI 

II+ , r.ne nono>KHTenbH0e yc1rneH1Ie SIBnSieTCSl M8KC"M8llbllb!M , B TQqKy /l _ C M8Kc11-

M8flbllb!M 0TpHUBTeflbllblM yc11ne11HeM Hnll, 11ao6opoT, C ll_ B II+ (11anoMHIIM, qTQ 

llz.=ll
0

(1z.gn(3/gf3},rAe g"(3" 11g(3 

11a, COOTBeTCTse11110) • 

- M8I'IIHT!lb!e M0MeHTbl np0T0ll8 II aneKTpo-

Ecn11 q:,opMa np0To1111ol\ n11111111 11e 11MeeT CTPYKTY pbr ( CM. p11c. 5, a), TO c11r11an np11 

nepexoAe /l + -:_ II_ c11aqana yMeHblllaeTc>I AO 11ynH, a 38TeM 11apacTaeT AO cTau11011ap110-

ro 311aqeHHSI, 11Me10mero 06paT11b1l\ 3HBK (np11 fl+ 11a6n10AaeTCSI c11raan nornomea11SI, 

C00TBeTCTBYIOllllll\ non0>KIITenbH0ll cmrnosol\ TeMnepaType np0T0H0B, np11 ]l_ H80fllOA8eTCSl 

CHI'Han 113nyqea11,r, CO0TBeTCTBYIOlllllll OTPIIU8TenbH0l\ cn11H0B0l\ TeMnepaType npOTOHps). 

" ' 
Ecn11 >Ke q:,opMa n11a1111 HMeeT p83K0 Bb1pa>Ke11ay10 CTPYKTYPY (cM, p11c, 5,6), TO np11 nepe-

X0Ae ll+ "! II_ 8Mllfl11TYA8 CHI'Hana np0T0HH0I'0 pe3oaa11ca He yMeHbll18eTCSl AO ayn,r, 110 

q:>OpMa flllllllH CllflbH0 ll3MeHSleTCSI (cM, p11c, 6) • 3To M0>KII0 O0MICIIHTb TeM, qTQ p83llb!e 

rpynnbl np0T0II0B M8ll!IIOT 3118K csoel\ non!!pH38UIIII B p83H0e speMSI, qTQ npHB0AIIT K Cllllb

H0l\ A8q:>OpM8UIIII CTpyKTypbl 1111111111, TaKoe II0BeAeH11e p a31111q11b!X rpynn np0T0II0B I'0B0pllT 

0 TOM, qTQ ll811b3!1 speMSI B0CCT8II0BlleHIISI non!!p1138Ullll xapaKTep1130B8Tb 0AII0l\ 3KCno11e11"

Toll, K8>KA8!1 rpynna np0T0H0B IIMeeT csoe speMSI B0CCT8110BlleHHSI, OAH8KO, C Apyrol\ CTo

p0Hbl, ecTeCTBeHH8!1 penaKC8UIISI B 0AH0p0AII0M 06pa3ue BC8I'A8 OllllCb!BBeTCSI 0AH0l\ 3Kcno· 

HeHTOA:. 

)lpyrol\ aq:,q:,eKT, 11a6moAaeMb1ll np11 nepexoAe II+ -;_Jl_,_3aK1110qaeTcS1 s TOM, qTo aa

qanbHblll cnaA non!lpll38Ullll AO Hyll!I ( np11 0TCYTCTBIIII CTPYKTypbl) HAeT oonee MeAne11110, 

qeM A8flbHel\lllee 11apaCT8HHe ll011!1pll38Ullll (p11c, 7). 3TOT 3q:>cpeKT, no-BIIAIIMYMY, 118 cs,r-

3811 C yK838llllblM Bb!llle 11a1111q11eM p8311ll'lllb!X speMell penaKC8Ullll All!! p83llb!X rpynn npo

T0II0B, TBK K8K 3TO pa31111q11e A8B8110 Ohl 06paT11y10 K8pTHIIY - 6onee 6b!CTpblll cnaA no11S1-

p113au1111, 8 38TeM ee MeAne1111oe 11apacTa1111e, Hy>KHO 0TMeTHTb, qTQ yK83811H0e SIBlleHHe 

11a6n10Aanocb TOllbK0 All!! KpHcTannos LaMN c 0,2%-aol\ Ko11ue11Tpau11el\ Nd 

HMeeM HIIK8K0I'O 061,S1Cll8llll!I 3T0I'O 3q:>q:>eKT8, 

• Mb! 11e 

Eme 0AIIO CTpa1111oe SIBlleHHe H8011IOA8110Cb npH cneAyIOlllllX o6CTOSITOllhCTB8X, B 

KpHCT81111e C pa3Mep8Mll 33 X 23 X 7,5 MM
3 

AIIH8Mll'I0CKII yCll1111B8fl8Cb non!!p1138Ull!I" 

np0T0II0B, 38TeM Ml1Kp0B0IIHOB8!1 M0lUH0CTb BbIKll!Oqanacb, II 118K0T0poe npeM!I ll8Cbl -

mancSI npoTOHHblll pe3oaa11c, TTp11 3T0M Bh!CoTa KaTyllIKH HMP - AeTeKTopa pas1111nacb 

10 MM II 0blll8 11anpa sne11a BA0llb H8110011blllel\ rpa1111 KpHCTanna, T8K qTO CIII'IIM np0TQH-

H0I'O pe30H811C8 onpeAen!IIICSI '18CTb10 KpHCTanna. 8 M0MeHT apeMeHH = 0 ypose11b re-

11epau1111 yMeHblllancSI AO O0bl'IHOl\ senH'IHHhl, 11 c1111Manacb penaKcau1101111a,r Kp11sa,r, KaK 

BIIAII0 113 pHC, 8, c11raan Bll8'1811e ynellll'IIIBBeTCSI, a 38TeM yMeHblllaeTCSl co speMeHeM 

cn1111-pell18T0'1H0l\ penaKC8Ullll (s A8HH0M cnyqae T tn = 33 MIIH npH 1,36°K). 3TOT acp

cpeKT M0>KHO 0b!IIO Ohl 061,SICHIITb TeM, 'IT0 np11 ll8Cblllie111111 npoT0IIH0I'0 pe3011a11ca B qac-
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TH Kpt!CTBJIJia nomrpH3BUHll npOTOHOB CHJlbHO yMeHbWHJIBCb, H nocne CHlITHlI HBCbIII.leHHlI B 

3Ty qBCTb Kpt!CTBJIJIB men npHTOK noJilipH3BUHH H3 ,llpyrHX qacTell KpHCTaJina 38 cqeT CnH-

HOBOll .llHcj:,cj:,ymrn. 3To 061,SicaeHHe npe.llnonaraeT, qTo .llmrna .llHcj:,qtya,rn a LaMN HMeeT 

MBKpOCKOIIHqecKHe pa3Mepbl ( L ~ 10-1 
- 10-

2 
CMJ. 0.llHBKO 3TO npe,llnOJIQ)KeHHe npOTHBO

peqHT .llBHHhIM Jl)Kecj:,cj:,p0cl
8I 

no .llJIHIIe JlHcpcj:,yuHH a LaMN c 1%-aoll KoaueHTpauHell aeo

.llHMa, HMeromell aen0qHHY L ~ 10
3 A • Mhr He HMeeM y.lloaneTaopHTenbHoro 061,Sicneam1 

3Toro lIBJieHHSI. 

3aKJIIOqeHHe 

500 - 600 -KpaTHoe JlHHBMHqecKoe ycHJieHHe nonHpH3BUHH npoTOHOB a Ld.!N -KpHc

TBJIJie, nonyqeHHOe B HBWHX 3KCnepHMeJ!Tax, .llOBOJlbHO 6JIH3KO K TeopeTHqecKOMy npe,lleJiy. 

JlellcTBKTeJibHO, B HBWHX ycJIOBHlIX npH H = 10 K3, gJ. = 2,70 H T = 1,5°K nonSipH3BUHll 
p 0,53 

3JieKTpOHOB paBHlIJIBCb 53% H '1 = ·--· = 775. 
I PO 0,000685 

JlaJibHellwee yaeJIHqeaHe IlOJilipH3BUHH npOTOHOB B03MO)KH0 .llBYMlI nyTSIMH: () yaenH-

qeaHe HanpmKeHHOCTH MarHHTHoro nOJill H HBCblII.{BIOll.lell MHKpOBOJIHOBOll qacTOThl 0 2) no

HH)KeHHe TeMnepaTypbl 06pa3ua. B HBCTOSIUJ,ee apeMSI HBMH no,llrOTBBJIHBBIOTClI 3KCnepHMen-

Tbl no .llHHBMHqecKoll nonsrpH3BUKH npoTonoa a LaMN c npHMeCbIO Nd na qacToTe 
0 0 . 

70-75 rru H TeMnepaType 1,2 - 1,5 K, a TBK)Ke na qacToTe 38 rru H TeMnepaType 

0,3° - 0,4 °K. 

B 3BKJIIOqenHe BBTOpbl IlOJib3yIOTCSI B03MO)KHOCTblO BblpB3HTb 6naro.llapHOCT.b .llOKTo

py cj:,H3HKO-MBTeMBTHqecKKX nayK <t>.n. WanHpo 38 noCTOHHHOe BHHMBHH8 K pa6o-i:e H 

MHoroq0cneHHbJe o6cy)!{.lleHHSI pe3yJibTBTOB 3KCnepHMeHTOB, a TBK)Ke H.KBHTKOBOll sa 

yqacTH8 B HeKOTOpb!X H3MepeHHHX, 
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P n c. I. PenaKcaunn oTpnuaTenbHOl! npoTOHHoll nonnpn3aunn K TennoaoMy paaHoaecnro • 
8 TO•!Ke A BbIKnID'leHa H8Cb!IU8IDIU8R MOIUHOCTb, B TO'!Ke 8 npOTOHHblll pe-
30H8HC HeKQTopoe apeMn Hacb11Uancn BbICoKnM ypoaHeM teHepaunn HMP -
.aeTeKTOpa, B TO'!Ke C ycTaHOBneH npe}l{HHll ypoBeHb reH.epaunn, K8K H Ha 
yqacTKe AB. 
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p H c. 2. Hachllll8HH8 npoTOHHOro peaoHaHca B KpHCTanne C 0,2% Nd npH BH838IlHOM 

nOBh1meHHH ypoBHll reaepauHH .HMP - .o.eTBKTopa c 10 MB '.o.o 80 MB, KpH

Ball 1 - Ml1KpOBOilHOBBll MOlllHOCTb BKnIO'ieHa, KpHBBll 2 - . TennoBoe paBHOBe

CHe, B MOM8HT BpeMeHH t = 0 CHrHaflbl 1 H 2 HOPMHpOB8Hbl K 8.0.HHHUe. 

pH C, 

2 

1 

0 50 
Vr n8 

20 

/ r,11, /'11111 

10 

0 

100 

3. 3aBHCHMOCTb H3M8pll8MOro ycHneHHll CHrHana npOTOHHoro peaoHaHca ~ H 

Bp8M8HH CIIHH-peweTO'iHOil penaxcauHH npoTOHOB r;n OT ypoB~ll reHe-

pau1m Vr B xp11cTanne c 1% Nd ; TeMnepaTypa o6paaua 1,37 K. 
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p II C, 4, 

JO t. HUH 
60 

PenaKca11110HHasi Kp1rnasi ansi KpHCTanna c 1% Nd • np11- TeMnepaType 

1,35°K 1 = 39 MIIH (o6'b0M KpHCT8JIJia 5,7 cM3 ). 
In 

90 



P rr c. 5. 
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CrrrHanbI npoTOHHoro peaoHaHca nprr TennoBOM paBHOBecrrrr (cnena) rr BKnro
qeirnol\ H8Cbllll8ID!llell MO!llHOCTl! (cnpana). a) Kpl!cTann C 1% Nd • o6beM 
5,7 cM3. HeycrrneHHb1l\ crrrHan 3anrrcan nprr Te1'inepaType 4,2°K, ycrrnennb!ll 
- nprr 1,5°K ( Ko:a,j.,cj:murrenT ycrrneHl!H l!3MepInenhHOro TpaKTa I( yMenb-
111en B 500 pa3); 6) KprrcTann c 1% fld , o6beM 7,2 cM3, neyc1rneHrrb1ll rr 
ycrrnenHbil\ crrrHanbI 3anrrcanbI ·nprr 1,36°K (cnpana I( yMerrh111en n 100 
pa3). 
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p II c, 6. l1sMeHeH11e 3HSKS npoTOHHOll nom!pH3SUHH npH CMSllleHHH nom1 C ·n_ HS 'H+· 
B TOqKe A none CKSqKoM yaen11qeuo us 20 apcT<ea, 



0 30 
t 1 MUH 

60 

p H c. 7. BpeMeHHBll 38BHCHMOCTb aMnnHTYllbl CHrHana npOTOHHoro pe30HBHCa A( t) 
nocne cMeLUeHHll nonll c H _ Ha B+ (KpHBBll I). KpHBBll 2 - eenH'IHHa 

A(oo) -·A(t) C y'leTOM H3MeHeHHll 3HBK8 A(t) B TO'!Ke o. KpHCTann 

c 0,2% Nd , TeMnepaTypa 1,35°K. 
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p H C, 8, BpeM8HHaH 3BBHCHMOCTb BMil1IHTY.llbl CHrHana npo;oHHoro peaoaaHca nocne 

yM8HbLU8HHH 3POBHSI reHepauHH H~P - .ll8T8KTOpa. KP,HCTB.,JI,JI C 1% Nd 
061,eM 5, 7 CM ' T8MnepaTypa 1,36 K. . 

TaC>JIPIUa 

PeayJI»TaTU aKcnepPIMeHTQB no ~HHaMHqecKOM IlOJifipH88UP.[P.I npOTOHOB B KpP.ICT8JIJie, 
La Mil (NO ) • 2411 O O IlpHM60»IO HeOIDIMa, OC>Or8Il\6HHOrO ~O 98,0r~ qeTH0-

2 3 , 3 12 2 142 

qeTHUM H80TOilOM Nd ,Ha qacTOTe 87 ,ru Pl MarHHTHOM IlOJie IQ Ka 

v, CM
3 ·O 7J P,% P,, % 

T 1n, >., % T l( MHH l H3Mep, H3Mep. TeopeT, 

I,O 0,086 I,87 500 87,5 56 16 

I,O 5,7 I,49 515 85,5 58,8 

I,O 5,7 I,39 450 38,0 56,5 89 

0,5 0,036 .I,85 600 45,5 57,6 100 

0,2 0,036 I,35 5,5 qac 

0,4 4,I I,80 6,2 ti:ac 

. 


