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1. 05 ll3MepeHIIH cpa3 CTpyKTypllb!X aMimIITYll 

B nncppaKUHOHllh!X 0ilb!Tax H3MepSieMoii Beml"IHHOH srnnsieTCSI HHTeHCHB

H0CTb paccesi11nsi 1 nponopuno11anh11asi KBanpaTy Monynsi cTpyKTyp11ofi aMnnn

TYllhI IF ( it) :1 2 , rne 

I 
j 

1 k ~ 
bl e ( 1) 

➔ r l - aMnmtTYllhI Korepe11T11oro paccemrnn n pannyc-BeKT0phI paccen-

BB!OllIHX ueHTpoB, 
➔ 
K - H3Me11e11ne Bon110Boro neKTopa 11efiTpo11a npn pac-

cesi11nn. Ilnsi BoccTaHoBnemrn cTpyKTYPhI KpncTanna, T.e. onpenenennsi Bcex 

ri I Tpe5yeTCSI, 0)lllaKo, 31l8Hlle He TOnbKO Monynefi CTpyKTypHbIX 

ar,,mmITyll, no n nx cpa3. OTcyTcTBIIe cBeneHHfi o cpa3ax nenaeT pacumcppoBKY 

cn0)KHblX CTpyKTYP Kpall:ne Tpynno1i 38)l8'l'.efi. XoTSI cymecTByeT HeCK0nbK0 
/1 2/ 

MeT0)l0B nony'l'.eHHSI 'laCTll'l'.H0ll: lIHcpOpMaunn 0 cpa3ax I • 0llH8K0 o5mero 

pemennsi cpa3oBoll: npo5neMhI eme HeT. 

Bi' CBSl3H C 3THM npeACTaBnsieTCSI none3Hh!M paCCM0TpeTb HeK0T0PhJe 

nononHnTenbllbie B03M0)KJI0CTII, 0TKPhJBS,eMbie oco5e1mocTS1MH B38HMOAell:cT

BHSI 11,ell:Tp0H0B C Bell1eCT!3,0M. 

a) Pac;cMoTplfM ,KPHCTa,nn,.,!3, ::ineMenTap11oll: sitJ:eiiKe, KpT_ope>r.o, coaep)KHT~ 

CS! 0)lllll nnn HeCK0nbK0 napat,rnrHIITHblX ueHTpoB, HanpnMep, ,8T0Mbl ,PellK0-
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3eMenbHbIX aneMeHTOB unu aneMeHTOB rpynnbI ,Kene3a. B nocTaTO'IHO 6onb-

WOM MarHHTHOM none II npu nOHH,K8HHOII TeMnepaType aTOMHbl8 Mar-

HHTHbl8 MOM8HTbl opH8HTHPYIOTC51 II B03HHK88T KorepeHTHOe MarHIITHOe 

pacce51Hll8 HeiiTpOHOB C aMnnuTynoii-1.:._ bM 1 3HaK KOTopoii 38BHCHT OT 

3HaKa npoeKUHH cn11Ha HeiiTpoHa Ha HanpaBneHHe MarHHTHoro nonH. CTpyK

TYPHYIO aMnnuTyny B 9TOM cnyqae MO,KHO 3anncaTb B mme 

F = F i<pN 
N e + F e 1¢M 

- M 

rne FN FM - nono,KHTenbHbi8 qucna; cnara10ma51 

noBneHa HnepHbIM paccemmeM Bcex aToMoB, cnara10ura51 

FN e 
1 ¢N 

FM e i<pM 

( 2) 

o6yc-

-MarHHT-

HbIM pacceHHlI8M napaMarHHTHbIX ueHTpOB. l1HT8HCHBHOCTb 0Tp8,K8HIIH npo-,

nopuHOHanbHa BenuqnHe 

\Fj2 F 2- + F 2 + 2 F F Cos ( ¢ - ¢ ) NM- NM NM 
(3) 

TipononH H3MepeHH51 C nonHpH30B8HHbIM H811TpOHHbIM ny'!KOM npn ABYX 3Ha

K8X nonHpH3aunu, HaXOAHM Ka,Kny10 H3 BenH'IHH F N FM Cos ( ¢ N-¢ M) H 

F2 
N 

+ F 2 
M 

• KorepeHTHoe MarunTuoe pacceHH~e ncqe3aeT, ecnu o6pa-

3eu He HaMar11nqeJI ( H 0 ) Hnll ecnn OH HaMarHH'l8H B HanpaBnel!HH 

➔ 

B8KTopa pacceHHIIH K l13 HHT8HCHBHOCTH pacceHHHH npn 9THX ycnOBHHl 

onpenenHeTCSJ nenuqnJla F! 
npeAbIAYIUIIX II3Mepe11nii, HaXOllHM 

• KoM6HHHpyH 3TOT pe3ynbT8T C naHHblMII 
2 

FM u Cos ( cf,N- ¢u ) , T.e. onpe-

neru1eM C TO'l!IOCTb!O AO .3H8K8 cnnnr cpa3 HnepHoii H MarHHTHOII COCT8Bnlll0-

IUHX CTpyKTyp!IOH aMnnHTYilbI: ¢ N - ¢M = +_ 8 • TaK KaK MarHHTHbIX 

aTOMOB B aneMenTapuoii gqeiiKe KpucTanna._ no npeanono,KeHHJO, Mano, no 

II3MepeHHHM F2 
M 

nn51 ilOCTaTO'IHOro qucna 0Tp8,K8HHH MO,KHO uafiTH 

nono,KeHHH MarHHTHblX aTOMOB II paCC'lllT8Tb cpa3bl. B cnyqae KplICTanna, 

He. 06nai:ta10mero ueeTpoM cnMMeTpHn, q>a3a Hi:tepuoro oTpa,KeHHSI onpenenSJ-

8TCH llBY3H8'IHO: ¢ = ¢ + 8 
N M - · 

• Pa3peweHne ueoneo3H8'!HOCTH Tpe6yeT np 

4 

I 

I 

.,. 

6 • ( /2/) E . BneqeHH51 nonommTenhHhIX coo pa,KeHun CM., HanpuMep, • cnu ,KS 

KpHCTann o6nanaeT ueHTpOM CHMMeTpHH, cnBur cpa3 MO,K8T np1IHIIM8Tb on-

HO H3 llBYX 3H8'!8HHII 
1 

8 = 0 unu 8 = TT, H ueonHo3Ha'!HOCTb onpenene-

HHS! <pN CHHMaeTCSJ. 

6) PaccMOTpeHHbIH cnoco6 onpeneneHHH cpa3 OCHOBaH na B03MO,KHOCTH 

ynpanneHnH aMnm1Tynoii KorepeHTHoro MarHIITHoro pacceSJHHH HeiiTpoHoB. 

"YnpaBnHeMaSJ" aMrrnuTyna pacceSJHIISJ B03HHKaeT TaK,Ke npu pacceHHHH no

nHpII30BaHHbIX uefiTpOHOB Ha rronSipH30B8HHbIX Hnpax, npu TaK H83blB88MOM 

lllBHHrepoBCKOM pacceSJHIUI rronSipII30B8HHbIX HeiiTpOHOB, npu nncppaKulm HeiiT

pOHOB, pe30HaHCHbIX nnSJ OilHOro II3 ll30TODOB, BXOllSJIUHX B KpHCTann. KaK 

ll3BeCTHo, aMDnHTyna pe30H8HCHOro pacceSJHHSJ M8HSI8T 3HaK npH rrepexone 

aueprnn uetl:TpoHa qepe-3 TO'IHbifi pe3oHauc. AuanorH'IHbifi acpcpeKT uMeeT Mec

-ro II rrpn ynpyroM pe3oeauceoM pacceSJmm raMMa-nyqeii, T.e. rrpu ucrronb-
x/ 

30Baeun acpcpeKTa Mecc6ayspa • 

Ka)KJlbIH ll3 ynoMHHYTbIX nyTefi ynpanneHHH aMDnHTYAOH pacceSIHHSI II03-

BonHeT, B IIpllHUHIIe, pellIHTb 3anaqy ll3Bneqeemi cpa3 CTPYKTypHbIX aMIInHTyn, 

HO C K8)KilblM CBSJ38Hbl CBOH TpynnocTu. )KenaTenbHO rrpoauanH3HpOB8Tb npaKT! 

qecKy!O rrpuronuoCTb 9THX MeTOllOB npHM8HlIT8nbHO K C03Jl8IOIUHMC51 MOIUHblM 

lIMIIynbCHbIM HCTO'IHIIKaM nnSJ uefiTpOHHOH CIIeKTpOCKOIIHH I{ C yqeTOM ycrrexoB 

TeXHHKH IIOnHpH38UHH aTOMHblX aneKTpOHOB H Hnep. 

2. 0 uaKorrne1mu ueiiTpoeoB 

K 
/3/ . 

aK ll3B8CTHO I B 3aMKHyTOM co_cyne MoryT xpaHHTbCSJ uefiTpOHbl co 

CKOpOCTb!O, M8Hblllefi rpaHH'IHOH CKOpOCTH 

V rp = 2 h ( TT Nb ) 1/
2 

/ m (4) 

~ . 

Hcrronb30B8HHe p830H8HCHOro (auoManbHOro) pacceSIHHSI uefiTpOHOB 
o6cy)Knanocb B nuTepaType121• KaK coo6mun rrpocpeccop Matl:ep-nefi6uuu, 
rrorrbITKH ncrronb30BaHHSI pe3oHaHcuoro pacceHHHSI raMMa-nyqeii anH orrpei:te
neHHSI cpa3 rrpearrpuunMaioTC51 rrpocp. Mecc6ayapoM. 
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rae m - Macca neRTpoHa, N 
3 

qHcno H/lep B 1 CM, 

peHTHBH anHHB pacceHHHH, llnH 6epHnnHH v rp=~8 M/ceK, 

b - Kore-

TTpllHUHilHB/IbHblll rrpe11en qncna neiiTpOHOB, KOTOpb!e MQ)Kl!Q y11ep)KaTb B 

cocy11e, 3a11aeTcH CTBTHCTl!KOii ~epMH: CKOpOCTb HeiiTpOHOB Ha_rpa-

nnue pacrrpe11eneHHH ~epMH 11omKHa 6bITb MeHbIIIe rpannqnoii CKopocTII y11ep-

)KBHIIH . V • 3TOT rrpe11en ne11ocTl!)KlIMO Bb!COK: 11nH 6ep11nn11eBoro cocy11a 
rp 16 3 

rrpe11enbHBH rrnoTHOCTb paBHB 4,10 n/cM. 

KaKOB rrpe11en HaKorrneHl!H HeiiTpOHOB rrp11 COBpeMeHHOM ypoBHe Texnn

K!I? 

TTnoTHOCTb ynbTpaxonomihIX neiiTpoHoB ( YXH) BHYTPI! 3BMe11n11TenH 

panna 

n 
4 

3 \Irr 
nT ( E / T )a/2 

rp 
( 5) 

r11e E = m v 2 / 2. T - TeMnepaTypa neiiTponuoro ra3a 
rp 

,( cneKTp Tell/IOBb!X nei'.iTpOIIOB rrpe11nonaraeTCH MBKCBennoBCKIIM) t n T - 11/IOT-

IIOCTb TerrnoBhlX 11eiiTpOHOB. 

TToTOKy TerrnoBb!X 11e1iTpOHOB ct> T = 10
15 

11/ CM 
2 

ceK COOTBeTCTByeT 

9 3 
nnoTHOCTb n T =4.10 HI CM • TT pH OX/JB)Kl1eHl!H 3aMe11m1Tensr ocTaeTCH 

nocTOHIIIIOH nnOTIIOCTb, ecnn 11mpcjiy3110HIIBH ll/IHIIB TerrnOBb!X 11efiTpOHOB Mana 

no cpaBHe!IJIJO C Jl/IHl!Oll 3aMe11neHH.II II C pa3MepaMII 3BMe)lm!TenH, II OCTaeT

CH noCTOHll!lbIM ITOTOK B npOTIIBOnonO)K!IOM cnyqae. EyaeM IICXO/ll!Tb H3 rrep-

Boro, Me11ee Bh1ro1111oro npe11nono)Ke111rn. TToacTaBnHH B ( 5) T =20°K n 

E -7 3 3 
rp =2,4.10 3B ( 6epnnnnfi)' HBXOl1l!M n =5.10 HICM • 

llocTl!)KHMaH nnoTHoCTb YXH 11e MO)KeT npeBbIIIIBTb nnoT11ocTb YXH B 

3a11,1ean11Tene Jie3BBHCHMo oT cnoco6a HX nonyqeHnH - HerrocpeacTBeHHbIM 

/4-8/ 
H3Bneqe1111eM, KaK B pa6oTax , 111111 nyTeM 3BMeaneunsr 6onee 6bICTpbIX 

HeiiTpOHOB npll noMOlUH, llBll)KYllIIIXC.II 3epKa11, KBK npeanaraeTC.II B pa6o

/7-9/ 
TBX 

6 

;\ 
I ({ 
• fl/ 
'):'. 
r,:1 

.. \ 

I 

''t-'~1 ' . :j f, j' 
,1 

)! 

3To yTBep)KJ:leJrne srnnsreTC.II cne11CTBIIeM 113BeCTJIOR TeopeMbl nIIyBIInnH 

0 IlOCTOHHCTBe ¢yHKUIIII pacrrpe11eneHHH B cji~30BOM rrpocTpaHCTBe, TTycT~ 

d V = p ( p, q' t ) d p dq qncno qacTnu B aneMeHTe ¢a3oaoro o6beMa 

d p d q B MOMeHT BpeMeHI! t • TeopeMa nIIyBnnnH yTB,ep,K11aeT, qTo 

B110/Ib ¢a30BOii TpaeKTOpIIII p = Const 1 T,e, p ( p ', q ' , t ' ) = p ( p, q , t ) , 

r11e p ', q TQqKa ¢a30Boro IlpOCTpBHCTBa, B OKpeCTHOCTb KOTOpoR 

qacTIIUbl rrepexo11srT K •MOMeHTY 
, 

t • TeopeMa rrpIIMen11Ma, ecn11 c11nh1 , 

11eiicTByJOnme Ha qacTnuy, orrpe11ensrJOTC.1I rroTeHuHanoM, B TOM q11cne 3aBl!CH

llIHM OT BpeMetm. 3epKa/IbHOe OTpB)KeI!He neiiTpOHOB MQ)Kl!O paccMaTpl!BBTb 

KBK pe3ynbTaT 11eiicTBl!sr noTeHuHana u = 211 h2 N. (;) b / m , T.e. 

TeopeMa nHyBII/1/IH OCTaeTCH cnpaBe11n11Boii np11 Hannq1rn 11BII)KYIIIHXCH 3epKan 

( a T8K)Ke II nepeMeHHb!X MarllllTHbIX none ii), 

I11ITerpanbHBH nnoTHOCTb YXH paBna, oqeB1111Ho, 

n f 
di, 

d q , 
dp, Jp (p', q') dp' = <p (p',q')> 411 I 3p 3 

rp 

rae p = m v , 411 / 3 p 3 

rp rp rp 

llnsr ra3a TennoBbIX 11efiTpOHOB p 

p (p',q') = p ( p • q 

Bl!Cl!T OT IICXO/lHOfi 3HeprHII E 

· - o6beM npocTpaHCTBa HMnynbCOB YXH, 
- E/T 

( p , q ) = Const e · • T aK KaK 

-E/T ) = Const e , nnoTHOCTb YXH He 3a-

HefiTpoHoB, 3aMe11nHeMbIX 110 06nacT11 YXH, 

ecn11 E << T , II yMe!lbIIIaeTCH C poCTOM E npH E > T. 

XoTH Mexa1111qec1me 38Me11nnTe1111 HeiiTpOHOB B npllHUl!ne He llBJOT Bblllrpb 

IIIa no cpaa11e1111JO c co6npa1111eM "roTOBbIX" YXH l!3 peaKTOpa, Ha npaKTHKe 

ORI! MoryT OK838TbCH none3HbIMII. lleiiCTBHTenbHO, ll3-38 pocTa ceqeanii 

nornoUieHnsr no 3aKoHy I/ v npHMoe H3BneqeaHe YXH H3 ToncTocTeHHor·o 

cocyaa C )KHl1KOBOl10pOl1llbIM 38Me11nHTeneM BpH/l /Ill B03MQ)K!IO, B TO. )Ke 

BpeMH OX/18,KIJ9HHe 38Me11nHTenH MO,KeT 118Tb yBennqeHHe BblXOl18 YXH 110 11BY 

nopHl1KOB. KaK coo6mHn npo¢eccop MaeRp-neR6HHU, HMeHHO B CBH3ll C 3Tl!M 

np11 IIOBOM MO!lIHOM peaKTope B fpeao6ne HaMeqeuo C03/l8HHe. ,, Typ6I!Hbl 

lll 
,,/7 I 

Taiiepna • 
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C TO'IKII 3peHHH yBennqennH IInOTHOCTH HaKorrnenm,1x neil:TpOHOB HHTe-
/ 10/ 

pecHbI MarHHTHb1e noByll!Kn, rrpenno)KeHHbJe B.B. BnannMnpcKIIM • B To-

ponnanbHDil: noByll!Ke orpaHH'IeHa TOnbKO nonepe'IH8H (pannanbHaH) KDMIIOHeH

T8 nMnynbca neii:Tpona ( P! / 2 m '..'-s_µ II ) , Torna KaK nponon6naH ( Kaca

Tenbnasi) cnara10maH MO)l{eT HaxoanTbCH B mrnnaaoHe, lllnpnHa KOToporo 

pacTeT c anaMeTpOM op5IITblo 

YBenn'IeHne o5'heMa npOCTpaHCTBa HMnynbCOB npHBO.[lliT K yBenn'IeHHIO 

nnoTHOCTH neii:TpOHOBo ITo-BHmrMoMy I M0)1{9T 5b!Tb nony'IeH Bb!HI'pb!lll nopR.[lKa 

aecRTKII. 

YBenn'IeHne nnoTHOCTll HaKonneHHblX neil:TpOHOB M0)1{9T 5b!Tb .[lOCTHI'Hy-
x/ 

TO ncnonhaoBanneM HMnynbcHoro peaKTopa • Ecnn B (5) noa nT noa-

pa,;1yMeBaTb cpeaHIOIO nnoTHDCTb TennoBb!X Heii:TpOHOB ( onpeaenHeMyIO cpea

Heii: MOIIJHOCTbIO peaKTopa), To nnoTRDCTb B MDMeHT BCIIbilllKH peaKTopa 5yaeT 

paBHa 

0 
n 

llMII 
n ( 6) 

T 

rae T - cpeaHee BpeMR )l{H3HH neii:Tpona B aaMeannTene, 0 -HHTep-

Ban Me)l{.[ly BCIIb!ll!KaMH peaKTopa. Ecnn nocne BCIIbllllKH peaKTopa 5b!CTPO 

naonnpoBaTb noBylllKY, TO nnoTHOCTb" HaKonneHHblX neii:TpDHOB B npeaene M0-

)1{9T COOTBeTCTBOBaTb IIMrrynbCHOii: MOIIJHOCTH peaKTopa. PaayMeeT?H, B03HIIK

HyT noTepn, CBR38HHbI9, nanpnMep, C pacTmKKOM Heii:TpOHHOM BCIIblll!Kll Ha 

Bxoae B noBylllKY na-aa paa5poca cKopocTeii:, c rrornomemreM neii:TponoB B 

CTeHKaX noByll!KH II T.n. He B.[laBaHCb B ,/leTanH, ang OIITHMHCTH'IeCKOii oueHKII 

nono)l{HM Bhmrpb1lll paBHbIM 0 / 10 r • PeaKTop HBP-30 na5opaTopnn Heil:T-

ponnoii: qm3HKH OH.HH pa5oTaeT co cpeaneil: MOIIJHOCTbIO 30 KBT n MaKCHManb-

x/ 
· ITpocTeil:ll!aH cxeMa H3BneqeJmH YXH na HMnynbcHoro peaKTopa o5cy; 

aena B pa60Te/ll/ 0 

8 

1 , l) 

Hb!M HHT9pBanoM M9)1{.rlY BCIIbIIIIKaMII 0 =10 ceK; cpeaHHH nnoTHDCTb Terr 

noBb!X neii:TpOHDB B 3aMeannTene COCTaBnHeT 
6 3 

n T =6, 10 HICM • BepoHTf 

IIplI ycoBepllleHCTBOBaHHII Texnononrn Ka)l{.rlYIO H3 BenH'IHH 0 H n T 

MO)l{HO yBenlI'IHTb B 10 paa. B 8TDM cnyqae, rronaraH 10 T 
-3 

=2.10 ceK 

H ncrronbayg (5) np11 T =20°K, Haxoa11M nnoTnocTb YXH: 

n 
6 3 

= 4.10 n/cM • 

ITpeacTaBnHeTCR IUITepeCHbIM, HMeH B BllllY 8TH BD3MO)l{HOCTH, rrpoaH 

nn3HpOB8Tb nepcrreKTIIBbl npnMeHeHHH noByll!eK YXH B Ka'IeCTBe neiiTpDHHl 

MIIllleHeii: anH pa3nII'IHbIX rry'IKOB 'IaCTIIU II B Ka'IeCTBe HCTO'IHHKa nnH neii'. 

pOHHOil: MIIKpOCKOIIIIIIo 

nnTepaTypa 

1. r. nnncon, B. KoKpen; Onpeaenemie cTpyKTYPhI KpncTannoB• 11n, MocKE 

1956. 

2. A.S. Macdonald, S.K. Sikka. Acta Cryst., B25, 1804 (1969), 

3, .H.B. 3enbnOBH'Io )K3T<I>, lli1, 1952 ( 1959). 

4. B.H. nymHKOB, IO.H. IToKOTHnDBCKHii, A.B. CTpenKOB, <1>.n; WarrHpo. 

fl Heb Ma )K3T¢, fl_, 40 ( 1969). 

5. n.B. fpollleB, B.H. IlBopeuKHii, A.M. IleMnAoB, IO.H. ITa1rnn, B,l1. flyum1 

IO.H. IToKoTnnoBcKnii, A.B. CTpenKoB, <1>.n. Warrnpo. ITperrp1rnT Ol1Hl1 ' 
P3-5392, Ily5na, 1970. 

6. A. Steyer!. Phys.Lett., 28B , 1, 33 (1969). 

7. A. Steyer!. Diskussionstagung Uber Neutronen-physik an 

Forschungsreaktoren, April 25-28, 1967, Kernforschungslage, 

JUlich. 

8. A.B. AHTOHOB, n.E. Bynb, M.B. Ka3apHOBCKIIil:. ITHCbMB )K3T<P, !1, 307 

( 1969). 
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Hb!M llHTepBanoM Me)K)ly BCilbllllK8Mll O = 10 ceK; cpeJU15ISl . rrnoTH0CTb Terr- I 

6 3 
n0Bb!X HefiTpOHOB B 38Me)lnl!Tene C0CT8BmrnT n T =6. 10 n/cM • BepollTHO, 

I!pll ycoBepllleHCTB0B8Hllll TeXHonorHH K8)KJlYIO ll3 Benl!ql!H 

M0)KH0 yBem1qI1Tb B 10 pa3. B ST0M cnyqae, rronarall 10 T 

H Hcrronh3Yll ( 5) rrpH T =20°K, HaxonHM rrnoTH0CTb YXH: 

6 3 
n = 4,10 HICM. 

TTpencTaBnlleTCll llHTepeCHbIM, l!Mell B BllllY 9TH B03M0)KH0CTH, rrpoaHa

nll3llp0B8Tb rrepcrreKTl!Bbl Ilpl!MeHeinrn noByllleK YXH B KaqecTBe nefiTpOHHbIX 

Ml!llleHefi )lnll pa3nHqHb!X rryqKoB qacTIIU II B KaqecTBe l!CTQqHIIK8 nnll nefiT

poHHOH Ml!Kp0CK0I!llll, 

!lHTepaTypa 

1, r. !1Hrrcon, B. KoKpen; Orrpenene1rne cTpyKTypbI KpncTannoB• 11!1, MocKBa, 

1956. 

2. A.S. Macdonald, S.K. Sikka. Acta Cryst., B25, 1804 (1969). 

3, H.B. 3enh/lOBll'I, )K3Tct>, :1§, 1952 ( 1959). 

4, B,11. JiymHKOB 1 IO.H. TToKoTnnoBCKHfi, A,B, CTpenKoB, ct>,J1. Warrnpo. 

TTncbMa )K3Tct>, _§!, 40 ( 1969). 

5, n.B. fpollleB, B.H. ilBopeuKnfi, A.M. ileMnnoB, IO.H. TTamrn, B.11. !lymnKo 

IO.H. TToKoTHnoBCKIIfi, A.B. CTpenKoB, ct>,J1, Warrnpo. TTperrpIIHT O11.Hl1 
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