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PaC'I~T CKOpOCTH llHDOnbHOit penaKC8UHH COHRS Jl + -Me30H8 1 

flOK8flH30B8HHOrO B MelKilOY3flHSIX KpHCTanna 

PaCC'IHT8H8 CKOpOCTb llHDOnbHOit penaKC8UHH nonepe'IHOH COCTaBnSIID

weit CDHH8 Jl + -Me30H8, nOK8flH30B8HHOrO B MelKllOy3nHSIX KpHCTSnnOB p83-

flH'IHOit CHMMeTpHHo noK838H01 'ITO Cp8BHeHHe peayn&TSTOB C 3KCUepHMeH

T8n&HbiMH ll8HHbiMH U03BOflHT CyllHTb 0 MeCTSX flOK8flH38UHH Jl + -Me30HOB 

a KpHCTannax H o aenH'IHHe noxan&aoit lle~opMaUHH peweTKH xpHCTanna. 

Pa60T8 Bb!UOnHeHa B na6opaTOpHH SlllepHbiX npo6neM OHHH. 
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© 1977 06t.e~UHeHHWI1 IINC•u•y• Jl~epHWX IICCAeOOIJQHIIUJl)I6Ha 

1. TipH H3y'leHHH CBOHCTB BellleCTBa C llOMOlllbiO nong

pH30B8HHhiX p.+ -Me30HOB /1-3/ .Qn.H OllHC8HHSI BpeMeHHOr'O 

cneKTpa ll03HTpOHOB ( /l+-+ e+ )-pacna.Qa HCllOnb3yeTCSI Bbl

pa}l{eHHe 

dN _ N e-t/rll [1-P<t>acosw t] • 
-- 0 ll dt 

(1) 

r.Qe a - Koa4>4>HUHeHT acHMMeTpHH, w 11 =y 11 H o - napMo

poacKaSI '18CTOT8 npeUeCCHH CllHH8 MIOOHB, Y /l - ero I'HpO

M8r'HHTHOe oTHOUieHHe, Ho - aenH'IHHa BHewHero MarHHTHo-

ro nong, r 
11 

- apeMH }I{H3HH MIOOHa, P(t) - 4>YHKUHH, 

onpe.QenSIIOlll8SI BpeMeHHyiO 38BHCHMOCTb CKOpOCTH penaKC8UHH 

nonepe'IHOH cocTaBnHIOllleii cnHHa 11 + -MeaoHa H3-aa anuSI

HHH noKanbHbiX M8I'HHTHbiX noneii BellleCTBa. 

KaK noKaaaHo a1 31, B cny'lae H.QepHoii .QHnonbHOH pe

naKcauHH CllHH8 MIOOHa, noKanH30B8HHOI'O B Me}I{.QOy3nHH 

KpHcTanna, aKcnepHMeHTanbHhiH cneKTp xopowo annpoKCH

MHpyeTCSI Bbipa}l{eHHeM (] ) , I'.Qe: 

2 2 
P(t) = exp (-a 3KCn. t ) • (2) 

a napaMeTp a 3KCll. llO.Q6HpaeTCSI no MeTO.Qy HBHMeHblliHX 

KB8Ap8TOB. 0 BenH'IHHe a 3KCll.I'OBOpSIT KBK 0 CKOpOCTH .QH

nonbHOH penaKCBUHH CllHH8 /l+ -Me30H8 npH OTCyTCTBHH 

AH4><t>Y3HH. 

B TeopHH .SIMP xopoUio H3BeCTeH cnenyiOlllHH 4>aKT: 

ecnH 3aTyXaHHe npeueCCHH CllHH8 OllHCbiBaeTCSI raycCOBOH 

38BHCHMOCTblO (2) 1 TO 3H8'1eHHe BTOpOr'O MOMeHT8 M2 
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pe30H8HCHOH KpHBOH o6ecneqHBaeT YAOBneTBOpHTenhHOe 

npH6mn~<eHHe nnsr umpHHbi a 3 Kcn. , a HMeHHO M 2=2a 3Kcn. • 

HH}Ke nonyqeHhi 3HaqeaHsr BToporo MOMeHTa M 2 n:pH pa3-

nHqHbiX BenHqHHax BHeiiiaero Mal"'HHTHOI"'O nonsr H0 . 

DpHHHMasr o6o3aaqeaHe M 2 = 2aTeop. , cneayeT O}KHJlaTh, 

qro aTeop. ::.a 3Kcn. • 
Ho, KaK npaBHno, aKcnepHMearanhHbie 3aaqeHHSI a3Kcn. 

MeHbiiie COOTBeTCTBYIOIIIHX TeopeTHqeCKHX, a 3KCII. /a Teop. < 1, 
TaK KaK pacqeTbl npoBOJlSITCSl nnsr }!(8CTKOH KpHCTannHqeCKOH 

peiiieTKH, T.e. 6e3 yqeTa pa3AYTHSI gqeftKH KpHCTanna, Bbl-

3B8HHOI"'O npHCyTCTBHeM B Hell MIOOH8o Do BenHqHHe OTHQ

IIIeHHSl a
3
KCH/ aTeop. MO}KHO CYJlHTb 0 BenHquae 8TOI"'O pa3-

AYTHSlo Ho curyauusr aecKOnhKO ocnO}KHSJeTCSI TeM, qro B 

KpHCTannax CO cnO}KHOH peiiieTKOH CyllieCTBYIOT M8}KJlOy3nHSI 

pa3nHqHOH CHMMeTpHH, npHqeM KB}KJlOMY THny Me}KJlOy3nHH 

COOTBeTCTByeT CBOSI pacqeTH8Sl CKOpOCTb AHnOnbHOH penaK

caUHH, H anpHOpH aenb3Sl CK838Tb, B K8KQM H3 HHX npe

HMyllieCTBeHHO noKanH3yeTCSl l1 +-Me30Ho 

TeM He MeHee 0 noKanH38UHH MIOOHa BCe }1(8 MO}KHO 

cynHTh no psrny orHoiiieHHH a I a ansr pa3nHqHbiX 
u 3KCII. TeOU... 

3HaqeHHH BH8IIIHel"'O M8I"'HHTHOI"'O nonsr.·~nenyeT 0}KHJl8Tb, 

qTO 8Ta qaCTHU8 He MeHSieT MeCT nOKanH38UHH C H3MeHe-

HH8M H 0 • 
Dpo6neMa onpeneneHHSI Mecronono}KeHHSI B KpHcrannax 

npHMeCHOH qaCTHUhl, B oco6eHHOCTH npOTOHOB, npHBneKa

eT onpeneneaaoe BHHMaHHe B uenoM psrne TeoperuqecKHX 

H 3KCnepHMeHTanhHhlX HCCneAOB8HHH. 0co6hlH HHTepec Bhl-

3bJB8eT noKanu3aUHSI rrpoTOHOB B MeTannax. Do-BHAHMOMY, 

npoTOH H MIOOH 6ynyT 38HHM8Tb Me}KJlOy3nHSI OAHOI"'O H TOI"'O 

}Ke Tuna, nOCKOnbKY B sneKTpOMal"'HHTHhlX B38HMOAeHCTBHSIX 

BeAyT ce6sr OAHHaKOBOo DosTOMY no pe3ynbTaTaM HCCneno

BaHHH AnSI MlOOHa MO}KHO CYAHTb 0 noBeneHHH BOUOpOAa 

B BellieCTB8o 

2. 06IIIHH 1"'8MHnbTOHH8H CHCTeMbi, COCTOSillieH H3 11 +

Me30H8 H SIAep KpHCTanna, MO}KHO 3anHC8Tb B BHJle! 

J(=J(o +}( +}( 11-n n -n 
(3) 

4 

rae 

}(
0 

=-y tiH
0

8 -y tiH
0 

I. I i 
11 z n . z 

1 

3eeMaHOBCKHH 1"'8MHnbTOHH8H CHCTeMhl CnHHOB BO BHeiii-

HeM none H 
0

, aanpaBneaaoM Bnonb ocu z ; ·-s 11 i i- onepa-

TOpbi CnHHOB MIOOHa Hi -1"'0 srnpa, y n- I"'HpOMal"'HHTHOe OT

HOIIIeHHe SIAep KpHCTanna; }(n-n - 1"'8MHnbTOHH8H AHnOnb

HbiX B38HMOJleHCTBHH srnep. nanee HM npeHe6peraeM, TaK 

KaK AHnOnbHOe B38HMOAeHCTBH8 SIAep npOSIBnSieTCSI H8 Bpe-

MeHaX 
2 

11 n -1 -5 
t = ( --) = 10 c' 

r 3 
CyllieCTBeHHO 6onbiiiHX, qeM XapaKTepHOe BpeMSI aa6niOA8HHSl 

- }Q-6 C. 3aeCb l1 n- M8I"'HHTHb!H MOMeHT SIAep, r - paCCTOSI

HHe Me}KJlY COCeAHHMH SIApaMHo faMHnbTOHHBH AHnOnhHb!X 

B38HMOAeHCTBHH MIOOHa H srnep }( Bb!IIHC8H HH}Ke B 
11-n 

o6o3aaqeausrx Baa-CI>neKa: 

}( 2 -3 
JL-n=yl1yn1l ~ri <Ai+Bi+Ci+Di+Ei +Fi ), 

1 

i 2 ) A . = 8 I (1 - 3cos e 
1
· , 

1 z z 

B. = - .!..n- 3cos
2 e.) (8+1' i+8 I +i), 

1 4 1 - -

C.= 
1 

3 i i -i¢. 
-(8 I + 8 I ) sinO. cos e. e I 
2 z+ +z 1 1 

3 . i i i¢i 
D.=--

2
<8t.I +8 I )sinO. cos0 1.e 

1 - - z 1 

3 2 -2i¢· . 
E. = - - sin e. e 

18 I 1 
, 

1 4 1 + + 

F. 
1 

3 2 2i¢. . 
- -sin e. e 

1 
S I 

1
, 

4 1 - -

(4) 

I"'Ae cp. H 0. - COOTBeTCTBeHHO a3HMyTanhHbiH H nonsrpHb!H 
1 1 .... . 

yrnhi paAHYC-BeKTOpa r i , COeAHHSIIOIIIel"'O 1 -e SIJlpO H MIOOHo 
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06oCHOB8HHe TOI'O, 'ITO npH pa3nH'IHbiX BenH'IHH8X BHeiii

Hei'O MarHHTHoro nonSI H 0 cnenyeT y'IHThrBaTb nHIIIh Te HnH 

HHbre qneHhi raMHnbTOHHaHa J{ , conep}KHTCSI B I 4/ 

H BKpaTUe CBOnHTCSI K cneny10dte~y: pa3nH'IHbie qneHhi ra

MHnbTOHH8H8 J{Jl-n n_EJHBO~~T K MaTpH'IHbiM aneMeHT8M OT 

cnHHOBbiX onepaTopos 8 , I 1 
, ocuHnnHpylOIIlHM c onHoii H3 

qacToT: 

y JlHO ' Yn Ho' y/l H d ' 

rne Hd- nHnonbHoe none, HasonHMOe SinpaMH KpHcTanna Ha 

MlOOHe, npH'IeM 6hiCTpOOCUHnnHpy101IlH8 M8TpH'IHbi8 9n8M8HTbl 

He BHOCSIT BKnana B 3H8'1eHHe BTOporo MOMeHTa M
2

• B CHny 

Toro, 'ITO y I y > 10, nnSI 6onhiiiHHCTBa Mep BhrnonHSieTcSI 
Jl n 

cnenylOIIlee CHnbHOe H8p8B8HCTBO nnSI napMOpOBCKHX '18CTOT: 

y/lHo>>ynHo· 

Y'leT B J{ Jl-n ceKynSipHbiX qacTej{ A i npusonHT K cnsHry 

napMopOBCKOH '18CTOTbi BP81Il8HHSI CnHH8 M100H8 H8 senH'IHHY 

y
11 

H d • EcnH }1{8 nonSI H 
0 

nocTaTO'IHO CHnbHbre, T.e. 

ynHO »yi1H d' 

To cnenyeT npeae6pe'lb B J{Jl-n cnaraeMbiMH B i, C i , 
D . , E. , .F . , He naJOIIlHMH BKnana e aaaqeHHe BToporo 

1 1 1 
MOMeHTa M

2 
• B aTOM cnyqae a«P«PeKTHBHhrA raMHnhTOHHBH 

J{ CBOnHTCSI K cnenylOIIleMy: 
Jl-n 

2 -3 i 2 
J{ = y y 1l I. r . 8 I ( 1 - 3 cos 0 . ) • 

11-n 11 n i 1 z z 1 

ilpH npoMe}KyTO'IHhiX aHa<ieHHSIX nonSI H
0

, Korna 

y Ho »y H d >y Ho ' 
Jl 11 - n 

(5) 

Heo6xonHMO Y'IHThrBaTh BKnan oT cnaraeMhiX C . H D . , 
1 1 

scnencTBHe qero acpcpeKTHBHbiR nHnonbHblH I'8MHnhTOHH8H 

npHHHM8eT BHn: 

J{ 
2 -3 i 2 = y y 11 I. r . 8 [I ( 1- 3cos 0 . ) -

J.t-n p. n i 1 z z 1 
(6) 

- l..sin20. (li sin"-· +I i cos"-.)]. 2 1 X ~1 y ~1 

6 

) 
J 

I} 
\ 

ilpH HyneeoM BHeiiiHeM none (H 0 =0> aeeMaHOBCKHe cnarae

Mhre B (3) nponanyT H penaKC8UHSI CnHH8 M100H8 6yneT 

o6ycnosneaa nonHhiM raMHnhTOHHaHOM ( 4). 
3. PaccqHTaeM nanee CKopocTb nHnonbHOH penaKcauHH 

CnHH8 l1 + -Me30Ha, OCHOBbiB8SICb H8 ypasHeHHH nnSI M8TpHUbl 

nnOTHOCTH CHCTeMbl CnHHOB p (t): 

·~ a r< t> = [ J{ ,p < t> L 
lu at 

PeiiieHHe 9Toro ypasaeauSI aanuiiieM B cpopMe 

p(t) = e -iJ{t/tt p<O)e iJ{t/1\ 
' 

(7) 

(8) 

rne p(O) - M8TpHU8 nnoTHOCTH CHCTeMbl CnHHOB B H8'18nb

HbiH MOM8HT BpeMeHH no BKn10'18HHSI B38HMoneifcTBHSI M100H8 

c MP< 1H KpHCTanna. noaTOMY 6yneM C'IHT8Tb, 'ITO 

p(O) = p (0). p (0) ' (9) 
n 11 

rne p n (0) H p Jl(O) - M8TpHUbl nnOTHOCTH CHCT8Mbl Sinep 

H M100H8 COOTBeTCTB8HHOo 
ilocKonbKY CnHH Jl +-Me30H8 nepBOHaqanbHO aanpasneH 

no OCH X , M8TpHUy iinOTHOCTH p Jl (0) MO}KHO BhlfipaTb 

s anne 

1 
p (0) =-I + 8 ' 

Jl 2 X 
(10) 

rne I - enHHH'IHaSI MaTpuua (2 x 2), a 8x - onepaTop 

x -ii npoeKUHH cnuaa. 

Torna cpenaee aa6n10naeMoe aaaqeHHe <8 x >. t 6yneT 

pasHo: 

-iJ{t/t. jJ{t/1i 
<8> =Sple p<O)e 8l/8p{p(O)}. (11) 

X t X 

ilpH'IeM, B ( 11) cnen oepeTCSI DO SinepHbiM If MlOOHHbiM ne

peMeHHbiMo B BhiCOKOTeMneparypaoM npH6nH}K8HHH nnSI 

M8TpHUbi nnoTHOCTH CHCTeMhi Sll{epHbiX cnHHOB p n (0) , HC

n011h3YSI COOTHOIIIeHHe ( 10), MO}KHO ( 11) npeo6pa30B8Tb 

K BHny: 
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<S x > t = Sp le -iJ{t/iisxe iJ{t/1\ S x l /(21 + 1) N. (12) 

Y'fHTbiBaSI )lanee BHJl raMHnbTOHHaHa (3), rrocne Hecno)!{

HbiX rrpeo6paaoaaHHH rrony'faeM 

-iJ{ t/h iJ{ t/1i 
<S > = cosw t· Sp{ e ll-n S e ll-n S 

X t jl X X 

_!_ p( t) cosw ll t. 
2 

(13) 

Bbr6epeM raMJWbTOHHBH J{ a cjlopMe (6). TorJla Jlnsr 

ManbiX apeMeH Ha6niOJleHH~ t n paanO)!{HB 8KCIIOHeHTbi, 

BXOJlSilllH8 B ( 13) 
1 

B pSIJl 1 H o'rpaHH'fHB8SICb qneH8MH 1 KB8Jl

p8TH'fHbiMH IIO apeMeHH, 6epeM cnen IIO srnepHbiM H MIOOH-

Hb!M rrepeMeHHbiM, H nnsr cpyHKUHH P(t) rronyqaeM Bbrpa)!{e-

HHe B o6naCTH IIpOMe)!{yTO'fHb!X BH8UIHHX M8PHHTHb!X rronefi: 

- 1 2 -6 2 2 
P <t> -1- -(r: y n) HI+Uir. [<1-3cos e.) + 

Teop • 6 ll n i 1 1 

9 . 20 n ]t2 
+ 4sm ""'i . 

( 14) 

ITponenbTBaSI 8TH )!{e rrpeo6paaoaaHHSI c HCIIOnbaoaaHHeM ra

MHnbTOHHaHa (4), a ayneaoM BHeUIHeM none H0 nonyqaeM 

( "11) 2 
ylly n -6 2 2 2 

P <t>=1- ---I<I+Uir. {5-3cos ¢.·sin e.lt.(15) 
Teop. 6 . 1 t 1 

8 

~ 

r 

1 

ITpoBOllSI ycpenHeHHe IIO yrnaM ei H ¢i (cnyqafi rronHKpHC-

Tanna), nnSI aem:i'IHH a Teop. HMeeM Bbrpa)!{eHHsr: 

a 2 
TOOp. l 

1 2 -6 y 
= -(y y n) HI+ 1) I r , H « H < .:.L H 

3 ll n i i d o.:- d yn 

a2 _2( 2 -6 
Teop.2 - 3 YllY Jt> I<l+ 1)~ r i , H0 = 0. 

1 

(16) 

(17) 

flpHaeneM H3 pa6oTbi I 4/ aenH'IHHY 

cHnbHbiX rroneii: 

2 
a nnSI cnyqag 

Teop. 3 

2 2 2 -6 
-(y y n) 1(1+ 1)::£ r . (18) 

15 ll n i 
a 

Teop. 3 

TaKHM o6pa30M
1 

CKOpOCTH penaKC8UHH CIIHH8 MIOOH8 B Hy

neaOM, IIpOMe)!{yTO'fHOM H CHnbHOM BHeUIHHX IIOnSIX COOTHO-

C SITC Sl KBK: 

a :a :a =v5: y..E..:l. 
2 

{19) 
Teop. 2 Teop. 1 Teop.3 

4. Pacc'IHTaeM a Teop. nnsr aecKOnbKHX aeruecTB c KpH

cTannH'IeCKHMH peUieTK8MH paanH'fHOH CHMMeTpHH H nnsr 

llBYX THIIOB Me.lKllOy3nHH ( OKT8IIOpbl H TeTpaiiOpbl), KOTOpbie 

MO.lKeT 38HHM8Tb jl+ -Me30H. llaHHbie IIO llBYM aemeCTB8M 1 

MellH H B8H8llHIO, IIpHBelleHbl B T a 6 n HUe. 

Yla Ta6nHUbl cnenyeT, 'ITO, BO-IIepBbiX, H8 OCHOB8HHH 

HMeiOIUHXCSI 8KCIIepHMeHTanbHbiX ll8HHbiX HeB03MO)!{H0 llOCTO

aepHO CK838Tb 0 TOM, rne )!{e B nefiCTBHTenbHOCTH noKanH
ayeTCSI MIOOH ( B OTnH'fHe OT Bb!BOllOB pa60Tbl /5/), H, BD

BTOpbiX, ace COOTBeTCTBYIOlllHe 3Ha'IeHHSI aTeOp~ 6onbUie 

a 
3
Kcn. • TaKHM o6paaoM, MO)!{HO cnenaTb abraon, 'ITO gqefiKa 

KpHCTanna IIpH IIOMellleHHH B Hee /l + -Me30H8 necpopMHpyeTCSI 

H 8T8 necpopM8UHSI HOCHT xapaKTep CHnbHOPO p83llyTHSl, 

XOTSI OUeHHTb KOnHtieCTBeHHO ero aenH'fHHY 38TpyllHHTenbHO. 
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CnenyeT llYM8Th, 'ITO, HCnOJlh3Y51 BCIO COBOKynHOCTh 

9KCnepHM9HT8JlhHb!X ll8HHbiX no penaKCaUaH cnaHa p. +-Me-

30H8 B 38BaCaMOCTH OT BeJla"'HHhl BHeWHero MarHHTHOrO 

nOJ151, MO)KHO Cll9Jl8Th OllH03H8"'Hb!R BbiBOll 0 TOM, rne 

npeHMyWeCTBeHHO OCT8H8BJ1HB89TC51 MIOOH npH ero llH~~y-
3HH no M9)Kll0Y3J1H51M KpHCT8J1Jla, a 38TeM nyTeM Cp8BH9HH51 

COOTBeTCTBYIOUIHX a-~KCII. H a Teop. OUeHaTb BeJla"laHy ne
~OpM8UHa nop KpaCT8J1JlH"l9CKOR peWeTKH. 0!lH8KO He HCKJliO

"!eHa B03MO)KH0CTh, 'ITO MIOOH 3aHaMaeT C onpeneneHHb!MH 

Bep051THOCT51MH M9)Kll0Y3Jla51 060HX THnOB, 'ITO, ecTeCTBeHHO, 

HSCKOJlhKO yCJ10)KHHT ITO!l06HhlH aHana3. 

B 3aKJ1IO"!eHae aBropw 6naronapSIT H.M.fypeBH"la, 

B.A.:>KyKoBa, E.A.HHKOJlhCKoro, B.M.CenRBaHoBa 3a rrone3-

Hbie 3aMe"l8HH51. 
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