


1. BBEAEHHE 

B nocneAHee speMR Ha6n~AaeTcR 6onbwo~ HHTepec K npo6neMe 
MarHHTH~X B036ymAeHH~ B peAK03eMeJlbH~X MeTannax /P3M/ H HX 
coeAHHeHHRX / 11 . HaH6onee nonHy~ HH()>OpMai.IH~ AJlR noHHMaHHR 
MHKpOCKOnH4eCKHX CBO~CTB 3THX COeAHHeHH~ Aa~T HCCJleAOBaHHR 
c noMO~b~ Heynpyroro pacceRHHR He~TPOHOB~/ . H3MepeHHe cneKT
pos MarHHTHOrO pacceRHHR B PRAe COeAHHeHHA~-6 / noKa3~Ba
eT, 4TO AnR aAeKBaTHoro onMcaHMR 3KcnepMMeHTanbH~X pe3ynb
TaTOB KPOMe 3HeprHH KpHCTaJlJlM4eCKOrO nonR H H30TpOnHOrO 
MarHHTHoro o6MeHa Heo6XOAHMO y4HTbiBaTb H APYrHe B3aHMOAe~
CTBHR P3 HOHOB C OKpymeHHeM. npemAe BCer0,3TO - MarHHTOynpy
roe B3aMMOAe~CTBHe, KOTOpOe HCnbiTbiBa~T P3 HOHbl B pe3ynbTaTe 
Kone6aHH~ peweTKH. TaKoe B3aHMOAeHCTBMe MomeT npHBOAHTb 
K CMeWHBaHM~ MarHHTHbiX B036ymAeHH~ C aKyCTH4eCKHMH ()>oHOHa
MH. Bo3MOmHOCTb 3Toro a()>()>eKTa npH HanM4HH MarHHTHoro nonR 
/sHewHero HJlH a()>()>eKTHBHoro B ()>eppo()>a3e/ o6cymAanacb B pa6o
Ten l . 

B HaCTOR~e~ pa6oTe pa3BHT OCHOBaHH~~ Ha MeTOAe ypaBHeHH~ 
ABHmeHHR AJlR ABYXBpeMeHH~X ()>yHKI.IH~ rpHHa /ct>r I !8 / HOBbl~ noA-

· XOA K OnHCaHH~ cneKTpa KOJlJleKTHBH~X B036ymAeHH~ B MOAenH 
peAK03eMeJlbH~X HHTepMeTannH4eCKHX COeAHHeHHH C y4eTOM Mar
HHTOynpyroro B3aHMOAe~CTBHR. nony4eHO ypaBHeHHe Aa~COHa 
AnR OAHO()>OHOHHO~ ~r B npH6nHmeHHH THna XaOTH4eCKHX $a3. no
Ka3aHO, 4TO B cneKTpe KOnneKTHBH~X ~036ymAeHH~ MOryT B03HH
KaTb CMeWaHH~e MarHHTOBH6pai.IHOHH~e B036ymAeHHR KaK B ()>eppo-, 
TaK H B napa()>a3e 6e3 BHeWHero MarHHTHOrO nonR, 4TO 3aBHCHT 
OT CMMMeTpMH peweTKH H B3aHMOAe~CTBMR, B Ka4eCTBe npHMepOB 
paCCMOTpeH~ MOAeJlbH~e CHCTeM~ Ky6M4eCKO~ CHMMeTpHH C HeMar
HHTH~M OCHOBH~M COCTORHMeM. B~4HCJleHHaR AHCnepCHOHHaR 3aBH
CHMOCTb MarHMTOBH6pai.IHOHH~X B036ymAeHH~ B ()>eppOMarHHTHO~ 
()>a3e PrAl2 /nonH~~ MOMeHT J = 4 I xopowo cornacyeTCR 
C 3KCnepHMeHTaJlbHO~~ ~ Q6cymAaeTCR B03MOmHaR HHTepnpeTai.IHR 
3KcnepMMeHTOB no HeynpyrOMy pacCeRHH~ He~TPOHOB Ha napa~ 
MarHeTMKe BaH ct>neKa PrA1 3 . 



2. rAMHnbTOHHAH MOAEnH 

np~ on~ caH~~ P3M 06bi4HO ~CXOART ~3 MOAenbHbiX npeACTaB
neH~ ~. OCHOBaHHWX Ha TOM, 4TO MarH~THW~ MOMeHT OnpeAenReTCR 
TOnbKO no Kan~sosaHHbiM~ 4f 3neKTPDHaM~ P3 ~OHOB. Bsa~Mo
Ae~ cTB~e 4f 3neKTPOHOB c oKpy~eH~eM P3 ~OHOB Mo~eT 6~Tb 
npeACT a sneHo 3neKTPOCTaT~4eCK~ M noTeH~~anoM /Kp~cTann~4ec
Koe none/, KOTOp~~ np~ BOA~T K pac~enneH~~ MynbT~nneTOB CB0-
60AHOrO ~oHa. Pasno~eH~e noTeH~~anbHO~ 3Hepr~~ ~oHa s Kp~
cTann~4eCKOM none no Ae¢opMa~~RM peweTK~ B npocye~weM B~Ae 
np~BOA~ T K raM~nbTOH~aHy / 1.7 / : 

-+-+ 
-+ i q R i 

H Kn= H ~n (Ji ) +Wt ~J.LA q J.Lvt (Ji , qll ) e + 

+W ~ A + ·• _, _, _, 
2 qll , q'll' q llAq'll'V2(J i' qJ.L , q 'll') e i( q- q ' )R i 

/1/ 

rAe H~ 1 ~ i) - 3Hepr~R ~oHa B Kp~cTann~4ecKOM none Ha ~ecy
KO~ peweTKe, KOTOpy~ 06~4HO npeACTaBnR~T B B~AE! .. CYMMbl no
n~HOMOB OT npoeK~~~ onepayopa nonHero MOMeHTa Ji, B~A 3Toro 
npegcTaBneH~R 3aB~C~T OT CHMMeTp~H peweTKH. 8TOpo~ H TpeTH~ 
4neH~ B /1/ npegCTaBnR~T MarHHTOynpyroe B3aHMOAe~CTBHe B pe-
3ynbTaTe ge¢opMa~~H H Bpa~eHHR KPHSTannH4eCKOro nonR, vl, 
V2 - ¢YHK~~H KOMnOHeHT onepaTopa Ji• napaMeTpOB KPHCTann~-
4eCKOrO nonR H napaMeTpos peweTKH; W 

1
, W 2 - napaMeTpbl Mar

H~Toynpyroro ssa~Moge~cTBHR. OnepaTop~ A .. = 
2
1 (a .... +a +- _. ), 

Q/l Q/l - qll + 
rge a-> , a -+ - onepaTop~ YH~4TO~eHHR H po~geHHR aKyCT~-Q/l -qll 

4eCK~X ¢OHOHOB C KBa3~HMnynbCOM q H nonRpH3a~~e~ J.L • AnR 
OnHCaHHR $OHOHOB BOCnOnb3yeMCR rapMOHH4eCK~M npH6nH~eHHeM: 

H = 2 w o (a +- a + .!. ), 
pew. qll q ll qll q ll 2 /2/ 

w~ - 4aCTOT~ KOne6aH~~ peWeTK~. 
BsaHMoge~CTB~e 4f 3neKTPOHOB P3 ~OHOB c 3neKTpoHaMH 

npOBOAHMOCT~ npHBOA~T K 3¢¢eKTHBHOMy B3a~MOge~CTBH~ Me~gy 
HOHaMH, KOTOpoe np~ y4eTe TOnbKO H30TpOnHOrO 06MeHHOrO 
B3aHMOge~CTB~R HMeeT BHA 

1 .... ... 
HM =-- 2J .. J . J. 

2 i j IJ I J /3/ 

TaKHM o6pasoM, nonHbl~ raMHnbTOHHaH MogenH MO~Ho npegcTaBHTb 
B BHAe 

.... 
H = 2 H ~n~i) +liM +Hpe w.+ HMB" /4/ 

2 

3Ta npocTaR MOAenb nossonReT ~HTepnpeT~posaTb pesynbTaTw 
3Kcnep~MeHTanbHWX ~ccneAOBaH~~ MarH~THWX sos6y~AeH~~ B P3 
~HTepMeTann~4ecK~x coeA~HeH~Rx. Ha~6onee nonHy~ ~H¢opMau ~ ~ 
o H~X MO~HO nony4~Tb c noMO~b~ pacceRH~R He~TPOHOB. Pac
ce~saRCb Ha TaKO~ C~CTeMe, He~TpOHW 6YAYT ~CnWTWBaTb KaK 
RAepHOe, TaK ~ MarH~THOe pacceRH~e. np~ 3TOM, ecn~ ~MeeTCR 
MarH~TOynpyroe B3a~MOAe~CTB~e ~ B03H~Ka~T CBR3aHHWe MarH~
TO B~6pa~~OHHWe B036Y~AeH~R, TO 3T~ B036Y~AeH~R 6YAYT OA~Ha
KOBO npORBnRTbCR KaK B RAepHOM, TaK ~ B MarH~THOM pacceR
H~~. Ce4eH~e pacceRH~R MO~Ho swpas~Tb no • 4epes cn~HOBY~ . 
s cny4ae MarH~THoro, ~ 4epes ¢oHOHHY~. s cny4ae RAepHoro 
pacceRH~ R , ¢YHK~~~ rp~Ha. 

3. OAH0¢0HOHHAR ¢YH KUHR rP~HA 

Bs eAeM DAHDc!>OHOHHY~ AByx speMeHHY~ ¢r Dq(t -t ' ), cornacHo 
o6osHa4eH~RM 8 ' Dq(t -- t ') =« A q(t); A~ (t ')> > . YpasHeH~R AB~~eH~R 
AnR ee ¢ypbe-o6pasa c raM~nbTOH~aHOM /4/ nony4aeM B B~Ae 

w 2 Dq(w)= 2 w~ +(w~ ) 2 Dq(w) + 

....... 
+ -· i q R · 

+ 21iJ
0 2 wl « Vl (J . . q);A >> e 

1
+ q I q W 
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-+ ..... 1 ..... 

-+ -> + - i(q-q)R · 
+ 2 w ~ 1 , W 

2 
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2 
( J i ; q . q ') + V 2 ( J i ; q ', q ) ]A q ; A q » (,, e 

1 

I 'I 

8BOAR Hynesy~ ¢0HOHHY~ ¢r 

2w ~ 
D 0 (w) = ----------- -- - - ...-------- /6/ 

q w 2 - (w ~) 2 ·- 4N w oqw 
2 

< V 2 (J i ; q , q ) > 

~ A~¢¢epeH~~PYR ¢ r « V 1 cJi , q , t); A ~ (t ')» no spe MeH~ t '. 

nony4ae M yp a sHeH~ e AnR ¢r Dq(w) 

Dq(w)= D~(w) + 0°q( li,) P q((u ) D ~(w), 

rAe nonRp~sa~~oHH~~ one paTop 
.... ... -+ 

- 2 _, . -+ iq(Ri-Rj) 
p q(w)= _2 Wl « 'vl(J i , q), V l (Ji , q) » we 

IJ 
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! 81 

3 



rAe D - onpeAenHTenb, a 
MaTPHl.lbl (I - ~ gk ¢i ). 

11111 mn mn 

Mik- anre6paH4ecKoe AOnonHeHHe 

B npHHRTOM npH6nHmeHHH y4eTa e3aHMOAe~cTBHR nopRAKa wf 
<!>r G v1v1(q ,(u) H onpeAen.ReT cHnbHOCBR3aHHYIO 4aCTb nonRpH3a

mn 
4HOHHOro onepaTopa P q. CneAOBaTenbHO, ypaeHeHHe AnR OAHO-
<!>OHOHHO~ <!>r np~HHMaeT BHA 

- 1 2 v1v1 -1 
D q (w) = I[D 0q (w)] - W1 ~ G (q ,w)! 

rr.n mn 
/16/ 

<!>r /15/ OnHC~BaeT B036ymAeHHR, B03HHKaiO~He B MarHHTHO~ 
CHCTeMe B pe3ynbTaTe Ae<!>OpMal.lHH peweTKH. 0TMeT~M, 4TO B OT
n~4He oT pa6oT~ n / , rAe Maccoe~~ onepaTop <!>r /9/ 6~n npH-
6nHmeHHO B~4HcneH npH y4eTe onpeAeneHHoro Knacca AHarpaMM, 
nony4eHHOe HaMH B~pameHHe /15/ RBnReTCR $OpManbHO T04H~M 
BO BTOpOM nopRAKe no W1. 0AHaKO npRMOe COnOCTaBneH~e COOT
BeTCTBYIO~HX BblpameHH~ AnR MaCCOB~X onepaTOPOB 3aTPYAHHTenb
HO BBHAY pa3nH4HOrO nOAXOAa npH OnpeAeneHH~ CnHHOB~X B03-
6ymAeHH~. 

B cneAYIO~eM pa3Aene M~ ~cnonb3yeM ypaeHeHHe /16/ AnR 
B~4~cneH~R 3HeprH~ B036ymAeHH~ B KOHKpeTH~X CHCTeMaX. 

4. MArHHTOBH6PAUHOHH~E B036Y~AEHH~ 

PaCCMOTpHM HHTepMeTann~4eCK~e COeAHHeHHR C Ky6H4eCKO~ 
CHMMeTp~e~. HMeiO~He ABa 4f 3neKTpoHa /nonH~~ MOMeHT J=4 I 
H HeMarHHTHOe OCHOBHOe COCTORHHe. 0rpaHH4HMCR cny4aeM HH3-
KHX TeMnepaTyp, KOrAa OCHOBHYIO ponb HrpaiOT nepeXOA~ TOnbKO 
Ha nepBbl~ eo36ymAeHH~~ ypoeeHb: I 1- I 4 HnH I' 3- I 4 . MarHHTO
ynpyroe B3aHMOAe~CTBHe B /1/ 6yAeM paCCMaTp~BaTb KaK pe3ynb-

-+ X Z 
TaT CABHrOBO~ Ae<t>opMal.lHIII e nnocKOCTH x-z (V 1(Ji,q) -(JiJi + 

+ J ~ J~))-

CHcTeMa I 1- I 4 6~na HccneAOBaHa e pa6oTe n / , rAe 6~n 
CAenaH B~BOA 0 TOM, 4TO CBR3aHH~e MarHHTOBH6pa4HOHH~e B03-
6ymAeHHR B03MOmH~ TOnbKO npH HanH4HH MarHHTHOro nonR. 

4. 1. <l>eppoMarHHTHaR <!>a3a 

PaccMOTPHM e <t>eppoMarHHTHO~ <!>a3e cHcTeMy AY6neT-TpHnneT 
1 3 lypOBHH 3HeprH~ 1,21- 1 4 lypOBHH 3HeprH~ 3,4,5/. 

/AnR CHCTeM~ CHHrneT-TpHnneT 1 1-1 4 Ka4eCTBeHHO pe3ynbTaT~ 
Te me caM~e/. npH HH3K~X TeMnepaTypax B03MOmH~ TOnbKO no
nepe4H~e J ± nepeXOA~ C OCHOBHOro COCTORHHR MemAY ypOBHRMH 

6 

» 
) 

1-3 H 1-4. nocKOnbKY AnR AHnOnbH~X nepeXOAOB HMeeTCR npa- -
BHno oT6opa !1(M -M ')=±1 I M , M' - npoeKLlHH nonHoro MOMeHTal, 
TO ~3 CHMMeTpHH BOnHOB~X <!>YHK4H~ cneAyeT, 4TO He paBH~ Hy-

- + + 
.n10 TOnbKO MaTp~4H~e 3neMeHT~ J 13 , J31, J41 HJ 13 ·Y4H-
T~BaR 3TO H HCnOnb3YR ypaBHeHHR 115/, /16/, nony4aeM ypae
HeHHe AnR <!>OHOHHO~ <!>r: 

Dq (w) = 
2w~ 

-/17/ 
2 ( o)2 o o 21 v1v1 ) V1V1 )t w - w q - 4 w q W 2 <V 2 > - 4w q W 1 G 13 ( q , w +G 14 ( q ,w 1 

rAe 

G vl vl( ) - X4(q,w)X 2(q) + X3(q)X 5(q) 
13 q,w - --------

X 1 ( q, w) X 4 ( q, w) - X 3 ( q) X6 ( q) 

. v
1
v

1 
X1 (q ,w) X5 (q) + X2(q)X 6 (q) 

G 14 (q ,w) = ----
X1 (q,w)X 4(q,w)- X3(q)X 6 (q) 

<!>yHKl.lH_H Xi (q, w) B 118/ onpeAenRIOTCR cooTHOWeHHRMH 

) - ( 2 - 2 ) - + - -+ 2 - ~ - + 
X1(q ,w - w w 31 + 2 w3 1IqA 13 A1} q(A 13+A 41)' 

v1v1 V1+ -v1 -v1 
X2(q) =w3 1 A13 -I qA13 (A 13 + A 41 ) ' 

- + -+ V1+ J41 
X3(q) = [Iq(A 13 +A 41 ) - (w31 + w14)]A13 I q --1- ' 

v 41 

) ( 2 2 ) -+ -+ 2 -+ -+ 
X 4 ( q ,w = w - w 14 + 2 w 14 I q A 41 - A 4 1 I q (A 13 + A 4 1 ) , 

v1v1 v1+ -v1 -v1 
X5(q)=w14A41 -IqA41 (A13 +A41 ) , 

J-
-+ -+ v1+ 13 

X 6 ( q) = [I q (A 13 + A 41 ) - (w 31 + w 14 )] A 41 I q --1-
V 13 

/181 

/19/ 
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3Hepr~R KOnneKT~BH~X B036ymAeH~R onpeAenReTCR non~caM~ 
<!>r 1171. 4TOfibl ~X Bbi4~Cn~Tb, He06XOA~ MO 3HaTb napaMeTpbl 
Kp~cTann~4ecKoro nonR AnR onpeAeneH~R 3Hepr~R ypoaHeR ~ aon
HOB~x ¢YHK~~R, a TaKme 3Hepr~~ 06M~HHOro B3a~MOAeRCTB~R l q• 
B~A 3Hepr~~ aKyCT~4eCKOrO $OHOHa W q ~ napaMeTp MarH~TQ
ynpyroro B3a~MOAeRCTB~R W1. AnR cpaBHeH~R HaW~X pe3ynbTa
TOB C 3KCnep~MeHTOM paCCMOTp~M COeA~HeH~e PrA1 2 , B KOTO
pOM MeTOAOM Heynpyroro pacceRH~R HeRTpOHOB 6 ' 6~n~ ~3Mepe

H~ A~Cnepc~OHH~e Kp~B~e KonneKT~BH~X B036ymAeH~R np~ TeM
nepaType 4, 4° K. 

PrA1 2 ~MeeT Ky6~4ecKy~ CTPYKTYPY T~na C15 c HeMarH~TH~M 
OCHOBHbiM COCTORH~eM I AY6neT r 3 I ~ nep BbiM B036ymAeHHbiM 
COCTORH~eM ITp~nneT r4 I np~ 3Hepr~~ ~ = 2,36 ~3B. nonH~R 
MOMeHT KOn~4eCTBa AB~meH~R J =4 · np~ TeMnepaType T <T c 33 '' K 
PrA1 2 nepeXOA~T B ¢eppOMarH~THOe COCTORH~e. AHan~3 pa3-
n~4HbiX 3Kcnep~MeHTanbH~x AaHHbiX '121 noKa3biBaeT, 4TO AnR 

on~caH~R 3¢¢eKTOB Kp~cTann~4ecKoro nonR B PrA1 2 Ha~ny4w~R 

Ha6op napaMeTpoa ~MeeT B~A= napaMeTp~ Kp~cTann~4ecKoro nonR 
X= 0,77, W = -0,29 M3B;~ MaKC~ManbHOe 3Ha4eH~e ¢ypbe-o6-
pa3a o6MeHHoro ~HTerpana 1

0
=0,2 M3B Ciq=I 0 (1-cosqa)). 

AnR AaHHbiX napaMeTpoa x ~ W np~ T = 4, 4° K 3Hepr~~ ypoBHeR 
~ COOTBeTCTBy~~~e BOnHOB~e ¢YHK~~~ ~Me~T B~A : 13 ' : 

YpoaeHb 

1 
2 
3 
4 
5 

3Hepr~R IM3BI 

0 

BonHOB~e ¢YHK~~~ 

0,0159 \-4 > -,01697 \10> +0,9854 \4 > 
0,4828 \-2 > +,08758\2 > 
0,2077 \ -3 > +-0,9782 \ 1 > 
0,7138 \ -1 > +0,7004 13> 

5,1 
6,4 
7,6 
8,7 -0,2009 \ -4> +0,9648 \0> +0,1695 \4 >. 

3Hepr~~ aK~CT~4eCKOrO ¢0HOHa annpOKC~M~pyeM BblpameH~eM 
(~~) 2 =(w~) +4 w.~ W2 <V2 >"' w~sin 2 qa. 113 cpaaHeH~R c pe3ynb
TaTaM~ pa60Tbl '6 . M~ Bbl6pan~ w 0 =11, 7 M3B, a napaMeTp MarH~TQ
ynpyroro B3a~MDAeRcTB~R W1 =0,1 M3B. A~cnepc~OHH~e Kp~a~e 
MarH~TOB~6pa~~OHHbiX B036ymAeH~R B HanpaaneH~~ (00 .f), nony-
4eHHble 4~cneHH~M onpeAeneH~eM non~coa <l>r I 171, npeACTaaneHbl 
Ha p~c. 1 cnnowHbiM~ KP~BbiM~. KaK B~AHO AnR AaHHoro coeA~
HeH~R, cornac~e c 3Kcnep~MeHTOM anonHe YADBneTaop~TenbHOe. 

AnR cpaaHeH~R c peaynbTaTaM~ pa6oT~ 7 / AnR Taro me 
Ha6opa napaMeTpoa 6bln~ onpeAeneHbl A~cnepc~OHHble Kp~Bble ~3 
COOTBeTCTBY~~X ypaBHeH~R pa60T~ .7 '. B 3TOM cny4ae ~MeeTCR 
nRTb peweH~R. 113 H~X OAHO IH~mHRR BeTBbl BCerAa AeRCTB~
TenbHO. B o6nacT~ B3a~MOAeRcTB~R MarH~TH~x 3KC~TOHOB ~ ¢o
HOHa ~MeeTCR ABe nap~ KOMnneKCHO-conpRmeHH~X peweH~~. a SHe 
o6nacT~ B3a~MOAeRCTB~R 3T~ ABe nap~ CTaHOBRTCR AeRCTB~Tenb
H~M~, HO BblpomAeHHbiM~. Ha p~c. 1 nyHKT~poM np~BeAeH~ 3T~ 

8 

.. 

• 
~ 

P~c . 1. A~cnepc~oHH~e Kp~- 12 T W IM3BI 

B~e CBR3aHH~X MarH~TOB~6-
pa~~OHH~X B036ymAeH~R 

10 B PrA1 2 B HanpaaneH~~ 

lOO.fl np~ T = l1 ,4° K. • • • 
To4KaM~ o6o3Ha4eH~ pe3ynb-
TaT~ 3KCnep~MeHTa 

t:i , 
cnnOWHOR n~H~eR - pe3yn b-

TaT~ pac4eTa AaHHOR pa6o-

Tbl, nyHKT~pOM - pa6oTbl 7 · 

8 
~---- ~ 

6 r /_~ 

4 

2 

• 

'j~ 

• 

5 = 2a q 
1I 

0 0.2 0.4 0.6 0.8 1.0 

peweH~R. TaK~M o6pa30M, np~HRTWe B pa6oTe ~ ' np~6n~meHMR He 
n03BOnR~T KOppeKTHO OnMCaTb HaMfionee ~HTepeCHO o6naCTb ne

peCe4eH~R AMCnepCMOHH~X KpMB~X. 

4.2. napaMarH~THaR ¢a3a 

B napaMarHMTHOR ¢a3e 6e3 aHewHero MarH~THoro nonR ocTa
eTcR ronbKO ABa nepexoAa, a pe3ynbTaTe 4ero u> ~ 1 1- , ,, 11 = 0 · 
-+ -+ v1+ -v1 -v 1 _ v 1v1 -t-

Al 3 +A4t = o M At3 (A, 3 +A4t )-> 2A 13 A Ll npM 3TOM 

¢r 1181 np~HMMaeT BMA 

G v,vl 
mn 

(w -21 "5' Aa{3 v,v 1 
nm q ~ ) A 

(q ,w) = -------- __ a.f3 mn mn w 2 2 -- - - - --·--·-- ---
- wnm t-2 1 '"' ~ Aafl q nm a.fl mn 

(a.f-{ . - ). 1201 

npRMOe B~4MCneHMe MaTp~4H~X 3neMeHTOB Vlmn noKa3~BaeT, 4TO 
B cny4ae CMCTeMbl CMHrner -TplolnneT (\\ - 1' 4 ) OHM paBHbl Hyn~, 
M TaK~M o6pa30M CMeWMBaHMR MarHMTH~X 3KCMTOHOB M ¢0HOHOB He 
npOMCXOAioiT. 3TOT pe3ynbT a T M 6~n nony4eH B p a6or e 7 . 

0AHaKo a cny4ae c~creMbl AY6neT-rpMnneT (1 ':1 1' 1 ) e~H~t~eTp~A 
ypOBHeR M MarHMTOynpyroro B3aMMOAeRCTBio1R raKOBa , 4 TO V llHI/ ( 

C not~O~b~ ypaBHeH~R I 17 I 1o1 1201 nony4aeM ypaoHeHMe ADfl Kon-

neKTioiBH~X B036ymAeH~R g 



- 02 -\ -~q+w q 
2 - ---- --wq±- 2 

~-~q-w~ 2 
2 _ 2 2 2 

±y(-----) +4w 0 ~ W1(1V1113 \ + IV
1

2
1

3I ) , 
2 qq 34 34 

/21/ 

rAe 
a{3 

~ ~wrr • l\q~wrr~ - 21 q ~ Arr · 
• 4 3 4 3 a .(3 3 4 

rr~r= l-
4 3 

YpasHeH~e /21/ on~ c~ saeT 3Hep r~~ soa6y~AeH~R, B03 H~ Ka~~~x 
B pe3yilbTaTe B3a~MOAeHCTB~~ $OHOHa C Ma rH~T H~M 3 KC~TOHOM 

Me~AY ypOBH~M~ r 3 ~ 14, ~HAY~~ po BaHHbiM noneM Ae$OpMa~~~. 
Ha p~c. 2 npeACT asne H peaynbTaT B~4~cneH~~ A~cne p c~oH 

HOH aas~c~MOCT~ 3T~x soa6y~AeH ~R Ail~ Ha6opa nap a MeT po s 
x~ 0,77. w~-0,29 M3 B, wo~ 11 , 7 M3B, Iq~ O , W 1= 0 ,1 M3 B 
B HanpaBJleH~~ (00~] . n p~ np~JlO~eH~~ BHeWHerO Ma rH~THO rO no
JlH ~CXOAH~e 3He p reT~4eCK~e ypO B H~ 9 Kp ~CTaJ1Jl ~4eC KOM none 
pac~ennH ~T c~ , ~ KapT~Ha cTarlO B~Tc~ aHanor~ 4HoR p~c . 1 . HaM 
He ~3 BeCTHbl np~ Mbl e 3KCnep~MeHTaJlbHble H a6Jl~Ae H~~ CMeW~Ba H~~ 

MarH~TH~X 3KC~ TOHO B ~ $O HOHOB B na pa$a 3e . 0AHaKO B pa60Te 9 ' 

np~ ~ay4eH~~ c noMo~ b~ Heynpy roro HeKo r e pe HTHoro MarH~THO

ro pacce~H~ ~ HeH TpOHO B np~ 3Hep r~HX 10-12 M3B Ha6n~Aanc~ 

n~K, KOTOP~H He On~C~ BaeTC~ C06CT BeH HO nepeXOAa M~ B Kp~C Tan-
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P~c . 2. A~ c nepc~OHH~e Kp~
s~e CB~3aHH~X MarH~TOB~6-

pa~~OHH~X B036Y~AeH~H B 
napa$aae MOAenbHOR Ky6~-

4eCKoR C~CTeMbl AY6neT-Tp~
nneT. 

n~4eC KOM none. Pr& 3 ~Bn~eTcH napaMarHeTHKOM BaH-$neKa, 
n03TOMy B HeM BnOnHe MOryT 6~Tb ~HAY~~POBaHbl MarHHTHble 3K
C~T0Hbl MarH~Toynpyr~M B3a~MOAeHCTB~eM. Afl~ OTBeTa Ha 3TOT 
BOnpoc He06XOA~Mbl AOnOJlH~TenbHble ~CCileAOBaH~~ 3aB~C~MOCT~ 
pacce~H~~ oT TeMnepaTyp~ ~ MarH~THoro non~. 

TaK~M o6paaoM, peaynbTaTbl npoBeAeHHbiX pac4eTOB noKa3bl
sa~T, 4TO B 06~eM cny4ae B03MO~HOCTb nO~BneHH~ CBH3aHHbiX 
MarH~TOB~6pa~~OHHblX B036Y~AeH~H onpeAenHeTC~ C~MMeTp~eR 
KPHCTanna ~ MarH~Toynpyroro B3a~MOAeHCTB~H. 
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