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Ynimttn:Jlbllall CHTYallIDI CJlO)KHJ]aCb C COJIHTOHaMH B KOH)leHCHpOBaHHblX cpe,n:ax. Tax 
HaJbIBaeMbie TOIIOJIOm:qecute COJIHTOHbl, rrpHMepoM KOTOpbIX .SIBmllOTC.SI 11:OMeHHbie CTeHKH, 

6b!JIH xoporno H3BeCTHbl H Ha6JIIO.D:aJIHCb 33,llOJII'O ,n:o TOI'O, ~aK HX KOH<pHiypauIDI 61,ma 

OIIHCaHa TeopeTHqecKH. Ho COJIHTOH 11:HHaMHqecKoro THIIa (rrpoCTpaHCTBeHHO 

JIOKaJIH3OBaHHOe B036y,K,lleHHe, y,n:oBJieTBop.smee BOJIHOBOMY ypaBHeHHIO ,IIBHEeHIDI, 

KOTOpoe OKpy;teeHO cpe,n:oii, Haxo.n:.smeiic.SI B 0/1:HO!paJHOM COCTO.SIHHH) .n:o CHX rrop .SIBmleTC.SI 

3K3OTH'ieCKHM o6'beKTOM. 3a HeCKOJibKO IIOCJie,n:HHX .n:ec.aTHJieTHH orry6JIHKOBaHO oqeHb 

6oJibrnoe KOJIHqeCTBO pa6oT, rrocB.aIUeHHbIX TeopeTttqecKOMY. attanH3y - pernettttii 

,n:HcpcpepeHUHaJibllbIX lleJIHHeiiHbIX ypaBHeHHH, QIIHCblBaIOIUHX KOJie6aTeJibllbie rrpoueccbJ B 

KOH,n:e11cttpOBaHllbIX cpe,n:ax, B TOM qHCJle H JIOKaJIH3OBal!Hble B036y,K,lleHID! B ' 
. Ill 

Manmrnyrrop.a,n:oqeHHbIX CHCTeMax (CM., . HaIIpHMep,, ofoop ) •. Ho IIOKa HeJib3.SI C 

ym:peHHOCTbI? C'iHTaTb MarHHTHbie coJIHTOHbI (,n:anee HMeIOTc.a s BHJIY COJ1Hrom,1i .. TOJibKO . 

/1:HHaMH'ieCKOI'O THIIa) ,n:oCTyrrHblMH ,n:JI.lI na6n10,n:eHID1 B 3KCIIepHMeHTe. Kax rrpaBHJIO, B 

,n:pym:x o6JiaCT.SIX !pH3HKH COJIHTOHHbJe MO/1:eJIH HCITOJib3YIOTC.ll ,n:JI.lI OIIHCaHIDI y;tee 

H3BeCTHbIX, Ha6n10,n:aeMbIX o6'beKTOB. MarHHTHbie COJIHTOHbl B MarnHToyrrop.s,n:oqeHHblX 

BeIUeCTBax IIOJiyqeHbl TeopeTHqecKH ,n:JI.lI paJJIHqHblX KOHKpeTHblX CJiyqaeB, HO ,n:o CHX rrop 

HeT XOTb CKOJibKO-HH6y,n:b /1:0CTOBepHbIX CBe,n:eHHH O Ha6JI10,n:eHHH /1:HHa~mqecKHX. 

COJIHTOHOB B TaKllX CHCTeMax HJIH O rrpo.aBJieHHH HX B KaKHX-JIH6o rrpoueccax. 

CB.a3aHO 3TO, rrpe;K,n:e BCero, C TeM, 'ITO B o6bNHbIX YCJIOBH.SIX 3Hepm:.SI COJIHTOHHblX ' 

B036y,K,lleJmii BeJIHKa. TTo3TOMY Bepo.aTHOCTb HX CIIOHTaHHOI'O o6paJOBaHHll HlfqTo;KHO 

Mana, n o6paJOBaHbl OHH MOIYf JIHlllb KaKHM-HH6y,n:b crreuncpnqecKHM, IIOKa · He .SICHbIM 

c110.co60M BHernHero B03,n:eiicTBID!. 

B ,3TOM OTHOllleHHH !pa30BbIH rrepexo.n: rrepBoro po,n:a rrpe,n:CTaBmJeT co6oii, 'B03MO;KJIO, 

YHHKaJibH)'lO CHTyaun10, B KOTOpoii 11O.lIBmleTC.ll H3,lle;K.D:a Ha BO3MO;KIIOCTb pem:cTpaUHH H 

3KCIIepHMCJITaJibHOI'O H3yqCHIDI COJIHTOHOB'
2
•
3
'. TTpH TaKOM rrepexo.n:e ~Hepm:.SI BOJIHOBbIX 

B036y,K,llel!HH C 6oJibllIHMH aMI1JIHTy,n:aMH, B TOM qnCJle U COJIHTO.HOB, aHOMaJibi'Jo 

YMeHblllaeTC.ll B6Jlli3H Toqex na6HJibllOCTH, T.e. IpaHHU MeTaCTa6HJibHOCTH cpa30BblX 

COCTO.lll!HH. TTo3TOMY rrpe,n:CTaBJllleTC.SI HHTepecHbIM pacCMOTpeTb xapaKTepHCTHKH 

COJIHTOIIOB B 3TUX o6JiaCT.lIX ·,n:JI.ll paJJIU'iHbIX CJiyqaeB MarnHTHbIX cpa30BbIX rrepexo,n:oB 

rrepBoro po,n:a. T~ KaK cpa30BOC COCTO.lIHHe OKOJIO CBOCH TOqKH Jia6HJibllOCTH .SIBmlCTC.ll 

11eyCToiiqHBblM OTHOCHTeJibHO rrepeCTpOHKH B .n:pyroe, CTa6HJibHOC COCTO.SIHHe, HMCJOTC.ll 

B BHJIY qia30Bhle rrepexo,n:bl,' KOTOpble HH.D:YllHPYIOTC.ll ,n:oCTarnqno 6bICTpblM H3'MeHCHHCM 

ManJHTHOI'O IIOJI.ll. 

ncme.n:enue HaMarnttqeHHOCTeii 11O,n:pellleTOK .ll]Ul' ManJHToyrrop.SillO'iCHHOro KpHCTaJIJia B 

o6meM cnyqae OIIHCbJBaCTC.SI HeJIUHeHHbIM ypaBHeHHCM THIIa Jlan.n:ay-JlttcpllIHUa B llIHpOKOM -

· .n:uarraJoHe cocrn.a11ui1 KpHCTaJIJia. }:(JI.a 11exornp1,1x CJiyqaeB naii,n:eHbI 'perneml.SI aToro 

ypaBHellHJI, -B TOM 'iUCJie H COJIHTOIIHbIC. Ho aHaJIHTHqecxoe paCCMOTpeHUC perneHHH 

TOqHoro ypam1eHH.ll Jfa11.n:ay-JlHcpllIHUa o6bNHO He 11O3BOJI.SieT rrpo,n:BHHYTbC.ll cyiueCTBem~~ 

' B aHaJIH3e 3THX perncIIHH. B6JIH3H TO'ieK Jia6HJibHOCTH 33,lla'ia 3HaqHTeJibllO yrrpomaeTCJI. B 



:ilTOM CJI)"Iae BeKTOpHoe ypaimeH11e Jlaimay-JI11cpIIIHUa B . pJIJle KOHKpeTHblX 3a,aa'1 MO:lKer _ 

6brri.. np11Benetto K np116n11xeHHOMY CKa.l'lllpHOMY ypanueul!JO, orn11'1a10meMYC~ OT 

o6bl'lHbIX · mrneii:HblX ypanHeHIIH, OIIIICbIBaJOlllllX . CIIIIHOBble BOJlHbl, Jllllllb HaJJll'll!eM 

JlOIIOJlHIITeJJbHbIX 'lJleHOB pa3JlO:lKeH~ no - CTene~M KaKOH-JJH6o KOMIIOHeHTbl 

HaMarHll'leHHOCTII nonpeIIIerOK. 

B JlaHHoii pa60Te paccMoTpeif aHTHcpeppoMarnernK c onttoocttoii: aHH30Tpon11eii: B -

MarnHTHOM norie, napaJJJleJJbHOM OCH aHH3OTpOIIIIII. TaK~ MO,lleJJb. B o6meM CJiyqae, T.e. Ha 
. . ,I-. 6 . 514/ 

· . ocuone .ypanueu~ Jlatt.uay-JI11't'III11ua, yxe bIJJa npoattaJJH3HpoBaHa . B pa OTe , r.ue 

paccMOTpeHbl 180°-u i90°-;\0Mellllbl:e rpaHl!Ubl II npe,llCTaBJleHO o6mee COOTHOIIIeHne;• 

on'l!CblBaJOUlee KOHcpnrypaUHIO -KBa311O,llHOMepHoro COJlllTOHa JlllHaMll'leCKOI'O TIIIIa. B 

· IIIHpoKoM .ummaJoHe OTKJ1ouett11ii: BeKTopa attT11cpeppoMarner113Ma OT oc11 . attll30Tpon11tt. · 
' w .' . 
3.uecb, B OTJJH'IHe OT aHaJH3a , OTKJ1~ueu11e BeKTopa aHTHcpeppoMarnerH3Ma I · OT 

11cxo.uttoro uanpaBJJeu~. conna,aaJOmero c ocbJO au113OTpon1111, npennonaraerca 

JlOCTaTO'IHO MaJJbIM ~ cnpaBe.!lJJHBOCTII pa3Jloxeii~ :illp(peKTHBHoro nOTeuu11ana · II~ 

_.CTeneIDIM onuoro napaMerpa, xapaKTepH3YJOUlCro Kone6au~ • 

B nepooii: 'laCTII Bb!Be,lleHO . ypaBHCHHe ~ Onl!CaH~ HeJJl!HeHHblX B036yx.ueHHH,' 

B03MO:lKHblX np11 cn11H-cpnon-nepexoile B O,llHOOCHOM aHT11cpeppoMarner11Ke. .l{anee 

'paCCMOTpeHbl peIIIeH~ :ilTOro. ypiumeH~ - nepHO,llH'lecK11e MO.llYJJllpOBaHHble BOJlHbi 

npeuecc1111 B attmcpepp0Marner11Ke II, KaK npe,lleJJbHbIH CJiyqaii · HX, KBa3110,llHOMepHble 

· Mar;iiHTHbie coJJHTOHbI. B cne.UYJOUleii: 'laCTH npoattan11311ponanb1 ccpep11'1ecKHe coJJHTOHbI 11 

3aBIICIIMOCTb IIX xapaKTepl!CTIIK OT BeJJll'll!Hbl . MarnHTHOI'O II~ II napaMerpoB · 

anH30Tpon1111 KpHCTaJJJla. 3aTeM np11Be.UeHbI yCJioB~ ~ yCTOH'fHBOCTH ccpep11'1ecKoro 

COJlllTOHa OTHOCl!TeJJbHO pacna,aa Ha CBo6o.UHble MalllOHbl II paCCMOTpeno 113MeHeHHe. 

·COJIIITOHa, o6yCJioBJleHHOe ,lll!CCHnau11eii: :ilHeprn11 II 113MeneHHeM BHeIIIHero Mallll!THOI'O 

• n~. H HaKOHeu, o6cyx.uaJOTca · sKcnep11MeHTaJJbHbie B03MO:lKHOCTH .llJUI o6napyxeuIDI 11 

. IIC~e,llOBaH~ ccpepn'leCKIIX MarHIITHbIX COJll!TOHOB. 

1.-3cpcpeKTHBHoe yprumemIe 

,lLJra auanH3a .!lJJIIHHOBOJlHOBblX B036yx.ueHHii: B aHT11cpeppoMarner11Ke C 0,llHOOCHOii: 

aHH30Tpon11eii: 6y.ueM IICII0,ijb30BaTb ~b!pIDKen11e ~ IIOJJHOH MaKpOCKOnH'leCKOH sneprn11 B 

B11,lle: 

W = 2Mof {~~ltl2 + !lml2 + £{1m)2 + K; (1; + 1;)2 
+ K2 (1; + 1;)2 

-mzH + 

+ a'[(~)2 

+

2
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+ az (li) 2 }dXdY:. . 
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•. 
2 ax ar ·. 2 cJZ • 

(I) 

r.ue BHeIIIHee MarHIITHOe .. none H nanpaBJJeHo no OCH aHll3OTpOIIIIII Z; ,m II J • 
6e3pa3Mepttb1e neKTopr,1 cpeppo--11 aHT11cpeppoMarner11~Ma, np11'1eM a6cOJIJOTH~ BeJJH'IIIH!l 

BeKTopa I nptt H = 0 .. panna en111111ue; M0 - · HaMarn11'1eunoCTb Ka:lKJIOH H3 nnyx 

nonpeIIIerOK. YpaBHeH~ JlaH,llay-JI11cpIIIHUa ,llJUI BeKTOP<?B m II J C yqeroM ,llllCCHIIau1111 

sueprn11:. 

. Moh a1 = m x oW + I x oW + r Moh (m x at + I x am) , 
µB at Ol om µB at · at 

(2) 

2 

-l 

j 
. 1 

l 

l 
.l .. 

M 0h am oW oW M0h ( am at) 
µB Tr = m X om + I X Ti + r µB m X Tr + I X a, . (3) 

J,b (I) - (3) nonyqaeM ypaBHCIIII~ Ma l.1 = Ix +il1, m.1 = mx +im1, lz, mz (B .uanblleii:IIIeM 

1111.ueKc .l_ onycKaeM): 

i ! = ki-°·5 {lzm - mzl) + (k1 + k2 1 l i2}mz1 +hi+ {mLllz - mzLll) , (4) 

. om ( I l2) • a1 1 ch = k1 + k2 l lzl + hm - lzLll + nz ch· • (5) 

. B (4) 11 (5) npoH3BO.llHTCa .u11cpcpepenu11poBaH11e no 6e3pa3MepnoMy npeMemt 

i- = 2µs(K
1
(A + B))°'5 h-1, 11 6C3pa3Mepnb1M Koop.u11narnM x = K/-

5
a·

0
·
5
X, y = K/-

5
a·

0
.5y, 

Z = K/-5a/·5Z; h :::: H(A+B)"0.5K/0·
5

, kj = K/(A+B), k2 = K/(A+B). Y'IIITbIBaeM TOJlbKO 

ua116onee 3Ha'IHTeJJbHbIH m1ccnnaTHBHhltt 'IJleH. Ilp11n11M~ no BHHMan11e, 'ITO k1, k2 << 1, 

a ~ .!lJJIIHHOBOJJHOBbIX ManoaMnn11Ty/lHbIX Kone6att11ii: kfl.all << III, kf << l.alzl, 113 (4) 

nonyqaeM 
. ol 

m = ik0·5 -' +ml - k 0
·
5hl 

- l ch z l 
(6) 

(B COOTHOIIIeHHIJ (6) Benll'll!Ha lz 3aMenena en111111ueii:). Benll'IIIHY mz B (6) MO:lKHO 

3aMeHl!Tb ee noCToannoii: coCTaBJJaJOUleii: mzo = Hl(C+B), nonyqaeMoii: 113 ycnon~ 

oW/8mz = 0 6e3 yqera neon11oponnoCT11, T.e. npette6pe'lh H3MeHe1111eM mz: 

om k°·5 
chz = iT(1.at - t Lil), cnen)'IOlllHM 113 (1), (2), (3). B pe3ynbTaTe 11MeeM: 

m = kf-5(i ! -~:~hi) , (7) 

om = ko.5 (i a2
1 _ C - A h ol _ C - A l ah) . (8) 

ch l ch2 C + B ch C + B di-
. 1 2 

Ilo/lCTaMaa (7) II (8) B (5) II YtJHTbIB~ np11 :ilTOM, 'ITO lz = 1 - -I lj , lz j.all » lJLllz J, 
2 

nonyqaeM ypannett11e ~ /: 

a 21 . ( ) a1 ( 2 2) 
11
2 . dh iJl Lil - - - 1h 2 - E - = 1- h + Eh l - g l l + 1-l + y-ai-2 ch di- ·ch ' 

o5 .05 1 ( 2k2) r.ue y = I'(A+B) · K1 · , g = - 1- - , E = (A+B)l(C+B) = Xi IX1. « I 
2 k1 

Jiarpatt:lKHaH, COOTBeTCTBYJOlllllH ypaBHeHIIIO (9) np11 h = const, r = 0, l!MeeT B11.ll 

L{r i-) = ih (1. - ~) (1 a• - t ~) + .!_~2 _ .!.1v112:.... 1- h2 + Eh21112 + .!.1114. 
• 2 2 ch ch 2farl 2 -· 2 4 

CoornerCTBemio, nonyqaeM cnenYJOllllle 111rnap11aHTbI ypanneu11a: 

nnoTHOCTb scpcpeKTHBHoro MoMeHTa: 

( · ) ·( e)l l2 i ( at . a1) mri-=hl--1 +-1--l-
' 2 2 ch ch _· 

IlJlOTHOCTb sneprn11: 

3 

(9) 

(10) 

(11) 



e(r -r) = J - h2 + Eh.2 ltl2 .:... !_ gltj4 + !_l<!]2 + !_jVtlz 
' 2 4 2[ai] 2 (12) 

H IIJIOTHOCTb HMnYJlbCa: 

( ) J ( cJl* * at)- . h ( E)( * . *) pr -r = - Vl-+ Vl - - 1- 1- - Vil - Vl l . 
' 2. ik. ik 2 2 . (13) 

,PeIUCHIDI ypaBHCHIDI (9) HMCIOT BH,ll 

l(r,-r) = q(r,-r)expi(tcr -m-r), (14) 

rne IC - ~HOBOH BeKTop pacnpoCTpaHeHIDI 8036y,KJJ.eHIDI, napanneJJbHblH OCH q, Boo6me 

roBOp.ll, npOH3BORbH0 HanpaMCHHOH. 

OrpaHH'IHBa.llCb noKa ilBH)KCHHeM 8 nOCTO.llHHOM MarttHTHOM none 6e3 nuccunauuu 

3Heprnu, nocne nonCTattOBKH (14) B ypaBHeHue (9) nonyqaeM 

a2q [ 2 L Liq - a-z-2 = 1 -(m - h) + K 2 
- e(m - h)hp - gq3 

(15) 

iJq -2K iJq 
ik = 2(m - h) + Eh 8q. (16) · 

3aBHCHMOCTb q OT KoopnuHaT H BpeMCHH BbipaxaeTC.ll 8 Bttne 

[ 
q -v-r . ] 

q = q X1 = .j(l-v2 ) ,Y1,Z1. , (17) 

rne (Xi,Yi,Z1) - neKapTOBa CHCTeMa KOopnuHaT, CB.ll3aHHa.ll C nBH)K)'IUHMC.ll B036y,KJJ.CHHCM, 

OCb. X1 KOTOpoii HanpaBneHa no q. CooTBeTCTBCHHO, IIJIOTHOCTH .MOMCHTa, 3HeprnH H 

HMnynbca: 

~r.-r) = -[ m-h(1-%) } 2
, (18) 

e(r,-r)=-------q --q +-Vq +-- -- , 1- h2-+ Eh.2 + m2 + K2 2 g 4 11 12 v2 ( iJq )2 
2 4 2 I I -v2 axl 

(19) 

p(r,-r)=[m-h(1-~)]
2

q2vi+ iJq v ( 1 ~i+~j+~k), 
2 8x1.JJ-v2 ✓J-v2 cJx1 <lyl. dl.1 

(20) 

rne J7iq • rpa.n;ueHT 8 CHCTCMC KoopmrnaT (x~,Yi,Z1); i, j, k · enHIIH'IHbie BCKTOpbl 8 3TOH 

CHCTeMe. IlpH 3TOM CKOpOCTb: 

K" 
V = --'----,----,-. 

m -h(1-%) 
(21) 

✓ 2 ' l13MCHCHHCM MaCIUTa6a r2 = J -{m - h) + K 2 - e(m - h)h r1 " BBCneHHCM 06mHa'1eHIDI
0 

Q = ✓ 2 g . . q ypaBHCHHe (15) npuoonHTC.ll K Bttny 
I - (m - h) + K2 - e(m - h)h 

Ll2Q = Q( 1 - Q2). (22) 

4 

I 
,,,r' 

/. 

·, 
_! 

~ 

2. IIepno,nnqecKHe Mo.nym1poBaHHhle BOJIHhl ll IIJIOCKHe COJIIITOHhl 

a2 
B cnyqae LJq = a/; npu v2 < 1 nepnonu'lecKHMH perneHIDIMH ypanHeHIDI (15) 

.llBn.lllOTC.ll en " dn - annunTH'ICCKHC cpyttKUHH. CoorneTCTBCHHO, HMeeM nBa BH,lla 

MonyimpOBaHHbIX BOnH npeueccHH BCKTOpa aHTHcpeppoMarneTH3Ma: 

lcn = b en - (q -v-r), b • e(..-,-tllr) (a 2 :$; O :$; b2 ) 

[ 
g(b2 

a
2

) ] 

2(1 -v 2
) ✓b2 

- a2 
(23) 

'• "b a{✓'(,:v') *7-n), ~],(-<-••) (o < a' d). (24) 

PerneHHe ypaBHCHIDI (15) npu M > 1: sn - 3MHilTH'lecKa.s cpyttKUIDI 51Ko6u - ttenpu- · 

MCHHMO K o6cy,KJJ.aCMOH MaI1:IHTHOH CHCTeMe, T.K. CB.ll3att0 C 6onblll0H aMIIJIHrynoH 

npeueccHH HJIH C 6onblllHM rpantteHTOM H3MCHCHIDI 3TOH aMIIJIHrynbl B MonynttpOBaHHOH 

oonHe. 

BonHOBbie B036y,KJJ.eHIDI (23), (24) - TpexnapaMerpH'ICCKHe. Ecntt B Ka'ICCTBC 

napaMeTpOB BbI6paHbl 3Ha'leHIDI (a, b, K), TO V H Ct) onpenen.ll!OTC.ll H3 COOTHOIIICHIDI (21) H 

o6mero JlJl.ll BOnH nucnepCHOHHOro COOTHOIIICHIDI: 

m = {1 -%) ± ✓l -½(a2 + b2) + ~E
2h2 + K2. (25) 

qeTBCpTOH xapaKTepHCTHKOH Kaxnoii BOnHbl .llBn.lleTC.ll 3HaK (+ HnH -) B.nttcnepCHOH

HOM COOTHOIIICHHH; npH 3TOM COOTBCTCTBYJOIUHC rpynnoBble CKOpOCTH V = dm/dK npH 

nattHOM IC pa»Hbl no BeJJH'IHHe, HO npoTHBOnonO)KHbl no 3HaKy. 

AMIIJiuryna npeueccHH B en-oontte H3MCH.lleTC.ll CHMMeTpH'IHb~ o6pa30M Mexny (-b) H 

b, a B dn-oonHe H3MCH.lleTC.ll Mexny a H b, OCTaBa.llCb nonO)KJITeJJbHOii:. fapMoHH'ICCK.He 

(HeMonynHpOBaHHbie) cnHHOBblC BOnHbl .llBn.lllOTC.ll qaCTHblM cnyqaeM BOnH (24) npn a = b; 

nptt 3To~ l,1n = b. 
B _'laCTHOM, npenenbHOM cnyqae a = 0 nepttonbl Monyruiuttu en- H dn-oonH 

o6pamaJOTc.ll B 6eCKOHC'IHOCTb, a B036y,KJJ.eHIDI nptto6peTaIOT BH,ll onHHO'IHOH IIJIOCKOH . 

BORHbl - onHoMepHoro CMHTOHa: 

la a b ,,c •[✓ g(l = v,) b((' -v+4-<-••l, (26) 

IJonCTaBn.ll.ll (26) B (18), (19) H (20) H HHTerpttpy.ll no OCH q, nonyqaeM 3HCpillIO, 

HMilYJlbC H MOMCHT CMHTOHa, OTHeceHHbie K enHHHUe . ero IIJIOIUanH (JlJl.ll ynpomeHIDI_ 

BbipaxeHHH npHHHMaeM n nattHOM cnyqae az = a, e = 0): 

Cv J ( )2( · 2) BM01JUA1 1- Ct) - h ] -V 
E,. a • ~ [1-2(m-h)2(J-v 2)+3h(m-h)(1-v 2)],(21) 
. 3gV

0 
J-v 2 . · 

5 



8M0 
• .Jaifi)1 -(m..:. h)2(l -v

2
) [1 + 2(m - h)2(1 -v2)]v • p - ~ 

p1 - 3gVo vl -v-

-8Mo .fa ✓,...:1 --(-m---=-h)"2 (-1 --v~2) { a, - h )✓ 1 -v 2 . 
M~= g✓A+B 

(28) 

(29) 

3,llecb BeJIH'IHHa Vo HMeeT CMbicn MaKCHManbHOH CKOpOCTH H 3aBHCHT OT ttanpaaneHH.H B 

'KPHCTaJJJie:. B,llOJlb OCH z CKOpOCTb Vo = 2µs1i-1 Jaz< A + B) ; a B ttanpaanettH.HX,' 

nepnett,llHKymipttbIX ::lTOH ocH, V0 = 2µ8 1i-1-./a(A + B). 6e3pa3Meptta.H cic'opoCTb v = VIVo. 

Bnpo'leM, npH 3Ha'leHH.HX V, cpaBHHMbIX C Vo, BCe npe,llCTaBneHHble BblpruKeHH.H HMCIOT 

nHl!lb qx>pManbHblH xapaxTep, T.K. npH YBeJIH'ICHHH V JMCHblllaeTC.ll pa3Mep conHTOHa (B 

CHCTeMe KOOp,llHHaT (X,Y,Z)), COOTBeTCTBeHHO JBe1IH'IHBlleTC.ll Ipa,llHCHT H3MCHCHH.ll / H, 

cne,llOBaTeJlbHO, npH 3Ha'leHH.HX V, 6nH3KHX K 1; . CTaHOBHTC.ll ttenpHMeHHMOH 

paccMaTpHBaeMa.H MO,lleJib. 

. JlBYM KOpH.llM ,llHCnepCHOHHOI'O COOTHOIIICHH.ll (25) COOTBeTCTBYJOT conHT0Hbl c 

npoT~oononmKHbIMH 3HaKaMH MoMenToB. B cnyqae h < 1, Mp1 > 0 (T.e. npH (m - h) < 0) 

npH aMnnHTJ,lle b = ✓¾[1 - h2(1 -v 2
)] ::lHepIW! npHHHMaeT MiucCHManbHOe 3Ha'ICHHe, 

paBHOe 

. _ 8Mo~ ✓1 - h
2
(1 -v 

2) [ 2( _ 2)] 
Epmax - ,-:---:; l+h 1 v 

. 3gvl-v2 (30) 

(~pH 3a,llattHOH BeJIH'IHHe · cKopoCTH v). · IlpH'leM B TO'!Ke MaKCHMJMa · a, = 0, T.e. npH 

::lTOM 'laCT0Ta npeuecCHH H3MCH.lleT' 3HaK. Ha pHc.1 npHBe,lleHa 3aBHCHMOCTb ::lHepnm 

TaKOI'O conHToHa OT aMnn_HTJ,llbl b ,lln.H p.11,lla 3Ha'JeHHH MantHTHOI'O non.11 (npH 

V = 0,e = 0). 

0.04 --.--:--------:~ 
Epl 

0.00 

-0.04 

-0.08-+-I ----.----.--------.--............. 

0.0 0.2 [i 0.4 . 

1J2% 
6 

PHc.1. 3aBHCHMOCTb _::iHepnm KBa3H

O,llHOMepttoro conHTOHa . OT aMnnHTYJlbl 

npH JKa3aHHblX 3Ha'leHH.llX IlOIDI h. 
- 3g 
Epl = r,:;;;-Epl• 

8M0 vaK1 

-:- J 

i 

'\ 

.,. 

3tta'leHHIO Mpl < 0 (npH ::lTOM (m - h) > 0) COOTBeTCTBYeT COJIHTOH c MarnHTHbIM. 

MOMCHTOM, aHTHnapaJJJieJibHblM OTHOCHTeJlbHO nomi. 3ttepIW! ::lTOro conHTOHa 

nonolKHTeJlbHa npH mo6bIX 3Ha'ICHH.HX non.11 H aMnnHTJ,llbl. 

3. CcpepuqeCKIIe COJIUTOHhl 

,lJ.Jui cqiepH'lecKH CHMMeTpH'IHbIX pemeHHH ypaBHCHHe (23) HMeeT BH.ll 

d2Q + I dQ = nl1-Q2). . 
dp2 p dp i.:\. 

(31) 

r,lle p = .J1 -(m - h)2 
+ K"

2 - e(m - h)h lr,I. 
Ha pHc.2 H 3 °IlOKa3aHO necKOJibKO co6CTBeHHblX peIIIeHHH ypaBHCHH.ll (31) npH 

rpaHH'IHbIX ycnoBH.HX 

Q(p = o) = Q. * 0, ~Q (P = .0) = 0, Q(p ➔ oo) = 0. 
p .. 

(32) 

Co6CTBeHHble 3Ha'leHH.ll ypaBtteHH.ll (31) paBHbl: Q, = 4.337387~5. Q:z = "14.103448, 
Q3 = 29.12766117, Q4 = 49.36667537, .... ('IHcnettHble peIIIeHH.ll ypaBHeHH.H (31) BnepBbie 

6blJIH nonyqeHbl_B pa60Te'5'). 3na'leHHIO Q, COOTBeTCTBYeT caMoe npoCToe peIIIeHHC, He 

HMeJOmee KOpHeii, 3na'ICHHIO Qz - peIIIettHe C O,llHHM KOptteM, T.e. conHTOH, CO,llepJKalllHH 

".11,llpo" H "o6ono'IKy'', npeueccHpyromHe B npOTHBO<pa3e, H T.Jl. 

TaKHM o6pa30M, peIIIenHe, COOTBeTCTBYJOlllee conHTOHY, HMeeT BH.ll 

I, = ✓~[1 -(m - h)2 - e(m - h)h + K"2
] Q(p)e;(.-c-mr). (33) 

3<pqJCKTHBHbIH pa,llHJC COJIHTOHa 

[ 
:z 2]-0.5 

r
8 

= 1 -(m-. h) - e(m - h)h + K" 
(34) 

o6paTno nponopuHottanen ero aMnnHTy.lle. 

O603tta'IHB aMnnHTY.llY conHTOHa KaK q,o. MOJKHO 3anttcaTb ,llHCnepcHOHHOe 

COOTHOIIIeHHe ,lln.H cqiepH'leCKHX conHTOHOB: 

a,= h(l- ~) ± (1 + .!_e2h2)-..!Lq20 + K"
2 

2 4 Q;' . 
(35) 

HenO,llBHJKHblH conHTOH (K = 0) .HBn.lleTC.ll cqiepH'lecKHM TOnbKO npH az = a IlpH 

,llBHJKeHHH conHT~H "ClKHMaeTc.11" C KO::lq>q>HUHeHTOM ✓ 1 - V :z B ttanpaaneHHH_ ,llBHJKeHH.ll. 

HHTerpHpy.11 BblpruKeHH.H (18), (19) H (20) no om,eMJ H nepexo,ll.ll K 3aBHCHMOCT.llM OT 

aMilnHTJ,llbl H ·cKopoCTH, nOJiyqaeM MOMeHT, ::ineprHIO H HMnynbC cqiepH'leCKOI'O comnona, 

C00TBeTCTBeHHO (BBe,lleHO o603Ha'JeHHC A, = Ji q,o ): 
. _______ Q. 

_ ±81rM0a,[ri;I. ( .!_ 2 2)- :z 
M,. - ~- 1 + e h A, , 

K1gvA +BA, 4 

E,. = 8trMoa,J;;;I. [(1+!...e2h2)+.I1-~l.J1-v2 
g,JK;./1-v 2 A, 4 '\ 2) 

(1+1e2h2)-A;l 

(36) 

(37) 
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5 

Q 4 

3 

2 

1 

Puc.2. KompmypauIDI cqx:pttt-1ecxoro 

0 connToHa nepooro nopiuuca (n = 1). 
0 1 2 3 

p 

30 

Q 20 

10 

3 
0 

I ~ I I I 

' 0 1 2 3 4 5 
p 

Pnc.3.KompmypaunH cqx:ptt'ICCKHX COJJHTOHOB npH n = 1, 2, 3. 

sn - -v<-<z· n - 1 2 1 p _ 8trM0a 'al v [( . . 
g,JK;Vo·,/1-v2 A, 1+4e h2)±2dz✓l-v2 1 +¾e

2
h

2
)-A:]. (38) 

3l(CCb In = 7 p 2Q2 ( p )dp - 3H3'1CHHa HHTCrpaJJOB ll.lUI COOTBCTCTBYJOIUHX co6CTBCHHblX 
0 

pelllCHHH ypaBHCHIDI (31): 11 = 1.503796, 12 = 9.468312, 13 = 28.713877, 14 = 64.011677. 
IlpH nonyqeHHH Bblpa:lKCHHH (36), - (37) H (38) HCilOJib30BaHbl COOTHOIIICHHa, 

COOTBCTCTBYJOIUHC ypaBHCHHIO (31) H rpaHH'IHblM ycJJOBHaM (32): 

f p2Q4(p)dp = 4f p2Q2(p)dp, (39) 

8 

1 
J 

I') 
.J 
j 

2 . . 

fp2(~~) dp=3fp2Q2(p)dp. (40) 

.IlBYM THilaM COJIHTOHOB COOTBCTCTByroT llBOHHblC 3HaKH B BblpUCCHIDIX (36)-(38). -lh 
(37) cnenye-r, 'ITO B OTJJH'IHe OT IlJJOCKHX COJIHTOHOB o6pa:mBaHHe cqx:pH'ICCKHX 

COJJHTOHOB HMCC'I" nopOI'OBblll xapaKTep. 3ttepIIDI COJIHTOHOB c nOJimKIITCJJbHblM MOMCHTOM 

( M sn > 0) MHHHMaJJbHa npH aMilJJHTY/lC 

q,0 = Qn,/¾[(1 +¾e
2
h

2
)-h2(1-,1r (r-v2

)] (41) 

(JlJlJI 3lUlaHHOH BeJIH'IHHbI cxopoCTH) H paima npu ::lTOM 

E . = 81'Moa..fa)n~(1+!..e2h2)-h2(1-£)2(1-v2). 
sn min fv ~ 4 2 -vK1gvl-:-v- .. 

. (42) . 

IlpH 3H3'1CHHH IlOJlJI h, npeBbllllaJOIUCM HCKOTOpoe 3H3'1CHHC, WIH3KOC-K 1, ::lHCpIIDI 

COJIHTOHOB (B cnyqae M,n > 0) CTaHOBHTCa OTpHUaTCJJbHOH npH mo6oii aMilJJHTy.llC. Ha 

pnc.4 npHBCllCHa 33BHCHMOCTb . ::lHeprnH Es] - OT aMilJJHT)'llbl JlJlJ{ COJJHTOHOB C 

IlOJIOJKIITCJJbHblM MOMCHTOM npH HCCKOJJbKHX _3Hll'ICHIDIX MarHHTHOI'O IlOJlJI B cnyqae 

P81 = 0 (npu ::lTOM npeHe6peranocb BeJIH'IHHOH e = Xi IXL). 3HepIIDI COJIHTOHOB c Msn < iJ 
BeJIHKa npn mo6oM 3H_a'leHHH nom, H no::iTOMY OHH He npellCTaJlJUIIOT · npaKTH'lecxoro 

HHTCpeca.· 

0rMCTHM, 'ITO JlJlJ{ paCCMOTpCHHblX COJIHTOHOB, IlJJOCKHX H cqx:pH'ICCKHX, BblilOJIHaCTCa 

COOTHOIIICHHC MC)Kl()' TpCMa HHTCfPaJJaMH ,llBH:lKCHtta: 
2 . 

E, = P,Vo :_HM,. 
- V 

0.2 , 40 

Es 
0.1. 

r. 

20 

M 0 

-0.1 -20 

0.00 0.04 0.08 0.12 

.Ji Qq,o 
1 

(43) 

Puc.4. 3aBHCHMO~H ::lHeprim c~pH

'ICCKOfO COJIHTOHa OT aMilJJHTy.llbl npH 

ytca3aHHblX 3H3'1CHHaX BellH'IHHbl h. 

- g,JK; " 
E, = ~ E,. 

8trM0a-vaz 11 . 
IlyttKTHpHOH 

JJHHHCH IlOKa3aHa 3aBHCHMOCTb ::lq>cpeK-

THBHOro PllllHyca rs COJIHTOHa OT 

aMilJJHTy.llbl. 

I 

,nin. cqx:pnqecxoro COJIHTOHa C TO'IHOCTblO llO V2 
BblilO.,,tlaCTCa ·u CJICllyroiuee 

COOTHOIIICHHC (B llaHHOM cnyqae JlJlJ{ . HCKOTOporo ynpomeHtta 3ailHCH npeHe6peraeM 

BeJIH'IIIHoii_ e): 
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p2 81rM0a,Ja;1n(1 - A;) y2 
E = ?I! v.2 + _, __ ---""=--'---_,_ 

' 
0 0 

2?Ho g.fi<;V/A; 2 ' 
(44) 

BtrM0a,Ja;In 
rne ?Ho= fv 2 

g._;K1V0 A, 
(45) 

- 3q>q>eKTHBHall Macca "110Ko.a" COJIHTOHa. TpeTHH 'IJleH c11pasa .!IBruleTC.8 11011paBKOH, 

)"IHThIBalOIUeii: H3MeHeHHe Macchi COJIHTOHa, CB.83aHHOe co "c::teaTHeM" ero 11pH llBH::KeHHH. 

CoOTHOIUeHH.8, aHaJIOrtt'IHbie (44) H (45), 110Jl)"lalOTC.8 H llJl.8 IlJIOCKHX COJIHTOHOB. 

TaKHM o6pa30M, COJIHTOH MO::KeT paCCMaTpttBaTbC.8 KaK 'laCTHUa, o6nanaJOIUllll MaCCOH 

110K0.8 ~. C. MarnHTHhlM MOMeHTOM Ms H HM11YJlbCOM Ps, llBH:lK)'lllallC.8 BO BHeIUHeM 

MarHHTHOM 110Jie; 

4. YcrrOBIIe ycToii:qHBOCTH COJIHTOHa H IIOBeJ.J.eHHe COJIHTOHa rrpH 

J.J.HCCHIIanHH 3HeprnH H H3MeHeHHH MarHHTHOro IIOJUI 

He HMe.a _ 3lleCb llOCTaTO'IHblX B03MO::KHOCTeH llJl.8 aHaJIH3a TaKOro sa::KHoro B 

TeopeTH'lecKOM H 3Kc11epHMeHTaJibHOM OTHOIUCHHH B011poca,KaK BpeM.8 ::KH3HH COJIHTOHOB, 

orpaHH'IHMC.8 TOJibKO pe3yJihTaTaMH paCCMOTpeHH.8 YCTOH'IHBOCTH cqieptt'leCKOro COJIHTOHa 

OTHOCHTeJibHO CaM011pOH3B0JlbHOro pac11ana Ha rapMOHtt'leCKHe Cl1HHOBbie BOJIHbl ( CM. 

011HCaHHe 11pouenypi.1 TaKOro aHaJIH3a, Ha11pttMep, B KHttre'
1
'). IlpenCTaBJI.8.8 COJIHTOH KaK 

M 
KOMilJieKC CB.83aHHbIX MarHOHOB, 'IHCJIO KOTOpb!X paBHO N = -·- , H cpaBHHBall 3Heprnl0 

2µB 

E, COJIHTOHa (Bb!pa::teeHHe (37) 11pH e = 0) C 3Heprneil CB060llHhlX MarHOHOB 

Emg = N_2µ8 .J(A + B)K1 (i), 11onyqaeM 110JIO::KHTeJihttyIO 3Heprnl0 CB.!13H (Emg - E,), T.e. 

YCTOH'IHBOCTb OTHOCHTeJihHO 110JIHOro pac11ana, 11pH BbIIIOJIHeHHH YCJIOilH.8 

{ 2}~ 
A, < 1 -[h✓J -v 2 - ✓h2 (1 -v 2

)- J] (46) 

IlpH 6oJiblllHX 3Ha'leHH.!IX aMilJIHTYllhl 3Hepru.a CB.83H OTpttuaTeJibHa. ECJIH 

· h2 
( 1 """'. v 2 ) < 1 , 3Hepru.a CB.!13H oTpHuaTeJihHa 11pH n106b1x 3Ha'leHu.ax aM~HTYllhI. He 

. HCKJIJO'leHO, 'ITO 11pH OTpHUaTeJibHOH 3HeprnH CB.83H pac11any 11pe11.8TCTBYeT 

110TeHUHaJibHblH 6apbep. 

)lmI pacCMOTpeHH.8 11oseneHH.8 COJIHTOHa 11pH llHCCtt11auuu 3Heprnu 1-J l13MeHeHHH 

MarnttTHOro 11~)}1.8 orpl_lHH'IHBaeMC.8 CJiyqaeM V = 0, & = 0. ,lJ;o11yCTttM, 'ITO cqieptt'leCKHH 

COJIHTOH B03HHK B MQMeHT BpeMeHH·,. = 0 C KOHq>ttrypauuett, Ol1HCbIBaeMOH ypasHeHHeM 

(9) 6e3 llOl10JIHHTeJibHhlX 'IJieHOB (j dh l - y ~) . IloCJiellYJOIUllll KOHq>Hrypauu.a COJIHTOHa 
di- in 

B JIHHettHOM 110 r 11pH6nu::teeH11tt ttMeeT Bttll _ 

[ 
J (dh ) ·] i(91 - (i)'Z") l(r,r) = q(r) 1- ~ - -r(j) r e O 

• 

2..;1-A; di-
(47) 

10 

l13MeHeHtte IlJIOTHOCTH 3Heprnu H MOMeHTa 011penen.aeTC.8 COOTHOIUeHH.!IMH, 

COOTBeTCTBYJOlllHMH ypaBHeHHIO (9): 

ik(r,r) _ 1 J v/Jf.* -vi*~)+ i dh (/JI.* -t ~)- r~j2 (4S) 
in 2 vl in · in 2 di- in in lar] • 

um(r,r) = idzvr ~ tvz) - ir(/Jf.* - t ~) + 1112 aJi. (49) 
in 2 ., 2 in in in 

CooTBeTCTBeHHO, 3Hepru.a H MOMeHT cq>epH'lecKoro COJIHTOHa 8 JIHHCHHOM 110 'Z" 

11pH6JIH::KCHHH 11pH n = 1 paBHbl: 
. . I 

81rM0a,fa;I1 [ ~ (dh ) ] E,= fv z 1-h..;1-A;+(i)--r(i)r, 
..;K1gA, di-

: (50) 

BtrMoaJa:11 [ -~ (dh - )'] _ . M, = --===~--=-- ..;1-A, - - - r(j) r . 
K1g✓A+BA, di- · 

(51) 

EcTeCTBCHHO, 'ITO llHCCH11auu.a B nJ06oM CJiyqae 11pHBOllHT K YMCHb~CHHIO 3HeprnH 

COJIHTOHa (y > 0). PaCCMOTpHM HecKOJibKO CJI)"laCB. 
. dh 

l) - = 0 , Manble 3Ha'leHu.a 110Jl.8. 
dr 

llptt 3TOM (j) < 0, CJICllOBaTeJibHO, aMIIJIHTYlla. B03HHKIUero COJIHTOHa YMel_lblllaeTC.8, 

COOTBeTCTBeHHO ero panttyc, KOTOpblH o6paTHO 11po11opUHOHaJICH aMilJIHTYllC, 

yseJIH'IHBaeTC.8. CoJIHTOH pacnnbIBaeTC.8. MaruHTHblH MOMeHT ero YMCHblllaeTC.8. 

dh 
2) - = 0 • h < 1, HO BeJIH'lttHa- 110Jl.8 6JIH3Ka K 1. 

di- . .-. 

IlpH A, < A1 = ✓1- h2 
conHTOH pac11JibisaeTc.a, · KaK B 11.l. Ho 11pH A, > A1 

' 11epBOHa'laJibHall aMIIJIHTYlla yseJIH'IHBaeTC.8, COOTBeTCTBeHHO panttyc YMCHbIUaeTC.8. 

CoJIHTOH "c::teHMaeTc.a". MoMeHT ero B JIHHCHHOM 110 'Z" 11pH6nH::KCHHH YBCJIH'IHBaeTC.8. 
·ah . 

3) - = 0,h> 1 .. 
. di-

. Ilpu 3TOH> 0. Ilo3TOMY aMnnuryna H MOMeHT COJIH'fOHa 

A, < ·A2 := VJ - ,1., 3Hepru.a B03HHKIUero conHTOHa oTpttuaTeJihHa 

paczyr. ECJIH 

OTHOCHTeJibHO 

OllHOPOllHOro COCTO.!IHH.8, llHCCH11aUH.8 3HeprnH 11pHBOllHT K ero · pocry 110 aMl1JIHTYllC H 

JIOKaJIH3aUHH, 11pespamllll TaKHM o6pa30M COJIHTOH B llOMCH HOBOH !pa3bl •.. B CJiyqae 

A, > A2 Ha'laJibHall 3Hepru.a COJIHTOHa 110JIO::KHTeJibHa, ero panttyc 11pH llHCCH11aUHH 

_ 3Hepnm YMCHbIUaeTC.8 H OH CXJIOl1hIBaeTC.8, CJienoBaTeJibHO, COJIHTOHbl C 60JiblllOH 

Ha'laJibHOH aMilJIHTYllOH He Moryr CJiy::teHTb 3apOllbllllaMH HOBOro !pa30BOro COCTO.!IHH.8. . 

4) dh * O. . . . 
dr 

AMnnuryna H MOMeHT YMCHblllalOTC.8 11pH poCTe 110Jl.8 H, yseJIH'IHBalOTC.8 11pH ero 

YM~HblllCHHH. B CJI~ae h > 1 '11pH A, < A2, Karna llHCCtt11au11.a 3HeprnH c11oco6CTBYeT . ,, . ~ 

pocry COJIHTOHa H 11pespa1:11eHHIO ero B 3apollbllll HOBOH . !pa3bl, yseJIH'leHHe MarHHTHOro 

110Jl.8 11pe11.8TCTBYeT .3TOMY 11poueccy. 

II 



5. 0 B03MO)KHOCTXX 3KCrrepnMeHTaJILHOI'O o6Hapj')KeHH}I MarnHTHLIX 

COJIHTOHOB 

IlpH 3Ha'leHIDIX h, cymecrneHHO MeHblllHX e)lHHHUbl, MonynupoBaHHble nepHOJlH'lecKHe 

BOJIHbl H CMHTOHbl npHHUHnHanbHO B03MOlKHbl, HO HMeIOT 6onbll!YJO ,meprnto 

B036y,K,UeHIDI H no3TOMY enna nH Moryr ua6monaTbCg 3KcnepHMeHTanbHO 6e3 KaKOro

HH6)'Jlb cneumpH'lecKoro cnoco6a ux reHepauuu. Ilo::iTOMY npaKTH'lecKH TaKHe 

HeJlHHeHHbte o6pa30BaHIDI MOryr HMeTb OTHOUJeHHe TOnhKO K o6naCTH na6HnbHOCTH 

lpa30B0f0 COCTOgHIDI, T.e; npH h = 1. IlepHOJlH'lecKHe MonynupoBaHHbte BOJIHbl gBllllIQTCg 

nHUJb o6o6meHHeM o6bl'IHblX rapMOHH'lecKHX cnHHOBbIX BOnH, H HX o6pa30BaHHe B6ntt3H 

rpaHHU MeTaCTa6HnbHOCTH lpa30BblX COCTOgHHH He. npeJlCTaBlllleTcg YJlHBHTeJlbHbIM. 

Hau6onbUJHH HHTepec npenCTaBllllIOT cipepH'lecKHe conHTOHbl, KOTOpbte Tononorn'lecKH 

OTnH'laIOTcg OT BCex OCTanbHbIX paCCMOTpeHHbIX BHJlOB B036y,K,UeHHH H gBllllIOTCg noKa 

3K30TH'lecKHMH B lpH3HKe KOH)leHCHpOBaHHbIX cpen. AKTyanbHOH gBlllleTCll npo6neMa He 

TOnhKO 3KcnepHMeHTanhHOro o6HapyxeHIDI TaKHX CMHTOHOB, HO H BbraCHeHIDI HX ponH B . 

o6pa3oBaHHH 3aponh1rneu HOBOH <paJht B - nepexonax nepooro nopgnKa. Hau6onee 

JlOCTynHbIMH B 3KCnepHMeHTanbHOM OTHOUJeHHH npe)lCTaBllllIOTCg conHTOHbl nepooro 

nopgnKa (n = 1). KoHe'IHO, BecbMa HHTepecHbl cipepH'lecKHe CMHTOHbl BTOporo u 6onee 

BhtcoKoro nopgnKa, coCTogmue HJ HecKonhKHX cipeptt'lecKHX cnoen, npeueccupyromux B 

npOTHBO<paJe. Ho ux 3Heprng no a6conIOTHoif nemt'IHHe, KaK cnenyeT H3 aHanH3a, no 

-KpaiiHeif Mepe, B UJecTh pa3 (npH n = 2) npeBhtUJaeT- 3Heprnto conHTOHOB nepooro 

nopgJlKa. 

Ilo-BHJ{HMOMY, cnenyeT paccMaTpHBaTb JlBa npou~ca, n KOTOpblX conHTOHbl MOrnH 6bt 

npogBllllTbCg npH nettCTBHH Manmrnoro nong Ha aHTH«peppoMarneTHK C OJlHOOCHOH 

attH30TpOnHeH. 

IlepBbIH cnyqau 3TO 3Ha'leHIDI nong h, 6nH3Klfe, HO He JlOCTHratomHe KpHTH'lecKOH 

BenH'IHHbl h = J. IlpH 3TOM 3Heprng B036y,K,UeHIDI conHTOHOB nonoJKHTeJlbHa, HO 

aHoManbHO YMeHbUJaeTcg npH nptt6nmKeHHH K 1. · Ecn11 nonyCTHTh, 'ITO BenH'IHHa 

(1- h) = 0.01. TO np11 THnH'IHbIX 3Ha'leHID!X KOHCTBHT B3aHMO)leHCTBIDI: Mo = 10;22 

3pz/(3·A3
), a= 3xlrf 3·A2

, K1 = 1(/ 3, g = 0.5 ::iHeprng cipep11'1ecKoro conHToHa nepnoro 

nopgnKa (B COOTBeTCTBHH C (42)) Es1 = 34.5 M3B. IlpH 3TOM 3!p!peKTHBHbIH panuyc 

conHTOHa R, = 122 A, a ero aMnnttryna q,o = 0.865. O6ecneqem1e 3Ha'leHID! 

( 1- h) = 0.01 npenCTaBlllleTCg BnonHe ocym~BHMbIM, HMeg TaIOKe B B11,lzy Heo6XO,[IHM)'IO 

npH 3TOM · O)lHOpOJlHOCTb Marn If TH Oro nong B ofueMe o6pa3ua. EcnH ( 1 - h) = 0.005 , 

TO Es1 = 24.5 meV. R; = 173 A, q,0 = 0.61..]J.ml Ha6n10neHID1 TaKHX conHTOHOB MOlKHO 

HCnonb30BaTb Heynpyroe paccegHHe HeHTpOHOB C B036y,K,UeHHeM CMHTOHa. _ EcnH 

nanaIOlllHH nyqoK HeHTpOHOB MOHOXpOMaTH'lecKHH, TO B cneKTpe paccegHHOro nyqKa 

cnenyeT OJKH)laTb B03paCTaHHe HHTeHCHBHOCTH HeHTpOHOB C 3Heprneu, MeHbUJeH 3Ha'leHIDI, 

COOTBeTCTBYJOlllero noporoBOH 3Heprng B036y,K,UCHIDI conHTOHOB. IloKa OCTaeTcg 

OTKpbITblM BOnpoc O 'nepogTHOCTH TaKHX B036yxJlCHHH, HO TepMOJlHHaMHKa 3TOl'O 

npouecca, ', 
0

IlO-BH,[IHMOMY. ' JlOCTynHa JlJUI TCOpeTH'leCKOro aHanH3a. CymecTBeHHbill 

npengTCTBHeM nng Ha6n10neHug Heynpyroro paccegHIDI c B036y,K,UeHHeM conHTOHOB 

gnngeTcg !pa30Bag nepeCTpOHKa B KpHCTanne, KOTopag MOJKeT npoHCXOJlHTb B6nH3H TO'IKH 

na6HnbHOCTH 3a C'leT poCTa JlOMeHOB cnHH-qinon-<paJbl nYTeM JlBHJKeHIDI JlOMeHHbIX 

12 

CTeHOK; Ilo3TOMY 3a)laHHOe 3Ha'leHHC nOJUI JlMlKHO JlOCTHraTbcg 6bICTpo, 'IT06bI lpaJOfiag 

nepecTpOHKa nYTeM poCTa JlOMeHOB, o6pa30BaBUJHXCg Ha pa3nH'IHbIX Heo)lHOpOJlHOCTgX 

(npmteCHbIC BKpanneHIDI, rpaHHUbl KpHCTa/lnHTOB, JlOMCHHbI6 CTeHKH HCXOJlHOro 

aHTH«peppoMarnurnoro coCTogHIDI, n11cnoKauHH), He npoH3ouma npeJK)le, 'leM 6yner 

· '3aqiHKcupoBaHo Heynpyroe paccegHHe. 

Bo BTOpOM cnyqae; Korna JlOCTHlliYTOe none h npeBbIUJaeT KpHTH'lecKoe 3Ha'ICHHe; 

lpa30BOe COCTOgHHe CTaHOBHTcg a6conIOTHO HeyCTOH'IHBblM H npOHCXOJlHT ero pacnan. 

OnP,en=10myro ponh npu ::!TOM HrpaIOT <pnYKTYauHH ::iHeprnu H nepenaqa ee KaK npyrnM 

creneIDIM CB060)lbl MarnHTHOH noncuCTeMbI, TaK H Kone6attill!M KpHCTa/lnH'lecKOH 

pellleTKe. Bee, 'ITO MOlKHO ceifqac C onpeneneHHOCTbIO YTBepJK)laTb O npouecce pacnana 

HCXOJlHOro COCTogHIDI, CBOJlHTCg K TOMY, 'ITO KpHCTann CTattOBHTcg npH 3TOM CMecbIO 

o6naCTeH c 6onbUJHMH aHOManIDIMH B pacnpeneneHHH BenH'IHHbl l.1, 6bICTpo 

H3MeillltolllHXcg KaK no 3Ha'leHIDIM l.1, TaK H no 3attHMaeMOMY HMH ofueMY. MoJKHo JIHUJh 

npennonoJKHTb, 'ITO B 3TOM xaoce 6onblllHX . !pnYKTYaUHH MarnHTHbie CMHTOHbl HrpaIOT 

oco6yio ponb .H npHBHocgT HeKOTOpblH 3JJCMeHT ynopgno'leHHOCTH B 'npouecc !pa30BOH • 

nepecTpOHKH. CnoHTaHIIO. 06pa3ygcb, MarnHTHbte conHTOHbl pacryT H HenpepbI.BHbIM 

o6pa30M npenpamaIOTcg B MaKpOCKOnH'lecKHe JlOMeHbl HOBOl'O !pa30B0f0 COCTOgHIDI. IJoKa 

He npeJlCTaBlllleTcg B03MO;fCHblM OUCHHTb :airy ponb MarnHTHbIX conHTOH0B, TaK KaK He gcHa 

HH nepogTHOCTb HX o6pa30BaHIDI, HH Bpe~ HX JKH3HH. 

3KcnepHMeHTanbHbIH nonxon B nonbITKe pernCTpauHH -conHTOHOB B 3TOM cnyqae Mor 

6b1 COCTOgTb B ManoyrnoBOM ynpyroM KOrepeHTHOM paccegHHH HeHTpOHOB. MMe~ B B11,lzy 

pernCTpauIDI HeHTpOHOB npH ManbIX OTKnOHCHIDIX OT 6p::irroBCKHX nonoJKeHHH KpHCTanna. 

1-h-3a 0THOCHTeJlbHO ManbIX pa3MepOB conHTOHHblX o6pa30BalllfH yrnoBIDI . paCXOJlHMOCTb 

nyqKa npH JlH!ppaKUHII Ha - HHX YfienH'IHBaeTcg, HnH )'BCJIH'IHBaeTcg lllHpmia · 

pacnpeneneHIDI . paccegHHbIX HeHTpOHOB no MHHC BOJIHbl B cnyqae Hcnonb30BaHIDI 

"6enoro" . nyqKa nepBH'IHbIX HeHTpOHOB (no BpeMCHH nponeTa). MoJKIIO nbITaTbcg 

npOBOJlHTb lf3Mepettilll )la;Ke B npoCTeHUJCH reoMeTpHH, K0rna MOHOKpHCTann y~attOBneH 

TO'IHO B 6p::irroBCKOe nonoJKCHHe u )leTeKTOpOM pernCTpH,PYIOTCg Bee tteHTpOHbl, 

paccegHHbte OT Bbt6paHHoij · KpHCTannorpa<pH'lecKoit IJJl~KoCTH, BKnto'lruI H nmppaKUHIO OT 

OJlHO!pa3HOro COCTOglfIDI o6pa3Ua. B ::ITOM cnyqae Bb16opoM JlOCTaTO'IHO conep~eimoro 

MOHOKpHCTanna cnenyeT CBeCTII K . MHHHMYMY HHTeHCHBHOCTb OCHOBHOro . paccegHIDI Ha 

MaTpuue o6paJua, 'IT06bt Ha "qxme" ::!Toro paccegHIDI 6bino 3aMeTHO ynenH'lettHe 

HHTeHCHBHOCTH, cngJaHHoe c YfienII'leHHeM lllHpHHhl <pYHKUHH JlH<ppaKUHOHHoro 

pacce.l!HIDI LU = A-0 ( d I 2R,) Ha conmoHax (Ao - cpenttgg MHHa oonHi.1 HettTpoHoB, d -

MeJKIIJIOCKOCTHOe pacCTogHue). IlpH H3Y1feHHH npoCTpattCTBeHHOH XOH!pHrypauHH 

-conHToHoB Heo6xonuMo onpeneneHHe yrnoooro pacnpeneneHIDI paccegHIDI HeHTpoHOB_ 

B6nH3H TO'IHOro 6p::irroBCKOro Hanpa811eHID!. IIIHpHHa ::ITOl'O 'pacnpeneneHID! 

..10 = tg0o ( d I R,) nng paCCMOTpeHHbIX npHMepoB MOJKeT COCTaBllllTb HecKonbKO . 

·rpanycon. 

Bo3MOJKHO, 'ITO npH nonbITKe Ha6nIO)lCHIDI JlH!ppaKUHH Ha CMHTOHax B03HlfKHYT He 

MeHbUJIIe cnoJKHOCTH, <ieM npH tteynpyroM paccegHHH C HX' B036y,K,UeHHeM. Cnenyci HMeTb, 

B B11,lzy' 'ITO nepexon K cnHH-<pnon-<paJe MOJKeT ocymecTBllllTbCg 6e:J o6pa30BaHIDI 

MHO:lKecTBa !pnYKTY"PYJOlllHX o6naCTeH. 'npu HanH'IHH peanbHOfO OTKnOHeHIDI BHeUJHero 

nom OT O~H CHMMeTpIIH npouecc nepexona K KOHe'IHOMY COCTOgHIIIO MO:lKeT npe)lCTaBllllTb 
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co6oii ''KorepeHTHbiii" noBopoT BeKTopa attTmpeppoMarneTHJMa c nttccttnautteii ::mepnm 

(T.e. 011HOBpeMeHHblH If ClfHXpOHHbIH B MaKpOCKOillf'iCCKlfX ofueMax KpHCTaJIJia). 3roT 

npouecc MO:lKeT 6bITb O'iCHb 6bICTpb!M, If B03MO:lKHO, 'ITO nlflllb KaK BTOplf'IHbie ::icp<peKTbl 

cnell)'CT paCCMaTpHBaTb o6pa30BaHlfe HC011HOp011HOCTCH, CIDl3aHHOC C 6onbllllfMlf 

cpny1CTyaulli!Mlf ::!Hepnm If HaMaITllf'{CHHOCTeii, B TOM '{lfcne If o6pa30Ba1me MarnUTHblX 

COnlfTOHOB. Jfa IlplfBe11CHHblX coo6pa:lKCHlfH cnenycr, 'ITO Tpe6oBallllil K CKOpOCTH 

B03paCTaHlfl! BHCIIJHero IlOilll B cnyqae 11HcppaKUlfOHHOH pernCTpaUlflf conlfTOHOB, 

B03HHKalOillHX npH pacnane MeTaCTa6ttnbHOI'O COCTmmllil, MOryr OKaJaTbC.8 e1ue 6onee 

. cypOBblMH, 'ICM npH Ha6moneHHH conHTOHHbIX B036)':lK11eHHH HeynpyrnM pacce.sHlfCM 

tteiiTpoHOB. 

, Cnenycr OTMeTHTb, 'ITO pacCMOTpeHHbIMH B036)':lK11CHlliIMH He HC'iepribIBalOTC.8 BCe 

BOJMO:lKHbIC peryilllpHblC B036)':lK11CHllil, OilHCb!BaCMbIC ypaBHCHlfCM 11BH:lKCHlli!. HanpHMCp, 

ananorn'!HO c<pepH'ICCKHM, Moryr 6bITb paccMOTpeHbl UHnlfH11PH'iCCKHe conHTOHbl. Ka,K11aa 

HJ. pa3HOBH11HOCTeii perymi:pHblX o6pa30BaHHH HMCeT CBOIO ::iuepreTH'iCCKYJO JOHY, npH'ICM 

::!TH 30Hbl nepeKpb!BalOTC.8. TaK 'ITO. KpOMC npo6neMbl ::iicnep11MCHTanbHOI'O BbmeneHllil 

npouecca CMIITOHHOI'O o6pa3oBaHllil 3ap011blllleii HOBOH cpa3bl Ha "cpotte" o6mero, 

''KorepeHTHOro" IlOBOpOTa BeKTOpa aHTH<peppoMarneTll3Ma, cymeCTBYeT npo6neMa 

pa311enCHIUI 3qJ<peKTOB, CB.SJaHHblX C OT1leJJbHblMH BH1laMH HenHHCHHblX B036)':lK11CHHH. 

6. 3aKmoqeHue 

PacCMOTpeHHbie B naHHOH. pa6oTe nepH011H'iecKHe Mo11yn11p0Bat1Hb!C BOnHbl If 

ManIHTHbie conHTOHbl 111fHaMH'iCCKOI'O Tllna IlOKa He Ha6n1011an11Cb B .KOH11CHCllpOBaHHblX 

cpenax. BoJMO:lKHO, cpa30BbIH nep~X011 nepBOI'O pona npenCTaBillleT co6oii yttllKanbHblH 

cnyqaii, B KOtopoM OHH Moryr 6bITb 06uap)',KCHbl. 3ueprmi TaKIIX B036)':lK11eHHH . 

aHoManbHO YMCHblllaeTC.8 H, cnenoBaTenbHO, )'BenH'illBaeTC.8 BepO.STHOCTb lfX o6pa30BaHllil, 

B o6naCTH T0'{CK na6HnbHOCTH, B '{aCTHOCTII, npH pacCMOTpeHHOM CilHH-cpnon-nepexone, 

HH.nyuupoBaHH0M BHCIIIHIIM noneM. CymecrByeT npHHUHnHanbHaa BOJMO:lKHOCTb 

B036)':lK11eHllil MarnUTHblX . conllTOHOB npH HeynpyroM pacce.SHHII HeiiTpOHOB. He Mettee 

HHTepecnoii 6bIJia 6bl IlOilbITKa Ha6nIO.nenllil .llHcppaKUHOHHOro pacce.SHllil HCHTpOHOB Ha 

conHTOHax npH pacnane MeTaCTa6ttnbHOro COCT0.8Hllil. ,llJui 6onee TO'illblX . OUCHOK 

3KcnepHMCHTanbHbIX BOJMO:lKHOCTeii, 'ICM ::!TO c.nenaHO B uaCTo.smeii pa6oTe, Heo6xo.n11M 

.nanbHCHIIIHH TeopeTH'iCCKHH auanHJ npouecca o6pa30BaHllil CMIITOHHbIX B036)':lK11CHllil' B 

cpa30BOM nepexo.ne. . BH.llHMO, B nI060M cnyqae 06ttap)',Ket111e If ::IKCnepHMCHTanbHOe 

H3Y'fCHHe 3THX B036)':lK11eHHH CB.SJauo C ueManblMH cnO:lKHOCT.llMH,. o6ycnoBneHHbIMH, 
. " 

npe:ll(.lle Bcero, HX ManbIM "BpeMeHeM :lKHJHII" II HanO:lKCHHCM npyrnx npoueccoB, 

conp0BO:ll(.llalOIUHX ¢a30BYJO nepeCTpOiiKy. . 

CK:opee Bcero, paccMoTpeHHbIH cn11H-cpnon-nepexo11 ue .sBilllcrc.s natt6onee 

Il0.llX011.81UIIM npouecc0M, B KOTOpOM cne.noBano 6bI IlbITaTbC.8 11a6n1011aTb MaITIHTHblC 

con11TOHbl. EbIJIO 6bl HHTepecHO npoat1an11311poBaTb cnyqa11 .npyrnx . MarnllTHbIX cpa30BblX 

nepexo.noB nepBoro po.na B Marn11Toynop.s.no'fet1Hb!X BelUCCTBax. IlO-BH,llHMOMY, 

npllHUIIIlHanbHO BOJMO:lKIIO o6pa30BaHue CMIITOHOB II npu HeMarnHTllbIX nepexonax, 

11anp11Mep, npH CTpyKTypHbIX · <paJOBbIX · nepexo.nax, CB.83aHHbIX c 1111cpcpY3HOHHbIMII 

npoueccaMH B KpllCTaJIJIC. BoJMO:lKHO, 6onee MenneHHblC npoueccbl penaKcaUlfll npll ::!TOM 

JHa'iUTenbHO o6nef'lalOT peanmaUIIIO ::IKCnepHMCHTa. 

14 

·nuTeparypa 

I. A.M.KoceBll'i,· E.A.HBaHoB, A.C.KoBaneB. Hen11HeiiHbie oonHbI HaMarn11'iet1t10CT11. 

.Il11HaMll'iCCKlle II Tqnonorn'!ecKHe CMIITOHbl. KHeB, HayKOBa JzyMKa; 1988. 

2. B.B.Hmu, Coo6mettue OIDIH, P17-87-28, .Ily6ua, 1987. 

3. B.B.H11Tu, Coo6mett11e OIDIH, Pl7-87-121, .lfy6tta, 1987. 

4. H.B.Eapb.SXTap, E.A.HBaHoB, <l>mm,a Hll3KJiX TeMnepaTYP, .5., N°7, 759, 1979. 

5. B.E.rnacKo, <l>JlepIOCT, 51.TT.TepneuKHii, C.<l>.lliY11IypHH, )K3T<I>'. ,ll, 459, 1958 • 

PyKOilHCb nocrynHJia B H3)13TeJibCKH}! OT,lleJI 

28 q>eBpa.m, 199S ro,11a. 

15 



Be33a6oTHOB B.IO., HHTD;
0

B.B., OneHHHKC.A. 
HCJi:HHeii:Hhle rrepHO'AHqeCKHe BOJIHhI H COJIHTOHhI ·. 
B O'AHOOCHOM aHTmpeppoMameTHKe IIPH.CIIHH.:qmorr-rrepexoJ:te 

_. . ~ . . ' '·-~ --: ,· · ... 

P17-95-87 

· Ilonyqe,no scpcpeKTHBHOe ypaBHeHHe, OIIHChIBaIOIT(ee HeJIHHeHHhle Boa6yi
'AeHH51 B MarHHTHOH IIO'ACHCTeMe C>'AHOOCHOI'O aHTHcpeppoMameTHKanpH CIIHH
cpnorr:..rrepexo~e, HimYD;HpOBaHHOM BHemHHM MamHTHhIM IIOJieM. Ilpo-

.aHaJIH3HpOBaHhI pemeHH513TOI'O ypaBHeHHH; rrepHO'AffqecKHe MO'AYJIHJ)OBaHHhle 
BOJIHhl, IIJIOCKHe H ccpepHqecK11e conH;OHhI 'AHHaMHqecKoro THrra. BepoHTHOCTh 

. o6pa30BaHH51 TaKHX B036y~eHHii aHOMaJihHO YBeJIHqHBaeTC51 B o6JiaCTH TOqeK' 
na6HJI&HOCTH. PaccMOTpeHhi sKcrrepliMeHTM&Hhle B03MO)KHOCTH o6Hapy)KeHH51 
H ~cCJie'AOBaHHH ccpep:nqecKHX co.riHTOHOB c rroMO~hIO 'AHcppaKu;HoHHoro H He-. . - ' ., . ..- -

ynpyroro pac<:e5IHH51 HeHTpOHOB . 
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Bezzabotnov V.Yu.,· Niet~ V.V., Oleynik S.A> 
Nonlin~ar Periodic Waves and Solitoiis . · •·_.· • . 

. in Uniaxial Antiferro~a~nets at Spin-:1:_lop Transition 

.. The effective· equation describing nonlinear excitation•. in. the. magnetic 
subsystem of uniaxial antiferromagnets at the spin-flop transition, induced by -
an external magnetic field, is obtained. The following solutions ·of this equation 
are analyzed: periodic modulated waves and dynamic type plane and spherical 
solitons:Tp.e probability of tlieidormation increases anomalousJy in. the region 
of _the lability poirit: The e£perimental potentialities of the detection and re
search ofmagnetic sphericalsolitons using diffraction and inelastic scattering 
of the neutrons·are·considereci: · · . . 

. The investigation has been performeci·ai the Fra~k. Laboratory of Neutron 
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