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BBenem1e 

TTpll nepexone nepBOro pona B6Jlll3II TO'leK J1a611J1bHOCTH, T.e. rpaHHU 

MeTaCTa611JlbllOCTH cpa30BblX COCTmllllltt I al!OMaJJbHO )'MellbUiaeTCJI :;meprna H, 

CJJe)loBaTeJJbllO, )'BCJIH'IHBaeTCJI BCpOllTHOCTb B0311HKHOBCIIHH BOJIIIOBblX B036y,K,UeHHH C 

60JJblllHMH aMOJIHTy)laM~. ll.rnI onttca~tta TaKllX B036)')K)lClIHH l!CnOJlb3YJOTCJI HCJll!tteciHbie 

ypaBHeHtta )lBHJKelltta. AllaJJH3Y HCJll!HeHHblX "peryJJapHbIX" B036)')K)leHl!H 

nepl!O)lH'leCKllX MOJlYJJllpOBaHHbIX BOJIII ll COJlllTOHOB npH · cpa30BOM nepexone B 

a11Tmpcpp0Mamenute co CJJa6bIM cpeppoMameTH3MOM 11 np11 cmrn-cpJJon-nepexone B 

on11ooc110M attT11<peppoMameT11Ke, 6blJIH nocBJIIUellbI npeJlhlllYUille pa6oTbi'
1
•
2
•
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• XOTa 

B03MOlKHOCTb BOJIIIOBblX KOJ1e6a1mii C al!OMaJJbllO 6oJJblllHMll aMIDillTYJlaMl! OKOJIO TO'leK 

J1a611J1bl!OCTH He Bbl3bIBaeT COM11e1111ii, peaJJbllOCTb B03HllKHOBelltta npll ::!TOM 

npocTpaHCTBeHJJO JIOKaJJll30Bal!HblX B036)')K)lel!Htt - COJIHTOll,OB )ll!HaMl!'leCKOro Tllna (B . 

OTJIH'llle OT TonoJJornqecKl!X COJll!TOIIOB - )lOMeHHblX CTeHOK Jll!6o 11apYUieHl!H 

peryJJapHOCTH, CBJl1aHHbIX C nepeBopoTOM BeKTOpOB 11aMam11'1eHHOCTH B coce)lHl!X 

o6JJaCTJIX 11a 360°), JIBJJJleTCJI OTIIJO)lb He 6eccnopttoii. TeM 6oJJee noKa npl!X0)ll!TCJI 

COMl!eBaTbCJI B TOM, 'ITO BepOllTIIOCTb B03HIIKIIOBCIIHH TaKllX COJll!TO_HOB II BpeMJI IIX lKH3Hll 

MOryT 0Ka3aTbCJI )lOCTaTO'lHbIMll )lJ]g 11a6mone1111a B 3Kcnepl!Meu'i'e: O6meMY 

TeOpeTl!'leCKOMY aHaJJll3Y )lllllaMl!'leCKllX COJlllTOIIOB B Ma£1IHToynopanoqeHHblX BeIUeCTBax 

noCBJIIUeHo 6oJJbUIOe KOJlll'leCTBO pa6oT (CM., 11anp11Mep, ofoop
14

'); HO HaM ue ll3BCCTHO Hll 

onnoii,· xorn 6u 6e3ycnern11oii, nonhITKll 11x 11a6mone11ID1. 3m cBa3aHo, no uaUieMY 

M11e111110, c · TeM, '!TO ·B o6hI'IllhIX CJJyqaax ::inepfllJI TaKHX coJJHTOHoB BCJJHK;a H, 

CJJe)loBaTCJlbllO, Bepq»THOCTb cnol!TaHHOro o6pa3oBalltta IIJIH B036)')K)leHtta HX BHeUIHHM 

B03)leHCTBHeM O'leHb
0 

MaJJa. TaK 'ITO B HaCTOJIIUee BpeMll COJIHTOl!bl B KOH)leHCHpOBaHHbIX 

cpei\ax - 31'0, npelK/le Bcero, npo6JJeMa )lJJa ::1Kcnep11MeHTarnpoB. IPa30BbIH nepexon nepBoro 

pona npenCTaBJJJICT co6oii, B03MOlKHO, yHHKaJJbHYJO c11ryaUHlO, B KOTOpoii H3-3a 

aHOMaJJbllOro )'MellbllleHHJI ::rneprnH COJIHTOIIOB )ll!HaMH'ICCKOro THna noJIBJJalOTCJI Ha)le)KJlbl 

Ha B03MOlKHOCTb HX 'Ha6JJIO)leHl!JI. ;laMaH'IHBblM npe)lCTaBJJJICTCJI He TOJlbKO, o6Hapy,KeHHe 

TaKOro npHHUHnHaJJhllO HOBOro B cpH3HKe KOH)leHCHpoBaHl!bIX cpen THna B036)')K)lel!HH, 

KaK )lHl!aMH'leCKHe COJIHTOl!bl, HO ll BbIJIBJlel!He , HX peryJJHpyiomeii pOJJH, CCJIH Olia 

npoaBJJaeTca B npoueccax 3apoJKJ1e1111a uowro cpa3oBoro · coCToautta. B nan11oii pa60Te 

paccMoTpena eme on11a MOJleJJh cpa3oBoro nepexona nepBoro pona, KoTopaa MOJKCT 

npencTaBJJaTb Hl!Tepec IIC TOJlbKO )lJ]g TCOpHH, HO H )lJJa 3KcnepHMCHTa: noBe)lCHHe 

cpcppoMameTHKa C al!H30Tponueii THna "JICI'KaJI OJIOCKOCTb" npH neiiCTBHH MarnHTUOro 

noJJa, napaJJJleJJbHOro OCH aUH30Tpomm. 

1. IIepHOJlIItJecKIIe MonyirnpoBaHHLie BOJIHLI npeu;eccIIII 

TTpennoJJaraeTca, '!To noJJe H, uanpaBJ1e1111oe no OCH anHJOTponHH Z, noCTaTO'IHO 
, l - ,< 

BCJIHK0 H, CJIC)lOBaTeJJ,bHO, yroJJ MClKJIY BCKTOpOM HaMaIBH'ICHHOCTll mo H OCbJO z 
)lOCTaTO'IIIO MaJJ, 'IT06bI MOlKHO 6hlJIO 3UCpflllO npe)lCTaBHTb B BH)lC 



E = Mof [- K1 lml2 - K2 lml4 + K3 lml6 + ~lvmol2 - mzH]ax dY dZ. (1) 
-2 4 6 2 

3)lCCb m = mx :t imy (OCH X H f · nepnCH)lHKyIDipllbl OCH a!IH30TpOnHH Z), 

lm0 j2 = lmf + mf = 1, 1ml << J. <PaKTH'ICCKH B BhlpalKCHHH (1) yqTeHa H ::ittepnut, 
. ' 

cmt3allllall C pa3MarnH'iHBaKl!UHM noJieM o6pa3Ua, KOTOpoe npe)lllOJiaraeTCll O)lllOpO)lHbIM H 

ttanpaBJICHHbIM no OCH aHH30Tpom-m. JJ:onyCTHM, 'ITO BblllOJIHlleTCll ycJIOBHe, 11eo6XO)lHMOe 

· )lIDI nepexo)la nepBoro po)la: Kz > K1/2. 
om . a: = [m0 H], r)le YpaBHCHHe )lBIIlKCHHll 

- · .&£ 2µBKJ H=--. - T=--t an
0

' h ' 
npn 

OTMe'leHHblX ycJIOBllllX CBO)lHTCll K ypaBHCHHJO ~ m(r, -r): 

Lim+ i ': = (h-l)m-Alml
2

m+ Blml4 
m. (2) 

aT · . H · (. K2 . 1) ( K2 K3 1) 
B (2) BBe)leHhl o6o3Ha'leHHll: h = - , A = - - - , B = -- + -· - + - H 

K1·· K1 2 2K1 K1 .8 

npOH3BC)lCH nepeXO)l K 6e3pa3MepHblM KOOp)lH!laTaM: r = . (K; R. . v-;-
OcHOBHble perneHHll HeJIHHCHHOI'O ypaBHCHHll (2), B TOM 'IHCJie nepHO)lll'ICCKHe 

MO)lynnpoBaHHbte BOJIHbl ll COJIHTOHbI; ll3BCCTHbi'
5
-
81 

H llCIIOJib30BaJIHCb npH aHaJIH3e 

pa3JIH'IHhIX HeJittHeiitthIX llBJieHnii
19

•
10!. B )laHHoii pa6oTe paccMaTpHBaJOTCll oco6eHHOCTH 

3THX perneHHH, llpOllBIDIIOIUHCC51 npn Mal1lHTHOM qla30BOM nepexo)le •. 

11Me51 B BHJ:\Y BOJIHOBOe B036YlKJlCHHe, pacnpocrpaHllJOIUCCCll 6e3 H3MCIICHHll npOqJllilll co 

CKOpOCTbJO V B)lOJlb OCH X, H HCXO)lll
1 

ll3 CHMMeTpllll MO)leJIH OTHOCHTeJibllO OCH Z, 
paccMaTpnBaeM pernettHll ypaBHeHHll (2) B BH)le 

·. m(x,-r) = ei(kx-co-r)q[(x-v-r),}'.,Z], ' (3) 

r)le q[ (x -v-r), y, z ]- )lCHCTBHTeJibHall qiyHKUHll (paccMOTpCHHC JICrKO o6o6maeTCll Ha 

cnyqan m;l36YlKJlCHHH, )lBHlKYJUHXCll B npOH3B0JlbHOM 11anpaBJICHHH), B pe3yJibTaTe 

nonyqaeM ypam1eHne 

,1q = (c - co)q-Aq3 ·+ Bq5 (A> 0, B > 0) (4) 

H COOTHOlllCHlle MelK)ly CKOpOCTblO ll BOJIHOBblM BCKTopoM: 

V = 2k, (5) 

r)le E = ( h - J + k2 ), ,1q - JianJiaCHaH B )lBlllKYJUCHCll CllCTCMe KOOp)lHHaT 

(x1,Y,Z) = ((x-v-r),y.z). TTapaMeTp E llC~()Jlb3YeTCll )laJiee B' Ka'ICCTBC irnpaKTCpllCTHKH 

• BeJill'lllllbl Marnnnmro IIOJill. 

f1JIOTHOCTb 3Heprnn BOJiilOBbIX B036YlKJlCHHH, COOTBeTCTBytOIUHX ypaBHCHHIO (2): 

( ) 11 · 12 h - 1 12 A I 14 B I ... ,6 . e r, -r = - Vm + --Im - - m + - m . 
2 2 4 6 

(6) 

\ ' .. · 
Btta'laJIC paCCMOTplIM KBa3HO)lHopom1oe, T.e. HCMOJlYJIHpOBallHOC perne11ne ypaBHCHHll 

(4), KOf)la q = q0 =const. B 3TOM CJI}"i~C )lHCIICpCHOHHOC COOTIIOWCHHC HMCeT Bll)l .. 

C00 = E -Aq; + Bq:. (7) 

2 

[lnoTHOCTb 3Hepnm TaKOI'O B036YlKJlCHHll: 

E 2 A 4 B 6 ~=-%--%+-%, 00 
2 4 6 

Ha pHc.l npHBC)le11a JaBHCIIMOCTb eo (pHc.la) H cooTBCTCTByt01Ueii qaCTOThI COo (pnc.lb) 

OT aMIIJIHTYJlbI q
0 

)lIDI pa3Jl11'1HbIX 3Ha'leH11ii E. HeB036YlKJleHHOMY qJaJOBOMY coCTOllHHJO I 
COOTBeTCTBYeT 3Ha'leHne qo = 0. B 3TOM COCTOllHllll KpllCTaJIJI HaxO)lllTCll npn 60JibllIOM 

311aqeHllll MarnHTIIOI'O nOIDI. )lpyroe MHHHMaJibHOe 3Ha'leHne BCJill'lllHbl eo )lOCTHraeTCll 

npn 

(9) 2 2 A( ~ 
qo =qu = 2B 1+v1-A2 )" 

2 

lBBeo I / / ""-J.. ··7 I I I a 
AEeq 

O r, \ I I / I I Pnc. l. a) 3aBncnMoCTb 3Heprnn 

KBa3lIO)lHOpO)lHblX B036YlKJlCHllH OT 

aMIIJIHTYJlhl npn yKa3aHHbIX 

OI I 3Ha'leHHllX dEeq (B )laHHOM CJiyqae 

b = qo). 

-2 --+-----.-L--J---f---,---,---'--, b) ·, 3aBHCHMOCTb 'laCTOTbl 

I I I 1 1 
npem,ccnH ""'6y>UlettHH ITT 

i
o 1 2 28 b2 3 

aMIIJlllTYJlHOI'O napaMeTpa b: 
3(co - e) /A coo .ll)lll KBaJno)lHopoJlHhIX 

4eeq , . . . B036YlKJlCHHii; COJ - ,ll)lll IIJIOCKHX 

b COJIHTOHOB I; cou - ,ll)lll IIJIOCKHX 

conHTottoB II (coBna)laeT c 

- , OTpe3KOM Ha KpllBOH coo); 
0 k. , 'L I / I nyttKTHpHbie nnHnn - .ll)lll 

!. 1 ~ I n~•o--x Mo~•~~•~ I , , ro - _ _ BOJIH npn pa3JIH'IHbIX 3Ha'leHHllX 

'\ , I - 2 . ' , ' : _ _ a , npH'ICM 
2 

llOJIOlKHTeJibHblM 

•l - - - · 3Ha'ICHHllM a COOTBeTCTBVIOT 
·_' -+----~- 0) r~· 
J. -l II I I KpHBbie, Jie:lKa1Une Hll)Ke (OJ, 

11 OTpnuaTeJibHblM - Bblllle COJ. 

. 
,1 
I 

3 



Ilpn STOM OJ O = 0. B cnyqae k = 0, T.e. e = (h - 1)', STOT MHHHMYM coorne-rcrnyeT 

HeB036y,KJleHHOMY O.llHOPOllHOMY cpa30BOMY COCTOllHlllO II, B KOTOpOM KpllCTaJIJI HaxOllllTCll 

npll MaJIOM 3Ha'leHHH MarHHTHOro noJI}I. J].HHaMH'leCKOMy cpa30BOMY paBHOBeCHIO (HMeeTCll 

B BH.!IY o6~ii cnyqaii k 'I: 0 ). KOrlla 3Heprm1 llByx MIIHIIM}'MOB paBHbl HYJIIO, COOTBeTCTBYeT 

111A .. 3A 2 
aMIIJIHzylla llJI}I COCTOllHHa u. paBHaa qo = - - , H COOTHome1111e E = Eeq = -- . 

2 B 168 
.l{HHaMH'IeCKHM TO'IKaM Jia6HJibHOCTII, T.e. rpaHHUaM MeTaCTa6HJibHOCTH COOTBeTCTBYfOT 

2 4 2 A2 
JHa'!eHna: e = 0, h = 1-k - llJIH coCToatt11a I H & = -&eq, h = 1-k +- (np11 STOM 

3 48 
2 A . 

qo = -) - llJI}I COCTOllHHll II. IlpH OllHOpOllHOM B036y,KJleHHII (k = 0) npeuecc11a 
2B 

npOIICXOllHT CHHXpOHHO no BCeMy o6oeMy. 

PaCCMOTpHM cnyqaii, KO[Jla BeJIH'lllHa q ll3MeHlleTCH Jlllillb B OllHOM HanpaBJieHHII, no 

OCH x. B peJyJibTaTe nepBoro IIHTerp11poBaHHll ypaBHeHtta (4) nonyqaeM 

1 (d )2 
2 ; = U(q)- Uo, (10) 

e-m 2 A 4 B 6 
rlle U(q) = --q --q +-q (11) 

2 4 6 
XapaKTep pemeHHll ypaBHeHtta (10) JaBHCIIT OT BbI6paHHOro 

HHTerpnpoBa1m~ Uo. Pemenna HBJilllOTCll llettCTBHTeJibHbIMH, eCJIH 

JHa'leHtta KOHCTaHTbl 

U(q1)::;; Uo::;; U(q2) . 

(cM. pnc.2), rlle . 

qf 2 =·-A-(n= ✓1 __ 4_Be) 
• 2B . A2· 

- JHa'leHna, COOTBeTCTBYfOJUHe 3KCTpeM}'MaM noTeHUHaJia U(q). 
3m pemeHtta Bbipa)KafOTCll 'lepe3 KOPHII. 6HKy611qecKoro ypaBHeHtta 

U(q)-Uo=0, 

a2 = :n [ 1- ~l-4-B(_:_;_m_\ cos~+ ✓3 sin~) l 
b2 =~[1- /1-

4
B(e-OJ. )(cos!!_-✓3sin!!_)] 

2B . V A2. 3 3 ' 

c2 = ~rl + 2 1- 4B(e - OJ) cos!!_] (a2 :;; b2 :;; c2), 
2B A2 3 

rlle cos0 = r~(A2 
-3(e-OJ))+3Uo][_!_(A

2 -,2(e-OJ))]-J/2 
2B 2B 2B 2B . 

(12) 

(13) 

(14) 

(15a) 

15b)_ 

15c) 

(i6) 

Ilp11 HJMeHCHIIII Uo OT U( q1) llO U( q2) yron 0 113MCHlleTCH, COOTBeTCTBCHHO, OT O llO li • 

. lh (15) CJiellyeT, 'ITO BbinOJlllllCTCH COOTHOilleH11e. 
. 3A 

a2 +b2 +c2 =-. (17) 
2B 

4 

\1 

licKJIIO'IaH 113 (15) yron 0, HaXOllllM 3aBHCIIMOCTb qaCTOTbl OJ OT k II napaMeTpOB, 

xapaKTepll3YfOJUIIX aMnnIITYllY·ll cpopMy MOllYJlHUIIH: 

OJ= e-f[~~(a2 +b2)-(a4 +b4)-a2b2l (18) 

Peme1111e ypaBHeHHH (10) npll BCex JHa'!eHIIHX Uo 113 llllallaJOHa (12): 

- q =+·bl.~•' m2
[ ✓1(c2 -a2) b(x

0

-v<), .-Jr·' 
c ✓b2 .:. a2 

me MOllYJib sn-cpyHKUIIII K = - -2--2- . CooTBeTCTBYfOJUee Bb1pa)Kem1e llJIH m: 
b c -a 

(19) 

[ 

2 2 ]-0.5 
m=a 1-b b~a sn2(u,K) ei(k.x•m> (20) 

OTIIICbIBaeT TpexfiapaMCTpll'IeCUle BOJillbl, . aMHmlTylla npeUeCCIIII B KOTOpbIX 

npoCTpaHCTBeJIIIO MOllYJillpOBaHa: CneJiyeT paccMaTpl!BaTb JIBe pa3HOBIIJIHOCTII 3TIIX BOJIH. 

I. Uo:? 0. 
B 3T~M cnyqae CV $ e, a2 ~ 0, BeJill'Illlla q MOJIYJIHpyeTCll B npemi:nax OT a llO b (c~. 

p11c.2). B KaqecTBe Tpex napaMeTpOB MOryT 6brrb BbI6paHbl 3!1a'!e1Illll (a. b. K). Ilp11 STO·~ 

qaCToTa cv onpeJieJilleTCli Bbipa)KeHHCM ( 18), a BeJIH'Imia c - COOTIIOillCll!leM ( 17). J,b ( 17) 

11 cooTHome1111ll b 2 s c2 cneJiyeT, 'ITO napaMCT~bI a II b YllOBJieTBOplilOT ycnoBHliM: 

0 $ a $ - , a $ b $ - - - a . Ilp11 STOM nep11OJI MOllYJillUHII 2 A 2 2 1 (3A 2) 
2B 2 2B 

L = 2✓2 :(K) [ A - 2: (2a2 -b2)T0.5 (21) 

(K( K) - noJJHbIH sJJJJHnTH'lCCKIIH 1rnTcrpan nepBoro poJia). 

TTpll b2 "' c2 ncpllOll MOJlYJlllUIIII a11OMaJil,IIO Y5eJill'lHBaCTCl1: 

L ~H~~ -a2 
)(:. -a

2 f' In 
0
,(,;~'•')' 

(22) 

~----
!_(3A -a2). 
2 2B . a BcpxHllll rpa,mua ai.lnJIHTYJlbI MonynllUIIII b 6mnKa K 

B 'laCTHOM cnyqac a2 = b 2 nonyqacM KBa3HOJlHOpom1yw Bonny (7) - (9) c aMnmnynoii 

b. ynoBJICTBoplllOJUCH ycno11111O 0 $ b2 
:;; ~ 

2B 

CMCIUCHIICM na<Ja.na KOOpJlllllaT u ➔ u + K 

[ 

2 i ]-0.5 b -a 2 
q=bdn(u,K) 1--2--2 sn (u,K) 

C -a 

5 

Bblpa.lKCIIIIC ( 19) npco6pa:1ycTCll K llllllY 

(23) 



B 'iaCTHOM cnyqae b2 = c2 m (23) nonyqaeM KBa3HOJlttopoirnyio Bontty (7) - (9) c 

aMruJHTYJlOH b, ynoBJiernopllIOllleH ycn0B1110 ~ :s; b2 :s; JA (np:, ::!TOM no.-npe.lKHeMY 
28 48 

m :s; e ). 

2. U0 :s; 0. 

B ::!TOM cnyqae a2 
$ 0. )J.nll paCCMOTpeHl!ll MOJlym,poBaHHOH BOJIHbl uenecoo6pa3HO B 

(19)-(20) npo113BeCTII 06pa1Uett11e 3JIJil!nTl!'ieCKIIX !pj'llKUIIH u ➔ KU, K ➔ K 01 . B 

pe3ynbTaTe nonyqaeTCll Monyn11poBaHHal! BOJilla C aMilJIIITYJlOH npeuecc1111, 113MeHlll01UeHCll 

Me)l()Iy (-b) 11 b (cM. p11c.2): 

[ 
2 · ]-0.5 

m = b ei(kx-a,i-) cn(u,K) 1-:
2 

sn 2(u,K) , (24) 

✓8 ( ) b fg2 
·. a

2 
( ) 3A me u =- b2 -a2 c(x-vr), K = - ----i--T; np11 ::!TOM -a2 = b2 + c2 

"7 - ~ 0. 
3 c b -a 28 

AMruJHTYJlllbie napaMCTpbl (b, c), xapaKTep113YJOIUl!e BOJIHY (24), YJlOBJICTBOpllIOT ycnOBHllM: 
. •· 3A . . 

c1 ~ b2 ~ 0, c2 ~ -. - - b2 . flpH MaJiblX 3Ha'ietIHllX b BOJIHa (24) HMeeT BHJl 
28 

i(kx-an) [ 8( 2 · · 2 3A) ( )] m = be cos 3 c + 2b -. 
28 

c x -vr (25) 

H MO,KeT paCCMaTpHBaTbCll KaK cynepn0311UHll JlByx KBa3HOJl_HOp0JlHbIX rapMOHH'ieCKHX 

BOJIH: 

m = !!..ei(k+x - m+rJ + !!_ei(k_x- m_r) 
2 2 , (26) 

me k± = k ± ,11(> + 2b
2 

- ~;) c, m± = w ± 2kjf (c2 + 2b
2 
-~;) c. 

flpH i,2 = c2 
/lJIHHa BOJil(b( L MOJlYJillUHH norapl!!pMH'ieCKH YBeJIH'iHBaeTCll H BOJIHa 

(24) np1106peraeT xapaKTep nepnonnqecKoH JlOMeHttoii CTPYKTYPhI; aMIIJlHTY/lhl npeuecc1111 

B coceJIHHX JlOMeHax pa3JIH'iaIOTCll JIHlllb 3HaKOM (-b H b), T.e. B JlOMeHHbIX CTeHKax ipa3a 

npeuecc1111 H3MeHlleTCll Ha 1(. Kouqi11rypaum1 JlOMelIIIOH CTeHKH MO,KeT 6b(Tb nonyqetta 

npeo6pa10Ba1111eM Bblpa,KettHll' (24) nyreM CMe1UeHHl1 Ha'iana KOOPJlHHaT u ➔ u + K; 

[ 1

-0.5 

m = b /(kx-a,i-) sn(u,K) l+ 
2 

b: JA cn2 (u,K) , 
b +c --

28 

(27) 

me u = ./~!!._(_c_2 _+_2_b_2 ___ J_A_) c(x-vr). 

3 2B 

flpn b
2 = c2 , T.e. /lJill JlByx nony6ecKOHe'iHbIX JlOMeHOB, !13 (27) nonyqaeM 

KOII!pHrypa1111IO CTCIIKH Me)l()Iy TaKHMH JlOMellaMH: 

6 

··~ 

[~ l
-0.5 

3 b2 -~ · 
m = b /(kx-a,i-) sh s 

2 
!! + sh s , me s = ✓ 8(b 2 

- :
8

) b(x-vi').(28) 
2b --

28 

3nech b2 > 3A 
48 

flpH ::!TOM !13 (24) nonyqaeTCll KBa3HOJlHOpOJIHal! BOJIHa (7)-(9), 

npeJICTaBJillIOlllal! co6oii B036y)l()IettHe BJlaJIH OT JIOMeHHOH CTeHKH. ITp11'ieM ecnn 

3A b2 < A · • < > b2 ~ A -< --, To m_e, 11 w_e, ecn11 _-. 
4B B B 

2. IlnoCKHe COJIHTOHLI 

flpH a = 0 B (23) nonyqaeM Bbipa,KeHHe /lJill JlByxnapaMCTpH'iCCKOI'O COJIHTOHHOI'O 

B036y)l()IetIHll !pa30BOI'O COCTOllHHll I (COJIHTOH I, p11c.2a): 
. ---- -0.5 

m1 = ,/!~ (1- al) ei(kx-a,ii-){l+ a1 ch[ 2✓eeq(1-al) (x -vr)]} , (29) 

( 
4Bb

2
) rne al = 1-----:iA , npH'ieM aMilJIHTyJla b COJIHTOHa I YJlOBJICTBOplleT ycnoBHJO 

2 3A · 0 :s; b $ - , a qaCToTa npeuecc1111 paBHa 
4B 

m1 = e- eeil - al). ,. (30) 

Ecnn onpenen11tb' -nmp11tty L1 con11Totta 

aMilJIHTYJlhl npeueccnn paBett b
2
/2, TO 

I 3Ha'iel!HllMH X, npH KOTOpbIX KBanpaT 

L1 = / ( 
1 

2) arch(2+..l.). 
Eeq 1-a1 al 

· ' 2 3A 
ITp11 MaJihIX 3tta'iettHllX aMilJIHTYJlhl ( b << - ) : 

48 

(31) 

. HJ L1 = 2 - -. (32) 
Ab, 

flp11 aMruJHTYJle con11To11a I, 6nn3KOH K MaKCHMaJihHOH ( b2 = JA ) , Kor.ua a1 = 0, 011 
4B 

npno6peraer npllMOyroJibHYJO .!pOPMY (cM. pnc.2a): 

:1m
1 
= (3A ei(kx:a,1i-J[1 + al' exp[2[e;; Ix -vrl]]-0.5 
~~ 2 . , 

(33) 

(ro1 = E ,- Eeq), aero lllHpHtta CHOBa )'BCJIH'iHBaeTCll: 

1 ,.--:z 
L1= ,.;- arth,Jl-ai. 

veeq 

(34) 

3ueprnll COJIHTOHa I (OTtteceHHal! K e)lHHHUe IlJIOJUa)lH): 

7 



I 

,-;;-:::: 

00

f 3M o.Ji0a A ~( e ) r.--::i ~i E1 = Movl\.JU e1dx = ---- Eeq --1 arthvl-Gj + vl-Gj .(35) 
--oo 8B . Seq 

3A 
IlpH 3HatJeHID!X aMWIHT)'Jlbl b, 6JIH3KHX K MaKCHMaJibH0M)' ( b = - ) . nepBasI tJaCTb 

4B 

Bbipa:lKCHIDI (35)
0 

npeJlCTaBmiei; co6ott o6'beMHYJO tJa~b 3HepmH C0JIHTOHa, a BTOpasI -

::ittepnuo JlByx ero rpaHHU. 

Ilpll MaJIOH aMWIIIT)'JlC 3Hepl'llil C0JIIITOHa I nponopUH0HaJiblla BeJill'lHHe aMWIHTYJlbI: 

E1 = Mo✓2~a eb. (36) 

HH:lKe T0'IKII JlllH3MH'ICCK0I'O !pa30B0I'O paBH0BeCml (npll E < E,q ) o6'beMHasI 'laCTb 

3Hepnm 0TpHU3TeJibHa. ECTeCTBCHHO, 3Hepl'llil, C00TBeTCTBYJOIUasI rpaHHUaM C0JIHT0Ha, 

noJI0:lKHTeJibHa Bcerna. 

EcJIH O < e < E,q, npH 

b2 = bjm. = 3A [1 - ✓1 '- e ) 
4B Eeq 

(37) 

3!iCPfIDI Er MaKCHMaJibHa II paBl!a (CM. p11c.4) 

3Mo.Ji(;aA c-[~ ( e ) R;] E1m = --~--vEeq - - 1-- arth -. 
8B Eeq Eeq Eeq 

( ";?_ 0) • (38) 

HatJHHasI C HCK0T0poro 3Ha'le'mu1 aMWIHTYJlbl, 3HCpfIDI TaKHX C0JIHT0H0B . CTaH0BHTCll 

OTpHU3TeJibHOH. 

CoJIIITOllbl I B03M0:lKHbl H Bile npeJleJI0B, onpeJleJillCMbIX HepaBeHCTB3MH O < E < E,q, 110 

npH E < 0 IIX 3Hepmx 0TPIIU3TeJiblla, a npH E > E,q COOTBeTCTBeHH0 noJI0:lKHTeJib!ia npH 

JI_I06bIX nonyCTIIMblX 3113'lCllllllX aMWIIITYJlbl. 

IlpH O < E << E,q, T.e. WJill311 JlllllaMll'ICCKOH TO'IKII Jia6HJibHOCTII' C0CTOllllIDI I, KOfJla 

aMilJIIITyJla coJIHTOlla I c MaKCHMaJI~HOH ::i11epmeii (38) Mana II paB11a blm = !... ✓JA e , 
2 2B, Eeq 

2 
COOTBeTCTBYJOIUasI llIHpHl!a COJIHTOl!a I: Lim = ✓e • B6JIH311 T0'lKII JlHH3MH'ICCKOro 

!pa30BOI'O paBHOBCCIDI (e = EeqJ aMIDIHT)'Jla COJIIITOHa I MaKCHMaJibHOH 311epm11 6Jill3Ka K 

_ ( 2 3A) ' 1 . ~ MaKCHMaJibllo B03M0:lKHOH b1m = - . Ilp11 3TOM Lim = r;- arth --. 
. 4B .. ,. vEeq Eeq" 

TaKHM o6pa30M, nmpmrn COJIIITOl!a I MaKCIIMru:1bHOH ::i11epm11 aH0MaJibllO B03paCTaeT 

He TOJibKO B6JIH311 !pa30BOI'O paBH0BCCHll, HO II np11' np116JI11:lKe111111 K TO'IKC Jia6HJibllOCTH. 

CnenoBaTeJibHO, npH HCK0T0p0M 3H3'lCHIIII E ( 0 < E < Eeq) lllllplllla KpHTH'ICCKOro 

COJIHTOl!a I HMeeT MHIIIIMaJibll0e 3H3'lCHIIC. 

KpoMe 3HepmH, M0:lKCM n0JIYtJHTb Bblpa:lKellllll JlJill JlByx Jlpymx IIHTerpaJI0B C0JIIIT0l!a I 
- HMnyJibCa H M0MCHTa: 

8 

r' 

~ 

Motl J ( cln;) Motl ·Ii r.-:::i P1 = -- lm m1 - dx = -- - k arthv 1 - Gj , 
2µB iJx µB B ·· 

(39) 

M1 = Mo ~Jlm112dx = Mo✓ Ja arrh✓l-Gj. VKi K1B 
(40) 

O6pamaeT 11a ce6ll BHHMaHHe IIC33BHCIIM0CTb MaKCIIMaJibllOH aMnmnyJlbl COJIIITOIIOB I, 

- 1 /3A b paBHOH 
2 
VB , OT Mamm11oro noJill .11. TCM caMbIM, oT 11 aMWIHT)'/lbl, 

COOTBeTCTBYJOlllCH MIIIIHMYMY ::i11eprm1 !pa30BOI'O C0CT0llllHll II. BcJICJlCTBlle 3TOI'O np11 

E < Eeq COJIIITOII I C MaKCIIMaJibllOH aMnmnynoii, Koma ero lllllplllla CT3ll0BIITCll 

6eCKOHC'lllOH, a ::i11epmll C00TBCTCTBCHII0 crpeMHTCll K (-oo), 11e JlOCTHraeT !pa30B0f0 

COCTOllHIIH II, TaK KaK npiJ 3T0M aMIUIIITyJla, COOTBeTCTBYJOlllall COCTOlllllllO II, lffA .. . i 4 bu> - - . Ii' 11ao6opoT, npll Eeq < E < -Eeq aMnJI,HTyJla TaKOfO npelleJibHOfO 2 B 3 , , ,, 

coJI11T011a 'I , (np11 3TOM E1 ~ 0) 6oJiblllc, 'ICM bu. B ;TOM c~YtJaC com1TOHbI I c 

aMnJIHTYJlOH, paBIIOH bu , IIMCIOT KOIIC'lllYJO ump1111y. Ii TOJibKO npll E = Eeq CO~HTOII I c, 

MaKCHMaJib~OH aM11JIIITY/IOH (11 L1 -) 00 ) npenCTaBJillCT co6ott MaKpOCKOrill'lCCKIIH JlOMCII 

<paJOBoro coCTollHHll II c aMrIJIHTY/IOH bu. 

Conmon npyroro rnna (comno11 II) noJIYtJaCTCll H3 (19) np11 b
2 == c

2 
(pile. 2b): 

, ·., 05 

m
11 

= a ei(kx-,.air){1-G11 th2[-2-✓eeqGII (x-vr)]}-. , , (41) 
, 3-Gu 

4Ba2 2 A 
rne G11 = 1- . 

2
; napaMeTp a Yll0BJieTBoplleT ycn0B11K1 0 ~ a ~ -. BCJ111tJ1111a 

3A:.. 2Ba 2B 

b = !__PA - 2a2, lmul B comno11e 1nMe11J1eTcll B npeneJiax o.T a no 311atJe1111J1 2 B , 

COOTB~TCTBYJOIUCfO KBa,HO/IIIOpOJlllOMY B036}')K!ICIIIIIO. lfaCTOTU npeuecci111 pamia np11 3TOM 
3 :_ 2G

11 
, . 

w11 = e--leeq 
2

• (42) 
(3-Gu) 

Bb1pa:lKCHHasI tJepe3 napaMeTp b, tJaCToTa mu 11MeeT Bllll Wu'= e-Ab
2 

+ Bb
4

, 

COBna)laIOIUIIH C 3aBHCHM0CTbIO JlJill KBa3110/IIIOP0Jlll0fO ll(J36Y:lKJ1Cllllll cpa,011i1ro COCTOllllllll 

II (cM. (7)). 3'ro ,, 031latJa(.."T, 'ITO C0JIIIT0II II npC/ll-"TaBJillCT co6ott JIOKaJlll301\aIIIIOC 

B036Y:lKJ1CIIIIC . C OTpHUaTCJlbllOH aMnJIHTY/IOH Ha "110/lJIO:lKKC" Kl\a3110/1110p0llllOrtl 

ll(l36Y:lKJ1Cllllll. 

ll1Hp1111a ua II0JI0IIHIIC KIIUJlpaTa aMIUIIITYllbl npeuccc1111 COJIIITOlla II, T.C. llpll 

2 1 (3A 2) q = 4 28 
+ a , pam1a 

3-Gu 1 
Lu = ~=== arth--· . 

✓EeqGII .j2-Gu 

(43) 

9 



Ilptt 6onbl11oii aMrmHTyne, Koma Gu = I ( a2 = 0, b2 = JA ) , conttT011 II, nono6110 
· ·· 4B ' . 

conttrntty I, nptto6peTaer np}JMoyromnyio cpopMy (cM. p11c.3b): 

mu= - e +---e v"'eq _ ~A i(kx-aJuT)[J . 4 -2 ~Ix -vrl]~0.5 
4B 1-Gu 

(nptt 3TOM ( OJu = e - Eeq )). a mttptt11a ero 

. Lu = le;; arth..jcf;;. 
1 

• 

1.0 

{4ii 
fjiq 

1
0,5· 

1.0 I s s ss · 

{4ii 
viiq 

0.5 

(44) 

(45) 

,, 

0.0~ ~ o. o I :'S>:-..__...-?::::' I 
-20 -JO 0 JO 20' -20 .JO 0 JO 

A /3 
2fii(x-vi-) 

A /3 
2Vn(x -vi-) 

Pttc.2. TTpoCTpaHCTBClllfOC pacnpeneneHHe BenH'lH!lhl q B nnoCKHX 

conttrn11ax nptt cnenyromttx · 3Ha'letttt}JX napaMerpoB G, ' H Gu, 
COOTBCTCBCHtlO: 

a) 1 - 0.97, 2 - .0.9, 3 - 0.7, 4 - 0.1, 5 - O.Ql, 6 - 0.001, 7 - 0.0001; 

b) 1 - 0.1, 2 - 0.5, 3 - 0.9, 4 - 0.99, 5 - 0.999, 6 - 0.9999, 7 - 0.99999. 

20 

,3~eprn}l CO;HTOHa, II, OTC'lHTbIBa~MaH 
0

0T 3!Jepnm KBa3HOll110p0llHOH BOnHbl (7) - (9), 

}lfln}JIOllleiic}l "oc1;0BaHHeM" 3TOfO conHTOHa: 

.Eu =:Mo.JKpf(eu-e0 )dx=Mo.JK1a
3A Je;:;[(1-...!._)arth..jcf;; + .Jc;;;].(46) 

· , , . · , 4B Eeq 3-Gu 

11Mnynhc _H MOMCHT conHTOHa II: 

Mon I ( am;, am~) 3M0 M rr-Pu= -- Im mu---m0 -- dx = r;:- k arthvG11 , 
2µ8 Jx Jx 4µnB-yEeq 

(47) 

IO 

i} 
' 

J 

) 
·, 

Mu= Mo ~f[lmul2 -lmol2] dx = ~ 37t arth..ja;;. VKi VKi 4B Eeq 
(48) 

TTepBoe cnaraeMoe B (46), npenCTaBn}JIOlllee co6oii npH 6onhmttx 3Ha'leHH}JX aMrmHTyllhI 

conHTOlla ( b2 = JA . a2 = 0 ) 061,eMHYKJ 'laCTb ' 3HeprnH, U3MCH}lef 3HaK B TO'lKe 
4B 

ii.HHaMH'lCCKOfO !pa30B0f0 paBHOBCCH}l. 

4 
113 (46) cnenyer, 'ITO ecntt Eeq < e < 

3
eeq,.nptt 3Ha'leHHH. 

Gn =3 --- -. --1 · (49) 
~(~

Eeq ~Eeq) . 
m 3e .Je 

~ \ ~ f ' ' 

3Heprn» conHTO!la II nptto6peraCT .. MaKCHMaJJbHOC 3Ha'ICHHC. 3ttepl1f}l TaKOfO 

KpHTHqecKoro 'conHTO!la Il H em a~IlJJ~Ty,ua 06pama10Tc}i B 11ynh B llHHaMH'lCCKOH ToiiKe 
·, '4',. ' " 

na6Hnb!IOCTH (npH. E = 3Eeq); H 3HCpl1f}l o6pamaCTC}l B 6eCKOHC'lHOCTh, a aMflJlHTy.Ua' 

npHHHMaeT ~aKCHManhHoe 3Ha'lettHe (riptt 3TOM a = 0, b2 = JA ) B ,uHHaMH'lecKoii TO'lKe 
· · .. · · 4B 

!pa30B0f0 paBHOBCCllil (npH E = Eeq ). 

4 
IlpH E < Eeq 3HCpl1f}l conHTOHa II nonolKHTenbHa , a npH S > -Eeq OTpHUaTenhHa 

3 
OTHOCHTenbHO KBa3HO,llHOpO,llHOfO COCTO}JHH}l npH nl06bJX ,uonyCTHMhlX 3Ha'ICHH}JX 

aMnnHTY,llhl. ' ' . 

IlpH Marroii aMrmlny,ue conHTOHa II ero ::iuepl1f}l paBHa 

Eu= Mo/K;a Je;;(i.Eeq-e).Jaii. 
. 4B Eeq 3, . 

(50) 

KaK 6bmO y,i<e nOKaJaHO, KIDK,llhlH H3 conHTOHOB II cml3aH C onpe,ueneHHOH 

KBaJHo,u11opo,u11oii BonHoii. Ilo::irnMy ,lln}l B03HHKHOBCHH}l conHTona II c MaJJOH aMflJlHTy.UOH 

H, COOTBCTCTBCHHo; C MaJJOH no a6conlOTHOH BenH'lHHC 3Heprneii 11eo6xo,uHMO 

- - - ·H;·· CYlllCCTBOBaHHC TaKOH BOnHhl C aMflJlHTy,llOH b, 6nH3KOH K - • BepmITHOCTh 
· 2B 

B036y,K.lleliH}l TaKOH BOnHhl H, COOTBCTCTBeHHO, COJlHTOHa II, MOJKCT OKaJaThC}l 

4 
CYlllCCTBCHHOH nHmh B6JJH3H TO'IKH na6HJJbHOCTH COCTO}lflH}l II, T.e. npH e = -Eeq · 

3 

Ha pHc. 1 nOKaJaHbl 3aBHCHMOCTH 'laCTOT npeueccHH OT b ,lln}l BCCX paccMOTpCHHhlX 

Bhlllle BOJlllOBhlX B036y,K.[ICHHH. B TO BpeMH KaK COJlHTOHaM I COOTBefCTBYCT OT,llenbHhlH 

cneKTP 'laCToT npeuecCHH (B 3aBHCHMOCTH OT b, CM. (30)), ,lln}l COJlHTOHOB II 'laCTOTa 

OJu = OJo, npe)ICT3BJlllll co6ott OT,llenbHhlH yqaCTOK B cneKTpe KBa3HO,llHOpo,llHhlX 

- H; JIIA B036y,K.[ICHHH npH - ~ b ~ - - (CM. (7) H (42)). Pa3JlH'lHhlM 3Ha'ICHH}JM 
2B 2 B 

aMrmHTYllllOfO napaMerpa a ,lln}l nepHO,llH'lCCKOH Mo,uynHpOBaHHOH BMHhl (20) 

COOTBCTCTBYKJT KpHBblC (BblpaJKCHHe (18)), JleJKalllHC BhllllC KpHBOH OJo(b). IlpH'lCM 

,llCHCTBHTenbHhlM 3Ha'ICHH}JM a, Kor,ua aMflJlHTy,lla npeuecCHH BOJlHOBOfO B036y,K.[ICHH}l 

H3MCH}JCTC.SJ MelK,lly a H b, COOTBCTCTBYCT OllilaCTh MCJK,lly OJo H OJ/, a MHHMhlM 3Ha'lCHH}JM a 
11 



(BonHa (24) C H3MeHeHHeM aMimHTY.llbl ,npeuecCHH Me::KJly (-b) H b - 31Ia'!eHIDI '!aCTOTbl IV, 

6onbl1me, '!eM w, H Wo. 
B CBll3H c npo6neMoii conHTOHOB yMeCTHO paccMoTpCTb CTeHKY Me::KJly .llBYMll 

nony6ecKOHe'!HbIMH ,!10Me11aMH. Kompmypaumo ee MO;KHO HCKaTb B BH.ne 

-v x-vi-q = b 1 + e . Tio.nCTaBHB 3TO BbipaJKeHHe B (4), Haxo.n11M 3Ha'!eHl!ll b II V. B 
( 

{ ))
---0.5 

pe3ynbTaTe .noMellllall CTeHKa l!MeCT Bll.ll . 

_ 1 ffA i[kx - (e - e,q)i-J[ -2.J'e,;(x-vi-)]-0.5 
mb -- - e 1+ e 

2 B 
(51) 

3-ro BblpIDKe1111e nonY9aCTCll H nocne.noBaTenbllblM IIHTerp11poBa1111eM ypaBHeHIDI (10) 

nptt' Uo = 0, b = C II l!Ml!CTCll e,!1IIHCTBeHHO B03MOJKHblM ,!1nll CTeHKII, 11e H3MeHll101Ueii 

CBOeii <pOpM~I H CKOpOCTII H pa3,!1enl!I01Ueii ,!1Ba nony6ecKo~e'!~~I~ ,!10Me11a, y o.n~oro 1{3 

KOTOpbIX m ➔ 0 npH JxJ ➔ 00 • Btt.n11M, 'ITO cpopMa CTeHKH H aMrm11zy.na npeueccHH 

BTOporo .llOMeHa, paBllall MaKCl!ManbHOH aMimHTy.ne con11TOIIOB, 11e 3aBHCllT OT nonll II 

Bon110Boro ~Mena k. · 3-ra 3aBHCHMOCTb co.nep:lKHTCll TOnhKO B '!aCToTe npeueccHH 

ll)b = e - Eeq. l111TerpHpOBaHHe ImOTIIOCTII 3HeprnH (6) Ml! (51) .naCT ::i11epri110 CTeHKII 

E = 3M oA 2 .,/3i(;a (52) 
b 64B✓8 

B COOTBCTCTBHH CO BTOpblMH cnaraeMblMH B (35) H (46): B TO'!Ke ,!1HllaMH'!eCKOI'O !pa30BOro 

paBHOBeCHll ,!1BHJKen11e CTeHKH 'ocymeCTMl!CTCll 6e3 npeuecCHH. A npH OTKnOHeHHH OT 

cpa3oBoro paBHOBeCIDI '!aCToTa npeuecc1111 paBna '!aCToTe npeuecc11H Ml! con11To110B I H II 
npH MaKCHManbHOH aMnn11Ty.ne. TipH E 'F' Eeq ImOTIIOCTH ::i11eprnH, HMnynbca H 

HaMarHH'!eHIIOCTH Ml! .llByx paccMaTpHBaeMblX ,!10MeHOB · B.nan11 OT CTeHKH HMelOT 

pa3nH'!HbJe 3Ha'!eHIDI. Bcne,!1CTBHe ·: 3TOI'O paBIIOMepnoe .llBHJKenHe ,!IOMellllOH CTeHKII 

npOTHBope'IHT 3aKOHaM coxpa11e11ID1. O.llllaKO :no npoTHBope'!He yCTpallllCTCll 

npe.nnonoJKeJmeM O TOM, 'ITO 11a.6onblllOM (CTporo roBOpll, Ha 6ecKOlle'IIIOM) pacCTOllHHII 

OT paccMaTpHBaeMOH CTellKH eCTb napannenbllall eii BTOpall CTe11Ka npoTIIBOilOno;irnoro 

3HaKa, .llBHJKYIUal!Cll C TaKOH JKe CKOpOCTblO V B TOM JKe nanpaBnelll!H. JJ:eiiCTBHTenbHO, ,!1Ba 

nony6ecKOHe'!IlblX .llOMeHa cpopManbll,O • npe.nCTaBnllJOT co6oii conHTOII I tt conHTOII II c 

MaKCHManbllblMH aMimHTy.naMH, Kor.na L ➔ OO • 

3. CcpepHqeCKHe COJIHTOHhl 

PaCCMOTpHM ccpepH'!eCKII CHMMCTpll'Illble perneHIDI. ypaBHeHIDI (2): 

m = q(r = ✓(x -vif + y2 + z2) ei(kx-m). (53) 

BBo,llll 06mna'!e11Hll: p,;, .Je - w r, Q = ✓ A q, nonY9aeM ypaBnc1111e 
. E·CiJ 

2 
d Q + ~ dQ = Q(l -Q2 + CQ4 ) = U'(Q), (54) 
dp2 p dp 

12 

1 2 1 4 C 6 
me U(Q) = 2Q - 4Q +

6
Q , (55) 

C = B(e-w) = ( K2 + K3 +!..)(K2 _!_)-2(h-l+k2 -w) 
A 2 2K1 K1 8 K1 2 . 

Tip111111MaeTcll BO BI111Ma1me, 'ITO Ml! n106b1x con11Tonnb1x perne1111ii (e - w) ~ 0. 

A11anorn'!HO cnY9a10 nnocKIIX conl!TOHOB, B03MOJKllbl ccpepll'ICCKl!e conl!T0llbl .llByx 

TllnOB. Conl!TOHbl I B031111KalOT Ha "oc110Ba111111" BblCOKOIIOJJeBoro !pa30B0ro COCTOllllllll II 

llBnlllOTCll 3apO.llbllllaMII .npyroro !pa30BOro COCTOl!Hllll. l1 nao6opoT, "oc110BantteM" 

conl!T0II0B II, l!BnlllOIUHXCll 3ap0.llbllliaMl1 BblC0KononeBoro C0CT0llllllll, cnYJKIIT 

11113K0noneBoe C0CT0llllllC: fpa1111ueii 'Me::KJly o6JJaCTl!Ml1 cymeCTB0BaHl!ll 3TIIX comnoHOB 

l!BnllCTCll 06pa111e1me B IIYJJb ::icpcpeKTIIBIIOH ::i11eprn11 (55) 'ap11 31Ja'!elll1H Q, 
C00TBCTCTBYJ0IIICM MHIIHMyMY 3T0ro noTemmana. Hcxo.llll 113 3T0ro, nonY9aeM rpaHHUbl Ml! 

311a'!e11ttii Ko::icpcp11u11cma C: · 
. 3 1 

0 < C1 5. - 5. Cu < - . (56) 
16 4 

Ka::KJlal! 113 o6nacreii 06pa3ycr np11 onpe.nene11110M 3Ha'!c111111 Mar111n11oro nonll 

11enpepb1BllblH CIICKTP C0JIIIT0II0B, Pa3JJll'JalOIIIIIXCll CB0IIMII aMIIJIIITYllaMII 11. 

C00TBCTCTBellll0, · 'JaCT0TaMII npcuccc1111. fpa!IIIUbl Mll 311a'ICIIIIH 

Ka::l(Jloro 113 conl!TOII0B mmyqaioTCll 113 ~OOTIIO!ll~IIIIH (56): 

'!a(,"f0Tbl npcuecc1m Mll ,, 

( 
J A 

2
) . . ('· 3 A 

2
) e-4B <c~u 5. e-16B 5.wi_<e. (57) 

fpa1111'!Hblc ycnomlll, coorncTCTB)"IOIIIIIC comno11aM nma I: 

dQ(p = o) = dQ(p ➔ oo) ~ Q(p ~ oo),;, 0, 
dp dp , · 

. (.58) 

conHTOllaM Tllna II: . 
dQ .. dQ · · 
-(p = o) = -(p ➔ oo) = 0, Q(p ➔ oo) = const 1'- 0. 
dp dp 

(59) 

Ka::l(JloMy 311a'!em110 Ko::,cpqm1111cma C, T.e. Ka::l(Jloii aMIIJIIITYllC com1To11a qm 
C00TBCTCTBYCT onpe.nenc1111b(H· 11a6op co6(,"fBClll(blX pemc1111ii ypaBIICllllll II coG(,"fBCllllblX 

311'1'ICIIIIH Qll = Q(p = 0) (n = 1,2,3 ... ). B 0TnH'IIIC OT'CnY'Jall,COJIIITOll~)(I np11 c111111-cpnon-

nepexo.ne B a11T11cpcpp0Mamcr11Kax
121

, Kor.na 11cnonb3yCTcll naGop (,,anL1apn1b1x pe111c1111ii 

Q(p), _ue 3aBH,Cllll(IIX OT. aMnnHTYllbl. 8 Ka'!CCTBC 11nmocrpa,l!IIII 11a p11c.3 11p11BCl!Cllbl 

Ko11cp11rypau1111 Q(p) co1rnrn110B I nepBblX Tpex nopllllK0B np11 C=O. l. 
Co6,CTBC(lllb(C ~Ha'!Cllllll Q,,,, COOTBCT(,"fBytolUIIC C0JIIIT0HaM I. JaKJIIO'ICllli II npem:.i11,1 

2 5. Q11 < 4.33739: a comnoirnM '1'i: 0 5. Q
11 

5, 2. 

, B 0KpCCTII0CTH W'IKH p = 0 ,pc111e11m1 IIMCKJT llllll 

Q=Qn l+ 1-Q"/CQII p2+ ... • 
(

' 2 4 ) 
(n = 1, 2, 3 .... ). (60) 
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Q. 

2 

o r :>-\ I J,.. :::--, I 

-2 

0 4 8 12 
p 

16 

.,, Pttc.3. Kottqmrypau1111 ccpepw1ecKHX 

COJIHTOHOB• THna I nepBblX Tpex nopllllKOB 

npH C = 0.1. 

Ecn11 C, •= 0, TO npH n = 1' co6crnettttoe 3Ha'lettttc Q1,n=l = 4.33739
121

, 'leM)' 

' . .· 3 
COOTBeTCTBYeT aMnnHTyna COJIHTOHa qlm = 0. TTpenenbHOMY 3Ha'leHHIO C1 = -

16 

COOTBeTCTBYeT Qn = 2. 3TOM)' co6crneHHOMY 3Ha'leHHIO COOTBeTCTBYeT MaKCHManbllal! 

lfffA . · 
aMnnHTyna COJIHTOHa I, paBl[al! - - .• 3To 3Ha'leHHe paBHO TaKJKe aMnnHTyne 

: 2. B 
npi::uecCHH B COCT0llllHH II npH cpa30BOM paBHOBeCHH, T.e. TaKOH COJIHTOII cnenycr 

paccMaTpHBaTb KaK MaKpOCKOnH'leCKHH llOMell cpa30B0ro COCTOlll!Hll II. 
' 3 1 

B CJIY'Jae ccpeptt'leCKHX COJIHTOHOB Tttna II, T.e. Koma - :'.:, C < - , npu p ➔ OO 

16 4 

[ 

l ]05 . .· . 
BeJJH'IHlla Q ~ '2C ( 1 + .J 1 - 4C) ~. 3H~'lellHIO, COOTBeTCTBYfO!lleMy KBa3HOll~~po.UHOMY 

COCTOllllHIO II. Ha pttc.4 110Ka3allbl cpopMbl COJIHTOIIOB THna l 11 II nepBoro noplll!Ka npH 

11ecKOJibKHX 3Ha'le11Hl!X napaMeTpa C . 
0rMCTHM, 'ITO ccpepH'leCKH CHMMCTpH'IHblC perneHHll ypam1et1Hll Illpcnmtrepa THna. (2) 

0
. 3 . . 6 /10/ -

npH < C :'.:> - paccMaTpHBaJIHCb B 'pa OTC npH aHaJIH3C COJIHTOHIIOH MOllenH B 
16 

llllCpHOH rnnponmiaMHKe. 

11bnoJib3Yll (6), noJiy<IaCM 3aBHCHM0CTb ::itt6prim COJIHTOl!a I OT aMnnHTYllbI H CKOpOCTH: 

Es1 = 21tMoa✓« [(h -1)11(!1.m..)-1 + A/1(!1.m..). - 2B1~ (!l.m..)3 + 11 (!l.m..)-1 v2]. (61) 

A,j AK 1 Qin Qin 3 Qin 4 Qin 

B BblpaJKCIIHH (61): 

C0OTIIOIIICIIHll: 

11 = j p2Q2dp, 
0 

00 

/ 3 = J p 2Q6 dp; npH 3T0M HCnOJib30BaHbl 

0 

14 

oo 

00 

(dQ)2 12 = J p 2Q4
dp = 411, /4 = J p 2 - dp = (311 -C/3), 

o o dp -
(62) 

YllOBneTBOplliOIUHC ypaBHCHHIO (54) c rpaHH'lllblMH ycnOBHllMH (58). MHTCfPaJlbl Ii u /J B 

(61) 3aBHCllT OT aMnnHTYllbl qm COJIHTOHa. 

1.0 
al 

1.0 I 
b 

2[f;q 2[f;q r- - --- ,- - ,- - - - ... - - - -

0.5 

I ~' \ I 0.0 ' ' ' 1 0.0 F ,-< -< I 

0 10 20 30 40 50 

A 
/jjr 

0 JO 20 30 

Pttc.4. Panttanbllal! 3aBHCHMOCTb BenH'IHHbl q ccpepH'ICCKHX 

COJIHTOIIOB npu pa3nH'lllblX 3Ha'ICHHllX napaMeTpa C: 

a) 1 - 0.002, 2 - 9.01, 3 - 0.05, 4 - 0.1, 5 - 0.15, 6 - 0.17, 7 - 0.175; 

b) 1 - 0.2, 2 - 0.21, 3 - 0.22, 4 - 0.23, 5 - 0.24, 6 - 0.245, 7 - 0.248. 

40 , 5.0 

A -r 
Iii 

Ha pttc.5 nOKa3aHa 3aBHCHMOCTb ::i11cprn11 

- ,{iiK;, [eB 1 2 3] 
EsJ = c Es! = 2/1 - + I1as - -J3as 

21tM0ava A as 3 

ccpepH'ICCKOro COJIHTOHa I OT npHBe.UCHHOH aMnnHTYllbl 

(63) 

_ {I qm = Jc np11 
as - Vi Q1 

A = 0.5, B = 0.7 Ml! HCCKOJibKHX 3Ha'ICHHH &, 6JIH3KHX K rpattuue MeTaCTa6ttnbHOCTH 

cpa30BOro COCTOllllHll I. 3nccb )KC npcnCTaBnCHa 3aBHCHMOCTh MarttHTHOro MOMCHTa 

- A2K .[if; I 
COJIHTOHa M sf = M sf f /4-1- OT aMnnHTYJlbl. OrMeTHM, 'ITO . npH YKa3aHHblX 

4m.1oa aB as · . . 

BenH'IHHax A H B noJIHblH n11ana30H MCTaCTa6ttnbHOCTH cpa30Bb!X COCTOllHHH l!nll 311a'ICHHH 

MarttHTHOro nona paBCII [J, 1.089], a cpa30BOM)' paBHOBCCHIO COOTBeTCTBYeT h = 1.067. 
TipH'AOCTaTO'IHO OOJibllIHX 3Hal!eHHJIX e>O, BnnOTh no TO'IKH cpa30BOro paBHOBCCHll, 

Korna £ = Eeq, 3HepfHll COJIHTOHa I nonoJKHTenbHa H npH HCKOTOpOM npOMCJKYTO'IHOM 

3Ha'leHHH aMnnHTYllbl npHHHMaCT MHHHManbHOC 3Ha'leHHC. . TTpH IlOJIOJKHTenhHblX 

3Ha'ICHHllX e , noCTaTO'IHO 6nmKHX K Hyn10, 3aBHCHMOCTb .oT aMnnHTY.UbI np1106peTaeT 

xapaKTep KpHBOH C MHHHMYMOM H MaKCHMYMOM npu OTpHUaTenbHblX 3Ha'leHHl!X 3HeprnH B .. 
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o6naCTH MaKCHMaJibH0 B03M0)KHbJX aMrumTyn. B 0TJIH'IHC OT JJJIOCKHX COJIHTOHOB, 

ccpepH'ICCKHC C0JIHT0Hbl 0CTalOTCJI B03M0)Kffb!MH H Hl!JKC . nttttaMH'ICCKOH TO'IKII 

na6HJibHOCTH q:JaJOBOfO COCT0JIH~. T.e npH E < 0. TipH 3T0M ::ittepmll HX OTpHUaTCJibHa C 

MaKCHMYM0M B JaBHCHM0CTH OT aMJJJIIITYnbI, 3a IICKJIIO'ICHHCM ttenocpenCTBCHHOH 

0KpeCTH0CTH T0'IKH E == 0 • rne KpHBaH 3axonHT B o6JiaCTb noJIOJKIITCJibllblX 3Ha'ICHHH 

3HeprnH. XapaKTep JaBHCHM0CTH npH E = 0 (CM. pHc.5) H 6Jill3KllX K nyn10 

0TpHUaTCJibllblX 3Ha'leH~X o6ycnoBJieH ::itteprneii ::iq:,cpeKTHBHOfO noBepXHOCTHOfO 

. ttaTJIJKCH~ rpattHU ccpepH'ICCKOfO COJIHTOHa. 

A==0.5 
B==0.7 

Ms/ 
40 

o I ~ 0,. -- \ I o 

-2 -40 

-4 ---1---.--.-----,--.---~----.....------+- -80 

0.0 0.1 0.2 0.3 
as 

0.4 

Pttc.5. 3·aBUCHMOCTH ::inepmH H 

MarHllTHOfO MOMCHTa (nyHKTHpttaa 

JIHH~) OT aMJJJillTYnbI nJIJI 

ccpepH'ICCK0fO COJIHTOHa Tttna I 
nepBoro nopllnKa (n == J). 

MHHHMYMY 3Heprnll npH E == 0.01 na pttc.5 C0OTBCTCTBYCT COJIHTOH c aMJJJIHTynoii 

qm = 0.47. ,ll.ruI ntnll'IHbIX JHa'leHHH a== 3 · 106 3,•f2, K1=lrf 3, Mo=2·J0-
22

3pz/(3· A
3

) 

::ittep~ sToro conttTotta Es = 30 M3B, a cpennttii panttyc Rs = 145A. 
YMeCTHO K0CHYTbCJI B0npoca 06 yc-roii'IIIBOCTll ccpepll'ICCKHX COJIIITOHOB, ucnOJib3YJI 

ll3BCCTHbIC nna 3T0f0 cpenc-rBa. B OTMC'ICHHOH pa6oTe"
0
' np11BcneHbl pe1ynbTaTbl aHanll3a 

yc-roii'IIIBOCTH ccpeptt'ICCKOfO C0JillT0Ha I OTHOCIITCJibllO MaJiblX OTKJIOHCHHH OT ero 

"npaBHJibHOH" q:,opMbl. TIOKaJaHO, 'ITO, B C0OTBCTCTBllll C Q-TeOpCMOH (CM., 11anp., 

ofoop'11'), COJillT0Hbl yc-roii'lllBbl, T.e. BOCCTaHaBJIHBalOT CBOIO "npaBllJibHYJO" q:,opMy nocne 
. ' 3 

Ha'laJibllOfO MaJIOfO OTKJIOHCH~ OT nee, npH 3Ha'ICH~X 0.025 < C < - , ecnu onttCbIBaTb 16 

3BOJIJOUlllO COJIHTOHa _ypaBIICHHCM (54 ). TipHMCHHTCJibHO K MarHHTHblM COJillTOHaM THna I 
npn A == 0.5, B = 0.7 3TO 03Ha'laeT yc-roii'IHB0CTb npH 3Ha'ICHHJIX aMJJJillTYnhl qm, Ha'll!HaH 

OT 0.53 (npH 3TOM as = 0. 158) no MaKCHMaJibH0 B03MOJKHOH B 3TOM cnyqae BeJill'lllllbl 

0.73. 
MoJKHO paccMOTpeTb Bonpoc o B03M0JKHOCTH nonttoro pacnana comnona na 

rapMOHll'ICCKHC cnHII0BblC BOJIHbl, llCXORH ll3 coxpaHCHIIJI 311epmll H MafllllTHOfO MOMCHTa. 

KaK o6bl'IHO nptt 3TOM, COJillT0H npcnc-raBJIJICM B Bline CKOJIJICHllJI CBJl3allllblX Mafl!OHOB, 

'IHCJIO KOTOpblX paBIIO N == M sf • KaJKnOMY Mamony B CB06onnoM COCTOJIIlllll 
2µB 

H, 

COOTBCTCTBYCT ::i11cprnJ1 2K1µBm. Orc10na nonyqac-rcJI 311Cprnll CBJl311 COJIIITOHa 

OTH0CHTCJibHO pacna.ua 11a CBo6onHble Mamotlbl: 

_ · _21rMoa✓aI1a;[cB.l 3 213 ] 
L1s = Emg - Esr - IVD 24 - 2 + - · 

...;K1B A as as 311 
(64) 

113 (64) cnenyc-r, 'ITO ccpepll'ICCKHH C0JIIITOII a6COJIIOTIIO YCTOH'IIIB 

non11oro pacna.ua Ha CBo6onHblC MarHOllbl, ecm1 Bbin0JIIIJICTCJI 11cpaBelll.'TBO 

OTHOCHTCJibll0 

cB > F(C) = 3~ _ 213 c2. • 
A2 311 

(65) 

Ha pnc.6 npnBenc11a 3allHCIIM0CTb BCJill'lllllbl F, 

aMnJIIITYnhl as == ✓C C0JlllT<)lfa, II OTJIOJKCl!bl 311a'ICIJIIJI 

KaK q:,yttKUllll OT npHBCnemmii 

cB 
2 npu A == 0.5, B == 0.7. 

1.0000 -,------------~ 

F 

0.1000 

0.0100 

0.0010 

0.0001 -t---i--,--.---.--r--~-r---4 

0.0 0.1 0.2 0.3 0.4 
as 

A 

Pttc.6. 3aBttCIIMOCTb 311a'lc1111J1 F OT 

aMnn11Tynh1 comno;ia. Tipl!Moii nu1111eii 

EB 
n0KaJaHO 3Ila'lell!IC BCJill'lllllbl 2 

A 
npH A == 0.5. B = 0.7 JlJIJI 311a'le1111ii 

E = 0.01 u 0.03. ComlTOilbl 

a6COJIIOTHO YCTOH'IIIBbl OTII0CIITCJibllO 

nonttoro caMonpo11JB0J1bI1om pacna.ua 

CJICBa OT T0'JCK ncpccC'ICIIIUI JIIIIIIIH. 

YCTOH'IIIBbl COJIIITO!lbl 'co 3Ila'ICIIIIJIMH aMHJJIITYnbI, JICJKallll!MII CJIC!la OT T0'IKII 

nepeCC'ICIIIIJI. Ilpll E == 0.0] ~allll'IIIOC, 3Ha'ICIIIIC COO~BCTl.'TBYCT aMllJIIITYJlC q;n = 035. 

IlpH 60JJbllillX aMllJIHTynax 311cpmll CBJl311 L1s -~~pHUaTCJiblla. X0Tll pa~na.uy comiro11a 

MOJKCT npcnJITCTBOBaTb noTCIIUll~bllblH 6apbcp. Cn~nyer OTMCTl!Tb, 'l;O II nal!IIOM CJly,Jac 

paCCM0TpeHa YCTOH'IIIBOCTb OTII0CIITCJibll0 pacna.ua IIU CB06on111,IC , MalllOIII,I IICX0)lll0£'0 

q:,a10Boro coc-roJ1~11J1 I, np oTmonh 11e.coc-roJ11111J1Il. · 

AllaJJOrH'lllbIM o6pa30M M0JKIIO ,npOIBllCCTi_i . a11an11~ 3aBIICIIM0l.'TII :'lllcpnm OT 

aMIIJIIITYJlbl H npo6J1eMbl Yl-'TOH'lllllOCTII JlJlll ccpep11'1CCKHX C0JIIIT0II0B Tlllla II. 
KaK ~HllHM, o6nac-ru L"Ta6m11,110L'Til, onpcnc.11e1111ble ~IO pa:lJlll'l;lhlM, Kp1ncp11llM, ''.n 

paCCMOTpCIIIIOM np11Mepc naJKc IIC ncpcKpbIBalOTCll. Ho HC CJICJlYCT 11p11na11an, pc'lyJJbTaTaM 

11ono611oro a11an113a YL'TOH'lllllOl.'TII COJIIIT~l108, <paTaJJbll011J 3lla'ICllllll. 801MOJKlic;CTb 

:'lKCllCpHMCHTaJJbII0fO 11a6monc1111l1 C0JIIIT0II0ll, onpCJlCJlllCTCll JlllYMll 0CII0llllblMII 

<paKTopaMn: ncpol!TII0CTbJO 11x 06pa1011a1111J1 ii BpCMCIICM JK1111111. OCia :,n1 Bonpoca 

npaKTll'ICCKII !IC ll3Y'JCl!bl. Tipll'ICM Bpcwr' JKll3i°m onpcUCJJllCTCll IIC T0Jll,K0 1aTp0I1YTblMII 

BblUIC npoucccaMII caM0I1p01131lOJll,ll0£'0 pacna.ua. 110 II, ll0'IMllJKllll, 'ITO llpCJKJlC nccni 

KlaHMOJlCHCTBIICM C0JIIIT0lla co cpcnoii. 
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MmKHO npe,uCTaBHTb ce6e ,UBC npoue.uypbl pernCTpaUHll M3rHllTllblX COJlllTOIIOB. TTepBru! 

H3 HIIX npe,uycMaTpHBaCT B036}')K,!ICIIIIC COJlllTOIIOB KaKIIM-J11!60 BIIClllIIIIM B03,UCIICTBIICM, 

11anp11Mep 11eynpyrnM paccei11111eM 11e11Tpo110B, H pernCTpaumo nepe,ua1rno11 np11 3TOM 

3Heprnll. B 3TOM CJ1)"13C o6pa3CU ,UOJl::lCCII 6bITb noMClUCII B MartUITIIOC none, KOTOpoe 

npeBbllll3CT 311aqe11tte, COOTBCTCTBYJOlUCC ToqKe na611J1b!IOCTII cpa30B0f0 COCTOl!Hllll. 

Cne,uyCT llMeTb B Bll'AY, qTo ,!IJlll 06ecneqe1111ll ,UOCTaToq110 MaJlOII ,rnepnm COJlllTOHOB 

o6pa3CU np11 3TOM ,UOJl::lCCH 6bITb 6J1H3KllM K TOqKe na6HJ1bHOCTll, T.e., CKopee BCero, B 

MCTaCTa6llJlbllOM COCTOllllllll. TTo3TOMY yCTa!IOBJlCllllC 11eo6xo,ul1MOfO 311aqe11Hll noJlll 

,UOJllKJ!O npollCXO,UIITb ,UOCTaToq110 6bICTpo. qTo6bI !IC ycneBana npoHCXO,UIITb cpa30Brul 

nepeCTpoiiKa B ,upyroe COCTOllllllC npe::ic.ue, qeM OCYlUCCTBllTCll npoueccbl 11eynpyroro 

paccel!Hllll. 
Bo BTOpOH npoue.uype UMeeTCll B Bll'AY ,u11cppaKUllll IICHTpOHOB 11a "roTOBbIX" COJlllTOHaX, 

o6pa3YJOlllllXCll npll pacna,ue cpa30BOfO C0CTOllllllll. B 3TOM CJ1)"13C o6pa3CU, 11axO,!llllUIIIICll 

nepBonaqaJlbHO B yCT011q11BOM, O,UHOcpa3110M COCT0llllllll, 6bICTpbIM. ll3MCIICHIICM noJlll 

nepeBO,UllTCll B C0CT0IIIIC, B KOTOp0M 3Ta cpa3a a6COJ1IOTHO 11eycrn11qttBa (nanp11Mep, CCJlll B 

paCCMOTpCHIIOM npttMepe cpa30B0f0 C0CTOllllllll I, Kor,ua 11y::ic110 pernCTpllpOB3Tb COJlllTOllbl 

Tttna I, m>CTHraCTCll_ OTpllU3TeJlbll0C 31laqe1111e e , 6J1113KOC K 11ymo), II 11a6J110,!l3CTCll 

,UllcppaKUllll 113 COJlllTOHaX C OTpttuarenbllOH 311eprneii, o6pa3YJOlUIIXCll cnoHT311110. ManbIC 

pa3MCpbl COJlllTOII0B n03B0J1lllOT paccqllTblB3Tb 11a B03MO::lCIIOCTb Bbl,!leJlCllllll CBll3311HOfO C 

HllMH 3cpcpeKTa B BM.UC ManoyrnoBOro paccellllllll HCHTpOHOB ' B6Jlll3H 6p3rroBCKllX 

noJlO::lCCIIIIH KpllCTaJ1J13. 

BbIB0,!1,hl 

1. Ha' npttMepe paccM0Tpe1111011 MO.UCJJII cpa3oBoro nepexo.ua nepBoro po,ua, 

llll.UyuHpoBa1111oro MarHHTllbIM noneM B cpeppoMarHCTHKC C a!IH30Tpon11e11 Tttna "nerKrul 

I1JlOCKOCTb", noKa33110, qTo npH np116J1H::l(Cllllll K TOqKaM na6HJ1b!IOCTII cpa30Bb!X 

COCTOllllHII 3lleprlUI M3rHIITllblX COJlHTOIIOB ,UHH3MllqecKOfO Tttna a110MaJ1bllO YMCHblllaCTCll. 

TTptt npaKrnqecKH OCYlUCCTBHMhlX 3HaqenHllX ·• Marnttrnoro rionll, cooTBCTCTBYJOIUIIX 

0TJ1Hq1110 OT KpHTHqecKOfO. nonll na6llJlbllOCTll 11a ]%, C )"ICTOM 11eo6xo,UHMOII npH 3TOM 

on11oponnocrn 11; CTa6HJ1bHOCTH nonll, c111eprng ccpepttqecKHX conHTOIIOB HaxonttTCll B 

llIJC,UeJlaX IICCKOJlbKHX ,UCCllTKOB M3B. 

2. CoJlHTO~~bIC B036)1)KJlCllllll npenCTaBJllllOT ' co6oii 11enpepbIBHblll cneKTP KaK no 

3naqe1111l1M c111eprntt, TaK H no aMI1J1HTy.uaM. · TTptt nptt6n11::ice111111 K ToqKaM cpa3oBOro 

paBHOBCCHll COJlHTOllbl Y5eJ1HqllB3IOTCll B paaMepax ., ll 11enpepb!Bllb!M o6pa30M 

npHHHMaIOT xapaKTep MaKpocKon11qecKHX ,uoMeHOB 110Bo11 cpa3bl. B na116onee HHTepec110M 

.B .. icnepHMCIITaJlbHOM OTIIOWCIIHII CJ1)"13C ccpepHqCCKHX COJlHTOIIOB BbllliC . TOqKH 

na6.lffibllOCTH q>a30BOro' COCTOllllHll, T.e. Koma o6pa3Cll uaxo,UHTCll B MCTaCTa6llJlbllOM 

COCTOlllfHH; 3Heprnll COJlHTOIIOB ' 110J10::l(llTCJlblla H o6pa30BallllC HX IIOCHT noporoBblll 

. xapaKTep. B 3~0M CJl)"lae ,!IJill. HX B036}')1(,!1Cl1Hll tteo6XO,UHMO BIICWIICC B03,UCHCTBHC. HmKe 

TQqKH na6HJ1b!IOCTH, T.e. Koma COCTOllllHC CTaHOBHTC~ a6cOJ110TIIO 11eyCT011qHBbIM, 311eprnll 

' CO~HT9110B OTpHU3TeJlbHa H Olll;. MOiyr o6pa30BblB3TbCll npll pacna,ue cpa30B0f0 COCTOl!Hllll. 

. 3. B C0OTBCTCTBHH C oco6eHHOCTllMH ccpep11qeCKHX COJlHT0IIOB, 11anpaWHB3IOTCll ,UBa 

cnoco6a HX 3KCnepHMCIITaJlbll0fO 11a6n10,uel1Hll C n°0MOIUblO 11e11TpOHOB TCI1J10BOII o6naCTll 

18 

3Heprnii. TTepBblll 113 IIHX COCT0IIT B neynpyroM paccel!llllll IICHTpOIIOB H · onpe.uene111111 

3Hepnm, nepena1111011 npn 3T0M na B036}')1(,!let111e COJll!T0lla. Bo BT0p0M npeMaraCTCll 

H3MCpl!Tb .!lllq>paKIUllO IICHTpOIIOB Ha "roTOBbIX" COJll!TOHax, o6pa3YJOIUIIXCll npn pacria.ue 

cpa30BOfO COCTOlllIHll. Manhlc pa3Mepbl C0Jll!TOII0B (c pa,unycoM B conm A11rCTpeM) 

no3BOJ1l!IOT Bbl,!ICJJIITb 3cpq>e'KT OT COJlHTOIIOB B BIi.UC ManoyrnoBoro Korepe11rnoro 

pacCCllllHll lICHTpOllOB (B6Jlll3II 6p3rroBCKIIX IIOJ]O::lCCIIIIII Kp11CTaJ1Jla). B 3TOM CJl)"laC 

H3Mepe1111e yrnoBoro pacnpe,ucne1111l1 paCCCllllllbIX 11e11TpOIIOB MO::lCCT cny::icllTb cpe.UCTBOM 

onpe,uenel!Hll cpopMbl H H3~Cl1Cllllll cpcmmx ~a3MepoB COJll!TOIIOB B npouecce Q)a30B011 

nepeCTpOHKll. 

4. TTpc.unOJrnraCTCll, qTo pemCTpaUHll II onpc.UCJJCHIIC xapaKTCpllCTIIK COJlllTOIIOB B 

3KcnepHMClITC npc,uCTaBJlllCT IICMaJlblC CJ10::l(IIOCTII,. ~CJlll H B006IUe npaKT11qecK!I 

OCYlllCCTBHMO. 3-ro 06ycJ10llJICIIO npe::ic.ue BCCfO TCM, qTo ,uenaTb 3T0 npe,!l(,"TOIIT B 

MCTaCTa6HJibllOM C0CT0llllllll o6pa3ua IIJlH B . COCT0llllllll a6c0J110TIIO 11eyCT011q11BOM, _B 

npouecce. q>a10BOfO pacnami. no:noMy B J11060M cnyqac ll3MCIICIIIIC noJill ,!IJlll npllBC,UCllllll 

06pa311a B pa6oqec C0CT0lllllle II ll3Mepe1111c pacCCJ!Hllll IICHTpOIIOB .U0JI::lCllbl 6bITb ! oqe11b 

6bICTpbIMH, qTo6bI "oncpc,UHTb" t'lpouecCbl nepeCTpOHKII B ,upyroe cpa30BOe C0(,"f()l!HIIC,' B 

TOM q11cne II 06ycJ1qBJ1Cllllbie MCXallH3MaMH, !IC CBll3allllbIMH C o6pa30Ba1111eM 3apO.UbllllCII 

HOBOII cpa3bl B O,UII0pO,UIIOM COCT0lllIHH. . OUClll!Tb. peaJlbllbie BO'.lM0::lCII0(,"fll TaKIIX 

3KcnepnMellT0B noKa ne npe,UCTaBJll!CTCll B03M0::lCllblM, TaK KaK TaKlle Ba::lCllblC 

xapaKTepHCTHKII COJll!TOll(JB:·· KaK . Bep0llTIIOCTb IIX o6pa30Ballllll II BpeMll ::1(1131111 

0TII0CHTCJlbll0 npoueccoB B3al!MO,UCIICTBllll C OCIIOBIIOH Martll!TllOII 'Clll"TeMOII KpllCTaJlJla II 

C pelllCTQqlll,IMII KOJ1e6alllll!Mll,IIpaKTHqecKII IIC l13)"1Cllbl. 
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HHTU. B.B., OnettHHK C.A._ 
HeJIHHeHHhie nepHOAHlleCKHe BOJIHbI H COJIHTOHbI _;_ 
paBH0BeCHhre ~apOAhIWH H0BOH q:ia3bI B q:ieppo~ar~eTH.Ke 
npH q:ia30BOM nepeXOAe nepaoro pOAa • 

- , , - -

P17-:95-88 

PaCCMOTpeHa MOAeJih q:ia30BOro nepexoAa nepBOro POAa B q:ieppOMartteTHKe . 
C ·attH30Tponueu nma «JierKa51 TTJIOCKOCTb>~, HHAYU.HpoBaHHOro MarHHTHbIM 
noneM, napanneJihHhIM ocH aHH30TponttH. · TTpoaHaJIH3HJJOB~H·hI pewettHR 
HeJIHHeHHOro ypaBHeHHR, · .. OTTHChIBaIOll(ero KOJie6aTeJibHbie npou.eCChI: · 

·· nepHOAHlleCKHe MoAyirnpoBattiible B0JIHhI, nJIC:icKHe. H cq:iepttlleCKHC coJIHTOHhI · 
AHl'iaMHllecKoro Tttna. BepoRTHOCTh o6pa3oB~lHHR TaKHx coJIHT0HOB attoMaJibHO 
yBeir'HllHBaeTC51 B OKpecTH0CTH TOlleK JJa6HJibHOCTH q:ia30BbIX COCT051HHH. Xa­
paKTepHCTHKH cq:iepHlleCKHX COJIHTOHOB TT03BOJI51IOT paCCllHTbIBaTb Ha B03MO)K-, 
HOCTb Ha6.irIOAeHH51 HX C TTOMOll(blO TeIIJIOBbIX HettTpOHOB: B036y)KAeHHeM, 
, COJIHTOHOB HeynpymM pacceRHHeM HeHTp0HOB H AHQ)paKu,~eii: HettTpOHOB Ha 
COJIHTOHaX, o6pa3yIOll(HXC:51 npH pacnaAe q:ia30BOro COCT051HH51. . _ . 

Pa6orn BhrnontteHa B .)la6opaTOpHH tteuTpOHHOH q:ittaHKH HM. 11.M.<l>pattKa 
0115111. . 

. ·, . 

Cci06ll,\eH11e Qth,e~1111e11110ro HHCTl1TyTa Sl~CpllblX 11CCJ1C~OBa1111if. _J:(y611!\, 1995 . 

. . , 

IlepeBOA aBTOpOB/ 

NietzV.V., Oleynik S.A. 
Nonlinear Periodic Waves ~nd Soli tons ~ 

.! 
-Equilibrium Germs of a New Phase in Ferromagnet 

.· at First Order Phase Transition· .. 

Pl 7.,-95-88 

··.·.·The·~odel of the first order phase transition in ferromagnet with the 
anisotropy 'of «easy plane» type; induced by magnetic field parallel to, the 

· anisotropy axis, is considered .. The solutions of nonlinear equation describing 
the oscillate processes are analysed: periodic modulated waves and.dynamic· 
type plane and spherical solitons. The probability of formation.of such solitons · 
increases anomalously near the !ability points ofJhe phase states. The charac- · 
teristics of spherical solitons ·perinifto· assume on possibility of the obseryation 
of the solitons with use of the thermal neutrons: by excitation of solitons at· 
inelastic neutron scattering and neutron diffraction on the solitoits originating 
at the decay of the phase state. . . 

. • · The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR'.. _,_ ·• · · · · · · 
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