




























































































































































































































































































































































































































































































































(57.6) K 6e3pa3MepHOH ITeReMeHHOH 

x='f13N1/ro, . 
ITonytiHM 

x{1 +x - f:.'Y/ro) =A l:.'Yfro 

(57.8) 

{57.9) 

XapaKTep pellieHHH :noro ypaBHeHHH oiTpep;enHeTcH BemttiHHOH 6e3pa3Mep­
Horo ITapaMeTpa A, KOTOpbiH HMeeT ITpoCTOH CMbiCn : 

A ='fl3n 0 k 3 /r0 • (57.10) 

EcnH 1 (HaiTpHMep, H3·3a Toro, 'ITO o6nacTb, t:. 'Y i= 0, aHoManbHO Ma­
na, KaK no 6LmaeT B6nH3H ITopora pa3perneHHH ITpouecca) , TO TerrnoBbiMH 
!l>nyKTyauHHMH MO)I(HO ITpeHe6pe'lb, ITonmKHB A = 0. Torp;a x = (t:.'Y- 'Yo) ho , 
HJIH, B HCXOp;HbiX ITepeMelfrlbiX, 

'Yo + 'fi3Nt = f:.'Y. 

YtiHTbiBaH omHtiHe A OT HynH, ITonytiHM H3 (57 .9) 

'fi3Nt = f:.'Y - 'Yo + l:.'Y'fl3nok1/(t:.'Y- 'Yo). 

(57.11) 

(57.12) 

On;eHKH ITOKa3bmaroT, 'ITO . BenHtiHHa A nerKo MO)I(eT p;ocTHraTb ep;HHHULI H 
p;a)l(e ITpeBbllliaTb ee. HaiTpHMep, AIIH CB B Cl>M 

A= (wMT/r0 Tc)(w0 /wex)112 102
. 

flpHA :;»1 perneHHe (57 .9) HMeeT BHAX =(A l:.'Yf'Yo) lfl HJIH 

'fi3N = (t:. 'Y'f/3 no ) 1 
/
2

. (57.13) 

J<aK BHp;HO, 3aBHCHMOCTb Nt OT f:.'Y He HOCHT KpHTH'IeCKOrO ITOpOrOBOrO 
xapaKTepa. OrpaHHtJeHHe ITO cymecTBy rrpoHcxop;HT Ha p;oiToporoBOH cTap;HH 
H3·3a HenHHeiiHoro 3aTyxaHHH "ITop;orpeTbiX" BCB. 

EcnH HenHHeiiuoe 3aTYXaHHe HBnHeTCH cna6biM, TO orpaHH'IeHHe tJHcna BCB 
rrpOHCXO,IUlT Ha 6onee BblCOKOM ypOBHe H TeimOBbie !l>nyKryaUHH 3HatJHTenbHO 
MeHee cymecTBeHHbi. B qacTHoctH, ITaKeT nt (k) 6yp;eT cocpep;oTO'IeH B6nH3H 
ITOBepXHOCTH, rp;e ('Yk - f:.'Yk) MHHHManbHO. B cnyqae c!l>epH'IeCKOH CHMMeT· 
pHH H3 (57 .6) cnep;yeT 

n1(k) = t:.'Yno [('Yo- f:.'Y ·- 'fiNi + .'Y"(t:.ki /2] - t, (57 .14) 

rp;e 'Y
11 

= a2 'Yfak2
• liHTerpHpyH (57.14) ITO Mop;ynro k, HMeeM Ky6HtJeCKOe 

ypaBHeHHe p;nH orrpep;eneHHH 3aBHCHMOCTH N t oT·t:.'Y: 

Nt = 4y27T 2 t:.'YnokHC'Yo +'fiN - t:.'Y)'Y1'r 1
'

2 (57 .15) 

3a noporoM KH rrpH A'Y >'Yo 

'Yo +'fiN- !:.1= 'Yo)2 'Y"kL 

At= 

ll,rrH p;nHHHbiX CB B Cl>M c KBap;paTH'IHbiM 3aKOHOM AHCITepCHH 

At r Twex(akttf(21TiTc'Yo 1. 

(57 .16) 

IlpH At 1 rnHpHHa ITaKeTa BCB HBnHeTcH Manoif. 113 (57.14) cnep;yeT 

t:.k/k1 'Yo)- (57 .17) 
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B Y3KOH o6nacTH B6JIH3H nopora (npH l:J,:y - ro < A 1 'Yo) lliHpHHa naKeTa 

BCB He Mana, H pa:mo)l(eHHe (57 .14) Q>opMYJlbi (57 .6) ~e He cnpaae)J,1IHBO. 

IlpH aKCHaJlbHOH CHMMeTPHH p01Ib TennOBhiX Q>JIYKTYaii,HH 6yp;eT eme MeHh· 

llie, B qacTHOCTH, nonpaBKa K o6meMy lJHcny N 1 HMeeT He cTeneHHYJO, a JKcno­

HeHII,HaJlbHYJO ManOCTh no napaMeTPY A 1 . BMecTo (57 .16) H3 (57.6) MO)I(HO 

nonyqHTh 

[ a2 
r a2 

r } [ r - tJ,.-y ] 'Yo + 'fiN- !:J,.-y ~ k~ --+ exp • 
ak2 a cos2 0 A1!:J,.'Y 

(57.18) 

Cnep;yeT OTMeTHTh, ~o cymecTBeHHOH oco6eHHOCThiO MexaHH3Ma orpaH~e­
HIDI KH HenHHeifHhiM JaTyxaHHeM BOnH .IIBJIJieTC.Il cHHryn.llpHOCTh Q>yHKII,HH 

pacnpep;eneHIDI BCB n 1 (k): ecnH npeHe6pe~ TennoBhiMH Q>11YKcyali,H.IIMH, 

TO n 1 6yp;eT OTn~a OT HYJI.Il TOJlbKO B HeKOTOpbiX TO'IKax k-npOCTPaHCTBa, 

nHHIDIX HnH llOBepXHOCT.IIX (B 3aBHCHMOCTH OT CHMMeTPHH 3ap;alJH), llOJIO)I(eHHe 

KOTOpbiX Onpep;eJIJieTC.Il H3 YCJIOBIDI BHelliHeH YCTOHlJHBOCTH 

a 
ak [- !:J,.-yk + 'Yk(nl)] = 0. (57.19) 

IlpH JTOM CTaUHOHapHoe pacnpep;eneHHe BCB onpep;eJIJieTc.ll H3 ycnoBIDI 6anaHca 

!:J,.-yk=rk(ni). (57.20) 

HeTPHBHanhHblH MOMeHT B TeOpHH B03HHKaeT, eCJIH He06XOp;HMO yqHThiBaTh 

TennoBhie Q>nyKTyau;HH. Torp;a npH cna6oM HenHHeHHOM JaTyxaHHH B03HHKaiOT 

nonpaBKH K Q>opMYJie (57.20) , 3aBHC.IIIUHe OT CHMMeTpHH 3ap;alJH (CM. (57.16) 
H (57.18)). EcnH )l(e Hen HHeifHoe 3aTYXaHHe BeJIHKO, TO pacnpep;eneHHe BCB 

nepecTPaHBaeTC.Il Kapp;HHam.Ho H Q>opMyJia (57 .20) HecnpaBe)J,1IHBa p;!l)l(e 

npH6JIH3HTenhHO. BMecTo Hee eM. (57 .13), rp;e N 1 - (l:J,.ri 12 • 

57 .2. CronKHOBHTeJII>HhiA Mex.aHH3M orp8IIH'IeHHJI KH. C yaen~eHHeM Hap;­

KPHT~OCTH 'IHcna Kon~eCTBO BCB n 1 pacTeT, TaK 'ITO CTaHOB.IITC.Il cymecT­

BeHHhiMH He TOJihKO B3aHMop;eifcTBHe BCB c TennOBhiMH sonHaMH, HO H HX 

CTOJIKHOBeHH.Il Me)IQJ.y C060H. qeTbipeXBOnHOBbie llpOI.J;eCChl 

w(k1 ) + w(k2 ) = w(k3 ) + w(k4 ) , (57.21) 

B KOTOphiX yqacTBYIOT TOJlbKO BCB, He BhiBOp;HT JHeprHIO H3 CHCTeMhi BCB 

H ll03TOMy, Ka3anOCh 6bi, He MOryT orpaH~HTh KHHeT~eCKYJO HeyCTOHlJH· 

BOCTh. Op;aaKo npou;ecchl pacce.IIHIDI BCB (57.21) npHBOp;HT K YlliHpeHHIO 

<PyHKUHH pacnpep;eneHH.Il BCB Ja rpaHHI.J;hi o6nacTH HeycTOH'IHBOCTH, np~eM 
C yaen~eHHeM Hap;KpHT~OCTH lliHpHHa Q>yHKI.J;HH pacnpep;eneHIDI paCTeT 

TaK, 'ITO pe3yJihTHpyiOIUHH 6aJiaHC 3HeprHH co6nxop;aeTC.Il: 

f[!:J,.-yk - 'Yk(nl)]dk=O. (57.22) 

3TO yCJIOBHe Onpep;eJIJieT 3aBHCHMOCTh lliHpHHhl Q>yHKI.J;HH n 1 (k) OT Hap;KpHT~­
HOCTH: o6mee 'IHcno N 1 p;OJI)I(HO 6hiTh TaKHM, 1JT06hi npou;ecchi (57 .21) o6ecne­

'IHJIH TPe6yeMyro lliHpHHy HK. 

IlpH 60JlblliOH Hap;KpHT~OCTH TellJIOBhlMH Q>nyKTyai.J;IDIMH MO)I(HO npe­

He6pe~ H Y'IHThiBaTh H3 npHXOp;HhiX lJJieHOB TOJihKO <l>NL ,4 s. Jf3 MeXaHH3MOB 

HenHHeifHoro 3aTyXaHIDI Mhl .IIBHO 6yp;eM yqHThiBaTb TOJlbKO r NL '4 s 0 OcTanb­

Hhie CJiaraeMhie, eCJIH OHH cymeCTBeHHhl B cpaBHeHHH C 'Y NL , 48 , 6yp;yT ClJHTaTh· 

C.ll BKJIIO'IeHHhiMH B 'Yk = -y0 (k) + 'YNL ,48 + . .. B pe3yJlbTaTe ypaBHeHHe (57.3) 
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nepenHCbiBaeTCH B BH,IJ,e 

ant(k) 
--= (~'Yk - 'Yk)n1 (k) +Jel{n 1 (k)} - 'YNL 48 nt(k) + rr<f>NL 48 , (57.23) 

23t . . 

rAe lei> 'YNL, 48 H <I>NL, 48 3all,a!OTCH Bbipa)l(eHHHMH (56.14), (57.2) . Cnyqaii 

r.<lJepWieCKOH CHMMeTPHH HaH6onee npocT ll,n.li aHanH3a. TIOCKOnbKY n 1 He 3a­

BHCHT OT OpHeHTaiJ,HH k, lei= 0. Bbi6HpaH n 1 B BHAe 

(57 .24) 

H BblllOJUUIH B (57.2) HHTerpHpOBaHHe no yrnaM, nonyqHM BMeCTO (57.23) 

2F 2 

N1 (K) = , 
2 

f Nt(KdNt(Kz)Nt(K3)o(K + Kt - Kz- K3)d1<.tdKzdK3, 
2ref + r " 

(57.25) 
(57.26) 

(57.27) 

YpaBHeHHe (57.25) coBnall,aeT no BH,IJ,y c ypaBHeHHeM AnH <PopMbi naKeTa 

TICB no tJaCTOTaM (51.13). Ero eAHHCTBeHHbiM ycTOHtiHBbiM peweHHeM HB· 

nHeTCH 

(57.28) 

rAe J<P<PeKTHBHaH IilllpHHa naKeTa Ko H ero HHTerpanbHa.H BenHtJHHa onpeAeJIH­

IOTCH H3 ycnOBHH 

'Yer=r"K~/2, 
(57.29) 

F 2 N~ = -y"K ~/2 +'Yet· 

3AeCb llpOHCXOAHT KOMneHCaiJ,HH cnaraeMOrO C HenHHeHHbiM 3aTyxaHHeM 

'YNL , 48 , COOTBeTCTBYJOll.UiM llpHXOlJ,HbiM cnaraeMbiM <J>NL , 48 , TaK 'ITO (57 .29) 
(cyqeTOM (57.26), (57 .27)) nepenHCbiBaeTCH B BH,IJ,e 

{57 .30) 

TaKHM o6pa30M, 3<P<PeKTHBHoe yBenHtJeHHe 3aTyxaHHH BCB Ha BenHtiHHY 

r"K~/2 npOHCXOAHT H3·3a ywHpeHHH naKeTa BCB B pe3ynbTaTe tJeTbipeXBOnHO­

BbiX npoueccoB pacceHHHH BCB Apyr Ha Apyre. l1cnoni>3YH (57.29) H (57 .27), 
npeACTaBHM (57 .30) B BH,IJ,e 

~r ='Yo+ *rNL,48• 

(57.31) 

3TO 03HatJaeT, 'ITO 34>4>eKTHBHOCTb CTOnKHOBHTeJibHOrO MeXaHH3Ma orpaHHtJe­

HHH KHHeTHtfeCKOH HeyCTOHtiHBOCTH COBnal].aeT C TOtfHOCTbiO AO tJHCna {paBHOrO 

1/2 B c<lJepHtieCKH-cHMMeTPHtJHOM cnyqae) C 3<lJ<lJeKTHBHOCTbiO MeXaHH3Ma He­

nHHeHHOrO 3aTyxaHHH npH "BbiKmotJeHHoM" npHXOAHOM tJneHe <I>NL , 4 3. B cny-
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qae .6onee HH3KOH CHMMeTpHH 3q><tJeKTHBHOCTb CTOnKHOBHTenbHOrO MeXaHH3Ma 

HeCKOnbKO Bbiiiie. 

57.3. l<mtem'leCKaJI JeyCTOA'IIfBOCTb npH 60JibiiiOA Ha,llKpH1li'IHOC111. C pOCTOM 

Ha,o;KpHTH'IHOCTH pacTeT aMnnHTy,IJ;a BCB H pa3BHBaeTC.II HOBa.ll KHHeTH'IecKa.ll 

HeyCTOH'IHBOCTb, IlpHBO,!l;.IIIUa.ll K HapaCTaHHIO BOnH TpeTbero IIOKOneHH.II. EcnH 

'IHcno IlCB rrop.ll,!l;Ka HnH npeBocxo,IJ;HT 'IHcno TCB, y'laCTByromHX B npoueccax · 

penaKCaUHH BOnH cne,IJ;yiOIUHX IIOKOneHHH, TO MO)I(el pa3BHTbC.II uena.ll Hepap-

XH.II KHHeTH'IeCKHX HeyCTOH'IHBOCTeH, B03HHKaiOIUHX B pe3ynbTaTe IIOCne,IJ;OBa­

TenbHbiX pacrra,o;os sonH. IIonHa.ll KapTHHa B03HHKaromHX rrpH noM .RBneHHH 

OTCYTCTByeT. B HaCTO.IIIUee BpeM.II ,!l;OCTaTO'IHO IIO,!l;p06HO HCCne,IJ;OBaHa HepapXH.II 

HeycToH'IHBOCTeH:, B03HHKaromHX rrpH rrapaMelpH'IeCKOM B036}')K,IJ;eHHH CB 
B A<I>M B cnyqae, KOr,IJ;a pa3peiiieHbi pacrra,IJ;bi CB Ha CB H 3BYK [ 14 7] . II pH JTOM 

B03HHKaeT UenbiH p.ll,!l; KHHeTH'IeCKHX HeycTOH'IHBOCTeH rrepBoro IIOp.ll,!l;Ka, 

KOTOpbie, O,IJ;HaKO, He MoryT rrpHBeCTH K 3Ha'IHTenbHOMy IIOrnomeHHIO JHeprHH, 

IIOCTyrraromeH: OT HaKa'IKH. 0rpaHH'IeHHe aMIInHTY,IJ; BOnH B JTOM cnyqae CB.II3aHO 

C 1IpOUeCCaMH CnH.IIHH.II BOnH BbiCIIIHX IIOKOneHHH C o6pa30Bai-IHeM OTHOCHTenb­

HO BbiCOKO'IaCTOTHbiX 6blclpo penaKCHpYIOIUHX CB. 
IlpH ,!l;aJibHeHIIIeM pOCTe MOIUHOCTH HaKa'IKH, IIO-BH,!l;HMOMy, 1IpOHCXO,!l;HT 

rrepeXO,!l; OT cna6o HepaBHOBeCHOrO K CHnbHO HepaBHOBeCHOMy ( Typ6yneHTHO­

My) COCTO.IIHHIO BOnHOBOH CHCTeMbl, KOr,IJ;a B036}')K,IJ;eHbl BCe CTerreHH CB060,!l;bl 

H peaJIH3YJOTC.II rrnaBHble CIIeKlpbl KOnMOropOBCKOrO THIIa. 

,, ,, 
3a~u 11.1. Onpe,nenHTL nopor KHHeTH'!ecKolt neycroltt!HBOCTH nepBoro nopH.o;Ka 

,llnH COHHOBblX BOnH B AcJlM Jin B npoueccax pacna,na M&rHOHa Ha ,o;Ba cPoHOHa ( 14 7) . 
YKa3aHue. B Ka'leCTBe aMnDHTY.Ilbi :noro npouecca MOlKHO B3HTL cne.nYIOmee Mo.o;enL­

noe BbipaJKeHHe : 

IU(kqq')i 2 =2t2wexflqflq'[ 
2 

e~ 
2 

+ •• e~n2 ]

2

/E(k) . 
Eq - flq Eq - q' 

r,ne P2 (k) =e~ +s 2k 2 - 'laCTOTa M&rHOHa, flq =cq - 'laCToTa cPOHOHa, S > C, t - MaJ!bilt 

napaMeTp MarHHTOCTpHKUHH, Wex > flq, € (k) . . 
3a~'la 11.2. PaCCMOTpeTh KH nepBoro nopH,o;Ka OTHOCHTenbHO pacna.na ncB Ha CB 

H «PonoHLI (eM. n. 56) B npe.nene ~ =sfc > 1 [219] . 
3a~'lll 11.3. non}"'HTb ycnOBHe ,llnH nopora KHHeTH'IeCKOlt HeyCTOlttiHBOCTH B aHH-

30TpOnHOlt cpe.ne npH CHIIl>HOM ynpyroM pacceHHHH. 
3a~'la 11.4. Onpe.nemrrL umpHHy H HHTeHCHBHOCTb naKeTa BCB B H3oTponnolt cpe.ne , 

o6yCllOBneHHbie 'leTbipeXM&rHOHHblM pacceHHHeM, eCOH OTpHUaTellbHaH ,ll06aBKa B 3aTy­
xaHHe CB HMeeT BRA 

-t:.'Y= {0 npH k<k0 , 

. t:.-'Y'(k-k0 ) npH k>k0 , 

a aMOOHTy,lla 'leTbipeXBOnHOBOro B3aHMO):IeltCTBHH DOClOHHHa (B .C. JlyTOBHHOB, f.E . cJlaJib-
KOBH'I, B.B. qepenaHoB [ 147)) . . 

YKa3QHUe. YA06Ho BOCDOnb30BaTbCJI BapHaUHOHHblM npHHUHDOM, paccMOTpeHHbiM B 
§52. 

3a~'lll 11.5- OnpeAenHTb ycnoBHH 6ananca Tpex naKeTOB Bonn B H30Tponnolt cpeAe, 
H3 KOTOpbiX OAHH HBnHeTCH Y3KHM naKel.JM nCB C 'laClOTOlt w 1 H' BOnHOBbiM BeKTOpOM 
k 1, ,iJ.pyrolt - C 'laCTOTOlt W 2 H BOnHOBbiM BeKTOpOM k 2 , HaXO):IHTCH B o6naCTH KHHeTH'IeC­
KOlt HeyCToltimBOClH, a TpeTHlt o6pa30BaH B pe3YnLTaTe CnHHHHlt BCB H ncB w, = w, +" w2 
[147] . 
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3aAa'la 11.6. OnpeAenHTb nopor KH nepsoro nopHAKa B 1130TponHOM !I>M c JaKOHOM 

A11Cnepc1111 CB : 

wk=w0 +wex(ak) 2 

11 He 3aB11CH!l.IHM OT BOllHOBb!X BeKTOpOB MaTpli'IHb!M :'lneMeHTOM TpeXMal'HOHHOI'O B3a11MO· 

Ael!CTB11H V 1 2 ~ = V = cons t. 
YK03QHUe KpoMe npouecCOB pacnaAa ncB Ha }lBe BCB, Heo6XOAHMO yqecTh TaKlKe 

npouecCbl CJ1HHH11H BCB 11 ncB. 
Oreer: 

] 1/2 ' 

rne Ncr - noporoBOe KOnl!'leCTBO ncB, w 1,2 11 ')' 1,2 - 'laCTOThl 11 3aTyXaH11H naKeTOB 

BCB, w1 + w 2 = wp/2 . 

11. s .c.nbsos 257 
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