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HEYCTOJ!lqliBOCTh MOHOXPOMATIIqECKIIX CTIIIHOBhiX BOJIH 

B. E. 3axapoe, B. C. Jlbeoe H C. C. Crapo6unery 

TtiCCJIO.!IYOTCli HeyCTOll'lHJIOCTb MOHOXpOMaTJf'!CCl\JTX CIJIIHODLIX BOJIII B XI30TpOIIHOM ¢ep­
po~laTHOTJIKe IIO OTJ'IOliiOHlliO l\ 'ICThlpCXBOJ!IIOUOMy npon;eccy pacnap;a C saKOHOM COXpaUCHT!JI 

2wko = WI.;,+•· + WI.;,-><· IlOKa3aHO, 'ITO I<OpOTKliO Cll!IUOBI,YO BOJIHhi, AJIR IWTOpLIX npeo6Jia­

p;aeT o6MeHHOO B3:liiMOp;efrCTBHe, HOyCTOWUIBI>I IIO OTTIOliiOHlllO K TaKOMY npon;eccy D C )la­
JThlMf! Y.. J];JIR 6oJiee AJIIIHHLIX BOJIH CTaiiOBliTCJI CyiD;OCTBOUIILDl ,[IUIIOJib-p;IIIIOJibiiOO B3allMO­
JI:OllCTBIIC, II XapaRrep HCYCTOIPrnBOCTII 3aBHCUT OT narrpaBJIOHUli paCUpOCTpaHOIIIHI BO!Illbi. 
HcyCTOHtlliBOCTb BOJIH, pacrrpocrpaHliiOID;IlXCli BAOJib Ha:\Ial'IIIPIOHHOCTIJ, TaK >Ke I<aJ< I[ 

«06MOHHhlX)) BOJIH, IIMOOT MOAYJIJID,IIOlliibiii: xapaKTep; IIOKasauo, 'ITO ee UO>KHO UOD;aBIITI>· 
BHemHIDI MarrmTHhiM noJieM, 6oJihliiiBI '!OM 41tM X (N z+ 1). Cmmonali BOJirra c k0 ..1. M 
BOYCTOil'liiBa IIO OTHOliiOBliiO K rrpon;eccy (1) C JII06bBill Y.. 11HTepeCHO, 'ITO KOrp;a Mal'HIITHOO 
IIOJIO BHYTPII o6pasu;a .MaJIO, Tal{ 'ITO ¢eppOMarHOTIIK 6JIH30K K pa36HeHJUO na AOMCITbi, 
IIOpOr ;noll: ueyCTOiPIIIBOCTH pe3J{Q YMOI!LTIIaCTCJI JI:JIJI AJIHHHhiX CIIIIHOBhlX BOJIH. 

B nocJI8,!1;H88 npe~rn HHT8ncrmno HCCJI8,IJ;Y8TCJI npo6JI8Ma ycToii<rHBOCTJr 
BOJIH B H8JIHH8HHhlX Cp8p;ax C ,!J;HCnCpCHeii: nJia3M8, )l;H3JI8KTpHI{aX H p;p. 
Ilpo6JI8i\>Ia ycToii<rHBOCTH cnHnODhTX Kone6annii 6nma nocTaBJI8na CynoM 
B pa60T8 (1]; HM 6hlJIO OTKphlTO JIBJI8HH8 neyCTOH'lHBOCTH O,!J;HOpO,IJ;HOH npe­
JJ8CCHH HaMarHH'l8HHOCTH ITO OTnOID8IJlHO 1\ pacnap;y na CnHHODbiC BOJlnbT .. 
8TH BOJIHbl B CBOIO O'I8p8,!1;:b MOryr pacnap;aT:bCJI na p;pyrH8 CnHHOBbi8 BOJIRbi. 
B aToii pa6oTe Mbi paccMoTpHM sap;a'ly TaKoro THna: n {peppoMarneTHI\8 pac­
npocTpanJieTCJI nJIOCKaJI MOnoxpoMaTH'l8CI{aJI CnliHOBaJI BOJIHa Wk

0 
KOn8'liiOll 

aMnJiliTY,IJ;ni; BCCJI8,IJ;Y8TCJI 88 YCTOll'IliBOCTb no OTHOID8HHIO R 'l8T:blp8XBOJIHOBOMY 
npou;8ccy pacnap;a c saKonoM coxpan8mm 

(1) 

Mhl C'lHTa8M, 'ITO 6oJI88 CHJII>Hbie TpexBonnonhle npou;eccLI Tima wk.= 

= w&l+" + w~-" aauperu;eHbi no saKony coxpaneHHH. ,IJ:Jur 8Toro ueo6xo.n;HMO, 
2 2 

'lT06bi qacToTa w~.;, 6blna MeH:r,me, 'leM y.n;BoeurraJI ru;enr, B cneRTpe. Hsyqae­
~raH na:~.m n8ycToii 'IHBOCTb (1), Kat< nm<asano B pasp;8ne 3, B03MOiima npn 
mo6oi1 'IacToTe wko· 

XapaKTep H8YCTOH'IHBOCTH (1) cyru;8CTnenno sanrrcrrT OT nenH<rHHI>I non­
nonoro B8KTOpa B03MYIIJ;8HBJI X. Ilpll "/. ~k0 8Ta neyCTOHqllBOCTh JIBJIJI8TCJI 
ananoroM Tp8xnonnoBI>IX npou;8ccon. IlpB x ~ k0 npou;8cc (1) Monmo 
RHTepnpeTHpOBaTb RaK neyCTOH'lRBOCT:b MOHOXpOMaTJI'l8CROH BOJIIIbi wko 
no OTnomeHRIO K noHnnenHIO MOAYJIJID;HH 8e aMnJIHTYAhi. 

B 1 pasp;8Jie ypannenne p;nmReHRJI IJaMa'rnR<reurrocTR nprrnep;eno K KaHORM­
'l8CHouy BH,IJ;Y, 6Jiarop;apJI 'ISM)' H8JIUII8HHbi8 npou;eCCbl B {peppoMariJ8THR8 
OnliCbiBaiOTCJI B pa:r.max I<JiaCCR'I8CROrO raMHJI:bTOHOBa {popMaJIR3Ma. 8TO 
n03BOJIJI8T HaM B 8TOH pa6oTe HCnOJib30BaT:b MeTO,!J;bi, pa3BliTbi8 npH paCCMOT­
permn neycToii'lnnocTn n p;pyrnx neJIBHeilnhlx cpep;ax [2• 3]. 

B pasp;8ne 2 paccMoTp8BI>I p;ncnepcnbre cooTnomennJI AJIH nonnonoro 
neRTopa nosMym;enuJI x n nccnep;ymTCJI ycnonnJI neyCToii'lHBOCTn 6eryru;8ii: 
MOHOXpoMaTnqeCKOll BOJIHhl B )l;liCCHITaTHBHOH H8JI1IH8HHOH Cpep;e. 

B pasp;e:re 3 nony<renni>re {popMyJII>T npnMenJIIOTCJI ,IJ;JIJI auaml3a H8YCTOH­
'IHBOCTR CITliHOBbiX BOJIH B ll30Tp0llHOM {p8pp0~1arH8TRR8. 

\ 

.. 



.. 

Heycrou'l-ueocTb Monoxpo;,taTU'I-ecKux cnunoebLX eo.Jtn 2923 

1. YpanHeHHH ,II,BMIKeHM1:1 B KaHOHH'leCKO:,\-I BH,II,e 

By,11,eM HCXO,II,MTI> H3 tf>eHOMeHonorH'leCKHX ypaBHeHHM ,II,BMiKeHHH 

HaMarHHtieHHOCTH M (r, t) B cm\OmHOM cpe,11,e [
4
] 

oM(r,t) [ oW J at = g M (r, t), oM (r, t) ' 

Bern·opa 

'(2} 

0 
f,ll,e g- rHpOMafHHTHOe OTHOmerme, oM - tPYHKIJ;MOHaJioHaH npOM3BO,II,HaH 

OT IIOJIHOM :meprHM tf>eppOMarHeTMKa W. 
B Kpyronr,rx rrepeMeHHhlX M± = Mx ± iM

11 
ypaBHeHHe (2) npHHHMaer 

6onee IIpOCTOM BM,II, 

oM±_ -+2igM oW· M .. 2 = M2 - M+M_. (3' 
r)t - "oM=!=' I 

IIenocpe,ll,cTBeHHOM no,ll,cTaHOBKOM MOiKHO rroKa3aT:o [ 5], "'TO B nepeMeH­

HhlX a (r), a* (r), OIIIJ6,11,6JIH6MbiX COOTHOill6HIIHMH 

M + = 1.)2g M a v· 1 - g2aif* ; ~ M" = M - gaa*, 

ypaBH6HHH )l;BM}l{6HMH (3) npHMYT KaHOHH'l6CKHM BM,II, 

oa . oW (Ja* . oW 
at= -L oa* ; at = L--a; • 

(4)-

(5)' 

HepeMeHmre a H a* HBJIHIOTCH KaHOHH'le.cKM conpameHHhlMM nepeMeH­

HI>IMH, a 9HeprHH W B 9THX nepeMeHHhlX CTaHOBHTCH tPYHKIJ;HeM faM~IJI:OTOHa. 1 

YpaBH6HHH ,a;BHJKeHHH (5) He H:MeiOT Bn,a;a, crren;Htf>HqecKoro ,II,JIH tf>eppo-

1\WrHeTHIWB, II03TOMY ,ll,aJILHeMmee pacC.l\JOTpeHHe OTHOCHTCH K HHM B TOM JKe­
Mepe, Kalt H K ,11,pyr.11M H6JIHH6HHbll\I cpe,ll,aM, ypaBHeH~Ie ,II,BH.fl{6HHH KOTOphlX 

MOi-KeT 6hlT:O IIpHBe,a;eHO K KaHOHM"16CKOMY BH,II,Y. 

fa:MHJibTOHHaH W y,11,06HO 3aiiMCaT:O B HOBbiX KaHOHM'l6CKHX nepeMeHHbiX 

bk M bk- KOMIIJI6KCHb1X a:MIIJlHTy,ll,aX 6eryiii,MX BOJIH, Bhl6paHHhlX TaK, "'T06bi 

KBa,ll,paTM'IHaH tJ:aCTh raMMJibTOHHaHa 6DIJia ,II,MaroHaJI:OHOM (eM. IIpHJIOHteHMe 2). 
C TO'IHOCT:OIO ,11,0 'lJleHOB '.leTB6pTOfO IIOpH_a;Ka 

W = ~ wkbkb~dk + ~ [V kk1k,bk.bk,bk, + Vkk 1k,bkbk1bk:,] 3 (k - k 1 - k 2) dkdk1 dk2 + 
+ ~ ~ [ u kklk,bkbklbk, +. ukkll~,bkbklbk:,] 3 (k + kl + kz) dkdkl dk2 + 

+ ~ ~ w kk1k,k,bk.bk.1bk,bk,a (k + k1 - k2 - k 3) dkdk1dk2dk3• (6) 

113 'IJI6HOB 'l6TBepTOl'O IIOpH,II,Ka OCTaBJI6Hhl TOJI:OKO Te, KOTOpbl6 OIIHCbl~ 
BaroT HHTepecyrom,ne Hac npon;ecchl pacrra,11,a .a;nyx BOJIH Ha .a;ne BOJIHbi c 3a­

KOHOM COXpaHeHMH 

w +w =co +w • kl k, k,+,.. k,- >< (7) 

By,a;eM C'lHTaT:o, 'lTO .a;na TIJOMHhlX rrpon;eccoB He BhlTIOJIHHIOTCH 3aROHr,r 

coxpaHeHMH 9HeprMH-M:MIIynr,ca. O,a;HaKo cne,11,yeT yqecTb mma,11, Tpoi'i:HbiX 

'!JieHOB B 'ICTbipeXBOJIHOBI>Ie npOD;CCChl BO BTOpOM IIOIJH,II,Ke TeOpHH B03My­

III,6HHJL )J;JIH 3TOl'O npOH3Be,ll,eM H6JIHH6HH06 IIpeo6pa30BaHM6 K HOBhll\1 IIepe­

M6HHbiM ck (eM. II pwJio/1\eHMe 1 ), B KOTop:r:,rx raMMJJLTOHHaH (6) IIIJHMeT BH!l. 

W = ~ wkckc~dk + ; ~ T~1< 1k,k,c~ck1Ck,ck,3 (k + k1 - k 2 - k 3) dkdk1dk2dk3• (8) 

1 OntenrM, 'ITO npeo6 pa3oHaHHJI (It) JIBJIJIIOTCJI RJiaccff'fecimM aHaJToroM npeo6pa3o Ba­
rrnii XoJicTeiiHa- flplll'YJaROna (6 ]. Buepnore )l;JIJI anaJIH3a rremmeihmx J(jl!fleRTOB B !fleppo­
MarnwrnRe onn ncnoJih3ouaJJncb illJieMaHROM [71. 
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Y paBH8HHJI JJ:BI1a\8HHJI llO.TJy'IaiOTCJI Bapbl~ pOBaHM8M raMHJibTOHM.aHa (8) 
no npamwy (4) 

ck + iwkck = -i ~ T kk,k,k/~,ck,ck}l (k + k 1 - k2 - k 1) dk1dk2dk;J• (9) 

IIepeMeHHhle ck Mbl paso61>e:M Ha .n;Be rpynnhl - BOJJHhi 6om:.uwti: al\mmr­

TYJJ:bi, rroBe.n;eane rwTopnrx Mbi 6y.n;eM orrncniBaTJ, JJ:HHRMwrecrar, n rerwOBhie 
BOJJHbr co cnyqai1HniMH cpasar.m:. BsaHMO.a;ei1:cTBl1e STHX rpynrr B pal\max 
ypaBHeHMJI JJ:BinHeHHJI (9) rrpHBOJJ:HT H JIHHei1HoMy saTyxaHMIO. HpoMe roro, 
K 3aTyXaHHIO 6y.a;eT npHBOJJ:HT:b B3aHl\WJJ:8HCTBI!I8 C BOJIHaMH JJ:pyroti: IIpH­
pOJJ:bi, rrpuMeCJIMH, .a:ecpeHTaMH w T . .a;. Bee STI.f JJ:H:ccnnaTHBHnle rrpon;ecchl 
Mbi YliTeM cpeHoMeHonorw'lecKn, .a:o6aBJIJIH K '!aCTOTe wk MaJiyiO MHHMYIO .a:o-
6aBI~Y -iy k' a I\ {_flyaKn;nn T - Marryro aHTH3pMMTOBY .u;o6asKy -i'fl. 

B peayrr:oTaTe norry'IHM JJ:HHai\mqecRoe ypasHeHwe JJ:BHi-1\eHr-rJI )l;JIJI BOJIH 
B ReJIHHeHHOM cpe.a;e 

ck + (h + iwk) ck = -i ~ (T kk,k,k
3

- i'flkk,k,k,) <,ck,ck,0 X 

(10) 

WyHKD;IHO 'flkk,k,k, crre.u;yeT C'IMTaTb !l;e}icTBMTeJibHOti: H rronorxmTeJibHO ·......_ 

onpe.u;eneaHoii, B Ta:KOM BHlf:e oaa orrwchrsaeT Hemmeffmoe aaTyxaHI.fe, rrpo-
rropl.\HOHaJibHoe RBa.a;paTy aMmiHTYAhl BOJIR& ck. B ReKOTOphlx cny'raJix He- fl 
n~tmeii:aoe saryxaawe saswcwT OT 6onee BhiCORI1X cTerreaeti: aMnJIHTYlf:hi, D 
Ol(Hai{Q 31'0 He npHBOlf:HT I\ cyw;ecTB8HHblM H3M8H8HHJIM peayJibTaTOB, 

2. ,1J; H C II e p C H 0 H H f>I e C 0 0 T H 0 ill e H M JI 

Paccl\IOTpHM ycTOMTIHBOCTI> rrnocKoii: MOHoxpoMaTH'lecKOH BOHHhl 

c~ = c0 exp [ -iw0t] o (k- k 0). (11) 

Byl(eM C'lHTaTb, 'ITO 3Ta BOHHa B036yJR)l;aeTCJI HeKOTOpOH BbiHYii<)l;arorn;eii 
cn.riOu /k = f0o (k- k0) exp (-iw0t), rrpwpol(a Koropofi: .D;JIJI Hac aecyw;ecTBeHna. 

,Il;o6aBJIJIJI sTy curry B npaByro 'IaCTI> ypaaHeH!IJI (1 0), rrorryquM 

fo=co(Y+11olcoJ2); wo=wko +Tolcol2
, 

r)l;e 

Mccrre)l;yeM ycTOM'IHBOcT:o BOJIHbl (11) no OTRomeRHIO K MaJihiM B03MY­
lll,eHHJIM BHl(a 

ck = cf + [ao(k -k0 - ~) exp (-iw0t) + a.*o (k- k0 +Yo.) X 

X exp (iw0t)] exp ( -iQ t). (12) 

Bbi6op B03MYIIJ;8HHJI B !l;pyroM BHl(e He IIpHBO)J;HT R HOB.hlM pe3y.TILTaTallr, 
Tar~ RaK IIpOH3BOJibHOe B03MYIIJ;8HH8 MO>RHO npe.D;CTaBHTb 1\aK cyrreprr03MIJ;IUO 
B03MYII!8HHH (12). 

liOl(CTaBJIJIJI (12) B ypaBHBHHe lf:BM>I<BHHJI (1 0), IIOJIY'IHM lf:HCIIepCHOHHOe 
COOTHOill8HHe Q (x) 

Q (~) . -iy + ; (wko+"- wk
0
_,..) + [G (Y.)- G (-Yo.)] I c0 j

2 ± 

± ; [(wko+x- 2wk, + wko_" + 2j Co 12 T (~))2- 41 F (Y.) j2j Co PJ'f'' (13) 

r~ r:· r 
\.,A 
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G (?<.) = G* (~) = Tko+><, ko; ko+", ko; ) 

F (~) = Tko+><, ko-x; ko, ko; 

T (~t) = G (~) +G (-~t)- T 0• 
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(14) 

Ecm:1 x ne Mano no cpannomno c k0 H RhlnoJinJieTcJI (1), TO nepnoe cna­
rae?.we· no,D, pa,D,ImanoM B cjJopMyJie (13) :r.rmKno o6paT)'ITb n nynn ne6oni>­
mH~t H3MenenHeM x. IIpw :noM 'IacTOTa Q (~t) nprw6peTaeT MHHMYIO ,D,06aBI\Y 
Im Q (x) = -r +IF II c0 1

2
. Ecnw 

(15) 

TO Im Q > 0. (ho 03Ha'laeT, 'ITO wcxo,D,rraJI nonna c0k cTanoBHTCH neycTofr­
'lHBoii DO OTHOIDOHHIO K 'I8Thlp8XBOJlHOBOMY npon;eccy pacna,D,a C 3ai<Oll8MM 
coxpaueHHJI (1 ). 

Cnyqari :.\IaJihiX x Tpe6yeT oco6oeo pacc:.\IOTpenHJI. Tor,D,a cpynKD;HH G (Y-), 
T (~t), F (Y.) 

IDOHHO (13) 

Y. l:: 
21roryT aannceTI:. TOJihiW OT N = s H ,D,Hcnepcuonnoe cooTno-

npHo6peTaeT BI<~,!I, 

Q (~t) = -ir + (?<.v) + I c0 12 (G (§)- G (-~)) ± 

~ [ ( :~ L @ + I r.o 12 T (;) y -I Co 14 I F (~) 12 r' 
I',D,e v = ~kw I __ - rpyrrnonan crwpocTh, 

u k- k0 

1 ~ ()2w I 
L (S) = 2 ~a~{3 d~a0~{3 k=ko • 

(16) 

(17) 

I RaK H cne,n:onano onn<~:)laT:r,, npn x = 0 nonua OKaai:.rnaeTcJI ycTOH'IHBoii: 
Q (0) = -ir. ,lJ;JUI neycTOHLJHBOCTii H006XO)l,l1MO (no He ,!I,OCT8TO'IHO), 'IT06hl 
no,D,Iwpennoe Bhrpamenne B (16) 6hiJIO oTpnn;aTeJII:.HhlM. ::ho 6y,D,eT, ecnw 
60!l:blllee f13 qnce:r 

T(g) ± IF(~) I >O 
L (~) . (18) 

,lJ;HcnepCHOHllhie COOTllOU!CllJTH (13), (16) Olli1ChiB8IOT neycTOi:i'IIIBOCT:b 
6eeyiD;IIX BOJIH B npOII3BOJILHOii cpOJ:(e C raMHJJbTOHU8HOlll (6). ,lJ;a.nnHei iiDHii 
auann3 :nux Bhlpa;-Konrrii rrposo;:t;uTcJI ,D,JIJI uaoTponnoro cjJeppo:.\rarnenma. 

3 . .III 3 0 T p 0 TI II hi ii cjJ 0 p p 0 M a I' He T JUt 

8nepnur cjJeppoMarneTMKa W cocTOHT 113 o6Mennoii aueprnw, :meprww 
<mpHCTaJIJIOrpacjJuqecrwfr 8HH30Tp0fiHH>> W a> <meprHH ,!I,HDOJI:b-,D,HITOJibHOrO 
B3aH~IO,!I,et'!cTBHH W d u T'VH- :meprrm cpeppoMarneTima no nnemneM none II. 
HaM6onee rrpocTaJI TeopHJI rronyt£aeTcH ,!I,JIJI KOpOTRHX cnwnonhlx nonn, 1wr,n:n 
o6Mennoc naau~Jo,n;eii:cTBHe 1_1poo6.'ta:\aCT. Toe.u:a anepr11JI HMeOT npocToti BH,!I, 

r,'l,e 

g - rnpm.rarnrunoo 

meT.Krt. 

wex = 2;Mo i M (k) M* (k) (lk)2 dk, 

M (k) = (27tr•" i M (r) exp (-ikr) dr; 

OTHOIDOIITIO, w.,, - o6.\WBllOO IIOJie, 
g 

14 <Iln31ma Tsep.n;oro Te:~a, Bhiii. 10, 1969 r. 

(19) 

(20) 

l- IIOCTOJJHBaH pe-
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0JJ;H8KO JJ;O CMX nop yMeiOT B030YJKJJ;8Tb :!MDII> cpaBHI1TeJinHO }.l;JlHHHbie 

CnHHOBhle BOJIHhl C k <:::_105 C::\1- I, JJ;JIH KOTOphlX cyiiJ,eCTB9HHhl M8fHH1'Hhl9 

B38HMOJJ;eHCTBMH, DO<:JTOMY llpUXOJJ;IITCH paCCM8TpHB8Tb 6onee CJIOJKHYIO 

MOJJ;eJin <f>eppOMarHenma C )l,HDOJlb- JJ;HDO.JlbHblllf B3RRJ\10JJ;9MCTBHeM. ,II;nH 00-

paan;a B <f>opMe annnnco11,n:a Bpam.enRH 

w _ ~[ r [kM (k)l fkl\1* (k)J ( 1 _ o (k)) dk _ 
a - 2g M J k2 o (0) 

- i u Mz (k) a(k) dkJ, (21) 

r.n:e wll! = 4rtgM, Nz - paaMarHM'IMBaiOIIJ,Mii <f>aR'rop n,n:onn ocn BpaiiJ,eDHH 

Z (Nz < 1); a (k) = (2rt)-3
) dr exp (- ikr). 3,n:ecn MHTerpHpOB8HMe np0113BO­

.D:HTCH no oo'beMy o6paan;a V, Tail: 'ITO 0 (0) = (2rt)-3 V. 
HapH,n:y c J!;MDOJII>-grmonnnofr ;)Heprneii cnegyeT Y'IHThlBaTn cpannnMyro 

c neif: no Benwmne aneprnm <f>eppoMarneTHKa BO BnemneM none 

(22) 

,II;nH npOCTOTbi Mhl npene6perae:M anepnieM KpMCT3.1JIOrpa<f>H"'IeCKOH aHH30 · 

Tpomui. Ognn R3 cnyqaes, Kor,n:a ;)Ta aneprnH HBJIHeTCH cym.ecTserrnoii 

(OABOOCHbiH <f>eppoMarHeTHI< Tima neri\aH D.10CKOCTb), paCCMOTpeH B ( 5]. 

C IIO::'IIOIIJ,niO BbipameHHH .llJIH ;)IIeprrm (19)-(22) B IIpimOir<enmr 2 Bhl­

'lMCJieHI>I <f>ynKIJ,HM T (§) 11 F (/;;), BXO.D:HUJ,Me B <f>opMyny (16) JJ;JUI MBKPOMenTa 
n eycTOM'IMBOCTM. 

4. Y C JI 0 B M H He y C T 0 M 'I H B 0 C T 11 0 e r y lll, H X C II H H 0 B hl X 13 0 JI U 

1. PaccMoTpMM Blia•raJre Ha116onee npocToif: c.1y<rai1, Korga o6Monnoe 

naai1.MO)I;ei1:cTBMe HBJUieTcH npeo6nagatOW,MM, w ... (lk)2 ~ w JI· Tor,n:a cneRTp 

CllMHOBbiX BOJlH (fl2, 3) M30Tp0U9II: W = gfl + (J)ex (lk)Z H Jiel'KO y6e,n:HTbCJl 

B TO~f, 'ITO 33KOII COXp3HCH11Jl ;)UeprTHI- IIi\fllYJlnCa (1) BhlUOJ1HJI8TCH 'rOJlbKO 

JJ;.1JI x = 0. ::ho oanaqaeT, 'ITO «OoMennaJI » cm1noaaJI sonna ycTOH'IHBa no 

0THOID8HHIO K B03MYIIJ,8HI1IO (12) C 00.1blllliM x. 0;J.H8KO B03MYIIJ,8HHJI C x ~ k
0 

liiOryT TCJ\l He MCHee CT8Tb HeyCTOfflfilBbL\IIT. 'lTOOhl nOK838Tb <ITO, OOpa-

1'1-L\I CJl K .li,HCnepCMOHIIO~ry COOTIIOIII ClliiiO (16). ,II;mi <<OOMeHHhlX » BOJIH <f>ynR­

l:V1H T (§), F (§) n L (§) nMeiOT Bit;( ( c :-.1. (D2, 7), (il2, 3)) 

T {§) = F@ = (2rt}-'3 gM0
1 (J)ex (lk0 )

2
; } 

(23) 
L (§) = U>cx ( Zk0)

2
• --._ 

IIo,n:cTaBnJIJI (23) B (16) n O.'l}"'IHM, 'ITO IIHI<peMenT neycTOi1:Y:uaocTH Im S2 :(.,.) 
1118l,CHllf3JIBH npM 

(
_.:.)2 --J J2.!_ _ _ 1_ lcol~g_AMz 
k0 - Co L - (27t)3 M - M ' (24) 

r,:(e 11Mz - H3MeuenHe CT3'Hl'ICCI,oi1: HaMarllJ1Y:OIJIIOCTH M. , Bbi3BaJiuoc 11C­

XOAHO:ii BOJIUOH c~. lloporoBaH a:r.IH.lli1TY.D.a BO.liihl I Co l~op. = r IF J-l J1 

(
1111_,) I g I I . 
111 uop. = (2..-:)3 M m = "'•• (l ko)~ • (25) 

TaKn.\r oopaaoM, <<00:\Jeuuam> n o .uua ;J.O CTaTO'IHO oonniiioi-i a .,mmny:~bl 
ncer~a OKa3binaeTcJI neycToii'iliBOii 110 OTIIOllleHmo R npon;eccy (1) c Ma,1hnll1 

( :~ y' .Tien:<am.mm BOJ1113H r (<oex (lko)21-l . ;)Ta ueycTO}!lfllBOCTb upnBOj~ll1' 
:n noJIBJICHMIO .D,:umaonep!10.lJ.llbiX n po.D,O.'JhHhlX (Y. IJ k 0) 11 nonepe'IHbiX (x j_ k

0
) 

::\IOji.J:JJin;ni1: 3.MUJIMTYJJ;bl 6oryw,cti CIUIITOBMI BO.lHhi. 
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2 . ,II;nH ~JIHHHblX CIIHHOBblX BO.'lB, KOf)l;3 Hy»<BO Y'HIThlB3Tb ~HliOJib­
~HllOJlbHbl8 B33H.M0)!.8BCTBHH, xapaKTep HeycTOrl'IHBOCTH 6y~eT 33BHCeT:b OT 
aanpasneHHH pacnpocTpaHeHHH BOJIHhl. B cnyqae «npo~OJibHOH)} BOJIHhl (k

0 
II M) 

aeycTOBlJHBOcT:b c 6onnmHMH -x no-upemHeMY aeso3MO»<Ha s ci-my ycno­
BHH (1 ). ,II;nH cnyqaJJ ~aJibiX X C yqeTOM ~HllOJlb-)!.HllOJlbBOfO B33Hlt10,D.OBCTBHJI 
nonyqHM H3 (II2, 7) M (II2, 3) 

(26) 

(27) 

IIpH F = T aeo6xo~HMhlM ycJIOBHellf neycTOJilJHBOCTH, KaK cne~yeT H3 (18), 
HBnHeTCH T L-1 < 0. 3aMeTHM, qTo L (~) scer~a nono»mTeJibHO, a T (~) > 0 
JIHm:o, ecJIH wex (lk0)

2 < illM M Cf (~) > 0, uo:noMy BHemaee MarmiTHoe uone, 
6on:omee lJeM 4"M (Nz + 1), CTa6HJIH3HpyeT i.\JO~YJIHIJ,UOHHyiO aeycTof!qH­
BOCT:b 6er ym,eii BOJIBDI c k0 II M. 

E cm1 me H < 4r.M (N z + 1), TO cp (;) 6y~eT OTpRu,aTeJI~:>Hoii ~JIH BeKo­
TOpnrx HaupaBJieHHJI JI B03HIIKaeT HeyCTOII'lHBOCT:b C llf3JlhlMH x, B nepByiO 
oqepe~:o c TaKmm, KOTOphle y.n.osneTBOpHIOT ypasaemtro 

.!:._ _ _ 1_ 
ko- Lm · (28) 

IIopor :no:i1 aeycTOH'lHBOCTM onpe~enHeTCH s:orpameaHeM (25), B KOTO­
poM F onpe~enHeTcH ljlopMynofr (26). 

3. Cny'Iaii uonepeqaoro pacnpocTpaaeHHJI BOJIBhl (k0 l_ M) OTJIH'IaeTCR 
OT npo~on~:>aoro (k0 lJ M) TeM, 'ITO MO>I<eT B03BHRaT:r, aeycTofrqusocTn c 6onb­
IDH?tm x. 8To npoucxoJJ;l'IT noToMy, qTo npl'I pacua~e BOJIBhl c k

0 
j_ M ee 

~HnOJib-~HliOJII>HaJI :meprHH y.MeHI>maeTcn H Mo»<eT CKO.MneacuposaTb ysenH­
qeaHe o6Meaao:i1 aaeprJIH npu BeKOTOphlx Y... flopor aeycTOM'IHBOCTH c 6onh­
IDHMU x, O~BaRo, cosna~aeT no nopJI~RY senHlJHHhl c noporo:M ~JIH x ~ k

0
, 

H ~JIJI IIpOCTOTbi Mhl OrpaBHlJHMCJI 3THM IIOCJie~BHi.\1 CJiyqael\f. 
AaaJIM3 ycnOBHH aeycToiiqusocTH npH npOH3BOJibHhlX ill]J[ , 9 ll we~ (lk0)2 

3aBJIJI 6hl cnmnROM MHoro MecTa; Mhl pacc~JOTpHM TOJibRO o~:aa HBTepecHhlii 
cnyqaf! ill.M ~ Q, (J)ex (Zk0)

2
• ,II;pyrHe 'IaCTBble cnyqau pacc.MOTpeHbi aaMn B [5]. 

B aameM cnyqae H3 (fl2, 7) H (II2, 3) nonyqaeM 

(29) 

Tar< RaR L (n MO»<eT H3MerrJITo 3naR, TO cmmoBhie so:JB.hl aeycTOH'IHBhl 
upu mo6hlx 3Bai<ax F u T. Doporosan aMnJinTy~a pasaa 

(30) 

0TCIO~a BH~HO, liTO ~JlJI ~JUIHBblX CilllUOBhlX BOJIH (ill ex (lk0)
2 ~ ill.IJ[ ), pac­

npOCTpaBJJIOID,MXCJI B o6pa3IJ,e, B KOTOpOM BH)'Tpenaee none M3JIO (Q ~ ill.IJ[ ), 

nopor aeycTOH'lHBOCTH cym,ecTl38BBO yJ.rea:omaeTcn. 

14* 
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4. 0I(8HHM HHT8HCMBHOCTb CIIHHOBO~ BOJIHhl, IIpH KOTOpOH B03HHKa8T 

H:eycTOhHBOCTb. lls (25) H (26), (29) CJie.n;yeT, 'ITO (A!,) ~ rw-1• CooT-
flOp. 

B8TCTBYIOIIJ,88 3Ha'l8HH8 IIOTOKa :mepn1H B CIIHHOBOH BOJIH8 

·p 2 ow yM l2k 
~ nop. = wcuop. i}k ::::::::: g (l)ex ' 

,Il;JIJI MOHOHpl'ICTaJIJia HTTpHeBoro rpaHaTa r ~ 106 ceH.-1, M::::::::: 102 rc, 

w.xl2 ~ 0.1 CM2 
• ceK. -l. Bhl6MpaJI k __, 1 0{ CM- 1, IIOJIYTIHM p uop. ~ i 0-3 BT • CM- 2• 

Cne.u.yeT OTM8THTI., 'ITO Bhlpa>H:enne (3i) orpaHH'IHBaeT cBepxy rroToK 

aHeprHH, KOTOphlH MO>K8T rrepeHOCHTbCJI B KpHCT3JIJI8 CITHHOBOH BOJIHOH. 

aTOT noTOK o6hl'IHO 3Hati:uTeJI.&Ho MeH.&rne, 'leM MaKcHMaJI.&HhlH IIOTOI< ::mep­

rHH ( ~0.1 BT • Cl\C2
) .IJ;JIJI ynpyroH BOJIHhl B cpeppoMarHeTHRe ( 8], II03TOMY 

KpHTM'leCrnie 3H3'I8HHJI IIOTOI<a (31) MOryT .IJ;OCTHraTbC.li B IIpOI(ecce rrpeoo­

pa30B3HHJI yrrpyrHX BOJIH B CIIHH0Bhl8 B HeO.D;HOpO.IJ;HO.Y1 MarHHTHOM IIOJie ( 9]. 

IJpHJIO>K8HH8 1 

TaMHJibTOHHa'H (6) rrpHBO.D;HTCJI I< BH.D;Y (8) CJI8)1.yiOIIJ,Hl\f IIpeoopa30Ba-

HHeM(5] \ 

b -c - s vkk,k,ck,ck,o (k -kl- k2) dkldk2 
k- 1c w -w -w + 

k k, k, 

-s ukk,k,c~,c~,o (k + kl + k2) dkldk2 

wk + wk, + wk, • 
(IIi, 1) 

IIpeo6pasosaHHe (IIi, i), BO-IIepBhlX, c TO'IHOCT.&TO .n;o 'IJieHos TpeT.&ero 

ITOpJI-.D;Ka JIBJIJieTCJI K3HOHH'l8CI<HM H He MeHJieT II03TOMY raMHJibTOHH3HOBOH 

cpo_pMhl ypaBHeHHM .D;BHII{8HHJI; BO-BTOphlX, OHO Bhl6paHO TaK, 'lTOObl pesyJI.&­

TRpyiO.IIJ,HM raMHJI.&TOHHaH He co.n;epn<aJI ·rpo:i1HhlX 'lJieHoB, T. e. MMeJI BM,!J. (8), 
_r.n;e 

u:_(k+k,)kk, u - (k,+k,J k,k , 

wk+k, + wk + wk, 

v~,+k,, k,k, v k +k., kk, 

wk,+k3 - wk, - wk, 

' 
v~+k,, kk, v k,+k,, k , k, 

wk t-k
1 
·- wk- wk, 

-2 v kk,, k-k, v~,k,, k,-k, 

wk3-k1 + wk, - wk, 
-2 v k,k,, k,-k, vk,k, k,-k 

wk,-k + wk- wk, 

v kk,, k-k, v~,k,, k,-k, 

wk,-k, + wk, - wk, 
(IIi, 2) 

<DyuKn;HH T kk,, k,k, y.n;osnersopJIIOT O'leBM.LJ:HhlM ycJIOBHJI~r CHMMeTpHH: 

T kk,, k,k, = T k,k, k,k, = T kk,, k,k, = T~,k,, kk,· (IIi, 3) 

HpoMe Taro, B (8) IIOJIBJIJIIDTCJI He narepecyrom;ue Hac 'IJieHbl nma 

c~ck,ck,ck,, ckck,ck,ck, M T. II. 

IIpMJIOJI<8HH8 2 

IIepe:H:.n;eM B BhlpaiKeHHJIX .D;JIJI ::meprHH (19), (2i ), (22) K RaHOHH'lecrmM 

nep8M8HHhlM, MCIIOJib3YJI npeoopa30BaHJ.IJI ( 4), 3aiTMC3HHble B k-npe)1.CT3BJie­

HHH. B pesyJI.&TaTe IIOJIY'IHM cpyHKn;Hro ral\Uf.TJbTOHa w 
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w = w<zJ + w(3J + w<•l ; 

w<zJ = ~ Aka~akdk+} ~ (Bkaka-k + Bk_ak_a:.k) dk; 

1-sk v-(3) "'11f l g Jz( li (k)) J, * W = - --,-1 ZM 2 1 - , (O) [ ci+a-k, + kl+ak,] X 
(2r-) 2 k 0 * 1 X ak,ak,o (k1 + k 2 + k 3) dk1dk2dk 3 ; 

w(4) = (2!)3 ! ~ dkldk2dksdk4ak,ak,ak.,ai.,o (kl + k2-

1 
- k3 - k4) 4 [ C k,-k, + C k,-k, + C k,-k, + C k,-k, - Dk, - Dk, -

- Dk,- DkJ - (Z!)3 1~ ~ dk1dk2dk3dk 4o (k1 + k 2 + k3 - k4) X 

X {ak,ak,ak,ak, ! (Bk, + Bk, + Bk,) +I\. c.}. 

Ak = 9 + Wex (Zk)2 + w,u I ;~~
2 

( 1 - ~ ~~D; 
- - k! ( 0 (k)). 

Bk-WM 2k2 1-ll(O) ' 

~ 2 li (k) - k~ ( li (k)). 
ck - (Oex (lk) + wllfN., 0 (0) + WJ[ k2 1 - 0 (0) ' 

_ 2 I k+ 12 
( o (k)) . 

Dk-Wex(Zk) +wM 2k2 1- o (O) ' 

9=gH - w1llN z; k+=kx+ik11 • 

(II2, 1) 

(II2, 2) 

ConepmMM BTopoe HaHOHM'IeCiwe npeo6pa30BaHMe [1], npnno.zvrmee w<ZJ 
H ~naroHanhHOMy BM~Y 

(II2, 3) 

Tor~a raMMJlhTOHMaH (I12, 1) npnno~HTCH K Bn~y (6). 06ID,ne Bhipaff\e­
HMH ~JlH H0:0)(pqJMD,M8HTOB V kk,k, , U kk,ks H W kk,k,ks IIpMBe~eHhl Ha:MH B (5

). 

B cnyqae, IWr~a nee k, 6m13KH K k0, 

+ B 2 [ Ck.-k, + Ck,-kJ + (2A2 + B 2) wex (lk0)2 - (A- B) (2A- B) B. (II2, 4) 

3~ech 

P-1 - ? (2~)3 ,.,z ·g-1M · A -A · B - B 
- o.J ' \,. u.rko 0' - ko' - ko· (II2, 5) 

Bhl'IMcnemte BK.Tia~a B Tk,k,k,k, npon;eccon TpeThero nopH~I{a no cpop­
Myne (Il1, 2) aHa'IwreJi bHO y npoiD,aeTCH B cnyqae k0 II M Mnn k0 .l M. Tor~a 
lj ±2k

0
, ko· 0 = V ±2k

0
, k0, 0 = V k0 , k0, 0 = Q M cyiD,eCTBeHHbiH MaTpM'IHhltl 8JieMeHT 

I V 12 w2 A 2 2 a · o n 
k 0, k 0 , ±Y- = _!!__ cos u sm~ u • COS 0= ..!:..!_ 

w (lt) p 4 Q + '-"JJr sin2 6' I~ I · 
(TI2, 6) 

McrronhayH (II1, 2) H (TI2, 3)-(H2, 6), nony'IHM B cnytiae k0 II M MJIM 
k0 _L M 

F = F0 + pwM [B 2Nz + cos 2 6 (B2 + 2A2 9 (~))] ; ' } 

T = F0 + 2pwM [-B 2N., + cos2,0 (2B 2 + A 2<p (~))], 
. (II2, 7) 

- .._,.,_/ 
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F0 =: -p [B (A- B) (2A- B)+ (2A2+ B2) wex (lk
0

) 2], 

a cp (§), g onpe.n.eJUieTcH 113 (26). 
EcJIH k0 II M, TO A = wko, B = 0 H Bhlpa>KeHHJI (Il2, 7) ynpom;aiOTCH. 

B aTOM cJiyqae H3 (II2, 7) H (17) noJiy'IHM <f!op;\JYJihl (26), (27). EcJIH >Ke 

k0 j_ M H WM ~ Wex (lk)2
, WM ~ Q, TO H3 (fi2, 7) H (17) IIOJIY'IHM <flopMyJihl (29). 
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