














































3Ha'leHHH (hth v- -y)/'y 10-4 
7 w-s . .llnH TOro 'IT06bi napa OCTaJiaCb YCTOH­

'IHBOH npH npeBbiiiieHHJIX B HeCKOJlbKO ,D;eii,H6eJIJI (h V - 'Y 'Y), He06XO,D;HMO, 

'IT06bi IT (0,1 7 0,01)S. TaKHM o6pa30M, MOHoxpoMaTH'IeCKaH CTOH'IaH 

CB npH napanneJibHOH HaKa'IKe npaKTH'IeCKH HeycTOH'IHBa. 

XapaKTep pa3BHTHH HeycTOH'IHBOCTH cylUeCTBeHHO JaBHCHT OT napaMeTPOB 

raMHJibTOHHaHa T H S. · 3a HCKJIIO'IeHHeM cnyqaH T> 0, S > 0, KOTOpbiH Mbi 

B ,D;aJibHeHIIIeM o6cy)I(,D;aTb He 6y,o;eM, HHKpeMeHT HeycTOH'IHBOCTH, KaK y)l(e 

OTMe<ianocb, MaKCHMaJieH Ha noBepXHOCTH Ko 1 k 0 , a npH y,o;aneHHH OT no­

BepxHOCTH 6biCTp0 y6biBaeT. 3TO npHBO,D;HT K TOMy, 'ITO OCHOBHbie CBOHCTBa 

t/J 

rr/2 

0 

-rr/2 
1 

0,5 yt 2,0 

PH c. 32.2. 3aaHCHMOCTb <t>aJLI <II (0, t) a ueHTpe naKeTa AnH p = 4, T = - S . KpHBLie 
J,2, JCOOTBeTCTByiOT k=2 ; 3; 3,5 

HeJIHHeHHOH CTa,D;HH pa3BHTHH HeycTOHtiHBOCTH MO)I(HO npocJie,D;HTb, IJpJib3'yHCb 

.o;ByMepHbiMH ypaBHeHHHMH, B KOTOpblX A H B JaBHCHT TOJlbKO OT KOOp,D;HHaT 

X Hy, OpTOfOHaJibHbiX V.41Jb!p3)1(eHHH (32.14) H (32.15) ,D;JIH HHKpeMeHTa COOT· 

BeTCTBYIOT B03MYIIIemiHM BH,D;a oA (r , t) ± oB(r, t). B cnyqae T> 0, s < 0 BH,D;­

HO, 'ITO B03MYIIIeHHe oA = - oB HMeeT Janac ycTOHtiHBOCTH H, KaK llOKa3aHO 

B.C. JlbBOBbiM, A.M. Py6eH'IHKOM [ 151], npH :noM A (r, t) = B(r, t) H Ha HeJIH­

HeHHOH cTa,D;HH ,o;BH)I(eHHH. OrpaHH'IHBaHCb ,D;JIH npocTOTbi cnyqaeM w" > 0, 
MO)I(HO, H3MeHHH MaCIIITa6, npeo6pa30BaTb ypaBHeHHe (3 2.1) K BH,D;Y 

i ( :t + 'Y )A - hVA • + = [(2S + T) I A 1
2 

- (32.18) 

3,o;eCb Mbl onpe,o;eJIHJIH 3Ha'leHHe Wk H3 ycJIOBHH BHeiiiHeH YCTOHtiHBOCTH (2.12). 
0 

3THM Bbi6HpaeTCH HaH60Jiee yCTOHtiHBaH CTOH'IaH BOJIHa, ,D;JIH KOTOpOH, KaK 

MO)I(HO llOKa3aTb, o6JiaCTb llOJIO)I(HTeJibHOfO HHKpeMeHTa B k-npOCTpaHCTBe 

opraHH'IeHa , K k 0 • 11JyqeHHe HeJIHHeHHOH CTa,D;HH pa3BHTHH HeyCTOHtiHBOCTH 

nJIOCKOH CTOH'IeH BOJIHbl B ,D;aJibHeHIIIeM 6y,o;eT npOBO,D;HTbCH B paMKax BbiBe,D;eH­

HbiX 3,D;eCb ypaBHeHHH (32.18). 
ITpoBe.o;eHHbiH B.C. JlbBOBbiM, A.M. Py6eH'IHKOM [ 151] aHaJIH3 ,o;aeT ocHo­

BaHHH C'IHTaTb, 'ITO BCe CTaii,HOHapHbie COJIHTOHbl B ypaBHeHHHX (32.18) He­

yCTOH'IHBbl. TaM )l(e paccMoTpeHa TaK)I(e Ha'laJibHaH HeJIHHeHHaH CTa,D;HH :noif 

HeycTOHtiHBOCTH, npH'IeM OC060e BHHMaHHe y,o;eJIHeTCH CJiy'laiO, KOr,o;a HHKpe­

MeHT aHOMaJibHO MaJI. 0H HHTepeceH TeM, 'ITO HeJIHHeifHoe B3aHMO,D;eHCTBHe 

Ha'IHHaeT HrpaTb CylUeCTBeHHYJO pOJib npH BeCbMa MaJibiX aMUJIHTy,o;ax. 0Ka3a­

JIOCb, 'ITO TeM He MeHee OHO He OrpaHH'IHBaeT pOCTa Ha'laJibHOfO B03MylUeHHH, 

a JIHIIIb CHJibHO JaMe,D;JIHeT ero. AMnJIHTy,o;a ero npH :noM pacTeT KaK t 1 /
2

. 

B pe3yJibTaTe o6paJyeTcH yJKHH B k-npocTPaHCTBe naKeT BOJIH c K ko: 
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~K - Ko . TaKOe COCTO.IIHHe .IIBJI.IIeTC.II CHJibHO Typ6yneHTHbiM, K ero H3}"1eHHIO 

Mbi npHcTynHM B cnep;ywmeM llYHKTe. 

32.3. Cpe.~n~He xapaKTepHcmKH aBTOKone6amdt napbl. BHal!ane oueHHM lliH· 

pHHY B036yx<p;eHHOH B k·npoctpaHCTBe o6naCTH npH npOH3BOJibHOH Ha)J;KpHTH'I· 

HOCTH. 113 S -TeOpHH cnep;yeT, 'ITO B o6cy)I(AaeMOM H3MH CJI}"'ae, KOr,ria Vk 
MaKCHMaJibHa B TO'!Ke k0 , naKeT napaMeTpH'!eCKH B036y)I(AeHHbiX BOJIH penaK­

CHpyeT K CTO.II'IeH MOHOXpOM3TH'!eCKOH BOJIHe C k = k 0 , eCJIH HH)J;HBH)J;yaJibHbie 

Q>a3bl BOJIH MO)I(HO C'IHTaTb CJI}"'3HHbiMH·. ,Un.11 CJI}"'aHHOCTH Q>aJ )J;OCT3TO'IHO, 

'IT06bl Q>a3bl p;syx BOJIH B naKeTe paCXO)J;HJIHCb Ha BeJIH'IHHY nOp.!Ip;Ka e)J;HHHUbi 

33 BpeM.II, MeHblllee xapaKrepHOrO BpeMeHH HeJIHHeHHOrO B33HMO)J;eHCTBH.II. 

3To npoHcxop;HT B naKere c (~k) 2 ~ "~ = SA~/w" . IlonoMy naKer c M ~ Ko 

cyx<aerc.11 .no pa3MepoB " - Ko , a ero cpe,nHll.II aMnnHryp;a penaKcHpyer K senH­

l!HHe A0 . EcnH )l(e M ~ Ko, ro TaKOH naKer HeycTOH'IHB c HHKpeMeHTOM 

(32.14) OTHOCHTeJibHO B03MYIUeHHH C K -K0 H, cnep;OBaTeJibHO, 6yp;er paClliH· 

p.!ITbC.II )J;O ~k- Ko - (SA~/w") 1 12 . Ilop;qepKHeM, 'ITO BO BCeH o6naCTH ryp6y­

neHTHOrO ABH)I(eHH.II HHKpeMeHT HeycTOH'iHBOCTH (32.14) noJIO)I(HreneH B y3-

KOM cnoe it11 <SAUV s6JIH3H nnocKocrH It 1 v, r.e. paccMarpHBaeMaH HaMH 

ryp6yneHTHOCTb .IIBJI.IIeTC.II llO'ITH AByMepHOH: 

(K 11 /K.L)2 ~ SA-~/wk ~ 1. (32.19) 

CpeAHHH ypoBeHb ryp6yneHrHOCTP. A 2 
He MO)I(er CHJibHO ornH'!aT&C.II or se­

JIH'IHHbl A~, onpep;en.IIeMOH Q>opMynoii (32.2) . .UeiicTBHTeJI&HO, KaK OTMe'la­

nocb Bbillle, MOHOXpOMaTH'!eCKa.II llJIOCKa.II BOJIHa YCTOH'iHBa OTHOCHTeJibHO KO· 

porKOBOJIHOBbiX _B03MYIUeHHH c "~ k0 , ron&KO ecnH ee aMnnHryp;a pasHa A 0 • 

Ol!eBH,nHO, 'ITO raKa.II HeycrOH'IHBOCTb coxpaH.IIeTc.II H AJI.II napbi, npoMop;ynH­

poBaHHOH c "~k0 , nonoMy, ecnH A2 
3aMerno OTJIH'Iaerc.II or At TO B036y:>KAe­

Hbi KOpOTKOBOJIHOBbie MO)J;yJI.IIUHH, 'ITO npOTHBOpel!HT llOJI}"'eHHOMy Bbillle 

yTsep:>KAeHHJO o6 Y30CTH naKera. TaKHM o6pa30M, pa3BHTHe Heycroii'IHBOCTH 

nnocKOH BOJIHbi npHBOAHT K cHJibHOH KBa3H)J;ByMepHOH ryp6yneHTHOCTH BOJIH 

Mop;ynHUHH A (r, t) co cpeAHHM ypoBHeM 

(32.20) 

rny6HHoii Mop;yn.IIUHH nop.11,nKa ep;HHHUbi, xapaKrepHOH qacroroii JJ:BH)I(eHH.II 

h V - 'Y H XapaKTepHbiM M8Cll1Ta60M B K00p)J;HH8THOM npOCTpaHCTBe r .L ~ 

~ K(i 1 ~ k01 
( w/SA~) 112

• Mo)I(HO cKa3ar&, 'ITO B03HHKaeT AHHaMH'IecKa.~~ cmiH­

IOHHa.II CTpyKrypa C AJIHHOH KOrepeHTHOCTH nOp.!Ip;Ka pa3MepOB COJIHTOHOB, 

't.e. A0 1 
( w" /S) 112

, Koropa.~~ cymecrseHHO MeH.IIerc.II B npocTpaHCTBe 3a 

speMH (hV-r)- 1 . 

32.4. Pa3pyweiDie COJIHTOHOB H MexaiDI3M orpaHHqeHJUI llMlUIH'fYALI Kon­

nancoM. B rex o6nacr.11x, rp;e aMnnHryp;a conHTOHOB B npouecce ryp6yneHrHoro 

)J;BH)I(eHH.II OKa3anac& aHOMaJibHO 6omrnoii, A ~ A 0 , B ypaBHeHH.IIX )J;BH)I(eHH.II 

MO)I(HO npeHe6pel!b 3aTyxaHHeM H H3K8'1KOH, T3K KllK 38 xapaKrepHOe BpeMH 

3a)J;al!H (SA 2 ) -
1 

CHCTeMa ITB He ycneer CYIUeCTBeHHo o6MeH.IITbCH :meprHeH 

c repMocraroM H HaKal!KOH. B JTOM npH6JIH)I(eHHH ypaBHeHH.II (32.1) onHCbi· 

Bll!OT HeCT3UHOHapHOe llOBep;eHHe napbi BOJIH B KOHCepBaTHBHOH cpep;e. Ilpe)l(p;e 

Bcero noKa)l(eM, 'ITO .IIBJieHHe Konnanca xapaKrepHo He ron&KO AJI.II orH6awmeii 

MOHOXpOM8TH'IeCKOH BOJIHbl, HO H )J;JI.II napbl BOJIH . ,Un.11 JTOrO OTMeTHM, 'ITO 

Henocpep;CTBeHHbiM Bbi'IHCJieHHeM MO)I(HO y6ep;HTbCH B TOM, 'ITO ypaBHeHH.II 
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(32.1) (npH 'Y = h = 0) HMeror cnep;yromHH HHrerpan ABIDKeHJrn: 

I= ~w"f(IVA 12 +I VBI 2 )dr+ ~T f(IAI 4 +I Bl 4 )dr+ 2S fiA I2 IBI 2 dr. 
(32.21) 

,Uanee Mbi noKIDKeM, qro ero JHaK so MHOrOM onpep;enner JB01IJOUHJO cHcre­
Mbi. PaCCMOTpHM Anll JTOfO BTOpyro np01i3BOAHYJO OT cymecrBeHHO nona>KH· 

re1lbHOH aen~HHbi 

(32.22) 

Henocpep;crBeHHbiM Bbi~cneHHeM c noMOIUbJO (32.1), a KoropoM no napa­

Merpy (SA~/w) ~ 1 MO)J(HO npeHe6pe~ BTOpbiMH npOH3BOp;HbiMH no Z, TaK 
)J(e, KaK B 11. 12.4 rn. 3, MO)J(HO nOKaJaTb, qro 32R/3t2 = 2J, OTKyp;a cnep;yer 

R (t) = It 2 + 2o:t + ~. (32.23) 

rp;e o: H ~ - nocrO.fiHHbie HHrerpHpOBaHHJI. SHABo, qro npH I < 0 Ja KOHe~oe 
BpeMJI R (t) craHOBHTCJI orpHuarenbHbiM, qro nporHBOpeqHr (32.22). 3ro OJHa­
qaer, qro peweHHe ypaBHeHHH (32.1) "pa3pywaercn" Ja KOHe~oe BpeMn, 

T.e. nOJIB11JieTCJI OC06eHHOCTb npH T = 0. 
PaccMorpHM JIB1IeHHJI, npoHcxoA.~ImHe npH Konnance conHTOHOB. QqeBHAHO, 

qro npH HJyqeHHH 3B01IIOUHH K0111IancHpyromero C01IHTOHa MO)J(HO He yqHTbiBaTb 
anHJIHHe HaKaqKH H JaryxaHHJI. YpaaHeHHe (32.4) nepeXOAHT npH JTOM B He-
1IHHeHHOe napa6onHqeCKOe ypaBHeHHe, CBOHCTBa peweHHH KOTOporo nop;po6HO 
HJyqanHCb B CBJIJH c Jap;aqeii o caMo<t>oKycHpOBKe caera. KaK noKaJaHo 
B.E. 3axapoBbiM H B.C. CbmaxoM [108], aMnnHryp;a B ueHrpe conHrOHa 6bicrpo 

pacreT CO BpeMeHeM: ~~0, t) "' (r' - t 0 )-
2f3 . IlpH 3TOM pap;Hyc C01IHTOHa 

yMeHbwaercn raK, qro B npouecc cxnonbmaHHJI Jaxaarbmaercn crporo onpe­
p;eneHHoe KOnHqecrao JHeprHH 

Ie = w f I A l 2 dr = 1,86w"w/12S + Tl. (32.24) 

IlpH yaen~eHHH aMll1IHTYAbi B01IH B K0111IanCHpyromeM C01IHTOHe CTaHO· 
BHTCJI cymecTBeHHbiM HenHHeHHOe JaTyXaHHe, KOTOpOe npHBOAHT K 6biCipOMY 
BbiropaHHro ·JHeprHH conHTOHa . OueHHM J<t><t>eKTHBHOe HenHHeiiHoe JaryxaHHe 

'Ynz ~ IeK~/rwA~ ~ 1/r, (32.25) 

rp;e r - BpeMJI Me)J(Ay ABYM.fl nocnep;oBarenbHbiMH KOMancaMH B o6nacrH 

C pa3MepoM K(j2 . J.1J C006piDKeHHH pa3MepHOCTH MO)J(HO nonyqHTb, qro T ~ 
~ (h vr I llpH h >he. 

Yqer 3T0f0 MeXaHHJMa AHCCHnaUHH JHeprHH npHBOAHT K TOMy, qro cpep;H.fiJI 
aMnnHryp;a ryp6yneHTHbiX nynhcaUHH craHOBHTCJI Memwe A 0 , a BocnpHH~H­
BOCTb X 11 

C pOCTOM aMn1IHTYAbi h He y6biBaer, a BbiXOAHT Ha nnaTO, COBnap;aJO· 
II 

mee no nopHAKY aen~HHbi c x B MaKCHMyMe. 

IIepcneKTHBHbiM Merop;oM JKcnepHMeHTanbHoro HJyqeHHll CH1IbHOH conHTOH· 
HOH ryp6yneHTHOCTH napaMerp~eCKH BOJ6~p;eHHbiX CB HBnnercn HJMepeHHe 
cneKrpanbHOH ll1IOTHOCTH 31IeKTpOMarHHTHOfO H31IyqeHHJI <l>M Ha qacTOTax, 
61JH3KHX K qaCTOTe HaKaqKH Wp . 

IlpH h < he, KOrp;a K0111IanCbi pep;KH, cneKrpanbHall ll1IOTHOCTb UiyMa 6nH3Ka 

K rayccoBOH c IIIHpHHOH I w- Wp I - -y(p- 1) 112. IlpH h >he JaMeTHbiH BK1Iap; 

B H31IyqeHHe BHOCJIT K0111IancHpYJOIUHe C01IHTOHbi, y KOTOpbiX <t>aJa napbl 
'lr(r, t.) "orpbiBaercn" or <l:>aJbi HaKaqKH H HaqHHaer 6blcrpo BpamaTbCll, np11 
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JTOM: >¥- (t - to)- 113 • nblcrpoe BpameHHe <PaJbi npHBO)l;HT K yumpeHHIO 

CfleKrpa H3n)"'eHIUI (h2 )w, no KOTOpOM)' MO)I(}{O perHCTpHpOBaTb KOnnanCbl. 

MO)!(HO nokaJaTb, liTO (h 2 )w -I w - Wp 1- 7/ 4 . 

HenHHeifHoe JaryxaHHe, orpaHHI.IHBaromee aMnnHrygy B Konnance A <A max , 

gomKHO o6pe3aTb Ill)'MO~oe HJn)"'eHHe H<!- 1.1acrore 

SAmu ~I Wmax- Wp 1. 

3aga'IH 

33.A3'13 6.1. BLNHCJIHTh 33.BHCHMOCTh OT BpeMeHH norJioiUeHHOit MOIUHOCTH Ha JIHHeitHoit 

CTa.u;HH pa3BHTHJI napaMerpH'IeCKOit HeyCToit'IHBoCTH npH MrHOBeHHOM BKJIIO'IeHHH 

H3K3'1KH. 

YKa:umue. McnonL3oBan. yp3.BHeHHll (29.2) B JIHHeitHoM npu6nulKeHHH. 

0T8eT: 

T 

F n,(T) = f 11 (T' ) exp{- Pn. T, ) dT', 
0 

r ne l.(T) - ¢lyHKUHJ[ oeCOeM OT MHHMoro apryMeHTa Pn, 'Yn,fhVn,, Tn, = 2hVn,t . 


