
14 Kon. 

PeAaKTOP E. K . AKCf!1I0B3. MaKeT H.A. KUCeJ1Cnoil • 
Hat.iop T • 1J.I1HGepMaH , 11.r.AlIApeenoll. 

nOA".. caHO B "e'lar b 2. . 09 . 85 . 
~op~aT 60)(90/16. O¢!CeTl,aR l1e"arb. Y'I.-"3A.II"croB 0,94. 

r"palll 445. 3.aKa3 36651. 

H3AaTenbcK"~ OTAen Ot.iDe~"HeHHoro HHcrHTYT.a RAepHwX ~CC/leA08aHHH. 
Ay6Ha MoCKOBCKO~ ofinac,,,. 

COOfiUl8HMR 
OtihBAMHBHHoro 

MHCTMTYTa 
RAepHbll 

MccneAoBaHMA 

AYfiHa 

P4·85·543 

13 .1 .KapTaBeHKO, ,lJ..KapaJ(.lKOB, ,lJ. .KJlyre, i1.Ibmeposa 

o KOJ1EGAHl1RX R,lJ.EPIIOYl flJlOTIIOCTI1 

l' JJ,l1ctutlY3HhlM KPAEM 

1985 



© O61.e,qBBeJDnl!! BBCTHTYT llAellllWlt RC<:ne,A08&JIIIA lU6-. 1985. 

BBEAEHl-1E 

Anfl nom\lo'~t 1111'1 MCXaHI13Ma r lly6oKoilcynpy roro Baal1l.o10Aci:'c T 811ft T fI­
' I I _ 

H(ellblX 110HOO C i:tTOMHbI'111 f1AP.Jt~1'! RBnfle T CfI nOne31-1011 Kmll.~enL\l'\f1 

BXOAllbl:~ (ollon.,ay) COCTOPHl-1i1, 06paaYIiliIlI1X .11 I'a tfC)'lUnt:.HOI1 CT<JA I-1I1 

B3i111MOA,11CTBI-1i=1 1-1 onpCA.::r,Jo1lOUlrlX Ai)nbHe~Wlll1 npOL.\ec pt!Ilat<C ilL\ 11 11 B 

flAt:PHU~ 1.11CT<!MC. CPCAll HHOH("",CT8<.1 CTeneliel1 coofiOAbI CfdnKI-1BaIOl1l11X­

('R flllep ')A II I1M 1-13 HaAGOJlee BepOfll rlblJ( KaH.LI11Acll08 B Ka V(;Cl Be BXOA­

Il~J:·. COCTORlll.tii p.oryT 6b1TlJ Koncfiil ' I'1fl flACP HOI1 nnOT~IOCH' /rl1raHl­

CKI'IC pe 30IlaHCbI/. TcJl(l'Ie COCTOAHl1fl CYlllCC TDClillbI llnR nOHI1 MaHI1f1 

RBne l H1A AI1CCimill\:111 Kll11CTI14cCK0I1 3Heprl111 ' 2-"11 MeXilHI13Ma o6pa­
30Bdt111R fiblCTDblX nCrKI1X 4ac.TI1L\,a,fI-7 · B rr.yGoKoHeynpyrt1 C10nKHO­

BeHI1RX. Me TOA Onl1Catll1R K0l1c6aH~:::1 .qAepHoI; nno. HOC TI1 e nOAofiHblX 

paCI./CTaX A01l)ICeH OAHOBD' McmlO YAosncTBopRTb HCCKOnI.KI1,.. Tpefioaa­

HI1~M: .qonycKal b nDR~oe 06o~eH~lc Ha CJlY4a~ ABYX CI1JlbHOs3a .... MO­

Ac.:1CTBYICIl4I1X CI1CTC~I; 6~ITb. no S03NOlKHOCll1. nOCJleaOEl.:lTCn b ilbl~1 
/ cornaCOBbiBaTb cDolk T oa B03fiYIt(AerU'''H c ~ICXOAHbI"'I MHOrO'laC TI1"~Ib:M 
raMI1JlbTOlti1allOM CI1CTCI-\hI/, aAeKBaTHbll~ /OCHOElllbiC CBOI1CTBa B036YII<­

ACclllY1 onpcACIlAIOT 300111OL\Htl penaKCal.V10liHblX RBneHI1I:1/ 11 I1POCTblM. 

T aK KilK I1H¢.'QPMilL\111l 0 CBOHC TBax T i1KIo1X B03fiYIKAeHI-111 Io1CnOJlb3ycTCA 

Kal< Il)(OAI~ble A<lIIt!blC AIln AaJlbHeJ.1W~1X AOBOJllJttO CJlOi!lHL.lX paC4CTOB. 

(peAl', 'YllICCl eYQlI'1K MeTo.qoB Onl1CaHI1Sl KOJle5aHm:i AAeplloi1 nnOTHOC­

T\1 '~I YA00l1elOOpl11 b 3nll~ 'lpefiosaHl1AM npcl!\c Bccro B paMKax nony­

MI1KPOCKOnt.,4e ':t<oH AIlCPHoi1 rl-1APOAI~.IaM\1KI1. B HacloRLUcc DpCM~ cY­

LUec ~ BYIOT pa3nl1ltHblI! aapll.JHTbI TaKoro nOA)(OA3 la,(1- J4/. 

B Hac 1 O~llle':-l paonT C Mbi npOAOJllKl1M HallilTOC B 1 12 I a tnac. lPOC HIo1C 

Onl1C 1HI-1R Konc6'JltHll A.o,epHo.::i nnOTIlOC TH A1lA npo1..!~CCOB penaKCaL\1111 
!I~/ . . 

B TAII<CJl0l10liHblX C 1 onKHOB~HI-1RX. 8 H3JlOM<CHa flPl-1H411nlo1anbHaR 

cxeMil. B' J ~ 'nOIlY'H!IlO npocTci1wce aHall\1T\1'1eCKO(! peweHl1C. IoIOAC1lI1­

PYlOl.lIce ABO"'HY~'J RACJjtlY-l CI1C H!"'Y. Hbi pacnpoCT paHI1M 3TO Onl1CaHl1e 

Ha cnY"Ial1 peal1I1CTl11./1!CKOrO B3<ll1t~OAC~h:TB IIH /CIo1IIhl H1n<1 L Kl-1pMa/. 

6YAeT P;]CCMOTPCH n 

AApa. Oc06eHHocTb 

l1CnOJlb 30aaT b CIl~3 t. 1~1!It(AY RACP~IO~1 I' I1JIIJOAHH3MHKOi'l ~I Teoplo1e," co­

f1I1TOHOB'15-1q ATO~HtOe 11APO paC(.M(llp',mnCl'cn KOII< com1TOH n1l0TI:OC­

T 11 117 • npI-14eM CYlll(;CT at) DCl l i111' 'ltll KO ObipaHlUIiHoro A~I¢t¢ly3Horo c.nOR 

R BnReTCl'I cneACTB l1eM Bbloopa 31\l<llcK l l1Blloro B3aIo1MoAei1cTBIo1R 1-1 CI1M­

MeTpl1a.! 3aAal./...,. AIlR OnpeJlelltoltl1R OCtlOBHbiiX xapaKTepl1CTI1 K B03fiYlK­

AeHl1tii Mbl nOJlY4a.!M ypaBI :C HI1~ B MilcWTa5HOI-IHSapl-1 a HTHOH ¢\opMe. 

Hea6xOA I1Mble ycnOB I1 ~ corn a COBaHI1 f1 Bbln o mlRIOTC R aBT OMaTI-14eCKI1. 

noc ne MaCWTafiHblX n p eo6pa30 BaHI1t1 RAep Hoe B€l1leCT BO OKa3b1BaeTCA 

3 KBI1BaJlC HTHbiM APYf l1 M HeJll1 l l ei:t HblM AI1cnCp CI-10HllblM cpeAaM , TpaJlI1­
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4~OHH~M 06beKTaM TeOp~~ Con~TOHOB. B 4aCTHOCT~, CneKTpOCKOn~­
4eCKaA 3aAa4a On~CaH~A r~raHTCK~X pe30HaHCOB TeCHO CBA3aHa 
C TpaA~4~OHHO~ np06neMO~ TeOp~~ COn~TOHOB - np06neMO~ YCTO~4~­

BOCT~. B AaHHO~ pa60Te M~ ~3Y4~M OTAenbH~e CBO~CTBa nOCTpOeH­
H~X ypaBHeH~~, none3H~e AnA AAepHO~ $~3~K~ ~ con~TOH~K~. non­
HaA cxeMa peweH~A, Tpe6yw~aA AononH~TenbH~x yc~n~~ no ee 4~C­
neHHO~ pean~3a4~~, 6YAeT ~3no~eHa B nocneAyw~e~ pa60Te. 

1. CXEMA On~CAH~R KOnE5AH~A RAEPHOA nnOTHOCT~ 

CneAYA cxeMe AAepHo~ r~APoA~HaM~K~, pa3B~To~ B pa60Tax ' 1 2 , 1 3~ 
M~ 6YAeM on~C~BaTb Kone6aTenbH~e_B036Y~AeH~A AAepHo~ nnOTHOCT~ 
B Te~M~Hax onepaTopOB nnOTHOCT~ p ~ nOTeH4~ann CKOpOCT~ HYKno­
HOB ¢, CBA3aHHbix KaHOH"'4eCK~M~ KOMMYTa4~OHHbIM~ COOTHOweH~AM~: 

[¢(~), ¢cY)l = [p(~), pcY)l = 0 

~ , h ~ 


[p(x), ¢(y)] = i- , .5 ( x - y , . /1/
m 

C ~cnonb30BaH~eM r~APoA~HaM~4eCKoro npeAcTaBneH~A AnA raM~nb­

TOH~aHa AApa: 
2 2 

- m . -> -1 h -> I vp l -> /2/
Ho= -gJdx[p, V¢I+p [p, v¢l+ + 8m J dx -p- t- Jdx&lpl. 

B~6epeM nnOTHOCTb $YHK4~oHana B3a~MoAe~cTB~A &lpl B B~Ae 
3$$eKT~BH~X, 3aB~CA~~X OT nnOTHOCT~ c~n CK~pMa / 18 / ~ npOBeAeM 
nepeHopM~pOBKY napaMeTpOB raM~nbTOH~aHa /2/: 

s:- 3 2 t3 3
19[p l = -t p + - P

8 0 16 ' 
'-1 l! - I 

m=m " ; (m + (3t +5t ) p/8 h ) ,1 2


2 2 2 2 

h h." h PN=.-- ;; + - (9 t - 5 r )
8m . 8m" 8m 64 1 2 ' 

P - nnOTHOCTb AAepHo~ MaTep~~ , - 4~cneHHble napaMeTpblN t 01 23 
c~n CK~pMa. TaK~e npocTe~w~e 3<!J<1le KT~BHble c~nbl C yc nexoM np~Me­
HA~TCA B paC4eTax no MeToAY XapTp~ - $OKa AnA on~caH~A CBO~CTB 
AAep B OCHOBHOM / 19 / COCTOAH~~ ~ pa3n~4H~x A~HaM~4eCK~x paC4e­
Tax / 11.20/ 

B~Aen"'M ~3 onepaTopa nnOTHOCT~ i~) HeKOTOpy~ cpeAH~~ nnOT­
HOCTb po(;) ~ onepaTOp $nYKTya4~~ nnOTHOCT~ peX) ~ po(x-» + op(x') . 

Tpe6YA, 4T06~ p~) 6~na paBHOBeCHO~ nnOTHOCTb~, ~ n~Hea­
o - ­

P..,3YA ypaBHeH~A AB~~eH~A AnA op ~ ¢ no CTeneHAM 3T~X OnepaTO-
POB, Mbl nonY4aeM cne.QY~LU~e ypaBHeH~A /12.': 

2 

2 2 I'l. Po (X') I vP o(~)12o&_~( 0,2 2-»-'\
.5 Po (x) 4m * Po(x) Po (x) 

... ... 

(dxp (x ) = A , . 0 /3/ 

,\ - MHO~~Tenb n arpaH*a, Y4~TbIBa~~~~ coxpaHeH~e 4~cna HYKnoHoB 

CI-1CTeMbI (A). 


-. n ... + 
op(x)=-- ~ g.(x) ( b + b.) , 

m j J J J 

- -> h -> + 

¢ (x) = i - l f (x) ( b - b ), 


m j J J J 


( po Cx) f (x) ) = w. g (x), /4/J J J 

2 2 2 


1\ Po IV pol ) I!; ,) _
~{v Po 
-1 

Vg . ) ­ ( 2 - 3 J
4m" 2 J 

I' Poo 

.5 1; . g = Wj f j /5/2 Jm· .5 Po 

np~ ~c nonb30BaHVI~ 3T~X ypaBHeH I-1 ~ An A aHan l-13 a KOH KpeTH~x 

AAepHblx C~C TeM Heo6xOA~MO Y4eCTb CBO~C T Ba C~MMeTpl-1~ peweHVI~ 

VI COOTBe TCTBYIOU.\~e rpaH~4 Hble vcnOB~ A . Mbl 6 YAeM paCCMaTpl-1BaT b 
3aAa4Y 0 cneKTpe Kone6aHVI~ C$epVl4eCK~-C~MMeT p~4Horo AApa. 
n03TOMY AnA Haxo~AeH~A nnOTHoC TH AApa B OCHOBHOM COCTOAH~H 

o(x) Hy~HO nOCTpOI-1T b C$e pV14eC KVI- CI-1 MMeT p~ 4Hoe, TpaHcnA 4~OHHO­

~HBapHaHTHoe 6e3y3noBoe peweH~e y paBHeH~~ Tl-1na TOMaca - $ep­
M~ /3/, YAOBneTBopA~~ee rpaH~4HblM ycnoBHAM 

ill' 
11m p (x ) = l im __0_ 0 , 

It..... 0 II'"" ax 

plim __O_ o /3a/ 
x ,0 ax 
YpasHeHHA /4/, /5/ onpeAenA~T B rapMOH~4eCKOM np~6nH~eHH~ 
4aCTOT~ Kone6aHVlA W H aMnnVlTYA~ f ~) , ~ ~~ pa3no~eHVlA onepa ­

- -Jill
TOPOB op VI ¢ no 6030HHblM oncpaTopa~ pO~AeRVlR b VI YH~4To~eHVlA

J 
b j B036Y~AeHVI~ I I J I - Ha60p KB(lHTOBblX 4l-1Cen, xapaKTe pVl3YIOU\HX 
B036Y*AeH~e/. , 

AMnn~TYAbI fj (X) , gJ (x) YAOBneTBopA~T COOTHoweHHRt4 opTorOHanb ­
HOCTI1: 

2h ~., ,o. ., = - - Jd x f (x ) g , (X ) . 
J J m J J 

... ~ 211 ., -. 
o(x - y) = - - ~ f. (x) g.(y), /6/

rn , J J 
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cneAYlOlI\l-1M 1-13 onpeAeneHI-1R /4/, nepeCTaHOB0 4HbiX Coo THOWeHI-1 M /1/ 
AnR onepaTopOB 5~ 1-1 ~ 1-1 06~4H~X nepecTaHoB o4H~X CooTHOWeHI-1M: 

[bj ' b7 ' 1 ~ 5jj ', [b j , bj ' 1 " 0, [bj, b~' 1 = o. 
COBMeCTHoe peWeHl-1e ypaBHeHI-1M /3/, /5 / , /6/ rapaHTl-1pyeT B~n on­

HeHl-1e 3aKOHOB COXpaHeHI-1R 41-1Cna 4aCTI-14 1-1 I-1Mnynbca CI-1 C TeM~ 12 '. 
npaKTI-14eCKaR peanl-13a41-1R TaKoM cornaCOBaHHOM cxeM~ B cnY4ae 

np0l-13BOnbHorO 3$$eKTI-1BHOrO B3~I-1MOAeMCTBI-1R &[pl HaTanKI-1BaeTCR 
Ha TpygHOCTI-1 B~4l-1Cnl-1TenbHOro xapaKTepa. He KOTOpOe ynpOll\eHl-1e 
Mo*eT 6~Tb gocTl-1rHyTo C nOMOll\blO cne41-1anbHOro B~6o pa B3al-1MogeM­
CTBI-1R. TaKI-1M cnOco60M HaM~ 6~no nonY4eHo npOCTeMWee aHan~TI-14e­

CKoe peweH~e ypaBHeHI-1M /3-6/. Mogenl-1PYlOlI\ee gBO MHYIO RgepHYIO 
CI-1 CTeMi 1 1 3 ~ I-1cnonb30BaH I-1e cl-1n CK~Ma / 2/. ~Me lOlI\l-1X He n l-1HeM HOCTb 
nOnl-1HOMl-1anbHOro T~na: &[pl - -p + p3, Ta KMe n03 BonReT HeCKonbKO 
ynpocT~Tb 3aga4y i I7 ; . 

2. 	 MACLUTA5HbiE nPE05PA3 0BAHI-1,8. 

5E3PA3MEPHWR BAPI-1AHT YPABHEHI-1R 


np~BegeM ypaBHeH I-1 R / 3/ K 6e3~a 3 Me pHoMY B~gy C nOMOll\blO Ma c w­
Ta6H o ro npeo6 pa30BaHI-1R /17 ' : 

... ... 
l( (~ )X , PO(X) = PN ifJ O(x ), 

m*c s 

A 	 - m*c 2 A /2 . 
s 	 /7 / 

~nA ygo6cTBa M~ BBenl-1 06~4H~M cnoco6oM CKOPOCTb 3BYKa B Rgep­
HOM MaTep l-1l-1: 

/ 2 

c J_1.p2 8 C.§;, p) . I 
s m'" 5 p2 p= P 

N 

5e3pa3MepH~M Xl-1MI-1 4eCKI-1M nOTeH4~an A onpegenReTcR 4~cnOM 
HYKnOH OB CI-1CTeM~: 

h1) 3 00 _ _ 2 ­
A p (-- ) 417· f d l( X 2if; (x) . 

N m ~ c 0 0 
s 

GlYHK411A ojJO(x ) • o n~CblBalOlI\aA 

OT paCCTORHI-1R, YAoBn e TBopReT 

6 !II ~ AojJ -4if;3 + 3t/;5
X 0 0 0 0 

1-1 r paH1-14H~M ycnoBI-1RM 

d if;o dl//o
ojJo(oo) - -_Coo) = --:=: (0) ~ 0 

dx dx 

18/ 

3aBI-1CI-1MOCTb Ag epHoM nnOTHOCT~ 
ypaBHeHl-11O 

13 ' / 

l3a ' / 

YpaBHeHI-1R /4/ , /5/. /6 / 3anl-1CblBalOTCA B cnegYlOllleM Bl-1ge: 

4 

.:::! , - ; :! , +8 ; Cx) ~ p 1/2 C m*c~)3/2 ojJ (x) ~ g CX)( b . ~ b . ) . 

. N h 1) o j J J J 


<f;(;) = ~ p-1I2( m*c S )3/2t/; -1 (~)~f (~)( b+ -b . ), 
2m N h 1) 0 j J J J 

'J m"e s 3 ~ 
8(x-y):(-_ ) 5(x- y), /4'/nT/ 

2 4f of (x) ~ Og (x) : s: ;: - 6_ + A - 4if; + 30jJJ J J o x 0 0 

i! g(X)=l1f (;;:) ; i'1 = - I'! _ + >: - 12 ojJ 2 + 15 if; 41 J J J 
K 

h(" ( rn "'c 212 )fl
j s j , 	 /5 '! 

8 (x - y) = l, g (x) f (y) , 

J 


, 	 " ~ 

5 ..• = fdxg(;:)[ , (x). 
.IJ J.I 	 16 / 

3. 	 OCHOBHWE CBORCTBA YPABHEHHR 

PaC CMO TpJ.1 M HeKOTOpbje CB0I1CTBa ypaBHeH~M /3 ' - 6 ' /, KOTopble 
ABnR~TCR 6e 3 pa3MepH~M 8ap~aHTOM COOT8eTCT8YI01I\~X ypaBHeH~M 
/3 /-/6/. 

1. Hell~Hef1HOe A~$$epeH4~anbHoe ypaBHeH~e /3 ' / ,£:I llR ojJ o(x ) ­
aHanor ypaBHeH~R /3/ Tl-1na TOMaca - ~e pM~ AllR nllOTHOCT~ Rgpa 
B OC HOBHOM COCTORHI>1I-1 (p _ ojJ2) . Ypa8H e HI-1R Bl>1ga /3 '/ 1-13Y4anl-1Cb 
Ha MI-1 B pa60Te ./ 171 6blno rRoKa30aHO . 4TO pe We HI-1R 3 TI>1 X ypaBHeH~M 
XOPOWO BOcnpo~3BogR T OCHOBH~e CBO~ CTBa nllOTHOCTef1 aTOMH~X Rgep: 
c YlI\e CT BOBaHJ.1e 4eHTpallbH0f1 06llaCTI>1 nOCTOR HHO~ nnOTHOCTI-1 1-1 4eTKO 
B~pa~eH HO rO /AllR cpeAH~x ~ TRmell~X RAe p/ AI>1$$Y3Horo cnOR C na­
paMeT pOM AI-1¢¢Y3HOCTI>1 a - TJ 11 I m ·c s ; 3Kc nOHeH4~aIlbHb1l1 cnaA Ha 
60llbW~X pa CCTORHI>1RX; 06~4HY~ 3aBI>1CI>1 MOC Tb cpeAHe KBaApaTI-14H~X

/pagl-1yco8 OT MaccOBoro 41'IClla . r 2 , 1 2 _ A\ ' 3 .J 
2. MacwT a 6 Hoe n pe 06pa30aaHI>1e / 7/ gaeT YA06Hblf1 Ha60p pa3Me p­

HblX MHO*I>1T ene~ : pa CC TORHl>1 e 1>1 3Me pRe TCR B eAI>1HI>14ax 3$$eKTI-1BHO~ 

gnl>1HbI BonH~ - h '1 ·/ m ~cs , nnOTHOCTb 8 egl-1HI>14ax PN' 3Heprl-1R ­
B eAI-1H~4ax m * c ~ 12, npe06pa30BaHI>1e /7/ n03BOllReT oTgenl-1Tb o611\I>1e 
CBOMCTBa C~CTeMbl, onpegeIlRl0l1\l-1eCR Tl>1nOM B3a1-1Moge~cTBI-1R / 0 ­

5 
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c~n~ C nOn~HOM~anbHO~ 3aB~C~MOCTb~ OT nnOTHOCT~/ OT 3~~eKTOB, 

CBA3aHH~X C pa3n~4H~M B~60pOM KOHCTaHT B3a~MOAeAcTB~A /KOTOp~e 

Aa~T MaCWTa6 Ben~4~H/. 

3. nOCJleAH~A $aKT ABJlAeTCA OAHI-1M ~3 CJleACTBV1A cYll1eCTBYlOll1eA 

CBA3~ AAepHoA r~APOAV1HaMV1KV1 V1 Teop~V1 conV1TOHOB. B pa60Te ' 17 ; 

HaM~ 6~JlO nOKa3aHO, 4TO B KBa3V1KnaCC~4eCKOM npeAeJle ypaBHeH~R 

AB~*eH~A AnA P V1 ¢ MorYT 6~Tb nepen~caH~ B B~Ae OAHoro HenV1HeA­

Horo ypaBHeHV1A WpeA~Hrepa /HYW/ 
2 2 

it iLl] _lL ~ u + 0 <S[ ill l J u 
/9/at 2m ,s11l12 

AJlR KOMnJleKCHOA ~YHK4~~ 
• 1/ 2 . , . ". 

u ( x , 	 t )~ fJ (x. t ) exp(lm¢( x ,I) , h). 

rAe POJlb nOTeH4~aJla V1rpaeT nepBaA BapV1a4~A no nJlOTHOCTI-1 ~YHK4V10­

HaJla B3aV1MoAeAcTBV1A. 

HYW C pa3JlI-14HWM~ BI-1AaMI-1 HeJlV1HeAHOcTV1 C ycnexoM V1CnOJlb30BaJl~Cb 

npl-1 aHaJll-13e JlV1HeAHW x ~ Hen~HeAHwx ABJleHI-1A BO MHorV1X 06nacTAx 

CP~3I-1KI-1. B CJlY4ae CV1Jl CKl-1pMa /2/ V1 nOCJle Ma cwTa6Horo npe06pa30­

BaH~R /7/ ypaBHeH~e /9/ npV1BOAI-1TCA K B~AY 

J 	 2 4 
i 

, 
-1\_ 

X 
t/J -	 4 I rjJ .p 3 i .p I ~/" /9 '/ .!:!.1!.a 	 . • 

rAe r 0 (I'll ' ( ' ~ ., 12tl lr. 

nOcJle 3TI-1X npe06pa30BaHI-1~ AAepHoe Bell1eCTBO OKa3WBaeTCA nOJl­

HOCTbiO 3KB~BaJleHTHWM APyr~M HeJlV1HeAHWM A~cnepCI-10HHWM cpeAaM. 

Onl-1CWBaeMWM ypaBHeHV1eM /9 ' /, ATOMHoe AAPO MO*HO paCCMaTPV1BaTb 

KaK conV1TOH-HeJl~HeAHYiO veA~HeHHYiO BOJlHY nnOTHOCT l-1, cnoc06HYiO 

pacnpOCTpaHATbCR 6e3 ~3MeHeHI-1R CPOPMbl V1 3Heprl-11-1, B CJlY4ae ~30n~­

pOBaHHoro, AApa - Cop~ToHa ~ nOCJle 06W4Horo cnoc06a OTAeJleHV1A 
$a3bl .ps(x . T) 0 0 (X)(·X\l ( i A T l. nonY4aeM ypaBHeH~e /3 ' /, Ha oc-

HOBe ypaBHeHV1A /9, 9 '/ MO*HO MOAen~pOBaTb CTOJlKHOBeH~e RAep, 

np04eCCbl penaKCa4V11-1 B RACPHOM BCll1e CTBe ' 2 1~ MHor~e APyrV1e ABJle­

H~A, B03H~KalOll1~e B TA *en0I-10 HHbIX CTonKHo s eH V1R X. 

4. AJlA Haxo*AeHV1A 6e3pa3MepH~x 4aCTOT KOJle6aH~~ IZj V1 aMnJl~­
TYA 	 f , ~ • onDeAenRiOll1~X C nOMOll1biO COOTHoweH~A /4 'l onepaTOp~ 

J J" 6 - 6nepe XOAHOV1 nJlOTHOC T~ 1-1 TOKa B03 Y*AeH~ ~, He o XOA I-1 MO pewaTb ABa 


CS R3 aHHbiX AV1~~epeH4~aJlbHbIX ypa BHCH I-1 R BToporo nop RAKa IS ' / 

C Y4eToM ycnoB~A OpTOHOP Ml-1 p OBKI-1 /6'/. 3T~ ypaBH e HI-1A. nO CTpoeH­


H~e HaM~ B paMKax KBaH TOB O-rI-1ApOAI-1 HaMV1 4eCKoro nO AxoAa 1 2 ~ Mo r YT 

6 blTb nonY 4eH~ 1-1 npAMO I1 Jl~ He a pI-13~4 ~ei1 yp a EJ.He HV1A / 9 .• 9 '/ 86 Jl1-1 3 ~ 


C0"':l.I-1 TOHHO r o peWe HII1R /3, 3 '1 : t/J (x . ,) ~ ~~s (X_. ,) , '/ (x) eX'p li (A - n ) T ) 


X(x) exp (i (A + a) T) ; ( 1) . X ) ,, <. I ~I S I ; 1) - X· t T7 + >.. ~ . 
none3HocTb COnl-1TOHHOI1 Tep MII1 HOnOrV11-1 AnR AaHHol1 3aAa4~ COCTOI-1T 8 

TOM, 4TO nocne MaCWT a6H~X npe06pa30BaH V111 M~ n o n Y4 a eM Ta KYiO CTp YK­

TYPY 	 ypaBHeH HI1 /5 '/ ,KoTopaR B0 3HHKaeT B aHaJlOrV1 4H~X 3aAa4ax Teo­

6 

P~~ nJla3Mbl, paA~0~~3~K~ '15.16 . 22-24 .1 . B peniH~B~CTCKOM CJlY4ae 

M~ nOnY4~Jl~ 6~ ypaBHeH~A, nOnHOCTb~ 3KB~BaneHTH~e ypaBHeH~AM 

HeJl~HeAHOA Teop~~ nOnA ¢4 - ¢ 6 / 25~ ~ pe3YJlbTaTe Mbl ~MeeM npRMYIO 

CBR3b np06JleM~ on~caH~A KOJle6aH~A AAepHoA nnOTHOCT~ /r~raHTCK~X 

pe30HaHCOB/ ~ TpaA~4~OHHOA np06JleM~ Teop~~ COJl~TOHOB - aHaJl~3a 
YCToA4~BOCT~. 

5. B nleAe ne RA~PHO~ MaTep~~: Po (x) ~ P N , ';;0(;) .... 1 , A~ i 1 
CPYHK4 ~~ Ij (X ) , g J(x ) nponop4~OHanbHblM nnOCK~M BOJlHaM exp(ikx ) 
! . ! 	 ~ . 2 2 <)

J = K . A~cnepc~oHHoe COOTHoweH~e: n (k) = k (k ~ + .1) , B COOT-
BeCTB~~ C pe 3ynbTaTaM~ pa6o T ' I1.24.26 ,27 1 

6. YpaBHeH~A /5 '/, /5/ ~MeIOT IAYXOBble" peWeHI-1A C HyneBoA 

4acToToi1 , OTBe4aiOll11-1e 3aKOHaM cox paHeH~A 41-1CJla HYKJlOHOB 

Q s p = O, t'sp(x )oo .po(x), g (x) = 0 	 /10/sp 

V1 nonHoro V1Mnyn bca CV1CTeM~ 

n 	 - O. f (x ) - 0 , g s p (x) V J o(lt ) . /10 ' / 
sp sp 

AaHHbie peweH~A ABJlAIOTCA c06CTBeHHbIM~ ¢yHK4~AM~ C 'i.Y neBbII~~ 

c06CT BeH HbIM~ 3Ha4eH~RM~, COOTBeTCTBeHHO, onepaTopOB fo ~ f 1: 

5:'0 <1'0 O. f ( V ';;o)' O.OpTorOHaJlbHO CTb K IAYXOBbIM" pewe HV1RM 
~ 1 

(Ii: 1/, d x 0, Jf (V t/J 0 ) d x· 0 rapaHTl-1pyeT BWnOJlHeH~e 3aKOHOB , J 0 J 

coxpaHeH~R. COOOTBeTCTBeHHO, 41-1CJla 4aCTI-14 1-1 I-1MnYJlbCa CI-1CTeMW V1 
06e cne4~Bae T CYll1eCTBOBaHV1e B 3TOM 6a31-1ce 06paTH~x onepaTopOB 
~) - I 1'- 1 

o· l ' 

PaCCMOT p~M once nOAP06HO cBoAcTBa onepaTopOB l' 0 V1 fl ' 


eA~HCTBeHHbIA napaMeTp, xapaKTepl-13YiOll1~A

A CV1CTeMY - 3TO 6e3pa3MepHbiA X~M~4ec­

11 \ I{~A nOTeH4~aJl A, CBA3aHHbiA COOT Howe­

HV1eM /8/ C 4~CJlOM HYKJlOHOB CI-1CTeM~. 
Ha pV1C. 1 np~BeAeHa 3aBV1CV1MOCTb 6e3­

p a3McpHoro HOPMI-1POB04Horo I-1HTerpaJla 
.... -2
rd x . x . t/J ~ OT A. Ha npaBOI1 

4TO 

" l 

100 1
2100 o 

OCI-1 YK a3aHbi COOT BeTcTBYIO!4~e Macco-
Bble 4 1-1CJla ' 17 '. 

7. Ha pl-1 c .2 n pl-1BeAeH~ r pa¢HKI-1 no­

H!IIL\l-1a m ,HOA 	 4 aC T I-1 V o · onep<'lTooa 

~ 1 
~' (v ,\ - ,1 if, :{ ifl ) AJlR HeKOTO­10 (I II lJ -­ (J10 1) 1.1 )( I l,jP <l I~CTpOB A, COOTBCTCTBY IOll1HX 

M~CLOB~M 41-1CnaM IA - 5, 5 0, 5 00/. 
OTMCTKIJI1 /. / BblAeJ1eH r p a<ll ~K AnA 04eHb 

Pil e . I. 3illll iCHMOC Tb 1I 0PMHPOBO'Hloro HH­

1'(-,rpall J. I :; OT XH MH 'leC KOr o rrOTe Hll,Halla >: . 
o q> A - qJiC JlO lIYKnOH OB CH CTe ~1bI. 

7 
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Man~x X / 0,05/. OTMeT~M cneAy~~~e CBoe~CTBa onepaTopOB fo'vo : 

a/ 	 lim Vo(x) = A. 

X ' IX' 

6 / OnepaTop fo I-1Me e T OAHO cBfl3aHHoe, "AyxoBoe" COC TOflHl-1e 
C Hyne80111 3Heprl-1eill : fO~I O = 0 1-1 HenpepblBHbl~1 cneKTp, Ha41-1HalOU1l-1~Cfl

2OT X : fo r,b ~O) = (k , X )'I>~O) . CneKTp onepaTopa fo MOH<HO 
~cnonb30BaT b Anfl npI-16n~H<eHHO~ 04eHKI-1 cneKTpa 8ce~ CI-1CTeM~ '121 

8/ Cy~ecT8oBaHl-1e MI-1HI-1MYMa B nOBepXHOCTHO~ 06naCTI-1 06ecne41-1­
8aeT Hanl-14~e AI-1¢¢Y3Horo cnOfl flAepHO~ nnOTHOCTI-1 (po - ~g) . 

8. 	 Ha pl-1 c .3. nOKa3aHbi rpa¢I-1KI-1 nOTeH41-1anbHO~ 4aCTI-1 onepaTopa\.J "'500 f (v = X -1 2 ",, 2T 15~4 ).
1 1 0 0 

OTMeTI-1M c_neAY_IO~l-1e C80~CT8a onepaTop08 fl· VI 

a/ _ lim VI (x) ~ A. 
x "'-' 00 (1) ( 1 ) (1)- 1 2 4 6 6/ 	CneKTp o nepaTopa f ¢ ~ (¢ COCTOI-1T 1-13 Tpex 4aCTe~:. ~ 10, X 

OAHO CBfl3aHHoe c¢ep~4eCK~-CI-1MMeTpI-14HOe COCTOflHl-1e C (~) < 0 : 
Pl1 c . 2. OOTeHIJ;I1 aJ1bl V0 . TPI-1 "AYX08b1X" COCTOflHl-1fl: ((I) ~ 0, ¢s(l) ~ 1\I ~ 01; Henpepbl8Hbl~ 

-	 sp (1) p­
cneKTp, Ha4I-1HalO~I-1~ C fl C A; (k = (k 2 + A) . 

TaKl-1e C8o~cT8a onepaTopa fl rapaHTl-1pY~T 803MOH<HOCTb I-1CnOnb­
308aH~fl Q-TeopeMbl / 16 ,23! Anfl aHanl-13a ycn081-1~ cTa61-1nbHOCTI-1 
AaHHolll C~CTeM~ B Teo p~~ conHTOH08, KorAa AnR HaxOH<AeHHfl o6nac­

1 
V (X) 

Te~ cTa6~nbHocTH AocTaTo4Ho npoaHanH3Hpo8aTb 3HaK npo~38oAHO~ 
dI 2 dX /c M.pHc.l/.

"----. Ha 3TOM MbI nOKa orpaHH4HMcfl H3nOH< e HHeM CBO~CT8 AaHHo~ CI-1CTe­
Mbl. nOCTpoeHHe nonHo~ cxeMbI peweHHfl, nOTpe608a8wee AOnOnHI-1Tenb­
HblX YCl-1nH~ no e e 4I-1CneHHO~ peanH3a4H~, 8 HaCTOfl~ee BpeMfl 3aBep­
waeTCR. nOAPo6 Hble pe3ynbTaTbI ~ccneAOBaHHfl 6YAYT H3nomeH~ B Aanb­
He~weM. 

m1TEPATYPA 

1 . 	 BonKoB B.B . RAe pHblc De~ K4H I-1 rny6oKoHey npy r Hx nepeAa4. 
3HeproH3AaT, M. , 1982. 

2. 	 Brag] ia R. A., D ilS S O C.II. , Wi nlher A. Phys .Lett. , 1974, 
53 B, p.301. 

3. 	 PYMflH4eB G. A., TenH 4b1H B.6. R$, 1974, 26, 74 / ; 
PYMRH4e8 S.A. npenp HHT Mft~ , 77-19, H090CM6 HPCK , 1977. 

4. 	 ~H<onoc P.B., KapTa s eHKo B.r. , ~~AOT08 C.~. R~, 1980, 31, 
c.137; 1931, 33, c.I Sl l. 

5. 	 PYMflH4e8 G. A., Ten~4~H B.S., DP4CHKO B . ~. nHCbMa 8 m3T$, 
1976, 23, c.309. 

PI1C . 3. OOTeHlJ,I1 a.JlbJ VI. 6. Iwa sak i M., Takagi S. Prog.Theor.Ph ys ., 1976, 55, p.949; 
• 197 9, 61, p.475 . 

1 

0 

""'" 

V()()
0 

/ 
I 

I 
I 

\ /......., .. 5 

~. .//-- t 
J 

. 

v.~ 

2 

o 

\ 
\ 
\
(5 
\ 
\ 
\ 

\ 
\-50 

• 

4 V 6 8 

... 500 

..... 
10 X 

8 9 



7. 	 AlKonoc P.B., l(apTaBeHKO B.I. Ol1rll-1, p4-80-34, Ay6Ha, 1980; 
AlKonoc P.B., HBaHoBa c.n .• KapTaBeHKo B.I. 1-13B. AH CCCP, 
cep.<!lH3.,1981, 45 c., 1927. 

8. 	 Blaizot J.P. Phys.Reports, 1980,64, p.17l. 
9. 	 Bertsch G. Nucl.P hy s ., 1975 , A249, p .2 53: 

Ann 	 of Phys., 1974, 86, 
10. 	 Wong C. Y., Ma ruhn J.A. , 

A253, p . 469. 
1l. Ho lzwar th G., Eckart G. 
12. 	 AlKonoc P.B . , KapTaBe HKo 

c. 1444. 

p . 138. 
We l ton 

Nuc l. 

B.I., 


13. Ka pTaBe HKo B.I. ~~, 1983, 38 , 

T.A. Nuc l.Phys., 1975, 

Phys., 1979, A325 , p.l. 
ne pMRKOB B.n. ~~, 1981, 34, 

c.61 27 . 
14. 	 KonoMl1e~ B. M., .g ~, 1983,37, c.547. 
15. 	 COnJ.1TOH~ B Ae~cTBHH I noA peA.K. nOH r peHa, 3. CKoTT/. 

"Ml1p", M. , 198 1. 
16. 	 MaxaHbKoB B. I. 34AR, 1983. 14, c. 123. 
17. 	 KapTaBeHKo B. I. R<P, 1984,4 0 , c .377. 
18. 	 Skyrme T. I1. , Nucl. Phys . , 1953, 9 , 615 . 
19. 	 Quentin P., Flocard H. An n .Rev.Nuc l . Sci., 1978, 28, p.523. 
20. 	 Negel e J .W. Rev.Mod.Phy s., 1982, 54, p.913. 
21. 	 KapTaeeHKo B. I. OHRI-1. P4-83 -461 , Ay6Ha, 
22. 	 3axapoB B.E . *3T~, 1957 , 53 , c . 1735. 
23. 	 BaXHTOB H.I., KonoKonoB A. A. 1-1 3B. BY30 B. 

26 , c.1020 . 
24 . 	 Barashenkov I.V., Makhankov V.G. JI NR, 
25. 	 Anderson D.L.T. J .Math . Phys., 1971,12, 

1983. 

PaAI1 0<!lH3I1Ka., 1973, 

E2-84 -17 3, Dubn &,1984. 
p.945. 

26. 	 Easson I. Nucl. Phys., 198 1, A363, p.69. 
27. 	 Ando K. , Eckart G. Nucl.Phys., 1984, A420, p .9. 

PYKo nHCb nocTynl1na B 11 3AaTenbC KI1~ OTAen 
15 HI:)nR 1985 rOAa 

B 06DeAHHeHHoM HHCTHT YTe RAepH~X HccneAOBaHH~ Ha4an 
BblXOAHTb C60PHHK "Hpam/(ue co06~eHU.R OHflJ1". B HeM 
6YAYT nOMe~aT bcR CTaTbH, cOAep*a~He opHrHHanbHble HaY4Hwe, 
HaY4HO-TeXHH4eCKHe , MeTOAH4ecKHe H npHKnaAHble pe3ynbTaTbI, 
Tpe6YIO~He CP04HOH ny6nHKa~HI-1. 6YAY4H 4aCTblO "Coo~eHHi1 
O~,qI1", CTaTbH, BoweAwHe B C60PHHK, HMelOT, KaK H APyrHe 
H3AaHHR OH~H. cTaTyc o¢H4HanbHblX ny6nHKa~HH. 

C60PHHK "KpaTKHe coo6~eHHR OH~H" 6YAeT BblXOAHTb 
perynRpHO. 

The Joint Institute for Nuclear Research begins publi ­
shing a collection of papers entitled JINR Rapid Communi­
cations which is a section of the JINR Corrmunications 
and is intended for the accelerated publication of impor­
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods. 
Accelerators. 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condensed matter. 
Applied researches. 

Being a part of the JINR Communications, the articles 
of new collection like all other publications of 
the Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communications wi 11 be iss ued regul arly. 
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