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KowKapoa A.Jl. P2 - 11104 
LlH:H8~1HK8 penSITHBHCTCKOil 6apHOHHOrt CTpyHL! C MBCCBMH 

Ha KOHUBX 

Paccr...wrpeua 6apHOHHBH penHTHBHCTCKBH crpyHa c MBCCHBHLIM11 KOHUaMH 

B cneuHanhuoti Kami6poaKe, Korna 3BO.'llOU!10HHhJH napaMerp r nponopuHonaneu 

co6CTBeHHOMY BpeMeHH KOHUOB CTpyHbl. Hal1,1eHO peweHHe Kpaesoif 38Lla4H. 

nocrpoeHa KB8HTOB851 TeOpHH CTpyHbi 1 CB060AH851 OT uJlyXOBbiX" COCTOHHHti. 

noJ]ClfUTBHbi M8CC8 1 UMHy.'lbC 1 Yf'JlOBOfi MOM€HT CTpyHhi. npoH3BeDeHO CpBBHe­

HHe TeOpHH C pa3.'1HtlHbiMH MOJienSJMH Me30HHL!X CTpyH. 

Pa6ora BbiiTOnHeHa B !Ia6oparopu:H reopeTH'·IeCKofi: ¢H:3HKH OYI.Hl1. 

Coo6UieK&e 06"Le.D.BKeRROro BRCTBTYT& .IIJiepRWI BCCJieJIOBaRBI. ,Liy6Ra 1977 

Koshkarov A.L. P2 - 11104 
Dynamics of Relativistic Baryon String with fv1ass Ends 

A baryon relativistic string with mass ends in special gauge 
is considered when the evolution parameter r is proportioml to 

the proper time of string ends. The solution of boundary problem 
has been found. The quantum strin~ theory has been constructed 
\Vhich is free of ghost states. The string mass, pulse, angular mo­
mentttm have been calculated. Theory vvas compared to various rna­
riels of meson strings. 

The investigation has been performed at the Laboratory 
of Theoretical Physics , JINR. 
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B xaqecTBe uo~enx a~poaa dwnx npe~no.eaw paanwqawe 
BapHaBTY ueaoaaux cTpya c uaccaMH aa KOBQaX /l-J/ • Taxxe od~eKTY 
BaXO~ITCI B COOTBeTCTBHH C npe~cTaB48BHIMH od ~pose, KaK 
0 COCTaBBOI CHCT8M8 H3 &Bap&OB 1 CBI3aBBWX rA~OBHYMH DOnRMH. ilpH 
3TOM CtpyBa MO~enHpyeT rAmOBBOe none, nO&aAH30BaBBOe ~OAb nHBHH1 
coe~HBRD•el xaapKH. llpe~cTasaaetca ectecTBeHBKM xccne~oBaT& 
Od~8KT 1 COCTaBn8BBYI H3 tpex CTpya, HMe~.-x O~H Od.HI KOBe~ 
x csodo~aue xoa~w,aa xotopwe noue•eaw toqeqwwe uaccw.TaxaH CHCTe­
wa BB!88TCR CtpyHHOI K0~8AbD darHOHa.EapHOHHaH de3MaCCOBa8 CtpyHa 
yze paccuatpHBaaac& B padotax I -6/ . Haxdonee ~aRe&o B pemeBHH 
atol npodneKY npo~aayaxc& astopu cTat&H 161 dnaro~ps cne~an&­
souy sudopy napauetpaaa~xa, xor~ see TPH setBH ctpyaw onxcw­
B~Tca o~BHM sadopou napawetpoa ~J~ • B donee od•eu cnyqae 
EaQOI B8TBH CtpJBY COOtBeTCTBJ~T CBOII napauetpW d; ,?:L (i= ~~3)/5/. 

B aactoa•el aauet&e xayqeaa CHCTeua c narpaazHaHOK Ta&u ze, 
KaK H B padote / 6/ , nnDC TPH cnaraeKHX, COOTB8TCTBYD~HX 
ToqeqaKM uaccau aa xo~ax ctpJHY. Ycnoaaeaze, odyCAoaneaaoe 
B8411B8IBOCTbD •uacCHBBYX" rpaaHqHYX JC40BHI1 OdXOAHTCI ueTO-
~OK1 npe~!OZ8BBYll B /J/, cytb KOTOporo 3aKX~qaetca B TOY, qTO 
IIOID~BBMI napawetp ~ BHdBpaeTCI B Jaq8CTI8 COdCTBeHBoro 
apeweaa ~~~ &O~OB ctpyau. llpx atow npxxo~HTCB orpaaxqHtbCI 
TO!b&O Bt&OTOpYM &JaCCOM ~BIZ8HII CTpyaw. lAI nonyqeBHYX peme­
BII y~etca noctpo•t• xaaatoa~ teopxD dea ·~xos•. ABTOpau 
padOTY / 6/ H3-aa B83au&BJTOCTH CHCT8MH CBI3el 88 y~anOCb 
aenpotaaopeqaao npoxaaatoaat& teopiD. O~aa&o aeodxo~wo 

OTIIet11Tb 1 noB ~aaaol padote ycnex ~ocnrayT n•• ~eaol toro, 
UO pt.CCMOtp8HH 88 IC8 ,I;IHZ8HU CTPJBY. 
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narpaHXHaH, ypaBHBHHH ~BHXBHHH H rpaHHqHUB yCROBHH 

llHJI CHCTBMW H3 Tpex CTpyH BW6epeM ~eRCTBHB B BH~e 

'Ct. t J 

S = J. dr- ~ dd b { ;L..{x$<),z;lf,<ij.- S!i)m.y'x.:~<J}. (I) 

KaK OCii>PlHO, i:-:(l',t)::~f)J .-:J:..';.::-~~ _, _JA-= O,.f.) 2._,.3, 

l -=-rv'r- :k:')L- . ,. x.·· . t'J#(. t"""'lt .. x..... IC.. • 

Ha KO~UaX CTpyH, COOTBBTCTBJm~HX 3HaQBHHD ~: 0, pacnonoxe­
HW Maccw, a KOHen cf:t asnaeTca o6~M ~a Bcex cTpya: 

,x({t,-c)-:::. x{'r:t,-t) = x:~,1). 
B3JITOe B TaKOM BH~e ~eiCTBHe HHBapHaHTHO OTHOCHTeHbHO npOH3BOnb­
HOI 3a.MBH1i TI8piMBTpOB d, 'C C OTHHQHiiM OT Hyna aK00HaHOM 

npeo6pa30BaHHJI npH ~OTIOnHHTBHbHOM ycnOBlUt, QTO npawwe 6'~ 0 
l'I 6:: (!_ OCTaDTca HBTIO~l'IKHiiMH Ha TIROCKOCTH 6,'1:: , lleHCIBI!e (!) 
6e3 MaCCOBOfO QHeHa CliiHO paCCMOipeHO B paC!OTe /6/ , 

q Bap»Hpya (I) npH ycnOBlfl!, 'ITo ~:<~~)-::- ix{(~i.,)-:= 0, 
()x::'R_,<l) , fix.:~~~)~ &t - npOM3BOHbHlil 1 TIOHY'IHM 

~ 1.Z:."(~-t) + 1... d.Z:;(6'/~) = 0, f(-,::::1}%.)3) 

-are dx.-: rJ6' a :x." 

()l.,"(O,<):= m,._ () ~o,"!4 
d x): a -rv ±: ... ~i) } 

J 

I_ --a.z.lt(l t) = 0. 
""\ ,,. ~ ax._ 

II-=( 

4 

x.~1~:L~3, 

(2) 

(3) 

KaK H B TBOpHH MB30HHOI CTpyHW, MOKHO TIOKa3aTb, QTO cpe~H 

~BeHa~uaTH ypaBBeHHI (2) TOHbKO TIOHOBHHa He3aBHCHMW, IT03TOMY 

~oonpe~eRHM CHCTBWy, HaROXHB mBCTb ~OTIOHHHTBRbHWX ycnOBHR B BH~e 

:L 

[.X.,_cf,-c)+ .:c:C6-c)j =O.J ""==f.J.t.r.i. (4) 

ilocne 3TOfO ypaBHBHHB (2) H (3) TipHHHMamT BH~ 

x~~ -t)- x/'((6;-t) = 0, /G ==~ .t._,-3) 

0 X:f3t) r xl,/~yr) = m~~. ?J'C I oic!~iJ ~ K ;;: ft./ 3 ~ 
..} 

}_ x:~<)::: 0. 
lt=f 

Tenepb noTpeelyew/31, qTo6u 
1 

•1. c ... 
X (O~ -t) ~ ::;i J ,.. =- 1_, :l"-37 

II.. ,.,,. 

QTO no3BOHHeT HI!HeapH30BaTh rpaHHqHue ycnoBHH. PaBeH~TBO 

(5) 

(5) oaaaqaeT, QTO ww paccwaTpHBaew nHm» Te ~HXeHHB crpyaw, npl! 

KOTOpliX napa.u:eTp 'f RBRJieTCII coOc TBeHHYM BpeMeH ew MJI KOHUOB 

CTPYJili ~~ <) • ITpl! 3TO.Il cooTHomeaHe (5) aeno3JI pe.ccwarpMBaTh 
It t•) 

KaK KaRMCipOBOQHOe YCROBMe, TIOCKORbKY HBB03MOKHO yKa3aTb npeo6pa-

30BaHHe napaweTpoB, npKBO~R~ee K aewy. nHmh ~a onpe~eneaHoro 

&nacca ABHXeHHI, TaKHX,qTQ 

a .,_ {rn~ :L 2. '- 1 
(~·) x,p,-r:J-=:.{2) :):.,_€',1)=-(~"') ~~(o,1) J 

.X.~~~~)= .:it:-:~~"t+-2e), ''="" :l._,s, 

(6) 

napa.~~eTp ~ MOXeT CliiTb BWOpaH B KaQBCTBe CO~CIBBHHOro BpeMeHH 

( c». npuoxeHHe). 
llanee, ~JI UpOCTOTY 6y~eM CQHT6Tb BCB MaCCW ~K H 

KOHCTaHTY C ... paBHY.Ill4, BBOAa 0003HaQBH14B q=:: ~·r, 
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rpuHwq~e ycnosHa 3anHmeM s BHAe 

x";(o/iJ= f/x:Jo_.t')) '<.-= ~3/ z, 
J (7) 

L x;'(e_-t)-= 0, 
Kc:f 

.x.."" v 1')::::: xl're r' 1 =, r:'v "e -r 1 
f t'"'J ' A. < ~ / -, .) ' • 

YA00Ho BMecro IPYHKUHll .:t-~(~1} paccwarpHsan ux JIHHeliHYe 
KOM0UHaU1111 / 6/ , 

~ *11. x(ro;-t)-= 'f~"f:()~J:- ... 'fj4~.-c) +A..._ 'f ~-t)~ 1(_:~~3~ (8) 
..z L f. 

rAe .A.~ 1, A1 ::: e.- =.AJ. 

B pe3ynhTaTe rpaHHQHYe ycnoBHII (7) npHoOperaDT BHA 

f,M~ <) = fJ ~ 1-'p_, 1)' 

'f'I'(!J (} ~ 0; 

'l1o,{) ::::: r 'f '(p/t}, 

f~f-/J:::: 0. 

O<ieBHABO, ypaBHeHHH AB11ZeHI1JI He 143MeHIIDT CBOero BH,D;a nocne 
npeoOpaaosaHHII (8) • 

Tenepb MY HMeew ABe He3aBHCI1MHe Kpaeswe 3aAa'lH ARB 
$yHKIIHll 'f/'~ 1} H fl'~-t) • Ey,D;eM HCKaTb pelleHHe MeTO,li;Oll. 
pa3,D;eneHHa nepeweHHHX 

fJI(~() =- aP(_t.)¢,(6); 'f1~t)::=.t1-tJC/{C6). 
iloAQTaBnSII 3TH paBeHCTBa B ypaBHeBHB ,li;BHZeHHS C y~eTOM (4), 
OT~eJIHM nepeMeHBHe 

"6) 1 O..tr) -= <i .. ~ -,.UJ, .J 

Q.(C) </>, {6) 

, 
ttr:) ~ ¢~.6) =-uJ,~.'L. 
BttJ r:P._<6) 
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(9) 

rpaBH'lHWe JCROBHB (9) Ienepb npHHHMaDI BH,D;: 
rf.. I 2. 

'f' i. co) = - ~j rf.. (0) i = f. ;. 
I "rt- -' / ;> 

<P,' (t) ~ 01 

cp,_ (t) = 0 . 

<PyHltllHH a/'(:t) 11 t""r_-r.) ,D;aiJICII BWpalreHHIUlH 
·cU.-t . _. 

n~'M')- ,,u -L • ~/' I'< _,w~ '-
u.. ~.~ -"" e- J tJ (t) = f3 e . 

Y'lH'TWBall, 'liO tpi ~):::::: A, c~w, 6 1- 6, MHW; d, 
H3 rpaHH'lHYX ycnOBHI Hai,D;ew, npHpaBHHBall HJAIJ onpe,D;eni1Tenh, 
cocrasneHHYR 113 KoacfxP>nlHeHIOB npH IIi H Bi : 

t,w.t =-f) Ujw~.e = '72... (Io) 

3nnnt ypaBHeH:v.llM11 onpe,D;enaDICII coOcrseHHYe qacroru Hawell 
!tpaesoll 3a,D;a'lH. YpuBHeHHII (10) MOZHO 00~e,D;HHI1Tb B O,li;HO: 

lni.())l, = __ Zw$.. 
7 w'-r'l.. (II) 

ITpoByMepyeu JtopHI1 ypasHeHHII (II) cne,D;yDmHM oC!paaou: ().),::::: 0, 
()).,:::::-~., } llp114eM ,lVIJI 'leiHYX n 'laCTOTl>l uJ" 
YAOBnersopaiJT nepsowy 143 pasencrs (IO), a Ana He'leTHYX - sropo­
wy ypaBHeHHIJ (10). 

Y CJIOBHR Ha rpaHHUe 6-:::. 0 ,D;aiJT 

1>.(6)= 1>2.(6)= cfn ~) =.l(,(crnuJ .. ~- r~/yintU,6)n=o,!( 

r,D;e .J{., - HOpMHpOBOQHWI lolllOZHTeJib. 
Bazaelmee CBOll CTBO ctJYHKIIHI ¢,. (6) COCT 014 T 

opToroaansw c secow J (d) :::: f + f /(If) 
aa orpe3Jte O.t.6 L- t , 

t. 

j t16' ¢ .. (6) ~ • ..(6) H6) = h ..... 
0 

HopuHpOBO'lHWe WHOZHTeJIH ~DTCR BHpazeHV.IIMH 
2. 

B TOW, •no OHH 

I. 1 
J/- -., . .) 

VVo- t ... f 
~= 2.. l(f ... :!!..") .f / n -= t:: f :t:. z ,% -1- 7 .J .)" •• 
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Pa3JIOX8HI-lll B PIULI <Pypbe cllYHK UHI 'f~-'~ 1) ~ 'f)'~ 'l) 
MM6DT Bl-1,1\ 

fl. <l pi' ,f al./" -iu.J.'l 11~ -t)=q + -1-qe· r- <C +- i;fr!-;;:;.~ rA (b) e , 
f~'-== 1 ~ "''fcO,...:&THble. 

" tl--, ' 

f~t)= i j ~ m (()) e-i.v. -c 
I {ff W,. 'f',_, . 

-0.0 

n - H Dlir tt'-"4.. 

(12) 

TaKHM o6pa3oM, fl' 14 'f)l npe,JtctaBJIIlllT co<lol noqrH -
nepHO,JtH119CltHe cllYHKU14H llO 06914M nepe11.9HHIUI. ({ lil 'C , T8K KaK 
OHH ,Jtallrca <lecKoaeqawu.H ps.nau.H <Pypbe c rpaacuea.~teHTHWMH 
llaCTOTaMJil, 

Pemeaaa (12) .JtOJIKHY Y.liOBJiersoparb aeJIHHeAHHM .~tonoJIH>~renb­
HYM YCJI OBli!Bll. ( 4), KOTOpYe 11epe3 rpyHKUHH 'f/' 1'1 'fl" BWpa:aaDT-
CB CJ19AYD~M o6pa30M: 1 

(~ .. :t X..~) 1-= [ r?z f'+ ~,.{f ± r) + ..( «!!:. 'f',.)] == 0. 
]Jill TOfO, IIT06W BWpa3~l'b ,1\0llOJIHI'IT9JibHWe YCJIOBI'Ift Ha 83LIKe aMllJII'I-

TY.I\ ~ 1-l ,:-, C llOMOmbD (12) HaA,l\eM 

X!'+.xJ"'-- pt'z ~ f ;<A -i<V.I;ftdj 
,.- ... --t<"'"'ll-J-r.;tfL-<L,.'.I/,(tt:i.w,ft]e. + 

-<><> 
fl '# 01 ~ T HI>U-

~ .f f ;t 8.r +- 1" ;r 1 ,, (I . w .. ') _, IJJ,('L t. 6) 
v "k'{ ~ ~- ''I" 1\.Hr-" J.~r,. OF L T e 

n- H~·rHW.e • 
BBO~ o003Ba116HHI: 

a!.. )I= I !I)/, p.f' 
0 vy. . , 
5~-=- 'A-"'P~+J..:J.: 7 n = ~ 1, !'J ...... ; /(.. = ~.z.~..J, 

8 

i 

' 

l 
.I 

'~ 
/;.. - ( ..._, ) 11. = 0.,!:. 2' :!: 4) ... 
0(.,~1<- ~ 

~f!.K. J 11.. = :t f !:. :> u = f. " .;> 
) c...))···.) "' ..J~,J0_, 

nepenHmeM llOCJI6,JtHilD rpopMyJiy B KOMn8KTHOM Bl-1.1\6: 

~ ± ;x:/1' = _j_ .f' .L,. •' {1- . t.U,. ) - i w,. (l:' :t: d) "- ,.. ViY L-. "-/<.. .~r, + L -; e 
'-(.,-::.-.,., 'I ~ I< =~..t>s 

0TCD,l\a y:ae JierKO llOJIYIIHTb 

(x"-!:.-x~{=/) J.,...,L,./(_(f-:;:.i..u .. )r~-w .. )'•l ~~ -ifw .... ..v,.J('t't:.~) r L..:.. 1 Jti + r.t .IV,.t,,• e + 
l't 'f-H' I 
If,"' 

-( ~ ~~) 1 

'~-r L...... ,.,./....,,. {1+ 'f;JI.. == o, "= ~ 1.,.3. 
If=:-.-

nns BYnonHeHHa nocne~aero paseacrsa aeo<lxo~Hu.o norpe<losarb / 3/ 

tL, .. .L,..K=o, n.r:-n.', ~<= '-1.,-l.J 

~ 2 '2.. L rf.,.~<,J_,.,._ {! r f::)JI.. =:: Q J J( =~ 1.,~3~ 
11=- o-

(IJ) 

HJII'I, donee no,l\po6ao: 

d..,.ri,., -==o, n.,nt=:f.zJ~Lt, ... J n.~-m; 

.Ln p = 0 J 11.. = :!: 2/ 1:. +r .. ; (I3a) 

s,IC. ~ ... /(. = 0) n, m = 'Z 1, i: J, r s; .. "..1 It~-"", IJtOlr ~1,J i 

.. " s ~ = 0 .. = + z -r J. "'- ~ 1 ~3 .. = .i • ,, ...... ) ... - J _.,1' .. .1 --) , ... , ... .. , ... )~~ 

'5,. .. P-:=:: 0 1 114::.:!: f, -t:.Jr .. _, k. = ~ l.
1
J; 
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9. " z '\ - w:} 1 Lt} 2. -y-.!lo P + L"'---· rL .. ( 1 + if .#,; + L s.,,_ j_,.._ (1 + qi)./1, - OJ K=-J2-A 
rt~"' UTHUe If- Ht-"ILTHt>le 

Ycnoa~e (5) npM yqere (lJ) npMBO~MT K eme TpeM CBH3HM: 

.t. 1 - -iw,'l." I t 

)

2. 

:X.(o,'l"j=?zr2""e Jv.; =:~.-L_!-m,"-""./1,. = r II=-..... , 
(14) 

4 ~ ~ 

..V,: p + { ) _ ,j •1
1 _i._ ) AI 

1
- C -=I J. 3 rl. 2.( L-f-lt .,JV., + 2f L.J_, .. 5,1<-J'n-m2. .J I< / I . 

"*~ .q;.rH»~• 

fipex~e qe1.1 nepeXO,li;lHb K HaXOlr,ll8Hti!D .ll~H0.Mlf'I8CK~X nepeM8HHbiX, 

y0e)llfMCll 1 qro npeo6pa30BaH.He (8) IIBJU18TCII KaHOH!fti8CK~M. 
ilnoTHOCTb m.mym:.ca Ka:CJlOll B eTB!f crpyHY c yqeroM (4) onpe.n;eJJMM 

Ti:l.K: 

P!~, ~) ~?:.x.-z { :Z...,_ + m.)~ ){;:! j = f.Y:-"-(~ !') l_(lj _ 

!{aHOHlf'l ecK.He cKo6K~ !1yaccoHa e en., no onpe.n:eJJeHI'lD, 

{x:((,<J, P;ct;()} =-1 /"~s,_e. £l6'-d'J. 

AnaJJOfii'IHO nJIOTHOCTb ~MnyJJbca, conp.neHHM KOOP.llliiHaTe 'fl~t'}~ 
ecn 

f4 -a .l 0 T:"'i .3 ~ J ., 
~ (~-iJ-;f!"L(.t.. ... ~rH .. g~)"x: ;=LP.. = L_(J(6)i!,.~>=3ry;-lf6J 

k=/ l<:f ~e.=l • 

BYqMCJJMM CK06Ky ilyaCCOHa: 

{ f~t)J/({/tJ} = {JI <~/)~ L fii((i}} = J Lix((l_f}Jp:~1'U 
"-~' t.-1 x,e 

-=- ,~~~ i~- (!). 
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ToqHO TaK liCe Herpy.n;Ho yde.llHTbCil, '-ITO 11 

{t1~-c)1 P~(~~ t) J = { ({(0,<), Pf~'-t)] =-;/""' J~-6'). 
TaKHM o6pa30M 1 npeo6paaoaaHHe (B) .n;el!CTBHTeJJbHO liBJJlleTcll 

KaHOHMqeCKHM 1 nOCKOJJbKY COXpaH1!8T CKOdKVf ilyaCCOHa. il03TOMY 

HaM Oeapa3JJI'l4H0 1 Y.aKl1M HadopoM nepeMeHHhiX rrOJJb30BCcThCH npl! 

rrepeXO,lle K KBaHTOBOI! TeOpl!l!, 
0npe,ll8Jil1M KBa,llpaT MaCCbl CTpyHY 1 KaK KBa,llpaT ee COXpaHRD~e­

rOCI! noJIHoro KaHOlHN ecKoro ~MnyJJbCa: 
M'l..=-n'l-, e e 

nJA =:i.n:- rJ d~ f__ x((C,-t)i(6)-== r I J~ J_(C)-3f 14(~1)= o;. 
J(rf 0 t<..=f 0 

IlO,llCTaBJIIIR CIJ,JJ,a (12) 1 Hall,JJ,eM 

M'l..= 9P~ 
CyMMl1pya (14) no K 
nony•nno~ 

H HaxO,li,R OTTy,D;a 
p1 

1 OKOHQaTenbBO 

L l 2. *" '* .t1t f.. (15) M =- fr\e+ i) L!-.. .1.,.//,. + l_ (p_,fl-,+fl,.p,)JVn ;+!lm(t+fl)~ 
1 ~-.,o, lf-H~H61e 

...._rHwe ,~ 

B OTCYTCTBHe B036yx.n;eHHS CT PYHY ltBa,llpaT MaCChi OTJI!fqeH OT 9 nt : 
1 1 )2. Mo = 9m Et -r 9 e . 

3TO xapaKTepHO l1 ,llJIR M830HHOR CTPYHY, KBa,llpaT MaCCbl OCHOBHOro 

COCT OSHHII KOTOpOI! '!aJt:J:e 60JI&me I, mt. /a/ , ,M 

JAB cneKTpe.MaCC (15) CO)lepJ:HTCII 3 THna aMITJIIITy,JJ,: ol.n J 

f3 11 111 f3"t J 111 3TO ecrecTBeHHO, nocKom.Ky 'll1CJIO crene-

Hel CB060.llli 6apHOHHOI CTpyHY B 3 pa3a dOJlbW6 1 qeM Me30HHOA. 

B octan&HOM BYpa:w:eHHa JlJIR MaceY H ;;;na ,ll,pyrHx JlHHaMH'IeCKMX 
nepeMeHHYX He OTJlH'IaDTCR cymeCTB8HHO OT COOTBeTCTBYDmiiiX BblpaxeHHll 

,li,JlR CBOdO,JJ,HOI! CTpyHY, KpOMe TOrO ~aKTa1 qTO 'laCTOTY ~n Tenepb 

y:w:e He nponop~HOHaJihHbl ~enYM qHCnaM. 

ilpzBe,ll,eM awpa:w:ea.He Ana coxpaHRDmerocs TeHaopa yrJioaoro 

MOMeH ta CHCTe161: 
J t J 

M" = J dtl_(xt;P:-1--: P!}-= 
0 t<..-=1 
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~ 
-::::3( ~d~t(6)[r~"•f/-t'Vf+'f'"'fv-'fv'fl'+ 'f""f"/4_,/v'f..._,.,} = 

0 

3{ c/P~ QVP
14 

+ ~kfs..V-!:L~-J._:;.t)+tY~:J:-1'-~f! ... fi':fi-J-A:i) 
'l4.THble · 

KBaHTOBaHHe 

+ + 
Ka.x oClYIIHo, CIIHTaa cL 11 J p., U o/..,.1 13., onepaToprum 

pO:&AeHHII H yHHIITO:&eHHII COOTBeTCTBeHHO, 36IIHWeM IIepecTaHOBOIIHYe 

COOTHOWeHHB J 
JAv_ rd _ [o~.,.JJ. ... ) --1 w,. _,, ... , n,tn-:t1

1
:t'-t

1 
... lleTHYe, 

f I" + "] J ~ HelleTHYe. tJtr h := - 1"' w .. tJiie 7 ~</ = ~ ~ 1:3/ ... 

C IIOMO~~D COOTHOWeHHII IIORHOTY Anll CPICTe~ ~YHKUHI ¢/If(~) 

L ¢,.,16)</J,._~'JH~)= s~,6'J 
" ~ 

MO:KHO yCle,nHT~CS, liTO ARB OIIepaTOpOB :x:'1t,-t)1 Rcr!,'f) 
( HJIH AJI8 If'; f,' 1 'f': p: ) CIIpaBe,nnMBO& K8JIOHl1'!8CKOe IIepeCTaHO­

BO'!HOe COOTHOw8HHe 

~:(~lJ J p: cf!; fJ} = -7~J !c~ c' J. 
3,nec~ 8~1~1) - !llYHKUHII, IlpaBl4Jia HHTerpauHH ,nna KOTOpOI TaltHe 
xe, KaK H .nna .nen~Ta~yHKuHH ]zpaxa /S7 • 

rawHn~TOHHaH' IlpHBOAIIII!HI lt IIpaBM~HYM Y,ll!.BHeHHIM ,nBDe­
HHS, MOZHO BYClpaT~ B BHAe 

t. - 0.0 

H = -fr · /L,e.- f b .L. • .t.,.- L t=P· 
"'*ourH.,.. /11-KcJr.trHur.-e 

' -oo 

B KBaHTOBOI TeopHH BMeCTO HanozeHHS CB83el B OIIepaTOpHOI 
~opwe AOCTaTOIIHO IIOTpeClOBaT~ HCIIe3HOI8HH8 WaTpHIIHWX aneKeHTOB 
3THX CBa3el, 3t0 ClyAeT BYIIORBeHO, ecnH Ha BeltTOpW COCT08HH8 

aano:KHT~ orpaHHIIeHHS 
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I 
~ 

I 
i 
4 
~ 

.t.,. ... .t .. "'l¢>=0, n~OJ n-::~=-m;, ~<= f,21 ..3} 

" l. ..p'- } { ; Jl. p + L: .L_,.I<.,LifK: ( 1+ lj~) ~ 1. + a. I 1/ = 0/ 
"'*0 

(16) 

l ;:~Pl+ ~; L:,L_ ... ~., .. :)',.1 + f J I~)>:: 0, K=-~J./3. 

Kalt OClYIIHO, ABOeTOIIH8 RBJI8DTC8 CHMBORaMH HOpKaJ!bHOrO I1pOH3Be,ne­
HH8, a ltOHCTaHTY Ql H g OTpaxaDT HeO,nH03HaiiHOCTb IIpH HOpManb­

HOM ynopa,nolleHHH, 
nerxo npoBepHTb, liTO onepatopw, AelcTByDmHe Ha BeKTOpH 

COCTORHPIB B (16), a TaKEe ra.MHRbTOH~aH oClpa3yDT anreelpy nH, liTO 

rapaHTHpyet BpeKeHHYD 3BORDUHD CHCT9MY, 
HaHHIIHe yCROBHI (16) II03BOn&eT HCitJID'IHTb AJXH H3 Hamero 

IlpOCTpaHCTBa BelttOpOB COCTORHHR Talt se 1 KaK 3TO c,neHaHO, HaiipH­

wep, B / 3/ • Bw.nenaa H3 (16) ycnoBHa 

,L :K ~ I~ 7 = 0 J /11 ~ 0 J y._ : 1, I. I J , 

H 3aiiHCWB8.B Hll B CHCTeKe ~eH Tpa Wl.CC CTPYHY ( p = 0) 

PooL:I</<{>/=0, n>o, x.=-~2.,3, 

nonyiiHK, npeAOOJiaraa, liTO p• /¢/ -=1= 0 
J 

at:"- I¢/ = 0} 111 > a , " = t, .z,.3 • 

0TaDAa BHAHO, liTO B CHCTeKe ueHTpa MBCC B8ltTOpY npoCTpaHCT­
BS ~OKS CTpOITCII H3 IlpOCTpaHCTBeHHYX ltOMIIOHeHT onepaTOpOB 
po~eHHB, liTO H 03HallaeT OTCYTCTBHe COCT08HHI C OTpHuaTen~HOI 

Hopwo«. 
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3aRJI1l11 eHHe 

PaCCMOTp6HH8H MO~e~ He rrpeTeHnyeT H8 OnRCaHHe BC6X , H 

~a~e OCHOBHHX, CBOACTB 6apHOH8, H qaCTHOCTH, HHr~e He yqteuo, 

qTO 6apHOHU RBRR~TCR ~epMHOHaMH, O~HaKO, B npHHUHne, KOXHO 

6uno 6u ~o6BBHTL B ~arpaaxaaa ~ono~HTe~aue ~~eau, onncUBaD~e 

CnRHOBHe CTeneHH CB060~ KBBpKDB, HO 3TO .K3~InHe yc~Ollffi'UIO 6u 
MO~e~. f~aBHOe OT~~e H3Y~6HHOI CHCT6MH OT Me30HHOI CTpyau, 

ee 6apHOHHu! X8p8KTep, aa~nqaeTCH B TOITO~DrH~6CKOI CTpyKType 

MO~e~. MOMHO B006pa3HTL 6apHOH COCTO&m.KM H3 Tp6X CTpya, 006~­

ReHHHX B Tpeyro~HHK, B BepmHHBX KOTOporo paCITO~O&eHU KB8pKH, 

BoaMoxau H ~pyrne KDHWHrypaUHR. Ha Borrpoo, KaKaa Mo~e~ rrpe~­

ITO~THT6~HeA, DTBeT MO~eT ~BTL CTporaft 8H8~3 (HarrpHMep, C 

3HepreTH~6CKOR TO~KH 3peHHH 6o~ee ycTDI~RBa CHCTeMa, y KOTOpOA 

M8008 OCHOBHOrO COCTORHHH MeRDme), ilo~06Hoe ¢eHOMeHO~Or,~eCKOe 
pBCOMOTpeHHe 6apHOHHHX KOH¢Hrypana! ITpOBe~eHO B pa60T6 4/, 

Bupa&eHHH ~ ~HBMH~eCKHX rrepe»eHHHX He OT~~BilTOH BH61DH8 

OT aHaROrHqHUX BupazeHHI B cxyqae 6e3M8000BOI CTpyau, 0~8KO 

qaoTOTH TerrepL He rrporropnaoaa~au nenHM quc~aM, BB~ ~ero 

cneKTp MBCO MeHee BHp0~6H (He iBB~OTBHTeH), CneRTp M8CO 6un 
6u e~e 6o~ee 6oraT, eo~ 6u Maocu KBapKOB 6un.K pa3HHe, B 6e3Mao­

COBOM npe~~e ~BCTOTH nepeXOAHT B OB060~HHe, ~HTepeCHOI OC06eH­

HOCTLD ~8HHOI MO~e~ HBXHeTCR TO, ~TO M8CC8 OCHOBHOrO COCTOSHHS 

(B ~accH~ecKol Teopaa) 6o~me cyMMu Mace KBBPKOB Ha xo~ax 
CTpyiW, 

Baxaoe OT~~Be ~BHHOI TeOpHB OT CB060~0I CBR38HO C B~OM 

~OllO~Te~HUX yc~OBHI HB BeKTOpH COCTOHHKS, KOTOpHe oy~eCTB6HHO 

OTJm:~8DTCJl OT yc~OBHI BHpacopo, B TO &e BpeMR ReT pa3JIH'1Hll Meli,D;y 

CBR38MH B Me30HHOI H 6apHOHHOA CTpyaax C MBCOBMB HB KOHQ8X, 

ABTop 6~aro~apea E.Y.Eap6amoBy H B.B.HecTepeaxo 38 no~esHHe 

o6cy~eHHJl .11 uarepec R pa6oTe, ABTop npH3HaTe~ea B.C.rep~KOBY 

38 rrpooMOTp pyxonacu H neHRwe 3BMe~aHBH, 

IIpa~oxeHBe 

~3 rrpeo6pa3oBaHHI, coxpa~x ypBBHeKBB (2) H (4), 

t?(~'t) = f[j(-t+~) - :Ptr-dJ], 

i'((,-l} = f[j(r:+tl) + y('C- cSJ]' 
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BU6ep8M TSKHe, ~TO 

6"(~,-tJ= d,, i.. = 1j "'J 6'.::: o~ e. 

3TO ~OCTHraeTCR C~e~IOl!IHM BH60pOM @yHKnal jO H f 

J{A.)= 'ffA), f(A~te} =f(A.). 

TerrepL 

d L 1 t 
_ ±.;(o,-t)=[0 .,;:.£ .. lo/iJ}-jtt)/ ~e.= 1j.Z1 3. 

Bu6npaa jf(~) TaK, ~TO /3/ 

ITOJ!Y'IHM 

t L 

f-d X.(o,:CS)1 _ C-. ~ ~<.= ~ l.,r3J 
at" " '1 - nr~ 

l t. 
j'c-r) = ~-- x!(o,t). 

" 

A .113 STOre ypBBHeHHJl H CBOICTB tPYHKI.Uill j(i) y11.e BHT8K810'1' 

orpaHH~eHHJl (6}, 
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