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Eap6awoa E.M. K ap. P2 - 10376 
HcKn~qeHKe COCTORHKA C OTpKUaTenbHOA HOpMOA B KB8HTOBOA 
TeOpKH penSTHBHCTCKOA CTpyHbl B nOCTORHHOM OllHOpOilHOM 
aneKTpOMarHHTHOM none 

~K3KqeCKOe npocTp8HCTBO BeKTOpOB COCTORHKA C nonO~KTenbHOA HOp
MOA ang penSTKBHCTCKOA CTpyHbl B noCTORHHOM OllHOpOilHOM 3neKTpOM8rHKT
HOM none CTpOKTCR B CHCTeMe UeHTpa M8CC, 8 pe3ynbT8Te He B03HHK8eT 
HKK8KKX orpaHuqeHKA Ha p83MepHOCTb npOCTp8HCTB8-Bp&MeHK, TeOpHR peng
TKBHCTCKK-KHB8pH8HTH8 K He KMeeT T8XHOHHblX COCTORHKA, 

Pa6oTa BbinOnHeHa B na6opaTOpHK TeopeTH'IeCKOA ljlH3HKH OH.HH. 

fipenpHHT O&l.eJUIHeHHOrO HHCTHTYT& AJlepHWX HCcne,llOB&HHi , Jly6aa 1977 

Barbashov B.M., Nesterenko V.V., 
Chervjakov A.M. 

P2 - 10376 

The Absence of the "Ghosts" in the Theory of the 
Relativistic String in a Constant Homogeneous 
Electromagnetic Field 

The physical space of the state vectors with positive 
norm in the theory of the relativistic string in a constant 
homogeneous electromagnetic field is constructed in the 
center-of-momentum frame. As a result there are no restric
tions on the space-time dimension, the quantum theory is 
relativistic invariant and it has no tachyon states. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 

Preprtnt of the Joint Institute for Nuclear Research. Dubna 1977 
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PenJITHBHCTCKaJI cTpyua B nocTOJIHHOM O,li,HOPO.D.HOM 

3neKTpOMarHHTHOM none JIBnJieTCJI O,li,HOH H3 TO'IHO pewae

MbiX MO,ll,eneif B3aHMO,ll,eHCTBYIO~eH ,ll,yanbHOH CTpyHbl. 3Ta 

CHCTeMa 6bina paCCMOTpeHa B HeKOBapHaHTHOM ¢opManH3-

Me /I/ H KOBapHaHTHbiM MeTO)J,OM /2/,B pa6oTe/2/ He 6binO 

,li,OKaJaHO OTCYTCTBHe ¢H3H'leCKHX COCTOJIHHH C OTPHU.a

TenbHOH uopMoiL B uacToJI~eH JaMeTKe 3Ta npo6neMa 

pewaeTCJI MeTO.D.OM, npe,ll,nmKeHHbiM PopnuxoM ,ll,nJI nocTpoe

HHJI ¢H3H'leCKOrO npocTpaHCTBa COCTOJIHHH B TeOpHH CB060)J,

HOH .D.yanhHOH CTPYHhi /.1/. 
B nepBoii qacTu pa60Tbi o6cy)l(,ll,aJOTCJI orpauu<IeHHJI, 

HaKna)J,hiBaeMbie CBeTOnO,li,06HOH Kanu6pOBKOH r ~ nx, ll 2 ~ 0 
Ha ,li,BH)I(eHHJI CB060,1J,HOH CTPYHbl H Kpa TKO HJnaraiOTCJI npe

HMy~ecTBa nO)J,XO.D.a Popnuxa no cpaBueuuro c npHHJITbiMH 

MeTO,ll,aMH KBaHTOBaHHJI 3TOH CHCTeM~. Bo BTOpoii 'laCTH 

CTpOHTCJI ¢H3H'leCKOe npOCTpaHCTBO BeKTOpOB COCTOJIHHH 

,ll,nJI CTpyH~ B nOCTOJIHHOM O,li,HOpO,li,HOM 3neKTpOMarHHTHOM 

none MeTO.D.OM, auanorH'IHbiM no.D.XO.D.Y Popnuxa. 

I 

ABTOpbi pJI,ll,a pa6oT / 4 , S/OTMe'lanH, 'ITO CBeTOll0,1J,06Ha.H 

KanH6pOBKa T - nx , n 
2

= 0, Cy)l(aeT )J,OnyCTHM~H Knacc ,li,BH

)I(eHHH CB060.D.HOH pen.HTHBHCTCKOH CTpyH~. li~no ycTa

HOBneHO, 'ITO B 3TOH Kanu6pOBKe Henb3.H OllHCaTb TaKBe 

,li,BH)I(eHHJI CTpyH~, KOTOp~e Y.D.OBneTBOp.HIOT ycnOBBIO 

• ' 2 
n(x ± x) = 0, n = 0. /1/ 
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K 3TOMY Knaccy OTHOCHTCH H O,!J,HH H3 npocTeHWHX npH· 

MepOB / 6 /, KOr,IJ.a B Ha'lanbHbiH MOMeHT CTpyHa HMeeT 4lop· 

MY npHMOnHHeHHOrO 0Tpe3Ka H DOKOHTCH. B nocne,IJ.yiDwHe 

MOMeHTbl BpeMeHH OHa Ha'IHHaeT OCIJ;HnnHpOBaTb, MeHHH 

nepHO.IJ.H'IeCKH BO BpeMeHH CBOID ,IJ.nHHY OT HCXO.IJ.HOrO 3Ha

'leHHH .IJ.O HynH. 

OrpaHH'IeHHH ua .IJ.BH)I(eHHH CTPYHbi, naKna.IJ.biBaeMbie 

CBeTODO.IJ.06HOH Kanu6pOBKOH, BepOHTHO, H HBnHIDTCH npH'IH

uoii neci>H3H'IecKnx peJynLTaToa /Heo6bl'IHaH pa3MepHOCTb 

npOCTpaHCTBa-apeMeHH D =26 H TaXHOHHbie COCTOHHHH/, 

KOTOpble nony'laiOTCH B KBaHTOBOH TeOpHH B 3TOH Kanu-

6pOBKe. <l>aKTH'IeCKH B TaKOM DO.IJ.XO,IJ.e KBaHTYIDTCH He BCe 

.IJ.BH)I(eHHH CTPYHbi, a TonLKO ux qacTb, no3TOMY Hey.IJ.HBH

TenbHO, 'ITO TeOpHH llpHXO.IJ.HT K npOTHBOpe'IHID C penHTH· 

BHCTCKOH HHBapHaHTHOCTbiD. 

Ycnoaue /1/, o'leBH.IJ.HO, He 6y,IJ.eT BbmonHHTbCH HH npu 

KaKHX .IJ.BH)I(eHHHX CTPYHbi,ecnu n2 ;iO,TaK KaK aeKTopa ~ ± x -
H30TpODHbie. Il03TOMY, Ka3anOCb 6bi, MO)I(HO DO- npe)I(HeMy 

ci>HKCHpOBa Tb Kanu6pOBKY ycnOBHeM T -- 11X, TOnbKO Bbl6HpaH 

OOCTOHHHblH BeKTOp 11 HeH30TpOOHbiM, H TeM CaMblM He 

6y.IJ.eT uano)l(eHo HHKaKHX orpaHH'IeHHii Ha .IJ.BH)I(eHHH CTPYHbi. 

0,IJ.HaKO npaKTH'IeCKH He y,IJ.aeTCH OOCTpOHTb KBaHTOBYID 

TeOpH10 penHTHBHCTCKOH CTpyHbl B HeKOBapnaHTHOM 4lop· 

ManH3Me C 11 2 ;i 0 , Tal< KaK B 3TOM cnyqae 3aBHCHMbie 

KOMOOHeHTbl BeKTOpa Xfl Bblpa)l(aiDTCH qepe3 He3aBHCHMbie 

CnO)I(HblMH anre6paH'IeCKHMH Bbipa)l(eHHHMH, CO)].ep)l(awHMH 

KBa,IJ.paTHble KOpHH, H HeHCHO, KaK paCCMaTpHBaTb TaKHe 

HenHHeHHble KOM6HHaiJ;HH )].HHaMH'IeCKHX nepeMeHHblX B KBaH· 
, 4 I 

Toaoii Teopuu i ' • 

)J.pyrue MeTOJJ.bl KBaHTOBaHHH penHTHBHCTcKoii CTPYHbi, 

B KOTOpbiX KOMDOHeHTbl BeKTOpa x 11 He ,IJ.enHTCH Ha Ja· 

BHCHMble H He3aBHCHMble - 3TO KOBapHaHTHblH cl>opMa

nH3M/7/, KBaHTOBaHHe B Kanu6pOBKe t= T C OOMOWbiD CKO· 
, I 

6oK )J.upaKa / 81 , - TaK unu uuaqe ucnonb3YIDT ycnoaue 

CBeTOOO.IJ.06HOH Kanu6pOBKH: B nepBOM DO)].XO,IJ.e npH HCKniO

'IeHHH COCTOHHHH C OTpHIJ;aTenbHOH HOpMOH, BO BTOpOM -

llpH llOCTpOeHHH .IJ.HHaMH'IeCKHX nepeMeHHbiX, HMeiDwHX Hy

neBble cKo6KH Ilyaccoua c ycnoBHHMH Bupa3opo /TaK 

Ha3blBaeMbie nepeMeHHbie )1.)1.<1>/. 
Il03TOMY ecTeCTBeHHO llblTaTbCH CTpOHTb KBaHTOBYIO 

Teopum penHTHBHCTCKOH CTPYHbl, uanaraH ,IJ.ononHHTenbHble 
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ycnOBHH Ha BeKTOpa COCTOHHHH C HCOOnb30BaHHeM Kanu-

6pOBKH, He orpaHH'IHBamweii .IJ.BH)I(euuii cTpyHbi. 

B 3TOH CBH3H npe,IJ.CTaBnHeT HHTepec KBaHTOBaH TeOpHH 

CTPYHbi, npe,IJ.no)l(eHHaH PopnuxoM 131, KOTopaH penHTHBHCT

CKH-HHBapHaHTHa B OpOCTpaHCTBe·apeMeHH niD60H pa3Mep

HOCTH H He HMeeT TaXHOHHblX COCTOHHHH. B DO.IJ.XO,IJ.e Pop

nuxa OCHOBHblMH HBnHIDTCH cne,IJ.yiDwHe ,IJ.Ba MOMeHTa: 1/ Bbi· 

6op Kanu6pOBO'IHOrO ycnOBHH, ci>HKCHpymwero napaMeTp r , 
H 2/ HCDOnb30BaHHe HMeHHO 3TOrO yCnOBHH ,IJ.nH HCKniD'IeHHH 

COCTOHHHH C OTpHIJ;aTenbHOH HOpMOH, npH 3TOM ci>H3H'IeCKHe 

BeKTOpa COCTOHHHH CTpOHTCH B CHCTeMe u;eHTpa Mace CTpy· 

Hbl. 3Ta CHCTeMa HBnHeTCH e,IJ.HHCTBeHHOH Bbl,IJ.eneHHOH ,IJ.nH 

penHTHBHCTCKOH COCTaBHOH CHCTeMbl, KOTOpOH HBnHeTCH 

CTpyHa. Bo BCeX npe.IJ.biAYWHX DOllbiTKaX KBaHTOBaHHH CTpy

Hbl 3TOT cl>aKT coaepweHHO ue Y'IHTbiBancH. 

PeweHHe ypaaueuuii .IJ.BH)I(eHHH 

X (a, r) - ~ (a, r) ~ 0 
f1 f1 

c rpaHH'IHbiMH ycnoBHHMH ,IJ.nH cao60.IJ.HOH CTPYHbi 

~ w, d ~ ~ <e,,) ~ o 
f1 fl 

HMeeT BH.IJ. /?/ 

P r . a 
fl 1 IDfl 

x (a,r)=Q +--+--~ --e 
f1 f1 ye .;--;-y m .;,o m 

+ p u 

.mit 
-1--T e mrr 

cos(-f-a), 

/2/ 

/3/ 

r,IJ.e a_m
11

=a miL , 11 - nonHbiH HMnynbc CHCTeMbl. 

IJapaMeTp 3BOniDIJ;HH T ¢HKCHpOBanCH B CTaH,IJ.apTHOM 

DO.IJ.XO,IJ.e ycnOBHeM Kanu6pOBKH /7/ 

nx == nQ -1 nP-!'- , ye 
r,IJ.e n - llOCTOHHHblH H30TpOOHblH BeKTOp n 2 =0. 3TO ycno

BHe 3KBHBaneHTHO cne.IJ.YIDWHM ,IJ.ByM: 

. 1 
nx = nP ·rf- , nx c_, 0 . /4/ 

Popnux npe.IJ.nO)I(Hn ucnonb30BaTb BMecTo BeKTopa n
11 

non

HblH HMnynbC CTpyHbl p/L : 
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Px =PQ , P 2 yT. 151 

Tor.n.a H3 131 H 151 cne.n.yeT ycnoBHe 

a P cO n'-0 
D/1 /l ' ' 161 

03HaqaJOI.l.{ee, qTo B CHCTeMe l.{eHTpa Mace CTpyHM, r.n.e 

p ~ 0, BpeMeHHMe !IJypLe- KOMnOHeHTLI CTPYHM a no OT

CYTCTBYJOT; ci
00 

'~ 0 , n > 0. 
ll03TOMY B KBaHTOBOH TeOpHH YJJ.06HO CTpOHTL npo

CTpaHCTBO BeKTOpOB COCTOHHHH B CHCTeMe l.{eHTpa Mace. 

YpasueHHH 161 TenepL paccMaTpHBaJOTCH KaK ycnoBHH ua 

BeKTopa cocTOHHHH I¢> GM 

anf1P/1 j<lhCI\1--0, n:· 0, 

npHqeM ,IJ,OCTaToquo noTpe60BaTL BMnOnHeHHH 

noBHH TOnLKO .n.nH n -, 0. EcnH npe.n.nono:>KHTL, qTo 

To nonyqaeM 

a 11<1>> ~ 0 n> 0 
no GM ' ' 

171 

3Toro yc-

Po I ¢>eMf 0, 

TO eCTb H B KBaHTOBOM Cnyqae BpeMeHHMe KOMnOHeHTM 

OnepaTOpOB all/1 , DpHBO,IJ,HI.l.{He K OTpHI.{aTenLHMM HOpMaM, 

!IJaKTHqeCKH paBHM HynJO *. ~H3HqecKHe BeKTOpa COCTOHHHH 

B CHCTeMe l.{eHTpa Mace CTpOHTCH nyTeM ,IJ,eHCTBHH Ha 

BaKyyM TOJibKO npOCTpaHCTBeHHMX KOMnOHeHT onepaTo

poB a m/l. 

A 
-++ m - + + 

jet>> = n (a ) IO>, v'ma =a • 
CM m= I m m m 

00 

~anee 3TH BeKTopa .n.on:>KHM 6LITL no.n.qHueHM eme ycnoBHHM 

BHpaJopo. 

* Cne.n.yeT OTMeTBTL, qTo ycnoBHe 17 I HcnonL30BanocL, 
HanpBMep, ,IJ,n.ll BCKJIJOqeHBH COCTOHHBH C OTpBI.{aTenLHOH 
HOpMOH B KBapKOBOH MO,IJ,enB a~pOHOB C noTeHI.{BanoM pe
nHTHBBCTCKOrO OCI.{BnJI.HTOpa /9/. 
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.) 

.) 

J' 
I. 

~HJHqecKoe npocTpaHCTBO BeKTOpOB COCTOHHHH B npo

H3BOnLHOH CHCTeMe OTCqeTa MO:>KHO nonyqHTL, ,IJ,eHCTBYH 

onepaTopaMH nopeHueBcKoro 6ycTa/IO/ Ha j<l>>c_;M , npH 

3TOM oqeBH,IJ,HO COXpaHHTCH nonO:>KHTenLHOCTL HOpMM BeK
TOpOB. 

II 

~nH CTPYHM, ,IJ,BH:>Kyl.l.{eHCH B 3neKTpOMarHHTHOM none 

F /l'-', o6o6meuHeM cseTono.n.o6HoH KanH6poBKH I 41 HBnHJOT

CH cne.n.yiOI.l.{He ycnoBHH I 11: 

+ n f 
. 

= 0, n x X v v v '-'/l /l 

18/ , 1 
· fx -nfl--nvxv + nv '-'/l 11- v v fy 

II u u f' gr. r.n.e v- nonHLIH KaHOHHqeCKHH HMnynLC CTpyHM, /If'- -r fll' 
EcnH n 2 =0, TO H B cnyqae nOCTOHHHOrO O,IJ,HOpO,IJ,HOrO 3nJ'KT

poMarHHTHOro nOnH MO:>KHO Bblpa3HTb 3aBHCHMMe KOMno

HeHTLI BeKTOpa x11 (a,r) qepe3 He3aBHCHMLie III. 
QqeBH,IJ,HO, qTo 3TH ycnOBHH, TaK :>Ke KaK H KanH6pOBKa 

I 41, npHBOJJ.HT K onpe.n.eneHHMM orpauHqeHHHM Ha JJ.BH:>Ke

HHH CTPYHLI. B qaCTHOCTH, B KanH6poBKe 181 HenL3H OnH

caTb TaKHe JJ.BH:>KeHHH CTPYHLI B 3neKTpoMarHHTHOM none, 

KoTopMe y.n.osneTBOpHJOT ycnoBHHM , , 
n(x ± x)± nf(x ±x) = 0. 

llo3TOMy o6paTHMCH K MeTo.n.y PopnHxa. BMecTo BeK-

Topa n B03LMeM BeKTOp K /1 c- pp (} f f)~ H KanH6pOBKy 

3a!IJHKCHpyeM Tpe6oBaHHHMH 

. . 1 
K x + K r x = o, K x _,_ K r x = --K rr 191 

/l /l fl /l'-' V fl f1 /l flV !' f y f1 /l 

PeweHHe ypasHeHHH JJ.BH:>KeHH.H 121 H rpaHHqHMX ycnoBBH 

x + f x =- o , a ~ o, e 
/l f1V I' 

,IJ,n.H CTpyHM B nOCTOHHHOM O,IJ,HOpO,IJ,HOM 3neKTpOMarHBTHOM 

none HMeeT BHJJ. 
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nrr 

x (a,r) = _1· __ ~ 1 -iy(a+r) 
11 -- £... --[a e 

y rry n =--><> 2n n11 + 
n;fO 

. nrr ( ) 
1 

1- a-T 
- f 

+ (1-f} <l+f) {3a {3 e 
11P P n 

] + 

1101 
p 

2 -I 1 P f + <1-f ) Q + -P r -f --(a- -), 
11P p· fy 11 11P fy 2 

r.ne a ,~ a+ , a 
4

= i a
00 

.llonHhX:H KaHOHH'IeCKHH HMllYllbC 
-n11 n11 n 

CTPYHLI paBeH 

~ e . , 2 
IT '~ jdarr (a,r)c_vj(x ~f X )dn- ,,(]-f) P . 1111 

11 O fL ' O fL 11V 1/ 11P p 

llo.ncTaBmu: 1101 H 1111 B 191, nonyqaeM TO )l(e Tpe6o

BaHHe 

an11 P fL oc 0 , 

'ITO H B cnyqae CB060.IJ;HOH CTpyHhl. l103TOMY npOCTpaHCTBO 

BeKTOpOB COCTORHHH ~ llOllO)I(HTenhHOH HOpMOH B CHCTeMe 

UeHTpa MaCe, r.ne p -, 0, CTpOHTCH TaK )l(e, KaK H .IJ;flH 

CB060.IJ;HOH CTPYHbl. 

3TH BeKTOpa .IJ;Ofl)I(Hhl 6hlTb llO.IJ;'IHHeHhl e~e ycnOBRHM 

OpToroHallbHOH Kanu6pOBKH/2/ 

L \<1>> = 0, n > 0, 
n -

1121 

1 1 
r.ne L,=An+ --==u.n

1
L<l-f}11 vPv-a(Q)ono•An=-2 2 :a a:, 

l ~; r • _1_ n-m m 
y rry mr-o, -n 

1 a oiL= --=.<1- f) fLP P P • KoHcTaHTa a(O) B03HHKaeT npu nepexo-
yrry 

.ne K HOpManhHOMY npoH3Be.IJ;eHHJO onepaTopoB am B A 0 • 

C yqeToM 17 I ycnoBHR 1121 npHHHMaJOT BH.IJ; 

8 

1 
(An- --=:=-a011 fp.v Pv )jet>> = 0, n > 0, 

yrry 
1131 

1 2 2 
lA 0 + --[P -P" (f >uvpv lll <I>>= a(O)o 1<1>>. . 2rry r r n,o 114/ 

OnepaTOpbi, BXO.IJ;R~He B ypaBHeHHR /71, /131 H 114/, 
o6pa3yJOT 3aMKHYTYJO anre6py, TO eCTb HX KOMMyTaTOphl 

B Cna6oM CMbiCne /JJ/ paBHbl HynJO. 3TO .IJ;OCTHraeTCH TeM, 

'ITO ycnoBHH 17 I 6epyTCH TOllhKO npu n>O, a ycnoBHH 113/ 
u I 141 - npu n~ 0 . lfHhiMH cnoBaMH, Ha BeKTopa cocTOHHHH 

HaKna.IJ;biBaJOTCH TOllbKO OTPHUa TellbHO- 'laCTOTHhle 'laCTH 

CBH3eH aHanorH'IHO TOMY, KaK 3TO .nenaeTCH C ycnOBHRMH 

llopeHUa B KBaHTOBOH 3neKTpO.IJ;HHaMHKe/l2/.B pe3yflbTaTe 

B anre6pe CBH3eH He B03HHKaeT HHKaKHX C -qucnOBbiX 

•meHOB. 

llpH llOCTpOeHHH ~H3H'IeCKHX BeKTOpOB COCTOHHHH Be

llH'IHHa P11 B pa3no:lKeHHH /101 paccMaTpHBanacb KaK nonHhlH 

MeXaHH'IeCKHH HMllyllbC CTpyHhl. I103TOMy KBa.IJ;paT MaCChl 

CTpyHhl BO BHelliHeM 3neKTpOMarHHTHOM none paBeH 

M2 ~ P 2 
=- P (f 2 ) P + yrr 2 a a • 

fL 11v v· m .f 0 -m m 

B cucTeMe ueHTpa Mace 

2 2 2rry 
00 

-->+--> 
M = P = ----- 2 n:a a 

o g 2 n=l n n 
1-(-E) 

y 
2 2rrya(O) 

r.ne m -----
o 1-(..RE) 2 

2 
+m 

0 
1151 

? v 
3HaK m~ MO:lKHO onJ)e.nenHTh nyTeM cne.nyJOU\HX pac-

cy)l(.neHuH:. OnepaTop P~ B cucTeMe ueHTpa Mace CTPYHhi 

HMeeT O'leBH.IJ;HO llOllO:lKHYllbHhlH ClleKTp, a C06CTBeHHhle 
"' -->+--> 

3Ha'leHHR N onepaTopa n~l n:an an : MoryT 6LITb paBHhi 

mo6oMy uenoMy nono:lKHTenbHOMY qucny N =0, l ,2," ... Ecnu 

( g E>
2 

1 - - -- < , TO, .IJ;eHCTBYR neBOH H npaBOH 'laCTbJO paBeHCTBa 
y 

1151 Ha I<I>>f'M, nony'IHM ycnoBHe m~ >O,unu a<O)< 0, TO 
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CCTh CTpyHa He HMCCT TaXHOHHMX COCTO~HHB. EcnH ~e 

(£_ E ) 2
'> 1, TO 3TO npHBO.D.HT K Tpe6oBaHHIO 

y 

m2> 
0 

2rryN 

Jl-(~E)2 J 
y 

KOTOpOMY HCDh3H Y.D.OBDCTBOpHTh HHKaKHM KOHeqHMM 3Ha

qeHHCM m 2
0 

, TaK KaK N MO~CT 6hiTh CKODh yrO,II.HO BCDH

Ko. Cne,II.oBaTenhHO, perneHue /10/ onucMBaeT pen~THBu

CTCKYIO CTpyHy TODhKO B TaKHX BHClliHHX non~x, ,II.n~ KOTO-

phi X (~E) 2 
< 1. flonee Toro, MO~Ho noKaJaTh, qTo npu 

y 
') 

( JL E)~ ~, 1 ponh Koop.D.HHa T a u r Ha MHpoBoi noBepxHo-
y 

CTH CTpyHhl MCH~CTC~ MCCTaMH: napaMeTpOM BpCMCHHOH 

3BODIOU.HH HBDHCTCH a , a r OllHChiBaCT llpOCTpaHCTBCHHOC 

pacnonO~CHHe CTpyHhl. JTO npo~Bn~eTCH B TOM, qTo BCK

Top x1, oKaJhiBaeTc~ npocTpaHCTBCHHo- no.D.o6HhiM x 2 ' 0, 
'') ' 

a x
11 

- BpCMCHH- llO,II.06HhiM, X - ·:_ 0. 
TaKHM o6paJoM, MeTO.D. Popnuxa noJBOnHeT nocTpOHTh 

KBaHTOBYIO TCOpHIO penHTHBHCTCKOH CTPYHhi, B3aHMO,II.CH

CTBYIOlliCH C llOCTOHHHhiM O,II.HOpO,II.HhiM 3DCKTpOMarHHTHhiM 

llODCM, KOTOpaH penHTHBHCTCKH-HHBapHaHTHa H He HMCCT 

TaXHOHHhiX COCTO~HHH. 
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