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A«paHBCbeB f,H, P2 - 10360 
0 nononHHTenbHblX HHTerpanax llBHlKeHHSI B KnBCCHqecKort 

H KBBHTOBOli MeXBHHKe 

LlnH cnyqag llBHlKeHHSI qacTHUbl e none ueHTpanbttoro noTeHunana naH 

BH8nH3 CHTYBUHH C nononHHTenbHMMH HHTerpanBMH llBHlKeHHSI B KnaccnqecKoli 

MeX8HHKe. noKa38HO, 'ITO ece H3BeCTHble OllH03HBqffble nononH11TellbHble HH

Terpam,1 ( BKlll0'18SI BeKTOp Pyttre-nettua llllSI KynoHOBCKOro noTeHUHana H 

OCUHllllSITOPHble HHTerpanbi) MOryT 6bITb nonyqeHbl H3 ypaeaeHHli op6HTbl H 

TpaeKTOPHH. H3 3TIIX Jt<e ypaeHeHHli nony'IBIOTCSI OllH03HaqHbie HHTerpallbl 

llBHJt<eHHSI llnSI npOH3BOllbHOro UeHTpBllbHoro noTeHUHana. 06cylKABIOTCSI 003-

MOlKHble npH'IHHbl HapyweHHSI CHMMeTpHH npH nepexone OT KnaCCH'l8CKOli 
MeX8HHKH ~ KB8HTOBOli, 

. Pa6oTa l{MnonHeHa e na6opaTopHH TeopeTHqeCKOii «pH3HKH mum. 

Ilpenp■HT Ofu.e.1t■Heuoro ■HCT■TyTa •JlepHWX ■ccneJlODAH■i . .l{y6ua 1977 . 

Afanasiev G,N, 

About the Existence of the .(ldditional 
Integrals 6~~otion in Classical and 
Qua~tum Mechanics 

P2 - 10360 

For the particle motion in the field of a central 
potential an analysis of situation with the existence of 
the additional integrals of motion in classical ~echanics 
is given. It is shown that all existing singlevalued 
integrals of motion (including the Runge-Lenz vector for 
the Coulomb potenti~l and oscillator integrals) can be 
deduced from the equations of orbit and trajectory. Also, 
from these equations additional singlevalued integrals 
for an arbitrary central potentfal may be obtained. Also 
we discuss the reasons for the difference of the symm'etry 
group in quantum and classical mechanics, 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 
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I . Beeoe11ue 

BpeMH OT BpeMeHH IlOHBilHIOTCJl' pa60Thl /cM., Hanpu

Mep, /1-8/ /, B KOTOphlx )J.IlH cnyqag )J.BH)KeHHH 1-laCTHUhl B 

npoH3B0IlbHOM ueuTpanbHOM IlOTeHUHane )J.OKa3bIBaeTCH cy

IUeCTBOBaHHe rpynn CHMMeTpHH 6onee WHpOKHX, 1.feM rpynna 

TpexMepHblX BpaIUeHHH. 3TO 3KBHBaneHTHO CYIUeCTBOBaHHIO 

)J.OilOilHHTenLHhlX . HHTerpanoB )J.BH)KeHHH * ~ OTilH'IHhlX OT 

HHTerpanoB 3HeprHH H yrnoaoro .MOMeHTa. _HH)Ke Mhl IlOKa

)KeM, 1.fTO npoHCXO)K)J.eHHe 3THX HHTerpanoB o6x3aHO T_OH 

TpHBHaJibHOH npHl.fHHe, 1.fTO Bcer)J.a MO)KHO O)J.H03Ha1.fHblM 

o6pa30M Bblpa3HTb Hal.faJibHble KOOPJJ.HHaTbl H HMnynbCbl qepe3 

TeKyIUHe. ll3JIO)Keuue, nocTpoeuo cneJJ.YIOIUHM o6pa30M. B. 

rnaee II Mh .. Ilp}IBO)J.HM H3BeCTHLie apryMeHTbl B Il0Ilb3Y 

cyIUeCTBoBaHHH O)J.H03Ha1.fHhlX )J.OnonHHTenhHblX HHTerpaJIOB 

)J.BH)KeHHJI. B rnaae III )J.Jlj{ HeCKOilb.KHX KOHKpeTHblX IlPHMe -

poB /TpexMepHLIH aHH30TpOilHhlH H H30TpOilHblH OCUHililHTO· 

phi, KYilOHOBCKHH noTettuuan, npOH3B0IlbHblH ueHTpanbHblH 

IlOTeHUHaJI H T.JJ../ Mhl .. B HBHOM BH)J.e Bhll.fHCnxeM )J.onon

HHTenhHble HHTerpanhl ·)J.BH)KeHHH H IlOKa3LIBae·M, 1.fTO )J.IlH 

KynottoBcKoro u ocuunnxTopttoro noTettuuanoe OHH coana

)J.aIOT'· C 'H3BeCTHblMH. HaKOHeu, B rnaae IV o6Cy)K)J.aIOTCH 

B03MO)l(Hble IlPH,1.fHHbl HapyweHHH CHMMeTpHH npH nepexo)J.e 

OT KnaCCHl.feCKOH MeXHHKH K KBaHTOBOH. 

* Ilo)J. HHTerpanoM )J.BH)KeHHH IlOHHMaIOT npOH3B0IlbHYIO 
iiiYHKUHIO apeMeHH, KOOp)J.HHaT H HMilYilbCOB f(x,p,t),y)J.OB· 

ar 
neTaopHIOIUYIO cooTHOWeHHIO Tt + IH ,fl = 0. 
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II. ApzyMeHmbl e noAb3Y cy111ecmeoea11u.11 
oonoAHUmeAbllblX OOH03Ha'IHblX 
u11me2paAoe oeuJ1Ce11u.11 

3TH apryMeHTbl B03HHKaIOT H3 cne,IlyIO~HX paccy)K,Ile

HHH. IIyCTb B HaqanbHbIH MOMeHT apeMeHH t= to 3a,IlaHbl 

TPH KOOPAHHB;'Jbl _IlOJ!O)KeHH.H qacTHD;bl, Xo' Yo' Zo ' H TPH 

ee CKO,POCTH, XO, Yo , Z O • To, qTo B ,IlanbHeiiweM npOH30ii

,IleT C qacTHu;eii, nonHOCThlO H O,I\H03HaqHo onpe,Ilen.HeTC.H 

uaqanLHhIMH ycnOBH.HMH H ypaBHeHH.HMH ,I\BH)KeHH.H. HHaqe 

rOBOp.H, TeKy~He KOOP.I\HHaTbl H CKOPOCTH .HBn.HIOTC.H O,I\H0-

3HaqHblMH <l>YHKUH.HMH Haqan~HhIX ycnOBHH H BpeMeHH: 

· 0 "0 X. =f.(t,t
0

,x ,X ), 
1 -1 . 

df i O • 0 
X. = -- (t, t

0
, X , X ) • 

1 dt 

3TH COOTHOWeHH.H MO)KHO o6paTHTh, T.e. Bblpa3HTL HaqanL

Hhie KOOPAHHaTLI qepe3 TeKy~He. CornaCHO TeopeMe, AO

Ka3aHHOH JIK06H, 3TO BCer,Ila MO)KHO C,IlenaTL: <l>YHKUHH 

x(_D) , ~(_O) Bhipa)KaJOTC.H qepe3 x. , ~. C IlOMO~hlO Tex )Ke 
1 l 1 l 

<l>YHKUHH f' B . KOTOPLIX nepecTaBneHLI HaqanLHLIH H KO-

HeqHhIH MOMeHTbl BpeMeHH. 3TO nerK0 Il0H.HTb HHTYHTHBHO: 

ypaBHeHH.H MeXaHHKH CHMMeTpHqHbl 0TH0CHTenLH0 H3Me -

HeHH.H 3HaKa BpeMeHH. II03TOMY, 3a,IlaB B MOMeHT BpeMeHH 

t B Ka1IeCTBe Ha11anLHhIX K00PAHHaT TeKy~He K00p.a;HHaTbl 

Xi, Xi H Il0nL3YHCh ypaBHeHH.HMH ,I\BH)KeHH.H) Mbl nonyqaeM 

B 6onee paHHHH M0MeHT to K00p.l{HHaTbl x(9 , x(.O)_ O1.J:eBH,Il

H0, 11To 1<oop.a;HHa TLI x <r>, x \0) , 6y.a;yqa B~1pa~eHbI qepe 3 

TeKy~He "K0Op,IlHHaTbl H BpeM.H t; .HBn.HIOTC.H 0,I\H03HaqHhlMH 

HHTerpanaMH J{BH)KeHH.H. IIOCKOJILKY 1.J:HCno uaqanLHblX Ko-

0PAHHaT paBH0 wecTH, TO qacno He3aBHCHMLIX HHTerpanoB 

TaK)Ke paBH0 weCTH. lf3 3THX HHT,erpanoB M0)KH0 06pa30-

BaTL pa3nHqHbie KOM6HHaD;HH, K0TOpLie TaK)Ke .HBn.HIOTC.H 

HHTerpanaMH ABH)KeHHH. 3TH KOM6HHaD;HH MoryT HMeTL 

6onLWHH <l>H3H1IeCKHH CMblCn, t.J:eM HCX0AHLie HHTerpanLI. 

B Kat.J:eCTBe TaKHX KOM6HHaD;HH BLI6HparoT o6blqHo 3HeprHIO 

CHCTeMLI H TPH K0MnoHeHTLI yrnoBoro M0MeHTa. YnoMHHy

TLie BblWe HHTerpanbl .HB_n.HIOTC.H o6LI11HblMH nepBLIMH HHTe

rpanaMH .z:i;n<l><l>epeHu;HanLHLIX ypaBHeHHH H paccMaTpHBaIOTC.H 
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BO MHOrHX yqe6HHi<ax. Paccy)K,IleHH.H, CXO,I\Hble c npHBe

,IleHHbIMH BbIWe, MO)KHO HaiiTH, HanpHMep, B /
9

/_ 

III • HecKOAbKO KOHKpemHbJX npuMepoe 

3 .1. TpexMepHhiii ocuann.HTop 
,., ,, ,, 

m(x·l +X2 +X3 )+ klxl +k2x2 +k3X3 = 0. 
B 3TOM cnyqae HMeeTCH weCTb He3aBHCHMhIX HHTerpanoB: 

x. 
A 

• 1 
. = X. smco. t + --- COSW t 
1 I 1 W. i ' 

1 

X· 
B. = x. rosw. t - -~sinw. t, 

1 I 1 uJ. I 
I 

2 
(w. = k./m). 

I I 

lf3 A., B. M0)KH0 C0CTaBHTb _TpH HHTerpana, He 3aBHC.H
l I 

IUHX OT BpeMeHH: 2 
ki 2 2 m·2 kixi 

E . = --(A. + B. ) = -
2 

x . + - 2-1 2 1 1 1 

OcTanhHble JPH HHTerpana TpaHCD;eH,IleHTHhl H B .HBHOM 

BH,Ile co,Ilep)Ka T 33.BHCHM0CTb OT BpeMeHH t. B .a;ononHeHHe 

K E i y.a;o6HO BBeCTH e~e weCTh /y)Ke 3aBHCHMbIX/ HHTerpa

noB "ABH)KeHH.H: 

xixk 
C.,_ = A.Ak+B.Bk = (---+x.xk)cos(w .kt) -

111. 1 1 wiwk 1 1 

X. Xk 
- (-

1 xk - _:_-x.) sin(w.k t), 
wi wk 1 1 

. . 
x.xk /' 

D .k =A. Bk- Ak·B. = (-
1 
--- + x.xk) • sin(w .kt>+ 

I I I Wj Wk l I 

xi xk 
+(--xk--x.)cos(w.kt), 

-w. W I I 
• I k . 

(w ik = wi - wk ) • 
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Ecnn ace_ ocunnmnopHLie KOHCTaHTLI o.u;nHaKOBLI (k1 ~k2 =k3=k), 
TO Cik , Dik Ta~:>Ke JIBHO He JaBHCJIT OT BpeMeHH: 

\ xk 1 . . 
Ck= --- + X- xk o.k = -(x. X, - xkx. ) • i 2 1 ' 1 Ct.I 1 --x 1 

Ct.I 

IlepeHopMnpoaaa E i , Cik• D ik, · nerKo y6e,u;HTLCJI, 11To an
re6pa cKo6oK IlyaccoHa, reHepnpyeMaJI E i , Cik, Dik, HJO• 
Mop<lma SU<3). D ik nponopunoHanLHLI KOMDOHeHTaM yrno
aor_o MOMeHTa, TOr,u;a KaK cik . cocTaBilJIIOT CHMMeTpH11HblH 
TeH30p. 

3.2. B cny11ae npoHJBOIILHoro ueHTpanLHoro ,u;ayMep
Horo noTeHunana .D;IlJI E<0 HMeeM .D;Be T011KH DOBOPOTa 
H HJ ypaBHeHHH op6HTLI H TpaeKTOPHH /11/ nony11aeM ,u;aa 
cne,u;ylOll\HX O.D;H03Ha11HblX HHTerpana: 

t mrrdr 
I = cos I 2rr-- - 2rr- f --1 

t r r r 
O 

Z ( r) 
/3.2.1/ 

¢ L _r dr 
I.-1- = cosl2rr- - 2rr- f ---1 , 

'I-' A¢ A¢ r
0 

r• Z (r) 
/3.2.2/ 

r,u;e 
Z(r)= y2mr 2(E-V) - L 2 ". 

/E - 3HepruJI, L - yrnonoii MOMeHT/. 

3,u;ecL r H A¢· - apeMeHHoe H yrnoaoe paccTOJIHHJI Me:>K,u;y 
.D;BYMJI coce.D;HHMH. MHHHMyMaMH no pa,u;uanLHOH Koop,u;n-
HaTe: 

rmax 
dr 

A¢ =L f 
r• Z <r) rmin 

/3.2.3/ 

I 
rmax 

r• ar 
T = ID f Z(r) rmin 

/3.2.4/ 

BenH11HHbl r ,11¢ 6blno Heo6XO,IJ;HMO BBeCTH B /3.2.1/, /3.2.2/, 
11T06bl c,u;enaTL COHJMepHMblMH BpeMeHHOH H yrnoaoii ne
pHO.D;bl TpaeKTOPHH r H op6HTbl 11¢ c nepHO,IJ;OM TpHrOHO • 
MeTpn11ecKoii <l>YHKUHH · 2rr. · 
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IloCKOilLKY I t , 1¢ HHBapHaHTHLI, TO OHH paBHbl TeM 
3Ha11eHHJIM, KOTOpbie OHH npHHHMalOT npH t=to, T.e. 

to ¢0 
It = cos(2rr-r-), 1¢ = cos(2rr !'l¢ ) . 

TaKHM o6pa30M, cymecTBYlOT ,u;ne HHBapuaHTHLie KOM· 
6HHaUHH KOOp.D;HHaT H BpeMeHH. PaJyMeeTCJI, 3TH BLipa
:>KeHHJI ,u;nJI It , I¢ cne,u;yroT HJ ypaaueHHH op6HTLI H TpaeKTo
pHH. O,u;H03Ha11HLIMH HHBapHaHTaMH 6y,u;yT H cne,u;ylOll\He 

HHTerpanLI: 
r 

t-m f rdr __ 
ro Z(r>" -to 

/3.2.5/ 

¢-L [ dr 
r o r • : Z (r) = 'Po , /3.2.6/ 

npH ycnOBHH KoppeKTHOro COOTHeceHHJI MOMeHTa npeMeHH 
t C COOTBeTCTBYlOll\HM IlHCTOM PHMaHOBOH nonepxHOCTH 
HHTerpanoB /3.2.5/ H /3.2.6/. JlerKO BH,D;eTh, 'ITO CTaH
,u;apTHoe npaBHilO /10, II/ o6xo,u;a TO'leK BeTBJieHHJI Il03B0 -

nJieT acer,u;a 3TO c,u;enaTL. 

B Ka11ec.:rae KOHKpeTHoro npHMepa paccMOTPHM cne,u;yro

mttii ueHTpanLHLIH noTeuuuan: 

y I\. 2 
V(rl = - - + --

r . 2mr2 

B 3TOM cnyqae ,u;nH E< 0 HMeeM ,u;aa HHTerpana: 

2 
2 2 

rr¢ L + /\. 1 2rr¢ 
l,1,= cos(--)+ (1:... ---)- =cos(-.JL), 

'I-' flt.¢ 2mr 2 < !\¢ 

2rrt 2rrt o· -
I = cos ( -- - e + ( • sin f) = cos ( ----) 

t T T 

r,u;e 

2 
2 2 

( = V 1 + E(L+;\ ) 
my 2 

cosf = (1 + 2rE )_!._ 
y ( ' 
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npH'ieM apeMeHHOH H yrJIOBOH nepHOAhl paBHLI B AaHHOM 

cnyqae 

L m y 
/').rp = 217• ~--- T = 211 y --- • -- . 

v'L2 +A2-' 2IEI 2IEI 

OTMeTHM, qTo AJIH AHCKpeTHOrO Ha6opa yrJIOBLIX MOMeHTOB, 

YAOBJieTBOpHIOIUHX COOTHOWeHHIO 

A2 m 
V 1 + -

2 
= n /m, TI • :QeJILie/, 

L 

op6HThl JaMKHYTLI. 

IlpH E> 0 HHBapHaHT I¢ OCTaeTCH npe:iKHHM, HHBapHaHT 

It MO:iKHO JaTIHCaTL B BHAe 

m y 
I = t - v' - -- (£ shx - X) = t 
t 2E 2E o 

rAe 

chx ]_ (1 + 2E.E_) • 
( y 

B 3TOM CJiyqae ()TCYTCTBYIOT OCJIO:iKHeHHH, CBHJaHHLie 

C HeOAHOJHaqHOCTLIO HHTerpam~B. YroJI ¢ IlOJIHO(!TLIO onpe" 

AeJIHeTCH paAHaJILHOH KOOPAHHa TOH r H He JaBHCHT OT 

npeALICTOPHH CHCTeMLI. 

3.3. 3)1.eCL Mhl noKa:iKeM, qTo cyIUeCTBOBaHHe BeKTopa 

PyHre - JleH:ua AJIH a TO Ma BOAOPOAa BhlTeKaeT HJ npHBeAeH • 

HLIX B npeAhlAYI:QeM nyHKTe HHBapHaHTOB. O6oJHaqlfM qepeJ 

0 JHaqeHHe HHTerpana 

r dr 
0 = L J -- , /3.3.1/ 

r0 r•Z(r) 
/ V T.:J 

a qepeJ <p · IlOJIHPHLill yroJI. :nMeeM 

I= cos(¢-0) =cos¢· cosO + sin¢• sin0=~cos0+ LsinO = 
➔ r r 

; (;XL ) 
= [ --cos0 + ---sinO] 

r rL x 

➔ 

L r ➔ ➔ r 
cc[(cosO- -sinO)- + (pxL)--sinO] 

Z r L·Z x 
/3.3.2/ 
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Ho AJUI KYJIOHOBCKoro cnyqaH 

. L 
cosO - z sinO 

1 

v'
. 1 2EL 2 

r 
LZ sinO 

+ ---
my2 

1 1 

ym v' 1 + 2EL2 
my2 

H, CJieAOBaTeJILHO, 

1 ➔ 1 ➔ ➔ 
I = - -- [!:_ - - (p X L )J 
c £ r my x /3.3.3/ 

'iTO c TO'iHOCTLIO AO CTOHI:Qero nepeA KBaApaTHhlMH CKo6-

KaMH MHO:iKHTeJIH coanaAaeT C TpeTLeH KOMilOHeHTOH neK

TOpa Pyure-JleH:ua. EcJIE: BCilOMHHTL, qTo AJIH :ueHT~aJIL" 

ubro Il0Teu:uuaJia ABH)KeHHe BcerAa np0UCXOAHT n IlJIOCKO" 

CTJI, TO OCTaJILHhle KOMilOHeHThl n TpexMepHOM CJiy<Iae 

nonyqa10TCH HJ /3.3.3/ onepa:uueii apaI:QeHHH. 

HaKoue:u, OTMeTHM, qTo KOMilOHeHThl /3.3.3/ BeKTOpa 

PyHre -Jleu:ua 6LIJIH BLIIlUCaHLI a HBHOM BHAe n nepnoM 

TOMe "He6eCHOH MexaHHKH" Jlannaca/121. 
XoTH ABH)KeHHe qaCTH:QLI B none . :ueHTpaJILHoro no

Teu:uuana nOJIHOCTLIO onpeAeJIHeTCH. wecTLIO uaqaJILHLIMH 

KOOPAHHaTaMH H ypaBHeHHHMU ABH:iKeHHH, ace :>Ke IlOJieJHO 

Ha npHMepe KYJIOHOBCKoro noTeH:QHaJia BhlHCHHTL, KaKYIO 

POJIL HrpaeT Ka:iKALIH HJ HHTerpanon ABH:iKeHHH. HMeHH0, 

uanpaBJieHHe yrJioBoro MOMeHTa onpeAeJIHCT IlJIOCKOCTL, 

a KOTOpOH npoHCXOAHT ABH:iKeHHe. 3HeprHH E H a6COJIIOT· 

HaH BeJIH'iHHa yrJIOBOro M0MeHTa onpeAeJIHIOT THn R na-. 

paMeTphl op6HTLI /a· AaHHOM cnyqae -3JIJIHnc/. .r(anee, 

He06XOAHMO JaAaTr 0pHeHTa:QHIO dp6HTLI B IlJIOCKOCTH ABH" 

:iKeHHH, T.e. yKaJaTL; no KaKOMY HJ 3JIJIHilCOB, Jie:iKaIUHX 

a IlJI0CKOCTH op6HTLI H HMeIOI:QHX a ~BOeM qJOKyce CHJIOBOH 

:ueHTp, · npOHCXOAHT ABH:iKCHHe. 3TO MO)KH0 CACJiaTL c no

MOI:QI,IO BeKTOpa PyHre-JleH:ua, JaAaB HanpaBJICHHe KaKo

ro •JIH6o 3JI.eMeHTa op6HThl, HanpHMep, HanpaBJICHHH rJiaBHOH 

IlOJIY0CH. 3aAaqa ace eI:Qe He onpeAeJieHa noJIHOCTLIO, H6o; 

XOTH HJBeCTeH 3JIJIHnc, no KOT0P0MY qacTH:Qa ABH:iKCTCH, 
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HO HeH3BeCTHO, B KaKOH ToqKe 3JIJIHilCa HaXO,IJ;HTCH B ,IJ;aHHblH 

MOMeHT qacTH.I~a. 3Ty Heonpe,D;eJieHHOCTL MO)KHO ycTpa

HHTL, 3a,IJ;aB MOMeHT t npoXO)K,IJ;eHHH qacTHUeii onpe,D;eJieH

HOro yqaCTKa op6HTLI. Tor,IJ;a IlOJIO)KeHue qacTHULI B TeKYIUHH 

MOMeHT apeMeHH nonyqaeTCH o6paI.QeHHeM COOTHOWeHHH 

/3.2.1/. 3aMeTHM, qTo pa,IJ;HaJILHaH KOOp,IJ;HHaTa HBJIHeTCH 

O,IJ;H03HaqHoii il>YHKUHeii BpeMeHH t . 
3.4. B 3TOM nyHKTe MLI IlOKa)KeM, qTo anre6pauqeCKHe 

O.IlH03HaqHble HHTerpaJILI .IlBH)KeHHH THila PyHre-JleHua MO)K

HO IlOCTpOHTL, eCJIH op6HTLI 3aMKHYThl, qTo HMeeT MeCTO, 

ecnu nepHO.Il A¢ COCTaBnHeT paUHOHaJILHYIO ,IJ;OJIIO 217: 

!\q'; = ~ • 217 • 
II 

B 3TOM cnyqae HMeeM: 

In= cos[(¢- O)n] = cosn¢• cosnO + sinn¢• sinn0. /3.4.1/ 

Ho cos n<p. sin n¢ HBJIHIOTCH MHoroqneHaMH OT X • y • a 

cos nO, sin nO HBJIHIOTCH O,IJ;H03HaqHLIMH, He 3aBHCHIUHMH .RBHO 

OT apeMeHH il>YHKUHHMH pa,IJ;Hyc-aeKTopa qaCTHUbl r. HH

Terpan /3.4.1/ HuqyTL He xy)Ke, qeM BeKTop PyHre-JleHua 

B KynoHOBCKOM cnyqae. Cne,IJ;yIOIUHM no npocToTe /nocne 

KYJIOHOBCKoro cnyqa11/ npuMepOM TaKoro PO.Ila HBJIHeTC.R 

TpexMepHbIH H30TPOilHblH OCUHJIJIHTOP, ,IJ;JIH KOToporo: 

/\¢ = 17 , m = 1 , n ~ 2 . 

3aMeHHeM a /3 .4. l/cos2¢,sin2¢' J<Ba,IJ;paTuqHblMH KOM6HHaUH.R

MH X ,y _!I, ,IJ;eHCTBYH ,IJ;aJiee, KaK H B npe,IJ;bl.IlYIUeM IlYHKTe, 

npHXO.IlHM K H3BeCTHblM OCUHJIJIHTOpHbIM HHTerpanaM ,IJ;BH

)KeHHH, KOTOPLie a HBHOM BH,IJ;e 6blnH BblilHCaHLI a n.3.1. 

In HBJIHIOTCH KOMDOHeHTaMH (2n ➔ 1>-MepHoro BeKTopa. An-

re6pa cKo6oK IlyaccoHa, reHepupyeMaH In /npu n -/c I,'. 
H3oMop$Ha SU(n + 1). BBH.IlY Toro, qTo ace In 06113aHLI 

CBOHM cyiuecTBOBaHHeM HHTerpany /3.2.2/ /npe,IJ;CTaane

HHe npu 3TOM OKa3blBaeTCH MaKCHMaJILHO BLipo)K,IJ;eHHbIM/ • 

Hanuquro no,IJ;o611oii CHMMeTpuu ue cne.IJ;yeT npu,IJ;aBaTL cnuw

KOM MHOrO 311aqeHHH. qHCJIO n IlOKa3blBaeT, CKOJILKO non-· 

HLIX yrJIOBblX nepHO,IJ;OB YKJia,IJ;LIBaeTCH Ha HHTepaane (0,217 }. 

O.IJ;Ha H3 KOMDOHeHT In "/KOTOpyro MO)KHO HanpaBHTL B O,IJ;HH 

H3 MaKCHMYMOB/ $HKCHpyeT opueuTaUHIO op6HTLI B nno

CKOCTH ,IJ;BH)KeHH.R. 
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ECJIH op6HTa He 3aMKHyTa, TO O.IlH03HaqHLie, He 3aBHCH

I.QHe HBHO OT apeMeHH HHTerpaJibl ,IJ;BH)KeHHH, TaK)Ke cy

I.QeCTBYIOT. HO HBJIHIOTCH TpaHcueu,IJ;eHTHLIMH il>YHKUHHMH 

217 
KOOP.IlHHa T. IIonaraH . a = /1¢ • HaXO,IJ;HM cne.IJ;yIOI.QHe O,IJ;Ho-

3HaqHble HHTerpaJILI .IlBH)KeHHH THila PyHre-JleHua: 

I = cosa(cp-0) = cosa¢• cosaO + sina¢• sinuO. 
a 

/3.4.2/ 

Ecnu a uppauuoHaJILH0, T0r,IJ;a cosu¢ • sinac/1 - TpaHcUeH

. ,IJ;eHTHhle $yHKUHH X • y • Ilpu 3TOM op6HTLI paBHOMepH0 

IlOKphIBaIOT K0JILUO C BHeWHHM H BHyTpeHHHM pa,D;HycaMH, 

paBHLIMH COOTBeTCTBeHHO 6onLweMy u MeHLWeMy HYJIHM 

3HaMeHaTeJIH Z(r). B 3TOM cnyqae HHTerpanaM ,IJ;BH)KeHHH 

Ia TPY.IlHee npu.IJ;aTL KOHKpeTHLiii 4>u3uqecKHii CMLicn. TeM 

He MeHee COOTH0WeHHe /3.4.2/ IlOKa3LIBaeT • qTo cymecT

BYIOT coxpaHHIOI.QHeCH TpaHcueH.IJ;eHTHLie qiyHKUHH Koop.IJ;u

HaT H HMDYJILCOB qacTHULI. Anre6pa CK060K IIyacCOHa 

npu 3TOM OKa3blBaeTCH He3aMKHYTOH. HecMOTpH Ha TO, 

qTo B 3TOM cnyqae cyI.QeCTByeT 6eCKOHeqHo MH0rO HHTe

rpanoB .IlBH)KeHHH, ace OHH HBJIHIOTCH. cne,IJ;CTBHeM ~HTe

rpana /3.4.2/.HHTerpaJILI THna PyHre-JleHua ,IJ;OJI)KHLI 6LITL 

,IJ;OilOJIHeHLI HHTerpanoM /3.2. l/. co,nep)KaI.QHM apeMH HBHLIM 

o6pa30M. HaKOHeu. OTMeTHM, qTo HHTerpanhl ,IJ;BH)KeHHH, 
, ~ 6 

HCilOJIL3yeMLie B ,IJ;aHH0H pa OTe, HBJIHIOTCH 0,IJ;H03Ha'-IHLIMH 

4>yHKUH.RMH B OTJIHqHe OT HHTerpanoB, npuBe,IJ;eHHLIX B pa-

6oTaX /I-B/. 

IV . ApzyMeHlllbl "3a" u "npomue" cy111ec111eoea11w1 
oono1111u111eAb111,1x u11111ezpaAoe OAR Kea11111oeoil 
3QOQ'IU ,oeuxeHUR 'IQCIIIUl,lbl 6 noAe 
npOU360AbHOZO 1,1e11111paAbHOZO no111e111,1uaAa 

4.1. OCHOBHOH apryMeHT npOTHB CYI.QeCTBOBaHHH .IlOD0JI

HHTeJILHblX HHTerpaJIOB COCT0HT B TOM, qTo ypaBHeHHe lllpe

.IlHHrepa pewaJIOCL qucneHHO ,IJ;JIH caMLIX pa3JIHqHblX IlOTeH

uuaJIOB H ,IJ;JIH HHX /HCKJIIOqaH aTOM BO,IJ;0po,IJ;a H OCUHJIJIHTOp/ 
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He fiLinO Han,n;eHO Bblp0)K,D;eHHH ypOBHeH 3HeprHH, 0TnH1-1Horo 

OT Bblp0)K,D;eHHH no npoeKU.HH yrnoBoro M0MeHTa. 

ApryMeHT0M "3a" cny)l(HT npHHU.Hn. C00TBeTCTBHH Me)K,n;y 

KnaCCH'-leCKOH H KBaHTOBOH MexaHHKOH. HHTYHTHBHO Ka)KeTCH 

0'-leBH,D;HbIM, '-ITO npH ManbIX 3Ha'-leHHHX K0HCTaHTbl IlnaHKa 

h Mbl ion)l(Hbl TO'-IHOH CHMMeTpHH B KnacCH'-leCKOH MexaHHKe 

conocTaBHTb no Kpan:HeH-Mepe npH6nH)KeHHYIO CHMMeTpHIO 

B KBaHTOBOH MexaHHKe. OicyTCTBHe no,n;o6HOH CHMMeTpHH 

yKa3bIBaeT Ha TO, '-ITO HMeeT MeCT0 CHHrynHpH0CTb no 

K0HCTaHTe h. THnH'-IHblM npHMepoM no,n;o6Horo HapyrneHHH 

CHMMeTpHH HBnHeTCH cne,n;yIOIIJ.HH npoCTOH npHMep. Pac

CM0TPHM KBaHT0BYlO H KnaCCH'-leCKYIO 3a,n;aqy ,D;BH)KeHHH 

B none KynoH0BCK0ro ,n;ByMepHoro noTeHu.Hana. IlyCTb pe

rneHHe ypaBHeHIIH lllpe,n;HHrepa, 0TBe'-laIOIIJ.ee yrnoB0MY M0-

MeHTY f, HMeeT BH,D; 

IPnf = R nf • exp (if¢). 

Tor,n;a nnoTH0CTb Bep0HTH0CTH 

2 2 
Pne = IIPnf I = Rnf (r) 

c~epH'-leCKH~CHMMeTpH'-IHa, '-ITO KaK 6y,n;TO C00TBeTCTByeT 

,D;BH)KeHHlO no KpyroBOH op6HTe. Me:JK,n;y. TeM B Knaccuqe

CKOH MexaHUKe CYIIJ.eCTBYIOT KaK Kpyr0Bbie op6HTbl, TaK 

H 3nJIHnTH'-leCKHe, K0T0pbIM B KBaHTOB0M cnyqae ,D;0JDKH0 

C00TBeTCTB0_BaTb pacnpe,n;eneHHe nn0TH0CTH, HM_eIOIIJ.Ce MaK

CHMYM n6nH3H 3nmmTH'-leCKOH op6HTbl. Ilapa,n;OKC ycTpa

HHeTCH, ecnu, HaH,D;H "KBaHTOBYIO" tYHKU.HIO ,n;encTBHH H3-• .. 
C00TH0llleHHH 

111 = exp (iS/h ) , 

Mbl nocTynHM B C00TBeTCTBHH C peu.enT0M ~ony'-leHH.fl ypaB

HeHHH op6HTbl n KnaCCH'-leCKOH MexaHHKe/ 111 T .e. npo.n;H~

~epeuu.HpyeM no op6HTanLHO~ KOHCTa:HTe e' H non0)KH.11.i 

pe3ynLTaT paBHbIM ,n;pyron K0HCTaHTe a. Tor,n;a nonyqaeTCH 

cne,n;yIOIIJ.HH pe3ynLTaT. Ilpu cKonL yro,n;Ho Manon /Ho He 

paBHOH Hymo/ KOHCTa1fre h op6.HTbl 
0

He3aMKHYTbl. 3TO 03 -

Ha'-laeT, '-ITO '-laCTHU.a onHCbIBaeT TpaeKT0PHlO THna po3eT

KH, T .e. ,D;BH:>KeTCH _no 3nn11ncy, npH'-leM CaM 3nnHnc noBo

pa'-IHBaeTCH ·c yrnoBOH CK0p0CTblO, nponopu.uoHanbHOH K0H

·cTaHTe h. IlOCKOnbKY pace Ma TpHBaeTCH CTaU.H0HapuaH J(BaH-. 

ToBaH 3a,n;a'-la, TO 3T0 03Ha'-laeT, '-ITO pacnpe,n;enettue Pnf 
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eCTb pe3ynLTaT ycpe,n;ueHHH no BpeMeHH op6HTbl, onHCbI

BaeMOH qacn1u.en 3a 6ecKoHe'-IHbIH ripoMe)KyToK npeMeHH. 

Op6HTbl, onHCbIBaeMLie qaCTHU.eH, paBH0MepH0 noKp0lOT 

K0nbU.0 C BHyTpeHHHM H BHellIHHM pa,n;HyCaMH, paBHbIMH 

C00TBeTCTBeHH0 MeHLrnen H 6onLrnen nonyocHM 3nnHnca. 

Pe3ynLTHPYIOIIJ.ee ycpe,n;HeHHe pacnpe,n;eneHHH HBnHeTCH oqe-

BH,D;H0 C~epH'-leCKH- CHMMeTpH'-IHbIM. C ,n;pyroH CT0p0Hbl,, 

ecnH h ecTb TO'-IHbIH Hynh, TO op6HTa qacTHIJ.bl ,n;nH Kyno

H0BCK0ro noTeHu.Hana HBnHeTCH 3aMKHYTOH II nOCT0HHHa 

BO BpeMeHH. 

,D;pyroe B03M0)KH0e perneHue napa,n;oKca C0CT0HT B n0HCKe 

HeCTaIJ.H0HapHbIX perneHHH ypanHeliHH lllpe,D;HHrepa. Ilo,n; 3THM 

Mbl n0HHMaeM peanH3aU.HIO rny60KOH H,D;eH JlyH ,n;e lipon:nH /14( 
COCTOHIIJ.eii B TOM, '-IT06bl Ka)K,D;0MY CTBIJ.H0HapH0MY perneHHlO 

ypaBHeHHH lllpe,D;HHrepa conocTaBHTb perneHue C ,D;BH)KYIIJ.eHCH 

CHHrym1pH0CTblO. IlpocTeHllIHH npHMep TaKoro po.D;a C0CTaB

JIHeT ypaBHe_HHe lllpe,n;HHrepa ,n;nH CB06o,n;HOH '-laCTHIJ.bl: 

- i h C!._'!'._ 
at 

h 2 2 q,. ---
2m 

CTaIJ.HOHapH0e perneHHe HMeeT BH,D; 2 • # p 
IP = exp[L(E-t-p-z)], . <E= -). 

CTaU. h 2m 

/4.1.1/ 

JierK0 y6e.n;HTbCH, '-ITO ypaBHeHHIO /4.1.1/ y,n;onneTB0pHeT 

TaK)Ke cne,n;yIOIIJ.ee perneHHe C )];BH)KYIIJ.eiicH CHHrynHpHo

CTbIO: 

. l 
IP = exp[L<Et- pz)]. · 

2 2 
( vt-) 2 j 1/2 

h [x +y + z-

(v=p/m). 
/4.1.2/ 

l1HTepecuon 3a,n;aqen:, Ha Halli B3rnH,n;, HBnHeTCH OTblCKaHHe 

perneHHH Tuna / 4.1.2/ p;nH npocTeHllIHX noTeHU.HanoB. 

4.2. B 3T0M nyHKTe MLI noKa)KeM, '-ITO npo6neMa Hapy

rneHHH CHMMeTpHH npH nepexo,n;e OT KBaHTOSOH 3B,D;B'-IH K 

KnaCCH'-leCKOH '-laCTH'-IH0 CHHMaeTCH, ecnu p;onyCTHTb cy-
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LQeCTBOBaHHe pemeHHU ypaBHeHHH Illpe,o;HHrepa C npOH3BOJib

HbIMH HeIJ;eJihIMH op6HTaJibHbIMH MOMeHTaMH. 

B KaqecTBe npHMepa paCCMOTpHM IlOTeHIJ;HaJI 

y h2 J\2 
V<r>=- -+ --

r 2mr 2 

YpoBHH :meprHH B TaKOH IlOTeHn;HaJibHOH HMe paBHbl 

my2 

Enf =- 2h_2_ 

1 

[n+y'f 2 +J\2 + ¼l i 

/4.2:1/ 

/4.2.2/ 

3.o;ecL n - pa,o;HaJILHOe KBaHTOBOe qffcno, f . - op6HTaJibHhlH 

M0MeHT. IlpH f n;eJihlX BhlpO)K,IJ;eHHH ·HeT. JlerKO BH,IJ;eTb, 

o~HaKo, 'llo Bcer.o;a B03MO)KHO OThICKaTL TaK):'IO,IJ;HCKpeTHYJO 

COBOKYilHOCTh f /Hen;enwx/' 'ITO BOJIHOBhle ti>YHKIJ;HH' OT

Bel.falOll\He YPOBHIO 3Hepruu Enf, OKa3bIBalOTCH BbIPO)K,IJ;eH

HhIMH*. Ecnu l.fepe3 N o603Ha'IHTL rnaBHOe KBaHTOBOe 

qucno 
my2 

-------) (E 
2h2 (N + 1/2) 2 

- TO .o;onycTHMble 3Hal.feHHH f onpe,o;eJIHIOTCJI COOTHOllleHHeM 

" _ + , (N )2 t\2 c --V -n - • 

O1.feBH,IJ;Ha TaK)Ke aHanorHJI c KJiaCCH'leCKHM cny'laeM n.3.2, 

r.o;e op6HTLI B TOM )Ke IlOTeHn;Hane CTaH0BHTCH 3aMKHy

ThlMH ,IJ;JIH HeIJ;eJihlX ,IJ;HCKpeTHLIX 3Hal.feHHH op6HTaJILHOro 

MOMeHTa. HcnOJih30BaHHe Hen;eJibIX yrnoBLIX MOMeHTOB npu-

* 3aMeTHM, qTo yrnoBaH •1.faCTb: ypaBHeHHH Illpe,o;HHrepa 
.z:i;onycKaeT pellleHue Y>,.,µ (0, ¢) npH npOH3BOJILHblX ('A.,rt) 
H TOJibKO J);OilOJIHHTeJihttUe Tpe6oBaHHe 0,IJ;H03HaqHoCTH Bon
·HOBLIX ti>YHKIJ;HH Ha . ctl>epe e.o;HHHqHoro pa.o;uyca OT6HpaeT 
pemeHHH C. n;enoqHCJieHHhlMH A,µ • . . . 
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BO,IJ;HT K OCJIO)KHeHHHM. HMeHHO, BOJIHOBLie ti>YHI<IJ;HH nepe

CTalOT 6hlTb 0,IJ;H03HaqHhlMH: 

'11(¢) f '11(¢ + 217). 

Me)K,o;y TeM B KnaccHqecKoii MexaHHKe Tpe6oBaHHJI ueno

qHcneHHOCTH op6HTaJibHblX MOMeHTOB He HaKna.o;i.IBalOTCH 

TaK )Ke, KaK H He Tpe6yeTCH, 'IT06hI qacTHIJ;a nocne IlOBO

poTa Ha yron 217 BepHynach B npe)KHee nono)KeHHe: HanH

'IHe no.o;o6HhlX ,IJ;OilOJIHHTeJILHhlX YCJIOBHH B KBaHTOBOH Me

xaHHKe ~- OTCYTCTBHe TaK0~wx:B KriacCH'leCKOH HBJIHeTCJI 

0,IJ;HOH H3 IlPH'IHH Cy)KeHHH rpynnLI CHMMeTpHH npH nepexo.o;e 

OT KJiaCCH'ICCKOH MexaHHKH K KBaHTOBOH. OTMeTHM TaK)Ke, 

qTo IlOHHTHe HHTerpana ,IJ;BH)KeJIHH B KJiaCCH'ICCKOH H KBaH

TOBOH MexaHHKe onpe.o;eneHo no-pa3HOMY /B nepBoM cny

qae C Il0MOll\blO CK060K IlyacCoHa B npocTpaHCTBe 2n ne -

peMeHHhlX, BO BT0POM cnyl.fae - B npocTpaHCTBe n KOOp

,IJ;HHa T c IlOMOLQLIO onepan;HH KOMMYTHPOBaHHH/. 3Toro M0)KH0 

H36e)KaTL, eCJIH OT ypa.BHeHHH raMHJibTOHa- RKo6u ,IJ;JIJI 

ti>YHKUHB .o;eacTBHH S nepeuTH no.o;cTaHoBKou 

S - h fnll' 

K ypaBHeHHIO 

h2 aw· 2 
" 2 2 

--I(-) +V•W =E-11' 
2m ax. 

I 

/4.2.3/ 

H cpaaHHTh npeo6pa30BaHHH, ocTaBJIHIOll\He HHaapHaHTHhlMH 

ypaBHeHHe /4.2.3/ u ypaBHeHue Illpe,o;HHrepa. MO)KHO TaK)Ke 

BOCil0Jib30BaTLCH o6paTHOH no.o;cTaHOBKOH 

IP .( iS ) 
exp~-' 

qTo6bI nepeiiTH - OT ypaBHeHHH Illpe.o;HHrepa K KBaHT0BOMY 

ypaBHeHHIO TH Ila r aMHJib TO Ha - J!Ko6u H cp'aBHHTb CBOHCTBa 

CHMMeTpHH KBaHT0B0ro H KnaccuqecKoro ypaBHemi:ii. B n10-

60M cnyl.fae Mbl ,IJ;0JI)KHbl cpaBHHBaTL CBOHCTBa CHMMeTpHH 

KBaHT0Boro H KJiaCCH'leCK0ro ypaBHCHHH B 0,IJ;H0M H TOM 

)Ke npocTpaHCTBe. 
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V. 3a1<.1J1011e1we 

IloJJ,BeJJ,eM HTOrH. ,ll;nH npOH3BOnbHOro ueHTpanbHoro 

IlOTeHUHana ucerJJ,a cyJ.UeCTBYIOT "qiyHJJ,aMeHTanbHbie" OJJ,HO· 

3Ha'IHble HHTerpanbI JJ.BH)KeHHH /3~3.1/,/3.3.2/. «l>H3H'leCKOe 

COJJ,ep)KaHHe HX COCTOHT B TOM, 'ITO TO'IHO rneCTb KOHCTaHT 

Heo6XOJJ,HMO, 'IT06bl JaqiHKCHpOBaTb opHeHTaUHIO nnoCKOCTH 

JJ.BH)KeHHH, THil H napaMeTpbl op6HTbl, opHeHTaIJ,HIO op6HTbl 

B nnocKOCTH JJ,BH)KeHHH H nono)KeHHe qacTHUbl Ha op6HTe. 

KaK cneJJ.CTBHe cyJ.UeCTBOBaHHH 3THX HHTerpanoB, no

nyqaeM: 

a/ ueKTOP PyHre -JleH.ua JJ,nH a To Ma uoJJ,opoJJ,a, 

6/ o6bl'IHbie KiJaJJ.paTH'IHble oc.uHnnHTOpHble HHTerpanbI 

JJ.BH)KeHHH, 

B/ anre6paH'leCKHe HHTerpanbl JJ,nH JaMKHYTblX op6HT, 

r/ TpaHC.UeHJJ,eHTHbie HHTerpanbI JJ,nH HeJaMKHYTblX op-

6HT. 

HTaK, HMeeM cneJJ,yIOI.QYIO aJibTepHaTHBy. EcJIH Ha ypau

HeHHH op6HTbl H TpaeKTOPHH, npeJJ,CTaBnHIOI.QHe co6oii HH· 

BapHaHTHbie B CHJIY ypaBHeHHH JJ,BH)KeHHH COOTHOWeHHH 
I Me)KJJ.Y KOOPJJ.HHaTaMH H upeMeHeM, CMOTpeTb KaK Ha HH· 

TerpanbI JJ.BH)KeHHH, TO TOrJJ,a B CHJIY nepe'IHCneHHbIX 

CJieJJ,CTBHH JJ,JIH n106oro .ueuTpaJibHOro noTeH.uHaJia M0)KHO 

IlOCTpOHTh JJ,OnonHHT~nbHble OJJ,H03Ha'IHble /B 061.UeM cny-. 
qae TpaHCUeHJJ,eHTHhie/ HHTerpanhI JJ.BH)KeHHH. EcnH )Ke 

"npHHJITh JaKoH", corJiaCHO KOTOPOMY JJ.OilOnHHTenbHbie 

HHTerpaJibl JJ.BH)KeHHH, HBJIHIOI.QHeCH cne,l\CTBHHMH qiyuJJ,a· 

MeHTanhHbIX HHTerpanoB, HHTerpanaMH JJ.BH)KeHHH C'IHTaTb 

He cne,!l;yeT, TO TOr)];a K HHTerpanaM ,!l;BH)KeHH.S: He CJie,!l;yeT 

npH1-1HCJIHTb BeKTOP PyHre-JleH.ua JJ,JlH KynoHOBCKOro no

TeH.uHana H KBaJJ,paTH'IHble HHTerpaJibl JJ.BH)KeHHH ,l\nH oc

.UHJIJIHTOpHO~O IlOTeHUHaJia. 

KaK MbI' ynoMHHYJIH paHee,. npoHCXO)K,!l;eHHe 3THX HH· 

TerpanoB 06.HJaHO TOMY TpHBHa.IlbHOMY qiaKTY, 'ITO ucer,!l;a 

B03MO)KH0 O,l\H03Ha'IHbIM o6pa30M Bblpa3HTb Ha'laJibHble 
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KOOPAHHaTbl qacTH.Ubl qepe3 TeKyIUHe*. TaKaH TPHBHanHJa

.UHH HHTerpanoB ,l\BH)KeHH.H COBilaJJ,aeT C TO'IKOH 3peHH.H 

E.II.BHrHepa /I 3/,cornacHo KOTopoii cBoiicTBa CHMMeTpHH 

none3Hbl, Bo-nepBbIX, npH OTbICKaHHH HOBbIX 3aKOHOB npH· 

PO.l\bl H, BO·BTOpbIX, KaK HHCTpyMeHT. ,I1;n.ll HaXO)K,!l;eHHH pe

IlleHHH ypaBHeHHii, KOTOpble 3TH JaKOHbl onHcblaaIOT. O,l\HaKo, 

KOnb CKOpO H3BeCTHO TO'IHOe peweHHe Ja,!l;a'IH, IlOHHTHe 

CHMMeTpirn H HHTe.rpa.JIOB .ziBH)KeHHH CTaHOBHTCJI 6eccoJJ,ep

)KaTenhHbIM. Ha npHMepe TO'IHO pewaeMOH MO,!l;enH Mbl 

npHXO,!l;HM K BbIBO.l\Y' 'ITO OTJIH'IHe rpynnbl CHMMeTpHH B 

KnaCCH'leCKOM H KBaHTOBOM. cny'laHX /JJ.JIJI ,!l;BH)KeHHH qa

CTH.Ubl u none ueHTpanbHOro noTeHUHana/ MO)KeT 6bITb 

'laCTH'IHO o6'bHCHeHO cne,l\yIOJ.UHMH .l\BYMH IIPH'IHHaMH: 

1/ HeKOTOpble CTeileHH CB060JJ.bl TepHIOTCJI npH nepexo,IJ;e 

OT HerrpepbIBHoro cneKTpa yrnoBoro MOMeHTa H JHeprHH 

B KJiaCCH'leCKOH MexaHHKe K JJ.HCKpeTHOMY cneKTPY B KBaH

TOBoii; 

2/ OTCYTCTBYIOT H3BeCTHble HeCTaUHOHapHble peweHHH 

ypaBHeHH.H lllpe,!l;HHrepa, OTBe'laIOI.QHe CBJl3aHHbIM COCTOJI • 

HH.HM B none npocTeHWHX .ueHTpanhHbIX IIOTeH.UHaJIOB. 

ABTop rny6oKo 6naroJJ,apeH H.K.Men&HHKOBY H M.11.llIH
poKoBy 3a none3Hble o6cy)K,l\eHHH H KPHTH'leCKoe 'ITeHHe 

PYKOIIHCH. 
" 
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