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M3BeCTHO. ~O HeROTOpNe KBaHTOBOMeXaHRqeCRRe (EM) CHCT8MH 06

JIa,naIOT 'l'O~w.rn: pelIl8HRID.m BBH,IJy Ha.:rnflW1 nocearosao 60JI:&illOH rpYITIIH 

cIDv1MeTpIDI. B xacmocra, ypaBH8Im8 mp8~repa ,ItIDI aTOMB aonopona 06
JIa.n;aeT B .n;onOJlHeHMe R reOMeTpRqeCKO~ BPamaTaITI:>jOa Cm~eTpHM ÓOJIee 

BliCORO:tf "cxpuroã" wm ,lJ,ID{aMHtteCROa C1j38TPlleH I .2/. BKJIIOlIeJm8 B '3Tj 

rpymry npeoopaaonaxaã cynepCHMMeTpmI 3/ rroascnar , rrO-B1tItKMo~. npoz
BIDIYTI:>Cfl B rroH:IDJIaH.lrn rrpoóJIeMhl BhtpoJK.,n8HliH onexrpon KM O~CTeM. aorr
POCOB CrrOHTaHHoro HapYlIleHHff cynepCHMM8TpRn H T.IT. 

B '~OH 3aM8TR8 B paMRaX cyrrepOHttMeTp~~oR KBaHTOBOa M8XaHMKH 

(CCKM) Mhl o6cy,mIM B03MOJKHOCT:ó HaJIH'tUm B aanase aTOMa nonopona 
rpYITIIH nHH~eCRO~ cyrrepcll~~eTpmI. rropo~arome:t1: HeH3B8CTHHe paRee 

CBo:ttCTBa crreRTpoB. 

CJr8,ItyR: BHTTeHY /4/. paCCMOTpHM d = I *) .n;ettcTBHe ,IT,1Lff nenecr
BeHHoro CKanHpHOro cyneprro~ 

:; ==]cu cL()de~{1 /lfVPfl-lAI(rpjj; 
( I) 

rne CJ)e =ae - i ()~(}t - oynepsoaapaaaraan npoM3BO.n;HM. pa3JIQJKe

H~e JIORaJII:>HOro nOJlR: Çb B pan no HeqeTHHM BemeCTB8HRhlM aIT8MeHTaM
 

azreopa Ipaccaaaa e H 90ft" : C{Jf1.) (9) 9*) z: Xf/;) +i () lp(i)
-i 4f+(f) (9*+e(i'1fF(t) . IIoCJIe IDiTerpnpoBaHWI no rpaccMéUIOBhlM
 

",. nepeaeuaun, HCK1IIQQ8HIDI acnoaorarensxoro nQJIR o MCrrOJI!l30:Ba.JmeM ypanae

HillI ,nBIDKelrnR: F.::: - dx W == - Wl H npoue.ItYpl:l KBaHTOBaImR: .i~P.
 
(X) pJ ~ i • {1f lfj:=: I • {lf 1.fr/ z: O nMytmM raMKJII:>... 
TOIDIaH CHCTeMhl j 

H=l {ap+j:= i{p<W'2 -r[lf" 'f"+} w"], 
[H) Q);;;[H)Q):=O} 

(2) 

r,ne Q - coxpaH.mOll.uil~ cynepcIDv1MeTp:mo H8T8poBcIGrlt saprr,n, ItOTophtli OII

.I.n;eJIJIeT reH8paTOp cynep3aPfI.na CHCTeMbl 

Q=: i lf(p - Ir W') ) Q+=- i l(f( p+ i W) . (3) 

\ .... t---- 
.", *) ~t~, : (Jl,-Me pHHít CJIYqai1 rrOHMMaeTCfl RaR (O + I) - MepHM TeOpR1I 

r: d-ROMIIOHeHTHOI'O rrO.1L<: cp. (i;:( r .,~) ( d - ~cno npoO~paHOTBeH-,. l
 
, \ HIDe H3Me peffi1H) •
 

\} 2 
, ~ 

; ~ 
! 

Amr cyrreprroreanaana LVI THrra Wz: of12..+8Ih cp rrpIDCO,IJ;MM 

R RYJIOHOBCROií· KM sanaxe C W' = a r (;r ") !r::/f~':'B1I6HPafI a == k. - 1, 

6=-K • JI.=1+1-tfcl-J)/Z, 15 rr!?KXO,IUiM'R oneparopy , H3BeCTHO~ B 

MeTo~e epaRTopH3aI..J;ml lllpe.n;HHI'epa 5/*). 
B peaJm3amm 8JIeMeHTOB anrecps KJm:!WJp.n;a tur. l.jJ+ ,L l.jf"j Ifll 

B BH.n;e MaTpHU IIaYJm 16- ) 6+ ) -63 ) [ j 

fi -7 H±!: 1(pZ+ w/2+wl
) ) 

rne raMHJIbTOHHaH. Ó030HHOro ceteropa 1-1+ c TO~OCTbro no ROHCTaHTU 

Cf1<) =(21(. z)-1 npezcraaaaer C060R cTaH)J;apTHllH KM raMWIbTOHHaH KYJIO-

HOBcROtí sanaxa Ho ::: H-t + C(K) 

1_/ =.:L [R -.X J(7-t 1)'] . 
ri» 2 1- r + r:C 

TarorM OÓpa30M. aqxpeRTli cyrrepcHMMeTpIrn:: YBeJillqeIme nearpocezaoro 
OTTaJIroma.HIDl na e~IDnJY :J = I B cI>ePMt:IOHHOM cererope , y~oeHHe (±) 
B03~yF:,I(eHHl:lX ypoBHe~ En..=-:-(Znf.)-: n>1 H paneHCTBO HYJIlO aaep
:rmr OCHOBHOI'O COCTORllltf.[ [ti. =t) • ri >7+ 1 6030IlliOro cexropa 
[0+==C(j(.) -E ~ O • 3aMeTRM. qTO COOTBeTCTBYIOID;afI BOJllIOBasI lWHR

rum lj5; =- e - fwld~HOPMHpy6Ma. Kn:acCHqeCRH TO~aff cyrrepCIDv1MeTPHR: co

OTBeTcTByeT ~eHBlO 3JleRTpoHa rro 3aMKHYTO~ opCHTe (annHTIcy). 

Od~a/HMCR: K Bonpocy ~aMHqeCRO~ CHMMeTpIrn: (ne) RYJIOnOBCROa 

3a.n;a'IH 2. MaRCHMaJIllHaJI rpyrrrra ne : So(d-+ ~ !l) .wm oi ~ 3 • COOT

Be'.1'CTBYIWtasI anreõpa, nopo~aIOOtaR: cnexrp SO(2. r). PaCCMOTpHM,RaR 

Bll,IJ;OR3MeImTCH nc aTOMa Bo,nopo.na B eeRM. M3BeCTHO, qTO HaJIKqHe .norrOHHH

reasaoro IDITer.P.8JIa~IDIteHHR: RYJIOHOB'cROtl aanasa - BeRTOpa JIaJIJIaca 

PYHre - JIeHQa 7r.2 06ecrre~aeT ett BliCrnyro CRMMeTpHIO. KOMMYTRPYH 8TOT 

orrepaTOp c reHepaTopoM cynepCHMMeTpIrn:,Ml:l rrpRXO.nKM R HHTepeCHOMY pe

3YJIbTa'r.{ : 

[Qf,ÃJ=t d-t(p'L+ W ") ) ( 4) 2 

rne fi ==-4 +N. li- - BeRTOp JIarrJIaca li M- orreparop aopeau-npe
oópa30,~ - 06a reneparopa nonaarecpu AdIs O(d-t02) B TepMmio-

JIOI'RR • B 'tffiCTHOCTH. WIJI d: = 2 

'3E) IIPRMC:lH8Hi 8 AaHHoro cynepnoremtaaaa B reopaa aTOMHIlX cnexrpcs MOJKHO 
H8RTl1 B 6/. 
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.Ã =2~ p+p -rir J-112)p ) 

PA e 't =k (X -ti y))-p:= á(ff< +i&) ]::= XfV. -J~. (5) 

TaImM OC5paSOM, ;n;BYMepHaJI sanasa aTOMa sonopona (sanasa KeIIJIepa) 
B CCKM COXpaHHeT CBOro BUCOKYID c~reTPHID c .n;orronHMTeRnHOR CITKHOBOa 
cyrrepcliMMeTpne~. 

B llaCTHOCTH, anreõpa cyrrepcHMMeTpIDI cooTBeTcTBYIOllte:iil: pa,;!UiM:&HO:iil: 
Sa;n;allli, B KalleCTBe lleTHo:iil: rro.n;anre6pu, rropo~~e:iil: crreKTp, Ol1HT:& 
co.n;ep.'Kln' HeROMII8KTHYlO aJlI'eC5py SLI (1, 1)rvfO!ZJ1). Ol1HTll-TaO 9HepFM 
oCHOBHOro COOTOmum [t::: D li coorsercrayemaa MaCCHlleCKaJI op
C5RTa - MJmIIC. 

Bec:bMa IDiTepeCHhte Me.n;CTmuI paBeHCTBa (5) rro.rryllaIOTCJI .zwr rrOJI
Ho:iil: (yrRoBO:iil:) .n;BYMepHoit Sa;n;atm Kennepa, 

TaR KaR reaeparop nonanredpa, l1opoJK.n;aI<lme~ cnexrp, RMeeT BM,IJ; 
r;~ i (I'" P 2..-t-Y'-f-Efr), c E =t< 1..-6.3K. , I< z; J -f 1/!Z , ypaBHBHHe 

illpe.n;RHrepa B C50S0HHOM ceKTope OTBellaeT KeurrepoBoRo:iil: Sa;n;alle BSaRMO
.n;e:iil:cTBRfl l.I8CTH~ B ~KTHBHOM rrOTeHunane c Y;n;BoeHHHM OTTanRRBaHHeM 
CWIO:iil: ~1 /r J ~ B CJfYllae é:::l= O reaeparops So( ez, 1) li .n;RUOJ.C:b
mze oneparops r{:=yPt ae SaMhIlmIÔT anreC5py nc JO{d+1.J2) , ~TO 
cooTBeTcTByeT llaCTlillHOMY CHHTHID BHpo~elU!H TKIIa 8~eKToB TOHRO:fil: 
CTPYRTYpht (RJIaCCnllecRM opõara paSMblKaeTcH). 

lIpn aTOM cynepanreopoã Jrn:, rropoJK.n;8!Wle, cnearp, HBRHeTCR HeKOM
rraKTHaR npocraa cynepaareõpa 05P (2,I) 8/. . 

ge5Wlli aR: KM sanaxa sce eme OC5JIa;n;aeT TOllHHM perneIUieM /2/ 
_ f I ~ 2- 1fh. :::. - (2.. n 2.) ) 11.. x: Y +-171 -r :7 + t ) M z: 0, 1)··. . 

lIpn aTOM cyrrepCH1~eTpRfl Sa;n;allM crrOHTaHHO HapymaeTCJI - OTCYT

cTByeT OCHOBHoe cocrosaae CHCTeMbI c aHeprne:iil: Lt ==0 , Il.?-!J-t- 1 ' 
T.e. paspymaeTcR nCXO.n;HM nc. 

O~aRO .n;axe BaTOM QRYllae .n;HHaMHl.IeCRaff cyrrepcliMMeTpRfl .n;orryc
saer aHOMM:bHOe peneaae ypaBHemm illpe,1U'IHrepa, ae :HMeIDmee aaanora 
B oC5JltIHoR KM: 

+ 1 (.j2'J~-1J!;'-+I+J)(/i72..-1/9'-.J)
 
to::: - . '(6)
C} (""" 11'7. _ )/1 /~ _" d.7I,Q 

B SaMlOlleHRe OTMeTHM, 'iTO IIOJIY~emme peSYR:bTaTht RBJIJIlO'l'CH oaen
CTBHeM BuC50pa cyrreprroTeHunana rnpe~epOBCKoro T,ua /5/, KOTOpH~ 
B OTRWIHe OT Bl:ldopa W I , cnenaaaoro B paõore 9/, odnanaer, na 
Harn Bsr~,HHTepecH~ ~sHl.IecKHMR ane.n;CTBHHMH. 

ThoMeTpifqecK.H:iil: CMHM sexropa Jt=-IJ-r/i=21J--v::::.211+Y ;rrJIff 
~ KnaCCHl.IeCKHX ReqxepoBcKKX op6HT rrpoRnHIOcTpnpoBaH pHCYHKOM 

(CM. TaRm.e /IO/). 

f y 

x 

Iy
 

x 

reOMeTpWIeCIGIR CMhtCJI aezropa fi == A1-M z: 21/- r =!2 H-t-Y" 
B <Ix>P~Rax (4) , (5) ~ .nByx TmIOB OpC5MT KJIBCCntIeCKOil 

Re~epoBOii Sa;n;atIH • (A'. r) - YpaBHelill8 opC5RThI, 

{fi. I - 3KClJ,8HTpliCIfl'eT. 

ABTOp B~8.1KaeT rJIYÓOKYIO 6JIaro,u;apHOCT:D A.H. TaBXe..Jm.u;se aa KHTe~ pec R paÕOTe H rro~ep~Yt E.A.~B8HOBY, B.A.MaTBeeBY, P.M.~llip-KaCH

------, . l- MOBY, B.r.Ka,n;b!lll8BCROMY, A.H.CHCaK.HHY, H..A.CMop0,1U1HCR0.MY , :a.T.To,u;o

TaR KaK {.2 J 2.-I/L; - J? O - M:mrnMaJInHOe saaxeaae MOMeHTa !J= I/2 POBY, 1I.3KcHepy 3a BeC:OMa rro~e3HhIe o~cy.m,u;eHRfl. 
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Cnenl!eHKO n.A.	 P2-86-148 
o p,HHaMllqeCKOH cynepcHMMeTpHH aTOMa Bo~opop,a 

B paMKax cynepcHMMeTpHl!HOH KBaHTOBOH MexaHHKH o6cy~aeT
CH p,HHaMHqeCKafl cHMMeTplul s anaxa aorropozraor-o a'r or-ta , IIoKa3aHo, 
qTO ,lJ;HHaMHl!eCICaH cvnep casose rpaa ABYMepHOH s anaxa Ke nnepa oõrra
rraer HeH3BeCTHblMH p anee CBOHCTBaMII cnex'rpoa , 

Pa60Ta BblITOJlHeHa B Jlaõopa-ropna TeOpeTII"lIeCKOH <PH3HKH OIDII1. 

Ilpenpaar Oõsenaaeaaoro HHCTHTYTa snepasrx accnenoaanaã. Ilyõaa 1986 

ITepeBop, T.ID.AYM6paHc 

Slepchenko L.A. P2-86-148 
On the Dynamical Supersymmetry of the Hydrogen Atom 

In the framework of supersymmetric quantum mechanics a 
dynamical symmetry of the hydrogen atam is consinered. New 
features of spectra for the dynamical supersymmetry of two
dime~sional Kepler problem are found. 

The investigation has been performed at the Laboratory 
of Theoretical Phy~ics~ JINR. 
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