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J} rHTOJiiYD MOXBHIIJ!Y cynepCIIIIIMeTPIIH 6wra BIIBpBlle BBEl,jteHa BIIT
!'SHOiii • B CXelle BiiTTeHS CYli!9CTlleHJi1YD j)0.1[h Rl'j)IIBT BOJIHOB8Ji \WRJ<-
Ill<li "\j-0 OOHOBIIOrO COCTOJlHI!H f ~ : 0 • Bo-rrepBliX, 'lOpes ~o 
lllip8ZB9TCH IIOTe!IIIli8Jl V(>) • >Jr.''j 2 4-~ • Bo-BTOp!IX, ~ ~ OIIpe;Jie-

JllleT .f!BJ!Ill! BBII cynepraJmlll>TD!Il!8BB H 5 " sajllUioB!IX orreperopos Q 
I! Q+ : 

'H$ = QQ++ WG, 

qt = ( ~ ~+)' (I) 

B STOI CTST~e MH XO~HM odpSTHTD BHBMaHHe H8 CRCTeyY, B KOTOpOI, 
C O;JIHOJ! CTDPOI!Il, Bee B036yll;ll;eHI!Ile 7POBHI! ;llBYKjJSTHO B!IPOll;l19111l ('ITO 
xapexrepHo ;JIJlll cynepcllMMeTPBI!), c ;J~Pyrol! cropol!ll, E~ = - oo , a 
~O BMeeT HSCT~KO 3R30Tgq8CKHI Ban 

e -\Xt<><-

u 
'ITO BllpelleHI!e -.1-o' /l.fo , cpnrypJ<pYJJ!l98 B (1), CTBljO,I!TCil 6eCCMhlC
JieHI!IlM. Mil I!MOBM B Bll)Jy O;!IHOMOpJ!Ill! BTOM BOilDPOilaf 

2 
, OIII!CiiBBeM!I:!I 

ypasHeHI!eM 

(2) 

3Ta CHCT8MB H€ TSK ~a~e~ OT pe~HOCTZ, RBR M03BT ITOKa38TbCH. 
ORa, HarrpHMep, XOpOJJO OTpa:ataeT IIOB8.IJ;8.Bl!8 STOMa BO,ll;Opo,n;a B CWU,ROM 

MBrHI!THOM IIO.lle eym,capa oo12 rc). B caMOM ;~~e.lle, ·= 
~ 1 _._ '"' -u 'b= (1<>,o,o;, TO v~z+i!' = l'c= (c•fe1!.)'2 

;;_ 2>·-10 c.u 
T. e. norrepe'tllil:ie pa3MapH aToMa IID't!TH Ha TpR rrop.>mKB Mem:.me ero 
IIpDilDJil>Roro paaMepa (dopoBc&oro pa;~~eyca). B peayJI:bTare B 3KCTPe
Ma.1ThHO CIDU:.HOM MarHHTHOM IIOJI€ rryJII::,CBp8 STOM BO,II;Opo.na 3H81!RT€Jll.HO 
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~~opMHpyeTca B nonepe~ H npz6HRzaeTca K o~HOMepao~ cncTeMe (2). 
Ha cynepcHMMeTp~ xapaRTep o~OMepaoro ~TOMB ao~opo~a (IH) 

dsxo ygasaao cpaBHHTaHLHO ae~anao B pa6oTa~3 , 4{ o~aaxo npz aToM 
B cTOpoae ocTanca aan6onee aaZHHB aonpoc - HBUHfi B~ sa~oBHX one
paTopoB G/ ll a+ • 

Kax yze ronop:wroc!l, cxeMa BRTTeHa B xoop,zumaTROM npe.u;cTaBJieHm'l 
( 2) He _ )JPOX?JUIT. KmJq K pemeJmBJ oonpoca neli!li!T B coaepmeHHo ~pyro~ 
IIJIOCROCTH. 

B pa6oTaxl5•6/ 6HXO nOKBSSRO, qTQ O~OMepRQMY STOMY BO~opo~a 
npncyma CRpHTSR CEMMeTpHR 0(2), KOTOpaR BHRBnffeT ce6R nHmD B liM

liYJThCHOM npe.ztCTSBJieHmi. lJDe MH IIOi!M:eM, 'qTQ TO !re CSMOe OTHOCHTCR 

H R cyrrepcHMM9TpRH,T.9.'tiTO cynepCHMM9TpiDi, C.KpHTS.fi B I«>Op.ltBHBTHOM 

npe,u;CTSBJieRHH,CTSBOBHTCH BBHOI ~ nepexo.u;a R HMllYJThCHO~ rrpe.u;CTBB
neJmBJ. 

YMHOli!li!M ypaBReHl!e (2) aa 2 I xI H npHBe~eM ero K B~ 

lxl C?- 2E)tf- : Z<\-'. (3) 

3llecL qepes p o6oaaaqea onepaTop l!McyJII>ca (- c;:) x ) ; KBK H B (2), 
npl!RRTH STOW!He e~~ 1; = \'>\ ~ e : -i. • il~el!cTByeM RS ypaBReHl!e 
(3) cneaa onepaTopoM 

'i:_ = ( pl_ 2E) lxl(f 2-2£) 

ll nepebeM OT "lf(x) K KOBOI! Wruaum 

..IL<x> = (pZ-z£)1.frx). 

Tor~ a BMecTo ( 3) nonyqRM ypaBReRHe 

(p'-2£)Jxl(p~2E)Ix/ J((x) = LfJ(_(x) · 

nanee, AerKO y6enHTDca, ~TO 

OTcllita c.n:e.uyeT, qTQ 

I 
,.,_ 

xl(p-2E)Il<i 

YqzTHBaR ( 5) , nonyqaeM BMecTo ( 4) ypaBReHl!e 
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4 J:' (x) • 

(4) 

(5) 



Tenep~ Moxao nepeiTn K nMDYADCHOMW npencTa&neHmD, ncnon~syH aHs~ 

) 

Ha STOM nyTn MH npi!XO.llnM K ypaBH9HmD 

(6) 

KOTOpoe 38M9HH9T nepBOHaqa~H09 ypaBHeHHe (2) n B KOTOpOM ~epeS 
<f'( P) o6osaa~eH iPYP~e-o6pas WYHI<IU!I! JL (x l 

ECTD ITO~CT2HOBRB 

(7) 

(- T-' If " T ) , KOTopa!l c~o ynpo111aeT ypaBHeHHe (6). 3Ta 
no~cTaHDBRa HBXHeTCH o~HoMepHHM aaa~qri CTepeorpaWnqecxo~ npoe~, 
ncno~syeMoll B Teop~m aTOMa BO.llOpo.ua' 7 • llBeneM o6osHa~eHHe 
'+'(p) - C (<f) Tor.ua, c ~eTOM (7), BMecTo (6) nMeeM ypaBHe-

HHe 
o(Zc; ~ 

"'4' 2 

Lc; 
2E 

= 0 

Ml< npllmlm K 98Me~8TM~HOMY BI<BOTIY - OnHOMepml! aTOM BOnopona Ha 

HSI<Ke nepeMBHHOI! 'f' TOll!;I(eCTBeH MOCKOUW pOT8TOpy C r~TOHH8-
HOMh~(-~'dcf)2. , 

h &Clf) "- (-c.::l.f)''= f. C::N) 
3Ilec~ E cBHsaHo c E cooTHomeHHeM 

..1... 
2E · 

CncTeMa (8) cynepcnMMeTPHqga. B caMoM nene 

f: - hz_ h - ) 
n=o,~1 •..... 

(8) 

TaiWM o6paaOM, ocaoBaoe cocTorutHe Eo= 0 , -qeMY cooTBeTCTByeT 
E, = - <>" • "Bee aos6YJ!I;IIeHHI<e ypoBHH MYKPBTHO BI<pOllllleHI<: KaJliiiOMW 
n -MY ypoaam cooTBeTCTBYIDT nBe aonaoBHe WYHI<IU!I! (qeTH8H n He~eTHaH) 

~KIU!Jl OCHOBHOro COCTOHIIIIH ·c:; ~+) = C-ow\f- • 
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BB~eM onepaTopu 

} 

r;lle ':s' - onepaTop '<eTHOCTI!: 

"Si ~(<.f) = .fC-'f) 
IlpOCTHe BH'll!CJIOIII!B, Y"'!THB81!JlU!e, '!TO onepaTOpH '5' I! (-: d'f )aHTIIKOM
MJTl!pYJOT, yCie:z;na:roT, 'I! TO 

~ 

h=IQQ++Q+Q 

C{'-=o (Q+)'- = o, 

Cq)J=o [Q:~J=o. 

8TH COOTHOID9Hlm rOBOp;lT 0 TOM, 'ITO "'h - cynepr8MHJI:OTOH.JZI8H, Q 
11 6/ + - saPJIJ1oBHe onepaTopu. 

Cynepra~TOHI!SH MOEHO np~CTSBI!Tb B Bl!;lle CYMMH cynepnapTHe-
POB 

' 
he, = GtQ = HAd')(-~ d<f)

2 

A 

Q Q+" h F = ~(;{-:}')(- ~d'{)2.. 

, (•)) c' ,.H) 
liapH (he J C n H \1 F. J LA h peaJmayroT "6030~ 11 H "<I,lepMROHHI::ri1 11 

CSKTOpH. JlerKO ll0Ra38TD, 't~TO OIIepaTOpH Q H () + YCT8H8BJIHB8IOT 

CBH3H Me~ 8THME CSKTOpaMH. 

QC ~' = o 
1 

Q .. /' (-) = - ' "'(+) 
l..-t\1 \..Vll.-\)'1. 

Tene~~.te;lleM I!TOrl!. B KOOp;llnHSTHOM npeAcTaBneHI!I! O;llHOMep~ 
8TOM BO,ll;Opo.n:a BHXO,UHT 38 paMKH GJ2ICT8M,IIO,lJ,,l;8IOI.I{:BXCSi 8H8Jlli3Y BliTT9H8. 

IIpH rrepexo.:rte R BMIIY.JI:CCHOMY Tip9li:CT8BJieHmo c noCJI8.JJYIOIIn!!v1 "cTepeorpa
<I,lnecKID.1" npoermpOB8l!li9M (3) CHTY8I.ULfi CT8HOBHTCE HOpM8JThHOi1, T.e. 

npoxo.n;nT cxeMa BHTTeHa. TaR.HM: oCipaaoM, MH rrpMXOlU~M K BW3o.ny, "''TO 

cynepCnMM9TPRR O,IJ;HOMSpHOrO 8TOM8 BO.U,Opo.n;a CRpb!T8. 0Ha BW1BJI.F.[8TCH 

Jimil1:o noCJie nepexo.na IH K 8RBnBaJieHTHOMY euy II..10CK01.1J'" poTa ropy. 
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