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DBe,neHHe 

AeTO.lt KBaHTOBaliIDI B K,YJIOHOBCKOia I<aID16poB.Ke odJIall.aeT CYlUeCTBeH-

HUM He,l.{OCTaTKOM - 3'1'0 OTCYTCTBHe mmoR JIOpeHlI.-IDiB8pIIaHTHOCTH II! . 
CYlllecTByeT .nOKa3aTeJlhCTBO ee mmapHaHTHOCTH Ha MBCCOBOl1 lIOBepXHO CTlI /2~ 
13 lI.aImol1 pa60Te C,l.{eJIaHa IIOilb!T.E<a T1pWAeHemUl. r"eTO,D,a ,l.{OK83aTeJlhCT­

Be JlOpeltl..{-MUlBapRaHTHOCTIt K ButmCJIemno !fJeilHMaHOBCIGDC Wl8Tp 8MM B KYJIO­

HOBCKO~ l\aJll'l6poB.Ke. 

Bll'rnCJleHHe OIIepaTOpa co6cTBeHHoi1 :mepI'HH B KYJlOHOBCH03 

I<aJIl'I6 poB.Ke 

ilu'mCJll!M oIIepaTop co6cTBeHHlioH sHepnm 3.1lelttpoHa 

BO BTopor.l ITopR.Il;He TeopHH B03M;ylUelmH.wur JIarpammaHa /2,3,: 

1/;JA)2 I 2/J 1 'A I · I' ..I:J JX =£(00 ; -4- fj' (A; /t- ,,+i/o8'd" + I 'Pu,Jf VI I ( I ) 

il /i A. ~ 0 ; 0A/ =0 (iu :: efv y ) (2 ) 
I 0 I I dr- at ) 

i [ !l., AJ)(),1-(YJJ =(Ju.-a.J~)'J"h;-Y) . (3) 

iJponamTOp o.nCh"Tpor.Jl1U'lIllTHoro no.;lR n :'ITO/. l((l.JlHeJpOBJCe !D,leCT BlI,lt 

fr A A )\ I ~J~ /5 L I t.J ..ik(~.Yj
/).. (x-y).:; (O!T. ,.(x) ,/(y)/O/7tJi1li I;......-(Oii-f. ~ ~· e 

:; (l 1L·; tIl. 4 I " q • ( 4) 

B .!laJIhllCWltelll ;11U (jYll.eI.~ HClIOJlh30BOTh o6m;1.l1 Bill!. :)Toro lIponaraTopa : 

~ ! -if{r.y) /. 1. J /I. ! L/.
j) r (. _y) = J.. J~L:Q -~ + (l~kfll,,+q,t~_ "~I'-?")'J./;= (5)

1''' x (2I) t ,f~+I[ if!''' (it;)!Ji (i'll-lit (11()2../;P 

I? 0: (~ OJ), oj 

10 I fd) ~ O ( 6) 

.. I J"Ir -/J{x-Yj <:' I 
!J(frr %'h'f. (ali - k· T' ~), f." :';; . 
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.ponaraTOp ClUtHOpa paBeH _ip(X-Y) 

,d~ e ..~ )S (.(-1, m) =_I,'2ff/1( ,of. ml .. if. (fJ fTl • 	 (7) 

B tlXlPMYJIe (5) lJOCJle.ltHl1H 'VIeR COBlra.n,aeT co CTaTHttecKIiM !(,YJIOHOBCKHM 

B38HMO.l(eiacTBHeM C 06paTHl:lM 3HaKOM. Up}l Y4el'e 1l0JU1OI'O B3UllMo.neHCTllWi 

STOT ~eH COKpruuaeTClI C KYJIOHOllCi<IDl1 B3ruu.lO,ne!ic'rilllCf,1 B lICXO.nJIOM Jlor­

pru-uma.H e (I). 

)l.HarpaMiIlB .LJ,1lJl co6CTBeHHoii 3HepI'lUI M e ltTpolHl l!MeOT lllI.Il. 

Ir 

' lcl1OJlb3ya fTpaBMB Oe1.tHJ,1aHa, 3arnruJeM 

,I (e) ~ ! 	 ,1.. / . e II, 	 Ir--1 

.:-Jfof l/') ~)~.• a 9)~):J(fJ-r.Jr!JlJ (7. 11 ) C> (8) 

tpi ro'~ 1 n C 
-4rfi . (q~i~) fi'-~l-m z (A'!), 1\1 =7'i 

rAe 

A 
:< II 	 I I>A_O"+ m~ r~ +- j}li'If·7H~'-iI'''!'''' t;4 ~ 

'/'(1' r '.' V rUJ/ ..t/ - (" 9 - (9) 
I. A .. ('{"' 	 9/~' 

='"1m - f(~-p) -J.Jl, tiJ' :2mf21'/ r;.~ -"9'- Jf/ 

(eM. 	 npHfl.O~eHHe). 

lIepelJIDII8M CPOPMJ'JIY (8) B B>UJ;e 

eID)2';';,1 	 (p) =Z" (,iJ) +-JEUHt f AZHeutft'" Z~#t +,1ZN. 

..Ie 

J'- • ..>r _ .,( r.!!3!:. ~m -f!(p-q) 

---¢ (,/J) --'ltl'! ~ q~/f) (p-9. '~m2 (II) 

- eCTh COOCTBeHHaR SHepreTH'1eCKaH 'laCl'h MeKl'poBB B KaIDl'Cipo&l(e treim-
MaHa, 

I d~ Jlm-(i,;;')1I (pJ- eX' __ 

u .'11£ '4fi~' oJ (r/~if) (J-ff-Irl2 (IG )


I 

:.! 

~ oil I'r/q. ~Jl,;' ~ q.'~) 
/; L.J HelJHI/pJ == J{'jj3. (?~i() (;;-9}l..m 2 (01/ - -p )1 

(13) 

BHslffiJle paCCMOTPRM IlOJIfl B nOKOffilleHCJI CHCTCMC KOOP)JJIIIIBT (~. :0) . 
lIel!HBBpl!8HTHaJI \ffiCT:b (13) paBH8 ayJIlO H 

t. A J1 /' ''' I 
, _ '" f =ri ,i'tJ m- /Hf1 ' (p =P.'/o" I f,) (P~./Ji-O) lllll! (fl,,) lff1.·jt/~;{) (Po-~lr-l1/ ~.:Q' (It!) 

-1 

!IOCJle perYJIflpHSSrnm liB !&lCCOBO~ lloBepxHocTH fl =m BIlpalleHIfe (14) 

ITpmmMaeT rum ( OM. npBJIolitesme, J!) 
"' IA.lI ~ 1"'7 

R d // ,llfj/f I~f lfi!!!; - /i!!!)1 . (o;m{- 22M (jJ)~jJf(fJ-m1f? (iuzi" ppl./ 2P"- J' , p;, (15) 

T. e . 	 B CHCTeMe llOKOJI HeT RH(jJpaKpaCHIDC paCXOllKMQCTei1. 3aMe'l'KM, 'iTO 

orrepaTOp 	Z rP (,0) RlleeT RH(jJpaKPBCHYIO paCXO,lUIMOCTh /4/ . 
B .JO)JalY~ei1CR CHCTeMe Koop.IUfilaT 

')1 "" )' +? 	 ( 16)~ !of (fl) U UN! 'ALIlieu,,! . 
BH'mCJleIDIB BTOporo CJlaraeMOI'O B ( 16) 

')' _ d/ ! d~tt hi; /i;;._ l. /_ t/ .lJ. I< 
.1 L.J HelJd tP) -217; jft.if) (~_'l)!/l)l {''/J r;,. fll~: -wK ' U (I?) 

CBO~TCJI K BHttHCJl eHlID BHpaMeHRJI 

/3 (;Jo,N =/; rdxfr;~f "'t (t j - -t n,z,;/(I-x) 
(IS) 

'- . LI. xp 	 f", 2. 

-'>'l 
f In X1m 21-,/J "(1-XfJ , 

rlle 

13 ~.!. ~ 1n1 ( O=mz pt)
.3 P. m2. 	 - • 

A )' :: c( 'I'A.14 J 
fJ.:..J Hf.lJ4 .3" I)' 'N rn Z 	 (19) 

(OM. npHJlOlKeHIfe, ill) • A 


IIPH perYJlJIpH3aUllli (lJ) Ha MaccoBoit n OBepXHO CTH P~17? (llpH 


3TOM oy.neM C'UIT9Tb p.. OeCKOHe 'lll.O MWI0i! nonp aBKOH I{ 1 .. 1' ..0 


;~ 



MU BC'l'pey.UeMCSl C liHrI!paKpaCHOH paCXO;IUlMOCTbXI ( cr,l. np~o:aelille , ill) .lVlJi 

ee yCTpaHeHID£ J<aK o6li'ffio BBO,mnd MaCCJ <Po'fOlia 1\ 0 - llii\ppaKpaCHlili 

napaMeTp ocpeSaHH.fl.. ITOeJIe rrepeHOpMHpoDKH onepaTOp ( is ) upalWlJaST 

Bil.!!. 

") .t /0(1 7/-nl!f:p t PIt. jf I}
4L 

NeuH
!(PJ=({r/IIl,/ t,m l -(4-fl)m/~mi'lJ!: 

101 }/li j/ )/ 
-v- - -!I1­
- 3" III mJ. . (20) 

BUlleT ~YHKI.Unt I'pnHa (ar,UWITY.na BepoJI'l'HOCTR) Ha MilCCODOU nonepxJlOCTli 

paB8lI 

III /2 p... III II 2'( J.,I!
Lfl/fom} =/im (o~m){lt;rm)L'I-I AJt~11l t ",2 -I .. 

,~m v" ''f I I 

l'.l(C 

(~ JI I\,.
fl (P-"'; -= /LF" i-mL.Je'p}j?-m '-I "'J 

Ta.KIDII 06paaoM,Bli'leT rPy~m !'plUta B I1aJIDHOM cnot\o6e Bli'illCJleRHH 

3aBltCRT OT r.apaMcTpa IIDcppru<paOHoro 06pe3U/lli.R ;1.. U JIopeH1(-HeHHB8­

pliaHTeH. ~aJtlO,iCSl BorrpocoM - KaKliM rrYTeM MOjlUlO llOCCTauOBKTl> HHBa­

PPlru-lTHOCTL Ha Mac coBOit JlOBepxHOCTU B ~l.(I.10HHO~ Ka.JW6poBJ<e? 

llo!\838TOJlLCTBO JIOpeHu-mrnapniiH'rHOCTl1 n paJUjatmo!U!oU KMli600Me 
/ 2,5/ 

B pa,Il;n81(l10HHO.ii !\8JTH6poBKe 1«JMMj''l'8Il;HoIDll>!e COOTIIOWemtlt HMeIOT rum 

[E;. (x), Ai (Y)] = -i(tf _~t~)u5a-y), 
B COOTBeTCTmm: C STm,1 MOlIOto nOCTpoUTb OJJepaTOp dye'l'a 

11~ jdt[x"T;(xJ -xlr:(1fd}ft°'i/4A~:(1(.~4/';/!l (21 ) 

COBePllIIDIl 6eCKOHe'lllO 1.I8.IIl:dt JIOpeHU- rrOBOpoT (rCHepJ.ipyeMlli4 6YCTOM): 

u(t.)Acx) If{~) c: Ai(y) -J,.A (e,'1) (22 ) 

i ali ( d.y
lim =l-ff~oIJM. A(e,Y) ::-ec/,JJ;,/x_r/ ooA" (23 ) 

- onepaTopHM Ka.Jm6poBO'lliaSl rPYHRmUl. 
Iw. Bl1,ltHM us (21)-(23). '!TO orxepaTOpli A(xj BOCCTaHHRIIlmBJ()T 

CBOIO norrepetIHYD CTPYIcr:YPY B HOBOil: OHCTeMe Koop~lHaT. ilPH aTOM cmmop 

~(.K) npeo6pasye'I'cR: c.ne~ o6pa3OM: . _ 

U(e; ¢-(x) ziJ) ~[1- ie!J(x. GJ]S~ (c) ~ (y), 

~ 

YiYlll<lWI !'pIma ­o{.r,yj (tl/Tf/:(x)tP;(y)$/O)=t 

( ;.;<i) 
B ,lUlll:itymeticII CMCTer.1e Koop.lWJtaT paBHa 

6,.;01;: (O/T(I# ieA)¢~(I-ieA);SIO) =r1,i -I A (J;~ {x.yj, (.;::' ) 

BTOpoil nOPMOlt no Teop;ru BOaMyllleli11fI ~ 11 CY ()(, Y) HMeeT Bll,!( 

(eM. npRJIO~eHHe IY): 

L1 ~./pJ=t e!l[{ol/z A..(x) Ild~tIAi(Z);j(l!l¥(Y)/O) ­
( .~l) ) 

- (O/7j{K)[Id~it~)rA,{ljtJ(!!ll){y)!J1 Ary)/O) 
<llOpMYJla (2G) ,naeT CJIe.I{yJOlllHii Blt1la.n. : 

tX Ii} d~ 9# ~<:; $?r0' Jm?oJUt' 
lj L,tAA =1IJi Po 9) f £1; - it l.p-'1;Z.. tn . em 

TaKl!M o6paaoM, IIOJl.I.Wil orrepaTOp co60TBeHlloi-t ~lHepnm 9JIeKTpoH8 II ~l:Ill­

~eHCR: CIICTeMe RMeeT ~ 

Ii .. ,I. "}' ~ 
Lr/;,I (,0) - L../llft (P) + '-<NI'41fi (jJJ.;. t1 L~o,( . (28) 

Ha ~ccoBOii nOBepxHoCTB (p =m) . HerumapHaHTHIiH 'UleH (20) rrOJI-

HCOTblO KOMIIeHcnpyeTCR: tjJIeHOM (27) H 
1;;'''"",11 /i~_m)/'~ 

,f , ( cI.., i l f pr.!!!JII _ ~ Lid (J) =z'''Hh (p) L~f?-m)[;z&(;;J/f ppl / 1p1_ 

B peSYJlbTUTe 1l000yqaeM IlOPMHPOBKY BOJIHOBOit il>yJiK1(Rl~ KaK n CBoc50.lU10M 

eJIY'lae : 
'L 

=tin (;-m) (p-m ) =j .'IjI(f,mJ 
I p'Hn 

3alt1IJD'ieHHe 

TalG!M 06paaOM. BOJllIOB8R: rWIIKurut aJleKTpoHB .llopeH1(-mrnapli8liTH3 11 

He co~ePKHT ~aKpaCHHX OC06aHHOCTaa. 

ABTOP 6JI8l'O~apeH B.H,ilepnynIIDlY sa IIOCTaHOBllY aa.n.a'IlI l4 ee 

06CY;U6HI1e , a Taxx6 E.M.Eap6amoBY 11 c.r . KOBBJI6HKO sa o6cYJI!,Ilarme . 
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ilpMOlKel:ll1e 

n; -. 
.& 

r. BWIHCJIHM OrrepaTOp 

... A .. ~ J ) ' Yr £pi fllif!,.fli -j/,cjltJ CjDjn =ff (p-f//+m (jIlL!1'" + i? '" i 
(fl. I).. ~ ~ ".. J ~Z- ;;:.. A lY.. 9.=lr ffJ"-~1'm)k +/;ft4-f fm f;ti'-~if-'1fmjoO 9L 

0 

.... ... .. .. C'" <4 of 

~CnOJThSYR COOTHOmeHRe !r~ + r41' "!fJ;Iv • 11'/1''' 4, npeo6pasyeM 
rrepBOe CJlaraewe .B cpoPMYJl e (IT. I) : 

A A A ... 

;. !r,,(I-t;4r -fm]JIr ~ £(117-1 If/) "Pm. (II. 2 ) 

OKOJ-NaXeJlbllO lllipa&eHRe (IT. 1) C ytl8TOM (lI.2) MOllHO samtcaTL Tal< : 

A "" An=P(m -)1 oHI ) f/;O, 
r.lle 

A ~ .. .{ A , I 9,. ~- /,,'<.4/ ~J:}fJ !l = [Pm -f.(/l-f1m)fc fof,-{f1-9f-tn/l;-f -pcr'llm)/o -l " 
9 

= [-/of/-fl/{o +P0-j! 
AA 

~-f/j} -!(P1f!~ -;~ + 0(/2 (11 .3) 

D q,opt.\YJle(f1. ~ nOCJle,IUi.ee CJlSraeMOe ,!laeT D.K1la.rt B nepeHOPMHpClBK,y MaCCbl, 
II MI:l HM MO:reM npeHe6pe l[h • 

11. BJ:I'U1CJleHHe rumaPllaJlTllOii IffiCTB co6CTBeHHOH ::lHepnIH MeKTpoHa 

L -~ (d4~ l71-/r(/ 
IIHf; (fJ) -D~O J(9'-"'{) (jJ -f)~m2. 

CBO,I(HTCR K Bbf'IHC.IleHlUO Ta6JWlI1il>1X cpeIDiMaHOBCJUD( IDiTcrpa;lOB 

!.. r d~ ! g
I !f2 .J 'lz/tf (p-?J'-m l ~ - a .tn; -.2 , 

2 !.. ! d"rt </ __ j r l t d I g 1/7 
I...- 'iZ,It/ni (jJ -9)~f)I z.; /f - !! 0 + [ii- I )} 

<:" m'.p f /1 2.)
o = mz • 0: ml . 

6 

Tor.ll.8 

ZuJ (P) =-t (m-l)/!/eSd) -f/lt&i ~ £ ( 17 o 1· 

PerYJlJlpI1S0BaJillM: 9?YIlKl..O!R Z~/t6 {fl) BWlHCJIileTCJI no qoPMYJIe 

')1 I ",)f _ J' - r: om) ;;2(;;)1 == 
~UNb (/I) ~ if) £---J(Pfp".m 'jl 0/ Ip=m 

(1I . 4) 
__ /A_ .1 rifm-P} m2_pt. ~ l!"l-fJ~!;i jJzf/Jl~ J 

7 
-P1 (/I mIL 2r + pl. ('fJ{ mL ,I' .Pjl2 I.;­

1lI. BwmCJlelme lIemmapl4aHTllO~ QSCTR onepaTOpa 

Al HWltb (fl) == j ~J, (j (!l.5) 

CBO,I(HTCH K Bll'ilI(;JleHIDD IDlTerpana 

"'1 ~_-I,f>i! L Po /)'- ~~r I:lft/~ {a'f#j'J 
(IT.S) 

/ ._{ '"' /.m-? ~ _ 1_ / 
( of", (riO ' J CI-9J~fI1' I f f-f '+itJ, . 

.neJlaR 3aMeHY nepeMCHllWC ; 

p. ,. j ~ pf.: /I(r. -x)r ) , 
0<> 

/
,}-rz ;;y; 

" 0 

q,oPM,YJIY ( II . G) uepemDlleM. B mme 


( Xt ,r /.F ~l r. ilI7 I AI 

I Ttl) rdY(j -iJ;.x,. (Q o~ ~.i;A/j I /dY, r. ~l .., t.:;

!J = -; ) T J V.t, dXe e ::f J~ jJif 'LJilJ:*1':! u. 7) 
o 0 0 0 () 


WUI 

I / 

P. • f r dr /dy[~t~;:'(& IIfl.Y- y,(;JJ. (II.8 ) 
u P .' (.i. - x 

" 0 
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JIOJlb3YRCb COOTHOWelll!.eM 
x , z 
(jy~ rJ,( + Y(P.-~t/!= !! -i'nf.Z + XrkIQ,.b.I)-1} 

v '_ 71 1 J 0 x - • 
o 

,popM'yJIY (n. [3) 1,104010 381Il1CaTh Tal<: 

I ~ ~ 
I ( C r (J /4 Y ~ III ~ //(I-X) J l '" 17 

B /n p- ,0=- !xIX .~_,,;;: ri)-. -tn - --/fOX;;',+h11-.r1 ( )1' 	 ­,r'" . p.. 

ill)>! . ~ ~ 

a. .(
J 	 /0. It. =1.1 = ­" r,;--, ',2

'0 

HOMO perYJlJIpH38U1ill 

IDlleeM 

-l" ~!,, fl/ PI r .... II.9 

'/1 r.:-r lrJ& j /l; 1: I (' Q
(/XIX -n- fn "m 2 

'" _ .!! !1 (), [l.' "fl/" 'F" - .,. III (11­
. -, " ~ v r~ mt (n.IO) 

Bl,lpruKemffi (II . IO) Ha MElCCOBOil llOBt:lflXliOCTU 

'r -I e /( p. R /,\ I /J ) jj(jfAi 
y~.y. A2'M ~ J;' '= UI.(,.'lrJ(,rJ)-Wrfl) ~'/}(•.r (/1.,-/". /JjJ , 

( , ' I eVJI 	 1"" ,Pv2/1 

., (! , / (')!? 12 (II. II )
./ / -b< ~-II/ " Ij. --:/1_-_ /11 om' 2 1; .!Jp ~ ;/,,, g ~ £J2.

-=3 ~- 1/1 z 'rn
, III , 'I/lI! ,-.JIll Ifml. 

-	 Po 

),,! -HHljJPaKpaClUlJd napaMeTp oOpe3aJooI 

IY. IIOKalrieM, '{TO q,YHI<mtJI I'pld.l!O 

00, (~ >;) = \ ()/T(If/eA)¥i(l-/e .. H~/o/~ (A(.t;f)=-4!.U;)<rr.12) 
-'(~J 

BO BTOPOM nOpsI,JJ;Ke TeOPlm B03MYJI(emtil ,naeT BKJISA 112'0,1 (~) • KOTOPwt 

110JIIIOCTbIO KOMueHcRPyeT t{JleH l1Z/(W/{/, c:jQ) Ha MaCCOBoli llODeplCROCTl!.. 

Pa3JIOilHM ::!J -MaTPHl1Y no TeOplm BOsr~eHltii : 

cI T r'1t 42l / I flf.. ql /2
P 	 '= erjJ 1e.. --tl t:?)o!; '" I ~ ed4i!~c) + ,e_ () c -.'fl fI) 'I 

(II. 13)1 e 	 P! l-... 

:I!=iild/{ (II. 14) 
H saTeM nO~CTaBHM ee B (ll.I2) (UpR STOM Y~TUBaH. I{TO qneau c ae­

lJeTKbIM l{HCJlO~\ CTenelm no e HClleSaJOT. 'raJ( .K8R KX cpe.It1lee IIO ~ 

PaBHO HYJIlO): 

8 

6101 (K,Y,/ =((J!Tt!M t/(yjI!J) +e i(o/Tt/J{.t)ifyfMJJ1NfA(.r)jdrJJ;(t} -AitJ/;;~!Ir(r}ftJ):1 
(1/ 

~ (J(.r;yj -fde (-r,Y), 
rA A ,t! 

'DI8HH c , (A) (1; He ~am BK1lSAB 

HowelUle. YIIKTHBali. !{TO 

A(X:~) == -~oi j;a,A" J=:} laJ; I/;{r;), 
/?(e) 

TIOJIY'OOtI MfI J (J (.(Y) ~paxeIDIe 

(11.15) 
B WITepeCYl!lIIee HaC COOT­

~oi =f, 

dt ~Y) ~ f eY;:°IiAJ(,r)?)(K)(Jdr;ir&)I;/,(,?)~(Ly¥(y)/o) -
"J( 

- ,/ ,,j - 8. 
- (o/?}(x) (Jd~ ?P(.?)/J,'(.?)<fJ(2j;!J(Y)Ii/AM/O) = 

=fJ t/d'?;;g(,(-~)Y.~~ f)" (z-.d-tJ~4' (E-yJJJ(.?-d_
ro 	 , t 0..r 

Orrpe~eJl.liH 

"}I Ihlp) =(p-m):-&Ip-tn) 
I ' 

OKo~aT~O HMeeM 

~( = 0( ,{!o'~ -1;..~. _ffif/;/l1lreifJi
t1 LJ'(lM 'II.);' flo r; '1~ (% ;rJi;-ylmz ' 
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