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I. BBe.ne.~me 

B pa6oTe paCCMaTpHBSeTCR CHCTeMa /V OC~TOpHHX STOMOB, 3SK
~D~eHHaR B 06~eMe, pa3Mep KOToporo f MHODO MeH:&me xapaKTepHo! ~H 
B~H HarryqeHHR STOMOB. 

Byl[eT 110Ka3aHO, ~TO e~ CHCTeMa H8XO,I[HTCR B OC060M B036~eH
HOM COCTORHHB (HS3HBaeMOM CBepXHarryq~M), TO CKOpoCT:& HarryqeHHR 
~TOHOB OKa3HBSeTCR MHOro 6~:&me!, ~eM CKOpoCT:& HarryqeHHR OT,I[e~:&HO

ro STOMa. TepMHH 11 CBepXHMy~eHHe" B 3TO! pa6oTe 03Ha~aeT TO~:&KO 3TO 
~eHHe. BHCOKOB036YJt,I[eHHHe COCT()JJ;HH.Ii Hamel CHCTeM!i He rrepeXO,I[RT B 
cBepntMyqa!OOiee cocToRHHe, cp. III,r~. 8,§ 4,/ xl21, pas.neJI 2. 

B pas.n~e 2 c noMOmpD HeKoToporo KaHOHH~ecKoro rrpeo6pasoBaHHR 
raMRn:&TOBHaH CKCTeM!i CBO,I[HTCR K raMRn:&TOHHaHY O,I[HODO OC~OpHoro 
KBS3HSTOMa, "MeKTpoH" KOToporo HMeeT sapR.I[ tVN. B pas.ne~e 3 110Ka3S
HO, KaK MOlltHO Y'leCT:& Ky~OHOBCKOe B3aKMO,I[eitCTBHe 3JI8KTpoHOB STOMOB 
cxcTeMH B l[HIT~bHOM npx6~xzeHKH. B pas.n~e 4 rrpe~araeTcR crroco6 
pac~eTa sa.naq 06 H~8HHH ~TOHOB B036~eHHOA CHCT8MOH,HCI1~3YD
mx! HoBOe orrpe.n~eBHe saKoHa pacrra.na 131. 

CBepxKSJIY'IeHKe B CKCTeMe J./ OC~TOPHHX aTOMOB paHee pac
CMaTpxBeJIOC:& B pa60Te /4/, 06C~eJISC:& MO,I[e~:&, CO,I[epxamaR ITOMKMO 

HamHX npH~eHKA MHOro ,I[OITO~T~:&HHX rrpH6~RE8HHlt RSBeCTHOlt MO,I[e
D ){:IIKKe / 5/ (HX CITHCOK npHBe,I[eH B HameM 3S.KJIDqeHKH). C ITOMOIII:&D CO
OTBeTCTBeHHO MO,I[R~~poBaHHODO ITO,I[XO,I[S ){:IIKKe (HCI10~:&30BaHH8 rpyrrrrH 
SU(J,l):BMeoToSU(2)) aBTOPH Bwmwm TonKo CaM wrutT H~ 
CB8PXHSJIY'I8HHR, He BXO,I[R B ,I[eTSD. B ~aCTHOCTH, He 6WIO yKasa-

HO, ~TO CBepXHMY'IaJOOiee COCTORHKe T~:&KO Ol[HO H ~TO OCTeJI:&HHe K~
~eKTKBHHe COCTOJDDDI COBCeM He HMY'ISIIT. 

CKcTeMS IV Hepe~BHCTCKHX 6ecci1HHOBHX sapnxeHHHX ~cTK~, cBR
SaHHHX ITOTeH~eJiaMII V, H B3aHMO,I[elcTBYDJIHX C KBBHTO:sa.HHHM 3JI9RTPOMar
HKTHHM ITOJieM, OnHCHBaeTCR rSMRJI:&TOHHaHOM 
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_1_ [p-.-eAtf;J]lt lf.ifJl+I. ._r_ rH, 

,_, m ~ ,·<jlfi-'fJ'/ fn, (I) 

Hph:: 8~ j d1,v [ El (X) +(ret A{;J)2
). ( 2 ) 

BH6 paHa eyJioHoBc.KaH RaJm6 poB.Ka ti '" A = 0. lJacTBIJ;Ii C'DI'l'81l'l'CJI TOll,ltecT

BeHHw.m H 6y]IyT H83HBaTLCJI MeR'l'poHaiOI. 3aMeTD, 'iTO HH.KaROI 8HTli

CHMIIeTpH38UHB HJIH C1:IMIIeTp:H38IUilt He Tpe6yeTCJI, IIOC.ItOJILK,Y 161 IIpe~~a

raeM , 'iTO BOJIHOB!le @rHKIUilt MeR'l'poHOB He IIepeKpHBam'CJI SaMe'rH0/6/ • 

qT06H ynpoCTHTL BilBO~ HBJieHBH CBePXHSK,Y'ieBHH,MH HrHOp:HpyeM Bpe

MeHHO eyJioHoBcxoe BSa:HMO~elcTB:He 8JleKTpoHOB. B CJie~eu pas~eJie 

6y~eT IIO.Ka38H0 0 'iTO ero IIpH6JnmeHH!ll yqeT He H3MeWI:eT CYIQeCTBeHHO 

HH pesyJILTaT,HH ero BilBO~. IlOJIO&lDI~aJ!.ee, 'iTO V,·(qi)=m.xz(q..-i'J~i' 
H BH6epe~ H8'ia1IO ROOp~aT B TO'iKe 2; ~i 1 TSK 'iTO 2; Ri = 0 • 3a-
MeHHM e A(~) B (I) Ha € ll( 0). Tor~a i -1 8JleKTpoH 6y~eT 
HCIIYC.KaTL \PQTOH He B TO'iKe fji , HO B TO'i.lre 0 - B"~HTpe '!'.DeeTH" 

BCSX aTOMOB. 3TO IIp:HCSJilmeHHe (~II~HOe HJIH ~OBOJIHOBOe ) OIIpaB

~8H00 eCJIH pasyep CHCTeMH e= mu IRil MHOro MeH:bllle, 'ieM NIJ~Ha 
~: 1/Jt :Hcnyc.KaeMHX \PQTOHOB 0 CM. CJie~. pa3~8JI. 

IloCJie 3THX 3aMeH raMIIJILTOHllaH IIpHo6peTaeT BH,It 

H=2.,~~ L.;,L?~-eA(oJY+ m./'~{ij..-R,):~.J +H,~, (3) 

ll O.Ka3HB8eTCJl ~Tll'iHOI qlyHKIUiel onepaTOOOB (KOOD.lDIH8T K lDIIIVJII.

COB MeKTpoHOB H OIIepaTOpoB po~eHHJI- yaxqTO&eHHJl \PQTOHOB). Tel-

3eH6eproBCK:He ypaBHeHliJl ~ HHX O.Ka3LIBallTCJI JIJIHeiHmo! ll lll)ry'.r 6HTL 

TO'iHO pemeHH. IlOJIY'IeHH~ W>~eJIL B CJiyqae N:J paccMaTpHBWiacL B 

I95I r. BaH KaNneHOM /7 . 
IlO.KaJteM0 'iTO raMHJILTOHllaH (3) MO&e'l' 6HTL npHBe~eH K e111e 60Jiee 

IIpoCTOM,Y' Bl!.DY 6e3 .KaKHX-Jill60 ~OIIOJIHJITeJILHHX IIpe~OJIO&eHJII. 

PaMaraJI A { ; ) rro 8JleR'l'pll'iecK:HM • MarHH'l'HHM yYJILTHIIOJIJIM 181. 
Haxo~. 'iTO A (OJ BH~eTCJI TOJILRO qepes a~eKTPJI'ieC.KIIe ~OJIL-
H!le \POTOHHHe onepaTopw 

a e { ~"l e ) t , 01: i< < o0 M - - j 0 t 1 ( 
4

) 
i< I M l-l K I M ' - ' J • 

Mom~o B l'lr, , eM. (2). ocTaBHTL JJllllll> TY ero 'iaCT:D H:" . xo-
TopaJI CO~epuT TO.irl>KO onepaTOpii ( 4), IIOCKOJIL.KY \PQTOHH BHCmHX yYJI:DTH

IIOJI:DHOCTel He BSalllll)~eitCT:syll'l' C aJieKTpoHaiOI B ~OJI:DHOM npx6JIDeHD. 

OnepaTopw ( 4) W>miO SaMeHHT:D onepaTopaM:H, npoBYMepo'BEW1U.!IIll He 

~KIDiqecKliM:H npoeKIUIJlMll M. a ~e.KaPTOBHMH,Hanp.Q.111 x=(a~o:H-a;:,., )IIi • 
TorM O.Ka3HBaeTCJI, qTo Ax ( 0) 3aBHCH'l' TOJI:DRO OT ak.lx ll a!,., 191. 
B pesyJI:&TS'l'e raMliJI:&TOHHaH MO~eJill pas~eJIJreTCS: Ha TPJI BSaJIMHO KOMM;Y-
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TJ!pyu!O!e 'iaC'l'K HJ t H:; +Hi 191. J(ocTaTO'iHO paccr.mTpHBSTL TOJILRO 

O.J;RY HS HHX: 

1. AI t:' A4 ) H d 

H ="·JJ(..E.!!.+ m:Jtl11i2)-gAJ((O)L_,p,x+I; 2 .xfo.,. r".x·( 5) 
Jl L,=, 2m 2 -/lA m ,_ ,., 

HcnOJI:DSOBaHO o6osHa'ieHHe 9:·x = iJ;.x- Ri.x • ~eKe x ~aJiee 6y~eM onyc

.KaT:D. 
IIepexo.ItHM x BHBO.lt1 J!BJleHHJI cBepXB:3JlyqeHHJI. Hs ( 5) CJie,JtY'eT. 'iTO 

B ~OJil>HOM npx6JIDeHD BSa:HIII)~elcTBHe 3Jlelt'l'poHO~ C \PQTOHaMH OCy

llleCTliJIJieTCS: TOJI:DRO qepes onepaTop!pi.x .1JJieHZe2.AJt
2
(CJJ.2m= !Ve~Aj(cJI1m 

He SaBHCHT OT onepaTOpoB 8Jlelt'l'poHOB. ~aqa COCTOHT B TOM, 'iT06H Bll

~eJIH'l'l> HS (5) qaCTl>, KOTOpaJI CO~epzaJia 6ll \PQTOHH!le onepaTOpll H ROJI

Jie.l.t'nJBHHI onepaTOp ~ fi.x H ROTOpaJI ROMyYTllpoBaJia 6H C OCTSTKOM ( 5) • 

(SaMeTHM, 'iTO ~ p:. He ROMMYTHPYeT c '/J. '/J. • ···• tj~.t ). ,U1ul 
aToro MH saMeHHM onepaTOPH 9: 11 p,· , i = I, • • •• N , ~yi'liM 
Ha6opou 8JleKTpoHHHX onepaTopoB q5 • A , ROToplll co~ep~HT 2 p, 
H J!BJ[Jle'l'CJI KaHOHJI'ieCKHM B CMHCJie rq •. tf;•J .:L}s,A·J=I) ' [q:,, Ps·) -:.i$,s 1

• 

CTapHe nepeMeHHHe q, , p, H HOB!le 9~ • f>, ~OJWill 6HTL CBJI38Hil 

KaHOHJI'ieCKHM npeo6paSOBaHHeM, T.e. COXpaHJDIIIliM nepeCTaHOBO'iH!le COCTO

JlHHJl. Y.Ka&eM npocTOI KJXSCC TSKHX npeo6pasoBaHH!, ROTOplil IIpHBO~T 

(5) K HaH6oJiee IIpOCTOMY BH.ItY: 

I = 1, 2, .. k ' 

tbJ 

q. - " "' p· . a.' p·~ = 2.., ~', 0..} p. ' 
5 -L..,:I Vt~ f' ' -

3~ecL 0 ecTI> OP'l'OroHaJII>HaJI /tf •N MaTpHua OT u:: 1 Ml:l no-

Jiomn.t, 'iTO S npliHHMaeT 3Ha'ieHHJI O,I, ••• , N-1 , H C'i:HT8eM, 'iTO 

Pc ~ 2 p, ( TOrM H 4. ·'- 2 '/• 1 OM. ( 6)). 3To 3H8'i:HT ~'iTO MeMeH-

Til Oi
11 

HYJieBol cTpoKH {!/ ,u;OJIZHH 6HT:& Bee paBHH 1/vN , rrocxOJI:&-

xy ~OJmHO 6HTL 2; 0,~ = j 
' -'I N " = N -'!.:. 2 N /J pt) = N '- 2.,=1 p, IJv 1:1 7' (7) 

0CTaJI:DH!le CTpoKll () MOKHO BH6paT:D MHOI'HMH CIIOC06BMH, 8CJIH 

N >, 3 I) • 3ToT npo:s:sBOJI He BJIHSieT Ha saKoH pacrra.na oos6YJt,D;eHHol 

CHCTeMH, CM. ~Wiee pa3~eJI 4. 
QproroHSJILHoe npeo6pasoBaHHe (6) coxpaHJieT cyYMY KBa,II;P8TOB: 

2: p/ = 2_ J)/ ll 2 tf / :1. = 2: tj/ ; ll MH IIOJIY'ISeM -

H= 2 ~-' {if"" mJf2 J'2) +-E. +- '!2!!.."d2 _ evN j)Jl{&) +- (8) 
S-J 2m .l 7" ..z,., 2 7" m 

___ +[ev'N).l.Al.[o}hm + Hf~ • 

I)06111aJI OPTOroHWII>HaJI N ~N MaTp:HUil oeeT N{JJ-1)/!1.. npo:HSBOJil>HHX na
paueTpoB. Hx CJie,JtY'eT BH6:HpaT:D TaR, 'iT06H 1!/,·, = J /r'N 1 ( = ~ .. IV • Ho 
aTo He qamc:HpyeT Bcex N(lv'-1)12 naprureTpoB, eCJIH N ?:- 3 • 

3 



Bee "VIeHH eYMMJ:l 2:: s .1!:8 (8) BSa.HMHO KOMMYTRPYJJT. OH.H Oimell

BaDT Ha6op HS IV-J Oe~opoB, KOTOplle He BS8.HYO~eleTBYJJT C ~ 
TOHBMH H ~yr e ~pyroM. IlOSTOM,Y WC B036yx;rteH.He He MOZBT BlleBe'Dl

B8T:beH. 

IPoTOHH B38HMO~eieTBYJOT TOJI:b.KO e KOJfJieKT.HBlWM $:: () oe~OpoM. 

KaK B~O R3 (8), STO BSBHMO~eiCTBHe OimCHB8eTCH r8MW1l>TOH.H8HOM 

O~Oit (KBBSR) 'l8eT.HIJ;l:l C Maceo! m .1!: 38p~OM e vN , eBH3aHHOI 

OeiJ;WIJIJITOpHHM IIOTeHUHaJIOM. HaBeeTHO, .K8K H81T.H BpeMH DSH.H TaKOl'O 
" n V: STOMa .HJm CKOpoeTI> ero paeii~S d r; , .HCIIOJil>SYH TeO pHil BOSMYJIIe-

HR! :wm rrp.H6JimteH.He Ba.iteROII@-I3ilrHeps. B HameM CJIY'!Se M<>miO HSITR 

.1!: TO'IHHA 3SKOH pserr~s, CM I 3/. IlOeKOJI:b.Ky (C IIpoiiOpUHOHaJil>HO 

KB~TY asp~s. TO cxopocTI> pserr~s Hamero "sToMa" paBHS AI f , 
r~e r eCT:b CKOpoeT:b paeii~S 06ll'!H01'0 O~O'IHOl'O oe~OpHOl'O 

STOMa. 

IlO.KallteM, .K8K B03H.H.KaDT HBJieH.HH CBepX1!3JIY'IeH.HH ll KOHiPa~JiMeHTS 

H3Jiy'!eH.HH B Hamel MO~eJIR. 

CHS'laJIS 3aMeT.HM, 'ITO II~8111Ule H8 Hamy e.HeTeyY MHr.KHe ifx>TOHH 

BOS6~aDT HMeHHO KOJfJieKT.HBHlli OC~Op C S " {) • Cl!eTeMa O.K8Sll-

BSeTCH B BOa6yx;rteHmiX eoeTOJtHHHX ri/ 0 0 , 1 /if )2 J2v H T.~. ~eel> 
Qo OSHS'!SeT "l'0.1lliii" Ba.KyYM (HeT lfx:>TOHOB ll Bee SJieK'.rpoHHHe oe-

UHJIMTOPH He BOS6YJt,D;eHH),ti.,=t>..J.6MJ< -tq.vm~i2Jl.pyrol cnoco6 BOS6yJ~,IteHWl. 
el!.eTeMH OCYJileeTBIIJieTCH B.K11D'leHHeM BHeiiDlel'O SJieKTpl!'leC.KOl'O IIOJUI 

I:: ( X, t J • lSl'O ~eitCTB.He HS e.HCTeyY OIIHC.IiB8eTeH B.K11D'leHHeM B (I) 

"VIeHs e 2., q, · E, l 9" t) • 
_ ECJOI IIOJie O~Opo~o B o&!.eMe, KOTOpd SaHHMaeT C.HeTeMa, 

1:: (ij,, t) c::: E :t )L v TO oHo eBHaaHo TOJII>KO e KOJLIIeK'll!BHol .KOop~s-
Toi ~~ 'ii = V k 9o Ill BOS6YJt,D;SeT TOJI:b.KO OCD;II.ILIJrlOp C S.:: 0 • 

IIycn Hama c.HcoreMB BOa6~eHs TSK, 'iTO sHepi'IIJI N x. e.KOH

UBHTplllpoBaHa B eBepxlii3J!y'!8DIIeM COCTOHHIII.H: H8'Ialll>HOe COC'l'OBHII!e 

( U,:t) N QG • Tor~a ST8 SHep!'IIIH BllCBe'lliBaeTCH IIOJIHOCT:bll CO e.KOpoe'l'l>J> 

fi, = N r . nn.a cpaBHeH.HH paeeMOTpnl N O,lt!IHO'IHHX IIISOJIIIIPOBSHHHX 

8TOMOB. llyCT:b nPH f::. 0 Bee OHH BOS6~eHH TSJC, 'iTO 061118H aHep-

I'IIIH BOS6~eH.HH paBHa N Je (HS'la.llltHOe COC'l'OBHII!e a/ ... a~ Sl.~ ) • 
3Ta aHepi'IIJI BHCBe'liiiB8eTc.s: co c.KOpocT:bll f , B N pas .em.mel, 

'!eM Y• . · 
,IWi liJIJII)CTp8IUDI 88TO'leHIUl HSJlY'ieHIIIJI B Hamel CHCTeMe pac-

CMOTpiiiM ee H8'18Jl:bHO.e COCTOHHlle ~.+fLu , a1 x c::: fJ.J'• /i.2~nx -ill·~ ~m~/2. 
Boa6~eH TOJil>.KO J -1 aTOM no MO~e )(. , 'lei raMB.~U>TOHHaH 

eCT:b (5). OnepaTop CLj x (~exc x ~anee o:aycKaeTCH) MOUT 6HT:b 

paaJioaeH no KOJIJleK'll!BHl:lM onepaTopau cis== jJ. /I:J.,.,Jl -, t{s·frnMf1', s = t2 ... N-J. 
Pa3.lloaene 1018eT ~ aj = '2., Ois ds ' CM. (6). IIoaorouy • COCTOH-

~ ~ 
De 0-_j Q 0 paSJlaraeTCH no KOJIJle.ltTHBHHM COCTOBHIIIHM a; S1~ , 
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s .:: V, 1, . .. N-1 • TOJI:bKO o~o IllS HIIIX c 5 = 0 BHCBe'DIBaeTcn: 

( 6HCTpo), OCTaJI:bHHe CT86JI'JI:bHH. I!OC.KOJ[:D.K,Y npoeKUHH a/ f2" H8 clo; .. f2~ 
paBHa J. NIV , TO TOJI:b~o 1/N -H 'lSCTl> Ha'lB.IlltHo:lt aHeprRH BHCBe

'lHBSeTcn:, OC'l'aJI:bHSH 38TO'l8eTCH B 8TOII8X CHCTeMli. B paa~e..ne 4 pac-

CM8TpBB8eTCH BllCBe'DIB8Hlle H8'l8JI:bHOl'O COCTOHHHH Cl/ ... [j: .Q,. H 

~yrxe CJ!Y'I8H. 
JiB.IeHHe .KO~IHueHTa HSJlY'leHIIIJI o6c~a.noc:b 11 A1IJ1 ~o~>~eJIH JlB:.KKe 

~0 TOJI:bXO B paMK8X nepBOro no~ TeopHH BOS~eHHi,eM.,Hanp.HMep(IO/. 

3. KYJioHoBcxoe BSa:JDa)~elcTBxe B Jt1D!HHOBOJIHOBOM npx6.1DeHHJI 

HarroiiBJD(, 'l'l'O ~oBOJIHoBoe JfJ1III ,IlHIIOJI:bHOe npx6JnmeHHe o6ll'!Ho 

xcnOJI:bsyeTCH npx pac'leTe MaTprmHX SJieMeHTOB ( 'fn• I e A tx) l<f'n) nepexo-

~OB CKCTeMH liS COCTOSIHKJl lj}n B lf n'• 06ll'IHOe p83JIOUHl!e 1/ a) 
no onepaTopaM poll,D;eHJIJI-YHH'lTO:&eHJIJI co~epuT i x p , i( x . B MBTPH'l-

HOM aJleMeHTe STY SJCCnoHeHTY M<>miO SaMeHll'l'l> H8 e xp d( 0; j, eCJDII 

I( e « j , r~e l - paauep Cl!CTeMH. 

B TeOpHH C raMJI'JI:bTOHllaHOM (!) JfJ1ll (3) eCT:b pacXO,JtHMOCTR, nOSTO

JlY Mil BBe;JteM o6peSaHIIIe 60JI:biiiJ[X aHepi'lll lfx:>TOHOB BO BSaHMO~elcTBHIII. 

3'1'0 M<>miO npe~CTaBKT:b K8X p881183HBaHHe TO'le'IHOl'O 8J[8XTpOH8: 

e Alif.) = e fA 0: J ~ ( i- q.) .l3x ~ e fA tx) t= (;. -tj. )d1x =e...-A ti/.). <:E) 
Tor~ Hame ltllliOJI:bHOe !Ipiii6.1DeHHe lfx:>PMYJillPYeTc.s: Ka.K e A{q;) ~ e A ( o). 
.l:i STOM !IpiiiOJili1aemDI MO~eJll> l!C~HHO OIIHC.IiB8eT nponeccH C lflo'fOHaMH 

60JI:biiDIX SHeprd. ECJDI Mil XOTHM, 'lT06ll OHa y~oB11eTBOPHTeJI:bHO OIIHCH-

BaJia lfx:>TOHH c sHepl'Hel K ~ ;e , CJieJtyeT noTpe6oBBTl>, 'IT06H 

t <( 1/ Jt • 3To HaJiaraeT orpaHH'leHHe Ha 'DlCJIO aToMOB B H8111el cxcTe-

MB: N~ e1 I a1 ' r~e u. - pasuep OC~OpHOl'O STOMa, 

a: (m.;er''l. • - ~ 
IIo~u. 'iTO eCJDI xcnOJI:bsyeorc.s: npx6.1DeHIIIe eAif.)-"eA(O), TO 

H EYJIOHOBCKOe BSaHMO~eiCTBie TOU ;ltOJIEHO OIIHCHBSTl>CS B COOTBeTCTB,Yil

llleM npH6.1DeHD. 

C IIOiol>llll>ll raMJI'JI:bTOHllaH8 

"' ' L ~ ~ { )] 2. ' mJt:z.·- .... .~. J e2 H=I.,=, 2m p,-eA C +Ht'"+'' j:(f;-R,)+Il:..lli·-a.J(IO) 
'Ff 7' 1J 

MCWIO BH'DlCJDIT:b 'JA(x,t)/)t=:-i[Al~,t)1 H) H 38TeM 'JZA/~tl.H IIo.Q'

'DlT:b BSBecTHoe ypaBHeHl!e A1lJI norrepe'!Horo BeKTop-noTeHu.aJia: 

(II) 
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)~ l )i, t) o6oaHatraeT nonepetiHyJJ tracT:& IIJIOTHOCTH TOKa j ( ~ tj. 
3aMeTli1M, 'ITO (II) He 3aBli1Cl'IT OT .ItByx noCJie.n;HliiX "VIeHoB B ( IO). ECJili1 

c.n;eJiaHhl ~aaMe~ _ e _A l{.J..., e A tf. )-+eii(Q)1To~o61:l'moe Bhi~HHe ]~ x, t)"' 

= ~ 2; lJ,(tl a {x- lfj(t)) 3aMBHJieTCJI Ha j {X, t) = e L, 1/, (t) F (x). 
Tor.n;a li1 o61:l'moe BhlpallteHHe NIH IIJIOTHOCTl'l aapg.na pIx, t} =: e L, 8 { x- f,, ti} 
T<>Xe .l!;OJmHO 6h1Tb l'l3MeHeHO. ,UeiCTBl'!TeJI:&HO,ypaBHeHHe COXpaHeHliiJl TOKa 

B Bl'l.l!;e c.iiv/ + )f/Jt "' () He RMeeT MecTa. MoXHo no.n;oapeBa_::&,_ '~':O paa

Ma3aHHhle MeKTpoHhl .l!;OJmlihl l'!MeTb IIJIOTHOCTb aapsma e _2, 1- {X- f• {t)). 

Ho l'l 3TO BhlpallteHHe He y,n;oBJieTBOPffeT ypaBHeHED COXPaHeHliiJl TOKa C TO-

ROM J . Pa3JIO.DM F (i.- rj.ft)} B PJm TeiJiopa: 

F{;-tf.it)! = F{x) -~ttj,,r;oq)F{x)+ ... , 

l'l OnyCTl'IM BCe HeBhllll'ICaHHhle "VIeHhl, MOXHO npoBepl'!Tb, 'ITO IIJIOTHOCTb 

jl;,t)=e!vF{xl -e2.,:t rij,(tJ.9)F(x) 
(I2) 

y.n;oBJieTBOpJieT ypaBHeHED d• vJ + 'J ji I-} i "' C. 
3aMeTl'IM, 'ITO IcyJIOHOBCIGie "VIeHhl12: e.J. /iq: -i ) 

CTaBJieHhl liiHTerpaJIOM 

MOryT 6h1Tb npe,n;-

2
.-!.jdl)j,ll'J pt~J,,~!jJ fHx)=e2,~1 a'(x-{j,). (I3) 

. , \X-fj/ ' 
EcJm jJ 6) .l!;OJmHO 6hiT:& 3aMeHeHO Ha f5 {X) , CM. (I2), TO li1 

IcyJIOHOBCKHe "VIeHhl .l!;OJIXHhl 6h1Tb npe.l!;CTaBJieHhl liiHTerpaJIOM 

; ,.. ........ _. . ....., ,' -
i j)d)t-tiJJ -F ·:~l~•:u = .!. JJ dlx JJ, l e.z;tJ~ rPJ I-IJJ 

lx-yl 2 .J- \~-y1 

-e 1N F{i)~ ~ jj g)F(i/)- I).ZN2- 1ii g)f:/i}-1-_ FNJt 
I X - j I L' 7 ' ., c. ,·, .,. I X - j' I . " ( ) . ? I4 

+ e 2 2. 1 q- 0 ) Fe;! ~ 2. , ~- v J r ( il J = 
' , I x - ';} I J 7. d 

= C-4t4CIIo + .fe.z I U2 tJ.~Y -r /2. q,1 y -t (2 t!aY"]. 
IloCJie.l!;HJIJi CTpoKa B ( I4) MOXeT 6h1Tb llOJiytreHa C llOMOIIU>D qlypLe-npeo6-

pa30BaHl'!Ji F { x) H J/1 x- j J • BTopol li1 TpeTl'll "VIeHhl B ifmrypHhiX 

CK06KaX OKa3hiBallTCJI paBHhiMli1 HyJID,H 

I= 4li. jtPx I F{x)/ 2
• 

3 (15) 

C-'il'ICJIO H3(I4) B raMBJI:&TOHHaHe MOXe'!' 6hiT:& HI'HOpl'lpoBaHo,H .KYJIOHOB

CKHe "VIeHhl llpe.l!;CTaBJIJillTCJi B ( 5) BhlpallteHHeM 

I 2. I I 2 I 1 I ' I ) .2 I 1 1- N ,) 1 ie L2:,q.,.) = 2 e (L,q"' = 2 e 7 •· 

HanoMHHM, trTo iii = q. - f.- H trTo .2, ~. = tJ • 
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Mhl Bl'l.IUIM, 'ITO B ( 8) IcyJIOHOBCKHe "VIeHhl npe,n;CTaBJIJiDTCJI .l!;OllOJilm-

TeJI:&HhiM "VIeHOM 1 e 2 I N tj/ ' KOTOphll MOlleT 6h1Tb 061:>e.l!;l'!HeH c 
·l I rrtJ(2.1· 2 : 

tYLX
2 /J e2 N I) i)2. _ mJc/~; 2 (I6) 

-- ( + --- 7~ :: -- '{u • 2 n1Jtl. 2 
HTaK, npl'l6Jil'!llteHHHI ytreT RYJIOHOBCKHX t{JleHoB npl'!Bo.n;HT K e.l!;l'!HcT-

BeHHOMy CJie.n;cTmro: B "VIeHe m J< 2 f•"" I 2 B (8) KOHCTaHTa Jt. <: sa-

MeHJieTca Ha Ji0·2.. 

HHTerpaJI I , eM. (I5), aaBHCHT oT napaMeTpa o6peaaHl'!Ji (H pac

xo.n;HTCJI, eCJili1 F (x) saMeHeHo Ha $"( 'i) , eM. (9)). IIoaToMy ){. 0"- He 

MOlleT 6hiT:& BhlpallteHO TOJibKO trepe3 napaMeTphl frl. , i( , 1:; , BXO.l!;Ji

~e B HCXO.l!;Hhll raMHJI:&TOHl'laH (I), B .n;yxe nepeHopMHpoBO'IHOH H,n;eOJIOrHH 

Ha.l!;O npoCTO >cf- npHpaBHJiT:& K COOTB9TCTByDil9! Ha6JIJO,n;aeMOH BeJil'l-
'ili1He2), CM /II/. 

06cy.n;HM e~e O.n;HY B03MOJitHYD MO.n;H~HKaUKJO npl'!6JIHllteHHOro RyJIOHOB

CKOro Baal'!MO.n;elc'!'BRJI. B raMHJI:&TOHl'laHe (I) HeT t{JleHoB RYJIOHOBCKOro 

caMO.n;elcTBM, T.e. "VIeHOB Ha L_,J el.ll(j. -t(,l c '=i· TaiGie "VIeHhl MOll

Ho l'IC.KJID'IHT:& H Ha ( I4), Bhlt{l'!TaJI 2::,· q,'.: Ha ~ r.;.f = 2, I i( t{ · B 
(5) Tor.n;a .n;o6aBJIJieTCJI t{JleH 

1 1 

I .l. I [ ( "' . ).Z. 1). 1 2e ,L.,q, -2.t; . . 
"-• I • "' I.J. I • 'I' ,]2 I ' .... •7 '2. Mhl ov-,e.l!;HHJieM "VIeHhl 1 e1 1 .:..,-q, = 1 t: .c.i 7• c "VIeHaMH ,.rnx- '· "· 

li13 (5) li1 c "VIeHaMH lmJiJ. XJ q} H3 (8). TaiGIM o6paaoM, HCKJIJOtreHHe 

"VIeHOB .KYJIOHOBCKOro CaMO.n;eiCTBRJi npl'!BO.l!;HT TOJI:&KO K TOMY, 'ITO B ( 5) 

l'l B CJMMe '2..s~7 li13 (8) llO.l!; KOHCTaHTOI Jel. CJie.n;yeT no.n;pa3JMeBaTL ne

peHOpMHpoBrumyll Be.IIH'Ili1Hy JC'· ( J - e lJ I,., J<" ). 

4. 3aKOH pacnana BOa6rueHHol cHcTeMhl N aToMOB 

r8ltiHJil>TOBJI8Bhl ( 5) li1JlH (IO) co.n;e pasT "VIeHhl Bl'l.l!;a ( a/ r-t:_ + J. c:.) 
Bo B38li1MO.n;elcTBHli1 e 2, p, A 3). Olur nopox,n;aDT npo~cchl THna "aToM 

B036yx.n;ae'!'CJi 1i1 HcnycxaeT !lx>TOH". KaK llOKa3aHO B /3/, npHCYTCTBHe Ta

KHX 11IIJIOXli1X" t{JleHOB He ll03BOJI.R:eT HCllOJI:&30BaTb 06hi'IHOe onpe,n;eJieHHe 

aaKoHa pacna.n;a RaR BepoHTHOCTl'l BhiKHBSHHJi HatraJI:&Horo HecTa6HJI:&Horo 

cocToJiHHJI q:> : 1 ( rp 1 e,.pl-,Ht) I tp)f. 

2 ) To'IHee roBOPff, ~. - k e CTb BKJia.l!; npl'!6Jil'!llteHHoro IcyJIOHOBCKOrO 

B3aJO«l,n;eiCTBHJI B nOJIHHI C,ItBHr ypoBHJI, 

3>onepaTop a; t = PdhmJC + i q; ,~ mKfl nepeBO.n;HT ocHoBHoe cocToJiHliie 

ocD;lUIJIJI'l'ope. B nepBOe Boa6yx.n;eHHoe. Mhl HasoBeM a: onepaTopoM pollt

.n;eHliiJl !lx>HOH8 coPTa i . 
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H3BeCTHO .JUlYI'C)e Onpe,lteJI8HII8: B lfx>pMe Cpe.IOiei'O 3H8'ieHH.II ( B HS
'iaJI:&HOM coci'o~ qJ ) reitaeH6eproBCxoro onepaoropa 'DICJia !Jx>ToHoB, 
CM. t HaiipHMep' J./ t rJI. 8. Olio TO&e He I'O.JtHTC$1 IIO CJie,D;yllltel nprnme. 
BwmCJieHHJI llOK83HBam', 'iTO STO Cpe.IOiee He paBHO HYJID B ~e, KOI'-
,n;a HS'iaJI:&HOe COCTO.IIHJie ecu Q0 (HeT !Jx>TOHOB H !Jx>HOHOB 3)). 

.lijJyrJDm CJIOBSM:a: ,B 9TOM CJIY'ISe B CHCTeMe l&)&liO HaiTH lfx>TOHH H 
!Jx>HOHH IIPH t > {) , XOTJI He'l' cp.anec.KJX IIpJI'DIH ~ :U: IIOJIBJieHHJI. 

06HTmo aory TPY.IOIOCTI> :a:s6er811T nyTeM BH6pacHBaHII:JI "IIJiox:a:x" 'YJe
HOB B3aHMO,II;elcTBJIJI ( KBSHTOBOe 11llpH6JnmeH:a:e BpaillaDQeiCH BOJDIH"/I/) • 
BMecoro aororo H :a:sue~ onpe,JteJieHHe saKOHa pacna,n;a CJie~ o6pasoy: 
'ii:CJIO lfx>HOHOB COPTS I. B MOMBHT t ,n;aeTCH Biipa.KeHJ:eM 

nj[t) = < Cf:J, tt·(t) cp) -<52~, n~(t} n .. )' 
" (I?) 

or.e. :a:s cpe.101ero sHa'ieHHJI relaea6eproBcKOro onepaTopa ni(t)=ai';tJa·(t) 
nil\n_ n "' ~ ' BH'DITaeTCH '*"'H - cpe.101ee aHa'ieH:a:e n, lt) B COCTOJmJD[ "l'OJioro" 

Ba.KYYlfS U.; • Onpe,Jte.neH:a:e (I?) np~e Bcero rapaHTHpyeT/'i'i'O n,.{t)=O 
Bcer,n;a, eCJIH cp = S1v • ~ CJIY'i8H MO.JteJIH c N = 1 :ef3 6HIIo noxa-
saHo t 'iTO U-<:. 1'1, (t J 5: j IIpH BCeX t 1 e CJIH t:p e CT:D O.IOioqJQHOHHOe 
cocToHHHe, :a: 'iTo n, (t) .... 0 np:a: t-+ oo 4). Onpe,Jte.neoe nepexo.JtHT B 
06H'iHiie, OM. ~e, ecnH BO B38HUO~elcTBHH ReT "nxox:a:x" 'IXeHOB (BJIH" 
OHII BHRBHYTH) fJf. 

Ilepe,n; TeM Kalt ( H MJI TOI'O 'IT06H) pacCM8Tp:a:BaT:D CHC'l'eyY H3 
N aTolfOB, no~M,xax npollle Bcero i'O'iHo Bll'DICJIJIT:& (I?) B CJIY'ISe 

N = 1 • liYCTI> cp .: Ci + fl,.: 'RHB~aJrf> 'IIVPA'I'"G' n,.....,. mnvnv3) "'A~-~ · 
~-..-~ ...------- "' ---"""'-

n Lt J =- < Qc i cw 'I Lt J art J ct t 1 n.,) - < Sl£1 l a + (t J a (t J I 52.,) . 
"T!epeT8IIlJDI" onepai'op a 11epes cJttJ Cl {tJ aanpaBO ~o BCTpe'DI c 

BeltTOpoM I S2.G) ' KO'l'OpHI a aHHY.U:PYeT. O.IOIOBpeMeHHO "nepe'l'acmma811" 
Cit HaJieBO K < Qa I : 

4) 

aa+(tJ a(tJ at= l at(t) a'~" [a, a\'t)] }{at a{t) + [ a(tJ, at])= 

= a (t) a at a Lt J + a +It J a [ a {t J, a r J + (IS) 

-t [a, a+(!J] o.t Ci{t) + [a, a_+ttJ]{ a, u. f(tJ]+. 

Y MeHH BeT o6m;ero ,JtoxasaTeJII>C'l'BS, 'ITO n(t) o6.1:a,Itaeor '1'8DIII: cBOI-
c'l'BSMH B 'l'eop:a::a: JID6ol HecTa6JI.Il>Hol CKC'l'eMK. IIo-~yY,6es;y
npe'iHoe onpe,~teJieHHe orpe6yeT B:ee,JteHH.II no~ "o.~teTKJ:" '18CT:mt 
llllleCTO "roma:", CM.,Hanpmep, pa3,JteJl -& B rJ/. 

8 

KoMMY'l'ai'op [a 1 U '~'(ti] eon c - 'iHCJIO o(lt (t} B aameit MO,JJ;eJIH, 

eM. mme. IIoaTOMY BTopoit H Tpe'l'd 'iJieHH Hc'iesam Me~ <s?.~ I H I.Q,,). 
Orryc.KaH HX, npo,JJ;o.uaeM ( I8): 

a tit! [a tad] uLt! t l cX.(tJ/ 2 
:: 1 oUtJJ..:. + 

t { o t n t /t lt L at (t J, aT) ?f aLt J a + [a> aLt J] ] t at {t) a(t}. < 
19

) 

IIoCJie.n;mU!: 'iJieH B ( I9) Bsam.mo YHJI'iTOliB.eTCH c '11fx>HoM"1 H Ml:l llOJIY'iaeM 

n. tt J = I L at, a (t >.J J2 -t 1 L a) a Lt J 1} 2 
• 

B Hamel MO.n;eJIH a (t) ecn JIBHeiH~r.Kl.lBH mpe,l.I;HHI'epoBcitHX onepa-

oropoB a' at I Ch: I a: I C< k <'XI, OM. : 

aUJ~ ·d...lt) a+ pCt) cit+ f._'"' a~< [d/"Jcto:. t/$tk)u~ J, c2o> 
noaroyY 

-rt 
rzLtJ = I oW} 12 

-t lfM /2 ~ e 
C.M. B/

3/ • BwmCJieHHe ol. (t) H { [t} 
MH BH'iHCJieHH.II n[t • 

(2!) 

ib<>TOHHSJI 'i8CTI> (20) He HY3H8 

AHMOI'H'IHO paccMOTpHM CJIY'ial N a'l'OMOB. Pacc'iH'l'SeM 'DICJIO lfx>-
HOHOB cop'i'a l B MOMeHT t , eCJIH BHS'iaJie L a'l'OMOB 6HIIH O.IOIO-

ItpS'l'HO B036YZ.JteHH 1 ~ L ~ N • HanPHMe p, rp =- 4 ,+... Q I .S20 , 

CHa'iaJI8 "nepe'l'aCitHBaeM" a, 'iepe3 a,+lt) Q;(t) HaiipaBO .H 0}-
HaJI8BO H HCllOJII>3YeM TOT cjJa.ET, 'iTO a, a; ... a/' .Jta=0.3a'l'a& 11118p8'1'8CRHBa8M

11 

Ql. H Qj H '1'.,11;. liOJIY'{aeM 

(23) 

L • t ') l t } c. 1 , 1 = a;, a ~·[t) • 

~T06H paCC'DITSTI> C (j, i) H C (Jf 1 i) , Ioiii ~ODHH HMBTI> BllpgBH!Ie 
a1 [t) 11epes mpe,JtJIHI'epoBcKHe onepaTopH H8111el uo,n;e.n:a:. OmlmeM cnoco6 

ero llOJIY'IeHHJI. 
CBa'I&JI8 BH.Pa&a8M a,[t) 'iepes p~·{t) H f:{J) : tJt'(t}= 

= p,(t)/J:lm){ -Lq,{tJVYY!rHI;z. • 3a'l'eM BMeCTO f;{r) R 9,-(tJ BBO.ItiiM 
Jis [r) :a: qs [t) ( CM. ( 6) ) • IIoCJie ai'oro 1fo (r) saueHHei'CH Ha 

[at> (t) + at Lt I] I hm.Jio ' OM. pas,n;8Jl 3 (.H aHaJIOITDiO ij" (t) ) • J(pynte 
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fstei, S=1, ... N-1 sar.teHJDJTCHHa [Q5 (t}-t-ti~+{t))/v~ • Iloc-

KO.Ill>l\V .KOJIJI6RTHBHH6 OCnHJLIIJI'fOpH C HOIII'lpe.lm S = j ... /11-J CBOC!O,D;-

HHe t TO QS /!)=tis e )(j'J{ -<Ji t). ,ltJ1ll clt (t} JICnOJI:&3~TCSI (20), (2!), 
r,D;e r ,D;ODHO C!HT:r. 3aMeH6HO HB Jv .: .£ ( e ~'IV) "·k.'i'/3 m , 3aTeM BHIIOJI

HJD>TCSI oC!paTHHe npeo6pa30BaHJIJI: as, U/ ~ ;5s' lis ~ !'J'' 9J' ~ 4i, c~/ J 

j .: 1, 1, . .. N-1. PesyJI:r.TaT M:>&eT C!HT:r. npe,D;CTaBJieH B CJie,D;ylllleM BHJte 

(qneHH, co,D;e~e ~ToHHHe mpe,D;BHrepoBc.Klle onepaTopH,He BHnHCHBSDT-

CJl, TaR Ra.R OHH HaM He HymiH): 

Q · (t) ·= - 2: N C (j. t i) ()_ -r "<:;' IV /'(.' ·;,.... f-
1 J=' ' '} ""'--j-=1 '-'J, I <-(j + .. , J (24) 

C( t ·; l J 1 ) -iJit J [ . J 1
1 = L- tf + Y,., e - ;y d..(t }-t )j s; [,., d..{t )-.2t e.,J, Jm (l!tJ J 

. - ' 
C [J', i) = ~ { !3{t) ·+ 2d/ ]'m/f:t) -21· c. s. Jm d.{t) J, ' 

I ryj" r-s =-(lr'& JJI) ~--2 ~J{-;;;, . 
(25) 

Ilo,D;'IepmeM, 'ITO MSTPJIUS 0 i13 ( 6) He qmrypxpyeT B pesyJI:r.TaTe. OHa 

BCTpe"'aeTCSl ~ B OniiCaHHHX BHme npeoC!pasoBBHHBX,B MH BCnOJI:r.30BB

JIB YCJIOBBe OP'fOI'OHBJI:r.HocTB 0 B BB,D;e 

........ N () · 0 - C tl (J- - (' 1 I . 
.!..... S.:L <S j5 - CJ,J - ~,-,·~ Jo - cj,i - IN • 

lf>oHOHOB BCeX COp'rOB, .KOr,D;a BH8"18JI6 C!WIO /_, lf>oHOHOB: 

n_L (t ~ . ..., ) = L ,·~, /~<( t-> ,-,.:;) = L u. - ~ ) . 
,ltJ1ll nOJIYlleHBJl (26) BcnOJI:r.syeTCJl (23),(24),(25) B 

noBe,D;eHBe o( ( t) B r /t I : H3 ( 2!) CJie,D;yeT. 'ITO 

npB t..-,"" • 

(26) 
8CBMnTOTB"'6C.K06 

ol.. {t) • fl(t ) ~ 0 
I 

~pyYJia ~ IlL (t) CJIBW.KOM rpoM:>3,D;.Ka,B Jl BHnJIWY TOJI:b.KO CJIY"Ull 
J<c = ,){ (IqJIOHOBC.K08 B3aBM:>,D;eiCTBBe BH6paCHBB8TCJl) : 

n~.ltJ-= L [ ~[I-~ LtJ /
2 

-t I /3(tJ Jl]-+ 1- t J-; 
=: L L;!;e.-.r~t-rf- ~ L r(J = 2(ev'N)J.J<l/Jm=!Vf~2?) 

3aMeTBM, 'ITO eCJIB 1\Y'JIOHOBC.KOe B3antO,D;elcTBBe y-qBTiiBSeTCSI, 'fO 

cooTHomeHBe f.,-= Nf 3aMeHJieTCSI CJie.nyDJ~BM: OTHomeHBe (.; i Jt/' B N 
pas C!OJI:r.me , "'eM {'Iif z • 

A.Hanoi'B'IHo 110m1o pacc"'BTBT:r. "'BCJIO tPoTOHOB ( aHepl'BB K HJIB 

Jlll6ol ~meprBB ) , eCJIB BHS"'8JJe C!WIB B036YQeHH BTOMH. 

BMeC'fO 38,D;B'l C H8"18JI:r.HHM COCTOJIHBeM M:>.KHO pacc"'BTBT:r. 38,D;B"'B 

CJI6,I!YD116I'O TBna: ,D;O t = (} COC'fOJIHBe CHCTeMli OnJICHB86TCSI CT86:HJI:b-
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HHM "!J)HsB"'ec.KIIM" BB.KYYMOM Q. ( coC!cTBeHHHI Be.KTop H c HaBMeHblllel 

SHeprBel), B M:>MeHT t = 0 BKJIJJ"'BeTCJl BHemHee M6.KTJlB'l6C.KOe nOJie Ha 

.KOpoT.KOe BpeMJl 7: , 0HO B036ylt,D;B6T STOMH. BwntCJIJl6TCSl 'D!CJIO lf>oHOHOB 

Wl1'l lf>oTOHOB np:H t > Z: ( B aToM CJIY'l:Be "ll><>H" ,D;OJIJteH C!HTI> onpe,D;eJieH 

.Ka.K 'D!CJIO "I'OJIIiX" lf>oHOHOB WI:H lf>oTOHOB B COCTOJUm:H Q ) , 

Bwlo llO.Ka3aHO, 'ITO CBe pXBMyqeHHe :H .KOH~MeHT R3JIY'!6HBJI B 

Hamel MO,D;eJIB MOryT C!HT:b BHBe,D;eHH rrocpe,D;CTBOM CBe,D;eHHJl MHOI'OBTOMHO:Ii 

3a,D;B'l:H .K O,D;HOBTOMHO:Ii. 

KoH~HT :H~eHKJl M038T rrpe,D;CTBBnJIT:b He M6Hbm:HI :HHTepec, lleM 

cBepxB~eHBe. Hanpnrep, MO&HO nonpoC!oBaT:& rrp:HMeHBT:b 3TO JlBJieHHe K 

:H3BeCTHOi npoC!JieMe OTCYTCTB:HJI HaCIJID,D;aeMOro paClla,D;B rrpoTOHS (HanOM

HBM, 'ITO C!OJI:&IIIBHCTBO .KaJIBC!poBO"'HHX TeOp:H:Ii o6'be,D;:HHeHBJl npe,D;C.Ka3HBB6T 

HeCTSC!Rn:&HOCT:b npoTOHa): pacrra,D; npoTOHOB B Jl,D;paX He Ha6JID,ll;aeTCJl nOTO

MY, 'ITO npoe.KIJ;HJI Ha CBepxB3JIY'IB:Dqee cocToJUme ,D;BBHo pacrranac:~>, a 

ce~aq MH BMeeM ,D;eJIO C ,D;OJII'ODB~ MO,D;aMH ( ,D;pyroe OC!'bJICHeHBe CM. 

B /I2/), KoHe"'HO, peaJIB38UI!Jl 3TOI B,D;eB TpeC!yeT OT,D;6JI:bHOI'O BCCJI6,D;OBB-

HBJI. 

Hama MO,D;eJI:b He CO,D;epo:T MHOI'l!X npBC!JimteHlrlt, .KOTOpHe OC!H"'HO npe,D;

IT0118I'8IC7l'Ol B Mo,D;eJIJIX cBepXB~eHBJl. He BHC!paCJma.nCH 'iJ!eH € 2 A2. • He 

BCnOJI:b30B8JIOC:b O,D;HOMO,D;OBOe npBC!JimteH:He )l;1IJl Me.KTpoMai'Hl'ITHOI'O nOJIJl 
( TnTWM'trn..,1'f"U'nT nno ""'"'nuuuo ul"'\'fr'U' Uo nn"'ntlt'\nuawnf\'L II"'D:OU"'nun~ 1'nnu/(li'U'-
'~ ------- --- ... -------- ----.-r--1- --- --- • 

lteH:He BP8111aDII6ICJl BOJIHH", CM. pa3,D;eJI 4. MHe He :HSB8CTHH pa60TH, B .Ko

TOPHX npB oC!cy.K,D;eHB:H CBepXB~eHBJl y-qBTHBaJIOC:b 6H .Ka.K-JIBC!O .KYJIOHOB

C.K09 B3aBM:>,D;elitnTBBe (38M6TlUI, '!TO B3aBM:>,D;eiCTB:HJI TB.KOI'O TBn8 y-qBTHBB

IlTCSl B ,D;pyrKX npoC!Jie~. HarrpBMep, B TeopKH HeJI:HHeiHHx onTB"'eciGIX a<p
~KTOB B Kp:HCTBJIJIBX /!37), 

MJi BCnOJil>SOBBJIB TOJI:&.KO ,D;B8 npBC!JnmeHHJl ( B "'BCTHHI BB,D; BTOMHOI'O 

noTeHu;a:ana) • HepeJIJITBBBCTc.KOe onxcBHBe sapaxeHHHX "'acTBn He .Ka:Jr.eTcJI 

cep:r.e3HHM H9,D;OCTBTKOM ~ OnBCBHBJI OnTB"'6C.KBX JlBJieHBI, 

EoJiee cep:b63HHM ,D;6qJeKTOM JIBJIJI6TCSI Ham BBPJiaHT ,mmOJI:&HOI'O npll:C!-

JlDeHBJl: lf>oTOHH BCnyC.KallTCSI B 11 IJ,eHTpe TS:Jr.eCTB" BC6X BTOWB, Bo3110lr.HO 

paccuoTpeHBe y.nyqmem10ro BBpwmTa: K8ll!,ltHlt a.nexTpoH zcnycxae'l' lf>oTOH B 

IJ,eHTpe Ri CBOero OCil'IUlJIJI'fOPHOI'O noTeHitlllaJIB. Mono no.K.B3BT:r., 'ITO COOT

B9TCTBYDQas: 14Q,D;e;lb Bee eJQe TO"'HO pemaeTCSI. ,lL1IJl CJIYli8Jl N = !l oHa oC!

CYQaJIBc:& B /I4/, O.KasHBBeTCSI, 'ITO Hame Op'rOrQHWl:r.HOe npeoC!pasoBBHBe 

eJ (T.e. P"= (pJtp.J.)J./2 , ;5; =ijJrp2 )Ni • T.,D;.) B aToM CJIY-
"'ae !IpBBO,ItKT .K .ltBYM .KOJIJieRTHBHHM M:>,D;aM, KOTOpHe pacnB,D;BilTCSI H638BJICB

MO c pasHHMII c~poc!JOOI pacna,D;oB fo B f'i , npB"'eM )'; << j~ , ec-

JIK pacCTomme \ 1<, - R.z I Melr.JlY aToMaMK MHoro MeH:bllle, "'eM AIIJIHB Bo.mH 

BSJlY'I6HJIJI. 
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Mo.l{eJil> MOJtHO IIpl!MeWIT:b K CHCTeMaM, IIOTeHD;KWIH ROTOpHX 6Jm3.KH 
K OClllitJIJIJITOpHHM, Hanpoep K CHCTeMaM MOJieKyJI. Ho OCHOBHWI IIOJI:b3S 
OT TO~O pemaeMOI MO.l{eJIH 3aitnDqaeTCH B B03MOEHOCTB npoBepaT:b npH6-
JIHllteHBJI, ROTOp!le MH BI:Uf..YlU(eHH IIpHMeHRT:b B 60Jiee peaJI:bHHX TeOpl!JIX. 
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