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OXHOH H3 npocTeilruHX H HaHdonee nonHo paspadoTaHHHX od

nacTeil npID48H8HH.II KBaHTOBOil uexamtKH .IIBH.II8TCSI TeOpH.II cnado 

CBSI3aHHHX CHCTeM-XBYX qacTHQ. CDxa B nepByn oqepexL OTHOCSITCSI 

aTOMH BOXOPOM (e-p) , MDOHHSI (e-_,µ.T) , Il03HTPOHHSI (e_e,..) 

MDOHHHH H IlHOHHHil BOXOPOX <.;<- p H :ir- p) H SIXpO xeilTe

p,rn. BoxopoxonoxodHHe ('p MnLHeilrueM BIT) aToMH SIBH.IIDTCSI CB.II- . 

3aHHIDm COCTOSIHH.IIMH XBYX 3ap.1IX8HHHX 'la.CTHQ, B3a:m.{oxeilCTBYD

mHx qepes aneKTpouarHHTHoe none. B cnyqae xeilTpoHa odHqHo 

BBO~TCSI ~eHoMeHonorHqeCKHR SIXepHHil IlOT8HIU{an. 

Ha npOTSil!C8HHH noqTH Been HCTOPHH pa3BHTHSI KBa.HTOBOil 

MexaHHKH H KBaHTOBOil aneKTpO~aMHKH ( B xanLHeilmeM K3E) 

aTOM Boxopoxa Hrpan ~YH~aMeHTMLHYD ponL B npoBepKe OCHOBHHX 

nonoireHHH Teopim/I-4/_ BIT CHCTeJ.m dHnH TaKl!Ce OCHOBHIDffl 

od~eKTaMH Hccne~oBaHHSI B pen.lITHBHCTcKoil KBanToBoil npodneMe_ 

XBYX Ten. Pa3nHqHH8 penSITHBHCTCKHe H K3n nonpaBKH, BHqHcneH

HHe c nouomLD cooTBeTcTBYDmHx ypaBHeHHil, xopomo cornacymc.lI 

C 3KcnepHM8HTOM. 

ITpHqHHa TaKoro npHBHnerHpoBaHHoro nonol!CeHHSI BIT aTOMOB 

COCTOHT B TOM, qTo, C O~HOR CTOPOHH, p~alU{OHHHe H pen.lITH

BHCTCKHe nonpaBKH K KynoHOBCKIDl ypoBHJDl 3HeprHH ManH H 

MOryT dHTL BHqHcneHH ~ BHCOKOR TOqHOCTLDilO TeopHH B0311'.y11te

HHH/3,4/_ C ~yroil CTOpOHH, 3HepreTHqecKHe YPOBHH 3THX ato

MOB ~OCTYTIHH npelU{3HOHHOMY 3KCnepHMeHTMLHOMY Hccne~oBaHHll. 

HaxoneQ, ~etanLHO paspadotaaa H axcnepmieatanLHO noXTBepZJte

Ha TeOpHa BIi aTOJIOB BOBHemHHX anex-rpo:uarHHTHHX nonax. Bee 

3TO BM8CT8 B3JITOe xenaet BIi aTOW H,lleMLHmm CHCTeUlllffl XH.II 

npoBepKH CnpaB8XHHBOCTH OCHOBBHX nonozeHHR KBaHTOBOil Mexa

BHKH H K3E. HsyqeHHe xeRTpoHa xaeT QeBHyD HH~opuamm 0 

CBOilCTBaX uepHHX CHn. 
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B peJIHTHBHCTCKOll KBa.HTOBOll Teop1111 m.i:eeTCH HeCKOJILKO 

MeTO,l{OB pa.CCMOTpeHHH CHCTeM ABYX qacT111(: 

I. MeTO,n KOBapttaHTHoro ypaBHeHHH LBMHrepa-lieTe-CoJI~Uepa. 

2. MeTOA "yceqeHHii!X ypaBHeHHll" 'POKa-TaMJ.ra.-.UaHKOBa

-.nancoHa. 

J. HcnOJIJ,30BaHHe KOMOHHal.(HH ,n11cnepcHOHHUX COOTHO@eH11i1, 

BnepBue CTporo ,noKa3aIIHWC n. H. EoromoOOBb!M /S/' H YCJIOBHH YHl1-

TapHOCTH ,l{JIH 8.MilJIHTY,IJ;b! pacceHHHH. 

Bee 3TH MeTOAii! He CBOClO,l{HU OT HeKoTopux He,IJ;OCTaTKOB. 

HaHOonee IlO,lJ;XOASIJllHM npe,IJ;CTaBJIHeTCH q>OpMaJIH3M, KOTOpuit co

qexan Ou 6oraxyJO HHq>OpMal.(HJO peJIHTHBHCTCKOtl KBaHTOBOtl Teopmt 

IlOJIH ( Hanpm.i:ep, B BH,IJ;e cpeilHMaHOBCKHX AliBI'P&!M xeopHH Bosuyme

HHil) C npoCTOTOll H HarJIHAHOCT:&D q>H3HqecKon HHTepnpeTal.(HH He

peJIHTHBHCTCKOll KBaHTOBon MexaHHKH ( ypaBHeHHe llipe,nHHrepa). 

TaKotl ~eTOA 6Ii!JI npe,ll;JIO:!eH JioryHOBUM H TaBXeJIH,IJ;Se/6, 7 / H nony

qun Ha3BaHHe KBa3HilOTeHI.(HaJILHoro. OH HBJIHeTCH 3<I><l>eKTHBHUM 
. ~,9/ 

cpe,IJ;CTBOM HCCJie,IJ;oBaHHH KaK CBOtlCTB CBSI3a.HHUX COCTOSIHHtl, .TaK 

H sa,naq p=l.CC8SIHHSI/IO,II/. 

CHCTeMa qacTHI.( B 3TOM no,nxo.ne OllHCii!BaeTCSI OAHOBpeMeH- , 

Holl BOJIHOBOtl q>yHKI.(Hell, YAOBJI8TBOpSIJJmen ypaBH8HHJO THila 

llipeAHHrepa C KOMilJI8KCHUM, 3aBHCSIJllHM OT 3HeprHH H, BOoOme 

roBopsr, HeJIOKaJILHHM SI,IJ;pOM - KBa3HllOTeHI.(HaJioM. OCHOBHii!M 

AOCTOHHCTBOM 3TOro ypa:aHeHHSI .srBJISI8TCSI ero TpeXMepilun xapaK

Tep, ,qxo npoSIBJISI8TCSI B OTCYTCTBHH Heq>HSHqer.Koro napaMeTpa 

OTHOCHTeJILHoro _Bp8M8HH ( IIJIII COOTB8TCTB8HHO OTHOCIIT8Jl:&HOll 

3Hepr~H). ITepeHopMIIpOBKa KBa3HilOT8H1(HaJI:&HOro ypaBH8HHSI 

aHanornqHa nepeH~p:i.mpoBKe S - Ma.TpuuulI21• , 

KoBapHa.HTHoe o6o6meHHe KBaSHITOTeHUHaJI:&Horo ypaBHeHHSI Ha 

OCHOBe HCil0.1IL30BaHlrn mmyn:&CHoro npo~~paHCTBa Jio6aqeBcKoro 
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Ouno npe.nnoxeHo B.r .I<a,numeBCKHMfiJ/. Ham no.nxo.n, o,nHaKo, 

B HeKOTOpux OTHOmeHHHX 6JIHl!Ce K KOBapHaHTHOil cpopMyJIHpOBKe 

KBa3HilOT8Hl.(HaJI:&HOro MeTO,IJ;a, pacCMOTpeHHOil B HHTepeCHUX paOo

TaX B.A.MaTBeeBa, p .M.Mypa,nsrHa, H A.H. TaBXemt,nselI4/' r .ne 

cymecTBeHHYJO pon:& HrpaeT .l{OllOJIHHTeJI:&HOe YCJIOBHe MapKOBa

-DKaBH/151. KoBapHaHTHHe ypaBHeHHSI KBa3HilOTeHI.(HaJI:&HOro THna 

Hccne,IJ;oBamrn:& TaK:!e B pMoTax II.H:EoroJIJ00oBa/I6/n II. T. To.no

poBa /I71. HOBllll BUBO){ KBas11noTeHI.(HaJI:&HOro ypaBHeHHH B KBaHTO

BOll TeopHH IlOJIH co.neplmTCSI B paOoTe/!81. 

IIpocTellmHM npHJIOXeHHeM yKa3aHHHX Bb111Ie oOo6meHHll HBJIHeTCSI 

sa~aqa HaXollt,IJ;eHHH MaTpHqHii[X 3JieMeHTOB JIOKaJI:&HHX onepaTopoB 

( HanpHMep, TOKOB) Mellt,IJ;y CBH3aHHHMH COCTOHHHHMH. 3,IJ;eC:& Bal!CHoe 

3HaqeHHe HMenH paOoTH H.H.Eoronnooaa, B.A.MaTBeeBa, A.H.TaBxe

n11.ns/191, r.ne BnepBlle 6HJIO BBe,neHO IlOHSITHe ,]UiHaMHqecKHX 

MOMeHTOB TOKOB COCTaBHllX qacTHI.(. UeHHHe pesyJI:&TaTU B 3TOM HanpaB

JIOHHH ClllJIH nonyqem,1 B MO,IJ;eJIH Y.Ba3HHe3aBHCHMllX KBapKOB II.II. 

EoronJ06oaw/20IH B.rr.rnenecToM,QI/. 

.nnccepTal.(HH IlOCBSIIIl8Ha pa3BHTHJO H 0606meHHJO KBa3HilOT8Hl.(HaJI:&

HOro MeTo,na H 003,l{aHHJO Ha 3TOil OCHOBe TeopHH cna6o CBH3aHHUX 

COCTaBHllX CHCTeM • .UHccepTal.(HH co.neplmT 5 rnaB H npHJIOXeH11e. 

Bo BTOpon rnaBe ,IJ;aHa HOBaH KOBap11aHTHaSI q>OPMYJIHpOBKa 

KBa3HilOT8Hl.(HaJI:&HOro MeTO,IJ;a. 

B pas,nene I onpe.neneHa peJIHTHBHCTCKaH BOJIHOBaH cpyHKI.(HSI 

COCTaBHOtl CHCTeMu, 3aBHcsrman OT O,IJ;Horo HHBapHaHTHoro BpeMeH

Horo napauexpa. B HepeJIHTHBHCTCKOll KBaHTOBOtl MexaHHKe COCTOH

HHe CHCT8MH qacTHI.( MOXeT 6UT:& OllHCaHO BOJIHOBOll <l>YHKI.(Hen, 3a

BHCSIIIletl OT KOOp,lUiHaT ( HMilY~:&COB) qacTHI.( B onpe.neneHHUil ~o

MeHT BpeMeHH. HaH6onee ecTeCTB8HHW peJISITHBHCTCKH-HHBapHaHT

HW oOoOmeHHeM TaKoro on11camrn SIBJISI8TCH sa,naHHe BOJIHOBOil 
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<pyHKUHH B COCiCTB0HHOM BpeMeHl1 CHCTew/
22/. J])UI 3TOro HYXHO 

HaTipaBHTI, OCI, Bp0M0HH TIO BeKTOPY TIOJIHOro :m.myJJI,Ca CHCT0Mll. 

TaF.HM oCipa3OM,TIOHSITHe OAHOBp0M0HHOCTH TipHoCipeTaeT BTIOJJHe 

OTipeAeJJeHHUil H nopeHU-HHBapHaHTHHil CMHCJI: cne,JJyeT TipHpaB

HSITb BpeMeHa qaCTHU B CHCTeMe-ueHTpa Ma.CC ( c.q.M.). 'f'H3H

qec1toe oCiocHoBaHHe 3Toit Tipoue~pu B oCipa3HOH <popMe Aan 

3AAJ1HrTOH: "ATOM BOAOpOAa COCTOHT H3 TipOTOHa H 3Jl0KTpOHa, HO 

npoTOH ceroAHSI u ::JJJeKTpOH Bttepa He oCipasyDT aToMa BOAOPOAa n/2
3

{ 

B COOTB0TCTBHH c l'lTIDlR HA0SIMH OTipeA0JJHtl
241

BoJJHOBYD 

<pyHKUm:l COCTaBHOH CHCT0Ml:,I B HUIIYJJbCHOM TipOCTpaHCTBe cJJe~D-

IllHM o6pa3OM! 

(?,7i)" 8 11(<?P-1<.) ~~(fr)= 

~ 1il d"" e ipi•X! +ipz•Xz Q (' - I • )). f . / :\ (I) 
(1 X1 "2. 0 h•h n. X2 's:~~1.!J.,X2.;' . Bl< 

_µ 0)}-4 2. 

rAe h. = ~ ., §J= P + P. > 0' > 0 :, ,u = o, :f.,21 3, 
\Jg>2 Ii 2. / 

a.-8 = a)A €/A = aoBo - a- l', 

V.iCx::f.,x~)= ~\T t ({Ji(x1)~2<x2)}\t1, }; K)., 
M > d' 

1 
!( o6o3Hattam :Macey, CTIHH H HMnyn1,c cBH3aHHOit 

CHCT0:!.lli, a ~ 1.,2. - TIOJJHHe renseHCieproBCKHe onepaT op1:,1 TIOJISI, 

TipeoopasynmHeCSI TIO KOHetJHOMepHID4 TIP0ACTaBJJ0HHS!M rpyTIIIl:,I Ilo

peHua. IIpeATIOJJaraeTCSI, tJTO KOOPAHHaTH H m .. myJJI,Cl:,I qacTHU BUpall!:e-' 

HU qepe3 COOTB0TCTBYDil!H0 BeJJHtJHHl:,I B CHCT0Me ueHTpa :Mace 

( c.u.u.): 

6 

!' 

·1 

! . I 

,/. 

x_µ = {-L x },M = er h.)A- + ~ n.(i>1y9l) x l 
1,2 p :1/2. f,2 f;;:_ 1.,2. -' 

~,2 = ( lvxi.,2 ) , 

?.,M = r L P. \ft= e ~ + t n.(i~<~) P,. 
:1.2 1 ~ 1.2 ::f.,2. • 1.,2 , 

, I l"" i (2) 
clO 'U 4; C-

O . 0 --~ - - ,_ - -£ + £ = 'i q,- , p + o =- o , p =- P, =- P2 
1. 2 i_ f2. CL -

Lg>- ttucToe npeoCipa3oBanne IlopeHua,TaKoe, ttTo 

l ff' { ,fdi2', o } = l E, 1 } . 
Tpu JJHH0itHO He3aDHCUJJHX tteTUpexBeKTOpa 

nY'~ c~) = u;,,. 
oCiJJaAa.DT CBOit CTBru,m 

§'. nY>(g>) = o , n<i>. n.(j\=:_ 3ij , 
3 • •• 

./1.n.(l'(q>)= ~ n(·0 (A~)Ri~ , 
/:j ) 

r,n;e A - nponsBoJJ1,11oe TipeoCipa-soBmrne IlopeHua, a B1trHepoB-

c1toe BpameHne 

Rw __ 1-1 A L ,, 3) 

A/1' - L"~ 'j> • ' 
0. '. 

TaK!n.4 oCipa3OM, XL H r' , C O,l!;HOll CTOPOHU, SIBJISIDTCSI 

npocTpaHCTB8HHIDm KOMIIOHCHTaMlf BeKTOPOB Koop.n;uHaT It HMIIYJJI>Ca 

B C .q.M.' a C ,l(pyron CT opOHI,I' HX MOlKHO paccMaTplrnaTb Kale 

TiapaMeTpu, onpeAeJJSID!lll18 TpeXMepHUe OTHOCHT0JlbHUe KOOp,l(HHaTH 

H HMIIYJJbCl:,I qacntu B IlpOH3BOJJI,HOii CHCTeue OTCtJeTa. IlpH Tiepexo

,1(8 li3 OAHOii CHCT8MU OTCtteTa B .n;pyryn OHU B 3TOM CJJyqae npe

oCipasyDTCSI TIO npe.n;cTaBJJeHHD 1.i:aJJoil rpynnu Ilopem~a 

0 0 O 0 

-, - R. w - -~, - Rw --x - X ,r-- P. 
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IlpH TaKOM IlO,JtXO,Jte TpeXMepHHe.CKaJIHPHHe npoH3B8,lt8HHH 3THX 

BeKT opoB B~a ( ;. f }, i 2 , ~ 2 6ylf;'JT peJIHTHBIICTCKH-HHBapHaHT-

d ~ d~ 
HllMH B8JIHqHHa.MH , X H p - HHBapHaHTHw.rn: 3JI8M8HTaMlf o6'I>e-

Ma, a 8 (~ - ~) - HHBapHaHTHOlt ,Jtem,Ta-<pyHKUHeit. 3ru.reTHM, ,· 

qTo npocTpaHCTBO TpexuepHHX OTHOCHT8Jll,HHX KOOp,JtirnaT _H IIMny111,

COB HBJIH8TCH IlJIOCKUM eBKJIII,JtOBllM npOCTpaHCTBOM -B OTJIHqHe OT 

IlO,JtXO,Jta B pa6oTaxlI3/.·B TO xe BpeMH npe,1tcTaBJ18HHe (2) . .JtJIH 

HMnYJIJ,COB qacTHU UMeeT CXO,JtCTBO C napaMeTpH3aUHelt, npe,ltJIO

llt8HHOit B pa6oTe/I41. 

AHanorHqHblM o6pa3OM MOllHO onpe,JteJIHTl,/24/KoBapHaHTHYD 

.JtBYXBpeMeHHYD ¢YHKUHD rpHHa G , KoTopaH npH HaJIHqnH 

cBH3aHHHX cocTOHHHit c uaccon M HMeeT nonDca· H B6JIH3H 

TaKoro nomica o - 0 

G (~-~. ~)· ::!. ¥a; (p)® Ve~(q) 
P19 > - 211.(VfP'-'-M) 

B pa3,JteJie 2 pacCMOTp8HH H8KOTOpHe O6ll{He CBOltCTBa KBa3H-

IlOT8HUHaJIJ,HOro ypaBH8HHH. 

BBe,JteM aMnJIHTYlfJ pacceHHHH T BHe MaccoBolt noBepx

HOCTH C IlOMOll{l,D paBeHCTBa 

· $- - G-1 = G, T G :f , 

ue G-t - ,JtBYXBpeM8BH8H ¢YHKIUrn rpHHa CBO6O,JtHHX H8B3aHMo

,JteltcTBYDIItHX qaCTIIU. Tor,Jta onepaTop KBa3IrnOT8HUHaJia Mo:mo 

onpe,Jtennr1, c11e,nyDIItHM 06pa3m/6,8/: 

V= T(i+GfT)-i, 

(4) ' 

(5) 

r,Jte YMHOX8HHe IlOHlIMa8TCH B oneparopuoM CMHC11e, KaK HHTerpH--, _ 

poBauHe no npocrpaHCTBY TpeXMepHHX OTHOClIT8JlbHHX IIMilYJll,COB. 

BOJIHoBaH ¢YHKl\lIH CBH3aHHoro COCTOHHHH nplI 3TOM Y,JtOBJl8TBOpHeT 

KBa3IIIlOT8HUHaJibHOMY ypaBH8HHD 

8 

H YCJIOBIID 

-J. 
Gf¥s=Y1±1; 

/~5 26/ 
Hop1,mpoBKH ' 

(6) 

~ib~(G;i-v)] ~~=21'1.. 
~=t1 ~-

,(7) 

'PYHltIUIH rpHHa c Bo6O,1tHHX qacT.HU G f r.1O:m:eT 6uu 

BHqHCJieHa!
2 l1 / B O6ll{8M BH~e ,ltJIH qaCTlIU C npOH3BOJibHHMH CilHHa-

r.rn 1-1 1,,mccaun: 

f,'<f;P)={2-K) 0 p-<{ Jl1 P1+ 112(P; G ( 
c, c - 3 ~(-:. ~) [ A(.+)(.~ ) /\ (-r) ... ) 

f I/B1(p)82(P) ~g,2.,_Ei(p)-€z(p) -

- l5J 2'+€~(fr)+£2(fr) 

Ac-),·-)A(-)c~-)· l 
1 ,p, 2 P, s 

r,Jte 

A(t-)<f)=f u ;.\ Cf) ~ u. A ( p) ' 
)1::-S 

s 
./l (:-) er)=-L v~ er)® ·v-~ qr) ' 

).':::-$ 

+ 
P1;;_ 

3 ~ 0:. 
+ I: Yl-(t)cg>) • P 1,2.. ' 

i=:! 

~ (➔) y 2 ~2
1 

, c.. i.,2. r -=mi,'2. + p· • 

- E 1,2 ( f) ~ 
<> C, 0 - - -P~ =- r2 = r-

3,1tec1, U.). lI '\)" >< _ IlOJIOl!Cl!T8JibHO-H OTpunaT8Jll,HOqacTOTHHe 

BOJIHOB!,18 q>yHKUIUf CBO6O,ll;}ll,IX qacTHU co cmrnou S M 
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. Maccoll 
A(±) . m , a .1 l. - oeluqmrn orrnpaTopu Ka3m.mpa, rrpoeKTH-

PYJll!{He Ha IIOJ!OlmTeJILHO-H OTpHQaTeJILHOqacTOTHHe COCTOHHHH. 

IlocKOJll,KJ, KaK BH,l(HO 113 qiopuym,1 (8), orrepaTop G-,: , ;. 
BOOCillle roBopa, He ID!88T oelpaTHoro,y.l(O<lHO crrpoeKTHpoBaTL 

Bee B8JIHqHHH, Harrprrnep, H~ IIOJIOlmT8JILHOqacTOTHHe COCTOHHHH 

c IIOMOl!{LD COOTHomeHHit Tlllla/2 4,25/ 

1,rC+) 0 2 y. · .. 1 - - 1.r O (9) 
XS§> Cf)= C1.C2e/f>c/p) Ulr:)u2(f;) ':tsJ (f)) 

r.Ite 

C. = u 1 ,., U. .,,; d. 2. . ' ':Jo,... i.,.._ 
) .. 

KBa3HIIOT8HQHaJILHOe ypaBH8HHe (6) llpll 3TOM llpHoelpeTaeT Blf,l( 

{ 
~ ' ~ } (+) C, M - t:i Cp)-€2 cp) Va1 Cf)= 

' i \ d~ V (+) 0 .:. (+) 0 

= (2Ji:)3 J ~ (f ,q; §>) ¥8 i (9) ' 
a ycJIOBHe HOpMHpOBKH (7) BHrJIH,l(HT CJl8.ItYJ)lllHM oelpa3OM: 

i \ d-+ ).r(+) O J,rC+) 0 

(2.1r)3 ~ p '±' Bl ( p) ':t Bi er) -

(IO) 

(II) 

l. \ . 0 J.$-1,r(+) 0 r O v(+) 0 s. J 7,r(+) ~) ~ (2.1r)6 if 9 l'8;CP\~@ Cf.~;1'~@-11. '!8-;(q = 

2M ... 

IO 

l 
- ! 
' 

EcJIH KBa3HIIOT8HQHaJI He 3aBHCHT OT IIOJIHOro HMrry111,ca CHCTeMH, 

TO 3TO YCJIOBHe HM88T rrp1rnuqm~Jt BH.It, a BOJIHOBaH qiyHKmrn ,l(O

IIYCKaeT oeluqHyD CTaTHCTHqecKyD HHTeprrpeTaQHD. 

CrrpoeKTHPOBaHHaH BOJIHOBaH qJJHKQHH ¥"a{+) OCiJia,l(aeT 

llpOCTHMH TpaHCq>OpManHOHHHMH CBOllCTBru.m: 

1.rc+)(~)- <f"lsi(·Rw)(f'\~2.(t"'l/:c+)(~) cr2) 'f' Bi p - N -i /J 'l.) Bo p ' 
r.Ite 1J 5 (R) - xopomo H3B8CTHHe MaTpHQH KOHeqHHX BpameHHH 

.ItJIH MoMeHra S , a BHrHepoBCKHe BpallleHHH R ~,2. orrpe.l(eJie-

HH qiopMJJiaMn Tima paBeHCTBa (3) c A= Lg, 
PaCCMaTpHBaJIHCL TaKl!:e .l(pyrHe CIIOCO<lH llpOeKTHJIOBaHHH Ha pa3miq

HHe IIO,l(IIJIOCTpaucTBa COCTOHHHH/14, 27/. 

Bee rrpe.ItH.ItYlllHe qiopMy nu nerKo uoryr <lHTL oeloell!{em,1 11a 

cnyqatt N qacTun/14, 25/. Jlna 3Toro .ItOCTaToqHo no.It Benu-

quHott 
, 

B apryueHTe BOJIHOBOH ipyHKQHH H ¢YHKnHH rpHHa 

IIOHHM8.TL Ha<lop HMIIJJll,COB 
/'/ 0 

0 ~ 

{r:1.7••· rN} 
.L' Vt,= o , 

rrpu ycnoBHH 

h=:l 
a .ItHqlipepeHQHaJI d 1' orrpe.IteJIHTL cne.l(JDl!{HM oelpa3OM: 

df = d t~. •. dfN (iF)3 0 (f Pn) 
B pa3.l(8Jle 3 HCCJl8.l(OBaHH MaTpllqHue 3JieMeHTH JIOKaJILHUX 

orrepaTopoB Mew cBa3aHHw.rn cocTOHHHHMH. Cne.ItJH pa<lor/
2W, 

paCCMOTpHM/2 4, 251 ~yp1,e-oelpa3 IIHTHToqetmon rpHHOIIO.l(OelHon 

qiyHKnHH B mmyJIWHOM llpOCTpaHCTBe 

R (4 2.. 11) a)- r l J~ l t eirix1+ipix2-i~iti-icr.i:t2 p' ~ , ::r > - j KJ. .2 ~i ~2 X 

x ~ ( h~;xch9x,) 8(hQ~!-~<i~,) R (X1l2.; ~i ,~2) , (D) 

r,l(e 

II 



,· 
! 

.R (xi,x2 J ~1.>~2)= <0 \ T {t<)(! )<f}~2) d (o )<f }~2.) <Pi (~!)}\o/, 

h 6f) Q 
§>:.= ~i..,. r 1 , _Q; qt q2 ) ~ = ✓ ~i: ) hQ-= vQ1.' 

!} (2 )- rrpOl13BOJibHhlil JIOKaJibHhlil on epaTOP ( Harrpm.iep' B eKTop

Horo TOKa). ITpe.n:rronaraeTCSI, IJTO .11:Jl/I KOop.n;l1HaT H HMITYJibCOB 

BBe.n:eHa rrapru.rnTpn3al\USI (2), rrpnlleM ~eKTopa Xi., 2 11 P:1, 2 
BhlpallteHhl qepe3 BeKTopa h. p u Yl,ct, ( <P) , a BeKTopa ~ 1. 2 
u 9 

1
, ::z. - qepe3 h. Q u n_tl) ( Q) • ,llJISI qiyHKI.\UU R > 

rronyqeHo .n;ByMepHoe crreKTpanb11oe rrpe.n:cTaBnemrn, oTKy.n:a cne.n:yeT, 

IJTO rrpH HO.JIUIJUU CB/I3allHhlX COCTO/IHl1il qiyHKI.(!1/I R m.ieeT 

TIOJIIuCa H BClJI!13!1 3!1IX ITOJIJOCOB. MOllteT ClbITb rrpe.n:cTaBJieHa B Bl1.n;e 

R (p,t ~,Q)"' ?tJ,; 1 ct )<A\ ';f(o) I B) ½c; ({) 
2MA2M 8 (~qp2 '-l1A)({G:-.Ms) 

Bne.n:eu Terrepb 0Clol'.l111eHHYJO BeplllHHHYJO qiyHKI.\1110 [" c 

rroMOl!iblO orrepaTopaoro paBeHCTBa/24 ,251 

R (~\a)-= G-C q>) r C~}Q) G (Q) (I4) 

Tor.n:a, cpaBmrnaSI neBy10 11 rrpaByJO qacTH paBeHCTBa (14) B6JIH3l1 

ITOJilOCOB, H8TPYAHO IlOJIYlll1Tb Baimoe COOTHOI118Hl1e/
24

/ 

(Al J1•llB )= ~1 ~JM ~it )[(fA; P,Q) ~Q(~) , 

➔ -+ ~ -- -~ r;:;'£ M K :g"> I<a==Q vf ~HA,vQ =LlB' A , u ' 

(15) 

12 

',/, 

KOTOpoe /IBJI/I8TC/I peJISITl1BHCTCKl1-HHBapHaHT!lhlM onpe,n;eneHueu 

MaTpl11lHOro 3JI8M8HTa JIOKaJibHOro onepaTopa Mellt.n:y CBH3aHHID.ll1 

COCTOHHl1HMl1. BrrepBhle TaKoro po.n:a COOTHOill8Hl18 B paMKaX 

KBa3!1ITOT8Hl\l1aJibHOro MeTo.n:a ClhlJIO ITOJIYII8HO B paCloTaxl19/ • 
B cnyqae, Kor.n:a ~ (z) SIBJISieTCH onepaTopoM coxpaHSII0-

111erocH BeKTOpHoro TOKa, MOXHO BhlBeCTH/24,251 TOJ[)J;eCTBO 

Tuna Yop.n:a-<I>pa.n;KHHa-TaKaxaI11l1 

(f-Q),MGC~Q)= z[ G-ic,,)-G--i(Q)] 

q, _ _fL w-vQ~ , 
r.n:e Z - coClcTBeHHOe 3Ha1JeH11e on~paTopa sapH.n:a. 

(16) 

3To TOJ[)J;8CTBO IT03BOJIHeT IlOJIYlll1Tb ycJIOBl18 OpTOrOHaJibHOCTU 

BOJIHOBhlX ¢YHKI.\l1il l1 npoBepl1Tb CaMOCornacoBaHHOCTb HOpMl1pOBOK 

BOJIHOBhlX ¢YHKI.\l1il H B8KTopoB COCTO/IHl1il. l{aK l1 paHbllle, y.n;odHO 

cnpoeKTHPOBaTb ¢YHKI.\llD 

COCTO/IHHII. 

R Ha ITOJIOlmT8JibHOIJaCTOTHHe 

B pas.n:ene 4 pacCMOTP8Hhl peJIHTl1Bl1CTCKHe ¢opMqJaKTOphl 

cocraBHHX cncreM B liMITYJibCHOM npnl'.lJil1llt8HHl1. Bepm!1HHYIO ¢YHKI.\l110 r OClHqHQ y,naeTCH HailTH Jll1llib ITO TeOpl1!1 B03MYJ118Hl1il. B Hl13llleM 
nopH.n:Ke, KOTOpblil COOTBeTCTByer OTCYTCTB!1D B3am.rn.n:eilcTB!1/I 

Mex.n:y 1JaCTl11\aMH Cl1CT6MH ( l1MilYJibCHOe npndJIHJteHHe), 

rr G-i G-1. 
l (o) = f R .(o) f ' 

l1 nocne npoeKTHpOBaHHH Ha llOJIOlmT6JibHOqacroTHHe COCTOHH!1H B 
HBHOM mr.n:e124/ 

\ 

IJ 



r(+),g! ~Q'- (~I Ji0)1Cf1:) (22f)3 E2(~)S(lt-t) + t:1.~2) 1(0) <r,1; ~) ;-2{€/f)E}tl ~ YE-2.(p)c2d(/ ~ , (I71 

r.n;e 
O 3 

P, == C (D )h. f- ~ VI CiJcgn p·o t 1 2 1/Z I §' L....J , ~ J 1,'2. } i=i 

c, 0 O 

➔ - -) p = f :1.=-p2. 
C C 0 

~) I ~ ci.){ ) o t' 
91..,z = c 1.,2. { 9 nQ + f;j n Q 1 J.,2. , 

➔ ➔ ➔ 

9 = r1..=-r2. 
a MaTpHqHblil sJieMeHT onepaTopa >;f1(o) 6epeTcR Mex.n;y o.n;uoqacTHq-

HhIMH CB060.D;HHMH COCTORHHRMll. TaKHM o6pa30M, ecJil'! ll3BeCTHbl 

BOJIIIOBble qiyHKIUIH CBR3aHHOil Cl'ICTeMbl ( XOTH 6hl npH6JIHllteHHO), TO 

MOlltHO Ha OCHOBe 3Tl'IX COOTHOmeHHil l'ICCJie.n;oBaTL pa3RHqHbl8 CBOilCT

Ba peJIRTl'!Bl'ICTCKl'IX qiopMqJaKTOpOB COCTaBHOH CHCTeMH. 

Hanpm.iep, BblpallteHHe .D;JIR cKaJIHpHero qiopMqlaKTOpa CHCTeMH, 

COCTOSilllell H3 .D;BYX CKaJIRpHbIX qaCTHU, npH 6onLllil'IX nepe.n;aqax 

HMilYJILCa B 6petiTOBCKOil CHCTeMe OTcqeTa HMeeT BH.D;/2
4

/ 

I-{ B 2.) /, I ) I :\ ~ _i_ ( A p \ j](+) ~ 1.r(+},.,. -f E1<pJ) 
0 (!J. =\A 1c0 B~+oo (p,1r)3 .)2 f/f1E;_<p) l 'fs/p)'i'e,o\.P-A 11.2 ;+ 

+ 1.,(+JC➔)<:t,C C+)(~ + J Ec1<f'J)} ~ P,o p Bo p .M , - ---~~~, . .- .- A .t.:z .a 2 

Ml=M$=11, ~=-Q=2 , E=\J~ +T · 

(18) 

CooTHOJlleHHe (!8) HaXO.D;l'ITCH B HBHOM pa3HOrJiac:irn C pesyJILTaTaMl'I 

pa6 OTbl ~ 9 I. IlpHqHHa 3T or O pa3H or Jiac:irn C OCT OHT B TOM' qT O B 

pa60Te12r 6hIJIO c.n;eJiaH~ Ha Ham B3rJIH.D;, HHqeM He onpaB.n;aHHOe 

npe.n;noJIOllt8HHe O coxpaHeHHl'I O.D;HOBpeM8HHoro xapaKTepa BORHOBOil 

qiyHKUHH npH nepexo.n;e H3 c.n.11. B 6pellTOBCKYKl CHCTeMY oTcqeTa. 

TaKoe rrpe.n;noJiollteHHe, oqeBH.n;HO, npoTHBopeql'IT CMb!CRY peJIHTHBl'ICT-

14 

I 

J 
1l I,, 

i.' 

i 
j\ 

\ 

I 
1( 
l 

I 

.f ,1 ,,,, 

CKOl-l l'IHBapmmTHOCTl'I l'I npeo6pa3oBaHUll llopenna. 

TpeTLH rJiaBa IlOCBRl!leHa l'ICCJie.n;oBaHHD ypoBnen sneprmI 

Bo.n;opo.n;ono.n;o6HhIX aTOMOB Ha OCHOBe KBa31moTeHUli8.JILHoro ypanne,

IIHH. 

B pas.n;eJie 5 paCCMOTpeHhl pa3JIHqmrn M8TO.D;bl IIOCTpOeHHH 

KBa3HilOTeHUHaJia H, B l:laCTHOCTH, UeTo.n;, UCIIOJIL3YKll!IUil 

3JieMeHTbl MaTpHUbl pacceHHHH Ha MaCCOBOii noBepXHOCTH/
6 ,SO/. 

B pas.n;ene 6 H3yqaeTCH CTpyKTypa KYJIOHOBCKHX ypoBHel-t 

3HeprHH B npH6RHlltemrn O.D;HOqJOTOHHOro o6MeHa/8 ,SI/. l{Ba3H

IlOTeHIUiaJILHOe ypaBHeHHe B 11epeJIRTUBHCTCKOM npe.n;e,'Ie CBO.D;UTCH 

K 06blqnoM,Y ypaBHeHHD llipe.n;HHrepa c rrpHBe.n;eHHOii Maccoll. 

· TaKHM o 6pasoM, B Kal:leCTBe l'ICXO.D;HOro IIJfH6Jil'!li!:eHHH Mbl UMeeM 

KYJIOHOBCKHe ypoBHH 3HeprHH l'I BOJIHOBbltl qiyHKIUrn. B 3TOM 

CO CT OUT OCHOBHOe rrpeH?zyl!leCTBO KBa3l'IllOTeHUHaJILHOrO ypan HeHirn 

no cpaBireHHKJ C ypaBHem1eM EeTe-COJIIll'!Tepa, IlOCKOJILKy 

IIpl'I pa6oTe c IlOCJie.D;Hl'IM Ilpl'IXO.n;HTCH KOHCTpyupoBaTL CJIOl!CHYD 

BCilOMOraTeJILHYD BOJIHOBYKl <i>YHKUHKl. IloJiyl:leHbl CIJOPMYJibl .D;JIH TOH

Koro ( BKJIDl:laH JI3M60BCKHl-l C.D;Bl'Ir) H CBepXTOHKoro pac111errJieH1rn 

KYJIOHOBCKHX ypoBHel-t 3HeprHH C yqeTOM sqxpeKTOB CTpyKTYPhI 

l'I .D;Bl'!llteHHH R,D;pa. 

06cyllt,IT,a.eTCH He.n;aBHee HcnpaBnemrn 3Ha1:1enHR norrpaBKn 

nopa.n;Ka o<.. 2 K HaKJIOHY .n;upaKoBcKoro cpopurpaKTopa sneKTpoHa 

B HyJie/32/. 

B pas.n;eJie 7 HCCJie.D;yDTCH rrorrpaBKH K KYJIOHOBCKID.! YPOBHHM 

3Heprl'IH ' CBH3aHHble C .n;ByXqJOTOHHblM 061.i:eHm/
8 , 31 ,331• 0CHOBHOe 

BHl'!MaHHe Ilpl'I 3TOM y.n;eneno CBepXTOHKOMY pacmennemrn s -ypoB

Heil. B pe3yJI:&TaTe BeJiuqnHy pac111errJieHl'!H TpHIIJieTHOro H CHHrJieT-

HOro $.:.. ypoBHel-t y.n;aeTCH rrpe.n;cTaBUTL B Bn.n;e/3I/ 

I5 



))hJs = w (3 $!)-W(1. So )=))F( i +'£i. + c + a) 
(19) 

r.n;e 8(Zd..))A 3 

))F = 3 3 m. (1+~2) J .U= 
fl, ~ Wl.z ./ 

#'t1::1. h12. 
mi-+ rn2. 

Cl (Zd..)m1. r3mf rd"K · ')'IJ { di'- } .o =.ft"({ +~2.)m2 l!Jf2 J K'I N.J.)'-,,(KJI/;_ (1<)-8ml!+£z)il<2-~w 

N}-11) 1. s -l JJ" i + r. J 
t,2. ;:::.Ii P c.t,2. T~~ ) (Zo{)2 

~ = -)-'- 2 h. 2 > tl=~12, ... 

c:: (I<) - aMIIJIHTy.n;a BHpTYaJILHoro KOMilTOHOBCKoro pacceSI-> . 
HHS! Brrepe.n, ~,2. - aHOJ.faJILHlle MarHHTHNe MOMeHTbl, HH)teKc I 
OTHOCHTCSI K 3JieKTpOHY, a H~)teKc 2 - K rrpoTOHY HJIH MDOHY, 

e 0603HaqaeT paSJIHqHble pa,1tHa!UfOHHNe IIOIIpaBKH, BblpazeHHSI )tJISI 

KOTOpbIX H3BeCTHbl. 0CHOBHOtt BKJia)t B BeJIHqHHY 8 .naeT 

IIOJIIOCHblll qJieH B KOMilTOHOBCKOll aMIIJIHTy,1te (;2(K), KOTOpHn MOXeT. 

dblTI, TO~O BHqHcJieH/33 < ItaK IIOKa3IlBallT OI{8HK✓3:V' sqxpeKTH 
11IIOJISipH3aI{IIH 11 rrpOTOHa .lta.JJT MaJIHtt BKJia.n. Odcyx.naDTCSI B03MOXHble 

rrpuqnHbl 3TOro SIBJieHHSI. 

B pas.neJie 8 rroJiyqeHa/9/ BeJIHqHHa pacmerrJieHuSI ypoBHell 

3Heprmi rrapa- H opTOII03IITPOHIISI C TQqHQCTLll .no qJieHOB rropSI,1tKa 

c/... ~ • Haii.n;eHHoe BHpazeHHe COBIIa.n;aeT C pe3yJILTaTOM KaprrJinca 

H KJieRHa!341 , rronyqeHHID.f ropas.n;o doJiee CJIOXHHM rryTeM c 

IIOMOlllLIO ypaBHeHHSI EeTe-COJIIIHTepa. 

B pas.n;eJie 9 rrpoBe)teHo cpaBHeHHe TeopHH C HOBellmHMH 3KC

nepHMeHTaJILHIDJH .n;aHHHMH/3~ • IlpH 3TOM HCIIOJIL30BaJIOC1, HOBoeyToq-

. H8HH08 3Haqemn IIOCTOSIHHott TOHKOtt CTPYKTYPH/36/ 

16 

< 

cx-1. = n7,o3608 (26) • (20) 

Bem1q1rna CB8pXTOHKoro pacmerrneHHSI OCHOBIJOrO ypoBHSI suepnrn 

Bo.n;opo.n;a B uacTOSil!lee Bpeusr H3!.rnpeua137 / c rpoMa.n;Hott TOqHoCThlO 

))H :1420405751,7~67(10) ru •. (21) 

TeopeTHqecKoe 3HaqeuHe, rroJiyqeHHOe Ha OCHOBaHHH rpopMYJibI (19), 

paBHO 

))!h, =1420,4023 (l + i~oe ) :!: 0 10057 Hrrt , (22) 

r.n;e Heorrpe.n;eJieHHOCTL B OCHOBHOM CBSI3aHa C omudKOH B 3Haqe-

HIIII o/. . CpaBHHBaSI paB·eHCTBa (21) 11 (22), !fil 3aKJil!JqaeM, qTo 

Spol =(2,5 :!; 4,0) X ro-6 
• 

3TOT Bb!BO.n; Haxo.n;HTCSI B cornaCHH c Ol!CH.n;ae:i.n,IM uam-rn BKJia.n;oM 

sqxpeKTOB " rroJISipHsau1rn" rrpoTOHa/3I/. Odcyllt,lf,aeTCSI TaKllte cBepx

TOHKoe pacmerrnemrn ypoBuen 3Hepr1rn MDOHHSI H II03HTPOHHSI H 

JI3U60BCKHH C)l;BHr B aToMe Bo.n;opo.n;a. IlpoBe.n;eHHbIH auaJIH3 rroKa-
;;, 

3bIBaeT, qTQ KBa3HIIOTeHI{HaJILHaSI TeopHSI CBSI3aHHbIX COCTOSIHHH IIJIIOC 

K3Jl .n;a!OT rrpeKpaCHble pe sy JILTaTbI rrpH OIIHCaHHH ypOBHeii 3HeprH11 BIT 

CHCTeM. B HaCTOSilllee BpeMSI B 3TOH odJiaCTH aTOMHOH qJH3HKH He 

HMeeT CSI HH o.n;uoro c ep1, esuoro pacxol:Ql;eHHSI Teopmi n 3KCII epHMeHTa. 

B qeTBepToii rJiaBe HCCJie.n;yDTCSI 3JI8KTpOMarHHTHb18 CBoncTBa 

COCTaBHbIX CHCTeM. 3.n;ecL B OTJIHqHe OT rrpe.n;H.n;ymeii rJiaBbl, r.n;e 

Bee pacCMOTpem10 npOBO.ItHJIOCL B c.u.M., cymecTB8HHO HCIIOJIL3YIOT

CSI BOJIHOBl,18 qiymmHH B rrpOH3BOJil,HOil CHCTeMe OTcqeTa. 

B pas.n;eJie IO Haii.n;eu c.n;BHr ypoBuen 3HeprnH CBSI3aHHOll CMCTe

Mbl B CJiadoM BHemHeM 3JI8KTpoMarHHTHOM IIOJI8 H no.ey qeuo 061,1\IH oe 

MY~LTHIIOJILHOe pa3JIOllteHHe/I~, 24 ; 25/. fipH 3TOM BblpaxeHHe )l;JISI 

MarHHTHOro MOMeHTa CBSI3aHHOH CHCTeMbl B 6peilTOBCKon CHCTeMe 

OTcqeTa HM88T B~ 

17 



m == - J,h [;-x (Al >i(o)\ s)]..,. J3 't :(l . (1 .1 ::0 
(23) 

rAe ~~(~)-onepaTop aneKTpoMarHHTHoro Toxa. 

B pa3AeJie II paCCMOTpeHH peJIHTHBHCTCKHe nonpaBKH 
nopHAKa (p2/m2 ) K Ma.rHMTHOMY MOM8HTY CJia6o CBH3aHHOll 
CHCTeMH ,l{BYX qaCTHij co CilllHOM I/2 ( HanpHMep, AellTpoHa)/381. 
IlpH 3TOM oKa3H.BaeTCJI H8,l{OCTaToqHID,f OPpaHHqHTbCH HMilJJibCHHM 
ripH6JIH%eHH8M H Heo6XOAHMO yqecTb CJI8AJDmHll qJieH B pa3JIO%e
HHH BepmHHHOll qiyHKijHH, HBHO 3aBHC~ll OT BHAa B3aHMOA8llCTBHH 
M8J!OtY qaCTHijaJ.ffl CHCT8Ml,l 

½1)= G~i Rci)G;i -Vc1)Gf lco)- Go) Gf Vci) 
3TOT qiaKT HBJIH8TCH CJI8ACTBH8M o6mHX CBOllCTB pa3JI0%8HHll no 
o6paTHHM Macca.M qaCTHq, HCCJieAOBaHHHX B pa6oTaX B.IT.llieJI8CTa/2I/. 

B KaqecTBe npHMepoB pa.CCMOTP8HH cnyqaH B8KTOpHoro H 
CKaJIRpHoro noTeHqHaJioB. B cnyqae CKaJIRpHoro IlOT8HqHaJia Ma.rHHT-
HHll MOM8HT CBR3aHHOll CHCT8MH. B s - COCTORHHH paBeH 

effj_s = ..!:..! f[(1.+~1.)l1.- <P2>)+ <12> + B 2mi lL \ :'.i 6m/ 2111t1r12. 

+ m1.+m2 -MJ<~) <1~>[<~> <~>]~ (24) m 01. - - - - - +(1:~-~2'i i.. 6.M m 2 ma. :1· 

ITonpaBKa ( 1-<p2>/61nf) 6una BnepBue 
nonyqeHa Apyr11M MeTOAOM IT.H.Eoronn6oBd2Q/B M0,!{8JIH 
KBa3HH83aBHCHUHX KBapKOB. ITOCJI8AH88 cnaraeMoe C KBaAPaTHID!H 
CKoOxru.m: B paB8HCTB8 (24) RBJIR8TCR BKJiaAOM peJIHTHBHCTCKoro 

I8 

npeo6pa3oBaHHR BOJIHOBHX qiymtqHll • nnH A8llTpOHa B TpHilJI8THOM s -COCTOHHHH IlpH mi= 1112. 3TO CJiaraeuoe o6pamaeTCR B 
HYJIL, H BHpa%8HH8 (24) COBna,ir.aer C pesyJILTaTOM, HallA8HHHM 
ApyrHM M8TOAOM EpellTOM/39/ • 

B pa3A8JI8 I2 Bliqll:CJI8HH f} --: ~TOpH 3JieKrpoHa H npo
TOHa B BIT aTOMa.X/40/c yqeTOM peJIRTHBHCTCKIIX H pa){HaqHOHHHX 
nonpaBoK nopMKa cl.. 3 (mi/m 2 ) H o< 2 (>ni./m. 2 )~ 

nnn $ - COCTOHHIIll MarHHTHHll MOM8HT aroMa. BO,l{OpOAa 
Mozer 6HTb npeACTaBB8H B BHA8 

n:.; . i..aH eL <~ > +-4..a.H _§_ <g) (25) 
v IP l H 2. d' i 2m1... 1.. 2 <f 2 2m2. 2 

• 

C TOqKH 3p8HHR 3KcnepHMeura npeACTaBnRDT IIHrepec CJI8AJDmHe 
ABa oTHomeHHJI ~- qiaxropoB : . 

H . 

t tit= ~ = 91.. {1 + o(3 - a: a. o(.2 h'lt }~ 'l.1.(1_ +O 028x/f6), a. a H ~2 I/Jr 6(1..+~2) m2. 32. ' dz· (26) 
) 

t~ gt_ 1 '.o{2 ~ _ o<3
• fi1n1. _ o<2 m: ~ r'g = g; -:- J.. + lfm2.. !Jr 21tm2. 1./mf 

,v 1+ 7,3 >( i0-9' 
(27) 

rAe 91.,2 - g-qJa.KTOpH CB060AHHX :3JlexrpoHa H npOTOHa, 
a>2 - aHoMaJILHHll uarHIITBHll MoMeHr nporoua, HHAeKc D 

osuaqaeT A8llTep11n. 3TH pe3yJILTaTH OH.JIM Il03AH88 IlO,l{TBepx.n;euw 
B pa6oTaX/4I/_ 

OruomeHHe t' d HCilOJIL3yercn .Jt}ISI 3KCnepHM8HTMLHOro 
onpeAeJI8HHJI'B8JIHqHHH MarHHTHoro MOM8HTa_ nporoHa B e~HHqax 
MarHeTOHa Eopa. 0TM8Tml, qTO B pa6oraf36/HCilOJib30BaJIOCb 
HeBepHoe Teoper1rqecKoe BHpaze1rne AJIJI OTHomeHHR .l" a , 

He rax AaBHo BnepBHe 6Wio H3MepeHo oruomeHHe t'e 
("Hsoronxqecun aqxjJeKr") 
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t + (7,2 ! I,2) X ro-9 , pa60Ta /!?/, 

lg = I + (9 4 + I 4) x rn-9 padoTa/43/ ., - ', ' . (26) 

'.i'eopeTuqecKoe snaqemrn (27) naxo,nnTcSI B npeKpacHou 

cor.1Iacm1 c nepBL!M pesym,TaT 01.: ti HecKoJILKo B xy,nmeu co BTopmJ. 

TaKm.1 oopasou, ucoc:ixo,nm.rn ,nam,ueilmrn 3KcnepmieHTa.JILHue 

1-rGCJie,IlQBall!rn C JI'jqmei1 TQqH0CTL!O. 

3 neJiou na.,11.0 oTMeT,fTL, qTo npeuusnomme 11s1.rnpemrn aTou-

Hll:< <J,-tpa.KTOpOB 3JleKTp0Ha II npoT0Ha .na10T B8CJ,l,!a ueHHYJ) 

l!Wjiopuaum:i II SIBJIS!llTCSI H0B0ii nepcneKTUBHOH OCJJiaCTJ,ll 

npoaepKlf :(JJ; ll peJISJTlfBV.CTCK0il Teop1m CBSI3aHHllX C0CT0SIHHH. 

B saKJIJJquTeJILHoa r naBe yKasaHll ,npyrne Bo31.mmme np1moxe

HHS1 K0BapimHTH0ro KBa3IIIl0T8111\HaJIJ,H0ro <Popu~1rnua, a lU.teHHo, 

om1caHHe npo11eccoB pacceSIHHH c yqacurnu cnaelo cBSI3aHl!llX 

C0CTaBJIUX Cl!CTeM ( uanpuuep, aT0M0B H /1,Ilep). 3TOT no.nxo.n 

M0lieT 0Ka3aTLC/I BeCLUa noJie3HWl B He,IlaBH0 Il0/IBHBmelica H0B0H 

oc:inacnr HCcJie,noaaimn - penw:rnBucTcKoit a,nepuott cplf3UKe /44 I. 

B ITpuno%8HHH no.npoel110 paccuoTpeHll CB0HCTBa penHTlf

BHCTCKUX npeodpa3oBamtH B0]lH0BllX QYI!Kl\llll CB0CJ0,Il!UlX qacTlfll C 

np01rnBoJILHm1 cmmoi/
24 , 45/. rro.l!YqeH cJie,nyDmnti 3aKoH npeoelpa-

30Bamtl1: 

s 

S.,CA)u;<r)= fs u: (J\.p) n:,\ (R~,p)' 

r.ne S (A)-MaTpnlla Koneqnouepuoro npe.ncTaBJiemrn rpynn!l 

Jiopemia. 

(29) 

Ifepeqncmm ocH0BH!le pe3yJILTaTll, co.nepmmHecH B ,)(lfccepTaitHH. 
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I. JlaHo HoBoe onpe,neJienne K0BapnaHTHoil KBammoTeHunan1,

non B0JIH 0BOlt <pyHKUHH; peJISITlfBI1CTCKI1-lfHBapI1aHTHl,IM 0CJpa30M 

BBe.neno TI0H/ITI1e TIJI0CKoro npocTpaHCTBa TpexuepHllX 0TH0CHTeJIJ,

HllX HMTIJJIJ,C0B H K00p,IlI1HaT. 

2. IloJIYqeHO K0BapHaHTH0e KBa3Hil0TeHUUaJII,H0e ypaBueHue 

,IlJISI BOJIH0B0il <pyHKlllflf CBSI38.HHon ClfCTeM!l-qacTHll C npoH3BOJILH!lMH 

CilHH8.Mlf If Ma.ccru.rn. 

J. B!lBe,IleH!l oelmue yCJI0BHSI H0pMHP0BKH lf opTor0H8.JIJ,H0CTH 

B0JIH0BllX cpyHKW!il If TQqHJllt 3aK0H npeoelpa3oBaHnlt BOJIHOBOlt 

cpyHKlllflf npH nepexo,ne HS ClfCT8Ul,I ll8HTpa. Ma.cc B 11p0H8BQJIJ,HYD 

ClfCTeMJ 0TcqeTa. 

4. B TepMUHaX rpHHOTIO,IlO0HOil qiyHKUUlf onpe,neJieHa. oeloelmen

HaSI Bepmnnnaa cpJHKI\HSI,n C ee Il0M0lllLll H~H,Il8H0 penSITlfBHCTCKH

lfHBapnaHTH0e BHpaxenne .nna MaTpnqnorq sneuenTa JI0KaJILHoro 

• onepa.Topa. M8X.IJY.CBSI3aHHb!Mlf C0CT0SIHlflIMlf B pa.MKa.X K0B8.plia.HTH0ro 

KB8.3lfil0T8HUlf8.JIJ,H0f0 cpOpM8.Jllf8Ma. 

5. B cnyqa.e onepa.Topa coxpana10meroca BeKTopnoro T0Ka 

,noKa3a.H ananor T0l!r,ll;ecTBa Yop,na..cI>pa,11.KHHa-Ta.Kaxamn. 

6. PacCMOTp8Hbl CB0itCTBa peJISITlfBlfCTCKUX qJ0pM<paKT0p0!3. 

C0CT8.BH9lt CHCTeMll B HMnyJIJ,CH0M npnCJJII1X8Hlflf. 

7. Ha 0CH0Be KBa8Hil0T8HUlfaJILH0ro ypaBH8HlfSI pa3BHT M8T0,Il 

Bblqncnenua YPOBHeH 3Heprlfl1 B0~0p0~0II0,Il0CJHblX aT0M0B C yqeT0M 

aqxpeKTOB CTPYKTYPH H ,IlBHX8HlfSI /I,D;pa.. JleTa.JILHO plCCM0Tpeno 

CBepxT0HK0e pacmennenne B 8.T0Me B0,Ilopo.na H TI08HTp0HHSI H 

npoBe,neno Cp8.BH8Hlfe Teopun C H0BeltmHMlf 3KCnepllMeHTaJIJ,tmMlf 

,naHHID.U'lo 

8. CcpopMy-JIHP0Ba.H MeTO,Il onncanna 3JI8KTpouar~l1THblX CB0HCTB 

C0CTaBHllX ClfCTeM B Tepwrnax MaTpuqnoro 3Jl8M8HTa 3JI8KTp0Ma.rHHT

HOro T0Ka Mex,ny CBSISaHHlilllf C0CT0SIHlfSIMlf. 
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9. IIonytJeHll peJUITHBI!CTCKUe norrpaBKH K MUrHHTHOMY 

MOMeHTY CBSI3aHHOll CUCT0MU ~yx tJaCTUU co CIIUHOM 1/2 

C YtJeT OM HOBOro 3qxpeKTa - OT,ll;atJU CUCT0MU KaK J:l0JIOro • 

IO. C BUCOKOil CT0II0HLD TOtJHOCTU BlltJHCJieHH aTOMHlle 

g-cpaKTopu 3JieKTpoua u rrpoToHa B xopomeM cornacirn c 

3KcnepUMeHTOM. 

3Tu pe3yJILTaTU H00,ll;HOKpaTHO ,ll;OKJia,ll;UBaJIUCL Ha BC0COD3-

HUX H M0llt,DyHapO,ll;HUX KOHcpepeHUHSIX U orrydmIKOBaHU B 
/7-9, 12,24-26, 30, 31, 33, 38,40/ 

, 22 

padomx I 

IlUTEPATYPA 

I. C,ll;BHr ypoBneil aTOMJU1X :rneKTpOHOB, lUI, UoCKBa, 1950. 
2. r .EeTe, 3.CoJIIIHTep, KBaHTOBaSI Mexamrn:a UTOMOB c O,ll;IUIM 

H ,ll;BYMSI 3JI0KTpOHaMH, iJ?U3MaTrus, MocKBa, 1960. 
3. H.H.Eoron1060B, JJ..B .lllnpKoB, BBe,ll;eirne B Teop.m KBaHTOBaH- . 

HUX nonen, rocTexns,ll;aT, MocKBa, 1957. 
4. A.A.CoKoJioB, BBe,ll;eHne B KBa.HTOBYD sneKTpo,ll;UHaMHKY, 

~H3MaTrns, MocKBa, 1958. 

5. 

6. 

7. 

8. 
9. 

IO. 

II. 

A.U.Axnesep, B.E.EepecTe!lKHil, KBaHToBaSI 3JieKTpO,ll;HHaMHKa, 
iJ?nsMaTrns, MocKBa, 1969. 
H.H.EoroJIDdoB, E.B.Me,ll;Be,ll;eB, M.K.IIom1Ba.HoB, Bonpocbl 
TeOpHH ,ll;HCIIepcHOHIUlX COOTHOlll0HUH, <PH3MaTrH3, lfocKBa, 1958. 

A.A.Logunov, A.N.Tavkhelidze, Nuovo Cim. 32, J80 (196J). 

A.A.IloryHoB, A.H.TaBX0JIH,ll;3e, P.H.PayCTOB, Tpy,ll;ll 
XII Meir,zyuapO,ll;HOil KOHq>epeHUHH no cpU3}1:Ke BbICOKHX 3Heprun 
B Jl.y6He, 1964, CTp.222, ATOMU3,ll;aT, MocKBa, 1966. 
R.N.Faustov, Nucl.Ph,Ys. 75, 669 (:L966). 
P .II.iJ?ayCTOB, IIpenpUHT orurn,P-1572 ,JJ.y6Ha (1964), 
Mellt,DyHapO,ll;HaSI 3UMHSISI mKoJia TeopeTutJeCKOll ~U3UKV., Kypc 
JI0Klllfli, T.2 CTp.108, lly6Ha (1964). 
B.P.rapceBaHumBunu, B.A.UaTBeea, n.A.CnentJeHKO, :JtIMI, T.l, 
Bun.I, cTp 192, ATowt3,ll;aT, lwfocKBa,. 1970. 
A.A.XoryHoB, O.A.XpycTaJieB, 3tIA.q, T.I, aun.I , cTp.71 
(1970). . 

12. P.H.iJ?ayCToB, JJ.AH CCCP,156, 1329 (1964). 

lJ. V.G.Kadyshevsky, R.M.Mir-Kasimov,M.B.Skachkov,Uuovo Cim.55A, 
2JJ (196s). 

14. B.A.IAaTBeeB, P.M.Mypa,ll;SIH, A.H.TaBxem1,I1;se, IIpenpuHT 
oirnu, P2- 3900 (1968) II :F.2- '.3498 (1967),, Jly6Ha. 

15. M.A.L!a.pKoB, runepoHu u K-Me30HI:l1 <I>nsuaTrus, UocKBa, 
1958. 

16. II.H.EoroJIDdoB, TU<I>,.2, 244 (1970). 
17. I.T.Todorov, Phy~.Rev. DJ, 2351 (1!171). 
18. A.A.noryHoB, B.H.CaBpHH, H.E.TnpuH, O.A.XpycTaJieB, 

IIpenpUHT H1iB3, CT-I> 70-60, CepnyxoB, 1970. 

23 



19. H.H.Eoromo6oB, B.A.UarBeeB, A.H.TaBxem1.l(se, BonpocH 
TeOplU! 3JI81!8HTapHHX tJaCTlU.l, CTp .269' Iw:eB, 1968 • 
A.H.TaBxemt.l(se, .lloKJia.l( Ha Com,BeeBCKOM KOHrpecce, 
EpllC C 8JII, , l 967. 

20. II.H.EoroJIIJ6oB, 5H\_2,. 458 (1967). 

21. B.II.IUeJieCT' BonpOCI,1 Teop1rn 3JI8M8HTapHHX qacTHil, CTp.280, 
lw:eB, 1968. 

22. Il.U.lllupoKOB, R3T~, 21, 748 (1951). 
23. A.Eddington, Relativity Theory of Protons and Electrons, 

Cambridge, 19J6. 

24. 

25. 
26. 
27. 

28. 
29. 

P .II/~aycTOB, Ilpenp,IHT OHfIII, P2-5691, .l{y6Ha (1971). 
P.II.?aycToB, TM,~,], 240 (1970). 
P.II.ii'aycTOB, A.A.XeJiamBHJIH, 5Hi, IO, 1085 (1969). 
r . .necHMMpoB, .n.CTOSIHOB, JipenpHHT omm,P- 1658,lly6Ha(196Llj. 
A.A. XeJialllBl!JIH, rrpenpIIHT OHmr, P2-4327 (1969). 
s.Uandesltam, Proo.Roy.Soc. ~, 248 (1955). 
A.L.Licht,A.Pagnamoneta. Phys.Rev. D2, 1150, 1156 (1970). 

30. .Nguyen van IIieu, R.N.Faustov, Nuol.Phys. 5J, JJ7 (1964). 

31. r .H.3IrnOBI,8B' E.B.CTpy1mHCKHH' p .H.98.yCTOB' B.Il. tiepHSIK' 
:n,n, 12s11 (1970). 

32 • TI .,li.COJIQBI,8B, 0630:pHHli .l(OKJia.l( Ha Y:Y Uellt.l(yHapO.l(HOU KOH-
rpepeHI.\IU! no rpH3l!K8 Bl:lCOKl!X 3HeprHi1' I{l!eB' 1970. 

JJ. Il.H.TllXT.fleB, P.H.<:I>ayCTOB, lli!,g, 882 (1965). 
34. R.Karplus, A.Klein, Phys.Rev. 87, 848 (1952). 
35. R.Wilson, Rapporteur• s talk pr~ented at the XY Internatioml 

Conference on High Energy Physics, Kiev, 1970. 

36. n.u.Taylor, Parker w.H., D.N.Langenberg, Rev.Mod.Phys. £, 
J75 (1969). 

J7. Essen L. et al. Nature, 229, 110 (1971). 

J8. R.U.Faustov, l!uovo Cim. A69, J7 (1970). 

J~. G.nreit, R.ThaJ.er, Phys.Rev. 89, 1177 (195J). 

40. R.u.Faustov, Phys.Lett. JJB, 422 (1970). 

41. !!.Grotch, Phys.Rev • .£,, 1605 (1970). 

F.r,loirn, II.Osborn, Phys.Lett. 1±!!, 400 (1971). 

24 

42. ·W.M.Hughes, II.G.Robinson, Phys.Rev.Lett. 
n, 1209 <1969). 

4J. D.J.Larson, P.A.Valberg, II.F.Ramsey, Phys.Rev.Lett. _s!, 1J69 
(1969) • 

44. A .U.EaJI.l(HH, Cooc5l!l8HHSI o:mrn ,P7-5808, llyc5Ha (1971). 

45. H.H.EoroJIIJc5oB, A.A.noryHoB, H.T.To.l(opoB, OcHOBl:l 
aKCHOMaTl!tJecKoro IlO.l(XO,l(a B KBaHTOBOH TeopMH ITOJISI, 
Hayita, MOCKBa, 1969. 

PyKOill!Cl, nocTynl!Jia B·l!3,l(aTeJII,CKHR OT,l(eJI 

5 aBrycra.1971 ro.l(a. 

25 


