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PenuTHBHCTCKaH rrpnqHHHOCTb Tp~6yeT, qTo6w ·~poHTHOCTb rrepenaqn 

B036y:>KL1eHHH OT OAHOrO STOMa K npyroMy paBHHJI8CE Hymo rrpn t < R/ C 

Ill /2/ 
I1M8HHO TaKof:i: pe3yJibTaT rronyqnm·I KnKyqrr H <!JejlMH • OnHaKo nx 

pacqeT rrepsoro Hencqe3aJOrnero rrprr6mr:>KeHH>I Teoprrv B03Mymemri1: 6bm ne-

rrp;r6JII!)l\BHH51 ITOK83biBaeT, 

/3/ 
(eM, pa6oTy , rf{e '!TO W ( t ) j,. 0 B HHTepsane 0 < t < R/ c 

rrpHBOAHTCH H o6cy:>KnaeTC51 JIHTepaTypa rro aToMy Borrpocy), HaqaJibHOe 

I! KOHBqHoe COCT051HH51 38J{aqrr B YK838HHhlX pa60T8X OITHChlBBJIHCb COOTBBT-

CTByJO!IlHMH C06CTBBHHbiMH BeKTOp8MH CB060AHOrO rc MHJibTOHI18Ha, T,e, 

"rOJib!Mll" COCTOHHH51MH, ilpl! T8KOM OITIIC8HHH B8p051"HOCTb H8HTH BT0p0H 

8TOM B036y:>KAeHHblM ITpH 0 < t < R/ c OK83hlBBeTC51 He paBHOA HYJIJO, 

na:>Ke ecnrr mraqane rrepBbiA 6biJI 1WBo36y)l(JlBH, TaKo i pe3yJibTaT rronyqaeT-

C51 HB TOJibKO ITO TeOpHH B03Myll!GHHH, HO H rrpH TOqJIOM pacqeTe, KOTOpb!IT 

B03MO:>KBH B narnei! Monemr. IloaToMy oTJI!PHJe w( t) ~>T HyJIH rrprr t < R/ c 

MO;>KHO rrpOCTO paCCM8TpHB8Tb KaK eme OAHO yKa3aHI IB H8 HBAOITyCTIIMOCTb 

yrroTpe6JIBHH51 "ronwx" COCTOHHllH B TBOpllll C B38llMJABHCTBH8M, 

PaccMaTpHBaeMaH Monenb OITHCWBBBT ABe 38pH~8llHhle qaCTllUhl 1 HBXO-

A51UU18C51 B OCUHJIJ151TOpHbiX HM8X1 p83ABJIBHHhiX pilCC1 OHHHeM }{ 
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B38HMOQei\CTBy!OT C :.neKTpOM8r'HHTHbiM rroneM 1 npHLieM TOnbKO UHITOnhHO. 

OcHonHoe conep)KaHH!· HacTo~nuei\ pa6oThi 3aKniOLiaeTcH BO BnenenHH BMecTo 

"ronbiX" orrepaTOpOB pD/KUeHHH-yHHLITO)Kb!<HH npyrHX orrepaTopoB 1 H83B8HHbiX 

qm3WieCKHMH. OT in- 11 out orrepaTOpOB OHH OTnHLI8!0TCH TeM 1 LITO 

UOn)KHbl OITHCf,IBClTb cp 13HLieCKHe KBSHTiol B ni060ti MOMeHT BpeMeH!I 1 a He 

/4/ 
TonbKo npn t-> .:t- "" , B pa6oTe Ha npHMepe Monenn c onHoii 3apmKeH-

Hoii LiacTnueti nonpo61o onncaHa rrpouenypa nx rronyLieHHH. B pa3aene 2 

OH8 Kpa "KO ITOBTOpeH ~ C He06XOlll!MbiMH MOUHcpHKSUIIHMH. 

ITep~oe H rnaBJOe CneUCTBHe OITHC8HHH KOHeLIHhlX H H8LI8nhHhlX 

COCTOHHHH C ITOMO!Ub 0 cpH3HLieCKHX orrepaTOpOB 3aKn!OLIAeTCH B TOM 1 LITO 

BTOpOii :omeKTpOH MOHeT 6b!Th H8HUeH B B036y)KneHHOM COCTOHHHH rrpH t> 0, 

TOnbKO ecnH BHSLiane rrepBhlii 6wn B036y)KUeH li K TOMy )Ke 1 ecnH OH K MO-

MeHTY t y)Ke ITOTepin CBOe B036y)KneHHe. TaKoii pe3ynhT8T COOTBeTCTBy-

eT 06biLIHOii CB5I3H CJ e)lCTBHH C llpHLIH!-IOii. l..fncneHHbiii paC'leT w( t ) 

( CMo p83)len 4) 1 OJlH lK0 1 ITOK83biB8eT1 LITO w(t) .f_ 0 rrpH t < R/c , 

LITO He COOTneTCTByET penHTHBHCTCKOH 11pHLIHHHOCTH. 

3anaLia KHKY'IH··¢epMH oxBaTbiBaeT TonhKO LIBCTh peanhHoro rrpouecca 

rrepe)laLIH CHI'Hana. 3Ty LI8CTh MO)KHO OITHC8Tb KBK CT8llH!O pO)KUeHHH 06-

MeHHOI'O cjJOTOH8 1 ere pacrrpOCTpa!IeHHH H rrornoiUe!lHH. Mbl ITOK83anH 1 LITO 

ycoBeprneHCTBOB8HllOE • paCCMOTpeHHe 8TOI1 CT8JlHH He CHHMSeT o6Cy)KJl8eMOi1: 

TpyJlHOCTH. 0JlH8KO rpe)K)le LieM cnenaTb OKOHLiaTenbHhlH BhlBOJl 0 ITpHLIHH

HOCTH Teopn~ cnenyaT HccnenonaTh rrpouecc rrpHroTonnenHH no36y)KJleH

Horo COCTOHHHH 8TO~l8 1 H perHCTp8UHH cpaKTa ITOHBneHHH B036y)KUei!H5I 

y aTOMS 2. 
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1, Ormcamre MOJlel!M 

B KynoHoBcKoif KanH6poBKe M B ennmruax h = 1 ¥ c = 1 raMMllb-

TOHM8H MOJlel!M HMeeT BMJl 

H 
ph 

1(_. ->2 
+ -- p -eA) + H + 

2m 2 ph 

1 ... ...... 2 _,. ...... ...... 2 
=-fdx[E (x)-t(rotA(x)} ]. 

87T 

e 2 

+ 

(1) 

UeHTP~ ocUMlll!HTOpH~x rroTeHuHanoB Jll!H sneKTpoHoB pa~rrono~eH~ B He-
-> 

KOTOpb!X TO'IK8X + d 1 H -d 2 , EyneM C'IHTBTb, 'ITO F accToHHHe Me~ny 

MHOrO 60l!bllie paaMepOB f = 1/y--;;;; ~l!eKTpOHH~X OCUMll-

l!HTOpOBo 

Monenb oKa~eTcH TO'IHO pewaeMoif, ecnM Mbi oT6p )CHM qneHbi, conep-

-> -> 4 
~am He 1 I I d 

1 
-t d 2 I ( 11 eme MeHbiUHe) B paano~eHHH ( 3) (eM, nanee) 

Jll!H KynoHOBCKoro BaaHMoneifcTBHH e 
2 I I R 1 - R 2 1 

3TO B38HMOJl9lfCTBHe JlOli~IIO H9CKOllbKO CM9IU8Tb <: p8JlHH9 TO'IKH 0 OK OliO 

KOTOpblX KOl!86l!JOTCH 8l!8KTpOHbl, flyCTb Jll!H rre pBOrO 8JI ?KTpOH8 HOB8H 

TO'IK8 p8BHOBeCHH 6yneT ( tl + p 1 ) , JlJIH BTOpOrO - ( d~ + p 2 ) ; pI 11 p-> 2 

eme Hano· H8HTH, BBOJll!M HOBbie orrepaTOpbl KOOpJlHHaT 8l!9KTpOHOB q I II q2, 

OTC'Il!Tb!B89MbJe OT 8THX TO'I9K! 

( 2) 
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BBeneM HeorrepaTopBbit't BeKTop R = d 1 + d-; + p 1 + _,p2 , 

=R-(q
2 
-q

1 
). HarrpaBIIM ocb z 

Torna 11MeeM 

e L P ( oosa) I 
({ L L 

ITO I{ 

R 

R = R =0 
X y 

L 

_, _, 
TaK 'ITO R 1- R 2 = 

11 R =R. 

2 

+ ..!.._ [ 3 _(_q:-2 z_---:qc-1-7. _) _ I J I q_, 2-q 1 [
2 

+ • • • l. 
2 ~-~ ---12 ({2 

( 3) 

q 2 q I 

3necb 

e
2 /R C - qi1CITIBOA 11 HBITHeTCH ITOCTOHHHOA no6aBKOA K ITOITHOA 3Hep-

rl111 ( 1). BeKTopbi 1' 1 H p
2 

MO)KHO rrono6paTb TaK, 'IT06bl cyMMa BToporo 

qneHa p83ITO:>!<eHIIH ( 3) 11 rrocnenHHX nByx qneHOB 

2 
., 

q2z -q m K~ _, 2 lz ffiKI _, -· )2 e ·+ -(q +pI + --(q 
1{2 2 I 2 2 

He conep)Kana qneHcB rrepBoro rropHJlKa rro q
1

H 

CTB8M p =p =~ =p =0 
I X I y 2 X 2y 

2 
2 e 

mK p ---= l; 
lz 1{2 -mK i p2z + 

H 

cz 

1{2 
0. 

B ( 1): 

2 _, 
) - p2 

_, 
q

2 
o 3To ITpHBOJli1T K paBeH-

(4) 

TO ( 4) eCTb CHCTeM a 

JlBYX Ky6uqecKHX yplBHeHHA JlnH 

KoOpllHH8T rrocpenHH~ BeKTopa R 
P lz II p

2
z • Bbi6epeM TOqKy Haqana 

T8K 1 qTo6bJ 
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II (5) 

11 d 
x! 

HaM He IIY/K If,f 

TpeTHil LIJieH paanof!<eiiiHI ( 3) HMeeT BHJl: 

e z f ;!( q - q ) 
R ~ 2 7. lz 

2 2 
-q -q -q J + 

! x 1 y 2x 2y 

( 6) 

2 

+ ~ ~ [ - 2 q 1 z q 2 z + q I x q 2 x + q 't y q 2y l ' 

4neHLI BHna c 2 q 2 IR 3 
Hano rrpoCTO o6'ben>IHI Tb C 'IJ1eHaMH lx 

mK 1
2 q 1 ~ I 2 3To cnerKa JI3MeHHeT KOHCTBHTLI K 

1 
11 K 2 ( rrpn'IeM Ko-

3~qlHUJieHT 11pH q 2 
Terrepb OTJ11PiaeTCH OT K03<!Jcjmune ITOD 11pH -q 2 

11 q 2 
) 

Z X y ' 

!10 Mbl He 6yl1t?M BBOLll!Tb HOBbiX o6o3Ha'IeHni1, TaKHl\ o6pa30M 1 eCJ1ll 

OT6pOCI!Tb OCTBJ1bHNe 'IJ1eHN pa3J10~eHHH (4) ll ITOCTlSIHHhle C - 'IHCJ10-

Bbie~ qne Hbl 2 2 I 2 mK 1 pI II 2 2 I' mK 2 p 2 ' 1 TO ( } ) IT pH MeT 

l [ ... H =-- p 
2m I 

... ... 2 l ... ... ... 2 
-eA (td )l + 

2
m [p 2 -eA (-d )l 

2 2 
fi1KI ... 2 mK2 ... 2 

+-z-q I+ -2-q2+ 

( t' ) 
e2 

+7[- 2qtzq2z-+q1xq2x+q1yq2y] +Hph 

xl 
BrrpoqeM, c 6onbwoA TO'IHOCTbiD 

e2 
H p = . 

2z mK21o*l+lf212 
HHMll TO'IJaMH rrocne BKJ1ID'IeHI1H KYJ10HOBCKOrO B38HMOUeACTBHSI ( 8J1eKTpOHbl 

OTT8J1KHB8IDTCH), 
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-+ 

ApryMenTaMH A 
-+ 

HB.IHJOTCH ne KoopnnnaTbi aneKTponoB R 1 H R 2 

HO cpe)lHHe TOqKH + I H -d 1 HeCKOJ1bKO He COBIT8Jl8JOIUHe C UeHTpaMH 

OCUHJ1J1HTOpHbiX ITOTeHJl!18J10B1 CM. ( 5), 8Ta <jlopMyJ1HpOBKa JlHITOJ1bHOrO ITpH-

6nH*eHHH tPBKTHqecKH COJlep*HT yqAT BTOpOIO qneHa B (3), 

f.lTo6bi HBHO HCIT)J1b30B8Tb yrrpoiUeHHe 1 BHOCHMOe JlHITOJ1bHbiM rrpn-
-+ -· 6nn*enneM, pa3nOMH~ orrepaTopw A II E ITO ITOJ1HOA CHCTeMe BeKTOp

HhlX coneHOHJl3J1bHWX (rrorre~eqnwx) JlByxToqeqHhlX tPYHKUHA 

/5/ 

_,(a) 

G (k, -x,, 
AM 

BBenennwx naMH B §3 pa6oTw 

oo ~ -+ (a) -+ -+<a)* -+ + 
Jdk ky-- L l GA (k,x)aA (k)+G,. (k, x)a (k) !, 
o 2k /,,M,a M Ma JL\1 AM a 

( 7) 

* -+ -+ oo 2 ~ -+(a) -+ -+(a) -+ + 1 
E(x)=-A =i J dkk v-- L G (k,x)a, .. (k)-G (k,x)a (k)!. (7) 

o 2k A,M ,a A.\1 J\M a AM A.Ma 

06bJqHbie BeKTO)•Hbie COJ1eHOHJl3J1bHble tPYHKUl!H C orrpeneneHHbiM ITOJ1HbiM 

MOMeHTOM J HMeJOT T8KOe CBORCTBO: TOJ1bKO Tp!! H3 HHX ( C H8HMeHbWHM 

J 1 paBHb!M ) 1 HI· o6paiUaJOTCH B HYJ1b B OLIHOA ToqKe - naqane I<OOp-

-+ (a) -+ 
nnnaT, Y G AM e<'Tb ananonJqHoe cBoRCTBo: B nByx ToqKax + d H -d 
ne paBHbl HYJ110 TOJ1b~ 0 llleCTb tPYHKUHA 1 a HMeHHO C HHUeKCaMl! a= + 

-+ -+ 
A = 1,2 H ,, =-1,0,+1. no9TOMy B p83J10)~eHHH (8) nmi A( ±d) 

tPHrypnpyJOT orrepaTop >I a TOJ1bKO C YK338HHI,JMH 3HaqeHHHMH 3TIIX HHUeK-

/5/ 
COB, YlCITOJ1b3YH rrony·IeHHble B 3HaqeHilH UBYXTOqeqlJl,JX rjly!IKUIIA B ToqKaX 

~ xl ± a , rronyqaeM 

x/.113/
5

/ 1\10)1\HC H3BJ1eqb Bblpi:l)J<e!IHH 3TI!X 3Haqenm~\ TOJ1bKO B BI!Ue 

neKoTOpbrX 6ecKoneqHbiX pHUOB (eM., n qncTnocTn, (3.16) B/ 51). HnM yna

nocb nx rrpocyMMI!pOI aTb, 
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2 'l . "in2kd ms2kd 
r\ (k,d) ~v-I 1 • :_, ____ + ----

! 1 :lrr - 2 2 kd ( 2 k d) 2 

( 2kd) :J 

2 ws2kd r (k,d)= v-11-:li---
Ao :lrr " ( 2kd) 2 

sin2kd 

sin 2k d 

( 2kd) :J 

1/ 

I ! 2 
0 

I,' 
/2 

(8) 

(9) 

B rjropMynax ( 9) BepXH!liJ 3HElK cooTBeTcTByeT ,\ = 1, HIDKII!I(r -1\ = 2, 

B ( 8) I>MecTo a + 
H a HCITCJnb30BaHb! 3pMIITOBbi 0!1 ?pr!TO[lbl p 

3aHJMC'j)OI\IlHHb!0 ,[l(!KapTOBbiMH l1f10C'KUIHIMH X , y Z 

( 10 x) 

AuanoriPlHO orrporreml!0TC51 P\)k) !I Pi\,(k). Orr?paTopr,r a B cjlop-

MynElx (lOx) 1 (lOy) , ( 10 z) cB>~3aHbi c orrepaTO[lllMJ yiil!'ITO/rWH!l51 

a AM"( k), 3aHyMe[loBElHHI.IM!l UI!K.niP!eCKHMJ: rrpoeKUH51MII 

( 7)) 1 CJTOilJI0UlllM 06[l!l30M: 

~~ = 0,:!:_1 ( CM 

a,\.(k)=a\ 0 (k); a/\ ~(a\ -a i\,•.t,)/y2; a\ =-i(a\ +< ·\ )/y2 0 (11) 
Z I + x . , -1,+- , r J y i ,-1,-t- / ,-t 1,+ 

llanee HnM rroTpe6yroTC51 onepaTopbr lj (k) , KaHoHnqecror coiipHIIWHHbre 

K p(k): 

q , ( k) ~ i fa \ (k)- a+/\ ( k) )/ /2 
i\X I X X 
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rronyqtJeTC5l 113 (8) 38ME'HOH fi\M (k,d) Ha 

A+t 
(-1) fi\\ik,d ). TaKHM )6pa3oM, c 9neKTporwMI1 B3aHMonei1cTByroT Tonhi<O 

"/111ITOnhHhte" 4>oToH: .r, xapaKTe pH3yeMI,re 11H/lei<caMH a = +, A = 1, 2, 

\1 = 0,:!:_1. ( lf.TTll ' y z ), n B nanhHei1weM nocTaTO'lHO pac-

CMaTpHB8Th TOnhKO COOTBE'TCTBYIOlllYIO "/111ITOJihHYIO" 'lGCTh OT lfph; 

00 

H 
ph 

_l_ f dk L 
2 () ;\=I ,2 

[q 2 ( k) + p 2 (k) l, 
.>\ A 

q 2 = q 2 + q 2 + q2 
;\Ax ;\y i\z 

( 13) 

HauGonee cep,e3uoe oTnH'll1e uaweA Monenu oT HtlCT05lll!eA 9JieKTponu-

H8l\1HKI! /lBYX HE'[lOJilTllBHCTCI<IIX 9JJeKTpOHOB 3aKniO'!BeTC5l B /ll!ITOnhHOM 

rrpn6JUD!WHHH, C.ne~yeT O)KHI18Th 1 'ITO oTnH'llle 6yneT ue6onhUIHM /1J15l 9ipqleK

TOB C QJOTOHaMII M£ JlblX 9HE'jJ1llH 1 eCJJ!l B 'lneHbi B38llMOLieHCTBll5l ep7 .~(+.d) 
·) ' 1 

n ep~ A(-d) (cM,(1 ) n (8))Mhi BBeneM BMecTo f>\)k,d) ;l1aKTOpbi 

g(k) fi\\1 (k,d) illYHKU!Ieti g(k) 1 o6pe38IOTHei1 60J!hl!Ille k 

BCT8Iil!M (8) H ( 13) B ( 1
1

) ll BBeaeM BMeCTO 9neKTpOH!!blX onepa-

i = 1,2 KaHOHll'IE'CKlle 6e3p83ME'pHhle orrepaTOphl 

• 0Ka3biBaeTcH, 'ITO II p[!3Qen5l-

eTcH ua TPH KOMM) Tnpy10ume npyr c npyroM '!acTn: H = h x + h Y + h z • 

BbmnmeM onay !13 HHX -h, ,r =X,y, z, 
.. , 

orrycKaH wTpnxn y q 1, 
_,, 

11 Ptr 

h 
r 

~(q2 +P 2 )+ 2Kz (q22r +p 2 )+ 21 f dk ~k[q2 (k) +Pa:(k)J +-
2 lr Ir 2r 0 a=f, 2 ar 

( 14) 

I - (-> r - ) • ;- (- r - ) 1 (- r - )2 ~ - )2 
vK I PI~( lpr + yK2p2~(2 P, + 2 (I P, + 2'(2Pr . 
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BBeAeHo cneAyJOruee coKparue HHe ( "cKanHpHoe rrpoH3 seneune") : 

(;'P, )= f dk L 
0 a=1,2 

ar 
( (k,d)p (k). 

a.r 
( 15) 

B ( 14) 1 ( 15) n B nanbHeiirueM BMecTo HHneKca A rrroTpe6nHeTCH !IHABKC 

a. OcTaJJbHb1G o6o3Ha'!eHirH: 

ar 
(1 (k,d)= 

k 

[ 

-e v- g (k )fal(k,d), 

,· 
-e y - g ( k ) f ( k, d) , 

m aO 

8CJ!H r =X,y 

( 16} 

ecnn r = z. 

ar a+l ar 
f ~ (k,d) =(-1) f I (k,d); s 

r 

iloCT8TO'IHO paCCMOTp8Tb OAilH Il3 raMilJlbTOHillHOB h, • B A8Jlb-

H8H!ll8M 1 roBopH 0 raMilJlbTOHil8H8 MOA8Jlll 1 Mbl 6yAEM HM8Tb B BHAY h r 

Il IlHABKC r 6yAeM OITYCK8Tbo 

2. BBeAeHHe ~Il3H'!ecKHX orrepaTopoB 

ilnH ITOJJY'I8Hll5l ~Il3Il'18CKilX orrepaTOpOB H8AO CA8Jl8Tb T8Kll8 K8HOHil-

'18CKH8 rrpeo6pa30B8Hll5l IlCXOAHb!X OITepaTOpOB q f p 1 'IT06b! h rrpn-

o6peno .BHA. CyMMbl ABYX OAilH8KOBb!X KB8Ap8TH'!HbiX qJOpM 1 OT q Il OT 

/4/ /4/ 
p, CMo o KaK II B CJJyqae OAHOrO 9Jl8KTpOH8 (c~. pa3A8J1 2 B ) CHa-

'18Jl8 !1pOH3BOA!lM K8HOHH'IBCK08 rrpeo6pa30B8HH8 

11 



1 00 

p 1 =p~ +-Jdk l ~a(k)p'(k), 
YK,_O a I a 

1 00 

a 
- J d k l ~ ( k) p ' (k)' 

.!7:0 a. 2 a 
v "2 

p =P ' + 
. 2 

~~ (k) 
q ( k) = q ~ (k ) - --- q '

1 
-

~ ;(k) 
p (k)=p' (k). 

flocne Hero B h 

v~ 
a a 

rroSJ B5lTC5l qnen~ot, conep)KaUJHe q 'q' (k) 
I a 

c qneHaMH p 'p '(k): 
1 a 

nap5lt:IY 

( 17) 

K K ' 2 2 S + ~12 
h I ' 2 ...:.:a '2 J ( + ~ I K ) q ' + ..1.( K + ~ I K ) q' + ' ' = 2 pI + 2 p 2 + ~- K 1 II I I 2 2 22 2 2 q I q 2-

YKIK 2 

q,. a q ,.2 oc a ..... - _,. ( ) 

--
1-fdk lk~ (k)]'(k)--fdklk~ (k)q'(k)+Yi<:p'(((: H )p')+ 18 _ ;- o a I a _ r,:- O a 2 a I I I I 

yK I V"2 

HcrroJih30nano C>KpameHHe • j = 1, 2. 

3aMeqaeM, 'ITO cpopMa OT q'a(k) HMeeT BHLI HHTerpana KBanpaTOB q~(k), 

B TO BpeM5l KrlK tjlOpM 1 OT p ,: (k) He 5lBJHJeTC5l TBKOBOH 1!3-38 fiOCJiet:IHifX 

LIBYX cnaraeMbiX B ( 1 3), Ho ee MO/ICHO IIpi!FleCTII K HHTerpany KBanpaTOB 

cnenyJOIUHM o6pa3oM. Cuaqana cnenaeM MaTpnuy q',(k) - cpopMbi enrrnHq

HOA MaTpnueA CJIE cyKUJHM K8HO!!HqecKI!M rrpeo6pa30BaHneM: 

q' (k) _, q ' (k) ,' v k 
a a 

p '(k)-->p '(k)yk. 
a a 
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nocne 9TOrO p ' (k) - rj10 p:-..13 IT pi! MeT Bl!ll ,, 

-
1 

( dk Jdk' L F ,(k,k ')p '(k)p ', (k '), 
2 o· 0 a ' a a a. ( 19) 

(20) 

B rrpHJlO*eHHI! A HaAneHo rrpeo6pa3oBaHHe X , ITJHBOilHwee (19) K HH-
"" ., 

Terpany KBanpaToB J d I' 2 v 2 p" " ( v) H ocTaBmnoweE q '(k) - tjlopM y 
0 b b oo 2 a 

HeH3MeHHot'r (rrocKOJ1bKY X opToroHal1bHoe) - f dv 2 q'' (11) • Ko9cptjln-
o h l 

UHeHTb! 9TH X llBYX tjlopM OT p " (I/) H q " ( v) MOry r 6b!Tb ITpnpaBHeHbl 
b b 

rrpeo6pa3oBaHneM: 

q"(ll)=q (v)F; pb"(v) 
b b 

P ( Jl ) I v-;; 
b 

TaKHM o6pa3oM, rrocne rrpeo6pa3oBaHHH 

1"" a = -"" ' 1-
q'(k)~-Jdv 2 X (k,J•)yi:7""q (v); p'(k)~vkfdv2X (k,v)-p(v)(21) 

a y'k"O b b h a 0 b ' Vv b 

qHCTO ~OTOHHBH qaCTb h rrpnMe'r Bllll CyMMbl llBYX C llHHDKOBbiX HHTerpa-

AHanorHqHo rrocTyrrHM c ql!cTo 9J1eKTpoHHoif qacn 10 (eM, rrepByJO cTpoq-

Ky B (18)), nocne rrpeo6pa30BDHHH 

_. P, I v-;; 
I I ql->q~y~ ( 22) 
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11 p '
2 

2 
cpaBHHIOTCH, ilanee rr:m6npaeM yron 0 

Il OpTOrOHaJTbiiOM ITJ>006pa:JOBaHllll 

q" m:-; 0 -q" :-;in 0 , q' ~ q" sin fJ + q" <~1:-; 0 
1 2 2 l 2 

( 23) 

( £l!HlJTOrWHIO llJT\1 fl l!C'l83 I! KBilD-

[JilTli'JHaH rt•Ofll'-111 CJ"l 
() 2 ') (.1) 2 '' 2 ..:.'.::.L "~ ~-2 q 2 q 1 2 2 , 

2( s + 

tg HJ-
2 

K -K +- t t - 11- :22 

nocJTe KllHOIIIF!OCKOJ'O 11pPo6pa30B11Hll'il 

q :' .·. ( 
I 

p = p. VuJ 
I j 

l ') - 'w 
( 25) 

v 
q ~ I! p ~ 

i I 
CTaHyT Dfll!llill\ORf,f~vll!, 

nocJW flfJ<'O(ip.t.50ililJII!ii ( 21) !! ( 22) 1 ( 23) 1 ( 25) KO.lli r[li!UllO!ITbl llp!! 

q -q (•; ) 
I J, 

B I'ill\1HJ1bTOlll!llll8 h J!:l~ll'li\ITCH flO C[lrlfllf('llll!O 

C TCMI! 1 KOT0pl,f8 II 1CJOTCII Jl C[JO.QHGlf CTjlOKI? ( 18), iln>J llOJ1JIOI'O pn!WIICTBCI 

il•O[JM OCTaE'TCH TOJ1l.J(0 11pHpnB!IS1Tb IIX: 



00 00 

yi~[-cosb fdk Lyfk ~a(k)X: (k,v)-sin8fdk L y'K ;:(k)X:(k,v)]= 
(l)t o"' a 1 0 a 

00 = w a a a 
= v ...:.:..1.. [cos 8 f dk L a (k) X h ( k , v ) t- bin 8 f dk L a : ( k) ( ( k, v ) ] , 

1/ 0 a1 0 a ... b 

( 26.1) 

(J) 2 oo ,t a a 

=v-fdkL [-sinO a (k)+oosO a
2

(k)l Xb (k,v). 
I/ 0 n 1 

( 26.2) 

BMecTo ~~ BBeneM a u flO cjlop:v!yJle ( 20) 11 33"8M pa3p81IJHM CHCTeMy 

OTfiOCl1T8JlbHO '!Jl8HOB J d k l a 1 "x: 
0 a 

BcTaBHM ciOn a Bbipa)KeHne (A .3) H3 rrpnno)KeJ HH A nnH X 1~ 
II pe3yJlbT11T 331llll1IeM TaKHM o6pa30M: 

a b a b 
oo a a oo a a 

1 
(k) /3 

1 
(v) ; a 

2 
(k) {3 

2 
( v) 

fdk l! 1! C (v)o(k-v)=- P {dk 2! 1! k-----::----=~----, (28.1) 
0 a k b a a l/2-1. 2 
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3aecb I 1 l n I 2 l o6o3Ha'IaJOT Bbrpa:>KeHnSI, Bb!liHcaHHhre B ¢nrypHbiX 

CK06KaX B ( 27,1) H ( :!7,2) COOTBeTCTBeHHO, 3TH nennHellHbie HHTerpanb-

Hb!e ypaBHeHHSI LtnSI a Mbl pewHM rrpn6nn:>KeHHO, 0orrpo6yeM H8llTH pewe-

nne B Bnae pS!aa, rre;>Bbill n nan6onhwnil qnen KOToporo nMeeT TOT :>Ke 

ITOpS!.OOK ITO KOHCT8HTe e 0 'ITO H € 0 T,e, rrepBblll, CM, (16), 

Ecnn y a ITOpS!J OK "'e 0 TO BCe 'IneHbl B neBh!X 'I8CTSIX ypaBHeHHll 

( 28) HMeJOT ITOpS!.QOK ( 0 ITOTOMy 'ITO ITOPSIL!OK C : ( V) 
-I 

!jlopMynhi (A,5) H (A,ll), B HHX (, e n f3 "'e ) • OpaBbre 'I8CTH 

nMeJOT rropSI.OOK e 3 
• 3aMeHSISI nx nynS!Mn, rrony'IaeM ypaBneHHSI nyneBoro 

rrpn6nn:>KeHHSI BH.Qa 

( 29) 

M O:>KHO ITOK838Tb, 'ITO BeKTOpbl Cl H C 2 rrpn Ka:>K.QOM v ne nyneBbie 

n ne rrapannenbHbJe, L eilcTBHTenbHo, rpoM03LlKOe Bbi'IHcnenne Bbrpa:>KeHHSI 

--+ 2.....,. 2 __, __, 2 
C I C 2 - ( C I C 2 ) C I OMO!Ub!O !jlopMyn rrpnno:>KeHHSI A ITOK83b!B8eT, 'ITO OHO 

He MO:>KeT paBHS!TbCSI 1 rynJO ( HO 6nH3KO K e.QHHHUe), p 83 ITpOeKUHH .QByMep-

-> -> 

Hb!X BeKTopoB I 1 l H I 2 l na aBa nnneilno He38BI1CHMb!X BeKTOpa paBHbl 

nyn10, TO 11 ~~ =0 " 12 Ia 
v 

a 
= 0. 3TH paBeHCTB8 orrpeaenSIJOT a 1 ( v) 

H aa
2
(v) 1,2, rrpn6nn:>Kennn 

a a 
a B HyneBOM 'Iepe3 ( I" • (2 

H HeH3BeCTHbJe eme K•lHCT8HTb! 8 H W 
2 0 CM, ( 27), C ITOMO!Ub!O 

( 20) MO:>KHO Bb!ITHC8Tb H Bbipa:>KeHHSI anSI HCKOMb!X 

neBoM rrpn6nn:>Kennn. 

~a 
I 

B Hy-

B cnyqae Moaen 1 c oannM 3neKTponoM 6brno rroKa3ano, 'ITO rrpn 

nann'IHH o6pe3aHHSI B HTepaUHSI .QaeT .QeiJ:CTBHTenbHO ManyJO ITOI1p8BKy 

rropH.QKa e 3 
/4/ 

K H) reB)MY rrpn6nn:>KeHH10 0 CM, , 

16 



EcnH B ( 24) ITOt:1CT8BHTb HaiiaeHHbie Bb!p8:>K8HHSI DIISI /; 1 a H ;;;. 

TO ITOJIY'HIM CHCTeMy TpilHCU8Ht:18HTHh!X ypaBH8HHii DJISI () w I H c,;
2 

B cnyqae K 
1 

= K 
2 

!!! K y Hee ecTb rrpoc'.·oe pemei:ne: () = 45° • 

ilei1:CTB!IT8J1hH0 0 B 9TOM CJiyqae MO:>KHO ITOK838Tb 0 'ITO ;:t~(v)/;;(v)" l,2{v} 
-2 

paBHO /;2 ( V) , Cv!, (16)), Bsnay 

( 24) 6 tg go o. 9TOrO 3H8M8H8T8J1b 0 pawaeTCSI B HyJih 0 'ITO COOT38TCTBY8T 

npH K I = K 2 = K H3 (24) cpa3y cneayeT, •To WI 

2 
C TO'lHOCTb~ ):10 'IJ18HOB ITOpS!t:1K8 C paBHbl K , HO He paBHhl apyr apy-

w 
2 

-W 
2 = 2 [ S + J d k ~ I; a ( k ) I; a ( k) ]. 

l 2 o a 1 2 

fpOM03):1K08 Bhl'IHCJI8HH8 HHTerpilJ18 B (30) rrpH 

fl. >> K ' II rrpn H K » 1 naeT 

2 
e 

nnH cnyqag, Korna r B ¢opMynax (14), (Ia) paBHo 

(30) 

( 31) 

IIJIII y 

0KoH'laTenhHhiH BHD raMIIJihTOHIIaHa h rrocne Bf eneniiSI one paTopoB 

"' v 
II q ( ].1 ) 

b 
p ( ].1) 

b 

( 32) 

b "' v - 00 b " ., 
+Jdv ~E 1 (v)[qq""(v)+p p (v)l+Jdv~E (v}[q q(~)+ p p (v)J, 

o b=1,2 1 h I h o b=l, 2 2 2 b 2 b 
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h b 
rne E

1
(v) n E

2
( ') paBHbi rrpaBbiM qacTHM ypasHeHnii (26.1) n (26.2) 

C OOTBeTCTBeHHO. 

ilallbHeHillee H3liO)!(eHHe llpOBO!liiTCH TOllbKO LlliH Clly'!aH K I = K 
2 

=K • 

_,.2 --+2 -+2 
HO II a

1 
(v)=a

2 
(v) =a , 

KBK MO)!(!IO ITOK831tTbe C IlOMOUlb!O <tJopMyn (A,2), (A.9), (A,8) H !lp. 

113 rrpiinO)!(eHIIH A rronyqaeM: 

h 

E 2 (v) 

II HyniO rrpn 3neCb 0 bl 0 KB < 06bi'IH0 0 paBHO 

(it, <l
2

) 03HB'!BeT 2aa ( f/)a a (v ). DocKOllbKY Bbi'-IHClleHbl TOllbKO 
a I 2 

B HyneBoM rrp1I6nn:<eHIIH, To 3HaMeHaTenn B (33) crrenyeT 3aMeHHTb enn-

HIIueti ( ,\
11 

HMe(·T rropHJIOK e 2 
, eM, ( A.6)). TorJia ( E : ) 2 ~ 

- _,. ...... 2 .,2 2~ --+ --+ 2 
~w 1 (a 1 +a 2)/2v H (E 2 ) =r,J 2 (a 1 -a2 )/2v • BcTaBHM CIO!lB BbTpB)!<eHHH 

Jill II 
-+ 

H 
-+ 

rrorry'!eHHbie H3 cooTHOilleHnii I 1 l = 0 II I 2 l = 0, a I a2 

eM. ( 27) rrpn 0 = 45°, i1CITOllb3YH Jlarree Bblp8)!(eHHII ( 16) Jill II H 

-+ 
( 2, rrorryqaeM OKOI'IBTellbHO 

1, 2. (34) 

CM. B (9); M = I cooTBeTcTsyeT cny-

'1810 r = x HliH B ( 16), a M= 0 - crry'IaiO r = z 

18 



3. ~H3H'I8CKH8 orrepaTop~ UJ1H 8J18KTpOHOB 

llnH OJ1HC8HHH 8Jl8KTpOHOB Mbl J10JJY'Il1J1H ri'H3H'I8C ~He onepaTOpbl q 
1 

, 

" 
p 2 • VIM COOTBBTCTBYIOT a I a t 

1 

11 ( 12), KOTOpb18 MO!KHO H83B8Tb orrepaTOp11MH p0)!(J18Hf!H-YHH'ITO!K8HHH 

lp;~OHOBo f10K8/K8M 0 ~TO HX H8r!b3H ITpHfll1Ch!B8Tb OTU8l bHb!M 8Jl8KTpOHaM, 

H8CMOTpH Ha 3H8'IKH J 11 2, KOTOpb!MH OHH CHa6JK8Hhi. f1pH'IHHbl CJJ8UyJO-

IUHe: 

( ) E "a+" a 83 UOK838T8JlbCTRa yKi1!K8M 0 'ITO Hpll paCJ1ED8 CDCTOHHH8 1 H 

"+ xi 
He rrepeXO!lHT B COCTOilHH8 a 2 Q 11 Ha060pOT • Pacrra ~ IlpOHCXO)lHT TOJlbKO 

B O!lHOcpOTOHHhW COCTOil!llillo Hanoonee H3B8CTH8H B 

8H8J1Dl"'Hil COrTOilHHHM ~ tn 
1 

" + 
li a n 

2 
Ko-

1 H 

H lCTOHTll88 Dp8MH 

0 161 
K 2 -Me3oHbi Cne-

!lOB8T8JlbHO, 
"+ a n 

I 
He 011JICNBRBT B036yJK!l8HH08 COC'OHHHB HMBHHO rrep-

BOrO 8JlBKTpOHa: 113 8KCI18pHM8HTa H::3BBCTH0 0 'ITO J1('PB',Ii1 8Jl8KTpOH MO)f(BT 

rrepenaBaTb CDOB R0::36YJK!l8HH8 !lpyroMy. 

(6) Yf3 (22), (23), (25) [l CJ1Y'Ia8 K
1 

= K
2 

:= K , Korna 

Bb!T8K88T 0 'ITO orrepaTOp KOOpUHHB"bl 118pBoro 8J18KTpO-

( paBHhi(I rrepBoHa'IaJJbHOMy q 1 cornacuo ( 17)) rrpencTaBnHeTCH 

" B BH!lB cyrrepiT03HUHH orrepaTOpOB q I H q 
2 

C IlpHM(·pHO pi1BHbiMH Beca-

MHo llpyrHMH CJJOB8MH 0 q I OTH!Oilb He llBJ11l8TCH orrepaTopoM, "6JJH3KHM" 

(B) Cnyqai1 K =K 
1 2 03H8'I88T, 'ITO 8JJBKTpOH~ HBXOUHTCH B O!lHHa-

KOBbiX HMB> H C 8Jl8KTpOM8r'HHTHbiM J10JJ8M OHH B38H~ O!l8HCTBYIOT OUHHa-

KOBO. f108TOMY HX 118p8HOpMHpOB8HH~e 'I8CTOTN W 1 !lOll lKHbl 

TO'IHO COBJ18)l8Tbo H 0 W 
1 

- W 
2 

J, 0 B 8TOM CJ1yqaE ( CMo ( 3}) ) • 

xl "+ " + 
Bbi'IHcneuue aMrrnHTYilbi rrepexona H3 . a 1 Q E a 2 Q B Monenn 

C raMHJlbTOHHBHOM (32) rrpOH3BOUHTCH TO'IHO TBK !K8 0 1 aK B p83U8Jl8 4 
Bbi'IHCnHeTCH A ( t) c rroMOIUbJO raMHJJbToHnaua ( 37). 0Ka3h1BaeTcH, 'ITO 

2 Oc(w)Oc
2

(w)=O. 
c 1 
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Dony"'HBWyJOCSI CHTYBilH!O MO/KHO 6b!Jl0 6b! rrpeJlBH]leTb, l!OCKOJlbKY 

¢H3H"'eCKHe orrepaTCphl Boo6me He orrpeQOJlSI!OTCSI 0JlH03HD"'HO TOJlbKO Oll

/4,7 I 
HHM Tpe60B8HHeM C >BIT!l/leHHSI HX BBKYYMB C tpl!3H"'eCKHM BBKYYl\IOM fl , 

PaccMoTpHM orrepaTopw I CBSI3BHHbJe C a OpTOrOHBnhHhlMH rrpeo6-

pa30BBHHSIMH Bl!Jl8 

" v (35) 

a
1 
=cos¢~ 1 +sin cp 1

2 
a

2 
= -Sin cpa I + COS <f> ~ 

2 

c IIpOH3BOJlbHbiM ]le HCTBl!TeJibHbiM ¢ . TaKl!e /Ke ¢opMynH lll\1e!OT MeCTO 

" + ';_+ " " " JlJISI a! 2 ' 
JlJISI q I q 2 ll JlJlSI pI ' p2 . OrrepaTopbi 

at ll a'2 HMe OT TOT /Ke BaKyyM n ll IT03TOMy TO>Ke "tfHI3li'48CKIJe" • 

"' Cpeal! orrepaTopoB q 1 ecTb TaKHe, KOTopwe MoryT 6wTb rrpl!rrl!ca-

Hhl COOTBeTCTReHHO rrepBDMY ll BTOpOMy 3JieKTpOHy C "MaKCl!MBJlbHhlM 

OCHOB8Hl!eM" B CJie !YJOWeM CMbiCJie, 0Hll JlOJl/KHhl Mlii!HM!lJlbHO OTJlii"'BTbCSI 

oT rrepBoHaqanhHbiX orrepaTopoB q
1 

H q
2 

, llnSI 3Toro MaTpnua Q 

IIpOli3BeJ:teHl!SI rrpeot;p830B8Hl!H (22), (23), (25) H (35) JlOTI/K!Ja MHHHMClJlbHO 

OTJlli"'8TbCSI OT e.Ql!Jill"'HOH M8Tpl!Ub! 0 He l!3MeHSI!Oll1el'i COBCeM q I ' q 2 
x/ 

/8/ 
MuHl!MBJihHoe oTnwme 6yaeM xapaKTepuaoBaTb Ml!Hl!MyMoM HopMbi U!MuaTa 

2 + d + d T II Q-111 =Spur (Q·-1} (Q-1 ). Ha ycnoBl!SI 0= d¢ Spur(Q -1XQ-1)= d¢ 8pm{-Q-Q) 

HBXOJll!M yrOJI <f> o , rrpu KOTOpOM JlOCTl!raeTCSI Ml!Hl!MyM: 

( 36) 

x/ 
Mo/KHO HBIT ICBTb BMeCTO (35) 6one~, 06UJee KBHOHl!"'eCKOe rrpeo6pa-

30B8Hlle, COXpaHSI'JUee BBKyyM, Ho TOr!lB q 6yJlyT BhlpCl/KBTbCSI He TOJlbKO 

qepe3 q , HO ll '!epe3 p , Do3TOMy {i
1 

6yJJeT OTJlli'IaTbCSI OT q
1 

He 

TOJlbKO orrepaTOpu!v q 2 , HO ll orrepaTopOM HMITyllbC11 0 T,e, 3DBe]lOMO He 

Ml!Hl!MBllbHbiM o6pt 30M, 
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ll

/4,7/ 

6-

3) 

eCTO 

TOpbl 

~Kne". 

mnca-

TbC~ 

\18JibHO 

x/ 
l 2 

/8/ 
MH.QTa 

T 
~u~-Q-Q) 

36) 

eo6pa

TOJibKO 

I He 

l He 

B cnyqae K 1 = K 2 IIOJiy'IaeM ,) 0 = e = 45°, TBK 'ITO (35) 

6yaeT rrpocTo o6paTHbiM rroBopoToM no c :JaBHeHHIO c ( 23). B 9TOM cnyqae 

IIOCJI8 IIpeo6pa30B8Hll~ (35) raMHJibTOHH8H h IIpllHHMaeT BH.Q 

h = ~~ ( q""2 + p 2 ) + 2 ( q~ 2 + p~ 2 ) + E ( q q + p p ) + H h + 
2 I I 2 2 2 12 12 P 

=(E 
b b 
-E 

2 

l )·-· -I 

..;z 

= b b 
E =(E 

2 I 

b l +E)._. 
2 -I 

..;z 

E = ( w 
1 

-w 
2 

/ 2 . 

(37) 

( 38) 

MoMHo rrpoBepHTb, 'ITO ecTb Tpir c<>xpaH~romnec~ orrepaTopa cyMMap-

Horo 'IHCJIB iflc;-oHOB H ifloTOHOB COpTOB ~ y ll Z ( KBK ll B MO.Q8JIH 

/4/ 
C O.QHHM 9JI8KTpOHOM ) 

=+ 
n =a 

rl 

= = + = 
a +a a + 

rl r2 r2 
f dv 

0 

= + ' L arb ( v ) a rb ( v), r = x , y, z • 
b 

( 39) 

B rrpnnoMeHnn E HaH.QeHo opToroHa1bHoe rrpeo6pa3oBaHne 0 , rrpnBo

a~mee (37) HJIH (32) K "anaroHBJibHOMy'· BH.Qy 
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4. Pa c'-leT aMrrnnTy!lbt rrepena'-111 Boa6y}f(neH1151 

Ha'-!aJihHOe C OCTOHHI1e aanaqn KnKy'-ln-cflepMH Mbl 6yneM OITHCblB11Tb 

1 TaK '-ITO IIpll HMeeTC51 O!lllH ¢oHOH COpTa lx 

(nnll 1 y ) ( B03 5y}f(neH rrepBI>IH 9JieKTpoH). B cnny aaKOIIa coxpaHeHn>I 

(39) TaKoe COCTO;JHI!e He MO)l\eT rrepeHTll K MOMeHTY t > 0 B B11KYY~II!Oe 

COCT051Hl!e \1 ll1ll B CDCT051Hl!e "BTOpOH 3JieKTpOH B036y}f()leH ll eCTb 

ewe HeCKOJibKO ¢cTOHOB",E!l!!HCTBeHHOe B03M0}f(HOe KOHe'-!HOe COCT051Hlle 

~ + 
C B036y}f()leHHhlM BTOpblM aneKTpOHOM - 3TO COCTOHHHe a2 \1 ( O!lHH 

qioHoH copTa 2x ) • Bbt'IIICJIHM aMrrni!Tyny BepoHTuocTH A(t) Hat'IT11 c11c-

TeMy B 9TOM CDC '051HI111 K MOMeiiTy t > 0. 

A(t)~<atn 
2 

-lht ~ + 
, e a 

1
!1 > 

-tw 

= < J duJ ~ 0: ( uJ ) ; : ( (lj) n , J d (u' ,"!-- 0 cl ( w ') e 
t,. 

a ~(w ') I! > = 
c ( 41) 

-iW 

171 
0o!lp06HOCTl B~BO)la 9TOH ¢opMyJIW CM, B pa6oTe , 0onCT3BJIH51 

CJIY'IaH K 1 

1 00 -16 t 
A(t)='2-Jdwe 

3necb 
-> 2 
E, l! 

-> 2 

E 2 

1 Bbl'-111CJieHHble B IIpiiJIO}f(eHI!l! 6 IJJIH 

rronyqneM 

( 42) 

orrpeneneH~ ¢opMynaMH (34) I! (9); ~ 1 11 ~ 2 - ¢op-

22 



Mynoii (E. to) 0 vl!nerpan ( 42) Bbl'H1Cl!5!JIC5! Hll cqi'THOii ~ aumHe E3CM-6, 

,, 
I 

~ ( (J) +cu )/:!c,m/10 
2 

x/ 
11 TllKOe O( •pe38HHe flpHHI1M8l!OCb 

g2(w)'/12/(l' + (J) 3 ), rae =v m = 10 u 
2 

Cq! T8J10Cb, qTO 
I I 

(J) ITOCKOllbKY yqeT pa3HOCTI1 cu -w 
1 2 

( CM, ( 3 1) ) 03HaqaJI 6bJ Bbl-

xou 3a rrpeuenr,r Toro npn6JIH)!{eHH5! 1 B KOTopoM nonyqeHE> E 11 E ~ . 
Ha pHc, 1 npencTaBnen pe3ynhTaT !lJI5! paccToHHHH d =I! I 2" 10 ;{, 

1 
-- 10 A 

1
• 

rue A 1 
MO/KE'T 6b!Tb 1133BilH8 IlJliH!Otl BOJIHLI H:JJJY'18HH5! l!CTIYCKaeMOI'O 

8030Y)!<£(()l!Hb!M :~J18KTpOHOM, flo OCJ1 O[lJlllll!1T OTJT0)!(811 -•( t) I. no nc11 

aGCl!HCC - BpOM5! 13 8LUIHHIWX ,\ / C : r 
t' 

A I 
B ToqKe r = 18 

MacwTa6 cMeueu, Br I'!HCJlCHIHI npoBO/liiJ1l!Cb oJ.1HHM H:J aBropos ( Y!,E,) 

rr rW~laBHCHMo A.~i.llfHpOKOBOfr (nBT,l>, OI1HI1)xx/. Pa3Hilla M8)!(/lY pe-

:JYJ1bTaTaM H j' uyx pnc<Ji~TO:: li OUE:HPHHcHl OWH6Ka K8)!(J.{Or< · l13 1!11X He 

npeBLillliHOT TO.ill!HHL! J1HH!IH rpaqJHKa, 

4Toou rrMeTb rrpencTaBneHue o 3aBHCII!\rocTn aMnnn ryru.r oT I{ n 

2 
oT 1(,-,,wTaHTb! cB>l3H e , G1>u1 DhrqHcneH I A ( t) i eure nrur 40 I[ !lll5! 

e ~ = 1/2 x 137, HeKoTopbre pe:JynhTBTbi cneneHhi B 1 '-J6mruy 1. B •-me-

nux TaGml!lb! !!8TO'IHa nocnenrun1 BhiTII1caHfli15! UIH!,ra. 0TH JIUeHHII \ A _10 

ilJlll YKi13dfll!hlX 3ll[l'f0lll!ii :-..J8J!IIIOTCII OT --4 !!0 2, 0THOlliellH5! \ i_\ 
1:1{ ~- 137 

~lJ!H fJEl3Hl.IX 3Hi1'!E'Hllii l' C 60f1bWOM TO'!HOCTb!O pC1Il!lhl 2, qyo 

cooTneTcTnyeT A P ~ 

Harroi\!HifM, 'ITO y nac obrno Itna npl!Gnl!)!\eiiu>r, Bo-r epHbiX, B Kyno

HoncKoM 1338ll~!OJlei1CTBI1H Y'lliT!,IBaJ!l!Cb TOJlbKO BblfTHCaHIII !e 13 ( 3) 'IJ18Hbl, 

x/ ' 
Hnno:-..IJIHJ\1 1 'ITO 9neKTfJOilb! 1 ll 2 noKann3oDaHbl r Kono TO'l8K 1 d 

H_<; n oGnacTHX pa:1MepoM I' ~ 1/\'~ (nanee nx BOJIHOllble thnmunn cna

W1JOT :-JKCTIOHO!IUHnJib!lo), YnoTpL'oneHHLri'l napai\IeTp o6p<:>3 lHHH I' pn31vW3bJ-

13c18T l\3Lll!I\!OTieikTBI!e 9l!eKT]lO!!Ol\ C 9JI8KT[JOMilf'llllT!I\,JM f OJI8I\I B ITpenenax 

OllJ!3CTII Toro .>Ee Ml!Kp0Cl\Ol11PIOCKH MilJ10rO p!13Mepa f' 
xx/ 

flonh3yel\ICH cny'W8I\I no6nnro11npHTb A,illnpoKoBy 3a npoBeneane 

9Toro rpo:\!O:JIU\OI'O j•i!C'H'>Ta, Ta!Ol\e cqiiT:leM cnol!~l npl!>IT!!r,!M nonrot.l 

rrofinar'OililpHTb H,tv\,Co6oneRcKoro, A,C,Y!nbl!HoBa 11 K.K.I Y!lliMY 3i1 ueHHbre 

KOIICYJrbTaumt no nonpocnM nporpM.IMHponnll!IH Hn cpOPTF A He, 



Bo-BTOpbiX, Bbipa)!{ ?Hllll IUIH 6wn11 nonyqeHw B HyneBOM npH-

6nH)!{eHHH, Ha>IHH3II eM no e 
2 

(eM. pa3aen 2). EcnH 6bi BbiqHcneHHall. aM-

nnHTY/18 .A ( t) HNena TaKoA )!{e nopHilOK, qTo 11 oT6pomeHHwe qneHw, 

TO Mbi He MOrnH 6 "I YTBep)!{/1aTb, qTO nonHa51 Bep051THOCTb He paBHa HynJO 

rrpH t< R /c • OaHEKO BKnaa oT6poweHHbiX qneHoB Man xoTH 6bi no cne-

ilYJOillllM npllql!H8M. HeyqTeHHhlA OCT8TOK KynOHOBCKoro B38llMOI1eAcTBll51 

ropa3110 6biCTpee )'6biBaeT c pocTOM R 
-> 2 

'JneHoB cneayJOmerl• npn6nH)!{eHH51 K E 1 

, qeM B Ta6Jmue, a BKnaa oT 

11 E 2 
c yMeHbWeHHeM e 

2 
2 

BI1Boe yMeHbiJJancH 6bi 6onbwe, qeM B 2 pa3a. Eonee noapo6Hoe o6cy)!{

aeHHe pacqeTa ll C)aBHBHHe C TeoplleA B03MYWBHllA MbiilailllM B npyroA 

pa6oTe. 

113 H3nO)!{BHHI IX pacq0ToB cneayeT, TaKHM o6pa3oM, qTo nonHaH Bepo-

llTHOCTb W ( t) H. lATH BTOpoA 9nBKTpOH B036y}(</1BHHbiM 110 MOMBHTa R/ C 

He paBHa HynJO. 

OP!1nO)KEHl1E A 

OpllB(•neHne ¢lopMbi ( 19) K "rnaBHbiM OCHM" opToroHanbHhiM 

npeo6pa3oBaHHeM 

Haao npHBecTI "MaTpHuy" F <PopMbi ( 19) K aHaroHanbHOMy BllilY D 

yHHTapHwM n aeAc~BHTenbHWM npeo6pa3oBaHHeM: XTFX =D. 

KaK o6biqHo, 3anaq 1 CBOI1HTCH K peweHHJO nHHeAHoro ypaBHeHnH FX = XD 

Hnll 

2 00 

k X ab ( k, v) +-a~ ( k) f dk ' ~ 
0 a' 

,o ,o 00 I ' 
a a a a 

a< (k')X (k~v)+a:(k)fdk'~a (k')X (k',v)= 
1 h "o a2 b ( A.l) . 

24 



6hlJ1H nonyqeHhl B HyneBOM npH-

H8HHH3WBM !10 e 
(eM. pa3UBJ1 2), Ecnn 6bi BbtqncneHHa5l- aM-

( t) l!MBJ18 T8KOll :>KB TIOpHUOK 1 qTO H OT6pOU18HHbl8 qJ18Hbl
1 

Mornn 6hl yTB8p:>KU8Tb
1 

qTO nonHaR BepOHTHOCTb HB paBH8 HYJl~ 
C . 0UH8KO BKJ18U OT6poweHHhlX qneHOB M8Jl XOTR 6hl TIO cne

pHql!H8Mo HeyqTBHHhlll ocTaTOK KynoHOBCKoro B38HMDUBHCTBHH 

, qeM B T86J1HU8 1 a BKJ18U OT 

_, 2 
n E c yMeHblllBHHBM e 

2 

biCTpee y6bmaeT c pocTOM R 

euy~wero npn6nn:>KeHHR K E 
2 

1 

HbmancR 6bi 6onbme, qeM B 2 pa3a, Eonee noupo6eoe o6cy:>K

qeTa ll cpaBHBHHB C TBOpHBH B03MYlliBHHll MbiUBUHM B upyroil 

3no:>KeHHhlX pacqeTOB cneuyeT, TaKnM o6pa3oM, qTo noneaH Bepo-

w ( t) 

f1PitlflO)KEHME A 

f1pnBeueene ¢opMbi ( 19) K urnaBHbiM ocHM" opToroHanbHbiM 

npeo6pa30B8HHBM 

o npnBeCTH "MaTpnuy" F 
¢opMbi ( 19) K unaroHanbHOMY BHUY D 

XTFX =D. 
IM H UBHCTBHTBJlbHbiM npeo6pa30B8HHBM: 

qeo, 3auaqa CBOUHTCH K peweHH~ nnHefiHoro ypaBHBHHH FX = XD 

I I OO 1 I 

k,v)+aa
1

(k) f dk'~ aa
1 

(k')Xha (k',v)+a:(k)Jdk'~a"2 (k')Xab (k',v)= 
0 a 0 a {A,1) . 

X~(k,v) 
2 

24 
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ilnaf'Oiiallb!lh!C 3l18M8HTLI [) o6o3Ha'!e!lw qepe3 v B(,3MO/KHb!8 31111'18-

HHH I' eme npencTonT HaiiTH, CTon6uLr MaTpHUbi X 3ElH:·MepoBaHLI He 

TOllbKO lll!Jl8KCOM I' 1 HO H HeKOTOpb!M JluGaBO'IIIb!M I!HJle CCOM b • He-

OOXOJlHMOCTb 8f'O BB8Jl8HHH 0'!8BHJlll8 B '!llCTHOM Clly'!ae 1 
2 ~ 0 ( T, e, npn 

) , Korna V - nnarouanbHaH MaTpnua o(k-k')oaa' 

Torna X 

b = 1,2, 3at;eraSI unepen, CKil/l<eM, 'ITO B o6me:v1 cny'IE e e "-4 0 BBeneHne 

"b" ueo6xonnMo nnH o6ecne'!eHnH nonHoTI>I cTon6uon X , uapSIJly C HX 

opToHop~vmpoBaHHOCTb!O ( cneKTp F OK83LIB118TCH Bi>lpO/KD 2 HHh!M), 

vb 3pMrrToBocTn F 2 
cnenyeT, 4TO v JlOll)l(flbl 6b!Tb nei\cTrJIT8JibHhiMH, 

Mo/lcHo noKa3aTb, 'ITO rrpn v 
2 

<0 pememre nnH X MO ·KCT Ohi'I'h TOJibKO 

'I'p!1Bl111llbl!b!M 1 HyneBbll\1 (DCllO CBOJll!TCIJ.K OJlHOpOJJHOil CH<'TCMe C IIPHyrre-

B~>IM noTe pMH![!H!TOM). T aKHM o6pa3oM, "' M0/1\CT 6biTE TOJ1bKO nelr-

CTBI!TOllbllbiM, nyCTb u '> 0 • BaeneM o6o3HaqeHnl1 

1, 2 . 
( A.2) 

HenocpencTBeHHO MO/I<Ho npoBepnTh, 'ITO ypaBHeHnro ( A,l1 ynosneTBopHeT 

Bb1p11/1<8HHe 

p 

C l1!06biM C : (I') , p o6o3Ha4aeT rnaBHoe 3Ha4eHne 

X -i ( 
] ,= fim 

( -· (\ 

X 
P _!_ ~ Pim _!_ [ --- + 

X f->ll 2 X+i,£ 
( A.4) 
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TaK 'ITO p _1_ ~ () 
X 

1pH X•= 0. n 0 L1 C T a 13JHI5I (A,3) B (A,2)
1 

nony'Il!M 

CHCTeMy ypaBHe HHH 1 ~B5I3 LIBa !OlllY!O Ca h 

b c fi i , Ee !viOlKI!O pa3pel!ll!Tb 

OTHOCHT<?J1bHO (' I ( l' 
h 

II. (' 
2

( l') 
b 

a~ L 2 BL!pa/!W!OTC5I 'i<?pe3 a H 

n 
a '2: 

a 1 i7 ) 
~ =-!(1"-A,,, 

a 1 
I,~ =-l a a +-(I +- ..!!.. A )u " I, 

12 2 2r; 22 1 1 a 2 v 2 2 lT 

( A.6) 

<!Jyl!KUHH 

T 
pOBKH X X 

orrpeneJ15I!OTC5I ycnOBHeM OpTOHOpMH-

HJ1H 

b b 

I d k 2 .\ a ( k' !') X a ( k' v ' ) c a (,,_II ')a . . 
[I' bh 

(A. 7) 

C rroMO!llb!O q:opMynr,r Tnrra ( B,2) H3 npHJ10)IWHIHI B 
/4/ 

Il :\10)KHO 

ITOK333Tb 1 'ITO npaBi >I 'HlCTb (A,7) npOITOpUliO!IaJ1bHa a(r·-r·') rrpH J1KJ6LIX 

{-3b nf3h 
I 

Ho TOT cjlaKT, 'ITO K09rPttlHUHeHT rrpH a( I•- l'.) IJ0J1)K('l! 

rrpn n106oM 11 -

b --) 

+ f-3 (u)u ()I) a 
2 2 bh 

28 



03H8'I88T H8ITHH8i!!HyJO CHCTeMy ypaBH8HHH JJ.IT11 f3 1 ITOCLOITbKY C MO)!{HO 

Bhlp83HTb 'I8p83 f3 

BHJJ.a (Cb (v) {\·(v)) 

, eM. (A.5). B (A.7') yrroTpe6neHo o6oaHa'IeHne 

= ~ c: (v)C a' (v ). .!loJJ.CT8BHM (A.5) B (A.7') 
a;:::::l '2 b 

H 38ITHW8M ~83YITbT8T B BH/J.8 

(A. 7'') 

C ITOMOWb!O "BeKTOfJOB" 

... 
A ( v) 

I 

(-+l(v) ) 

rra (v)/2t• 
I 

... (A.8) 
A ( v) = 

2 

1 
yJJ.B08HHOH p83M8pHOCTH ITO CpaBH8HHJO C B8KTOfJ8MU a I, l fl 

1
, II 1 

--t-2 ...... ...... ............ 0 ...... 

TaK 'ITO A = ( A A ) = ( ( .:; ) + '_1Z_f (a a ) . 
1 l l l I ' 2t/ 1 1 11 .:;~ =1(: . .::]2 1, 

3aMe'!aeM, 'ITO (A. 7'') 03H8'I88T 0 'ITO B8KTOpb1 l,b ·· f3b .~ + fi br 
1 1 2 2 , 

!IOCTp08HHb18 H3 K I H A 2 c ITOMOWhiO H8H3B8CTHbiX eu e K031jHpnuneHTOB 
... -+ 

f3
1 

h H f3li>
2

• JJ.OJJ)!{Hbl 6btTh opToHopMnpoBaHbi: ( L h ,L t/) o o bh •. l13 JJ.Byx 
~ 

A 2 MO)!<HO rrocTpOHTb ·.·onbKO JJ.Ba opTo 'OHaiTbHbiX BeK-

TOpa, l109TOMY b M0)!{8T !IpHHHMaTb TOITbKO JJ.Ba 3H8'I8HtH: b = 1, 2. 

b = 1,2, Qbl f-'"_b LlorryCTI!M 0 'ITO Mbl JiallliTH T8Kll8 /J.B8 rrapbl fJ fJ ., 

..... 2 -+ 2 
'ITO L 1 = L 2 = 1 3TH paB8HCTBa H8 1!3M81!HTCH 0 8CJJII 

c, H L 2 ITOB8pHyTb Ha mo6oii yrOJJ 0 B !IX !IITOCKC CT!l HIT!! OTpa-

·• 
3HTb. Ho rroBepHyThiM L COOTB8TCTBYIOT JJ.pyrne {3 : 

... 
L ·, = L 1 ('OS cos 0 - {-3 >in 0 )= 

... 
~r 1 (f3 ~>· + A2 (f3;>·. 

29 



_, , 
L~ L, \ 1 (/J I . ' 

1 s1n v I fj ) + A ~ 

,, h ' b b b b 

OaiwKo IWJm'lttH~>t t f-5 1 (1 ~ f-l ~ (-l ~ n ~ (-5 J'i ., ne 3nmtc>~T oT 

3TOii !f001\IID:·1ll!l'!lnCTil ( T.e. He 38!ll!CIIT OT <(1 ) • flpr!BerteM Ol11l0 113 

I .\ ~.', 1 I _ / -} 'J } 'J -~ -+ 

-----.---::=-- I \ A ~ \ ; !... ( A 1 .\ ~ ) I 
I \ ~ 

\ 

1 

_If., 
L(AIA2)J" 

(A.O) 

Ecnn nepxnu ii HIIJ .eKe b y (3 pD.BeH 1, TO. 6epeTCH BepXHill"! 3H8K +, 

an>~ b= 2 GepeTo -. <PopMymt (A.3), (A.9), (A.8) 11 (A.5) Tenepb non-
a 

HOCTbJo onpeaenH uT X b ( k, ~' ) llnH 0 <I''~"'-'. 

0Tpi!UD.TOnbilble 3Ha'leHHH 1/ He BXOllHT B cneKTp J.' llOTOMy 1 'ITO 

COOTB8TCTBYJOilli!C CTOn6Ubl X GK83b!B8JOTCH HeOpTOroHanbHblMH K nonyqen-

llb!M n,cnenonaTeirbl-10 1 nnHeiino 3aBHCHT oT HHX ( cp. npnno)!<enne A n
141

). 

11oKa3aTenbcTno HonnoTbi XX T = 1 Mbl ue npnnonnM. 

riPI1JIO)KEHI1E E 

11naroHann3aunH raMnnhTOHnaua 

rJpnneneHHe OllHH8KOBhlX "' q- nnn p -¢opM B (37) K HHTerpany 

KBanpaTOB opTorc•HanbHhiM rrpeo6pa3oBaHneM 0 ocynxecTBnHeTcH rro cxeMe 

30 



rrpllno:>KeHilH A. YpaBHenrre FO = OU 

c 

o PI < (<)) 01 (<u) I' 
1 

E 

0 '~ ( <u) (c ( (u) 
2 

E 

= (t) (E. 1) 
c 

I) ,.(I', W ) () ,(1•', w) 
b b 

3ne:-.teHTLI nsyx cTpoK =: R rrpaso~ BepxHeM yrny ~laTpHULI c!JopMLI F 

HyMepy!OTC5l Herrpepb!BilhlM HHL\8KCOM V TaK :>Ke, KaK : >JleMeHTbl llBYX 

CTOJlOUOB J ! B Jl8BOM Hll:>KHeM yrny HH)leKCOM I' 0 < fJ , z; , < 00 • 

KpoMe Toro, b 
' 

b' = 1, 2, CTOJl6Ubl 0 38HyMepoBaHLI He TOJlbKO 

3Ha'!eHH5lMH '" JlHaroHaJlbHLIX 9JleMeHTOB D t HO ll HHJ:8KCOM BblpO)ICUe-

HllH C ( auanorll'!HLIM llHUeKcy b B rrpnno:>KeHill! A), 'MaTpi!'IHoe" ypaB-

HeHne ( E.1) CBOL\HTCH K cneuy10w:eif Cl!CTeMe: 

c c ;:! _,0 

( v - w ) 0 ( w) + E 0 ( w) + ( E 0 ( w )) '"' 0 , 
1 l 2 I 

( E,2) 

c ~b c ~b c 
0 1 (w)E 1 (v) + 0 2 (w)E 2 (11) =(w-11 )0 b (v, w ), 

0 <I/ < 00 , b = 1, 2. 

YrroTpeoneHo coKpaw:eHHoe o6oaHa'!eHHe Bl!Ua (15). 
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Mo/KHO rroKa3a'·b 1 >ITO oTpHuaTenbHbiM (d COOTBeTCTBYWT TOnbKO 

HyneBbi8 CTOn6Ubl 0 1 ecnH o6pe33Hiie g( k) Jl0CT8T0'1HO 3qHp8KT11BHO, np11 

w > 0 rrocneJJHee yp<tBHeHHe B ( E.2) yaoBneTBopHeTCil Bbipa)KeHHeM 

o: ( v, w) = p 

~ b c 

f>1 (z;)O:(w)+ E2(v)02 (w) + Bb(w) o(w-z;) 
~ 

( E.3) 
w-v 

b 
rrp11 nw6oM Be (w). noacTaBnllll ( E •. '3) B rrepBhle nBa ypaBH8HHil (E.2) I 

rronyqaeM CBH3b Me*llY 0 ~(w) , o: (w) B 1 B 2 
11 c(w) 1 c (ld) : 

:z:::: 1 1 ~ 2 2 (' c 
E 1 (w) B c ( w) + E 1 ( "' B c ( ru) = [ w- v 

1 
+ 11

11 
] ,0

1 
(w) + ( f.L 

12 
- E)O 2 ( w), 

"' I 1 "'2 2 c c (E 4) 
E 2 (w)Bc(w)+E 0 (u)Bc(w)=(" -E)O (w)+[w-z; +fl 10 (w), ' 

· - r12 1 2 22 2 

= 
!1 .. ( w) 

lJ 
J.. P I rr ( E 1 ( v) E . (v) ) 

d)/ , i, j ~ 1, 2. (E.5) 
1T 0 v-w 

H3 ycnoBHil opToHop~HpOBKH 

Oc.(w)O~ (u,')+Oc2 (w)J; (w')+Jdv ~ O~'(v,,,)O·:, (z,,w')~o(w-w')occ'(E,6) 
0 l= I, 2 

rronyqaeM ypaBHeHHe 

( B:(w) B.; 
..t c -+ -+ c' ......, ' 

(w))+rr2 ([E
1
(w)ll

1 
(w) +E

2
(ru)Oc

2
(w)Jl£I(w)O 

1 
(w) +~\(ul)Oc2 (w)]) = 0 cc 

(E.7) 
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Mo)!(HQ BOCITOJJb30B8TbCH ( 6,4) JlJJH Bbi~;'l.)l(eHJH! B c
1 B ~ 

I ,. 'lepe3 

11 o" 
2 

• 3TH Bbipil)JWHJHI l!MeiDT BHJl ( A,5) 1 Ho c tpyr'HMH ( 

BcTaBJJHH HX B (6,7) 1 ITOJJY'IHM HeJJHHeAHue ypaBHeHHH JlJJH 

TOrO )!(e BI!.Qa, 'ITO H (A,7"), HO Terrepb 

4 l _, 

... ' ( w) -· -(~(ru) 
A ,(w) 

"~ ,(w) 

\ 2( w) ~ 
~ 

77 E 2( w) 

b 1 "" h "" b 
( ~-[(w-1; +" )E (cu)-(/1 -E)E (cu)], 

I a 1 r 1 I 2 12 1 

__,. _.,. ____. 4 

a 
2 

( <d ) ~ E f ( w ) E : ( w) - ( 1~ 1 ( <u), ~= 2 ( w )) · 

0 c 
I I! 0 ~ 

(6.8) 

(6.9) 

DycTb K 1 =K 2 ~K Torna (E 1 (v)E 2 (v))~O 0 CM, (33), Do3TOMY 

B CllJJY ( 38) HMeeM 

-) ) -) ~ 4 --4 

"" 2 "" 2 1 2 ' 2 ' -·, 
E 1(cd) ~ E2 (<u) ~ Z [E 1(w) t E 2 (<d)], (E 1(<u)I<. ~(w )) = 

(6.10) 

fl I + fl 2' 

2 /l 12 

fl I -,l 2 . ) l p d - 77 E ~ ~ . - 1 2 
fl . ( (<J ~ - .r IJ , I -- , • 

2 ;r o v- 'J 

-) ~ - 2 

a IT03ToMy 11 A ,~A 2 · BBIIJlY 3Toro 
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I t~ 
0 ---------= () 2 

/-- 2 [ ("-"' 
2 

_, ] _, ., 
dA1 +A z) ,/2 I + fl I) 

+ 11 ~ E 

2 1 [ E' 0 ~-0 
I _, 2 -

v(A A ) v'2 ( w - w 2 + 11 ., ) " 17 

fl H T e p a T y p D 
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0pHMe4BHHe npH KOppeKType 

HeJ:taBHO E. <PeppeTTH B peayJibTaTe coBoxynHoro pacc~wTpc•HHI! Hec

KOJibKHX CneUHaJibHO nono6paHHblX nepBbiX JJHarpaMM Te< pHil BOLlMYUleHHH 

npHIIJeJI K npH4HHHOMY peaynbTaTy: w(t)=O np11 t<R/c (eM. c6opHIIK "Old 

and New Problems in Elementary Particles, New York, 1CJG8, c.108). 

CnenaeM JJBa 3aMe4aHHH no noBony 3Toi1 pa6oTbi. ( 1) E BapHaHTO <PeppeT-

TH B KB4eCTBe "aTOMOB" ¢11ryp11pyroT JlBa 6eCKOHe4HNX IIJIOCKHX CJIOH. 3TOT 

BapHaHT He MO/KeT paCCMBTpHBBTbCH Jla/Ke KBK MbiCJieHHbiH OIThiT no H3Me

peHHW CKOpOCTH CHrHaJia, ITOCKOJibKY ycTaHOBJieHHe ¢aKT1 B036yJKJJeHHH Ta

KOrO "aTOMa" Tpe6yeT 6eCKOH84HOrO BpeMeHH. (2) VJcn )Jlb3yeTCH 06hl4Hb!H 

¢opMBJIH3M C "rOJib!MH" COCTOHHHHMI1. BTOpOH "aTOM" ~ 0/KOT B036yiKJl8Tb

CH JlBIKe eCJill nepBNA B006IIJe OTCYTCTByeT. 3TO HBJI8Hll2 !f>eppeTTll KOMneH

CHpyeT Bhl4HTBHHeM "¢o11a". OaHaKo, ero onpenoneHHe '¢oHa• He oT6pa

CbiBaeT Te CJiy4aH, KOrJla BTOpoii • aTOM• B036yJlHJ!CH 1 a nepBJ,Iii He ITOTe

pHJI B036YIKJleHHH. 

B HaiiJeA pa60Te, BO-nepBhiX, OCHOBHOA BKJiall B \' ( t) Bhi4HCJieH 

T04HO. BO-BT0pb!X 1 HCITOJib30BaHH8 •¢1f31148CKHX• orrepaT8pOB B006IUe CHif

MaeT rrpo6neMy "¢oHa" (eM. BBeaeHHe). 
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