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1. B B e .11 e il B. e 

ITponecchl cnaoh!x B3aBMO.IIei!C'I'BBA npu IIB31tllX aaeprullx xopomo OllHChiBSIOTCll nepBhiM' 

llpBOnJIJKeBBeM TeOpBB B03MYJ118BBI!o 3To ooycnoBJieBO TeM, 'ITO XOBCTSHTa B3aBMO.IIeiiCTBBH 

·G Mana. O.IIBaxo npu BhiCOXBX aueprBliX nepsoe npuom!JKeiiBe ·Teop•• B03Mymeaul! ue 

Ill 12/ 
llpJ[MeiiBMO, xax STO DhiiiO oTMe'leao B paooTax EnoXllllltesa , Mapxosa H .11p. Oneaxu· 

Bepxaero Itpe.llena IIpBMeHBMOCTB TeOpBH B03MymeBHII .IIIIH CIIaDh!X B3aBMo.llellcTBBI! DhiiiB Aa-
/3/ . . . /4/ . ·. . . . 

Hhl B pa6oTaX Ho<M>e , Acaaosa u Banyesa u .11p. B paMJtax yaaeepcanbHoA · ·y;.. A Teo-
. /5/ 16/ /3 4/ 

pBH renn...MaiiBa B <lleAHMaaa H Mapmaxa B Cy.llapmaua aBTOphl paooT • paccMoT-

penu pll.ll nponeccoe, aanpemeHHhiX B HBameM nopli.IIJte, uanpuMep, 

+ + + .+ + p. + e .. p. + e ; p. .. Je p. .. e +·y (1) 

CpaBHHBall TeopeTH'Iecxne pac'I9Thl c aJtcnepnMeHTa.n&HhiMH .llaHHhiMH, Ho<M>e, AcaHoB n Ba-

nyeB ItOIIY'fHIIH pa3m1'1Hhle OlleHXB .IIIIll BMDyiibCa oope3BHHll A H TeM CBMhiM ItOity'IHIIH 

BepXHHe Oll9Hitll .IIIIll ODIIaCTB 9HeprHH0 B ltOTOpol! TeOpHll B03MY!lleHHII npHMeHHMa. 0.11Halto 

Bee nponecch! ( 1) C'l'poro <:~anpemeahl, ecnn MIOOHBoe n anexTpoaaoe Hei!Tpnao liBIIB,IOTCH 

paann'IBhiMH 'laCTHnaMn, 'ITO oh!no noATBepJKAeao onh!TOM, H noSToMy oneBXn, nony'leHBhle 

- ( ) x/ Ha OCHOBe paCCMOTpeBHll 1IpolleCCOB 1 t B .llei!CTBBTeiibBOCTB He HMeiOT MeCTa • 

B aacToamel! paooTe Mhl aaA.IIeM rpaanny npnMeBnMoCTH TeopBH BOaMymeHBA .llllll 

cnaohlx B3BHMO.IIellcTBBA nyTeM cpasaeanll noBe.~teHBll aMnnHTY.II paanD'IHhiX nponeccos c Tp&

ooBaHneM )'BBTBpBOC'I'H~ PaCCMOTpHM npeJKAe Bcero CIIe.IICTBHll, BhiTeltaJO!llBe H3 YCIIOBHll 

YBHTapBOCTB: 

rne MaTpKilB .T 

'lepea IE J a A b A,·> 

CBli38H8 C 

+ 
T T 

S - MBTpKnel! COOTHOllleBHeM 

BeltTOp COCTOliiiBll CHCTeMhl 'IBCTHII a 

(2) 

S • l + iT • 06o3HB'IHM 

B b c saeprael! :E 

IIOIIBhiM MOM9HTOM J B CDBpMbHOCTblO ·A (.IIIIll 'IBCTBilhl a ) B A' (.IIIIB b 

H ItOIIOJKBM 

x/ B pa6oTe Ho<M>e TaKJKe ohlnn paccMoTpeHhl ApyrHe s<M>exThl. 0.11Haxo TaM He 
ohlna paccMOTpeHa pollb panuanuoHaux nonpasox, ltOTOpble M:oryT B3MeHBTD IIOIIY'f9HHhle 
OlleHKH, a T81tJK9 DhiiiH C.II91I8Hhl H91tOTOphle .110ItOIIHHT91IbBble npe.IIIIOIIOJK9HKll OTHOCBTellbHO 
YHHBepcan&HOCTB KOHCTBBT B38HMO.II9IICTBHD, 
• 
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Tor-~ta 113 (2) Mhl uueeu: 

J J ~ 

2ImT (a.\b>.,;a>.b>.,;E)=IT (a>.b>.,;a.\b>.,;E)I + 

J ~ 

+ I T (a ). b.\'; a I' b I' •; E ll + ••• 
(S) 

J ~ 
+IT (a>. b.\, ;cv dv,;E )I + 

3TO COOTHOID9HH9 YAOBnaTBOpRaTCR TOllhltO TOr)la, KOrAA SMIIlOITyltid, IISpiiBAnhHbiX 
- J 

sonn T yAOBneTBOpnDT nepaaencTBY 

I TJ (a.\ b.\, ;a.\ b .\,;E)I-~2 (4) 

'I J T (a .\b.\'; c v d v' ; E) I .< 1 (6) 

OTMaTRM, qTo aennquna B nepsoA qacTu (6) nsnneTcn aMnnnTyltoA neynprroro nponecca. 

nepeA.~teM Teneph K nayqeHBID IIOBOA9HBR SMIInRTy.!l HOKOTOpbiX IIpOII9CCOB. 

2. Pacceunne neATpuuo na aneKTpoue 

PaccMoTpRM nponecc ynpyroro paccennnn 

v + e ... v + e ( 6) 

OooanaquM qepea q n p 

CTBOIIHO, B qepea q' B p' 

4-uMnyn&Cbl HaqanhHbiX IIOATpHIIO B aneKTpOHB COOTBeT

-KOJIOql!biX neATpRIIO R aneKTpOHB COOTBOTCTBOIII!Oo 

B yuuaepcan&uoA V -A 

aToro nponecca paaen: 

/6,6/ 
TeopHB cnaObiX' B3BBMOA9ACTBBA MBTpHqUbiA 3n9M9UT 

4 4 a- · () M = (271) 8 (p+q-p'-q')- u(p')·y (l+y )u(p)U{q')y (1+·y )u(q). 7 V'T j.t D j.t D 

Ha aToro Bblpa>Kenn>I Mbl nonyqaeM cneAyiDmee BblpaJKeHne nn>I nonnoro nponecca ( 6): 

u = 

~ 
71G~ (E - m2)~ (8) 

E2 

KOTOpoe nponopnnonan&no nonnoA aneprnn E a cncTeMe neaTpa unepnua ( npu oon&mux 

auepra>Ix). Ha ocnoae ycnoaug ynuTapnocTu n npeAcTasnenun ~annen&cTaMa ~pyaccapT 
171 ' 

noKaaan , qTo nonnoe ceqeuue aaanMoneAcTaun nayx qacTun ne MoJKeT pacTB oblcTpee 
~ . 

fn E • TaKnM oopaaoM, oblcTpbti! poeT ceqeHHH (8) npu E .. - npoTnaopequT ycnoaul' 

ynuTapnocTH npu nocTaTOqno oon~omoA anepruu nn>I cTpororo AoKaaaTen&cTaa. J\:l,ht Bbl"'HC

. nHM napnuan&Hble aMnnuTyllhi paccMaTpnaaeMoro nponecca. 

4 

;'i 

I 
1; 

:Jl 
1"\ 
l" 

! 
l 

ii 
-·~l:_.l. , ·•J 
.I 

f J 
l 
I 

. I 
.;,I 

) 

. ~I 

) 

0TM9TBM
0 

qTO llBYXKOMIIOH9HTH09 ueATpHHO BCarna BM90T CIIBpBllhBOCTh -1/2, II03TO

MY oTnnqnbl OT nynst TonhKO aMnnnTYllhl <.\', -lS., p', I T(E)I i,,>.,-*>.KouKpaTHble Bbl'lllcneuun 
~ .. p p 

IIOK83b1BBIDT
0 

qTQ .<.\',-lS,P-.IT(E)I.!;.>.,-lS> , ecnH .\.f, -lS· H .\'.f.-% • 3TOT peaynhTBT 
' p /~ . 

cornacyeTcn c BbtBonoM paoOTbl , rne obln uayqeu nponecc pacceHHHH neATpuno na nonn-

puaoaannoM aneKTpone. Ha BhtpaJKeHHH ( 7) nnst MBTpuquoro aneMeuTa Mhl nonyqaeu: 

r .. 2 ~ 
<-lS,-lS,-IT(E)Ii,-lS -lS>= 1 G (E -mJ2 p • -----

p (2n-)2 yT E2 
(9) 

.. .. , p 
C ApyroA cTOpOBht, MOJKHO paaliOJKBTh aMnnuTyny <-%,-lS, ~ IT(Ell- ,-lS,-lS·>na napntian&-

/9/ p' p 
Hble aMnnnTynht no MeTony SI~:ooa u BnKa : .. 

p' ' 
<-lS,-lS,- IT(E)I..l ·-*·-lS·> :t (2J + 1)<-lS-lSITJ(E)I-%-lS>d J (0) • (10) 

471 J 00 p' p 

Ha (9) u ( 10) Mbl nonyquM Bbtpa>Kenun nnn napnnan&BbiX aMnnnTyn: 

J 2 ~ 
<-lS,-lSIT (E)I-lS,-lS>=-G_(E -mJ28 

,(271 E 2 JO 

(11) 

3ro Bbtpa>Kenne ne npoTnaopeqnT ycnoauro ynuTapnocTu, ecnu aneprHH E ynoaneT-

BOpHeT HOpBBOHCTBY! G 
~ 

.,P.71 

(E2-m)2 

E2 
~ 2. 

0Tcrona nonyqaeM aepxnroro onenKy nnH npeJiena npuMeHHMOCTH BhtpaJKeHHH (7) MaTpuqnoro 

aneMenTa paccMaTpuaaeMoro nponecca: 

E .$_ ( 2y 2 71 ) IS 
G 

940 Eaa • 
(12) 

f>ht paCCMOTpenH nponecc B cnyqae, KOrns CIIBObiO B3BHMOll9ACTBHSI SIBllliiDTCSI qeTbi

pex<!>epMHOHHbiMH B3BHMOll9ilCTBHHMHo 

Ecnn JKe cnaobte aaauMoneilcTBHst nepenaroTcn npoMeJKyToqnhlMH aeKTopHhiMH Meao-

/10/ 118MB (eM. pHCo 1), TO BMOCTO (7) Mbl HM99M 

M = (271) 4 B 4 
(p+ q -p' -q') g 

2 
u-(p')y I' (1 + y 5 ) u ( q) X ( 13) 

X U (q') ·yv(l+ Y 
5 

)u(p) 

rne M -Macca npoMeJKyToqnoro aeKTopnoro Meaona. Ecnu npeneopeq& qnenaMn no-

pstnKa (__!!!.. ) 2 , TO Mht nMeeM cnenyromee BI>tpa>Keniie nnn nonnoro ceqenuH: M . 

5 



u = 
:4,. g 4 • (E 2 _ M 2) 2 

~ (E2..:_M2)~+ E~2 
( 14) 

TaxnM_oopaaoM, npu BhlCOKHX aneprunx ceqenue paccMaTpusaeMoro nponecca cTpe

MHTCi K noCTOHRHOMy, ·~ol no-BHAHMOMy, ne ITpOTHBOpeqnT ycnOBUIO YHHTapBOCTU, 0ABaKo 

STO ne 03HaqileT1 qTO B TeopHH C BeKTOpRhlMH Me30HaMH BOnpoc 0 npe.ttene npuMeHHMOCTU 

TeOpUH B03Myme1tHII He cymeCTByeT, noKaJKeM 3TO ua npuMepe nponecca C pO}KlteHHeM 

peanbHbiX BeKTOpHbiX Me30HOB, 

3. Po}Klteuue nap BeKTOPHhlX Meaonos B sneKTponuo-no3HTpoHHoll 

aHHHrHIIIIIlHH 

+ + 
! PaccMoTpHM nponecc e + e .. ·w + ·w 0 KOTOphl!l MOJKeT npOHCXOltHTb 3a cqeT KaK 

9/IeKTpoMarHHTHOro B3aHMOltellcTBHH ( CM, ltUarpaMMy Ha pHC, 2) 
0 

TBK H C/Iaooro B3aUMO

AeiiCTBUH (eM, AHarpaMMy HS puc, 3), Tax KSK 3AeCb Mhl pSCCMaTpusaeM TOIIbKO cnaohle 
/ 

B3SHMOAe!iCTBHSI 0 TO MSTpHqHbie 3/IeMeHTbi STOrO nponecca paBHbl 

M =(2~r) 4 ll 4
(p +p'-q-q')g 2 x 

+, 
~~~ 

y2q~ 
0 

i(p" lf) ) t v(-p')y (1+ y >---- ·y (1+y u(p)~,( 15) 
" 5 (p-q)2 /.1 5 ·~ 

v -<qo 

rAe p H p' 4-HMnynbChl 3/IeKTpOHS U n03HTpona, 

. - ~-+ nonnpnaanun seKTOpuoro Meaona W · ; q' u ~ ., 

U ~ /.1 - 4-HMnynbc U _BeKTOp q 

nun BeKTopnoro Meaoiia W + 
- 4-uMnynhc u BeKTOp nonsxpuaa

• B cucTeMe neuTpa nuepnuu P
0 

= p' = q = q' = .!. 

noll 

0 0 .0 2 
:E -- nonuan aueprmr CHCTeMbl), nonnoe ceqenne nponecca Aaereu cne.ttyiOmell <jlopMy-

rAe 

u = 
+I 

E 
2 

I QJ f ~~ d(oos 0) • 2;16 IP .. I-t 

2 1 , , q __ q, 4 
ITI = (liw, + ~)(ll , + ~)_g_ x 

32p0q;:q~ 11 2 
/Ill 112 (p -qj' 

xSp((i;'+m).y 11 (1+·y 5}i(V-q).y (l=+·y }y U+y )i(p-q)y ... ,(l+y )1. 

Bblqucnenne ABeT acnMnTOTnqecxoe BbipaJKeHne AIIH u 

U= 
g4 2 __ .JL 

96u J14 

6 

(16) 

(17) 

(16) 

. I 

TaK liCe Kax H B nepbOM cnyqae (8), u 3A9Cb pacTeT C SHeprHe!l KSK E 2 
0 

qTO MO-

JKeT npHBOAHT K npoTusopeqniO c ycnosHeM ynnTapnocTn, 3aMeTHM, qTo ceqeune po}KlteHHn' 

ltBYX nei!TpanbHhlX BeKTOpHbiX Me30HOB pacTeT norapH~MHqecKH C pOCTOM SHeprHH B TeopuH 

C KSnHopoBOqHoll HRBBpHaRTHOCTbiO ( H0 B "'aCTHOM cnyqae, ceqeuHe BRRHrHnHUHH e \ e-:. 2y/ll'>, 
'ITO He ITpOTHBOpe"'RT ycnOBHIO ynBTapHOCTH, Paauuna Me}Klty. STHMII' nsyMH cny-

qaHMH 3BK/IIO"'SeTCH B cneltytomeM, npB CyMMHpoBSHHII' no COCTOSIHIISIM nonRpii'3SUBH BeKTOp

ll'biX M930UOB Mhl JI'MeeM: 

l:~ I ~ 1: = (liw'+ ~') • 
I " " M2 

Ec/III' MaTpuqnhlll aneMenT HMeeT BRA 

M= ... 
~~ 

" ..;w 
TO ceqenHe nponopnuoua/IbHO 

~,.. 
-N 

v'kJ. "' 

~ q q , q' q' , 
(u •+ ~ )(ll , + ~ )N N,, • 

/Ill 112 w M2 '1' "ll 

bnn cnyqan MeTpHqnoro aneMenTa ( 15) qneHbi, conepJKamue nponase.ttennn ~ t ABIOT 
112 

rnaBHblll BKIISA0 B TO BpeMH0 KSK A/Ill Cnyqag po}KlteHHH HeiiTpanbHbiX Me30HOB OHH oopama

IOTCSI B Hynb B cuny KaiiHopoBOqHoll HHBSpHaHTHOCTH q' N = q N = 0 , noaTOMy AIIH 
" .,,.. /.1 'fl 

nepaoro cnyqasx ceqenue HMeeT acnMnToTnqecKoe nosenenne (18), STu peaynbTaTbl TBKJKe 

CBSI38Bbl C TeM 0 qTo TeopHSI uei!TpanbHblX BeKTOpHblX Me30HOB nepenopMHpyeMa, B TO Bpe

MH KBK TeOpBSI CnSobiX B3aBMOAeiiCTBBII C npoMeJKyTOqHbiMB BeKTOpHbiMH Me30HSMII Hene-

penopMnpyeua. 

nepei!AeM K uayqeHHIO napnuanbHblX aMnnBTyA. B KaqecTBe npnMepa paCCMOTPHM 

cnettyiOmBe aMniiBTYAbi: <lliT(E)I-~~>, 

<-10IT(E)i-~ ~> <00 I T(E)I- ~ ~ > • 

Ha BbxpalKeHHR MeTpnqnoro aneMeHTa Mbl nonyquM: 

<lliT(E)I-~~> = 
g 2 1 + cosO 
-sinO----

16772 1 - cosO 

<-10j T(E)i-~ ~> = i g 
2
E sinO( 1- cos 0) 

8ff~r 2 M . 

2 2 
<OOIT(E)I-~~> =~sinO • 

16~r2M 2 

7 

( 19) 

(20) 

(21) 



. /19/ . 
PB3110lKRM STH BMniiHTyllbl HB ·napnHB11bHbl9 BMHIIHTyllbl no M9TO.!lY .fb:o6H H BHKB H Bbl-. 

,'IHCIIHM HX B ttpenene 

H3 ( 19) nony~aeM 

J . 2 
- - 4yl 

<lliT (E)I-%%> = _!__: (1,2y28 + 1v68 +·- 8 ) • 
· · ' 811 . JO 3 Jl 15 J 2 

(22) 

3TH BMHIIHTY.!lbl BCerna Yll0Bn9TBOpHIDT Tpe6oBaHHID ycnoBHH YHHTBpHOCTB. 

H3 (20) noey•meM 

<~10ITJ(E)I-%%>= g
2

E (8 +~8 +.1.8 +..!..8 ). 
.4y'T 11. M JO .45 Jl 6 .J 2 15 Ja 

(23) 

3TH napnHBIIbHble BMHIIHTyllbl YllOB119TBOpHIDT ycnOBHID YHHTBpHOCTB TOnbKO B OOIIBCTB SHep

rHH: 

ecnu M • 1 EaB 

E~ 
411\fT M 

~ g2 
45 

· (Macca uyKnoua). 

6 
4. 10 Bas 

1 

nnu napnBBIIbHbiX aMnnHTyll < 00 I r (E)I- *~ > Mbl BMeeM: 

J 2 2 
<OOI T (E >I-%%>= ~ 

.811M 2 
_._4 ~- 8 
3..;T JO 

(24) 

(25) 

0TCID.!l8 cne.[lyeT .sepXBHI! npe.!l911 o6naCTB npBM9HBMOCTH BblpaJKeHBSI ( 15) MaTpH'IBOro sne

M9HTB: 

M2 ~ ii 
E .< (..!!.17 

• _l =( 12 17) = 19Sl 
- y2 glf G 

(26) 

0TMeTBM0 'ITO TOIIbKO ·aMttnBTY.!lB polK.!l9HBSI M930Ha CO CHHpBnbBOCTJoiD 0 ( T,e, pOJKli9BHSI npo-
' . 

.!lOIIbBbiX Me3oBoB) BMeeT noseneuue, uapymaromee ycnosue yuuTapuoCTu npu 6on&mux auep-

rullx. 

.TBKBM o6p830M,' OObi'IHBII T90pBH B03MymeHBl! npHM9HBM8 TOIIbKO B OOIIBCTH MallbiX 

· sueprBSIX, r.tte BKnB.!lbl Bblcmux· npu6nuJKeHul! MBnbl. llpu auepruux, npeBblmaromux nony'leu

Bble BblpalK9HBH (1000 Bas ·nnu nponecca pacceuHBH uei!TPBHO ua sneKTpoue u 2000 Bas 

/ ·.ttnn nponecca polK.!leHHSI nap BeKTopBbiX .Me30HOB B sneKTpoHHo-no3HTpoHuol! auuurununuu), 

B BblpaJKeauux aMnnBTy.!l nponeccos cna6biX·B3BBMo.!lei!CTBBll ueo6xonuMo Y'IHTbiBBTb '1119Bbl 

Bblcmux npu6nuJKeiml! unu npuMeHHTb npyroll M9TO.!l npu6nuJKeHHSI, nna KOToporo ycnosue 

yuuTapuocTH Bb!HonuueTcSI aBTOMaTH'I9CKH B K~OM nopH.!lKe. 
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