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§1. B B e 11. e H H e 

B nocnenHee BpeMH B pHne pa6oT IIHTeHCIIBHO o6cymnaeTCH IlOBeneHHe 

aMnnHTynbI pacceHHIIH Ha Manbie n "6onbllIHe yrnbI I!pH Bb!COKHX SHeprHHX. 

B pa6oTe/ 1 / 6bmO IIOKa3aHo, 'ITO ,1:WH enHHOI'O OIII!CaHIIH IIOBeneHHH aMnnn

TynbI pacceHHIIH Ha Manbie II 6onbllIHe yrnbI MOmHo sq>q>eKTIIBHO I!pI!MeHHTb 

. KBa3IIIIOTeHU:IlanbHOe ypaBHeHI!e/2/ C MHI!Mb!M rayccoBCKHM KB83HIIOTeH-

U:HanoM/3/. flpll 9TOM OKa3bIBaeTCH, 'ITO B o6naCTII Manb!X "yrnoB nonyqaeT

CH nH¢paKUIIOHHoe noBeneHHe c nonpaBKaMH Ha nepepacceHHHe, a_aa nH¢paK

U:IIOHHofi o6nacTb!O B03HI!KaeT opnpoBCKOe noBeneHI!e/4/ C OCUHnnHUHHMH. 

OHO coxpaHHeTCH TaKme nnH pacceHHHH Ha q>HKCHpOBBHHb!e yrnbI. 't!To6b! 

__ IIpHMeHI!Tb naHHblll MeTon K peanbHb!M q>H3H'le_CKHM npoueccaM • 

npIIHIIMBH BO BHIIM8HI!e 3aBHCIIMOCTb aMIInHTynbI pacceHHHH OT CIIIIHOB qac

TIIU, IlOCTpOHTb COOTBeTCTBy10mee KB83IIIIOTeHu:HanbHOe ypaBHeHHe. 

llnH CIICTeMbl qacTHU co CIIHHOM 1/2 KBa3I!IIOTeHunanbHOe ypaBHeHHe 

6b1n:o nonyqeHo B pa6o;axl5-8/ n c ycnexoM npHMeHeHo B nccnenoBaHHII 

SHepreTI!'leCKIIX yp0BHefi II031ITpOHHH/5/, a TaKme TOHKOH H CBepXTOHKOfl 

CTpyKTY:Pbl Bonopononono6Hb!X aTOMOB/6/. 

113-38 oco6eHHOfl I!pHpOAbl npoHHTerpnpoBaHHOI'O no OTHOCHTenbH0H' 

sHeprHH nponaraTopa CB060AHb!X '18CT1IU co CI!HHOM 1/2, B pa6oTaxl5-8/ 

ypaBHeHIIH 1;lbIBOnHnIICb T0nbK0 nnH HeKOTOpb!X KOMIIOHeHT nonHOll TpexMepH0H . 

BOnHOBOH q>yHKUHII. 

Uenb!O H8CTOHllI9H pa60Thl HBnHeTCH nonyqeane KB83HIIOT9HUIIanbHOI'O 

ypaBHeHIIH nnH nonH0H TpexMepH0H BOnHOB0H q>yHKUllH, 8To ypaBHeHHe M8KCII

ManbHO 6nH3KO K ypaBHeHHIO BeTe-ConnHTepa II MomeT 6b!Tb IIpIIM~HeHo nnH 

0III!CaHIIH npoueccoB I!pll Bb!COKHX saeprHHX, 
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B § 2 OilHCb!B80TCSI KB83HilOT0HUH8nbHblli M0TO!l nnsi cmrnopHbIX T.J:8CTliU. 

B §3 nonyt.JeHO KB83liilOT0HUli8nbHOe ypaBHeHlie nnsi nonHoil: TpexMepHOil: 

BOnHOBOli ciiyHKUIIlio 

B §4 BBO!lHTCSI KB83liilOT0HUli8nbH8SI aMnnliTY!l8 pacceSIHliSI li nonyt.JeHo 

nnsi Hee ypaBHeHHe T11na n11nnMaHa-llJB11Hrepa. 

§ 2. KB83HIIOTelIIIH8llbHbiii MeT0/1, 11,llH CIIHHOpHbIX qa,CTHII 

PaccMOTpliM ClicTeMy 113 !lBYX T.J:8CTliU co CilliH8Mli 1/2 li M8CC8Mli m 
1 

11 m
2

• Hcxon11M 113 ypaBHeHIISI EeTe-ConnHTepa/9/ nnSI rronHoil: ciiyHKUlili fp11-

Ha B liMITYnbCHOM rrpocTp8HCTBe 

4 
G ( P , p , q ) "' GO ( P, p) o ( p -q) + G

0 
( P, p) f d k K ( P, p, k ) G ( P, k q ) ( 2.1) 

rne 11cnonb30B8HbI cneny10ume 06osHat.JeH11SI: 

P~·P1 +P2"' P3+ P4, P=(lzPi-µ
1 

P 2 ' q =µ
2
P3-µ1p4' 

Pi µ1 p + p , p "' µ p - p , p "'µ p + q' p .,, µ p - q 
2 2 3 1 • 4 2 ( 2.2) 

m 1 

µ1 m + m 
• (i .. :1,2), µI+ µ2,., l 

l 2 

B c11cTeMe ueHTpa Mace 

➔ 
➔ 

p "'0 
.. ➔ .. ➔ ➔ 

pl =-p2 "'p ' P3"'-P4"' q 
( 2.2

1 
)' 

K (P, p,q)-su1po EeTe-Conn11Tepa, a G
O 

(P ,p) - rrponaraTop cBo5onHhIX 

T.J:8CTIIU: 

4 

G (Pal= 0 ,. 

1 1 

- . 

• Ip, E+p -H (-p)Jlµ E-p +-H (p}) 
( n) (2) 1 0 I 2 o . 2 ' · 

---- =y y --- ------ ' 
m.-/l>pi (mz -y(2) p 2 C O [(µ E+p f-E 2+id(µ E-p )!.E 2+id 

! 0 ! 2 0 'l. 

rne 

➔ ¢di ➔ ➔ (1) 2 ➔ 2 ➔2 

H1(P)= (m1Yo +pa ) 'H1(±-P)"'m1 +p 

➔ ➔ 

y p YoPo-yp 
➔ 

a 
➔ 

yo}' 

E 2 
1 

( 2.3) 

( 2.4) 

BonHoBaSI ciiYHKUIISI EeTe-Conrr11Tepa x ( P, p) orrpenensieTCSI rroBenen11eM 

G( P, q, q ) B5nli3li IIO/IIOCa CBSl38HHoro COCTOSIHliSI ( P
2 

"' M 
2 

) 
B 

G((P, p, q) 
X (P ,p)0 x(P,q) 

p2 -M 2 
B 

+ per. qne HbI rrpn 

,A 

2 2 
p .. MB. 

Ms (2.1) n (2.5) nonyt.JaeTCSI ypaBHeHne EeTe-ConnnTepa ansi 

G -\ P, p) X ( P, p) = J d 4q K ( P, p, q ) X ' ( · · p q ) 
0 , 

( 2.5) . 

X 

( 2.6) 

3TO - penSITIIBliCTCKli KOBapliaHTHOe ypaBHeH11e. OnHaKo OHO conep~liT 

neciiH3Ht.JeCKHli napaMeTp - OTHOCHTenbHYIO 9Hepr1110 Po , ~TO 38TPY!lHSI0T 

ciinslit.JeCKYIO liHTepnpeTBUli!O X (P, p ) • 
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TpexMepHaH BOnHOBaH ¢yHKUHH ¢ (p) 
E 

orrpenenHeTcH TaK: 

·+oa 
'Pr:, (p) "'f 

-oo 
dp x(E,p,p 

0 0 
) , 

( ➔) u ,l. u r s/2/ cp p CBH38Ha C nByXBpeMe!IHOH 't'YHKUHeH PHHa E 

~ ➔ ➔ +:co ➔ 

G (E,p,q)ef dp dq G(E,p,p 
0 0 0 -oo 

C ITOMOlllbIO COOTHOlleHHH 

➔ .. 

➔ -: . ➔ 

cpE (p) €) cpE ( q) 

➔ 

q , tj ) 
. 0 

( 2. 7) 

( 2.8) 

G_(E,p,q) .. i 
E2 - M2 

8 

2 2 
+ per. 'IneHbI npn E .. MB , ( 2.9) 

(2.5). (2.7) H (2,8). 'ITO cneaveT aenocpeacTBeHHo na 
~ 

YpaBHeHno nnH ¢YHKUHH G 

ITpoBoneM HHTorpaunro rro p
0 

H 

Mo:11rno rrony'IHTb cneayromnM o6paaoM. 

4o B ypaBHeHHH ( 2. 1) 

G .. G . ~G~ o+ oK G 

"' .Uanee o6pamaeM orrepaTop G 

.... ,,_ ~ .... ~ .. ~ .. 
G-

1 
... G -

1
-G -lG KG G -l G -• G .KG G-1 G K G G -n_ 

o · o • o+ o o o o o • 

6 

( 2.10) 

( 2.1 I) 

H aarrHCbIBaeM O'IeBH)lHOe COOTHOilleHHe 

( 2. 12) 
.. .. 

-1 
G G "' l .. 

3To H ecTh HCKoMoe TpexMepaoe ypaBHeane am1 G • .Toraa c noM0lllb!O 

( 2.9) HeTpyJlHO nony'IHTh TpexMepaoe ypaBHeHHe )lll51 ¢ E 

a-1¢ 
E 

0 • 
( 2. 13) 

"' 
KaK BllllHO H3 ( 2.11). HBXO)K)leHirn G-l CB5138HO C O0PBilleHHeM one-

"" 1 
'pa To pa G

O 
• B cny'Iae CKanSipHbIX 'IBCTHU G 0- HaXO)lHTCSI aneMeH-

TapHO 
121• OaHaKo, ecnn HMeeM 'IaCTHUbl co cnHH0M 1/2, TO MaTpnua 

no CHHI'YlISipHa, B 'IeM nerKO y6e)lHTbCH H3 ee BH)la (cM. )lOITOnHeHHe) 

➔ ➔ ➔➔ ➔ ➔ ➔ 

G0 (E,p,q)e-2rrio(p-q)(E-H,(p)-H
2

(-p)J-}~tl yJ2>Il(-p), (2.14) 

I 
rne 

... (+) ➔ <+i ➔ (-) .. (-) ... 
II(-p)=A 1 (-p)A 2 (p) -An(-p) A

2 
(p) ( 2.15) 

3nech 
(+ I 

At - - O0bl'IHbJe 0)lH0'I8CTH'IHbJe nnpaK0BCKHe orrepaT0pbl rrpoeK-

THp0B8HHSI Ha COCTOSIHHH C rrono)KHTenbHOll HlIH OTpHUaTenbHOll 9Heprnefi 

... 
(+) ... 

At-( P) 
E1+H1(p) ( 2.16) 

2E1 
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➔ l t+> A ➔ Ecnn sseneM R(p = 1 (pl 2 (-pl + 
(-) (-) 

A t tt, l A2 ( - Pl - onepa-

TOP npoeKTHpoBaHHSI Ha C0CT0SIHHSI nsyxqaCTHqHQll C.IICTeMbI, B K0T0pb!X o6e 

qaCTHUhl onHospeMeHH0 HMeIOT nnn T0nbK0 nonolKHTenbHb!e Hnll T0nbK0 0T

pnuaTenbHbte 8Heprnn, TO 5yneM HMeTb 

R (pl n (pl = n (pl R (pl = II (pl ( 2.17) 

• 

.. 
HcHo, qTo onepaTop G 0 He HMeeT o5paTHoro onepaTopa, IToaToMy 

rronyqeHne TpexMepHblX ypaBHeHHll no qiopMynaM ( 2.10) - ( 2. 13) HeB03M0lKH0, 

B pa5oTax1 6,8,9/ aTa TpynHoCTb o5xonnnacb cneny10111nM o5pa3oM: BMecTo 

nonHoii: qiyHKUllll cp (¢++'¢+ .... , cp -+ , cp -·- ) , rne K0MIT0HeHTbl onpeneneHbl 

KaK .t\(~) .t\ l !!¢ , paccMaTpHBanncb nHlllb 
l 2 

B pa5oTe/6/, ¢ ++ n 
¢ __ 

HeK0T0pbte K0MIT0HeHrbl ¢ + + 

B pa5oTaxl8,9/. YpasHeHHSI (2.9) n (2.10) 

npoeKT.IIposamrcb T0nbKO Ha naHHbie nonrrpocTpaHCTBa. ITocKOnbKY B 8TllX 
'" nonnpocTpaHCTBax onepaT0p Go o5pamaeTcSI, To,nnSI C00TBeTCTBYIOll!llX K0M

IT0HeHT nonyqaJOTCSI ypaBHeHHSI snna (2.13). 

' 
§3. KB83HIIOTeHUH8JibHOe ypaBHeHHe /J.JIH IIOJIHOlf 

rpexMepHOH BOJIHOBOH ¢YHKUHH 

IToKalKeM, qTo MQ)!{HQ nonyqHTb TpexMepHbie ypaBHeHHSI B nonH0M npo

CTpaHCTBe. BseneM nnSI npoCT0Tbl o5o3HaqeHHe 

F(p)"'-2rri[E-H (p)-H (-p)]-1y1Dly(2) 
I 2 O o 

( 3, 1) 

Terna 

Go 
➔ ➔ ➔ ➔ 

F(p)Il (-p) ,,.,IJ (p)F(p) ( 3,2) 

8 

OnpenennM scnoMoraTenbHhtii: onepaTop 

.. ➔ -~ -.:>i:I. 
G' ,,,, F (p) + G0,K G"' Ci 

➔ • ➔ 

+F(p)( 1-Il(-p) (3~3) 

BseneHne TaKoro onepaTopa nponnKToBaHo cneny10111nMn coo5palKeHHSIMH: 

I). OH He coneplKHT onepaTopa npoeKTHpoBaH.IISI TI B HeonHoponHOM 

qneHe, IT08T0MY nerK0 o5pamaeTCSI ... , ~ 
G' .. (1 +-r1(p) G 0 KG )-IF-1( p) • 

2); B5nH3ll nonroca CBSl38HHoro C0CT0SIHHSI c, 
f KaK n G • CnenosaTenbH0, 

➔ -: ➔ 

(3.4) 

seneT ce5SI TaK lKe, 

.. ➔ ➔ 
G'(E,p,q) .. 

<,DE(p)@,pE(q) 

E
2 

- M: 
+ per, qneHhI npn E2 .. M ! \ ( 3.5) 

Terna ll3 8Toro C00TH0llleHHSI .II ll3 oqeB.IIllHhIX paBeHCTB 

G~-1G' "'G' cf,-I,,, 1 
( 3,6) 

cnenyJOT ypaBHeHHSI nnSI B0nH0Bh!X qiyHKUllll 

,.. 
-1 

G' 'PE"' 0 
. ( 3. 7) 

-: ~ 

If, EG'-1 0 
( 3. 1

1
) 
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3). OTnuque G' OT G eonep>KHTeSI TonhK0 B HeonHoponHoM qneHe. 

OHO Morno eKa3aTbeSI B 3anaqax paeeeSIHHS! rrpH ITOeTpoeHHH T -MaTpHUhl. 

OnHaKO B 8TOM enyqae Hae 06b1qHo HHTepeeyIOT pe3ynhTaThl Ha MaeeoBofi rro

BepxHOeTH, rne OTnHqne, KaK IlOKa>KeM HH>Ke, He eKa3b!BaeTeSI. 

BbIITH!lleM Terrepb B S!BHOM BHne ypaBHeHHS! ( 3. 7) u ( 3. 71). O6paT-

HbIH orrepaTop G '- 1 (eM. cpopMyny (3.4)) orrpenennM,KaK 06b1qH0121, e rro-

MOIUhIO pSina 

~ ~ ~ ~ - -l -1 -1 -1 -1:. -1 -1 
G ' "'F - F G0 K G F + F li 0K G F G l G F - •••. ( 3.8) 

OrrpeJlenHM KBa3HITOT9HUHan 

-1 ·~ -l ;_~ -1 ~ -1 
V "' F G OK G F - F li OK G F G l G F + .•.•• 

\• 

( 3.9) 

1 . 
TorJla ypaBHeHHS! (3.7) H (3.7) aarrHillYTeSI B BHJle 

-> ➔ ➔ ( 1) (21 ➔ ➔ ➔ ➔ 
[E-H1(p)-H

2
(-p)]¢ (p) .. -2rriy y fdqV(E,p,q)¢ ( q), 

E O O E 

( 3. 10) 

ef>:(p)[E-H1(p)-H2(-p)] .. -211iJdq¢+E(q)j,<Uy(2l V(E,q,p) , 
. 0 0 

( 3. 10 l) 

rAe, rro orrpeneneHHIO, 

+ ➔ ➔ (I) (2) 
¢E(p)"' -¢E(p) Yo Yo (3.11) 
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·, 

I 
:'". 

J 
ii 

i 
! 
( 
) . 
;,1 
·,.,, 
;J 
' ' 
I 
. i 
1 
I 
·I 

\ 
! 

l 
( 3.10) H ( 3.10 ) - HeKOMbie ypaBH9HHS! JlmI TpexMepHbIX B~nHOBblX 

cpyHKUHfi. 3TH ypaBHeHHS! rrpeneTaBnSIIOT .eo6ofi rrpSIMoe o6o6weHne ypaB-

HeHHM IlnpaKa JlnSI nByxqaeTnqaofi eHeTeMhI. Oun rroeTpoeHbl TaK, qTo BbIIT0n

HSieTeSI rrpaBIIno: rronHaSI 9Hepr!ISI eeTb eyMMa KHH9T!IqeeKIIX 9Hepr!I:il: OTnenb

HhIX qaeTHU !I rroTeHuHanhHOM 9HeprHH !IX B38HMone:il:eTBHS!, floTeHUIIan B3a!IMO

Jl9:il:eTB!IS! eTpOHTeSI TaK (eM. (3,9)), qTO OH HeeeT HHcpopMaUHIO penSITHBHeT

eKofi KBaHTOBOll TeopHll rronSI. JloaToMy eoBepllleHH0 oqeBnnHo, qTo B eneTeMe 

ypaBueuufi eonep>KaTeSI Bee 16 KOMIToHeHT BonHoBofi cpyHKUHH, PaayMeeTeSI, 

Mb! MO>K9M HeKnIOqHTb H9KOTOpbie KOMITOH9HTbl H3 9TO:il: eHeTeMbl lI rronyqHTb 

ypaBH9HHS! JlnS! oeTanbHblX KOMITOH€HT, B pe3ynbTaTe B03HHKHYT ypaBHeHHS!, 

KOTOphie HMemTeSI B pa6oTaxl 5-8/. Ilpu aToM, onHaKo, Heo6xonuMo eooTBeT

eTBeHHO rrepeorrpenenSITb KBa3HIT0T€HUHan, qTo yeno>KHHT MeTOJl ero rroeTpo

eHHS!. 

B qaeTH0M enyqae MrHOB€HHoro B3aHMOJlefieTBHS! II3 Hall!HX ypaB-

H€HH:il: rronyqaeTeSI H3BeeTHOe ypaBH€HHe ConrruTepa/10/ 

➔ ➔ ➔ ➔ (1) (2) ➔ .. .. ➔ .. ( 3 12) 
[E-I\(p)-H2 (-p))<f>E(p) .. Il(p)y

0 
y

0 
fdqC(p-q)Il(q)¢E(q), • 

r]le C (p -ii) H eeTb S!JlPO MPHOB€HHoro B3aHMOJle:il:eTBHS!. B 9TOM ypaB

H9HHH rrpueyTeTByIOT TOnbKO KOMITOH€HThl ¢ + + H ¢ --·· /11/ 
IlonHhie TpexMepHbie BOITH0Bbie cpyHKUHH HOpMHpoBaHbI yonoBHeM 

+ T! .. ➔ .. + ➔ (1) < l a V(E, p , q) ~ 
fdp ¢E\P)¢E(p)+ 211i fdp dq ¢ (p)y y 2 .-----¢ (1w=4rr MB 

E aE E 

( 3. 13) 

( E= M 
8

) 

8 qaeTH0M envqae MrH0B€HHOro B38HMO!l€MCTBIHI !lJTS! B0JTH0BhTX WVHKITldi 

BH.Qa 
➔ }i 

¢dp) / (411 M 8 ) 0Te10na rronyqaeTeSI yeni:>Bne nopMnpoBKn ConmITe-

pa/10/ . 
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§4. HeO,ll,HOpO,ll,HOe ypaBHeHHe THII/3 llHIIIIMaHa-lllBHJirepa. 

A MIInHTy,ll,a pacceHHHH 

A MIImITy.lla paccesrn:irn B KB83HiIOTeHu:irnnbHOM _Me TO.Ile .llnSI CKanSipHblX 

qaCTlill BBO.llliTC~ C IIOMOIUhlO .llBYXBpeMeHHOH cpyHKUlili fpHHa 

.. 
G 

~ ~ :!!S ~ 

= G
0 

+ G
0 

T G
0 

( 4. 1) 

B cnyqae CIIHHOpHblX qacTHU TaKoe orrpe.oeneHHe IIpOTHBopeqHT rrplipO.lle 

cpyHKlllili "{; ' ileno B TOM, qTO li3 ( 3.2) TeIIepb cne.oyeT 

.. 
G = FIJ + FIJ • T F IJ ( 4.2) 

OTKy.lla c yqeTOM (2.17) IIonyqaeM 

( 4.3) 
:::::: ➔➔ 

G ( p q) R ( -f-p) G (p q) R ~ ), 

T.e. orrepaTop G HMeeT TOnhKO HeKOTOpbie IIpoeKUHH, 

B .oenCTBHTenhHOCTli 9TO He TaK, qTo nerKo IIOHSITb H3 (2.10). Pe,3ynh

TaT ( 4.3) HMeeT MeCTO TOnhKO .llnSI T8KliX SI,llep, KOTOpbie He 38BliCSIT OT 

OTHOCRTenbHbIX 9Heprnn. TiosToMy IIpH pacCMOTpeHHH CIIHHOPHbIX qaCTHU 

BBO.llliTb aMIInHTY.llY pacceSIHHSI COOTHOllieHneM (4.1) Henb3SI. 

Bae.oeM aMIInRTY.llY pacceSIHHSI C II~MOIUhlO orrepaTopa 'a, 

G',,,,F+FT"'F (4.4) 

Tor/la, cornacHo ( 3.3), HMeeM .. 
F + FT F = G +·F ( l - TI ) • 

12 

KoM6RHIIpySI 9TO C orrpe)leneHUeM penSITRBHCTCKOH aMIInRTY.llbl paCCOSIHHSI 

G ,,, G
0 

+ G
0 

T G,
0 

, 

rronyqaeM CBSI3h 

T 
~ 

r 1 GoT Go F-1 

OTKy.lla cne.oyeT, qTo Ha MaCCOBOH IIOBepxHOCTII ( E "' E 
"' . 1 
T COBIIa,llaeT C penSITHBHCTCKOH . aMIInHTY.llOH pacceSIHHSI, 

+ E ) 
2 

(4.5) 

aMIInHTy.lla 

lfa l 4.5) u H3 ypaBH_eHnSI ( 3.8), KOTopoe rreperrHllieM B BHJle: 

.. 
G' 

.. 
F + F V G' 

cneayeT TpexMepHoe ypaBHeHHe Tnrra lIHIIIIMaHa-illBHHrepa anSI T 

.. .. 
T V +VF T 

(4.8) 

(4.7) 

I-fo (4.4) u (4.8) HMeeM TaK:lKe 06b1qHoe orrepaTopHoe cooTHorneHne rro

TeHunanhHOH Teopuu 

"' .. 
T F = V G' ( 4.8) 

BBe,lleM Terrepb BOnHOBYlO cpyHKUHlO anSI 38/:laqu pacceSIHHSI. l13BeCTHo, 

. qTo OHa J:IOn:lKHa Y.llOBneTBOpSITb HeOJ:IHOpOJ:IHOMy ypaBHeHlilO 

¢=¢
0

+FV ¢ ( 4.9) 

rile ¢ 
0 

- perneHne cBo6o.oHoro ypaBHeHHSI 
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F-1 ¢ = 0 
0 

Ma (4.9) n (4.7) nerKo YCT8HOBllTb B8:m:Hoe COOTHOWenne: 

.. 
V¢ = T ¢ 

0 

OTKY.ll8 38Kmoq8eM 

( ¢0 ' V cp ) = ( cp O I T cp O ) 

(4.10) 

( 4.11) 

( 4.12) 

KpoMe Toro, ll3 ( 4.9) ll ( 4.11) rronyqaeM COOT,HollleHne Me)K)ly BonHOBOll ' 

¢yHKuneu n orrep8TOPOM T 

¢=¢ +FT¢ 
0 0 

(4.13) 

§5. 3 8 K n IO Tf e H H e 

B il8HHOH p860Te M_bI nonyqnnn TpexMepaoe onnc8Hlle ansr cncTeMbI 

.llBYX q8cTllU co CIIllHOM 1/2. Yp8BHeHllll nnn BOnHoBOll ¢yHKUllll CBSl38HHoro 

COCTOilHHSI HMeIOT Bll.ll ( 3.10 - 3.10 J) C ycnOBlleM HOpMllpOBKll ( 3._13) • ilnn 

8MIInnTy.llhi° p8ccenann nMeeM TpexMepaoe yp8BHeHne TllII8 nnrrrrM8H8-ll'BnH

rep8 ( 4. 7). Bee 9TH yp8BHeHllll M8KCHM8nbHO' 5nH3KH K yp8BHeHllIO EeTe

Conm1Tep8 n MoryT 5bITb ncnonb3OB8HhI nnn nccnenoB8HHSI wnpoKoro Kpyr8 

BOIIPOCOB B .llBYXq8CTllqHofi CllCTeMe. 
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ABTop Bbip8m:8eT ncKpeaaro10 5n8ron8pHocTb A.H.T8Bxemmae n n.~.Illup

KoBy 38 cT:11Mynnpy10mne o5cym:neann :11 ueHHbie 38Meq8Hnn, B.f.K8.llhIWeBcKo

My, B.A.M8TBeeBy, P.H.ct>8yCTOBY I B.P:r8pCeB8HlllliBIInH li n.A.CnenqeHKO 

38 rrone3Hbie_ .llHCKyccnn. 

ll O IT O n H e H ll e 

Hym:HO BbiqHCnllTb Bblp8m:em1e 

.. 
➔ ➔ ➔ ➔ 

G0 (E, p, q) = 8 1(p - q) yCl>y <2> I 
I?• I 0 

rne 

+oo [ µ. E + H (-p )+ p ) @ [ µ E + H ( p ) - p 

I= J dp o 
l I O. 2 2 0 

(p +µ E-E +ic)(-f> +µ E+E -if)(p-µ E-E +ic)(p -µ E+E -i'c -oo 
0l l 01 l 02 2 02 2 

ITpoBeneM HHTerp8UHIO C ITOMOIIlbIO TeopeMbl O BbJqeT8X B HHMHefi rrony

rrnocKOCTll, rae ITO.llHHTerp8nbH8SI ¢yHKllliSI HMeeT rron10c8 B ToqK8X 

UJ . E E ' p = -•µ +· -1 £ 
O 1 1 

ITonyq8eM 

[ El +HI (-p) l 0 [ E-E. +H 2 (~ ] 

I =-2-d ---------- + 211i 
2E 1(E +E

2 
-EJ(E-E

2 
-E

1
) 

<2> E E ' p = /L + -1£ • 
0 2 2 

[ E + E + H (-v:i] @ [ E - H (-➔P l J 
2 1 ~ 2 2 

2E (E+ E -E )(E + E + E ) 
2 2 l 2 l 

C ITOMO!IlbIO rrpoeKUHOHHhIX orrep8TOpoB· ( 2.16) 9TO Bblp8MeHHe rrepeITHllieM 

B BU.Ile 

-• 17 i 
I = 

2 2 E 1E2
(E+E

2
-E

1
)[E -(E

1
+E

2
) 

N ' 
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rne 

N = E 
2

(E +E
1

+E )' ,2E AC+~...:p)(2s}[(E-E -E )(AC+~"' +A<->(ii))+2E A C+>(p➔)] _ 
2 ll 12 2 2 22 

-E 1(E-E 1-E2 )[(E +E tE )(A<+>(-p) +A H(-pJ-2E A<->(..:j,)] (2)2E A<->(p) • 
A 2 l l 11 '·22 

Tiocne pacKphlTHH KBanpdTHhlX CKo6oK rronyqaeM 

N 2E E (E +'E + E ) ( E + E -E· ) AC+I (_::,) €) A<4>(p➔) 
12 I 2 2 1 l,.. 2 

(-) ➔ {;;\ (-) 
-2E E (E -E -E ) ( E + E -E ) A (-p) \QI A (p)I 

U2 D 2 2 1 l • 2 

Torna 

I "" -211i 

(+) ➔) 
A<+> ( ...:P ) 0 1). 2 • ( P . + 211 i 

1 ' -

E -Ei- E2 

A'~\-p) 0 A<->(p) 
1 . 2 

E + E 1 + E 2 

3To Bb!pa)KeHne MO)KHQ yrrpoCTHTb, ecnn yqeCTb cneny10mee CBOHCTBO rrpoeK

UHOHHhlX orrepaTopoB 

.. (+) ➔ 

El (p) Al (p) 
➔ (+J ➔ 

± H1 ( P ) Ai- ( P ) 

l1MeeM 

➔ .. -n C+> ➔ <+> ➔ <-> ➔ c-> .. 
le-2rri[E-H (-p)-H (p)] [A (-p)/\ (p)- A (-p)A (p)]. 

l 2 l 2 I 2 

3To naeT eaM Bbipa)KeHne - ( 2.14') 1:mH G ( E , p , «t) • 
0 
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