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B paooTe
111 

ObinO nonyqeHo KB831InOTeHUII8IlbHOe ypaBHeHIIe /:\Ill! -BOilHOBOl! cpyHKUIIII 

CIICTeMbl /:IBYX 'l8CTIIU 

( 1) 

rt:1e KB831InOTeHUIIan V onpet:1emieTCSI C nOMOlllblO ABYXBpeMeHHOl! CflYHKUIIII rp11Ha ABY~ 

'laCTIIU. Bnarot:1apsi TpexMepHOCTII, 3TO ypaBHeHlle l!MeeT PSI/:\ npe11Myll.leCTB no cpaaHeHIIIO 

c ypaaHeHHeM BeTe-Conn11Tepa. np11 nocTpoeHHII Kaaa11noTeHu11ana V no Teop1111 aoa-

Myll.leHl!l! B03Hl!KaeT npooneMa yCTpaHeHl!Si paCXOJ:IIIMOCTel!. 3Ty npooneMy MO>KHO Ob!IlO Obi 

C'll!TaTb peweHHOl!, ecn11 Obi yt:1anocb noKaaaTb, 'ITO COOTBeTCTBY!Oll.llle pacxoAIIMOCTII cao-

J:ISITCSI K pacxoAIIMOCTSIM s - MaTpl!Ubl, nOCKOilbKY peuenT ycTpaHeHl!SI nocnet:1HIIX xopo-

/2/ 
wo 11aaecTeH. 3Ta c11Tyau11si 11MeeT MeCTO· a cnyqae ypaaHeH11S1 BeTe-Conn11Tepa • Ha-

npOTIIB, B MeTOAe TaMMa-J].aHKOBa 3TOro AOCTIIrHyTb He yt:1aeTCS1, 'ITO S1Bm1eTCSI 0/:IHOl! 

113 OCHOBHblX TPYAHOCTel! MeTOt:1a. 

B HaCTOS!ll.lel! paooTe paccMaTp11aaeTCSI nocTpOeHIIe Kaaa11noTeHuHana V J:IIlSI CHC-

TeMbl ABYX 'laCTIIU 0/:ll!HaKOBOl! MaCCbl. npH 3TOM oyt:1eT noKa3aHo, 'ITO B cnyqae nepeHop• 

MllpyeMb!X Teop11l!, rt:1e l!Me!OTCSI Ill!Illb Tpol!Hb!e TO'le'!Hb!e aepllll!Hbl (Hanp11Mep, aneKTpOAH-

HaM11Ka) B KBaa11noTeHu11ane V He B03HHKaeT t:1pyr11x paCXOJ:IIIMOCTel!, KpOMe Tex, KOTO-

pb!e xapaKTepHbl J:IIlSI s -MaTpl!Ubl. 3TH TeOpHH OT1Ill'la!OTCH TeM, 'ITO B HHX pacxot:1S1TCH 

Illllllb COOCTBeHHO 3HepreTll'leCKHe H aeplllHHHb!e qacTH, a Al!arpaMMbl, on11Cb!Ba1011.1He npo

uecCb! pa ccesiHHSI, y>Ke He HMeJOT coocTBeHHbIX pacxot:1HMDCTel!. 

PaccMOTpHM CHCTeMy ABYX qacTHU 0/:IHHaKOBOl! MaCCbl (Hanp11Mep, aneKTpOH H no-

3HTpOH). OooaHa'lHM qeTi,rpexHMn ynhCbl B c.u.M. 3TIIX qac·TIIU B Ha'!ailbH0M COCT0SIHHH 

qepea ( E + , q , if ) 

II (E -, , -p ) 
H (E-, ,-q) 

q 
• a B K0He'!H0M COCT0SIHIIH qepea ( E + 'P , p ) 

2E - nonHaSI 3HeprHH CHCTeMbl. Tort:1a J:IByxapeMeHHaH 
p 

CflVHKUIIH rp11Ha J:IByX 'l8CTHU 

/1/ 
G cnet:1y10lllHM oopaaoM : 

onpet:1ensieTcS1 qepea 

.... 
ff d, p dt q G( p , q, l p, l q , E) , 

4-apeMeHHYIO cpyHKUHIO rp11Ha 

(2) 

(aHaK oyt:1eT B t:1ailbHel!llleM HCnOnb30BaTbCH AilH oooaHaqeHHH HHTerpau11l! no 3Hep-

r11S1M) • <PyHKUIISI G YAOBneTBOpHeT ypaaHeHHI0/ 1/: 
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G ( p, ;;, E) = G
0 

( p~ q, E ) -
(3) 

,....., ... ➔ ,....., ➔ ➔ ➔ ... 

- if G
O 

( p➔, It, E) V ( k ', k, E) G ( k, q, E) d k'-d k 

r.oe 

G/;,;,, ,, ,E)=S (p,E+•·)S(-/,E-• )8(p-q)8(,-, ), 
pq 1 p2 P pq 

a s 
1 

H s 
2 

- nonHbie O,llHO'!aCTH'IHbJe q,yHKUHH 1pHHa, B .oanbHel!UJeM Mb! 6y.oeM nc-

nonb3OBaTb CHMBOnH'!eCKYIO aanHCb ypaBHeHHSI (3): 

G = G
0

- iG
0

VG. (4) 

npa 9TOM .onsi KBa3HlIOTeHUHana V nonyqaeTCSI Bblpaa<eHne: 

,.....,., ,.....,_, 
i V = G - G0 

. (5) 

BMeCTO q,yHKUHH ipHHa G 

BHe MaCCOBOH noBepXHOCTH: 

y.oo6Ho BBeCTH q,OpManbHO aMnnnTy.lly paccestHHll .llByx qacTHU_ 

-iG 0 TG
0

=G-G
0

, (6) 

,~, 
AHanorH'IHYIO BennqnHy MO>KHO_ onpe.oenHTb H .onsi .llBYXBpeMeHHOl! q,yHKUHH 1pHH~ G 

-iG
0
T"G

0 
G - G

0 
(7) 

CpaBHHBall ( 6) n (7)' nony'IHM CBll3b Mea<.oy T H T 

T 
,....., -z r:--=-:-, ,....., J 
G 0 G0 TG 0 G/ (8) 

(B .oanbHel!UJeM 3HaK lIOHIIM8eTCll B CMbICne 9Toro onpe.oeneH1Ill), yfa Bbipaa<eHIISI (8) 

cne.oyeT, '!TO Ha 9HepreTH'!eCKOl!' lIOBepxHOCTH ( p = q = E - m ) q,yHKUHSI f COBna-

.oaeT C BenH'IHHOfi T Ha MaCCOBOl! IlOBepXHOCTH ( • = • = 0 , Pa • q a= Ea - ma) 
p • 

II 

.oaeT, TaKHM o6paaoM, q,H3H'!eCKy.IO aMnnHTY.llY paccestHlfst, BBo.osi Ben11'11IHY 

F = -i G0 , (9) 

nony'IIIM II3 ( 4) II ( 7) ypaBHeH1Ie .onsi T B cne.oyIOIUeM BII.Oe: 

T= V+VFT, 
(10) 

nocKOnbKY ypaBHeH1Ie ( 10) 9KBIIB8neHTHO ypaBHeHIIIO (4), TO OHO T8K>Ke MO>KeT cnya<HTb 

.onsi onpe.oeneHIISI KB831IlIOTeH111Iana V , a IIMeHHO, 

~ - •1 
V=T(l+FT) I 

(II) 

r.oe i onpe.oeneHo B (8). 
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.nm, nanbHellwero paCCM0TpeHH!I yno6HO npeJlCTSBHTb T 

T=M+L. 

B BHJle JlBYX cnaraeMbIX: 

( 12) 

3necb L npeJlCTSBn!leT co6oll C0B0KYilH0CTb cna6o CB!l38HHbIX JlHarpaMM, B K0T0pb!X qac

Tl!Ubl HaqanbH0ro C0CT0!IHH!I CB!i38Hbl C qacTHUSMH K0HeqHoro C0CT0!IHH!I 0JlH0ll 6o30HHOll 

nHHHell, 3TH ~HarpaMMbl HMeJOT cnenyJOWHll o6ruHll BHJl: 

( 13) 

rne r - nonHa!I ,BepWHHHS!I qacTb • a D 

npeJlCTSBHTb Bbipa>KeHHe ( 13) rpaq:rnqecKH, 

nonHbill t5oaoHHbill nponaraTop. Mo>KHO 

--E 

p H c. 1. 

PacKpbIBS!I ( 11) no Te0pHH B03MyIUeHHll, Mb! nonyqHM paCX0Jl!IIUHeC!I Bbipa>KeHH!I THUS 

LF i . 3TH pacxoJlHM0CTH He ycTpaH!IJOTC!I 06b1qHoll peHopMHp0BKoll S -MaTpHnbr. 

OJlHSKO, KSK Mb! cellqac noKa>KeM, B nellcTBHTenbH0CTH 3TH qneHbl B Bb!pa>KeHHH ( 11,) QT-

CyTCTBYJOT. npeJlCTS BHM aepWHHHYIO qacTb r B BH)le; 

r = y(l + FM), 

rne y - ToqeqHa11 aepwHHa, F onpeneneHo B ( 9), .a 

HHe ( 14) M0>KH0 H306pa3HTb rpaqJHqeCKH •. 

p H c. 2. 
QsincTaBn1111 ( 14) B ( 13), nonyqHM: 

L = (1 +· MF) yDy (1 + FU).; 

- ,.....,_, ~,....,_, 
Tenepb HSM HY>KH0 nonyqHTb aenHqHHY L = F FL F F 

cpyKUH!I D B (15) 38BHCHT T0nbK0 OT nonH0ll SHeprHH E 

C00TH0WeHHe 

AD B 

M 

( 14) 

- a ( 12). npencTaane-

(15) 

cornacH0 ( 9), nocKOnbKY 

CHCTeMbl, TO cnpaBe)lnHB0 

( 16) 

Jln!I nio6bIX cpyHKUHll A H B 

T=M+L 

TaKHM o6paaoM, Hcnonb3y!I ( 15) H ( 16), Mb! nonyqa

M + ( 1 + MF ) yD y ( 1 + F !.1 ) = 

= M [ 1 + F y Dy ( l + F f.f) J ,1, y D y ( 1 + F ,11) • (17) 
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Benwurny ( 1 + F T )"1 yao6HO npeacTaBHTb a cneayJOll.{HX llByx cpopMax: 

r 1 + F i r' = r 1 + F iii., [ 1 +,; r 1 + 1,1 "i,r v rl ·1 = ( 18) 

[ 1 + F r v r o + "i' ii ir' r 1 + F -X1 r1 

Tenepb, aoacTaamrn (17) H (I 8) B onpeaeneHHe ( 11), nony'IHM: 

- •f ,......, - ,._ 
V = M ( 1 + F M ) + y D y [ 1 + F ( 1 + Al F ) y Dy r1 (19) 

l1cnonb3y11 npeD:cTaaneHHe ( 14) an11 BepwHHHol\ 'IBCTH H onpeaeneHJ<e ( 8), nony'IHM: 

y F ( 1 + ~ F) y = y Fr . 

TaKHM o6paaoM, C y'leTOM (20) Bb1pa)KeHHe (19) D:nll KB83HilOTeHuliana V 

IlHCBTb B BIID:e: 

v = .ii r 1 + F ii > ·1 + y v [ 1 + y Fr vl°'r. 

Bocnonb3yeMCSI Tenepb ypaaHeHIIeM ,llal\coHa an11 6oaoHHoro nponaraTopa: 

D=,',+ ,',yFrD, 

rae ,., - cpyHKUIISI f'plIHB CB060D:Horo 6030Ha. Toraa, O'!eBIID:HO, 

(1 + yFrD)" 1 = D
01 t, 

II, IlOD:CTaBn1111 9TO Bb!p8)KeH1Ie B (21 ), ;1ony'l1IM OKOH'ISTenbHO: 

~ - ·l 
V=Kf(l+F!./) +y,',y 

(20) 

MO)KHO nepe-

(21) 

(22) 

(23) 

via Bb!pa)KeHHli (23) BIID:HO, '!TO KB831IIlOTeHulian V pacnaaaeTc11 Ha aaa cnaraeMbIX, 

np1I'leM a nepaoe cnaraeMoe aa JOT BKnaa TOnhKO D:IIarpaMMbI M ' a OT D:IIarpaMM 

L OCTaeTCSI TOnbKO qneH HII3Wero nopSID:Ka TeOplIII B03Myll.{eHIIl\ (BTOpoe cnaraeMoe), 

KOTOpb1l\, O'leBIID:HO, He coaep)KIIT pacxOD:IIMOCTel\. B 9TOM OTHO!lleHIIII KB831IIlOTeHuHan 

V a HanorH'!eH llllPY ypaBHeHIISI EeTe-Conn1ITepa. 

,ll1IarpaMMbl M coaep)KST o6b!'!Hb!e pacxOD:IIMOCTII S -MaTplIUbl. PacKpb!BBSI 

nepaoe cnaraeMoe B (23) no TeoplIH aoaMyweH1Il\, nony'IHM Bb1pa)KeH1IS1 THna ,if F li 
B 9TIIX Bb!pS)KeHHSIX He BO3HIIKBeT D:ononHIITenbHb!X pacxOD:IIMOCTel\, ecnlI paccMaTplIBSJOT

CSI TeOplIII, B KOTOpblX pacxOD:SITCSI n1Illlb D:IIarpaMMbl co6CTBeHHOl\ 9Hepr1III II TpOl\Hb!e 

BepllllIHHbie '!SCTII (HanplIMep, aneKTpOD:IIHBMIIKa). 

TaKHM o6pa30M, B 9TOM cny'lae KB831IIlOTeHUIIBn V He coaep)KIIT apyr1Ix pacxo-

llHMOCTel\, KpOMe Tex, KOTOpbre xapBKTepHbl D:nll s - MBTpHUbI, II nepeHOpMIIpOBKa 

KB831IIlOTeHUIIBnhHOro ypaBHeHIISI ( 1) IlpO1I3BOlllITCSI IlOnHOCTb!O 8H8nOrll'IHO nepeHOpMIIpOB-

Ke S - MSTplIUbl. 
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B cny'!ae p8H0pMHpyeMbIX T80pHJI, r.oe pacx0.llllTCll .OHarpaMMbI, onHCbIB8IOUlH8 npo

U8CCbl paccellHHll • ( H_anpHMep, Me3oHa Ha• Me3oHe), Tpe6yeTC!I .oanbHeJ!mee HCcne.ooaaiiHe. B 

8TOM cnyqae MO:lKH0 H36aBHTbC!I OT B03M0:lKHblX .oononHHTeJjbHblX pacxO,llHMOCTeJI, ecnH, ne-
/3/ 

pexo.011 K ypaBH8HHIO .on!! napuHanbHblX BOnH, OT6pOCHTb ·s - H p - BOnHbl • B pa6o-
/4/ 

Te 6bin0 noKa3aHo, '!TO B ll,llpe 0.llHOBpeMeHHOl'O ypaBH8HH!I EeTe-CommTepa a necTHH'!-

HOM npH6nH:iKeHHH He no11Bn!leTC!I HOBblX paCXO,llHMOCTeJI. O.oHaKo, K0l',lla B ll,llpe co.oep:iKaT· 

Cll '!neHbI, onHCbIB810lllH8 B03M0:lKH0CTb BHpTyanbHOi! aHHHl'Hn11uHH qaCTHU CHCTeMbl ( Han pH-

Mep, ,llHarpaMMbl 

paCCMOTpeHH8. 

L ), TO, KaK BH,llH0 H3 BbIW8H3JIO)K8HH0l'O, aeo6xo,llHMO .aononmITenbHOe 

AaTop Bbipa:iKaeT 6naro.oapHOCTb H.H. ];3oron106oay, A.A. noryHoay, A.H. TaaxenH,a3e 

3a nnO,llOTBOpHbie H CTHMynHpy!OlllHe .llHCKYCCHH,E.A. Ap6y30BY, A.T. ¢HnHnnoay H O.A.Xpy

CTaneay 3a o6cy:iK.OeHHe pe3ynbTaToa: 
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