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PenHTHBHCTCKaH Ja.naqa Tpex Ten B KBaHTOBOH Teopnn nonfl 

e paMKax qeTb1pexMep11oro ¢opMann;n.;1a 6brna c¢opMynnpoeaua nan· 

6onee nocne.noea Tenbuo e pa6oTax 111 . B HHX nonyqeHbl ypae11e11nfl 

.nnfl aMnnHTY.ll paCCCflllllfl BCCX B03M0>KHblX npoueccoB B CHCTCMC 

Tpex Ten H noKa3aHo, qT0 3TH ypaBHCHHH 06na.na10T 0.llH03HaqHblMH 

pelllCllllflMH. B np116nm1<eHHH napHblX B3aHMO.llCHCTBHH H.npa ypae-

HCHHH nonH0CTblO onpe.nenHIOTCH .nsyxqacTHqffblMH aMnn11Ty .naMH 

paCCCflHHfl BHC MaCCOBOH IlOBCpXHOCTH.O.llHaKO Hanuq11e 0TH0CH· 

TenbHhlX epeMeH B TpexqaCTHq11wx B0ilH0BhlX <PYHKUHflX HC ~atT 

B03M0>KH0CTII flBHOH q)HJHqecKOH HHTepnpeTaUHH H o6ycnoBnHBaeT 

H3BCCTHble ,MaTeMaTttqecKHC TPY.llH0CTH,.llnH npeo.noneHHfl K0T0PblX 

B nocne.n11ee 'BPCMfl 6blnll npe.nnpHHflTbl IlOilblTKH TpexMepHOH ¢op

MYnllP0BKH pemtTHBHCTCKOH 3a.naqu Tpex Ten.Hau6onee y.no6HblM 

.nnfl 3TOH uenH flBnflCTCfl KBa3HilOTCHUHanbHblH MCT0.ll, npe.nno>KeH • 

HblH JloryHOBblM H TaexenH.n3e/2/. 3TOT MeTO.ll,OCHOBaHHblH Ha o.n

H0BpeMeHH0M 0ilHCaHHH CHCTCMbl .llBYX qacTHU,coqeTaeT e ce6e BCIO 

HH$0PMaUHIO KBaHTOBOH TC0pHH nonfl C npoCTOTOH KBaHT0B0·Mexa

HH4CCKOH BCPOflTHOCTHOH HHTepnpeTaUHH H B03M0>KH0CTb Hcnonb· 

30BaHHfl MaTeMaTHqecKoro annapaTa uepenHTHBHCTCKOH noTeH· 

UHanbHOH TeopHH pacceflHHfl. 

B HaCTOHIUCH .llHCCCpTaUHH BblB0.llHTCH TpexMepHblC ypaBtlCHHH 

KBa3Hil0TeHUHanbH0ro Tttna .nnH penHTHBHCTCKOH CHCTeMbl Tpex 

Ten. OCHOBHOC BHHMa1rne nptt 3T0_M y.neneH0 Bonpocy HBH0ro 

pa3.neneHHK TpexqacTHqffblX npoueccoB, qTo Il03B0nHeT BbJqttcnflTb 

0.llH03HaqHblM o6pa30M BCC aMnnHTY.llbl paCCCHHHH. )J;anee paccMaT· 

pHBaeicli npo6neMa noKanbH0CTH napHblX B3aHMO.ll~HCTBHH, a TaK>KC 

3HKOHanbHOC nptt6nH>KCHHC B YKa3aHHhlX ypaeueHHHX. 3TH ypaB· 

HeHHfl ¢opManbl7IO no.no6Hbl KBaHT0B0·MexaHHqecKHM, HCCne.noeaH· 

HblM B pa6oTax 3 /. -

Bee H3n0>KCIIH0C BbllllC KpaTK0 0Tpa>KaeT co.nep>KaHHC BBe.llCIIHfl 

H §I nepBOH rnaew .n11ccepTaUHH, B K0T0P0M paccMaTpHBalOTCfl 

uatt6onee cymecT!/JlllbJe M0MCIITbl qeTb1pexMep110H ¢opMym1pOBKII 

Ja.naqu Tpex Ten • • . "' 

8 §2 BB0.llllTCfl .llBYXBpCMeHHafl qJyHKUHH rpuua Tpex qacTHU G . 
O11a onpe.nenfleTcfl 113 non110H TpexqacTuquoil 4JyuKUHH _ rpttua 
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+ '+. + G(xz, x2, X3; Y1, Y2, Y3 )=<O I Tl ifr 1 (x1N2 (x2N3 (x3) ifr1 (yl NiY2NfY) l I 0> 

/1/ 
IIyTeM rrpnpaBHHBaHHJI BpeMeH HaqanbHbIX H KOHeqHblX qacTHU ' 

:-:::: ➔➔➔➔➔➔ 
G(t- t ';x1, x2 , X3iY1 ,Y2,Y3)= 

=<011l'Pi (t,~N/t,~N3 (t,~N:(t',r
1

)r/,;(t:;
2

)cfr;(t:y
3 

JIIO>. 121 
3.necb , if, i - orrepa-ropbLIIOneii H COCTOJIHHJI BaKyyMa B3JITbl 'a• rrpe,n-
QTaBneHHH reii3eH6epra. 

Ecnn BBeCTII cpypbe-o6pa3bl .naHHbIX <PYHKUIIH 

3 

12 (4) _ _ it;;J PjXrqJYj) 3 _ (4) (4) 
(2TT) a (P-Q)G(P;p,p;q,qJ= fe G(x;y)r!}

1
d xf d Ye 

3 
/3/ 

,11(31 ➔•➔ "' ;!• :! ;! :: 1[lb 1-1M'P,~-iijj>l ➔-➔ 3 ➔ ➔ 
(2TT) b (P-Q) G (P,·p ,p; q, q)= f e · G (t;x;y) dtTI dxe d)£ , / 4/ 

-- , lh1 ' 

r.ne X , ~- , x; II p , f, , P-1 - qeTbipexMepHble KOOPD.IIHaTbl 
R1<06II II corrpJI)l<:eHHbie IIM IIMIIYilbCbl, TO orrepau1rn IIpIIpaBmIBaHIIJI 
BpeM~H· /2/ B IIMIIYJibCHOM rrpe,ncTaaneHHII IIpllHHMaeT BH.n: 

-~ .:! :! ,;: ~ :0 - O - - - - -o -0 G(P;p,p;q,q)= fdp.dp. G(P,p,p;q,q)dq_ dq
1 

• 
I 1 - l /6/ 

B 3TOM )Ke rraparpacpe nonyqeHo ypaBHeHIIe 
~ ➔ ➔ .. ➔ ~ ➔ ➔ ➔ ➔ ! • :;::: ➔➔ D.Il.H <PYHKUIIH / 1/, 

·a (P;fi,· p ;ii, if J=.g
0 

(P;p, p; q,cj ).+ ~ g o<P,p,p)x 

..... ➔ ;! ;;! ~ ;!' ➔ :;::: ::! ➔ .:! ➔ 
x fW(P;p,p;TJ,TJ)dTJ dffG(P,•.,,,if; q, q), /7/ 

go - <PYHKUHJI rpuHa Tpex CBo6o.nHhIX qacTHU. B CIIny COOTHOWeHIIJI 
/6/ HMeeM ' 

::::: _;;&,➔➔➔ ➔➔ '➔➔::::: ➔➔ 
g/P;p,fi;q-,q) = a(P;-'l:)a(p

1
-q~ Jg

0
(P;p-,p), 

·i TT2 ( wl (p~} I-~ (f; )+w3(P;)) ~----- ---- .. - - - ·- ---- - --- -- , 
'"/~ )w2 (p2 )~ (iij )[Po

2
- lwl ,(p; )+ti¼ (P.2)+~ (p3)1\ fr] 

i(P;F,~) 

( ·•) . I 2 ➔2 r11.e w 1 p1 =v rr.1 + P; 

4 

/8/ 

/9/ 

j_ 

W - Tpex•nCTIIqHhiii KBa3HIIOTeHunan orrpe.nenHeTCH B au,ne 
6ecKoHeqHoii cyMMhI ' 

·i W =_·i~ "'~1 =-1.,;, -= _, "'-1 -. 
2 =go go K go go +go go Kg o K go g o + '.' ' ' 
1T --

/10/ 

r.ne HAPO K HBnHeTCH CYMMOH Bcex uerrpHBO):(HMbIX TpexqacTHqHbIX 
.nnarpaMM <l>eiiHMaHa. YMHO)KeHiie 3,lleCb CJieJl,yeT 'iioHHMaTb B 
orrepaTOpHOM CMblCile. OiMeTHM, •qTo 'ypaBntrnHe THna /7 / )J,Il.H 
0/:(HOBpeMeHHOH BOilHOBOH <PYHKUHII pacceHHIIH Tpex qacTIIU rrony
qeHO B pa6ornx/4,s/. 

l1ccneJ1,yH· Ka)KJl,Oe cnaraeMoe pHJl,a /10/, MO)KHO rroKa3aTh, 
4To W rrpeJl,cTaBIIMO B an.ne 

W=W1 +W 2 +W3 +WT. /11/ 

3)1,eCb wi - CyMMa BCeX qneHOB pH.na/io;, COJl,ep)Kauinx B-HMIIYilbC
HOM npe.ncTaBneHII!{ 0 ( e;-<l; ), H II03TOMY C0O_TBe1'CTByeT napHbJM 
CHnaM, _lfr ue C0Jl,ep)KHT IIOJl,06HhIX 9 -cpyHI<U,HH H, cne)J,OBaTenbHO, 
ero MO)KHO OTHeCTH K Tpex'!aCTH'IHblM cnnaM. OTMeTHM, qTo )J,a)Ke ; 

. Kor.na HJl,po_K- Ile CO).lep)KHT CB~3Hb!X ,)J,Harpa_MM, BCe )Ke_ WT OT· 
IlH'IHO, or,uyn.H. -- ,. , 

3TO OJHa'!aeT' 'ITO, rr,pn6nH)l(eHHH na:pHblX B3aHMO.neiiCTBHH 
B 'ieTblpexMepHblX H TpexMepH~I_X ypaBJleH~HX, He :,l~BHBaneHT.J:lbl 
Me)KJl,y co6oii. 

B §3 paccMoTpeuo npu6n~)Keuue W i=O. Ilonyl-ieHo TpexMepnoe 
nuTerpanbnoe ypaBHenue D.nH cliynKUHH · rpmia'• /l/, HMeromee 
OJl,H03Haqnoe pe,W~HHe .. Ero_ HD.po onpeJl,enHeTC~ . .llBYX'laCTHqHbIMH 
KBa3HIIOTeHunanbHbIMH - aMIIIlHTY)J,aMH. pacceHHHH • BIie MaCCOBOH 
IIOBepXHOCTH 1; • B CHMBOilH'ieCKOH cpopMe OHO HMeeT BH.ll: 

G=g~+G1 +G2 +G3. 
= 

-,~1 - _- _, _ ,11 _, ,,,. lo,_ T1- T1 1:1\_ 
~2 = ;

2 
i 0 12 i 0 + e0 12 O 12 · <:/ ;i2; 

G3 T 1 1 0 G3I 
3 3 3 

BbIBO)J, auanorH'iH0ro' ypaBHeHIIH )J,IlH aMIIIlHTY.llbl ynpyroro pac
ceHHHH Tpex ·qacTHU MO)KHO HaiiTH TaK)Ke B pa6_oTax / 6/. 

Ilonyqeunb1e ypaiiileHHH M0)KH0 1 nono)KHTh B OCH<>BY TpexMepHoii 
itiopMynHpOBKH pen.HTHBHCTCKOH 3a)J,a'IH Tpex Ten. )]:n.11 3TOro, 
0)1,HaKO, ueo6XOJl,HMO Jl,OKa3aTh, qTO Jl,BYXBpeMeHHaH <PYHKUH.11 rpuua, 
IIOJl,06Ho nonHoii; COJl,ep)KHT BClO IIH$OpMaunro O Tpex'!aCTH'illbIX 
npouecca:x. '.:froMy ll,OK8.JaTenhCTBy IIOC~HIUeH qernepTi,iii naparpacp 
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,1uccepTauaa. CHal.fana Ha.no 3aMeTIITh, '-ITO G(P,-ij,-tci) o6na.naeT 

nomocaMH no ITOJIHOH 3Heprau B TOl.fKax, COOTBeTCTBYlOlllIJX ee 

111UlfCIIIIHM B KaKoM-nu6o Hal.faJihHOM um1 KOHe'-IHOM COCTOHHIIHX. 
Bllllll311 JTHX ITOJllOCOB OHa HMeeT BH,ll: 

2" ➔ 

itr Xtf Pfi G~-----~~~--------x 
2 Er/p;;w/3 (p~)[Po -E li!13)-<ulp13)+fr] 

,;rr2 x +ri/ J 
T a a 

X {3a 

/13/ 

2E (q➔ )w (q➔ )[P.
0
· -E (q➔ )-<u {q➔ )+id 

aaaa aa aa 

r,1c IIH,lleKCaMu a , f3 = l ,2,3 OTMel.feHa np1rna,I1J1e)KHOCTh BCJIH'fHH 

K onpe,neneHHhIM Hal.faJihHhIM ( a) If KOHel.fHhIM ({3) COCTOHHHHM, 

a KOTOphlx a -aH, {3 -aH 1.faCTHUhl CBo6o.nHhI, a ,llBe OCTaJihHhle -

CBH.lallhl. E (q)=·lq
2
+M2 - 3HepruH CBH3aHHOto COCTOHHHH ,llByx u V a 

'-lac TIIU. 

KpoMe 3THX ,lleBHTH Bhipa)KeHHH MO)KHO BhlITHCaTh e111e CeMh. 

n KOTOphlx JIH6o Hal.faJlhHOe, JIH6o KOHel.fHoe; nu6o o6a HBJIHlOTCH 

COCTOHIIHHMH Tpex CB060,llHhIX 1.faCTHU. B 3TOM cnyqae K COOTBeT

CTBYl<llllHM BeJIH'-IHHaM 6y,neM IlPHIIHChIBaTh HH,lleKc o·: 

; ux13 riµJ r, 

➔ ➔ ➔ ➔ flo 3 ➔ 3 ➔ 
2~(p{Ywf3 (pf3)[P0 -Erf pfY-<iJrf p4+fr] 21 g wi (qi JI[~-[~ (qe)+id 

G"' ir1 2 

/14/ 

a·, 
2" ➔ 

it, Xa (ifa) 

J 
1
oa --------------

21 (Jw. (,;'. )![P o-Icuo(P; J+·id 2 E (a )w (;! )[P.o -E (cf )-<iJ (; l+id 
,11 fr.r. anan. an au 

it, 2 

/15/ 
• 2 
Ir, 

•irr2 
'G ~ ---------- T 

3 ... 3 ➔ 00 3 ➔ 3 ➔ • 

21 n uJ. (p.) I[ po - !.wo (n.)+fr] 21 n w. (q_) ![po_ !.wo(q )+u] ; , , e r. ·t ; , , . -r r. e 
1161 

Bo BCCX '.lTHX Bhipa)KeHHHX /13/-/16/ T13a HBJIHlOTCH aMrrnu

TY.llllMII paccen111rn, COOTBeTCTBYlOIIlHMH nepexo.naM H3 Hal.faJihHOro 

COCTOHHIIH ( a) K KOHC'-IHOMy ( /3). 0,nHHM ll3 OT Jlll'-IHH !pOpMyJI 

6 

/13/-/15/ OT l. lOTBeTCTBYlOlllHX B 1.feThipexMepHOM cjiopMam13MC 

HBJIHeTCH TOT ¢aK1, '-ITO B HHX BMeCTO BOJlHOBhIX qiy11Ku11H Gcrc

ComrnTepa BXO,llHl JIB)'Xl.faCTlll.fllhie KBa3IJITOTCHUHaJibllbJe ¢YHKUHII 

x;<i; ) . 
➔ ·-Jo ➔ _,, 

➔ ➔" :! 2vE; • ➔ i(pk\+1fxf) ➔ • • 

o(P.-K)x.(p_ )~--1 (dxkdx,,e <Ol!f. (O,xk)i/J (O,x)IK,M>/17/ 
I I I (211)" k f . 

BMCCTC C TeM BCJllll.fIIHbl T (3a OCTalOTCH TC )Ke, '-ITO II B l.fc

ThIPeXMep11ou ¢opMym1poBKC. TaKIIM o6pa30M, C ITOMOIIlbHl JIBYX -

BpCMeHHOH cpyHKUIIII rp,rna, TUK )KC KaK II C ITOMOIIlbJO nom1ou, 

MO)KJI() ITOJIYl.fllTb Bee rnecnianuarh TpeXl.fUCTill.fllbIX al\lnllll,ryn. 

B . '.HOM )Ke naparpaqie ITOJI)''-ICHbl TpCXMepJ_lbl~ IIHTel·pa111,111,1e 

ypan11e1rnH, IT03BOJ1HIOII1HC naXOJIIITb BCC 3TH aMITJlllTY!Ibl llpll ycno-
. . 

BIIH, '-ITO ll3BCCTHbl H,npa W .•• 3TH H,llpa, OJIHUKO, C8H3Ullbl C ,nuyx-
. I 

qaCTH'fllblMH KBa3HTIOTenunana.MH BCCbMa CJIO)KJlblM COOTIIOillCIIIICM, 

KOTopqc B006111e He ,naeT B03MO)KHOCTH TOl.fHoro _onpe,.'lCJlCIIHH 

BeJIHl.fllll ".; no1T0My· s· nan1,·11euweM BblBO,UHTCH HOBblC ypaBHC -

HUH, B ~OTOpb!C BXOJIHT CaM ,!l,BYXl.faCTH'-IHblH KBU3HllOTCHUIIUJ1 

H llO'.lTOMY yKa3a1111an Bblllle TPY.llHOCTb ne B03HIIKUCT. )J,JJH nony-

1.fCHHH ITOCJle,!1,HHX npcnno)KCH MeTO,!I, Bbl,llCJI.eHHH 3aITU3JlblBUHllUeH 

qaCTH ,llByxnpeMCHIIOH qiyHKUHH rpmia. 

Bo arwpou 211aae npenno)KCIIHblH MeTO,ll npHMCHHCTCH B paMKaX 

,nsyx4acTHl.fttoro KBaJnnoTc11uuan1,11oro no.nx.o,na. Hcxon11h1M nynK

TOM HBJIHCTCH H3BeCTIIOC cneKTpaJJbHOe npe,ncTaaneHHC JIJlH JIBYX -

BpCMCHHOH cpyHKUHH rpmia .llBYX 1.faCTHU: 

i(P:o,ilJ = r . o· 

_.➔ ➔ ➔ 

I, (E,P,·p, q)dE 

Po-E+ic 

+ j Ia(E, P ;p, q)dE 

0 P
0 

+ E-ic 
/18/ 

B 3TOM npe,ncTaBnenHH g pacna.naeTCH Ha ,nBe 1.faCTH, KOTOphle 

HMCIOT CMblcn 3ana3,n1,rna10meii: g' /nepaoe cnaraeMoe/ H onepe)Ka10-

U1eii: g a /sTopoe cnaraeMoe/ ¢YHKUHH rpnHa. Ha ocuoBe i' MO)KHO 

BBeCTH cpyHKUHIO fr (P; p,q) c TIOMOUlhlO ¢opMyJihI: 

"('~go' + ~ i; 1 r io' • /19/ 

Mo~HO TIOK➔a3aT~, '-ITO Ha MaCCOBOH noaepXHOCTH Po =wt<!½)+w2 (p2) = 
w/q1)+<u.i(q2) T nepexo,nHT,B·(plf3Hl.feCKYlO aMilJIHTY.llY pacceHHHH 

.llBYX 1.faCTHU. TI03TOMY ee MO:lKHO B3HTh B Kal.feCTBe .llBYX'-laCTH'-IHOH 

aMTIJIHTY.llbl pacceHHHH BHe Maccoaoii IlOBepXHOCTH. Onpe,neJIHH 

KBa3llllOTCHUHan 
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·i "r -r·•...;.J ~~-r·:-/-1 -r-1~"."'~r "r-1 
-;-K =(go) (goKgo) (go) +(go) (~KgoKgoJ (go) + ••• ,/20/ 

~r 
MO)KHO nonyqHTb ypaBHeHH.11 .nn.11 g 

"r ,·, 
T H KBaJHITOTeHuuanbHoii 

BonHoBoii IPYHKUHH ,n;Byx qacTHU. B 
Tr HMeeT BH,n: 

qacTHOCTH, ypaBHeHHe .nn.11 

1r (P;p,Q)=Kr(P;p,q) + f .. K (P;p,k)dk➔ T(P; k,Cl) . • / 2l/ 
2 w

1 
(k

1
) w

2 
(k~) [w

1 
(k

1 
)+<i!

2 
(lc

2
) -~ -id 

)J;oKa3aTenbCTBO H3nO)KeHHblX ipaKTOB COCTaBmieT co,nep)l<aHHe 
n.11Toro H, wee Toro naparpaipoB ,nnccepTaumi. 

B § 7 npoBe,neHo . o6o6meHne pe3yJibT.aToB wecToro .naparpaipa 
Ha cnyqaii qacTHU C npOH3BOnbHbIMH CilHHaMH. 

B mpembeii 2AQ6e nepexo.z:iHM. K (pOpMynnpoaKe. ;ia,naqn Tpex Ten 
B, 0KQHqaTe_nbH0M BH.l(e. )J;n.11 ,n~ynp~MeHIIOii IPYHKUHH rpuHa Tpex 
qaCTllU M0)KHO Bblff~t:CaTb cneK_TpanbHOe npe,ncTaBneHHe, aHanoruq
H0e /18/, 3aITHCaB XpOHOnoruqecKOe npOH3~e,neHHe B /4/ C no
M0II.lblO 0 -ipyHKUHij . 

➔➔➔➔➔ ➔➔➔➔➔ 

"" ~ =. ;j~ 00 l,(E,P;p,p;q, q) dE 00 1a (E ,P;p,fi;, q,q) dE 
G (P;p,p; q,q)= f . + I . , 

o Pa - E + ·ir o · p0 + E - i£ 
/22/ 

B §8 BbIBO,l(HTCH ypaBHeHHe ,nnH 3ana3.l(bIBaIOmeii qacTH .l(Byx
BpeMeHHOH IPYHKUHH rpuHa Tpex qacTHU, nMeromee BH,n 

:~r ;::::r i -==r r-::::;r 
G =g

0 
+ - g K G • 

172 0 /23/ 

B ll)lpe K' TaK )Ke, KaK H B w, BbI,nen.11IOTC.II cnaraeMbie, C00TBeT
CTBYIOII.lHe napHbIM B3aHMO,neiiCTBHHM H qucT0 TpexqacTnqHbIM 

Kr.,. Vt +V2 +V3 +VT. /24/ 

3a1;,.cb, O)lHaKo, V; np0CTbIM H ecTeCTBeHHblM o6pa30M CBH3aHbl 
C K/-.nByxqacruqHbIMH KBa3HIT0TeHuuanaMH, a HMCHH0: 

• ~• ;! ➔ .::! .::! ➔ -"r -+ ➔ -~ 

V; (P; r;, P; ; q;, ~ )=o ( P;-q;)w; (p;) K;(P0 -w; (iJ;M?;; ii; ,ii;}, /25/ 

qTo qiaKTuqecKH 03HaqaeT HX C0Bna.neHHe. 

8 

l 
\· 
' 

.\ 
;: 

:f 
! 

B §9 nonyqeHbl 0,l(H0po,nHoe ypaBHeHHe n ycn0BHe H0PMHP0BKH 
,nnH KBa3HITOTCHUHanbHOH BOJIHOB?H 4>yHKn;n7 CBJl3aHnoro C0CTO.IIHHH 

. Tpex qacTHU /B :noii CBH3H CM. pa6oTy / 7 /. 

<fl (t,it1,it2,x➔3)=<0lifr. (O,x )w (O,x) .,, (O,x )l'B-> 
1 1 '2 ·,2 'f3 · 3 I • 

B HMrrynbCHOM rrpe,ncTaBJieHHH ypanHeHne HMeeT Bn,n: 

[w1 (p:) + w/Pi)+ w3 (~)-P
0 
lxJ1, /)= 

·1 -------- I r ➔ ➔ ➔ ➔ K· ( p. - - .. .:! '! ➔ ·• ➔ - ➔ 
2w /P1 )w2 (4Jw/~J , p ,p; q, q) dqdq Xn(q, ii); 

/26/ 

B §lO.noKa3aHo, qTo• 3aIIa3,l(b1BaIOma.11- qaCTb ;!:\BYXBpeMeHHOH. 
IPYHKUHH rpnHa Tpex qacTHU ·. co,nep)KHT -·nonHyIO nHipopMauuro, o 
wecTHa;::iuaTH B03M0)KHbIX npoueccax n. cncTeMe Tpei Ten. 

)];eiicTBHienbHO, · cornacirn cneKipam~H;MY npe~cTapIIeHuro 
/22/, {! a He HMeeT nonIOC()B npn :rronO)KHTen~HbIX 3~aqei,:u.11x ·. Po . 
Ilo3TOMY nonIOCHa.11· CTPYKTypa (] r . H .l(BYXBpeMeHHOH IPYHKUHH 
rpMHa /4/o.nmi i/rn )Ke np1t'i10Ji<>)l(Hi'enhHbIX Po • .TaKHM o6pa3~M, 
B Gr BX0.l(HT Te )Ke CaMbie aMITJIHTy.l(bl'. ~TO .. H B /13/-/15/ .. 

)];nH 0ITHCaHH.11 WeCTHa,nuaTn'' IlpOUeCC(lB 'pacce.lIHH.11. BBO,l(HM r . - -- -· ., 
onepaTOpbl rre~~x?.na M f3a C II0M0II.lbIO CO0TH0WeHH.11 

~ ~ · ~r r ~r 
Gr =g; + i? gf3Mf3aga' /27/ 

r..n;e ga - IPYHKUH.11 rpHHa Tpex qacTHU, Kor.u;a a -a.11 qacTHUa He" 
B3aHMO,neiicTeyeT C JlBYM.11 OCTanbHblMH. 

MaTpHqHble :rneMel{TbI aMnnHTY.l(bI pacce.11HH.11 . .u;n.11 nepexo..n;a 
H3 C0CTO.IIHHH ( a) . B COCTOJIHHe ( {3) B '.)TOM cnyqae HMeIOT BH,u;:. 

I +({3) ➔ -~ d d 
Tf3a"' ¢ . (t,~ ,x2 ,x3 ) tdx1 x2 dxy. 

Mr(t , ➔ ➔)d 'a➔ d ➔d ➔ ,.,_(a)(' ➔ ➔ ➔ ) X -t jX jy t y Y, Y, 'f' f , y , Y, ,y , 
f3a . 123 123 

/28/ 

(a) ➔ ➔ .• ' 

r.ne <p (t,xl, x2,x 3) - aCHMilTOTHqecKHe 0)lHOBpeMeHH_bie BOnHOBbie 
IPYHKUHH, C0OTBeTCTBYIOII.lHe COCT0JIHHIO (a). OHH onpe.u;enJIIOTCJI 
cne,nyromuM o6pa3oM: 
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I 

I I 

3 
'C' ➔ ➔ - i(1cJt -k p_, X, ) 

e , J=1 J 1 
a=O 

(a) ➔ ➔ ➔ • I ¢ (t,x1 ,x2 ,x3 )= 

-i(Pot-~Xa-;a"J" (a}.:! 
e x➔ fX ) 

. ·. P a . a 
a I= o. 

➔ ➔ 

':-'·'· 

/29/ 

"" ➔ . • '.i 

3.nccb X (x ) - KBa3HilOTeHuHanbHa.ff BOllHOBa.ff qiyHKUH.ff CB.ff3a1rnoro 

COCTO.ffllH.ff .L\BYX '-laCTHU. 

)].ance M,bl nepeXO)lHM K BblBO.L\Y ypaBHCHHH .nn» BenH'-IHH, 

BXO.lllllUIIX B Bblpa)l(eHHe /26/. 
KaK ll3BCCTHO, HenpepblBHbJe 3HepreTH'-ICCKHe cneKTpbl COCTOll" 

lllltt <j, (n' nepeKpb!BaIOTCll B o6naCTII Po> lli1.+m2+m 3• 3TO npHBO,L\HT 

K TOMY, '-!TO 0.llHOpO,!lHall qacTb ypaBHCHHll /23/ npH 3Ha'-leHH.ffX, 

3HCpiHH BhllliC Tpex'-laCTH'-IHOrO nopora iMeeT peWeHHll, KOTOphle 

B actt~rnT'-oTH'-ICCKOH o·6nacTH· MOryT IlCpCXO,!lHTb B mo6yIO H3 

cpyHKUHH cj, (1 > , </> (2) , ¢/3> Cne.noBinenhHO, ypaBHCHHC /22/ HMCCT 

HCO.llH03Ha'-!Hoe peweirne, H .nn.R Bbl.llene'Httll KaKoro-nn6o npouecca 

HC06XO.llllMO 3a,!laBaTb rpaHH'-IHblC ycnOBHll. . . 

0.UHHM •. 113 OCHOBHblX B~IlpOCOB ll~il.ffCTC.ii yKa3aHHC' cnoco6a 

pa3,!lCilCHH.ff Bcex . 16 npoueccoB TOilbKO C IlOMOJUblO ypaB· 

HCHHii 6e 3 .nononHHTCilbH_blX ycnoBHH. B § l l BbIBO,nffTC.ff 

ypaBHCHHff .llllff 3anaJ,!lb1BaIOJUCH qacTH .llBYXBPCMeliHoii qJyHKUHH 

rpnna Tpex qacTHU H .nn.R .onepaTopoB nepexo.na M ffo . , KOTopb1e ' 

o6na.naIOT O,!lH03Ha'-!HblM peweHHeM. BBC.llCHbl HOBblC onepaTOpbi 

nepexo.na A r /sf ' ypaBHCHH.ff .llll.ff KOTOpb!X co.nep)l(aT TOilbKO 'Ra _ 
.llBYX'-!aCTH'-l!fi.Je aMnnHTY.llbl pacce.RHHff BHC MaCCOBOH noaepxHOCTH 

T' 
i 

r 772 "' r -1 i r "'r r· 
Af3=-(g 0 J. (1-8{3)+-2 I A fg T 0 • 
a •1 a 77 f-1. f3 -·a a i " 

/30/ 

B· 'lemeepmoil 211aee paccMoTpeHa npo6.iieMa noKanhHOCTH nap· 

HblX BJanMo.neiicTBHii B .cncTeMe Tpex Ten. · 

B CHCTCMC UCHTpa Mace .llBYX qacTHU KBa3HilOTCHUHan /19/, 
Boo6me roBopH, KPOMe :rneprnn E Ii: nepe.na'-IH HMnynbca p- i/ 
JaBHCHT eme OT .npyrnx nepeMeHHbIX, T .e. He HBnHeTC.ff noKailbHblM. 

0_FHaKo MO)l(HO IlOCTPOHTb . TaKoii noKanbHblH KBa3HilOTCHUHan 

V (E, p- rf), '-!TO COOTBeTCTBYIOJUee CMY peweHHe ypaBHeHHH /19/ 
6y.ne: COBna.naTb Ha ~acc_oB?H IlOJ3~PXHOCTH C ciiH3H'-ICCKOH aMnnH· 

TY.llOH_ pacC.C.ffHHH .llBYX '-laCTHU / 21: .. Ilpe.ncTaBnHeT HHTepec pac • 

CMOTpeHH~- no.no6HOH JaMeHbl IlOTCHUil:anoa B cnyqae Tpex'-laCTH'-IHOH . . r . . 
Ja.na'-IH. MMCHHO _napHbIC '-!aCTH H.npa· K . Ja.MeHHM Ha noKanbHbIC 

10 

KBa3HilOTCHUHanbI Yi' • Ilocne,!lHHC .non)l(HbI,O'-ICBH.nHo, onpe.neJI.ffTbCff 

TaKHM o6pa30M, '-IT06bI peweHHH Hawnx ypaBHeHHH C HOBbIMH 

noTeHunanaMH Ha MaCCOBOil: IlOBCPXHOCTH COBna.nann C COOTBCT· 

CTBYIOJUHMH qJH3H'-ICCKHMH TpCX'-!aCTH'-IHbIMH aMnnnTy,!laMH. B CJie• 

.ny10mnx .llBYX naparpacpax 11nccepTaUHH no.npo6Ho o6cy)l(.naeTc» 

BOnpoc BBe.neHHll noKanbHbIX KBa3HilO.TCHUHaJIOB. 

B § 12 BBO.nHTCJI IIOBOC R,a:po U B BH.ne: 

;! ➔ .::! ➔ 3 .... ➔ ➔ "' 2 ;:t ➔ ➔ ➔ 
U (P;p,ji; q,q")"" 2 o (p .-<J. )n. (p) V. [(P

0
-<.u1) -p;! ; P. -q

1
] a

1 
(q) + UT, /31 / 

· 1=1 I I I I l I 

r.ne rl. ' q➔_ - pen.RTHBHCTCKHC OTHOCHTCJlbHbie HMnynbCbl ·j - OH _, _, 
.nBVX

1
-IaCTH'-IHOH TIO.llCHCTCMbI. a. (p) - Ja.naHHbIC <PYHKUHH OT p .;:t • ➔ I ;t 

P. , r. , 06pama10muecJ1 B e.n:nHnuy, nH6o npH r
1 
= o, nn6o ua 

Jacco
1

BOH IlOBCpXHOCTH po =w1 (p;) + (J)2 ({/2 ) + (J)3 (j/3). JIBHblH BH)J. 

3THX cpyHKUHH 0)J.H03Ha'-IHO orrpe.nerrneTCJI BbI6opoM nepeMeHHbIX ; . 

UT • '-laCTb HOBoro J1)!,_I?a, cooTBeTCTBYIOJUaH '-IHCTo Tpex1Tdc-
TH'-IHbIM CHJiaM. .,, ' 

y CilOBHe COBrra.nemrn HOBOH aMITilHTY,!lbl yrrpyroro pacce.RHHJI 

Tpex '-laCTHU' C qlH3H'-ICCKOH npHBO)J.HT I< onpe.neneHHOMY cnoco6y 
" ➔ rrocTpoemrn noKaJibHblX KBaJnrroTeHunanoB Vi (E,f1-q). Ilocne.nH11e 

-BbipaiKaIOTCll C IlOMOJUbIO $H3H'-leCKHX aMililHTY.Ll pacce»HHH .L\BYX 

'-laCTHU 1, (E, p - q) H HBJIHIOTCH peweHHCM cne.ny10meii CHCTeMbl 
ypaBHeHHii 

A ➔ ➔ oo "i ➔ ➔ 
V. (E, p-q) = I V (E, p-q) 

1 n=l n 

1 ➔ ➔ "i ➔ ➔ 
l. (E,p-q)= V

1 
(E,p-q) 

16 77 3 
l /32/ 

I [Vi g2 vi. i' ... v i g 'vni], m> 2 
n +n +- .. n ::m nl O n2 0 ns-1 0 s 
·1 2 s 

o= vi+ 
m 

r.ne KBa.npaTHbie CK06KH 03Ha'-!aIOT nepexo.n: Ha MaCCOByIO noBepx· 

HOCTb. 3.necb BaiKHO OTMeTHTb, '-!TO napHbie JIOKaJibHbie KBa3HilOTeH

UHaJibI, IlOJiy'-leHHbIC yKa3aHHOH npoue.nypoii, COBna.n:aIOT C TeMH 

IlOKaJibHblMH TIOTeHuHaJI~MH, KOTOpbie paHbWC 6binH nony'-leHbI 
B .llBYX'-laCTH'-IHOH Ja.naqel 2 /. 

B § 13 rroKa3aHo, '-!To He TOilhKO aMrrnHTy.na ynpyroro pacce»HH.ff 

Tpex '-laCTHU, HO H OCTailbHbIC 15 aMIIJIHTY.Ll, IIOnyqeHHblX KaK 

peweHHll ypaBHeHHH rnaBbl II I C HOBblM H.LlpOM' U, Ha COOTBeT· 

CTBYIOJUHX MaCCOBbIX IlOBepxHOCT.ffX. COBna.naIOT C :PH3H'-!eCKIIMH. 

II 



B. n.,fflitOU z11a~e HCCJie,nyeJCH 3HKOHa:11hH0e npH6JimKeHHC B TPeX -
qacniqHbIX "•ypa.BtteHHHX KBa3IUlOTeHIIHaJibH0rO THna . .H.iipo BhI6H
paeTCH B. BH:iie /3i/ 6e3 .yqeT.a TpexqacTHqHhi~, cnn: IlonyqeH 
pen'1THB~CTCl(HH ·aHaJIOC qlOJJMYllbl .. rnay6epa / 9/ ,.IIJIH Bhl~OK03~ep
reTHqecirnro :i;;acceRH~H 3JieMeHTapHOH q~CTHUhI Ha ,cna6~CBH3a,HHOH' 
cncTeMe. ·AMIIJIHTY.na ·pac'~eHHii:H BTopoii qac_Tnu~i iia cBH3a~rnoM. 

C0CT0HHHH nepBOii H TpeThC~.F 22 HMt:eT ~H)l: 

F ( ➔ m 22 Po, I).)= 1+m3 
-m ➔ ➔ 

S( 1 !).Jl3is1,!).J+ 
, . m1;:1-m3 i' -, m , ' 3 

m ➔ 

m 1+11!3 sc--2-{l) f (s3 ,_/).) + 
+ m , . m 1 +m 3 12 

; 1, 
/ 33/ 

2 
:('':. (m1+m3) ,:·(2) ➔·• ➔ ·. ➔ .m3 ➔ : ➔ .-m1 ➔ 

+ -·-. 
2 

. . .. . . .f d CJ S(u) 132 (o-:- _!).) l (u+ .. - /).), 
➔ · ·m 12 ·, m 

1611 m
1 

m3 I p21_P0 , 1J 13. 

r.ne.: i½ t ;,i/2 ➔-- ~T,H_~c~:renhH~Ie -.HMTIYJihChl HaqaJibH0ro H ~OHeqHorQ 
C0,CT0H_HHH, /).,;,,,<fa :-P2- .,1J12 - aMTIJIHTY.na -pa:cc.eHHH:H· 2-oH qacTHUhI 
Ha. ·i .-oii, ii - ,neyMepfiLiii eeKTop, .nepneH,nHKynHpHbIH Hanpaene
HHIO. P2 , ,sJS) - 4>opMq,a1q:op CBH3aHHoro. C0CT011HlfH, Ba>l<HO 
no,nqepKHYTh, qTo.-cl>opMyJia /,33/, nonyqeHa IlYHiM CYMMHpoeaHHJl 
6eCKOHeqHoro p.H,na TeopHll B~3MymeHHH, 6e3 orpaHHqeHHH qne·HaMH, 
C00TBeTCTBYIOIUHMH 0.IIH0KpaTH0MY H .IIByI<paTH0MY pacceHHHIO. 

OCHOBHre pe3yJibTaThl .IIHCCCpTaIJHH ony6JlHI<OBaHhl. B ,pa6_o:' 
Tax /l 0 - 15 H ,noI<Jia,LlhIBaJIHCh Ha CCCCHHX OT.11eneHHH ».11epH0H 
qJH3HI<H AH CCCP, Bceco103HhIX H Me)K,nyHapo,nHhIX 1<0Hq,epeHUHHX. 
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