
P2-93-14 

M .11.. Ilo,n;rope:qKHH 

IIPH KAKHX PA3MEP AX OEJIACTH rEHEPAU1111 

B03Hl1.KAIOT KOPPEJI.5!1(1111 

TQ)K)J:ECTBEHHhIX qACTl11(? 



11 
I 

. · Ilo,rr.PopeD;KMti M • H. 
Ilp11 .' KaKMX pa3Mepax 06~ 

, JiacT11 reHepau;1111 ••• 
P2-93-I4. 

~~--_,,,.,,...,._',,,,,, 

✓ ·l. 

/ 

.•' 

'-. v· 

e.ivmeHHbli1 11HCTHTyT 11)1.epHblX HCCJJe)I.OBa.HHH, )ly6Ha, 1993. 

I 
·• • . • , • I • 

. 
. . ' . ' 

I . . . " \ ·. .. • i 
i 

I ', 

\ 
•,; 

' 
) 
I 
j 
·, 

''j 
: 

1 
•·\ 

!; 
·:,'1 

! \ 
l 

. \,j 

/! 
·1 . iv 

·' 

; 

1 
l I· 
l 
i 

l 
•11 

I 
.1j 

,\ 
.. 1 

l 
! 

KoppeJI.SIU.HH TO)KJJ;eCTBeHHhIX qacTHU. C 6JIH3KHMH HMilYJibcaMH CTaJIH B Ha

CTO.SI~ee BpeM.SI CTaHJI;apTHhIM MeTOJ:I;OM HCCJieJ:I;OBaHH.SI npocrpaHCTBeHHO-Bpe

MeHHhlX xapaKTepHCTHK npou.ecca nx reHepau.nn. BMeCTe c TeM, HecMOTp.SI Ha 

MHome COTHH 3KCrrepnMeHTaJibHhIX H TeopeTnqeCKHX pa6oT' HMeJOTC.SI e~e ;:i:o

CTaToqHo IIPOCThle, HO Ba)KHhle B npHHU.HilHaJibHOM OTHomeHHH BOilpOChl, KOTO

phle IlOKa qTo CIIeU.HaJibHO He o6cy)KJJ;aJIHCb. HH)Ke pacCMOTpeH OJ:I;HH H3 HHX. 

IlOCKOJibKY peqb IlOHJ:I;eT O npHHU.HilHaJibHOH CTOpoHe, ;:i:oCTaToqHo orpaHHqHTb

C.SI npocreiimeii MOJ:I;eJihJO He3aBHCHMhIX ToqeqHhIX OJ:I;HoqacrnqHhIX HCTOqHH

KOB, reHepnpyIO~HX 6eccnHHOBhle qaCTHU.hl (cKa)KeM·- IlHOHhl); BJIH.SIHHe B3a

HMO;:i:eiiCTBH.SI B KOHeqHOM COCTO.SIHHH 6y;:i:eM cqHTaTb npeHe6pe)KHMO MaJihIM. 

XOT.SI COOTBeTCTByJOm;a.SI SJieMeHTapHa.SI TeopH.SI xopomo H3BeCTHa, J:I;JI.SI Ha

meii U.eJIH IIOJie3HO BCe )Ke KpaTKO OCTaHOBHTbC.SI Ha ee JIOmqecKoii CTPYKType. 

IlyCTb J:I;Ba HCTOqHHKa HaXOJ:I;.SITC.SI B qJHKCHpOBaHHhIX TOqKax r7 H;:; H reHepn-

PYJOT TO)KJJ;eCTBeHHhle IlHOHhl B MO-

MeHThl tl H t2; OJ:I;HO11aCTHqHyJO aMn- - - - -7.1 '7 2. z, -Z:.1 
JIHTYAY reHepau.nn nnoHa c HMnyJih- , .. ~ , 
COM p o603HaqHM U(p). reHepau.m1 I \ \ I 

I \ 
--"11 ' ,, ABYX IlHOHOB C onpe;:i:eJieHHhIMH HM- -, I ' -,, P' nyJibCaMH H SHepm.SIMH (p' ,e') H p I ' p p \ / 

I \ \ I 

(p" ,e") MO)KeT ocy~eCTBHTbC.SI J:I;By-
I \ t 

I \ I\ 

M.SI cnoco6aMH, cxeMaTnqecKH H3o-
I 

' I \ 
I \ I ' 

6pa)KeHHhIMH Ha pnc.1. B nepBOM H3 

HHX J:I;ByxqacrHqHa.SI aMilJIHTy;:i:a 3a-

IlHChIBaeTC.SI B BHJI;e P11c.l 

A(p' ,p") - U(p')U(p") e- i(r; ii' - tie'). e - i(S ii" - tl") , (1) 

BOBTOpoM: 

"(➔➔ A(p' ,p") - U(p")U(p') e-, '1 P,, - tie"). e - i{S p" - t2e'). (2) 

lfa-3a TO)KJJ;eCTBeHHOCTH reHepnpyeMhIX IlHOHOB o6a nyTH Hepa3JIHqHMhl, OHH 

npHBOJ:I;.SIT K OJ:I;HOMY H TOMy )Ke KOHeqHOMY COCTO.SIHHJO. IlOSTOMy IlOJIHa.SI J:I;Byx

qacr11qHa.S1 aMilJIHTy;:i:a npou.ecca 

.
: Ovi.CjU,r:t't:tiLlll m1::-rary1 I 
. 'l!R~~!ill-1:X llCCleilOtlUllt'l 
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' 
A(p' ,p") - U(p')U(p")-{e - i(r; p' - t,e'). e - i(S p" - t{") + 

"(➔ ➔,, ➔ ➔ } - 1 r
1 

P -t e") - i(r p ' - t e') + e 1 ·e 2 2 
' 

(3) 

a COOTBeTCTBy10m;a51 Bep051THOCTb 

➔ ➔, ➔ 2 ➔ 2 { ➔ ➔ ➔ ➔,, W(p ',p ') - I U(p ') I · I U(p ") I · 1 + cos [ (r 1 - r 2) (p ' - p ) -

- (t1 - t2) (e' - e")]} 
(4) 

. O6cy)K)J;aeMhle KOPPeJI51Il,RR TO)K)J;eCTBeHHbIX 11aCTRil, CB513aHhl co BTOpblM lJJle

HOM B (4)' OHR B03HRKaIOT BCJie,ll,CTBHe llHTepcpepeHil,llll «np51MOH>> aMilJIRTYJl.bl 

(1) n «nepeKpeCTHOH>> aMilJIRTYJl.hl (2). 
Bonpoc O Ha6JIIO,ll,eHHll 3TRX KOppe.1I51Il,RH CB513aH C TexHmleCKRMR B03MO)K

HOCT5IMR ncnoJih3yeMOH 3KCnepnMeHTaJlbHOH annapaTypbl. ECJIR BeJIH'IRHbl 

I~ - ;:; I H I tl - t2 I 011eHb BeJIRKH, llHTepcpepeHil,llOHHbIH nnK CTaHOBHTC51 , 
CJIRIDKOM Y3KRM, y)Ke ,ll,OCTll)KllMOI'O B 3KCnepHMeHTe pa3pemeHH51, KOppeJI5IIJ;HH 

CTaHOB51TC51 Hena6JIIO}l,aeMhIMR. Ba)KHO, O}l,HaKO, nO,ll,llepKHYTb, lJTO B p51}l,e CJiy-

11aeB HX MO)KHO BCe )Ke o6Hapy)KRTb C nOMOID;blO 6oJiee TO'IHOI'O 3KCnepRMeHTa. 

C ,ll,pyroii CTOpOHbl, B03MO)KHbl CJiy11an, B KOTOpbIX KOppeJI51Il,RR HeJib351 Ha-

6JIIO,ll,aTh He no 
0

TeXHH1JeCKHM, a no lJRCTO npHHil,HnllaJibHblM npn11nnaM·. '.:ho 

'6brnaeT' KOI',ll,a reHepail,R51 napbl 11aCTHil, npoRCXO,ll,RT TOJibKO no O,ll,HOMY KaHa.n:y' 

cKa)KeM, - <<np5IMOMY>>, npn OTCYTCTBHH ,ll,Pyroro, <<nepeKpeCTHoro>>, Katta.n:a. Co

OTBeTCTBeHHo, HMeeTC5l TOJibKO O,ll,Ha aMilJillTY,ll,a (1), ll Bepo51THOCTb npon,ecca 

"(➔ ➔' t ') "(➔ ➔" t ") 2 
W(p',p")-jU(p')·U(p")e-,r•p - •e -e-1r2p - { I =. (5) 

= I U(p') 12
• I U(p") 12 

:S KalleCTBe npnMepa yKa)KeM Ha peaKil,RIO, B KOTOpoii O,ll,HH ll3 :rt - -Me30HOB 

po)K)J;aeTC51 COBMeCTHO C A 0-rnnepoHOM, npR pacna,ll,e KOTOporo B03HHKaeT BTO

poii :rt - -Me30H. 3KcnepnMeHTaTOp, HCCJie,ll,yIOm;nii 3TOT npou;ecc C nOMOID;blO Ka

KOI"O-JIH6o TpeKOBOro ,ll,eTeKTOpa, KOHCTaTnpyeT reHepan,nIO :rt - -Me30Ha C RM

nyJihCOM p' B HCXO,ll,HOM B3aHMO,ll,eHCTBHR B TO'IKe ~, B TO BpeM51 KaK ,ll,pyroii 

:rt- -Me30H C HMnyJihCOM p' 1 
renepRpyeTC51 B ,ll,pyroii TO'IKe;:; ll B ,ll,pyroii MOMeHT 

. ➔' ➔ 
BpeMeHn. 3,ll,eCb 11aCTHil,bl C HMnyJibCaMR p , ll p II (<)KeCTKO npRB513aHbl>> K pa3-

. . ➔ ➔ -
HbIM TOlJKaM rl R r2, eCTb TOJibKO O}l,Ha «np51Ma51» aMilJIRTy,ll,a, «nepeKpeCTHOH» 

aMIIJIRTYJl.bI HeT, llHTepcpepeHil,R51 OTCYTCTB)'eT. 

Cym;eCTBOBaHRe TaKHX npRMepOB CTaBHT Bonpoc ~ COOTHOllleHHll Me)K)J;y 

npon,eccaMR Jl.BYX TRnOB (c HaJlll'IReM R OTCYTCTBlleM RHTepcpepeHil,RR TO)K)J;C

CTBeHIU,IX 11aCTRil,)' 0 cnoco6ax RX onncaHR51, a TaK)Ke 0 B03M0)KH0M cym;eCTB0-
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BaHHR R TeopeTRlJeCK0M onncaHRll npon,ecC0B npoMe)KyTO'IH0I'O Tuna, K0I',ll,a 

RMeeT MeCTo T0JibK0 "nenOJIHa51 llHTepcpepeHil,ll51". 

B 3TOH CB513R CJie,ll,yeT llMeTb B BHJl.Y 0,ll,H0 Ba,KH0e o6CT051TeJibCTBO, K0T0poe 

o6hl1JHO He o6cy)K)J;al0T' C'IRTa51 ero BT0poCTeneHHbIM R lJHCT0 TeXHH'leCKHM. 

)],eJio B TOM, lJT0 B 60JibIDHHCTBe KOppeJI51Il,llOHHbIX 3KCnepnMeHTOB HCCJie,ll,yIOT

C51 Koppe.1I51Il,llll 3ap51)KeHHI,IX 11aCTRil,, KOTOpble pernCTpnpyIOTC5l 6naro}l,ap5I co-

3,ll,aBaeMOH HMR llOHR3aD,RR*. IlOCJie,ll,OBaTeJibHble aKTbl llOHR3ail,Rll npnBO,ll,.sIT K 

B03HRKHOBeHRIO TpeKa 11aCTHil,bl, 'ITO n03BOJI51eT B ,ll,aJlbHeiimeM cpnKCllpOBaTb 

ee cpe,ll,HHH HMny JlbC ll cpe,ll,HIOIO sneprnro. B 3TOH CB513ll B03HRKaeT llHTepec

HblH BOnpoc o6 YCJI0BR51X, npn KOTOpbIX HaJIRlJRe llOHR3aD,ROHHblX TpeKOB He 

npen51TCTBYeT HJIH, Hao6opoT, npen51TCTBYeT B03HRKHOBeHHIO llHTepcpepeHil,R

OHHblX KOppeJI51Il,RH. Ba)KHOCTb 3TOI'O BOnpoca CB513aHa C TeM, lJTO B KBaHTOBOH 

MeXaHRKe BC51KRH npou;ecc CJie,ll,yeT paccMaTpHBaTb B Il,eJIOM, He OT,ll,eJI5151 HCCJie

,ll,yeMble KBaHTOBhle nepex0}l,bl OT MeTO,ll,OB RX perncrpan,nn. 
• ➔ ➔ 

Ilpe,ll,nOJIO)KRM, lJTO 11aCTHil,bl, B03HRKaIOm;Re B TO'IKaX rl ll r2' 3aTeM pacce-
➔ ➔ 

HBaIOTC5l (B o6m;eM CJiytJ:ae, Heynpyro) COOTBeTCTBeHHO B TO'IKaX Rl ll R2. lfaBe-
➔ ➔ 

CTHO, 'ITO B 3TRX yCJIOBll51X TO'IKR R l ll R2 M0ryT nrpaTb pOJib HOBbIX llCTOlJHR-

KOB, reHepRpyrom;Rx 11aCTHil,bl C HOBblMH RMny JihCaMR B HOBble MOMeHTbl BpeMe

HR T
1 

n T
2 

(cM., HanpnMep, (1 ]). C ,ll,Pyroii cropoHhl, c o6m;eii TO'IKH 3peHR51, 

Ka)K)J;blH OT}l,eJibHblH aKT llOHR3ail,RR 51BJI51eTC51 HMeHHO TaKHM HeynpyrnM pac

Ce51HHeM. l1011eMy )Ke Te TO'IKH, B KOTOpbIX nponCXO,ll,51T aKTbl llOHH3ail,RR, HR

KOI',ll,a He paccMaTpRBalOTC51 KaK HOBble RCTO'IHRKH? 

qT06bl pa3o6paTbC51 B noCTaBJieHHblX BOnpocax, BepHeMC51 K cpopMyJie (4). 

ECJIH OHa BepHa BO BCex CJiy11a51x, TO B npRHD,Hne RHTepcpepeHD,llOHHbIH nRK 

eCTb BCer,ll,a, R nepexo}l, K cpopMyJie (5), COOTBeTCTByIOm;eii HaJIRlJHIO TOJibKO O,ll,

HOH Jl.BYXllaCTR'IHOH aMDJIRTYJl.hl, HeB03MO)KeH. O,ll,HaKO npn BblBO}l,e (4) HC

nOJib30BaJlllCb HeKOTOpble npe,ll,nOJIO)KeHR51, ll Ha,ll,O npoBepHTb, BCe JIR OHR BO 

BCex CJ1y11a51x o6513aTeJibHbl. 

Ilpe)K)J;e Bcero npe,ll,nOJiara.n:och, lJTO O,ll,H01JaCTH1JHble aMilJIRTYJl.bl O,ll,RHaKO

Bbl }l,JI5l o6onx ll~OlJHRKOB, BCJie}l,CTBHe 11ero MOJl.YJIR aMilJIRTYA (1) ll (2) TaK)Ke 

coBnaAaIDT. B o6m;eM CJiy11ae sro ne TaK, BMeCTO e,ll,HHoii aMilJIHTYJl.hl U(p) Ha,ll,O 

BBeCTH ABe OAHO'laCTHlJHble aMilJIHTYJl.hl U(p) H V(p), npHlleM, Boo6m;e roBop.si, 

U(P) ¢ V(p). Torna BMecro (3) noJIYllaeM • 

"(➔ ➔, t ") "(➔ ➔.. t ") 
A(p' ,p") - U(p')V(p") e - , rt P - te . ·e - , r2 P - l + 

- i(r p" - t e") - i(r p" - t e') (6) 
+ U(p")V(p") e t t ·e 2 2 

---------
*Pe m c-rp a U, H II uel:\TpaJibHblX 11acni:u. B K0He'IH0M C'leTe TaIOKe OObl'IHO CBll3aHa C ua6mo,neHHeM 

HOHH3all,HH. O6cy)l(,AeHHe CBll3aHHblX C 3THM BOnpoC0B BblX0JIHT 3a paMKH HaCT0llll\el:\ aaMeTKH. 
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3Aeeh eH0Ba HMeeltl ABe ABYXtJ:aCTHtJ:Hble aMilJIHTYAhl, HO HX M0AYJIH M0ryT y)Ke 

6h1Th pa3HblMH. n:anee o6hltJ:HO AeJiaeTeH eCTeCTBeHH0e npeAn0JI0)KeHHe 0 

<<ruraBH0CTH>> OAHOtJ:aCTHtJ:HhIX aMilJIHTYA U(p) n V(p); etJ:HTaeTeH, tJ:To 0HH 

npaKTH'IeeKH He H3MeHHIOTeH npn BapbHp0BaHHH HMnyJihe0B B npeAeJiax HH

TepqJepeHD;HOHHOI'O nnKa, T.e. U(P) H V(P) 3aMeHHIOTeH HeK0T0pbIMH K0HCTaH

TaMH*. TorAa Aa)Ke npn U ~ V npOI13BeAeHHH U(p') · V(p") H U(p") · V(p') 
eoBnaAaIOT, n Mbl eH0Ba npHX0AHM K Q)OpMyJie (4). 

IloJIO)KeHHe H3MeHHeTeH, ecnn 0TKa3aTbeH OT npeAn0JI0)KeHHH 0 TIJiaBH0CTH 

QJYHKD;HH U(p) u V(p). n:onyCTHM, 'ITO aMilJIHTyAa U(p) BeJIHKa B o6JiaCTH 

p::::: p' n Mana B6JIH3H p' ', a aMrurnTyAa V(p), Hao6opoT, BeJIHKa npn p::::: p'' 
If Mana npn p - p". Toma ABe AByxqaeTHtJ:Hhle aMnJIHTYAhI, BX0AHIIJ,He B (6), 

nepeeTaIOT 6h1Tb. paBH0npaBHhIMH, nepBaH npeB0eX0AHT no M0AYJIIO BT0pyro, 

HHTepqJepeHD;HH eTaH0BHTCH <<HeIIOJIHOH>>. Ilpn TaK0M II0AX0Ae B03M0)KeH He

npephIBHhIH rrepeX0A OT <<paBH0rrpaBHH>> 06e11x ABYXtJ:aCTHtJ:HhIX aMTIJIHTYA (KOr

Aa I U(p') I= I U(p'')I n I V(p'')I = I V(p')I) AO <PaK~uqeeKoro neqe3HoBeH11H 

OAHOH H3 HHX (KOrAa I U(p') I » I U(p") I II I V(p") I » I V(p') I). B rrepB0M 

CJiy11ae HMeeTeH <<nOJIHOBeeHhIH>> HHTepqJep~HIJ;HOHHblH nHK, BO BT0P0M - HH

TepqJepeHD;HH neqe3aeT, B rrpoMe)KyT0tJ:HhlX eHTyau;HHX HMeeT MeCT0 TOJlbK0 

<<HeII0JIHaH» HHTepqJepeHD;HH. MO)KHO yKa3aTh e11Tyau;nn, B K0T0pbIX TaKOH 110-

eTeneHHblH rrepeX0A OT MaKeHManhHOH HHTepqJepeHD;HH K ee II0JIH0MY 0TeyTeT

BHIO BII0JIHe B03M0)KeH. IlyCTh, HarrpHMep, erreKTpanhHble HHTepBanhl reHepH

pyeMblX HCT0tJ:HHKaMH tJ:aCTHD; eHJihH0 nepeKphIBaIOTeH, T0rAa HMeeT MeeT0 

MaKeHManbHaH HHTepqJepeHD;HH, eCJIH 0HH He nepeKpbIBaIOTeH - HHTep<PepeH

D;HH 0TeyTCTByeT, Hen0JIH0MY rrepeKphIBaHHIO eo0TBeTCTByeT rrpoMe)KyTOtJ:HhIH 

cnyqaii. 

BMeCTe e TeM B paMKax paeeMaTpnBaeMoii HaMn nexOAHOH M0AeJIH pe3KaH 

33BHeHM0CTh 0AH0tJ:aCTHtJ:HblX aMIIJIHTYA U(p) H V(p) IIPH H3MeHeHHH HMIIYJib

e0B B rrpeAenax HHTepqJepeHIJ;HOHHOI'O IIHKa Ka)KeTeH, KaK rrpaBHJI0, neKJIIOtJ:eH

HOH. ,lJ:eiieTBHTeJlhHO, pa3Mepbl HCT0tJ:HHK0B tir rrpeAII0JiaraIOTCH MMhIMH no 

epaBHeHHIO e paeeT0HHHHMH I r7 - r; I Me)KAy HHMH. TorAa H3 eo0TH0~eHHH He-

onpeAeJieHHOCTH, Boo6w,e roBopH, cneAyeT, 'ITO 0AH0tJ:aCTHtJ:Hhle aMIIJllfTYAhl 

M0ryT 3aMeTH0 H3MeHHTheH T0JlhK0 npn H3MeHeHHH HMIIYJibea tip ~ hi tir, K0-

TOpoe 3HatJ:HTeJihH0 rrpeB0eX0AHT BeJIHtJ:HHY f,j lr1 - r2 1, xapaKTepn3yIOIIJ,YIO 

mnpnHy HHTepqJepeHD;HOHHOI'O IlHKa_. 

*IloCKOJihKY B pellJihHhlX 3KCnep11MeHTax noCJieJlHee npeJlnOJIO)KeHHe o6hlqHO He BhIITOJIHlJeTClI' 113-

MeplleMyIO een11q11Hy W(p' ,P ") JleJilIT Ha T.H. «cpow•, CBOOOJlHblJt OT HHTepcpepeHI.\HOHHhIX KOppe

JllIQHJt. B pa~Kax HHTepecywiu,ero Hae aHaJIH3a 
0

3Ta JleTllJih He llBJilieTCSI npHHQHITHaJihHOJt 11 MO)KeT 
6hITb OITyIQeHa'. . . , ' , . , 
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OAHaKO 3TO Bhlpa)KeHHe TepHeT eB0IO y6eAHTeJihHOCTh, eCJIH BeII0MHHTh, 

tJ:T0 KBaHT0BaH MexaHHKa rrpeAnHehIBaeT paeeMaTpHB3Th nI06oii npou;eee B u;e

JIOM, e0BMeCTH0 e YCJI0BHHMH, o6eenetJ:HBaIOIIJ,HMH ero perncrpau;HIO. 3TO 3Ha

tJ:HT' 'ITO Hae A0JI)KHa HHTepeeoBaTh He npocro aMilJIHTyAa reHepau;nn ABYX nn-

0H0B e HMIIYJihC3MH p' Hp", a aMIIJIHTyAa rrpou;eeca, B pe3yJihTaTe KOToporo 

IT0MHM0 reHepau;nn ABYX IIH0H0B B03HHKJIH ABe u;err0tJ:KH H0HH30BaHHhlX aT0-

M0B, o6pa30B3BIDHe ABa TpeKa, K0T0PhlM e orrpeAeJieHHOH TOtJ:H0CThIO M0)KH0 
➔ ➔ 

eorroeTaBHTh BeKT0phl p ' u p ''. 
,lJ:JIH T0I'O tJ:T06hl n0HHTb Ba)KHOCTh 3T0I'O rpoM03AK0I'O YTOtJ:HeHHH, paeeMOT

PHM eHatJ:ana HeKOT0pble eBOHCTBa H0HH331J;H0HH0I'O TpeKa caM0I'O no ee6e, 6e3-

0TH0eHTeJibH0 K ABYXtJ:aeTHtJ:HhlM K0ppeJIHD;HHM. IlyCTh B KaKOH-T0 T0tJ:Ke rrpo

H30IDJI0 B3aHMOAeHCTBHe, B K0T0P0M B03HHKJia qaeTuu;a BbleOKOH 3Heprnn, o6-

pa30BaBmaH e II0M0IQbIO noCJieA0BaTeJihHblX aKT0B H0HH3aD;HH AOCTaT0'IH0 

AJIHHHhlii TpeK. A6crparnpyHeh OT BTopocreneHiihlx AeTaneii, Mhl 6yAeM eqn

TaTh TpeK eK0Jlb YI'OAH0 ~JIHHHhIM u He 6yAeM YtJ:HThlBaTh BJIHHHHH noTepb 

3Heprnu H MH0I'OKpaTH0I'O paeeeHHHH Ha HApax. CrrpamHBaeTeH, e KaKOH T0tJ:

H0CThIO M0)KH0, «rrpHBH3aBmHeh» K _3T0MY TpeKy, onpeAeJIHTb nonepetJ:HYIO KO

OPAHHaTy T0tJ:KU reHepau;un H HarrpaBJieHue ABH)KeHHH tJ:aCTHIJ;bI? 

Pa3Mephl npoHBJieHHhIX 3epeH QJOT03MYJihenu, ny3hlphK0B B rry3hlphKOBOH 

KaMepe H T.11. M0ryT 6h1Tb A0B0JlbH0 6oJihIDHMH. OAHaKO MH AOCT3TOtJ:HO AJIHH

H0I'O TpeKa, eoAep)Kaw,ero 0tJ:eHh MH0I'O TaKHX IIY3hlpbK0B, n0JI0)KeHHe TOtJ:KH 

reHepau;HH M0)KeT 6b1Tb 3aMeTH0 YT0tJ:HeHo._ .sieHO, 0AHaK0, tJ:T0 110 npHHIJ;HITH

anbHblM eoo6pa)KeHHHM HeJih3H IIP0ABHHYTheH Aanhme HeKOTOpOH BeJIH'lHHbl 

<<3>>, eorroCTaBHMOH e pa3MepaMH aT0M0B. 

TotJ:HOCTh onpeAeJieHHH HanpaBJieHHH ABH.x<eHHH tJ:aCTHD;bl T3K)Ke B03pa

craeT BMeCTe e AJIHH0H TpeKa, HOH 3Aeeh eeTh eBoe npHHD;HIIHaJihH0e orpaHHtJ:e

HHe. ,lJ:eiiCTBHTeJihHO, B pe3yJihTaTe Ka)KA0I'O 3KTa H0HH3au;uu B03HHKaeT He

onpeAeJieHH0e H He 3aBHeHw,ee OT APYrHX aKT0B H3MeHeHue norrepetJ:HOH eo

CTaBJIHIOIQeii HMIIYJihea tJ:aCTHIJ;bl 

op-fl/a, (7) 

rrpHBOAHW,ee K HeorrpeAeJieHH0CTH HanpaBJieHHH ABH)KeHHH 

op h ,l 00------
p ap a' 

(8) 

rAe ,l-AJIHHa B0JIHhl n:e-BpoHJIH. XoTH B HHTepecyrow,eii Hae o6nacrn HAepHoii 

Q)H3HKH H Q}H3HKH Bhle0KHX 3Heprnii BeJIHtJ:HHa o0 BeerAa 011eHh Mana, CJieAyeT 

Bee )Ke HMeTb B BffAY eyw,eCTB0BaHHe 3TOH HC0IIPCAeJICHHOCTH. ,lJ:JIH II0JIH0Thl 

KapTHHbl 3aMeTHM ew,e, tJ:T0 Ha oeH0Be H0HH33D;H0HHhlX H3MepeHHH M0MCHT re

Hepau;HH 11aCTHD;hl HeJib3H H3MCpHTb e T0tJ:HOCThIO, rrpeBhlmarow,eii 

a ot- V' 
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rJ).e V - CKOpoCTb 11atTm.1,hl, a npeJ).eJihHaSl TO'IHOCTb onpeJ).e.n:emrn npOJJ.OJibHOH 

KOOPAHHaTbl HCTO'IHHKa, KaK H TO'IHOCTb onpeJ).eJieHHSl nonepe11uoii KOOpJJ.HHa

Tbl, orpaHHtJHBaeTC.SI aTOMHblMH pa3MepaMH <<a». 1ho6bl H36e)KaTh H3JIHmHeii 

rpoM03JJ.KOCTH, B AaJihHeiimeM pe'lb 6yJ).eT HATH rJiaBHblM o6pa30M O nonepe11-

HOH KOOPAHHaTe HCTOtJHHKa H O TOtJHOCTH H3MepeHHSl nonepe11noii COCTaBJISlIO

m;eii nMnyJihca 11acrn1.1,hl. 

lfa CKa3auuoro BhITeKaeT Ba)KHblH JI.JI.SI AaJihHeiimero BhlBOJ).: eCJIH petJb HAeT 

0 reuepaIJ,HH tJaCTHIJ,bl, 3apernCTpHpoBauuoii C nOMOIIJ;bIO C03J).aHHOro ero HOHH-

3aIJ,HOHHOro TpeKa, TO aMilJIHTyJJ.a :noro co6blTHSl onpeJ).eJISleTC.SI He TOJibKO tJHC

TO 51Aepuoii aMilJIHTYJJ.Oii U(p), oua, rpy6o roBop.S1, 3aBHCHT TaK)Ke OT paccroSI

HH.SI p Me)KJJ.y TOtJKOH reuepal.l,HH H «OChIO» TpeKa. Y CJIOBHO 3TO MO)KHO Bhlpa3HTb 

C nOMOIIJ;blO 3anncH aMilJIHTYAhl B BHJJ.e U(p) · a (p), rJ).e MffO)KHTeJlb a (p) = I 
npH Ip) <au 6bICTpo naJ).aeT AO HYJISl npu Ip) > a*. 

Tenepb MO)KHO BepuyThCSI K JJ.Byx11acru11uhIM Koppe.n:.SIIJ,HSIM. llMeeM JJ.Ba nc-
➔ ➔ ➔ ➔11 A .. 

TOtJHHKa B TOtJKax rl H r2 H J).Be tJaCTHIJ,bl c HMnyJihCaMH p ' Hp • .nMilJIHTYAa 

npo1.1,ecca 

· - ;ct;;, - t E") - ;ct t" - t E") 
A(p' ,p") - U(p i a (Pi') e 1 1 

• V(p") a (Pi") e 2 2 + 
· - ;ct t" - t E") - ;ct 1 - t t:') oo> 

+ U(p") a (Pi") e 1 1 
• V(p') a (Pi') e 2 2 

, 

me Pi, H 'i½' - paCCTO.SIHHSI Me)KJJ.y OCbIO TpeKa C HMnyJihCOM p' H TOtJKaMH 
➔ ➔ ➔ ➔,, ➔,, 
r l H r 2, a p 2'' Hp 2 - aHaJIOrHtJHble pacCT0.SIHHSI J).JISI TpeKa c HMny JihCOM p . 

ECJIH, KaK o6hltJHO, CtJHTaTh <l>YHKIJ,HH U(p) H V(pj AOCTaTOtJH0 nJiaBHblMH, TO 

(10) nepeXOJJ.HT B 

- ;ct-;, - t E') - i(r p" - t E") 
A(p',p") - a(Pi') a (Pi") e • • ·e 2 2 + 

- f(r p" - t E") - i(r p' - t E') (11) 
+ a(Pi ") a (Pi') e • • . e 2 2 • 

L(.n:.SI Toro tJTo6bl Koppe.TI.SIIJ,HH HMeJIH MeCTo, Heo6xoJ).HMO, tJT06bl Ka)KJJ.a.SI 

H3 11acru1.1,, o6pa3yrom;ux paccMaTpuBaeMhle TpeKu, Morna reuepupoBaThC.SI KaK 
➔ ➔ ➔ ➔ 

B TOtJKe rl, TaK H B TOtJKe r2. '.3TO yCJIOBHe BhlnOJIH.SleTC.SI, eCJIH I rl - r2 I << a. 

B 3TOM CJiy11ae a('1 ') = a(1i') H a<li '') = a('2' '); n03TOMY a<.o'i ') · a<i1z' ') = 
=a<Pi "~ ·a(Pi') u (I I) nepexOJJ.HT B o6bl11Hoe Bhlpa)Keuue (3), COJJ.ep)Kam;ee JJ.Be 

paBHOnpaBHhle ABYXtJaCTHtJHhle aMilJIHTYJJ.hl**. 3aMeTHM TaK)Ke, tJTO JJ.0CTH)KH-

*He npeTeHJzySI Ha nOJIH)'IO crporoCTb, Mbl Ct!HTaeM ,11onyCTHMblM nOJib30BaTbCSI B 3TOM nyHKTe Kaqe

CTBeHHblMH nOHSITHSIMH, ,IIOCTaToqffblMH ,IIJISI BblSICHeHHSI cyTH ,11ena. 

**lioJiee no,11po6HO CM. B npHJIOJKeHHH. 
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MaSl B COOTBeTCTBHH C (7) TOtJH0CTb H3MepeHHSl HMnyJihCOB Op - 11/ a OKa3bIBa

eTC.SI npH 3TOM Bn0JIHe AOCTaT0tJHOH JI.JI.SI perncrpal.l,HH HHTep<t>epeHIJ,HOHHOro 

nnKa, nMerom;ero mupuHy nop.SIJJ.Ka 11/ I F7 - ;:; I. 
TT ➔ ➔ 
....,onyCTHM Tenepb, tJTO pacCTO.SIHHe Me)KJJ.y T0tJKaMH rl H r2 OtJeHh BeJIHK0 

no cpaBHeHHIO C pa3MepaMH aTOM0B •. TorJ).a TOJihKO 0JJ.HH H3 TpeKOB (cKa)KeM, 

TpeK, COOTBeTCTByIOm;Hii ;HMnyJihCY p') HatJHHaeTC.SI B6JIH3H TOlJKH r7, APY-

roii - B OKpecruocru ;:;. CooTBeTCTBeHuo, a(Pi ') = ar/i") = I "· a<.o'i ") = 
= a<l1z') = 0 B <t>opMyJie (11) OCTaeTC.SI TOJihK0 OJI.HO nepB0e CJiaraeMoe, HHTep

<t>epeHIJ,HSl n0JIHOCTbIO HC'le3aeT. B npoMe)KyTO'IHOH CHTyaIJ,HH, KOrJ).a pacCTO.SI-
➔ ➔ 

HHe Me)KJJ.y rl H r2 conoCTaBHMO C aT0MHblMH pa3MepaMH, HMeIOT MeCTO uepa-

BeHCTBa THna a<.o'i ') > a<.o'i ") If a('2") > a(Pi'), B <t>opMyJie (1 I) OJ).Ha H3 HH

Tep<t>epnpyrom;ux aMilJIHTYA npeB0CX0JJ.HT no BeJIHtJHHe JJ.pyryro, H3-3a 11ero 

HHTep<t>epeHIJ,HSI np0SIBJI.SleTC.SI T0JibK0 tJaCTHtJHO. KpoMe Toro, HHTep<t>epeHIJ,H-
u , ➔ ➔, 

OHHbIH nHK CHJlhHO «pa3Ma3hIBaeTCSl>>, TaK KaK npH rl - r2 ~aero mnpHHa 

ft/ I r7 - ;=; I OKa3hlBaeTC.SI conoCTaBHM0H C JJ.OCTll)KlfMOH T0tJH0CTbIO H3MepeHH.SI 

HMny JibCOB ft/ a. 
qTo6hl nOJ).tJepKHYTh, tJTO npoBeJ).eHHhle paccy)KJJ.eHH.SI TeCHO CB.Sl3aHhl C 

npnMeHeHneM HOHH3aIJ,HOHH0ro MeTOJ).a perncrpa1.1,HH tJaCTHIJ,, BepHeMC.SI K yno-

M.SIHYTOMY paHee npo1.1,eccy reHepa1.1,nu A 0-11aCTHIJ,hl, HO Ha 3TOT pa3 npeJJ.nOJio

)KHM, tJTO oHa o6pa3oBanach BMecre c HeiiTpOHOM H pacnanac1> no KaHany 

AO ➔ n + 1r°, a 3KcnepuMeHT cocrouT B perncrpa1.1,uu nn-Koppe.n:.S11.1,uii. TaKHe 

KOppe.n:SlIJ,HH, B npHHIJ,Hne, BnOJIHe Ha6JIIOJ).aeMhl, ueCMOTp.SI Ha MaKpOCKonn11e

CKH 60JI1>moe pacCTO.SIHHe Me)KJJ.y TOtJKaMH reHepaIJ,HH HeihpOHOB. !(JI.SI 3TOI'O 

Tpe6yeTC.SI, npaBJ).a, HMeTb B03M0)KHOCTb <t>aHTaCTHtJeCKH TOtJHblX H3Mepeun:u 

HMnyJihC0B, tJTO ceii11ac TeXHHtJeCKH HepeaJibHO, HO TeopeTntJeCKH HHtJeM ue 3a-

npem;eHO. B npoTHBOnOJIO)KHOCTb 3TOMy, B CJiy11ae KOrJ).a A0
-11aCTHIJ,a reHepn

pyeTC.Sl;BMeCTe c :,c--Me3ouoM n pacnaJJ.aeTCH no cxeMe AO ➔ p + :,c - , perncTpa

IJ,H.SI nnOH0B no C03J).aBaeMOH HMH H0HH3aIJ,HH npHBOAHT K nOJIHOMY HCtJe3HOBe-

HHIO n11TeP<t>epeH1.1,Hn. · 

3aTpOHeM em;e BOnpoc O B03M0)Kff0CTH paCCMaTpHBaTh TOtJKH, B KOTOpbIX 

npOH30mJia HOHH3aIJ,H.SI aTOM0B, B KatJeCTBe HOBblX HCTOtJHHKOB tJaCTHIJ,; Ha 
,, ➔ '➔ ' . 

pnc.2 OTMetJeHbl J).Be TaKHe TOtJKH r c n rd· YnoMHHyToe B~e (Ha CTp. 3) 

o6m;ee ·yTBep)KJJ.eHHe OCTaeTC.SI BepHbIM H npm.ieHHTeJlbHO K aKTaM HOHH3aIJ,HH, 
➔ ➔ u 

TOtJKH r C Hr d J).eHCTBHTeJlbHO M0)KHO, npH )KeJiaHHH, CtJHTaTb IJ,eHTpaMH reHepa-

IJ,HH 11acrnIJ,. OAHaKo H3MepeHne HMnyJibCOB p' n p'' npeJJ.nOJiaraeT npocrpaH

CTBeHHoe pa3J).eJieHHe COOTBeTCTBYIOIIJ;HX TpeK0B, T.e. npeJ).nOJiaraeT, llTO pac-

,7 
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➔ ➔ B 
CTO.srnue Ire - rdl >> a. 3THX yCJio-

BH5IX HHTepq>epeau;H5I, KaK Mbl BHl(e

JIH, ucqe3ae-r*. C l(pyroii cropoHhl, ec

JIH 6hl peqb IIIJia O HeHTpaJibHbIX qac-
➔ ➔ 

THu;ax, HCilhITaBIIIHX B TOqKax re H rd 

51AepHoe pacce5IHHe, TO OHH TaK)Ke 

6hIJIH 6bl cnoco6Hbl HrpaTb pOJib HO

BbIX HCTOqHHKOB, HO B 3TOM CJiyqae 

HHTepq>epeHIJ;H5I MOrJia 6hl HMeTb 

MeCTO (cp. C npel(bJAYIIJ;HM npHMepoM 

c AO ➔ :1r
0 + n). 

Bhlme Mbl orpaHHqHJIHCb aHaJIH-

30M POJIH HOHH3aIJ;HOHHbIX H3MepeHHH 

npHMeHHTeJibHO K nonepeqHbJM KOM-

noHeHTaM HMITYJibCOB H nonepe~HbIM 

pa3MepaM o6JiaCTH reHepau;HH qacrnu;. AHaJIH3, KacaIOIIJ;HHC5I npOl(OJibHbIX 

KOMITOHeHT, a TaK)Ke BpeMeHHhlX H 3HepreTHqecKHX xapaKTepHCTHK npOBOl(HT

C5I aHaJIOrHqHo; npH 3TOM Hal(O HMeTb B BffAY COOTHOIIIeHHe (9). 

Ilol(qepKHBa5I He06XOl(HMOCTb yqeTa npHHIJ;HITHaJibHbIX oco6eHHOCTeii: npo

u;ecca HOHH3aIJ;HH, Mbl HMeJIH B BffAY TO npocroe o6cT05ITeJibCTBO, qTo 3KCnepH

MeHTaJibHOe HCCJiel(OBaHHe KOppeJI5IIJ;HH TO~eCTBeHHbIX qacrnu; npOH3BOl(HT

C51, l<aK npaBHJIO, C IlOMOIIJ;bIO HOHH3aIJ;HOHHbIX H3MepeHHH. l13MepeHH5I MOryT, 

I<OHe
1
rno, 6a3HpOBaTbC5I H Ha l(pyroii: OCHOBe, HO B JII060M CJiyqae CJiel(yeT npo

BOl(HTb aHaJIOrH'IHbIH aHaJIH3 POJIH COOTBeTCTByIOIIJ;HX q>H3HqeCKHX npou;eccoB. 

3l(eCb B03MO)KeH l(OCTaToqHo OOIIJ;HH IlOl(XOl(, OXBaTbIBaIOIIJ;HH pa3JIH'1Hhle qacr

Hble CJiy'laH • 

IlyCTb HCITOJib3yeMbIH MeTOl( perncrpau;HH Il03BOJI5IeT onpel(eJIHTb none

peqHyro KOOpl(HHaTy HCTOqHHKa C HeKOTOpoii npel(eJibHOH TOqHOCTbIO «a»**. 

Torl(a npH H3MepeHHH HMITYJibca OH BBOl(HT nonepeqHyIO Heonpel(eJieHHOCTb 
.s / - ➔ ➔ ➔ ➔ up - h a. ECJIH HCTOqHHKH HaXOl(5ITC5I B TOqKax r

1 
H r 

2
, TO npu I r

1 
- r 

2 
I << a 

Ka~ag H~ ABYX paccMaTpHBaeMbIX 11aCTHIJ; MO)KeT 6h1Tb reHepupoBaHa B JII060M 

*B YJILTpape.nllTHBHCTCKHX B33HMO)leHCTBHllX yroJI MelKJIY BeKTopaMH p'" p" MO)l(eT 6LITL Ha

CTOJILKO M3JILIM, 'ITO CH3'13Jla nonepe11Hoe pacCTOllHHe'.MelKJIY COOTBeTCTBYIOUlHMH TpeKaMH MeHL

me «a•. Tor,11a Tpe6yeTCll cnel{H3JILHLIH 3H3JIH3, Y'IHTLIB3l0UlHH, B '13CTHOCTH, pa3MepLI «HOHH33-

l{HOHHLIX HCTO'IHHKOB,., KOTOpL1e B 3TOM c.ny11ae conoCTaBHMLI C pacCTOllHHeM Me)l()ly HHMH (CM. B 
3TOH CBll3H [21). , 

**Ilo,1111epKHeM, 'ITO pe'IL H)leT HMeHHO O )IOCTJ.l)l(HMOH B npHHl{Hne npe,11e.nLHOH TO'IHOCTH, a He 0 

KOHKpernoli TeXHH'leCKOH B03MO)l(HOCTJ.I. HanpHMep, B 3KCnepHMeHTaX C ny3L1pLKOBOH KaMepoli 

Texm111ecKoe pa3perneHHe 33BHCHT OT )IHaMeTpa ny3LipLKOB H )IJIHHLI TpeKOB, B TO BpeMll K3K Hae 
3,lleCL HHTepecyIOT paaMepLI aTOMOB. 

8 

H3 HCTOqHHKOB, 'ITO o6ecneqHBaeT HaJIHque H <<paBHOnpaBHe>> ABYX AByxqa

CTHqHbJX aMOJIHTYA• C l(pyroii cropom,1, 11MnyJihCHaY m11p11Ha HHTepq>epettu;11-

ottHoro n11Ka, paBHa5I fz/ I;=; - ;:; I, oKa3MBaeTC5I OOJibmoii no cpaBHeHHIO c AO-

CTH)KlfMOH TOqHOCTbIO H3MepeHH51 HMOYJibCOB qacr11u; op~ Ii/ a. CJiel(OBaTeJib

HO, B 3THX YCJIOBH5IX HMeeT MeCTO lfHTepq>epeHIJ;H51, If COOTBeTCTBYIOIIJ;He 

ABYX'laCTHHble KOppeJISIIJ;lflf MOryT 6b1Tb q>aKTJlqeCKH H3MepeHbl. Hao6opoT, 

KaK caMa HHTepq>epeHIJ;HSI, TaK H B03MO)KHOCTb ee Ha6JIIOl(eHH5I ucqe3aIOT npH 
➔ ➔ IT u , ➔ ➔ lrl - r21 >> a. pOMe)KyToqHOH CHTyau;HH OTBeqaeT YCJIOBHe rl - r21 - a. 

Paccy~eHHe MO)KHO npoBOl(HTb H B o6paTHOM HanpaBJieHHH: eCJIH HMOYJibCHOe 

pa3pemeHHe MeTOl(a 003BOJI5IeT Ha6JIIOl(aTb HHTepq>epeHIJ;HOHHblH ITHK, ero 

npocrpaHCTBeHHOe pa3pemeHHe Hel(OCTaTOqHo M5I pa3l(eJibHOH q>HKCaIJ;HH no

JIO)KeHHH HCTOqHHKOB. 

K H3./IOX<eHHblM o6iu;Hr,t: coo6pa)KeHHSIM Hal(O BCe )Ke OTHOCHTbC5I C HeKOTO

poii OCTOPO)KHOCTbIO, IlOCKOJibKY Jie)KaIIJ;He B HX OCHOBe KBaHTOBOMexaHHqecKHe 

COOTHOmeHH5I Heonpel(eJieHHOCTH, CTporo I"OB0p5I, 5IBJI5IIOTC5I HepaBeHCTBaMH, 

KOTOpble B OTl(eJibHblX CJiyqa2x MOryT oqeub CHJibHO OTJIHqaTbC5I OT COOTBeTCT

BYIOIIJ;HX npel(eJibHbIX paBeHCTB. 

PaccMOTpHM HJIJIIOCTpHpyroiu;nii npHMep. IlyCTb HCXOl(HOe 51AepHoe B3aH

MOl(eHCTBHe npOHCXOl(HT B oqeHb TOHKOH MHmeHH, HaCTOJibKO TOHKOH, qTo BTO

pHqHble ~aCTHIJ;bl npOXOl(5IT CKB03b nee 6e3 HOHH3au;un; MHIDeHb noMeiu;eua 

B BaKyyM, HOHH3aIJ;HOHHhle l(eTeKTOpbl pacnoJIO)KeHbl Ha paCCT05IHHH / OT MH

meHH. B 3THX YCJIOBH5IX TOqHOCTb q>nKcau;HH nonepequoii KOOPAHHaTbl HCToq

HHKa onpel(e.1rneTC5I 6oJihmeii H3 BeJIHqHH <<a» H ox =::: l · o0, rl(e yr JIOBa5I Heonpe

l(eJieHHOCTb o0 3al(aHa q>opMyJIOH (8) . .Uo CHX nop HeSIBHO npel(ITOJiaraJIOCb, 'ITO 

l · o0 << a, KaK 3TO o6hlqno 6brnaeT B AOCTaTOquo TOJICToii OJIOTHoii MHmeHH. Te

nepb )Ke, Hao6opoT, 6yl(eM cqHTaTb BaKyyMHbIH HHTepBaJI l HaCTOJibKO 60Jib

lIIHM, qTO 

ox=::: l·o0 » a. (12) 

0TCIOl(a, Ol(HaKO, He CJiel(yeT, qTQ HMDYJihCHOe pa3pemeHHe Op - fl/ox, OHO, 

KaK II paHhme, onpel(eJISleTC5I BeJIHqHHOH hi a, T.e. - 3HaqHTeJibHO xy)Ke. 3aMe

THM, Me~y npoqHM, qTO yCJIOBHe (12) qacro HMeeT MeCTo, eCJIH HCCJiel(yIOTC5I 

B3aHMOl(eHCTBH5I, o6pa30BaHHhle B ra3e, KOrl(a paCCTOSIHH51 Me~y nOCJiel(OBa-

TeJibHbIMH aKTaMH noHH3au;uu oKa3hIBaIOTCSI AOCTaTOqHo 6oJihIDHMH. · 

ITPHJIQ)KEHHE 

Onpel(eJieHHe Toqnoro BffAa q>yHKIJ;HH a(p) 5IBJISieTC5I oqenh CJIO)KHOH 3aAa

qeii, KOTOpa5I 3l(eCb He o6cy~aeTCSI. ,UJI5I HeCKOJibKO 6oJiee TOquoro, qeM B oc

HOBHOM TeKCTe, HO BCe eiu;e KaqeCTBeHHOro OOl(XOl(a MO)KHO, HanpHMep, c•rn-

9 



2 /'la2 . . 
TaTh a(p)=e-p . IlpnMeM AJUI npocTOThl, lJTO OCH o6ottx TpeKOB tt TOIJKH Xi 
➔ u 

H X2, B KOTOpblX HaXOASITCSI HCTOlJHHKH, Jie)KaT B OAHOH DJIOCKOCTH; OCH TpeKOB 

nepeceKaIOT npSIMYIO (Xi ,i';) B TOIJKax ¾ H ¾· TorAa B <pOpMyJie (11) MHO)KH

TeJih nptt nepaon: aMDJIHTyAe 

➔ ➔ 2 
(x3- xi) 

➔ ➔ 2 
(x

4
- x

2
) 

a~')· a(Pz") = e 2a2 ·e 
2a2 

(I) 

a nptt BTopoft aMDJIHTyAe (x - x)2 

4 I 

➔ ➔ 2 
(x3 - x2) 

a~")· a(Pz') = e 
--:;;r 

·e 2a2 (II) 

E ➔ ➔ (➔ ➔ jl\ 
CJIH TOlJKH xl H X2 COBnaAaIOT xl = X2 = x,, 3TH MHO)KHTeJIH OAHHaKOBhl 

➔ :!'.2/ 2 ➔ :!'.2/ 2 - (x -x, 2a - (x -x1 2a , 
n paBHhl e 

3 
• e 

4 
• TorAa MOAYJIH o6enx aMDJIHTYA B (11) 

TaKX<e OAHHaKOBhl, HMeeT MeCTo <<nOJIHaSI HHTep<pepeH~HSI», npttIJeM pac

CMaTpnaaeMhle COOhITH.!I npoHCXOASIT, B OCHOBHOM, npH I~ - xi ~ a H 

f ¾ - xi ~ a. IIpnMepuo TaKaSI X<e KaPTHHa COOTBeTCTByeT CJiy11aro OIJeHh 

6 ➔ ➔ 
JIH3KHX HCTOIJHHKOB, KOrAa I XI - X2 I << a. 

IlpeAnOJIOX<HM Teneph, IJTO I Xi - x'; I :::-> a. TorAa B03MOX<Hhl TOJihKO ABe 

KOH<pttrypa~nn: 

a) MuoX<HTeJih (I) 6JIH30K K eAHHH~e, eCJIH l¾-Xi I ~ a n l¾-i';I ~ a; 

npn 3TOM MHOX<HTeJih (II) npaKTH11ecKri n311e3aeT. 

6) Hao6opOT, MHO)KHTeJih (II) 6JIH30K K eAHHH~e, (I¾ - i';t ~ a, 

I¾ - Xi I ~ a), HO Toma HCIJe3aeT MHO)KHTeJih (I). CJieAOBaTeJihHO, HHTep<pe

peH~SI OTCYTCTByeT. qTO KacaeTCSI OCTaJihHhIX BapnaHTOB pacnoJIO)KeHH.!I TO-
➔ ➔ 

tJeK X3 H X4, TO OHH He peaJIH3YIOTC.!I, nocKOJlhKY npHBOASIT K HCIJe3HOBeHHIO 

o6onx MHO)KHTeJieft (I) n (II) . 

ECJin I Xi - x'; I - a, TO o6a MHO)KHTeJISI (I) n (II) MOryT 6hITb OTJIHIJHhl OT 

HYJI.!I, HO OHH pa3JIH113IOTCSI no BeJIHlJHHe (3a HCKJIIOIJeHHeM peAKHX co6hITHH, B 
➔ ➔ II ➔ 6 ➔ ➔ 

KOTOpbIX lx3 - X4 I << a)). YCTh, HanpnMep, TOIJKa X3 JIHX<e K XI, tJeM KX2, a 

➔ 6 ➔ ➔ 
TOlJKa X4 JIH:ll<e K X2, IJeM K XI" Toma 

ex - x)
2 

3 I ex -x>2 4 2 ex - x)
2 

4 I ex - x>2 
3 2 

e 
2a2 • e 2d >e 2a2 • e 2a2 
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➔ ➔ 2 
(x

3 
- x

1
) ex -t>2 2 4 

BhlHOCSI B ( 11) BeJIHIJHHY e 
2a2 ·e 2a2 33 CK06KH, nOJIYIJHM Bhlpa-. 

X<etttte 
·c➔ ➔, ') ·c➔ ➔,, ") A(p' ,p") _ e - 1 x1 p - f/ . e - 1 x2 p - tl + 

. <x.-~i<~-x,) (III) 
- I 2 - i(X p"-f ·E") - "(➔ ➔ '-( ') a I I IXzP 2E 

+ e ·e • e , . 

H3 KOToporo CJieAyeT, 11To OTHOCHTeJihHhIH BKJiaA BToporo CJiaraeMoro B (III) na-
➔ ➔ ~,... 

AaeT C YBeJIHIJeHHeM I xl -x2' • I1MeeT MeCTO «lJ3CTHIJHaSI HHTe.l"i'epeH~HSI>>, no-

CTeneHHO CXOASIID;351 Ha HeT no Mepe pocra pacCTOSIHHSI MeX<AY HCT01JHHK3MH. 

HaCTOSIIIJ;aSI pa6oTa BhlnOJIHeHa BO BpeMSI npe6hlBaHHSI a Bapmaae no npH

rJiameH.HIO <pH3HtJecKoro <paKyJI1,TeTa BapmaBCKoro yHnBepcHTeTa. 51 rny6oKo 

6naroAapeu npo¢eccopy E.CKm1,m11aK H AOKTopy E.6.!IJIKOBCKOH 3a APYX<ecKoe 

COAeHCTBHe n aKTHBHYIO n0Mom;1,. BnaroAapro TaK)Ke B.JI.Jlro6omtt~a 3a none3-

Hhle 3aMeIJaHHSI. 

Bapmaaa, HOSI6ph 1992 r. 
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