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Teop11.F1 MHoroKpaTHoro pacceRH11R /TMP/, paae11~aR ne~soHa4anb
HO C ~enb~:aHa11113a aAPOH~RAePH~X ~3aHMOAeHCT~HA, a· nocrieAH11e 
I"OAbl ycneWHO npHMeHReTCR TaK>Ke npH onHcaHHI1 B3ai1MOAeHCTBI1H. '·· 
ABYX·COCTaBH~X CI1CTeM. np11 3TOM, OOMI1MO TpaA11~110HHOI"O npl1nO
>KeHI1H·TMP B TeOpl111 R.qpo-RAepHOrO pacce.RHHR, OHa ace 4a111e 11C
nonb3yeTC.FI np11 paCCMOTpeHI111 npo~~CCOB aAPOH~aAPOHH~~ U3ai1MO
AeHCTB1111. B paMKaX KBapKOBOA' MOAe1111, cor naCHO .KOTOpor1 aAPOHbl 
TpaKTY~Tc.R F<aK RAepHo-noAo6Hble cl-'icTeMbf :T11na AeATpoHa 111111. ,TPH
TOHa. Ecn11 TaKoe npeACTasneHI1e He npoTI1Bope411T AeAcTBI1TenbHoc
TI1_, TO C11eAYeT OlK11AaTb, 4TO xapaKTepi1CTI1KI1 aAPOH-aApOHHbfX, 
B3ai1MOAeHCTBI1H 6YAYT o6naAaTb PRAOM 4epT; xapaKTep~biX A11R n~o-. 
~eCCOB B3ai1MOAeHCTBI1H nerKI1X'RAep. 

C :noA T04K11 3peHI1R 3F<Cnepi1MeHTa.ribHO o6HapY>KeHHbiH 'AH()>paK-, 
~HOHHbiH MI1HI1MYM np11 :t ·· t·, 3 + 1, 4 /f3B/ c/ 2 B ,ql1()>()>epeii~l1anbHOM 
ce4eH~I1 ynpyroro P p-pacceRHI1R np~-1 3Hepn1Rx FNAL 11 ISR o6bi4HO 
paccMaTpl1saeTCR'KaK eecKHA apryMeHT·a nonbay cocTaeHoA, KeapKo
eoA CTPYKTYPbl npOTOHa · •. nocK011bKY TaKaR 11HTepnpeTa~HSl see me He 
RBnReTcR.OAH03Ha4HOA,,npeAcTaenReT 11HTepec aHcinl13 APYI"I1X npo-. . 
~ecco~ aApoH-aAPOHH~X B3a11MOAeACTBI1H, Ha xapaKTepi1CTI1Kax 
KOTOP~X 3aMeTH~M o6pa30M.Morna 6hl CKa3aTbCR:COCTaBHaR CTpykTy-
pa aAPOHOB. TaKOBbiMr.t, · no-B11Af.1MOMY, MOrYT 6~Tb: f.1HK11~311.BHbte ' 
peaK~f.111t. ,lleACTBf.1Te11bHO, TeopeTI14eCKJ.1H aHa11f.13 3KCnepf.1M6HTa11b.HbiX 
AaHHbiX o6 f.1MnynbCHbiX cneKTpax penHTf.1BI1CTCKI1X npoTOHOB 11 AeATpo
HOB, pacceRHHb!X t-ta Aei1Tepf.1eBOH MI1WeHH, BblnOnHeHHbiH 'B paMKaX 
TMP, noKaaan, 4TO o6Hapy>KeHHaR a pa6oTax 111 ABYXKOMn'oHeHTHaR 
CTPYKTypa. cneKTpOB .FIB11ReTCR HenocpeACTBeHH~M cneACTBI1~M cocia~
HOH . npf.1POAbt 1;111WeH~1. Cno>KHOA CTPYKTypoA paccel1saeMo·ro· o6"beK'fa'. 
/a/ o6ycnoenf.1saeTcR TaKme B03MO>KHOCTb noRsneHf.1R HOBbiX CTPYKTyp-

. ~/ 

HbiX 3neMeHTOB a ce4eHf.111· peaK~11f.1 a d ... aX ·, "' CneAOBaTenbtiO, · ecn1-1 · 
cy1J1eCTByeT HeKoTopaR aHanori1R MelKAY npo~eccamt RAPO:"RAepHoro 
1-1 aAPOH-a,ApOHHOI"O B3aHMOAeHCTBf.1H, TO MO>KHO O>Kf.1AaTb HeTpf.1BHanb-· 
HOiO npO.FIB11el-jf.1R KBapKOBOH CTPYKTypbl aAPOHOB B xapaKTepHCTHKclX ' 
peaK~HH h1+h2-+hl+X. ITOCK011bKY peanbHO' 3Kcnel)f.1MeHTanb'HOMy 11C
C11eAOBaHM~ AOCTynH~ 1111Wb npoqecc~ aAPOH-a,ApOHHOI"O B3aHMO,AeA
CTBHR, B KOTOPbiX no KpaAHeA Mepe O,Af.1H 1-13 a,ApOHOB RB11ReTCR HyK
IlOHOM, npeAcTasnReT MHTepec paccMoTpe~lie peaKU11A M+N-+M+X 11 · 
N+N-+N+X 1111f.1·>Ke 11x RAePHbiX aHanoroe d+ 3He ... ·d+X 11~Ie~He-. 3He+ 
+X. 11 TeopeTWfeCKoe,f.1 :oco6eHHO 3Kcnepi1MeHTanbHoe 11ccneAoBa~~Hi 
nocneAH,MX ·no 04eBMAHbiM npf.14MHaM HaMHOiO npo111e. no3TOMy pa3yMHO 



BHa4ane H3y4HTb 803MOmHOCTb Ha6n~~eHHR 3~~eKTOB, CBR3aHHMX 
C COCTaSHOH IlPHPOAOH CTailKHBa~~~XCR o6oeKTOB, 8 peaK~HRX 
RApO-RAePHOro B.3aHMOAeHCTBHR, a 3aTeM yme. nonbiTaTbCR o6o6~HTb 
nony4eHHMe pe3yilbTaTM npHMeHHTeilbHO K paCCMOTpeHH~ aAPOH
aAPOHHbiX CTOilKHOBeHHH. C 3TOro Mbl W Ha4HeM. 

Xopowo H3BecTHO, qTo TeXHHKa pac4eTa ceqeHHH peaK~HH aAPOH
RAepHoro· aaaHMOAeHCTBHR a paMKax TMP ·aaMeTHO ynpoll{aeTCR, ecnH 

~PeAnonomHTb. nonHOCTb~,HeKoppenHposaHHoe pacnpeAeneHHe HyKno
tioa a ~Apax. TaKpe-.npH6mrmeHHe. snonHe YAOBneTBOPHTenbl-io· AilR 
TRmeilbiXRAep, OAHaKO AilR OnHCaHHR•peaK~IiiH·Ha nerKHX RApax 
He06XOAHMO _yqHTbiB!lTb T. H. KOppenR~HH J..ieHTpa::Macc/3/;: npORBilR~
~HeCR _B .. CileAY~~eH lo13 ,,TpaHCJ1R~HOHHOH HHBapHaHTHOCTH 3aBHCHMOC
TH, BOilHOI3btX ~YHK~lo1H RAeP IlHWb. OT OTHOCI-1TeilbHbiX KOOPAHHaT· . ' ' . 
coc.rasnRJO~Hx HYKilOHOB. TexHH4ecK13TH KoppenR~HH o6bi4Ho Y4HTbr-
sa~TCR HanomeHHeM YCilOBI1R . . · · .. . · 

A ~ - -
~r.=O ' · /1/ 

i=l ' 1 . ' . 

Ha o6n~CTb. HHTerpHposaHHR no KOOEAlo1HaTaM r\ . HYKilOHOB FIAPa A. 
4TO ysenH4HsaeT MaTeMaTH4eCKY!O·cpom~o:Tb aaAa4H. TeM H.e MeHee 
B P.RAe.cny~aea, HanpHMep B o6ono4. e4HOiil MOAeilH RApa C OC~Hil-·'"<. ,,, I 

IlRTOPHbiMiil BOilHOBbiMiil ~YHKJ..IIiiRMH, .hplil Bbl41i1CJleHiillil Ce4eHiiiH HeKOTO
pbiX npo~eccos aAPOH-;.RAepHoro Iii RAPO-RAePHbtX eaaHMOAeHcTBHH · 
YAa~TCR .c~opMynHpoeaTb. cpaeHHTenbHo npocTbte npaeHna 11pacKop- · 
penHpOBaH11R11

, n03BOilR~~Iile CBR3aTb Benl-i41i1Hbl Ce4eHI1H, paCC41i1TaH
HbiX .c y.4e.ToM Iii ,qea yye:ra KoppenR~IiiH J..leHTpa Mace. ·Ha1o16onee · 
lii3BeCTHbiM RBilReTCR ._ COOTHOWeHiile MemAY Ce4eHHRMiil ynpyroro pac
CeRHiiiR 4aCT,IiiJ..I Ha -RAPe. C 11KoppenHpOBaHHbiM1•1 /B yKa3aHHOM BbtiJJe . 
cMblcne/ Iii ..• iHeKop.pe11HpoeaHHMM11 pacnpeAeneHHeM RAePHbtx HYKnoHoe 

/4/ . . 
/eM., ... /. 

2 
1 . q . ·. . . ' ; 

{ dae) . = K2.(q)( da~) · K(q,= , 6 4a,A '·. :. . /2/ 
dt KOP. dt HeKop. 

3AeCb A,~ 4liiCilO HYKilOHOB RApa, a a.- ero OC~IiiililRTOPHbl~ napa;.. 
MeTp. He):laeHo ,e._pa6oTef.;/ 6blno-noKa3aHo, 4TO. ce4eHHe pacceRHHR 
4aCTiilll Ha RAePHOH MliiWeHH,.npocyMMHPOBaHHOe ·no BCeB03MOmHb~ 
KOHe4HbiM COCTORHiiiRM RApa· C nOMO!I{b~ ·YCilOBiiiR nOilHOTbl 

y_'l't'l'r= 1• . . ,c.;;,'·' ···. ",.·.·' /3/ .. 
RBllReTCR 

11liiHBapHaHTHbiM11 OTHOCiiiTeilbHO onepa~Hiil 11BKlli04ElJ-IIiiR11 

· penRL.IIiiH L.leHTpa Mace /a. CMblcne · y4eTa · cooTHoweHHR 11 I I. -
KOp..; 

· daif · · 'duir · ,; ·.. dali .da~l'·.'~ 
<~-~). =(~ -) • -·=:---. 

r dt · KOp.· r·"dt HeKop. dt. dt .. 
• • . , ~ ~ ~ •.: ~~ ·- ~ t, . <, . . ... :.. ~- , . . ·~ ;~ r • 
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, • AnR . Bhi4HcneHHR -~Ke ·. ce4eHHR · Keaaf:'lynpyroro pacceRHHR, onpe):le
llR_e~orq.:JcYMMOH. ecex. ce4eHHI1 aoa6ymAeHHH w -paaeana• RAPa .. MHWeHH, 
J-1~. /2/. Iii J4/ nony4aeM HeTPHBHanbHoe: npaeHno:;"pact<oppenHpoaa·-' 
HHR11 : . 

2 

; . 

1 
I 

. ' 
1 

(d-qjel ~~~ 'd_aif) -(dcz..:!.)el + 
1
_K2 CD d0 el· 

dt . Kop. ~ r ~i dt . Kop.~ dt · HeKop. . ( ( )( dt) HeKop. 

0'leB~iAHO, 4TQ COOTBeTCTBY~l!llile npaeJ.ma f.IIlR Bbi4HCileHHR Ce4eHHH . 

eoa6ylKAeHHH
1 

OTAenbHbiX ypoeHeH RAP·~· dau 6YAYT BbrrnRAeii:. .euie . 
. . . dt .. · . . . . . ... 

6onee cnomHo. no3TOMy. Ha nepBbiH earnRA TPYAHO omHAaTb npocTo
ro peweHHR. 3aAa4H 11 liiCKI1~4eHHR 11 KoppenR~HH ~eHTpa Mace npH pac;.. 
4eTaX HMnynbCHbiX cneKTPOB· 4aCTJil~·, HCnMTbiBa~~HX ·eceB03MOmHbie 
ynpyrHe Iii HeynpyrHe nepepacceRHHR Ha HYKrlOHax RAPS"'MHWeHH. 
T eM .. He MeHee npH HeKoTopblx ynpo~a~~Hx npeAnonolKeHHRX; · KoTopble 
6YAYT _c~OPMYilHpoeaHbr. Hlilme, YAaeTCR nony4HTb ·AOBOilbHO npocToe 
npaeHno 11pacKoppenHpoeaHHR11 · H a 3TOM cny4ae. 

PaccMOTPHM AJ1R npHMepa peaKJ..IIil~ hA ... hX.,Qeoi1Hoe AH~~epeH~Hanb
Hoe ce4eHI1e TaKoro npo~ecca, nponop~HOHanbHOe eepoRTHOCTH 
06HapymHTb 4aCTHJ..IY h, pacceRHHY~ Ha RAepHOH MHW8Hiil B 3IleMeHT 
TenecHoro. yrna 11n c noTepet::t 3HeprHH t1E, E

0
-E, AaeTcR cneAY~lllHM 

BblpameHHeM: 

d
2
a· '<' 

0 ir · . datr 1 cr 2 --= .._ -B(E 0 -E-cr+c-), -= -IJ·r I dt dE f dt 1 dt TT I ' /51 

B KOTOpOM E0 , E Iii c i, c f - 3Ha4eHHR 3HeprliiH 4aCTH~bl H MHWeHH 
COOTBeTCT_BeHHO AO Iii llOCile pacceRHiiiR, a aMnilHTYAa nepeXOAa 5ir 
onpeAenReTcR KaK 

. ... ... 
cr ... i 2 iqb -+ ~ 
Jir(q)=JF;"(d be. <'Prlr(b,lsi)I'Pi>, 

... .... . A ~ .... 
r(b.l s I) .. 1 -· n (1-y(b- s

1 
)), 

. j=l /6/ 

... 1 . ... -iqb 2 
y(b)=--:·(f(q)e dq. 

2rrl 

3,o.ecb f(ib - aMnnwr'yAa ynpyroro pacceRHHR 4aCTH~bl Ha BI-IYTPH-. , 
.... ' . - . . • ·-~. • ~ ·'' -~ ~· •. '«• • '. 

RAePHOM HYKilOHe, q - nonepe4HbtH nepeAaHH.br.t::t. Hf:inynbc, l.s L-:- co-
• • .., • •• • .< •'-: , I'. : ? C '~,; ,·. d' L ~ '' 

BOKynHOCTb npoeK~HH KOOPAiiiHaT. HYKllO_HOB_ Ha nnOCKOCTb nplil~enb-. 
Horo napaMeTpa, ~i H "IJI:C:·_ Ei'o.ritioa'blei ~~.Yr-ti<~l1·11 ·paccMaTpHeaeMoH 
CHCTeMbl Hi . A 'r-iyt<'no'HOB /. co'cTa BilRIOlllHX . RA.PO ... COOTBeT.CTBeHHO AO . 
Iii nocne pacceRHHR. nocKOilbKY OHH ·a · T04HOCTH He ·HaeecTHbt, o6M4..: 
HO liiCnOilb3yeTCR PRA ynpollla~~HX npeAnonomeHHH o6 liiX BHAe, C OA
HOH CTOpOHbi,He 04eHb CHilbHO liiCKama~~HX·~Iii3H4eCKY~ KapTHHy, 
a c APYrot::t - noas~nR~lllHX 3Ha4HTenbHY~ YacTb pac4eTos BMnonHHTb 
aHailHTH4eCKH. npHMeHHTellbHO.K nerKHM RAePHbiM MHWeHRM 06l!lenpH
HRTbiM npH6nJ.1meHHeM RBilReTC.R annpOKCHi.ia~HR BOilHOBMX ~YHK~HH oc
HOBHbiX cocTORHHH RAeP ('Pi ) ,. rayccoscKHMH ~YHK~HRMH •· 

3 



HecKonbKO cnomHee o6cTOHT Aeno c a~6opoM BHAa ~YHK~H~ aoa-
6ymAeHHbiX COCTORHH~ RAP a. Cor naCHO .~OCHOBH~M rlpHH~Hna·M KBaHTO
BO~ MeXaHHKH/3TH $YHK~HH AOnmH~ fi~Tb OpTOrOHanbH~ BOnHOBO~ 
$YHK~HH ocHOBHoro cocTORHHR H BMecTe c He~ cocTaanRTh nonHyo 
CHCTeMy $YHK~H~, YAOBneTBOPR~~y~ COOTHOWeHHO IJI. 8 Ka4eCTBe 
TaKO~ CHCTeM~ MOmHO BblfipaTb nonHy~ CHCTeMy BOnHOBbiX $yHKLtHH 
rapMOHH4ecKoro oc~HnnRTopa, npJA.3TOM IPr onHc~aa~T aoa6ymAeH
H~e COCTORHHR MHOrOHYKnOHH~X CHCTeM, KOTOpble He peanH3y~TCR 
B npHpOAe, nOCKOnbKY B036ymAeHHe nerKHX RAeP B OCHOBHOM cao
AHTCR K lAX paaaany. no3TOMY, ecnH OTHOCHTenbHble JAMnynbCbl 
$parMeHTOB aenHKH no cpaaHeHH~ C xapaKTepH~MH BHYTPHRAePH~MH 
JAMnynbCaMH, HX ABHmeHHe C xopoweH T04HOCTb0 MOmHO C4HTaTb 
CBOfiOAH~M H B COOTBeTCTBHH C 3THM B~fipaTb BOnHOB~e $YHK~HH 

KOHe4HbiX COCTORHHH B BHAe nnOCKHX BOnH: 
A _, -+ 

1P f - exp 2 k . r . . /7 I 
j=l J J 

TaKaR CHCTeMa $YHK~H~ XOTb H RBnReTCR nonHO~, HO He YAOBneT
BOpReT ycnOBHO OpTOrOHanbHOCTH K OCHOBHOMY COCTORHH~. 0AHaKO 
BbJnonHeHHe 3Toro ycnoaHR aamHo nHWb npH Bbi4HCneHHH aMnnHTYA 
nepeXOAa 5'if ( q) B JAMnynbCHOM npHfinHmeHHH npH ManbiX .3Ha4eHHRX 
nepeAaHHoro HMnynbca q AnR o6ecne4eHHR npaaHnbHOro HX noaeAe
HHR npH q ... Q. AnR aHa4eHHH me q>>kF /kF- xapaKTepHbiH $epMw 
JAMnynbC HyKnOHOB RApal, npH KOTOPbiX H npoRBnReTCR cnomHaR 
CTPYKTypa HMnynbCH~X cneKTPOB, B nepBOM npH6nHmeHHH MOmHO 
npeHe6pe4b 3$$eKTaMJA, CBR3aHHbiMH C HeYAOBneTBOpeHHeM CHCTeMbl 
$YHK~H~j71 ycnoaHo opToroHanbHOCTH IPi. O~eHKa T04HOCTH 3Toro 
npHfinHmeHJAR 6yAeT npHBeAeHa B AanbHeHWeM. noKa TOnbKO OTMeTHM, 
4TO paC4eT~ cneKTpOB penRTHBHCTCKHX npOTOHOB B peaK~HH 
p d-o p X C HCnOnb30BaHJAeM rayCCOBCKHX BOnHOBbiX $YHK~HH OCHOBHOrO 
COCTORHHR AeihpoHa H nnoCKHX BOnH B Ka4eCTBe BOnHOBbiX $yHK~HH 
KOHe4HbiX COCTORHHH npHBenH K 6neCTR~eMy onHcaHH~ 3KCnepHMeH-
TanbHbiX AaHHbiX Ill. . · 

non~TaeMcR a aHanorH4HbiX npH6nHmeHHRX paaaHTb npocryo cxeMy 
pac4era HMnynbCHbiX cneKTpoa a peaK~HH THna P A .... pX AnR npoH3-
aonbHOro 3Ha4eHHR A. 6yAeM B COOTBeTCTBHH 'c Tpe6oaaH~1eM .TpaH-. 
cnR~HOHHOH HHBapHaHTHOCTH C4HTaTb, 4TO BOnHOB~e $yHK~HH IP~ .. 
H 'I'r 3aBHCRT nHWb OT OTHOCHTenbHbiX KOOPAHHaT HyKnOHOB, B Ka-
4~CTBe KOTOP~X BblfiepeM npOH3BOnbHY0 CHCTeMY. KOOPAHHaT SIJ<06H 

~y(l~.r :S:,A-1), HOPMHpoaaHHYO ycnoaHeM 

A -+2 A·l -+2 -+2 • 8 2rk=2~0 +A.R, II 
' k=l f,..l L 

-+ 1 A . 
rAe R =- 21k - paAHyc-aeKTOP ~eHrpa Mace RAPa. Cor nacHo 

A~ . 
OCHOBHbiM AOny~eHHRM, oroaopeHH~M BbiWe, B~fiepeM . 

4 

. I 
{ ;·' 

i 
l 

. '! 

a ··, · > A-t ... · 
-+ a -<·~-1 a ~ 2] 'l'.(lrl)=(-)4 exp[-.,....:.. ~o 1 

., 191 
1 TT <:; f,1 L 

zA·1 3 
flIP. l ll d ~£ = 1, 

I, f,t 1-.;·· 

-+ A·l_. -+ 
IPr(lrl)=exp[i 2 kdo I. 

1101 
f=t L ,f 

rAe l k I - coaoKynHOCTb OTHOCHTenbH~X HMnynbcoa, conpRmeHHbJX 
I<OOPAHHaTaM HK06H. TorAa YCilOBJAe nonHOT·~ shirnfiAHT c.rit.:AY~~HM 
o6paaoM: 

A·1 .. -+ 
2 IPf' o-r· I) ~Pr (lrl) = na <~e -~e >. 
r ... f,t 

A·t d3 ke 1111 
2- r n --·· 
r &1 (2rr'f 

AnR npocTOTbl 6yAeM npeAnonaraib' HepenRTI'IBHCTcKY~ CBR3b 
MemAY 3HeprHeH H HMnynbCOM HYKnOHOB OTAa4H. TorAa •.. 

. . . . q2 .· • 1 A·1_.2'. : . . , . . .. 
£ -f.=-+-.! ke • ." . :·· ·1121 r 1 2mA 2m E= 1 

rAe m- Macca HYKnoHa, a q- nonHbl~. HMnynbc, ;ne.PeAa,HHblH RAPY· 
HcnoJ1bayR ci1eAY~~ee ·riapaMeTPH4ecJ<oe npe,O.craem!HJAei' AnR 8 -

$YHK~JAH B 151, o6ecne4HBa~~eC1 3aKOH COXpaHeHJAR ~HeprHH, 

q 2 A·t .. 2 m +oo q 2 A:t_:. 2 · . 
8(L\E- _,_,J.... 2 kn)= -· ( daexp. ( ia( 2mL\E- -- -· ~ kn. )1.. ./13/ 

2mA 2m £,;;.1 t rr _,., . -- · ' · A· · f-=r .L· ,. · 

c y4eToM /111 H 151 nony4HM 

7wr <1 r' I)B(L\E -£ i -fr > '~'r clrl) = 

-+«> • 2 _.8(A·l~; ', . >., A·l' -+ ~. 2 

=!!!-•( daexp(iak ](2rria). 2 'exp[-~. 2 C~e-~i) ]., 
TT _ 00 • 4la f=t 

k2 =2mL\E..-q 2 /A. ~ .. ~ 

Ha~oaeM aenH4JAHY 

-L.f dk 2...£a.:.._,exp(ik2a).=ll>(a;q2_). 
2m dtdE' · ·· · 

xapaKTepJACTH4eCKO~ $YHK~JAe~. 

-+ BBeAeM BMeCTO COBOKYnHOCTH KOOPAHHaT I r I ' ,, 'I r~ I ' 
I e I) lAX nonycyMMbl H nonypa3HOCTJI1 ..., .... • . 

.. ± r±r' · .. ± ~±e 
r =-·· ~ =-· . .... 2. ;: .. ,.·. 2;.-... -·.,,, ... _··~; - ... ~- -~ - ~ 1;• :.--~ ~.. ~ 

t~; 

>-<::, 

/141 

1151 
.. ' 

Cl {I. 

-,-;•. --' 
-+,~+-d.,..~:··. """'.h-++ -+-~-·-.\~:. 4 -:-· "-L' - ·;_,:·..-~ 
r = r + r , ~ = ~ + ~ , , ~· .•. ::~-• ,. :L-.: ·.·,, .. :. :_r• ... -, .. ::f-~( :-~ - ~ 

5;, 



-r·=r+ _-;-. "t· = ;+ _z-. d 3~d 3e =8d 3~+d 3C 
~. Y4~TwsaR, 4TO 

'3 -(A-1) 
w:" <I rl) w. <I;· n =<~')2 

1 1 " 

·· A-t ... + 2 ... ~ 
expl-ar:{<~ e ) +(~ ~ 

\ 

hi. 
npeACTaB~M xapaKTep~CT~4eCKy~ ~YHK~H~ $(a,q2) B B~Ae 

rAe 

A·1 + .:_ 3 12 -+ + -> ~2 
$(a,q2 )=l•(a) r ll(a; ) ' expl-[at(~p )2 +a<e;) llx 

Y=1 rr . 

X exp[Hj(bl-b2)W(nl.lr++f-I)P*(b2,1t+-c-r-l)x: 

3 t;-+ 3 .--d 2b d 2h 
X d "'P d ~,. 1 2 • 

1 . +-. 
ia 

+ a =a t a =n 

3 

F(a)=(1 + i aa~2( 1~A) 

/161 

,L:\OMHO>K~M npasy10 4aCTb COOTHOWeHH.A 1161 Ha BeiM4~Hy, TO>KAeCT
BeHHO paBHYIO eA~H~~e. 

1 = r exp[-a+A:cii+ l- a-A<ii- )21o<R+)o(R-)ct 3ii-ct 3ii.+. 
->+ A + 
R-=J...I-r'

A k=t k 

,L:\anee, Y411Tb1Ba.A /81 ~ COOTHOWeH~e 
3 A·l 3 3/2A 3 
dR2d~p=A ll drk, 

f =1 ' k=l 
nony4~M 

"' -+2 3 2 2 A 3 + 3 -... (a,q )= f/(a)A r d b1 d bz( Il d rk d. rk X 
k=l· 

a+ a- 3/2 + -++ 2 ... _ 2 
x ( -~) exp I - [ a ( r k ) + a- ( r k ) Jl) x 

" 
A A · + ~ -+ ..... -+ -+ -++' ..... 

x 0( 2i\)o(2rk)exp[iq(b1-b2))P(b
1
,1s +S"':l) X·· 

k=l k=l 

x r* (b
2 

,Is+:_ s-l). 

117/ 

TaKHM 06pa30M, MW np~W~H K CTaHAaPTHJH. 3aAa4e ycpeAHeH~.A 
HeKOTOPWX ~YHK~~~ OT HYKilOHHbiX KOOPA~HaT no 3aKoppeil~POBaHHbiM 
I c noMOUlb~ o -~yHK~~~/ p'acnpeAeileH~.AM. . 

6. 

(t 
t 
II 
~ 
l 
1 
I ,. ,I 

I 
II~ ,,, ,, 

~
1 . 

! 

! 
1 

3aAa4a 11 pacKoppen~posaH~R11 pewaeTc.A cTaHI:\apTHbiM o6paaoM. 
,L:\IlR 8 -~yHK~~~ ~CrlOilb3yeTCR na'paMeTp~-t4eCKOe npeACTaBileH~e 

... ->+ 
... + 1 3+i11R-

8(R-)=-· f d 17-e 
. (2rrl 

a 3aTeM C nOMOUlb~ C~CTeMbl 'CAB~ rOB 
.... + 

-+± ->± 111-
r ... r- + , 

2a -A 

• -+..L .-+-
...... 111· 111 
b ... b +--+---

1(2) 1(2) 2Aa + 2Aa-

IlerKO AOKa3biBaeTCR, 4TO OKOH4aTeilbHbiH pe3yilbTaT npeACTaB~M 
B B~Ae·, q2 

$(a, q 2)., e ~ ~(a, q2), llBI 
rAe. 

-> ... .,. A + -
- ->2 .2 2 iq(bl-li2) a a 
$(a,q )=f/(a) fd bld b2e In(---) X 

k"'1 Tr 
2 

X exp[-a+cs;)
2 :-a-cs;fllr(bt,I~++S- l)P*(b2,1 ;+- ;-l)x 

A 
X ll d2 s+ d2 s-• 

k=l k k 

/19/ 

eCTb xapaKTep~CT~4eCKa.A ~YHK~~R, Bbi"'~CileHHaR C HeKoppeilHPOBaH
HblM pacnpeAeileH~eM. 3aMe4a.A, 4TO npvt a=O (1la- =0) eemt4~Ha 
$(O,q2) nponop~~oHailbHa ce4eH~~ pacceRHH.A 4aCT~~bl. Ha RApe, 
npocyMM~pOBaHHOMy 00 BCeB93MOlKHbiM COCTO.AH~RM B036Y>KAeHHR 
C noMOUlb~ yCilOBH.A nOilHOTW, ~3 /181 HenocpeACTBeHHO noily4aeM 
peaynbTaT pa5oTb~~~ - y4eT Koppeil.A~~i1 .~eHTpa Mace He BilvtReT 
Ha sem14~1HY cyMMbl ce4eH~1H KsaaHynpyroro 1.1 ynpyror'o pacceRH~i1 
4aCT~~bt .AAPOM. 

nepe~AeM K 3aAa4e Bb14~CileH~R xapaKTep~CTH4eC\{HX.~YHK~~H, 
KOTOpaR Tenepb 3Ha4HTeilbHO ynpo(llaeTC·R; nocKOilbKY paCKOppen~po~ 
sa·H~e ~HTerp~posaH~i1 no KODPA~HaTa'M 1-iyK'noHo~ · s ·a·brpa>KeH~I1 I 191 
noasonReT ~cnonbaosaTb csoikTBO, ~aKTOpl13a~H~ _npo~~Ilb-onepaTopoe 
r (S ,I s I) . . .A . -' ': . · . • ' . . . 

1-P<b.lsl>= n<1-y(b-sk >> 
k=l 

H CBeXT~ 3aAa4y Bbi4~CileHHR MHOrOMepHbiX ~HTerpailOB B~Aa 

f kl!t d2s~ d 2s~ ~ ( ts+ t; I 8-1) 
K aaAa4e pac4eTa 6onee npocTbiX r.tHTerpanoe : 

-> ... ...+ ... a+~- + + 2 ... 2 
I 1(b

1
)= ( y(bcs -s-)---exp[-a (S') -a-(s-)) x 

..2 + 2-x a·s d s • 

Tr 2 . 
1201 

7 



+ - ' . -
. 'J:(b •>;;;· hi*(~ 2·· -'-s++-s-r~~ expf-~+r~+l- a:...(;..;.> 2 fx 

2 . 2 . . . . ' 172 . . . . . . . . . 
.. :.· . /21/ 

x d2s+d2s-· 

I3(b1,b2 ) = f y (b c s+- 8-)y*{b 2- 8+ + s-)-a+;·7 exp( .. ~-~'(s+{-~~(f: ..:.)2]x 
17 

x d2 s+d 2s- .: /22/ 
.... 

EcnH, KaK · o6bi4Ho, q - aaaHCHMOCTb aMniJHTYA NN -pacceRHHR 
C4HTaTb raycCOBCKOH: -+ 

.. /Jq2 
·. ... ia(1-ir) - 2· 

f(q) =. e , /23/ 
4rr 

TO AilR BeiJH4HH /20/-:/?2/ IJer_KO nOIJY4HTb ~6Hble, aHaiJHTH4eCKJ.1e 
BbJpameHJ.1R 

.•... 
I

1
(b

1
)= a(1-h) 

217 
~il- -t 2 a+a_ .. 
:--::-:-'exp (- o 1 -::---:;- ), . 

a++a_ a++a_ 

I (-+ a(1-:id ';;+[i- -+ 2 a+a-
2 b2 ) = • -:----=-·•exp(-b -::--=-), 

2rr '• a +a 2 a +a . . + - +·'-
,;_(, 

. . .,. . ' 2('1 2) .. '· . . . • ' 
I· (b'b' )'-;;, ~.!,__ ii ii exp[-~ (b+)2 -a .(S""h. 
3 -~- 2 .. , .. ·.·.16·172 .. + ,_. . + ... . . -. . 

t ~ J .·1' . •! -~ : I ! ! i · • ~ • · ·~ ."<' •• 

~-;·~-"'l :-..;;;,. ~+ ..:...~:~:. . .~-..::, ~.~:-.·,'··~a±>-~ .. 
~±.:"" -2 .~h,,b 2 ){ '..l· /h ;o-1 ... ' 'i:i ... · .• \ .,, . . '·'· .. . . . . . +,...a± 

.•,: 

:_,,~-; 

.., 

Y4J.1TbtBaR'. HaKoHell, ''4i'd"xapai<-fepl12ii'iilecki1'~ cj>yHKLI~·il-1 npeACTaBIJRIOT 
IlJ.1HeHHble KOM6J.1Hai.IHJ.1 BbJpameHH.H ''iiUA~·\ 0 ' ,,r; ~ \. . . .. . , • ·. ." . ''. . .. 

·- ...... ..... -,.... ~··. . .-! ...... ··_::h_.;-~ i ; - ',~,- ~ . ., ... , . .- -~' . ---~ . 

. 2 2 iq(bf'"b2) ,.. k ...... e ____ .,. ,...,.·.m· '1:• 'l. • 

<" 7<l>kfm'= fdb 1d b2e· (I 1(o 1)] [I~'(b2 )]':[f3(b~b';j]., ·· .. :.f:?4(~ . ' 
nony4J.1M B npJ.16IJJ.1)J(eHHJ.1 /23/, 4TO 

>::f . k . e 2 m 
<1> u = 2rr (1- il) (1+ if) (1+ f ) 

k,~ ,m (1!_,+{ +!7) (1!+-f:{+ !7)'"7.({~1'1)~ 

X (a k+e· 
··\'2;) 

8 .. 

( a·2 - m 
16';2) 

. (-;;· - , k+ ~ +m 
+a- ) . ~ 

(';I +; )k+£ 
+ -

X 

t• . r'' . ~ 

. ., . •. i -~ .. ~ 

.:.'• ; 

/25/ . 

q 2<1!·+ +~ +1]) 
x exp[-. ·-- _ . 2l• 

(J.L_+{ +11 Hll+ +{+!7 ).:.. ({-1]) 

- .... /26/ a+ a __ a a 
.; : k ..::.:t.:=._ • 17 = I' 

ii +;; 
·+ 

-::---::-. I!±= rna± 
a+ ta_ 

- ~ A 
<l>(a,q2)= v(a) -~ ( k f m ) <l>k, f ,m. 

k,L,m ' • 

(m=o,kr h> 

T04HO TaK me MO)J{HO HaHTJ.1 RBHble, aHaiJHTJ.14eCKHe BblpameHHR 
AI1R xapaKTepJ.1CTJ.14eCKJ.1X ¢>YHKLIIiiH npo1.1eccoa A

1 
+ A

2 
... A

1
+X c y4aCTJ.1eM 

ABYX RAep, eCIJJ.1 niJOTHOCTb pacnpeAeiJeHJ.1H HYKilOHOB B 060J.1X RA~ 
pax annpOKCJ.1MJ.1POBaTb rayCCOBCKHMJ.1 ~YHKLIJ.1RMJ.1 J.1 J.1CnOIJb30BaTb 
npaBJ.1Ila 11paCKOppeiJJ.1pOBaHJ.1R 11 /2/, /18/, J.13 KOT_OPbiX nOCIJeAH~e 
He aaaJ.1Cl1T OT npi-1POAbl pacceJ.1aaeMoro o6ceKTa. BoccTaHOBileHJ.1e 
J.1MnyiJbCHbiX CneKTPOB no J.13BeCTHbiM xapaKTepJ.1CTJ.14eCKJ.1M $YHK~J.1RM 

npeACTaBIJReT OTAeilbHYIO MaTeMaTJ.14eCKYIO 3aAa4y, KOTOPYIO paccMOT
pJ.1M HeCKOilbKO noame. 

ABTOPbl 6naroAaPRT Il.LAmrJ.1peR, Il.H.JlanJ.1AYCa 1-1 A.H.CHcaKRHa 
aa J.1HTepec K pa6oTe. 
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