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<t>.C.Jl)KenapoB, II.B.ITbDoB 2- M., 1998 - 8e. 

PaCCMOTpeHa :laBHClIIMOCTb crreKTpoB MHoroKpaTHOl'O MaJIoyl'JIOBOrO pacceli­
HH5I HeihpoHoB (MMYPH) OT .n;om" 06'beMa, 3aHwroH pacccltmaIOllUIMn 3epHa1vHL 
lloKa3aHo, 'ITO pe3YJIbTaT 113Mepemui MMYPH Ha ,UByxKpllCTaJIbHOM cneKTpo­
MeTpe Bhlpa)KaeTOi "Clepe3 CeQeHl1e paCCe5l:Hl15I Ha. MaKpocKOIUFICCKOM o6pa3ue. 
Ha. oeROBe MeTo.n;a KOHueHTpaUllIOHHoro pa3JlO)KeHll5I pa3BMTa Teopn>J: pacceR­
HHH B 3llKOHaJlbHOM rrpM6m·DKCHHl1. fJIaBHbIM QJleH pa3JIO)KCHlUi tlOCnpOH3Bo/U1T 
CTaH,UapTHylO TeOpl1IO MaJIOM nJIOTIIOCTH (MOJIbep). IIpoaHaJU13HpoBaHbI He­
KOTopble CBOI1CTBa nepBoro nonpaBO'iHoro 1.IJIeHa M. nOKa3aHO, t.ITO c paCTO),! 
TInOTHOCTM yrJIOBOe pacnpe.n;eJIeHMe CY)KaeTC5I B KaqeCTBeHIlOM COrJIaCHl1 C 3KC­
rrepl1MeHTaJIbHhIMM .n;ilHHbIMH. 

On correlation and interfcrention effects In multiple small angle 
neutron scattering. 

A dependence of multiple small angle neutron scat.tering (MSA?\S) spectra 
on the volume quota occupied by scattering grains iR considered. It is shown 
that result of measuring of MSANS on double crystal spectrometer can be 
represented by scattering cross section for macroscopic sample. Basing on the 
method of concentration expansion we develop a t.heory in eikonal approximation. 
A leading term of the expansion reproduces the standard small density theory 
(Moliere). Some properties of the second term are analyzed and it is shown that 
the angular distribution is narrowed when density is increased that corresponds 
qualitatively to experimental data. 

CnWCOK nMT. - 7 HaMM. 



1. ECTeCTBeHHOe pa:mUTl1e 3KCllepl1MeHTaJIbHbIX IfCCJle.nOBaIIMfl MHOrOKpaT­

Horo MaJIoyrJIOBOrO pacceSlHlUI HeflTpOHOB (MMYPH) Bc..a;eT K ~13yy.eHtUO IIJIOT­

HhIX 06pa3UOB, B KOTOpbIX ..a;mma cBo6o.UHoro npo6era HeiiTpoHoB lc = 1/(cat) rv 

Q, cue a - pa3Mep ~JleMeHTapHoro paccevIBaTCJDI (3epHa), O"t - ero nOJTHO<, 

Cf''l.reHVle, a r. - 'l.lJfcno :iepeH B e,lUlHIlIJ:e 06'beMa (I1X I1JIOTHOCTh VlJII1 KOliU€HT­

paUl-HI) [1,2]. COBpCMeHHaJI TeOp.H.K MMYPII UpeTeH.D:yeT Ha nOJlHOe omicaHl1e 

npn leia » 1 [2,3], a rrpM yBeJIH'l.lemm IIJIOTHOCTVI (i1 C6JHDKeHIUf lc C a) 3KCIIe­

pHMeHTaJIbHO o6Hapy2KeHbI 3aMeTHhIe OTKJIOHeHMH OT ee rrpe.ucKa~aHVlI';j: [1,2]. 
llaHHaJI pa60Ta HarrpaBJIeHa Ha IIOCTpOeHl1e o606111eHHH TeopIn1 MM YPH 

nJIsr HeMaJIbIX IIJIOTIIOCTel1 ua OCIIOBe TeXHllKM KOIluelITpaUMOIIUblX pa3JIOJKelI1111 

[4] . .i\'fbI paCCMO'l'peJll1 o6mMe KOHTyphI TeOpl1M If rrOKa3aJIU, 'l.lTO f'JIaBHaH ITO 

nnOTIIOCTIf nOIlpaHKa MMeeT nopH.nOK b = 11rca3(1 + 1/2), rne 1I- 60pHOBCKl1lt 

napaMe'l'p, M rr03TOMY ~O)KeT 6MT!:> He MaJIOM: .D:aiKe eCJI.H ic » a. HamftI:Ue B 

TCOp.HM TaKoro napaMeTpa, KaK b, Ol.IeBM,lIHO Y)J(C Jlf3 Toro, tITO rrpH HeMaJIblX ca3 

1epHa yIIOpH,llO'l.iHBalOTc>! H IIpOCTpaHCTBe, M ~TO rrOJIHOCTblO M3Mem!eT cueKTp 

paCCeHHH.sI KaK B KBaHTOBOM, TaK VI B KJIaCCl1tIeCKOM cnY'l.iae. 

2. IIpeJIcTaHt1M HeflTpoHOOnTH'l.ieCKI1M nOTeUllMaJI CPCJ1hI, B KOTOpOll pacrrpo­

crpamUOTOI He:i1TpoHbI, KaK 

U(r) = L nxUo(r - x, a} 
x 

rJ(<' Uo(r, (1) - TIOTeHI~!1aJl 3epHa C "ueHTpoM" B r = 0, Q - cOBoKyrrHocTh 

::BHyTpeHlIMx" napaMeTpOB, ,llalOlllH:X nOCTaTOl..J.HO nOJIHOe oIlHcaHHe nOTeUUl1a­

ITa, a n x - '1l1CJIO 3anOJIHeHl1.sI Y3Jla x [4J. 3necb H .uaJIee rrpe.n~OJIaraeTOI, 4'1'0 

UeHTphI 3epeH MoryT paCIlOnal'aTbCH B Y3JIaX HeKOTopOH peIlleTKM, 3JIeMCHTap­

HaH H'l.leHKa KOTOpOM: l1NleeT 06beM f2, a cpenHee 3HaqeHHe (nx ) = f. B npe..aeJIe 

f -t 0, 0 -t 0, J/0 = c = const nOJIyl..JaeTC>I CJIytJaHHoe pacrrpe.rieJIeHIf'e 3epeH 

B HcrrpephIBHO).,[ npocrpaHCTBe, a HaJIH'l.iHlO KoppeJUIlll1i1: B paCnOJlO2KemHI 3epeH 
2

COOTtleTcTRycT COOTHOllIeHHe n-2 (nxn q ) = CZ(Xl,X2) f:. c (ore C'2(Xl,X2)­

rrapHa>I epyHKu'l1>I pacIIpe,nCJIeHJ.1Ji ) 11 era o-qeBl1.llIILIe o600rneHl1 }I JtJf }I BbICWVlX 

cpyHKUnH paCnpeLIe.'leHHH. 

H rrpH6JTHiKeHlfI1 3ltKOHana [5], KOTopoe 06bI'l.iHO BTIOJ1He llOCTaTO'l.iHO JIml 

rrpaKT1'lt{eCKIDC n;cJIcw, aMrr.r:mTylla. pacceHIIHH 

f(q) = ;;i ! dZ p [S(p) - 1J exp( -iqp), (l) 
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S(p) = r = (p,z).
exp (-;1 ~u(r)), 
3.ueCb HaqaJIbHhI"R HMnyJIhC ReifTpOHa Po = (O,O,Po), v - ero CKOpOCTb, P ­
npnueJIbHbIH rrapaMeTp, q - HMnyJIhC pacceHHHR, qpo = 0 H q «Po· 

HOpMHpOBaHHoe yrJIOBOe pacnpe.n;eJIeHHe HeRTpOHOB no HMrryJIbcy 

KaK 06bIqHO, 3,neCb rrpe,lIrrOJIaraeTCR, qTO 'E(q) cocpe.uOTOqeHO rrpli MaJIhIX q H 

rr03TOMY npe.ueJIbI HHTerpanOB B (2) H nanee CqHTalOTCSI 6eCKOHeqHhIMH. JIm! 
TeOpeTRqeCKOrO aHaJIH3a y,lI06HO BBeCTH <pYPhe-06pa3 

~(e) = (::)2 ! ,f'-qe-iq
( ! d'p,d'P2e- iq(p,-p,l[S(p,) - 1][S+ (p,) - 1] = 

=p~ ! d'p[S(p - em - lj[S+(p + e/2) -1J = 

= p~ ! d2p[S(p - e/2)S+(p + !/2) - 1J + Eo. (4) 

naJIee MhI 6YJleM rrpe.n;rrOJIaraTb pa3MephI o6pa3ua CTOJII, 60JIhllUIMH, '-ITO 

E(q) HBnSIeTCSI caMoycpe.n;HHIDllle~cSI BeJIHqHHOH OTHOCHTeJIhHO cnyqaifHOrO 

pacrrpeneJIeHHJI 3epeH, T.e. qTO 'E(q) = ('E(q), Ii BhIqHCnl1M 

(5)
 

3. PaccMoTpHM CHaqaJIa CJIyqaMHOe HeKOppeJut:poBaHHoe pacrrpe.n;eJIemte 3e­

peR. B 3TOM CJlyqae B03M02KeH TOqHbIl1 paCqeT Ha OCHOBe COOTHOrneHliUI 

(6) 

crrpaBe,lJ}lMBOrO B KOHTHHyaJIhHOM npe.neJIe [4]. 3,necb V - 06'beM, 3aHHMae­

. MhIH o6pa3uoM, Rx - ,UOCTaTOQHO rrpOH3BOJIhHaSI epyHKUHSI, a ( ... )a 03HaqaeT 

ycpe,D.HeHHe no pacrrpe.n;enemno BHyTpeHHHX napaMeTpoB. 
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lleIIC'TBliTeJIbHO, 

2L'>~(~) = pf, Jd p(exp [-i ~ nxl ~: ['o(r - x, lX'~)] (7)- 1), 

Do(r, Q, e) = [lo(r - ~/2, 0') - Un(r + ~/2, 0:). 

B IlpeHe6pe)Kemm rpaHliqHblMli 3<PtPeKTaMH 

(8) 

3neCb r = (0,0, z), a s.~ - TIJlOillanh rronepetIHOl'O ceqen:vur o6pa3ua.. 
OTMeTVfM, 'ITO H KnaCCnqeCKOM npeneJIe 

-, -rd DUo(r, 0:)
[Jo(r, 0:, e) ---+ Do (1',0:, e) = -e 9 . 

c:r
 

TIP01I3BO,U5I ycpenHeHlie B (8) c yqeTOM (6), nonyqaeM
 

L'>L:(~)/(pgS'") + 1 = exp [c [ d'x(exp ( -i1 ~: [j,,(r - x, D, e)) - 1),,] 

= exp [cl.l d'p(exp (-i1 ~: Wo(r - e/2, D)- [J,,(r +e/2. D)])- 1)"] = 

= exp [-cl ((l(J - (l(e)) Ip~J ' (9) 

l'lJ,e r = (p, z), l - TOJ1IIU1Ha o6pa3ua, a er(e) H ero = eree= 0) = P50"r aHa.no­

rMqHbI (~(e)) li ('Eo) .lIJI5I cnyqaH onHOKpaTHoro paCCe5IHvHI. I1pH JTOM, KaK H B 

(4), ¢yphe-06pa3 )Il1.tPtPepeHUlianbHoro CeqeHli5I onHOKpaTIIoro paCCC5IIIM5I 

3neCb 

fX d.., )
Su(p)=So(p,a)=exp -i J_ t; Uo(r,O') .( 

x 

TaK.m.l 06pa30~1, IlpH HeKoppemlpoBdHHOM pacrrOnO)KCIUm 3epeH 
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limI aHaJIH3a CneKTpa paCCeSlHHhIX HeMTpOHOB JJ:OCTaTO'lHO HCrrOJIb30BaTb 

(10) 

liBe rrpHBe.ueHHble BhIIDe <pOpMyJIbI .n;JIS£ D(e) OTJUPlalOTCg TOJIhKO .n;OJIeM HeHT­

pOHOB, He HCIIhITaBUHIX paCCe}lHHg. <l>opMyJIa (10) COBna.n;aeT co cTaH.n;apTHhIM 

pe3YJIhTaTOM TeopHH MOJIhep, rrpHMeHHMoH B rrpe.n;eJIe MaJIOH nnOTHOCTH 3epeH. 

4. IIpH 6onhilloH nnOTHOCTH 3epeH MHOrO'laCTH'lHaJI <PYHKIJ;HjI pacnpe,lleneHHS£ 

He epaKTOpl'!3yeTC.H B npOH3Be.n;eHHe O,llHO'IaCTH'tlHhIX H np.HMOM rrepexo,ll OT (8) 
K (9) He B03MO,)KeH. B 3TOM cny"lJae eCTeCTBeHHO pa3JIO)KHTh D(e) B p.H,n: no 

'tlHCnaM 3aIIOnHeHH.H no rrpammy 

exp (~n"RX) = I] [1 + nx(e llx 
- 1)] = 

1 
= 1 +L: nx(eRx 

- 1) + 2L nxny(eRx - l)(e Ry 
- 1) + ..., (11) 

x x#y 

cnpaBeJJ:JIHBoMy .n;JI.H npOH3BonhHOM q>yHKIJ;HH Rx . BBO,ll.H Qx = eRx - 1 H ycpe,ll­

HSHI (11) rrO'tlneHHO no QHCnaM 3anOnHeHH}l H no pacnpe,n;eneHHIO a nonyqaeM, 

'ITO B KOHTHHyaJIhHOM npe,nene 

(exp (~nxRx» = 1+c / d'x(Qx}..+ ~ / d'xd'yC2(x, y)(QxQy},,+O(c'} = 

= exp (c / d'X(Qx},,) [1 + ~ / d'xd'y (C2 (x,Y}(QxQy)" - c2 (Qx},,(Qy},,) + 

+O(c')] = exp (c / d'X(Qx},,) [1 + ~ / d'xd'y x(x,Y}(QxQy},,+ 

c 3 3 . 3+"22/ d xd y «QxQy}a - (Qx}a(Qy}a.) + D(c)]. (12) 

3.ueCh nOJIO.IKeHO 

C2(x,y) = c2 (x(x,y) + 1) (13) 

O"lJeBHJJ:HO, qTO B npHJIO)KeHHH 3THX COOTHOIlleHHH K D(e) rrepBhIM (3KcnOHeH­

1.I;I1aJIhHhIM) COMH02K:H:Tenh H3 (12) BOCnp0J13Be,n:eT Do(e). 
5. PaCCMOTpHM pe3yJIhTaTbI, K KOTOphIM npHBo,n.HT q>opMynbI (8) H (12) B 

cnylIae, Kor,na 3epHa rrpe,n;cTaBn.HIOT C060M TO)K,lJ;eCTBeHHhle cq>ephI C pa,l(HycoM 

a, rrpHqeM KOppeJHIIJ;HoHHaSI epyHKUHX x(x, y) HMeeT npocTeHllIylO epOPMY 

x(x,y) = -'l9 (x - y)2 < (2a?) , (14) 
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BhIpa)lcalOmylO HerrpOHHuaeMOCTh c<pep H, TeM caMhIM, HaJIHqHe 3arrpemeHHoro 

06'heMa. 3nech 19(x) = 1, eCJUI ycnoBHe x BbIIIOJIHeHO H 'l9(x) = 0 B rrpoTHBHOM 

CJIyLIae. IToJIaraJI 

Uo(r, a) := Uof)(r < a) (15) 

H YLIHThIBaJf OTCYTcTBHe BHyTpeHHei"i rrepeMeHHoll a, IlOJIyqaeM 

c21 ]
D(e) = Do(e) rII + TK(e) + O(c3

) , (16) 

2 ~K(e) = -2! d2x ! d2YV4a2 - (x - y)2 19(4a (x - y)2)X 

X (e- i,p(X-e!2)+i,p(X+e!2) - 1) (e- i4>(Y-e!2)+i,p(Y+e!2) - 1) , 
2Uo..;¢J(x) = - a2 - x2 19(x < a). 

v 
B rrpenene MaJIhIX ~ 

= 2rrIt;,' C~o )2 a', (17) 

1 ~ 

dxdyx2y2 2! 
1= J d<pcos<pV4 - x - y2 + 2xycos<p = 0.97l.! (1 - x2)(1 _ y2) 

o -rr 

Bhlpa2KaJf OTBeT LIepe3 CTaH~apTHhle napaMeTphI, IlonyLIaeM 

D(~) = Do(e) [1 + A(e)] I (18) 

I [ (T(e)])
Do (e) = exp ( -- T; 1 - ~ . ' (19) 

A(e) = -zl (J'et 
V2 

4Ica3(~ja)2 + aCe). (20) 
c (Yt 

23neCh v = Uoaj(nv) - 60pHOBCKHH napaMeTp, a (Yet = 7ra . OTMeTHM, QTO 

rJIaBHhIH t.meH B (20) 5IBJI5IeTCSI qHCTO KJIaCCHLIeCKHM. KBaHToBhle rrorrpaBKH 

COneplKaTcH nHll!b B BhICIllI1X rropH,llKaX no e. TIonHoe CeqeHHe [5] 

2 [ sin 2v 1 ](Tt = 27ra 1 - -- + -(1 - cos 21/) (21) 
V 2v2 
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2rrpH BCeX v HMeeT nOpH,UOK 2V2(7d/ (1 + 1/ ), rrpH'-IeM (7t COBrra.llaeT r. 3TO~ RCJH1­

IlM.HOI1 rrpH 60JIbllIHX H MaJIbIX V. 1103TOMy H3 q)OpMyJI (18)-(20) 1'1 Toro epaKTa. 

liTO oTHorueH11c (7(0/(70 HBJIHeTCH epyHKUVIei1 01' ~ / a KaK Jl:JTST 60JThIIIUX, TaK 

M ilJlH MaJ1hIX v, CJTeAyeT. G:TO OTHOCUTeJIbUaH BeJIUG:YIHa A(0 orrpe.lleJIHeTC5l: 

2	 3
napaMeTpOM b = ~7rco,3( 1 + v ) ~ (1 + v 2)41co, . 

l.(JISI KOHKpeTl-nanYIYI 3Toro yTBep2K.lleHMH 06paTl1MCR K CJIY1lal0 v < L KOl')la 

rrplIMeHYIMO 60pHoBcKoe rrpM6JIMlKeHMe H (71 = 27ra~v2. LIJIH ~1aJIhIX ~ [2,3] 

e ~ 
1 - (7(0/(70 = - 20,2 In 40,'	 (22) 

rrpYI JTOM G:JIeHhI BToporo rrOpH.l.l.Ka IIO (~/a) B Do(~) vr A(~) COBnanaIOT no 

3Bem1'-Il1He llpH co, = ln 11/(4I) ~ 0.36. ~3KCrrepl1MeHTY [1] cooTBeTcTByIOT ]H<l­

G:eHMH co,3 :::; 0.16. HarroMH11M, G:TO B llpocTOi1 Ky6wlecKoM pcmeTKe M3 rrJIOTHO 

ynaKoBaHHhlx cepep ca3 = 0.125, a B rUK pellIeTKe ca3 = 0.177. 
CytueCTBeHHo, '-ITO 3HaK11 JIYI,nMpyIOilmx rrpH MaJIhIX ~ 'lJIeIIOB B D()(~) \tl A(e) 

pa3J1M'-IHLL 11 rrO:iTOMY C pOCTOM b rrpOMCXO,LU1T yumpcHVlC D(e). COOTBeTCTBen­

HO, cneKTp D(q) cy2KaeTCH B COrJIaCliHf C pe3YJIhTaTaMH (lJ. 
6. B 3aKJIIOl..{CHHe paccMoTpHM ,ana Ba)KHhTX KaqeCTBeHHbIX Dorrpoca, CBH3aH­

HbIX	 C 06JIaCTbIO rrpl1MeHHMOcTH KOHuerruHM aMrrJIl1TynhI H CCqeHHH paCCeHIIl1H. 

06hI'-IHO aMIlJIHTy.n:a pacceHHHH OnpejlCJIHeTCH KaK K03<p<pMUl1eIlT npvr pa,c­
ikr /TxowuueMcH BOJIHe e B 06weM BhTpa1KeHRM ,UJIH DOJIHOH0l1 q>yHKl.{l111 7/J [5]. 

PaCCeJIHHaH BOJIHa 

(23) 

COBrranaeT co cq>epH'-IeCKoi1 rrpvr y,naJIemU1 0'1' pacceMBaTeJIJI (c xapaKTcpHhHvl 

pa3MepOM a.~) Ha paCCTOSlHMJI 

(24) 

3.n:eCh Go = (:!, - Ho + iot 1 - cBo60.nHbIM nporraraTOp C ra:'1M:JIbTOHl1allO!1i1 

H o = p2/2m. 
TaKl1M o6pa30M, MO)KHO 6hIJIO 6hI 02Kl1.llaTb, G:TO pacrrpe,UeJIem:fe pacceHH­

HhIX HeMTpoHoB MO)KHO Bblpa3MTh Herrocpe,ncTBeuIIo '-Iepe3 ceG:eHlie paCCeSlHk1}f 

TOJIhKO rrpM r » R. 
IIoKa2KeM, 'ITO yCJIOBYIe (24), KOTOpOMy HeB03110)KHO y,nmmcTBopMTh B 3KC­

rrepMMeHTax C MaKpOCKOIH'I'"lJeCKHMM 06pa3uaM11, He }lBJUiCTCSl He06xo,Ul1MhI:.f B 

rrpMJIOlKeIll1li K orrhITaM C IlBYXKpliCTaJIbHbIM crreKTpOMeTpOM. LIeMCTBWI'CJlh­

HO, aHanli3aTOp c~eKTpOMeTpa rrpOH3BO.l.l.l1T <Pyphe-pa3.rrmKCHlie rra,aaIOme:i1 Ha 

Hero BOJIHbl C KOHe"lJHOM TOG:HOCTbIO, oupe.neJIHIOme:i1, HapJI.uy CO CBo:i1cTBaMM MO­

HoxpOMaTopa, YIHCTpyMeHTaJIbHyIO JIliHMIO npH60pa [6]. TI03TOMY paCCMOTpMM 
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COOTBeTcTBylOIUee rrpe06pa30Bamie <PYPhe paCCe5IHHOR BonHhI no opTorOHanh­

HOMy K HaqaJIhHOMY HMrrynhcy Po HaIIpaBneHHIO: 

IIycTh q < Po, rrpl1: 3TOM 

! ! dk !eik(z-Zl) . 
~s(q,z)=2m dZ l 27T"P5-(k2+q2)+iO d2pU(P,Zl)~(p,zl)e-lqp= 

= i;;! dZl eiPtlZ-Zl I! d2p U(p, zd~(p, Zl)e-iqp = 

= im eiP/Z! d3r e-iprU(r)~(r) = _ 271"i eip/z f( q). (25) 
~ ~ 

3.nech r = (p, zI), p = (q,PI), Pi := VP5 - q2, npH nepexo.n:e K rrocne.nHeM 

CTpOKe B (25) yqTeHO, qTO 06naCTh .n;eifcTBlu IIOTeHU11ana H aHaJIJ.naTOp He 

rrepeKpbIBaIOTC5I, a KOHeqHOe COOTHOIlIeHHe 110JIyqeHO C yqeTOM OJJ,Horo H3 CTaH­

JJ,apTHhIX orrpe.n;eneHHH aMrrnMTy,UhI paCCe5IH11SI (CM. Hal1pMMep [5], <p-na (129,2)). 
yqTeM, qTO pacceHHHhlii rryqOK HMeeT ManylO yrnoBylO paCXO,UHMOCTh. IIo3To­

My B6nM3M aHaJIH3aTOpa 

(26) 

3.n;eCh BBeJJ,eHa ,UOCTaTOQHO l1POM3BOJIhHaR rna.n:KaH 11 MOHOTOHHaH BcrrOMora­

TenhHaH <pyHKIHHI g(q), JJ,n5I KOTOpOi1: g(q < qo) = 1, a g(q > po) = 0, rrplitIeM 

l1apaMeTp qo CBjI3aH C IIonyUIMpliHOR I::i.q pacrrpeJJ,eneHHjI paCCejIHHhIX HeRTpOHOB 

COOTHOllIeHHeM t:J..q ~ qo ~ Po. Cyll(eCTBeHHo, qTO Ha MaCIlITa6e t:J..q OTHOIIIeHHe 

g(q)jP1 HeOTnMqHMO OT KOHCTaHThI. 

TaKHM 06pa30M, npH Ma.JIoyrnoBoM paCCe5IHMM paCXOJJ,.HIUaHCSI BonHa B OKpecr­

HOCTM aHa.JIJ.naTopa Herrocpe.n;CTBeHHO, qepe3 rrpeo6pa30BaHlie <Pyphe, CB5f3aHa 

C aMnnliTynoH paCCejIHM.H He3aBli01MO OT BhIIIOJIHeHIUI ycnOBM5l (24). B OIIhITax 

HHoro TMrra, H3Mep.HlOIlJ,liX TonhKO yrnoBoe pacrrpe,UeneHHe IIOTOKa paCCe.HHHhIX 

HeHTpoHoB, Tep.HeTC.H MH<popMaIJ;H.H 0 <!la30Bhlx COOTHOIIIemux, M ycnoBHe (24) 
6e3ycnoBHo Heo6xo,LlHMO. 

CornacHo cTaHJJ,apTHoH TeopnM aHaJIM3aTOpa (ocHoBaHHoH Ha JJ,I1HaMHqeC­

KOM Teop~m .n;M<ppaKIJ;HH) [6,7], rrpeo6pa30BaHHa5I HM BOJIHa 'l/J.~(J,(r) Ha rro.n;xone K 

.n;eTeKTopy C ,LlOcTaTOqHOH: TOqHOCThlO MMeeT BR,Ll: 

~/, (r) - / d2qltl. (q P h)eiqp+ip/z+ihr'f/sa - 'f/8al, , 1, , (27) 
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rne1j'sa(q,PI, h) = g(q)!(q)gll(q,PI, h)/(27ripd, r = (p, z), a gll(q,PI, h) J1 h 
onpeneJUI.lO'I' aMIIJUITY,IlY 11 HanpaBJIeHJ1e OTpa.JKeHIHI ,IlJIH Ka.JK,IlOM: rapMOHI1KIL 

lleTeKTop Hei1TpoHoB, KaK MaKpocKoIHP-IeCKI1H npl160p C xapaKTepHhIM" pa,3­

MepOM Ld , ycpe,IlHHeT na,IlalOI..UI1H Ha Hero HefnpOHHbIH nOTOK Ha 3TOM Mac­

IIlTa6e, pa3pYWaH l'IHTepq>epeHUIUQ KOMrrOHeHT BOJIHOBOrO rraKeTa (27), pa3JII1­

qRe KOTOpbIX no J1MrrYJIbcy npeBbIIIlaeT Jp '"V 1/L c1 • 3TOT MaclllTa6 COR31:1epl'Ev1 

c 3<pq>eKTaMlf rpaHlfIJ;bI 06pa3IJ;a VI MHOfO MeHhille Bcex npO'tII1X HMnYJIhCHhIX 

napaMeTpoH, Cyu~ccTBeHHblx B epopMyJIe (27). B 'tIaCTHOCTH, OH MIloro Mellbllle 

I1HCTpYMeHTaJIbHoi% illl1plfHhI JIJ1HRlf crreKTpOMeTpa [1,2,6,7] .. n03TOMY C TO'tIHOC­

TblO, a,IleKBaTHoH 3KCrrepJlIMewry, HOTOK, na.n.alOIIJ;J1H Ha ,IleTeKTOp, Bhlpa.JKae'1'CH 
2qepe3 HHTerpan ITO J1MnyJIhcy 0'1' 1'ljJ,~(l( q, PI, h) 1 , TO eCTb npHMO 'tIepC3 CeqeHlfe 

pacceHHlfH Ha BeeM 06pa3IJ;C, 11 'tfepe3 aHaJIOrJ1'tIHhIH BKJIa.u 0'1' HeHTpOHOB, He 

VlCITbITaBIIlJlIX paCCeHHl1e Ha HeM: 

ivlmKHo 6bIJIO 6hI m{<:If,IlaTb, 'tITO ,IlJUi npl1MeHliMOCTlf <pOpMyJl (9) R (10) He06­

XO,Ll;J1MO OrpaHI1 YCHl1e Ie » POa2 
, aHaJlOfH'lfHOe yCJIOBHIO (24), HO H npHJIO){{eHIUl 

K OT,ileJIbHbIM aKTaM paCCeHH.HSf. O,IlHaKO BbIBOLI" UpHBe,IlCHHbIH B n.3 lIe Tpe6ycT 

3'1'01'0. 
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