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1. BBE,llEHI1E 

8 HaCTOR~ee apeMR OAHHM H3 HaH6onee npRM~X MeTOAOB HCcneAO
BaHHR MHKPOCKOnH4eCKOrO OOBeAeHHR $nyKTya~H~ nnOTHOCTH B mHAKOC
TRX RBnReTCR Heynpyroe pacceRHHe MeAneHH~X HeHTPOHOB. 113 cneKTpa 
HeKorepeHTHOrO pacceRHHR MOmHO nony4HTb HHQOpMa~H~ 0 6~CTP~X 
ABHmeHHRX OTAenbHOH 4aCTH~~. KonneKTHBH~e ABHmeHHR a mHAKOCTH 
npORBnR~TCR B KOrepeHTHOM pacceRHHH MeAneHH~X He~TPOHOB. 

B HaCTOR~e~ pa6oTe npHBOARTCR AaHH~e o6 aTOMHOH AHHaMHKe 
mHAKOro HaTpHR, nony4eHH~e MeTOAOM Heynpyroro pacceRHHR MeAneH
H~X He~TpoHoa. HaTpHH 6~n a~6paH AnR 3KcnepHMeHTOB no HecKonb
KHM npH4HHaM: mMAKHH HaTPHH RBnReTCR npOCTO~ OAHOH30TOnHO~ mHA
KOCTb~, 4TO o6ner4aeT TeopeTH4eCKy~ HHTepnpeTa~H~ 3KCnepHMeH
TanbH~X pe3ynbTaToa; ABa*A~ AH$$epeH~HanbH~e ce4eHHR pacceRHHR 
MeAneHH~X He~TPOHOB Ha *HAKOM HaTpMH npeACTaBnR~T npaKTH4eCKH~ 
HHTepec C T04KH 3peHHR peaKTOPHO~ TeXHHKH. 

B OTnH4He OT 3KCnepHMeHTanbH~X HCCneAOBaHHH Ha mHAKOM HaTpHH, 
B~nOnHeHH~X AO CHX nop/1,2/,B HaCTOR~e~ pa6oTe npH o6pa60TKe 
pe3ynbTaTOB Y4HT~BaOTCR 3¢$eKT~ MHOrOKpaTHOrO pacceRHHR HeHTpo-
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4eCTBeHHOe cpaaHeHHe 3KcnepHMeHTanbH~X H TeopeTH4eCKHX AaHH~X. 
npeABapHTenbH~e pe3ynbTaT~ 3KCnepHMeHTOB, OnHC~BaeM~X HHme, 
6~m1 ony6nHKOBaH~ paHee IS/. 

TeopeTH4ecKHe HccneAOBaHHR, nocaR~eHH~e H3y4eHH~ mHAKOro 
HaTpHR, MomHo HaHTH a/4,5/. Ce4eHHe pacceRHHR HaTpHR AnR MeA
neHH~x HeHTPOHOB BK~4aeT B ce6R KaK KOrepeHTHY~ /1,55 6/, 
TaK H HeKorepeHTHY~ /1,34 6/ COCTaBnR~y~. no3TOMY AnR TeopeTH-
4eCKOH HHTepnpeTa~HH 3KcnepHMeHTanbHOH $YHK~HH pacceRHHR S(Q,E) 
Tpe6yeTCR pac4eT KaK KOrepeHTHO~ /SKO£(Q,E), AHHaMH4eCKHH CTpyK
TypH~H $aKTOp/, TaK H HeKorepeHTHOH t~HKor{Q,E))ee 4aCTeH. 
A~~tHaMH4eCKHH CTPYKTYPH~H $aKTOP SKor.(Q,E) MO>KeT 6~Tb pacc4HTaH 
C HCnonb30BaHHeM MOAeneH, OCHOBaHH~X Ha TeopHH cpeAHero nonR/6~ 
BR3Ko-ynpyrOM npHfinHmeHHH /?/ H npH6nHI~eHHH $yHK~HH naMRTH IS/ 

BKnaA OAH04aCTH4Horo ABHmeHHR SuKor,(Q,E) a nonHy~ $YHK~H~ pac
ceRHHR paCC4HT~BaeTCR Ha OCHOBe Tpexnon~CHoro npHfinHmeHHR/9/, 
B paMKax 3TOH MOAenH SHKOrJQ.E) e~pamaeTcR 4epe3 ceoH 3Hepre
TH4eCKHe MOMeHT~ HH3KHX nOPRAKOB 6e3 KaKHX-nH60 nOArOH04H~X 
napaMeTpoe. 

4To6~ npoaeCTH cpaBHeHHe TeopeTH4eCKHX MOAene~ C 3KCnepHMeH
TOM, Heo6XOAHMO 3HaTb 4eTBepT~H 3HepreTH4eCKHH MOMeHT $YHK~HH 
pacceRHHR /eM. npHnomeHHe/. 3ToT nocneAHHH a ceo~ o4epeAb 
3aBHCHT npRM~M o6pa30M OT Mem4aCTH4Horo noTeH~Hana. CneAoaa-

--~ .. --. 
1 



TenbHO, AHHaM~4ecKH~ CTPYKTYPH~~ $aKTap, npeACTaaneHH~~ An~ 

Q = const, n03BOn~eT nony4HTb HH$OpMa4HIIJ 0 Me>KaTOMHOM naTeHI.IHane 
a ~ccneAyeMOM ae~ecTae. H3aecTHa, 4TO An~ >KHAKOCTefi, HanpHMep 
aproHa, 3TOT noTeH4~an 6nH30K K noTeHI.IHany neHHapAa-A>KoHca. 
B ~eno4H~x MeTannax noTeHI.IHan Me>KaTaMHoro a3aHMOAe~cTBH~ o6na
AaeT P~AOM oco6eHHocTe~, a 4aCTHOCTH, Ha 6onbWHX paccTo~HH~x 
OH HOCHT OCI.IHnnHpy~~H~ xapaKTep. An~ >KHAKOrO HaTpH~ npeAnO>KeH 
4en~~ P~A MOAene~ Me>KaTOMHoro noTeH4Hana 1101 • 4yacTBHTenbHOCTb 
AHHaMH4eCKaro CTPYKTYPHOro $aKTOpa >KHAKOro HaTpH~ K pa3nH4H~M 
T~naM noTeHI.IHana napHoro B3aHMOAe~CTBH~ HCCneAOBanaCb B /11/. 

YnoM~HYT~e a~we TeopeTH4eCKHe MOAenH SKor. (Q, E) Tpe6yiOT 3Ha
H~~ CTaTHCTH4ecKoro CTPYKTYPHoro $aKTopa S(Q). HaH6onee T04Hble 
AaHH~e TaKoro POAa, nony4eHH~e MeTOAOM AH$paK4HH peHTreHOBCKHX 
ny4e~, npeACTaaneH~ a 112/. 

OcHOBH~e $apMynbl, Hcnonb3yeM~e An~ cpaaHeH~~ 3KcnepHMeHTa 
C TeopHeH, CYMMHPOBaHbl B 4aCTH 2 HaCTO~~e~ pa60Tbl H npHnO>KeHHH. 
3KcnepHMeHTanbHa~ nPOI.IeAypa onHcaHa a 4aCTH 3. B 4aCTH 4 H3na
raeTc~ MeTOA~Ka o6pa60TKH 3KCnepHMeHTanbHbiX AaHHbiX, H B 4aCTHac
TH BBeAeHHe nonpaBKH Ha MHOrOKpaTHOe pacce~HHe. B 4aCTH 5 npo
BOA~TC~ cpaBHeHHe 3KCnepHMeHTanbHbiX H TeopeTH4eCKHX AaHHbiX 
H o6cy>KAaiOTC~ pe3ynbTaTbl 3Taro cpaaHeHH~. 

2. OCHOBH~E $0PMYn~ 
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A~<!><!JepeHI.IIIIanbHoe ce4eHIIIe pacce~H~~~~ CB~3biBaeTc~ c <!>YHK4111e~ 

pacce~HIII~ COOTHOWeHHeM 

d 2a ab E + Eo \1 
-- =-[--] S(Q,E), 
dUdE 411 E 0 

/1/ 

rAe Eo - Ha4ailbHa~ 3Heprlll~ He~TPOHOB, a E - 3Hepr~~, nepeAaHHa~ 
He~TPOHY B npOI.IeCCe pacce~HIII~j 0 - TeileCHbl~ yron; ab - pacce~HIIIe 
Ha CB~3aHHOM ~Ape. 

nocKOnbKY HaTpH~ ~Bil~eTC~ KaK KorepeHTHO, TaK Ill HeKorepeHTHO 
pacCeiiiBa~IIIM MaTepHailOM, S(Q,E) B COOTHOWeHIIIIII /1/ CileAyeT nOHIII
MaTb KaK CYMMY ABYX KOMnOHeHT: 

ab S(Q, E) = aKor. S Kor. (Q, E) + aHKOr. 8aKor. ( Q, E) • /2/ 

Ben~4111Hbl aKOf'. VI a HKOf'. npeACTaBil~l':lT co6oi:\ KOrepeHTHOe H HeKo
repeHTHOe ~AePHble ce4eHIII~ pacce~HVI~, S(Q, E) - ABO~ Hoe $ypbe
npeo6pa3oaaHvte npOCTpaHCTBeHHo-apeMeHHO~ Koppei1~4HOHHO~ <!JYHK411111 
BaH-Xoaa. 

An~ S(Q, E) a4eHb 4acTo vtcnonb3Y~T CHMMeTpvt3oBaHH~~ BHA: 

2 

/3/ 

3AeCb k - nocTo~HHa~ 6onbl.IMaHa, T- a6coniOTHa~ TeMnepaTypa. 
n -~ 3HepreT~4eCKHfi MOMeHT <!JYHK4HIII pacce~H~~ onpeAen~eTCfl 

Bblpa>KeHIIIeM 

"" 
<E 0 > = I E 0 S(Q, E) dE. /4/ 

-oo 

Hyneao~, nepBbl~ 111 BTopo~ 3HepreH14eCKIIIe MOMeHTbl $YHK4111i-'1 SKor.(Q,E) 
Ill SHKOr~Q,E) MOryT 6b1Tb HCnanb30BaHbl An~ npoaepKIII HaAe>KHOCTVI 
3Kcnepi11MeHTanbHbiX AaHH~x. OHIII 3anlllc~:o~aaiOTC~ cneAYIIJ~~M o6pa3oM: 

< E 
0

> HKOI'. = l ' 

/5/ 

An~ pac4eTOB <!>YHK4H~ pacceRH~~ S(Q, E) no TeopeT~4eCK~M MOAe
nRM, ynOMRHYTbiM B~We, He06XOA~M 4€TB€Plbl~ 3HepreT~4eCKIII~ MOMeHl 
DVIHaMVI4CCKOrO CTOVKTVDHOrO ~aKTODa. KOTOObl~ MO>KeT 6b1Tb noen
CTaBneH KaK 

<E 4 > = 1fQ
2
kT [ 3kT + nP(Q)], !6! 

Kor. M2 

rAe P(Q) fg(r)dr[(l cos(Qr))/Q ](Q 2 ) 2 q,(r); g(r)- <!>YHK411~ 
paA11anbHoro pacnpeAeneH11~; n - nnoTHOCTb aToMoa; c/J(r) - noTeH-
4Han napHOrO B3ai1MOAe~CTBVI~. An~ HeKorepeHTHO~ COCTaBn~IO~e~ <!JYHK-
4111111 pacce~HI1~ 4eTaepTblfi 3HepreTIII4eCKIII~ MOMeHT/la/ 

171 

2 
rAe 0 2 

= 4rrn ( g(r) dr[ a cP (r) + !_ .Ei._] . 
3M ar 2 r ar 

~pyro~ HHTepecHofi aeniii4111HO~, KOTopafl GyAeT ~t~cnonb30BaHa np111 
aHani13C 3KCneP11MeHTanbH~X AaHH~X, RBnfleTCR npOI13BeAeHI1e 
E2 S (Q, E), KoTopoe cB~3aHo c Koppen~4HOHHOI1 ¢YHK4He~ nPOAOnbHbiX 
TOKOB C(Q, t) COOTHOWeHHeM 

C (Q, t) .o ("" E2 S (Q E) iEt/1! dE 
KOf'. ' e ' !81 
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B AaHHOi:t pa6oTe 
Kp11eol::t E2 S(Q, E) 
41111 Q, 

6YAYT aHar.l1311poeaTbC~ nonomeHI1e MaKCI1MyMa EMaKc 
2-

11 3Ha4eHI1e ee MaKC11MyMa MaKcE S(Q,E) KaK $YHK-

3. OnHCAHHE 3KCnEPHMEHTA 

3KcnepHMeHT Gbtn 8blnonHeH Ha A80AHoM epeM~nponeTHOM cneKTpo
MeTpe MeAneHHbiX HeATpOHOB AHH-1t1, ycTaHo8neHHOM Ha HMnynbCHOM 
peaKTope 116P-30 B Jla6opaTOPHI1 HeHTPOHHOH ¢113HKI1 OH~H. noApo6Hoe 
Oni1CaHHe cneKTPOMeTpa MOmHO HaHTI1 s 114

•
161

• 

B onHCbiBaeMoM 3KcnepHMeHTe o6paae1..1, noMe~aeMbiA s saKYYMHYIO 
KaMepy, COCTO~n 1.13 20-TH CTanbHbiX Tpy6oK AHaMeTpOM 12 MM 
C TOr.U\HHOA CTeHKI-1 Q, 2 MM, HanonHeHHbiX HaTpHeM. Tpy6K11 pacnona
rar.HCb TaKHM o6pa30M, 4TO o6pa30Bb1Bar.H I..IHnHHAP C o6~11MH pa3He
paMH d = 140 MM H h = 160 MM. TeMnepaTypa o6paa1..1a nOAAepmi1Banacb 
pa8HoA 413 K c noMo~biO HarpeeaTeneA, HaXOAHBWI1XCR BHe HeATpoH
Horo ny4Ka, pacceHeac~erocR 8 ropH30HTanbHoA nnocKOCTI1. 

HaMepeHH~ 6blnH BblnonHeHbl npH Tpex Ha4anbHblx 3HeprHRX HeATpo
HOB: EO =38 M3B, 52 M3B 11 60 M3B. np11 3TOM pa3peweHHe B ynpyroM 
nHKe COCTa8nRno AEo/E 0 = 6%. nepeAa4H BOnHOBOro BeKTOpa AJ1R 
ynpydoro pacc~RHHR Q = 47T/A sin 8/2 OXBaTbt8ar.H HHTepsan 
0,8A-1 ::;Q::;9A-1 /yrnbl pacceRHHR 10°:;;_8~120°/, CM. p11c.1. 3TOT 
11HTep8an COOTBeTCTByeT o6naCTI1 Q, Ha KOTOPYIO npi1XOARTCR OCI..II1J1-
nRI..IHH CTaTH4eCKOro CTPYKTYPHOro ~aKTOpa S(Q) H rAe, cneAo8a~ 

TeJlbHO, CTPYKTypa mHAKOrO HaTpHR MO*eT OKa3biBaTb BJ1HRHHe Ha 
AHHaMI1KY ero aTOMOB. 

npl-1 KamAOA H3 Ha4anbHbiX 3Hepri1A H3Mepi1TenbHbli:1 I..IHKn BKr.I04an 
8 ce6R Tpl-1 3aMepa: Ha KOHTeAHepe C mHAKHM HaTpHeM; Ha nyCTOM 
KOHTel:iHepe H Ha TOHKOM BaHaAHeBOM I..IHnHHAPe, reoMeTpH4eCKH HAeH
H14HOM o6pa3'-lY. nocneAHI-le AaHHble Hcnonb308ar.Hcb An~ Ol..leHKH pa3-
pewaiO~eA cnoco6HOCTH cneKTPOMeTpa 8 o6nacTH ynpyroro nHKa, a 
TaKme AJ1R a6con~THOA HOPMHPOBKH 113MepReMbiX ce4eHHH. 
r--- -----~,:-;-, ---------l 
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PHc. 1 • lCHHeTHtiecKan o6nacTb 

(Q, E), OXBatieHHaR B HdCTOH~eM 

3Kcnepm-!eHTe. BepxHHH nyHKTHp-

Hdfl Kpf!BBH COOTBeTCTByeT HaH-

MeHb!IJeMy yn1y pacceHHHH ,v;nH 

E 0 = 60 H3 B; Hl!:YHHH fiYEKTHIJHdH 

KPHBBH COOTBeTCTByeT MBKCH-

Na,!hHOHY yrny pacce>IHWI ):\JlH 

E 0 = 38 N3B. 

4. 06PA60TKA AAHH~X 

Q6pa60TKa 3Kcnepi1MeHTanbHbiX AaHHbiX BblnOr.HeHa C nOMOII\biO CI1-
CTeMbl nporpaMM TOF LEX 1181 , KOTOpa~ BKn~4ana B ce6~ Ha6op 
nporpaMM, Heo6xoA11MbiX AnR nony4eHI1~ ABamAbl A11$$epeH1..11.1anbHbiX 
Ce4eHI1H pacceRHI.1R 11 AI.1HaMI14eCKOrO CTPYKTypHoro ~aKTOpa Ha OCHOBe 
pe3ynbTaToe epeMRnponeTHoro 3Kcnepi.1MeHTa. Y411Tbleanl.1cb nonpaBKI1, 
CBR3aHHble C 3~~eKTI.1BHOCTbiO AeTeKTOPOB, B03MO>KHOCTbiO nponycKaHI1R 
nponeTHOK 6a3bl cneKTPOMeTpa, pacceRHI1eM HeHTPOHOB KOHTeAHepoM 
o6pa31..1a, ocna6neHI.1eM noToKa HeATpoHoB o6pa3L.IOM. nocneAHRR Haxo
AI.1nacb MeTOAOM, on11caHHbiM e 1171 • Oco6oe BHI.1MaHI.1e 6btno YAeneHo 
3~~eKTY MKP, KOTOPbiA pacc41.1TbiBancR MeTOAOM MoHTe-Kapno e cne-
1..111anbHOA nporpaMMe, Hani1CaHHOA npi1MeHI.1TeJ1bHO K 3KCnepi1MeHTy, 
npoBeAeHHOMy no MeTOAY BpeMeHH np2neTa, np11 3TOM AJ1R pac4eTa 
KOrepeHTHOH COCTaBnRIO~eA ~YHKI..II-111 S(Q,E) 11CnOJ1b30Banacb MOAenb 
f!.aTaKa 11 CHHrBI-1 IGI, a fg~R pac4eTa HeKorepeHTHOH COCTa8nRIO~eA 
S(Q, E)- MOAenb Jla8cl1 . ,llnR CTaTI1CTI14ecKoro CTPYKTYPHOro ~aKTo
pa S(Q) • RBnR~erOCR OAHHM HX BXOAHbiX napaMeTpOB MOAenH, 6blnl1 
83RTbl 411CneHHble AaHHble rpHH~I.1nbAa "' AP·/1 21. $yHK1..111R PaAI1anbHoro 
pacnpeAeneHHR pacc411Tbleanacb nyTeM ~ypbe-o6pa~eHHR 3THX AaHHbiX. 
4eTeepTb1A 3HepreTH4eCKHA MOMeHT S(Q,E),TaKme BXOAA~~A s 411cno 
HCXOAHblx AaHHbiX, nony4eH Ha ocHo8e noTeH1..111ana WH$~a/101. Bblpame
HHe An~ 3TOrO noTeHI..IHana HMeeT BHA 
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PHc. 2. TionpaBO'lHhnl: !l>aKTOP MKP 
00 
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PHc. 3. 3KcnepuMeHTBJ1hllbie ABBJKAbi 

AH~epeHI.IHdJlbHble CetieHHH pac

CeHHHH *H,!l;KOrO HBTpHH ,!J;Jlf! Tpex 

HB'ldJlbHb~ 3HeprHH H€HTPOHOB H 

HeCKOJlbKHX yrJlOB pacceHHHH 

/BpeMH nponeTa B e,n;HHHI.IBX 

M = 16 MKC/. 
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06o3Ha4eH~e aen~4~H, BXOA~~~x s /9/, cosnaAaeT c TeM, 4To Aa
eTc~ a 1101 • 

nonpaa04Hblili <t>aKTOP MKP' paBHblili OTHOWeH~IO 4~Clla OAHOKpaTHO 
pacceRHH~X HeiliTPOHOB K nOJlHOMY 4~CJlY pacce~HHWX HeiliTpOHOB,K8K 
<IJyHK~~R 3Hepr~~ pacceRHH~X HeiliTpOHOB All~ HB48llbHOili 3Hepr~~ 
E 0 = 52 M3B ~ HecKonbK~x yrllOB pacce~H~R npeACTaaneH Ha p~c. 2. 
3<t><t>eKT MKP ~CKlll04allc~ ~3 3Kcnep~MeHTa1lbHbiX Kp~abiX d2a/d0dE ny
TeM YMHO~eH~R ~X Ha 3TOT nonpaB04H~ili $aKTOp. 3Kcnep~MeHT8JlbH~e 

ABa~Abi A~<t><t>epeH~~anbHble ce4eH~~ I IJ.IJ.C/ paccel'IH~~ noKa3aHbl Ha 
p~c.3. 

5. PE3YJlbTATbl 3KcnEPI-1MEHTA 

nocne y4eTa on~caHH~X s~we 3$<l>eKTOB Ha ocHose 3Kcnep~MeHTanb
H~x /J,/J,C pacceRH~R pacc4~T~BaJl~Cb <I>YHK~~R pacce~H~~ S~,E) ~ 

c~MMeTp~aosaHHaR <I>YHK~~R pacceRH~R S(Q,E).I-1cnollb3Y~ MeTOA 
~HTepnonR~~~ cnnaAHaM~, 3Kcnep~MeHTa1lbHble S(Q, E) np~-1 pa3Jli-14HbiX 
nepeAa4ax 3Hepr~i'l 1-1 yrnax pacceRHi'IR npeo6pa3os~san~cb s CHM
MeTpi-130BaHHYIO <I>YHK~HIO pacce~HHR np~-1 <I>HKcHposaHH~x 3Ha4eH~Rx E 
1-1 Q, Crna~eHHOe n.eeACTasneHi'le S(Q, E) Q=const All~ HecKOJlbKi'IX 
3Ha4eHHA KaK Q 1-1 S(Q,E)E , TaK 1-1 E noKa3aHo Ha pVJc,4 1-1 5 
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PHc,4. S(Q,E) KaK ~YHK~HR rrepeAa~H 3HeprHH E AnH HecKonhKHX 
3HB~8HHH rrepeAa~H HMITYnbCB Q, CrrnOWHBH KpHBBH - pac~eT ITO 
MOAenHM AHnaBaAH, PaMaHa H UBaH~Hra 18/ H naBCH/9/. 
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Pac.S. S(Q,E)KaK ~YHK~HR rrepe
AB~H HMrrynbca Q MH ReCKOJibKHX 
3Hatiem-ri1: rrepeAa~H 3HeprHH E. 
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Pac.6. 0THomeHHe 3KcrrepaMeHT&~b
Horo H TeopeTHtiecKoro 3Ha~eHHH 
rrepBoro /a/ H BToporo /6/ 3Hep
reTH'·IeCKHX MOMeHTOB AHHBMH~ec
KOrO CTpyKTypHoro ~aKTopa S(Q,E). 

COOTB8TCTB8HHO, B K84eCTBe OWI-16KH 3KCn8Pi'IM8HTaJlbH~X AaHH~X 6~11a 

npi'IHRTa CTaT~CT~48CKaR OW~6Ka, 4TO CJleAY8T nOHi'IMBTb Jli'IWb KBK 
rpy6y10 o~eHKY norpeWHOCTM oni'lc~saeMoro 3Kcnepi-1MeHTa. To4Hoe 
nnoeneneHMe ow1-16K~ s 3Kcneoi'IMeHTax nono6Horo poaa noeACTaBJlReT 
co6oili secbMa CllO~HY~ 3aAa4y/1S/. B npo~ecce 3Kcnepi-1MeHTa HaWI-1 
YC~ll~~ 6~Jl~ HanpaeneHbl Ha nOllY48H~e B03MO~HO 11Y4Weili CT8Ti'ICTI'IKI-1 1 

a np~ o6pa60TKe AaHH~X - Ha B03MOlKHO 6onee T04HOe BB8A8HHe 
scex Heo6XOAI-1M~x nonpasoK. 

/J,nR cpaeHeHMR 3Kcnepi-1MeHTallbH~x A8HHblx c TeopeTI-14eCKi'IM~ BbinOll
HeHbl pac4eT~ S(Q, E) no MOAeJlRM AAnasaAI-1, PaMaHa, l.\saH~i'lra lSI 

1-1 Jlascl-1 191, a TaK~e no MOAeJlRM Jlasc1-1 /7, 9/ /pHc.4/. CneAyeT 
OTMeTHTb, 4TO B ~CCJleAOBaHHOili o6nacT~ Q M E pe3yJ1bT8Tbl pac4eTOB, 
B~nOJlH8HH~X no ABYM 3T~M rpynnaM MOAelleili, OTJ1H48~TCR APYr OT 
APYra He3Ha41-1TellbHo. 

nocKOllbKY nOllY488M8R Ha OCHOBe 3KCnepi'IM8HT8 <I>YHK~i'IR pacce~HHR 

S(Q,E) HeceT s ce6e 3<t><l>eKT~ paapewa~~eA cnoco6HOCTI-1 cneKTPOMeT
pa, pac4eTH~e KPHe~e S(Q, E) TaK~e 6~llH csepHyT~ c <I>YHK~1-1eili 
pa3peweH~~. KOTopa~ 6panacb s <t>opMe rayccHaHa c nonywi'IPHHoA, 
3Kcnepi-1MeHTanbHO ~3MepeHHoA Ha saHaAHH. XoT~ nollywi'lpHHa peallb
HO!Ii <I>YHK~HM pa3peweHHR 38Bi'ICHT OT 3HeprHM pacceRHH~X HeiliTpOHOB, 
OAHaKO B o6nacT~ nepeAa4H 3Hepri'IH, HCCJl8AOBaHHOili B ABHHOM 3Kcne
P~MeHTe /0 5 E -s,30 M3B/, 3TOT 3<t><l>eKT 6bl11 HesenHK 119/. 

nposeAeHHoe cpasHeHHe noKa3biBaeT xopowee corllac1-1e Me~AY 
3Kcnepi'IM8HTaJ1bH~MH AaHH~MH 1-1 paC4eTaMH, B~nOJ1H8HH~Mi'l Ha OCHOBe 
ynoM~HYT~X B~We MOAeJ1e!li /eM, PMC,4 1-1 5/. 
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PHc.7. llono~eHHe MaKCHMYMa 
cneKTpanhuol'f IPYHKIJ;HH KoppeJUU.\HII 

npO~OnhHb~ TOKOB EMaKC B gaBHCH
MOCTH OT Q • llyHKTHpHaH nHHHH -
pac<IeT no Mo~enH H~eanMwro 
raga. 

.l\Ilfl nposepKI-1 HaAe>KHOCH1 3KCnepHMeHTailbHblX AaHHbiX BO BCeJtt 
o6naCTH Q, H3y4eHHOJtt B 3KCnepHMeHTe, paCC4HTaHbl nepBblJtt H BTOPOJtt 

3HepreTH4eCKHe_MoMeHTbl <!>YHKJ.4HH pacceHHHH S(Q, E).OTHoweHHH 
3THX MOMeHTOB ~Q,E) K HX TeOpeTH4eCKHM 3Ha4eHHHM, paCC4HTaHHblM 

a KnaccH4eCKOM npH6I1H>KeHHH, noKa3aHbl Ha p1-1c. 6a,6. BHAHO, 4TO 
3aBHCHMOCTI-1 o60HX OTHOWeHHJtt OT Q BeCbMa nOXO>KH. 3TO o6CTOH

Tei1bCTBO CilY>KHT noKa3aTeileM TOro, 4TO lKHAKHJtt HaTpHJtt BeAeT ce6H 
noA06Ho KnaccH4ecKoA >KHAKOCTH. AHanorH4Hoe 3aKil~4eHHe 6blno 
CAeilaHO CeAepcTpeMOM/20/ np~-1 HCCileAOBaHHI-1 lKHAKOrO CBHHUa. 

3KcnepHMeHTailbHble 3Ha4eHHfl <E> 1-1 < E 2 > npesblwa~T pac4eTHble 
Ha 12%. 3TO paCXO>KAeHHe MO>KeT 6blTb CileACTBHeM KaK HeAOCTaT04HO 
KoppeKTHoro y4eTa MKP, TaK 1-1 BilHHHHH 3<!><!>eKToa pa3peweHHfl /npH 
HaXO>KAeHHfl pac4eTHbiX 3HCl4eHHJtt MOMeHTOB 3<l>¢eKTbl pa3peweHHfl 
He Y4HTbiBanHcb/. 

Ha ocHose CHMMeTpH3osaHHoA ~YHKJ.4HH pacceHHHfl S(Q, E) pacc4HTaH 
cneKrp KOppe!lfiJ.4HOHHOJtt <!>YHK4HH npOAOilbHblX TOKOB: 

C(Q, E) /10/ 

PaMaH noKa3an 1211, 4TO Koppeilfi4HOHHafl <l>YHKJ.4HH <!>IlYKTYa4HH npo
AOilbHbiX TOKOB C(Q, t) HMeeT OCJ.4HililHPYIOl!.lee noBeAeHHe. nyTb, 
KaKHM 3TO noBeAeHHe peai1H3yeTCfl, fiBilfleTCfl xapaKTepHblM Ailfl Ka>K
AOL:l KOHKpeTHoL:l CHCTeMbl, CneAOBaTe!lbHO, <l>YHK4Hfl C(Q, t) M ee 
cneKTP C(Q, E) oKa3biBaiOTCH aecbMa none3HbiMH npH HccneAOBaHHH AH
HaMHKH pa3IlH4HbiX CHCTeM, 

5YAY4H nocrpoeHa KaK <l>YHK4MH E npH Q = const, C(Q, E) oKa3bl
saeTcfl HMe~14eJtt MaKCHMYM npH E I= 0. Ha p1-1c. 7 noKa3aHa senH4HHa 

E!'.H!Kc = f(Q), rAe EMaKc - nepeAa4a 3HeprHH, cooTBeTcTBY~l4aH 
MaKCHMYMY <l>YHK4HM C(Q, E). 

noseAeHHe 3KCnepHMeHTai1bHOJtt KPHBOL:l E MSKc= f(Q) yKa3blBaeT Ha 
CBfl3b ee OC06eHHOCTeJtt CO CTaTH4eCKHM CTPYKTYPHblM ~aKTOPOM. 

<!>yHK4Hfl EMaKc(Q)MO>KeT paccMaTpHsaTbCH KaK AHCnepcMOHHaR KPMBafl 
Ailfl KOppei1R4HJtt npOAOilbHbiX TOKOB. CTporo rosopH, ee $H3H4eCKafl 
HHTepnpeTa~Hfl He cosceM HCHa. KaK nOA4epKHsan PaHAOil<!>/22 1 ,noAo6-

Hafl 3KCnepHMeHTai1bHafl HH$OpMaJ.4Hfl Ba>KHa TeM, 4TO HaKilaAblBaeT 
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PHc.8. MaKCHManhHOe gna<IeHHe 
cneKTpanhHOH ¢yHKIJ;HH KOppenHIJ;HH 

2-
npo~onhHb~ TOKOB MaKe E S(Q, E) 
B gaBHCHMOCTH OT Q,CnnomHaH 

nHHHH- pac<IeT no MO~enHM/G/ 
H /9/; nyHKTHpHaH - pac<IeT no Mo

~enH H~eanhHOro raga. 

AOnOilHHTe!lbHble orpaHH4eHHR Ha 
TeopeTH4eCKHe MOAeilH npOCTblX 
lKHAKOCTeA: B AOnOilHeHHe K YAOB

---- -'----- _j IleTBOpeHMIO COOTHOWeHHR MOMeHTOB 
5 a [ }..-1 I OHM AOil>KHbl AaBaT b KOppei1R4HOH-

HYIO <!>YHKL4HIO npOAOilbHblX TOKOB, KOTOpafl cosnaAaeT C 3KCnepHMeH-

TailbHO nony4eHHoA AilR EMaKc (Q). . 2 _ 
3Ha 4 eHHH <l>YHKJ.4HH C aKc (Q, E) = MaKe E S (Q,E) s 3aBHCII1MOCTH OT Q 

noKa 3 aHbl Ha p1-1c.8. Ta~ >Ke npHBeAeHbl pe3YI1bTaTbl ~~54eTa cooJg; 
BeTCTBYQl4eA seili-141-!Hbl no MOAeilRM naTaKa 1-1 CHHrBM 1-1 nascH 
a TaK>Ke no MOAeilH HAeanbHoro ra3a. B nocneAHeM cny4ae o6cy>K

AaeMaH seilH4HHa HMeeT BHA 

fl . I;} c (Q E) I = - (2kT/77M) Q. 
MaKe • li,!l.. ra3 e 

/11/ 

3Ha 4 eHHe MaKcHMyMa <l>YHKJ.4HH C(Q,E) fiBilReTcH, no-BHAH~~MY, rpy6ol:1 

Oi.4eHKOJtt speMeHH >KH3HI-1 <!>IlYKTyaJ.4H~ npOAOilbHblX TOKOB'v • v 

Ha pHc.9 npHBeAeHa ecTecTseHHaR nonyWHPHHa 3KcnepHMeHTailbHOH 

KPHBOL:l S (Q, E) ,a TaK)I(e pac4eTbl ee no MOAeilH npoCTOf1 AH<!><jly3HH 

1-1 HAeailbHOro ra3a 

~E HA.ra3 = 2f1 (2kT ln (2/M)) 1;l Q, /12/ 
-& 2 -1 /23/ 

rAe D = 5, 7 ·1 0 eM •c -
----· -- --· ---1 K03$<jlHJ.4HeHT CaMOAH$$Y3HH. 
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I KaK H cneAosano O>KHAaTb, npH 

MaJlblX Q ~E BeAeT ce6R B COOTBeT

CTBHH C npeACKa3aHHfiMH MOAeilH 
npOCTOJtt AH¢<jly3HH. no Mepe yae
IlH4eH~fl Q Ha nonywHpHHe Ha4HHa

eT CKa3blBaTbCR BilHfiHHR KOrepeHT-
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PHc.9. EcTeCTBeHHaH nonymHpHua 
CHMMeTpH30BaHHOll ¢YHKIJ;HH pac
ceHHHH ~E KaK ¢YHKUHH Q, llyuK
THpHaH KpHBaH - pacqeT no MO~enH 
npOCTOll ~~ygHH; IDTpHxnyHKTHp·· 

uaa - pac<IeT no MOAenH u~eanb

Horo raga, 
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H~x 3$$eKTos: AE~) ~MeeT MaKc~MYM TaM, r,qe cTaT~4ecK~~ cTpyK
TYPHbl~ $aKTOP S(Q) ,qeMOHCTp~pyeT M~H~MYMbl. 3ToT 3$$eKT, npe,q
CKa3aHHbiA Ae leHoM 118/, 6bln o6HapymeH ~ Ha ,qpyrMx KorepeHTHO 
pacceHBaiOIIl~X mH,QKOCTRX /20,24,25/. 

np~ 6onbWMX 3Ha4eHHRX Q, KaK 3TO B~,QHO 113 p~-tc.9, nonywMpHHa 
$YHK~~ pacceRH~R AE 6nM3Ka K pac4eTy no MO,qenM ~,qeanbHoro 

ra3a. 

6. 3AKni04EHHE 

1. np~ TeMnepaType T = 413 K M Ha4anbHbiX 3Hepri1RX He~TPOHOB 
T = 38, 52 ~ 60 M3B ~3MepeHa ¢YHK~MR pacceRH~R mM~Koro HaTpMR 
s o6nacTM nepe,qa4 sonHosoro seKTopa 0,9A-1::;Q~9 .A- ~ nepe,qa4 
3Hepr~-tM 0 :S E::; 30 M3B. 

2. npoaHanH3MpOBaH BKna,q MHOrOKpaTHOrO pacceRHMR B 3KCnepH
MeHTanbHble ,qaHHble. Bse,qeHMe nonpaBKH Ha MKP no3son11no cy~ecT
seHHo yny4WMTb Ka4eCTBO 3KCnep~MeHTanbH~X ,QaHHbiX no cpasHeHM~ 
c npe,qsap~-tTenbHbiMM pe3ynbTaTaMM, ony6n~KosaHHbiMM paHee. 

3. npose,qeHO cpaBHeHMe 3KCnep~MeHTanbHbiX ,QaHHbiX C pac4eTaMM 
no TeopeT~-t4eCKMM Mo,qenRM, npe,qcTasneHHbiM s np~-tnomeHHM, M ycTa
HosneHo HX xopowee cornac~-te s WMPOKoA o6nacTM nepeMeHHblx Q 11 E. 

4. 3aBMCI1MOCTM OTHOWeHH~ 3KcnepMMeHTanbHOrO 11 pac4eTHOrO 
3Ha4eH~~ ,QnR nepsoro M BTOporo 3HepreTM4eCKI1X MOMeHTOB S(Q,E) 
OT Q BeCbMa 6nM3KM ,M3 4ero MOmHO 3aKn~411Tb, 4TO ,QMHaMM4eCKOe 
nose,qeHMe m~-t,qKoro HaTpMR aHanorM4Ho noseneHH~ KnaccM4ecKoV. 
mM,QKOCTH. 

2 
_5. B~A $YHK~~M EMaKJQ) , cooTseTcTBYIOllle~ MaKc~MYMY senM4~Hbl 

E S(Q,E),KaK 11 s cny4ae ,qpyrMx npocTblx m~-t,qKocTe~, TecHo CBR3aH 
c oco6eHHOCTRM~ CTaTH4eCKOro CTPYKTYPHOro $aKTOpa S(Q), npM 
6onbw~x Q 3aBMCHMOCTb EMaKJQ)6n~-t3Ka K n~-tHeAHo~ c HaKnoHoM 
(2kT)~, 4TO xapaKTepHo ,qnR Mo,qen~ ~-t,qeanbHoro ra3a. 

6. EcTeCTBeHHaR nonyw~-tp~-tHa KBa3Mynpyroro n~-tKa AE s o6nacTH 
Manblx QjQ=0,9-1,2.~- 1 / 6nM3Ka K pac4eTy no Mo,qenM npocTo~ 
A~$$Y3M~. np11 6onee BbiCOKHX Q Ha4MHaeT CKa3biBaTbCR BnMRHHe 
cTpyKTYPbl mM,qKOCTH: 3aB~CHMOCTb AE(Q),qeMoHcTp~-tpyeT oco6eHHOCTH, 
KoppenHPY~lJIMe c $OPMO~ S(Q). 

nPHJ10)1(EHI-1E 

w 2 = kTQ/MS(Q) • 
0 

10 

0 2 = w) 
/n. 11 

0CHOBHble $OpMynbl, COOTBeTCTBYIOIIIHe TeopeTH4eCKI1M MO,QenRM, ~c

nonb30BaHHbiM B HaCTORlJieH pa60Te ,QnR cpaBHeHHR C 3KCnepHMeHTOM, 
c y4eToM/n. 1/MomHo 3an~-tcaTb cne,qyiOIIIHM o6pa3oM: 

1. Mo,qenb naTaKa 1-1 CHHrB~ /6/ 

2 w~S(Q)B s (Q, w) = - __ _..;:.. ___ _ 
17 

c 2 + (cuf - 3cu~) cu 2 B 

r,qe B=v'iTexp(-cu 2/02)/03 ; c =1- [1- 2w0(cu/{l)/O](cu1-3cu~)/0 2 ; 
D(x) - HHTerpan AaycoHa. 

2. Mo,qenb AAnasa,qH, PaMaHa 1-1 UsaH~~ra 181 : 

S(Q, cu) 

r,qe K~(cu)·= 2r/v-;;- exp(-cu2r2/4) ; K~ (cu) = -rD(cur/2); 
3. Mo,qenb IlascH ,qnR KorepeHTHoro pacceRHHR /7/: 

1 S(Q,w) 
17 [cur (Q) (cu 2 - cuf )]2 + (cu2 + w~ ) 2 

r,qe r (Q) = (0 2 /rr)-~ /2. 
I, U--~-· n---·· 

I • • ...... M........ .... ... 1\,.1 .... ""'' M .. ,,. I .......... ....,. ""t"'"'"'..l I' I lVI v 

1 SHKO[' {Q, cu) =-
1T [cur{w2-sl-B2)]2+ (cu2-Bl) 2 

"' I I Jl • 

T = l/0 . 

r,qe B
1

=<cu2>; r =11t..JB 2 ; t=MOO/kT; B2 =2B 1 +0
2

; 

02 = ~ f g(r) dr [ a 2l/J2(r) + _2a...;.f/J~(...;.r)_]. 
3M ar rar 
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PyKon~cb nocTyn~na a ~3AaTeJ1bCKHH OTAen 
1 AeKa6pR 1983 roAa. 

n3AYpeaHy H. H AP· 14-83-806 
~HaMH~eCKaR ~YHK~HR pacceRHHR *HAKOrO HaTPHR 

npeACTaaneHW pe3ym.TaTW HCCneAOBaHHR *HAKOro HaTpHR npH T- 413 K MeTOAOM 
Heynpyroro pacceRHHR MeAneHHWX HeHTpoHOB. 0co6oe BHHMaHHe YAeneHO ~KTY 
MHOrOKpaTHOrO pacceRHHR HeHTPOHOB B o6pa3~e, KOTOPioiH pacc~HTWBancR no 
MeTOAY HoHTe-Kapno. 0KOH~aTenbHWe AaHHWe npeACTaaneHW B BHAe CHMMeTpH30-
BaHHOM AHHaMH~ecKoH ~tHK~HH pacceRHHR S(Q.E) • o6nacTH nepeAa~ aonHOaoro 
aeKTOpa 0,91r~ Q ~ 9A-1 .npoaeAeHO cpaaHeHHe 3TOH ~YHK~HH C pac~eTaMH, 
awnonHeHHWMH Ha OCHOBe HeCKOnbKHX MOAeneH, npeAno•eHHWX AnR OOHCaHHR AHHa
MHKH npOCTWX *HAKOCTeH. nony~eHa TaK*e cneKTpanbHaR ~YHK~HR KOppenR~HH 
nPOAOnbHWX TOKOB E2S{Q, E). 

Pa6oTa awnonHeHa a fla6opaTopHH HeHTpoHHOH ~3HKH OHRH. 

Padureanu I. et al. 14-83-806 
Dynamical Function of liquid Natrium Scattering 

The experimental results obtained on liquid Na at T- 413 K by means 
of inelastic slow neutron scattering are reported. This experiment has 
been performed at the double time-of-f! lght spectrometer of slow neutrons 
DIN-1M at IBR-30 reactor. A special attention has been paid to the multiple 
neutron scattering effect calculated by Monte Carlo method. The final data 
are given in the form of the symmetrized dynamic scattering function S(Q,E) 
in the range of the wave vector transfer 0.9~- 1sQs9!-1 .The comparison 
with the theoretical predictions is done in terms of several theoretical 
models proposed for description of simple liquid dynamics. From this compa
rison it is concluded that the proposed models describe the experimental 
data quite well. 

The investigation has been performed at the laboratory of Neutron 
Physics, JINR. 
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