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BJJaroeell.l,eHcKHH H.M. "AP- P3-92-578 
lleyxeeTeeeasi CTPYKTypa cneKTpa ~meMeHTapHhlX eoa6y)l(AeHHH 
ceepxTeKy4ero reJJnsi-4 • 

B pa6oTe npHBOASITCSI peayJJhTaTbl HeHTJ)OHHOro HCCJleAOBaHHSI cneKTpa 
3JJeMeHTapHhlX eoa6y)l(AeHnu Hell npn TeMnepaTypax T = (0,42+1,72) K" 

eoJJHOehlx eeKTopax q 2: (0, l+l ,9)A- 1 • flpn q:::: q0(T) 2: 0,48A- 1 " e :::: t,,,, 

o6Hapy)l(eHa AByxeeTBeeasi CTPYKTypa cneKTpa 3JJeMeHTapHhlX eoa6y)l(AeHHH. 

Pa6oTa eblnOJJHCHa e Jla6opaTopnn HenTpoHHOH q>H3HKH 0115B1. 

llpenpHIIT 06-heAHIICHIIOr() HHCTHTYTa IIAepHblX HCCJlCAOBaHH~I. J].y6Ha, 1992 

flepeeoA aeTopoe 

Blagoveshchenskij N .M. et al. P3-92-578 
Two-Modes Structure of Dispersion Curve of He-4 

The results of neutron research of dispersion curve of Hell at 

temperatures (0.42+ 1. 72) K in region 0.1 ~ q ~ 1. 9A - 1 are presented. With 
the two-Gaussian analysis of the sharp phonon-maxon-roton peaks the two-

modes structure of spectra at q :::: q0(T) 2: 0,48A - 1 and e :::: t,,,, is obtained. 

The investigation has been · performed at the Laboratory of Neutron 
Physics, JI NR. 
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OCHOBHOH pe3ynbTaT pa6oTU 3aKnDqaeTCH B cnenyDmeM. C 

noMombD nayxrayccoacKoro pa3nomeHHH ocTporo nHKa, o6uqHo 

Ha3UBaeMoro ¢oHOH-MaKCOH-pOTOHHUM nHKOM, ynanocb noKa3aTb, qTo 

npH q~qo(T)~0,4Bi-1 H 3HeprHHX e~A (rne A-pOTOHHaH menb) 

cneKTp sneMeHTapHUX B036ymneHHH CBepxTeKyqero HeII COCTOHT H3 

nayx 6nH3nemamHx aeTaefi. MomHo npennonomHTb, qTo onHa H3 

BeTBefi OTHOCHTCH K pacceHHHD HefiTpOHOB KaK Ha o6uqHofi, 

"HOpManbHOH" llCHnKOCTH ' npyraH BeTBb CBH3aHa C B036ymneHHeM 

liCHnKOCTH, HHnyuHpyeMUM 6o3e-KoHneHCaTOM, 

3KcnepHMeHTbl npoeoAHnHCb Ha peaKTope M6P-2 (OMHM, Jly6Ha) c HcnonbJoeaHHeM, 
cneKTpoMeTpa JlliH-2IlH. 3HeprHH nanaDmHX Ha o6pa3eU uefiTpOHOB 

COCTaBnHnH Eo=2,05 H 2,45 M3B, ~TO MeHbWe 3HeprHH o6pa30BaHHH 

6onbWHHCTBa BeTBefi MHOro¢OHOHHOro pacceHHHH. 3TO no3BOnHno 

cymecTBeHHO 

MHOro¢OHOHHOe 

3KcnepHMeHT;lX 

nopHnoK, qTo 

(3+5)10 2 pa3 

yMeHbWHTb 

H MHOroKpaTHOe 

MeWaDtnHe B 3KcnepHMeHTaX 

Heynpyroe pacceHHHH. B naHHUX 

qyacTBHTenbHOCTb 6una nonHHTa npHMepHO ua 

nO3BOnHno Ha6nDnaTb oco6eHHOCTH B cneKTpe, B 

MeHbWHe no cpaaueHHD C ¢OHOH-pOTOHHUM nHKOM. 

OTMeTHM, qTo anepaue npOHBHnHCb nHKH, CBH3aHHUe C pacceHHHeM 

HefiTpOHOB B caepXTeKyqeM HeII C npHo6peTeHHeM 3HeprHH, T.e. C 

pacceHHHeM 

TeMnepaTypa 

ua cymecTBYDmHx 
o6pa3ua au6Hpanacb 

B llCHnJCOCTH 
T=0,42; 0,45; 

B036ylltneHHHX, 
1,4; 1,72 K. 

Pa3peweHHe no 3HeprHH COCTaBnHno 50+100 MK3B B 3aBHCHMOCTH 

OT Eo H e. 

·-\til:,i-;':'iltji.111 KKCTITJT \ 

U":lt!il,U "CC':!t.1011~1!:i ' 
6&15/IJ,tOTE:KA' i --



• 
AHanH3 3KcnepHMeHTanbHUX cneKTpOB npoBOBHRCH nyTeM HX 

pa3ROl!CeHHH Ha rayccHaHu, T.K. B KOHTponbHUX H3MepeHHHX C 

BaHanHeM ynpyrHH IlHK OBH03HaqHo 

3KcnepHMeHTanbHUe cneKTpU d 2 u/d0d~, 
onHcusancH rayccHaHoM. 

H3MepeHHue no MeTony 

BpeMeHH nponeTa, npeo6pa30BUBanHCb B "3aKOH pacceHHHH'' S(q,c) 

H o6pa6oTKa Benach B 3HepreTHqecKo8 WKane 

S(q,c) E-
2 

d 2u/d0d~, q=k -k, c=E -E, 
0 0 

r ne k 0 H k-BonHOBUe BeKTOpbl nanaK>IUHX H pacceHHHUX He8TpOHOB, 

E-KOHeqHaH 3HeprHH HeHTpOHOB, ~-WHPHHa BpeMeHHoro KaHana. 

AHanH3 noKa3an, qTo OCTpUH IlHK COCTOHT H3 nsyx KOMilOHeHT, 

KaJKnaH H3 KOTopux B HaWeM cnyqae OilHCUBaeTCH rayccHaHOM ( B 

nanbHeHWeM HMeHyeM KaK Y3KHH H WHpOKHH rayccHaHU), nonUTKH 

onHcaHHH nHKa nopeHuHaHoM 

OKQHqHnHCb 6e3pe3ynbTaTHO. 

H 

Ha 

ero CBepTKOH 

pHc.1a, 16 
C 

nnH 
rayccHaHoM 

cpaBHeHHH 

noKa3aHU 3Kci:IepHMeHTanbHUe cneKTpu pacceHHHUX HeHTpOHOB npH 

T=1,4 K H T=1,72 K H COCTaBnHIOIUHe HX nsyxrayccOBCKoro 

pa3nolKeHHH. Ha pHc.2 noKa3aHu pe3ynLTaTu aHanH3a nonoJKeHHH 

c(q), nno111aAeA S(q) 11 w11p11H W(q) Y3Koro H WHpoKoro rayccHaHoB, 

a TaKJKe OTHoweHHH nnomanH Y3Koro rayccHaHa Sy K nonHo8 nnomanH 

~(q)=Sy/(Sy+Sw) npH Eo=2,05M3B H T=1,4K. Ha PHC. 3, 4 

npencTaBneHU 3aBHCHMOCTH ~ H W OT T, npHqeM H3 W BUqTeHa 

cfJYHKUHH pa3peweHHH. CTaTHCTHqecKHe OWH6KH, BUXOBHIUHe 3a 

npenenu BenHqHHU TQqKH, IlOKa3aHU Ha pHCYHKax. 

06paTHM BHHMaHHe Ha cnenyK>mee. illHpOKHH rayccHaH npH 

q~q(MaKCOH) CMeIUeH B CTopoHy MeHbWHX 3HeprHH c OTHOCHTenbHO 

Y3Koro (pHc.2a). nnomanb wHpoKoro rayccHaHa npH yMeHbWeHHH q 
0-1 

nanaeT H 3aHynHeTCH npH q<0,48A '(p11c.26). TT03TOMY npH q<qo 

peqb HneT TORbKO 06 OBHOM rayccHaHe, H 3aBHCHMOCTb era nnomanH 

npH yMeHbWeHHH q BUXOBHT Ha npHMYK>, rtonyqeHHYIO ~eHHMaHOM nnH 
CTPYKTypHoro qiaKTopa S(q)=hq/2Mc npH q~o. rne C~CKOpOCTb 

3ByKa, M-Macca aTOMa He. illHpHHa IlHKa WHPOKoro rayccHaHa WW npH 

npH6nHlKeHHH K qo CBepxy pe3KO B03pacTaeT (pllC.2B). illHpHHa 

Y3Koro rayccHaHa HMeeT MHHHMYM npH q<><q(MaKCOH), CBH3aHHUH C 

Ha11nyYWIIH JHepreTIIYeCKIIH pa3peweH11eM 113-Ja MIIHIIManbHOA KOHeY-

HOA :rnepnrn E HeA1poHa. 3aBIICIIHOCTb WIIPIIHbl n11Ka OT 
BORHOBoro BeKTOpa npH q<q HMeeT oco6eHHOCTb, CBH3aHHYIO C 

0 . 

2 

. .. 

] 

nHcnepcHeH 3ByKa (WNq2). AHanorHqHue no xapaKTepy pe3ynbTaTu 

nonyqeHU npH npyrHX TH Eo: HeCMOTpH Ha cnOlKHUe 3aBHCHMOCTH Sy 

H SW OT q, OTHOWeHHe nnomane8 ~ cna6o 3aBHCHT OT BORHOBoro 

BeKTOpa npH q>qo II CIIIlbHO - OT TeMnepaTypu T (p11c.3B). 

TTpH T=0.42K H Eo=2,05M3B ~=0,88±0,02; npH T=0.45K H Eo=2,45M3B 

~=O, 86±0. 02; npH T ~1, 4K II Eo-2, 05 HJB ~=O, 78±0. 02; npH T=1, 72K H 

E0=2,45M3B ~=0,59±0.02. 

o6cyJKneHHe pe3ynLTaT0B 

B pa6oTe [ 1] r na8n H rpmt><tJHH Ha OCHOBe 3KCnepHMeHTanbHUX. 

pa6oT [2-4] HHTepnpeTHpoeanH nnHHHOBORHOBOe qJOHOHHOe H 

MaKCOH-pOTOHHOe B036yJKneHHH KaK nee OTnenbHUe BeTBH, KOTOpue 

(rH6pHBH3aUHH, 

B BHne OBHOH 

cnapeHU npHCYTCTBHeM 6o3e-KOHBeHCaTa 

HHBYUHpoBaHHaH 6o3e-KoHneHcaTOM) H Ha6nK>naK>TCH 

BHCnepcHOHHOH KpHBOH, npH 3TOM MaKCOH-pOTOHHUH pe30HaHC 

acCOUHHpoeanH C 6o3e-KOHBeHCaTOM. OnHaKO, KaK OTMeqaeTCH B 

pa6oTe [5]' "eonpoc, HMeeTCH nH CBH3b MelKBY OCTpUM IlHKOM B 

S(q,c) H 6o3e-KOHBeHcaTOM HHl!Ce TA, OCTaeTCH 6e3 OTBeTa": 

AHanH3 HaWHX 3KCnepHMeHTanbHUX naHHUX noKa3an, qTo, 

IlO-BHBHMOMY, nsyxrayccOBCKOe pa3ROl!CeHHe IlHKa npOHCXOBHT TORbKO 

npH c>A H q>qo, H npH IlOBUWeHHH T o6nacTb, r ne Tpe6yeTCH 

neyxrayccoecKoe onHcaHHe, nponeHraeTcH B cTopoHy MeHbWHX q. 

TTpH q<qo H c<A IlHK B036yJKneHHH HeII OilHCUBaeTCH OBHHM 

rayccHaHOM, 

q IlOKa 
0 

MaTepHana. 

ToqHee cBH3aTb o6nacTb nepexona c eenHqHHaMH AH 

TPYBHO H3-3a orpaHHqeHHOro 3KcnepHMeHTanbHOro 

OnHaKO 3aMeTHOe pa3nHqHe B noeeneHHH WW H SW npH 

nonxone K qo H c<><A npH pa3HUX T AaeT OCHOBaHHe npennonOlKHTb 0 

cymecTBOBaHHH TeMnepaTypHOH 3aBHCHMOCTH rpaHHUU B03HHKHOBeHHH 

neyx eeTBe8. 

MU nonaraeM, qTo WHpOKHH rayccHaH OilHCUBaeT pacceHHHe 

HeHTpOHOB Ha "HopManbHOH" lKHBKOCTH, a Y3KHH rayccHaH OTHOCHTCH 

K pacceHHHIO . HeHTPOHOB, CBH3aHHOMY C cymecTBOBaHHeM 

6o3e-KoHneHcaTa B HeII. KoHeqHo, nono6Hoe paccMOTpeHHe 

lKHBKOCTH qHCTO ycnOBHO H HCilORb3yeTCH HaMH nHWb nnH MonenbHOro 

OilHCaHHH. CpaBHeHHe ~ H nnoTHOCTH ceepxTeKy.t1e8 KOMilOHeHTU Ha 

pHc.3 noKa3UBaeT, qTO xapaKTep TeMnepaTypHOH 3aBHCHMOCTH ~ 

IlOBTOpHeT xapaKTep KpHBOH nnH nnOTHOCTH ceepxTeKyqe8 

3 



KOMilOHeHTU. Hand OTMeTHTb, qTQ H BpeMR ~H3HH B036y~neHHH 

{pHC.4) 3aBHCHT OT T H TaK~e IlOBTOpReT xon TeMnepaTypHOH 

KPHBOH nnR nnoTHOCTH CBepxTeKyqe8 KOMilOHeHTU. 
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PHC.1. 3KcnepHMeHTanbHUe cneKTpu pacceRHHUX HeHTpOHOB -

HeII.a) T=1,4 K, E =2,05M3B H q~1,6 x-1
; 6) T=1,72 K, 

0 
0-1 Eo=2,45M3B H q~1,83A . IlyHKTHPOM o603Haqeau Y3KHH (1) H 

WHpOKHH (2) rayccHaHu. CTpenKH noKa3UBaDT nono~eHHR 

rayccHaaoB. 
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PHC. 2. Pe3ynbTaTU aaanH3a 3KCnepHMeHTanbHUX cneKTPOB npH 

Eo=2,05M3B H T=1,4 K. nonue Kpy~oqKH H (1) OTHOCRTCR K Y3KOMY 

rayccHaay, 3anonaeaaue Kpy~oqKH H (2)-wHpOKOMY rayccHaay, a 

TpeyronbHHKH - OAHOrayccOBCKOR MOAenH. 
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PHC.3. 3aBHCHMOCTb ~ OT TeMnepaTypu. cnnoWHOH nHHHeH 

noKa3aHa TeMnepaTypHaR 3aBHCHMOCTb nnOTHOCTH ~BepxTeKyqe8 

KOMilOHeHTll, 
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PHC.4. 3aBHCHMOCTH co6CTBeHHllX WHPHH Y3Koro (1) H WHPOKoro 

(2) raccHaHOB OT TeMnepaTypu npH q~q(MaKCOH). cnnOWHOH nHHHeH 

noKa3aHa KpHBaR flaHAay - XanaTHMKOBa. 
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