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Ksa3HOAHOMepH~e COeAHHeHHR, B KOTOP~X HMeeTCR CHnbHaR CBR3b 
BAOnb nHHeAH~X 4eno4eK H cna6aR CBR3b Me~AY 4en04KaMH, B nocneA
Hee speMR npHsneKa~T see 6onbwee BHHMaHHe Ha-aa Heo6~4Horo AnR 
H30TpOnH~X.CHCTeM noBeAeHHR. K TaKHM COeAHHeHHRM OTHOCRTCR cer
HeT03neKTpHKH: AHrHAPO¢oc¢aT 4eaHR CsH2P04 (CDP) H era AeATepH
posaHHbiA aHanor CsD2P04(DCDP) /cM/ 1•21 H 4HTHpyeMy~ TaM nHTepa
Typy/. 8 HeAaBHeA pa6oTe/ 3/ H3y4anHCb KpHTH4eCKHe aHOManHH CKQ
POCTH H nornoll.leHHR ynbTpaasyKa B CDP H 6blno HaAAeHO, 4TO HX nose
AeHHe 3aMeTHO OTnH4aeTCR OT npeACKa3aHHA TeOpHH AnR OAHOOCH~X 
cerHeTo3neKTPHKOB c H30TponH~M cneKTpoM 141. B 4acTHOCTH, H3 pe
aynbTaTos/3/ cneAyeT, 4TO s CDP oTcyTcTsyeT o6~4Hoe AnR OAHo
ocH~x cerHeTo3neKTPHKOB noAasneHHe ¢nyKTYa4HA AHnonb-AHnonbH~M 
AanbHOAeACTBY~li.\HM B3aHMOAeACTBHeM. 

B HacTORll.leA pa6oTe paccMoTpeHa TeopHR aaTyxaHHR ynbTpaasyKa 
B OAHOOCHbiX cerHeT03neKTPHKaX C CHnbHOaHH30TponHbiM cneKTpOM 
¢nyKTYa4HA napaMeTpa nopRAKa. noKa3aHo, 4TO KBa3HOAHOMepH~A 
xapaKTep AHCnepCHH <f>nyKTYa4HA npHBOAHT K Ka4eCTBeHHO HOB~M oco-
6eHHOCTRM K03<f><I>H4HeHTa 3aTyXaHHR H H3MeHeHHR CKOPOCTH ynbTpaasy
Ka, Ha6n~AeHHbiM B /3/. B paaAene 1 pa60Tbl BBeAeH MOAenbHbiA raMHnb
TOHHaH. B pa3Aene 2 Ha OCHOBe MeTOAa ABYXBpeMeHHbiX <f>YHK4HA rpHHa 
~biYVIL.JI~Hbl KU;jQJ<iJVI4VI~H I nor JIUli.\~HVIR H nepeHOpMHpOBKa CKOPOCTH 
ynbTpaasyKa KaK B napa-, TaK H s cerHeTo3neKTPH4ecKoA ¢aae, 
a TaK~e npH HanH4HH BHeWHero 3neKTPH4eCKOrO nonR npOBOAHTCR 
Ka4ecTseHH~A aHanHa nony4eHH~x ¢opMyn. B paaAene 3 s~nonHeH~ 
pac4eT~ TeMnepaTypHoro noseAeHHR 3THX senH4HH. B paaAene 4 no
ny4eHH~e peaynbTaT~ cpaBHHBa~TCR c 3KcnepHMeHTanbH~MH AaHH~-

MH '3 I • 

KpHcT ann CDP npHHaAne~HT K MOHoKnHHHOMY Knaccy 2/rn (C2h) -
npocTpaHCTBeHHaR rpynna P2 1 /rn /1, 2/cerHeTo3neKTPH4ecKHH nepexoA 
npoHCXOAHT B CDP npH Tc = 152 K, B DCDP- npH Tc= 267 K. B oT
nH4He OT cerHeTo3neKTPHKOB THna KDP BOAOPOAH~e CBR3H s CDP 
06paay~T 4eno4e4HY~ CTPYKTypy BAOnb cerHeT03neKTPH4eCKOH 
b-acH. npH 3TOM KOHCTaHTa 3<f><f>eKTHBHOrO B3aHMOAeHCTBHR BAOnb 

4eno4eK B 102 - 10 3 paa 6onbWe, 4eM KOHCTaHTa B3aHMOAeHCTBHR 
Me~AY HHMH. 

AKYCTH4€CKHe aHOManHH npH ¢a30BOM nepeXOAe B03HHKa~T B pcaynb
TaTe B3aHMOAeHCTBHR aKyCTH4eCKHX <f>OHOHH~X MOA C MOAaMH, COOT-

::[ BeTCTBY~li.\HMH <f>nyKTYa4HRM napaMeTpa nopRAKa. 4T06bl onHCaTb 3TO 
---~-# ... _______ ,.._ 
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B3aHMoge~CTBHe, BBegeM MOAeflbHM~ raMHflbTOHHaH OAHOOCHOrO cerHero-
3fleKTPHKa, He o6naga~~ero nbe3o3$¢eKToM B napa$a3e, Korop~~ ns
nnercn HenocpegcrseHH~M o6o6~eHHeM pa3no*eHHH flaHgay cso6ogHo~ 
3HeprHH I 41: 

/1/ 

nepBaH CyMMa B 
w2 • Q • p 

;p, ' qA ' qA 

/1/ OnHC~BaeT aKyCTH4eCKHe $OHOH~ C 4aCTOTO~ 
- HX HOpMaflbH~e KOOPAHHaT~ M HMnyflbC~. 4ac-

TOTbl wl A Bblpa>Ka~TCH 4epe3 K03$¢Ml.lMeHTbl ynpyroCTM Cay ,of3 • 
B 3Kcne'\5MMeHre o6bi4HO paccMaTpMBa~r pacnpocrpaHeHMe npogonbHbiX 
BOflH A= e BAOflb CHMMeTpM4H~X HanpasneHM~ a= a, b, C :oo 1, 2, 3. 
B 3TOM CflY4ae BOflHOBO~ BeKTOp MMeer TOflbKO. OAHY KOMnOHeHTy qa' 
a BeKrop nonnpM3al.li-11-1 e£((i.) = qa/J qJ = ea - egi-1Hi-14Hbl~ BeKTOP BAOflb 
OCM a • npi-1 3TOM 4aCTOTa npOAOflbHbiX BOflH BAOflb OCI-1 a 

w 2 (q ) = ( C I M) q2 = c2 q 2 e a aa, aa a - a a • 

rge ca = V C aa~a/~1- cKopocTb npogonbHoro 3ByKa. 
I:J--r,....~ ........ ~ ,,,..,,.~,, I.I/ __ ' ~ /1 I .......... , ..... ,,,...._,......., .+.,..,,,,, ..... ,, ...... ,,,~,. 
..,. o .._.. .... ...., .. , "t40....,., o .a..& \'Jk I ..., I 'I ""'''"''"".,.,...,.....,....,.' 't'"''J '' 0 J ............. ,,., 

ManbHO~ KOOPAI-1HaTbl 1}~ /eM. /S/ I, coorsercrsy~~e~ 
PHAKa pb - nonHpl-13al.lMM BAOflb OCI-1 b. 

B o6~eM cny4ae 

1}.,. =<7J..,>+07J.,. =0.,. 1}0 +07J,... 
k k k li, 0 k 

121 

napaMeTpy no-

131 

rge <7J ... >- pasHosecHoe 3Ha4eH!-1e Koopgi-1Har~. MaKpocKonH~ecKaH no
nnpl-13a~MH P 5 =Z*7J0 /{N",rgez*- 3¢¢eKTI-1BHbl~ 3apng, N- 41-1cno 
npi-1MI-1TMBH~X H4eeK B KPMCTanne. napaMeTp 7JO He paseH Hyn~ B cer
HeTo¢a3e 1-1n1-1 npM Hani-14HH aHewHero nann Eb. ¢nyKryal.li-1H napaMerpa 
nopPgKa ygo6Ho onpegen!-1Tb craTI-14eCKo~ socnpi-11-1M41-1BOCTb~, Koropy~ 

cornacHo/l/ MO*Ho npegcraBI-1Tb B Bl-1ge 

141 

3gecb q" HanpasneHo sgonb cerHeT03neKTPH4ecKo~ b-ocl-1 B CDP, 
a OCI-1 a, C - B 6a3HCHO~ nnOCKOCTI-1, nepneHA1-1KjflHPHO~ OCI-1 b. A2 

KOHCTaHTa AHnOnb-gl-1nOflbHOrO 3fleKTPI-14eCKOro B3aHMOge~CTBI-1H. 
a (T)- ~enb or.TI-14eCKO~ KPHTH4eCKO~ MOAb!, npH T-.Tc a2(T)-JT-Tci· 

2 

KBa31-10AHOMepHbl~ xapaKrep cneKrpa ¢nyKTYal.ll-1~ napaMerpa nopAgKa 
npOHBnHeTCH B 6onbWO~ BeflH4HHC OTHOWeHI-1A K03¢$1-1l.ll-1eHTOB Sa' onpe
genH~~HX AI-1Cnepci-1~ ¢nyKTYal.lH~ no pa3H~M HanpasneHHHM. TaK, B DCDP 
cornacHoll/ sn/sc"' 10 2, sn1sa"'101. 

nocnegHH~ 4neH B 111 Oni-1CbiBaeT B3aHMOAe~CTBHe aKyCTH4eCKI-1X 
MOA c napaMerpoM nopngKa, rge 

-> i [a(->) (3(.')] VA(q)= L g,l'l22 e, q qt'l+ q eA q 
2JNM a/3 "1-'• " 1-' a 

/51 

TeH3op 3fleKrpocrpHKI..lHH ogHoocHoro cerHeTo3neKTPHKa ga{3,zz gnn 
Knacca c2h HMeer 4eT~pe KoMnoHeHrbl: 

AnA npogonbH~x sonH sgonb CHMMeTpH4H~x HanpasneHH~, Hcnonb3YH 
/21, nony4aeM 

· i ru f ( q a) v \ 0 ( q ) = _1_ g 22 q •c -- g "=, a \-.:n:r aa, a - a r-. IVJ v NM 
161 

rge a= 1 ,2,3. H3 nonepe4H~X c napaMerpoM nopngKa B3aHMoge~crsy~T 
TOflbKO BOnHbl, pacnpOCTpaHA~~HeCA B 6a3HCHO~ nflOCKOCTH ac C nonn
pH3al.lHe~ s 3To~ >Ke nnocKOCTH IKoMnoHeHra g4- gl1,2Z B 151 I· 

" 111"\1"\...._ ..... , .. ,,_.,-,,T 0nT\/Vf\lJIAO Vni. .. TD/\"lQVI/1\ 
L.e I'VV'+''+'tl4tiL..III -..)fliJ/\Illtrl/1 ... "·- ......... -~ . ., .. 

KA4ECTBEHHWE OUEHK~ 

AnA onHcaHHH pacnpocrpaHeHHH ynbTPa3ByKa paccMoTpHM gsyxspe
MCHHY~ $YHKLIH~ rpHHa aKyCTH4eCKHX ¢0HOHOB Dq~ (t -t') 
= '<Q~ (t); G; (t') ,.., . ~1cnonb3YH MeTOA ypaBHeHHH ABH>KCHHA, nony-

'tiL 't /l -4aeM gnA Hee ypasHeHHe AaHcoHa: 

ry 0 -1 
Dj(rd)=[w~-w~ ... -M ... (r.J)], 

( ll 'l/1 q/1 
171 

rge co6crseHHo 3HepreTH4eCKaH 4aCTb M • (r.J) c raMHflbTOHHaHoM I 1 I, 
/3/ B o6~eM cny4ae HMeer BHA qll 

181 
~ I ... 2 " " t-..:.,VIl(q) <<o7J ... ~87J ,..;u7J ... p7J. >>w. 
k k - q - k -k + q k 

Ee ge~cTBHTenbHan 4acrb onpegenner CABHr 4acror aKyCTH4eCKHX 
$OHOHOB, a MHHMaA - HX 3aTyXaHHe. CoOTBeTCTBeHHO I-13MeHeHHe CKO
poCTH 3BYKa H K03$$Hl.lHeHT ero norno~CHI-1H onpegenA~TCA Bblpa>KeHHH-
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t1 c 1 1 
--11 

= "2 -r- ReM_. (w), 
cfl w-. qfl 

qfl 

191 

-+ 1 
afl(q)=

2 
[-ImM-. (w+id]. 

w-+ c, qfl 
qfl r 

1101 

KaK BVIAHO, o6e 3TVI BeJlVI4VIHbl B napa¢>a3e, KOrAa TJo = O,onpeAeJlR
~TCR TOJlbKO ABYX4aCTVI4HOH ¢>yHK4VIeH rpVIHa ¢>JlyKTYa4VIH napaMeTpa 
nOPRAKa, a B cerHeTo¢>a3e VIJlVI npVI E ~ 0 B03HVIKaeT BKJlaA, o6ycJlOB
neHHbiH penaKca4V1eH napaMeTpa nopRAKa/4/. 

Aeyx4aCTV14HY~ <I>YHK4VI~ rpVIHa B 181 Bbi4VICJlVIM npV16JlVImeHHO, an
npOKCVIMVIPYR ee npOV13BeAeHVIeM OAH04aCTV14HbiX. 3TO npV16JlVImeHVIe 
lnpV16JlvtmeHVIe TVIna B3aVIMOAeHCTBY~~VIX MOAI BnOJlHe YAOBJleTBOPVITeJlb
HO BHe KpVITV14eCKOH 06JlaCTVI, MaJlOH B CJly4ae OAHOOCHbiX cerHeTo-
3JleKTPVIKOB. 8 KPVITVI4eCKOH me 06JlaCTVI npeACTaBJleHVIe ABYX4aCTVI4HOH 
¢>yHK4VIVI rpVIHa B 181 npoV13BeAeHVIeM OAH04aCTV14HbiX He AaeT nOJlHOro 
onVICaHVIR KpVITVI4eCKVIX ¢>JlyKTYa4VIH/7 /. 8 4aCTHOCTVI, OHO HapywaeT 
COOTHOWeHVIR nOAOfiVIR B KPVITVI4eCKOH 06JlaCTVI/S/. 0AHaKO AeTaJlVI no
BeAeHVIR B KpVITVI4eCKOH 06JlaCTVI Hac VIHTepecoeaTb He fiYAYT 
lcM. 11"91 I, a AJlR BbiRCHeHVIR ponVI aHVI30TponVIVI cneKTpa ¢>nyKTYa4VIH 
3TO npV16JlVImeHVIe RBJlReTCR BnOJlHe AOCTaT04HbiM. 

Hcnonb3YR ABamAbl cneKTpaJlbHble npeACTaBJleHVIR lcM. 161 I, nony-
4aeM AJlR BToporo cnaraeMoro a 181 npV16JlVImeHHoe BblpameHVIe: 

M~) (w) = 2[ V (q)[2 ~ Jf dwi dw2 x 
qfl fl k _.;., wi -w2-w 

111 I 

x [n(wi)- n(w 2)] g-. _.(~) g.,.(w 2 ), 
k- q k 

rAe n (w)- 4VIcna 3anonHeHVIR ¢>oHOHOB, B I 11 I eBeAeHbl cneKTPallbHble 
nJlOTHOCTVI OAH04aCTVI4HbiX <I>YHK4VIH rpVIHa AJlR ¢>JlYKTYa4VIH napaMeTpa 
nopRAKa: 

1 
gk(w)=-7Tlm«8TJ-+; OTJ ,..» . =-g,.(-w). 

k -k W+I£ k 
1121 

H3eeCTHo 121, 4TO a COP cerHeToaKTVIBHaR MOAa RBJlReTcR nepeTop
MO~eHHOH, no3TOMY OAH04aCTV14HY~ ¢>yHK4VI~ rpVIHa B 1121 - AVIHaMVI4e
CKY~ BOCnpVIVIM4VIBOCTb - MOmHO npeACTaBVITb B BVIAe 

«871,.. ; 871 »=-X (k)/(1 + iwr ,..,) , 
k -k k 

1131 

rAe X (k)- cTaTVI4ecKaR eocnpVIVIM4VIBOCTb 141, rk = r0 x (k) - epeMR 
penaKCa4VIVI. 

HcnOJlb3YR 181,1111-113/, c Y4eToM 191, 1101 nony4aeM B KnaccVI-
4eCKOM npeAeJle, KOrAa n (w) =wiT, BblpameHVIR AJlR VI3MeHeHVIR CKopo
CTVI YJlbTpa3ByKa: 

4 

.. 

l'l.cfl 1Vfl(q)[212TJ~x(q) +T~x(k)x(k-q)x 
- =- 1 272 k c (t) + (t) _, fl -+ q 

<Jil 

00 2 
X [ 1 + Re r w dc,~~u) 2 

"""( 2--~ 
v:ul-u;2) -w ... 

VI K03$$VI4VIeHTa 3aT¥XaHVIR: 

T T 

f k'-9 11. 
2 22) 22) 

7T (1 + (tJJ T _. ( 1 + w 2 T_, _, 
k k-q 

I 
-> 2 2 -> 

_. Vfl(q)[ 27J
0

x(q)cM-> 
afl(q)= I + 

w_,c 1+w2 7 2_, 
qfl fl q 

+ T~ 
7T 

<X dcv, X (k)x oZ - q)r_. r_, -> 

~I k ~~ 
.:... 2 2 ~ 2 ' k '""" (1 + WI T,., -> ) ( 1 + (cd I - W)- T,.) 

k- q I< 

1141 

1151 

rAe AJlR CDP B3aVIMOAeHCTBVIe vfl (q) VIMeeT BVIA 151. 
PaccMoTp~M BblpameHvtR 1141 vt 1151 OTAeJlbHO. 8 napa3neKTPVI4e

CKOH ¢>a3e B OTCYTCTBVIe BHeWHero nOJlR TJ = 0. 8 3TOM CJly4ae B CTa
TVI4eCKOM npeAene ( r1J = 0) npvt q _, 0 Vl3 I 181 nony4aeM, nepeXOAR oT 
CYMMbl K vtHTerpany I v - o6beM npvtMVITvtBHoA R4eAKvtl: 

t1 c T I v ( q)[ 2 

__£__ = - __:_p_ (;~'{3 I d3 kx 2(k)=-~(q)[
2

N~(T) 
(,)2 

1161 c 
II (,,2 

rill q' fl 

AJ1R 04eHKVI VIHTerpaJla B 1161 - KOppellR4VIOHHOrO napaMeTpa ~(T)
paCCMOTPVIM ABe 06JlaCTVI TeMnepaTypbl: 06JlaCTb KBa3vtOAHOMepHbiX 
KOppeJlR4VIH, KOrAa 

s 2 k 2 «a2(T ) « s 2 k 2 =w 2 
l. 0 ID II 0 D 

/171 

VI 06JlaCTb TpexMepHbiX KoppeJlR4VIH, KOrAa 

a2 (T ) « s 2 k 2 
3D l. 0' 

rAe ko - KBa3VIvtMnynbc o6pe3aHvtR npvt vtHTerpvtpoeaHvtv. no 
HcnoJlb3YR 1171 VI 1181, nony4aeM 

~(T ~TID)= 

3 
VcdD __ 1_ 

16rrs 3 a 4(T) L2 
II 

VwD 

~ (T lD ) = 8 s 2 s a 2 ( T) 
TT li l. 

1 

t= 
T- Tc 

Tc 

1181 

k Bl161. 

1191 

l20i 
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((T ) "'_v_fn~ - -l'n t. 
3D Srr s 3A a(T) .1. 

1211 

04eHKa napaMeTpa ( e Clly4ae 1130TponHoro cneKTpa s.1. "' s 
11 

= s 
11MeeT BI1A 121 I 141. 

04eHKI1 1191-1211 noKa3~Ba~T, 4TO C11llbHa~ aH1130TpOnl1~ cneKTpa 
npi1BOA11T K ABYM Ka4eCTBeHHO HOB~M All~ OAHOOCH~X cerHeT03lleKTpi1-
KOB 3$$eKTaM. Bo-nepe~x, no Mepe np~6ll~meH~~ K TeMnepaType $aao
eoro nepexoAa MeH~eTc~ B~A oco6eHHOCT~ noBeAeH~~ CKopocT~ aeyKa: 
oT CTeneHHoro c Kp~T~4eCK~M ~HAeKCOM p = 2 lnp~ T > T 1 D I ~ll~ 
p = 1 lnpl'l T, T10 I e o6llacT~ KBa3~0AHOMepHbiX AO llorap~$M~4e

cKoro e o6llacT~ TpexMepH~x $llYKTYa4~H. Bo-eTop~x, ~3MeHeH~e 
CKOPOCT~ YllbTpa3ByKa B KP~T~4eCKOH T04Ke lonpeAell~eMoH TpexMep
HbiM11 KOppell~4~~M~I MOmeT 6~T b 3aMeTHO 60llbW~M, 4eM B Clly4ae ~30-
TponHoro cneKTpa: 

(~ c,_/cll )KBa3H -1 D 

(~ c I c ) 
ll ll H30Tpon. 

An~ CDP 3TO OTHoweH~e paBHO np~MepHo 1 0 3• 

1221 

B cerHeT03lleKTP~4eCKOH $aae Kp~T~4eCK11e aHoMall~~ ~3MeHeH~~ 
CKOPOCT~ YllbTPa3ByKa ~Me~T TaKOH me B~A, KaK ~ B napa$a3e, no
CKOllbKY hepeoe CllaraeMOe B 1141 He ~MeeT oco6eHHOCT~. np~ pac
npOCTpaHeH~~ npOAOllbHOro aeyKa BKllaA nepeoro cllaraeMoro aae~ci1T 
oT HanpaelleH11~. Op~ pacnpocTpaHeHI1~ BAOllb cerHeT03lleKTP~4ecKo~ 
b -oc~ 3TOT BKllaA CTpeM11TC~ K HYll~ np~ T ... Tc KaK 175 - (Tc- T) 2f3. 
np~ pacnpocTpaHeHI1~ me BAOllb oceH a,c nepeoe cllaraeMoe e 1141 
np~ T ... Tc AaeT nocTo~HHbiH CAB~r: 

PacCMOTP~M Tenepb K03$$~4~eHT aaTyxaH~~ YllbTpaasyKa 1151. 
B napa$aae, e npeAelle w << 1 / rk , q ... 0, nolly4aeM np11 nor llOUieH~~ 
Ha 4acToTe w = w... e~pameHI1e 

qll 

a/q)=_!.IVIL(q)\2 r0~ Jd
3
kx 3(k)=_!_IV (q)\ 2 r NK(T). 

c ll (2 17 ) c ll ll 0 
1231 

~1cnollb3Y~ I 17 I, I 181, nolly4aeM All~ ~HTerpalla K ClleAYIOUI~e 04eHK~ 
In p~ a 2 (T) - t I : 

1241 

1251 
6 

K(T ) = V• wo 
3D 64rrsla2

(T) 

1 1261 

04eHKa ~HTerpalla K(T) e clly4ae ~aoTponHoro cneKTpa (s.l."' s 11 = s) 
~MeeT B~A 1261 ~ coenaAaeT c peayllbTaToM pa6oT~ 14 1. B npeAelle 
T -+ Tc nolly4aeM OTHOWeH~e K03$$~411eHTOB 3aTyXaH~~ B KBa3110AHO
MepHOM 11 1130TpOnHOM Clly4a~X B B~Ae 

a KBa3H -1D 

a 
1271 

H30Tpon. 

4TO cocTaBll~eT -10 3 All~ CDP,KaK ~ np~ H3MeHeHI1~ CKOpOCTI1 1221. 
B cerHeT03lleKTP~4eCKOH $a3e $llYKTya4~0HH~H BKllaA OT ABYX4ac

T~4Hb1X B036y>KAeH~H ~MeeT TaK~e me OCo6eHHOCT)'1, KaK 11 B napa-
3lleKTP~4eCKOH $aae. BKllaA pellaKCa4HOHHoro T~na lnepeoe CllaraeMoe 
B 11511 3aB~C~T OT HanpaBlleH~~ pacnpocTpaHeH11~ 3BYKa. np~ pac
npOCTpaHeH~~ 3BYKa BAOllb OCI1 b 3TOT BKllaA CTpeM11TC~ K Hyll~ np~ 
T ... Tc. 0AHaKo np~ pacnpocTpaHeH~~ BAOllb oceH a, c oH ~MeeT 
OC06eHHOCTb! 

1281 

no xapaKTepy oHa TaKa~ me, KaK ~ y ABYX4acT~4Horo BKllaAa. 
TaK11M o6paaoM, c~llbHa~ aH1130Tponl1~ cneKTpa $llYKTya411H napa-

BOAI1T K OClla6lleH~~ noAaBlleHI1~ Kpi1TI14eCK11X $llyKTYa41'1H Al1nOllbH~M 

AallbHOAeHCTBYIOUI11M B3ai1MOAeHCTB11eM, KOTOpoe AOllmHO Ha6ll~AaTbC~ 
BO BCeH 06llaCTI1 TeMnepaTyp BnllOTb AO KPI1TI14eCKOH T04KI1. 

3. 4HCnEHH~E PAC4ET~ 

PaccMoTpHM oco6eHHOCTH pacnpocTpaHeHI1~ YllbTpaaeyKa e KBa311-
0AHoMepHoM cerHeT03lleKTPI1Ke 6ollee AeTallbHo. An~ 3Toro Heo6xo
A11MO Bb1411Cll11Tb eocnpi1HM411BocTb 141. np11 onHcaHHI1 pellaKCa4~0HHOH 
A11HaM~K11 e o6llaCTI1 $aaoeoro nepexoAa YAo6Ho nepeHT~ K nceeAo
cn~HOBOMY npeACTaBlleH~~/lO/All~ llOKallbHOH HOpMallbHOH KOOPA~HaTbl 
7Jk • e KOTOPOM napaMeTp noP~AKa P = z*7Jo I VN =lla, rAe ll - 3lleKT
p~4ecK~H A~nOllbHbiH MOMeHT Ha np~M~T~BHY~ ~4eHKy, on~c~eaeMy~ 
nceBAOCn~HOM a~.B nceBAOCn11HOBOM npeACTaBlleHI1~ KPI1T~4eCKa~ MOAa, 
COOTBeTCTBY~Uia~ napaMeTpy nop~AKa, on~CbiBaeTc~ MOAellb~ H3~Hra, 

raM~llbTOH~aH KOTopoH lraM~llbTOH~aH H(7Jk) e 111, aan~caHHbiH 
B nceBAOCn~HOBOM npeACTaBlleH11~/ ~MeeT B~A/ 2/: 

H =- ~ ( Jn o z a z +_!I. J a z o z + ll E a z ) 
na n,a n+1,a 2 my .l.my n.a n+m,a+y na n,a ' 
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--------------------~--------------rAe J'
11 

OriVICbiBaeT B3aVIMOAei:icTBVIe 6nVIlKai:iWVIX coceAei:i BAOnb 1..\enoY-
KVI a , J, my - cna6oe B3aVIMOAei1CTBVIe MelKAY 1..\enoYKaMVI E - BHeWHee 

...1.. ' na 
3neKTPVIYeCKOe none. YYVITbiBa~, YTO nonepe4HOe B3aVIMOAei1CTBVIe MHOrO 
MeHbWe npOAOnbHOrO, ero MOlKHO yYeCTb B npV16nVImeHVIVI cpeAHero no
n~, B KOTOPOM raMVInbTOHVIaH a-1:1 1..\enOYKVI 

/30/ 

laMVInbTOHVIaH /30/ OnVICbiBaeT OAHOMepHyKJ MOAenb l-i3V1Hra BO BHeWHeM 
none, An~ KOTOpOI:i peweHVIe VI3BeCTHO/ll(CTaTHYeCKa~ BOCnpVIVIMYVI-

BOCTb/2/ 

2 
-> kb 2 2 

J (k)=l-A0 --k - k 
l k2 a c • 

senH4lt1Ha ;v± 1-Jdt:iHd ~",'+ = ; .. ~!(~/ {)~ 
HeTo¢aae, a senVIYVIHbl 

F = [ exp (4/0) sh3(cr1)/0))/( ch(07J/0) a 
3

) 

y = sh (4/0) /[ 2ch (2a 11 I 0) + 2ch (4 /0 )) . 

/31/ 

/32/ 

Ill v /(1 
- .a ', ..... 

npeo6paayeM socnpVIVIMYVIBOCTb /31/ K BVIAY /4/. TorAa nocneAHH~ 
onpeAen~eTc~ napaMeTpaMVI 

a (8) = 0 W ± (1 - 2y) - 11 , 

s~ = s 2b=0W±y, S~=s2a=s~~1), A
2 

=7J(A0 /i)· 

YpasHeH!-le An~ cpeAHei:i 11 HaMarHI-1YeHHOCTVI
11 

VIMeeT Blo' .. i:\ 

a= sh(ary/0)/ysh2 (a1)/0) + exp(-4/0). 

/33/ 

/34/ 

CVIcTeMa ypasHeHVIA /4/, /13/-/15/,/33/ onV~cwsaeT TeMnepaTYPHY~ 
3aB~CMMOCTb VI3MeHeHVIR CKOPOCTVI VI K03$~VIL\VIeHTa 3aTyXaHM~ ynbTpa-

R 

... 
1 

asyKa B KBa3VIOAHOMepHOM cerHeTo3neKTPMKe. PaccMOTPVIM pacnpocT
paHeHVIe npOAOnbHOrO ynbTpa3ByKa BAOnb CMMMeTpVIYH~X HanpasneHVIA. 
1-1cnonb3Y~ /14/, /15/ VI /2/, /6/, a TaKme s~pameHVIe An~ socnpVI
VIMYVIBOCTVI /4/, 3anVIWeM B~pameHVI~ An~ M3MeHeHVI~ CKOPOCTM VI K03<!>-
¢VILIVIeHTa 3aTyXaHVI~ ynbTpa3BYKa B BMAe 

/35/ 

/36/ 

TaKVIM o6pa3oM, An~ onpeAeneHVI~ TeMnepaTypHoA aaBVICVIMOCTVI 
senMYVIH /29/, /30/ He06XOAVIMO 3aAaTb 3HaYeHVI~ YaCTOTW ynbTpa-
3ByKa W ~(qa) VI BOnHOBOrO YVICna qa' KOTOpWe CB~3aH~ COOTHOWeHVI
eM /2/, VI 3HaYeHVI~ napaMeTpOB 1), ; , TO • Ha OCHOBe pe3ynbTa
TOB pa~oT~ 121 nony4aeM An~ COP 1) = 0 '03' To = 1 '9 ·1 o-

13
c. napa

MeTp A onpeAenVIM, VICnOnb3Y~ pe3ynbTaT~ pa6oT~/l/, OTKYAa cne
A{eT, 4TO .\o/Jl = 1]0. no:.HOMY A2 = 4,93. An~ OCOP1)= 0,0024, 

A = 0,42. 
Ha pVIC. 1-4 npV~BeAeHbl pe3ynbTaTbl Bbi4VIcneHVIR c noMOIIIbKl caMocor-

nacosaHHO~ CVICTeMW ypaBHeHVI~ /4/, /33/, /35/, /36/ TeMnepaTypHO~ 
3aBVICVIMOCTVI nepeHopMVIPOBKM /swpameHVI~ B KBaApaTHbiX CK06KaX s/35/, 
/36// CKOpOCTVI npOAOnbHOrO 3ByKa BAOnb cerHeT03neKTpV14eCKO~ OCVI 
b VI Ko3¢¢VILIVIeHTa ero 3aTyxaHVIR B COP VI UliUt". Ha pVIC. i VI 3 nyHK
TVIPHWMVI KPVIB~MVI noKa3aH~ OTAenbHO penaKCal.IVIOHH~~ (1') /nepsoe 
cnaraeMoe B /35// VI ¢nyKTYal.IVIOHH~~ (2) /sTopoe cnaraeMoe B /35// 
BKnaA~ B nepeHOpMVIpOBKY CKOpOCTVI 3ByKa B cerHeTo¢a3e. 

noA06Hoe noBeAeHVIe VIMeeT MeCTO VI Anfl npOAOnbHOrO 3BYKa BAOnb 
HecerHeTo3neKTPV14eCKVIX oce~ a VI c /a6conKJTHa~ senV14HHa VIX onpe
Aen~eTc~ KOMnoHeHTaMH g aa,b H g ac,b TeH30pa 3neKTPOCTpVIKLIVIVI/, 
VI AnR nonepe4Horo 3ByKa, nonRpV130BaHHoro VI pacnpocTpaHRKJ~eroc~ 
B nnoCKOCTVI (a, C) /KOMnoHeHTa g ac,b TeH30pa 3neKTpOCTPVIKLIHVI/. 

3aMeTVIM, 4TO npVI pac4eTaX M~ cornaCHO /13/ VICnOnb30BanVI B~
pameHHe AnR speMeHH penaKcal.IVIVI B BVIAe T_,=ToX(q}, nocKonbKY s~
pameHHe, cneAy~ee Vl3 AVIHaMH4eCKO~ MOAe~VI l-i3V1Hra/

2
/, npHBOAHT 

K He¢H3H4eCKOMY noBeAeHHIO K03¢¢HLIVIeHTa 3aTyXaHHR B cerHeTo¢a3e: 
npH T-> 0 oH Ha4VIHaeT HeorpaHV14eHHo soapacTaTb. 1-icnonbaosaHHe 
s/ 2/ AHHaMV14eCKO~ MOAenVI I-13HHra AnR onV~caHHR AV~3neKTPV14eCKO~ 
penaKCal.IHVI TaKme AaeT HeyAOBneTBOPHTenbHOe onVICaHVIe B cerHeTo-

¢aae. 

06CYJKAEHI-1E 

npoaHanV13VIpyeM KpaTKO OCHOBH~e pe3ynbTaT~. npoBeAeHHOe pac
CMOTpeHVIe noKa3~BaeT, 4TO CHnbHaft aHVI30TpOnMR cneKTpa KPVITV14e- 9 
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Puc.4. TeMnepaTypHaH 3aBHcH
MOCTh K03¢<l>HL\HCHTa 3aTyxaHHH 
npoAOnhHoro 3ByKa B DCDP. 

CK~X ~J1YKTya4~~ napaMeTpa nopHAKa np~BOA~T K ABYM Ka4CCTBCHHO 
HOB~M AJ1H OAHOOCH~X cerHeT03J1eKTp~KOB 3~~eKTaM. Bo-nepB~X, no 
Mepe np~6n~~eH~H K Tc MeHHeTCH B~A KP~T~4eCK~X aHOMan~~: npo~c

XOA~T KPOCCOBep ~3 o6naCT~ KBa3~0AHOMCPHbiX ~J1YKTya4~~ B o6naCTb 
TpexMepH~x, onpeAenH~~~x KP~T~4eCKY~ T04Ky. Bo-sTop~x, B o6na-
CT~ TpexMepH~X ~J1YKTya4~~ npo~CXOA~T yc~neH~e OC06eHHOCTe~ no 
cpaBHeH~~ C ~30TpOnH~M OAHOOCH~M cerHeT03J1eKTP~KOM B 10 3 - 104pa3. 
np~4eM 3TO yc~neH~e npO~CXOA~T 3a C4eT MHO~~TCJ1H nepeA TeMnepa
TypH~M 4J1eHOM np~ TaKOM ~e, KaK ~ B ~30TpOnHOM CJ1y4ae, Kp~T~-

4eCKOM ~HAeKce, HO peanbHO np~BOA~T K ropa3AO 6onbwe~ sen~4~He 
a HoMan~~, 4eM B nepso~ o6nacT~. CpaBH~M nony4eHHble peaynbTaTbl 
c AaHH~M~ 3Kcnep~MeHTa 13 1. PeaynbTaT~ 04eHOK /paaAen 3/ ~ 4~c
neHH~x paC4eTOB, npeACTaBneHH~X Ha p~c.1-4, Ka4eCTBeHHO 06bHC
HH~T 3TOT 3KCnep~MeHT, B KOTOPOM Ha6n~AaeTCH ~MeHHO TaKOe nose
ACH~e. Kon~4eCTBeHHoe cpasHeH~e MO~Ho nposecT~ B napa~aae, 3HaH 
napaMeTpbl B Bblpa~eH~Hx /35/, /36/. np~ on~caH~~ cerHeTo~a3bl Hawa 
MOAeJ1b He Y4~T~BaeT HeKOTOp~X 3~~eKTOB, KOTOp~e XOTH ~ He ~3Me
HHT Kp~T~4eCKOrO noBeAeH~H B np~H4~ne, HO MOryT noBJ1~HTb Ha XOA 
TeMnepaTypHo~ aas~c~MOCT~. A ~MeHHo, He Y4TeH~ AOMeHHaH cTpyK
Typa ~ CBH3b napaMeTpOB nOPHAKa B~Aa Q 2ry 2 /l 2{KpoMe TOro, Ha 
Kp~T~4CCK~e aHOMan~~ MO~CT OKa3aTb C~J1bHOC BJ1~HH~e HaJ1~4~e AC
~CKTOB, KOTOp~e BCerAa ~Me~TCH B peanbH~X Kp~CTannax/la/, 

B HeAaBHO ony6n~KoBaHHo~ pa6oTe112/ 6b1no o6Hapy~eHo c~nbHoe 
BJ1~HH~e 3J1eKTp~4eCKoro nonH BAOJ1b cerHeT03J1eKTP~4eCKO~ OC~ Ha 
BeJ1~4~Hy KP~T~4eCK~X aHOMan~~. 3TOT 3~~eKT TaKme 06bHCHHeTCH 
B paMKax paccMoTpeHHO~ MoAen~. A ~MeHHO, np~no~eH~e nonH E - J.Liil 

- - ··- - --··- ·--······ .... ___ ,, ____ ,., ........ ··-·· ------
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B~e, CHHT~~ C~JlbH~X Kp~T~4eCK~X aHOMaJ1~~. 

AsTop~ np~aHaTenbH~ B.n.noKposcKoMy ~ n.A.Wysanosy aa nonea
Hble o6cy~AeH~H. 
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AKceHOB B.n., aHAWK A.~., nnaKHAa H.M. P17-83-360 
3aTyxaHHe ynbTPa3ByKa B KBa3HOAHOMepHWX cerHeT03neKTPHKaX 

PaCCMOTpeHa TeopHR 3aTyXaHHR ynbTpa3ByKa B OAHOOCHWX cerHeT03neKTPHKax 
CHnbHOaHH30TponHWM cneKTpOM ~nyKTYa4HH napaMeTpa nopRAKa . noKa3aHo, 4TO 

KBa3HOAHOMepHWH xapaKTep AHCnepCHH ~nyKTYa4HH npHBOAHT K Ka4eCTBeHHO HOBWM 
OC06eHHOCTRM B noBeAeHHH K03~H4HeHTa 3aTyXaHHR H H3MeHeHHH CKOPOCTH ynbTpa-
3ByKa. Pa3BHTaR TeopHR Ka4eCTBeHHO o6~RCHRBT HeAaBHHe 3KCnepHM8HTW no 
pacnpocTpaHeHH~ ynbTpa3ByKa a cerHeTo3neKTPHKe CIH2P04. 

Pa6oTa awnonHeHa a na6opaTOPHH TeopeTH4BCKOH ~H3HKH OHRH. 

Aksenov V.L., Didyk A. Yu . , Plakida N. M. Pl]-83-360 
Ultrasonic Attenuation in Quasi-One-Dimensional Ferroelectrics 

The theory of the ult rasonic attenuation in uniaxial ferroelectr ics 
with the strougly anisotropic spectrum of order parameter fluctiations is 
considered. It i s shown that quasi-one-dimensional character of fluctua
tions dispersion leads to qualitatively new effects in the behaviour of 
ultrasonic veloc i ty and attenuation. The theory allows one to explain 
qualitat ively recent experi ments on ferroelectrics CsH2P04. 

The investigation has been performed at the Laboratory of Theoretical 
Physics , JINR . 
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