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HN3ayyaroTcsa cBoiiCcTBa 3I€KTPOHHOM CHCTEMBI € IPefelIbHO CUIBHBIM 3I€KTPOH-3I€KTPOHHBIM B3auMojeiicT-
BueM. [lomyueHo KMHeTHUecKoe ypaBHeHUe B npejcTaBieHnu Kengeima—-Mmuaica. B mHTerpame cTomnkHoOBeHMi
o6Hapy#eHO HOBoe claraemoe, o6yCIOBIEHHOe pelakcalyeii KOHIIEBBIX MHOxUTeneii, KoTopoe ofpamaeTcA B
HYTh B HU3KOTEMIepaTypHOM Tpefene 1o 3akony T2 /|t|, rae |t| — Bervunna mopaaka MHTerpana mepeckoka K
6ammaimum cocegaMm, T — TemmepaTtypa. BrruncineHa ckopocThk 3BYKa U IPOM3BeJieHa OLleHKAa TeMIlepaTypHOM

3aBUCHMMOCTH KMHETHUYECKHUX KOBQ)(I)HHHGHTOB.

PACS: 71.10.Ay, 71.10.Fd, 71.10.Hf

OcHoBHBIE NOCTYNAThI, HA KOTOPBIX OCHOBAHbLI KUHE-
Tuueckue ypasHenus Jlangay-Cununa [1,2], paxtuuec-
KU CBOJAATCA K NPEJNOJIOoMEHUIO O CyI[eCTBOBaHUU Clla-
6o3aTyxamomux u ciraboB3aumMoelicTBYIOIKUX KBa3uyac-
THUIll, nogunHAKmuxcAa cratuctuke ®epmu. Ilpu sToM
OCHOBHbIE (pepMU-HUJKOCTHBIe 3P (PeKrThl OblIN paccyu-
TaHbI Ha OCHOBE JOMNOJIHUTENLHOr0 NPEeANONOKEHNUA O CY-
IIeCTBOBAHUY B3aWMHO-OJHO3HAYHON CBA3M MEMIY vac-
TUYHBIMU U KBa3M4YacTUUHBIMU COCTOAHUAMU. B Mo-
nenu Xa66apga 3TO COOTBETCTBUE 3aBEIOMO OTCYTCTBY-
€T, IOCKONbKY Y€ B HYJeBOM NpUOIUMKEHUN BO3HUKA-
IOT MepecTaHOBOUHbIE COOTHOLIEHN A, OTINYAIOIUECA OT
M3BECTHBIX aHTUKOMMYTallMIOHHBIX COOTHOIIEHUI, OTHO-
CAMMXCA K UJealbHOMY rasy KBa3u4acTHIl.

IlocnenoBaTenbHoe u3yueHue mopenu Xa6Gbappa mo-
Ka3blBaeT, YTO B 00lacTU JOCTAaTOYHO HU3KUX TeMIIe-
paTyp yZaeTcfi MONYYUTh MNOMIOCHYIO ¢yHEUMio I'pu-
Ha G,(p), HailTu cnekTp BO30YyMIeHUN, a Tawmke 06-
HapyUTb OCTATOYHOE (KMHEMAaTUYeCKOe) B3auMopeii-
CTBUe, MpuUBOJAllee K cinaboMy 3aTyXaHHIO COOTBET-
cTByOIUX Bo36y:xaenuii. IlepecTaHoBOUHbIE COOTHOLIE-
HUA, cOOTBeTcTBYyIomue X -onepatopam Xa66apaa, npu-
BOJAT K BO3HUKHOBEHMWIO HOBBIX (PU3MYECKUX BeIUUYNH
f{ 5, ompenensiomux cpeiHue 4UCIa 3aNONHEHWA, CBA-
3aHHble C HalnuuueM He(depMUKNIKOCTHBLIX NepecTaHo-
BOYHBIX cooTHoweHuil. Mcnonb3ysa aTu coobpaskeHus,
yIaeTcfl pacCMOTPETh BCe AIBIEHUA, CBA3aHHbIE C HAlU-
ypeM B3auMojeiicTBUA B MoJenu Xa66apaa, ¥ cpaBHUTh
HX C KIacCUYeCKUMU pe3ylbTaTamu Teopuu Jlanzpay.

IIpeanonoxum, uto sHeprusa XaGbOapna fABufAeTcA
HauboJbIIMM DHEPreTUYecKUM NapaMeTpoM, a cpejHee
YUCNIO YacTUll m, NPUXOoJAlleecA Ha OAHY AUYEHKRy, He
npeBblaeT eauHuly. Ilpu aTOoM JZOCTaTOYHO paccMOT-
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peTh mepexoAbl BHYTPH HUMHell mon3oHsl XaG6apaa, a
raMuIbTOHUAH CUCTEMbBI UMeeT ClefYIOmUil BUA:

.E[Z Z &ﬁ,adrz,at(rl—rz)z Z X;’Osz’”t(rl—m),

ry,r2,0
(1)
rie X-onepatopesl Xa66apna, OTHOCAIIMECH K pa3HbIM
fiyeiikaM, aHTUKOMMYTHPYIOT, @ B COBNAJAIOUIUX AYeii-
Kax NMOJYMHAIOTCA HEKaHOHUYECKUM IepecTaHOBOYHbIM
COOTHOUIEHUAM:

r1,r2,0

{X’o’l,O,XO,ag} — X’o’l,ag +X‘0,050_1702,
) ) . (2)
{Xal,O’Xag,O} — {XO,trl’XO,o'z} =0.
OpHonerneBblble MONPAaBKM, IPOUCXOAAIIME OT
coGCTBEHHO-3HEPreTUYECKON YacTH, CBOAATCH K CABUTY
XHMHMUYECKOr0o NOTEeHIMAaNa, a TaK#e K [epeonpefeleH o
HHTerpala nepeckora t, = . t(r)exp(—ipr). Ilo sroi
NpUYMHEe PaCcCMOTPUM Cpa3y JBYXIeTIeBbIe ONPABKH K
KOHIIEBBIM MHOMMTENAM, U300paseHHbIe Ha PUCYHKe.

(a)
P o
®, X
(b)
p O
®, 7

IIpaman u o6paimeHHan KOHIEBblE AUArpaMMbl, OTHOCHIH-
eca K ¢yuruuu ['puna
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Jns olleHKN BpeMeHU pellakcaliy KOHIIEBbIX MHOMU-
Tejel 3amuieM By XMEeTIeBYIO monpaBry D = GK® g
IBYXKOMIOHEHTHOM npexncTtaBienun Kennvima [3):

__ n n
Go™(p) = —gpfza+w—§:—ia’
G, (p) = 2mingd(w — &),
6L ~(0) = ~2mi(l = ny)a(o - &),

n -n
GI+(p):_w—§:+i5 _w—fp—pits

=1y [ee

P3:P4

y
Il

KA (p Ga,ﬁ( 3) X

du}3d(U4
(2m)?
3necs t~(p) = —tT(p) = tp, § — 0+, a rpeveckue uH-
IeKChl @ ¥ 3 MOTYT NPMHUMATH ABA 3HAYEHUSA:
+.
IpousBonA MHTErpUpPOBaHKE TI0 BHYTPEHHUM YacTo-
TaM w3 M wq, HAXOAUM UYEThIPEe KOMIOHEHThI KOHIEBBIX
MHoMmuTeNelH [4]:

xGo* (p3

w3—w+twa —-—Pp + p4)Ga’ﬂ (p4) (4)

— WiIn

= A(pa P3,P4)
- fp;}M t(ps3) [w F €y — o — Epy +10
+ B(PaP3aP4) ]
w+£P2 _£p3 _£p4 ) ’
K. H) =
= f2mi Y t(ps)B(p, P3, P1)0(w + &p, — €py — &pa);
P3,P4
Kj (p) =
= f2mi Z t(p3)A(P, P3, P4)d(w + &py — €ps — Epu)s
P3,P4
A(p, P3,P4)
T (p) fp§4t(p3) [w+§p2 S a—
B(p, ps3,P4) ] 5
+w+£P2_£p3_§p4+715 ! ()

A(P7P3,P4) = Np, (1 - ’I’Lp3)(1 - np4) u B(pa P3,P4) =
= (1—-np,)NpsNp,, P2 = P3+Ps—Pp. MosxHO 3aMeTHTh,
YTO MeKAY Pa3NIUYHbIMU KOMIIOHEHTaMH HMeeTCH COOT-
nowerne K., (p) — K1+ (p) = K, * (p) — K~ (p)-

Janee BbIuMCIMM NONPaBKU K HEAMArOHATLHBIM I'DU-
HOBCHUM (PyHRIUAM:

Dyt (p) = Y G P(p)KL(p)
B==+

“(0) = ) G WKL ().

B==

HenocpeacTBenHble BbIYMCIEHHMA ¢ MOMoOIbIO (4) u

(5) nmator:
dw
+— —— —
[ @K, @)y =

. A(P7P3ap4)
= — 1-—
,Lf( np) P;P:; t(p3) I:é.P + £13'2 - §P3 - £P4 + l6+

+ B(PaP3aP4) :| .
§p + £P2 - §P3 - §p4 — 10

[ s @3 =

=3 A(p,P3,P4) ]
= zfnpp;mt(Pa) [Ep ¥ &, — by —bpy — 0 +
i A(p,P3,P4) ]
1- t ’
+lf( np) Psz,p4 (p3) |:§p + 61’2 - §P3 - §P4 + 0
P2 = —P + P3 + P4;
[ @K @)y =

. A(p,ps,ps)
—ifny 3 tlon) [ P

P3,Pa ~&ps ~&p, — 10

i B(P1P3ap4) :| .
§p + §p2 - 6133 - §P4 +1id
d
[ K@) -
B

= =ifny D tps) [gp +§p2(f’£i?f4§)m +i6] )
'Pa B
—if(1—np) Y t(ps) [ﬁp e (3,523,345)1, —ié] ’

P3,Pa

P2 = —p + P3 + Pps- (6)

OTciona cnegyer, 4TO

[prwge -
dw

= [ WES ) + G WK W) 32 -

=if Z t(ps){npA(P, P3,Ps)—

P3,P4

1
—(1 —n,)B(p,P3,P4) } [§p+£p —bpy — Ep, — 10 ’

/ DY ‘(p);—i =
= / (G5~ (p)K, T (p) + Gt (p) KL (p)] ;{—: =
=if Y t(ps){npA(p,ps,Ps)—

P3,P4
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1
£P+£P2 _£P3 _§P4 —id]
(7

Tarum obpasom, [D;*T(p)dw = [ D}~ (p)dw, a meii-
cTBUTeNbHAA YacThb (7) UMeeT BUJI MHTErpana CTONKHO-
BeHMil, KOTOpbIil ofpamaeTca B Hylb MPU MOACTAHOBKE

nkg — ’nF(fk):

—(1—np)B(p,P3, P4)}

Sti=nf Y {t(ps)x

P3,P4

X0(€p + €py — €ps — €pa)0(P + P2 — P3 — P4) X

X[=npnp, (1=nps)(1=np, ) +(1=np) (1 —np, )npsnp, | }-
(8)

CKOpOCTb pelakcanuy (GakTHYECKU onpefelfeTcA Hep-
BBIM cjlaraeMbIM IpaBoif 4acTH, KyJAa clefyeT NOACTa-
BUThL paBHOBeCHYIO (YHKIMIO pacmpenenenus Pepmu

nr(p):
Stll = anF(é.p) Z {5(0) + £P3+P4*P - §P3 - £P4)X

P3,Pa

Xty (€py ) (€p,) exp (=77 ) X

€ps +¢
X np(Epy + oy —wlexp( L (g)
IIpu HuM3KOil TeMmepaType Mbl MOMEM NPOUHTETPUPO-
BaTh MO GLICTPO MeHAIOWUMCA BelnunHaMm exp(p,/T)
u exp(ép,/T) . Bsenmem nepemennsle s = &p, + &p,,
r = £p, — &p; ¥ CHayajla MPOUHTETPUPYEM MO T:

[ relene €dr = —Zs—r. 0

Jlanee mpeAnonoMuM, YTO MHTErpUpOBaHUe §-PyHKLUM
He BHOCUT CYIIeCTBEHHBIX OTPaHUYEHUi MpPU UHTETpHU-
pOBaHUU 10 NEPEMEHHO# §, Noclie Yero MHTErpupyeM 1o
s. 3ameuaf, 4TO aMIIUTYfAa paccefiHuf tp, + tp, =
= (s +2u)/f, nonyunm:

Sta(p) = 314nr(p) (1= nr(6p)) x

X (B3p+ w) (w* + (1T)?) 6(w + €ps+pa—p — &ps — &pa)s
(11)
rie vp = », 6(£p) — NMIIOTHOCTH COCTOAHMIT Ha yPOBHE

P
®epmu, a yepTa 0603HavYaeT yCpeAHEHUeE 0 yTriaM Mes-

Iy BEKTOpaMH ps3 4 U P.

Hanucanue KMHETHMYECKOT0 YPaBHEHUA HAYHEM C II0-
MOIIbIO BBIYKCIEHUA ABYXKOMIIOHEHTHONH T'PUHOBCKOI
PyHRIUU D, OTHOCAIIeCA K BepXHeil U HUKHel JyacTAM
roHTypa Kenppima, KoTopasa ecTb npousBeneHue 06bIU-
Hoit ¢yHrnuu I'puna G na MaTpully KOHIeBbIX MHO-
muTenein K. YuuteiBas, 4To OGbIKHOBEHHaA (PyHKIIUA
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I'puna ynoBnerBopseT ypaBHeHUIO [laiicoHa, BhIpasum
ucxoauyio ¢pyurnuio I'puna yepes co6cTBEHHOAHEPreTH-

YecKyI0 QYHKIUIO X:
N D— D+ A A
D+ D+t
= GoK +GoEGK = GoK +GoSD. (12
Jlanee 3anumeM Tak:ke CONPAMKEHHYIO CUCTEMY ypaBHe-
HU:
DZKGZK00+K02GQZKGQ+D200, (13)

rae K — MaTpuna 1eBbIX KOHIEBBIX MHOKUTEIE, KOTO-
pas BO3HUKAET NMpPU BbIYMCIEHUU NOHOM ¢pyHruuu I'pu-
Ha, B3ATOl cnpasa Haneso (cM. pucyHok (b)). IIpu aTom
ee MaTpPUUHBIE BJIEMEeHThI BLIPAMKAIOTCA Yepe3 MaTpHu-
Hble 3IeMeHTHI (5) C MOMOLIbIO CIEAYIOUWMX COOTHOLIE-
HUiL:

K;=(p) =K, (p), K;"(p) =-K;*(p),

_ _ (13a)
Kt=(p)=-Kl=(p), Kit(p)=Kl"(p).

YpaBuenue (12) mepemucelBaeM C MOMOMBIO 06-
paTHON I'DMHOBCKON (YHKINM HYJIEBOTO MPUGIMKEHNA
(Go1) ™1, mna woropoit (Go1) 1Go(1,2) = 728(z1 — Z2):

(GOI)_lb = {1}1% - ﬁo(—ihVI,rl)} b =
1

=7°K + ,¥D. (14)

AnanoruunsiM o6pasom mpeobpasyem ypaBHenue (13) c
nomonub10 06paTHoit rpuHoBcKoit dynruuu (Gy,) L, nna
rotopoit (Gy) ' Go(1,2) = 776(xy — 2):

(Ge)™ "D = {—ina% - ﬁfo(ihvz,r2)} D=

= Kr, + D¥7,. (15)

Kunernueckoe ypaBHeHUe NONYYMM IOCHE BHIYATAHUA
(15) us (14):

.0 0 - . P -
{mc’)_tl + th’)_tg — Ho(—thVq,11) + Hg(zhvz,rz)} D=
=7*K - K1, +,5D — D3r,. (16)

C yuetom cootHouenuii (13) MomHO 06HApPYHMUTH, YTO
K — Kr,=0 U, TakuM o6pa3oM, B HalleM By XIIeT-
JeBOM NpUONUKEHUN KOHIEBBIE MHOMUTENU ABHBIM 06-
pasoM He BXOJAAT B KUHeTHUYecKoe ypaBHeHue (16).

3*
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YuuteiBag cBoiicTBa MaTpuusl Ilaynu 77, a Tarke
COOTHOIIEHNA

D**4+D =D t4Dt, TTt4Y T = t_ut)
(17)
NONYYNM ypaBHEHHUA AJIA HeAMaroHalbHbIX KOMIOHEHT:

zﬁi —I—zhi — H(ry,ty) + H*(ra,t5) | D+ =

6t1 6t2 1,01 2502 =
=S-+D+~ —xt-D, (18a)

ihi +z‘hi — H(ry,t1) + H*(r9,t2) | DT~ =

Ot1 Ots B 22 B
—x—+Dpt- _gt-D—+, (18b)
B pesynbrare moacranoBkn D~ = inpfé(w — &),
Dt~ = —i(1 — np) fd(w — &) u RanbHeiimero UHTEr-

pUpOBaHUA N0 w, JeBad 4YacTh NpeoGpasyeTcA K omepa-
Topy JlyuBunna L, B To BpemA Kak mpaBaf 4yacTb — K
onepaTopy CTONKHOBEHMH Sto:

o, 0 _ o .
{E * 6; or 6: Op } (fnp) = fSts, (19a)

0¢ 3 .
{6 + a;E N 3—:%} (f (1 —np)) = —fSta,
(19b)
rae
Stz - Z {w(PaP1|p ,pl)x

P1,P P}
[_npnpl (1 -
X8(Ep + & — & — €)@ +P1—P —P1) |,

w(p,p1lp ,py) = [t(p') + t(pl)]2,

t(p) = Y _ t(r)exp [—i(rp)]. (20)
r

Takum oOpasoMm, nepBoe u3 ypaBHenuit (19) coot-
BETCTBYeT OObIYHOMY KUHETMUYECKOMY YPaBHEHMIO A
byHERUMM P = fngp, a UX cyMMa JaeT GecCTONKHOBHU-
TelbHOe ypaBHeHUe 1A QyHRuuu f:

o Gdt B0l _, g

ot op Or  Or Op
YpaBuenus (19)—(21) onpegenaioT cucTeMy KHHETHYEC-
KUX ypaBHeHMIl, 3aMKMCAHHbIX B ABYXITETIeBOM MpUOIH-
skeHun. OHU 060GIIAIOT KIACCUUECKYIO TEOPHIO JHCKOra
[5], oTHOCAIYIOCA K BaH[iepBaalbCOBOM CHCTEME.

B o6nacTu HU3KKMX TeMIeparyp, KOrja MOMHO Mpe-
HeOpeyb BKIA/IOM MHTErPaioB croakHoBerni (Sty,2), mo-
ckonbKy oHu Manbl no napametpy (T'/|t|)%, Bmecto To-
ro, uToGeI peniath ypaBHenue (21), 6yeM MCIoNL30BaTh

ng)(1 = np,r) + (1 = np) (1 = mpy Jgmpy|

ypaBHeHUe cocToAHuA. [Ipy 3TOM KOHIIEBO MHOMUTENb
f BbIpamtaeTcsA 4yepe3 IIIOTHOCTH 7, KOTOpafd, B CBOIO
ouyepenb, CBA3aHA C XMMUYECKUM NOTEHIUANOM f, Yepe3
YypaBHEHHE COCTOAHUA:

n=2fY n(p,r,t),
P

Boiuncnenne KUHETHYECKUX KO3(D(QULMEHTOB Npo-
M3BOAUM C MOMOUILIO KUHETUYECKUX ypaBHeHWii, rie
B KayecTBe HYIEBOro MNPHMGIMMEHUA UCNONb3YeTCA
MOKanbHO-paBHOBeCHaA (yHKUUA pacrnpefeleHus, pas-
Haf MPOU3BEICHUIO KOHIIEBOrO MHOMKUTENA Ha QY HKIUIO
pacnpeznenenus ®epmu ng(£):

Y= f(ra t)TLF(f(I‘, t)tp - N(rv t) + pV(r, t))v (23)

rae V(r,t)— cpegHsasa CKOPOCTb, KOTOPYIO NOCIE BbIYKC-
JeHUA BceX NMPOCTPAHCTBEHHBIX U BDEMEHHBIX POU3BOJ-
HBIX GyJleM CUMTaTh pPaBHON HYIIO.

C ydeToM moclefHero 3amMevaHHA BBIYUCIAEM HPO-
U3BOJIHbIE, BXOJAIINE B KUHETHYECKOEe YpaBHEeHUe:

f=1-3, @

oy _ of df nr(£)
E Bt nr(€) + ot o€ tp—
Oudnr(é) Onrp(€ Vs
T e e ( ) (242
) _ of of 6nF()
a”'a a"'a (g) 67.5'
O Onp(§)  Onp(§) Vs .
Tore e T o ! (”B£>’ (240)
oy f26 r(§) Otp
Bpa 06  Opa’
(24c¢)
Oe Oty Oe _ Of

Por,
IopcTaBnAs 3Ty BLIpa#eHUA B JeBYIO CTOPOHY KMHETH-
ueckoro ypasHeuus (19a), momyuum:

@_ 6pa, O0ra

0 of o
NGRS e
Oudns(E)  One(e) , [ Vs
S g gt (v +
of O One(e)  Onr(e) , [ Vs
[ara FO -t "8 * e f(”ﬁ%)]x
Xf% = §t(). (25)

IIpousBeneM cyMMUpOBaHHE 3TOr'0 YPaBHEHHA 1O BCEM
P, OTHOCANIMMCA K NepBoii 30He Bpunniosna:

o 3 [ne @) + stame(e)] - £ ICE
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+f28 b Z =0. (25a)
Crnenyiolliee ypaBHEHHE TONIYYUM TOCHe YMHOMKEHUA
ypaBuenus (19a) na umnyasc p. Ecau npu atom He yuu-
ThIBaTh ABIEHUI, CBA3aHHBIX B mpolleccaMu Mepebpoca,
TO UHTErpupoBaHue HpaBOI./‘I YacTU KMHETUYECKOr'o ypaB-
HEHHUA JaeT HYJb, U MBI IOJY4YUM

B apa

of 2 al‘
oV, ,
'*‘fa—tﬂ ZnF (€)paps =0 (25b)
P

TpeThe COOTHOIIEHHE MOLYYMM C HOMOIbIO BapHaluu
ypaBHeHUsl cocToAHUA (22), KOTOpOe CBA3BIBAET ILIOT-
HOCTb 7T, XMMHUYECKUH NOTEHUUAaN g U KOHLEBOH MHO-
sutens f. C nomomsio gopmynst f =1 — n/2 uckio-
YUM U3 3TUX yPaBHEHWil Bapuanuio 0n U, nepexoasa K
npegeny V. — 0, DOIyYUM COOTHOLIEHUE, C TOMOIILIO
KOTOPOro yIaeTCA UCKIIOUUTh U3 yPaBHEHU MPOU3BOJI-
HbIe KOHIIEBBIX MHOMUTENEH 0 f:

of {1 + > [nr(©) + fton'e(©)] } ~fou)y np(€) =

(26)
Ilocne nepexona k ¢ypbe-npeacTaBIEHUIO

dp(r,t) = eimﬂ(qr)ﬂw,qv V(r,t) = eimﬂ(qr)vw,qv
(27)

MoJyYUM ypaBHEHHE Jifl HaXO:JeHUA CKOPOCTHU 3BYHa

(cs):

3= w_ K [K(1+ K + fR1) + BRo], (28)

$ q? LRy, ’
riie BBeJeHs! clefylomue o6o3Havennsa: K =Y nr(&p),

) o

§p = ftp
Ry = th:"'F(&p)’
P

B=T) In[l+exp(—&/T)], (29)

= 3 Y (6) ()’

Tarum 06pa3oM, MbI NONYYUIM KOHIEHTPALUOHHYIO 3a-
BHCHMOCTb T'MJPOAMHAMMYECKON CKOPOCTH 3ByKa B Ipe-
Jelle IOCTATOYHO HU3KMX TeMmmepatyp. B npegenbHom
cryvae uneannHoro gepmu-rasa ci = K2?/LRy, rae cie-
ayet monoxutk f = 1. C moBbllIeHHEM 3JIEKTPOHHOM
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KOHIIeHTpalMK CKOPOCTh 3ByKa cHayajia Bo3pacTaeT, Ofl-
HAaKO 3TOT POCT 3aMe[JIAeTCA 3a CYeT M3MEeHeHWMA 3Ha-
Ka BenuuuHsl Ry (u/f), 4TO B KOHEUHOM cueTe JaeT OT-
puLaTelnbHbIA BRAAA 3a cyeT npoussenenusa K Ry(u/f).
dTo BIMAHWE OKa3bIBaeTCA O0COOEHHO CHUJILHBIM, KOrJa
INIOTHOCTb COCTOSIHWII MMeeT MaKCHMalbHOoe 3HaueHHe
npu GOJNBINUX MOJOMUTENLHBIX 3HAUCHUAX sHeprun dep-
Mu. Ilpu 3TOM CEOpPOCTH 3ByKa CHIbHO yMeHbIIdeTCH
1 MomeT o0paTUTLCA B HyJbh NpPU HEKOTOPOM KOHEY-
HOM 3HAYeHWM KOHIIEHTPalUU IeKTPoHOB. Tak, B ciy-
yae I'llK pemeTsu, AMA KOTOPOM MIOTHOCThL COCTOAHMIA
MOHO CMO/IeNMpOBaTh B Buie /6 + €/ (47r\/m), CKO-
pocTh 3ByKa obpamiaetcA B Hynb npu n = n. = 0.87.
3nech #e obpallaeTcA B HYJIbh NMPOU3BOAHAA JaBleHUA
10 KOHIIEHTPAIMU, YTO COOTBETCTBYeT BO3HUKHOBEHUIO
HEOJHOPOJHBIX COCTOAHMI [6].

Ilna naxomaeHua Ko3(QPUINEHTOB NEpBOi U BTOPOii
BA3KOCTM 3aMlMilieM ypaBHeHHe HenpepeiBHOCTH (25a) u
ypaBHeHue cocTofiHuA (26) npu HyIeBbIX MPOCTPAHCT-
BEHHLIX MPOM3BOJHBIX OT KOHIEBOT0 MHOMUTENA U XU-
MMUeCKOro noTeHuana:

ou A
[K+fR1] BtfRo_me’
(30)
0
6f[1+K+fR1] t:fRo=0-
OTcloga HaxoouM:
of _ . 8_u K
i FKdivV, o~ Ro 1+ K + fRy]divV.

(31)
dTU BbIpameHusA cliefyeT MOJACTABUTb B JEBYIO 4acTb
KUHETUYECKOro ypaBHeHua (25) B KOTOPOM MNpOCTpaH-
CTBEHHbIE IPOM3BOAHBIE OT i U f MOJOMEHbI PAaBHBIMU

HYJIIO:
oV, Oa , bs)
Gt
0 K
L f [ © ﬁﬁ + R—Onp(s)] divV—

~Fe { [Rone(©) - Knp(@)] +

+f [Rotnip(€) = Ramp(€)] fdivV.  (32)

HepenmueM JABa MepBbIX CllaraéMbIX 4Yepe3 MOJHYIO IIPo-
HN3BOJHYIO:
0% _ Onr(ép)

)

nF(g)B—pﬂ = ops

5 (33)
/pﬁn}r(f)ﬁdp = —6a,ﬁ/np(£p)dp
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B pesynbrate Boipamenue (32) mpeacTaBifieTcAl B clie-
AyoleM BuUJe:
oV, 1) 0
f [ B _ Yap leV] nF(&P)

ora 3 0P pot

+f [18"1’7@1’)

K .
3 opg pﬂ+—nF(§)] divV —

Ry

_fREO{[ROnF (&)~ Knp()]+np(E) [Rotp—R4]}divV.

(34)

TockonbKy omepaTop CTONKHOBEHMi BblenfeT 06-
JacThb MHTErpUpoBaHus, GIu3Kkyio K nosepxHoctu dep-
MH, MOJKHO YTBEPH#AATh, YT0 K03 UIMEHT BTOPOI BA3-
KOCTH B Mojenu XaG0apia OTIHYEH OT HyIA M HMeeT
TOT jKe TMOPANOK BEIUUYWHBEI M Ty e TEMIEepPaTypHYIO
zaBucumocTb ~ 1/T2, uto u KoaPULUEHT NepBoil, mo-
NepevyHoii BABKOCTH.

Ilpn 3ajaHHOM rpajneHTe Temmeparypsl HeoGXoxu-
MO CYUMTaTh, YTO HUYTO HE 3aBHCHT OT BpPEMEHH, HeT
CpelHell CKOPOCTH, OFHAKO BCE OCTAlbHbIE BEIMYMHBI,
TemIepaTypa, XMMUUeCcKuil noTeHunan (u) ¥ KOHLEBOM
MHOMuUTENDb (f), 3aBUCAT OT KOOPAUHAT.

B KauecTBe HymeBOoro npUGIMMEHMA HMeeM
f(r)np[(f(r)ty — p(r))/T(r)], nocne yero B rauecTBe

OKOHYAaTeJlbHOIr'0 pe3yibTaTta MNoJIly4YuM U3BECTHBIN
pesyaLTar:
2 Oep . [Onp(€) & Oep
=z Iep, (NFS) S T ) (35
8 3§§p5PﬁT( d¢ T dpg (35)

Mockonbky 7 ~ 1/T?, OKOHYATENbHO MMEEM OLEHRY
k~1/T.

Takum 06pa3oM, OCHOBHOe OTinuue ypaBHeHuii (19)
OT KMHETHYeCKOro epMu-UIKOCTHOIO ypaBHEHUA CO-
CTOMT B HaIWMuuM (PIyKTyalnuii, cBA3aHHBIX C HKOHIle-
BbIMU MHOMKUTENAMH, NPOUCXOAAIUMU OT HEKaHOHWU-
YEeCKUX MepecTaHOBOUHBIX cOOTHouleHuil X -omepaTopoB
Xa66apna. B peaynbTraTe BO3HMKAET NOMOTHUTENbHBIM
uHTerpan cronkHoBenuit (11), npuBoAAmUi K penarca-
UM KOHIEBLIX MHOmuUTeNeit ~ T2,

3aBHUCHUMOCThL CKOPOCTH 3ByKa OT IJIOTHOCTH ONpeJe-
l1feTcA, B OCHOBHOM, KNHEMaTU4YeCKUM B3auMOJENCTBHU-
eM YacTHWll, KOToOpoe BOo3pacTaeT U M3MeHAeT 3HaK, Ha-
YHHAaA ¢ HEKOTOpoil KoHHeHTpanuu. B cooTBeTcTBUM C
3TUM POCT CKOPOCTHU 3ByKa 3aMeJifeTcA, a IpU onpeje-
JEHHBIX yCJIOBUAX MOeT 00paTUThCA B HYIb.

TemnepaTypHasa 3aBUCUMOCTb KMHETUYECKUX KO3(D-
¢unuenToB He oTIMYaeTCA OT TOI, KOTOPYIO JaeT TeO-
pufl GepMU-#UJKOCTH, OTHAKO YHCIeHHbIE 3HaUeHUA KO-
3¢ (puLMEeHTOB NepBOil 1 BTOPOIl BA3KOCTE MMEIOT OJU-
HaKOBBIN NMOPANOK BEIWYMHBI.
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