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WNccnepoBano pacnpocTpaHeHue NpogoibHbIX yNpyrux BoaH B6in3u ¢a3oBoro nepexofa M3 napaMarHUTHOR B
HeconsmepumMyto pasy B CIONCTbIX CMCTEMAX, NMEIOLMX TETParoHanbHyto cTpykTypy. Ha ocHose paboTbi [22]
CAenaH BbIBOA, O TOM, H4TO hpa30Bblii Nepexoq BTOPOro pofa BO3MOXEH, C/in B KPUCTaslie OTCYTCTBYIOT CABU-
rosole aecopmauuy, a NEPEHOPMUPOBKA MapaMeTpOB B3aWMOAECTBUS HE MEHSIeT 3Haka 3TUX NapameTpoB
B C/laraembix [eACTBUS, COAEpPXaliMxX YeTBepPTble CTENeHU KOMMOHEeHT napameTpa nopsaka. C nomouwybio pe-
HOPMIPYNMNOBOrO NOAXOAA AJ1s MPOACJbHBIX 3BYKOBbIX BOMH B HanpaeneHun [100] HaligeH cTeneHHO 3akoH
TEMNEPaTYPHOro W3MeHEHUs1 CKOPOCTU 3ByKa B KPUTUHECKON 0BAacTh, a TakKe CMELLEHNE MOSNIOXKEHUSI TOHKM
MWUHUMYMa 4acToThbl (a 3HAYWUT, U CKOPOCTM) 3TUX BOSIH OTHOCUTENBHO TOYKM (ha30BOro nepexopa. BoisicHeHbl
NMPUYUHBI Pa3ANYHOrO N3MEHEHNS CKOPOCTU MPOAOJbHBIX 3BYKOBbIX BOJIH MPU MX PAaCNpOCTPaHeHUN B Hanpas-

nevusix [100], [110] w [001].
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1. BBEAEHUE

Pacnpocrpanenne TpPOJIOJIbHBIX 3BYKOBBIX BOJIH
BO/IM3U TOYKH (Pa30BOTO IEpexoa BTOPOTO POJa
M3y9aeTcsi IOCTATOYHO JaBHO. Tak, B pabore Benosa c
coasropamu [1] 6pL1a ocTpoeHa HeHOMEHOIOrnIeCcKast
TEOpUsI PACHPOCTPAHEHMsI TAKUX BOJH HAa OCHOBE
reopnu Jlannay — Xanaraukosa [2]. B sroit pabore
OBLIO MMOKA3aHO, YTO MUK U3MEHEHUsI CKOPOCTH 3BYKa
U KPUTHUYIECKOTO 3aTyXaHUs UMET MECTO IPU OJHOM
U TOIl 2Ke TemIeparype, & MAKCUMYM 3aTyXaHUs
PACIIOJIOXKEH HUKE€ KPUTHIECKOW TOYKHM M 3aBUCHT OT
qacToThl. OJIHAKO SKCIEPUMEHTAJIBHBIE UCCJIETOBAHMS
MPOIOJBLHOTO 3ByKa B coemuuennn MnFs mokazasm,
YTO MAKCHMYM 3aTyXaHUs STUX BOJH JIE?KAT HECKOJIhb-
KO BBIIE, IeM Temieparypa Heess, n HeT m3MeHEeHUS
CKOPOCTH yIPYroil BOJIHBI Tpu Temreparype Heejst
[3]. Apyroii moxxon, passusasiuiica B paborax Mopu,
OCHOBAH HA& WCIOJb30BAHUU CTOXACTUYECKOrO ypaB-
Henust JlaHXKeBeHA Il HOPMAJIBLHON MOJIbI 3BYKOBBIX

KoJebaHMit TyTeM BBEJEHUsI «CJIYyYaiHOW»  CHJIBI,

* . . .
E-mail: menshenin@imp.uran.ru
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KoTOpast jefictByer Ha 31y Moay (4, 5]. Ilpum stom
BPEMEHHO! KOPPEeJIATOD CJIyYailHOI CHJIbl dABJIAeTCHd
rayccoBbIM, a KOI(DQDUIMEHT 3aTyXaHUs YIPYroil BOJI-
HBI TIPOTIOPITMOHAJIEH 3TOMY Koppessitopy. B pa6ote [5]
¢ y9eToM OOMEHHO! CTPHKIINU B KAYeCTBE MEXaHU3Ma
BJIMSIHUST MATHUTHOM TIOJICUCTEMBI Ha YIPYTUE CTEICHN
CBODOIBI OBLIM PACCIUTAHBI KOIDMUIUEHTHI 3aTyXa-
HUSI TIPOJIOJIBHBIX YIPYTUX BOJH BOJU3M TEMIIEPATYPBI
Heena B coequnenun MnFy nis nampasienunit pacpo-
crpanenusi Bose [100], [001] n [110]. Beumn Haiinens!
3aBUCUMOCTH KODMUINEHTOB 3aTyXaHUs 9TUX BOJIH
OT TeMIlepaTypbl, KOHCTAHT OOMEHHOIO B3aMMOJIEH-
CTBUS W BOJIHOBBIX YUCEJI COOTBETCTBYIONIUX 3BYKOBBIX
BosiH. JlasbHeiiliee pa3BUTHE STOTO HAIMPABJIEHUS
[IPUBEJIO K pa3pabOTKe TEOPUH OIMUCAHUS KPUTUIECKO
JIMHAMUKH (DA30BBIX MEPEX0JI0B BTOPOrO POJIA, B PaM-
Kax KOTOPOH MOYKHO WCCJIEIOBATH PACIPOCTPAHEHUE
3ByKa BOJM3M TAKUX IE€PEXOJI0B. Barkmoe oT/mvme
9TOW TEOPUU OT CTATHIECKOTO CJIYUasi COCTOUT B TOM,
YTO HEOOXOJUMO IIPUHATH BO BHUMAHUE yPABHEHUS
JIBI2KEHUST CTOXACTUYECKOTO THIA. IDTH yPABHEHUS
JIOJIZKHBI OBITH HEOOPATUMBI OTHOCUTEIFHO ODpaIeHIsT
BPEMEHMU, & 3HAYUT, COJIEPKATD JIUCCUTTATUBHBIE 1JICHBI
[6]. TIosiBIeHME ITUX UIEHOB CBA3AHO CO CIIyYailHBIMU
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TEIJIOBBIME BO30YKAeHusiMu. [lepBoHAYAIBLHO MOIXOT,
K PACCMOTPEHUIO KPUTUYECKONH JTUHAMUKHU Pa3BUBAJICS
nomoBHO  €-pas3yioXkeHno B peHopumrpynmosoMm  (PT)
niogxozie. Popmanbao PI'-ipeobpaszoBanme mpoBOIUTCS
B JBa sTana [7]. Ha nepBoM sTame mpoBOAUTCS NCKITIO-
4geHre OBICTPBIX MOJI, & Ha BTOPOM Talle — U3MEHEHUe
maciraba. HoBoe ypaBHeHMe TBUKEHUS 3AIMMCHIBACTCS
B IpeXXKHEM BHJE, HO C HOBBIMHU KO3(ddUIimeHTamu,
KOTOpBIe TpeacTaBaaior coboit PI'-mpeobpazosanume
ncxoHbIX KoadgduimenTos. OmHAKO JaJjiee ObLIO IOKa-
3aHO, YTO JII00As CTOXACTUYECKas 3a/ada MOXKeT ObITh
CBeJIeHa, K KBAHTOBO-IIOJIEBOII MOJEJN C YABOEHHBIM
qucioM nepemensbix [8-11]. Torga Jyist BbauC/IEHUST
KOPPEJIATNOHHBIX (DYHKIUH YIAETCS BOCIOJIb30BATHCS
BCEM TEOPETUKO-110JIeBbIM armaparom Pl-anammsza. Ha
OCHOBE 3TOTO TIOIX07a B pabote [12| anasmsuposasoch
AMIUINTY/IHOE COOTHOIIEHUE JIIsl 3aTyXaHWs 3BYKa
BBIIIE U HUXKE KPUTUIECKON TOYKHU JJIs OIHOOCHOI'O
deppomarmeruka. Pa6ora [13] mnoceamena wuccie-
JIOBAHUIO KPUTUYIECKOI'O 3aTyXaHUs YJIbTPA3BYKa B
n30TPONHBIX cucreMax. OOpaTuM BHUMAaHHE Ha TO,
9TO OOJIBIIUHCTBO PAbOT IOCBSIIEHO KPUTHIECKOMY
3aTyXaHUIO 3BYKOBBIX BOJIH. B TO ke Bpems BOJM3H
TOYKH II€PEX0J[a BTOPOTO pOJIa U3MEHSETCS TaKKe
U CKOPOCTb IIPOJIOJIBHBIX YHPYrux BoJiH. B pabore
[14] Takoe u3MeHEHHE CKOPOCTH OOHAPYKEHO B CJIO-
ncroM coemuHennn FeGes BOIM3M TOYKHU II€PEXOA
U3 TapaMarHuTHON (hasbl B HECOU3MEPUMYIO Mar-
auTHYIO daly. CKOpocTH TPOJOILHBIX YIPYTUX BOJIH
MEHSIIOTCST PA3JIMIHBIM 0Opa30M JIsT  HAIIPABJICHUIA
pacipocrpanenusi [100], [001], [110] Boan [14, 15].
Ipuunnbl Takoro paznmuust B paborax [14, 15] me
obcyxmarorcs. IlpeacraBasger uaTepec OOCYIUTH ITH
upuaunbl. B pabore [16] pesysbraThl 10 HEyIpPYromy
paCCesTHNI0 HERTPOHOB OBLIN UCIIOJIH30BAHDI /Il OIIPe-
JIeJIeHHsT 3aKOHA Juciepcun (pOHOHOB B JIMUTE€PMAHUJIE
xkeneza npu temuneparypax 300 K, 500 K, 650 K.
IIpoBesieHO BBIMHC/IEHHE C HCIOJIH30BAHHEM TEOPHUH
byHKIMOHAJIA IJIOTHOCTH B  KBa3WUTAPMOHUYIECKOM
IpubJINKEHNN TeMIIEPATyPHBIX CMEIEHUN JTUCTIEPCUH
dononoB. PesysbraThl pacueToB 0OKa3aJHCh IJIOXO
COTJIACYIOIIIMIECSI C IKCIIEPUMEHTATHbHBIMY JIAHHBIMHA.

2. CTATUYECKOE JENCTBUE

Hamra 3ajada cocTouT B U3YYEHUH KPUTUIECKOM
JIMHAMWKN DPACIPOCTPAHEHUsI MPOJOJIbHBIX 3BYKOBBIX
BOJIH BOJIM3U [IEPEXO0/Ia N3 MAPAMATHUTHOTO COCTOSTHUST
B HECOM3MEPUMYIO MarHuTHyO dazy. K rakum cucre-
MaM OTHOCHUTCs, Hampumep, coeguHenne FeGes. IIpo-
BeJleM Hallle PACCMOTPEHUE, UCXOAs U3 JAHHBIX, MO-
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JIyYEHHBIX JUUIS 9TOro coenuHeHus. IlycTb mpocTpaH-
CTBEHHAsl CHMMETDHUsI CDeJbl OIMCHIBACTCS I'DYIIOi
I4/mem(D13). Vous! Kejeza 3aHUMAIOT TO3UIHIO 2d.
BamernM, 4TO gajiee Be3je paboTaeM C IPUMHTHBHOMN
STUEHKON KPUCTAJIa U PACCMATPUBAEM JIJIS OIMCAHUS
TPYIIIBI yCTAHOBKY, MaHHYI0 B MoHOTrpadun Kosae-
Ba [17]. BonHOBOI BEKTOp HECOM3MEPUMOI MATHUTHOI

CTPYKTYPBI paBeH
2
{ﬂ, 0, 0} ,
-

2u#0,4+1,42. ..

BBe,ZLeM CHa4YaJla II€peMeHHbIe, OIIMCBbIBaloIlue Ha-

k

nry cucremy. Mbl GymeM paccMaTpuBaTh JJIMHHOIEDH-
OJIYECKYI0 MATHUTHYIO CTPYKTYPY THUIIa IPOIOILHOM
CIIMHOBOI BOJIHBI. B 3TOM city4dae, Kak 1moka3aHo B pabo-
Te [18], MarHUTHOE COCTOsTHYE BOIM3U IEPEXO/IA OIMCHI-
BaeTCs ¢ OMOIIBIO AByMepHOro Bekropa S = {S1, Sa},
rje BequauHbl S1 1 So €CTh aKCHaJbHBIE OPTHI BIOJb
ocell KOOPAMHAT T U B PA3JIOKEHUU IJIOTHOCTU Mar-
HUTHOI'O MOMEHTa 110 GA3HCHBIM (DYHKIUSM HEIIPHBO-
JIAMOTO TIPEJICTABJICHHS TPOCTPAHCTBEHHOMN I'PYIIIBI, 110
KOTOPOMY ITPOMCXOJIUT MIEPEXOJ], U3 TapaMarHuTHOH (ha-
3bl B HECOM3MEpPUMYIO MarauTHyio da3zy. lanee Mbl Oy-
JleM paccMaTpuBaTh Mojesb C KPUTUIECKON JuHAMU-
ku [6]. PaceMoTpuM u1st onipesiesIeHHOCTH PacpocTpa-
HeHMe 3ByKa BjoJsb HanpasieHusi [100]. B srom ciy-
Yae CTaTuYecKoe JeHCTBUE CUCTEMbl MOYKHO 3AIUCATDH
no anasoruu ¢ paboroit [13| B Buze

Sst

1 1
-/ {70(53 + 83+ (@51 +

910
24

+ Yuou(S? 4+ S2) +

1
+5(8:)" +

920
24

(ST +57)* +

1

ﬁ£+2

1
+ 552 +7508(S7 + S3) + wsu} dz. (1)

B paserctse (1) MBI yWIM TETPATOHAJIBHYIO CHUMMET-
PHMIO CHCTEMBI, BEJMYUHA U — 3BYKOBas II€PEMEHHAs,
IPOIIOPIHOHAIbHAS (DIYKTYAIHAM IJIOTHOCTH B CHCTE-
me [13], s — nponopuuoHaabHa GIIYKTYAIMAM IHTPO-
nun Ha equHUIy Macchl [13]. Beawuuna d, yxasbisaro-
mas pa3MepHOCTh IIPOCTPAHCTBa, paBHa d = 4 — 2g,
ek 1, 0; =0/0x;, 1o = (T — Tco), Tco — 3arpaBod-
Hasi Temieparypa ¢azoBoro nepexoja. B yrmoMsanyToit
CTATHE ABTOPBI YKA3AJIM, YTO HAJUIUE CJIAraeMbIX

1 1
/<§u2+ §s2+wus) d%z

MOZKHO 0DOCHOBATBH C IIOMOIIBIO TEOPUH TEPMOIMHAMU-
gecknx urykTyaruii. BOSHEIKHOBEHIE 3TUX CJIaraeMbIX
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MOKHO IOHATD U3 CJIeJyIonux coobparkenuii. Kak nz-
BectHO [19], BeposTHOCTD buryKTyarnuu £ s BHIBOJIA
TeJla U3 COCTOSIHUSI PABHOBECHS IIPU IIOCTOSIHHBIX JIaB-
JIEHUH ¥ TeMIIEPAType IPOIOPINOHATIBHA

5(I)tot
é- ~ €xXp (_ T ) )

rae T — remueparypa Teja, a §Pu,; — U3MEHEeHne Tep-
MOJIMHAMHUYIECKOTO TIOTeHIna a Tejia B 1emoM. Jlaaee
NIPU PACCMOTPEHNN TeJa KaK HEKOTOPOrOo YHCJIa TIOJI-
cucTeM, caabo B3anMOIEHCTBYIONNX MEXK Ty co0o#, n3-
MeHEHUe TEePMOIMHAMIIECKOTO TTOTEHITNAIIA BCETO TeJIa
MOYKET OBITH MPEICTABICHO B BUJIE

AD,, = / (6®(z)) dz,

IJle MHTErPUPOBAHUE BEJIETCSI [0 BCEMY OObEeMY CHCTe-
MBI, & 0P(x) — JIOKAIbHOE M3MEHEHHE TEePMO/IMHAMI-
9eCKOTO TOTEHITHaJIa OHON u3 mojacucteM. s 3Toi
[IOJICUCTEMBI JIOKAJIBHOE M3MEHEHUEe TEPMOIMHAMIIEC-
KOI'0O TIOTEHINAJIA MPU TOCTOSHHBIX JTABJCHUM W TEM-
rmepaType paBHO MUHUMAJBHOI pabore, HEOOXOMMMON
JITsT TOPO, 9TODBI IEPEBECTH TIOJICUCTEMY U3 OJHOT'O CO-
CTOsTHUE B JIpyroe oOpaTuMbiM 0bpa3oM. B Hamem ciry-
Jae [pU PACIPOCTPAHEHNN YIIPYTOil BOJHBI BHIPAXKEHUE
JIJTsT MUHUMAJIBHON paboThl IMeeT BU/T

Rmin = 6E(Sl7527 VS17 VS27 Suull) -

ToyéS — (0’11(0))6U117 (2)

rne 6F, S, duj; — W3MeHeHMe BHyTpEHHell 3Hepruu,
SHTPOINU U TEH30PA, JIeDOPMAIINN TTOJICUCTEMBI, HHJIEKC
«0» yKa3bIBaeT HA TO, YTO BEJTUIUHBI OTHOCSITCS K TEJTY
B 1ejioM. PackiiajibiBasi B psiji M3MEHEHUE BHYTpPEHHE
3HEPruy, cpasdy HaiijieM, 4To JUHECHHbIC 110 U3MEHCHUAM
0.5, uq1 caraeMble B BhIpaskeHUd (2) COKPAIAIOTCH, a
nepBble MPOU3BOHBIE IO KOMIIOHEHTAM TapaMeTpa Mo-
PSIIKA ¥ MX IPaJIneHTaM PAaBHBI HYJIIO. BBIIesss B cia-
raeMbIX BTOPOT'O MOPSIIKA YJIEHBI BUA

1 (62E 0*’FE 0?

E
-2 = 2 = = 2
3 a5z 09" + 255, — 088un + 5o (Gun) ) ,

BBEJIEM CJIEIYIOIIHEe O003HAYEHUSI:

0’E 9 2 0’E 2 2
W((SS) = (s(x))7, @(51‘11) = (u(x))”,

0°E
a cjaraemoe 856u11656u11 3allMIIeM CJIELYIOIHUM 00-
pasom: wu(x)s(x). CireoBaTe/IbHO, B BOIPAKEHUM IS
TEPMOJAMHAMUYIECKOTO MTOTEHINAA BCEH CUCTEMBI II0-
ABATCA CJIATAEMBIE

/ (%s(m)Q + %u(m)Q + wu(x)8($)> d'z,  (3)

7 2KOT®, Bem. 1(7)

KOTOpBIE CO 3HAKOM MHHYC BOWJIYT U B CTATHYECKOE
geiicrBre. 3aMEeTUM, YTO BEJIMIMHA U IIPOIOPIINOHAI b
Ha M3MEHEHUI0 00beMa, a 3HAYUT, U IJIOTHOCTH CHCTe-
MBI, T. €. He JOJI?KHa MEHATH 3HaKa IIPU IIPOCTPaHCTBEH-
vO#l maBepcun. OTMETUM TAaKXKe, 9TO U TEH30p s1edop-
Mallui He MeHseT 3HaKa IIPU CMeHe 3HaKOB KOOD/UHAT.

3. CTOXACTUNYECKHNE YPABHEHUNA "
KBAHTOBO-IIOJIEBAA MOJAEJIb

B sTom citygae B3anmoseiicTBre TapamMeTpa mopsi-
K& CO 3ByKOM BOJIN3H (DA30BOTO IEPEXO/IA OIUCHIBACTCS
CJTEJTYOIMH CTOXACTHIECKUMHU ypaBHeHusMu [13]:

ds; 555t
i /\05—5'1- +05(x, 1),
ds 5Sst
22— g AE 4
7 KA 5s + 05(x, 1), (4)
. 65%! .
Mi=-A 3 + DM AGH 0,(x,t).
u

ITepBoe u3 ypaBHenwmii (4) onuCHIBAET PEIAKCAIAIO
KOMITOHEHT TTapaMeTpa MOpsiiKa ¢ KoadduimeHToM pe-
Jlakcanuu Ag. Bropoe ypaBHEHHE ONUCHIBAET MEPEHOC
sHepruu us3-3a auddys3un, a KOIDOUIMEHT K eCTh
TeMIrepaTypHas IpOBOAUMOCTD. [locennee ypapuenue
CJIeIyeT U3 CTAaHIAPTHOTO YPABHEHUS JIBUKEHUS 3BYKO-
BBIX BOJIH. Besmmunna M sBiisiercst 0OpaTHBIM KBaJIpa-
TOM aInabaTHIECKOl CKOPOCTH 3ByKa, ) — KOHCTaHTa,
saryxanusa [13]. B ypasuenusx (4) seamunusr 6;, 0,
6, urparot posib «caydaitabixy cmi. CpenHue 3HadYe-
HUsI 9TUX CHJI PABHBI HYJIIO, a JJIsi UX KOPPEJISTOPOB
BBIMIOJIHSIIOTCsT COOTHOIIeHust 6, 13]

<91‘(X, t)GJ (XI, t/)> = 2)\05d(x - XI)(S(t - t’)dij,

(0s(x,1)0, (X', 1)) = —26v25%(x — x)o(t —t'), (5)

(0 (x,1)0, (X', ') = 2DMV*6%(x — x')5(t — t').

DTy CTOXACTUYECKYI0 MOJIEJIb MOXKHO CBECTH K
PaCcCMOTPEHUIO HEKOTOPOU KBAHTOBO-IIOJIEBOU MOJICJIN.
Moxkuo mokazarh [20], 4TO cTOXACTHYECKAs] MOJIEb
[TOJTHOCTHIO 9KBUBAJIEHTHA KBAHTOBO-TIOJIEBOI MOJIEJIN C
VABOGHHBIM 9HCJIOM TOJIeH, a umenno S;, S, (i = 1,2),
S, 8, u, %. OYHKIMOHAJ JIEHCTBUS B 9TOM CJIydae MMEET
BHUT
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S = // dz dt [Sl(x,t))\oé‘l(x,t) +

st
o8, _, o5 }_

+ SQ(X, t))\QSQ(X, t) — Sl |:W 551

- [08, 55t
_SQ[W )\055 }—l—uDMV o — 5kAS —
0%u 555t ou
—u[Mat2 + A 5 _DMAZ%]

_|0s 585t

ITepexos K KBAHTOBO-TIOJIEBOH MOZEIU MO3BOJISET
B IOJHOI Mepe HCIOJb30BATh METOJBI TEOPHH IIOJIS
JUIST AHAJIM3a HAIIEH MO, DTO O3HAYAeT, 9TO (DyHK-
mun ['puHa CTOXaCTUYECKOM 318491 MOXKHO BBIYHCIATE
¢ noMorbo o6braabx dyskmuil 'puna mogemu (6),
KOTOPBIE OIIPEJEIAIOTCS TIPOU3BOIAIIMM (hyHKIMOHA-
aoM [20]

J) = / DS1DS;DS, DS, DsDsDuDG %

xexp (S +Jop + J5¢), (7)

rue ¢ = (S1,52,8,u), p = (S1,952,8,4), 10 HUM [IPO-
BOJUTCSA cymMmupoBanue, J,, Jgz
BETCTBYIOIIUX MOJIeH, KPOME TOrO, B MOCJIEIHUX JBYX
CJIAraeMbIX TOJ] 3HAKOM 3KCIIOHEHTBI IPOBOUTCS WHTE-

— MHCTOYHUKH COOT-

IPUPOBaHKE IO TPOCTPAHCTBEHHBIM ¥ BPEMEHHBIM ap-
rymentaM. ObecreunBatomuii HopMupory G(0) = 1
MHOXKUTEJIb BKJIIOUYeH B Besmmuanny DS ... Da.

Borancoinm Bxoggimye B paBeHCTBO (6) Bapualyon-
Hbleé TIPOU3BOJIHBIE U TIOJICTABUM UX B 3TO PABEHCTBO.
Torga Boipazkenue (6) MOXKHO IPEJICTABATD B BUJIE CYM-
MBI JIBYyX CJIAraeMbIX:

S = /ddl' dt(SQ(X, t)) + V(SD(X7 t), @(X7 t)), (8>

rJie IepBoe cjaracMoe B paBeHCTBe (8) — wacThb Jeii-
CTBUsI, KBAAPATHIHAA [0 AUHAMHUIECKAM [IEPEMEHHBIM,
a BTOpOE CJIaraeMoe OLUCHIBAET B3aUMOIEHCTBUE ITHX
nosteit. lasee y06HO IPOBECTH CABUIY HA KOHCTAHTBI,
KOTODBIE MO3BOJISIIOT UCKJIIOYUTD U3 PACCMOTDEHHUS JIU-
HefiHble 110 MCTOYHUKAM CJIAraeMble B IPOU3BOIAIIEM
dyukumonase (7). TlokazxkeM 3TO HA IPUMEPE CYMMbI
ciaraembix [20]

- = -~ [0
A = S1\oS1 — St l:& + /\0(7”0 — A):| S1+

+Js, 81+ Jg, 51, (9)

B pasencrse (9) upezmosaraercs MHTErPUPOBAHUE 110
BPEMEHHBIM W IIPOCTPAHCTBEHHBIM KoopauHaTaM. O6o-
3Havas \g = D/2, nepsble JBa CJAraeMbIX 3alldIleM B
BHJIE

gMa_a[a

at—i—)\o(ro A)] Sy =—LKL"/2, (10)

rae L = (S1,S1), oneparop K pasen
0 (&g + )\0[7‘0 - A]T)
(0 + Nolro — A)) -D ’

a 3Hak 1 o3HavyaeT TpaHcnonupoBanme. s Takoii
6JI0YHOI MATPUIBI ¢ CUMMETPUYHON omepanmeir D =

= DT o6parusrii oneparop AlS) = K~ sanucbiBaercs
B Buje [20]
S s S
o [A9Dag) A .
A5 0|
e
A = (@ + Xofro — AN, 12)

ALY = [(9e + Xolro — ADT]
Bgsenem nasee obosnadenue
AfY = Al DAY, (13)
[P 9TOM
(@ + Xo[ro — AN = (=8, + Ao[ro — A]).  (14)

Torma 3aI1a3/IbIBAIOIIA ] byHKIHA I'puna
Ag) (x — x/,t — t/) summeitoro omepatopa L =
= 0 + \o[ro — A] aBisiercs 3aTpaBOYHBIM KOPPEJIATO-
pOM BHJIA

A k=Xt = 1) = ($1(x,) 81 (X, #))o,  (15)

a omepezkarorias GyHKius ['puHa paBHa
A (x =Xt —t') = (81(x,0)S1(x, t'))o.  (16)

Jluneitnomy oneparopy —Dd(x — z') coorsercrByeT
byuknusa ['puna

AP (x =Xt — 1) = (S1(x, )81 (X, t'))o.  (17)
IlousiTHO, YTO B OOIEM CIydIae UMeeM
(SiS;) = (SiSi)dy;,
(S:S5) = (5:5:)045, (18)
(8:5;) = 0.
3aMeHOi1 ITepeMEHHBIX BHJIA

L:y+JSK_17

rJie BEKTOP-CTPOKA

Js=(Js Jg),
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BeJIMYNHA

LKLT
A = + JsLT
IIPUBOJINTCSI K BUJLY
yKyl  JsK—1JE
A =— 5 5 .

Tlomuepkuem erie pa3, 9TO B MOCIETHEM COOTHOIIECHUH
ampo K ~! mmeer empict dbynkimit ['puna muneitnoil 3a-
naan KL = J, [20]. TIo nepeMeHHBIM Y HHTETPAJIbI OKa-
3BIBAIOTCS TAYCCOBBIMU M MOTYT ObITH BHIYUC/IECHBI TOY-
uo. Iepemennnie natopa {u,,s,§} cBA3AHBI MEXKIY
coboii OMJIMHERHBIMU cJlaraeMbIMu B Jieificrsun. IlosTo-
My TpoIieaypa n3baBaeHnsT OT JIMHEHHBIX TI0 9TUM MO~
JISIM CJIATAEMBIX C UCTOYHUKAMU AHAJOTHIHA PACCMOT-

pennoit Boimie. B aTom ciiyaae onepatop K1 mmeer Bu

0 a 0 Kk
Ky — b ¢ n O ,
0 n 0 d
kK 0 | gq
rie
0> 1"
0? 0
b= [Mﬁ —A— DMA&t]
c=—2DMvV* k= —wkA, (19)
9 ’ 0
d= |:&—I£A:| , l—liE—liA],
n=—wl, q=2KkA.

Bripaxkenue mj1g oOpaTHOit MATPUIBI MOYKHO IIPEJICTa-
BUTH CJIEJIYIONUM 0ODPA30M:

(Ki Y = AT (—cdl — ng?),
(K7 )12 = AT M (ad — kn), (20)
(K713 = AT (ckl + ang),
(Kl_l)14 = Al_l(—dan + kn?)

(K7 Y21 = ATd(bl — kn),

(K7 )22 = (Kq )24 =0, (21)
(K Y93 = AT n(—bl + k?)

(K Y31 = A7 (edk + bng),

(K7 Y30 = AT k(—ad + kn) (22)
(K1 )33 = AT (—ck? — abg)

(K Y)34 = AT'D(—ad — kn),

(K714 = AT n(=bl + kn),

(K1 Haz = (K7 1)as =0, (23)
(K Y43 = AT a(bl — kn),

Ay = (ad — kn)(bl — kn). (24)

B pasencrsax (20)—(23) ob6parnas marpuia K ! zamm-
caHa Mmo3jaeMeHTHO. B gacTHOCTH,

) 1

—A—-DMA

Ayp = (K{ )12 = 1(bl —
62

- ( [M o 5 ]
— kw?A? (% - w) _1>_1. (25)

®ypbe-06paz dyukuun Ipuna Ajs(x — x/, ¢ — t')

nMeeT BUJL
A (p,w) =
2,2 -1
_ (—Mw2+p2 [1—;;’;_11 w] —DMp%w> . (26)

OTMmernM eme pas3, 9TO B HAIeM CjIydae Habopa Ire-
peMeHHBIX (u, U, 8, §) BhIpaskeHnsaM (25), (26) coorser-
cTByIOT nMeHHO dyHKimn ['puna (ut)g. B pabore [13]
sTa byHKIUsS 0003HAUECHA KaK (Uu)g.

Ilocsie uckaovenust B MPOU3BOJIAIIEM (DYHKITHOHA-
JIe CJIATaeMbIX, JJUHEHHBIX 110 JUHAMUIECKUM II€PEMEH-
HBIM, PaBeHCTBO (7) MOXKET ObITh IPEJICTABJICHO B BUJE

)

G(J)=N"1x

X exp ( /dd:z: atVv

1
X exXp |:§ /ddl'lddxgdtldthi(Xl,tl) X

4]
R

I
oSy 0T

4]

5T |)

X A( )(Xl — X2, t1 — tQ)J (XQ — tz):| X
1 d d
X exp 5 d J?ld J?thldtgjk(xl,tl) X
X Ap(x1 — x2,11 — tQ)Jl(X25t2)> - (27)

B pasencrse (27) uHzmeKChl i, j HNpOGEraT 3HAYEHUS
{51,52,5’1,5'2} ¢ yuerom pasercTs (18), muuekch k,
| — snauenus {u,,s,8} ¢ yueroMm Toro, 9ro QyHKIMNL
Tpuna (aw), (38), (as), (54
PSIIONIMMCS MHJEKCAM IIPOBOJIUTCA cyMMHpoBaHme, N
orpeiesisieTcd U3 ycjaosus Hopmuposku G(J = 0) = 1
7 OOBIYHO OIYCKAeTCs. 3/1eCh CJIeIyeT CAeJaTh CJIeLy-
oree 3aMedanre. B BbipaxkeHue Jid TON 4yacTw Jiefi-

) PaBHBI HYJIO, & IO HOBTO-

CTBUA, KOTOPad Y4YUTBIBACT B3aMMOJECHCTBUE IIOJEH,
BXOIST KOMIIO3UTHBIE OIIEPATOPHI BUIA, S;S; u S;S;.
IIpm mpoBetennu pacaeToB MBI pacCMaTPUBAJIN BXOIS-
mye B HUX OIlepaTOPbl KaK OTJeJIbHbIE OIlepaTOPbI, HO
00JTAAOIINE OMHAKOBBIMY KOODIMHATAM.

99
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4. ®POHOHHBIN OKJINK

Paccmorpum  dyukmuio Ipuma  (u(x,t;)u(y,ty)),
rJe cpeHee 03Ha9aeT yCPeQHEHHE ¢ INIOTHOCTBIO BEPO-
ATHOCTH B KOH(MUIYPAIMOHHOM HPOCTPAHCTBE PABHON
exp(S), rue S — geiicrBue. dra GyHKIMA TOTYIAETCH
13 TEeHEPHUPYIONMEro (DyHKIMOHAA CIAEAYIOMUM 00pa-
30M:

G = (u(x,t,)i(y,t,)) =
- %(x, tm)%(y,ty)a((])w:o. (28)

Jlaee paccMaTPUBAIOTCA TOJBKO CBA3HBIE JIHATDAM-
met [21]. Bammucsisas dyrknuio G B Bue
(u) _ (v (u) (u)
G =Gy’ + Gy 2G\",
rJe Géu) — HeBO3MyIeHHas (GyHKIus ['puHa, > —
COGCTBEHHO-9HEPreTHYECKAS YaCTh, BBIYUCIHM HCXOJS
u3 (28) moCJeHIOn BEJIMYIMHY BO BTOPOM IODSIJIKE TI0

Teopun Bo3MmymieHuit. B srom mpubimxenun dypbe-
06pa3 X(p,w) 3a0UCBIBACTCS CJIEAYIOMMM 00Pa30M:

2 2 2 6
AoYsor WP

[~iw + np?2
}X

Agg) (Plawl)Aﬁ) (Pl_Pa w1 _(U)

S(p,w) =8 {’750)\0]92 +

_ AoYuoysorwp?
[—iw + Kkp?
d¥p1dwy

[27]d+T (29)

X /
3aMeTuM Tenepb, 4TO UHTerpaJs B paseHcrse (29) ecTb
)
bypbe-Tipeodbpa3oBaHie BETUINHBI

(5)

t— 11

Agg)(x—x’, AT (x —x' t—t).
OxkasbiBaercs, 4ro uaTerpai B (29) mpoire cuuTarh,
BBIUMCJIAST 9TO (Dypbe-nipeodbpazoBanne. B koopauaaT-
HOM HpPOCTPaHCTBe (QyHKIUH Ag) (x' = x" ¢ —t"),
s
A (¢

—x",t' —t") paBubl

(9) (5. 4) = 1
Apy'(x,1) = (47472 (Nt )4/2 X
(=)

X 9(15) exp |:—A()T()t — m

| oo

() __exp[—Aorolt]]
AT (1) = (2m) /2| 1+d/2

oo

[ Ak o Bl
0

exp[—Aok?[¢]]

o i) 0 OV

100

rae x = x' —x”, t =t — t”. B pasencrBax (30), (31)
0(t) — mara-dbynkiusa Xspucaina, J,(x) — dyHKIws
Beccens. IlogcTaBum 3TU BbIpaXkKeHUsI B HHTETPaJl

I:/ddxdtx

x explip - x — iwt] AY (x, ) A (x,).  (32)

IIpumem Teneps BO BHUMAHUE CJIELYIOIIEE PABEHCTBO:

exp|—Aotq?]

/qud/2J_1+d/2(Q|x|) (T'0+q2)
0

(

X [(|x|2%0)(2_d)/4 I1yay2 (|2|V/ro) %
r(-£)r ()£ (o)

n!
d
X 7y <1 —n— 5,)\0r0t)] , (33)

rae I,(x) — momudunuposannast Gyukims Beccens,
v(a, ) — menonnas ramma-dyuxims. Torga uaTErpas
(32) pasen

1

2

|z[ro

2

—14d/2
) exp[Aorolt|] x

_d
2

d

(o)X (1 — d/2)T(d/2) y
(2)1+d/2 (27r)d/2(—iw + /\0p2)2
d

xy Iy (2,8 - LAl
1 1(727 p2)\o—iw

I =

242
P=AGTo
0 . (34)
B pasencrse (34) sesmanna 1 F (a,b, ) ectb dbyHKIMS
Kywmepa, I'(x) — ramma-dbyakinusa. OrMeruM, 4To cia-
raeMble, KOTOPbIE BO3HUKAIOT OT UHTErPAJIOB C HEIOJI-
HOI raMMa-(YHKIUEH, OKa3bIBAIOTCA PABHBIME HYJTIO.

5. O BOBMO2KHOCTHU $A30BOI'O
ITIEPEXOJA BTOPOTI'O POJA

BiusiHue perreTodHbIX cTelleHeil cBOOOABI Ha THUII
$a30BoOro mepexoa pacCMaTpUBAJIOCH PaHee Pas/Ind-
HBIME aBTOpamu. Tak, B pabore [22] Ha mpuMepe ym-
PYTO-U30TPOITHOTO CETHETOIIEKTPUKA OBLIO MOKA3AHO,
YTO HAJIMYHE CIBUTOBBIX HAIPSIKCHHN U aKyCTHICCKUX
BOJIH IIPUBOJIUT K peau3aliuy ga3oBoro Iepexoa mep-
BOT'0 POjia, 6JIM3KOI0 KO BTOPOMY. DTOT BLIBOJ, CIIpaBe/I-
JuB u jyig Mogenu Vszunra. B monorpaduu [23] mis
MarHUTHOIO IIepexojia B (peppoMarHuTHOEe COCTOSHHE B
IIPOCTOM MOJIEIN yueTa 0OMEHOCTPUKIMU KaK (PYHKIUN
OTHOCHTEIHLHOTO 0O'beMa CHCTEMBI TAKKE AaHAJIN3UPOBa-
JIaCh BO3MOKHOCTH U3MEHEHHs THIIA, (Pa30BOT0 MEPEXO0-
na. B aToit Momen npoucxo Ut u3MeHenue TepMoHa-
MHYECKOTO MOTEHIMANA, TPUBOJAIICE K YMEHBIITCHHIIO
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K03 DHUIIMEHTA IIPK I€TBEPTOH CTEIeHN TapaMeTpa, IMo-
psaka. CMeHna 3HaKa 3TOro KO3 duImeHTa Hapyaer
YCJIOBHE CYIIECTBOBAHUS TIEPEX0JIa BTOPOTO POJIA.
Bepuemcs x nareit mojenu. leiicTBre B KBAHTOBO-
[IOJIEBOM TEOPUHM PEHOPMIPYIIILI BBIOMpaeTcss 6e3pas-
MepHBIM B KaHOHWYecKoi# pasmepnoctu [20]. TTosTomy
BCe cjaraeMble, BXOJAIINE B JeHCTBYE, JOJIKHBI ObITH
GespasmepHbiMu BesimauHamu. Bemmuuna (. = 1/T¢
OOBIYHO HE MHUIIETCsT, TAK KaK ee yOUparoT MO X0 ISIIIM
pacCTsi?)KeHHEeM IepPeMeHHBIX JeicTBus. Becem nepemen-
HBIM MOKHO MPHUIMCATH KAHOHUYIECKUE Pa3MEPHOCTH,
OTpesie/INB UX W3 TpebOoBaHUsi 0E3Pa3MEPHOCTH KaK-
JIOTO 13 BKJIAJOB B jieificTBre. B cratmyeckoM cirydae
JIOJI2KHA CODJTIONATHCS MHBAPUAHTHOCTH OTHOCHTEIHHO
PACTSIXKEHUS BCEX BEJUYUH U KOODAMHATHI (MMILyJIbCa)
[20]. B nuHaMuKe CyIECTBYIOT JBA HE3ABUCUMBIX TIPE-
obpa3oBaHUs MACIITA0OB, B OTHOM M3 KOTOPBIX, KaK
U B CTATUYECKOM CJIydae, paCTITMBAIOTCS BEJIMIUHBI U
KOODJUMHATHI (MMILYJIbC), & BO BTOPOM — BEJIMYHUHBI U
Bpemsd (dacrora). [losromy mobas Besnauna obiagaer
JBYMsi HE3aBUCUMBIMU KAHOHUIECKUMHU DPA3MEPHOCTSI-
MU, & MMEHHO: UMILyJIbCHOR df., riae d — obGo3nadenue
KAHOHUYIECKOI pa3mepHocTH, F — BeauduHa, I KO-
TOpOIl OHA OnpeJIeisieTcsd (MHIEKC P YKA3bIBAET HA UM-
Iy/JIbCHYIO Pa3MEpPHOCTD), I YACTOTHOMN d%., I/ie HHIEKC
«Ww» YKa3bIBaeT HA YaCTOTHYIO pasmepHOcTh. Ceitdac
JieficTBrE JIOJZKHO OBITH WHBAPUAHTHBIM OTHOCHTEIHHO
0O0IIero MacITabHOro TPeodpPa30BaHUsl, B KOTOPOM OJI-
HOBPEMEHHO W COTJIACOBAHHO PACTATHUBAIOTCS BCE Bpe-
MeHa M KOODJUHATHI (MM YACTOTHI U UMITYJIbCHI). To-
ra o0IMyre KAHOHWYECKUE Pa3MEPHOCTH dp JJId KaXK-
Jioit BestmauHb! F' onpe/iensiiores cooTHomeHnsMu [20]

dp = db + A,dg, w~ pte (35)

O6paTuMcst Terepb K TON YacTu JIUHAMUYECKOTO JIeii-
CTBHS, KOTOPAasl OMUCHLIBAET B3aWMOJIEHCTBUE B CHUCTE-
M€ U XapaKTepH3yeTcsl BHEITHUM HapaMmerpom e. Ec-
ma de > 0, To B3aumoseiicTBue okasbiBaercs (uHbpa-
KPaCHO) CYIIECTBEHHBIM U JOJIXKHO I[PUHUMATBHCS BO
BHUMAaHNE TIPU UCCJII0BaHIE (a30BOr0 nepexojia. Fe-
an d, < 0, TO B3aUMOJIEICTBHE C ITUM BHEIIHUM IIa-
pameTpoM Heobxomumo oropocuTh. OTCroma cieyer,
YTO B MOJIEJIH, OTIUCHIBAIONIEH KPUTHIECKYIO JTUHAMUKY,
Bce nH(QPAKPACHBIE HECYNECTBEHHBIE BKJIAIBI JOJZKHBI
OBITH OTOPOIIIEHBI, B TOM 9HCJIE U B CBOOOJIHOI dacTH
neficreus [20]. B paccmarpuBaemoii Moesn BeIMInHA
A, = 2. MoxHO mokaszaTh, 9ro jeiicrBue (6) siBisi-
eTCsl MyJIBTUILINKATUBHO PEHOPMUPYEMBIM U JIJIsI HErO
nMmeeM dy = 2 — 2A,, dpy = —2A,,, 9TO coBIaIa-
er ¢ pesyabraramu B [13]. Takum obpasom, B quHaMu-
YeCKOM JIEWCTBUN JIOJ2KHBI OBITH OITYIIEHBI CJIaraeMble,
nponoprnoHasbabie Koadgdurmeratam M u DM . Pop-

MaJIbHO 9TO O3HAYAET, UYTO MPOJIOJIbHBIE KOJIEOAHUsT pe-
MIETKU [IPU UCCTIeI0BaHNT (PA30BOTO IMEepexoia HECYIIe-
crBeHHBI. Huyke yTOYHUM 9TOT BBIBOJ. B 3TOM cirydae
HEepEeHOPMUPOBaHHOE JleficTBHAE 3allUIIeTCA B BUJIE

S. = /dd.’t dt(glx\ogl — 5’1 [Sl + /\0([7‘0 — A]Sl +

+ 612’7740 (52 + 52)51 422 920 5152
+ 2(vs0 — WYuo)sS1)] + 5’2)\05'2 — S, {5'2 +
910 — 12720 oo 2
+ Xo([ro — A]S2 + T(Sl + 55)Sy +

920 51 S2 4+ 2(vs0 — w%o)SSz)} -
— snAs — 5[5+ KA —w?)s+
+ (0 — wyu0) (S5 + S3)]).-

Ob6paTuM BHMMaHHME Ha TO, YTO MMEET MECTO Iie-
PEHOPMUPOBKA KOHCTAHTHI B3AMMOIEHCTBUA g10. Pazo-

(36)

BBINA nepexo/] BTOpOoro po/ia MO2KeT UMETb MeCTO TOJIBKO
B TOM CJiy4dae, €CJIN BbIIIOJHAECTCA HEPpaBEHCTBO

Y10 — 1292, > 0. (37)

Ciie1oBaTeIbHO, TIPY HAJUYIUN OOMEHHOU CTPUKIIUU U
B OTCYTCTBHE CJIBUTOBBIX HAIPSZKEHWI MOTYT BO3HUK-
HYTbh YCJIOBUS JJI PEAJIA3AIINY [IEPEX0/1a IEPBOTO POJIa,
ecan HEpaBeHCTBO (37) GyeT mpOTUBOMOIOKHBIM. Ta-
KUM 06pa3oM, B pACCMATPUBAEMON MOJIEJIH, ONUCHIBA-
foIreit 3ByKOBBIE BOJIHBI B 00/1acTH (DA30BOTO ITEPEXOIA
BTOPOIO POJIA, JOJIZKHO BBIIIOJHATHCS HepaBeHCTBO (37)
U OTCYyTCTBOBATH CJABUTOBBIE HAIIPSKEHUST B CUCTEME.
[Ipn zamucu TPOU3BOAAINIETO (DYHKIMOHAJA I
dynkiuit Ipuna ¢ geficreuem (36) Hy>KHO IPUHATDH BO
BHHUMaHUe, YTO HeBO3MYyIeHHble dyukimu ['puna Ag)
u Ag) UMEIOT TOT K€ BUJI, 9TO U PAHbIIe, & JJIs (DYHK-
mii ($8)o U ($S)¢ MOJIyUUM CJIEIYIOIIUE BbIPAYKEHUSL:

0
~\ot
0
~\ot

/\
»
&

2

=
|

+(1- )m)_l,

/\
»
&

2z

=
|

+(1- ),%A)_l X

P -7
9 2
X 2KA (Bt +(1-w )HA) .

6. PEHOPMI'PVYIIIIOBOE YPABHEHUE

Hac unrepecyer KpuTHIECKOE HOBEACHUE BEJIHINHDL
I (34), nosyuennoe Ha ocHoBe jejicTust (6). OHaKO B
HPeJIbLILYIIeM pasJiesie ObLIO TOKA3aHO, YTO CIaraeMble,
CoJepzKAIIHe YIPYTHE IIePEeMEHHbIe, He BIUAIOT Ha (ba-
30BbIT Hepexoz. [ToaroMy mcciieJoBaHnEe KPUTHIECKOTO
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NOBEJIeHNsT Pa3JIHLX (byHKIUit ['puHa Hy?KHO TIPO-
BOJIUTH Ha OCHOBe Gaszoporo xeiicteust S.p [20]. Ono
nostyuaercs u3 (36) samenoit Besmannst 1o = (T — Teo)
(T — Te) (vme Te — Temmeparypa Hepexo-
J1a, HABJIIOIaeMasl IKCIIEPUMEHTAJIBHO ), BEIUIUHBL Ao —

Ha 7

HA ee PEHOPMHUPOBAHHOE 3HAYEHHWE A, a TAKYKe 3aMe-
HOH HEPEHOPMUPOBAHHBIX IIapaMeTpPOB B3aUMO/ICHCT-
BUS gi0f = 1,2 Ha mapamerpwl g;p = g;u*° (tae g; —
PEHOPMUPOBAHHbBIE TTAPAMETPHI, [ — 3aTPABOYHAST MAC-
ca) u vjo(j = s,u) — Ha BesU4UHBL Yjp = Y;ju°. Bol-
paxkenue jyisi [ COJIEP’KUT MOJIOC OTHOCUTEIHLHO Ma-
Jioii BesmmuuHbl €. [o3TOMY HEOOXOIUMO DPEHOPMUPO-
BaTh 3Ty BEJUYUHY JIJIsI UCKJIIOUYEHUS PACXOIUMOCTH.
Beimme yke yKasbBalIoch, ato geiicteue (6) siBasercs
MYJIBTHININKATUBHO peHOpMupyeMbIM. Clie10BaTesIbHO,
MBI MOXKEM PabOTaTh B CX€Me ¢ MUHUMAJIbHBIMU BbIU-
rarusivu [20]. Tlostomy B paccmarpmBaemMom mpuGin-
JKEeHUN PEHOPMHUPOBKa I CBOJUTCS MPOCTO K BBIYUTA-
HUIO W3 Hee ITOJIIOCHOW 4actu. B aToM citydae peHOp-
MUDOBAHHAsT BEJINIUHA [R 3AlUCHIBACTCS CJIEIYIONIIM
obpazom:

rA
IR = m[lﬂ'f’ — 1H47T] X
I'(2) —p?\2r
8 (Ap? — iw)? P <)\p2 —iw )’ (39)

B pasencrse (39) orGpolieHbl Majible CjaraeMble,
MIPOMIOPIIMOHAIbHBIE CcTeltleHsaM €” ¢ n > 1, a Tak-
’Ke NPUHATA BO BHUMAaHHUE TOJBKO SKCIIOHEHIMAJIbHAS
qacTh pyuknun Kymepa, He 3aBucsIias OT 3TOT0 Ma-
JIOTO TapaMeTpa. 3aMeTHM, UYTO [0 AHAJOTUU C IIOJIy-
qeHneM 0a30BOTO JEfCTBHUsS IPOBeJeHa 3aMeHa Hepe-
HODMHUPOBAHHBIX IAPaMETPOB T, A9 Ha HUX PEHOp-
MupoBanHble 3Hadenust r, A. Qyukmus [p mnomyde-
Ha HAMU B OJHOIIETJIEBOM HPHUOJIMIKEHHH U HE COJED-
JKAT KOHCTAHT B3aUMOJIENCTBUSA §1B, §2B, YuBs VsB-
DaKTUIECKN HY>KHO WCCJIEIOBATH KPUTHIECKOE ITOBE-
nerve byuxnuu(S;(x,t)S;(x,t)S;(y,t')S;(y,t")). Pop-
MaJIbHO HCCJIEYEeTCs MOBEJIEHNE ITON (DYHKITIH, KOTIa
CIIMHOBBIE WHJIEKCHI OIMHAKOBBI M PABHBI, CKaYKEeM, UH-
nekcy ¢ = 1. Hanmmane 1pyrux KOMIIOHEHT YIUTBIBAETCS

HpI/I6J'H/I)KeHI/II/I 9TOT MHOZKUTEJIb pPaBE€H
+
373 )

CUMMEeTPUIHBIME MHOYKHTEISAMA. TaK, B OQHOIICTIEBOM
10 2«

- + -

12 + 4

2 b)

B = (918 — 12%33) (
+g25(g18 — 12725) (40)

o = 92B

2(1 — 12925)"

IlosTomy wmccileslyeM PpEHOPMIDYIIIIOBOE ypaBHE-
HHUe JJIsi TAKOTO Koppessropa. [lada sroro paccMmor-

102

PUM CBSI3HYIO PEHOpMUpOBaHHYIO dyHKIuo ['puHa

MMNN .
WI(% ) )(p, W, g1, 92,75 A, ). B oroit ynkuum mmeer-
ca M BcraBok tuna SS, M BcraBok Tmma SS, N
comuoxkuresneit S u N comuoxkureseir S. Mbl omy-
CTWJIN WHJEKCHI y CIWHOBBIX MEPEMEHHBIX, MOCKOJIb-
Ky, KAK YKa3aHO BBIIIE, BCE MHJECKCHI PABHBI €/INHUIIE.
Benuuunwtl g1, g2, 7, A ABIAAIOTCS PEHOPMUPOBAHHBI-
mu. Tora peHOpMIpyIIIIoBoe ypaBHeHue Jiist (hyHKInn

WI(%MMNN) (p,w, g1, 92,7, A, |1) 3aIUCHIBACTCS B BUJIE

0

992

991

+ B1(91) + B2(92)

" on
o) ) - .
W T MAGT NVt Nyg— Myse—Mygg) | X

(MMNN)

X WR (p7w7917927rv)\5u) =0. (41)

B pasenctse (41) mapamerps (i = 1, 5, S, 52, 59)
ecTh aHOMaJbHBIE pasMepHocTn [20] BesmawuH, mpuBe-
JIEHHBIX B cKOOKax, (;(j = 1,2) — Gera-dynknun co-
OTBETCTBYIOIIX PEHOPMUPOBAHHBIX 3apAI0B g1 2. OHu
CBSI3aHBI C HEPEHOPMUPOBAHHBIMHA 3apAJAMA §10, 20
coorHommeHnsMu [20]

gio = gi,UQEZg” 1= 15 27 (42)

IOe /i — 3aTpaBodHAs Macca, Zg,, (i = 1,2) — Komc-
TaHThI peHOPMUPOBKH 3apanos [20]. Hac Gyuer unrepe-
WI(%MMNN)

TUYIECKON TOUYKe (PAa30BOro mepexosa, B KOTOpoit obpa-
maored B Hysib Kodddunuentsr £1(g1), B2(g2). O6o-
3HAMMAM 3HAYEHUs] PEHOPMUPOBAHHBIX KOHCTAHT B3auU-

coBaTh DYHKIMS HEIIOCPEJICTBEHHO B KpH-

MOJIEMICTBUSI B TOYKe Ilepexojia Kak ¢i, g5. Mcmomb-
3ysl METOJ], [TOJIyIeHUs] YPABHEHUSI B KPUTUIECKON TOU-
ke [20], mosyumuMm ciemyiomiee peHOPMIPYIIIIOBOE yPaB-
HeHWe JIJIsT UCKOMO#l peHopMmupoBaHHo# dyHkimn W

0

or

2

dp
+ MA(SS)} WM (pw, g5 g5, A ) =0, (43)

AVE
+ w&u

+A,r —NAS—NAs—I—MASz +

rne A; = d; + 7. B mociennem paBeHCTBe aHOMAJIL-
Hasl PA3MEPHOCTD 7y, IOJIy9aeTcs IyTeM IIOJCTAHOBKH
B ee BBIpaKeHHe BeJuduH ¢;, ¢5. OOpaTuM BHHMAHHE
Ha, cJIeIytoniee 06CToATeIbCTBO. Kpurudeckast pa3mep-
Hocth Ay obpamaercs B Hysb [20]. Tlosromy B ypashe-
uun (43) orcyTeTByeT ciiaraemoe ¢ Ipou3BOjaHON Oy .B
pe3ysbTare BOZHUKAET CBsI3b MEXK/Yy aHOMAJIbHOM pas-
MEPHOCTBIO 7y B KPUTUYECKOH TOYKE U KPUTUIECKOH
pasMepHOCTBIO A, Brja [20]

Ay = —(d5 +73)/d3,

npu srom dy = —2, d§ = 1.
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Benem takike 6e3pasMepHbie mepeMeHHbIE

(44)
[ m
B s1ux 6e3pasmepHbIX II€peMeHHbIX ypasHenue (43)
MOKHO 3aIICATH B BUJIE

0 0] 0

+ NAs—I—NAg — MAg- _MA(SS) X

x WIMEN) (¢ 0 gt g8) = 0. (45)

Irpux y penopmupoBannoit dyukimu W o3Haqdaer,
9TO OHA 3alMCaHa 4depe3 Oe3pa3MepHbIe IIepeMeHHBIE.
Perenne ypasHeHust (45) umeer Buj

WiMMNN (¢ 2,98, 93) =

MMNN _ _ 5 %
=W J(1,2¢727 g¢2  gt, g3) %

dt

¢
X exp / 7(NAS+]\~]A§—MA52—MA(§S)) (46)
0

B pasencrse (46) mapameTp t — repeMeHHasi HHTErPU-
pOBaHUsI, OT KOTOPOH KPUTHUYECKUE paszMepHOCTH A\;
[10J1, 3HAKOM WHTErpaJia He 3aBHUCAT. B mHTEpecyromem
Hac ciaydae OygemM uMeThb

1100 % %
WI/%( )(Cvzvqaglng):

(i100) ro(p\Y w (p)
/ * *
e (LﬁiQﬁ 7 () ﬂb%>x

—(2d—2/v+Ay)
X(B) .
7]

B npagoit wactu ypapHeHus: (47) IPUHSITO BO BHUMA-
HHE, 9TO KPUTHYECKASA Pa3MEPHOCTh A, BEIUYUHLI ' =
=T — T¢c, tne Tc — UCTUHHAS TeMIlepaTypa mepe-

(47)

XO0/1a, He MEHSIeTC IIPH IIePEeX0/ie OT CTATHKH K JMHA-
muke [20], T.e. paBua 1/v. AnomMayibHAas Pa3MEPHOCTD
Berasku S? ectb 2 — 1/v |24]. PazmepHocTb KOMIIOHEH-
THI TapameTpa nopsijka dg passa d/2 — 1 [13,20]. Ta-
KUM 06Pa30M, KPUTHYECKAsd Pa3MEPHOCTL Agz paBHA
d — 1/v. Paszmeprocts dg = d/2 + 1. CienoBaresnbHo,
dgg) = d. Us pannbix paborst [13] MOxHO HOLyIHTE
CJIeJLyIOIIee COOTHOIIEHNE /ISl AHOMAJIBHBIX PA3MEPHO-
CTei: Y(gg) = —Vr — Y- B srom cayugae

7(*§S) =A, —1/y,
a KpUTHYECKas Pa3MEPHOCTD

A(S«S) = d"‘Aw - 1/V

B pesynbrare B MOCJTETHEM COMHOXKHUTEJE B TIPABOIL
gacTn ypaBHeHHst (47) M BO3HHKAeT yKa3aHHBIH I0-
Kazaresab crernenn. B monorpadbum [20] cdopmynn-
POBAHO YTBEPKJEHNE, YTO HETPUBUAILHBIA KPUTHYIE-
CKUil CKeHJIMHT XapaKTepU3yeTcs TAKUM aCUMITOTHIC-
CKHM TIOBEJIEHUEM, B KOTOPOM apI'yYMEHTBI CKEHJIMHTO-
BO yHKIINN

(1100) ro(p\"V W (p) TR
/ * *
WR <1,F (;) _)\,LLQ (;) 791792>

OKA3bIBAIOTCS BEJMYUHAMU HOPsifKa (UJIM MEHbIIIE)
€IUHAIBI, YTO IIPUBOJIUT K B3AUMHO COIVIACOBAHHOI Ma-
JIOCTU IIePEMEHHBIX P, T, W:

p—0, r~p W~ pte (48)
WaTepecHo paccMOTpeTh ciydail, Korja K HYJIO

crpemntcs Benmansa r = (T — T¢). B sroit curyanun

/(1100
BEJIMYHUHY WR( )

MHOM BHJIE:

(¢, 2,4, 97, g3) 3anUIIEM B HECKOJIBKO

1100 % %
W}/%( )(<7Z7Qa91792):

—v —vA,
i100 p(r w T P
= W}/%( )<15 ; <F) 7)\—M2 <F> 791792> X

r —v(2d—2/v+Ay)
() |

TOF,Z[& CaMOCOIJTaCOBaHHasd MaJIOCTb BE€JIUYUH 7T, D, W

(49)

pe/CTaBJIsIETCS B BUE

vAw

r —0, weT (50)

p~7rY,

OrMmeruM Terneps cieytolnee 06CToITeIbCTBO. Fe-
JI1 BBIPA3WTHh BeJUIMHY IR, ONpENEJeHHYI0 paBeH-
crBoM (39), yepe3 uMHBapuaHTHBIE 0e3pa3MepHbIE Iie-
pemenHble (44), TO MOJyYIEeHHOE BBIDAsKEHUE COBIIAJIA-

€T ¢ BeJUINHOM W}/%(HOO)(Q,z,q,g{,gﬁ)/B(gf,gﬁ), rue
B(g3, g5) onpenerneno B (40) ¢ cooTBeTCTBYIOIIEH 3aMe-
HOIT mapaMeTpoB B3auMozeiicTBus (42) UX peHOPMUPO-
BAHHBIMYU 3HAYECHUAME B KPUTUIECKOH TOYKE.

7. JNUCITEPCNOHHOE YPABHEHUE
3BYKOBBIX BOJIH

Jlucriepcuonnoe ypaBHEHHE Jjisi 3BYKOBBIX (yIIPY-
I'UX) BOJIH OUpeZe/seTcs nojocoM dbyukimu G (W) 10
YPaBHEHHUE CIIPABE/JINBO U BOJIM3U TEMIIEPATYPHI IIepe-
xo7ia B Hecomzmepumyio dazy. [Ipunumas Bo BHUMA-
Hue (26), mosyanm [13]

2,2
p? (1 - %) — Mw? — DMp?iw —

—Y(p,w)=0. (51)
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LeticTBUTEIbHAS YACTH 9TOTO YPABHEHUS OIPEJIeITeT
3aBHCHUMOCTDH YaCTOTHI BOJTHBI OT BOJTHOBOTO BeKTOpa. B
o011ieM BHUJIe ypaBHEHHE JJIsI OIIPE/IeIEHIs 3aKOHA JIAC-
[IEPCUU MOYKHO 3aIIMCATH CJIEIYIONIUM 00Pa3oM:

wr2p®
p*(1 = 8oz Re Ir) — ek
Swrwp® Aoyuos
X [w_8A0FYu0FYSO Re IR]_ (Hp2)2 g’_ ;2 0 Im IR -
8oy w?p® ng 2 16072 w?pPwrk
_ 270707 B —W Re [p4—201s0 £
(e Al o Eom )

xImIgp — Mw?=0. (52)

DTO HesBHOE ypaBHEHHE 3aBHCUMOCTH YACTOTHI W OT
BOJIHOBOTO BEKTOPa P AHAJUTUIECKU BPS JIU MOYKET
6bITh pemnteno. [losTomy HeobXommMoO cjiesiaTh CyIie-
CTBEHHOE YIIPOINeHue 5Toro ypasuenus. [lepsoe ympo-
IIEHUEe COCTOUT B TOM, UTO MbI IIpeHeOperaem BKJIa-
JIOM OT SHTPOIIAU B 9TO YPABHEHUE, T. €. MIOJIATaeM KOH-
CTAHTy w paBHOU Hym0. B 3TOM mpubamkenun ypas-
Henre (52) nprobperaeT Bu/L

p*(1 = 8X\g7y2y Re Ig) — Mw? =0, (53)

rJe p — MO/IYJIb BOJHOBOIO BEKTOPA yIPYTOil BOJIHBL.

Bripazum koppesnsTop I[r uepes GespasmepHbIe Tie-
pemennbie (44). Vcnonbsys tenepb paBeHcTBO (49), 6y-
JIeM UMeThb

IR(<7 Z, Q) =

—vAy,
w (1 y
Y (u2>

—v(2d—2/v+Ay)
(54)
u2>
BanmmmemM KBa[pat 9acToThl B ypasHeruu (53) B BU-
ze
. &)
wi = p2/M.

C yuerom pasencts (53)—(55) Besmuuna dw? moxer
OBITH TIPEJICTABJIEHA CJIEIYIONUM 00pa30M:
—vA,
w
_> «

) e <u2
< r >—l/(2d—2/l/+Aw)
X

12

N3menenne kBajapaTa 9acTOTHI, KAaK BUIHO U3 pa-

Sw?

8AoYmowp X

(
iy

r

2

r

xRelg (1

(56)

BeHCTBA (56), IPSIMO NPOMOPITMOHAIBHA KBAJPATY KOH-
CTAHTBI Yy, OUPEACIAIONEN BeJIMYUHY CBA3H MEXKIY

104

MaTrHUTHON TTOJCUCTEMON U pernteTKoit. Benmmanna sToit
KOHCTaHTBI OpeiesisieTcsi 0OMeHHOI cTpukiueii. B mu-
repMaHUe Keje3a, 00JIaIaloIIeM CIOUCTOH CTPYKTY-
pOii, 3TN KOHCTAHTHI OYAYT PA3JIUIHBIMU IIPUA PACIIPO-
CTPaHEHUN 3BYKOBBIX BOJIH BIIOJIb TJIABHOI OCH U B CJIO€.
OO6MeHHasT CTPUKIWS Oy/IeT CUIbHEE B CJIOE, ITOCKOJIb-
Ky PACCTOSHHUE MEXK/Iy MAarHUTHBIMU aTOMaMH BHYTPHU
CJIOSI OKA3BIBAETCSI MEHBIIIE, YeM 3TO PACCTOSTHUE MEeXK-
ay ciosimu. OTCrofa siCHO, 9TO IIPU PACIPOCTPAHEHUH
YUOPYTHX BOJIH BJOJIb IVIABHOW OCH M3MEHEHUE YacTO-
ThI BOJIHBI OyZeT MEHbIIe, YeM IPU PACIPOCTPAHEHUU
BOJIHBI BJIOJIb CJIOSI.

Ompenenum (HazoBy0 CKOPOCTD YIIPYTO#l BOJHBI CO
CTAHIAPTHBIM COOTHOIIEHUEM ¢ = w/p, TJe w — 4acTo-
Ta BOJIHBI, & P — MO/IyJIb BOJJHOBOTO BeKTOpa. Vcmoib-
3ysl 9TO OIPEeJIeJIEHNe, 3AIUIIEM PA3HOCTb KBAJIPATOB
qactoT dw? B ypasnennn (56) tax: dw? = (c? —co)p®. B
9TOM PABEHCTBE C — CKOPOCTH 3BYKOBOI BOJIHBI, HAOJIIO-
JaeMas B IKCIEPUMEHTE, ¢p — aIuadaTudecKas CKO-
POCTb 3BYKOBO! BOJIHBI, PACIPOCTpaHAIONIeica BIOJIb
ocu [100] kpucramia. 3mech HEOOXOMUMO CETATH BazK-
HOe 3amMedaHue. B Kpurmdeckoil objacTu TeMiepaTryp
aIMabaTUIeCKyI0 CKOPOCTh 3BYKa, OOPATHBIN KBaIpaT
KoTOpOit onpesiensier Besmauny M B (55), MOXKHO 6paTh
KaK JIMHEHHYI0 KCTPAIOJISAIAI0 U3MEHEHUsI CKOPOCTHU
3ByKa IIPU TEMIIEPATypax 3HAYUTEIbHO BBIIIE, YeM

2 2
—cf =

Te [25]. Ucnonb3yem najee npubinzkeHue c
= 0c? ~ —(6¢)%. B srom ciydae u3 pasenctsa (56)
OyJeM MMeThb

6 bt 74
% o |8 Relg 1,2 (%) ,
Co AN
—vAL\ 112
w T
A2 (F) )
O\ ~(A-1/rA0/2)
X <—2> (57)
W

B monorpadun [20] npuseneHo 3HAUEHNE WHIEKCA IV R
~ 0.671 nma pasmepHocTu npocrpanctsa d = 3, B pa-
6ore [10] paccunrana Besuuuna A, = 2+ Ry, rue R =
= 0.726(1 — 0.189) ayst d = 3, a unmeke 1 = 0.040 [20].
B sT0M cirydae MOLy/Ib [OKa3aTe s CTENleHH B 1OCTIe -
HeM COMHOXKHUTeJe B npaBoit uactu (57) pasen 1.69.
W3 sKcnepnMeHTaIbHBIX JTAHHBIX paboTsl [14] cie-
JIyeT, 9TO CKOPOCTb 3BYKa IIPOJOJILHON BOJIHBI BJOJIb
HanpasieHus [100] n3aMeHsieTcst CyIeCTBEHHO GOJIbIIE,
geMm B Hampasiaennu [001], B KOTOpOM 9TO H3MeHEHHe
OKAa3bIBACTCA HAMMEHBIINM. [IOHATHO TaKiKe, IOYeMy
U3MEHEHEe CKOPOCTU BOJIHBI BIOJIb HanpasiaeHus [110]
OKa3bIBAETCS IIPOMEIKYTOUHBIM 110 BEJIMINHE, TOCKOJIb-



MITP, vom 160, Beim. 1 (7), 2021

PacnpocTtpaHeHue 3Byka B obnacTu ¢asoBoro nepexoga. . .

KY w0 OIPEAENISeT TOrIa OOMEHHYIO CTPUKIIMIO IO A~
FOHAJIA B CJIOE.

OTMmeTrnM, YTO XapaKTep H3MEHEHHs CKOPOCTH
YIPYToil BOJHBI GOPMAJIBHO COBHATAET C TEMIIEPATYP-
ubiM noBegerneM byukuuun f(r) = |r|(In|r| — Indx),
BXOJdINeH B BbIpazkeHue 1jid Ig, TaK KaK B KPUTHYEC-
KOl 06JIACTH HOCJIeHEee CIPaBEJINBO KAK BBIINIE, TaK
u HuKe Temieparypsl nepexona [20]. Tlpu cmernennn
OT TOYKH IIEPEXOJIa BBEPX 0 TEMIIEPATYpe 3Ta (PyHK-
IUsT yMEHBIIAETCS TI0 BeJIMIMHE B TOH 0OJIACTH TeMITe-
paTyp, e CyIeCTBEHHBI (DJIYKTYAluy ITapaMeTpa o-
panka. Ilpu Temmeparype mepexoja OHA UMEET MAKCHU-
MyM, B KOTOPOM €€ 3Ha4deHue pPaBHO Hy/o. IIpu Tem-
neparypax HUXKe TeMIepaTypbl mnepexoga f(r) rakixke
CHaYaJIa YMEHBIIAETCS IIPU YIAJEHAU OT TOYKH Iepe-
X074, JOCTHras MAHHUMYMA, a 3aTeM HAUYAHAET PaCTH.
Temneparypa Munumyma pasHa 1 = To — T, Tem-
neparypa Ty ~ 4mw/e ~ 4.62 K. Torma MoxKHO 110J10-
JKHUTb, 9TO B KpuTHieckoii obuactu ¢ = ¢(T¢) + de, tae
de ~ Qf(r), Q — mexoropas KoucTanTa. [lpu aT0M 3HA-
YeHHe TeMIlepaTypbl, B KoTopoii dyukiws f(r) mocru-
raer JIOKaJbHOIO MAHIUMAJILHOTO 3HAYEHUS, HAXOUTCS
B XOPOIIIEM COTJIACHH C 3KCIIEPUMEHTAIHHBIMUA JTAHHbI-
Mmu paborsr [14].

8. SAKJIFOYEHUNE

B pabote paccMOTpeHO pacupoCcTpaHeHue IPoa0.ib-
HOIl yupyroil (3ByKOBOI) BOJIHBI B OKPECTHOCTH (Hazo-
BOI'O IIEPEX0/Ia B HECOU3MEPUMYIO MATHUTHYIO CTPYKTY-
Py B CJIOHUCTBIX TETPArOHAJbHBIX CHCTEMAX Ha IPUMe-
pe coemunenus FeGes. Onucanne mpoBOAMIOCH Ha OC-
HOBE aHaJU3a KPUTUYECKOH JUHAMHUKM C BBEJIEHUEM B
PacCMOTPEHNE CJIYYAHBIX CUJI C KOPPEIATOPaMHU IayC-
coBa Tuma. Ha 5TOM 3Tame BayKHBIM OKA3bIBAETCS TO,
KaKiM 00pa30M BBOIUTCS JUHAMUYECKAs [IEPEMEHHAs,
OIHCHIBAIOIIAS CTOXACTUIECKYO PEIIETOYHYIO JIMHAMU-
Ky. s BBenmeHUS 3TOI HEPEMEHHON yJINUTHIBAEM W3-
MEHEHUE IIJIOTHOCTHU TEePMOUHAMIIECKOTO MIOTEHIIAATIA
B pesysibrare (iaykryanun. IIpegcraBum cucreMy Kak
HabOp mojcucTeM, cJiabo B3aUMOIEHCTBYOIIUX MEXK LY
coboii (Hampumep, TOJBKO 3a CYeT TPAJUEHTOB Mapa-
METPOB IOPsJIKA ), TOra (BJIYKTyallis B MaJIOH [0JICH-
cTeMe IMPOIOPINOHAJIBHA MUHUMAJIBHON pabore, KOTO-
pad coBepuiaeTcd HaJ, IIOACUCTEMON, BKJIIOYAIONIEH U
n3MeHeHne TeHsopa aedopmarnun. B pesymabrare yma-
€TCsl BBECTU AUHAMUYECKYIO NEPEMEHHYIO, OIIMCHIBAIO-
II[YIO CTOXACTUIECKYIO PEIMIETOYHYO JIUHAMUKY U BKJIIO-
YUTH CJIaraeMble C 9TON MePEMEHHOl B U3MEHEeHHe Tep-
MOIAMHAMHUYECKOIO [IOTEHIINAJIA CACTEMBI, & 3HAYHUT, U B
JeiicrBue Harei 3amaun. [lyrem ynBoeHusi dmciia 1mo-

Jieil 3aj1ata ObLIA CBeJIeHA K KBAHTOBO-IIOJIEBOI MOJIe-
au. Onpenesenne Gynknmit ['puna npoBouIocs ¢ nc-
[T0JIb30BAHUEM TeHEPUPYIONIEro (DyHKIMOHAA, B KOTO-
POM OBLIO TTPOBEIEHO MPeoOpa30BAHNE «CMEITEHNST Ha
KOHCTAHTY», JiJIs n30aBJIEHUsI OT CJIAraeMbIX, JIMHEH-
HBIX 110 UCTOYHUKaM moJieil. Jlucnepcrnonnoe ypasHe-
HUE YOPYTUX BOJIH OIPEIEISIOCh MOTIOCOM (DYHKITHH
Ipuna (ut). CobCTBEHHO-9HEPreTHIECKAs aCTh OIpe-
JIJISLIACh C TOYHOCTBIO JI0 BTOPOTO MOPSIIKA 110 TEOPUH
BO3MYIIICHUI.

YcranoBI€HO, 9TO B KPUTHUYIECKON obJiactu BOJIH-
30 TEeMIIepaTyphl [IE€PEeXoJa BTOPOIO POJa B HECOU3-
MEPUMYIO MATHUTHYIO CTPYKTYPY U3MEHEHHE CKOPOCTH
YIPYTOit BOJHBI OTHOCUTEJIBHO a1nabaTUuIeCcKOil CKOPO-
CTH 3TOI BOJIHBI, IIOJIy9aeMOil JIMHEHHON anmrpoKcuMa-
nueil BBICOKOTEMIIEPATYPHBIX 3HAUCHU, OTHECEHHOE K
anabaTUIeCKOl CKOPOCTH, MMEET CTEIeHHON Xapak-
tep Buma (T — To) v (@-1/v+20/2) Nzmenenne kBa-
paTa 9acTOTBhI YIPYToil BOJIHBI C TeMIEpaTypoil Tak-
JKe UMEeT CTEIIEHHOM XapaKTep ¢ MOKA3aTeIeM CTEIeHH,
YJIBOGHHBIM 110 CPABHEHHIO C HAIMCAHHBIM BbIre. [lo-
Ka3aHo, YTO U3MEHEHNE CKOPOCTHU 3ByKa B KPUTUYIECKOM
00J1aCcT! KOPPEJUPYeT ¢ TeMIIEPATYPHBIM IIOBE/IEHIEeM
dyukmuu |r|(In |r| —1ndr). Paznuunas Besmanna nzme-
HEHHUsSI CKOPOCTH IPOJOJIBHOIO 3ByKa B HAIIPABJIEHUSX
[100], [110], [001] cBa3ana ¢ TeM, 9TO KOHCTAHTLI 0OMe-
HOCTPUKIINU MPU PACIPOCTPAHEHUN 3BYKa B ITUX Ha-
MIPaBJICHUIX HE COBIIAIAIOT MeXKIy co00il, mpudeMm 00-
MEHOCTPUKIUSI [P PACIPOCTPAHEHUN BJIOJIb HAIIPAB-
nenns [001] oxaspIBaeTCsA HAMMEHBIIEH.

OrmernM, B 3aKJIIOYUEHHE, UTO IOJXOJI, PAa3BUBae-
MBIl B cTaThe JJIsi OMUCAHUS PACIPOCTPAHEHUs 3BYKA
BOJIM3KM MArHUTHOTO (DA30BOr0 IEPEeXo/ia BTOPOTO POJIa
6EeCIIOPSIOK-TIOPSIJIOK MOYKET OBITh PACHPOCTPAHEH U
HA TEepexoJibl B COM3MEPUMYIO MArHUTHYIO a3y, Ko-
TOpasi ONMUCHIBAETCS JIBYXKOMIOHEHTHBIM IIapaMETPOM
opsijika. MarHUTHBIH 1Iepexo/1 B 9TOM CJIydae He J0JI-
JKEH COIMPOBOXKJIATHCS HM3MEHEHHEM TeTParoHaJLHOMN
KPHUCTAJITIECKON CTPYKTYPHI.

®@unHaHcupoBaume. Pabora BBIIOJIHEHa B pPaM-
KaX TOCYJapCTBEHHOTO 3aJaHnsd MUHICTEPCTBa HAYKN
u Boiciiero obpasoBanust PO (mudp «Ksanr») I.p.
Ne AAAA-A18-118020190095-4.
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