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PACINPOCTPAHEHNVE 3BYKA BBJIM3 TNTEPEXOOA
N30TPOMHAA XXNIKOCTb - HEMATUYECKU XXNOKN
KPUNCTAJIJI

E. H. Ko>eBHukos, N. A. YabaH

PaccunTaHO aHOMa/lbHOE MOr/OWEeHNe 1 [WUCMepcus  CKOpPOCTU  3BYKa
» U30TPOMHOM XXMAKOCTYU BOMM3M Mepexoda W30TPONMas XMAKOCTb — Hema-
TUYECKWIA XKUAKWUIA KpUCTani. PacCMOTPEHHbIA MeEXaHW3M aHOMa/IbHOrO Mo-
[NIOLEHNA 1 AMUCMEPCUU CKOPOCTW 3BYKa 3aK/o4yaeTcs B TOM, TO W3MeHeHue
[laBNIeHNs B 3BYKOBOW BO/IHE BbI3bIBAET W3MEHEHWE XapakTepa qyKTyaLuii
napameTpa nopsaka. 310 U3MEHEHWE XapakTepa AyKTyauuid oTCTaeT HO (a-
3¢ OT 3BYKOBOrO fAaBfieHMs. TaK KaK 00beM 3aBMCUT OT (hAyKTyauwuin napa-
MeTpa Mopsiika, TO 3TO OTCTaBaHWEe MPUBOAUT K aHOMasSbHOMY TOI/IOLLEHNIO
W JMCNepcuMm CKOpPOCTM 3ByKa. [pu pacuyeTe KOMMEKCHas ajmadbaTunyeckas
CKMMaeMOCTb HaxOAMTCA HEeMnocpeACTBEHHO W3 TePMOAMHAMNYECKOrO MOTeH-
UMana CUCTEMbI, CMEKTP WMHTEHCUMBHOCTM (hAYKTyaLWUin onpeaenseTcss ¢ MomMo-
LLbtO CbJ'IyKTyaLI,I/IOT}O AMCCUNALMOHHOH TEOPEMbI, & ero U3MeHeHWe Noj Bns-
HWEM 3BYKOBOW MOMHbI HAXOAUTCA METOJOM MasbiX BO3MYLLeHWIA. [poBeaeno
CPaBHEHME pacyeTHbIX AanmnbiX C 3KCNEPUMEHTabHbLIMM.

Kak M3BeCTHO, BOMM3M TOUKM (DA30BOro repxofa n3oTponmnas XUAKOCTb —
HEMaTUYECKUN XXUOKUA KPUCTaI/T UMEKOT MECTO aHOMa/lbHOe MOr/oWeHne U
ONCMEPCUS CKOPOCTU 3BYKA. JKCMepUMeHTaslbHble fAaHHble AN18 Pas/inyHbIX
Bewlects [1—7] Mo3BONAKOT YCTaHOBUTb Cneaytollne 0Co0b6eHHOCTN aHOMaslbHO-
ro nornoweHns u AUCMepcMn CKOPOCTU 3BYKa B M30TPOMHOM ha3e, paccMoT-
PEHMEM KOTOPON Mbl orpaHuunmcs. KoaduumeHT nornoueHns pactet ¢ npu-
bnKeHMeM K TemmnepaType nepexofda, CKOPOCTb pocTa npu (PUKCUPOBaAHHOW
4yacToTe YBE/IMYMBAETCA MO Mepe 3TOro npubnmxeHusa. pu QUKCMPOBAHHOM
Temneparype KO3PUUMEHT MOrMoLeHNsA, OTHECEHHbIN K KBaApaTy 4acToThl,
PacTeT C YMeHblUeHMeM 4acToTbl. CKOpPOCTb 3BYKa YMEHbLUAETCa npu npu-
ONIMXKEHNN K TOYKe Mnepexofa, HecKOSIbKO YBENNUMBAACbL C POCTOM 4acTOThbl.

[TpUYMHON yKa3aHHbIX aHOMa/IM Mbl OyaeM cuuTaTb 3aBMCUMOCTb Y[eflb-
HOro 06beMa >XMAKOCTWU OT CTENEHU YMOpPsA0YEHHOCTU OpUEHTaUUn MONeKYyn;
B pe3y/ibTaTe 00beM OKa3blBaeTCHA 3aBUCAWMM OT (IYKTyauun napameTpa
nopaaka. [asneHue B 3BYKOBOM BOJMIHe, MPUbAMXaa M yaanas >XWUAKOCTb OT
TOUKN Mepexoda, U3MeHseT XapakTep 3TuMX (IYKTyauwuin, MOCKOSbKY paanyc
N BPEMS KOPPenauum pacTyT Mo Mepe MPUONMKeHUs K TOUKe nepexoda. Tak-
KaK M3MeHeHne (yKTyauun MpoucxoauTt C 3anasfblBaHMEM, TO CBSA3aHHOE C
HAMMU N3MeHeHWe o6bema OyfeT TakXe 3anasfbiBaTb OTHOCUTE/IbHO 3BYKOBO-
ro AaBfleHNs, 4YTO W MpPMBEAET K aHOMasIlbHOMY TMOrJIOWEHNIO U AUCTEPCUN
CKOpPOCTU 3BYKa.

YKa3aHHbIi MEXaHU3M SIBNSETCH aHaOrMUYHbIM COOTBETCTBEHHBIM MeXa-
HMU3MaM aHOMa/IbHOro MOr/IOWEHNSS U AMUCMEPCUN CKOPOCTU 3BYKa BOMN3U KPU-
TUYECKOW TOUKM paccnamBaHUs [OBYXKOMMOHEHTHOW CMeCUM N KPUTUYECKOW
TOUKM XUAKOCTb —Map. TakoM mexaHu3m Obl/l BrnepBble AeTasfibHO PacCMOTPEH
dukcmaHoM [8. 9] B NPUMEHEHUN K KPUTUYECKMM Toykam. Bcnep 3a ®uUKCMa-
noMm Kaeacaku [10] npoBen pacyet, UCMOMb3ysa pe3ynbTartbl padboTel KagaHosa
n Ceura [11], a TakKXKe HOBENLLUNE 3IKCNEPUMEHTa/IbHbIE [aHHble MO pacces-
HUIO cBeTa. 13 pabote [2] caenaHa MNONbITKAa NPUMeNnUTbL Teoputdo PUKCMaHa
ONA OMMcaHMUa aHOMasibHOro pacrpoCcTpaHeHUsA 3BYyKa BOMM3W TOYKU rMepexoaa
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N30TPOMNHASA XUAKOCTb —HEMATUYECKUIN XUAKNUIA KpucTtann. pn 3Tom, 0AHaKOo,
He Yy4nTbIBa/lIOCb, YTO YpaBHEHWe, OMucCbiBalollee M3MeHeHWe napamMeTpa Mo-
paaKa BO6MM3M 3TOr0 nepexoaa, OT/IMYHO OT COOTBETCTBYIOLMX YpaBHEHUW BOMN-
3N KPUTUYECKUX Toyek. Xoliep n Honne [5], paccmaTtpuBas nepexon MU30TPOIr-
Hafd >KUAKOCTb —HEMAaTUYECKMA >XUAKUAN KPUCTana KakK (ha30oBbiM Nepexoa
NnepBoro poaa, NonbITaINCb CBA3aTb aHOManMW pacnpocTpaHeHUa 3BYyKa C Cy-
LLLeCTBOBaHMEM rcTepodasHbixX hayKTyaunin B6nn3m nepexoaa. MocKonbky, Kak
nokasanu fajnbHelllne WCCNeNOBaHWUS, paccMaTpuBaembi nepxond 6/M30K K
(hasoBOMY nepexoay BTOPOro poda, Takoe pPacCMOTPEHWEe HepaBHOMEPHO.

BBuay OTCYTCTBMA 3aKOHYEHHOW TEOPUN, Mbl 3aHOBO MPOBENN pacyeT Ko3d-
vuMeHTa MNOrnoLeHna n aucrepcum CKOpPOCTU 3BYKa BOMM3M nepexoda H30-
Tponnas »XWUAKOCTb —HEMATUYECKUN XUOKUA KPWUCTana, OCHOBbIBAsACb Ha YKa-
3aHHOM B Hauyase cTaTbM MexaHu3Me ABneHMA. Kpome Toro, Hamm paccymTtaHa
0C00asi 4YacCTb BbICOKOYACTOTHOM CKOPOCTM 3BYKa, KOTOPYH HeoO6XOoAMMO Y4u-
TbiBaTb MPW COMOCTaB/IEHUN C 3KCNEpPMMeHTOM. B HacTosuwen pabote Mbl pac-
cMaTpuMBaem 3BYKOBble BOJIHbI C A/IMHAMW MHOr0 60MbLIMMK paguyca Koppens-
UMK PNyKTyauuin napamerpa nepexoga p. AN HaxXoXAeHUS OUCMEPCUN N aHO-
Ma/IbHOr0 MOr/foWeHnA TaKuUX BOSIH [A0OCTATOMHO paccumTaTb CPefdHIOH HO
00beEMY KOMMEKCHYIO aanabaTUyeckyro CXKMMaeMocTb cpefpl. MeTtog pacue-
Ta, MPUMEHSEMbIA HamW, aHa/lorM4yeH METOMy, WCMOJ/Ib30BaHHOMY B paboTax
[12, 13] ana pacyeta 0COGeHHOCTei pacnpocTpaHeHns 3ByKa BOIM3WM KPUTU-
YeCKOW TOUKM paccnamBaHusa. OTMYMe HACTOAWEro pacyeTa OT MPOBEAEHHOrO
B 3TNX paboTax CBA3aHO C TEM, UTO YpaBHEHMe ABMXXEHMA AN napameTpa mno-
pAgKa Mpu Mepexofe W30TPOMHas >XUAKOCTb —HEMATUYECKUNA XUOKUA KPU-
CTa/l/1 MHOe, YeM ypaBHeHMe ABMKEHUA AN PAYKTyaumnm KOHLEHTpaLun.

[Mepexoi M30TPOMHasA >XUAKOCTb —HEMATUYECKUM XXUAKUW KpUcTann AB-
naetca (ha3oBbIM MepPexofoM MepBoro pofa, 61M3KUM K (ha3oBOMY Mepexoay
BTOporo posa. OH CONPOBOXXAaeTcA HEeOGONbLUOM CKPbITOM TEM/IOTOWN Mepexoja,
HebOMbLLIMM CKAYKOM napameTpa nopagka n T. 4. YepTbl pa3oBOro nepexopna
NepBoro poja ONMUCbIBalOTCA KyOMYeCKMM HO MapameTpy nepexofa Y/eHOM B
TepMOANHAMNYECKOM MOTeHUMane. I3TOT YneH BBOAMUTCH Hapsady C KBaapaTuu-
HbIM UY/IeHOM, KO3(MULIMEHT Npu KOTOPOM MNpwu TemnepaTtype T cuymMTaeTcs npo-
NnopuUMOHaibHbIM HeKoTopown cteneHn T—Th BBuay Hannumsa Kybuyeckoro ure-
Ha Temnepatypa TK OKa3blBaeTCs HECKO/IbKO MEeHbLLIEN, YeM TemnepaTypa nepe-
xofa Tk Pa3HocTb Th—Th HeBenunka. Tak, B p-MeTOKCUOEH3NNNAMMN-P-0YTUNaAMU-
HC (MBBA) oHa cocTtaBnsetr 1—0,13°C [14]. B ganbHenwem Mbl 6yaem pac-
cMaTpuBaTb (Pa30BbIv MepPexo N30TPOMHas XXNAKOCTb — HEMATUUYECKNA XXNAKUI
KpucTann Kak (da3oBbii Mepexod BTOpPOro pofa. B c¢Bs3M c aTMm pa3BrBaemMas
Teopua OyaeT HeNpuUMeHMMa B ONMXKaWLLIEM OKPeCcTHOCTW Mepexofa, COOTBET-
CTBYOLLEN pasdHocTAM T—Th meHbwmnm 1°. Tpun pacyeTe Mbl OyIeEM MPeHeodpe-
ratb CBA3bK (IYKTyaUWK napameTpa nopsaka c AyKTyauusmu Opyrux Ttep-
MOANHAMUYECKNX BENMNYNH [15].

Monekynbl 60/MbLLINHCTBA XXWUAKOCTEN, CMOCOOHbLIX CYLLUECTBOBATb B YXWU/KO-
KPUCTaN/IMYECKOM COCTOSIHWW, 00bIYHO MOXHO CYMTaTb CUMMETPUYHLIMU OTHO-
CUTENbHO «A/MMHHOW» OCW W CPefHEN NI0CKOCTW, NeprneHANKYNSpHON 3TOW ocu.
[Mpn nepexofe OT N30TPOMHON XXUAKOCTU K HEMaT14eCKOMy XXMAKOMY KpucTan-
Ny TMPOUCXOANT BbICTPaMBaHWE «AJIMHHbLIX» OCEN MOMEKY/N napanfieflbHO Apyr
npyry. CTeneHb Takoro BbIiCTpaMBaHUA Mbl 6yaem, Kak 0b6blMHO [16, 17], onu-
CbiBaTb MapameTpoMm nopsaaka £(r, 0 (r—paanyc-BeKTop paccmaTpyBaeMoii
TOYKM, t —BpeMs), KOTOPbIN BBOAUTCA creayowmm obpa3om. Pa3obbem BCHO
XMAKOCTb Ha 3/leMeHTapHble 06/1acT C pasmepamu, MHOrO MenbIIUMKU paany-

ca KOppenauuu, Ho codepXkallnMmMn elle MHOro Mosekyn. B Kaxaon Takon 06-
y —
nacTtu onpegenum sennynHy 1= — (3 co0s20—1), rae 0 —yron mexay «OJINH-

HOM» OCblO MOJIEKY/Ibl U MPENMYLLECTBEHHbLIM HanpaBNeHNEM «IMHHbIX» OCEW;
YyepTa CBEPXY O3HAYaeT yCpeHeHWe Mo BCEM MOJIEKY/MaM paccMaTpyBaeMou
3NieMeHTapHoOM obnacTu.
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Kak n B pabote [12], yunTbiBas HEeNOKa/bHOCTb WU OrpaHM4YMBasCb Keafpa-

TUYHBIMM HO (NYKTyauuaM MapamMeTpa Mnopsgka YJeHamu, HanulieM TepMo-
NMHaMWUYECKUA NOTEHLMaN B BUAE

VB
O) b= Pn+ _ dk,

@n: . XAy

roe ®0—vyacTb TepMOAMHAMWYECKOro MnoTeHUMana, He 3aBucawlaa ot V—
00bEM CUCTEMbI; E£K—K-KOMMOHEHTA Pa3noXXeHUs £ B NPOCTPAHCTBEHHbIN
CrnekTp dypbe, %(Kp) —(PYyHKUMNA, 3aBUCALLAA OT K U P NLLIb B KOMOUHaL MK
Kp (B COOTBETCTBUM CO «CKIWIMHIOM») W oObOpallaroulascs B eAnHULY Mpw
/0=0; uHTerpupoBaHWe BeAeTCA MO BCEM HamnpasneHuAM K U BceM K oT 0 [0
°0. Kak rnokasbiBaeT akKcrnepumeHT [18], cnekTpanbHad MHTEHCUBHOCTb (PIIYK-
Tyauun npn manbix Kp (nponopuuoHansHaa A™1) pacTeT no mepe Npuobnnxe-
HUA K TOuKe nepexofa Kak (T—TK)~7, roe 4 —KpUTUYECKUA NHOEKC, BIN3KNNA
K eanHuue. lMoatomy pnanee o6ygem nonaratb B=Bx(T—TKY, rge 2?2 —wmano
N3MEHSAILLLAACA BONM3N nepexoda BenymHa.

CpeflHne cnekTpanbHble UHTEHCMBHOCTU |*(0))|2 COOTBETCTBYHOLLNE BON-
HOBOMY YMCMYy K N YacToTe 0, ONpedensdAtTCs, COrfiacHO yKTyaumMoLL-anCCu-
NauMoOHNOH Teopeme, BMAOM YpPaBHEHWMA, CBA3bIBAKOLLEro 00606LIEHHbIEe KOOpAU-
HaTbl £K C COMPSHKEHHbIMW (QAYKTyaunoumbIMnu cunamm /K. YToObl MOAYYUTb
3TO ypaBHeHWe, HY)KHO 3HaTb AucCcUnaTUBHYK PyHKUMIO. Mbl 6yaem nonaratb,
4yTO AMccunaums 3Heprum NPoucXodmT NoKanbHO, TaK yTo NMpu NO6bIX KP AuUc-
cunaTmMBHas MYHKUMS UMEET Creayrowmin Bua;

VU

roe Zo—HeKoTopbIM KOIPUUMEHT. TTPUHATBIN BUA AMCCUNATUBHOM (PYHKLNK
4aCcTUYHO NOATBepPXKAaeTcA I3KCNepuUMeHTanbHbIMKU pe3ynbTatamn [19], nony-
YeHHbIMW B W30TPOMHOM (pa3e BOMM3M Mepexoda M30TPOMHasA XMIAKOCTb —XO-
NecTePUYECKNA XUAKUA Kpuctann. AuddepeHumpya BblipakeHne (2) no | K
1 BblpaxkeHne (1) no £k Mbl NofyYaem crefytolliee ypaBHeHue:

1 1 1

XOp) =/ 2Bx’

roe T=b0B. [lpoBepum, 4TO BXOAALlAA B 3TO YypaBHeHWe (yKTyaumnonnas
cuna /K 0eNCTBUTENbHO SABNAETCA CONPSHKEHHON £K. [ANnA 3TOro yMHOXMM Mpa-
BYIO M NEeBYK 4vacTu ypaBHeHua (3) Ha [V7(2n)]2£K, ycpeAHUM WU MPOUHTe-
rpypyem Ho K. imes B Buay, 4uto 2R paBHO cpeaHen AMCCUNMPYEMOM MOLLL-
HocTh Q, nosyvyaem

V

Takum o6pasom, ,Cl,eI/ICTBI/I'I;eJ'IbHO /K H ypaBHeHUn (3) aBngetTcsa (PNykKTya-
LUNOHHOW cunon, conpsxeHHou | K [20]. Monb3yacb o1yKTyauuoHHO-AMecuna-
LINOHHOW TEOPeMOWn, Mbl Haxoamnm 13 ypaBHeHUs (3)

KKT T B X 2KBbTBX

1blco)l2= N2 [ ITX(AD)]2” I/kU ) 12= "

(2)

(3) U+

j|\/|-bdK

(Kb—nocTosiHHaa bonbumaHa).

Kak nokasaHo B pabote [12], BblpaxkeHue ANA CKUMaAEeMOCTU MOXET ObITb
HANWcano B cnedytoLem BUae:

. ) |b,0(0>)|"K,p(bl") X
X(Ap) >

Xe<+,d(3do, dk,
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roe po He 3aBucAllas OT (IYKTyauuii napameTpa nopsiika 4acTb CXUMae-
MOCTW,

P paBneHue B 3ByKOoBOW BOSHe, £klo(<o), (co) —He 3aBucsALllan U 3aBu-
cAwasa ot p yactm bl <o) (bl «)=£K, 0(00)-bEK, p((0)); BCe nNpon3BOAHbLIE MO
[aBMeHN0 3[ecb U aanee 6epyTca NPU NOCTOAHHOW SHTPOMUKN SO-YaCTWU SHTPO-
Nun, He 3aBUCALLLEM OT MnapameTpa nopsaka. Bocnonb3oBaslIMCbL METOAOM Ma-
NbIX BO3MYLLEHUW, Mbl Monyyaem 13 opmynbsl (3) cneayrollee ypaBHEHUE AN
£ p=£>k, v(t), 3aBUCALLLEN OT p YacTn H:

mHaxonsa £kp(co) mn3 qopmynsl (7), £k(0(co) u3 opmynbl (3) M NOACTaB-
naa nx B gqopmyny (5), BOCMNO/Mb30BABLUNCL BblpaXXeHnem (4) N NHTerpupy-
Mo YactoTam, Nnony4vaem

KBTI 1/x W

®) 2y £ Ldpvx() 73 L B Jioxeaix) 2%
roe Xx=Kkp. ONA nofyyvyeHUs KOHKPETHbIX pe3y/ibTaToB Heob6XoAuMMO 3HaTb BUA
QpyHKUMM %(K, p), a TakKXXe TemnepaTtypHble 3aBUCUMOCTW #, p, T. ITU CBe-
NEeHNA MOXXHO M3BfieYb U3 [aHHbIX O paccesHWM CBeTa BOHM3M nepexoa.

CneKTpa/ibHble MHTEHCUMBHOCTW CBeTa, PacCesHHOro na (Ayktyaunax napa-
MeTpa nopagka  NoONAPM30BaHHOIO napannesibHo U NeprneHANKyNApHO najako-
LLLleMY, ONnpeaensatTca cneayowmmmn solipakeHnamm [20, 21]:

hi K) =C||, j_/o|'fc((a) |2

roe C',|[=4/100 Cx=3A0 AO—sBennumnHa, cnabo 3asucallag oT TemrnepaTypbl B6/IU-
31 nepexoda, h —WHTEHCMBHOCTL Madarowero ceeta. lcnonb3yda dopmyny

(4), nonyyaem

T /B
Nj 1 (g5, K) —Qlito H
20 X [./Tx(kp)]2'

BennynHa [ ----- T—. NpeAcTaBnseT cobon MoAyWUpUHY nMHUK. N3me-

Tyg/cp;
peHMa [ Npy ManblX Kp KaK (QYHKUWKM TemnepaTypbl MO3BONAIOT ONpPeaenvTb

TemnepaTypHYHO 3aBUCMMOCTb T. VIHTerpmupys 1 X (co, K) N0 4acToTe, Nosy4Yaem
crnefytoulee BbipaXXeHWe ansi MOMHON MHTEHCUBHOCTM PacCesiHHOro CBETa:

l«,tW=Chxl0*~x (kp). .

N3mepeHnsa 1y (k) npu /<1 1 pasnuyHbIX TemnepaTtypax B6IM3M nepe-

X04a [alT TemnepaTypHyr 3aBucUMOCTb B. 13 npeablayllero BbipaXKeHUS
nonyyaem %(/) =/u, +(k)/1u, £(0). 310 COOTHOLIEHNE MO3BONSAET HaUTU Y(Kp)

HO M3MepPeHUAM NOSIHOW MHTEHCUBHOCTM MPW Pas/InYHbIX K.

JKCNepuMeHTasIbHbIA MaTepuan rno paccesHUo ceeta B6IM3N nepexoga M3o-
Tponmnas >XWOKOCTb —HEMAaTMYEeCKUN XUIAKWUA KpucTann He 6oratr. Ham ypaa-
NOCb HAWTWU COOTBETCTBEHHble AaHHble nuwb and MBBA [14, 18, 21]. X Mbl
1 npueBoanm Huxe. B pabote [21] nokasaHo, uto npu /P11y (/) nmeetr OpH-
ratenn —LlepHUKOBCKMI BUL:

(9) “B 1 -x 5 F -
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[To aHanornm ¢ KpUTUYECKMMK TouKamu byaem cumtatb Ap2 cnabo 3aBuca-
el OT TemmepaTypbl BeNUYMHOW, Tak uto B~ 1/p\ [pm 3Tom, nonydvaem

n( b \ nab
ap\y (kp)/ op

3 aHanu3a 06paTtHOro 3Ha4yeHus MNOSIHOM MHTEHCUBHOCTU MPWU pas3fNYHbIX
Temnepartypax cneayet, yto B=Bi(T—Th), roe /?7,=0,62 mk/cm3-rpag [18],
TaK 4uTo Yy 6/M3KO K eauHuUe. To e 3Ha4vyeHue y cnegyeT u3 agdekra Kot-
TOH—MyToHa [18]. VM3 aHanusa WWpPUHbI NUHUW HaWAeHOo, 4YTO MpPU ManbIX
Icp [14] 1=T1,(7T+7*)-1'B rpe 1,=0,62-10“6 cek —BpemMa Koppenauun npu
T—Tk=\°. TemnepatypHas 3aBMCUMOCTb paamyca KOPpPenauunm MOXXeT ObITb
Han[eHa ABYMs Cnoco6amun: BO-MepBbIX, U3 COOTHOLLEHNS B ~ 1/p2cneanyet

p=p|(T—Th) “v2= PI (T—TK) ~m,

roe p, —paanyc koppenauymm npu T—Th=\°. Bo-BTOpbIX, MO aHanorMm c Cco-
oTHoweHHem E£/mp=/1BI/6nr]pc (Drmp—KoahhrUneHT TpaHCNAUNOHHOM ANDGY-
31N, r]—caBuroeast BA3KOCTb, P ,—paanyc Koppenaumm Qayktyaumn KOHUEHT-
pauun), UMEOLINM MeCTO BO/M3M KPUTUYECKOM TOUKM paccnameaHus [22],
MOXXHO CcuMTaTb, YTO BO/MM3M paccMaTPUBAEMOro rnepexona WMMEeT MeCcTO COOT-

1
HOLLEHWe /?TDx= e ~nB2744ar)p3» rae /) [B—Ko3h@uUMeHT MOBOPOTHOW ANM-

dy3um (0b6a yKaszaHHbIX COOTHOLLUEHUA ABNAKOTCHA 0606uWeHnaMK opmyn [e-
6as). Tak Kak caBurosasd BA3KOCTb I) eCiM U MMeeT OCOBEHHOCTb, TO OYeHb
cnabyto [23], 10 n3 cooTtHoweHna T=T. (M —Th~IBHaxoaum P«pi(T—TK)-°"ib.
TemnepatypHas 3aBUCMMOCTb pajuyca Koppensuuu, nony4eHHass BTOPbIM Crio-
COOOM, [JaeT fydllee corfacue pasBuMBaemMon TeOpPUWN C IKCMEPMMEHTOM, MO3TO-
My fdafniee Mbl 6yaem nonaratb 7=0,9.

Tak, faHHble MO paccesHWUIO CBeTa AaldT HaM CBedeHMA O Buae (PYHKUMU
X(/) n TemneparypHon 3aBucumocTu B, p v T npn Ap<l. lpu 60MbLLMX
/cp HET HaOeXXHbIX 3KCMepMMeHTaNbHbIX AaHHbIX AnA onpeaeneHua x(/cp), B,
P 1 T. I103TOMYy Mbl BbIHY)XAeHbl CAenath onpefdeneHHble MNPeanonoXeHus o
BKNnage 6onblinx /cp B MHTepecyrolme Hac BennyuHbl. Mbl Oydem cuumTarth,
4YTO BKMad B p AalOT Nnb A<i/p, rae b—nocTosHHas Nopsiika HEeCKO/bKUX
eANHNL™. 3TO NpennonoXXeHne 3KBMBA/IEHTHO MPEAMNO/IOXKEHNO O TOM, YTO Npw
Kp>b Xx(/cp)=1(&p)2 llocnegHee npeanonioXXeHne ONN3KO K BbICKa3aHHOMY
B pabote [24]. BenuumHa p, CYLIeCTBEHHO 3aBUCUT OT b, BennymMHa e
P—pO—Pi1, onpegenswowlad AUCMNEPCUO U aHOMa/IbHOE TOrNoLLeHne, He 3aBW-
CUT OT Bbl6opa b, NOCKONbKY MNOAbIHTErpasbHOE BblPaXKeHWe B WUHTerpasne, or-
penendatoulem p—Jo—pi (8), 6bICTPO YMeHbLLUAETCA C POoCcTOM /cp. B cBSA3M € 3TUM
nanee BeEPXHW npefden WHTErpMpoBaHUA B 3TOM WMHTErpane COoXpaHAeTca pas-
HbIM °° NPV MoAbIHTErpasbHON (hYHKLUMN, COOTBETCTBYIOLWEN /Cp<&. Wcnonb3ys

qopmyny (6), nonyyaem

1 0B Kbl
andiy {b—arctg b).
2n2 pp2 2BY
[Moactasnasa sbipaxkeHue (9), (10) B popmyny (8), nonydaem
K*T [ a8\ 27 X 2dXx
= ?
(12 1o F)O+"+I3ny|3A,£|,p ’ 1QX

72 +1H

* 3HaueHne b=>5 gaeT HaHNydLlee cOBMafeHune MoMyUYeHHbIX HaMK Pe3ynbTaToB C JKC-
NePUMeHTaNIbHbIMK AaHHLIMW 415 CKOPOCTU 3BYKa.
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BBoas 0603Ha4eHuUs

(13) nNOT)= — x20lx
X 1+ (MT)*+ 1-V2
” x 2(1x

(14) (Ox)= |

(-7 -+ (+9% )

nn

(Ox)

N 1

12 Y }(1.+(|7|T)74+1

npeacTaBnM BblpaXkeHne (12) B crefyoLLEM BUe:

(15) p=pOtpk " (-~ )V AT F LQT)+(QT)].

J

Mpatmkn pyHkumn F,(Qt) » F2(Qt) npepcTtasneHsl na cur. 1. [MMpw

NT<1 yHkumn F,(Qt) wu .P2(AT) paBHbl MOCTOAHHbLIM 3Ha4YeHUAM A/16 W

/2, COOTBETCTBEHHO.

Mpn Qt» 1i?21(Qr) =n/(QX)N F2(Q¥) =a/Ynt. Tlo-

NIyYeHHOE BbIpaXkeHne ans ™ cnpaBefnBO NULb NPU £T < 212

dur. 1 3aBUCUMOCTU

R(Ut)

-I.0

-15

F2(QT) oT Qx

CKOpOCTb 3BYKa W KO3(PMUUWMEHT MNOrouleHns, 00YC/OBMEHHbIN PaccMOT-
PEHHbIM: MeXaHW3MOM, OTHECEHHbIN K KBaapaTy 4acTtoTbl, 8JQ2 npu 66<Q/v
cneayowmm 06pa3oM BbIPaXKAKOTCA YEpPe3 MHUMYK WU AEUCTBUTE/IbHYHO 4acTu

KOMIMIEKCION EXXUMAEMOCTM:

1 65

J

1gRep’ I 2 U
roe g

1 gvimp

NI0THOCTbL. [loAcTaBnAs B 3TW BbipaXkeHUs Fe § v Im

%

B3ATblIE W3

opmynibl (15), a TakXXe BblipaXkeHue Ang }jJ,, nonyyaem

kBIrgvG

10nY B*\ap

or ksTgVoX / gb \ 2

nz 16nyB2\ gp ) Fi( T)

(16) H=YO0[\ -

kbTgve 1B
8npB df

(b-arctgb)] ,



roe Vo=Il/1g%0> Bxoasuwaa B aTn popmMynbl BennumHa AB/Ap moxeT 6biTb npej-

CTaBJ/ieHa cnegytowumnmv 06pa30M:

roe a H Cp—koapdhnymeHT 06bEMHOro pacwmpeHUss WU yaenbHass TEMNNOEM-
KOCTb BAanuM OT TOYKW nepexopfa, aKCTpanonmpoBaHHble Ha o6nacTb nepexoja,
T. 0l cooTBeETCTBEHHbIE BENMYUHbI 6€3 4O06ABOK, 0OYC/MOBNEHHbLIX MAYKTyaunsamMmm

napameTpa nopapka. lNopcrtasnad BelpaxkeHune ans B, nosiydyaem

(18)

Ncnonb3ya COOTHOLWEHNHA

(19) p/pt- (T-Th T/7,=(T-Tn) -3V~

npeactrasum copmynel (16), (17) B cneaywouem Buge:

NopactaBnas 7=0,9, nonyyaem crefyloliMe OKOHYaTeNbHble BbipaXeHus
ANSE CKOPOCTU M MOMHOTo KoadhhuuymeHTa nornou,eHns, oOTHECEHHOTO K KBajpa-

MANTNOTH

(23) 6/2= . ¥(Ir-n)-2Z\(N1)+b,

roe
AN OfilksTgUpTi

16ai2p,3

— cnabo 3aBucdulaa oT TemnepaTypbl
BennyunHa, J1 — Bknag B 6/Q2 oT BCex
MEeXaHW3MOB, KpPOMe pacCMOTPEHHOTOo
Bbille; B COOTBETCTBUN C NMPUHATOM MO-
AeNnblo, CBA3blBalWeil aKycTuyeckue
aHomManunuun ¢ QnykTyayuuamum napamer-
pa nopsdaka, cneayet cuumtath L Benwu-
YNHOMW C/naoo 3aBucAWEen OT Temnepa-
TYpbl B OKPEeCTHOCTU nepexopja.
[flpoBegemM KOJIMYECTBEHHOE  CcOoMNo-
CTaB/IeHMe NONy4YeHHbIX POopMyn C 3KcC-

HepumeHTom. HadyHem ¢ MBBA. Ha

OW 10 40 60 80 tOO

YacToTa(mru)

pHr 2. YacTtoTHaa 3aBUCUMOCTb 6/£32 B
MBIA npu 45, 50, 50 n 70°C (kpuBble |—
M' cooTBeTCTBEHHO). CNNOWHbIE JIMHUN —
™ePUA. ]~4 ~ akcnepuMeHTaslbHble TOUKM

buUr. 2 nokasaHbl TeopeTMYecKWe KPWBble A4S 4YaCTOTHONM 3aBucumocTu 6/12
NpN 4YeTbipex TemnepaTtypax WU 3KCNepuMeHTanbHble TOUYKU, B3ATble N3 paboThl
[2]. Ma dwur. 3 nokasaHbl TeopeTUUYeCKNe U IKCNepumMeHTaNbHble KpUBble O/
TeMnepaTypHOW 3aBucumocTu 6/M2 n ckopocTu 3ByKa npu yactoTe 3,5 Mru.
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JKCrnepuMeHTa/lbHble KPUBble, N300paXKeHHbIe Ma 3TOW (urype, B3ATbl U3 pa-
6oTbl [4]. 3HauveHne [ onpeaeneHHoe MO 3KCMepuUMeHTaNlbHbIM [AaHHbIM Ha
BbICOKMX YacToTax Ansd 3Toro Bellectsa, paBHO 0,33-10"16 cekZ2*cmr™, lpun pac-

L «eW'/CM CCKT

dur. 3. TemnepaTtypHaa 3aBUCUMOCTb 6/Q2 KU CKOpoCTU
3Byka v B MbbJ1 npu 7,5 Mru. CnnowHble NTUMHUN —Teo-
pus, LITPUXOBble —3KCNEPUMEHT

yeTe TEOPETUUYECKMX KPUBLIX Ha ur. 2, 3 ObIJI0 UCMO/b30BAaHO M3MEpPeHHOEe B
pabote [14] 3Ha4yeHMe Ti=o.82-10-1 CEK. M3-3a HellOCTaTKa IKCNEPUMEHTASIb-
HbIX AAaHHbIX HaM He yaanocb paccyuTaTb Be/iMuMHY M. B CBA3M C 3TUM Npw
MOCTPOEHUN TEOPETUYECKMX KPUBBLIX M cumTanocb CBOOGOAHLIM MapaMeTpoM W
noabupanocb TakMm 06pa3om, YTOObl MOMYYUTb HauMydllee corjacue C JKcre-
PUMEHTOM. TeopeTUUeckne KpuBble, NPUBeAeHHble Ha qur. 2, 3, MOCTPOEnbI
npn M=z s3~10-13 CeKApaa2ecmr'. Npn pacyeTe CKOPOCTW 34eCb W Aanee ro-
naranocb 6=5. Th—Th B COOTBETCTBMMU C paboton [14] cumMTanocb pPaBHbIM
0,13° C. BennumHa v0 B6/1M3M nepexoa Haxoamnacb MMHEMHON 3KCTPanonaumen
CKOPOCTM 3BYKa W3 00/1aCTW, AaNeKoW OT TOYKM nepexoda. Kak [ans gaHHOro
BELleCTBa, TaK WM [/ BELECTB, PAacCMOTPEHHbIX HUXKE, UMEETCSH HEKOTOPbI
npon3Bosl B Bblbope vQ B pamKax BO3MOXHbIX Bapuauuil BbloMpanach Ta
npamasa ana u@/ Kkotopaa gaeT Haunydllee cornacuve Teopun ¢ 3KCNEPUMEHTOM.

[anee Mbl NpoBeAeM COMOCTaB/IeHMEe TEOPUM C IKCMEPUMEHTOM elle And
Tpex BellecTB. M3-3a HedocTaTKa 3KCNEPUMEHTaNbHbLIX AarnHbIX ANA 3TUX Be-
ecTs T, ¥ M cumTanucb CBOOOAHLIMK NapameTpaMmu U Noabupannucb Tak, YTo-
Obl MOMYYMTb HaWydllee corfacue C 3KCnepuMeHToOM. BBuay OTCYTCTBUS
3KCMepuMeHTaNIbHbIX AamnHbIX, Mbl CUMTaNM nNo aHanorum ¢ MbBI>J1, uto Th—Th
ana aTux sewects nopsaaka 0,1° C.

Ha dur. 4 nokasaHa TeopeTnyeckad KpuBaa N 3KCNepuMeHTa/lbHble TOYKU
ans TemnepaTypHoun 3asucumoctn S/ Q2B napaasokcuaHuzone (MAA) na va-
ctote 2 Mru. Ha 3Ttonn e Qurype n3obpaxeHbl 3KCMepuUMeHTa/lbHble TOYKMU
ana 1,95 Mru. B Tabn. | gaHo cpaBHeHWe TeOpPeTUYECKUX U 3KCMepuMeHTa lb-
HbIX 3HauyeHMn ckopocTu B TMAA npu pa3nnMyHbIX Temnepatypax Anas 4acToT
2 n 195 Mru. TeopeTundeckme 3HavyeHua nonydeHol npu Ti=0,34-10“6 cek,
M=4,1-K)-%4 ceklecmerpag2 (L=0,50-10“15 cek2-cm"]). IKcnepnmMeHTa b-
HT/le AaHHble B3ATbl 13 paboT [1, 5].

Ha qur. 5 onm Tpex 4acToT MoKa3aHbl TeOpeTUYecKne KpuBble U 3KCMepu-
MeHTa/lbHble TOYKW A1 TemMepaTypHOW 3aBUCMMOCTM 6/Q- B TTpa-HOpMasb-
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Mon renTUIOKCKMGeH30MHOM KucnoTte. B T1abn. 2 ana yactot 3,7 n 15 Mru, noka-
3aHO CpaBHEHME TEOPETUYECKMX W 3KCMEPUMEHTa/IbHbIX 3HAYEHUA CKOPOCTU

Npu pasnnyHbIX Temnepatypax. pyn pacueTe TEOPETMYECKMX 3HAUYEHWIA AN

owur. 4 dwur. 5

dur. 4. TemnepaTypHaa 3aBucumocTtb 6/Q2 B HAJT npu 4yactote 2 Mruy. CnfowHasa nu-
HUA - Teopus, KPYXXKWU - 3KCMepuUMeHTa/lbHble TOUKM Ang 2 Mru, KBagpaTtuku - 3Kcne-
PUMEHTasIbHbIE TOYKM Ana 1,95 Mruy

dur. 5. TemnepaTypHasa 3aBUCUMOCTb 6/Q2 B nap«-HOPMasibHOM renTuIoKCMOEH30MHON KNC-
note anda vactot 3,1, 12, 15 Mruy (kpwuBble /-/// cooTBeTcTBeHHO). Cn/oWHbIe TUHUN-
Teopusa, 1-3 - 3KCNepuMeHTa/IbHblE TOYKM

aToro BewectBa Mbl nonaranm 1,=003-10~B cek, M—1,63-10“n cek2-cm~1-
erpag2 (L=0,35*10'5 cek2-cm~]). OKcnepumeHTanbHble fAaHHble B3ATbl U3
pabot [6, 7].

Ha dur. 6, 7 ana AByX 4acTOT MoOKa3aHbl TEOPETUYECKNE KPUBbIE U 3KCMEepU-
MeHTasIbHble TOUKW ONA Temnepatyprnon 3asmcumoctn 6/ Q2n y B napa-Hop-

Tabnuua 1
(T- Tk o5 05 10 10 18 20 20 30 40 45 op

ool M/cek 1249* 1248 1263* 1270 1269* 1270* 1278 1272* 1273* 1280 1271*
Vieop, M/cek 1244 1244 1265 1265 1273 1275 1275 1281 1284 1284 1284
(T-TK)°C 00 75 80 97 10 110 120 153 16 175
Micn, M/cek 1287 1284 1269* 1272 1265* 1278 1261 * 1266 1252 * 1258
Yioop, M/cek 1284 1282 1280 1277 1276 1273 1270 1260 1257 1252

* NaHHble (1] gns 1,95 Mru,

Tabnnua 2
B} °C
l—IaTc:To- (T- T

I\/?r’u, 05 10 15 2,0 25 3 8
Mken, m/cek 1090 1106 1110 1110 1110 1110 1110
31  Yreo M/cek 1090 1101 1105 1106 1107 1110 1107
YaHoy, M/cek 1115 1120 1120 1120 1120 1115 1110
15 Yroop, m/cek 1111 1114 1117 1117 1117 1115 1108
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/O'/Cm "cesl

dur. 6. TemnepatypHasa 3aBUCMMOCTb 6/Q2 B napa-HOpPMasibnon OKTUIOKCMOEH30MMON Ku-
cnote anga 4vactot 3,2 H 15 Mruy (kpusble /, Il cooTBeTCTBEHHO). Ch/OLWHbIE IMHUN - Teo-
puna, 1,2 - 3KCNepPUMEHTa/IbHbIE TOYKMN

dur. 7. TemnepaTypHas 3aBUCMMOCTb CKOPOCTM 3BYKa B NApPsS-HOPMasbitol OKTUNOKCUOEH-
3oMnon kucnote ana yactot 3,2 u 15 Mruy (KpuBble 7, 11 cooTBeTCTBEHHO). CnOLLHbIE NN-
MHU - Teopuda, 1,2 - 3KCrepuMeHTaNlbHble TOUKU

Ma/lbHOW OKTUNOKCMGeH30MMnon Kucniote. [lpyM  NOCTPOEHUN TeOPETUYECKUX
KpmBbIX Mbl nonarann T1,=0,17-KO”6 cek, JII'=2,5¢10“¥ ceklecM~xerpaan2
(Z/=0,20-10~15 cekr-cm~1). 9KcnepumeHTanbHble pe3ynbTaTbl B3ATbl K3 [1, 5].

Kak MOXHO BUAETb M3 MPUBEAEHHbIX PUrYp, COBNajeHNe TEOPETUYECKUX
NaHHbIX C 3KCMEePUMEHTAIbHbIMWN Y/0BNIETBOPUTENBHOE *.

ABTOPbI MOML3YOTCA C/y4YaeM BblpasnTb 6narogapHocTe M. A. KcakoBuuy
3a 00Cy»XaeHue paboThbl.
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