BpamaTeanoM BA3KOCTHU, l/l - HanpsaA>XeHHOCTb MarHUTHOro nong, AXx - aHmsoTponuma Auva-
MarHUTHOMN BOCNPUUMYMBOCTU. B 3TOM cnydyae npuBefeHHble faHHble UMEKT MNOPALOK OT-

HoweHusa "i/A x.
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O BANAHNW TEMJIOBON HENVMHENHOCTU UA TEPMOOMTUYECKYHO
TEHEPALUUVIO 3BYKA

Nn. B. bypmucrtposa, A. A. KapabyTtos, O. B. PyaeHKko,
E. b. Uepeneykan

TepmoonTnyeckoc BO3OYyX[AeHWe 3ByKa NpoucxoauTt 6narofapa TenjsoBOMY pacwupe-
HWIO cpeAbl, Nnornouwatuen ceetosoe um3nydyeHume [1, 2]. Mpu paboTe MOWHbLIX TepmMoOn-
TUYEeCKNX nNpeobpaszoBaTesie NOKaNbHOE MNOBbIWEHNE TemnepaTypbl COCTaBnAeT OT eANHUL
LO [EeCATKOB rpafgycos. B TakuMx ycnosmax TennopH3INUYECKMe napameTpbl Cpefbl yxe,
BooOlW e roeopsa, NMNenb3m cUYMTaTb NOCTOAHHbLIMU. Hanbonee CUNbHO, KakK MNpaBuMno, cCKasbl-
BaeTCA 3aBUCMMOCTb OT TemnepaTtypbl Koapdpuumenta (L) TennoBOro pacwumpeHmsa cpegbl.

PaccMOoTpuUM BAMSAHWE TakKOro poga HeNMHEMHOCTM Ha Npouecc reHepauwumn 3Byka. Ons
MccnefoBaHUA «TEMNNOBOW» HEeNMHEWHOCTM 6e3 yuyeTa aKyCTUUYECKUX HENUHEMWHbIX apdek-
TOB NPUMEM ypaBHEeHWE COCTOAHWUA B crefylowem Bupe:

(1) / = ¢ 02p '+ p 0Co2p ()T .

3pech, temnepaTtypa I=TO+T', rge TO- HauanbHaa Temnepatypa, a V - ee npupaweHune;

P p'- npupaweHns pgasnenmsa uM nNANoTHocTM (pO- paBHOBeCHOe 3MavYeHUe NAOTHOCTWU),
c0- agnabaTtmyeckass CKOpPOCTb 3BYKa.

Mcnonb3ya BblpaxeHue (1), MOXHO NonyuyuTb cnefytouee ypaBHeHUe AN ONUCAHMUS
noBeAeHWUS BONHbI JaBNeHUSN:

Arp A2
(2 ) = @1/ = po2-2- [p(T)F].
dt2 bl?
PaccMoTpuMm nnockytw 3apadvy (dpwur. 1). MycTb M3 npo3payHon cpeabl | HOpManbHO
K NNOCKOW rpaHuue pasgena ¢ nornouw,atuwei ceeT cpeaol Il nagaeT CBeTOBOI MNOTOK,

3aBUCUMOCTbL MHTEHCWBHOCTM KOTOPOro oT npemeTT onwuckiBaetca odyHkuuneir f(t/710).
Ecnn xapakKTepHOe BpeMs BbleneHUss 3Heprnm To AOCTAaTOYHO Majio MO CPaBHEHMUI C
BpeMeHeM NPOAONbHOW AH(GGY3NM Tenna, TO NpupalleHne Temnepatypbl | onpegensetcs
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BblpaX E€HUNEM

t/m
(3) T ———Qg—@—Q)exp(—a Q1) i /N
o

rae o0 - KO3MULUMEHT NOr/IoWeHNN CBeTa BO BTOPOU cCpefe.
N3 opmynbl (3) cnepyeT, YTO TemnepaTypHoe MNoJsie N0Kain30BaHO B TOHKOM Mpwu-

NoBepxHOCTHOM cnoe cpefbl I TONWWHON nopsaaka 3-5 cto” 1 B 3Toih obnactu wmmeet
MECTO C/IOXHbIV PEXUM CTOSUMX M BEryuinx 3ByKOBbIX BO/MM. 3a ee MpeAenamm pacrpocT-
paHseTcAa uucTo Geryuias BonHa. [ONna onpefeneHUsa napameTpoB 3TOW BOJIHbI B Cryyae
H=const B pa6oTtax [3, 4] 6bin pa3BUT MeTOoh MepefaTovHbIX (PYHKLMIKA, OCHOBaHHbLIN Ha

J1Y4
HOW rpaHuubl npn /1=0,6 U pa3INYHbIX 3HayYeHUsAX napameTtpa q. |- a=0; 2- 0,5: 3 - 1,
4-1,5
4 \v)
dur. 3. dopma aKyCTUUYECKOro mmnynbca nc(f): — — NN wn cny4yae ceobogHoOW rpa-
LLLn t

nuubl npn /1=0,6 1 pa3NnNYHbIX 3Ha4YeHnaAx q. 1- q=0;2- 0,5;3- 14;4- 15

aHa/iorMy CBOMCTB FEHEPUPYIOLLIETO 3BYK C/1I0 W JIMHEMHOW MHepUUanbHOM «CUCTEMbL. [Mpu
KoahnumeHTe TEM/IOBOr0 PacllMpeHns cpefdbl, He 3aBUCSALLEM OT Temnepatypbl, AUHaAMM-
Ka rnpouecca onpegensdetrca AByma 6e3pasmepHbiMu ymcnamm  [3]: /1=a0c0r0 mn  Y¥=
=p (I 0/o/pocO0Cp. lepBoe 4YUCNO MOKa3biBaeT CTerneHb COOTBETCTBMA MOMOCLI 4acToT
CrekTpa ormnbaroLet CBeTOBOro MMMynbca M CNEKTPasibHOro Ananas3oHa MpPoCTPaHCTBEHHO-
ro pacnpefesnieHusa Temnepatypbl; BTOpoe onpenenser 4vuciao Maxa reHepupyemMoW BOJHbI.

Ans onucaHWs npouecca TePMOONTMYECKOTO BO3OYXAEHWUS 3BYKa C Y4YETOM TErnsi0BOM
HE/IMHEMHOCTN 3TUX [ABYX MapamMeTpoB YyXe repgoctatodno. CterneHb U3MeHeHUst £ B Mnpo-
Llecce reHepaymm 3ByKa MOXHO XapaKTepusoBaTb YMC/IOM

3=nnr*(o)

T*=lo

[Mpwn 1 MOXHO cumTaTb p=const. BeeaenHblii napameTp onpenensercss JIMHENHbIM
4YneHoM B pasnoxeHun L) no npupaweHUsam Temnepatypbl. YUeT BbICWKUX Mpubnmxe-
HUMA MOXeT OblTb caenaH 6e3 H3MeHenus WCroJsib3yeMoro mareMaTM4eckKoro anmnapara.
OfAHaKo OH He BMOCeT NPUHUMNUANBHO HOBbIX 3/IEMEHTOB B (JM3MYECKYD KapTUHY Mpo-
uecca. NoaTomy orpaHUYMMCH NUHENHOW 3aBMcumocTbio p(lM):

p(Mr=pCror + r2
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BblUnCNeHUs, aHa/IOTNYHbIE NPOBeAEHHbLIM B paboTte [3], AaloT crefytolimne BblpaXXeHUS
ansa npouna chopMmmpoBaBLUENCA 3BYKOBOW BOJHbI:

(6) N,..cN)=_ ] [HT)vmc(A\T-T\)+qF(T)<pNA2A\T-T\))dT,
_(D

(6) Mx,c(7)-=——- 7 1Y)ox0 *(AIT—\) + gF (Fdx.c (24 |T—<1) \dT,
_EB

Bbille nomnosb3oBaHbl cneaytouwme obosHavyeHna: T=t/x0, z=x/caro, T=T-z - Bpems
B beryulen cucteme koopamHat, M=p7p0co2 dyHKUMM gk (J1|r]), dx(2/1|r|) n dpc(1]|r]),

dur. 4 dur. 5

dur. 4. 3aBUCMMOCTb aMnaUTyAbl aKyCTUYeckoro curHana [ltax oT napameTpa A npwu
Pa3NMNUHbIX 3HAYEHUAX ( B C/Ny4dae >XecTKOW rpaHumubl. 1- q=0; 2-0,5; 3-1; 4-1,5

®dur. 5. 3aBUCMMOCTb aMnanTyAbl aKyCcTUYecKoro curHana Umax oT napameTpa A npwu
Pa3IMYHbIX 3HAYEHUAX ( B Cc/iyyae cBo6OAHOW rpaHuubl. Kpueble 2, 4, 6 nokasbiBaloT

aMnNAnTyabl MMNOynbca cCXatud, 2, 5, 7 - amnanuTygy umnynbca paspeweHua. 1- g=0;
2, 3-05:45-1.6,7-15

(c(2/1]|z[) onpepensdtoT HpocTpancTBenmnoe pacnpegeneHne TenaoBbIX UCTOYHWKOB B CNy-
yae >XXecTKoum un csoboanon rpaHuu, M Ana ogHopoAno-rnornouwarllen cpedbl pasHbl [3]:

«P*(J1|z ®,,(241Z])=e-*A,|1
- (nlz)) (2412)) 1 g

qc(1|z|)=e-AzZsign z, d¢qc(21|z]|)=e~ZA" sign z,
ke (o/11), gel(@>/2/1) — KOMMNEKCNO-CONPSXKENHbIe 3HAYEeHUA CNeKTPoB Pypbe (PyHK-

d T
Ui (7), F(T)~ —  2/(I") |/(F)<*C

—@®

B BbipaXeHUsax (6) nepBblO 4Yfienbl ABNSAKTCA PeLIeHMEM MIOCKOW 3afayn 06e3 ydyeTa
TEn/I0BOM HenMHenHocTU [3], BTOpble ABa ONpeAendArTCA KBagpaTUUMbIM MO TeMrepartype
yneHom B pasnoxonuun (5).

Nccnegyem BnsHME TensoBOW HENMHEMHOCTM na ()opMy 3BYKOBOrO MMMYy/ibCa Ha
KOHKPETHOM npuMmepe. Yucnennslii pacyet npodund curHana no qopmyne (6) 6bT1 npo-
BefleH O/19 CBETOBOro MMMysbca C rayccoBon pemennont ornbatowen f(T)*=e~T3 Pesynb-
TaTbl pacyeToB npusedenbl Ha qur. 2, 3. BUAHO, YTO KaK B C/iyyae 3aKpensjieHHOW, TakK
N B Cfyyae CBOGOAHOM rpaHMuUbl NpU (HKCMPOBANMNOWM WHTEMNCNBMOCTN cBeTa /0 yBenu-
YyeHMe KoapuumeHTa ¢ TErnsioBOM HENMMNennocTM NPUBOANT K POCTY aMnanTydbl (Hanpu-
Mep, Npu 3HadyeHUM napameTpa (= 1 HabnwpgaetcAa ysenMyeHUe amnanTyabl UMNy/bca
bonee 4yem B 2 pasa). Bnuanme kKBagpatTMYHOro Mo npupaweHnto TemnepaTypbl 4seHa
B hopmyne (5) nposBNSAeTcA B aCUMMETPUM CUTHana; MakCMMyM [aBfIEHUA MPU XKECTKO
rpaHULE CMeLLaeTCca B CTOPOHY MOMIOXWUTENbHbIX 3HauyeHUM T (dwur. 2), npu csoboAnom
rpaHuMUe amnanuTyga WMMMyfnbca paspeXXeHUs TMecKosIbKO YBeNMYMBaeTCA MO CPaBHEHUIO
C amnanTyaon nmnynesca cxartma (gpur. 3).

Ons BewectB C CWU/IbHOW 3aBUCUMOCTbIO KO3(D(hULMEHTA TEMNsoBOro pacwupeHnsa p
OT Temnepatypbl (nanpumep, AN Opranuyeeknx KpacuTenen) yxke nNpu cpeaHux wunrton-
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CMBMNOCTAX cBeToBOro mmnynsca (701 MBT/c.ul) dopma aKycTUYecKoro curHana o6yae!
B OCHOBIMOM OMpeAenATbCA BTOPbIM 4Y/ieHOM B BblpaxXeHuUn (6) («> 1). Tak Kak wWwupuHa
BPEMEHHOro cnektpa yHKumn I'(T) NpuUMepHO paBHa LIMPUHE creKTpa orubawouwen MH-
TEHCUBHOCTK cBeToBOro mmnynesca f(T), a Anana3oH NPOCTPaAHCTBEHHOro CrekTpa B 2 pasa
6onble, yem ¢(co//1), To Nnpn g> 1 BO3MOXHO YMEHbLIEHNE O/INTE/IbHOCTU aKyCTUYECKOro
CUTHa/sa no4vTu BABOe. 3TO NOATBEPXKAAOT KpuBble 4 Ha dur. 2, 3.

3aBMCMMOCTb amMINTy bl UMMY/ibCa OT Yncia A B Clydae XXEeCTKOW rpaHuLbl B LEOM
COXpaHSAeT CBOW XapakKTep W npu ydete 3aBucumoctu p(7*) (dwur. 4). OgHako npu J1» 1
y)Xe He Habnogaetca YCTaHOBNEHWUS amMnnunTyAbl —BC/eACTBME TEen/I0BON HeNMHENHOCTU
OHa npogosmkaeT pacTtu. lNpu ceoboaHon rpanuuc (dwur. 5), Tak XXe Kak U B Cny4ae
(5=const, KpuBble 3aBUCUMOCTW amMnaUTyAbl UMNynbca OT A MMEKT Makcumym npu J1“ 1
B TO )Xe Bpems TennoBad HENMHEWHOCTb MNPUBOAUT K Pa3NNUMI0 MaKenmanbhbiX 3Ha-
4yenuin AaBneHUA B pasax CXXaTud N paspexxeHus.

B 3ak/no4yeHMe 3aMeTUM, 4YTO CYLLECTBYKT CUTyauun, B KOTOPbIX TernaoBasd MenwTen-
HOETb AB/IAETCA MPUHUMUNMANLHO CcyllecTBeHHOW, Korga Po(7'0)=0 (nanpumep, B BOAEe npw
‘1>=4° C). B 3aTom cnyyae HenMHeNHbIN 4dneH B hopmyrne (5) ABNAeTcA AOMUHUPYHOLWNM.
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MPNMEHEHWE XXNOKOKPUCTAJIJIMYECKINX TTJIEHOK
ANA BUSYANTNSAUNN YTIBTPA3SBYKA B BO3AYXE

[. MuTlaHndyes, ®. ®. Jlerywa, A. TT. CnaBuH,
b, A, dnHarnH, B, I, Xaycuros

BO3MOXHOCTb MPUMEHEHUS XUAKUX KPUCTaN/IOB ANA BM3yanusaunuun Kosebanmim nbe-
3onnactuu, paboTtarowmx B Bo3ayxe Ha yactotax 900 KI'u v Bbiwe, 6blaa nokasaHa B pa-
6ote [1]. Busyanusauma konebaHuin B 3TOM C/iyyae npoucxoamna bnarogaps TOMy, 4TO
MeXy 30HaMW Ma NOBEePXHOCTM Mbe30MnnacTUHbl U NOAN0XKKOW, HAa KOTOPYK HAHECEH C/ioun
XXMIKOro KpucTanna, BO3HMKaNM CTOsUME BOMHbI. BcneacTBue BbICOKOro KoagguumeHTa
3aTyXaHMUa YyNnbTpasBykKa B BO3AyXe Ma YKasaHHbIX 4YacToTaX B 30Hax Kone6ar||/||/| npo-
NCXOAMT pa3orpes, N CNOW XUAKOro KpucTtasaa B COOTBETCTBYHLIMX MeCcTax MenscT LBeT,
NpPOXoAsi BeCb LIBETOBOM WMHTepBas OT KPacHOro A0 (MONeTOBOK MPU U3MEHEHUW Temne-
patypbl Ha 4-5° C.

[MpMeHeHWEe XNOKUX KPUCTa/IN0B B YMACTOM BUAe OrpaHMYeHO UX Manion [0/roBey-
HOCTbO, MO3TOMY ANA UeNnen Bu3yanmsaunm npegnoyuTuTe/lbHee MUCMO/b30BaTb XXUAKOKPU-
CTa/lINYecKne MJeHKW, KOTOpPble COXpaHAKT crion napametpbl 6osee 0.5 roga. >Kuako-
KpUCTannmyeckne nneHkKn umerT TonwmnHy 100—200 MKM U COCTOAT W3 TPEex CrI0EeB:
BHELUHWE C/IOM BbIMOIHAKTCA W3 MOJIMBUHMNOBOIO CNMPTa, a BHYTPEHHUN —U3 CMECU
NOIMBMHU/IOBOTO CNMUPTA C XO0/1IeCTEPUYECKNM XUAKUM KPUCTaNI0M.

MpeacTaBnsaeT UHTEPEC BbISICHUTb, MOXHO NIX1 C TMOMOLLbI XNAKOKPUCTaI/INYECKOW
NNEHKN BU3yanm3npoBaTb Y/NbTPa3ByKOBble KOMebaHMA HU3KUX 4acToT (nopsgka AecaT-
KoB KI'U), Ana KOTOpbIX KOI(h(ULUMEHT MNOr/OoWeHNS B BO3AYyXe OTHOCUTE/IbHO MaJl.

Ans yCTaHOB/MEHMS COOTHOLUEHUS MeXAY WHTEHCUMBHOCTbIO M3/Ty4eHHOW BO/SHbI U TEM-
nepatypon Bo3gyxa BOMAM3M MNEHKM PacCMOTPMM Cnydyail, Korfga mnenka pacnosioxeHa
napasnenbHO Topuy UWIMHAPUYECKOro Nbe303/IEMEHTa Ha NMCKOTOPOM PacCTOSSHUWN OT HEro.
byaoem cumTtaTb, UTO CTOSiYas BOJIHA MeXAy M/IEHKOM U Hbe303/IEMEHTOM CO034aeTcs MnopL-
HEBBLIMU KO/IE6aHNAMM Topua Nbe3oanemMenTa. byaem Tak)ke nosaratb, YTo B paccMmaTpu-
BAEMOW CUCTEME BbIMOMHAKTCA YCNOBUA CYLECTBOBAHUS MNIOCKMX BOJH, a Mbe303sieMenT
N NeHKa MUMEeT Masylo TernjonpoBoAHOCTb.

[laBreHVe B CTOAYE BOMIHE MeXAYy MNT.e303/1EMENTOM U MNEHKOW OyAeT MakKCMMasibHO
B TOM C/lyyae, Korfja y/ibTpasByKoBas BO/IHa MONHOCTbIO OTpaXkaeTcs OT Mfenku, T.e.
Korga njoiika BefeT cebA KaK /0Ka/bHO pearvpyrowmim Cnol ¢ [JOCTATOYHO 60/bLLNM
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