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B cratbe mpennokeH crnoco0 TMOBBIILIEHUS TEMIIEPaTypHOH TOYHOCTH
aKyCTMYECKOM JIOKaluM IIPU HCIOJB30BaHUU MeToda OKpyxkHocTH. CyTb
MPEIIOKEHHOTO CcIloco0a 3aKiIovyaeTcs B KOMIIGHCAIUU BIIMSHUS TEMIEPATypPbl
myTeM NoJ00pa COOTBETCTBYIOLIETO YYacTKa YaCTOTHOTO CHEKTPa aKyCTHUYECKOIO
CUTHAaJA.

KiroueBble  cioBa:  akycTMueckas — JIOKAalMsl, B3pbIBbI, IIOIPELIHOCTD,
TEMIIEPATYyPa, BIAKHOCTb.

BBEJIEHUE

Kraccuueckuii TpUaHTYJSIIMOHHBIA Meron Jokarmu [1] obnamas HarisgHOCTBIO W
JIOTUYHOCTHIO TPeOYEMbIX BHIYMCICHUI UMEET MOTPEIIHOCTH, CBA3aHHBIE C:

1. 3aBUCHMOCTBIO CKOPOCTH 3BYKa OT TEMIEPATypPhl U OTHOCUTEIHLHON BIIaXKHOCTH.

2. 3aBUCHMOCTBIO CTEIIEHU 3aTyXaHHsI 3BYKOBBIX BOJIH OT TE€MIEpPATypbl, OTHOCUTEIbHOM
BJIQXKHOCTH U YacTOThI aKyCTHYECKOI'O CUTHANIA.

Takue mNOrpenHOCTH, €CTECTBEHHO, NPUBOASIT K YMEHBIIEHUIO TOYHOCTH JIOKAIIUU
TEXHOJOTMYECKUX B3pbIBOB. Jlamee MOJI TEPMHHOM «TEXHOJIOTMYECKHE B3PBIBBI» OyneM
MOHMMATh 1EJICHANPABJICHHbIE WM CIIy4YaiHbIE B3pBIBBI PA3JIMYHBIX B3PBIBHBIX YCTPOMCTB,
MCKH PaKeT, 3aJIbl apTyCTAHOBOK, YJapbl MOJHHM U T. 1.

B Hacrosimel craThe MpeACTaBIEH CHOCOO  TOBBIMICHHS TOYHOCTH  JIOKAIIUU
TEXHOJOTMYECKUX B3PHIBOB, T/l BBILICYKa3aHHbIE TOTPEUIHOCTH, BbI3BAHHBIE TaKUM
dakTopoM  Kak  TemrepaTypa, CKOMIIEHCUPOBAaHbl ~ COOTBETCTBYIOIIMM  IOAOOPOM
UCIIOJIB3YEMOT0 y4acTKa YaCTOTHOTO CIIEKTpa CUTHaJja.

[Ipexxne  Bcero, paccMOTpUM  OCOOEHHOCTH  YaCTOTHOTO  CHEKTpa  TUIHYHBIX
TEXHOJIOTUYECKUX B3pbIBOB. Kak ykazaHo B [2], MMIyJIbCHBIC aKyCTHYECKHE HCTOYHHKH,
TaKhe KakK 3aIlyCKH pPaKeT, B3PbIBbI, apTUJUIEPUICKHE 3ajlmbl U T. . UMEIOT OTHOCUTEIBHO
IIMPOKUM CHEKTP pacClpeliesIeHUs] aKyCTUYECKOW SHEPTUU C HWKHEW TpaHULEeW 10 €IUHMIL
repi. BepxHsist rpanunia criektpa 4yacTot 3Tux curaainoB gocturaet 100 ['n. OgHako ocHOBHAs
4yacThb JHEPrMM AaKyCTHMYECKOrO CHTHalla COCpeNoToYeHa B HH(Pa3ByKoBOil o0iacTy,
HampuMep, Ipu 3amycke pakerbl THma «Ckag» — B mpenenax 1...25 T’y [2]. Bmaromaps
CBOEMY HHU3KOYaCTOTHOMY CIIEKTPY BOJHBI OT TEXHOJOTHYECKHUX B3PHIBOB PAaCIPOCTPAHSIOTCS
Ha OOJIBIITNE PACCTOSIHUS 0€3 CYIIECTBEHHOTO 3aTyXaHHusl.
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1. AHAJIM3 ®AKTOPOB, BJIMAIOIIUX HA TOYHOCTb AKYCTUYECKON
JIOKAIIUN
1.1. AHanu3 COBMECTHOIO BJIMSIHMS TeMIEPATYPhI M BJIAKHOCTH
PaccmoTpuMm B 00mIMX uepTax COBMECTHOE BIIMSHHE (AKTOPOB, KOTOPHIE BIMAIOT Ha
TOYHOCTh aKyCTH4eCKOH Jiokanuu. OCHOBHBIMHM BHEHIHMMH (DaKTOpamHM, BIUSIOIIMMHU Ha
pacnpocTpaHeHHe AaKyCTHYECKUX BOJH, SIBJIAIOTCA TEMIepaTypa M BIIAXHOCTb BO3/yXa,
KOTOpPbIE BIIMAIOT KAaK Ha CKOPOCTh PACIpPOCTPAaHEHMs 3BYKa, TaK M CTENEHb 3aTyXaHUs
akyctudeckux BoyH [3]. Tlpu aTOM ciiemyeT ydecTs, 4TO CTENEHb 3aTyXaHHs aKyCTHYECKHX
CUTHAJIOB TAaK)X€ 3aBUCUT OT YaCTOThI CUTHaia. TakuM o0pa3oM, B 00ILEM cIyyae CyMMapHas

MOTPEIIHOCTh JIOKAIUH, ZA, BO3HUKAIONIAs W3-32 YKa3aHHBIX (DAKTOPOB, MOXKET OBITh

BBIPa)KE€HA KakK
> A=am(F,t",RH)+aV (t',RH),

raie M — ToKaszaTelib CTENEeHM 3aTyXaHWs aKyCTHMUeCKOro CHrHaioB; V — CKOpPOCTh
aKyCTUYeCKOM BOJNHBI; 1 — Temmeparypa, F — wacTtora akyctuueckoro curHaina, RH —
OTHOCHTEJIbHAS BJIAXKHOCTb BO3yXa; 8,8, — KO3(PHULIUEHTHI MPONOPIUOHAIBHOCTH.

Tak kak 3aga4yeil UCCIECIOBAHMS B HACTOSIIEH CTAThE SABJISIETCA MOMCK ITyTEeH KOMIICHCAIIUU
BIIUSIHUSI TEMIIEPATypbl U OTHOCHUTEIHHOM BIQXHOCTU TMYTEM COOTBETCTBYIOIIETO IMOAOOpa
HCITOJIB3yEMOTO0 ydYacTKa CIIEKTpa, TO MMEET CMBICI BKpATIIE PAaCCMOTPETh COOTHOIICHHUE

Mexay Takumu (aktopamu, kak t° w RH . Cormacuo [3] BmustHMe Temmeparypbl Ha
TIOTJIOIIEHHE aKyCTUYECKUX BOJIH M Ha CKOPOCTh 3BYKa 3HAYMUTEIILHO TPEBBIIIACT BIIHSHHUC
OTHOCHUTENIbHOM BIaXHOCTH. Tak Hampumep, npu u3Mepenusx RH B mpemenax 10...100%
CKOpPOCTh 3ByKa H3MeHseTcsi Toibko Ha 1,2%. OmHako, COBMECTHOE BIIHMSHUE W3MCHCHHU
TEMIIEPATyPhI M BIAXKHOCTH B Tpeaenax cooTBeTcTBeHHO 5...40°C u 0...100 % npuBomuT K
U3MEHEHHUI0 CKOpOCTH 3Byka Ha 8,27%. Yka3aHHBIE JAaHHBIC MO3BOJSIOT HaM HECKOJBKO
YIPOCTUTHh 3aj7lady HCCIENOBaHMUS B HACTOSIIEH CTaThe M PAacCMATpUBATh TOJIBKO JIMIIb

BOIIPOC O KOMIICHCALIUHA BJIMAHHA TCMIICPATYPhI.

1.2. AHanu3 BAUSIHUS TeMIEPATYPhbl HA TOYHOCTH JIOKAIIMHI

Jnis  pemieHWss TIOCTaBIEHHOM 3aJadyd pPacCMOTPHUM  BO3MOXKHOCTH  HCIIOJIb30BaHHS
U3BECTHBIX AHAINTHYCCKUX BbIpaxkeHWil. Kak ormeueno B [3] ans 4eTKOro MOHUMAaHUS
IPOIIECCOB 3aTyXaHMS 3BYKOBBIX BOJH B BO3AYXE CIEAYET PaCCMOTPETh HEKOTOPHIE BOIIPOCHI
MOJICKYJIIPHOM KMHETHKH, POLIECChl BUOpAIIMOHHOM penakcanuy, ypaBHeHuss HaBbe-Crokca.
OnHako cymiecTByeT Oojiee YIPOIICHHBIH TEXHUYECKHH TOAXOA K pelneHuto 3amaun [3].
CornacHo 3TOMy MOAXOJY, HCIONB3yeTCs OOIUil KOAPPHUIMUEHT 3aTyXaHHs, 3aBUCSIIUN OT
TakuX (PakTOpPOB, KaK TEMIEpaTypa, BIaXHOCTh U 4YaCTOTa aKyCTHYECKOT0 CUTHAJA.

W3BecTHO, 4TO JUIsl chepruecKoi akyCTHYECKONW BOJIHBI aMIUIUTYJIa 3BYKOBOTO JAaBIICHHS
00paTHO MPOTMOPLHOHAIFHA PACCTOSIHAIO OT HCTOYHUKA X

P(x)=2, (1)

X

Trac PO — AMIUIATYJda 3BYKOBOI'O JaBJICHUA Y UCTOYHUKA.
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Takxe M3BECTHO, YTO B «JalibHEN 30HE» c(epuuecKkre BOJIHBI BHIPOKAAIOTCS B IIOCKHUE.
[Inockue pacrnpocTpaHsSIOUIMECs] AaKyCTUYECKHME BOJHBI 3aTyXalOT B COOTBETCTBUU C

BBIPAKCHUEM

P(x)=Pe 2. (2)

C yuetom (1) u (2) umeem

P(x)zie_T. 3)
X

B o011em citydae UMEIOT MECTO Clieayrone GyHKIIMOHATBHBIC 3aBUCHMOCTH

m=f(F.t), (4)

x:vt:(p(t")-t, ©)

I7ie V — CKOPOCTb 3BYKa; V = (p(t° ); t — 3amaHHOE Bpemsl.
Taxum 006pa3zom, mapaMeTpbl M U X 3aBUCAT OT TEMIIEPATYPhl, YTO TaKKe 00yCIOBIUBAET

3aBUCHUMOCTD P(X) or t°.

2. TIPEJJIAT AEMBIM CTIOCOB KOMITEHCAIIUN BJIUSHUA TEMITIEPATYPBI

2.1  Cyrb npemjiaraeMoro crnocooa
CMBICH TIpemiaraeMoro crocoda 3aKitoyaeTcss B 00€CIIeYeHUH HEM3MEHHOCTH (YHKIIUU

P(x) npu 000 omycTUMoi  Temmeparype. OOecriedeHHe 3TOro YCIIOBHS IO3BOJISET
OJHO3HAYHO OIPEAEIUTh X [0 H3MEPEHHOU BETMUYMHE P(X). VcinoBue KOMIEHCALHU
TEMITEPATyPHOM TOTPEITHOCTH UMEET BHUI:

_mx
—%e 2 =const,. (6)
X
Ycnosue (6) mepenuiieM CiaeayonmuM 00pa3om:

mx
Inx=c——, 7
> ™

rae € =const,.
C yuerom (4), (5) u (7) umeem

In[(t")t]=c- (R olt)] . (8)

2

Takum oOpasom, (8) sBnsercs OOMIMM ypaBHCHHUEM, IO3BOJISIONIMM OCYIICCTBUTD
TEPMOCTAOMIM3AIIMIO  TIpollecca  JIOKAIM3allik  HMCKOMOM  Touku  X. Peamuzanus
NPEVIOKEHHOTO  CIIOC00a  OCYIIECTBISICTCS B CIEAyIOmieM mopsiake. [Ipu  3agaHHBIX

BEJIMYUHAX t°,¢(t°),c,t BBIYUCIISIOTCS go(t°)-t u In[(o(t")-t] KoMmnencarus

TEMIIEpaTypHOTO (pakTopa OCYIIECTBISETCS HAJICKAIIMM BRIOOPOM BEJTMUUHBI F Ha OCHOBE
rpaduyeckoro peuieHus ypasHenus (8) otHocurensHo F .
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2.2 I'paduyeckasi HHTepHpeTALMS NMPEAI0KEHHOT0 Crocoda
Jamum  rpaduveckyl0  HMHTEPIpETalUio  MpeuIokKeHHoro  cmocoba.  Ilpomenypa
KOMITCHCAINK Tpauiecku oToOpakeHa Ha puc. 1 U 3aKimrovaeTcs B cienyromeM. JlomycTum,

9TO B MICXOJHOM COCTOSIHUM MMeeM U =t u kpuBas 1 otoOpaxaer ¢pyHkmuo Y =In [go(t°)-t]
npu t° =

B paccmarpuBaeMoM cilydae LETIbI0 TEPMOKOMIICHCAIMH SIBJISIETCS BBIIIOJIHEHUE YCIOBUS
(8) B onHolt u TOM ke TepMmocTabmibHOUW Touke X. B wmcxomHom ciydae ycioBue (8)

BBITIOJIHSIETCS B TOuke X, (mepeceuenue nmuuuit 1 u 2). [lanee qomycTuMm, 4TO TeMIeparypa
u3MeHmnIace 10 t; +At°. B pesynbrare pynkuus y =In [(o(t;)I] OyIyT UMETh BUJ KPUBOH

3, xoropast orimuHa OT KpuBoi 1. [Ipm 3TOM ycioBue TemrepaTypHou kommeHcarwu (7)
YJOBJIETBOPSICTCS B TOUKE X, (IepeceueHue JTMHUM 3 U 2), 9TO ¢ TOYKU 3pEHHs 0OecIieueHns

TOYHOCTH HEJOITyCTUMO, TaK Kak ()aKTUYECKH ITO O3HAYaeT CMEIICHUE TePMOCTAOMIbHOM
TOYKH.

X1 X2

Puc. 1. I'padmueckast npoueaypa OCyIIECTBICHHS TEMIIEPaTypHOH KOMIICHCAIINH.
[udpamu mokazansl: 1 — kpusast y =In [gp(t° ) -t} npu t° =t ; 2 — rpaduk QyHKIMH

y=Cc— f(F,t°)~[(p(t°)~t] npu € =0; 3 — kpuBas pyHkHUu Yy = |n[¢)(t°)-t:|; =t +At";

2 e )t ]

4 — rpaduk QyHKIUU Y =C— npu c=0

Jns ycTpaHeHHsI HETOYHOCTH BbIOMpaeTcs Takas 4actora F, Ha xoropoi ycnoBue (7)

TAaK)Ke BBIMOJHAJIOCH Obl B Touke X . Jlast 3TOro BeIOOp HOBOM BenuuMHbl F moikeH ObITH

f(F,t°
OCYIIIECTBJIEH TaKUM 00pazoM, 4ToObl rpaduk GyHKIMH Y =C— ( L ) [(0( ) ] , T.€. JTUHUS

4 mepecekasach Obl ¢ KpHBOM 3 Takke B TOUKe X,. Takum o6pa30M, obecrieunBaeTcs

HEU3MEHHOCTh BEJTMYMHBI X HE3aBUCHUMO OT TEMIIepaTypHOro (akTopa.
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3AKIIIOYEHUE

BrlmensnoxkenHas npoueaypa TepMOCTa0MIM3alii KOOPIMHATHI JOKAIN30BaHHON TOUKHU
MO3BOJIAET HAM  NPEUIOKHUTHh  CIEAYIOUUH  HUTEPAllMOHHBIM  METOJ  KOMIIEHCAlluU
TEMIEPATyPHOI MOrPENTHOCTH JIOKALUU TEXHOJIOTUYECKUX B3PHIBOB.

1. C wucmnonp30BaHUEM OJHOTO M3 HW3BECTHBIX IMyTEH JOKaluu (HAmpUMep, METO[
TPUAHTYJISIIUAHU), OMPEACISIOTCS MPUOTU3UTEIbHBIC PACCTOSHUS OT HCTOYHHMKA 3ByKa [0

MHKPOQOHOB X, X,, X; (pHuc. 2).

Puc. 2.

CxemaTHueckoe NpeCTaBICHUE IPEI0KEHHON
MIPOLEe Ty bl JTOKALUH.

Ha pucynke 0603Ha4eHBI:
M,;,M,,M,; — mukpo¢oHsI;
O — nonoKeHNe UCTOYHHKA 3BYKa, ONPEIEIICHHOES
Ha MEPBOM UTEPALMOHHOM IIIare;

X,, Xy, X; — paccrostaue Mexay O u mukpodonamy;
O, — monoxeHne UCTOYHHKA 3BYKa, ONPEAEICHHOE
Ha BTOPOM HTEPAI[HOHHOM IIare;

X{, X5, X3 — paccrosaue Mexay O, n MUKpodoHaMH

2. J171s1 Ka)KJ0r0 U3 HalIEHHBIX PACCTOSIHUN X;, X, U X, OCYLIECTBISETCS BbILICONMCAHHAS

Mpolelypa BBIYHCICHUS KOMIICHCUPYIOIIUX 3HAYEHMM YacTOT aKyCTHYECKOTO CHUTHaja
KaHasa.

3. OcymiecTBisieTcss HACTpPOWKAa YAaCTOTHBIX IMOJIOC KAHAJIOB HW3MEPEHUH CHCTEMBI
aKyCTUYECKOM JIOKAITUU B COOTBETCTBUU C BHIUUCICHHBIMHU BETUYHMHAMHU.

4. OmpenensieTcs TNOBTOpPHAs JIOKAalMsi MCTOYHMKAa 3Byka O, M COOTBETCTBYyIOLIUE
paccTosiHusI 10 MUKPO(DOHOB X;, X5, X; (CM. pHc. 2).
5.C yd4eToM HaWJCHHBIX BEIIMYUH X, X,,X; IOBTOPHO MPUMECHSETCS BBIICH3/IOKEHHAS

npoucaypa KOppeKuun, U BbIYUCIIIFIOTCA KOPPCKTUPYROUMIUE YaCTOTHI JIA KaKA0I'0 KaHajia.
6. HOBTOpHO OCYHICCTBJIACTCA JIOKALIUA UCTOYHUKA U T. 1. Hpouenypa JJOKallMM CYHUTACTCA
3aBepH_ICHHOI71, C€CJIN pE3yJIbTAT MPOLECCA [TOUCKA NCTOUYHHUKA 3BYKA CXOOUTCS K OJIHOM TOUKE.
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