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VK 543.222.2
O BJIUSHUU 3BYKOBbBIX BOJIH HA ITPOLECCHI TOPEHU A
Nabromonok A.B., 'onuapenko U.A., Jlemenwk H.C., Kyaemos B.K., Tepemenxkos B.H.

Han kpatkuit 0030p psima paboT, MOCBSIMIEHHBIX W3YYEHHUIO BIUSHUS aKyCTHUECKHX
BOJIH Ha TIPOIIECC TOPEHUS C LETHbI0 MOBBIMIECHNS 3()()EKTHBHOCTH MCTIOIH30BAHUS TOILIMBA,
YMEHBIIIEHHUS BPETHBIX BHIOPOCOB U TYIICHUS JIOKATHHBIX BO3TOPAHUN.

Kniouessvie cnosa: 3BYKOBBIC BOJIHBI, aKYCTUYCCKUC II0JIA, IJIaMsd, IMPOLECChI T'OPCHUs,
IIOJaBJICHUE ITpOLIECCAa T'OPCHUS.

(IToctynuna B penakiuto 15 uromnst 2016 1.)

HWccrnenoBanus BIMSHHS 3BYKOBBIX BOJH Ha MPOIECCHI TOPEHUS MTPOBOISITCS Ha MPOTSIKE-
HUH JUTUTEIIBHOTO BPEMEHH, YTO 00YCIIOBICHO psifoM mpuuuH. [Ilnpokoe ucrnoab30BaHHe B pas-
JMYHBIX O0JIACTAX TEXHHMKH TCIJIOBBIX YCTPOMCTB MpEAIojaraeT Hajludhe CHCTEM YIPaBJICHUS
nporieccoM ropenusi. [IpuHImn paboThl TaKMX CUCTEM OCHOBAH Ha PEryJIMPOBAHHM KOJHYECTBA,
XMMHYECKOTO COCTaBa M CKOPOCTH TOAAa4YH TOIUIMBA M OKHCIIHMTEIS, & TAK)KE CKOPOCTH yIaJICHHS
npoaykToB ropenus [1]. s paciiupeHus yCIOBUN yIpaBIeHHs! MPOIECCaMU FTOPEHUS B TOCIIEI-
HEE BPEMs HUCCICIYIOTCS BO3MOXHOCTH BO3JCHUCTBHS Ha 3TH MPOIECCHl BHENIHUX (HAaKTOPOB, a
HUMEHHO, JIEKTPUYECKUX U MArHUTHBIX IMOJICH, aKyCTUYECKHX BOJIH. DTH HMCCIICIOBAHUS HAIpPaB-
JICHBI TJIABHBIM 00pa30M Ha pEIICHHs aKTYaJbHBIX B IJIAHE MPAKTUYECKOTO MPUMEHEHHS 33/ay:
YMEHBIIICHUS COJCPIKaHKMsI TOKCHMYHBIX BEIIECTB B MPOJYKTaX TOPEHHs, MOBbIlicHUE dPPEeKTHB-
HOCTH HCIIOJIb30BaHUS PA3JIMYHBIX BUIOB TOIUIMBA U TYIICHUE JIOKAJIbHBIX BO3TOPAHHUMA U MOXKa-
poB. [IpenmyIiecTBaMu MPENoIaraéMbIX CHCTEM MOXKAPOTYIICHHS OyIyT MX KOMIIAKTHOCTh U
OTCYTCTBHE HEOOXOMMOCTH B TYIIAIIMX BEIIECTBAaX. B JaHHOH cTaThe aHAIN3UPYETCS] COCTOSHUE
UCCIIEIOBAHMIA 110 aKyCTHYECKOMY BO3ICHCTBHIO Ha MPOoIece ropeHus. B paboTax, moCBsIIeHHBIX
JaHHOW TpoOJieMe B Ka4eCTBE XapaKTEPUCTUK aKyCTHUYCCKOTO BO3JCHCTBHUS MCIOJIB3YIOTCS Clie-
JYIOIIUE apaMeTphI:

—3ByKoBoe jaaBienue P [[la] — aMiuinTyna u3MeHEHHUs JaBJICHUS BO3IyXa B pe3yibTaTe
KO0JIeOATEIBHOTO JBMYKCHHUS YaCTHII,

— yposeHb 3BykoBoro aasienus N [15], N =20 Ig(P/Po), rne Po=2x10"°Ila — naBneHue mo-
pora CIbIIINMOCTH;

— aKycTHUecKas IUIOTHOCTh (MHTEHCHBHOCTh 3ByKa, cuma 3Byka) | [Bt/M?],
| = Pv/2=P?/(pC), re p — MWIOTHOCTB CPE/Ibl, ¢ — CKOPOCTh 3BYKA B HEHl;

— yposens unrencuHoctu N [15], N=20 Ig(l/lo), tae 1o=10"'? B1/m? — noporoBas MHTEH-
CHBHOCTB;

— aMIUIHTY/Ia KosebaTenpHoro emenienus & [mm], & = P/(wpc), roe ® — yacrora 3ByKa;

— KonebarenpHas CKOpOCTh L [M/C] — aMIUTUTYyJHOE 3HAYCHUE CKOPOCTH KOJIeOATELHOTO
JABWKEHHS YaCTHII B aKyCTHUYECKOM To1ie, L = P/(pC) = w&.

IloBbIlIeHNE CTENEHU CrOPAHWUsSI M CHHIKeHHe 3arpsi3HeHHsi aTMocdepsbl. Pe3ynbrars
HEPBBIX HMCCICIOBAHUN BIMSHHMS aKyCTHYECKHX KOJIeOaHMI Ha MpOLECC TOPEHHS U HMX aHAIU3
npencraBieHbl B MoHorpaduu [1] rae ormedaercs, uro auddy3noHHOE MmamMst MaleHbKOW Toper-
KH MOXET ObITh OYeHb YYBCTBUTEIBHBIM K 3BYKOBBIM KoneOaHusM. Jlake ciadbie KoyieOaHus MO-
I'yT IIPUBOJIUTH K PE3KOMY YMEHbBIICHHUIO THHBI TIaMeHu. [Ipu 3TOM 1i1aMst pearupyer TOJIbKO Ha
OMpEJIeNICHHBIE YaCTOThI 3ByKa, U 3 ()EKTHBHOCTD BO3JCHCTBUS 3ByKa 3aBUCHT OT Pa3MEpoB U
GopMBI TOpenKd W BHAA TOIUIHMBA. [loMUMO 3TOro, 3p(EeKTHBHOCTh BO3/ACHCTBHS 3aBUCHT OT
HAIPaBJICHUs] PACIIPOCTPAHEHHUS 3BYKOBbIC KOJICOAHHsI OTHOCUTENBHO IJIAMECHHU.

B aroii pabote [1] aHanu3upyeTcs Mpoiecc ropeHust MPOMaH-BO3AYIIHONW CMECH, BBITEKA-
IOILEH U3 COIUIa, MPUYEM IOTOK CMECH MOCTYIAeT U3 OOJIBIIOrO pe3epByapa, B KOTOPBIH MOMEIICH
UCTOYHUK aKyCTHYECKHX BOJH. IIpH amIuimuTyae 3BYKOBbIX KoseOanuii meHbmieid 0,01 mm (mpu
gacrore 5000 I'1r) 3ByK He OKa3bIBaeT HUKAKOrO BIMSHHS Ha rutamst. [Ipu 3TOM mepBoHavabHas
dopma riameHu mpeacTaBisuia co00il KOHYC MPAKTUYECKH C MPSIMOJIUHEHHBIMUA 00Pa3yIOLIUMH.
C yBenuveHHEM WHTCHCHBHOCTH 3BYKOBBIX KoJicOaHUil (hopMa riaMeHH HaYWHACT CYIIECTBEHHO
u3MeHsAThes. [Ipu MHTeHCHBHOCTH 3ByKa oT 0,14 10 1,5 Br/cM? 06pasyeTcs MI0CKoe Tiams, Ko-
TOPOE TaCHET NPH JajbHEHIIIEM YBETUICHHN HHTCHCUBHOCTH.

[Ipu Bo3jeiicTBHM 3ByKa Ha IUIaMsl, PaCIpoCTpaHsomieecs Mo Tpyde, HaOI0aaeTCs Cclie-
ayromiee. [Ipu 0TCYTCTBHHU 3ByKa IUIaMsi UMEET mojychepuueckyro Gpopmy, XapakKTepHYIO TS He-
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TypOyneHTHoro miaameHu. [Ipu 3Byke ymMepeHHONM MHTEHCHUBHOCTH (popma IjIaMeHH U3MEHSEeTCs,
OHO CTAaHOBUTCS IPAKTHUECKHU TUIOCKUM, a CUJIbHBIN 3BYK IMOJTHOCTBIO TACUT ILIaMsl.

DKCIEepUMEHTAIBLHOE HMCCIEOBAaHUE BIMSHUSA aKyCTUUYECKHX BO3JCUCTBUI Ha nuddys3u-
OHHOE TOpPEHHE MeTaHa OmucaHo B [2]. B akcmepuMeHTE HMCIIOIb30BallaCh rOPEIKa, MPEACTaBIIs-
101ass CoO00M BEPTUKAIBHYIO TPYOKY C OTKPBITHIM BEPXHHUM KOHIIOM M BHYTPEHHHUM JTUAMETPOM
3 mm. Ha koHIIe TpyOKH YCTaHaBIMBAJIOCH COILIO MOJIaYM T'a3a ¢ BBIXOJHBIM OTBEPCTHUEM JTHAMET-
pom 1,25 mMm. [logaua roprodero perynuposaiack B npeaenax ot 0 mo 1,4 1/MuH, MMOTOK raza B
TpyOKe SIBIISJICS JIaMUHApHBIM. M3iydarenb 3Byka pacrojiokeH Ha pacctosHun 10 ¢cM oT ocu
mamMeHd. YacTora akyCTHUECKMX BOJIH MEeHsIach B npeaenax ot 0 qo 7 k', a ypoBeHb 3BYKOBO-
ro gasiedusa — ot 0 mo 120 ab.

Ha puc. 1 npuBenensl nonydennsie aBropamu [2] doTtorpaduu miamMeHd npu aKycThde-
ckoM BozzaeicTBuu. CkopocTh nojaun meTtaHa coctaBisuia 0,55+0,05 ii/mun. ITnockocTh UCTOU-
HUKa 3BYKa MMEPIEHIUKY/IIpHA TUIOCKOCTH PUCYHKA.

5,5 kly 4,5 kl'y 35kly 3,0 kly 2,5kly 1,5 kly 0,0 kl'y

Pucynok 1 — ®@ororpadun miaMeHu npu 3ByKoBom aasJjennn 100

DKCIIepUMEHT MOKa3al CyIIECTBEHHOE BIHMSHHE aKyCTHYECKOTO IOJIs Ha MOBEIEHHUE IIa-
MeHH. B OTCyTCcTBHE aKyCTHYECKOTO BO3JCHCTBUS TIPH CKOPOCTH IOJadd  MeETaHa
1,1040,05 n/MuH. HaOMrOMAETCS OTCOSAMHECHHE TUIAMEHH, 00paTHOE TPUCOCTUHEHUE TPOUCXOTUT
npu ckopoctu 0,60+0,05 n/mun. [lpu akycTH4eckOM BO3ICHCTBUU OTPBIB U MPUCOSAUHEHHE TIIa-
MEHH IMPOUCXOIAT MPH MEHBIIUX CKOPOCTAX mojaauyn raza (coorBerctBeHHO 110,05 n/muH. m
0,5+0,05 n/muH). OT0 HAOIFOAATIOCH BO BCEM HCCIIEAYEMOM JHANIA30HE YaCTOT.

Kak ciemyer u3 puc. 1, mpu onpeneneHHbIX 4YacTOTax 3BYKOBOHM BOJHBI MPOUCXOIUT OH-
bypKamys miamMeHu, T. €. pa3iBoeHue (akena, IpuyeM B 00IaCTIX ¢ TOBBIIICHHON TeMIepaTypoi
daxen pacmupsiercs. Kak ormeuaercs B [2], HaOnromaeMbie 001aCTH TOBBIICHHON TeMIIEpaTyphbl
SIBIISTIOTCSI CJIEZICTBHEM KOHBEKTHBHBIX MTOTOKOB, BUXPEBBIX CTPYKTYP, HaXOISIINXCS 3a MpeJiesa-
MU BHJIUMOW 30HBI TUNIEMEHU. DTH BUXPEBBIE CTPYKTYPHI BBI3BIBAIOT JIOKAJLHO MHTEHCHUBHOE TIE-
peMelINBaHuEe TOPIOYEr0 C OKUCIUTENEM, YTO TMPUBOJUT K POCTY TEMIIEPATYpPhl U YBEITHUYCHHIO
norepevHoro pasmepa (akena. B pazaBoenun ¢axena, mo MHEHHIO aBTOPOB, yYacTBYIOT JiBa Me-
XaHU3Ma: Pa3BUTHE THAPOJANHAMHYECKONW HEYCTOWIMBOCTH B IMIOTOKE €Il HE MPOpearupoBaBIIEro
ra3a v B3auMOJICHCTBHE BUXPEBBIX CTPYKTYP 3a MpeaesiaMy IJIaMEHH.

TennoBu3noHHAs cheMKa (hakena MO3BOJIMIA MOTYYUTh HHOOPMAIMIO O JIOKAIU3AUU U
JMHAMHKe o0siacTell MOBBIILIEHHON TeMiieparypbl. be3 akyctnueckoro Bo3aencTBus 00IacTy BbI-
COKOH TemIiepaTyphl ABHXKYTCSl BBEpX IO IMOTOKY ¢ 4acToToil v = 4 I'm u ckopocthio v = 0,2 m/c,
MIPU aKyCTHYECKOM BO3JICHCTBHH M3MEHSIETCS YacTOTa M CKOPOCTh CJIEIOBAHUS ITUX O0JIACTe, U
Ha0JII01at0TCs KoJieOaHus CTEIIeHH pa3BoeHus (pakena ¢ yacToroit v = 2,5 I'm.

Pe3ynbTaThl OnucaHHBIX B [2] 3KCIIEPUMEHTOB MO M3MEPEHUIO TOKCHYHBIX BBIOPOCOB B
MPOAYKTaxX TOPEHHsI MPEACTaBICHbI Ha pHc. 2. [IpsiMast TMHUS COOTBETCTBYET KOHIIEHTPAIMH OK-
cunoB azota NOx B OTCyTCTBHE aKyCTHYECKHX BO3MYIIEHUH. 13 pucyHKa BUHO, 9TO KOHIIEHTpa-
st NOx CyIIecTBeHHO 3aBUCHUT OT YaCTOTHI aKyCTUYECKUX KOJICOaHUH U YPOBHS 3BYKOBOTO J1aB-
JeHns. DTa KOHIEHTpAIUs MHHUMaIbHA MpH 9actore ~3 K[ 1. YBennyenne 3ByKOBOTO JaBIICHHS
ycunnBaeT 3¢(deKT cHKeHus KoHueHTpauuu. Tak, mpu ypoBHe 3BykoBoro nasienus 110 nb
koHnentpanus NOx B 1Ba pa3a MeHbIIIE, YEM B CITydae OTCYTCTBHS aKyCTHUECKUX BO3ICHCTBUIA.

Kak BHIHO U3 pe3ynbTaToB IKCIIEPUMEHTA, Pa3ABOSHHE TIJIAMEHHU MPUBOIUT K YIIYUIICHUIO
MepeMeNMBaHms TOIUTMBA C BO3IyXOM, Ipu 3ToM KoHIeHTpamust NOx B IpoIyKTax ropeHHs CHU-
xaercsi. X0Tsl yCIOBHUsS 00pa30BaHUsI OKCHIOB a30Ta MPU TOPSHHUH IO CHX IOpP HE M3YYEHHI B JI0-
CTaTOYHOU Mepe, U3BECTHBI «TEPMUUYECKHIT», «OBICTPBIN» H «TOTUTMBHBIN)» MEXaHU3MBI 00pa3oBa-
Hust NO. O0Opa3oBaHHe «TOTUTMBHBIX» OKCHIOB a30Ta CBSI3aHO C HAJIMYMEM a30Ta B TOIUIHBE, a
«TEPMHUECKHI» U «OBICTPBI» MEXaHU3Mbl HETOCPEICTBEHHO CBSA3aHbl C KWHETHUKOM peakluid,
MPOTEKAIOIINX TP TOPEHUH. BBIXOM «OBICTPBIX» OKCHIIOB a30Ta 3aBUCUT OT COOTHOIICHHUS TOTI-
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JUBO — BO3/yX, B TO BpeMs KaK BBIXOJ] «T€PMHUYECKHX» OKCHJIOB a30Ta 3aBHCUT OT TEMIEPATYypPHI.
VYBenuueHue TemrnepaTypbl U KOHIIEHTPALMU BO3/lyXa JOHKHO IPUBOIUTH K YBEJIMYEHHUIO BBIXO/1a
NO. budypkanus niameHu, BbI3BaHHAs aKyCTUYECKUM BO3ACHCTBUEM, MPUBOIAUT K CHUKEHHUIO
koHeHTpauuu NOx B mpoayKTax ropeHus 3a CYeT CHUIKEHHUS KOHIICHTPAIMH «TEePMUYECKUX» U
«Op1cTpBIx» NO, T. €. CHHXKEHHS TeMIepaTyphl IJIAMEHHU U yIy4YlIeHHs TIepeMeIINBaHusl TOILIMBA
¢ Bo3ayxoM. OJIHaKo poJjib TOTO U JIPYroro MpoLeccoB TPeOyeT TOMOTHUTEILHOTO H3yYEHUS.
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Puynoxk 2 — Konuentpanusi NOx B IpoayKTax ropeHusi B 3aBUCHMOCTH OT YacTOTHI 3ByKa
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[Tomumo 3¢ dexTa cHIKEHUSI KOHIEHTPALMU OKCUIOB a30Ta MPU aKyCTUYECKOM BO3ZCH-
CTBUU HAOIIOAETCS CHIDKEHUE KOHIEHTPALMU CAXH U YBeTMUHUBaeTCs 3)PEKTUBHOCTD CrOPAHUS
TOILJIABA.

AKyCTHYECKOE TIOJIe MOXKET CIIOCOOCTBOBATh YCKOPEHUIO UM TOPMOXKEHHUIO (pOHTa pac-
MPOCTPAHEHHUS TUIAMEHHU, YTO MOXKET OBITh MCIIONBb30BAHO JJISl YIPABICHUS CKOPOCTHIO CTOPaHUs
TOTUIMBA B JIBUTATENSX U PETYIUPOBAHUS BBIXOJAA MPOAYKTOB cropanus. M3yuenue stux sddex-
TOB, KOTOpbIE HAOIIOJAIOTCS TIPU PAcpOCTPAaHEHHUH IJIAMEHH B TpyOaxX MpU aKyCTUYECKOM BO3-
JEeNUCTBHH, TIPOBEICHO, B 4aCTHOCTH, B [3]. B 310l paboTe MpUBOAATCS PE3yiIbTaThl IKCIIEPUMEH-
TOB 10 UCCIIEJOBAaHUIO BIUSHUS BHEIIHETO aKyCTHUECKOTO MOJIA Ha PACHpPOCTPAHEHUE NIJIAMEHU B
4% mnpornaHo-0yTaHO-BO3AYIIHONH CMECH B 3aKPBITHIX TpyOaxX. ITU SKCIIEPUMEHTHI MMOKa3allu, YTO
MIPU OTHOCUTENHHO BBICOKOH sHepruu nmomkura (0,46 Jx), BHEITHEe aKyCTHUECKOE 3BYKOBOE TO-
Jie IPaKTUYECKU HEe BIUSET Ha NWHAMUKY TuiaMmenu. [Tpu mamnoii sueprum momxkura (0,06 [Ix), ato
BJIMSIHME CTAHOBUTCS CYIIECTBEHHBIM. BO BHEIIHEM yJIbTPa3ByKOBOM I10JI€ HA HAYAJIbHOW CTaJNU
TOpPEHHsI CpeHSSI CKOPOCTh pacipocTpaHeHus (poHTa miamMenu cHikaetcs Ha 30 %, u Takoe ma-
JIEHUE CKOPOCTU COXPAHSIETCS Ha MPOTSIKEHUU BCETO MPOLECCa TOPEHUSI.

Ha ocHOBe 3KCHEpMMEHTOB MO PACIPOCTPAHEHHIO TJIAMEHHU B TOproveil cmecH (TpomaH-
OyTaH-BO3/1yX) B 3aKPBITOM U MOJIYOTKPBITOM KaHajaX TEOPETUUYECKH MPOAHATU3UPOBAHO BIIUS-
HUEe cOOCTBEHHOM (CreHepHPOBAHHOMN caMHUM IUTaMEHEM) aKyCTHUYECKOM BOJIHBI Ha paclpocTpaHe-
HUE TIIaMeHu B TpyOax. [l OlleHKH BO3JEHCTBUS COOCTBEHHOTO aKyCTHUUYECKOTO MO Ha JAWHA-
MUKY TJIaMEHU MPOBEIECHO MOJEIMPOBAHKE MPOLIECCA PACTPOCTPAHEHUS TUIAMEHH B MOITYOTKPHI-
TOM KaHaJjle ¥ B 3aKPBITON CEKIIMU TOH ke IIUHBL. B kadyecTBe roprouero ObLIH BEIOpaHBI CTEXHO-
METPUYECKHE BOJIOPOI0-BO3/AYIIIHAS U BOJIOPOJO-KUCIOPOAHAS] CMECHU, HOpMaJibHasi CKOPOCTh T'O-
pEeHUs KOTOPBIX B HECKOJIBKO pa3 MPEBBIILIAET CKOPOCTh TOPIOYeil CMeCH, UCII0JIb30BAaHHOM B IKC-
nepuMeHTax. OIHAKO, M0 MHEHUIO aBTOPOB [3], 3TO HE TOIKHO KaYeCTBEHHO BIHATH HA JHHAMU-
Ky ropenus. [Ipu pacuerax cuuTanock, 4To 1jiaMs BO3HUKAJIO y 3aKPHITOr0 KOHIIA KaHalla U Jajee
PacIpoOCTPaHsIIOCh M0 HAMPABIECHUIO K MPOTHBOIIOIOKHOMY OTKPHITOMY JTH0OO 3aKPBITOMY TOPILY.
B kauyecTBe HayalbHBIX YCJIOBHM MpPEANONArajioch, YTO BHIOPAHHBIM 00BEM 3alOHEH TOproven
CMEChIO TIPU HOPMAaJbHOM JaBJICHHH U Temmeparype. Kak Ob1o moka3aHO, B OTCYTCTBHE BHEIII-
HUX HMCTOYHUKOB CaMO IUIaMsi T€HEPUPYET JOCTATOYHO CHJIbHBIE aKyCTUUYECKHE BO3MYILIEHUS,
BIUSHUE KOTOPBIX HA AMHAMUKY TUIAMEHU CYIIECTBEHHBIM OOpa3oM 3aBHCHT OT JUIMHBI KaHana.
[Ipu nnuue xananoB meHbie 0,1 M, ropeHre BOJOPOAO-KUCIOPOJHON M BOJOPOJA0-BO3AYLIHOM
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cMecel MPOXOIUT aHAIOTMYHBIM oOpa3oM. [[s Gosee JUIMHHBIX KaHAJIOB XOJ Ipoliecca TOPeHUs
paznuueH. [Ipu pacnpocTpaHeHuu MIaMEHM B BOJAOPOAO-BO3IYIIHOM CMECH B KaHajax JIMHOU
Menbie 0,1 M U quameTpom He OoJiee 25 MM Tepexojia TOpEeHUs B JETOHAIMIO HE MPOUCXOuT. B
BOJIOPOJ0-KUCIIOPOJTHOM CMECH B KaHajax JiauHo# Oonee 0,1 M, HaOmrogaeTcs pe3kas CMEHa pe-
YKUMOB TOPEHHS — TIEPEX0/] K ACTOHAIIMH, KOTOpasi BO3HUKACT 3a BOJIHOW CXKaTHs mepel PpoHTOM
TOPEHMUSL.

OTMETUM, 4YTO YaCTOTHBIA CHEKTP aKyCTUUECKHMX BO3MYIIECHUM, U3IIYy4a€MbIX YCKOPSIO-
mUMcst GPOHTOM IUIAMEHH B BOJIOPO0-BO3AYITHON CMECH B OCECHUMMETPHYHOM KaHAJIe MOCTO-
SIHHOTO CEYEHHS, SKCIIEPUMEHTAIBHO onpeeiicH B [4].

B [5] u3m0eHBI pe3ynbTaThl SKCICPUMEHTOB M YHCIIEHHOTO MOJEIMPOBAHUS BIIHMSHUS
3BYKOBBIX BOJIH Ha MPOLIECC TOPEHUS BOJOPOI0-BO3AYIIHON U BOAOPOJO-KUCIOPOAHON cMecel B
HUJIMHIPUYECKONW Kamepe cropaHus. [Ipu pacderax odar mjiamMeHH 3a/1aBajics Kak 001acTh MOJHO-
CThiO cropeiiei cMecu ¢ Temrieparypoit 2000 K u nuamerpom nopsinka 1 mm. beuio ycranosie-
HO, YTO Ha HAYaJbHON CTaJWM Mpollecca BOCINIAMEHEHHUSI aKyCTHUYECKHUE BOJHBI YCKOPSAIOT MPO-
1IeCC OCTBIBAaHMS OYara ropeHus, a 3aTeM MPHUBOJAT K 0oyiee OBICTPOMY HapacTaHUIO TeMIIepaTy-
Pl U Pa3BUTHIO HEYCTOMUYMBOCTH (poHTA TuTaMeHH. KapTuHa majeHus U pocTa MaKCUMaJbHOMN
TEeMIIEpaTypbl B 04are BO3ropaHus cj1ab0 3aBHCUT OT YacTOTHI BOJHBI. B TO ke Bpems mpu pac-
IIUPEHUH TIJIOMIAIH, OXBAYCHHOW TUIAMEHEM, TakKas 3aBHCHUMOCTh UMeeT MecTo. BoJsHbI ¢ 00Jib-
e 4acToTol MpUBOAAT K Oojiee OBICTPOMY pacIIMPEHHUIO o4ara Bo3ropanus. B ciyyae 6eaHbix
cMmeceil HaOII0IaeTCsl CYIIECTBEHHO OoJiee CHIbHOE BIUSHUE aKyCTHYECKHX BOJIH Ha Pa3BUTHE
mpoiiecca ropeHusi. B 4acTHOCTH, BO3MOXKHO APOOJICHHE TIJIaMEHU M BO3HUKHOBEHHUE JIOKAIBHBIX
04YaroB rOPEHUS.

B03M0:XHOCTH TylIeHHs] IUIaMeHH aKyCTHYecKHUM moJsieM. OOmupHbII MaTepualn, mo-
CBALLEHHBIN pe3yJabTaTaM HCCIEAOBAHUS BIMSHUSA HU3KOYACTOTHBIX 3BYKOBBIX BOJH Ha ILIaMs,
comepxkutcs B [6]. B skcnieprMeHTax 3ByK OT TPOMKOTOBOPHTEIIS C MIOMOIIBI0 MOIYJIBHOTO KOJI-
JTUMaTopa, MPeACTaBIISAIoNIEro codoi TpyOy M3 HepKaBewllel cTaiu MMHON 155 cMm u nuamer-
poM 46 cMm, HampaBJIsLICS Ha IJIaMsi, HaXOJIsIIeecss Ha paccTosHuu 15 cMm ot kosummaropa. Jlat-
YUKW KoJeOaTenbHONH CKOPOCTH M 3BYKOBOTO JABJICHUS PACHONarajuch Ha PacCTOSHUM 5 CM OT
ropenku. Kommrmarop obecrnieynBai 3ByKOBYIO BOJIHY € TPAKTHYECKH INIOCKUM BOJIHOBBIM (ppOH-
TOM M Hampasiisia ee Ha ruiams. Mccnenys Bo3neiicTBue Ha 15 caHTUMETPOBOE METAHOBOE ILIAMS
3BYKOBBIX BOJIH ¢ yactoTamMu B uHTepBasie 35—150 I'u u 3BykoBbIM naBinenuem ot 0,2 Ila no 112
[Ta aBTopbI [6] HAILIM, YTO MAKCHMYM IOJABJICHHs IJIAMEHH TOCTHTaeTCs MpH 4Yactote v ~ 60
I'n. ITomuMo 3TOrO, UMM OBLIO ITOKA3aHO, YTO IS ralleHus IUIaMeHH 0oJiee BaKHO JTOCTHIKEHHE
OTIPECNIEHHOTO TOPOra CKOPOCTH aKyCTUYECKUX KONeOaHWii, yeM OmpeiesieHHas 4acToTa WU
aKkyctuueckoe aasneHue. [loporoas ckopocTs rameHus (konebaTenbHass CKOPOCTb, IPU KOTOPOU
JIOCTUTAETCS TallleHne) sBIseTCs Takke QyHKIMeH ctabunpHoCcTH mameHu. [lpu ncnonb30Banuu
ra3000pa3HOro TOIIMBA CTAOMIIBHOCTD TJIAMEHHU 3aBHCHUT OT CKOPOCTH MOTOKA U, CIIE0BATEIBHO,
OT uKciia PeliHonpaca BBIXOAALIEN CTPYH TOILIMBA.

ABTOpSBI [6] yTBEpkKIAIOT, YTO TOMHUHHUPYIOIIUM (PAKTOPOM, BIUSIOIIAM HA TOPEHHUE, SIB-
JsieTCA JIOKaJdbHasi CKOPOCTh BO3/yXa, MPOHUKAIOUIETO B IiamMsi. MOXKHO JOCTUTHYTh MOPOTrOBOM
CKOPOCTH TallleHUs TIpH OONBIINUX YacTOTaX, €CIM aKyCTUYECKOE JaBIIEHUE SBISETCS JOCTATOU-
HeIM. Ha puc. 3 npencraBieH npo¢uib raimeHuss MajJoro METaHOBOTO TUIAMEHU TOPEJIKU TUaMeT-
pom 1,6 MM. JlaHHBIE TIPEACTABIISIIOT MOPOTOBBIE 3HAYEHUSI YCPEAHEHHBIX 3HAUEHUN 3BYKOBOTO
JABJICHUA U KOJIeOaTEIbHON CKOPOCTH YacTUIl BO3yXa BOJIU3H MJIAMEHH MIPH TalICHUU.

W3 pucyHka BUIHO, YTO MpPU TalleHUd MUHHUMYM JaBJICHUs HAOIIOJAaeTCs MPU YacTOTe
60 I't1, 4TO MpakTUYECKH COBMAAAET C OJHOW U3 PE30HAHCHBIX MOJI KOMHATHI, B KOTOPOM MPOBO-
WM dKcnepuMeHThl. CieayeT OTMETUTh, YTO MPU YBEIMYEHUH YacTOThI JJIS TalleHUs MIaMEHU
HeoOxouMo Ooiee BBICOKOE aKycThuueckoe AaBienue. [Ipu sTom HaOIIOAaI0Ch YMEHBIIEHUE KO-
nebareabHONW CKOPOCTH YacTHI] BO3AyXa, MUHUMAIbHOE 3HaYeHne koTopoit v = 0,5 m/c. B ycno-
BUAX pe3oHaHca (v =~ 60I'm) Tymamiee 3HaUeHHE KOJIeOATENbHON CKOPOCTH JIOCTHTAETCs MPHU He-
0O0JIBIIIOM 3HAUYEHUU 3BYKOBOTO JAaBIICHUS M BBIXOJHON MOITHOCTH JTWHAMHUKA, B TO BpeMs KaK Ha
JAPYTUX 9aCcTOTaxX IS TOCTHXKEHUS] TAKOTO 3HAYCHHSI KONIeOaTeTbHOM CKOPOCTH HEOOXOUMBI 3HA-
YUTENHHO OOJIBIINE BETMYMHBI 3BYKOBOTO JABJICHHS U BHIXOAHON MOIITHOCTH.
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Pucynok 3 — IIpoduiap aKkycTHIECKOT0 ralieHHsl MaJI0ro METAHOBOI0 MJIAMEeHHU

Ha puc. 4 npencraBieHbl TOPOroBbie 3HAYCHUSI KOJIEOATEIHbHOM CKOPOCTH MPHU TalllEHUU
IJJAMEHU aKyCTUYECKMMHM BOJIHAMM C 4acTOTOM 75 I'll B 3aBUCUMOCTH OT CKOPOCTH TOILJIMBA, I0-
CTYTAIOIIETO B METAHOBYIO TOpeKy. [lmaMst mepexoauT U3 JaMUHAPHOTO PEKUMA TOPEHHS B TYp-
OyJIeHTHBIH pu cKOpocTH moToka 18,1 m/c. korna 3HaueHue yucia Peiinomsaca Re ~ 2000.
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Pucynok 4 — 3aBHCHMMOCTB NOPOTrOBOr0 3HAYCHUS AKYCTHYECKOH CKOPOCTH 0T CKOPOCTH TOILIHBA

[Tpu naMuHAapHOM rOopeHHH HAOIIOAETCs yBEeIHMUeHHe KojeOaTenbHONU CKOPOCTH, HE0OXO-
JUMOM IS TallleHus], IPA YBEIMYEHUU CKOpPOCTH TomnBa. Koria ckopocTh TOIUIMBA MPEBHIIIAET
18,1 m/c, muiamsi ctaHoBUTCS TYpOYJIEHTHBIM, a KojeOaTeabHast CKOpOCTh, HeoOXoaumast Juis Ty-
IIeHus, ObICTPO crHajgaer. JTo HaOMI0JaeTcss MpPU Pa3HBIX YacTOTaX, MOATBEpHKJas TUIOTE3Y O
TOM, YTO Ha TalleHHWEe IJIAMEHU BIHUSET KaK aKyCTHYecKas CKOpPOCTb, TaK W CTAOMIBHOCTD

IJIaMCHHU.
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[Tpu yBenu4yeHUH IIIOIIAIN TOPEHUSI CII0KHO JOOUTHCS TallleHus MPU UCIOJIb30BAHUU OJ1-
HOTO HMCTOYHHKA 3BYKAa, MOCKOJBbKY KojeOaTelbHas CKOPOCTh YACTHI] BO3JyXa OBICTpO crajaet
IIpH yAAJIEHUU OT KOJUTUMATOpa. DTa CKOPOCTh MOXKET ObITh YBEIHUEHA ITyTEM YBEJIUYEHHUS MOII-
HOCTU TpoMkoroBoputesisa. OHAKO 3TO MPUBOJUT K MCKAKEHHUIO 3BYKOBOI'O CHTHaja, KOTOPBIN
CTAaHOBUTCSI HEPETYJIAPHBIM U HEMOHOXpOMaTHyeckuM. Hy>KHO UMETh HECKOJIBKO IPOMKOTOBOPHU-
TeJel, mpruueM MX aKyCTHYeCKHE IMOJi JOJDKHBI MepeKphiBaTbes B obmactu ropeHus. [lomumo
3TOro, TylieHue >PQPEKTUBHO MPU YACTOTaX 3BYKOBBIX KOJIEOaHHI, COBMAJAIONIMX C PE3OHAHC-
HBIMH YaCTOTaMH KOJIeOaHHH BO3/IyXa B TOMEILCHUH.

DKCrHepuMEHThl MOKa3aiH, YTO aKyCTUYECKOe JaBJiCHHE, HEOOXOAUMOe MJsl TYIICHUS, B
0oJIbIlIel CTENEHU 3aBUCUT OT BHJa TOIUIMBA, HEXKEIH OT IUIOIIAIH TUIaMeHu. Pe3ynbTaTsl sKcie-
PUMEHTOB IPE/ICTaBICHBI HA pUC. S.
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PI/IcyHOK 5 - 3aBucumocrthb AKYCTHYECKOI'O JaBJECHUA OT IVIOIAAU TOPECJIKHU IIPHU TFAIIECHUA TINIAMEHHU

B paborte [7] 3aTparuBaeTcsi BayKHbII BOIIPOC O BIMSHHU CHJIBI TSHKECTH Ha MPOILECC Tope-
Hus. ABTOp oTMeuaeT caeayrouee. [Ipu ropernn B BO31yXe B 10JIE€ CHIIBI TSKECTH BBICOKOTEMIIE-
parypHble ra3000pa3Hble IPOAYKThI TOPEHUS BCIEACTBUE €CTECTBEHHON KOHBEKIIUH MOJHUMAIOT-
cst BBepX. OOpazyromuiicss Ipy 3TOM BOCXOJSIIMI MOTOK BO3J/lyXa yBJeKaeT 3a co00i BBEpX ra3o-
oOpa3Hble MPOMYKTHI CTOPAHUS U TEM CaMbIM CIIOCOOCTBYET AajbHEUIIEeMYy MpoLecCy TOpeHus.
B HeBecomocTH, Npu NOJETE JETATEIBHOIO ammapara o MHEPIUH, POLECC TOPEHUS TPOTEKAET
nHaye. B HEBECOMOCTH HE MOYKET BO3HMKAaTh €CTECTBEHHAs KOHBEKLMS, IIOITOMY NEpPEMEINBa-
HUE Ta3000pa3HbIX MPOIYKTOB TOPEHHUS C BO3AYXOM MOXKET OCYHIECTBIATHCS TOJIBKO IyTEM
midy3un. IIpym sToM, Tak k€ Kak M NPU TOPEHHM TBEPIBIX TeJ, MOCTYIJIEHHE KHCIOPOAa
B 30HY F'OPEHHs CTAHOBHUTCS HEAOCTATOUHBIM, Ia3000pa3Hble MPOAYKTHI CrOPaHUsl 0OBOIAKUBAIOT
ropsiiee TEJIO U 3TO NMPUBOJIUT K MOJABICHUIO MPOIEcCa TOPEHUs. ABTOp BCIIOMHHAET Tparuie-
CKHUIl cilyyail ¢ aMepHUKaHCKUM KopabyieM «AMNNojoH-1», korja HeOoNbIIoe BO3rOpaHue BHYTPU
KOCMHMYECKOI'0 KOpalJisi Ha IIyCKOBOW YCTaHOBKE BO BpeMs NPeICTApTOBOM MOATOTOBKU MTHOBEH-
HO TPHUBENIO K MoKapy U KaracTpode. BeposTHOCTh Takoil kaTacTpodbl NMpakTHUECKH ObLIa Obl
paBHa HYJIO, ecld Obl KOCMHYECKHH KOpaOiib YK€ HaxXxoAWJCs B TOJETe B COCTOSHUM
HEBECOMOCTH.

BnusiHue cuibl TSDKECTH Ha MPOLIECC TOPEHUS CKPBITO 3a BTOPUYHBIMU SIBJIEHUSMHU U TIPO-
ABIsiETCA onocpeoBanHo. [ToaToMy i1st pyHAaMEHTAIBHBIX UCCIEIOBAHUN TOPEHUS HYKHO TIPO-
BOJMTD SKCIIEPUMEHTHI B HEBECOMOCTH.

BosneiicTBue 3ByKOBBIX BOJIH Ha IJIaMsl B YCIIOBHSIX MUKPOTPaBUTAIIMU U3y4alloCch B pabo-
te [8]. Ha miams 3a)xuraiku OCyIIecTBISIIOCh BO3/ICHCTBUE 3BYKOBBIMU BOJTHAMHU HU3KHX YacTOT.
Pe3ynbrarhl 5KCIEpUMEHTOB NPEACTABIEHBI HA pUC. 6.
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YacToTa
30.6 I

50.0 IT'

Pucynox 6 — ddexT BAMAHUS 3BYKOBBIX BOJIH HA IJIaMsl B YCJIOBHSX MUKPOTPABHTALUU

W3 skcnepuMeHTOB clieyeT, YTO ralleHue IIaMeHH 3BYKOM Oojiee 3((eKTUBHO B yCIIO-
BUSIX MUKPOTPAaBUTAIIMM, HEXKEIIM B YCIOBUSAX HOpPMaJIbHOW IpaBUTaluu. B yacTHOCTH, rameHue
JIOCTUTaeTCs 3a MeHbllee BpeMs. ['ameHne 3ByKoM MOXKET ObITh 3((EeKTUBHBIM METOJIOM TyIle-
HUS BO3rOpPaHM B YCIOBUSAX HEBECOMOCTH.

Pe3ynbTraThl TEOpEeTUYECKUX UCCIIENOBAaHUHN (PU3NKN B3aMMOAECHCTBUS aKyCTUYECKUX BOJIH
C IUIAMEHEM, a TaKXe Pe3yJbTaTbl KOMIIBIOTEPHOTO MOJEJIMPOBAHMS MPOTEKAIOUIMX IPU 3TOM
HPOLIECCOB, MOXKHO HAWTH, B YyacTHOCTH, B pabdotax [9], [10] u uuTHpyemoii B HUX JIUTEpaType.
OO6cy>kaeHne 3TUX BOIPOCOB BBIXOJAUT 32 PAMKU JaHHOM MyOJIMKaIlUH.

3akioueHue. AHanu3 onyOJIMKOBAaHHBIX PabOT MOKA3bIBA€T BO3MOXKHOCTb NMPUMEHEHUS
aKyCTUYECKUX BOJH JJIsl YIPABJICHUS PEKUMOM TOPEHMsS C LIEbI0 MOBBIIEHUS 3()(HEKTUBHOCTH
MCMOJIb30BAaHUS TOIUIMBA U YMEHBIIEHHUs BbIOpOCa 3arps3HAIOMMX BemecTB. HecMoTps Ha MHO-
roo0Opasue pU3NUECKUX U XMMUYECKHX MPOIECCOB, MPOTEKAIOIINX PU FOpeHuH, 3P PEeKTUBHOCTD
WCIIOJIb30BaHUs TOIUIMBA M KOHLIEHTPALMs TOJIOTAHTOB B MPOAYKTaX CrOPAaHHs ONPEAEIAIOTCA,
IJIaBHBIM 00pa3oM, CKOPOCThbIO MEpeMEIIMBaHUs TOIIMBA M Bo3ayXxa. COBpeMEHHBIH ypOBEHb
3HaHUI B 3TON 00JIACTH BIIOJIHE TO3BOJIAET MPUCTYIHUTH K SKCIEPUMEHTAIBHBIM U TEOPETUUECKUM
UCCIIEIOBAaHUEM JIJIsl pelleHHs JaHHOW MpoOJeMbl ¢ 1eIb0 pa3pabOTKU MHKEHEPHBIX METO/0B
pacuera aKyCTUYECKHMX CHUCTEM pETYIMPOBaHUS pEXHMAa TOPEHMS KOHKPETHBIX TEIJIOBBIX
ycTpoiCTB. [lepcrneKTHBHOCTh TaKUX MCCIIEAOBAaHUI 00yCIOBIEHA TEM, UTO JUIS YIIPaBJIEHUS pe-
JKUMOM TOpeHHUsi TpeOyeTcsi HeOOobIIas SHEPrHsl aKyCTHUYECKOT0 M3JIy4eHHUs, KOTopas Mo OLEeH-
KaM 3aMETHO MEHBIIE YBEIMUYEHUS DHEPTUHU, TOCTUTaeMON B pe3ybTaTe U3MEHEHHUs peKuMa ro-
penus. B To xe Bpems, cieqyeT OTMETHTb, YTO BCIEICTBHE MHOTr000pas3Hs MPOTEKAIOUINX MPH
TOPEHUM TPOLIECCOB, ONTHMAJIbHBIE YCIOBUS MJI1 MAaKCHUMAJIbHOIO CrOpaHus TOIUIMBA U
MUHUMAaJIbHOM KOHLEHTPALMU 3arpsi3HEHUI, CKOPee BCEro, PEealn3yIOTCsl IIPU Pa3HBIX peXUMax
TOPEHMUSL.
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[IpoBeneHHbIE HCCIEAOBAHUS MPOAEMOHCTPUPOBAIN TAK)KE€ BO3MOXKHOCTH TYLICHHS BO3-

rOpaHuil OCPEICTBOM aKyCTHUECKOro Bo3aelcTBUA. OJHAKO MEXaHM3M TYLIEHHUS OCTaeTCsl He-
OTpeIeNICHHBIM, YTO TOBOPUT O HEOOXOJMMOCTH 3HAYUTEILHOTO 00beMa TEOPETUUECKUX U IKCIIe-
PUMEHTANIBHBIX HCCIeI0BaHUN. B yacTHOCTH, MOKHO OTMETUTh Ba)KHOCTb AKCIEPUMEHTAIbHBIX
UCCJIETOBAHUM 110 TYIICHUIO IIOBEPXHOCTHOT'O TOPEHHUS.
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ON THE INFLUENCE OF ACOUSTIC WAVES ON COMBUSTION PROCESSES
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Purpose. The purpose of the paper is to present the brief survey of the state of research in the field of
interaction of flame with acoustic waves.

Findings. The acoustic waves could be effectively utilized for controlling the combustion process for
the purpose of increasing the fuel using efficiency and decreasing the pollutant emission.

Application field of research. The obtained results could be used for the development of alternative
methods of fire control and extinguishing.

Conclusions. The presented researches showed the possibility of fire extinguishing by the use of
acoustical action. However, the mechanism of extinguishing remains uncertain. Therefore, the substantial
extent of theoretical and experimental researches is still needed. In particular, one can note the importance
of experimental research on extinguishing of surface combustion.
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