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AKYCTUYECKHUE XAPAKTEPUCTUKH BHYTPEHHUX ITIOJIOCTEN
MMOMOJIbHOM KAMEPBI CTPYHHOI'O U3MEJILYEHUS

Jli1st noBbIneHNst 3QGEKTUBHOCTH M CHIKEHHS SHEPrOEMKOCTH TOHKOTO H3MENIbYEHUSI IIOMUMO YITyUILICHUs
TEXHOJOTHH IIPOoLEecca HEOOXOAUMO COBEPIICHCTBOBATH KOHCTPYKIMH ITOMOJIBHON KaMephl H3Menpuureneil. B
paboTe paccMaTpHBAaeTCs aKyCTHYeCKas KapTHHA TEUCHHs SHEPrOHOCHTENS B MOMOJIBHOH KaMepe CTPYHHOro
H3MENIbYHUTENS Ha OCHOBE BBIIBICHHS IIPHPOJIBI OCHOBHBIX HCTOYHUKOB aKyCTHUECKOTO M3IydeHHs. Y CTAHOBIICHBI
30HbI IOMOJIBHOW KaMepbl CTPYyHHOI NPOTUBOTOYHON MEJbHUIIbI, AHAJIOTMUHbIE 00J1aCTAM 00TEKaHUs TYpOYJIeHT-
HBIMU CTPYSIMH IPEISTCTBHH M BBIEMOK. IIpoBeneH aHamu3 BUXpeoOpa3oBaHHS IOTOKA DHEPrOHOCHUTENS IIPU
00TEeKaHHHU PA3IMYHbIX BHIEMOK KAK Ha J03BYKOBBIX, TaK U Ha TPAHC3BYKOBBIX CKOPOCTSIX.

ITpoanamM3nupOBaHbl AKyCTUYECKUE CUTHANBI, 3a()UKCHPOBAHHBIEC B IBYX aKyCTHYECKH XapaKTEPHBIX 30HaX
KaMepbl U3MEJIBYUTENIS: B LIEHTPE CTOJIKHOBEHHUS CTPYI U B BBIEMKE JIOHHOH 00JacTH. YCTaHOBJICHO, YTO HanOO-
Jiee MOIIHBIC MyJIbCAlUH JaBJICHHs HaOMIONAIOTCS NIPU HATCKAHWU CTPYH HA MPENATCTBUS U NP CTOIKHOBEHHU
JIBYX IIPOTHBOTOYHBIX CTPYH B LieHTpe Kamepsbl. [IpoBesieH aHaIu3 my/nbCcaluii JaBIeHHs HA Pa3IMYHBIX y4acTKaxX
BBIEMKH. Y CTaHOBIJICHO, YTO CYIIECTBYIOIINE MOAXObI IPUMEHHUMBI JINIIb JUI HEKOTOPBIX y4aCTKOB MOMOIBHOM
KaMepbl, TAK KaK M3-3a HAJIMYMSA BCTPEYHOIO OTOKA IPOLECC BUXPEOOPA30BaHUs YCIIOKHSCTCS.

HccnenoBaHus MOKa3ald BO3MOXHOCTh aHAM3a BHXPEBOH CTPYKTYpHI IIOTOKOB DHEPrOHOCUTENS B IO-
MOJIbHO Kamepe CTPYHHOIT MeJIbHUIIBI HA OCHOBE aKyCTHYECKHX CUTHAJIOB, 3aIIMCHIBAEMBIX B XOJI€ N3MEIbYCHHS.

Jlist migBUIeHHs €(DeKTHBHOCTI 1 3HMIKEHHS] €HEPrOEMHOCTI TOHKOTO MOAPIOHEHHsT KPiM MOMIMIICHHS TeX-
HOJIOTIi TIponecy HeOOXiTHO YIOCKOHAIIOBATH KOHCTPYKIIi ITOMOJNIBHOI KaMepH HoIpiOHIoBadiB. Y poOOTi po3r-
JSITAETHCS AKYCTHYHA KapPTHHA Tedil €eHEeproHOCis B MOMOJIBHINA KaMepi CTPYMHHHOrO moApiGHIOBaYa Ha OCHOBI
BUSIBJICHHS [IPHPOJIM OCHOBHHX JDKEPENl aKyCTHYHOTO BUIIPOMIHIOBaHHS. BCTaHOBIICHO 30HH MTOMOJIBHOI Kamepu
CTPYMUHHOTO IIPOTUTOYHOIO MJIMHA, SIKi aHAJIOTI4HI 00JIaCTsIM 00TiKaHHS TYpOYJICHTHUMH ITOTOKaMH HMEPELIKO 1
BUIMOK. [IpoBe/ieHO aHaili3 BUXPOYTBOPEHHS TOTOKY SHEProHOCIs IpH OOTiKaHHI Pi3HUX BHIMOK SIK Ha JI03BYKO-
BUX, TaK i Ha TPAHC3BYKOBHX ILIBUIKOCTSIX.

IpoaHai3oBaHO aKyCTHYHI CHTHAJIH, IO 3a(iKCOBaHi ¥ BOX aKyCTHYHO XapaKTEPHHUX 30HAX KaMEpH MO~
piOHIOBaua: B EHTPI 3iTKHEHHS CTPYMEHIB i y BHIMII JOHHOI obmacti. BcTaHOBIEHO, 10 HAHOLIBII MOTYXKHI
IyJIbcallii THCKY CIIOCTepiraloThCs NPU HATIKaHHI CTPYMEHIB Ha MEPEIIKOIHN i NP 3ITKHEHHI IBOX MPOTHTOYHHX
CTPYMEHIB y LeHTpi kamepu. [IpoBeneHo aHami3 mynbcariiii THCKY Ha Pi3HUX OUITHKAX BHIMKH. BeTaHOBIEHO, 110
ICHYIOYI MiJXOQM MOXKHA 3aCTOCOBYBATH JIMIIE [UIS JSSKUX JUISTHOK IIOMOJBHOI KaMepd, TOMY LIO Yepe3 HasiB-
HICTB 3yCTPi4HOIO HOTOKY HPOLIEC BUXPOYTBOPEHHS YCKIIA{HIOETHCS.

JlociipKeHHsT ITOKa3aill MOXKIIMBICTh aHAIII3y BUXPOBOI CTPYKTYPH IOTOKIB €HEPrOHOCIS B IIOMOJBHIN Ka-
Mepi CTPyMHHHOTO MITHHA Ha OCHOBI aKyCTUYHHX CUTHAIB, IO 3aUCYIOTHCS IMiJl 9ac MOAPiOHCHHS.

Except for refining the processing technology, there is a need for improving the design of the grinding mill
chamber to enhance the efficiency and to reduce the power consumption for fine grinding. The work deals with an
acoustic pattern of the energy carrier flow into the grinding chamber of a jet grinder, based on studying the basic
acoustic emission sources. Zones of the grinding chamber of a jet return-flow mill, which are analogous to regions
of the turbulent flow over barriers and cavities, are determined. Vorticity of the energy carrier flow around various
cavities is analyzed both at subsonic and transonic speeds.

Acoustic signals recorded in two acoustic characteristic zones of the grinding chamber are examined: at the
center of jets collision and in the bottom cavity. It is found that the most strong pressure fluctuations are observed
at inleakage of jets on barriers and at collision of two return-flow jets at the chamber center. Pressure fluctuations
in various areas of the cavity are analyzed. It is established that the existing approaches are applicable only to
some areas of the grinding chamber since the vorticity process is complicated by the opposing flow.

Studies provided the possibility of analyzing the vortex structure of energy carrier flows into the grinding
chamber of the jet mill, based on the acoustic signals recorded in grinding.

Knrouesvie cnosa: cmpyiinas meabHuya, noMOIbHAS KaMepd, NOMOK, IHEP2o-
HOCUmeNb, aKyCMuYecKull CUcHaul, mypoyieHmHble CMpPYU, GbleMKd, NYIbCaylsl
0ae6IeHUsl.

BBenenme. IIpoayKThl TOHKOTO HM3MENbYCHHS LIUPOKO HCIIONB3YIOTCS BO
MHOTHX OTpaciisiX MPOMBIIIIEHHOCTH. B mocnennee BpeMs npoBoAuTcs OoJbiiast
paboTa Mo COBEPIIEHCTBOBAHHIO CYIIECTBYIOIINX KOHCTPYKINN N3METbUNTENbHBIX
YCTaHOBOK M CO3JIaHUIO HOBOTO 000pymoBaHus. i CyXoro TOHKOTO M CBEPXTOH-
KOTO M3MEJIbUEHHUS B HACTOSIIEE BPEMs MIMPOKO MCIOIB3YETCS CHOCO0 BBICOKO-
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CKOpPOCTHOTO M3MENFYEHUS MaTEPUANIOB, pEaTN3yeMbIil IIyTeM MPUIAHUS YCKOPEHUS
M3MENbYaeMbIM YaCTHIIAM TIPH TIOMOIIH CTPYH CKATOTO BO3/AyXa, Mapa WK rasa.

Y4uuThIBas BBHICOKYIO 3HEPTOEMKOCTh TOHKOTO M3MENBYCHHS, COBEPILIECHCTBO-
BaHWE KOHCTPYKIIUM MENBHHIl C IIeNIbI0 TOBBIMIEHNS 3()PPEeKTHBHOCTH MpoIecca
SBIISIETCS aKTyalbHOU mpoOiemoi. OMHAKO CYMIECTBYIOIINE TEOPUH pacdyera u
KOHCTPYHPOBAHHS CTPYHHBIX MENBHHUIL ABISIOTCS HEAOCTATOYHO MOIHBIMHA, YTO HE
mo3BoJIsieT 3 (EKTUBHO MCTOIB30BATh BECh CHEKTP MX MPEHMYIIECTB M3-32 KOH-
CTPYKTUBHBIX HezopaboTok. Tak, HamOonpliee BHUMaHNE B JUTepaType MO JaH-
HOW TeMaTHKe B OCHOBHOM OTBOJHUTCS PACUETy 3’KEKTOPHBIX Y3JIOB, U YK€ Kak J0-
MOJTHEHHUE CIEeAYIOT PEKOMEHAAIWU TI0 MCIIOHEHNUI0 KOHCTPYKTHBHBIX MapaMeT-
pOB MOMOJBHON Kamepsl [1], XoTs mpeObIBaHNWE YacTHI] Ha y4acTKEe pa3roHa Ha
MOPSAZOK MEHbBIIIE BpeMEHH MpeOBIBaHMS YaCTHIl B 30HE COYAapeHuil CTPyi, a KOH-
HEHTpaIus TBepaoi (as3pl B 30HE M3MENBYCHHS B JIECATKU pa3 BHIMIE, YeM Ha pas-
TOHHOM yd4acTke. He paccMoTpensl 0coOeHHOCTH KOHTYPOB U (hOPMBI TIOMOJIEHOTO
y371a, 0COOCHHOCTH MPUCTEHOYHBIX TEYCHUH W BUXPEH OKOJI0O BHYTPEHHUX CTEHOK
KaMepbl. ABTOpaMH paHEe IPOBENCHO CPaBHEHHE T'€OMETPUYECKHX ITapamMeTpOB
pasHBIX MO0 GopMe MPOTUBOTOYHBIX CTPYUHBIX MenbHUI [2]. V3ydeHne KOHCTPYK-
TUBHBIX XapaKTEPUCTUK MEIBHHI] PAa3HOTO THIIOpa3Mepa IoKa3ano moaobue xa-
PaKTEePHBIX OTHOCUTEIHHBIX Pa3MEPOB MPH Pa3HBIX PopMax MOMOIBHON KaMephl.

Juia uccrnenoBaHus mporiecca CTPYHHOTO M3MeNbYeHHs pa3padoTaHa METOIH-
Ka aKyCTHYECKOTO MOHHTOPHHTA. Y CTAHOBIICHBI CBSI3H aKyCTUYECKUX ITapaMeTPOB
Y TEXHOJIOTHYECKUX XapaKTEePUCTUK IMPOIEecca U3MENbUYEHHS B MPOMBIIIIIEHHONH U
mabopaTOpHBIX CTPYWHBIX MenbHHNAX [3 — 6]. IlokazaHo, 4TO Ha XapakTep 3aImu-
CBIBAEMBIX CHUTHAJIOB BIHSET TIOMHMO TEXHOJIOTHYECKUX TapaMeTpoB (HaBIIEHUS,
TEMIIEPaTyphl SHEPTOHOCHUTES, TUCTIEPCHOCTH MaTepHalia) MoJI0KeHHe BOJHOBOIA
B TTOMOJIBHOH Kamepe [7]. HeoOxoauMo paccMOTpeTh BIUSTHHE OCOOSHHOCTEH Te-
YeHUH B JOHHOU U MPUCTEHOYHOU 30HE HA aKyCTUUECKUE CUTHAJIbL, 3al1ChIBAEMbIC
B THX 00JIaCTSX.

IMocTranoBka 3agauu. Vnes cBsS3aTh BUXPEBBIE TEUCHUS Ta3a C aKyCTHUECKH-
MU CHUTHAJIaMH, KOTOPbIE OHHU CO3/Ial0T, He HOBA. Ha MPOTsSHKeHNN HECKOJIBKUX JIe-
CATHIIETUH MTPEIMETOM HCCIIEIOBAHUH SABJSETCS U3TyYCHUE 3ByKa BUXPSAMHU, KOTO-
pBIe 00pa3yloTCsl TypOYIEeHTHBIMU CTPYSIMH M B3aUMOJIEHCTBYIOT C TIOBEPXHOCTHIO
KAaHAJIOB UCTEUEHUS. Y CTAHOBIICHO [§8], UTO XapaKTEpUCTUKU MyJIbCAUUN JaBICHUS
Ha MMOBEPXHOCTU TECHO CBS3aHBI C XapaKTePUCTUKAMH TYPOYJIEHTHOCTH CJIOSI CMe-
IeHnus cTpyu. He MeHbIlle BHUMAHUS yIESIOCh TAK)KE POJTH KPYITHOMACIITA0OHBIX
KOT€PEHTHBIX CTPYKTYpP B (POPMHPOBAHHH CIIOS CMEMICHUS W W3IYYSHHH IIIyMa
TypOyJeHTHBIMH CTpysiMH. lIpu 3TOM Tpeanonaraiock, 4To TaKUe CTPYKTYPBI MO-
TYT JaBaTh OCHOBHOW BKIIAJ] B U3ITy4aeMbIl TypOYIIEHTHBIMU CTPYSIMH IIYM.
OCHOBHBIMHM UCTOYHUKAMHU aKyCTUYECKOTO IIIyMa CTPYH SIBJISIOTCSL:
—  MenkomacmTabHas W KpymHOMaciiTabHas TypOyIEHTHOCTh B CIIO€ CMe-
IIeHHUs 1 Ha OCHOBHOM Y4YacCTKe CTPYH;
—  CKauKH YIUIOTHEHHS, 00pa3yIoIuecs B CTPye PU HEPACUETHBIX PEXKUMaX
HCTCUECHHS;
—  IyJbCalldd JABJICHMS B KaHAJEe Mepe] COIJIOM, Yepe3 KOTOPOe MOJAeTcs
CTpy,
—  IIyJIbCaIlu| JIaBJICHHS MTPH OOTEKAHWUU CTPYSIMH PA3IMYHBIX MMPETSTCTBUM.
Bxrnag 3TUX UCTOYHUKOB B aKyCTHUYECKUH LIIYM 3aBUCHUT KaK OT CKOPOCTHU, TaK
U OT peXUMa UCTEUCHUS CTPYHU.
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AHanu3 myJbCcalyii TaBJIeHHUS Ta30BOTO MTOTOKA B MU3MEIbUNTENE, KaK TTOKa3bl-
BaeT OIBIT, MOXKET CIYKUTh 0a30i (HapsAdy ¢ APYTMMHU CPEINCTBAMH, TAKUMHU KaK
M3MEpEeHHe ra30IMHAMUYECKHX ITapaMeTPOB MOTOKA, TPaHyJIOMETPHS W Ap.) I
BepU(UKAIIUHN €TO Ta30JHHAMUYECKUX XapaKTePUCTUK U HACTPONKH H3MEIbINTEIS
Ha padOTy B ONITHMABHOM peXUME. Y UUTHIBAS 3TO, a TAKKE MPAKTHIECKOE OTCYT-
CTBHE paboOT B 3TOM HAINPaBJICHUH, MOKHO C YBEPEHHOCTHIO TOBOPUTH 00 aKTyallb-
HOCTH a3pOaKyCTHYECKUX HCCICIOBAaHUI MPOLECCOB, NPOUCXOIAIINX B CTPYHUHOU
MenbpHuIe. VMccnenoBanus aspoaKyCTHKHA TIOMOJIBHBIX KaMep B IIPOIIECCe M3MEIb-
YeHHs TPOBOIMIIMCH HEIOCTATOYHO TIOJHO, XOTS, KaK IMOKA3aJId MOJI0KHUTEIHHBIE
MpeBapUTENbHBIE PE3YIbTATHI, 3TO HANpaBleHHe B paboTax MO MOBBIMICHHIO d(h-
(heKTUBHOCTH TIpOIecca N3MEIBYCHNS MOKET OKa3aThCs III0JOTBOPHBIM.

Heabio 1anHoI padoThI SBISIETCS BBISIBICHHUE aHAJOTHI aKyCTHUECKHUX OCO-
OCHHOCTEH TeUYEeHWH B MOMOJBHOW KaMepe CTPYHHOTO M3MENbYUTENS W TeUeHUI
ra3a Ha CTEHKaX C KaBepHaMU .

Bynem paccMarpuBaTh NOMOJBHYIO KaMepy CTPYWHOM MEJIBbHULBI KaK KaHail
CIIOXHOHN (DOPMBI, B KOTOPEII TIOCTYyIaeT CTPys dHeproHocurens. CxeMaTHIHO Ka-
Mepa J1abopaTOpHON CTPYHHON yCTaHOBKH MPOW3BOAMTEIHHOCTHIO 20 KI/4 C ee
BBIJICJICHHBIMH aKyCTH4ECKU 0COOBIMU 30Hamu | — 4 mokazaHa Ha puc. 1.

j = ’ - [: “\1:“::.-.:1','7.;;
g — |

Puc. 1

JlokasnbHbIe NPENSTCTBUS B BUAE BBIEMOK pPa3HOOOpa3zHOW (GopmMbl Ha oOTeka-
€MOH TIOBEPXHOCTH BO MHOTHX CIIydyasX SIBJISIFOTCS MCTOYHHKAMH aKyCTHYECKHX
n3nydeHui. [lapaMeTphl aKkyCTHUECKUX IMOJIEH 3aBUCSAT OT T€OMETPUH HEOJAHOPOI-
HOCTH OOTEKaeMOH MOBEPXHOCTH, PEXKMMOB OOTEKaHUs, XapaKTEPUCTHK CPelbl U
psna apyrux ¢axtopos. JIokanbHbIe NPENSITCTBUS, OMEIICHHBIC B OTPAaHUYHBIN
CJIOM, 0Opa3yeMblii Ha Tenax 00TeKaHMs, BO3ACHCTBYIOT HA BUXPEBBIE CTPYKTYPHI,
(dopmupyIOLIHE 3TOT CIIOKW M BO30Y>KAAIOLINE IICEBI03BYKOBBIEC ITyIbCALIUH JaBiie-
Hus. Kpome Toro, B BeleMKax 00pa3yroTcsi BUXPH, KOTOPBIE BHOCST CBOM BKJIAJ B
myMm. O6nacTu OTpbeIBA M NPUCOSAWHEHMS MOTPAHMYHOTO CIIOS, a TaKkXkKe ynapa
CJIOSl CMEIIEHUSI O CTEHKY BBIEMKH SIBJIIOTCS 30HAMH NOBBIIIEHHBIX MyJIbCALIUOH-
HbIX Tnoneil. Ha maHHOM 3Tame paccMOTpeHHE NMPOLECCOB, MPOUCXOAAIIUX B U3-
MeJIbYHTENe NpU OOTEKaHUH BBIEMKH J03BYKOBBIM HOTOKOM, SBJISIETCS aKTyallb-
HBIM.

OpHUM U3 TTIaBHBIX UCTOYHUKOB MyJIbCALUI JaBJIEHHUS B TYpPOYJICHTHBIX CIIOSX
CMEIIEeHUS TIOTOKOB B KaMmepe sIBJsieTcsl CBOOOAHAsE TypOyneHTHOCTh. Lllym no3By-
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KOBOW CTpyH, HCTCKAIONMICH W3 Pa3rOHHOW TPyOKH, ompeneisieTcss KpymHoMac-
mTabHON M MeJTKOMacITabHON TypOyJIEHTHOCTRIO M UMEET HETPEPHIBHBIA CIIEKTP
4yacTOT (03 AUCKPETHBIX COCTABIAIONINX). AKYCTHYECKHIA JaTYuK QUKCUPYET Ta-
KHe IyJIbCAIlUN ¥ TIepelaeT HEeMpephIBHBIE CHTHAIBI Ha KOMIBIOTEp. MeToanka
3aMMcy aKyCTHYECKUX CHUTHAJIOB B IMIOMOJBHOW Kamepe omwmcaHa B [3, 4]. [Ipumep
IIyMa J03BYKOBOH CTpyH, HCTEKaIOIIel M3 pa3roHHOW TPYOKH B MOMOJBHYIO Ka-
Mepy, TOKa3aH Ha pHC. 2, TJIe MPEeICTaBIeHBI 3anuch (a) U crekTp (6) curHaIoB
IIyMa JO03BYKOBOH CTpYyH.
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Puc. 2

OO6pa3oBaHe YHNOPSIOYCHHBIX KOJEOAaHUH Ha IUCKPETHBIX YAaCTOTaX MOXKET
IPOMCXOANTH B CBEPX3BYKOBBIX CTPYSX HAa HEPACUCTHBIX peKuMax (IIpHU HATHMIUH
B HMX yZapHBIX BoiH). Hanbosee MouiHble MysIbcalliy AaBICHUS BO3HUKAIOT MPH
HATEKaHUH CTPYH (IO3BYKOBBIX M CBEPX3BYKOBBIX) Ha HpemsTcTBUsS. B sTOM ciy-
yae HMCTOYHUKAMH IyJbcalui (TUAPOIMHAMHYECKOTO LIyMa) SIBISIOTCSA TypOy-
JIEHTHBIE BUXPH, KOTOPbIE B3aUMOJECHCTBYIOT C MOBEPXHOCTHIO. Takol Xapakrep
MyJIbCallMi MOXET HAOJIOAATHCS B ITOMOJIBHOW KaMepe NpH CTOJIKHOBEHUH ABYX
MPOTUBOTOYHBIX CTPYH B LeHTpe Kamepsl. Ha puc. 3 mokaszaHa 3amuch akycTUde-
CKUX CHUTHAJIOB B LEHTPAJbHOM 30HE MOMOJBHOM KaMephbl MPHU CTOJIKHOBEHHH
BCTPEYHBIX CTpYH 0e3 MaTepuaia.

Puc. 3

CymiecTByeT eme oauH THI 00J1acTel, B KOTOPHIX Pa3BUBAIOTCS MOIIIHBIE TYp-
OyJeHTHBIE TEUCHHUSA. JTO JOHHBIC O0JIACTH B KaHalaX, B KOTOPBIX IMPOTEKAET
CTPYys, TPAHUIIBI CTPYH, 3aCTONHBIE 30HBI MPU OOTEKAHUH YCTYIIOB, YIUIYOJICHUN U
JPYTUX TJI0X000TEKAeMbIX JJIEMEHTOB. MIcTOUHMKAMU IyNbCalluil JaBICHUN TYT,
KaK U IpU HATEKAaHUM CTPYH Ha MPEMATCTBUE, SBISIOTCS TYpOYJICHTHBIC BUXPH
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CJIOSl CMEIICHHSI, BO3HUKAIOIINE Ha 3JIEMEHTAaX MOBEPXHOCTH B 00JIaCTH OTPHIBHBIX
Y TOHHBIX T€YCHUN. DTU TUITBI MyJNbCAUH UMEIOT OJHY IPUPOAY M MOTYT HabII0-
JlaTbCcsi B TIOMOJIbHOM kamepe. Ilynbcaniuu JaBlieHUH TaKUX TEYEHUUA HOCAT CIy-
JalHBIA XapaKTep W UMEIOT HEMPEPBIBHBINA CIIEKTP 9acToT. OgHaKO MPH HEKOTO-
PBIX OTPBHIBHBIX W JIOHHBIX TEUEHHSIX B CIIEKTPE MYyJIhCAIIMA MOTYT BOSHHKHYTH U
IUCKPETHBIE COocTaBisiromue. VX TosBIEeHHE CBA3aHO C Pa3BUTHEM KpyITHOMAc-
MTA0HBIX KOT€PEHTHBIX TYpPOYIEHTHBIX CTPYKTYp B OOIIEM TypOYJIEHTHOM CIIO€
CMEIICHUSI ¥ HAJMYHUEM CBSI3U MEXIY UCTOYHMKOM KOJIeOaHHH U MECTOM 00pa3o-
BaHUS KPYITHOMACIITaOHBIX BUXPEH.

Hccnenopanus mporeccoB [8], MpoUCXOAsmIuX Mpyd OOTEKaHWU BBICMKH, I10-
Ka3aJId, YTO BEJIMYHNHA MYJIbCAINN JABICHUS B IIOTOKE 3aBUCUT OT OTHOCUTEIBHBIX

TCOMETPUYCCKHUX U T'a30AMHAMUYCCKHUX ITapaMETPOB: OJIMHBI |=% . FHy6I/IHBI
1

P =" .=
h= b, » PAIMYCOB CKpYIIeHUs I} = 4 U I = 74 , IPUCYTCTBHS KO3BIPHKOB
2 1 2
y HepeiHeHd M 3aJHEHl CTEHOK 7 =% ) =Z% , TOJILMHBI KO3bIPbKa
il 2

A 1
b= % ¥l YIJIOB HAKJIOHA CTCHOK @4 M Qly; % h - 31ech §;— TONIIUHA OTPaHUY-
1 1

HOTO cJI0s epex BoleMKoi, hy u hy,, i u r,, z; n z,— rmybuHa, paguyc CKpyr-
JICHWS BBIEMKU M JUIMHA KO3BIPbKa Ha MepelHel U 3aJHell CTeHKEe BBIEMKH, COOT-
BETCTBEHHO. DOPMBI pa3NUYHBIX BEIEMOK MpeacTaBiieHbl Ha puc. 4. [loka3aHbl BbI-
€MKa C yIJIOM HaKJIOHA CTeHKH @7 (a); BbleMKa ¢ KO3bIpbKOM 71 (0); BbIeMKa CO

CKPYTJICHUSMH CTEHOK (B).

a) o)

B)

Puc. 4

OTH K€ TEeOMETPHYECKUE OCOOCHHOCTH MOXKHO HAWTH U B TIOMOJIEHOM Kamepe
(cm. puc. 1).

Paccmotpum ceepxzsyrkosoe TypOyineHTHOE TeueHue. Bo3mymieHus, 3apoxkia-
IOIIMeCS OKOJIO TMEepeIHero Kpas, mepell TOYKOH OTphiBa B MOTPAHUYHOM CJIOE,
pacnpoCTpaHsIOTCS HaJ BRIEMKOH B HAalpaBJICHWH ee 3a1Hero kpas. CienoBarenb-
HO, OJIMH M3 UCTOYHMKOB IYJIbCALlMi JIaBJICHHS PACIIOJIOXEH Ha HEepeTHeM Kpae
BBIEMKH, H BO3MYIIIECHHS, KOTOPBIC OH CO3/1aeT, PAaCIPOCTPAHSIOTCS B CBEPX3BYKO-
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BO# oOyiacTd TeucHHUs. BTOpPOH HMCTOYHHMK BO3MYIICHHS PACIIONIOKEH Ha 3aIHEM
Kpae BBIEMKH. BO3MYyIIIEHHs, CO3/TaHHBIE ITHM HCTOYHHUKOM, PACIIPOCTPAHSIIOTCS
Kak BO BHEIIIHEM MOTOKE, TaK U BHYTPU CaMOM BBIEMKH. B CBsi3U ¢ Te€M, YTO CJIOU
CMEIICHNST B3aUMO/JICHCTBYET C 3aJHEW CTEHKOH, 0OpaszyeTcs BOJHA JaBJICHHUS, KO-
TOpasi PacIpoCTPaHSIETCS BHYTPH BBIEMKH W JOCTUTAET TMEpPeaHEel CTeHKH. 3aTeM,
OTPa3MBINCH OT HEE, BOJIHA ABIKETCS OOpaTHO K 3amHel creHke. [Ipudgem cko-
POCTH pacTpocTpaHeHUsT 00Pa30BAHHBIX BOJH OJHM3Ka K CKOPOCTH 3BYKa B BHIEMKE.
TpeTbuM HCTOYHMKOM BO3MYIICHHI BHEIIHErO MOTOKA SIBISIETCSI BECh CIIOM CMe-
[IEeHNS, KOTOPBIN TeHEPUPYET BOITHBL.

B croe cmemenus Hag BBIEMKOH 00pa3yloTCs BHXPH KPYHMHOTO MacmiTada.
OHU 3apoXKIal0TCs y MEpeIHero Kpasi BBIEMKH W CMEIMIAIOTCS TI0 TIOTOKY, OBICTPO
YBEIMYNBASICH B pa3Mepe.

Jannas xapTuHa TedeHUs HaOIIofaeTcs B clydyae KOPOTKHUX W JUTMHHBIX BBI-
€MOK B IUTOCKMX M OCECHMMETPHYHBIX Te4eHHsAX. [lpudem yron HakioHa 3amHEi
CTEHKH «, (CM. pUC. 4 a) He BIMAET Ha HECTALIMOHAPHYIO KapTUHY TeueHUus. 3a

BBIEMKOH U3 CJI0S1 CMelIeHus pOPMUpPYETCsl MOTPaHUYHBIN CII0H, B KOTOpOM 00pa-
3yeTcsl psAd KPYIHBIX BUXpeH, AYIINX APYT 32 APYroM MPaKTUYECKH C OJAMHAKO-
BbIM marom. CKOpOCTh pacmpoCTpaHeHHsI KPYIMHOMACIITA0HBIX BUXpEH B morpa-
HUYHOM CJIO€ 32 BBIEMKOM YBEIMYMBAETCS [0 CPABHEHUIO C UX CKOPOCTBIO B CJIOE
CMEIIEHUS.

IIpu aamunaprom pesicume TeUeHUs] B IOTPAHUYHOM CJIO€ IEPE] TOUKOH OT-
pBIBa EPUOJMUECKH BOZHUKAET U UCUE3aeT 00JacTh OTPHIBHOTO TEUCHUS, KOTOPAs
UMeeT O4YeHb Majble pasMmepbl. KpuTudeckuii mepenan AaBieHUil B MOrpaHUYHOM
cioe HeOonbIIoi. B MOMEHT, KOT/1a MPUXOUT BOJTHA CKATHUS K MEPEAHEMY Kpato
BBIEMKH, CO3JAETCS IEpenay AAaBICHUS, KOTOPBIA IIPEBBILAET KpUTHYECKUN. B
3TOM CJIy4ae MPOUCXOAUT MUKPOOTPBIB IIOTPAHUYHOIO CJIO0s IIEPE]] BBIEMKOM.

JlaBneHue B 30HE 3TOr0 OTPBIBHOIO TEYEHMS OIPEAEIAETCS aKyCTUYECKOMN
BOJIHOM, MMO3TOMY OHO CHayajla JOCTUTaeT MakCUMyMa, a 3aTeM CHIDKaeTcs. AHa-
JIOTHYHO BeJET ce0s 30Ha OTPHIBHOTO TEUCHUS: BHAYajle YBEIUUMBACTCS, a 3aTEM
COKpalaeTrcs u ucueszaeT. [lepen 30HOH OTphIBa MOTPAHUYHOTO CJIOsi 00paszyeTcs
CKA4OK YIUIOTHEHHs, NEPEMEIIAIOIINNCI BBEPX 10 MIOTOKY OJHOBPEMEHHO C YBe-
JIMYEHUEM JJIMHBI OTPBIBHOTO TE€YEHMS, 3aT€M OH OCTaHABJIMBAECTCS U IepeMenia-
eTcs B 00paTHOM HarpapieHHuH. [lociie Toro kKak HCYe3HeT 30Ha MUKPOOTPHIBA 10~
TPaHUYHOTIO CJI0s NEepe] BBIEMKOM, OH CHOCHTCSI IIOTOKOM.

AKyCTHUYECKHE BOJHBI MIPU 0038VKOBbIX MeyeHUsAxX, KOTOPbIe U3ITy4aloTCsl BbI-
€MKOH, paclpOCTPaHAIOTCSl HABCTPEUY NOTOKY, U UCTOYHHUK aKyCTHUECKHX BO3MY-
LIEHUH pacrionaraercs Ha 3alHEH KpPOMKE BBIEMKH.

OKCrepuMeHTAIbHBIE JaHHBIEC [8] TOKA3BIBAIOT, YTO YPOBHH MYJILCAIIUU JaB-
JIEHUs] Ha 3aJHEN CTEHKE BBIILIE, YEM Ha MEPEAHEN CTEHKE W JIHE BbIEMKU. Makcu-
MaJIbHbIE IyJIbCALIMK JABJICHHS PEAIN3YIOTCs Ha 3aaHeil kpomke. Iloka3aHo, 4To
yBEIMUEHHE OTHOCUTENLHON JJTMHBI BHIEMKH BIICUET 32 COOOH YBEIIMUCHUE YPOBHS
IIyJIbCALIMKA JJaBJIEHUS, B TO BPEMsI KaK yBEJIMUEHUE OTHOCUTENIBHON TOJIIUHBI I10-
TPAHUYHOTIO CJIOSI HE OKA3bIBAET 3aMETHOI'O BO3/ICUCTBHSI Ha ITyJIbCALIMH JIABJICHHUS.
Opnako yBennueHHe dncia Maxa mepeq BBIEMKOW CHavyasia MPUBOJUT K HEKOTO-
POMY BO3PACTAHMIO YPOBHSI IyJbCAallUi JABJICHHS, a 3aT€M II0 MEpE YBEIUYEHHUS
yrcina Maxa — K HeOOJBIIOMY CHW)KEHUIO YPOBHSI ITyJbCAllUil JaBlIeHUs. JTO sIB-
JIEHUE CBSI3aHO C BO3PAacCTaHHWEM, a 3aT€M YMEHBLUICHUEM YpPOBHS IUCKPETHOH CO-
CTaBJISIOLLEH.
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Bricokue ypoBHM Tynibcaliuii 1aBJIeHUSI HA 3aJIHEN CTEHKE OMPEAEIISIIOTCS B3a-
AMOJICHCTBHEM TypOYJICHTHOTO CIIOSI CMEIIISHUS CO CTeHKOW. Ha mepenHei ctenke
MyJCAIINH JTABJICHUS PETYIUPYIOTCS IBYMS MPOILIECCAaMU: a) PaclpoCTpaHEHUEM
myMa OT MeCTa B3aUMOJCHUCTBHUS CIIOS CMELIEHUST C 3aJHEd CTEHKOM;
0) B3aMMO/IEWCTBHEM CTPYH OOPATHBIX TOKOB, KOTOPHIE BO3HHKAIOT B BBIEMKE, C
riepeaHeit creHkor. [lpn HEOOIBITMX OTHOCHUTEIBHBIX IIITMHAX BBIEMKH CKOPOCTH
0OpaTHBIX TOKOB HEBEIWKA W IMyJbCAIMH JABJICHUS Ha MEepeaHel CTeHKE OIpese-
JISFOTCS PACTIIPOCTPAHEHMEM BOJIH, OTPAKEHHBIX OT 3aaHei crenku. Ho mpu | > 5
OCHOBHOC BJIMSIHHMC Ha ITyJIbCAIlMU JABJICHUS Ha TICPEHCH CTCHKE OKa3bIBalOT 00-
paTHBIE TOKH.

Ha puc. 5 nokasaH xapakTepHbIl CEKTp Myibcaluii gaBineHus L,; i da-

cror f , UBSMCPCHHBLIX B BBICMKEC [8] Opu pa3HbBIX OTHOCUTCIIBHBIX TEMIIEpaTy-
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=
B 3aBucumocTn ot unciaa Maxa M1, OTHOCHTENBHOH UIMHBI BBIEMKH | = —,

yrciaa Re B cmekTpax myiabcanuil JaBIEHUS BO3MOXKHO TOSIBICHHE TUCKPETHBIX
COCTaBJISIONIMX, KOTOPhIE MOTYT MPEBBIIATH YPOBEHb CIUIOIIHOTO CIEKTpa Ha 6 —
15 nb.

OOparuMcsi K KOHCTPYKIIMM TIOMOJIBHOW KaMephl JabopaTopHOW CTpYHHOH
ycranoBku YCU-20 mpousBoautenbHocThio 20 kr/u [3]. MoXHO paccMaTpuBaTh
HIDKHIOIO YacTh MTOMOJIBHOM Kamepsl (cM. puc. 1, xapaktepHas 30Ha 3) OTHOCH-
TEJBHO OCHOBHOW OCH BCTPEYHBIX CTPYH, HCTEKAIOIINX U3 Pa3TOHHBIX TPYOOK, KaK
BBIEMKY 3aKpBITOIO THIA C OTHOCHUTEIIbHBIMH TE€OMETPHYECKHUMH pa3Mepamu:
| = il =2 h= ﬁ =1. AHamu3WMpoBaJINCh aKyCTHUECKHWE CHTHAIBI, 3a(hUKCHPO-

hy h;

BaHHBIE MHE30KEPAMUYECKUM JaTYUKOM, COCUHEHHBIM C BOJHOBOJIOM, KOTODPBIi
OBUT YCTaHOBIIEH Ha BbICOTE€ 32 MM OT JIHA MOMOJILHOH KaMmepbl (IpU JuaMeTrpe
kamepbl d = 120 MM). AKyCTHUECKHE CHTHAIIBI Ha JHE MMOMOJIBHOW KaMepsl MpH
M3MEJbYEeHNN KBapIeBOIO IE€CKa, aMIUIUTYJHO-4aCTOTHBIE CIEKTPBHl KOTOPBIX
MpeJCTaBIeHbl HA pUC. 6, OBUTH 3amKMCaHbl TIPU TapaMmeTpax MOTOKa SHEProHOCH-
tens: pasnenun P = 0,6 MIla u remneparype T = 293°K.

116



S
[

}
Wu A «Wf e m ,‘p MJ \,"\/ i\nv Wf\w ,f\.w“‘

d s 136,7 ), 9 I ._ru

Puc. 6

ComocTaBiisist CHEKTPHI IMyJIbCAllMK TaBIECHUSI HA PHUC. 5 U CIIEKTPHI aKyCTHUYe-
CKUX CUI'HAJIOB Ha pHC. 6, MOXKHO CH€JIATh BBIBOJ O HAJMYUM AUCKPETHON COCTaB-
JSIFOILEH Mynbcaldii B aKyCTUYECKHUX CUTHAJIAX, B OTJIIMYME OT CHUIHAJIOB, Npel-
CTaBJIEHHBIX Ha puc. 2 6. [logoOHBIH XapakTep MOBEICHUS aKyCTHYECKHX BOJH
JaeT OCHOBaHHE MPEAIOJIOXKHUTh, YTO BOJHOBOX (PUKCHPYET CUI'HAJbl, aHAJIOTHY-
HBIE T€M, KOTOpBIE ObUTH MOPOKIACHBI ITyJIbCALUIMH JaBJICHHS B BBIEMKE. DTO JaeT
OCHOBAHMS ISl MOCTPOEHUSI AKyCTHYECKOW KapTUHBI B MOMOJIBHOM Kamepe. OcHo-
BBIBasICh Ha pe3yNbTaTax [8], MOXKHO CKa3aTh, 9TO B KaMepe HanOOJIbIINE IyJIbca-
UM HaOMIOJaroTCs Ha 3aiHEH CTeHKe BhIeMKH. OTHAKO B TIOMOJIEHOM Kamepe Mmpo-
TUBOTOYHON CTPYHHOM MEJBHUIBI HUCIOIB3YIOTCS BCTPEUHBIE MOTOKH, MO3TOMY
o01mast KapTHHA ITyJIbCALUil JaBIEHMS HAMHOI'O YCJIOXHAETCS U OyneT paccMoTpe-
Ha B MOCJIETYIOIUX paboTax.

BeiBoabl. YcTaHOBNIEHA aHAJOTHUS aKyCTHUECKHX XapaKTEpUCTHK Teye-
HUI B IOMOJBHON Kamepe CTPYHHOTO U3MENbYHUTENS U B BRIEMKaX Ha 00TeKaeMoit
cteHke. VMccnenoBanus moka3anu MepcreKTUBHOCTh aHaN3a BUXPEBOM CTPYKTYphI
MMOTOKOB HHEPTOHOCUTENSI B IOMOJIBHOM KaMepe CTPYMHON YCTaHOBKU Ha OCHOBE
(uKCcHUpyeMBbIX TaM aKyCTHYeCKHUX CHUTHajIoB. HeoOXoauMo MpOoJOKUTh aHAIN3
B3aUMOCBSI3€H SIBJICHUH IMyJIbCALIMMA JABJICHUS U XapaKTepa aKyCTUUYECKUX CUTHA-
JIOB B IIOMOJILHOM KaMepe CprfIHLIX MCJIbHUIl U UX BJIWAHHA Ha IMPOUECCHI U3-
MEJIbYCHUSI.
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