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B crarbe onuchIBaeTcs yCcTaHOBKA JJISl YIBTPa3BYKOBOM CYIIKH, oOiajgaromas
YJIy4IIEHHBIMA TEXHUYECKUMU XapaKTepUCTUKAMH, JAOCTUTHYTBIMH 3a CUeT
IIPUMEHEHUsl CO3JIaHHBIX MW3JIy4yaTele M CyLIWIbHOM Kamepbl CIELUaIbHOU
¢opmbl.  IlpuBomsTcst  pe3yabTaThl  AKCIEPUMEHTAJIBHBIX  HCCIEIOBaHMIA,
MOJTBEPUBIINX BBICOKYIO 3((EKTUBHOCTh CO3JAaHHOW YCTAaHOBKM TIPU CYILIKE
KaMWUISIPHO ~ MOPUCTBIX  MarepuanoB. [lokas3biBaeTcsi, YTO MakcHMajbHas
3(p(PEKTUBHOCTh CYIIKH JOCTHUTAETCSI MPH OCYLIECTBICHHUU YIbTPA3ByKOBOTO
BO3JICHCTBHSL COBMECTHO ¢ moxadedl Harperoro (He Gomee 40°C) cymmibHOro
arenta. Ilpu stom oOecrmeumBaeTcsi COKpallleHHE BPEMEHH CYIIKM U CHH)KCHUE
sHepro3arpar Ha 20%.

KiroueBsle cnoBa: cyinka, yiabTpas3ByK, KoseOaTellbHas CUCTEMa, CYIIWJIbHas
KaMmepa, mepepadoTKa CeTbCKOX035MCTBEHHON POy KIHH.

BBEJIEHUE

HauOonpiee pacrpocTpaHeHue Uil CYLIKH Pa3IMYHBIX MAaTE€pPHUaloOB B HACTOSIIEE BpeMs
NOJYYMIM  KOHBEKTUBHbIC  (TEIUIOBBIE)  CYNIMJIKH, XapaKTEPH3YIOIIMECS  BBICOKUM
HHEPronoTpedieHreM, OOIBIINM MPOLEHTOM Opaka 3a CueT IeperpeBa Wiu HEpaBHOMEPHOTO
BBICYIITMBAHUS U TIPOJOJDKUTEILHBIM BPEMEHEM POIIecca CYIIKH.

OpnuM u3 HaubOosee 3((EKTUBHBIX MyTed pemieHuss 3Tod NpoOieMbl  sBISETCA
peanu3anus mporecca CyIKH 3a CUeT IHEPreTHYECKOro BO3ACHCTBUS yIIbTPa3ByKoBbIMHE (Y 3)
KoJeOaHUSMYU BBICOKOH HWHTEHCHBHOCTH. Takoe BO3JCHCTBHE HE IPHUBOIUT K HArpeBy
BhICyIIMBaeMoOro Marepuana. bnaromaps »stomy VY3 cymka sBISeTCd €IUHCTBEHHO
BO3MOXKHBIM ~ CIIOCOOOM  CYIIKM TEPMOYYBCTBHUTEIBHBIX, TEPMONAOMIBHBIX U  JIETKO
OKHCIISIOIUXCS TPotyKTOB. KpoMe Toro, o6padoTka chipbst Y3 KoneGaHUAMHU OaronpusTHO
CKa3bIBaeTCs Ha MOTPEOUTENBCKHX CBOWCTBAaX MPOAYKTa (HAIPUMEp, COXPaHSIET BKYCOBBIC
KauecTBa MPOAYKLUH, YBEIUYMBACT CPOK XpaHEHHs U BCXOXKecTh ceMsH u ap.) [1...3].
OnHako, B TMOCIEAHEE BpeMs, HEKOTOpbIe HccieaoBatenn [4] TPHUBOIAT pe3ysbTaThI
9KCHEPUMEHTOB, CBHJETENbCTBYIOUIME O He3(pdekTuBHOCTH Ccymku Y3 KonebaHUAMHU B
OCCKOHTAaKTHOM pexume (0e3 mpsMOro KOHTaKTa U3JIy4yarelss C  BBICYHIMBACMbIM
marepranom). [IpuunHa 3TOr0, M0 MHCHHIO aBTOPOB CTAThH, 3AKJIFOYACTCS] B HECOBEPLICHCTBE
KOHCTPYKIIMH MCIIONBb3YEMBIX M3Ty4aTeNlei 1 OTCYTCTBHU CHEIUATN3NPOBAHHBIX CYIIHIBHBIX
KaMmep, o0ecreyrBaoUX PEe30HAHCHOE yCuIeHHe Y 3 KosieOaHui.
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1. PABPABOTAHHOE OBOPYJIOBAHME JIJI YJIbTPA3BYKOBO! CYIIKU

Jns peanuzanuu nporiecca CyIIKU ¢ IpuMeHeHueM Y3 kosebaHuil Obl1a CIPOEKTHPOBaHA
U co3/1aHa MayiorabapuTHas yJIbTpa3ByKOBas CYIIMIbHAs YCTAHOBKA C KaMepoil CrielnaibHOM
¢dopmbl 1 Y3 KonebaTellbHOW CHCTEMBI C JUCKOBBIM H3iydareieM [5...7]. Pa3paboranHoe
000pyI0OBaHUE MO3BOJIIET OCYLIECTBIIATH IPOLECC CYLIKH IPU TEMIIEPaType CYIIMWIBHOIO
arenTa, B Ka4eCTBE KOTOPOTO BHICTYNAET HAIPETHIN BO3yX, He Gonee 40 °C.

@dopma CymMIbHOM KaMmepbl OOECIeuMBAcT PE30HAHCHOE YCUJIEHUE U PABHOMEPHOE
pacmpeneneHue Y3 koneOaHMiM, U3TydaeMbIX OOEMMH CTOPOHAMH [HCKa, 10 BCei
HOBEPXHOCTH BBICYLIMBAEGMOI'0 MATEPUIIa, PACIIONOKEHHOr0 Ha mojnoHax [8]. Hanpasnenus
pacrmipoctpaneHus Y3 KoieOaHUi U BO3AYIIHBIX TOTOKOB B KaMepe TOKa3aHbl Ha puc. 1.
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Puc. 1. CtpykrypHas cxema yJIbTpa3ByKOBOW CYIIHIIBHONW YCTaHOBKH

Co3maHHasi yCTaHOBKA COCTOMT M3 H3JIydaTells yIbTPa3BYKOBBIX KOJICOaHWH B BUJE
M3THOHO-KOJIEOIIOMIEroCs] TUCKa, COSTUHEHHOTO C MBE303JICKTPUIECKUM MTPeoOpa3oBaTeiieM.
Pasmepsr 1 popma npeobOpazoBaresnss U ucka BIOpaHBI M3 yCIOBHs OOECIIEUEHUs 3alaHHON
YacTOTHI M HAIPABJICHHOCTH m3TydeHus. [Ibe303nexTpudecknii mpeoOpa3oBaTellb MUTAETCS OT
reHeparopa 3JIeKTPUIeCKuX Kojaebanuit Y3 yactorsl (Ha puc. 1 He mokasaH).

Kopryc cymmmiiku coOCTOMT M3 BEPXHETO W HIDKHETO OTpaXkaTelel, MOKa3aHHBIX BMECTE C
u3aydateneM Ha puc. 2. Bepxuuii orpaxarenb (KpBIIKa) BBIIOJIHEH CBhEMHBIM, W
MpeaHa3HaueH JUTsl 3arpy3KH BBICYIIMBAEMOTO MaTepHara.

a)

Puc. 2. Bepxuuii (a) u HrokHU# (0) OTpaXkaTeau CyIIMIBHON KaMephl

B. H. Xmenes, A. B. WanyHos., P. B. Bapcykos, C. H. LbiraHok, A. H. Jlebeaes
NccneposaHune 3pdPpeKTUBHOCTU YbTPa3BYKOBOW CYLLKK



DNEeKTPOHHbIN XypHan «TexHuyeckas akycTtnka» 2009, 6 3(13)

B xopnyce cymwiky pa3menieH KOHTEHHEp JJIsl BBICYIIIMBAEMOr0 MaTepualia, COCTOSAIINN
W3 TpeX KOJIbIIEOOPa3HBIX IMOJIOHOB, BHEITHUN BHJ] KOTOpPBIX MoKa3aH Ha puc. 3. [lomnoHsr
pacroyararoTcs TOpu30HTAIBHO, Ha PACCTOSIHUY 110 BEPTHKAIHU APYT OT apyra 30 MM.

a)

Puc. 3. BHenHuii BUI TOIOHOB JIJIsI pa3MEICHHS BBICYIIMBAEMOro Matepuaia (a) u ux
pa3mMelieHue B 00beMe CYIIHIbHOM Kamepbl (0)

BHemHuit Buj CymuiabHON yCTaHOBKH B cOOpe C CHCTEMOM YNpaBJIEHUS U I€HEPATOPOM
NEKTPUUECKUX KOJIEOAHUH YIbTPa3ByKOBOI YacTOTHI MPEACTaBIEH Ha puc. 4.

Paboumi obBeM

BepxHg KpbITKa-
CYIIMIIBHON KaMepkl

OTpaXKaTellb

BozayxozaGopHEK YIbTpassyKobad
H HarpepaTellbHOe KoJebaTelbHad CHCTEMA B
YCTPOHCTEO KOpILyce
Huxauit
oTpakaTelb

CucTeMa yIIpaBIeHH
CYLIUTBHOH KaMepol

STeK TPOHHELL
TeHepaTop JJI MHTAHNS
Y3KC

Puc. 4. BuenHuit BU CymMabHON YCTaHOBKH

st moaTBepxkaeHus 3 (HEKTUBHOCTH CO3JaHHON CYIIMJILHOW YCTAaHOBKH OBLIT MPOBEICH
psaa  sKcnepuMeHTOB. Ha HauyanbHOM 3Tame MCCIENIOBAIIOCh pacIpelieieHue  YpOBHS
WHTEHCUBHOCTH yJIBTPAa3ByKOBOTO M3IYYCHUS B 00beMe CYyIIMIbHON KaMephl. OT BEIMYUHBI U
PAaBHOMEPHOCTH PACHpEeICHUsT HHTEHCUBHOCTH Y3 W3IMyUYeHUS 3aBHUCST, COOTBETCTBEHHO,
CKOPOCTh M KQU€CTBO BBICYIIIMBAHUS MaTepHaa.

B. H. Xmenes, A. B. WanyHos., P. B. Bapcykos, C. H. LbiraHok, A. H. Jlebeaes
NccneposaHune 3pdPpeKTUBHOCTU YbTPa3BYKOBOW CYLLKK
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2. OITPEJEJIEHUE YPOBHS MHTEHCHUBHOCTU YJIBTPA3BYKOBBIX

KOJIEBAHUI

Jns onpeneneHust ypoBHS MHTEHCUBHOCTH yJIbTPa3BYKOBBIX KoJieOaHMI B pa3paboTaHHON
CYIINIBHON KaMepe ObLTN MPOBEACHBI /1B TUIIA YKCIIEPUMEHTOB!

— W3MEpPEHHE YPOBHS HMHTCHCHUBHOCTH KOJICOAHWN O€3 BEepXHEH KPBIMIKK CYIIUILHON
KaMepbl Ha PAa3JIMYHOM PACCTOSIHUM OT U3ITydaTess;

— HU3MEpeHUEe YPOBHS WHTECHCHUBHOCTH KoOJIeOaHWII B 3aMKHYTOM OOBEME C 3aKpbITON
BepxHe#l kpoimkoi. [Ipu aTom, O1arogaps cienuanbHO pacCYUTAaHHBIM pa3MepaM CYIIUILHON
KaMepbl, TOJDKEH O0EeCTeYMBAThCS PEKUM CTOSYEH BOJHBI BO BCEM OOBEME CYIIMIBHOU
KaMephl.

Jns M3MEpeHWil HCIONB30BAJICS  CICIHMANIN3UPOBAHHBIA 1mymomep [9], wumerommii
pacumpennbiit yactotHbiil (10 30 k') u ammutyaabiit (o 153 1b) auanasonsl. Ha puc. 5
NpeACTaBICHbl TrpadUKd  pacupefeNieHHs ypPOBHS WHTCHCHBHOCTH  YJIBTPa3BYKOBBIX
KOJICOAHUH 110 OCH M3ITydaTelis IS TIEPBOTO CITydast.
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Puc. 5. Pacnipenenenne ypoBHsS HHTEHCUBHOCTH 3BYKOBBIX KOJICOaHUI HaJ| TOBEPXHOCTHIO
JMCKOBOTO M3JTy4aTesl:
a — Ha pacctostHuM 250 MM oT u3nydatens; 6 — Ha paccrossuun 700 MM OT M3Ty4aTenst

W3 mpencTaBieHHBIX 3aBUCHUMOCTEH BHUIHO, YTO MPUMEHEHHE HIDKHETO OTpaXkaTems
CYIIWIBHON KaMephl MO3BOJISIET, 32 CUET MCIIOJIB30BAHMS OTPAKEHHOTO M3IYYCHHS THUIBHOMN
CTOPOHBI JHCKa, (OPMUPOBATH 00JIACTh BRICOKOMHTEHCUBHOTO 3BYKOBOTO IOJISI TUAMETPOM,
JBYKPATHO TPEBBIMIAIONUM JHUAMETP AUCKOBOTO H3Iy4yaTeliss. YPOBEHb WHTEHCHBHOCTH
yJIBTPa3ByKOBOTO TOJIs, (POPMUPYEMOTO 33 CUET OTPAKCHHBIX KOJEOAHWUU, MPUOIU3UTEIHHO
COOTBETCTBYET YPOBHIO HHTEHCUBHOCTH MEPBUYHOTO 3BYKOBOT'O IMOJISA, MU3Ty4aeMOT0 JIUIIEBOI
CTOPOHOM JIHCKA.

OTKIIOHEHUs 3HAYEHUH YpPOBHS WHTCHCHBHOCTH OT CPEIHEro 3HAUYCHUsT MOTYT OBITh
OOBSICHEHBI PACIIONIOKEHUEM HIDKHETO OTpa)kaTellss B OJIMKHEH 30HE W3IMydYeHUs THUIbHOUN
CTOPOHBI JUCKOBOTO W3IydaTeNs, KOTOpas, KaK W3BECTHO, XapaKTEepH3yeTcs BBICOKOM
CTETICHBI0 HEOJAHOPOJHOCTH 3BYKOBOTO MOJIS. JTO (DaKT MOATBEPKAACTCS MPOBEIACHHBIMU
U3MEPEHUSIMU yPOBHS HMHTEHCHUBHOCTH 3BYKOBOTO Tmoisi Ha paccrosauun 700 MM ot
MOBEPXHOCTHU AMCKOBOTO M3IIy4aTessi, KOTOPOE MOKHO pacCMaTpHUBATh Kak 00JIACTh JaTbHETO
noJisi. Pe3ynbTaTel u3MepeHuil, mpeCcTaBlIeHHbIC HAa PUC. 50, U CBUIACTEIBCTBYIOT O MEHBIIINUX
GIyKTyanusax yJibTpa3ByKOBOTO MOJS.

B. H. Xmenes, A. B. lWanyHos, P. B. Bapcykos, C. H. LibiraHok, A. H. Jlebenes
NccneposaHune 3pdPpeKTUBHOCTU YbTPa3BYKOBOW CYLLKK
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KapTtuna cymiectBeHHBIM 00pa3oM U3MEHSETCS MPU U3MEPEHUU YPOBHSI MHTEHCHUBHOCTU B
3aKpPBITOM O00BEME CYHIMJIbHOW KaMepbl (C YCTAHOBJICHHBIM BEPXHUM OTpPa)KaTECICM-
KPBIIIKOI). Pe3ynbraTel H3MEpEHHA, TIOTyYEHHBIE B 3TOM Ciydae, IIOKa3aHbl Ha puc. 6.

|, b
e At
150 -

140

130 +———7——T—7—7T T 7T T T T T T T T T T T T

Puc. 6. Pacnpenenenue ypoBHS HHTEHCUBHOCTH 3BYKOBBIX KOJICOaHUH
B 3aKpBITOM 00BbEME CYLIMIIBHON KaMephl

W3 npeacTaBiIeHHBIX Pe3yJIbTaTOB CJIEIYET, YTO B 3aKPHITOM 00BEME CYIIMIBHOW KaMephl
OBUIO MOJTyYEHO MPAKTUYECKU OJTHOPOHOE TI0JIE.

Takum o0pa3oMm, co3laHHAs CyIIMJIbHAasg Kamepa oOecreyMBaeT BO BCEM BHYTPEHHEM
o0beMe paBHOMEpHOE pacripenencHue Y3 koyiebaHuii ¢ ypoBHeM mHTeHCHBHOCTH B 150 nb
(oOecrieunBaeTcsi 3a CUET YCTAHOBJICHUS pEXKUMa CTOSYEH BOJHBI), YTO SIBJISACTCS
JOCTaTOYHBIM JUJIS  peaju3alid Ipolecca yIbTpa3ByKoBoW cymku. [loTpebnsiemas
AIIEKTPOHHBIM I'€HEPATOPOM BJIEKTPUUECKas MOITHOCTD, IIPU ATOM, He npeBbimaet 150 Br.

[TpoBeeHHbIE HCCIIEOBAHUS MOATBEPIMIN 3(PPEKTUBHOCTD pa3pabOTaHHOTO JAUCKOBOTO
U3JTydaTess U ONTUMAIBLHOCTh KOHCTPYKIMH CYIIMIIBHOW KaMephbl.

JanpHeime uccneqoBaHUs ObUTH TOCBSIIEHBI ONPENIETICHUIO0 ONTUMANIBHBIX PEXHUMOB

peanuzanuu npoiecca Y3 CyUIKy.

3. UCCJIIEJOBAHUE SOOEKTUBHOCTH VJIbTPA3SBYKOBOM CYIIIKU

BapeupyempiMu mapamMeTpaMu NpU NPOBEACHUM HCCIEIOBAaHUI SIBISUTUCH. CKOPOCTb
N0J[a4M CYIIMJIBHOTO areHTa B 00beM KaMephbl, TeMIIepaTypa CyIIHIbHOTO areHTa, TUI (TKaHb,
MOpPKOBbB, JKCHBIICHB), (hopMa M MECTOPACIIOJIOKEHHE BBICYIIMBACMBIX 00pa3IOB BHYTPH
CYIIUJILHON KaMephl.

OddexTuBHOCTh TpoIecca CYIIKH OINpeAesiach MO OCTaTOYHOMY BJIar0COAEPIKAHUIO
oOpasiia U CKOpPOCTH €ro CyIikd (KOJHYECTBO yAalsIeMON BJard B rpaMMax B CEKyHIY,
OTHECEHHOE K Macce 00pasiia).

HavanpHoe u Tekyllee BiarocojepaHue BBICYHIMBAEMBIX 00pa3lloB OMpPENEIsIOCh IO
CJIETyIOIIEMY BBIPAKEHHIO!

B. H. Xmenes, A. B. lWanyHos, P. B. Bapcykos, C. H. LibiraHok, A. H. Jlebenes
NccneposaHne 3pdPeKTUBHOCTU YAbTPa3BYKOBOW CYLLKK
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m
muaq.oh'm
rne m,, — TCKyIICC 3HAYCHHUC MACChI O6p83].IOB; Moty Ha4vYaJIbHOC 3HAYCHUE MACCHI
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Bech MK 3KCTIEPUMEHTOB OBLJT pa3zeiicH Ha TPU OCHOBHBIX JTara:

1) ompeneneHue CTEMEHH HMHTCHCHU(PHMKAIMK MpoIlecca CYMIKH  YJIbTPa3ByKOBBIMHU
KOJIEOAHUSIMU

2) ompenesicHHe PaBHOMEPHOCTH BBICYIIMBAHHS MaTepHalia B Pa3IUYHBIX YacTaX
CYIIMIILHOU KaMephl;

3) onpenenenre 3PPEKTUBHOCTH CYNIKH YIbTPa3BYKOBBIMH KOJICOAHUSIMU Pa3THIHBIX
MaTepHaIoB.

3.1. CreneHb HHTeHCH(PUKAIMH MPOLIECCA CYIIKH YIbTPA3BYKOBbIMH K0JIEOAHUSIMU

Ha navanpHOI cTaguy SKCIEPUMEHTOB OLIEHUBAJICS BKJIAJ B MPOIECC CYIIKH, BHOCHMBIMA
yJIBTPa3BYKOBBIMH KOJIEOAHUSIMU BBICOKOM WHTEHCHBHOCTH. B KauecTBe 00BEKTa CYIIKU
UCIIONB30Bajach XJOMUaToOyMa)kHash TKaHb, B BUIE OTIENBHBIX TIOJIOC pa3MepamMu
20x150 mm. Mx oOrmii HavanbHbIH (BIIaXKHBIH) BEC COCTABIISUT 3 KT.

Ha puc. 7, B Buzie rucTorpaMmsl, MpeACTaBICHbl CPABHUTEIBHBIE PE3YJIbTATHI 10 CKOPOCTH
CYIIKH, TIOJIyYeHHBIC C BO3/CiCTBUEM U Oe3 Bo3nencTBus Y3 kosieOanuii. Bpems mpoBeneHus
KaXa0ro oskcrepuMmerta paBHsUIOCh 30 MuH. CKOpPOCTH CYIIKH, TpEACTAaBICHHAs Ha
TUCTOTpaMMe, YCpeTHEHA 10 BCEMY BPEMEHU MIPOBEICHUSI SKCIIEPUMEHTA.
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Puc. 7. O dexTuBHOCTD CYIIKH yIbTPa3BYKOBBIMU KOJIEOAHUSIMU

B. H. Xmenes, A. B. lWanyHos, P. B. Bapcykos, C. H. LibiraHok, A. H. Jlebenes
NccneposaHune 3pdPpeKTUBHOCTU YbTPa3BYKOBOW CYLLKK
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W3 rucrorpamMm Ha puc. 7 CIIEAyeT, YTO BO3IEHCTBHE YJIBTPAa3BYKOBHIMH KOJCOAHUSIMH
MI03BOJISICT YBEJIMYUTH CKOPOCTh YJIBTPa3ByKOBOW CYIIKU OT 2 10 6 I/MHUH Ha OJUH KI' MacChl
BBICYIIMBaeMOTO oOpasmna npu Ttemmeparype 40 rpamycoB llenbcus. Ilpu sTom mpupoct
CKOpOCTM CYIIKM M, CJeIO0BaTelibHO, dS()()EKTUBHOCTh CYIIKA  YJIBTPAa3BYKOBBIMU
KOJICOAHUSIMU BO3PACTACT C YBEIMYCHHUEM TEMIIEPATyphl U CKOPOCTH IMOTOKA CYIIMIILHOTO
arenTa (ot 0,25 M/vun 10 0,5 M3/MI/IH).

O10T 3P(HEeKT MOKHO OOBSCHUTH CleAyrmMM o0pa3om. [Ipu amurensHOM BO3IEHCTBUU
(Bpems skcriepumenTta 30 MUH.) HATPETOTrO BO31yXa, HA BBICYIIMBACMbBIN MaTepUal, CKOPOCTh
yAAJICHUS BJIATH C €r0 MOBEPXHOCTH MPEBBIMIACT CKOPOCTh €€ MOJAaYd W3 BHYTPEHHHUX CIIOCB
MaTepuaia. DTo IPUBOANT K 00pa30BaHUIO HA TIOBEPXHOCTH MAaTEPUAIIA, CJIOS C IIOHMYKCHHBIM
BJIATOCOJICP)KAHUEM, KOTOPBIH TIPEMATCTBYET HajbHeWmeMy 3(QQeKTUBHOMY yIaICHUIO
BJIATH.

[Tpu BO3IEHCTBUY YIBTPA3BYKOBBIX KOJICOAHMIA, B BEICYITMBAEMOM MaTepHaliec BO3HUKACT
JMBUKCHHUE BJard W3 BHYTPCHHHX CIIOCB MaTepuaja K IMOBEPXHOCTHBIM, B JIOCTATOYHOM
KoJTM4YecTBe IS €€ 3P PEeKTUBHOTO yaaneHus. ITO MPEISITCTBYET 00pa30BaHUIO0 OCYIIICHHOTO
MOBEPXHOCTHOTO CJIOSI ¥ 3HAYUTEIILHO MOBHIIIACT Y3PPEKTUBHOCTH CYIIKHU B IICJIOM.

TakuM  0o0pa3oM,  TIPUBEACHHBIC  PE3YJbTaThl  JKCIIEPUMEHTOB  TOKA3BIBAIOT
eJIeCO00Pa3HOCTh TPUMEHECHHS YJIBTPA3BYKOBBIX KOJICOAHWH B COYCTAaHWHM C IOjJayeit
HArpeToro CyImuIbLHOTO arcHTa.

3.2. OmnpeaeneHue paBHOMEPHOCTH BbICYIIHBAHUSI MATEPHAJIA

[Ipr mpoBeneHUM STOW CEpUHM SKCIEPUMEHTOB, 3()()EKTHBHOCTH CYIIKH OICHUBAJIACh
OTAEBHO ISl KAKAOTO U3 6 CEKTOPOB KaXI0T0 MOAOHA. 3aTeM PE3yNbTaThl yCPETHIIICH IO
BCEMY IMOAAOHY, M MPOU3BOAWIIOCH CPABHCHUEC PE3YJIbTATOB, IMOJYUYCHHBIX IJIA KaXI0I0
nojyioHa. B KkadecTBe BBICYIIMBAaEMOTO MaTepHalla HCHOJIB30BATUCH O0pa3lmbl U3
NpeabIAYIINX ONBITOB. Bpems sxcnepumerToB — 30 MUH.

Ha puc. 8 mpencraBieHsl THCTOrpaMMBl OCTaTOYHOW BIIAYKHOCTH TECTOBBIX OOpa3IoB MO
CEKTOpaM, ISl BEpXHET0, CPETHETO M HUYKHETO TTOJIOHOB COOTBETCTBEHHO.
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Puc. 8. Pacnipenenenne ocTaTouHOM BIaXXHOCTH 00PA3I[OB 110 CEKTOpaM MOIOHOB
a — BEpXHUH MOJIOH; O — CPETHUI MMOI0H; B — HUKHUHN TTOIJTIOH

B. H. Xmenes, A. B. lWanyHos, P. B. Bapcykos, C. H. LibiraHok, A. H. Jlebenes
NccneposaHune 3pdPpeKTUBHOCTU YbTPa3BYKOBOW CYLLKK
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U3 puc. 8 cnemyer, 4To paBHOMEPHOCTh BBICYIIMBAaHUS OOpa3llOB IO BCEM CEKTOpam
npuOIU3UTENILHO paBHAas B MIpeeiax OJHOTo MOAMOHA. BennunHa ocTaTOYHOM BIAXHOCTH
MEXIYy CEKTOpaMH oOTiaudaercs He Oonee vem Ha 1...3%, dYTO CBHIETETLCTBYET O
PaBHOMEPHOM TEeMIIEpaTypPHOM U YJIbTPa3BYKOBOM I0OJI€ BHYTPH CYIIMJIbHOM KamMephl.

Ha puc. 9a npencraBieHbl pe3ysbTaThl CPaBHEHHUSI OCTATOYHOM BIXKHOCTH YCPETHCHHOU
M0 Ka)KJJOMY M3 TIOJIZIOHOB.
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Puc. 9. Pactipenenenuie 0cTaTOYHOMN BIaXXHOCTH 00pa3IoB MO MOI0HAM
a — cymka 30 MuH; 6 — moBTOpHas cymka emie 30 MuH
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[oBbIIEHHAsT OCTaTOYHAs BIAXKHOCTH OOpa3loB Ha HWkHeM moanoHe (puc. 9a), mpu
cymke ¢ Y3 konebGaHUSAMH, MOXKET OBITh OOYCIIOBJIE€HA BBICOKOH 3(dekTuBHOCTBIO Y3
KOJICOAHUH TPUBOAALICH, MPHU 3HAYUTEIHLHOM HAYalbHOM BIIArOCOJEPXKAHUU O00pas3IoB
(6omee 160% 1o OTHOIICHHIO K Macce CyXOro MaTepHaia), K PacHbUICHHIO BJIAarH C HX
NOBEPXHOCTH. PacmbuleHHas Bjara He ycCHeBaeT yAalsAThCs CUCTEMOW MOAAayd CYIIMIBHOTO
areHTa 1 ocefaeT Ha MaTepuall, pacroI0KEHHBI Ha HUYKHEM TIOJJI0HE.

Oror  (aKkT TMOATBEpXKAACTCS  MOBTOPHOM  CymKoW 0Opa3loB ¢  HaydalbHBIM
BJIAroco/Iep>KaHNEeM PaBHBIM 3HAYCHMIO, TOJYYEHHOMY B IPENBIAYyILIEeM ombITe. Pe3ynbraTs
3TOTO  JKCIEPUMEHTA, TIpeACTaBIeHHbIe Ha  puc. 90, JEeMOHCTPUPYIOT  BBICOKYIO
PaBHOMEPHOCTh CYIIKH MaTepuaja B Kamepe, MpH YCIOBUU OTCYTCTBHUS KaBUTALIMOHHOTO
pacmbUIEHUs BIIATU C €r0 MOBEPXHOCTU. DTO MO3BOJIET MPOBOAUTH OLEHKY 3((HEeKTUBHOCTH
V3 cymiku, Kak 1Mo o0pasiaM pacroyio>KeHHBIM Ha OHOM U3 MOIOHOB, WIIM €r0 YacTH, TaK U

10 BCEW Macce BBICYIIMBAEMOI'0 MaTepuaia.

3.3. Omnpenesienue 3(pGpeKTUBHOCTH CYIIKHU YIbTPa3BYKOBBIMHU K0OJIEOAHUSIMU
Pa3IHYHBIX MATEPHUAJIOB

[TpoBeneHne 3aKIIOYUTENBHOTO ATara 3KCIEePUMEHTOB ObUIO HAIIPABIIEHO Ha OINpe/eTIeHIe
3(PEKTUBHOCTH CYIIKH YJIBTPA3BYKOBBIMHU KOJI€OAHUSIMH OOpa3IOB PA3IMYHBIX MPOTYyKTOB,
dbopMbI 1 pa3MepoB. B kauecTBe 3KCHEpUMEHTANIbHBIX 00pa3lloB MCIOJIB30BaJIach. MOPKOBB,
Hape3aHHasl KaJTuOPOBAaHHBIMU JTUCKAMU THAMETPOM 10 28 MM M TOJIIMHOW 5 MM; MOPKOBB
Hape3aHHass Opyckamu 35x5x3 MM; KOpEHb JKCHBIICHS IEIbHBIA; KOPEHb >KCHBIICHS,
Hape3aHHBIH JIucKaMu TOMIUHOW 4...5 MM. CyMMmapHBI BeC BBICYIIMBAaEMbIX 00pa3IoB
KKIO0T0 THUIA COCTABIsUT 3 Kr. Kaxkapiid TUIT 00pa3iioB MOABEPrayics YeThIPEM KOMOUHAIIHSIM

SHECPreTUUCCKOro BO3I[€ﬁCTBPI$I B COUYCTaHUAX, IIOKa3aHHbIX B Ta6HI/II_[C 1.

B. H. Xmenes, A. B. lWanyHos, P. B. Bapcykos, C. H. LibiraHok, A. H. Jlebenes
NccneposaHune 3pdPpeKTUBHOCTU YbTPa3BYKOBOW CYLLKK



DNEeKTPOHHbIN XypHan «TexHuyeckas akycTtnka» 2009, 6 9 (13)
Ta6muma 1. Cxema sKcriepuMeHTa
OrmepiT 1 OmblT 2 OmngiT 3 OrmeiT 4
Mapxkep Mapxkep Mapkep Mapxkep
—— —- —e ——
ITonaua cymngbﬁoro arcHra + + + +
0,5 m°/MunH
Harpes cymmibHOro arenra + +
(40°C, 1000 Br)
VibpTpa3ByKoOBOE BO3/ICICTBHE _ + _ +
(150 Br)

Brenauii BU SKCIEpUMEHTAIBHBIX 00Pa3IloB 10 Havyajla CyIIKH Noka3aH Ha puc. 10.

Puc. 10. ®oTo ucnonp30BaBIIMXCST 00PA3IOB:
a — MOPKOBb, Hape3aHHast JUCKaMH; O — MOPKOBb, Hape3aHHast OpycKaMH;
B — KOPEHb JKCHBILICHS; T — KOPEHb JKCHBIIICHS, HAPE3aHHBIA JUCKAMU

Ha puc. 11 nokaszaHa 3aBUCUMOCTb OCTATOYHOT'O BJIArOCOZEP>KaHUS MOPKOBU OT BPEMEHH
CYLIKH.

Kak m B cinyuyae ¢ cymkoil xjomyaTroOyMa)kKHOW TKaHM, INPHUBEIEHHBIE pPE3YJIbTATh
9KCHEPUMEHTOB MOKA3bIBAIOT, YTO B 000MX CllydyasiX, 3aMEeTHbIM 3¢ ¢deKT oT Bo3neiicTeus Y3
KOJICOAHUH TPOSABISETCA TOJBKO NPU IMOAAYE HATPETOro CYIIMJIBHOTO areHTa U MOXKeT
nocturath 501 Biarm Ha 1 Kr maccel BeIcymmBaeMoro oopasua. IIpu stoMm, sddexr ot
yJIBTPa3ByKOBOT'O BO3/IEHCTBHSI YBETUUNBACTCS C TEYEHUEM BPEMEHU. DTO OOBICHAETCS TEM,
YTO MPHU CYIIKE TOJbKO HAarpeThIM BO3JyXOM, Ha BCEW MOBEPXHOCTH MOPKOBU OOpasyercs
CJIOM ¢ TOHMXXEHHBIM BJArOCOAEP)KaHUEM, KOTOPbIM MpenarcTByeT 3(PQPeKTUBHOMY
yaJEHUIO BJIark ¢ HOBEPXHOCTH.

B. H. Xmenes, A. B. WanyHos., P. B. Bapcykos, C. H. LbiraHok, A. H. Jlebeaes
NccneposaHune 3pdPpeKTUBHOCTU YbTPa3BYKOBOW CYLLKK
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Bpema skcnepumenTa, MUH

Puc. 11. 3aBucuMOCTb OCTaTOYHOI'O BIAroCOAEPKaHUSI MOPKOBU OT BPEMEHU CYLIKH:
a) — MOPKOBB, Hape3aHHas JAUCKaMu; 0) — MOPKOBb, Hape3aHHast OpyCKaMu

C TeyeHHEM BPEMEHHM TOJIIMHA 3TOTO CJIOS YBEIMYMUBACTCS, elle 0ojiee yMEHbIask BBIXO
Bnaru. [lpu BoznelicTBuu Y3 koneGaHuii, 5TOro HE MPOUCXOTUT. DTO CBUACTEILCTBYET O TOM,
YTO U NpU CyIIKe OOBEKTOB C KaNMMJUIAPHO-TIOPUCTON CTPYKTYPOH, OCHOBHBIM BKJIAJIOM
yIBTPa3BYKOBBIX KOJIEOAaHUH B MpPOIECC CYIIKH SBJSIETCS MEPEHOC BJard W3 BHYTPEHHUX
CJI0€B BBICYIIMBAEMOI0 MaTepHala Ha €ro IOBEPXHOCTb, KOTOpas 3aTeM YyAAJsIeTCs IIpU
IIOMOIIY CYIIMJIBHOTO areHTa.

[Tpu stoM, 3¢pdext oT npumeHeHus Y3 KosieOaHuil Oojiee 3HAUMTENBHBIA B Cllydae,
NOKa3aHHOM Ha puc. 116, cooTBeTcTByIOUmeM OOJbIIEH CyMMapHOW MOBEPXHOCTH
MacCoIepeHoca.

Ha puc. 12 npuBeneH xapakTep W3MEHEHHMsS OCTATOYHOTO BJArocojepkaHus oOpas3IoB

JKCHBIICHA OT BPCMCHH CYIIKH.
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Puc. 12. 3aBucUMOCTb OCTaTOYHOT'O BIAroCOAEpKaHMs KEHbUICHS OT BPEMEHU CYIIKH
a — KOPEHb KEHBIICHS, [IENIbHBIN; O — KOPEHb )KEHBIIICHS, HAPE3aHHbII TUCKaAMU

I'paduku Ha puc. lla cBUAECTENBCTBYIOT O HHU3KOH S(PPEKTUBHOCTH CYIIKH KOPHS
KCHBIIICHS LENBHOr0. Bkiam B 3(pQGEKTUBHOCTh CYIIKH, BHOCHUMBIH YIbTPa3ByKOBBIMH
KOJICOAHUSIMU, TaK)KE OKa3bIBACTCS BeChMa HE3HAYMTEIbHBIM. He HaOmromaeTcst yBennyeHue
a¢deKTa, BHOCUMOTO YIbTPa3ByKOBBIMHU KOJICOAHUSIMH W TIPH HArpeBe CYIIMIBHOTO arcHTa.
[Tony4yeHHBIE pe3yibTaThl MOTYT OBITh OOBSCHEHBI HAJIUYMEM Ha TIOBEPXHOCTH KOPCHHEB
JKCHBIIICHS 3aIUTHON IUICHKH — KOXHIIBI, KOTOpasi MPEMsATCTBYET aKTUBHOMY HCIIAPCHHUIO

B. H. Xmenes, A. B. lWanyHos, P. B. Bapcykos, C. H. LibiraHok, A. H. Jlebenes
NccneposaHune 3pdPpeKTUBHOCTU YbTPa3BYKOBOW CYLLKK
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BJard C WX IOBEPXHOCTH, a TAK)KE BBIXOJAY BJIAard M3 BHYTPCHHUX CIIOCB KOPCHHEB Ha
MMOBEPXHOCTH MO JAeWcTBHEM Y3 KoJieOaHWM, CBOJAS TEM CaMbIM K MHHUMYMY 3(QexT oT
MPUMEHEHHUs YJIbTpa3ByKa. 3aBUCUMOCTH Ha puc. 11.06, HampoTWB, MOKa3bIBAIOT BeChMa
3HAYUTEIBHBIA BKJIAJ], BHOCHMBIH yIIbTPa3BYKOBBIMHU KOJICOaHUSIMU B 3()(HEKTUBHOCTH CYIIIKH,
KOTOPBII MOKET TOCTUTATh 10 29 TpaMM Ha KWJIOTpaMM Macchl 00pasia.

[TpuBeneHHBIE pPE3yJIbTAThl JKCIEPHUMEHTOB IO3BOJISIOT YTBEPXKIaTh, YTO OCHOBHBIM
JBWKYIIAM (aKTOPOM YIIBTPa3BYKOBOM CYIIKH SIBISIETCS| pa3BHBAIOIIUICS B 3BYKOBOM TIOJIC
3¢ deKT mepeMenIeHns BJar 1Mo Kanmuisipam K MOBEPXHOCTH.

Jnss  o0o0OImIeHus  TOJMYYCHHBIX  pPE3yNbTaToB, M  CpaBHEHHSA  APPEKTHBHOCTH
yIBTPa3BYKOBOW CYIIKH pa3iHYHBIX 00pas3lnoB, Ha puc. 13 mnpuBeneHa TUCTOrpamMma
OCTaTOYHOTO BIJIATOCOICPIKAHUS BCEX PACCMOTPEHHBIX 00pa3IIOB.
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Puc. 13. 'ncrorpaMmMa CKOpOCTH YIIKH Pa3InIHBIX 00pa3IoB:
1 — KOpeHb JKeHBIIeHs; 2 — MOPKOBb, Hape3aHHas TUCKAMU;
3 — KOpPEHb KCHBIICHS, HAPE3aHHBIN TMCKaMK; 4 — MOPKOBb, Hape3aHHasi OpyCKaMu

Takum oOpa3oM, B pe3yibTaTe NPOBEJACHHBIX HCCICIOBAHUM Obula IOKa3aHa
3¢ (GEKTUBHOCTH YJIBTPa3BYKOBOW CYIIKH B MPEUIOKEHHONW CYIIMIIKE U ONPEICTICHBI YCIOBHS
obecrieueHyss MaKCUMaJIbHOM CKOpOCTHU Ipoliecca, 0e3 HarpeBa MaTepHuana 10 TeMIepartyp,
npesbimatomux 40 rpagycos Llenscust.

4. OLIEHKA DHEPIMTUYECKOU DOPEKTUBHOCTH YJIbTPASBYKOBOM

CYIIKN

Ha ocHOBaHWMM TMONYYEHHBIX pE3yJIbTaTOB ObLIAa MPOBEIEHA OICHKA YHEPreTHYECKOM
3¢ heKTHBHOCTH yIbTPa3ByKoBOM cymku. OIeHKa NpOBOAWMIACH 1O MOTpedsIieMoill U3
JNEKTPUYECKOM CETH MOIIHOCTH. bbUIM TPHUHATH CIEAYIOIME WCXOAHBIE JTaHHbBIE!
JJIEKTPUUYECKasi MOIIHOCTb, TOTpediisieMast yIbTpa3BYKOBbIM reHeparopom — 150 Br,
MOIIIHOCTh, MOTpeOIsieMasl NEKTPUISCKUM HarpeBareneMm cymwibHoro areHta — 1000 Br,
BpeMs IuKiIa cymku — 30 MUH, 3aTpaThl Ha MOJAaYy CYIIMIILHOTO areHTa HE YYUTHIBAIUCH.

Pacuer s exTrBHOCTH TpoIIEcca MPOBOIUIICS COTIACHO CIIEAYIOIIEMY BBIPAXKEHHUIO!
bt (3)

m

B. H. Xmenes, A. B. lWanyHos, P. B. Bapcykos, C. H. LibiraHok, A. H. Jlebenes
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rae P — morpeOisieMasi 3JIeKTpUYecKas MOIIHOCTh, t — BpeMs IMKJIA CYHIKH, m — mMacca
YJAJIEHHOM BJIArU.

[TonmyuyeHHble pe3ysbTaThl MpUBEIACHBI B Tabmuie 2. B Tabmuie npuHATH 0003HAYCHHS
CTOJIOIIOB, COOTBETCTBYIOUIME CIEAYIONIMM THUIIAM BBICYIIMBaeMbIX oOpasmoB: 1 -
XJIomyaToOyMakHasi TKaHb, 2 — MOPKOBb, Hape3aHHas TUCKaMH; 3 — MOPKOBb, Hape3aHHas

Opyckamu; 4 — KOpEHb JKCHBIIEHS IeNIbHBIN; 5 — KOPSHb KEHBIIICHS, HApE3aHHBIN JUCKAMH.

Tabnuua 2. CpaBHeHHE SHEpreTndeckoil 3hhekTuBHOCTH

Bua Bo3meiicTBus Koun-Bo ynaneHHoii Biary, T. DHepreTuyeckast
s bexTuBHOCTD, BT MuH / T

1 2 3 4 5 1 2 3 4 5

[Topaya HarpeToro
CYHIMJIBHOTO areHTa

750 [ 315 375|180 | 330 | 40 | 95 | 80 | 167 | 90

[Topaua HarpeToro
cymmiasHoro arentTau Y3 | 1050 | 381 | 525 | 210 | 417 | 33 | 90 | 66 | 164 | 83
BO3JICHCTBUE

V3 Bo3aelicTBue 300 | 66 (150 | 30 | 87 | 15 | 68 | 30 | 150 | 51

Takum oOpa3oMm, HpUBEJCHHbIE B TaOiMIle 2 JaHHBIE CBUJCTEIbCTBYIOT O BBICOKOM
3¢ (GEeKTUBHOCTH TNPUMEHEHUs YJIbTPa3BYKOBBIX KOJIEOAHMH M CYHIKM  pa3iIM4YHbIX
IPOAYKTOB, o0ecreynBaroleil B HEKOTOPBIX ClIydasx CHUXKeHue 3Heprozarpar Ha 20%, npu
COXpAaHCHMHM BPEMEHM CYIIKM M YMEHBIIEHHMM KOHEYHOTO BJIAroCOJEp)KaHUs MPOIYKTA.
[lpuBeneHHbIE 3HAYEHMS SHEPreTUYECKOM HPQPEKTUBHOCTH, TaKXKe CBUIETEIbCTBYIOT O
HEOOXOMMOCTH JIalbHEHINIEro COBEPILIEHCTBOBAHMs H3nyuaTtenel Y3 koneGaHuil s
YBEJIMYEHUSI MOIIHOCTH CO3J1aBaeMbIX KojieOaHuil. CorylacHO MOJIy4YE€HHBIM JaHHBIM, 3TO
MO3BOJIMT ellie 0oJiee yBEIUYUTh CKOPOCTh M CHU3UTh HEPro3aTparhl Ha MPOLECC CYIIKH.

B umemom, pa3paboraHHass ~ yJnbTpa3ByKOBas —CyLIWJIbHas  yCTaHOBKa oOiajgaer
TEXHUYECKUMHU XapaKTepUCTUKAMH, IPUBEICHHBIMU B TabauLe 3.

Tabnuua 3. TexHnyeckue XapakTepUCTUKU Y3 CYyHIMIBHON YCTaHOBKU

HanmenoBanue napamerpa Ennuna 3HayeHue
W3MEPEHUs
MakcumanbHas 3arpy3Kka CyInIbHOW KaMepbl KT 3
MouHocTs, noTpebsemast Y3 reHepaTopoM Br 150
MoriHocTh, moTpedasiemMas Harpearesnem (TOH) Bt 1000
Pa3smMepsl cymmiabHOM KaMepsl, IuaMeTp, BHICOTa MM 850x600
MakcuManbpHas TeMIlepaTypa HarpeBa CyIIUJIBHOTO areHTa °C 40
Pacxox cymmiipHOTO areHTa M°/MEH 0,5
Yacrora Y3 xonebanuii k[’ 24

Pabora BwimonHeHa mpu QuHAHCOBOW momnepkke CoBera mo rpantam [IpesmmeHTa
Poccuiickoit @enepanyu As MOAAEPKKH MOJIOBIX POCCUMCKUX YUEHBIX — KaHIUAATOB HAayK
U UX Hay4dHBIX pykoBoauteneit Noe MK-383.2008.8.

B. H. Xmenes, A. B. lWanyHos, P. B. Bapcykos, C. H. LibiraHok, A. H. Jlebenes
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3AKIIIOYEHUE

B pesynbrate npoBEACHHBIX HCCIECIOBAHUMM CO3[JaHA KOHCTPYKLHUSA YJIbTPa3BYKOBOM
CYLIIMJIPHOW  YCTaHOBKHM, oOecreunBaronmiel 3(QQEKTUBHYIO CYHIKY TepMOJaOMIbHBIX
MaTepHaloB U MPOAYKTOB IIPU TEMIEpaType CyIIWIbHOro arenta He Oomee 40°C ¢
OJIHOBPEMEHHBIX BO3JICHCTBHUEM YIIBTPa3BYKOBBIMH KOJICOAHHUSIMH BHICOKONH WHTECHCHBHOCTH.
I[Ipu »TOM BBICOKAasT CTENEHb WHTEHCU(PUKALMK TpoIecca CYIIKA YIbTPa3BYKOBBIMU
kosiebanusamu (mpupoct a0 50T Ha 1 Kr BBICYIIMBaEMOr0 MaTepualia) MO3BOJIIET CHHU3HTh
TEMIIEPATypy CYIIMIBLHOTO areHra, 0e3 MmoTepu B KadyecTBE M CKOpOCTH cymiku. [lociennee
0COOCHHO Ba)KHO JJIsl POU3BOJICTB, Il HATPEB BBHICYIIMBAEMOT0 MPOAYKTA HEIOMYCTUM HUITU
HE)KeIaTeleH.

Bricokas sddexTuBHOCT, mpollecca CyHmIKM oOecreueHa 3a CYeT TNPUMEHEHHUs B
KOHCTPYKLMHU CYIIWIBHONH YCTaHOBKHU JUCKOBOTO H3iIydarens, ¢opmupyromero Y3 moie ¢
ypoBHeM HHTeHCUBHOCTH He MeHee 130 nb, m pesonHaHcHOro o0beMa CYHMIMIBHOM KaMephl,
o0ecrnevnBaroIIero ycuieHne ypoBHs uHTeHcuBHocTH 10 150 nb.

PesynapTatel  mpOBENEHHBIX  AKCIEPUMEHTOB  IMOKA3bIBAIOT  MEPCHEKTUBHOCTh U
11eJ1eCO00Pa3HOCTh CO3/IaHMsI KOMOMHHUPOBAHHBIX CYIIUIBHBIX YCTaHOBOK (YJIBTPa3ByKOBBIC -
KOHBEKITHOHHBIC) C ONTUMATIBHBIM COOTHOIIEHHEM JIOJIU TEIUIOBOM U aKyCTHYECKOW SHEPTHH.
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