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OnuceIBaeTcss BO3MOXKHOCTH yYhpaBJICHUA CHUMMCTPUYHBIM COHOXMMHYCCKUM
peakTopoM IS (PU3UKO-XUMUYECKOM 0O0pabOTKM XMMHUYECKH YHCTOM BOJBI,
HUCTUHHBIX W KOJUIOMJHBIX BOAHBLIX PaCTBOPOB, 4 TAKIKEC AUCIHCPCHBIX CHCTEM CO
CKOPOCTBIO 3BYKa B HHX OOJbIIe YeM Yy BOAbL. Takue peakTopsl OyIyT
3¢ (eKTHBHBI, HAPUMEpP, B IMUIICBOW MPOMBIIUICHHOCTH, TIe 00padaThIBAIOTCS
pactBopsl NaCl paznuyHoii koHueHTpauu. [lokazano, yTo pazpaboTKa MO3BOJISET
B .]HO60M PacTBOpPC TMOJYYUTb HAUBBICIIYIO PACCCUBACMYIKO Ha KaBUTAllUU
aKyCTUYECKYIO MOIIHOCTh U MaKCUMaJIbHYIO TIPOU3BOJIUTEILHOCTh 00paboTKH 0e3
YBCIIMUCHUA HOI[BOI[PIMOﬁ BHGKTpHHGCKOﬁ MOIITHOCTHU MMIYTEM HCTTAapaMETPUUICCKOT O
yopaBieHus  kaBuTanueil. PaccMoTpen  peaktop ¢ ABYMS  BCTPEYHO
pacmpoCTpaHSIOUMME B 00pabaThiBAEMOM PACTBOPE KOT€PEHTHBIC TUIOCKO-YIIPYTHE
BOJIHBI HW3y4aTeasiIMM, KOTOpPbIE T€PMETHYHO 3aKpPEIUICHHBIMU IOCPEICTBOM
OJIACTUYHBIX MPOKIAJOK U (1)J13.HI_I€B B Yy3Jax KOHe6aTeHBHBIX CMGH_IGHI/Iﬁ nux
aKyCTHUECKUX TpaHCc(OpMATOpPOB K MPOTHUBOIOJIOXKHBIM TOpLAaM KOpIIyca.
Paccrosame Mexay W3NMyYarolIMMHU TOpPIAMHU TpPaHCPOPMATOPOB B PEAKTOpE
KpaTHO YHCITy TMOJTYBOJH MX KOJICOAHHI 3TUX B XUMHUYECKH YUCTOU Boje. DhdexT
JOCTUIaCTCA 3a CUCT TOI'O, UTO (1)3.351 H3quaTeJIeI>'I BcCeraa AOJIKHBI 6BITI> CMCIICHBI
MEXTy cO00M Ha 3aJaHHBIA yTOJ.

KiroueBbie cii0Ba: COHOXUMUYECKUM pEaKTOp, HEMMapaMETPUUIECKOE YIPABIICHHUE
KaBUTAIUECH.

BBEJIEHUE

B crarbe nmoiiietr peub 0 COHOXUMUYECKOM PEaKTOpe — ammapare s (PU3uKO-XUMUIECKOU
00pabOTKM yIBTPA3BYKOBOW KaBUTAIMEW BOJABI, WCTUHHBIX U KOJUIOUJHBIX BOJHBIX
pacTBOPOB, a TaKXKe JUCIEPCHBIX CHUCTEM CO CKOPOCTHIO 3BYKa BBINIE, YeM Yy BOABL. Takas
0o0paboTka JemaeTcsi C IEeNbl0 M3MEHEHUS WX (PU3UKO-XMMUYECKOTO COCTOSTHUS ISt
WHTEHCU(DHUKAIIMA WAYNIUX XUMHUYCCKUX pEaKIui MyTeM MpeoOpa3oBaHUS  JTUIOJb-
JTUTIONIGHBIX W WOH-JUTIONBHBIX B3aUMOJICHCTBUN B UX cpele U (dazax. B coHoxmmudeckom
peakTope nepenada SHEPTUH 00padaThIBAEMOM KUIKOCTH UMEET «HAATEIUIOBOW» XapaKTep U
WHUIIUAPYET TPOIECChl, CBOMCTBEHHBIC XUMHH BBICOKHX SHEPIHil, KOT/Ia OHA BHIBOAUTCS Ha
OTIPENICTICHHOE BPEMSI U3 COCTOSHUS TEPMOJMHAMHYECKOTO PABHOBECHS. DJTO TO3BOJISET
aKKyMYJIMPOBaTh B BOJIe O€3 HarpeBa OIpEACICHHOE KOJIMYECTBO PHEPTUU U TIPH BO3BPATE K
PaBHOBECHOMY COCTOSIHMIO OTJaBaTh €€ B BHUJE TEIUIa THIpATallid PacCTBOPCHHBIX BEICCTB,
JTUCTIEPTUPOBAHHBIX KOMITOHEHTOB M CaMO# ce0s1 BOCCO3/IaHUEM MOJIEKYJIIPHOW CTPYKTYphl. B
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HEpaBHOBECHOM COCTOSIHUM BOZa 00JaJaeT MOBBIIMICHHON pacTBOPSIONIEH CIOCOOHOCTBIO U
MHTEHCUBHO THAPATHPYET MOJIEKYJIbI M MOHBI PACTBOPEHHBIX B HEW BEILECTB, CO37aBasi HA HUX
IUIOTHBIE THUApPATHBIE 000JI04KH [1]. DTO mpoliecc penakcanuu HEPaBHOBECHOTO COCTOSIHHS.
CoHOXMMHYECKHE PEAKTOPbl HCIHOJIb3YIOTCS, HalpuMep, B TMHIIEBOM MPOMBIILIEHHOCTH,
(dbapMarieBTHUKE U MPOU3BOICTBE TOTUHB [2, 3].

1. KPATKHMI OB30P TEXHUYECKO! JIUTEPATYPBI

Cy1iecTByeT MHOXECTBO KOHCTPYKIMI COHOXMMHYECKUX PEAKTOPOB HA3bIBAEMBIX €IIIE
KaBUTALMOHHBIMH, HCIOJB3YIOMUX B KAauyeCTBE TEXHOJOTMYECKOTO (haKTOpa SHEPTHUio
yOpyroil yJabTpa3ByKOBOW BOJHBI B BOJE, KOTOpas MOPOXKIAeT B HEH aKyCTHYECKYIO
KaBUTaLlMIO0. B HEKOTOpBIX W3 HHUX CO3JAIOLIYI0 3Ty BOJIHY aKyCTHYECKYIO SYEHKy
COCTABJISIIOT OJAMH M3JydyaTedb YJIbTPa3BYKOBBIX KOJEOAHMI M OJUMH HX OTpa)Xarouui
3JIEMEHT (CTEHKa KaMephl, oTpaxareis, pediaexrop) [4]. Ho kak O6b1 HM OBLT yCTPOEH 3TOT
pedrexTop, B aKyCTHYECKOH sUelKe peakTopa OH paccerBaeT 4YacThb SHEPTUU YHPYyToi
BousiHbI, cHukas KIIJI ee mpeoOpazoBaHusi B SHEPrUI0 KaBUTALUHU, TO €CTh 3(PPEKTUBHOCTD
peakropa. Kpome Toro, U3 akycTu4eckoi TEOPUH U3BECTHO, YTO KOAPPUIUEHT OTPAKECHHUS
BOJIHBI OT pe(ieKTopa yalie BCEro SIBJISETCS OTPULIATEIbHBIM, MMOCKOJIbKY MaTepuaibl, U3
KOTOPBIX pe(IIEKTOPHl M3TOTOBJICHBI, UMEIOT aKyCTHUYECKHME HMMIIEJAHChl, KaK IPaBHIIO,
BBIIIIE, YEM Y BOJIBI.

[Tnocko-ynpyrast BojiHa, pacceuBasi 4aCTh CBOEH 3HEPruM B BOJI€ Ha BHYTPEHHE TPEHUE U
KaBUTAIMIO, 3aTyXaeT M0 Jy4dy OT MOBEPXHOCTU HU3iaydeHus [S5]. [Ipakrnuecku nmpuemieMbli
3aKOH JTOro 3aryxaHusi omucan B [6,7]. Ilostomy Oomee 3¢ddeKTUBHBIMU SBISIOTCS
COHOXMMHUYECKUE PEAKTOPHI ¢ CHMMETPUYHBIMH aKyCTHYECKHUMHU SYEHKaMH, COCTABJICHHBIMU
U3 JBYX H3Jlydaresel, NCIYCKAIOUIMX KOI€pEHTHBIE BOJIHBI, PACIPOCTPAHAEMbIE MO OJHOMN
ocu HaBcTpedy apyr npyry [8]. Cynepno3uius 3TUX BOJH JaeT oOLIyl0 pabodyio BOJHY B
peakTope. B 3TOM cimyuae cymmapHas BOJHAa TOXE MMEET 3aTyXaHUE AaMIUIMTYIbl K
reoMeTpUUecKoMy IIeHTpy peakropa. Ho oObeMHas IIOTHOCTH 3PO3HMOHHOM MOIIHOCTU
KaBUTAlLlUU NIPU 3TOM, Yallle BCEro, B PEAKTOpax C UIMHOM Jiyda 10 TPEX IOJYyBOJH BCE ¥Ke
UMeET B T'€OMETPUUYECKOM LIEHTPE MAKCUMallbHOE 3HaueHHe. DTO OOBsCHAETCS 3(PPeKToM
HeMapaMeTpUUYECKOro yCHUJIeHUs KaBuTauuu [9]. IToT >3PQeKkT HampaBIeHHO HCIOIb3YeTCs
JUId yCUJIEHHs KaBHUTalMM 03 NpPOM3BOJIBHOIO H3MEHEHHs aKyCTHYECKMX IapaMeTpoB
KUJKOCTU U PACTBOPEHHOro B Hel rasza [10] B KOHCTPYKUMSIX PEAKTOPOB C HECKOJIbKUMU
HE3aBUCHMBIMH BOJHAMH B OJTHOM O00BEME JKUAKOCTH. DTO JIENaeTCsl ABYMS IyTSIMH: 32 CUET
CHELMATbHOTO B3aMMHOTO pa3MEIIEHUs] MCTOYHMKOB KOTEPEHTHBIX BOJH, JHOO 3a cYer
ynpaBieHus ¢pazaMu BOJH 3TUX UCTOYHHUKOB. BTOpoe M3BECTHO TOJNBKO Uil PEAKTOPOB, IAE
OTCYTCTBYET CyNEpHO3MLIMs HHULUHUPYIOIIUX KaBUTalMi0 BosH. [loaToMy B peakrope c
JByMSI BCTPEYHO HAaNpaBiICHHBIMU H3Iy4yaTeNs MU Ha OAHOM oOcH, eciu oOpabaTbiBaeTcs
XKUAKOCTh, CKOPOCTh 3ByKa B KOTOPOH OTJIMYAETCs OT CKOPOCTU 3ByKa B >KMJIKOCTH, Ha
KOTOPYIO OH pAacCUMTaH, TepseTcs YacTh DSHEPruu. A  yJeNbHOE aKyCTHYECKOe
COIIPOTHUBIIEHUE, HAIPUMEDP, BOJIbI U HACHIIIEHHOI'O PACTBOpPA MOBAPEHHOM COJIM OTIMYAETCs
Ha 36%. Ilpu 00paboTke MocieqHEero Ajs MOJyuYeHHUs TaKoil ke aMIUIMTYAbl 3BYKOBOT'O
JaBJICHUsT Kak B BOJE, OT KOTOpPOM 3aBUCUT DJHEprusi KaBUTAlUM, MOTpedyercs
COOTBETCTBYIOIIIEE YBEINYEHUE MOITHOCTH U3y YECHHUS.
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2. TEOPETMYECKME UCCIIEJOBAHUA

PeakTop CHMMETpHUEH OTHOCHUTENBHO IIEHTPAa MAacC U COCTOMT M3 HECYILEro KopIiyca
paboueil kaMepbl C HAMOPHBIM U CIMBHBIM MAaTpPyOKaMH, JBYX H3JIydaTeleld KOT€pPEHTHBIX
IUIOCKO-YIPYTHUX BOJH, T€PMETUYHO C IIOMOUIbIO 3JACTUYHBIX MPOKIAJOK M (PIaHIIEB
3aKpeIUIEHHBIX C KaXJ0H CTOpPOHBI KOpIyca B Yy3JaX KoJeOaTeNbHBIX CMEICHHH
aKyCTUYeCKUX TpaHchopmaTtopoB. DnaHIBI CTIHYTHl MEXAy cO00H CTsKKaMu, o0pasys ¢
KOpPIlyCOM U TpaHc(opMaTropaMH T€pMETUYHBIM pabouyuii o0beM A MPOIMYCKAaHUS uepes3
peakTop 00pabaTeiBaeMOi KUAKOCTH. VICTOYHMKM KojJeOaHM — D3JIEKTPOAaKyCTHUECKUE
npeoOpa3oBaTenu MNPUCOEAMHEHBl K TpaHcdopmaropaM MocpencTBoM mmwiek. [Ipu
PacCTOSIHUM MEXAY M3JIy4yarollUMHU IJIOCKOCTSAMHU TpaHC(HOpMATOpPOB PAaBHOMY HEUYETHOMY
YHCITy NOJTYBOJIH M3JIydaTesn paboTaroT B (haze, ueTHoMy — B mpoTuBodaze (Puc. 1).

-

—

Puc. 1. ®oTo cMMMETPHUYHOTO peaKkTOpa Ha IITaTUBE

SIcHO, 94TOOBI HACTPOUTH PEAKTOP MO CKOPOCTh 3ByKa B 00pabaThIBaEMOW JKUIKOCTH, TaK
9YTOOBI AMIUTUTY/Ja PE3yJIbTHPYIOIIEH BOIHBI OblTa ObI BCET/Ia MAaKCUMAJIbHOW 0€3 YBEIn4eHUs
MOJIBOJJMMOM MOIIIHOCTH MOXHO, HarpuMep, KaKuM-THOO 00pa3oM H3MEHUTH PacCTOSHUE
MEXY U3TyYalOMIIMH TUIOCKOCTSIMH aKyCTHYECKUX TPAHC(POPMATOPOB MIIM U3MEHUTH YaCTOTY
W3JIy4YEHUs TakK, 4ToObl (pa3bl BCTPEUYHBIX BOJH COBMAAaid. Ho 3TO TeXHHYECKH HETPOCTHIC

C. [. WectakoB
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3agaun. [lpoie ycraHoBuTH cmelieHue (a3 3TUX Kone0aHWid y MX HCTOYHHUKOB, OCTaBUB
HEM3MEHHOI MX 4acTOTY, TO €CTh, OCTaBHB UX KOI'€pEHTHBIMH. JIJI 3TOro MoHago0UTCsS O/HA
JIMHUSA 3aJIEPKKH B CXEME yITpaBJIeHUs, Kak B [9].

[Tytem mpoBeneHUs: MccIeAOBaHUNA MOJEIM MHOTOMY3bIPHKOBOW KaBUTALUU U KPUTEPHS
noo0Us COHOXMMHYECKHX DPEAKTOPOB OBbLIO YCTAaHOBJIEHO, YTO MOJYyYEHHUS HaWBBICLIECH
MOIIIHOCTH KaBUTAallMd W MAaKCUMAJIbHOM MPOU3BOJUTENILHOCTH peaKkTopa 3a CueT
ONTHUMAJIBFHON CYNEPHO3UIMH BCTPEUHO U3JIy4aeMbIX BOJIH CIIEIYyeT 3ajaBaTh cMelleHue (a3
U3TyYeHUs] MEXIYy HCTOYHMKaMH u3nydeHus. [Ipu 3TOM He ciieqyer nomycKaTb, 4TOOBI
KaBHUTAallUOHHBIC objacTu OpUIICTraromMue K HU3JTy4YaromrM ITOBCPXHOCTAM CONPUKACAINCE C
HUMU J1a0bl HE BbI3bIBaTh WX 3pO3MM. BbUT HaliieH yroj, KOTOpBIM yIOBJIETBOPSIET 3THUM

20 1
ycioBusiM. OH BBIpaXKaeTCs aJINTUBHON (QyHKITMEH ?/172' + 5 T + 2 %N 7 — N, roe:

A — AJMHA BOJIHBI YJIBTPa3ByKa B 00pabaThIBa€MOM KUAKOCTH B M; N — KOJTMUECTBO MOIYBOJIH
KOJICOAHNH Ha OCH KaMephl peakTopa MEeXIy H3IydJalolIUMHU TTOBEPXHOCTSIMH aKyCTHYECKOU

STYCHKN B XUMHUUYECKH YMCTOMH BOJC, I_ J — HMXXHSA 1€J1asd 4aCcTh 4YHuCJia. HpI/I TaKUX YCJIOBHAX

oOpa3yemble BOJM3M IyYHOCTEW JaBIEHUS pPE3YJbTUPYIOLIEH BOJIHBI KaBUTAllMOHHbIE
obOmactu OyAyT 3aHMMaTh HaWOONBIIMK OOIMI 00BeM. DTO cemaer peakTop Oonee

MMPONU3BOANUTCIILHBIM.

3. OKCIIEPUMEHTAJIBHBIE UCCJIIEJJOBAHUA

bbu1  mocTaBieH  KOMIBIOTEPHBIH  SKCIEPUMEHT C  MaTeMaTHYecKOH  MOJEeNbio
KaBUTAIIMOHHOT'O peakTopa W MPUHLUIOM TNOJO00MS KaBUTAI[MOHHBIX MpPOLECCOB, s
KOTOPOTO BBIOpAaH peakTop, ¢ KOHCTpyKLHMEH MoAo0HOH omucaHHOM B pabote [8]. Umcio
MOJIYBOJIH YJIbTpa3ByKa B BOJE MEXIy H3Iy4aloLUMH BCTpEeYHO noepxHocTsiMu N = 3. B
pe3yJibTaTe CpaBHEHMs ObUI BBIUMCIIEH CyMMapHbIi 00beM KaBUTAIlMOHHBIX oOnacteil. B
peakrope 0e3 cmemeHus (a3 oH coctaBuwi 331 .ma, co cmemenueM — 369 wma. Cpennss
00BbEeMHas IUIOTHOCTb 3PO3MOHHON MOILTHOCTH KaBUTALMU B KaMEpe peakTopa MpH CMELICHUN
¢a3 ysenuuunace B 1,18 pasza (puc. 2, 3).

B HaTypHOM »3KCHepuMeHTe OBbUIO BBINOJHEHO CPAaBHUTENIBHOE TUCIIEPTUPOBAHUE
HOJUCTUPONIbHOTO JsaTekca. Ilpu o0paboTke sarekca KaBUTAMOHHBIMH HMITYJIbCAMHU
JIaBJIEHUs] COBepIIaeTcs paboTa MPOTUB LUKIMYECKOW MPOYHOCTH MOJTUCTUPOJIBHBIX YaCTHIL
NPONOPLUOHATIbHAS MOIIHOCTH KaBUTalUUH. VI3MeHeHHe IUCIEePCHOCTU JIaTeKca MOXKET
CIIy>)KUTh Mepod 3Toi paboTel. B sKcrmepuMeHTe KOHTPOJbHBIE 00pa3lbl JIATEKCOB
oOpabaTbIBaJIi B pexxuMe cUH(pa3HON paboThl u3nydatesnedl. OnbITHbIE 00pa3libl MpU TaKou
e HayaJlbHOW TemrmepaType oOpabaThiBalM B TEUEHHME TAKOT'O K€ BPEMEHHU IPU CMEIEHUH
a3 Mexy u3nydaresnsMu Ha yroi paBHbii 0,127 7. Metonom ['ennepa Haxonuinu 1uamMeTpsl
MOJIUCTUPOJIBHBIX YacTHIl, KOTOpPbIE Y KOHTPOJbHBIX 00pa3unoB coctaBuian 150+10 um, a 'y
onbITHBIX 120410 mm.

C. A. WecTtakos
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Amnnumyda 3eykoeo20 daeneHusa

AVYA'AYA

0029m 0,022 m 0,029 m 0,031 m 0,0256m 0,031 m

- » - » - > -
Paza ®aza

Puc. 2. I'padmku aMImumiTy 161 3ByKOBOTO JaBJICHUS HA OCH peaKTopa B
00pabaTbIBaEMOM TMOJIMCTUPOTHHOM JIATEKCE: ~ JUISI KAKOTO U3ITydaTes;
== CyMMapHO€ 3ByKOBo€ JaBieHue. Ciena 0e3 Gpa3zoBoro cMemieHus, crpana — co
cmenienueM. [udpamu Ha ocu abcnrce MOKA3bIBAIOT ATUHBI OTPE3KOB, HA KOTOPBIX
JNEUCTBYET KaBUTALIUS

Puc. 3. O6muii BuI ¢ pa3pe3oM 1o AuamMeTpy padodeil kaMepbl COHOXHMHYECKOTO
peakTopa, IOCPECTBOM KOTOPOTO OBUIN BBHITIOIHEHBI CPABHUTEIIBHBIE YKCIIEPUMEHTHI.
B nmockocty pa3pesa TOHOBBIM PHCYHKOM ITOKa3aHO pacHpeneicHne 00beMHON
IUTOTHOCTH PO3MOHHON MOIIIHOCTH KaBUTAIMM (B BEpXHEH 4acTH pazpesa Oe3
cMmernieHus (a3, B HIKHEH — CO CMEIICHUEM )

3AKJIIOYEHUE

da3oBoe ympaBiIeHHE HU3Iy4aTeIsIMH PEakTopa ¢ CHMMETPUYHOM aKyCTHUECKOM stueiikoi
NO3BOJISIET B JIIOOOM pacTBOpe IMOJMyyaThb HAMBBICIIYIO pAacCEMBAEMyl0 Ha KaBUTAlUU
aKyCTUYECKYI0 MOIIHOCTh U MaKCUMAJIbHYIO IPOM3BOJUTEIBHOCTh 00paboTku 0e3
YBEJIIMYEHUSI MOJBOJUMON  3JNEKTPUUECKOM MomHocTH. Takoe HemapaMeTpuuecKoe
ylOpaBleHUE  KaBUTAalMeHd  JaeT  BO3MOXHOCTb  CTPOUTb  CHUCTEMBI  YIIPABICHMS
COHOXMMHUYECKUMH PEaKTOPaMHU, B KOTOPBIX PACCTOSHHE MEXIY H3IyHaloUMMHU TOPLAMHU
TpaHc(hOpMATOPOB B PEAKTOPE KPATHO YHMCIY MOJIYBOJH UX KOJEOaHUI B XUMHUECKU YHCTOM
BOJIC, a HauBbICIIas NPOU3BOAMTEIBHOCTh OOpaOOTKH MOAJEPKUBAETCA IMyTEeM 3aJaHus

C. A. WecTtakos
HenapameTpuueckoe (a3oBoe) ynpaBneHne KaBMTaumen B COHOXMMUYECKOM peaKTope
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¢dazoBoro cnaBura BOJIH U3IydyaTeled B 3aBUCUMOCTH OT aKyCTHYECKHX IapamMeTpoB
00pabaTeIBaeMOi )KHIKOCTH.

Takoli peakTop paboTaeT cieayronmM o0pa3oM. B mpomyckaemyro depe3 IITYyLEPHI
00pabaThiBaEMy10 JKHJIKOCTh C IUIOCKMX TOBEPXHOCTEH aKyCTHUYECKHX TpaHC(HOpMAaTOpOB
pacnpocTpaHsoTCs IIOCKO-yIpyrue kojaedanusa. B Hell ycTaHaBiMBaeTcs pe3yibTHPYOIIAs
CTOsYasi BOJIHA, B KOTOPOM, TamM TIAe aMIUIMTyJa MPEBBIIIACT KaBUTALIMOHHBIA MOPOT,
00pa3yroTcsi KaBUTAllMOHHBIE OO0JACTH, MYJbCUPYIOIIUE IMY3bIPHKH KOTOPBIX COBEPIIAOT
noyiesHyo pabory. Ecim B peaktope ¢aszbl BOIH KoleOaHHW HW3TydaTesell CMeleHbl Ha
YCTaHOBJICHHBIN yTOJI, TO OHHM CKJaJbIBAIOTCS B PE3YJbTHPYIOIIYIO BOJHY C MaKCUMalbHOU
aMIUTUTYAOH, a pa3Mepbl KaBUTAIIMOHHBIX 0o0JacTell yBenmnunBaTcs. B pesynbrare cpemnsis
00beMHas IUIOTHOCTh 3PO3MOHHOM MOIIHOCTH KaBUTAllMM B KaMepe peakTopa H €ro
IPOU3BOJUTENBHOCTh CTAHOBSITCSI MAKCUMAJIBHO BO3MOKHBIMH.
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