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B cratee mpencraBiena HoBast pa3padoTka MOCKOBCKOTO TOCYIapCTBEHHOTO
YHUBEPCUTETA TEXHOJOTMA M YNPaBICHUS — COHOXMMHYECKHUN pEaKkTop Uit
00paboTku Boapl. OmricaHa KOHIEMIHNS COHOXMMHUHU U (PAKTOPBI, TTO3BOJISIONINE
3¢ (}eKTUBHO €€ TMPUMEHSATh B THIIEBOH MPOMBIIIJICHHOCTH. Pe3ynbrarsl
WCCIICZIOBAaHUI THIIEBOW COHOXMMHHU TIPEJICTABICHBI, TJIABHBIM 00pa3oM, Jis
TEXHOJIOTHMH  MOJIOYHOM  TPOMBIIUICHHOCTH.  PaccMoTpeHbl  mpoOsieMbl
COHOXMMMYECKUX  PEAKTOPOB,  KOTOPHIE  MPEMSITCTBYIOT  HCIIOJIb30BAHUIO
TEXHOJIOTHH HEMapaMeTPUYEeCKOro YCWJICHHS KaBUTalMU. [IpenoxkeH MpoexT
peakTopa WIMHIPUYECKON BOJIHBI U HEMAapaMETPUUECKOI0 YCUIIEHUS! KaBUTALUH,
KOTOpBIi MOXET ObIThb 3(PGEKTUBHO HCIOJIB30BaH I  MPOMBIIUICHHOTO
MIPUTOTOBJIEHUS] CMECEH U3 CYXMX MOJIOUHBIX KOMIIOHEHTOB. J[aHO €ro cpaBHEHUE C
W3BECTHBIMHU PEAKTOPaAMHU.

KitoueBsie cnoBa: COHOXMUMUSI, COHOXMMHYECKUN KAaBUTALIMOHHBIN PEaKTop,
HemapaMeTpruuecKoe YCWICHHE KaBUTAIMHM, TEPMOJIMHAMUYECKH HEPABHOBECHOE
COCTOSTHUE BOJIBI U €T0 peJlaKcaIus, TuApaTanus OHOmoIuMEPOB.

BBEJIEHUE

CoHOXMMUSL OTHOCATCA K XMMHHU BBICOKHMX 3HEpruil. B Hell mocpeIcTBOM HAATEIIOBOTO
BO3/ICUICTBUS Ha PEAreHThl B SHAOTEPMHUYECKUX KUAKO(DA3HBIX peakiusax 0e3 HarpeBa BCEro
COJIEpKAIIIETO 3TH PEareHThl PacTBOpa OOECIEYMBACTCS 3HAYMMBIA SKOHOMUYECKUN APPEKT
ke MPHU €€ MPOMBIIUICHHBIX 00beMaX. OCHOBHBIM (DaKTOPOM COHOXMMHUYECKUX PEaKIUN
ABJIICTCS KaBHUTALMA, NPU KOTOPOM B JKHUJIKOCTH TE€HEPUPYIOTCS TUTAHTCKUE HMITYJIbCHI
JABJICHUS, TOPOKIAEMBIC IMyIbcalliell KaBUTAIIMOHHBIX My3bIPHKOB, YMEHBIIAIOIUMICS B (haze
CKaThsl 10 HAHOMETPOBBIX pa3mepoB. [laporazoBasi cMech BHYTPH Iy3BIPHKOB pa3orpeBacTCs
JI0 BBICOKMX TEMIIEpaTyp U MEPEXOAUT B COCTOSIHUE IJIa3Mbl, COMPOBOXKIAEMOE UCITyCKaHUEM
KBAaHTOB CBETa — COHOJIFOMHUHECIICHIIMEH [1]. DTH KBaHTHI Ja)Ke MPU OOBIYHBIX YCIOBHUSIX MOTYT
JOCTUTaTh DSHEPTHH  YIbTPApHUOICTOBBIX. 3BECTHBI @K€ TIOMBITKH OCYIIECTBUTH B
KaBUTALIMOHHBIX  MYy3bIPbKAaX, HANOJHEHHBIX MapaMH JACUTEPUPOBAHHOTO  aIeTOHA,
WHEPLMATBHBIA TepMOsiAepHBI coHocuHTe3 [2]. TlockonbKy mpoliecc KaBUTAIMKU MPOTEKAET B
aanabaTHBIX YCJIOBHUSIX, @ CyMMAapHBIH O0OBEM COJEPKHMOTO Iy3bIPHKOB, IO CPaBHEHUIO C
00BEMOM KUJKOCTH HUYTOXKHO MaJl, TO COHOXMMHUYECKUE PEAKIIUHU, TPOUCXOISAIINE B TA30BOM

daze, B oTaMuue OT XUAKO(DA3HBIX, UMEIOT claboe MpHKIagHOe 3HaueHwe. Ho oHu u He
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MOPOXIAI0T BPEIHBIX (DaKTOPOB, KOTOpbIE OBl MPENSATCTBOBAIM MPUMEHEHHIO COHOXUMHH,
HafmpuMmep, B TMHILIEBOM MPOMBIIIICHHOCTH. B XoJe mNpoBeAeHHBIX CcepTU(UKAUOHHBIX
UCTIBITAHUNA COHOXMMHYECKUX PEAKTOPOB ObLT YCTAaHOBJIEH ()aKT HEM3MEHSEMOCTH 3HAUEHUS
MepPMaHTaHATHOW OKHCIISIEMOCTH Tociie 00paboTKu mpoOsl, comepskameit 0,4 me/i cCBOOOTHBIX
TYMUHOBBIX KHUCJIOT. DTO CBUIETEILCTBYET O TOM, YTO TAKHE JIETKO OKUCIISIEMbIE COCTUHEHUS
KaKk TYMUHOBBIE KHUCIIOTBI HE TpPaHCHOPMUPYIOTCS B JPYrHE KHCIOPOAOCOIEpKAIINe
COCIIMHEHUS], SIBIIAIOLINECS BOCCTAHOBHUTEISIMM I10 OTHOUIEHHWIO K TE€PMaHraHaTy Kalus.
CKOpOCTh K€ pacTBOPEHUs TaOJIETUPOBAHHOTO XMMUYECKH YHCTOrO HATpHs XJOpHIA B BOJE
nociae ee oOpaboTKM 3Ha4yWTelnbHO ToBbIIANack [3]. Ilpomcxomsmias B Ta30BOM (asze
KaBUTAIIMOHHBIX TY3BIPHKOB TEPMHUYECKAs TUCCOIMAINS MOJEKYJ BOJbBI NMPHUBOJWUT JIUIIb K
HE3HAYUTEIIFHOMY CMEUICHUIO pH B MIENOYHYIO OOJNIACTh M CHHTE3Y INEPOKCHIAa BOIOPOAA B
KOJIMYECTBAX, COCTABIISIONINX IMPH CaMbIX WHTCHCHUBHBIX IPOIECCaX EAMHUIBI MPOMHILIE K
Macce Bojbl. [IpakTHUecKy 3HAYMMbIC COHOXHMUYIECKHE PEAKIHH MTPOTEKAIOT B )KUIKOH (aze B
pe3ysbTare JICUCTBHSI PACIPOCTPAHSAEMBIX B HEH ITy3bIphKaMU HMITYJIECOB JaBJICHMUS,
CTHMYJIUPYIOIINX PEAKIMH PACTBOPCHHBIX BEHICCTB UYEpe3 MEXaHWMUYECKOE BO3JICHCTBHE Ha
CTPYKTYPY MX THUAPATHBIX 000JOYEK M camMOi BOAabI. Pa3zpaboTaHbl cIOCOOBI BO3ICHCTBUS Ha
WHTCHCUBHOCTh KaBHUTAIIMH, JAIOIIAE BO3MOXKHOCTH CICNATh 3TH COHOXUMHUYECKHE IMPOIECCHI
ynpasisieMbIMu [4].

Tpancopmanmss >HEPruM KaBUTAIIMOHHBIX HWMITYJIbCOB JABJICHUS B BOJEC pPEaM3yeT
HA/ITETUTOBOM MEXaHU3M Pa3pyIICHUS MOJCKYJISPHBIX aCCOIIMATOB BOJIBI, THIPATHBIX 000JIOUYCK
WOHOB W KOJUIOMJOB PACTBOPEHHBIX BEHICCTB, TPENATCTBYIONIMX BCTYIUICHHIO WX B
XUMHYCCKUE PEAKIIMH, U COIPOBOMKIACTCS JIUIIb HE3HAYUTEIIEHBIM YBEIIMICHUEM TEMIIEPATYPBI
cpenpl. Boma pu 3TOM Ha BpeMst EPEXOIUT B TEPMOAMHAMUICCKHA HEPABHOBECHOE COCTOSHHE,
KOTOPOE XapaKTEepH3yeTCs €€ aHOMalbHO BBICOKOM pPaCTBOPSIONICH CrocOOHOCThI0. OHO
JUTATCS JI0 TE€X TIOp, TIOKA TIOTyYeHHAs YHEPTHs TIOCTSIIEHHO He OyAeT OT/JaHa B BUJIC TEIUIOTHI
ruaparaui. OHa MPOTEKAeT MEXKAY MOJICKYJaMH BOJBI, BHOBb BOCCTAHABIIMBAS BOJIOPOIHBIC
CBSI3M M COOTBETCTBYIOIIYIO TEPMOJMHAMHYECKOMY PaBHOBECHUIO CTPYKTYpPY BOJbBI, €CIH €€
MoCJIe KaBUTAIIMOHHOW 00pa0oOTKM HU ¢ 4eM He cmemmBath [5]. To ecTh, co BpeMeHeM
HEM30€)KHO TPOMCXOAMT peJaKcalisi HEPaBHOBECHOTO cocTosHMA. Ecimm cpasy mocie
KaBUTAIIMOHHOTO BO3JICHCTBUS B BOJIE PACTBOPHUTH CyXyIO IHUIIEBYI0 OHMOMACCy, Hampumep,
CyX0O€ MOJIOKO WJIM CBIBOPOTKY, TO HMEIOIIMECS] TaM JJIEKTPOJUTHI TOYTH MOJHOCTHIO
JUCCOIMUPYET HAa WOHBI, KOTOPbIE OyayT MMMOOWIM3HPOBAHBEI MOHOMOJICKYJIAMH BOJBI, a
MOJIEKYJIbI OeNKa MPHOOPETYT IJIOTHBIE THAPATHBIE 00OJOYKH M3 HUX. JTO YBEIUYUT MaccCy
0enKa, MOCKOJIBKY BOJA COCAMHUTCS C HUM Oyarojaps JEHCTBHIO MEXaHH3MOB aHAJIOTHYHBIX
TeM, KOTOpPBIE UIMEIOT MECTO B )KUBOM IMPUPO/IE B TIPOLIECCE €T0 CHHTE3a M IMIOYTH HACTOIIBKO Ke
NPOYHO, HACKOJIBKO MPOYHKI B OeNKe CBSI3H, (POPMUPYIOIINE €T0 CTPYKTYPY.

DHeprusi CBSA3U BOJBI C OCIKOM, XapaKTepH3yIollas ee MPOYHOCTh, IPUHUMAET HanOoJbIee
3HAYeHHe, KOrJa THIpaTHas 000iouka Oenka CTPOUTCS W3 OTICNBHBIX MOJIEKYJT BOJBI, HE
CBSI3aHHBIX MEXIY CO00H. A TYHHEILHO-MHUKPOCKOIIMYCCKHUMH HCCICIOBAHUSIMH OBLIO
YCTaHOBJICHO, YTO JJaXKe MPH KOMHATHOW TEMIIEpaType CTPYKTypa BOJBI HICHTUIHA CTPYKTYpE
npaa [6]. Y Bomer oOpasyromiasi ee CTPYKTYpy peakius TuapaTanyd, oOpaTtnMa U HaXOJIUTCS B
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COOTBETCTBYIOILIEM TEMIIEpaType TEPMOJMHAMUYECKOM paBHOBecuu. llpum HarpeBaHuum
B3aMMHasi KMMOOMIIN3ALUS MOJIEKYJI YMEHBIIIAETCsl, YTO BUIAHO MO0 U3MEHEHUIO €€ BA3KOCTH, U
TEOPETHUYECKU JIOJDKHA TMOJHOCThIO ucye3arh mpu  +60...+70°C, NOCKOIBKY »HEPrus
BOJIOPOJIHBIX CBSI3€H COCTaBIsIeT HEMHOT'MM OOJIbIIIE MTOJIOBUHBI SHEPTUH Tapoo0pa3oBaHus Mpu
atMocdepHoMm nasineHuu. Kaszamoch Obl, BOJYy MOKHO MOJITOTOBUTH K PEaKLMU TUApATAIUH,
npocTo Harpes ee. Ho BcTymate B 3Ty peakiuio OHa HAUMHAET, BEpOsITHEE BCEro, cama ¢ COOOM.
[TosTOMYy COHOXMMHYECKHI METOJ HAATEIUIOBOrO BO3AEHCTBHS Hauboiee MPUToieH JUIsl TOTO,
YTOOBI Pa3/IeNUTh BOY Ha OTAEIbHBIE MOJIEKYJIbl, HE YBEIMYUBAS MPU ITOM UX KUHETUYECKYIO
SHEPIHUIO, TO €CTh, HE HArpeBas BOLY.

1. PE3VJIbTATHI UCCJIEJJOBAHUN

Beima  SKCIEepUMEHTaTbHO — WCCIENOBAaHA BO3MOXKHOCTH IMPUMEHEHHS TEXHOJOTHHU
COHOXMMHYECKOW IOJITOTOBKM BOJBI TPH BOCCTAHOBICHHWU CYXOTO MOJIOKa M CHIBOPOTOK.
O06paboTka BOJBI OCYIIECTBISIACH MPU HENPEPHIBHON PELUPKYISIIUN Yepe3 1a0opaTopHbIi
KaBUTAMOHHBIA peakTop. [IumieByro 0e30macHOCTh MCCIENOBAIH IyTeM OMOTECTUPOBAHUS
10 METOJHMKE TOKCHKOJIOTHYECKOW OICHKM MHUIIEBBIX MPOXYKTOB [7]. BBIIO mpousBeneHO
cpaBHeHME KomuyecTBa uH(py3opuili Buma Tetrahymena  pyriformis B  mpobax
BOCCTAHOBJICHHOW TBOPO’KHOH CHIBOPOTKH PACTBUIMTEIBHONW CYIIKH 4Yepe3 OIpeleiICHHBIC
INPOMEXYTKH BpEMEHH. B CBHIBOPOTKE, BOCCTAHOBJIIEHHOH Ha IMpoIIeAnield KaBUTALUOHHYIO
00paboTKy BOJe, B TEUCHHE BCEro OIbITa KOJIUYECTBO MH(GY30puil ObLTO OOJbINE, YeM B
CBIBOPOTKE, BOCCTAaHOBJICHHOW Ha HeoOpaboTaHHOW Bojae. M, kpome TOro, yBeIMYCHHE HX
KOJIMYECTBA CO BpPEMEHEM TaM Takxke OblIo Oojbiie. OTO OOBACHIETCS TEM, UTO
KaBUTAMOHHAsE 00pa00TKa 3HAUYNTETHHO N3MEHSIET PU3UKO-XMMUYECKUE CBOWCTBA BOJIBI U HE
CO3JaeT TPH OSTOM (AaKTOPOB, OTPULIATENBHO BIMSIOMIMX HAa POCT M PAa3MHOXKCHUE
npocreimux. Cyxasi ChIBOPOTKa JydIlle pacTBOpPsETCs B TaKOM Boje, a MUIIEBAs IIEHHOCTb
pacTBOpa MOJy4aeTcs BbIIIE. YBEIMUYEHHBI pPOCT KyJlbTyphl HMH(QY30pHi ompesenseTcs
OoJtbIIIeH KOHIIEHTpAIMEH B PACTBOPE MUTATEIBHBIX BEIIECTB TOCTYITHBIX IPOCTECUIIINM.

Tabnuua 1. HekoTopble XapakTepHUCTUKU OIYYEHHBIX PAaCTBOPOB

MaccoBas 101 KOMIIOHEHTa B

o o Ha neo6paboTanHoii BoJie Ha o6pabotanHoii Boje
BOCCTAHOBJICHHOM CBIBOPOTKE, %0
Howmep nipo6st 1 2 3 1 2 3
Bbenox 2,23 2,22 2,22 2,35 2,34 2,34

Cyxoii 00e3KupeHHbII

. 5,95 5,92 5,92 6,26 6,25 6,25
MOJIOYHBIN OCTaTOK

W3BecTHO Takke, 4YTO TIOHMKCHHAs BPEMEHHAs JKECTKOCTh BOJBI OJIAarOMpHUATCTBYET
MOJIyYE€HHIO BBICOKOTO KauecTBa BOCCTAHOBJIEHHBIX cmeced [8]. KaBurtamus xe 3a cuer
HAATEIJIOBOTO MEXaHU3Ma Iepelayd 3HEPrHH TMO3BOJSET JIETKO NEPEeBOAUTH PACTBOPUMBIE

OukapOOHATHl B HEPACTBOpUMYIO KapOoHaTHyIO (opmy [9]. MexaHu3M peakiuii OCHOBaH Ha
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pa3pyLIeHUU pacIpOCTPAHIIOIIUMICS B BOJIE UMITYJIbCAMU JIaBJICHUS OT KaBUTALIUU TUAPATHBIX
000JIOYEK PAaCTBOPEHHBIX W CYIIECTBYIONIMX B BHJe HOHOB OukapOoHaroB Ca(HCOs), u
Mg(HCOs3),, To ecTh Ha AeTUApATAIlid HOHOB U CTUMYJUPOBAHUU TEM CaMbIM TMEPEX0/1a ITUX
coJiel kecTKoCcTH B amopdHyto Koimonaayo ¢gopmy CaCOs, u MgCOs.

2. PEAKTOPBI JIJIS TUIIEBOY COHOXUMUU

Cy11ecTBYyIOT COHOXMMHUYECKHE PEAKTOPBI, CO3JAIOLIUE KPOME YJIBTPa3ByKOBBIX BOJIH,
pacnupoCTpaHs€MbIX B BOJE, €LIE M AaKYyCTUYECKYH) KAaBHUTAILlMIO, BO3HUKAIOLIYI IIpH
NPEOIOJICHUH aMIUIMTYIOW 3BYKOBOTO JABJICHHS HEKOETO CBOWCTBEHHOTO BOJIE MPHU JHOOBIX
KOHKPETHBIX (PU3MUYECKUX YCIOBUSAX KAaBUTALMOHHOrO mopora. [l 3TOro yibTpa3BYKOBbIE
U3JIydaTeld YCTaHABIUBAIOT Ha TpyOax, MO KOTOpPHIM Mojaercs Boaa. TakuMm obOpazom,
YYacTKH TpyO C YCTaHOBJIEHHBIMH Ha HUX HCTOYHUKAMH YJIbTPa3BYKOBBIX KoJI€OaHUI MO
OTIPENIEJICHUIO TPEACTaBIAI0T COOOH KaBUTALMOHHBIE PEAKTOPhl MPOTOYHOTO THMA, K
KOHCTPYKLIMM KOTOPBIX MOXXHO MpPEIbSBIAT OCOOBbIE TEXHUYECKHE TpeOOBaHUS U
o0ecrieuynBaTh BbINOJIHEHUE 3TUX TPEOOBAHHM.

Takue TpeOoBaHMs BBINONHEHBl B peakTope [10], KOTOpBI npeAHa3HA4YeH Ui
UHTEHCU(UKAIMM XMMHUYECKMX peakUuil 1oja BO3ACHCTBUEM HMIIYJIbCOB JaBICHMS,
HOPOX/IAeMbIX IyJIbCAllMe KaBUTALMOHHBIX Iy3bIpbKOB. OH MOXET ObITh HCHOJIB30BAH U
JUIs yMATYEHUS BOJbl, TaK KAaK B HEM IPOUCXOAMT pa3pyLICHHE AMIOJIb-AUNOIbHBIX
B3aUMOJICHCTBUH MeXJy MOJEKyJIaMHU BOABI M HOH-IUIOJBHBIX B3aUMOACHUCTBUI MEXIY
9TUMM MOJIEKYJJaMM W HMOHaMM pPAacTBOPEHHBIX B Heil BemiecTB. PeakTop conxepXuT
€IMHCTBEHHBIM M37yyaTelb IUIOCKOW BOJIHBL, a pa3Mep ee (poHTa CTPOro OrpaHHUYEH.
JlpoOHast yacTh 4Mcia, BBIPAXKAIOLIET0 OTHOILIEHHE CPEJHEr0 PACCTOSHUS OT BCEX TOUYEK
pabouero o0beMa BOJIBI B HEM JI0 €r0 T€OMETPUUECKOTO LIEHTPa K JUIMHE BOJIHBI YJIbTpa3ByKa
B BOJIC HE JI0JDKHA MPEBBIIATh TpeX MATHIX. Takol peakTop MO3BOJSIET YCHIUTh KaBUTALMIO,
TOJIbKO M3MEHUB XUMHUECKUI COCTaB BOJIbI, KakK 3TO cienaHo, Hampumep, B [11]. Ho sto,
yalie BCEro, HEIOMyCTUMO, €CIM BOJAA HCHOJNb3YETCS B IUINEBOM IMPOMBIIUIEHHOCTH B
COCTaBe MPOJYKTOB MMUTAHMUS.

2.1. PeaxkTopbl ¢ HemapaMeTpU4eCKUM yIpaBJeHHeM

Ho kaBHWTamuio MOXHO yCHJINTH, HE M3MEHSS MapaMeTPOB >KUIKOCTH, IyTeM (ha3oBoro
yIpaBJICHUS HECKOJBKMMHU JEHCTBYIONIMMHA B €€ O0beMe HEe3aBUCHUMO JpYyr OT Jpyra
yIBTPa3BYKOBBIMH ~ BOJHAMH  OJWHAKOBOM  YacTOTBl, TO  €CThb  OCYIIECTBHUTH
HeTapaMeTPHUIECKOe YCHIICHHE MHOTOIY3BIPbKOBOW KaBUTALMM ¢ MaKCUMyMOM B 3a/IaHHOU
gacTh 00beMa JKUIKOCTH 33 CUET CYNEPIIO3UIINU TaM UCIYCKAaeMBIX My3bIPbKaMH HMITYJIECOB
nasnenus [12]. [lpome Bcero Takoe YCHJIEHHE MOXHO OCYIIECTBUTH B T€OMETPUUYECKOM
LHeHTpe o0beMa, eclii JACHCTBYIOLIME B HEM BOJIHBI PACHOJIOKEHbl OTHOCHUTEIBHO HEro
CUMMETPHYHO C (PpOHTAMH MMapauIeTbHBIMH OCH TTOTOKA BOIBI.

Takue peakTopsl 3anmaTeHTOBaHbl. B peaxtope [13], KOTOpBIN COIEPKUT HECKOIBKO
aKyCTUYECKHX SUYEeK, 00pasyomuX B JKUAKOCTH IIOCKO-YIPYTHE TapMOHUYECKHE BOJHBI

OJINHAKOBOI YacTOTHI, SIBJIAIOIIMXCS CUMMETPUUHbIMU [14]. OHM BBICTPOEHBI B psJ BAOJIb
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OCH IIOTOKa BOABbI. Pa3bl 3TUX BOJIH YCTAHOBJIEHBI ONEPEKAIOIKUMHU JIPYT IPyra Ha BEJIUUYNHY,
KOTOpasi 3aBUCUT OT Pa3MEpPOB PE30HATOPOB M MX B3aMMHOI'O pacCIoONOkeHus B peaktope. C
IIEJIBI0 YIIPOIIEHUS CXEMbI yrpaBiieHus B [15] kaxkmas ciaeayromas (MO0 CYETy OT IIEHTpa)
napa Hu3jiaydareieil CHMMETPUYHOTO pPE30HaTopa, BCEro JWIIb, paboTaeT B MpoTHBO(daze ¢
npeapiayme. st 3Toro pa3mMepsl U3ydaromuX NOBEPXHOCTEN B pE30HATOPAX OMPEICIICHBI.
Ho o6a sTux peakropa 3a CYeT KOHCTPYKIMM aKyCTUYECKHX S4YEEK HCKaXaloT Npoduib
cedeHus TpyOonpoBo/ia, IO KOTOPOMY T€UYET MOTOK BOJABI. DTO MPUBOJUT K 0OPa30BaHUIO TaK
Ha3bIBAEMBIX «3AaCTOMHBIX 30H» M YCIOXHSAET OYUCTKY CHCTEMBI. DOTO OIPAHMYMBAET HX
MPUMEHEHNE B MHINEBOM MPOMBINIJIEHHOCTH, TJ€ KpOME BOJbI MOTYT 00pabaThiBaThCs M
JIpyTrHe )KUAKOCTH, HAalpUMeEp, MOJIOKO.

Jlyume, 4yeM B pacCMOTPEHHBIX pPEAKTOpaxX TIEOMETPUYECKH CONPSIKEHbl C TpyOoi
aKyCTUYECKHE SUeUKH y peakTopa [16], Takke UMEIoIero HemapaMeTpuiecKoe yIpaBieHUe
MHTEHCUBHOCTBIO KaBHTAIMK 0€3 ()a30BOTO YIpPaBICHUS SUCHKaMHU. DTOT PEAKTOP COIACPIKHT
YETHOE YHUCJIO PAaclojOXKEHHBIX B psAJ Ha OCH IOTOKa BOJbBI, NPOXOJAIIEH uepe3
F€OMETPUUECKUN LIEHTP €ro BHYTPEHHEro 00beMa, aKyCTMUECKHUX SUEEK IUIOCKOW BOJIHBI
OJIMHAKOBBIX pa3MepoB. OHM BBI3BIBAIOT NEPIIEHIUKYJISIPHBIE 3TOM OCH yIpyrue KoseOaHus
oOpabarbiBaeMOW BOJIbI OJIMHAKOBOIN 4acTOThl U (a3bl. Ilpuyem Touku nepeceyeHus Tyyei
BOJIH, CO3/IaHHBIX B JICKALUX 110 KaXAyI0 CTOPOHY OT LIEHTpa BHYTPEHHETO 00beMa peakTopa
A4yeiikax, HaXOJATCS OT HEro Ha 3aJJaHHbIX PACCTOSHUAX, KOTOPBIE 3aBUCAT OT HOMEpA SYEHKU
M 4Yucia My4YHOCTEeW naBieHus B Heil. Ho, Bce ke, B 3TOM pEaKkTope CYyUIECTBYET Ta ke
NpUYMHA, YTO M y JPYI'HX — HaJW4YUe «3aCTOMHBIX 30H» B pabodyeM oObeMe 3a cYer
AaKyCTHUECKHUX pa3BsI30K H3IyyaTesiell ¢ TpyOoHl, 3aTpyIHSIOLUIMX €ro oOCIyXUBaHHUE IPU
AKCIUTyaTalMu, KOTOPOE CBA3aHO C €ro NEPUOJANYECKON OYUCTKOM.

2.2. BpiaBuHYTasi rUIIOTE32

Cynsa mo puc. 8 paborsl [12], aBTOycuJeHME KaBUTAllMM MOXXHO OCYIIECTBUTh U B
KaBUTALMOHHOM PEAKTOpPE C OJHOW AKyCTUYECKOM SYEHMKOM, B KOTOPOH IEHUCTBYET TOJIBKO
OJIHa yIpyTasi BOJIHA CO CIUIOIIHBIM ()POHTOM, E€CIIH:

—  AKyCTHYECKYI0 SYEHWKYy PpEeaKTopa COCTAaBUTb W3 HMHTEIPUPYIOLIErO aKyCTHYECKOTO
TpaHcopmaTopa LWIMHIPUYECKONM BOJHBI M CTEHKH OTpe3Ka TpyObl, Ha KOTOpPOH OH
3akperieH. OHuW  OyayT  TpeoOpa3oBBIBaTh  IIOCKHE  KOJEOAaHWUS  HECKOJBKHX
AIIEKTPOAKYCTUIECKHUX MPeoOpa3zoBarTeseid, pa3MeIeHHBIX 110 EPUMETpPy TpaHchopMaTopa B
LWINHIpUYECKHE KOIeOaHusl CTEHKH TPYOBl;

—  UHTETrpHpymOmui  TpaHcpopmaTop  3akpenuTh Ha  Tpybe C  ycuiuewm,
COOTBETCTBYIOIIUM paJHaIbHOMN AedopMaIiy ee CTeHKH, KOTopasi MPEeBhIIIaeT aMIUIUTYy ee
paauanbHBIX KOoJeOaHul IpH OTCYTCTBUU B HEH BOJIBI;

—  HMHTErpUpYIOIUI aKyCTHYeCKUH TpaHChOpMaTop cAeNaTh JUIMHOW MO OCH TPYOBl OT
OJIHOM 10 IByX JUIMH BOJIHBI U3JIy4€HHS B BOJC.
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2.3. DJkcnepuMeHTAJIbHOE MOATBEPKIeHUE THIOTe3bl

CpaBHEHHE TaKOTO PEaKkTopa ¢ peakTopoM u3 [16] OBLIO OCYIIECTBICHO C IMOMOIIBIO
KOMIIBIOTEPHOTO ~ JKCIEpUMEHTa €  MHCIOJIb30BAHMEM  MaTeMaTHMYecKoil  Mojenu
MPOCTPAHCTBEHHOTO paclpeaesieHus IIIOTHOCTH 3PO3MOHHOM MOIITHOCTH MHOTOIY3bIPEKOBOI
KaBUTAIlMU W TMOA00Ms KaBUTAIMOHHBIX TmporeccoB [17]. B kadecTBe Kopiryca
KaBUTAIMOHHOTO peakTopa u3 [16] (puc. 1) wmcmomp3oBalics OTPE30K TPYObI KPYTJIOTO
CEUYEHHUS TUAMETPOM OJHH JTIOUM.

- . | N
!
) ) -I; | _ Puc. 1.
| | @_"_l I Kasuraunonnsiii peaktop u3 [16],
i ]_ i - I_ g natent RU 2422371, 2011
= A =

OKCIepUMEHTaIbHbBIN peakTop (pHc. 2) UMe TakoH ke Mo pa3mepam pabouuit 00beM U3
nenpHoi TpyOBl. Ero akycrudeckyto sueiiky oOpa30BBIBAIM MHTETPUPYIOLINNA aKyCTHYECKUN
TpaHnchopmarop [17] ¢ OCeBBIMU OTBEPCTHSIMU ISl PA3TPy3KH OT HAIMPSDKEHUH MO JMHUSIM
OKpYXHOCTEH ¢ TmAThi0 mpeoOpazoBarensmu tuna MPI-2525D-28H (wacrora 28 xlvy,
moutHocTh 200 Bm) u cTeHku TpyObl. TpaHchopmarop IUIMHIPUYECKOW BOJHBI ObLI
3aKpeIuieH Ha TpyOe ¢ HaTsIroM, YCHIME KOTOPOIO COOTBETCTBOBAJIO paJualbHOM
negopmanuu TpyOsl, IpeBbIIAIOIIEH aMILUTUTYAY ee KojeOaHuid IPU OTCYTCTBUU B HEH BOJBI.
Takum 00pa3oM, MOIIHOCTh M3IyueHHs M paboune oObeMBbl Yy CpaBHHBAEMBIX PEaKTOPOB
ObUIM OIMHAKOBBIMHU. DTO MMO3BOJMIIO HanboJiee MPOCTO MPUMEHUTh K CPAaBHEHHUIO PEaKTOPOB
TEOPHIO 11010011 KABUTAILIMOHHBIX IPOIIECCOB.

[TonkaroueHHble K OOIIEMy TIeHepaTopy TOKa YIJIbTPa3BYKOBOM YacTOThl MOIIHOCTBIO
1 kBm mnaTh mnpeoOpa3oBarenell B HKCHEPUMEHTAIbHOM peakTope npu pabdore OyayT
TpaHC(HOPMHUPOBATH IEKTPUUECKYIO SHEPIHIO B SHEPIHIO CUHXPOHHBIX YIPYTHUX KoJjeOaHHi
MHTETPUPYIOIIET0 aKyCTUYECKOr0 TpaHC(POPMATOpa, 3aKPEIVIEHHOTO C HATSTOM Ha Hapy >KHOU
CTEHKe KopIyca pabodero oobeMa — orpeska TpyOsl. [loaToMy uepe3 3Tu CTEeHKH OHU OyIyT
0e3 morepb MnepelaHsl B BOAY B BHJE LWIMHAPUYECKOM BOJHBI, COBMNAJAIONIEH OCHIO
IWJIMH/IPa ¢ OChIO MOTOKA BOJbI. [IOTOK BO/IBI, MPOXO/ BHYTPH PEAKTOpa, OyAET HCIIBITHIBATD
JeicTBUE SPO3MOHHOM MOILIHOCTH HUMITYJIbCOB JABJIECHUS, W3IY4YaeMbIX IIyJIbCALUSIMU
KaBUTAIIMOHHBIX ITy3bIPbKOB B 3TOM BoiHe. OOBeMHas IJIOTHOCTh 3TOH BbIIENsEMON
MOIITHOCTH MPUOOpPETET B BOJAE MPOCTPAHCTBEHHOE PACIIPEesIEHUE, MOKa3aHHOE Ha OCEBOM
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paspese puc.2. Ha 3ToM puCcyHKE XOpOILIO BHUJIHO, YTO BOJIM3M T'€OMETPUYECKOTO IEHTpa
peakTopa 3a cCuUeT aBTOyCWJIEHHUS (HEMapaMeTpUYecKOro YyCHJIEHUS) KaBUTAllUM B
WIMHIPUYECKON  BOJHE  oOpasyercs  MNPOTSDKEHHBIM — €AMHCTBEHHBI ~ MaKCHUMyM
pacnpeeneHus MIOTHOCTH MOIIHOCTH. TO ecTh MOTOK, MPOXOJIs Yepe3 peakTop, UCIBITAET
BO3JICHCTBUE C HAapacTaOUIEl K IEHTPY IJIOTHOCTHIO MOIIHOCTH. PacnpenenenHas B MOTOKE
BOJIbI DPO3MOHHASI MOIIHOCTH Oy1eT 3pheKTHBHO COBEpIIaTh pabOTy MPOTHB CHJI CIICTUICHHS
TUAPATHBIX 000JI0UEK ¢ MOHaMH OWKapOOHATHBIX cojiel, paspymias ux. VoHbI, THUIIEHHBIE
TUAPATHBIX 00O0JIOYEK U MOJyYMBIIHE OOJee BBHICOKYIO MOBEPXHOCTHYIO IJIOTHOCTH 3apsijia
BCTYIST B peakuuu oOpa3oBaHMs HEpacTBOPUMBIX KapOoHaroB. Ilpu sTOM peaktop ¢
HElapaMeTpU4YEeCKUM yCWICHHEM KaBUTALMM B OJIHOM aKyCTHYECKOHM sS4eiKe, Nepeaaronieit
yIIBTPa3BYKOBBIE KOJIEOAHUS MPSIMO 4Yepe3 CTEHKY TpyOompoBoaa, OyneT MMETh MPOCTYIO
KOHCTPYKIIMIO, TIO3BOJIIONIYIO JIETKO TEPHOAMYECKH OYMIIATh BHYTPEHHOCTH TpPyOBI HE
UMEIOIIEeH «3acTONHBIX 30H». CpenHsis B paboueM 00beMe peakTopa IIOTHOCTh 3PO3MOHHON
MOIIIHOCTH KaBUTAITMH Y 3KCIICPUMEHTAIBHOTO peaKTopa okasanach B 1,46 paza OosbIie, 4emMm
y peakTopa u3 [18].

' Puc. 2.

DKCIEePUMEHTATBHBIN KaBUTAIMOHHBII

peakrTop

PeakTop momoOHBIN OMMCAaHHOMY, MOXET OBITh d()PEKTUBHO MPUMEHEH, HANPUMEp, TPH
MPOU3BOJICTBE MOJIOYHBIX CHCTEM M3 CYXHX KOMIIOHEHTOB BMECTO ONHCaHHOTO B [19]
uHycTpuansHoro npoueccopa UIP4000 (Hielscher Systems GmbH).
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