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O0mas xapakTepucTuKa padoThl

AKTYyaJlbHOCTB H CTeNeHb Pa3paGoTAHHOCTH TeMbI HCCIe0BAHUSA

N3yuenne noBeaeHus KUAKOCTEHN ¢ My3bIpbKaMH IOA ACHCTBUEM YIBTpa3BykKa
MMeeT Ba)KHOE 3HAUCHHUE JUIS TOHUMAHUS M ONITUMHU3AIMH MTPOIIECCOB B XMMHUECKOM,
TOPHOIOOBIBAIOMIEH W MUIIEBON TIPOMBIIUIEHHOCTH. VCTIONb30BaHNe YIBTPa3BYKOBO-
TO BO3JEHCTBHSA — IMEPCHEKTUBHBIA METOA MOBHIIEHUS 3(P(eKTHBHOCTH (IIoTaIM-
OHHOT'O 00OTallleHHs], 0COOEHHO AJISl MEJIKOAMCIEPCHBIX YacTHIl, A€ TPAIULHOHHbIC
METO/BI IEMOHCTPUPYIOT HEAOCTATOUHYIO 3(P(HEKTUBHOCTD.

Hecmotps Ha TO, 9TO BIHSHUE YNBTPa3ByKa HA KUAKOCTh aKTMBHO M3y4aeTcs
¢ cepenunbl XX Beka, MHOTME acHEKThl, TaKME KaK JUHAMHKA MYy3bIPHKOB BOJIH-
3W MOBEPXHOCTEH C Pa3HON CMauyMBaeMOCTBIO W BIMsHUE N00aBok (conel, [TAB)
Ha KaBUTALHUIO, OCTAIOTCS HEIOCTATOYHO HCCICNOBAHHBIMHU. TeopeTHdecKkne Mo-
JIENTN TIPEICKA3bIBAlOT MOBBIIICHNE 3()(HEeKTHBHOCTH (DIOTAIMOHHBIX TIPOIECCOB 3a
CUeT YNBTPa3ByKOBOH 00pabOOTKH, OAHAKO SKCHEPHUMEHTATbHBIC JaHHBIE MOKA3bIBa-
I0T CJIOKHYIO 3aBHCUMOCTDB YJIBTPa3BYKOBBIX 3((EKTOB OT 4acTOThI M MOLIHOCTU
WCTOYHUKOB YJIBTPa3ByKa M COCTaBa YKUAKOCTH.

OKCnepuMeHTaNbHBIE B TEOPETHUECKUE NCCIIETOBAHMNS KaBUTAIMH TIPH yIIbTpa-
3BYKOBOM BO3CHCTBUU UMEIOT JJIUTEIBHYH) MCTOPHUIO U NPOBOAUIUCH HAYYHBIMU
KOJUIEKTHBAaMH B pa3jIMuHBIX cTpaHax. VccienoBaiuch paziM4HbIE acleKThl: 00pa-
30BaHUE U CXJIONBIBAHUE KABUTALIMOHHBIX MY3BIPBKOB, X B3aUMOACUCTBHE MEXKIY
coboii. Pa3pabareiBasinch METOANKN BH3yaln3allii KABUTAMOHHBIX MPOIIECCOB, a
TaK)Ke MOZEIH JJIsl IPOTHO3MPOBAaHUs OBEACHUS ITy3BbIPHKOB B CIOKHBIX cpefax. Bo-
IIpOCaM OIPEENIEHUS 30H aKTUBHOM KaBUTALUU IIPU YJIBTPA3BYKOBOM BO3EHCTBUU
MOCBSIIIIEHA TTepBasl IVIaBa HACTosIIeld paboTHI.

B cBsI31 C TEXHOJTOTHYECKIMH IPUIOKECHUAMH OOJIBIION HHTEPEC MPEACTABIIA-
€T U3y4YEeHHE MEXaHU3MOB B3aHMOJICHCTBUS MY3bIPEKOB C TBEPIABIMH ITOBEPXHOCTIMU
U Mex1y co0oii, nmpu aeiicTBum ynpTpasByka. COBpeMEHHBIE UCCIIENOBAHUS COCpe-
JIOTOYCHBI Ha aHAJIN3¢ M3MCHCHUH XapaKTePHCTHK MOBEPXHOCTH W WX BIUSHHUH Ha
TUHAMUKY ITy3BIPHKOB, YTO IMEET BAYKHOE 3HAUCHHE IS IPAKTHUSCKON pean3ariim.
Tak, yIpTpa3ByKOBOE BO3/ICHCTBHE aKTUBHO ITPUMEHSETCS B IPOM3BOACTBE HAHOKOM-
MO3HUTOB, IPH ITOM MEXaHHU3M TAaKOT'O BO3JEHCTBUS HA TBEPAbIC IOBEPXHOCTH JI0 CHX
MOp M3Yy4eH HEJOCTaTOYHO. JTO OOYCIIOBIMBAET aKTyaJIbHOCTh MCCIIEI0BaHMS B3au-
MOJICHCTBUSI ITy3BIPHKOB C TBEPIBIMH MOBEPXHOCTSIMH PA3IMYHOM runpodoOHOCTH,
KOTOPOMY ITOCBSIIIICHA BTOpAsl TJIaBa HACTOSIICH pabOTHI.

[IpuMeHeHHE YIBTPA3BYKOBOTO BO3JCHCTBHUS SIBISICTCS MEPCICKTUBHBIM Ha-
MPaBJICHUEM IOBBIICHUS 3(PPEeKTUBHOCTH (QroTalMu, 0COOCHHO s 00OTalieHUs
MEITKOUCIICPCHBIX PYJI, A€ TPAAUIHOHHBIE METO/IBI AEMOHCTPUPYIOT OTPAHHUYCHHYIO
PE3yJABTATHBHOCTh. YJIBTPa3ByK OKa3bIBa€T KOMIUIEKCHOE BO3JEHCTBHE Ha KIIOUe-
BbIE cTaANH (IOTAIMOHHOTO MPOIIECCa: B3aUMOACHCTBHE (DIOTAIIMOHHBIX MY3bIPHKOB,
TCHEPHUPYEMBIX a’pPAIlMOHHBIMH CHUCTEMaMH, C YaCTHIAMHU PYIbl B XXHIKOU Cpeie;
3aKperuicHre THAPOPOOU3HPOBAHHBIX YACTHUIl HA MY3bIPhKaX; U HX IOCICAYIOIIee
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BCIUTBITHE. BaxkHeHIIMM (hakTOpOM yNpaBieHHs dTUMH HPOLECCAMH SBISETCS KOH-
TPOJIb Pa3MEPOB U KOJIMUECTBA IMy3bIPbKOB. VccienoBannio 0coOEHHOCTEN reHepanum
ITy3bIPHKOB (PIIOTAIOHHOTO pa3Mepa MOCBAIIEHA TPEThsI I71aBa.

Baknyto poisib B pasielIieHuH pyJ METOOM (IIOTallMK MI'PAIOT OBEPXHOCTHO-
aKTHBHBIC BEIIECTBAa M PEareHThI, oOecleynBaloue N30UpaTeIbHyl0 THApodoOH-
3aIMI0 LICHHBIX KOMIIOHEHTOB PYZbI, YTO 00yCIIaBIMBAacT HEOOXOIUMOCTh M3Y4EHHS
BIIMSIHUSA YNbTPa3ByKa Ha BOAHBIC PAacTBOPBI, COAEprKallue 3TH no0aBku. s npu-
MEHEHHS YJIbTPa3ByKOBOH 00pabOTKH MpH 000TalIeHHN KaTMHHBIX Py BAYKHO TaKKe
W3YYHTh BIMSHHE YABTPa3Byka Ha BogHble pacTBopbl coneit NaCl n KCI. [Tonumanue
MEXaHU3MOB BO3ICHCTBUS YIbTPa3Byka Ha (JIOTALMOHHYIO CUCTEMY C YYETOM BBe-
JCHUSI XUMUYECKUX J100aBOK MMEET IPUHINIHNAIGHOE 3HAaYCHHUE IJISI ONTUMH3ALIN
TEXHOJIOTHYECKHUX IPOLECCOB U MOBBIMICHHS 3 PEKTUBHOCTH PA3AEICHUS MUHEPAIIb-
HBIX KOMIIOHEHTOB.

Heabio guccepTamoOHHON pabOTHI ABISETCS ONMpeaeIeHHe 3aKOHOMEPHOCTEH
IIpOUECCOB, BO3HUKAIOUINX B XUAKOCTAX C IY3BIPbKaMHU IIPU YJIBTPa3ByKOBOM BO3-
JIECTBUM.

I_IJ'ISI JOCTHXKCHHUS LCJIN B XOAC BBIITOJTHCHUA pa60T1>1 HGO6XOI[I/IMO OBLIO PEeUINTH
CJICAyomure 3aaaun:

1. Pa3paboTka MeTo[a perucTpaluy, IO3BOJISAIOMIErO MOTYIUTh JaHHBIE O TIPO-
CTPaHCTBEHHOM pacHpelelieHHd U BPEMEHHOW DBOJIIOIIMM aKTUBHOCTU Ka-
BUTALMOHHBIX COOBITHH B COHOXMMHYECKOM PEAKTOPE C MCIIOIb30BAHUEM
TEIUIOBBIX KapT.

2. Wccnenosanue Buwstaus KoHneHTpanuu comr NaCl u ITAB SDS (nomerin-
cynbdara HATPHsl) HA KABUTAIMOHHYIO aKTUBHOCTb.

3. W3ydeHue qUHAMMKHU My3bIPHKOB BOJIM3H U HA TBEPABIX OBEPXHOCTSIX C pas-
JIMYHOM CTENEHBI0 CMaYMBAaEMOCTH IIPHU YIBTPa3BYKOBOM BO3/ICHCTBHH.

4. HWccnemoBaHue BIUSHHS YIBTPa3ByKa Ha TEHEPAIMIO BO3MYIIHBIX ITy3BIPh-
KOB (pJIOTAIIMOHHOTO pa3Mepa B BOJIEC W BOIHBIX pacTBopax coier u [TAB ¢
TTOMOIIIBIO KBAPIIEBOH YIBTPAQIIBTPAIIMOHHON MEMOPaHHI.

HayuyHast HOBU3HA pabOTHI COCTOUT B TOM, 4TO B HEH:

— Pa3pabotaH HOBEII METOJ pErUCTPAIlH KABUTAIIMOHHOM aKTHUBHOCTH, 00ec-
TIEYNBAIOIINH POCTPAHCTBEHHO-BPEMEHHOH aHAIH3 aKTUBHOCTH KaBHUTAIIH-
OHHBIX MTPOIIECCOB B 00bEME COHOXUMHUIECKOTO peakTopa.

— OOHapyxeHa KOppeNslrs MeXay MOJMSIMU KaBUTAIMOHHON akTHUBHOCTU U
aKyCTHUYECKOTO IaBJICHMsI, TO3BOJISIONIAs HCIIOIB30BATh TaHHBIE O pacipee-
JIEHUY aKTUBHOCTH KaBUTALMU JUIsl HAXOXKACHUS PACIIpE/IeIeHUs 3ByKOBOTO
JIaBIICHUS.

— Haiineno, gto yBenmuenne xorneHTpanuu NaCl B Bozie IPHUBOAXT K TTOaB-
JICHUIO KaBHTaHI/IOHHOﬁ AKTUBHOCTH 34 CYCT ITOBBILLICHUS HOBerHOCTHOFO
HATSHKEHUS U BI3KOCTH PACTBOPA, UTO 3aTPYAHACT 00pa30BaHUE U POCT KaBH-
TaLMOHHBIX ITy3bIPHKOB.
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OOHapy»XeHO, YTO IOA JCHCTBHEM YJIBTpa3ByKa MOBEPXHOCTh ITy3bIPbKa, 3a-
KPETUBILErocs: Ha THAPO(GOOHON TBEP/I0H MOBEPXHOCTH, COBEPIIAET Kojeha-
HUSI C 4YaCTOTOH, OJIM3KOM K YacToTe BTOPOH MOJIBI COOCTBEHHBIX KOIeOaHUH
(opMBI cheprIecKOTo Imy3BIPhKa.

ITokazaHo, 4TO B pe3ynbTaTe BO3AECUCTBUS YJIBTpPa3ByKa CTaTUUECKUNA KOH-
TaKTHBIH yTOJN YMEHBIIAETCS 3a CYET M3MCHEHHUS CBOWCTB IOBEPXHOCTH, a
TocJIe MpeKpanieHust 00pabOTKH 0CTAeTCsl HEM3MEHHBIM B T€UEHHE JUTUTEIb-
HOTO BPEMEHHU.

IMTokazaHo, 4TO ynbTpa3ByKoBas 00padoTKa BogHBIX pacTBopoB NaCl mpuso-
JIIT K YBEINYEHHIO CPEIHETO pa3Mepa My3bIPhKOB, TCHEPUPYEMBIX MEMOpPaH-
HBIM METOJOM, I10 CPAaBHEHHUIO C YHCTOM BOIOM.

3auKcHpoBaH M KOJMYECTBEHHO OXapaKTEpH30BaH I(P(PEKT COBMECTHOIO
BimsiHust podasnennst NaCl u SDS B ynbTpa3ByKOBOM I10J1€, IPOSIBIISTIOIINIH-
Cs1 B COXPAaHEHHUH paclpeAeIeHHs Iy3bIPbKOB 110 Pa3Mepy, XapaKTepHOTO JUIs
YHCTOH BOZIBI, IIPU AECITUKPATHOM YBEJINYECHUN KOJIMUYECTBA TEHEPUPYEMBIX
ITy3BIPHKOB.

OcHOBHBIE MOJIOKCHHU A, BBIHOCUMbBIC HA 3AIIIUTY:

Pa3paboranubiii Ha OcHOBE TecTa (DOJBrOW W BHU3YyAIH3AIMH C HCIIOIB30-
BaHMEM TEIUIOBBIX KapT METOJ PETHCTPAIMU KaBUTALMOHHOW aKTUBHOCTH
obecrieunBaeT BO3MOXHOCTh IPOCTPAHCTBEHHO-BPEMEHHOTO aHalIN3a KaBH-
TAI[MOHHBIX IIPOLIECCOB B 00BEME COHOXMMHUECKOTO PEaKkTopa.
OOHapy>keHHas KOPPEJISIHS MEX Ty KABUTAI[IOHHON aKTUBHOCTBIO M aKyCTH-
YEeCKUM JIaBJICHUEM T103BOJISIET UCIIONb30BaTh KAPThI KABUTAIIMOHHOMN aKTHB-
HOCTH B Ka4€CTBE MHMKAaTOPOB 3BYKOBOT'O OJISI B XKHKOCTSX.

Jlo6asnenue comn NaCl npuBOANUT K YMEHBIICHHUIO KABUTALMOHHOW aKTHUB-
HOCTH BCJIEJICTBHE POCTa TOBEPXHOCTHOTO HATSKEHUSI U BI3KOCTH PacTBOPA,
Toraa Kak no6aBka SDS BBI3BIBaCT yMEHBIIEHHE AKTUBHOCTH KaBHTAIUH,
00yCIIOBIIEHHOE TeHepalieil MHOKECTBa KaBUTALMOHHBIX 3apOJbIIIeH mpu
0011eM CHHKEHHH TIOBEPXHOCTHOTO HATSKEHHSI.

[Tpn BO3zeiicTBUM YNbTpa3ByKa, BO3HHKAIOT KOJIEOAHHsS MOBEPXHOCTH ITy-
3bIpbKa, 3aKpeNUBIIErocs Ha ruapooOHOM TBEPIOH TOBEPXHOCTH, C YACTO-
TOM, OJTM3KOH K 9acTOoTe BTOPOH MOZIBI COOCTBEHHBIX KOIeOaHUH (POPMBI IS
c(epudeckoro my3bIpbKa.

VnbrpaszBykoBas 00pabOTKa MPHUBOJAMT K YMEHBIIEHUIO CTATHYECKOrO KOH-
TAKTHOTO yIJia 3a CYET M3MEHEHHs CBOWCTB MOBEPXHOCTH; ITOCIE MpeKpa-
IIEHHS YJIBTPa3ByKOBOTO BO3/ICHCTBYSI yCTaHOBHBIIEECS K KOHIY 00paboTKu
3HAYEHHUE yITIa OCTACTCSl HEM3MEHHBIM B TEUCHHUE AIUTEILHOTO BPEMEHH.
VYneTpa3BykoBas 00paboTka BogHbEIX pacTBOpoB NaCl BEI3BIBaET yBETHUEHIE
cpeznHero pa3Mepa (IIOTAMOHHBIX MY3bIPHKOB, TEHEPUPYEMBIX C ITOMOIIBIO
MeMOpaHbl, 110 CPABHEHUIO C YUCTOM BOJOH. J{)1s BOAHBIX pacTBOPOB, COAEp-
skanmx ogHoBpeMeHHO NaCl (0.3 mosns/im) u SDS (3 MMonb/in), HabmonaeTcs
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3¢ deKT, TPOSBIAIOIIUICA B COXPAaHEHUN THCTOrPaMMBbl PacIIpeAeIeHus ITy-
3BIPBKOB TI0 pa3Mepy, XapaKTePHOMY AJIsl YUCTON BOJIBL, TPU OTHOBPEMEHHOM
YBEIMYCHUH Ha TOPSIO0K KOJIMYECTBA ITy3bIPHKOB B 00BEME JKHIKOCTH.
IIpakTHyeckas 3HAYMMOCTb Pe3ynbTarhl, OIy4YeHHBIE B paMKax AuccepTa-
LMOHHOW paboThI, YIIyOJIsIOT NOHMMaHHWE MEXaHM3MOB YJBTPa3BYKOBOTO BO3JIEH-
CTBHUS HA JKUJKOCTHU C IIy3bIPbKaMHU.

MeTon, IpeTOKEHHBIIA B TIEPBOM IIaBE AUCCEPTAIUU, MOXKET OBITh UCIIOIBL30-
BaH JId NPOCTPAHCTBEHHO-BPEMEHHOI'O aHAJIM3a AKTUBHOCTHU KaBUTAIITMOHHBIX IIPO-
1IECCOB B CBETOMPOHHIIAEMBIX KHUJIKOCTAX.

Pesynbrarhl, H310XKEHHBIE BO BTOPOii INIaBe, MOT'YT OBITh IPUMEHEHbI IPH aHa-
T3¢ MPOLECCOB 3aKPEIUICHUS My3BIPHKOB Ha TBEPABIX IIOBEPXHOCTAX M U3MEHEHHS
CMaYMBaE€MOCTHU MMOBEPXHOCTEH IO AEMCTBUEM YIIBTpa3ByKa.

Marepuaibl TpeTbeil IIaBbl JAalOT MPEACTABICHHE O 3aKOHOMEPHOCTSX I'eHe-
pammu my3BIppKOB B BOMHBIX pactBopax comu NaCl m [TAB SDS. YcranoBieHHBIC
3aBHCHMOCTH BIMSHHSA YIBTPa3Byka Ha IIapaMeTphl FeHEPUPYEMBIX I'a30BBIX BKIIIOYE-
HUH MOATBCPKAAIOT BO3MOXKXHOCTD YIIPABJIICHUA UX pa3MEpaMu U KOHHCHTpaHI/Ieﬁ.

[Tony4eHHBIE B IUCCEPTALIMOHHONM paboTe pe3ysbTaThl MOTYT OBITH UCIIONIB30-
BaHBI B Pa3JIMYHBIX TEXHOJIOTHYECKUX IPHIOKEHHAX, BKIIIOYAsl MPOLEecCHl (IoTamu-
OHHOTO 00OTaIIeHHs MOJE3HBIX UCKOMAEMBIX.

MeTonoJi0rusi M MeTobI HccJenoBaHusl. OCHOBY HCCIENOBaHHA COCTa-
BT (U3MUYECKUN SKCIEPUMEHT. Bce M3MepeHHs NMpOBOIMINCH C HCIIOIb30BAHHUEM
BBICOKOTOYHBIX METOJOB U COBPEMEHHOTO H3MEPHUTEIHHOIO 000pymOBaHUS, obec-
MIEYMBAIOIINX BBICOKYI0 YyBCTBHTEJIBHOCTh W HAAEKHOCTh H3MEPCHHH, a TaKxke
BOCIIPOU3BOIUMOCTD NOJyYaeMbIX TaHHBIX.

JKcnepuMeHTaIbHAS YCTAHOBKA M YCJI0BHSI MPOBeIeHUsI ONbITOB. Bee skc-
TIEPUMEHTHI TPOBOIUIINCH C MCTIONH30BAHUEM COHOXHMHYECKOTO peakTopa B opme
MIPSMOYTOIBHOTO MapaljieNienuIea, OCHAIEHHOTO YABTPa3ByKOBLIM H3TydyarelieM ¢
gyactoToi 28 k['1|, pacrosIoKeHHBIM B €r0 HMXKHEH yactu. B kauectBe paboueii cpe-
JIBI UCTIONIE30BAITUCH TUCTIILTUPOBAHHAS BO/a, BoAHEIC pacTBophl comu NaCl u [TAB
SDS pa3HOW KOHLIEHTpAlUH.

Metoapl aHajiM3a KABUTALMOHHOW aKTHUBHOCTH. /Ui mMccieqoBaHUS Ka-
BUTALMOHHOM AaKTUBHOCTH ObUI TPHMEHEH pa3pabOTaHHBIH B paMkax paboThl
MOAN(HUINPOBAHHBIH METON TecTa (HONBroi, MO3BOJSIOIINK IOMy4aTh JAaHHBIE O
MIPOCTPAHCTBEHHO-BPEMEHHON 3BOMIIOLNUM KABUTAL[MOHHON AaKTHMBHOCTH B PEAKTO-
pe. B kadecTBe MHAMKATOpa WCIONB30BANIaCh almOMUHHEBas (omsra tommuHON 10
MKM, 3aKpeIICHHas Ha BEPTHUKAIBHOW paMmke. IIpocTpaHCTBEHHOE pacipeneicHue
KaBUTAI[OHHBIX TOBPEXICHUH (UKCHPOBAIOCH LU(PPOBOH KaMepol ¢ KOHTPOBBIM
OCBEILIEHUEM UYepe3 PaBHbIC BPEMEHHBIE UHTEPBAJIBL.

[ony4yeHnusre m300pakeHNsI 00padaTHIBAIICh C TOMOIIBIO CIICIIMATH3UPOBAH-
HOTO MporpaMmHoro obecrieuenusi Ha Python, Bkirouaromero nudpoByo oopadboTKy
n3obpaxenuii. [Iporpamma prkcupoBana MOMEHT BpeMEHH, IUIOIIAAb U PACTIOIOXKeE-
HUE 30H paspylieHus (oJbrH, YTO JaJo BO3MOXXHOCTH HOJYYHTH KOJIMYECTBEHHBIE
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JAaHHBIC O NPOCTPAHCTBEHHO-BPEMECHHOM paClpeACICHUN KaBI/ITaHI/IOHHOﬁ AKTHBHO-
CTH.

J1s1 MccnenoBaHus JUHAMHMKH NMYy3bIPLKOB HA TBePAbIX MOBEPXHOCTSAX HC-
MOJIH30BAIACh IKCIIEPIMEHTAIbHAs yCTaHOBKA C KBAPIIEBBIM KaIMJUIIPOM AUAMETPOM
0.3 MM U1 TeHepaIiy ITy3bIPHKOB U TPEMs TUITAMU TBEPABIX IUNIACTHH PAa3HOM CTEeNEeHN
CMauMBaHUsI, 3aKPETUICHHBIX TOPU30HTAIIBHO B JKHJIKOCTH: THAPOMUIBHBIM KBapLEM,
akpwioM U ruapodooHbM TeduioHoM. [Iporiecc B3auMOAEHCTBUS pErHCTpUpPOBAIICS
BBICOKOCKOPOCTHOM KaMepoii 1 kKaMepoii ¢ TeJeeHTpuiaeckuM oobekTiBoM. [Tocnermy-
om1as 00paboTKa MMO3BOJSIIA aHAIM3UPOBATh XapaKTEPUCTHKH (HOPMBI: KOHTAKTHBIN
JIUaMETP, KPAaeBOU YroJl, BBICOTY I1y3bIPBKOB.

I'enepanuss M aHanu3 Ny3bIPBKOB (roTanmoHHOro pasmepa. Ily3bippku
(roranmoHHOTO pazMepa (HOPMUPOBAINCH C TIOMOIIBIO KBApIEBOH ynbTpaduibrpa-
UOHHON MeMmOpaHns! (quametp mop 0.9 — 1.4 MKM) npu mozade BO3MYITHOTO TOTOKa
¢ pacxomoM | n/muH. PacnpeneneHue my3bIpbKOB 10 pa3Mepy OIPEAENIsIOCh METO-
JlaMU KOMITBIOTEPHON 00pabOoTKH n300pakeHnil. Pe3ynbrarel BU3yaln3upOBAINCH B
BU/IE KaCKaJIHBIX IMarpaMm paciipe/ielieHus U rpauKoB 3aBUCHMOCTH KOHLIEHTPALiN
My3bIPHKOB OT COCTaBa pPacTBOpA.

JocToBepHOCTh 00ecTieunBaeTCs GU3NIECKON 000CHOBAHHOCTHIO TOCTAHOBKH
OKCIIEPUMEHTA, MPUMEHEHNEM COBPEMEHHON M3MEPUTENBHON ammaparypsbl, anpoou-
POBaHHBIX 3KCHEPHUMEHTANBHBIX METONUK. [loydeHHbIE pe3ybTaThl COMIACyIOTCsS C
JIUTEpaTypHBIMHU JaHHBIMU, TEOPETUYECKUMH U 3KCIIEPUMEHTAIBHBIMH PE3YJIbTaTaMU
JOPYTUX HCCICIOBATENCH.

Anpodauus padoTbl. Pe3ynbraTsl quccepTaliioHHON paOOTH JOKIaIbIBATHCH
Ha MEXBY30BCKOW HayYHO-TIPAKTHYECKON KOH(EPEHIMH CTYICHTOB, aCIIMPAHTOB U
Mojoabix ydeHbix «®Pusuka g Ilepmckoro xpas» (Ilepms, 2017); Bceepoccwuii-
CKOH KoH(epeHINHU ¢ MeXayHapoHbIM yuacTueM «IlepMckue ruaponuHaMudeckue
Hayunbele greHus» (Ilepmb, 2018, 2020, 2022); Russian Conference on Magneto
Hydrodynamics (Perm, 2021); International Symposium «Non-equilibrium processes
in continuous media» (Perm, 2021); 13-t MexayHapoaHOH KOH(EPEHITUU-ITKOIBI
MOJIOZIBIX yUeHBIX «BOJHBI 1 BUXPHU B CIOKHBIX cpenax» (Mockaa, 2023); XIII Bee-
POCCHICKOM Che3/ie TI0 TeopeTHYeCcKol 1 MpukiagHoi Mexanuke (CaHkr-IletepOypr,
2023) 3umHei mkone mo Mexanuke cmutomHbix cpen (Ilepms, 2021, 2023, 2025);
Ilepmckom ruppomnnHammdeckom cemuHape (Ilepms, 2023, 2024); Beepoccuiickoit
KOH(epeHIIH MOJIOABIX YaeHbIX-MexaHukoB (Coun, 2021, 2023, 2024); International
congress of theoretical and applied mechanics ICTAM2024 (Korea, 2024); Bce-
poccuiickoM ceMuHape «DU3UKO-XUMUS IOBEPXHOCTEN U HAHOPA3MEPHBIX CUCTEM)
(Mocksa, 2025), na IX Poccuiickoif KOH(pEpPEHIIMH — IIKOJIE MOJIOABIX YUYEHBIX C
MEKTyHApOIHBIM ydacTueM «MHoroga3Hble CHCTEMBI: MOJEIH, SKCIIEPUMEHT, TIPH-
noxerms» (Yoa, 2025).

HUccnenoBanusi, pe3yinbTaThl KOTOPBIX BOIUIM B JUCCEPTALUIO, POBOIMINCH
npu nogzepxke rpantoB PH® (20-69-46066, https://rscf.ru/project/20-69-46066/ n
24-11-00269, https://rscf.ru/project/24-11-00269/), u KpynHOr0 Hay4HOTO IPOEKTa
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https://rscf.ru/project/20-69-46066/?CODE=20-69-46066
https://rscf.ru/project/24-11-00269/%20

npu (puHaHCOBOM noxaepxkke MunoOpHayku Poccun (cortamenue Ne 075-15-2024-
535 ot 23.04.2024).

JImuHbIi BKJIaA. ABTOp CAMOCTOATENILHO pa3padaThiBall KOHCTPYKIMH M U3T0-
TaBJINBAJ SKCIIEPUMEHTAJIbHBIE YCTAHOBKH, IIPOBOIMII U3MEPEHUS U ITOCIEIYIOIIYTO
00paboTKy IaHHBIX. BICTyman Ha HaydHBIX KOH(EPEHOUSIX ¢ AOKJIAJaMH II0 TEME
JUCCepTalMOHHOM paboThl. [locTaHoBKa 3a1ad, 00CYKACHHEe W MHTEPIPETAIUS pe-
3yJBTaTOB OCYIIECTBIISIUCH COBMECTHO C HAy4YHBIM PYKOBOAUTENIEM U COaBTOPAMHU.

IIy6auxanun. OCHOBHBIE pe3yNbTaThl 0 TEME TUCCEPTALUN U3JIO0XKEHHI B §
MIeYaTHBIX M3/IaHMAX, 8 U3 KOTOPBIX OIMYOIMKOBAaHBI B KypHAJIaX, PEKOMEHOBAaHHBIX
BAK, u3 HEX 7 — B IepHOOMYECKUX HAYyYHBIX KypHAJIaX, HHACKCHpPyeMbIX Web of
Science u Scopus.

Conep:xanue padoThl

Bo BBegeHMH npHBEAEHB! aKTyalbHOCTh M MPAKTHYECKas 3HAYUMOCTH pado-
TBI, COPMYIIUPOBAHBI 1€, 33/1a4l, HayYHas HOBMU3HA W IMOJIOXEHUS, BEIHOCHMBIE
Ha 3alINTY.

IlepBas raBa MOCBSIICHA METOAAM HCCIEIOBAHHUS AKyCTHYECKHX MOJIEH U
perucrpanuy KaBUTAlMOHHBIX cOObITHH. [IpeacraBinen 0030p COBpEMEHHBIX HCCIIe-
JIOBaHUI B 3TOH 00NACTH, BKIIOYAIOUIMH aHAIN3 3KCIIEPUMEHTAIBHBIX METOIUK, UX
NpeuMyuiecTB U orpanudenui [ |—3]. IlpeacraBiena KOHCTPYKIMS SIKCIIEPUMEHTAb-
HOW ycraHOBKH (Puc. 1a) u mpuBeneHH pe3yiabTaThl HCCICAOBAHNS KaBUTAIMOHHON
AKTHBHOCTH B COHOXHMHYECKOM PEaKTOpe MPH YIBTPa3BYKOBOM Bo3aeicTBuu. Omn-
ChIBaeTCs pa3pabOTaHHBIN B paMKax AMCCEPTALIMOHHON paboThl METO/ PErUCTPaLUH,
KOTOPBIH 00ecreunBaeT BU3yaIn3aliio NPOCTPAHCTBEHHOTO paclpe/iesIeHNs] KaBUTa-
IMOHHBIX coObITHH (Prc. 16) 1 MO3BOISET OTCIIEKNBATh NX BPEMEHHYIO THHAMHUKY C
UCTIONIb30BAaHNEM TEIUIOBBIX KapT.

OKCIepUMEHTAIBHBIE HCCIIEIOBAHUS IPOBOMIINCE C UCTIOIb30BAHUEM COHOXH-
MHYECKOTO PEeaKTopa, MpeICTaBILIIoNEro co0oi KioBeTy B (opMe MPSIMOYTOIBHOTO
napajuiesIenunesa ¢ 3aKperuIeHHBIM B HU)KHEH 4acTH YJIbTPa3BYKOBBIM H3JTydaTereM
yactoro 28 kI'11 (Puc. 16). st perncrpanny KaBUTAMOHHOW aKTHBHOCTH HCTIOJb-
30Bajiach allOMHHHEBas Qoisibra TomuuHoi 10 pM, HaTSHyTas Ha BEPTHKAIbHYIO
paMKy, paspymieHue (OIbrH SIBISUIOCH MHIMKATOPOM KaBHUTAIMOHHOW aKTHBHOCTH.
Peructparus obnacteli pa3pyieHus TPOU3BOAUIACH C TOMOIIBIO TU(POBO KaMepHI;
MOJIyYCHHBIC JJAHHBIC 00pPa0aThIBAIMCH C MIOMOIIBIO TPOTPaMMbl 00pabOTKK U300pa-
JKeHHUH, HanucaHHoW Ha Python.

Pa3paboTaHHbBIH MeTOA MO3BOJMI PEIINTh TPH 3aJaqyd: IPOAHAIM3UPOBATH
MIPOCTPAHCTBEHHO-BPEMEHHOE paclpe/elieHne KaBUTAI[MOHHONW aKTHBHOCTH B -
CTHJUTUPOBAaHHOW BOJE, MccienoBath BiusHue nob6aBok comu NaCl u ITAB SDS
pa3NUYHON KOHLEHTPAIMM Ha KaBHTAIMOHHBIC IPOLECCH], BKIIOYas CKOPOCTH 00-
pa30BaHUS U PACHOJIOKEHHE KABUTAI[MOHHBIX 30H, a TaK)K€ CONOCTABUTH IKCIEPH-
MEHTaJIEHBIE JaHHbIE O paclpe/ie/ICHHN KaBUTAIIMOHHOW aKTUBHOCTH C pe3yJbTaTaMy
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Puc. 1 — a) [IpuHIIMNIManpHas cxemMa HKCIIEPUMEHTATFHON YCTaHOBKH: 1) KioBeTa; 2)

28 xI'1] - ICTOYHUK YNBTPa3ByKa; 3) paMka ¢ GpoIbroi; 4) HICTOUHUK KOHTPOBOTO CBETA;

5) xamepa Nikon d7200; 6) Cxema mporpammbl Jiisi 00paOOTKH IKCIEPUMEHTAIIb-

HBIX JIaHHBIX: ITPe0o0pa3oBaHNe JBYMEPHOU TEIUIOBOW KapThl HOBPEXKICHUH (OIBIH B

TpEXMEpPHOE MPENICTABICHHE MPOCTPAHCTBCHHO-BPEMEHHON TUHAMUKN KaBUTAIHOH-
HBIX COOBITHH

YHCIICHHOTO MOJEINPOBAHUS MOJIS aKyCTHYECKOrO ABJICHHs B COHOXMMHYECKOM pe-
aKTope.

AHanu3 TEeIIoBBIX KapT NPOAEMOHCTPHPOBAJ CYIIIECTBEHHbIE N3MEHEHHUS B Xa-
pakTepe KaBHUTAMOHHOW aKTUBHOCTH MpH Ho0aBieHnd B Bomy comu NaCl n [TAB
SDS. B cmygae pactBopoB NaCl Habmrogaercsi cMeleHne 30H MaKCHMaJIbHOTO pas-
PYIIEHHS OT IEHTpa K BEPXHEW YacTH KIOBETH M 00Iee CHIKEHHE TUIOMAAN 30H
MOBPEXCHUH C POCTOM KOHIeHTparuu conu (Puc. 2, 3a). Takoe moBeneHue cBsI3aHO ¢
M3MEHEeHNEeM (PHU3MKO-XMMUYECKUX CBOWCTB JKUIKOCTH: YBEIMYEHUE TTOBEPXHOCTHOTO
HaTSDKEHUS U BA3KOCTH PAcTBOpa MPUBOAUT K ITOBBIILICHUIO TOPOTa aKyCTHYECKOH Ka-
BuTanuy, a HoHbl Na™ u Cl™ BBICTYNAIOT JOMIOHUTENBHBIMY IEHTPAMH HyKJIEAIVH,
CIOCOOCTBYsSI 00pPa30BAHUIO MHOXKECTBA MEJKHX IY3bIPHKOB BMECTO OTHOCHTENIBHO
KPYIHBIX KaBUTALMOHHBIX ToyiocTel. [Ipu 9TOM BbIensieMas TIPH CXJIONBIBAHUH ITy-
3BIPHKOB SHEPIUS pacCEUBACTCA B 00bEME KHUIKOCTH, YTO U OOBSICHIET YMEHBIICHUE
TUTOINAAN pa3pylieHuit gomsru [4].

Hob6asnenne SDS, kak W B cily4ae C COJbIO, MPUBOJUT K CHIDKEHHUIO KaBU-
TaIMOHHON aKTHBHOCTH MO cpaBHeHHIO ¢ Bomoi (Puc. 30), omHako HaOmromaercs
MPUHIUITAATBHOE OTIIMYHE: 30HBl MAKCUMAIIbHON KaBUTAIIHOHHON aKTHBHOCTH CME-
IIaroTCsl K OOKOBBIM CTEHKaM peakTopa. Takoe mepepacrpeesicHie KaBUTaIlHOHHBIX
COOBITHI 00YyCIIOBIEHO KOMIUTEKCHBIM nieiicTBreM ITAB: cHmkeHHe MOBEpXHOCTHO-
r0 HaTsHKEHUs obsierdaetT oOpasoBaHME IMy3BIPHKOB, a afacopOIms moiekyn SDS Ha
rpaHuIax paszena gpas cTabWIN3UpPyeT MUKPOITY3bIPHKHU, KOTOPhIC KOHIICHTPUPYIOT-
Csl IPEUMYIICCTBEHHO Y TBEPIBIX TTOBEPXHOCTEH.
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Puc. 2 — TennoBble KapThl, WILTIOCTPUPYIONINE 30HB KAaBUTALIMOHHON aKTUBHOCTH B
pacTBOpax, IuIsl pa3IMYHBIX KOHIEHTpauuii conn: a) Cy = H20;0) Ch = 0.6 Mons/n
NaCl; B) C; = 1.0 mons/a NaCl

ComnocTraBiieHHe 3KCIIEPUMEHTAIBHBIX aHHBIX O PacIlipeAeIeHIN KaBUTalllOH-
HOM aKTHBHOCTH C Pe3yJbTaTaMH YHCICHHOTO MOJEIUPOBAHUSA MO aKyCTHIECKOTO
JaBJICHUS B COHOXHMHYECKOM peakTope, npoBeaeHHoro M.0. C60eBbM [5], BBIABHUIIO
KOPPEJSILIUI0 MEXY 30HAMU KaBUTALIMOHHOW aKTUBHOCTH U 00IACTSIMU C TOBBIIICH-
HBIMH 3HaYE€HHMSMH aKycTH4eckoro nasieHus (Puc. 5). D10 cBHAETENBCTBYET O TOM,

20 —— T
| Co — H:0 3 ol H,0O ]
i C, - 0.6 Monb,x"n NaCl S HeCy =1 mmomn /1 "
150 CQ 1.5 moub /51 NaCl . L o(}_) =2 MM()HL//J‘[ * "]
r[+ €5 — 5.5 momn/n NaCl| » 1 300 . ]
IS r o 1 IS [ . * ]
- 100 : ] N L ]
S [ ! ] S 20 v PTLS
L . 4 L * _o8° 4
L 4 - 5 ® e N
5r H o 10 L °° ve o
[ e ] r of et ]
ok . 1 L - et ]
I et 1 fadoeet’ 1
[TE 1 2 P OPPPOT TR LA - T B S RS
0 100 200 300 08 100200 300
t, c t, c
a) 0)

Puc. 3 — BpeMeHHast flMHAMHMKa OTHOCUTENBHOMN IIJIOIIAIH pa3pyIieHHH TOBEPXHOCTH

donbru (PD (%) = Sq/S; - 100%, tne Sy - miomias MOBPEKIEHHON TOBEPXHOCTH,

a S; - monHas wiom@aas GOIbIH 10 YIBTPa3ByKOBOTO BO3ICHCTBHS) /ISl @) PACTBOPOB

comu NaCl: Cy = H>0; C7; = 0.6 mons/n NaCl; Cy = 1.0 mons/n NaCl; Cy, = 5.5
moiw/11 NaCl; 6) pactsopos SDS: C7 = 1 mmon/i; C'y =2 MmO/
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Puc. 4 — TemmoBsle KapThl, WUTIOCTPUPYIONINE 30HBI KAaBHTAIHOHHON aKTHBHO-
CTM B pacTBOpax, I pasiuuHbIX KoHueHTpamwii IIAB: a) Cy =  H0; 0)
C1 = 0.6 mmonse/n SDS; B) C7; = 1.0 mmons/in SDS

a) 6)

Puc. 5 —a) IlonydeHHOe B 9KCIEpUMEHTax ¢ BOAOI1 Oe3 mpuMeceil pacipeieneHue 301

KaBUTAIIMOHHON aKTUBHOCTH; 0) Pe3ynbrar 4nciieHHOTO MOISTMPOBAHHS pacipe/esie-

HUS aKyCTHYIECKOTO JaBIeHus [ 5], T/1ie MyHKTUPHBIE TMHUH COOTBETCTBYIOT ITyYHOCTSM
aKyCTHIECKOTO JABICHUS
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YTO pa3pabOTaHHbBIH METOJ MOXET CIYXHUTh 3(P(EKTUBHBIM WHCTPYMEHTOM BHU3ya-
JIM3allMi 1 MOHUTOPHHIA YJIBTPa3BYKOBBIX I10JI€H B yCTAaHOBKAX, MCIIOJIB3YEMBIX JIIS
oOoramieHus pyJ, OYUCTKH HOBEPXHOCTEH N COHOXUMHYECKUX ITPOIIECCOB, YTO MO3BO-
JSIET ONTUMU3UPOBATh UX PaboOUKe MapaMeTpsbl.

[TpencraBieHHbIC B TaHHOW IVIaBe PE3yNIbTAThl CBUAETEIBCTBYIOT O TOM, UTO B
pactBopax con NaCl u [TAB SDS nat6monaetcst o01ias KapTHHA CHIYKEHYSI aKTHBHO-
CTH KaBUTAIIMOHHBIX COOBITHH, YTO MOXKET MOBIHATH Ha UCIIOJIb30BaHNE YIBTPa3BykKa
B Iipouecce (uroTanuu, U3MEHsIs IPOLIECChl 00pa30BaHus U CTaOMIIBHOCTH IY3bIPHKOB,
UX B3aUMOJICHCTBHE C YaCTUIIAMH PYIBI U, KaK CIeACTBHE, 23(Q()EKTUBHOCTH pasjerne-
HUSI MUHEPAIBHBIX KOMIIOHEHTOB.

Bropas ri1aBa nocBsileHa W3yYEHUIO AWHAMUKHU T'a30BBIX ITy3BIPHKOB BOMIH-
31 TBEPIBIX MOBEPXHOCTEH C PA3IMYHON CTENEHBIO CMAaYUBAEMOCTHU MO AEUCTBUEM
yabpTpa3Byka. JleTalbHO HCCIIEN0BaHBI OCOOCHHOCTH B3aUMOICHCTBHS BO3IYIIHBIX
Y3bIPHKOB € TUAPOPHUIBHBIMH (KBapI[) ¥ OTHOCUTENBHO THAPOPOOHBIMH (aKpHJI, Te-
(JI0H) TOBEPXHOCTSIMH, ITPOAHAITU3UPOBAHO BIMSHUE YIBTPa3BYKOBOTO BO3IECHCTBUS
Ha UX NOBEJICHNE, BKII04asi KojiebaHusi popMbI 1 3BOJIIOLMIO KOHTAKTHOTO YT,

Jlnst mpoBenieHnsT SKCIEPUMEHTOB Oblila MOAEPHU3MPOBAaHA YCTaHOBKA, OIH-
caHHas B mepBoi miaee: BMecTo QoToammapara Nikon D7200 Obuia mcmons3oBaHa
BEICOKOCKOpOCTHast Kamepa Basler A504kc, 1 ocHameHHas TeIeneHTPUIECKUM 00b-
ektuBoM Kamepa Basler acA1920-155um. ['a30Bbie My3bIphKH TEHEPHPOBAIINCH YEPE3
KBapIIEBbIM KamWuIsAp ¢ BHYTpeHHUM auamerpoM 0.3 MM. B kadecTBe nccrnemyeMbix
MIOBEPXHOCTEH MPUMEHSUTUCH OTHOCUTENILHO THIPO(HIEHOE KBApIIEBOE CTEKII0, AKPHUIT
C IPOMEKYTOUYHBIMH CBOHCTBAMH CMaYMBa€MOCTH M OTHOCHTENNBHO THAPO(OOHBIH Te-
¢moH. [lns perucTpanyy IporeccoB B3aMMOICHCTBHS HCIIONb30Balachk ONTHIECKAS
cHCTEMa, O3BOJISIONIAs PETHCTPUPOBATH CIEAYIOIIHE OCOOCHHOCTH: NPUKPEIIICHHE
ITy3BIPHKOB K TBEPIOH MOBEPXHOCTH, X KOJeOaHHs, OTPHIB OT MMOBEPXHOCTH, a TaK-
e U3MeHeHHe KoHTakTHoro yria (Puc. 6). Ocoboe BHUMaHHe ObUIO YEIEHO aHAIN3Y
M3MEHEHHs] KOHTAKTHOTO yIJia MOJ IeHCTBHEM YIBTpa3ByKa.

MosepxHOCTb B 10CTb MoBepxHOCTL

HTaKTHbI AnameTp.

uaroctb 1 Mm
a)

Puc. 6 — a) V3zoOpaxenue, mnonyyaeMoe B XOJI€ IKCIIEPUMEHTa C UCIOJIb30BAHUEM

kamepsl Basler A504ke, 6) M300paxeHnue, moinydyaeMoe B X0/€ SKCIIEPUMEHTa C UC-

nosnb30BaHNeM kaMmepbl Basler acA1920-155um, B) Mcnionp3oBaHKe TaHT€HIMAILHOTO

MeToza 00pabOTKH IJIsl KI3MEPEHHsI KOHTAKTHOTO yTia, T') Pe3ynbrar mporpaMMHO# 00-
paboTKH M300pasKeHUSI.
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OKCHEepUMEHTHI TIOKa3aJId MPUHIUIHAIGHEIE pa3iudus B IOBEACHUH IIy-
3BIPHKOB HA MOBEPXHOCTSX C Pa3HON CMauyMBaeMOCThIO. B ciiydae rumpoduibHON
KBapIlEBOM MOBEPXHOCTH MOJ ACHCTBUEM YABTPA3ByKa My3bIPEK CMEIIAETCS B 30HY IO-
HIDKEHHOTO aKyCTHYECKOTO JaBJICHUS, TIe COBEPIIACT TPAHCIAIUOHHBIC KOJICOaHHUS,
COIIPOBOXIAIOIMHecs m3MeHeHneM (popmsl (Prc. 7), mpu 3TOM OH He 3aKpeIursieTcs Ha
IIOBEPXHOCTU M3-32 COXPAHEHUS TOHKOW >KMIKOM IMPOCIOMKM MEXIY Iy3bIPhKOM
U TUIACTUHOM.

Puc. 7— TpaHcasauoHHbIe KoJIeOaHHsI BO3AYIIHOTO My3bIphKa BOIH3H THAPOGIIEHON
MIOBEPXHOCTH KBapIIEBOTO CTEKNA MO ASHCTBHEM YIIBTpa3ByKa

105 e A m—— 105
1004 S oo | 100} b
® =228 Hygisattttggptsptptit THatd
95) : 95| :
o ° { t 3333
o0l . - 905}}} 22122222822 722222222 1Y
85| t ; . 85| JPPP
sof . 80| e oy Yo
d=2.34 MM
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ .‘ (1:22‘ MM :
0770 20 30 40 50 60 750100 200 300 400 500 600
tv C t, C
a) 0)

Puc. 8 — a) VI3MeHeHHe CTaTHYECKOTO KOHTAKTHOTO yIJIa HAa aKPHIIOBOH ITOBEPXHO-

CTH TIPH Pa3IUYHBIX MPOJODKUTEIHHOCTSAX BO3ICUCTBUS YAbTpasByka; 0) JlnHamuka

penakcaly KpaeBoro yriia Ha akpHJIOBOIl moBepXxHOCTH mocie 10-cexyHIHOro yib-
TPa3ByKOBOT'O BO3JCHCTBUS

Ha ortHocutenbHO runpodoOHbIX (akpui ¥ TeduioH), B OTIMYHE OT THAPO-
(uIBHBIX IOBepXHOCTEH HalonaeTcst ycrolunBoe 3akperuieHue. Ilocie cMemmenus
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Puc. 9 — Cxema 3KCIepUMEHTAIBHOW YCTAaHOBKH: a) — 0€3 MCTOYHWKA YIBTPa3By-
Ka: 1) morpy»Ho¥ BOASHOH Hacoc; 2) KBapieBas yiIbTpaduIbTpalioHHas MEMOpPaHBI;
3) BO3MYIIHBIA KOMIIpeccop; 4) OorpaHUYMTENh U3 OPTCTEKNa; 5) KIOBETa pasMepoM
300 x 30 x 500 MM3; 6) 30Ha CHEMKH; 7) KOJUIAMUPOBAHHBIN MCTOUHMK CBETA; 8) Ka-
Mepa ¢ TeNEHEHTPUYECKIM MaKpOOOBEKTHBOM; 0) — C MICTOYHHKOM YIbTpa3Byka: 1)
kroBeTa pasmepom 300 x 30 x 500 Mm>; 2) HCTOUHMK yIbTpa3ByKa yacToToM 28 KI'I;
3) BO3ayIIHBINA KOMIIpeccop; 4) BOASHON HACOC; 5) KOJUTMMHPOBAHHBIN HCTOTHHUK
cBeTa; 6) KaMmepa, OCHAIICHHAs TeNeHEeHTPHYECKIM MaKpOOOBEKTHBOM

B 00J1aCTh HH3KOI'O aKyCTUYECKOTO JABIICHUS ITy3BIPEK 3aKPEIUIICTCS HA TIOBEPXHO-
CTH, JIEMOHCTPUPYS B JajbHEHIIeM JUIb KojdeOanust popMbl ¢ 4acTOTOM, COOTBET-
CTBYIOIIEH YacTOTe BTOPOIl MOIBI COOCTBEHHBIX KoyieOaHUil (OpMBI chepuIecKoro
IIy3bIPbKA.

10-cexyHIHOE yIBTPa3ByKOBOE BO3/CIICTBUE MPUBOJUT K YMEHBIICHUIO CTaTU-
YEeCKOro KOHTAaKTHOTO YTJIA, YTO CBHJIETEIBCTBYET O TUAPO(POON3AINN TOBEPXHOCTH.
VYcraHoBuBLIEECS 3HAYEHHUE YIJIa COXPAHSAETCS HEM3MEHHBIM B TE€UEHHME, KaK MHUHHU-
MyM, 10 muHYT mocne npekpamienns oopadorku (Puc. 86). Habmromaemoe ymeHnsbire-
HUE KOHTaKTHOTO yIJla 00yCJIOBIEHO MOAM(HUKAIMEH MOBEPXHOCTH TOJ JeiicTBHEM
yIBTPa3ByKa, YTO COIJIacyeTcs C JaHHBIMHU, IPUBEACHHBIME B pabote [6]. bonee mpo-
JOJDKUTENbHBIE SKCIIEPUMEHTHI (5 MUHYT) 0OHapYKWIN JONOIHUTENbHBIE Y deKTsI:
IIOCTETICHHOE YBENUYEHHE pa3Mepa ITy3bIPhKOB, OOYCIOBICHHOE IpoIleccaMi
KOaJeC-UEeHIMN C MUKPOMY3bIpbKaMH M COOTBETCTBYIOIIEE CHI)KEHHE YaCTOTHI
kojebaHui. Pe3ynmpTaThl JaHHOW TJaBbl IOKa3bIBAIOT, YTO YJIHTPa3BYKOBOE
BO3/ICiiCTBIE BBI3BIBACT THAPO(GOOU3ANNIO ITOBEPXHOCTH, YTO CBUAETEIBCTBYET O
MOTEHIIMAJIBHOM ITOBBIIE-HIH 3P HEKTUBHOCTH (IIOTAIIMOHHOTO ITpolecca.

TpeTss I1aBa TOCBSIICHA HCCICOBAHUIO BIUSHIS YIBTPa3BYKOBOTO BO3/CH-
CTBUS Ha XapaKTEPUCTUKH BO3AYIIHBIX ITy3bIPHKOB (DIIOTAIMOHHOTO pa3Mepa, TeHe-
pupyembIx B Boge M BomHbIX pactBopax NaCl u ITAB (SDS) ¢ ucnonb3oBaHneM
KBapIeBON ynbTpaduibTpannoOHHON MeMmOpaHbl ¢ auamerpoMm mop 0.9 — 1.4 MM
(Puc. 9a-2,96-4) B mpucCyTCTBUM ITOTOKA XXHMIKOCTH HANpPABIEHHOTO 1O yriioM 45° K
roBepxHocTH MeMOpanbl. Ha pucynke 9a, 96 mpezncraBieHa KOHCTPYKIHS SKCHEPH-
MEHTaJIbHOHN YCTaHOBKH.
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Puc. 10 — a) 3aBucumocTH 00bEMHOM KOHIIEHTPAIMHU ITy3bIPHKOB U UX JMaMeTpa OT
koHIeHTpanuu SDS; 6) ['mcrorpamma pactpeneneHus my3bIpbKOB 110 pa3Mepy B BOJE,
B BomHOM pactBope 0.3 Mons/1 NaCl u emecu 0.3 Mo/ NaCl u 3 mmons/nm SDS

Ho6asnenne coneit NaCl u [TAB SDS B oTcyTcTBHE YNBTPa3ByKOBOTO BO3-
JICHCTBUS TPUBOAMUT K YBEIHMUEHHUIO KOJMUYECTBA ITy3BIPHKOB IPH OJHOBPEMEHHOM
yMeHblIeHun ux cpeanero pasmepa (Puc. 10a, 100). IIpu ymbsrpasBykoBOM BO3-
JeiicTBUN HabmoaeTcst oOpaTHbIA (P dEeKT: CHIKEHHE KOJIMYECTBA ITy3BbIPHKOB TIPH
YBEIMYECHUH UX CPETHETO pa3Mepa, YTO CBSI3aHO ¢ MHTCHCHU(HKAIMEH TPOIEeCcCOB KO-
anecrennuu (Puc. 1106, 1206).

—H0
SDS 0.5 Mvots /1
—— SDS 1 anvorms /1 150
SDS 1.5 Myous /1
SDS2smons/a | T 100
SDS25mmom/a | 5 50
3 SDS 3 o /a1

—H0
SDS 0.5 mmoan /1
—— SDS 1 mmoi1n /31
SDS 1.5 Mmoun /51
SDS 2 Mmob /1
SDS 2.5 mmous /51
3 SDS 3 mmoth /1

100 1

200

300
d, it Csps, MMOIE /11 d, e Csps, MMOIB /11

a) 6)

4000

Puc. 11 — Kackagnas auarpamma BiausiHust SDS Ha auaMeTp W KOHIEHTPAIUIO
My3bIPHKOB B JKUIKOCTH: @) - J0 YJIBTPA3BYKOBOTO BO3JCHCTBUS; 0) - MOCIE YABTpa-
3BYKOBOT'O BO3/IEHCTBUS

OcoObIil TpPaKTHYEeCKU WHTEpPEeC MPEACTABIICT OOHAPYKEHHBIA B Ciydac
koMOuHUpoBaHHOTO pactBopa coimu NaCl (0.3 moms/1) u ITAB SDS (3 mMmomns/i)
(Puc. 100) a¢pdexT xomneHcanuu B3auMHoro Biustaus xyopuaa Harpust (NaCl) u mo-
nericyiabdara Hatpus (SDS) Ha pacnpesiesieHre Ta30BbIX My3bIPHKOB IO pa3Mepam.
B aToM cityuae coxpaHsieTcsi pacrpezieseHue My3bIphKOB 110 pa3Mepy, XapakTepHOe
JUTS. YUCTON BOJBI, IIPH JCCSITUKPATHOM YBEIMICHUU UX KOJIUYECTBA B 00BEME.
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Puc. 12 — Kackagnas muarpamma BiussHus NaCl Ha auamMeTrp W KOHICHTPAIUIO
ITy3BIPEKOB B KUIKOCTH: ) - O YIIBTPa3BYKOBOTO BO3IEHCTBHUS; 0) - TMOCIe yasTpa-
3BYKOBOI'O BO3/IEHCTBUS

Habmrogaemsre 3¢h(hexThl MO3BOJISAIOT C MOMOIIBIO YABTPa3BYKa JOCTUTATh OII-
TUMAJBHOTO Pa3Mepa U KOJIMYECTBA My3bIPHKOB, YTO CYIIECTBEHHO BiHseT Ha dddexk-
TUBHOCTB (JIOTALINH 32 CUET YBEIMUESHHUS BEPOITHOCTH CTOIKHOBEHHS YACTHUIL PY/IBI C
ITy3bIpbKaMHu. ITO 0COOEHHO BayKHO MPH (IIOTALUH TPYTHOOOOTaTUMBIX TOHKOBKpAII-
JeHHBIX pyn. [IpuMeHeHne ynbsTpa3sByKOBOTO BO3/ICHCTBHUS MO3BOJISET PETYIMPOBATh
JMCIICPCHBIN COCTaB My3BIPHKOB IO ONTUMAJIBHOTO JIMala30Ha, IOBbIIIas 3 eKTHB-
HOCTb M 9KOHOMHYHOCTb IIponecca (IoTaluH.

B 3akawo4yennu MPpUBCACHBI OCHOBHBLIC PE3YJIbTAThI paGOTLI, KOTOPbIE€ COCTOAT
B CJICAYIOLIEM:

1. Pa3zpabotan, anpoOupoBaH u MPUMEHEH METO] ICCIIE0BAHIS ITPOCTPAHCTBEHHO-
BPEMEHHOTO pacIlpeleieHis] aKTUBHOCTH KAaBHTAIMOHHBIX COOBITHII B
COHOXMMHYECKOM PE€AaKTOpPE, OCHOBaHHBIN Ha aHAJIM3€ TEIJIOBBIX KapT pas-
PYILIEHHUS aIFIOMUHHEBOM (OIIBrH.

2. HccnenoBaHo pacrpenieneHte KaBUTallMOHHOW aKTUBHOCTH B COHOXMMUYE-
CKOM peaKTope C AUCTHIUIMPOBAHHOW BOoH. ComocTaBIeHHE TOTyIeHHBIX
JAHHBIX C pe3yJdbTaTaMH IPOBEIECHHOTO JPYTMMH aBTOPAMH UYHCIICHHOTO
MOJEJIMPOBAaHUS PACIPEACIICHUS aKyCTUYECKOIO IaBICHUA B aHAJIOTUYHBIX
YCJIOBUSAX TOKA3aJI0 HAJIMUUE KOPPENSIUU MEXKIY dTHMH PacIpeesIeHuUs-
Mu. TakuMm 00pa3oM, SKCIEPUMEHTAIBHBIC JaHHBIC O PACIPE/ICICHUN 30H
aKTUBHOHM KaBHUTAIIMH B pEaKTOpe AAI0T HH(POPMAIIUIO O IIPOCTPAHCTBCHHOM
pacrpeeieHiH aKyCTHIECKOTO TaBIICHHS.

3. DKCIepUMEHTaNBHO MCCIEIOBAHO pACHpEACTeHHe AaKTHBHOCTH KaBH-
TaIMOHHBIX COOBITUH TpPH YIABTPA3BYKOBOM BO3/IEHCTBHM Ha BOJIHBIC
pactBopel comu NaCl u ITAB SDS. HaiifneHo, 4To yBelIWYCHUE KOHIICH-
TpaLUH COJM CHMXKAET aKTUBHOCTb KaBUTALIMH, YTO CBA3AHO C U3MEHEHUEM
(hM3UKO-XUMHUYECKHAX CBOUCTB KHUIKOCTH — YBEITUICHHUEM IIOBEPXHOCTHOTO
HAaTSDKEHUS U BSI3KOCTU. YBeNUueHue KoHueHTpauuu [IAB ymenbinaeT kaBu-
TaIMOHHYIO aKTUBHOCTH 10 CPABHEHHIO C YUCTOW BOOW, YTO 00YCIOBIECHO
YMEHbLUICHUEM IMMOBEPXHOCTHOI'O HATAKCHHSA W YBCJIMYCHUCM KOJIMYECTBA
KaBUTALIMOHHBIX 3apOJIbIIIEH.
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4. YcTaHOBIICHO, YTO My3bIPEK HE 3aKPEIUIIeTCs Ha TUAPOGHILHON TOBEPXHO-
CTH KBaplieBOH IIACTUHBI M3-32 HAINYHNS TOHKOH >KHJIKOH TPOCIONKU MEXTY
HUM U ITACTHHOH. YJIBTPa3ByKOBOE BO3JEHCTBHE, IIPUBOSIIEE K BOSHUKHO-
BEHHMIO CTOSTUEH 3BYKOBOI BOJIHEI, BBI3BIBACT IIEPEMEIICHHE ITy3bIpbKa BIOJb
IUTaCTUHBI B 00NAacTh HU3KOro naamieHus. Ilo mocTixkeHnu 3ToM obmacTu
My3bIPEK COBEPIIACT TPAHCIIALHMOHHBIC KOJICOaHUs B HAIIPABJICHNUH, TIEPIICH-
JUKYJISIPHOM TUIACTHHE, CONPOBOXKAAIOIIUECS KoJleOaHUAMH (POPMBI.

5. B ciyuae runpodoOHOI aKpHIIOBOM IIIACTHHBI, KUJIKAs! TIPOCIONKA MEXKITY
ITy3bIPPKOM M TBEPAOH ITOBEPXHOCTHIO HE HaOmomaercs. [Ipm stom mo-
cJie IpUOIMKEHNS K TBEPJOH TOBEPXHOCTH, My3bIPEK MEPEMEINACTCS BAOMIb
IUIACTUHBI B 00JIACTh HU3KOTO aKyCTHYECKOTO NAaBJICHUs, 3aKPEILIseTcsl Ha
IUTACTHHE, [I0CIe Yero HaOI0Aal0TCs TOIBKO KojieOanust popMbl. AHAJIOTHY-
HOE NOBEJICHUE ITy3bIPbKa HAOII0AAeTCsl IPH YIbTPa3BYKOBOM BO3/IECHCTBUH
u a1 6ornee TrAPoGOOHOH O CPaBHEHHIO C aKPHIIOBOH, Te(IOHOBOU TO-
BEPXHOCTH.

6. O6HapyX)eHO, YTO A7 TUAPOPOOHBIX TBEPABIX TTOBEPXHOCTEH, HA KOPOTKUX
BpeMeHHBIX MacmTabax (okono 102 ¢), HabiroaroTcs KonebaHus XapaKTe-
pHUCTHK (POPMBI ITy3bIPEKa OKOJIO HEKOTOPBIX CPEAHUX 3HAUYSHU C YaCTOTOH,
OJIM3KOH K 9aCTOTE BTOPOH MOJBI COOCTBEHHBIX KojeOaHuH POPMBI TSI Ce-
PHUYECKOTO ITy3bIPbKA.

7. Ob6napyxeH dpdexT HeoOpaTUMOTO H3MEHEHHS CTaTHYECKOTO KPaeBOTO yT-
J1a mocJie KpaTkoBpeMeHHOTo (10 ¢) yabTpa3ByKOBOTO BO3IEHCTBUS, KOTOPBIH
COXpaHsETCsl HEM3MEHHBIM B TEYEHHUE JIOCTATOYHO JIIMTEILHOTO BPEMEHU
TocJie MpeKpaneHns: 00padoTKH.

8. Iloka3zaHo, 4TO MpH MOBBILIEHUU KOHLEHTpauuu SDS B BOIHOM pacTBOpe,
CpelHHUH pa3Mep Iy3bIPHKOB, TEHEPHPYEMBIX C TIOMOIIBIO MEMOPAHBI B OT-
CYTCTBHE YNbTPa3ByKa, YMEHBILIACTCS, @ UX KOHIIEHTPALHUs B 00JIaCTH CheM-
KM yBeiu4uBaercsi, a B pactBopax NaCl npu HOBBIIIEHHH KOHLIEHTPALUH
HaOJIoIaeTcsl yBeNW4YEeHHE CPEJHEr0 pa3Mepa Iy3bIphKOB. YIIBTPa3ByKOBOE
BO3JIEHCTBHE B 000MX CITydasiXx NPUBOIUT K KOAJIECIIEHIINH ITy3BbIPBKOB U, KaK
CJIC/ICTBHE, K YBEJIMUCHHIO X CPEAHETO pa3Mepa.

9. YcranosieH s¢dext komouanpoBanHoro BozaeicTBusa NaCl (0.3 Monb/n) u
SDS (3 MMob/i1), IPOSIBIISIFOLIMIACS B TOM, YTO PACIpE/eNICHUE ITy3bIPHKOB
0 pa3Mepy KaueCTBEHHO COOTBETCTBYET PacIpeieeHHIO, HaOII01aeMOMy
B YHCTOI BOJIE, IPY 3TOM KOHLICHTPAIHS HAOIIONAEMBIX ITy3bIPHKOB YBEIIH-
YHMBAETCS HA MOPSIIOK.
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