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BY
AHHOTANMA.

CoBpeMeHHBIC METO bl 00pabOTKH MUIIEBBIX MPOJTYKTOB HA OCHOBE YJIbTPa3BYKOBOTO U MUKPOBOJIHOBOT'O M3JIy4EHHs HAXOASAT
MINPOKOE IPUMEHEHHE B IHIIEBOM NPOMBIIUICHHOCTH. Llenb ncciae oBaHus 3aKI04alach B aHaIN3€e, CHCTEMaTH3aluu U 0000-
IIICHUH PE3yJIbTaTOB HAYYHBIX ITyOIHMKALUi 110 UCIIOIb30BaHNIO KOMOMHHPOBAHHBIX MUKPOBOJIHOBO-YJIBTPA3BYKOBBIX TEXHOJIOTHI
JUTst 00pabOTKY MUIIEBBIX IIPOJTYKTOB.

OO0BEKTOM HCCIIeJOBaHUS ABISUIACH HAYyYHAS JIUTEpaTypa Ha aHTIIMKACKOM si3biIke. [lonck mpoBoannu B Oubdanorpaduyeckux 6azax
Scopus nu Web of Science, a Takxe B Apyrux HCTOYHHKAX. B kKauecTBe BpEMEHHBIX PaMOK /ISl 0030pa HaAYYHbBIX IyOIHKannui
npussiid nepuoa 2010-2023 rr. Mcnonp3oBanu Takue HayqyHble METO/IbI, KaK MMOUCK M CKPUHUHT Hay4YHOH JINTEPATyphl, U3BIIE-
YeHHe JaHHBIX, X aHAJIN3, CHCTeMaTH3anus u obo0menne.

[Tpoananu3upoBanu 85 Hay4YHbIE CTATHH 0 UCIIOJIB30BAHUIO KOMOMHUPOBAHHBIX MUKPOBOJIHOBO-YJIbTPA3ByKOBBIX TEXHOJIOTHH
JUTst 00paOOTKY MUIIEBEIX MPOIYKTOB. PaccMOTpeny MPUHIUITEL ¥ XapaKTePUCTUKH YIbTPA3BYKOBEIX U MUKPOBOJIHOBEIX METO/I0B
00pabOTKM MUIIEBBIX MPOILYKTOB, NX KOMOWHHUPOBaHUE, KOHCTPYKIIMIO 000PY/I0BaHUs ¥ TPUMEHEHHE B 00PabOTKE ChIPbS U MHIIEBBIX
IPOJyKTOB, TAKUX KaK Pa3MOpPaKMBAHUE, CYIIKa, SKCTPAKLUs U cTepuian3anus. [1og Bo3aeficTBHEM MHUKPOBOJIH IIPOUCXOJIUT
yBEJIMYCHHE CKOPOCTU Harpesa 00pabaTbIBAEMOr0 NPOAYKTA, a yIbTPA3BYK MOBbIIIACT 3()(PEKTUBHOCTD TEIIOMACCOIEPEHOCA.
PesynbTaThl HecenoBaHus T0Ka3hIBAOT 3 (HEKTHBHOCTE KOMOMHIPOBAHHOM 00paOOTKH 3a CHET COKpAIIeH!s BpeMeHH 00paboTKH,
yIIyqLIeHHUs KayecTBa MPOAYKIIMH, CTUMYJIMPOBAHHUS OTTOKA BJIATH U YJIYYIICHHUS PABHOMEPHOCTH MUKPOBOJHOBOTO HarpeBa.
KomOunnpoBanHOE BO3AEHCTBIE MUKPOBOJIH M YIBTPa3ByKa MOBHIMIACT (P HEKTUBHOCTh 00pabOTKH, CIOCOOCTBYS MAKCUMAIbHOMY
COXPAHEHUIO ITNIIEBOH [IEHHOCTH ¥ Ka4eCcTBa IPOAYKTa. YIIbTPa3BYKOBAsl TEXHOJIOTUSI KaK BCIIOMOTATEIILHOE CPEICTBO (D (PEKTHBHOIO
MHKPOBOJIHOBOTO HarpeBa He 3arpsA3HseT OKPYKAIOLLYIO Cpe/ly, OHa BHICOKOA()(EKTHBHA U NMEET IIMPOKHUI CIIEKTDP MPUMEHEHHS
B ITUIIEBOIl IIPOMBINUIEHHOCTH.

PesynbTaThel 0030pa MOTYT OBITh HCIIOJIB30BAHbI IPH POBEACHUH JalbHEHIINX UCCIEAOBAHUI IO ONTHMHU3ALMH MTPOLIECCOB
9KCTPAKINH, CYIIKH, Pa3MOPaKUBAaHUS U CTEPIIIN3ANNN, a TAK)KE CHEIHMATNCTaMHI MTUIIEBOIl IPOMBIIUICHHOCTH IIPH BHIOOpE
ONTUMAJBHBIX CIIOCOO0B 00PabOTKH MUIIEBBIX MPOILYKTOB.

KiaoueBble cioBa. [IumieBsie MpoayKThl, yIbTpa3ByK, MUKPOBOJIHBI, 00paboTKa, pa3MOpakuBaHUE, CYIIKa, CTEPUIN3ALUS,
9KCTpaKIUs

dunancupoBanue. Padbora BeimonHeHa Ha 6a3e OOIecTBa ¢ OrpaHIYEHHOM OTBETCTBEHHOCTRIO «benpocakBay (OO0 «benpocakBay).
Jas uurupoBanus: bypax JI. U., 3aBaneii A. I1. DpdexTuBHOCTS KOMOMHIUPOBAHHOTO BO3ACHCTBHS yIbTPa3ByKa U MUKPOBOJIH

pu 00paboTKe MUIIEBIX MPoayKToB. O030p // TeXxHNWKa M TEXHOJIOTHSI MUIIEBBIX MPou3BoACTB. 2024. T. 54. Ne 2. C. 342-357.
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Abstract.

Modern methods of food processing combine ultrasonic and microwave treatment. This article reviews scientific publications
on combined microwave and ultrasound technologies in food processing.

The review involved standard methods of data analysis and covered 85 Scopus and Web of Science research papers on combined
microwave and ultrasonic food treatment published in English in 2010-2023.

The article describes the principles and specific features of ultrasonic and microwave food processing methods, their combinations,
equipment design, and applications as part of various food processing stages, e.g., defrosting, drying, extraction, sterilization, etc.
Microwaves increase the heating rate while ultrasound increases the efficiency of heat and mass transfer. Their combined use
reduces processing time, improves product quality, facilitates moisture drainage, and provides uniform heating. The combined
effect of microwaves and ultrasound increases the processing efficiency, thus preserving the nutritional value and quality of
the final product. Ultrasonic technology serves as an aid to efficient and environmentally-friendly microwave heating, which
has a wide range of applications in the food industry.

The review can be used in further research in extraction, drying, defrosting, and sterilization. It can help food industry specialists
to select optimal food processing methods.

Keywords. Food products, ultrasound, microwaves, processing, defrosting, drying, sterilization, extraction
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BBenenne VY IIBTpa3BYKOBBIC BOJIHBI, UCTIONIB3YEMbIC B ITUIIIEBOM

Wudopmanmst 00 HCTIONB30BAHIN HATYPATBHBIX IPOAYK-  MPOMBIILICHHOCTH, MOYKHO Pa3/Ie/IUTh Ha KJIACChl HU3KOM U
TOB, OTCYTCTBHY XUMUYCCKIX KOHCEPBAHTOB M IPHMCHCHIN BBICOKOM MHTEHCHBHOCTH. YIIbTPa3BYKOBBIE BOJHBI HH3-
COBPEMEHHBIX TEXHOJIOTHH NIepepaboTKH, KOTOPBIE TO3BO-  KOI HHTEHCUBHOCTH FUJIH BBICOKOHM YaCTOTHI HMEIOT YacTOTY
JISIIOT COXPAHUTH MUIIEBYIO LIEHHOCTh MIPOIYKTA, CBEXKHN 6omee 100 k' 1 nHTeHCHBHOCTH MeHee 1 Br/em?. Onu or-
BKYC U apoMar, IIpUBJIEKaeT NOTPEOUTEIIeH 1 ONPEIEIsieT UX PEIeIAI0TCS KaK AUATHOCTHIECKHE BOJTHBI M3-3a UX CII0CO0-
MOKYTIATENTECKYT0 CITIOCOOHOCTh. MeTo 00pa0OTKH NHIIe-  HOCTH OLIEHUBATh CTPYKTYPY M (PU3UKO-XUMHIESCKUE CBOM-
BBIX IIPOJTYKTOB JIOJKCH OBITh IKOJIOTHYHBIM, O€30TTIaCHBIM CTBa THIIEBOT0 MPOAYKTa KaK BO BpeMs 00pabOTKH, Tak
1 3 (HEeKTUBHBIM JIJIsI TIPOM3BOJICTBA TUIIEBBIX POYKTOB 1 XpaHeHus [S5]. BRICOKOMHTEHCHBHBIC U HU3KOYAaCTOTHBIC
YIIYIICHHOTO KaYeCTBa C TOUKH 3PSHHUS MPUEMIICMOCTH U YIBTPa3ByKOBBIC BOJHBI UMCIOT YaCTOTHBIM JUANIA30H
MUIIEBOM 1IeHHOCTH. Cpein IUPOKOTro crektpa paspabo- ot 20 go 100 kI'w, a maTeHcHBHOCTH OT 10 10 1000 B1/CM?.
TaHHBIX METOJIOB ITEPCIIEKTUBHBIMH SIBIISTFOTCST METOTHI 00- B oTnrurie 0T HU3KOWHTEHCUBHOTO BOJTHOBOTO H3ITyYe-
pabOTKK Ha OCHOBE MUKPOBOJIHOBOT'O M YJIBTPa3BYKOBOTO HUSI YJIBTPA3BYKOBOEC U3JTYUCHUE BBI3bIBACT U3MCHEHHUS (HU-
m3nmy4enns [ 1-3]. B mocnennee necstunerne ObLTO Oy OITH- 3UYECKUX, OMOXUMHUYECKHX U MEXaHNMYECKHX CBOMCTB ITHILIE-
KOBaHO MHOT'O HCCIIC/IOBATEIbCKUX pa0OT MO pa3MOPaXH-  BBIX MPOAYKTOB [6]. BzaumoseiicTBre MEXKITy YIABTPa3By-
BaHUIO, CYIIKE, JKApPKE U CTCPUIIU3AIUU IMUIIEBBIX ITPOAYK- KOBBIMH BOJIHAMHU U cpe;10171 MPUBOJUT K BOBHUKHOBCHHIO
TOB, & TAKXKE YKCTPAKIIIH HHTPESIUCHTOB C UCTIOTE30BAHACM TETUTOBBIX, MEXaHMUSCKUX U KaBUTAIIMOHHBIX 3(p(PeKToB.
MHUKPOBOJHOBBIX U YJIBTPa3BYKOBBIX METOJIOB [4]. VYIbTpa3ByKOBBIC BOJIHBI MIEPEIAIOTCS Yepe3 BUOpAINIO
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Marepuana, BO BpeMsi KOTOPO 3HEPTUsl HEMIPEPHIBHO TTOTII0-
IIaeTCs MaTepHajoM U BBIJEISET OOJBIIOE KOJINIECTBO
teruia. Mexanudeckuii 3¢ ¢exT crocoOCTByeT 00pa3oBa-
HUIO SMYJIbCUH, Pa3KUKEHUIO Fellel WM JUCIIEPrUpOBa-
HUIO TBEP/BIX YaCTHI. PaguanonHoe naBieHue yiabTpas-
BYKOBBIX BOJIH CKMMAET M PacTsArMBaeT MUIIEBON MaTepual,
YTO BBI3BIBAET €0 HEMPEPHIBHYIO YCAIKY UM PACIINPEHUE.
D¢ dexr kaBuTary HabMOIACTCs PU 00pabOTKE KUIKUX
MTUIIEBBIX NPOYKTOB MM MHUIIEBBIX POJYKTOB C BBICO-
KHUM COJCPKAaHUEM BJIaru yJbTPa3BYKOBbBIMH BOJIHAMM.
B sTux marepuanax Bo BpeMs yJIbTpa3ByKoBOH 00pabOTKH
00pa3yroTcs My3bIPbKH BO3/LyXa. DTH ITy3bIpbKH HA0YXaroT
U CKUMAIOTCS, KOT/Ia YIbTPa3ByKOBOE aKyCTHYECKOE J1aB-
JICHUE TIOJIOKHUTEIBHO WM OTPUIIATEILHO BO BPEMS pac-
MIPOCTPAHEHHs! YIbTPa3BYKOBBIX BOJIH COOTBETCTBEHHO.
B Teuenune HeCKONBKUX IUKJIOB ITY3bIPbKU YBCIIMYUBAIOT
CBOIf 00BEM, TTOKA HE JIOMHYT ¢ BBIACICHHEM SHepruu [6, 7].
MHMKpPOBOJIHBI — ATO JIEKTPOMAarHUTHBIE BOJIHBI C JITH-
HOM BONHEI B quara3one oT 1 MM 1o 1 m. Koraa numesnie
MPOLYKTHI 00pa0aTHIBAIOTCSI MUKPOBOIHOBBIM H3ITy4E€HHEM,
TO MaTepHa MOTJI0IAeT MUKPOBOIHOBYIO SHEPTHIO U ITpe-
00pazyeT ee B TEIIOBYIO SHEPTHIO TIOCPEICTBOM MUTPAIIHN
MOHOB U BPAIICHUSI AUTOJIBHBIX MOJIEKyJI. To ecTh momsp-
HBIE MOJICKYJIBI IPOTyKTa, 0COOCHHO BOJIBI, JUAJIEKTPH-
YECKHU MOJSIPU3YIOTCS IEPEMEHHBIMH MUKPOBOJHOBBIMU
JIEKTPOMArHUTHBIMH NTOJISIMU. 113-3a 4acTOr0 U3MEHEHUsI
HAaIpaBJICHHs IEKTPOMAarHUTHOTO TI0JIS TOJISIPHBIE MOJIe-
KyJIbl OBICTPO BpAIIaloTCs. DTO BHI3BIBACT CTOJKHOBEHHUE
1 TPEHUE MCKIY STUMU MOJICKYJIaMU, TEM CaMbIM BBIACIIAA
Terno. [10I0KuTeBHBIE 1 OTPHUIIATEIbHBIE HOHBI IIEPECTpan-
BAIOTCS B 3aBUCHMOCTH OT HAITPaBJICHHS] N3MEHEHUS DIICK-
TpomMarauTHoro noss [9]. CerojiHsi MUKPOBOJIHOBasE 00-
paboTKa UCHOIB3YETCS B MUIEBON POMBIIITIEHHOCTH IS
TaKMX IieJIel, Kak HarpeB, pa3MOpaKUBaHHUE, CYIIKa U CTe-
prm3anus [9—12]. Bo BpeMst MUKPOBOJIHOBO# 00pabOTKH
MIUIIEBBIX TPOTYKTOB MUKPOBOJIHBI TEHEPUPYIOTCS IBUTa-
TEJIEM, TAKUM KaK TOJIyITPOBOHIKOBOE MHKPOBOJIHOBOE
YCTPOMCTBO WJIM MAarHeTPOH. 3aTEM 3TH MUKPOBOJIHBI Tie-
penaroTcs 0 BOJHOBOAY M BO3JIEUCTBYIOT Ha UIIEBOM MaTe-
puai. MUKpOBOJIHBI He TPeOYIOT Cpe/ibl Iepe/Iauu, 4To CHHU-
»aeT norepu dSHeprur. CeroJiHs MUKPOBOJIHBI C YaCTOTAMH
2450 m 915 MI't UcIONB3yIOTCSI B MPOMBIIIIECHHOCTH,
HayKe 1 MeIIrHe. biaroxapst TakuM npenMyniecTBam, Kak
HE3HAYMTEIIbHbIE TOTEPU SHEPTHH TIPH Nepeaye, BHICOKast
MIPOHUKAIOIIAsl CIIOCOOHOCTh U CIIOCOOHOCTH MepeiaBaTh
JIOCTaTOYHOE KOJIMYECTBO SHEPTUH ISl HAarpeBa MUIIEBBIX
MaTepuagoB, MUKPOBOJIHOBYIO TEXHOJIOTHIO MPUMEHSIOT
Juist 00paboTKH MpoayKToB nuTanus. Henocrarkom oOpa-
OOTKM MUKPOBOJIHAMH SIBIISIETCS HEPAaBHOMEPHOCTh HarpeBa.
1o 3T0i NpUYMHE MUKPOBOJIIHOBY1O 00pabOTKY IHIIEBBIX
MIPOAYKTOB UCTIOJB3YIOT B KOM6I/IHaHI/II/I C IpyTruMu METO-
JlaMu, TAKIMH KaK yJIbTpa3BykoBas 00paboTka. Korna mma
00pabaThIBacTCst STUMU METO/IaMH OTHOBPEMEHHO, TO MUK-
POBOIHOBAS U YIBTPa3BYyKOBasi SHEPI U BBIIEISAIOT TEILIO
1 CIIOCOOCTBYIOT TEIwIo- ¥ MacconepeHocy [13]. PesympraTs
MCCIIEI0BAHNIT IOKA3BIBAIOT CHHEPIeTHYECKY0 AP (heKTHB-
HOCTb 00pabOTKH 3a CUET COKPAILICHHS BpeMeHN 00paboTKH,
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YITy4IIeHHs Ka4yecTBa POLYKIHH, CTUMYJIMPOBAHUS OTTOKA
BJIAr¥ M YJIYYIICHUS PAaBHOMEPHOCTH MHKPOBOJIHOBOTO
Harpesa. B nocinesnee necsituiaeTre BO MHOTHX UCCIIe/I0Ba-
HISIX COOOIIaeTCs O CHHEPTHUeCKOM A(pheKTe MUKPOBOITHO-
BBIX U YJIBTPa3ByKOBBIX METOJOB IIPH Pa3MOpPayKHBaHUH,
CyIIKE, 00)KapuBaHUH, N3BJICUCHNH TTUIIEBBIX HHIPE/ICH-
TOB 1 00pabOTKe YKUIKUX MHIIEBBIX MPOIYKTOB [14—-16].
Llenb cTaTby — 0030p HAYYHBIX UCCIICIOBAHUI B 00IIa-
CTH KOMOMHHPOBaHHBIX MUKPOBOJIHOBO-YJIbTPa3ByKOBBIX
TEXHOJIOTHH 711 00paOOTKH MUIIEBHIX MPOTYKTOB, BKITIO-
Yasi pa3MOpaXUBaHKe, CYIIKY, IKCTPAKIUIO U 00padOTKy
JKUJIKUX TILIEBBIX TPOYKTOB, & TAK)KE N3YUYCHUE BIMSHUS
KOMOWHHPOBAHHBIX MHUKPOBOJIHOBO-YIHTPa3BYKOBBIX Me-
TOZIOB Ha 00pabOTKY MUTIEBOTO CHIPhS M KaUeCTBO KOHEU-
HBIX TIPOJTYKTOB. DTa CTaThs PH3BaHA IIPEAOCTABUTH Oy 1y~
UM HCCIIEA0BATENSIM HH(OPMALIUIO O Pa3pabOTKe HOBBIX
METOZ0B 00pabOTKH MUIIEBBIX IPOIYKTOB, OCHOBAHHBIX Ha
COYETaHNH MHUKPOBOJHOBBIX U YJIETPa3BYKOBBIX METOIOB.

O0BeKTHI M METOIbI HCCJIe0BaHUS

OOBEKTOM HCCIIEIOBAHMS SIBISUIUCE 85 crarhu. [Tonck
HAYYHOH JIUTepaTyphl HA AaHTJIMICKOM SI3BIKE MO UCTIOJb-
30BaHHIIO KOMOMHHPOBAHHBIX MUKPOBOJIHOBO-YIBTPA3BY-
KOBBIX TeXHOJOTHH JUTsT 00pabOTKH MUTIEBEIX MTPOTYKTOB
MPOBOIWIN B OuOIHorpaduueckux 6azax Scopus u Web
of Science, a Taxxe B Ipyrux UCTOYHHKAX. B KauecTBe
BPEMEHHBIX pPaMOK JJIsI 0030pa HAyYHBIX ITyOIUKAIIHA
obu1 mpuHsy iepuox 2010-2023 rr. [Ipu BeimonHEHNH
pa6OTBI HCIIOJIb30BaJIM TAKMEC HAYYHBIEC METO/IbI, KaK ITOMCK
W CKPUHUHT HAyYHOH JTUTEpaTyphl, N3BJICUCHIE JaHHBIX,
WX aHaJIW3, cucTeMaTu3anus u oboodmmenue. [Ipu orbope
nyOIuKaIui 11 0030pa MPUOPHUTET OTAABAIN BHICOKOIIHU-
THPYEMBIM UCTOYHUKAM. [171s1 0630pa mpeIMETHOTO OIS
MIPOBEJCHHOTO MCCIICIOBAHMUS HCIIOJIB30BAH AIITOPUTM
B cOOTBeTCTBUU C npoTokojoM PRIZMA. CocraBunu
CXeMy IIPOBEICHUS HCCIeJOBAHUS.

KpuTepun BKJIIOYEHNS U HCKJIIOYEHNS HCTOYHHKOB.
J1J151 TOMCKOBBIX 3aMPOCOB B 3apyOeKHBIX 0a3ax JaHHBIX
Scopus 1 Web of Science ucmosp30Banu cieIyomume Kimo-
YEeBBIC CJIOBA M CIIOBOCOUYCTAHUS HA aHTIIMHCKOM SI3BIKE:
food products, method, ultrasound, microwaves, proces-
sing, defrosting, drying, sterilization, extraction.

Kpurepru BKIFOUCHNS ¥ HCKITFOYCHUS TS CTaTeH, TIOI-
JISKAIUX aHATTU3Y, OBUTH ClieayronmMu. Kputepun BKITIO-
YeHUs: CTaThs HanucaHa B mepuo 2010-2023 rr.; cTates
COOTBETCTBYET TEME UCCIICI0BAHMS; THITH aHATU3HPYEMBIX
cTaTedl — OPUTHHAIIBHBIC HCCIICIOBATEIIECKUE CTAThH, 00-
30pHBIE CTAThU, KPaTKHE 0TYeThl. KpuTepuu HCKITIOUEeHUS:
CTaThs HE COOTBETCTBYET TEME TAaHHOTO 0030pa: He Kaca-
€TCsl TEeMATUKH KOMOMHIPOBAHHBIX MHKPOBOJIHOBO-YIIBTPa-
3BYKOBBIX TEXHOJIOTHH JUIsi 00paOOTKH MHIIEBBIX TPOYK-
TOB, BKJIFOYasi pa3MOpaKUBaHHE, CYIIKY, SKCTPAKIHIO U
00paboTKy KHUIKAX MHIICBBIX TPOTYKTOB, & TAKKE BIHSTHHS
KOMOUHHPOBAHHBIX MUKPOBOJIHOBO-YIbTPa3BYKOBBIX Me-
TOJIOB Ha 00pabOTKyY MUMIEBOTO CHIPhS M KAUeCTBO KOHEU-
HBIX TIPOJYKTOB; CTAaThsl HAallUCaHA HE HA aHTIIUHCKOM
SI3BIKE; COJICPIKAHUE CTAaThu AyOnupyetcs. Ecin u3 pasHbeix
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0a3 MaHHBIX WM AJIEKTPOHHBIX OWOIMOTEYHBIX CHCTEM
OBLTH M3BJICYCHBI TOBTOPSIOIIMECS HCTOYHHUKH, TO X KJIAC-
CU(HUIPOBAIHN TOIBKO OJIMH pas.

AHaIN3 W CHCTEeMATH3AaNNA JaHHBIX. Pe3ynbTaThl
aHam3a ObLIH MTPECTABIICHBI B BUJIE TAOIUIL U JIHATPAMM
JUTSL BU3yaITU3aIiu JaHHbBIX. [I1s1 0030pa IpeIMETHOTO MOJIst
MPOBEICHHOTO MCCIICI0BAHKS HCIIOIb30BAIN aJITOPUTM
B cooTBeTCTBUU ¢ TpoToKosioM PRIZMA (https:/www.
acpjournals.org/doi/10.7326/M18-0850) u coctaBmiIn
cXeMy MPOBECHUS HcciaeqoBanus (puc. 1).

Pe3ynbTaThl 1 MX 00Ccy:x1eHHE

YabTpa3BykoBasi M MHKPOBOTHOBasI TEXHUKA pa3-
Mopa:kuBaHus. [InmieBsie NPOIyKTH 3aMOPaKUBAIOT
JUISL XpaHEHUsI ¥ TPAaHCIOPTUPOBKH, a 3aTEM TTO/IBEPTatOT
pa3Mopo3ke repes ynorpedieHneM. MeTo pazMopaxu-
BaHMS BJIUSIET HA KAYECTBO Pa3MOPOKEHHBIX POJYKTOB,
a IMEHHO Ha ITUIIEBYIO [IEHHOCTb U TEKCTYpy. OOBIYHO ITH-
IIEBBIC MTPOIYKTHI PA3MOPAXKHUBAIOT HAa BO3JyXE, B BOJE,
BaKyyMe, XOJOIMJIbHUKE U T. 1. OTHAKO 9TH MPOLECCHI MO-
T'YT MIPUBECTH K ITOTEPE BIIATH, ACTPATALNH TUTATEIBHBIX
BEIIIECTB U CHIDKCHHIO BOJIOYJICPXKHUBAIOIIECH CITIOCOOHO-
CTH THMIIEBOTO Marepuana. [Iuimessie MpoayKThl MOTYT
OBITh 3apaKEHBI ITHIIIEBBIMUA MUKPOOPTaHH3MaMH B PE3ylb-
TaTe JNTUTEIIBHOTO Tiporiecca oTTanBanus [17].

MukpoBoIHOBasi 00pab0TKa MOXKET IMOBBICUTD dPEK-
THBHOCTb Pa3MOPaKUBAHMS MUIIEBBIX MPOLYKTOB. MHUKpO-
BOJIHOBASI SHEPTHUS MOTJIONIAETCS] 3aMOPOKEHHBIM MaTe-
pHaJIoM M mpeodpasyeTcs B TEMI0. DTO CBOJUT K MUHH-
MyMy [TOTE€PH HEPTUH BO BpeMst 00paboTKH 1 3 ek THBHO
COKpAIIIaeT BpeMs OTTauBaHus. MUKpPOBOJIHOBast 00paboTKa
TaK)K€ WHAKTUBUPYET IHIEBbIE MUKPOOPTaHU3MBI, U3-
MEHSISI CTPYKTYpy UX OenkoB. OfHaKO, KaK yCTaHOBIICHO B
X0/1€ UCCJIEI0BaHNH, IPH UCIIOJIb30BAHUH TOJIBKO MUKPO-

Bcero 362 cratbu:
Scopus — 209
Web of Science — 153

BOJIHOBOI 9HEPIUH BO BPeMsI OTTaUBAHUS 3aMOPOKEHHBIX
IIPOYKTOB POUCXOANUT HEKOHTPOJIMPYEMBIH HarpeB mpo-
IYKTOB M TepMUYecKas AeHaTypauus oexxos [18-20].

3aMOpO’KEHHBIE MHIIEBBIE IPOIYKTHI TAKKE MOKHO
pa3MopaXxuBaTh YIBTPA3BYKOBOH 00pabOTKOM Ha BOITHOM
Oane. Puznueckoe BO3JIEHCTBHE YIIbTPa3ByKa MOXKET MOBBI-
IIaTh TEMIIEPaTypy BOABI H CO31aBaTh BBICOKOCKOPOCTHBIE
CTPYH BO BpeMs IIPOIIecca YIbTPa3ByKOBOI'O OTTaAWBAHUSI.
3areM 3TH BBICOKOCKOPOCTHBIE CTPYH BBI3BIBAIOT CXJIO-
MIBIBaHKE ITy3bIPEKOB BO3/lyXa B BOJE JUIS YJIyUIICHUS
terutonepenadn. [losroMy mporecc pazMopakuBaHUS
YCKOPSIETCSI, YTO TOJIOKUTEIHHO BIMSET Ha KaYeCTBO
. brarogaps pa3paboTke M ONTUMHU3ALUH [TpoLecca
YJIBTPa3BYKOBOT'O OTTaWBaHMS 3aMOPOXKECHHBIE TTHIIIEBbIC
MIPOIYKTHI MOKHO pa3MOpaKuBaTh paBHOMepHoO. [1o-
Xast POHHUIIAEMOCTh YJIbTPa3BYKOBBIX BOJIH, JUTUTEIBHOE
BpEeMsI OTTaHBAHHUS U BBICOKHE YHEPro3aTpaThl SBISAIOTCS
He0CTaTKaM¥ 3TOT0 METO/1a U MPEISITCTBYIOT €T IIHPO-
KOMY IpuMeHeHuto [21-23].

Ha ceroansmnunii 1ens 06U pa3paboTaHbl METOJIBI
OTTanuBaHUs, KOTOPBIE COYSTAIOT MUKPOBOJIHOBYIO H YJIb-
TPa3BYKOBYIO SHEPryi0. JTa KOMOMHANMS MTOBBIIIACT
3G (GEKTUBHOCTH METO/A YIbTPA3BYKOBOIO OTTAUBAHUS
1 M03BOJIsIET M30€KaTh HEPAaBHOMEPHOT'O HAarpeBa 1/HUilH
neperpena, BHI3BAHHOI'O METOJ0OM MHKPOBOJIHOBOTO OT-
TauBanus [24, 25].

Koncmpykuusa ooopyoosanus 01a yiompazeyKko8020
U MUKDPOGOJIHO6020 PaAZMopajrcueanus. [ pa3BUTHUS
TEXHOJIOTUH KOMOMHHPOBAHHOH MUKPOBOJIHOBO-YJIBTpa-
3BYKOBOH pa3MOpPO3KH MCCIICIOBATEIH TIBITAIOTCS pa3pa-
60TaTh 60JI€C MHHOBAIIIOHHOE M MHOTO(YHKIIHOHATFHOE
o0opyznoBaHue JJIs1 KOMOMHHUPOBAHHOTO MUKPOBOJHOBO-
yIBTPa3BYKOBOIO OTTauBaHMs. [IpuHIMINANBHAS cxemMa
000py10BaHMs IS yIIBTPa3ByKOBOTO M MUKPOBOJIHOBOTO

CraTby U3 APYTUX HCTOYHUKOB — 87

Bcero crateit — 449

A

KonuyecTBo cTaTeil mocie HMCKIIOYSHUS
nyonupyronmx — 346

]

Hckmouennsle gyonupytomue cratb — 103

HWcknrouennsle ctatbu. [Ipuduns:
— He KacaroTCsl TEeMaTHKH KOMOMHHPOBAHHBIX

CratbH, BKIIOYEHHBIE B 0030p, — 85

MHKPOBOJIHOBO-YJIbTPA3BYKOBBIX TEXHOJIOTHIA
Jutst 00pabOTKY MUIIEBBIX MPOAYKTOB (197);
— HE PACKPBIBAIOT PE3yJIbTAThI BIHSHUS
KOMOHWHHUPOBAHHBIX MHUKPOBOJIHOBO-
YIIBTPa3BYKOBBIX METO/IOB Ha 00pabOTKyY
IIMIIEBOTO CHIPbSI M KAUYECTBO TI'OTOBOM
npoxykuuu (64)

Pucynox 1. Biok-cxema, KOTopasi ONMHUCHIBACT MPOIiecC BHIOOpa UCCIEIOBAHMS B COOTBETCTBUH C IpoToKosoM PRISMA

Figure 1. PRISMA protocol for research selection
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oTTanBaHus, pa3padoTtannas L. Cai 1 p., COCTOUT U3 TOMa-
rpaduIeckoit KaMepbl, CHCTEMBI MUKPOBOJIHOBOTO HarpeBa,
YIbTPA3BYKOBOM CHCTEMBI U CUCTEMBI ynpasieHus [15].
B romorpaduaeckyro kamepy ¢ Temmneparypoit 4 °C mome-
IIaJTH YJIETPA3BYKOBOM OYMCTUTENb U MUKPOBOIHOBEIH T'e-
HepaTop. 3aTeM EMKOCTh C 3aMOPOKEHHBIMHU MTPOTyKTaMU
ITOMEIIAJH B YJIBTPAa3BYKOBOW OUHNCTHTENb. DTOT KOHTEH-
Hep OBLT H3TOTOBJICH U3 IMTOMMATIIICHA, KOTOPHIH SBISCTCS
HETIOJISIPHBIM U30JISILIMOHHBIM MaTepHaIoM C HU3KOI Tep-
MOCTOWKOCTBIO 1 HU3KMMH JTUAJIEKTPUICCKUMH MOTEPSIMH.
Bo Bpems oTTanBaHuS 3aMOPOKCHHBIX TIPOIYKTOB MUKPO-
BOJTHOBBIN MarHeTpoH pabdorain Ha yactore 2450 MI' Hax
YIIBTPa3BYKOBBIM OYHCTUTEIIEM, A TTOJIOKEHUE OTBEPCTUS
JUTSE MUKPOBOJIHOBOTO M3ITYYEHUS PETyIHPOBAIOCh B COOT-
BETCTBHUH C MOJIOKEHUEM KOHTelHepa. JlaTunk Temmnepa-
TypHI OB BCTABJICH B LIEHTP MPOTYKTA ISl KOHTPOJIS €T0
TEMIIEPaTypHl B PEKAME PEaIbHOTO BPEMEHHU BO BpeMs
oTtauBanus [15].

Pazmopasicueanue npooykmos ¢ ucnonb3oeanuem
Memooa yibmpazeyKo6020 u MUKPOBOTHOB020 PA3ZMOPA-
Jcusanus. Pe3ynbTaThl HCCIICAOBAaHUN CBUICTEIHCTBYIOT
0 TIOBBIIEHNH (P (HEKTHBHOCTH pa3MOPaKUBAHUS U YITyd-
IIEHIH Ka9eCTBA Pa3MOPO’KEHHBIX IPOTYKTOB C TOUKH 3pe-
HUS CBEXKECTH, OSITKOBOM CTPYKTYPBI, MUKPOCTPYKTYPBI 1
CTaOWIIBHOCTH JIMIUAOB B IHIIEBBIX MPOJYKTaX, pa3mo-
POXKEHHBIX C UCIOIB30BAHUEM METO/1a pa3MOPaKUBAHUS
B MHKPOBOJTHOBO IT€YH C TIOMOIIBIO YIBTpa3Byka. C momo-
11610 3TOr0 HOBOTO Metoja L. Cai u ip. pa3MopaskuBaiu
(hue okyHs M KpacHO# 6apabanHOI peIOHI [15, 24]. Tlo
CpaBHEHHIO C PIIe, pa3MOPOKEHHBIM C UCTIOIb30BaHIEM
METO/I0B MUKPOBOJIHOBOTO M YJIBTPa3BYKOBOTO OTTanUBa-
Hust, e, pa3MOPOKEHHOE C TOMOIIBI0 KOMOMHHPOBAH-
HOM TEXHOIJIOTHUH YIBTPa3BYKOBOTO M MUKPOBOJIHOBOTO
OTTaMBaHMs, [T0KA3aJI0 YJIyUIICHHOE YAEp)KaHue BHYTPH-
KkJIeTouHOH BoJbl. COBMECTHOE HCIIOJIb30BAHUE YIIBTPa-
3BYKOBOTO W MHKPOBOJIHOBOTO OTTaMBaHUS MPUBEJIO K
MEHBIIIEMY TTOBPEKICHUIO TKAHU MBIIICYHBIX BOJIOKOH H
He)XeJaTeIbHBIM N3MEHEHHSIM CTPYKTYPbI O€JIKa BO Bpemst
oTTauBaHus. biaarogapsi MOBBIIEHHON (P (EKTHBHOCTH
Ppa3sMOpaXUBAHUS ITPOU3OILIO0 HHTHONPOBAHKE IIpoIiecca
OKHUCIICHUS JTUNU0B. Pe3ynbTaTel OpraHoiaenTu4eckoro
aHaJII3a MTOKa3aJIH, YTO CBEKECTh (hrIre, pa3MOPOKEHHOTO
C ITOMOIIIBIO YIIETPA3BYKOBOTO U MUKPOBOJIHOBOT'O Pa3Mo-
pakuBaHWUsl, OblIa CX0XKa C ITOKA3aTeSIMUA CBEXKEH PHIOBI.
M.-M. Zhu u zip. B X0/1¢ UCCIICAOBAHMS YCTAHOBUIIH, YTO
CBHHHHA, Pa3MOPOKEHHAS C TOMOIIHI0O KOMOWHHPOBAHHOTO
MHKPOBOJIHOBOTO H YJIBTPa3BYKOBOT'O METO/1a, IToKa3aja
0oJiee BBICOKYIO paCTBOPHUMOCTh Oelika, 4YeM CBHHHHA,
MTOJTyYeHHAS ITyTeM Pa3MOpPaKUBAaHUSI B MUKPOBOJITHOBOM
re4yr. DTO CBUJIETENBCTBYET 00 YyIydIIEHHUH KayecTBa
Pa3MOpOKEHHOTO Msica [26].

YiabTpa3ByKkoBasi M MUKPOBOJIHOBasI cymika. Mukpo-
BOJTHOBAsI CyIIIKa — 3TO CYIIKA C AUDIICKTPUIESCKUM Harpe-
BoM. OHa siBJIsIeTCsl OJHUM M3 HanOosee d3(PPEeKTHBHBIX
JIOCTYITHBIX METOJIOB CYIIKH OJaronaps o0beMHOMY Har-
peBy MaTepraiioB. TeXHOIOTHS MUKPOBOIHOBOH CYIIKH
MIPUMEHSIETCS JUTS CYIIKU ()PYKTOB M OBOILCH, 3epHa, Msca
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U JIPYTHX MPOILYKTOB, KOTOPBHIM HEOOXOANMO MPOAIUTH
cpok xpaneHust [27-29]. XoTst METOJIT MUKPOBOIHOBOM
CYILIKH HMEET IPEUMYIIECTBO BHICOKOW CYIIIKH U SHEProdQ-
(PEKTHBHOCTH, STOT METO/I CBS3aH C HEPABHOMEPHOH CYIIIKOI
1 JIOKQJIbHBIM TIeperpeBOM/00YTIMBaHUEM NHIIEBHIX Ma-
TepuaioB. J{is perenust 9Toi npooeMbl ObUT BHEIPEH YITb-
TPa3BYKOBON METOJI, TOCKOJIbKY KaBUTALMS U MEXaHUUECKOE
BO3JICHCTBHE YIBTPA3BYKOBBIX BOJIH MOTYT 3((HEKTUBHO
CHU3UTH conpoTuBieHue nupdy3uu BiIary, yIyqiuTh
TEII0- ¥ MaCCOOOMEHHYIO CIIOCOOHOCTH M CBECTH K MUHU-
MyMy HepaBHOMepHEIH Harpes [30]. [TumeBoe ceipbe 1160
Tpe/IBapUTEIIFHO 00pabaThIBaIOT YIIbTPa3BYKOBBIMHU BOJI-
HaMH C MOCJeAyIolel CylIKoi B MUKPOBOJIHOBOW TEYH,
J00 BBICYIIUBAIOT IIPH KOMOMHUPOBAHHOM BO3/ICHCTBHI
yIBTPa3ByKOBOM M MUKPOBOJIHOBOH 3Heprui. [IpenBapu-
TeJbHas YIbTPa3BYKOBasi 00pad0TKa MOKET BBITOIHATHCS
1100 B yIbTPa3ByKOBOM BaHHE, JINOO B YJIBTPA3BYKOBOM arl-
napaTe Ha OcHOBe 30H1a [31, 32]. YnpTpa3BykoBasi BAHHa
Yarie UCIOIb3yeTCsl NCCIEeOBATEISIMH, T. K. TIociie o0pa-
OOTKH ¥ ITOCIIeTYIOMIEeH CYIIIKH CYIIIEHOE CHIPhE NMEET O0ITh-
HIYI0 OJJHOPOJHOCTb 110 CPAaBHEHHUIO C MCIIOJIB30BAHUEM
yIIBTPa3ByKOBOT'O 30H/a.

Bauanue muxkpoeonnoeoit cywiku c y1ompa3eykogoii
npeosapumenvioli 00padomKoll Ha Ka4ecmeo Cyutenvix
npodykmos. L{géem. Y npTpa3BykoBas o0paboTka 00pas-
1I0B IUILEBBIX MPOLYKTOB IIEPE] MUKPOBOJIHOBOI! CYIITKOH
MOJKET YITyqIINTh [IBETOBOM MPO(HIH KOHEUHBIX BBICYIIICH-
HBIX IPOJIYKTOB. [10 CpaBHEHMIO C HCXOAHBIMH MUIEBBIMU
MPOAYKTaMU Tepe]| CYIIKOH KpacHOoTa/3ei1eHocTh (a*),
cuHeBa/xentu3Ha (b*) n obmee n3menenue 1nBeta (AE)
MPOJYKTOB, BEICYIICHHBIX B MUKPOBOJHOBOM II€UH, yBe-
JIMYUBAIOTCS M3-32 (PEPMEHTATUBHBIX U He(hepMEHTATHB-
HBIX peaknuii noteMHenus [33]. B mpomecce mpumeHeHus
yIBTPa3ByKOBOKH-MUKpOBOJIHOBOH cymiku (Y3MC) boiee
KOpPOTKOE BpeMsI CYIIIKH U ee OoJiee HU3Kask TeMIeparypa
MOTABIISIIOT peaknuu nmotemMHeHus [34]. Y. Zhao u ap.
cooOmmmn 00 3(h(HEeKTUBHOCTH COXPAHEHUs IIBETa BHICY-
IIEHHBIX CEMSIH JIOTOCA MPU HCIIOJIb30BaHUN KOMOMHHU-
POBAHHOTO METOJIa yJIbTPa3ByKOBOI-MUKPOBOJIHOBOMI
CYIIKH [0 CPAaBHEHUIO C BBHICYIIIMBAHHEM TOJIBKO B MUKPO-
BOJIHOBOM nieun [34]. YBenuueHre MOITHOCTH U BpEMEHHU
yIBTPa3BYKOBOH 00paOOTKH HEraTUBHO BIIMSUIO HA IIBET
13-3a TIOBPEXK/ICHHUS KJICTOYHOH CTPYKTYPBI M BBICBOOOXK-
JneHust nurmenTa [28, 35].

TTuwesasn yennocms. Conep’kaHue MUTATEIBHBIX Be-
IIECTB B BBICYIICHHBIX 00pa3nax sBISACTCS PEIIAONIIM
rapamMeTpoM KadecTBa JUIsl OLICHKH NPUTOJHOCTH METO-
JIOB CYILIKH. BocnpuuM4mBbie OMOJIOTHYECKH aKTHBHBIC
COE/IMHEHUSI B NUIIE, TAKHE KaK (EHOIIBI, (DIIABOHOUABI
AHTOLIMAHBI, JIETKO Pa3JIaratoTcst BO BPEMsI CYIIKH B MHKPO-
BotHOBOH meun [30]. biaronapst HCrnoib30BaHUIO MPeE-
BapUTEIIEHON 00pabOTKH yIBTPa3BYKOM BPEMsI MUKPO-
BOJIHOBOM CYIIKH THIIEBBIX MAaTEPUAIOB COKpAIACTCs,
YTO MOXET YMEHbBIIUTh OKUCIUTEIbHYIO JeTrpajalnio
ITUX COEAMHEHHHN. YIbTpa3BykKoBas 00padoTKa pa3pymaeTt
KJIETOYHYIO CTPYKTYpY B 00pa3nax MUILIEBBIX MIPOIYKTOB,
CIIOCOOCTBYS BEICBOOOXKICHHUIO aKTUBHOTO BEIIECTBA M3
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KJIETOK BO BpeMsI 3KCTpakiyu. Clie10BaTeNbHO, PEIBapH-
TeJIbHAs YIbTPa3BYKOBasi 00pabOTKa MOXKET yBEIHIUTh
COJIepKaHKe ITHX COCJIMHEHUH 3a CUET MOBBIIICHUS S deK-
THUBHOCTH WX dKcTpakimu [36]. L. Liu np. ycraHoBmM, 9TO
KOMOWHHPOBAHHBIN METO/1 yIIbTPa3BYKOBOH-MUKPOBOJIHO-
BOW CYIIIKH YBEJINYMBAeET olliee coaepskanne (eHOIOB 1
(maBoHoun10B B 6atate Ha 29,03 129,73 % COOTBETCTBEHHO
TI0 CPAaBHEHMIO C OaTaTOM, BHICYIIEHHBIM B MUKPOBOJIHO-
Boit neun [37]. OHaKO MPOTUBOIOIOKHAS TEHACHITUS
OblTa ycTaHOBIIEHA B UccaenoBanuu L. Li u ap., re conep-
*KaHue (peHOIbHBIX, (DTABOHOUAHBIX M AHTOIIMAHOBBIX K-
TUBHBIX BelllecTB B (aconu, BeicymeHHold Y3MC, Obu10
HWKE, 4YeM B (DacoJjIM, BBICYIIEHHOW B MHUKPOBOJIHOBOU
nedn [28]. DTo MPOU30IIIO TOTOMY, UTO TPEABAPUTEITH-
Hasi 00paboTKa yJIbTPa3ByKOM CIIOCOOCTBOBAJIA BBICBO-
00XICHUIO, PACTBOPEHHIO U TIOTEPE ITHX COCIMHEHHUH B
YIIBTpa3BYKOBOH BOAsHOM BaHHe. [IpenBapurensHas oOpa-
00TKa yJIETPa3ByKOM MOXET CIIOCOOCTBOBATH IPOTEOIIN3Y.
006 3TOM CBUJIETENBCTBYIOT PE3YIbTaThI CYIIKH CEMSH JI0-
TOCA, BBICYIIEHHBIE KOMOWHUPOBAHHBIM METOJIOM YJIbTpa-
3BYKOBOW-MHKPOBOJIHOBOH CYIIKH, T/I€ OTIpe/ie]IeHo Ooee
BBICOKOE COJ/Iep)KaHNEe CBOOOJIHBIX aMUHOKHUCIIOT, YEM
y CeMsH, BBICYIICHHBIX B MHKPOBOJHOBOH meun [38].
Pe3ymnbraThl HEKOTOPBIX MCCIIEOBAHUI BIMSHUS TIpeJl-
BapUTEJIBHONH 00pabOTKH YJIbTPa3ByKOM Ha KaueCTBO
MPOIYKTOB, BBICYIIEHHBIX B MUKPOBOJIHOBOH MEUH, IIPea-
CTaBJIeHBI B Tabnme 1.

TexHonorn4eckuii npouecc KOMOMHMPOBAHHOI
YJIbTPa3BYKOBOI-MHKPOBOJIHOBOM CYIIKH. /{715 cylku
MUIIEBOTO CHIPBSI M MIPOLYKTOB pa3paboTaHO Pa3IHIHOE
00opyioBaHue, COUETAONIEe YIbTPa3BYKOBYIO M MUKPO-
BOJIHOBYIO DHEPrul0. YIIbTPa3ByKOBasi-MUKPOBOJIHOBAsI
CYIIHITKA COCTOUT U3 CHCTEMBI YIIETPa3BYKOBOI 00padOTKA
(wacrora > 20 kI'11), MUKPOBOJIHOBOH CHUCTEMBI (4acTOTA
2450 MTI'1y), cymniabHOM KaMephl U CUCTEMBI yIIpaBiie-
Hus [13, 14, 50]. B 3TUX KOHCTPYKITUSAX HUCTIOIB3YETCS
OECKOHTAKTHAs CHCTEMa yJIbTPa3BYKOBOM 00paboTKH, e
B KQ4€CTBE CPCbI IIEPeaavdn UCII0JIb3YCTCA BO3AYX, '-ITO6I)I
n30€XKaTh 3PO3UM U 3arPsA3HEHNUS MUIIEBBIX MaTEPUAIIOB.
MOIIHOCTB yJIbTpa3ByKa 1 MUKPOBOJIH MOKHO PETyJIUpPO-
BaTh OT/ICNIBHO C TIOMOIIBIO CHCTEMBI IPOIPAMMHPYEMOTO
JIoTHYecKoro KoHTposuiepa [51]. B kauecTtBe nmpumepoB
WCCIIEIOBAaHUI Pe3yJIbTaTOB KOMOMHUPOBAHHOM yIJIBT-
Pa3ByKOBOI-MHUKPOBOJIHOBOH CYIIKH MOYHO IPHUBECTH
PpaboTHI 1O CYIIKE IOMTHKOB 510710K, Tremella fuciformis,
CEMSH JIOTOCa, MaJTMHBI U 3eJIEHOTO mepra [2, 13, 52-54].
[Ipouecc KOMOMHUPOBAHHOM CYIIKH ITOKa3al 3(h(HeKTHB-
HOE JIeHCTBHE Ha KAYeCTBEHHbIC MI0KA3aTEeN CYIICHOW
MPOIYKIIUH, COXPAHEHNE 1IBETA ¥ MTUIIEBOI IIEHHOCTH.

B nporiecce KoOMOMHUPOBaHHOMN YIITPa3BYKOBOH-MUKPO-
BOJIHOBOM CYILIKH MOJI A€HCTBUEM MUKPOBOJIHOBOM SHEP-
TMU IPOIYKT HarpeBaeTcsi, a BHICOKOYACTOTHBIN yIbTpa-
3BYK CIIOCOOCTBYET y/IAJICHHUIO BJIATH, YTO YIIyqIIAET TEIJI0-
U MacCOOOMEH MaTepHAaIOB MPH CYIIKE U YCKOpsieT ee [52].
B nccnenosanmnu J. Xu u ap. B X016 KOMOWHUPOBAHHOH YITb-
TPa3BYKOBOH-MHUKPOBOIHOBOW CyIIK 7. fitciformis ObLIO
CHIDKEHO BpeMs Ha 42,86 %, 1o CpaBHEHHIO C METOJOM
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MHKPOBOJIHOBOH CYIIIKHU U IIPEABAPUTEIHHOI 00paboTKOM
YIBTPa3BYKOM, a 3G PeKTHBHBIN KO3 PumeHT anddysnn
Biaru ysenuumics ¢ 1,72x107° mo 2,28x1075 m*/c [13].
Korzia MOIITHOCTE MUKPOBOJIH HOCTOSIHHA, TO YBEJIMUCHUE
MOIITHOCTH yJIbTPa3ByKa MOKET IIOBBICHTH 3 PEKTHBHOCTD
CYILIKH 32 CUET CHI)KEHHS COIIPOTUBIICHUSI MACCOTIEPEHOCY B
IUIIEBBIX MaTepHaIax Kak Ha IIOBEPXHOCTH, TaK U HA UX
BHYTPEHHHUX y4acTKaX IPU MOBBIIIEHHOH MOIITHOCTH YJIb-
Tpa3ByKa. Pe3yibpTaThl HCClleIOBaHUsI CYIIKH SI0JIOK, BbI-
CYHICHHBIX pa3JIMYHbIMU METOJaMH CYIIKH, ITOKa3ajn, 4YTO
Bpems cymkn Y3MC cokparuiocs Ha 29,8 % 1o cpaBHe-
HUIO CO BPEMEHEM CYIIKU B MUKPOBOJIHOBOH neun [54].

CoxparieHre BpeMEHH CYIIKH MTHIIEBOTO CHIPhS KOMOH-
HHUPOBAHHOW YJIbTPa3ByKOBOH-MUKPOBOJHOBOM CYIIKON
CHOCOOCTBYET COXPAaHEHUIO IIBETa M CTPYKTYPHI, UTO 101
TBEPXKJIAIOCH TIPH cylIKe 100K U nepua [2, 14, 50]. Ox-
HaKO MPOTHBOIIOIOXKHAS TCHACHIMS OblIa OTMEYEHA
S. J. Kowalski u ip. [54]. ABTOpBI 3aMETHIIH, YTO MIPOIIECC
KOMOMHHUPOBAHHOH YJIbTPa3ByKOBONW-MUKPOBOJIHOBOM
CYIIKH BBI3BAJI OTHOCUTEIBHO BBICOKYIO YCAIKy SITOJ
MaJIMHbI U3-32 N3MEHEHHS X CTPYKTYPHI 110]1 ICHCTBHEM
MHUKPOBOJHOBOT'O M3JTyYEHUSI.

[umeBble TPOIYKTHI, BEICYILICHHBIE C HCIIOJIB30BAHUEM
KOMOMHHMPOBAHHOTO METOIa YIIbTPa3ByKOBOH-MUKPOBOJIHO-
BO¥{ CYIIIKH, COXPaHHIIH HCXOJTHOE COJIEPKaHNEe MHOTHX IIUTa-
TENbHBIX BetecTB. CoKpalieHne BpEeMEHH CYIIIKH CIIOCO0CT-
BYET CHIKEHHIO Pa3pyIICHUS M OKHCIICHUS ITUTATEIbHBIX
BelecTB. Lel U ip. yCTaHOBWIIM, YTO METO KOMOMHUPO-
BAaHHOM YJIbTPa3ByKOBON-MUKPOBOJIIHOBOM CYILKH CHU3MII
TTOTEpH OOIIEro KOINIECTBa CaxapoB, (DEHOIOB U 00IIero
KOJIMYECTBA aHTHOKCH/IAHTOB B CyIIEHBIX rpubdax. AHayo-
THUYHBIC PE3YNbTaThl ObUIK MOTy4YeHsl J. Xu u JIp., T1e Mpo-
IIECC CYIIIKN KOMOMHUPOBAHHBIM METO/IOM YIIbTPa3ByKOBO-
MHKPOBOJIHOBOH CYIIKH TI03BOJIMII COXPAHUTh COJIEpKaHNe
caxapos u 0enka [13]. B uccnenosanuu J. Szadzinska u nip.
coaepxanne BuTamrHa C B 3€JIEHOM TIEpIIE, BEICYIICHHOM
C TIOMOIIBI0 KOMOMHUPOBAHHOW YIIbTPa3ByKOBOH-MHKPO-
BOJIHOBOH CYIIIKH, ObLIO yBenu4eHo Ha 19,6 % 1o cpaBHe-
HUIO C BBICYIIICHHBIM B MHUKPOBOJTHOBOH eu [2]. OnHako
MOIIIHOCTB YJIbTPa3BYKOBOH N MHUKPOBOJIHOBOM SHEPTUH B
poriecce KOMOMHUPOBAHHOM YIIbTPa3BYKOBOH-MHKPOBOJI-
HOBOM CYIIIKH JOJDKHA OBITh ONTUMHU3UPOBAHA, YTOOBI M30e-
JKaTh Pa3pyIICHUs] ONOAKTUBHBIX COSANHEHHH 110 TETIIO-
BBIM BO3JICHCTBHEM YJIbTPa3ByKa M MUKPOBOJIH. B mccieno-
BaHHK aBTOPOB J. Zhang u 1Ip., KOr/ia MOIIHOCTh yJIbTpa-
3ByKa OpD1a yBenmmaeHa ¢ 200 no 300 Br, obmee coneprka-
HHe (heHOJIOB U ()JIABOHOUIOB B CYIICHBIX KUTAHCKHX OpeXxax
THKOPH, BBICYILICHHBIX KOMOMHUPOBAHHOM YIIbTPa3ByKOBO#-
MHKPOBOJIHOBOH CYyIIKOH, CHU3IIOCH 110 11,9 Mmr GAE/r DW
uc 12,4 10 9,7 mr GAE/r DW cootBetctBenHo [30].

YabTpa3sByKoBasi H MUKPOBOJIHOBAsI IKCTPAKIIMS
(Y3M3). KomOWHNPOBAaHHEII METOM yIBTPa3ByKOBOM-
MHUKPOBOJTHOBOH AKCTPAKIIH CIIOCOOCTBYET YITyUIICHUIO
mpouecca M3BJICYCHUA MUIIECBBIX HHIPEAUCHTOB 3a CUHET
COUYETaHMsSI MPEUMYIIECTB METOJ0OB MUKPOBOIHOBOH U
YIBTPa3BYKOBOH SKCTPAKIMH, TAKMX KaKk OBICTPHIN HarpeB
W yJIy4YILIEHHBIH Temio- 1 MacconepeHoc. [loBrlmenue
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3(hPEeKTUBHOCTH U3BJICUCHHUS AKTHBHBIX KOMIIOHEHTOB
MIPOUCXOANT 3@ CUET CUHEPIeTUYECKOrO AEHCTBUS MUK-
POBOJHOBOTO U YJIBTPa3BYKOBOI'O H3Iy4YeHHs, KOTOpPOE
BBI3BIBACT Pa3pylICHUE CTPYKTYPHI KJICTOYHBIX TKAHEH.
Bo Bpems mporiecca KOMOMHUPOBAHHOM YIIBTPa3BYKOBOI-
MHUKPOBOJHOBOH 3KCTPaKIUU MUKPOBOJIHOBAS YHEPIHUs
MTOTJIONIAETCS] MaTepHalaMi U COTPOBOXKAACTCS aKTHUB-
HBIM BbIJEJIEHHEM Teruia [55]. DTo BBI3bIBAET HcHape-
HUE BJIaTd U3 BHYTPEHHEH 4acTu MaTepuaia U JaBJlIeHue
Ha KJIETOYHYIO CTEHKY, B PE3yJIbTaTe YeTrO KJICTOYHBIE
CTEHKH Pa3phIBAIOTCS, U MOJICKYIBI-MHIIICHH BBICBOOO-
JKAAIOTCA U3 KIeTKH [56]. CxJonbIiBaHHE KaBUTAIIMOHHBIX
y3BIPHKOB, 00Pa30BAHHBIX YIBTPAa3BYKOBBIMHU BOJTHAMH,
obecrieqnBaeT YHEPTHIO I 3PPEKTUBHOTO CMETITHBAHHUS
SKCTPAKLUOHHOTO PACTBOPUTENSI U MUIIEBBIX MaTepua-
110B. I1o cpaBHEHNIO C MUKPOBOJIHOBOI U YJIbTPa3ByKOBOMI
SKCTPAKIHASIMU KOMOMHUPOBAHHBIN METOJ YIbTPa3BYy-
KOBOM-MHKPOBOJHOBOM AKCTPAKIMU 007a/1aeT TaKUMH
MIPEUMYIIECTBAMH, KaK YBEJIMUCHUE TIPOU3BOAUTEIBHOCTH
1 2P PEKTHBHOCTH IKCTPAKIINHA, & TAKKE YIIyIIICHHBIMH
CBOICTBaMHU OMOJIOTHYECKU aKTHBHBIX COCTMHEHUH [57].
CerosHss KOMOMHUPOBAHHON METOJI YJIbTPa3ByKOBOW-
MHUKPOBOJIHOBOM AKCTPAKIIUU IPUMEHSICTCS ISl U3BIIC-
YeHHS MIHPOKOTO CIIEKTPa WHTPEINCHTOB U3 MHUIIECBOTO
CBIPBSl U MaTEpUasoOB, BKIOYas

1. ITumeBoe chIpbe U3 0TXOI0B arpoIpoI0BOIHCTBEH-
HOTO cekTopa. Hampumep, s SKCTpaKIiH (PEHONBHBIX
AQHTUOKCHJIAHTOB U3 BUHHBIX BUHOI'PAJHBIX BBIKUMOK
U OTXOJIOB KOXYPHI JuKeK(PpyTa, MEKTUHA U3 TPOMBIIII-
JICHHBIX OTXOJIOB TOMATOB ¥ (hJIABOHOMIOB U3 KOXKYPHI
KUTAHCKOT0 BOJSIHOTO KamTaHa [58—61];

2. AHTHOKCHJIAHTBI M3 CBEXHUX (DPYKTOB U OBOIIIEH, Ta-
KHe KaK 9KCTPAKIIU JINKOTIMHA M3 TOMATOB U aHTOIIHAHOB
13 YEPHOIUIOTHO psiouHEI [62, 63];

3. OcHOBHBIE BEIIECTBA U3 CEMSIH, OPEXOB U 3€PEH,
TaKre KaK SKCTPAKIIMS Maclia U3 CEMsH 9ast U PEHOIBHBIX
COEIMHEHUH U3 TpelKoro opexa [64];

4. bronornyecky akTUBHbIE COSANHEHHS U3 IPYTUX M-
IIEBBIX MATEPUAJIOB, BKITIOYast KHTAHCKHE JIEKapCTBCHHBIC
TpPaBBI ¥ PACTCHUSA-TPHOBI, TAKHE KaK SKCTPAKIINS ITOJIHCaXa-
punoB u3 Inonotus obliquus u Ganoderma lucidum [65, 66].

Bo Bpemsi KOMOMHUPOBAHHOH YJIBTPa3BYKOBOH-MHK-
POBOJTHOBOM 3KCTPAKIIUU Ha CHIPhE OJHOBPEMEHHO BO3-
JIeHCTBYIOT MUKPOBOJIHBI U YIBTPa3BYK. MOIIHOCTb 3TUX
SHEPruil MOXKHO PETYJIMPOBATh B COOTBETCTBHUHU C TEMIIE-
patypoii odpasia B peanbHOM BpeMeHu. Kpome Toro, mis
MUHHMMU3ALUH TOTEPh PACTBOPUTENSI MOXKHO YCTaHOBUTD
OJIOKK KOH/IeHCAMU (IIeTMBbl.

Bauanue Komounuposannoil y1ompa3eyKo6oi-muK-
POBONHO60I IKCMPAKYUY HA U36/1eUeHUEe U KAYEeCH 80
nuugesvix unzpeouenmos. Boixoa u a3¢pGHeKTHBHOCTD
SKCTPAKINU SIBIISIOTCS KIIIOYEBBIMU XapaKTEPUCTHKAMH
MeToJa IKCTpakiuu. I1o cpaBHEHUIO ¢ MHUKPOBOIHOBOM
U YJIbTPa3BYKOBOH IKCTPAKIUSIMHU KOMOMHUPOBAHHBIM
METOJI yAbTPa3BYKOBON-MUKPOBOJIHOBON SKCTPaKLUU
MTOBBITIACT BBIXOJ] IKCTPAKTa HECKOIBKIX HHTPETUCHTOB,
TaKHUX KaK aHTHOKCH/IaHTHBIE BEIIECTBA, IEKTHH U OJIUIO-
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caxapuzsl. H. Sun u zip. skcTparupoBamm NpoTHBOPaKoOBbIe
nosnucaxapusl u3 mionos Camptotheca acuminata ¢ vic-
MOJIb30BaHHEM KOMOMHHPOBAHHOH YJIbTPa3BYKOBOM-MHK-
POBOJHOBOH 3KCTPAKINU U APYTUX METO/I0B SKCTPAKINH,
BKJIIOYasi MUKPOBOJIHOBYIO M YJIbTpa3ByKoByto. Cpean
9TUX METOJIOB IKCTPAKIUN KOMOMHUPOBAHHOI mpolecc
YABTPa3BYKOBON-MUKPOBOJIHOBOM SKCTPAKLUU IIPUBEI
K HAaWBBICIIIEMY BBIXOJly SKCTPAKTa IPH HNCIIOJIB30BAHUH
TOTO e BpeMeHH dKcTpakimu (20 mun) [67]. AHanornuxas
TeHJeHIHs OblJla OTMeueHa B uccienoBanuu B. Hu u np.,
TJIe TIEKTHH OBLT M3BJICUCH U3 KOXYPBI JUKEK(PYTa C HCTIONb-
30BaHUEM MeTOJ10B Y3MD, MUKPOBOJIHOBOI U YIbTPa3By-
KOBOM 3KkcTpaknuu. Kpome Toro, pe3ynpTaThl HCCIEI0BA-
HUS UPHBIX Macell, U3BJICYEHHBIX N3 MTOPOIIKa MepIia,
MOKa3aJIM, 4TO HanOoJIbIIIee KOJIMYECTBO 3(PMPHOTO Macia
OBLIO TIOJTyueHO 3a 00JIee KOPOTKOE BpeMsl SKCTPAKIIUH
C UCTIONIb30BaHNEM KOMOWHHPOBAHHON yIBTPa3BYKOBO-
MHUKPOBOJIHOBOW 3KCTPAKIMU 110 CPABHEHUIO C MUKPO-
BOJIHOBOH M yJIBTPa3ByKOBOH 3KkcTpakuueit [64, 68].

BoIxon akcTpaknuy OMOAKTUBHBIX MHTPEIUEHTOB C
WCIIOJIb30BAHNEM KOMOWHUPOBAHHOH yJIBTPa3BYKOBOM-
MHKPOBOJIHOBOH SKCTPAKIIN MOKET BAPbUPOBATHCS. DTO
3aBHCHUT OT MHOTHX MapaMETPOB, TAKUX KaK MOIIHOCTb
YIBTPa3ByKa M MHKPOBOJIIHOBOTO H3ITy4€HHsI, COOTHOLICHUE
YKUJKOCTH M TBEPAOI'O BEIIECTBA, BPEMS SKCTPAKIIHH.
BbIX0/1 1yBCTBUTEIBHBIX OMOAKTUBHBIX MHIPEJHUEHTOB K
9KCTPAKINHU YBEINIUBACTCS C MOBBIILICHHEM MOIIHOCTH
MHKPOBOJIH U yJIbTpa3ByKa. OJTHAKO 3TH COCAMHEHNUS MO-
TYT pasjaratbCs Ipu O4€Hb BBICOKOM MOIITHOCTHU MHUKPOBOJI-
HOBOTO H yIBTPa3ByKOBOTO M3ITy4eHHUS [69]. AHATOTHIHBIM
00pazoM OoNTHMalbHOE BPEMs HKCTPAKIMU MOXET obec-
MEYUTh MaKCUMaJbHBIN BBIXO/] DKCTpaKTa, a I[aﬂbHeﬁ[Hee
YBEIMUCHNE ANATAa30Ha BPEMEHH MPOIIEcca SKCTPAKINN
NPUBOJMT K Pa3pylICHNIO OMOIOTMYECKH aKTHBHBIX COe-
JIMHEHUH U CHWO)KEHMIO KauecTBa dkcTpakTa [70]. B uccneno-
BaHusax B. Liu u gp., C. Liu ¢ coaBTopamu u X. Liu u np.
MacJjo IPenKoro opexa dKCTParupoBaIn IUMETHIKapOo-
HATOM, TIETPOJICHHBIM d3(UPOM U PACTBOPUTEIIEM JUISI CME-
MIMBaHUS H-TEKCaHA C MCIIOIBb30BaHUEM KOMOMHHUPOBaH-
HOH yJIbTPa3BYKOBOH-MHUKPOBOJIHOBOH 3KCTPAKINH TIPH
Pa3JIMYHBIX COOTHOIICHUSX JKHJIKOCTH ¥ TBEPJIOH (ha3bl.
JlaHHBIE aBTOPBI COOOIIMIN 00 YBEINUYEHUN BBIXOA IKC-
TpaKTa MY MOBBIIICHUN COOTHOIICHHS TBEPJIOH M KH[-
Koi (ha3. OHaKo M30BITOK PACTBOPUTEIISI TPUBEIT K CHH-
JKCHUIO BbIXOJA OKCTPAKTa U3-3a YXYAUICHUS TOTJIOMICHUA
MHUKPOBOITHOBOI sHEpruu [71-73]. UTOOBI ONITUMH3UPO-
BaTh apaMeTphbl SKCTPAKIIMHY Npolecca KOMOMHUPOBAHHOM
YJIbTPa3ByKOBOW-MUKPOBOJIHOBOM 3KCTPAKLMK I IUIa-
HUPOBAHMUS HKCIIEPUMEHTOB MOKHO HCIIOIb30BaTh METO]
MOBEPXHOCTH OTKJIMKA.

buoakTuBHbIC BCIIECTBA, OKCTPpArupoBaHHbLIC METOAOM
KOMOMHUPOBAHHON YIIBTPAa3BYKOBOW-MHUKPOBOIHOBOH IKC-
TpaKIuH, ObUTH O0Jiee BEICOKOTO KadyecTBa, YeM WHIpe-
JUCHTDI, IMOJTYUYCHHBIC C UCITIOJIb30BAHUECM MUKPOBOJIH
WiIn yneTpa3Byka. B mccnegoBannu A. A. Mahdi u mp.
67 GeHONIBHBIX COeIMHEHNH OBIIIM N3BJICUCHBI U3 [IUTPOHA
KOMOWHUPOBAaHHBIM METOJIOM YJIBTPa3ByKOBOH-MUKPO-
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BOJTHOBOH 3KcTpaknuu [74]. OHu nposBuim 6051ee BBICO-
KYI0 aHTHOKCHJAHTHYIO aKTUBHOCTb, YEM COCJUHEHMUS,
W3BJICYEHHBIE C TOMOILbI0O MUKPOBOJHOBOM U yJIbTpa-
3BYKOBOMW 3KCTPaKLMH. BbUIO IPOBEIEHO UCCIIEIOBAaHUE
BIIMSIHUS PA3JIMYHBIX METO/IOB SKCTPAKIMH Ha AaHTHOK-
CHJIaHTHYIO aKTUBHOCTb ¥ COCTaB 3(PMPHBIX Macel, U3BIIe-
YEHHBIX U3 YepHOro 1 6ernoro nepma. Pe3ynbraT nokasan,
4TO (HUPHBIE MaCa, SKCTPArHPOBAaHHBIE C TOMOIIIBIO
KOMOMHHMPOBAHHOH YJIBTPa3BYKOBOH-MHUKPOBOJHOBOU
SKCTpaKIHNH, 00Ja7at0T 0ojiee BRICOKON aKTUBHOCTHIO
10 YJAJICHUIO CYNEPOKCHIHBIX PaJNKajIoB U Ooee BbI-
COKHUM COJIepKaHHEM MOHOTEPIIEHA U CECKBUTEPIIEHA, YEM
a(UpHBIE MacIia, IKCTPAruPOBAHHBIE IPYTUMHU METOIAMH.
C oHOM CTOPOHEIL, BEIXO[ (PCHONBHBIX U (DITABOHOMTHOHI-
HBIX COCIMHEHUH, U3BJIEKAEMbIX C IIOMOIIBI0 KOMOWHH-
POBaHHOM yJIbTPa3ByKOBON-MHUKPOBOJIHOBOM AKCTpPaKIIMH,
BBIIIE, YEM IIPH YJIbTPa3BYKOBOM U MUKPOBOJIHOBOH 3KC-
Tpakiuu. C Apyroi CTOpoHBI, O0ee KOPOTKOE BpeMs
9KCTPAKIUY C MCIOJIb30BAHUEM KOMOMHHUPOBAHHOM YJIb-
TPa3ByKOBONH-MUKPOBOJIHOBOM 3KCTPAKLUU COKpAILAET
BpEMsI BO3JICHCTBHS MUKPOBOJIH Ha AKCTPAKT U MPETISTCT-
BYET CTPYKTYPHOMY IOBPEXJCHUIO U JIerpasaiuu Ouo-
aKTUBHBIX BemecTs [70, 75].

O0padoTKa HKUAKUX NULIEBBIX NPOAYKTOB METOA0M
YJAbTPa3BYKOBOIl 1 MUKPOBOJIHOBOI CTepUJIN3alUA
(Y3MCT). DHeprust MEKPOBOJIH UCTIONIBL30BANIACH TSI 00€3-
BPEXHMBAHUS IHIIEBBIX MUKPOOPTAHU3MOB U YHHUTOXE-
Hus crnop. V3-3a KOPOTKOro BpeMeHH CTEPUIN3ALIUU ATOT
MMpOoNeCC NPAKTUYCCKU HE BIIMACT HA KAYE€CTBO IMTPOJAYKTOB
U WX THIIEBYIO EHHOCTh. MUKPOBOJIHBI M YIBTPA3BYK
UCIIONB3YIOTCS JUTS cTepuiin3anyu. Bo BpeMst 00paboTku
yIBTPa3BYKOBbIE BOJIHBI BBI3BIBAIM OBICTpOE 00pa3zoBa-
HHE U pa3pyLIeHNE ITy3bIPEKOB B MPOIYKTE. DTOT KaBUTa-
UOHHBIN 3()(heKT crIocoOCTBYET BEICBOOOXK/ICHUIO Yaap-
HBIX BOJIH C BBICOKUMU TEMII€pATypaMu U JaBJICHUCM
B JIOKaJIbHON 00JIACTH B T€YEHNE KOPOTKOIO MEPHUOa
BpemenH (< 100 He) U1 ”HAKTHBAMA MUKPOOPTaHH3MOB.

KomOuHMpOBaHHBIM METO]| yJIbTPa3ByKOBOW-MHKPO-
BOJIHOBOM CTEPHIIM3AIINH OBLT pa3padoTaH it 00beInHE-
HHS IPEUMYILECTB METOJ0B MUKPOBOJIHOBOM U YJIBTPa3BYy-
KOBOY cteprm3anui [ 76]. TexHonorus KoOMOMHUPOBAHHOM
YIBTPa3BYKOBOM-MUKPOBOJHOBOM CTEPUIIN3ALUN MOYXKET
YIIy4IIUTh HEPABHOMEPHBIH HarpeB TEXHOIOTHN MUKPOBOJI-
HOBOM CTEPUIIN3AINH U TIOBBICUTH TEMIIEPATypy H dhQek-
TUBHOCTH yIBTPa3ByKOBOU cTepuim3aiyu [71]. B porecce
KOMOMHHUPOBAaHHON YIIbTPa3BYKOBOI-MHKPOBOITHOBOI CTe-
PUIIM3AIINH UIIEBBIE TPOJTYKTHI 00pabaThIBAIOTCs OTHOBpE-
MEHHO YJIbTPa3ByKOBOH 1 MUKPOBOJIHOBOW dHEPrUe AJIs
MHAKTHBALMN MUKPOOPTraHu3MOB. Cero/iHs 3Ta TEXHOJIOTUsI
YCIIELIHO IPUMEHSETCA ANl CTEPUIIA3ALUU COKOBOI Ipo-
nykiud. [1o cpaBHEHUIO ¢ TpaJUIIMOHHBIMU TEXHOJIOTUSIMUA
CTEpPUIIM3AINH (MUKPOBOJIHOBAS M YJIbTPA3ByKOBasi) KOM-
OMHUpPOBaHHAsI YIbTPA3BYKOBAS-MUKPOBOJIHOBAS CTEPH-
JIU3AIMS] XapaKTePH3yeTCs MPOI0JIKUTEIbHOCTBIO CTEPU-
JIM3aUN U HE3HAYUTEIIbHBIM BIMSIHUEM Ha Ka4eCTBO COKa.

B. H. Samani u np. moxseprian o0paboTKe BUITHEBbIN
COK C Hcronb30BaHueM MeTo10B Y3MCT, MUKpPOBOIHOBOM
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1 yJIbTPa3ByKOBOM cTepuiin3aluu. Pe3ynbraT nokasain, 4ro
TIaCTEePU30BaHHBIH KOMOMHUPOBAHHBIM METOJIOM YJIbTPa-
3BYKOBOW-MUKPOBOJIHOBOU CTEPUIIN3ALIUI COK UMEJI HU3KOE
KonuaecTBO Escherichia colin Saccharomyces cerevisiae
1 BBICOKOE CO/IEpYKaHUE BUTAMHHOB, OOIINX (DEHOJIOB U
coenuHeHui antonuanos [77]. M. J. Das u ap. ycTaHOBUIIH,
YTO KOMOMHUPOBAHHBIN METOJ YJIbTPa3ByKOBOH-MHUKPO-
BOJTHOBOH CTEpHIIN3ALlNH YITydIINI HHAKTUBALMIO Listeria
monocytogenes B COKe THIKBBI B Oy TBUIKaX 110 CPaBHEHHIO
¢ OOBIYHBIMU METOJIAMH CTEPUITU3AIINU. Y YeHBIE 00HAPY-
JKHJIH, YTO BPEMs YJIBTPa3ByKa M MUKPOBOJIHOBAsI TEMIIE-
partypa HOJIOKHUTEITBHO KOPPEIUPYIOT ¢ 3P PEKTHBHOCTHIO
nHakTuBanuy [78]. IlocnenoBarensHOE BO3ICHCTBIE YiIb-
TPa3ByKOBBIX BOJH ¥ MHUKPOBOJIH TTOJIOKUTEIBEHO BIHSIET
Ha crepunu3zanuto xkuakocreid. O. N. Kernou u np. npenBa-
pHUTENILHO 00pabaThIBaIN aIelIbCHHOBBIN COK YJIbTPa3By-
KOBBIMH BOJIHAMHU B TEUCHHE PA3HOTO BpPeMeHH (0T 5 10
60 MUH) TIepes; MUKPOBOJIHOBOH CTepHIIM3anuell mpu
MorHocTH MuKkpoBoiH 300, 600 1 900 Bt B pazHoe Bpems B
TeyeHne 5 1 35 ¢. Y4eHble 3aMeTHIIH, 9TO 3TOT CIIOCO0 yiryd-
i 3¢ dexruBrocTs nHaKTUBaLUK E. coli ATCC 25922
110 CPAaBHEHUIO ¢ MUKPOBOJIHOBOM cTepuinzaiueit [16].
VYnpTpa3BykoBas 00paboTka COKa eKEBUKH MPOBOIMIACH
ocIie OJIAHIIMPOBAHNS B MUKPOBOJIHOBOM IT€4H B UCCIIe-
noanuu B. Pérez-Grijalva u 1ip. YcTaHOBIEHO CHHKEHHE
YPOBHsI MUKPOOPTaHU3MOB U COXPaHEHHE OOJIBIIIEr0 KON~
YeCTBA aHTHOKCH/IAHTOB, TAKMX KaK aHTOIMAHBI U ()eHOITb-
HbIe coeinHeHus [79].

OrpannyeHusi M NMepPCHeKTHBbI HCIOJIL30BAHMS
YABTPa3BYKOBOIf 1 MUKPOBOJIHOBOI TeXHOJIOTHH 00pa-
00TKHM MUIIEBBIX MPOAYKTOB. HeoOX01MMoO OTMETHTH
paboTs! poccuiickux yuensix 1. A. IllopTckoro B coaBTop-
CTBE C IPYTUMH HCCIIEOBATEISIMY O BIUSHUHI HMITYJIbCHOTO
UIEKTPUUECKOTO 10 ¥ UMITYJIbCHOW MHUKPOBOJIHOBOH 00-
paboTku Ha MOp(OIOrHYECKHe U CTPYKTYPHBIE XapaKTepHC-
THKH CEMSH ITOJICOJIHEUHHKA, 00 3KCTPAKI[H CEMSH MOJI-
COJTHEYHHKA C ITOMOIIBIO UMITYJILCHBIX 3JIEKTPHUECKUX
oJied, 0 MPUMEHEHUU 00pPabOTKU MMITYJIbCHBIM JJIEK-
TPUUYECKUM MOJIEM ISl IOBBILICHNS BBIXOJA MPOAYKTa
1 3(ppexTHBHOCTH OMOAKTUBHBIX COCTUHEHUN 3a CUET
9KCTPAKILIUH U3 KOXKYPBI [IPU NIepepadOTKe KMBU U APYTrHe
HCCIIEJOBAHNS, KOTOPBIE TOCBAIICHBI HCIIOIb30BAHUIO
UMITYJIBCHOTO 3JIEKTPHYECKOTO IOJIsl B KAYECTBE MPEBa-
pUTENIEHOI 00pabOTKH Iepe/] CYIIKOH MM TPOBEICHUEM
nporecca dkctpakmuu [80—85]. Hayunsix myOnukanuit
POCCHICKHX aBTOPOB IO MCIIOJIB30BAHUI0 KOMOMHHUPO-
BaHHBIX MHUKPOBOJHOBO-YJIbTPa3BYKOBBIX TEXHOJIOTHH
Juist 00pabOTKHM MUILEBBIX TPOJLYKTOB HA MOMEHT HalKca-
HES JaHHOTO 0030pa HE YCTaHOBJICHO. Y UeHBIE COOOIIAIOT O
pa3paboTKe HOBOTO 000PYIOBAHMS, KOTOPOE COUCTACT YiTh-
TPa3ByKOBYIO U MHKPOBOJIHOBYIO 00pabOTKy JUIs pa3Mo-
paXMBaHUS, CYIIKH, )KapKd, SKCTPAKIHA M 00paboTKH
kuakocTeit. Hekoropele pazpaboTaHHble yCTpoiicTBa
MPECTABIISUTN CO00I OOBIYHYI0 KOMOUHAIIHIO JIBYX OT/ICITb-
HBIX eIUHUL 00opynoBanus. CoueTaHHE HECKOIbKHUX
(m3nueckux nosuei TpedyeT 6oiee BBICOKMX TEXHOJIOTHH 1
3aTpar, a CpPOK CIIy)KObl HHTETPUPOBAHHOTO 000PYI0BAHUS
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ITOKa HE MOKET OBITh rapaHTHPOBaH. HeoOXoaumsb! 1aib-
HeWIHe nccieI0BaHus JUIsl TOTo, YTOOB! MMOHATH CHHEP-
retuueckuii 3 deKT yIbTpasByKOBbIX 1 MUKPOBOJIHOBBIX
METOJIOB U ONTUMU3UPOBATH XapPAKTEPHUCTUKH KOMOUHH-
POBAHHBIX YJIbTPa3BYKOBBIX 1 MUKPOBOJIHOBBIX YCTPOHCTB
C TOYKH 3peHUst 00beMa, TEXHOJIOT MY, TIoKa3arenei 6e30-
MIACHOCTH Y MHTEJUIEKTYaJIbHOT'O PEryINPOBAHMS.

Kaxk BUTHO U3 pe3yIbTaToB HCCICIOBAHUS, YIbTPA3BY-
KOBOE-MUKPOBOJIHOBOE 000PY/I0BaHUE TIO3BOJISIET OJIHO-
BPEMEHHO PETYJINPOBATH MUKPOBOIHOBBIE U YJIBTPa3BYy-
KOBBIC TTapaMETPhI C MMOMOIIBIO CUCTEMBI yIIPABICHNUS,
a TaK)ke KOHTPOJIMPOBATH IpoIiecc 00paboTKH B peKHME
pEaIbHOTO BPEMEHHU C MOMOIIbIO MAITMHHOTO 3PCHHUS
W Ipyrux TexHonoruii. Oxuaako 3¢dekTnBHOCTH paspa-
60TaHHOTO 000PYJOBaHMS OLIEHUBAIACH TOJIBKO B J1abopa-
TOPHBIX MacmTaGax, 4TO 3aTPYAHACT €T0 TPOMBIIIIICHHOC
BHezpeHue. I[Ipon3BoACTBO MUIIEBBIX MPOIYKTOB B MPO-
MBIIIJIEHHBIX MacmTadax TpedyeT oOpabOTKH MHIIEBHIX
MarTepuaaioB IIpu OTHOCUTEIBLHO BBICOKOM MOIITHOCTH U
JacTOTE MUKPOBOJIIHOBOT'O 1 YJIbTPa3ByKOBOTO U3ITyUECHUS,
YTO YBEJIMYNBACT CIIOKHOCTh KOHCTPYKIIMH 000pyJOBaHHS
U MaTepuajbHbIE 3aTPaThl. XOTS COYETAHNE YIIbTPA3BYKO-
BOI 1 MHKPOBOJTHOBOH 00pabOTKH MUIIEBHIX MPOTYKTOB
YITYUIINIO HEKOTOPBIE KIIOUEBBIE XapaKTePHUCTHUKH Kayde-
CTBA, CYIIECTBYIOT MPOOJIEMBI M OTPAaHUUYEHHS 10 UX ILHPO-
KOMY IIPOMBIIIUIEHHOMY BHEIPEHHIO:

1. HecMOTpst Ha TO 4TO MHOTHE UCCIICIOBAHMS MOATBEP-
JKIAIOT MOJIOYKUTENBHOE BIMSIHHIE Ha Ka4eCTBO TPO/TKTOB B
TPOLIECCE YIIbTPa3BYKOBOTO M MUKPOBOJIHOBOTO Pa3MOPaKH-
BaHWSL, 3TOT METOJ ITOKA HE HaIleJI IMMPOKOTO IPOMBIIIIICH-
HOTO MCIIOJIb30BaHMS M3-3a CIIOKHOCTH nporiecca. KoHeTpyk-
st 000pyIOBaHUS HYKIAETCsl B TATTbHEHIIIEH ONTUMH3AIIN
JUTsl 00€eCTIeYeHHsT BOSMOXXHOCTH YIIPABJICHUS B PEXKMME
PEaITBHOr0 BPeMEeHH TTapaMeTpaMH YIIbTPa3ByKOBOH 1 MUKPO-
BOJTHOBOH 00pabOTKH BO Bpems mpotiecca. [Tutiesbie mpo-
JyKTbI IOMEIIAIOTCS B BAaHHY C BOJIOHM IIPY KOMOWHHPOBAH-
HOM YJIbTPa3ByKOBO-MUKPOBOJTHOBOM OTTaMBAHHH. JTa BOsIa
TOIJIOLIAET YJIbTPa3ByKOBYIO U MHKPOBOIIHOBYIO SHEPI U0,
9TO CHIXKAeT Y(PPEKTUBHOCTH UCIIOIE30BAHMSI SHEPTUH;

2. XoTs peaBapuTenbHas 00padoTKa yJIbTpa3ByKOM
COKpaIlaeT BpeMs CyIIKH ITHIIEBBIX TPOJTYKTOB BO BPEMSI
MOCJEAYIONIEH CYIIKH B MUKPOBOJTHOBOW Ie€YH, 00IIee
BpeMsi 00paOOTKH ¥ CYIIKM MMEET TCHICHINIO K yBEIH-
yenuto. Hanpumep, M. Li u np. 3amermiin, 4to npejaBa-
puTENbHAs YIbTPa3ByKoBas 00paboTKa COKpaIlaeT Bpems
CyIIKH (acony B MUKpPOBOJIHOBOM neunt Ha 16,67-27,97 %
10 CPAaBHEHHIO C MaTepHaIaMH TaKoi MpeABapUTEIbLHOM
o0OpaboTku. OHako obiee BpeMsi 00pabOTKH yBEJINYH-
nock Ha 16,09-44,06 % [28]. B nuccnenoBanuu D. Su n ap.
cymika Pleurotus eryngiic ¢ TOMOIIbI0 KOMOMHUPOBAHHOM
YJIBTPa3ByKOBOW-MUKPOBOJIHOBOU CYIIKU U MUKPOBOJIHO-
BOI CYIITKH TOPSTIAM BO3IyXOM Oblia 3aBepiieHa 3a 90 u
80 MHH COOTBETCTBEHHO, XOTSI IPOIIECC MUKPOBOIHOBOH
MpEABAPUTENBHOI 00PaOdOTKH C ITIOMOLIBIO YIILTPa3ByKOBOM
CYIIKHU TIOTPeOIIST MeHbIIe SHepruu [32];

3. Braromapst BeICOKO# 3()(DeKTHBHOCTH CYIIIKH U PABHO-
MEPHOMY BBICBIXaHHIO TTUIIEBBIX MAaTEPUAJIOB BHICYIIICHHBIC

352

KOMOWHHUPOBAaHHBIM METOJIOM YJIBbTPa3ByKOBOH-MHUKPO-
BOJIHOBOM CYIIKH IHIIEBBIE IIPOTYKTHI JTyUIlle COXPAHSIOT
MUTATCJIbHBIC BEIIECCTBA U LUBET, YEM MPOAYKTEI, BbICY-
IIEHHBIE C TIOMOIIBI0 MUKPOBOIHOBOH CYIIKU M MIPEaBa-
PHUTEIBHON YIBTPAa3BYKOBOM CYIIKH C TIOMOIIBIO MHKPO-
BOJIHOBOH CyIIKH. Bricokoe sHepronoTpedienue komou-
HUPOBAHHOI'O IIPOLIECCA YIIbTPa3ByKOBON-MUKPOBOIHOBOM
CYIIKH SIBJIIETCS] TPOOJIEMOH ISl IIUPOKOTO MPOMBIIII-
JICHHOT'O IPUMEHEHHS;

4. KombuanpoBaHHas yIbTPa3ByKOBas-MHKPOBOIHOBAS
9KCTPAKIHUS — 3TO TEPCIEKTUBHBIN METO SKCTPAKIUN C
0OJIBIINM NOTEHIMATIOM PHUMEHEHHMS B TTUIIIEBO TPOMBIII-
JIeHHOCTHU. VIcronp30BaHue JAHHOTO METO/Ia SKCTPAKIHH
TIOBBIIIAET BBIXO SKCTPAKTA M (P (PEKTUBHOCTD MNIIEBBIX
MHTPEMEHTOB 32 CUeT KOMOMHUPOBAHHOTO BUOPAIIMOHHO-
KaBUTAIIMOHHOTO U TEIJIOBOTO BO3/ICHCTBUS YIbTPa3BYKO-
BO 00paOOTKH I MUKPOBOTHOBOTO H3TyIECHHUS COOTBETCT-
BeHHO. OTHaKO HEOOXOIMMBI JaJbHEHIIINE HCCIIEIOBAHUS
JUISL U3yYEHUs] BIIUSIHUSA YIbTPa3ByKOBOM U MUKPOBOJIHOBOM
SHEPIUH Ha CTPYKTYPY TKaHHU MaTepHalia i BHICBOOOKICHIE
IEJIEBOT0 COSTMHEHHMST BO BPEMsI IIPOLIECCa YIIbTPa3ByKOBOH-
MHKPOBOJHOBOM SKCTpakiny. Kak 1 MeTob1 KOMOMHUPO-
BAaHHOH CYIIKH M pPa3MOpaXKMBaHUs, UCCIECIOBAHNS Me-
TOZIA YJIBTPa3BYKOBOH-MHKPOBOIHOBOH 3KCTPAKIIUH IIPOBO-
JIMJIOCH B Ta0OpaTOpHBIX MaciiTadax. Jiist ero mpoMsbIiuieH-
HOT'O IIPUMEHEHHsI HEOOXOJUMBI JaJIbHEHIIINE THUJIOTHbIC
WM TIPOMBIIUICHHBIE NCCIIEA0BAHNUS.

BoiBoaABI

KomOunanpoBanne yabTpa3ByKOBOIO U MHKPOBOJIHO-
BOTO METOJIa CIIOCOOHO YCTPAaHUTh MPOOIIEMbI U HEJ0-
CTaTKH, KOTOPbIC BO3HUKAIOT IIPH UCITIOJIb30BAHNHN JaHHbIX
METOIOB B OT/IeNbHOCTH. HerocTaTkoM ynbTpas3ByKa, IpH-
MEHSIEMOT0 JUIsl 00paOOTKH MMHUIIEBbIX ITPOAYKTOB, SBISICTCS
HH3KHH TEII0BOH 3()(eKT, KOTOPBII IPUBOJUT K AJTHTEIb-
HOMY BpeMeHH 00paboTku. Korma MUKpOBOIHEI IPAMEHS-
10TCS JUIsl 00paOOTKH MUILEBBIX MTPOTYKTOB, TO HX 00BEM-
HBII Harpes nobliaeT 3)(HeKTHBHOCT 00paOOTKH, HO
U30MpaTeNbHbINH HarpeB HETaTUBHO BIIUSIET HA KAYECTBO 00-
paOOTaHHBIX MUINEBBIX NPOAYKTOB. KoMOnHMpOBaHHOE
BO3JICHCTBHE yIbTPAa3ByKa 1 MUKPOBOJIH CIIOCOOHO MOBBI-
cUThb 3P PEKTUBHOCTD MIPOLIECCca 00PaOOTKH MUIIEBBIX IIPO-
JIyKTOB, COXPaHSIsI X MUIIEBYIO IEHHOCTh. D(PEKTUBHOCTD
npolriecca OTTauBaHUs U Ka4€CTBO Pa3MOPOXKEHHBIX OBICTPO-
3aMOPO’KEHHBIX MPOAYKTOB MOTYT OBITh YIIyHIICHBI IPH
KOMOMHUPOBAHHOM BO3JICHCTBHH YJIbTPa3ByKa U MUKPO-
BosH. CruHepreTndeckuii 53p(QeKT ynpTpa3Byka u MHUKpPO-
BOJIH BBI3bIBACT UBMCHECHHUE CTPYKTYPBI TKaHEeN IIUIIECBBIX
MaTepuaoB, YTO CIIOCOOCTBYET CHIKCHUIO COTIPOTHUBIIC-
HUSI, BO3HUKAIOIETO B NPOLECCE CYIIKHU, U ITOBBIIIACT
3¢ GeKTUBHOCTH Tporiecca Cymku. [IpuMeHeHre KoMOu-
HUPOBAHHOTO BO3JICHCTBUS yNbTPa3ByKa U MHUKPOBOJIH
B IIPOIIECCE IKCTPAKIIHU CIIOCOOCTBOBAIIO 3P (HEKTHBHOMY
HU3BJICYCHHUIO aKTUBHBIX KOMIIOHCHTOB U3 IMHUILIECBLIX MAaTEC-
pHuanoB. DTOT MPOIIECC TaKXKe UCTIONB30BAIICS I AP PeK-
THBHOM 00paOOTKH >KUIKHX ITUIIEBBIX MPOIyKTOB. KoMOu-
HUPOBAHHBIH METOJI yJIbTPa3BYKOBOH U MUKPOBOJIHOBOM
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9KCTPAKIMN MOXKET OBITh UCIIOIBb30BaH JUIS YBEITHYCHUS
BBIXO/I4, TIOBBIIIEHNS A()(PEKTHBHOCTH SKCTPAKIMH H YIIyd-
HICHUs (I)I/I3I/IKO-XI/IMI/I'~leCKl/IX CBOMCTB aKTHUBHBIX COCaUHE-
HUHA. DTOT Iporiecc P PeKTHBHEE, YeM TPATUIIIOHHBIC Me-
TOJIBI TEPMHUYECKON SKCTPAKINH WM HACTAUBaHUS. YIIbTpa-
3BYK UIPAET BYKHYIO POJIb B ITPOIIECCE MUKPOBOJIHOBOI'O
HarpeBa QPyKTOBBIX U OBOIIHBIX COKOB. OH MTOMOTAET B
npoleccax TOMOreHU3aHU 1 COBMECTHOM CTEPUITH3ALIUH.
CoBMeCTHOE HCTIOIb30BaHUE MUKPOBOJIHOBOTO U YJIbTpPa3-
BYKOBOT'O 000PYIOBaHHMS VISl pa3MOPasKUBAHUS, CYLIKH,
9KCTPAKLHHU U CTEPUITU3ALMH TUILEBBIX IPOAYKTOB CTAIH
Yalle UCIOoJIb30BaTh B HAYYHBIX UCCICJOBAHHSIX.

PesynbraTsl 0030pa MOTYT OBITH UCIIONB30BAaHBI MTPH
MPOBEICHUH AaTbHEHIINX UCCICAOBAHUHA IO ONTHMHU-
3alMM TPOIIECCOB IKCTPAKILINH, CYIIKH, Pa3MOpPakKnBa-
HUS U CTEPUIIN3ALIH, a TAKXKE CIIELUAINCTaAMH TUILEBOH
HPOMBIIUICHHOCTH TIPH BEIOOPE ONTUMANIBHBIX CIIOCOOO0B
00pabOTKH CHIPBS U MHUIIEBBIX MPOIYKTOB.
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