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B crarbe nmpuBoasATCS pe3ysibTaThl UCCIIEIOBAHUI U UCTIBITAHUM pa3paboTaHHBIX
MOCKOBCKMM TOCYJapCTBEHHBIM YHUBEPCUTETOM TEXHOJOTHMH M YNPaBICHUS
COHOXMMMYECKUX PEAKTOPOB HOBOI'O MOKOJIEHUS ISl TUILEBON MPOMBIIIIEHHOCTH.
HccnenoBanusi NpoOBOAMINCH B OTHOIIEHHM MX TeXHUYECKOW 3¢ddexkTuBHOCTH U
0€30MacHOCTH, a TaKkKe 0e30MacHOCTH 00padaThIBAEMBIX MMM IHIIEBBIX Cpel U
MIOJIy4aeMbIX M3 HMX NPOAYKTOB nuTaHus. Kak BbIBOA W3 IOJyYEHHOIO OIBITA
chopMyIMpOBaHa KOHUEMINS MHUIEBOW COHOXUMHU M MPUHIUIBI, OOy KIAr0Iue
paccMaTpuBaTh €€ KaK CaMOCTOSITEJIbHBIA pa3/ie)l COHOXUMHUU WIIM XUMUHU BBICOKHX
SHEPIUM.

KitroueBrle ciiosa: nmUuuIcBasg COHOXUMHS, aKyCTUYCCKAasA KaBUTallu,
KaBUTAIMOHHBIN PEAKTOP.

BBEJEHUE

[TumeBass COHOXMMHSI SIBIISIETCS CPAaBHUTEIHLHO HOBBIM HAay4YHBIM HAINpPaBICHHUEM,
WCCJICIOBaHUS B KOTOPOM HMHTEHCHBHO BEIyTCS Celyac BO MHOTHUX YHUBEPCHUTETaX MHpA.
DTOT pa3zen COHOXUMHUHU U3ydaeT MPOIECChl, MPOUCXOIAIINE TTPH TPaHC(HOPMAIIMHA SHEPTHUH
YOPYruX KoJeOaHWil yIbTPa3ByKOBOM YacTOTHl B JKUIKHX NHIIEBBIX cpenax. VcTWHHO
COHOXMMHUYECKHUMH TPUHATO CUHUTATh PEAKIMH, MPOUCXOMISIINE B Ta30BOH ¢aze BHYTPH
KaBUTAIMOHHBIX IYy3BIPHKOB, TMPHU IyJIbCAIMA KOTOPBIX MEPUOJAMYECKH JOCTUTAIOTCS
TEMIIEpaTyphl TUIA3MOXHUMHYECKUX PEaKIil, ¥ B pe3yJbTaTe B3aMMOJCUCTBUS TPOIYKTOB
TaKUX PEaAKIUi ¢ KUAKON (a3oit. TemM He MeHee, OJTHA U3 COHOXMMHYECKUX PEaKIIUid BOIBI B
JKHUJIKOM COCTOSTHUH, KOTOpasi He COMPOBOXKIACTCS JUCCOLUAIMEH €€ MOJIEKYJ — pa3pyllieHre
pacrpoCTpaHIeMbIMHA OT MYJIbCUPYIOIINX ITy3bIPHKOB MMITYJIbCAMH JIAaBJICHHUS 00pa30BaHHOM
BOJIOPOJHBIMHU CBSI3SIMU COOCTBEHHOM aCCOIMATHBHOM CTPYKTYPBI — IO MAacCe y4acCTBYIOIIETO
B HEW peareHTa HECOM3MEPHUMO IPEBOCXOJIUT pPEaKIUM TMHPOJIM3a B Mapora3oBoil ¢ase
My3bIPHKOB. DTy HAXOIAILYIOCS MPU OOBIYHBIX YCIOBHSIX B TEPMOJIMHAMUYECKOM PaBHOBECHH
U CMCIAEMYI0 BIPABO HAATEILIOBBIM jelicTBHeM KaBuTanuu peakmuioo (H,0), == nH,O B
COOTBETCTBUHU C TPEJCTABICHUSIMH COBPEMEHHONW XHMHH MOXKHO OTHECTH K XHMHUYECKHM
peakmusM. AHAJOTMYHBI MEXaHU3Mbl JICUCTBHS KaBUTAIMU TIPH  COHOXHMHYECKOU
JNeHATypalluk  OWOTIONIMMEPOB B HMX KOJUIOMIHBIX PACTBOpAxX, PECTPYKTYPHUPOBAHUHU
THUAPATHBIX 000JI0YEK MOHOB B MCTUHHBIX PAacTBOpax, M Jaxke AUCHEprupoBaHuu (a3 3omei
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[1-4], T0 ecth B mIOOBIX mpoleccax, TIAe OOBEKTOM BO3JACHUCTBHUS SBJISIOTCS CBSI3H,
00pa30BaHHbIC JAMIOJIb-IAUNOIBHBIMU M HOH-JUIOJIBHBIMUA B3aUMOAEHCTBUSIMU. MHorue
MHULMMPYEMBIE YJIBTPAa3BYKOM IIOJIE3HBIE PEAKIMHM B PAcCTBOpAaxX IUILIEBBIX CPEJ OCHOBAHBI
VMEHHO Ha J3THX sBICHHsAX [5, 6], Torma kak oOpasyromyecss B pe3ysibTaTe MHPOJIU3a
napora3oBoil cMecM B  Iy3bIpbKax CBOOOJHBIE  paJMKaibl, CHHTE3UPYEMbIE U
TUPPYHAUPYIOLUE B KHUIKOCTh NEPEKUCHBIE COEIMHEHMs, B COCTAaBE IMILEBOIO IPOIyKTa
HE)KenaTeNbHbI [6].

HenaBHO 3aBepiieHa roCylapCTBEHHAs CAHUTAPHO-3IMIAEMHUOJIOTHYECKAs DJKCIEPTH3a U
cepTU(UKAIMI KaBUTAIIMOHHBIX peakTopoB cepuu PKY s peanmzanuy COHOXMMHYECKUX
TEXHOJIOTHH B MHUIIEBOI MPOMBIIUIEHHOCTH, pa3padoTaHHBIX MOCKOBCKHAM TOCYIapCTBEHHBIM
YHUBEpCUTETOM TexHousoruii u ynpasienus (MI'YTVY) coBmectHo ¢ ceBeponsurckum HIIIT
«Ynprparexauka-CH». Tlo ee pesympraTam ®DenepanbHON Coyk00i 1O HaI30py B chepe
3a0IUTHl TIpaB ToOTpeOuTenei u Omaromoiydwst denoBeka M [ occranmaprom Poccum
TUTIOBAPHAHTHBIN psil peakTopoB MoImHOCTEIO OT 0,4 10 4,0 kBm paspemieH K Mponu3BOJICTBY
JUISL UCIIOJIb30BAaHUSI B COCTABE TEXHOJIOIMUYECKHX allllapaToB MMILEBON MPOMBIIIIIEHHOCTH
(puc. 1), Ha uro Beiman ceptudukar coorsercteus POCC RU.TM05.B01457.

Puc. 1. BHemHuii Bua U BHyTpEHHEE yCTPOUCTBO YCTAHOBKM COHOXUMHUYECKOH 00paboTKH
PacTBOPOB IMOCOJIOYHBIX BEMIECTB JJIsl MACHBIX KYJIMHAPHBIX U3/eNUi 1 0Ty (HhaOpuKaToB C
KaBUTAIIMOHHBIM peakTopoM PKY mo TY 5130-002-26784341-08

[TpenBapsist SKcrepTU3y U B XOZ€ HEe, OBUIM MPOBEACHBI BCECTOPOHHUE HCCIICTOBAHUS H
UCTIBITAHNSI COHOTEXHOJIOTHI 00pabOTKH Pa3HBIX MCIIOIB3yEMBIX B IPOM3BOJICTBE MPOILYyKTOB
NUTaHUS JKUJKUX MUIIEBBIX Cpell M KaBUTALMOHHBIX PEAKTOPOB B JIAOOPATOPUM MHILEBOI
conoxumun MI'YTYV, nabopatopusx uactutytoB PAH u PAMH, B ucnbITaTenbHBIX EHTpax
PocrioTpebHan3opa u Ha TPEANPHUATUAXK THIEBOW MPOMBIIUICHHOCTH. Huke mpuBemeHBI
HanOoJiee WHTEPECHBIE PE3YyIbTAThl UCCIICAOBAHNHA Ba)KHBIX aCIIEKTOB IMHIICBONH COHOXMMHU:
TEXHUYECKOH 3((PEKTUBHOCTH U 0€30MacHOCTH 000PYIOBaHUs, OE30MACHOCTH TEXHOJIOTHH B
OTHOIICHUM TIMIIEBBIX CpEJ, a TakXKe NHUIIEBOW O€30IMacHOCTH ¥ NHINEBOW IIEHHOCTH

MOJTYYaeMbIX M3 HUX 10Ty paOpHKaToOB M MPOAYKTOB MTUTAHHUS.

C. 4. Wecrakos, O. H. Kpacyns
WccnepoBaHUs 1 OnbIT MPUMEHEHUS COHOXMMUYECKMX TEXHOIOMMI B MULLEBOM MPOMBbILLIEHHOCTH
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1. TEXHUYECKUE DODPEKTbBI

[Tpobnema 6e3omacHOrO is 340pOBbs U 3()()EKTUBHOTO CBS3BIBAHUS BJIArM B OMOMacce
CTaHOBUTCS BCE 3HAYMMEE 110 Mepe YBEITHUUEHUs] 00BEMOB 3TOTO CHIPbs, KOTOPOE MPUXOIUTCS
XpaHUTh B BBICYIIEHHOM W 3aMOpPOKEHHOM Bujae. TpaauioHHO 3Ta mpobiema peraeTcs
UCIIOJIb30BAaHUEM BIJIArOCBSI3BIBAIOIIMX BEIIECTB, HAIPUMEpP, Pa3IMUHBIX THIPOKOJUIONIOB
win ¢ochaTHBIX CoNiel, KOTOPBIE HA3BIBAIOTCS MUIIEBBIMHU J100ABKaMH, HO K TPaJUIIMOHHON
YEJIOBEYECKOW IMIIE HMMEIOT BECbMa OTHAJEHHOE OTHomeHue. OJHAKO HM3BECTHO, 4YTO
albTEPHATHUBOM XUMHUYECKUM pEaKTHUBaM, HCIOJIB3YEMBIM IIpU TUApPATAlUU MHUIIEBBIX
OHMOIOIMMEPOB, SIBISIOTCS O€3pPEaKTHUBHBIE METOAbI XUMHUH BHICOKUX SHEPTHUH, TTO3BOJISIONINE
MOBBICUTh TUJAPATALMOHHYIO AKTUBHOCTh BOJbI IYTEM HU3MEHEHHUS €€ SHEPreTHYECKOro
cocrosiuuss  [4, 7]. Bwmonnennsie B Jleiimenckom  yHuBepcutere K. [{unemem u
JIx. ®peHKEeHOM HCCIIEIOBaHUs TOKa3ald, YTO CTPYKTypa BOAbI Ja)Xe MpPU KOMHATHOM
TEeMITEpaType UACHTUYIHA CTPYKTYpe jibaa [8], 4o menmaer ee MeHee aKTUBHOW. DTa CTPYKTypa
3¢ dekTUBHO paspylaeTcs B pe3yJbTaTeé COHOXMMHUYECKON peakiMM JIeruapaTaliu, Moclie
KOTOpOH BOJA Ha BpEMsI MIEPEXOIUT B TEPMOJHHAMHUYCCKH HepaBHOBecHOe coctostaue [7]. C
LEJIbI0 YCTAHOBJICHUS MPOJOJKUTEIBHOCTH MPOIECCa BO3BpaTa K paBHOBecHi0 B MHCTUTYTE
xumuyeckoi Gusuku uM. H. H. CemenoBa PAH Oblin BBINONHEHBI U3MEPEHUsS] POTOHHON
MarHMUTHOM penakcalMu B BOJAE, TOJABEPrHYTOM COHOXMMHUYECKOi o00paboTke B
kaBuTallMOHHOM peaktope PKY. Onu mnokaszamu, uyto B pe3yibTare oOpaOOTKH CIHH-
CIIMHOBAasl penakcalusi NpUoOpeTaeT JBYXKOMIIOHEHTHBIH XapaKTep, YKa3bIBAIOUIM Ha
Hanuuue a3 ¢ CHIBHO Pa3IUYaoIIencss MOIEKYISIPHOM MOABMKHOCTHIO, KOTOPBIN OTYETIINBO
HaOmomaeTcst B TedueHue 2-3 4acoB. PaHee ObLTIO yCTaHOBIEHO, YTO XOTS MOJIHOCTHIO
JECTPYKTYpUPOBAaTh BOAY A0 MOHOMOJIEKYJIIPHOTO COCTOSIHUSI HAATEIJIOBBIM BO3/IEHCTBUEM
MPaKTUYECKH HEBO3MOKHO, HO M3 BCEX M3BECTHBIX METOJIOB XMMHUHU BBICOKUX SHEPIHM JUIIb
COHOXMMMYECKUNH METOJ MO3BOJIAET OCYIIECTBIATH ACCTPYKIUIO OONBIINX OOBEMOB BOJBI
MOYTH M30TEPMHUYECKU M HE TPEOyeT IS 3TOro OOJIBIINX 3aTpar sHepruu [4].

[TockonbKy OOJBIIMHCTBO MPOIECCOB MUIIEBONW OMOTEXHOJIOTHH C LIENBI0 OaKTepUOCcTa3a u
WHAKTUBALlMU MHUKPOOHBIX (DEPMEHTOB OCYIIECTBISETCS MPH MOHIKEHHBIX TeMIIeparypax,
COHOXMMHYECKass oO0pabOTKa MHUIIEBBIX CpEeJ CTAHOBHUTCS O€3aJbTEPHATHBHBIM CIIOCOOOM
MOJITOTOBKY BXOJSIIEH B UX COCTaB BOJIbI K THApATAIIMH OUOTIOIUMEPOB MUIIEBOTO CHIPb. A
B Ipoleccax, IJIe HarpeB MNUUIEBOM Ccpeibl NPEeIyCMOTPEH TEXHOJIOTHEH, HAITEIJI0BOU
MEXaHM3M Tepelaydl PHEpruH B COHOXMMHUYECKHX IMpoIleccax JNenaeT ux Ooliee 4eM Ha
MOPSIIOK SKOHOMUYHEEe TepMuyeckuX. CTOMT CpaBHUTH, HANpUMEpP, MACTEPU3aLMIO, KOrja
BCIO COJIEPIKAIIYI0 MHUKPOOBI MacCy HUIKOCTH HarpeBaroT J0 TemrepaTypbl okojo +70°C, a
MHOT/A MOTOM U NPUHYAUTEIBHO OXJIAXK/Ial0T, U KABUTALMOHHBIN 0aKTEpUOJIN3, IPU KOTOPOM
JUIE MEXaHWYECKOTO pa3pylIeHHs O000J0YeK MHKPOOHBIX Tell TpeOyeTcss BCEro JIMIIb
HECKOJIbKO TIEPHOIOB BBI3BIBAIOIICH KaBUTAIMIO YIbTPa3BYKOBOI BOJHBI [9], ciemoBaTenbHO
KaBUTALIMOHHBIN PEAKTOP CPEAHEN MOIIHOCTH MOXET 00padaThiBaTh BIIOJIHE TPOMBIIITICHHbIE
o6bemsl xuakocteit [10]. Kpome toro, 8 HUM DY u 'OC um. A. H. Ceicuna PAMH, Taxoke
ucnbIThiBaBIeM peaktopsl PKY, ycranoBwin, 4yro oOpaOoTaHHass B HUX BOJA IPOSBISIET
OaKTepHOCTaTUYECKUE CBOICTBA, TO €CTh, MOJAABISAET AKTUBHOCTb MHKPOOPTaHU3MOB JaXKe

HOCJIC TPEKpallleHusT KaBUTAIMOHHOTO Bo3zeicTBusi Ha Hee [11]. Bee 310 maer 3Haummbie
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skoHoMHueckue 3pdextor [4, 12-14], mO3TOMY COHOXMMHS KaK HENb3S JIydllle OTBEYacT
COBPEMEHHBIM TCHJICHIIMSM TPUMEHEHHUSI YHEProcOSPeraronx TeXHOJIOTHIA, pallHOHATEHOTO
UCTIOJIB30BaHUS CHIPhS U MIOBBIIICHUST O€30MTaCHOCTH MUIIEBBIX MPOTYKTOB.

N3BecTHO, 4TO Ha KaBUTAIUU PACCEMBAECTCSI BCETO OKOJI0 15% sHeprum mopoxaaronieii ee
rapMoHndeckoil BomHbl [15], HO cymecTByror kak mapamerpuueckue [16, 17] Tak wm
Hemapamerpuueckue [18] crocoObl yrpaBieHns KaBuTanuei 0e3 yBeInYeHUs] HHTCHCHBHOCTH
yIBTPa3ByKa, B TOM YUCIIC TIPUEMIIEMbIC ISl TIMIEBONW COHOXUMHH. JOCTHTHYTas yAeabHas
NPOM3BOIUTEILHOCTh KaBUTAIIMOHHBIX peakTopoB PKY mpu neswHTerpammm Bozbl, KOTOpas
COIPOBOXKIACTCS e¢ HATPeBOM He Golee yeM Ha 3-5°K, cocraisier 0,12 m*/kBr-u. ITo sTomy
TEXHUYECKOMY  [IOKa3aTeNIl0 OHHM COU3MEPHMBI C  PEaKTOpaMH  YJIbTPa3ByKOBBIX
UHIyCTpHalbHbIX mporieccopoB cepuu UIP repmanckoii ¢pupmer Hielscher Systems GmbH ¢
TaHTEJIBHBIMU COTJIACYIOIMMHU BOJTHOBOAHBIMHU TpaHchopmatopamu (Puc. 3).

a 0

Puc. 3. KaBurarmonnsie peaktopsl: a — UIP 4000 (dorto c caiita http://www.hielscher.com);
6 — PKY 0,63 B macmrabe 2:1 k nepsomy. CnpaBa OT annaparoB Takxke B Maciirade 2:1 x
Ka)XJIOMY MOKa3aHbl MocTpoeHHbIe 110 [19] dyHKIMKM pacnpeeneHust IIOTHOCTH
KaBUTALIMOHHON MOIITHOCTH B MX JHAMETPAIBHBIX CEUCHUSX

CoznaBaemsbiii peakropamu UIP u PKY ypoBeHbr HEpaBHOBECHOCTH BOJbI, €CIH €€
UCIIOJIb30BaTh TOT Yac K€ IOCJIe MPEKPALEeHUs] KaBUTALMOHHOIO BO3JCHCTBUS, MO3BOJSET
CBSA3aTh, HAPUMED, C IPOTEMHAMH MSICHOTO CBIPbS 3a CUET MX TUApPATALMH JOMOJHUTEIbHOE
ee kommuectBo [20, 21]. DTO MOATBEPKICHO HMCIBITAHUSMH TEXHOJOTMH COHOXMMHUYECKON
o6pabotku pactBopoB NaCl, ucronbs3yeMbIx B Ka4ecTBE MOCOJIOYHBIX PACCOJIOB, HA YEThIPEX
poccuiickux MsiconepepadaThIBAOIIMX NPEANPUATHAX, B KOTOphIX yuyacTBoBamu BHUUMII
um. B. M. 'op6aroBa u yausepcurer Xosuxaim (I'epmanus).

C 1enpl0 BBIACHEHHS TEXHUYECKOH 3((EKTUBHOCTH COHOTEXHOJOTHHM IpPHU Yy4YacTUH
cnernuanvctoB u3 MI'Y um. M. B. JlomoHOCOBa U HCTIBITATENLHOM Jaboparopun «IK030HI»
OBLIM WCCIICIOBAHBI BOJHBIC 3KCTPAKTHI MSCHBIX (papleil, MPUTOTOBICHHBIX Ha OOBIYHOM
(kouTposs) u obpaboranHoMm (ombiT) pactBopax NaCl [12]. Tlomyuenusie ¢usuko-
XUMHUYECKHE XapaKTEePUCTUKH SKCTPAKTOB MPUBEICHBI B Ta0nuIE 2.

C. A. Wecrakos, O. H. Kpacyns
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Tabnua 2. U3NKo-XMMHUYECKHE XapaKTEPUCTHKU BOJIHBIX IKCTPAKTOB

XAPAKTEPUCTUKA SHAHEHNE METO/] n3mepenus
Kontponps | OmnsiT
VY neabpHas 3IEKTPONPOBOIHOCTE, #Cmlcm 228 619 | UCO 7888
Oomiee coneconepxkanue (mo NaCl), meln 108 298 | MU Ne8160
DKCTpaKTUBHOCTb, %0 36 o4 Pedpaxkromerpuueckuit

Bricokuil ypoBeHb MHUHEpaIM3allUK 3KCTPAKTOB M3 ONBITHBIX 00pa3lloB ChIPbIX (apiuei,
CBSI3aHHAsI C HAM YJIeJIbHAs DIIEKTPHYECKasl POBOAMMOCTD U MOKa3aTelb 3KCTPAKTHBHOCTH,
CBUJIETENBCTBYIOT O IOBBIIIEHHON pacTBOPAIOIIEH CIOCOOHOCTH 0OpaOOTaHHBIX PAacTBOPOB
NaCl B oTHOIIEHMHM OpPraHMYECKHX W HEOPraHUYECKMX BEHIECTB. [IpaKTHYeCKH 3TO
YBEIIMYHUBAET BBIXOJ] B PACTBOP COJIe- U BOJOPACTBOPHMBIX OCITKOB MsiCa, COCTUHEHUE BOJIBI C
HUMH U C HEPACTBOPUMBIMH O€JIKaMH XMMHYECKOH BOJOPOIHON CBS3BIO, TO €CTh CBS3BIBAHHE
UX APYr C APYyroM B IUIOTHYIO Maccy, CHOCOOHYIO yIepkaThb elle Ooiblie BOJABI 32 CYET
KalWUTSIPHBIX SIBIICHHA.

TepMOIIPOTEKTOPHBIE CBOWCTBA B OTHOIICHWH OMOIMOJIMMEPOB, BO3HUKAIONIME TPU HUX
ruaparanuu Bogoi u3 pactBopa NaCl mccnenoBamick Xpomaro-mMacc-CreKTpOMETPUIECKIM
METOZIOM Ha CIUPTOBBIX OKCTpakTax w3 ¢apmeir. [IpumeuyarenbHO TO, dYTO TOCHE
TEpMOOOPaOOTKH (apmieli B HUX XOPOIIO COXPAHSUIUCh TEPMUYECKH HECTOMKHE S(PHUPHI
KapOOHOBBIX KHCIIOT W CaMH BBICIINE KapOOHOBBIE KHCIIOTHI, MPUAAIONINE BKYC W apomar
MSICONIPOAYKTAM, a TAaKKe DHEPreTHYECKH IIEHHBIC COCIWHEHHWsS THUMAa KpeaTWHUHA U

COUETAIONIKE B ce0e apoMaTHI IeJIOTO Psijia MPSHOCTESH MUTICPHH U ITUKIOTSKCHIIITHIICPHIHH.

Tabnuna 3. XuMHUYeCKHA COCTaB CIUPTOBBIX SKCTPAKTOB JI0 U MOCTIE TEPMOOOPAOOTKH

COJEPXAHUE, melke
KOMIIOHEHT KonTpons OmnbIT

hi (o) mocJie hi (o) mocJie
MetunoBslif 3pup U30CTEAPUHOBON KUCTOTHI - He 06H. - 1,2
DTHITEKCUIIOBBIA 3PP aTUTTHHOBON KUCIOTHI 9,4 He 00H. 7,6 10,6
I'excamexanoBas KACIOTa 9,6 He 00H. 6,0 1,0
9,12-0okTanexagreHoBas KUCI0Ta 19,6 He 00H. 12,0 12,0
Kpearnnun 398 He 006H. 208 32
[{uKIIOTeKCUITUTIEPUIUH 19,6 He 00H. 14,0 4.0

Bce 3TO mo3BONSET B TPOM3BOJCTBE MSICONPOAYKTOB O3KOHOMHUTH 0€3 CHIDKCHHS
NOTPEOUTEITHCKMX KadeCTB M HAa OCHOBHOM CHIPhE M Ha BeChbMa JIOPOTHUX CHENHAX. A
NOJTYYCHHBIC TIPU THIPATAIH TEPMOIPOTEKTOPHBIC CBOWCTBA MPUOJM3MIH OCYIIECTBICHHE
MEUYThl OHOTEXHOJOrOB — COXPAaHEHHWE IIOJIE3HBIX CBOMCTB CBIPhSl OHOJOTHYECKOTO
MIPOUCXOXKICHUSI TIOCTIE €T0 TEPMOOOPAOOTKH.

C. A. Wecrakos, O. H. Kpacyns
MccneposaHms 1 ONbIT MPUMEHEHUS COHOXUMUYECKUX TEXHOMOMMIA B MULLLEBONM MPOMbILLIEHHOCTH




DNEeKTPOHHbIN XypHan «TexHuyeckas akycTtmka» 2010, 10 6 (10)

2. BE3OITACHOCTD ITOJIVHAEMOI'O ITPOAYKTA

VHTEHCUBHOCTh aKyCTHYECKUX KOJieOaHU B 00pabaThIBa€MBIX CPEax y PEakTOPOB CEPUH
PKY ucKycCTBEHHO OrpaHM4YeHa, YTO OTJIMYAET MX OT PEaKTOPOB MEPBOrO MOKOJIEHUs [22],
TEM, YTO B HUX HE 0Opa3yloTCsi CBOOOAHBIE pPaJMKaJIbl U HE CUHTE3UPYIOTCS IMEPEKHCHBIC
COCIMHEHUSI B KOJMYECTBAX, IPEBBIMIAIONINX MPEACIbHO JIOMYyCTUMbIE KOHIEHTpanuu. B
xojie ucrnblTanuil peakropoB PKY 6bu1 ycranosneH 1 opopMiieH opUIMaIbHBIM IPOTOKOIOM
(daKT HEM3MEHSEMOCTH 3HAUYEHUS TEPMAHTaHATHOW OKHUCIIIEMOCTH Jaxke Iociie 00paboTKu
npo0, copeprKaIInX JIETKO OKUCIISIEMbIE COSAMHEHHSI — CBOOOHbIE TYMHUHOBBIE KUCIOTHI. A
CKOpPOCTh PacTBOPEHUS B HUX TAOJETUPOBAHHOTO HATPHSI XJIOPHUAA IIPH 3TOM yBEJINYHBaIaACh
B 1,7 paza (puc.2). Takum 00pa3oM, JOCTHTHYTO 3HAYHMTEIHLHOE yBEIMUYCHHE (HaKTOpa,
OTBEYAIOIETO 32 TMAPATUPYEMOCTh OMOIOJIMMEPOB, YTO MO3Ke emie pa3 noarsepawt HUU
94 u I'OC um. A. H. Coicuna PAMH [11], a Bo3HUKHOBeHHSsT (PAKTOPOB, MOTYIIIUX MOBIHSATH
Ha UX OKUCIIIEMOCTh, OOHAPYKEHO HE ObLIO.

a o

Puc. 2. O6pasisr TabnerupoBannoro NaCl, mociie naTMMUHYTHOTO PEOBHIBAHHUS:
a — B OOBIYHOM MUTHEBOU BOJIE; 6 — B BOJIe, 0OpaboTanHoi B peakTope PKY 0,63

[TumeBast 6€30MaCHOCTE COHOXMMHUYECKH O00paOOTaHHBIX Cpej MPOBEPEHA COBMECTHO CO
cnenmanuctaMu MI'Y  IlpuknagHoii BuOTEXHOJIOrMM MO METOAUMKE TOKCHUKOJIOTHYECKON
OIICHKHA THIIEBBIX MPOAYKTOB, pa3pabOTaHHOW HWMH COBMECTHO ¢ Bcepoccuiickum
MHCTUTYTOM BETEPUHAPHOM CAaHUTApWUHU, TUTHEHBI U JKOJOTWU. MeToauKa 3aKirovaercs B
TECTUPOBAHUU TMHILEBOM cpeAbl BechbMa UYBCTBUTEIBHBIMM K €€ OHOJOrH4ecKon
0€30MaCHOCTH U MHIICBOM IIEHHOCTH MPOCTEHIINMHU opranu3mMamu [23].

B pomm «perycratopoB» BeicTynmanu uHby3opun poma Tetrahymena pyriformis.
CpaBHHMBAJICS PUPOCT UX KYJIbTYpPhl B paCTBOpPaxX CyXOH MOJCHIPHON CBIBOPOTKH B OOBIYHOM
MUTHEBON BOJIE M BOJIE, MPOIIEIIICH COHOXUMHUUYECKYIO 00pabOTKy. YBETWYCHHBIM MOYTH B
1,5 paza pocT KynbTyphl MPOCTEHIIMX XapaKTepu3yeT Oosiee BBICOKYIO KOHIICHTPAIMIO B
pacTBOpe MHTATENbHBIX BEUIECTB W OTCYTCTBUE XHUMHUYECKHUX COCIMHEHUH, KOTOphIE
NPEATCTBOBAIN OBl pocTy UX KojtoHuit [24] (Puc. 4).
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3. BE3OITACHOCTbH OBOPYZIOBAHUA

MeauuyHa yxke JaBHO MCHoab3yeT Y3M-IMarHoCcTHKy 4TO TFOBOPUT O CYIIECTBOBAaHUM
YCTAaHOBJICHHBIX €0 IPEIENbHO JOMYyCTHUMBIX HOPM BO3JEHCTBHS yJIbTpa3ByKa Ha
YeJI0BEYECKU opraHu3M. HecMoTpss Ha 3TO camoO CIOBO «yJIBTPa3ByK» BBI3bIBACT MHOIZA
OMAaceHHsl OTHOCUTENIBHO OE3BPEJHOCTH COHOTEXHOJIOTMYECKOro 000pyAOBaHMS s
3]10pOBbsI OOCITY’KMBAIOIIETO €ro MepcoHana. JTO MPEIMATCTBHE OTMEYaloT U 3apyOe)KHbIe
pa3paboTurku mHUIIeBbIX coHoTexHoorui [6]. [To meiictByromum B Poccun cranaapram mpu
cepTU(HKAIMM Ha COOTBETCTBHE UM YJIBTPA3BYKOBOM ammaparypbl U €€ MPUEMOYHBIX
UCIBITAaHUAX Ha MPEANPUATUU-U3TOTOBUTEIE YPOBHU NMPOU3BOAMMOIO CIBIIIMMOIO IIyMa U
yJIbTpa3ByKa TIIATEIbHO U3MEPSIIOTCS.

HcnbiTanus peakropos cepun PKY, nMeromumx McTouHUK yibTpa3Byka yactoTo 22 kI,
UcnsitarensabiM neHTpoM AHO «He3aBucHMBIA MHCTUTYT SKCIEPTU3bI U cepTU(UKALuu»
o(pULMaIBHO YCTAaHOBHJIU TOJIHOE OTCYTCTBHE OCHOBAHUH JJIsl KAaKUX-JIMOO ONAaceHWi, Kak B
OTHOIICHUH POU3BOAMMOrO CIBIIIAMOrO IIyMa, Tak U yiubTpa3Byka (Tabmuist 4 u 5).

Tabnuma 4. CnpImMelil rym

CanlluH YpoBeHb 3ByKOBOTO (05) MaBiieHUs Ha CPETHETCOMETPHUCCKIX My,
2 2 4/2 l 8 562-96 qacToTax OKTaBHBIX IIOJIOC, Fl/; OBA
R 315 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

B HOMUHATIEHOM 66,8 | 64,2 | 62,5 | 60,8 | 58,9 | 57,5 | 55,9 | 54,0 | 483 | 63

pexume

JlomycTumbIit 107 | 95 87 82 78 75 73 71 69 80
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Tabmuma 5. Bo3mymHbIi yiabTpa3ByK

CanlTuH YpoBeHb 3BYKOBOTO (05) IaBleHUs] HA CPETHETEOMETPHYECKUX YaCTOTaxX
29 4/2.1.8.582-96 TPETHOKTaBHBIX OJOC, K[ Y

125 | 16 20 25 | 315 | 40 50 63 80 | 100
B xoxyxe 59,0 | 58,0 | 90,5 | 89,6 | 84,0 | 83,5 | 83,0 | 80,0 | 80,0 | 80,0
be3 xoxyxa 65,0 | 63,8 | 100 | 91,1 | 90,5 | 90,1 | 89,3 | 89,0 | 88,0 | 88,0
Jomnyctumslit 80 90 100 | 105 | 110 | 110 | 110 | 110 | 110 | 110

TexHonornueckue ycraHoBku ¢ peaktopamu PKY, kak Toro tpeOyioT cTaHmapTel Ha
000pyI0BaHUE MUIIEBHIX MPOU3BOJICTB, UMEIOT KOXKYXHU U3 HEP)KaBEIOLIEH CTajaH, KOTOpbIE
KpPOME BCEro MPOYero CHIKAIOT M YPOBEHb 3BYKOBOT'O JIaBJIECHUS BO3AYIIHOTO YJbTPa3BYKa.
Ho paxe m 0e3 KoXyXa, H3Iy4daeMblii B BO3JIyX YJIbTPa3BYK y HHUX HE MPEBbIIACT
JIOITyCTUMBIX HOPMATUBHBIMHU TOKyMEHTaMH1 3Ha4eHHH (Tabu. 5).

ABTOpaMm 3TOM CTaTbU JOBOJMIOCH CIBIIIATH OMACEHHS U MO MOBOY OY€Hb K30THYECKOTO
napamerpa 0€30MacHOCTH — paJualMoHHOro. (OYeBHIHO, OHM CBS3aHbl CO CIIOBOM
«KaBUTaLUsA» U HaBesHbI nonasmumu B CMU otronockamu paspasusiueiics B 2002-2007 rr.
Hay4YHOH AMCKYCCHM IO TOBOJY MOMNBITOK OCYHIECTBUTh HPU KaBUTAIlMM HWHEPLUAIbHBINA
TEpPMOSIIEPHBIM  coHOcuHTe3. MccnenoBarenn ero B KayecTBe paboded  KHUIKOCTU
UCIIOJIb30BAIM TSDKENbIM aneToH ¢ xumuyeckon ¢opmynoit C3DsO, B Moiekyaax KOTOpOro
aTOMBl BOJOPOAA C SJIPOM, COCTOSIIMM M3 OJHOTO HPOTOHA, OBLIM 3aMEHEHbl aTOMaMu
neltepus, colepiallero B COCTaBe sijipa KpoMe NMPOTOHA €lle U HEeHUTpoH. TeopeTmuecku
MEXIY SIPaMU 3TOTO TSHKEJIOro M30TONa BOJOPOJA OTHOCHUTENIHO HECI0XKHO OCYILECTBHUTH
peaKkuulo TepMosAepHOro cuHTe3a. Jlig MHXEKIUMM B JIeHTepUpOBAHHBIM  alleTOH
KaBUTAIIMOHHBIX 3apOJIbIIIEH B UX OMBITAX CIIyKUJ HEUTPOHHBIA HcTOUHUK. OmyOInKoBaHNE
pe3yJIbTATOB OMBITOB B «SCIENCE» BCe ke HE YOO OMMOHCHTOB B 3HAYAIIEM MPEBBIIICHHN
HOJYYEHHOT0 B HUX BBIX0JIa HEUTPOHOB, KOTOPBIH JOKEH ObLIT B ONBITAX XapaKTepU30BaTh
HaJIMYME PEeaKkUUi TEPMOSIEPHOTO0 CHHTE3a, HaJ (POHOM OT ATOr0 HEMTPOHHOI'O MCTOYHHKA.
Ho naxe, ecniu conocunte3 B peakropax PKY teopeTnuecku 1 BO3MOXKEH, TO OTKYa B3SThCA
JeUTepuio B MUILEBBIX CpeAax, g oOpaOOTKM KOTOPBIX OHM NpeIHa3HayeHbl? Bumumo
MO3TOMY OpraHbl Haja3opa B cepe 3aluThl IpaB norpeduTeneil 1 01aromnosyyus 4eaoBeka
He MoTpeOoBaliu MpHU cepTU(UKALUN U3MEPEHUs UX HEUTpoHHOro (oHa, XOTsA B XOJie Hee
HPUILIOCH JOKA3bIBaTh JJake OTCYTCTBHE Y HUX aTMOC(HEPHBIX BBIOPOCOB.
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3AKIIIOYEHUE

W3 omucaHHOTO BBIIIE OMNBITA ABTOpPAaMU CQOPMYJIHMPOBAHBI MPUHIUIBI, HAa KOTOPBIX
JIOJDKHA 0a3MpOBATHCS KOHIEIUS MHUIIEBOW COHOXMMHUHU. OTIMYUTENTbHBIE OCOOEHHOCTH,
TpeOyIOLe CYUTATh €€ CAMOCTOATENBbHBIM pa3lelioM COHOXHMMHH, MO MHEHHMIO aBTOPOB,
JIOJKHBI OBITH CJIETyOIIUMH.

Bo-mepBbIX, 3TO MNpHUMEHEHHE COHOXMMHYECKOH OOpabOTKM NPEUMYILIECTBEHHO B
OTHOIICHUU BOJBI M BOJHBIX PACTBOPOB IMUILEBBIX AJICKTPOJUTOB THUIIA TOBAPEHHOM CONU U
00JIbIIast OCTOPOXKHOCTD B CITydasiX BO3JCHCTBUS KaBUTALUU HA PACTBOPHI MOJIUAIICKTPOIUTOB
¥ OHMOMOJIMMEPOB CaMOTO IHIIEBOTO CHIPBS, PE3YJBTaThl KOTOPOTO MOJDKHO TIHIATEIHHO
MCCIIEIOBAThCS B K&JKIOM KOHKPETHOM CITydae.

Bo-BTOpBIX, 7TO MUHMMU3AIKS BCEMH AOCTYITHBIMU CPEACTBAMH XUMHUYECKUX U3MECHEHHI
B 00pabareiBaeMoOil cpene, KOTOpbIE MOTYT IIOBJIEYh 3a COOOH MPOMYKTHI TMHPOJIN3a
1apora3oBoi CMeCH, 00pa3yroLIHecs: BHYTPH KaBUTALMOHHBIX MTy3bIPHKOB IIPH UX CHKATHH.

B-Tperpux, 3TO WHCHOJB30BaHHE TPH pPa3pabOTKE MPOMBIIIICHHBIX COHOXHMMHUYECKUX
anmnapaToB TEOPUH (HU3MYECKOTO TIONO0MS KAaBHTAIIMOHHBIX IPOIIECCOB, MO3BOJISIOMICH
n30aBUTHCS OT TPYAOEMKHX M 3aTPAaTHBIX 3TAllOB HATYPHOTO MAaKETUPOBAHUS U BBINOJIHATH
UX MHXXCHEPHBIE PacueThl, ONMUPAsCh HA Pe3yIbTaThl HCCICIOBAaHUN M ONITUMH3ALIUK TOTO WU
HHOTO IpoIlecca B MajJorabapuTHoM JlabopaTopHoM peaktope [25].

Takoit moaxox caenaet MepcrneKTUBY MCIOIb30BaHHUs COHOTEXHOJOTHI U KaBUTAIIMOHHBIX
pPEaKTOPOB B IHUILNEBOH INPOMBIIIICHHOCTH pEAIFHON Jake IpH CYIIECTBYIOIIEH MOKa
OCTOPOXKHOU OIEHKE UX PEHTA0EIbHOCTH U 0€30ITaCHOCTH.
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