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B craTthe ommcanbl pe3ynbTaThl MOCIESAHUX UCCIEAOBAHUN B 00JIACTH MUIIEBOM
COHOXMMMH MOJIOYHBIX IPOJYKTOB, IIPOBEIEHHBIX B YHMBEPCUTETAX ABCTpAINUH,
Poccun um Octonmu. PaGora oOTHOCHTCA K 00JACTH TEXHMKM U TEXHOJIOTHM
HpI/IFOTOBJIeHI/IH COCTAaBHBIX MOJIOYHBIX CMGCGﬁ nu3 HaTypaJIBHOI‘O MOJIOKaA,
PaCTUTEIBHBIX KUPOB M CYXUX MOJIOYHBIX MPOIYKTOB C TTIOMOIIHI0 KABUTAIIMOHHON
00paboTKku ucmonb3yemMoil BoAbl. OHa TOCBAIIEHA TMOTYYEHHUIO TOMOTEHHOTO
MOJIOYHOTO TOJYNPOAYKTa, M3 KOTOPOrO B JajJbHEHIIEM MPOU3BOIAT TaKHE
MOJIOYHEIC HpOI[yKTBI, KaK TBOpOF NN CLIp, A€ OCHOBHAs 4aCTh BOJbI OTACIISICTCS
B COCTaBe ChIBOPOTOK. [loka3aHo, YTO COHOXMMHYECKas BOJOMOJTOTOBKA
OKa3bIBACT TIOJIOKUTEIIbHOE JIEWCTBHE HA BECh IMIPOLIECC M €ro KOHEYHBIN
pe3ymbTar.

KiroueBrie cioBa: COHOXHMMHMs, BOOOIIOATIOTOBKA, MOJIOYHBIN IMOJIYIIPOAYKT.

BBEJIEHUE

MonoyHasi IpOMBIIUIEHHOCTD SIBISIETCS OAHOW U3 BEAYIIUX B MMUILEBON MPOMBIIIIEHHOCTH
M0 WCIOJIb30BAHUIO HMCKYCCTBEHHOW THIpATAllMHM, TaK Kak B HEW OOJbIIEe BCEro aepxar
MOJIOKO B CYXOM BHJI€ M BOCCTAaHaBIMBAIOT €r0 B cllydae HEoOXoAuMocTH Bomoil. Jlaxe,
HECMOTpPsI Ha TO, YTO BOJa BO MHOTHUX NPOAYKTaX M3 MOJIOKA YJAISETCs B IPOIecce
MPUTOTOBJIEHUS] MHUIIM B BHUJAE CHIBOPOTKH, HO OHAa MMEET BAa)KHOE BIIMSHUE HAa KayeCTBO
roTOoBOM mpoaykuuu. Boga B MOJIOKe, a TakKke B COCTaBE KUJKOCTEH, KOTOPbIE MPOU3BOIUT
KHUBOW oOpraHu3M, oOiazaer ocoObIMu cBoiicTBamu. IIpexne ueM momacTe B HUX BOJA
MPOXOJUT Yepe3 OMOJIOTMUECKHME MEMOpaHbI, paclaaaeTcs Ha OTACIbHBIE MOJICKYJIHI,
y4acTByeT B CHUHTe3¢ Oeilka ¢ TOBBIIIACT THAPOPUILHOCTH aMUHOKHCIOT. Bona,
WCIIOJIb3yeMasi B BOCCTAHOBJICHHH CYyXHX MOJIOYHBIX MHTPEAMCHTOB, MOXKET OBITh OJIM3Ka K
COCTOSIHHIO, B KOTOPOM OHA HaXOJWUTCS B HATYpPaJIbHOM MOJIOKE, KOTJa SHEPTHs €€ CBS3U C
OeIKoM sBIISIETCSl MakcuMabHOM. Cama ke TuapaTalus, Kak Jirodas ooparumas XuMUdecKast
peakiusi, B cooTBeTcTBUM ¢ 3akoHOM Jle-lllatenbe-bpayna wmaer Oojee WHTEHCHBHO B
SHEPreTUYECKU BBITOJIHBIX I HEE YCJIOBHAX. Tak Kak ruapaTanus — SK30TEPMUYECKUN
MPOIECC, ITO MPOUCXOAMT, KOTJa TUApaTHAs 00O0J0Yka Oelka CTPOUTCS U3 OTACITBHBIX
MOJIEKYJI BOJIbI, HE CBSI3aHHBIX MEXTy CO00# 10 Havyayia peakuu# [1].
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1. OB30P TEXHUYECKOI U TATEHTHOM JINTEPATYPBI

[IpumeHeHHe KaBUTALMU TpU TepepaboTKe MoJioKa u3BecTHO. Hampumep, mis 3toro
IPUMEHSAETCS TMAPOJMHAMUYECKass KaBUTALUs B allaparax pOTOPHO-ITYJIbCALlMOHOIO TUIA
JUIsL TTaCTEpU3allMM M roMOreHu3anuu Mosoka. CrienuanucTbl U3 yHUBEpcUTeTa MeKCuKu
pa3paboTany KaBUTAIIMOHHBIN MeTOJ 00e33apa’kMBaHUsl MOJIOKA, KOTOpPBIA He TpeOyeT ero
HarpeBa, HO TaKKe MOXKET 3aMEHUTD [TaCTEPU3ALIMIO.

MHorue MHUIUHPYEMbIE YIbTPa3ByKOM TOJIE3HbIE PEAKLIUU B CPee MOJIOKa, 0a3upyroTCs
Ha MEXaHU3MaxX M3MEHEHHUS BO3JICHCTBUS Ha HAIMOJEKYJSIPHYIO CTPYKTYpy OHONOJIMMEPOB
[2]. Torma xak oOpasyromecs B pe3yJbTaTe MNUPOJIM3a MApOra3oBod CMECH B
KaBUTAIlMOHHBIX Iy3bIpbKaX CBOOOJAHBIE paJMKaidbl, a TaKKe CHHTE3UPYEMble U
TUPOYHAUPYIONIUE B JKUAKOCTh MEPEKUCHBIE COSAMHEHHs] B COCTAaBE IMHUIIEBOIO IPOJIYKTa
HE)KEJIATEJIbHBI. DTO YCTAaHOBIIEHO paHee aBTopami [3, 4].

Taxke B Mucturyre xumudeckoil gusuku PAH um. H. H. CeméHoBa ObLIM BBINOTHEHBI
MU3MEPEHUS 4acTO HCIOJIB3yEMOH TENepb B MCCICIOBAHMAX COCTOSHUS BJIAard B IMILEBBIX
cpeax NPOTOHHOM MAarHUTHOM pellakcaluy B JUCTWUIMPOBAHHOW BOJE, IOABEPTHYTON
COHOXMMHYECKON 00paboTKe B KaBUTALIMOHHOM peakTope. OHM MOKa3aid, 4TO CIIUH-CIIMHOBAs
penakcaius ¢ XapaKTepHUCTUUECKHMM BpeMeHeM T, MpHoOperaeT Mocie COHOXMMHYECKOM
00paboOTKM  JBYXKOMIIOHEHTHBII  XapakTep. JIByXKOMIIOHEHTHBIM  cHaJ  OTYETJIMBO
HaOmoaeTcsl B T€YEHUE 2—3 4YacoB, YTO TOBOPUT O MOSBICHUU B BOJE (pa3bl ¢ CHIIBHO
OTJIMYAIOLICHCS  MOJIEKYJISIDHOW — NOABMJKHOCTBIO, KOTOpas CyHIECTBYeT B  TEYEHHUE
OTrPaHUYEHHOrO0 BpeMeHU. VIMEHHO B TedYeHHME NEpUOAA pPENlaKCallud TEPMOJMHAMUYECKU
HEPaBHOBECHOI'O COCTOSIHUS, MOJYYEHHOTO OT BO3JEHCTBMS KaBUTAllMM, BOAAa M oOlajgaer
aHOMAJIbHOM pacTBOPSIOIIEH CIIOCOOHOCTBIO M B 3TOT IEPHOJ OHAa ACHUMITOTHYECKU
BO3Bpallaercsa K paBHoBecHIO. [Ipu 3TOM co31ar0TCsl Takue IUIOTHBIE U NIPOYHBIE TMIPATHbIE
000JI0YKH, KOTOpBIE CIOCOOHBI MOBBIIIATH TEPMOPE3UCTEHTHOCTh PACTBOPEHHBIX B HEH
oenkoB [3].

['omorenusanuss MoJjioka (JUCHEPTUpPOBAHUE KPYIHBIX JKUPOBBIX IIAPUKOB) IPH
KaBUTALIMOHHOM BO3JICHCTBUHU IPOUCXOAMT 3a CUET CEJIEKTMBHOCTH. YacTHLIBI KMpa Pa3HBIX
pa3smMepoB 1e(PpOpPMHUPYIOTCS MMITYJIbCAMM JABJICHHUS HE OJMHAKOBO, YTO B NEPBYIO Oyepeib
OpUBOAUT K paspylieHHto Oojee KpymnHeIX. B mpouecce nucneprupoBaHus Ha
YBEJIMYMBAIOLIECHCA  MOBEPXHOCTH JKUpAa BO3HHMKAaET JAe(PUUUT BEIIECTB, KOTOpBIE
CTaOWIIN3UPYIOT 3MYJIBCUIO MOJIOKA: OEJIKOB, M- U MOHOTJIMLEPUIOB KUPHBIX KUchIoT. Ecin
OeIKu MOTYT MepeiTH Ha MOBEPXHOCTh XKHpa W3 KOJUIOMAHOW (a3bl, XOTA M Hapyllas Hnpu
9TOM paBHOBECHE BCEH CHCTEMBI, TO JAHW- W MOHOIJMIEpPHIAM B cOaJaHCUPOBAHHOM
JUCIIEPCHOM CHCTEME LIEJIBHOTO MOJIOKA B3SIThCSI HEOTKYA.

VYCTaHOBIEHO, YTO Ha 4YacTOTaX IMPOMBILUICHHBIX H3JIydaTelaed yiabTpa3ByKa IIOpOT
KaBUTALlUHU, TIPUBOASILEN K JOKAJIBHOMY T'MIPOJIU3Y MOJIOYHOTO KHUPA, IPEOA0IEBACTCS NIPU
aMIUIUTYyZie  3BYKOBOTO  JaBJIEHMs  NPUOMU3UTENbHO B 3 pa3a  IpeBblIIArOIIEH
ruspoctarnyeckoe aasineHue [4]. Ho oOpasyrommumecss B pe3yibTare TMApOJIM3a €Uie U
KUPHOKHCIIOTHBIE OCTAaTKU (AIMJIbI) CHMXKAIOT CTAaOMIBHOCTH NHOJy4daeMoil cmecu. B 3Toii
pabore ObUIM TPOBENCHBI MHCCIEJOBAHUS MOJIOUYHBIX CMeceil, CHHTE3MPOBAaHHBIX B
KaBUTAIlMOHHOM pPEaKkTope B YCIOBHMAX OTCYTCTBUS Tuaponusa xupa. OOpaboTka
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MPOU3BOJMWIACH B PEXUME TUAPONIN3A KHUpa (KOHTPOJIb) U B PEXKUME [E3UHTErparuu
CTPYKTYpbl ~ Oenmka  cyxoro  oOe3kHpeHHOro  Mojoka  (ombIT).  OTHOCHTENIBbHAS
CeIMMEHTALlMOHHAS] YCTOMYUBOCTh 00pa3loB U3Mepsiach GOTOMETpUYECKUM MeTooM. J[is
3TOTO y Mpo0 KaXI0ro M3 00pas3IoB, B3SATHIX M3 HUKHEH M BEPXHEHW yacTh 00BbeMa MEPHOTO
CTaKkaHa IIOCNie OTCTAaMBaHUS OBLIM HM3MEPEHbl 3HAYEHHUS ONTHYECKUX Kod3()PUIMEeHTOB
MPOMYCKaHUs B 3€JIEHOM 001acTy CIEeKTpa M BBHIYMCIEHO MX OTHomeHue. Oka3anock, 4To y
cMecell, MPUTOTOBIEHHBIX B PEXHUME THAPOJIM3a KUPA, ONTHYECKas IJIOTHOCTh B IIEJIOM
BbIIlIEe, TAaK KaK y HUX BBIIIE MoJlydyaeMas IucrepcHocTh. Ho paccioeHue mpUroToBiIeHHBIX
0e3 ruaponm3a mMpoOd MEHbIIE, TaK KaK B HHUX HCKIIOYEHO BIHMSHHE HAa CTaOWIBHOCTD
MOBBIIIEHHON KUCIIOTHOCTH CPEJIBI.

Hcnonp3yercss Juisi TOMOTE€HU3allMd, TOM YHCIE, U MOJIOKAa C TMOMOILIBIO YJIbTPa3ByKa
ycrpoiictBo nmo mareHty CA 2111802. B HeM HEBO3MOXXKHO YNpaBIEHHE COOTHOIICHHEM
TUAPOCTaTUYECKOTO W CPEAHEr0 3BYKOBOIO JIaBJIEHUS, ITOCKOJIbKY 3a30p, B KOTOPOM
IpOTEKaeT Mmpolecc, oueHb Maji. Ho m3-3a 3TOro 3arpaThl SHEPrUU Ha CO3JaHHE KaBUTALUU
JOJKHBI OBITH BEIMKH. ['OMOreHmsanusi Mojoka mo [5] BKJIO4aeT oO0pabOTKy €ro myTem
peuupkyasiuuu npu Temneparype A0 +85°C OTHOCHUTENBHO aKyCTHYECKOIrO H3JIydaTelis,
oOpazyromero  kaBuTamuio. HoO HarpeB MoJOKa  sBISETCS  HEIOCTAaTKOM  TakKoOi
TOMOTE€HU3AINH, TTOCKOIbKY, XOTS KaBUTALIMOHHBIA MOPOT B JKUAKOCTSIX MPU YBETUYCHUU
TEMIEPATyPbl CHUKAETCS, HO 3TO COMPOBOXKAACTCA CHIDKEHHUEM SHEPTrUU CaMOil KaBHTalUU
[6]. DTO ymeHbIIaeT oOpa3oBaHHWE B MOJIOKE MPH KaBUTALMK BEIIECTB JBONCTBEHHON
pPacTBOPUMOCTH, KOTOpPbIE CTaOWIM3UPYIOT SMYJIbCHIO MoOJoka. OOpaboTka MoJOKa B
POTOPHO-MYIbCAIIMOHHOM YCTPONCTBE HCIHONB3YyeTCs uid romoreHuzanuu [7]. B Takom
YCTPOMCTBE B pe3yibTaTe TPaJUCHTOB AABICHHUS B MOJOKE BO3HMKAET KaBHUTAallWs, KOTOpas
OpoOUT M JAeNlaeT OJHOPOAHOM IO pa3MepaM 4YacTUI[ XUpoBylo (asy wmomoka. I[lpu
YBEIMUEHUU TUIOUIAJM TOBEPXHOCTH KHPOBOM a3kl B TMpoIlecce TOMOTEHU3alMu Ha
MOBEPXHOCTH YACTHII KHPa BOSHUKAET ACPUIIUT 000IOUEUHBIX BEIIECTB, CTAOMIU3UPYIOIINUX
SMYIBCUI0O MOJIOKa. DTO B TOCIEICTBUU MOXKET MPUBOAUTH K OOpaTHOMY TMpoleccy —
KOAJIECLICHIIMY JKUpa. 3HAYUT U MOJyYeHHAass MOJIOYHAsl CMECh TaKke He OyJeT cTaOMIbHOM.
Jlns moBbIlIeHUsT CTAaOUIBLHOCTH AMYJIBCUU MOJIOKA Ha TPaHUIIE MEXAy >KHpoBou (azoi u
BOJHON Cpe/oH, yBEIMYMBAIOLIEHCS B MPOIECCE TOMOTEHM3AIMH, MHOT/Ia HCKYCCTBEHHO
CO3MAI0T M pa3eNUTeNbHyI0 OelkoBylo o0ojouky [4]. Jms 3Toro B MOIOKO Tepen
BO3/ICHICTBMEM aKyCTHUECKOW KaBUTAIIMU J0OABISAIOT MOJOYHBIE O€JIKM B KOJIUYECTBE
MPOMOPIMOHATIEHOM OKHUJAEMOMY YBEIMUYEHHUIO YACIbHON MOBEPXHOCTH >XUPOBOH (ha3bl.
[ToaTomy cmech mosydaercss oOiajgaroieil MOBBIMICHHBIM cojepkanuem Oenka. Ho cam
OeoK ocTaeTcss HEJOCTAaTOYHO TMOATOTOBJICHHBIM K THUApATallid, TMOCKOJIBKY IS
NE3UHTETPAllMl  €ro0 CTPYKTypbl Oojiee Ba)KHa KHHETUYECKas COCTABISIONIas SHEPTUU
kaBuTanuu. [Ipu akycTHUeCcKo# ke KaBUTAllMU COOTHOIIIEHUE YHEPTUIN UMEET MPEUMYIIIECTBO
B I10J1b3y NOTEHIIMAJIBHON cOCTaBIIstolen [8].

B OonpmIMHCTBE W3BECTHBIX CIOCOOOB THUApATAlMM OWUOMOJIMMEPOB IHEPrOEMKOCTh
KaBUTALIMOHHON 00paboTKM MpsMO He ycTaHoBJIeHa. Hampuwmep, B [9], re BoAy WU BOAHBII
pacTBOp TMepel CMENIMBaHHEM C OHoMaccoil moaBepraloT o0paboTKe YIbTPa3BYKOBOU
KaBUTallMeH, 3aJaH TOJBKO HWXHHUI TMpeaesa OTHOIIECHUS WHTEHCHUBHOCTH YIbTpa3ByKa K
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KBaJpaTy THUIPOCTATHUECKOrO JaBJICHUS, KOTOPBIA OINpeAensieT TOIbKO Tpedyemyro
MOIIIHOCTh. Bpemsi e BO3JEHCTBUS KaBHUTallUM, TO €CTh KOJWYECTBO OJHEPrHUH JUIsS
o0OecrieyeHnss COHOXMMMYECKHUX IMpeoO0pa3oBaHUIl B BOJE OCTAaeTcsi NPOU3BOJIBHBIM. B
nareHTHOM 3asiBke WO 2007111524 kaBuTanuio BbI3BIBAIOT, H3JIy4yas YJIbTPa3BYK C
aMIUIUTYJIOM 3BYKOBOI'O JABJEHUS HE MEHbIIEH 5,5 3HAYEHUN CTATMYECKOrO aBJICHUS B
KaBUTALIMOHHOM peakTope. HeobOxoaumyio uisi pa3pyllieHHs CTPYKTYPhl BOJIBI IHEPTHIO
3aJ1al0T 3/1eCh Yepe3 MAKCUMaJIbHYIO MPOU3BOIUTEILHOCTE IMpoliecca paBHY0 450 00beMOB
peaktopa B uac. Ho mnpomoKuUTENbHOCTh KaBUTAIMOHHOM 00pabOTKM BOJABI 37€ECh
YCTAHOBJICHA TyTeM HCCICAOBAHUS 3aBUCUMOCTH JTWHAMHUYECKOW BS3KOCTH BOIBI B
TEPMOCTAaTHYECKUX YCIOBUSAX OT BPEMEHU KaBUTAIMOHHOTO Bo3aehcTBus. I[lpu sTOoM
MoJIarajoch, 4YTO  BS3KOCTh  BOJABI  OMNpPENESETCS  COOTHOIIEHHMEM  OOBEMOB €€
CTPYKTYPUPOBAHHONW M HECTPYKTYPUPOBAHHOW COCTABJISIIOIINX U TOJYMHSACTCS YPaBHEHUIO
Oitamrelina-CmonyxoBckoro [10]. Omnako wuccnenoBaHusi, BHITIOJIHEHHBbIE B JlemeHCKOM
yHuBepcutere [11], 3acTaBisiOT NPEANONOKUTb, YTO OCHOBAHHOE HA 3TOM TIHIOTE3€
3HAYCHHE MPOU3BOAUTEIHLHOCTU Tpoliecca 3aHKeHO. Ha mpakTuke 3To MOXKET MPUBECTH K
W3JIMITHUAM 3aTpaTaM SHEPTHH.

BooOrie HaaTeTuIoBo MexaHU3M Tepejaud YHEPTHH B MPOIECCaX COHOXUMUU JIeTIaeT UX
Oojlee uyeM Ha TIOPANOK SKOHOMHMYHEE TEpMHUUYECKHX. MOXHO CpaBHUThH, HaIlpuMeEp,
MacTepU3allvio, KOTJa BCIO COJEPKAllyld MHKPOObI MacCcy >KHUIKOCTH HarpeBaroT 10
temreparypsl +70°C u BblllIe, BEIACPKUBAIOT MIPU HEW ONPEICIICHHOE BPeMsl @ HHOT'/Ia TIOTOM U
NPUHYIUTENFHO OXJIAXAAI0T, ¥ KABUTAIIMOHHBIA OaKTepHONM3, TpPU KOTOPOM AT
MEXaHHUYECKOT0 pa3pylIeHus 000J04YeK MHUKPOOHBIX Tell TpeOyeTcsl BCEro JHIb HECKOIbKO
MIEPUOJIOB BBI3BIBAIOIIIEH KAaBUTALIMIO YIbTPA3ByKOBOM BOJIHBI.

2. BBIIBUHYTBIE I'MIIOTE3bI

[lepen aBTOpamMm pabOTHI CTOSUTA 3ajJada HAUTH COHOXMMHYECKHUH CIOCOO TOTYUYCHHS
TOMOTEHHBIX BBICOKOOEJIKOBBIX CTAOMJIBHBIX MOJIOYHBIX CMeceld 0e3 W3JIMIIHUX 3aTpaT
AKyCTUYECKOU DHEPTUN.

M3BecTHO, YTO KaBUTALUS TpPU ONPEACICHHOM YPOBHE TNOTCHIMAIBHON SHEPruM Ha
OTIpENIeIICHHOE BPEMS BBIBOJHT BOJY M3 COCTOSIHUSI TEPMOJANHAMHUYECKOTO paBHOBecus. Boma
Ha BpeMs pejaKcalii TOr0 HEPaBHOBECHOT'O COCTOSHUS MPUOOPETAET aHOMAIbHO BBICOKYIO
THIIPATAIlIOHHYI0 CIHOCOOHOCTh IO OTHOIIeHWI0 K Oenkam [12]. [lnoTHBle ruapatHbIe
0007109k, 00pa30BaHHbBIC B PE3yJIbTaTe THIPATAINHN Y MOJEKYJSPHBIX TPYII aMHHOKHUCIIOT
Oenka, MPEMATCTBYIOT ero Ttepmuueckoi aeHarypauuu [13]. Iloatomy, oOpa3oBaHHbBIE Yy
BKITIOYAIOIINX CEPy MOJEKYJSPHBIX TPYI MOJOYHOTO Oeika, OHHM HE OyIyT IOIycKaTh
OJIOKMpPOBaHUS K-Ka3eWHa [3-JIAKTOTIIOOYJIMHOM TIPH TEPMHUYECKOM BO3JCHCTBHH BO BpEeMs
JanbHeHIel nacTepu3aniuy CMECH, YTO MO3BOJIUT YJIyULIUTh €€ ChIUY>KHYIO CBEPThIBAEMOCTb.

KpomMe Toro, BOCCTaHOBJIEHHIO CyXOro MOJIOKa CHOCOOCTBYET NMOHM)KEHHas BpEMEHHas
AKECTKOCTh MCIOJIb3yeMOi Bojbl. KaBuTanus >xe mo3BoJsieT JIErKo NepeBOAUTh pacTBOPUMBIE
OukapOOHATHl B HEpacTBOpUMYIO KapOoHaTHyro (opmy, dSPQPEeKTUBHO CHUXKAs ITY
BPEMEHHYIO JKECTKOCTb. MeXaHu3M peakuMid OCHOBaH Ha pa3pylIeHUH HMIYJIbCAMU
JIaBJIEHUS] OT KaBUTAllMM TUAPATHBIX O0OJOYEK PACTBOPEHHBIX M CYIIECTBYIOUIMX B BUJE
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noHoB OukapoonaroB Ca(HCO;), m Mg(HCOs3),. To ectb OH OCHOBaH Ha TO k€ CaMOM
SBJICHUH, KOTOPOE pa3pyllaeT HaJAMOJIEKYJIPHYIO CTPYKTYypy CaMmOH BOJBI, U CTUMYJIUPYET
MepeXoJ] ATHX COJICH KECTKOCTH B aMopdHyto Kojutouanyto hopmy CaCOs, u MgCOs [14].

B ecrecTBeHHBIX yCIOBHAX B MOJIOKE OEIKH 00pa3yloT HaJAMOJEKYJSIPHYIO CTPYKTYpY 3a
CUET JIUIOJIb-IUIONBHBIX B3aUMO/IEHCTBUI MEXly MOJIEKYJIaMU aMOHOKHUCIIOT. JTa CTPYKTypa
MOXET OBbIThb pa3pyllieHa T'MIPOAMHAMHUYECKOW KaBUTAllMEH B POTOPHO-IIYJIbCALMOHHOM
anmapare, IOATrOTAaBIMBAas AMHMHOKHCIOTBI K BCTYIUIGHHMIO B PEAKLHUIO T'MIpaTalHH.
BbIcBOOOXK/IeHHBIE TMONSAPHBIE IIEHTPHl AMUHOKHCIOT AaKTUBHEE, YEM C MOJEKYJISPHBIMU
acconaTaMu BOJBI, BCTYMAalOT BO B3aMMOJCHUCTBHE C JMIIONISIMHU, KOTOPBIC TNPEICTABIISIOT
co0oM OTAEbHBIE BOJHBIE MOJEKYJbl. Ho /it 3TOro cama Boja, TakKe MUMEIOIIas Taxe Ipu
JOCTATOYHO  BBICOKHX  TEMIIEpaTypaXx COOCTBEHHYIO  CTPYKTYpy, [OJDKHa  OBIThH
NpeBapUTENIbHO JIeCTPYKTypHpoBaHa. M3BecTHO, YTO Jydile BCEro [Uis pa3pyLICHHUs
CTPYKTYPBI BOJIBI, TO €CTh TIOJTOTOBKHU €€ K PeaKIUy TUAPATALUH ITOAX0JUT COHOXUMHUIECKast
oOpaboTka B KaBUTAlMOHHOM peaktope [12]. CremoBarenbHO, sl  TOTYyYECHHS
MOJIOKHUTEIBHOTO PE3yJbTaTa, JOCTATOYHO COCIWHUTH BXOJHOM MAaTpyOOK MEXaHHYECKOTO
CMECHTENSI CYXOro OOE3KMPEHHOTO MOJIOKa W BOIBI C BBIXOAHBIM MNATPyOKOM TaKoro
peakTopa. ITockonpKy aHOMalbHBIE CBOWCTBA BOABI COXPAHSAIOTCS HEJOJTO, TO B YCIOBHSIX
HETIPEPHIBHOTO TPHUTOTOBJICHUS CMECH B TAaKOM BKJIFOYAIONIEM KaBUTAIIMOHHBINH PEaKTOp
YCTPOHCTBE BO3HUKAET HEOOXOIMMOCTH COTJIACOBAHUS CKOPOCTH OOpabOTKM BCEH CMECH B
POTOPHO-TYJILCALIMOHHOM allapare €O CKOPOCTHIO COHOXMMHYECKOW OOpabOTKH BOIBI B
peaktope. [locmenHuii HOKEH MMETh 3alaHHYIO IPOW3BOAMTENBHOCTH, 3aBHUCAIIYIO OT
3aTpaunBaeMoi sHepruu. Ho ans ee omnpeneneHusl HY)KHO 3HaTh YAENbHYIO (Ha €IUHUILY
00beMa) SHEPTUI0 COHOXUMUYECKON 00pabOTKH.

B monorpaduu [15] onucan ¢axT HaMM4YMsg MakcUMyMma y (YHKIHH BBIXOJA MEPOKCHIA
BOJIOPOJIa B pE3yJIbTaTEe COHOJIM3A BOJBI, KOTOPHIH OOBSICHACTCS PACCETHHEM aKyCTHYECKOU
SHEPTUU Ha BHYTPEHHEM TPEHHUH B BOJIE C 00pa30BaHMEM OCIAOISIONIETO KaBUTALMIO TEIUIA.
CrnenoBatenbHO, U 3aBUCUMOCTh CTETICHH JIE3WHTETPAIIUN CTPYKTYPBI BOJABI OT 3aTpavueHHON
PHEPTUU TaKKe JODKHA HMMETh MakcuMyM. [loaToMmy pamamna3oH yAEIbHBIX HHEPTU
COHOXMMMYECKON 00pabOTKM MOXET ObITh HaWIeH MOCPEICTBOM IPAaKTHYECKON
ONTUMH3AIMK Tporecca. DTOT Juama3oH OyneT SBIATBCS OOWMM Juis Bcell obnactu
npeaMeTa H300peTeHHs B COOTBETCTBHU C MPHUHITUIIOM ITO100MsT KaBUTAIIMOHHBIX IPOILIECCOB
[8]. fIcHO, uTO 3mEch uUMeeTCs B BHUAY aKyCTHUECKas SHEpPrusi, MOCKOJIbKY CYIIECTBYET
HECKOJIBKO OO0JIaJIafoIuX OIpeaeieHHbIMU Kod(dumuentamu none3noro aevicrus (KITI)
Croco00B TpeoOpa3oBaHMsl DIEKTPUIESCKONH PHEPTUM B JHEPTHIO YNPYTHX KoseOanuid. B
yctporicte, o WO 2007111524 ucnonbsiyercst criocod mpeoOpa3zoBaHus 3a CYET 0OpaTHOTO
nbesodddexrta. ViaenpHas MPOU3BOAMTEIBHOCTh 3TOr0 ycTpoiictBa pasHa 0,17 ar'/KBm .
Hcnonb30BaHHBIA  371€Ch JUIsI MPAKTUYECKOM ONTHMHU3ALMU PEAKTOP AIIEKTPUUYECKOU
MOLTHOCTbIO 630 Bm, KOTOpBI paboTaeT OT MarHUTOCTPUKIMOHHOIO IpeoOpa3oBarels,
MIMEET MPOU3BOIUTETBHOCTE OKOTIO 2 OM/MUH.
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3. OKCIIEPUMEHTAJIBHOE IIOATBEPXKJAEHUE I'MITIOTE3

OnTuMHU3aLuI0 OCYIIECTBIISUIA C TIOMOIIBIO TAKOTO peakTopa | B MOPLMOHHOM PEXUME Ha
creHae (puc. 1), cocrosmiemM u3 agucnepraropa 2, B KadecTBE KOTOPOIO HCIOJb30BaIU
71a00paTOPHBIM HACOC-3MYJIBIaToOp, U CMECUTENS 3, 3alOJHAEMOro Mepes KaXIbIM OIMBITOM
LEJIBHBIM MOJIOKOM Ha Tpu 4eTBepTH. CKOPOCTh MOaYu B CMECUTEINb BOABI MOAIEPKUBAIN
BCEr/1a HeM3MEHHOMU. [[JIst 3TOro MCroyib30Balid CTA0MIN3aTOp 4, COCTOSAIINN U3 KOAKCHAIBHO
IIOMELICHHBIX OJHA B JPYrOM €MKOCTEd U Jpocceiid 5, yCTaHOBJIEHHOIO Ha COOCHO
BBIXO/ISIIEM M3 HHUX MaTpyOKe W OTPEryJIMpPOBAHHOTO HAa MHUHUMAJBHBIA pacxoa BOJBI B
skcnepumenTte. Cyxoe 00€3:KUPEHHOE MOJIOKO BBOJMIIHU, IIPOCTO HACHINAS €r0 B CMECUTEID 3.
Bo BHYTpeHHIOIO €MKOCTh CTa0WiIM3aTopa U3 pacXxoJHOro MaTpyOka peakTopa uepes
TPEXXOIOBOH KpaH 6 HENpepbIBHO MOJABAIM MPOMIECIIYI0 COHOXUMHUYECKYIO O0OpabOTKy
Bony. [IpoM3BOAMTENBHOCTh pETYIMPOBAIA IIOCPEACTBOM YCTAHOBJIEHHOIO Ha BBIXOJE
peakTopa apoccens 7 U MepHOU eMKocTH. Takum oOpa3oM, peakTop MOr paboTaTh ¢ 000
3aJJaHHON TNPOM3BOAMUTENBHOCTBIO, a W3 CTaOMIM3aTopa B CMECUTENIb oOpaboTaHHas BoJa
BCEr/a I0JaBajach C OJMHAKOBOM CKOpOCThIO. M3numiek BOIBI BBITEKA] IO 3alOJHEHUU
BHYTPEHHEH EeMKOCTH 4Yepe3 CIMBHOM MaTpyOOK 8§, yCTaHOBIEHHBII B JHE BHeEUIHEeW. B
CMECHTEIIE, 3aMIOJIHAEMOM BO BpeMs KaKAOI'0 ONbITAa A0 CIEIAHHON B HEM OTMETKHU YPOBHSA 9,
i 3PQPEKTUBHOTO MEXaHMYECKOro IepememuBaHus Obul ycrtaHoBieH umnemiep 10. To
€CTb, CMECHUTEIb MMEJ BHJI, MCIOJIb3YyeMON B MPOMBIIUICHHOCTH MAaCTePU3ALUOHHON 1100
3aKBAaCOYHON EMKOCTH.

CmMmecurenb ObUT BKIIIOYEH B CXEMY PELIMPKYJISALUN CMECH Yepe3 TUCIEepPraTop ¢ 3aJaHHON
apoccesneM 11 ckopocThlo. OKCHEPUMEHT NPOBOAMIM IPU KOMHATHOM TeMIleparype.
[lpurotaBnuBanu mNATH 00pa3lOB MOJOYHOM CMECH C PAa3HOM NPOU3BOAUTENBHOCTBHIO
peakTopa. /[[ns aToro ¢ momoumpl Apoccenss 7 U MEpPHOW E€MKOCTH IpEABApUTENIBHO
yCTaHaBIMBAJIM TPeOyeMyI0 CKOPOCTb CJIMBA BOJBI U3 CTAOMIM3aTOpa B CMECUTEINb. 3aTeM
IpU BKJIIOYEHHOM PEaKTOpe M TPEXXOJOBOM KpaHe 6, MOCTABJICHHOM Ha cOpOC BOJbI 4yepes
CJIMBHOM maTpyOoK 12, ycTaHaBIMBAIM HYXHYIO NPOU3BOAUTENBHOCTh, UCIONb3Ys MEPHYIO
eMKOCTh. B cMecuTens 3amBanu 1eIbHOE MOJIOKO, T00ABIISIIM B HErO CyX0oe 00€3)KUPEHHOE
MoJIOKO B cooTBercTBUU ¢ WO 2007111524, Bnrodanu umnesnep, JucnepraTtop 1 4epes 5
CeKYHJ] TEepEeBOIWIN TPEXXOJIOBOMH KpaH B IOJIOXKEHHE TMOAAYM OOpabOTaHHOM BOJBI B
crabminzarop. 1o 3anmonHeHny cMecuTens 1O OTMETKU MEpeKIoyain KpaH 6 Ha cOpoc BOJbI
yepe3 CIMBHOM maTpyOoOK, MpeKpaliaiyd ee I[ojAady B peakTop, OTKIIOYalId €ro, HO
IIPOAOJDKAIN MIEpEMEIINBAHNE U AMCIIEPTUPOBaHKE enie B TeueHue 20 MUHYT.

Bs3kocTh NOTy4eHHBIX 00pa3lioB U3MEPSUIM B TPOOAX OTOOPAHHBIX U3 LIEHTPAIbHOMN YacTH
eMKOCTeH Al XpaHeHHs oO0pas3loB IMOCIE HUX OTCTaUBAaHUS B TEYEHHE TPEX CYTOK HpHU
temneparype +8°C poTalMOHHBIM BHUCKO3UMETPOM. Pe3ysbTaThl 3TUX M3MEPEHUN OTHOCHIN
K M3MEPEHHON TaKUM jk€ 00pa3oM BS3KOCTH LEJIBHOTO MOJIOKA C JOOaBJIIEHHUEM TaKOTO K€
KOJINYECTBA CYXOro O00E3)KUPEHHOTO0 MOJIOKA M BOJbI, HE MPOXOAMBIIECH COHOXUMHMYECKON
00paboTtku. IlomydeHHBIE 3aBUCUMOCTH OTHOCHTEIBHOH BSI3KOCTH OT CKOPOCTH 0OpabOTKU
OpuOIMKaa TOJIMHOMOM BTOPOrO MOpsAKa METOJOM HAaMMEHbIIHMX KBajapaToB. Touka,
COOTBETCTBYIOIAs TIPOM3BOMUTCIBHOCTH 2 OM>/MuH, NEXKAllas HA BETBH MapaGoibl I10
JIPYTYIO CTOPOHY OT MaKCHMyMa (hYHKIIHH HMena abeiucey 5 om’/vun. BHyTpH moTydeHHOro
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TaKMM 00pa3oM Juarna3oHa BSA3KOCTh MOJIOKA a, CJIEI0BAaTENbHO, W JHCIEPCHOCTH €ro
kupoBoit ¢aspel, 6osbmre ueM y WO 2007111524, EMy cOOTBETCTBYET auamna3oH YIEIbHBIX
sHepruii 0o0paboTku BOAbl 5...9 Mﬂofc/m3 , KOTOPBIM JIOJDKEH OBITh OOIIUM  JJIA
KaBUTAIMOHHBIX MPOIIECCOB BOJU3HM CUHIIEPUOANMYHOCTH U TP 00JIe€ BHICOKUX aMIUTUTYIaX
3BYyKOBOTO AaBieHus [12, 15].

B pabote [16], ObuT0 MOKa3aHO, YTO BEMTWYMHA SPO3MOHHOM MOIIHOCTU (AP) KaBUTaUU
3aBUCUT OT CTATUUECKOTO JaByieHus p (puc. 2).

Puc. 1. Cxema 3KcriepuMeHTaIbHOTO
CTEH/Ia, Ha KOTOPOM ObLIa
OCYILIECTBJIEHA IPAKTUYECKas
ONTUMU3ALMS TPUTOTOBIICHHS
MOJIOYHOM CMECH:
| — KaBUTAIIMOHHBIN pPEeaKTop;

2 — qucneprarop; 3 — CMECUTEb;

4 — crabunu3zaTop; 5 — Apoccelib;

6 — TPEXXO0I0OBOH KpaH; 7 — APOCCEb;
8 — cnuBHOI maTpy0oK; 9 — oTMeTKa
ypoBHs; 10 — umnennep;

11 — npoccenp; 12 — cnuBHOM maTpyOoK

76

5 Puc. 2 (u3 [16]).

74 | 3aBUCUMOCTB 3PO3MOHHON MOIIIHOCTH
[ua]
':. KaBUTaluu AP B pOTalHIOHHOM
sgg | CyIpaMOJIEKYJIIPHOM JIE€3UHTETrPaToOpe OT

CTAaTUYCCKOI'0 JaBJICHUA B €T0 KaMCpPe p
72

71

1 2 3 4 5 6 7 & 9
p. bar

bbuto oOHapy’keHO, 4TO B pOTOpE C 7 MPSIMOYTIOJbHBIMH OTBEPCTUSMHU B poTope U ¢ N
OTBEPCTUSIMU B CTaTOpE, Yepe3 KOTOpble TE€YeT MOTOK 0oOpabdaThIBaeMOM KUAKOCTH, oOliee

2
o 7R
KOJIMYECTBO OTBEPCTUH JOJDKHO YJIOBIETBOPATH YycCloBUiO: Nn > | ——— rae
a+0,756
CKOOKaMu |_ j OTMEUYEeHa HUXKHIS LeJasl YacTh YKCIa; a — IIUPUHA OTBEPCTH; R — BHEIIHUI
paguyc poTopa; O — 3a30p MEXKIY CTaTOPOM MU POTOPOM. DTO MO3BOJISIET JOCTUTHYTh

HauOOJIBIIEH CTEIIEHU KaBUTAIIMOHHOM OpPO3UH.
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4. BBIBOJIbI. IPAKTUYECKAS PEAJIU3ALINS UCCJIEJJOBAHNM B

[MPOMBINIJIEHHOCTH

Dta pa3paboTka B MPOMBIINIJICHHOM MaciiTabe MOXKET ObITh peanu3oBaHa (puc. 3) myTeMm
UCIIONIB30BAaHUSl B KadecTBe JHCIEpraropa poTOpHOro je3uHTerpatopa (puc. 4),
pa3paboTaHHOTO HAa POJIMHE OJHOTO W3 TEPBBIX HccieaoBarenel 3¢ @dexTa MeXaHHMUeCKOH
nesuHTerparmu  moktopa M. Xumta [16], a B KadecTBe COHOXHMHYECKOTO PEAaKTOPa,
Harpumep, uHaycTpuanbHoro npoueccopa UIP4000 (I'epmanust) [17]. B coorBercTBHE ¢ WO
2007111524 sto TpeOyeT mobaBieHWs HAa OAWMH KuJorpamMM IeiabHOoro Mosioka 20...30 2
CyXoro MoyiogHoro Oenka. Ecimu Genok crocobeH mpucoeauHATh npu ruaparanuud a0 40%
BOJBI O Macce [1], To TpeOyercs moOaBiieHHE Ha 3TO KOJUYECTBO CYXOro MOJIOKA €Ile U
MOHOMOJIEKYJISIPHOW BOJIBI. DTO OFHA TPETh 00BEMa BOJBI, KOTOPBII MmoaBepraiu o0padoTke
kaButanmed [10]. bBenku, cocraBisionme CTPYKTYpHO-MEXaHUYECKHUW CIIOM Ha TpaHHIIEC
KHUPOBOK (ha3pl, IpU 3TOM OyayT B OOJBIICH CTETIEHW TUAPATHPOBAHBI, CIIEIOBATEIBHO,
OyayT o0mamate OONBIICH CMAdYMBAaEMOCTHIO M TOBEPXHOCTHOM aKTHBHOCTBIO. POTOpHBIN
JNE3UHTETPATOP MOXXHO 3aMKHYTh B CXEMY PEUMPKYJSIHUA CMECH 4Yepe3 3Ty EMKOCTb,
BKJIIOUMB B Hee Hacoc. Brixondinryio u3 peakropa o0OpaOOTaHHYIO BOJY MOYKHO IOJaBaTh
HETIOCPEJICTBEHHO B €MKOCTh. Jl03WpOBaHHME 3TOW BOABI W YCTAaHOBKY TpeOyeMoi
IPOU3BOJUTENBHOCTH PEAKTOPA MOYKHO OCYIIECTBIIATH HACOCOM-/103aTOPOM.

Puc. 3. Bapuant npoMBIIIIIIEHHOTO OCYIIECTBICHUS H300pETCHHS:
| — poTauMoHHBIN qUCTIEPraTop; 2 — COHOXUMHUUYECKUN PEAKTOP C reHepatopom 3; 4 —
CMECHUTEIIbHAsL EMKOCTbh; 5 — HACOC PELUPKYIISIIUI; 6 — HACOC-1103aTop; 7 —
MPUCTIOCOOJICHHE ISl BBEICHUS CyXOT0 MOJIOKA; 8 — BXOJI BOJIbI

Puc. 4.

Poranmonnsiit anmapat komnanuu Oil Tech
Production OY u3 [7] co cuaroi
YIUTOTHSIOLIEH KpBIIKOW paboyero odbvema 1
Y POTOPOM 2 U3BATHIM U3 cTaTOpa 3

(%]
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