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AHHOTALUA

B nanHOIl MarucTepckoil JaUcCepTallid  paccMaTpUBACTCA  YIIydIICHHE
npolecca TOPEHHs BOAO-TOIUIMBHOW AMYNbCUU. bBBUIO BHEIPEHO HEKOTOpHIE
U3MEHEHHS B KOHCTPYKIMIO POTOPHOTO ammapara 1o HOATrOTOBE BOJIO-TOIUIMBHBIX
OMYJIbCUHM, C LEJIbI0 IOBBIILIEHUS MPOU3BOAUTENBLHOCTU. OCHOBHOW LIE€JIBIO B
JaHHOW paboTe SBIAETCS — IMOBBINICHUS WHTCHCU(MUKALUNA TOPEHHS >KUIKUX
TOIUJIMB U CHM)KCHUE KOHILIEHTPAIUH BPEIHBIX BHIOPOCOB.

B paGore Opuiu paccuutanHbl 3PGEKTUBHBIE MapaMeTpbl POTOPHOIO
ammapara, a TakXke IMOKa3aHa MOoJHas TeXHOJOTHYeKas cxemMa MOJKIIOUYEeHHUS K
KOTEJIbHOU YCTAHOBKE.

AHjJaTna

byn, marucrepiik auccepTanusiga CyJbl-OTBIHABI SMYJIBCUSHBI Kary
YPAICIHIH OCEpJUIIriH JKOFapyaTy Typalibl KapacTbipbuiFaH. CyJbl-OThIHbI
OMYJbCUS  JTalbIHJAYIIBl  POTOPJIBI  ammaparThlH — OHAIPYJITiH  apTTBIPY
MaKcaTbhIH/1a, OHBIH KYpPBUIBICBIHA Kei0lp e3repryiep eHri3uired. JKyMbICThIH
0acThl MaKcaThl: CYWBIK OTBIHHBIH XaHY HHTCHCU(DHUKAIUACHIH )KOFapaTy KOHE
3USHABI 3aTTAPJIBIH YJIECIH CEHINTY, OOJBIN TaObLIaIbI.

Kymbic  OappiCblHAA  POTOPJBI  almapaTThiH  dCEPl  OJIeMIaepl
€CeITeNTeH, COHBIMEH KaTap Ka3aHIbIK KOHIBIPFhIFa KOCY/IBIH TOJBIK CYJI0aChl
KOPCETIJITEH.

Annotation
this master's thesis examines the improvement of the combustion process of the
fuel-water emulsion. in order to increase productivity some changes were made in
the design of the rotor machine that prepares water-fuel emulsions. The main
objective of this paper is - increasing intensification of burning liquid fuels and
reducing the concentration of harmful emissions.

In this work the effective parameters of the rotary device were calculated and

it shows the complete flowsheet connection to boiler system.
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Beenenue

Coxuranue >KHJIKUX YTJIEBOJOPOAHBIX TOIIUB OOECIIEUMBAECT B HACTOSIIEE
BpeMs  MOJy4YeHUE  Tpeodsajalolie  4acTh  DHEprud,  noTpedisiemMoit
Ha 3eMHOM mmape. [lo CBOMM TEXHHMKO-DKOHOMHUYECKUM H 3KOJIOTHYECKUM
MPEUMYIIECTBAM JKUJKOE€ TOIUIMBO YCTYNAaeT TOJBKO Ta3y M B HACTOSIIEE
BpEMsI IIUPOKO HUCIIOJIB3YETCS B CTALMOHAPHOW MPOMBIIUICHHOW U TPaHCIIOPTHOM
DHEPreTuKe. OJTO JeJaeT OOOCHOBAHHBIM IOHWCK pEUICHUH, HaIlpaBJIEHHBIX Ha
COBEPILIEHCTBOBAHHE IIPOLIECCOB CKUTAHUS ATUX TOTLINB B
TONOYHBIX YCTPOWCTBaX M pa3IMYHBIX Kamepax cropanusd. B mpouecce moucka
TaKUX pEHIeHHH o0co00e BHHMAHHE JOJDKHO  YAENSATHCS — JKOJOTHYECKHM
acneKTaM CKUTaHUS KUJIKOrO TOILIUBA.

OCHOBHBIM  HCTOYHMKOM  MOJYYEHHUS JKHJIKOTO TOIUIMBA  SBIISAETCS
HepTh. lleHHOCTH HEPTH 3aKiIOYaeTCss HE TOJBKO B HCIOJIb30BAHUMU €€
JUISL TIOJIyYEHMsSI CBETJIBIX IPOAYKTOB M TOIUIMBA, HO W B HCIOJIb30BAHUU
€e B KadeCTBE ChIpPbs JUIsI NPOU3BOJACTBA JAPYIMX XUMHUYECKHX IPOIYKTOB
U MaTepuaioB. B cBs3u ¢ 3TuM yriyounace nepepadbotka HeTH, U PACIIUPUIIOCH
€€ HCMOJb30BaHUE B HEPTEXMMHUECKOH, XMMHMUYECKOH, MHUKPOOMOJOTUYECKOW U
APYTUX OTpaciasiX NPOMBIIUICHHOCTH W HAaMETWIACh TEHACHIUS 3aMEHBI
MaJIOBSI3KUX BHJIOB KUIKOTO TOIIMBa  Ha  OoJjee BS3KHE U
«TSDKEIbIE» OCTATOYHBIE MPOAYKThl HE(PTENEPEroOHKHM - Ma3yThl. Y XYALICHUS
CBOMCTB JKHAKUX DSHEPreTUUYECKUX TOIUIMB CIEIYET OXUJaThb M B CBS3U C
OKHJJA€MbIM OCBOEHUEM HETPAJIULIMOHHBIX UCTOYHUKOB YIJIEBOJOPOAHOTO CHIPHS -
TSKEJIBIX BBICOKOBA3KUX HE(PTEH M NPUPOAHBIX OMTYMOB C YXYAIIEHHBIMU (PU3UKO-
XUMUYECKUMHU CBOMCTBAMH.

O(PPeKTUBHOCTh HCMOJIB30BAHUS KHJIKMX DSHEPreTHYECKUX TOIUIMB BO
MHOTOM  OMNpEJENsAETCs COOTBETCTBUEM MX  XapaKTEpPUCTUK  TpeOOBAHUIM
notpebuteneit. OnaHako, CpaBHEHHWE CBOMCTB M XapaKTEPUCTUK TOMOYHBIX
Ma3yTOB M JPYTHX BUJOB >KUJIKUX DSHEPreTHUYECKUX TOIUIMB, IOKa3bIBAET, YTO

nepexon SHEPIreTUKH Ha CKUTaHUE Ma3yToOB MapKu M-200
U JIpyrux Oojiee BSI3KUX TSKEIBIX TOIUIMB BBI3OBET JIOMOJHUTEIBHBIE TPYIHOCTH,
UMEIOINEe  MECTO  TNpU  TPAaHCIOPTUPOBAaHWUHM,  CIUBE,  XpPAaHEHUU W

MOJTOTOBKE K COKMTaHHUIO, a TAKKE Pa3IMYHbIC HAPYIIIEHUS TTPOIIECCOB TOPEHMUSI.

Cpenu TIpUYWH, BBI3BIBAIONIUX OTH JIONMOJHUTEIBHBIE TPYAHOCTH H
CBSI3aHHBIX C U3MCHEHHEM COCTaBa TOILUIMBA, 0CO00E€ MECTO 3aHMMAET MOBBIIIIEHHOE
colepkaHhMe B cocTaBe  Ma3yTa  achadbTOCMOJMCTBIX  BEIIECTB U
BOJIbI, COZEpkaHue KOTOpod MokeT mpebimiaTh 10%, a y BBICOKOBA3KHX TOTUIMB
nocturats 20%.

B aT0i1 cBsi3M pazpaboTka MPOCTHIX, HANIEKHBIX W DKOHOMUYHBIX METOJI0B
IIOATOTOBKHU MU C)KUTaHHS BBICOKOOOBOIHEHHBIX M BBICOKOBSI3KUX TOILIUB SIBIISIETCS
aKTyaJbHOW U BbI3BAHA HE TOJBKO YCIOXHEHUEM JKCIUTyaTalldd Ma3yTHBIX
XO35UCTB WJIM HEOOXOJUMOCTBHIO PEKOHCTPYKIIMM W 3aMEHBI OOJIbIIEH 4YacTh
TEXHOJIOTUYECKOT0 O0OpYJOBaHUSI Ma3yTHBIX XO3SWUCTB, HO W, B OOJBINEH Mepe,
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BO3MOXKHBIMM ~ HApPYIICHUSIMU PEXUMOB TopeHus TommBa. llpucyrcrBue
3HAYUTEIHLHOTO KOJUYECTBA BOJbI B TOIIMBE MPUBOJUT K OOpPA30BAHUIO BOJISHBIX
npoOOK, KOTOpbIe, MocTynas K (opcyHKaM, MPEpbIBAIOT PAaBHOMEPHYIO MOAauy
TOTUIMBA, BHI3bIBAIOT OXJIAK/IEHHUE TOMOYHOTO MPOCTPAHCTBA U JaXKe CPbIB (pakena ¢
MpEKpalleHneM MnpoueccoB ropeHus. [loBbllIeHHas BA3KOCTh U HEOJHOPOJHOCTH
COCTaBa TSKENbIX MAa3yTOB SBIETCS NPUYMHOM YXYIIIECHHUS JIUCIEPCHOCTH
pacmblia TOIJIMBA M COOTBETCTBYIOIIETO YBEJIWYEHHS MOTEPH OT HEIMOIHOTHI €0
cropanusi. CxuraHue k€ OOBOJHEHHBIX TOIUIMB, HapsAay CO CHHKEHUEM
IKOHOMUYECKOU ()P PEKTUBHOCTH TOTMOYHBIX YCTPONCTB, BBI3BAHHBIM HAPYLICHUSIMH
PEXKUMOB TOPEHUS TOIIMBA, COTIPOBOXKAACTCA BHIOPOCAMH HEJIOTOPEBIIETO TOILINBA
B BUJIE TOKCHUYHOTO OKCcHa yriiepoaa (CO), CaKUCTBIX
YaCTUL M KAHILEPOTCHHBIX MOJULIUKIMYECKMX ApPOMATHYECKUX YIJIEBOJOPOIOB
(ITAY), nocTtynaromux ¢ NpoayKTamu cropanus B atmocdepy. Ilpoueccbl ropenus
MPAKTUYECKA BCEX BUJOB TOIUIMBA, B TOM YHCJIE U >KUJIKHUX JIFOOOr0 KadecTBa,
CBsI3aHbI ¢ oOpa3oBaHueM okcuaoB azora (NO, O,), a mpH HAJIWMYUH B COCTaBE
TOIUIMBA COCIIMHEHUI cephl U ¢ 00pazoBaHueM OKCHIOB cepbl (SO, SO3) Takke
NOCTyHArIMX B aTMochepy.

Haubonee npocTbiM M caMbIM pAacIpOCTPaHEHHBIM METOJOM YJaJICHUS
IPUCYTCTBYIOIIEH B TOIUIMBE BOJBI SIBJIAETCS OTcTauBaHue. OJHAKO IUIOTHOCTH
BBICOKOBSI3KUX TSDKEIBIX Ma3yToOB, OJIM3Kas W Ja)ke MPEBBINIAIONIAs IUIOTHOCTh
BOAbI, HE OOECIeyuBaeT €€ IMOJHOro yjaajneHud. [IpuMeHeHHe B Ma3yTHBIX
XO035MCTBaX JPYrUX METOJOB OOE3BOXKUBAHMS, HAIPUMEpP, BbIIApPUBAHUEM,
AIEKTPOOOE3BOKUBAHUEM, LEHTPU(PYTOBAHUEM, CIEPKUBAETCA  OTCYTCTBHEM
CHEeUaIbHOTO IPOMBIIIIEHHOTO 0o0opynoBaHus u 3HAYUTEIHLHBIMU
KAaMUTAJIOBJIOKEHUAMH Ha JIOCTATOYHO CJIOXHBIE M JOPOTOCTOSIINE COOPY>KEHHUS.
HeoOxoauMocTh TOpPUMEHEHUS OYHMCTHBIX COOPY>KEHHM BbI3BaHa TEM, 4YTO
BBIJICJICHHAS U3 )KUAKUAX TOIUIMB BOAA, U3 BKJIIOUCHHS «3arpsI3HSIONIETO» TOIUIUBO,
camMa CTaHOBHTCS 3arps3HeHHoOM Hedrenpomykramu u 6e3 ouuctku ao LK He
JOJDKHA cOpachIBaThCS B KAHAJIM3AIIUIO WA BOJOEMBI.
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2 O030p M aHAJIU3 CNOCO0OB YJY4YIIEHHS] CHKUTAHHMA BOJO-TOIUIMBHBIX
IMYJIbCUH

2.1 CocTaB 3HEPreTHYECKOro KUJIKOro TONJIMBAa U MyTH 00BOTHEHUS

SBAsisich MPOyKTaMU MPSIMOM NIEPETOHKU HE(PTHU UITM BEICOKOTEMIIEPATYPHOU
nepepadoTKU €€ MPOMEKYTOUHBIX (paKIUid, KUAKOE IHEPreTUYECKOE TOILIMBO IO
CBOEMY COCTaBy 3aBUCHT, B OCHOBHOM, oT cocTaBa
ucxoaHoi HedpTu M TIyOMHBI ee mepepaboTku. HecMoTpss Ha OrpaHHYEHHOCTDH
OCHOBHBIX  JJIEMEHTOB He(TH, Ma3yT MPEACTaBIseT COOOH  CIIOXKHYIO
[0 XMMHUYECKOMY COCTaBY CMECh BBICOKOMOJIEKYJSIPHBIX, T'€TEPOLMKINYECKUX H
METaJUIOOPTaHUYECKUX COCIMHEHU, MOJIEKYJIIpHAs Macca KOTOPBIX U3MEHSETCS OT
300 mo 3000. B mpomecce moObIYmM, TPAaHCIIOPTUPOBKH | MepepaboTKu HEPTH B €€
COCTaB TMOMNAJAOT TBEPAblE MHHEpAJIbHBIE MPUMECH, COACPKAHUE KOTOPBIX
YBEIMYMBACTCS B TSOKENbIX (Ppakiusx HedTH U maszyra. Bmecte ¢ TBepibIMu
MUHEPAJIbHBIMU TPUMECSIMH B Ma3yT MEPEXOASIT M COJIM IIEIOYHBIX METAJIJIOB,
pacTBOpEHHbIE B BOJIE, M3BJICUEHHOW U3 IUIACTOB BMecTe ¢ HedThio. Ilpum
TPaHCIIOPTUPOBKE M XPAaHEHHHM B COCTAaB Ma3zyTa JOOABISIIOTCS TAaKKE IMPOJYKTHI
KOppO3uu TpyOOIPOBOIOB, pE3€pBYapoOB U 00OPYI0BAHUS.

N3 MHOrooOpasHbIX COEAUHEHMH, TNPUCYTCTBYIOLIMX B MaszyTe, B
HEPBYIO OYEpeb HEOOXOUMO BBIACIUTh OCHOBHOW KOMIIOHEHT - YIJIEBJOPOJHBIC
COEJIMHEHUS, npeo01a1aroILyIo 4acTh KOTOPBIX COCTAaBJISIFOT
apoMaTU4YecKue HAPTEHOBBIE COEAMHEHUS W TOJULUKIMYECKHE YIJIEBOJIOPOIBI.
Hns  paccmarpuBaemMoil  mpoOjieMbl  0CO00  BaXXHOE  3HAYCHUE  UMEIOT
ac(aJbTOCMOJUCThIE  BEUIECTBA U METAUIOOPTAHMYECKHE  COECIMHEHMS.
Conepxarniuecs B HeTH acaibTOCMOJMCTBIE BEIIECTBA, OTIUYAIOIIHECS 0CO00
CIIOHOW CTPYKTYpOM M XMMHYECKMM COCTABOM, BKIIIOUAIOIIMM 3HAYMTEIIbHYIO
JIOJII0 T€TEPOAaTOMOB, B 3aBUCHMOCTH OT Mpoliecca nepepaboTKu HEPTH, NePEeXOasIT
B Ma3yT B I€pBOHAYAJbHOM BHUJE WIA TPaHCPOPMUPYIOTCS B IIpoLECCEe
TEPMOKATATUTHUECKOTO KPEKHUHTa B ac(haabTeHbI, KApOEHBI U KapOOUIbI.

B maszyte acdanbTeHbl, SBISIIONTUECS MPOIYKTaAMU OKHCIICHUS] HEUTPaIbHBIX
CMOJI, HAXOJATCSA B KOJUIOMJHOM COCTOSIHUM B BHJI€ CTPYKTYP, LIEHTPBI KOTOPBIX
COCTaBJISIIOT TOJUIMKINYECKUE CUCTeMBbl C¢ OosbimM cooTHomieHueM C/H, mo
nepudeprn OKPY>KEHHbIE MOJUITUKINYECKUMHA apOMAaTUYECKUMH YTIEBOAOPOIaAMHU
c ymesblnaomumcs cootHomennem C/H. Acdanbrensl, kak u japyrue
ac(aJbTOCMOJUCTBIE  BEILIECTBA, SBJISIOTCS  €CTECTBEHHBIMU  IOBEPXHOCTHO
AKTUBHBIMH COCJMHEHUSMHU, CKJIOHHBIMH K KOArylsllud U OKa3bIBAIOIIMMHU
CYLIECTBEHHOE BIIMSAHME Ha BA3KOCTh MasyTa. JlanbHeiilllee yIUIOTHEHUE
achajabTEHOB W MX KOHJIEHCALMS NPHU KPEKUHre HEPTH MPUBOAUT K 0Opa30BaHUIO
KapOeHOB U KapOOWJOB, HAXOJAIIMXCS B MazyTe B TBepAoM Buje. OT Bcex
ac(aJbTOCMOJUCTBIX COCAMHEHUN KapOOWIbl OTIMYAIOTCS TEM, 4YTO HE
pPacCTBOPSIIOTCS HU B KAaKWUX PACTBOPUTENSAX [2] U B CBS3UM C OTUM HMX OOBIYHO
Ha3bIBAIOT KOKCOM.
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[Ipeobnanaromast B Ma3yTe 4acTh ac(haabTOCMOJIMCTHIX BEIIECTB HAXOAUTCS B
KOJUIOMJHO-TUCIIEPCHOM WM rpyOoAucriepcHOM  cocTosiHMM.  OCHOBOM
rpyooaucnepcHoil 4actu acaabTOCMOJUCTBIX BEUIECTB SIBISIIOTCA KapOEHBbI U
KapOouibl, YBEIMYMBAIOUIUE HECTAOMIBHOCTH Ma3yTOB BCJIEJICTBHE CKIOHHOCTU
TUX COCIMHEHMM K KOaryjsilud W OCaXJACHUM IMpu oTcTauBaHuu. bomee
YCTOMUYMBBIMU  SIBJISIIOTCS  acajdbTOCMOJMCTBIE  BEHIECTBA B KOJUIOMIHO-
JUCTIEPCHOM  COCTOSIHMM. [lOMUMIUKINYECKHEe CHUCTEMBbl SJep OSTHUX BEIIECTB,
abcopOupysi HEUTpalbHBIE CMOJIBI M BBICOKOMOJEKYJSIPHBIE MOJULIHUKINYECKHUE
YTJIEBOJIOPO/BI  CO3JAI0T BOKPYT KOJUIOMIHBIX YaCTHUI[ 3allUTHBIC CTPYKTYpPHO-
MEXaHW4YeCKHue OOOJIOUKH, TMpEnsATCTByIOIMEe uX Koarynanuu. I[Ipu Harpese
KOJUIOMJHO-JTUCIIEPCHBIX YaCTUI] WM BO3JIEUCTBMM HA HUX OPraHUYECKUX
pacTBOpUTENEH, NPENSATCTBYIOIMIME KOATryJIsiUM OOOJIOUKHA pa3pylialoTcsa |
JMCTIEPCHBIC  YaCTHUIbl  arjJoMepupysich BhIMagaroT B  ocaaok. Kak wu
ac(aJbTOCMOJIUCTHIE BEIIECTBA, METAJUIOOPTAaHUYECKHUE COCIUHEHUS MPOSBISIOT
ce0s1 eCTeCTBEHHBIMU TMOBEPXHOCTHO-aKTUBHBIMH BEIIIECTBAMHU M BXOJIST B COCTaB
MOJIEKYJT ac(haibTEeHOB UJIM ACCOLIMUPOBAHBI C HUMH.

OCHOBHYI0 4YacThb Ma3yTa TMPEJCTaBIsET CMECh BBICOKOMOJIEKYJIISIPHBIX
BEIIIECTB, BXOJAIIUX B CTPYKTYpbl, OOYCIIOBJICHHBIC pPA3IUYHBIMH BHUIAMHU
MEKMOJIEKYJIIPHOTO  B3aUMOJCHCTBHUSL  DJIIEMEHTOB  JTUCIIEPCHOHHOM  CpEJibl
(YTJIeBOJIOPOJIOB M CEPHHUCTBIX CO€IMHEHui). Pa3HOoOOpa3Hble CcoOenUHEHUS,
BXOJSIIME B COCTaB Ma3yTa, (POPMHUPYIOT €ro CTPYKTYypy Kak MHOTO(]a3HyIo
JMCTIEPCHYIO CHUCTEMY, COCTOSIIIYI0 U3 CTPYKTYPHBIX KOMILUIEKCOB, TaKke
OOYCJIOBJICHHBIX  MEXMOJICKYJSIPHBIMU  B3auMojeicTBusiMu.  EcTecTBeHHBIE
MOBEPXHOCTHO-aKTUBHBIE BelllecTBa (achaaTbTOCMOIUCThIE U METAJITIOOPTaHUYECKUE
COEJIMHEHHU) TIpU nepepadoTKe HEPTHU KOHUEHTPUPYIOTCA B Ma3yTe B KOJIUYECTBE,
JIOCTATOYHOM JIJIsl 0Opa30BaHUs OTHOCUTEJIBHO HEYCTOMYMBBIX TPYII - aCCOIMATOB
(IMMepoB, TPUMEPOB U T.I1.) WJIM MHIIEIUI, B KOTOPBIX MOJICKYJIbI CBSI3aHbI BaH-/IEp-
BAaalbCOBBMU W JIATIONb-IUNOJBHBIMA ~ CHJIAMH ~ B3aUMOJICHCTBUSA, U  UX
COCYIIECTBOBAaHUS C HEACCOIMHPOBAHHBIMH MOJIEKyJamMu. Pa3mepbl accoruaros,
KOTOpbIE MOTYT cojepxaTh 710 20 MOJIeKyJl MOBEPXHOCTHO-AaKTHUBHBIX BEIIECTB,
MO3BOJISIET WX KJIACCU(PUIIMPOBATh KaK KOJUIOMJHBIE dYacTullbl. OOpa3zoBaHue
acCOIIMAaTOB M MUIIEI BO3MOXKHO B OIPECICHHOM HHTEpBAJIC TEMIIEpaTyp U IpH
YBEIMYECHUH TEMIIEPATyphl BBIIIE BEPXHEro Ipejesia BO3MOXKHO PacCIOCHHE
JUCTIEPCHOM  CHCTEMBI MazyTa Ha Makpodasbl. Takum oOpazoMm, A0Js
aCCOIMUPOBAHHBIX MOJICKYJI B Ma3yTe 3aBUCUT OT KOHIIEHTpAIlMX MOBEPXHOCTHO-
aKTUBHBIX BEIICCTB, TEMIIEPATYPHI U APYTHX (HPaKTOPOB.

HecrabuipHOCTH AMCHIEPCHOM CUCTEMBI Ma3yTa B HAarpeToM COCTOSIHUH
CIIOCOOCTBYET  YBEJIMYEHHUE  PA3HOCTH  IUIOTHOCTEH  TBEPABIX  KOKCOBBIX
YacTHUIl, HampuMep, IUIOTHOCTh KapOOWUJIO0B MOXKET jocTurarb 1,5 F/CM3, y
MHUHEpaAJbHBIX TIpUMECEl IUIOTHOCTh M3MeHsAeTcs oT 2,5 10 6,5 r/em’,
KUIKAX KOMIIOHEHTOB TUCIEPCHOHHOW cpenbl. CHUXEHUE BS3KOCTH Ma3yTa
TOJIBKO CIOCOOCTBYET YBEIMYECHHIO CKOPOCTH OCAXKICHUA TPyOOdUCTIEPCHBIX
YaCTHIl, KOTOPHIX HE CIMOCOOHO TMOJACPKUBATH BO B3BEIIEHHOM COCTOSHUU JaXKe
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TerioBoe  (OpOYHOBCKOE) — IBHMKEHHE  MOJEKYJI  JTUCIEPCHUOHHOW  Cpeabl.
Henocrarouno sddextrBHas crabuiuzanusi AUCHEPCHBIX YACTHUIl MOBEPXHOCTHO
aKTUBHBIMU BEILIECTBAMM IMPUBOAUT K KOATYJAIMH U OOpa30BaHUIO ariioMepaTos,
BBINAJAIOMMX B 0cCagoK. OZHOBPEMEHHO C A3TUM, NPHUCYTCTBYIOIIME B Ma3yTe
ra3zoBble My3bIPbKU U, 00pa3yIOUecs U3 OCTATKOB JIETKOKUIISIINX (pakiuii HeQTH
U BKJIIOUEHHMI BOJIbI MAapOBbIE MYy3bIPbKHU, BCIUIBIBAIOT (CEIMMEHTHPYIOT) BBEPX U
Opyu  JOCTaTOYHOM HAarpeBe MOryT o00pa3oBaTh CJIOW TI€HBI, BHOCSIIEH
JOTIOJTHUTENbHBIE TPYIHOCTH B pa0OTy TOIUIMBHOT'O XO3SIMCTBA.

Takum 00pazoMm CTpyKTypa, COCTaB AMCIEPCHOW (a3bl M PEOTOTHUECKUE
CBOMCTBA  Ma3yTa  OKa3blBaIOT  CYIIECTBEHHOE  BIUSHUE HA  €ro
TPAHCIIOPTUPOBAHUE, XPAHECHHUE M CXKWUTAHUE, BBI3bIBAs IEJbIA Psii HETaTUBHBIX
3p(HeKToB U TMPOIECCOB  BO3PACTAOIIMX C  YBEJIMYEHHUEM TPOHU3BOJCTBA

BBICOKOBSI3KUX  Ma3yTOB u KPEKHUHI-OCTaTKOB u MCIIOJIb30BaHUEM
CTPYKTYPUPOBAHHBIX JHUCIIEPCHBIX CUCTEM aJIbTEPHATUBHBIX TOILIUB U TOIUTMBHBIX
KOMITO3UIINH, BKJIFOYAs MPOIYKTBI SHEPrOXUMHYECKOMN nepepadoTKu

TBEPAOrO TOIUIMBA (MCKYCCTBEHHOE >KMJKOE TOIUIMBO) M pPa3jMuYHbIE KHUIKHUE
roproure otxoAsl [13].

Hecmotpss Ha oOBomHeHuE He(TH U3BIEUEHHOW BMECTe€ C HEH u3
IJIacTOB BOJIOM, HedTemnepepabarbiBaroias MPOMBIIUIEHHOCTh, KaK IPaBUIIO,
OTIIPaBJISIET MOTPEOUTENSAM Ma3yThl, COAECPKAHUE BOJIbI B KOTOPBIX COOTBETCTBYET
CcTaHmapTy u u3mensercd B npenaenax ot 0,3 no 1,5%. [Ipu manpHEHMX onepanusax
C Ma3yTOM, HpPaKTUYECKH BO BCEX CIyyasx, HaOJMIomaercd TEHIASHUUS UX
00BOJIHEHUS J10 BlIaxkHOCTH 3-5%), a mpu pa3zorpese octpbiM mapoM u jgo 30% [14].
Bona B Ma3zyTe MOXKET Kak 4aCTUYHO OTCTAWBATBhCS WIIM PACHpPENENsATbCA B BHUJIE
JUH3, MPOCJIOEK W T.I., TaK M MPUCYTCTBOBaTh B BHUAE IIIOOYN (Kameyek) c
pa3MepaMd OT €OUHUL JO COTEH MHMKPOMETPOB, CTAaOMJIM3UPOBAHHBIX
MOBEPXHOCTHO-aKTUBHBIMU KOMIIOHEHTaMM TOIUIMBa. B mocneaHem (aucrepcHoM)
COCTOSIHUMA CBOMCTBA BOJbI, B PE3yJIbTaTe€ €€ B3aUMOJEHUCTBUS C THUAPOGOOHOU
(HepacTBOPUMOM B BOJI€) MOBEPXHOCTHIO YACTHUI] Ma3yTa, OTIMYAIOTCA OT CBOMCTB
o0BeMHOM BO/BI. Tak, OBIJIO YCTAHOBJICHO [5], YTO B MaKPOCKOMMYECKUX O00BEMax
BOJIbI, OTPAaHUYEHHBIX TUAPO(YOOHBIMU CTEHKAMH, JMIIOIU BOIBI OPUEHTHUPYIOTCS
napaJyieIbHO MOBEPXHOCTH. B pe3ynpTaTe NpouCXOAUT CHU)KEHHUE INIOTHOCTH BOJIBI
BOJIM3M CTEHOK U TIOBBINIAETCS TOJBI)KHOCTH MOJIEKYJT B TaHTE€HIIUAIBLHOM
HaIpaBieHUU. DTO SABJICHHE OBbUIO MHTEPIPETHUPOBAHO KAK CHUYKEHUE BS3KOCTH
I'PaHUYHBIX CJIOEB WJIM KaK CKOJIBXEHHE BOJIbI O TUAPOGOOHON MOMIOXKKE.

b.B. [epsrunbsiM [5] Oblna BBIIBUHYTAa KOHUEMIHMSA, COTJIAaCHO KOTOPOH
MEXIYy TMOBEPXHOCTSIMHU, TMEPEKPHIBAIOUIMMUA  TpPAaHUYHBIE  CIOM  KUAKON
Cpelbl, BO3HUKAIOT CHJIbI B3aUMOJICUCTBUS, TOJIyYMBIINE HAUMEHOBaHUE
CTPYKTYpHBIX cUJ. IIpy mNepeKkpbITUM TpaHUYHBIX CJIOEB BOJBI C W3MEHEHHOMU
CTPYKTYpO B JOCTATOYHO TOHKHMX T'HMAPO(POOHBIX MPOCIONKAaX BO3HUKAIOT CHIIBI
CTPYKTYPHOTO  TIPUTSKEHHUS, BBI3BIBAIONINE WM3MEHEHHWE PACKIMHUBAIOIIETO
JlaBJIeHHE B Mpocioiike. BMecTe ¢ kamenbkamMu BOJbI, IUCTIEPCHYIO (Da3y B MazyTe
o0pa3yioT napaduHOBBIE YIJIEBOJOPO/IbI, IJIABAIIEECS MPHU JAOCTATOYHO BBICOKOM
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Temreparype, kKapOeHsl U KapOOHUAbI, TBEPAble MUHEPATbHbIE YACTHUIIBI U Ta30BbIC
Ny3bIpbKH, TPEACTaBIAIONIME CcOO0M  siapa, OKpYXeHHble  a0COpOLMOHHO
COJIbBATHOM TPOCJIOMKONM MOJIEKYJl JIHCHEPCUOHHOM CpeAabl M IOBEPXHOCTHO
AKTHUBHBIX BEIIECTB, OPUEH THPOBAHHBIX MO OTHOLIEHUIO K AUCIEPCHOM YacTHUIE.
Tonmmua abcopOLIMOHHO-COIBBATHOM TMPOCIOWKH, 00pa3yroliel CTPyKTypHO-
MEXaHUYEeCKUN Oapbep BOKPYI YaCTHIIBI, MOXKET B JIECSITKH pa3 IPEBBIIIATH €€
pa3mepbl. MeKMOJIEKYJIISIPHBIE CUIJIbI B3aUMOJEHUCTBUS B BUJIE DJIEKTPOCTATUYECKUX
CWJI OTTAJIKMBAHUSA, CO3JAIONIMX MOJIOKUTEIBHOE PACKIMHBAIOLIEE JABJICHHE
MEXIY COEIMHEHHSIMH, BXOJSAIIMMU B COCTaB Mas3yTa, CO3JAIOT CTPYKTYpY,

IPESTCTBYIOIIYIO arperupOBaHHIO u ceIMMEHTALIUA YaCTHUII
JTUCTIEpCHON (pa3bl.
W3 nByX OJKHUAKAX KOMIIOHCHTOB - TOIUIMBA W BOJBI - TEOPETHUYCCKH

MOXHO 00pa3oBaTh KaK 3MYJbCHIO TOIUIMBA B BOJE, TaK M BOJbl B TOILUIMBE.
OKcIutyaTalnus TOIUIMBHBIX (Ma3yTHBIX) XO3SUCTB MPAKTUUECKH TOJTBEPIMIA ATy
BO3MOXHOCTb. Tak, pa3orpeB MaszyTa OCTPbIM I[apOM IIpU €ro CIHBE U3
YKEJIE3HOJOPOKHBIX IIUCTEPH MPUBOJAUT K 0OPA30BAHUIO IMYJIBCUN BOJIBI B TOTUIUBE,
a TpU CIMBE OTCTOSIBIIEWCS BOJBl M3 Ma3yTHBIX pe3epByapoB oOpasyercs
paz0aBlieHHAs SMYJIbCHS TOILTUBA B BOJIE.

[Iponeccel  aucneprupoBaHUsl  BOAbI B TOIUIMBE,  HA3bIBAEMBIC
AMYJIBTUPOBAHUEM, MOKHO Pa3/IC/IUTh HA JIBA TUIIA B 3aBUCUMOCTH OT IPUCYTCTBHS
BOJbI B TOIUIMBE 1O AMYJbIMpOBaHUA. B OOBOJHEHHBIX >KUJKUX TOIUIMBAX,
O0COOEHHO B BBICOKOBA3KHMX Ma3zyTax, BOJa paclpe/ereHa KpailHe HEpaBHOMEPHO U
AMYJIbTUPOBAHUE 3aKIIOYAETCS B MPEBPALIEHUU BOJO-TOINIMBHON CMECH B CUCTEMY
C TOHKO JAWCHEPTrUPOBAHHOW BOAOW, PABHOMEPHO pACIPECICHHOW MO BCEMY
o0beMy TOIIMBA. B HEKOTOpHIX chydasx (TepMHUECKOe O00€3BpEKUBAHUE
3arpsiI3HEHHBIX CTOYHBIX BOJ, YJYYILIEHHUE MPOLECcCa CKUTaHUs >KUIKOTO TOIUIMBA,
MO/IABJICHUE CUHTE3aBPEAHBIX U TOKCUYHBIX BEIIECTB B (paKese )KUAKOTO TOIUTUBA U
JIp.) BOJa CIIEIMAIBLHO BBOJUTCS B «0€3BOTHOEY TOIUIMBO. DOMYJIBIHPOBAHUE B 3TOM
cllydae BKJIIOYAeT ITOCTENEHHBIM BBOJ pa3IpoOJEeHHOM BOABI B TOIUIMBO. B
CUCTEMaX MPUTOTOBIICHHS BOJOTOIUIMBHBIX 3Myibcuil (BTD) uwacto Bcrpeuaercs
COUETAaHWE OTUX THUIOB OMYIJBIUPOBAHUS, KOIJla BOAY B TpyOOIUCIIEPCHOM
COCTOSIHUM BBOJAST B O€3BOJHOE TOIUIMBO M 3aT€M 3Ty CMECh IOJBEPTaoT
SMyJbrupoBaHuio. B o0mieM ciydyae BO3MOXHA IMOATOTOBKA I'pyOOAMCIIEPCHON
BOJIOTOIUIMBHON CMECH MYTEM KakK BBEJEHHUS BOJbI B TOIUIMBO, TaK M BBEICHUS
TOIJIMBA B BOJY WJIM OJIHOBPEMEHHBIM BBOJIOM KOMIIOHEHTOB B YCTaHOBKY JIJIsI
MPUTOTOBJICHUS AMYJbcHil. OJHAKO MPEANOYTEHUE CIEIYeT OTAAaBaTh BBEIACHUIO
JUCTIEpCHOM (pa3bl B JUCIIEPCUOHHYIO CPEy, T.€. BBEJICHUIO BOJIbI B TOTUIMBO [7].

2.2 Kparkoe wucTopusi pa3BUTHS HCHOJIb30BAHMS BOA0-TOIIMBHOM
IMYJIbCHU

BnepBrie mpuHIMNUANbHAS  BO3MOXKHOCTh  CKUTAHUS  OOBOJHEHHOTO
YKUKOTO TOTUIMBA B TOMOYHBIX KaMepaxX KOTEIbHBIX arperaToB ObLIa yCTaHOBJICHA
B0 BcecowsHoM TemnoTexHuueckom uHCTUTYTe B 30-40-x  romax  [7].
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O6BogueHHbld 10  BuaxkHoctd  18-20%  mMa3yT  SMynbrupoBajicsi B
HEHTPOOEKHOM HAcOCe€ U TOJyYeHHas BOJOMAa3zyTHasi HMYJbCHUSI JIOCTATOYHO
YCTOMYMBO  CXKWrajacb B  TONOYHOW KaMepe DSHEPreTUYEeCKOro  KOoTJa.
[Ipy 5TOM OBLJIO YCTAaHOBJIEHO, YTO B KCCIEJOBAHHBIX NIpeneNiax HU3MEHEHUs
BJI&YKHOCTH BOJOMAa3yTHOM 3MYJIbCHM HE TPOUCXOJUT PE3KOTO CHUKEHUS TEXHUKO-
DKOHOMHMYECKUX IIOKa3aTeyied mpoueccoB ropeHus. (OTMedanoch CHHKEHHUE
MIPUMEPHO Ha 50°C TEOPETUUECKOU TEMIIEPATYPBI TOpPEHUS
u Ha 1-2% KIIJI koTna.

[Ipumepno 10 cepeaunbl 50-X TOMOB pa3BUTHE HCCIEAOBAHUN TIO
CO)KUTAaHUIO OOBOJHEHHBIX TOILJIMB U BOJAOTOIUIMBHBIX SMYJIbCUN OBLIO MPAKTHUECKU
MIPUOCTAHOBJICHO Ha JIOCTUTHYTOM Iepes BTopoit MupoBoii BOiiHON ypoBHE, 001IME
UTOTH KOTOpPOTO ObLIH IIPUBEJECHBI B pabote
B.®.Kycrosa [26] B 1942r.

B 1955r. B UuctutyTe roprounx uckonaeMbix AH CCCP, B.M.BaHoBbIM ¢
COTpYyIHHMKaMU ObUI  pa3BEepHYT LHMKI pabOT MO CKUTAHUIO  BOJIOTOII-
JUBHBIX SMyJlbcui. OnyOnukoBaHHble MMM B KoHIe 50-X romoB paboOThl U
Boimenmass B 1962r. wmonorpadguss B.M.MBanoBa «TomiuBHBIE 5SMYJIBCUN
[24] ObuTM TpU3HAHBI MPHOPUTETHBIMH BCEMH HCCIICAOBATEIIIMH U TOCTYKHJIH
HavyajioM g Oosnee TiOyOOKOrO H3Y4€HHMs CBOMCTB U OCOOEHHOCTEH
TOPEHHS] BOJOTOIUIMBHBIX AMYJIBCUHA M IIMPOKOTO HMX BHEJIPEHUS B MPAKTUKY
CKUTaHUs1 0OBOJHEHHBIX JKUJIKUX TOTLIUB.

[IpakTruecku OIHOBPEMEHHO ¢ WMHCTHUTYTOM TOpIOYMX HCKOIIAEMbIX, B
JleHUHTpajCKOM HHCTUTYTE€ HWHXXEHEpoB BojgHoro Tpancropta (JIMUBT)
IPOBOJWINCH palbOThl MO CHKUTAaHWIO OOBOJAHEHHBIX MAa3yTOB B  CYJOBBIX
KoTiax. Pe3ynbrarbl 3TUX WuCClenoBaHU ObulM 00O00IIEHBI B MOHOrpapuu
N.A.Tysa [11], uznannoii B 1968r.

HecmoTpss Ha oOmupHBIA MaTepual, MpeACTaBICHHBI B padoTax
B.M.MBanoBa u M.A.Tysa [15] B HuUX He yaajgoCh HIETAJIbHO PAacCMOTPETh H
OCBETUTH psn BaYKHBIX BOIIPOCOB, CBSA3aHHBIX C IIPOLIECCAMHU
TOPEHHS] BOJOTOIUIMBHBIX 53MyJbcHil. B 1enoM mMoaxol K  CKUTAHUIO
BBICOKOOOBOJTHEHHBIX TOIUIMB 0a3WpOBAJICS HA UCIOJIB30BAHWUU PA3UYHOTO poja
BbICOKOOOBOTHEHHBIX TOIUIMBHBIX OCTaTKOB. ECTECTBEHHO, UTO MPU TaKOM MOJIXOE
CHIEUAIIbHBIN BBO/JI BOJIbI B TOIJIMBO paccMmaTpuBaCcs Kak
BBOJl OayiylacTa, BBI3BIBAIOLIEIO IMEPEpacxXo] TOIUIMBA Ha MCHApEHUE BOJBI
u cBsizaHHOro ¢ H3TuM cHuwxenue KIIJ[ Tonmounsix ycrporcTtB. IlosTomy
WCIIOJIb30BAaHUE BOJOTOIIMBHBIX AMYJIbCUM U pa3BUTHE pabOT CBSA3AHHBIX C
HUMH OBLJIO OTpaHUYEHHBIM [22].

AHanu3 IMHAMUKYA U3MEHEHUS KOJIMYeCTBAa UCCIENOBAaHUM M MyOIuKaluil B
OTEYECTBEHHOW U MHOCTPAHHOM HAay4YHO-TEXHUYECKOU JIMTEpaType U KypHajax I10
BOIIPOCaM TEOPUHU U NMPAKTUKU COKUTAHUS BOJIO-TOTUIMBHBIX AMYJIBCUN MOKA3aJl, 4TO
paboThI TIO CKUTAHHUIO BOJIO-TOIJIMBHBIX IMYJILCUHN C TETBIO 3aAIUTH OKPYKAIOIIEH
Cpelbl HAYAIWCh MPAKTUYECKH OJHOBPEMEHHO B MIPOMBIIIJIEHHO Pa3BUTHIX
3apy6exnbix crpanax u B CCCP, rae B JIeHMHTpaCKOM HHKEHEPHO-CTPOUTEITEHOM
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uncturyte (JIMCH) uccnenoBanuch aCeKTbl CKUTAHUS BOJOTOILIMBHBIX 3MYJIbCHI
B IPOMBILLICHHO OTONMTENBHBIX KOTEJIbHBIX YCTAHOBKAaxXx W yTWIM3ALHUHU
BBICOKOOOBOJIHEHHBIX TOPIOYMX OTXOJOB HEMTEXUMUYECKUX MPOU3BOACTB. B
AzepOaiimxanckomM HWWM »suepretuku (A3HMMD) u Heckonbko TMo3aHEE B
CapaToBCKOM  MOJUTEXHUYECKOM  HMHCTUTYTE  HMCCIENOBAIOCH  CKUTAHUE
BOJIOMAa3yTHBIX SMYJIbCHUNM B TOMOYHBIX KAMEpPAX SHEPreTUUYECKUX KOTIOArperaros.
[leHTpanbHBIE ~ HAYYHO-UCCIEIOBATEILCKUH  HMHCTUTYT  Mopckoro  ¢ota
(IHHMopdiota) 1 HoBocHOUPCKHT MHCTUTYT WHKEHEPOB BOJHOTO TPaHCIIOPTA
(HAMBT), cocpenoToumiM yCWUIUsi Ha BONPOCAX HIPHUIOTOBIECHHUS M COKUTAHUS
OMYJbCUA BOJIBI W TSDKEIBIX TOIUIMB Ha CyJaX MOPCKOTO M PeyHOro (ioTa.
OcoOCHHOCTSIMH W YCJIOBHUSIMU TIOJABJICHUS CHUHTE3a BPEAHBIX WU TOKCHYHBIX
BEIIECTB B TOMOYHBIX KaMepax SHEPreTUUYECKUX MAPOTCHEPATOPOB MPHU CKUTAHUU
BOJOMAa3yTHBIX OMYJbCUU 3aHUMAETCS MOCKOBCKHM DHEPIETUYECKAA HHCTUTYT
(MDBMW). He octanuch B cTopoHe OT perteHus 3tux npodiaem UT'N u JIMUBT.

Hoctmwxkenus JIMMBT u HHWMUBT B o0mactd HCHONB30BaHUS BOJO-
TOIUIMBHBIX AMYJIbCUH B CYJOBBIX JIU3€IbHBIX JIBUTATENSIX TPUBEACHBI B
KoJuIeKTUBHOM MoHorpadbuu [13]. A o0coOeHHOCTH YTWUIM3alUM HEPTIHBIX
OCTaTKOB B BHUJE BOJOTOIUIMBHOW AMYJIbCUM HAa MOPCKUX CYyJaX PACCMOTPEHBI B
MoHorpadwuu [12].

OtnenpHblE  BOMNPOCHI  HMCHOJIB30BAHMSI  BOJOTOIUIMBHBIX SMYJIbCHU B
METAJUTyPrudeCcKoM 151 MAIIMHOCTPOUTEIIBHOM MPOU3BOJCTBE, B
CEIBCKOXO3SIMCTBEHHOW CYIIMJIBHOW M aBTOTPAKTOPHOM TEXHUKE M B APYIHUX
OTpacisX MPOMBINIICHHOCTH PAacCMATPUBAINCH PSIOM JPYTHX oOpraHm3aruii [9,
17, 18,21 u np.].

YuuteiBass MHOrooOpa3ue BOIPOCOB PACCMOTPEHHBIX B MPHUBEICHHBIX
BBIIIIE MOHOTPAaPUSAX U MHOTOUYUCIECHHBIX MyOJUKAIUAX UX aHAIU3 11eJ1eCO00pa3Ho
IPOM3BECTH 110 pa3ieiaMm.

2.3 IlpuroroBjieHHe BOAOTOMIMBHBIX IMYJILCHIA M X XaPAKTEPUCTHKH

PaccmaTtpuBas BOZOTOIUIMBHBIE 3MYJIBCUM KaK YaCTHBIM BHUJ OMYJbCHM,
ClleqyeT OTMETHTb, 4YTO MX cHeuu(pUuYecKkue CBOICTBA  ONpPEAENsAIoTCA
CBOMCTBAMHU COCTABJISIOIIUX CUCTEMBI KUIAKOCTD - JKUJIKOCTb.

OCHOBHbBIE TEXHOJIOTUYECKHE XapaKTEepUCTUKH U CBOWCTBAa HaumboJjee
pacnpoOCTPaHEHHBIX JKUJIKMX JHEPreTUYECKUX TOIUIMB M3BECTHBI JIOCTATOYHO
mupoko [13, 15, u np.]. Hekoropelie cBeneHuss 00 HCKYCCTBEHHOM KHIAKOM
TOIUIMBE, IMOJY4a€MOM JSHEPrOXMMHUYECKON MepepabOTKOW yriasi M TOpPIOYUX
claHIleB, puBecHbI B padore [13]. [oproune kuakue 0TX0Abl HEPTEXUMUUCCKUX
[12], XuMHUYECKHX U APYTUX MTPOU3BOJICTB, a TAKKE TOIJIMBHBIX XO3AMCTB TEIJIOBBIX
ANEKTPU YECKUX CTAaHUUMH U KOTEJNbHBIX XapaKTepU3YIOTCS MOBBILICHHOM
BA3KOCTBIO, HAJIMYMEM KPYMHBIX M aOpa3MBHBIX YACTHIl JUCIEPCHOU da3bl,
CKJIOHHOM K 00pa30BaHUIO OCAJKOB U PSIOM IPYTMX OTKJIOHEHHUN OT CTaHJApTHBIX
TOIUIUB, TPENSATCTBYIOIIMX HCIOJIB30BAaHUIO 3THX TOIUIMB BMECTO MasyTta 0e3
cnenuranbHo 00paboTku. Takas oOpaboTka HeoOXoauMa W JUIsi MCKYCCTBEHHBIX
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KHUJIKHX TOIUIMB, y KOTOPBIX CTAOMJIBHOCTH TaKXKe HApPYIIAETCS BbIICICHUEM
aucriepcHoit ¢asel [5]. Ocoboe MecTo Cpeiy KUAKMX TOIUIUB 3aHUMAeT OUTYM,
IOCTaBKa KOTOPOTO W3HAYAIBHO OCYIICCTBIISICTCS B BHAC BOJHO-OMTYMHOMN
smysbcuu [15].

C nmo3uIMM paccMaTpUBaeMOW MPOOJIEMbl  COKUTAHUS  OOBOJHEHHBIX
KHUJIKHX TOIUIMB, 0CO00€ MECTO B HMX COCTaBE U CTPYKType O0€3yCIOBHO
3aHUMaeT BOJA, KOTOpas, SBISAAChH B TPUPOAE CaMbIM PACIPOCTPAHCHHBIM
U M3YYCHHBIM XHMMHUYCCKHM COCIUHEHHEM, 00jaJacT psIaoM aHOMAaJIbHBIX
cBoiicTB [4, 9].

OCHOBHBIM HCTOYHHKOM OOBOJHEHHUS JKUAKHX TOIUIUB SIBJISIETCS Pa3OrPeB

IIUCTEPH, TAHKOB HW  JIPYyTUX  TPAHCIOPTHBIX  E€MKOCTEH  OTKPBITHIM
(octpeiM) mapom [28], T.K. HEAOCAWUB XOJOJHOTO TOIUIMBA, OCOOEHHO
MazyTa MoxkeT joctmrath 3-10% [8] . Hcxons w3 KonmmuecTBa TEILIOTHI

MOJIE3HO 3aTpavynBaeMoil Ha pa3zorpeB masyta [13], ouenka [10] konuuecTBa BOJbI,
MOMNAaBIICH B Ma3yT IpPHU €ro MoJIOrpeBE OCTPBIM MapoM, Mo pacxony mapa [8] u
JUTUTEIIbHOCTU Pa3orpeBa, MoKas3aia, YTO JIOMOJHUTEIbHBIM POCT OOBOJHEHHOCTH
MOET cocTaBUTh 4—20%.

[TonBITKH MCKIIOYUTH OCHOBHOM MCTOYHUK OOBOJHEHHUS >KUJIKUX TOIUIMB
pa3orpeB Ma3yTa OCTPbIM TIApOM TMpPH CIMBE HE HAIUIM IIUPOKOTO
MPUMEHEHUSI  BCJIEACTBHE  MaJOd  SKOHOMUYHOCTM U HEIOCTATOYHOM
3¢ (EKTUBHOCTH 110 BpEMEHHU pa3orpesa [4].

Bmecte ¢ «HEOpPraHM30BaHHBIMUY» TMOCTYIUICHUSIMA BOJIbl B TOILIMBO,
U3BeCTHO [7, 8] u meneHanpapiieHHOE 00BOJHCHHE MA3yTOB Ha METAJUTYPTHUYCCKUX
NPEANPUSATUAX, KOTJa MpPH IOCTaBKE Ma3yTOB C IUIOTHOCTHIO MEHBIIE, YeM
MJIOTHOCTh BOJIbI, OJTHUM u3 ATaroB ux MOATOTOBKHU
K CHXXUTaHUIO SBIISICTCS TMPOMBIBKA Ma3yTOB BOJIOM, B KOTOPYIO TEPEXOMsT
XOpOIIIO PACTBOPUMBIE COeTMHEHUS (0COOEHHO HATPHS).

B Hacrosimee Bpemsi BO MHOTHUX CIy4dasiX JJI MOJY4€HUS BOJOTOILTMBHBIX
OIMYJBCUM HMCTOJB3YETCS TaKoe K€ 000pyIOoBaHWE, YTO M JIJISI CO3MIaHUS CMECEH,
TOMOTE€HHBIX CHCTEM, CYCIIEH3UW M JIPYTrUX IUCIEPCHBIX CUCTEM B XUMHUYECKOM,
MUIIEBOM, (hapMalleBTUUECKOW U HEKOTOPBIX JIPYTUX OTPACISIX MPOMBIIIIEHHOCTH
[17,18 u np.].

[Io WHTEHCMBHOCTH BO3JEHUCTBUSI HAa CMELIMBAEMBIE KUIAKOCTA METOJIbI
W amnmapatbl JUIsi  OMYJbTHPOBAHHUS  MOXXHO  pa3leiuTh Ha  HECKOJBKO
TPYII, JJIsl ONpeeeHUs KOTOPBIX pa3padoTaHbl KiacCU(UKALUKU JTUCIIEPraTOpOB
[1, 5], npuMeHsEeMBIX B OTACIBHBIX OTPACISAX MPOMBIIUICHHOCTH. OOO0O0IICHHE ITHX
KJaccudukanuii npeajaoxeHo B padore [5]. O030p U aHAIN3 TEHICHIIMN Pa3BUTH
VCCIIEIOBAHUM 110 KAaBUTALMOHHOW TI'OMOIE€HM3alMd OHOMYJIbCHUM W JUCHEPCUU
npuBeneH B pabore [6]. Hawbosiee momnas kinaccudukarus [9], yduThIBaromias
pa3BUTHE TEXHUKU JUCIIEPTUPOBAHUS M CO3JaHHE psija HOBBIX CIOCOOOB U
JUCIIepraTopos [6], mpuBeneHa Ha puc.l.
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Cnocobel npuzomoeneHus aMynecud

| | | |
Xumuveckue CamoamyneaupogaHueM MexaHuyeckue Konﬁ;gzﬁ;:ﬂ gzpaoeoﬁ dnekmpuYecKUe
| |
— YnkmpasgyKoenie r— Cmpylineie —1 Boadeldcmeuem NodsUNHLIMU Op2aHamu
— [udpodunamuyeckum sosdelcmsuem — Modavei cmpyu e 2asosyro cpedy — Boszdelicmauem Mawankamu
=1 C HemoOBLIKHEIMU UTy4amenamu aony - Coydapenuem cmpyld BoadedcmeueM poOmOpHLIMU annapamamu
]  C nod8LRHLIMU U3NYHamenAMU 8onH f—t Modaved cmpyti Nod yposeHs Kudkocmu bt Boadelicmsuem subpoydapom
bl TEUBHUEM CMIPY @ 3AMKHYMOM KOHMYpPE

Pucynox 1- Knaccudukaims cioco60B NpuroToBIEHUS IMYJIbCHIA

B OonpmMHCTBE cilydaeB MpOLIECC MPUTOTOBIICHUS 3MYJIbCUN MpeaBapseTcs
CO3JaHMEM  CMECH  KUAKOCTEH  coaepxkamed  rpyOyr0  JIHCIEPCHYIO
dazy c paznmuuHbiMH pa3Mmepamu. llocimenyromiee ymeHbIIEHHWE Ppa3MEPOB
OTJIEIbHBIX OOBEMOB JUCHEPCHOW (pa3pl 10 NPUMEPHO OJIMHAKOBBIX 3HAYEHUU
Ha3bIBAE€TCSI TOMOreHu3auuerd (OyKBaJIbHO - TOBBILIEHUEM OJHOPOJHOCTH).
XOTs 3TOT MpOUECC SBISETCS OOLIMM JJIsi BCEX YCTPOMCTB, MCIOJIb3YEMbIX IS
IPUTOTOBJICHUSI AMYJbCUH, Ha TMpaKTUKE TI0J TOMOI€HH3aTOpaMH IOHUMAIOT
yCTPOMCTBA, B KOTOPHIX TUCHEPTUPOBAHUE KUJIKOCTH JIOCTUTAeTCsl MPOIMyCKaHHEM
(IpoccenupoBaHUEM) €€ dYepe3 Majble OTBEPCTUS IOJ BBICOKUM JIaBJICHUEM
nocturaomum 15-20 MIla u Gonee. Ilpu TakoM BBICOKOM JaBJICHUU BSA3KOCTh
IMYJIBIUPYEMON CMECH NPAKTUUECKU HE CKa3bIBAETCA Ha IMPOU3BOIUTEIBHOCTH
romoreHuzaropa [4].

[TpuHIMI IpoccearpoBaHUs MOTOKA JJIsl SMYJIBIMPOBAHUS BOJO-TOILTUBHOM
CMECH HCIIOJNB3yeTCsl KaK B  OTACJIbHBIX T'OMOT€HH3UPYIOIIMX TOJIOBKAaX
00eCIICUNBAOIINX CKOPOCTh HcTeueHus kuakoctu jgo 200 m/c [8], Tak u B
JIOCTaTOYHO MPOCTHIX ammaparax, Hanpumep [19], comepxkammx mnocienoBaTeabHO
YCTaHOBJICHHbIE COIUI0O W JuadparMy WIM HCHOJB3YIOIMIMX MHOTOCTaIUNHYIO
roMOreHu3anuo [5] mponyckaHueM rpyOOAUCIEPCHOM CMECH BOABI M TOIUIMBA
uepe3 psan nuadparm [20] unu nepdopupoBaHHbIX 1UcKoB [20].

OmnbIT IpUMEHEHHUS KJIalTaHHBIX TOMOTEHU3aTOPOB I 00paboTKu Ma3yTa [3]
u  mpuroroBinenuss BTD  [8, 9] mokazan, d4ro, HeCMOTpsS  Ha
NOJIOKUTENbHBIN  3(peKT, sHeprozaTpaThl Ha TOMOTCHH3AIMIO OKa3alIHCh
JIOCTaTOYHO BEJIMKU, U HAOIIOAANICS HMHTEHCUBHBINA M3HOC KIIAllaHOB.

Bricokue sHeprosarpatsl Ha 00pabOTKy TpyOOIMCIIEPCHON BOJIO-TOTUTMBHOM
CMeCH B TOMOTEHH3aTOpax BbI3BaHbI B MEPBYIO OYEpEIb AMCIIEPTHUPOBAHHEM Kak
BOJIBI, TaKk u TOTUIHBA, Toraa KaK o CyTH nporecca
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OMYJBTUPOBAHUS  JKETATENhbHO  JWCIEPTUPOBATH  TOJBKO  BOAHYHO  (a3y.
OdyeBugHO, YTO B OTOM ciydae oOpaOarbiBaThcsid OyAeT 3HAYUTEIBHO
MEHBIIINI TOTOK JKHAKOCTH W TOSBISETCS BO3MOXKHOCTh COOTBETCTBEHHO
CHU3UTH 3Hepros3arparbl. B o0mieM Buae 3Ta Hjes peaau3yeTcss HeNpepbIBHBIM
BIIPBICKOM  BOJABI ~ TOJ  JaBJ€HUEM  4Yepe3  (QOpPCyHKY  WJIH  JpYyrou
pa3OppI3rUBalOIIMi  anmapaT B  CMECUTENBHYIO KaMmepy, dYepe3 KOTOpYIO
MPOXOJUT TOTOK TOIUIMBAa. MHOrooOpa3Hble Cilydau UCIIEPTUPOBAHUSI CTPYH
KHUJIKOCTH, UCTEKAIOIIUX B JAPYTYIO KUJAKOCTh CHCTEMATH3MPOBaHHBI B padote [11],
r7Ie TpUBEIEeHA METOAMKA OICHKM pa3Mepa Karmellb, OO0pa3ylolmuxcs MpH
cepouan3aIy pacuaBIINXCs yYaCTKOB CTPYH.

Merox  ruapoaMHAMUYECKOH  0oOpaboOTKM  TpyOOAMCHEpPCHONW  cMecH
UCIIOJIB3YyEeTCSI M B JAPYrMX ammaparax, [Ie CTpyd CMeCH MOoAalTci H
BIIPBICKMBAIOTCS HABCTpPEUy JAPYyr JAPYXKKE B OOBEME CMECUTEIIbHOW KaMephl.
OMyJbrUpOBHUE CTOJKHOBEHUEM JBYX CTPYH, IPUMEHSETCA U NPHU Pa3nEIbHOMN
nojaye JIUCIepcHOM (a3pl U JUCIEPCUOHHOW cpefbl. [10TOKM 3MyNbrupyembix
KUIKOCTEN MOJI OOJBIINM JABJICHUEM IMOJAI0TCA B (POPCYHKU U B PACHBUICHHOM
BUJIC CTAJIKUBAIOTCS APYT C IPYTrOM B BO3JyX€ WJIM HA KAaKOW-HUOY]Ib TOBEPXHOCTH
[9].

B ycrnoBusix paGoThl TOIUIMBHBIX XO3SIMCTB HE BCEr/a UMEETCsl TpeOyeMbli
pe3epB  OaBIEHUsS ~ TOIUIMBA IS O3MYJbCMPOBAaHHUS  BOAOTOILIMBHBIX
cMecell MpoAaBIMBaHUEM Yepe3 KaHajbl MajbIX pa3MepoB. B Takom ciywae, npu
BIPHICKE BOJABI B TOIUIMBO, JaJIbHEHIIYyI0 0O0pabOTKYy CMeCH NPOU3BOJAT B
pa3IMYHOrO0 pOJA CMECHUTENSIX pabOTaloIUX C HHU3KHUMH CKOPOCTSIMH IOTOKa
TOIIMBA U TIPY MaJioM mepenaze nasieHus [9, 10].

HapaBHe ¢ TOMOreHHM3UPYIOUIMMHM TOJIOBKaMH, ISl JUCTIEPTUPOBAHUS
BOJIOTOIUIMBHBIX CMECEH, MPUMEHSIOT U COIUIOBBIE YCTPOMCTBA Pa3IMUHBIX
KOHCTPYKIIMH, B KOTOPBIX JUCIIEPTUPOBAHUE BOABI MPOUCXOAUT 3a CYET
KaBUTALIMOHHBIX MPOILIECCOB, BOBHUKAIOIINX B PE3YJIbTATE MOHUKEHHOTO JABJICHUS
B JkuaKocTu. [Ipu uctedeHnu cTpyi >KUIKOCTH CO CKOPOCThIO HE 0OecTeunBaroei
pekrMa BO3HMKHOBEHHWS KAaBUTAIlMU  HCMOJB3YIOT CHEIHATbHBIE BO30YyIUTENTU
kapuranuu [11, 12].

[TpurotoBinenne BTD wn3 0e3BOAHBIX TOIUIMB aBTOMAaTUYECKH CTaBUT
BOINIPOC JO3UPOBAHUS BOJBI MPOIMOPIHOHATIBLHO pacxoay TorumBa. Hawuboinee
IPOCTO 3TO PEIIAeTCSd MPU HUCHOJIB30BAHUU CTPYHMHBIX HAcOCOB (3JIEBAaTOPOB,
KEKTOPOB) U CMECUTEIICH.

IIpogyBka cllos JKMAKOCTH CTpysSIMH ra3a (BO3Ayxa WA BOJSHOTO
napa) moJi U30BITOYHBIM JaBJICHUEM SIBJISIETCA JOCTATOYHO HIUPOKO MPUMEHSIEMBIM
TEXHOJIOTMYECKMM  TpOIleCCOM, B  TOM  YHCJI€  JJs  IPUTOTOBJICHUS
OMYJIbCUI BOABI C BsA3kuMH Masyramu [15, 19]. OcoOeHHOCTH MpPOLIECCOB
UCTEeUEHHUs Ta3a (BOJASHOIO Mmapa) U3 OTBEPCTUH B CJIOW KUAKOCTU MPUBEACHBI B
paborax [17, 18].

[lo opranusamum mMpoOIECC OMYJBTUPOBAaHUS OJMU30K K OapOoTaxky
coco0  MHOTOKpAaTHOW  HAaCOCHOM  IUPKYJSUUU  BOJOTOIUIMBHOM  CMecH
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paszaBaeMol B EMKOCTH 4epe3 nephopupoBaHHbIE KOUIEKTOPHI [4]. JlocTonHCTBOM
3TOro  cmocoba u  OapOoTaka  SBISIETCS  BO3MOKHOCTb ~ BBIPaBHUBAHMS
pacrpesiefieHdss BOJbI B OTHOCUTEIBHO HEOONBIIOM O00bEME 3SMYIBIHPYEMOTO
ToruiMBa. BMecte ¢ TPOCTOTOM  OCYIIECTBICHMS]  MEPEMEIIMBAHUS U
AMYJIBIUPOBAHMS, HEBBICOKas MHTEHCUBHOCTD POLIECCOB MPUBOIUT
K YBEJIMYCHUIO TMPOAOJDKUTEILHOCTH 00paboTku 10 15-20MMH. W MO3TOMY
METO/1 UCTIONB3YETCS IPU OTHOCUTENIBHO HEOOJBIITNX PACcX0/1aX TOILINBA.

[Ipu ncmonp30BaHUM BOASHOTO Tapa IS MPUTOTOBIICHUS BOJOTOTUTMBHBIX
IMyJbCHI, BMecTo OapOoTaxxa Ooyieeé TEPCHEKTUBHBIM  MPEICTaBISCTCS
UCIIOJIb30BaHUE CTPYWMHOTO TPAHC3BYKOBOI'O yCTpoiicTBa «TpaHCCOHHK», KOTOPOE
MOKET OBITh HCIOJB30BAHO B KAdyeCTBE Hacoca, IOAOTpeBaTeis, [103aTopa,
CMECHTENSI 1 TOMOT€HHU3aTOpA.

N3 ocTalbHBIX JOCTAaTOYHO Pa3HOOOPa3HbIX CHOCOOOB MPUTOTOBIEHUS
OMYJbCUM MOKHO BBIJICIUTH TPYIMIYy MEXaHUYECKHX CIIOCOOOB BO3JCHCTBUSA Ha
IMYJBIUPYEMYIO  CMeCh O kuiakocteil. W3 »aTtoit  rpynmbel  Haubosbliee
pacrmpocTpaHeHue, 01arogaps MpoCTOTE OCYIIECTBICHUS, TTOJYYHIIO MEXaHUYECKOE
BO3JICHCTBUE MOJABUKHBIMH OPTaHAMH.

OCHOBBI KOHCTPYKIIMM, TMPUHIMUIIBI 00pa3oBaHUsS CMECe U SMYJIbCHA,
a TaKkKe METOJbl pacueTa EeMKOCTHBIX M JPYTHMX MEIIAaJOK TPUBEICHbI B
pabdotax [12, 13]. Ilpumep HCHOIB30BaHUS SKOPHOH MEIIATKH i 00pabOTKH
cMecH HeTecoaepKaluX CTOKOB C Ma3yTOM IOKa3aj, YTO MPH MEXaHUYECKOM
NEpPEeMEIMBAaHUN 00pa3yloTCs OTHOPOJIHBIE MO COCTaBy, HO KPYIMHOIMCIIEPCHBIC
AIMYJIbCHH ¢ quamMeTpoM Kamnenb Bojbl 200-500 Mxm.

W3 psima anmapaToB HEMPEpPHIBHOTO ACHCTBHS OCYIIECTBIISIOMINX MPOILIECCHI
MEXaHUYECKOTO MEePEMEIINBAHMS C OJHOBPEMEHHBIM, TOHKUM JHCTIEPTHPOBAHUEM
(roMoreHu3aImel) JOCTaTOYHO HIMPOKOE PACTpOCTPAHEHHE HAIUIA KOJIJIOUTHBIC
JUCTIEPTaTopbl (MENbHUIIBI), JCTaTbHBbIC OMHCAHHUS KOTOPBIX OMyOJWKOBAHBI B
paborax [16, 18].

KoHCTpyKIIMM  KOJUIOMJHBIX MEJBHUIl pa3pa0OTaHHbIE CHEIUATBHO IS
npurotoBieHuss BTD npuBenensl B paborax [5, 6]. M3 coBpeMeHHBIX
KOHCTPYKIIUH KOJUIOMJHBIX MEJIbHUII, TAK)KE€ HCIOJb3YEeMbIX JJIs MPUTOTOBICHUS
BTD, ompenenenHoe pacrnpocTpaHeHre Haiiea reHepatop kasutamuu ['K-1 [15],
HcnbITaHus KoToporo [14] mokaszanu, 4To OH AUCIEPrupyeT BOJAOTOILUIMBHYIO CMECH
C pa3Mepamu Karesiek BoJIbl 2-4-8 MKM Mpu HanOoJiee KPYIMHBIX KaruIsIX TUaMeTPOM
20-25 mkMm. BmecTte ¢ 3TuM ObUT BBISIBIEH PsAJl KOHCTPYKTHUBHBIX HEIOCTATKOB, W
nod3roMy ObUI pa3paboraH jgucmepraTop portopHbiii cymosoi JIPC [20],
MIPEICTABISIFOIINIA COO0H KIaCCHUECKYIO KOJTIOUTHYIO MEITbHUILY.

bru3kuii K KOJJIOMIHBIM MEJTbHUIIAM TPHHIUI JACHCTBUS, MPOIABIHBAHUEM
CMECH JKUJKOCTEH B Y3KOM 3a30pe C BO3ACHCTBHEM KacaTeIbHBIMH HAMPSHKECHUSIMH,
UCIIOJIB3yeTCsl Mpu TIpuroToBNIeHNH BTD B miecTepeH4arsix (3y04aThix) Hacocax,
KOTOpble Onarojapsi IMMPOKON  PaCpPOCTPAHCHHOCTH  HUCIOJIB3YIOTCS — Kak
CaMOCTOATENbHBIC amnmaparbl - AUCHEPraTopbl, TaK W B Ka4eCTBE OJHOW U3
TEXHOJIOTUYECKUX CTYIIEHEH IMyJIbrupoBanus [4].
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[To MHTEHCUBHOCTU BO3/ICHCTBUS HA BOJOTOIIUBHYIO CMECh TPOMEKYTOUHOE
MECTO MEXAYy MEXaHWYECKUMH MeEIIaJKaMi M KOJUIOMJAHBIMH MEJIbHUIIAMU
3aHMMAIOT IEHTPOOEXKHbIE M BHXpeBble Hacochl. [lpumepsl pa3zHOOOpa3HBIX
anmapaTtoB Ha OCHOBE LIEHTPOOEKHBIX HACOCOB IMPHUBEJIEHB B MOHOTpaduu
B.Kneritona u pabdorax [10, 17, 18, 24]. Ilpu opHOKpaTHOW 00pabOTKE B
HEHTPOOEKHOM HAcOCE BOJIOTOIUIMBHOM CMECH pa3Mep Karellb BOJbl B AMYJIbCUU
COCTaBJISIET OKOJI0 1 5MKM. BrimtoueHne HacocoB B HEOOIIBIIINE KOJIBLIEBbIE CUCTEMBI,
obecrieunBaromme 10-20-xkpatHyro 1upkymsanuio  [21] wim UCHOIB30BaHHE
MHOT'OCTYTIEHYAThIX IIEHTPOOEKHBIX HAcoCcOB [22], oOecneynBaeT pa3Mephl
nucnepcHo (as3sl amMybcuH B peAenax 8-10 Mxm.

Hapsimy ¢ 3TuMu, OOBIYHBIMH JIJII TIPOMBIIIUICHHOTO IPOW3BOCTBA,
cnocobaMy  TPUTOTOBIICHUS OMYJbCHUH, B TMOCJIEIHEE BpeMsS  MOJydYaroT
pacnpoCTpaHEHUE YJIbTPa3BYKOBbIE METOJBI C ammnaparaMd IpeBpalatouMMu
AIIEKTPUUECKYIO SHEPTUIO B MeXaHn4eckue kosiebanus. CoueTaHne MEXaHU4ECKOTO
nepeMeNIMBaHusl U TeHepallud aKyCTUYECKMX BOJH HCIOJb30BaHbl B armaparax
BUXPEBOTO CJIOS, HAIEAIINX MPUMEHEHHE JIJIsi mpuroToBieHus BTD.

N3 4ucto 3NeKTpUYECKHX CIOCOOOB CIEAYyeT OTMETHUTh SJICKTPUUYCCKUN
paspsan B KUAKOCTH (dnekTporuapanindeckuit a¢pdext JI.A.KOTkuHa) Hamenmmi
MpUMEHEHUE MPU CMENIMBAHUU MoJuMepoB [21] u B mpoiieccax 3MyJIbrUPOBAHUS
JIEKapCTBEHHBIX MpENnapaToB.

B 1ieHTpoOEKHBIX W BHUXPEBBIX HAcocCax, KaKk U B YK€ PaCCMOTPEHHBIX
ycTporcTBax st npurotoBieHuss BTD, wucnonb3yroTcs HE BCE METOMABI
TUAPOMEXaHUYECKOr0 BO3JeucTBUs. Hambosiee KOMIUIEKCHYI0 HWHTEHCHU(PHUKALUIO
MPOLIECCOB AMYJIbTUPOBAHUSI BOJAOTOIUIMBHBIX CMECEH 00ecreyrMBaeT MPUMEHEHUE
POTOPHO-TYJIbCAIIMOHHBIX aIMapaToB, B KOTOPHIX OCHOBHBIM PabOYHUM OpraHOM
SBJIAIOTCSL YEpEAYIOIINECs HEMOABM)KHBIE M Bpaljatoumecs (Miu Bpalaroluecs C
pPa3TUYHBIMKU YTJIOBBIMU CKOPOCTSIMH) COOCHO YCTAHOBJICHHBIE TeJia BPAICHHS C
nepdoparieid o0pa3yroe MOBEPXHOCTH B BUJIC MPOPE3CH WM OTBEPCTUM, Yepe3
KOTOpbIE TMpoXoAuT obOpabaTeiBaemasi cpena [17]. B pesynbrare mexaHudeckoe
BO3JIEHICTBHE Ha OOBEMBI JucIiepcHOM ¢aspl (aucneprupoBaHue, aehopmars,
Cpe3aHWe W Jp.) OJHOBPEMEHHO COYETAIOTCS C AKTHUBHBIM THUAPOJIWHAMUYECKHM
PEKUMOM JIBMKCHHUSI KUIAKOCTH B TOJ€ MEXAaHHMYECKUX KOJIeOaHWM IUPOKOTO
JMana3oHa 4acToT U APYTHUX SBJICHUN.

N3BecTHO [OCTATOYHO MHOTO TNPHUMEPOB  HCIOJb30BAHUSA  POTOPHO-
MyJbCAIlMOHHBIX ~ amlmapaToB [JIsi AMYJIbIMPOBAHUS BOJOTOIUIMBHBIX CMeCeu
[23]. B pabote [20] nmpuBeneHbI JaHHBIC MO BIMSHHIO YaCTOTHI BPAIIEHHUS pPOTOPa
amnmapara U TeMIepaTypbl SMYJIbIUPYEMOM BOJABI Ha JAUCIEPCHBIE XapaKTEPUCTUKHU
AMYJILCUN. YTOUHEHHE METOJIMKU pacueTa KOHCTPYKTHUBHBIX IMapaMeTPOB POTOPHO-
MyJIbCAIMOHHBIX anmnapaToB [17] mpuMeHHTENbHO K 00paOOTKE BOJOTOIIMBHBIX
cMmecedt BbImosHeHO B pabote [23]. CrnemyeT OTMETHTh, YTO JJIsi TIOBBINICHUS
3¢h(HEKTUBHOCTH pPabOTHl POTOPHO-MYJIBCAIIMOHHBIX amnmapatoB B pabore [17]
UCIIOJIB30BAJICSL  DJICKTPOTUApPABIMYECKU  3h(PEeKT ¢ OCyIIeCTBICHUEM
AIEKTPUUYECKUX PA3PSAOB B 3a30pax MEXIAYy POTOPOM U CTATOPOM.
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OpueHTHpYsCh Ha TpUBEIACHHBIE B pabotax [16, 24] cpaBHUTEIBHBIC
pe3ynbTaThl UCMIBITAHUMN PA3MYHBIX aNMapaToB A npurotoBieHuss BT cnexyer
OTMETHUTb, YTO OIIEHKA amnmnapaTtoB MPOU3BOAMIACH MO (PEKTUBHOCTU CHKUTAHUS
AMYJIbCUM, @ HE TO JaHHBIM pPabOThl COOCTBEHHO alImapaToB, KOTOPbIE MOTJIHU
paboTaTh B HEONTUMAJIBHBIX YCJIOBHUSIX C TIOJYYEHHEM SMYJIbCUH pPa3IM4yHON
BJIQXXHOCTH. Takye OTCYyTCTBOBAJIM JUCIHEPCHO-BIAXKHOCTHBIE XapaKTEPUCTUKH
BTD npu cpaBHeHMHM MapaMeTpOB PA3IMYHBIX YCTPOMCTB MJisi MPUTOTOBJICHUS
aMyJIbCHi B padorax [20, 23].

[TombITKa COMOCTAaBUTH pa3IMYHbIC anmaparbl JJsi  [PUTOTOBJICHUS
AMYJIbCUM B MPEANOJI0KEHUHU, UYTO 3aTpaThbl Ha MPEOAOJICHHUE CUJI BS3KOCTH TPHU
SMYJIBIMPOBAHUM  3HAYUTEIBHO  MEHbIE, Ye€M Ha  CO3JjaHhE€  HOBOM
MOBEPXHOCTH pasleia TmpeanpuHiara B pabore [19], rTme momaraercs,
YTO PABEHCTBO OTHOILIECHHWI MOBEPXHOCTHOT'O HATSDKEHUS K CpPEIHEMY AUAMETPy
Kaneiab BOAbL W YACIBHOTO  pacxo/la SHEPrUM HA  AMYJIBIHMPOBAHUE,
COOTBETCTBYIOIIMX 3HEPrOEMKOCTH IPOLECCAa U CTENEHH SHEPrOHACBHIIIEHHHOCTH
amnmapara, COOTBETCTBYET ONTUMAJILHOMY PEKUMY paOOTHI anmapara.

AHanOTUYHBIM TOAXOJ JJii CPaBHEHMS Pa3UYHBIX  alllapaToB IO
PKOHOMUYHOCTH HCIIOJIb30BaH B pabote [18], rme 3aTparbl »HEpruum Ha
OMYJBIUPOBAHUE CPABHUBAIOTCS C pabOTOM MO YBETUYCHHUIO TOBEPXHOCTU
KaIuid BOJABI IPU €€ AUCIEPTUPOBAHUM U MPEJIaracTcsi KpUTEpUil SKOHOMUYHOCTH
amnmnapara, U3 CYIIHOCTU KOTOPOro CIEAyeT, YTO €ro 3HA4Y€HUE PaBHOE EIUHUIIC
OyJIeT COOTBETCTBOBATH UJICAIbBHOMY CIIy4alo.

CyiiecTBeHHBIM HegocTtaTkoM padot [19] u [25] sBisercs uckimoueHUe U3
aHajau3a  3aTpaT JHEPrMM  HA  MPEOJIOJIEHWE  CHUJ  BA3KOCTH,  TOT/A
KaK JUCIIEpPTUpPOBaHUE B 00bEME WM BHEAPECHHE AUCHEPCHOM (ha3bl KOHEUHBIX
00BbEMOB B TOIJIMBHYIO Cpelly HEM30EKHO CBSI3aHO C MepeMelieHueM (JIBUKEHHUEM)
TOTUTUBA.

[Ipu wucnosb3oBaHUM OOBOJHEHHOTO TOIUIMBA HA BCEX CTaUsAX €ro
00pabOTKM Tepea CKUTAaHHEM YKa3bIBae€TCSI HEOOXOIUMOCTh 00s3aTEIBLHOIO
KOHTpos coaepkanus Biaru [13, 20 u np.], aucnepcHocTH BogHOM daswl [4] u
PaBHOMEPHOCTHU €€ pacipeliesieHus 1Mo BceMy o0beMy TornBa. M3BecTHBI ciiydan
KOHTpOJSL U JApyrux xapakrepuctuk BTO: Bsszkoctu [11], nudnexktpuueckoit
MPOHUIIAEMOCTH,  ONTHYECKUX  CBOMCTB  JJISI  OTHOCUTENIBHO  CBETJIBIX
HEe(TENPOAYKTOB U Jp.
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3 HccnenoBanye BJIMSIHHS CBOMCTB BO/0-TOILIMBHBIX IMYJbCHHU Ha
MOIECChl TOPECHUA

3.1 loaroTroBKa BOAO-TOMIMBHBIX IMYJIbCHI K COKUTAHUIO

JIrobast TEXHOJIOTHS TOATOTOBKM JKUAKOTO HHEPreTHYECKOro TOIUIMBA
K CXKUIaHHIO JIOJDKHA oO0ecreurMBaTh OYMCTKY TOILUIMBA OT  TBEPABIX
rpyOOAMCIIEpCHBIX  BKJIIOUEHUH, YJaJleHHe BOJbl, OO0pabOTKy IpucaaKamMH
pa3nuyHOro (HYHKIMOHAIBHOTO HA3HAYEHHS U, JUIS JOCTHXKCHHUS OINTHUMAJIbHBIX
YCIIOBUI C)KWTaHUS, OJOTPEB 10 TEMIEPATYPHI, 00ECIIEUNBAIOIIEH Ka4yeCTBEHHBIN
pacnbul. TpyIHOCTH, BO3HUKAIOIIKE IIPU MOATOTOBKE U CKUTAHUM JKUJIKUX TOIUIMB,
ONPENEIAOTCA UX CBOWCTBAMM, W, B IIEPBYIO OYEpENb CTPYKTYPUPOBAHHOCTHIO,
BBI3BAaHHOM HAJMYMEM JUCIEPCHBIX BKIIOUEHUU. CyIIeCTBYIOIIME TEXHOJIOTHH
MIOATOTOBKH KUAJKOTO KOTEJIBHOTO TOIUIMBA K CKUTAHHUIO, 110 LEJIOMY Py IPUYMH,
B TOM 4YHCJIE€ U 3KOHOMHYECKHX, HE IO3BOJISIIOT IOJIHOCTBIO 00ECHeuuTh
HEOOXOJMMbIE XapaKTEPUCTUKU ToIUIMBa. KoMIeHCHpOBaTh HECOBEPIIEHCTBO
Ma3yTHBIX XO3SIMICTB W MOBBICUTH 3(PPEKTUBHOCTh HCIOJB30BaHUS PA3IUUYHBIX
BUJIOB JKMJIKOTO TOIUIMBA II03BOJISIET, KAK YKA3bIBAJIOCh PaHEe, €ro CKUIaHue B BUJIE
BTDO. YuuteiBas pa3zHOOOpa3Hble TEXHOJOTUYECKUE CXEMbl TOIJIMBHBIX XO35UCTB,
OIPEIEIIAEMBIE TUIIOM U MOIIHOCTBIO TOINIMBOCIKUIAIOIIUX arperaToB U yCTaHOBOK,
BUJIOM C)KUT'Aa€MOI'O TOIUIMBA U JPYTMMH (aKkTOpaMHu, CTAHOBUTCS OUYEBUIHOU
HEOOXOJMMOCTh BBIOOpa pallMOHATILHOW TEXHOJIOTMU mpurotoBieHus BTD B
MTOJTHOM Mepe YUYUTBIBAIOLICH 0COOCHHOCTH KOHKPETHOTO
TOIUIMBHOTO XO3fCTBA W CBOMCTBA JHMyJibcuil. EcrecTtBeHHO, 4YTO Takas
TEXHOJIOTHUS JOJKHA OBITh JOCTATOYHO IMPOCTOW, SKOHOMHUYHOW M HaJEKHOH B
JKCIUTyaTalliM M HE  BJI€Yb 3a COOOM  CYHIECTBEHHBIX  HM3MEHEHUU
CXEMBI TOIUIMBHOT'O XO35MCTBA U KOHCTPYKIIMHU TOPEIOYHBIX YCTPOKCTB.

3.2 TexHoJIOTHYECKHE CXEMBbI MOJATOTOBKH BOAOTONJIMBHBIX IMYJIbCHIA

Peonoruueckue CBOMCTBA KUAKOrO TOIJIMBA, €r0 XMMHYECKHH COCTaB,
CTPyKTypa Y  COCTaB  JUCIEpPCHOM  (a3pl  OKa3bIBAaeT  CYLIECTBEHHOE
BJIMSIHUE Ha BbIOOP TEXHOJOIMHM MOJATOTOBKM €ro K COKMTAaHUIO M OIpeesieT
OCOOEHHOCTH CXEM TOIUIMBHBIX XO35HCTB.

OpuuM u3 myTed MNOBbIMIEHUS 3(P(GEKTUBHOCTH HCIOJb30BAHUS KHJIKOTO
TOILUIMBA  SIBJIAETCA  COBEPILICHCTBOBAHME  TEXHOJOIMYECKUX  IPOLIECCOB
IIOArOTOBKM TOIUIMBA K COXKUIAHWIO, B TOM 4YHCIE W IPUTOTOBJIEHUS BOJO-
TOIUIMBHBIX OMyJbCUW. [IIMpOKUI CHEKTp TOIJIMBOCKMUIAKOIIUX Aarperaros,
TEIUIOBBIE MOIIHOCTH KOTOPBIX pa3jIM4aroTCsi B JECATKM U COTHU pas,
C)KUTaHUWE B HHUX PAa3JIMYHBIX [0 CBOMCTBaM >KMJIKWX TOIUIMB, IMEPUOAUYECKU
MOCTABISIEMBIX C  HECTA0WJIbHBIM COCTABOM, M  TEHICHUUS YBEIUYEHUs
[IOCTABOK  BBICOKOBSI3KMX TOIUIMB CTaBIAT IIEpEN  DKCIUIyaTalMOHHBIMU U
IIPOCKTHBIMA ~ OPraHU3alUsAMH  PSAL  CIOXKHBIX TEXHUYECKHX BOIPOCOB IO
OpraHu3alMyd IIpUeMa W CIUMBA TOIUIMBA, XPAHEHUS U IOATOTOBKE €ro K
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C)KUTaHHIO, YCOBEPIICHCTBOBAHUIO TEXHOJOIMUYECKMX CXEM, KOTOpPBIE TaKKe
pa3HOOOpa3Hbl, KaK U TOINIMBOCIKUTAOLINE arperaThl.

Pemenne yka3aHHBIX BOIPOCOB ISl BCETO MHOTO0Opa3usl TEXHOJIOTUYECKUX
CXEeM HpeacTaBisieT co00il 00bEeMHYIO 3a7ady, JaJIEKO BBIXOJAILIYIO 3a pPaMKHU
HacToslel paboTel. Bmecte ¢ 3TMM, BO BCeM MHOI000pa3uy TEXHOJOTHYECKHX
CXEM MOJKHO BBIJICJIUTH XApaKTEPHbIC MPU3HAKU U ONPEIEIUTh OOLIUE MOAXOJBbI,
NO3BOJISIOIIME HAMETUTh IIyTH JAJIBHEHINEr0 TEXHUYECKOTO COBEPILCHCTBA
Ma3yTHBIX XO035HCTB. [Ipyn 3TOM HEOOXOAMMO MMETh B BHUAY, YTO BO3MOXHBI JBa
NoAX0Aa M HpurotoBieHuto BTD:  aucneprupoBaHUEM — «ECTECTBEHHO
OOBOJIHEHHOTO TOIUIMBA W J00AaBJICHHEM BOJABI, B TOM YHCIE COJEpKallei
HEe(PTENPOAYKTHl W JPYTrHe OPTraHUYECKH 3arpsi3HUTENH, B OE€3BOJHOE TOILIMBO.
Taxoit moaxon Oyner Tem Oojiee ONMpaBAaHHBIM, TaK KaK MPH COOTBETCTBYIOIICH
MOJATOTOBKE XapakTepucTUKU BT Onu3ku K O€3BOJHBIM TOIIMBAM U HE TPEOYIOT
3aMEHbl OCHOBHOT'O 00OpY/AOBaHUS Ma3yTHBIX XO3SHCTB U FOPEIOYHBIX YCTPOMCTB.
B mobom ciydae cucrema npurotoBieHuss BTO nomxHa ObITh mpucnocoOreHa
K CYLIECTBYIOIIEH CXEMe€ Ma3yTHOIO XO35HCTBAa M 00ecreyuBaTh YCIOBUSA
ckuranus. BpiOop ammapata A OPUTOTOBJICHHUS OSMYJIBCUU TPU  ITOM
JOJDKEH ONPEHENATbCA TaKXKe YCIOBUEM OOECHEYeHHs ONTHMAaJbHBIX IO
YCIOBUSIM C)KUTaHMs JUCIEPCHBIX XapaKTEPUCTHUK BOJHOW (a3bl U crenupukoin
COKUTaHUsI OOBOJIHEHHOT'O TOTLIMBA.

CoBpeMEHHbBIE CXE€Mbl Ma3yTHBIX XO34WCTB B NPHUHIMUIE OJWHAKOBHI
JUIsL  TOIUIMBOCKUTAIOIIMX  arperaroB  pas3jiMyHOM MOIIHOCTH M JIOJKHBI
o0OecreynBaTh OYUCTKY TOIUIMBA OT MEXAaHMYECKHX NPUMECE W BOJbI, HarpeB
0 TEeMIIepaTypbl, 0OECreUYrBaIOIEel KaueCTBEHHOE pPACHbUIMBAHUE, U CO3/1aBaTh
TpeOdyeMoe AaBJieHHEe Nepe]l TOPEIOYHBIMH YCTpoiicTBaMu. B KoMILIeKce yCTpOMCTB
U 00OpyJOBaHUS Ma3yTHOTO XO3SMCTBAa, KaK IMPABUJIO, BXOJST: YCTPOWCTBA IS
npueMa M CciIuMBa Ma3yTa; Ma3yTOHAacoCHasi C€ HacocaMM, (QUIbTpaMH H
[OJIOTPEBATENIIMU; PE3epPBYaphbl U KOMMYHHKAIIMM TPYyOONpPOBOJIOB Ma3yTa, napa u
KOHJIEHCATa C COOTBETCTBYIOLIEH 3alIOPHO-PETYJIMPYIOLIEN apMaTypOu, YCTaHOBKHU
JUISl IPUEMA, XPAHEHMS U BBOJA KUJKHUX IIPUCAIOK K TOILIUBY.

B 3aBucumoctu 0T TpebyeMoro aaBlieHUs TOIUIMBa mepelr (opcyHKaMu
KOTJIOB, TEXHOJOTMYECKHE CXEMbl MAa3yTHBIX XO3SIMCTB MOJAPA3LAEISIIOTCS Ha
OJTHOCTyI€HYaThle, paboTaolMe [0 TEXHOJOIMYECKON LEenouyke: pe3epByap-
¢uneTp rpy0OH  OUMCTKH-HACOC-TIOAOTPEBATENb-(PUIBTP TOHKOM  OYMCTKH-
(GOpCYHKH TOpesIoYHOr0 YCTPOMCTBA, WM ABYXCTYyNEHYATbIe, OTINYAIOLIUECS TEM,
YTO TEXHOJOTMYecKas Ienoyka mnocie (QuibTpa TpyOOH OYUCTKH CTPOUTCA TIO
CJIeIyIOUIEMY MPUHLHUITY: HACOC MEPBOTO MOAbEMA-TIOA0TPEBATENb-PUIBTP TOHKOM
OUYMCTKH-HACOC BTOPOro MOAbEMa-POPCYHKH TOpPeOYHOro ycrpoiictBa. Hacocsl
BTOPOr0 MOJBEMA, B COOTBETCTBUM C 3aHUMAEMbIM MECTOM B TEXHOJOTMYECKOM
HEenoyke, TMpeJHa3HAueHbl I CO3JaHMs TpeOyeMoro JaBiIeHUs TIepen
dopcynkamu. Cdepa NpUMEHEHHUS OJHOCTYNEHUYATBIX CXEM OIrpaHUYUBACTCS
MOIITHOCTBIO OOCITY’KMBAa€MbIX TOIUIMBOCKHTAIOMMX arperatoB meHee 250 MBT.
COOTBETCTBEHHO MOIIHOCTH M Ha3HA4YE€HHsI MAa3yTHOI'O XO3SKCTBA ONpPENEIsSeTCs
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BMECTUMOCTb PE3€pPBYapoB U UX KOJUYECTBO, KOTOPOE MJIs Ma3yTOXPaHWJIMII
AIEKTPOCTAHLUNA JTOJKHO OBITH HE MEHEE TPEX, a ISl MPOMBIIIJIEHHBIX KOTEIbHBIX -
HE MEHEE JIBYX.

Tak kak pe3epBUpOBaHHME OCHOBHOTO 00OpyIOBaHUs (pe3epByaphl,
HACOChl, ToOJOrpeBarenu, QWIbTPHI MU T.I.) Ma3yTHOTO XO3siiCTBA HE
MEHSIET €ro MNPHUHIMINAIBHON TEXHOJIOTHYECKOM CXEMbI, TO, C TOYKH
3pEHHs TPUTOTOBIEHUS BOJOTOIUJIMBHBIX SMYJIbCHH, YIOOHO paccMaTpuBaTh
YIPOLICHHBIE TEXHOJOTMYECKUE CXEMbl XO3SMCTB MO TOIUIMBHOM JWHUH. [[ns
KOHKPETHBIX ~ Ma3yTHBIX  XO34MCTB  11€71e€CO00pa3HOCTh  MPUTOTOBICHUS
BOJOTOIUIMBHBIX ~ OMYJbCHUH IS pemieHus  psga  3amad  (oOpaboTtka
TOIUJIMBA KUJKUMU MPUCAJKAMU, YTUIN3ALMS TOPIOUYUX OTXOJ0B, 00E€3BPEKUBAHUE
3arpsiI3HCHHBIX HE(TENMPOAYKTaMH CTOYHBIX BOJ, IOBBIIMICHWE OTHOPOIHOCTU
00BOJHEHHBIX TOILINB u ap.), BO3HHUKAIOIINX B npouecce
MOATOTOBKM W  CXKWraHWsd TOIUIMBA, JOJDKHA ONPEACNAThCA HUCXOAS U3
KOHKPETHBIX YCIOBUMN SKCIUTyaTalluy TOTUIMBOCKUTAOIINX arperaTos.

[Ipy CKUraHUM MaJIOBSI3KMX Ma3yTOB M JIPYTHX JIETKUX  TOILIMB,
KOT/Ia TOIUTMBOCKUTAIONINE arperathl padOTalOT HAa CTAaOWIBHBIX Harpyskax
TOTUIMBHOE XO3SMCTBO paboTaer mo TynukoBod cxeme (puc. 3a). [IpoexTHbIMU
peLIECHUSIMU npeaycMaTpUBaeTCs YCTaHOBKaA pacxoaHOU €MKOCTH,
0GbeMOM He 6oie 5 M°, MasyT B KOTOPYIO IOCTYIAeT M3 OCHOBHBIX PE3epBYapoB
MasyToxpaHuiauma. M3 pacXogHOM €MKOCTM Mas3yT IOCTYNaeT Ha HAacochl 5
caMOTEeKOM uepe3 (GuiabTpel rpydol ouucTku. CxemMoil mpeaycMaTpuBaeTCs
PELUPKYJSALIMS Ma3yTa 8§ OT HalOPHOTO Ma3yTONPOBOJIa K PacXOAHOM €MKOCTU U
PELUPKYJISLMS OT TOPEJIOYHBIX YCTPOMCTB, OCTAHOBJICHHBIX KOTJIOB (IpuU paboTe
KOTJIOB PEIUPKYJIISLUS OT TOPEJIOYHBIX YCTPOUCTB HE MTPOU3ZBOJIUTCS).

Marnasi BA3KOCTh TOIUIMBA MPEIONpPeAcssieT JOCTaTOUHYI 3((PEKTUBHOCTD
00€3BOKMBAHUSI TOIUIMBA METOJOM OTCTOSI B OCHOBHBIX pe3epByapax, KOTOPBIH
MPUHUMAETCS B MPOEKTHBIX PEMICHUSAX KAK OCHOBHOM.

OnHako TOJIHOCTBIO OTCTOSITh BOAY HE BCerga yAAaeTcs, TaK Kak
BMECTUMOCTh  PE3€pPBYapOB  Ma3yTOXPAHWIUIL MNPOMBIIIJIEHHBIX  KOTEIbHBIX
BBIOMpaeTCs H3 pacyera S5-CyTOYHOTO pacxoja TNpH JIOCTaBKE TOTIUIMBA
aBTOMOOUJILHBIM TpaHCOpTOM © 10-CyTOYHOro pacxoja MpU JIOCTaBKE IO
JKEJIe3HOW  Jopore, a MakKCUMajbHas MPOJOJLKUTENBHOCTE  OTCTOSI TP
JIBYX OCHOBHBIX pe3epByapax MoxkeT coctaBuTh 60 - 120 4, gero, kak
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PI/ICYHOK 2- YHpOHIeHHBIC TCXHOJIOTHYCCKHC CXCMbI MAa3YTHBIX XO3SMCTB

a u O mpoekTHas M IpejjaraeMas CXeMbl NOJA4YM KUJAKOrO TOIUIMBA U
IIPUTOTOBJIEHHUSI BOJOTOIUIMBHBIX JMYJbCHA Il TYNHKOBOTO BapuaHTa; B
MU T - TO K€ Ui LUPKYJSLHOHHOTO BapuaHTa 1 M € - TO XKe, I
KOMOMHMpPOBAaHHOI'O BapuaHTa; - JUISI TPUTOTOBJICHUS BOJOTOILIMBHBIX
AMYJILCUM B Ma3yTHOM xo3sucTee TOC.

1 - ocHOBHO# pe3epByap; 2 - Hacoc IMepeKayuBarOUui; 3 - €MKOCTh
pacxomnas; 4 w 7 - QuIbTpel TpyOOH W TOHKOW OYMCTKH;, 5 - Hacoc; ©
- mojorpemarenb; 8§ - PEHUPKYISAUHUS OT HACOCOB; 9 - pelUpKyJsLus
OT TOPEJIOYHBIX YCTPOUCTB; 10 - MpUsMOK JpeHaxel (EeMKOCTh 3aMa3yueHHBIX BOJ);
11 - BoasiHOM Hacoc; 12 - sMynbrUpyrOUIMH annapar BOJOTOILUIMBHOM cMecH; 13 —
POTOpHBIA anmapar ¢ BBOJOM BOJABI B TOIUIMBO; 14 - BOIAHOW HAcoC I
OoTCTauBaHMs BoI; 15 - mpuemHbIi pe3epByap; 16 - qucnepraTop JMHUM NEPEKAUYKU
BBICOKOOOBOITHEHHOTO TOTUINBA; 17 - penupKyIsius Ha OCHOBHOM pe3epByap; 18 -
COOPHHUK KUIKHX TOPIOYHX OTX0J0B; 19 - Hacoc BTOPOro mojabpema.

ITOKa3bIBAECT IPAKTHUKA SKCIUTyaTallMd Ma3yTHBIX XO3SMCTB, HEAOCTATOYHO
Uit 3QQPEKTUBHOrO M TIyOOKOTO pa3ieNieHUs] BOABI U TOIUIMBA. A OTCYTCTBHUE
PELMPKYJSIIMM B OCHOBHBIX  pe3epByapax MNPUBOAUT K  KOJICOaHHSIM
BJIQYKHOCTH Ma3yTa, M0JIaBaeMOro B pacXoHbIi Oak. He ynydiiaer paBHOMEpHOCTH
cocTaBa 00OBOJJHEHHOTO TOTIMBA U YacTUYHAs PELUPKYIISILIIS
OT HAMOpPHOTO Ma3yTONpOBOAA B PACXOAHYIO €MKOCTh, TaK KaK OHa He
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o0OecrieunBaeT JaxXe OJHOKPATHOTO TMepeMelIuBaHus oO0beMa TOIUIMBA B
€MKOCTH.

Hekotopble 13 BO3MOXHBIX PEIICHUNA SMYJIBIMPOBAaHUS OOBOJHEHHOTO
TOIUIMBA TIPU TYIHUKOBOM CXEME 3aKJIIOYAaeTCi B PEKOHCTPYKUHUHU PACXOIHOU
€MKOCTH I 0apOOTHpOBaHUS  BOJOTOIUIMBHOM CMECH BOJSHBIM  IapoM
WU JUIsl DMYJIbTUPOBAHUS MHOTOKPATHOM PEUUPKYJSLHUEN OTAEIbHBIM HACOCOM
yepe3 nephoprupoBaHHbIE KOJJIEKTOPHI. [Ipr MpOeKTUpOBAHUM Ma3yTHBIX XO35SUCTB
u KOTEJbHBIX B KaueCcTBe PaCXOIHBIX E€MKOCTEHN MOYHO
MCIIOJIb30BaTh MEXaHUYECKUE MEIIAIKU COOTBETCTBYIOIIEH €MKOCTH, KOTOPbIE TIPU
nepuoAMveckod  paboTe  BO  BpeMsl  3alOJIHEHUS  €MKOCTH  MOTYT
o0ecreuuTh TpeOyeMyr0 paBHOMEPHOCTh COCTaBa M IUCIIEPCHOCTh SMYIIbCHH.

[Ipu orpaH4eHHOM KOJIMYECTBE OCHOBHBIX PE3€PBYAPOB U UX OIPAHUUYCHHOU
BMECTUMOCTH MOATOTOBKY 0OBOJIHEHHOTO TOIJIMBA K CKUTAHUIO
MOXHO YJY4YIIUTh 3a00pOM TOIUIMBA C BEPXHETO YPOBHS, OTPAaHUYMB 3a00p C
HIKHETO YpOBHS BEJIMYMHON JOITyCKaeMou BJIQKHOCTHU TOIUIBA
[13], nampumep 20% wiam mnepekauyrMBas BBICOKOOOBOJHEHHOE TOILIMBO B
npussMok 10 mng 3ama3ydeHbIX BOA W OTTyAQ, JAO3UPOBaTh B PACXOJHYIO
€MKOCTb.

[lomyynB B pacxoAHOW €MKOCTH TpyOyl0 CMecCh BOABI U TOIUIMBA,
€e MOXXHO OJMYJIbIMPOBaTh B IPOTOYHOM pOTOpHOM ammapate 12 (puc.30.).
Hcnonp3yst CTpyWHBIM HAacoOC B COYETAHUM C POTOPHBIM ammaparoM 13 MOXKHO
JIO3UPOBATh TIOCTYMAIOIIEE CAaMOTEKOM M3 €eMKOCTH 10 BBICOKOOOBOJHEHHOE
toruBo. [Ipu cOope BHICOKOOOBOJHEHHOTO TOIUIMBA B JAPEHAXXHOM MPUAMKE, €ro
NOJAIOT K AucHepraTopy Hacocom 11.

[Ipy wuCnoONB30BaHMM BSI3KUX Ma3yTOB BO3PAacTalOT CJOXKHOCTH UX
MOATOTOBKU K CXHUTraHuio. COOTBETCTBEHHO M YCJIOXKHSETCA TEXHOJIOTHYECKast
cXeMa Ma3yTHOTO XO34iCTBa, B KOTOPOU 00s3aTeNIbHA TUHUS PEIUPKYIIAINN Ma3yTa
u3 KOTEJIbHOU B OCHOBHOU pesepByap 51 Ha BCOC
HAcOCOB, Uepe3 KOTOpyr mojaaercs okojo 15% masyra oT 0OIIero KOJIMYeCTBa,
MOCTYNAIOIIETO B KOTEIBHYIO.

B TumoBoM UHPKYIAIMOHHOM CXEME€ MOJAa4d  KUJAKOTO  TOIUIMBA
(puc.3B) TpenycMOTpEeH TMpUEMHBI pe3epByap 15, ©3 KOTOporo Masyt
gepe3 (GuabTp TpyOOM  OYMCTKHM TIOJAeTCI B OCHOBHBIE  PE3epBYapHI.
YMeHblieHHe OOBOJHEHHOCTH MasyTa, IOCJIE CIHUBA W3 KEJIE3HOIOPOKHBIX
IUCTEPH, OCYIIECTBISETCS OTCTOEM B OCHOBHBIX pe3epByapax. OJHaKo
BSI3KOCTh W IUJIOTHOCTh MasyTa, OJu3Kass K IUIOTHOCTH BOJbI CYIIECTBEHHO
3aTpyJHSET Mpoliecc 00e3BOKMUBaHUS. [[ONOTHUTENBHBIE OCIOKHEHUS OTCTOS BOJIbI
BO3HUKAIOT B MOMEHT IMOJa4yd Ma3yTa C HPUEMHOCIHMBHOIO YCTPOMCTBa B
pacxoaHbie pe3epByapbl. CpaBHUTEIBLHO XOJIOJHBIM Ma3yT W3 MPUEMHOro Oaka,
MOCTyIasi B €MKOCTb C TOPSYMM U, CJEIOBaTeNbHO, OOJee JIETKUM Ma3yToM,
COCpPEIOTaYMBAETCsl B MPUJIOHHOM CJIO€, BBITECHSISI HAXOAIyIOCs 31ech Boay. [Ipu
ropsueil perupKyJIsIIMUA 3aTOIJIEHHBIE CTPYH, KaK HW3BECTHO, BCIUIBIBAIOT, W,
CJIeIOBATEIbHO, TE€ CJIOM Ma3yTa, KOTOpBIE Ji€KAaT HUXKE 30HBI BBIXOAA CTPYH
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U3 COIJIa, B 3TOM CIy4yae HE IOJABEPraloTCs MX BO3JCHCTBHIO M OCTAarOTCs O€3
JBHKCHUSL.

Tak Kak OJHOM M3 OCHOBHBIX 3aa4 MAa3yTHBIX XO3SIUCTB SIBJISETCA
BBIJICJICHHE BOJbI U3 TOIUIMBA, TO MPOOJIEMa MOXKET OBITh pEIleHa CIEIUaTbHBIM
BBIJICJICHUEM  JIByX  pE3€pByapoB, OJMH U3  KOTOPBIX  HCIOJb3YyETCS
JUIsT TIOCTOSHHOM Tmojayu Maszyta K koriam (puc. 3r.). Temmeparypy B
HEM MOJJEPKUBAOT HUCXOAS W3 YCIOBUUM BO3MOXHOCTH IOHWKEHHS BSI3KOCTH
MazyTa B  TojorpeBaTesnsix A0  TpeOyemoro  3HaueHus.  OcTalibHbIC
pe3epByapbl SIBISIFOTCS PE3EPBHBIMU U CIIy)KaT MJIs IONOJIHEHHS PAaCXOJHOTO
pe3epByapa U pueMa CIMTOro Ma3yTa U3 IPUEMHOIO pe3epByapa.

JlanpHenImee  COBEPIICHCTBOBAHME  TEXHOJOTMM  XPAaHEHMS  MasyTa
3aKJII0YAETCs B TOM, YTO IPUMEHSA pPA3felbHBIA CIMB Ma3yTa B pPE3EPBHBIC
pe3epByapbl M NOOYEPENHO OTCTAaMBasl €ro, MOYKHO JTOOHUTHCS ONpPENEIEHHOTO
BBIJICIICHUST  BOJAHOW  (pa3pl B  HIDKHEH  4acTW  pe3epByapa.  3arem
BBICOKOOOBOTHEHHBIM CJIOW TOIUIMBA MEPEKAYUBAETCA B OTJIEIBHBIN pe3epByap WM
0aK-OTCTOMHUK JUIsl TPOJIOJDKEHUS OTCTOA. lIprMeHeHue pa3/iebHOro ClIuBa
MO3BOJISIET YMEHBIIUTH OOBOJHEHHOCTh TOIUIMBA B PE3EPBHBIX pe3epByapax B 2-5
pa3. B pe3ynbrare B OTCTOMHOM pe3epByape coOupaeTcsi BOJOTOIUIMBHAS CMECH C
cojepkanneM BogHOoM da3zel g0 /5% wum  Oosee, YTO CHOCOOCTBYET
JOTIOJIHUTENIBHOMY Pa3/IeJICHHIO BOABI M TOIUIMBA. BhinenuBmivecs 3amMa3ydeHHBIE
BOJIBI IIOCTYTAIOT HA JAJbHEHIITYIO OUYHUCTKY, a Ma3yT ¢ coaepkanreM Boaa 10 40%,
yepe3 MPUSAMOK JpEHaXeW WM €MKOCTh 3aMa3y4Y€HHBIbIX BOJ J00aBIseTCs K
OCHOBHOMY TIOTOKY TOIUIMBA MW OMYJbIUpPYeTCd B OJHOM U3 OCHOBHBIX
aucrepratopoB 12 mnm 13 mporounoro tuna. MecTto ycTaHOBKM aucnepraropa
OTIpEEISIETCS TUIOM arlapara.

JImuTenbHBII OTCTOM WM XpPaHEHUE Ma3yTa, BMECTE C BbIICICHUEM
BOJIbI, COINPOBOXKIAETCA arperupoBaHUEM U  CEIUMEHTAlMeld JUCIEPCHBIX
BKJIFOYCHHUI ¢ 00pa30BaHWEM CMOJIUCTHIX OTJIOKEHHH B TOIUIMBHBIX pe3epByapax.
[losTOoMy, AJisi OrpaHMYEHHS] MPOLECCOB Aarperaiuu U CEAUMEHTAINH, IOCIe
ylaJeHus BBICOKOOOBOJHEHHOTO OTCTOSl M3 pe3epByapa, MepeKaunBaoLIUM
HacocoM 14 wu pgucnepratopoM 16 TPOBOJSAT MEPUOAMUYECKYI0 OOpabOTKY
OCTaJbHOI'O Ma3yTa, IpeBpallasl €ro B BHICOKOAUCIIEPCHYIO CTAOUIIBHYIO CUCTEMY,
WIM TOAal0T 00pabOTaHHBIM Ma3yT B OJIMH U3 PE3EPBYapOB, UCIOIL3YEMBIN Kak
PaCXOIHBIN.

[Ipu pabote maneBpeHHblx TOC Ha mepeMEHHBIX Harpy3kax WM YacThIX
nepexogax C Tra3a Ha MasyT, a TaKXe IMPU HCIOIb30BAHUU TSHKEIbIX
Ma3yToB HauOolyiee TMpUEMJIEMON SBISETCSs KOMOWHUpOBaHHAas (TYMHKOBO-
UPKYJIALIMOHHAS) TEXHOJIOTUYECKass CXeMa Ma3yTHOro Xo3sicTBa (puc. 21.).
MaHeBpeHHOCTh O0eceurBaeTCsl €€ pa3[eleHUEM Ha JBa MOCIEIOBATEIbHBIX
PEUUPKYISLMOHHBIX ~ KOJbLA. Perupkynsinus OT TOPEJIOYHBIX  YCTPOMCTB
3aMbIKaeTCsl HAa  PacXOJlHyl0 €MKOCTb M  TPU  3aKPBITUM  BEHTHIIS
PEIUPKYJIAIMA ~ Ma3yTHOE  XO3MMCTBO  pabOTaeT MO TYNMHKOBOM  CXeMe.
Bropoe  peunupkyIsLMOHHOE  KOJIbLO 17  HauMHAaeTcs  mocie  Hacoca,
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NIEPEKAYMBAIOIIET0 TOIUIMBO B PACXOJIHBIN pe3epByap, U 3aMbIKAETCSI HA OCHOBHOM
pesepByap. OCHOBHBIM Ha3HAYEHUEM BTOPOTO PEUUPKYISIIIUOHHOIO KOJIbLa
SBJIIETCSI BBIPAaBHMBAHME COCTaBa TOIUIMBA B OCHOBHOM pe3epByape U
MpeI0TBpAIICHUE PACCIOCHUS TOITUBA U BOJIBI.

[Ipu BO3ZMOXHOCTH OTCTOSI BOJbI B TOIUIMBE €r0 YaCTHUYHOE 00€3BOKHBAHUE
NPOU3BOAMTCS  AQHAJIOTMYHO  LUPKYJSIIMOHHOW  CXeM€  IPUTOTOBJICHUS
BOJOTOIUIMBHBIX 3MYJIbCUHU (pHC. 3T.) C OJHUM OTIMYHEM - B JIMHUMU Hacoca 14
OTCYTCTBYET AUCIIEPraTop. Ecnu CBOEBPEMEHHO HE YAQIATH
OTCTOSIBIIYIOCA BOAY, TO OHAa HAaKAaIUIMBA€TCs Ha JHE pe3epByapa W MpuU
PE3KOM YBEJIIMYEHUHU pacxoia TOILIMBA (IIEPUOJMYECKOE 3al0JHEHHE PACXOIHOTO
pe3epByapa, yBEIMYEHHE HAarpy3kd KOTJIOB M T.II.) BO BCAChIBAIOIIMN NATpPyOOK
MOXET NOCTyNaTh BOAa, oOpasyrolas BOJASHbIE NPOOKH, 3aMOJHSIOIIAE BCE
CEYEeHHE Ma3yTONPOBO/IA U MPAKTHYECKH HE CMEIIMBAIOIIMECS C Ma3yTOM [0 Tpacce
JIBUKCHMUSL.

Orcrola CTaHOBUTCS SCHBIM, 4YTO THIATEJIIBHOE IIEPEMEIIMBAHUE BIIATU
C Ma3yTOM M BBIPDABHUBAHHE €r0 COCTaBa B pe3€pByape IO3BOJUT MPEIOTBPATUTH
nomadyy  Boabl K ¢opcyHkam. [Ipy  BBIOJIHEHWM  3TOTO  YCJIOBHS
BBIOOP THIIA U MECTa YCTAHOBKH 3MYJIbTUPYIOLIETO anmapaTta OyIyT ONpeaeisIThes
CIIEIYIOIMMU OCOOEHHOCTSIMM TEXHOJIOTMYecKoil cxembl. [IpuBeneHHbIE BbILIE
OCOOCHHOCTH 3KCIUTyaTallud pPE3epByapoB, TPeOyIOT YCTAHOBKU IHUCIEpPraTropa
IIOCJIE OCHOBHBIX pe3€pBYyapoB (puc. 3€.) U peuupKyysiiuu B peseppyap BTO. [1pu
TOM 00€CIeUrBaeTCsl CTa0MIM3alMsl COCTaBa TOIUIMBA B OCHOBHBIX pe3epByapax,
TaK KaK BOJIOMa3yTHbIE AIMYJbCUU OTINYAIOTCS JOCTATOYHO BBICOKOM arperaTuBHOMN
U CEIMMEHTAlMOHHOM yCTOMYMBOCTBIO. B pacxomHOM pes3epByape OJHOPOJHOCTH
AMYJIbCUHA MOXET MOJAJEPKUBATHCS PELMPKYIISIUEH OT TOPEIOYHBIX YCTPOMCTB .

B Haunbonee mMoOJHYIO TEXHOJOTHYECKYHO cxemy (puc. 3’.) Ma3yTHOTO
xo3giictBa KpynHot TOC ¢ [AByXCTynmeH4aTol mOJaue TOIUIMBA, BXOIUT
OMYJBIUPOBAaHUE M TOJOIPEB CIIMBAEMOIO M3 JKEJIE3HOAOPOXKHBIX ILUCTEPH
BBICOKOBSI3KOTO M TSKEJIOTO TOIUIMBA, TAK KaK TaKWE BUJbI TOIUIMBA OTCTAUBAIOTCS
HEJ0CTaTOYHO 3(PPEKTUBHO U Upe3BbIYAHO 10Jr0. TeM He MeHee B cXeMe J0JIKHa
YUUTBHIBaTbCSI BO3MOKHOCTh IE€peKayMBaHUs HanbOosee OOBOJHEHHBIX HMKHUX
CJIOEB TOIUIMBA B OJWH U3 OCHOBHBIX pe3epByapoB. OcTaBHIMIICS IOCHE
NIEPEKaYMBaHNUs Ma3yT IPpU XPaHEHUU SMYJIBIHPYETCS IEPUOJAMYECKH, IO MeEpe
KOAJECUEHIMM M  YKPYNHEHUs pa3MepoB Kamedab BOJHOM  Qasbl.  [ns
AMYJIbTUPOBAHUSI PEKOMEHAYETCS MCIOJIb30BATh TOMOTEHU3UPYIOIIUE YCTPOKUCTBA
CTPYHHOTO THIIA, KaK HE TPEOYIOIIME MOCTOSIHHOTO KOHTPOJSL U OOCIyKUBaHUS U
OTJIMYAIOUIUECS TPOCTOTON KOHCTPYKIIUU.

'unpomexannueckass oOpabOTKa W 3MYJIbIUPOBAaHUE Ma3yTa B OCHOBHBIX
pe3epByapax SIBIS€TCA MpeABapUTENIbHOM cTaaueld ero oOpaboTKH, Tak Kak ee
NEPUOANYECKUN XapaKTep HE MO3BOJIAET BBIACPKUBATH TpeOyemble Ui CKUTAHUS
XapaKTEPUCTUKN BOJOTOIUIMBHBIX 3MYJIbCUH. OCHOBHAsSI CTaausl 3MYJbIUPOBAHUS
OPOU3BOAUTCS Tepes (UIbTpaMU TOHKOM OYUCTKM WM, €CIU HE MO3BOJISIOT
TEMIIEpaTypHBIE YCJIOBHS 3KCIUTyaTallMd JUCHEPTUPYIOLIETO arapara, Mepen
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nojorpesaresnieM. B pe3ynbrare oOpaOOTKM TOIUIMBA HETIOCPEJACTBEHHO MEpe]
C)KHUTaHUEM TMpeAoTBpaIaeTcsi 00pa30BaHME BOJSHBIX IY3bIpe B TOIUITMBHBIX
JUHUSX, CHIDKAETCs 3arpsi3HeHue (QUIbTPOB TOHKOM OYUCTKM M apMaryphl,
yYMEHBIIAeTCsl a0pa3UBHBIN U SPO3UOHHBIA U3HOC U 3arpsi3HEHHE (POPCYHOK.

B mpoiecce MpoCTHIX TEXHOJOTMM OYKMCTKM 3arpsi3HEHHBIX HedTe-
MPOJYKTaMU CTOYHBIX BOJ| BBIJIEISETCS 4YacTh CTOKOB C JIOCTATOYHO BBICOKUM
coJiep>KaHUEM He(TENPOIYKTOB, nanbHeiIee OTJIeJICHUE KOTOPBIX
OT BOABI TpeOyeT CIOXHOW U JOporocTosiieii TexHomormu. lloaTomy B
CXeMe IMpeaycMaTpuBaeTcss cOOp ATUX BOA U JPYTMX TOPIOYMX OTXOJOB B
pesepByape 18, B KOTOpOH, TpH HEOOXOTUMOCTH HOOABISETCS Ma3yT U3
OCHOBHBIX PE3€PBYapOB W 3Ta CMECh IMOCJE 3MYJbIHPOBAHUS BO3BpAIACTCS B
OCHOBHBIE  pe3epByapbl  WJIM  JO3UPOBAHO  J0OaBiIseTcss B MasyT
nepena puibTpaMu rpyooi OUHCTKU.

[Ipu pazpaboTke TEXHOJIOTHUECKONW CXEMbl IPUTOTOBIICHUS BOAO-TOIUTMBHBIX
AIMYJIbCUIM HEOOXOAUMO MPUHUMATh BO BHUMAaHUE CJIEYIONTNE TPeOOBaHNS

- MAKCHMaJbHOE€ COXPaHEHHWE CYUIECTBYIOIIEH CUCTEMBl Ma3yTHOIO
XO3SMCTBA;

- HAJEXHOCTb, HENPEPBIBHOCTH M MPOCTOTAa MPUTOTOBICHUS BOJO-
TOIJIMBHOW SMYJIbCHUH;

- BO3MOXHOCTh INI€PEXOJa C BOJOTOIUIMBHOW 53MYJIbCUM Ha OCHOBHOE
TOIUIMBO 0€3 OCTAHOBKHU TOTUITMBOCKHUTAIOIIUX arperaros;

- BO3MOXKHOCTb pPEryJMpOBaHHMS W TMOJACPKUBaHUS Ha TpeOyeMoM
YpPOBHE  OTHOIIEHUS  BOJA/TOIUIMBO B  OMYJbCUHU, KakK, Hampumep, B
[15].

K kadecTBy mucneprupyemMoil BOJbI MOXKHO MPEABSIBUTH TOJIBKO OIHO
TpeOOBaHUE - OTCYTCTBHE TI'PYOOIUCIEPCHBIX MEXaHWYECKUX TpuUMeced u
XUMHUYECKUX BEIIECTB CIIOCOOHBIX MPU TEPMHUUYECKOM OOE3BPEIKMBAHUM BIIArd
oOpa3oBaTb C TMPOAYKTaMH CrOpaHUs TOKCHYHBIE M BpPEIHBIE BBIOPOCHI.
[IpurotoBiaeHne -HMYyJIbCHM U3 MAaJOBSI3KMX TOIUIMB (JIM3€JIbHOE TOIUIUBO,
TOIUIMBO TIEYHOE OBITOBOE H Jp.) HE TpedyeT oOecnedeHus Kakux-Iudo
CHEUUAIIBHBIX YCIOBUH, 3@ UCKIIFOYEHUEM BBOJIa SMYJIbIaTOPOB AJIsI HU3KOKHUIISIIUX
TOIJIUB.

[IpoBeneHHBI aBTOPOM aHANW3 MOATOTOBKM OOBOJHEHHBIX TOIIUB K
CKWUTaHUI0 U DKCIECPUMEHTAIBbHBIE  HCCIEHOBAHUS [25] MO3BOJISIIOT
cAenaTh CIEayrolMe MPaKTUUEeCKUEe BBIBOBI, JAIOIIUE BO3MOXHOCTh pa3paboTarth
TEXHOJIOTUIO  XpaHEHWs MW  TMOJATOTOBKU K  CXKUTaHUIO  OOBOJHEHHOTO
JKUJIKOTO TOILJIMBA B YCIOBUSIX JCHCTBYIOIIMX U TMPOCKTUPYEMBIX MAa3yTHBIX
x03aicTB TOC, NMPOMBIIIIIEHHO-OTOMUTEIBHBIX KOTEIBHBIX M JAPYTUX TOIIMBO-
CKUTAIOIIUX arperaToB:

[Tpu HeOombIIOM  HayanbHOM  OOBogHeHmu  TomauBa  (mo  10%)
1[€JI€CO00Pa3HO YMEHBIIUTh pa3Mephl BKIIOYCHHH BOJHOM a3kl B Ma3yTe B
mpoliecce ero ciauBa WM MOJa4d B PE3EpPBHBIE  pE3epByapbl U
OCYILIECTBJISITh ~ €r0  XpaHEHWe B  BHJIE€  TOHKOJUCIEPCHOM  AMYJIbCUU
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TeMIepaTrypa AODKHA mojaepxkuBaThesi Ha ypoBHe 30-40°C B 3aBHCHUMOCTH OT
BA3KOCTH TorumBa. [lpm 3TOM OyayT HdOCTHraTbCsi BBICOKas OJHOPOIHOCTb
OOBO/JIHEHHOTO TOIUIMBAa M 00Jieeé PABHOMEPHOE paclpeiesieHue Bjiaru IO €ro

o0BeMy.
[Ipu OGonpIMX 3HAYCHHUSIX HAYAIBHOTO OOBOJHEHHUS, KOT/Ia YMYJIbIHPOBAHHUE
TOTLTUBA nepe; nojaven B pe3epByaphl Ma3yTo-

XpaHWINILA HelenecooOpa3Ho, Ooznee 3(PQPEeKTHUBEH OTCTOM BOABI M3 TOIUIMBA
temriepatype 60-70°C B Tedenme 80-1004. Ilocie 3TOro BO3MOMKHO CHUKCHHUE
BJIQXKHOCTH OCHOBHOW Macchl masyta a0 6-10% myTeM ynaneHUs OTCTOSIBIICHCS
BOJBI M CJIOS TOIUIMBA C BBICOKOM KOHIIEHTpalMend BOAHOM (a3bl B OTACIBHBIN
pe3epByap ISl JOMOJHHUTEIBHOTO OTCTaMBaHusA, mpudeM 3(G(HEKTUBHOCTH
nocieAHero OyaeT JOCTaTOYHO BBICOKA BCIIEACTBUE OOJBIINX Pa3MEPOB YACTHIL U
KOHLIEHTpaluy BOJAHOM (ha3bl.

JucnieprupoBaHue OCTaBLIEHCS B  OCHOBHOM  Macce  MasyTa
OPOM3BOAUTCS  3aTeéM B  Mpolecce  IUPKYISALUOHHOTO  IOAOIpEBa  WIH
HENOCPEACTBEHHO IMEpe] CXKUMaHUEeM B 3aBUCUMOCTH OT HEOOXOIMMOIo
HKCIUTYaTal[MOHHOTO PEXHMMa, B TOM YHUCJIE M CO CIEUUAIbHON 100aBKOW BOJBI B
TOILIUBO.

3.3 BuusiHHe JIMCNEPCHOr0 COCTABA BOJAOTOIUIMBHOM 3MYJbCHM HAa
npouecchbl ropeHus ¢gaxesa

[Ipu CKWraHud KUAKOTO TOINIMBA B KAaMEPHBIX TOIMKAaX OCHOBHBIC
O0COOCHHOCTH TIPOIIECCOB TOPEHUS MPOSBISIFOTCS TIABHBIM 00pa3oM Ha HAa4aJbHOM
y4acTKe daxkena, rae MPAKTHYECKU OJTHOBPEMEHHO MIPOUCXOISAT
BCE CTaJMM TOPEHHS - MPOTPEB M HCIApEHHE, BOCIUIAMEHEHHWE U TOPEHHS MapoB
TOIJIMBA, MHPOJU3 (TepMUYECKash IWUCCOIMANMS) TSHKEIbIX YIJIEBOAOPOIOB B
napoBoi (aze ¢ BeIMajieHHeM CBOOOJIHOIO yriepoa (caxu), BEITOPaHUsI KOKCOBOTO
octaTka ¥ 00pa30BaHus BPEIAHBIX BellecTs [6, 7 u ap.]

Haubonee mpocteie - Bu3yaJdbHbIE HAOIOJEHUS 3a TOpeHUEM (Qakena
BTD no cpaBHenuio ¢ ¢akenom 06€3BOJHOTO TOIUIMBA MOKa3aiu [2, 23 u ap.], 4To
daken cran Oojiee YHCTHIM C JIOCTATOYHO YETKO OUYEPUYCHHBIMU TPAHUIIAMU H
yMeHbIIWIach nanuHa ¢akena. B pabore [10] mpu cxuraHuum BOJAOMa3yTHOMN
IMYJbCUM BIAXHOCTHIO CBbIie 10% B kopHe (akena y amOpasypbl OTMEUasCs
OpeoJI U3 TOPSIIMX KarelieK, BHIOPAChIBAEMBIX 3a CUYET MHMKPOB3PBHIBOB Karelb
SMYJIBCUU. OTU U3MEHEHus ObuM  TmoATBepKIeHbl [11]  u3MepeHusMu
KOHIICHTpAIIMi Ta30BBIX KOMIIOHEHTOB MPOAYKTOB CTOpaHUs, MO pe3yibTaraM
KOTOpPBIX OBUIO yCTaHOBJEHO, uTO (aken crtan kopoue Ha 8-10% mpu
YBEIMYEHUH BIAXKHOCTH 3MyJibcuu a0 20%. Ha KoTenbHBIX yCTaHOBKax Mayiol
MOIIHOCTH, TJI€ TOPEIOYHBIE YCTPONCTBA HEJOCTATOUHO WHTECHCHUBHO CMEIIMBAIOT
TOTLTUBO u BO3/YX, OTMEYECHO COKpaIIeHHE JUTHHBI dakena
Ha 15-17% [17].

JlaHHBIE 10 KOHKPETHBIM pACIpEACNICHUSIM KOHIICHTPAIUA TPOTYKTOB
CropaHusi B TONEPEYHBIX CEUCHUSX ¢akena, OmnpeAesieMble B OCHOBHOM
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TUIIOM TOPEJOYHBIX YCTPOMCTB, XOTA M orpanuuensl [12, 21, 23], HO
MOKAa3bIBAIOT, YTO 30HAa AaKTUBHOTO TOPEHUSI BOJOTOIUIMBHOM  AMYIJIbCUH
COKpalllaeTcs M OTMEYAeTCs OTHOCHUTENbHO cilaboe BIUSHUE JUCIIEPCHBIX
XapaKTepUCTUK Ha MOJIsl Ta30BOr0 cocTaBa (akena.

Hanuyue B TOMIMBE BOJIBI, SBJISIFOIICICS TETUIOMOTIOMIAIOIIMM KOMIOHEHTOM
U B OOJBIIMHCTBE cliydaeB Oayiactom [21, 22 u np.], OKa3bIBaeT CYIIECTBEHHOE
BIUSIHUE  Ha  XapakTep  (U3MYECKUX  TPOLECCOB U XUMHYECKHUX
peakuuii, MPOTEKAIOINUX MPU TOPEHUM TOIUIMBA. OJHAKO CKUTAHUE TOIUIMBA C
JUCIIEPTUPOBAHHOM B HEM BOAOW M3MEHWJ B3IJIS[ HAa BOJAY KAk Ha OaiacT U
€CTECTBEHHO, YTO YCTAHOBJEHHBIM J((PEKT BTOPUYHOTO TUCIIEPTHPOBAHUS
(MukpoB3peiBa) Kamenb BTD, ompemenun kak moMuHUpyomee - (gusnyeckoe (B
OOJIBILIMHCTBE YIyUIlIEHUE cMeceoOpa30BaHusl) BO3ICHCTBUE HA MPOLIECCHl TOPEHUS
[2, 4 u ap.]. Kak XapakTepHCTUKy YHCTO (PU3UYECKOTO BIUSHUS MHKPOB3PHIBA
Karelib AMYJIbCUM W BBOJIa BOJIbI Kak Oajiacta B 30HY MHTEHCHUBHOTO TOPEHMUS
paccMaTpUBAIOT CMEIIEHHEe MaKCHMyMa TeMIieparyp ¢akena mo ero xouy [2, 12].

3aBepHIAIOIINMHU PEAKUUSIMU TOPEHHS YIJIIE€BOJOPOIHBIX TOIUJIUB SIBJISIFOTCS
peaKkiMy JOTOpaHusl OKCHJIa YIJIepoja M COOCTBEHHO YTIJIEpOJla HaXOJSIIErocs B
COCTaBE KOKCOBBIX M CAXHUCTBIX YACTUI. B MpPOTHUBOINOJIOKHOCTH MEXaHU3MY
ropeansi CO 1o 1EenHOM pa3BETBISIIOLIEHCS PEAKIMM, COBPEMEHHBIM MOAXOI K
MEXaHU3MY JIOTOpaHUsl OKCHJA YIJIepoJia, KOT/la OCHOBHOM peakiueit o0pa3oBaHus
CO mpu ypoBHSX TeMIlepaTyp XapaKTEepHBIX MJIA Ipoliecca TOPEHUs SBISETCA
peakiusi TepMuueckoro pasznoxenus paaukanra RCO [16], mokaspiBaeT, 4TO B
pesynbraTte TopeHuss CO MOSBIAETCA TOJBKO OJWH AKTHUBHBIA LEHTP — aTOM
BOJOPO/1a, KOTOPBIM TOJBKO CIIOCOOCTBYET MPOJOJKEHHUIO LIETIH.

Ve mnepBbie onbiThl A.M.MBanoBa [24] mokaszanu, 4TO TMPH CHKUTAHUU
BTD cHmwxkaeTcss KOHIIGHTpalusi CaXXHUCThIX dYacTull, a B pabortax [21,
24] yCTaHOBJCHO 3HAYMTEIHHOC YMCHBIICHHE HX pa3sMEpPoOB M TOITOMY HE
UCKJIIFOYEHO  OMNPEIEICHHOE  XUMHUYECKOE€  BIMSHUE  BOJSHBIX  MapoB
Ha TOPEHHME YIJIEPOJa, U3 KOTOPOTO B OCHOBHOM COCTOSIT KOKCOBBIE OCTAaTKH U
caxa. B moxarBepkIeHuWe  3TOrO  MPEANOJOXKEHUs B pane  pabor
no oxuranuio BTD [19, 23, 25] yka3piBaioT Ha yCKOpPEHHWE TOPEHHS YIiiepoja 3a
cyer B3aUMOJECHCTBHS BOJISIHOT'O napa U pacKajIeHHBIX BBIIIIE
1000°C cakucThIX YacTHIL (peaKIys BOASHOTO rasa).

Tak kak CKUraHue >KHUJKOrO TOIUIMBA B TOMOYHBIX KamMepax BMECTE
C KOHEUHBIMM MpOJyKTaMu cropanus yrieojaopoaoB H,O u CO, conpoBoxkaaeTcs
oOpazoBaHueM M BblOpocaMH B aTMochepy TOKCHYHBIX U  BPEIHBIX
COCIMHEHUW, KOJIMYECTBO KOTOpPHIX B OOJBIIMHCTBE CIIy4aeB 3aBUCUT OT
OpraHu3allid pPEeXKHMa TOPEHUS M B ONPENEJECHHOM CTENeHW OT CcocTaBa U
kauecTtBa TormBa [13, 16, 23 u Ap.], TO NpeACTaBIsET UHTEPEC PACCMOTPETH
TCHEPAlMI0 CAXHUCTBIX YACTHUIl  SIBJISIFONIUXCS WTOTOM  CJIOXKHBIX  (DH3HKO-
XUMHUYECKUX MPOIIECCOB, MPOUCXOISIINX B MAPOBOI (pa3ze BOKPYT ropsImx Kareilb
YKUJIKOTO TOTUIMBA.
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Mexanu3Mbl  00pa3oBaHUSI W BBITOPAHHWS CaXH TPH  CKUTAHUU
YIJEBOJOPOAHBIX TOIUIMB paccMOTpeHbl B pabotax [16, 18, 22] u B pabore
[25], rae BbIIONHEH COBPEMCHHBIM aHAlU3 TEOPUH OOPa30BaHUS YaCTHUIL
caxu. B pabote [28] mokazaHo, 4TO B XUMHUYECKOM cOCTaBe caxu coaepxurcs 0,5-
3,0% Bomopoaa Mo macce, KOTOPbIA XUMUYECKH CBsi3aH ¢ yriepoaoM. [locieanuii
GbakT MoATBEpKIAETCS TEM, UYTO MapalljieIbHO ¢ 0Opa30BaHUEM CaXKU B CXOJHBIX
YCIIOBUSIX MPOTEKAIOT MPOLIECChl 00pa30BaHUsl KAHIEPOTE€HHBIX MOJUIIUKINYECKUX
apoMatnyeckux yrieBogopoaoB (IIAY), BeposATHBIE MexaHWU3M OOpa30BaHUS
WHIUKATOpa KOTOPBIX - OeH3anupeHna obu1 npemtoxxed H.JI.CrackeBnuem [13].

[IpakTrueckn BO BCEX M3BECTHBIX padOTaxX MO CHKUTAHUIO BOJO-TOITUBHBIX
sMysbcui [2, 4, 23, ¥ Ap.| NOJIYy4EHO CHUKEHUE KOHIIEHTPAIMU CAXKUCTHIX YACTHI]
(CY) B mpoayKTax CTOpaHus dMYJIbCUU BIAKHOCTHIO 10 25-30% 1mpu BO3MOXKXHOCTH
YCTOWMYUBOTO CXKMTAHWSI SMYJIBCHH C TIPEACTBHBIM COIepiKaHueM Bobl 65-67% [9].

N3menenune pa3MepoB OJTHOM U3 COCTABIISIONIUX CAKUCTHIX YACTUI] KOKCOBBIX
OCTaTKOB (menocdep) [7] pu CXKUTaHUU BTD MIPUBOJIAT K
CHI)KEHUI0O WX pa3MepoB B 1,5-2 pa3za W CONPOBOXKIACTCS HM3MEHEHHEM
mMopddomoruu rienocdep [26]. Ecau pesynbraTsl B padote [26] ObLIH MOJyUYCHBI 0€3
ydyeTa JIHMCIEPCHBIX  XapaKTePUCTUK OMYJIbCHUU, TO aHAJU3 M3MEHEHHUS
JUCTIEPCHOCTU CaXM B 3aBUCUMOCTH OT JUCIIEPCHBIX XapakTepuctuk BTD mokazan
HE3aBUCHUMOCTh 3THX JBYX mapameTpoB. [IpoBencHHbIi B pabotax [16, 18] anamu3
AJIEKTPOHHBIX MHUKpoQoTOorpaduii A pa3IMIHBIX YCIOBHH CKUTAHHS, TTO3BOJIMI
OOHApYXUTh IIUPOKUM CHEKTp (GopM dYacTuil caxu, oO0IIee HU3MEHEHUE
pacrpeneneHuss pa3MepoB KOTOPBIX NpH CKUraHnu maszyra u BTO mosydeno B
pabotax [21, 24], rae, kak ¥ B pabote [5], OTMEUECHO CYIIIECTBEHHOE YMEHBIICHHUE
pa3MepOB CAKUCTBIX YaCTHII IPU CYKUTAHUHA dMYJIbCHH.

BonbIIMHCTBO METOAOB AMYIBIHPOBAHUS OCHOBaHBI B OOJBIICH WIH
MEHBIIIEH CTETeHHM Ha MEXaHWYECKOM BO3JCHCTBUH, 3aKIIOYAIONEMCS B
pa3npoOieHun 00BEMOB JHUCIIEpCHOM (a3pl Ha MENKHWE Kalid C TMOMOIIBIO
MEXaHUYECKUX M  THUAPOJAMHAMMYECKHX  MpolieccoB. ClOXHBIA  IpoIece
OMYJBTUPOBAHUS TMPU TEPEMEIIUBAHUM JIBYX SKHUJIKOCTEH TMPOXOJUT uepes
HECKOJbKO  CTajuii, TiepBasi W3 KOTOPHIX 3aKaHYMBAETCA  pa3jielieHuEeM
o0beMa aucnepcHor (a3pl Ha JOCTATOYHO KpymHbIe Karuti. Jlanee HaunmHaercs
COOCTBEHHO 00pa30BaHME IMYIIbCUH.

Jnst neopMupoBaHusi W pa3pylICHHs] >KHIKUX cep AucrnepcHoil ¢asbl
MPUKJIAABIBAIOTCS JIOCTATOYHO OOJIBIIME YCUJIUS, CBSI3AHHBIE C IPEOJIOJICHUEM
BSI3KOCTHOTO COTIPOTHBIICHUS M CHUJI TIOBEPXHOCTHOTO HATSHKCHHUSL.

Bo Bcex cmyuasx sMynsrupoBaHHUS HEOOpaTHMBIH pacmaa KPYIHBIX Karelb
IucTiepcHOM (a3bl MPUBOANUT K 00Pa30BaHUIO MEITKHUX Kallelh Pa3IUuIHBIX Pa3MEPOB
BCEr/la UMEIONIMNX CYMMAapHYIO TUIOIIA b TTOBEPXHOCTH MEHBINE, YeM MOBEPXHOCTh
Karelib paBHOTO pa3Mepa, 00pa30BaHHBIX M3 OJHOW M TOW ke OOJBIION Karum. A
TaK KaK 3aTpaTbl DHEPTUM HA HMYJCUPOBAHHE B OCHOBHOM OIPENCISIOTCS
oOpa3oBaHHEM HOBOW YBEJIMUYEHHOW MOBEPXHOCTH pazzena ¢a3, TO OJUHAKOBOCThH
pa3MepoB, MOJYYEHHBIX MPH TUCIEPTUPOBAHUU Karelb OyJeT JHEPreTHYECKU
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MEHEE BBITOJHA, W, TEM CAMbIM, IIPAKTUYECKA BO BCEX CIydasX AMYJIbTUPOBAHUS
PEOTPEACIIACTCS HEKOTOpas CTEIEeHb Pa3IMyusl pa3MepOB Karelb TUCIIEPCHOM
¢ba3zbl.

OdeBHIHO, YTO TOCHE IOCTIKEHHUS IUHAMHYECKOTO DPABHOBECHUS MEXKITY
YHCIIOM CIUBAIONIUXCS W PACMATAIONINXCS Karelb MPOJ0DKEHHE MEXaHUYECKOTO
BO3/ICHCTBUS HE JacT OIIyTUMOTO YITyUTICHHSI KadecTBa
OIMYJIBCUH, ¥ DHEPIHs, 3aTpadeHHasl Ha MPOAOJDKEHHE TMpoliecca dMYIbIHpOBaHUS,
OyZAeT UCToIb30BaHa HEMPOU3BOAUTEIHLHO. OCHOBHOE U3MEHEHHE PAa3MEPOB Kareb

MMpoOUCXOaUT B caMOM Ha4daJc 9OMYJbBI'UPOBAHUA,
a HIpPCACIbHBIC 3HAYCHHA MHHUMAJIBHBIX PA3MCPOB KaIICJICK, COOTBCTCTBYIOIIUC
COCTOAHUIO JUHAMH4YCCKOI'O PaBHOBCCHA, JOCTHUI'aOTCsL IIOCTCIICHHO.

A.A.AOpam30H [22] O0OBSICHSIET 3TO BO3pPACTAHUEM JKECTKOCTH KallelieKk ¢
YMEHBIIICHUEM HMX pa3Mepa, YTO MPUBOJUT K YXYAIICHUIO AUCIEPTHUPYEMOCTH U
IpOOJICHUIO KamelieK TOJbKO JO0 ONpPENeJICHHOTO Tpelena MpU TMOCTOSHHOMN
WHTEHCUBHOCTHU BO3/ICHCTBHUS.

Kak Oputo oTmedeHo B pazzaene 1., B MOJUIMCIEPCHBIX SMYIJIbCHUSX, MPU
IJIOTHOM YIaKOBKE KaresieK JUCIIEPCHOU (pa3bl MOXKHO JOCTUYbL KOHIeHTpamuu 90-
98%. st BOJOTOILIMBHBIX AMYJIbCUN BOIIPOC BBICOKOM
KOHIIGHTpAIllMd BOABl HMMEET OJUH OTBET, YTO JTO OyAeT KOHIICHTpAaIHUs,
MO3BOJISIONIAS  CXKUTATh TOIUIMBO YCTOMYMBO U 0€3 CpBIBOB. TeopeTHYecKH
Npu aauadaTHOM CXKWUTAHUU BOJOTOIUIMBHOW SMYJIBCHUU JI0 TOJHOTO HUCIIApEHUs
BOABI OTa KOHIEHTpamus coctaBuT okoino 93%. Ilpm pasmepax Kamemnb
JMCTIEPTUPOBAHHOM BOJIbI, OJM3KUX K pa3MepaM Karejb pPaclbUICHHOTO TOIUIMBA,
CYILIECTBYET BEPOSTHOCTh TAKWUX KOHIICHTPAIMI B OTIEJbHBIX KaIUISIX dMYJIbCUU U
Jaxxe TomnajaHue B paclbll TOIUIMBA Kareidb BOJbI, HE MOKPBITHIX TOIUIMBHOMN
000JI0YKOM.

Takum oOpa3oM IUCIIEPCHBIM COCTaB BOJOTOIIMBHBIX IMYJIbCUN SIBISETCS
BAKHEHUILIEH XapaKTEPUCTUKOU, SIBJISTFOLLIEUCS OCHOBHBIM KpUTEPUEM
pasziesieHus] TOHATUM COOCTBEHHO OHMYJbCHUM W CMECH BOJbI W TOIUIMBA, a
TaK)Ke€ KpPUTEpUEM MPUMEHUMOCTH AMYJIbCHH Jisi cxuranus. OOiee pasneneHue
AIMYJIbCUM TI0 pa3MepaM 4YacTHUIl AUCTEepcHOM ¢a3bl [7] Ha BRICOKOKAYECTBEHHBIE, C
pazmepom vactul oT 1 1o 10 MKM, 1 MEHee KaueCTBEHHbIE, C pa3MepaMu YacTHUIl OT
20 mo 50 MKM, YK€ TOKa3blBaeT HEOOXOJUMOCTh OICHKH JHUCIEPCHOCTH
BHyTpeHHeW  ¢a3pl. OJHAKO, TPUMEHUTEIBHO K  YCJIOBHUSIM  CXKUTaHHS
BOJOTOIUIMBHBIX 3MYJBCHI, TAKOE ONPEACIICHUE KA4eCTBA HOMYJIBbCUU CIEIYET
MPU3HATh HEMOJHBIM U YCJIOBHBIM, TaK KaK BBICOKOKAYECTBEHHOU OYyIIEeT SBISATHCS
BOJOTOTUIMBHAS AMYJIbCHS, obecrieunBaroIias HaWTy4IlIHe TE€XHUKO-
SKOHOMHUYECKHE M JKOJIOTHYECKHUE IMOKA3aTeJIM IMPOIECCOB TOPEHUS] U TOMOYHBIX
YCTPOMCTB. YUUTHIBasE MHOI0OOpa3ue TOMOYHBIX W TOPEJOYHBIX YCTPOWCTB, a
TaK)K€ Pa3JIMYHOE TEXHOJIOTHYECKOE HA3HAYCHHE BOJHBIX JT00ABOK K IKUIKOMY
TOIUUIMBY, CTAHOBHUTCS OYEBUIHBIM, YTO I[IOHATHE BBICOKOTO KayeCTBAa BOJIO-
TOTUTMBHBIX AMYJIbCHM, OCHOBAaHHOE Ha Tpajalliyd pa3MepoB IUCHEPCHOU (a3bl,
HETMOCPEIACTBEHHO CBSI3aHO C KOHKPETHBIMU YCIOBUSAMU UX UCIIOIb30BAHUS.

36



Hnsa oneHkd 3¢()EKTUBHOCTH MPOLECCOB 3MYJIbIUPOBAHUS, CTAOMIBHOCTH
OMYJIbCUI M HMX XapaKTEepUCTHK, a Takke JPQPEKTUBHOCTH  CHKUTAHMS
BOJOTOINIMBHBIX  3Mynbcuid  (BTD) HeoOxomumo  ompexpeneHue  pa3MepoB
YacTULl AUcIIepcHOM (pa3bl. Mcxons M3 BO3MOMKHOCTEH M HEAOCTATKOB HM3BECTHBIX
METOJIOB aHaju3a AMCIEPCHBIX XapakTepuctuk BTO, paccmorpeHHbIXx B pabote
[10], ocHOBHBIM MeTOJOM OBLI BBHIOpaH METOJ ONTHYECKOW MHKPOCKOIIMU Ha
Mukpockone «buomam-P14y», ob6opynoBanHoM MuxkpodotoHacaakon MOH-12.
O160p mpoO u monaroroBka mpemnapatoB BTD mpou3Boaminchk B COOTBETCTBUH C
pexomenmanusmu [6, 10]. [Ipu oOpaboTke MuKpodoTorpaduii HCIOIB30BAIACH
METOJIUKH.

Hecmotpss Ha mpocToTy amnmapaTypHOro OQpOPMIICHHS, HCIOIb30BaHHUE
ctangaptHoro wmeroaa Jluna-Crtapka [6] mis  ompeAesieHUsT  BIaXXHOCTH
BTD B mnpakTMke NPOBENECHHUS SKCHEPUMEHTAIBHBIX pabOT HE MOJYYHIIO
HIMPOKOTO MpUMeHeHMs. BcnencTBue Kkak HEJOCTAaTKOB IMPUCYIIUX CaMOMY
METOJly TaK U 0COOCHHOCTEW OTTOHKHU BOJIBI U3 dMYJIbCUH, ObLIO ycTaHOBJIeHO [10],

qTo MMPOAOJIZKUTCIIbHOCTD OTT'OHKH COCTaBJIICT 2-3 gaca,
a I1I0JIHOTAa OTTOHKH M COOTBCTCTBCHHO TOYHOCTD OIIPCACIICHUSA BJIA)KHOCTU 3aBHUCUT
oT AUCIICPCHOCTHU BMYHBCHﬁ, CHMIKAsACh C YMCHBIICHUCM

pa3MepOoB KareyeK BOJbI.

J1yist onipesiesieHys BIIaKHOCTH ToruBa U1 BT 3a 0CHOBY ObUT IPUHST METO/I,
WCTOJIb30BaHHBIN B JINNBTe [14]. [Tpu IIPOBEJICHUU aHaimu3a
B KEPAMHYECKHM pPEAKTOp MOMENaNnach HaBecKa >SMyJbcuu Macco 20r u
ompejeNnsuiach ee TeMmIeparypa. 3areM Mpu [EPEMEIIMBAHMM B SMYJbCHIO
BBOJMJIOCH 25 T KOHIIEHTPUPOBAHHOM CEPHOM KHUCIOTHI U (PUKCUPOBATIACH
KOHEYHasi TemIepaTrypa HarpeBa cMecu B peakrope. C MoMONIbI0 KaTMOPOBOYHOTO
rpaduka, MNOCTPOEHHOTO IO CHEIUAIbHO MPUTOTOBICHHBIM BOJOTOIJIMBHBIM
AIMYJIbCHSIM C U3BECTHBIM COJIEp)KaHUEM BJIAT'H, o pasHuLe
MEXKJly HayaJbHOM H KOHEYHOM TeMIlepaTypaMu OIpEeesaaach BIAXKHOCTh
smyiabcuu. CoOnto/leHne yCIIOBUSI pPaBEHCTBA HaudajdbHBIX Temmeparyp BTO
W CEpHOM KHCIIOTBI, a TakKX€ HCIIOJIb30BAHUE DJJIEKTPOIPUBOAA I MELIAIKH
MTO3BOJIMJIA TIPOU3BOIUTH U3MEPEHUS cojiepkaHus Biaru B auarma3one 0,05-0,25 mo
o0BeMy c OTHOCHUTEIBHOMN MOTPEIIHOCTHIO 3,5-4,0%.
C yBenmuuenuem Bharocoaepxanus g0 90% oTHocuTenbHas MOTPEITHOCTD
BO3pacTaia Ao 5,5%. Bpemst mpoBeieHUs aHaIu3a Py 3TOM HE MPEBBIIIAIO0 5 MUH.
[10].

[Ipaktuueckun  cepuueckas  ¢dopma  Kameiaek  BOAbl  IO3BOJISET
XapaKTepU30BaTh UX Pa3Mep OJHUM IOKa3aTelieM - PaauycoM I win auameTpom d.
OMyJIbCUU € TMPAKTUYECKH OJIMHAKOBBIM pa3MEPOM YaCTHUI[ JUCIEPCHOM (a3bl
HAa3bIBAIOT MOHOJUCHEPCHBIMU W, OYEBHUIHO, JISI XapaKTEPUCTUKU TUCIEPCHOTO
COCTaBa TaKWX AMYJIbCHH JIOCTATOYHO ONPENEIUTh ATOT pa3Mmep. B HEKOTOpbIX
cllydasx MOJy4aroT 3MYJIbCHM, KOTOpPbIE MO pa3MepaM YacTHI] IUCHEPCHOI (a3bl
npuOIKaTCsd K MOHOAUCTEPCHBIM. OOBIUHO B TEXHUUECKHUX CUCTEMAax IMOJIy4aroT
NOJINUCIIEPCHBIE  3MYJIbCUM, JUISl XapaKTEPUCTUKH JIUCIEPCHOCTH KOTOPBIX
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HEOOXOMMO HAWTH pacrlpe/esieHne pa3MepoB Kamenek aucrnepcHoit gasel. Ho u B
ATOM CiIy4ae OObSICHUMO CTPEMJIEHUE XapaKTepU30BaTh AUCIIEPCHBINA COCTAB OJHUM
napaMeTpoM, B KauyeCcTBE KOTOPOro Hauboyiee HIMPOKO NPUMEHSIOT CpEIHHE
paguychl WM JIHWAaMETphbl KallejleK AMyJbrupyeMoin skuakoctu. Kpome cpemHux
pa3MepoOB  JHUCIEPCHOCTb 3MYJIbCUM MOXKHO XapakTEpU30BaTb M JAPYIUM
YCPEIHEHHBIM M JOCTAaTOYHO BAXXHBIM II0OKA3aTEJIEM YAEJIBbHON IOBEPXHOCTHIO
paznena (a3, mpeacTaBisouIeil coOO0N OTHOIIEHHE CYMMapHOUM IMOBEPXHOCTHU BCEX
KareJeK, COJACPKAIIMXCS B €IMHULIE 00BEMa SMYIIbCUU, K ’TOMY 00bEMY.

HucniepcHocts BTD MOXHO BbIpa3uTh paclpeiesieHueM pa3MEpPOB Kareliek
U3 Maccel WM o0bema BOAHOM  (a3zpl.  bonee  mpeAanoyYTHUTENBHBIM
OyZeT WCIOJIb30BaHME MJAHHBIX paCHpEeNieHUuss M0 O00beMy WM [0 YHUCTY
KaleneK, COOTBETCTBYIOUIUMX OIPEIEICHHBIM HHTEpBalaM pa3MepoB, H B
ATOM ClIy4ae pacnpejieneHue OyneT Ha3bIBaThCs CUETHBIM. JlaHHbIE paclpeaesieHus
JUCIIEPCHOTO cocTaBa OMYJIbCUN MOT'YT OBITH IIPEICTaBIICHBI
B BHJE TaOiWll, YpaBHEHUH, BBIPAXKAIOUIMX (QYHKIHUIO pACIPENETICHUS WU
rpaguyeckux 3aBuUcUMOcTed. M3 3THX JaHHBIX pacnpeiesieHus, Mpexae
BCEro M3 Tabmul, HaumboJee TMPOCTO ONPEIEISIIOTCS CpPEAHHUE Pa3MEpHI,
KOTOPBIE  BBIUMCIIAKOT  HCIIONIB3Ys  METOABl MAaTEMaTUYECKOW  CTaTUCTHUKH,
KaK CPEIHEB3BELICHHBIC II0 YHUCIY KaleleK ¢ YYEeTOM BIUAHUA KaXIO0N
bpakuu Ha pa3mep.

PaBeHCTBO 3HaueHMI CpPENHMX AMAMETPOB, BBIYMCIECHHBIX OJHUM METOJIOM
UL OMYJbCMM €  OJMHAKOBOM  KOHIIEHTpalMeW  JucrepcHo  Qasbl,
HO TOJYYEHHBIX, HalpUMEp, pa3IMYHbIMU CIOCO0aMHU, HE JAaeT OCHOBAaHUU
npeanojaratb 00 UIEHTUYHOCTH XapaKTEPUCTHUK M CBOMCTB ATHX AMyJsbcHil. Tak
MOHOAMCIIEPCHASA U MOJMAMCIEPCHAs YMYJIbCUM C PAaBHBIMHU 3HAYEHUSAMH CPEIHUX
JIAaMETPOB yxKe OyayT OTJINYATHCS pacrpeneneHueM
pa3mepoB Kanenek. Orcropa cieayeT, 4YTO 3HAUYEHHWE CPEJHEro pasMmepa
KarejgeKk JucrepcHol (a3pl HE TMO3BOJIAET IMOJHOCTBIO — XapaKTepU30BaTh
JUCIIEPCHOCTD DMYJIbCHM.

B MareMaTHuecKou CTAaTUCTUKE OTKJIOHEHMS CIy4alHBIX BEJIMYHMH OT
UX CpEIHEero apu(MeTHYecKOro 3HAYEHUs, 4YTO COOTBETCTBYET OTKJIOHEHHSIM
pa3MepoB OTHENBHBIX Kaleliek OT cpeaHero auamerpa d, XapakTepusyroT
JMCTIEPCHUEH a , BBIYHUCIIIEMOM 10 popmyie:

n -(d —d)?
0_2 :Z i ( i ) ’ (1)
don -1
rae N, - YHCIIO Kamenb, d. - cpeaHHMil pa3sMep Kaluld B i-M HHTEPBAJE;

N - o0lIee YHUCIIO Karleb.
Ha mnpaktuke B KayecTBe mMapaMmeTpa, XapaKTepU3YIOIIEero paz0opoc
3HAYEHHUU CIIyYalHOW BEJIMYMHBI, UCHOJIB3YIOT CPEIHEKBAJIPATUYHOE OTKIOHEHUE

OT CPEAHETO 3HAYEHUsI, PABHOE KOPHIO KBAIPATHOMY U3 TUCIIEPCUU o =0 .
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Takum oOpa3om, 3HaU€HUE CpPETHETO . JUMaMeTpa U JUCHEPCUU WIU
CPEIHEKBAJPATUUYHOTO OTKJIOHEHHUsI 0oJjiee TPEICTaBUTENIbHO XapaKTepU3yloT
pacrmpejielieHHe pa3MepoB  KallellieK 3MyJIbrupyeMod skuakoctu.  OJHaKo,
UCIIOJIb30BAHUE JIBYX Pa3MEPHBIX BEIMYMH JUISI OLEHKH TUCIEPCHOCTH HE BCETAa
SBJIETCS yI0OHBIM u 03TOMY CTENIEHb JTUCTIEPCHOCTHU
WM OJTHOPOJHOCTH OLICHUBAIOT KO3(PHUIIMEHTOM Bapuallii, PABHBIM OTHOIICHHUIO
CPEIHEKBAPATUYHOTO OTKJIOHEHHUS K CPETHEMY TUAMETPY:

05=d=’ (2)

C Joctaro4yHbIM I MPAKTUYECKOTO HCIOJIb30BaHUS  MPUOIIMHKEHUH
npu 3HaueHuu kod(pdurnuenta Bapuanud o < 0,15 sMmynbcui0O MOXKHO
XapaKTeprU30BaTh KaK MOHOJAUCIIEPCHYO [60].

bonee monHOe mpencTaBiieHHE O AUCHEPCHOCTH 3MYJIbCUH M HAIJISIHOCTh
naeT rpaduyeckoe NpPEACTaBICHHUE paclpenesieHuss o0beMa WIM KOJUYeCTBa
KareJieK IUCIIePCHOM (pa3bl B 3aBUCUMOCTH OT UX Pa3MEPOB .

[lepBuuHblE  NaHHBIE, MCHOJIB3yeMble [JII  MOCTPOEHUs  IpauKOB
JUCIIEPCUOHHOIO aHallu3a, NpPEJICTaBIIAIOT, KaK IMpaBWjo, B BHJE TaOuIl,
BKITIOYAOIINX 3HAYCHHS KOJMYECTBA BCEX KalelieK, pa3Mep KOTOphIX (pamuyc )
HaXOJUTCS BHYTpH OIIPEEIIEHHOT O MHTEpBaia JIr. 3Ha4YeHHE
uHTepBasia  pekomenayercs  [20]  mpuHMMaTh ~ HE  TMOCTOSHHBIM, @
IPONOPIMOHAIBHBIM ~ 3HAYEHUSM  CPEJHEro paauyca BHYTPUM  MHTEpBaia.
Takue naHHBIE pacnpenesieHuss pa3MepoB KarmelleK AUCIEepCHOM (a3bl JIerko
IPEJCTaBUTh B BHJIE€ TUCTOTPAMMBI, IO OCH aOCIMCC KOTOPOM OTKIIaJbIBaeTCs
pa3Mep Kamesek, a IO OCH OpJAMHAT — OTHOCHUTENIBHOE COJEP)KAHHME KaIleJIeK C
pa3mMepamu, COOTBETCTBYIOIIUMU ONPEACICHHOMY UHTEpBaly (puc.2).

Ecnu mpoBecT TIUIaBHYIO KpPHUBYIO Y€pe3 BEpPUIMHBI MPSMOYTOJBHUKOB
TUCTOTPAMMBI, TPEJICTaBIsIIoNINE co00M nuddepeHnaibabie Ppakiuu Kamneiaek, TO
noinyuyuM  audPepeHManbHyl0  KPUBYIO  pacOpeiesieHHs, H300pakarolryro
OTHOCHUTEJIBHOE CoJIep KaHHe KareJiex, paauyc KOTOPBIX 0oJbIIE
WIM  MEHbIIE JIAHHOTO 3HaueHus paauyca. [lomydaroT 3TH  KpHUBBIE
MOCJIEIOBATEIbHBIM CYMMHPOBAHUEM WJIM MHTETPUPOBAHHMEM YHCIA KareleK OT
3aJaHHOrO pa3Mepa I 70 OECKOHEYHOCTH MJisi KaleleKk C  pa3MepoMm
Oonpiie r, U moaydaroT ¢GyHkmui ((r), HEMpPEpHIBHO YOBIBAIOIIYIO C YBEIH-
yeHueM pasmepa (kpuBble 1-3 Ha puc. 3a). Jlnusg kameiaek ¢ pasMepom
MEHbIIE [ HWHTErpUPOBAaHME BEAYyT OT HYJIS [0 3aJaHHOrO pasmepa I U
MOJYYaroT HENPEPBIBHO Bo3pacTarollyio ¢pyHkuio Q(r) (kpuas 4).

[Tomygaembie TakumM oOpazoM GYHKIMA WM KPUBBIE  HA3bIBAIOT
KyMyJIaTUBHbIMU [lpencraBieHHble Ha puc.3 KpUBbIE paclpenesieHus Kameib
nucnepcHo (aspl AMynbcuM Bonbl M Ma3yta [10] mosydeHbl B pPOTOPHO-
nyJibcanMoHHOM anmapare [18] (kpuBeie 1, 4), kpuBbie 2 B ammapare
[14], pa3paboTaHHOM MJisi TOJTy4EHUsS] OJM3KUX K MOHOIUCIIEPCHBIM 3MYJILCUH, U
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YCOBEPIIEHCTBOBAaHHOM aucneprarope [13] Ha OCHOBe IIeCTEepeHYaToro Hacoca
(kpuBbIE 3).

Pacnionaras pacueTHBIMM  XapaKTEepUCTUKaAMU pa3MEpOB Kamelek u
aHANMM3UPYd KyMYJSITUBHbIE U Jud@epeHIMalbHble KpUBBIE pacIpeneseHus
MOKHO CJIeJIaTh BIIOJIHE OIMpPEJEICHHbIE BBIBOJBI O NUCIIEPCHOCTH 3IMYJbcuid. Tak,
byHKUMM ~ pacmpenelieHus ~— Ha  puC.3 MOKa3bIBAIOT,  4YTO  KPHUBBIE
1 COOTBETCTBYIOT MOJIMJIMUCIIEPCHON AMYJIBCUHU C JOCTATOUYHO MAJILIMU pa3MepaMmu
Karenek  gucnepcHo  ¢aspl.  CoctaB  nucnepcHOd  Gasbl  AMYJIbCHH,
OJIM3KUI K MOHOJHMCIIEPCHOMY OTpPa)karoT KpuBbIe 2. VI3 cpaBHEHUS! KyMYJISITUBHBIX
KpUBBIX 2 ©W 3 C COOTBETCTBYIOIMMH Ju(depeHIINaTbHBIMA  KPUBBIMHU
pacnpeneneHus JIETKO 3aMETHTb, 4TO 0JIM30CTh KYMYJISITUBHBIX
KPUBBIX M 3HAQYEHUW BEPOSATHEUIINX pAIAYCOB KaleleK HE I03BOJISET
UIECHTU(PUIUPOBATh JTUCIEPCHBIM COCTaB  AMYJIbCUN, OTPAXEHHBIA OATUMHU
KpUBBIMU.  OMYJbCHUS, TPEACTABICHHAs KpUBbIMU 3, sABisgercs  Oosee
noyuaucrepcHo u rpyooi. HaumOGonbmielt cummerpuedt nuddepeHnnanbHbIX
KPUBBIX pacrpeseneHusi o01afalT MOHOJUCHEPCHblE M OJM3KUE K HHUM
AMYJIbCHH.

3.4 Peojiornueckue CBOMCTBA BOJAOTOIUIMBHBIX IMYJIbCHIA.

IIpakTyecku BCe JTambl  TEXHOJOTMYECKOM  MOATOTOBKM  JKMIKUX
HHEPreTUYECKUX TOIUIMB K CXKUTAHMIO (TPaHCHIOPTUPOBAaHUE IO TPyOOMpOBOJIAM,
IIPOAOJIKUTEIBHOCTD 51 CHOCOOBI CJIMBHBIX onepanun pu
TPAaHCIOPTUPOBAHUU  KEJIE3HOJOPOKHBIM,  BOAHBIM M  AaBTOMOOWJIbHBIM
TPAaHCIIOPTOM, IIOJTHOTA OTCTaWBAaHUSA BOJBI U CKOPOCTb OCAXKICHUS MEXAaHUYECKUX
NpUMECEN TMPU  XPAHEHHHM, TOJAOTPEB TOIUIMBA W €r0  NPOKAYMBAHME
Hacocamu, a Takxke 3((PeKTUBHOCTh pabOThl (POPCYHOK M KaYECTBO PACIbUIMBAHUS
MMU  TOIJIMBA) B  CYIIECTBEHHOM  Mepe  3aBUCAT  OT  TEKYyYeCTH
TOILINBA, KOTOPast ONPEAEIAETCS BA3KOCTBIO.

BONBIIMHCTBO KUAKUX DJHEPreTUYECKUX TOIUIMB, B YAaCTHOCTH Ma3yThl,
OPEJCTaBISIIOT  co00M  MHOroasHyro  JUCHEPCHYIO  CTPYKTYPUPOBaHHYIO
CUCTEMY M OTHOCATCS K TaK Ha3blBAEMBIM HEHBIOTOHOBCKUM JKUIKOCTSIM,
T.€. K )KHJKOCTSM, NpHU 1e(hOPMUPOBAHUM KOTOPBIX HE COONIOAAETCS 3aKOH TPEHUS
HproToHa M DPOUCXOOUT HU3MEHEHHE MEXKMOJIEKYJSIPHOTO B3aWMMOJIECUCTBUA U
U3MEHEHHUE XapaKTepa CTPYKTYpooOpa3oBaHus C pa3pylIeHHEM WM 00pa3oBaHUEM
arperaToB 4YacTHI[ U CBA3E€M MEXIAy HUMU. PaspylieHue IOCTaTOYHO aXypHOHU
CTPYKTYPHOU CETKHU CBS3€M MEXAY YaCTHMLAMU IIPU TEUYECHUU CTPYKTYPUPOBAHHOU
KUJIKOCTU IMPOSBIACTCS B YAAJIEHUHM YacTUL[ APyl OT Jpyra Ha pacCTOSHUE,
MpEBBIIIAIOIICE aCOPOIIMOHHO-CONBBATHRIN cIoN. [loaToMy paboTa BHEITHUX CHJI
3atpaunBaetrcs [20] He TonBbKO Ha mpeomosieHue UCTHHHOW (HBIOTOHOBCKON)
BSI3KOCTH 77,,, HO U Ha PAa3pyLICHUE CTPYKTYPHI, JOIOJHSAIOMIEH KaXYILIYIOCA WU

5} (HEKTUBHYIO BA3KOCTh 77, CTPYKTYPHOM COCTaBISIOWIEN 7, ; TOTAA 775 =17, +17,,, -
Jnst apdexTuBHOrO mnepekaurBaHUsl BBICOKOBSI3KMX Ma3yTOB MPUMEHSAIOT HX
MOJIOTPEB, MO3BOJISIFOLITU I NOJJIEP)KUBATh BSI3KOCTh Ha YpOBHE,
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COOTBETCTBYIOIIEM  HECTPYKTYpUPOBaHHbIM  cuctemaM. OnaHako  mocie
MPEKpAILlEHUs] HarpeBa, JOaKe JO0 BeCbMa BBICOKMX TEMIIEpATyp, CTPYKTypa
Ma3yTa BOCCTAHABJIMBAETCS U BA3KOCTh JOCTUTAET MIPEKHETO 3HAYECHUS.

N3Menenne Temmeparypsl TOIUIMBA  HEMOCPEACTBEHHO  BIMSET  Ha
MEXMOJICKYJISIPHbIE ~ B3aUMOJICHCTBUA U CTPYKTypooOpa3oBaHHE, KOTOPOE
ONpENENIAET AaHOMAJbHBIA XapakTep BSI3KOCTH CTPYKTYPUPOBAHHBIX TOILUIWB
U MOXET pajuKalibHO U3MEHUTH PEOJIOTMYECKUE CBOMCTBA, KOTOPbIE HEOOXOIUMO
VUUTBIBATh  Hapsily C  HBIOTOHOBCKOM  BsA3KOCThIO. Ilpu  cHmkeHUM
TeMIEpaTypbl Ma3yTOB HUKE OIPEICICHHOIO0 3HAYEHHSI B HUX HAYMHAETCS
oOpa3oBaHHE CTPYKTYPHBIX KOMIUIEKCOB, a TpU TeMIeparypax, OIM3KuX
K TeMIIEpaType 3aCThIBaHMS, MA3yThl SIBIISIIOTCS MOJHOCTBIO CTPYKTYPUPOBAHHBIMU
U U3 BI3KOTEKy4Yed O KUJAKOCTH MOTYT TNIpEeBpallaThCsl MPAKTUYECKH B
NICEBJIOTUIACTUYECKOE TEJI0, Y KOTOPOr0 aHOMalbHOCTh 3((PEKTUBHON BSAZKOCTH
MPOSIBIISIETCSI B YMEHBIICHUU BSI3KOCTHM C YBEIWYEHHUEM TPAJUEHTA CKOPOCTH
nepeMeneHus xuaxoctu [18].

[IpunuMas BO BHHMMaHHE 3Ty aHOMAJIbHOCTb, HEOOXOJUMO OOBSCHUTH
pesynabpTaT [8] pocTa M TMOCJIEAYIOIIEr0 CHIDKEHUS BSI3KOCTH OE€3BOJHOTO
Ma3yTa 0 MEPE YBEJIMUYCHHUS AaBICHUS TOMOT€HU3ALNH.

Tak kak Cc poCTOM JaBJ€HUS B TOIUIMBE MPOUCXOAUT Jedopmarus
CJIOKHBIX MOJICKYJISIDHBIX COCAUHEHHI, a TPHU OYEHb BBICOKMX JIaBICHUSIX
MPOTEKAHNE XUMUYECKUX PEAKIUi KOHJICHCAIIUU U TTOJIMMEPHU3ALINH, TO

ONPEAECTAEMBIN ATUMHM IPOLECCAMUA MEXAHWU3M YBEJIMYEHUS BA3KOCTH [S1]
HayuMHaeT mnpeBamupoBaTbh. OJHOBPEMEHHO C PpPOCTOM [IaBJICHUS HAYUMHAET
YBEIIMYUBATHLCS TPAAUCHT CKOPOCTH MEPEMEIICHUS TOIUIMBA B TOMOTEHU3UPYIOIICH
rojioBke W B pe3ynbrate (nmpu gaBiaeHun 30 MIla) aHoOManbHBIA MEXaHU3M
YMEHBIIICHUS BSI3KOCTH KOMIIEHCUPYET €€ POCT.

PaccmoTpenHslii  mpuMep TOMOTeHM3aluu [8] Tmokaszan, 4YTo W TpHU
JIPYyrux crocobax oO0paOOTKM JKHUJAKUX TOIUIMB HEOOXOAUMO  OIICHUBATh
BO3MOXXHOCTh HW3MEHEHHMS HX BSI3KOCTM W Jal OCHOBaHUE IMOJaraTh, 4YTO
JUCIIEPTUPOBAHUE B KUJKUX KOTEJIbHBIX TOIUIMBAX HOBOW, MEHEE BSI3KOM,
BOJHOM (ha3bl, OJKHO, €CTECTBEHHO, M3MEHUTh BI3KOoCcTh BTD mo cpaBHEHHUIO C
BS3KOCTBIO HMCXOJHOW TOIUIMBHOW OCHOBBI (JIMUCTIEPCHOHHOW Cpefbl). YUHUTHIBAS,
4TO 3HAYEHUS BSI3KOCTH KOMIIOHEHTOB AMYJIbCUI BOJIbI U
OOJIBIIMHCTBA KUJKUX DHEPreTUYECKUX TOIUIMB 3HAYUTEIBHO pPa3auyarorcs,
cienoBasio OBl OXHUJATh CHHIKEHHE BSI3KOCTH JMYJBCHUU TI0 CPaBHEHUIO
C TOIUIMBOM C yBEJIMYEHUEM KOHIICHTpaIuu BOAHOUN (a3bl. OqHAKO IKCTIEPUMEHTHI
[4] noka3zamm, 9to  Bs3kocTh BTD  Belle  BA3KOCTH  HCXOIHBIX
ToruB. IIpu STOM OBLT YCTAHOBJIEH NPOTHBOMOJIOKHBINA XapakTep BIUSHUS
BJIQYKHOCTHU Ha BSI3KOCTh AIMYJILCUHN TSKEIBIX U 00JIee JIETKUX TOILIUB.

Kak cnegyer w3 paboter [22], yBemuuenue Bszkoctu BTD, mo
CPaBHEHHMIO C BSI3KOCTBIO HCXOAHOTO TOIUIMBA, CBSI3aHO C IPUCYTCTBUEM
B BBICOKOBSI3KMX Ma3yTax €CTECTBEHHBIX, a B MEHEE BS3KUX TOIUIMBAX
CHEHUAIBHO BBOJUMBIX TOBEPXHOCTHO-aKTUBHBIX BemlecTB (IIAB) - amynbraropos,
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oOpa3ylomux  MOBEPXHOCTHBIE  CJIOM Ha  TpaHule pasgena ¢a3 ¢
MOBEPXHOCTHOM BSI3KOCTHIO, OTIMYAIOUIEHCS OT OOBEMHOW BSA3KOCTH KHUJ-
KOCTed BHYTpM M BHE Kamelb. MHOe O0ObSICHEHHE YBEIWYEHUS BI3KOCTU
IMYJbCUM 3aKiouaerca B ToM, u4To azacopouuss I[IAB Ha mnoBepxHOCTH
Karneiab CHUXAeT €€ TMOBEPXHOCTHOE HATSHKEHME U KOHBEKTHBHBIM TMOTOK
AMYJIBraTOpOB HU3MEHseT KoHIeHTpauuio [IAB BOmu3u, a ciemoBarenbHO,
Ha TOBEPXHOCTH KaIUIM. OTO OOCTOSTENBCTBO MPUBOJAUT K TOMY, 4YTO
Mex(pazHOe HATSHKCHHE CTAHOBUTCS HEOJAMHAKOBBIM B  Pa3MUYHBIX TOYKAaX
MOBEPXHOCTU KaIlJlM, B CHJIYy YE€ro BO3HUKAIOT TAHINE€HUMAJIbHbIE KaIWJUISIPHBIC
HaIpsDKEHUS, BOBJICKAIOIINE KUIAKOCTh MO 00€ CTOPOHBI MOBEPXHOCTH KaIlId B
JOTIOJTHUTEIbHBIE TEYEHUS, BHOCUMBIE Karieu BO BHEIIIHUI
HOTOK.

Orcrona cnenyer, yTo u3MeHeHHne Bsi3kocTn BTD ompenenseTcs BEIUUYUHON
MOBEPXHOCTH paszzena (a3, KoTopas, B CBOIO 04epellb, 3aBUCUT OT JUCIEPCHOCTU U
BJIAYKHOCTH SMYJIbCHH.

OcCHOBBIBasICb Ha 3TOM BBIBOJE, MCCIEAOBAHUSAX BIUSIHUS CPEIHETO
quaMeTpa Karmeiab BoAbl Ha A3(G(EKTUBHYIO BSI3KOCTh SMYJIBCHU BOJAa-MAaciio
" HEJ0CTaTOYHOCTH KOHCTaTaluu MIPOTUBOIOJIOKHOCTH BIIUSIHUS
BJI&JKHOCTH HA BS3KOCTb OBMYJbCHM BOABI C pa3iIvyYarolleicsl TOIUIMBHOMN
ocHOBOM [5], Obuia mpou3BeJeHA HKCIIEPUMEHTAJIbHAs TMPOBEpKA BIUSHUSA
JIUCIIEPCHO-BIIAKHOCTHBIX ~ XapakTepuctuk BTDO Ha ux  peonormyeckue
CBONCTBA.

B nopsanke yBenuyeHHs] HWCXOOHOW BA3KOCTM  TOIUIMBHOW  OCHOBBI
UCCJIEIOBAIMCh 3MYJIbCUM MOTOPHOIO TOIJIMBA, CMECH MOTOPHOIO TOILIMBA
c MmazytoM M-40 u wmazyra M-40. Jlns ompeneneHHOCTH, TpU TMPOBEPKE
BJIUSIHUS BJIQXXHOCTU 3MYJIbCUU TOTOBWJIHCH M HCCIEAOBAIUCH IPHU TeMIepaType
40°C ¢ nOpuMEpHO OAMHAKOBBIM JUCIEPCHBIM COCTaBOM CO  CPEIHHM
paanycoM Kamenb BoAbl Omu3kuM kK 10 MkM ¢ KodhdUIIMEHTOM BapHaliu
pa3zmepoB 20-25%.

Hcnonp3ys moaxosl [25] k onpeeneHHIO BA3KOCTH 3MYJIbCHI, COBMECTHO C
K.B.llleBeneBriM [12], Ob1a cosmana moaudukanus BUcko3umeTpa [emmiepa c
ANIEKTPOHHON (UKcaIlued MPOJOKUTEILHOCTH TafeHus mapuka [11]. s
KOKJIOT0 3HauyeHus BiaaxHocTH BTD roroBunace cMech 3aJaHHOIO COCTaBa M
JIVCIIEPCHOCTH, U3MEPEHUS BSI3KOCTH KOTOPOM MPOBOAWINCH HE MeHee 12 pa3, mpu
TOM OTHOCHUTEJbHAsI TOTPENIHOCTh HM3MEPEHUs] BPEMEHU IMaJeHUs IIapuKa He
npessbimana 2,5%.

DKCIEPUMEHTHI O OMPEACIICHUIO BA3KOCTH 3MYIBCUU BOABI U MOTOPHOTO
TOTUIMBA MOKa3ajau (KpuBas 2 Ha pUc.4), 4YTO YBEIMUYECHUE BIAXKHOCTH dMYIBCUU 0
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25% oTpakaeTcs MPaKTUUECKU MOHOTOHHBIM POCTOM BSI3KOCTH.
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Pucynox 4- 3aBUCUMOCTh BSI3KOCTU BOJOTOIUIMBHBIX OMYJIbCHUH  OT
BiIaKHOCTH mpu Temneparype 40°C. l-ocBeTUTENnbHBIN KepocuH [5]; 2-MoTopHOE
TOILIMBO; 3-5 -MOTOPHOE TOILIHMBO ¢ ToO0aBkoi Mazyra M-40 2(3), 4(4) u 6% (5)

Opnako, mnpu BiaxHocTd Hdmyidbcun 30%  mokasaHusi  BpeMEHU
nmajieHusl Iapuka B BHUCKO3UMETpPE CTalM MpUOOpeTaTh JApeid B CTOPOHY
YMEHBIIICHUSI, YTO COOTBETCTBOBAJIO CHWIKEHHUIO BS3KOCTH. Crabunm3amms
MOKa3aHWM BHCKO3WMETpa OblIa JOCTUTHYTA TIOCNIC JIOCTATOYHO IPOIOJI-
JKUTEIIbHBIX UCIIBITAHUM.

JIisi BBISICHGHHWS TIPUYMH CHWKCHHUS BS3KOCTH OBLI TMPOM3BEICH aHAIH3
JTUCTIEPCHOTO COCTaBa MCCIEAYeMON TMpOOBI AMYJIbCUU TIOCJIE HWCIBITAaHUH.
CpaBHEHHE pe3yIbTaTOB pacueTa paclpeaesIiCHus pa3MepOB TUCTIEPCHOM (ha3bl U ee
YACIBHON IMOBEPXHOCTH 1O MHUKPOGOTOrpadusiM BBISBUIO, YTO CPEAHHH paanyc
Karesb BOJbI YBEIUYWICSI. A MX yAelbHAs TOBEPXHOCTh YMEHBIIIMIACh, HECMOTPS
Ha YBEJIMUCHUE BIIAXKHOCTH.

[IpeamnonoxxuB, YTO TNPUYMHOM YBEIMYCHHS] pa3MEPOB Karelb BOJbI
ABJISICTCSI WX CIUSHHE (KOAJECIEHIMs) B pe3yjbTaTe CTOJIKHOBEHUU TIPH
NepeToKax AMYJIbCHH, BBI3BAHHBIX MAJCHUEM IAPUKa BUCKO3UMETPA, SKCIIEPUMEHT
M0 OMNPEACICHUIO BA3KOCTH AMYJIbCUU BIXHOCTHI0O 30% OBLT MOBTOPEH MOCTE
BBIJICPKKH POOBI COOTBETCTBEHHO BpEMCHHU HACTYTUICHUS
CTaOWIM3aMy  MOKa3aHWKW BHCKO3UMETpa B MPEIBIIYIIEM SKCIEPHUMEHTE.
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Pesynbratel skcniepuMerTa U MUKpodoTorpaduu, moaydyeHHbIE HEMOCPEICTBEHHO
hi () u nociie AKCIIEPUMEHTA, noKasajiu YBEJIMYCHHE CpeIHUX
pa3MepoB Kareidb M yMEHBIICHUE VYACIbHOW TOBEPXHOCTH BOABI M HUX
HEM3MEHHOCTh B MPOIECCEe OKCIEPUMEHTa C MPAKTUYECKH UJICHTUYHBIMU
YMEHBIIEHHBIMU 3HAYEHUSIMU BA3KOCTH, TIOJTyYEHHBIMU B 000OUX IKCIIEPUMEHTAX .

JlanbHeilliee  yBeIMYEHHE  BIAXHOCTH  AMYJIBCHH  COMPOBOXKIAIOCH
POCTOM pa3MepOB JIUCTIEPCHOM (a3bl 1 YMEHBIICHUEM €€ y/IeTbHON MOBEPXHOCTU U
Bs3KOCTH SMmynbcuu. [lpu Brnaxksaoctu smynscuun 40% wu Oonee yxke moA
MHUKPOCKOIIOM MOXHO OBLJIO HA0JII0/IaTh CIMSHUE Kallelb TUCIIEPCHOMN (a3bl.

VYCTaHOBIEHHBIM XapakTep W3MEHEHHsI BSI3KOCTH 5SMYJIbCUH BOABI U
MOTOPHOTO TOIUIMBA C POCTOM BJIAXKHOCTH KA4yECTBEHHO COBNAN (KpHUBas
1 Ha puc.4) ¢ yMEHbLIEHHWEM BSI3KOCTU SMYJIbCH BOJIBI M OCBETHTEIBHOIO
KEpOCHHa.

CHmxeHHe BSI3KOCTH PACCMOTPEHHBIX OMYJIbCUH MOYKHO OOBSICHUTH
OTrpaHUYECHHBIM COJIEPKAHUEM B TOIJIMBHON OCHOBE €CTECTBEHHBIX IIOBEPXHOCTHO-
AKTUBHBIX BEILECTB, CTAOMIM3UPYIOIUX 3MYJbCUI0. [Ipy yBelnyeHUN BIa>KHOCTH
OMYJBCHM  CBEPX HEKOTOPOrO  3HAYEHMsS  HEJOCTATOYHAsl  KOHLEHTpALMs
NOBEPXHOCTHO-aKTUBHBIX BEILLECTB YK€ HE MOXET O00€CIeUUTh CTaOMIBHOCTH
AMYJIBCUM U B pe3yibTaTe yJelbHas MOBEPXHOCTb IUCHEPCHOW (ha3bl HAUYMHAET
COKpAIaTbCsl € COOTBETCTBYIOIIMM YBEIMYEHUEM pa3MEPOB Kamelb BOABI 0
HACTYIUICHHS ONPEIEIIEHHOTO CTAOMIBHOTO COCTOSIHUS.

BinusgHue  OrpaHMYEeHHOCTH  KOHLIEHTPAlMM  MOBEPXHOCTHO-AKTHUBHBIX
BEIIECTB B MOTOPHOM TOIUIMBE HA XapakTep WU3MEHEHHs Bs3koctn BTO
IpU YBEIMYEHUU €€ BIIAKHOCTU NOATBEPAWIOCH MpHU J00aBKaX B MOTOPHOE
tornmuBo Maszyra M-40. H3MeHeHue BS3KOCTH OMYIbCHU C  JI00AaBKOM
2% wMa3yTa UWMENO KayeCTBEHHO MWJIGHTUYHBIM Xapaktep (kpuBasg 3 Ha
puc.6) H3MEHEHHIO BS3KOCTH OMYJIbLCHM C HCXOJAHOW TOIUIMBHOW OCHOBOM,
OJIHAKO y4aCTOK MOHOTOHHOTO POCTa BS3KOCTH YBEIUYMWIICS N0 BIaXHOCTH 35%, a
TEMII ~ CHW)KEHUS  BA3KOCTM  C  JAJpHEHIIMM  pPOCTOM  BJIAJKHOCTH
CHU3WJICS C 0ojiee BBICOKMMH aOCOIIOTHBIMM 3HAUYCHHMSIMHU BS3KOCTH. JloOaBka
Ma3yTa B KoiuuecTBe 4% MpakTUUYeCKH HUCKIIOUMIa 3((EKT CHUKEHHS BSI3KOCTH
sMyJibcuM (kpuBasi 4 Ha puc.0) B HCCIEIOBAHHOM JMANa30HE HM3MEHEHMs ee
BJIQXKHOCTH. Yxke mnpu 6% Ma3zyTa U3MEHEHHE BSI3KOCTH 3MYJIbCHUM (KpuBas 5 Ha
puc.0) CcTaJlo COOTBETCTBOBATH TUIUYHOMY, XapakTepy HW3MEHEHUs BA3KOCTH
AMYJbCUA BOJBI M TOIUIMBA C MPAKTUYECKW HEOTPAHUYEHHBIM COJIEp)KaHUEM
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB.

Vxe W3 aHaimu3a OAKCIEPUMEHTANbHBIX JAHHBIX, [PUBEICHHBIX Ha
puc.6, OYEBHIIHO, YTO IUCHEPCHOCTh BOABI MOKET CYIIECTBEHHO TMOBIHUSITH Ha
BA3KOCTb AMYJIbCUU MPHU ONPEEICHHBIX 3HAYEHUSAX €€ KOHIICHTPALINH .

[Ipennoxennas  @.Illepmanom  dopmyna st pacuera  BS3KOCTH
AMYJBCHH 1), BOAA-MAcliO, YUMTHIBAIOLIAsl BSI3KOCTH AMCIEPCHOHHON Cpeabl 1), U
aucnepcHod  (asbl 1y, CpeIHMM pagMyc I Kamelb JUCIEPCHOW  (ha3bl
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u ee KoHIeHTpaiuio W, onpenensieMyto Kak OTHOIIIEHHE 00beMa JUCTIEPCHOM (pa3bl
K 00111eMy 00beMy 3MYJIbCUU
1+770+5/2-(77¢+773/r)‘w 3)

Ne+n, +nlr

noka3ajga TEHICHIIMIO CHUKCHHS BSI3KOCTH AMYJIBCHU C POCTOM pa3MepoB
JTUCTIEpCHOM (ha3bl.

B dopmyne (3) ns - ompenmenseMas SMIUPHUYECKH TOBEpxHOCTHas (3)
BSI3KOCTh, Pa3MEPHOCTH KOTOPOH U 1), )¢, ¢ - [1a-c; pasMepHOCTS I - MKM.

YuurteiBas o6muii xapaktep Gopmyssl (3) Oblia Ipou3BeeHa MPOBEPKaA €e
NPUMEHUMOCTH K OIIEHKE  BJIMSHHS  pa3MEpoB  JHUCTIEpCHON  (hasmwl
Ha BS3KOCTh JMYJIbCHUA BOABI W cMech MoTopHoro TtommBa ¢ 30% wmasyta
M-40. B pesympraTre ObLTIO ycTaHOBIACHO (puc.5), urto dopmyny (3)
MOXHO HcHoiib30Bath it BTD Onu3kux K MOHOIUCIIEPCHOMY COCTaBYy CO
CPeTHUM paJlycoM Kamedb BoAbl <5 wMkM. [lpu yBenmwdeHHH pa3MepoB
nucniepcHoi (aszel popmyiia (3) 1aeT 3aBbIIIICHHBIC 3HAYCHUS BSI3KOCTH.

n,=1.-

v,MM%/C
o-1
o2
A A-3
90 T . A"4
O ~o . O-5
o
. ot (B it °
Y
(R Ve ‘F’-‘
70 ——
10° 10" 10

Pucynox 5- BrusuHue paamyca kamenb BOJbI I Ha BSI3KOCTh V BOJIO-
TOTUTMBHOW HMYJbCUM TIPU PA3JIUYHOM COJEpKaHUM Biaru B SMmyinbcuu W.
1-5 -W cootBetrctBeHHO 1-5%); 6-pacdeTHas BA3KOCTh 1Mo hopmyiie (3)

Cnemyer OTMETHTh, YTO 3HAUYCHHE TIOBEPXHOCTHOW BS3KOCTH 1)s B
dbopmyne (3) ompeAensioch OOpPaTHBIM Pacuye€TOM IO AKCIEPUMEHTAIBHBIM
JAHHBIM BSI3KOCTH OMYJIBCHMH C MHHHMAJIBHBIMHA pa3MepaMH Kallejdb BOJBI, T.K.
OIICHKA 1) IT0 BA3KOCTH 3MYJILCHUU CO CPEIHUMHU pajrycaMu Kamnenb Oonee 10 MM
maeT  Oojee  3HAYMMBIC ~ OTKJIOHCHHMS  pPAacUETHBIX  PE3yJIbTaTOB  OT
IKCIIEPUMEHTATbHBIX JaHHBIX.

C yBenuyeHHWEM pa3MEpOB Kamelb BOJbI TPAKTHYCCKH I BCEX
OMYJIbCUA C Pa3IUYHBIMA TOIUIMBHBIMA OCHOBaMH (Ma3yT, CMeCh Ma3zyTa ¢
MOTOPHBIM TOIUTMBOM, MOTOpPHOE TOIUIMBO) HaOIIomanachk oOmas TEeHICHIIUS
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CHIDKEHUS BA3KOCTH. (OOpaboTKa SKCIEPUMEHTAIBHBIX JAaHHBIX MO OJM3KUM
K MOHOJMCIIEPCHBIM 3MYJbCUSM I03BOJIMJIA TOIYYUTh SMIUPUYECKYIO (GOpMyITy
IUIS  OLCHKH BSI3KOCTH, YYMTHIBAIOIIYIO BJIMSHHUE BIQKHOCTH U pPa3MEpoB
JCTIEpCHOM (pa3bl

n,=n,-3" - r°% (4)

OpnHako, mNOpU ONPENENEHHBIX 3HAYEHUAX CPEIHEro pajuyca Karelb

BOJIbI, KaK 9TO BHIHO M3 KPUBBIX Ha PHCYHKE 6, BI3KOCTh BO3pacTaa,
V.MM /C
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Pucynok 6- BausHue aucnepcHOCTH BOAHOU (pa3bl HA BSI3KOCTh dMYJIBCUU
cCMecH MasyTa ¢ MOTOpHBIM TortuBoM. 1 - W=20%, t=40°C; 2 - W=20%, t=60°C; 3
-W=10%, t=50°C; 4 - W=10%, t=70°C,

IIPOXOJMJIa Yepe3 MaKCHMyM M 3aT€éM BHOBb CHWXajlach. B oOTIenpHBIX
OmbITax HAOJIOJAJIOCh HAIWYME JBYX MAaKCUMYMOB IIPU COKpAIlEHUH OOIen
TEHJECHUUU CHUKEHUS BA3KOCTH.

OObsicHEHuE HEMOHOTOHHOMY XapakTepy u3MeHeHus Bsizkocth BTO,
MO-BUJIMMOMY, 3aKJIO4aeTCs B TOM, 4YTO MHTEHCHUBHas o0paboTka BOJIO-
TOIUIMBHOM CMECHM TIpU TMOJYyYEHUH MEJIKUX Kalelb JUCIEpPCHOW  (pa3bl
OJTHOBPEMEHHO C JUCHEPrUpOBAaHUEM BOABl NPHUBOAMIA K  Pa3pyLICHUIO
CTPYKTYPHOM OCHOBbI TOIUIMBA M €ro TOMOreHu3auuu. B  pesynbrare
MOBEPXHOCTHO-aKTUBHbIE  ac()aJbTOCMOJIUCTHIE  BEIIECTBA, OOECTIEUMBAIOLINE
CTPYKTYpUPOBAaHHOCTh ~ HMCXOJHOTO  TOIUIMBA,  00pa3oBajM  JOCTATOYHO
IUIOTHBIE CTAOMIM3UPYIOIIME OOOJOYKM BOKPYI Kaleidb BOJbI B 3MYJIbCHH,
3HauYeHHUE MEeXK(Pa3HON MOBEPXHOCTH KOTOPOW B JAHHOM Cliydae ObLIO HAMOOJIBIITUM
U ONpEeACTUBLUIMM HauOOJBLIYI0O HayalbHYIO Bs3kocTh BTDO. VYMenblienue
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MHTEHCUBHOCTU OOpabOTKHM CMECH COMPOBOXKIACTCS KAaK YBEIUYCHHEM pa3MEpOB
Karesib BOJbI C COOTBETCTBYIOIMM COKpAIIeHHEM MexX(a3HO! MOBEPXHOCTH, TaK U
MEHBIIUM  Pa3pylICHHEM CTPYKTYpPUPOBAaHHOCTH  HCXOJHOTO  TOIUIMBA |
YMEHBIICHHEM KOJHMYECTBA aJCOPOMPOBAHHBIX Ha MeX(pa3HOM MOBEPXHOCTHU
ac(arbTOCMOIHUCTHIX BEIIECTB, CICICTBUEM YETO SBIISCTCS CHUKECHUE BI3KOCTH.
OOBpsicHeHHE aHOMaJbHOMY BO3PACTAaHHIO BS3KOCTU OBLIO HAWIEHO W3
MUKpodoTorpaduif, MO  KOTOPHIM  MPOBOAWICS  aHAIM3  JUCHEPCHOCTH
amynbcnid. Mccnegyemble SMyJIbCHH CO CPEIHUMH pauyCcaMH Kanesaek Bobl 10 15-
20 MKM MOXHO OBUIO OTHECTH K MOHOJHUCHEPCHBIM, TaK KaK uX
CTETIEHb JHMCIEPCHOCTM Haxoaujach B mpefenax 15-18%. [lanbHelimee
yYBEIMYEHUE CPEJHUX pa3MEpoB KameleK COMPOBOXKIAJIOCh BO3pacTaHHEM
CTETICHU JUCTIEPCHOCTU. B sSMynbcuu Hapsmy C TMOSBICHHEM 3HAYUTEIHHOTO
KOJIMYECTBA KPYIHBIX Kamelb HAaXOAWJIOCh M JOCTATOYHO OOJIBIIOE KOJHMYECTBO

OJTHOPOJTHBIX Kareib BOJIbI (oty rpynmy Karneib MOKHO
ObLJI0O Obl OTHECTH K MOHOJUCIEPCHBIM), KOTOpPbIE UMEIH pa3Mep 3HAYUTEITHHO
MEHBbIIIE CpEeIaHEro (puc.7). Ha MuKpodoTorpadpusix (puc.8),

COOTBETCTBYIOIIUX MakcuMymaM BsizkoctTd BTD, Oblo BbIsIBIEHO 0Opa3oBaHHE
arperaToB U HEKOTOPOU CTPYKTYPUPOBAHHOCTH JUCTIEPCHOU (Pa3bl.

dg/dr, %-mxm
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Pucynok 7- Pacnpenenenue kameib BOJbI 110 pa3MepaM B dMYJIbCUU CMECU
Ma3yTa ¢ MOTOPHBIM TOIIJIMBOM.

N3 momoOubix mukpodororpadmii ObUIO  YyCTAaHOBIEHO, YTO WMEHHO

NPUCYTCTBUE B OMYJbCHM JOCTATOYHOTO KOJWUYECTBA KPYMHBIX  Kareb
CIIOCOOCTBYET CTPYKTYPUPOBAHUIO TUCTIEPCHOM (hazbl.
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Pucynok 8- Mukpodortorpadus arperata kameib BOAbI B BOJOMa3yTHOMU
AMYJIBCUU

Arperanmsi Kamenb, YICpPKHUBAIOIIMXCS BMecTe BaH-nep-BaanbCOBBIMU
CUJaMU TIPUTSDKEHMS, NPUBOJAUT K TOMY, 4YTO BHYTPU CTPYKTYphl arperara
YACPKUBACTCSI HEKOTOPOE KOJUYECTBO TOIUIMBHOM  (ha3pl, T.e. arperarbl
BenyT ceb0st kak cdepbl, 00beM KOTOpPhIX Oo0Jibllle OO0beMa COCTaBIISIIOLIUX
ux kamenb. CooTBeTcTByIOlee H3MeHEeHHE 3(PPeKTUBHOr0O oObeMa TOIUIMBHOMN
CpeIlbl MOXXHO COOTHECTH C YBEJIWYEHUEM KOHIIEHTPAIMH JUCTEPCHOU (a3bl,
NpUBOJAIIMM K  pocTy  Bsizkoctu  BTD.  [lanbpHeiilnee — yBenu4eHUE
CpPEIHEro pasMepa Kameib 32 CUeT YBEJIMYEHHUS KOJMYECTBA KPYMHBIX H
YMEHBIIICHUSI YUCiIa MEJIKUX Karelb BOJbI BEJIET KaK K YMEHBIICHUIO MEX(pa3HON
MOBEPXHOCTH €  aJCcOpOMpPOBAaHHBIMM  HA  HEW  HSMyJbraropamu,  Tak
M K YMCHBIICHHWIO arperaimuy Kamellb ¢ CHHXXEHUI0O o00bemMa TOIUIMBA
HEMOCPEACTBEHHO CBSI3aHHOTO C arperaramu. BceneactBue 3TOro BA3KOCTh
BTD BHOBb HAUMHAET CHUXKATHCS.

Takum 00pa3oMm, TpU MPOSKTUPOBAHMM U OKCIUTyaTalldd TOIUIMBHBIX
XO34MCTB C YydyeToM npuroroBiieHuss B Hux BTD HeoOxoaumo mNpuUHUMATH
BO BHHMAHHME XapakTep M3MEHECHUS BA3KOCTH OSMYJIbCUA B 3aBUCHUMOCTHU
OT pa3MepoB aucrepcHor (aspl. Mcmonb3yss AaHHBIE 1O BS3KOCTH 3MYJIbCHUH,
noyiydueHHble 0€3 ydeTra JHCIEePCHBIX  XapaKTepUCTUK, W  Mpejrnosaras
npurotoBiienne BTD co cpenHum aumaMmeTpoMm Kameiaek Boabl 10 MKM u
MEHEe, NPUHATHIE 3HA4YEHUsI BSI3KOCTM B wuHTepBasie Temmeparyp 70-80°C
HeoOxoauMo yBenuunBaTh Ha 15-20% 1 BHOCUTH COOTBETCTBYIOIINE KOPPEKTHUBHI B
noa0o0p TEXHOJOTUYECKOTO O0OpyAOBaHUS H TPyOONpPOBOJOB, a TaKke B
TEXHOJIOTUYECKHUE PEXKUMBI NOATOTOBKH BTD K cxxuranuio.

Kak werpymHo ObUIO 3aMeTHUTh, BBEJACHHE HOBOW KHAKOW (a3bl (Boma) B
TOIJIMBO CYIIECTBEHHO HM3MEHWJIO €ro cBoiicTBa. M BmosiHe mpaBoMepeH OyaeT
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BBIBOJI, YTO W3MEHEHHS CBOMCTB CBSI3aHbl C SBJICHHUSIMH, HNPOUCXOMSIIMMH Ha
MOBEPXHOCTH paznena (a3, Tak Kak BHyTpU oObeMa (a3 CUIIbl MEKMOJIEKYIISIPHOTO
B3aMMOJICHCTBUSL B3aMMHO CKOMIICHCHUPOBAHBI M CBOMCTBA KUIKOCTEH HE
u3MeHstorcd. B aToM  ciiydae  MOXKHO ObUIO OBl OXHUAATh U3MEHEHHM
B3aMMOJICUCTBUS MEXIY (pa3aMH U Ha MOBEPXHOCTH pasliesia BO3AYX - KHUIKOCTh
(AaMyJbcus).

Ilepexon Moyiekysn W3 o0BbeMa >KUJIKOW ha3bl B TTOBEPXHOCTHBIN CJIOM
OpU  YBEIMYECHUU TOBEPXHOCTH pasnena TpedyeT coBepuieHusi paboThl
IPOTUB HECKOMIIEHCHUPOBAHHBIX CHJI MEXMOJEKYISIPHOTO B3aUMOJEUCTBHS Yy
NOBEPXHOCTU  paslena, TakK KaK paBHOACHCTBYIOLIAS  MEXKMOJEKYISPHBIX
CUJI B TIOBEPXHOCTHOM CJIO€ HE paBHa HYNIIO (Kak B 00beme (a3bl) M HalpaBlieHA
BHYTph TOHW (a3pl, B KOTOpOM CHJIBI cCUEIUIeHHs Oonbiie. Takum
00pa3oM B MOBEPXHOCTHOM CJIO€ Ha TPaHULE IBYX (a3, M0 CPaBHEHUIO C 3HEPIrUe
B oObeMe d3TUX (a3, mNosABIAeTCs  U30BITOK  HSHEPrud -  IMOBEPX-
HOCTHasi 3Heprus. Mepoil HECKOMIIEHCUPOBAaHHOCTH MEKMOJIEKYJISIPHBIX CHII Y
rpaHulpl paszziena ABYX (a3 CIOyXKUT MOBEPXHOCTHOE HATSDKEHHE a, KO-
TOpO€ U1 JKMJIKOCTEH TOXXKIECTBEHHO pPaBHO HX YAEIbHOW, CBOOOJIHOM
IIOBEPXHOCTHOW dSHepruu. IIpakTWyeckn TIOBEPXHOCTHOE HATSDKEHHME —pac-
CMAaTpPUBAIOT KaK CWIy, JEHCTBYIOIIYI0O Ha €AWHMIYy JUIMHBI KOHTypa IIO-
BEPXHOCTH U CTPEMSILYIOCS COKPAaTUTh MOBEPXHOCTh 1O MUHHMYMa IIPU JAHHBIX
COOTHOIIIEHHUSIX 00beMOB (a3. IIoBEpXHOCTHOE HATSIKEHHE o HA TPAHUIE JIBYX
KUAKUAX (a3 0OBIYHO HA3BIBAIOT MEK(DA3HBIM HATSHKEHHEM.

[Ipu pocratouno OodbIIMX O00BEMax (a3 MO CPaBHEHUIO C pa3Mepamu
MOJIEKYJl TIOBEPXHOCTHOE HATSXKEHHWE HE 3aBHCUT OT BEJIMYUMHBI U (OpMBI
MOBEPXHOCTU. A TPH OTCYTCTBUM BHEIIHUX BO3JCUCTBHUI KUIKOCTH, Onaroaaps
MOBEPXHOCTHOMY  HATSDKEHMIO,  AUcCHepcHass  ¢a3a  npuHUMaer  Qopmy
1iapa, UMEIOIIEr0 MUHUMAJIBHYIO ITOBEPXHOCTh U, COOTBETCTBEHHO, MUHUMAJIbHOE
3HA4YCHUE CBOOOHOM IMMOBEPXHOCTHOM SHEPTHH.

IIoBEpXHOCTHOE  HATSKEHHWE  SBISETCS HMHAMBUAYAJIbHBIM  CBOMCTBOM
XKUIKOCTH W 3aBUCUT B MEPBYIO OYEpeAb OT MNPUPOABI ATOM kuakocTh. C
IpPYrol CTOpPOHBI HAa BEJIWYMHY [TOBEPXHOCTHOTO HATSDKEHHMS  OKa3bIBaeT
BIUSIHUE W mpupona Tou (a3pl, ¢ KOTOpOl oOHA TpaHWUYHUT. Jlas MHOTHX
KHUAKOCTEH, B TOM YHUCIE M I8 KUAKUX TOIUIMB, JOCTaTOYHO OOUIMPHO
UCCJIEIOBAHBl MHOTHE SIBJICHUS, HAONIOAAIONIMECS HA MOBEPXHOCTU KUAKOCTH -
BO3JIyX WJIHM KHUAKOCTb - COOCTBEHHBIM map. IIpum 3ToM ObLIO yCTaHOBJIEHO, YTO
HaumOoJIblIee 3HAYEHHE TOBEPXHOCTHOTO HATSKEHUS JIOCTUTAeT Ha TPAHUIIE C
razaMd (BO31yXoM). OTOT (akT MMeeT BaKHOE 3HAYE€HHE [JIsl PaCHbLIMBAHMS
TOIUIMBA B TOIMOYHOM MpPOCTpaHCcTBE. [lOBEpXHOCTHOE HATSKEHUE CBSI3aHO C
BA3KOCTHIO TOIUIMBA, OHO, KaK MPaBUJIO, MOHUKAETCS C YMEHbIIEHUEM HadajJbHOU
BA3KOCTU. OJTHAKO 3aBUCHUMOCTD BSI3KOCTH U IMOBEPXHOCTHOTO HATSKEHHUS SIBIISIETCS
HeJIMHEMHOW. Kak BSI3KOCTh, TaK M IMOBEPXHOCTHOE HATSIKEHUE YMEHBIIAKOTCA C
NOBBIIICHHEM TeMmreparypbl. OgHAaKO MaciiTaObl CHIKEHUS HX 3HauyeHUi
pa3nuYaroTCs B  HECKOJIBKO JIECATKOB pa3. 3aBUCUMOCTb IOBEPXHOCTHOIO
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HAaTsDKEHUS OT TeMIEepaTypbl MMEET MPAMOJMHEUHBIM XapakTep W SABIAECTCS
JIOCTaToYHO ciaboit [9] M modTOMYy M3MEHEHHE TOBEPXHOCTHOTO HATSDKEHHS B
UHTEpBaJe TEMIIEpaTyp MOJOIpeBa JKUAKOTO TOILIMBA IIEPEN  CHKUTAHUEM
IIPaKTUYECKH HE CKA3BIBACTCS HA KAYECTBE PACIBIIMBAHUS TOILUIMBA.

W3 oKcrepuMEHTaNbHBIX JaHHBIX [9] ciemyer, 4YTO TOBEPXHOCTHOE
HaTsbkeHne BTD Ha 1DoBepxXHOCTM  pasfena KUAKOCTB -  BO3AYX 11O
CPaBHEHHIO C HaTSHKEHUEM O€3BOJHOTO TOIUIMBA YBEIMYUBAETCS IPONOPLIUOHAIIBHO
BO3PAaCTaHUIO KOHUEHTpAlMd B HHUX BJAard. 3aBHUCHUMOCTb IOBEPXHOCTHOIO
HATSKCHUS BOJOTOIUIMBHBIX OMYJIbCUN oT TEeMIIEPATypPbl
MMEET KAauyeCTBEHHO WJCHTUYHBIM XapakTep C MOBEPXHOCTHBIM HATSKEHUEM
«YHCTBIX» )KUIKOCTEN.

Mexda3zHoe HaTsDKEHHE Ha TOBEPXHOCTH pasjeia AuciepcHor (asbl
U JTUCIIEPCUOHHOW CpeIbl MO CBOEHM (DU3MUECKOM CYIIHOCTH SIBJIAETCS OJHUM M3
(akTOpOB, ONPEAEIAIOUIMX dHEPro3aTpaTsl U 3(PPEKTUBHOCTD JTUCHIEPIrUPOBAHUS B
polecce  IOJIy4eHHs BOJOTOIUIMBHOM  3MyJbcud. CHMKEHHE  BEIWYUHBI
MeX(pa3HOTro HATSDKEHUs 00JierdaeT AMCIEPTUPOBAHME U TO3BOJSET MOJIYYHUTh
Oonee OJIHOPOJHBIE U BBICOKO/IMCIIEPCHBIE OMYJIbCUH,
YCTOMYMBOCTh KOTOpPBIX Oojiee BBICOKA, 4YeM TIpydoaucnepcHbIx. MexdazHas
NOBEPXHOCTh pazfesia MEXIY JBYMS JKUIKOCTSIMHM HpPEICTaBIsAeT cOoOON cioi
MOJIEKYJISIPHBIX ~ pa3MepoB,  B3aUMHO  MpOHHMKarommii B 0o0e  ¢a3bl.
®duznyeckre CBOWCTBA TaKOro CJOSI OTIMYAIOTCA OT CBOMCTB 00BEMOB
IBYX comnpukacarommxcss ¢a3. BenuunHa Mex@a3HOro HaTSXKEHUS JIBYX
JKUAJKOCTEM, HAXONAIMXCS BO B3aMMHOM DPAaBHOBECHM, ONPENEISAETCA 10
npaBuwily AHTOHOBa [17], CBS3BIBaIOIIEMY €ro C ITOBEPXHOCTHBIM HATSKEHHEM
KQKJIOW KUJKOCTH:

Ou =04 =05 (5)

rae o ,- Mex(azHoe HaTsHKEHUE HA TIOBEPXHOCTH pasjielia ABYX KUIKOCTEH;
o, Oy - COOTBETCTBEHHO TIOBEPXHOCTHBIE HATSDKEHHUS IKUJIKOCTEH A

1 b Ha MOBEpPXHOCTH pa3jena KUIKOCTh - Ta3.

[IpuMeHUMOCTB 3TOTO MpaBwiia IJisi CUCTEMbl OMTYM - BOJa YCTAHOBJICHA B
pabote [12]. ComocraBnenue [13] MOBEPXHOCTHBIX HATSHKCHHHBOABI M Ma3yTa
TaKXKe MOATBEPKIACT MPUMEHUMOCTh npaBuiIa AHTOHOBA
JUTST MEK(a3HOTO HATSHKEHUS BOJOTOIIMBHBIX SMYJIbCHMA.

N3yuenne BIusHUS pa3MEpPOB OHUCTIEPCHON (a3bl Ha TMOBEPXHOCTHOE
HATSOKEHUE BOJOTOIUIMBHBIX OMYJIbCHH Ha TpaHWIE pasfeia >KUIKOCTh -
BO3JyX METOJOM cuera Kamenb. (puc. 9) mnokazano [40], dro, HECMOT-
ps Ha HEKOTOPbIE N3MECHECHHSI 3HAUCHU I MTOBEPXHOCTHOTO HATSIKCHHUSI, OTO
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Pucynok 9- Bnusxue nucnepcHOCTH BOAHOW a3kl HAa TOBEPXHOCTHOE
HAaTsDKEHUE  OMYJbCHM ~ CMECH  Masyra ¢ MOTOPHBIM  TOIUIMBOM.
1 - W=30%, t=20°C; 2 - W=10%, t=20°C; 3 - W=30%, t=90°C; 4 - W=10%,
t=90°C

BJIMSIHAE HE3HAYUTENIBHO [0 CPABHEHMIO CO CTEIEHBIO BIMSHUSA AUCIEPCHOCTH HA
BA3KOCTb. BmMecTe ¢ 3TUM XOJ KPUBBIX Ha PUCYHKE 8 IMMOKa3bIBAET ONPEIACICHHYIO
KOPPEJSILIUI0  MEXKJy HHMH, TaKKe CBHJIETEIbCTBYIOLIYD O B3aUMOCBS3H
IIOBEPXHOCTHOTO HATSDKEHMS M BI3KOCTH. C  MOBBILIEHHEM TEMIIEpaTypbl
BOJOTOIUIMBHOM 3MYJILCUU BIUSHUE Pa3MEpPOB KarelieK BOAbl HAa MOBEPXHOCTHOE
HATSHKEHUE CTAHOBUTCS €Ill€ MEHbIIE M €ro MOKHO HE NMPUHUMATh BO BHUMAaHHE
IIpU TEMIIEpaTypax HarpeBa TOIUIMBA NEpel PaCIbUIMBAHUEM.

[TocTOSIHCTBO KayecTB (AMCHEPCHOCTH W PABHOMEPHOCTU pacipeneseHus
Kameiab JUCIIepCHOM (a3bl B 00beMEe IUCIEPCUOHHOM Cpesbl) BOJO-TOIJIMBHBIX
AMYJIbCUN ABJISIETCS [JIABHBIM bakTopom s pexTuBHOCTH 170:¢
ckuranusi. OCOOCHHOCTH CXEeM TOIUIMBHBIX XO3SMCTB, JOCTaBKH KHJKOTO
TOIUIMBA U TIOJTOTOBKM €0 K COKMTaHUIO TPeOYIOT MOAAEPKAHUS MOCTOSHHOTO
KayecTBa BOJOTOIUIMBHBIX AMYJIBCHI MPH JOCTATOUYHO Pa3HOOOPA3HBIX YCIIOBHUSX.
Tak, MEPUOJNYECKass  JOCTaBKAa  JKHJIKMX  DHEPreTUYECKUX TOILJIB
YKEJE3HOJAOPOKHBIM TPAHCIIOPTOM M HMX Pa3orpeB C IMOMOIIBID BOISHOIO Iapa
OpPUBOJUT K  OOBOJHEHHIO TOIUIMBAa B  MIMPOKUX mpegenax (oT 5
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10 20%) wu oOpazoBaHWIO TpPyOOAWCHEPCHBIX BOJOTOIUIMBHBIX 3MYJIHCHH.
Paznuuatorcss W TeMmmepaTypHble — yCIOBUA ~ XpaHeHMs — TommBa.  llpu
pe3epBUpPOBAaHUHU, [UIsi OBICTPOrO TMEpeBOoja KOTIOB C Tra3a Ha Mas3yT, €ro
oObiyHO XxpausaT npu Temrepatype 40-50°C. Jlnsg BBICOKOBS3KMX Ma3yToB,
MOJIyYa€MbIX B KPEKUHI-TIPOLIECCE, TEMIEPATypy IOAOTPEBA MOANECPKUBAIOT Ha
ypoBHe  70-90°C. A  mOAroToBKa  TOIUIMBA  HEMOCPEICTBEHHO  MEpen
C)KUTAaHUEM BKJIIOYAeT €ro IMOJOrpeB 10 emle Oosnee BBICOKUX TEMIIEpaTyp.
Cronp BBICOKasi TemIepaTypa MOJOrpeBa MPUBOJIUT K Pa3pyLICHUIO CTPYKTYPHI
Ma3yTa ¥ BBINAJCHUIO TIUIOTHBIX KOMIIOHEHTOB Ha JIHO pE3epByapoB W
BBIZICIICHUIO BOJHOM (Da3bl, 4YTO BBI3BIBAET TPYIHOCTH B MOATOTOBKE BHICOKOBSI3KHX
Ma3yTOB U BOJHBIX AMYJILCUN HAa UX OCHOBE K CIKUTAHHUIO.

OneIT  3KCIUTyaTallud  TOIUIMBHBIX — XO34MCTB [4] TMOKa3bpIBaeT, 4TO
Ha CTAOWJIBHOCTh WJIM YCTOMYMBOCTH BOJOMA3yTHBIX AMYJIBCUU OMNpeeIsroiee
BIIMSIHUE OKa3bIBAIOT (bU3UKO-XUMUYECKHE CBONCTBA TOIIBA u
BOJbI, TEMIlepaTypa U CTENEeHb OOBOJHEHHOCTH, pa3Mepbl JIUCIEPCHOU
dassl u gpyrue (¢daktopel. HecraOuiabHOE COCTOSIHME SMYJIbCHUH  MOXKET
ObITh BBI3BAHO HECKOJBKMMH IPOIECCAMHU, COIVIACHO KOTOPBHIM  BBIJIEISIOT
pa3iuyHble  BUABl  YCTOMYMBOCTH  (HEYCTOMYMBOCTH), pasrpaHU4MBas HUX
HAa arperaTUBHYH0 U  KUHETUYECKYI0  YCTOMYMBOCTb, XOTA H3MEHEHHUE
XapaKTEepUCTUK  (YCTOMYMBOCTH)  SMYJbCUH  SIBISIETCA  MPUHIUIIHAAIBHO
KHMHETUYeCKUM TmporeccoM. OHAKO OCHOBAaHMEM K TaKOMYy pa3rpaHUYCHUIO
YCTOMYMBOCTH MOXKET CIYXKUTh JOCTATOUYHO MEJICHHOE MPOTEKAHUE HEKOTOPBIX
MIPOLIECCOB MIPHU OMPEICICHHBIX YCIOBUSX.

[Ton arperaTUBHOM YCTOMYMBOCTBIO SMYJbCUH TOHUMAKOT MPEXKAE
BCETO CIOCOOHOCTH Karelb JTUCIEPCHON (a3bl MpU HX CTOJKHOBEHUU JIPYT C
IPYrOM COXpPaHATh CBOM NEPBOHAYAIBHBIM pa3Mep. OTOT BUI YCTOMYMBOCTU
CYIIECTBEHHO  3aBUCHUT  OT  KOHIIEHTpAlMu  JucrepcHoil (a3l U
ONPEAEACTCS YaCTOTOM M CHJIOM CTOJIKHOBEHHM MEXAY IUCIEPIrUPOBAHHBIMU
KaneiabkamMu. B 3aBUCHMOCTH OT pe3ysibTaTOB HApYLICHUS arperaTuBHOMN
YCTOMYMBOCTH PA3IMYalOT JIBa PA3HBIX MPOIECCa: KOAryIsUUd WiIH (QIOKYISIUN U
koanecreHuu. [Ipy koarymisiiuu CTOJIKHOBEHUE Karellb TPUBOJIUT K 00pa30BaHUIO
arperatoB (puc.10) B oObeme mgucniepcuoHHoOW cpeabl. Koamecnienuusa ke
MPEACTABIAECT MPOLECC CIUSHUS MEJIKUX Karelb MPU CTOJIKHOBEHUH JApPYr C
JPYyroM, 3aBepIIAONINIiCS 00pa3oBaHUEM KPYMHBIX Kamellb U JaXXe BBIICICHHEM
nucriepcHor  (a3zpl B KpymHbie oObeMbl. [lo cyTu, mporecc KoalleCleHIIUN
MPECTABIISAET MEePexo] KOMIOHEHTOB AMYJIbCUU U3 METACTaOMILHOTO COCTOSIHUS B
TEPMOJMHAMHUYECKU YCTOMYUBOE.

OCHOBHOM MPUYMHOM KOAJIECHEHIUM SBISCTCS HAJWYUMe CBOOOIHOM
SHEPrMM Ha TMOBEPXHOCTU pazaena wmexay ¢azamu [1]. Tlpu cOmmxeHun
Karesb pasfestonias uxX IJIeHKa JUCIEPCHOHHON CPENlbl CTPEMUTCS MPUOOpecTH
MEHBIITYI0 CBOOOJHYIO DHEPTHUIO 3a CUET COKpAIICHUS MOBEPXHOCTH, WHUIUUPYS
CaMOITPOM3BOJIBHBIA TPOLECC KOAICCUECHIIUMU, OINPEACISAEMbIA B3aUMOJCHCTBUEM
MEKMOJIEKYJISIPHBIX CHJI U TOBEPXHOCTHOTO HATshKeHUs. Hapsmy ¢ JIBHKYyIIUMH
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CWJIAMM,  KOQJIECUECHLHUH TMpPEMATCTBYIOT M  OKa3blBAalOT  CONPOTHBIICHUE
aJicopOMpOBaHHbIE Ha TOBEPXHOCTH paszfena (a3 MNOBEpXHOCTHO-aKTUBHbBIC
BemecTBa. Jlis  OCYHIECTBICHUS KOAIECIEHIIMM HEOOXOJUMO MPEOA0JIETh
SHepreTudeckuii Oappep padoThl amcopoumum ['O\B, Tak Kak KoaJeCIECHITHS
conpoBoxiaercs aecoporueii [TIAB.

JucneprupoBaHue BOJAOMA3yTHOW CMECH MPUBOIUT K PE3KOMY YBEIUUYEHUIO
MOBEPXHOCTH  pazdena  Mexay  gazamu, Ha  KOTOpOM, 3a  CYET
a7ICOPOIIMOHHBIX MPOLIECCOB, KOHLEHTPUPYIOTCS MPUPOJIHBIE CTAOMIN3aTOPHI,
oOpasyrorue MEXaHUYECKHU MIPOYHBIN CJIOM  TOBEPXHOCTHO-AKTUBHBIX
BEILECTB, 00ECINEYMBAIOIINX BBICOKYIO YCTOMYMBOCTH BOJOMAa3yTHOM AMYJbCHH .
[Ipy  ciaydallHBIX ~ CTOJIKHOBEHHUSIX  JUCHEPTUPOBAaHHBIX  Kameiab  BOJBI,
MOKPBITBIX BBICOKOBSI3KUM  aJICOPOLIMOHHO-COJIb BATHBIM CJIOEM, OOJaJdarolIuM
YIOPYTOCTbIO M MEXAHWYECKOH IMPOYHOCTHIO, €ro0 MOBEPXHOCTh COMNPOTHUBIISETCS
3HAUUTEIBHBIM  pa3pylIalOIIAM  yCWIHAM W HE  IPOPBIBAETCS,  YTO
IPENATCTBYET KOAIECHEHIMM BIUIOTH JO IIOJHOW arperaTMBHOM yCTOWYH-
Boct. Y BTDO, o0pa3oBaHHBIX W3 MAaJOBS3KUX TOIUIUB, HPAKTUYECKU HE
COJEpKalUX  IPUPOAHBIX  AMYJbraTOpPOB,  arperaTUBHYI0  YCTOWYHMBOCTH
00ecreurBalOT BBEICHUEM CIEIUAIBHBIX AMYJIbIaTOPOB.

OcoObIM BHJIOM HECTAOMJIBHOTO COCTOSIHHSI BOJOTOIUIMBHBIX 3MYJIbCHM
OyzaeTr caMonpou3BOsIbHOE oOpaileHue (a3, TO €cTb MepPexoa OT SMYJIbCUHU THIIA
BOJa — Macio K OMyJbCcMM  Macio - Bojxa. M3BectHo,  4TO
KOHLEHTpalusi IUIOTHO YIAKOBAaHHOM MOHOJMCIEPCHON (pa3bl TEOPETUUYECKU
cocraBisier [4%. Torma oOpamenue (a3 B BOJOTOIUIMBHOM  AMYJIbCHU
JOJDKHO HAyaTbCAd C BIAKHOCTU 3MyJbcuu 79%. B peanbHbIX AMyJbCHUSX C
MOJUANCIIEPCHON BOAHOM (a3oli ee KOHIIEHTpalus TMpU IJIOTHOM YHNaKOBKE
MOXeT mnpeBblaTh /5%. KpoMe mNOBbIIEHUST KOHIIEHTPAUUU BOJHOW (as3bl,
Ha oOpaieHue (a3 MOXKET CYUIECTBEHHO MOBJIMATH YBEIUYECHHUE TEMIIEpPaTyphl.
Crounb BBICOKOE COJIEpKaHUE BJIATH B TOIUIMBE  HCIIOJb3YETCS
TOJILKO B OCOOBIX CllydasX, Hampumep, IOpU TEPMUUYECKOM 00€3BpEKUBAHUU
3arpsiI3HEHHBIX CTOYHBIX BOJ, a B DJHEPreTHYECKUX arperarax, HECMOTps Ha
NPUHIUIINATBHYIO BO3MOXHOCTb COKUTaHHUS BOJOTOIUIMBHBIX
IMYJbCUN C coaepaHueM Bjiaru a0 65-67% [3], a1 moanepkaHus BBICOKOMH
HKOHOMHUYHOCTH TOIUIMBOCKHUTAKOLIUX arperaToB BIAKHOCTb AMYJIbCHNA HE JOJDKHA
npesbimath 10%.

Kunernueckass WM CeIUMEHTALlMOHHAST YCTOMYMBOCTh XapaKTepU3YeT
CIOCOOHOCTh ~ 3MYJIBCHOHHOM  CHUCTEMbl  IPOTUBOCTOSTH  BCIBUIMBAHUIO
WIN OCEaHUI0 AUCHEepCcHON (a3bl MOJ ACHCTBUEM CHUJ TSKECTH, KaK MPABUIIO, B
IpaBUTALIMOHHOM ToJie. CeIMMEHTAIIMOHHBIE TTPOLIECCHI B AMYJIbCHUSIX 00YCIOBICHBI
Pa3HOCTBIO MJIOTHOCTEN TMCIIEPCUOHHON CPelbl U TUCTIEPCHOM (ha3bl U MPUBOAAT K
00pa30BaHMIO clos KOHLIEHTPUPOBAHHOM
IMYJIBCUH WIH MOJHOMY paszeneHuio (a3. TeopeTuuecku cKOpoCTh CeTUMEHTAINH
onpenensiercss 3akoHOM C(CTOKca, MCXOIAIIET0 W3 3aKOHOMEPHOCTEH JBHKEHHUS
cepuueckux TBEPABIX YaCTHII paguycom r B cpene C
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MOCTOSIHHOM BA3KOCTbIO M IUIOTHOCTHIO. J[Jif peanbHbIX MOHOJUCIEPCHBIX
AMYJIbCUM CKOPOCTh CEIMMEHTALIMH onpeaensercs no ¢popmyse [1]:

2:9-1°-(py —p) My (6)
)

3-1, 311y +2-1,

rae g - yCKOpeHHe CBOOOIHOIrO MAalACHHUS; pPg, P. - INIOTHOCTH JUCIEPCHOM
(a3bl U TUCTIEPCUOHHOMN CPEIbI.

N3 dopmynsr (7) BuAHO, YTO Ha TMPOILECC OCAKJICHHS (Kak W Ha
npolecc CcTaduiaM3aluu BOAHOW (a3pl B TOIUIMBE) OyIyT BIHUATH CJEAYyIOIIEe
OCHOBHbIE  (DAKTOpBI: PA3HOCTh IUIOTHOCTEH BOABI M  TOIUIMBA, pa3Mep
Kamejlb BOJbl B TOIUIMBE, BS3KOCTh TOIUIMBA W, B 3HAYUTEIBHO MEHbILIEH
Mepe, BSI3KOCTh BOJbI. AHANU3UPYsSd BO3MOXHOE BIHUSHUE OJTHX (DAKTOPOB
Ha KUHETUYECKYI0 YCTOMYMBOCTH BOJOTOIUIMBHBIX SMYJIbCHM HEOOXOAMMO
OTMETHUTbh, YTO JABWKYLIas CUJa CEAUMEHTAlMU - Pa3HOCTh IUIOTHOCTEH (a3 s
BOJIOMa3yTHBIX DMYJIbCUM MOXKET OBITh OYECHb Majod Py - p. Aa 4 Kr/Mm°. [Ipn
IUVIOTHOCTH  MAJIOBS3KMX Ma3yTOB 3HAUWUTEIBHO HWKE IUIOTHOCTH  BOJBI,
CEIMMEHTAIUsl TPOTEKAET CPABHUTEIBHO OBICTPO. Y BBICOKOBSA3KUX KPEKUHT
Ma3yTOB IUIOTHOCTbH OJIM3Ka K IJIOTHOCTH BOJBI U Jake mpesbliiaet ee [1]. B atom
cllydae pPa3HOCTh IUIOTHOCTEM NPAKTUYECKH Majo BIMSET Ha Ipolecc
CeIMMEHTAluH, a B OOJIbLIEH Mepe coCOOCTBYET CTaOMIM3AMK, HAXOMASAIIEHCS B
TOIUIMBE BOJBI.

[Ipy [1BWXXEHMHM Kamenab BOJHOM (a3l B TOIUIMBHOW Cpele HX
B3aMMO/JICHCTBUE MEXKITY cobon BBIPAXKaETCA TUAPOJINHAMUYECKUM
CONMPOTUBJICHUEM  JIBIDKCHHIO, MPOSBISIOIIEMCS B IOIPAaHUYHOM  CIIOE,
OKpYXaloIleM Karuiio. B peanabHBIX SMyNbCUSX NpUMEHEHHE (GOopMy AJid pacyeTa
CKOPOCTH CEIMMEHTALlMM OJMHOYHBIX Kareiab OyJeT CHpaBeUIMBBIM TOJIBKO IS
OIPEJENIEHHOTro mpejena 0ObeMHON KOHLIEHTPAUU TUCIEPCHOM (a3bl paBHOTO 2-
5%, Kkorga  B3aMMOJCKMCTBMEM  Kameiab  MOXHO  mpeHeOpeub.  Ilpu
OONBIINX 3HAYEHMSIX KOHLEHTPALMU TOJMIUCIEPCHBIX Karmellb CeIUMEHTALHS
KaXIOW OTHENbHOM Kariu OyleT NPOUCXOAMTh B CTECHEHHBIX YCIOBHUSX IpH
CTOJIKHOBEHHM C JPYTMMHU KaIUIIMA M HEKOTOPOM IPOTHBOJIEHCTBUHU JBHUKEHUIO
BBITECHSEMOM JIUCTIEPCUOHHOU Cpelbl. IIpu OTCYTCTBUU
KOAJIECLIEHIIMHU WJIM arperaTupOBaHMs Karellb CKOPOCTh CTECHEHHOW CEIMMEHTALIMU
OyZeT yMEHbUIATbCSI W €€ MOXKHO TMPUOJMKEHHO OLEHUTh IO CKOPOCTH

u=

CEIUMEHTALINU OJIMHOYHOM KaIuiu c BBEJCHUEM MTOITPAaBOYHBIX
MHOXHTeNled. OAHaKO KOHBEKTHBHbIE TOKM W OOpa3OBaHME arperatoB MOTYT
IIPUBECTH K WU3MEHEHHIO 3HAYCHUU CKOpPOCTH CEIMMEHTALUN

pE€anbHBIX OMYJbCUH, IO CPABHEHUIO CO 3HAYCHUSAMH, IMOJIYYaEMBIMHU IO
M3BECTHBIM YPaBHEHUSM JJIsl OTHOPOJAHBIX pacrpeeieHui qucrnepcHon (assl.
Onpenenstoniee BIWSHAE Ha YCTOMYMBOCTH BOJOTOIUIMBHBIX 3MYJIbCUN
OKa3bIBa€T BS3KOCTh TOIUIMBA NPHU MPAKTUYECKH CJIa0OM BIMSHUU BSI3KOCTH
nucniepcHoir  ¢asbl  (Bombl) . BbICOKash BSI3KOCTh OKa3bIBA€T 3HAYMTEIIHHOE
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COIPOTHBIICHUE MEPEMEIICHHUIO Kalesb KaK B MPOIECCe KOANECIEHIINH, TaK U MPH
CeMMEHTAIUH. [Tpu JOCTaTOYHO 0O0JIBIINX 3HAYEHUSAX
BA3KOCTH MOXKHO OOECHEYUTh YCTOMYMBOCTH OJMYJIbCUU U 0€3 BBEICHUSA
MOBEPXHOCTHO-aKTUBHBIX BemlecTB. OJIHAKO Takue YCIOBHUS JJisi BOJO-TOIUIUBHBIX
AMYJIBCUM MOXHO CO3/1aTh TOJBKO MPU CYIIECTBEHHOM CHI)KEHUH UX TEMIIEPaTyphl.
B.M.UBaHoBbIM [24] OBLJIO YCTAHOBIIEHO, YTO MOJBEPIHYTHIE 3aMOPAKUBAHUIO TIPU
-30°C BogomazyTHbie 3mynbcuu BiaaxkHocTbio 20,30 u 40% mociie oTorpeBaHus
MOJIHOCTBIO COXPAHSJIM CBOK CTPYKTYPY. ODKCHEPHUMEHT [25] MO JIMTEIbHOMY
«XOJIONHOMY» XPaHEHHIO BOJOMAa3yTHOW 3MyJjbcuu (Ha ocHoBe Masyra M100),
MOJyYEHHOW C TMOMOIIBI0 JUCIepraropa, IOKaszaj, YTO BBICOKOJIUCIIEPCHEIE,
OJTHOPOJIHbIE AMYJIBCHUU O0JAaJAI0T BBICOKON CTAOMIBHOCTBIO, OCOOEHHO TMpH
HEBBICOKOM TemmepaType XpaHeHus. llocme roma XpaHEHHS SMYINbCUU MPH
temriepatype 20°C BOAHBIX JIMH3 W Mpociioek He Halmoganoch. KoimuecTBo
OTCTOSIBIIECHCA BOJABI ObUIO HE3HAYUTENIbHBIM, OTHOIIEHHE MacChl OTCTOSIBILEHCS
Boabl Gy K Macce BOJbl, BBEEHHOW B TOMIMBO Gy, I SMYJIbCUI C HAadaJlbHOU
BlIaKHOCTBIO 6 1 15% cocTtaBmiio coorBercTtBenHo 0,01 u 0,05.

Wubple TemneparypHble YyCIOBUS MJii OOBOJHEHHBIX TOIUIMB M BOJOMa-
3YTHBIX O3MYJIbCHUM CO3JAIOTCA MpPU HMX XpaHEHUU B pe3epByape M MOAro-
TOBKE K CKUIaHMIO. YBEJIMYEHHE TEMIIepaTypbl BOJAO-Ma3yTHOM HMYJIbCUU
CBSI3aHO C PE3KUM CHI)KEHHEM BSI3KOCTU TOIUIMBA U 00JI€€ CHIIBHOM 3aBUCUMOCTBIO
YMEHBIIIEHUsI TUIOTHOCTH TOIUIMBA, YeM y BOAbl. HecMOTps Ha 3TO CTaOMIBHOCTH
BBICOKOIUCTIEPCHBIX BOJIOMA3yTHBIX AMYIBCUHN ocTaeTcst
BBICOKOW W mnpu HarpeBanuum ux npo 90-92°C. I[loka3plBarOT J0OCTaTOYHO
BBICOKYIO CTaOMJIBHOCTb W HEKOTOpBhIE Jpyrue BOJOTOIUIMBHBIC JMYIbCHH
mociie WX KPaTKOBPEMEHHOTO HarpeBaHus. Pa3HooOpasHble TemmepaTypHbIC
YCIOBUSI ~ MPWU  TPUTOTOBIEHWHM  WIU  OOpa3oBaHWM  BOJOTOIUIMBHBIX
OMYJIbCUH, WX XpaHEHWH, TPAHCHOPTUPOBKE M TMOATOTOBKE K CXKUTAHUIO
HE TO3BOJISIIOT JOOUTHCS YCIOBHM, MOTHOCTHIO COOTBETCTBYIOIIUX UX CTAOMIBHOMY
cocrossHuto. M mosTroMy B BOAOTOIUIMBHBIX ~ 3MYJbCUSX  BCErjaa
OCTaeTCsl BO3MOXHOCTb JJIsi TPOLIECCOB YACTUYHON CEIUMEHTAllUM, IOBBICUTH
YCTOMYMBOCTh K  KOTOpPOHM  MOXKHO  YMEHBUICHHEM  pa3MEpoB  Kamelek
BOJBI, JMCIEPTUPOBAHHBIX B TOIUIMBE. BepxHss rpaHHMIla AUCIEPCHBIX
CUCTEM, B TOM 4YHCIE€ U OMYJbCUH, JUINTEIBHOE BpeMs COXPaHSIOUINX
CTaOMJIBHOCT, 32 CUET TEIUIOBOTO JBMIKCHHSI MOJIEKYJ JUCIEPCHOHHOU
cpensl, coctaBisieT 1-5 MkMm. BenencTBue 3TOro BRICOKOIUCTIEPCHBIE OJJHOPOIHBIC
OMYJIBCUH COXPAHSAIOT JOCTATOYHYIO YCTOWYMBOCTh NMPU XPaHEHUH B TEUCHHE
HECKOJIbKUX MecsIeB [4].

Kak yxe oTMeuanoch, HCHOJB30BAHUE BBICOKOOOBOJIHEHHBIX JKHJIKUX
TOTUTUB COTMPSDKEHO C OONBIIMMH 3aTPYAHCHUSIMH B OJKCIUTyaTallMd TOTOYHBIX
YCTPOMCTB, A  CXKUTAaHHE  BBICOKOBIIQXHBIX  BOJOTOIUIMBHBIX  AMYJIbCHIl
CHIDKaeT HKOHOMUYHOCTh  TOIUIMBOCKUTAIOIIMX  arperaroB. B cBsi3u ¢
3TUM, HapsAAy C JKeJaHHeM OOeCHeuuTh CTa0WIM3alMI0 MEJNKUX —Kareib
BOAbI B OOBEME TOIUIMBA B BUJE OMYJIbCHHM, B pAIE€ CIy4yaeB BO3HHUKAeT
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HEOOXOJMMOCTh MHULIMUPOBAHUS CEIMMEHTAI[MOHHBIX MPOLIECCOB, MO3BOJISIOIMINX
OCaJIUTh KPYIHBIE KAIUIK U YAQIUTH OTCTOSIBIIYIOCS BOJY.

[Ipotiecc pa3zaenenus BOJIbl U TOTUIMBA ONPEIEISIETCS KoaleCcIeHIIUEeH Karelb
BOJIbI, KOTOPAst MPU CEAUMEHTAIIMU MPOUCXOIUT CIIEAYIOUIUM

obpazom [13]. Ocenmaronme karum y JAHa pe3epByapa 3amMeJiIioT CBOE
JIBIKEHUE W HAKaIUIUBAIOTCs, 00pa3ys SMYJIbCUOHHBIN CJIOW, KOHLIEHTPAIUsI BOJIbI
B KOTOPOM 3HAYMUTENHbHO BBIIIE KOHIIEHTPALMM HCXOAHOW sMyjibcuu. Ilo mepe
YBEIUYEHHS TOJIIMHBI 3TOTO CJIOS PACTET €ro JaBJICHUE HA HWKHHUE KaIlld, 4TO
CIoCcOOCTBYET uX 00jiee OBICTPOM KOAIECIICHIINKM M 00pa30BaHUIO TPAHUIIBI pa3fena
cruomHbIX ¢a3. OnHAKO UHTEHCU(UIIMPOBATH 3TU MPOIECCHl TOCTATOUYHO CIOXKHO,
a JUISl BBICOKOBSI3KMX, TSDKEJIBIX Ma3yTOB MPAKTUYECKH HEBO3MOXHO, TaK KaK BOJA,
yObIBasi U3 BEPXHHUX CIIOEB, BBIMAJAET U3 Ma3yTa B HE3HAUUTENIbHBIX KOJMYECTBAX,
COCpPEOTAYMBASICh B BUJE MPOCIOEK U JIMH3 B CPEJHUX U HUKHUX CJIOSIX TOIUIMBA.
Taxk, npu OTCTaNBaHUU O0OBOIHEHHOTO CEPHUCTOTO MasyTa B
TeYeHUU MITH CcyTok mpu Ttemmeparype 50-70°C Boeigenunock Tosibko 20%
coaepkaBiieiics B HeM Boiabl U okosno /0% Bceil He OTCTOSBLICHCS BOJIBI
pacroyiarajioch OCJIOWHO B HIDKHHX CIIOSIX pe3epByapa [5].

JUIsi  BBICOKOBSI3KMX MAa3yTOB JaJbHEHIIEE YBEIMYEHHE TEMIIEPATyphl
XpaHEHUs, MO3BOJISIIOIIEE HHTEHCU(PUIIMPOBATh OTCTON BOJIbI, OTPAaHUYMBAETCSA KaK
[0 TEXHUKO-DKOHOMUYECKUM IIOKa3aTesiM (3HAUUTENbHBIE 3aTpaThl TEIUIOTHl Ha
JUIUTENIbHOE TOJJEPKUBAHUE BBICOKOW TEMIEpaTyphl), TaK M IO TPEOOBAHMIM
0e3omacHOCTH (BO3MOXHOCTh BCIIEHMBAaHUSA U BbIOpOca OOBOJHEHHOTO Ma3yTa W3
pesepByapa). Takum 00pa3oM, MPaKTUYECKU BO3JEHCTBOBaTH Ha MPOIECCHI
CeAMMEHTAIMU U KOAJIECUEHLUH, CBSI3aHHbIE C JBUKEHUEM U OCAKJIEHUEM BOIHOU
¢da3bl, NPUCYTCTBYIOIIEH B Ma3yTe, MOXXHO B OCHOBHOM IIyTEM HW3MEHEHUS
pa3MepoB Karenb BOJABI, ONPEEISIEMbIX KAaueCTBOM €€ JAHMCIEPTrUpPOBaHUS B
torumBe. Ilpm moxmorpeBe Masyra IOJOTPEBATENSIMHU, PACIOJIOKEHHBIMU B
pe3epByape, WIM LHUPKYJISLUOHHOM IIOAOTPEBE C MAJOM HMHTEHCHBHOCTHIO
NEPEMEIINBAHUS TMPOLECCHl OCAKIAEHUS BOJIBI MOTYT YCKOPUTBCA 3a CYET
KOHBEKTHUBHBIX TOKOB B 00BEME pe3epByapa, T.K. IpyOoAMCIIEpCHBbIE KaIliu
3HAYUTENIbHO OTJMYAKoIIMecs B pa3Mmepax OyAdyT [JBUTAaTbCsl C pa3HbIMU
CKOPOCTSIMUH BEPOSITHOCTh UX CTOJIKHOBEHUS MEX]ly cOOON BO3pacTaer.

C uenpto ompeaeneHUs] yCIOBUN CTAaOWIM3AlMU WM OCAXJEHUS BOJHOM
da3pr u3 mazyra M100 ObuTM TIPOBENEHBI SKCIIEPUMEHTANTBHBIC MUCCICAOBAHUS Ha
CHelualbHOM  OTCTOMHOM  KOJIOHHE  BbICOTOM 6 M, B  KOTOpOW
00€eCreynBaIuCh YCJIOBHs, OJM3KME K YCIOBUSM OTCTaMBaHHUS MaszyTa B
pe3epByapax Ma3yTHbIX xo3siictB [14]. Ilepen mnomadeir B OTCTOHHYIO
KOJIOHHY BOJOMa3yTHbI€ CMECH TNOJBEprajiuch oOpadOTKe B MeEIIAJIKe W
JUCIIEPraTope  POTOPHO-MYJbCAIIMOHHOTO  TUMA C  LEJIbI0  TMOJY4YeHUSs
OMYJbCHUM C pPa3JIMYHBIMU pa3MepaMu Kamneiab BoAbl. B xoxe wuccienoBanui
perecTpUpOBAIUCH CIEAYIONIME MapaMeTpbl: HadalbHyl BiaxHOocTh Wy, %,
U cpenHuid nuamerp dy, MKM, JUCTIEPCHOW (a3bl BOIAOMA3yTHBIX 3MYJIbCHH;
BiaxHocth W u cpenuuii quametp O aucnepcHOil (a3l Ha pa3HBIX YPOBHIX
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OTCTOWHOW KOJIOHHBI; BpeMsl OTCTaWBaHUs T/4; TEMIEpaTypa Mmoj0TrpeBa dSMYIbCHH
t, °C.

[Ipu paszorpeBe MaszyTa BOASHBIM MapoM M €ro IEpeKayke B pe3epByaphbl
Ma3yTOXpaHUJIUIIA CO3/Ial0TCs YCIOBUS, CIIOCOOCTBYIOIIME OOpa30BaHUIO TPYyOBIX

IMOJIMAUCIICPCHBIX 3MYHBCHﬁ. OHCHK& AUCIICPCHOCTHU BOJBI B
Ma3yTeC IIOKasalia, 4YTO pasMCpPbI OCHOBHOM MacChl KaIllejib BOJABI COCTaBJIAIOT 1,5-3
MM, OTOCJIBHBIX BKJIIOUCHMH - 6-8 MM. OrcrauBaHue TaKHuX

aMyJbCcUil ¢ conepskanueM Biaru 6, 10, 15 u 20% mnpu Temnepatype t=60°C u
OPOAODKUTEILHOCTH  OTcTauBanus  jpocturatomeii 200 9w um Ooree
MOKa3ajo, YTO OCaXJCHHUE BOJbI M3 Ma3yTa HanboJjiee MHTEHCHUBHO MPOUCXOAUT B
teueHue nepBbix 80-100 4, mocie yero 3ToT mportece 3ameisiercs. [Ipu atom Obua
BEISIBJICHA TUTTAYHAS KapTHHA o0pa3oBaHUA
MPOCIIOCK W KPYMHBIX BKJIIOYCHWH BOABI HA CPEIHEM M HWKHEM YpPOBHE
XpaHsiencs sMylbcud. [[pUUMHON TakOro pacciIoCHHs SBISETCS, MOBUIUMOMY,
YBEJIMYEHHE TUIOTHOCTH U BSA3KOCTH TOIUIMBA B HUKHHUX CJIOSAX, TaK KaK BMECTE C
KaIUIIMH JTUCTIEPCHON (Da3pl IMYJIBCHUU B MPOILIECCETCEAMMEHTAIIMH YyYaCTBYIOT U
JPYTHE BBICOKOIUIOTHBIE KOMIIOHEHTHI Ma3yTa, YBEJIWYUBAIOIIME IJIOTHOCTh
HIKHUX CJIOEB W oOpasyrolue MeXIy co00#l arperarbl, CTPYKTYpbl KOTOPBIX
MOBBIMIAIOT BSI3KOCTh, YTO COBMECTHO MPUBOJUT K OTHOCHUTEILHOW CTaOUIIU3AINU
KPYIHBIX BKJIIOYEHUN BOJBI B Ma3yTe. Pe3ynbTrarbl OmbITa CBUIACTEIBCTBYIOT O
HEBBICOKON 3(P(HEKTUBHOCTH NMPUMCHIEMON B MPAKTUKE SKCIUTyaTalldd Ma3yTHBIX
XO3SIUCTB TEXHOJIOTHYECKHUX OIEPALMH IO OTCTOIO0 BOJABI U3 ToruuBa. [Ipumenenue
OTCTOSI BOABI W3 TOIUIMBA OyAeT ONpaBJaHO JHIIb TP BBICOKOM CTEHCHH
00BOIHEHHOCTH, TipeBbimaromiei 10%.

B pesynmbraTe OTCTOS, yHmajdeHUs YaCTH BOJbI WU PEHHUPKYISAIIHMOHHOTO
MOJIOTpeBa AMYJIBCUU B  pe3epByape €€ JTUCIHEPCHBIE  XapaKTEePUCTUKH
nmpeTeprieBatoT u3MeHeHus. KpynHble TI00Yyabl BOJBI, KOAJIECHHUPYS C MEIKUMU
KalUIAIMA U MEXAY COOOH, CEeAMMEHTHUPYIOT U, 10 Mepe oOpa3oBaHUS
CIUIOIIIHOTO CJIOSI BOABI Ha JHE pe3epByapa, YIAISIIOTCS € OTCTOSIBIIEHCS
Bofoi. [Ipm 3TOM pa3Mmepbl OCTAaBIIMXCS Kamelb BOJBI W €€ KOHIEHTPAIHs
B TOIUIMBE YMEHBIIAIOTCS, YTO BHOCUT CBOM HW3MEHEHHS B XOJ IIpoliecca
OTCTOSI U XPaHEHUsI dMYJIbCUU. [ ydeTa BIMSHUS JUCIEPCHBIX XapPaKTEPUCTUK
OMYJBCUM HA 3THU MPOIECCHI BOJIOMA3YTHYIO CMeCh 00palaThIBajiu B MeEIIAJIKe U
nucnepratope. Tak  kKak  3MyJbCHST  TOTOBWJIACh  IyTEM  TIIATEIHHOTO
PEIBapUTEIHLHOTO TepeMEeITUBaHUS cMecH BOJIBI 1 TOTUTHBA
B EMKOCTH M TMOCIeAyromeld oO0pabOTKM B MeIIajKke WIA JUCIeprarope, TO
OLICHKa PaBHOMEPHOCTH pAaCIpeleleHus BJard, MPOBOAWMAs IO aHAIU3Y
pana mpo® B MpoIecce 3aloJIHCHUS OTCTOMHOM KOJIOHHBI, TOKa3zajga 3HauYeHUs
kodpdunmenta  Bapuammu  <10%,  CBHACTENBCTBYIOIIME O  BBICOKOM
TOMOTE@HHOCTH CMECH.

3.5 BuusiHne BOJbl, JUCHEPrUPOBAHHON B KHUIKOM TOILUIMBE, HA
Mpouecchl ropeHust 1 00pa30BaHUA BPEAHBIX BEeleCTB.
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HecmoTpst Ha 3HauMTENbHOE Pa3BUTHUE TEOPUU TOPEHHUS, UCKIIOUHUTENIbHAsS
CJIOHOCTh M B3aUMOCBSI3b (M3MUECKUX M XMMHUYECKUX MPOIECCOB, pa3HooOpasue
yCIIOBUM ropeHus u Ipyrue dakTopsl CYILIECTBEHHO
OTPaHUYMBAIOT MPUMEHUMOCTh TEOPETUUYECKUX Ppe3yJbTaTOB I ONUCAHUS
MPOLIECCOB B MPOMBIIIJIEHHBIX TOMOYHBIX Kamepax. Kak ycTaHOBIIEHO B HACTOSIIEE

BpCM:, r’IaBHas1 craausa BCCTO Imponecca TrOpCHUA - Imponecc
BBIACJICHUS S9HCPTUU (TCHHOTBI) B XUMHUYCCKHUX PCAKIUAX, HC TOJIBKO 3aKaHYNBACTCA
ITOJIHBIM OKHUCJIICHUCM HCXOAHBIX KOMIIOHCHTOB TOIIJINBA, HO u

CONPOBOXKJAETCSI 00pa30BaHMEM BPEAHBIX TOKCHUYHBIX coeauHenuil. W 3ToT
dakT, B CBET€ DSKOJOTHYECKHX TpeOOBaHUN K pabdoTe TOIIMBOCKUTAIOIINX
arperaroB, BHOCHUT JOINOJIHUTENBHBIE CIIOKHOCTH KaK B  HCCJIEHOBAHUSA
IIPOLIECCOB  TOPEHUS, HAIpPaBICHHBIE HAa IPEJOTBPALICHUE W  CHIKCHHE
o0pa30BaHUsI BpPEIHBIX BEIIECTB, TaK M B OPraHHU3alMI0 MPOLIECCOB TOPEHUS
Ha KOHKPETHBIX TOIIMBOCKUTAOIINX arperarax.

Hannuue B TOImMBe BOABI, SABJISIOLIEHCS TEIUIONOIIOAOIIUM KOMIIOHEHTOM
U B  OOJNBUIMHCTBE  Ciy4yaeB  OayylacTOM,  OKa3bIBAaeT  CYILECTBEHHOE
BIMSIHUE Ha XapakTep (U3MYECKUX MPOLECCOB M XUMHYECKUX PEaKIHi
IPOTEKAIOIUX I[PU TOPEHUH XUAKOro Torumba. OJHAKO, CKUTAaHWUE TOIUIMBA C
OUCIIEPTUPOBAaHHOM B HEM BOJAOW M3MEHWI B3IV Ha BOJLy, Kak Ha
Oamnact yxyamaroomuid 3¢p(EeKTUBHOCTh MPOLECCOB TOPEHHUsS, U Ha €€ poJib
B 9oTux Imporeccax. OTCyTCTBHE OIPENEIECHHOCTH B BOIPOCAaX  BIIUSHHSI
BOJbI Ha IMPOLIECCHl TOPEHHSI BOJOMAa3yTHOM 3MYJIbCHUU BBI3bIBAET HEOOXOAUMOCTD
DKCIEPUMEHTAIBHOIO  MCCIEHOBAHMUS OTUX IMPOLECCOB M TEOPETUYECKOTO
PacCMOTPEHUS SIBJIEHUN MPOTEKAIOIINX B TONOYHOW KaMepe.

3.6 Boiropanue ¢gakesia BOJA0-TOILIUBHBIX IMYJIbCHI.

[Ipexxne yeM TeperTH K aHaNIM3y BBITOPAHMSI, CBSI3aHHOTO C XMMHUYECKUMU
peakusIMi MEXJTy KOMIIOHEHTaMU TOIUIMBA U BO3AyXa, HEOOXOAUMO OTMETHTH,
4TO CpaBHUBAETCS ropeHue TOTUTHB OTINYAIOITUXCSI HE
TOJIBKO COCTaBOM (BJIQXXHOCTHIO), HO U TEM, YTO JUCIIEPTUPOBAHUE BOJHOM (pa3bl B
TOTUTMBE B OOJIBIIMHCTBE CIIy4aeB CBA3aHO U C THAPOMEXAHUYECKON 00pabOTKOM
coOcTBeHHOTO TorunBa. [IpeobpazoBanue 00BogHEeHHOTO ToTuMBa B BT Biieuet 3a
co0Oll WM3MEHEHHE €ro PEOJOTHYECKUX CBOMCTB - BA3KOCTH U TMOBEPXHOCTHOIO
HATSDKEHUS - 4TO, MPUPABHBIX TeMIepaTypax MojorpeBa 0e3BOJAHOIO TOIIMBA U
OMYJbCHH B CBOIO OYEpEIb SBISICTCS MPUYMHOW YBEIWYCHUS JHUCIICPCHOCTH
pacnbiia smynbcun. C Ipyroil CTOPOHBI, TUAPOMEXaHWYEeCKass 00paboTKa TOILIMBA
BMECTE C JIUCIIEPTHPOBAHUEM BOJHOMN (ha3bl MOXKET 00SCIICUUTh AUCTICPTHPOBAHUE
1 TPYTUX KOMITOHEHTOB (kapOouoB, MEXaHUICCKUX IpuMeceH,
MUHEPAJIbHBIX YaCTHUI[ W TIL), COINPOBOXKIAIOMICECS HW3MEHCHHEM CTPYKTYPBI
TOIUIMBA C pacmaioM ac(haTbTEeHO-CMOJIUCTBIX CUCTEM M MEpepacipeiesieHueM 3TUX
HanOoJIee TSKEIBIX KOMIIOHEHTOB 110 BCEeMY 00hEMY TOILITUBA.

B 3aBucumoct 0T cmocoba W TMPUMEHSIEMOTO JUIsl SMYJIbTHPOBAHUS
anmapara TNpd  MEXaHWYECKHUX  BO3JCHCTBUSX HA  TOIUIMBO,  BCIICJCTBUC
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HEPABHOMEPHOTO pacTpe/ie]iCHUs] BHYTPEHHUX HAMNPSKCHUA WM JIOKAIU3alun
DPHEPrUHM  yAapa, BO3MOXEH pa3pblB XUMHUYECKHX CBS3€H  MPHUBOISIIHIIA
K 00pa30BaHWIO AaKTUBHBIX YacTUIl - CBOOOJHBIX pATUKaIOB Ha3bIBACMBIN
MexaHokpekunrom [18, 23, 25]. B omauume oT 00pa3oBaHHS AKTHBHBIX
YacTUIl TPH CTOpPaHWW TOIUIMBA, WX OOpa3oBaHHWE TP MEXaHOKPEKUHTE
SIBIISIETCSL CJICICTBUEM TPUHIUITHAIBHO WHOW TPUYUHBI - MEXaHOMHHUIIMHPOBAHWSI
OpU  HU3KUX TEMIIepaTypax BO3HUKAIOMIETO B  pe3ylbTaTe HE  YUCTO
MEXaHUYECKUX HU3KOYACTOTHBIX, a 0oJiee CIOKHBIX BO3ICUCTBHH (YyIbTpa3BYK,

AIEKTPOTUIPABINYECKU I yaap), rae coOCTBEHHO MexXaHHu4ecKas
COCTABJISIFOLIAs] MOXKET BHOCUTh M HE OCHOBHOM BKJIa/l B MHUIIMMPOBAHKE IpoOLiEcca
oOpa3oBaHHUs AKTUBHBIX YaCTHII. OOpasyromuecs B pe3ynbTare

KpeKuHra (hparMeHThl MOJIEKYJ, CBOOOJHBIE paauKalbl O0JaJal0T BBICOKOM
XUMHYECKON aKTHBHOCTBIO M OKAa3bIBAIOT MOJOXKHUTEIHBHOE BIMSHHE HAa CTOpaHUE
tormuBa. [loaToMy paccMarpuBasi pe3ynbTaThl SKCIIEPUMEHTOB 110 cxuranuto BTO

CleayeT UMETH B BHUY JBa MPOTUBOIIOIOKHBIX
dakTopa ynydlleHWe CTPYKTYphl TOIUIMBA M  YBEJIUYEHUE JUCIEPCHOCTHU
pacrmblia.

[Ipu cxuraHud >KUAKOTO TOIUIMBA B KAMEPHBIX TOINKAaX OCHOBHBIE
OCOOEHHOCTH MPOIECCOB TOPEHUS MPOSBISAIOTCS TJIaBHBIM 00pa30M Ha Ha4yaJbHOM
y4acTKe dakena, rae B MPOJTyKTax ropeHus PUCYTCTBYIOT
KUJKAE, Ta3000pa3HbIe W TBEpAble KOMIOHEHTHL. OTHOCAIUECS K TBEPIbIM
MPOIYKTaM HETOJHOTO CrOopaHus KOKCOBBIE YAaCTHIIBI M MEIKOJMCIICPCHAS
ca)ka SIBIITFOTCS KOMITOHEHTAMH 3arps3HSIOMAME aTMOC(eEpy, a TaKxKe COpOCHTaMH
st Oolee  OMacHBIX — 3arps3HUTENIC - KaHIEPOTCHHBIX  ITOJIHUITUK-
JUYECKUX apOMATHYECKUX YIJIEBOJIOPOJOB, MEXaHM3M OOpa30BaHHUS KOTOPBIX
0JIM30K K 00Pa30BaHUIO CAXKUCTHIX YACTHII.

Pa3BuTHe mporeccoB TOpEHUS SKHAKOTO TOIUIMBA 3aBUCUT Kak OT
COCTaBa W CBOMCTB CaMOT0 TOILIMBA, TaK U OT HHAMBHUAYaJIbHBIX OCOOEHHOCTEH
TrOpeNIoYHBIX  ycTpoicTB [28], oOecrmeuMBarOmMX CMENIEHHE TOIUIMBA  C
OKHUCIIUTENIEM (BO3MYXOM), KOH(UTypanuu TONIOYHOU KaMephbl u
PEKUMHBIX bakTopoB COKUTaHUS, XapaKTEPU3yEeMbIX Harpy3Kou
TOTUTMBOCKUTAIOIIETO arperara i COOTHOIIEHUE TOTUIMBO-BO31yX (K03 duiimeHTom
n30bITKa BO3MyXa) W JpyruMu mapamerpamu. [lodTomMy comocTaBiieHHE
pPE3yNbTAaTOB, TIOJYYCHHBIX HA PA3JIMYHBIX TOMOYHBIX W TOPEJIOYHBIX YCTPOHWCTBAX
HEO0OXOMMO MPOU3BOIUTH C YUETOM KOHCTPYKTHUBHBIX M PEKUMHBIX OCOOCHHOCTEH
JTUX YCTPOMCTB.

JIist  MccnemoBaHUS TIPOIECCOB  CXKWUTAHUS OMYJIBCHH W ONpEICICHUS
ONTHUMAJIBHBIX XapaKTEPUCTHK SMYJIbCUU M PEKUMHBIX I1apaMETPOB, PEIICHHUS
BOIIPOCA TIOBBIIIICHUS DKOHOMHUYHOCTH W CHIDKCHHS BBIOPOCOB TOKCHYHBIX H
BpPEIHBIX KOMIIOHEHTOB MPOJYKTOB CTOpaHUsl OBLIM TPOBEICHBI HMCCIEIOBAHUS

JOKIBHBIX XAPAKTEPUCTUK - TMOJIEM KOHLEHTpPAUWM NPOAYKTOB TI'OPEHHS,
TEMIIepaTyp W TETUIOBBIX TTOTOKOB TIO JUTMHE (pakesna, pa3BUBAIOMIETOCS B TOMOYHOMN
Kamepe BOJIOTPEMHOTO KOoTJIa Yuusepcai-6 IIpU
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cxurannn Mazyta M-100 u ero smynbcuii ¢ Boaou. s ycTpaHeHHs] BO3ZMOKHBIX
M3MEHEHUM JUCIIEPCHOTO COCTaBa, BOJOTOIUIMBHBIE
AMYJIbCUU TOTOBWJIMCH HEMOCPEACTBEHHO IEped KOTJIOM B POTOPHOM arlapare.
N3mepenus temneparyp (pakena mpou3BOIUINCH BOJAOOXIIAKIAEMBIMU OTCOCHBIMU
TepMONapaMHl  HUCIOJIb3yeMbIMM  TakKe Kak ra3o3abopHble  TpyOKH U
BHINIOJIHEHHBIMU B JIBYX BapuaHTax: mOpsMas U ¢ paboyuM KOHIIOM IIJIaBHO
n3orHyTeiM moja 90° wHa paccrosaue 300 MM oT ocu TpyOku. WM3orHyroi
TEpMONAapoOi MPOBOJAMIMCH HM3MEPEHUS B MECTAaX HEIOCTYIHBIX IS HPsIMOM
TE€pMOIapHI.

4 Pa3p360TKa POTOPpHOro amnmapartra JJisd CRKUTaHUuSA BOJ0-TOIVIMBHBIX
IMYJIBCHH M IKCIICPUMCECHTAJIBbHBIC UCCIICI0BAHUSA

4.1 TenoTexHHYECKHE XapaKTEePUCTUKHU BOAOTOIVIMBHBIX 3My.]Il)CI/Il71

B nmpakTuke mNpOEKTUpPOBaHMS M 3KCIUTyaTallMd MAa3yTHBIX XO3SICTB
Y TOIUIMBOCKUTAKOUIMX arperaroB M pacdyeToB IIPOLIECCOB CKUTAHUSA IPUXOIUTCS
OIEpUPOBAaTh PA3JINYHBIMM TEIUIOTEXHUYECKUMH XAPAKTEPUCTUKAMHU  JKHAJKHX
TOIUIMB U UX MPOAYKTOB Cropanus. JlucneprupoBaHue B KHJIKOM TOIUIMBE BOJBI U
€ro C)KMT'aHUE B BHJIE BOJOTOIUIMBHOM OMYJIbCUH
U3MEHSET 3T XapaKTEPUCTUKH M MX 3aBHCHMOCTH OT BHELIHUX IIapaMETPOB H, B
IIEPBYIO OYEPEb, OT COEPKAHUS BIIAaru B TOILJIUBE.

TexHonmormyeckne MpOLECCHl ClIMBAa TOIUIMBA W3 LHUCTEPH, XPAHCHHUS
B pe3epByapax, IMOATOTOBKA K CXUFaHUID M, COOCTBEHHO, CXKUTaHHUE
CBA3aHbl C UW3MEHEHHEM TEeMIIepaTypbl TOIUIMBA WJIH HEOOXOJUMOCTHIO
NOAJIEP)KUBATh €€ Ha OmpelneleHHOM ypoBHe. llpu 3TOM moaBoa TEmiIoOTHl K
TOIUIMBY  OOECNEYMBAETCS  pa3au4HbIMU  cnocobamu [26]. [Jns  pacuera
TEIJIOOOMEHHBIX MPOLECCOB, CBS3aHHBIX C HarpeBaHUEM  BOJIOTOIUIMBHBIX
AMYJIbCUM, HEOOXOAMMO pacmoJiaraTh JAHHBIMU MO TEMIOOOMEHHBIM CBOMCTBAM
KaK KOMIIOHEHTOB  BOJOTOIUIMBHOM  3MYJIbCMM, TaK W IO 3MYJIbCHH
B LIEJIOM, C YYETOM €€ AUCHEPCHBIX XapaKTEPUCTHK.

IIpn mpakTHYECKUX pacyeTax 3aBUCHUMOCTBIO TEIJIOEMKOCTH YKUIKOCTH OT
JIaBJICHUS. MOXXHO IpeHeopeub. 1 nis Boxbl B, B Ipejenax TeMmrepaTyp HarpeBa u

JTaBJICHUH, UMEIOITIX MECTO npu MOATOTOBKE KUTKAX
TOTUTMB K CXKUTAHHIO, €€ 3HadyeHHue MOXHO TpuHATH paBHbIM 4,19 x/[x/(krK).
Onnaxko 3aBUCUMOCTD TEMJI0EMKOCTH BOJIbI oT TEeMITepaTyphI

B OTJIMYME OT TEIJIOEMKOCTH Ma3yTa, HWMEET HEIWHEHUHBIA XapakTep ¢
MHUHHUMAaJIbHBIM 3HauyeHHUeM Ipu temneparype okono 40°C, u 3Ty HEJIMHENHOCTh
HE00XO0IUMO YYUTHIBATh npu neperpene BO/IBI, HaXOAIIENCs
B MeTtacTaOuiabHOM coctostuu [15, 17, 18]. TemnoeMKOCTh BOJOTOILTMBHBIX
AMYJIBCUI MPOMOPIIMOHATIBHA COJIEPKAHUIO €€ KOMIIOHEHTOB U OMNpPEIENIeTCs Kak
TEIUIOEMKOCTb CMECEH.

W3 mnonydeHubix B.M.MBaHOBbIM [24] SKCHEPUMEHTAJIbHBIX JaHHBIX
CIEAYET, YTO TEIUIONPOBOAHOCTh BOJOMA3YTHBIX SMYJbCUHA OTHOCHUTEIBHO
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cmabo 3aBuCUT OT Temmeparypsl. Jlo Biaaxknoctu smynbcun 20% HaOmromaeTcs
o0m@ass C¢ MHOTMMHU  KamleJlbHbIMU  JKMJIKOCTSMH  TEHJICHUUS  CHUKEHUS
TEIJIONMPOBOJAHOCTA C POCTOM Temmeparypbl. OAHaKo JajgbHEHIee MOBBHIIICHUE
COJlepKaHWsl  BJIarM  MEHSIET 3Ty TEHJACHIMIO Ha  MPOTHUBOMOJOXKHYIO.
DTO u3MEHEHHEe M 00Ilee TMOBBIIICEHHE TEIUIONPOBOJHOCTH BOJOTOILTUBHBIX
AMYJIbCUM C TIOBBIILIEHUEM KOHIICHTPAIIMK BOJAHOU (pa3bl BbI3BAHO 00Jie€ BHICOKUM
YPOBHEM TEILJIONMPOBOAHOCTH BOJABI IO CPABHEHHUIO C TEIUIOMPOBOJIHOCTHIO HKUIKUX
TOIUTUB ¥ aHOMaJIbHBIM XapaKTEePOM €€ 3aBUCUMOCTH OT TeMiteparypsl [9, 10].

OKCIIepUMEHTaIbHAsA ~ OLICHKA  BIUSHUS  JIUCHEPCHBIX  XaPaKTEPUCTUK
BOJHOM (ha3bl HA TETUIOMPOBOJHOCTH BOJIOTOILTUBHBIX dMYJIbCHH, BHIITOJTHCHHAS HA
OMBITHOM YCTaHOBKE 1o METOY UUIMHAPUYECKOTO cI10s,
MOoKa3ajaa, 4TO C YMEHBIIEHUEM pa3MEpOB Kameiab BOAbl W TOBBIINICHUEM UX
MOHOJMCIIEPCHOCTH YMEHBIIWIACh MOTPEHTHOCTh W3MEPEHUW MPU MPAKTUYECKHU
UJEHTUYHOM CPEJHEM 3HAYEHUHU TEILIOPOBOJIHOCTH.

[Ipennpunsaras B.M.MBaHoBbIM [24] mpoBepka NMPUMEHUMOCTH PACUETHBIX
3aBUCHUMOCTEN Il  OINPENENICHUs] TEIUIONPOBOJHOCTH CMECEH  JKHUJIKOCTEM,
MO0Ka3aja, YTO TEIUIONPOBOAHOCTh BOJIOMA3yTHBIX AIMYJIBCUH TOCTATOYHO XOPOIIO
onuchiBaeTcs Gpopmynoi Makcsea:

la:/lT.lﬂ-(l—ﬂT/ﬂB)'W’ (7)
1+ (k-1)-W

u ypaBHenuem Jl. I1. ®ununona:

Ay — A

Do 7 e W2 W -(1-c), 8
E— a-9 ®)
B »Tux 3aBUCMMOCTSX A5, A1, Ap, - TCEIUIONPOBOJHOCTh 3MYJIbCHH,

torumBa U Boael; W - B (dopmyne MakcBemia oObeMHas J0Jis BOABI, B
ypaBHeHuu JI.I1.@unnnosa v B CeAyOMNUX YPABHEHUSIX MacCOBas 1015

Boabl; k=3A4,/(24, +A,); C - KOHCTaHTa cMmecHU. Eciam skcnepuMeHTalb-
HOE€ 3HAUYE€HHWE C HEHW3BECTHO, €ro oOObYHO mpuUHUMAIOT paBHBIM 0,72
[167].

JlonoynHUTeNbHAS TIPOBEpPKAa Jpyrux 3aBucumocted [17] mng Ttemo-
MPOBOJAHOCTH CMECEH KUIKOCTH I[IO3BOJIMJIA YCTAHOBHUTh, YTO KpOME TIpH-
BEJICHHBIX BBIIIE 3aBUCHUMOCTEH [JIsl OMNPEETCHUsS TEIJIONPOBOJIHOCTA BO-
JOTOTUIMBHBIX AMYJIbCUM MOTYT HAaWTH IPUMEHEHUE CIEAYIOIINE YPAaBHEHUS.

VYpaBuenue HarmonansHot wumkeHepHoit mnabopatopun (HWUJI) CIIA
UMEET BUJL;

M:a.wm +W-(1-a) 9)
/IB _iT
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1€ o - KOHCTaHTa CMECH. 3HA4YeHHUsS HSTOM KOHCTAHTBI HaXOIATCSI B
npefenax npubmmsurenbHo ot 0,1 go  1,0; mockonbKy —3HaYeHHS A
O0OBIYHO HEM3BECTHBI, YaCTO NMPUHUMAETCA o =1.

Jlns MojenupoBaHUsS THUIWYHOM 3aBUCUMOCTH MEXIY TEIJIOMPOBOIHO-
CTBIO M COCTaBOM CMECH JBYX JKHIKOCTEH, B pabore [16] mnpensioxeHo
COOTHOIIIEHHE, UCTIOJIB3YIOIee MTPABUIIO aTATUBHOCTH

AL =VAL WAL = (L-W)A" + WAL, (10)

rae V= (1-W) - maccoBas [Jis TOILIUBA; [ - TapaMeTp.

Jns monmydeHuss OoJjiee TOYHBIX pe3ylbTaTOB 3HAYCHUS Tapamerpa [
BeiOupatorcsa. [lpu r=l A, ompenensercs mo mnpaBwily aJAMTABHOCTH. U3
ATOTO COOTHOIICHMS CJENYEeT, 4YTO YyBEIWYeHHEe mnapameTrpa I >1 wim ero
yMeHbleHue I <1 BiedeT 3a coOOW COOTBETCTBYIOIIEE HAIpaBICHUE U3MEHEHUS
3HAYCHUS TETJIOMPOBOAHOCTH A, BBEIYHCIICHHOTO 1o MIPaBUITY
aITUTUBHOCTH.

VYpaBuenne  Jlu ObLIO NPEIJIOKEHO ISl TETUIONPOBOJAHOCTH
MHOTOKOMITOHEHTHBIX CMECEH JKHIKOCTeH, a Juisi OWHApHBIX CHCTEM OHO
MIPUHUMAET BU]T

Ay =V 22 + WA, +W?A,, (11)
rae A, =2(A' +45) ). Ypasaenue [xopnana — Koyrca

al,
(adr)" (adg)"

={exp[of (1 — A, |- 0,50f (Ag + ;)™ (12)

B wucxomnom cootHomenun [[xopmana - Koyrca ObUIM HMCHOJIB30BaHbI
3HAQYEHHS] TEIJIONPOBOAHOCTA BO  BHECUCTEMHBIX  €AMHUIIAX  W3MEPEHMS,

nodtoMy o« #u f - KO3(pOUIMEHTHI TmepecyeTa, pPaBHBIE COOTBETCTBCHHO
12
3,310“ u 13,8.
OueHka  TOYHOCTM  PACCMOTPEHHBIX  PAacyeTHbIX  METOIOB, IO

9KCIEPUMEHTAIBHBIM JaHHBIM [4, 24] 1 SMyJIbCHIT BOABI ¢ Ma3yTOM, KEPOCHHOM
¥ Ta30BBIM OCH3WHOM, MIpUBEIeHa B Ta0I. 1.

CpaBHeHMEe  JIaHHBIX, T[PUBEIACHHBIX B Tabim.l moka3biBaeT, UTO
PAaCCMOTPEHHBIE 3aBUCHUMOCTH TNPAKTUYECKU aJEKBATHO OIMCHIBAIOT 3KCIIEpU-
MEHTaJbHbIE 3HA4YeHUS KOI(P(ULIMUEHTOB TEIUIONPOBOJHOCTUH BOJAOMA3yTHBIX
smynbeuid. CpelHue MOrpelHOoCTH ypaBHeHuid A He npesbimatot 4%. HeoOxonumo
OTMETUTB, YTO KOHCTaHTa cmecH i ypasHeHuss HJI u mapamerp B COOTHOLLIEHUH,
UCIIOJIB3YIOIIEM TPAaBWIIO aJJUTUBHOCTH, OBUIM MOAOOpPaHBl M HMX 3HAYEHUS
cocrapmin a=1,1 u r=-2,2. TemnonpoBOJHOCTh BOJOKEPOCHUHOBBIX AMYJIbCUN
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OMHCHIBACTCS  PACCMOTPEHHBIMH  3aBUCUMOCTSIMH  MEHEE€ TOYHO, MPHYEM
COOTHOIIICHHE, HWCIONB3YIOIIee MPaBUIO aaguTHBHOCTH, mpu [=0,4 xopoio
COTJIACYeTCs ¢ AKCIIEPUMEHTAIBLHBIMU JAHHBIMU B 00JIACTH KOHIICHTPAITMH BOJHOU
da3zer W>30%, a ocranpHbie YypaBHeHUs, B Tom uwmcie HWII mpu a=0,9,
COTJIACYIOTCS C OMBITOM TIPH MEHBIIMX KOHIEHTPAIUAX BOABL. JIJIsT SMYJIbCUN BOJIBI

1 Ta30BOT'0 OCH3MHA CPCOHIOIO ITOI'PCITHOCTL MCHBIIIC 10% AaJI0 TOJIBbKO YPAaBHCHHUC
HUJL

Tabmuua 1- ITorpemHocT METO0B pacueTa TEMIONPOBOIHOCTH
BOJOMAa3yTHBIX 3MYJIbCUH, %0.

Conepxxanue YpaBHEHHE WU COOTHONIEHUE

BOJbI B | Makcsemna | JI.II. HWJ | Angau- JIn J>xoprnanHa
tomuse, % duumnona TUBHOCTH Koyrca

3,5 +2,5 +2,5 - +2,91 +3,33 | +4,17

5 +1,56 -2,31 -5,47 |-1,56 -1,56 | +0,78

10 +1,51 +0,76 +0,76 | +2,27 +3,03 | +3,79

10 -3,57 -5,00 -5,00 |-3,57 -2,86 |-2,14

20 -4,38 -3,13 -5,00 |-3,13 - +0,63

30 -2,78 +1,67 +2,22 | -0,56 +4.76 | +4,44

40 -2,93 +5,85 +8,29 | +0,98 +9,27 | +6,83

Ecmu B ypaBHeHmsix Makcgeiwia, Jlu u JIxopnana - Koyrca manst pacuera
TEIJIONPOBOJAHOCTU HUCMOJIB3YIOTCA TOJBKO HCXOAHBIE JTaHHBIE, XapaKTEPHU3YIOIINeE
HEIOCPEICTBEHHO KOMITOHEHTHI 3MyJiabcuu (K ,, X 5 V, W), To B ocTaibHbIC
3aBUCUMOCTH BBEJCHBI MapaMeTphl, YUCICHHBIC 3HAUYCHUSI KOTOPBIX MPUHUMAIOTCS
UCXOJI U3 anpHOPHOM MH(POPMALIMKM WIIM ONPENENIOTCs U3 onbiTa. Bo3MOXHOCTD
nondopa 3HAYEHUN TMapamMeTpoB, OOECMEYMBAIOIIUX COBMAJCHUE PACUETHBIX
3HAQYEHUH TEIJIONPOBOJHOCTA C JIOKAJIBHBIMH SKCIIEPUMEHTAIBHBIMU JTaHHBIMU,
MO3BOJISICT  TMOJYYUTh pacyeTHble (POPMYJIbI, YUWUTHIBAIOIINE KOHKPETHBIC
O0COOEHHOCTH SMYJIHCHUH.

st obecnieuenust d(HPEKTUBHOTO CHKUTAHUS SKUIKOTO TOIUIMBA BaKHOE
3HAYEHHE HMEET €ro IOAOTPEB IMepea MoAaded B TONOYHOE YCTpOMcTBO. B
OONBIIMHCTBE CXEM Ma3yTHBIX XO3MWCTB [UJII OTOM 1€ UCIOJIB3YIOT
MOJOTpEBATENIN TUTA TpyOa B TpyOe, peaausyrollre Crocod TemIooOMeHa MEeXIy
HarpeBaeMou 51 rperounen cpenaMu yepes CTEHKY TpYOBI.
O4eBUIHO, YTO U3MEHEHHUE XAPAKTEPUCTHUK TOIUIUBA MPHU AUCIEPTUPOBAHUHN B HEM
BOJIbI BJI€UYET 32 COOOM M M3MEHEHUE XapaKTEPUCTUK TEIIOOOMEHA MEXTY CTEHKOU
TpYObI ¥ BOJIOTOINIMBHON AMYJIbCUEH.

[IpuBenenunsie B padote [20] KputepuaabHble 3aBUCUMOCTH JJIs ONIPeIeSICHUs
kKod(ddummeHTa TEII00TAauYM MPEATNOoNaraloT OTCYTCTBHE MPOIIECCOB KHUTICHUS B
xuakoctd. Ilpu HarpeBe BOAOMA3yTHBIX SBMYJIbCHU Takash CHUTyalusi MOXET
BO3HUKHYTh, TaK KaK TEMIIEpaTypa BOJbl 3HAYUTEIBbHO HHUXKE TEMIIEPATYPHI
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KkurneHus: mMasyta. [1omoOHbIN cilydail TEmIoOTAauM OT TPEIOIel MOBEPXHOCTH K
SMYJIbCUM TIpM YCJIOBHM, KOIJla €€ JAuchepcHas (a3a meperpeBaeTcs Ha
MIOBEPXHOCTU W B TMPUJIETAIOIIEM K HEH CcJoe, a TeMmmeparypa KUIICHHS
JUCIIEPCUOHHOW CpeAbl BBINIE TEMIEpaTypbl MOBEPXHOCTH, pacCMaTpHUBAJICA B
padotax [7, 20, 23]. Pe3ynbTaThl, MOAyYCHHBIC B 3TUX padOTaX, HHTEPECHBI €Ille U
MIOTOMY, YTO HCCIIEOBAJIMCh 3MYJIbCUH BOJABI U KPEMHUUOPTaHUYECKOU JKUJIKOCTH
[IMC-300 u II2C-4 ¢ xonueHTpamuet Bojbl 10 15% u pasmepamu nucrnepcHO
¢dazpr 5-10 mxm. KoMIOHEHTH cMecH HWMENTH MPUMEPHO PaBHYIO IUIOTHOCTH H
MOJIy4aeMbl€ U3 HUX AMYJIbCHH ObUIM JOCTATOYHO YCTONYHBBHI.

Koadduimentsl TemmooTaaun ONPEAETsUINCh MPH JaMHUHAPHOM PEXHUME
TEUCHHS  OSMyJbcun Wik ugumcrtod  kuakoctw, Red000. Temmepatypa
smynbcuii Boma - I[IMC-300 Ha BXOA€ B M3MEpPUTEIBHBIM yd4acTOK Oblia
40°C u 99°C, osmynscuii Boma - IIDC-4 - 60°C. Pesynbrarhl u3MepeHUN
npenacrabieHbl Ha puc.10 B Buae 3aBUCUMOCTH KOA(DPUIIMEHTa TEIIOOTAaYd a OT
rnepenaga  TeMmeparyp At = tt - t MEX Y TeMIIepaTypou
rperolel NOBEPXHOCTH t; U TeMrepatypoil t SMylIbCUU C COJEPHKAHUEM BOJBI JI0
3,2% wim YUCTOM KUIKOCTH.

2,2

1,8

14

r

1,0

0,6

0,2

o 80 160  AL’C

Pucynox 10- 3aBucumMocTh k03h(dUIMEHTA TEMJIOOTAAYM OT Tepenana
TEMIIEPaTypMEKIy CTEHKOM W JKUIAKOCThIO. 1 M 2 — KpeMHUN oOpraHuyeckas
xuakoctsb [19C-4 u smynbecust Boabl B Hel, Temneparypa kuiakocta 40°C; 3 u 4 -
toxxe [ICM-300, 60°C; 5 u 6 - To e [ICM-300, 99°C
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C yBenWYEHWEM TEMIEpaTyphl TOBEPXHOCTH HArpeBa, 10 3HAYCHHS
MEHBIIEr0 TeMNEePaTypbl KUMIEHUSI BOJIbI, 3HaUE€HUA KOA(P(UIIMEHTOB TEIIOOTAauu
c1a00 BO3pACTAOT W TMPAKTHYECKH COBMAJAIOT KaK JUIsl AMYJIbCUW, TaKk WU s
YUCTBIX KUIKOCTEMH, 4TO oO0BsICHSIETCS HE3HAYUTEIbHBIM
paziMyueM UX  TeIIOPU3MYECKUMX CBOMCTB, TMpU Majloll  KOHLEHTpaIluu
nucniepcHoi  ¢aspl. [lpu  MOBBIIEHUM TeMIlepaTypbl MOBEPXHOCTH Harpena
t=>100°C ko3¢pdUIHMEHT TEIIOOTAAYM K HSMYJbCHSIM HAyWHAET BO3pacTaTh
Oonee WHTCHCHMBHO, YeM a YHUCTBIX KPEMHUHOPTaHWYECKHUX  KHJIKOCTEH,
YTO CBHJICTEILCTBYET O CYIIECTBEHHOM HW3MEHEHHHM XapaKTepa TermIoo0MeHa,
BBI3BAaHHOM BCKHITAHMEM KarleJIeK BOJIbI. PEXXUM TETI00THaun CTAHOBUTCS OJM3KUM
K pEXKUMY Ty3bIPEKOBOTO (TTOBEpXHOCTHOTO) KHUTICHUS
qucTOM KUAKOCTH. OpHAKO, B OTIWYHE OT KHUIEHUS YHUCTBIX KUIAKOCTEH,
B OMYJIbCHH HE JOTPETOM MO TEeMIIepaTyphl KHWIICHHUS IUCIIEPCHOHHOW CpEIbl,
BCKHUIAIOT TOJIBKO KaNeIbKU JUCTIEPCHOM (ha3bl.

[Ipu mnpoBeneHuu wuccnenoBanuii [22, 23] ObBLIO YCTAHOBJICHO, YTO
BCKUIIAHUE KareJEéK BOJIbI HAUMHAETCS HE C TeMIepaTypbl MOBEPXHOCTH Harpena
t.=100°C, a HECKOJIbKO 3a/ICPKUBACTCS JI0 TEMIIEPATYPbI

t. #120°C, marpeB TermoHocureneil 10 Temmeparypsl 99°C [37] mokaszan,

YTO MNPUHIMIMAIBHBIX pa3iMuuil TNpU  TEIUIOOOMEHE YHUCTBIX IKHJIKOCTEH,
Harpetbix 70 40 wmm 99°C Her. Xapaktep € TeIIOOOMEHa 3SMYJIbCHH,
Harpetol 1o 99°C wumeer 3HauuTenbHble OTIMuUMA. HarpeB smynbcuun
NPaKTUYECKA JIO0 TEMIEpaTypbl HACHIIIEHUS BOJbl MNPUBOAUT K TOMY, 4YTO
BCKUIAIOLME KalelbKh HE KOHJICHCHPYIOTCA IMpPU OTXOAE OT IMOBEPXHOCTH
HarpeBa W HA4YMHAIOT B Oonbimiedr Mepe, uyem npu t=40°C, sKkpaHHpOBaTH
ee. YCIOBHUS TEIIOOTIAYu yXyAIIaloTcss U Ko3ppuuuent o magaer. C
JadbHEHIIMM POCTOM TEMIIEpaTypbl MOBEPXHOCTH HArpeBa YHCIIO BCKUMAIOIINUX
KareJyek YBEIMYHUBAETCH, IIPOUCXOJIUT VWHTEHCUBHAs TypOynu3anus
MPUCTEHOYHOTO CJIOS U KO (DUIIMEHT TEII00Ta4u OBICTPO BO3pPACTAET.

BOnu3u TemmnepaTypsl mpenenbHoro mneperpeBa Boasl tA2300°C Bckumnanue

y’)K€ HOCHUT B3PbIBOOOpa3HbIli Xapaktep. [IpuumHBI M yCIOBHS B3PBHIBOOOPA3HOTO
BCKUTIAHUSI JIUCIIEPTUPOBAHHBIX B BBICOKOKUITSIIIMX >KUAJIKOCTSAX KarelieK BOJbI
OyoyT  paccMOTpeHbl  jaiee, a  31ech CTOWT  3aMETHTh, 9TO
C HAYaJIOM BCKUNAHUS JTUCTIEPCHOW (a3l PEKUM TEUCHUS OSMYIbCUH YKe
He OyaerT SBIAThCA JIAMUHAPHBIM HECMOTpPS Ha HHU3KOE 3HAYCHUE 4YHUCIIa
Pentnonbaca. M mostomy mnpu  pacderax TEMIOOTAAYd K  BOAOTOIIMBHBIM
OMYJBCHSIM  HEOOXOJUMO  YYUTBIBaTh  CYIICCTBEHHYIO  WHTEHCH(HUKAITUIO
TEIJI000MEHa, BHOCS COOTBETCTBYIOIIME KOPPEKTHUBHI, IS KOTOPHIX, B KAa4CCTBE
NEPBOTO  TMPUONIKCHHUS, MOXXHO  HCIIOJb30BaTh  OTHOIICHUE  3HAYCHHMA
kod(durrenToB Temwtoornayn u3 puc.l4. Ilpu 3ToM HEOOXOAUMO yYUTHIBATH, YTO
rpauKyd TOCTPOCHBI IS OMPEACICHHBIX HAYaJbHBIX TEMIEPATyp HMYJIbCHUIA,
HarpeBacMbIX npu aTMOoC(epHOM TIaBJICHUH, a C pocTomM
JABJICHUS, KaK U3BECTHO, TEMIIEPATypa HACHIIEHUS BOJbI TOBBIIIACTCS.
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B OTHOCHUTEJIBHO HEOOJIBIINX Ma3yTHBIX XO03MCTBAX
MPOMBIIIUIEHHOOTONUTENbHBIX KOTEIBbHBIX MOJOTPEB Ma3yTa Mepeja CKUTaHHUEM
OpPOU3BOASAT HE TOJBKO B  TIOBEPXHOCTHBIX  TEIUIOOOMEHHUKaX, HO H
HEIMOCPEJICTBEHHO B pe3epByapax, MOCPEICTBOM 3MEEBUKOBBIX MAPOBBIX TPYOUATHIX
HarpeBatesiedd. [Ipu mogorpeBe BOJOTOIUTMBHBIX 3MYJIbCUH B 00beMe pe3epByapa
HE0OXO0UMO TaKKe YUUTHIBATh pasHble TeMIIepaTyphbl KUTICHUS
BOJAbl M TOIUIMBA, TaK KAaK BCKUIAHHWE BOAHOU (ha3bl MPUBOJIUT K BCIECHUBAHHIO
HarpeBaeMoro o0beMa OSMYJIbCMM H €ro  BbIOpOcCaM U3  pe3epByapa.
Kpome Bckumanusi BOABI, MPOLECC BCIEHUBAHUS YCHIMBAETCS W HCHApPEHHEM
JETKOKHIISIIUX (PpaKkiuid TOTIIUBA.

PaccmarpuBas Temmeparypy KHUIEHUS, KaKk TeMIepaTypy, NpU KOTOpOH
MPOUCXOANT MEPEX0]] BEIIECTBA U3 KHUAKOTO COCTOSHHS B ApOOOpa3HOE MO BCEMY
o0BeMy BEILECTBA, a HE TOJIBKO Ha MTOBEPXHOCTH, KaK
MIpU HWCIIAPEHUH, MOKXHO 3aMETUTh, YTO MJIA 3MYJbCHI BOJBI C XKUIKOCTSIMH,
KUISIIIMMHA ~ TOpH  TeMIlepartypax  3HauuTenbHO  mnpeBblmapommx  100°C,
TEeMIEpaTypa KHUIEHHUs HeOoAHO3HauHa. Eie Oojiee HEOJHO3HAUHO OIpe/esieHUe
TEMIEPATypbl  KUIMEHHWS  BOJOTOIUIMBHBIX  OMYJbCHM, TaK Kak  TaKue
MPOCThIE, XUMUYECKH OJHOPOAHBIC KUAKOCTH, KaK BOJA, KUIISAT U MIPEBPALAIOTCS B
nap npu HEKOTOpPOM IOCTOSIHHOM TeMIIepaType, a CJIOXKHBIE
He(TSAHBIE TOIIMBA, HANPOTUB, COCTOSAT W3 CMECH MHOTMX COEIUHEHHH,
KOKJ0€ M3 KOTOPBIX MMEET MHAMBUAYAJIbHYIO Temmneparypy kuneHus. [loatomy
TeMIlepaTypa  KUIIEHHUA  KOTEJNbHBIX  TOIUIMB  W3MEHSETCS,  IOBBIIIASCH
0 Mepe BbIKMMNAHUS OoJee JIETy4uX KOMIIOHEHTOB, M KHUIIEHHE TOIUINBA
MPOUCXOJUT B Mpelenax TeMIepaTyp, ONpelesieMbIX TeMIlepaTypaMH KUIEHUS
KOMITOHEHTOB, BXOJSIIIUX B COCTAB TOIUIMBA.

[IpakTyeckn TeMIiepaTypHble TMPEACbl KUIEHUS MHOTOKOMIIOHEHTHBIX
KOTEJIbHBIX TOIUIMB HAaXOJAT IYTEM HMX NEPEroHKH, IO pe3yJibTartaM KOTOpPOH
MOJIy4aroT (PPaKIMOHHBIA COCTaB U TpeNeNbl BbIKUAMaHus (pakmuu. Tak Kak
TeMIiepaTypa KuneHuss (Qpakiuii Ma3yToB W JpPYruX KOTEIbHBIX TOIUIMB
3HAUYUTENIBHO MPEBBIIAET TEMIIEPATypy KUIEHUS BOABI U TOIUIMBO HAarpeBaeTcs N0
TEMIEPATypbl KUINEHUSA, KaK MPaBWIO, HEMNOCPEACTBEHHO B  TOMOYHOM
IPOCTPAHCTBE, KOI/Ia MpoIllecc HcHapeHus OOJIbIIMHCTBA (pakuuil MPOUCXOTUT
IIPaKTUYECKA OJHOBPEMEHHO, TO JUJISl pACYETOB TOPEHUS YACTO MUCIOJIB3YIOT TOJIBKO
CPEIIHIOIO TEMIIEpATypy KU MEHUs, ONPeIeIsIeMyI0 KaK OTHOLIEHUE CYMMbI CPEIHUX
TeMIEpaTyp BBIKUMAHUS OTIACIABHBIX (pakiuid K YHUCIy TeMIepaTypHbBIX
MHTEPBAJIOB. DKCIEPUMEHTAIBHO ONPEEICHHbIC 3HAUCHUS TEMIIEPATyphbl KUTIEHUS
MPSIMOTOHHBIX Ma3yTOB U3MEHAIOTCA B npenenax 196-300°C, a KpeKUHT OCTaTKOB -
240-335°C [28].

YBenuueHue TeMIlepaTypbl KUIIEHUS OMYJIbCUM € BOJHOW JIUCIEPCHOU
dazoii Beiie 100°C, B mepByto o4epe/b, CBA3aHO C pa3MepaMu TUCIIEPCHOM (a3bl,
BIIMSIHUE KOTOPBIX Ha BCKUIIAaHHE JUCTIEPTUPOBAHHBIX Karnesiek
BOJIbI U (PU3WYECKUE MPOIIECCHI, TPOUCXOAIINE TIPU ITOM, OyAyT OOBSICHEHBI TIPH
PacCMOTPEHUU MUKPOB3PBIBOB Kallellb AMYJIbCUU. 3J1€Ch )K€ OTMETUM [26], uTO N5
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KaKII0U KaIuIx BOJIBI, OKpY’KaroIas ee IIOBEPXHOCTh
TOIUIMBA Oy/leT MPEeACTaBIsATh COOOK CBOEOOpa3HYH NMOBEPXHOCTh HArpeBa, yepes
KOTOPYIO MOJBOJUTCS TEIUIO K Karjie. A oOecliedeHUe MpOLECCOB TEIIOOOMEHA,
KAaK HM3BECTHO, IIPEAINOJAaraeT HajJu4yue IpajueHTa TEMIEPATyp W I0ITOMY, IPH
OIIpE/IETICHHONW TeMIlepaType KHUIIEHUs Karellb JUCIEepcHOH (a3bl, Temmeparypa
JUCIIEPCUOHHOM Cpejibl (TOIUIMBA) JTOJKHA OBITH HECKOJIBKO BBILIE, TO €CTh IS
BCKMUIIAHUSA JUCHEPCHOM (a3bl HEOOXOAUM MEPErpeB IUCIEPCHUOHHOW CpEJbl
OTHOCHTENFHO TEMIIEPATYpPhI KUTICHUS TUCTIEPCHOM (ha3bl.

Jpyroii npuyMHON NOBBILIEHU Temneparypbl kuneHus BTO saBnsercs
MOBBILIICHNE JIaBJICHUS, [0 CPABHEHHUIO C JABJICHUEM OKPYXKAIOUIEHW CpEJBI,
BHYTPHU KarejeK BOJIbl, BBI3BAHHOE JEHCTBHEM CHJI MeX(a3zHoro HaTspkeHus. s
BBICOKOJIMCIIEPCHBIX 3MYJbCHM TeMIEpaTypa KWIIEHUS, OlpenensemMas 3TUM
s dexrom, moxeT qocturath 130°C u Oosee [26].

PaccmarpuBas temriepatypy kuneHuss BTOD kak teMmriepaTypy Harpesa, Ipu
KOTOPOW HaUMHAET MOSIBISITHCSI KOHJEHCAT B 0OPAaTHOM XOJIOAWIBHUKE TIPU aHAJIN3E
OMYJBCHM Ha BIIAXHOCTH 0 Meroay JlmHa-Crapka, Npu pas3iaudHbIX pa3Mepax
nucrnepcHoi (a3sl M CpaBHMBAsl JaHHbIE HMCCIEAOBaHUN [25] mo TemmepaTypam
BCIICHMBAHUS M BCKHUIIAHUSA BOJOMA3yTHBIX OMYJBCUH C HEONPEACICHHBIMU
pasMepamu  aucrnepcHol (asbl, MNPUBEACHHBIM B TabM.3, MOXHO CHelaTh
CJIEyIOIKE BBIBOJBL: 1) pazmepsl AucnepcHON (pa3bl SMyJbCUl €1abo BIUAIOT HA
TEMIIEPATYPy BCIICHUBAHMS, KOTOPAsl OIPEIEIACTCSI B OCHOBHOM HCIIAPEHHEM
JCTKOKUTISAIMX  (Ppakiuii TOTUIMBHOW OCHOBBI, 2) TeMIepaTypa BCKHITAHUS
JTVCIIEPCHON

Tabnuma 2- TemnepaTypbl Hayalla BCTICHUBAHUS W BCKUTIAHUS BOJOMAa3yTHBIX
OMYJIbCHUHU.

Pazmep kamens Brnaxnocts smynbcenii, %o
BOJIBI, MM 12,7 20,0 31,4 36,0
Temneparypbl Hauasa BcnenuBanus, “C

1 86 87 89 89

10 87 88 89 89

100 87 87 88 90

1000 86 88 89 90
Jlaunsie [25] 88 89 90 92

Temneparypbl Havasma Bekumanust, *C

1 176 170 130 109

10 171 168 126 107

100 162 157 119 105

1000 153 150 114 103
Jlannsie [25] 103 106 109 113
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da3pl  ompenensieTcss €€ pa3MepaMH, pPe3KO Bo3pacTas C  YMEHBIICHHEM
MOCJIETHUX, U TMPUONMKAETCA K TeMIepaType KUIIEHUsI BOJbI MPU HOPMAIbHBIX
yCIOBUSIX ~ TMpPU  JIOCTaTOYHO  TpyObIX  pa3mepax  Kameilb  BOABL,  3)
Ipyu BCEX pa3Mepax JUCIEepCHOM ¢a3bl, YBEIMYEHUE BIAXKHOCTH HMYJIbCUN
BJICYET MOBBIIICHUE TEMIIEpaTyphl Hauajga BCIICHUBAHUS U, B MPOTUBOIOIOKHOCTh
JAHHBIM [5], MOHUKEHUE TEMIIEPaTyphbl BCKUTIAHHUS.

Hapsiny ¢ BSI3KOCTBIO, YCJIOBHE ClIMBa, MPOKAYUBAEMOCTH U TOTEPHU
TEKY4eCTH  OIpeAeNieT  TeMIepaTypa  3acTbIBaHUS  KMJIKONO  TOIUIMBA,
3HAYEHWE KOTOPOW MPUHUMAIOT MO TEMIEpPAaType 3acThIBIIErO TOIUIMBA, HE
MEHSIIOIIETO YPOBEHb B MPOOUPKE, HAKIIOHEHHOW MOJ yriioM 45° B TeueHue 1MuH.
TeMmneparypa 3acTbIBaHUSI Ma3yTOB, KaK U JAPYTrUX MHOTOKOMIIOHEHTHBIX TOTUIMB,
HE UMEET CTPOro (MKCHUPOBAHHOTO 3HAUEHUS U 3aBUCUT OT KAa4eCTBA HMCXOJHOU
He(TU 1 crioco0a MOJy4EeHHs TOILIUBA.

Jns tonouyHbix Ma3yToB Mapok M40 u M100 Temmneparypa 3acTbIBaHUS
MPAKTUYECKU TOCTOSHHA TPU WX XPAaHEHUM M HAXOJUTCS B Mpenenax 3=22-
25°C, Ma3yThl MOpsSMOM TMEPEroHKM KPEKUHT-OCTATKU XapaKTepU3ylTcs Oolee
BBICOKOM TeMIepaTypoi 3acTbiBanus oT 25 10 35°C [15, 26].

HeomnpeneneHHocTs  TeMmrepaTypbl 3acThIBaHUS Ma3yTOB  CBsi3aHA C
psaaoM (paKkTOpOB, BIUAIONIMX HA €ro CTPYKTypy. [Ipyu moHMWKEHUH Temmeparypbl
MazyTa  CHIDKAaeTCid  MOJBIKHOCTH  OOpasyromux  €ro KOJUIOWTHBIX
COCIMHEHUA M TMPOMCXOAMWT TIOCTENEHHOE 3aryCTeBaHHE C 00pa3oBaHUEM
CETYATON CTPYKTYpPbI, BKIIOYAIOUIECH KPYMHBIE KPUCTALIAYECKUE KOHTJIOMEPAThI
napapuHoB. Ha  TemmepaTypy  3acTblBaHMs ~ Ma3yTOB,  COJEPKaILLUX
napaduHbl, OKa3bIBA€T BIUSHUE M3MEHEHUE MX PEOJIOTUYECKUX CBOMCTB,
OOYCIJIOBJIEHHBIX CKOPOCTBIO OXJIAKIEHUS, MPEIBAPUTENbHBIM MEpeMEIMBAaHUEM
WIM TEPMUYECKON 00pabOTKOM, BIMSIHUE KOTOPON HA U3MEHEHHE {3 HEOTHO3HAUHO.
C MOBBINICHUEM TEeMITepaTyphl TEpMOOOPabOTKH hi (6] 40-70°C
TeMIepaTypa 3acTbIBaHHUS Bo3pacTaeT. [lanpHelilliee NOBBIINIEHUE TEMIEPaTyphl
tepmooOpadotku 10 100°C mpuBOAUT K PE3KOMY CHIKEHHIO {3, CBA3aHHOMY C
pa3pyluieHueM KPUCTAILNTNYECKUX KOHTJIOMEPATOB napaduHOB u
oOpa3oBaHMEM OAHOPOJHO CETYATOW CTPYKTYpbl. YBEJIWYEHHE CKOpPOCTU
OXJIAKJICHUSI TMPUBOJUT K BO3HUKHOBEHHIO OOJIBIIOTO 4YHCIA  IICHTPOB
KpUCTAJUIM3AI[MU, PaBHOMEPHO paCIpEACNICHHBIX MO0 BceMy 00beMy M CIOC00-
CTBYIOIIMX CO3JaHUIO0 MPOYHOW CTPYKTYPHOM pelIeTKH napaduHa, B pe3ysibTare
yero  moBeimaercs i N3  ecrecTBEHHBIX  KOMIIOHEHTOB  Ma3yTa
JENPECCOPHOE  JIEWCTBHE  OKa3bIBalOT  ac(aJbTEHO-CMOJIMCTBIE  BEIECTBA,
3aJIep KUBAIOIIME KPUCTAUIM3AlMI0 NapaduHa W TakuM oOpa3oM MOHMKAOIINE
TEeMIIepaTypy 3aCThIBaHUS TOILIMBA.

JucneprupoBanue BOJbI, HUMEONIEH Temneparypy 3acteiBanusg 0°C, B
Ma3yTe HE OKa3bIBaeT JCMPECCOPHOrO JEUCTBUA W JaXe, KaK YCTaHOBJIEHO
HaOmoneHus MU [25], Temmeparypa 3acThIBaHUSI AMYJIbCUU BO3pacTaeT IIo
CpaBHeHUIO ¢ 13 Magyra, n@npuyeM OTOT pocT 13 moBbIIAETCS C
YBEIMYECHHEM COJEpXKaHUs BOJbI. Tak, 1Mo JaHHBIM [26], mpu Temmeparype
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3acTeiBaHus 0Oe3BogHoro masyra M40 t3=10°C, TemmepaTypsl 3acThIBaHHS
BOJIOMAa3yTHBIX 3MyJibcuil mpu Biaaxknoctu W=10%, t;=11°C; W=20%, t~13°C;
W=30%, t;=16% u W=50%, t;=25°C.

OT0, OYepeaHOE aHOMAJIbHOE U3MEHEHue Xapakrepuctuku BTO -
TEMIEPATypbl 3aCTbIBAHUSA, MOYKHO OOBSICHUTH B CBETE€ PACCMOTPEHHOTO
IpPEJCTaBICHUS O BIUSHUU CTPYKTyphl Ma3yra Ha 13 Kak yxke yka3biBa-
JOCh , BBEJIEHUE B MAa3zyT JUCIEPCHOM BOAHOM (a3bl YBEIUYMBAECT €rO
CTPYKTYPHUPOBAHHOCTh, @  CHJbl  MEXKMOJEKYJSIPHOIO  B3aUMOJCHCTBUSA
CHOCOOCTBYIOT KOHIEHTpaluu napauHOB Ha MOBEPXHOCTSAX pasnena, 4YTo B
HEKOTOPOM CTENEHU MOMOTaeT MX KPHUCTAUIM3ALHUUA U YIPOYHEHUIO CTPYKTYpPHOMH
pemietku. Crieqyer OXujaTh, 4YTO YBEIMYEHHE JHCIEPCHOCTH BOAOMA3YTHBIX
AMYJIbCHM, COMPOBOXKAAEMOE YBEIMUYEHHEM MEX(Pa3HOH TMOBEPXHOCTH, TaKXKe
OyZeT criocoOCTBOBATh POCTY TEMIEPATYPHI 3aCTHIBAHHUS .

Bwmecte ¢ temneparypoii 3acteiBanus, y BTO noBelmarorcst U teMneparypsl
BCIIBIIIKY M BOCIUIAMEHEHUS, ONPEIEISIOIMNE MOXKAPHYI0 0€30IaCHOCTh JKUIKUX
TOIUIMB. Pa3nuure B 3HAUEHUAX 3THX TEMIIEPATYP 3aKIHOYAETCA B TOM, YTO IEpBas
XapaKTepU3yeT BCIIBIIIKY cMeECcHU BO3/lyXa "
BBIICTIUBIIMXCS TOIUIMBHBIX [apoB, MpH MOAHECEHWHM K HEH IaMeHu, 0e3
rOpeHusi caMoro ToOIuIMBa. Bropas Temmeparypa COOTBETCTBYET TOPEHUIO
TOIUIMBA, HA4yMHAIOIIEMyCsl HE MeHee, 4eM depe3 S5 c. Ilocne BembIIIKA.
3Ha4YeHHsI ITUX TEMIIEPATyp ONPEAEIISIIOT MAKCUMAIbHO JOMYCTUMYIO TEMIIEPATypy
MOJIOrPEBa TOIUIMBA B PE3epByapax, COOOIMIAIOIINXCS C OKPYKAOIIUM BO3IyXOM.

Tak kak XMMHUYECKHE PEaKLHMH TOPEHUS KUIKOTO TOILUIMBA IMPOUCXOMST C
peareHTamMM,  HaxOASIIMMHCS B  rasoBod  ¢asze, TO  E€CTECTBEHHO,
YTO 3HAYEHUs TEMIEPATyp BCHBIIIKA M BOCIUIAMEHEHUS HMMEIOT TEHACHIINIO
K TOBBIIICHUIO C POCTOM TEMIIEPATypbl KHUIEHUS, XOTS KOHKPETHYIO CBSI3b
MEXJ1y HUMH YCTAHOBUTH 3aTPYJHHUTEIBHO HM3-3a MHOTrO(pakLHMOHHOIO COCTaBa
OONBIIMHCTBA  JKUAKUX  JSHepreTuueckux  TtorumB. C  BBeaeHUEM B
TOIUIMBO JIHUCIIEPTUPOBAHHON BOJIHOM (a3pl, COCTaB TOIUIMBA YCJIOXKHSETCS
emie Oousibllie W B Tporecce mogorpeBa BTD o00pa3yroTcss HE TOJIBKO TMaphbl
YTJIEBOAOPOAOB, HO U Mapsl BOABL. 1Ipy cMemMBaHUM UX C OKPYXKAOIIUM BO3yXOM
HaJ ITOBEPXHOCTBIO UCITapEHUs oOpa3yercs CMECB, coCTOAILAs
U3 MapoB YIVIEBOJOPOAOB, BOJSHOIO Iapa M BO3JyXa. JTO B CBOK OYEpEb
MPUBOJUT K CHHXKEHHUIO KOHIIEHTPALIMH TOPIOYUX KOMIIOHEHTOB B CMECH.

IIpy noBeneHMHM TaKOM TPEXKOMIIOHEHTHOM MApOra3oBOM CMECH OT
TEMIIepaTypbl HUCHApPEHUsT 10 TEeMIEeparypbl BCHBIIMIKK TEIUIO, IepeaaBaeMoe
OT WCTOYHUKA BOCIUIAMEHEHHMs, PACXOAYETCS HE TOJbKO Ha HarpeBaHue
BO3JlyXa W TOpHOYMX, HO W Ha TMeperpeB BOJsAHbIX mapoB. Kpome Toro,
IIPU MCMIAPEHUU BOJbI U3 AMYJIbCUU BMECTE C BOASHBIM MapOM IKCTparupyercs u
4acTh TSDKENBIX YIJIEBOJOPOAOB, HUMEIOLMX Oojiee BBICOKYIO TEMIEpaTrypy
Benblk. CymMMa  3THX ~ OOCTOSITENIBCTB ~ NPUBOAUT K TOBBILIICHHIO
TEMIEPATypbl BCIBIIIKA SMYJIbCUN, MPUYEM OCHOBHAs pOJb B 3TOM SIBJICHUU
NPUHAIEKUT BOJASHOMY Mapy, KOJIMYECTBO KOTOPOr0 B CMECH MPONOPLHOHAIBHO
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BJI&KHOCTH AMYJIbCHH. [ToBblIEHHE TEMIIEPaTypPhbI BCIIBILIKA
BTD sBnsercss MOJOXKHUTENIbHBIM (DAKTOPOM, CHUKAIOIIMM BBIJEICHUE TOPIOUUX
MapoB, KOTOPbIE KpPOME YBEIWYEHUS T[OKAPHOM ONACHOCTH, YXYIIIAIOT
yCIIOBUSI TPyla W 3arpsi3HSIOT aTMOC(EpHBIA BO3AyX, a TaKXKe MO3BOJISIOLIUM
0e30macHo UCIIOJIb30BaTh OTHOCHUTEIIBHO JIETKO BOCILJIAMEHSFOIIINECS
TOIJIUBA.

Ouenka corictB BTD, Biugromux Ha MPOLECC UX TOPEHUS, OCHOBBIBACTCS
IIPEXJE BCErO0 HAa COCTAaBE M CBOMCTBAaX JKUJIKOTO TOIUIMBA, SBIIAIOLIEIOCS
JOUCIIEPCUOHHOM  CpeloM B DMYJbCHMM, W  JIAMIb B HEKOTOPBIX
Clly4asiX, IpU MCIOJb30BAaHMM B KAayeCTBE BOJAHOW JOOAaBKM K TOIUIUBY
COpOCHBIX BOJI, COJIEPKAIINX TOPIOYME COEIUHEHUS, COCTABOM M CBOMCTBAMH 3THUX
coenrHeHnid. M3 Bcex CBOWMCTB HAWMOOJBIIMI HHTEPEC MPEACTABISIOT T, OT
KOTOPBIX 3aBUCAT TEMIIEpATypa TOPEHHUs, IPEAEIIBI YCTOMYMBOIO TOPEHUS U IPYTHE
XapaKTEPUCTUKH, HCIIOIb3YEMBIE B TEIUIOTEXHUYECKHUX pacderax. OCHOBOM 3THX
XapaKTEPUCTHUK CITyXaT JTAHHBIE
aHalIM3a DJJIEMEHTAPHOIO COCTAaBa JKUJIKUX TOIUIMB, KOTOPBIA 3aBUCUT OT
cocTaBa HUCXOAHOW He(TH, TEXHOJOTMM U TIHyOMHBI €€ MepepadOoTKH.
JloctaTouHO MOAPOOHBIE CBENEHUS O COCTaBE JKUJAKHUX KOTEJIbHBIX TOIUIMB,
TEMIIEpaTypax TOPEHHs U COCTaBe MPOAYKTOB CrOpaHUsI MPUBEICHBI B padoTax [15,
28], maHHBIE KOTOPBIX MOTYT OBITH HCIIOJNBb30BAHBI U U PacyeTa aHAIOTHYHBIX
xapakrepuctuk BTO.

Anammsupys [10] M3MEHEHHE TEOPETHYECKHX TEMIIEPATYP BOJOMA3yTHBIX
AMYJbCUMA MPU CTOPAHUU UX B BO3JYXE C Pa3IUYHBIM KOA(P(UIHMEHTOM H30bITKA
BO3/lyXa pu pa3IMyHON BJIAXKHOCTH AMYJIbCUHN [26] MOKHO
OTMETHUTb, YTO TPHU HEOOJBIIOM COJAEPKAHUHM BOABI B AMYJbCHUU, HAIpPHUMED,
WP=10% wu xo>dpduumente wu30bITKa Bo3myxa a=1,05 TeopeTuuecKas
temneparypa Bcero Ha 105°C Huke, 4yeM MNpH MaKCUMalIbHON TEMIIepaType
ropeaust 6e3BoHOT0 Maszyta. OTcroa ciieyer, YTo pocT OOBOAHEHHOCTH Ma3yTa
CKa3bIBACTCS B MEHBbIIIEN Mepe Ha [aJICHUU TEOPETUYECKON
TEMIIepaTypbl TOpPEHHS, 4YeM YyBeinueHue Kodduimenta u30bITKa BO3AyXa, U
BKHBIA MPAKTUYECKUHN BBIBOJI, UTO MpHU CKkUraHuu BTD B TOMOYHBIX yCTPOMCTBAX,
paboTaronmx c OOJIBIITMMH N30BITKAMHA BO3/yXa,
MOXHO 3HAQUMTEJIbHO IIOBBICUTh TEOPETUYECKYI0 TEMIIEpaTypy TOpEHUS W
HSKOHOMHUYHOCTh TOIMOYHOI'O YCTPOWCTBA, YMEHBIIMB 3HaueHUE Kod(pduimeHTa
n30bITKa BO3AyXa. A B OTIEIBHBIX CIy4yasXx MOXHO JOCTUTHYTH Jaxke Ooiiee
BBICOKHMX MOKa3aTesei, 4eM Mpu COKUraHuu 0€3BOJIHOTO TOTIMBA.

Pacuer 00beMOB W HSHTAJIBNHMA MPOAYKTOB CropaHus W BO3JyXa IMpHU
C)KUTaHUM BOJIOMA3yTHBIX OMYJIbCHUM, KakKk M TpPU CHKUTAHUM CTaHAAPTHBIX
KUJKAX TOIUIUB, MPOU3BOAMUTCS IO HU3BECTHBIM COOTHOUIEHUSIM HOPMATUBHOTO
METO/a TEIUIOBOIO pacyeTa KOTENbHBIX arperaroB M IOKa3bIBAE€T, 4YTO C
YBEIUYECHUEM BJIQXKHOCTHU AMYJIbCHI 00BEMBI BOJSTHBIX napoB
U JIBIMOBBIX Ta30B YMEHBIIAIOTCS, TaK KakK JOJs TOPHYMX 3JIEMEHTOB B
SMYJIbCUM 3amelnaercss Bojoil. Bmecte ¢ 3TUM o0ObeMHas [0JsI BOASHBIX
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napoB, paBHas UX NMaplUUaIbHOMY AaBieHuto npu obmiem nasinenun 0,1MIla rH,O0=
VH0V; HOBBIIIACTCH. BeizBanHoe ~ poctom BJIKHOCTH TOILJINBA,
yYMEHBIIEHHE OO0BEMOB TPOIYKTOB CrOpPaHHUA HAXOJUTCA B COOTBETCTBUU
CO CHIDKEHHEM TeIUIOTHl CropaHusi | Kr SMynbCHHM, a [UId TOAJCpXKAHUA
TETUIOBOTO AP eKTa, IKBUBATCHTHOI'O CropaHuio 1 Kr 0e3BOAHOTO Ma3yTa, pacxo[
BOJIOMAa3yTHOW 5MyJbcuu Bo3pactaeT. OIeHKa BIMSHUS MPOTHBOIIOJIOKHBIX

TEHACHIINN: YMEHbILIECHUS o0bema OPOAYKTOB CrOpaHus U
YBEJIMYEHHMS pacxoa 3MYJIbCUU NpU pocTe coaepxkanud Biard [100] mokazana, 4ro
npu NOCTOSTHHOM U30BITKE BO3yXa U BJIQXKHOCTHU AMYJIbCUU

no 10% obmero u3MeHeHUsT oO0beMa MPOAYKTOB CrOpaHUs, IO CPABHEHHIO
c o0beMOM TPOAYKTOB cropaHusi 1 Kr O€3BOJHOTO MasyTa, MPaKTHUYECKU
HE mpoucxoaut, a mnpu BiaakHocth 20% - 00beM NTPOIAYKTOB CropaHwus
aMyJbcuM Bo3pactaeT Ha 9%. Orcrona clieqyer BaXHbIM ISl MPaKTUKU
CKUTaHUsI OOBOJHEHHBIX TOIUIMB BBIBOJ, UTO YCTaHAaBJIMBA€Mble Ha KOTEJIbHBIX
arperarax, Kak  IpaBwio, ¢  Ko3(p¢uuueHToM  3amaca 1,  mo
pacrnojaraeMomMy JaBJ€HUIO U IPOU3BOAUTEIBHOCTH, TATO-AYThEBBIE MEXaHU3MbI
obecneyar  mojadyy M yAaJ€HUE  BO3POCHIMX  OOBEMOB  Ta3oB U
BO3/lyXa.

HecmoTpss Ha TO, YTO CHIJKEHHE OHTAJIBIUNA YXOASIIMX Ta30B C
pPOCTOM  BJIQXKHOCTH 53MYJIbCUM [O3BOJSET MPEANOJOKUTh YMEHbIIEHUE U
NOTEPh TEIUIa C YXOISIIIMMH Ta3aMH, ONPESTSIEeMBIMU KaK Pa3HOCTh JHTAIBIIHIA
OpPOAYKTOB  CTOpaHHMs  Ha  BBIXOJE W3  KOTENBHOTO  arperata H
XO0JIOJTHOTO BO3Ayxa pacyeT no gopmyie [186]

d, :(Iyx _ayxl)(c)e)(loo_q4)/Q§’ (13)

MoKa3aj, 4YTO TOBBIIIEHWE BJIAXHOCTH  BOJOMA3yTHBIX  3IMYJIbCHUI
YBEIMYMBAET MOTEPH C YXOIAIMMHU razamu. OTHOCUTENbHO 3aBUcUMOCTH (15)
MOXHO OTMETHTb, YTO HHTAJBIHUS YXOISAIIUX Ta30B YMEHBIIACTCS 3HAYUTEIHLHO
MEIJIECHHEE C  YBEJIMYEHUEM  COJEpKaHUs  BOJABI B OMYJbCHH, YEM
CHI)KAeTCsl 3HAYeHWe pacrnojaraemMoro Temna Qp (Temno, BKIIOYAIOILEE
TEIJI0, BHECEHHOE MOCTYNAIOIINM B KOTEJbHBIA arperaT BO3AYXOM, IOJOTPETHIM
BHE arperara, (pu3Wyeckoe TeIIo TOIJIMBAa M TEIJI0, BHOCMMOE B arperar Ipu
pacmnbuie TOIUIUBA). OcranbHble 4acTh YPaBHEHUS
(15) mpencraBmsaoT: lyx — SHTAmBNUA YXOISIMIUX Ta30B HPH COOTBETCTBYIOIIUX
U30BITKE BO3JyXa Oy M Temreparype ty,, K/DK/Kr; - SHTaIbNHA TEOPETHYECKH
HE0OXOMMOT0 KOJIMYECTBA BO3/IyXa Ha BXOJE B KOTEIbHBIN arperart, KJ[x/kr.

Kputnueckuii ananuz [9] ucnonb3oBanust Gpopmyisl (15) s pacuera morepb
TeIUIa C YXOASUIMMU ra3aMd INpPHU BBOJE BJIATM B 30HY TOPEHUSI U MOMBITKU
nonoJiHUTE popmyny (15) meromukoit mist pacdeta ¢, u KIIJ mpu coxuranuum
BOJAOMA3yTHOM HMYJIbCUM [OKa3ajd, 4YTO IMpeasiaraeMbie  (OpMyIsbl  [arOT
MCKYCCTBEHHO 3aHW)KCHHYIO BEIMYMHY TaK KaK BEIMYUHA Oy |° Ipu cTporom
pellleHUH ypaBHEHHUS TEIJIOBOrO OajlaHca MapoBOro KOTJIa BXOJAWUT B
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pacrojiaraemyro TEIIoTy Tommea Q). B pesynbrare mpemnoxena gopmyna ais
pacyeTa OTHOCUTEIBHON MOTEPH TEIUIOTHI C YXOSIIUMHU ra3aMu:

o =, +9,1" +9571;7)100-0q,)/Qf, (14)

rac gd) - pacxoJ Iapa, 1moJaBacMoro Ha paclbll Mas3yTa WKW IIapOBOC

nyThe, Ha 1 kr TormBa; D — pacxon 106aBoyHOM BOJIbI HAa 1 KT TOIIIMBA;
|7 - SHTaNBIUA BOASHBIX TAPOB IIPU TEMIIEPATYPE YXOASIIUTA30B.

B HoOpMmaTMBHOM METOJE TEIJIOBOTO pacyeTa KOTEJbHBIX arperaTroB
[16] mis xaMepHBIX TONOK KOTJIOB TPOU3BOJAMTEIBHOCTHIO BBIIIC 75 T/4
IIPpU C)KUTAHUM Ma3yTOB IMOTEPHU TEIJIa OT MEXAHUYECKOTO HEN0KETa CUUTAIOTCS
HE3HAUUTEIBHBIMU U HE  yuuThiBatorca, T.e. (;=0. FEme  Oomnbiie
OCHOBAaHWW WTHOPUPOBAaTh MOTEPU TEIUIAa OT MEXAHWYECKOrO HEeI0XKera
IIPpU pacyeTax KOTEIbHBIX arperaTtoB, CKUTAIOIIMX BOAOMA3yTHBIE 3MYJIbCUU C
comepkanueM Boabl 10 15-20%, Tak kak mpu 3TOM WHTEHCHUPHUIIMPYETCS MPOIecC
rOpeHus U coziepKaHue CaXHUCTBIX u KOKCOBBIX YacTHIl
YMEHBIIAETCS B  HECKOJbKO pa3. OnHako a8  KOTIOB U JIPYTUX
TOIUIMBOCKUTAIOIINX YCTAHOBOK MEHBIIICH MOIITHOCTH WJIW MPU CKUTAHUU BBICOKO-
BJIQXKHBIX AMYJIbCUI Ma3yTa BEJIMYMHA (4 MOXKET OKa3aThCA 3HAUUMOM.

B03MOXHOCTh MCKIIOYUTH MOTEPH TEIUIa OT MEXAHUYECKOTO HEI0XKera W3
TEIJIOBOr0 OajlaHca KOTEJIbHOIO arperara Mpu pacdyeTrax He SBISIETCS OCHOBaHUEM
npeHeoperaThb COJIEpKaHHEM B MPOAYKTax CrOpaHHus
Ma3yTa, CAXKEBbIX M KOKCOBBIX YAaCTHI, TaK KakK OHHU SBJISIIOTCS JIOCTAaTOYHO
CEpbE3HBIM 3arpsA3HUTENIEM BO3AYIIHONW aTMoc(ephl. YCTpaHEHUE 3KOJIOTUYECKUX
NIOCJIEICTBUM oT BBIOPOCOB ITUX YacTHIl SKOHOMHYECKHU
MOXET O0Ka3aTbCsl CONOCTABUMBIM M  JaXe€ [MPEBbIIATh SKOHOMUYECKHI
yimep0d OT Jpyrux BHUIOB TMOTEPh TeEIla B TOIUTMBOCKHUTAIOIIEM arperare.
N ¢ »Toil TOYKM 3peHus, 3HAYCHUIO (4 B TMPAKTHUKE CXKUTAHUS KUIKUX
TOIUIUB CJIEYET YACNATh CAMOE MPUCTAIbHOE BHUMAHHUE.

Bxopsmue B cocTaB Ma3yTa COEAMHEHHUS CEpbl OKa3bIBAalOT HE TOJIBKO
OINPEJEICHHOE KOPPO3MOHHOE BO3ACHCTBHE HA TEXHOJOTUYECKOE 00O0pYyIOBaHUE
Ma3yTHOTO XO3SIICTBa, HO U 00pa3ylOT NP CKUTAHUU TOIUIMBA TOKCUYHBIE OKCUAA
SO, u SOz KOTOpBIE TPU B3aUMOJEWUCTBUU C BOISHBIMH TapaMH OO0pPa3yroT
KHCJIOTBI, arpecCHBHO BO3ACHCTBYIOIIME Ha METAJNI IOBEPXHOCTEH Harpesa.
3Ha4eHHE TEMIEpPaTypbl TOYKH pPOCHI t, IPOMYKTOB CropaHHs 3aBUCUT OT
koHreHTparuu SO; B JBIMOBBIX Ta3ax, MapIUalIbHBIX JABJICHUN MapoOB CEPHOMN
KHCJIOTBl M BOJSHBIX MapOB U COOTBETCTBYET HMX PABHOBECHOMY COCTOSIHHUIO.
CooTHOLIEHNE MEXAYy 3HA4CHUSMHU {, M IapUualbHBIMU JABICHHUAMH BOISHOTO
napa u IapoB CEpPHOM KHUCIOTHI MPHUBEIECHO B paboTe [8], W3 aHanmM3a KOTOPOTO
[100] BugHO, 4YTO YyBEIWYEHHWE NAPUUAIBLHOIO MJAaBIECHUS BOJSHBIX I[ApPOB,
BBI3BAHHOE POCTOM BJIQXXHOCTU TOIUIMBA BIUIOTH A0 50%, MOXET MOBBICUTH
TeMIeparypy TOUku pockl Ha 5-15°C. MI3MeHeHue BIaXXHOCTH POAYKTOB CrOPAHUS
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OMYJBbCUA CPAaBHAUMO C KOJMYECTBOM BOJISHOTO Tmapa, O0Opa3yroImerocs IMpu
CrOpaHUHM BOJIOPOJa TOIIMBA, M 3HAYCHHEM BIIAKHOCTH BO3/yXa, MOCTYHAIOIIETO
Ha ropeHue. [loaToMy mpu 3HaYCHHSIX BiIaXXHOCTH SMynbcui 10 10% abcomoTHOE
3HaueHUe t, MOXKET OCTaBaThCs B IpelieslaX TEMIEpPAaTypbl YXOAAIIUX ra30B, YEMY
OyJeT crnocoOCTBOBATh BO3MOKHOCTh CHIDKEHHUS KOd(puIMeHTa U30bITKAa BO3IyXa,
BIUIOTH JI0 MUHMMAaJIbHBIX 3HAUYCHUM, IPU KOTOPHIX 3aTpyAHseTcs oOpazoBanue SO3
U COOTBETCTBEHHO mapoB H,SO,.

4.2 PoropHble annaparhl VIS IPUTOTOBJIEHUS] IMYJIbCHIl

XoTss paccMoTpeHHble B pasgene 1.1, anmapatsl W moka3zamu  Joc-
TATOYHO BBICOKYIO 3(P(GEKTUBHOCTh OSMYJIbIUPOBAHUS BOJOTOIUIMBHBIX CMe-
Cel, W3-3a KOHCTPYKTUBHOM M TEXHOJIOTUYECKOM CJIOXHOCTH MIUPOKOTO
pacmpocTpaHeHHs] OHM He MOody4dmid. [lodTOMy, OCHOBBIBasCh TO TMPOCTO-
T€ TUIIOBOW- KOHCTPYKIMH allliapara pOTOPHO-ITyJIbcallMoHHOTro THma [17], Ha Gaze
HEeHTpoOexkHOro Hacoca 1,5x-611 ¢ 37€KTpoABUraTeaeM MOIIHOCTBIO 2,5 KBT u
yriaoBoit ckopoctsio Bpamenus 0,150 ¢ aBropom ObIT pa3paGoTaH M HCIBITAH
poTopHbIi anmapar (puc.1) st TPUTrOTOBJICHUS BOJJOMA3yTHBIX AMYJIbCHI.

Pucynok 11- PoTtopHblii anmapar

Potopusrit anmapar pabotaet criexyronmm oopasom. [Ipeobpazyemas cpena
CaMOTEKOM U 3a CUET Pa3peKeHHUs, CO3/I1aBaéMOro JIOMACTIMU POTOPA, MOCTYIAET
M0 BXOJHOMY MaTrpyOKy 2 KopIyca pOTOPHOTO ammapata 1 W MocTymaeT B
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MEKJIONACTHYIO IOJOCTh 10. Ilpu Bpamenun potopa 4 ero KaHaiuel 6
MEPUOANYECKH COBMEILAIOTCA ¢ KaHanamu /7 cratopa 5. Ilpu BpameHnun poropa 4
BajloM 9 sonmaTku 8 B3aMMOJEHCTBYIOT C IIpeoOpa3yemMoil cpenoil U co3aaroT
JUHAMUYECKUA Hamop mnpeoOdpa3zyemMoil cpeibl CO 3HAYUTEIHbHOM KUHETHYECKOM
sHepruei. [lox Bo3melcTBUEM IEHTPOOESKHBIX CHII CTPYH IMpeoOpazyeMoil cpelibl
CTpEMSTCS OT LEHTpa K CTEHKaM pOTOpa BJAOJb JOMACTEd, Macca HAYUHAET
coOupaThCsl BAOJb JIOMACTH B OTOTHYTOM yacTH. Takum oOpa3zoM, pacmpeneneHus
JABJIEHUS MPeoOpa3yeMoi cpeibl B MEKJIOMACTHOM MOJOCTH B MPOLIECCE BPAIICHUS
pacnpenenseTcs He paBHOMEPHO, 32 CUET MHEPLUHUOHHBIX CHJI JIaBJICHHUS BO3PACTaeT
OT 3aJHMX 4YacTed NPEeAbIAYIIEH JIONACTH K IEpPEIHEH CTEHKE MOCIEIYIOIIEH
jomnactu. B pe3ynbraTte CyMMapHOTO BO3ACHCTBHS IICHTPOOCKHBIX M MHEPLIMOHHBIX
cuil HauOouiblliee JaBjeHUE oOpa3yeTcss B 30HE COBMEIIEHUS KOHLA JIOMAcTH H
BHYTPEHHEN 4YacTU CTEHKH, IJIE€ PACIOJIOKEHBbl LUJIMHAPUYECKUE KaHaJbl POTOpA.
Takum oOpazom, npeoOpaszyemasi cpela 3aloyiHAeT KaHajibel poropa. B mepuon
BPEMEHH, KOI'/Ia KaHAJIbl pOTOpa NEPEKPBITHI CTEHKOW CTAaTOpa, B KaHajlax poTopa
PE3KO BO3pacTaeT JaBJIE€HUE, a MPHU COBMEIICHUU KaHAJIOB 6 pOTOpa ¢ KaHAJIaMH 7
craTopa JaBieHue mnpeoOpa3dyeMol cpeabl pe3ko cOpacwiBaercsa. OO0beM
npeobpazyeMoil cpesbl, BOLIEANIEH B KaHajdbl pOTOpa 4epe3 KaHalbl CTaTopa,
CTPEMSTCS K BBIXOJly uepe3 BbIXxoAHOU natpyook 3. Ilpu 3ToM Ha npeobpasyeMytro
Cpely OJHOBPEMEHHO BO3JCHCTBYIOT HECKOJIbKO (PAKTOPOB: MEXAHUYECKOE
BO3JIEHiCTBHE MpeoOpazyeMoil cpelapl ¢ paboYMMHU MOBEPXHOCTSIMHU YCTPOWCTBA,
TypOYJIEHTHOCTH, CIBHUIOBBIX HAIpPSOKCHUM, MyJIbCallid JaBJICHUS, KaBUTAIIUH,
YIAPHBIX BOJIH U aKyCTUYECKHUX 3(P(PEKTOB. 3a cHET KOMIUIEKCHOTO M MPAaKTHYECKU
OJIHOBPEMEHHOTO BO3/ICMCTBUS YKa3aHHBIX CUJI TpeoOpa3yemas cpefa npuoOpeTaeT
OJTHOPOJHYIO MEJIKOJAUCIEPTUPOBAHHYIO CTPYKTYPY.

OTnuuurtenbHas 0COOEHHOCTh POTOPHOTO amnmapara 3aKJIF0YaroIiasicss B TOM,
YTO BECh pabOUMii MPOIIECC OCYIIECTBIIACTCS BHYTPU HEOOIBIIION BUXPEBON KaMephbl
(TMapaBIMYECKOM KOpITyCE Hacoca), B KOTOPOW WHTEHCHBHAs TypOyiu3aius He
CIIOCOOCTBYET TMPE0OpPa30BaHMI0 MEXAHWMYECKOW DSHEPrUM B TMOTCHIIMAILHYIO
SHEPTUI0 MOTOKa. BmecTe ¢ TeM Bpallaromuucs TWIMHIPUYECKUHA POTOP C
Ipope3siMU MPUHLIMIIMAIBHO COOTBETCTBYET KOJIECY LIEHTPOOEKHOro Hacoca |
MOXET CO3/1aBaTh OMNPEACICHHBIM Hamop. OKCHEPUMEHTAJIbHbIE WCIBITAHUS
POTOPHOIO anmapara Npu MPUTOTOBJICHUH BOJO-MAa3yTHOM 3MYJIbCUHM Pa3IMYHON
BJIAKHOCTH IOKA3ald, 4To Hamop cocraBmi (4-6)x10* ITa. HecMoTps Ha Mamyio
(4MM) TONILIMHY CTEHOK I[WJIMHIpA pPOTOpa U Ka3ajoch Obl HE3HAYUTEIbHOU
HAacOCHbIM  A(dQeKT, TMOoJydeHHOE 3HAUYCHHE Hamopa MOXHO OOBSICHHUTh
YBEIMYECHHBIM PAJUAIIbHBIM 33a30POM MEXy HAPY>KHOW MOBEPXHOCTHIO pOTOpa U
KOpPIIyCOM HAacoca, a TaKXe TaHTCHIMAIbHBIM PACHOJ0KEHUEM BBIXOJHOIO
naTpyOka, 4YTO VYIYYIIMJIO NpeoOpa3oBaHUE MEXAHUYECKOM SHEpPruM B
NOTEHLMAIBHYIO SHEPTHIO IOTOKA.

OnHUM W3 CIOXHBIX BOMPOCOB CXKWUTAHUS BOJIO-TOIUIMBHBIX 3MYJIbCUM
ABJISIIOTCSL  3aTPYJIHEHUS, BO3HUKAIOIIME TIPU TPUTOTOBJIECHUU HMYJBbCUH U3
MaJIOBS3KMX TOIUIMB, COJEPKAIIMUX HE3HAUYUTEIbHOE KOJIMYECTBO MOBEPX-
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HOCTHOAKTHUBHBIX BEIIECTB, CTAOWIM3HPYIONUX JTUCIEPTUPOBAHHYIO BOJHYIO
¢dazy. IlpuroroBieHue BOJO-TOIUIMBHOM 5SMYJIbCUU  HEMOCPEACTBEHHO B
rOpEJOYHBIX YyCTpoilcTBax ((OpcyHKax) A0 HACTOSIIETO BPEMEHM HE HMEET
npueMJIeMbIX pelleHuil. BmecTte ¢ TeM rpymna TropeJoYyHbIX —YCTPOICTB,
KOMILJIEKTYEMBbIX POTAIIMIOHHBIMU dbopcyHkamu, OTINYAIOUUMUCS
HEIMPUTA3ATENbHOCTHIO K CBOMCTBAM >KUJKOTO TOIUIMBA U HAJTMYMEM BpaIIarOIIXCs
y3JI0B U JieTajieil, MO3BOJISIET UCIOJIb30BaTh JJi MPUTOTOBIICHUS BOJIO-TOIUIUBHBIX
AMYJbCUA HENOCPEACTBEHHO IE€peJ UX PACHbUICHUEM JUCIEpPraTopbl THUIA
KOJUIOMJHBIX MEJIBHUL WJIH POTOPHO-ITYJICAIMOHHBIX allapaToB.

4.3 Pacyer PpOTOPHOrO amnmapara ¢ Y4eTOM aKyCTHYeCKOHl HMIIYyJbCHOM
KaBUTALMHU

B HacTosimiee Bpemsi CyIIECTBYET HECKOJBKO METOAMK pacyeTa POTOPHBIX
anmnapatoB. OJHM K3 HUX OCHOBaHbl Ha 3aKOHOMEPHOCTSIX TEYEHHUS Cpeabl B
KaHajax poTopa U CTaTopa, OMKCHIBAEMBIX C MOMOINIBIO YpaBHEHUs TUNa Pukartu
[1, 2]. Jlpyrue METOIMKM HCHOJIb3YIOT IJi1 3TOr0 ypaBHEeHHE bepHymim s
HECTALIMOHApHOTO TeueHusi cpenbl [3 — 5]. [Ipum 3TOM paccMmarpuBaeTcs TEUEHUE
Cpeabl OJHOBPEMEHHO B KaHAJIE POTOpA U B KaHAJIE CTaTopa, CUUTAsl KaHall poTopa
HenmoABWXKHBIM. Ha camom pnene, O4YEBHUIHO, YTO 3aKOHOMEPHOCTH JBUKEHHUS
pa3JIM4YHbI BO BPAILLIAIOIINXCS U HEMOABUKHBIX KaHAJIAX alllapara.

OCco0OEHHOCTBIO TIpeAJIaraeMoil METOAMKU pacuera SBISETCS TO, YTO OHA

MO3BOJISIET CIPOEKTUPOBATH POTOPHBIM ammapaT, OCYIIECTBISAIOMMN Haunbosee
addexTuBHOE BO3JAEHCTBHE Ha 00padaThIBaeMyl0 CcpeAy IMpu IPOBEACHHUH
MPOIIECCOB B CUCTEMAaX <OKUAKOCTb— JKUAKOCTBY», «TBEPIOE TEIO— KHUIKOCTHY U
(GKUJIKOCTh— T'a3» B MPOIIECCaX XUMUYECKON TEXHOJIOTUHU.
[Ipu sToM ammapatr paOoOTaeT B YCJIOBHUSIX BO3HUKHOBEHHUS aBTOKOJIEOATEIHHOTO
peKrMa U MAaKCHUMaJbHO PAa3BUTOM aKyCTUUYECKOW KaBUTalMU. CIeayeT OTMETHUTH,
YTO BIIEPBBIE IIPU pacyeTe, HA OCHOBAHUM TEOPETHUYECKUX M AKCIEPUMEHTAJIbHBIX
WCCJICIOBAHUM, YYHUTHIBAIOTCS OCOOCHHOCTH TEUEHHUS >KUIKOCTH B MOIYJSITOPE
POTOPHOTIO ammapara, ONUChIBAEMbIX HOBOM MaTEMaTUYECKON MOJENbIO, U BIUSIHUE
HavyaJbHOTO CO-ACpKaHUs CBOOOJHOrO Tra3a B oOpabaTsiBaeMoii cpene [7].

B npennaraemoii MeToAauke pacyeTa POTOPHOIO ammapara HMCIOJIb30BaH
M3BECTHBIM 30HHBIN MOJIXO Ui IMOCTPOCHUSI MOJENEH TeueHus. PaccMarpuBaroTes
JIB€ 30HbI, UMEIOIINE pPa3MEpbl OJHOTO MOPSAKA, — KaHaldbl pPOTOpAa M CTaTOpA.
HeoOxoMuMpIM  yCIIOBUEM TaKOTO TMOJXO0Ja SIBISETCS OMNPEACIICHUE YCIOBUI
CIIMBKM pElIeHUs 3aJadu Uil ATUX 30H. B Hamem ciydae 3TO YCIOBHE
OTpEeNeIIeTCS Ha OCHOBAaHWUU YPaBHEHHUS HE-pa3pbIBHOCTH TaKUM 00pa3oM, 4TO
nmapaMeTpbl TE€UEHHUsI Cpelbl Ha BBIXOJE W3 KaHajla pOTOpa paBHBI MapaMeTpam
Cpelbl Ha BXOJIe B KaHai cTatopa [6].

Mertoauka pacuera OCHOBaHa Ha  KOMIUIEKCE  TEOPETHUECKUX U
AKCIEPUMEHTAJbHBIX ~ HCCIIEIOBAHUN TUJIPOMEXAHUYECKUX, aKYyCTHUECKUX U
KaBUTAIMOHHBIX OCOOCHHOCTEH PEKUMOB pabOTHl POTOPHOTO arlrapara.
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OOBIYHO 711 MPOEKTUPOBAHUS TEXHOJIOTHYECKOTO OOOpYAOBaHUS 3a7al0T

CJIeIyIOLIUE TapaMETPhI:

— 00BEMHYIO IPOM3BOAUTENBHOCTE Q , M/c;

— IUIOTHOCTh oOpabaTeiBaeMoii cpensl p = 0,89-1 KF/M3;

— B CJIy4yae MmpoIiecca pacTBOPECHHsS — IPAHYJIOMETPUUECKHA COCTAB U, B YACTHOCTH,
MaKCHMaJIbHBIA pa3Mep JacTHIl Upax , M.

[Tocne n3ydeHHss BO3MOXKHOCTEH TPOW3BOAUTENSA B OOCCIICUCHHH TOYHOCTH
W3TOTOBJICHUSI  JIETaliel, HaJIMYUM KOMIUICKTYIOIIMX — DJEKTPOJBHUTATEINEH
MEPEMEHHOTO TOKA M MUTAIOMINX IIEHTPOOEKHBIX HACOCOB, TOTIOJIHUTEIHLHO 3a/1af0T
CIEMyIONIME  TapaMeTphl, HEoOXoaWMble I pacueTa pPEKUMHBIX U
KOHCTPYKTHUBHBIX DPa3MEpPOB POTOPHOTO almapara, KOTOPbIe KOPPEKTHPYIOTCS B
poliecce pacyera:

— YacTOTy BpalleHHs poTopa MPUHUMAIOT PaBHOM YacTOTe BpalleHUs
AJIEKTPOJBUTATENSI, OOBIUHO €€ BBIOMpAIOT U3 cTaHjaptHoro psaa ~ 100, 150, 300
¢! , mOpu DOTOM CleayeT Y4YMTBIBaTh, UTO IOTpeONseMas MOIIHOCT
MPOMOPIMOHANIBHA ~ ®>°, HO C YBEIUYCHHEM YIJIOBOM CKOPOCTH BpaIllCHUS
Bo3pactaeT  3(p(GEKTUBHOCT,  pabOTBl  poTopHOro  ammapara.  OOBIYHO
MPEeABAPUTEILHO NPUHUMAIOT @ =150c™;

— BEJIMYMHY 3a30pa MEXAYy pPOTOPOM H CTaTOPOM NpPHUHHMAaeM o&~10" M s
oOpabaThIBaeMbIX Cpe€Jll, HMMEIOIMMNX BSA3KOCTh OJHOTO TOPSAKa C BOJIOM, U
YBEJTMYIHBAEM JIO

~2-10™* M JUIS KHUAKOCTEHN ¢ OOIBIIEH BA3KOCTHIO;

— (opMy ONEPEYHOr0 CEYECHHS KaHAJIOB MPUHUMAEM NPSAMOYTOIbHOM [3];

— TOJIIIMHY CTEHKU POTOpa U3 YCJIOBHH NPOYHOCTH M YI00CTBAa TEXHOJIOTHUHU
W3TOTOBJICHUSI KaHAJIOB (pe3epoBaHHEM MpU cOCTaBHOM portope. [lpuyem ms
panuanpHeIX kaHauoB |, = h, , ms HakimoHHBIX KaHanoB |, = h, / cos y . Takum
00pa3oM MOKHO

yYBEIMYMBATh JUIMHY KaHajla B POTOPE MPH MOCTOSHHOW €ro ToimuHe. B Hauane
pacuera:

— TIPUHUMAaEM HampaBJICHUE KaHAJIOB PaHaIbHBIM;

— OmpeAesieM psJl HACOCOB, UMEIOIINX MTPOU3BOAUTEIIEHOCTh PABHYIO WITH OJTH3-
KYI0 K 3aiaHHOM. OnpezensieM JaBlieHHe, Co3aBaeMoe Hacocamu P, ;

— TIpU HEOOXOAMMOCTH Ha3HAYaeM YToJl HaKJIOHA KaHAJIOB B CTATOPE B HHTEPBAJIC
0...90°%

— OmpenessieM HadalbHOE CoJIepKaHue CBOOOTHOTO raza B 00pabaThiBaeMoi cpejie.
Ecnu oHO HEM3BECTHO, TO 3a/1aeM «,, TIO CIIPABOYHBIM JaHHBIM;

— 3a/1acM IIUPUHY KaHalla B POTOPE U CTAaTOpE, CUMTasi 8, = a. = a :
a) JJIsl TIpoliecca AMYJIbIUpoBaHus a = 2...3-10°° M; 0) IJis mpoliecca paCTBOPEHUS a
> Omax -
O0o3HaueHus
a, , ac — IMpHHA KaHajla pOTopa U CTaTopa, M;
by , b — paccrosinue Mexay kaHamamu poropa
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U cTaTopa, M;

b, ¢ — ko3bduneHTHI;

C4 — CKOPOCTb 3ByKa B IByX(pa3HOM cpelie, M/C;

dnax — HaMOOIBIIMIA pa3Mep YaCTHI[ PACTBOPSEMOIO MaTepHaa, M;

f. — uwacTora remepupyemas B KaHaye craropa, I';

fpes — pe30HAHCHAs yacTOTa KaHana ctatopa, I'm; |, l¢, |, — nimHa kaHanoB potopa,
craTropa, KaMephl 03BYYMBAHHS, M;

N, — KOJMYECTBO IIUKIIOB JUIS JOCTH)KEHUS KOHIIEHTPAIIMH HACBIIIICHNUS;

N — 9nCI0 MPoOEToB BOJIHEI B KaHAJIE CTaTOpa; N, — TONIINHA CTEHKU POTOpa, M;
H — BBICOTa KaHAJIOB poTOpa U cTaTtopa, M; Py, , Py — naBnenue co3naBaemoe
HACOCOM H B IOJIOCTH poTopa, I1a;

Pm — HMIyJIBC «OTPHUIATEIBHOIO» AaBieHus, [1a;

t— 0e3pazmMepHOe BpeMsi MPoIecca 3aKphITHS KaHajla CTaTopa;
Q — oObeMHast MPON3BOAUTEIHHOCTD, M3/C;

V — 0e3pa3MepHas paaraibHasi COCTABIISIONIAs CKOPOCTH;

Z — KOJIMYECTBO KAaHAJIOB B POTOPE U CTATOPE;

o, 0o — TEKyIIee U HaYaJbHOE COJIEp’KaHne CBOOOIHOTO Tra3a;
AP — nepenan naBiaeHus MeXIy pOTOPOM U cTaTopoM, [1a;

0, 0’ — panualibHbIC pa3MEPHBIN U Oe3pa3MEePHBIN 3a30pHI;

Y — YTroJl HaKJIOHa KaHaJla poTopa, paj;

& — KOA(DPUIMEHT TUIPABINYECKOTO CONMPOTUBICHUS;

Py P %, Pr— IUIOTHOCTb CPEbI, )KUJIKOUN U Ta30BOM (a3, Kr/M;

7' — HepuoJ MOAYJIALMM annapara, c;
7" — Bpemsi mpobera BOIHBI 0 JTMHE KaHalla CTaTopa, C;

v — K03 dUIIUEHT;
® — YIIOBasi 4aCTOTA BPALICHHS POTOPA, C © |
K. — kputepuii kaButanuu Craiinca;
Sh — kputepuit Ctpyxans;
Y, — YHUCIO aKyCTUYECKOW KaBUTallUU
Pacuer poropHoro amnmnapara BeZieM B CJIEIyIOLIEH OCIEI0BATENbHOCTH.
N3 ycnoBuit, onpenesieHHbIX B padbote [§], onpenenisieM COOTHOLICHUS MEXK Y
JUIMHOM KaHAJIOB B CTATOPE, IMPUHON KaMEPBI U PAIUyCOM pOTOpA:
a) ISl paIuaibHBIX KAaHAJIOB B CTATOPE

R,,:RTC:|,,+|C (15)

6) JJIs1 KaHAJIOB, BBITTOJIHCHHBIX I10J1 YIJIOM

R, =l.(1+y)=5-10%m (16)
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JIist BO3MOXKHOCTH BO30YXKICHHsI CTOSYEH BOJIHBI B KaHAJIaX cTaTopa u
KaMepe 03ByduBaHus npuHuMaeM | = I, .

N3 . 15 u 16 nonyvaem:

JIJ1s1 HAKJIOHHBIX KaHaJI0B B cTtaTtope [9]

RP

- =3.10%m (17)
A+y)

Cc

OmnpenenseM OTHOCUTENbHBIN paldaIbHbIN 3a30D
LS5
o, =—=0,033m (18)
a

3 BMHHpH‘leCKOﬁ 3aBUCHUMOCTH, xapaKTepmonmeﬁ HaWJIYUIIKUC YCIIOBUA
JUTS Pa3BUTHS KaBUTAIMH, onipeenseM kputepun Craiiica [9]
K.=0""124-9,235)°=0,34 (19)

OmnpenensieM kputrepuit CTpyxais Ajid pexxuMa HauOosiee HHTEHCUBHOM aKy-
CTHUYECKOM KaBUTAIMHU [9]

Sh=59-10%%.K."*=38,39 (20)

OnpenenseM nepenaa JaBJICHUS MEXKY MOJIOCThIO POTOpA U KaMEPOil 1Mo u3-
BECTHOMY P,. . CuuTaeM, 4To 3a CYET TUAPaBINYECKUX MOTEPh HA YUACTKE MEXKITY

BBIXOJIOM HAcocCa M MOJIOCThIO POTOpA MOTEpH Hamopa cocTaBisAoT 10 10 %, Toraa
npu P, = (0, 9...0, 95)Py4c

AP =P, -K.(1+K)™*=0,26 (21)
OrnpenensieM paguyc poTopa U3 BelpaxkeHus aiisa kputepust Ctpyxains
sh=2laR, p*° (2AP) °° (22)

Rp KBaIpaTHOE ypaBHEHME U €T0 PEIIECHUE UMEET BUJ

2
RP _- b+ ‘V;C + 4ac :5 ) 10-2 M (23)

AJII HAKJIOHHBIX KaHaJIOB B CTATOPC!
b=2al,p% (2AP) **a*sh*=1,24.10" (24)
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c=2wp*°(2AP)**a'sh™(1+w)"=0,018 (25)

OmnpenensieM CKOPOCTh 3ByKa B Fa305KUJIKOCTHOU Cpejie, UCTIONB3Ys hopMyTy

BYI[a IPUA Py )P
P
P o3 26
T\ al-a)p, (26)

OnpenensieM IJIMHY KaHajla B pOTOPE U3 YCIOBUS BO3HUKHOBEHHUS B HEM TH]I-
PaBIMYECKOTO yJapa

ac,

1, <

=0,0046 27)

P

CpaBHMBaeM C TPHUHATHIM 3HA4YeHHEM B M. 27 M NPU HEOOXOJUMOCTH
KoppektupyeM. Ecimm HeoOxomumo yBenmumuuth |, To ucnoms3yeM HakIOHHbBIE
KaHaJbl TPH COXPAHCHWH TOJIIUHBI CTEHKH pOTOpa, JUIsi TOTO YTOOBI HE
YBEJIUYHUBATh METANIOEMKOCTh POTOpa. YTOJ HAKJIOHA OIPEACNIIeTCs B ITOM
caydae u3 BbIpakeHus: y=arccos( hy/l, ) m naumnaem pacwer ¢ n. 17. Ecim
HEOOXOIMMO YMEHBIINTS |, , TO yMeHbIIIaeM BeIMYNHY @ W HAYMHAEM pacdeT C I.
15.

OmnpenernsieM [UIMHY KaHajia B CTaTOPE:

[IPY HAKJIOHHOM KaHaJle B CTaTOPE

R
l. =—F—=0,003 28
e (28)

r7ie 3HaUCHUs w OIpeeeHbl B padote [9].

OnpenensgeM YUCIO KAaHAJIOB B CTaTOpe M3 YCIOBUSA BO3OYXKICHHS B HEM
aBTO-KOJICOAHUH.

B xaxxaom kaHaje craTopa KaHallaMd pOTOpa TEHEPUPYIOTCS KoJeOaHUs ¢
4aCTO-TOM, OIIPEIEIIIEMON BBIPAKECHUEM

f. =22 =195 (29)

27

C npyroii CTOpOHBI PE30HAHCHAS YaCTOTa KaHajla paBHa

k
fomtoi k=123 (30)
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IIpH PaBCHCTBC 44CTOT I1OJTy4YacM

ncqbk

7-"0" =g 18 (31)

20l

Ol'[peI[eJI}ICM YCJI0OBHUC BOSHUKHOBCHUA aBTOKO0JICOATEIIFHOTO PCKHUMaA pa6OTI>I

_(a+h,)

oR;

=0,0053

=l 20,0012
Cy

n="_=4,17

T

npu 3tom N =2, 6, 10, 14, 18, ..., 4 k+ 2, tne k=10, 1, 2, 3, ... Ecim 310
YCJIOBHE HE BBIMOJHACTCS, TO KOPPEKTHUPYEM BEIMYMHY |, 3a cdyeT mpumeHeHus
HAaKJIOHHOTO KaHajla B CTaTOpe, W3MEHsSs yroj HaKJIOHA U, COOTBETCTBEHHO,
Kod(dpuIMeHT y , 1 HaumHaeM pacuer ¢ 1. 116.

OmnpenenseM pacCTOSIHUE MEX]Ty KaHaJaMu POTOpA.

b, = (2R, — Za)Z *=0,8m (32)

Haxogum BenmuuuHy kod3(pduilMeHTa THAPABIMYECKOTO COMPOTUBICHUS TIO
3aBUCUMOCTH [9]

£=128K.(39-965')2=2,53 (33)

OnpenensieM CpeIHIO IUIONIaAb MPOXOJHOTO CEUEHHS] MOAYJSATOpa MAJIs
KaHAJIOB MIPSIMOYTOJILHON (hOPMBI

Qyep 2
=16 34
o M &4

<S>=

Haxonum BbICOTY KaHaJOB

_<S>(a+h)
a’z

H =0,91Mm (35)

OrnpenensieM 1Mo ypaBHEHHIO XE€pPUHTa BETUYUHY y, , COOTBETCTBYIOIIYIO
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pexuMy HanbOojiee MHTCHCHBHOW KAaBHUTAIMH, 1O U3BECTHOMY COJICPKAHUIO
CBOOOJHOTO Ta3a B IKUAKOCTH M OIPEICICHHBIX pPACYETOM PEXKUMHBIX U
KOHCTPYKTHUBHBIX [TapaMeTPOB pOTOPHOTO amnmnapara [7].

[To ypaBHEHHIO, OMUCHIBAIOIIEMY 3aKOH JBUXKEHHUS MaJIOCKUMAEMON >KHIKO-
CTU B MOJIYJATOpPE POTOPHOro ammapara [6], ompenenseM MaKCUMalIbHOE

«OTpHULATCIIBHOC)» YCKOPCHUC B 6e3paBM€pHOM BHUAC Ha YYACTKC IICPHOJIa

mpoIiecca 3aKphIBaHUs KaHaia cratopa 1<t<2.
[Tonyyaem BenuuuHy HaWOOJBIIETO UMITYJIbCA «OTPHUIIATEIBLHOTOY JABIICHHS
10 3aBUCUMOCTH TIOJTY4YECHHOM B [3]

2 2p2
P :Zplpa)zRPSh‘@‘:o’M (36)
Za ot

OHpGI[CJI}ICM BCIIMYUHY HanOOJIBIIIETO HMIIYJIbCa  «OTPpHLOATCIBHOI'0»
JaBJICHHUA 110 3aBHCUMOCTH, CBHBBIBaIOHIGﬁ HpaKTI/I‘IGCKHﬁ KpI/ITepI/Iﬁ KaBHUTallUHU, —
KOI)(b(I)I/II_[I/ICHT KaBHUTallNN1 CTElfIJICEl, H TCOPCTHUYCCKOC YHCIIO aKYCTHHGCKOfI
KaBHUTallUN1

__ % 595 (37)

P, =
Za(l_'_ KC)

CpaBHuBaeM pe3ynbTaThl, moaydeHHbie B nm. 20 u 21. [Ipu HeoOXxoaumocTu
KOPPEKTUPYEM JaBjeHue Py , KOTOpOE JIETKO PETyIMpyeTCs B PEANbHBIX YCIOBHAX €
MOMOILIbIO BEHTWIEW HA BXOJI€ U BBIXOJI€ U3 anmnapara, U MOBTOPSIEM pacyeT ¢ II. 7.

B cnyudae mnpoBeaeHus mpolecca pacTBOPEHUS OMPENCIAEM KOJIUYECTBO
[IUKJIOB, HEOOXOAMMOE JJIs1 IOCTUXKEHUSI KOHIIEHTPALIUK HACKIIIECHUS [9]

n, =2K. -10%%=47,1 (38)

ITocne 3aBepiieHUs] PacUETOB PEKHWMHBIX U KOHCTPYKTHUBHBIX MapaMeTPOB
POTOPHOIO ammapara OIpeleseM MNOoTPeOIsieMyl0 MOIIMHOCTh MO METOJIUKE
W3JI0KEHHOM, HarpuMep, B padote [10].

[Ipy cxuranum BOJO-TOIUIUBHOM HMYJIBCUU 3HAYUTEIBHO YMEHBIIHUTCS
KOJIMYECTBO BPEJIHBIX BEILIECTB M CHIIKAETCS TeMIleparypa yXoasumx ra3oB. Eciau
paccuuTath BBIOPOCHI BPEIHBIX BELIECTB B aTMocdepy, yAISIEMbIX C JbIMOBBIMHU
razamMM OT OTOIMTEIbHOM KOTEeNbHOM, mpu cxuranun 420 T1/rog Masyra co
CIEAYIONIMMU XapaKTEPUCTUKAMHU, TO MOKHO YBHUAETh KOHIEHTPALUIO OKCHUIOB
yriiepoja, OKCUJ0B CEPbI, OKCUAO0B a30Ta:

- Husimas terrora cropanus Q" = 40,30 MJxk/kr (9641 kkan/kr),

- conepkanue cepol S = 0,5 %,
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- 30;1pHOCTE A = 0, 1.

- Pacxon rorutusa 420 1/To1.

[IpoaomKUTENbHOCTh OTOMUTEIbHOTO Tiepuoaa 234 nus (5616 dyacos).
Pacxon Ma3zyTta B camMblii XOJIOAHBIN MecsIl roja (SHBaph) 73 T.

B atMocdepy oT KOTelIbHBIX MPU COKUTAHUU MA3yTOB C JABIMOBBIMU T'a3aMu
BBIOPACHIBAIOTCS: Ma3yTHas 30J1a, OKCHJIbI YTIIEpO/1a, CEphl U a30Ta.

Pacxon ToruiBa B ssHBape (1/¢):

m' =73 10% (31 24 - 3600) = 26,2 r/c

BaJIOBBIM BBIOPOC Ma3yTHOM 30J1bI B IIEPECUETE HA BaHAIUN

My = 10° gy'm (I-nsc) (I-ny),

CoJnepx’aHue OKCHIOB BaHAIUs B Ma3yTe

gqu=40000,1/1,8=2222r1/T

Noc, Ny - K03 PUIUEHTHI OCceNaHKs U yIaBIUBaHUA OKCHAOB BaHanus (Nyc=0,
O M,= 10°° 2222 - 420 - (1-0)(I-0) = 0,093 1/ro

G, = 10°-222,2 26,2 - (I-0)(I-0) = 0,0058 r/c
BBIOPOC OKCHJIOB yTriepojaa
M¢o=Ccom(l-q4/100)-1072,

[Torepu TEIIOTHI BCIEACTBUE MEXAHMYECKOM M XMMHYECKOW HEIMOJHOTHI
CropaHusl TOIUITMBAa B JJaHHOM ciydae paBHbI (4=0% , 05=0,5%, R = 0,65 - misa
MasyTa.

Ceo =03 RQ"=0,5 0,65 40,30 = 13,1 kr/t
M= 0,001 13,1420 (1 -0)=5,5 1/ron
G, =0,001 131-26,2-(1-0)=0,34T1/c

BBIOPOC OKCHJIOB a30Ta
MNOZ =m- QH ' KNOZ (1 — B) '10-3,

KN02 = 0,07 KF/FI[)I(, 3=0.

Moz = 0,001 - 420 40,30 0,07 " (1 - 0) = 1,185 1/rox
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Gno2 =0,001 26,2 40,30 0,07 (1-0)=0,074r1/c
BBIOPOC OKCHJIOB CEPBI
Mso, =0,02' m- S~ (1 — 1’1'502) ' (1 — 1'1”302),

1'soz- JOJS OKCHIOB CEpbl, CBA3BIBAEMBIX JIeTyded 30J0i TormBa. [l
mazyta 0,02. 1”50z - J0JIT OKCHUIOB CEphI, YIaBIMBAEMBIX B 30Ji0yJoBuTene. [
CYXHX 30JI0YJIOBUTEJIEN NpUHUMAaeETcs paBHOM (.

Mso, = 0,02 420 0,5 (1 - 0,02)(1 - 0) = 4,12 t/rox
Gs0,=0,020,5 26,2 (1-0,02)(L - 0) = 0,26 r/c

Kak BUIHO W3 pacueToB, KOJUYECTBO BPEIHBIX BEIIECTB BHIOPACHIBAEMBIX B
aTMoc(epy TPO3UT K IKOJIOTHH OKpyKaromieil cpezapl. JIroOoMy mpeanpusiTuio,
aKTUBHO MCIOJB3YIOIIEE JKUJIKOE TOIUIMBO (Ma3yT) peKOMeHayeTcss o0pabaThiBaTh
Ma3yT B POTOPHOM armapare, 4ToObl YMEHBIIUTh KOJUYECTBO BPEIHBIX BEIIECTB.
[Ipu ucnonp30BaHUM BOAO-TOTUIMBHOM AMYJbcuM KoHIeHTpalusi NO, CHUXKaeTcs C
582 mo 480 mr/m°, a COy ¢ 0,02 mo 0,07 %. Temneparypa yxXoIdIux ra3oB
YMEHBIIIAETCS 10 CPABHEHHIO ¢ 00e3BOKEHHBIM MasyToM Ha 30-35°C. M3mencHue
napaMeTpoB Mpoliecca TOPEHUsI U COCTaBa YXOJSIIMX Ta30B CBUACTEILCTBYIOT O
MOBBIIICHUH 3()PEKTUBHOCTH UCIIOJIB30BAHUS TOILIHBA.

4.4 Pe3zyabrarbl padoT MO BHEJAPEHHI) TEXHOJOTMH TMOATOTOBKH H
cxuranusa BMD

s IIOJy4YEHUS BMD IIPUMEHSIIUCH POTOPHBIN arrapar.
NPOM3BOINTENFHOCTh  POTOPHOrO  ammapara cocrapmsma 80 Mm/u.  Pacuer,
KOHCTPYHPOBAaHUE U M3rOTOBJIEHWE POTOPHOrO ammapara i nonydeHuss BMO c
HEOOXOJUMBIMU JTUCHEPCHBIMHU XapaKTEePUCTUKAMU MPOU3BOJMINCH Ha OCHOBAHUU
OpEeIBapUTEILHOTO  aHajn3a OCOOCHHOCTEM W  TEXHUYECKHX IapaMeTpoB
YCTaHOBJIEHHOTO OOOpYIOBaHMsS YKa3aHHbIX KOTENbHBIX. POTOpHBINM amnmapat
YCTaHaBIMBAJINCh B MA3yTHOM XO3SIIICTBE KOTEJBHBIX HA YYacTKE MEXAy GUIbTPOM
rpy0o0il OYMCTKH U MOJAIOIINUM TOIJIMBHBIM HACOCOM.

TernoTexHUYEeCKUE PEKUMHO-HAJIAJ0YHbIE HCIHBITAaHUS B YKa3aHHBIX
KOTEJIbHBIX  MPOBOJAMJIUCH C  TPHUBICYEHUEM  BBICOKOKBATH(PUIIUPOBAHHBIX
crienamuctamu U3 TOO «AnMaTbITEIIIOKOMMYHAHEpro». OnpeaeneHue cocTtaBa
JIBIMOBBIX Ta30B M KOHLIEHTpAlUW BpPEIHBIX BEIIECTB B MPOAYKTaX CrOpaHUs
MIPOUBOUIIMCH UHANKATOPHBIMU TpyOoukamu CO-0,25.

WcnbiTanust TpoOBOJWIMCH HA KOTENbHOM caHaTOpui «Ajatay», Ha JaHHOU
KOTEJIBHOM B KQUeCTBE TOILIMBA HCojb3oBaicsa MasyT (Q,"=9000 kkai/kr)
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Tabsmua 3- Pe3ynbTartel HCOBITAHUM POTOPHOTO anmnapara

No VYcnoBus onbiTa PesynbTar
OIIBITA CO Tyx 0Oy, G NO NO, Q
mr/m® | °C % BOJIbI, mr/me | mr/v® TOII.,
Mg Mg
1 Kotnosoi arperar | 27,43 | 237,3 | 10,7 | 20 42,29 | 1,09 0,78
paboraet Ha
HEpa30aBJIICHHOM Ma3yTe
npu BBIKJIFOUCHHOM
AMYJIBIaTope
2 KotnoBoi arperart | 135,5 | 245 75 20 41,8 1,1 0,78
paboraet Ha
OOBOJAHEHHOM  Ma3syTe
npu BBIKJIFOUCHHOM
IMYJIBraTope
3 Kotnosoit arperar | 24,34 | 210 10,7 | 20 42,04 | 1,07 0,78
paboraer Ha
OOBOIHEHHOM  Ma3yTe
(9,800 ™ Ma3zyTa K
0,02 Bomsl)  mpH
BKJIFOYUEHHOM POTOPHOM
armapare

AHanu3 JaHHBIX, TPUBEJACHHBIX B TA0JIMIIAX, TTOKA3bIBAECT peasbHBIA dhPeKT
MOBBIIICHUS YKOHOMUYHOCTH KOHKPETHBIX KOTIIOB (MakcumanbHbi npupoct KIIJ]
10 2,1%) m cHUXKEHUS BPEAHBIX BBIOPOCOB MpH Iepexojie Ha cxuranue BMD c
ONTUMAJbHBIMA  BJIQXKHOCTHO-IIUCHEPCHBIMM  XApAaKTEPUCTUKAMU WU MpPH
ONTUMU3AIUN PEKUMOB TOPECHHUS.

B pexume cxuraHus IUCIEPrUPOBAHHOIO Ma3zyTa ¢ MUCXOAHOMW BJIAXKHOCTHIO
(0e3 mobaBneHust BOAbI) Takke mpoucxoaut Hebosbmon npupoct KIIJ xotna u
HEKOTOPOE CHUKEHUE BHIOPOCOB C MPOIYKTaMHU CTOPAHHUS.

Bo Bcex pexxnMax HaOIH0Jan0Cch ycToiunBoe cxuranne BMD ¢ oTuetimBo
BBIPQKEHHBIM CHUXKEHHUEM JIbIMHOCTH YXOISIIUX Ta30B M  YBEIUYCHHEM
conepxkanusi CO,. DTO IOMOJHUTENBHO CBUIETEIBCTBYET 00 HHTEHCU(PUKALMH
BBITOPAHUS TOPIOUYUX KOMIIOHEHTOB TOTUIMBHOM 3MYJIbCHUHU.

HeobxoaumMo OTMETHTH, YTO CXKUTAHHE BOJOMAa3yTHOM SMYIJIbCHH C Oojee
BBICOKMM COJIEp’KaHHEM BOJbI MO OTHOIICHUIO K 3HAYEHUIO, MOJYYEHHOMY MpH
ONTUMM3ALMU TopeHus, npuBoauiio K noHwxkeHuto KIIJ[ kornos. IIpu stom
KOHIIEHTPAIIMU BPEAHBIX BEUIECTB B MPOJYKTaX cropanwsi, B yactTHocTH, NOX, SO,
a TaKXke JBIMHOCTh YXOJSIIMX Ta30B, CHIWKAJIUChL W HOpH cxuranuu BMD c
BJIAXKHOCTHIO 11%.

AHaniornydeie  (akThl HaOMOAAMMCh Npu cxuranuu BMDO B japyrux
uccienoanusx [4, 5, 8, 12, 13].

B »ToM acriekTe moHATHE «OITHUMAaIbHOM BiIaXHOCTH» BMD mMeer IBOsSKOE
3HAYCHUE.
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C oHOM CTOPOHBI ONTUMABHOUN BIIAXKHOCThI0O BMD MOKHO Ha3bIBaTh TaKoe
3HaY€HHEe, KOTOpOoe 00eCreuynBaeT MUHUMAJIbHBIN (CyMMapHbIi) BHIOPOC BPEIHBIX
BelecTB ¢ mpoaykramu cropanus (NOx, SO,, caKucTble 4aCTUIIbI, OCH3aITUPEH).

C npyroil CTOpOHBI, 3TO 3HAYEHHWE BIAXHOCTH HE BCErAa SBISACTCA
ONTUMAJIbHBIM C TOYKH 3PEHUSI SKOHOMUYECKUX IOKa3aTeneil paboTel koTina. [lpu
ATOM pa3yMHas pa3HHIA MEXAY 3HAYCHHSIMU 3KOJIOTMYECKOM W HSKOHOMHYECKOM
«ONTUMATLHON BIaxHOCTH» BMD MoeT gocturaTh 1o pa3HbiM aaHHbM 4-10%,
XOTS B MPUHIUIIE YCTOWYMBOE CXKHUIMAaHHE BOJOTOIUIMBHBIX SMYJIbBCUM MOXKET
o0ecrieuynBaThCs MPHU MPEACTbHOM 3HaUY€HUHU BIaKHOCTH 110 65% [2].

B oOmem cnyyae, JOCTHXKEHHE MaKCHUMajlbHO BO3MOXKHOTO YIYYIICHHUSA
PKOHOMUYECKUX U OIKOJOTHYECKHMX TapaMeTpoB KOTJIA, padoTalolmero Ha
BOJIOMA3yTHOW SMYJIbCUH, BO3MOXXHO TOJBKO TMPHU ONTHUMHU3ALUN PEKUMOB
MPUTOTOBJICHUS U CKUTaHUsi BMD B peanbHBIX YCIOBUAX KOHKPETHBIX TOIIJIMBO-
CKUTAIOIINUX YCTAHOBOK.

5 OcHoBHBIE BBIBOJBI

HameTtuBmiasicss B HacTosiiee BpeMsi TEHACHIMS 3aMEHbl MaJOBA3KUX BUJIOB
KUJKOTO  TOIJIMBa  Ha  Oojiee  BS3KUE  TSOKENbIE  DHEPreTHUYECKUE
TOIUIMBA, TPAHCIIOPTUPOBKA U MOATOTOBKA K COKUTAHUIO KOTOPBIX COMPOBOKIAETCS
X OOBOJHEHHEM, U TOBBIIIAIOIINECS IKOJOTUYECKUE TPEOOBAHUS K YCIOBUAM HMX
UCITIOJIb30BaHUS TPEOYIOT pa3pabOTKU HOBBIX TEXHOJOTHUYECKUX 2JIEMEHTOB BO BCEH
L[ETH, CBS3aHHOM C MOJTOTOBKOM M COKMUTAaHUEM TaKUX TOIUIMB, YTO BJIEYET 32 COOOM
JIOTIOJIHUTENIHHBIC 3aTpaThl HA Pa3pad0TKU U PEKOHCTPYKIIUIO TOTJTUBHBIX XO3SUCTB.
OpHako OTEYECTBEHHbIE M 3apyOekHble pa3pabOTKU B OOJACTH CHKUTaHUS
BBICOKOOOBOJIHEHBIX JKMJKUX TOIUIMB JalOT OCHOBaHUE peniaTh MPEACTOSIIUE
3a7aun 0oJiee MPOCTHIM M JACHIEBBIM IMYTEM - TOMOTE€HHM3alMel CMECH BOJIbI U
TOIUJIMBA U C)KUTAHUEM UX B BUJIE BOJIO-TOIUIMBHOMN IMYJIbCHUHU.

1. AHanu3 TEOpPETHYECKUX ¢  DKCIEPUMEHTAIBHBIX  HCCIICIOBAHUM
C)KUTaHUS BOJOTOIUIMBHBIX YMYJIbCUN TIOKa3all 3PGEKTUBHOCTh AMYJIBIUPOBAHUS U
TOMOT€HHU3allud OOBOJHEHHBIX JKHIKUX TOIUIMB KAaK METOJ TIOBBIIICHUS WX
KauectBa M oOecrmeueHuss ~ TpeOOBaHUW,  MPEABSABISEMBIX K HHUM
NOTPEOUTEISIMU U 3alIUTOM  OKpyXKalomed Ccpeabl, W TO3BOJWI BBIIBUTH
yIOyIIEHHbIE W3 BHUMAaHUS HCCIEN0oBaTeNeil OCOOCHHOCTH XapaKTePUCTHK U
CBOVICTB OMYJIbCHM, CBA3aHHBIE C UX NPUTOTOBJIECHUEM, XPAHEHUEM, TTOATOTOBKOM K
CXKUTAaHUIO W CKUraHWeM, a  TakkKe  YCTaHOBUTh  TCHJACHIIMU WU
MPOTHUBOPEUHS UMEIOIINE MECTO B OIIEHKAX PE3YJIbTATOB UCCIICIOBAHUM.

2. Jlns TpUTOTOBJICHMUsS] BOJOTOIUIMBHBIX JMYJIBCUU pa3paboTaH psij
amnmaparoB, OJWH U3 KOTOPBIX - POTOPHO-NYJbCAIIMOHHBIM OpPUEHTHUPOBAH
Ha WCMOJIb30BAaHUE IIEHTPOOCKHBIX HACOCOB M MOXKET OBITh HU3TOTOBJEH B
YCIOBUSIX TNPAKTUUECKH JHO00TO Tmpeanpusatvs. s MaloBS3KUX  TOTUIMB
NPEVIOKEHO MPUTOTOBJIECHUE BOAOTOIUIMBHBIX 3MYJIbCUH  HEMOCPEICTBEHHO
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B POTAlMOHHBIX (POPCYHKAX C BKIIOYCHHEM B HMX KOHCTPYKIIUH POTOPHOTO
anmnapara.

AHanu3 NPUHIUIUAIBHBIX CXEM TOIUIMBHBIX XO3SWCTB W WX ONTUMM3AIUA,
MO3BOJIMIIN MPEJJIOKUTE CIIOCOOBI U ONPENICTUTh YCIOBUS XpaHEHUs, TOATOTOBKU U
COKUTaHUS AMYJIbCUM u3 0OBOJTHEHHBIX KUIKAX TOTUTUB
B YCJIOBUSIX JEHUCTBYIOUIUX U MPOCKTUPYEMBIX TOIIMBOCKUTAIOIINUX PEANPUSTUH.

3. DKCepUMEHTaNIbHbIE UCCIIEI0BAHUS BIUSHUS BOJIbI, IUCIIEPIUPOBAHHON B
KHUTKOM TOTUIHBE, Ha TIPOIIECCHI TOpeHUs u oOpazoBaHUs
BPEHBIX BEIIECTB, a TaKXe TEOPETUUCCKUA aHAIM3 XWMHUYECKHX PpPEeaKIuil
TOPEHUS TIOKAa3alM CYIIECTBEHHOCTh OTIWYUMN TOPEHHS  BOJOTOTUIMBHBIX
AIMYJIbCUIA U OE3BOTHOTO TOIUIMBA M MTO3BOJIUIIN YCTAHOBUTH CJICAYIOIIEE:

[Ipy  cKWUraHMM  SMYJIbCHUU  BBIPABHUBAIOTCS  PACTPENCIICHHS  TIO-
Jell Ta30BOr0 COCTaBa TIPH COKPAIEHWW 30H AaKTUBHOTO TOPEHUS U JO-
ropanuss CO. MakcumyMm TemmiepaTyp ¢akeia MNpU BIAKHOCTH AMYJIbCUH -
10% cuauzuncs Ha 50-60°C m cmecTWwics K KOHIy 30HBI aKTHBHOTO TOPEHUS.
OcHoBaHHasT Ha TNPUHIMIE MAKCUMAJbHBIX JIOKAJIBHBIX TEMIEparyp U
KOHIIEHTpaIlMil NpU TOPEHUU €IUHUYHBIX Karelb, OIEHKAa CTENEeHU IUCCOIUAIIUU
BOJISTHOTO Tapa MokKasajia, 4YTo €€ 3HaueHHue MOXKeT JocTurath 1,6-2,7%.

4. BpiOop TOro WM MHOTO croco0a M yCTPOWCTBA MJisi MPUTOTOBIICHUS U
C)KUTaHUS BOJO-TOTUTMBHOM SMYJIbCHH JIOJDKEH ONMUPATHCA HA 3HAHWE B3aMMOCBSI3U
BJIQYKHOCTHO-TUCTICPCHBIX XapaKTEPUCTHK TOJydYaeMOW TOIUTUBHON SMYJIbCUU H
TEXHUYECKUX OCOOCHHOCTEH KOHKPETHBIX TOIUIMBOCKHTAIOIINX  YCTPOMCTB.
BraxHOCTHO-IUCTIEPCHBIC XapPaKTEPUCTUKH TOIUIUBHBIX AMYJIbCHHA, TOTydaeMbIX
TEeM WIM WHBIM CIOCcO00M, (aKTHUYECKH SBJSIOTCS TJIABHBIM ITapaMeTpoM,
OTIPEIEIISIIONTUM BO3MOYHBIC TPECITBl MOBBIIMICHUS] SKOHOMUYHOCTH W CHIDKCHUS
BPEIHBIX BEIOPOCOB C MPOAYKTAMH CTOPAHHS KOTCIBHBIX YCTaHOBOK.

5. IIpu mepexoje Ha CKUTAHUE BOJIO-TOILUTUBHON SMYJIBCHH C ONITUMAJIbHBIMU
BJIQYKHOCTHO-IMCTIEPCHBIMU  XapaKTEPUCTUKAMH W TIPU ONTHUMH3ALUU PEKUMOB
ropeHusi oOecreuyuBaeTcs pealbHbId 3I(PGEKT TMOBBIIICHUS JKOHOMUYHOCTH
KOTEJIbHBIX YCTAHOBOK M CHIKEHUS BPEIHBIX BHIOPOCOB C MPOAYKTAMHU CTOPaHHUSI.

6. B obmem ciyuyae, MOCTH)KEHHE MaKCHUMAaJIbHO BO3MOXKHOTO YIIYYIIICHHUS
HPKOHOMHYECKUX W DJKOJOTMUYECKHX MapaMeTpoB KOTJIa, pabOTaoIIero Ha BOJIO-
TOTUIMBHOM  OMYJIbCHUU, BO3MOXHO TOJBKO TIPH ONTHUMH3AIMKA  PEKUMOB
MIPUTOTOBJICHUS M CXKUTAHHUS BOJO-TOIUIMBHOW AMYJIBCHHM B PEATbHBIX YCIOBHUSIX
KOHKPETHBIX TOTUTHBOCIKUTAIOIINX YCTAHOBOK.

7. AHanu3 TEXHHUKO-DKOHOMHYECKHMX IIOKa3aTeJIeH CKUTaHUS  BOJIO-
TOTUTMBHBIX 3MYJIbCHUH TIOKa3aJl PEAIbHOCTh M OOOCHOBAHHOCTH BO3MOKHOCTH
npupocta KIIJ| TomnuBocxkuraromux arperaroB Ha 1-2%. C wucnosb3oBaHHEM
METO/Ia MaTEeMaTHYECKOTO TUIAHUPOBAHUS SKCIIEPUMEHTOB TOKa3aHa BO3MOYKHOCTH
MOJIYYCHHUS] PETPECCUOHHBIX 3aBUCUMOCTEH HJKOHOMHUYECKMX M IKOJIOTHYECKUX
XapaKTEPUCTHK PAOOTHI arperara, IMO3BOJSIONMIUX ONPEILISITh ONTUMAIbHBIE
3HAUEGHUA  PEKUMHBIX  MapaMeTpoB  PabOThI,  YIOBJICTBOPSAIONINE  Kak
HYKOHOMHUYECKUM, TaK U HKOJIOTUIECKUM TPEOOBAHMSIM.
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8. DkoHOMHYECKass OICHKAa W3MEHEHHS KayecTBa  OOBOJHEHHOTO
KHUJIKOTO TOTUIMBA TIPH MEPEBOJIC €r0 B BOJOTOIUIMBHYIO SMYIIBCUIO MOKa3ana, 9YTo
npu HE3HAYUTEIHbHBIX KaITUTAIOBIOXKEHHSX Ha AMYJIBTUPYIOIINN
ammapaT W €ro MOHTaX MW3MEHCHHE TEKyIIUX 3aTpaT B IIEJIOM CHHXKACTCS
OpU BIAXHOCTH 3MYJIbCUU 10 7% (ecii HMMeeTcsi BO3MOXKHOCTb CHMKECHHS
kKodpduimeHTa u30bITKAa BO37yXa), OCTAETCS MPUMEPHO TMOCTOSHHBIM TIpH
BIQXKHOCTU HMyinbcun 9-12%, a mnpu jpadpHEHIIEM poOCTE€ BIIAXKHOCTH II0-
TepU TeIJla Ha WCHApeHHWE BJIarn Yyxke OyayT mNpeBaMpOBaTH HAI BO3-
MO>KHBIMH CTAThSIMH SKOHOMUH 3aTparT.
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