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Hacrosimee m300peTeHre OTHOCHTCA K OOOPYHIOBAaHMIO AT OCYIIECTBICHHUS Ta30XKHIKOCTHBIX IIPOIIECCOB.
3asBeHHBI 0apOOTaKHBIH KOXKYXOTPYOHBIH ammapar COIACPIKUT 10 MEHBIIEH Mepe OIHY BEepTHKAJILHYIO
KOJKYXOTPYOHYIO CEKIIHIO, PEICTaBISIONIYI0 OO0 KOPITyC C yCTPOHCTBAMH BBOZIA PEAr€HTOB M BHIBOJIA IPOAYKTOB
peakIuu, BBOAA M BBIBOJA TEIUIOHOCHUTEIIS, a TAKXKE TIEPBYIO M BTOPYIO IPYIITy TpyOOK, 3aKPEIUICHHBIX B BEPXHEH 1
HIDKHEH TpyOHBIX pemieTkax. TpyOKu mepBoii IpymIibl BEICTYIAIOT 3a IpeIeIbl HIDKHENH TPYOHO! peIeTKH, a TpyOKH
BTOPOM IPYIIIBI BBIITOIHEHBI C PACTIOIOKEHUEM UX KOHLIOB, IO CYLIECTBY, BPOBEHb C HIDKHEH TPyOHOI! pemeTkon, Ipu
3TOM TPYOKHM MEPBOIi IPyIIIbI pacipeeeHsl, 10 CyLIECTBY, PABHOMEPHO 10 TpyOHoI pemeTke. [Ipu ocymecTenenun
croco0a MpPOBEACHUS XUMHYECKHX pPEeakiuii B 0apOOTaXHOM KOXKYXOTPYyOHOM ammapare CONIACHO M300pETeHHIO
TPYOKH NEepBOH TpyImibl pabOTAIOT B KauecTBE LMPKYISALHOHHBIX TPYOOK, a TPYOKH BTOPOH rpymmbl paboTaroT B
KayecTBe 6apOOTAXKHBIX TPYOOK.
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OIMUCAHUE M30BPETEHUSA
2420-301828EA/022
BAPBOTAKHBIN KOKYXOTPYBHBIN AIIITAPAT

OO6aacTb TEeXHUKH, K KOTOPOHW OTHOCUTCSI HACTOSIIEE I/1306DeTeHI/Ie

H3o0pereHne OTHOCUTCS K  OONACTH  TEXHOJOTHYECKOro  OOOpYHOBAaHUS IS
OCYLIECTBJICHHUsI Ta30’KHIKOCTHBIX IPOLIECCOB U MOXKET OBbITh HMCHOJb30BAHO B XHMHYECKOH,
He(hTeXUMHYECKOH U IPyrux 00NacTAX MPOMBIIIIEHHOCTH.

VYpoBeHb TEXHUKHA

Jinst OONBLIMHCTBA Ta30’KMIKOCTHBIX TPOLIECCOB OIWH HWJIM HECKOJBKO HCXOIHBIX
pEareHTOB HaXOASTCS B Ta30BOW (pase, W JJIs MPOTEKaHHs peakiuu Tpedyercss UX MepeBoj B
KUIKYIO a3y smbo Ha TrpaHuny IByX a3, 4ro TpedyeT BBICOKHX KO3(D(UIIUEHTOB
maccooOMeHa. Takke mpoueccel, NPOBOAMMBIE B KHUIKOH © ra3oBoil (ase, 3agactyro
COIPOBOXKAAIOTCS OONIBLIMM BBIIEIEHUEM WIIHM TIOTJIOLIEHHEM TeIlIa, 4To Tpedyer odecneueHust
3¢ pexTUBHOrO TermI000MeHa MEKIY CMEChIO U TETUIOHOCHTEJIEM.

Kpome Toro, BaxHOe 3HaueHUE HMEET PaBHOMEPHOCTb YCJIOBUI MPOTEKaHMs Mpolecca
TEIUIO- U MaccOOOMeHa IO BCeMy OOBEMy ammapara, Tak KakK JIOKAJIbHOE 3aBBIIICHUE WU
3aHI)KEHUE 3HAUEHUN TeMIepaTypbl PEaKLMOHHON CMECH WM KOHLIEHTPALMH PeareéHTOB MOKET
IIPUBECTU K CHUKEHHUIO CEJIEKTUBHOCTU U KOHBEPCUH IMPOLIECCA, CKOPOCTU IIPOTEKAHUS PEAKLHH.
Takast paBHOMEPHOCTh YCJOBUH MNPOTEKaHHWs] peakUuid MOKeT OBITh JOCTHTHYTa 3a CYeT
UCTIOJIb30BaHUSI OOOPYAOBaHHS C PAaBHOMEPHBIM pacrlpeneseHneM TPyOok mo obbemy, T.e. ¢
pacripeneneHueM TPyOOK, OOeCHeuMBAIOIIMM BBIPABHUBAHUE CKOPOCTEH IBHKEHUS >KUAKON
¢assl Mo BceMy 00beMy armapara U yCTPaHeHHE 3aCTOHHBIX 30H.

W3 ypoBHS TEXHMKHM M3BECTEH KOXXyXOTpyOHBIH amnmapar, packpeitelii B US5864698
(ony6n.  08.12.1998), nnst mpoBemeHUs] SK30TEPMHYECKUX Ta30’KUIKOCTHBIX —IPOLECCOB
(peaxunii). CornacHO JAHHOMY TEXHHYECKOMY PELISHHUIO, allapaTr BKIIOYAET PACIIONOKEHHYIO B
HEM TIOJIYIO BCAachiBarOLIyr0 TpyOy. BHyTpu TpyObl HaXOAMTCS BpaIAIOLIAsCsl MeEIIaJKa,
CHOCOOCTBYIOIIAsT PELUPKYJISILUN JKUAKOCTH BHU3 MO TPyOe€ B HIDKHIOK HacTh CMECHTENbHOM
kamepbl. JKuakuil MOTOK MMOCTyNAaeT B amrapaT depes JIMHUIO MOJauM, Ta3 BBOAST BbIIIE YPOBHS
JKUAKOCTU IO JUHUU. JIaHHBIN anmapar OTIMYaeTcsl yJIy4lIeHHbIM TEeIJIONEePEHOCOM, BBICOKOM
NPOM3BOIUTEIBHOCTRI0 U CEJIEKTUBHOCTBIO, Oylarojapst HWCIOJb30BAHUIO TPUHYAUTEIBHOM
LUPKYJSILUY, CO3/1aBaeMOil € MOMOLIbK0 Bpamarolneiics Memanku. OIHAKO 3akperieHue
OBICTPOBPAINAOIIECICSI KOHCTPYKLIMM C OJHOW TOYKOH KperuieHus (TOJNBKO B BEPXHEM
MOJIOXKEHNUH) SIBISIETCS TEXHUUYECKH CIIOKHOH 3amadell, MOCKOJbKY NMPH BPAIEHHH MEIIaJKH
BO3HUKAET ONACHOCTb €€ OTKJIOHEHUs OT OCH BpallleHMs MO JeHCTBHEM TAHI'€HLIUAJIbHBIX CHJI.
B stom caydae morpeOyroTcs cnenuanbHble VIUIOTHEHHs Bajla MeEIIAlKu mpu padore Ha
MOBBILIEHHbIX JaBieHMusIX. KpoMe Toro, Ans co3gaHusl HUCXOIAIIEr0 ra30KUIKOCTHOTO MOTOKA
IO LEHTPaJbHOW TpyOe HeoOXommma BBICOKAsS CKOPOCTb JKHIKOCTH, KOTOpas MpPHBENET K
JOTOJHUTEIbHBIM TIOTEPSM SHEpPruuM Ipu BpaileHun Memanku. Ilpu sTtomM naxke mpu
3HAYUTENBbHON CKOPOCTH BpALEHHs MEIIAJIKH JUIMHA anmnapaTa OyJeT CUIbHO OrpaHHYeHa.

B noxymente RU2040940 (ory6a. 09.08.1995) npencrasien annapar sl IPOBENSHUS



ra30’KUIKOCTHBIX XUMHYECKHX M TEIJIOMAaCCOOOMEHHBIX IPOLIECCOB C OONBLINM TEIJIOBBIM
3¢ ¢dexkToM, KOTOpbIH TO3BOJSIET YMEHBIIUTHh AHMCIEPCUI0 BpEeMEHH ImpedbiBaHus (T.€.
OTKJIOHEHHE 3HA4YEeHUs] BPEMEHH IpPeObIBaHUS pPEAJbHBIX IOTOKOB OT PACUETHOrO 3HAUYEHUs)
JKUJIKOTO peareHTa B ammapare IyTeM OpPraHH3allid €ro MHOTOXOIOBOIO JBMJKEHHUS dYepe3
pabouyro 30HY. AnmapaT BKIIFOYAET: My4oK 0apOOTaKHBIX (MO KOTOPBIM ra30KUAKOCTHAsI CMECh
ABIDKETCS. CHH3Y BBEPX) M LUPKYJSLUOHHBIX (IO KOTOPbIM OCYINECTBJISIETCSI BO3BpAT
(UMpPKyJIALMST) JKUOKOCTH B HIDKHIOK 4YacTh ammapara) TpyO, 3aKperIeHHbIX B TpPYOHBIX
peleTkax M pa3MEIeHHbIX B IIJIMHIPUYECKOM BEPTHKAJIBHOM KOPITyCe, BEPXHIOK Kamepy C
BEPTUKAJIbHBIMH TUIACTHHAMHU M HIDKHIOK KaMepy C ra3opaclpeneuTeIbHbIM YCTPOHCTBOM.
Kopnyc cHaOkeH mTynepaMu JUisi BBOJIAa M BbIBOAA TETNIOHOCUTEJS, HIJKHSISI KaMepa CHaO)KkeHa
IITyepOM BBOAA Tra3a MW JAPEHaKHbIM wmryHepoM. OTJINYHTENBHOH OCOOEHHOCTHIO
NPEAJIaraeMoro ammapara siBJISIeTCsl HAJIMYHe BEPTUKAJIbHOH NMEpPEeMBbIYKH B HIDKHEH Kamepe, a
TaK)Ke HAJINYHE Ta30pacIpeaesUTeIbHOIO YCTPOMCTBA, BBIMOJIHEHHOTO B BUAE TOPH30HTAIBHON
NEPErOpOIKH C OTBEPCTHSIMH IO OCsiM OapOoTakHbIX TPyO. Ilpy 3TOM mepeMbIuKH CMELIeHbBI
OTHOCHUTEJIbHO IIJIACTUH B BEpXHEH KaMepe TakK, YTO CO3MAl0T MHOTOXOZOBOM KaHal s
IBIDKEHUS! )KUAKOCTH OT BXOIHOTO INTYLEPa K BBIXOAHOMY. YKa3aHHbBIE 3JIEMEHTHI MO3BOJISTIOT
CHM3HUTb JUCTIEPCHIO BpPEMEHH TpeObIBaHMs OTAENbHBIX MOPUMHA JKUAKOCTH. M3MeHss
KOJINYECTBO M pa3MelIeHHe IJIACTUHOK B BEpXHEW KaMepe M NepeMblueK B HIDKHEH Kamepe,
MOKHO CO3/aTh ammaparbl ¢ HEOOXOAMMBIM YHCIOM XOAOB IO TPYOHOMY IPOCTPAHCTBY,
KOTOpO€ MOXKET BapbupoBaThcs OT 2 no 6-10. OpgHako Takol anmapar TpeOyer OonblIoro
pacxoma rasa, KOTOpbIM HEOOXOAMM IJIsi TPENOTBpAIICHHs NonafgaHus OoibIoro odbema
JKUJIKOCTH B HIDKHIOIO ra3oByro kamepy. Ho nmaxe mpu peskume pa®oTsl ¢ OONBIINM pacXoaoM
rasa MoJHOCTBIO M30eXaTh MOMaJaHUs KUIAKOCTH B HIXKHIOK KaMepy He yOacTCsl, YTO MOXKET
NPUBECTH K moTepsiM peareHToB. CrenosarenbHO, i usBecTHoro 3 RU2040940 anmapata
XapakTepHO HAJIWYHME HepaOO4YMX 30H, 3aHUMaeMbIX razoM. Kpome Toro, BCiaencTBue BO3MOXKHOM
3aKYNOPKU OTBEPCTUH, SIBIISIETCS HEKEIATENbHbIM HCIOJb30BAHUE JAHHOTO ammapara B
nmporeccax, KOTOpPble  MOTYT  CONpPOBOXKAATBCS ~ BBIMAJEHHMEM  TBEPAOrO  OCAIKa,
BBICOKOMOJIEKYJIIPHBIX W/WJIH BBICOKOBSI3KMX COEAMHEHUI, B TOM YHCJIE CMOJ U MOJIMMEPOB, a
TaK)Ke TPOLIECCOB, COMPOBOKAAIIUXCS KPHUCTALUTM3aLMe ONHOTO U3  KOMIIOHEHTOB
PEAKLIUOHHOW CMECH.

B ommcaHHBIX HMXKE ammaparax, U3BECTHBIX U3 TNPEALIECTBYIOIIErO YPOBHS TEXHHKH,
IOCTUTAETCs PAaBHOMEPHOE pacIpeleieHHe rasa Mo CEYeHMIo ammapara (T.e. B JFOOOH TOuKe
TpyOKH B TOPU30OHTAIBHOM CEUEHUH aIllapaTa KOHLEHTPAHs ra3a OIMHAKOBA) 32 CUET TOTO, YTO
B CTEHKaxX TPyD, HAXOMSAIIMXCS TMOA HIDKHEH TpyOHOH pemeTkol, WMEITCS OTBEPCTHS AU
nepexoia rasa, MOCTYMAIEero B TpyObl W3 ra30BOHM MOAYIIKH, oOpasyrouieics nmox TpyOHOI
pemerkoil. OTHAKO MCIIOJNIb30BAHKE AINApaTOB C OTBEPCTHAMHU B CTEHKAX TPYO 3aTPyAHHUTEIHHO
B TPOLECCAX, COMPOBOKAAIUXCA OOpa30BAHWEM KPUCTAJUIM3YIOIIUXCS M BBINAJAOIUX B
OCaJI0K TIPOAYKTOB PEAKIMM WM KaTalnu3aTopa BCIEACTBHE 3aKyMOPKU 3THUX OTBEPCTHH H
HApyLUIeHUs TUAPOJUHAMUYECKUX IApaMEeTpOB  ammapara. BeposTHOCTb  00pa3oBaHUS

B3PbIBOOTIACHBIX cMeced raza u napoB XKHUAKOCTU B Ta30BOM TIIPOCTPAHCTBE IOA HIDKHEH



TpyOHOI peIeTKoN TaKkke OrpaHUUNBAET BO3MOKHOCTH HCIIONIb30BAHNS TAKUX AIapaToB.

IIpencrasnenssiii B nokymente SU1212550 (omy6n. 23.02.1986) rasnu¢THBIN anmapar
BKJIFOYAET BEPTUKAJIBHBIA UIMHAPUYECKUN KOPIYC C PACIIONOKEHHBIMH BHYTPH HETO BEPXHEH
U HIDKHEH TpyOHOM! pelIeTKoM, B KOTOPBIX 3aKPeIUIeH BePTUKATIbHBIN My4OK HUPKYJSIMMOHHBIX U
OapOotaxkHpix TpyO. Bepxuue Ttopubl 0apOOTakHBIX TPYO pAacCIONOXKEHBI BBILIIE TOPLIOB
LUPKYJSIUMOHHBIX TPyO. C LeNbl0 MOBBIIEHHS MPOU3BOJUTEIBHOCTH 32 CHET YBEIHYECHUS
pPEaKLMOHHON 30HBI ammapara, I[OBEPXHOCTH KOHTakTa (a3 W CO3JaHUS yCTOWYHMBOM
LUPKYJISLUY, annapaT CHaOKeH yCTAHOBJIEHHOW Hax BepxHeil TPyOHOH perieTkoit
JOTIOJTHUTEIBHON TPYOHOU pelieTkol ¢ o0pa3oBaHHEM MEXIy HHMHU ra3oBOi kamepbl. KoHIbI
6apOoTaKHBIX TPYO PacTONOKEHBI B ra30BOH (hase, a KOHLbI [IUPKYJSIHOHHBIX TPYO B KHIKOM
¢ase, mpu 3TOM Ha y4yacTKax LHUPKYJSLHOHHBIX TPYO, PACHOJOKEHHBIX B ra30BOH Kamepe,
BBIITOJIHEHBl OTBEPCTHS. Ammapar CHa0)KEH CemapaloHHONW KaMepol C KaruieOTOOWHUKOM H
IITYyLIEPaMHU JIJIsl BBOAA U BBIBOAA (Pa3 M TEIJIO- WM XJIAJOHOCUTENSI. 3asBJICHHAS KOHCTPYKIHS
ammapara He IO3BOJIIET HCKIIOUWTH TMOMAJaHUE JKHOKOCTH M3 LHPKYJSLUOHHBIX TPyO B
BEPXHIOI0 Ta30BYI0 KaMepy, YTO MOXKET MPHUBECTH K HapyleHHro ero padborsl. Kpome Toro, ms
rasa B LHUPKYJSIIMOHHBIX TPyOKax, MOMAAAIOLIEro W3 BEPXHEW ra3oBOW Kamepbl, BO3MOKHBI
3aTPYAHEHUS B IBIKCHUHU B HIDKHIOIO YacTh aIlnapara Moj BO31eHCTBHEM KUIKOH (a3bl.

Amnmnapar, packpeiTeiii B 1okymeHTe SU129643 (omy6n. 01.01.1960), BeimonHeH B BUAE
BEePTHKAJIBHOTO KOpIyca ¢ LEHTPaJbHOW LUPKYJSIUUOHHOW Tpyboi. Kaxkmas Tpyba ammapara
BBIIIOJIHEHA C YAJIMHEHHBIM KOHIIOM, TNPOXOISIIUM Yepe3 HIDKHIOK TPYOHYIO pELIETKY C
orBepcTusiMu. HinkHMI cpe3 LMPKYJSIMMOHHON TPyOBl Haxomutcst Hipke cpe3oB TpyO. Ilpu
nojiaue rasa B amnmapar depe3 narpyOoK >KMAKOCTb, 3alOJIHSIOLIAsl MOJOCTh NOA TPyOHOM
peLIeTKOM, OTXKMMAeTCsl BHU3 W MOJ TPyOHOH pereTkoii oOpa3yercst ra3oBasi MONYLIKA, ra3
OapboTtupyer dyepe3 oOTBepCcTHs BCeX TpyO M TakuM o00Opa3oM JOCTUraeTCsi PaBHOMEPHOE
pacnpeneneHue rasa 1o cedeHuro anmapara. [loqHuMasce o TpyGam, my3bIpbKHU ra3a yBIEKAIOT
3a cOOOM KHMIKOCTb, CO3[aBas €€ WHTEHCUBHYIO LUPKYJSILMIO, YTO YJYYINAeT TEIIOOOMEH.
OnHako B OMHMCAHUHU JAHHOTO TEXHUYECKOTO PEIICHUS] He PACKPBIBAETCS, YTO JAHHBIM ammapar
obecrnieynBaeT CTaOMIBHBINA TEIJIOOOMEH (T.€. OTCYTCTBHE M3MEHEHHUS TPAJHEeHTa TEMIIEPATyp B
ammapare BO BPEMEHH) IO BceMy o0beMy ammaparta. [TOCKONbKY Ta30KMIKOCTHOW TOTOK B
OapOoTaKHBIX TPyOKaX MAHHOTO amnmapara, HEMOCPENCTBEHHO MPUMBIKAOIINX K EHTPAIbHOM
UPKYJSITUOHHON TpyOe, OynmeT uMeTh OoJiee BBICOKYIO CKOPOCTh, U€M B OCTaJIbHBIX TPyOKax,
Oyner HaOMIOMATHCS pa3NUUMe YCIOBUH TEIJIO- U MAacCOOOMEHa B Pa3HBIX HACTSX amrapara u,
KaK Pe3yJIbTaT, CHIDKEHHE CEeJIEKTUBHOCTH peakuuu. Jlake B cilydae YBEIMYEHHs KOJINYECTBA
LUPKYJSMUOHHBIX TPyO, MPOTEKAIOILINe B ammapare MpoLecchl He OyayT CTa0WIbHBL, T.K. H
LUPKYJSUOHHBIE, 1 0apOoTakHbIe TPYOKH BBICTYMAIOT 32 TPYOHYIO PEINETKY, UYTO MPHUBEIET K
HAKOIUICHUIO Ta30BOi (a3bl B HUKHEH YacTH anmapara.

Taxke wn3BeCTEH KOXKYXOTpYyOHbIM rasnudrHbii ammapar, packpeiTeiii B SU199087
(omy6m. 01.01.1967), BrimrOHarOIUN: BEPXHIOK KaMepy M HIDKHIOI Kamepy ¢ pydaimrkamu,
TpyOHBIMH peIIeTKaMH U MPOXOAALIMMM Yepe3 HUX LUPKYJIALUOHHBIMU TpyObaMu U

OapOoTakHEIMU TPyOaMU, KOHIIBI KOTOPBIX B BEpXHEN KaMepe pacIoio>KeHbl Ha PA3HOM YPOBHE,



IITynep A BBOJA KUIKOH (ha3bl M WITyLep s BBoAa razosoi ¢assl. [Ipu momaue rasa mon
TPYOHO pemeTkol o0pa3yeTcsi Ta30BbIi CIIOHN, U3 KOTOPOrO Ia3 uepe3 OTBEPCTHSI IMOCTYIAET B
OapboTtaxHbie TpyOBl. BenencTBre pa3sHOCTH IUIOTHOCTEH KUAKOW (Dasbl B LHUPKYJISLIMOHHBIX
TpyOax ¥ Ta30XKUAKOCTHOM cMecu B 0OapOOTaxHBIX TPyOaxX NPOMCXOAUT HHTEHCHUBHAS
LUPKYJSLUS (a3: Ta30’KUAKOCTHASE CMECh 1O 0apOOTaXKHBIM TpyOam IBHXKETCS BBEPX, a KUK
¢dasa Mo UMPKYISALUMOHHBIM TpyOam - BHH3. B BepxHeil kamepe, Omaromapsi pacroyiOKEeHHUEO
KOHLIOB TPyO Ha pa3sHOM YpOBHE, NMPOUCXOAHUT PACCIOSHHE JKUIKOH (ha3bl B 3aBUCHUMOCTH OT
yneiapbHOro Beca KommnoHeHTOB. Opnako B SU199087 orcyrcTByeT uUH(pOpMALMs IO
CTa0MJIbHOCTH LIMPKYJSILMK TOTOKOB. BiMsHuE BeNWYMHBI BBICTYNOB TPYOOK Haa BEpXHEH
TpyOHO! pelneTkol ammapara Ha LUPKYJSIMHIO SKUAKOCTH HE TOATBEPIKAAETCS B OIMHCAHUU
JAHHOTO TEXHUYECKOTO peLIeHUs KOHKPETHbIMH mnpuMepamu. Kpome TOro, BO3MONKHO
00pa3oBaHNE B3PbIBOOMACHBIX FA30BBIX CMECEH B 3TOM ITPOCTPAHCTBE.

Takum oOpa3oM, B Hacrosiliee BpeMsi M3 YpPOBHS TEXHHKH HE HM3BECTEH arlapar,
MO3BOJIIIOINMN  MPOBOAMTH TA30KUJIKOCTHBIE TPOLIECCHI, COMPOBOXKJAIOIIUECS BBICOKUM
TerIoBbIMU  3(dexramu, oOpa3oBaHHEM KPUCTAUTUYECKUX OCAKOB, BBICOKOMOJIEKYJISIPHBIX
W/WTN BBICOKOBSI3KMX COEIUHEHWH WM CONPOBOXKIAIOIIHECS OOpPa30BaHHUEM B3PbIBOOIACHBIX
ra3oB, C BBICOKOH 3()()eKTHMBHOCTBIO, B YaCTHOCTH C BBICOKOH CEJIEKTHBHOCTBIO U BBICOKHMH
BBIXOJJaMH LIEJIEBOrO MPOAYKTA B CJIydae, KOTAa MPOLECC MPEACTaBIsIET COOOM XUMHUECKYIO
peaxLuo.

PackpbITHE CYIITHOCTH I/l306l)eTeHl/lﬂ

3amaueil  Hacrosimero  u3oOpereHust  sBisieTcs  paspaborka  OGapOOTaKHOTrO
KOXKyXOTpyOHOro ra3iauTHOro ammapara sl TNPOBEAEHUs Ta30KUIKOCTHBIX IPOLECCOB,
XapaKTePH3YIOIIErocs CTa0MIbHOCTBIO M PABHOMEPHOCTBIO TEIUIO- M MaccoOOMeHa IO BCEMy
o0beMy armnapara, a Takyke YCTOWYHMBOCTBIO €ro padoThI.

Texnudeckuil pesynbTar 3aKiodaercs B paspadoTke 0apOOTaXKHOrO KOXKyXOTPYOHOro
ra3u@THOrO ammapara, OOeCHeuMBaIOLIer0 YMEHbIIEHHE IHCIEPCHU BPEMEHH MpeObIBaHHS
JKUJIKOCTH B PEAKLIMOHHOW 30HE, MOBBIMIEHUE THAPOAMHAMUYECKON 3(P(PEKTUBHOCTH, a TaKkKe
MOBBIIICHUE CCICKTHUBHOCTU IIPOBOAUMBIX B allllapaTe MmpoueccoB (B TOM YHUCJIEC U XUMHUYECCKUX
peaxiuii).

TexHUYECKUM pPe3yJIbTATOM 3asiBJIIEMOr0 H300peTeHUs] TaKKe SIBJIAETCsS pa3paboTka
0apOOTaKHOTO KOXKYXOTPYOHOTO ra3iu(THOrO armapara Mo3BOJISIFOIIEr0 MPOBOIUTH MPOLIECCHI
CO 3HAYUTENbHBIMH TEIUIOBBIMH 3(pdexkramMu, a Takke TMPOLECcChl, COMPOBOKAAIIUECS
o0pa3oBaHMEM TBEPAOIO OCAIKA, BHICOKOMOJEKYJSIPHBIX W/WIJIM BBICOKOBS3KHX COENWHEHHH, B
TOM 4YHCJI€ CMOJ U TOJHMEpPOB, a TaKKe TMPOBOAUTh MPOLECCHl COMPOBOXKAAKIINECS
KPHUCTAJUTU3ALMEH OTHOTO 13 KOMIIOHEHTOB PEaKI[MOHHOH CMeCH.

KpOMe TOrO, TEXHUYECKUU pPE3YIAbTAT 3aKJIHOYACTCA B YMCHBIICHUU BCPOATHOCTU
00pa3oBaHusi B3PbIBOOMIACHBIX CMECeH ras3a U MapoB JKUIAKOCTH 33 CYET YMEHbLICHHUS B arnapare
o0BbeMa ra3oBOro MPOCTPAHCTBA, HE B3AUMOAEHCTBYIOIIETO C KUAKOH (ha3oi.

JIOMOJTHUTENBHBIM TEXHUYECKUHM pe3yJIbTaT 3aKJI04aeTcss B OTCYTCTBHUM B armapare

HepabOoUMX 30H, 3aHUMAEMbBIX Ta30M.



JIOTIONHUTENbHBIM ~ TEXHUYECKUM  pEe3yJlbTaTOM  TaKXKe  sBIAETCS  YBEJIHYEHUE
NPOM3BOIUTENBHOCTH ammapara 3a CYeT YBEJUYeHUs OO0beMHONW 3(PPEKTHBHOCTH pPalOThI
anmnapara 1 yBeJIMYeHUs] PEaKL[HOHHOM 30HBL

B pamkax Hacrosimero n3oOpereHus CTadMJIbHOCTD TEIUIO- U MAacCOOOMEHa B ammapare
TPaKTyeTCs KaK IMOCTOSHCTBO 3HAYEHUH MapaMeTpoB (COCTaB, TeMIEpaTypa, CKOPOCTh MOTOKA U
T.J.) JUIs K&KA0H TOUKU IIOTOKA BO BPEMEHH.

YcroiunBocTh paboThI anmapara TPaKTyeTCsl Kak pexkuM padoThl, MapaMeTpbl KOTOPOro
BO3BPAILAIOIIUICS B UICXOHOE COCTOSIHHE IOCIIE YCTPAHEHUSI BO3MYIIEHUS.

IIpu »>TOM njucnepcusi BpeMeHU TpeObIBAHHMS KUIKOCTH B PEAKLIUOHHOW 30HE
ONpeneNnseTcs Kak OTKJIOHEHHE 3HAYeHHWs BpPEMEHH TNpeObIBAHHUS PEANbHBIX IOTOKOB OT
pPacYeTHOrO 3HAYEHHSI, & THAPOAHMHAMUYECKAs Y (PEKTUBHOCTD ONPENENAETCS KaK MPHOIMKEHNE
XapaKTepUCTHUK PeajbHOTO almnapara K annapary UaeajlbHOMY BHITECHEHUS.

B pamkax HacTosIero n300peTeHHst ONpeneIeHNe K0 CYIIeCTBY» O3HAYaeT OTKJIOHEHHE
B JIONyCTUMOM JMala3oHe MOTPEeIIHOCTeH sl KOHKPETHOTO 3HAYeHUs, OINPEeAesIEHHOTO
CHELUAMCTOM B IAaHHOW O0JIACTH TEXHUKH.

ITocTaBneHHas 3aja4a U TEXHUYECKUI pe3ysibTaT JOCTUTAIOTCS 3a CUET MCIIOJIb30BAHMUS
amrmapara, COCTOSILIEr0 W3 OJHOW WM HECKOJbKHUX BEPTHUKAJBHBIX KOKYXOTPYOHBIX CEKLHUH,
NPEACTABISIIOINX COOOH KOpIyC € yCTPOWCTBAMHM BBOJA PEAreHTOB W BBOJA IPOAYKTOB
peaxiuy, BBOAA U BbIBO/A TEINIOHOCUTENS, B BEpPXHEH U HUKHEHW 4acTU KOTOPOro MOCPEACTBOM
TPYOHBIX PEIIETOK 3aKPEIUICHBI 1BE IPYIIIbI TPYOOK, IPU 3TOM OJHA TPpyIna TPyOOK BBICTYNAET
3a Mpenesbl HUKHeH TpyOHO! pelIeTKH, a BTopasi rpyInna TpyOOK BBIITOJHEHBI C PACIIONOKEHHEM
UX KOHIIOB IO CYIIECTBY BPOBEHb C HIDKHEH TPyOHOH pelieTkoi, rmpu 3ToM TpyOKH mHepBOii
TPYIIIBI PACHpeAEIeHbl IO TPYOHOH pelIeTKe Mo CYIIeCTBY PABHOMEPHO.

ABTOpamu M300peTeHNsI HEOXKUIAHHO ObIIIO OOHAPYIKEHO, YTO 3asiBlIsieMasi KOHCTPYKIIHS
U pacroyioXkeHne TPyOOK HepBOW M BTOPOW IPYII MOAAEPKUBAET MOCTOSHHOE HAIPaBJICHHUE
MIOTOKOB B TPyOKax, 4YTo o0ecreynBaeT CTaOUIbHOCTh M PABHOMEPHOCTD TEILIO- M MacCOOOMeHa
no BceMy OOBEMy ammapara, a TaKKe YCTOHYMBOCTh pPabOThI ammapara, 4TO IO3BOJISET
00ecTeynThb 3asBIsIEMbIE TEXHUYECKHE PE3YJIbTAThI.

Jlanee TpUBOAMTCS MOAPOOHOE OMNKMCAHWE PA3JIMYHBIX AaClEeKTOB W BapUAHTOB
pean3ay HaCTOSIIErO H300PETeHHUSI.

TpyOku mepsoii rpynmbl Ha 10-150 mm, npeamoututensHo 50-100 MM BBICTYMAKOT 32
npenensl HIWKHEH TpyOHOW pemetku. [Ipw mpeBBINIEHUH IUIMHBI BBICTYNA TPYOOK MeEpBOH
IPYIIBl OTHOCHUTENBHO HWKHEHW TPyOHOH pernerkn MeHee 4deM Ha 10 MM, yBeIHMUYUBaeTCs
BEPOATHOCTb MPOCKOKA rasa Mo LUPKYJIALUOHHOMY KOHTYPY, UTO HapyllaeT T'MAPOAUHAMUKY U,
KaK CIIEZICTBHE, TEIUIO- U MAacCOOOMeH B ammapare. Y UIMHEHHe TPYOOK MepBOi rpymmbl Oojiee
gyeM Ha 150 MM OTHOCHTENBHO HIDKHEHW TPYOHOW pEIIeTKH HelenecooOpa3Ho, Tak Kak 3TO
MPUBOJUT K YBEJIMYEHHUIO T€OMETPUYECKUX pPAa3MEpOB almnapara, a, CleJ0BaTeIbHO, YBEIMUEHUIO
€ro MeTaJuIoeMKOCTH Oe3 ynyutnenns 3g¢ekTuBHOCTH padoThI ammapara. BricTymaromue yactu
TpyOOK MEpPBOI rPyNIbI MPH 3TOM MOTYT ObITh KaK OAMHAKOBOW IJIMHBI, TaK U PA3HOM JUIMHBL

OnuHakoBast ATMHA BBICTYIAKOIINX YacTell TpyOOK MepBOi IpymIibl He SBJISIETCS 003aTeIbHBIM



ycioBreM paboTsl anmapara. OnpenenstomuM yCIOBUEM SIBJIIETCS 3HAYeHNE UX JJIMHBI Oojee
10 MM, ZOCTaTOYHOTO AJISt TOTO, YTOOBI MPEMSITCTBOBATH NOMAIAHUIO B HUX rasa.

HuameTpel TpyOOK MEpBOM W BTOPOH TIpyHm MOryT ObITh Kak OAMHAKOBBIMH, TaK U
Pa3NUYHBIMH, OAHAKO JUI YBEJIHUYEHHUs 30Hbl KOHTAKTa ra3a M KUJIKOCTU MPEANOUTHUTEIBHO
UCIIONIb30BATh TPYOKH BTOPOMH IPyMITbI OOJIBLIETO 1UAMETPa, YeM TPYOKH MepBOM PYIIIbI.

OOsi3aTenbHBIM yCIOBHEM palOThI ammapara SIBJISIETCS PAaBHOMEPHOE paclpeneieHue
TpyOOK mepBoii rpymnmsl o 00beMy ammapara, T.€. pacrpeneieHne TpyOok, oOecrednBaroImux
BbIPABHUBAHUE CKOPOCTEH JBIDKEHHSI XKHUIKOH (ha3bl MO BCeMy 0ObeMy ammapara ¥ yCTpaHEHHE
3aCTOMHBIX 30H.

CooTHolLIeHHe KOTMYecTBa TPyOOK NepBOil u BTOPO# rpymi cocTassieT ot 1:1,25 no 1:5.
[IpennouturenbHO, 4TOOBI B TOPU3OHTAJIBHOM CEYEHHMHM CEKIMHM K KaKAOoH TpyOke BTOpOH
IPYIIBI TpUjierajia Kak MHHAMYM OIHAa TpyOka mepBoi rpynnsl. boiee mpeamodTuTensHo, B
TOPU30HTAJIBHOM CEYEHHMU CEKLMH KaXKias TpyOka MepBOH IpymImbl OKPYKEHa MO MEPUMETPY
TpyOKamMu BTOpOH rpynmbl. JIaHHOE pPacHoJIOKEHHE TPYOOK JOCTHraeTcss MPU COOTHOLICHUH
npumepHo 1:2.

B onHOM u3 BapmaHTOB HM300pEeTEHUs TPYOKH IMEPBOH TPYMIbI MPENCTABISIOT COOOM
LUPKYJISIUOHHBIE TPYOKH, a TPyOKH BTOPOM I'PYIIIBI SBISIOTCS 0apOOTaKHBIMU.

I'abapuTHble pa3Mephl ammapara, KOJMYECTBO KOXKYXOTPYOHBIX CEKIHH, KOJHYECTBO
TPyO B CEKIHH, a Tak:ke o0lee KOJIMIECTBO TPYyO B ammapare BHIOMPAIOT UCXOs U3 TpeOOBaHUM
KOHKPETHOI'O IPUMEHEHHS aImapara.

YcrpoiicTBa BBOZIa peareHTOB BKJIIOUYAIOT B C€0sl yCTPONUCTBO IS MOJAYN SKUAKON (hasbl
U YCTPOMCTBO JJIs IOAA4YH ra30BOM (asbl, a yCTPONHCTBA BBIBO/IA MIPOAYKTOB PEAKIIMH BKJIIOYAIOT
B ce0s1 yCTPOMCTBO /ISl BBIBOZA XKHUIKOH (pa3bl M yCTPONUCTBO ISl BBIBO/IA I'a30BOH (hasbl.

Anmapat MoXxeT ObITb HUCIIOJIB30BAH B KAUECTBE PEAKTOPA JUIA MPOBEOCHUS PA3IHMYHBIX
KHUAKO(A3HBIX peakuuii, HampuMep, TAKUX KaK OKHCJIEHHE YIJIEBOAOPOIOB, OJUTOMEpPU3ALHs
oneUHOB, CUHTE3 KapOOHOBBIX KHCIOT, XJIOPUPOBAaHHE 3THJECHA, rUApoGOpMUIMpOBaHUE, a
TAK’Ke KaK armapart JJIsl IPOBEACHUST MUKPOOUOIIOTHYECKUX MPOLIECCOB H AP.

Crioco0 mpoBeneHUs: XUMUYECKUX peakiuil B 0apOOTaKHOM KOKYXOTpYOHOM ammapare
COTJIACHO M300PETEHHIO BKIIFOYAET B CeOs 3TAIbl, HA KOTOPBIX:

- TIONAIOT KHUIKYIO (ha3y ¢ 3aMOJIHEHWEM BCEro CBOOOMHOro obObeMa B TPYOHOI YacTu
anmapara,

- TIOJAIOT ra30BYI0 (pa3y B HIDKHIOK HYACTh ammapara ¢ odecrneueHrueM MoabeMa rasa Jio
HIDKHEH TpyOHOH peIieTKd M ero MomafgaHus B TPYOKH BTOPOW TpymHIbl TAaKUM 0Opa3oM, 4TO
TpyOKH BTOPOM IpymIibl padOTaAOT B KauecTBe 0apOOTaKHBIX TPYOOK;

- obecreunBarOT IBHKEHHUE JKUIKOCTU IOJ JIEHCTBHEM ra3a BBEpX MO 0apOOTaKHBIM
TpyOKam;

- TP AOCTIDKEHUH BEPXHEH YacTH anmapara ra3oskKuaKOoCTHasl CMECh Pa3AelsieTcs,

- BBIBOJST Ta30ByI0 (pa3y u3 ammapara;

- BBIBOJISIT MEHBIIYIO YaCTh JKUAKON (ha3bl, B TO BpeMs Kak OOJbLIast 4acThb XKUAKOH (a3el

NoJ| JEeHCTBHEM CHIIbI TSDKECTH HAUMHAET OIyCKaTbCs BHU3 IO TPyOKaM IEpBOH IPYMIIbL,



KOTOpBIe padOTAIOT B KAUECTBE LUPKYJISIIHOHHBIX TPYOOK.

Jlpyrue npu3Haky v MPEeUMYyLIeCTBa HACTOSIIEero n3odpereHus OyayT 6ojiee OYeBUAHBI B
COOTBETCTBHUH C NPENNOYTHTEIBHBIMI BapHAHTAMHU OCYLIECTBIEHHUs HACTOSIIEro U300peTeHus,
KOTOpble OoJiee MOAPOOHO OMHCAHBI CO CCHUIKOW Ha MpuiaraeMble uepTeku. BapuaHThl
OCYILIECTBJICHHsI, NPUBEAEHbI I OINHCAHUSA HACTOSIIEr0 H300pETeHHs TOJBKO B KauecTBe
pUMepa U, CJIEAOBATENbHO, HE JOJKHBI TOJKOBATHCS KaK OrPAaHUMYMBAIOIIHME TEXHUYECKUHN
00bEM HACTOSILIIETO N300PETEeHUsL.

KDaTKOC ONMHCAHME YePTeKeH

Qur. 1. wurocTpupyer anmapar Ajs IPOBEACHMs 3K30TEPMUYECKUX Ta30’KUIKOCTHBIX
peakuwmii, onucanHbiil B US5846498.

Qur. 2. WUIIOCTPUPYET amnmapar AJsg NPOBEAEHUS Ta30’KUIKOCTHBIX XHMHMUYECKUX U
TeMJIOMacCOOOMEHHBIX MPOLIeCCOB, onmucanHbiii B RU2040940.

@ur. 3 wurocTpupyeT ra3udTHeIN anmnapar, onucansbiii B SU1212550.

®dur. 4 WITIOCTPUPYET ammnapar, onucaHHbii B SU129643.

®dur. 5 WITIOCTPUPYET amnmnapar, onucaHHbii B SU199087.

@ur. 6. cXeMaTUYECKU WITIOCTPUPYET KOHCTPYKLIUIO 3as1BJIIEMOrO anmapara.

@dur. 7 cxeMaTH4eCKH WJUIIOCTPUPYET paclookeHHe TPyOOK B ammapare 1o
CpasuurensHomy Ilpumepy 2.

dur. 8 cxemMaTH4ecK WJUIIOCTPUPYET paclookeHHe TPyOOK B ammapare 1o
CpasuurensHomy Ilpumepy 3.

®ur. 9 cxeMaTH4eCK! WITIOCTPUPYET pacrojokeHne Tpyook B anmapare 1o Ilpumepy 4.

@ur. 10 cxemaTHuecku WLIFOCTPUPYET pacroyiokenne Tpyook B ammapate o [Ipumepy

@ur. 11 WITIOCTPUPYET CEKIHIO arnmnapara no u300peTeHuI.
@ur. 12 WuUOCTpUPYET CTEKJISHHBIN anmapar ¢ TPyOKaMu OIMHAKOBOH MJIMHBI I10
CpasuutensHomy IIpumepy 6.

OcyuiecTBJIeHHE H300peTeHus

Anmapar nmo u300peTeHuro, CXeMaTHYHO MPUBEACHHbIH Ha Pur. 6, COCTOMT U3 OJHOHN
BEPTUKAJIBHON KOXKYXOTPYOHO! Cekinu | ¢ MUPKYJSIMMOHHBIME 3 1 0apOOTaKHBIMU TPyOKamu
4, 3aKpeIUIeHHbIMU B TPYOHOH pemrerke 2. B HukHEH 4WacTH ammaparta HaxOISATCsl YCTPOHMCTBA
IUTSI TIOIAY ¥ SKHAKOCTH 5 M JIJIs mofauu ra3a 6. BepxHsis 4acTh anmnapara cHabkeHa yCTPpOHCTBOM
I BbIBOAA ra3oBod (pasel 7 M yCTPOHCTBOM sl BBIBOZIA SKUAKOH (asbl 8. MexrpyOHOE
NPOCTPAHCTBO ammapara obopyznoBaHo mryuepamu 9 u 10 s UUPKYISIIMNA TETNIOHOCHUTEIS.
YcTpoiicTBO BBOIA M BBIBOAA 37€Ch U Jalie€ TPAKTYETCS Kak JI00Oe M3BECTHOE U3 YPOBHS
TEXHUKH CPEACTBO UL BBOAA U BBIBOZIA TIOTOKA, HAPUMEP IITYLEP, POPCYHKA U T.A.

IIporecc B 3asBIIsIEMOM armapare OCYLIECTBISIIOT CIEAYIOLUM 00pa3oM:

1. Xunkas ¢aza nogaercs depe3 yCTPOWCTBO Ui MOJAYU JKUAKOCTU S5 M TOJHOCTBHIO
3aII0JIHSAET BeCh CBOOOHBIN 00beM B TPYOHOH HacTH anmnapara;

2. 3aTeM B HIDKHIOIO HacCTh anmapara MojaeTcsl ra3omasi ¢aza uepe3 yCTPOWCTBO s

MoJayu rasa 6;



3. I'a3z mopHuMaercs 1o TpyOHOM perieTku 2 U fganee nomnagaer B 0apOOTakHbIe TPYOKH
3;

4. JKupkocTp mon AEWCTBHEM ra3a HAUYMHAET JBUIaThCs BBEPX IO 0apOOTaKHBIM
TpyOKam;

5. JIOCTUrHYB BepXHEH 4acCTH anmnapara, ra30’KuAKOCTHAsA CMECh Pa3lessieTcs,

6. 'a3oBas (asza BeIBOOUTCS U3 ammapara yepes3 yCTpoICTBO AJis BbIBOAA ras3a 7;

7. Menblast 4acTh JKUAKOH (ha3bl BBIBOIUTCS Yepe3 YCTPOHCTBO ANl BHIBOAA JKUIKOCTH
8, a OoJsbIIast 4acTh KUAKOH (pa3bl MO NEHCTBHEM CHIIbI TSDKECTH HAYMHAET OMYCKAThCs BHU3 IO
LUPKYJISIUOHHBIM TPpyOKam 3.

PaBHOMEpHOE pacnpeneneHre UUPKYILUOHHBIX TPyO oOecneunBaeT paBHYIO CKOPOCTb
JKUJIKOCTH BO BCEX 0apOOTaKHBIX TPyOKax M, Kak CIENCTBUE, PaBHBbIC YCIOBHS MPOTEKAHUS
TEIJIO- W MacCOOOMEHHBIX TIPOIECCOB MO BCceMy o0ObeMmy ammapara. s obecrneueHus
TEIUIOOOMEHa B MEXTPYOHOM MpPOCTPAHCTBE ammapara LUPKYJIHPYET TEIUIOHOCUTENb dYepe3
mTynepsl 9 u 10.

IIpumepnl

ITpumep 1. CpaBHUTENBHBINA - UCIIONB30BAHUE amIapara, CONEpKaIlero TPyOKH OIHOM
JJTUHBIL.

HcnbiTanuss nDpOBOAMIMCH HA CTAjJbHOM ammapaTre, COCTOSIIEM U3 BEPTUKAJIbHOM
KOXKyXOTpyOHOH cekiun auaMerpoM 80 mm ¢ 19 TpyOkamm anmuHOH 725 MM U AMaMETPOM
13x1,4 MM, 3aKkperuieHHbIe B TPyOHO! perneTke. B HIpkHel yacTu anmapaTta HaXOAATCS INTYLEP
MOJIa4yM SKUAKOCTH M ra3a. Bepx anmmapara cHaOkeH TyIepaMu BbIBOJA Ta30BOM U KUIKOU (as.
MexTpyOHOE NPOCTPAHCTBO ammapata O0OpYIOBaHO IUTyLEpPaMH Ui LUPKYJIALUU
terioHocurens (cm. ¢ur.2).

HcnpiTanust npoBOAMINCH NMpU aTMoc(hepHOM aaBieHuH. B kadecTBe >KUIKOH (hasbl
UCIIONIB30BAJICS IIMKJIOTEKCAH, B KadecTBe ra3oBoil - as3or. KosmmuectBo pabortaromux B
0apOoTaKHOM pekuMe TPYOOK OMPenessijioCh BU3YalbHO MO BCIUIBIBAIOLIMM Iy3bIpbKaM rasa
yepe3 KaXIyl MHHYTY. 3aTeM MpPOU3BOAWIOCH YCPEAHEHHE pPe3yJIbTaTOB 3a IPOMEXYTOK
BpeMeHH, paBHbI 30 MUHyTaMm, W JENajcs BbIBOJ O PEKHUME U aKTHBHOCTH Pa0OThI KaKIOM
TPYOKH.

be3 ymnuHeHust TpyOOK HaOMIONANach XaOTHYHOE YepenoBaHHE LHUPKYJSIHOHHBIX H
OapbotaxkHpix TpyOOk. Takske, BO Bpemsi pabOThl LHPKYJSLHUOHHAS TPyOKa MOIjia CTaTh
b6apboraxkHol u Haobopor. Kpome TOro, B pazHoe Bpemsi KOJHUECTBO 0apOOTaKHBIX TPYOOK
ObUT0 pa3HbIM. Bce 3TO rOBOPUT O HECTAOMIIBHOCTH PEKIMa TEUEHHSI Ta30KHUIKOCTHOH CMECH T10
BPEMEHU. JTO MPUBOAUT K JIOKAJbHBIM CKadkaM KOHLEHTpALMUd PpacTBOPEHHOro rasa M
TEMIEepPaTypbl, YTO TaKke HabIoAanoch Bu3yainbHO. Clienyer 3aMeTUTh, UTO B JAHHOM armapare
9HCII0 TPYOOK, MO KOTOPBIM HE MPOXOIUT Ta3 COCTABISIET OKOJO 60%, 4TO MOXKET TOBOPHUTH O
TOM, YTO B YaCTU TPYOOK HE OCYIIECTBIIACTCS IBIDKEHHE JKUAKOCTH U OOPa3yrTCs 3aCTOMHBIE
30HBI.

Ilpumep 2. CpaBHUTENBHBI - MHCIONB30BAHME Aammapara, COAEpIKAILero OIHY

YIUTMHEHHYIO TPYOKY.



HcnbiTanus npoBOOMINCH HA ammapaTre, OMMCAHHOM B IpuMepe 1, ¢ TOW pasHULIEH, 4TO
TpyOKa, pacroyio’keHHast B LIEHTPE aImapara, BHICTYIAeT BHU3 3a TPYOHYIO pemeTky Ha 50 MM
(cm. dur. 7).

VinuHeHne OIHOW LEeHTPajJbHOH TPYOKM YETKO OMNpeneNuso, 4YTO JaHHas TpyoOka
SBJISIETCS] LUPKYJSIMMOHHONW. OJHAKO MPOMYyCKHOH CHOCOOHOCTH TPYOKM HE AOCTATOYHO MJIs
obecrieueHns1 YCTOHUMBOW LMPKYJSILUU JKUIKOCTH 1O BCeMy oObeMmy cekuuu ammapara. IIpu
5TOM 4YacThb 0apOOTaXKHBIX TPYOOK MEPEXOAMUT B PEKMM XAOTHYECKOH LUPKYJSALUH SKUIKOCTH,
T.e. pabOTalOT MOMEPEMEHHO M B Ka4yeCTBE LMPKYJISLUOHHBIX, U B KadecTBe OapOOTa’KHBIX
TpyOOK, YTO, TaK K€ KaKk M B mpumMepe |, MPUBOAUT K JIOKAJbHBIM CKayKaM KOHIIEHTPALUU
PAaCTBOPEHHOI'O Ta3a U TEMIIEPATYPBhL.

[Tpumep 3. CpaBHUTENBHBIN - UCTIONB30BAHUE AINapaTa, COAEPIKAIEro TP yAJTMHEHHBIC
TpyOKH.

HcnpiTaHus NpOBOAMIINCH HA amnapare, ONMMCAHHOM B IpuMepe 1, OTIMYAroIIEerocs TeM,
910 3 TPYOKH, PaCIONIOKEHHBIE UYepe3 OIHY BOKPYT LEHTPAIbHOW TPYOKH, BBICTYMAIOT BHU3 32
TpyOHYIO pemeTky Ha S0 MM (cMm. dur. 8).

VYBenu4yeHne uncia HUPKYJSIHOHHBIX TPYOOK IO TPeX U UX pacIpenesieHue Mo anmapaTy
3HAYUTENBPHO CTAOMIM3HPOBAIO MOTOK. Bce GapOoTtaskHble TPyOKM Ha4amu BBINIOJHATH POJIb
TOJNBKO OapOoTaHBIX TPyOOK. OmHAKO, CKOPOCTb MPOMYCKAaHWs ra3a, a CJIeIOBATeIbHO U
KHUIKOCTH, B 0OapOOTaXHbIX TpyOKax 3HAYMTENBHO OTIMYANach, YTO MPHBOAMIO K
aecTabUIM3aiy YCIOBUH TEIJIO- K MacCOOOMeHa B TPyOHOM IPOCTPAHCTBE armapara.

IIpumep 4. Hcnonp3oBaHMe ammapara, COAEPIKAIIero TPU LUPKYJISLUOHHBIE TPYOKH,
HaXOJIALINECs] OKOJIO LIEHTPAJIbHOM, TpU TPYOKH BHEITHETO psifia 3aryyIIeHbl.

HcnpiTanus NpoOBOAMIINCH HA amnmapare, OMMCAHHOM B IpuMepe |, OTIMYAroIerocs TeM,
4yTo 3 TpyOKH, pacnojoKeHHbIe Yepe3 OJHY BOKPYI LEHTPAIbHOW TPYOKH, BBICTYNAIOT BHU3 32
TpyOHy!O pemerky Ha 50 MM, a Tpu TpyOKM BHELIHEro psia 3artymny (cM. ¢ur. 9).

[Ipu maHHOM pacmpeneNeHrH LUPKYJISIHOHHBIX TPyOOK obecreunBaeTcsi CTaOWIbHAsS
paboTa CeKIH CO CpeHel CKOPOCThIO LUPKYJISILIMU JKHIKOCTH IO BceMy 00beMy ammapara (T.e.
o0ecrieuynBaeTCsl MPAKTUYECKH HEU3MEHHash BO BPEMEHH CPEINHSs CKOPOCTHU LUPKYJSLUN
KUJKOCTH TIO BCeMy O0BeMy ammapara) JTO NPUBOOUT K PAaBHBIM YCIOBHSM TEIUIO- M
MaccooOMeHa 1o BceMy 00beMy armapara.

ITpumep 5. Hcmonp3oBaHuMe ammapara, COAEpIKALIEro TPU LUPKYJSILUOHHBIE TPYOKH,
HAXOJSALINECS] OKOJIO LIEHTPAIBHOM, U TPH LHUPKYJISIHOHHBIE TPYOKH BHELTHETO Psizia.

HcnpiTanus NpOBOAMIINCH HA amnmapare, ONMMCAHHOM B IpuMepe 1, OTIMYAroIIErocs TeM,
9T0 3 TPYOKH, PacIONOKEHHBIE Yepe3 OIHY BOKPYT LIEHTPAIbHOW TPYOKH, BBICTYMAIOT BHH3 32
TpyOHYIO pemeTky Ha S0 MM (cMm. dur. 9).

VBenu4yeHrne Yucia LMUPKYJSILUOHHBIX TPYOOK IO INECTH MPHUBOAHMT K 3HAYUTEIBHOMY
YBEJINYEHUIO CKOPOCTH LUPKYJISALUU KUAKOCTH. IIpu 3TOM CTpyKTypa MOTOKOB CTaOWIJIbHA, T.€
COCTaB, JIOKAJIbHbIE CKOPOCTH U (pu3nueckue mapamerpbl Cpelbl Al KaKAOH TOYKU IOTOKA B
paboueil 30He anmapaTa NPAaKTUYECKH HE M3MEHSIOTCS BO BPEMEHU. JTO MPUBOIUT K PaBHBIM

YCJIOBUSIM TEIUIO- U MacCOoOOMeHa 1o BceMy oOwveMy ammapara. I1o cpaBHeHUIO ¢ mpuMepoM 4,
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BBIPACTAIOT CKOPOCTH MO JKUIAKOH (hase, uTo yBenuuuBaeT 3(P(PEKTUBHOCTb TEIUIOChEMa C
€MHULIbI TOBEPXHOCTH aImnapara.

IIpumep 6. CpaBHHUTENBHBI - ONBITHI IO MAacCOOOMEHY B CTEKJISIHHOM armapare,
cozepskareM TPyOKH OTHOM JIUTHHBI.

HcnplTanust anmmapata NPOBOAMJIMCH HAa CTEKJISIHHOM ammapare o0beMOM 2 JUTpa,
COCTOSIIIEM U3 BEPTUKAJIBHOH CEKIMU C JBYMsl TPYOHBIMM METAJUIMYECKUMH peIleTKaMu
auamerpoM 100 MM ¢ 3aKkperuieHHbIMH B HUX 19 CTeKJsIHHbIMU TpyOkamu jmmHOH 800 MM m
nuamerpoMm 10x1,5 Mmm. Bce TpyOku BBIMOJTHEHBI HE BBICTYMAIOIIUMHU 32 TPYOHYIO pelneTky. B
HIDKHEH 4aCcTH amnmapaTa HaXOAsITCs IITYLep MOAaYH KUAKOCTH 1 ra3a. Bepx ammapara cHaOxxeH
HITYyI[EpaMU BbIBOJIA TA30BOH U sKUIKOH (a3 (cm. Gur.2).

HcnpiTanuss mpoOBOAMIIMCH NMPH aTMOCc(hepHOM naBiieHMHU. B KauecTBe SKUIKOH (ha3bl
ucnoyp3oBaics BoaHbl pactBop NaOH, B kauecTBe rasoBoii - yriekucnelii ras. CkopocTb
JKUJKOCTH 337aBajach C IMOMOIIBK) HACOCA, KOHLEHTpaLUs XKUAKOCTH Ha BBIXOJE H3MEpPsach
pH-merpom. I'a3 nopaBanu u3 GaymioHa uepes pacxogoMep.

Peakuusa HeHTpanmu3aluuu  XapaKTEPU3YETCs  BBICOKOM  CKOPOCTBIO  NPOTEKAHUH,
COOTBETCTBEHHO JIMMUTHPYIOLUIMM ()aKTOPOM TPOBENEHHs IpoLEecca SBISIETCS MEPeXOn
YIJIEKUCJIOrO Tra3a B JKUAKOCTb. Ha mpumepe peakuuu HEWTpanu3alUU YrOJbHOH KHCJIOTBI
CUJIBHOH IIEJIOYbI0 MOKHO CyAuTh 00 3¢ (PeKTHBHOCTU MaccOOOMEHa MEXKy Ta30BOH U SKUIKOU
¢dazamu B anmapare.

HcnpiTanus NpOBOAWIIMCH CIEAYIOLIUM OOpas3oM: ammapar 4epe3 HAacoC IOJIHOCTBHIO
3aIIOJIHSAETCS )KUIKOCTBIO. 3aTeM BBICTABIISIETCA TPEOyeMblil MOCTOSIHHBIM PAacXO/ KUAKOH (ha3bl
(200 mu/muH) u HaunHaercs noxada rasa (500 mu/muH). Haunnaercs ¢ukcanus 3Hauenuit pH
yepe3 Kakaple 2 MUH. 3a BbIXOZ Ha CTALIMOHAPHBIN PEXUM MPUHUMAIN BpPeMsl, IPU KOTOPOM B
TedeHue 10 MUHYT HE MPOUCXOANUT U3MEHeHus 3HadeHus pH Ha BbIXOe U3 amnmapara.

IIpu BBIIEYKA3aHHBIX MapaMeTpPax BPEMsl BbIXOAA HA CTALIMOHAPHBIN PEXHUM COCTABUIIO
40 munyT, cranuoHapHoe 3Hadenne pH=10,2. Kpome Toro, kak u B npumepe 1, Habmonanachk
KapTHHA XaOTUYHOTO ABM)KEHUS IBYX(DA3HOTO MOTOKA.

IMpumep 7. OmbITBI MO MacCOOOMEHY B CTEKJISIHHOM armapare, COxepikKalieM TpH
LUPKYJIIUOHHBIC TPYOKH, HAXOMSAINECS] OKOJIO [IEHTPAIBHOMN, U TPU LUPKYJSIHHOHHBIE TPYOKH
BHEIIHETO psiaa.

HcnpiTanus anmapata NPOBOIWINCH HAa CTEKJITHHOM ammapare oObeMOM 2 JIHTPa,
COCTOSILIIEM W3 BEPTHKAJIBHOW CEKIMU C JABYMS TPYOHBIMH METAJUIMYECKUMH peIleTKaMH
auametpoM 100 MM ¢ 3aKperuieHHbIMU B HUX 19 creknmsHHbIME TpyOkamu niuHON 800 MM u
nuamerpoM 10x1,5 mMMm. Yacte TpyOOK BBINOJHEHBI BBICTYMAOIIUMH 332 HIDKHIOK TPYOHYIO
peleTky Kak B nmpumMepe 5. B HukHel yacTu annapara HaxOAATCA IITYLEp MOAAYHU KUAKOCTU U
raza. Bepx anmapara cHaOkeH IITyLepaMH BBIBOJIA TA30BOH U JKUAKON (a3 (cM. ¢ur.9).

HcnpiTanuss mpoBOAMINCH NMPH aTMOcepHOM naBieHMH. B kauecTBe >KUAKOH (a3bl
ucnosp3oBaics BoaHbll pactBop NaOH, B kauecTBe ra3oBoil - yriekucielii ra3z. CkopocTb
JKAJKOCTH 3a7aBajach C IOMOIIBK) HACOCA, KOHLEHTPALHUs XKUAKOCTU HA BBIXOIE HU3MEpsIach

pH-merpom. I'a3 nopaBanu u3 GaymioHa yepe3 pacxogomep.
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HcnpiTanus NpOBOAWIINCH CIIEAYIOLIUM OOpa3oM: ammapar 4epe3 HAacoC IOJIHOCTBHIO
3aIIOJIHSAETCSI JKUIKOCTBIO. 3aTe€M BBICTABIISIETCS TpeOyeMblil MOCTOSHHBIA pacxoz KUAKON (asbl
(200 mu/mMuH) u HaunHaercs noxava rasa (500 mu/mun). Haunnaercs ¢ukcanus 3HaueHuit pH
yepe3 Kakaple 2 MUH. 3a BBIXOZ Ha CTALIMOHAPHBIN pEXUM NMPUHUMANN BpeMsl, IPU KOTOPOM B
TedeHue 10 MUHYT He MPOUCXOANUT U3MEHeHus 3HadeHus pH Ha BpIXO€e U3 anmapara.

IIpu BBIIEYKAa3aHHBIX MAapaMeTpax BPEMsl BbIXOAA HA CTAL[MOHAPHBINA PEXKUM COCTABUIIO
30 MuHyT, cTaunoHapHoOe 3HaueHue pH=9,4.

Kaxk BumHO u3 npumepoB 6 u 7 B npezyaraeMoM ammapare oosee 3pGeKkTHBHO MPOXOISIT
IpoIecCchl MaccooOMeHa, Tak Kak crauuoHapHoe 3HaueHue pH menbine. Ywmenbmenwe pH
CBUJIETEJILCTBYET O TOM, YTO MAacCOOOMEHHBIE MPOLECCHI (PEaKLUH) B CHCTEME Ta3->KUAKOCTh
npoxonsaT OwicTpee u Oonee momHO. Kpome Toro, HaOnrOmaercs COKpAalleHHE BpEeMEHH
IOCTH)KEHUs paBHOBecHs Ha 25%, 4TO roBOPHUT 00 OTCYTCTBHHU 3aCTOMHBIX 30H, KOTOPBIE MOTYT
JaBaTh 3aMETHbIE CKAQUYKH KOHIEHTPALUHU B XKUIAKOH (hase, U 00 OJHOPOIHOM IOJIE CKOPOCTEH B
amnmapare, KOTOpOe MO3BOJISIET OCYIIECTBIIATh 3(()eKTHUBHBIN MEPEHOC MACChI B KUAKOH (ase.

IMpumep 8. CpaBHUTENBHBIN - HCIONB30OBAHKE ammnaparta, COIepiKamero TpyoOKu OmHOMN
JUTMHBI B KQUE€CTBE PeaKkTopa JJIsl TPUMEPU3aIMU STUJICHA.

HcnbiTanuss NpPOBOAMIUCE HA CTAJIbHOM pPEAaKTOpE, COCTOSIEM U3 BEPTUKAJIbHOM
KOXKyXoTpyOHOH cekiun auamerpoM 80 mm ¢ 19 TpyOkamm niumHOH 725 MM U AMaMETPOM
13x1,4 MM, 3aKkperuieHHbIe B TpyOHOI pernerke. B HukHEH yacTu peakTopa HaxXOIATCS MITyLEp
NOJIavuy KUIAKOCTHU U ra3a. Bepx peakTopa cHabkeH IITylLepaMu BbIBO/A [A30BOI M KUAKOH ¢a3.
MexTpyOHOE TMPOCTPAHCTBO peakTopa OOOPYyHOBAHO IITYyLEpaMU JUIsl  LUPKYJSIUU
TerioHocurens (M. ¢ur.2).

Peakums TpuMepusanMu 3TUJIEHA NPOBOAWIACH NpH naBieHnu 14 Gap. B kauectse
KUIOKOW (ha3bl HUCIONB30BAJICS LUKJIOTEKCaH C J00aBKOW TOMOIE€HHOTO KaTaJIUTHYECKOTO
KOMIUIEKCA, B KaueCTBE Ira30BOM - oTujeH. KoHUeHTpauus MpoAyKTa peakuuu - rekceHa-1, a
TaK’Ke MOOOUHBIX MPOAYKTOB H3MEPSUTACH C MOMOIIBIO MEPUOTUIECKOro 0TOOpa Mpod Ha BBIXONE
U3 peakTopa. MeTo aHAIMTHUECKOTO KOHTPOJIS - Ta30Basi XpoMaTorpagusi.

KoHnueHTpauust rekceHa-1 Ha BbIXOIEe U3 peakTopa konebanach B mpenesnax 6-7% (macce.)
IIPU CeNEeKTUBHOCTU 96-97%.

IMpumep 9. Hcnonp3oBaHHUe ammapara, COIEPIKALIEro TPU LUPKYJISLUOHHBIE TPYOKH,
HAXOJSALINECS] OKOJIO LEHTPAIBHOM, U TPU LIUPKYJILIMOHHBIE TPYOKH BHELITHETO Psiia B KAUeCTBE
peaxTopa JIsl TPUMEpU3aLK STUJICHA.

HcnbiTanus NpoBOAMIUCH Ha almnapare, OMMCAHHOM B MpUMeEpe 8, OTINYAIOIUMCS TEM,
9T0 3 TPYOKH, PacIONOKEHHBIE Yepe3 OIHY BOKPYT LIEHTPAIbHOW TPYOKH, BBICTYMAIOT BHH3 32
TpyOHYIO pemeTky Ha 50 MM (cM. mpumep 5).

KoHueHntpanus rekceHa-1 Ha BbIXOIE W3 pPEAKTOpa, TAKXKE Kak U B MNpumepe 8,
Kosebanach B mpenenax 6-7% (macc.) npu cexekTUBHOCTH 96-97%.

PasHuna Mexay bSKCIEpUMEHTaMH B INpuMepax 8 U 9 MpakTUYECKHM HE3aMeTHa
BCJIEZICTBHE OTHOCUTENIBHO MAaJoro TpyOHOro oObeMa peakTopa, KOTOPBIH B JaHHBIX

HKCIIEPUMEHTAX COCTaBJISLI OKOJIO 60% OT 00LIero peakIOHHOro 00beMa.
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®OPMYVYJIA H30BPETEHUA

1. BapOoTtakHblii KOXXyXOTpyOHBIH ammapar, COAep Kalluii Mo MEHbIIeH Mepe OIHY
BEPTUKAJBHYIO KOXKYXOTPYOHYIO CEKLIMIO, NMPEACTABISIIOMYI0 COOOH KOpIyC € yCTPOHCTBAMHU
BBO/IA PEAareHTOB M BBIBOAA NPOAYKTOB PEAKLUH, BBOAA M BbIBOJA TEIUIOHOCUTENS, a TaKXkKe
HEePBYI0 U BTOPYIO TPYIIy TPYOOK, 3aKPEIUICHHBIX B BEpPXHEW M HIDKHEH TPYOHBIX pelIeTkax,
OTJIMYAIOIIMICS TeM, YTO TPYOKHM NMEpBOH TPYNIbI BHICTYHAIOT 3a MpEAesbl HWKHEH TpyOHOH
pelieTky, a TPyOKH BTOPOI TPYMIIbI BBIMOJHEHBI C PACIIONOXKEHHEM MX KOHLIOB IO CYIIECTBY
BpPOBEHb C HW)KHEH TPyOHOW peIneTKOH, mpu 5TOM TPyOKH MEepBOW TPyMIbl PacrpenesieHbl Mo
CYLIECTBY PABHOMEPHO MO TPyOHOIT pemerke.

2. bapOoTakHbIN KOXKYXOTPYOHBIH anmapar rno m. 1, B KOTOpOM amnmapar COIEp>KUT OIHY
KOXKyXOTPYOHYIO CEKIIHIO.

3. bapOoTakHbIil KOXKYXOTPYOHBIH anmapar no 1. 1, B KOTOpOM ammapat Coaepkut doee
OJTHOW KOKYXOTPYOHOI CEeKLNH.

4. bapOoTakHbII KOKYyXOTPYOHBIH anmapar no m. 1, B KOTOpoM TpyOKH MEepBOW TPYIIIbI
BbICTYNarOT Ha 10-150 MM 3a mpenesnbl HUXKHEH TpyOHOU pPeIeTKH.

5. BapOoTakHblil KOKYXOTpYOHBIH anmapar 1o 1. 4, B KOTOPOM TPYOKH MEPBOH TPYTIIIbI
BbICTYNarOT Ha 50-100 MM 3a mpenesbl HUXKHEeH TPyOHOU PeIleTKH.

6. bapOoTakHbIN KOKYXOTPYOHBIH ammapar mo m. 1, B KOTOPOM COOTHOIIEHUE MEKIY
KOJINYECTBOM TPYOOK MEPBOMH IPyIbl U TPYOOK BTOPOI rpymiiel coctasiser ot 1:1,25 no 1:5.

7. bapOoTaxHbIil KOXYXOTpYyOHBIH ammapar mo m. 1, B KOTOPOM B TOPH30OHTAJIBHOM
CEeUeHNH CEeKIMU Kakaas TpyOKa NepBOM TpyIIbl OKpy)KeHa MO MEepUMETPy TPyOKaMu BTOPOMH
IpyMIIbL.

8. bapOoTaxkHblli KOXXyXOTpyOHBIH ammapar mo m. 1, B KOTOPOM B TOPHU30OHTAJIBHOM
CEYEHUHU CEKIMU K KaKAOH TpyOKe BTOPOH TIPymIbl MpUJeraeT Kak MMHHUMYM OfHA TpyOka
NEPBON IPYIIIBI.

9. BapOoTaskHblil KOKYXOTpyOHBIH amnmapar mo . 1, B KOTOpoM TPYOKH MEpBOH TPYTIIIbI
BBITIOJTHEHbI KaK OAHOM, TaK U Pa3HOM JJIUHBI.

10. BapOoTaskHblii KOXKYXOTPYOHBIH amnmapar mo m. 1, B KOTOpoM TpyOKHU MepBOi rpymibl
U TpyOKH BTOPOM IPYyMITBI HIMEIOT OAMHAKOBBINA TUAMETP.

11. BapOoTakHblii KOXyXOTpyOHBIH ammapaT mo m. 1, B KOTOpPOM auamerp TPyOok
NIepBOI rpymIibl OOJbIIE TUaMeTpa TPYOOK BTOPOH IPYIIIIBL

12. BapOoTakHbIil KOKXYXOTPyOHBIH ammapaT mo m. 1, B KOTOpPOM IuameTp TPyOok
BTOPOH TPyNIbl OONbLIE THAMETPa TPYOOK MEPBOM IPYIIIBL

13. bapboTaxHbIil KOXKYXOTPYOHBIN ammapar mo . 1, mpeacTaBistomuil 6apOoTaKHbINH
KOXKyXOTPYOHBIH peaKkTop.

14. BapOoTaskHbIi KOXKYXOTPYOHBIH anmapar 1o 1. 1, B KoTopoM TpyOKH IepBOi IPYIIIEI
NPEACTABISIIOT COOOH LUPKYJSIMMOHHbIE TPYOKH, a TpyOKH BTOPOH TPyNIbl NMPEACTABISIOT
coboti 6apOoTaxHbIe TPYOKH.

15. bapOotaxHblii KOXyXOTPYOHBIH ammapaT mo m. 1, B KOTOPOM YCTpOICTBa BBOJA

pPEareHToB BKIKOYAIOT B Ce0sl YCTPOMCTBO IS MOJAYN KUAKON (pas3bl U yCTPONCTBO I MOAAYH
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ra3oBoi (aspl, a yCTPOHCTBAa BBIBOZA MPOAYKTOB PEAKLIMU BKIIFOYAIOT B ceOsl yCTPOMCTBO A
BBIBOZIA XKHUIKOH (ha3bl M yCTPOHCTBO JJIs BBIBOJZIA TA30BOM (ha3bl.

16. Cnoco0 mnpoBeneHUs XUMHUYECKHMX peakuuid B 0apOOTa)KHOM KOXKYXOTPYOHOM
arrapare 1o 1. 1, mpu KOTopom:

HOAAIOT KUAKYIO (asy C 3aloJIHEHHEM BCEero CBOOOAHOro oObema B TPYOHOH uacTh
anrnapara,

NOAAIOT Ta30ByI0 (ha3y B HIDKHIOK YacTh ammapara ¢ o0ecreueHHeM MOoAbeMa rasa Jio
HIDKHEH TpyOHOH pelieTkd M ero nomafaHus B TPYOKH BTOPOW TPyNIbl TAaKUM OOpa3oM, 4YTO
TpyOKH BTOPOI rpymIibl padOTaIOT B KauecTBe 0apOOTaKHBIX TPYOOK;

00ecnevrnBaOT ABHKEHHE SKHIKOCTH IMOJ JAEWCTBUEM Ta3a BBepX MO 0apOOTa)KHBIM
TpyOKam;

NPY TOCTHXKEHUU BEPXHEH YaCTH anmapara ra3o’KHIKOCTHAs CMECh Pa3leNsieTcCs,

BBIBOJISIT Ta30BYIO (ha3y U3 ammapara,

BBIBOAST MEHBLIVIO YacTh KUIKOH (pa3bl, B TO BpeMs Kak OONbIIast 4acTh KUAKON (asbl
NOJ JEHCTBHEM CHIIBI TSDKECTH HAUMHAET OIYyCKaThCs BHU3 IO TPYOKaM NeEpBOH TPYIIIbL,
KOTOpbIe pabOTAIOT B KAUECTBE [UPKYJISITUOHHBIX TPYOOK.

17. Ilpumenenne 06apOOTa)KHOTO KOXKYXOTPYOHOro ammapara 1mo m. | ayisi mpoBeneHHs
XUMHYECKUX PEAKLIUH.

18. Ilpumenenue mno mn. 17, roe XUMHYECKOM peakuuel SBISETCS peakLMs
OJIUTOMEPH3ALINN 3TUJICHA.

19. Ilpumenenne mo n. 17, rme TpyOku mnepBoil rpynmbl paboTalOT B KadyecTBE
LUPKYJSALUOHHBIX TPyOOK, a TpyOKM BTOpPOH rpymmbl paboTaloT B KadecTBe OapOOTa)KHBIX
TPyOOK.

20. Ilpumenenne mo n. 18, rae TpyOku nepBol rpynmbel pabOTAarOT B KadecTBe
LUPKYJSIMUOHHBIX TPyOOK, a TPyOKHM BTOPOH rpymiel paboOTal0T B KadecTBE OapOOTaKHBIX
TPyOOK.

ITo noBepenHocTn
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’ - YAJWHEHHAA TPYBKA

O - TPYBKA C BbICOKO/ AKTUBHOCTBIO

(::" - TPYBKA G HEPEMEHHOVI AKTUBHOCTBHO
0T BbICOKOW 10 CPEAHEN

/™ -TPYBKA C NEPEMEHHOM AKTUBHOCTbIO
OT CPEQHE 10 HA3KOM

e';:‘ - TPYBKA C HEBHATHOW AKTUBHOCTBIO

O - YAJIMHEHHAA TPYBKA

() -TPYBKAC BbICOKOM AKTVBHOCTbIO

(™ -TPYBKAC HIEPEI\/IEHHOVI AKTUBHOCTBIO
~ (0T BbICOKOM [10 CPELHEN

Q - TPYBKA G HVEPEI\/IEHHOVIVAKTI/IBHOCTHO
OT CPEOHEN 1O HA3KOW
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O - UMPKYTIALIMOHHAS TPYBKA

O - BAPBOTAYKHAS TPYEKA

o - LIMPKYTIALIMOHHAS TPYBKA
- BAPBOTAXKHAS TPYBKAC
BbICOKOM AKTVBHOCTBHO

{ ™\ - BAPBOTAXKHASA TPYBKA G HEEEMEHHOVI )
= AKTUBHOCTbH) OT BbICOKOW 10 CPEAHEN

our. 10
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