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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTyalbHOCTh NpPo0jaeMbl. COBPEMEHHOE COCTOSIHHE TMPOMBIILICHHOTO
MPOU3BOJICTBA TEXHUUYECKOTO yriiepoma B Poccum xapaktepusyercs mepepadoTKOi
1,5-2,0 MiH. TOHH YIJIEBOJOPOJOB B TOJ C TOJY4EeHHEM OIPOMHBIX OOBEMOB
a’po30Jiel, CoAepKalMX BO B3BEHICHHOM COCTOSHHUHM  II€JIEBOM MPOIYKT —
HAHOJMCIIEPCHBIN yriepoa. D¢hheKTUBHOE U3BICYCHUE €T0 M3 adPO30JbHBIX MOTOKOB,
OXpaHa OKpY’KarlIlel cpeabl OT BEIOPOCOB YIIIEBOJAOPOJIOB M JUCIIEPCHOTO yTriiepojaa
NPEJCTaBIsIeT COOOM CIIOKHYIO HAyYHO-TEXHHUYECKYI0 TpobiieMy, a e€ perieHue
TpeOyeT HeMaJbIX MaTepHAIbHBIX PECYPCOB.

C ocBoenneMm k Hadany 60X romoB MPOIIEAINIETO CTOJETHS TEYHOTO METOoJa
TIOJTYYSHHSI TUCTIEPCHOTO YTIIEPOAa TEPMOOKUCIUTELHBIM TTHPOJIU30M YTIJIEBOIOPOTHOTO
CHIPbSI C KaXIbIM TOJOM PACHIMPSIETCS AWAna30H JUCIEPCHOCTH U CTPYKTYPHOCTH
TEXHUYECKOTO yTIEPO/Ia, UCIIOIB3yEeMOT0 I YCUIICHUS 371aCTOMEPOB U JPYTUX TICIICH.
JlnanaszoH IUCTIEPCHOCTH TEXHUYECKOTO YIJIepOaa, OIICHUBAEMOU CPETHUM TUAMETPOM
roOymsipHbIX yacTtull, coctaBisieT or 20 g0 90 HM, CTPYKTypHOCTH MO abcopOIuu
mubytundranata or 70 g0 200 cm/100T, a TemmepaTypsl OOpa3OBAHMS YACTHIL
yraepoa nocturaror 1600T. ITpu 3ToM B MHOTOCTaIUAHON TEXHOJIOTMH TIPOU3BOJICTBA
TEXHUYECKOTO YIJIepoJia HE MCKIIFOUYEHBI BBIOPOCHI a3p030JIei TUCTIEPCHOTO YIIIepoa.
Jlis modydeHHus a’po30Jiedl MCIEpPCHOTO yriiepoaa ¢ 3aJaHHBIMA CBONCTBaMHU
MPUBJICKAIOTCSI  YTJIEBOJOPOJbI  KOKCOXMMHUYECKOTO TMPOWCXOXKIEHHUS, CIHUB W
HOArOTOBKa KOTOpeix npu temmeparype 90-100C npuBomuTr K  BEIOPOCY
MapOBO3IYIIHBIX CMECEH YTrIeBOIOPOAOB B aTMocdepy, 3arpsS3HEHHUIO OKPYKArOIICH
CpeIbl BpeIHBIMHU BEIICCTBAMH.

B cBs3u ¢ OTCyTCTBHEM TEOPETUYECKMX OCHOB W TMPAKTHYECKOTO OIbITa
MPOCKTUPOBAHMUSI OCHOBHOTO HECTAHIAPTHOTO OOOPYIOBAaHUS ISl TOJNYYCHHS
JTUCIIEPCHOTO YIJIEpOAa TEPMOOKUCIUTEIBHBIM TMHUPOJIU30M YTIIEBOJOPOIOB TIEpBast
yCTaHOBKa (UIBTPOBAHMS a’pO30Jiei B PYKaBHOM (QWIBTPE C MPEABAPUTEIHLHBIM
OCXKIICHUEM [UCIIEPCHOTO YTIEpoJa B YETHIPEX TMOCIEAOBATEIIBHO YCTAaHOBJICHHBIX
IIUKJIOHAX OCBAMBAJIACh C MCIIOJIH30BAHUEM PYKAaBHOTO (PMIIBTPA CO CTEKIOTKAHEBHIMHU
pykaBamu aHrmnckon gupmer «Tilhman» {craHoBka rmepBoro moxkoJjeHus: — 6a3oBasi)
C BBICOKHMH BBEIOpOCAMH IIEJIEBOTO MPOYKTa B OKPYKAIOIIYIO Cpeay. Takoe COCTOSTHHIE
OTEUECTBEHHOW MPOMBIIIEHHOCTH IO MPOU3BOJCTBY CAKU - TEXHHUYECKOTO yriepojaa
TpeOoBaIO TIyOOKOro aHajan3a HayYHBIX MPOOJEM M HEAOCTATKOB TEXHOJOTUYECKUX
IPOIECCOB, Pa3pabOTKM IMyTeHl COBEPIICHCTBOBAHUS TEXHOJOTUYECKUX OCHOB
OCKICHHS BBICOKOJIMCIIEPCHBIX  adpO30JIeH, CO3MaHUS HOBBIX TEOPETUUECKUX
MOJIXO/IOB B PEIIEHUH 3a/1a4 TIPEIBAPUTEIHLHOM TOITOTOBKHU a’pO30JIei K OCAKICHHUIO U
MOBBIMICHUIO S()(PEKTUBHOCTH YJIABIMBAHUS IIEJIEBBIX MPOMYKTOB. 3a TMOCIEIHHE
JECATUIICTUSI TPUOOPETEH 3HAYMTENBHBIA OMBIT CO3JaHUSI W COBEPIICHCTBOBAHMS
MIPOIIECCOB MOTYYEHUS U OCAKICHUS TUCIIEPCHOTO YTiepoja U3 adPO30JbHBIX TOTOKOB.
Ha ocHoBe wuimen <«ONOYHOCTH» TEXHOJIOTHUECKHX YCTAHOBOK, MPEIOKEHHON U
pasBuBaeMoii mpodeccopom CypoBukuubsiM B.D., 6bumn pa3spaGoTaHBl 1 OCBOCHBI B

! CypoBukud B.®. CoBpeMeHHbIE TEHICHLMH PA3BUTHUS METOJOB M TEXHOJOTUU TOJyYEHUS
HAHOMCIIEPCHBIX YIIEPOAHBIX MaTepuaioB // Poccuiickuit xumuueckwuii xxypran. 2007.T. LI, Ne 4,

3



MPOMBIIIUIEHHOM MPOU3BOACTBE BBICOKOIPOU3BOJUTENBHBIE MPOILIECCHl MOJIYYCHUS U
OCXKICHHSI a3P030JIeil BCEX COBPEMEHHBIX MAPOK AUCIIEPCHOTO YTIIepoa.

B Teuenme mnocnemnux gecsatu net B MHcTHTyTe TpoOieM mepepaboTKu
yraesogoponoB CO PAH pa3BuBaroTCsl HOBBIE HANpaBlIEHWS B  CO3JaHUU
TEXHOJOTHYECKHUX MPOLIECCOB OCAKIACHHS YIIIEBOJOPOIOB U3 MApPOBO3AYLIHBIX CMECEid,
YIIYYIICHHBIX BBICOKOCTPYKTYPHBIX MapOK IUCIEPCHOTO YIIIEpOJa W3 a’3pPO30JIbHBIX
noTokoB. OTHAKO peanu3aius 3TUX TEXHOJOTUYECKHX Pa3pabO0TOK B MPOMBIIIIIEHHOM
NPOM3BOJCTBE B HACTOAIIEE BpPEeMs OrPAaHUYEHA, YTO CBA3AHO C IEJBIM PAIOM
OCOOEHHOCTEH TMOJYyYeHHUSI TEXHUYECKOTO yriepona W TpeOyeT AOMOTHUTEIBHBIX
VCCIICIOBAHNM.

AKTyaJllbHOCTh JUCCEpPTAI[MOHHOM padOThl MO CO3JAaHUIO M OCBOCHUIO B
MIPOMBITIUICHHOM TIPOU3BOJACTBE TEXHUYECKOTO YTIEpoJia TPOIECCOB yIIaBIMBAHUS
IIEJeBbIX MPOAYKTOB OOYCJIOBIIGHa HEOOXOIWMOCTHIO HAyYHBIX OOOCHOBaHMI
MEXaHU3MOB KOAryJslud a’po3ojied, 3(PGEeKTUBHOTO yIaBIMBAHUA W CHIDKCHHS
3arpsi3HEHUs] OKPY’KaIOIIeH cpelibl BHIOpOcaMu TUCIIEPCHOTO yriaepoaa. st cHuxeHus
yAEIbHBIX 3aTpaT Ha OCAXKIEHHUE MUCIEPCHOTO YIJIepoAa M3 a’dpO30JIbHBIX MOTOKOB
HEOOXOJMMBI ~ HUCCJENOBaHMS B  O0JACTH  MOBBIIIEHUS  MPOU3BOJUTEIHLHOCTH
TEXHOJIOTUYECKHUX annapaToB, ONTUMHU3ALUKA UX PAOOTHI, YBEIMYECHHS CPOKA CIIYKObI
bunpTpyromux MarepuanoB. HayuyHo-uccneoBaTenbCKue U ONBITHO-KOHCTPYKTOPCKHE
paboThl, pe3yabTaThl KOTOPBIX IMOJIOKEHBI B OCHOBY JAMCCEPTALUU, BBIOJHSIIUCH IO
rocOropkeTHeIM TemMam 1980-1989r.r. Peanmzanus pesyasraroB HUP u OKP mo
OCBOCHHIO  (WIBTPYIOIIMX  PYKAaBOB  HOBOM  KOHCTPYKIMH,  ONTUMHU3ALUU
KOHCTPYKTHUBHBIX 3JIEMEHTOB anmapaTtoB M TEXHOJOTMYECKUX TMPOIECCOB Ha
MPOMBIIIUIEHHBIX YCTAaHOBKAX 3aBOJIOB TEXHUYECKOI'O YTIEpoJa OCYIIECTBISUIACH B
1990-201Qrr. 1o X03sUCTBEHHBIM JJOTOBOPaM C MPEANPUITUSIMHU.

AKTYaJbHOCTh TE€MBbI JAUCCEPTALMOHHOTIO HCCIEIOBAaHUSI MOATBEPXKIAIOT TaKkKe
3a/1aHus 110 TPUOPUTETHBIM HaIpaBieHUsIM GyHIaMEeHTAIbHBIX ucciaenoBanuii UIIITY
CO PAH mno co3maHvio Hay4HbIX OCHOB TEXHOJOIMM TMOMYyYEHHUS M TPUMEHEHUS
MIPAKTUYECKH BKHBIX BEIIECTB M MaTepHaIOB crielinaiibHoro Ha3HaueHus B 2004-2008r.

B macrosimieit paboTe mpeacTaBIeHbl PE3yNIbTaThl UCCICOBAHUM, TTOJYYCHHBIC B
pamkax BbinoiHeHus ['ocynapcrBeHHoro konTpakra Ne 02.523.12.3005t 06.08.200'f.
mo teme «Pa3paboTka TEXHOJOTHUN TMOJYYSHHUS W CO3JaHHE OIBITHBIX MPOWU3BOJCTB
HOBOTO TIOKOJICHUS aJCOPOITMOHHO-KATAUIUTUYECKIX MATEPHAIOB ISl pa3lelieHUus M
OUYHCTKU TIPUPOJTHBIX W TEXHOTEHHBIX ra3oB W xuakocrein» (Co3naHue W HCIBITAaHHE
3€pHUCTOr0 (GUIbTPa C HCHOJIB30BAHUEM YIJIEPOAHOTO (PMIBTPYIOLIErO MaTepuania
AKM-Y®). Co3maHne W WCIOBITaHUE TIpollecca W YCTAHOBKU  YJIaBIMBAHWUS
yIJI€BOJIOPOAOB U3 MApOBO3AYIIHONW CMECH BBHIMOJHEHO B paMKax [ ocyaapCcTBEHHOTrO
koHTpakTa oT 20.10.2011r. No 14.527.12.0024i0 Teme: «Pa3paboTka MpOMBIIILICHHOM
TEXHOJOTHH U CO3JJaHUE MPOM3BOACTBA TEXHUYECKOIO YIiepoaa HOBOTO MOKOJEHHS C
MOBBILIEHHON 3JIEKTPOIPOBOJHOCTBIO M PETyIUPYEMOUW HAHOCTPYKTYPOW IIMPOKOTO
CIEKTpa MPUMEHEHUS METOJ0OM TEPMOOKHUCIUTEITLHOTO TUPOJIN3a YTIEBOJOPOTOB.

Heab 1 3agaum AUCCEPTALMOHHOI padoThI

Ilenb paboThl — CO3MAHUE CHUCTEM OCaXACHUSA LEJNEBbIX MPOAYKTOB U3
a’p030JIbHBIX TOTOKOB Ha OCHOBE YTJIE€BOJA0POJIOB U AUCIEPCHOIO YTIEPO/Ia.



JInst  TOCTM>KEHMS] TIOCTABJICHHOW WENM pellaiuCh CIEAYIOIIHe Hay4YHbIE,
METOI0JIOTUYECKUE U TEXHOJIOTUYECKHIE 3a/1a4H:

1. YcraHOBUTh 3aKOHOMEPHOCTH KOAryJsiMK JUCIEPCHOTO YIJepoja IMpH
MOJIyYEHUHU U OCAKICHUH a3p030Jsl. Y CTAHOBUTH B3aMMOCBA3b KOHCTAHTHI KOATyJIALIUN
a’p030Jis U PUBNKO-XUMHUYECKUX CBOWCTB AUCIIEPCHOTO YTIEPOAa.

2. YCTaHOBUTH 3aKOHOMEPHOCTH TMPOIECCa OCAXKIEHUS a’po30Jii JUCIEPCHOTO
yriaepoja B LIMKIOHE-KOHIIEHTPATOpE.

3. PazpaboraTte TeopeTMUECKME M  TEXHOJIOTMUYECKHME OCHOBBI  Ipollecca
GbuIbTpOBaHMS a’p030Jisi B PYKaBHOM (UIBTPE C MPEABAPUTENIBHBIM OCAXKICHUEM
JUCIIEPCHOTO YTJIEPO/ia B IIMKJIOHE-KOHIIEHTPATOPE.

4. Co31aTh TEXHOJOTHYECKUU Tmpoliecc (PUIbTpOBaHUS a’po30Jisi B PYKaBHOM
bunIbTpe ¢ MpeABaApUTEIbHON KoaryJsiyend JUCIEPCHOro yIiiepoa.

5. OGocHOBaTh BBIOOP TEPMOCTOMKOW CTEKJIOTKAHU JJI1 (DUILTPOBAHUS a3pO30JIsl
JUCIIEPCHOTO YTJepoia U CO3/IaHUsI MPOMBIIUIEHHOTO MPOU3BOJICTBA (QUIBTPYIOIIUX
PYKaBOB.

6. YcTaHOBUTh  3aKOHOMEPHOCTM  TMpolecca  (PUiIbTpoBaHUS  adpO30Jsd
JUCTIEPCHOTO yriepoAa B CTAlMOHAPHOM CJO€ MOPHUCTHIX YIJIEPOJIHBIX TpaHyd.
YCTaHOBUTH OCHOBHBIE 3aKOHOMEPHOCTH Tporecca (UIBTPOBAHUS — a’3pO30Jeid
JUCTIEPCHOTO YIiepoa B PUIBTPYIOLIEM CJIOE YITIEPOHBIX TPaHY.

7. Co3maTh MpoLeCC YJIAaBIMBAaHUS YIJIEBOJAOPOJOB M3 IMapOBO3IYIIHON CMECH
KOKCOXMMHUYECKOTO ChIPbsl, UCIOJIB3YEMOTO ISl MOJYyYEHUS a’3p030Jield TUCIEPCHOTO
yraepoa.

8. PazpaboraTth BBICOKOX((DEKTHBHBIE TEXHOJOTHMM U 00OpyJAOBaHUE IS
yJIaBJIMBaHUS LEIEBBIX MIPOIYKTOB B MIPOU3BOACTBE TEXHUUECKOTO YTIIEPO/Ia.

Hay4yHast HoBU3HA

1. YcraHoBNEHO, UTO B MpOLECCe MOJYyUYEeHHs TUCIIEPCHOTO YIiiepoaa JeHCTBYIOT
MEXaHU3MbI TEIJI0BOH (OPOYHOBCKOW) KOATrYJISIIUN a3p030Jis TUCIIEPCHOTO YIIepoia B
PEaKIMOHHOM KaHaJle W 30HE 3aKaJKd pEeaKkTopa, TPaJMEHTHOM KOaryJasiud B
BO3JIyXOIIOJIOrpEBATENIe, KUHEMAaTUYECKOM W  TypOyJEHTHOM  KOaryjasilud B
razooxyagutene. IlokazaHo, YTO MeauaHbl ad’pO30JbHBIX YACTHI[ B MpPOIECCE
koarymsinuu  pactyt or 20-90 am mo 7-10 mkMm, 49rto co3maéT YCIOBHUS IS
3G ()EKTUBHOTO OCAKIEHUS JTUCIEPCHOTO YIJIEpoJa W3 adpO30JIbHOTO IMOTOKA.
Ycra"HoBiEeHa JNMHEHHAsT 3aBUCMMOCTb MEXAY KOHCTAHTOM KOAryJsIMMHA a’3po30Jsi U
CTPYKTYPHOCTBIO JTUCHEPCHOTO yriepoia. YeM BbIllle CTPYKTYPHOCTh TUCIEPCHOTO
yIaepo/ia, TeM BbIIllI€ KOHCTAHTa KOATYJISIIUUA a3PO30JIs.

2. BrepBbie ycTaHOBJIEHO, YTO 3(PPEKTUBHOCTh MPOLECCAa OCAXKICHUS a’pO30Jisl
JUCIIEPCHOTO yriiepoJa B UMKIOHE-KOHIEHTPATOPE HKCIOHEHUHMAIbHO PACTET MpHU
CHIDKCHMH BEJMYMHBI O (OTHOILICHHS PacXOJOB a3po30Jisi BO BHYTPEHHEH W BHEIIHEH
CliMpalii) 3a CU€T CHIDKCHHS BIMSHHUS CTOKAa W3 BHEIIHEH CIHpad a’pO30JbHOTO
MOTOKa BO BHYTPEHHIOIO mpu O < 1. YCTaHOBIEHO, YTO NMPHU ONTHUMAIBHOM 3HAYCHHUH
o = 0,85»shdexkTuBHOCT, OCaXKIACHUS adPO30Js CPEAHECTPYKTYPHOTO JUCIIEPCHOTO
yriaepoja B LMKIOHe-KOHIeHTpaTope coctapisieT 90-92%.

3. YcTaHoBIEHO, YTO mMpolecc (PHIBTPOBAHUS a’3pO30Jiel C MpeIBAPUTEIBHOMN
KOaryJsiliied B TMOPHCTOM CJIO€ JAMCIEPCHOrO yIiepoAa C HCIOJIb30BAHUEM
TEPMOCTOMKMX BOPCHUCTBIX CTEKJIOTKaHEH OOJEry€HHOM CTPYKTypbl capxka 3X1 wu3



BOJIOKHA guaMeTpoM 5-7 Mmkm TCDT-4 ¢ TepMoXuMUYECKOW 00paOOTKOW CHUIIMKOHO-
rpa¢uto-proporutactopoii komnosunueir (CI'®) wm (CDOBM), B coctaB KOTOpOii
BXOOUT cCynb(paT OUCITHIECHAMAMUHMEIW, TPEACTABICHHBIH KAk COYETaHHE
MOBTOPSIONINXCSA LUKIOB 00pa3oBaHUS M POCTAa MOPUCTOTO (PUIBTPYIOLIETO CIIOS
JUCIIEPCHOTO YTJIepo/ia Ha BOPCHUCTOM BHYTPEHHEH MOBEPXHOCTH CTEKIOTKAHEBOTO
pyKaBa W MEPUOJUYECKOW pereHepanuy CTEKJIOTKAHHU, OOECIeYMBAET MOBBIIICHUE
3¢ (EKTUBHOCTH YIABIMBAHUS TUCIEPCHOTO YIJIEPOJa U3 a’pO30JIbHOTO TMOTOKa OT
99,010 99,9%.

4. BniepBble YCTaHOBJIEHO, YTO MPOIECC (PUIBTPOBAHUS a3pPO30Jiel THUCIIEPCHOTO
yraepojia B MOPUCTOM CJIO€ YTIEPOHBIX TPaHyJsl ¢ MEPUOIUYECKON pereHepainen cios
B pPEXHUME IICEBIOOKIKEHHUS TMOTOKOM  OYMIIEHHOrO Tas3a, O00ecre4yrBaceT
adpexkTBHOCTD PrIbTpOBaHUs a3p0o30s 10 99,5%.

5. YcraHOBIEHO, YTO pasziuyve B MPOLEccax MPOHUKHOBEHHS a3pO30JIbHBIX
YaCTHI] B CJION YTIAEPOIHBIX FPAHYI MPU OCAKIACHUH a3pO30JIeH TUCIIEPCHOrO YIriiepoaa
CBSI3aHO C UX Pa3MEpPOM M KaXKylIeHcs MIOTHOCTHIO. UeM HuKe 3HaueHUs pa3MepoB U
KaXXyIIEHCsl TUIOTHOCTH a3pPO30JbHBIX YaCTHUI[ JUCIEPCHOTO YIJIEpOJia, TEM BHIIIE UX
MPOHUKAIONIASA CIIOCOOHOCTh B 00BEM CJI0sl TpaHyJl. ASpPO30JIM TUCIEPCHOTO YIIepoia
C «KpYHHBIMU» arperaTaMi 4acTHUI] BBICOKON Ka)YIIEHCs MIOTHOCTH MPU OCAKICHUU
0o0pa3yloT Ha TMOBEPXHOCTH CJOA TPaHyJ IUIOTHBIM CJIOW JUCHEPCHOTO YIiepoja,
KOTOPBIN SBISIETCS BBICOKOA(P(HEKTUBHON PHIBTPYIOLIEH CPEIOH.

6. BriepBble yCTaHOBJIEHO, 4YTO TIPOLIECC VYJIABIMBAHUS YTIJIEBOJOPOJOB U3
MHOTOKOMITOHEHTHOM MapoBO3AYILIHON CMeCH C KOHJIEHCAllUel U KpUCTaJUTH3aluen Ha
OXJIQXK/IaeMOW TMOBEPXHOCTH W  ajucopOuuel  YrieBOJAOPOJOB  CUHTETUYECKUM
yIIepoAHbiM  copOeHTOM  «TexHocopO-1» ¢  mepuoaudYecKol  pereHepaiuen
KpUCTAJUIM3aTOpa W COpOEHTa BOJASHBIM IMAPOM M CYIIKOM CcOpOEHTa BO3IyXOM,
obecnieunBaer 3(G(HEKTUBHOCTh YIABIMBAHUS YIJIEBOJIOPOJOB U3 MMAPOBO3IYIIHOM
cMmecu oT 90 1o 95%u Gostee.

IIpakTHyeckass NEHHOCTb. YCTAaHOBJICHHbIE 3aKOHOMEPHOCTH OCAKICHUS
a’pOJUCIIEPCHBIX ~ CHUCTEM B  MHOTOCTAJUIHOW  TEXHOJOTMH  IPOU3BOJICTBA
TEXHMYECKOTO yriepoja oOecrneymin co3aaHue 3PQPEKTUBHBIX TEXHOJIOTUYECKUX
IPOLIECCOB YJIABIUBAHMS LIENIEBBIX MPOIYKTOB U CHHKEHUE MPOMBIIUIEHHBIX BEHIOPOCOB
B arMocdepy. Ha ocHOBe TeopeTHUEeCKHX U SKCIEPUMEHTAIBHBIX HCCIEeI0BaHUI,
BBITIOJTHEHHBIX aBTOPOM, MPEJIOKEHbBI HAy4HO OOOCHOBAaHHBIE TEXHOJIOTHUECKHE
pelieHus1, peaau3alns KOTOPbIX B MPOIECcax YJIaBIMBAHUS AUCIEPCHOIO yriepoja U3
a’pO30JIbHBIX TIOTOKOB U YIJIEBOJOPOJOB M3 MapOBO3AYIIHBIX CMECEl BHecHa
3HAQUUTENbHBI BKJIAJ B pPa3BUTHE HAYYHBIX MPEICTABICHUH O MPOU3BOACTBE
TeXHUYeCcKoro yriepoaa. [Ipu stom:

1. [UKIOH-KOHUEHTPATOP Ui OCAXKIECHHUS TUCIIEPCHOrO YIIIEPOAa U3 a3pO30JIbHbIX
MOTOKOB ¢ HcnoJyib30BaHueM n3obperenus mo A.c. Ne 580914CCCP «llenTpobexHoe
YCTPOMCTBO JJIi OYMCTKH Tra3oBOro Mmotoka» ¢ 3ddextuBHOCTHIO ~ 90% 3aMeHuI
YeThIpe MOCIeI0BaTeNIbHO ycTaHoBIeHHbIX ukiIoHa CK-11H-34 B ycTaHOBKax BTOPOTO
MOKOJICHHSI TP CHUKEHUHU a’poJuHAMUYECKOro compoTtuBieHus ot 4,5 no 2,5 klla,
yaenbHo# MetamnoémkocTi ot 4,010 2,4 kr/M> asposoms. [IpuMeHsiercs Ha ABEHAALATH
TexHosornuecknx ycraHoBkax OO0 «OMckTexyriepoa» oO0IIeil MOIIHOCTBIO OoJiee
200 ThIC. TOHH TEXHMYECKOro yriepoaa B roxa. Ilpomecc u ammapaTr ocaxaeHus



a’p030J1s1 JAUCIEPCHOIO yTriepojia Hameén MIMPOKOEe MPUMEHEHHE Ha pAlle APYrux
3aBOJIOB TEXHHUUYECKOI'O yTJIepo/a.

2. Pazpaborana, wWcChObITaHA M BHEIPEHAa B  ONBITHOM  IPOU3BOCTBE
BBICOKOCTPYKTYPHOTO  HAHOJHMCIIEPCHOTO  yIiepoda CIEHUATbHOTO Ha3HAYCHHS
CHUCTEMa OCaXKJEHHUS a’pO30Jiel B IBYX IMOCIEIOBATEIbHO YCTAHOBICHHBIX ITUKJIOHAX-
KOHIIEGHTpaTopax C ucroib3oBaHnueM u3obperenuii mo Ilar. No 2285025P® wu Ilar.
Ne 2290420P®D ¢ >dpdextuBHOCTBIO OcaxaeHus aspozonst 90%wu Gonee.

3. Pazpabotan u oOcCBOEH mpouecc (QUIBTPOBAaHUS a’pPO30JIed TEXHUYECKOIrO
yriepoaa B ycoBepiieHCTBOBaHHOM cucteme mo Ilat. Ne 117359d «PykaBHbIi
GUIBTP» ¢ paMOHATBHBIM TIOJIBOJIOM a3p030Jii U UCTOIb30BaHUEM (UIBTPOBATBHBIX
PYKaBOB M3 CTEKJIOTKaHeW oOjerd€éHHor cTpykTypbsl mo A.c. Ne 1391684 CCCP
«Dunprpyromuit  marepuam», A.c. Ne 718390 CCCP «CocrtaB mnsa 00pabOTKu
(GUIBTPOBAIILHBIX MaTEPUAJIOB M3 CTEKISHHOTO BoOJIokHa», A.c. Ne 674768 CCCP
«YCTpOMCTBO  JUIsl  KperieHuss  (UIbTPOBAIBHOTO  pyKaBa» IMpPU  CKOPOCTH
¢mierpoBanus 0,25-0,30m/MuH U pereHepamun crexinoTkanu 3a 20 ¢ mpu ckopocTu
0,30 M/MuH 11O 3aTaHHOMY IIMKITY, KOTOPBIH oOecneunBaeT 3(HEeKTUBHOCTh OYHCTKU
razoB a0 99,9% u mnoBBILIEHHE CpPOKA CIYXObl CTEKIOTKAHEBBIX pPYKaBOB OT
5-7 wmecsaueB g0 12-18 mecsiueB u Oonee M HAmET MIMPOKOE TNPUMEHEHUE B
TEXHOJOTHUYECKUX YCTAaHOBKaxX BTOPOTO TIOKOJEHHUS C €IUHUYHON MOIIHOCTHIO,
YBEJIIMYEHHOW B CpaBHEHHH ¢ 0a30BOW yCTaHOBKOM nepBoro nokojeHus B 1,5-2,0paza.

4. Pa3zpaboTaH M OCBOEH PYKaBHBIM (DUIBTP C KOAryisaTopaMu LEHTPOOEKHOTO
TUIA C UCIoJb3oBaHUEM H300peTeHus 1mo A.c. Ne 674768CCCP «YcrpoiicTBo mjis
KkperieHus: uibTpoBasibHOTO pykaBa» U Ne 1285666CCCP «PykaBHbIN QUIBTp 115
BBIJICTICHUS] Ca)XM W3 Ta30B» B YCTAHOBKE C €IWHUYHONH MOIIHOCTHIO 30 THIC. TOHH
TEXHUYECKOTO0 yriepoja B ro. [Ipu adhekTHBHOCTH ynaBIuBaHUs 1IEJ€BOTO NPOAYKTa
99,9% cpok ciyx0bl pykaBoB nocturaetr 24 mecsieB. OunbTp BHEeApEH Ha TPEX
ycTaHoBKax TpeTbero mnokosieHuas OO0 «OMCKTEeXyrjiepoa» W OJHOM YCTaHOBKE
Huxnexamckoro 3TY.

5. PazpaboTtan 1 0CBOEH Ha 3aBO/IaX TEXHHUYECKOTO yriepoja MpoLecc U ammapaT
¢GunbTpoBaHUS ABIMOBBIX Ta30B, yHalseMbIX W3 CYUIMJIBHOTO OapabaHa CHCTEMBI
TpaHyJSLMMA JUCHEPCHOTO YIriepoAa C HCIONb30BaHUEM H300peTeHuss mo A.c.
Ne 812317 CCCP. ®unbTp HUCHONIB3YETCS B YCTaHOBKAX BTOPOrO U TPETHETO
nokosieHus ¢ d3pdexruBHOCTHIO 99,9%.

6. Pazpabotan ¥ OCBOEGH TEXHOJOTMYECKUA TMPOILECC MPOMBIIIIEHHOTO
U3TOTOBJICHUs] (UIBTPOBANBbHBIX pykaBoB u3 crekinoTkaHe TCOT-4I1-CT'® wu
TCOT-4II-COBM c¢ wucnonb3oBanuem wu3obperenuit mo A.c. Ne 1391684 CCCP
«Dunprpyromuii  marepuan», A.c. Ne 718390 CCCP «CocrtaB nisi o0OpabOTKH
(GUIBTPOBAIILHBIX MaTEPHATIOB U3 CTEKISHHOrO BoJIokHa» U A.c. Ne 674768 CCCP
«YCTpOUCTBO IS KperieHus ¢GuiabTpoBajgbHOro pykaa». Ilpumenenme 170-200
THICSIY YKa3aHHBIX CTEKJIOTKAHEBBIX (PMIIBTPOBAIBHBIX PYKABOB B 'O/l B JIEHCTBYIOIIUX
YCTaHOBKAaX BTOPOTO U TPETHEr0 MOKOJEHHUS 3HAYUTEIBHO COKpAIaeT TMOTepH
pabodero BpeMEHH Ha 3aMEHbl KOMIUIEKTOB PYKAaBOB M BBIHYXJCHHBIE MPOCTOU
TEXHOJOTHYECKHUX YCTaHOBOK.

7. Pa3paboTaH, HCIOBITAH B ONBITHO-NIPOMBIIUIEHHBIX YCJIOBHSX MPOLECC H
anmapat (QUIBTPOBAaHUSA a’p0O30Jiel TUCHEPCHOTO YIiepoia B CTAllMOHAPHOM CJIOE



HOPUCTBIX YIIIEPOJAHBIX TIpaHyl ¢ pasmepoMm 0,7-1,0 MM, HachIMHON IUIOTHOCTBIO
0,3-0,4 r/cm® u BoicoToi 170-200 MM MO 3aHaHHOH LHUKIOrPAMME MPH CKOPOCTH
¢mieTpoBanus B npenenax 0,2-0,4m/c u ckopocTu pereHeparu QIIbTPYIOIIETo CI0s
0,5-0,6M/c ¢ ncrosb3oBanneM m3o0pereHuii mo A.c. Ne 833285,Ne 869797CCCP u
[Tat. Ne 2317134P® u pexoMeHI0OBaH [Jsl MPOMBIIUIEHHOTO HCIOJIb30BaHUS KakK B
MPOU3BOJICTBE TEXHUUYECKOTO YTIEpoia, sl TEXHOJOTUYECKUX YCTaHOBOK BTOPOTO H
4eTBEPTOrO MOKOJICHHUS, TaK U B PsJIe JPYTUX OTpacield MPOMBIIUIEHHOCTH (HarpuMep,
B IPOM3BO/ICTBE aKTUBUPOBAHHOTO YIJIsf, JUI YJIABIMBAHUS CaXHU U3 OTXOJSALIUX ra30B
MOILHBIX JW3EJbHBIX JBUTaTeleil, B LBETHOM METAUIypruu MJis YJIaBJIWBAHUSA
BEJILI[OKHCH, OKFICH CBHHIIA).

8. Ucnsitanubie Ha OO0 «OMCKTEXYyTIEepO1» MPOIECC U OMBITHO-TPOMBIIILICHHAS
YCTaHOBKA yJIaBJIMBAHUS YIJIEBOJOPOIOB U3 NapOBO3AYIIHON CMECH YIJIEBOJOPOIHOTO
CHIpbSl JUIA TOJYYEHHs a’po30Jiel JUCIEPCHOTO YIiepoJa € OXJaXICHHEM U
KpUCTAJUIM3alMENl HAa IMEpPBOM CTaguM, ajacopOLMel yrieBOJOPOAOB CHHTETHYECKUM
yriaepoHbiM copoeHToM «TexHocopO-1» Ha BTOpOil cTaauu mporecca ¢ IepruoInIecKoin
pereHepanmell KpucTajuiM3aTopa U COpOEHTa BOASHBIM MAapoOM W CYIIKOM copOeHTa
MOJOTPETHIM BO3JYXOM C HCMOJib30BaHUEeM Hu300peTeHus mo Ilat. Ne 2344870Pd
o0ecrneynBaroT OYUCTKY BBIOPOCOB OT yrieBoaopoaoB 10 HopmaTtusoB [1/IB. IIpomecc
U YCTAHOBKA YJIaBJIMBAaHUs MApOB YIJIEBOAOPOJOB IPU CIMBE KOKCOXMMHUYECKOIO
CHIpbSl PEKOMEHJIOBAHBI JJIsi MPOMBIIIJICHHOTO HCIOJIb30BaHUSI B TMPOU3BOJCTBE
TEXHUYECKOTO YIJIEpOJa.

9. Marepuansl JuCCEpTAlMOHHONM pa0OThl BHEJIPEHBI B YYEOHBIH MpoLECC
Owmckoro I'ocynapcTBEHHOTO TEXHHYECKOIO YHHBEPCUTETA. TEO0pEeTUYECKHE OCHOBBI
KOAryJsILiMK, OCAKACHUS U (PUIBTPOBAHUS JUCIIEPCHOIO YIJIEpO/ia UCIOIb30BaHbI IS
U3JI0KEHUST Pa3fesioB AUCHUIUTUHBI «TeopeTHuecKkne OCHOBBI CHHTE3a YIIEPOIHBIX
MaTEepUaIoB».

JIOCTOBEPHOCTh TMOJY4YeHHBIX Pe3yJbTaToB. J(OCTOBEPHOCTh pE3yNbTAaTOB
UCCIIEJOBAaHUM, MOJYYEHHBIX PAcU€THBIM IMYTEM M HKCHEPUMEHTAMU Ha MOJENbHBIX
yCTaHOBKAX, MPOBEPSIACh CPABHEHUEM C JAHHBIMH, MOJyYEHHBIMH B XOJI€ OIMBITHBIX U
OTBITHO-TIPOMBIIIUICHHBIX HCHBITAHUN pa3paOOTaHHBIX MPOIECCOB Ha JAEWCTBYIOIIMX
TEXHOJOIMYECKUX YCTAaHOBKAax MpHU IMOJIyYEHUHU a’po30Jiel JUCIEPCHOrO yriepoja H
MOJITBEPKIAETCSI HEOOJIBIITMMH 3HAUEHUSMHU MOTPEIIHOCTH UCCIIEI0BAHUM.

Ha 3amury BbIHOCHTCSH

1. 3aKOHOMEpPHOCTH KOAaryJsiUy JAUCIIEPCHOTO YriepoJa Ha BCEX CTaausX
npoliecca: TeruioBoi (OPOYHOBCKOHM) KOAryJSIIUH adpo30Jisl AUCIEPCHOTO yIriiepoja B
PEaKIIMOHHOM KaHaJie ¥ 30HE 3aKaJIKU PEeaKkTopa, IPaJueHTHON KOaryJsiui a’3po30Jisi B
BO3JIyXOIIOIOIpEBATENC, KUHEMAaTUYECKOM W  TypOyJEHTHOM  KOaryjasilud B
ra300XJaJuTese, HUKIOHE M KOAryjsTope, pacCMaTpUBAIOIIMECS KAaK COBOKYIIHOCTb
SIBIICHU, BBI3BIBAIOIINX POCT MEIUaH a’po30ibHbIX yacTuil oT 20-90uM g0 7-10Mkm
u Oosiee, 4YTO CO31aET ycioBus A 3PPEKTUBHOTO OCAKIAEHUS JUCIEPCHOTO Yriepoaa
U3 a3pOo30JbHOTO TOTOKAa. B3auMOCBsI3b MEXIy CTPYKTYPHOCTBIO JAHMCIIEPCHOTO
yriaepoaa 1no adbcopouuu 1uoyTuiadTanaTta 1 KOHCTAaHTOW KOAryJIsILIUU a3pO30J1sl.

2. TexHONOrMYECKHE OCHOBBI TMpOILIECCa OCAXKICHUS a’po30Js B IUKJIOHE-
KOHIIEHTPATOpE C OKCIOHEHIMAIBbHBIM PpOCTOM 3(P(EKTUBHOCTH  YJIAaBIMBAHUS
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JMCIIEPCHOTO YTIIepo/ia PU CHIDKEHUH BETHMYUHBI O (OTHOIICHUS PAacXOIIOB adpPO30Jis
BO BHYTPCHHEH W BHEIIHECH CITUPAIIH).

3. TexHonornueckrue peKOMEHIalMHU MO MPUMEHEHHUIO CTEKJIOTKaHU 00JIeT4EHHOM
CTPYKTYpPBI U 3aKOHOMEPHOCTH Tpoliecca PUIbTPOBAHUS a3p030Jield B MOPUCTOM CIIOE
JUCIIEPCHOTO YIJIEpO/ia, MPEACTABICHHOIO KAaK COYETAHWE TOBTOPSIOIIUXCS IUKIOB
00pa3oBaHMsl M POCTa MOPUCTOrO (PUIBTPYIOUIETO CJOSI arjioMepaToB IUCIIEPCHOTO
yriaepojia Ha BOPCHUCTOM MOBEPXHOCTU CTEKJIOTKAHEBOTO PyKaBa M yJaJeHUs CIOs
JMCIIEPCHOTO yriepona (pereHepalu CTeKJI0TKaHH).

4. Kunetnyeckde 3aKOHOMEPHOCTH Tmporecca (UIBTPOBAHUS  a’po3o0Jiei
JUCIIEPCHOTO yrjiepoJa B CTAllMOHAPHOM 3€PHUCTOM CJIO€ YTIJIEPOJIHBIX TpaHyJl.
OnTtumu3zanus KOHCTPYKIMU 3€pHHCTOr0 (¢GuiabTpa U Tpolecca (QUIbTPOBAHUSA
a’p030JIeHl AUCTIEPCHOTO YIIepoia U pereHepaluuu GUIbTPYIOIIEro CIOs.

5. JIByXCTaiuiHBIA  MpoOLIECC  YyJABIMBAaHMS  NApOB  YIJIEBOJAOPOJIOB U3
NapoBO3AYIIHOW CMECH YIIEBOJAOPOAHOTO CHIPbSl JJS TOJYYEHHUS  a’pO30Jisd
JUCIEPCHOTO  YIJIepoJa C TPeIBAapUTEIbHBIM  OXJIAXKACHHWEM, KOHJACHCAlueH,
KpUCTAJUIM3aMeil M aacopOIuell yrieBOoJOpPOJOB CHHTETHUECKUM YIIIEPOIHBIM
copbenTom «TexHocopO-1».

6. AHanmu3 pe3ylbTaTOB OMNBITHO-MIPOMBIIUICHHBIX MCIBITAHUA U BHEIPECHHUS
BBITIOJIHEHHBIX HAyYHO-TEXHUYECKHX pa3pabOTOK Ha JIEWCTBYIOIIEM IPOU3BOJICTBE
TEXHUYECKOTO yTriepoja.

JInunblii BKJIAA AaBTOpPa COCTOMT B BbIOOpE HaNpaBICHUM HAyYHO-
MCCJIeI0BATENLCKUX U OMBITHO-KOHCTPYKTOPCKUX padOT, MOCTAaHOBKE 3a]]a4 U METOIOB
UX pelIeHus, MPOBEACHUU HCCIIEOBAaHUN Mpolecca YJIaBIMBaHUs YIJIEBOJOPOAOB U3
NapoBO3JYIIHBIX CMECed M JUCHEPCHOTO yriepoda W3 a’pO30JIbHBIX IOTOKOB H
CPaBHEHMH TOJYUYEHHBIX PE3yJbTATOB C Pe3yJbTaTaMH MPOMBIIIJICHHBIX UCIIBITAHUH, B
0000IIIEHNN  YCTAaHOBJIEHHBIX  3aKOHOMEPHOCTEH M  OCHOBHBIX  IOJOXEHHIA
JIUCCEPTAIMOHHON pabOTHI.

AnpoGanus padorbl. OCHOBHBIE IMOJOXEHUS U PE3YJIBTATHl JUCCEPTALMOHHON
paboTHI MPEACTABISIINCH U 00CYKaanuch Ha Beecoro3ubix koHpepeHuusax «lIpodnemsr
HSKOHOMHUYECKON OLEHKH CO3[aHus W BHEAPEHHS] O€30TXOJHBIX MPOMBIIUICHHBIX
npousBoAcTB» (Bopommmtosrpan, 1978 r.), «QumcTka Tra3oBBIX BBIOPOCOB Ha
OPEINPHUATHIX Pa3IMYHBIX  OoTpaciaeit mpomsbiiuieHHocTH» (MockBa, 1983 r.),
«Bomnpockl oxpaHbl NPUPOJIbI B MPOMBILIIEHHOCTH, CTPOUTENILCTBE U HA TPAHCIIOPTE»
(bapuayn, 1983 r.), «IpobGiemMa oOXxpaHbl BO3AyIIHOTO OacceiiHa OT BBIOPOCOB
NPEANPUATAA XUMUYECKON MPOMBIIUIEHHOCTH M MPOMBIILIEHHOCTH CTPOUTEIbHBIX
matepuaiao» (Epesan, 1985r.), «Ipon3BOACTBO TEXHHUYECKOI'O YIjIepoja W OXpaHa
okpyxatomieir cpensr» (Omck, 1987 1.), Ha 4-M MEXIYHAPOIHOM CHMIIO3UyME IO
amcopOIMM W KHUIKOCTHOM Xpomartorpadpuu makpomoinekyn (Omck, 1994 r.), Ha
HAYYHO-TIPAKTUYECKOH KOH(EpPEHIMH C MEXAYHApOIHBIM ydacTHEM «YTJIEpPOJHBIC
marepuansp, (HoBokysnenk, 1995 r.), Ha MEXAyHapOIHOW HAYYHO-TIPAKTHYECKOU
koH(pepeHmn «Xumus — XX| Bek: HOBbIE TEXHOJIOTHH, HOBbIE TPOIYKTHD» (Kemeposo,
2004r.), ma VIII, IX, X, Xl MexayHapOIHBIX HAYYHO-TIPAKTUIECKUX KOH(PEPEHIUIX
«Xumus-XX| Bek: HOBbIC TEXHOJIOTHUH, HOBBIE TPOAYKTh» (Kemeposo, 2005r, 2006r.,
2008 r, 2009 r.), VII wmexnyHapoaHOH Hay4YHO-TEXHHYECKOH KOH(MEPCHIIMH
«/lunamuka cucteMm, Mexanu3amoB u MammH» (Omck, 2012 r.), Bcepoccuiickoi



HAy4YHOM MOJNOAEKHON IIKoJie-KoHpepeHiun «Xumusa mnox 3Hakom CUI'MA:
UcclIeIoBaHusl, WHHOBaIMK, TexHoorum» (Omck, 2012rt.), Beepoccuiickoit HaydHO-
NPAKTHUYECKONM  KOH(MEpEeHIMH, TOCBAUIEHHOW /SJIeTHUI0 CO JHS  POXKIACHUS
3acnyxkenHoro gesitenss Hayku P®, mpodeccopa A.B. Kpasmoa «CoBpeMeHHBIE
TEXHOJOTHH M MOJEIMPOBAHUE IMPOLECCOB MEepepabOTKU YTIEBOJOPOJHOTO CBHIPHSI»
(Tomck, 2013r.).

Harpaabl 3a Hay4HO — MCCJIe0BaTeIbLCKIE PA00THI M0 JUCCEPTANUH

I'pamora Ilpesmnuyma lLleHTpampHOro mnpasneHuss BcCecorO3HOr0 XMMHUYECKOTO
obmectBa um. /.M. Menaeneena no konkypcy OomectBa 3a 1988r. [loctanoBnenue
oT 30 uronst 1988r. 3a «Pa3paboTKy U BHEIpPEHUE Mpoliecca BHICOKOTEMIIEpaTypHOU
buabTpalu a3po30Jid TEXYriIepoa C UCHOIb30BaHHEM (UIBTPOBAIBHBIX PYKAaBOB U3
obneruéunout crexinotkand Mapku TCOT-AI1-CT'D (COBM)».

3onorass mepanb X MOCKOBCKOro MmexayHapojaHoro CanoHa HMHHOBALMM M
unBectuiii (MockBa, BeicTaBounbiii komrieke «loctubiid aBop», 7-10 ceHTAOps
2010r.) 3a pa3padotky «lIporecc GpunbTpaii BEICOKOIUCIIEPCHBIX a3P0O30JICH B Clloe
MOPUCTOTO YTAEPOAHOTO MaTepUaja U YCTAHOBKA JIJISl €70 OCYIIECTBICHUS.

3onorass Mmepanb X MOCKOBCKOro MmexayHapojaHoro CanoHa HWHHOBALMM M
unBectuimii_(MockBa, BK «"octunsiii gBop», 7-10cenTs6ps 2010r.) 3a pazpabotky
«YCcTaHOBKa yJaBIMBAaHMUS TapoOB  YIJIEBOJOPOAOB ChIPhS JUIsl MPOM3BOJICTBA
JUCIIEPCHOTO YIIIEpOIa.

Iyonukanuu. [lo teme nuccepranuu npenacrtasierHo 120 paboT, U3 KOTOPBIX
omyomukoano 106 (14 —JICII), B Tom uncne 14 crateld B pelieH3UPyEeMbIX JKypHaIax,
pexkoMeHnioBanHbIX BAK miig myOnukanuu pe3yiabTaToB JUCCEPTAIIMOHHBIX padoOT Ha
COMCKaHUEe Y4YE€HOW CTENEeHM JIOKTOpa Hayk, 16 cTaTell B LIEHTpaJbHBIX XypHajax W
HAay4YHO-TEXHHUYECKUX pedepaTuBHbIX cOOpHUKaX, 12 ctaTedt B cOOpHHMKAX HAy4YHBIX
TpyAOB, 33 aBTOPCKHX CBHUJAETEIbCTB U IMATEHTOB Ha WM300peTeHus, B TOM uucie 7
3apyOeKHBIX.

Ctpykrypa n 00béM padoTshl. Jluccepraius npejcTaBieHa Ha 422 cTpaHUIax,
COCTOMT W3 BBEJICHMS, O TJiaB, BBIBOJIOB IO paboTe, CHUCKa JuTepaTypbl u3z 474
HauMEHOBaHUMU, conepkuT 145 pucynkoB, 88 tabmuu u 30 npunoxenuit Ha 92
CTpaHHUIIaX.

OCHOBHOE COIEP KXAHUE PABOTHBI

Bo BBemeHum 1aércsi 0OOCHOBAHHME AaKTYaJbHOCTH TEMBl JUCCEPTALMOHHOMN
paboTel, chopMynIHpOBaHbl L€1b M 3aJayd MCCIEAOBAHWN, HayyHas HOBH3HA M
IIPaKTUYECKasl LIEHHOCTh ITOJIyY€HHBIX PE3YJIbTATOB.

B mnepBoil riaBe 1aH aHanM3 COBPEMEHHOIO COCTOSIHUS MHOTOCTYIIEHYaTOM
TEXHOJIOTUM TIOJyYEHHS] M OCAXACHHS a’po30Jied B IPOU3BOACTBE TEXHUYECKOTO
yraepona B Poccum um 3a pyOexxom. Otmeuaercs, 4TO OOBEM MPOM3BOICTBA
TEXHUUYECKOTO yriepojga B Mupe goctur 11 muH. TOHH B roj, BbIIycKaeTcst Oolsee
70 mapoxk, Poccust ¢ 06éMoM npousBozcTBa okosio 800Teic. ToHH B 2012r. 3anuMana
4 mecto B mupe (mocne Kutast, CILIA u Snonuwn). [Ipu 3TOM cipoc Ha TEXHUYECKHUI
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yraepoJ, npousBenEéHHblil B Poccuu, ocTaéTcsi Ha BBICOKOM YpPOBHE, TaK KaK OKOJIO
50% exxeroaHo skcnoptupyercsa B EBporty, rie noTpeOHOCTh B TEXHUYECKOM YTIepo/Ie
npeBbiaer 00bEMbI TpousBoiacTBa. [lostomy B Poccum Habmomaercss pocT
MPOU3BOAUTENILHOCTH YCTAHOBOK MOJyYEHUSI TEXHUYECKOTO YTIepoa.

AHanu3 TEOPETHUECKUX OCHOB OOpa30BaHUS a’po30Jiel TUCIEPCHOTO YIiepoja
METO/IOM TEPMOOKUCIUTEIBHOTO MUPOJIM3a YTIEBOJAOPOAOB, a TaKXKe COCTOSHHUS
TEXHOJIOTUM MPOU3BOJCTBA TEXHUYECKOIO YIriepojia B Halllel CTpaHe U 3a pyOexoM,
MoKa3aj, 4YTO BBICOKHE YJIENbHBIE Ta3000pa30BaHUsl B IMpOLECCaX MMOTYYCHUS
HCIIEPCHOTO YIIepoga U3 YriaeBogopoaHoro ceipbs (0T 5,0 o 10,0 M asposons u
oonee Ha 1,0 Kr CBIpBs) TPEOYIOT BHICOKMX 3aTpaT Ha BBIACICHHUE IEIIEBOTO MPOIYKTa
U3 a3pP030JIbHBIX MOTOKOB.

Ob6ocHOBaHa HEOOXOJUMOCTh MOBBIMICHUS SP(HEKTUBHOCTH TEXHOJIOTUYECKUX
MPOLECCOB U €IUHUYHON MOLIHOCTH amlnapaToB, CHWKEHHS 3aTPaT U MOTEPh ChIPbs U
IIEJIEBOTO MPOJIyKTa HA BCEX CTaIUAX MPOU3BOACTBA. [lokazaHO, YTO HaTU4KME BHICOKUX
KOHLIEHTpaIMi MapoB yrieBOAOPOIOB B MAPOBO3AYIIHBIX CMECSX, BHIOPACHIBAEMBIX B
aTMoc(epy MpHu CIUBE U MOATOTOBKE CHIPhS IS MOJIYYEHHUS! adpo30Jied JTUCIIEPCHOTO
yraepojia, MPUBOJUT HE TOJBKO K 3arps3HEHUIO OKPYKAIOIIEH MPUPOIHON Cpenbl
oOuTaHus, CO3MAaHHUI0O AUCKOM(OpPTa B ONM3IEKAIMUX K MPOU3BOACTBY IKUJIBIX
KBapTaiax, HO U MOTEPSIM YaCTH JIOPOTOT0 ChIPhSl MPOU3BOACTBA IEJNEBBIX MPOTYKTOB.
D10 Tpebyer co3JaHus MPOLECCOB U ammnapaTtoB YJIABIUMBAaHMS YIJIEBOJOPOAOB U3
MapOBO3AYIITHOM CMECH.

N3BecTHO, 4TO mpoiecc 00pa30oBaHMsl HAHOTJIOOYJISIPHOTO TUCIIEPCHOTO yriepoa
(HAY) u3 yrieBogopo 0B UMEET CIOXKHBIM M MajJoOW3y4YCHHBIH MexaHu3M. CUHTAIoT,
YTO TMpolecc 00pa30BaHUs HAHOIWCIIEPCHBIX YACTHUI[ YIJIEpOJa COCTOUT U3 Tpex
OJIHOBPEMEHHO MPOTEKAOIINX MPOIIECCOB!

— o0pa3oBaHue PaNKaIOB-3aPO/IbIIIECH;

— POCT paauKajIOB-3apOMBIINIEH M MPEBpallleHHe WX B 3apOAbIIIN HAHOYACTHII,
CHOCOOHBIX K POCTY YIJIepo/ia Ha MOBEPXHOCTH;

— POCT 3apOo/bIIIeil HAHOYACTUIL C IPEBPAILLEHUEM B HAHOYACTHIIBI YTIIEpO/Ia.

CkopocTh 00pa3oBaHus PaAUKaIOB-3apPOIbIIIEH COCTOUT U3 YEThIPEX YJICHOB:

@=VO+Fxm—Goxn2—K, (1)
dt

rae Vo — CKOpoCTh 00pa3oBaHUs PaauKaIOB-3apObIIIeH, FXN — uieH, y4uThIBaromit
pa3BeTBICHHE 3apojbIleobpasoBanus, a F — kosbdurment passersienuns, Goxn® —
YJIeH, YUYUTHIBAIOUIMM YHUUYTOXKEHUE PAJMKAJIOB 3apObIIIel pU UX coyaapeHuu, a Gy
— (QakTop coyaapeHuN paauKajIoB-3apoAbINIed Apyr ¢ ApyroM, U wieH K —
YUUTBHIBAIOIIMM YHUYTOXKEHHE PAJAMKAIOB-3apOJBIIICH MpU HUX COYAApeHHH C
MOBEPXHOCTHIO PACTYIINX 3apOJIbIIIEeH HAHOYACTHII.

IToxazaHo, 4TO BBICOKAsl AMCIEPCHOCTh TBEPAON (a3pl B Ipolecce 00pa3oBaHUs
asposzonisi aucnepcHoro yriepona B peakrope (ot 20 no 90 HM) craBUT 3amaud 1O

U3YYEHUIO YCIOBUM O00BEAMHEHUS] HAHOTJIO0YI JUCIEPCHOTO YIJIEPOJAHOr0 Marepuasia
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B arperaTtbhl U arjoMepaThl a’pO30JIbHBIX YAaCTHL. PElIeHHI0 A3TUX 3aay MOCBSILICHBI
uccienoBanusi B.®D. Cyposukuna, JLII. I'mnszernuuoBa, ['.JI. T'opronoBa B Hux
paccMaTpuBaeTcs MpoLEecC KOarysilud a’po30Jisi Tpu 00pa30BaHUM TMEPBUUHOMN
CTPYKTYpbl AUCIEPCHOTO yriepoa. Koarynsamus a3po3oieil fMcCiepcHOro yriepoja 3a
mpenenaMd peakTopa B HMX paboTax HE paccMaTpUBAEeTCS. YCTAaHOBJICHO, YTO
CKJIOHHOCTb a3p030Jield K KOaryJsiui, OOpa30BaHUIO ariioMepaToB YacCTUIl CO3AET
OJlaronpusATHBIE YCIAOBUS 17151 3P(HEKTUBHOTO OCAXKACHUS U (PUILTPOBAHUS a3pO30JIeH.
Otoil mpobneme mocBsIIeHb! nenbie pasgensl kaur H.A. ®ykca, B.I'. JleBuua,
B.H. VxoBa, H. Green, W. Laner muorux apyrux. OgHako HEOOXOAMMO 3HAHUE
MEXaHU3MOB KOATyJSIUU W OCOOCHHOCTEH OCaXACHHWS W (QUIBTpaIluu a’po30Jieit
JUCIIEPCHOTO  yriepoja s o0ecrnedeHus: ONTUMAJbHBIX YCIOBUW  BEIACHUS
TEXHOJIOTUYECKOr0 IMpoLecca MOJy4YeHUs OUCHEPCHOro yriepona. PaccmoTpenuto
OCOOCHHOCTEH MPOIECCOB OCAXKIACHUS U (UIBTPOBAHHUS a’po30Jiel AMCIEPCHOTO
yrinepoaa mnocesiiensl kuurun B.II. 3yeBa m B.B. MuxaiinoBa, B.H. VYxoBa u
b.1. Msrkora, pa6oter III.K. Amparosoi, K.M Bepmununoii, E.K. Jlyrockoii.
Opnako B HHMX JAa€Tcs JIMIIb OINMCAHHME Ipollecca Oe3 aHalu3a HEJOCTaTKOB H
TEXHUYECKUX PEIIeHMH 10 UuX yCTpaHeHHIo. ODPGEKTUBHOCTH  YIJIaBIUBAHUS
JTUCTIEPCHOTO yriiepoaa B cucteme 4eThipéx nmukiionoB CK-1[H-34 JIy3600c¢ BeicoknMu
MOKA3aTesIMU 10 yACIbHON METAITIOEMKOCTH M a3pOIMHAMUYECKOMY COMPOTHUBIICHUIO
He npesbimana 90%, cpok ciayxObl (UIBTPYIOIIUX PYKABOB M3 CTEKJIOTKaHEH Co
HITANeIbHBIM WU TEKCTYPUPOBAHHBIM YTKOM, OCBOECHHE KOTOPBIX OTEYECTBEHHOU
MPOMBIILICHHOCTHIO TOJIBKO HAYMHAJIOCH, COCTABIISLI 4-5 MECSIEB.

OunpTpOBaHMIO a’p0O30JI€l B 3EPHUCTOM CJIO€ MOCBsIEHb padoTel 1O.B.
Kpacosuikoro, B.I1. Kypkuna, B.E. Bono6yesa, B.f. bamkapnuna, B.K. I'onuapenko,
H.M. CamoxBainosa, V Henriquez A. Macias-Machin, Pikon J., Hehlmann J, Peng He,
Hongxia Qin, Yanbing Zong.

HakonyieHbl 3HaYMTENbHBIE HAay4yHbIE, JKCIEPUMEHTAJIbHBIE M MPAKTUYECKUE
pe3yabTaThl, CO3/IaHbl HWCIBITAHBl W TMPUMEHSIOTCS B PA3IUYHBIX OTPACISIX
MPOMBIIIUIEHHOCTH YCTAHOBKHU 3€PHUCTHIX PUIbTPOB. OgHAKO HAAEKHOCTh UX PabOTHI
OCTaércs HEeNOCTaTOYHOM. HecMoTps Ha 1enblid psl HECOMHEHHBIX IPEUMYIIECTB
3epHUCTBIX (UIBTPOB B CPABHEHUU C PYKABHBIMH, JJISi LIMPOKOTO HMCIOJIb30BAHUS
GbUIBTPOBaHMS a’PO30JIEH B CTAIMOHAPHOM 3E€PHUCTOM CJI0€ HEOOXOIUMO PEIIUThH
HEeIbld pAN 3a7ad C TN TOBBIMICHUS HAAEKHOCTH pPabOThl MPOMBIITUICHHBIX
anraparoB.

Pemenue mnpobiieM 1O M3YYEHUIO OCOOCHHOCTEW TOJYy4YEeHHUs] a’po30Jiei
JIMCIIEPCHOTO YIJIEPO/ia B COBPEMEHHOM MPOMBIIIUIEHHOM ITPOU3BOJICTBE U YCTPAHEHUIO
HEJIOCTaTKOB MHOTOCTaJUMHONW TEXHOJIOTMM B YCTAaHOBKAaxX MEPBOTO TMOKOJIEHUS
(rabmuma 1) mo3BOMWIIO cO37aTh U OCBOMTH A((EKTUBHBIC MPOIECCH W anmapaThl
OCaXJIECHUS 1EJNEBbIX IMPOAYKTOB B YCTAaHOBKAax BTOPOrO U TPETHErO IOKOJIEHUS,
NOATOTOBUTh PEKOMEHJALMU IS CO3[aHUsl YCTAaHOBOK OYyIyIIEr0 C BBICOKUMH
TEXHUKO-3KOHOMUYECKUMHU, IKOJIOTUUECKUMU U COLUATIbHBIMH MMOKA3aTEISIMHU.
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Tabauma — 1.1Toka3zarean pabOThl YCTAaHOBKH IEPBOTO MOoKoJeHHUs (0a30BOi)

VYnenbHasg | AsponuHa- T Cpox
eM-
I'onoBas CocTaB OCHOBHOTO MeTaIo- MHYECKOe | CITYy>KOBI
MOIIHOCTb TEXHOJIOTMYECKOr0 €MKOCTb, COIpo- I g eZ(I:)a ¢ub-
TBICAY T/T o0opynOBaHHUS Kr/m® THUBJICHHE, p EC ! TPYIOLLETO
a’po301s klla Marepuaia, 4
4 nuKIoHa
CK-IH-34 7ly3600 + 4,0-45 | 230-240 | 3000-3500
PYKaBHBIH GHIBTP
8-10 3730, 4,0
[UKJIOHA
CK-TTH-34 J1y1200 + 4,0-45 | 80-100 | 2000-3000
PYKaBHBIH GHIBTP
®B-90.
6
6 6 6 6 7

| *llLﬂ‘l"Lﬂl"L e

VI
VII
\Y; 6 6
! 6
2 4 Vil (< |Vill |
I IX
A 4 & 42
3 Y A 4
3, I 6 6 | <
B S
8
Xl —>

Pucynok — 1. Texnonorudeckas cxema npousBoactsa HY nepBoro nmokoneHus
(6azoBast 8-10TkIC. TOHH B TOJ):

| — mpuémounslit pesepByap chipbs; Il — 8 peakropos (mo 500 kr/4); Il — 8 mogorpesareneii
TeXHOJIOTHYecKoro Bo3nayxa; IV — razooxmanurens; V — nukion [y 3600; VI —pykaBHbIi
¢meTp OP-3730; VII —nmaposoii kanopudep; VIl — nuknon Ay 1200; IX —punstp
M®B — 204; X —sunroBoii kouseiiep; X| — ymioraurens HJ{Y; XII — 610k rpanymsiuuy;
1 —yrieBogopoiHOE CHIPBE; 2 —MapOBO3AYIIHAS CMECh YIIIEBOJIOPOJOB; 3 —IPUPOIHEIH ras3;
4 —TeXHOJIOTMYECKH BO3ayX; S —Boja; 6 —aspo3onb H/Y; 7 —ouunieHHsli ras;
8 —rpaHynbl TEXHUYECKOTO yriepoa

Henocratku 6a30B0i yCTaHOBKHU:

1. BpeMs <«ku3HU» a’po30is I 3(PPEKTUBHOTO OCaXICHUS AUCIEPCHOIO
yriepoza ot 2 1o 3 ¢.JlymHa kouiekropa Jly 1200mMm ~ 40m.

2. Yersipe mumkiona [ly 3600, cymmapnas s¢pdextuBHocts 90%. 3aBucanue
MPOJyKTa B OYHKEpax, MOTEPU B CUCTEME ITHEBMOTPAHCIIOPTA.

3. 3aBucaHue MPoIyKTa B OyHKEpax pyKaBHOTO (HUIbTPa, HEYJOBIECTBOPUTEIbHAS
perenepanus pykaBoB, He 3¢ (HEeKTHBHOE HCTIOIb30BaHNe pabouero o0bémMa GuiIbTpa.

4. HenocTaTouHbIM CPOK CITY»KOBI PYKaBOB, 3aKymaeMbIx 3a pyoexoM (5 - 7mec.).

5. [lepebou mocTaBOK pPyKaBOB MO UMIOPTY M3 AHIIIMA U SINOHUH, MOTEpH

MPOJYKTa U IPOCTON 000PYAOBAHHUS.
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6. Beicokne ynenbHbIE 3aTpaThl Ha (QUIBTPOBAHHE a’po30Jieli B PYKaBHBIX
¢unbTpax, OTCYyTCTBHE TapaHTHIl JOJATOBpeMeHHOU 3P deKTUBHON paboThl 63 3aMEHbI
PYKAaBOB, HCIIOJIb30BAHME PYUYHBIX ONEpaldid MO M3rOTOBJICHUIO PYKaBOB, UX
NEPUOAMYECKOMY MOHTAXy W JEMOHTaXy B (UIbTpaxX, MOTEPU TEXHOJOTHUYECKOTO
BPEMCHH.

7. Beicokue BBIOpOCHI B aTMoc(hepy YriIeBOJOPOAOB sl TIOTYYEHHUS adpo30Jei
JUCTIEPCHOTO YTIIepoa.

Bo BTOpOii riaBe TPEICTaBICHBI METOMOJOTHYECKHE OCHOBBI HMCCIEIOBAaHUMN
NPOLIECCOB yNIABIUBAHUS YIJIEBOJOPOJIOB, KOAryJSIIUU M OCAXKICHHUS a’po30Jjeid
JTUCTIEPCHOTO YTIIepo/a.

PaccMOTpeHBbl OCHOBHBIE TOJOXKEHHS SKCIEPUMEHTAIBHBIX HCCIEIOBAHUNA C
UCIOJIb30BaHUEM CTAHJAPTHBIX METOJOB OMpeeieHUs (PU3MKO-XUMHUYECKHX CBOMCTB
YIIICBOJIOPOAHOTO CBIPhS M TEXHUYECKOTO YTIIepoJa W METOJOB HCCIEIOBAHUIM
napaMeTpoB TMApOBO3AYIIHBIX MW a’3pO30JbHBIX MOTOKOB. Ilpu 3TOM KOHIIEHTpammu
YIJIEBOJOPOZOB B TMApOBO3MYIIHBIX CMECSX ONPENesUId  XPOMaTOTrpapuIeCKuM
MeTo0oM, a (eHol (POTOKOJIOPUMETPHUUECKHM METOAOM. lIpuMeHsIn MeToJbI
UCCIIEIOBAaHUM  HKCIIEPUMEHTAJIbHBIX  OOpa3lloB  JJIEKTPOHHOM U ONTHYECKOU
MUKpocKkonuen. DU3NKO-XMMHUUYECKHUE CBOMCTBA O0Opa3l0B JUCIEPCHOTO YIJepojia
onpenens o Metoaukam B cootBercTBHH ¢ ['OCT 25699.1-90u Texnuueckumu
YCIOBUSIMH Ha OIBITHBIE TApTUU. AHAIUTHYECKHE HCCICIOBAHUS TPOBOJMINCH C
UCTIONIb30BaHUEM  MpHOOpHON  TeXHMKHM  OMCKOTO  PETHMOHAJIBHOTO  IIEHTpa
KOJUIEKTUBHOTO TI0Jb30BaHusA. (Oco0oe BHHMaHHE VYAEIEHO JKCIEPUMEHTAIBHBIM
UCCJIEIOBAaHMUSIM JHCIIEPCHOTO COCTaBa a3po30Jiel B TMOTOKE C HCIOIb30BAaHHEM
pPOTAllMOHHOTO aHajJu3aTopa JUCHepcHOCTH a’po3oiisi. [lokasaHo, dYTO mepen
BbIIeTICHMEM TBEPAOM ¢a3bl M3  a’dpO30JbHOIO TMOTOKa B JACHCTBYIOLIUX
TEXHOJOTMYECKUX YCTaHOBKAX MPEIyCMOTPEH LENbIA Pl TEXHOJOTUYECKUX MPUEMOB
MOJITOTOBKHA  BBICOKOJMCIIEPCHOTO  a’pO30Jisl K OCAXICHUI0O U  (PHIBTPOBAHHUIO,
PE3yNIbTaTOM KOTOPOH SIBISIETCS CHUKEHHE TEMIIEPaTyphl JAUCIIEPCHOHHOW CPEmbl 10
300°C u xoaryasuus IIOTHBIX AUCIIEPCHBIX YIIIEPOIHBIX YaCTHI] B PHIXJIBIE, TOPHCTHIE
arperartbl ¢ HU3KOU Ka)KyIIEHCs TUIOTHOCTHIO.

BpoyHoBckas koarymsiiusi xapakTepHa JJs BBICOKOAMCIIEPCHBIX YaCTHI[ C
pasmepamu meree 100 HM, KOTOpble 00pa3yrOTCs B PEAKIIMOHHOM KaHaJle peakTopa
(rabsmmma 2). Koarymnsiust 9acThIl CriocoOCTBYyeT 00pa30BaHUIO arperaToB YacTHUI] BCE
Oonpimero pasmepa. B COOTBETCTBUM € TPUHATOW TEOPHEH  KOAryJSIHH
CMOITyXOBCKOTO TIPOIIecC 00pa30BaHMsI arperaToB OMUCHIBACTCS ypaBHEHUEM:

KT:l_i1 (2)

n n
3. 3
rJie Ng — HavaJlbHAass KOHIIEHTPANUs YacThll, 1/M”; N — KOHIEHTparys yacTuil, 1M~ gepes
HEKOTOpOE BpeMs T, C, a K —KOHCTaHTa CKOPOCTH KOAryJIsIIHH, Mm/c.
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2
Tabnuna 2 —AHanu3 MEXaHU3MOB KOAryJsiliuy a’3po30Jisl TMCIIEPCHOTO YIriepoaa

Koncranra 3HaueHus
Mexanuszm YpaBHEHUE 111 KOHCTAHTBI Bpewmsa
CKOPOCTH MEIMaHHOTO
KOAryJsiuH, CKOPOCTH KOaryJsiiiuu coarvis | ASHH, A3MED
Cranus nponecca a’po3071s Y c P p
1, M°/c arperata, M
BpoyHoBcKast K, =81, D, (3)
gFeHHOBa}I) - 10716 102 (25-70)x10°
Peaxrop, 30Ha (\/7 k) 4) (70-300) x10
3aKaJIKu
I panuenras K, = 533§& 5 (5) 107 10 (3-8) x10’
TennooOMeHHUK ' V,
3 3
Kunematunueckas K = (W (2 (d] (3, ©) 10121013 0.2 (0,8-5,0) x16
XO0IOIUIILHUK 16z 1 [9,
TypOynenTHas np, W (7-10) x10°
X OJIOTUIIBHUK = X 7 108.101° 0,2
Koarynstop K p, 3 @ (10-60) x10°

Ha pucynke 2 npencraBiieHbl 3JIEKTPOHHO-MUKPOCKONMMYECKHE CHUMKH 00pasia
nucrnepcHoro yriaepoja I1 26 7-XUT ¢ BBICOKOW CTPYKTYPHOCTBIO U pPa3BeeT-BIEHHOCTHIO
arperaToB. YCTaHOBJIEHO, YTO CpPEAHHMI pa3Mep riaolyn — 25 HM, pacCTOSHHE MEXIY
rpadeHoBbiME ciosiMu, Ugop — 0,37 HM, UCTHHHAS TUIOTHOCTH — 1,974r/cm>; IpU 3TOM
CpeIHUN pa3Mep arperaToB MEpPBUYHON CTPYKTypsl — 227 uM. Ilpu sTOoM, Kak
YCTAHOBJICHO 3KCIEPUMEHTAIBHO (PUCYHOK 3), B TOJHIUCIICPCHOM a’po30Jic B KOHIIC
30HBI 3aKaJIKU YaCTHII ¢ pazmMepoM Oosiee 1 MkMm MoxkeT ObITh 10 20%,9T0 cO3/1aET yCIIOBUS
JUIsi TOBBINIEHUST A(G(OEKTUBHOCTH TPATUEHTHOM KOATYJSAINNH B TETUIOOOMEHHUKE —
BO3/yXOIIO0TpeBarTeie, Ie MOTOKY adpo30Js 3a1arT ckopocTh g0 80 M/c o TpyOkam
BHYTPEHHUM JUAMETPOM 33 MM.

[loka3aHo, 4YTO 3HAYE€HHUS KOHCTAHTHI  TYpPOYJEHTHON  KOAryysiiuu B
XOJIOJTUIILHUKE-UCIIAPUTEIIC COCTABJISIIOT 108-10%° M3/C, a MeJIMaHHBbIE pPa3MephI
arperaToB IUCIIEPCHOTO YIiepo/ia B a3p030JbHOM MOTOKE MpHU BpeMeHH 3(PPEKTUBHOTO
OCa@XJIEHUS arperaToB Ha Karuisix Bojbl, paBHOM 0,2 ¢, gocturarotr /-8 MKM, a mepes
ocaxaeHueM aspo3ossi — 10-15 MM, 4uto co3maér ycnoBus i 3HPEKTUBHOTO
yJIaBJIMBaHUs AUCIIEPCHOTO YIIIEpO/ia B IUKJIOHE-KOHIIEHTpaTOpeE.

2 B ypasuenmsix (3) — (7) — D,=RTB/N — xoodduument muddysun wactuum, a r, — paguyc
a’po30JIbHBIX YacTHll, M; I — Temmeparypa, ‘K; B = 1/6mr,u — BeauuuMHA, XapaKTepU3YIOIIAs
MOJBHKHOCTD 4acTHUIl B adsposoiie, M-c/H, p — ko3 unmeHT tuHaMHUYECKON BSI3KOCTH, H~c/M2; e —
paauyc kamin; Wy, — CKOPOCTb a3pO30JILHOTO IOTOKA Yy CTCHKH, paBHas ~ 5% cKOpoCTH 0CEBOro
noroka (H.A. ®ykc. Mexanuka asposoneii. M. Usa-so AH CCCP, 1955); vk — kuHemMaTndeckas
BSI3KOCTh, MZC; 1 — d5(h(MEKTHBHOCTh 3aXBaTa a’pO30NbHBIX YACTHI KalusiMi Bomsr, Ws —
OTHOCHUTEJIbHAS CKOPOCTh JBMIKCHHS Karejdb BOIBI M a3pPO30JIbHBIX YaCTHII, M, Zx — KOHIICHTpPAI[HSI
Karenb, Kr/M>; Oa ¥ Z — IMaMeTp a3po30JIbHBIX YACTHI], M H HX KOHIICHTPALMS B adpO30Ie, KI/M>, pa U
Pk — INIOTHOCTB a9PO30JIbHBIX YACTHUI[ H KaIlelb BOBI, KI/M>; Wy — 0ceBasi CKOPOCTb IIOTOKa, M/C; pr. —
IUIOTHOCTH JTUCIIEPCHOHHON CPEIH, kr/v; D, — JraMeTp ra3oxoja, M. Pacuéramu o ypaBueHusM (3)
— (7) ycTaHOBJIEHO, UTO B MPOLIECCe OPOYHOBCKOH (TEIJIOBO#) M IpaJIuEHTHON KOAryJISIIUH a’pO30JIs
JUCIIEPCHOTO yIJIepoja pa3Mepbl a’po30JIbHBIX YaCTHIl AOCTHraroT 3HaucHui (dy > 1 MKM), 1Is
KOTOPBIX CTAHOBUTCA 3((EKTHBHBIM MEXaHW3M KHHEMaTH4YeCKOil M yckopeHHoW (mo JleBuuy)
TypOynenTHo# koarysuun (JIesuu B.I'. dusuko-xuMudeckas ruapoannamuka. M., 1959).
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Pucynok 2 —DnekrponHo-mMukpockonudeckue (II9M) cuumku obpasiia
TexHuuyeckoro yriepoza I1 26 7-XUT

HccnenmoBanusiMu  Tiporiecca  KOAryJsiliHA  YEThIpEX O0pas3loB  JIUCIEPCHOTO
yraepojia ¢ pasIudHOM CTPYKTYpPHOCTBIO 1O abcopOumu nubytwiadranata mpu
comepxaHuu CHEpoUaTbHBIX W JIUTUICOMAANBHBIX arperatoB oT 8% mo 80%, a
Pa3BETBICHHBIX M JIMHEHHBIX COOTBETCTBEHHO OT 92% no 20%, sKkcnepruMEeHTAIBHO
YCTaHOBJICHA JIMHEWHAas 3aBUCUMOCTb KOHCTAHTHI ~KOAryJIAIIMA  a’3po30Jisi  OT
CTPYKTYpPHOCTH JIUCIIEPCHOTO yIJIepojaa, a TakkKe CYMMapHOIO COJICpPIKaHHS
Pa3BETBIEHHBIX M JMHEHHBIX (POPM arperaTtoB adpo30JbHBIX YacTUIL (PUCYHOK 4).

JlJis SKCIIepUMEHTANbHBIX HCCIEAOBAHUN TIPOIECCOB KOATYJSIUU, OCAXKICHUS
a’po30yii B IMKJIOHE W (QUIBTpalMKd a’po30Jield UCIEPCHOTO yriepoaa ¢
UCTIOJIb30BaHUEM CTEKJIOTKAHEW M CTallMOHAPHOTO (UIBTPYIOIIETO CIIOSI TOPHUCTHIX
rpaHyia ObUIM CO37aHbl J1abopaTopHble (MOJEIbHBIC), OMBITHBIE W  OINBITHO-
NPOMBINIJICHHBIE YCTAaHOBKH, a TaKXe pa3pa0d0TaHbl METOJBI KOHTPOJII (PH3UKO-
MEXAaHUYECKUX CBOWCTB CTEKJIOTKAHEW WM CTEKJIOHUTEW, a TakKKe METOIUKU
AKCIIEPUMEHTAIBHBIX HCCICIOBAHUM, TEXHOJOTHMUECKHAE pEerjiaMeHThl TPOBEACHHUS
OIBITHBIX M OIBITHO-TIPOMBIIUICHHBIX WCIBITAHUNA HOBBIX IPOIECCOB, MAaTEPHAJIOB H
anmaparos.
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Pucynok 3 —Jlorapudmuyeckn HopMaJabHOE pacipeiesieHue

JUCIICPCHOI'O COCTaBa a’3poO30JIs.

1 —B peakTope Mocie 30HbI 3aKAIKH adP0O30Jsl; 2 —TOCe BO3IYyXOMOA0TpeBaTens; 3 —Ioce
razooxjagurens; 4 — nepea MUKIOHOM-KOHIEHTPATOPOM; S — Ha BBIXOJE€ M3 LUKJIOHA B
CHUCTEMY T'a30BOT'0 TPAHCIOPTA, MOCIE KOoaryasaTopa
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Pucynok 4 —3aBuCHMOCTh KOHCTAHTHI KOATYJIALUN a3P030Js OT PU3NKO-XUMHUIECKUX

CBOMCTB TEXHUYECKOTO yriepoaa

B TpeTbei/i rjiaBe IIpCACTaBJICHbBI PC3YJIbTAThI HCCIICIOBAHUN OCAXACHUS M

(buUIBTPOBAHUS a3P0O30Jis

AUCIICPCHOI'0 yriepoJa B CTCKIOTKAHCBBLIX (I)I/IJ'IBTan C

IpEIBAPUTEILHBIM OCAXIICHHEM B LUKIOHE-KOHIEHTparope (YCTaHOBKH BTOPOTO
NIOKOJICHHS) W pPYKaBHOM (HIBTPE C TPENBAPUTEIHLHON KOAryJsiiued al’po3oiis
(ycraHoBKM TpeThero mokoseHus). llokazano, 49to st pacdyéra MUHHMAIBLHOTO
JIaMeTpa a’po30JbHBIX YAaCTHUIl, YJIAaBIMBA€MbIX B IIMKJIOHE — KOHIEHTpaTope Ha
100%,mM0kHO IPUMEHHUTH YPaBHEHHUE:

D2 = QW RE*(1-p)
tINp,W

(8)
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Vv
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vV +v)

KOHIICHTPUPOBAHHOTO a3p030Jisl B CHCTEMY Ta30BOr0 TpaHcmopTa (pUCYHKH 5 U 6);

rIe a V — pacxog oOcaxaaeMoro aj’po3ofii; VvV  —  pacxon

M — auHaMu4eckas BS3KOCTb TIa3a, R — pagnyc L[HJIHHz[queCKOﬁ 4acTU IMKJIOHA,
_R,
=R
INIOTHOCTHL YaCTUIIBI, W — CKOPOCTh ad3pO30JIbHOI'0 IIOTOKa BO BXOJHOM CCUYCHUU
nukiaona. s pacu€ra S(PGEeKTUBHOCTH OCAXKACHUS a’po30Jii B IUKIOHE —
KOHIICHTpATOpe ¢ YYETOM TYpOYJICHTHOTO TIepeMEIIMBaHuUs MOJYy4Y€HO YpaBHECHHE!
_(n,-n) _AnlWIr, [p, [H 9)
) Oublh
rac bH h — IIHMPHHA U BEICOTA BXOJHOT'O CCUCHUA LIUKIIOHA.
yCTaHOBJICHO, qTo B(IJ(I)CKTI/IBHOCTL OCaXJICHHA adspo30JiA B LHUKIOHEC —

; N — 4mciao BUTKOB adpO30JIbHOTO IIOTOKAa B HMKIOHE, P, — KaXylascs

A
=1-expt-—r7) .
n p( s

KOHIICHTPATOPE SKCIIOHCHIIUAIBHO PACTET NP CHIKEHUM BEIHMYUHBI O (PUCYHOK 7) U
npu 3HadeHuu O = 0,853¢HeKTHBHOCTH IUKIIOHA — KOHIIEHTpaTopa coctaBisgeT ~ 90%
JUTSE TEXHUYECKOTO YTIiIepo/ia CO CPEAHUMH IMOKa3aTesiMU CTPYKTYpHOCTH. B cucreme
JIBYX TIOCJIETOBATEIIHbHO YCTAHOBIECHHBIX ITMKIIOHOB-KOHIIEHTPATOPOB C MCIIOJIb30BaHUEM
u3zooperenuit o Ilar. Ne 2285025P® u ITat No 2290420P® 3a cuér 3¢pdexTuBHOIM
KOAryJSILIUKM a3p030Jisi CTENEeHb yJIaBIMBAaHUS JUCIEPCHOTO yriepojaa JocTuraer 92-
94%. Ilpm ocaxaeHUW a’po30Jisi BBICOKOAMCIIEPCHBIX U BBICOKOCTPYKTYPHBIX
AIIEKTPOTIPOBOJIHBIX MapOK TEXHUYECKOro yriepoja 3(PQGEKTUBHOCTh OCaXKIACHUS
a’po30JIsl B IHUKJIOHAX-KOHIIEHTpartopax cHmkaeTcs 1m0 85-90%. Ilokazano, uTo
CpelHsisi OTHOCUTENbHAs TMOTPEIIHOCTh ompeaeneHuss 3(P(EKTUBHOCTH OCAXKIACHUS
a’p030JIs B IUKIIOHE — KOHIIEHTpaTope 1o ypaBHeHuio (9) He npebiiaet 3%.

OO6001mensl  pe3yapTaThl HCCIEAOBaHMN Tporecca (UIBTPOBAHHUS adPO30JIs
JTUCTIEPCHOTO YTJIepoJa B PYKaBHOM (PHIBTpE C TMpEABAPUTEIBHBIM OCAXKICHHEM B
IMKJIOHEe-KOHIIeHTpaTope. [IpeacTaBnensl pe3ybTaThl SKCIIEPUMEHTATIBHBIX UCCIIEIOBAHUIMI
0 ONTHUMM3AIMH Tpolecca (GUIBTPOBAHUS a3pPO30Js, TUCHEPCHBIN COCTaB KOTOPOTO
NOKa3aH Ha pUCYHKe 8, KadeCTBEHHAs KapTHHA Tpollecca — Ha pUCYyHKe 9, cexuus
bunpTpa ¢ panuoHaILHBIM MOABOAOM a’po3ons K pykaBaMm (Ilat. Ne 1173593P®)
(pucyHOK 9) M BepxHEe KpeIJICHHE pyKaBa C MCIOJb30BaHHEM H300peTeHHs mo A.c.
Ne 674768 pucynox 10), obecieunBaromye HaASKHYIO pabOTy ammapara B TEUCHUH
MEXPEMOHTHOTO TIeproa, Bozpociiero ot 4-510 12 mecsues u 6osee.

[TokazaHo, 4YTO pereHepamys CTEKJIOTKAHEBBIX PYKABOB OUYHUIICHHBIM Ta30M
JIOJKHA OCYIIECTBIIATHCS MEPHOANYECKH B KaXXIAOW M3 BOCBMH CEKIUH (UIbTpa IO
3agaHHoN nukiorpamme 3a 20 ¢ uepe3 15-16 munyt. IIpu 3TOM asponmHaMuyeckoe
cornpotuBienue GuibTpa He npesbimaet 1,5kI1a (pucynok 11),a MeauanHbie pa3Mepsl
armomeparoB mnpu paspymenun cioss HJ[Y mocturaror 80 mkMm, 49to co3maér
ONMaronpusiTHBIE YCIOBHS IS KOAryJSIIUM ¥ OCaXJCHUS ad’po30js B IUKIOHE-
KOHIICHTPATOpE YCTAHOBKU BTOPOI0O MOKosieHus (pucyHok 13).
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Pucynok 8 —JlucniepcHblil cOCTaB a3p0o30JIs:
1 —nepen NMKIOHOM-KOHIIEHTPATOPOM; 2 —Iepe]l pyKaBHBIM (puiIbTpoM; 3 —Ha BBIXOJE U3
[IMKJIOHA-KOHILIEHTPATOpa B CUCTEMY ra30BOT0 TPAHCIOPTA
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IToxazaHo, YTO B HOBOM KOHCTPYKLIMHM BEPXHETO KPEIUIEHHs (PUIBTPYIOLIETO
pykaBa ¢ ucrnosb3oBanueM uzooperenus no A.c. Ne 674768CCCP B kauecTBe HOBBIX
AJIIEMEHTOB JJI1 BEPXHEr0 KPEIUIEHUS pyKaBa MNPEIJIOKEHO MPYKUHHOE KOJIBLO W3
cranpHOU JeHTHI (D11 - 414),ycTaHOBIEHHOE B BEPXHIOIO MAHXKETY PyKaBa U KPHIIIKa
HOBOW KOHCTPYKIIMH C BHYTPEHHUM OYpPTHKOM, 00€Cre-uynBarolue y100CTBO MOHTaXa
PYKaBOB M HaJ&XHOCTh B 3KCIUIyaTallMM: HCKJIOYAKOTCS CIIy4aW CpbIBA PYKaBOB C
KPBILIEK BEPXHETO KPEIUICHUS U BEIOPOCOB AUCIIEPCHOTO YIepoaa Mo 3TOM MpUIHHE.

a Cv\ | 0

: 03 3 3 (3 3 3

4 —
3 0O
Pucynok 9 —Cexmus pykaBroro punstpa @PO — 50001 ®PO — 650mpu dpunsrpanmu
a’po30J1s (a) u perenepanuu pykaBos (0):
1 —KOJUIEKTOpP a3p030Jis; 2, 4 —KJIanaH ¢ MTHEBMOIIPUBOIOM; 3 —KOJUIEKTOP pereHepalivy;

5 —koH(}y30p cexnuu; 6 —pykara, 7 —KOJJIEKTOP YUCTOTO ra3a

s BIN
Y |
;‘ 4 7JU+2 _

/—\‘\_/

Pucynok 10 —Bepxnee kperienue pykasa (A.c. Ne 674768):
1 — punbTPOBATBHHBIN PYKaB; 2 —IPYKUHHOE KOJBIIO; 3 —KPHIIIKA C BHYTPEHHUM OYpPTHKOM

[loka3aHo, 4YTO peanu3auuss TEXHUYECKUMX pEIIEHUH 1O 3aMEeHe B
TEXHOJIOTUYECKNX  YCTAHOBKAaxX  YETBIPEX  MOCIECAOBATEIbHO  YCTAHOBJIEHHBIX
KpynHorabaputHeix u MerawmoéMmkux nukioHoB CK-IIH-34 ognum 1UKIOHOM-
KOHIIEHTPATOPOM, a TakKKe NPUMEHEHHUIO PYKaBHBIX (GUIBTPOB C PalMOHAIBHBIM
IIOJIBOJIOM a3p030JIs1 K CTEKJIOTKAHEBBIM PyKaBaM IIPUM ONTHMAJIBHOM pPAa3MEUICHUHU U
KPEIUIEHUN PYKaBOB B CEKLUMAX (UIBTPOB IMO3BOJWIO CO3/1aTh YCTAHOBKY BTOPOIO
IOKOJICHUSI C YBEJIMYEHUEM NPOM3BOAMTENBHOCTH B 1,5 pa3a mpu cHuXeHUH €€
MeTamioémkocty ot 4,010 2,4kr/M° a’po3oJs (radbnuma 3).
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Pucynok 11 —3aBHCHMOCTD a3pOJAMHAMUYECKOTO COMPOTUBIICHHUS
GbubTpa OT BpeMEHH UKIIA (QHUIBTPALUN a3PO30JIs:
1-W=0,24m/Mun; 2 —W = 0,29Mm/MuH; 3 —W = 0,36M/Mun

VYcraHoBieHO, 4TO Mpu (UIBTPOBAHUM a3po30Ji1 JUCIEPCHOrO YIJIepoJa
a’p030JIbHBIE YACTHUIIbl HAKAIIMBAIOTCSA B MOPAaX CTEKJIOTKAHU U 00pa3yrOT MOPUCTHIN
CJIOM Ha BOPCUCTON MOBEPXHOCTU CTEKJIOTKAHU U OOIIEEe CONPOTUBICHUE CUCTEMBI U3
PaBHOBECHO 3albUIEHHON CTEKJIOTKAaHW M CJIOS OCaXIEHHBIX Ha HEW arperaros
YIIEPOAHBIX  YAaCTULl MOXET ObIThb MPUHATO pPaBHbIM CYMME OCTaTOYHOIO
CONPOTHUBJIEHUSI TKaHU Mocie pereHepauud AP; U CONPOTUBIEHUS MOPUCTOrO CIOS
arperaToB JUCIIEPCHOIO YIJIEPOJA, OCAKIEHHBIX HA CTEKJIOTKAHU B MEPUOJ MEKIY
pereHepanusMu pykaBoB AP5:

AP =AP, +AP,. (10)

[Ipy 3TOM CONPOTUBIEHUE CTALMOHAPHOIO IOPUCTOrO CJIOSI JIUCIIEPCHOTO
yriaepoja Mpu JAMUHAPHOM pPEXUME IBUKEHUS CpEAbl ONpPENENseTCs H3BECTHBIM

ypaBHeHuem Koszenn - Kapmana:
_ 45— m, )WIT

AP, (11)

rie M, — MOpUcToCTh cios ocaaka; W — ckopocts uibrpanmu, m/c; I, — METUAHHBIH
pasMep arperata 4acTHII, M; [l — JMHAMHYECKas BA3KOCTb, Krc/M2; I1 — MBLICEMKOCTB,
Kr/M.

Uem BbIIIE pa3Mepbl arperaTtoB [, M MOPUCTOCTb CJIOS OCagKa JAMCIEPCHOTO
yriaepoaa M., Ha BOPCUCTON MOBEPXHOCTH CTEKJIOTKAaHU, TEM HUXKE adpPOAMHAMUYECKOE
comnpotusnieHue cnosg AP, Tem pexe u 3p(eKTUBHEE pereHepanusi CTEKIOTKAaHU U
BBIILIE CPOK CITYXKOBbI pyKaBOB.

OCHOBHOW XapaKTEPUCTUKOW, OMMCHIBAIOIIEH pPaboTy QUIBTpa B pealbHBIX
YCIIOBUSIX, SIBISIETCS 3aBHCUMOCTh yIENbHOTO comnpoTtuBieHus AP/W ¢unbTpyromero

cnos ot neueémkoctu 11 =Wi(z, -7 ), rne z, u Z, — KOHLEHTpaLys AUCIEPCHOTO
yriaepojia nepea u nocie Guibrpa.

[ToaTOMy B yCTaHOBKax BTOPOTO MOKOJEHUS IS CO3MaHUs (PUIBTPYIOMIETO CIIOS
W3 arjJoMeparoB ITUCIEPCHOTO YIiiepoaa HEOOXOIMMO HapalluBaTh BPEMS MEXITY
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pereHeparyeii crekiaoTkanu g0 15 mMuH u Oonee (B 3aBHCHMOCTH OT (DHU3HKO-

XUMHYECKHX CBOWCTB JUCIIEPCHOTO YTIIEPOJIA).
99
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Pucynok 12 —JlucniepcHblii cocTaB B cucteme pumbTpanuu asposons:1,4 —B cucreme
pereHepa pykaBHOTO (GUIbTpa Mpu Nay3e MEXy pereHepalusMi B COCEIHUX CEKITUSIX
20c u 100c; 2 —na Bxoze B GUILTP, 3 —B OUHUILEHHBIX ra3ax mnocjie GuibTpa
6

(S 4 v,
5 7
\Y |—V
1V
6
Vi
4 L
8 —
I 6 T
3, 7
v 6
6 1X
3» I _bf 6 R

: 1 T T S Il

Pucynok 13 —CtpykTypHas cxema JeHCTBYIOIIEro PON3BOICTBA
(ycranoBka BToporo mokosyieHus: 16-20TbIc. TOHH B roj):
| — mpuémounslii pesepByap cwipbs; Il — 2 peakropa (2000 kr/4); Il — 2 Bo3myxo-
nogorpesatens; |V — razooxnagutens, V — nukioH-koHeHTpaTop y3600; VI —pykaBHbIit
bunsTp ®PO-5000; VII — ymnoraurens HIAY; VIII — 6mokx rpanynsmuu; IX — pykaBHBIN
¢uneTp ®PO-650; 1 —chipbé; 2 —npupoaHbIi ra3; 3 —TexHomornueckuii Bo3ayx(20-25C);
4 — rexHojoruveckuii Bo3ayx (momorpersiii 1o 600 — 900C); 5 —Boxa; 6 —asposons HIY;
7 —OUMIICHHBIH ra3; 8 —mapoBoO3ayIIHAS CMeCh; 9 —TpaHyJIbl TEXHHYECKOTO YIiIepoaa

YcTaHoBEeHO, YTO TpolEecC (PUIBTPOBAHUS a’3PO30Jei TUCHEPCHOTO YIIIepoja
MOXKET OBITb OCYHIECTBIEH 0€3 MpeABapUTEIBHOIO OCAXKJICHUS B IMKJIOHE-
KOHIIEHTpAaTOpe B pYKaBHOM QUIBTPE C KOAryJaTopaMH IIEHTPOOEKHOro THUIA,
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00ecreYnBarOIIMMHA POCT MEIMAHHBIX Pa3MEPOB adpPO30JbHBIX YacTUIl OT 1,5 MKM 10
40 mxMm u Oonee (pucyHok 14)u yBenuueHHE MOPUCTOCTH CJI0S OCajJKka Ha BOPCHUCTOM
MOBEPXHOCTH CTEKJIOTKaHHW, YTO CO3MaéT YCIOBHUS s CHKeHUs AP,. Ilpu stom
CKOPOCTh (PMIIBTPAIIMH a3p030JIsl U pereHepaliy CTeKJIOTKaHu cocTanisieT He 6omnee 0,3
m/muH, Bpems perenepammu 20 ¢, a may3a MeEXIy pereHepalysiMi CTCKIOTKaHH B
cekmusax punbtpa — 30c.

Tabmuua 3 —Ilokazarenu paboThl YCTAHOBKH BTOPOT'O TOKOJICHHUS

VYnenbHasg | AspoauHa- Cpox
Tem-pa
I'onoBas CocTaB OCHOBHOIO MeTao- MHYECKOE Do CITyKOBI
MOII[HOCTh TEXHOJIOTHYECKOTO €MKOCTb, COIIpo- P GuiIbTpyro-
ThICSY T/T 00opy1OBaHMS Kkr/m® TUBJICHUE uiccca LIero mMate-
a’po30JIs xlla puana, 4
[uxkion-
KOHLIEHTPATOD, 270- 8000-
15-18 pYKaBHBIE (PHIIBTPHI 2,4 2,0-2,5 280 12000
®PO-5000u ®PO-650

VY CTaHOBIIEHO, YTO a3POJMHAMUYECKOE COMTPOTHUBIIEHHE (DMIIBTPA C TIPEABAPUTEIILHBIM
OCaXJIEHHEM a’po30Jisi B IMKJIOHE-KOHIIEHTPATOPE BBIIIE a3POJAMHAMHYECKOTO
COTIPOTUBIICHUST (PUIIBTpA C MPEABAPUTEIHHONW KOATYISIIIUEH B YCTAHOBKE TPETHETO
TIOKOJICHHSI U 3Ta pPa3HUIlA TeM OOJbBINE, YeM BBIIIE CKOPOCTh (DHIIBTpAIIUU a’pO30JIs
(pucynok 15).B cBs3u ¢ BBICOKOW KOHIICHTPAITUEH AUCIIEPCHOTO YIIIEPOJia B adp030Jie
nepea (UIBTPOM YCTAHOBKH TPETHEro IMOKOJEHHUS 3HAYUTENbHO 0oJiee BBICOKOM
SBJISICTCS MBICEMKOCTh (PHIIBTPA C MPEABAPUTEIBLHON KOAryJIsIiel a’dpo30is (PUCYHOK
16),4to co3maér OaaronpusTHBIC YCIOBUS JUIS PEreHepaliu CTeKiIoTKaHu. Ha aieMeHT
IOBUICBOTO CJIOS TpU  pereHepanuu  (GUIBTPYIOMEH TKAaHW JEWCTBYIOT — CHIIHI,
YVAEPKUBAIOIIME €ro Ha [OBEPXHOCTH (PUIBTPOBAIBHOIO pyKaBa, MW  CHIIBI,
OTpBIBAIOIIIME €r0 OT TKaHU. YeM BbIlle Macca JUCIEPCHOTO Yriepoja U MOPUCTOCTh
CJI0S Ha MOBEPXHOCTH CTEKJIOTKAaHU, TEM MEHbIlle HEOOXOJIMMa BHEIIHSA CUiIa MpH
pereHepanuyu pykKaBoOB, CJIE€IOBATEIbHO, MEHBINIE M3HOC CTEKJIOTKAHH. YCTaHOBJICHO,
YTO JJIsS TOBBIIICHUS KadyecTBa (DUIBTPOBAIBHBIX PYKAaBOB HEOOXOIAMMO CO3JaHHUE U
OCBOCHHME TMPOMBIIIIEHHOTO MPOU3BOACTBA CTEKJIOTKAHEW OOJIETYEHHBIX CTPYKTYP
capka 3X1 M3 BojOKHA auameTpoM 5-7 MkMm (BMecTto 8-9 MKM) C yBeIMYEHHOM
MJIOTHOCTBIO TEKCTYPUPOBAHHBIX YTOYHBIX HUTEH. 32 CUET UCTIONH30BAHUS B YTKE HUTH
136 Tekc (BMecto 272)moBepxHOCTHAs IOTHOCTh TKaHU TCDT-4 Ha 30% MeHbIe B
cpaBHeHUU ¢ TKaHbto TCDT-2, paHee 0OCBOCHHOM OT€UECTBEHHON MPOMBIIILIICHHOCTBIO.
JIsi MOBBILIEHUSI MPOYHOCTH TKAHW B YTOYHOM HAIpaBiICHUH IUIOTHOCTh YTOUHBIX
HuTel yBenumdena ot 11 no 13 Hutedt Ha lcm (Tabmuua 4). YCTaHOBICHO, YTO IS
3aUThl  (DUIIBTPOBANTBHOM  CTEKJIOTKAHW OT XHMHYECKOTO pa3pylIeHHs TpH
temneparype skcruryataiuu 10 280TC HeoOX0IMMO UCIOIB30BaTh CUIUKOHOTpa(UTO-
dropornactoByto komnosuuuio CI'd, B coctaB KOTOPOMl BXOJAAT KOMIIOHEHTHI
nonumetuindermwicmiokcanbl [IOMC-4, BoAHBIN KOJUIOUIHO-TPAUTOBBIN Mpernapar
mapku B-0, BonHas cycnensus nonurerpagropatuneHa O-4/1.
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Pucynok 14 —Jlorapudgmuueck HOpMalIbHOE paclpeeieHne a3pO30JIbHbIX YaCTHUIL
TEXHUYECKOT0 YIJIeposa:
1 —mepex KoaryiIsiTOpoM pyKaBHOTO (puiibTpa; 2 —Iociie KoaryasiTopa

[Tokazano, 4To 1 3aMeHbl JNe(DUIMTHOTO BOAHOTO KOJJIOMTHOTO Tpadura,
BXOJAIIEr0 B cocTaB MOKpeITUA CI'®D, MOXKHO HCMONB30BaTh 3AIIMTHOE TOKPHITHE
COBM, B cocTaB KOTOPOTO BXOJAT HEACPHUIIMTHBIE KOMIIOHEHTHI KOMITO3UIIUU:
noaumeTmidhenuacumnokcanoB Mapku [IOMC-4 (TOCT 15866-70)soaHoit cycrieH3un
noauteTpadropatunena O-4J1 (TY 6-05-1246-76) cyabbaT OUCITUICH IHAMUHMEIH.
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Pucynok 15 —3aBUcHMOCTb CONPOTUBIIEHUS (PUIBTPA OT CKOPOCTU (PUIBTPALIIH:
® — (QUIBTPOBAHKE TOCIIE MTPEIBAPUTEIBLHOIO OCAKICHUS B IUKIIOHE-KOHIIEHTPATOPE;
O — (UIBTPOBAHKE a3PO30JIs C MPEIBAPUTEIHLHON KOATYIIALNEH
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PucyHnok 16 —3aBHCUMOCTh yIeTbHOTO a3pOAMHAMUYECKOTO CONTPOTUBIIEHUS (PUIBTPA OT
MBIJICEMKOCTH

MPEABAPUTEIBLHOIO  OCAXKACHUSA a’3p030Ji1 B LHKJIOHE-

BBICOKOKOHIICHTPUPOBAHHOTO  a’po30isi ¢

a ¢mIbTpOBaHME  TOCIE
KOHIIEHTpaTope; © bunsTpOBaHUE
MPEIBAPUTEILHON KOAryJIsALUEH

Tabnuua 4 —Xapaktepuctuka o0pasia CTEKIOTKaH! O0JIETYeHHON CTPYKTYPHI

Jlunevinas Kp}ITIfa TL1OTHOCTE Pa3pbiBHas I/Ifm6o- Boznyxo-
IJIOTHOCTD HUTEM, Harpy3ka, | yCTOMYHMBOCTbB, | IPOHUIIAE-
HUTEH, TEKC Kp/M i KI'C YUCJIO HUKJIOB MOCTb,
OCH. YTOK OCH. | YTOK | OCH. | YTOK | OCH. | YTOK | OCH. YTOK M IPxe
34x1x4 | 34x1x4 | 150 | 100| 16 13| 201 87,6 2141 860 268

OmBIT PKCIUTyaTallii yCTAHOBOK TPETHEro MOKoJIeHUs (pucyHok 17) mokaszai, 4To
npeaBapuTeNibHas KOAryJsius a’po30is U UCHOJIb30BaHUE (DUIBTPOBAIBHBIX PYKABOB
u3 obneru€unpix crekiaorkaner TCOT-4II-CI'® (CDPBEM) B pykaBHOM (HIbTpE
®P-10000 mo3BoyMiau yBETUYUTh TOJOBYIO MOIIHOCTH ycTaHoBkH B 1,5-2,0pasa B
CpaBHEHWHM C YCTAHOBKAMU BTOPOTO TIIOKOJEHUS, TPU CHIDKCHUH YyJEITbHON
MeTtasutoémkocta ot 2,4 no 1,4 Kkr/M® 1 YBEJIMYEHUH MEXPEMOHTHOro mpobera a0
18 mecsiieB u 6osee (Tabauia 5).

B nocnengnue ronel 3a pyOekoM BeIyTCS HUCCIEAOBAHMS IO CO3JAAHHIO
GunbTpyromend CTEKJIOTKaHHW, JAaMHUHHPOBAHHOW TOHKOM MEMOpaHHOW IUIEHKOW U3
noauTeTpadTOpITUIICHA, YTO TIO JaHHBIM amepukaHckoi kommanuun BHA Group, Inc.
YIIy4IlIaeT TEXHOJOTUYECKHE MapaMeTphl pykaBHOTrO (punbrpa. MI3BeCTHO, 0JJHAKO, YTO
yKa3aHHasi TEXHOJIOTMS  MPOU3BOACTBA  (DUIBTPYIOMIEH  CTEKJIOTKAHU  CTOUT
Ype3BbIYAITHO IOPOro, HO HE YCTPAHSET OCHOBHBIE HEAOCTATKU NMPUMEHEHHS JaHHBIX
MaTepUasoB sl PUIBTPOBAHUS a9PO30JIEH.

K HEM oTHOCSTCS: HU3Kas ckopocTh (uimbTpanuu adposoieit (0,005-0,01m/c) u
CBSI3aHHAsS C HEIO BHICOKAS METAJUIOEMKOCTD anmnapaTtoB (GUIbTPOBAHUS, HEAOCTATOUHAS
HAEKHOCTh YJABIMBAHUS adPO30JIBHBIX 4YacTUIl (B KPYHHBIX MPOMBIILICHHBIX
ycranoBkax 4000-6000bunbTpyromux pykaBoB, AedekT gaxe 1-2 u3 HUX TPUBOIUT K
pe3KOMy  CHIDKCHHIO 3(PQEKTHBHOCTH  yJABIMBAHUS  adPO30JIbHBIX  YACTHII).
JloporoBusHa (QUIbTPYIOUIMX CTEKJIOTKaHEW TpeOyeT BBICOKMX 3aTpaT Ha OYHCTKY
ra3oB, COXpaHSETCs HEM30EKHOCTh CJIOKHOTO pPYYHOro TpyAa TMpU 3aMEHe
(GUIBTPYIONIUX JIEMEHTOB.
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Pucynok 17 —CTtpykTypHas cxema el cTByroIiero nmpou3Boactsa HJY
(ycraHoBka Tpethero mokosieHus: 30 ThIC. TOHH B TOJI)

| — mpuémounsiii pezepByap coipbs; || — 6 peakropos (mo 2000kr/4); Il — 6 momorpeBaresneit
TEXHOJIOTHYECKOTO Bo3ayxa; |V — razooxmamurens; V — 6 koarynstopos J[y800;
VI — pykapnsiii puinstp @P-10000; VII —ymmotauTtens HIAY; VIII — 610k rpanynsamnmy,

IX — pykaBnsiii punstp @P-650; X —kpucrammuzarop; X| — copOumonnsiii punbTp; 1 —ChIpbE;
2 — npupoAHBIA Ta3; 3 — rexHomorndeckuii Bo3ayx (20-25C); 4 — TeXHOIOTHYECKUI BO3IyX
(momorpetsiii 1o 600-900C); 5 —Boxa; 6 —adposzons HAY; 7 —ra3 ouniIeHHbIH;

8 — mapoBozaymiHas cMmech, 9 — OYMINEHHBIM BO3AYX,

10

— MPOAYKTHl pereHepanuu

KPHUCTAJUIN3aTOpa U cOpOIIMOHHOT0 pruibTpa; 11 —rpaHynabsl TEXHUYECKOTO yriepoaa

Tabmuua 5 —ITokazarenu paboTHl yCTAHOBKH TPETHETO MOKOJICHUS

Ynemeuas | Adpoauma- Temre- Cpox cityx 05l
I'omoBas MeTaJlIo- MHYECKOE
CocTaB OCHOBHOT'O N patypa bunpTpy-
MOTIIHOCTE, 000pyIOBaHUS CMKOCTD, conpo npoiecca IOIIETO
THICSY T/T py. kr/m® THUBJIEHHE, p o ’
C MaTepuana, 4
a’p030JIs1 klla
PyxaBHblIii
bunbTp )
28-30 ®P-10000¢ 1,4 2025 | 270280 | =00
KOaryJsaTopam,
2 ®PO-650

B 4yerBépTOil TrJ1aBe TMPEACTABICHBI PE3YNbTAThl pPa3pabOTKU M CO3JaHUS

NPUHIMITAAIBHO HOBOTO 3€PHUCTOTO (PUIIBTpa ¢ MCIOIB30BAHUEM M300peTeHUH 1o A.C.
No 833285 Ne 869797CCCP u Ilat. Ne 2317134P®, a Takke MCClIeI0BaHUI TIpoiiecca
OCaXJEHHUSI a’p030Jiel B CTAI[MOHAPHOM CJIO€ MOPHUCTHIX YIJIEPOJHBIX TPaHYI,
KOTOpBIM 00JIajaeT LENbIM pPSAAOM MPEUMYIIECTB B CpaBHEHUH C (UIbTpanuei
a’po3oyiel B TKaHEBBIX (uibTpax. K 3THUM mpeuMyIiecTBaM OTHOCSITCSI BBICOKAs
3¢ PeKTUBHOCTh PUIABTPOBaAHUS a3po30Jei, ckopocTh punabTpanuu B 50 - 100pa3
BBIIIIE, YeM B TKAHEBBIX (QWIbTPAX, YTO TIO3BOJISIET CHU3UTH YIEIHHYIO
MaTepualloéMKOCTh  ammaparoB,  obOecrmedyeHa  3¢@eKTUBHAs  pereHepamus
3anbUIEHHOTO (QUIBTPYIOIIETO CIOS.
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OCHOBHBIM HEJIOCTAaTKOM HW3BECTHBIX KOHCTPYKIIMH 3E€pPHHUCTHIX (UIBTPOB
SIBISIETCS] X 3a0WBaHKE BCIEACTBUE HAKOIUICHUS BTN B TIOPOBOM MTPOCTPAHCTBE CJIOS
U CIOXHOCTh WX pereHepamuu. Ilpum omnpenenéHHBIX YCIOBUAX MOXET OBIThH
2 (EeKTUBHON pereHepalys 3epHUCTOr0 (UIbTPA TMCEBAOOKIKCHUEM 3aMbIIEHHOTO
cinosi. O6pa30BaHMUIO XOPOIIO TCEBAOOKMKEHHBIX CUCTEM OJIarONPHUSITCTBYIOT HHU3KAS
TJIOTHOCTh U MaJIble pa3Mephl 3€PEH CIosl, Y3KU TPaHyJIOMETPUIECKUN COCTaB CIIOS,
6m30¢Th (POpMBI 3EPEH CI0s K CHEPUIECKON.

Baxxnoe 3naueHue s 3(h(HEKTHBHOTO W PaBHOMEPHOTO TICEBIOOKHKCHHS TI0
00BEMY 3ambUIEHHOTO (DUIBTPYIOIIETO 3EPHUCTOTO CJIOS HMMEIOT paclpeiesnTen
O’KMYKAIOIIETO rasa.

Monens ¢uiabtpa (pucyHok 18) oOmied miomaaso 3 > (mmuaa — 3,0 1M,
mmpuHa — 1,0 M) cHaOkeHa a’pOJUHAMHYECKON PEIHIETKON COCTOsmEeH u3 Tpyo
avameTpoM 32 MM c mmpuHOM mened Mexay Humua 0,8-1,0 MM, Ha KOTOpOH
pacrmoyio’)keHa TOMJIOKKa ¥ (QUIBTpyIOIMA cinoii. B kadecTBe MOJIOXKKH,
o0OecreunBaroOIIeil pPaBHOMEPHOE paCIpeeliCeHHe Ta30BOr0 TOTOKa 10 O0BEMY
(GUIBTPYIOMIETO CJIOS, WCIIONBH30BAIN TPAaHYJbl YIJIEPOJIHOTO MaTepualia ¢ pa3MepaMu
ot 3,010 5,0MM ¥ HachIIHOIM MWIOTHOCTHIO 0T 50010 1000r/mM>.

3 26 1
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Pucynok 18 —Cxema ycTaHOBKHM (UIBTPAILIMN adPO30JIs B 3EPHUCTOM CJIOE:
1 —3epuuCTHI GUIABTP; 2 —UUKIOH; 3 —T€HEPATOP a’po307s; 4 —103aTOpP YIIepoaa;

5 —punbTp TKAHEBHIH; 6 —mBIIECOC; 7,8 —poTamerp; 9,10 —BenTmib; 11 —PAJI-1,
12,13 —punbTpyrommii matpoH; 14,15 —peometp; 16,17 Bozayxoaysku; 18,19 —JIATP;
20 —maeBMOMeTpuYecKas Tpyoka; 21 —mukpomanometp; 22 —konba; 23 —OyHKep 103aTopa,
24,25 —vmanomerp; 26,27,28,29 -ApoccenbHast 3aCIOHKA
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B kadectBe (QMIBTPYIOIIETO 3EPHUCTOTO CJIOS KMCIOJIB30BAM JBa OIBITHBIX
oOpasia TpaHyJ YIJIEpOJHOTO Marepuaia Okpyrioi ¢gopmer: Ne 1 — ¢ pasMepamu
rpanyn ot 0,63mm 10 2,0 MM, HackHOM TI0THOCTRIO 300 /v u MTOPO3HOCTHIO CJIOS
0,45; No 2 — ¢ pasmepamu rpanyn ot 0,63 mo 1,6 MM, HACHITHOW TJIOTHOCTHIO
270r/nv° u nopo3HocThIo ciost 0,47.

KauecTBeHHass kapTHHA Tporiecca (PHIBTPOBAHUS a3p030Jisi U PEreHepaIiy CJIOS
Ipe/cTaBlieHa Ha pucyHke 19.

A A

(A
0

Pucynok 19 —®parMeHTbI OCaXKACHUH a3p030Jisi B ciioe (a) U pereHeparyu ciiost (0)

JIsisi yTOYHEHHSI OCHOBHBIX a’pOJMHAMHYCCKUX XapPaKTEPUCTHUK (UIbTpa ObLIH
YCTAHOBJICHBI ~ 3aBHCUMOCTH  CONPOTHUBJICHUS  PCIIETKH, TOJIOKKA C  adpo-
JMHAMUYECKOH pEIIeTKOH, a Takke (QWIBTPYIOIIEro CJos C TOJJIOKKOH Ha
a’pOIMHAMUYCCKOM PEIIeTKEe OT CKOPOCTH ra30Boro noroka (pucynok 20).
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CxopocTh (uIbTpaImu, M/c

Pucynok 20 —3aBHCHMOCTh a3pOAMHAMUYECKOTO COMPOTUBIICHHS 3JIEMEHTOB (PHILTPA OT
CKOpPOCTH T'a30BOI'0 IMOTOKA:
1 — npu ¢wibTpoBanuu, 2 — npu pereHepanyu (QUIBTPYIOMMNA CIOH — YIIIEPOIHBIN
matepuan h = 200mm, D = 0,63-1,0mMm, p, = 370F/,ZIM3, MOJIOKKA — YTJIEPOIHBINA MaTepuall
h = 50mm, D = 3,5-4,0mMm, p,, = 500F/I[M3); 3 —npu GUIbTpOBaHUH, 4 —IIPH pereHeparuu
(bunpTpyromuit cioit — yriepoansiii marepuan h = 200mm, D = 0,63-2,0mm, p, = 300
/e, TTOI0KKA — yraepoanbiit matepuaia h = 40mm, D = 3,5-5,0mMm, p,, = 870F/I[M3)
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[Tpu ¢unbTpamuu  a’po3ois co ckopocteio or 0,2 mo 0,8 m/c arperatsl
JUCTIEPCHOTO YTJIEPOJa, OCAXKAASICh B CIOE TPaHYJ M Ha €ro MOBEPXHOCTH, 00pa3yroT
nopucThii  GuibTpyromuii cioi. C 1eTpl0 BOCCTAHOBIEHUS HAYaJIbHOTO a’3po-
JUHAMUYECKOTO COMPOTUBIEHUS 3€PHUCTOrO CJOS TMOCie LUKIa (DUIBTPOBAHUS
MPOBOJIIIN PEreHepaIiio (PUIBTPYIOLIETO CI0S OUYMIIEHHBIM BO3IyXOM, MOCTYHAIOIINM
gepes ra3opacipeieIuTeIbHOe YCTPOHCTBO CHU3Y BBepX mpu ckopoctu 0,4-0,6Mm/c B
teuenue 15-25c. [lpu nceBnooxmkeHnn (GUIBTPYIOMIETO CIIO0s, OCAKIEHHBIE HA €T0
MOBEPXHOCTH W B CJIO€ arperatbl 4acTUI[ IAUCIIEPCHOTO YTIIEpoJa C TOTOKOM Tasa
HaNpPaBISINCh U3 QuibTpa 1 Ha ynaBnmuBaHUe B IIUKJIIOH.

BriepBbie ycTaHOBIEHO, YTO MPOHMKAIOMIASI CIMIOCOOHOCTH adPO30JIbHBIX YACTHUIL
3aBUCHT OT CBOMCTB OC@XIaeMOTO ITUCIEPCHOTO yriepona. JlJis TeXHUYECKOTo
yriaepofa C HU3KOW WM CpeaHEH JUCTIEePCHOCTBI0 U CTPYKTYPHOCTBIO XapaKTePHO
OCXKICHHE adp030Js ¢ 00pa30BaHMEM OCaJlKa Ha MOBEPXHOCTH (DUIIBTPYIOIIETO CIIOS.
[Tpr 3TOM MPOTEKAIOT MPOILECCHl COOCAXKIIEHUSI M 3aKYIOPHUBAaHUS TIOPOBBIX KAaHAJIOB,
YTO MPEAOTBpAIAeT MPOHUKHOBEHUE YACTHUI[ BIIIyOb CJIOS TPaHyl W HauOOJBIIMA
OPUPOCT  A3POAMHAMMYECKOTO  CONPOTUBIEHUS  HAOMIOZaeTcss B BEpPXHEM
ISATUMUJLTAMETPOBOM cJioe Tpanyl (pucyHok 21 a).

B HauanbHbIi MOMEHT mporecca ocaxaeHus oH cocrtaBisier 20% ot obumiero
IpUpPOCTa A3POAMHAMHUYECKOTO COMPOTUBIEHUS, a B KOHIIE 3KCIEPUMEHTA, IMepen
perenepanueii ciosi — okoyio 90%. 3To CBUAETENBCTBYET O TOM, YTO OCHOBHAsI YacCTh
a’p030JIbHBIX YaCTHUIl HE MPOHUKAET B 00bEM (DUIBTPYIOIICH CpPE/IbI.

Ha rpaduke n3mMeHeHHs] KOHIICHTPAIIMU a3PO30JIbHBIX YaCTHIl Ha BBIXOJAE U3 CIIOS
(pucynoxk 21 06) OCHOBHOW MPOCKOK HAOJIIOJAaeTCs B IIEPBBbIE MHUHYTHI Ipoliecca
OCKICHMsI, KOT/Ia Ha JIOOOBOH TTOBEPXHOCTH (PHIIBTPYIOIIETO MaTeprana eme He yCe
chopMupoBaThes clioi ocaxaéHHou neuH. [Tocne ero o6pa3oBanusi, KOHIIEHTPALUS HA
BBIXO/IC YMEHBIIAETCSI U OCTa€TCs MOCTOSHHON B TEUYEHHWE BPEMEHU JKCIIEPHMEHTa,
OTIPECIIIEMOTO a3POIUHAMUYECKIM COITPOTUBICHUEM CIIOA.
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KoHueHTpauus Ha Bbixoge U3 cros, r'm
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a Bpemst dpunbTpoBaHus, MyH Bpemsa dunbtpoBaHusa, MuH

Pucynok 21 —3aBHCHMOCTD: a) a9POUHAMUYCCKOTO COMPOTHUBIICHHS 110 BBICOTE CIIOS
(1 — 5mm, 2 — 70mmM, 3 — 100mMm); 6) KOHIIEHTPAIIMU YACTHII HA BBIXOJIE M3 CIIOSI OT BpEMEHH
OCaKJEHUS a’p030Jid TexHuueckoro yriepona I1 514
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JlJis  BBICOKOAMCIIEPCHOTO M BBICOKOCTPYKTYPHOTO TEXHHUYECKOTO YIJiepoja
XapaKTEPHO OCAXKICHUE C MOCTEIICHHBIM 3aKyIIOPUBAHUEM MTOPOBBIX KAHAJIOB, MPOIIECC
OCXKIICHUS TPOTEKAET HEMOCPEACTBEHHO B O0BEME Ci0s TpaHyd. A’pO30JbHBIC
YaCTHUIIHI TPOHUKAIOT B TIyOUHY CJIOS, TIOCTETICHHO OCAXKIAIOTCS HA CTCHKAX IMOPOBBIX
kaHajoB. Ha rpadmkax m3MeHeHus compoTuBiieHUs (PUCYHOK 22 a) 3apHKCHUpPOBAHO
MIPOHUKHOBEHUE JUCTIEPCHBIX YACTHI] B CJIOW YTJIEPOAHBIX Tpanyl Ha Tiyouny 170mwm,
a Ha [ MHHYTE TIpOIlecCa OCAXKICHUS a’po30jsi HAOMI0MaeTcs pPE3KH CKadoK
KOHIICHTpAIlMM YaCTUI[ Ha BbIXoAe u3 (QuiabTpyromiero cios (pucyHok 22 0),
CBUJCTEILCTBYIOMNI 00 WX MPOHUKHOBEHUM 4Yepe3 clioi TpaHynd. McciemoBaHusMu
nporiecca (UIBTPOBAaHUS  BBICOKOAMCIIEPCHOTO  a’3p0o30Jii B CJIO€  TOPHUCTHIX
YIJIEPOHBIX TPAHYJI B MOJCIBHBIX YCIOBUAX (Tabmuia 6) U yCIOBUSAX MPOU3BOJICTBA
pPa3IMYHBIX ~MapOK TEXHUYECKOro yIriepojaa MOATBEpKAeHA JPPEKTUBHOCTH
ynaBiauBaHus aucrepcHoro yriepoaa ot 99,0 mo 99,5%.KonuenTparus gucrepcHoro
yriaepoaa B a3po30Jie Ha BBIXOJIE U3 3€PHUCTOrO (UIBTpa MPH 3TOM He TpeBbimana 50
Mr/mM® (ONTHMATBHOM BENMYHHBI C TOYKM 3peHHs d((EKTHBHOrO 00E3BPEKMBAHHS
a3p030JIs B TOIKE JIOKHUTA PEAKIIMOHHBIX Ta30B).

1,8 s 05 ;

1,6 g :
c 14 - 5 0.4 o
x | g | |
g 12 T 03 | |
I 1,0 & | |
g 0,8 - 2 : :
E ! g:’ 012 ] : :
o 0,6 ® 1 1
g 04 301 I
S X g | |

0,2 ] ‘ % | |

0.0 ‘ g 0,0 : ‘ 1 1

y T T T T T <
o 2 4 6 8 10 12 tos 5 7 9 1
a Bpewmst punbTpoBaHus, MuH 6 Bpemsa punbTpoBaHus, MUH

PucyHok 22 —3aBUCHMOCTD: a) a3pOIUHAMUYECKOTO COMPOTURIICHHSI 110 BBICOTE CJIOS
(1 — 5mm, 2 — 70mmM, 3 — 130mmM, 4 — 170vM) 1 0) KOHIIEHTPAIIUN YACTHII HA BBIXOJIE U3 CIIOSI
OT BPEMEHHU OCAXIACHHUS a’p030Jisl TEXHUUECKoro yriepoaa [1 2679

Tabnumna 6 —Pe3ynbrathl rccneqoBanms mporecca PrIbTPOBAHUS a3PO30JIs

CxopocThb Bpews ABpOaMHAMUYECKOE KOHHGHTpaL:IBI/ISI HIY, Dhdex-
bunbTpa- conportusienue, klla /M
bunbT- TUBHOCTH
0705 [Tocine [Tepen
paru, Ha BXOJIC B | Ha BbIXOjae | (UIbTpaLuu
a’po30Js, perexe- perexe- 0
e c pat — bunetp | u3 puneTpa | aspozouns, %
0,2 180 0,4 1,0 6,2 0,050 99,20
0,3 200 0,7 1,1 3,0 0,006 99,80
0,4 273 1,1 1,9 4,6 0,009 99,80
0,5 197 1,5 2,1 5,1 0,001 99,98
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B ycrnoBusiX OMBITHO-TIPOMBIIICHHON YCTAHOBKH OTPaOOTaHbI OCHOBHBIE 3JIEMEHTBI
TEXHOJIOTHH  (QUIBTpPAIMU  ad3pO30JiI  BBICOKOAMCIIEPCHOTO  AJIEKTPOIPOBOIHOTO
yTAEPO/ia B CJI0€ MOPUCTHIX YIIIEPOTHBIX TPAHYIL.

Y cTaHOBIEHBI OCHOBHBIE TEXHOJIOTHYECKUE TTApaMETPhI MpoIlecca:

* KOHLIEHTPALHS AUCIIEPCHOTO YriIeposa mepe GpribTpoM — He 6omee 5,0T/m;
* ckopocTh (humbTpanuu a’po3oist — 0,2-0,4m/c;

* CKOPOCTh pereHepanuu 3ambuiéanoro cios — 0,5-0,6m/c;

* BpeMs puibTparuu adpo3osi —He 6osee 300c;

* BpeMs pereHepaiuu 3anbui€HHoro ciost — 20-25¢;

* a3poJIMHaMHU4ecKkoe conpotuBiaeHue Gunptpa — 1,5-3,0I1a.

B nsiToii ri1aBe MpUBEACHBI PE3yNbTaThl pa3pabOTKU, CO3/IaHUs U MCCIEIOBaHUN
npolecca U YCTAHOBKH YJaBIMBAHUS YIICBOIOPOJOB M3 MapOBO3IYIIHOW CMECH TPH
CIMBE M TIOATOTOBKE KOKCOXMMHYECKOTO CBHIPbS B TIPOM3BOACTBE TEXHUYECKOTO
yriaepoaa.

[Toka3aHo, YTO WMCHOJB30BAaHUE YTIEBOJAOPOIHOTO CHIPhS KOKCOXUMHUYE-CKOTO
TIPOUCXOXKICHUS JIJISl TIOJIYICHHS a3PO30JIeH TUCTIEPCHOTO yTiiepo/ia COMPOBOXKIAECTCS B
HACTOSIIIEe BpEeMs 3HAYUTEIBHBIMH BBHIOpOCAMHU BPEIHBIX BemecTB B atmochepy. C
LENbI0 CHIDKEHUS! BRIOPOCOB B HACTOSAMLIEH paboTe MPEIOKEH CIOCO0 YIaBIMBAHUS
YTIEBOJOPOIOB M3 MApPOBO3AYITHON CMECH C MCHOJIb30oBaHHEM m300perenus mo Ilar.
Ne 2344870P®, Bxirovaronuii OXJIaXKICHUE MapOTa30BOM CMECH B TETUIOOOMEHHHKE-
KPUCTAIIN3aTOPE M COPOLMU YTIEBOJOPONOB B CJIO€ TMOPUCTOTO CHUHTETHYECKOTO
yriaepoaHoro Marepuaia «IexHocopO-1» (rabnuia 7) ¢ mepuoandecKoi pereHepamueit
MOBEPXHOCTH TPYO TEMI00OMEHHUKA-KpUCTAIIN3aTOpa M YTJIEPOJHOTO COpOCHTa
BOJISTHBIM TIapOM.

YcTaHOBIIEHO, YTO paBHOBECHAsI CTaTUYECKasi aKTUBHOCTH copOeHTa «TexHocopo-
1» mo mapam aHTpaleHOBOW (Ppakiuyu KaMEHHOYTOJBHON CMOJIIbI, €r0 COpPOIMOHHAS
émkocth Onm3ka k 0,37 r/r. Pesynbrarhl McclieoBaHMI INPHBEACHBI B Tabmuie 8.
JlecopOrmio yriaeBomopoaoB mpoBoawinu mapom mpu Ttemmeparype 120-130C u
nasiennu 0,2-0,3MIa.

PesynbraTtel umcciaemoBaHmii mporecca gecopOruu  copbeHta TexHocop6-1
npuBeeHb! B Tabauiax 9u 10.

CocraB ocanka HapTaIMHA OMPENEISIIN Ta30XpOMaTorpapuuIecKuM METOIOM Ha
xpomato-macc-criekrpomerpe Agilent Technologies 6890/5973N  kamuuisipHO#A
koonkoii HPS5mMSs. /{ns ananm3a ocamok pactBopwid B OcH3ose (pucyHok 23).
D¢ (DEeKTUBHOCTh pereHepanuy ajcopOeHTa ONpelessyii Mo U3MEHEHUIO ero o0bhéma
nop. OOpa3iel afcopOeHTa, B3AThIE MO W TIOCIE pEreHepariy, aHATU3UPOBAIH B
coorBercTBuu ¢ ['OCT 17219-71 ¥eton onpeneneHuss CyMMapHOTo 00bEMa TOp MO
BOJ/Ie». Pe3ynbTarhl uccieqoBaHuii poIecca yaaBIuBaHUs yIIeBOIOPOIOB B OTMBITHON
yCTaHOBKE TpeCcTaBieHbl B Ta0auiax 11-12.

YCcTaHOBIIEHO, YTO NBYXCTAQIUIHBIA IMPOIIECC YJIABIUBAHUS YIIEBOJOPOIOB M3
Mapora3oBhIX CMeCed KOKCOXMMHYECKOTO CHIPhSl TMPU €ro CIMBE B TMOA3EMHBII
pe3epByap (KpucTayuiu3anus HaQTAIHHOBBIX YIJICBOJOPOAOB B KOHJCHCATOPE W
copOmusl JIeTydnx B CJIO€ yriepoiaHoro marepuaia «TexHocop0-1») obOecreumBaet
CHIKEHUE BBHIOPOCOB YTJIEBOJOPOIOB B aTMOc(hepy, B TOM YHUCIIe HanbOOJee BPEIHbBIX:
stmbensona —Ha 80-95%,benona —ra 95-99% nadranuna —Ha 85-95%.

31



Tabnuma 7 —Xapakrepuctuku copoenta «Texnocopo-1»

HaumenoBanue mokasaresnein 3HaueHue
Y nenpHas noBepxHocTh o bOT, M2IT 367+11
061t 06BEM TI0p 110 a30TY, CM /T 0,6322
O06BEM Me30mop 1o a30Ty, emIr 0,5549
O6BEM MUKPOIIOP II0 a30TY, CM /T 0,0246
I'panynomerpudeckuii cocras (ot 1,2510 2,00mm), % 85, 3

Tabnumna 8 —Pe3ynbratel copbumu yriaeBogopo1oB copoeHToM «Texnocopo-1»

Macca Macca [Ipu- Oddek- Temme- Konnenrpanus, r/m°
HCIIAPEHHOTO ocajka, BEC TUBHOCTb, aTtypa,

CLIII))LH, r r CJIOS, T % b Oép Bxon Brrxon
26,5 22,7 3,8 99,9 210 4,15 0,002
35,2 30,4 2,6 92,7 210 4,88 0,31
12,7 10,9 1,2 93,0 110 3,03 0,15
10,9 9,55 1,0 96,7 110 3,36 0,108

Tabmuma 9 —Pe3ynbTaThl HCCIeI0BaHUH TIpoliecca 1ecopOIuu copOeHTa

Bpewms [TapameTpsl napa KonunuectBo Dddex-
necopouuu, | JlaBienue, Temme- Pacxon, necopOUpOBaHHBIX TKTUBHOCTh
MUHYT MlIla parypa, °C Kr/a YTIIEBOAOPOJIOB, T necoporu,
%
36 0,1 114 8,14 24,75 91,6
14 80
Ha(TaTNH
" (dheHaHTpeH 20
<10 HadramH ¢bnyapen 60
- XX
S MMAPEH .
= g P 250 A
2 =
S 5 240
7 aHTpaleH s
= 330
C 4 o
=
| 20
0l 10 1 MeTUIHAQTAIUH
© 2 SO PR PP PSP o P SIS RS 0
6 ° 27 28 47 48 61 63 79 93 96
a BpeMs yae pxuBaHUs, MUH Bpems yaepxuBaHusi, MUH

Pucynok 23 —XpomaTtorpamwmst:
a — OCH30JBHBIN PACTBOP KOKCOXHMMHYECKOTO CBHIPhS; 0 — OEH30JBbHBIN PacTBOp OcCajaKa C
HOBEPXHOCTH KPUCTAIUIU3ATOPA.

YcTaHOBNIEHO, YTO yJal€HHE KPUCTAUTMYECKUX YTIIEBOJOPOAOB CO 3MEEBUKA
KOH/IeHcaTopa depe3 4-8 4acoB U pereHeparysi ciosi yriaepoaHoro copoeHTa BOASHBIM
napoMm uyepe3 48 yacoB oOecneynBarOT BoccTaHOBJIEHHE A(PGEeKTUBHONW pabOTHI

YCTAaHOBKHM.
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Ta6muma 10 —Pe3ynbTaThl HCClieIOBaHUM YTIIepoaHOTO copOeHTa «TexHocopO-1» B onbITHOM
YCTAaHOBKE yJIaBIMBAHUS YTIECBOIOPOIOB

HachbIIHas [I0THOCTh copOeHTa, r/cM® BnaxHocth copOeHTa Bpemst paboTsl
nepeJ pereHepanmei nocie II0CJIE PEreHEPALMH U YCTaHOBKH 0€3
pereHepanmu cyuiku, % perenepanuu, 4
0,680 - - 19
0,720 0,620 1,0 49
0,695 0,599 1,2 101

Ta6muma 11 —Pe3ynbTaThl HCClIeIOBaHMM MpOIecca YIaBIUBaHUS YTIIEBOAOPOIOB

Konrnentpanust BemecTsa B mapoBo3ayiiHon | Temme- Dddex-

BemectBo cMecH, Mr/m parypa TUBHOCTh

poObI [Tepen [Tocne [Tocne CBIPbS, yJaBJIu-
YCTAaHOBKOM | KOHJIEHCAaTOpa | YCTaHOBKH °C BaHus , %

Uepes 24 yaca mociie pereHepaiuu copOeHTa
Anxansl Cg-Cqg 495 47.8 20,0 98 59,7
benzon 120,0 53,5 16,0 98 86,7
DTUN0EH30II 711,2 516,3 154,6 98 78,3
Tomyon 97,0 39,8 37,9 98 60,9
Mesuruien 56,2 18,7 14,0 98 75,0
Terpanun 1349,6 1000,6 25,8 98 98,1
Hadramun 2959,6 2021,5 116,3 98 96,1
denon 102,8 21,8 2,1 98 97,9
Uepes 72yaca nocje pereHepanuu

Anxkanbl Cg-Cqg 8,8 45 1,8 95 - 97 79,2
benzon 646,9 541,2 351,5 95 - 9y 45,7
OTHII0EH30I1 184.6 155,3 22,3 95 - 97 87,9
Tonyon 902,5 759,2 511,2 95 - 97 43,4
MesurnieH 678,0 613,4 0,0 95 - 97 100,0
Terpanun 379,4 298,2 71,4 95 - 97 81,2
Hadranun 2233,5 2009,5 246,1 95 - 9 89,0
denon 110,6 73,3 4,5 95 - 97 96,0

Tabnuna 12 —Pe3ynbpTaThl Hccae10BaHU MTpoliecca pereHepanuy yCTaHOBKU

CxopocTb oToKa
BOJISTHOTO T1apa, M/c

Bpewms perenepanuu, 4.

O¢ddexTuBHOCTHL
pereneparu, %

B 3MEEBUKAX nepe; 3MEEBUKOB KacCeTHI C 3MEEBHUKOB KacCEeTHI C
KOHJICHCATOpa | KacCeTol | KOHJIEHcaTopa | cOpOSHTOM | KOHJEHcaropa | cOpOCHTOM
25,1 0,110 0,25 1,5 100 85,6
25,0 0,109 0,25 1,5 100 87,7

B miecToii riaBe gaHO OMNMUCAHWE peaM3alldd PE3yIbTAaTOB HCCIEIOBAHUM IO
TeMe JUCCEPTAllM B MPOMBIIUICHHOM MPOW3BOACTBE TEXHUUYECKOTO YTIEPOa,
MO3BOJIMBIIUX CO371aTh Ha psue npennpustaii (B Omcke, Bonrorpane, HikHekamcke,
SpocnaBie) ACHCTBYIOIIME TEXHOJOIMUYECKHE YCTAHOBKH BTOPOIO U TPETHETO
nokojieHuid. PazpaboTaHbl M OCBOEHBI Ha 3aBOjJaX pyKaBHbIE (DHIBTPHI JUISI OYMCTKU
I6IMOBBIX Ta3oB ®P-518 u ®PO-650, a taxxe ®P-250 nns ouncTkyd Bo3ayxa Mpu
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aCTIMpAIlUU TEXHOJIOTUYECKOTO 000PYyI0BaHMS. XapaKTEPUCTUKH CO3JaHHBIX PYKAaBHBIX
¢bunpTpoB mpeactaBieHbl B Tabnmie 13. Peanm3oBaHa TEXHOJOTHS W3TOTOBJICHHUS
bunbTpoBanbHBIX pykaBoB mo TY 38 11534-87 u3 BOPCUCTBIX CTEKJIOTKaHEH
obOneryéuHou cTpykTypsl o TY 6-19-382-87.

B pykaBHBIX (UIBTpaX TEXHOJOTHMYECKHUX YCTAHOBOK TIO TIPOU3BOJICTBY
TEXHUUYECKOTo yriepoaa B Poccuu omHOBpeMeHHO wucroibzyercss Ooiee 170 Thic.
YKa3aHHBIX PYKaBOB M3 CTEKJIOTKaHEH, CPOK CIY>KObI KOTOPBIX cOCTaBiisaeT ot 12 o 24
MECSIICB.

Tabnuma 13 —TexHuveckast XapaKTepUCTHUKA pa3pabOTaHHBIX U
OCBOEHHBIX PYKaBHBIX (PHIBTPOB

Tun punsTpa

é\/rn Hﬁg‘gjjjf; o Pifd ®P- | ®PO-| ®P- | ®P- | ®PL- | @P-

| 250 | 650 | 3730 | 5000 | 6500 | 10000

1 | HpomssomurenbHocTs |\ 3 | 4500| 9700 56000 75000 97500 1500

bunbTpa
TemmnepaTypa raza Ha N 70- | 160- | 260- | 260- 250- i
? | wxomes pumsp © | 110 ] 200 | 280 | 280 | 270 | 260-280
Konnentpanus 3
2 yTIeposa; ’mM® | 520 10 | 5-10| 5-10 5-10| 10 100

- Ha BXoJie B puipTp

3
- iocte GuILTpa Mr/m 40 40 100 100| 100 100

4 | AdpommHammueckoe | .| o0 | 20| 20| 15| 16 15
COITPOTHUBJIEHNE

Komn4ectBo pykaBos: 72 90 384 504 212 720
5 - B CEKIIUHU IIT.

- B uIBTpE 288 | 540 3072 4032 2102 5760

Pasmeps! pykaBoB 135 | 130 130 130 130 130
6 |- ouamerp MM 3700

- JUIMHA 2300| 3090 3090 309( 8000 4700

Co31aHa ¥ WCTIBITaHA B TIPOM3BOJICTBE KAaHAJILHOTO TEXHUYECKOTo yriepoaa K 354
OTBITHO-TIPOMBINIUICHHAs. ~ ycTaHOBKa  3epHuctoro  ¢umbtpa D3[OP-85/16%3,
o0ecrieunBaromias BBICOKYIO J(PQPEKTUBHOCTh OYHCTKH JBIMOBBIX Ta30B (CpemHsis
BeimanHa 93 %) npu ckopoctu pmibtparuu 0,35-0,40M/c, ckopocTH pereHeparyu
¢mieTpytomero crnos 0,55-0,70m/c, conmporuBienun ¢uibtpa 2,9-3,2klla, Bpemenn
¢unbrparun 12 mun 48 ¢ u BpeMeHu pereHepauuu (uibTpyromero cios 48 ¢
(pucynox 24).

PesynbraThl uMcclieoOBaHUII  mpolecca  yJaBIMBAaHUS — YIJIEBOAOPOAOB U3
NapOBO3IYIIHOW CMECH JIeTIM B OCHOBY MCXOOHBIX JAHHBIX U CO3JaHUA
IPOMBINUICHHOHN YCTaHOBKH YJIaBIMBAHUS YTIEBOAOPOAOB (pUCyHOK 25).

VYCcTaHOBIEHO, YTO TMPOLECC YIABIMBAHUS YIJIEBOJOPOJIOB U3 IapOra3oBbIX
cMecell KOKCOXMMMYECKOTO CBIphsl TPH €ro CIMBE B TIOA3EMHBII pe3epByap
(kpucTamumzanus HaTATMHOBBIX YIIIEBOAOPOAOB B KOHACHCATOPE H COPOIIHS JIETYIHX
B CJIOE YIJIEpOAHOTO Marepuana «TexHocopO-1») obecrieunBaeT CHUKEHUE BBIOPOCOB

yIJIEBOJIOPOAOB B aTMOC(epy, B TOM yucie HauOoiee BpeaHbIX: 3THiI0eH30ma — Ha 80-
90%, benona —ua 95-97% nadrasmua —Ha 85-95%.
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Pucynok 24 —OnbITHO-IPOMBINIUICHHAS

yCTaHOBKA 3€pHUCTOr0 (puibTpa

®3T'0OP-85/16x3

Pucynok 25 —OnbITHO-TIpOMBIIIITICHHAS
YCTaHOBKA yJaBJIMBAHUS M1apOB
KOKCOXMMHYECKOTO CHIPhsI Ha
000 «OMcKTexXyriepo»

[lokazaHo, 4TO MEPUOIUYECKOE yAANCHUE KPUCTAJUIMYECKUX YTIIEBOAOPOIOB CO
3MeeBUKa Kpuctaiums3aropa (depe3 4-8 uwacoB) W pereHepainusi Cios YIIepOIHOTO
copbenra (uepe3 48 wyacoB) BomsHeIM mapoMm ¢ Temmeparypoi 120-130C ¢
HOCIEIyIoIIel CymKkoi copberta nomorpeTbim 10 7FC BO3MyXOM B TEXHOJIOTHUECKHX
O5oKkax 00ecrneynBaoT BOCCTaHOBICHHE 3((HEKTUBHON PabOThl YCTaHOBKHU.

Tabnuna 14 —Pe3ynpTaThl MPOMBIIIIICHHBIX UCIIBITAHUN YCTAHOBKHU YJIaBIUBaHUS
yraeBoaopo1oB Ha OO0 «OMceKTexyriepoa»

10

95

Pacxon
BO3/TyXa Exn. Ce-C10 | benson | Tomyon omur- | Mesu- | Terpa- | Hag- denon
B U3M. OcH30/1 | THIEH JIUH TaauH
510 mr/m® | 1,020 4,710 9,900 8,350 6,570 36,01 126,6 0,
rlc 0,0001 0,0006 0,001 0,0011 8510 0,0047| 0,017 1xID
I11B rlc 4,487 2,003 2,14 0,134 0,304 0,112 0,040 0,

[Ipemmaraemass CTpyKTypHass CXeMa YCTAaHOBKM YETBEPTOTO TIOKOJCHUS B
IIPOM3BOJICTBE TEXHUYECKOTO YIiepojaa MpeAcTaBlieHa Ha pHUCyHKe 26. A3po3oJib
JTUCTIEPCHOTO yTJepoaa M3 PEaKTOPHOTO OTACNECHHUS IMOCTYIMAeT Ha BXOJ B ITMKJIOH-
koHieHTparop (V). YJIOBICHHBIN B IUKIOHE-KOHIIEHTPATOPE IUCIEPCHBINA yriiepoJ B
TIOTOKE BBICOKOKOHIIEHTPUPOBAHHOTO a’3pO30Jisi M3 €ro OyHKepa TPaHCIOPTHPYETCsS B
OTJENICHNE TPaHYISAIHUUA. A3PO30JIb MOCIE MUKIOHA-KOHIIEHTPATOpa HAIMpaBISIETCS B
sepuucThii  puapTp D3I'O/-85/16%3 (VI). OuunineHHsle ra3pl mocjie (GUIbTpa
MEIPHUYHBIM BEHTUJISTOPOM TMOAAIOTCS HAa YTWIM3AIHWIO B TOMNKH KOTEIHHOU
yCTaHOBKHU. PereHepanusi (QUIbTPYIOIIEro CIOS TPAHYJIMPOBAHHOTO TEXHHYECKOTO
yriiepoja OCYIIECTBISIETCS OYHICHHBIME ra3aMu. Ad’po30Jib JAUCIEPCHOTO YIIepojaa
NPy pereHepanuu (QUIbTPYIOIIEro CIIOsl Hampasisiercs B NUKIOoH-KoHIEeHTpatop (V).
B IMKIOH-KOHIIEHTpATOp MOAAIOTCS Takke rasbl u3 ymiotaureas HIY (VII).
BrnaxHple IBIMOBBIE Ta3bl TpOIECCa CYIIKM TpaHyJ HANpPaBISIOTCS B 3E€PHHUCTHIN
¢mteTp D3-24/8%3 (1X) ¢ perenepanueii GUIBTPYIOMIETO CIOS CyXUMH JIBIMOBBIMU
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razamu ¢ temmeparypoii 230-250C. YrueBoopoasl U3 HapOBO3AYIIHOW CMECH IIPH
CJIMBE M MOATOTOBKE ChIPhS YIIABIMBAKOTCS KpUCTaIM3aTopaMu (X) U cOpOLIMOHHBIMU

¢wieTpamu (XI). TIpoayKThl pereHepaluu cjiosi COpOCHTa HANPABIISIOTCS B pe3epByap
C CBIPEM WJIM B 30HY 3aKAJIKH PEAKTOpa.

6
6v v,
5 7
\Y, |—>
Vi
6
VI
ts : -
I
I 5
X 3 T7
s || 2 ka; . |
X [+ — I >

HECA P o S R v >

Pucynok 26 —CtpykTypHas cxema npousBojactsa HIY
(TPOEKT yCTaHOBKH YETBEPTOTO MOKOJICHUS):

| — mpuémounslit pezepByap coipbs; |l — 3 peakropa (mo 2000«kr/4); Il — 3 mogorpesarens
Bo3ayxa; |V — razooxmamurens, V — nwmkion-koHuenrpatop; VI — 3epHucteiii GuiabTp
O3I0/1- 85/16x%3; VIl —ymiortaurens HAY; VII — 6mox rpanymsuuu; IX — 3epHUCTBIN
GueTp ©3-24/8%3;X —kpucrammszarop; Xl — copOIMOHHBIH QUITBTP.
1 —yraeBoOpoIHOE ChIPhE; 2 —MPUPOIHBIH Ta3; 3 —TexHoJorn4eckuii Bo3ayx (20-25C);
4 —rexnonoruyeckuii Bozayx (mogorpersiii 10 600-900C); 5 —Boxa; 6 —asposons HAY;
[ — ouunIeHHbIN ra3; 8 —mapoBo3ayiIHas cMech, 9 — ounnieHHbIH Bo3ayX; 10 —mpoaykTsl
pereHepanuy Kpuctamin3aTopa u copounontoro ¢unbrpa; 11 —rpanynsr H{Y

Ta6muna 15 —IToka3zarenu paboThl YCTAHOBKH YETBEPTOTO MOKOJICHHUS (IIPOEKT)

VYnenbnast | AspoauHa-
Tewmme- Cpok
lomoBas CocTaB OCHOBHOTO METaJLIo- MUYECKOe
. parypa CITy)O0BbI (PrTh-
MOIITHOCTB, TEXHOJIOTUIECKOTO €MKOCTB, COIpo-
3 nporiecca, TPYIOILETO
TBICSY T/T 00opyI0BaHUs Kr/m TUBJICHHE, o
C Marepuana, 4
a’p0o30J1s ITa
Huicaon- CTaII;I(fBJ'IeH
KOHIIEHTPATOP. 2,5-3,5 270-280 M
3epHUCTHIA QUITBTP 3auena
18-20 ®3rO/I- 85/16%3 10 (b“e“r‘flggg;
3epHUCTHINA QUITBTP 1,5-2,0 200-220 AL;IexaHmH-
- X
®3-24/8%3 poBana
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OcHOBHBIE BLIBO/bI

1. Ipouecc koarymasiMu IUCIEPCHOTO YIIEpoJa Ha BCEX TEXHOJIOTUYECKUX
CTausIX. TEIIOBOW (OpOYHOBCKOMW) KOAryJslUU a’3po30Jisl AUCIEPCHOrO YIiepojaa B
PEaKIMOHHOM KaHaJle U 30HE 3aKaJIKH PeaKkTopa, TPaIueHTHON KOaryJsIui a’dpo30Jisi B
BO3JyXOIMOAOrpeBareiae, KHHEMATUYECKOM U TypOYJeHTHOM  KOaryisluu B
ra3ooxXJaguTeNie, IMKIOHE M KOAryisTope, IMpeAcTaBiIseT Cco0OW COBOKYITHOCTB
B3aMMOCBSI3aHHBIX SIBJICHUH, BBI3BIBAIONINX POCT MEIWAH a’pPO30JbHBIX YACTHUI[ OT
20-90uM no 7-10MkMm u Gonee, 9TO cO31aET yCnoBUs i 3PPEKTUBHOTO OCAKICHUS
JUACHEPCHOrO  yTIIEpOJa M3  a’pO30JIbHOTO MOTOKA. YCTAHOBJIEHA JIMHEWHAs
3aBUCHUMOCTh MEXIY KOHCTAaHTOM KOAaryJsIUd ad’po30Jis U CTPYKTYPHOCTBHIO
JTUCTIEPCHOTO yTiiepoja mo adcopOrmu nudyTuiadTanata. Yem BhIlIe CTPYKTYPHOCTH
JTUCTIEPCHOTO YIIIEpoa, TEM BbIIlIe KOHCTAHTa KOATYJISILIUK a3pO30JIsl.

2. D¢pGheKTUBHOCTh OCAXKIEHUS a’p030Jsl AUCIEPCHOTO YIJIepoja B I[UKJIOHE-
KOHIIEHTpATOpe, KOrJa OTHOIIEHUE PAcXOJOB a’p030js BO BHYTPEHHEW W BHEIIHEH
cnupanu mpormecca O < 1, sKCIOHEHIMATBHO PACTET TPH CHWKEHHH O 3a CYET
CHIDKCHHS BJIMSHHUS CTOKAa W3 BHEIIHEH CHOUpalud a’po30JbHOTO0 IIOTOKAa BO
BHYTPEHHIOIO. YCTAaHOBJEHO, 4YTO TMpH ONTHUMalbHOM 3HaueHuun o = 0,85
3 (HEKTUBHOCTh OCAKIACHHS a’p030Jis CPEIHECTPYKTYPHOTO AUCIEPCHOTO YIJIepoa B
IIUKJIOHE — KOHIIeHTpaTope cocTaBisieT 90-92%.

3. [Ipouecc punpTpoBaHus a’3p030J€il B MOPUCTOM CIIO€ AMCIIEPCHOTO yriepoja
Ha TIOBEPXHOCTH BOPCUCTHIX CTEKJIOTKAHEH 00JIErY€HHON CTPYKTYPBI, MPEACTaBICHHBIH
KaK COUYeTaHHE TOBTOPSIIOMIMXCS IMKIOB O00pa3oBaHUsS H POCTa TOPUCTOTO
(GUIBTPYIOIIETO CJIOS arperaToB JHMCIEPCHOTO YIJIepoJia Ha BOPCUCTOW BHYTPEHHEH
TIOBEPXHOCTH CTEKJIIOTKAHEBOTO pykaBa mpu ckopoctu unbrparmu 0.25-0,3m/mMuH 1
perenepammu  crekiotkanu 3a 20 ¢ mpu ckopoctm 0,3 M/MHH TO 3aJaHHOM
UKJIOTpaMMe, obecrieunBaeT 3PGEKTUBHYIO OYUCTKY Ta30B 10 KOHIICGHTPAIM HUXKE
100mr/v®,

4. 3aKOHOMEpPHOCTH (UIBTPOBAHMS a3PO30JIEH NUCIEPCHOTO YIiepoja B CIOe
YIJIIEPOAHBIX TPAaHYN MOATBEPKAAIOT CYIIECTBYIOIIME MPEICTABICHHUS O MEXaHH3Max
nporecca Kak «C OTJIOKEHHUEM OCaJKa Ha TIOBEPXHOCTH CJIOs», TaK M «C TIOCTEIIEHHBIM
3aKynopuBaHueMm 1mop». llokazaHo, 4TO pa3nuuue B MpoLEeccaX NPOHUKHOBEHUS
a’pO30JIbHBIX arperaroB B CIIOH YITIEPOJHBIX TpaHysd MPU OCAXKACHUU a’pO30Jied
JIUCTIEPCHOTO YTJIepoJia CBA3aHO C MX pa3MEepOM W KaXylIeWcs TUIOTHOCThI0. Uem
HIDKE 3HAUCHUS KaXYIIEHCS TUIOTHOCTH adpO30JbHBIX arperaroB TEXHUYECKOTO
yriaepoja, TEM BbIIIE UX MPOHUKAIOIIAs CIIOCOOHOCTh B 00BEM CII0S TpaHyl. A3po30iu
TEXHUYECKOTO yTiepoda C KPYMHBIMU arperaTaMd BBICOKON KaXKyIIEHCs MIIOTHOCTH
NIPU OCKIEHUHM OOpaszyloT Ha MOBEPXHOCTH TPAHYJ TUIOTHBIA CIOW M3 OCaKAEHHBIX
arJoMepaToB JUCHEPCHOTO YIJeponaa, KOTOPBIM SBIAETCA BbICOKOA(D()EKTUBHON
bunbTpyromen cpenoi.

5. OnTtumanbHble XapaKTEPUCTHKH adpPOJUHAMHYECKON INEJICBOM PEImETKUA C
MOJIIOKKONH M (DUIBTPYIOMIETO CJOSI YIIACPOAHBIX TPaHYN C TPaHyJIOMETPHUECKUM
cocraBoM 0,7-1,0MM, HaCBIIHOM MJIOTHOCTHIO 350-400kr/M> 1 BBICOTO 170-200mM, a
TaKXKe MapaMeTphl mporecca QUIBTPOBAHUS adPO30Jisi M pereHepanuu ciosi (CKopocTh
bunprpamuun  0,2-0,4 m/c; Bpemst ¢umibrpanuu 3-15 MUH, CKOpPOCTh pereHeparuu
0,5-0,7 m/c; Bpems pereHepaimu 20 ¢ obOecrneunBaloT 3(PpPEKTUBHOCTH Mpolecca
ocaxknenus a’po3oist oT 99,0 mo 99,9%wu ocTaTOUHYIO0 KOHIICHTPAIUIO TUCIIEPCHOTO
yriiepoja B OUMIIEHHBIX razax He 6osee 50 M/,
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6. [Ilpomecc ynaBnuBaHMs  YIJIEBOAOPOJIOB JUIsl TOJYYEHHsS]  a’po30Jeit
JMCIIEPCHOTO  yIylepoja C OXJIaXJAECHHEM IapoBo3ayimmHoi cmecu jgo 40-60C,
KPUCTAIUIM3AMENl Ha OXJIaXK1aeMOll MOBEPXHOCTH HA MEPBOM CTAaguM M aacopOIueit
YTIEBOJAOPOJIOB CHUHTETUYECKUM YTIEPOIHBIM copOeHToM «TexnocopO-1» Ha BTOpOIt
CTaJIUM Tpoliecca, ¢ MEPUOANYECKON perenepanueii kpucramumsaropa (depes 8 4acos)
u copOenta (uepe3 48 yacos) BoasHBEIM mapom ¢ temueparypoii 120-130C u cymkoii
copbenTta Bo3ayxoMm ¢ temmeparypoii He menee 70PC, obecrneunBaeT 3pHEKTUBHOCTD
yJIaBIUBaHUs YTIIEBOJOPOIOB U3 apoBo3AylIHON cmecu Ha 90-95%m Goree.

7. PazpaboTaHHble U peaM30BaHHbIC B MPOU3BOICTBE TEXHUYECKOIO YIJepojaa
PEKOMEHIAITUH TI03BOJIHIIH:

—co37aTh YCTAHOBKH BTOPOTO TIOKOJIGHHUS Il (DUIBTPOBAHUS adPO30JiA C
NPEeABAPUTENILHBIM OCAKJEHUEM B ILMKJIOHE — KOHIEHTPATOPE C MCIOJIb30BaHUEM
nzooperenuit mo A.c. No 580914, 674768, 1139478, taxxke I[lat.1173593PD co
CHIKEHUEM a’poJuHaMUYecKoro compotuBieHuss B 1,5-2,0 pasza, ynenbHO#
metaimoémkoctu B 1,5-2,0pa3za u yBennuenuem npousBoautensHocty B 1,5-2,0pa3za B
CpaBHEHHMU ¢ 0a30BOM YCTaHOBKOM;

—OCBOUTh  TEXHOJOTMYECKHE TPOLECChl  MPOMBIIUIEHHOIO  M3rOTOBJICHUS
(UIBTPOBATLHBIX PYKABOB JIJISI BCEX TUIIOB MCITOJIB3YEMbBIX HA 3aBOJIaX TEXHHUYECKOTO
yraepojia pyKaBHbIX (PUIBTPOB U OTKA3aThCS OT 3aKYNMOK (DUILTPOBAIBHBIX PYKABOB 3a
pyoexxom. MzrotoBnenue pykaBoB ocBoeHO Ha OOO «Owmckrexyriaepoa» u 3A0
«Texnomornueckue GUIBTPH», T. HWKHEKaAMCK, YTO TMO3BOJMJIO OOECIEYUTH
(GUIBTPOBATILHEIMU pyKaBaMU BCE JCHCTBYIONIUE TEXHOJIOTUYECKUE YCTAHOBKU IIO
MPOU3BOJCTBY TEXHHUECKOro yriiepona B Poccuu momrHocThio 60nee 600 Thic. TOHH
TEXHUYECKOTO YIiiepoja B roj.

— OpPTraHM30BaTh MPOMBIIIICHHOE MPOU3BOACTBO TEPMOCTOMKON (UIBTpYIOIIEH
CTEKJIOTKaHU OOJEry€HHON CTPYKTYphI capxa 3X1 u3 BOJIOKHA TUAMETPOM S-7 MKM C
TEPMOXUMHUUYECKOW 00pabOTKON CHIMKOHOTPaPUTOPTOPOIIIACTOBON KOMMO3UIUEH
(CI'®) wmu (COBM), B cocTaB KOTOPOW BXOJIUT BMECTO JC(PHIIMTHOTO KOJUIOMITHOTO
rpaduta cynbdar OUCITHIICHIUAMUHMEIN ¢ UCTIOJIb30BaHUEM M300peTeHmi o A.c. Ne
1391684, 7183904T0 mMO3BOJMIO CO37aTh YCJIOBHS IS HapallMBaHUS MOIIHOCTH
JEUCTBYIOLIMX YCTAHOBOK BTOPOTO M TPETHErOo IOKOJIEHUS, @ COBEPIICHCTBOBAHUE
y3JI0B KpEIJICHUS W HATSHKEHUS PYKaBOB, PAIMOHAIBHOTO IOABOMA adp030Jia K
pykaBaM TIpH ONTHMAJLHOM HWCIOJB30BaHUM 00bEMa (PuiIbTpa, ONTUMU3AIUN
poleccoB (UIBTPOBAHUS TO3BOJIMIIMA YBEIUYUTh CPOK CIY>KObl pykaBoB OT 4-5
MecsieB 10 12-18wmecsiieB u Ooee.

— OCBOHUTHh CEpPUI0 PYKaBHBIX (UIBTPOB C VYIYUIICHHBIMA 10 CPABHEHHUIO C
0a30BOI yCTAaHOBKOW TEXHWYECKUMH XaPaKTEPUCTUKAMU C MPOU3BOAUTEIBHOCTHIO OT
4500 m°/4 no 150000 M4 ¢ UCIIONB30BaAHUEM n3o0perenuit mo A.c. Ne 674768,
812317,a Ttaxxke Ilar. Ne 1173593P® u 1285666 PD, B ycraHOBKax BTOPOTO U
TPETHETO TIOKOJICHUS Ha TPEINPUSATUAX 1O MPOU3BOJICTBY TEXHHYECKOTO YTIEeposa U
0o0ecreynBarOMX MEXPEMOHTHBIM MpoOer ycTaHOBOK 10 12 mecsueB u Oosiee u
yJIaBJIMBaHUE 1EJIEBBIX MPOIYKTOB ¢ 3P dexkTuBHOCTHIO OT 99,0% 10 99,9%.

—yBemmuuTh B 1,5-2,0pa3a mpou3BOAUTENBHOCTh TEXHOJIOTHUYECKUX YCTaHOBOK
TPETHETO TTOKOJICHHSI B CPABHEHUH C YCTAHOBKAMH BTOPOTO TTOKOJICHUS;

—cHu3uTh Ha 90-95% BBIOPOCH! YII€BOJOPOIOB MPU CIMBE KOKCOXUMHYECKOTO
CBIPbS JIJISl TIOJTYYEHHMSI a3P030JIeH TUCIIEPCHOr0 YIiiepoaa.

8. Iponiecc u ycTaHOBKA (DMIABTPOBAHUS adPO30JI B CJIOE MOPUCTHIX YIIIEPOIHBIX
rpaHysll C MPEIBAPUTEIbHBIM OCAXJACHHEM 1IeJIEBOIO0 MPOJAYKTa B IMKJIOHAX-
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KOHIIEHTpaTopax (¢ ucmojb3oBaHueM wu3o0perenuit mo Ilar. Ne 2285025 Pd,

Ne 2290420 P® u Ne 2317134 P®) nozoiamaun Ha 10-15% cHusuth mnotepu
BBICOKOJIMCIIEPCHOTO  JICKTPOITPOBOTHOTO TEXHHUYECKOTO YTJEpo/ia B  OMBITHOM
npousBojictee UIIITY CO PAH.

[IpoBepeHHblE B MPOU3BOACTBEHHBIX YCIOBHUSAX TEXHOJOTHMUYECKHE MapameTpbl
GuUIbTPOBaHMS a’p030Ji€l BBICOKOJUCIIEPCHBIX MAapOK TEXHMYECKOro YIJepoaa B
CTAI[MOHAPHOM CJIO€ TPaHyJ TEXHHYECKOTO YIJIepoa, a TAKKE JIEMEHTHI KOHCTPYKITUN
3epHUCTOTO (PUIIHTPA TIO3BOJISIOT PEKOMEHIOBATH MPOIIECC U ammapar i pean3arin
B TEXHOJIOTMYECKUX YCTAaHOBKAaX YETBEPTOrO MOKOJICHUSI, a TaKke il (GUIbTPOBAHUS
BBICOKO/IMCTIEPCHBIX a3pP030JIeH B IPYTUX OTPACIISIX MTPOMBIITUICHHOCTH.
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