XuMuveckasi nepepadoTka yrijieBoA0pPOAHbIX Ira30B

YuebHoe mnocobue coctour u3 ABYX uacTed. | dacth mnocBsiieHa
MOJATOTOBKE MPUPOJHBIX Ta30B K MepepabOTKe - OYUCTKE OT MEXaHWYECKUX
MPUMECEN M KHUCIBIX COeAUWHEHUM, ocylike. Bo Il wactu onmcanbl mporuecchl
pa3felieHusl  yriIeBOJOPOJHBIX Ta30B, HAyWHAs C OTHAEICHHS  TSKEIbIX
YTJIEBOJIOPOJIOB HU3KOTEMIIEPATYPHOM cemapanuend, KOMIIPEMUPOBAHUEM H
MacJsiHOM abcopOiret 10 pa3aesieHus ra3a Ha UHAMBUYaIbHbIE KOMIIOHEHTHI C
MIOMONIBI0 PA3JIMYHBIX HHU3KOTEMIEPATypHBIX MpoueccoB. PaccmarpuBarorcs
TAaKK€ TMPOLECChl IMOJY4YEeHUs Teiaus, CcTadWiu3auud H  1epepadoTKu
ra30KOHJEHCATOB. YUeOHOE TOCOOME COMEPKHUT TEOPETHUYECKHE OCHOBHI M
TEXHOJIOTHYECKOe 0(OpMIIEHHE BCEX PACCMATPHUBAEMBIX MPOIECCOB.

VYuebHoe nmocobue npeHazHauyeHo s CTyieHToB HanpasiaeHus 18.03.01
«XuMHYecKask TEXHOJIOTHSI»

BBenenue

HucuuninuHa «XuMU4eckass IepepadoTKa yYIiIeBOJOPOIAHBIX Ta30B»
AMEET CBOEH IIEJIBIO:

-[IO3HAKOMUTh  CTYJIGHTOB C  COBPEMEHHBIM  COCTOSHHEM U
NEPCHEKTUBAMHU Pa3BUTHs Tra3zonepepadaThiBalOIEd  IPOMBIIUIEHHOCTH B
Poccuu u 3a py6exom;

-I03HAKOMUTh ~ CTYAEHTOB C XapaKTEPUCTUKOM M  MPOLIECCAMH
MOJATOTOBKM MPHUPOJHBIX YIJIEBOJOPOAHBIX Ta30B M T'a30KOHJIEHCATOB I UX
XUMUYECKOHN NepepaboTKH, ¢ GU3NYECKUMU U (PUIUKO-XUMUYECKUMU METOAAMU
nepepaboTKU ra30B U ra30KOH/IEHCATOB;

-HAYYUTh CTYJICHTOB MCIIOJIb30BATh MIOJIyYEHHBIE TEOPETUYECKHUE 3HAHUS
JUISl pEeLIEHUs TPAKTHYECKHX 3a/1a4 HA CEMUHAPCKUX 3aHATHSX, IPU MOJArOTOBKE
U 3alllUTe BBITYCKHBIX pabOT, a TakKe B MPAKTUYECKON NEATENIbHOCTH IOCTe
OKOHYaHHs By3a.



PA3JEJI 1. COCTOAHUE U ITIEPCIIEKTHUBBI PA3BUTUA
T'A3OIEPEPABATBIBAIOIIENA MPOMBINIJIEHHOCTH
POCCHUHA

1.1. CoipbeBasi 6a3a M OCHOBHbIC HANIPABJICHUA
pa3BUTHSA radonepepadarsiBaroiieu
MPOMBINLJIEHHOCTH

CroipbeBas 0a3a razonepepadorku B Poccuu

Poccust  sgBisieTcss MOIIHOM Ta30BOM  JAEPHKABOM, Paclojiararoiien
OTPOMHBIMHU 3amacaMy TPUPOJHBIX Ta30B U Ta30KOHJEHcaTta. Pa3BemaHHbIe
3amackel JETKUX YIIIEBOJAOPOJAHBIX KOMIIOHEHTOB IPUPOIHOIO T'a3a U KOHJEHCATa
JIOCTATOYHBI JJII OpraHU3allid KX KPYMHOMACIITAOHOW HOOBIYM Ha CEBEpE
3anagnoit Cubupu, B OpenHOyprckoili u AcTpaxaHckod oOnactsax. B
nepcrektuse mocie 2005-2010 r.r. MOKHO pacCUMTBHIBAaTh Ha CO3JaHUE HOBOM
celpbeBoii  0a3bl B Boctounoit Cubupu um Sxytuun. B Hacrosmee Bpems
WCIIOJIB30BaHUE MOJIE3HBIX KOMIIOHEHTOB Ta3a B Halled CTpaHE HE OTBEYACT
MOTEHIIUAJIBHBIM BO3MOXHOCTSIM ChIPhEBOM 0a3bl U HE COOTBETCTBYET MUPOBOM
MPaKTUKE. 3a MOCIeIHUE 25 JeT 3amacel KoHAaeHcara Bo3pociu B 100 pas, a ero
BBIJICJICHUE HE MPEBBIIIAET 3-6 MIIH. T B TOJ.

B 1o xe Bpems 3a pyOexom neictByer Oonee 1500 3aBomoB 1O
nepepaboTKe MPUPOJHOTO U TOMYTHOTO He(TSIHOro Tra3a M Tra3oBbIX
KOHJICHCATOB, Ha KOTOPBIX €XKEroJHO BbIpabaThiBaeTcst Oonee 160 MuH. T
NPOAYKIMHU, B T.4. 21 MJIH. T 3TaHa, oKojo 18 MuH. T mpomaHa U 14 MJIH. T
OyranoB. Ilpu »TomM HaOmomaercs  yCTOWYMBAs TEHICHIUS YBEIHMYCHUS
MPOU3BOJICTBA YKA3aHHBIX TMPOJAYKTOB M HX UCIOJB30BAHUS B KayeCTBE
XUMHUUYECKOTO ChIPhSI.

Hedtb, mnpupomnbiii ra3, a Takke MNPOAYKTHI HX MepepadoTKu
COCTAaBISIIOT OCHOBY TOIUIMBHO-DHEPTETHYECKOTO KOMIUIEKca Poccuiickoit
denepaluu U ONPEAEIAIOT SKOHOMHYECKOE PAa3BUTHE JIPYyTHX OTpacied u
cTpaHsl B 1iesioM. OnHako, x0T Poccusi 1 3aHUMAET OJHO M3 BEIYIIUX MECT B
MuUpe 1o 3amacam  HedTH, HaubOoJiee  KPYMHBIE  MECTOPOXKICHUS
XapaKTEepU3ylTCS  BBICOKOM  CTemeHbl0  BbIpaboTkH. Tak, Hampumep,
CamMoTiopckoe MecTopoxaeHue BeIpaboTano Ha 65%, Pomamkuackoe - Ha 85%,
ApnaHnckoe - Ha 77% u T.1.

Jlooprua Heptn B Poccum mo cpaBHeHuio ¢ 1988 romom, xorma ObLI
JOCTUTHYT €€ MakCUMaJbHbI YPOBEHb, CHU3WIACh IOYTH B 2 pa3a k 1997 rony,
KOT/Ia BIIEPBBIC ObLT MPEBBINIECH YPOBEHD MPEABIYIIETO To/1a.

B Tabn. 1 npuBeaensl gaHHbie o A00bIYe HepTH B Poccuu, HaunHas C
1988 r. B nocnennue roapl HAaMe4aeTcss TEHAEHIUS K pOCTY AOObIYM HEPTH.

TaOmura 1.



JloObrya vedtu B Poccuu, MITH.T.

1988 r. 1989 r. 1990 r. 1991 r. 1992 r. 1993r. | 1994r. | 1995r.
569 552 516 452 386 341 318 307
1996 r. 1997 r. 1998 r. 1999 r. 2000 r. 2001 r. | 2002r. | 2003 T.
301 305 303,4 305 323 348 378 415

PaccmarpuBasi onrocpodHnsie nepcnekTuBbl o0k HedpTu B Poccuw,
OOJIBIIMHCTBO HKCIEPTOB OIIEHUBAIOT UX OYEHb CAEP:KaHHO. OTKPHITHIE U BHOBb
OTKPBIBAEMBIE MECTOPOXKIECHUS XapaKTEPU3YIOTCS OONBIIONH J10J€H TpyIHO-
M3BJICKAEMBIX 3alIaCOB M HEBBICOKOW MPOAYKTHUBHOCTHIO. M3-3a OTHAIEHHOCTH
HOBBIX HE(PTSIHBIX MOPOBUHIMUNA, CYPOBBIX MPHUPOIHO-KIMMATHYECKUX u
TSOKENIBIX ~ Te0JIOTO-DKOHOMUYECKMX  YCJIOBUM, a  TakkKe  OTCYTCTBUS
UH(PACTPYKTYpPhl BO3POCIH M3JAEPKKH JOOBIYM W TpaHCHOpTa HEPTH.
TpeOyroTcs OrpOMHBIE CpPEACTBA JJIsi TOTO, YTOOBI MOJJAEPKUBATH YPOBEHD
JOOBIYM HA JIEUCTBYIOIIUX MECTOPOKICHUSIX.

B cBsi3u ¢ 3TUM, HeCcMOTps Ha HaJIWuuhe OOJIBIIUX TMOTEHIIMAIBHBIX
3amacoB He(QTH, Jaxe M0 ONTUMUCTUYECKMM OIEHKaM B OJvKaWime TpH
JECATUIICTUS] CYMMAapHbBIA MPUPOCT E€XKEroJHOM 100buM HedTU BpAI JH
npeBbicuT 10-15%. Ilo mnporHoszam monst HehDTH B CTPYKType MHPOBOTO
TOTUTMBHO-PHEPT€TUUECKOr0 OajaHca UMEET TCHACHIINIO K CHIKEHUIO (Tadu. 2).

Tabmuua 2.
[IporHo3HbI TOMIMBHO-3HEpreTuyeckuid 6bananc mupa Ha 2010-2050 rr., %

Bt . 2010 T. 2020 . 2050 T.
DHEPrOHOCHUTEIICH

Hedts 35-39 30 28-29
[TpuponHsIii raz 24-25 29 28-30
Vromab 18-19 17 22-24
ITpoune 13-14 24 20

[To nanaeiM MAT'ATO, OIIEK, nenapramenta npomsliiieHHoro pazsutus OOH.

B 10 ke Bpems, 1o pa3BeaHHBIM 3amacaM ra3za U oobemaM ero JoObIIu
Poccust 3annumaer nepBoe MecTo B Mupe. TeKyllue 3amachl OpUPOJHOTO rasa
cocTaBisitoT 40 Tpi.Ky0.M, a pa3BelaHHOCTh HEOCBOECHHBIX ChIPbEBBIX PECYPCOB
(HCP) - 24,6%. Bcero na teppuropun Poccuiickoit ®enepamuu (PP) u qpyrux
ctpan CHI' cocpenoroueno okosio 40% BCE€X MHUPOBBIX 3allacOB MPUPOIHOIO
raza, B TO BpeMs kak Ha aomoo CIIA npuxomurca 6-7%, cTtpan 3anagHoi
EBpomnbl 5-6% u Upana 14% . O6beMbl q00b1uM ra3a B PO 3a nociegHue rojisl
UMENU TEeHACHIMH K pocTy. JlokazaHHble M3BJIEKa€Mble MHPOBBIE 3aIlachl
OpUPOAHOrOo raza 3a mnociegHue 10 JeT eXeroJHo YBEJIWYUBAIUCH Ha 5
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TPJIH.Ky0.M. YMeHbllleHue 100b14n raza B nepuog 1991-1996 rr. oobsacusercs
CKOpee  CHIDKEHMEM  IOKYIMaTeJIbHOM  CHOCOOHOCTH  MOTpeduTenei,
HEIUIaTeKaMH, a HE YXYJIIEHUEM TEXHUYECKOTO U SKOHOMHYECKOIO COCTOSHUS
OTpACIIH.

JloObrua raza B Poccun HajexHo obOecrieueHa pa3BeJaHHbIMU 3ariacaMu.

B mnactosimee Bpemsa Poccus pacnosiaraer KpyHmHBIMH Ta30BbIMH U
ra30KOHJICHCATHBIMU  MECTOPOXKIEHUsIMU. Cpeau HHUX Ta30KOHJICHCATHBIC
mectopoxaeHus Pecnyomukn Komm — Bykteuibckoe, Ileueporopopckoe,
[TeuepokoxBuHCckoe, [lamHnHCKOE, JlasgBOKCKOE, BCE OHM BXOAST B COCTaB
Tumano — [Teyopckoil HeTera30HOCHOM 001aCcTH.

N3 mectopoxaennii Ypano — IloBomkbes (ux oxono 180) mambonee
3HAYUTENbHBIMH SBIIAIOTCS Opedyprckoe u AcTpaxaHCcKoe.

bonee 70 ra3oBeIX M Ta30KOHJEHCATHBIX MECTOPOXKACHUM OTKPBITO B
Tromenckoit, Tomckoit, HoBocubupckoii oomactsax, KpacHogapckom kpae.

N3 680-700 mupa. ky6. M, HamedaeMbIx K go0bae B 2005 roay 600-630
MIpI. Ky0. M Oyaer obecrieunBarh 3amannas Cubups. Ha ceBepe TroMmeHckoi
obnactu, oTHOcAIIEics K ra3oHocHo oOnactu 3amagHoi CuOMpPHU, OTKPBITHI
KpPYTIHbIE T'a30KOHJIEHCATHBbIE MECTOPOXKJEHUs — YpeHroiickoe, SMOyprckoe,
3anomsipaoe, HanpiMckoe, FOOwuineitHoe, IlecrioBoe. B paccmarpuBaemyro
NEPCIEKTUBY HAYHETCS OCBOEHHUE SIManbCcKOro ra3o00bIBAIOLIEr0 pailoHa.
Temnbl pa3BuUTHS A00BUM Ta3a OyAyT ONpPENENsAThCA CIPOCOM Ha HEro Ha
BHEILIHEM pbIHKE. B Tabin. 3 npuBeaeHsl AaHHbIE 0 pocTe A00buu ra3a B PO no
JIBYM BO3MOXHBIM CLICHAPUSAM Pa3BUTHS.

Tabmuma 3.
Jlunamuka 100b4M raza B Poccun, mipa.m®
1995 1. | Bapuanr. Il Bapuamnr.
Pernonsi
2000 r. [2005T1.|20101.|2000 1. {2005 T.| 2010 I.
Poccns, Bcero
B ToM gmcle: 595 640 700 760 612 660 700
3anagHas
Cubups 519 585 | 630 | 670 | 557 | 600 | 630
W3 HuxX panioHbI:
Hanpim-
ITypTa30BCKHii 519 565 600 610 537 570 600
SImanbckuit - _ _ 30 _ _ _
Hpyrue
rasonobmiBaOHE | oo | gp 70 | 9 | 55 | 56 70
panonsl Poccun
N3 anx
CeBepHblii 4.1 6,0 9,0 10 6,0 9,0 10
IIIToxmMaHOBCKOE
MECTOPOKACHUE — — - 20 — — -




B Bocrounoit Cubupu nHaubosiee KpymHBIMU Ta30KOHAECHCATHBIMU
MECTOPOXKACHUSAMU SIBISIOTCS YCTh — BuIoiickoe, CpenHe — BWIIOHCKOE,
Macraxckoe.

OCHOBHBIMH Ta30KOHJICHCATHBIMU MECTOPOXKJIeHUAMH CaxaluHCKOU
oOnacTu sBisitoTcst TyHTOp, ppu U HEKOTOPbIE APYTHE.

OcHoBHbIe razonoObiBatomue paitonsl CeBepHoro KaBkaza naxonsarcs B
nepuoJie najaromei 100b14u, T.K. IEPCIEKTUBHBIE TOPU3OHTHI pacIoiaraiTcs,
KaK MpaBwWiIo, Ha OONbIIUX TTyOnHax. Hanbomee KpyImHBIMUA MECTOPOKICHUSMHA
B 3TOM pailoHe fABIsAIOTCA BocTouHO — KaMbliaHckoe, Pycckuitl xyrep, CtenHoe,
Con0OHYaKOBbE U P IPYTUX.

N3 ctpan CHI' ra3oBbIMH U Ta30KOHAEHCATHBIMU MECTOPOKICHUSIMHU
pacrionaratror: YkpanHa (B BocrouHoil wactu — JIHEHNpOBCKO — JOHENKas
BraguHa u JlonOac), Kazaxcran, Typkmennsi, ¥Y30ekucraH.

Takum oOpa3oM  pa3BUTHE CHIPbEBOM  0a3bl ISl  TOIUIMBHO-
DHEPreTUYECKOr0 KOMIUIEKCA CTpaHbl WU IS TPOU3BOJICTBA  PA3JIMYHBIX
XUMHUYECKUX MPOAYKTOB XapaKTEPHU3YETCs JIBYMS OCHOBHBIMU TCHICHIIMSIMU:

-HEOOJIBIIMM  yBETMYECHUEM OOBEMOB JOObIMM HEPTH MpuU
OJTHOBPEMEHHOM  BO3pacTaHUU €€  Ce0ECTOMMOCTH  HW3-32  BIIOXKCHHS
3HAUUTEIBHBIX CPEICTB B pa3pabOTKy MaJIOMPOIYKTUBHBIX U BBIPAOOTAHHBIX
MECTOPOXKICHHH, a TaK’KE POCTa 3aTpaT Ha TPAHCIIOPT;

-CTaOUJIbHBIM POCTOM 00BEMOB JOOBIUM MTPUPOTHOTO Ira3a, KOTOPBIN
UCIIOJB3YETCSl  HEKBaIU(UIIMPOBAHHO, B OCHOBHOM Kak OBITOBOE W
MIPOMBIILICHHOE TOILIUBO.

[locnennee 0OCTOSATENBCTBO SIBISIETCS CEPbE3HOM MPEANOCBUIKON K
TOMY, 4TOOBI MMEHHO NPHUPOAHBIA ra3 craj Oyaymiell chlpbeBOM 0azoi s
MPOU3BOJICTBA XUMUYECKUX MPOAYKTOB. [[OMHUMO TEXHUUECKOTO OTCTABaHUSI OT
MHUPOBOTO YPOBHS, BHICOKOW CTENEHU H3HOIICHHOCTU O00OPYIO0BaHHUS, HU3KOTO
KauecTBa TMOJy4YaeMbIX HEPTEHPOIAYKTOB HEPEIKH CiIydaul HECTaOMIbHOCTHU
oOecrieueHus: OTEYECTBEHHBIX HedTenepepadaThiBalOMMX 3aBOJ0B HePThi0. C
y4eToM TpebOoBaHMI K 00beMaM U KaueCTBY HE(PTEIPOIYKTOB B MEPCIIEKTUBE HE
WCKIIIOUEHA CUTYyAIsl, KOT/Ia MOXKET BOBHUKHYTh UX NeDUIIUT U HEOOXOIUMOCTh
MIPUBJICUCHUS IJIs1 €T0 KOMIICHCAIIUHU aTbTEPHATUBHBIX MOTOPHBIX TOTUIUB, B TOM
YUCJIE TMOJYYECHHBIX “OKMKEHHUEM METaHa, a TAKXKE CHKATOrO U CHKUKEHHBIX
rasos. YMeHbleHue MMOCTABOK HeTH Ha OTEYECTBEHHBIC
He(dTenepepabaThIBAIOIINE 3aBOJbI MPHUBEIO K COKPALIEHUIO MPOU3BOJCTBA
CBIPbsI 111 HEQTEXUMUUECKON TPOMBIIIJIEHHOCTH.

N3-3a TOro, 4ro OCHOBHAs YaCTh MOJYNPOIYKTOB U MOHOMEPOB IS
MPOU3BOJICTBA CHUHTETUYECKUX MAaTEPUATIOB U OPraHUYECKUX XUMHUYECKHUX
MPOJYKTOB 0a3upyeTcst Ha chipbe, mosrydaeMoM Ha HII3, u B cBsi3u co cnajgom B
HeTenepepabaTpIBarOIed MPOMBIIIICHHOCTH, CTAOMIM3alMs M JaJbHCHITNI
pPOCT TIPOM3BOJICTBA BBICOKOI(PPEKTUBHON XUMHUECKOUW TMPOIAYKIIUU MOKET
CAEPKUBATHCS U3-3a HEJJOCTATOUHBIX PECYPCOB YIIIEBOJOPOIHOTO Chipbs ¢ HII3,
B MIEPBYIO OYEPe/lb, MPSIMOTOHHBIX OCH3MHOBBIX (hPaKIIUM.

[ToaTomy  mpobOiema  HageXKHOTO  CHAOKEHUS  TPEANPUATAN
HEe(PTEXUMUYECKON U XUMUYIECKON TPOMBITINICHHOCTH yTIEBOAOPOIHBIM ChIPhEM

9



MOXET OBITh peumicHa TMPUBJICYHCHUCM B Ka4CCTBC XHMHYCCKOIO ChIpbA
IMPHUPOJHBIX T'a30B U 'a30KOHACHCATOB. Poccus pacmojiaract caMbIMH OOIBIINMU
B MHUPC pPa3BCOAAHHBIMH 3allaCaMu IIPUPOAHOTO I'a3d, U3 KOTOPLIX 3HAYUTCIIbHAA
q9acCThb IIPCACTABJICHA 3allaCaMM 3TAHCOACPIKAIICTO IMPUPOIHOIO Ira3a.

CoBpemeHHOe COCTOSIHUE razomnepepadarbiBaromen
npombiuieHHocTH Poccnn

OcHoBHBIE CBHIpbEBBIE 3amachl nepepadarpiBatonux npeanpuituii OAO
"T"azmpom" cocpenorouensl B HagpiM - mypTa3oBckoM pernone, OpeHOyprekoit
U AcTpaxaHCKoi 00nacTsiX, Ha MoiayocTpoBe fman, B pecnyOnnke Komu u B
Tomckolt o0nacTu.

B cocraBe OAO «l'a3mpom» B3KCIUlyaTUpyeTCs IIECThb Tra3o- H
KOHJIeHCaTonepepadaThIBAIONINX 3aBOJOB U IIECTh MAJOTOHHAXXHBIX YCTAHOBOK
M0 TMOJYYEHUIO MOTOPHBIX TOIUIMB, HCHOJB3YEMbIX [IJII MECTHBIX HYX]I.
Hmeronmecss B HacTosIiee BpeMmsi B rasomnepepalarhiBarolle MOAOTpaciu
MOIIIHOCTH OPUEHTHPOBAHbI, B OCHOBHOM, HAa OYHMCTKY CBIPOTO ra3a OT “KUCJbBIX
KOMIIOHEHTOB M CTa0WIM3alMi0 KOHJEHCaTa, a TakkKe Ha IIOJy4YeHHUe
COITYTCTBYIOIIUX 3TUM Tporieccam mnpoAykToB (LLIDJIY - mumpoxas dpakums
JIETKUX YTJIEBOAOPONOB, CKWKEHHBIN ra3, cepa, OJOpaHT M T.x1.). MMerorcs
MPOU3BOJCTBA MO MOJYYEHHIO MOTOPHBIX TOIUIUB M3 CTA0MJIBHOIO TIa30BOTO
KOHJIEHCAaTa.

I'azonepepabaTpiBatonias  npombinuieHHOCT B OAO  «["azmpom»
npeacraBieHa CocHoropckuM, Actpaxanckum U OpenOyprckum  T'TI3.
[locnennuii pabotaer B enWHOM KoMmIuiekce ¢ OpeHOyprckum relreBbIM
3aBojioM. Kpome 3THX 3aBO/I0B, MOTOPHBIE TOILIMBA MOIYYalOT Ha Y PEHTOMCKOM
3aBOJI€ MOATOTOBKHM ra30BOT0 KOHAEHCATA JJIsl HY K[ ra30400bIBAIOILIEr0 paiioHa.
Ha Cypryrckom 3aBOJIE CTaOMIM3alMM  KOHJEHCaTa OCYUIECTBIISIOT
CTaOWIIN3AIINIO u MEPBUYHYIO nepepadoTKy  JeITaHU3UPOBAHHOU
He(dTerazokoHaeHcaTHOM cMecH. [lomydaeMblii TIpu ATOM ATaHCOAEPIKAIIUNA Ta3
paccMaTpyBaeTCsl B KauyeCTBE ChIPbA JUISL  CTPOSIIErOCs Y PEHTOMCKOro
He()TEra30XMMUYECKOTO KOMITIeKca MOMIHOCTBIO 300 ThIC. T ¢ MOCIEIYIOITUM
pacmmmpenueMm 10 600 Teic.T B roa. Ha 3aBome mmeercs takxke I['OY s
MOJIy4eHUs] UW30IEHTaHa, NpomaHa M cMmecu OyraHoB. Ha mpombiciax
(GYyHKUMOHUPYET IWIECTh MAJIOTOHHAXKHBIX YCTAHOBOK IO IPOU3BOJACTBY
MOTOPHBIX TOTUIMB ISl MECTHBIX HYXJ. K MNEepCHeKTUBHBIM MPEANPUATHIM
MoxkHO oTHectu [TI3 OAO «BocTtokrasnpom», CTPOUTEIBCTBO KOTOPOTO
HameueHo B 2003 T.

Bce ykazaHHble BbIlIE NPEANPUSATHS MOXHO OTHECTH K TEPEIOBHIM B
Poccun, ogHako OHM MUMEIOT psii PoOJieM, KOTOPhIE MPUBOASAT K HEKOTOPOMY
CHIKEHUIO 2 (PEKTUBHOCTH UX IKCILTyaTaIlUu:

- HEJIOCTAaTOYHAs 3arpy3Ka I0 ChIPBIO;
- BBICOKAsI CTETIEHb H3HOILIEHHOCTH;
- HA3Kas aBTOMATHU3aLUs IPOLIECCOB;
- HeJIOCTaTOYHAs TIIyOrHA epepabOTKH ChIPhSI.
Kpome Toro, umeercss psg mpoOieMm, XapaKTepHBIX [JIsl OTIEIbHBIX
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PEANPUATUN.

ITepBoHauanbHO OpenOyprckuit  u  Actpaxanckuit ['TI3  Obum
OpPUEHTHUPOBAHBI HA OUUCTKY Ta30B OT «KHUCIBIX)» KOMIIOHEHTOB U CTA0MIU3AIUIO
KoHJeHcaTa. C 1eNpl0 pacHIMpEeHUs HOMEHKIIATYpPbl KOHKYPEHTOCIOCOOHOM
MPOAYKIMU Ha AcTpaxaHCKoM, YpeHrolickoM 1 CypryTckoM 3aBojax Hayanach
nepepadboTKa cTaOUIILHOTO KOHJIeHCaTa U He(PTH ¢ BRIPAaOOTKON aBTOMOOUIIBHBIX
OCH3MHOB, AM3EIBHBIX TOIIMB, Ma3yTa. OMNbBIT NMEPEIOBbIX CTPaH MOKA3bIBAET,
YTO OCHOBHBIM HAIpPaBIICHHEM IMEPEpaOOTKH Ta30BbIX KOHJIECHCATOB SBIISETCS
MOJlyYeHHE Ha UX OCHOBE TOBAapPHBIX MPOJYKTOB — aBTO- U aBHAOCH3HHOB,
nu3enbHOro  TormBa. [lepepaboTka Ta30KOHIEHCATOB IMPOBOAMUTCS  Ha
HedTenepepabaThIBAIOMIMX 3aBO/IaX WJIM Ha CIEHUATN3UPOBAHHBIX 3aBOJAX IO
nepepaboTke razooro kouaeHcara. Ha Cocnoropckom I'TI3 mpowusBomutcs
TEXHUYECKUN YTIEPOJ, OCYIIECTBISETCS BOCCTAHOBIECHHE aBTOMOOMIBHBIX
HOKPBIIIEK.

Taxum 00pa3zom, B HacTosiIee BpeMs nepepadboTka IPUPOIHBIX ra30B Ha
ra3onepepadaThIBAIOIIMX  3aBOJAX ~ OTPAHUYMBAETCS  UX  I[EPBUYHOMN
nepepadoTKON U BHIPAOOTKOW Pa3IMYHBIX BUIOB TOIUIMB, a TAKXKE BBIJCICHUEM
HEKOTOPBIX HHAMBUAYAJIbHBIX YIJIEBOJOPOJOB, TEIUS U CMECH HPUPOTHBIX
MEpKaNTaHOB, MHCIOJIb3YyEMbIX KakK OJOpaHT. XHMHYEcKas IepepadoTka
IpEJICTaBICHa, B OCHOBHOM, JIByMsl IpOLIECCaMU — IPOU3BOJCTBOM TIa30BOM
ceppl MetojioM Kilayca W TpOM3BOJICTBOM CaXXl (IEUYHOM, TEPMUUYECKOM,
KaHaJIbHOM ).

OcCHOBHbIC HAINPABJIEHU XUMHYECKOH MmepepadoTKu

MPUPOIHBIX rA30B

Breinensembie U3 raza yrieBOAOPOIbI SBISIIOTCS IICHHBIM CBIPhEM JIJIS
MIPOM3BOJICTBA PA3TUYHBIX XUMHUYECKUX MPOAYKTOB. IMEHHO ¢ ATHUX MO3UIIUKA B
HACTOAIIEEC BpeMs IIEPECMATPUBACTCS KOHICHIHS IepepadOTKU MPHPOIHBIX
ra3oB.

IIpu paccMoTpeHMM BapHaHTOB Pa3BUTHSA MEPEPaOOTKH MPUPOTHBIX U
MONYTHBIX Ta30B HA MEPCIIEKTUBY OJHOW M3 OCHOBHBIX 3a/1ay SIBJISICTCS aHAJIN3
COCTOSIHUSI JKCIUTyaTalldd M 3arpy3Kd JICUCTBYIONIMX MOIIHOCTEH IO
nepepadoTKe Ta30BBIX PECYPCOB U Ta30KOHACHCATHOTO ChIphA. [Ipu pazpaboTke
MEPCTIICKTUBHBIX ~ MPOTHO30B  OOCCIEUYCHUS  YTIIEBOIOPOIHBIM CBIpbEM
HE(PTEXUMUYECKOH W XHUMHYECKOW TMPOMBINIJICHHOCTH CIIEAyeT YYHUTHIBATH
HEOOXOMMOCTD PEIICHUS CIICTYIONTNX 3a/1a4:

-00Jiee MoIHOE UCIOJIb30BAHUE PECYPCOB MOMYTHOIO Ta3a, Kak HauboJiee
3¢ (HEKTUBHOTO BHUIA CHIPHS I HEPTEXUMHUH. 3HAYUTEIIBHAS 9aCTh 3TOTO ChIPhSI
B HACTOSIIIEE BpeMs C)KUTaeTcs Ha akenax;

-perieHre mpooJIeMbl TPAHCIIOPTUPOBKHU MIMPOKON (paKIUU C JIETKUX
yriepogoponoB (IIDJIY), B ToM uwmcie Ajisi HE3arpyKEHHBIX MOIIHOCTEH Ha
He(PTEXMMUYSCKUX KOMOMHATAX;

-OIICHKAa IOTPEOHOCTEH B Ta30BOM ChIpbE IS  MPOU3BOJICTBA
KPYIMHOTOHHAQXHBIX HEPTEXUMHUECKUX MPOAYKTOB: OJIE(HHOB, apOMATHIECKUX
yIJIEBOAOPOJOB,  METAaHONA, CaXXHd, MOHOMEPOB JUII  IPOU3BOJCTBA
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CUHTETUYECKUX KaydyKOB U JPYTUX MOJIUMEPHBIX MATEPHUAIIOB;

-aHaJIU3 BO3MOXKHOCTEH MCIOJIb30BaHUSI Ta30BBIX PECYPCOB IS
MPOU3BOICTBA MOTOPHBIX TOILJIUB.

MHoOrojeTHUIl ONBIT psAfa CTpaH, HUMEIOIMUX AaHAJIOTHYHbIE TIO
Macitabam ¢ Poccueil MOIIHOCTH Ta30/100bIBAIOIINX NPEINPUATUI (HarpuMep,
CIIA u Kanaga), mnokazan BbICOKYIO 3(PPEeKTUBHOCTh Oa3upoBaHUS
HEe(PTEXUMUYECKON U XUMUYECKON MPOMBIIIIICHHOCTH Ha JIETKUX MPOMBICIOBBIX
yIIEBOAOPOAAX: dTaHe, mpomaHe, OyraHe. [IpakThdecku Bce KpYITHbBIE
He(Tera3oBble KOMITAHWH TPUMEHIIIA TaKyl0 CXeMy MepepadOTKH MPUPOTHOTO
raza — W3BJIICUCHHE OTaHa W TNPOIMaHa, MUPOJIU3 JETKUX YIJIEBOJAOPOIOB,
MIPOU3BOJICTBO XUMHUYECKUX MPOAYKTOB M CHUHTETUUYECKHX TOJMMEpPOB Ha 0aze
ra30BOTO CBIPbSL.

[To coBpeMEHHOMY ypOBHIO TOTPEOJICHUSI XWMHUYECKHX MaTepHaIOB Ha
OyIly HaceleHus, OTcTaBaHue Poccuu OT JApyrux CTpaH MuUpa CTajo
yrpoxarorum. Jns npumepa: B CHIA wa 1 yen. morpebnsiercss 148 kr
MJIACTMACC U CHHTETUYECKHX CMOJL, a B Poccum - 11Kr; CHHTETUYECKUX BOJOKOH
M HUATEH cooTBEeTCTBEHHO 17,7 m 0,9 Kr, CHHTETUUYECKUX MOIOIIUX CpeacTB 13,2
1 2,3 Kr, JJaKOKpaco4YHbIX MaTepuajioB - 19,2 u 3,2 kr. B HacTosiee Bpems B
Poccun mponsBoautes 4 Kr noausTUiIeHa Ha | 4en, B TO Bpems Kak B [ 'epMaHun
25 kr, a B CIIIA — 28 kr.

B Oamance KOHCTPYKIIMOHHBIX MaTEpHAJIOB JOJs MPOrPECCUBHBIX
mactMace B Poccnn Ha mopsinok Huke, yeM B CIIA wimm npyrux pas3BUTBIX
cTpaHax. A Belb MOKa3aTeb JOJM IJIaCTMACC B CTPYKTYPE KOHCTPYKIIMOHHBIX
MaTepUaJIOB ABJISETCA OJHUM U3 UHIUKATOPOB CTETICHU PA3BUTHUSI SKOHOMUKHU.

OcTaHOBUMCS HECKOJBKO MOJpPOOHEE Ha OCHOBHBIX HaIlPaBJICHUIX
XUMHUUYECKOH MepepadoTKU Tra3000pa3HbIX YIIIEBOJIOPOIOB, KaK peaIu30BAHHBIX
B IIPOMBIIIEHHOCTH, TaK U MEPCIEKTUBHBIX.

B nacrosiimee Bpemsi Ha 6a3e OCHOBHOTO KOMIIOHEHTa MPUPOJIHOTO rasa -
METaHa CO3[JaHO HOBOE€ HampaBiieHHe Hayku «Xumusa Ci», a Takxke rpynmna
XUMUYECKUX Tpou3BOACTB. [IpoekT «3Omoxa wmertaHay Oasupyercsa Ha
HECKOJBKUX (YHIAMEHTAIBHBIX TMO3MIMIX, a WMEHHO, HAJeKHOCTh H
JIOCTYITHOCTh ~ CHIPbEBOM  0a3bl, TEXHOJOTUYHOCTh M  OJAroNpHUATHHIE
HKOJIOTHYECKUE XapaKTEPUCTUKU MPUPOJHOrO ras3a, BO3MOXKHOCTb IMOJTYYEHHS
KOHEUHBIX TPOJYKTOB TepepabOTKM Ta3a C MPUEMIIEMBIMU TEXHHUKO-
HSKOHOMHMYECKHUMH MOKA3aTEISIMHU.

Cpenu KpymHOTOHHAXHBIX MPOAYKTOB, TMOJy4aeMbIX W3 MeETaHa, -
METaHOJI, aMMHaK, alleTUJIEH, TaJOreHIPOu3BoiHbIe. B CBOIO odepenb, Ha Oaze
aMMMaKa, MeETaHOJa, alleTUJIEHA TPOU3BOJATCS  JIECITKU  XUMHUUYECKHUX
MPOAYKTOB, TaKMX Kak kapbamuz, QopMmanbierun, KapOoaMuaHO-
dbopMalbIeTHAHBIE CMOJIBI, BBICOKOOKTAHOBBIH KOMIIOHEHT OCH3WHOB -
METUIATPETOYTHIIOBBIN 3(uUp, METaMUH W CMOJIBI Ha €ro OCHOBE, a30THBIC
yIOOpEeHHS U JIp.

B ocHoBe cuHTe3a OOJIBIIMHCTBA MPOAYKTOB Ha 0a3e MeTaHa JICKUT
B3aMMOJICHCTBUE MeETaHa C KHUCJIOPOJOM WM BOJASHBIM IMapoM, B pe3yJibTaTe
KOTOpPOr0 MOJy4aeTcsl CMHTE3-Ta3 - CMECh OKCHJA yriepoja W BOAOpoAa B
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Pa3IMYHBIX MPOMOPIMIX. DTO HANpPaBIEHUE XUMUYECKON MepepabOTKU MeTaHa
ABJIIeTCS] Hanbosee MacIITaOHBIM B HACTOSIIIIEE BPEMS.

Baxnoit 3amaueii, sBiIseTCs Takke pa3paborka AdPeKkTHUBHOMN
TEXHOJIOTUM TPOU3BOJCTBA CHUHTE3-Ta3a. B mocnennue rojpl pazpaboTaH psi
HOBBIX MOJU(pUKAIIUI 3TOTO Mpoliecca ¢ MOJyYeHUEeM CUHTE3-Ta3a C 3aJJaHHbIMU
COOTHOIIICHUSIMU OKCHJA yriepoja W Bojaopoja. Haubonee wuHTEpecHbIE
TEXHOJIOTUU pa3paboTaHbI JIATCKOMN dbupmoii «Xanmop Torice»
(ycoBeplIeHCTBOBaHHAasl IapoBasi KOHBEPCHS M  COYETAHHWE HEIMOJIHOIO
OKHCIIEHUSI W aanabaTH4YecKol KOHBEpPCHH), aMepHKaHCKON ¢upmoit «Xoy-
beiikep Unxunup3 MHK» (aBTOTEpMHUYECKHUI MTPOLIECC), POCCUICKUMHU YUYEHBIMU
(“Tangem-tiporiecc”™).

HeoOxoaumo MOAYEpKHYTh, YTO CTaaus IMOJYYEHUS CHUHTE3-ras3a
Haubonee kanutanoémkas B mporeccax “Ci-xumun” u coctaBisier 45-60% ot
BCEX  KalMTAJIBHBIX  3aTpar. B  MeTomax  moOJydeHHs  CHHTE3-Tasa,
IIPENYCMAaTPUBAIOIINX NPUMEHEHUE KHUCIOPOJa, BECbMA BEJIMKH CBSI3aHHBIE C
HUM 3KCIUTyaTallMOHHBIE 3aTPaThI.

OgHuM U3 TEPCHEKTUBHBIX HAMpPABJICHUM pa3pad0TKu 3(P(HEKTUBHBIX
TEXHOJIOTUHA IIOJYYEHUsI CHUHTE3-Ta3a SBISIETCS NPUMEHEHUE KEPaMUYECKHUX
MeMOpaH, KOTOpbIE UMEIOT U KaTaIUTUYECKUN 3PPeKT. ITO TOBOJIBHO MpOCTast
U, CJelI0BaTeNbHO, JelIeBasi TEXHOJIOIHUs, akTUBHO pa3zpadarbiBaemas B CIIA,
HO Ha CETOJIHsI HE BBILIEAIIAS 32 PAMKH JJA00OPATOPHBIX UCCIIEI0BAHUM.

Ha ocHoBe cuHHTE3-raza BO3MOXHO MOJy4YeHHE OOJBIIMHCTBA
KPYIHOTOHHAQXHBIX ~ XMMUYECKUX TNPOAYKTOB. BaxHoe mnpenMyIecTBo
IIPOLIECCOB HAa OCHOBE CHMHTE3-Ta3a COCTOUT B TOM, YTO OH MOJKET OBITh JIETKO
nepepabotad B 0oJiee yA0OHBIC JJIsI TPAHCIIOPTUPOBKU METAHOJI, JTUOO CMECh
KUJKUAX YTJIEBOJIOPOIOB.

Haubonee  kpynHbIMH  NOTPEOMUTENSIMH  CHHTE3-Ta3a  SABISAIOTCA
IIPOMU3BOJCTBA METAHOJA, YIIIEBOAOpoAoB no Pumepy-Tponury mnpouecchl
KapOOHMIMPOBAHMUS, TPEUMYIIECTBEHHO OKCOCHHTE3, @ TAK)KE CHHTE3 aMMHUaKa.

CuHTe3 MeTaHOIa Ha OCHOBE OKCHJA YIJIEpOJa M BOAOPOJA BIEPBBIE B
MPOMBIIIUICHHOM Maciitade Ol peanu3oBaH B ['epmanuu B 1923 romy.
[Torpebnenne meTaHona B MHUpPE IMOCTOSHHO PACTET, OH HCIIOJIb3YETCS Kak
pacTBOPHUTENb, U3 HEro MoIy4aroT (opmanbaeruj (Ha 3TO pacXoiyercs OKOJIO
50% wmeraHoONa), YKCYCHYIO KHCJIOTY, METHUI-TPET-OyTUJIOBBIA d3pup —
BBICOKOOKTaHOBYIO J00aBKYy K aBTOMOOWJIBHBIM O€H3WHaM. METaHOJ MOXKET
OBITh HUCTOJIB30BaH KaK MOTOPHOE TOIUIMBO WJIM Kak Jo0aBka K Hemy. Ha ero
OCHOBE MOKHO TaK)Ke€ IMOJy4yaTh YTIE€BOJAOPOAHbIE TOIUIMBA: MPU MPOIMYCKAHUH
METaHOJIa 4epe3 CJIOW CBEpXBbICOKOKpeMHe3eMHbIX cuHTeTnueckux (CBK)
IIEOJIMTOB 00pasyeTcs b0 cMmech ajkaHOB M ainkeHOB Cs-Cig, ¢ OONBIIMM
KOJIMYECTBOM apOMaTHUYECKUX YTJIEBOJOPOJOB, MO0 CMECh HU3IMIMX OJIe(UHOB
C2-Cs. OtHaKO 3TH MPOLIECCHI €IIE HE HAIILIU MPAKTHYECKOTO MPUMEHEHUS.

Ha 6a3e cuHTe3-ra3a MOKHO MOJYYUTh UCKYCCTBEHHOE KUAKOE TOILIMBO
no peakiuu Oumepa-Tpomnira. IToT MeTo1 ObUT BIIEPBBIE peain3oBad B 1923 T.
B ['epMaHnM Ha OCHOBE OKCHJA YIJIEpoAa U BOAOPOJA, NOJIydaeMbIX U3 yris. C
NOSIBJICHHEM Ha MHUPOBOM DPBIHKE JI€HIEBOM HE(PTU MOTYyUEHHE MCKYCCTBEHHOTO
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YKUKOTO TOTUIMBA TMOYTH MOBCEMECTHO ObLTO mMpuocTaHoBieHO. OgHako B 50-x
rogax XX Beka Mpou3BOJACTBO MOTOpHBIX TormuB U3 CO m Hy Ha kene3HbIx
KaranusaTtopax, obu10 opranuzoBano B FOAP, rae dupmoit «Cacom» moctpoeHo
TpU KOMIUIEKca oOIeld MouHocThio Oonee 4 MiH. T. B roji. Cunres3-ra3
noyiyqaroT razudukamnueit yris. B to ke Bpemst Ha 3aBone ¢dupmbl MOCI'A3
(FOAP) mo »ToMy k€ METOJy MOJYy4aloT CHHTETUYECKOE KHUIAKOE TOILIUBO
(CXKXT) u3 mpupoHoro rasa (4epe3 CHHTe3-ras).

YcranoBka momHOCTRIO 50 ThIC. T. B To paborana B HoBouepkaccke
(Poccust) ¢ wucmonb3oBaHMEM KOOAJIbTOBOTO KaTalu3aTopa, CO3IaHHOTO B
Poccuiickoit Akagemuu Hayk (un.-kopp. PAH A.JL Jlanuayc).

OnHuM W3 BaXHBIX MPOAYKTOB, MOJYy4aeMbIX Ha OCHOBE CHHTE3-Ta3a,
SBIISICTCSI TUMETWIOBBIM 3(Up, KOTOPBIH MOXKET OBITh WCIOIB30BAH JIJIS
XUMHUYECKUX CHUHTE30B U KaK JU3EJIbHOE TOIUIMBO. B CBA3U € yXeCTOYEHUEM
TpeOOBaHMI K OXpaHE OKpYyKaloleh cpeabl B OOJBITUHCTBE CTPAH 3alpeIlCHO
OpUMEHEHHE B KayecTBE AaHTUACTOHALIMOHHOM 100aBKM K OeH3MHAM
TeTpa’TWicBUHIIA. [103TOMY BO3pacTaloT 00BEMBI HCIOJIB30BAHUS PA3TUUHBIX
KUCJIOPOACOJICPKAIIUX  COCAUHEHWM B KauyeCTBE  BBICOKOOKTAHOBBIX
KOMITOHEHTOB TOIUIMB. MeTmi-tpeT-OyTuinoBsiii adgup (MTB3), o koTopoM MbI
y)K€  yINOMHHaJIM, SBISETCS  OJHOM M3  Haubojiee  MepPCHeKTUBHBIX
BBICOKOOKTAaHOBBIX JO00ABOK, OJHAKO €ro MPOU3BOJICTBO  CACP)KUBACTCS
ne(UIMTOM OAHOTO M3 CBHIPHEBBIX KOMIIOHEHTOB - HM300yTHJIEHA U BBICOKOM
cTouMOocTho. JlumeTriioBbil 3¢up (AMD3), KOTOpBI TaKKe HCHOJB3YIOT IS
MOBBIIIIEHNS OKTAHOBOT'O YHCJIa aBTOMOOWJIBHBIX OEH3MHOB M B KayecCTBE
JIW3EILHOTO TOIUIMBA, MOKET OBITh MOJy4eH Ha 0aze Oojee MEIIEBOrO M
JIOCTYITHOTO CBIPbSI - MPUPOJHOTO Ta3a. Ha mepBoil cragiuu U3 NpupoaHOrO rasza
MOJIYy4YalOT CHUHTE3-Ta3, Ha BTOPOW - METAaHOJ, Ha TPETbEeW - AEruaparanuei
METaHOJIa TMOJY4YaloT IUMETWIOBBIM 3¢up. Takoil TpexcTaauiiHbIA MpoIiecc
cloxkeH u jopor. HemaBHO mnoka3aHa NPUHUMIHKAIBHAS BO3MOXKHOCTD
oJHOCTaAuiHOrO TmonydeHus JIMD wu3 cuHTE3-Ta3a B MSTKUX YCIOBHUSX C
BBICOKOW CEJEeKTUBHOCTHIO. JIMD MoOXeT OBITh HCIIONB30BaH B KayeCTBE
HKOJIOTHYECKM YHUCTOTO U BCECE30HHOrO0 (HE 3aMep3arollero) 3aMEHUTEINs
JU3ENIbHOTO ToIuMBa. TexHonorusi nonydeHust [IMD paspabGortana matckoii
bupmoit «Xanmop Torce». B Poccun B IHCTUTYTE HEDTEXMMUYECKOTO CUHTE3a
uM. A.B.TonuneBa PAH Ttaxxe pa3paboTana TexHosorusi nmpousBoactsa JAMDO.
(mpod. A.A. Pozosckuii, mpod. FO.A. KonbanoBckuit)

bosb1ioil mHTEpEC MPEACTABIISIIOT CIEAYIOIME XUMUYECKUE CUHTE3bI Ha
OCHOBE CHUHTE3-Ta3a.

OnHocraguiinblii cuHTe3 cnuptoB C1-C4. MIX MOXKHO MOJNYYUTH U3
CHMHTE3-Ta3a Ha MEIbCOJEpXKAIMX KaTanuzaTtopax ¢ BbixogoM 20-70% mnpu
yMepeHHbIX ycioBuax. IloTreHuuanbubli uHTEpec cuHTe3 u3 CO um Hp
n300yTanona, paspadoranabiii hupmoit «KbBACD» (I'epmanus).

- [MunpodopmunupoBanue oJiehUHOB (OKcocuHTE3) Ha
METAJJIOKOMILIEKCHBIX ~ KaTalu3aTopax C MOJy4eHUEM anbAETUIOB U
MEPBUYHBIX CIIUPTOB.

- [Tpou3BOACTBO YKCYCHOW KHCIOTHI KapOOHMJIMPOBAHUEM METAHOJIA,
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BriepBbIe ocymecTBieHHoe pupmamu «BACD» (OPI') u «Mouncanto» (CLLIA).
B r. CeBepononenke (YkpawHa) O3KCIUTyaTUpyeTCsl MOIU(GUIUPOBAHHBIN
POMEBBIN KaTaJIM3aTOP ATOrO Mpoiiecca, pazpadorannbiit A.JL. Jlanumgycom.

- Onuromepuszanusi 3THIEHA C OKCHUAOM YIVIEpOJa C MOJYyYEHUEM
COMOJINMEPA HOBOT'O KJIacca.

- KapOGonwiupoBanue TmponuieHa B TPUCYTCTBUM METaHOJA C
MOCJHEAYIOIIUM  AETUAPUPOBAHUEM TOJIYYEHHOTO MPOAYKTA M MOJYYEHUEM
METUIMETaKpuiIaTa - MOJIYIIPOIYKTa IS MIPOM3BOJICTBA
NOJINMETUIIMETAKpUJIATA.

- OxuciautensHoe KapOOHWIMpOBaHHE OyTagueHa B MPUCYTCTBHUH
METaJUIOKOMILJIEKCHOTI'O KaTaJInu3aTopa ¢ MOJYyYEHUEM aIUIIMHOBON KUCIIOTBHI.

[lonyyeHue STUNEHIVIMKOJA U3 CHHTE3-ra3a. OJTO aJbTEpHATHUBHAS
TEXHOJOTHsSI OOBIYHOM TEXHOJOTUHU MOJYUYEHHUS ITOTO MPOJIYKTa - OKUCICHUEM
ATUJIEHA C TMOCJIEAYIOUIEH THApaTalueil OKCHAa STUJICHA, TaK KaK IMOCIETHSS
XapaKTepU3yeTcs HU3KOM celneKTUBHOCThbIO (MeHee 70%) U 3aBUCHUMOCTBIO OT
HEe(DTAHBIX HMCTOYHUKOB ChIpbs. Paspaborana TtexHomorus ¢upmoit «HOHuMoOH
Kap6aiin» (CIIA), HO mporecc elie He TOTOB K IPOMBIIUIEHHOMY BHEJIPEHHIO
U3-32 BBICOKOTO JIABJICHHMSI, JIOPOTOBU3HBI POJUEBOIO KaTan3aTopa U OOJIBIIUX
MOTEPH IIPU PELIUPKYIISIIUN.

Kak mnepcrnexTuBHbIE HampaBiieHHUs] MEepepabOTKU CHHTE3-Ta3a CIEIyeT
OTMETUTH:

-IPOM3BO/ICTBO BUHMJIAIETATa KAPOOHUIMPOBAHUEM METHIIALIETATA;

-IPOM3BOJICTBO YKCYCHOT'O aHTUAPHUJIA IBYXCTAAUINHBIM METOJIOM Yepe3
CTa/INIO0 KapOOHWJIMPOBAHUS MeTuialerara WIH napoda3HbIM
KapOOHWJIMPOBAHUEM AUMETUIIOBOIO 3(hUpa U METUIIALIETATa;

-MPOM3BOJCTBO M30I[MAHATOB W KapOaMaToB KapOOHUIUPOBAHUEM
HUTPOCOETUHEHH;

-TIOJTyYeHre NUMETHIKapOOHaTa OKUCIUTEIbHBIM KapOOHHIMPOBAHUEM
METaHOJIa;

-TIOJTyYeHre alleTaabAeruaa KapOOHUINPOBAHIUEM METAHOJIA;

-nojayyeHre audeHuIkapOoHaTa OKUCIUTEIbHBIM KapOOHHIMPOBAHUEM
denomna.

Bonpimoli  wHTEpeC MpeACTaBIsSET TakXke TMepepadoTka HHU3IINX
HEHACBIIICHHBIX  YIJIEBOJOPOJOB,  TOJyYaeMbIX NpH  MHPOJIHU3E  WIH
JNErHIPUPOBAaHUM  YTJIEBOJAOPOJIOB  MPUPOAHBIX Ta3oB, B  IOJUMEPHbIE
MaTepuaibl: MOJUONEPUHBI W IUIACTMACChl HAa HUX OCHOBE, CHHTETHUYECKHE
Kay4YyKH.

[upokue BO3MOXHOCTH OTKPBIBAIOTCS B UCIIOJIb30BAaHUU
ATAHCOJIEpKAIEero  rasa:  IOJIyYeHHE  MOJMATUJICHA,  ATUJICHIJIMKOJEH,
BUHWJIAIETATa, CTUPOJIA U MOJTUMEPOB HA UX OCHOBE.

[ToaTOMy TEpCTIEKTUBBI pa3BUTHS Ta3omepepadaThIBAIONICH OTpaciu B
LIEJIOM CBSI3aHbI, IPEXK/E BCETrO, ¢ JOObIUEH U MepepaboTKON 3TaHCOIEPIKaIIero
raza, noosiBaemoro npeanpuatuaiMu OAO «"a3npom». AHAIN3 CHIPbEBOM Oa3bI
OAO «T"a3mpom» mMOKa3bIBAET, YTO MMEETCS OOJBINONW pe3epB I Pa3BUTHS
JeUCTByOIMX U co3nanus HOBbIX [ XK, mcrnosmp3yrommx B KadyecTBE ChIPbS
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JerKue yriaeBoaopoabl. Bce Oonee akTyanbHONW CTaHOBUTCS 3amada Ooliee
IIOJIHOTO M3BJICUYEHUS BCEX LEJIEBBIX MPOAYKTOB, BXOJSAIIMX B COCTaB
IPUPOJHOTO Ta3a U MX KOMILIEKCHOE, PAlMOHAIBHOE M KBAIU(PHUIMPOBAHHOE
UCIIOJIb30BaHUE NOTPEOUTEISIMHU.

IlepcnekTuBBl pa3BUTHs Ta30XMMHUU CBSA3aHbl TAKXKE C YBEIMYECHHUEM
00BEMOB NEPEPadOTKH KUAKUX YTIEBOIOPOAOB — Ia30BOr0 KOH/IEHCATA.

JlanpHel1ee COBEPIICHCTBOBAHUE TEXHOJOTUHU IMEpPEpadOTKU Ta30BOI0O
koHjaeHcara Ha mpennpusatusx OAO «l'a3mpom» Oyner OBITH HAIpaBIICEHO Ha
YIIYUIIEHHE 3KOJIOTMYECKMX CBOMCTB aBTOOCH3MHOB M JW3EIBHOTO TOIUIMBA,
YTO MO3BOJIUT UM MPUOIU3UTHCA K MUPOBBIM cTaHnaapTtaM. [1lo aBToGeH3nHaM —
3TO CHIDKEHHUE COJCpKaHMs OCH30J1a U CYMMBI apOMAaTUYECKUX YTIEBOIOPOIOB,
YMEHBUIEHUE  JABJICHUS  HACBIIICHHBIX  [ApOB M HUCIHOJIb30BAaHUE
KHCIIOPOACOIEpKAIIUX coeauHeHnd. 1lo nu3enbHOMYy TOIUIMBY — CHUKEHUE
COJEp)KaHUSI CEPHUCTBIX W  apOMAaTUYECKUX COCIUHEHUM, IIOBBIIICHHE
LIETAaHOBOI'O YHCJIA.

JUis BBINOJIHEHUS MOCTaBJICHHOM 3a/ladyd MOTpeOyeTCsl MCIOJIb30BaHHE
COBPEMEHHBIX KaTalu3aTOpPOB JUIsl TUAPOOUMCTKH U PUPOPMHUHIA, a TaKKe
IPUCATOK Pa3IUYHOTO (PYHKIIMOHAIBLHOTO Ha3HAYEHUSI.

OcBoeHue OOJBIINX 3aNacoB HIENb(OBBIX MECTOPOKACHUNA MTPUPOIHOTO
rasa HEBO3MOXHO 0e€3 pa3palOTKM KOMMEpPYECKH ONpPaBJAHHOM CXEMBbI
TPAaHCHOPTUPOBAHUSI ATOTO HHEPreTUYECKOro rmnoreHuuana. Jms Mopckux
MECTOPOKACHUMN 3Ta MPOOJIEMa OCIOKHAETCS OTCYTCTBUEM HAJIEAKHBIX PEIICHUMA
1o cOOpy U MOATOTOBKE raza. Bo3MOXHBIMH pEIEHUSIMU 3TOM 3a]1a4M SIBIISIOTCS
KPUOT€HHOE OXKI)KEHHE MPUPOJHOrO Tra3a WIM €ro KOHBEPCHS B JKHJIKHE
yTI€BOAOPO/bL, JIMOO METAHOJI, HEMOCPEACTBEHHO B pailOHaX JOOBIUH.

[TomyyeHue MOTOPHBIX TOIUIMB U3 T'a3a, 3aMEHA JKUJIKMX YTJIEBOJOPOIOB,
NPUMEHSEMbIX B KaueCTBE ChIpbsl B HE(PTEXUMUHU, HA MPUPOIHBIN Ta3 U Ipyrue
UCTOYHUKM  Tra3000pa3HOrO0  YIJIEBOJOPOJHOTO  CBHIpbS  HEOOXOAHMMO
paccMaTpuBaTh B MEPCIEKTHBE Kak 3ajJadyy [0 peaju3alud 4acTh oObeMma
J00BIBAEMOI0 MPUPOJHOrO Ta3a HE B KAauyeCTBE TOIUIMBA, a B BHUJAE T'OTOBOIO
IPOJYKTA.

B Poccun yrunuzanys HU3KOHAOPHBIX ra30B, CKUTAEMbIX Ha (akenax,
HE MO0JIyYnyia paclpoCTPaHEeHUs, B TO BpeMs Kak B 3apyOeXHBIX CTpaHax B 3TOM
HaIlpaBJIEHUHU HAKOIUIEH 3HAYUTENbHbIN onbIT. OJTHON M3 MPUYMH HEIOCTATOYHO
BBICOKOM CTENEHU YTUIIM3AlMK MOMYTHOIO Ta3a B palioHax 3amanHod Cubupu
SBJISIFOTCSL TPYJHOCTH C MCHOJB30BAHUEM CXKMKEHHOro HedTsiHoro raza (CHI).
B Hacrosmee BpeMs HE peElIeHbl BONPOCHl MMUPOKOro mnpuMeHeHuss CHI
HEIMOCPEJICTBEHHO HAa MECTax €ro MpOM3BOJACTBA, a TPAHCIOPT MPOAYKIMHU IO
xenezHot nopore gopor. Co3panack CUTyalMsi, KoOrja 3HAYUTENIbHbIE
TeppuTopuu 3anagHoil CuOMPHU UCHBITHIBAIOT MOTPEOHOCTH B SHEPTOHOCUTEIISIX,
a uMmerouecsa pecypcel CHI' He ucnons3yroTcst B 1omxHON Mepe. boiee toro,
ra30/100bIBaIONIEe MPEANPHUITHE TIATUT 3HAYUTENIbHBIE MITpadbl 3a BBHIOPOCHI
BPEIHBIX MPOAYKTOB cropaHusi raza Ha ¢akenax. OUueBUIHO 3TOT MOPOYHBIN
KPYyr MOET OBITh Pa3opBaH, €CIM OJHOBPEMEHHO C CO3/aHHEM YCTAaHOBOK,
YTUJIU3UPYIOIIMX HU3KOHAIMOPHBIE Ta3bl, OYIyT HaJaXeHbl CTPYKTYypbl U
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YCOBEPIICHCTBOBAaHbI TeXHUYECKUe cpenctBa ucnonb3oBanus CHIT B OwiTy, B
KOMMYHAJIbHBIX 1eJIIX (KOTeNbHbIE), B KayeCcTBE MOTOPHOIO TOILJIMBAa Ha
aBTOTPAHCIIOPTE U B MAJION aBUAIIUU.

B Onwmxaiimme roasl B Tra3oBoM oTpacid OyAyT MOSBIATHCS
«BBIPAOOTAHHBIE)» IA30BbIC U HE(PTETa30KOHIEHCATHBIE MECTOPOXKICHUS. 3anachl
HEU3BJICUEHHOIO Ta3a OyAyT HMCUUCIATHCA JCCATKAMH, a TO3KE U COTHAMHU
MUJUTHAPJIOB KyOHMUECKUX METPOB.

Opranuzanus paIMOHAIEHOTO UCIIOJIb30BaHUS OCTATOYHBIX
HU3KOHAOPHBIX 3alacoB TaKWX MECTOPOXKACHUM IIyTeM CTPOMUTENIbCTBA
HEMOCPEJCTBEHHO Ha MECTOPOXKICHHUSIX MAaJOTOHHAXKHBIX (ManorabapUTHBIX)
YCTAaHOBOK XMMHMYECKOT0, SHEPTE€TUYECKOr0 U APYroro NpoQuiis mo3posmia Obl
NOJIYYUTh JTONOJHUTEIbHBIE OOBEMBI TOBAPHOM MPOAYKIMHM M BO3MOXKHO,
MOBBICUTH 3PPEKTUBHOCTH Ta30BOI OTPACTH B IIETIOM.

B cBsa3u ¢ Bo3spacraromumMu oObeMaMu IPOU3BOJCTBA T'a30BOH CEpbI
HeoOXoauMo (opcupoBaTh pabOTHI, HANpaBICHHbIE Ha IOJYyYEHUE HOBBIX
CepOCOJEpKAIMX COECIUHEHUN (MHAUBUAYaAIbHbIE MEpPKaNTaHbl, CYIb(UIbI,
TUCYIbGUIbI, MPUCAIKU K MacilaM, CTPOUTEIbHBIE U JOPOXKHBIE MaTepuaibl U
T.IL.).

JUig peanv3alliy MOCTABJICHHBIX 33Ja4 M0 PAa3BUTHIO JACHCTBYIOLIUX U
CO3JaHUIO HOBBIX ra30KOHJIeHcaToIepepadaThIBalOIINX MOIIIHOCTEN
HEO0OXOMMO MTPOBEICHHE PSIa MEPOIIPUATHUI:

1. PexkoHCTpyKuus AEHCTBYIOIIMX MOIIHOCTENM Ta30KOHIEHCATO-
nepepadaThIBAIOIIMX  NPEANPUATHA C  HACBHIIIEHHWEM MX  BTOPUYHBIMU
MIPOLIECCAMH, YJIYUYIIAONIMMHA KadyeCTBO TOBAPHOW NIPOMYKIMH, ITOBBIIIEHUEM
[UIyOMHBl M3BJICYEHUS] LIEJIEBBIX KOMIIOHEHTOB M COKpAIlEHHUEM BPEIHBIX
BBIOPOCOB.

2. Coznmanue razornepepadaThIBAIONINX U TA30XUMHYECKUX MPOU3BOJICTB
Ha 0a3e CBIPHEBBIX PECYpPCOB KPYMHBIX Ta30KOHJIEHCATHBIX MECTOPOXKICHHIM
3anagnoit Cubupu C TMOJTyYEHUEM TOJUMEPHOM U JPYrol XUMHUYECKOM
MIPOAYKIIUU.

3. OpraHuzanus CTPOUTEIbCTBA  YCTAHOBOK IO  yTHIM3ALHH

HU3KOHATIOPHBIX Ta30B ¢ mpousBojacTBoM ¢pakimii Cz-Cs, Cs+ ¥ TOBApHOTO
rasa.

4. Opranu3zauus IpOU3BOACTB CHHTETHUYECKHUX >KHJIKUX YTIEBOIAOPOJIOB
U3 IPUPOJIHOTO Tasa.

5. PacmmpeHne accCOpTUMEHTA CEPOCOAEPKAIIEH TPOAYKUUU U
Moau(dUKALIMN 2JIeMEHTapHOU cephl Ha 0a3e ra3oBoil cepbl OpeHOYpPrcKoro u
Actpaxanckoro ['T13.

6. CHWXKEHHE DKOJOTHYECKOW Harpy3Kh B pallOHaX pacrloJIOKEHHUs
razornepepadaThIBAIOIIMX 3aBOJIOB M Ta30XMMHUYECKUX KOMILIEKCOB.

7. Pa3paboTka HayYHO-TEXHUYECKUX ¥ OPTaHU3AIMOHHBIX MEPOTIPUITUIH,
HAlpaBJICHHBIX HA CHWKCHUE KANWUTAIBHBIX 3aTpaT HA BHOBb BBOJUMBIX
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KOMITJIEKCAX IO mepepaboTke ra3a W KOHJIEHCATa, a TAKKE HKCILTyaTallMOHHBIX
3aTpaT Ha JeWCTBYIOIUX mnpennpustusix. Ha psae razonepepadaThiBaromnx
3aBOJIOB  pAacCMATPUBAIOTCA  MEPCIEKTUBHBIE  HANPABICHUS  XUMHUYECKOMN
nepepabOTKU Ta30BOr0 M Ta30KOHACHCATHOTO ChIPhSl C MOJYYEHHUEM IIEHHBIX
MPOIYKTOB.

Tak, Ha HOBO-YPEHIoMCKOM ra30XMMHAYECKOM KOMIUIEKCE B HACTOSIIEE
BpEMsI OCYILECTBISIETCS CTPOUTENBCTBO 3aBOAA IO BBIMYCKY IOJMAITHICHA
motHocThio 300 ThIC. T/TOA. B mepcnekTrBe HaMeueHOo CO3/laHue MTPOU3BOJICTBA
nmo BeIMycKy 250 ThIC.T/TOA MeTaHoMa 1jisi mocTaBku Ha CypryTcKuil 3aBOJ
crabmmmsanuu kouAeHcata (3CK) B kadectBe Chipbs mis cuHTesa MTBD.
PaccmarpuBaercss Bompoc O CTPOUTENBCTBE MOIIHOCTEM MO mpou3BoACTBY 100
TBIC.T/TOJ TIOJTUTIPOITHJICHA.

Pa3paboTan MpoeKT CTPOUTENHCTBA 3aBOJA IO BBIMYCKY METAaHOJA B
r.ApxaHrelibcKe MOIIHOCTBI0 0KOoJI0 900 ThHIC.T./TOJ A SKCHopTa B 3anagHylo
EBpony (mpoekt «Metanpom»). B nepcniektuBe mpesmnosiaraeTcsi pacuiupeHue
HOMEHKJIATyphI BBIITyCKaeMO# pOoayKInu (hopManbaeru], yKCyCHasi KUCIOoTa U
Jp).

B r. Koxtna-fpse (DOcToHMs) mIaHUPYETCSd PEKOHCTPYKIHS U
CTPOUTEIHCTBO HOBBIX YCTAaHOBOK Ha OBIBIIIEM 3aBOJI€ a30THBIX ynoopenuii 110
«CrnaHuexum», 4To MO3BOJIUT OCYIECTBUTH:

-poM3BOACTBO MeTaHoja (450 TwIC.T./TOA) MJIS TPUOPUTETHOTO
WCIIOJB30BaHUs Ha JCUCTBYIOIIUX MNPEANPUATUIX CTpaH banTtuu u sKcropTa
BO3MOYKHOTO U30bITKa B cTpaHbl CeBepo-3anaanoi EBpomnsr;

-kap6amu10B (600 ThIC.T./TON),

-ammuaka (450 Teic.T/TON).

Ha Cypryrckom 3aBojie cTaOuiv3aluy KOHJAEHcaTa il YriayOJieHHUs
nepepadoTKM  ChIpbS W PACHIMPEHHMs] HOMEHKIIATYpbl  BBIpaOaThIBAEMOM
MPOYKIIUU BEJETCS CTPOUTEIHCTBO YCTAHOBKU KATAIMTUYECKOTO pU(POpPMHUHTa,
OJloka KaTaIUTHYECKOW JienapaduHU3AlMd W THAPOOYHUCTKH JAU3EITHHOU
dbpakuuu 1 6;10Ka TUAPOOUYNCTKH PEAKTUBHOTO TOILIMBA MIPOU3BOAUTEIEHOCTHIO
750 ThIC.T/TOA. PaccMarpuBaeTcs Takke BOMPOC O CO3JaHWUU MPOU3BOJCTB TIO
BBIITYCKY MOJIUMEpHOU nipoaykiuu u MTBD.

Ha Cocnoropckom I'TI3 mnmaHupyercss paclidpeHHE€ HOMEHKJIATyphl
MPOU3BOJIUMOTO Texyriepoaa. Pa3paboTaH TPOEKT CO3MaHUSI B COCTaBe
Cocnoropckoro I'TI3 MPOU3BOJICTBA MOJUATUIEHA (2 ycrtaHoBku 1o 100
TBIC.T./TOJT KaXk/1asi).

Ha OpenOyprckom reimeBoM paccMaTpUBAETCsl YBEIMYEHUE BHIPAOOTKH
sraHa A0 500 Teic.T./TOg, a Ha OpenOyprckom ITI3 — mnpous3BOACTBO
WHJMBUAYAJIbHBIX MEPKANTaHOB W YCTAHOBKA TPAHYJISALMS CEPhl MOIIHOCTHIO
350 teic.T./Toa. B Hacrosmee Bpems OpeHOyprckuil rasomnepepadaThiBarOIIHiA
KOMILIEKC cBsizaH 600-KHUJIOMETPOBBIM 3TaHONpPOBOAOM C¢ KazaHCkuM 3aBOJOM
OpraHUYECKOT0 CHUHTE3a U TOJBKO C YYETOM HTOM KOOIMEPALMOHHOW CBSI3H
MOET OBITh MPUYUCIICH K TA30XUMHUYECKIUM OOBEKTAM.

Pa3zputne ActpaxaHckoro razoxumuueckoro komiuiekca (AI'XI)
npeaycMaTpuBaeT co3flaHrue Ha 0aze TOBapHOTO Trasza, coaepxariero 4% sTaHa,
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BBIITYCK XUMUYECKON NpoayKuuu. OJHUM K3 BO3MOXKHBIX BAPUAHTOB Pa3BUTHUS
AI'’XK sBnsieTcss CTPOMTENBCTBO 3aBOJA [0 BBIIYCKY IIOJHUCTHPOJIA HIIU
nosmaTrUiIeHa. OTHAaKO MOKA 3TOT MPOEKT HE PEAIN30BaH.

AHanu3 IOTEHUUMAIbHBIX PECYPCOB ILIEHHBIX KOMIIOHEHTOB T'a30BOI0O
CBIPbS M UX MCIIOJIB30BAHUA JUISl pa3BUTHUS Fa30XMMUH, IIOKa3bIBaeT, 4To Poccus
pacrojaraeT MOILHOW ChIpbE€BOM 0a30l yrieBOJOPOAOB B COCTAaBE MPHUPOIHBIX
ra3oB ¥ T'a30KOHJICHCATOB.

[lepepa®oTka ra30BOro ChIpbsg B JKHJAKHE YIJIEBOJOPOIbI MOXET
CYILLECTBEHHO MONOJHUTH PECYPCHl MOTOPHBIX TOILTUB, OCOOEHHO JJI1 PETHOHOB,
UMEIOIINX MPUPOAHBIA ra3, HO ynameHHbix oT HII3. Ilpu ocBoeHHMH HOBBIX
ra30BBIX MECTOPOXACHUN, PACIIONIOKEHHBIX JAJIEKO OT PallOHOB MOTpeOICHUS
ra3oB, nepepadoTKa yrieBOAOPOAHBIX T'a30B B KUAKHUE YIIIEBOAOPOABI MOXKET
CTaTh CEPbE3HOM ANbTEPHATUBOU JAJIbHEMY TPAHCIIOPTY ra3a Mo ra3onpoOBOIAM.

l'azoxumMuueckue IPOU3BOJACTBA  JOJDKHBI  CTaTh  IPUOPUTETHBIM
HaIlpaBJICHUEM pa3BUTHUA Ta30BOM mpoMbllieHHOCcTH B Poccun. Muposas
IOpaKkTHKa I[I0Ka3aja, 4YTO HaumOOsee BBICOKYIO JOXOJHOCTh OT peaau3aluu
HE(PTEXUMUYECKOM  NPOAYKIMM  UMEIOT  KOMIIAHWHW,  paclojararouue
COOCTBEHHBIMU  CBIPBEBBIMM  pecypcamu. Pa3Butue Ta30XUMHM  JIacT
BO3MOKHOCTb HAIlIEH CTPAHE HE 3aBUCETh OT U3MEHEHHUs CUTYyallUH 10 [IEeHaM Ha
IIPUPOJHBIA Ia3 HAa MHUPOBOM pBIHKE M I0Jy4aTb BBICOKME JIOXOIBI OT
KOHKYPEHTHOCHOCOOHOU U BBICOKOA(()EKTUBHOM MPOAYKIIUH.

Pa3zgutne  ra3zoXxuMH4YeCKOM  IPOMBIINIIEHHOCTH  MOXKET  CTaTh
ONPEAEISAIONIMM B BO3POXKICHUN POCCUIICKON SKOHOMUKHM.

1.2. CocTaB NpMpPOaHBIX I'a30B U TA30KOHAEHCATOB

Bce yrneBonopoaHbie ra3pl 10 MX MPOUCXOKIACHUIO MOXKHO pa3JeiuTh
Ha J1Be OOJIBbIIINE TPYIIIBI: MPUPOHBIE Ta3bl M Ta3bl HEPTENEpepadaTHIBAIOIINX
3aBOJIOB.

IIpupoanbie ra3pl — 3TO Ta3bl, JOOBIBaEMbIE HEMOCPEACTBEHHO U3
3eMHBIX HEJp, B 3aBUCHMOCTU OT YCJIOBHM 3aJieTaHUs] OHU MMEIOT Pa3IUYHBIHI
COCTaB. YTJEBOAOPOJAHBIE MPHUPOAHBIE Ta3bl MOTYT OBITh W3BJICYEHBI U3
MECTOPOXKIACHHUIM TPEX THIIOB: YMCTO T'a30BbIX, HE(PTAHBIX U TA30KOHICHCATHBIX.

TI'azet uyucmo 2azoevix mecmopoycoenuii (K HAM Yalle BCETO
NPUMEHUMO Ha3BaHWE MPHUPOAHBIA WM CyXOMl Ta3), B OCHOBHOM COCTOSIT U3
ME€TaHa, cojAepkaHue Kotoporo nocturaet 98%. [nga psoa mMecTopoxIeHHM
conepkanne napapunoB C,-C4 coctaBmser 1,5-7,0%

Ilonymmusie 2a3zpl — ra3o00pa3Hble YIIEBOIOPOAbI, COMPOBOXKIAIOIINE
ChIpYI0 HE(Th, B YCIOBUAX IJJACTOBOTO JaBJICHUS PACTBOPEHHbIE B HEPTU U
BBIJICIISIFOIIMECS B TIpoliecce ee Ao0bau. ITu rasel cojepkar 30-80% merana,
10-26% »stana, 7-22% nponana, 4-7% Oytana u u3o0yrana, 1-3% H-TieHTaHa U
BBICIIMX H-aJIKaHOB. B 3THX raszax cojepaTcsi TakKe CEpOBOIOPOA, AMOKCHT
yriepoaa, MHEPTHBIC Ta3bl.

TI'a3vt zazokonoencamubvlx MecmopoycoeHuil 1O COCTaBy OJHM3KU K
MOMYyTHBIM Ta3aM, HO BBIHOCSIT HA MOBEPXHOCTh B CKOHJICHCHPOBAHHOM BUJIC B
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HeOompmux  kKonmdectBax  (50-500 r1/H.KyO.M. Taza) OoJjiee  TSDKEIbIC
YIIeBO0pOIb! (KOHIeHcaThl), kumsiue 10 200-300°C.

I'azbl  HedTenmepepadarbiBalOIIMX  3aBOAOB —  O3TO  JIETKHE
yIIIEBOIOPOABI, OOpa3oBaBIIMeCs MpU TiepepaboTke HedTH B pesynbrare
JECTPYKTUBHBIX TIPOIECCOB  (MUPOJM3, TEPMHUCCKHA W KaTaTUTHYECKUN
KPEKUHT, KOKCOBaHWE, KAaTaTUTHYCCKH pPHPOPMHUHT). DTH Ta3bl COJEpKaT
HACBHIIICHHBIE W, B OTJIWYHE OT MPHUPOJHBIX Ta30B, HCHACHIIIICHHEIC
yrieBo1opobl C1-Cs, a Takxke BOJOPOJ U CEPOBOJAOPOI.

IIpupoaublie raspl

B naHHOM Kypce neKIMM B COOTBETCTBHM C IPOTPAMMOM MBI
paccMaTpuBaeM BOIIPOCHI NEPEPAOOTKU TOJIBKO MPUPOIAHBIX T'a30B.

KpynHeiimne oTe4ecTBEHHbIE MECTOPOKICHHS MPUPOJHOTO raza B
HACTOSIIIIEE BpEeMsl HAaXOAATCS B CEBEpHBIX pailoHax 3amaaHou Cubupu —
VYpenroiickoe, Measexne, B 3anomsippe (moxyoctpoB Aman), B OpenOyprckoit
oomactu wu Ilpukacnum (Actpaxanckoe, Kapayaranakckoe, TMocJeaHee
HaxonuTcss Ha Tepputopun Kaszaxcrana). K Haubosiee KpyHmHBIM Ta30BbIM
MectopoxaeHusiMm B ctpanax CHI' otHocsarcsa: lllebenunoBckoe (YkpauHa),
["aznunckoe (Y306ekuctan), llatneikckoe (Typkmenucran).

B T1abn. 4 npuBeneH cocTaB MPHUPOJHBIX T'a30B OCHOBHBIX Ta30BBIX M
ra30KOHJEHCATHBIX MecTOpoxaAeHU. OOuiee, 4To XapakTepus3yeT TIa3bl YHUCTO
ra3o0BbIX MECTOPOXICHUN — BBICOKOE COAEpkaHue meTaHa or 75 mo 98% wu
COOTBETCTBEHHO BBICOKAasl TEIUIOTa CrOpPaHUS. ConepxxaHue  TSXKEIBIX
yrieonoponoB (Cs u Bbime) HeBenuko /0,02 — 0,20% (00)/. BoabmMHCTBO
ra3oB conepxkut 1-5% (00) HEyriIeBOJOPOJIHBIX MPUMECEH: HHEPTHBIC Ta3bl
(a30T 1 IUOKCHU]T yTIIepoia) U cepoBoopoa. KpoMe aTux mpumeceit, mpupoHbie
ra3bl ra30BbIX M Ta30KOHJEHCATHBIX MECTOPOXKICHHUM COIEpKaT B HEOOJIBIITUX
KOJIMYecTBax renuil, aproH, cepoyriepoausie (COS u CSy), a Takke
cepooprannyeckue — mepkanrtanbl (RSH) — coequnenus. [Ipupoansie ra3sl, Kak
MPABUJIO, UJTU HE COJIEPKAT CEPOBOIOPOJ WIIM COAEPIKAT €r0 B HE3HAYUTEIbHBIX
KOJIMYECTBaX - Ha YpPOBHE nojed mnpoueHta. OAHAKO Tra3bl TPEX KPYIMHBIX
ra30KOHACHCAaTHBIX MeCTOopokaeHuil — OpeHOyprckoro, Kapauaranakckoro u
O0COOCHHO ACTPaxaHCKOTO - COJAEPKAT €ro B 3HAYMTEIbHBIX KOJWYECTBaxX /OT
1,7 no moutu 25% (00)/. DTO cepbe3HO OCIOKHAET MEPepadOTKy ITUX Ta30B, HO
JlaeT BO3MOKHOCTh MOJYUYUTh LIEHHBIN MPOAYKT — cepy. [Ipous3BoacTBO cephl U3
ra3oB ACTpaxaHCKOIO Ta30KOHAEHCATHOIO MECTOPOKICHHS JOCTUraer 5% ot
MHpPOBOTO NIPOU3BOACTBA 3TOro npoaykra. CoOOTHOLIEHHWE OTAENbHBIX
KOMIIOHEHTOB MPUPOJIHBIX T'a30B MOKET MEHSTHCS B LIMPOKUX MpeAenax, yTo
OKa3bIBAaCT BIIMSHUE Ha BBIOOP TOTOYHOM CXEMBI raszornepepadaThIBAIOIIETo
3aBOJIa.
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Cocrasn IMPUPOAHBIX I'a30B HCKOTOPLIX I'd30BBIX U I'A30KOHACHCATHLIX MGCTOpO}KI[eHI/Iﬁ

ConepXaHHe KOMIIOHEHTOR Mnot- | Betxex | Conep.
MecTopoxaeHns HOCTD, |KOHACH- gr}a;s:
CH, | CH, | CH, {ZC,P, :CH,|l N, HS | CO, |xr/v i?‘:; 13/ ;3
YpeHro#ickoe, 97,88 | 0,82 L9 0,21 10,724 -
3an. Cubupsp
Ypenroiickoe 85,31 | 5.81 531 2,05 | 0,18 { 0,90 — 0,44 | 0,870 |200—-250] 168
Meznpexne 98,56 { 0,17 | 0,001 | 0,02 { 0,02 | 1,00 0,22 10,724 | 5-10 !
Meccoaxckoe 99,00 | 0,06 | 0,04 - - 0,40 - 0,50 [ 0,738 - -
Opentyprekoe,
OpentGyprekan ofnacts | 85,101 3,80 1,70 | 0,80 1,50 | 4,80 1,7 0,60 10,862 |75—-100| 91
Hokposckoe, - :
Openbyprekas obnacts | 66,99 | 5,20 1,97 | 2,60 — 2294 | 0.2 0,10 | 0,952 - 106
Byxreineckoe, Pecny6-
mmKa KoM 84,i0 | 740 | 2,00 | 0,60 | 0,30 | 5,10 (0,10 } 0,838 |350-400] 74
AcTpaxaHcKoe,
AcTpaxaHckan obm. * 47481 1,92 | 0,93 1,06 | 2,58 1,98 | 22,50 | 21,55 —  ]260-2706{ 159
KapauaraHakckoe, _ .
Kazaxcran 8205 533 | 2,13 | 0,81 | 0,27 | 0,79 | 3,62 | 500 - - -
laznuHCKOE, V3bekncran| 94,60 [ 2,06 | 027 | 0,32 ( 0,22 | 230 [ 0,07 | 0,i6 |0,755| 15-20 | 18
HlatnrKkckoe, :
TYPKMEeHNCTaH 95.,05{ 163 | 0,20 1 0,07 | 0,10 } 1,75 - 1,20 | 0,755 | 20-25 7
HeGemniobekoe,
Yxpauiia 92951 390 | 1,15 | 0,20 | 0,21 1,50 - 0,09 0,782 | 10-15 30

*"a3 comepsxuT Takke (B mr/m): COS - 1000, CS; - 10, mepkanTanos - 2000
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CocTaB MONYTHBIX Ta30B CIOXHEE — OOJBIIMHCTBO U3 HUX COJEPIKUT
yraeBogopoasl Cs U BBINIE, COACPKAHUE METaHa MOXKET KoJjebaThCsi B OYEHBb
HMUpOKUX Tpenenax — oT 5 10 83%. B cocraB momyTHBIX HE(TSIHBIX Ta30B
BXOJISIT, KpOME METaHa, YTIEBOJOPOJAbl: 3TaH, MPOIaH, H- U U300yTaHbl, H- U
W30IEHTaHbl, TEKCaH U T.J., a TaKXXe CEPOBOAOPOJI, MEPKANTAHbI, YTICKUCIbIHI
ra3, azor, renuil. IlomyTHele HedTAHBIE Ta3bl cojAepaT HauWOoJbIee KOJHU-
YECTBO TSKEJBIX YIJIEBOAOPOJIOB. OTU Ta3bl COAEpKAT 3HAUYUTENIbHbIE
KOJIMYECTBA JTaHa, MpOIMaHa, OYTAaHOB, SBISIIOIIMXCS ILEHHBIM CHIPbEM JUJIS
razoxuMuu. X pecypchl BecbMa BEIHKH, TaK KaK CpPEIHUN Ta30BBIA (PakTop
He(DTIHBIX MecTopokaeHudt Poccum 95-112 kxy6.m/1. T['a3zoBeiM  (hakTOpom
HA3bIBACTCSl KOJMYECTBO IMOMYTHBIX Ta30B B KyO0 M , mpuxojsmieecs Ha 1 T
noOwiToit HehTu. B Tabn. 5 mpuBeneH coctaB HEPTAHBIX (TOMYTHBIX) Ta3oB
HEKOTOpPbIX HEPTAHBIX MecTopoxaeHuil PD u crpan CHI, a B Tabn. 6 -
MECTOpOKIeHuHM bamkoprocrana.

VYTri1eBo10pobl TOMYTHBIX HE(PTSHBIX Ta30B CIYXAT IS MOJYyYCHHS

TOIUIMBHOTO CyXOro rasza (TJIaBHBIM 00pa3oM, METaH U 3TaH), ChIPbS IS
MOJIydeHHUs] JTWieHa (dTaHoBas  ¢pakius), CHKIKEHHBIX Ta3oB (MpOIaH,
n300yTaH MU H-OyTaH), CTaOMJIBLHOTO Ta30BOro OeH3uHa (Oojee TsDKEIbIe
YTIIEBOJOPO/Ibl — TaK HA3bIBAEMBIN KOHJCHCAT).
[To conepkanuto TsoKenbx yriieBogopooB (Cz u Bbllle) MONYTHbIE HEPTSIHBIE
rasel gensarca Ha "tomme" — menee 50 r/m3, "xupnbie" — 6onee 150 /M3 u
npomexyrounsie  50-150 r1/M®. Ilo TEIIOTBOPHOM CIOCOOHOCTH  Ta3bl
KIACCUPUIUPYIOTCS  CIEAYIOIUM  00pa3oM: UMEIONIHMEe  TEIUIOTBOPHYIO
crocobHocTh MeHee 2500 kkan/m® cuuTaroTCs HHU3KOKanopuiiHeiMH, oT 2500
105000 kxan/m® — cpennekanopuitneiMu u  Gomee 5000 kkam/md —
BBICOKOKAJIOPUHBIMH.
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CocTaB HEQTSIHBIX (OMYTHBIX) FA30B HEKOTOPHIX MECTOPOKICHUH

Tabmauma 5

MecTopox.icHue Conepxane xoMmnoHeHTos, %(0b.) CiHg+, | Tlnothocs,
rfmd Kr/m?
CH4 CIH{ C;H. IC.;H 10 ECsH 11 ECgH“‘i" N] H }S COI
Camornopekoe, 3an. Cubups 82,88 4,23 6,48 3,54 1,05 0,32 1,17 - 0,32 266 0,936
BapberaHckoe, To xe 77,25 6,95 9,42 425 0,90 0,12 0,93 ~ 0,18 328 0,988
ITparmMHcKoe, “ 58,40 11,65 14,53 9,20 3,62 0,57 066 - 1,37 662 1,271
HOxuo-banwxekee, “ 68,16 9,43 1598 4,50 0,51 0,66 0,64 - 0,12 472 1,096
PomaumsHckoe, Tatapctan 43,41 20,38 16,23 639 1,64 043 11,23 - 029 554 1,285
TyiiMasuHckoe,  Bamkopro- 33,01 2554 2193 848 2,98 1,07 699 - - 662 1,322
CTEH
Kynewosckoe, Camapex. obn. 39,91 23,32 17,72 5,78 1,01 0,00 11,36 035 0,46 506 1,217
hopobkosckoe, Bonr. obn. 76,25 8,13 8,96 354 1,04 - 1,25 - 0,83 254 0,958
Apnnckoe, [epMckas obn. 23,90 2490 23,10 13,90 7,80 - 6,40 - - 1079 1,664
K.aMEHHONOXCKOR, TO X 28,90 25,90 120,30 9,30 3,10 - Lt 14 - 702 1,475
{ HeaMHUEBCKOE, YKpanHa 55 27,39 38,35 12,82 3,14 0,43 - - 12,37 1203 1,846
Visus, Kasaxcral 83,53 873 398 192 070 036 - - 078 164 0,893
Herubatt, ¢ 78,06 849 632 346 101 - 2,66 - : 247 0,951
51,6 15,74 9,15 3,47 0,65 3,28 £88

Pevnukoe, bennpyer

16,11

1,310

*ApY, HPY u IIpV - cooTBeTCTBEHHO apoMaTHuyeCcKue, HaTEHOBBIE U Mapa(UHOBBIE YTIIEBOIOPOIbI
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CocraB He(TSIHBIX (MOMYTHBIX) Ta30B MECTOPOXKIeHUH bamkopTocTana

Ta0mura 6

T Mecropoxaenus
Tymaiizunckoe | Anexcaaposckoe |IlImakosckoe u-1 | Illnakoeekoe a-3 | Cepadumosckoe | Apnanckoe | Hoso-Xazumckoe

Cocras rasa:
CEPOBOAOPOL — 0,5 e — — e ==
asoT 11,5 233 17,4 254 — 39,0 32,15
YIJIEKUCIIbIA ra3 — 0,5 — — 0,6 2,3 —
MeTaH 21,6 13,4 21,9 31,6 29,6 T2 11,55
3TaH 19,3 13,4 10,6 13,0 17,6 8.2 6,09
nponax 27,3 251 27.5 20,5 31,7 219 17,85
u-Oyran 3,7 5,0 34 1,8 4,0 4,0 5,74
H-OyTaH 9,1 9,7 10,4 4,8 55 9,0 9,47
U-TICHTaH 24 2,0 3,1 11 3,1 2.4 5,70
H-TIEHTaH 2,6 3,5 3,4 0,9 3.4 34 —
reKcaH U BbILLIE 2.4 3,6 23 0,7 2,6 3,6 —

ra3oBelit (hakTop, 52,5 18,2 40,8 124,5 53,0 21,9 20,6
M/T
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I'azoxkoHaeHcaThbI

['a30Bble  KOHAEHCATBHI  Pa3HbIX  MECTOPOKIAEHUM  CYIIECTBEHHO
pas3nuyaroTcs IO IPyNIIOBOMY XMMHYECKOMY COCTaBY M COJEPAHUIO CEPBI,
KOJIMYECTBO M COCTaB ra30KOHJIEHCATOB 3aBUCAT OT XapaKTepa 3aJIeKH, CPOKOB
pa3pabOTKM W YCJIOBHH OKCIUTyaTanud MectopoxaeHus. [lo Bbicokomy
COJIEP>)KaHUIO Cepbl PE3KO BBIIEIAIOTCS KOoHAeHcaTbl OpenoOyprckoro (1,18%),
Actpaxanckoro (1,37%) u Kapauaranakckoro (0,8%) mectopoxxnenuii. B Taba.
7  TOpuBeAEHA  XapaKTepUCTHKA  Ta30BbIX  KOHACHCATOB  HEKOTOPBIX
Mectopoxnaenuit Poccun u ctpan CHI. B oriauume OT HOpUpOAHBIX Ta30B
ra3oBble KOHJCHCATHl Hapsay ¢ napaduHOBBIMHM YIJIEBOJOPOJAMU B TE€X WIH
MHBIX KOJMYECTBAX COAepKaT Ha(hTEHOBBIE U ApOMATUUYECKUE YTIEBOAOPOIbI.

["azoxonAEHCATHI SIBIIIIOTCS CYILIECTBEHHBIM pecypcom
YTJIEBOJIOPOHOTO ChIphs. X cymmapHasi 100bI4a ceiuyac qocturaet 25-28 MiH
T/TOJI, YTO B CpEIHEM IO CTpaHe cocraBisieT okojgo 40 r Ha 1 KyO.m
noObiBaeMoro raza. OgHako Ha 3kcmutyaTupyeMbix B Poccun m ctpanax CHIC
MECTOPOXKACHUSAX W3BJICUYCHHE KOHJIEHCAaTa OT MOTEHIMala He mpeBbimaer 50-
60%. B To xe BpeMsi B pa3BUTHIX KaNMUTAIMCTHYECKUX CTpaHax, 00JaJaromnx
KpYIHBIMH Ta30KOHJeHcaTHbIMU MecTopoxaeHusmu (CLIA, Kanama) otbop
KOHJIEHCaTa OT IMOTEHUMAJIbHOIO COAEpPKAaHWS B Tra3e 3HAYUTEIBHO BBIIIE U
MOXET COCTaBUTH 95%.

1.3. IlorouHble cxeMbl Tra3onepepadaTbIBAKIINX
3aB0O/I0OB, OCHOBHbIE€ NMPOAYKTHI NMEPBUYHON NepepadoTKn

NPUPOIHBIX I'a30B

OcHoBHOE Ha3HAYEHHUE razonepepadaTHIBAIOIINX 3aBOJIOB — Pa3JIeiCHHE
ra30BbIX U Fa30KUJKOCTHBIX CMECEH, MOCTYMAIOIINX Ha 3aBOJI C POMBICIOB, HX
OCYIIIKa M OYHCTKA OT HEXKENATEIbHBIX KOMIOHEHTOB.

C ra30KOHIEHCATHBIX MECTOPOKIECHHM Ta3 M KOHJEHCAT MOTYT
TPaHCIIOPTUPOBATHCS [0 MAarucCTPAJIbHBIM  TPyOOMpOBOJAaM OJHUM  WITU
paszznenbHbIMU noTokaMu. Hanmpumep, Ha Actpaxanckuii I'TI3 ra3 u konaeHcar
MOCTYyNalT 00bEIMHEHHBIM MOTOKOM, M KHUAKas (a3a OTIAEseTcs cenapanuei
yKe HemocpeAcTBeHHO Ha 3aBoje. Ha OpenOyprckuit I'TI3 mo oTaenbHbIM
TpyOONpoBOJaM MOCTYNAIOT a3 W HECTAaOWJIbHBIA KOHAEHCAaT, a Ha 3aBOJe
OCYILECTBIISIFOTCSI MEXaHHW4YecKas cemapamus rasa C IOCIEAYIOIIEH €ero
OUYUCTKOM, pa3JieJieHueM U CcTabmIn3alue KoHaeHcara.

Ha OpenGyprckom I'TI3 - Tpu ouepenu. OHHU, B OCHOBHOM, aHAJIOTUYHBI
apyr Apyry. OTiaugaroTcs, TJaBHBIM 00pa3oM, Te€M, 4YTO Ha TEPBBIX JBYX
ouepeIsiX OTCYTCTBYET YCTaHOBKA HU3KOTEMIIEPATypHON MaciIsTHOW abcopOruu,
HO Ha BTOPOM OYeper MPUCYTCTBYIOT YCTAaHOBKH aJCOPOITMOHHOW OCYIIKH H
OUMCTKU Ta3a OT MEPKANTaHOB Ha LIEOJIUTAaX, a Ha IIEPBOIl OUepe M — yCTaHOBKA
MOJIYYEHHUs oJlopaHTa. B 1enmoM kaxmas ouepeap 3aBoja — 3TO 3aBEPIICHHBII
TEXHOJIOTUYECKHUI ITMKJI, B KOTOPOM OCYIIECTBIsIETCA mepepaboTka Taza -
cernapalys, OYHMCTKa OT HEXeJAaTeIbHbIX KOMIOHEHTOB, OCYIIKA, BIUIOTh JO
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MOJIYYEHHUS] TOBAPHBIX MPOJAYKTOB.

[IpumepHO TOT k€ HAOOP MPOIIECCOB XapaKTEepeH MJisi Hanbosee CTaporo
[TI3 — CocHoropckoro, a Takxke Tyhmaszunckoro. Ha mnocnemnem -
nepepadaThiBaloTCs MoMyTHhIE HedTsHbIe Ta3bl. [lepepaboTka HEDTAHBIX Ta30B
Ha rasonepepadarbiBaromux 3aBogax (I'TI3) cBoguTcs K BBIIENIEHUIO U3 Ta3a
CTaOMJIBHOTO Ta30BOTO OCH3WMHA, CXKIWKEHHBIX Ta30B W  TEXHUYECKHUX
WHIUBUYAIbHBIX YTIEBOJOPOAOB, a Takxke reius. IlepepaboTka MOMyTHBIX
HEe(DTSIHBIX TA30B BKIIOYACT CIEAYIOIIME IMPOIECCHl: OCYIIKY Ta30B OT BOJBI,
OUHUCTKY OT CEpPOBOJOPOJA, YIIEKUCIOr0 ra3a M MEXaHWYECKUX IpUMeEcei,
OoTOCH3WMHUBAHUE, Pa3JeICHHEe HECTAOMILHOTO OEH3WHA, BBIPAOATHIBAEMOTO HA
3aBOJIC U IMOJYYEHHOTO U3BHE, C MOJYyYCHHEM CTAOMIIBHOTO ra30BOro OCH3MHA,
CKUKEHHBIX U UHANBUIYATbHBIX YIJI€BOAOPOOB U T.J.
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IIoka3aTenu kauecTBa ra30BBIX KOHJICHCATOB HCKOTOPBIX MCCTOpO)K,[[CHI/Iﬁ

Tabmuma 7

Mecroposicaenue ITnotHocts| Coaeprkanue ®pakuuoHHsli cocTas, “C I'pynnoBoit XuMu4eckuii
npu 20°C, cepsl, cocrtaB*, % (mac.)
Kr/m’ % (mac.) H.K. 10% (06.) | 50% (06.) | 90% (06.) K.K. ApY Hpy [py
z:ec"ﬁ"p"e ®¥-1 746 10,001 |30 |75 141 {290 |[360 |1-10 |20-60]| 25-60
OpeHdyprckoe ¥ e 1 5 18 25 43 95 190 197 46 25 59
YRR 750 | 0,04 47 | 68 141 |303 [344 |15 |25 |60
(Pecnybnuka Komu)
AcTpaxaHCKoe 806 1,37 58 98 183 320 360 34 - -
KapauaraHakckoe 772 0,08 40 97 195 345 >360 | 18 21 61
e 773 0,03 56 94 132 202 234 |22 28 50
V306ekucTan
ek LR, 780 0,02 103 | 131 207 290 322 |- = =
TypkMeHHUCTaH
Ly”eﬁe””“"‘“"‘“’ - - 44 |81 128 [245 |289 |15 34 |51
KpauHa
ORI 758 | 0,01 60 |85 120 | 206 |285 |- " .
3an. Cubupsb
Mensexebe, ToxE = = 210 233 254 296 360 = = =
*ApY, HpVYu IlpY — coorBeTcCTBEHHO apoMaTHyeckue, HapTeHOBbie U nMapa@UHOBBIE YIIIEBOA0PO/1bI
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ITotounble  cxembl pasznuubbix [TI3  oTiaMuaroTcs  mepeyHeM
UCIIOJIB3YEMBIX  IIPOLIECCOB,  aCCOPTMMEHTOM  BBIIYCKAEMOW  TOBApHOU
IIPOLYKLHH, HO BO BCEX CIIy4asiX MPEACTABIISIIOT CAMOCTOSATEIbHBIE KOMILIEKCHI,
00ecreunBaoIINe HE TOJIBKO MEPepadbOTKy ChIPbs 10 TOBAPHBIX MPOIYKTOB, HO
U TNpelyCMaTpHUBAIOLIME IIOJYyYEHHE Ha MECTE BCEX OCHOBHBIX PEarcHTOB -
abcopOeHTOB, XJIaJareHTOB, TEIUIOHOCUTENEN U T.1. [IpuHIMNMaNIbHOE OTIINYHNE
Openbyprckoro u ActpaxaHckoro I'TI3 oT ocranbHBIX 3aBOJOB — HaJIM4uue
IIPOU3BOJICTBA Fa30BOM CEPBI U3 BBIJIECIECHHOIO B IIPOLECCE OYUCTKHU MIPUPOTHOTO
raza cepoBomoponga mno merony Kiayca, a Ha OpeHOyprckom 3aBome -
IIOJIyYEHHE OJOpPaHTa U3 CMECH IIPUPOJHBIX MEPKAINTAHOB, ITOJYYEHHBIX B
IIPOLIECCE MIETIOYHOM OYMCTKH ra30BbIX KOHJAECHCATOB OT MEPKAIITAHOB.

Jlanee mnOpuUBOIATCA CBEACHUS O KaXIOM U3 Haubosee Ba)KHBIX
razornepepadaThIBAIOIIUX 3aBOJIOB — HCTOPHUHM €ro CO3JaHusi, CTPYKTYpeE,
aCCOPTHMEHTE BbIpadaThIBaEMOM NMPOTYKIIUHU U NEPCIEKTUBAX Pa3BUTHS.

ACTpaxaHCKH ra3onepepadarbiBalOIuil 3aB0J

(AcTtpaxaHnckas 00J1., moc. AKcapaiCKuid)

AcTpaxaHCKOE Ta30KOHJIEHCATHOE MECTOPOXKIEHHE, PACIIOJIOKEHHOE B
foro-3amaaHoi 3one [Ipukacnuiickoil BnaAuHbI U UMEIOIIee 3amachl mopsaka 3
Tpra M° Taza ¥ 1 MIpA. T KOHJEHCATa, CIYKMT HCTOYHHKOM CHIPbS IS
Actpaxanckoro I'TI3. IlnactoBeiii a3 Actpaxanckoro I'KM xapaktepusyercs
BBICOKHM coJiepskanrueM cepoBoaopoaa (25% 00.), yriaekucnoTsl (16 % 00.),
CEPOOPraHNYECKUX COCIUHEHUHN, MEPKANTAHOB U 3HAYUTEIbHBIM COJIEPKAHUEM
YTJIEBOJIOPOHOTO KOHJIEHCATA.

Actpaxanckuii [TI3 — oIMH U3 HEMHOrMX 3aBOJOB B MHUDE,
nepepadaThIBAIOIINKA BHICOKOCEPHUCTHIA MPUPOHbIN Ta3. CoaepkaHue B rase
CEpPOBOJIOPOIA M YTIIEKMCIIOrO Ta3a MocJie cenapamnuu cocrasisier moutu 50%.

[IpoekTHass MomHOCTH O Tazy — 12 MJIp):[.M3/roz[, 1o KOHJIeHcaTy — 3
MaH.T/Toa. Ha 3aBoa ¢ AcCTpaxaHCKOTO Ta30KOHACHCATHOTO MECTOPOXKICHUS
MOCTyHaeT IuUlacToBass CMeCh. Temmnbl  J0OBIYM  Traza  ONpPEACIISIIOTCS
HKOJIOTUYECKUMH OTPAHUYCHUSIMU 3aBOJCKON MepepabOTKH, OrpaHUYEHHOCTHIO
pPBIHKA Cephl. 3amacoB ChIpbs JOCTATOYHO g dkcruryatauuu AlTI3 B
IIPOEKTHOM pexnMe B TeueHue He MeHee 100 Jer.

[To TexHOJIOTrMYECKHUM NPUHUUIAM ACTpPaxaHCKUM Tra30BbIi KOMILIEKC
pa3JiesIcH Ha CIICIYIOMNE OOBEKTHI:

- POMBICEII, TPYOOTIPOBOABI JIJIsI TPAHCTIOPTUPOBKH TIIIACTOBOM CMECH OT
yCTaHOBKH MpoMbIcioBoit noaroroBku raza (YIIII) mo 3aBoxa;

-razoriepepadaThIBaIONINN 3aBO/I;

-MarucTpagbHbIe TPYOOTIPOBOBI U MTPOTYKTOIIPOBO/IBI.

3aBOJI COCTOMUT M3 JABYX Ouepejied MPOU3BOJIUTEIBHOCThIO 6 MIIpI. Mo
OTCENapupOBaHHOTO raza KaxJaas ¢ JaBlieHHMeM Ha Bxojne 6,7 MIla u temme-
patypoii 30 °C. bnok-cxema Actpaxanckoro I'TI3 npezcrasiena Ha puc. 1.

l'azokoHaeHCcaTHAsT cMech mocTynaetr B kosuiekrop nepen ['TI3, oTkyna
pacrpesenseTcs Ha BOCEMb TEXHOJOTUUECKUX JIMHUHN 3aBOJIA.

lNazonepepabaTpiBaOMIMil  3aBOJ] COCTOMT U3 JBYX HJICHTHUYHBIX

TEXHOJIOTMYECKUX ouepesieil o 6 MIpa.M>/To Kaxkaas.
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B cocraB kaxpoul ouepeau 3aBOJa BXOIAT CIEAYIOIIHNE OCHOBHBIE
CTPYKTYpHbIE YCTAHOBKM: CENapally IUIACTOBOrO rasza, o4yucTku ot HyS rasa
BBICOKOTO  JIaBJICHHUS, OCYHIIKM W OTOCH3MHMBAHUS Ta3a, OYHMCTKU H
KOMIIPUMHUPOBAHUS Ta3a CPEAHEro JaBJICHUs, MOJYyUYCHHs Cephbl, CTAOMIU3AIUU
KOHJIEHCATa M OYUCTKU CTOYHBIX BO/I.

Crabuipnbiii koHaeHcaT u LIDJTY ¢ aByx odepeneil 3aBoaa MOCTYNAIOT
Ha IIPOU3BOJICTBO M0 MepepadoTke KoHAeHcaTa (Mpou3BoACTBO No3).

IIpousBoactBo Ne3 AITI3 npaktuuecku siBnsercs ananorom HII3 u
COCTOUT M3 CIEAYIONIUX OCHOBHBIX YCTAHOBOK:

-KOMOMHUpPOBaHHAsl YCTaHOBKA, BKJIIOUaromas OJOK aTMocQepHOit
MEPETOHKH  MOITHOCThIO 3  MIH.T/TOM, OJIOK BTOPUYHOW IEPETOHKH
TUJPOTEHNU3aTa U YCTAHOBKY OYMCTKH U MOJIYYEHUS C)KMKEHHBIX T'a30B;

-yCTAaHOBKA THIPOOYUCTKHA (Ppakimuu H.K.-350°C  MoOmHOCTBIO 2
MJIH.T/TOJ;

-yCTaHOBKA KaTaJUTHYECKOTO pPUGOpPMHUHTa OEH3MHA MOIIHOCTHIO 1
MJIH.T/TOJ.

Tosaprnas npodykyus 3a600a.:

-ToBapHbIli ra3, HarpapIsiEeMblii B MATUCTPAIbHbBINA Ia30IIPOBOJ,

- Cepa razoBast (KujKas, KOMOBas, TPaHyJIMPOBAHHAS ),

- ben3un aBTOMOOMIIBHBIN Mapok A-76, A-92, AN-95,

- mzenpnoe Tommao JI 02-40,

- Kotensnoe Tommuso (Ma3yT) M40 u M100,

- [Iponan-Oyran Texunueckuii (I16T),

- byran Texuuueckuii (bT).

B Hacrosiee BpeMsi mpoayKIusi 3aBojia HE MOJHOCTBIO YIOBIETBOPSIET
COBPEMEHHBIM TPEOOBAHUSAM K KayeCTBY BBIITYCKAEMBbIX MOTOPHBIX TOILIMB U
ryonHe  mepepabOTKHM  ChIpbsi. IpeOoBaHUMS  pbIHKA  OOYCIIOBIUBAIOT
HEOOXOJAMMOCTh YBEITUYEHUS JOJU MIPOU3BOJICTBA BRICOKOOKTAHOBBIX OCH3MHOB
AW-92 u BhIIIIE.

Kpome Ttoro, Ha 3aBojme umeeTcs psAll «y3KHMX» MECT, CBA3AaHHBIX C
YETKOCThIO PEKTU(UKAIIMM Ha YCTAaHOBKaX aTMocpepHOM U BTOPUYHOMN
MEPEeroHOK, a Takke O00ecleueHneM MPOU3BOJUTEILHOCTH  YCTaHOBOK
THJAPOOYUCTKH U BTOPUYHOW TieperoHku. C STON TOYKH 3peHHs] Tpedyercs
PEKOHCTPYKIIUSI COOTBETCTBYIOIIUX YCTAHOBOK 3aBOJIa U CTPOUTEILCTBO HOBBIX.

B cBsa3u ¢ atuMm B Hacrosmee Bpems Ha AI'TI3 nmpoBoasitcs cnepyromue
pabOThI:

- PEKOHCTPYKIMsS OJioka aTMOC(EepHOW NEPEeroHKH JJisi TOBBIIICHUS
YETKOCTU PEKTU(DUKAIIUU C 1IEJIbI0 YBETUYEHUS BRIPAOOTKH AU3EIBHOIO TOIIMBA
U CHIDKEHHMS BBIX0J1a KOTEJIBHOTO TOTUIMBA,;

- COOPYXXEHUE YCTAaHOBKH TUIPOOYHUCTKHU C IEJIbI0 YBEIHMYCHUS OOIIETO
o0beMa  mepepabaThiBA€MOTO  CBHIPhS W BO3MOXHOCTH  Pa3ACIbHOTO
ruapoodeccepuBanrs OEH3MHOBOW U AU3EIHHON (PpaKIuii;
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- PEKOHCTPYKIHs OJIOKa BTOPUYHOW TEPETOHKU [IJISi TTOBBITIICHUS
YETKOCTU PEeKTU(UKAIIUUA OCH3UHOBBIX (hpaKIIHii;

- coopyXeHue ycTaHoBOK wu3omepuzanuu ¢pakuuun HK-70°C u
U30Mepu3aluu OyTaHOB [JIsl MPOU3BOJCTBA BBICOKOOKTAaHOBBIX OCH3UHOB H
CHU)KEHUS COJIEp KaHMs apOMATUKU B HUX.

llepcnekmussl pazeumusi:

Pa3BuTre AcTpaxaHCKOTO Ia30-XMMHUYECKOI0 KOMILIEKCa MperycMaTpu-
BaeT co3/laHre Ha 0aze TOBApHOTO Tas3a, coaepxkaniero 6osiee 4 % sTaHa U OKOJIO
30 % apomaTHYECKUX COSAMHEHUM, BBIITYCK XUMHUECKON MPOAYKIIHH.

OgauM U3  BO3MOXKHBIX BapuaHToB pas3Butuss AI'XK sBusercs
CTPOUTEIBCTBO 3aBOJA MO BBITYCKY IMOJUCTUPOIIA WK MOJTUITUIICHA.

Jist  cHwKeHus YOBITKOB OT TIPOM3BOJICTBA CEPHI  IEJIECO00Pa3HO
pa3BUBaTh BBIMYCK MPOAYKIHMU HAa OCHOBE Cepbl: cepoacdanbra U cepoOeToHa,
U3JIEIUN U1 CTPOUTENIBHON U JOPOKHOM UHIYCTPUH U T.JI.

CepobeToH crnoco0eH 3aMEeHHUTb, B ONpPEACICHHOW CTENEHU, OOBIYHBIHI
CTPOUTENBHBINA OETOH Ha MOpTIaHaleMeHTe. B oTnuune ot o6pyHOrO O€TOHA, B
cepoOeTOHE B KaUe€CTBE BSXKYILIETO BMECTO LIEMEHTA UCHOJIb3YETCs cepa.

CepobeToH, Onarojgapst BBICOKOM IUIOTHOCTH  CEpbI,  YCIEIIHO
MPOTUBOJICHCTBYET arpeCCUBHBIM CpeliaM (KUCIOTHBIM U IIEJIOYHBIM), 00J1a1aeT
IOBBIIIEHHON MOPO30yCTOWYMBOCTBIO, BOJJOHENPOHULIAEMOCTHIO U IIPOYHOCTHIO,
YTO OCOOEHHO BaXXHO JJs MCIHOJB30BaHUS €ro B MOA3EMHBIX U
THAPOTEXHUYECKUX COOPYKEHUSX.

CepoachanpT  mpeAcTaBisieT  COOOW  CEpOOMTYMHYKO  CMECh,
NpPEIHA3HAYEHHYIO JUIsl HCIOJIb30BAaHUS B KA4yeCTBE JIOPOKHOTO IMOKPBITHSL.
Jlo6aBneHue cepbl B cocTaB acaibToOETOHA MO3BOJISET:

- TIOBBICUTH KAYECTBO MOKPHITHUS 32 CUET MOBBIIICHHS TEPMOCTONKOCTH;

- YIYYIIUTh YKIIAJbIBAEMOCTh CMECH 33 CUET HU3KOUM BSA3KOCTHU CEphI IO
cpaBHeHHIO ¢ outymom (tipu 150°C);

- IOBBICUTH CPOK CITY>KOBI TIOKPBITUSI U CHU3UTH €T0 CE0ECTOMMOCTb.

Takum oOpazom u3 ananusza pabotsl AI'TI3 MoXkHO crenath ciemyromue
BBIBOJIBL:

- Bpicokas 00ecnedeHHOCTh CBHIPhEM M BBIFOJHOE TeorpaduyuecKoe
MOJIOKEHHE TMO3BOJISIOT paccMmarpuBaTh ActpaxaHckudi ['TI3 B kayecTBe
KPYIHOTO IPOU3BOJUTENS ra3a U HepTEenpOAyKTOB Jyisl tora PO Ha nauTenbHYIO
NEPCIEKTUBY.

- Bripabotka razoBoit cepsl Ha AI'TI3 moctaTouHa A yAOBIETBOPEHUS
notpedHocTH Bceir PO B 3TOM mpoyKTe.

- [IpunsTHIEe HA 3aBOJIE TEXHOJIOTHM MEpepadOTKU raza U KOHAEHcaTa B
LEJIOM MPOSIBUIM ce0si KaK JOCTAaTOYHO HaJeXHble. 3a BpeMs SKCIUTyaTaluu
BBISIBJICHBI OCHOBHBIE HEIOCTATKHU CYIIECTBYIOIIMX TEXHOJIOTHI: HEIOCTATOYHOE
W3BJICUCHUE W3 Tra3a IIEHHBIX KOMIIOHEHTOB (3TaHA), yCTapeBIIas TEXHOJOTHUS
nepepaboTKM KOHJEHCAaTa, OPUEHTHUPOBAHHAS HA BBIMTYCK HU3KOOKTAaHOBOTO
OensuHa. Pa3pabaThiBaloTCS MEpPONPUSTHS 1O YCTPAHCHHIO YKa3aHHBIX
HEJOCTATKOB.

B 2001Ir. 3aBoj BbImIEN Ha MOPOEKTHYIO MPOU3BOAUTENBHOCTH 12,0

31



mapa.m3/ron.

Open0yprekuii razonepepadaTbIiBaOIINMA 3aBO

(r. Opendypr. moc. Xonomubsie Kimtoun)

CoIpbeBoit 0azoit OpenOyprckoro I'T13 SIBJISIETCS
cepoBogpopoacoaepxkanuii ra3 OpenOyprckoro (OI'KM) u Kapauaranakckoro
razokonaeHcaTHbix ~ MectopoxaeHuii (KHI'KM). Copepkanue  KHCIBIX
koMrioHeHTOB B raze OI'KM cocraBusitor (% wmoi.): cepoBojopona 1,6-2 u
nuokcuaa yriepoaa 0,4-0,6, B raze KHI'KM - cymmapno no 9, B ToM uucie
cepoBojiopoaa a0 4. ConepkaHne MepKarTaHoB B 000oux razax coctanisier 400-
600 mr/M® (B mepecuere Ha cepy), cepookcua yriepona B raze OI'KM - 20-30
mr/m, B raze KHI'KM - o 100 mr/m®.

Ha 3aBoge B HacTosmiee BpeMs nepepabarbiBaetca okosio 30 mupa. me
OpPUPOTHOTO Ta3a, 4 MiH. T. razoBoro kouaeHcara u 0,38 muH. T. HedTH.
OpenOyprckuii  razornepepadaThIBAIONIMI 3aBOJI BBOAWICS B SKCIUTyaTaIUIo
Tpems ouepensmu - B 1974, 1976 u 1978 r, mpoekTHOM MOIHOCTEIO 15 Mupa. M3
Kaxnaas. OJto mnepBeii  Poccuiickuii  3aBoj  OOJIBIIOW — MOIIHOCTH,
nepepadaThIBAIOIIMI  ra3 C BBICOKMM COJEPXKAHUEM CEPOBOAOPOJA H
OCYUIECTBIISIOIIMI CTAOMIM3ALMIO Fa30BOr0 KOHAeH caTa. Llenb co3manus 3aBoaa
— OYHCTKA raza oT cepHHCThIX coeamHeHni (HS m RSH) u moaroroBka ero x
MarucTpajbHOMY TPAHCIIOPTY, MPOU3BOJICTBO CEPHI U )KUIKUX YTIIEBOJOPOIOB.

CxeMblI TiepBOi U BTOPOH odepe/iell 3aBojia aHAJIOTUYHBI IO TEXHOJIOTUU
nepepadoTKy ra3a U BKIIOYAIOT 10 MPOEKTY CIeAYIONINe CTaauu (puc.2):

- OYUCTKY rasza C OT/IEJICHHEM MEXaHUUYECKOW cemapalydu, CEPOOUYUCTKY
raza pactBopoM JIDA v HU3KOTEMIEPATYPHYIO OCYIIKY ra3a ¢ UCIOJIb30BaHUEM
MIPOIIAHOBOT'O XOJIOJAWIILHOTO IIUKIIA;

- OYKCTKY M CTaOMJIM3AIIUIO0 YTIIEBOIOPOTHOTO KOHICHCATA,

- TPOM3BOACTBO cepbl nmo Meroay Krayca ¢ AOOYHMCTKOW MO METOIY
Cynbdpes;

- nonyuyenue [IDJIY u3 raza crabunuzaiuu KOHJIEHCATa;

- OYKCTKY ra3a OT MEPKaITaHOB Ha I[COJIUTaX.

Tpetbst odepens oTIMYAaETCS OT TEPBBIX JIBYX HAJUYHEM YCTaHOBKHU
HU3KOTEMIIEPATYPHOU MAacCIsSHOW aOCopOIMu, Ha KOTOPOHM OCYIIECTBIISIOTCS
OJIHOBPEMEHHO OTOCH3MHUBAHUE M TIOJIYYCHHE CXKIKEHHOTO Ta3a, OYUCTKA MPH-
POJIHOTO Ta3a OT MepkanTaHoB. OHa JIMHUS YCTAaHOBKH aMUHOBOM CEPOOUUCTKH
U YCTAaHOBKM MACJISTHOM abCcopOIMM MCIONB3YeTCs I OYUCTKA OT CEPHHUCTHIX
COEJIMHEHUI ra30B PEreHepalnu 1eomToB mpu aasinennn 4 Mlla.

Openbyprckoe  razokonjeHcatHoe wmectopoxiaenue (OI'KM) B
HACTOSIIIEe BPEMsI XapaKTEPU3YETCs IMaaroliei 100buei, KoTopas COCTaBIsET
okxono 1 mupa.am® B roz.

[Inanupyembie 00beMBbI MOCTaBKU Chipbst g0 2010r. wa OITI3
00eCIeuynBaroOT 3arpy3Ky TEXHOJOTHYECKHX YCTAaHOBOK ITO TIEpepabOTKe rasa Ha
85-95 % OT MpOeKTHOI MOIIHOCTH, a MO MepepadOoTKe KUJIKUX YIIICBOJIOPOJIOB —
osm3koit k 100 %.
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Puc. 2. baok-cxema Openodyprexoro I'TI3
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OcHoBHbIe TexHOosornueckue npoueccel OI'TI3 BKIIFOYAIOT OYMCTKY Tra3a oT
KHCJIBIX KOMIIOHEHTOB PacTBOpaMHU aMUHOB, OUMCTKY raza oT RSH Ha neonurax,
npousBoacTBo LIIDJIIY, nponan-6yranosoit dhpakuuu (ITbD) meronom
MacJISTHOM abcopOIuu 1 cTabMIM3aIuy KOHIeH caTa.

OI'TI3 GbLI paccYMTaH MO MPOEKTY Ha nepepaboTky 45 Mapa.HM® rasza. B
HACTOsIIIIee BpeMs MPOEKTHAs! MPOU3BOIUTEILHOCTh YMEHBIIIEHA HA 7,5 MIPI. U
cocTtaBiseT 37,5 MJ'IpI[.HMs.

OOmiasi cymmapHasi MPOEKTHAass MOUIHOCTh YCTaHOBOK CTaOWMIU3alluu
KOHJIEHCATa COCTaBJISIET ~ 5 MIIH.TOHH. B Hacrosiniee Bpemsi OHa IpeBBIIIAET 6
MJTH.TOHH.

VYcranoBku mpousBoactBa cepel (Kmayc m Cynbdpen) pabotaroT c
HECKOJIbKO CHIDKEHHOHN 3()()EKTUBHOCTHIO M3BICYCHHS CEPHI 1O CPABHEHHUIO C
npoeKkToM (TI0 MpoekTy - 99,6 %). OCHOBHOUN NMPUYUHOW CHUKEHHOM CTETICHU
W3BJICYEHUS CEPBI SABISIETCS HEIOCTAaTOYHASI TOYHOCTh PETYJIMPOBAHUS Mpoliecca
(cooTHOIIEHHUS  BO3AyX: KUCIBIM Ta3), U3-3a HHU3KOM  HAJIEKHOCTH
U3MEPUTENFHBIX U peryiaupyromux npubopoB. Ha ycraHoBkax Ttpebyercs
MOJICpHU3AIIUS TETUIOPHEPTETUYECKOT0 000PYI0BaHUS.

N3 ananuza pa6otst OI'TI3 BuHO, UTO:

- TexHojorudeckue nponeccel ['TI3 cnocobHbl obecrednTs nepepadboTKy
IUTAHUPYEMBIX BHJIOB COOCTBEHHOTO U JIaBAJIbYECKOTO ChIPhS;

- Ui TmepepabOTKHM BCEro IUIAHUPYEMOTO O00beMa JIaBajb4eCKOro
KOHJEeHCaTa M HePTH mnoTpedyeTcs COOpPYKEHHE HOBBIX  YCTaHOBOK
CTaOMIN3AIlNU.

Tosapnas npooykyus 3a600a

- TOBApHBIU Ias,

- cepa (KuaKasi, KOMOBasi, MOJIOTas ),

- IIDJTY, Ha 3aBoae e€ BeImyckaroT moja HazBaHnueM OYM (ppaxius
YTJIEBOJIOPOIOB MHOTOKOMIIOHEHTHAS ),

- CTAOMJIBHBIM KOHIIEHCAT,

- CKWDKCHHBIN ras,

- 0ZIOpaHT (CMECh MPUPOTHBIX MEPKAITAHOB)

Ilepcnexmusvl pazeumuisi

Pa3BuTre HOBBIX MPOU3BOJCTB MO MEpepadOTKE Tra3za M KOHJEHCATa Ha
3aBO/JIE MIPEAYCMAaTPUBAET CTPOUTEIHCTBO YCTAHOBOK:

-TPaHyJISIIIUU cepbl MOIIHOCTHIO 350 ThIC T/TO,

-OYMCTKH Ta30KOHJIEHCAaTa OT CEPHUCTBIX COCTMHEHUH,

- KOMIIPUMUPOBAHMS Ta30B CTAOUIIM3AINH,

- MPOU3BOACTBA HEPTEPOTYKTOB,

- MPOM3BO/ICTBA UHIUBUAYAJIBHBIX MEPKANITAHOB.

B cBs3u ¢ mpeanonaraeMbeiM yBeIMUCHUEM TEpepabOTKU KOHJEHCATA U
HepTH TOTpeOyeTCs PEKOHCTPYKIUS 2-X YCTAaHOBOK CTaOWIM3alldd st
oOecrieueHus MoKaszartels «1oJs cepoBogopoaa e 6onee 0,03 % maccy.

I'a3 u kougencat OpenOyprckoro ['KM sBISItOTCS YHUKATBHBIM ChIPhEM
Ui Tpou3BOACTBa ojopaHTa. IIpomsBoaumeiii  Tam omopaHT «CIIM»
MPEACTaBISIET CO00I cMech MpUpoaHbIX MepKanTtaHoB Cy-Cs. Beimyck ogopanTa
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B HaCTOsIIEe BpeMs orpaHnnyeH BeaundnHoi 3600 ThIC.TOHH/TOI, XOTS MOITHOCTh
YCTaHOBKU MO3BoJigeT moiy4daTh 10 5000 THIC.TOHH/TOA, a MOTEHIIMAIbHOE
coJiep>KaHre MEpKanTaHOB B ChIpbe OlleHUBaeTCs B 8-10 ThIC.TOHH/TO/I.

[InaHupyeTcs COKpalleHHe MPOU3BOJICTBA MPOAYKLHH, KOTOPAsi UMEET
OTPaHUYEHHBIA CIIPOC: HEOUUILEHHOM OT CEpPHUCTBIX coeauHeHun IIDIIY.
OCHOBHOE KOJMYECTBO OYHUIIIEHHON OT CepHUCTHIX coenuHeHuit LIIDITY Oyner
BbIpa0aThIBaTbCd HAa  TEJIMEBOM 3aBOjie, C JajbHEHIIeH mepepadoTKoi
HEKOTOPOU €€ 4acTH B MHAMBHAYalbHbIE yIiieBoA0poaAbl C3-Cs.

B nepcriektuBe mpearonaraeTcsi COKpalleHUE MPOU3BOACTBA KOMOBOM
cepbl. Best cepa OyAeT BBIMYCKAThCS TOJIBKO B TPAHYJIUPOBAHHOM U B KHUIKOM
BUJIE.

[lepcnextuBbl pa3Butusi OI'TI3 cBsizaHbl CcO CHIKEHHEM OOBEMOB
nepepadoTK COOCTBEHHOTO ChIPbsi U HEOOXOJIUMOCThIO 00ECIIEUEHUsI 3arpy3KU
MOIIIHOCTEN 3aBOJla JaBalb4eCKUM ChipbeM. Jlyisi moBbIeHUsT 3PHEKTUBHOCTH
MIPOU3BOJICTBA, KAaueCTBAa BBITYCKAEMON MPOAYKIIMH, a TaKke IMepepadoTKu
JIOTIOJIHUTEIIbHBIX 00BEMOB JaBaJIbYECKOT O CBIPbS noTpeOyroTCs
JOTIOJTHUTENIbHBIE O00BEMbl KANMUTAIBHBIX BIOXKEHUM JJII PEKOHCTPYKIIUH
TEXHOJIOTUI OYUCTKHU U TIepepadOTKH rasa.

OpenOyprckuid resiueBbin 3asoj (OI'3)

OpenOyprckuii TenueBbld 3aBO/ PACMONIOKEH psiioM ¢ OpeHOYprcKkumM
['TI3 u BBeneH B 3kcIuTyaTanuo B 1978r.

OcHoOBHas 11€J1b CO3/IaHUS 3aBOJIa — OPraHU3AIMs IPOU3BOICTBA TEIUS B
CCCP. Ceoipbem saBisiercsi ouuilieHHBIM a3 ¢ OI'TI3, Tak kKak OH COJIEPKHUT
3HAUMUTENbHbIE KonndecTBa renus. [IpoekTHas wmomHocTh OI'3 1o  ChIPBIO
cocraBmsia 18 wmupa.m®/ron, B HacTosmiee BpeMs OHa COCTaBiusieT 15
MIpa.M3/rox.

Ha OI'3 mnocrymaer mnpupoaneii ra3 c¢ OITI3, ouwniueHHbldi OT
CEpPOBOJIOPO/Ia U JAUOKCUJIA YTIEpOoJa U OCYIICHHBIM 1O TEeMMEpaTypbl TOUYKH
pocel munyc 10°C (Puc.3).

Ilepen kpuUOTEHHBIM pa3[eIeHWEM Tra3 OYHUIIAIOT OT MEpPKANTaHOB U
JOOCYIIAOT 10 TOYkKW pockl MuHyc 70°C Ha aACcOpOLMOHHBIX YCTAaHOBKAX.
Jlanee ra3 mocrymnaetr Ha KpUOT€HHBIE IeJIMeBbIe OJIOKH, T/I€ U3 HETO M3BJICKAIOT
sTaHoBYy10 ¢pakuuto, [IIDJIY u renueBblii KOHIEHTpAT, U3 KOTOPOTO IMOCIHE
KaTaJIMTUYECKON W aJCOPOIIMOHHOM OYMCTKM OT BOJOpOJA, a30Ta W HEOHa
MOJIy4arOT TOBapHBIN Ta3000pa3HbIi reuil.

[Tponiecc pazzaeneHus OCYIIECTBISICTCS NYTEM KOHJACHCAIMU BCEX
VIJIEBOJIOPOIHBIX KOMIIOHEHTOB Ta30BOM CMECH W HHU3KOTEMIIEPATYpPHOU
pextudukanuu. s momydeHus XoJioja MCIONb3yeTCsl COOCTBEHHAsT DHEPTHS
raza (Ipud €ro paclmiMpeHuu B TypOoJeTaHaepax U JIPOCCEIUPOBAHUU
CKMKEHHBIX (pakiuil) M BHENIHWE XOJIOJUIbHBIE ITUKIIBI (TIPOMAHOBBIE H
a30THEIE).

N3 renueBbIx 0JI0KOB BBIXOMST:

- TOBAapHBI ra3000pa3HbIi renuii mpu AapaeHuu 170 Krc/cM2, KOTOpBIH
HaIpaBJISICTCS Ui 3al0JIHEHUSI OAJJIOHOB M TPAHCIIOPTHBIX €MKOCTEH, MU Ha
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YCTAaHOBKY €ro CkrkeHus (pupmbl "Kpuop" nis mociaemyromero 3amoaTHeHUs
KPUOTEHHBIX TPAHCIIOPTHBIX EMKOCTEM;

- sTaHoBas (Qpakuus, KoTopas Tociie aJCOPOIMOHHOW OYUCTKH OT
CEpPOBOIOPO/IA U JAUOKCUIA YIVIEPOJIa U CKATHS B KOMIIPECCOPAX IO AABJIECHUSA
75 krc/cm? Hanpasisgerca 1o Tpyoonposoxy B 110 "KasansHedTeopreunres";

- IIDJITY nocne aacopOLMOHHON OYMCTKA OT MEPKANTaHOB T0/Ia€TCS Ha
YCTAaHOBKY MOJIYYEHUS CKUKEHHBIX ra30B, 7€ B peKTU(HUKAIIMOHHBIX KOJIOHHAX
ux BeiersitoT (Mapku CIIBT, IIT, BT), meHTtaH-rekcaHoByr0 (Ppakiyio u mpomnaH
JJIS1 XOJIOAWJIBHOTO IIUKIIA;

- TOBapHBIN ras, Mocjie CXKaThus B JOKUMHBIX KOMIIPECCOpax IMOJal0T B
MarvucTpajabHbIM ra30IIPOBO;

- MeTaHOBas (hpaKLUs HU3KOrO NaBieHUs (2 Krc/cm?), HampapisieTcs Ha
TOLI.

["a3b1 perenepanuu 13 ajCcOpPOIIMOHHBIX YCTAHOBOK OYMCTKH CHIPHEBOTO
raza staHoBod ¢paknuu u LIDIJIY mnoparorcs i OYUCTKH OT CEPHUCTHIX
npuMecell Ha YCTAHOBKY HHU3KOTeMIepaTypHou MacisiHoii abcopOuuu |11
ouepenu OI'TI3, mocne KOTOpOW HAMpABISIOTCS KAaK TOBapHbBIA Ta3, B
ra3ornpoBoJ Ha I'. 3auHCK.

OI'3 aBnsieTcs OCHOBHBIM ITPOU3BOJIUTENIEM eI U 3TaHa B cTpaHe. Ha
HeMm Taxxke u3BinekarorT HIDJIY, u3 KOTOpor NONMydarOT CHKUKEHHBIE ra3bl U
MEHTAH-TEKCAaHOBYIO (PPaKIIMIO.

VYcrapeBmias  TEXHOJOTHS  KPUOT€HHBIX ycraHoBok OI'3  Obuia
OPUEHTUPOBaHA HA BHICOKOE MU3BJICUEHUE refins (KOTOPhIA B HACTOSAIIEE BPEMS U
B OJMpKailliel mepcrneKTUBe UMEET Majlblil CIIPOC) U HU3KOE U3BJICYEHUE HTaHa
(paxtruecku He BbIre 40% ot nmotennuana) u LIDITY (75-80%).

[ToTpeOHOCTh B ATaHE U CHKMKEHHBIX Ta3zax B Poccuu yBenuumBaeTcs
KaXXJIbIM rOJIOM, u LEHBI Ha HUX pacTyT.
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[Ipy cnoXkuBIIMXCA PHIHOYHBIX II€HaX [0S A3TaHa B JOXOAE OT
peanuzauuu ToBapHoil nmpoaykuuu OI'3 Bozpocna g0 40% u 6onee, LIDITY u
CXKIDKEHHBIX Ta30B 110 50%, a remms cHu3mnnack 10 5%.

Ha 3apyOexHbix ra3omnepepadaThIBAIOIMIMX 3aBOJAX HSKOHOMUYECKU
onTUMabHbIM cuuTaerca usBiaedeHue 80-90% stana u 90-100% LLIDIIY ot ux
NOTeHIMaNa B ChlpbeBOM rase. llpunsaras 25 ner Hazan HedhdexkTuBHAS
KPUOTEHHAsl TEXHOJIOTHSI COBMECTHOTO BBIJEIECHUS W3 Ta3a Ieius, dTaHa U
[IDJTY ocHOBbIBajach Ha OTCTAJIOM OTEYECTBEHHOM MAaIIMHOCTPOEHUHU (B
YacTH JETaHAEpOB) M MO MPOEKTy JODKHA Obula 00ECTIeYUTh HU3BICUYCHUE
TOJIBKO 55-60% sTana u 80% LLIDITY.

YcranoBka ounctku IIDJIY or MepkanTaHOB M BBIICICHHS W3 HEE
CKMIKEHHBIX Ta30B UMEET TPAAULMOHHYIO TEXHOJIOTHIO ra3opasnaeiieHus. Ha nei
MPOU3BOJIUTCS MPOMAH TEXHUYECKUM, OyTaH TEXHUYECKUM, MMEHTaH-TeKCAaHOBAas
¢bpakuus. Ha ycTaHOBKe BBIIENSAIOT TAK)KE€ YUCTBHIM MpomaH Il COOCTBEHHBIX
HyxJ1 OI'3 B MpONaHOBBIX XOJIOAWIbHBIX [IUKIIAX.

Haubonee panukanbHbIM CIMOCOOOM  TOBBIIICHUS JKOHOMHYECKOU
sbdextuBHOCTH OI'3 SABISIETCS PEKOHCTPYKLHUS JBYX KPHUOTEHHBIX TEIUEBBIX
YCTAaHOBOK, Ha KOTOPBIX TelMi HE H3BIEKarOT. [Ipu sToM BbIpabOTKa 3TaHa
yBEIMYUTCA NpuMepHO B 2 paza, LIDJIY — Ha 24%, a sHepro3arpaTbl CHU3ATCS
Ha 23%.

Tosapnas npodykyus 3a800a:

- 3TaHOBas (PpaKLKs Mapku A;

- reuii ra3o00pa3Hbiii Mapok A u b;

- wupokas ¢ppakuus Jerkux yrieroopoaos (ILIPIIY) mapku A;

- cMech nponana U 0yrana texuuueckux (CIIBT), mponan TexHu4eckuii
(ITT), 6yran Texuuueckuit (bT);

- TIeHTaH-TeKCcaHOBas (ppakius;

- TOBapHbIM NPUPOJHBIM Tra3, TMOAABAEMBbIA B MAaruCTpalbHbIN
ra3onpoBof;

- METaHOBasi (PpaKIusi HU3KOTO JaBJICHUS C TOHMXEHHOWU TEIIOTON
cropanus (comepkanue azora 20-23%), mocrapnsiemas Ha Kapramuuckyro TOL,

Ilepcnexmusvl pazeumuisi

HaunbGonee paaukagbHbIM CIOCOOOM TIOBBIIMICHUST HKOHOMHYECKOM
apdextuBHOCTH OI'3 SABISETCS PEKOHCTPYKLHS JBYX KPHOT€HHBIX T€IMEBBIX
YCTaHOBOK, B KOTOpBIX BBbIpaOOTKa 3TaHa YBEJIMYUTCS NPHUMEPHO B 2 pasa,
LIDIIY — Ha 24% nipu cHrKeHnH 3Hepro3arpar Ha 23%.

IIpu pekoHCTpyKIIMU 2-X reaueBbIX ycTaHOBOK B 2005 r. ¥ BOBJIEUEHHUH B
nepepaboTky, kpome raza OI'KM, OGonee "xupHbix" razoB MoxHo Ha OI'3
3HAYUTEIBHO YBEJIMYUTh €KET0THOE MMPOU3BOACTBO 3TaHa. [Ipon3BoacTBO remus
Ha OI'3 mpu 3TOM HECKOJAbKO cHuU3WTCA. lIpu JaHHOM BapHaHTe pa3BUTHS
CTOMMOCTh TOBapHOil mnpoaykuuu OI'3 Bo3pacTteT moutn B 2 pasa, a
AKCIUTYyaTallMOHHBIE 3aTPAThl HECKOJIBKO CHU3SITCS.

JlononHuTenbHASE 3PPEKTUBHOCTh MPOU3BOACTBA CBSI3aHA C MOJIYyYCHUEM
0os1ee JOPOTrOCTOSIIMX UHAUBHUIYAbHBIX YTIIEBOJOPOIOB AJIsl TA30XUMHUH.
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I[HH 000CHOBaHUSA CTPOUTCIILCTBA YKa3aHHbIX IMPOU3BOJACTB
HCO6XO,III/IMBI MAapKCTHHI'OBBIC MCCJICAOBAaHUWAA, 000CHOBaHME CBIpBGBOﬁ 0a3bl Ha
JATBHIOIO MEPCIIEKTUBY U pa3padoTka cooTBeTcTByIOmUX TIO.

CocHoropckuii razonepepadarsIiBalOUIMKA 3aBO/1

( Pecnybnmka Komu. r. YxTa.)

CocHoropckuii  I'TI3  —  crapeiiiee  rasomnepepadaThIBaroIIee
npeanpusitiue Poccuu, BBen1€EHHOE B SKCILTyaTaiuio B 1946r.
Ilenb co3maHus 3aBoja — TIOJYYEHHE TOBApPHOTO Tas3a, IMPOIaH-

OyTaHOBOW (hpakIK ¥ CTAOMIHLHOTO KOHJICHCAaTa.

CoipbeBoit 6a30it CocHoropckoro ['TI3 B HacTosiiee Bpemst sIBII€TCS ye-
TBIPE  Ta30KOHJAEHCATHBIX  MECTOPOXKICHHMS  ByKTBUIBCKOH  TPYIIIBL:
BykTteuibckoe, 3amanno-Comniecckoe, Ilewopo-KoxsuHckoe, FOruackoe. ['a3bl
ATUX MECTOPOXKACHUN XapaKTEPU3YIOTCS BBICOKUM COJEP>KAHHEM 3TaHa,
KOMITOHEHTOB C)KMKEHHBIX ra3oB (MpornaHa U OyTaHa), a TAKXe YIJIEeBOJOPOIOB
Cs+, uTO U O0OYCIOBIMBAECT I€JIECOO0PA3HOCTh TNEpPepabOTKU  JaHHOIO
YIIEBOAOPOAHOIO ChIphsl. K MEpCHEKTUBHBIM MECTOPOXKICHUSIM, MO3TAITHOE
OCBOEHHE KOTOPBIX BO3MOXKHO B OyAyIIEM, OTHOCATCA MECTOPOKIAeHUS TuMaHo-
[lewopckoi MPOBUHLIAM.

Bykteuibckoe HI'KM Berynuno B mepuop mnagaromieit n1oosuau. OT
NEPBOHAYAJIbHBIX 3amacoB BbIpaboTaHo ~80%, mpu 3TOM IJIACTOBOE AAaBJIECHHUE
raza nonusuiocs ¢ 36.3 no 3.7 MlIla. C 1998r. skcmutyatanuss ByKTbUIbCKOTO
HI'KM Begnercsa B pexnMe XpaHWINIIA-PETYIATOPA C 3aKAYKOM B ILIACT CyXOrO
TIOMEHCKOT'O T'a3a, YTO JOJDKHO IMOJJIEPKUBATH IJIACTOBOE JAAaBJICHHUE, TOBBICUTh
3¢ ()EKTUBHOCTh WU3BJIEYEHUS KOMIOHEHTOB Cp+ M MPOMINUTH MEPUON PaOOTHI
MPOMBINLJICHHOW HUH(PPACTPYKTyphl, CO3/JaHHOW Ha 0a3e MecTtopoxjacHuil. B
HACTOsIIIIee BpeMsl 3aKayka ra3a B IUIACT MPOBOAMTCS HAa JBYX W3 BOCbMH
CYILIECTBYIOIIUX YCTAaHOBOK KomIuiekcHOU moarotoBku rasza (YKIIID). 3akauka
cyxoro raza uepe3 Bce YKIII' mo3Bomur B TeueHue 10-15 ner exerogHo
cHabxkarpb CITI3 mnpupogHbiM Ta30oM ©  HECTAOUIBHBIM  KOHICHCATOM,
COOTBETCTBEHHO B KonuuecTBax 10 3.0 mupa.m® u ~ 300 Teic.1/roa. Kongencars
3anagHo-Comnecckoro, Ilewopo-Koxeunckoro, FOruackoro 'KM nocrynatot
Ha TOJIOBHBIE COOpYXe€HUs BykTella M BMecCTe € KOHJIEHCATOM 3TOT0
MecTopoxaeHus:  TpaHcrnoptupytorcs Ha  CocHoropckuii  I'TI3, rme
OCYUIECTBJISIETCS UX cTabmnu3anusa. YacTb ra3oB JA€3TaHU3ALUMU KOHAEHCaTa W
OTOEH3MHEHHOr0 ra3a MOJAeTCs Ha IPOU3BOACTBO TEXHUYECKOTO Yriepoja,
4acTh - Ha COOCTBEHHBIE HYXKIbl M MECTHOE NOTpeOieHue. YCTaHOBKa
MOJIyYeHHs] IMpoMNaHa MPOU3BOAMT MPONAHOBYIO (PaKLMIO Uil XOJOJWIbHON
yctaHoBkU Byktbhuibckoro I'TIY. Texuuueckuit yraepon CocHoropckoro I'TI3
HAaXOJIUT IUMPOKOE TMPHUMEHEHHE B KAYeCTBE HAMOJHUTENS pPE3UHbI U
IJIacTMacchl JUisi MOJU(GUIMPOBAHUS HUX MEXAHUYECKHX, DJIEKTPUYECKHX U
ONTUYECKUX CBOWMCTB B JIAKOKPACOYHOHM, MOAUTPAPUUIECKOM U IIMHHOU
IIPOMBINUIEHHOCTSAX. [IpON3BOACTBO TEXHMUYECKOrO yriepoaa (Caku) sBISIETCS
OCHOBHBIM OTJIMYMEM 3TOTO 3aBOJIla OT OCTAIBHBIX Ta30mepepadaThIBAIOIINX
MPEANPUSITUNA.
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Cxema cymiectytoiiero npousBoactBa CocHoropckoro I'TI3 BkitouaeT
CJIEIyIOUIUE CTPYKTYPHbIEC €AUHUIIBI (pUC.4):

YCTaHOBKY CTaOMJIM3aIIMK Ia30BOro KOHJIEHCATA,

ra300TOCH3MHUBAIOIIYI0 YCTaHOBKY C OJIokoM abcopOruu rasza
CTaOMJIbHBIM ~ KOHJEHCAaTOM, W YCTaHOBKY pEreHepalud HaChIIIEHHOTO
abcopOeHTa,

YCTaHOBKY MPOM3BOJCTBA aBTOOCH3MHA A-76,

uexa nmpousBojicta yriaepoaa K354, 11701, T900.
B mocnennue roapl MosSBUIACh TEHIACHIUS K YTSKEICHHIO HECTAOMIIBHOTO
KOHJIEHCAaTa, TMocTymaromero Ha mnepepabotky Ha CITI3, d9ro cBsizaHO C
yBEJIIMYEHUEM JI0JU HEe(TU B CHIPHEBOM MOTOKE. Ecu B HacTosee Bpemst 107
HedTH cocTtaBisieT 6 % macc., To kK 20151, 10751 HepTH MOXKET YBETUUYUTHCS 10
15-35 % macc. YBenudenue 1071 He()TU B KOHACHCATE MPUBOAUT K CHIKEHUIO
coaepkaHusi KOMIOHEHTOB C3-Cs, @ 0COOEHHO MpOMaHa, B UCXOAHOM ChIPbE.
Kpome Toro, B He)TU NMPUCYTCTBYIOT BBICOKOKUISIIME NapaduHbI, CMOJbI U
ac(abTEeHbI, CHUKAIOIINE KAYECTBO MOJIy4aeMOIo CTAOMIBHOIO KOHEHCATa.

CI'TI3, BBeneHHBIN B AKCIUTyaTanuio B KoHIE 40-X rogoB, U3HAYAIBHO
npeJHa3Hayayics JUuisl  CTa0WiIM3allMiMd Tra30BOTO  KOHJEHCATa, IOJATOTOBKH
IPUPOJIHOTO T'a3a K TPAHCIOPTUPOBAHUIO, & TAKKE MPOU3BOJICTBA TEXHUYECKOTO
yriaepoaa pa3audHbIX MapoK M3 IMPUPOJIHOro raza. B Hacrosiuee Bpems, KpoMe
yYKa3aHHBIX MPOAYKTOB, Ha 3aBOJE BhIpA0ATHIBAETCS CMECh MpomnaH-OyTaHa
(CIIBT) u HebopIoe KOJIMYECTBO aBToOOCH3MHA A-76.

VceranoBku cradomnmsamuu koHaeHcata YCK-1 n YCK-2 BBeneHnol B
AKCILTyaTaluio Ha 3aBojie B 70-e rojpl. OCHOBHBIMU MPOJIYKTaMU CTaOMIN3alun
razoBoro konaeHcara saBistorcss CIIBT u ctabunbnblii koHAeHcAT. [IpoekTHas
MOIIIHOCTh YCTAHOBKH MO ChIPbIO 1.25 MIIH.T/TOI.
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["azoor6en3unuBaromas ycranoBka (I'OY) npennasHadeHa aiisi MOJATOTOBKHU
IPUPOAHOTO Ta3za, mojaaBaeMoro norpedutensiMm COCHOrOPCKOro U Y XTHUHCKOTO
MPOMBIIIUICHHBIX ~ Y3JI0B, a TaKXe Ui M3BJICYEHUS JIOTOJHUTEIHHOTO
konmuectBa CIIBT. YcranoBka nymeHa B 1986r. IIpupoaHslil ra3 ¢ roJ0BHBIX
coopykenuii BykTsuia mo tpybomnpoBoay “Cusiaue CeBepa” noctynaet Ha ['OVY.
B xauectBe abcopOeHTa JKHIKMX YIJICBOJOPOJOB W3 Ta3a MPUMEHSIETCS
CcTaOWIbHBIN KOHAEHcaT. [IpoekTHas MONITHOCTh YCTAaHOBKH II0 CBHIPOMY
IPUPOAHOMY Ta3y cocrtaBuser 1.5 mupa. m3/rox. OTOeH3MHEHHBIH Ta3
JIOKVAMAETCSI HA KOMIIPECCOPHOW CTAaHIMA M MOJAETCA B MAaruCTpalbHbBIN
TpyOompoBoa. Crenens wu3Bneuenus CIIBT Bcero okxomo 40%, drto
ompenensercs  Majaol  3(PEGEeKTUBHOCTHIO  MPUMEHsIeMOro  abcopOeHTa,
UCIOJIb30BaHUEM (PU3UYECKU U MOPATBHO YCTApPEBUIETO 000OPYIOBAHUS, a TAKKE
MaJICHUEM JIaBJIEHUs rasa, nocrymnaromniero Ha 'OY.

3aMETHO TIOBBICUTh CTENEHb U3BJICYEHUsA yriieBogoponaoB Cs+ U3
MPUPOJHOTO Traza C MOMOIIbIO JAHHOW TEXHOJOTMU HEBO3MOXXHO. Tpebyercs
CTPOUTEIBCTBO HU3KOTEMIIEPATYPHON YCTAHOBKHU Ira30pa3ieiICHHUS.

B nosi6pe 1997 r. ma CITI3 nymieHa B 3KCIUTyaTalMi0 yCTaHOBKA
npou3BoJicTBa OeH3uHa A-76 U3 CTaOWIBHOTO KOHJEHCAaTa IO MPOIECcCy
“Heodopmunr”. IlpoekTHas MOpOU3BOAUTEILHOCTh YCTAaHOBKU COCTABJISIET,
COOTBETCTBEHHO TO Chipbl0 U Oensuny ~40 u ~30 Twic. T/Tom. Ilporecc
MO3BOJISIET TepepadaThiBaTh HU3KOOKTAHOBBIE ()paKIlMK ra30BOT0 KOHAEHCAaTa B
OCH3MH Ha LEOJIMTCOEPKAIUX KaTanu3aropax. K mpeumyiiecTBaM mpoiiecca
“lleopopMHUHT” B CpaBHEHHUH C KIACCHUYECKHM MPOIECCOM pUDOPMHUHTA
OTHOCSITCS CIEAYIOUIHE:

HE TpeOyeTCsl YCTaHOBKH THIPOOYHCTKHU ChIPHS;
HET HEOOXOIMMOCTH B YCTAaHOBKE MPOU3BOACTBA BOJIOPO/IA.

CI'TI3 sBnsieTcs €IMHCTBEHHBIM MNPEANPUSATHEM, BXOISAIINM B CHUCTEMY
OAQO «l'azmpom», e NpOU3BOAAT TeEXHUUECKHUW yriepoA. IIponsBoacTso ero
OCYILECTBIISIIOT TpeMsl CIOCOOaMH: TEPMHUUECKHUM, TMEYHBIM U KaHAJIbHBIM, B
pe3yJibTaTe KOTOPBIX MPOU3BOAAT COOTBETCTBEHHO Texyriepoa 1900, 11701 u
K354.

Oo6pazoBanue Ttexyriepoaa T900 ocymecTBISIIOT TyTEM MTUPOJIH3A
MPUPOIHOTO raza 6€3 A0CTyna BO3yXa B peakTopax MepruoiuuecKoro J1eHCTBUS.
B nacrosimee Bpemsi cipoc Ha T900 B Poccum HEOONBINON, BCISACTBUE YETO
obbem mpomsBojacTBa T900 Ha 3aBojie HE MpEBBIMIACT S5 THIC. T/TOM, YTO
coctapisieT 30% OT MPOEKTHOM MOIIMHOCTH. JIaHHBIM TpoIecC HAXOJUT CBOE
MPUMEHEHHE TOJIBKO B CTPaHaXx, /i€ UMEETCS JEUIEBbINA IPUPOIHBIN ra3.

Texyrnmepon II701 oOpasyercs B  pe3yabTaTe€  HEMPEPHIBHOTO
TEPMOOKUCIIUTEIIBHOTO PAa3JIOKEHUsI MPUPOJAHOTO Traza B Iedax-peakTopax.
Ceituac Ha 3aBojie mpouszBogutTcs okono 20 teic. T/Tox 11701, yto GaM3KO K
MPOEKTHOM MOIIHOCTH ycTaHOBOK. Texyriepon 11701 (ero Onmuskuii 3amaaHbIi
anajor N772) nonas3yercst CpocoM, kak B Poccuu, Tak u 3a pyOekoM.

CrnoxuBiasicss Ha 3aBOJIe TEXHOJOTMYEecKass CcxeMa MepepadoTKu

42



YIJIEBOAOPOJHOIO ChIpb HMMEET PsiJ HEJOCTAaTKOB, B YACTHOCTH, Y3KUU
ACCOPTUMEHT TOBAPHBIX MPOJYKTOB, HEBBICOKMH HMX OTOOp, CJIEACTBHUEM YEIO
ABJIETCS HU3Kasg 3(P(GEKTUBHOCTh BCETrO MPOMU3BOACTBA U OOJBIION 00BEM
BbIPAOOTKU HU3KOPEHTAOENbHON MPOAYKIIUH.

Bosrieuenue B mepepabOTKy Ta30BOr0 KOHJEHCATa, COJEpKalllero
BBICOKOKUIIAIIME TMapaduHbl, 0O00CHOBBIBAET HEOOXOIUMOCTh PEKOHCTPYKIIUH
yCTaHOBKU cTabuimn3anuu koHjaeHcara YCK-1 ¢ 0HOBpEMEHHBIM MOJIyYeHUEM
JIU3EIIbHOTO TOTUIMBA M BHEAPEHUEM CXEMbI YTUIIN3AIUHA BHICOKOTIAPAGUHUCTOTO
OCTaTKa.

TexHonoruss OTOCH3UHUBAHMS TPUPOJHOTO Ta3a, OCHOBAaHHAs Ha
nporecce abcopOLUMM CTaOMIBHBIM KOHIEHCATOM, HE MO3BOJSET 3(P(PEKTUBHO
u3BiekaTh KOMIOHEHThl C3-C; u3 raza. Tonbko BHEOPEHHE TEXHOJIOTHU
HU3KOTEMIIEPATYPHOTO ra30pa3esieHHs] CMOKET 00ECIIEYUTh BBICOKYIO CTEIICHb
u3BJeYeHUsT KoMHoHeHTOB C3-C4 U3 raza.

Tosaprnas npodykyus 3a600a.

- CKMKCHHBIN Ta3,

- CTAOMJIBHBIM Ta30BBIN KOH/ICHCAT,

- O€H3UH aBTOMOOMILHEIA A-76,

- CyXOH ras,

- Texyrjiaepoja, B ToM uwmcie: meuHor - I1-701, tepmmueckuii T-900,
KaHaabpHbIN K-354,

- PE3UHOTEXHUYCCKHUE M3JISITHS.

Ilepcnexmuswl pazeumusi

OcHOBHbIE 3aJlauM: YBEJIUYEHHE OOBEMOB IEpPepadOTKH TIa30BOI0
KOHJIEHCaTa M MPOU3BOJICTBA CHOKMYKEHHBIX Ta30B C MOBBIILIEHHBIM COJIEpP/KaHUEM
MPOIaHa, PacIIMPEHNE HOMEHKIIATYPbI IPOU3BOJIMMOI0 TEXYTJIEPOAA.

IlepcnexktuBHoe pazsutue CI'TI3 cBg3aHo ¢ yriayOieHueM nepepadoTKu
IPUPOAHOTO ra3a M ra3oBOro KOHJEHCATa C OPHEHTALMEN Ha MPOM3BOJICTBO
BBICOKOPEHTA0EIbHOM MPOAYKIMU, & UMEHHO: JU3EJbHOIO TOIUIMBA JIETHEW U
3UMHEl MapoK, aBTOMOOWJIBHOrO O€H3uHa pa3nuuHbix Mapok, CIIBT,
TeXyrjiepoaa pa3InyHbIX MapoK.

[Inanupyercs pPEeKOHCTPYKLHMS YCTAaHOBKM CTa0MIM3allMM KOHJEHcaTa
VYCK, mnepepabaTbiBaroiieii HECTaOWIbHBIA KOHJIEHCAT, COJEpXKaIIuid [0
35 % macc. HeTH. PEeKOHCTPYKIIHS TTO3BOJIUT PEIIUTH CIACAYIOITUE 3a/1a9H:

- TIOJIYYHUTh JU3eJIbHOE TOIIUBO (~ 20 ThIC.T B rOA), YTO YIOBJIETBOPUT
€XEroAHyI0 MoTpeOHOCTh npeanpudaTrii CeBepraznpoma B IU3EIbHOM TOIUIMBE;

- MOJYYUTh NPSIMOTOHHYIO OCH3MHOBYIO (ppakiuio B KojgudecTBe ~ 150
ThIC. T/TOJ., IEHA pea3alii KOTOPOU BBIIIE, YEM Y CTAOMIIBHOTO KOHJIEHCATA;

- YJIY4YUIUTh MOATOTOBKY CBIpbS MJisi MPOM3BOACTBa OeH3uHa A-76 10
npoueccy "Lleopopmunr";

- OTHENIUTh TSDKENbIA BBICOKOMApPaUHUCTBI OCTATOK TepepabOTKH
cTabuibHOTO KOHJEeHcaTa (Temmeparypa Havana kuneHus 300°C), KOTOpsIit
[enecoo0pa3Ho  HUCMOJIb30BaTh B KayecTBE ChIPhS ISl  MPOM3BOJCTBA
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texyriepoaa 11701, nosb3yromerocss 3KCOpTHBIM cnpocoM. PaccmaTtpuBaeTcs
TaK)kK€ BO3MOXXHOCTh MPUMEHEHHUS OCTaTKa B Ka4e€CTBE KOMIIOHEHTA KOTEJIbHOTO
TOTUIMBA.

Ha ocHoBe pmeiicTByromero mpousBojcTBa  Texyriepoga 1900
1[EJIeCO00pa3HO OpPraHU30BaTh MPOU3BOJCTBO ~5 THIC. T. BBICOKOYHCTOTO
MUPOYTIIEpOia ISl HYK]l METAJLTYpPIUH, IIPEK/IE BCEr0 KaueCTBEHHON CTalu sl
KopaoB. Jlns mojydeHus TOBAapHOro TMPOAYKTa HEOOXOAMMBIX pPa3MepoB
(nnametp yactuil <1 MM) paccMaTpHUBAETCSl BONPOC CTPOUTEITHCTBA YCTAHOBKHU
MOKpO# rpanysisiuu texyriepoaa T900.

3anagHo-Cubupckuii nepepadaTbIBalONIMi KOMILIEKC

(Hossiii Ypenroii — Cypryr)

B coctaB nepepabateiBaromiero kommiekca OAO «["aznpom» B 3amnaiHo-
CubupckoM peruoHe BXOISAT YTNpaBieHHE MOArOTOBKM Ta30BOr0 KOHJEHCAaTa B
r. HoBom Ypenroe u Cypryrckuil 3aBoji CTaOMIM3alUU KOHAEHCATA, KOTOPHIE
JOJDKHBL  pacCMaTpHUBAThCS KAaK 3BEHbSI €QUHOM TEXHOJIOTMYECKOW IIETIOYKH.
Kpome T1Oro, BemeTcCs CTPOUTENBCTBO YPEHTOMCKOIO TIa30XMMHYECKOIrO
KoMmIuiekca. CoIpbeBOW 0a30i ATHUX KOMIUIEKCOB SIBJISIFOTCS T'a30KOHICHCATHBIE
MecTopoxaenus Hagpim-ITyp-Ta3oBckoro pernosna.

HecrabunbHblil KOHAEHCAT MOCTYIMAET JJIA MepepadOTKU Ha YPEHroii-
ckuii 3aBoa ¢ yethipex YKIIIT Vpenroiickoro u omunoro YKIII' SmOyprckoro
MECTOPOKICHUMU.

Ypenzoﬁcxoe ynpaejienue HO020MOBKU 24306020 KOHOEeHcama
( Tromenckas 06:1. r. HoBbili YpeHroii.)

[Ipennpusarue BBeaeHO B 3KcIUTyaTanuio B 1985 r. B ero cocraB BXoasT
YCTAHOBKH JIEITAaHU3AIIUHA KOHJIEHCATa U CTA0MIN3AINK, TTOJTYYEHUS TU3EIHHOTO
TOIJIMBA U MPOTaHa.

Ha ycranoBke nesTtaHuM3aliiu KOHJEHCATa MOITHOCTBIO ~0 MITH.T/TOJ
MOJy4aroT Ta3 JedTaHW3alMu U JIEITAHU3UPOBAHHBIM KOHJeHcaT. ['a3
JIedTaHU3allM CMEIIMBACTCS C Ta30M CTaOMIM3allud KOHACHCATa M uepes
JIOKMMHYI0 KOMIIPECCOPHYIO CTAHIMIO HAMpaBJIsE€TCS B Ta30BbIA KOJUIEKTOP.
JleaTaHn3upPOBAHHBIN KOHACHCAT HA TOJIOBHOM HACOCHOW CTaHIIMHM CMENIUBACTCA
c UIDIIY ycraHoBkM cTaOWIM3alMM KOHJAEHCATa W  HANpaBiseTcs B
KoHAeHcaronpoBoa Ypenroi-Cypryt Ha Cypryrckuii 3CK.

Ha ycraHoBke cTtaOuian3aiuu KOHJEHCATa MOIydaroT ra3 JAedTaHu3aluu,
ctabmnpHbI KoHAeHcaT U LIIDJIY. 'a3 gedraHuszanuy CMEMIMBAETCSI C ra3oM
JIeITAaHU3AlMM C YCTAHOBKM JedTaHu3anuu KoHjaeHcara. Yacte [DOJTY
MOCTyMNaeT B KAUECTBE ChIPbsl HA YCTAHOBKY IMOJy4YECHUS MpOIIaHa, Apyras 4yacTh,
CMECIINBAsACH c JI€ATAaHU3UPOBAHHBIM  KOHJEHCATOM, IoJ1aeTCs B
koHaeHcaronpoBol Ypenroi-Cypryt Ha Cypryrckuit 3CK. YacTs cTaOMIbHOTO
KOHJICHCaTa HaIlpaBJIsIeTCsl HA YCTAHOBKY MOJYYEHUS AU3EJIbHOTO TOILINBA.

Ha ycraHoBke mosiydyeHHUs] IU3EIBHOTO TOIUIMBA JI PETHUOHAIBHBIX
HYXXJT TIPOM3BOJAT IU3EITHLHOE TOIUIMBO, OCH3MHOBYIO (Ppakiuio u KyOOBBIi
OCTaTOK.
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Tosapnas npodykyus:

-CTaOMJIBHBIM Ta30BbIN KOHICHCAT;

-I€3TAHU3UPOBAHHBIA KOHAECHCAT;

-0eH3UH aBTOMOOWILHBIA A-76;

-IN3€JIbHOE TOTUINBO;

-IPOIaH TEXHUYECKU;

-ra3 Je3TaHu3alluu;

-TIpOTaH-0yTaHOBAas (PPAKIIHSL.

OcuoBuHast mpoaykiusi YIIKT - nesTaHu3MpOBaHHBIM KOHAECHCAT,
apigercss celppeM g Cypryrckoro 3CK. KommyecTBo BbIpabaThIBAEMOro
KOHJIEHCaTa  Jocturaer B Hacrosmee Bpems 5.0 MiuH. TOHH B rox. [a3
JIE3TAHU3ALAN, T[IOJIy4a€Mbli TIPU OTOM, HANpPABISAECTCS HA JONKUMHYIO
KOMIIPECCOPHYIO CTAaHLUMIO MW HAIPaBJSIETCSI B CHUCTEMY MAaruCTpajbHbBIX
ra3onpoBOOB.

Ju3zenpHOE TOIJIMBO M OEH3MH HCHOJB3YIOTCS Il oOecreueHus
COOCTBEHHBIX HYXJ 00beauHeHus, npeanpusatuit OAO «I aznpomy.

[IponaHn TEXHUYECKU MCIONB3YETCA B OCHOBHOM B KauecTBE
XJajoareHTa Ha CTaHIUAX oxjaxaeHus raza I1O «Ypenroiraznpom» u I
«TroMeHbTpaHcraszy.

llepcnexmuswl pazeumus

JIns mporaHa TEXHUYECKOTO XAPAKTEPHO IIOBBIIICHHOE COACP/KAHUE
METaHoOJa; peanu3anus mponecca ounctku [ID or MeTtaHona MO3BOIUT
MOBBICUTH €0 Ka4€CTBO.

Beinyckaemblii OeH3ud Al'-76, o0nagaeT HU3KMMU 3KCIUTYyaTallMOHHBIMH
CBOMCTBaMHU. B CBA3M C ITUM MPEAIONAraeTcsi CTPOUTENIBCTBO YCTAHOBKH
MOJIYYEHHUS] BBICOKOOKTAHOBBIX O€H3WHOB (20-25 THIC.TOHH) W3 OEH3MHOBOM
bpakuuu 1o TexHonoruu tuma «lleopopmMuHry. ITOT TpolEcC BHITOTHO
OTIIMYAETCS OT CYIIECTBYIOIIMX MPOILIECCOB KATATUTHYECKOTO PUDOPMUPOBAHUS
OCH3WHOBBIX (paKkIMii MaJTOTOHHAXXHOCTBHIO, OTCYTCTBUEM PEIUPKYJISIIUN
BOJIOPOACOAEPKAIIET0 ra3a M  BO3MOXXHOCTBIKO  IOJIYYEHHS  TOBAapHBIX
aBTOOEH3MHOB  HEMOCPEJACTBEHHO Ha YCTAaHOBKE, ©0€3 IOCIEeAyIOLIEro
KOMIAayHAUPOBAHUS, YTO MOJTBEPKICHO SKCIUTyaTallued TaKOW YCTaHOBKHU Ha
Cocnoropckom I'TI3.

B Ommxkaiiiiee Bpemsi oxugaeTcss u3MeHeHue chipbeBoi 0a3pl YIIKT.
Jlns mpuema AOMOJHUTENBHBIX 00BEMOB BBICOKOMapadMHUCTOTO KOHJIEHCaTa
TpeOyeTcss MPOBEIECHUE PEKOHCTPYKUUHU TEXHOJOTMYECKOro 00OpYIOBaHUS U
toBapHoro napka YIIKT.

Cypzymckuii 3a600 cmaoduauzayuu KoHoencama

( Xautei-Mancwuiickuii AO, T. CypryT)

CypTyTckuil 3aBoj cTabmiIM3alus KOHJIEHcaTa - KpynHeiee B Poccuun
NPEANPUATHE IO TepepaboTKe JEeITaHU3MPOBAHHOTO Ta30BOTO KOHJEHcAaTa B
cMecH ¢ He(pThIO - BBEJIEH B AKCIUTyararuio B 1985 1, pacnosiioxkeH B 26 KM OT
r.Cypryra.

Hens 3aBojma — crabwmmszauus W nepepadboTka HeTEKOHACHCATHON

CMCCH.
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MomHOCTh YCTaHOBOK CTA0MIIM3allMd — 8 MIH.T/TOA MO ChIppI0 U 4
MJIH.T/TOJ] 10 TEPBUYHOU mepepadoTke. MmeroTcss MOUHOCTH MO BTOPUYHOM
nepepadoTke OEH3UHOBOM (paKkivy U MOIIHOCTH 10 nepepadoTtke LLIDITY.

OcHoBHbIM cbippeM Cypryrckoro 3CK sBisieTcsl 1€3TaHU3UPOBAHHBIN
ra3oBblil KOHJIEHCAT, MOCTYMHAaOUMH C YPEHroMCKOoro 3aBoja MepepadoTKH
razoBOro KOHJIeHCaTa o KOHJICHCATOIIPOBOY VYpenroin-Cypryr
MPOTSHKEHHOCTHIO 0K0JIO 700 KM.

B cocras 3aBosaa Bxondr (puc. 5):

- YCTaHOBKH o cTaOHUIM3aLH J€ITAaHU3UPOBAHHOM
HedTerazokonaeHcatHoi cmecu (YCK) ¢ mpoekTHON ImpOu3BOAUTENHFHOCTHIO >
12 MAH.TOHH B TOJI MO ChIphIO; B Hacrosmee BpemMs Ha 3CK BBeaeHbl B
AKCILTYaTAMI0 7 TEXHOJIOTMYECKUX JIMHUM ¢ 0OHIell MPOEKTHOW MOUIHOCTBIO 8
MJIH.TOHH B TO/I;

- YCTaHOBKa TNEPBUYHON mepepaboTku He(DTEKOHIEHCATHON CMecu
(ycTaHOBKa MOTOPHBIX TOIUIMB - YMT) npou3BoauTEILHOCTHIO 4 MITH. TOHH B
rox;

- YCTaHOBKaA KaTaJIUTUYECKOTO pudopmMuHTa (ITerpodax)
MPOU3BOAUTENBHOCTHIO 100 THIC.TOHH B roz;

- komruiekc o nepepadotke LLIDITY nmpousBoautensHocthio 1440 ThIC.
TOHH B T'0Jl, B COCTaBE KOTOPOTO UMEETCsl OJIOK M3BJICUEHUS U30IIEHTaHa U y3€el
MOJIyYeHHUs] MpONaHa C BBIPAOOTKOW H30MEHTAHOBOM (pakuuu (KOMIOHEHTa
aBTOOEH3MHA), MpoIlaHa U OyTaHOB.

Takum  00pa3oMm, Ha  KPYNHOTOHH@XHBIX YCTAaHOBKax 3aBoja
UCITIOJIB3YETCS TOJIBKO MPOLIECC PEKTU(PHUKALIMN, BTOPUUYHBIE TIPOLECCHI (OUHUCTKA
OT Cepbl U KaTATUTHYECKUN PU(DOPMUHT) MPUMEHSIOTCS TOJIBKO Ha YCTaHOBKE
“ITerpodak” cpaBHUTEIBHO HEOOIBIIONH MOIIHOCTH.

PesynpTaTomM sTOrO sIBisieTcss OoJibllias JOJS HU3KOPEHTAOENbHOW TOBapHOM
npoaykiuu (OyTanbl U OEH3MHOBAST (Ppakifus), a TakKe HU3KUE KOIPOUIIMESHTHI
orbopa LIEJIEBBIX MPOIYKTOB OT MOTEHIIHAIA.
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Puc. 5. Baok-cxema Cypryrckoro 3aBoja cTadnJan3auuu KOHJAEHCATA
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Tosapnas npodykyus 346004

-LHIDITY,

-O€H3UH aBTOMOOUJIBHBIN,

-TN3EeIbHOE TOTLITUBO,

-rponaH-0yTaH TEXHUYECKHIH,

-0yTaH TEeXHUYECKHH,

-W30IIeHTaH

llepcnexmusvl pazeumusi

Hnsa yrayOnenust nepepaboTKH ChIpbsi M PaCIIUPEHHUs] HOMEHKIIATYpPhl
BbIpabaThIBaEMOM MPOIYKIIMN Ha 3aBOJIC 3aBEPIIACTCS CTPOUTEIHCTBO YCTAHOB-
KU KaTaJIMTUYECKOT0 pUGOPMHUHTA C MOITyYeHHEM aBTOOCH3UHOB A-76 u AM-92,
93; cTposiTcsi ONOKM THUAPOOYMCTKA W KaTaTUTUYECKOM JenapapuHU3aIIH
IU3eIbHOM (pakmuu AJig  TOMY4YEHHUS JU3EJIBHOr0 TOIUIMBA 3UMHEH U
apKTUYECKON MapoK, OJIOK IMIPOOYMCTKH PEAKTUBHOI'O TOIUIMBA, a TakkKe OJIOK
IpeBAPUTEILHON OYMCTKH ChIpbsl KaTaiuTudyeckoro pudopmunra. Ha 3aBone
OCTPO CTOUT IpobJieMa pallMOHATIBHOTO HCTIONb30BaHUs TSKEIOro OCTaTKa.

JUis peleHusl MOCTAaBJICHHBIX 3ajad HEOOXOAMMO BHEAPEHUE HOBBIX
IPOLIECCOB, TAaKUX KaK H30MEpU3allusi, IMOJyYEHHUE CBIPbS A XUMHYECKOM
nepepaboTKy, MepepadoTKa TSDKEIbIX OCTaTKOB M Jp. BHeapeHue HOBBIX
TE€XHOJOTMYECKUX IPOLIECCOB, TIJIABHBIM 00pa3oM BTOPUYHBIX, MO3BOJIUT
YBEJIUYUTh rIIyonHy nepepadboTKu KOHJICHCATa, COXPaHUTH
KOHKYPEHTOCTIOCOOHOCTh ~ BBIMIYCKAeMOW  MPOAYKIMM U TIOBBICHUTH
peHTa0enbHOCTh PaboThl 3aBoAa. PaccmarpuBaeTcsi Takke BOMPOC O CO3AaHUU
MPOM3BOJCTB MO BBIMTYCKY MOJIMMEPHON MPOAYKIMHA U MPHUCAAKH K OCH3WHAM
MTBD.

OKcrutyatauus — rasonepepadaTbIBalOIIMX — 3aBOJOB ~ HMEET  psij
O0COOEHHOCTEH:

-U3MEHSIOTCS 00beMbI TIepepadOTKU ChIPhSl B 3aBUCHMOCTH OT IMEepHoJa
pa3pabOTKu MECTOPOXKACHHUS, a 3a4acTyl0 U OT BPEMEHHU roja,

-IIOCTOSIHHO U3MEHSIETCSI COCTaB ChIPhs, IOCTYIAIOIIETO Ha epepaboTKy,

-U3MEHSIOTCS NABJICHUE U TEMIIEPATYpa ChIPbs,

-U3MEHSIOTCS KOJMYECTBO U COCTAB IIPUMECEH, IMOCTYIAIOIINX C CBIPbEM
B IIpOILIECCE pa3pabOTKU MECTOPOKICHHIA.

Bce 3t ocoOeHHOCTH C€O3[AalOT TPYIHOCTH B BBIOOPE METOAOB
nepepabOTKM MPUPOAHBIX Ta30B M MOJYYEHUS TOBAPHOM MPOAYKIIHH.
HenpeppiBHOE M3MEHEHUE COCTAaBA ChIPb B PE3YJIbTATE CHUKEHUS ILIACTOBOTO
JABJICHUSI TIPU JJIUTENIbHOM HKCILTyaTallMM CKBaKMH HEU30€XKHO MPUBOAUT K
HEOOXOMMOCTH PEKOHCTPYKIMU KaK MPOMBICIOBBIX YCTAHOBOK KOMIUIEKCHOMN
noarotoBku raza (YKIII'), Tak 1 0CHOBHBIX ITPOLIECCOB ra3onepepadaThIBAIOIIUX
3aBOJIOB. BBIOOp 3THX METO/IOB OMpeeseTCs:

-CpPOKOM Pa3paboOTKu MECTOPOXKIEHUH (3amacaMu rasa),

-COCTaBOM IIPUPOJHOIO rasa,

-MIOTPEOHOCTHIO HAPOIHOIO XO3SHMCTBA B Pa3MYHBIX KOMIIOHEHTax
IIPONYKIIUU CKBAXHUH,
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-TpeOOBaHUSMHU K TOBAPHBIM MPOTYKTAM,
-Tpe0OBaHUSMU K OXpaHE OKPY>KAIOIIEH Cpebl.

1.4. TpeOoBaHUS K Ka4eCTBY TOBAPHOI0 NPUPOJTHOIO

raza M MNPOAYKTOB rasonepepadoTku. TpeGoBanus K

Ka4vyecTBY TOBAPHLIX Ia30B

[Ipu ycraHOBIEHMHM TOKa3aTesied KauyecTBa TOBAPHOIO Ta3a 3a OCHOBY
B3SIThI CJICAYIOIINE YCIOBHUS:

- Tra3 Mpu TPAHCIOPTUPOBAHUM HE JOJDKEH BBI3BIBATH KOPPO3UIO
TpyOOTIPOBOIOB, apMaTypbl, IPUOOPOB U T.II.,

- KauecTBO rasza JOHKHO OOeCIeuMBaTh €ro TPAHCIOPTHPOBAHUE B
OoHO(A3HOM COCTOSIHUHM, T.€. B Ta30MpOBOJIC HE JOJDKHBI OOpa30BBIBATHCS
YIJIEBOJOPOAHAS KUAKOCTh, BOASHOM KOHJIEHCAT U Ta30BbIC TUAPATHI,

- TOBApHBIN ra3 HE JIOJHKEH BBI3BIBATH OCIIOKHEHUM Y TTOTPEOUTENS TpH
€ro MCIOJIb30BaHUH.

ITokazarenu kadecTBa MPUPOJTHOTO Ta3a, MIPUBEICHBI B Ta0JI. 8.

ITo 'OCT 5542-87 u OCT 51.40-95 Kk cepHUCTBIM ra3aM OTHOCSATCS T'a3bl
C COJIep)KaHHEM CEepoBOJIOpoJia Ooliee 0,0014% o6 (mmu 0,02 1/Ky0 M).
3ampeniaeTcss HMCIOJIb30BaTh MX B KAyeCTBE OBITOBBIX, TEXHOJOTHYCCKHX H
TOIUIMBHBIX T'a30B MO CAHUTAPHBIM TPEeOOBaHUAM U TeXHUKE Oe3omacHocTu. OHU
TPEOYIOT OYMCTKU OT CEPHUCTBIX COCAMHEHUH.

IHoka3zarenu kayecrBa LHIDJIY

[Mupoxas dpakmus nerkux yriaeroaoponoB (IIDIIY) ssusercs coipreM
JUIsL TIPOM3BOJCTBA CXKMKEHHOIO raza M JUIsl XMMHUYeckoil mnepepabotku. Ha
OCHOBE YTJIEBOAOPOJOB Bxomsamux B cocraB [HIDJIY, MOXHO mNOJy4YUTH
pa3HoOOpa3Hble IIEHHbIE XMMHYECKHME NpPOAYKThL. Ilpu ee BblieneHun wu3
KUIKOTO KOHJIEHCATa TMOJYy4YaloT TaKXKe CTAaOWIbHBIA Tra30BbId KOHJIEHCAT.
Texuuueckue TpedoBanusa K kauecTBy LHDITY pa3zHbIX MApOK, MOJIy4aeMbIX TIPU
nepepaboTKe MOMYTHOrO He(TSHOro rasa, mpuBeaeHbl B Tabn. 9. ['a3zoBbie
KOHJIEHCAThl 3HAUUTEIBHO PAa3JIMYyaloTCd MO TPYNIOBOMY COCTaBy (Kpome
napaMHOBBIX  YIJIEBOJOPOJOB, B HHUX COAEp’Karcsi HAPTECHOBBIE WU
apomMaTuueckue) M (paKUMOHHOMY  COCTaBy;  TakuMe  IIOKa3aTesH
ra30KOHACHCAaTOB, Kak IUIOTHOCTb,  BSI3KOCTh, TEMIIEpaTypa  Hadajia
KpUCTAJUIM3alMK, 3acThIBaHUS M BCIBIIIKK, MOJEKYJISIpHAs Macca TaKke
pa3nuyHbl. PaznuyaroTcs ra3oBble KOHACHCATHI U IO COAECPKAHUIO cEpbl. BBHUIY
TUX pa3luyuii OCH3MHOBBIE U JAM3ENbHbIE (DpaKUKU, BBIJACICHHBIE U3 HHX,
TaKk)Ke 3HAUMTENBHO OTJIMYAIOTCS Jpyr oT apyra. [lostomy knaccudukanus
ra3oBbIX KOHIEHCAaTOB MPUOOpETaeT Ba)XHOE 3HAYEHHUE, OHA TO3BOJISIET
BBIJICJISITH OCHOBHBIE TPYIIbI Ta30KOHIEHCATOB, TPEOYEMbIX ONpeneaEHHOM
TEXHOJIOTHHU MepepadOTKHU.

Tak Kak OCHOBHBIMU T[IOKa3aTEIsIMU, OMNPEICISIONIMMUA  BBIOOP
TEXHOJIOTUM TMepepabOTKU SBJISIOTCS TPYIIOBOM W YIIIEBOJOPOAHBIA COCTaB,
IIPU COCTABJIEHUU TEXHOJOTMYECKON KBAIU(PUKALMU UCXOJAT U3 COBOKYIMHOCTH

TaKMX IOKa3aTeJie Kak AAaBJICHUC HACBIMICHHBIX IIapOB, COACPIKAHNC CCPEI,
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COZlep)KaHNE aApPOMATHUYECKUX YIJIEBOJIOPOJOB (B OCH3WHOBBIX (PAKIUAX),
napa@uHOBBIX YIJIEBOJOPOJOB (B JU3ENIBHBIX (Dpakiusax), (pakIHMOHHOTO
cocTaBa (TeMIepaTypbl KarienajaeHus). ITU MoKazaTesu AaloT Ipe/ICTaBlICHUE O
(U3HKO-XUMHYECKON TMPHUPOJEC TOTO WIM WHOTO KOHJICHCATa M OMPEICSISIIOT
HaIpaBIICHUE W TEXHOJIOTHIO €T0 TepepadoTKH.
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Tp€6OBaHHH K Ka4CCTBY IIPUPOJHOTIO I'a3a, I10AaBacMOro B ra3orpoOBO/JAbI

(OCT 51.40-95, TOCT 5542-87)

[lokazarenu Knumatunueckuii paiion
YMEpPEHHBIN XOJIOHBIN
JIETO 3UMa JIETO 3UMa
Touka pocer rasa no siare, °C,H.B. 0 -5 -10 -20
Touka pocsl o yrnesomoposam,’C,H.B. 0 0 -5 -10
Conepxanue 1/Ky6 M, He Gonee:
-MEXaHUYECKUX NTPpUMeECEeH 0,003 0,003 0,003 0,003
-CEpOBOJI0pOaa 0,02 0,02 0,02 0,02
-THOJIOBOH Cepbl (MEPKAIITaHOB) 0,036 0,036 0,036 0,036
O6BeMHas 1o Kucnopoza, % ue 6ojee 1,0 1,0 1,0 1,0
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Texanueckue TpedoBanus k kauecTBy LIIDJIY pazHbx Mapok

Ta0mura 9

[Toxazarenu Mapxka

A b B
YraeBogopoIHbIi cocta,% Mac
C; + C,, He Ooutee 3 5 -
Cs3, He MeHee 15 - -
C4 + Cs, HE MeHee 45 40 35
C¢ ¥ BBIIIE, HE OONIEE 11 25 50
ColeprxaHue CEpHUCTBIX COSAMHEHHH B IIepecyere Ha
cepy, %, He 6oJee 0,025 0,05 0,05
B TOM YHCJIE CEPOBOAOPO/IA, HE DoJee 0,003 0,003 0,003
ConepxaHue B3BEIIEHHOH BOIbI OTCYTCTBHUE

ConeprxaHue ImesIo4Yu

OTCYTCTBHE
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Tabmuma 10

Tpe6OBaHI/I$I Ha ra3bl YIJICBOJOPOAHBIC-CKMIKCHHBIC TOIIJIMBHBIC

IHoka3zarTenn CIIBT3 CHBTJI bT
Maccosas nons KoMnoHeHToB, %
Metan+atan+otunen, He Gonee 4 6 6
[Iponan + nponuen, He Menee 75 HE HOpMHUpYeETCs
Byraubi+6yruien, He MeHee HE HOpMHpYeTCs - 60
He bouiee - 60 -

JKunxuit ocratox ( B 1.4. Cs  BbIIE)

ITpu 20°C, % 06., He Goee 1 2 2

[aBiicHue HACBIEHHBIX NaPOB (H30BITOYHOE),

MIla  -mpu 45 °C, He 6oiee 1,6 1,6 1,6
-npu —20°C He MeHee 0,16 - .

Maccogas n0114,%, He Gonee

-CEPOBOIOPOJ U THOJIOBAS cepa 0,015 0,015 0,015
B TOM YHCJI€ CEPOBOAOPOA 0,003 0,003 0,003
Conepixanue cBOGOHON BOIBI U IENOYH OTCYTCTBHE

CIIBT3 — cxxmxeHHbli nponan-0yTaH TorumBHBIN 3uMHNH, CIIBTJI — cxxmxeHHBIN npomnaH-
OyTaH TOTUIMBHBIN NeTHUH, BT — OyTaH TOMIMBHBIH.
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PA3JAEJ 2. HIOAT'OTOBKA ITPUPOJHBIX I'A30B K
HEPEPABOTKE

2.1. O4uCcTKA ra30B 0T MEXaHUYECKHUX NPUMecei

HMcToyHNKM M HeraTMBHBIE MOCJICACTBUA NMPUCYTCTBHUA B rasax
HEXREJIATCJIbHBIX HpnMecei/i

[Ipuponnble ¥ MONMyTHBIE HE(PTSIHBIE Ta3bl B CBOEM COCTaBE COJAEPKAT
kuciasie Ta3el (cepoBomopoa W COy), mapbl BOJBI, MEXaHHYECKUE MPUMECH
(Tecok, OKamuHBI U3 TPYO W T.J.), KaIUTd MAITMHHOTO Maciia, He(TH, BOJHOTO H
YII€BOJOPOJIHOIO KOHJIEHCATOB.

Kucnele ra3zpl (0COOEHHO B NPUCYTCTBUU BJIarv) MPOSIBISIOT BBICOKOE
KOPPO3HOHHOE JEHCTBUE, OTPABIIIOT KaTanu3aTopsl. CEpoBOAOPOA U IPOLYKTHI
€ro CrOpaHMsl SJOBUTHI U OKA3bIBAIOT BPEJAHOE BO3IECHCTBHE HA OKPYKAIOLIYIO
cpeny. B nmpucyrcTBuu napoB BOJbI IPU ONPEAEICHHBIX YCIOBUAX (IOHUKEHUE
TEMIEPATypbl, POCT AABJICHHS) BO3MOKHO OOpa3OBaHUE Ta30BbIX T'HIPATOB,
KOTOpbIE CIOCOOHBI (0COOEHHO B 3MMHEE BpeMsi) 3a0UBaTh TPYObl, BEHTHIIH U
Ipyroe o0opyoBaHUE, YTO MOKET MPUBECTU K aBapusM. Kammm xuakoctu u
MEXaHUYECKUE IMPUMECH OKa3bIBAIOT YyJIAPHOE BO3JEHCTBHE Ha JBUKYILIHECS
YaCTH Ta30BbIX KOMIIPECCOPOB, 3aTPYIHSIOT JAJbHEHIIYI0 NEepepadoTKy rasa,
MOTYT 3a0UTh TpyObl M 0OOpYJIOBaHHE, YTO MPUBENET K HAPYUIEHUIO HX
HOPMAaJIbHOM paOOTBHI.

Jlns  obOecrniedeHHs] HOPMaJIbHOM pabOThl Ta30BBIX TPYyOOIPOBOJIOB,
KOMITPECCOPOB U Ta3onepepadaThIBAIONIMX YCTAHOBOK, HEOOXOIUMO MPOBOIUTH
OUYHMCTKY I'a3a OT COAEPKAIUXCS B HEM HEXKEJIaTEeIbHbIX IPUMECEN U BJIArH.

MeToabl OYMCTKH ra30B 0T MEXAaHUYECKUX MMPUMecen

B npakTuke ra3004uCTKH W3BECTHBI pa3HOOOPA3HBIE METOJIBI U anmapaThl
yAaJIeHUsI MEXaHUYeCKuX npumeceit u3 ra3zos. [Ipu BeIOOpe MeTOAa YUUTHIBAIOT
BUJI 3arpsI3HEHUMN, UX XUMHUYECKHE U (PU3UKO-XUMUUYECKUE CBOMCTBA, XapaKTep
MPOU3BOJICTBA, BO3MOXXHOCTb HCIIOJIb30BAaHUS HMEIOIIUXCS B TPOU3BOJICTBE
BCIIECTB B  KA4eCTBE IOTJIOTUTENCH, IIEIECOO0Pa3HOCTh  YTHIIM3AIUHU
OT/CJICHHBIX NTPUMECEN, 3aTPaThl HA OUHCTKY.

Ouncrtka raza OT MEXaHWYECKUX MIPUMECE OCYHIECTBIISIETCS CYyXUM H
MOKpBIM MeTOoJaMHu. {151 CyXOi OYMCTKH MPUMEHSIOT IIUKIIOHBI, OCAIUTEIIbHbIC
amnmapaTtbl ¥ AIeKTpOGUIbTPhl. JlefCTBUE MUKIOHOB OCHOBAHO Ha OCaKICHUH
MEXaHMUCCKHUX TMpHUMECeHd M3 Ta3a TMoJ JCHCTBHEM IIEHTPOOSKHBIX CHII.
OcanurtenbHble ammapaThl MPEACTABISIOT COOOM TOPU30HTAIBHBIC IUIUHIPHI
nuameTpoM 0,5-1,5 M, B KOTOPBIX MPUMECH OCAXIAIOTCA 32 CUET YMEHBIICHUS
CKOpPOCTH JBI)KEHHUSI raza. Mokpas ra3004HMCcTKa OCHOBaHa Ha YJaBJIMBAaHUU
MEXaHUUYECKUX TMpUMECEH M3 raza Mpu MX CMAauyMBaHUU >KUAKOCTHIO (OOBIYHO
MUHEPAJIBHBIM ~ MacjioM). [l 95TOro HCHOJIB3YIOTCS MOKpPBIE ITUKJIOHHI,
ckpy0Oeps! u T.1. Hanbonee ahpexkTuBHBI Tak Ha3bIBa€MbI€ TIEHHBIC aIlllapaThl,
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B KOTOPBIX 00Opaszyercs OONBIINON CJIOW IEHBI, yJIaBIWBAIOIICH B3BEIICHHBIC B
raze vactunpbl. I[leHHele anmapatsl ymaBiauBaroT 98-99% mneimu. HawuGonee
3G ()EKTUBHO OCaXJACHUE MEXAaHWYECKUX TMpUMeced B DIEKTPOPUIbTpAX —
creneHb ouyucTku ra3a cocraBisger 90-98%. B asnektpoduiabTpax ouucTka
OCYIIECTBIISICTCS] BCIECACTBUE BO3JEHCTBHUS ANEKTPUUECKOTO TOKA.

VYerpoiicTBa 11 OYMCTKUA Ta30B OT MEXaHMYECKHX MPUMECEH MOXKHO
pa3ienuTh Ha CIEIYIONIUE TPYIIIbL:

-yCTpOMCTBA Il MEXaHUYECKOW OUMCTKM Ta30B, B KOTOPBIX TBEPJbBIC
YACTHUILIBl OTIEISIOTCS TMOJ JEUCTBUEM CHIIBI TSDKECTH, MHEPUUHM WM LEHTPO-
OEKHOU CHUJIBL,

-anmnapaTtbl MOKPOW OYMCTKH Ta30B, B KOTOPBIX TBEPJbIE€ YaCTHUIIbI
YJIaBJIUBAIOTCS KUIKOCTHIO;

-QUIBTPHI W3 TMOPHUCTBHIX MATEPUATIOB, HA KOTOPBIX OCEHAIOT YaCTHIIBI
MBLIN;

-3JIEKTPOGUIBTPHI, B KOTOPBIX YACTHUIBI OCAXIAIOTCS B pe3yjibTaTe
WMOHU3AIUU Ta3a U COAEPKaIINXCSl B HEM TBEPBIX YACTHII.

Meton OYMCTKM W THUIl afmapara BBIOMPAIOT € YYETOM CTEINEHU
3aMbUICHHOCTH ra3a, U3MEJIbUCHHOCTH YaCTHI] U TPeOOBaHUIM K OYMCTKE rasa.

O(PPeKTUBHOCTh OYHCTKM XapaKTepU3yeTCs TaK Ha3blBaeMoill >3-
(EeKTUBHOCTHIO MO Macce WIM KOA3DPUIUEHTOM YJIaBIUBaHUA. ITOT
KOd(pPUIIMEHT TOKa3bIBaeT, Kakas Jojds OOIIell Macchl YacTull OyAeT
yJIaBIUBATBHCS, T. €. SBISIETCS OOOOIICHHBIM MMAapaMeTPOM, OTPAKAIOIIUM
OKCIUTyaTallMOHHBIE KauyecTBa Ta3004UCTHOTO ycTpoictBa. Koaddurment
yJIaBJIMBaHUS PACCUUTHIBAIOT 1O OopMyJIe:

r = (CH - Ck)-100/CH,

rae CH u Ck — Harpy3Ka Wiiu KOHIIEHTpAIus MbUIM B Ta3e 10 U MOCJI€ OYUCTKH;
D¢ (HEeKTUBHOCTH yJIABIMBAHUS 3aBUCHUT OT pa3Mepa 4acTHII.

YcerpoiictBa sl MEXaHMYECKOM OYHMCTKM Tra30oB  OT

TBEPAbIX YaCTHUII
OCHOBHOE JOCTOMHCTBO 3THX YCTPOMCTB - MPOCTOTAa KOHCTPYyKUMH. OHH
MPUTOHBI, TJIABHBIM 00pa30M, JUIsl PEBAPUTEIHHOM IPyOOil OUYUCTKH.

Ilvineocadoumenvnvie Kamepwvl. Ito Hanbosee MPOCTHIE YCTPOUCTBA
JUISL YJIABJIMBAHUS TBEPAbIX yacTull. OHU NpeaHA3HAYEHBI JIJIs1 PEABAPUTEIIHLHOU
OUYMCTKH Ta30B C YJIaBIWBAHUEM IpyOOMUCIIEPCHBIX YacTHI] pazmepoM oT 50 1o
500 mkM. B3BemieHHas B MOTOKE ra3a MbUTh OCAXKIACTCS MO ACHCTBUEM CHUJIIBI
TSKECTH.

Kamepa mpencraBiser coOoi MyCTOTENBIH WIW C TOPU3OHTAIBHBIMHU
MOJIKAMU BO BHYTPEHHEW MOJIOCTH METAJUTMYECKUN MPSAMOYTOJIBHBIN KOpoO C
OyHKepoM BHH3Y uts cOopa mbutd (puc. 6). Ilmomanps kopoba 3HAYUTEIHLHO
OoJbIlIE CEUeHUS TMOABOASIIMX Ta30XOJ0B. BciencTBue 3TOro CKOpPOCThH
ra3oBOTO IMOTOKA PE3KO CHUIKAETCA, U YACTHIbl MbUIM MOJ JICUCTBUEM CHJIbI
TsDKECTH ocenaroT. [IpemMymiecTBa MbUICOCAAUTENBHBIX KaMep — Majloe
TUJPABIMYECKOE COMPOTUBIICHUE, MPOCTOTA KOHCTPYKIMU U Majas CTOMMOCTb;
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HEJOCTaTKU — TPOMO3AKOCTh, HEOOJBIION KOIPPUIMEHT yhaBiauBaHUS (HE
Boiire 40—45%). Dror koddduiment moxHo moBectu A0 80—85%, eciau B
KaMepax YCTaHOBUTH TOPU30HTAIBHBIC MOJIKH , YBEIUIUBAOIINEC JUTHTCILHOCTh
npeObIBaHus Ta3za B Kamepe. OgHAKO Takue Kamephbl TPOMO3JIKH, OYMCTKA HX
3aTpy/JHCHA, W II03TOMY IIBUICOCATUTEIIBPHBIC MHOTOIOJOYHBIE KaMephbl HE
HAITUTA ITUPOKOTO MPUMCHCHHS.
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Puc. 6. a - IIsmmeocagurensHas kamepa; O - OcagutenbHas kamepa ['oBapna:
|— 3anbeienHsnii ra3, ||1— ounmennsriii ras; |11 — meLIb

Huepyuonnvie noiieynosumenu. B stux anmaparax pe3ko u3Me-
HSICTCS HAIPaBJICHUE Ta30BOTO MOTOKA, YACTHIIHI TBLUIN 10 MHEPIIMH COXPAHSIIOT
HaIpaBJICHUE CBOETO JIBWXCHHS, YIApsIOTCA O MOBEPXHOCTh U OCAXKIAIOTCS B
Oynkepe. HanbGosee nmpocThie MbLICYIOBUTENN (PHC. 7) CIIOCOOHBI 33ePKHBATh
TOJIBKO KPYIIHBIE YacCTHIIbI MbUTH pazmepoM Ooisiee 25—30 Mkwm. [lostomy mx
UCIIOJIB3YIOT IS TMPEABAPUTEIILHON OYMCTKU Ta30B. boliee Menkue 4YacTHUIlbI
MOKHO BBIJICJIUTH U3 Ta30BOr0 MOTOKA IO ACHCTBUEM HMHEPIMOHHBIX CHUJI TIPH
W3MEHEHUW  HAMpaBlieHWs JBWKEHUS Ta30BOr0 IMOTOKAa C  TMOMOIIBIO
JKATFO3UNHBIX TUIacTUH. JKamro3uiiHbli MBUIEYIOBUTENL (pUC. 8) COCTOMT u3
JIBYX OCHOBHBIX YACTEH: MKAJTFO3UMHON PEIIETKH W BBIHOCHOTO IbUICYJIOBUTENS
(0ObIuHO 1MKIIOHA). [Tpy NPOXOXKAECHUHN Yepe3 KATIO3UINHYI0 PEIIETKY T'a30BbIi
MIOTOK pa3leNsieTcss Ha JBa: MOTOK, ouuineHHbIH or meutk (80—90% Bcero
KOJIMYECTBA rasa), U MOTOK, B KOTOPOM COCPE0TOYEeHA OCHOBHAS Macca IIbLIH,
yJlaBIuBaeMas 3aTeM B ITUKJIOHE.

Ilenmpoobescnvire obecnvLiugarouiue ycmpoiicmea
(uuk/10HBL). 1TUKIOHBI IIMPOKO IPUMEHSIOT /IS OYMCTKU Pa3IMYHBIX Fa30B OT
nbUIA. YacTUIIBI TBUTH BBIICIAIOTCS B IUKIOHE IO JEHCTBUEM HIEHTPOOEIKHOM
CWJIBI B TIPOIIECCE BpAIllEHHs Ta30BOro MOTOKAa B Kopryce ammaparta. [lukion
COCTOMT U3 IWIMHIAPUYECKOW TPyObl M CYXXKHBAIONMIETOCS KHH3Y KOHYCA.
3anblICHHBIN Ta3 BBOJUTCS B IIUKJIOH IO CIIUPAH (TAaHTCHIIUAILHBIN BBOJ).
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Puc. 7. UHepuHOHHBIE NBLIEYJIOBHTEIHN € PA3JIMYHBIMH CIIOCO0AMM MOAAYH M paciipe/ieJieHHsI Fa30BOro MOTOKA:

a — C MOMOIIBI0 TIEPETOPOJKH; O — dYepe3 MEHTPATbHYIO TpyOy; B — uepe3 OOKOBYIO TpyOy; I— C TOMOIIBIO MBUICYJIOBUTEIHHBIX JJIEMEHTOB.
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Puc. 8 Kanro3niinblii nbl1€yJI0BUTE]Ib

[Ton neicTBUEM LIEHTPOOEKHOM CUIIBI B MPOLIECCE BpPaAllEHUs Ta30BOr0 MOTOKA B
KOpIIyCe ammapara YacTHI[hI IMBUTH OTOPACHIBAIOTCS K CTEHKAM ITUKIIOHA U TIO
HUM OITYCKAIOTCS B KOHHYECKYIO 4acTh. DPHEKTHBHOCTh OYMCTKH 3aBHCHT OT
CKOPOCTH Ta30BOT0 MOTOKA (IIPU MPOUYUX PABHBIX YCIOBHSIX). YEM BBIIIE CKO-
pOCTh rasa, TeM Bbilie ee 3PHEeKTUBHOCTh, TEM MEHbIIIE rabapuThI amnmnapara.

B TOpOMBIIUIEHHOCTH WMCHOMB3YIOT LHWKIOHBI, PACCUUTAHHBIE HAa CKOPOCTh
razoBoro moroka ot 5 g0 20 m/c (oOeruHO 15 M/c). B mpormecce paboTsi
YCTaHOBKH CKOPOCTh Ta30BOIO TIOTOKAa MOXKET U3MeHAThCsA. [loaTomy B
MoCJeAHEE BpeMsl IITUPOKO MPUMEHSIOT 0aTapen IUKJIOHOB (MYJIbTULIMKIIOHBI), B
KOTOPBIX Ta30BBbIi TMOTOK pAacHpeeNsseTcss IO HECKOJIbKUM MapaljieIbHO
paboTaronMM IHUKJIOHAM W B 3aBUCHMOCTU OT pacxojia ra3a JACHCTBYET TO WU
MHOE UX YUCIIO.

KII/] quKiI0HOB 3aBUCUT OT KOHUEHTPALMU BTN U Pa3MEPOB €€ YaCTUIL U PE3KO
CHIDKAeTCs NpPU YMEHBIIEHUH 3THX Mokazareneil. CpenHss 3¢Q(EeKTUBHOCTh
oOecnblIIMBaHUS ra3oB B IIMKJIOHAX coctapiseT 98% mpu pa3mepe yacTHll MbLTU
30—40 mxMm, 80%— npu 10 mxm, 60% —rmpu 4—5 MKM.

[Tpenmy1iecTBa UKIOHOB — MPOCTOTAa KOHCTPYKLMH, HEOOJbIINE pa3MepHl,
OTCYTCTBHE JBIDKYIIUXCS YacTel; HEJOCTaTKU—3aTpaThl YHEPTUH Ha BpallleHUue
u OoJsblIoi aOpa3uBHBIM M3HOC 4YacTeW ammapara Ioj BO3JIECHCTBHEM IbLIU.
[Tosromy Hambosee ysS3BHMbBIE YAaCTH IMKJIOHA TOKPBHIBAIOT CHHTETUYECKUMHU
MaTepraIaMH UIU BBICOKOTPOYHBIMH CILIIAaBAMHU.

Anmnaparbl MOKPO# OYHCTKH ra30B OT TBEPAbIX YACTHIL

OTu anmaparbl TPUMEHSIOT B TEX CIydasX, KOTJa BO3MOXKHO YBIOKHEHHE
OUMIIAEMOTO Ta3a. 3ambUICHHBIM Ta3 KOHTAKTUPYET C JKUIKOCTHIO WIIU
OpOLIAEMBIMHU €10 TOBEPXHOCTSIMHU.

Ilpomuiénvie 6auwinu. Dtn annapatsl HauboJIee TPOCTHI MO0 KOHCTPYKIIUH
(puc. 9), B HUX HUMeeTcsl Hacaaka W3 koisel Paimvra, opoinaemasi BOJION WU
JIPYTOH KUAKOCTHIO. ['a3 MojatoT B HIDKHIOK YacTh ammapara, Mmocje OYUCTKU
€ro BBIBOAST CcBepXy. Hemoctarok — yacTtasi 3a0uMBKa HACagKU TMPU OYUCTKE
ra3os.
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Puc. 9. [IpombiBHAs GamiHs

1- pacnpenenurens, 2- kopnyc, 3- Hacaaka, 4- omopHas MIacTUHA
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CkopocmHuble 2azonpomvieamenu. B >tux ammaparax moj| BIds-
HUEM JIBIDKYIIErocs C OOJIbLIOW CKOPOCTHIO Ta30BOrO TOTOKA KamedbKu
KHUJIKOCTH pa3ApoOIsioTCs, pacublIsIoTCa. B pesyibrare 3T0ro yBenuuuBaercs
MOBEPXHOCTh HX CONPHUKOCHOBeHHsA. (Opa3oBaHHMe Kamelb HEOOIBIIOro
pasmepa, BbICOKasl TypOynu3auus MOTOKa CIIOCOOCTBYIOT YJIaBJIMBAaHUIO YaCTHIL
CYOMUKPOHHBIX Pa3MepoB.
Hanbonee pacmpocTpaHeHHBIH ammapar 3TOro Tuma — ckpy0bep Bentypu

(puc.10).
“

Puc. 10. Cxkpy60ep Bentypu
| - 3ambUIeHHEIN Ta3, || — ounmenssi ras, |1 — muram, 1V - )xuakocTs

OH coCcTOWT U3 IBYX YCEUEHHBIX KOHYCOB: KOH(Y30pa u nuddyszopa. Haubonee
y3Kkasi 4acTh TpyObl BeHTypu Ha3biBaeTcsi ropsioBuHOi. B koHby30p Ha
HEKOTOPOM pPACCTOSHUM OT TOPJOBHHBI C TIOMOIIbIO (OPCYHOK MOAAOT
KHUJKOCTb, TJI€ OHa MOJ ACUCTBHEM JIBMXKYLIETOCs C OOJIBIIONW CKOPOCTBIO
ra3oBOT0 MOTOKa pasnpoOlisieTcs. B pesynbrare BO3HHUKAET XOPOIIUA KOHTAKT
rasa ¢ >KHJIKOCThIO, UTO MPUBOJIUT K YJIABIMBAHUIO YACTUYEK TTHLIH.

B 3aBucuMoctu OT cnoco0a MOJABOJA OpPOIIAIOIMIEH >KUIKOCTH PA3IUYAIOT
amnmnapatbl ¢ IEHTPaJIbHBIM MOABOJOM KHUJIKOCTH B KOH(PY30p, nepudepuitHpiM
opomieHueM (B KOoH(Yy30pe U B TOpPJOBHUHE), IIJICHOUYHBIM OPOIICHUEM,
0echopcyHOUHBIM U POPCYHOUHBIM OpolieHueM (puc. 11).

bapoomasicnvie u nennvie annapamol. B 6ap6oTaKHBIX ammapa-

Tax OYMILAEMBIE Ta3bl B BUAE NY3bIPHKOB MPOXOMIT YEPE3 CIOM KUIKOCTH.

Bcenenctrue 00bIION MOBEPXHOCTH KOHTAKTA C KUAKOCTHIO 3((HEKTUBHOCTH

OYHCTKH Ia30B OT TBEPJABIX YACTHUIL BbICOKAsl. OJTHAKO CIOKHOCTh U3TOTOBJICHUS
ATUX alIapaToB OTPAaHUYHUBAET UX IPUMEHEHHE B IPOMBIIIJIEHHOCTH.

B neHHBIX anmaparax OYMIIAEMBbIM Ta3 JBUXKETCS Ye€pe3 CIIOW IIEHHI,

KOoTOpasi (opMUpPYETCS Ha pelleTKe, Kyaa MoJaloT KHUJIKOCTh, IPU MPOJYBKE €€
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CHHU3Y BO3yXOM WJIU MPHU yAape BO3AYIIHOTO MOTOKA O MOBEPXHOCTh JKUIKOCTH.
DTU amnmapaThl NPOCTbl MO KOHCTPYKUMH U 3DPexTuBHbI. OHU MPECTABISIOT
co0Ol BEpPTUKAJIBHBIM ammapar Kpyrjioro Wi MOPSIMOYTOJIbHOTO CEYEHHS,
BHYTPH KOTOPOT'O PaCIOJIOKEHbI EepPOpUpPOBaAHHBIE JTUOO IIENIEBbIC PEIICTKH.
OuwniaemMblil Ta3 MOCTYNMAET BHU3 K PEIIETKAaM, HHTEHCUBHO MEPEMEIIUBACTCA C
KUIKOCTBIO B CJIO€ TIEHBI, B PE3yJIbTaTe€ YEr0 CMAaYMBACTCS U BBIJEISETCS MbLIb

(puc. 12).
D¢ (hHeKTUBHOCTh MOKPBIX MBLUICYJIOBUTEICH 3aBHCHT, B OCHOBHOM, OT
CMaYyHuBaCMOCTH MEXaHUYECKUX TmpuMecedl. [Ipu  ylmaBIMBaHMM  ILIOXO

CMauYMBAIOIIEHCS TBUTH B )KUIKOCTh BBOJST MMOBEPXHOCTHO-aKTHBHBIEC BEIIECTBA.
Jlnis yactui pazmepoM 5 MKM 3¢ dekTUBHOCTE Aocturaet 92—95%, a B meHHBIX
anmapatax aaxe 99%. HemocTaTku MOKpPBIX MBUICYJIOBUTENECH — OOJBIION
pacxon BOJBI TpPU OTCYTCTBUU €€ IHUPKYJSIUH, HEOOXOAMMOCTh HMETh
OTCTOMHMKH U MEPUOINYECKU UX OUUILIATH B CIIy4ae LUPKYJIALNUN, BO3MOKHOCTb
IIEJIOYHOM WM KHUCIOTHOM KOPPO3HMM; OTPULIATENIbHOE BIMSHHUE BJAru Ha
Ipolece JaJIbHEU U nepepadoTKu rasa.
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Puc. 11. CxopocTHbIe ra30npoMbIBaTe/IM:
a—C HEHTPaAJIbHBIM IIOJIBOJIOM KHJKOCTH; 6—C nepuepruitHbIM OpPOIIEHNEM, B—C TNIEHOYHBIM OpOIIeHUuEM, I—C¢ 6ec(hOpCyHOUHBIM OpPOILIEHUEM, T—
¢ (OPCYHOUHBIM OpOIIEHUEM

2) 6) B)
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Puc. 12. Ilennsble annapaTsbl:
a—C MPOBAJIbHOM peleTKol; 6—C¢ NepeInBHOM pemeTkol, B—CcKpy00ep ¢ nceBI00KMKEHHON IapoBOi Hacakol, |—3anbiieHHsli ras, |1—
ounIeHHbIH ra3, |ll—xuakocTs; IV—iniam
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DUIbTPHLI

OunpTpanus 4epe3 MOPUCThIC MaTepHaIbl — OJWH W3 Hamboyee co-
BEPIICHHBIX METOJIOB OYHMCTKH Ta30B OT TBEPJIbIX 4YacTull. ['a30BbIA MOTOK
MPOXOJUT YEpPe3 MOPUCTBIM MATEPUA PA3IUYHOM IJIOTHOCTA WU TOJIIWHBI, B
KOTOPOM 3aJI€PKUBAECTCS OCHOBHAs Macca MEXaHWYECKUX mnpumecer. s
OYHCTKH Ta30B MPUMEHSIOT JBa BHAA MPOMBIILIICHHBIX (UIBTPOB: TKAHEBBIC H
3EpHUCTHIE.

Tkaneevie uabmpel. B 3aBucumoctd 0T (GOPMBI (PUIBTPYIOLIEH
MOBEPXHOCTH Ppa3IMYalOT pyKaBHbIE © pamMouHble GuibTpel. Hambosee
pacrpocTpaHeHbl pykaBHbIe GUIBTPHI (prc. 13), cocTosimue U3 psjia TKaHEBBIX
PYKaBOB, TIOJIBEIICHHBIX B METAJUTMYECKON KaMmepe.

3anpIICHHBIA Ta3 MOCTyMaeT B HWDKHIOK YacTh ammapara U MPOXOAWT
yepe3 TKaHeBbIe pykaBa. Ha MOBEpPXHOCTHM TKaHU M B €€ TOpax OCaXIAcTCs
nblib. B KauecTBe QUIBTPYIONIMX TKaHEH HCMOJIB3YIOT CUHTETUYECKUE TKaHHU,
KOTOpbIE MEHEE BJIATOEMKH IO CPABHEHHIO C HaTypaibHbIMU. OHU HE THHUIOT,
cToiiku nipu temneparype Boie 150°C, tepMmoractuulbl. OT OCEBIINX YaCTHII
WX OYMIIAIOT BCTPSIXUBAHUEM WJIM OOpaTHOM MPOAYBKOH, TMOO BCTPAXUBAHUEM
U TIPOJTyBKOM OJTHOBPEMEHHO.

Xopoliiue pe3yiabTaThl JOCTUTHYTHI TPU  BHEAPEHUU TKAHEBBIX
GUIBTPOB M3 KOPPO3UOHHO- M TEPMOCTOMKHUX MaTEpHUAJIOB, B TOM YHUCJIE Ha
METaJUTMYECKOW OCHOBE, KOTOPBIE MOTYT paboTaTs mipu Temmneparype 10 900 °C.

3epruucmote uabmpsl. Moryt paborars NpH 0YeHb BBHICOKHX TEM-
nepatypax M B arpecCUBHBIX Cpefax, CIIOCOOHBI BBIJAEPKUBATH OOJIBIINE
MEXAHUYECKUE HATPY3KH, PE3KUE MEepenabl JaBJICHUS U TEMIIEPATYPHI.

Paznuyaror 3epHUCTBIE GUIBTPHI: HACKIITHBIE U )KECTKUE MOPUCTHIEC.

B mHaceimHbIX (UIBTpax B KaueCTBE HACAJKU HCMOJB3YIOT TMECOK,
rajibKy, IUIaK, APOOJIEHBIE TOPHBIE MOPObI, JIPEBECHBIC OIMUIIKH, KPOIIKY
PE3UHBI, KOKC, IUIACTMACChl, TpadUT M CTaHAAPTHBIC HACAIKH THIIA KOJEI]
Pamura.

64



ZI -~ s
I j—)
| I
| !
L~ z
>
//
> E )
I
6
5
b
Puc. 13. PykaBHblii puiabtp: Puc. 14. daexkrpopuiabrp:
1—xopIyc, 2—pyKasa; 3—Ipocceib; 1—ocanuTtenbHBIN ANIEKTPO (KOPITYC);
4—T1b1TE; 5—3aTBOp; 6—IIHEK; 2—KOPOHHMPYIOLIHH JIIEKTPOJL;
|—3ambuIeHHbI ra3, ||—ounmennslii ra3 |—3anbuIeH bl ra3; l— ouMIeHHbIH Ta3;

I1l—npuis.

XKectkue nopucteie GUIBTPHI (KEpaMUYECKHE, METAUIOKEPAMUYECKHE,
METAJUIONOPUCTBIE W Jp.) OTJIMYAKOTCS TMOBBIIIEHHON YCTOMYMBOCTBIO K
BBICOKOI TeMIiepaType, KOppO3uu U MEXaHUYECKUM Harpy3kam. X HegocTaTku
— BBICOKasg CTOMMOCTb, OOJBIIOE TUIAPABIMYECKOE COMNPOTUBIECHUE H
HEOOXOMMOCTb YacTOM pereHepanum.

JINEeKTPOPHIbTPbI

OnexTpoduabTpbl 00ECHeYnBaOT BBICOKYIO CTENEHb OYHCTKH Ta30B TpHU
CpPaBHHUTEIBPHO HH3KHUX OJHepro3aTparax. I((EKTHBHOCTh OYHCTKH Ta30B
nocturaer 99%, a B psage ciaydaeB—99,9%. DnekTpoduibTp — anmapar Wid
YCTaHOBKA, B KOTOPBIX JJsi OTAEJNEHUS B3BEUICHHBIX YAaCTUI[ OT Tra3oB
UCIIOJIB3YIOT SJIEKTPUUECKHIE CUJIBL.

[Io KOHCTPYKIMH SIEKTPOPUIBTPHI Pa3JCNsIiOT Ha mpyoduamole U
naacmunuamele. B TpyOuaThix  3neKTpoduUIbTpax  3albUICHHBIA  Ta3
MPOIYCKAIOT IO BEepTUKAIbHBIM TpyOam muamerpom 200—250 mm. mo ocu
KOTOPBIX HATSHYT KOPOHHUPYIONIUN 3JIEKTPo] (MPOBOM) IUAMETPOM 2—4 MM.
OcanuTtenbHBIM JIEKTPOJIOM CIIYKHUT cama TpyOa, Ha BHYTPEHHEW MOBEPXHOCTH
KOTOpoi ocemaer mbUIb (puc. 14). B miacTMHYATBIX 3JICKTPOPHIBTPAX
KOPOHUPYIOLIUE DJJIEKTPOIAbl (MPOBOJA) HATAHYTHl MEXAY MapalieTbHBIMH,
TUTOCKAMU TUTACTUHAMM.

OcamuTtenpHBIE  AIEKTPOABl  OUMINAIOT  BCTPSXHUBAHHEM,  YAapOM,

BUOpaImei uinm cMblBanreM. B mociieqneM ciiydae 35eKTpo@uiIbTpbl Ha3bIBAIOT
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MOKpPBIMU. B HUX OOBIYHO NMPUMEHSIOT TPyOUaThle OCAIUTEIbHBIC JIEKTPOIbI,
TaK Kak 00€CIeUUTh XOPOIlIee BCTPSIXUBAHUE TPYOUAThIX 3JIEKTPOJOB CIOXKHO, a
[0 XapakTepUCTUKAM  JJICKTPUYECKOrO II0JA OHHU  IIPEANIOYTUTEIIBHEE
IIJJACTUHYATHIX. B OCHOBHOM HCITO/IB3YIOT CUCTEMBI BCTPAXUBAHUSA JABYX THUIIOB:
MAarHUTHbBIE UMITYJIbCHBIE U C BPAILAIOIIUMUCA MOJIOTKAMMU.

Henocratku 31neKTpoUIbTpOB — BBICOKAs CTOMMOCTb, CIOKHOCTb
JKCIUTyaTaluHu.

2.2 Ocynmka nNpupoaHbIX YIJIEBOJIOPOIAHBIX ra30B

OO01mme moJ10KeHud

Hanuuue mapoB BoAbI B YIVIEBOJOPOJHBIX ra3ax CBS3aHO C KOHTAKTOM
ra3a u BOJIbl B IJIACTOBBIX YCJIOBHSIX, & TAKXKE C YCIOBUSIMU UX TOCIETYIOMICH
00paboTKH (cernapaiuu, OYUCTKH OT IPUMECEH U JIp. ).

OOBIYHO TSDKENbIE YIJIEBOJOPOAHBIE Ta3bl MPU TEX K€ YCIOBUAX
colepkaT TapoB BOABI MeEHbIe, yeM Jierkue. Hammume B raze HpS m CO;
YBEIMYHUBACT COJICP )KaHKE MApOB BOBI, a HAIMYNE a30Ta - YMCHBIIIACT.

Bracoemkocmu (61acocodepoicanue) 2aza - 3T0 KOJIUUECTBO MAPOB BOIbI
(B r/M%) B COCTOSIHUM MX HACKHINIECHUS NPH JAHHBIX TEMIIEPATyPE U JABJICHUM.

Abcontomuas enaxcHocms 2aza - 3T0  (pakTUYECKoe conepkaHue MapoB
BOABI (B I/M° ra3a).

OmHocumenbHas 61a3CHOCMb — 3TO OTHOIIIEHHE MACChl BOASHOTO Mapa,
(baKkTHUeCKN HaXOJSIIETOCs B Ta3oBOM CMECH, K Macce HACBIIIEHHOTO Tapa,
KOTOpPBI MOT OBl HaxXxOJUTHCS B JIAaHHOM OOBEME NpHU TeX >K€ JIaBIICHUU H
TeMmreparype, T.e. OTO  OTHOIIEHHE  aOCOJIOTHOM  BJIAXKHOCTH K
BHarocojepkanuto. OTHOCUTENbHYIO  BIAXXHOCTb TAaKXKE€  BBIPAXKAIOT
OTHOIIEHUEM TMapIUATBHOTO JAaBJICHUS BOJSHBIX TMApoB B raze K JIaBJICHHUIO
HACBIIIICHHOTO T1apa MpH TOH K€ TeMITepaType.

Ocywka eaza - 3TO POLIECC yAAJTICHUS U3 HETO BJIarH, T. €. CHIDKCHHE a0-
COJIIOTHOM M OTHOCUTEIIbHOU BIaXHOCTU. OOBIYHO TIyOMHA OCYIIKH
(ocTaTo4HOE cozlepKaHUE BIIaru) peraiaMeHTUPYETCsS TOUKOW POCHI.

Touka pocwl - 3T0 TeMIiepaTypa TpH JaHHOM AAaBJICHHUH, IIPH KOTOPOI
nmapel BOABI TPHUXOMSIT B COCTOSHHE HACBHIIICHUS, T.€. 3TO HAWBBICIIAS
TeMIlepaTypa, MpH KOTOPOW TpH JaHHOM JaBJIEHWW W COCTaBe Ta3a MOTYT
KOHJICHCUPOBAThCS Kariu Biaaru. Yem riay0xke oCyIika, TeM HIXKE TOYKA POCHI,
KOTOpasi OOBIYHO COCTaBJISIET, B 3aBUCUMOCTH OT TIOCIICIYIOIIETO Ha3HAUYCHMUSI
rasa, oT - 20 go - 70 °C.

Pexxe »TOT moOKaszatenb MOXET ONPENEsAThCS KakK JaBJICHHE, TpH
KOTOPOM TMPOUCXOJUT Hayajao KOHACHCAIIMHM BOJSHBIX MAapoOB MpU 3aJaHHOU
TeMIlepaType, Ha3bIBa€TCS B 3TOM CITy4ae TOUYKOW POCHI Ta3a Mo JaBJICHUIO.

Touka pocvt no yenesooopooam — XapaKTepU3yeT KOHJCHCAIUIO
VIJIEBOJIOPOJIOB M3 Ta3za. JTOT TOKa3aTeldb MOXET OBITh MPU MOCTOSIHHOM
JaBJICHUW (TeMmIeparypa TOYKH POCBHI) W TP TIOCTOSHHOW TeMIeparype
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(1aBJIEHHE TOYKH POCHI).

Abconromuas mouka pocbl — 3TO TEMIIEpaTypa, MpU KOTOPOW M3 raza
HAYMHAET BBIJIETATHCA KuaKas (asa.
lenpeccusi mouxku pocvl — 3TO PA3HOCTh TOYEK POCHI BIAKHOIO U

OCYILIEHHOTO Ta3a.

[IpucyTcTBUE B ra3e BJaru HEXeEJNaTelnbHO (4 MHOTAA ONAcHO) JUis
npolecca ero TpaHCIOPTUPOBKHU, IOCKOJIbKY Bjara MOKET BbINa/laTh B YHCTOM
BUJI€ WIA B BUAE T'MAPATOB C YIJIEBOAOPOJAMH, MPUBOJS K OCIOXHEHHSIM B
paboTe cucTeM TPAaHCIOPTHOIO ycTpoicTBa. HexenmaTenbHa Biara B rase, €Ciu
NocJIeIytonasl ero nepepadoTka BEAETCS MPU HU3KUX TEMIIEpaTypax, MpU 3TOM
TOYKA €ro pOChl JIOJDKHA OBITb HIDKE TEMIEpaTyp TEXHOJOTHYECKOU
nepepaboTku Tra3a. Bmara MoXeT Takke OTpaBisATh psi KaTalu3aTOpOB,
UCITIOJIb3yEMBIX TIPH JalbHEHIIE nepepadoTKe rasa.

CremneHp OCYIIKH Ta3a (Iempeccusi ToUuKa poChl) 3a1a€TCs B 3aBUCUMOCTHU
OT TOTO, KyJa MpeAnoyjaracTcsl HampaBlsTh Ta3 — MOTPEOUTENI0 WU Ha
JanpHelIyo nepepadoTky. Ecnu raz HampaBisiloT NOTpeOUTEN0, TO BBIOOP
TOYKH POCHI OCYIIEHHOTO Ta3a OCYHIECTBIISIIOT MCXOJId U3 TOro, YTOOBI TOUKa
pochl Taza Mo Blare OblIa HAa HECKOJBKO TPaJyCcoB HIKE MHUHUMAJIBHON
TEMIIEpaTyphbl, JI0 KOTOPOM Tra3 MOXET OXJaXIaTbcs B  MPOIECcCce
TPAaHCIIOPTUPOBKH, BO M30EKAHHE KOHJICHCAIIMM BIArd U  00pa30BaHUs
KUJKOCTHBIX MPOOOK B TpyOompoBoje. Eciau ke ra3 mpeamnonaraercsi Harpas-
JATh Ha JalIbHEWINy0 TMepepaboTKy, HampuMep Ha pas3felieHHe METOJIOM
HU3KOTEMIIEPATYPHOH KOHJICHCAIUW WM PEKTU(DHUKAIMKA, TO TOYKA POCHI
OCYIIIEHHOTO ra3a 3aJaeTcsl UCXO/s U3 MpeArnojaraeMoil paboyeil TeMmneparypbl
MOCJEAYIONINX CTaaAui nepepaboTKH.

MeTtoabl OCYIIKU NPUPOAHBIX Fa30B

Ocymika raza MOXET OBITh OCYIIECTBIICHA Pa3IMYHBIMA METOJAMH:
NPSIMBIM OXJIaXKJAeHUEM, abcopOIuelt, agcopOorueil nim KOMOMHUPOBAHUEM ITHUX
CIIOCOOOB.

Ocywika oxnaxcoenuem

[Ipu oxnakaeHuu ra3a Mpu MOCTOSIHHOM JIaBJICHUU M30BITOYHAS BJara
KOHJEHCHUPYETCS, @ TOYKA €ro POChl COOTBETCTBEHHO CHMKaercda. Ha stom
OCHOBAaHa OCYILIKa ra3a OXJIAXJICHUEM, IIPUYEM HIKHUU MHPEAET OXJIaXIACHUS
ra3za OrpaHUYMBACTCS YCIOBUAMH 00pa30BaHUs THAPATOB.

CamMoCTOSTENBHOTO 3HAYEHUS JJIs1 OCYIIIKU ra3a TAaKOM METOJ HE Halesl
U NMPUMEHSETCS OOBIYHO KaK 3JIEMEHT B KOMOMHAIIMHU C APYTUMHU METOAaMu (J1J1s
MPEeABAPUTEILHOTO YaJIeHHUs OCHOBHOT'O KOJIMYECTBA BJIary).

Abcopouyuonnan ocywika

Takas ocynika OCHOBaHa Ha CEJIEKTUBHOM MOTJIOLIEHUU (PACTBOPEHUHM)
NapoB BOJABI KUAKUMU aOCOPOEHTaMM, B KaU€CTBE KOTOPBIX MPUMEHSIOT JAU- U
TPUATHJICHIJIMKOJIA. YacTU4Hasi OCyllKa ra3a IPOUCXOIWUT B psAJE MPOLECCOB
OUYHCTKHU €r0 OT COEAMHEHUN cepbl (HarpuMmep, B poiiecce "Cenekcon" win npu
OUHCTKE Tra3a OT CEPHUCTBIX COEAMHEHUN pacTBOpaMu TIHMKoJiei). B kauecTse
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abcopOeHTa TepBOHAYAIBHO WCTOIB30BAIM JTHJICHIJIMKOJIb W TIUIEPUH, B
JalbHEHIIeM TIEPellId Ha UCTIOIb30BaHUE MEHEE JIETYUUX — JUATUIICHTIIUKOIS
U TPUAITWICHINIMKONA. B Hacrosimiee Bpems i1 aOCOPOIIMOHHOM OCYIIKH
MPUMEHSIOTCSI, B OCHOBHOM, AMATWIECHMHKONb ([I3I) M TPUATHICHIIMKOIb
(TAI'). Pexe, mpu ocymike BOPHICKOM B TEIMIOOOMEHHUKHM B KauecTBe
MHTHOUTOpa TUAPATOOOpa30BaHUSI HMCIONb3yeTcs ATuieHrmkons (D). Psn
MPOU3BOIHBIX M- U TPUITHIICHTIIUKOJS WIH MTOOOYHBIE TIPOYKTHI, MOTy4acMble
IIPU UX TIPOU3BOJICTBE (ITHIKAPOUHOII, TETPAITHIICHTINKOJIb, POMUICHTIIUKOIh
U JIp.), XOTS © O00JaZar0T BBICOKOHW THUTPOCKOIMUYHOCTHIO, IMTHPOKOTO
MIPUMEHEHUS B KAYECTBE OCYIIAIONIUX areHTOB HE HAIILIH .

YCTaHOBKM OCYIIKM Ta3a C HCMOJb30BAHUEM JKHUJIKUX TOTJIOTUTEIECH
(rmuKosieit) OBIBAIOT ABYX THUIIOB: C 0apOOTaKHBIMU anmapaTaMu U C BIPHICKOM
[JIMKOJIA B MOTOK raza. B abcOpOILMOHHBIX YCTaHOBKAaX OCYIIKM IIEPBOTO THUIMA
BJIQXKHBIN Ta3, OYHUIICHHBIN B MMBUICYJIOBUTENE OT MEXIIPUMECEH, MOCTyNaeT BHU3
abcopoepa 3 (puc. 15). CBepxy B KOJIOHHY MOJACTCS OCYIICHHBIN MOTIOTHTEb.
[Tocne BbIXOZA € TJIyXOM Tapesiku HU3a KOJOHHBI HACHIIICHHBIH abCOpPOEHT
MPOXOJUT  TIOCIIEOBATEIbHO  TEIUIOOOMEHHUK S5,  BBIBETpUBATElIb 7/,
TEII00OMEHHUK 6 Y MOCTYIIaeT B OTIAPHYIO KOJOHHY (necopbep) 10. Jlecopoep
o0bryHO umeeT 10-16 Tapenok KOJMAYKOBOrO WM KIIAMIAHHOTO THUMA U OJHY
TIIyXyI0 TapeiaKy BHU3Y KOJOHHBI. CTEKalolui Ha TIIyXYI0 Tapeiky aOcopOeHT
CaMOTEKOM MOCTYNAeT B HU3 BBIHOCHOIO KUNSATWIbHUKA 11. Beimenmmii yepes
BEpX KUISTUIIbHUKA a0COPOEHT CIMBAETCSl BHU3 KOJIOHHBI 10 1 uepe3 cucremy
TEIJIO0O0OMEHHUKOB 5 U 6 U XOJIOAWIBHUKOB 4 MOCTYNaeT B MPOMEXYTOUHYIO
E€MKOCTh 8, OTKYJla HACOCOM HaIlpaBJISIETCsl HA opolleHue abcopoepa 3.

[Taper BoABI M Ta3bl CBEPXY KOJOHHBI MPOXOAAT XOJOJWILHUK-KOHICH-
catop 13. HacTb CKOHIEHCUPOBABLIEHCS BJIArM MCIOJIB3YETCS JJISI OPOLICHHS
KOJIOHHBI, a U30BITOK cOpachiBaeTCs B KaHaIU3aIuo. HeckoHaeHCupoBaBIMecs
naphbl ¥ Ta3bl CTpaBIMBaIOTCA B atMochepy. AbcopOep padoTaeT mpu AaBICHUH,
JI0 KOTOPOTO CKAT ras, a iecopoep — 0OBIYHO MpU aTMOC(HEPHOM JIaBJIICHUU WUITU
4yTh BbIIE. JIJIsi YMEHBIICHHUS] YHOCA TJIMKOJSI C OCYHIEHHBIM Ta30M 4acTo B
BEPXHIOIO 4YacTh abcopbepa M00ABISIIOT CEKIHMIO OTMBIBKHM ra3a IICHTaHOM,
YCTaHABJIMBAIOT OTOOMHMKH, JJII KOATyJSIMH TEHBI JOOaBISIOT B TIUKOIb
WHTUOUTOPHI IEHOOOPA30BaAHUS.

Ocyuma 2a3a 6npPovICKOM 2IIUKOJIA

B 3anagnoin EBpome mmpokoe — pacnpoCTpaHEHHE  IMOJIYYWIIU
pacnbirBarome abcopoeprl. PacmbiieHne rIMKosS IPOU3BOIUTCS B ammapare,
IUaMeTp KOTOpOTo ONHM30K K JAWAMETpy TMOJBOMSINETO Ta3ompoBOjA.
O} dexTuBHOCTh Tporecca OMPENENIeTCs CTENEHBI0 PaCIbUICHHUS PacTBOPA,
OCYIIIECTBIISIEMOTO CHENHATbHBIMA  (OpCYHKamMHu. PacmbiieHHas KHIKOCTh
co3aeT OOJIBIIYIO TIOBEPXHOCTh KOHTAKTa (a3, a 6osbIre ckopocTu raza (1-10
M/C) 00€eCIeYnBalOT WHTCHCHUBHBIM MacCOOOMEH W XOpoIlllee pacrpereieHue
4acTUI] B TMOTOKe. Hawmmydmuii MaccoOOMEH TPOUCXOIUT TIPU BBICOKUX
OTHOCHUTEJBHBIX CKOPOCTSIX Ta3a M Karelb, YTO JOCTUTAETCS IyTEM BIIPHICKA
IJIMKOJISI HAaBCTpedy razoBomy notoky. [Ipenenom npoOieHust 4acTull KUIKOCTH
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SBJIIETCSI O0pa30BaHUE TyMaHa, BBIJCIICHHE YaCTHUI] KOTOPOTO JIMMHUTHPYETCS
CYIIECTBYIOIIMMH KOHCTPYKIMSIMH cernaparopoB. OnrumanbHas TeMIleparypa
ocymiku coctaniseT 15-30°C. [Ipu HU3KUX TeMIiepaTypax CKa3blBA€TCS BA3KOCTh
TJIMKOJIEN, TPH BBICOKUX - YBEIMYMBAETCS YNPYrOoCTh NApOB TIJIMKOJEH U
COOTBETCTBEHHO BO3pacTaroT nmotepu. Ciaeayer OTMETUTh, YTO MOJIavy TIIMKOJIS
K (opcyHKaM MOKHO OCYIIECTBISATH Ipu Temneparype Bbimie 30°C, korga
BSI3KOCTh €r0 HEBeluKa. Bo BpeMs KOHTakTa ¢ ra3oM TJIMKOJIb NMPUHUMAET
TEMIIepaTypy MOTOKa MIHOBEHHO, TaK KaK OTHOCHUTEIBHOE KOJIMYECTBO €ro
HE3HAYUTEIBHO.

[Ipouecc oCymiKM B KaxJOW CTYIEHH MPOXOAUT B KOHyc€ (POPCYHKH
PEUMYILIECTBEHHO B MOMEHT 00pa30BaHMsl Kaneilb FIIUKOJIS U 3aKaHYMBAETCS B
o0beme  ammapara W cemaparope. Jnag  QuubTpamuu  TIIMKOJSA
IpeayCcMaTpUBaIOTCS (QUIBTPHI, 0O0OECIIEUNBAIOIINE YAAICHUE B3BECH, YACTHUIIBI
KOTOpOH BBINIE 5 MKM, TaK Kak MEXaHHYECKHME MPHUMECH 3a0MBaIOT COIUIA
(GOpCYHOK U BBI3BIBAIOT BCIICHUBAHKE PACTBOPA.

Ecnu mpomecc ocymku rasa TCJIUKOJIEM MPOBOAAT NP HUBKUX
TeMIiepaTypax, To Ucnoiab3ytoT 70-85%-HbIli pacTBOP MOHOATUJICHTJIMKOJSA U
M0/Iavy TIUKOJS OCYIIECTBIISIOT BOPHICKOM B TEINIOOOMEHHMK. Takoil BapuaHT
CXEMBbI OCYIIKH ra3a ucnoibiyercs Ha Openoyprckom ['TI3.

B cocTaB ycTaHOBKM OCYIIKH Ta3a C BIPBICKOM TJIMKOJISI BXOAST TPpHU
OCHOBHBIX y3Ja: BIPBICKA TIUKOJSA, TpeX(a3Hbll pa3aenuTeslb U y3el pere-
Hepaluu Taukoias. D((PEeKTUBHOCTh OCYIIKH 3aBUCUT OT IUIOIIAJA KOHTaKTa
ra3/TamKonb, T.€. OT CTENEeHHW pachbUieHus ocymurtens. Jius ToHkKoro
pacibUICHUs TIMKOJS MPUMEHSIOT CleHUalbHbIE paclbUIMTENbHbIE coruia. [1o
Mepe JBUXKEHUS Ta3a BHYTPU TPYyO MPOUCXOJUT YKPYIMHEHUE Kareib KUJIKOCTH,
YyTO OO0JeryaeT pasjeieHue OCYUIEHHOTO ra3a M HacChIIEHHOTO OCYIIWTENS, a
TaK)K€ CKOHICHCHPOBAHHBIX YIJIEBOJOpPOOB. JlecopOuunio BOAbI MPOBOAST B
pereHepaTope riukois. lIpuHUMNHanbHas cXxeMa MPOMBIILIIEHHOW YCTaHOBKHU
npuBeeHa Ha puc. 16. Cxxatblil ChIpoOi ra3 IPOXOJIUT BOJSHON XOJIOAMIBHUK 1,
BOJIOOTACIIUTENh 2, y3€J BIPBICKA TIIUKOJSA 3 U TeruiooOMeHHUK 4. 3aTem ras
MOCTYIAaeT B MPOMAHOBBIN XOJOAWIBHUK 5 U Janee B Tpex(aszHbli pa3aenuTeb

6.
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Puc. 15. TexHoJiorn4eckasi cxema NpoOMbILIJICHHON YCTAHOBKH OCYIIKH ra3a:

1 — mneineynoBuTenb;, 2 — 3aMepHBIA MYyHKT; 3 — abcopbep; 4 — XONOAWIBHUK; 5, 6 - COOTBETCTBEHHO IepBasi U BTOpas CEKIHU
TEII000OMEHHHUKOB; 7/ — BBIBETpUBATEIh; 8 - mpomexyrodHas eMkocts DI, 9, 12 m 15 — nacocer; 10 — mecopbep; 11 — kunsaTwibHuK; 13 —
KoHzeHcaTop; 14 — emkocTh KoHAeHcata; 16 — Bakyym-Hacoc PMK-3. [Totoku: | — cbipoii ra3 ¢ npomsicna; || — ocymennsiii ra3; |1l — rassr
BeiBeTpuBanus; IV — perenepupoBannsiii J[9O1; V — Boxsgrol map; VI — oxnaxnaromas Bona; VIl — Beidpoc mapoB B armocdepy; VI — BriOpoc

KOHACHCAaTa B KaHaJIU3allnuIo.
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OcymieHHBIH Ta3 M YIJIEBOJOPOAHBIN KOHJEHCAT U3 Tpex(a3HOoro
pa3enuTeNs HampaBislOTCd Ha JalbHEHINyI0 MNepepadOTKy, a HaCBIIIEHHbIN
IJIMKOJIb  Ha  pereHepammio. [locne mOpoXoXKIeHUsT  BbIBETpUBATENS 7
HACBIIIEHHBIA BOJOW TJMKOJIb MOCTYMAaeT B 3MEEBUK &, CMOHTHUPOBAHHBIA B
BEpXHEH YacTH OTMapHOM KOJOHHBI 9. 3MEEeBUK OXJaXKJaeT M YaCTUYHO
KOHJICHCUPYET Maphl BOJbI B KOJIOHHE, YTO 00ECIIEUMBAET OPOLIECHNUE KOJIOHHBI.
3aTeM HACBHIIICHHBIA TJMKOJIb Yepe3 TEIJIOOOMEHHUK IIOCTYMaeT B KyO
OTIapHON KOJIOHHBI. OTHapeHHbIE Mapbl BOJbI COpachIBalOTCS B aTMocdepy, a
pereHepupoOBaHHBIA  TJUKOJb 4Yepe3 pPEryiiarop ypOBHS TOCTyMaeT B
TEIUI0O0OOMEHHUK U Jajiee uepe3 BOASHOM XOIOAMIBHUK | cTekaeT B eMKOCTh 11.

N3 €MKOCTH pereHepupOBaHHBIN TJIMKOJb HACOCOM 12 mpokadmBaeTcs

yepe3 puiIbTp U HampaBIsSeTCs Ha y3€J BIPHICKA.
Kaxgas U3 cxeM OCyIIKM ra3a MMEET CBOM NPEHMYINECTBa M HEAOCTATKU.
MeTton BHphicka B COYETaHMM C OXJIQXKJEHUEM ra3a MO3BOJSET 3HAYUTEIIBHO
HNOHMKATh TOUKY POCHI, OJTHOBPEMEHHO OCYIIATh Ta3 U 00pa3yIOIIUiiCcs Ta30BbIi
KOHJIGHCAT, I03BOJISIET HCIOJB30BaTh B KAueCTBE OCYILUTENS TIJIMKOIM C
koHuentpamueit 70-80%. HemoctaTtok Meroma OCYIIKA BIPBICKOM TIUKOJSA
3aKJIIOYAeTCsl B OOJBIIMX MOTEPSAX OCYILIMTENS C Ta30BbIM KOHJEHCATOM.
Ocymika ra3a MeroaoM a0copOUMM CBOAUT K MHMHHUMYMY IOTEpPU TIJIMKOJIS,
0JIHaKO TpeOyeT OoJiee BRICOKOH CTENEHH pereHepariu riukoiis (10 95-99%).

Dakmopbul, enuauue Ha npoyecc adCopOYUOHHOU OCYWKU

B mocnennue Tompl, B CBSA3M C HCIONB30BAaHHEM MpU TepepaboTke
HE(TSHBIX Ta30B HU3KUX TEMIIEPATyp, PE3KO BO3POCIH TPeOOBAHHS K CTEIICHU
OCYIIIKH Tra3a.

Ha s¢ddexTuBHOCTD Mporiecca OCyIKH BAUSIOT CIASAYIONINE TapaMeTphl:
JaBJICHHE, TeMIIepaTypa KOHTaKTa, MpUpoaa abCOpOEeHTa M €T0 KOHIIEHTPALIHS.

[loBpllIeHNE [aBlEHUS CHIDKAEeT BJIArocoJep)kaHue Trasa H, cie-
JIOBAaTEJIbHO, YMEHbBIIIAET KOJIMUECTBO PacTBOPA, KOTOPOE HEOOXOAUMO I0/1aBATh
Ha OCYLIKY /I MOJIyYEHHUS ra3a ¢ 3aJaHHOM TOYKOU POCHI.

B 3HauuTeNnbHON CTENEHU OCyIKa 3aBHCUT OT TEMIIepaTypbl KOHTaKTa
ra3 - abcopbeHt. [loBbllleHHME TemmepaTypbl KOHTAaKTa yBEJIUYUBAET
napuuagbHOE JaBJIeHHE BOJIbI HaJl a0COPOCHTOM U TEM CaMbIM MOBBIIIAET TOUKY
pockl ocymaeMoro rasa. [Ipu noHn>xeHuu TemrnepaTypbl KOHTaKTa HaOJIr01aeTcst
oOpatHblii 3 ¢dekT. OObMHO abCOpOUMOHHAS OCyIIKa MPOBOAUTCA MIPH
TeMIlepaType OCylaeMoro rasza He Bbiie 45-50°C.

DKOHOMHYECKH Ba)XHBIM MapamMeTpoM TMpOIecca OCYIIKH SBIISCTCA
Kpamuocms abcopbenma, T. €. KOJMYECTBO TIHUKOJA, IUPKYIUPYIOIIEE B
cuctreme, Ha 1 kr wu3Bmekaemol Biaru. Ha OOJBIIMHCTBE YCTaHOBOK,
ucnoas3yomux TOI, kpatHocTh coctabisieT 10 - 35 i/kr Bnaru. Ha yctanoBkax
JBYXCTYNEHYaTOW TIIyOOKOM ocymku ¢ jgenpeccueidl Touku pocbl g0 90°C
KpaTHOCTh Bo3pacTtaeT a0 70 JI/Kr.
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Puc. 16. le/IHlII/Il'll/laJleaﬂ CXeMa YCTAaHOBKH OCYHIKH ra3a ¢ BIPpbICKOM I'/TUKOJISA:

1 — BoASHON XONOAMIBHMK; 2 — BOJOOTIENUTENb; 3 — Yy3€J BIpbICKA INIUKOJISA; 4 — TEINIOOOMEHHUK; 5 — IPONAHOBBIM XOJOAUIBHUK; 6 —
Tpex(da3HbIil pa3nennuTenb, / — BBIBETPUBATENb;, 8 — 3MeeBHK; 9 — ormapHas kononHa; 10 — xunsatwibHuK;11 — emkocTh uis Tiukoss; 12 —
Hacoc. IToroku: | — coipoit ra3; Il — ocymennsiii ra3; |ll — raser BeiBeTpuBanus; |V — mapsl Boasl; V-yrieBomopoaHblii koHneHcar; VI -
HACBIIICHHBIN TJIMKOJIb; Vil — pereHepupoOBaHHbBIN IJIAKOJIb; VIl — CBEXUU TJIMKOJIb; IX — BOJA.
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OdeHp BakHa POJIb KOHIEHTpaluu abcopOeHTa. Yem MeHbIe BOIbBI
COJIEPKUTCSL B a0COpOEHTE, TEM HHM)KE TOYKA POCHI OCyIIaeMoro raza. O0bYHO
JUIS OCYIIKM Ta30B, umeromux Ttemmeparypy 0-40°C, mpuMEHSIOT pacTBOPBHI,
conepkarue 90-98,5 % JIDI mm 95-99 % TOT'.

['myOuHa oOCymIKM Ta3a OT BJAard CYyIIECTBEHHO 3aBHCHT OT KOH-
[EHTpallMu TJIUKOJISA Ha BXoJe B abcopbep, T.e. OT CTENEHH pereHepanuu
rukoisi. OfHako TepMHuuYecKas AecopOIus BOABI HE TMO3BOJIAET JOCTUYD
KOHIIeHTpaluu Bbie 97% wuz-3a Toro, uro npu Temneparypax 164°C (A21) u
206°C (TOI') r1IMKOMM HAYMHAIOT paznaratbes. [lpu 3THX  yCIOBHUSAX
MakcUMajbHas (TeopeTHuecKas) CTeNeHb pereHepalud COCTaBJSICT s
adTUNIEHr Ko —  96,7%, nna  TpwdTwieHrmukons — 98,1%. Ilpu
KOHIIEHTpaluu ko 96 -97% Touka pockl ra3a mociie OCYIIKH CHIXKAETCS He
6onee yeM Ha 30°C (310 nenpeccusi TOUYKU pockl). Eciu jke KOHIIEHTpaIus riu-
KOsl Ha BXoae B abcopOep cocrtaBimser 99%, To nempeccusi TOYKH POCHI
Bo3pactaet g0 40°C. Takasg pgenpeccusi TOUYKA POCHI OKA3bIBACTCS B PAJC
cllyyaeB (HU3KOTEMIIepaTypHasi nepepadoTka raza) TakKe HEJOCTATOYHOU, U
MO3TOMY I YTIyOJeHHs] OCYIIKH ra3a MCHOJB3YIOT BaKyyMHYIO JIECOPOIIHIO
Binarun wu3 Taukons (mpu maBnenuu 0,06 - 0,08 MIla m Temmeparype OKOJIO
200°C). KoHueHTpauus pereHEpUPOBAHHOTO TIIMKOJS B 3TOM  Ciy4ae
noBeImaercs 10 99,5%, a nenpeccus Touku pockl Bo3pacraet a0 50 - 70°C.

bonee mmpokoe pacrnpocTpaHeHHE TOJIYYMJIM CXEMbl JecopOouuu
IJIMKOJISE C BBOJOM OTIIAPHOTO areHra B jecopOep. B kauecTBe Takoro areHra
HCIIOJIB3YIOT OOBIYHO OCYIIEHHBIM Ta3 ¢ Bepxa abcopOepa, IpenBapHUTEIILHO
HarpeBaemblii 10 180 - 200°C u momaBaembIil uepe3 MaTOYHUK B HU3 JiecopOepa.
BBoz 3TOrO areHTta mo3BoJisieT CHU3UTH MapluaibHOE JaBJICHHE MapoB BOJBI B
necopbepe, T. €. obecneunTh 3PGEKT BaKyymMa M 3a CYET OTOTO JIOBECTH
KOHIIeHTpaIuto riukosts 10 99,3 - 99,6%.

MaxkcruMaabHO BO3MOXKHYIO Jernpeccuio Touku pochkl raza (80 -90°C)
MOKHO JOCTHYb, HCIOJIB3Ys] ABYXCTYMEHYATYl0 OCymiKy. B 3ToM cmydae
YCTaHOBKa MMEET JIBE CUCTeMbI abcopOuuu u aecopbuuu. Ha nepBoii crynenu
ra3 rpy0o ocyIraeTcs TIMKoJeM ¢ KoHeHTparuei 96 - 97%, a 3arem mocrymnaer
B abcopOep BTOpOH CTymneHHW, Te TIUKoJIeM ¢ KoHmeHtparmeir 99,5-99,6%
riyooko noocymaercsi. COOTBETCTBEHHO B JecopOepe MEepBOW CTYNEHU Biiara
necopOupyercs Mpu JaBICHUHM, OMU3KOM K aTMOCPEpHOMY, a Ha BTOpOM
CTYIICHH -TI0J1 BAKYYMOM WJTM C BBOJIOM B JiecOpOep OTIIApHOTO areHTa.

MO>XHO HCTIOB30BaTh TAKKE PETCHEPAIUIO TIUKOJS MPU MOHMKECHHOM
JABJICHUH, T00ABJICHUE B COCTAB TJIMKOJIA TUTPOCKONMUYHBIX COJEH (XJIOPHUIOB
KaJIbIIUs, [IMHKA U T.J.), UCMOJIb30BAaHUE a3€0TPOITHON PEeTreHepaIuu U OTAYBKY
BOJIbI HATrpPEThIM Ta30oM (OYHUIIEHHOTO M OCYIIEHHOTO MPHUPOJHOTO Ta3a WU
Jr000r0 MHEPTHOTO Ta3a, HalpuMep a3oTa U T.1.). [[puMeHeHne JaHHBIX CIOCO-
OOB MMO3BOJISIET MOJIYYaTh IIIMKOJIb CO CTENEHbI0 pereHepauu 99% u BoIie.

IIpy  wcnosib30BaHMKM  A3€OTPONHOM  IEPETOHKH B KA4eCTBE
azeoTpornooOpa3oBaTesiell BBOASAT HHU3KOKHUILAIIME BEIIECTBA, OOpa3yroliue ¢
BOJIOM a3€0TPOMHBIE CMECH: OEH30JI, TONyOJd, KCHiIod W aAp. VX BBOISIT B
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konmuectBe He Oosee 10 % ot maccel abcopOenTa depe3 mepPpoprupoBaHHYIO
TpyOy MOJl YpOBEHb TOPSYEr0 pacTBopa TJIMKOJA. TemiiepaTypa KHUIEHUS
oOpa3sylolerocs a3eoTporna HUKe TeMIIEpaTypbl KUTIEHUSI BOJbI, UTO MO3BOJISET
MOBBICUTh MAaCCOBYIO JIOJIO pereHepupoBaHHOro raukois 1o 99,9 % u goctu-
ratb TOYKUA POCHI OCYIIEHHOTO ra3a MuHyc 75 °C.

DOKOHOMUYHOCTh PabOThl YCTAHOBOK OCYIIKH 3aBUCUT OT TIOTEph
IJIMKOJIEH, CBA3aHHBIX, B OCHOBHOM, C MEXAaHMYECKUM YHOCOM, Pa3JIOKEHUEM U
OKUCJIEHUEM TIpH pEereHepan, HCHAPEHHEM B TIOTOKE OCYIIEHHOTO H
OTIIAPHOTO Ta30B, YHOCOM C KOHAEHCATOM BOJIbI U €€ MapaMH, BBIXOJIAIIMMHU C
Bepxa jecopOepa ¥ OTBOAUMBIMU B KaHaim3amuio mwin atmochepy. Ha
ycraHoBkax HTC ramkons Tepsercss Takke 3a CYET pacTBOPEHHS B
YIIE€BOAOPOJIHOM KOHJIEHCATE.

HaunOonbmield netyyectero (Ooisiblive moTepu) Xapakrtepusyrorcs Ol
HauMmeHblned TOI, mosToMy JIsl OCYIIKM Tra30B MPHU OOBIYHBIX TEMIEPATYpax
npuMeHsitor [I21" u TOI'. B npoiiecce oCcylku ra30B NPy HU3KUX TEMIIEPATYpax,
KOI'JIa OCYLIAIOIIMH pacTBOP BIIPBICKUBAETCS B MOTOK OXJIAXIAEMOIo ra3a Ui
pa3pylIeHHs] TUAPATOB, 4Yalle BCEro Mucnosbdyercs OI, Tak Kak OH MeHee
PacTBOPHUM B YIVIEBOJOPOJHOM KOHACHCATE, BBIACISAIOEMCS U3 rasa.

[IpucyTcTBUE apOMaTHUYECKUX YIIJIEBOAOPOJOB B OCH3MHE U KOHJIEHCATe
NOBBIIIAET PACTBOPUMOCTh B HUX TIJIMKOJEH, a, CIEI0BATEIBHO, U IOTEPU HX.
PazbaBneHue raukosen BoJION CHUYKAET UX PACTBOPUMOCTD B YTJIEBOJOPOIAX.

OpuentupoBounsie norepu /21" 3a cuer yHOCa € ra30M COCTABIISIOT 10
80 %, c xormencaroM - 12 %, 3a cueT yTeuek B calbHUKaX W mpouux - 8 % ot
oOmero konuuectBa mnorepb. ['omoBbie motepu D3I Ha ycranoBkax HTC
mocturaor 43 /1000 M3, s XOpOINero pasjeleHus CMECH PEKOMEHIYETCS
3aKJIaJbIBaTh B MPOEKT (pa30BOTO pasaeiuTess Harpy3Ky 385 11/4 skuakocT Ha 1
M? IOBEPXHOCTH paszena (as.

Ha BCHeHMBaEMOCTh TJIMKOJIEH CYIIECTBEHHOE BIIMSIHUE OKa3bIBAKOT
MEXaHUYECKUE NMPUMECH U YTJIEBOJOPOIHBIN KOHAEH CAT. [lJIsl CHUOKEHUS MTOTEPh
JOT' ¢ cyxum ra3oM 3a CYET MEXAHMYECKOTO YHOCA WHOTJA IPUMEHSIOTCS
aHTUBCIIEHUBATENH (TpHAIKUI-Pocdar, OKTHUIOBBIA CIUPT, CUIUKOHBI).

[Ipu orHeBOM TOIOTPEBE B CHUCTEME pEreHepaluuud HeoOX0IuMO
KOHTPOJIMPOBATh YCJIOBHS PabOThl TOIUIMBHBIX (POPCYHOK, YTOOBI HUCKITFOYHTH
MECTHBIM TEPETrPEB, BBI3BIBAIOIINN PA3JIOKEHUE TJIMKOJIEH W MOBBIIIAIOIINI
KHCJIOTHOCTh pacTBopa. KucioTHocTh cienyer nojaepxuBath Ha ypoBue pH 7,3
nyTeM MEepUOANYECKO 100aBKM TeTpabopaTa HaTpus, MEPKANTOOEH30THA301a
un MOA. Poct pH Bbie 8-8,5 3a cuet BBoa M30bITKA yKAa3aHHBIX peareéHTOB
BBI3bIBAET BCIICHMBAHUE PACTBOPA U YBEJIMUYEHUE TTOTEPb.

Aocopbuuonnaa ocywika

CymHocTh  aacOpOIMOHHOM OCYIIKM COCTOMT B  HW30MpaTeIbHOM
MOTJIONICHUH TOBEPXHOCTHIO TIOP TBEPAOTO aJcOpOEHTa MOJEKYJIT BOJBI C
MOCJICAYIONIUM  M3BICYCHHEM WX W3 T1OpP BHEIIHUMH BO3JECHCTBUSIMHU
(TOBBITIIEHUEM TEMIIEPATYPHI aICOPOCHTA WIIH CHIDKCHUEM JIaBJICHUS CPEIbI).

Ocymika Ta3a TBEpABIMH OCYIIMTEISIMH OCYIIECTBIISIETCS B alllapaTrax
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MEPUOJIMYECKOTO JEUCTBUS C HEMOABMKHBIM CI0EM ocymuTels. [1omHbi nuki
mpoliecca OCYIIKH COCTOUT U3 CTaAui aJicopOlnu, pereHepauil U OXJIaxICHHUS
aacopbernta. B kawecTBe  ocymuTened  NMPUMEHSAIOT  CUJIMKAresw,
QTIOMOCWJIMKArelld, aKTUBUPOBAHHBIM  OKCHJ  QIIOMUHUS, OOKCUTHI H
MOJIEKYJIsipHbIe cuTa (1eonuthl). X aacopOLMOHHAas €MKOCTh CYIIECTBEHHO
3aBUCHUT OT pa3Mepa Mop U COOTBETCTBEHHO yI€bHON MOBEPXHOCTH MOCIETHUX.
Oco0EeHHOCTh MOJIEKYJISIPHBIX CUT 3aKJIOYAETCs B CIIOCOOHOCTH MOTJIONIATh HE
TOJIBKO BJIary, HO U CEPOBOJOPOJ U YTIEKHUCIOTY, T.€. OYUIIATh T'a3 OT KUCIbIX
KOMIOHEHTOB. JIJisl yMEHBIIIEHHUs] COMPOTUBJICHUS JABUKEHUIO Ta3a aJCOPOEHTHI
M3TOTaBJIMBAIOT B BUJE IAPUKOB WM IpaHys. TpeOoBaHUS K OCYLIUTENIO OUCHb
JKECTKUE: OH JIOJDKEH OBICTpO TMOIVIoOmaTh BJary W3 ra3a M JIETKO
pEereHepupOBaThCA,  BBIICPKUBATH  MHOTOKPATHYIO  pereHepamuio  0e3
CYIIECTBEHHOW TIOTEPU AKTUBHOCTM U MPOYHOCTH, HMETh BBICOKYIO
MEXaHUYECKYI0 MPOYHOCTh U MOTJIOTUTEIbHYIO CIIOCOOHOCTh, OKa3bIBATh MaJioe
CONPOTHUBJIICHUE TIOTOKY Tra3a, HMETh HEBBICOKYID CTOMMOCTh. HMHorma
MPUMEHSIOT KOMOWHAIIMIO JIBYX OCYIIMTENEH B OJHOM arapare, Hampumep,
CWJIMKAresiss U aKTUBUPOBAHHOTO OKCHJIA aJIOMHUHHMS, YTO MO3BOJIAET COYETATh
BBICOKYIO TOTJIOTUTEIBHYIO CIIOCOOHOCTh CHJIMKAresisi ¢ BBICOKOM CTEMEHBIO
OCYIIKH ra3a OKCHJOM amtoMuHuA. J[JIsl pereHepanuu OCYLIUTENS UCIOIb3YIOT
HarpeTbiii ra3. Temmeparypa necopOuuu oObuHO paBHa 160-180°C  (mos
MoeKyIsipHbIX cuT — 280 - 290°C).

VYcraHoBKa OCYIIKK aAcOpOIUEed COCTOMT, KaKk MHHUMYM, U3 JBYX
a7ICOpOIIMOHHBIX amnmaparoB. [IpuHIMNIMaIbHAs cXeMa YCTaHOBKH MPUBECHA HA
puc. 17.

BrnaxxHblil ra3, npoias yepe3 KarieoTOOMHUK, IOCTYIAeT CBEPXY B OAUH
u3 ancopOepoB M MPOXOIUT €ro HackBo3b. [pyroit amcopbep B 3TO BpeMs
HAaXOJUTCS Ha CTaauu pereHepanuu Wik oxjaxaeHus. OCyIIeHHBIN Ta3
MOCTYIaeT Ha JalbHEUITYI0 MepepadOoTKy MM B ra3onpoBoj. YacTe MCXOIHOTO
rasa, Ipous depe3 TpyOUaThlil MOJAOTPEBATENb, HANPABISAETCS B HU3 JPYroro
aacopbepa g pereHepanuu ocymuTens. [a3 ¢ pereHepanuu MPOXOJUT
TEIJIOOOMEHHUK I OXJIAKJEHHUS, CerapaTop [JIsi OTAENEHUS BOJbI U
CMEILIMBAETCS C OCHOBHBIM IMOTOKOM BJIQXKHOTO Ta3a.

[TonHbIN 1K pabOTHI OHOTO allfapaTa BKIIOYAET YEThIPE CJICTYIOMIUX
nepuoja:

® aocopoyus npu Ttemreparype 35 - 50°C, nmaBiaenun 8-12 Mlla,
JUTUTETLHOCTH KOHTAaKTa Tra3a ¢ ajcopOeHtoM He meHee 10 ¢ (ckopocTh raza B
anmapare 0,15 - 0,30 m/c). AnuTenbHOCTh aIcOpPOIMU BBIOMPAIOT UCXOJs U3
a7COpPOIIMOHHONM €MKOCTH IOTJIOTUTENISI, HAa4YaJIbHOM M KOHEYHOW BIIAXKHOCTH
rasa, 3arpy3Kku ajicopOeHTa B anmapare;

® Haecpes aocopbenma, KOTOPBIA MPOU3BOJIUTCS TOCIC TEPEKIIOYCHUS
ammapara ¢ pexxuMma ajacopOnuu Ha necopOnuto. Harpes BegeTcst ropsianM razom
U3 TpyOuaTtoro HarpeBartesisi co CKopocThio He Oosiee 60°C B uac. Bpews,
3aTpadynBaeMoe Ha Harpes, coctapisieT 0,6 -0,65 ot nepuoaa aacopOuu;

® JecopOyus - BBITECHEHHUE U3 TMOP aJCOpOEHTa MOIJIOUIEHHOW BOJBI U

BOCCTAHOBJICHHUE €T0 aJICOPOIIMOHHON aKTUBHOCTH. OHA HAYWHAET MPOUCXOIUTD,
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korjaa remneparypa agcopoenta mocturaer 200 -250 °C (mis cunmkarenneii) uim
300 - 350 °C (st neonutoB). ['opsiumii ra3 B mepuosl HarpeBa U JAeCOpOIUU
MPOXOJIUT CJIOW aficopOeHTa B HANpPABJICHUH, TPOTUBOIIOIOXKHOM HAMPABIICHUIO
OCYIIAeMOT0 Ta3a B IEPUOJIE aJACOPOLHHU (T. €. CHU3Y BBEPX);

® oxnadcoeHue adcopbenma, €ro HAYMHAIOT TIOCJIE€ 3aBEPIICHUS
JIecopOIMi M TEPeKIIIOUCHHs amnmapara Ha PeXuM  aacopOoruu  (OCYIIKH).
OxnmaxaeHue BEAYT HCXOMHBIM XOJOJHBIM Ta3oM. llepwonm oxiakmeHus
3aanmaet 0,35 - 0,40 ot BpemeHH, 3aTpaunBacMoro Ha aicopOIuio.

IIpu ancopOUMOHHON OCYyIIKE HaJIU4Khe B Tra3e yIrJIeBOJAOPOAOB OT
OyTaHOB ¥ BBIIIE OCJOXKHSET IPOIECC, MOTOMY UYTO OTH YIJIEBOIOPOIBI
MOTJIONIAFOTCS B CTAAWH aICOPOIIMK HA BBIXOTHOM YaCTH CJI0S aIcOpOCHTA U TIPH
necopOIMu  BOABI TMPU BBICOKOM TeMIeparype CKIOHHBI K OOpa30BaHHUIO
KOKCOBBIX OTJIOXKEHUW B mopax ajacopbeHTa. [locTeneHHOE 3aKOKCOBBIBAaHUE
ajicopOeHTa BENET K CHIDKCHHIO €ro aJcopOIMOHHOM €MKOCTH, MOITOMY
TpeOyeTcs MEePUOJIMYECKU PEreHEpUPOBaTh aJICOPOCHT, T. €. BBIKHUIaTh U3 €ro
Op KOKC.

[Ipu ocymike ra3oB, coAep KallUX KHUCIbIE KOMIIOHEHTHI, Haubojee
HAJISKHBIMU B pa00OTE SBIISFOTCS IICOJTUTHI.

OTnuuuTeTsHON O0COOCHHOCTBIO aJCOPOIIMOHHOTO METOAAa OCYIIKH TIO
CpPaBHEHUIO C aOCOPOITMOHHBIM SIBJISICTCS BBICOKAs CTETICHb OCYIIKH Ta3a BHE
3aBUCUMOCTH OT €r0 IapaMeTPOB, KOMIIAKTHOCTh YCTAaHOBKH, MaJIble
KalTAJIbHBIE 3aTpaThl IS YCTAaHOBOK Mayiol MOIMHOCTH. Hemocratkamu
METO/Ia SBIIIOTCS OOJBIIHME pPacxoibl Ha aJcOPOCHT, BHICOKOE COMPOTUBICHUE
MOTOKY Ta3a W OOJBINHME 3aTpaThl MPH CTPOUTEIHCTBE YCTAHOBOK OOJIBIION
MOIITHOCTH.

Pa3Butre afncopOIIMOHHOTO METOJa WAET B HAMpaBlIEHUU pPa3pabOTKu
KOPOTKOIIMKJIOBBIX TIPOILIECCOB OCYIIKM Ta30B. [IpogoiKUTENbHOCTh ITMKIIOB
aacopoumu u necopOuuu cocrasisger 1,5-10 4, mpudem agcopOIust BeAeTcs Ipu
MOBBINICHHOM JIaBJICHUU U TEMIIEpAType OKPYXKAIOIIEro BO3ayXa, a JIecopOuus
— mpu aTMocEepHOM JaBJIICHMM M TOW ke Temmeparype. [IpeumyiecTtBo
KOPOTKOITMKIIOBOM azcopOoIu 3aKJTFO9ACTCS B MTOBBIIIICHUN
MIPOU3BOJAUTEIILHOCTH ¥ BO3MOKHOCTH TTOJTHOM aBTOMAaTH3AIIMH IPOIlecca.
AncopOIMoOHHasT OCYIIKa IO3BOJSET JOCTUYL JACTPECCHI0 TOYKA  POCHI JI0
100°C (Touka pocel 1o muHyc 90°C). [ToaTOMY 3TOT METO MPUMEHSIOT, KOT1a
TpeOyeTcss BbICOKas  TIIyOMHa ocymkd. OUYHUIICHHBIA TNPUPOIHBIN Ta3,
HaIpaBJIsieMblii, HAIpUMeEp, Ha TEIUEBBbI 3aBOJ, 00S3aTENbHO MOABEPraroT
aJCOPOIIMOHHON OCYyIIKe Ha IIEOJIMTaX, TaK KaK K CBIPbIO YCTaHOBOK
HU3KOTEMIIEPATYPHOU TIEPepabOTKU MPEIBABISIOTCS KECTKHE TPeOOBaHUS TIO
COJIep KaHMIO BJIard (TOYKa POCHI T0JKHA OBITh He BhIie MuHyC /0 °C).
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Puc. 17. TexHnoJsioruueckasi cxeMa OCylIKH ra3a TBepAbIMH NOTJIOTUTEISAMM:
1—BonooTO0lHUK; 2, 7 — BOpOHKa; 3 — TpyOUaThIid HarpeBaTelb; 4, 5 — ajncopOepsr; 6 — cenaparop; 8 TeruroooOMenHuk [ToToku: | — BITaKHBIH

ra3; |l— ocymennsiii ra3; |1l — o6BogHas nuHUA.
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2.3. O4ucTKA ra3oB 0T XUMHYECKUX MpUMecen

K guciay HexemareabHbIX XUMHUYECKUX IMPHUMECEH, COJIepKalluxcs B
OPUPOAHBIX HEPTAHBIX Ta3aX OTHOCATCS TOKCHYHBIE W KOPPO3HOHHO-
arpecCHUBHBIC CEPOCOACPIKAIIUE COCIUHCHUS, a TaKKe HErOpIHoYHe HWHEPTHBIC
ra3bl, CHIDKAOIIHNE TEIJIOTY CTOpaHus yrieBOAOPOIHOIO ra3a.

Cpenu cepocofepKamux ~ MPUMECEH dYalie BCEro MPHUCYTCTBYIOT
cepoBoyiopox  (H2S), cepookcun yriaepoma (COS), cepoyriepon (CSp)
mepkanTanbl (CpHzn1-SH), a B razoBoM KoHieHCaTe — Takke cyibhuasl (R-S-R)
u gucynbdunsl (R-S-S-R).

B cocTaB HHEPTHBIX Ta30B BXOMAT TUOKCHU] YTIIEPOa, a30T U TEIHM.

XapaKkTepuCcTUKA XUMUYECKUX MPUMeCcen

Ceposoodopoo (HyS). W3 cepHHCTBIX COCAMHECHHM, BXOJSANIUX B COCTaB
MPUPOJIHBIX Ta30B, CEPOBOJOPO/I ABJISIETCS HanboJee aKTUBHBIM. B HOpMaIbHBIX
YCIIOBHSIX - 3TO OECIIBETHBIN Ta3 C 3amaxoM TYXJOTO SiIa, TIOTHOCTBRIO 1,93
kr/ky0 M. CepoBOmOpPOJ — CHIBHBIA HEPBHO-MAPATUTUUYECKUN  S1: OCTPOE
OTPABJICHUE YEJOBEKA HACTYNaeT npu koHuentpauuu 0,2-0,3 wmr/m, a
KOHIIeHTparusi | mr/n — cmeptensHa. [lpu BabIxaHuu cepoBOJOpPOJA B ITOU
KOHIICHTPAIIMM OTPABJICHUE  Pa3BUBAETCS MOYTH MIHOBEHHO: CYIOpPOTH U
MOTEPS CO3HAHUS OKAHYMBAKOTCA CMEPThIO OT OCTAaHOBKHM  JbIXaHHS.
NHIuKaTopoM Ha MOBBIIIEHUE KOHIIEHTPAMU CEPOBOAOPOAA SIBISIOTCS TJia3a —
YKEHHE, TIOKPACHEHUE, OMyXaHHe BeK. Ero TOKCMYHOCTh MPOSBISIETCA TaKXKE B
paszpaxaronieM JeUCTBUM Ha CIIM3UCThIE OOOJOUYKH BEPXHUX JIbIXaTEIbHBIX
nyteit. [IpenenbHO-momMycTHMasi KOHIIGHTpAlUsl €ro B BO3JyXe pabouux
nomenieauii cocrasisier 0,01 mr/m.

CepoBoaopon obOnagaet TaKXe BBICOKOM KOPPO3UOHHOMN
arpeCCUBHOCTBIO, HAJIMUME BJIard B ra3e YCUJIMBACT KOPPO3UOHHOE JCHCTBUE
CEpPOBOIOPO/IA U IPYTUX KUCTBIX KOMIIOHEHTOB.

B HacTosiiiee Bpemsi 100bIYa CEPOBOJOPOACOEPHKAILIETO TPUPOIHOTO
ra3a B crpaHax CHI' coctaBnsier okoisio 10% Bcero o0beMa noTpedasieMoro rasa.
[Ipu 3TOM copepxkaHue cCepoBOJOPOAA B Ta3ax KoJieOneTcs B IMPOKUX Ipeienax
— OT HECKOJIBKHMX JIOJIEW 10 HECKOJIbKUX JIECITKOB IPOLIEHTOB. Takou ra3 nepex
nojiauet moTpeOUTEeIo MOABEPTratOT OYUCTKE BBUAY SITIOBUTOCTH CEPOBOJIOPO/IA,
€ro KOPPO3WOHHOW AarpeCCUBHOCTH, OTPABJISIONIEMY JCUCTBHIO HAa MHOTHE
KaTaqu3aTopbl, MPUMEHSEMbIE TMPU XUMHUYECKON mepepadoTKe MPUPOIHBIX
ra3os.

OT cepoBOAOpOJa OUMINAKOT MPUPOJHBIA Ta3, Ta3bl Pa3JIUUYHBIX
HeTenepepabaTpiBalOMUX W HEPTEXMMUYECKUX TPOILECCOB (THUAPOOUUCTKH,
KpEKUHTa, pUPOPMHUHTra, NHUPOAH3a U Jp.). ['a3bl pa3nuyaroTcss coaep aHuEM
cepoBojopoaa. [Ipupoaubie ra3pl MOTYT ObITh 0€CCEPHUCTBIMHU WIJIM COJICPIKATh
3HAYMUTENIbHBIE KOJMUECTBAa cepoBojoposa. Hampumep, mnpupoaHble Ta3bl
OpenOyprckoro  MecTtopoxkieHuss  couepxkar 4—6%  cepoBomopona,
Actpaxanckoro—25%, a B HEKOTOPBIX MPHUPOJHBIX Trazax CojAepKaHue
cepoBogopoaa gocturaer 50 - 70% (006.), HampuMep B MECTOPOKICHHIX
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Xapmerrten, Ilantep-PuBep u bap6eppu B Kaname, Muccucunu B CIIA,
Kaonauruyanr B8 KHP u np. I'a3sl HedTenepepaboTku U HEYTEXUMUU MOTYT
conepxkatb ot 0,5 1o 15% cepoBosiopoa.

TpeGoBanuss K CTEMEHW OYHCTKH OT CEPOBOAOPOAA 3aBUCAT OT
Ha3HaueHHUs Ta3a. l[lpm oumCTKE Ta30B, BBIOpACHIBAEMBIX B armocdepy,
coAepkaHue cepoBogopoaa nomxHO coorBercTtBoBaTh [IJIK. Ilpm ouwnctke
TEXHOJIOTMYECKOTO Ta3a COJIep)KaHWe CEPOBOAOPO/A  PErIAMEHTHPYETCS
TpeOOBAHUSIMU TIPOLECCOB JAalibHEWIIed mnepepaboTku. B wactHoCcTH, 175
XUMUYECKUX CHUHTE30B COJCpP)KaHHUE CEPOBOAOPOJIa B TEXHOJOTMYECKOM Ta3e
MHOTJIa MOKET HaxoauThess B mpeaenax oT 1 go 50 mr/m®. Ilpupoansslii ras
OUHMIIAIOT JaXKe MPU MAJbIX KOJIMYECTBAX B HEM CEPOBOAOPO/IA, TOCKOJIBKY €ro
JOMYCTUMOE  COJIEp’)KaHhe B rase, 3aKkauyMBaeMOM B  MarucTpalibHbIE
ra3onpoBo/Ibl, HE TOIKHO MpeBbImaTh 20 Mr/m°,

B GonpmumHCTBE K€ CilydaeB OYMCTKY Ta30B MPEIIPUHUMAIOT HE TOJIBKO
JUTSL JIOBENICHUS COJCP)KaHWS B HEM BPEIHBIX MPUMECEH 10 YCTaHOBJICHHBIX
HOpPM, HO H I WX H3BJICUCHUS C IIEIbI0 TPOMBINIICHHOW YTHIIA3AIUH.
CepoB0OIOPOI, BBIIEISEMBIN MPU OYKUCTKE, MepepadaThiBAlOT B AJIEMEHTAPHYIO
cepy WU CepHyr KucioTy. Tak, Hampumep, 6oiee 30% mMwupoBoro mpowus-
BOJCTBA CEPbl - M3 NPHUPOAHBIX Ta30B, OOraTrblX CEPOBOAOPOIOM; Oojee 5
MJIH.T./TOA  Cepbl TPOU3BOAAT B Hacrtosimiee BpeMs OpeHOyprckuii
Actpaxanckuii I'TI3.

Cepoyenepoo  (oucyre@uo yenepooa, CS;) — nerydas OeclBeTHas
KUJKOCTh IJIOTHOCTBIO 129.7 Kr/ky0 M, kumsmias npu temmnepatype 46,3°C. B
BOJIC HE PACTBOPSETCS, HO MPUIACT €M 3amax, XOpOIIO PaCTBOPUM B 3TAHOJIE U
xyiopodpopme. B Bozmyxe Jerko BocmiiaMmeHsieTcs. [IpU  MOBBIIICHHBIX
TEeMIIepaTypax pearupyer ¢ BOJAOPOJIOM, 00pa3ysi CEpOBOOPOI.

Cepoyrnepoq  SIOBUT,  BBI3BIBAGT  OCTPHIE  OTpaBJICHUS  TIpHU
KOHLIEHTpanusx B Bo3ayxe gaxe 0,001 mr/ky0 m.

Cepooxcuo yenepooa (COS) - OECHBETHBIN JIGTKO BOCILIAMCHSIOITHICS
OYEHb SAJNOBUTBHIM Tra3 HE UWMEIONIMN 3araxa, KOHIACHCHUPYIOIIUWCS TpH
temrepatype 50,2°C, ITIJIK cepookcuma yriepomga — He Ooniee 1 mMr/ky0 m B
MIPOU3BOJICTBEHHBIX TTOMeIIeHusX, He Ooiee 0,15 Mr/kyd M — B HacCeJICHHBIX
nyHkTax. [Ipu HarpeBanuu pasnaraercss ¢ 0O0pa3oBaHHEM AMOKCHIA YIIIEpOJa,
CEpOyTIAEPO/ia, OKCUIA YIIIepOoia U CEPHI.

Mepranmanwt (muonvt, RSH) — aHamorn cnupToB, B KOTOPBIX KHUCIOPO/T
3aMEIIeH aTOMOM Cephl. B CBSI3U ¢ TeM, 4TO SHEPrus TUCCOIMAINU CBs3el S-H
MeHbllle, yem cBsazer O-H, mepkantanbl XUMUYECKH OOJiee aKTUBHBI, 4YE€M
CHOUPTHL. DTO CEPOOPTaHUYECKUE COCTUHEHUS C PE3KUM HEMPHUATHBIM 3aIlaXxoM,
HEpPacCTBOPUMBIE B BOJIE, HO XOpOIIO PACTBOPUMBIE B OPTraHUYECKUX
pacTBopHTENsIX. Pe3kuii 3amax MepKanTaHOB MCIOJIB3YETCs MPU TPUMEHEHUN UX
B Ka4yeCTBE OJOPAHTOB NPHPOAHOTO Ta3a, OCOOCHHO TPH HWCIBITAHUH Ha
MJIOTHOCTH Ta30BBIX CeTel M cucTeM. [Ipu KOHTaKTe ¢ MeTalyIaMu MEPKAITaHbI
pearupyloT ¢ HHUMH C OOpa3oBaHMEM  MEPKANTHUIOB METAJIOB, TO-€CTh
MPOTEKAeT TaK Ha3bIBaeMas MepKanTaHoBas koppo3us. [Ipum HarpeBaHuu [0
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300°C mepkanTanbl pa3iaraiorcs ¢ 00pa3oBaHHEM CEPOBOAOPOAA U CYIb(UIOB.
J171s1 GONBIIMHCTBA KaTaIM3aTOPOB MEPKANTAHbI SBIISIOTCS SAaMU.

Cynvguost u oucyavguost (R-S-R, R-S-S-R) - xopoiro pacTBopuMbIC B
YIIEBOAOPOAaX, HO MPAKTUYECKH HEPACTBOPUMBbIE B Boje BemecTtBa. OHU
HEWUTpaJbHbl, HO pearupyroT co menoubto. [Ipu nHarpeBanum no 400°C
cynbduapl pasznaralorcss ¢ 00pa3oBaHHEM CEpOBOAOPOJIa U AJKEHOB, a
TUCYIbPUABl — JOMOJHUTENBHO K ATUM COCIMHEHHSIM - MepkanTaHoB. [lo
CpaBHEHUIO ¢ CyIb(pumaamu TuCynbPuIbl 00JIee PeaKIIMOHHOCTIOCOOHHDI.

Jluokcuo yenepooa — OECUBETHBIH  HETOPIOYMN Ta3, 00Jagaromuit
KuciIbIMU cBoMcTBaMu. [Ipm  Temmnepatype munyc 78,5°C mpu HOpMaibHOM
JABIICHUU O0pa3yeT «CyXOoW Jie[», MUHYS KUAKOE COCTOsHUE. TepMuuYecKu
YCTOWYMUB, IucconuupyeT npu Temmeparypax Beime 200°C. B Boxe pacTBopum
OTpaHUYEHHO.

Azom u cenuti — HETOPIOYME MHEPTHBIE ra3bl, YXYALIAIOLIUE TEIUIOTY
CropaHus razoB. ['enuii, XoTst U COAEPKUTCS B raze B HEOOJBUINX KOJUYECTBAX,
HO CIIELUaIbHO U3BJIEKAETCS U3 ra3a [l 1IeJIEBOTO HCIOIb30BaHMS.

MeToabl 0O4YMCTKH ra30B OT KHCJIbIX KOMIIOHEHTOB

B mnHacrosimiee Bpemsi i OYMCTKM Ta3a OT KHCJBIX KOMIIOHEHTOB
UCIOJB3YIOT TPU TPYNIBI METOJIOB: a0COPOILMOHHBIC, aACOPOIMOHHBIE W
KaTaJIUTUYECKHUE.

AbOcopoyuonnvle mMemoObl BKIIOYAIOT TPU  Pa3IMUHBIC TPYIIIIBI
OYHUCTKH B 3aBUCHMOCTH OT MPHUPOBI B3AUMOJACHCTBHS KUCIBIX KOMIIOHCHTOB C
aKTUBHOM 4acThIO abcopOeHTa.

v IIpoyeccol usuueckoti abcopbyuu, B KOTOPBIX HU3BJIEYCHHUE KHUCIIBIX
KOMIIOHCHTOB TPOHWCXOJUT 3a CYET HX PACTBOPUMOCTH B OPTaHHUYECKOM
abcopbeHre.

v Xemocopbyuonnvie  npoyeccbi  OCHOBaHB ~ Ha  XMMHYECKOM
B3aMMOJICCTBUHM CEPOBOJIOPOJa M JUOKCHIA YIJIepo/ia C aKTUBHOM YaCThIO

abcopOeHTa.

v IIpoyeccel QPu3UKO-XUMUYECKOU abcopoyuu UCIIOIb3YIOT
KOMOMHUpOBaHHBIE a0COPOEHTHI — cMech (u3M4ecKkoro adcopOeHTa C
XUMHYCCKHM.

AOocopbuuonnvle MemoObl OYNCTKA Ta30B  OCHOBaHbl  HA
CCJICKTUBHOM H3BJICUCHHUHU KHUCJIBIX KOMIIOHCHTOB TBCPABIMH IIOTJIOTUTCIIAMH —
aacopbeHTamu. B ToM ciydae, Korja W3BJIEKAEMbI KOMIIOHEHT YACPKUBACTCS
a7COpOCHTOM TOJIBKO (U3MUECKUMHU CHJIAMH, HMEET MECTO u3uuecKas
aocopoyusi. Ecnu u3BJIEKaeMblii KOMIIOHEHT BCTYIMaeT ¢ aJcopOeHTOM B
XUMHUUYECKOE B3aUMOJCHCTBUE TOBOPSAT O XUMUUECKOU A0COpOYUU.

Kamanumuueckue memoObl O4YNCTKH Ta30B TNPUMEHSIOT B TEX
ClIydasax, Korga B Ta3¢ HNPUCYTCTBYHOT COCAMHCHHUA, HCAOCTATOYHO IIO0JIHO
YAaACMbIC C TMOMOIIBIO JKUAKUX HWIW TBCPAbIX HOFHOTHTeHeﬁ, HaIIpuMcep
CEpOYIJIEPOI, CEPOOKCH yIiiepoaa, Cyabduabl, AUCYIbPuIbl, THODEH, a TaKXKe
B TCX ClIy4dasaX, Koraa Tp€6yeTC$I TOHKasg OYMCTKa raza. B IMPOMBIINIJICHHOCTH
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HAIIUTM TPUMEHEHUE [1Ba BHJAa KATAIMTUYECKHUX MPOLIECCOB — OKUCIUTEIbHBIE U
BOCCTAHOBUTEJIbHBIE.
v Oxuciumenvivle Menoobl 3aKIOYAIOTCS B IPOBEICHHH PEaKIHii
KaTaJIUTUYECKOTO OKUCJIECHHUSI CEpPOBOAOPOJA [0 DIIEMEHTAapHOM cepbl WU
KaTaJIUTUYECKOTO OKHCIEHUSI MEPKANTAHOB /10 IUCYJIb(PHUIOB.
v' Boccmanosumenvhvle Memoobl 3aKJIIOYAIOTCS B BOCCTAHOBJICHHH
CEpHUCTBIX COETMHEHUM NPU B3aUMOAEHCTBUU UX C BOJOPOJIOM (TUAPUPOBAHNUE)
WIN C BOASHBIM MapoM (THAPOJU3), a TaKkXKe B THUAPUPOBAHHM JHOKCHIA
yriaepoaa 10 MeraHa. [Ipm BOCCTaHOBIEHMM CEPHHUCTHIX COCTMHEHHUI BCE OHU
npeBpamiaroTces B cepoBogopoa. llocie mpoBeneHust MOOBIX KaTaTUTHUECKUX
IPOIIECCOB OYHMCTKH OT CEPHUCTBIX COCAMHEHUN TpedyeTcs Mocheayromee
OTJEJICHNE TPOJIYKTOB KAaTaJIUTHUECKUX TMPEBpAILCHUM, Hampumep, Mocie
KaTaJUTUYECKOTO THUAPUPOBAHMSA Ta3 HANpPaBISAIOT HA  OUYUCTKY  OT
cepoBoiopoaa. KpoMe mnepedyucieHHbIX MNPOMBIIUIEHHBIX METOJ0B OYHUCTKHU
ra3oB  OT KHCIBIX TpUMeced, pa3pabaTbIBalOTCI  HOBBIE  METObL:
MUKpPOOMOJIOTUYECKHE, MEMOpaHHbIe, (OTOXMMHYECKOIO pasiiokeHus. Bribop
npolecca OYHUCTKU MPUPOJHOTO Ta3a OT KHCIBIX KOMIIOHEHTOB 3aBUCUT OT
MHOTUX (paKTOPOB: COCTaBa M MapaMeTPOB ChIPbEBOIO rasa, TpeOyeMoil CTeneHH
OYHUCTKH, 00JIaCTH UCMOIb30BaHUS TOBAPHOIO ra3a u JIp.
O4ucTKA ra3oB OT JUOKCH/IA yIiepoaa
MeToapl OYMCTKHM Ta30B OT JUMOKCHAA YIJIEpoJa MOXHO pa3lejiuTh Ha
CJIEYIOIME TPYTIIbL:
e (¢u3nueckass abcopOuus, OCHOBaHHAas Ha XOPOILIEH PacTBOPUMOCTU
JTMOKCHJIA yTJIepOo/ia B OJISIPHBIX PACTBOPUTENAX (BOJIAa, METAHOI);

® XeMOCOpOIMsI, OCHOBaHHas HAa XMUMHYECKOM CBSI3bIBAHMM JHOKCHIA
yriaepoaa TMpU B3aUMOACHCTBHH €T0 C COEAMHEHUSMHU IIEIOYHOTO
xapakTepa (Len0Yb, 3TaHOJaMUHBI, PACTBOPHI KapOOHATOB);

e ancopOums, OCHOBaHHAas Ha aACOpOIMM JUOKCHIA  YIJIepojaa

pa3IMYHBIMU aJicopOeHTaMu (HaIpUMeEp, IEOTUTaMHM);

® KaTAIUTUYECKOE THAPUPOBAHUE.

Du3zuueckan abcopoyus

Abcopoyusi 6000t — PaACIpPOCTPAHEHHBI METOJ  YyJaBIMBAHUS
JUOKCHIa yriiepoaa u3 razoB. OCHOBHBIC IPEUMYIIIECTBA METO1a—TOCTYITHOCTD
U jecmieBu3Ha abcopOeHTa, HEIOCTaTKH — HEBBICOKAS TOTJIOTHUTEIbHAS

crocoOHOCTh Bozon nuokcuaa yriaepoaa (8 xr CO, nwa 100 kr abcopOenTa) u
HeOOJIbIIas CeNIEKTUBHOCTh. Hapsimy ¢ THOKCHIOM yriepoja B BOJIE pacTBOPS-
I0TCS BOZIOPOJI, OKCHJ YTIEPO/ia, a30T U Jp. [103TOMY BBIIESIOIIHIACS THOKCH]T
yIJIepoJa HEAOCTATOYHO YUCTBIM.

CxeMa yCTaHOBKHM OYHCTKH raza OT JUOKCHIA yriepoja dTUM METOJIOM
BechMa mpocTa. ['a3 MpOMBIBAIOT XOJOAHOW  BOAOM B OalllHSIX C HACaJaKOU
(cxkpy006epax) mon naBnenueM 1,5—2,5 Mlla, Tak kak pacCTBOPUMOCTh JUOKCHIA
yriaepoaa B BOJE BO3pacTaeT C IOBBIMICHUEM JaaBiieHUs. [Ipu 3TOM W3 rasa
yAanseTcs YacTUYHO U CEPOBOJIOPOJ,, PACTBOPUMOCTH KOTOPOTO TaKkKe
YBEJIIMYUBACTCS. 3aTeM JIaBJICHUE CHWXKAIOT, W W3 BOJBI  BBIICIACTCS
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(mecopbupyetcs) ras3, comepxkamuii 10 85% auokcuaa yriaepona (ocTaabHOE -
BOJIOPOJI, a30T, CEPOBOJOPO]I), KOTOPBIA HCIOJIB3YIOT ISl TIOJYYCHUS CYXOTO
73, KapoaMua, Coabl U IPYTUX MPOIYKTOB.

Abcopoyus memanonom («PEKTU30I»-TIpoliecc) — 0Oojiee BBITOAHBIN
METOJI, €0 MOXXHO HCITIOJIb30BaTh Mpu Temrieparype 1o —60°C, xorga pes3ko
TIOBBINIIACTCS TOTJIOTUTENBbHAS CIHOCOOHOCTh MeTaHoya. Tak, mpu —60°C u
nasnenun okono 0,4 MIIa B 1 r mMeTaHona MoKeT pacTBopuThesa g0 600 cm®
nuokcuaa yriaepona. M30uparensHOCT, METaHOJa 10 OTHOMIEHUIO K JTHOKCHITY
yraepojia 3HAYMTENBHO BBINMIC, YeM BOABL JIMOKCHA yriepojga W3 pacTBopa
BBIJICIISIIOT TIOHM)KCHUEM JaBJCHUS W TOBBIIICHUEM TeMmIiiepaTypbl. Kpome
METaHOJIa MOYKHO HCIIOJIb30BaTh W JPYrHe opraHuveckue pactBoputenu: N-
METWINUPPOIHIIOH, Cyib(ponad, mnponwieHkapOoHaT. OJHAKO MIHUPOKOTOo
pactpoCTpaHEHUS! OHH TTOKA HE TTOTYIHITH.

Xemocopoyuonnvie memoool.

Ouucmka 2a308 600HbIMU  pacmeopamu  dmanonramunos. Ilpu
TIOJITOTOBKE Pa3IMYHBIX TEXHOJIOTUYECKUX T'a30B K MepepadoTKe (B 4aCTHOCTH,
nUporasa K pasJelIeHUuI0) HCIOJIb3YIOT XEMOCOPOIUIO JMOKCHIA YTepona
sTaHosaMUHaMU. CXeMa YCTAaHOBKH ATaHOJIAMUHOBOW OYMCTKH ra3a IMpUBEACHA
Ha puc. 18.

MakcumanbHOW aOCOpOIMOHHON CIIOCOOHOCTHIO 1O OTHOIIEHUIO K
IUOKCUAY yriiepoaa o0anaeT MOHOATAHOJIAMUH:

CO, + H,0 + HOCH,CH;NH,<> (HOCH,CH,NH;) HCO;

PaBHOBecHast pacTBOPUMOCTH TUOKCHAA yTIEPOaa 3aBUCHUT OT JABJICHUSA
raza, TeMmmepaTypsl abcopOmMMm © KOHILEHTpauuu pactBopa. OOBIYHO
ucronb3yroT  15—20%-Hb1it  pacTBOphl  MOHOdTaHONAMHHA.  AOCOpOIHUs
npotekaeT pu 40—45°C u nmasnenun 1,5- 3,0 MIla (B 3aBHCHMOCTH OT CXEMBI
npousBojcTBa). OOpazoBaBIIMecss B pe3ysibTaTe XeMOCOpOIuu KapOOHATHI U
OukapOOHATHl pasyaraloTcs B JecopOepe ¢ BBIJACICHUEM TUOKCHIA YIiiepojaa
npu HarpeBanuu notoka ao 120°C.

[Tomy4yaeMmslii TPy 3TOM BBICOKOKOHLICHTPUPOBAHHBIN JUOKCHU YTIIEpOIa
(99%-HbIii) MCHONB3YIOT JJIs MPOU3BOJACTBA COMABI, KapOaMuaa, CyXoro Jbja.
OcraTtouHoe ero conepkanue B ountieHHoMm raze—0,01—0,1% (macc.).

OTOT MPOLECC C KOHOMUYECKOW M IKOJOTHMYECKOM TOUYEK 3pPEHHS] —
OJIMH U3 JyYIITuX.

CeIpoii ra3 momaeTcs B HU3, a MOIMVIOTUTENb KHUCIBIX Ta30B — B BEPX
abcopOepa 2. Bpliis U3 KOJOHHBI, OYMILEHHBIM ra3 MOCTymnaer B cemaparop 1
JUIS OTHEJEHUs YHECEHHBIX Kamenb pacTtBopa MOA. HaceleHHBI pacTBOp
MOTJIOTUTENS TOCTyMmaeT B EMKOCTh 3 A OTAENEHUS OT PACTBOPEHHBIX
YIJIEBOJIOPOAHBIX Ta30B, MPOXOIUT Yepe3 TEIUIOOOMEHHUK 6 W TMomajaeT B
oTnapHyr KoJioHHy 7. Kucieie raspl, mapel BoJgbsl 1 MDA cBepxy OTHapHOU
KOJIOHHBI 7 TIOCJI€ OXJIAXJACHHS MOCTynaroT B cenapaTtop 10, oTKyza KOHACHCAT
OTKAQ4YMBAETCSl HA OPOIICHHE KOJOHHBI. PereHepupoBaHHBIM PACTBOp C HHU3A
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KOJIOHHBI TIPOXOJIUT Yepe3 TEeIUIOOOMEHHUK 6, XOJOMWUIBLHUK 5 W MOCTyMaeT B
EMKOCTb 4, OTKy/la HanpaBJIgeTCs Ha opolieHue abcopoepa 2.

OCHOBHOM HENOCTATOK — 3HAUYUTENBHBIM pacxoj Tera Ha
pereHepanui CcOpOEHTa, BO3pACTAIONMKH C YBEJIMYEHHUEM KOHIICHTpAlUU
JUOKCHAA YIJIEPOJa B OYMILNEHHOM Ta3e, a TaKXe IOTEPU OTHOCUTEIBHO
JeTy4yero abcopOeHTa, XOTs MOHOITaHOJIAMUH Hele(PUIIUTHBIA U HEAOPOT oM.

Ouucmka pacmeopamu rapbonamog. OCHOBaHA Ha B3aUMOJCHCTBUU
JUMOKCUJA YIJIepoAa C BOJHBIMH pacTBOpaMu KapOOHAaTOB HATpUs U Kajus
(0ObIYHO TOTAaIIa) C AKTUBUPYIOIIMMHU JT00ABKAMH OKCHUJIOB MOJIMBAJIEHTHBIX
MeTaJIoB. /{711 MOBBIIEHUST PACTBOPUMOCTH KapOOHAaTOB B BOJE U CKOPOCTH
XEMOCOPOIIMOHHOTO Tpoliecca HCIONB3YIOT TOPSYHE PACTBOPHI KapOOHATOB
(110—120°C). OO6praHO mnpuUMeHSIOT 25%-HBIA BOJHBIA PacTBOp IIOTAIIA,
AKTUBHPOBAHHBIA MBIIIBIKOM. CKOPOCTh a0COpPOLMH MPAKTUYECKHA MOJIHOCTHIO
JUMUTUPYETCA CKOPOCTHIO PeaKuu B )KUIKOH (aze: CO2 + OH > HCOs
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Puc. 18. Cxema ycTtaHoBKH 04ncTKH ra3oB 0T CO2 pacTBOPOM MOHOITAHOJIAMHHA:

1, 10— cemapatopsl, 2— abcopbOep; 3, 4 — emkocTH; 5,9— XONOAMILHUKH, 6 — TEIUIOOOMEHHUWK; 7 — OTMapHas KOJOHHA; & —
KHUIISITUIbHUK; 11 —  Hacoc. IToToku: | —  ChIpoOH ras; I —  ouueHHLIH ras; III —  xwucuele rasbl.
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JHlaBnenue Ha craamm abcopOrmu 1—2 MIla. PactBop perenepupyroT
CHIDKCHHEM JaBJICHUS TPU OJM3KHX C IMPOIECCOM XEMOCOPOIMHM 3HAYCHUSIX
temnepaTtypbl. CTereHb OYMCTKH ra3a OT JHMOKCHJIa yTiepoaa HECKOIbKO HUXKE,
4eM IpU OYHMCTKE PACTBOPOM MOHO3TaHOoJaMHuHA. (OCTaTOYHOE CojJIep)KaHHe
nuokcuaa yriaepoga — 0,056—0,1% (macc.), HO moTam JemieBie, 4YeMm
MOHOJTaHOJIAMHUH.

Aocopouuonnvie memoowt.

OddexTuBHbIE anCOpPOEHTH JHUOKCHUIA YIJIepoJa —  YeoUmsl.
Mornekynbl AWOKCHIA YTIiepoaa TOBOJBHO Maibl. VX AmaMerp COCTaBIseT
okono 0,31 um (3,1 A), yro mMO3BONSET MM MPOHUKATH BO BHYTPEHHIOIO
CTpyKTypy OompmnHCTBa IeosMToB. Hambomee wacto st agcopOuu
ucnonp3ytoT 1eonut CaA. Bwmecte ¢ JIUOKCHIOM yIiiepoja IICOJHUTHI
NOrJIOUIal0T M mapbl Bojbl. [103TOMYy OZHOBpEMEHHO C OUYMCTKOM ra3oB OT
JUOKCHJIAa YTIepoAa MPOUCXOAUT UX OCyIIKa. JlecopOIuio MOriIoueHHbIX KOM-
MOHCHTOB  OCYIICCTBJISIIOT ~ TOHW)KCHHEM  JIaBJICHUS W ITOBBIIICHUEM
TEMIEPATYPHI.

Kamanumuueckoe zuopuposanue.

DTOT METOJT MPUMEHSIIOT JIJIS yAaJICHUS HEOOIBIINX KOJIMYECTB (ITOpsIaKa
JOJIeH TIPOIIEHTa) JUOKCHJIA M OKCHJa yIiepoaa, Kkuciopoda (T. e.
KaTauTH4YecKux sa0B), Hampumep, 0,2—0,4% oxcuma yriaepomga. Meton
OCHOBaH Ha CJICAYIONIUX PCAKIUIX:

CO + 3H;#»H,0 + CH,y
CO, +4H;#2H,0 + CH,
O, + 2H,—»2H,0

Onu mporekator npu nasnenun 32 Mlla, temneparype 300— 350 °C
(xatanmzarop Fe) u 200 °C (karamuzatop Ni—Cr wmm Ni—Al).
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OuucTka ra3oB  OT  CepoBOJAOpOAA W JIPYIHX
cepocoaep Kalux npumMeceu

CocTaB CEpHUCTBIX COCAUMHEHUM M WX KOHIIEHTPAIMd B MPUPOJHOM H
MOMYTHBIX HEPTAHBIX ra3ax pa3IMYHBIX MECTOPOXKICHUM BapbUPYIOTCS B OUYCHD
HIMPOKUX TIpeIesiax.

B ocHOBHOM, CepHHUCTBIE COEAMHEHUS B YKa3aHHBIX ra3ax MpecTaBiIeHbI
CEPOBOJIOPOIOM M, B HEKOTOPBIX CIIy4asiX, CEPOOKCHJIOM YIJIEpOJa U JIETKUMU
MEpKalTaHaMHi, KOHIEHTpAIMs KOTOPBIX CYIIECTBEHHO HI)KE KOHIEHTpaIluu
CEpOBOJIOPOIA.

Konu4ecTBO CEpHUCTBIX COCNMHEHHH, W3BJICKAEMBIX Ha KaXKIOU
KOHKPETHOM YCTaHOBKE, 3aBUCUT OT Pacxojla OYUIIAEMOr0 ra3oBOr0 MOTOKAa U
Ha4yaJbHOIO COJICPKAHUSI CEPHUCTBIX COCAMHEHUN M KOJIEOJIETCS OT HECKOJIBKUX
TOHH JI0 HECKOJbKUX MUJUIMOHOB TOHH B TOJI.

B T0 k€ BpeMs BaXXHO OTMETUTb, UTO U TPEOOBAHUS K OUUIIIEHHOMY Ta3y
M0 OCTaTOYHOUW KOHIICHTPAIMU CEPHUCTHIX COCAMHEHUN pa3InyaroTCcsi HAa MHOTO
nopsiAkoB. Tak, MpU OYKUCTKE BOJOPOJCOACPIKAIIECTO IMOTOKA HAa yCTaHOBKaX
TUIPOOYMCTKA B OYHMINEHHOM Tra3e JOJKHO OCTaBaThcd He MeHee 5 T1/M°
CEpPOBOIOPO/IA, & MPU OYUCTKE 3THIIEHA, UAYLIETO HAa MPOU3BOACTBO OKCHJIA
ATUJIEHA, CYMMAapHO€ COAEPKaHUE CEPHUCTHIX COEAUHEHUN HE JOJHKHO
npesbimars 0,0001 mr/m3,

EctecTBeHHO, uTO Takoe pazHooOpasue 3ajad MPUBENIO K pa3paboTke
LEJIOTO Ps/ia MPOLIECCOB MO OYKUCTKE ra30B OT CEPHUCTHIX COCIUHEHUM, KaX bl
U3 KOTOPBIX UMEET CBOM JOCTOMHCTBA U HeAoCTaTKu. [Ipu »ToMm, misi Kaxkaoro
mporiecca Ta300YUCTKA €CTh HEKOTOphle O00JacTH NPEANOYTUTEIILHOTO
NpUMEHEHUsI (00BEM OUHMILAEMOr0 rasza, UCXOJHAs KOHIIEHTpAIUs CEPHUCTHIX
COCIMHEHUN W TpeOOBaHUS K OUUILEHHOMY rasy), ¢ MCIO0JIb30BaHHE UMEHHO
ATOTO Tpoiiecca obecreynBaeT pelieHrue MOCTaBICHHON 3a7jaui ¢ HAaUITYUYlTUMHU
TEXHUKO-DKOHOMUYECKUMH TOKa3aTelsiMu. B Tex ciydasx, KOrja TEXHHKO-
HPKOHOMHYECKHE TIOKa3aTenu JBYX WM Oojee TMPOLEeCCOB OKa3bIBAIOTCS
ONMM3KMMH, BBIOOp TIpollecca OMNPENeNseTCs KOHKPETHBIMH YCIOBHSIMU H
OTPaHUYCHUSIMHU JTAHHOW MPOMBIIUICHHONW TUIOMAAKKA (HAJIMYMe CBOOOJIHBIX
IJIOIIA/IEH, PA3JIMYHBIX PECYPCOB, BO3MOYKHOCTHIO YTHJIM3aLMK YJIOBJIEHHBIX
CEPHHCTBIX COCTUHEHUN U Ap.).

MeTtoapl OYMCTKU Ta30B OT CEPOBOAOPOAA MOKHO pa3lCiUTh Ha JIBE
OCHOBHBIE TPYIIIBI: COPOIIMOHHBIE M KATATUTHYECKOTO OKUCIICHHUS.

CopOuuoHHbIe METOAbl MOXHO YCJIOBHO OTHECTH K JIBYM OCHOBHBIM
rpymnmnaM — aOCOpOLMOHHBICE W aJCOpOIMOHHBIE MeToabl. Hanbonee mmpoko
pacrpocTpaHEHbl TEpBbIC, JOMYyCKAloIMe JH00e HaYalbHOE COJIEpKAHUE
npumeceii B rasze.  AJCOpOIMOHHBIE MPOLECCHl HCMONB3YIOT MPU MabIX
HayaJbHBIX COJepkKaHUIX mpuMecet [0 3 - 5% (006.)], HO OHM TO3BOJSIOT
IIyOOKO OYHMCTHUTH Ta3.

AOGCOpOIIMOHHBIE METOJBI TI0 XapaKTepy HCIOIb3yeMOoro abcopOeHTa
JIeIAT Ha METOJIbl XHMHYECKOM copOruu (xemocopOumm), (Qu3ndeckoit
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abcopO1uu 1 KOMOMHUPOBAHHBIE.

XeMOocOpOIMOHHBIE ~ TPOIECChl ~ OCHOBaHbI  Ha  XMMHYECKOM
B3aUMOJIEUCTBUM H»S ¢ akTUBHBIM KOMIIOHEHTOM aOcopOeHTa, B KadecTBE
KOTOpPOTO B 3THX Ipoleccax MPUMEHSIOT aMuHbl (MOHO-, JU- U
TPUATAHOJIAMUHBI, TUU30MPONAHOIAMHUH) U IIETOYH.

®uznueckass abcopOuus  OCHOBaHa Ha (PU3WYECKOM PACTBOPEHUU
cepoBojiopoia B abcopOeHTe, B KauecTBe abOcopOeHTa UCMIoiab3yroT N-
METWINUPPOIUIOH, TIHUKOIN (IU- U TPUITWICHTIUKONN), TpuOyTmidocdar,
cynb(doaaH, METaHO U JIp.

B xoMOMHHMpOBaHHBIX MpOLIECCAX HCHOIB3YIOT OOBIYHO CMEIIaHHBIC
MOTJIOTUTENN  (XeMOCOpPOeHThl U abcopOeHThl). OIHUM U3  HIUPOKO
pacmnpocTpaHeHHBIX ceiyac mporeccoB siBisieTcs: «Cyiab(pUHOM», B KOTOPOM B
Ka4yeCTBE MOTJIOTUTENCH MPUMEHSIOT CyIb(OJIaH U AUU30MPOIIaHOIAMUH.

AJNCOpPOLIMOHHBIE TIPOLIECCHI OCHOBAaHbI Ha CEJIEKTUBHOM (PU3NYECKOM
noriouieHun HpS B mopax TBepIbIX NOTJIOTUTENEH, KOTOPBIMHU SIBISIIOTCS
AKTUBHBIE YTJIU WM CUHTETUYECKUE LICOTTUTBHI.

MeToapl KaTaJIWTUYECKOTO OKMCIEHUS OCHOBAaHbI Ha NPEBpaICHUU
CEepOBOJIOPO/IA B DJIEMEHTHYIO CEpy B IMPUCYTCTBHM KaTalIU3aTOPOB, HAIIPUMED,
KOMIUIEKCHBIX ~ COEIMHEHUH XJOpHAa JKele3a C JUHATPUEBOM  COJIbIO
TWJIEHANAMHUHTETpayKcycHOW KucnoThl (TpuiioH B) umu ropsiuero pactBopa
MBIIIBSKOBBIX COJIEH MIETOYHBIX METAIIJIOB.

Beibop TOrO WMIM WHOTO METOAAa OYUCTKM Ta3a 3aBHCUT OT MHOTHX
dakTopoB (3TO HauyadbHBIE M KOHEYHBIE JIOMYCTHUMBIC KOHIEHTpPAIUU
CepOBOIOPOA, 00IACTh MPUMEHEHHUS OUHIIEHHOTO Ta3a - B OBITY, B XUMHUU WU
B JBUTATENSX, a TaKXKe BO3MOXKHOCTh HCIIONIB30BAHUS OMPEIEICHHOTO
MOTJIOTUTENSE U SKOHOMHYECKHE (PAKTOphI), HO OCHOBHBIMHU U3 HUX SBISIOTCS
KOHIIEHTPALlMU CEPOBOAOPOJA M CEPOOPraHUYECKUX COCAUHEHHH B MCXOJAHOM
rase.

[Ipu BBICOKMX TapIMAIbHBIX JABJICHUSX KHUCIBIX KOMIIOHEHTOB B rase
MPEANOYTEeHUE OTHACTCS aOCOPOIIMOHHBIM METO/JaM, OCHOBHOM HEIOCTaTOK
KOTOPBIX - HHU3Kasg W30UPaATeNbHOCTh B OTHOIICHUM YTJIEBOJAOPOJIOB H
oOyCJIOBJIEHHAss 3THUM HEOOXOJMMOCTb MPEIBAPUTEIBLHOTO YyAAJNEHUS M3 rasza
TSDKEJIBIX YTJIEBOIOPOIOB.

XeMOoCOpOITMOHHBIE W KOMOWMHHUPOBAHHBIE TPOIECCHl PEKOMEHIYIOTCS
Opy  CPEIHMX MMApUHUABHBIX JAaBICHHSIX KHCIBIX TpUMEcCe B rasze, a
aJICOPOIIMOHHBIE U OKUCITMTEIIbHBIC - IPU HU3KHUX.

OdyeHb Ba)XHOE 3HAYEHHUE B JIIOOOM METOJE OUYHUCTKH MUMEET MPABUIbHBIN
BBIOOp TIOTJIOTHTENEH, KOTOPBIE JOHKHBI YAOBICTBOPATH CICAYIONIUM OOIIMM
TpeOOBAHMSIM:

" [IOTJIOTUTENh JOHKEH MMETh HU3KOE JABJICHHE HACBIIIEHHOTO Tapa
pu TeMIiepaTypax COpOIuU, YTOOBI MOTEPU €r0 C OYMINAEMBIM Ta30oM ObUIH
MHUHHMAaJIbHBI;

" [IOTJIOTUTENh JOHKEH 00JalaTh BBICOKOW CIIOCOOHOCTBIO TOTJIONIATh
KHUCIIbIE COEIWHEHMS W3 Tra3a B MIMPOKOM MHTEpPBAE HX MapIUaTbHBIX
JIaBJICHUIM;
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" IOTJIOTUTENh JOJKEH UMETh HEBBICOKYIO BS3KOCTh, 00€CTICUNBAIOIIYTO
XOpoIIni Mek(a3HbIil KOHTAKT ¢ Ta30M, MaJyl0 PACTBOPAIONIYIO CIIOCOOHOCTD B
OTHOUIEHUU YTJIEBOJIOPOIOB;

" [IOMJIOTUTENb AOJKEH 00JaaTh HU3KOM KOPPO3MOHHON aKTUBHOCTHIO,
BBICOKOM CTOMKOCTBIO K OKUCIICHUIO.

KoHeuHo uieanbHbIX MOTJIOTUTENEH, MaKCUMAIbHO YAOBIETBOPSIOIMINX
BCEM HTHUM TpeOOBaHUSIM, HE CYIIECTBYET, a MCIOJIb3yeMble Ha IpaKTHUKe
MOTJIOTUTENIA B YEM-TO MAaKCHMAJIBHO YIOBJIETBOPSIOT ATUM TPEOOBaHMSM, a B
YEM-TO - SIBHO HEJJOCTATOYHO.

Xemocopﬁuuormble npoueccol OHUCmMKN

IIpoyeccwl ouucmrku amunamu

HauOounbiiee pacrnpocTpaHeHHe TMOMYyYHII  METOJ Xemocopbyuu,
oOecrieuynBarOMMiA cTerneHb ounucTke 10 99,9%. Ilpu 3TOM MHUPOKO UCTIOIB3YIOT
ATAHOJAMUHOBYIO OYUCTKY. MOHO- M TUATaHOJAMUHbBI U3BJIEKAIOT U3 Fa30B KakK
CEpOBOJOPOJA, TaK M JUOKCUZ yIiepoja, a TPUITaHOJIAMUH—TOJIBKO
CEpPOBOJOPO.

MOHOATaHOJIAMUHOBBIN MPOIIECC OYMCTKU Ta30B SIBISETCS CTapeuimMm,
n0 koHua 1950-x rofoB OH ObUT MPAKTUYECKU E€AUHCTBEHHBIM IPOIIECCOM
OUYHCTKH Ta30B OT BPEJIHBIX KUCIIBIX MPUMECEH.

IIpu Temmneparypax 20-40°C ¥ NOBBIINIEHHOM [aBJICHUU PAaBHOBECHUE
peakuuid CIBUHYTO BHOPABO (T.€. MAET MOTJIONIEHUWE KHUCIBIX Ta3oB), a IpHU
temrepatype 105-130°C u naBneHuu, OJU3KOM K atMoc(epHOMY, MPOUCXOIUT
pereHepanusi MOrJIOTUTENS] U BBIJICJICHUE KUCTBIX Ta30B. OOBIYHO MPUMEHSIOT
15-20%-ubie pacTBOPHl MOHOJTAHOJAMHHA, a TaKXE CMECH MOHO- H
JUATAHOJIAMUHA.

[Ipu B3aUMOJEHCTBUU C KUCIBIMH KOMIIOHEHTaMHU Ta3a 3TaHOJaMHUHBI
00pa3yloT XMMHUYECKHE COCIUHEHMS, JIETKO paclajaroniiecs Ha HCXOIHBIC
KOMIIOHEHTHI MPU MOBBIIIEHUH TEMIIEPaTypbl U CHUXKCHUU JTaBJICHUS.

[IInpokoe pacnpocTpaHEHUE B MPOMBIILJIEHHOCTA TMOJIyduia CXeMa C
pa3ledbHBIMM TOTOKaMHM TMOoAaud B abcopOep pacTBOpa pa3HOM CTENEeHU
perenepanuu. [IpuHnunuanpHas cxemMa TaKOWM YCTAaHOBKM OYMCTKM Tasa
npuBeneHa Ha puc.19.

YacTudyHO pereHepUpOBaHHBI pacTBOp M3 Jecopbepa Tmomaercs B
CpeIHIO ceKiuio abcopOepa. ['myOoKoM pereHeparuu MOoJABEpraeTcsi TOJIBKO
4acTh pacTBOpa, KOTOpas MOAaeTcs Ha Bepx abcopOepa mis obecriedeHus
TOHKOM OYHMCTKM Ta3a. Takas cxeMa I03BOJISICT 110 CPAaBHEHUIO ¢ OOBIYHOI
cxemoit 10 10-15% cHu3uTh pacxoj nmapa Ha pereHepaluio pacTBopa.

IIpu ouncTke raza ¢ BBICOKHM COJIEPKAHUEM KHUCIBIX KOMIIOHEHTOB
1EJIeCO00pa3HO  OCYIIECTBUTH JIBOWHOE pacliMpeHue (BBIBETPUPOBAHUE)
HACBIIIIEHHOTO aMUHA TIPU Pa3HOM JaBJICHUH.

Ha nepBoii ctynenu nipu aasinenuu 1,5-2 Mlla u3 pactBopa BblaeIsETCS
OCHOBHOE KOJMYECTBO PACTBOPEHHBIX YIJIEBOJOPOJAOB, UTO OOECIEUYMBAET B
nanbHeimem Huzkoe (< 2%) cojepkaHue UX B KUCJIOM rasze - 3TO rapaHTUpPYeT
BBICOKO€ KA4eCTBO IMOJYyYaeMOM cepbl. DTOT MOTOK SKCHAH3EPHOro raza jJudo
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UCITOJIB3YETCSI TIOCIIE OYMCTKU OT CEPOBOAOPOJA B KaueCTBE TOILIMBHOTO Ta3a,
T100 KOMIPUMHUPYETCS M CMEIIMBACTCS C OCHOBHBIM IMOTOKOM OYHIIIAEMOTO
(ceIporo) rasa.

Ha BTOpoi#l cryneHu mpu maBieHWH, OTM3KOM K aTtMocdepHoMy, 0e3
TEIUIOBOM pereHepaIuy BeIICISIETCS U3 PACTBOPA MOTOK KUCIIOTO Tra3a, KOTOPBI,
1oCJIe BBIICTICHUS U3 HETO BOJBI M OXJIAXKIACHHSI, MOXKET OBITh HEMOCPEICTBEHHO
HaIlpaBJIeH Ha YCTAaHOBKY MOJY4YEHHUS Cephl. 3a cueT 3Toro cokparmaercs 10 10%
pacxoj mapa Ha pereHepalrio HAChIIEHHBIX PACTBOPOB aMHHA.

B cxeme IOMONHUTENBHO YCTAaHABIMBAETCS HACOC JUIS MOJAa4Yd HACHI-
IIEHHOTO PacTBOpPa M3 BTOPOTO BHIBETPUBATENS B JlecopOep, KOTOPbIH paboTaeT
B HEOJIATOTIPUATHBIX YCIOBHX (BBICOKAsI CTETICHh HACHIIICHUS aMUHA KHACIBIMU
ra3aMd U OTHOCHUTEIBHO BBICOKAasi TEMIIEpaTypa pacTBOpa) -3TO HEIOCTATOK
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CXCMBI.

Puc. 19. CxeMa aMUHOBOI OYHCTKH T'a3a C Pa3BCTBJICHHBIMU ITOTOKAMHU paCTBOPa pa3H0171 CTCIICHU PETCHCPALIUU:

I-ra3 Ha ounctky; |l-ounmennstii ra3; 11 -kucnplii ra3; V- ToHKO pereHeprpoBaHHBIH aMuH; V- rpy0o0 pereHepupoBaHHbIN aMuH; VI-HachIIeHHBIH
amun; VII, VIII - skcrmanzepnsie raser; |X- BogsHo#M nap; 1 -abcopbep; 2, 5, 13- xonmoaunsauky; 3, 4-3kcnan3epsr; 6, 8, 9, 15- nacocsr; 7, 11 -
Term1000MeHHUKY; 10-eMKOCTh pereHeprupoBaHHOr0 aMuHa; 12-1ecopoep; 14-pedrokcHas eMKOCTh, 16 —KUMSATUIBHUK
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[Ipu ouuctke raza, comepxkamero COS Hapsgy ¢ HS um COy B
abcopbepe MOxeT ObITh MpeaycMOTpeHa 30Ha morfoimenust u rujapoiusza COS,
cocTosilliasi M3 TMSATH-BOCBMHU TapeioK, KyJa IMOJAaeTcsi pereHepupOBaHHBIM
pacTBOp aMHHa C MOBBIIEHHON TemmepaTypou 70-80 °C.

B ornuume OT craHgapTHOW B yKa3aHHOM CXeMe OXJIAKIEHUE U KOH-
JIEHCAIMsl Mapora3oBOM CMecH, BBbIACNAIONICHCS B necopbepe, MPOBOIATCA B
BEPXHEH YacTU KOJIOHHBI IMyTEM HEMOCPEACTBEHHOTO KOHTakTa C (pierMoii,
IUPKYJUPYIOMIEH B 3aMKHYTOM IMKJe. Takas cxema TO3BOJISIET CHU3HTH
KOPPO3HWIO TEXHOJIOTHYECKOTO OOOpYAOBaHHS ¥ COKPAaTUTh KOJIMYECTBO
anmnapartoB (KOHJIEHCATOP-XOJIOAUIBHUK, cenapaTop U ap.).

B mpou3BOACTBEHHBIX CXeMaX aMHUHOBOW OYHCTKH Ta3a MpeaycMaTpH-
BaeTCA TakkKe cucTteMa (QUIbTPAIMM PAacTBOPa W BBOJA AHTHUBCIICHUBATENS B
CUCTEMY.

[To Takoi cxeme paboraer OoJbIlIasi 4aCTh YCTAHOBOK OYMCTKH Ta3a OT
KUCIbIX KoMIloHeHTOB B Kanane, ®panmuu, CIHIA. AnamormyHas cxema
pUMEHEHA JJI1 OYMCTKH Ta3a BOJAHBIM pacTBopoM JIDA Ha Actpaxanckom ['TI3.

JlocTOMHCTBaMH MOHOSTAaHOJAMHUHOBOM OYHUCTKH SIBJISIFOTCS BBICOKAs
CKOpPOCTH TIOTJIOMICHUS KUCIBIX Ta30B, HU3Kasi CTOMMOCTh PEareHTOB, JETKOCTh
pereHepalMii W HHU3Kas pacTBOPUMOCTb  yrieBojgopoaoB. Ilpum  Bcex
nocrouHcTBax MOA-mpouecc HMMeEET psAJ  CYIIECTBEHHBIX HEIOCTATKOB,
OCHOBHBIMH U3 KOTOPBIX SIBJISFOTCSI:

e HeoOpatuMo oOpaszoBaHme xuMudecknx coemmHeHnid MDA ¢ COS,
CS; u Oy
00JIpIIIKE TOTEPH OT UCTIAPEHUS;

Hu3Kass 3(PHEKTUBHOCTH MO0 MEPKANTaHAM;

HecenekTUBHOCTh K HoS B npucyrctBuu CO;

BCIICHMBAEMOCTh B TPUCYTCTBUU JKHUIKHX YTJIEBOJOPOAOB, HWHIH-
OUTOPOB KOPPO3UHU M MEXAaHHUUECKHUX TPUMECEH.

Bcnenusanue pacmeopoé amunos — OHa W3 CEPHE3HBIX MPOOJIEM IpH
IKCIUTyaTallil YCTAHOBOK OYHMCTKH Ta3a. BcrieHnBanne NpuBOIUT K HApYIICHUIO
pexxruMa pabOThl YCTAaHOBKH, YXYJIICHHIO KauyecTBAa OUYMIIEHHOTO raza M, Kak
CIIEICTBHE 3TOT0, K HEOOXOIMMOCTH CHWXEHHSI TPOU3BOIUTEIBHOCTH
YCTAaHOBOK M0 Ta3y. llpu BCleHWBaHWM BO3pACTAlOT TMOTEPU aAMHUHOB B
pe3ysbTaTe YHOCA C Ta30M.

BcnenuBanue BO3HMKaeT, Kak MpaBuiio, B aOcopOepax. Ho ObiBarot
cllydad, KOTJa HauaBlIeecsl BCIICHMBAHHE pacTBOpa MEPEHOCUTCS B AecopOep.
BcnennBanue yaie BOZHUKAET B anmaparax ¢ BRICOKUMH HArpy3Kamu 10 Ta3y |
pactBopy. [lpu3HakamMu BCTIEHWBAaHHS SBIISIOTCS YBETWYCHUE 00bEeMa TMEHBI Ha
KOHTAKTHBIX TapesikaX, Pe3Koe yBEIWYCHHE Tepenajga TaBJICHHs B ammapare,
MOSIBJICHE 3HAYWTENBHOTO YPOBHS JKHUAKOCTH B CEMapaTropax OYHUIIEHHOTO
(abcopbep) u kucmoro (aecopoep) ra3os.

OcHOBHasl TIpUYMHA BCIICHMBAHHUS — O3TO TPHUMECH, TOCTYMAIOIINE
BMECTE C CBIPHIM T'a30M M MOMNajaronire B a0CopOeHT (KUAKUE YTIEBOAOPOIBbI,
IUTACTOBAasl BOJA, MEXaHUUYECKUE MPUMECH, HHTUOUTOPHI KOPPO3HUH, Pa3INIHBIE
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[TAB, cmonucteie BemiecTBa u 1p.). [leHoOOpazoBarenssMu SIBISIIOTCS TaKXKe
CMa304yHbI€ Macia, NPOAYKThl KOPpO3UM M Jerpajanuud amuHa. Bce 3TH
NPOJAYKThl ~HAKAIUIMBAIOTCS, W TMPU ONpPENeNICeHHONM UWX KOHIEHTpAIUH
HAYMHAETCs BCIIEHUBAHKUE PACcTBOPA.

JUist  mpenoTBpalieHus MEeHOOOpa3oBaHUs OOBIYHO TMEpel, BXOAOM
pereHepupOBAHHOTO MOTJIOTUTENSI B abcopOep OH MoJiBepraeTcsl cernapanuu OT
MEXaHUYECKUX MpUMecei u PuibTpyercs.

JIns TOJIHOTO pelieHus STOH TpoOJeMbl HeoOXoAuMa peanu3aiius
CJIEAYIOIIMUX OCHOBHBIX MEPOIIPUATHN:

1. CBeneHue K MUHUMYMY COJIEpXKaHUSI B MOCTYMAIOIIEM HA OYUCTKY
rasze npuMecei, BI3bIBAIOIIUX MU CIOCOOCTBYIOIIUX BCIICHUBAHMUIO.

2. Ilogaua pereHepupoOBaHHOIO aMHHa MpuU Temreparype Ha 2-5 °C
BBIIIIE TEMIEpaTypbl yXOHsIiero u3 adcopOepa raza isd NPEeAyNpPEKICHUS
KOHJICHCAIIUU YTJIEBOJIOPOJIOB.

3. [lepuoanueckast MpOMBIBKA U OYKMCTKA allapaToB OT IIJIaMa.

4. Haubonee s3(pdekTUBHOE CPEICTBO - BBIBOJ NpHMECEH M3 CHUCTEMBI
NyTeM HeNpepbiBHOW GuiabTpaluu pactBopa amuHa. Ha ¢uibTpanuio
HAIpaBJISAI0T YacTh LUPKYJIHpYIolero pactsopa. Kak mpasuiio, GuiabTpamuu
MOJIBEPraeTCcsi pereHepupPOBaHHbBIN PACTBOP aMHHA.

Bnauane pactBOp mpokaumBaeTcs uepe3 GUIBTP IS BBIBOJA U3
pacTBOopa MexaHMueckux dacTull. OTUIBTPOBAHHBI OT MEXaHUYECKUX
npuMecel pacTBop mogaeTcs B abcopOep ¢ aKTUBUPOBAHHBIM YIJIEM IS
yJIaBJIUMBAaHUSL YTJEBOJOPOJIOB, MPOAYKTOB JAErpajallii amMuHa W JPYTUx
npuMeceit. Ilocine yroapHOro (QuiabTpa YycTaHaBiaUBaeTCsS GUIBTP IS
yJIaBJIWMBAaHUS  YacTUIl YIS, YHOCHMBIX pacTBOpoM U3  ajcopOepa.
Pekomennyercss Ha yroabHbel ¢(uneTp mnogaBate 5-20% pactBopa, a Ha
MEXaHNYECKHH - MaKCUMAaIbHOE KOJINYECTBO, BINIOTH 10 100%.

[Ipu punbTparum yepe3 yroib peKOMEHIYETCs MOICPKUBATH CKOPOCTh
pactBopa okono 10 i/(MuH-M?), XOTS B psje CIyd4aeB CKOPOCTh MOYKET
nocturats 20-60 1/(Mun-M?). BeicoTa (pUIBTPYIOILETO CI0S B OXHOM ancopoepe
cocraBisier 3-4 M. [lo mpakTHUecKUM MaHHBIM IS HOPMAJIBHOTO BEICHHUS
TEXHOJIOTUYECKOr0 Mpolecca CoAepKaHue NMpPUMEced B PacTBOpPE HE JOJKHO
MPEBBIMIATH 2 /1.

5. DddexkTrnBHOE CPEACTBO MPOTHUB BCIICHWBAHHWS - IIPUMCHECHHE
aHTUBCIICHUBaTeNel (meHoracuTenei). B kauecTBe aHTHUNEHHBIX JT00aBOK
UCIIOJIB3YIOTCSl  Pa3JIMYHbIE CHJIMKOHOBBIE KOMIIO3UIIMH, BBICOKOKHIISIIIHEC
CIIUPTHI U IPYTHE BEIECTBa MpHU MaccoBoi goJie ux B pacteope 0,001-0,01%.

[lenoracurenu HUCHONB3YIOT B BHUJE PAacCTBOPOB B aMHUHE WJIU JPYTUX
PaCTBOPUTEIIAX U MOAAIOT B CUCTEMY JIMOO TTOCTOSIHHO HEOOIBIIMMU MOPILUSIMH,
00 OCYHIIECTBIAIOT KPAaTKOBPEMEHHYIO MOJIayy MX B MOMEHT BCIICHUBAHUS
pactBopa. Btopoli myTh sBisieTcss OoJjiee MPEANOYTUTEIBHBIM, TaK Kak
Ype3MEepHOE KOJMYECTBO AHTUBCIICHUBATENSI MOXKET MPUBECTH K OOpaTHOMY
SIBJICHUIO - K CTAOUITU3AIINH TICHBI.

DTaHOJIAMUHOBAsI OYKMCTKA HE MO3BOJIIET OYHUCTUTH Ta3 JI0 COACPIKaHUS

cepoBogopoaa meHsIe 0,5%.
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[TosTomMy g1 JgoCTHXKEHHS TpeOyemMoll CTENeHH OYHUCTKH IOCIe
ITAaHOJAMHHOBON OYMCTKH OOBIYHO TPOBOAMTCS 2OPAYAs WENOUHAS OYUCTKA
npu temneparype 50—80°C u naBnenuu no 2 Mlla:

H,S + 2NaOH—+»Na,S + 2H,0

['opstyast miemoyHast O4UCTKA MO3BOJISIET YAAIATh U3 OUUIIAEMBIX Ta30B
HE TOJIBKO CEPOBOAOPOM, HO U APYTME CEPHUCTBIE COEUHEHHUSI, HAIIPUMED:

COS + 4NaOH — Na,S + Na,CO; + 2H,0
RSH + NaOH —+» NaRS + H,0

OMHOBPEMEHHO 1IEJI0Yb XOPOLIO MOTJIOUIAET U AMOKCH/ YIJIEPOIa:
NaOH + CO, - NaHCOs3

OcrtatouHoe coaepKaHHWE CEPhl B OYMIICHHOM Ta3e coctaBiisieT 10 0,5
mr/m3. 1llenous noxsepraeTcs perenepanuu napom npu 100-110°C.

OcHOBHBIC TIPEUMYINECTBA TMPOIEcca — HEMPEPHIBHOCTh MPHU BBICOKOU
CTCTICHW OYHCTKH (OCTaTOYHOE COJEpKaHHE Cephbl B OYHMINCHHOM Trase
cocrassieT He 6onee 0,5 Mr/m?).

OpHako mpHU WIETOYHOM OYMCTKE MPOLECC HEoOpaTUM — IIENoYb
CBSI3BIBAET CEPOCOEpKAIIUE MPUMECH B HEPEIC€HEPUPYEMbIE COCTUHEHHS. DTO
NPUBOIUT K Pacxofy Imenouyu, obpaszoBaHuio muiama B Buae NaS m motepe
CepoBOJIOpO/ia i JalibHeue nepepabotku. [loaTomy mponecc siBasieTcs
HEIKOHOMUYHBIM. EIlle OZHMM HEIOCTaTKOM TMpoliecca SBISETCS IJIoXas
OUYHMCTKA raza oT AMCYIb(UI0B U THOPEHOB.

B kadectBe XeMOCOPOEHTOB Ui OYUCTKH OT KHUCJBIX KOMIIOHEHTOB,
KpoMe MDA, UPOKO NPUMEHSAIOTCSA U IPYTUE aMUHBI.

CenleKTUBHBIMU  a0COpOEHTaMH ISl  CEPOBOJIOPOJIA CIIYKAT TaKkKe
nusTanonaMun ([I9A), metunaustanonamud (MJIDA), quriukonbamun ([I'A)
u quusonponanonamul (AMITA). Ilepseie Tpu abcopOeHta Oonee yCTOMYMBBI K
neiicteuto COS, CS; u CO,, menpme moasepratorcs yHocy. HemocraTtkamu
SBJIAIOTCS. MEHbIIAsi XUMUYECKass aKTUBHOCTh W MOIJIOHIAouasi CIOCOOHOCTb.
JINIIA oOecrieunBaeT TOHKYK) OYHCTKY Tra3a M, HECMOTPS Ha BBICOKYIO
CTOMMOCTb, MOJIYYHUJI HIMPOKOE PACHpPOCTpaHEHUE 3a pyOekoM JJIsi OYUCTKHU
ra3oB OT CEpPOBOIOPOJIA.

XapaKkTepUCTUKU MPUMEHSIEMbIX XeMOCOPOEHTOB MPUBEACHBI B Ta0d.11.

J[DA-npoyecc OYNCTKU Ta30B CTajl LIMPOKO HCIOJB30BAaThCA B IIO-
CJIEIHAE TOJbI, TMOCKOJbKY OH JIMIIEH HEIOCTaTKOB, mpucynmx MOA. B
YaCTHOCTH, ITOT MPOIECC UCTIOIB3YETCS ISl OUYUCTKU Ta30B, coaepxkanmx COS
u CS,, Tak kak 00pa3yeT ¢ HUMH COEAMHEHUS, JIETKO TUIPOIU3YIONTUECS TIPH
MOBBIIICHHBIX Temneparypax ¢ BoiaeraeHuemM HxS u CO,.

CymectByer nBe paszHoBuaHocTH J[DA-mporecca - oObruHBIM J[DA-
nporiecc (koHmeHtparus JDA B pactBope 20-25%, mornotuTtenbHas
cnocobnocts 0,6 - 0,8 momp/mons) u JIDA - SNPA-mpouecc (KOHIIEHTpaIus
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JIDA B pactBope 25 - 35%, nornorurensHas cocobnocts 1,0 - 1,3 Moab/MOIB).
[lepBbIii OOBIYHO HMCHOJIB3YIOT MPU MAPIUATBLHOM JABJICHUM KHUCJIOrO raza B
CBIpOM yrieBojopoaHoM rasze mopsaka 0,2 Mlla u Bbimie, BTOpod - mpu
napiyaibHoM JaBiennn Beiire 0,4 MIa.

OO6nanas HEOCTOPUMBIMM TpeuMylecTBaMu mepea MDA-nponeccom,
JIDA-niporiecchl TeM HE MEHEE He JIMIIEHBI psAJia CYIIECTBEHHBIX HEIOCTATKOB, K
YHUCITy KOTOPBIX CIEAYeT OTHECTH:

-BBICOKYIO CTOMMOCTB J{DA;

-MCHBIIIYI0 TOTJIOTUTEIBHYIO CIOCOOHOCTh, YeM y MDA (Tak Kak
MosbHasg macca JI9A B 1,7 paza Oonbiie, uem y MDA);

-JIJIs1 OIMHAKOBOM ¢ MDA cTerneHn OYuCTKU TpeOyroTcst 6osiee BBICOKHE
CKOPOCTH ITUPKYJISIITUN PACTBOPUTEISL.

Hanbonee BaxxusiMu npeumyiiecTBaMu JI9A-04UCTKH IO CPABHEHUIO C
O4YMCTKON MDA ABJISAIOTCA CIEAYIOUINE:

-o0ecrieyeHre TOHKOM ouucTku ra3oB B mpucyrctBun COS, CS; wu
TSDKEJIBIX YTJIEBOIOPO/IOB,

-Oonee Jerkasi pereHeparusi abcopOeHTa, Oyaromaps MeEHbIIEH
MPOYHOCTH oOpa3zyromuxcs npu XEeMOCOpOIHU COCIMHECHU,
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CTpyKTypa U HEKOTOpBIE CBOMCTBA aMUHOB (XEMOCOPOEHTOB)

Taomuma 11

Cocaaucne Crpyxrypuan Gopuysa Monexyasp- Caolicrma
HAR MacCa
Msoriocts | Temmcparyps, *°C | Hanxcxme Baxxocts,
p? Ha- 103 Ma- ¢
CMIECHHOIO
. napa npu
20°C, Ia
KHNCHNA | WCTMEA~
. px 0,1 MM
) MIla
H 48 24,1 (20
:th(‘o;z)smomuun >N CH,-CH,-OH 61,1 1,018 In 10,5 (20 *C)
nmurrxxma ::)N—CH;—CHz—O-CH;—CHg-OH 105,1 1,055 221 -9,5 1,3 26 (24 *C)
ﬁg:)ﬂonlmu HO—CH;—CH;—]:I—CH;—CH;—OH 105,1 1,092 Pacn. 28 1,3 380 (30°C)
) i .
JnsonponaHonaMuy HO-CH—CH;—I:I—CH:—C‘H-OH 133,2 0,989 249 42 <13 198 (45 *C)
(IMI1A) ¢, H  &H
TpuaTanonaMuH HO—CHz-CH;-PI-CHrCHrOH "149,2 1,1258 360 21,2 <1,3 1013 (45°C)
(TA) CH,-CH,-OH
Metwnaustanonamun  HO-CH-CH-N-CH,-CH,-OH 119,2 1,030 231 -2,1 <13 101 (20 *C)
(MII3A) u,

MéeHbLlUne noTepu Npn ncnapeHnumn ¢ KUCribiMm ra3aomMm B p.ecopGepe, Tak kak [13A nmeet 6onee HU3Koe napuvanbHoe AaBrieHue HacbllWeHHbIX NapoB,

95



-MEHbIIIasi BCIEHUWBAEMOCTb IIPU OYUCTKE Tra3a C [OBBIIICHHBIM
COJIEP’)KaHUEM TSKENBIX YIIEBOIOPOAOB, TaK Kak aOCOpOIMs MPOBOIUTCS IPH
temneparypax Ha 10-20°C Boiie, uem B MOA-miporecce.

B ycoBepmenctBoBanHOM (paniryzckorr pupmoit SNPA JIDA-cnocobe
OYMCTKH CYIIECTBEHHO YBeJIMYeHa MaccoBas a0ds8 [IDA B moOrioTuTenbsHOM
pactBope — 10 40% U cTeneHb HACBIIICHUS aMUHA KUCIBIMU Tazamu — 10 1,1
MOJIB/MOJIb. DTOT YCOBEPIIEHCTBOBAHHBIN CIIOCO0 B HACTOSIIEE BPEMsI IIMPOKO
U YCIICIIHO MPUMEHSETCS IPU OYUCTKE CEPHUCTHIX Ta30B.

Opna u3 KpynHenmux ycTaHoBokK ouncTkH ra3a JI9A-SNPA-nporeccom
MOIIHOCTBIO 110 ra3y 2,7 Mapx m>/rox, cogepxkamemy 19% H,S (mocne ounctku
conepxanue HyS B rase cocrapnsger 5,7 mr/mM®), mocTpoeHa Ha MECTOPOKIECHUH
Baittau-Kanvon (CLIA).

JI'A-npoyecc ucnonb3yeT B KadecTBe noriotutens 60-75%-e BoaHbIE
pactBopel  aurnukoibamuHa HOCH;CH,OCH,CH;NH,. Takas BbicOKas
KOHIICHTpAllusi aMHHa B  pPacTBOpE TO3BOJISIET CHHU3UTh  KOJHYECTBO
UPKYTUPYIOLIETO MOTJIOTUTENS U COOTBETCTBEHHO YMEHBIIUTH SHEPTro3aTpaThl
1 rabapuThl 000PYI0BAHHUS.

[Ipomecc obecmeunBaeT riry0okyro o4ucTKy oT HyS m COz, a Takxke OoT
COS, CS; u mepkanrtanoB. PactBop JII'A B 04eHb Malloil CTETIEHU PacTBOPSIET
yIIIEBOOPOAbL. PereHepanuio HachlIEHHOro npuMecsamMu pactBopa /JI'A
npoBoAT 00bHO moa BakyymMoM (10-20 KIla) ¢ Tem, 4TtoObl 0OeCEeUYHTH
Temneparypy peresepanuu He Boie 170 °C. DToT nporecc B NOCAEAHUE TObI
HaXoAUT Bce Oosiee IIMPOKOE NPUMEHEHHWE M HW3BECTEH 0] Ha3BaHUEM
«Jxonamun». Henmoctarkom JI['A sBisieTcsi  €ro BBICOKass CTOMMOCTh M
CPaBHUTEJIBHO OOJIBIITNE TIOTEPHU TIPU IKCILTyaTaIUH.

B MJ[2A / JI2A-npoyecce ncnions3yercs cMech nuaTaHosiamuHa (JIDA) ¢
MetuaudTanodamMuHoM (MJIDA) npm comepkannu J[DA B cmecu 30-50%.
[Ipumenenue cmemanHoro abcopbeHTa mo3BojisieT B 1,5-2 pasza CHUBUTH
YAEIBbHOE OpOUICHWE IO CPAaBHEHHUIO C YHUCTBIM pacTtBopoM J[DA, dro
3HAYNTEIBHO YIyUIIaeT TEXHUKO-DKOHOMHUYECKHE TIOKA3aTeNu mpoiecca. ITUM
XKe TEIIM OTBEYAET MCIIOJIB30BaHHE B TIPOIIECCE MEHEE KOPPO3UOHHO-aKTHBHOTO
MJIDA. OtoT criocob ycnemHo npuMensietcs Ha Openodyprcekom ['TI3.

J[UIIA-npoyecc B  KadyecTBE XEMOCOpOEHTa  MpeaycMaTpUBaET
HCIIO0JIb30BaHNe BOJIHOTO pacTBopa, coaepKaIiero 10 40%
nuusonpomnanonamuna (JAUITA). Tlpumenenue JIMIIA oGecneynBaeT TOHKYIO
ounctky raza oT HpS (mo 1.5 mr/ky6 m) m CO2 (mo 0,01%) mpu HuU3KOM
PacTBOPUMOCTH B HEM yrieBoa0pooB. [Ipu atom u3Bnekaercs no 50% COS u
RSR. JIUITA nerko pereHepupyeTcsi, MOTEpU €ro MpU pEereHeparvy BIBOE
HIKe, 4YeM Yy MDA, pacxoa mapa mpu 3TOM HHXKE, OH HE KOPPOIUPYET
amnrmaparypy.

CymectBennbii Hepoctatok JIMITA — BbiCOKass CTOMMOCTh, TEM HE
MEHEE 3TOT CIOCO0 MMUPOKO MPUMEHSETCS 3a PYOEIKOM.

96



Hpoueccu ovucmkKu  pacmeopamu coneil uilejlounovlxX

Mmemaiiiloe

OTU TpoLecChl OCHOBAaHbI Ha XEMOCOPOLIMOHHOM aKTUBHOCTH BOJIHBIX
pacTBOpPOB KapOOHATOB HATpUsl W Kajusl MO OTHONICHUIO K OCHOBHBIM
cepocojiepXaliuM  COeMHEeHHsIM Ta3a (kpome MepkantaHoB). [Iporiecc
COBEPIICHCTBYIOT MyTeM J00ABOK K MOTJOTUTEIIO PA3IUYHBIX aKTUBUPYIOIIUX
00aBOK, MOBBIIIAIOUIUX €70 MOIJIOTUTENIBHYIO CIIOCOOHOCTh U CHMKAIOUIUX €T0
KOPPO3HOHHYIO aKTUBHOCTb M IEHOOOPA30BAHME.

[Ipy KOHTaKTE STHUX PACTBOPOB C CEPHUCTHIMH COCAWHCHHUSIMH Ta3a

00pa3yrTCs COSAMHEHUS, JIETKO pasJiararoiiuecs Ipyu pereHepaluu:
Na,COs + H,S — NaHCO; + NaHS;
Na,CO3; + H,O — 2NaHCOs;
K,CO3 + H,S — KHCO3 + KHS;
K>,CO3 + CO; + H,O — 2KHCOg3;
COS + H,O — CO, + H,S.

[TpuHIIMTIHATBEHAS TEXHOJOTHYECKAs CXeMa dTUX MPOIIECCOB aHAJIOTHIHA
CXeMEe OYHCTKA aMWHaMH, HO HECKOJBKO OTJIMYACTCA PEKUMHBIMH
noKasaTesisiMe (Bbltie Temneparypa copomuu - 90-120 °C).

Haubonee pacmpocTpaHeH MoTam-mporecc, riae B KaueCcTBE MOTIOTUTES
ucroyb3yroT 25 - 35%-i pactBop K2COs, ounmatromuii raz ot H,S, CO,, COS u
CS,. CopOuus mpoBomutcs npu temreparype 110 - 115°C u naBnenuun 2-8
MIla. Perenepaiinio HachIIEHHOTO PAacTBOPa OCYIIECTBIISIIOT MPAKTUYECKU TIPU
Tex ke Temnepatypax (115 - 120°C), Ho npu MOHMKEHHOM JaBJICHUH, OJIM3KOM
K atMoc(hepHOMY (MU 1aXKe TIO/T BAKYYMOM).

[Iporiecc 0OUUCTKHU TOPSYUM MOTAIIOM MPUMEHSIOT JIJIsi Ta30B C BHICOKUM
conepxxanremM CO2 1 00111Iei KOHIIEHTpAIMe KUCIBIX Ta30B BhilIe 9-8%.

K H©Hemoctatkam mporiecca MOXHO OTHECTH: TPYIHOCTh YIaJICHUS
MEpKaINTaHOB, KOPPO3HID OOOPYJOBaHUS U HEOOXOAUMOCTb HMETh HU3KOE
COOTHOIICHHE KOJUYECTB CEPOBOJOPOJA M AMOKCHIA YyIiIepoAa B HCXOIHOM
rase.

Ilpoyeccot ouucmku 2azoe puzuueckoii abcopoyueil

B mocneanue roapl MOMy4miiv pa3BUTHE METOJIBI OYMCTKHU, OCHOBAHHbIE
Ha WCMHOJIb30BaHUM (u3M4eckord adcopOuuu cepoBoaopoda. IIporieccs
¢busnyeckoil abcopOIUU OCHOBAaHBI Ha PACTBOPEHHHM KOMIIOHEHTa Tas3a B
XKHUJKOCTH, OTIpeaessieMoM 3aKk0oHOM ['eHpyr (00beM MOTIomaeMoro KOMIOHEHTa
IPOTMOPITUOHATICH ero napuuaIbHOMY TABJICHHUIO). KommuecTtBo
PacCTBOPSIONIETOCS KOMIIOHEHTa TEeM OOJbIe, YeM BBIIIE €ro MapiHagbHOe
JaBjieHUE U KO3(PPUIMEHT PaCTBOPUMOCTH, YBEIMUNBAIOIIUNACS C TIOHWKCHUEM
TEeMITepaTypbl

B xauectBe aOCOPOEHTOB MCTIOIB3YIOT MOHO-, JIU- U TPUITUIICHTIIUKOJIH,
uxX AuMeTwiIoBble ddupsl, cynbdonan (TeTparuaporuodenauokcua), N-
METHUITUPPOIUIIOH, TpubyTuiadocdar, npomwieHkapOooHat u ap. llepeuens u
XapaKTEPUCTHKA HanOoJiee paclpoCTpaHEHHBIX aOCOPOEHTOB, UCIIOIB3YEMBIX B
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Ipoleccax OUYMCTKU ra30B Pu3ndeckoil abcopOunei, mpuBeaeHs! B Tadi. 12.

JIOCTOMHCTBOM 3THX METOJOB SIBIAIOTCSA OoJiee HU3KHE DHEPro3aTpaThl
Ha pereHeparuio moraoTUTeNei.

PaznuunpiMu  ¢upmMaMu  pa3paboTaHbl MPOMBIIIICHHBIE POIECCHI
OYMCTKH Ta3a C UCIOJb30BAHUEM OTHX PACTBOPUTENEH, pacCUMTaHHBbIE Ha
pa3uyHble MapamMeTpbl Kak MCXOAHOTO ra3a (CojaepikaHue M COCTaB BPEIHBIX
npuMecei, KOJMYECTBO BBIHOCUMOTO KOHJIEHCaTa M JIp.), TaK U OYUIICHHOTO
raza (TpeOoBaHHS MO TIyOMHE OYMCTKH, CEJIEKTHMBHOCTH IO KOMIIOHEHTaM
BpPEIAHBIX IPUMECEH U 1Ip.).

Tabmuma 12
XapaKTepUCTUKN HEKOTOPBIX (pU3NUECKUX a0COPOECHTOB
Temneparypa

AOcopOeHT dopmyaa MoaexyaspHas HHOTZ%OCTB KHIIEHU,
Macca P4 °C
OTUIIEHTIINKOIb CsHsO2 62 1,116 197
Jusytunenriaukois (JI210) C4H1003 106 1,118 245
Tpustunenrnukons (TOT) CeH1404 150 1,126 287
Cymsponan C4H10; 124 1,260 286

(TeTparuapoTUOPEHINOKCU)
N- METHITUPPOIHIOH CsHuN 85 1,030 206
(N-MIT)

Tpuoyrundochar (THD) (C4H90)3PO 266 0,970 289

PaccMoTpuM HEKOTOpPBIE U3 ITUX MPOIIECCOB.

Ouyucmxka enuxonsamu (31, TOI') npuMeHsieTcs: OOBIYHO Ha TPOMBICIIAX
B TE€X cllydasx, Korja ra3 coaepuT Ooibiioe konumdectBo HoS u CO; u He
HY>KHO OYHIIATh Ta3 OT ITUX IMpHUMecel 0 TpeOOBaHMIA OTPACIEBOTO CTaHAapTa
(OCT 51.40-83). Ero ucnomip3yrT Jjs HYXJ CaMOro MpOMBICIA (3aKauka B
IacT s TOJACpXKaHWs IJIaCTOBOTO JaBlICHUS, NMPUMEHEHHE B KauecTBE
TOTUTMBHOTO Ta3a). [IpuMeHeHue TiIuKoJeH YMpOIaeT TEXHOJOTHIO OYHCTKH,
MOCKOJIBKY JIJII OUYMCTKUA M OCYIIKH Ta3a OT MapoB BOJABI UCIOIB3YEeTCS OIUH
abcopoent. Kpome TOro, OCHOBHOE KOJMYECTBO aOCOPOMPOBAHHBIX
KOMIIOHEHTOB BBIJIETISIETCS] M3 HACBIILIEHHOTO0 adcopOeHTa MpOCTOM Aeraszanue,
0e3 3atpar Temia. HanbomnpIiiee pacnpocTpaHeHHE B TaKUX MPOLIECCAX OUHCTKU
nosyursi JIDI, pactBopsitomias CrocOOHOCTh KOTOPOTO TIO CEPOBOJOPOAY H
JTUOKCHUIly VyTJIepoJa XapaKTepU3yeTcs 3aBUCHUMOCTSIMHU, IIOKa3aHHBIMU Ha
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puc.20. Bugno, uto mpu atMochepHOM MaBJIICHUH KOJWYECTBA PACTBOPSIEMBIX
H,S u CO, 6musku u oueHb Manbl (3-8 Mr/m°), a ¢ HOBBIIICHUEM JIaBICHHS OHH
pesko BospactaroT 10 80-100 mr/m® mo HyS (mpu 1,2 MIla) u 10 -15 mr/m® no
CO2 (mpu 2,0 MIla). 10 cCBUIIETETBCTBYET O TOM, UTO CTENIEHU OUYHUCTKH CHIPOTO

raza ot H,S u CO2 riukosisiMu OyIyT CYIIECTBEHHO Pa3INdaThCs.
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Puc. 20. PactBopumocTh cepoBoa0poaa (CIUIOIIHbIE JJUHUHT)

U JAuokcuaa yriepoaa B JIDI' B 3aBHcMMOCTH  OT
Temineparypsl (Iudpbl Ha KPUBBIX -naBneHue B MIla)

[TpuHIMIIMaTBHAS CXeMa OYHMCTKH Ta3a TUATHICHTIMKOJIEM MOKa3aHa Ha
puc.21. OcHoBHOIl mOTOK raza ¢ temmeparypoid no 40°C wHampaBisieTcss B
abcopbep 2 (masnenue /-8 MIIa), roe on ocymaerca ot Biaru. Jpyras 4acthb
CBIPOTO Ta3a mocTymnaer B koyioHHy 1 (maBnenue Ha 0,2-0,3 Mlla Bbime, yem B
abcopbepe) s rryookoit ouncTku 0T HoS abcopOiueii pereHepupoBaHHBIM

BBICOKOKOHIIEHTPUPOBAHHBIM pacTtBopoM /J[OI', KOTOpBIN MOCIE HACHIIEHUS
HAIpPaBIIIETCS KaK OCYIIAIONINA areHT B abcopoep 2.

OcymieHHbId Ta3 ¢ Bepxa abcopbepa 2 HCMOJB3YeTCs KaK TOIMOYHOE
TOIUIMBO, a HachimeHHbId JIOI' wepe3 gerazatopel 4 HampaBisercss B
OTIyBOYHYIO KOJIOHHY 3 (maBneHwe B Hel Takke Ha 0,2 MIla Bwime, yem B
abcopoepe 2). Ounmennslii ot HyS a3 |1l cBepXy KOJOHHBI YaCThIO BBIBOJUTCS
KaK TOIUIMBO WM JJIs JAPYTHX TEXHOJOTMYECKUX HYXA, a Jpyras 4acTb,
Harpetas 10 120°C, mogaercs B HU3 KOJOHHBI 3 KaK OTTyBOYHBIN Ta3, KOTOPHIA
"oToyBaer" ot pactBopa DI cepoBomopoa M C KOHIIEHTpauuend €ero B
OTJIYBOYHOM rase 70 /% MOoCleJHII HamnpaBisieTcsl B CMECH C CHIPBIM T'a30M B
abcopOep 2.
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Puc. 21. [IpuHnunuajbHas cxeMa OYMCTKH M OCYIIKH ra3a pacrsopom /JIII:

1 - abGcopbep ouncTkH OT cepoBoAOpoja; 2 - abcopOep OCcymIKH; 3 - KOJOHHA OTIYBKH; 4 -
nera3atopel; 5 - O6mok pereneparuu JIOI'; 6 - Termooomennuk; |, Il u Il - ucxomHbIi,
OTJIyBOYHBIA U OYMILEHHBIA OT cepoBoiopoaa rassl; IV - ocymienHslii ras, V - ra3 nerasanuu;
VI - xunkue yrneBogoponsl; VII - pactBop DI, HackieHHBIH CEpOBOIOPOIOM U BOJIOM,
VIII - perenepupoBannsliii pactsop A2I

N3 nerazatopoB BBIBOAST JecopOupoBaHHBIA Ta3z V U KAIKUE
yrieBoiopobl VI, mornoiieHHbie B abcopOepe MoTokoM adcopOeHTa.

Ilpoyecc "llypuzon”. B xauectBe abcopbeHTa wucnoib3yer N-
metrwnuppouaon  (N-MIT) -  Tsokenmslid  MalOTOKCHYHBIA — PAaCTBOPHTEIb,
CMEIINBAOIINNCS C BOJOU B JIFOOBIX COOTHOLIEHUSX.

B N-MII xopoiio pacTBOpsAIOTCS CEPOBOJOPOA U MEpPKANTaHbl, a TAaKKe
JUOKCUJ yriepoAa (MpyU JOCTATOYHO BBICOKMX MapUUalIbHBIX JdaBICHUSX).
PactBopumocts HyS B N-MII B 10-12 pa3 6ombire, yem CO; 1 mo3ToOMy Mpoiiecc
MO>KHO HCIIOJIb30BAaTh /ISl CEJICKTUBHOTO u3BieueHus HyS.

Cxema npornecca "[lypuzon" moxker ObITh OJHO- U JBYXCTYIEHUYATOM.
[lepBas mpumeHseTcss B ciaydasx, korga cojepxkanve COz B raze majio Wi
CYLIECTBEHHO MeEHbIlle, 4eM cojiepxkanue H,S. JIByxcrymenuatas cxema
UCITIOJIB3YETCsI JIJISl OYMCTKHU Ta30B ¢ OombiumM cojepkanueM CO; (paBHBIM WU
BBIIIE, YeM cojiepkanue H,S); Ha mepBoii CTyleHW B 3TOM cliydae YAasseTcs
H,S, a na BTopoii — CO,.

Pereneparus nornomennsix pacrsopom N-MII npumeceit npousBoauTcs
IPU MOHMKEHHOM (OJIM3KOM K aTMochepHOMY) AaBieHuu U Temneparype ot 100
1o 120 °C.
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[TockonbKy B pexkume abcopOnmu (py BHICOKOM JaBJICHUHM) B PACTBOPE
N-MII, kpoMme BpeIHBIX TpUMECEH, paCTBOPSIOTCS YIIIEBOIOPOIbI, TO aOCOPOEHT
JI0 pereHepanuu MPOXOJUT CTYNEHb BBIBETpUBAHUSA (OTAyBa) U3 HETO
YTIEBOAOPOIOB, a OTAYBOUYHBIN ra3 BO3BpaIIacTCs B MOTOK CHIPOTO rasa mnepes
abcopOepom.

B Ilpoyecce "Cenexcon" wucmonb3yloT B KadecTBe aOCOpOeHTa
JUMETUIIOBBINA 3(pUp MONMMAITUIIEHTIIMKONS (UpMeHHOe Ha3BaHue '"cesiekcon") -
KOMILUIEKCHOE BEILECTBO, XOPOIIO MOIJIOMIAIOIIEE BCE CEPHUCTHIE COCIUHECHMUS,
JTUOKCUJ] yriiepomga W BonasHble mapbl. OCHOBHBIE TOKa3aTeld KadyecTBa
CEJIEKCOJIa CIEeAYIOLIHE:

-m10THOCTH - 1031 kr/MS;

-CpeHsIsI MOJIeKyJIsspHas Macca - 280;

-Bsi3kocTh mpu 25 °C - 0,0058 I1a-c;

-TeMreparypa 3acTbiBanus - 23 - 29 °C;

-JlaBJICHHE HACBIIICHHBIX MapoB npu Temmneparype 25 °C — P < 1,3 [1a.

Cenekcon st abcopOUMM HMCMOIB3YIOT B KOHIIEHTPUPOBAHHOM BHJIE
[coneprxanue Boabl ot 0 1o 5%(macc.)].

K cyimiecTBeHHBIM MPEUMYIIIECTBAM CEJIEKCOJIa, BBITOJHO OTINYAIOITAM
€ro OT Apyrux a0copOEHTOB, MOKHO OTHECTH CIEAYIOIIHE:

CTaOMIBLHOCTH a0CcOpOIMOHHOM criocoOHoCTH (10 10 nter);
Xopoiiasi OnoJIoruuecKast pa3jaaraeMocThb;
HETOKCUYHOCTh M OYCHH MaJiasi KOpPO3UOHHAS aKTUBHOCTB;
HeOospass Termiotra abcopOuuu (He TpedyeTcss MPOMEKYTOUHOE
oxJlaxKJieHue B abcopoepe);
® BBICOKAs TUTPOCKOIMMYHOCTH U BO3MOKHOCTH JOCTHMKEHUS HHU3KOU
TOYKH POCHI ra3a B OJIHY CTYIIEHb;
® HU3Kas CKIOHHOCTHh K BCTICHUBAHUIO W Majio€ JABJICHUE HACBIIEHHBIX
MapoB.

[To CHWKEHWIO TOTJIOTHTEIBHON CIIOCOOHOCTH CeJIeKCcoja pa3IudHbIC
KOMITOHEHTHI ra3a pacroJiaraloTcsi B CIEIYIOIEM PSy:

H,O > CS, > CH3SH > H,S > CsHq, > C4Hyp > > C3Hg > CO, > C3Hg

B atom psimy CO; ctouT moutu B KoHiie psiaa. [loatomy korja Tpedyercs
riybokasi OYMCTKAa ra3a OT CEpOCOJEpXKAIIUX COCIUHEHWH W He TpelOyeTcs
otaeneHre ocHoBHOM Macchl CO», mporiecce "Cenekcon" mo3BoJISIET BBIICIUTD U3
YTIEBOJOPOTHOTO Ta3a KUCIBIN ra3, 00raThlii CEpOBOAOPOAOM, YTO 3HAYUTEIIHLHO
yIIy4IlIaeT TMOKa3aTelan TMOCISAYIOIIero Mpolecca MOMyYeHUs CEephbl U3 ITOTO
raza. [lo ostoil xe mpuumHe mnpouecc "Cenekcon" 4YaCTO MCHOIB3YIOT IS
ouncTtkn oT H,S mpemHasHadeHHOTO JUIsi 3aKaykk B IUIACT, ras3a, Korja He
TpeOyeTCs yIalsiTh €ro HHEPTHBIC KOMIIOHCHTHI.

DTOT NpoLECC BHEAPEH HA MECTOPOXkAeHUHM ra3a B Jtocte, OPI.

B 3akmouenue ciaeayer oTMeTuTh, uto mporecc "Cenekcon’ oOnagaer
BBICOKOW HW30MPaTEIBbHOCTBIO MO CEPOBOJOPOAY, PACTBOPHUMOCTh KOTOPOTO B
noryiotutenie B 9 - 10 pa3 Bbllie, 4eM YIJIEKUCIOTO Tasza, U MO3TOMY €ro
UCIIOJIb30BAaHUE  TO3BOJISIET  JOCTHYh  T[JIYOOKOM  OYMCTKM  Ta3a  OT
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cepocoacpkamnux KOMIIOHCHTOB. IIo OCHOBHBIM PKOHOMMYECKHUM I1OKa3aTeIIsIM
9TOT IMPOUIECCC MPEBOCXOAUT APYIHUC.

Abcopoyun KOMOUHUPOBAHHBIMU NO2TIOMUMENAMU

Jlis  BBIOENEHHS  CEPOBOJOPOJAa MOXKHO — HCIIOJIb30BaTh  CMECHU
QIKAHOJIAMHHOB ¢ (usnyeckumu abcopOeHTaMu (METaHOJIOM, OCH3UIIOBBIM
cnupToM, cynbponanom). Takum oOpa3oM OJUH U3 KOMIIOHEHTOB , HallpuMep
cynbdoyiad, ocymiecTBiseT  (du3nueckyro  abcopOuuio, a  Japyron—
ankaHoJlaMuH—xemocopouuto (CynbduHon — mporuecc).

IIpoyecc "Cynvghunon" pazpaboran B Havane 1960-x rr. dupmoit "[lemn
Oitn  Kommanu" © Hamen MUPOKOE TMpUMEHEHHe, Onarojgaps CBOHM
npeumyiiectBaM (kK KoHiry 1980-x rr. B Mupe aeiictBoBaio Oonee 150
YCTaHOBOK).

B nporuiecce UConb3yt0T KOMILIEKCHBIN MOTJIOTUTENb, cocTOosAUNA 13 60
- 65% cynehonana, sBistonierocs (HU3MYECKUM aOCOPOESHTOM  KHUCIBIX
KOMITOHEHTOB Ta3a, 28 - 32% nuuzonponanonamuna (JUITA, xemocopOeHT) 1
okoJ10 6% BoJIbI, JOOABIsIEMOM B KauecTBE JienpeccaTopa, cHikaromiero Ha 10 -
12°C temnepatypy 3aCTbIBaHUSI CMECH.

Hanuune B cocraBe  MOMJIOTUTENS  KOMIIOHEHTa,  (pU3Myecku
pacTBopsIIoNIero BpenHble mpumecu (cynbdomnan), u xemocopbenrta (IUITA)
MO3BOJIACT MPHUJIATH MPOIECCY YHUBEPCATBHOCTh MO COCTaBY HMCXOJHOTO Tasa,
T.€. TIIyOMHAa OYUCTKU TPHU HCIIOJB30BAHUU TAKOTO MOTJOTUTENS Majlo 3aBUCUT
OT HAYAJIBHOW KOHIEHTpauuu npuMecer. Ilpu BBICOKOM colepKaHUH
CepOBOJIOPO/Ia 3HAYMTEIbHAS YacTh €ro (3a CYeT BBICOKOTO MapIHaIbHOTO
JABJICHUSI) PAacTBOpAETCS CyIb(OJaHOM, a OCTaTOYHbIE HEOONBIINE €ro
KOJIM4€eCTBa (MPU MaJbIX NaplHaIbHBIX JIaBleHUsX ) Xxemocopoupyet JIUITA.

[TormoTutenbHass EMKOCTh TaKOTO CMEIIAaHHOTO aOCOpPOEHTa COCTaBIISET
or 30 go 120 mr/m® B 3aBHCHMOCTHM OT COCTaBa HCXOJHOTO ra3a M yCIOBHMH
npouecca (Ui CpaBHEHUS, IPU MCIOAb30Banud MDA - 25 - 30 mr/m®). Bonee
BBICOKAsl MOTJIOTUTEIbHAST CIOCOOHOCTh abcopOenTa B mpoitecce "Cynbhunon"
O0OyCJIOBIIMBAET MEHBIIYI0O KPAaTHOCTb €0 ITUPKYJAIHMH M MEHBIINE TabapUThI
anmaparoB. 3HauntenbHOo Hiwke (Ha 30 -80%) Tarke sHeproszarparbl Ha
pereHepaiio abcopOeHTa, IMOCKOJBKY JecOopOIHs OCHOBHOTO KOJIMYECTBA
pPacTBOPEHHBIX B CyJb(oJlaHE KOMIIOHEHTOB OCYIIECTBIISICTCSI TIPHU CHIKEHUHU
JaBJICHUS B Jecopoepe.

Eme ogHuM HeCOMHEHHBIM mpeumyiecTBoMm Tmporecca "Cynbdunon"
ABJIIETCS TO, YTO cMech cynbdoinana ¢ JJUITA ounmaer ra3 kak ot HpS u COs,
TaK U JOCTAaTOYHO MIYOOKO OT Apyrux cepocojepxamniux coegunenuit (COS,
CS; u OB,

[IpuHIIMTIUATBHBISI CX€Ma OYMCTKH Ta3a OT KHCIBIX KOMIIOHEHTOB B
nporecce «CynbhuHOD TpUBEACHa Ha pUC.22.
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Puc. 22. [IpuHnunuajbHas cxeMa OYMCTKHU raza B npouecce «Cyiab(puHon

1,2 -abcopbeprl, 3 - merazarop, 4 - necopbep, 5 - cenaparop, 6 - TEIIOOOMEHHUK, 7 -
XOJIOMMIIBHUKH, 8 - peboiinep, | u |l - ucxonusiit n ounmieHnsii rasel, |l - ounmennsit ras
nerazanuu, V- kucisie rasel, V, VI- pereHeprupoBaHHBIN ¥ HACHIIICHHBIH a0COPOCHT.

BaxxHo Taxxe OTMETUTh, 9TO 00a MOTIOTUTENSI UMEIOT HU3KOE JTaBICHHE
HACBIIICHHBIX TAPOB B YCIOBUSAX OYUCTKU W MOITOMY OYCHH MAJIO TEPSIOTCS C
OYHIIICHHBIM Ta30M.

B nocnennee Bpemsi Toil ke (pupMoil pa3paboTaH KOMOMHUPOBAHHBIN
npouecc "Cynbhunon-CKOT," ¢ mnomomipio KOTOPOro €IUHOW CHUCTEMOM
nornotutens (cynbonan - JIUITA) pemaroTcst nBe pasHble 3aqadyu: W3
YIJIEBOJIOPOAHOIO Ta3a BBIACISIETCS KOHLUEHTPAT KUCIBIX Ta30B, HAMpPaBIsieMbIX
Ha MpPOU3BOJCTBO cepbl mpoueccoM Kiayca, u ynaBiuBaeTcs 3HAUYUTEIbHOE
KOJIMYECTBO OKCHJIOB CEPBI U3 OTXOASAIIUX JBIMOBBIX ra30B npouecca Kayca.

Aocopoyuonnvie memoovl OUUCHKU
MeToapl OYUCTKU Ta30B OT CEPOBOOPOA C HCIOIH30BAHUEM TBEPIIBIX
COpOEHTOB MOTYT OBITh KJIacCCH(UIIMPOBAHbI HA OCHOBAHMHM (PUBHUKO-
XUMHUYECKUX TPOIECCOB, MPOUCXOISAIIUX MPU COPOITUU CEPHUCTHIX COCTUHEHUM:
e  ancopOUMOHHBIE METOBI ((hru3mUecKas aacoponus);
®  XEMOCOpPOIMOHHBIE METOJbl (00pa30BaHUE YCTOWYMBBIX XMMHYECKUX
COCIMHEHU CEpOBOOPOIa C COPOCHTOM).
Du3zuueckan aocopoyus
B mnocnegnme Toapl OCOOCHHO [JIi OYMCTKH MPHUPOJHOTO Ta3a OT
CepOBOJIOPOAA, IIUPOKO MPUMEHSIOT METOJ aICOPOIIMHM HA CUHTETUYECKUX I€0-
mutax. Hawmbomnee sddextuBen n3 wux CaA. AxacopOrmusi TpoTeKaeT Moj
naBieareM ot 1,7 mo 5 MIla m obecrednBaeT OCTaTOYHOE COACPKAHUE
cepoBozoposa B rase okono 2 mr/m°. Hapsay ¢ TOHKOW OUYMCTKOW rasa oT
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CEpOBOZIOPO/IA M JAPYTUX CEPHUCTBIX COCAWHEHUN HaA IIEOJIUTAX MPOUCXOIUT
TakKe TIyOokas ocymika rasa. LleomuTsl 007a1af0T BBICOKOW aicOpOIMOHHON
EMKOCTBIO M CEJIEKTUBHOCTBIO TIO CepoBomopoay. s ouucTku OOIBIIHUX
xonuuecTB rasa (mo 200000 m3/4) ¢ HU3KMM coJepsKaHHEM CEpOBOAOPOIA B
Ka4yeCcTBE aJICOPOCHTOB MCIOJB3YIOT TaKXKe aKTHBHBIC yriu. [Ipu 3ToM creneHs
U3BJICYCHUs cepoBoaopoaa MoxeT pocturath 99,5%. CopOunoHHBIC CBOWMCTBA
yIe MOTyT OBITh TOBBIIICHBI BBEJIEHHEM B HUX COCTaB OKCHIIOB HEKOTOPBIX
METaJUIOB: MEJIH, KeJie3a, HUKEJs, MapraHiia, KooaibTa.

Ouucmka eaza Ha aKMUBUPOBAHHOM Yele SIBISETCS HauOolee
pacnpocTpaHeHHBIM MeTosioM. CymiHOCTh cmocoba: cepocoaeprKamiuii a3
cMemuBaloT ¢ 3-4% BO3ayXa M MPOIMYCKalT uYepe3 (GUiIbTp, 3arOJIHEHHBIN
aKTUBHPOBAHHBIM yriieM. CepoBOIOPO] OKUCISIETCS Ha (PUIIBTPE TIO PEaAKITHH:

st +02 —» S + Hzo

Temneparypa peakunu 40°C, oHa yCKOpsIETCSI B IPUCYTCTBUHA AMMHUAKa

Ponb akTUBHPOBAHHOTO YISl JBOSIKA: OH SIBJISETCS KaTalu3aTOpPOM
OKHCJIEHUSI CEpOBOJOPOJAa M alCOpPOEHTOM Cephbl, OOpa3yIOLIEHCs B IPOLECCE
okucienus. Bo Bpemsi pereHepanuu ¢uiabTpa ero odOpadaThIBalOT pacTBOPOM
CEpHUCTOTO aMMOHHS, KOTOPBIH pacTBOpse€T cepy C 00pa3oBaHUEM
MHOT'OCEPHUCTOTO aMMOHHMS:

(NH4)28 + nS —» (NH4)ZSn+1

HacplllieHHbIld  pacTBOP MHOTOCEPHUCTOTO aMMOHHUS TOCTYyHaeT B
KATSITIWIBHKK, T1e pa3naraercs Ha NHs, H,S u S mpu temmiepatype 130°C:

(NH4)ZSn+1—> 2NH; + H,S + nS

DneMeHTapHas cepa SBISIETCS TOBAapHBIM  MPOIYKTOM  XOPOIIIETO
kauectBa (99%-HOoil 4MCTOTHI). JIUTENbHOCT pabOTHI YIS 10 pereHepanuu —
1-3 Henenu, a oOWMI CPOK CITYKObI — OKOJIO ABYX JeT. [l pereHepauuu yris
MOXXET TPUMEHATbCS TMpoayBka (uibrpa mnotokoM ropsigero (300-330°C)
pereHeprupoBaHHOTO rasa.

CreneHb OYMCTKH raza OT cepoBoJopoja nocturaet 99%. HenocraTtku —
IUKIMYHOCTh IpOLEcca M CIOXKHOCTh TEXHOJOTMYECKOW CXEMBbI, TPYAHOCTH
yTUIU3alud ~ o0pasyloulerocss aMMuaka M cepoBojopona (B LIHKIIE
pereHepaiun), 3ayriepoKUBaHue KaTaau3aTopa-aacopOeHTa.

Bo3MokHa 0YnCTKA Ta3a OT CEpPOBOIOPOAA HA aKTUBUPOBAHHOM YTJIE B
KUTIAIEM clioe. B mpormecce MCHOMB3YIOTCS aKTHBUPOBAHHBIC YINIA C
ocHoBHbIMU lieHTpamu Tuna CKT-3, CKT-26, AI'-3. Meron uenecoobpa3Ho
HCIIOJIB30BaTh NpH 00paboTke Oonbmmx 00BbeMoB Taza (mo 200 000 m%/4.) ¢
HU3KHUM COJCpPKaHUEM CEPOBOIOPO/Ia.

Oyucmka ¢ nOMoWbI0 CUHMEMUYECKUX YEOIUMOo8

MonekynsipHbie cuta (IIEOTUTHI) — TO CUHTETUYECKHUE WU TIPUPOTHBIC
KPUCTAJUTMYECKHUE AIFOMOCUIIMKATBI, B KaApKace KOTOPhIX KPEMHHUI U allOMUHUN
HaXOJATCSl B TETPadApUUYECKOM KOH(UIypaluu, CcoJepKallue IeJ0oYHbIe
MeTaJIbl. B MpOMBINIIEHHOCTH TPUMEHSIOT, B OCHOBHOM, CHHTETUYECKHE
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11e0UTHI. [10 CTpOEHUIO IEOTUTHI MPEACTABISIIOT CUCTEMY PETYJISIPHBIX KaHAJIOB
U coo0mIaronmxcs miockoctei ¢ pazmepom mop ot 0,3 1o 1,0 HM B 3aBUCUMOCTH
oT Tuna neoiuta. B xome aacopOmuu npuMecH, MPHUCYTCTBYIOIIME B Tase,
mubPyHIUPYIOT 4epe3 TMOphl U IMOBEPXHOCTH BHYTPEHHUX IUIOCTe. B
MIPOMBIIIUICHHOCTH TPUMEHSIIOTCSL 1I€OJUThI, C(POPMOBAHHbBIE B BUJE TaOJIETOK
WM [IaPUKOB Pa3MEPOM OKOJIO 3 MM.

[lo cpaBHEHMIO C APYTUMH AJCOPOECHTAMU MOJEKYJISIPHBIE CHUTa UMEIOT
OOJBIIYI0 TOTIOTHTEILHYIO CIIOCOOHOCTh, MEHEE TOBEPKEHBI 3arPSI3HEHUIO U
3aKOKCOBBIBAHUIO M, Ojaroaapss HaJIM4YUIO TOp PEryJIUpyeMoro pasmepa,
00aal0T YHUKAIBHON CEJIEKTUBHOCTHIO B aJCOPOLIMH, 3aBUCSIIEH OT pa3MepoB
MOJIEKYJI. X HCTIONIb30BaHME TIO3BOJISIET CHU3UTH yIETbHBIN 00heM afcopOeHTa,
paGotathb mpu OoJee HHU3KOM TIepemnaje AaBlICHUN B CJl0e ajcopOeHTa,
WCKITIOUNTD MTOTEPH Ta3a M3-3a aJCOPOIMH psla €ro KOMIIOHEHTOB, OOCCIICYUTh
0oJee MUTEIBHYIO U HAIEKHYIO pab0Ty YCTaHOBKH.

Jist mpoBeIeHUsT OUUCTKHU UCTIONB3YIOTCs 1eosuThl Thna CaA. [1pu aTom
MIPOUCXOIUT OJJHOBPEMEHHO M ocyIka rasa. [Ipoiecc uaer nox nasnenuem 1,7-
5 MIla. OcrarouHoe coaep:kanue ceposogopoga Imr/m°. Ilpu Hamuumu B
CHUCTEME CEpOBOJIOPOJAA, IApOB BOABI U JTUOKCHIA Yriepoja BHayaie
ajicopoupyeTcst BoAa U CEPOBOIOPO/I, M TOIBKO MOCIE HUX — JUOKCHU] YTIIepoa.

[Ipomiecc OYMCTKM TPUPOJHOTO Tra3za Ha IIEOJUTaX, KaK BCIKUU
aJICOPOIIMOHHBIN MPOTIECC, ABIACTCS IUKINYecKuM. [lociie mosiBiIeHHs 3a cioeM
IIE0JIUTAa CEPHUCTBIX COCTMHCHUN B KOJUYECTBE, OMPEACISIEMOM TPECOOBAHUAMU
mOoTpeOUTENsT K OYHMINCHHOMY Ta3y, COpPOCHT IIOJBEPraloT pereHepaIuy.
O4YHCTKY OT CEPHUCTHIX COCIWHEHWH B 3TOT MEPUOJ MPOBOAIAT B APYrOM
azcopOepe ¢ pereHepUPOBAHHBIM U OXJIAXKICHHBIM CIIOEM I1€0JIUTA.

Pereneparuio 11€0JIMTOB OCYIIECTBISIOT MyTEM MPOAYBKH OYHIIEHHBIM
ra3oM, HarpeTheiM 10 Temnepatypsl 300-350° C.

TemnepaTypHblil pe’KUM pereHepalrii BeIONpaeTcs no Hanbosiee TpyaHo
JnecopOupyeMoMy KOMIOHEHTY. TakuM KOMITOHEHTOM SIBJISIFOTCSI Tapbl BOJIBI,
copOUpyeMBbIe JIerde CEPHUCTBIX COSAMHEHUN M TPEOYIOIue MpUMEHEHUs OoJiee
BBICOKMX TEMIIepaTyp Ha CTaJIuU pereHepaiuu. Y JajieHHe OCTaTOYHON BOJABI Ha
CTaJIMM PETCeHepalliy SIBJISETCS HEMPEMEHHBIM YCJIOBHUEM [IJISl MOCIIEAYIOIIETO
MPOBENICHMUsI Tpollecca OYMUCTKHM Ha OTOM Ke€ CcJoe 0e3 CHIKECHHS
anacopOLMOHHON eMKocTH. IIpoBeneHue pereHepalii MPOTUBOTOKOM TaKXKe
MTO3BOJISICT YMEHBIIIUTH BO3JICHCTBUE OCTATOYHON BOJIBI.

K HemocTtaTkam mpoiiecca clieAyeT OTHECTH: 3HAYUTENbHBIN pacxo/ raza
Ha pereHeparuro azcopoenta (10 10% oobema 06pabaTsiBaeMOTO rasza), mpuiem
ra3pl percHepanuy OOBIYHO CKUTAIOTCSA, YTO MPHUBOJUT K OE3BO3BpPATHBIM
MOTEPSIM Ta3a M Cephl M 3arps3HeHuIo atMocdepnl. Takum oOpa3oM, OYMCTKA Ha
[IEOJIUTAX IieJiecoo0pa3Ha Toiabko Ha KpymHbIX ['TI3, rae Bo3MokHa yTUIU3Aus
ra3oB pereHepanuu. B mociennee Bpems npeiokeHa pereHepaus MeoTUTHBIX
a7ICOPOCHTOB METOJOM JIKCTPAIlUU YTICPOIUCTHIX OTIOKEHHH OPraHUYECKUMHU
pPaCTBOPUTEIISIMUA:  METAHOJIOM, YKCYCHBIM  aHTHUIPHUIIOM, JUXJIOPITAHOM,
OCH30JI0M, H-TEKCAaHOM M  IIUPOKOW (pakiueld JIETKUX YTIJIEBOIOPOIOB
(IDITY) Cs-Cs.
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Xumuueckan aocopoyus

XeMocopOLIMOHHAs ~ OYMCTKa Ta30B  OT  CEpPOBOAOpOa  Hayania
UCIIONIb30BAaThCS C cepeluHbl 19-To Beka Al OYMCTKA CBETHJIBHOTO Ta3a B
AHrmuu. OT1o ObBUT  TEpPBBIA B  MHPE XEMOCOPOITMOHHBIM  MPOIECC
TEXHOJOTHYECKON OYUCTKHU Ta30B. B 3ToM mpoiiecce B kauecTBe XxeMOCOpOeHTa
UCIIONIb30Bajach IMOTJIOTUTENbHASI Macca Ha OCHOBE MPHUPOJHOTO CHIPhS —
0O0JIOTHOM py.ibl, COAEpIKaIIe THAPOKCU] Kene3a. B Teuenue 10aroro BpeMeHu
3TOT CHOCO0 OCTaBaJCs, NMPAKTUYECKH, E€IUHCTBEHHBIM IIPOLECCOM OYUCTKU
rOpPIOYMX ra3oB OT CEPOBOAOPOAA, U IMOJYYMJ IIMPOKOE PacIpOCTpaHEHUE B
MUpPOBOI npakTuke. Croco0 HENpephIBHO COBEPLICHCTBOBAJICS KaK 110 COCTaBY
U METoJlaM IPUTOTOBJIEHUS XEMOCOpOEHTa, TaK U [0 anmnapaTypHOMY
0(OpPMIICHHUIO.

Opnako 1Mo Mepe yBeaM4eHHs OOBEMOB IepepadaThIBAEMbIX T'a30B H
BOBJICUCHUSI B TepepabOTKy ra3oB C BBICOKHM COJACpKAHHEM CEpPOBOAOPOJA,
3TOT IPOIECC ObLT MPAKTUIECKH BHITECHEH M3 MPOMBIIIICHHOCTH KUIKOCTHBIMU
UKIMYECKIMH ¥ OKUCIUTEIFHBIMH METOJaMH OYMCTKM Ta30B. B mocnennue
TOJBI 7Sl OYMCTKU MPHUPOAHOTO raza ¢ HU3KUM COJIEP)KaHHEM CEepOBOIOPOAA
IIMPOKOE  PACHpOCTPAHEHUE TMOIMYYHJIM  aACOPOLMOHHBIE TPOIECCHl  C
UCTIOJIb30BaHNEM CHHTETUYECKUX 1IEOJIUTOB.

Hapsiny ¢ TpaaiuuuMOHHBIMH aJCOPOEHTaMU B TIOCJIEIHUE TOJbI
pa3pabaThIBalOT MOTJIOTUTENIM HAa OCHOBE OKCHAOB MOJHOJEHa, TeIIypa,
MapraHia U KapOOHATOB ILEJIOYHBIX METAJJIOB, KOTOPBIE OCYIIECTBIISIOT HE
TOJIBKO (PU3UUYECKYIO aJICOPOIIMIO, HO U XEMOCOPOIIHUIO.

Oxkcuapl  1MHKA,  JKelle3a, MeIu  OTHociITcs K HauOoiee
pacnpocTpaHEeHHBIM TBEPIbIM XeMocopOeHTaM Ilpu mcnosnb30BaHUMU OKCHIIOB
xene3a (Haubosee cTapblil cloco0) MPOTEKAIOT PEAKLIUU:

Fe,0, + 3H,S<¥®Fe,S; + H,0
Fe,0, + 3H,S + H,<*3FeS + 4H,0
Perenepariusi copOeHTa MPOBOAUTCS BO3YXOM MO PEAKIIUSIM:
Fe,S; + 150, ® Fe,0, + 3 S

2FeS + 1.50, = Fe,0; + 28§

B 3aBHCHMOCTH OT KONHMYECTBA MOJaBaeMOI0 Ha PEreHEPaIMi0 BO3TyXa
MOXXHO TIONydaTh KaK »dJEMEHTapHYI0 Cepy, TaK M OKCHIbI cepbl. MeTon
XapaKTEePHU3yeTCsl JIeNIEBU3HOM, BO3MOKHOCTBIO PEreHepalid XeMOCOpOEeHTa,
HO CYIIECTBEHHBIM €ro HEJOCTAaTKOM SIBJISIETCS HU3Kas CTEIEeHb OYUCTKUA OT
ceposogopoza (10 10 mr/m®) ¥ HEBO3MOKHOCTb MCIIOIB30BaHUS 0Opa3yIoLIeics
CEPBL.

IIpr oYMCTKE C IMOMOIIBIO OKCHJIOB IIMHKA IPOTCKAIOT PEaKIHH HE
TOJIBKO C CEPOBOJIOPOIOM, HO U C IPYTUMH CEPHUCTHIMHU COSTUHEHUSIMH:
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HS + ZnO<*=2ZnS + H,0
CS, + 2Zn0O<>=2ZnS + CO,
COS + ZnO=<*=2ZnS + CO,
RSH + ZnO<2ZnS + ROH

Temneparypa nponecca 350-400 °C, a cepoeMKkocTh cOpOEHTa JOCTHTAET
30%. Ocrarounoe comepxanue cephl B rase a0 lmr/m°. Ilponecc 10CTaTOYHO
YHHUBEPCAJIbHBIN, IIMPOKO UCTIONB3YETCS B MPOMBIIIIEHHOCTH, OJTHAKO MIPH 3TOM
caM XEMOCOPOEHT He NOJJIEKUT pereHepanuu. Ilpu ouucTke ¢ MOMOIIBIO
OKCHJIOB MEIU IPOLECC MPOTEKAET C OOJIBIION CKOPOCTBIO, HO XEMOCOPOEHT
TaK)Ke€ HE MOAJICKUT PEreHEPALIUH.

Hlupokoe pacnpocTpaHeHHe noJryyusia XEMOCOPOIIMOHHO-
KaTtajguTuueckas cucrema. Ha mepBoil craguu NpOBOAAT KAaTaJUTHUYECKOE
TUJIPUPOBAHUE  CEPOOPraHMYECKHUX COEIMHEHUH 10  YIJIEBOAOPOJOB U
CEepOBOJIOPO/A, a Jajee—xXeMOCOPOLHI0O CEepOBOAOPOJA  IMOTJIOTUTEISIMU
(OKCcMmamMu 1MHKA, JKene3a wiM  menu). B Poccun pa3zpaboTan
Hu3KoTeMnepatrypubiii xemocopoent ['MAII-10-2 Ha ocHOBe OKCHAA IMHKA C
aKTUBUPYIOIEH T0OOABKOM OKCHAA MEIH.

bmm3kuit k.  3TOMYy — Orcene3o-coooswiti memod. (OCHOBaH Ha
UCTIONIb30BaHWU B Ka4eCTBE MOTJIOTUTENBHOTO PAacTBOpPA B3BECH THAPOOKCHIA
JIBYX- M TPEXBAJICHTHOTO Kele3a

H>S+Na,COs—> NaHS + NaHCO;

3NaHS+2Fe(OH)3 —* Fe2S3+3NaOH+3H20

NaHS+2Fe(OH); — 2FeS +S + 3NaOH+3H0

Pereneparuio  MOTJIOTUTENFHOTO  PacTBOpa  OCYMIECTBISIIOT — TMPO-
nmyckaHueMm uyepe3 Hero Bosayxa. I[Ipu »stom okomo 70% cepoBomopona
NnepeBOAUTCS B dJeMeHTHYIo cepy, a 30% —okucnsercs a0 Tuocyibdara
HaTpU.

B 3akitouenue cienyer OTMETUTh, YTO OCHOBHBIM JOCTOMHCTBOM BCEX
IPOLIECCOB OYUCTKU MPUPOJHOTO ra3za OT CEpOBOIOPOAA TBEPABIMU COPOEHTaMU
SBJIIETCSL MIPOCTOTA ANIMapaTypHOro oOpMIICHHUS U JETKOCTh IMPOBEICHUS TEX-
HOJIOTUYECKOTO TIpoIiecca COOCTBEHHO OYMCTKM Trasza, OCOOEHHO, B Ciydae
WCTIONIb30BaHUs JCIIEBBIX HEpPEreHEPUPYyEMBbIX COpPOSHTOB HA OCHOBE OKCHIA
xKenesa.

OOmuM HEIOCTaTKOM TaKUX TMPOIECCOB SBISICTCS HU3Kas JIMHEHHas
CKOPOCTh Ta30B B alapaTax ra3004MCTKH (Ha MOPSAOK HMKE, YeM IpH aod-
COpOIMOHHBIX Mpoleccax). To ecTh A1 OYUCTKHU ra30B TBEPIABIMU COpOECHTaAMU
TpeOyIOTCSI Ta3004HMCTHBIE anmapathl ¢ IIomaapio ceueHus B 10 pa3 GombIeid,
4yeM Tpu a0COpOITMOHHON OYUCTKE.

Ouucmka 2aza OKUCITUMEJIbHBIMU aocopouUOHHBIMU

memooamu
B JOIIOJIHEHUE K TBepI[I)IM XeMOCOp6eHTaM, KOTOpBIe y‘—IaCTBYIOT B
MPOLIECCAX OKUCIICHUS CEPOOPTaHUYECKUX COCIMHEHUHU C LENbI0 UX YIaJICHUS
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U3 YIJIEBOJIOPOJIHBIX Ta30B, HAILIM MPUMEHEHHWE METOJbl KaTaTUTHYECKOTO
OKHUCJIEHHs, TpoTekaromme B  pacTBope. CyIIHOCTh  OKHCIMTEIbHBIX
aOCOpOITMOHHBIX METOJOB 3aKJIIOYAaeTCs B MOTJIOMICEHHH CEPOBOAOPOJIA
PacTBOPOM KaKOTO-JIMOO OKUCIHTENS ¢ 00pa3oBaHUEM 3JIEMEHTAPHOW CEphl U
MOCIIEAYIOIEH pereHepaIuu pacTBOpa BO3yXOM.

Mbuuvsikoso-cooosuwiti memoo (meron Jxammapko—BeTpokka).

OTO OJMH W3 TEPBBIX MPOMBIIUICHHBIX MPOLECCOB, KOTOPBIA, H3-3a
STOBUTOCTH pPab0Yero pacTBOpa M HHU3KHUX JKOHOMHYECKHX TOKa3aTesei
HaxXOJIUT B HACTOSAIIEE BPEMs BeChMa OTpaHWYCHHOE MpuMeHeHne. OYUCTKY OT
CEepOBOJIOPO/IA TIO ATOMY METOJY OCYIIECTBISIOT C MOMOIIBIO CIa00IIEeTOYHBIX
PacTBOPOB TPEX- U MATUBAIICHTHOTO MBIIIBSKA!

H,S + NasAsO;—»Naz;AsSO, + H,0
Na,AsSO, + NazAsO, 7 NasAsO;S + NazAsOs

[Tornomenue MpoxXoguT MpU aTMOC(EpHOM AAaBICHUU U TEMIEpaType
20—40°C. DTot MeTo1 0OeCTIeYNBACT BHICOKYIO CTETIEHb OYMCTKH ra3oB oT HyS.
HepnocraTok—ucnonp30BaHNe TOKCHYHBIX peareHToB. (CxemMa YCTaHOBKHU
OYMCTKH T'a30B MBIIIBIKOBO-COJIOBBIM METOJIOM IMPEICTABIICHA HA pucC. 23.

CopOeHT MOXET  MpeACTaBIsATh COOOW BOJHO-ILIEIOYHONW pPacTBOP
Jpyroro  Karajus3aropa, B KadeCTBE KOTOPOIO, HAIpUMEp, HCIOJIb3YIOT
KOMIIJIEKCHOE  COEJMHEHUE XJOpuJa Kejle3a C JUHATPUEBOW  COJIBIO
ITHJIICHIUAMHH TETPayKCyCHOU KucioThl (Tpuion Bb).

L]enouno-euopoxunonosoiii memoo. [IpuMeHSIIOT AJis1 OYUCTKHU OOJIBIINX
00beMOB Ta3a (no 1 MIH M3/4) OpHM CPaBHUTENBHO HEBHICOKOH HAYalbHOIM
KOHLeHTpauu ceposogopoza (1—1,5 r/m®). Merox paspaboran B 60-x rogax B
HUNOT'A3 u mony4yusn pacnpocTpaHEeHHME Ha OOJIBIIMHCTBE OTEUECTBEHHBIX
3aBOJIOB XMMHYECKUX BOJIOKOH. OH OCHOBaH Ha TOTJOILIEHWU CEPOBOJAOpPOAA
BOAHBIMM IIEJIOYHBIMUA pacTBOpamMu THApPOXHHOHA. [Ipm 3TOM mpoTekaeT
OKHUCJIUTEIIbHO-BOCCTAHOBUTENIbHASL PEAKLUs — CEPOBOJAOPOJA OKHUCISETCS [0
Cepbl, XMHOH — BOCCTaHABJIMBAETCS N0 THAPOXWHOHA. PereHepainuio XuHOHA
IIPOBOJSAT OKHCIEHWEM THUIPOXUHOHA KHCIOPOAOM BO3AyXa IApaJUIEIbHO C
NOTJIOUIEHUEM CEpOBOAOpOJa B OJHOM ammapare, a 0ojiee TMOJHYI €ro
pereHepalmo B pereHeparopax nmyreM 6apOOTUPOBaHMSI CKATOTO BO3AyXa Uepe3
MOIJIOTUTEIBbHBIM PACTBOP. XUHOH WUIPAET POJib NEpeHOCUrKa Kuciaopoaa. llpu
’TOM OH [EPEeXOJUT U3 aKTUBHOM OKHUCJIEHHOW (XUHOH) (opMbI B
BOCCTaHOBJICHHYIO MMACCUBHYIO (TUJIPOXHUHOH).

Kamanumuueckoe okucnemue  MONEKVIAPHLIM — KUCIOPOOOM.  Jlns
CEJICKTUBHOM OYHMCTKH OT CEPOBOAOPOJA MAaJOCEPHUCTHIX Ta30B B MHPOBOM
MPaKTUKE I[IMPOKO TMPUMEHSIIOT >KUAKO(A3HbIE OKUCIUTENbHbIE MNPOLECCHl C
UCIIOJIb30BAaHUEM B KQU€CTBE OKUCIUTENSI MOJIEKYJIIPHOTO KUciopoaa. B Hamei
CTpaHE€ 53TH MPOUECChl HE MOJYYWIH PACIPOCTPAHEHUS H3-32 OTCYTCTBHUS
MPOMBIIIUIEHHOTO MPOU3BOJICTBA HEOOXOJUMBIX KaTaIU3aTOPOB — KOMIUIEKCOB
METaJJIOB.

HauGonbiee pacnpocTpaneHne cpead MPOMBIINIICHHBIX METO/I0B
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nonyuun npoyecc «Cmpemgopoy, a TakkKe MNPOLECChl C HUCHOJIb30BAHUEM
XEJIaTHBIX KOMILJIEKCOB jkese3a. B mpoiiecce uCnonb3yroT abcopOMOHHBIHN
pacTBOp, COAEPKAIIMI TaKMe KOMIIOHEHThI, KAK BaHAJAT HATPHs, JUHATPUEBAS
COJIb aHTPAXUHOHAUCYIH(HOKUCIOTH (AJ[A), kKapOoHaT HaTpus. 3a pyOeKoM MO
TOM TexHoyioruu paboraer Oosee 80 ycraHoBok. XHMHU3M Ipoiiecca
3aKio4yaeTcss B abcopOuuMM  CepoBOAOPOJIa  IIEJIOYHBIM  PacTBOPOM,
MOCJIEIYIONIEM OKHUCICHHH CyJlb(pUI HOHOB B CEpPy, pereHepaluu pacTBopa
okucienneM. AJ[A B cocTaBe pacTBopa BBINOJHSAET (DYHKIMIO KaTajlu3aTtopa
OKHCIIGHUSI MOHOB BaHAJWs Ha CTaguu pereHepauuu. Moouduyuposanmwiii
eapuanm npoyecca, W3BeCTHbIA moj Ha3zBaHueM «Cynbdonun» (pazpadboran
dupmoit «Jlunne», ®PI') mmm P-S mporecc, mpeanaraer MCHOIb30BAaHUE B
KadyecTBe Karanmuszaropa He AJIA, a KOMIUIEKCHBIE COEIMHEHUs jkene3a. B
COCTaB pacTBOpa JIONOJHUTEIBHO BBOAAT coeAuHeHUst Oopa. DyHKUUS
NOCIEAHUX — B MPEJOTBPALICHUH O0Opa30BaHUU CYIb(PUAHBIX COEIUHEHUHN
BaHaMs 3a cueT o0pa3oBaHMsI CMELIaHHOTO KoMIulekca «Bananuii-6op». B atom
Cllydae OKHCJIEHUE IIOTJIOIIEHHOIO CEpOBOAOPOJAa B CEPY MPOUCXOAUT
CeJIEKTUBHO 0Oe3 oOpa3oBaHusi €€ KUCIOPOAHBIX coenuHeHui. IlepBas
yCTaHOBKa, paboratouias no texHosorun «Cynbdonaun», mocrpoeHa B 1985
roay. IIpoueccel «Ctpendopn» u «CynbhosinH» OpUMEHSIOT, KaK IpaBUIIo, IpU
HEBBICOKHX MapuuaibHbIX gaBieHusx CO; (1o 50 MlIla), Tak kak KOHKYpeHTHas
abcopouuss CO; yMEHbLIAET MOIIOTUTEIBHYIO CIOCOOHOCTH pacTBOpa IO
cepoBofiopoay, cHkaeT pH cpeabl pacTBopa M yxyamaer oudumcTKy raza. K
HEJ0CTaTKaM IMpolecca CJIEAyeT TaKKe OTHECTH TOKCUYHOCTh COEAMHEHUI
BaHaus
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Puc.23. CxeMa yCTAaHOBKH MbILILSIKOBO-COI0BOM OYMCTKH ra3oB

1—ckpy00ep, 2 - HarpeBaTellb HACBIIIEHHOTO PacTBOpa, 3—pereHeparop, 4—IMeHOCOOpHHK, 5 — BakyyM-QHiIbTp 6 — OyHKep, 7—armmapar
JUIS TUTaBJIEHUs cepbl, 8—B031yX0ayBKa, |—ra3 Ha ouncTKy; |l—ounmennsiii ras |ll—pactBop, IV—nena, V—cepnas cycnensus, V—soga, VII—
cepnas niacta (40% Bousr), VII—map, X1—Bo3ayx, X—cepa.
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IIpoyeccvr ¢ UCNONIL308AHUEM  XEIAMHbIX KOMNJIEKCO8 dicene3d
OTIMYAIOTCS OT OCTAJBHBIX METOJOB TE€M, YTO 0Opa3OBaHUE CEPbl MPOUCXOTUT
Ha cTaauu adcopOIMU CEPOBOJOPOIA U3 Tra3a, IOATOMY B pacTBOpe oOpazyercs
MHHUMQJIBHOE KOJMYECTBO KHUCIOPOJHBIX coeauHeHur cepol. [Ipomecc
CeJIeKTUBEH 1o oTHomeHuto K HoS B mpucytctBun CO,. st mpenoTBpaiieHus
BBINIAJICHUS] TUIPOKCHIA *Keje3a B IIEJOYHOM cpefie B pacTBOp J00aBIISIOT
sTHIeHInaMuHTeTpaanerat Hatpus (D TA).

Metox oCHOBaH Ha OKHCIMTEIBHO-BOCCTAHOBUTEIBHBIX MPEBPANCHUIX
KOMIJIEKHBIX HOHOB JIByX- M TPEXBAJEHTHOTO JKejie3a I0A JICUCTBHEM
CEpOBOJIOPO/Ia U KUCIOPOJia BO3AyXa. 3a pyOexoM Mo 3TOMY METOJy padoTaer
6onee 20 ycraHOBOK. Pa3nmuyHble TEXHOJOTHH 3TOTO IMpoiiecca pa3paboTaHbl B
ABctpuu (mpouecc «Cynbdpunt»), B CIIA (mpouecc «Jlo-Kat»), B
Hunepnannax (mpouecc «Candepokey), B Poccun (BHUNT'A3).

Mukpoouonozuueckue memoowt

Ot MeToAbl  OYMCTKM  OCHOBaHbl  Ha  KOHTaKTHPOBAaHUU
CEpPOBOJOPOACOAEPKALLErO ra3a C BOJHBIM pPAacTBOPOM COJIM JKelle3a C
o0pa3oBaHMEM CEpbl U MOCIEAYIOIUM OKHCIEHHEM pPacTBOpa KUCIOPOJIOM
BO3/1yXa B IPUCYTCTBUU MUKPOOPTaHU3MOB.

XUMH3M Tpoliecca:
H,S +F€2(SO4)3 — S + 2FeSO4 + H,SO4
2FeSO, + H»,SO, + 1/20, — Fez(SO4)3 +H,0

Oxucnenne Fe?* B mpucyrcTBum GakTepuil NPOMCXOIAMUT OBICTPEE, YEM
6e3 Hux. [Iponecc mpoBoautcs mpu pH =2-2,2 u Temnepatype 25-30°C. [lepBas
IIPOMBILIJICHHAS YCTAHOBKA cOOpykeHa B AAnonuu B 1984 rony.

Pa3pabatpiBaeTcsi pa3sHOBHIHOCTh OMOJIOTHYECKOTO TMPOIIECCa OYUCTKH,
OCHOBAaHHOTO Ha TPSIMOM OKHCJIEHHH CEPOBOIOPOAA KHCIOPOJAOM BO3AyXa B
NPUCYTCTBUM MHKPOOPTaHM3MOB. B KadecTBe HOCHTENS MHUKPOOPTaHU3MOB
OPUMEHSIOT JpPEBECHbIE OMMIKHU. J[OCTOMHCTBaMU OHOJIOTMYECKUX METOJIOB
OYHMCTKH Ta3a SBISAIOTCA THOKOCTh TEXHOJOTHH (HE TpeOyercs KeCcTKoe
peryJiupoBaHHE YCIOBHIM OUMCTKHU rasza), OTCYTCTBHUE OTXOJOB, HEIOCTATKOM —
HEBBICOKAsI IPOU3BOIUTEIBHOCTb.

Memoo gpomoxumuueckozo paznoxincenus ceposooopooa.

Meron pa3paboTaH MIBEHIAPCKUMH U WUTAJIbIHCKUMHU XUMUKamu. [Ipu
(OTOXMMHUYECKOM PAa3IokKEHUH CEpOBOJOPO/a B MPUCYTCTBUM KaTalu3aTopa—
CYCIIEH3UM Cylb(uaa KaaMus U JUOKCHIA PYTEHUS—OOpa3yloTcs BOAOPOI U
cepa. MexaHu3M 53TOM peakuuu 3akiloyaeTcs B clenywoomniem. B cynbduue
KaJMUsl (COeMHEHHE C TOJIYIPOBOJHUKOBBIMH CBOMCTBAMM) AJIEKTPOHBI MO
JNEWCTBUEM CBE€TAa HAYMHAKOT IIEPEMEIIATHCS, OCTABISSA  IOJIOKUTEIBHO
3apsKEHHBIE JBIPKU, U BOCCTAHABIMBAIOT BOAOPOJ M3 BOJHOIO pactBopa. MoH
THAPOKCUA pasjiaraeT MOJIEKYJy CEpOBOAOPOJa C 0Opa30BaHHEM CYIb(puU-
MOHA, KOTOPBIM OKHCIIAETCS O AJIEMEHTAPHOM CEpbl. DTOT MNPOLECC MOXKHO
MCIIOJIb30BaTh JJIsl OYUCTKHU I'a30B OT CEPOBOAOPOAA.
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OuucTKA ra3oB ¢ NOMOIIBIO IJIA3MBbI

B ma3smMoTpoHe MOKHO OCYIIECTBUTH PEAKITHIO:

H,S=H, + S(TB) A H=0,21 eV/Mmoinb

Pacxon snexrposnepruu 0,5 kr.u/M® H, (Teopernuecku) u 1 xsr.u/™M® Hy (Ha
npaktuke). B mmasmorpone napnenue cocrabisgeT 80 — 100 atM, a CKOpPOCTh
notoka rasza 0,15 — 0,75 n/cek. IlunorHas yctaHoBKa 1o pasznokeHuio H,S B
naa3Me MOLIHOCTBIO 50 KBT, Hpous3BoauTensHocThio 50 M3 H,S/uac 6buia
nymena B Jlporoosrue (Ykpamna). B OpenOypre ucmpiTana ycranoBka 500 —
1000 M3 H,S/uac. U3 «xucnbsix» razos (cmecu HyS u CO; B cootHomennu 1:1)

ObLT IOy4eH B TuiazMoTpone cuntes ra3 (CO + Hy) u cepa.
H.S+CO;, > H,+CO+H,O+S

Memﬁparmblﬁ MEmoo OUUCMKU OM KUCTbIX KOMHOHEHMO8

[Iporiecc MemMOpaHHOTO pa3/iefieHusi KOMIIOHEHTOB T'a30B OCHOBaH Ha
UX pa3IMYHON CIIOCOOHOCTH TPOXOJIUTh Yepe3 MOJIYITPOHUIIAEMYO
MEPETOPOJIKY, PA3ALIAIONyI0 MAaCCOOOMEHHBIN armapaT Ha JBe pabouyue 30HBI.
[Tox naBneHwem pasnensieMas Tra3oBasi CMECh IMOJACTCS B HAMOPHBIA KaHal,
JICTKOTIPOHUKAFOIIIHEC KOMITOHEHTBI MIPOXOJIST qgepe3 MeMOpaHy,
TPYAHONPOHUKAIONTNE — BBIBOMATCS U3 pa3aeluTenpbHOro ammaparta. Jlms
CEIEKTMBHOTO BBIICTICHUS  JMOKCHIA YIJIEpoJa W CEpoBOAOpoAa U3
OPUPOTHOTO Tasza, COAEPXKAIEro, B OCHOBHOM, METaH, HCHOJIb3YIOT
noJIMMepHbie MeMOpaHbl. [IpuMeHeHrne Takux MeMOpaH IMO3BOJISIET C BBICOKOMH
3O PEKTUBHOCTHIO OYUCTUTh Ta3 OT KHUCIBIX KOMIOHEHTOB. (coOeHHO
3¢ (HEKTUBHO MPUMEHEHHE MEMOPAHHOW TEXHOJIOTUU I OUYUCTKH MPUPOTHOTO
u HedTaHoro raza ot CO,. Jlns noBeimeHus 3pHEeKTUBHOCTH MOXHO YBEIUYUTH
yucio MeMOpaHHbIX Mopayied. [lpenBapurensHO HEOOXOAUMO TMPOBECTH
OCYIIIKY, CeTapalyio ¥ OYUCTKY Ta30BOM CMECH OT MEXAHHUUECKUX MPUMECEH.

Ouncrka ra3oB oT MEpKaNTaHOB

PaccmoTpenHbie MpoOIECChl OYMCTKH TPHUPOAHOTO Tas3a IMO3BOJISIOT
JIOBECTH B HEM COJIEpKaHue cepoBoaopoaa a0 5-10 mr/M3, T. e. HUXKe, YEM 3TO
TpeOyIOT OTpaciieBble CTaHAAPTHI Ha cojepxkaHue cepoBoaopona. OmaHaKo psif
ATUX TPOIIECCOB (B YaCTHOCTH, MCTONB3YIOMUX MDA) HE MO3BOJIAET yIaduTh
WM yAadieT JHIIb B MaJOW CTENeHHM  MEpKanTaHbl (METWI-, ATWI- U
nmporuiMepKanTanbsl). X comep)kaHue B OYMIIEHHOM OT CEpPOBOJIOPOJA Trase
cocrasisieT 1o 1000 mr/m® rasa.

JIIst ynaneHuss MepKanTaHOB M3 Ta3a MCIOJIL3YIOT TPH THIA MPOIIECCOB -
aObCcopOIIMOHHbIE, aICOPOLIMOHHBIC U KaTATUTUYECKUE.

Abcopbyuonnvie memoowl

OnuH U3 pacmpoCTpaHEHHBIX METOJIOB - XEMOCOPOIIMOHHOE yaalieHue
MepKanTaHoB u3 Taza ¢ momorisio 10 - 15%-X BOIHBIX PacTBOPOB IIEIOYCH
(NaOH umu KOH):

RSH + NaOH — RSNa + H,O
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OoOpasyromuiics  mepkantux Hatpuss (RSNa)  paszmaraercs  npum
HarpeBaHUM PacTBOpa Ha IIEJI0Yb U MEPKAITaH, KOTOPHIN BHIBOJST U3 CUCTEMBI.
OAHOBPEMEHHO ¢ MEpKallTaHAMHU IIEI0Yb U3BIICKAET TAKKE TUOKCHU]T YTIAEPO/Ia.

[IlenoyHass OYMCTKAa TO3BOJSIET HE3aBUCUMO OT HAYaJlbHOW KOH-
HEHTpAaIK rTyO00KO OYUCTUTH I'a3 OT MEPKANTaHOB (OCTATOUYHOE COJEPIKAHUE 10
0,1 mr/mM®), mpu 5TOM 00ECHeuYMBAIOTCS HU3KHE SHEPro3aTpaThl Oarojaaps
MaJloii KpaTHOCTH PacTBOpA LienodH k rasy (mopsaka 0,0001 m3/m° raza).

[llupokoe mNpUMEHEHWE Halla IIeJI0YHas OYHMCTKA TaKke IS
CKUKEHHBIX YTJIEBOJOPOHBIX Ta30B , CYMMAapHOE COJIEPAKAHUE CEPhI B KOTOPHIX
(8 Bume HyS, COS, CS; u mepkanrtanoB) coctasiseT 0,2 - 0,4% (mac.). [Ipomecc
MMEET BaXKHbIE JOCTOUHCTBA:

-HU3KHAE PACXOIHBIC KOYPDHUIIMEHTHI 110 TIApy U AIEKTPOIHEPTHH,

-TOHKas OYMCTKa raza oT MepkantaHoB — a0 0,5-1,0 mr/m*® He3aBHCUMO
OT UCXOJHOM UX KOHILEHTPALINH B Ta3e.

TeM He MeHee Takas OUMCTKA HE JIMIIEHA HEIOCTAaTKOB, IJIaBHBIM W3
KOTOPBIX SIBJISIETCS MPOOJieMa YTHUIM3alUU OTXOJI0B (OTpaOOTaHHOM IIENIOYH).
HeadbdextuBen Takoit mporecc W Il OYMCTKH OT CEPOOKCHAA Yriepoa,
Cynb(}UI0B U TUCYTH(UIOB.

Ha OpenOyprckom I'TI3 mporiecc 1mieno4Hod OYUCTKA UCTOIB3YIOT IS
OUYUCTKH OT MEPKAaNTaHOB CHKIKEHHBIX T'a30B — IMPOIAaH-OyTaHOBOW (pakiiuw,
ra30BBIX KOHJICHCATOB U JIJISI OJyYEHUSI OJIOPAHTOB.

Ha puc. 24 npencraBieHa TpexcTyneH4YaTas cXeMa OYMCTKU IPOIaH-
oyranoBoit (pakuuu (IIbD) ot mepkantanoB 10%-ubiM pacTtBopoM NaOH,
nerctBytomas Ha Openoyprcekom I'TI3.

[Iponan-OyTtaHoBas (pakuus MOAAETCS B CEMAPATOp OYMCTKU MEPBOU
CTYIIEHH, CMEIIMBAETCSd CO IIEJOYbl0 B cMecutTene 12; B cemapartope
npoucxomut otaeneHue 1Ib® or menouun. IlocnenHsss, UUPKyIupys, BHOBb
nomaercs B cMmecutenb 12. [lo mepe oTpabGOTKM TIENOYh BBIBOAUTCS Ha
YTUIN3ALMIO U 3aKaUUBAETCS CBEXasl IIEJI0Yb.

ITepBas ctynens npeaHazHadeHa s ounctku I[Ib® ot H,S, Ho wacTh
JICTKOKUIIAIIMX, Haumbojee peakMOHHOCTIOCOOHBIX MEpKAaNTaHOB, TaKkKe
BCTyMNaeT B peakuuio. Peakius cepoBomoponia co MIENOYbi0 ¢ 00pa3oBaHHEM
Na,S sBrseTcs SK30TE€PMUYECKOM, MOATOMY TOCHE TEPBOW CTYNMEHH OYHUCTKH
ITb® oxmaxkmaeTcss B BOJASHOM XOJIOAWJILHHKE 13, cMemmuBaeTcs co MISIOYbio B
cMecurenie 12 v mopaeTcs Ha BTOPYHO CTYIIEHb OYMCTKM B CEmaparop 2, rae
npou3BoAUTCS OCHOBHAs ouucTka [Ib®. HacellienHas MepkantuaaMu IMIEI0Yb
MOCTOSIHHO TIOJIaeTCsl B pere’Heparop 7, TA€ MPOUCXOAUT Pa3IOKECHUE
MEpKaNTUI0B HA MEPKaNTaHbl 1 CBOOOIHYIO 11EJI0Yb.

PerenepupoBanHasi  1IeJ04b  BBIBOJAUTCS ~ CHU3Y  pereHeparopa,
OXJIAK/IAeTCI B PEKYNEPAaTHBHOM TEIUIOOOMEHHUKE 9,  JOOXJIaKIAETCS B
BOJsIHOM xosoauiibHuke 10 u momaercs B pezepByap 11. B kauecTBe Hocutens
MapoB MEPKANTAHOB B PEr€HEPATOp 7 MOJAETCS OTAYBOUYHBIN ra3 (MCMOIb3yeTCs
TOBAPHBIH Ta3).

Bepxnuii mnOpoaykT pereHeparopa — TOBapHbIA Tra3 € MOapaMu
MEpKaNTaHOB — KOHAEHCUPYETCS B ammapare Bo3aylHoro oxiyaxiaeHus (ABO)
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5, cemapupyercs B cenapaTtope 6 U BBIBOAUTCS B nporiecc Kiayca Ha nosryueHue
cepbl. CKOHIEHCHpPOBAaHHAas BOJA B KayeCTBE OPOILICHUS MOJAETCS Ha BEpX
pereneparopa 7.

Ounmennass ot mepkantaHoB [Ib® wucnonwszyercs s KOMMYHaJbHO-
ObITOBOrO moTpedieHus. [Ipu 3ToM coaepkaHre MEpKanTaHOB B OYHUIIICHHOM
npoaykre cHmxkaercs Ao 0,013%. Ilocne Bropoi cryneHu ouuctku [IbD
MOAAETCS Ha TPEThIO CTYNEHb OYHUCTKM B CEMaparop 3, TA€ IMPOUCXOIUT
noounctka [Ib® ot mepkanranoB. [loanuTka CBEXKEN HIEIOUBI0 IMPOUCXOIUT
MEePUOIUYECKA TI0 Mepe ee oTpaborku. OuuiieHHas oT MepkanTtaHoB [Ib®D
MOAAETCS B OTCTOMHUK 4 N1 OTMBIBKM OT menaour. OTMbIBKA MPOU3BOIUTCS
BOJOW, KoTOpas nepuoandecku 3amensiercs. Ouumennas [1b® nonaercsa nmmbo
Ha  OJOK  oOCcymku OT  Bjiark, JubOO0 Ha  CKJIad  XPaHEHUS.
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Puc.24. Cxema ounctku npomnan-0yranoBoi ppakiuu (IIbD) ot mepkanTaHoB:

| - TIb®D; Il - cBexuii pactBop; Il - ounmennas I1Ib®; IV - HacellieHHas MepKanTUAAMU ILIeN04yb; V - pereHepupoBaHHas mienous; VI -
amoenTsl; VII - ormyBounslit ra3; VIII - orpaborannas menous; 1| — 3 - cemaparopsr; 4 - orcroiiHuk; 5 - ABO; 6 - pediarokcHast eMKocTh; 7 -
pereneparop; 8 - KUMATHIBHUK; 9 - TeruioooMennuk; 10, 13 - xonmonunpHuky; 11 - pezepByap; 12 - cmecurens.
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Aocopboyuonnvie memoosl

B tex cmydasx, kormga Tpedyercs 04eHb riyOoKast OYMCTKA TPUPOTHOTO
raza (wm LIDIIY) oT mepkanTaHOB, 0OCOOCHHO €CJIH ra3 HAIMPaBJIAIOT Jajiee Ha
HU3KOTEMIIEPATYPHYIO TMepepadoTKy, BEAYT aJICOpPOIIMOHHYI0 OYHCTKY Ha
AKTUBHBIX YIJISIX WU IICOJTUTAX.

[TornotuTtenbHas cnocoOHOCTH 1eonuTa NaX, Harpumep, Mpu JaBICHUN
1 MIIa cocrasnser (B T Ha 100 1 rieonnra) mo nenrtany 1,0, mo sTwiMepkanTany
6,0 u mo Boze 11,0.

AgncopOmuio BeAyT TMpW IIOBBIINIEHHOM JaBiieHun (mo 5 MlIla) u
temriepatype 30 - 35 °C, a gecopbuuto - npu temneparype 300 °C. B kauecTBe
necopOeHTa UCIoJb3yIOT a30T win Harpetbii 10 300 °C npupoaHbIit ras.

K Henocratkam aficopOLIMOHHBIX METO/IOB OUYMUCTKH CIEAYET OTHECTH UX
BBICOKYIO YYBCTBUTEJIBHOCTh K CIOCOOY MepepadOTKH Ta3a Ha MpeIbLAylIuX
CTaaMsIX, a Takxke OoJiblline O00BEMBI OTPAOOTAHHOIO Ta3a, MOJy4aeMOro MpH
pereHepanuu aacopOSHTOB MPH UX 3aKOKCOBBIBAHUH.

Kamanumuueckue memoowt ouucmku

[IpuMeHSIOT TpU METO1a KaTATUTHYECKOM OYMCTKH ra30B OT MEpKaIrTa-
HOB: TUJPUPOBAHUE, TUAPOIU3 U OKUCIIEHUE.

I'mppupoBanue (TUIpOOUUCTKA) — po1uecc MpeBpAIICHUS
cepocoJiepKalIuX COCIMHEHUN B CEPOBOJIOPOJT U COCIUHEHUS, HE COACPKAIIIHE
cepy.

C2H5SH + H2 <_L C2H6 + HZS

COS + H, = CO + H,S

[lo yObIBaHWIO PEAKIMOHHOM  CIIOCOOHOCTH  CEPOOPTaHUYECKUE
COEIMHEHMS] MOXKHO PACMOJIOXKUTh B CIEIYIOIIMNA PSi: CEPOOKCHU] yriiepoja >
MEpKaITaHbl > THO(EH.

[Ipouecc mpoBoasaT npu aasiennn 2-5 Mlla, Temnepatype 300 - 400 °C
B IPUCYTCTBUH KOOAIbT- WIM HUKEIBbMOJIMOIEHOBOIO KaTaIn3aTopa.

Yame Bcero A3TOT MPOIECC HCHOJB3YIOT Ul JeMepKanTaHU3aluu
CKIKEeHHBIX Ta30B (LLIDJTY).

I'maponus - mpouecc B3aMMOAECUCTBHS CEPOOPTAHUYECKUX COCTNHEHUMN
C BOJSTHBIM MapPOM TIPH BBICOKHX TEMIIEpaTypax:

COS + HO=<®= CO, + H,S
CS, + 2H2()<_L CO, + 2H,S
RSH + H,O «®=ROH + H,S

[Ipouecc ucnonab3yercs pexe, 4eM OCTaIbHBIE.
OkwHCIIeHHe CEepOOPraHUYECKUX COCIWHECHWA B TPUCYTCTBUM Karta-
auzatopa (cyabbua nukens NioS; Ha HocuTene) u npu Temnepatype 300-350°C
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MPUBOAUT K OOpPa30BaHUIO TUOKCHJA CEPBI, BBIACIIEMOTO B MOCIEAYIOIIEM W3
rasa.

JIns neMepKanTaHW3alud CKWKEHHBIX Ta30B HCHOJIB3YIOT IIPOLECC
a0bCOpOIIMOHHO-KAaTaTUTUYECKON JeMepkanTaHu3anuu (mpouecc "Mepokc"),
pazpabotanHbli  amepukaHckoil Gupmoint «tOunuBepcan Oiin  [IpomakTey.
CymHoCTh 3TOr0 Mpollecca COCTOMT B TOM, 4YTO BHayaie B abcopOepe
MEpKaNTaHbl MOTJIONIAIOTCS LIEJIOYHBIM PACTBOPOM, COAEPKAIIMM KaTalu3aTop
(oprannueckue coyid KoOanbTa). Ilocie 3TOro HACHIEHHBIA MepKanTaHAMU
pPacTBOP HANPABIAKOT HA OKHUCICHUE KHCJIOPOJAOM BO3AYyXa, TP OKUCIICHUU B
NPUCYTCTBUM  KaTajlu3aToOpa MEpKaNTaHbl MPEBPAIIAIOTCI B  UHEPTHHIE
TUCYITb(UIBI, KOTOPBIC JIETKO MOKHO OTJIEIUTH OT PACTBOPA 1 BHIBECTH:

2C3H;SH + 0, ®% C3H,-S-S-C;H; + 2H,0

Cy1iecTBeHHOE JOCTOMHCTBO KATAIMTHUYECKUX METOJ0OB OYUCTKHU -
BBICOKAsl TIIyOMHA yJaJleHUs CEpoOpraHnueckux coeaunennii (1o 0,5 - 1 mr/md).
OTOT mporecc MOXET ObITh JIEFKO OPraHW30BaH Ha YCTAHOBKAX MIEIOYHOM
OUYHCTKU TMOCJIE TPOBEACHUS HEOOIBIION PEKOHCTPYKITUU.

2.4. IIpou3BOACTBO cepPbl U3 CEPOBOAOPOACOAEPKAIUX

rasoB
N3BnekaeMast U3 MPUPOTHOTO ra3a CMECh KHCIBIX Ta30B HAIMOJIOBUHY U
OoJsiee MO 00BEMY COCTOMT M3 cepoBojopoja. OcTajbHash YacTh BKJIIOYACT
YIJCKUCIBIA Ta3 W HEOONbINHE KOJWYECTBAa CEPOOKCHAAa yriepoaa U
yIIEBOIOPOABI (METaH, 3TaH). DTa CMECh KUCIBIX Ta30B YTHIU3UPYETCS OOBITHO
Ha MECTe OYHMCTKH MPHUPOIHOTO ra3a C IeNIbI0 MOMyUeHUs] U3 Hee DJIEMEHTHON
CepHl.

Xumus 4 TexHoJorus npouecca Kiayca

[Tocne wu3BNEeUEeHHS CEPOBOJOPOAA €ro mnepepadaThiBAlOT METOIOM
Knayca B anementnyro cepy. Ilpouecc Kitayca, Ha3zBaHHBIA 110 UMEHHU
anrnuiickoro xumuka Kapna Knayca, 3amarentoBaBmiero B 1883 romay croco6
MOJYYEHHUSI CEpbl M3 CEPOBOJIOPOJA, SIBJISIETCS.  OCHOBHBIM  ITPOLIECCOM
MOJIYYEHHUSI CEPBl U3 CEPOBOJOPOJA M OCHOBAH Ha OKHCIEHHH CEPOBOAOPOAA
JI0 CEpBHI.

B moauduirpoBaHHOM BapraHTE OKUCIICHHUE MPOBOJST B JBE CTaIUN—
TEPMUUECKYIO0 M KaTaIMTHYEeCKyt0. Ha TepMudeckol cTaauu BEAYT IUIAMEHHOE
OKHUCJIEHHE CEpPOBOJOPOJA BO3AYyXOM CO CTEXHMOMETPUYECKHUM KOJIUYECTBOM
kuciopoaa npu 900—1350°C. Ilpu 3TOM YacTh CEpOBOJOPOJA OKUCISETCS 0
JTIMOKCUJIA CEPBI:

2HZS + 302 <_T 2802 + 2H20 AH =520 KI[)K

Ha karaimmTmueckod ctaiuv UAET peakuus MEXIAY CEPOBOAOPOIOM H
JTMOKCUJIOM CEpbl B MPUCYTCTBUM KaTain3aTopa — OOKCHUTa WJIM aKTUBHOTO
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Tpuokcuaa amomunus mpu 220—250 °C.
2H,S + SO,< 3S + 2H,0 AH =95 k/Ix

OI[HOBpeMCHHO C TaKUM HBYXCTaHHﬁHLIM O6p8,30BaHI/I€M CCPhBI
MMPOTCKACT PCAKIUA IIPAMOTO OKUCIICHHA:

2H,S + 0, «= 2S + 2H,0 AH =615 k/Ix

ITockonbKy B cOCTaBe KHCHIBIX Ta30B KpOME CEpOBOJOpPOJA IMpH-
CYTCTBYIOT JIpyT'Mi€ KOMIIOHEHTBI, B TIPOIIECCE€ TOPEHHS IPOTEKAIOT TaKKe
CJIeIYIONINE TOOOYHBIE PEAKIINH:

CO,+ H,S €= COS + H,0
CH, +S, <= CS, + 2H,

Texnonorus momydeHus: cepbl MeTonoM Kiayca peanusyeT yKa3aHHBIC
BBIIIIC PEAKIIMH OOBIYHO B TPH CTYIICHH.

Texnonornyeckoe ohopMIICHHE TIPOIEcca 3aBUCUT MPH 3TOM OT COCTaBa
KHCJIOTO Ta3a - COACPKaHUsI B HEM CEPOBOIOPO/Ia U YTIICBOAOPOIOB.

ConepxaHue CepoBOJIOpOia  OMNpPEACNSeT CTa0WIBHOCTh TOpPEHUs
KHCJIOTO rasza: ImpH cojiepskanuu ero Beimie 45% (00.) ropeHue crabuibHOE, a
€CJIM OHO HWXE, TO TpeOyeTcs MPEeANPHUHSATH COOTBETCTBYIOIIUE MEPHI JUIS
cTabuin3aly ropeHus (MoJorpeB ra3a u Bo3ayxa u ap.).

ConepxaHue yriaeBOJAOPOJIOB B KUCIOM Ta3e OOBIYHO HEBEIMKO [0
5%(006.)] ¥ WX HaJIWYKME 3HAYUTEIHHO YBEIUYMBAET pPACXOJ] BO3JyXa JUIs
ropeHusi, 00beM Ta30B TIOCIE€ TOPEHHUS U COOTBETCTBEHHO pa3MeEphI
oOopynoBanus. B 30He BBICOKMX TeMmIeparyp TpH TOPSHUH YTIEBOIAOPOJIOB
oOpa3yeTcst yraepoi, KOTOPhIi CHUKACT KAYECTBO CEPhl M YXYAIIAET €€ IBET. 3a
CUeT peakmuii ¢ cepoBogopomoM yriepona obopasyer CS; u COS, xoTopeie HE
MO/IBEPTalOTCsl B JAJBHEWIIEM KOHBEPCHHM M, TOMAJas B YXOMSIIUNA ITOCHE
nporecca Kimayca ra3, yMeHbBIIIaIOT BBIXOJI CEPBI.

Bbonwimoe comepikanue yriaeKUCIoro ra3a B KHCIOM ra3e OTPUIATEILHO
BIIUSICT HA TIPOIIECC TOPEHUS CEPOBOOPOIA.

[IpuHuunuaneHass cxema MpPOM3BOJACTBA cepbl MerogoM Kiayca
(My6apexckuii I'TI3) npuBenena Ha puc. 25.

[To a0t cxeme mouTH Bech KUCIbI ra3 (95 - 98%) momaeTcst Ha EPBYIO
TEPMUYECKYIO0 CTYIEHb KOHBEPCUHU, MPEJCTABISIONIYI0 COOOH MapoBOMl KOTEN
razoTpyOHoro tuma. B 30He ropenust 1 (Tomke) 3TOro KOTJa MOJIEPKUBACTCS
temmnepatypa okojio 1100°C, kotopas camxkaercs a0 350°C mocie npoxoxkaeHus
ra3aMy 30HBI TPYOHOTO MMy4YKa, B KOTOPOM I'€HEPHUPYETCS BOASHOM IMap BEICOKOTO
nasienus (2,0 - 2,5 MIla). 3aTem ras oxnaxmaercs B KouaeHcarope 3 jgo 185°C
W TIOCTYNAEeT Ha BTOPYIO CTYNEHb. V3 HU3KOTEMIIepaTypHBIX 30H TEPMHYECKOTO
peakTopa M OXJIAUTENs 3 depe3 cepo3aTBOPHI U3 CHCTEMBI BBHIBOJMTCS JKHJIKAS
cepa. MakcuMasbHBIN BBIXO CEphl Ha mepBoi ctyneHu coctasiset 60 - 70% ot
00IIIeTo ee BhIXO/a.
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Bropas crynenb cocTouT u3 neuyu 4 niis COKUTAHWS OCTaBIICHUCS YacTH
KHCJIOTO Ta3a W TPEBPAIEHUS OKCHAA CEphl, COJEPIKAIIErocs B ra3e Mocie
nepBoi cTyneHn. Peakimy Ha 3TOW CTymeHH MpoTeKaroT mpu temieparype 240 -
250°C B peakTope 5, 3alOJHEHHOM KAaTajJu3aTopoM (aKTUBHUPOBAHHBIM OKCHUJ
aMfOMHHMS ). B mocieqaee BpeMst cTainy IMUPOKO MPUMEHSITHCS KaTaau3aTophl Ha
ocHOBe Auokcuaa tutana (coxepskanue TiO, > 85%) ¢upmer "PRO-Catalist"
(mapxku CRS-31, CRS-32). Ha BeIXxose U3 peakTopa S5 TemriepaTrypa JOCTHUTACT
330°C. T'a3 3aTem oxnaxkaaetcs B oxyagutene 10 170°C ¢ BbiAeneHUEM U3 HETO
CKOHJIGHCHPOBaHHOH cepbl. ['a3 u3 oxmaguTens 6 TOCTymaeT Ha TPETHIO
CTYIICHb, BHAYAJIC B I€Yb /, TJe €ro temmeparypa nossimaercs mo 220°C (3a
cueT ropenus torumBHOro rasa lll), 3arem ra3 npoxoaut peakrop 8, B KoTopom
Temneparypa raza nossimaercs Ha 20 - 30°C (mo 250°C). Ilocne storo ras
CHOBa OXJIAXKAAeTcs B oxJjaauTene 9, W3 KOTOPOro CKOHJIEHCHPOBAaHHas cepa
OTBOJIUTCSA 4Yepe3 Cepo3aTBOp, a yxojsdmui ra3 uyepe3d cemaparop 10
HaIlpaBIIIETCS Ha JOXKUT B 1eyb 11.
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Puc.25. [IpyHnunuaapHas cxema noJy4eHus cepbl meroaoM Kiayca:

1, 4, 7 - meun Ui cKUraHus rasza; 2 - TEPMHUYECKUN PEaKTOp C y3JOM I'eHepalluu BOASHOro mapa; 3, 6, 9 - oxymaaurenu (KOHJEHCATOPHI); 5, 8 -
peakTopsl BTOpoi U TpeThelt crynenn; 10 -ymoBuTens cepbl; 11 - meus moxkura; 12 - 6510k qoounctku rasa (mpormece "CKOT"); 13 - npueMHast eMKOCTh
cepsl; | - kucinebrii raz; 1l - Bo3ayx; Il - TommusHeii ra3; 1V- Boga; V- BoasHo# nap; VI - cepa; VI u VIII - oTxoasmmii v OUnIIeHHBIN TBIMOBOM Ta3.
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B aroii meun mpu 500 - 550°C mokuraroTcsi OCTaTKH HEMPOPEarupoOBABIIETO
CEpoBOJIOpO/A, TMocie 4vero xBocToBoil raz VI BbIOpachIBaeTCA 4epes
BBIXJIONHYIO TpyOy. C 1IeNbI0 CHUKEHHUS 3arpsi3HEHHs] aTMoc(epbl Ha MHOTHX
ycraHoBkax Kiayca ucmnomnb3yroT 010k ouucTkd xBocTtoBoro raza CKOT 12 -
abcopOumonHbiM  morjomeHueM SO,  pacTBopoM  cyibdoraHa @ H
JTUU30ITPOIIaHOIaMHUHA.

Crenenp KOHBepcun cepoBogopona B nponecce Kiayca sBusercs oueHb
BAKHBIM MapaMETPOM, IOCKOJIBKY ONIPENEISIET BBIXOJ CEPbl M COJIEPIKAHUE
BpPEIHBIX IPUMECEN B XBOCTOBOM Trase.

HanbGonee BbIcOKas KOHBEpPCHs (o 99,8%) npocturaercs nOpH
temneparypax 110-120°C. Ilpu 3ToM coaepxaHHe CEpbl B Ta3e Ha BBIXOJE U3
peakropa cocrapusger okono 0,05-0,15 r1/M3°, OCHOBHAs 4YacTb OTOH CEphI
HaXOAHUTCS B TBEPAOM BHUJIE.

JloouyucTka oTxoAs X ra3os npouecca Kiayca

Otxomsmue ra3sl ycraHoBok Kmayca o6sraHO comepkat 1— 2% (06.)
cepoBopopona, g0 1% (00.) nuokcuaa cepbl, HEOOJBIINE KOJUYECTBA
CEpOOKCHIa YIJIEpOoJia, CepOyriepoa, KameiabHOW M MapoBOM CEphI, a TaKKe
BOJIOPOJI, OKCHJT yTJIepoa, YIJIEKUCIIOTY, BOJISHBIC TIaphl U a30T.

Hopwmpl 1o comepikaHuIo CepOCOAEPKANTUX COCTUHEHUN B OTXOISAIINX
raszax o4eHb xecTKue - He 6osee 0,05 mr/m3,

[IpobGnemMa oUMCTKM XBOCTOBBIX (OTXOMASIIMX) Ta30B mporecca Kiayca ot
CEpOBOJIOPO/Ia M JPYTUX CEPOCOJEPKAIIUX COCIUHEHUM SIBISIETCS OYEHD
BaKHOM C TOYKHU 3PEHHUS SKOJIOTHUHU.

NMenHo modToMy B Halle cTpaHe W BO BCeM MHpE pa3paboTka u
COBEPIIICHCTBOBAHUE TEXHOJIOTHI TIOJYYEHHS] CEPbl W3 KHUCIBIX Ta30B HIYT
napaieIbHO C CO3JIaHUEM TEXHOJIOTHHA TIIYOOKON OYMCTKH XBOCTOBBIX T'a30B.
OnHUM U3 TaKUX PEIICHUM SBIISIETCS YIyOJieHHEe KOHBEPCUM CEPOBOJOPOJA 10
100% B camom mporecce Kmayca 3a cYeT cO3IaHHUS COOTBETCTBYFOIIHMX
TeMIEPaTypHBIX yCJIOBUI B peakTtopax. OaHaKo OOJBIIMHCTBO JIEUCTBYIOIIUX
ycTaHoBOK Kiayca Takoil BO3MOKHOCTH HE MMEET, M IMOATOMY pa3paboTaHO
6onee 20 pa3sTUYHBIX MPOIIECCOB JTOOYUCTKH XBOCTOBBIX T'a30B ATHX YCTAHOBOK.
DTH MPOTECCHI MOKHO YCIIOBHO PA3eINTh HA TPH TPYIIIHL:

-OCHOBaHHbIE Ha TMPOJODKeHUH peakiuu Kiayca - peakuuu npsMoro
npespatienust HoS u SO, B anemeHTHYIO cepy;

-KaTanuTrudecko tumaporeHuszanmuu SO, W APYrHX CEpOCOEpKAIINX
COCIMHEHUN B CEPOBOJOPOJI C JAIBHEHUIIUM €ro HW3BICYCHHEM; Pa3INYaloTCs
MPOIIECCHl METOJaMHU U3BJICUEHUSI CEPOBOJIOPOA U3 MPOIYKTOB TUIPUPOBAHUS
¥ UICTOYHUKOM BOJIOPOJIA;

-OCHOBaHHbIC Ha OKHUCJIEHUW BCEX CEPHHUCTHIX coemuHeHuid 1o SO, mim
JI0 DJEMEHTHOW cephl C TOCICAYIOIIMM WX M3BICYCHUEM Pa3TMYHBIMU
METOIaMH.

Ilpoueccwt, ocnosannvie na npoodoarxcenuu peakyuu Knayca
[lepBas rpynma MeTOJOB TOJydusia HAWOOJbBIIEE PACIPOCTPAHECHHE,
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Oylarogapsi HEBBICOKOM CTOMMOCTH, BBICOKOM CTENEHW HU3BJIEYEHUs cepbl (10
99,6%) u  xopomieil coBMecTUMOCTH ¢ mporeccom Kiayca. DTU MeTOJbI
OCHOBaHbl Ha peakuuu Kilayca Mexy OCTaBIIMMHCS B XBOCTOBBIX Ta3ax
CEPOBOJIOPOIOM U JUOKCUAOM CEPBI:

2H28 + SOZ 4_—> S + Hzo

[Ipouiecc MOKET OCYIIECTBIATBHCS B CJIOE TBEPAOrO KaTaau3aropa,
HalpyuMep Ha OCHOBE OKCHJa alloMUHMs. Takol mpolecc MoJ Ha3BaHUEM
«Candppun» pazpaboran pupmamu «Iabd Axuten» (Ppanmus) u «Jlypruy
(I'epmanust). Peakus Kiayca npoxoaut npu 130-150°C. O6pa3yromasics cepa
azcopoupyeTcss B JKMJIKOM BHJle Ha kaTtanuzatope. llocime ero nesakTtuBaiuu
BCJICJICTBUE OTOTO OCAXKIEHUS OHAa yJajsercs 00paboTKON TropsYUM
OUHUIIEHHBIM Ta3oM, HarpeTeiM a0 300°C (puc. 26.). boiee coBepiieHHBIMU
MPOLIECCaMH U3 3TOM T'PYIIIbI, pa3pabOTaHHBIMU C YYETOM OIbITa IKCILTyaTaIlluu
npouecca «Candpuny, sistorcs «Oxcucanppun» u CBA. IlepBblit mo3BoseT
MOBBICUTh CTEIECHb HW3BIICUCHUA cepbl A0 98,8% u, B OTIIMUME OT CBOETO
MPEAIICCTBEHHUKA, HE 3aBUCUT OT COOTHOIICHHSI CEpOBOAOpPOJA M TUOKCHAA
cepbl B OTXOIAIIMX C yCcTaHOBOK Kiayca razax. Bropoi - wucnons3yer ais
pereHepaluu KaTajan3aropa ropsuyro peakiimoHHYI0 CMeCh ¢ ycTaHOBKH Kitayca,
YTO 3HAYUTEIIBHO YACHIEBISET MPOIECC.

Ilpoueccor kamanumuueckout zuopozenuzauuu SO2 u opyzux
cepocooeprHcauux cOeOUHeHUIl 8 ceposooopoo

Bropas rpynna MeTogoB UCMOIb3yETCA MPU OYUCTKE Ta30B, COACPIKAIINX
3HAYUTEIPHOE KOJUYECTBO COCIMHEHMM, HE CIOCOOHBIX BCTyHaTh Ha
ycraHoBkax Kimayca B peakiuu ¢ obpaszoBanuem cepel — COS, CS; u mp.
HauGomnbiee pacripocTpaHeHue M3 MPOIECCOB ATOM TPyNIbl HANLIKM «bUBOH» 1
«CKOT». B npouecce «bUBOH» HarpeTyro ra3oByr0 CMECh IPOIMYCKAIOT yepe3
CJION aJTIOMOKOOAIBTMOJIUOJCHOBOTO KaTaIM3aToOpa, TNie MPOTEKAIOT PEaKIUH
TUAPUPOBAHUS. 3aTe€M Ta30BbId MOTOK C IEJIbI0 M3BICUECHHUS W3 HETO
00pa30BaBIIIETOCS CEPOBOJOPOJIa HAMPABIAIOT HA OKUCICHHUE IO DJIEMEHTHOM
CEpBHI.

ITponrecc «CKOT», pazpabotanubiii B Hwupgepianmax, OCHOBaH Ha
TUJIPUPOBAHUU BCEX CEPHUCTBIX COCTMHEHUM 10 CEPOBOIOPOA HA AHATOTHYHOM
katanu3arope. OCHOBHOE OTJIMYUE — B TOM, YTO OOPa30BaBIIMNCS CEPOBOIOPO/T
M3BJICKAETCS PACTBOPOM QJIKAHOJIAMUHOB, a BBIJACICHHBIM MpPU pEreHepalunu
aMHMHOB KUCJIBIM T'a3 BO3BpallalOT Ha ycTaHOBKY Knayca.

Ha puc. 27 mnpencraieHa TEXHOJIOTHYECKAs CXeMa Tpoliecca ¢ OJI0KOM
MOJYYEHHS] BOJIOPOJIa IMyTEM CHKUTaHUS NPUPOJHOTO Ta3a MPU HEJOCTATKE
kuciopoaa: Orxondmuii ra3 ¢ yctaHoBku Kiayca cmemmBaercsi ¢ 3TUMHU
npoaykramMu HenosiHoro cropanvsi U npu 300°C  mocTymaeT B peakTop
rUApUpoBaHusl 1, rae NpOTEeKaeT BOCCTAHOBIICHUE CEPHUCTBHIX COCAUHEHUN B

CH, + 1|202 <_—>2H2 + CO
CEepOBOJOPOI;
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Puc. 26. lIpunnnnuanabHas cxema nponecca «Caagpun»

| — oTxosuuii ra3 ¢ yctaHoBkuU «Kiaycay; || — ounmiennsiit ras; |11 — ouniiennsiil ra3 Ha perenepanuio katanuzaropa; 1V —
KHUCJIBIN ra3 ¢ ycraHoBku Kiayca (s akTuBanmu kartanuzatopa «Candpun»); V — xkujakas cepa; a — OTKPBITO; O — 3aKPBITO;
1,2,3 — kouBepTophl «Candpuny» (1,2 — B cTaauu OYUCTKH; 3 — HA pereHepaiuun); 4 — rneupb JJis HarpeBa raza pereHepanuu; 5 —
ra3ojJyBka; 6 — KOHJIEHCATop cephbl; 7,8 — KIlalaHBbl.
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CepoBonopoa
Izt ¢ Kaayca O4HinenHnif ras Ha Kaayc

Tonaupubifl ra3

Puc.27. llpunnunuajibHas TexHoJoruueckasi cxema nponecca CKOT:
1 - peaktop ruapupoBaHus; 2 - oxJiaauTenabHas kosoHHa "Ksenu"; 3 - abcopbep; 4 - ancopbdep; S - KOTeNn-yTHIN3aTop; 6 - XOJIOAUIBHUKY; 7 - IeUb; 8 —
cernaparop.
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SO, + 3H, «=H,S + H,0

S + H, <= H,S

OIHOBpPEMEHHO MPOTEKAIOT PEaKIIUK THIPOJIN3a;
CS, + H/O <= COS + H,S
COS + H,O0<=H,S + CO,
CO + H,O «==CO, + H;

[TpoayKThl TUAPUPOBAHHKS 3aTEM OXJIAKAAIOTCS B KOTJIE-YTUIU3aTOPE 5 U
OXJIAJINTEIILHOU KOJTOHHE «KBEeHD) 2.

Ilpoueccol, ocrHosanHbvle HA OKUCICHUU 6CEX CEPHUCHIBIX
coeounenuit 0o SO2

W3 mporieccoB TpEeThel TPYMITBI MTPOMBINIICHHOS MPUMCHEHHE HAIUTH JIBA —
nporuecc “YamamaH Jlopa” u ATC. Dtu nponecchl OCHOBaHbI Ha JOXKHUI€ BCEX
CEPHUCTBIX COCAMHEHUHN JI0 TUOKCH]Ia CEPHI C MOCIEAYIONIUM €ro U3BJICUCHUEM
U TIOJYYCHHEM W3 HErO CEphl, CEPHOW KHUCIOTHI WM THOCYJb(paTa aMMOHUSI.
[Ipotieccbl pa3znuyaroTcsi, B OCHOBHOM, ClIoco0oM nepepadbotku SO;.

Jerazanus cepbl

Cepa, monmyuaemass Ha ycTaHoBKax Kiiayca, cOIEpKHUT pacTBOPEHHBIM
CEepOBOJIOPOA B BHUIE CBOOOJHOTO CEPOBOAOPOAA W XUMHMUYECKU CBS3aHHOTO
noJiMcynbpuaa BOJOPOIa, UTO MIPUBOJUT K €0 BBIJCICHUIO BO BpeMs XpaHECHUS
U TPAHCIOPTHPOBKH KUAKOM cephl. Takoe camMOompOM3BOJILHOE BBIJEICHHUE
CEpPOBOZOPOA M3 JKUIAKOM Cepbl CO3/1AaET OINACHBIE CUTyallMM B CBS3U C
TOKCHYHOCTBIO ¥ B3PBIBOOIIACHOCTBIO  cepoBoaopona. Kpome  Toro,
HeJlera3upoBaHHas cepa 0OoJjiee KOPpPO3MOHHO AaKTUBHA K ammaparype |
000py10BaHUIO.

[IpoGiiembl, BO3HUKAIOIINE TPU TPAHCIOPTUPOBKE W XPAHEHUU >KHUIKON
cephl, MOTYT OBITh MPENOTBpallleHbl B Mpolecce ee aerazanuu. OmHaKo,
HECMOTpPsI Ha MHOTOYMCIEHHOCTh HWMEKIIMXCA MOAU(PUKALUNA MPOLECCOB
Jerazaldy, HA OJHA W3 HUX MOJHOCTbIO HE YIOBJIETBOPSET COBPEMEHHBIM
TpeOOBAHMSIM K KAYECTBY CEPbl U HOPMaM IKOJOTHYECKOTO KOHTPOJIS, TOITOMY
pa3paboTKa HOBBIX TEXHOJIOTHI TTOCTOSIHHO TPOOJIKACTCSI.

['maBHBIMU 3amauyaMy TIPU pa3pabOTKE HOBBIX TEXHOJOTUM Jera3aliuu
Cepbl CEroJHS SBIISIOTCS: TIOJHBIM OTKa3 OT MPUMEHEHHUS aMMHAYHOTO
KaTaanm3aTopa, OTPUIATEIbHO BIIUSIONIETO HA KauyeCTBO CEPhl, W COKpAIICHHE
BPEMEHHU JIera3allud TPU OJHOBPEMEHHOM TIOBBIICHUM KAadeCTBA CEPHI H
MUHUMAJIBHBIX 3aTpaTax Ha PEKOHCTPYKIIUIO y3JIa Jera3alliu.

AHanuM3 MHOTOYHMCIICHHBIX 3apyOeXHBIX pa3padOTOK MOKa3zall, uYTO
HEKOTOPbIM (pupMaM-pa3zpaboTUHKaM YJajJ0Ch Pealn30BaTh MPOLECC Jera3alu
cepbl 0€3 MPUMEHEHUS KaTalu3aTopa MpH MOJIYyYEHUH CEpbl, YIOBIETBOPSIOIIEH
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TpeOOBaHMSIM MOTPEOUTENCH, T.€. C COAEp)KaHUEeM CepoBoaopoaa He Oosee 10
ppm. IIpumepamu Takoro nporuecca sistorces metoasl Shell u D’GAASS.

Jly4mve mokaszaTenu mporiecca Jaera3aiuu cepbl 0e3 KaTaiu3aropa ObuH
MOJTyYeHBI TIPY HCIIOJIb30BAHUH B KaueCTBE MPOTYBOYHOTO MM 06apOOTaKHOTO
raza — Bo3Jlyxa. JTO MEHbIIas JUIMTEIbHOCTh IMpoIlecca, OTCYTCTBUE KOPPO3UU
amnmapaTtypbl, 00pa3oBaHUE JOMOJHUTEIBHOTO KOJMYECTBA CEPhl MO PEAKIUH
Knayca 3a cuer mpuCyTCTBUSI KHCIOpoaa Bo3myxa (mporeccsl Amoco, Hyspec,
Shell u D’>’GAASS).

M3  Oompmioro  yucna  pa3pabOTaHHBIX — MPOIECCOB  Jera3aluu

IIPOMBINIJICHHOE TPUMEHEeHHe Hanum Juinb Hekotopbeie: SNE(a)P, Shell, Exxon,
D’GAASS.

ToBapHubie popMbl, 00J1ACTH NIPUMEHEHUS CEPbI
OIIHHM 13 HanboJiee BaXKHBIX XMMHYECKHUX IMPOAYKTOB, IIOJIY4YaCMbIX H3
CCP&I, ABJIICTCA CCpHAA KUCJIIOTA, HA €C IIPOU3BOACTBO UCT oom1ee 90% CCPBI OT
06IHCF o OanaHca. bonee mONIOBHHEI CepHOﬁ KHUCJIOTBI HCIIOJB3YIOT OJIA
MOJIYYeHUS] MUHEPAIbHBIX YI00pEHUM.

Cepy Takke HCHONB3YIOT B KadecTBe (QyHruuumaa st OopbObI ¢
BPpCANUTCIIIMA Psaa CEJIbCKOXO3IUCTBEHHBIX paCTeHHﬁ, (¥ I[O63BJ'I$IIOT B KOpM
OBCH JUJIA YJIYYIICHUS KadeCTBa MCPCTHU, HCIOJIB3YIOT B MCIAWIMHE IJIA
IIPHUTOTOBJICHUA Ma3ed OT KOXKHBIX 3a6OHeBaHHﬁ, B CCPHBIX BaHHAX JJIA JICUCHHA
peBMaTrnu3Ma, IPUMCHAIOT B KadCCTBC HJ'IaCTI/I(I)I/IKaTopa B IIPOU3BOACTBC
IUIacTMacc. 3HAYUTEIbHOE KOJHMYECTBO CCPBI HUCIIOJIB3YIOT IJId BYJIKAHU3AllUU
Kay4yKOB, B MPOWU3BOJACTBE MUPOTEXHUUECKUX CPEACTB M cnu4ueK. PazBuBaercs
HaIlpaBJICHUC  HCIIOJIB30OBAHHWA  CCPbI  JII  IIPOMU3BOJACTBA CTPOHUTCIBHBIX
MaTepUaIOB.

B Poccum cepy BbITyCKarOT, B OCHOBHOM, JABYX TOBApHBIX BHUJIOB —
KOMOBYIO U ) KHIKVYIO.

Komoeas cepa — ocuoBHOW BHI Cepbl, BBIIYCKacMblii B Hallei
ctpaHe A0 Hadanma 70-x romoB. TexHonorus ee moJlydeHUsT O4YEHb IIPOCTa —
XKUKas cepa mo o0orpeBaeMoMy TpyOOINPOBOIY MOCTYIAET Ha CKJIaJ KOMOBOM
CEepbl, KOTOPBINA MPEJICTABIISAECT CO00N OETOHMPOBAHHYIO TUIOMIAIKY VIS 3JIMBKU
CEpHBIX OJIOKOB. 3acThiBIIME OJIOKK BBICOTOM 1-3 MeTpa 3areM pa3pymiaroT Ha
KYCKHU C MOMOILBIO KOBIIOBBIX 3KCKaBaTOPOB M TPAHCIIOPTUPYIOT 3aKa3UMKy B
TBEPAOM BHJE. VIMeeTcs ps yCOBEPIIEHCTBOBAHUM 3TOM TEXHOJIOTMU — HOBYIO
3aJIMBKY MPOBOJST HA 3aCTHIBIIEM OJIOKE, WCIIONB3Ys CIEHNUATbHBIC MIUTHI U3
QTIOMUHUSL WM JIepeBa, ATO TMO3BOJISIET UMETh CKJanabl cepbl BhicoTor 10-15
MeTpoB. OCHOBHBIE HEIOCTAaTKU TAKOW TEXHOJOTMHU: 0Opa3oBaHUE OOJBIIOTO
KOJIMYECTBA MbUIA U MOTEPU CEPbI MPU PHIXJICHUH, MOTPY3KE, CKIATUPOBAHNM;
HEBBICOKOE KAYECTBO CEPhI; UCIOJIb30BaHUE PYYHOIO TPY/IA.

Kuokan  cepa  xpanurcs B pe3epByapax,  CHaOXKEHHBIX
napooOorpeBaTeIsiMU, TMEPEBO3KY OCYHIECTBISIOT B JKEJIE3HOJOPOKHBIX WM
aBTOJIOPOKHBIX IIUCTEPHAX C 3JEKTPOOOOTrPEBOM WJIM Ha criencyaax. TpaHcnopt
KUIKON cepbl SKOHOMUYECKH 00Jiee BBIFOJICH, YEM IUIABJICHUE €€ Ha MECTe.
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OCHOBHBIE HEIOCTATKH: OMACHOCTb BO3TOpPAHUS CEepbl MPHU CIMBE, 3aTpaThl Ha
CTPOUTENHCTBO CIEIXPAHUIUI U MpHOOpeTeHrne oborpeBaeMbix IucTepH. Ho
BBICOKAsl YHCTOTa CEpbl, OTCYTCTBHE TMOTEPbh W 3arps3HCHUN OKpYKaroleh
Cpebl 00YCIIOBIUBACT TIOCTOSTHHOE YBEIMUEHUE 00BEMOB MTOTPEOICHUS KUIKOM
CepHI.

TpeboBanust k ©Oojee BBICOKOMY KadeCTBY CEpbl, OTBEUAIOLIEMY
MEKITYHAPOJIHBIM CTaHIAPTaM, a TAKXKE BOIMPOCHI OXPaHbI OKPYKAIOIICH CpeIbl
ONpeeIUIIA HEOOXOAUMOCTh Pa3pabOTKU TEXHOJOTHH IPOU3BOJICTBA HOBBIX,
COBPEMEHHBIX (POPM CEpHI.

dDopmoeannana cepa wsBecTHa B ABYX BHAaX — YENIYMPOBAHHAS U
IJIacTUHYaTas. Yewyuposannyio cepy Hadalu MpOU3BOAUTH ¢ 50-X romos, B
OCHOBHOM, Ha HedtenepepabaTriBatomux 3aBoaax. (CrnocoOd ocHOBaH Ha
OXJIQXKJEHUU W KPUCTAJUIM3AIMU CEpbl HAa BHEIIHEW CTOPOHE BpaIlAIOIIEToCs
OapabaHa, KOTOPBIM OXJaXJAaeTCd BHYTPH XOJIOAHOM Bomoil. B mpomecce
MOJIy4aeTcsl MPOAYKT B BHJI€ IJIACTUHOK (yennyek) tomimuuoi 0,5-0,7 mm. B
Hayajge 80-x ToJOB H3TOT MpOleCC 3aMEHEH Ha O0ojee MPOTPECCUBHBIN —
npouseoocmeo naacmunuyamou cepvi. Crocod OCHOBaH Ha pACHpPEEICHUU
TOHKOTO CJIOS pacilaBa Cepbl IO HENPEPHIBHO JBIXKYIIEWUCS JIGHTE |
OXJIQXJIEHUU €r0 BOJAOUW B TAKOM TEPMOJAMHAMUYECKOM PEXKUME, YTOOBI B KOHIIE
JeHThl 00pa3oBajlics 3acTHIBIIMN JIUCT, KOTOPBIM, BBIXOJA U3 KOHBeHepa,
JoMajcsi Ha MEJIKME KYyCKM B BHJI€ IUIaCTUHOK. B Hacrosimiee BpeMs 3Ta
TEXHOJIOTUS CUMTAeTCs YycrapeBiueil, Xorsa okono 40% KaHaACKOW cepbl
DKCIIOPTUPYETCS B  IUIACTUHYATOM BHJIE, YTO OOBICHSAETCA OOJIBIIUMU
KalUTAIbHBIMU BJIOKCHUSIMH, CIICJTAaHHBIMH (PUPMaMH B CTPOUTEIBCTBO ITUX
YCTaHOBOK. HeKOTOpble yCOBEpIIEHCTBOBAHMSI 3TOrO IPOILECCa MO3BOJIUIN
MOJIy4aTh Cepy BHICOKOTO Ka4eCTBa.

I'panynuposannasn cepa nonydaercs 1Mo pa3indHbIM TEXHOIOTHSIM,

Boonas epanynayus cepor (nennemuposanue) paspadborana B 1964 rony
aHTIIMACKONU (GUPMOIN «DIITMOT» M TPOBOJUTCS CIEAYIOIIUM 00pa3oM: Karuiu
Cepbl, Momnajasi B BOJYy, OXJIAXIAIOTCS ObICTpee, YeM Ha JIEHTEe, YTO CBSI3aHO C
OOMBINION yAENBbHONW TEIUIOEMKOCThIO BOABI W OOJbIIUM KO3 dHIIHEeHTOM
TEIUIOOTIauU KUJKOU cepbl — Boje. [lepBasi ycTaHOBKa COBPEMEHHOTO PEIICHUS
3TOM TexHosioruu — mnpouecc «Canmnen» Oblia moctpoeHa B 1965 roay. Cambiii
KPYIHBIHA 3aBOJ, HA KOTOPOM IPUMEHSETCS TEXHOJIOTHSI BOJHOM TpaHyJISIIUU
cepsl, moctpoeH B 1986 rony B CaynoBckoit ApaBun. Ha HeM kaxaas u3 Tpex
YCTAHOBOK MOXeET npou3BoauTh A0 3500 T rpaHyJIMpOBAHHOW CEpPBI B CYTKH.
OCHOBHOM HENOCTATOK ATOW TEXHOJOTUU — TMOBBIIIEHHAS] XPYNKOCTh TPaHyI
CEpbI, KOTOPhIE UMEIOT OOJIBIIION pa3Mep U HEMPABWILHYIO (HOPMY U MTOITOMY HE
YIOBIIETBOPSIIOT TPEOOBAHUSIM K TTPOTYKTY BBICIIIETO KA4E€CTRBA.

I'panynayus 6 xunawem cnoe pazpaborana ¢paHiy3ckoi (upmon
«Ilepnomatnk». Kammm XuIKOM cepbl, OXJIaXIaeMble BOJOM M BO3LYyXOM,
3aTBEPACBAIOT U, MOJHUMASICh B TPAHYJISATOPE BBEPX C BO3AYIIHBIM MOTOKOM,
MPOJOKAIOT CMAuUMBATBCA KUIKOW CEpPOM, KOTOpas 3acThlBa€T HA UX
MOBEPXHOCTH. ['paHyIibl pacTyT U MO JTOCTHXKEHHUH pa3MepoB 4-7 MM BBHITIAJIAlOT
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U3 TIOTOKA W BBIBOJSITCS M3 ammapata. bojee COBpeMEHHBIM SIBIIICTCS npoyecc
«lIpokopy, xoTopwlii 3aHumaeT B KaHajge BTOpoe MecTOo MO 00bEMYy
Npou3BOJACTBA  c(epuyeckux TpaHyll TBepAol cepbl. B »TOoM mporiecce
UCIIOJIb3yeTCsl  Bpamjarouuiics OapabaHHBIA TpaHyJIsTOp, a B KadecTBe
XJIaJJoareHTa YBJIAKHEHHBIA BO31yX. B OCHOBHOM mpeo0ialaloT yCTaHOBKH
npou3BoAUTENbHOCTEIO S00 T/cyTku. CTOMMOCTh TaKOW YCTAaHOBKM 2 MIIH JIOJUIT
CHIA. TIlonydyeHue mpOAYyKTa BBICOKOIO KayecTBa TpeOyeT TIIATEIbHOTO
COOJIIOJIEHUsT TEXHOJOTUYECKOTO peknma. bapabGanubie yctaHoBku «IIpoxop»
UMEIOT CIIOKHYIO CXeMy, TPYAHBI B VIOPABJICHHWH, COJEPKAT MHOTO
oOopynoBanusi (OapabGaHHBI TPaHyIATOp, TPAHCHIOPTEPHI, BO3AYXOIYBKH,
BUOPOCHTA, HACOCHI TTO1aUN CEPbhI, (GOPCYHKH U T.1.)

Bozoywno-oawennas epanynayus Obuta paspaboTaHa W BHEAPECHA B
Ouunsaauu B 1962 rony. TexHonorus nporecca COCTOUT B JUCIIEPTUPOBAHUU
miaBa cepbl (OPCYHKaMU C IMOMOIIBIO CKATOrO BO3JyXa B BEpPXHEW 4YacTH
rpaHyJsiiuoHHON OarHu. Kammu cepwl, majas B MOJOCTH OallHU, OCTHIBAIOT,
KPUCTAJUIM3YIOTCS M TIOMAJIal0T Ha JHO OAallHW, CIyKallee OJHOBPEMEHHO
XpaHunuiieM Tpanyid. Ha cmeny »ToMmy mporeccy nmnpumien — Oosee
MEPCIEKTUBHBINA — CIIOCO0 BO3YIIHOMN IpaHyIsIuu, pazpadboranusiii B [lombie.
Cepa, nucneprupoBaHHas HaBepxy OallHM, MaJaeT BHU3 B MPOTHUBOTOKE
BOCXO/ISIIEr0 BO3/1yXa, FPaHyJsIbl B HIDKHEHW YacTy MONaJaroT Ha KOHYCHOE JTHO U
4yepe3 OTBEPCTHE B IIEHTPE — HA TPAHCIIOPTHYIO JICHTY.

Monomaa cepa - MPOAYKT  pa3moyiia KOMOBOW  CEpHl,
XapaKTCPU3YIOIINNCS  ONPEACIICHHBIM  TPAHYJIOMETPUYECKHM  COCTABOM.
CreneHb W3MEIBUCHHS pa3IMYHA JUIsI  pa3HbBIX oOjacTeld MIpHUMEHCHHS.
M3menpueHre mpoBOJAT CHayajda B ApOOMIIKe, 3aTeM B MeibHUIle. HambOoiee
3 PEKTUBHBI CTPYWHBIC MEJIBHUIIBI, JTAIOIIUE BO3MOXKHOCTh MOJYYUTh TOHKHIM
noMoJ1 (MeHee 2 MKM), a TakKe 0C000 YMCThIE MPOYKTHI, TaK KaK U3MEJIbUCHHE
MPOUCXOAUT HE 3a CUET UCTUPAHUA MPOAYKTA O CTCHKU WJIU JIBUKYIIUECS YACTH
arnmapara, a B CIEJICTBHE COYJApPEHUS YaCTUIl CEphl ApYyr ¢ aApyroM. Jlus
TPAHYJSLIMM ~ TOPOIIKOBOM  Cephl  MPUMEHSIOT  CIOCOO  MPEecCcoBOro
rpaHyJIUpOBaHus. Pa3nuyHble TEXHOJOTHM OTJIMYAIOTCS JIMIIb TEM, HA KaKOU
CTaauu TMpolecca BBOJAT CHElUalbHbIe CBs3ywonme ngo6aBku. B CHI
pa3paboTaHO  HECKOJBKO  CIOCOOOB  TPAHYJSAIMH  TOPONIKOBOM  CEpBHI,
OTJIMYAIOIINXCS OT M3BECTHBIX COCTABOM CBs3yroIIeH no6aBku. Pazpaborumkm
atux croco6oB — JIboBckuit BHUITMCEP u BHUUNI A3, cBsizyromue BemecTra
— OUTYMBI, CTCApPUHOBAs KHCJIOTA, CHHTETHUECKHE »XKUPHBIC KHUCIOTHI B BHUJC
BOJIHOM AMYJIbCUM C TPUITAHOJAMHUHOM H JIp.

Konnouonasa cepa — >ro monoras cepa ¢ pasmMepom dactuil meree 20
MKM, HPHMEHSETCS B CEJILCKOM XO3SHCTBE i OOpLOBI ¢ BPEAUTENIMH U B
MEIMIMHE B BUE NPOTHBOBOCIAIMTENLHBIX U IE3UMHPHUIMPYIOLIMX PACTBOPOB.
[Tony4aroT ee  pasIMYHBIMU  CHOCOOAMU  —  PasMOJIOM  CEPHI IO
MEJIKOJUCIIEPCHOTO COCTOSIHUS, W3 PACIUIaBICHHOM Cepbl M €€ IMapoB,
XUMHYECKHMM ITyTEM, C HCIIOIb30BAHUEM PACTBOPUTEIIEH.

Cnocob nonyuenus KONIOUOHOU CEpbl Nymem pasmoid ITHPOKO
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pacopoCTpaHeH, TaK KakK I03BOJISIET HMCHOJb30BATh B KAaYECTBE CHIPhS CAMYIO
Pa3IMYHYIO KPUCTAIIINYECKYIO AIIEMEHTAPHYIO cepy (KOMOBY1O,
IpaHyJIMPOBAHHYIO, YCHIYHMPOBAHHYIO W 1p.). Bemyiiee Mecto B MOJIy4eHHUH
KOJUIOMJTHOM Cephbl 3TUM CIIOCOOOM 3aHUMAIOT HeMelKue (UPMBI, HalpuMep
bupma «baiiepy.

Cnocob nonyuenusi KONIOUOHOU cepbl U3 PACNIAGNIeHHOU JUbO Napos
ob11 BHeApeH B CHIA B 1925 roay. Ilo 3Toii TeXHOIOTUM cepa CMEIIUBAIACh C
OCHTOHUTOM, 00PA30BBIBAIICSA «CEPHBIA OEHTOHUT», CIOCOOHBIN JaBaTh C BOJOM
yCTOWYMBbIE CyclieH3uu. OCHOBHOW HEAOCTATOK ATOM TEXHOJOTMH HU3KOE (He
oonmee 25%) coxmepxkanwe cepsl B pactBope. Ilpemioxkensl  Ooiiee
NEPCHEKTUBHBIE TEXHOJIOTMM — MYTEM OXJaXJECHHS MapOB CEPbl C MHEPTHBIM
ra3oM WJIH KUJIKOCTHIO (cepoyriiepon, O€H301, KCUIION).

DxcmpaxkyuouHvle cnocobbl NOIYUeHUs: KOJIOUOHOU Ccepbl 3aKITI0YaI0TCS
B TOM, 4YTO CE€pYy pacTBOPAIOT B OPraHUYECKUX PACTBOPUTEIAX, 3aTEM
PacTBOPUTENb HCHAPSAIOT M MOJY4YalOT KOJUIOWJHYIO cepy. DTU cmocoObl He
HaxoOAT  IOUPOKOTO  NPHUMEHEHUS  U3-32  BBICOKOM  TOKCHUYHOCTH,
II0’KAPOOIIACHOTH PACTBOPUTENIEN U CII0)KHOCTA OTMBIBKU OT HUX CEPBI.

Cneyuanvnole 6uUObL CePbl TPEICTABICHBI BBICOKOYUCTOW W
MeIUIITHCKOM.

Buvicokouucmas cepa TpUMEHAETCS B D3JIEKTPOHHOW TEXHHUKE, MpU
U3TOTOBJIICHUHM ONTHYECKUX TMPUOOpPOB, JOMUHOGOpoB. s e€ mnoimydeHus
HCIIOJIB3YIOT XUMHUYCCKUC, TUCTUIINIAIMHUOHHBIC 1 KPUCTAJUIM3allTHOHHBIC MCTOIBI.

Meouyunckas  cepa  HaXOOUT  TPUMEHEHUE B  IMPOU3BOCTBE
(bapMaHGBTI/I‘-IGCKI/IX N KOCMCTHYCCKHUX IIPCIIapaToB. Ona BXOAUT B COCTAaB
MHOT'HUX JIOCBOHOB, M&3CI?I, IIPpCIIapaToB IIPOTUB KOKHBIX 60J'I€3HGI>1.
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PA3JAEJI 3. PASJAEJEHUE YIVIEBOJAOPO/AHBIX I'A30B

3.1. N3Bieuenue KUIKAX YIJI€BOIOPOJAHBIX
KOMIIOHEHTOB M3 IIPUPOJIHBIX I'a30B

Huskoremneparypnas cenapanusi (HTC)

[Ipupoanslii ra3 BBIHOCUT M3 CKBaXWH B3BEIICHHYIO KalleJbHYIO
KUJKOCTh (Fa30BbI KOHJIEHCAT, BOJLY) U MEJIKHUE YaCTUIIbl TOPHON MOPOJBI, T.€.
ra3 MpeJCTaBlIIeT COOOM IUCIEPCHYIO CHUCTEMY C JUCIEPCHOW KUIAKOM U
TBepaoi dazamu. OTAeNeHre XKUIKUX TUCIIEPCHBIX (Pa3 OT ra3a MPOBOJUTCS C
MOMOIIIBIO Mpolecca Hu3kotemmnepatypHoi cenapamuu (HTC).

Ha HauvanpHBIX »9Tamax »dKCIUTyaTalldd Ta30KOHJEHCATHBIX Mec-
TOPOXKJICHHUI JaBiieHHe Ha BXoAe B ycTaHOBKM HTC 3HaYMTENbHO MpPEBBIMIAET
JaBJICHUE, HE0OXOoAMMOE JJid TOJa4yd B MAarucTpajbHbIe TPYOONPOBOIMI.
N30bITOUHOE JaBJIECHUE Ta3a UCTIOIb3YETCS JIJIS TTOJIYYSHUS] HU3KUX TEMIIepaTyp,
HEOOXOJMMBIX I OTACJICHHUS KOHJIEHCAaTa METOJOM HHU3KOTEMIIepaTypHOH
cernapanui.

Husxomemnepamyphoui cenapayueu Ha3bIBAIOT MPOLECC HU3BICUYCHUS
KUJKUX YTJIEBOJOPOJOB M3 Ta30B NYTeM OJHOKPATHOW KOHJCHCAIUU TIpU
MOHIKEHHBIX TemrepaTrypax oT -10 go —25°C ¢ ra3ormapoMexaHHndeCKUM
pa3zieJIeHUEM PaBHOBECHBIX T'a30BOM U KUIKOH (ha3.

OcoOeHHOCThIO W3BJICYEHHUS KUAKOW ¢a3bl U3 Taza C IOMOUIBIO
CernapalloOHHbIX YCTPOUCTB SIBJISETCS TO, YTO MO MEPE Cenapaiyd U3MEHSIIOTCS
pa3Mepbl Karellb B3BEIICHHOW Biard (WX AUCHEPCHOCTH). Tak, Ha BXOJHOM
ydacTKe JMaMeTp Karelb B MoToke raza kosedsnercs ot 100 mo 1000 mxm (B
cpeareM okojio 700-800 MKM), B MOKET IPUCYTCTBOBATH IIJIEHOYHAS KUJIKOCTb.
[Tocne nepBoM CTYIIEHH cenapalyy B TOTOKE OCTAIOTCS Kariiu guaMeTpoM oT 30
no 150 MM, a mociie BTOpOM CTYNEHH B ra3e MPHUCYTCTBYIOT CAMBIE MEJKHE
karu — oT 1 g0 30-50 MKkM (B 3aBUCHMOCTH OT KOHCTPYKIHMH IPEIbIAYIIETO
cenaparopa).

Ha BpIXOozie W3 mepBOM CTYNIEHM CYMMapHOE COACPKAHHUE NHUCIIEPCHOU
AKUAKOM (a3bl HE JOJHKHO MpeBbIaTh 350 Mr/ky0 M rasa.

Ipomvuunennan peanuzayusn npouecca HTC

Meron HTC pns u3BneyeHHs KUIKUX YIIIEBOJAOPOAOB M3 MPOIYKIIUH
CKBa)KUH a30KOHJIEHCATHBIX MECTOPOKAeHUI Obl BriepBble puMeHeH B CIIIA
B 1951 rony. [lonyyeHne HU3KUX TEMIEPATYP TOCTUTAIOCH IPOCCEIUPOBAHUEM
raza. OTO CBSI3aHO C TEM, 4YTO B HayajbHBIM TEPHUOJ IKCILTyaTalUH
ra30KOHACHCATHBIX MECTOPOKICHUM NIaBJIEHUE CBIPhS HAa BXOJE B YCTAHOBKH
KOMIUIeKCHOM moAroToBku raza (YKIII'), kak npaBuiao, 3HAYUTEIBHO OOJIBIIIE,
4yeM JaBJIeHUWEe, MpPU KOTOPOM Tra3 MOJAeTCd B MarucCTpPajbHBIM Tra3ompoBOJ.
N30bITOUHOE N1aBlIeHHE ra3a MO3BOJSET 3a CUET pacIIMpeHHUs ra3a MoJiydarh
HU3KHE TEMIIEPATYPBL, T.€. OXJIAKAATH Ta3.

Temneparypy MOXHO NOHM3WTHh 33 CYET W303HTAJIBIUHHOTO WIN
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M30HTPONUMHOrO pacuiupeHus: raza. M30sHTanblNuiiHOE paclIMpeHue rasa
OCYHIECTBJISIETCSI €  MCIOJIb30BAaHUEM  JIPOCCENbHBIX  YCTPOMCTB, a
M309HTPOIUUHOE - C IPUMEHEHUEM TypOOJAeTaHIEPOB.

[lepBas IIPOMBIIUICHHAs YCTaHOBKA HTC cocTosIa u3
HU3KOTEMIIEpATypHOTO  cerapaTopa CO 3MEEBUKOM B HIDKHEH 4acTw,
npelHa3aHaYeHHbIM JUIsl paciuiaBa TUApaToB. Temiblii  Tra3 M3 CKBaXKUHBI
MPOXOJMJT Yepe3 3MEEBUK, 3aTeéM [0 BBIXOJE M3 3MEEBUKa cemaparopa
JIpOCCENIMPOBAJICSI W MocTynan B cenapatop. OTcenapupoBaHHBIA — ra3
HaIpaBJISLICS B TA30MIPOBOI.

HNanbHeiiee pa3puthe ycraHoBok HTC 1o mo myTw yciaoKHEHHUS
YCTaHOBOK. B cxemy cHauana BKIIOUMIIM PEKYNEPAMOHHBIN TETUIOOOMEHHUK,
3aTeM CHUCTEMBI BIPHICKA M PETCHEpaIllid MHTHOUTOpa THUAPATOOOpa3OBaHMS,
Janee — XOJIO0IMJIbHbIC MAIIIMHBI U CUCTEMY CTAaOMIIM3alUd KOHACHCATA.

TunuuHas cxema COBPEMEHHON YCTaHOBKH HU3KOTEMIIEPATYPHOI
cenapanuu (YHTC) npencraBnena Ha puc. 28. CoIpoli ra3 co CKBa)KHH IOCTY-
MaeT Ha MEPBYIO CTYIIEHb Cemapaluu, T1ie oTaeseTcs Kuakas (asza (racropas
BOJIa C PACTBOPEHHBIMU MHTUOUTOPAMHU U CKOHJICHCUPOBABIIHICS YTJIEBOIOPO/I-
HBIN KOHJICHCAT).

OrcenmapupoBaHHbI  ra3  HampaBisIeTCd B PEKYIEPATHUBHBIC
TEIJIOOOMEHHUKH 2 W 3 I peKylepalud XoJioJa C JIPOCCEeTUPOBAHHBIX
MOTOKOB Ta3a M KOHjJeHcaTa. [ns mpenmymnpexiaeHus TuaparooOpa3oBaHUs B
MOTOK Ta3a nepej TeMmI00OMEHHUKAMU BOPBICKUBAIOT MOHO-, TUATUJICHTJIMKOIb
(I9I') wumu wMeranon. Ilpu Hamuuuum CcBOOOAHOTO Tiepenaga JdaBICHUS
(M30BITOYHOTO JIABJICHUS TIPOMBICIOBOTO Ta3a) OXJIAXKXJICHHBIII Tra3 wu3
TEIJIO0OMEHHUKOB MOCTYINAET B PACIIUPUTEIIHOE YCTPOMCTBO - JPOCCENbh WU
neradnep. [lpu oTcyTcTBUM CBOOOAHOTO MEpenaja 1aBieHUs Ta3 HAPaBJIsIOT B
UCIIAPUTEIIb XOJIOJUJIBHOTO IUKJIA, TJE HUCIOJIb3YETCS BHEIIHHMM XJIaJareHT,
HalpuMep CXWKEHHbId TmponaH. Ilocie oxyaxIeHHss B pacIIMPUTEIbHOM
YCTPOMCTBE WJIM UCIIAPUTEIIE Ta3 MOCTYIMAET B HU3KOTEMIIEPATYPHBIN cenaparop
5, roe wu3 TMOTOKAa ras3a OTAENAITCA CKOHACHCUPOBABIIHMECS KUIKHUE
yTIEBOJAOPOAbl U BOJHBIA PAacTBOP MHTMOUTOpA THIpaTooOpazoBanus. ['az u3
cermaparopa S uepe3 TEII000MEHHHUK 3 IMOJIaeTCsl B MAaruCTPalbHBIN ra30MpOBO/I.
Kunkas daza uepe3 apoccens 4 nmocrynaeT B Tpexdas3Hblii cenaparop 6, oTkyna
ra3 BBIBETPUBAHUS 3KEKTOPOM BO3Bpalla€TCs B OCHOBHOW MNOTOK. BoaHbIN
pacTBOp WHTHOWTOpA, BBIBOJWMEIN CHH3Y cemaparopa 6, HampaBisgeTcs Ha
pereHepaluo, a BBIBETPEHHBIM KOHJIEHCAT uepe3 TEIIOOOMEHHUK 2 - Ha
CTAOMJIM3AIINIO HAa YCTAHOBKY cTabmin3anuu konaeHcara (Y CK).

Ocnoenvie paxmopei, enusarouwgue na npoyecc HTC

Ha »ddextuBHocTs padotrsl ycranoBok HTC Oomnbiioe BiusHHE
OKa3bIBAIOT COCTaB CHIPHEBOTO Ta3a, TeMIlepaTypa, JaBieHHE, d(PGHEeKTUBHOCTD
00OpyZIOBaHUS ¥ YHUCIIO CTYIICHEH cerapaliiu.

Cocmas Cblpbesoco casa. YeM TsDKENIee COoCcTaB HCXOI[HOﬁ cMECHu (‘—ICM
60HBI_HC CpeaHsaAaA MOJICKYJIApHAaA Macca ra3a), TEM BBIIIC CTCIICHb HU3BJIICUCHUA
KUJIKUX  yrieBoaopoaoB. (OJHaKo, HauyMHAs C MOJIEKYJSIPHOM MacChl
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YTAEBOJAOPOJOB OKOJIO 22, YTSIKEIEHHWE COCTaBa UCXOJTHOM  cMecH
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JUIst TOIMX MCXOAHBIX CMECEW i TMOBBIICHUS CTENEHU HW3BICUCHUS
KUIKAX YIJIEBOJIOPOJOB MHOTJA MCHOJB3YIOT METOJl COpOIMU B MOTOKE, T.€.
OCYUIIECTBJISIOT BOPHICK B TOTOK UCXOJAHOM CMECH CTaOWJILHOTO KOHJIEHCATa WU
JIPYTUX  YIJIEBOAOPOJHBIX KMAKOCTEM Ha HEKOTOPOM PACCTOSIHUM  OT
cemaparopa. Takum o00pa3oM MpPOU3BOAMUTCS  YTSDKEICHUE CMECH, a
CJIeI0BATEIbHO, U MOBBIIIAECTCS CTETICHb U3BICYEHUSI KOMITOHEHTOB C3 U BBIIIIE.

Brusnue memnepamypuel. Temnepatypy Ha yctanoBkax HTC BeiOuparor,
UCXOJIS U3 HEOOXOUMOM TOYKU POCHI, 00ECTIEYNBAIOIICH TPAHCTIOPTUPOBKY Ta3a
o TpyOOIpoBOaAYy B 0HO(MA3HOM COCTOSHUH, a B PANE CIydaeB M, HCXOIS U3
HEOOXOJMMOCTH YBEJIMUCHHUS CTETICHU KOHJICHCAIIMY TIPOTaHa U OyTaHOB.

JIyist meTkux ra30B (CpemHsisi MOJICKYJISIpHAs Macca He Oomee 22, cpemHsist
MOJICKYJIIpHAsE ~ TeMmIepaTrypa KkumeHus MuHyC 156-133°C)  cHmxeHue
Temmeparypsl cenapanuu ot 0 1o muayc 40 °C obGecrieunBaeT CyIeCTBEHHBINI
POCT CTETIEHH U3BJICUCHHS KOHICHCATOOOPa3yIOIUX KOMIIOHEHTOB.

JIist KUpHBIX Ta30B (CpeaHsiss MOJIEKYJIsipHas macca Oojee 22, cpeaHss
MOJIEKYJISIpHAsE TeMIlepaTypa KuneHus Bbimie, yeM muHyc 133°C) BiusiHue
TEMIEPATYPhI HA CTENEHb U3BJICUEHUS JKUIKUX YTIEBOJOPOI0B MAJIO.

Takum 00pa3zoM, ueM jierye cocTaB UCXOJHOM cMecH, TeM Oojiee HU3Kas
TeMriepaTtypa TpeOyercs s BBIJACICHHUS KHIAKUX YIJIEBOJOPOJIOB HA
ycranoBkax HTC st nocTkeHus 3aJaHHOM TOYKHU POCHI.

Brusnue oasenenus. JlaBneHue cemapanyu ONpPeeisieTcsl TaBJICHUEM B
MarvucTpaibHOM TPYOONPOBOJIE U B Mpejeiax 0OObIYHO UCITIOIb3YEMbIX JIaBICHUI
(5-7,5 MIla) mano BAMSCT HA CTCICHb M3BJICUYECHHMS KOMIOHEHTOB C3 M BBIIIIE.
bonee BaxkeH CBOOOHBIN TIepena] 1aBiIeHUSs, MO3BOISIOMIUN JOCTUTATh HU3KUX
TeMIepaTyp cenaparuu.

B mepuwon cHmkeHus miacToBoro AaBieHHS d(PPEKTUBHOCTH pabOTHI
yctaHoBok HTC mnoanepxuBaeTcss Ha NPEeKHEM YpOBHE IIyTEM BBOJA
JI0>KUMHOT'0 KOMITPECCOPA ¥ BHEUITHETO XOJIOIUIIBHOTO IIUKJIA.

Ipgexmusenocmv  obopyoosanus. Ha  >ddekTuBHOCT  PabOTHI
yctaHoBoK HTC Bamusier HCNoNb3yeMblii HMCTOYHHMK Xosiofa. B mporecce
JUTUTEIIbHON AKCIUTyaTallii CKBOKHWH M TPU CHIDKCHUU TUIACTOBOTO JAaBJICHUS
3aMeHa M303HTAJIBIIMHHOTO pacmmpeHus (IpoccenupoBaHue) Ha
W303HTPOINUKMHOE (pacliupeHre B JeTaHjepax) No3BoiseT 3(PQeKTuBHEE
UCIIOJIB30BaTh CBOOOIHBIN Mepenaa AaBJICHUs U TIPU OJHOM U TOM XKe Mepenaje
JABJICHUS TIPU JCTAHIUPOBAHUU MOTOKA JOCTUraTh 00Jie€ HU3KUX TEMIIEpaTyp
cenaparym.

Ha Gonee mo3aHux cTagusx HKCIUTyaTallMM CKBa)XKMH, KOT/1a CBOOOHBIN
nepenaja JaBieHUS MPAKTUUYECKH OTCYTCTBYET, Ha 3(PQPEKTUBHOCTH pPabOTHhI
yctaHoBok HTC oxa3piBaeT BiIMSIHHE BBIOpAHHBIN XJIQJareHT, €ro pacxoa B
UCTIapUTEIIC U TIOBEPXHOCTH TEIIO0OMEHa.

Yucno cmyneneti cenapayuu. Ha Ta30KOHIEHCATHBIX MECTOPOKIACHUSIX
MpU MOJATOTOBKE K TPAHCIOPTUPOBKE HUCIOIB3YIOT ABYX- U TPEXCTYIEHYATHIE
cxembl HTC.

IIpy oguHakoBBIX MapameTpax (JaBICHHE M TeMIleparypa MOCIEAHEN
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CTYTICHH OXJIAKJICHHUS) - 4eM MEHBIIE YUCIIO CTYyMeHEHN cenaparuu, TeM OOJIbIIe
BBIXO/ JKUJKON (ha3bl U TEM MEHbIIE cojepKaHue yrieBo1opoaoB Cs U BhIIIE B
TOBapHOM raze. Ho mpu OJHOCTynEeH4YaToOM cemapanuu Ype3MEPHO BBICOKHU
MOTEPU KOMIIOHEHTOB Tra3za C YIVIEBOJAOPOAHBIM KOHJIEHCATOM. Y BEIMYCHHE
CTYIIEHEH cenapalyy MOBBIIIAET YETKOCTh pa3AesIeHUs Ta30BOM U KUAKOH (a3.

T'uopamoobpazosanue. CHUXKEHUE  TeMIEpaTyphl ra3a MNPUBOJIUT K
KOH/JICHCAIIMU BOJASHBIX NapoB. Hanuure B raze »uIKOW BOJbI MOKET IPUBECTH
K 00pa30BaHUIO THAPATOB YIJIEBOIOPOMAOB. [ HWapaTbl 3a0MBalOT  TPYOKH
TEII00OMEHHUKOB M KOMMYHUKaluu yctaHOoBOK HTC, uTo MoXxeT mpuBecTH K
HapyIIEHUI0O HOPMaJIbHOW pabOThl YCTAHOBKM M JaXe K €€ aBapuilHOM
ocTaHoBKe. /[l mpenoTBpallleHus] THAPATOOOpa30BaHUs B MOTOK rasa moaaroT
WHTUOUTOPBI, B KAYECTBE KOTOPBIX HCIOJIb3YIOTCSI BOAHBIE PACTBOPHI TJIMKOJICH
Y METAHOJIA.

[To Mepe NIMTENbHON SKCIUTyaTallud CKBaXXWUH 3(PQPEKTUBHOCTH pabOTHI
yctaHoBOK HTC cHmaeTcs 1o AByM IpUUMHAM:

-yMEHbIIIEHHE CBOOOJHOIO Tepernaja JaBleHUs BCIECICTBHE CHUKEHUS
IJJACTOBOTO JIABJICHUS;

-o0JieryeHue cocrapa rasa.

CrnenoBarenbHO, TpU JUJIMTEIBHOW SKCIUTyaTalldd MECTOPOKICHUI
cenaparius ra3a JIoJbKHA OCYIIECTBISITHCS MPpU OoJiee HU3KKUX TeMreparypax. Ha
IpaKkTUKe, HAoOOpOT, MpU AJUTENBHOW HIKcIUTyatanuu yctaHoBok HTC
TeMmreparypa cemapaiuyd TOCTOSHHO TOBBIIIAETCA MPU  OJIHOBPEMEHHOM
0OJIErYeHNUH COCTaBa.

Takum obpaszom, yctranoBku HTC umerot cieayroniue HeIoCTaTKU:

-3aBUCUMOCTb U3BJICUCHUS HEJIEBBIX KOMIIOHEHTOB npu
JPOCCEIMPOBAHHBIX JaBJICHUU W TEMIIEpaType OT COCTaBa UCXOIHOM CMecH, H,
BCJIEZICTBUE ITOTO, CHIDKEHHE 3()(PEKTUBHOCTU MpoIecca Mo Mepe 00JIerdeHusl
cocTaBa rasza u nossimienus temmneparypsl HTC;

-HEOO0XOIUMOCTh PEKOHCTPYKIIMA YCTAHOBKU C 3aMEHOM HCTOYHHKA
X0JI0/1a TIOCJIe UCUepnaHusi CBOOOTHOTO TIepernaia JaBIeHus;

-HEOOXOJUMOCTh TPUMEHEHUsI MHTHOUTOpa TUAPATOOOpa30BaHUS, YTO
YCIIOXKHSIET U yIOPOKAET CXEMY MpoIecca Mo MPUUUHE BBEACHUS B cXeMy OJI0Ka
OTJICJICHUS U peTreHepaIlii HHTUOUTOpPa;

-BBICOKHE MOTEPH 1IEJIEBBIX KOMIIOHEHTOB C TOBAPHBIM Ia30M;

-OTHOCUTEJIBHO HM3KHE CTENEeHM H3BJICUCHHUS Ta30BOr0 KOHJICHCATA,
0COOEHHO ISl TOLIUX ra30B.

K nocronncrBam ycranoBok HTC MOXXHO OTHECTH CIEIYIOIIHE:

-HU3KUE KaluTalbHbIE BJIOKEHUS U DKCIUTyaTallMOHHBIE PacCXOJbl MPH
HaJIMYUU CBOOOJHOTO Tiepenaja JaBjieHus;

-OJJTHOBPEMEHHO C cemapalueid MMEEeT MECTO OCYIIKa raza J0 TOYEK
pOCBI, HEOOXOAWUMBIX HJii TPAHCIOPTHUPOBKH Ta3za IO MarucCTPaIbHBIM
ra3ornpoBoJaMm.

Ycranopku HTC ompaBapiBaloT ceOs Ha HaYalbHBIX — CTaIHUSAX
OKCIUTyaTallil  CKBOXWH WJIM Ha HEOOJBIIUX MECTOPOXKICHUSIX, Te
HPKOHOMHUYECKH HEIeIeCO00pPa3HO CTPOUTENHCTBO 0OJIee CIIOKHBIX U JOPOTUX
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YCTaHOBOK. 3apyO€KHBIN OMBIT CBUAECTEIHLCTBYET O IEIECO00PA3HOCTH 3aMEHBI
ycraHoBok HTC Ha KpymHBIX MECTOPOXKICHHUSIX HA YCTAHOBKH, OCHOBAHHBIE Ha
mpolieccax HU3KOTEMIEpaTypHOU KOHJIEHCAIMU, OCYLIECTBISIEMbIX Tpu OoJee
HU3KUX Temneparypax (mopsaka muHyc 90 - 120 °C) ¢ pasneneHuem
YIIEBOJAOPOAHBIX CMecel Ha y3khe (pakiuu WIM UHIUBUIYaAJTbHbBIE
YTIE€BOAOPOIbI.

T'azoscuokocmunie cenapamopul

B cooTBeTcTBHUM C MEHSAIOMMMCS JUCHEPCHBIM COCTAaBOM rasza H
TpeOOBAaHUSIMU K €ro KadecTBY Ha rasornepepadaThIBAOIIMX 3aBOJAX
UCIIOJIB3YIOTCSl pa3Hble IO KOHCTPYKIMH U 3(HPEKTUBHOCTU pa3ieiieHUs
ra30kKMJIKOCTHBIE  CEMapalMOHHbIe  YCTPOWCTBa, MpeIHA3HAUYCHHbIE  JUIS
OTJICJICHUS KaleJIbHOU KUJIKOCTHU (BJIArH, TSKEJBIX YTIEBOJAOPOIOB U pUMECEH
uHruoutopoB). Ilo mpuHIUIY JEUCTBUA OHM TOAPA3ACISAIOTCS Ha TpaBU-
TallMOHHbIC, WHEPLMOHHBIC (HACAIOYHBIEC), LIEHTPOOEKHbIE U (DUIBTPYIOIIHE
(puc. 29).

I'pasumayuonnvie cenapamopbl OBIBAIOT BEPTUKAIILHBIMH,
TOPU30HTAIBHBIMU WIH AapooOpa3HbiMU. OOUIMM ISl HUX SIBJISCTCS HAJIMYKE
OTCTOMHOM (OCaIUTENbHOW) 30HBI 2, TJ€ OTIEJICHUE JUCIEPCHBIX YaCTHUII
MPOUCXOJUT MOJI eUCTBUEM cuil TsbKkecTh. Ha BXoje raza oOBIYHO HMMEIOTCS
oTOOIHBIE TUTACTHHBI 1, a Tmepea BBHIXOJOM Traza U3 cemaparopa —
KaIICyJIaBIUBAIONIUN CETYAThI MaKeT 3, Cemapupyrolluil MeJKWe Karid OT
ra3a 3a C4eT MHEPUMOHHBIX cuid (yIap O MPENSITCTBUE, PE3KHE MOBOPOTHI rasa,
TPEHUE O MOBEPXHOCTh CETKH W Jp.). BHU3y cemapaTopa UMeeTCs BHIHECEHHBII
OTJIEJIbHO WJIM BCTPOCHHBIA COOPHMK YJIOBJIEHHOM XUIAKOCTH W MbUTH. Takoit
TUII cenaparopa OOBIYHO HCIOJIB3YIOT MEPBBIM MO XOy MPOJBIKEHUS ra3a, B
KOTOPOM coJiepkaTcs Haubojee KpymHble Kamid KujakocTh. KoHkperHas
KOHCTPYKIIMSI CemapaTtopa »JTOTO THUIA BBIOMpAaeTCs B 3aBUCUMOCTU OT
MPOU3BOJIUTEIIBHOCTH MO Ta3y, JaBJICHUS, HaJW4YUsi B ra3e MEXaHUYECKUX
npumecei, TpedyeMon CTeNeHn OYUCTKH U JIp.

B BepTukanbHOM cemapaTope MOTOK JBUIKETCS CHHU3Y BBEpX, TskKenas
daza ocemaer MO HaNpaBJICHUIO, MPOTHUBOIMOJIOKHOMY TIOTOKYy Ta3za. B
TOPU3OHTABHBIX CeMapaTropax ras JBHKETCS TOPU30HTANILHO, a Tsokenas (asza -
CBEpXY BHM3, IEPICHAUKYJIIPHO K MOTOKY. [locne Bxona raza B anmapar JABUXKe-
HHAE €ro IOCTENEHHO IMEPEXOJAUT OT HEPABHOMEPHOTO K pPaBHOMEPHOMY.
JIMUTEenbHOCTh 3TOr0 TMEPEX0Ja Ha3bIBaeTCsl BpEeMEHEM penakcauuu. [ns
oOecrieueHus TIEpexoJa OT HEPaBHOMEPHOTO JBHIKEHUS K PaBHOMEPHOMY
MpeayCMaTpPUBAIOT 30HY BbhIpaBHUBaHUS MOTOKa. [lo manHeM ['unpokaydyka, B
BEPTUKAJIBHBIX CemapaTopax BHICOTA ATOM 30HBI pekomMeHayeTcs He meHee 0,6 M,
B TOPU3OHTAIBHBIX - JUIMHA 30HBI OCAXKJACHUS MpUHUMAaETcsl He MeHee 3 M. B
HACTOsIEe BpeMs TpaBUTAllMOHHBIE cemapaTopbl Ha [TI3 mpakTuuecku He
HCIIOJIB3YIOT BCEJACTBUE UX BHICOKOW METANIOEMKOCTH U KPYITHBIX Ta0apUTOB.

Hnepyuonnvie cenapamopuvl Hacadoyno2co muna TPEJCTABISIOT COOOU
amnrmaparbl, 3al0JIHCHHBbIE HacaJkaMU C Pa3BUTOM YJIETbHOW MOBEPXHOCTHIO
xoHTakTa (ot 10 g0 500 M?/m3). VinaBnuBanue Kanenab NPOUCXOIUT B CIEACTBUE

HUX YyAAapCHHUA O IOBCPXHOCTb HACAAKM M PE3KUX MHOI'OKPATHBIX ITOBOPOTOB
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IIOTOKA Ta3a B KaHAJaXx CcaMOM Hacaaku. B kadecTBe HAcaakyd HUCIOJB3YIOT
KoJiblla Paivra, MHOTOCIOWHBIE KaJIO3U W3 IUIACTUH WM YTOJKOB, a TAaKKE
CeTYaThle NAKEThl M3 PYKABHOM, BSI3aHHOM YYJOYHOM BA3KOW CETKH U3
npoBosiokr auameTrpoMm 0,25 mM. CreneHp ynaBiWBaHUA Kameidb TAKUMH
cenaparopamu gocturaet 99%.

Kanmosuvinele cenapamopst CHaOXEHbI KANMIO3UMHBIMUA HAcaJIKaMH,
MPEACTABIAIONIMMU COOOM MaKeT KPUBOJWHEHHBIX JIMUCTOB, YIIOXKEHHBIX C
HEOOJBIIUM IIArOM APYT OT Apyra U oOpasylouIMX KPHUBOJIMHEHHbBIC KaHAJbI.
["a30BbIi TOTOK, COEPIKALIUI AUCTIEPCHYIO KUIKYIO (Da3y, MPOXOIUT Yepe3 3TU
KaHaJIbl, HA KOTOPBIX 33 CUET MHEPLIMOHHBIX CHJI OCAXKIAAIOTCS KaIlIU KUIAKOCTH,
CTEKAIOIIKe MO JIMCTaM B HU3 ammnapara, (COOpHHK KUAKOCTH). DPPEKTUBHOCTD
pa3ieyieHus] B 3HAYWUTENIBHOW CTEIEHW 3aBUCUT OT PABHOMEPHOCTH KIIAJIKH
JKamoo3n B makere. [l MOCTHKEHHMS JTOr0 PEKOMEHAYETCsS paclosararb
IUIOCKOCTh OTOOMHOrO IMakeTa Ha pPAacCTOSHHUU, PAaBHOM HE MEHEE IOJOBHHBI
MaKCUMaJbHOW UIIMPUHBI OTOOHMHOTO TMaKeTa OT BXOAHOIO M BBIXOJHOTO
HITYLIEPOB, YTO CIIOCOOCTBYET 0oJjiee paBHOMEPHOMY pPacHpe/esICeHUI0 ra3a B
ceueHHH OTOOMHOM Hacaaku. JKamto3uiHBIN cenmapaTop MOXKET YJIaBIMBAThH
KaIllJll KUJIKOCTH pa3mepoM Oonee 20 MKM M OOECHEUMBAET MPOITYCKHYIO
CHOCOOHOCTH 110 Ta3y 10 6,0 Ml M° B cyTkH. MIHepIMOHHEIE cenapaTopsl Golee
3p(GEeKTUBHBI M KOMIIAKTHBI, YE€M TIPaBUTALMOHHBIC, HO YCTYMNAalOT IO
3 (HEKTUBHOCTH LIEHTPOOESKHBIM U CETYATBHIM CEMapaTopaM.
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Puc. 29. Mexann4yeckue cenaparopsbl:

a - JKaIo3uiiHble, 0 WHEPIMOHHbIE OTOOWHBIC, B = MPSIMOTOYHbIE EHTPOOEKHBIC, I' = ceTyarhie, j - (GUIBTPAIIMOHHO-ceTYaThie, | -
BXOJITHOM maTpyOoOK, 2 -)KaIO3UHHBI OTOOWHHMK BEPTHUKAIBHBIA, 3 - marpyOOK Jjisi BbIXoja rasza, 4 -marpyOOK JUis BbIIOJAA JKUAKOCTH, 5 -
MHEPLUOHHBI OTOOMHHK, 6 - perynupyemblil 3aBUXpHUTENb, 7 = cOOpHask €MKOCTb, 8 - ceTuaTblii OTOOMHMK, 9 - rpaBuTanMoHHas cexuus, 10 -
GuIbTpYyIOIIas CTYIEHb.
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Qunbmpyrowue cenapamopuvl SBISIOTCA CaMbIMH 3(QQEKTUBHBIMH B
MPOLIECCE OYUCTKM Ta3a OT KamelbHOM >KUIKOCTH, WX OOBIYHO MPUMEHSIOT B
mpolieccax JIByX- WJIM MHOTOCTYNEHUYaTON cemapanuud. B BOJOKHUCTBIX
GUIBTPYIOMIUX MaTepHaliax MPOUCXOAUT AUGEGY3MOHHOE WIM HHEPIUOHHOE
CIIMSIHUE KameJbHOU >KUIKOCTU. DUIBTPBI TAKOTO THUIA UCIOIB3YIOT OOBIUHO
MOCJI€ OT/EJICHUS IJICHOYHOM U KPYNMHOJIUCIEPCHOW KUIKOCTH - Ha BTOPOM
CTYIIEHM OYHUCTKH JJIi OTJACJICHUS TOHKOJUCIIEPCHON TyMaHOOOpa3HOM
KUAKOCTU. OHU CITOCOOHBI YJIABIMBATh YAaCTULBI KUAKOCTH AuameTpoM oT 0,5
10 10 MKM, HE yJIaBIuBaeMble APYTUMH THIIAMH CENapaToOpOB.

Ha puc. 291, mnokazana omHa W3 PasHOBUAHOCTEW JAHHOTO THIIA
cenapaTtopoB. OH UMEET TpU 30HBI Cemapanuu — BXOAHYIO 1, QuibTpyromue
AJIEMEHTHl 2 W KamuieynoBuTenb 3. OWIbTPyOMME 3JIEMEHTHI IPEACTABISAIOT
coboit mepdopupoBaHHBIN MAaTpyOOK-Kapkac 3, Ha KOTOPOM  YJIOXKEH
GUIBTPYIOMUNA CIOM — TOHKOE CTEKJIOBOJIOKHO, IIPU MPOXOKICHUH YEPE3 CIIOM
KOTOPOTO KaIlJIi CJIIMBAIOTCS, YKPYITHSAIOTCA U CTEKAIOT B COOPHUK.

HuameTrp GUABTPYIOMUX dJIEMEHTOB 00bIYHO cocTtaBisgeT oT 50 go 100
MM, a OTHOIIEHHWE UX JJIUHBI K Auamerpy — 12-15. Yucno Takux 31€MEHTOB
pacCUMTHIBAIOT 1O HAWJACHHOM pAacUeTHbIM IyTeM MOTPeOHON IuIouaau
¢GunbTpanu A8 JAHHOTO pacxoja rasa, oObldHO OHO cocramiseT 30-50 mirT.
OCHOBHOI HENOCTATOK ATHUX CENapaTropoB 3aKIKOYAETCA B TOM, YTO AUAMETP
BOJIOKOH M IUIOTHOCTh YIAKOBKH CYIIECTBEHHO BIUSIOT HAa XapaKTEPUCTUKH
¢bunbTpa.

N3Baevenue yraesogopoaos C2-Cs U3 NpupoaHbIX ra30B

B cocrtaBe mpupOIHBIX Ta30B NPUCYTCTBYIOT yriieBogopoasl Cl1-C5 u
Bbllle. MeTaH OCHOBHOM KOMIIOHEHT Ta3a, HCIOJb3yEeMOro B OBITY U B
MPOMBIIUICHHOCTH Kak TomunBO. IlpucyTcTBue 3TaHa, mpomaHa, OyTaHa H
NEHTaHa B Ta30BOM TOIUIMBE HexenaTeabHo. OHU SBISAIOTCS LIEHHBIMH
XUMUYECKUMH COEMHEHUSIMU U MOTYT OBITh MCIIOJB30BAHBI JUJISl IPYTUX HYXI.
[ToaTOMY A0 MOAAYM MPUPOJHOTO T'a3a B TPAHCIIOPTHBIE MarucTpaibHbIE CETU U3
HEro JOJDKHBI OBITh YIaJeHbl YIJIEBOJOPObl HA3bIBAEMbIE B JIAHHOM Cllydae
TSOKEJIBIMH: OT JTaHa JO T[IEHTAaHOB M BbIlIe. VI3BiIeUeHHbIE TsHKeNble
yrieojgopoabl C, - Cs Tak Ha3bIBaeMblid T'a30BbIM OCH3WH HaIpaBIIICTCS Ha
yctanoBku LI'®Y s pa3aeneHus Ha MHAMBUAYATbHBIE YTIEBOJOPOJIBI OO
MPOU3BOJICTBA CTAOUIILHOTO OCH3MHA.

PaccmoTpennsiii npouecc Hu3koremnepatypHou cemapauuu  (HTC)
IIPEIHA3HAYEH I OTAEJICHU OT ra3a, B OCHOBHOM, yIiIeBO10poaoB Cs U BbIIIE,
BBIHOCHMBIX T'a30M M3 CKBaXHH. [[ns otnenenus ot rasa yriieBogoponos Cr-Cs
IPOMBIIUIEHHOE 3HAYEHHE HMMEIOT CIEAYIOMIME METOMbl: KOMIPECCHUOHHBIN
(monmyuyeHue HeCTaOWUIBHOTO Ta30BOro O€H3MHA); MacisHas aldcopOuus npu
TeMmreparype okpyxkawimiero Bo3ayxa (MAY) mubGo mnpu MNOHMXEHHOM

temrniepatype (HTA), HuzkoTemneparypHas kongencamus (HTK) wu
pexktudukauus (HTP).

B 3HauuTenpbHO MeEHBIIEM OOBEME MPUMEHSIOT ISl ATOH K€ Ielu
a7IcopOIIHIO.

[Ipouieccyl 0OTOEH3UHUBAHUS TOMYTHBIX HE(PTSIHBIX ra30B MPOBOIAT Kak
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ABC TIOCJICHOBATCIILHBIC OICpallkuU: II0JIYUCHHC HECTAOMJIILHOTO Ta30BOro
OCH3MHA U €TO0 CTa6I/IHI/ISaHI/I}I C OJHOBPEMCHHBIM ITOJIYUCHHEM pe(i)JII-OKCS. —
CBhIPbA IJIA IMOJYUYCHUA CXKHUIKCHHBIX I'da30B 1 MHAWBUAYAJIBHBIX YITICBOIOPOI0B.

Komnpeccuonnwtit memood KoMnpecCHOHHBIH METOJ OCHOBAaH Ha
CKaTHM rasza C MOCIEAYIOIIHUM €ro oxjaxaeHuem. [Ipu 3ToM Tsxkenble KOM-
MOHEHTHl Ta3a MEePeXoNdAT B KHAKOE cocTosiHue. ONTHMalbHOE JaBJICHUE
COKaTHsl OMNpEAENsIieTCs] HECKOJbKUMHU (DaKTOpaMU: COCTAaBOM HMCXOJHOTO Tasa,
TpeOyeMol CTENEeHbIO U3BIICUEHUS 11€JIEBBIX KOMIIOHEHTOB, YHEpro3arpaTaMu Ha
cKaTHe M OXJIaXJICHHUE U T.N. B OOJBIIMHCTBE CIy4aeB ONTHUMAIbHOE JAaBJICHHE
coctaBisier 2,0 - 4,0 MIla. 'a3 OOBIYHO CKHMMAIOT C TOMOIIBIO JBYX- HIIH
TpEXCTyNEeHYaThIX KOMIpeccopoB. Jsi moBbimeHus 3()(PEeKTUBHOCTH PabOTHI
KOMIIPECCOPOB  MPUMEHSIOT  MEXKCTyNEeHYaToe  OXJaXJCHHe raza B
MPOMEXKYTOUHBIX  XOJIOJUJBHUKAX M  OXJIAXKICHUE CTCHOK I[UJIMHIPOB
KoMmrpeccopa.  Jyig  cxkaTusg  ra3a  UCHOJB3YIOT  TOPUIHEBBIE U
TypOokomIipeccoprl. IlepBpie OOBIMHO TPUMEHSIOT B O00JACTU BBICOKUX
JABJICHUM, BTOpble — MpH AaBieHusX He Bbime 4,5 Mlla. TypOokommpeccopbl
UMEIOT OOJIBIIIYIO TIPOU3BOJUTENBHOCTh. [l mNpuBOAa KOMIIPECCOPOB
UCITIOJIB3YIOT 3JIEKTPOABUTATENIN, Ta30MOTOPbI, IAPOBBIE WIIM Ta30BbIE TYPOUHBI.
Hanbomnee "KOHOMUYHBIMU SIBISFOTCSI TAPOBBIE TYPOUHEI.

KomrmpeccnoHHblii METON TPUMEHSIOT JUIi OTOCH3MHUBAHUS KUPHBIX
ra3os, cogepxkamux 6onee 150 r yrneBogoponos Cz u Beie Ha 1 M° nomyTHOrO
raza. HegocratkoM MeTolla SIBISIETCSI HEYETKOE pa3lei€Hue, YTO MPUBOIUT K
MONAJAaHUIO JIETKUX YTIIEBOJOPOIOB B KOHJICHCAT U NMOTEPE 3HAUYUTEIIBHON YacTH
TSDKEJIBIX  YTJIEBOJIOPOJOB ¢ Ta3oBoil (dazoil. I[loaToMy naHHBI METOJ
OPUMEHSIOT OOBIYHO B KOMOMHALMU C JpYruMu, Oojee 3(PGEeKTUBHBIMU
MeTOIaMU OTOECH3VHUBAHHUS.

[IpuHuMOManbHass CXeMa KOMIIPECCOPHOM  YCTaHOBKM C  MOPIIHEBBIM
TPEXCTYNEHYaTbIM KoMIpeccopoMm npuBeneHa Ha puc.30. Celpod ra3 mnoj
nasieanem 0,05 - 0,15 MIla moctymaer B mpuemMHBIA akkymyssitop 1, rae
OCEeNalT Kamiv HePpTH (U3 Tra3a, MNOCTYNAKIIEr0 C HEPTEIPOMBICIOBBIX
cenapalloOHHbBIX YCTaHOBOK), KOMIIPECCOPHOT0 Macia (15 Ta3a, NOCTYNaoIEro
C TIPOMBICIIOBBIX KOMIIPECCOPHBIX CTAHIMM), CKOHJICHCUPOBABIIUXCS TSIHKEIIBIX
VIJIEBOJIOPOIOB U MEXaHMYECKHME TmpuMecH. B KkayecTBe aKKyMyJsiTOPOB
MPUMEHSIOT TOPU3OHTAIIbHBIE EMKOCTH C OTOOMHBIMU ceTKkaMu. CKOpOCTh ra3a B
akkymysstopax He mpeBbimaer 0,3 M/c, 4yTO oOecrneyuBaeT MPUEMIIEMYIO
CTENIEHb OCAXICHHS. AKKYMYJSTOp TakXKe CIyKUT OyhepHOHl eMKOCThIO s
YMEHBIIICHUS MyJIbCALUH Ta3a, CO3JaBaEMON MOPUTHEBBIMU KOMITPECCOPAMU.

N3 akkymymstopa 1 ra3 HampaBisieTcsi B MPUEMHBIA KOJIJIEKTOP IMHJIMHIPOB
nepBoi crynenu cxkatus 4. Komnpumuposanssiit 10 0,3-0,5 MIla raz mpoxoaut
MOCJIEA0BAaTEILHO MAacIOOTASTuTe b 9, XOoJomuibHUK 12 U mocTymaer B
cenaparop nepBoi crynenu 14. KongeHcaT u3 cemapartopa mnepBOd CTYNEHH
MOCTynaeT 4Yepe3 peryiastop ypoBHs B emkocth 21. Ha [I'TI3 moctporiku
MOCJIETHUX JIET KOHJIEHCAT I[IepBOM CTYNEHW CXKATUsl HamnpaBisieTcsl Ha
cmenieHne ¢ HedTbio. HeckoHAEHCHpPOBAaHHBIM Tra3 MOCTyHaeT B IMPUEMHBIH

KOJIUJIEKTOP BTOPOW CTymeHW cxatus 5. ['a3, kommpumupoBaHHbld g0 1,2-1,7
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Mlla, mpoxoauT MOCIEAOBATENHHO MACIOOTACTUTENh 8, XONMomwibHUK 11 u
cenaparop 15. KongeHcaT BTOpOW CTYNEHH CHKATHsI COACPKUT OoJiee JIeTKHe
yraeBoAopoabl (TJIaBHBIM 00pa3oM MpomnaH U OyTaH), 4eM KOHJIEHCAT MEepBOM
crynenu. KongeHcar u3 cenapatopa 15 nanpasinsercst B emkocth 20, a ra3 noc-
TyHaeT B MPUEMHBIA KOJJIEKTOP LWIMHAPOB TpEeThel cTymeHu cxatus 6. ['as,
ckatelii 0 3,8-5 MIlla, mpoXoauT mocienoBaTeIbHO MAacIOOTACIUTENb 7,
xonoamnbHUK 10 u cemaparop 16. Konnencar u3 cemaparopa 16 moctymaer B
eMKOoCTh 19, a 0cTaTOYHBIN Ta3 MOCTYyNAaeT HAa JATBHEHUIITYIO TIEpepabOTKy WU B
JUHUI0 cyxoro rasza. KoHaeHcaT TpeTbel CTYNEeHHW COACPKUT B OCHOBHOM
MPOIIaH, dTaH ¥ METaH.

["a3b1 BRIBETpUBAaHUS U3 COOPHBIX €MKOCTEH OTBOMISTCS B aKKyMYJIATOD
1. OrcrosiBlIasici B cemapaTopax BoAa JPEHUPYETCS B KaHAIU3AIMIO.
KoHneHcaT u3 mpueMHOT0 akKyMyJsITOpa CTEKaeT B COOpHYI0 eMKOCTh 2. OH
COCTOUT U3 yriieBofopooB Cs U BbIlIE, 3arps3HEH HEQTHIO M KOMIIPECCOPHBIM
MacjaoM. J[Jis OYMCTKM ITOrO0 MPOJYKTAa B YCTAHOBKY BKJIIOYAIOT OTHAPHYIO
KojoHHy 13 mepuomauyeckoro aeicTBusi. KoHpeHcaT 3akauvMBarOT B KOJIOHHY
yepe3 TeriooomMeHHuk 17. KomonHa cHaOkeHa mTapoBBIM IOJOTPEBATEIIEM.
[Tapsl cBepXy KOJIOHHBI IPOXOJIAT Yyepe3 TermIoooMeHHuK 17, xononunsHuk 18 u
HAKaIIMBarOTCs B eMKOCTH 22. M3 eMKocTU 22 yacTh KOHAEHCAaTa HalpaBIsieTCs
Ha OpoIIeHre KOJIOHHBI 13, a u30bITOK oTKaunBaeTcsi B eMKoCTh 21. XKuakocTs ¢
HU3a KOJIOHHBI 13 BMecTe ¢ OoTpabOTaHHBIM MAacjoM M3 cemapaTtopoB /-9
MOCTYIIaeT B eMKOCTh 3.
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Puc. 30. TexHosornueckas cxema Komnp:ccopnoii YCTAHOBKHU OTOEH3MHHUBAHMS:
1 — npuemnuk-akkymymstop; 2, 3, 19, 20, 21 — c6opusie emxoctu; 4, 5, 6 — coorBerctBenno I, Il u Il crynenn xommpeccun; 7, 8, 9—

maciooraenurenu; 10, 11, 12, 18— xomoxmneHuku; 13— ornapHas kononHa; 14, 15, 16— cemaparopsl cootBerctBeHHOo I, II m III crymenm
KoMIpeccud; 17 — TeriooOMeHHUK; 22 — eMKOCTh oportnenus; 23, 24, 25, 26 — HacocHI.

IToroxu: | — ra3; II — razoBeiii Oensun; III — 3arps3HeHHBI KOHIEHcAT Ha OTHmapky; IV — OCTaTok M3 OTHAapHOM KOJOHHBI M Macio W3
Maciootaenureneii B cOOpHYIO eMKOCTh 3; V — ra30oBelii O€H3WH Ha ra3o(pakiUMOHUPYIONIYI0 YycTaHOBKY; VI — BoasHoOl map.
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Aobcopouuonnvlit Memoo. AGCopOIMOHHBIA METO OTOCH3NHUBAHUS
ra3oB siBIsieTcsl Hambomee pacmnpoctpaHeHHbM Ha ['TI3 y Hac B cTpaHe u 3a
pyOexxom. MeToa OCHOBaH Ha M30UpPATENbHOM TMOTJIOIMICHUU  TSKEIbIX
KOMIIOHEHTOB ra3a *XUAKUMH a0COpOeHTaMHU, B Ka4eCTBE KOTOPHIX MCIOJIB3YIOT
OCH3MH, KEPOCHH WM COJSIPHBIM TUCTHUISAT, dYalle BCEro KEPOCHHOBYIO H
IU3ebHYI0 (pakuuio co cpenHed MojekynsipHod maccor ot 140 mo 200.
PacTBOpUMOCTH KOMITOHEHTOB T'a3a B aOCOPOSHTE YBETUUIHMBACTCS 110 MEPE POCTa
MOJICKYJISIPHOM MacChl, TIOBBIIICHHS JABICHHUS W TIOHKCHHUS TEMIIEpaTYpHl.
AOGcopOmmio MPOBOMAT B KOJOHHBIX amnmaparax TapelbyaToro THMa s
YBEJIIMYCHUS TUIOMIANM KOHTaKTa MEXAYy >KHUAKOCThIO W Ta3oM. Hawmbonee
pacnpocTpaHeHbl abcopOepbl C KOJMAYKOBHIMH W CHUTYATBIMH TapeKamH.
AOGcopOuuto mpoBoAsT 00bIUHO Tpu Temriepatype He Boilie 30-40°C u naBneHuu
1,0-5,0 MlIla. [ecopOruio mpoBOIAT MpH TOBBIMICHHON Temrepatype (160-
200°C) u monmwxkenHoM gasnennn (0,3-0,5 MIla). [ecopOupyromum areHToM
OOBIYHO CIYXHUT OCTPBI BOJSHOU Hap.

Macnoabcopoyuonnwviic memoo (MAY) — onud u3 OCHOBHBIX
IIPOLIECCOB M3BJICUEHUS U3 Ta3a TSHKEJBIX YIJIEBOJOPOJIOB, OCBOEHHBIM B 1913
roga (CIIA). Ha mepBbix mopax TexHoJoruyeckoe odopmiieHHEe Ipoiiecca
OBLJIO OYEHb MPOCTOE — YCTAHOBKA BKJIOYANa JIBE KOJOHHBI— abcoplOep u
necopbep, a B KauecTBE JCCOpPOUPYIOIIETO areHTa MPUMEHSIUM HACBHIIICHHBIN
BoassHoM map. Ilpm stom B abcopOumoHHOM mporecce u3Bnekann 60-70%
¢pakuun Cs u Bbile. B cBSA3M ¢ NOTPEOHOCTHIO B CHKUKEHHBIX ra3ax MPOIECC
CTalli COBEPIICHCTBOBATh U JOBENU CTeNeHb u3BjieueHus ¢paxmauun Cz mo 60-
90%, dpakmuun C4 mo 80-98%, dpakmuu Cs u Beime mo 94-99%. Ilporecc
OPOBOAST OOBIYHO TMIPU TEMIIEpaType OKPYKAIOIIEro BO3[yXa, OJHAKO
MocJieTHee BpeMs CTaIl MCIOJIb30BaTh MPOMAHOBOE U aMMHAYHOE OXJIAXKICHUS.

Tunuynas npUHIMOHAIBHAS CXeMa Mpollecca MacisHoW abcopOium,
OCYILIECTBIISIEMOT0 TPU TEMIIEpaType OKPYXKAaroIlero BO3ayXa IpHUBEACHA Ha
puc.31.
Hcexonnsiii ta3 | 0ObIYHO OXJTaXKIaeTcs B oxjaguTensx 1,2, pa3mensercs B cemna-
patope 3 u noctynaet B abcopoOep 4, rae u3 Hero abcopoentom VI uzBnekaercs
OCHOBHasi  Macca  TSKEIbIX  YIJIEBOAOPOAOB.  HacChlllEHHBIM  ATUMH
YTIEBOAOPOaMH a0COPOSHT, TOJOTPETHIA B TEIJIOOOMEHHUKE 9, TOCTymaeT B
abcopOuronHo-otnapuyto kKojgoHHy (AOK) 5. B Hee e Huxe BBOJa
abcopOeHTa U3 KOJOHHBI 4 moctynaeT »ujakas ¢asza u3 cenaparopa 3. Ha Bepx
AOK mnonmaetrcsi pereHepupoBaHHBIH aOCOpOEHT, a BHU3Y €€ B peboinepe 8
BBOJIUTCSl TEIUIO M co3naercs mapoBoe opoimieHue. B AOK u3 abcopbOenTa,
NOCTyNaromero cHuzy abcopbepa 4, ynpansiorcs (OTIApUBAIOTCS) JIETKUE
yIIA€BOJIOPOAbl (METaH, 3TaH) U MOTJIOMIAIOTCS a0COPOSHTOM YTIJIEBOJOPOIbI OT
npormana W Beime. [lomHOCTRIO HackimeHHbIH abcopbent cHuzy AOK
HarpeBaeTcsl B TeIIooOMeHHWKe 9 u mocTymaer B jmecopbep 6, rae oT Hero
orrousiercst LIIDJIY IV, a pereHepupoBaHHbIII aOCOPOCHT BO3BpAIIACTCS B
KOJIOHHBI 4 U 5.

OObBIYHBIN TpoOIIECC TPOBOAUTCS C OXJaXJCHHWEM Ta3a T[epen
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abcopoepom no 0-10°C, Temneparype B abcopbepe 10-30°C u naBieHusx B ab-
copbepe 4-7 MIla, B8 AOK 1-4 MIla u B necopbepe 0,7-1,5 Mmna. Ilpu Takux
ycinoBusix obecrnieunBaeTcs u3BieueHue u3 raza 950 - 70% mnpomnana u g0 98%
OyraHoB u BbIiie. JTaHa B coctaBe LIIDIIY B »TOM cilyduae HEMHOTO M OH B
OCHOBHOM yXOJHUT ¢ TOTOKOM Ta3a Il

Yacth MeTaHa W 3TaHa pacTBOpsieTcss B aOCOpPOEHTE U 3a CYET ATOTO
YBEIMYMBACTCS KOJIMYECTBO ra3a nedranusanuu |l B ymep0 Beixoay ToBapHOTO
raza |l. Jnga toro, 4roObl mpenoTBpaTUTh 3TO U MOBBICUTH 3P(HEKTUBHOCTH
npoiiecca, pereHepupoBaHHbii abcopOeHT VI mopator B motok raza Ill, uz
KOTOPOTO OH M3BJIEKAET METaH U 3TaH, MPEABAPUTEIHHO HACKIIIASICh UMU; TTOCIIE
3TOro aOCOPOEHT HAMPaBISAIOT B KOJIOHHBI 4 1 5;
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Puc.31. [IpyHuunuaJbHas cxeMa OTOEH3MHUBAHMS ra3a MacJasiHO abcopOumei:
1,2- oxymaaurenu raza; 3 - cenaparop; 4 - abcopbep; 5 - abcopOIHMOHHO-OTITApHAS KOJIOHHA; 6 - mecopOep; 7 - XONOAWILHUKH, 8 - peboiinepsr; 9 -
teruiooOMeHHuKY; | u |l - ucxoausiit u or6cH3unenHsl rasel; I - raz gesranuzammuy; 1V - HIOJTY; V u VI - HacblIeHHBIH U pereHepupoBaHHbIN
aObCcopOeHT.
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Hu3zkomemnepamypnasa aocopoyua (HTA) CHmKeHHEe
TEMIIEpaTypbl OXJAXJEHMs Tra3za mepel BXoAoM B abcopbep W B caMOM
abcopbepe - OAWH U3 NEUCTBEHHBIX MYyTEH IMOBHIIICHHS CTCTICHH W3BJICUYCHHUS
TSDKEIBIX YTJICBOJAOPOJIOB W3 Taza. OJTO TMO3BOJIIET YXe 10 abcopOepa B
cenaparope 3 CKOHACHCHPOBATh U OTICIHUTH OOJIBIIEE KOJIMYECTBO CIKMKEHHBIX
YTJIEBOAOPOJOB, CHM3UTh HArpy3ky abcopbepa u yriyOUTh U3BIICUEHUE
ocTaronmxcs B raze yriaeoaoponoB Cy - Cs B camom abcopOepe. XapaKkTepHbIit
peXuM paboThl TaKUMX YCTAaHOBOK HHU3KOTeMIlepaTypHoil abcopOumm (HTA)
cieayomuii: Temneparypa B abcopoepe -20 + -60 °C, naBnenue (B MIla): B
abcopOepe 4 - 6, B AOK - 2,0-3,5, B aecopOepe -1-2. CreneHb U3BICUCHUS dTaHA
coctaBisger 20 - 50%, mpomana - 80 - 99%, OyranoB u Bbeime - 100%.
[upoxomy npumenenuro npounecca HTA cnocoOCTBOBaIO BO MHOTHX CIIydasix
HaJMYHUE BBICOKOTO JIaBJICHUS Ta3a Ha BBIXOJIE M3 CKBAKUH W BO3MOXXHOCTH TIPH
TOM HCHOJB30BaTh 3PGEKT IPOCCENUPOBAHMS IJIsI OXJIAXKACHUS ra3za Tepen
abcopOepom. Takum 00pa3om, B 3TUX CIydasiX coueTaroTcs Ba npouecca - HTC
u HTA.

BaxxnblM mapameTpom mo0oro mporecca abcopOuuu  sBISETCA
yACNBHBIN pacxoj; abcopOeHTa (KpaTHOCTb abCcopOeHTa), OmpeaesisieMblil Kak
OTHOLIEHHE pacxoda abcopOeHTa K pacxody rasa (B yi/m°). Bmusaue sToro
napamMeTpa Ha CTENEeHb W3BJICUCHHUS YTJIEBOJOPOJIOB M3 Ta3a WJUIIOCTPUPYET
puc.32, KpuBbIE HAa KOTOPOM TOCTPOEHBI Uil Temmepatrypsl adbcopouuu 20°C.
JlanbHeillee MOHMKEHUE TEeMIEpaTypbl OOYCIOBIMBAET CABUT KpPUBBIX B
CTOPOHY YBEIMYCHUS CTECIICHU U3BjIcueHus B cpeaneM Ha 1,0 - 1,5% nHa kaxabrit
rpayc MOHWKEHUS TeMITepaTypbl abcopOIuu.

@, %
100

J
a0k 4 3

50}

40t

1
0 1.0 2,0 J.0
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Puc.32. 3aBucumMocThb cTeneHH U3BJIEYEeHUA YIJIeBOA0POAAa OT KPATHOCTH abcopOeHTa
(Temmnepatypa adcopouuu 20°C, naBjaenue 7 MlIla):

1-5 - COOTBETCTBEHHO METAaH, 3TaH, NPOIaH, OyTaH U NEHTaH

Aocopouuonnslit memoO. Tpu 1oydeHNH TA30BOr0 OEH3UHA acop-
OIIMOHHBIM METOJIOM B KayecTBE aJcopOeHTa OOBIYHO MPUMEHSIOT TIpa-
HYJIMPOBAHHBIM AKTUBUPOBAHHBIA YIOJIb, MOJYYEHHBIM IyTEM TEPMUYECKOU M
XUMHUUYECKON 00pabOTKU MPUPOJHOTO YTIEPOJICOAEPKAIIETO ChIphbs (AepeBa,
KOCTeH W JAp.) winu cuiukareib. [Ipu Mcrnonb30BaHUM B KadyecTBE aJcoOpOeHTa
CWJIMKArejis OCHOBHBIM TIPOIECCOM SBJISAETCS OCYIIKa rasa, a IIOJIy4eHHE
ra3oBoro OeH3WHa - MOOOYHBIM. AJCOPOIMIO MPOBOAST MPHU MOHMKEHHBIX
TeMIlepaTypax U MOBBIIIEHHBIX JaBIeHUsAX. [l gecopOImy NpuMeHsI0T OCTPbIT
WU TIeperpeThld map (B ciaydae yriis) JuOO0 Cyxoil ropsuuil ra3 (B ciydae
CUJIUKAreJs).

I"a3, mocie oxJyaxaeHusl U MPOXOXKJICHUS Yepe3 (PUIIbTP Il OUYUCTKU OT
Kamejib YIJI€BOJAOPOJOB M MEXaHWYECKHX NPHUMECEH, MOCTylaeT CHU3y B
aacopOep, Ie MPOUCXOIUT €ro orOeH3uHuBaHuE. [lamee ras mocTymaeT B
nojgorpesarenb, rae HarpeBaercs 10 120-140°C m 3areM B HMXKHIOIO 4acTh
HaXOJAIIErocs Ha CTaJIuK OCYIIKH ajJcopOepa. Y BIIaKHEHHBIHN Ta3 HapaBiIseTCs
B HU3 JiecopOepa, HaXOASIIErocsl Ha CTaiuu oxjiaxaeHus. CMech mapoB BOAbI U
VIJIEBOAOPOAOB  OXJAXAAETCd, M  CKOHJIEHCUPOBAHHBIE  YIJIEBOJOPOJIbI
OTJIEJAIOTCS B CEMapaTope.

Cnocoowl HU3KOmMeMnepamypHou KOHOeHcayuu u

HU3KoOmemnepamypHou pekmuuxayuu

[Ipouecc OTOEH3MHUBAHUS Ta30B METOJOM HHM3KOTEMIIEpaTypHOU
KOHJICHCAIlMU U PEKTU(UKAIIMN BKIIOYAET CIEAYIOLIUE CTAINU:

- OCylIKa rasa;

- KOMIpHUMHpOBaHHE ra3a a0 aasieHuit 3-7 Mlla;

- OXJIXJCHHE CKATOTO M ocylieHHOoro Ta3a 10 —10 — 80°C;

- pa3feneHue  YacTMYHO  CKOHJEHCHPOBABIIETOCS  Tra3a  Ha
HECTaOMJIbHBIA Tra30Bbld OCH3UMH U HECKOHJEHCUPOBAHHBIA CyXOM
ras.

B ycranoBke HM3KOTEMIEpaTypHOW pEKTH(PUKAIMKA SKUPHBIA Tra3
OPOXOIUT Yepe3 TEIUIOOOMEHHHUK, TJe OXJaXAAaeTcs OOpaTHbIM MOTOKOM
OCTaTOYHOI'0 ra3a M IIOCTyIIaeT B KOJIOHHYy-AedTaHu3atop. ['a3el ¢ Bepxa
KOJIOHHBI TPOXOAAT Yepe3 NPONMAHOBBIM XOJOAWIBHHUK, IZJ€ NPOUCXOIUT
yacTuyHas uX KoHjeHcanus. KonaeHcar ctekaeT B peQIIOKCHYIO €MKOCTb,
OTKyZa HACOCOM IIOAAETCA Ha OpOLIEHME KOJOHHBI. HeckoHaeHcupoBaHHBIE
razbl U3 peQIIOKC-eMKOCTH MPOXOAST uYepe3 TEeMI000MEHHUK-PEKyIepaTop U
HaIpaBJISIIOTCS B Ta30MpoOBOJ. JledTaHM3UPOBAHHBIM HECTAOWIIBHBIM OEH3UH C
HH3a KOJIOHHBI OTBOAUTCS B TOBAPHBIN NapK Wik Ha [ DY.

JKvpHbBIli ra3 NOCTyMmaeT Ha YCTAaHOBKY HHU3KOTEMIIEPATypHOW KOH-
neHcanuu noj napieHueM 3-4 Mlla u HampaBisieTcs yepe3 Tem1000MEHHUKH-
pekymepaTopbl Xoyioa M3 OOpaTHBIX IIOTOKOB Tra3a M KOHJEHcaTta B

XOJIOIWJIBHUK, TAE€ OXJIaKaaeTcsa A0 muHyc 23-35°C, a 3areM B cemaparop, rie
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IIPOUCXOJINT Pa3ACICHUE HECKOHIACHCHUPOBABILETOCA ra3a W KOoHAeHcara. ['a3
HalpaBJISIETCS. B Ta30lpOBOJ, a KOHJAEHCAT MOCTYMAeT B JAE3TaHU3ATOP.
JlenTaHN3UpOBaHHBIN HECTAOWIbHBIA OCH3MH C HU3a KOJOHHBI HAINpaBIsETCA B
TOBapHBIA MapK WM AJis JanbHeumend nepepabotku Ha ['@Y. a3 B BepxHel
YaCTHU J€ITAHW3aTOPA YACTUYHO KOHJAEHCUPYETCS B MPONAHOBOM XOJIOJUJIbHUKE,
MIOCJIE YEr0 HAIPaBIAETCS B Ta30MPOBOJA WM [UJISl MCIOJIb30BAaHUSA B KAauyeCTBE
toruiBa. KonjeHcar noctynaet B peItOKCHYIO €MKOCTh U 3aT€M OTKauMBaeTCs
Ha OPOULICHHE BEpXa KOJOHHBI. [Ipr HU3KOM COZIepKaHUM METaHA U dTaHa B KOH-
JIEHCATe KOJIOHHA JE3TAHU3aTOPa MOXKET padoTaTh 0€3 OpOLIEHUSI.

Jlis  Tmpou3BOACTBA MCKYCCTBEHHOTO XOJOJa HCHOJB3YIOT OOBIYHO
KOMITPECCOPHBIC XOJIOJWJIBHBIE MAIIMHBI, XJAJar€HTOM B KOTOPBIX SIBIIIOTCS
MporaH, 3TaH win (PEeoH, a TakkKe TypOOoaeTaHIephl, B KOTOPBIX SHEPTHS
PaCIIMPSIOIIETOCA ra3a peKynepupyeTcs I MPOU3BOACTBA XOJIOIA.

3.2. IIponecchl pa3aejieHusi YIJIeBOIOPOAHBIX Fa30B

HuskotemnepaTypHbie IpOLIECCHl B Ta30mepepadoTKe MpUOOpPETaIOT BCe
OoJplliee 3HAYEHHE B CBS3UM C IOBBIMIAIONICHCS MOTPEOHOCTHIO B TaKUX
WHIUBUYaAIbHBIX YTJEBOJOPOAAaX, Kak 3TaH, MpomaH W OyTaHbl, a TaKkxke
YBEIMYMBAIOLIMMCS CIIPOCOM Ha CXKMXEHHbIe raspl. [lporecchl paznaeneHus
YTIIEBOJOPOJTHBIX Ta30B OCHOBAHBI HA PA3MHYUU (U3UKO-XUMHUECKUX CBOMCTB
KOMIIOHEHTOB ra3a. Hawmboilee BaXHBIM IIOKa3aTellb, BIHAIOIMIAN Ha
TEXHOJIOTHUECKHE TTapaMeTPhI MPOIIECCOB PA3JICICHHS - TaBIICHNE HACHIIIEHHBIX
MapoB KOMIIOHCHTOB. UETKOCTh pa3feiicHHus] YIJICBOJOPOJHBIX Ta30B B
3HAUNTEIBLHOW  CTCTNICHH  OMPEACNSIeTCS  OTHOCHUTENBHOW  JICTYYECThIO
KOMITOHEHTOB

o = Y1 puly2p2 = Ki/Kz

rae Y1Y2 - KOA(DPHUIMEHTH aKTMBHOCTH PA3CISIEMBIX KOMIIOHCHTOB;
p1,p2 - JIaBJieHWE HACHIIICHHBIX ITAPOB KOMIIOHEHTOB, Ki,K2 - KOHCTAHTBI
($ha30BOTO paBHOBECHSI.

KommonenTsl wim (pakiuu yriieBoJOpOJ0B, UMEIOIINE HANOOJBIIYIO
Pa3HOCTb 3HAUYCHUH JICTYYECTH, PA3JACIIAIOTCS C MEHBILIEH 3aTPaTON SHEPTUM.

3HaueHUSI OTHOCHUTEIIbHOW JIETYy4eCTH i OWHAPHOW CHCTEMBI HE
SBJISIOTCS TIOCTOSIHHBIMU, & YBEJIIMYMBAIOTCS C TOHIKEHHEM TEeMIEepaTypbl U
YMEHBIIIAIOTCA C TOBBIINICHHEM JaBieHus. Ecnu yBenuuuBath NaBlieHHWE TPU
MOCTOSIHHOM TeMIlepaType, TO B JKUIKYIO ¢azy OylnerT mepexoauTh OoJbliee
KOJMYECTBO JIETKUX YIJIEBOJOPOAOB, T.€. UYETKOCTh pa3ielieHus OyaeT
CHWXaThCs. Ecnu ke TMOHMKATh TEMIlepaTypy MPH MOCTOSHHOM JIaBJIICHHH, TO
YETKOCTh Pa3/eICHUS KOMITOHCHTOB IOBHIIIACTCSI. TeM HEe MEHee Ha MPaKTHKE
paszencHue yrieBOAOPOIHBIX Ta30B MPOBOASAT TPH ITOBBIIIICHHOM JIaBJICHUH,
YTO TIO3BOJISICT B OOJIBIIMHCTBE CJy4aeB BECTH IPOIECC TPH YMEPECHHOM
oxnaxaeHnn. Ho s Oojee dYeTKOro pasfeicHUs KOMIIOHCHTOB rasa
MPEANOYTEHUE CIIEAYET OT/IaBaTh MOHMKEHUIO TeMmepaTypsl. [loaTomy mpexnae
YeM paccMaTpuBaTh OCHOBHBIE HU3KOTEMIIEPATYPHBIE MPOLECCHI pa3aeicHUs
YTIIEBOJAOPOJHBIX Ta30B, OCTAHOBUMCS Ha OCHOBHBIX CIIOCO0AaX  TMOJYYCHUS
«X0JIOAY.
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CnocoObI mosTy4eHust «X0J1012»

[TpousBoacTBo "xosoaa" Ha JIFOOOM 3aJJaHHOM TEMIIEPATypPHOM YPOBHE
HIDKE TEMIEpaTypbl OKPYXKAlOlEed Cpelbl OCYLIECTBISIETCS B CHUCTEMaX,
peAU3YIOMMUX TOT WM WHOM XOJOJWJIBHBIN HHUKI. B COBpeMEHHBIX mpoleccax
ra3onepepadoTKd  HMCIHOJB3YIOTCS  Pa3jMYHbIE  XOJOJIWJIBHBIC  ITHKIIHI,
MO3BOJIAIONIME TMOJYyYUTh TEMMEPATypbl OT OJM3KUX K TeMIeparype
OKpYXaIoIlel Cpeibl 10 TEMIIEPATYPhl KUJKOTO TEJIHSL.

B Hacrosiee BpemMsi B HUBKOTEMIIEPATYPHBIX MPOIECCaX UCTOIB3YIOTCS
TEXHOJIOTUYECKHE CXEMBI:

C BHEWHUM XOJOOUTbHbIM YUKIOM, KOTJA TMPUMEHSIOTCS CIelUaIbHbIe
BEIIECTBA — XJIAJIaT€HThI, COBEPIIAIOIINE KPYTOBOM MpPOLIECC B XOJOAUILHOM
IUKIIe; MPU HTOM MOTYT HCIOJIb30BATbCS HE TOJBKO OJHOKOMIIOHEHTHBIE
XJaJareHTsl (MpomnaH, 3TaH, TUJIEH, aMMHAaK U T.J.), HO © MHOTOKOMIIOHEHTHBIE,
CMEIIIaHHbIe (HAmpUMep, CMECh JIETKUX YIJIEBOJOPOAOB); Uil TIyOOKOTro
OXJIQXJEHUS UCTIOJIb3YIOT KaCKaHbIE XOJOAMIBHBIC IIUKIIbI, KOTOPhIE OCHOBAHBI
Ha WCIOJb30BaHUU COEAUHEHHBIX MOCJIEI0BATEIPHO HECKOIBKUX XOJIOAUIBHBIX
IUKJIOB C Pa3IUYHBIMU XJIQJAr€HTaMH, OTJIIMYAIONIMMUCS IO TeMIlepaTrypam
KHUTICHUS;

C GHYMPEHHUM XOA0OUTbHbIM YUKIOM, KOTJa WCIONb3yeTCs He-
MOCPEACTBEHHOE  OXJIAXKJIECHHE  TEXHOJOTMYECKHMX IOTOKOB IyTEM  HUX
opoccenbrho2o (M309HTAIBIUNHOTO) WU OemaHoepHo2o (W3039HTPOIUUHOTO)
paclIpeHus;

C KOMOUHUDOBAHHBIM  XOJNOOUNbHHIM  YUKIOM, HalpuMep C HC-
MOJIb30BAHUEM BHEIIIHETO XJIaJareHTa Ha HadajbHOM JTalle C IMOCIEAYIOIINM
JPOCCENNPOBAHUEM WJIU JE€TaHIMPOBAHUEM MOTOKA.

[Tonyuenne xoJjiofa CBs3aHO C TEpeAadeil Teria OT MEHEE HarpeToro
Tena K 0oJiee HarpeToMy, B TO BpeMsl KaKk caMOIPOU3BOJILHO MPOILIECC Mepeadu
TeIJIa MOXET OCYIIECTBISATHCS TOJIBKO HA00OPOT, OT O0Jiee HArpeToro K MeHee
HarpeTomy Teiy. CienoBaTelbHO, MPOILIECC TMOJYYEHHUs] XOJoJa BO3MOXKEH
TOJIBKO C 3arparod paboThl. B kadecTBe mepeHOCUMKA TeIja C HUBIIETO
TEMIIEPATYpHOI'O YPOBHs Ha 00Jiee BHICOKUM UCIIOIb3yeTCs pabouee BEleCTBO -
XJIaJIar€HT, COBEPIIIAIOIIEe KPYyroBOM mpoliecc.

Ecnu B kauecTBe XJIaJJar€HTOB HCHOJIB3YIOTCS Ta3bl C KPUTHYECKOU
TeMIiepaTypoil 0oJjiee BBICOKOM, 4YeM TeMmIepaTypa OKpYKAIOIIeH Cpesbl,
OXJIQXK]ICHUE HA3bIBACTCS YMEepeHHbIM, €CIH K€ ¢ 0oJiee HU3KOU - ITO 21yboKoe
oxnasxicoeHue.

Paznmuune mexmy mpoiieccamMu yMEPEHHOTO M TIIYOOKOTO OXJIaXKICHHS
3aKJII0YAETCsl B TOM, YTO B MPOLECCE YMEPEHHOTO OXJIAXKICHUS CXKATbIE 10
OTPEICICHHOTO JaBJICHUSI Ta3bl KOHJACHCUPYIOTCS, OT/IaBasi TEIUIO OKPYKAIOIIEH
cpeae (BO3AyXy WM BOJAE), a B Mpolecce TIiIyOOKOTO OXJaXACHUS IS
KOHJICHCAIIUU XJIaJIareHTa €ro He0OXOAUMO OXJIAXIaTh 0 TeMIlepaTypbl OoJee
HU3KOM, YeM TeMIIepaTypa OKPYKarolen Cpebl.

Cnocoowvt nonyyenus ymepeHHo20 x0.100a
B nponecce ymepennoeco xononaa HKHUN TeMIIEpaTypHBIM mpenaen (10
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munyc 120°C) nocturaercs mOpu HCIOJNB30BAHMM B KAuyecTBE XJIaJareHTa
sTHieHa. B 3aBUcHUMOCTH OT crocoba cxaTusl XJIaJareHTa U W3MEHEHHs €ro
COCTOSIHMSI B paboueM IUKJIE [ JOCTHXKEHHUS YMEPEHHOIO OXJIAKICHUS
UCIOJIB3YIOT CIEAYIOIINE X0JIOMIbHbBIE YCTAHOBKHU:

-[IapOKOMIIPECCUOHHBIE XOJOJWIbHBIE MAalIUMHbI, B KOTOPBIX C)KaTHE
XJIaJJareHTa OCYIIECTBIIAETCS IOPIIHEBBIM, TYPOMHHBIM WJIM BUHTOBBIM
KOMIIPECCOPOM M CKaThIi ra3 MOJBEPraeTcsl KOHIECHCAUU

-a0COpOIIMOHHBIE XOJIOJMIbHBIE MAIMHBI, B KOTOPBIX XJIaJarcHT
C)KMMAETCSl TEPMOKOMIIPECCOPOM U TIOJIBEPTAETCS CHKMKEHHUIO.

[IpyHIMNIAanbHAS CXeMa NAPOKOMNPECCUOHHOU XOJIO0OUNLHOU MAUUUHb
MOKa3zaHa Ha puc.33.

[lappl HUPKYJIUPYIOIIEro XJaJareHTa HANpaBisSlOTCS Ha PUEM
koMmripeccopa K u cxxumarorcs B HeM 10 pabouero nasiieHusa. C)kaThle mapbl
XJIaZlareHTa MOCTYNalT B XOJOAWIbHUK-KOHAeHcaTop XK, r1ie mpu oxiaxIeHuu
BOJIOM WJIM BO3AYXOM KOHACHCHPYIOTCSI U MOCTYHAIOT AJS JOOXJIaKICHHS B
xogomwibHUK X,  IlepeoxnaxkaeHHBIH  XKUAKUH  XJQJareHT  3aTeM
npoccenupyercs B Jl, B pe3yapTaTe 4yero ero TemrnepaTypa mOHUKAEeTCs.

[Tocne npoccens J| XiamareHT HampaBisieTcss B HCIAPUTENH, I
IPOUCXOAUT €ro UCHApEeHHE 3a CYET IMOJBOJA TEeIlIa OXJIAXKIaeMbIM ITOTOKOM.
Bepxnsst temmeparypa NapOKOMIPECCHOHHOIO IUKJA HPHUMEPHO OJUHAKOBA
IpU WCTOJB30BAaHUU BCEX XJIAIal€HTOB, TaK KaK 3aBUCUT OT TEMIIEPaTypbl
oxynaxaaemMoi Bojbl, u koaebnetcs ot 0 no 30°C. HuwxkHioo TeMiiepatypy IuKia
3a1al0T B 3aBHCHUMOCTH OT Ha3HAY€HUs XOJOJWJIbHOM YCTaHOBKH. BpIOOp
XJIaJlar€HTa 3aBUCHUT OT HEOOXOJUMMOIO HWHTEpBaja TeMmmeparyp B pabote
XOJIOAWJIBHOM YCTAHOBKHM, T.€. OT TpeOyeMOro HMKHEr0 TeMIIepaTypHOTO
npenena.

—P

Puc.33. Cxema napoKoMIpecCHOHHOI X0J0AWIbHOM MallIUHbI
K — xommpeccop; XK — xonoauinbHUK-KOHIeHCcaTop; X — X0noAuibHUK; [l — apoccens; U —
HCTIapUTEh.
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[Ipu BBIOOpPE XJajgareHTa W TEMIIEPATYpHOTO MHTEpBaia LUKIIA
CTpEMSATCSl TakKe€ K TOMY, YTOOBI JaBJICHHE HACBHIIMIEHHBIX MapOB XJaJareHTa
P HUKHEH TeMIieparype nukiia Obu1o OJM3K0 K aTMOC(EpHOMY.

B Hactosimiee Bpems Uil XOJOJIWJIBHBIX YCTAHOBOK HCIOJIb3YIOTCS
pa3nuYHbIC XJIAJar€HThl: 3TaH, STHJICH, IPOIaH, aMMHUAK U T.[.

Hlupokoe mNpuUMEHEHHE B MPAKTHKE pPabOThl MAPOKOMIIPECCHOHHBIX
XOJIOJIMJIBHBIX YCTAaHOBOK moyums ammuak. [Ipu temmepatype 20°C naBnenue
HACBIIIEHHBIX TIapoB ammuaka cocrtasiger 857 Klla, B To Bpems Kak
TeMIiepaTypa HacbllleHus, paBHas MHUHYC 34°C, COOTBETCTBYeET naBiieHHI0 98
KIla. CnenmoBarenbHO, cO3JaHME  aMMHUAYHOM  MApPOKOMIIPECCUOHHOM
XOJIOMIUIILHOM YCTAaHOBKM Ha KOHEYHbIE Temmeparypbl 10 MuHYC 34°C He
TpeOyeT NMPUMEHEHHUs BaKyyMma, YTO 3HAYUTEJBHO YIPOIIAET €€ KOHCTPYKIIMIO.
Kpome Toro, mo cpaBHEHMIO C JPYrUMHU XJaJareHTaMH aMMHaK HMeeT OoJiee
BBICOKYIO XOJIOAONPOU3BOJUTENBHOCTh Ha 1 Kr XjajareHta. AMMHAaK TeM He
MEHEEe HMMEET U HEKOTOpbIE HEJOCTATKHM - TOKCUYHOCTh U KOPPO3UOHHYIO
aKTUBHOCTH, TIO3TOMY B NMPOMBIIUICHHOCTH IIHPOKOE MPUMEHEHHE B Ka4deCTBE
XJIaJIar€HTOB HAaXOJAT YIJIEBOJOPO/bl, B YACTHOCTH IPOIAH, 3TaH WA 3THUJIEH,
KOTOpbIE, XOTd M HMEIT 00Jieeé HHU3KYI0 XOJOJONPOU3BOJMTEIBHOCTh IO
CPAaBHEHHUIO C AMMHAKOM, HO HE€ 00JaJal0T KOPPO3MOHHOW AKTHBHOCTBHIO H
HETOKCHYHBI.

B abcopoyuonnvix xonoounvuvix mawunax HEOOXOIUMO BHIOpATh HE
TOJIBKO TTOAXOSIINMA XJIaJJareHT, HO U JICIIEBbIA U JOCTYIHBINA paCTBOPUTEID, B
KOTOPOM JIETKO pacTBopsieTcst XjaaareHT. Cxembl aOCOpOIMOHHBIX ILIHMKIIOB
OTJMYAIOTCS OT MapOKOMIIPECCHOHHBIX CIOCOOOM CKaTusi MapoB XJaJareHTa
nocine ucnapurens. CxemMa aOCOpOLIMOHHON XOJOIUIBHON MallHBI IPUBEICHA
Ha puc.34. Ilapsl xmagarenTa u3 ucrnaputens 1 mocrynatot B abcopbep 2, rae
OHM TMOIJIOUIAIOTCA PACTBOPHUTENIEM, MpPU 3TOM MPEIyCMOTPEH OTBOJ TeIia
abcopouuu. Ilporecc mornouieHus: NapoB XjaJareHTa aHaJOTMYeH IPOIECcCy
BCACBIBAHUS NTAPOB B KOMIIPECCOP B CXEME NapOKOMIPECCUOHHOMN XOJI0IUIIbHOMN
MamuHbl. HachlieHHbI pacTBOPUTENh U3 HUXKHEN YyacTh abcopOepa MpoXOoauT
pPEeKyMepaTUBHBIA TEIIOOOMEHHUK 3 W HacocoM 4 mopaercs B OTHapHYIO
KOJIOHHY C KHILITHJIBHUKOM 5. 3a cyeT moJABOAa TeIula K KHUISTHIBHUKY
OoJpIIas YacTh XJIaJareHTa MCHapseTcsl U3 HACBIILEHHOTO pacTBOpa U B BUJE
napoB MOJl BBICOKMM JaBJICHUEM OTBOJUTCS M3 OTIAPHOM KOJIOHHBI; Hapbl
KOHJCHCUPYIOTCS B XOJOJIWIbHHUKE-KOHJEHCATOpe 6, W 3aTeM CKUKCHHBIN
XJIJJATeHT JTOOXJIAXKAAETCA B XOJOJIWIbHHUKE [, IPOXOJUT 4epe3 Apoccerb 8 u
npu Oosiee HHU3KOM TemmepaType mnoctymaer B ucnapurtenb 1. OOeqHeHHBIN
pacTBOp XJIaJareHta M3 OTMAPHOM KOJIOHHBI C KHUIATWIBHHUKOM O 4epes
npoccenb 9 M TEWIOOOMEHHMK 3 TMOJAETCS B BEPXHIO 4YacTh abcopbepa.
OcHOBHasl CJI0)KHOCTh B UCIIOJIb30BAHUHU a0COPOIIMOHHBIX XOJIOIUJIBHBIX MAIIIUH
- nmoAdOp COOTBETCTBYIOLIEH TMaphl XJaJareHT-pacTBOPUTENb, K KOTOPBHIM
NPEABIBISIIOTCS BECbMa KECTKHE TpeOOBaHMS: HETOKCUYHOCTh, HHU3Kas
KOPpPO3WOHHAs aKTUBHOCTb, BHICOKAsl B3aUMHAasl PacTBOPUMOCTh U J1p. [lepBbiM
U3 XJIAJAreHTOB B  A0COPOIIMOHHBIX  XOJIOAWJIBHBIX MAalllMHAX  Hayaju
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UCTOJIB30BaTh aMMHAK, KOTOPBI 00JiafaeT XOPOUIMMH  XOJIOIWIbHBIMH
CBOWCTBAMHM M XOpPOIIO PAacTBOPUM B BOJI€, MUCIOJIB3YeMOH B ITOM ciydyae B
KadecTBe abcopOeHTa.

Bce Gonbliee npuMeHeHHE HAXOAUT CUCTeMa OPOMUCTBIN JIUTHH - BOJA.
HccnenoBaHus MM  HEKOTOPBIX aBTOPOB IIOKa3aHa TaKKe IEPCHEKTHBHOCTD
UCTIOJIb30BAaHUS CHCTEM IIPOIIAH - YIIEBOAOPOAHAS KHUIKOCTb.

KamnuTaneHble 3aTpaThl Ha CO3aHNE MTAPOKOMIIPECCUOHHBIX U
a0COpPOIIMOHHBIX XOJIOAUIBHBIX MAIIWH TIPUMEPHO OJTMHAKOBHI.
[IpenmMymecTBOM MapOKOMIPECCHOHHBIX MAIIHMH SBISIFOTCS KOMIAKTHOCTh
MEHBIIIasi METANIOEMKOCTb, a a0COPOIIMOHHBIX — MPOCTOTa 000PYAOBaHUS U
IKCILTyaTaIuH.

Cnocoo6wl nonyuenusn 2nyb60oKo2o xo100a

JUis mosyueHust TayOOKOro xojiojla B MpoIleccax razonepepadoTKu
UCITOJIB3YFOTCS:

- BHYTPEHHUE XOJIOAUIIbHBIE [IUKJIBL;

- KaCKaJJHbIE€ XOJIOAWIBHBIC LIUKJIbI;

- KOMOMHUPOBAHHBIE XOJIOMIbHbIE LIUKIIBI.

Brnympennue X0JI00UNbHbLE YUKIIbl JNEUCTBYIOT 3a cyer
M303HTAJBIUIHOTO (IPOCCENUPOBAHUE) WM H303HTPONHUMHOIO (IeTaHAephl)
pacIIMpeHus ra30BOro MOTOKA.

B npoccenbHBIX X0NMOAUIBHBIX HUKIaX Ucnolib3yercsd a¢dext Jxoymns -
TomcoHna. DT 1UKIBl 3PQGEKTUBHBI OpH OOJBIIMX Iepenagax aBJICHUS Ha
npoccene. B ycioBusix HEOOJBIIMX MEpenaaoB JaBiieHus Oosee 3PPEeKTUBHO
pacmiMpeHue rasa B JAeTaHjaepax. Ha mpakThke HCHONb3YHOT JIBa OCHOBHBIX
cnocoba pacHIMpeHus Tra3a - MpolecC APOCCEIUPOBAHUS MPEIBAPUTEITHHO
CKaTOro M OXJAXJIEHHOIO ra3a M IPOLECC PaCIIMPEHHUsl ¢ OTAA4Yeld BHEUIHEH
paboTHI.
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Puc.34. Cxema a6copOLIMOHHON X0J10AUIbHOM MAILIMHBI

1 — ucnapurens; 2 - abcopOep; 3 — pekynepaTUBHbINA TEINIOOOMEHHUK; 4 — Hacoc; 5 — oTnapHasi KOJIOHHA; 6 — XOJIOMIbHUK-KOHIEHCaTop; 7 —
XOJIOAWIIBHUK; 8,9 — Ipoccerb.
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O¢ddexT cHMKEeHHs AaBICHUA CTPYH Ta3a WM KHUAKOCTH B IMpPOLECcCe
NPOTEKaHUsI 4Yepe3 CYKEHHE Ha3bIBaeTcsi oOpoccenuposanuem. llponecc
paclIMpeHus Ta3a IyTeM JPOCCETUPOBAHMS SBIIAETCS H303HTANBIUNHBIM U
HEOOpaTUMBIM.

I'a3 ¢ maBnenuem p; u temmeparypor T1, H30TEPMUYECKU CKUMAETCS B
kommnpeccope K 1o nasnenus pp. Cxxarblid ra3, Opouisg IpOCCEIbHOE YCTPOUCTBO
[, pacmupsiercs 10 IEPBOHAYATIBHOIO AABJIEHUA P1, IPU 3TOM €ro TEMIIEpaTypa
cHmxkaercs 10 Tp. Pacmupenue B apoccerne NpoUCXOAUT MPU MOCTOSTHHOM 3H-
tanbnuu. OXJaXIEeHHbIM Tra3 HarpeBaercss B TemooomeHHuke T-0 1o
MEPBOHAYAJILHON TEMIIEPATYPBI, OTHUMAs TEIJIO OT OXJIAXK1aeMOr0 MOTOKA.

[IpuHUMOManbHAs CcXeMa JPOCCEIBHOTO pAaCIIMpPEHUs] IOKa3aHa Ha
puc.35a.
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Puc.35. Cxembl ApoccesibHOTO (2) M AeTaHAePHOro (0) pacIIMpPeHHusI CKaTOro rasa
K - kommpeccop, | — npoccens, I-P — nerannep-pacumputens, T-O — Tem1o0OMEHHUK

XO0JI0a0NPOU3BOAUTENBHOCT JIPOCCEIBHOTO IHKJIA pPaBHA Pa3HOCTH
SHTAJIBIIMUA Ta3a J0 W IMOCIe HU30TEPMHYECKOTO CXKATHS B KOMIIPECCOPE, T.€.
paboTe CokaTUsl B KOMIIPECCOPE B TEIUIOBBIX €IMHUIIAX.

[Ipomecc pacmmpenus raza ¢ oOTHayedl BHEIIHEH paboThl ocyle-
CTBJISIETCS. B CHEIMAJbHBIX MalllMHAX-AeTaHaepax. HasBanue demanoep
NPOMCXOMUT OT (panirysckoro cioBa detendre - pacumpsaTs cxartoe.
TeopeTnyeckn STOT MPOIECC MOXKET OBITh MOJHOCThIO OOpPaTUMBIM, T.€.
NpPOTEKAaTh MpPHU IOCTOSHHOW H3HTpornuu. Cxema JeTaHJEpHOTO pacCIIUPEHHUS
nokaszaHa Ha puc. 356. ['a3 3acackiBaercst komripeccopom K mpu naBieHuu p1 u
temneparype T1, 1 U30TEPMHYECKH CHKUMAETCS N0 JaBieHUs pz. CxkaTelil ra3
pacmmpsieTcsi B JETaHAEPE OO0 MEPBOHAYAIBHOTO JABJIEHUS P1. 1€OpETUUECKU
pacliMpeHrue B JETaHJAEpPE MNPOUCXOAUT IMPU NOCTOSAHHOW SHTPONHUHU, U Ta3
JIOJDKEH OXJIQUThCS TPU 3TOM A0 Temreparypbl Tz, B aelcTBUTENBHOCTH
mporiecc B JIeTaHJEpPE HECKOJIBKO OTKJIOHSETCS OT aauabaThyecKoro.
PacmmpurenbHbie MallIMHBI ACJISTCA Ha ABA OCHOBHBIX KJlacca:

- MAaIllMHBl CTAaTUYECKOro (00BEMHOI0) ACHCTBHS, B KOTOPBIX pac-
IIUPEHNUE Ta3a MPOUCXOIUT B IEPEMEHHOM 00bEeMe 0] BO3ICHCTBUEM TTOPITHEH
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C BO3BPAaTHO-NIOCTYINATEIbHBIM WJIM BpAILATEIbHBIM JBMKEHUEM. B TexHuke
ri1yOOKOT0 OXJIAXKACHUS U3 MALLMH 3TOT0 Kjacca HanOoJIblIee pacpOCTPAHEHNE
NOJIYYWJIA OJHOCTYIIEHYAaThle IMOPLIHEBBIE JAeTaHIephl. MHOraa UCHoJab3yroT
POTALIMOHHBIE WM BUHTOBBIC;

- TNOTOYHBIC MAIIMHBI JUHAMUYECKOTO JEHCTBHsA, B KOTOPBIX pac-
LHIMPEHHE Tra3a IPOUCXOAUT B pE3yJbTaTe €ro JBWKEHUS 4YEepe3 CUCTEMBI
HEIOJBW)KHBIX HAMNPABIIOMIMX KAHAJIOB M MEXKIONATOYHBIX KAHAJIOB. JTO
TypboaeTannepsl. Paboueil cpenoit B geranaepax siisiercs ras. Pabora B Typ6o-
JETaHAEepax Co3JaeTcsi B pPe3yJibTaTe B3aMMOJACHCTBUS IIOTOKAa Tas3a C
KOJBUEBBIMU  JIONATOYHBIMM  pPEIIETKAMH, T.€. CHCTEMAaMH  JIONAcCTeH,
pPacoJIOKEHHBIX BOKPYT OCH BpaiieHHus. OCHOBHOE Ha3HAUEHHUE BPALIAIOIINXCS
JIOTIATOYHBIX PEMIETOK COCTOUT B U3BMEHEHHH YHEPreTUYECKOTO YPOBHS paboyeit
Cpelbl, 4YTO JIOCTUTAaeTCsl W3MEHEHMEM MOMEHTa KOJMYECTBA JIBHIKECHHUSA
IIPOTEKAOLIET0 ra3a. Bo3HUKAIOMMKA IPU 3’TOM MOMEHT CHJI, IEUCTBYIOIIMI HA
JIOTIATKY BPAILAIOIIECHCS PELIETKH, ONPEAEIAET IEPEIaBAEMYIO BHEIIIHUM TeIaM
padoTy, Ha3bIBAEMYIO TEXHUUECKOM.

Crynensb TypboaeTanepa oOpa3yeT iBa OCHOBHBIX pa0OUYUX 3JIEMEHTA -
HENOBWKHBIA HAIPAaBIIAIOIIMI anmapaT (COIUIOBBIM ammapar) U Bpalllaroleecs
pabouee Koeco.

PaGouuii mpouecc B CTyleHu TypOOJeTaHJepa MPOTEKAET CIETYIOIIUM
o0pa3oM: CKaThlil Ta3 ¢ HEOOJIBIION CKOPOCTHIO MOJIBOJUTCS K HAIIPaBJISIOLIEMY
anmapary, B KOTOPOM CKOpPOCTh IIOTOKa 3HAQYMTEIbHO YBEIUYHBAETCS C
COOTBETCTBYIOIIUM MOHM)KEHHUEM JABJIICHHS U SHTAJIbIIUU, 3aT€M I'a3 MPOXOJUT
0 MEXJIONMATOYHBIM KaHajlaM pabodero KoJjeca, IepeaaBas C IMOMOIIBIO
JIOMATOK CBOIO DHEPIHMIO HA BaJ MAIMHBI, PACIIUPEHHBIN U OXJIAXKICHHBIN a3
BBIBOAUTCS M3 MAallMHbl M  HANpaBisieTCs K MOTPEOUTENI0  XOJoAa.
MexaHnnyeckasi JHEpIHsl ¢ Bajla MallIMHbI TOKE JOJKHA OBITH OTBEJICHA.

Takum 00pa3oM, HampaBSAIOLIUI anmapaTr CIYXKUT IJs MOJIHOIO WU
YaCTUYHOrO MpeoOpa3oBaHUsl MOTEHUUAIBHONM JHEPrHMM CKaToro Trasa B
KUHETUYECKYl0, a pabouee Kojeco - Juis MpeoOpa3oBaHUsl SHEpruu rasza (B
o0IeM ciydae U MOTEHIUATbHON, 1 KUHETHYECKOM) B MEXaHMYECKYI0 paboTy,
IIEPENABAEMYIO BHEIIHUM TEJIaM.

WUrak, npunnun  aedctBus  TypOojeTaHaepa  3aKIlO4yaeTcs B
OCYUIECTBJICHUH MPOILECCa PACIIMPEHUS ra3a ¢ COBEPILICHUEM BHEIIHEW pabOThI
NyTeM TOJHOTO WM YaCTUYHOIO MpPeoOpa3oBaHUsl SHEPTUU CKATOTO rasza B
KMHETHYECKYI0 DJHEpPrul0 B HampapisdiomeM (COMIOBOM) ammapare |
MOCJIEIYIOUIEro MpeoOpa3oBaHMsl PHEPrUU ra3a B MEXaHUYECKYI0 paboTy BO
BpanjarouiemMcsi pabodem Kosiece. ITOT MPOLIECC COMPOBOKIAETCS MOHMKEHHEM
SHTANBINM ra3a, T.. MOJyYeHHEM XO0JI0Ja U Tepenayeil BHEIIHEMY NOTpeOuTe-
JIF0 MEXaHUYECKOU IHEPTUU.

Kackaonvie xonoounvhvie yuxavl TPEACTaBISAIOT €000l  mociie-
JIOBATEJIbHO COEJMHEHHBbIE NAapOKOMIIPECCUOHHBIE MAIIMHBI C Pa3JIMYHBIMU
XJIaJar€HTaMy, OTJIMYAIOIIMMHUCS 10 Temueparypam KurneHus. [IpuHuun
B3aUMOJICUCTBHUS  IOCJIENOBATEIBHO COEIMHEHHBIX IapOKOMIIPECCHOHHBIX
XOJIOAWJIBHBIX MAIllUH 3aKJF0YaeTCsA B TOM, UYTO XJIaJAreHT, COKMXKAFOIIMICS MPU
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OoJyiee BBICOKOW TeMIEparype, CIYyKUT 1 KOHACHCALMM MapoB TpYyJIHEE
KOHJICHCUPYEMOI'0 ~ XJjlajareHta. Hampumep, B CTaHAAPTHOM KacKaJHOM
XOJIOAWIBHOM LHKJE, MPEAHA3HAUEHHOM [UJISl CHKIKEHHUS TNPUPOIAHOTO rasa,
OOBIYHO NPUMEHSIOT TpU cTyneHu. Ha nmepBoil cTyneHu B KauecTBe XJiaJareHTa
UCIIOJIB3YIOT MpornaH, GpeoH WM aMMHUaK, Ha BTOPOM - dTaH WIM 3TUJIEH, Ha
TPEThEW - METaH WM MPUPOAHBIA ra3. [IpuHIMOManbHas cxeMa KacKaJHOTO
XOJIOAWJIBHOTO LIMKJIA MOKa3aHa Ha puc.36.

ITappr xjagareHTa mNEpBOM CTYIIEHHM, HAlpUMeEp IIPONaHa, KOH-
JNEHCHUPYIOTCSI BOJOW WJIM BO3AYyXOM WM IIOCJIE PACIIMPEHUS B JIPOCCEIBHOM
YCTPOMCTBE MOCTYNAlOT B ucnapurensb -1 1 KoHIeHcanuu napoB XjiaJareHra
BTOPOIl CTymeHHu, Hanpumep 3TaHa. CKOHACHCHUPOBAHHBIA XJIaJareHT BTOPOM
CTYNIEHM TIIOCJI€ JpPOCCENMpOBaHus InocTtymaeT B M-2 Ha KOHIEHcanuio
XJaJareHra TpEThEU CTYIICHH, HaIrpuMep IIPUPOTHOTO rasa.
HeckonnencupoBasmuiics rasz u3 cenaparopa C-1 nocrynaer B TEII00OMEHHUK
T-2 st pekynepanuu Xosa0/1a, a 3areM B kommnpeccop K-3 mis cxarus.

OCHOBHOE NPEUMYLIECTBO KAaCKaJHBIX IMKIOB - HU3KHI pacxon
sHeprur. OHAaKO OHU TPeOYIOT OOJIBIIOE KOJUYECTBO 00OpyIOoBaHUS U OoJiee
CJIO’)KHO€ YIIPaBIICHUE ITIOTOKAMM.

OCHOBHBIE HU3KOTEMIIEPATYPHbIE NIPOLECCHI Pa3/ie/IeHUs

YIJICEBOAOPOIHBIX I'a30B

Bce HuM3KOTeMmepaTypHbIE MPOILECCHI, UCTIOIb3YEMbIC ISl pa3/icICHUS
VIJIEBOJOPOAHBIX ~ Ta30B,  MOJPA3NENAOTCA  HA  YeThIpe  TPYHIIBL
HU3KOTEMIIEpaTypHas  abcopOuusi,  HHU3KOTEMIIepaTypHass  KOHJEHCAIUs,
HU3KOTEMIIEpaTypHas peKTU(UKAIUSI U HU3KOTeMIIepaTypHas aacopOius.

Hu3zxomemnepamypunasa aocopoyus (HTA) ocHOBaHa Ha pa3iMvuu B
pPacTBOPUMOCTH KOMITOHEHTOB Ta3a B )KUAKOM (a3e Mpu HU3KUX TeMIIepaTypax u
MOCJICYIONIEM  BBIJICTICHUM UW3BJIICUEHHBIX KOMIIOHEHTOB B Jecopbepax,
paboTaOMIUX 1O MOJTHON CXeMe PeKTU(DUKAIUY.

Hu3komemnepamypnaa kouoencayusa (HTK) - 510 mpolecc
M300apHOTO OXJIAXKACHMs Tra3za (MpU TOCTOSHHOM JIaBJICHUM) JI0 TEeMIeparyp,
Ipy KOTOPHIX MPU TMPUMEHEHHOM JaBJICHWU TOSBISAETCA >KuIkas ¢daza c
MOCJEAYIONIMM pa3JieJIeHUEM B cemaparopax razoBoil u xkuakon (a3. Beicokoit
YETKOCTH Pa3/ICJICHUs YIJIEBOJAOPOAHBIX Ta30B MyTEM OJHOKPATHOW KOHJEHCA-
MU W TIOCHEAYINIIEH cemapaiuu JOOUThCA MPAKTUYECKH HEBO3MOXKHO.
[Tostomy coBpemenHble cxeMbl HTK BKIIIOWarOT KOJIOHHY A€3TaHU3AUU WU
JIeMETaHU3aIMU, KOTOpasi MpeIHa3HavyaeTcs JJisl OT/ACJICHUST JTaHa U3 MPOMaH-
OyTraHoBoM (pakiuu (IedTaHu3aTophl) Wik MeTaHa u3 ¢Qpakuuu Cos
(memeTaHU3aTOPHI).

Hu3zkomemnepamypnaa pexkmugurkayus (HTP) ocHOBaHa Ha OX-
JAXJAEHUU Ta30BOTO CHIPhS 0 TEMIIEPATYPHI, TP KOTOPOW CUCTEMA MEPEXOAUT
B JByX(pa3HOE COCTOSIHHE, C TMOCJICAYIONMM pa3/ieJieHueM O00pa30oBaBIIeiics
ra30’kKUJIKOCTHOM cMecu 0e3 TpeaBapUTeIbLHON cerapaiuu B TapeabyaThiX WU
HACAJI0OYHBIX PEKTU(PUKAITMOHHBIX KOJOHHAX.

Hu3skomemnepamypnasa aocopoyua (HT-aocopoyus) oOcHOBaHA Ha
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pa3IMYHON CIOCOOHOCTH KOMIIOHEHTOB Ta3a aJcopOMpOBaTHCS HA  TBEPIBIX
MOTJIOTUTENSAX. Pasnuune Mexay MeTolaMu HU3KOTEMITEPATYPHOU KOHAEHCALUH
U peKkTU(UKAIMU 3aKII0YaeTcs B IMOCIEAHEH CTaauu: B METOJAE HU3KO-
TEMIIEPATYPHON KOHACHCAIlMU Ha Pa3/IeJICHUE HAIPaBISETCS TOJBKO KOHACHCAT,
a B METOJI¢ HU3KOTEMIEpaTypHOU peKTHU(UKAIIMM — BCA MapO-KUIKOCTHAS
CMECh.

IIponecc HU3KOTEMIIEPATYpPHOM KOHAECHCALMA IO CPAaBHEHUIO C HU-
3KOTEMIIEpPAaTypHOH pekTuduKaimeit TpedyeT MEHbIINX PacX0A0B TEIja, X0JI0/1a
U 3aTpaT Ha CTPOMUTENBCTBO YCTAaHOBOK. OH OCYHIECTBISETCS B almaparax
MeHbIIero oobema. OpHaKO, METOJ HHU3KOTEMIIEPATypPHOH pPEKTH(PHUKAUU
no3BoJIseT OoJiee TIIyOOKO M3BIIEKATh MPOIMAH U3 Ta3a U MPOBOJUTH pa3felieHne
YIJIEBOJOPOAHBIX CMECeH C TMOMy4eHHeM O0oJiee YHUCThIX HWHAMBHIYaIbHBIX
YTIIEBOJOPOIOB WU UX Y3KUX (PPaAKITUH.

ITpeumymectBo HTA mnepen HTP coctour B TOM, 4TO pa3aeincHuE
YTJIEBOJAOPOJHBIX T'a30B MOKHO OCYLIECTBIIATH IIPH YMEPEHHBIX TEMIIEPATypaXx,
UCIIOJIB3YsT B KAauecTBE MCTOYHMKA XOJIOAAa, HAIpUMEp, NPOIIAHOBBIE
ucrapureny, npumeHeHue kKotopbix B HTP oka3piBaeTcss HEIOCTATOYHBIM.

OpHako 4eTKOCTh pa3/ielieHnss KOMIIOHEHTOB rasa B npouecce HTA Huxke, yem B
HTP.
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Puc. 36. CxemMa KackaJHOIo X0J0ANJILHOI0 INUKJIA:

K-1, K-2, K-3 - koMmpeccopsl TiepBoii, BTOpOil ¥ TpeThel CTYNeHelW COOTBETCTBEHHO; X-1 - XonmoaumsHUK-KoHAeHcaTop; T-1, T-2 - TernnooOMeHHUKH;
U-1, U-2 - ucnapurenu; /-1, -2, J1-3 - npoccenu; C-1 — cemapartop.
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Hu3zxomemnepamypnasa adcopoyusn

Ha mavanbHBIX dTanax pa3BUTHS HU3KOTEMIIEpATYpPHOU aOCOPOIMH STOT
IPOIECC OTAUYAIICS OT TPAAUIIMOHHBIX CIIOCOOOB aOCOPOILMU TOJIBKO HU3KUMHU
temriepatypamu. [lo mepe skcmuryataruu yctaHoBok HTA Owut paspaboTan psij
TEXHUYECKUX PEIICHH 10 COBEPIICHCTBOBAHHIO TEXHOJOTMYECKOTO U
KOHCTPYKTHUBHOTO O(OpMIICHUST OCHOBHBIX y310B cxeMbl HTA, peanmzanus
KOTOPBIX  TO3BOJIUJIA  3HAYUTEIBHO TOBBICUTh TEXHUKO-DKOHOMHYECKHE
MoKa3aTely Mpoliecca HU3KOTeMIIepaTypHOi abcopOLuu.

Texnonornyeckue cxembl HTA cocTosT u3:

-0JloKa  MPEABapUTENIbHOIO  OTOCH3WHMBAHHUS  UCXOJHOTO  Trasa,
MPEICTABIIAIONIETO CO00M OJIOK HU3KOTEMIIEPATYPHOU KOH/ICHCAIUY;

-0noka HTA, rae mpoucxoauT TOM3BIIEYEHHUE YTIIEBOJOPOJOB U3 rasa,
npowexamero 6aoxk HTK.

Cxema HTA MoeT OBITh HUCITOJIB30BaHa I U3BJICUYECHUS dTaHa U 0oJjiee
TSKEJIBIX YTIIE€BOJA0POJIOB U3 Fa30B PA3IMYHOIO COCTaBaA.

Ha s¢¢extuBHocTs nponecca HTA oxa3blBatOT BIMSIHUE CIETYIOIINE
(dakTophl: TemMmeparypa W JaBJ€HUE IPOLECCa; COCTAaB HMCXOJHOIO ChIPbA H
TpeOyeMoe KadyecTBO IPOJAYKTOB; YHUCIO TEOPETHUYECKUX TapesioK B
aOCOpPOLIMOHHBIX U PEKTU(DUKAIMOHHBIX KOJOHHAX; NpHpoAa U (U3UKO-
XMMHYECKHE CBOMCTBA UCIIOJIb3yeMOTo abcopOeHTa U Jp.

OnbiT skcruryataun HTA mnokazan, 4To NPHUMEHEHHE MPOIMAHOBOTO
XOJIOUIILHOTO IHKJIA C U30T€PMOI HcIapeHus npomnaHa ot Munyc 30 10 MUHYC
40°C mo3BojsieT TMPH COOTBETCTBYIOIIEM pacxojie adcopOeHTa 00ecleuuTh
usBneuenue 40-50 % srana, 1o 95 % nponana u 100 % razoBoro 6eH3uHa.

JlaBieHue B aOCOpOIMOHHBIX allllapaTax Ha OTEYECTBEHHBIX YCTAaHOBKAX
HTA no pa3zaeneHuio mpUpOAHBIX ra3oB MHojaep:kuBaeTcs no 5,5 Mlla, npu
nepepaboTke HePTAHBIX ra3oB - A0 4 MIla. IloBeiieHne naBieHus B abcopOepe
INPUBOJUT K YBEIMYECHUIO U3BJICUEHUS JIETKUX KOMIIOHEHTOB Ta3a, B Pe3yJbTaTe
YEro BO3pAacTaeT Harpy3ka Ha BEpPXHIOI YacTb aOCOPOLMOHHO-OTHApHON
kojoHHbl (AOK) u yBenumuuBaroTCs NOTEpU MpomnaHa U 0oyiee TSKENbIX
yriIeBo1opoaoB cyxum razom AOK.

[lonmxeHnue Ttemneparypbl aOCOPOLMM MPUBOAUT K TMOBBILIEHUIO
CTENEHU KOHJIEHCALUN BCEX YIJIEBOAOPOJIOB, HO CKOPOCTh YBEIUYEHUS CTEIIEHU
KOHJICHCAIIUU [IJIsl TSDKEJBIX KOMIIOHEHTOB Ta3a BbIIIE, 4Y€M JUISl JIETKHX.
[losToMy mnpu HH3KMX TeMIepaTypax, BapbUpysl OCTaJbHBIE IOKa3aTeNIH
npolecca, MOKHO JOCTUraTh OOJIBIIEH YETKOCTHU pa3/ielieHUs] KOMIIOHEHTOB
rasa.

CHmwxkeHHne TeMIiepaTyphl W TIOBBINICHUE JAaBJICHHUS B aOCOPOIIMOHHBIX
annaparax yctraHoBoK HTA mMo3BOJIIOT HMCMOIB30BATh HU3KOMOJIEKYJISPHBIE
abcopOenThl (MojekymspHas wmacca 80-120) u obOecrneuuTh peanu3alirio
npoiiecca nmpu 06oJiee HU3KOM YIeIbHOM pacxojie abcopOeHTa.

[Tockonbky mporecc adbcopOIuu sK30TepMudeH, Ha ycraHoBkax HTA
CyllecTByeT TmpobJjieMa TeriocheMa Mo BbIcOTe abcopOepa. HaumbOosbimii
sk30TepMudeckuii 3ddexkt HabmomaeTcss B BEpXHEH W HIDKHEM YacTiIX
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abcopOepa, Tak KaKk HaBEpXy MOIJIOIIAETCS OCHOBHAs Macca METaHa M 3TaHa, a
BHM3y - OyraHa u 0ojiee TSKENbIX YIJIEBOJAOpPOAOB. Termmo abdcopOiuu
HEXeJaTeNIbHbBIX KOMIIOHEHTOB (METaHa W 93TaHa) OOJbIIe, YeM IeJIEBBIX
KOMITOHEHTOB (ITpOIaHa | BHIIIE), IOATOMY M3BJICYEHUE METaHa U TaHa MPUBO-
JUT K TIOBBIIICHUIO CpeAHell Temmeparypsl aOcopOlUMU U CHUXKEHHIO
7 (HEeKTUBHOCTH Tpoliecca pa3eieHus Ta30B.

JIJist HopMaau3aluK TEIIOBOTO PEXXUMa U MOBBIMICHUS Y(P(HEKTUBHOCTH
nporecca MPEUIOKEHBl PAa3NIUYHble TEXHOJIOTHUYECKHE U KOHCTPYKTHUBHBIC
pellieHusi: CheM TeIia Mo BBhICOTE abcopbepa 3a cUET MPOMEKYTOYHOTO
OXJIAXKICHHUSI HACBHIIIEHHOTO a0copOeHTa B  BBIHOCHBIX TEIUIOOOMEHHUKAX,
OXJIAKICHHE HACBIIIEHHOTO abcopOeHTa B TEINTIOOOMEHHHUKAX, PACTIOIOKEHHBIX
BHYTpH abcopOepa; HACHIIIIEHUE PETeHePUPOBAaHHOTO abCOpOEHTa JIETKUMU
YTJIEBOJIOPO/IaMHU 3a MpenesiaMu abcopbepa co CheMOM Teria abcopOLuu nepe
nojayeit abcopbenta B abcopbep Ilocnennuit BapuaHT mpencTaBiseTCS
HamOoJiee MEepPCHEeKTUBHBIM, TaK KaK 3HAYUTEIBHO CHIDKAET PaCTBOPUMOCTH
TUX KOMIIOHEHTOB B Ipoliecce abcopOLMM U OAHOBPEMEHHO OO0ECIEeuMBaET
ChEM Terl1a abcopOIuu.

OnwIT sKkcmmyaranuu  yctaHoBOK HTA — mokasbiBaeT, 4YTO MOXKHO
YMEHBIIUTh BBIJICJICHUE TEIIa HE TOJbKO BBEPXY KOJOHHBI, HO W BHHU3Y
abcopOepa, 4YTO TIO3BOJUT TMOBBICUTh CTENEHb M3BJICUCHHUS LEJIEBBIX
KOMIOHEHTOB. JIJi1 3TOro HEOOXOAMMO MPOU3BOANTH OTOCH3MHUBAHHUE Ta3a 3a
npeaenamMu  abcopbepa MO0 HACBHIIIEHHBIM a0COPOEHTOM, CTEKAIOIUM C
HIKHUX Tapenok abcopbepa, nubo meronom HTK. Ha ycranoBkax HTA nns
NOBBIIICHHS 3(PPEKTUBHOCTH MPOIIECCa UCMOIB3YIOT OO0 OJHOBPEMEHHO Y3€el
NpEeIBapUTEILHOTO HACBIIIEHUS abcopOeHTa W y3ed MpeaBapUTEILHOTO
OTOEH3UHUBAHUS ChIPOIo ras3a, JM00 OJIMH U3 3TUX CIOCOOOB.

Takum o00pa3om, ONpeneawsIiCh CIEIYIOIIME OCHOBHBIC HAIPABJICHUSA
coBepuieHcTBOBaHUs nponecca HTA:

-CHIDKEHHE TeMITepaTyphl MOTOKOB, MOCTYIAIOIINX B abcopoOep;

-TIOBBIIIICHUE JIaBJICHUSI B OJIOKE HU3KOTEMIIEpATypHOW KOHJIEHCAIIUU
(oxnaxxaenus) u abcopOIuu rasa;

-HACBHIIIIEHUE PEreHEPUPOBAHHOTO aOCOPOEHTA ATAaHOM U (WJIM) METAaHOM
3a cueT cMmelnieHus abcopbeHTa ¢ cyxum razom abcopbepa u (ninm) AOK;

-MCMOJIb30BAHNE HU3KOMOJIEKYJIIPHBIX a0COPOEHTOB;

-OCYILIECTBIIEHHE MPOLIECCOB a0COPOLMHU U AECOPOLMH C PETYIUPYEMbBIM
10 BBICOTE amnmapara TerIoCheMOM | T.1.;

-IpeABapUTENbHOE OTOSH3MHMWBAHWE CBHIPOTO Ta3za 3a IMpeaeIaMu
abcopOepa.

Hu3komemnepamyphasa KoHoeHcauus

[Ipomecc HHM3KOTEMITEpaTypHOH KOHACHCAIIMM HadaJl Pa3BHBAThCS B
1960-e¢ roapl, KOrja TMOBBICUJICA CIPOC HAa ATaH — BAXHOE CHIPbE I psjlia
He(TEXUMHUYECKUX TPOIECCOB. ITO TMOTpeOOBaIO TMEPEUTH HA HHU3KHE
TEeMITepaTyphl OXJTKIEHUS ra3a JUisl YBEIIWUYEHUSI CTENEHU U3BIICUEHUS W3 HETO
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3TaHa (M COOTBETCTBEHHO - 0oJiee TSKENBIX YIJEBOAOPOAOB). DTO, B CBOIO
ouepesib, MO3BOIWIO Hapsaay ¢ 3h@exkToM apoccenupoBaHUsl MPUMEHSTH
UCKYCCTBEHHOE OXJIQXKJCHHE C HCIOJb30BAaHUEM IIPOMAHOBOrO XoJjioAa (Iist
oxJjaxjaenus 10 -70°C) win KackaJIHOrO XOJIOAMJIBHOTO MPONaH-3TaHOBOIO 1HK-
Ja, ¢ TOMOUIBI0 KOTOPOTO CTaJI0 BO3MOXHBIM M3BJIeub U3 raza 85 -87% srana,
o4yt moaHOCThIO (99%) - mpoman 1 100% Bcex ocTalbHBIX YITIEBOAOPOIOB.

B mpouecce  HU3KOTEMIIEpaTypHOM  KOHJIEHCALIUM  OXJaXKIECHUE
OPOAODKAIOT 10 33JaHHOM CTENEeHM KOHJCHCAIlMM Ta30BOi (pas3el, KOoTOpas
OTpeeNsIeTCs HEOOXOUMON TIIyOMHOW HW3BJICUCHUS IEJIEBBIX KOMITOHEHTOB.
Jlis 3TOro 3a7aloT KOHEYHYIO TeMIepaTypy mpolecca OXJakaeHus. Ira
TEeMIEepaTypa JOCTUTAETCS MyTeM MOJIBOJIa PACUETHOTO KOJIMYECTBA X0JI0/1a.

JUist Toro, 4TtoOBl 3aJaThCd KOHEYHOW TEMIEPATYPOU OXJIAXKICHHS
ra3oBOr0 MOTOKa, HEOOXOIUMO OMpPENEIUTh TeMIepaTyphl (a30BbIX MEPEXOA0B
Opy BBIOPAHHBIX 3HAYCHUSIX JaBieHUs. [[1s HMHAMBUAYaIbHOTO BEIIECTBA
CYUIECTBYET KpUTHYECKass TOYKa, KOTOPOM COOTBETCTBYIOT KpPUTHYECKUE
TeMIiepaTypa Tkp u nmaBnenne Pxp. DT0 MakcuMajbHblE 3HAYCHUS
TEMIEPATYpPbl U JTABJICHUS, PU KOTOPBIX €I1l€ BO3MOKHO CYLIECTBOBAaHHE JIBYX
¢a3. Ilpu Temneparype Bblllle KPUTHUECKOH CYIIECTBYET TOJIBKO OAHO (ha30BOE
COCTOSIHUE, ¥ HUKAKUMHU COYETAHUSIMU JIPYTUX IapaMETpPOB MEPEBECTH €ro B
IByX(}a3HOe COCTOSIHUE HEBO3MOXKHO. CleIoBaTeNbHO, MPOLECCH YaCTUYHOIO
WIA TIOJTHOTO COXKIDKEHUS OJHOKOMIIOHEHTHOTO Ta3a MOXXHO OCYIIECTBUTH
TOJIKO TIOCJI€ TPEABAPUTEIHHOTO OXJAXKACHHUA Ta3a 10 TeMIepaTypbl HIDKE
KPUTHUYECKOMU.

Ha mpaktuke yamie nmpuxoguTcs UMETh J1€J0 C MHOTOKOMIIOHEHTHBIMU
ra3oBbIMH CMECSMH, B KOTOPBIX KpPUTHYECKHE O00JacTH HaOII0JaloTCs B
IIMPOKOM JHANa30HE MMapaMeTPOB B 3aBUCUMOCTH OT COCTABaA.

Eciu mnpomecc KOHAEGHCAUUMM OCYLIECTBISIETCS NpPU  JABICHUU U
TEMIIepaType HIKE KPUTHUYECKUX 3HAYECHUN KOMIIOHEHTOB, KOTOPBIC MOJIEKAT
KOHJICHCALlUU, TO OJHOBPEMEHHO C KOHJECHCAlUEeHW 3TUX KOMIIOHEHTOB HMMEET
MECTO YacTH4YHas KOHJCHCAIMS JaXe TeX KOMIIOHEHTOB, Y KOTOPBIX
KpUTHYECKasl TeMIepaTypa HIXKE, YeM TeMIepaTrypa CMeCH. ITO OO0YyCIIOBIECHO
TEM, YTO YIJIEBOJOPOJHBIE Ta3bl CIOCOOHBI PACTBOPSTHCS B YIIIEBOJOPOIHBIX
®uakocTsx. Hanpumep, cMeck, cocrosimias u3 Metana (MossipHas goist 10 %) u
npornana (monspHast oyt 90 %), MOXeT OBITh MOJHOCTBIO CKOHACHCHUPOBaHA
npu oxJjaxaeHuu ra3zoBorl cMmecu no 10°C mpu gaBnenuu 2,0 MIla . Takum
oOpa3oM, MeTaH, KpWUTHYecKas Temmeparypa kotoporo Tkp = -82°C, B
OPUCYTCTBUHM TpOMaHa TpeBpaliaercs B KUAKOCTh TIpU  TeMIeparype
CYIIECTBEHHO BBIIIIE KPUTHUECKOH.

PacTtBopenne raza B OKHAKOCTH, Tak >K€ Kak M KOHICHCAIWA,
COMPOBOXAAETCA  BBIACJIIEHMEM  TelJa. 3HAuUeHHE TeIula  PacTBOPEHUS
HE3HAYUTENbHO OTJIMYAeTCsd OT 3HadeHWus Teruia KoHaeHcauuu. [lo mepe
CHW)KCHHUSI TEMIIepaTyphl YBEIWYUBACTCA KOJUYECTBO oOpa3zoBaBuIeHCs
KUJKOCTH U HU3MEHSETCSl €€ COCTaB: JKUIKOCTh OOOramiaercs JIErKOJIEeTy4YuMHU
KoMIoHeHTaMu. OJTHOBPEMEHHO JIETKOJIETYYUMH KOMIIOHEHTaMH 00Ooraaercs
U mapoBas ¢asa 1Mo Mepe KOHJICHCAIMH THKETBIX KOMIOHEHTOB. [Ipu nanpHei -
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IIeM OXJAXKICHHUH CMECH JTOT IMpouecc OyneT MNpoaoKAThbCs A0 TOJTHON
KOHJeHcaluu napoBod  ¢asbl. IlosTomy B mpolieccax — paszaesieHus
VIJIEBOJOPOJHBIX Ta30B 3aJal0TCA KOHEYHOM TEMIEPaTypod OXJaXKICHUS,
MTO3BOJIIOLIEH MTOTY4YaTh 3aJaHHYIO CTENIEHb KOHICHCAIUU.

OnHOMl W TOW K€ CTENEHW KOHACHCAMU MCXOJHOTO Tra3a MOYKHO
JIOCTUTaTh Pa3IMYHBIMU KOMOMHAIIUSIMU 3HAUCHHUM TeMIepatypsl U naBieHus. C
MOBBIIIEHUEM JABJIEHUS B CHUCTEME CTENEHb KOHIEHCAIMU MpPU MOCTOSHHOU
TEMIIEpaType YBEJIMYMBAETCS, a H30MPATEIBbHOCTh IpOIecca CHHUYKAETCH.
NHTEeHCUBHOCTH U3MEHEHHUS CTEIECHU KOHJEHCAIU! HE psIMO
IPONOPIIMOHAIbHA U3MEHEHUIO JABJIECHUS M TeMIiepaTypbl. B obmactu HU3KHX
JABJICHUM CTENEHb KOHJEHCAMU OBICTPO MEHSETCS C U3MEHEHUEM JaBJICHHUS.
[Ipn panpHelIleM YBEJIWYECHUM JAaBICHUS MHTEHCUBHOCTh KOHJEHCAIIMU
CHW)KAeTCsl. AHAJIOTMYHOE BIMSHUE OKa3blBAET HW3MEHEHHE TEeMIIEpaTyphl:
HanOoJiee UHTEHCUBHO CTEMNEHb KOHJICHCAIUU YBEIUYMBACTCS C MOHUKECHUEM
TEeMIIepaTyphl 0 OMPEIEIECHHOr0 3Ha4eHHs (B 3aBHCHUMOCTH OT COCTaBa rasa),
HUKE KOTOPOTO CKOPOCTh KOHJIEHCALIUU 3aMEIIISETCS.

Takum 00pa3oMm, CTENEHb KOHJEHCAIMM YIJIEBOJOPOJIOB MOKHO
YBEIMYMUBATh JBYMSI CIIOCOOAMH: TIOBBIIICGHUEM JIaBIICHUS TMPU TOCTOSHHOMN
TEMIEPAType WIA TOHWKEHUEM TEMIIEPATypbl HpPH MOCTOSHHOM JIaBJICHUU.
OnHako mpolecc KOHACHCALUU B 3TUX CIy4asiX UMEEeT CBOM ocobeHHocTu. [Ipu
pocTe JaBiE€HUS TpU TMOCTOSHHOM TEMIIepaType TMOBBIILIEHUE CTENEHU
KOHJICHCAIlMX TPOUCXOIUT OJHOBPEMEHHO C YXYAIICHUEM YETKOCTU Pa3eieHUs
YIJIEBOAOPOIOB, TAK KAK B JKUJKYIO (pa3y BMECTE C TSKEIbIMH KOMIIOHEHTaMU
MIEPEXOIUT 3HAYMTENIBHOE KOJIMYECTBO JIETKUX KOMIIOHEHTOB. B ciydae
MOHMYKEHUSI TEMIIEpaTyphl MPHU IMOCTOSHHOM JIaBJICHUU YBEJIWYCHHE CTEICHU
KOHJICHCAIlMU COMPOBOXKIAETCS MOBBIIIEHUEM YETKOCTH pa3/eNeHUs JIETKUX U
TSDKEJIBIX KOMITOHEHTOB, UYTO OOBSCHAETCS OOJbINeH Pa3HOCTHIO 3HAYCHUI
JIETY4YeCTH KOMIIOHEHTOB CMECH B 00JacTH HU3KuX Temmeparyp. [loatomy s
MOJIYYCHUS] YUCTHIX MHANBUAYATbHBIX KOMIIOHEHTOB ra3a, Wi Y3KuX (ppaxiuit
yIJI€BOJIOPOAOB, LIEI€CO00pa3HO MPOBOAUTH MPOLIECC TPU YMEPEHHOM JaBJIECHUN
M HHU3KMX  TeMmIeparypax, a  TakKe  HCIOJIb30BaTh  COYETAHUE
HHU3KOTEMIIEPATyYPHOU KOHJICHCAIIMA C TMOCIEAYIOIIEH AeMETaHW3alued WIIn
JedTaHu3anue  oOpaszoBaBIIeicss JKUIKOW (a3bl B PEKTUDUKAITMOHHBIX
KOJIOHHAX JJIsl YAQJIICHHS] pACTBOPEHHBIX B HEN JIETKMX KOMIIOHEHTOB.

Takum 00pa3zoM coBpeMeHHbIe cxeMbl ycTtaHOoBok HTK Bxitouaror
CICAYIOIIME Y3JIbl: KOMIIPUMHpPOBaHUE raza (MpU HEOOXOAMMOCTH) [0
3aJIaHHOTO JIaBJICHMs; OCYIIKa Ta3a; OXJaXKIEHUWE Ta3a s oOpa3oBaHUS
nByx(a3zHoOM cHucTeMbl; cemnapauus ABYX(}a3HOM CUCTEMbl; JI€dTaHU3aIUsg
(memeTtaHu3aIys) 00pa3zoBaBIICiCS KUIKON (Pa3bl.

Cxembl HTK xnaccuduuupyroT mo 4muciy cTyneHed KOHACHCALUU U
MCTOYHHUKOB XOJIOJA.

ITo yncny crynenen konnencanuu cxembl HTK noapasaenstor va onHo-,
IByX- M TpexcryneHyartele. Ilocie kaxaoro mpouecca OJHOKPAaTHON
KOHJICHCALlMU OCYLIECTBIIAETCA cenapalius oOpa3zoBaslieiics AByx(pa3HOl cMecu
C BBIBOJIOM KHUIKOU (hazbl.
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[IprHIMDIManpHasA cxema  tunuyHou  ycranoBkm — HTK ¢
TypOOIeTaHIepoM TMToKa3aHa Ha puc. 37.

[IpeaBapuTenbHO OCYIIEHHBIN ra3 | 3axonakuBaeTcsi B peKyInepaTUuBHbIX
TEIJIOOOMEHHUWKaX 8 U T1ocie OTAeNeHUus OT Hero B cemaparope 2
CKOHJICHCUPOBAHHBIX YTJIEBOJOPOJIOB uepe3 TypOojaeTanjaep 3 MOCTYIMaeT B
pa3enuTeNbHYI0 KOJIOHHY 4.

B Hee e mocie OJHOTO U3 TEIIOOOMEHHUKOB TIOCTYNAeT CMeECh
CKOHJICHCUPOBAHHBIX YTJEBOJIOPOAOB U3 cemapatopa 2. CHHU3Yy KOJOHHBI
OTOMPAIOT CMECh BCEX CKOH/ICHCHPOBAHHBIX YTIEBOIOPOAOB OT 3TaHA U BHIIIE, a
JIeITAHU3UPOBAHHBIA Ta3 CBEPXY KOJIOHHBI, MPOWUIS TEMI00OMEHHUKH 8,
C)KMMaeTcsl B TypOoIeTaHiepe SHEPTUel pacIIMpsIOIErocs raza u3 cemnaparopa
2 m 3areM momaetrcs mnorpedbutenmo. Cmech yrieBogopoaor |l (LLIDITY)
HaIpaBIIIETCS Ha ra30(ppaKIMOHUPYIOLIYI0 YCTAHOBKY, TJI€ OT Hee OTOUparoTCs
sTaHoBasi (Qpakuus [comepkanue dTtaHa 87-90% (MonbH.)] U Ppakiuu
OCTaJIbHBIX, 00JIEE TSKEIBIX YIIIEBOAOPOIOB.

Hu3komemnepamypnas pekmuguxkayus

HuskoremneparypHas peKkTUQUKAIUs - 3TO TMPOLECC pa3JeseHUs
ra30BbIX CMECEU ITPU HU3KUX TEMIIEpaTypax.

[Ipouecc HU3KOTEMIEPATYpPHOH pPEKTU(PHUKALUU TEPMOJUHAMHYECKU
Oonee BbIroieH, yeM mnpouecc abcopomun Cxema HTP sddexkTuBHEe cxembl
HTA u annaparypHoe ohopMIIEHHE MPOLLIE.

[IprammnumaneHoe ommune cxemsl HTP or HTK cocrout B TOM, 4TO
ChIpbE, MOCTYNAIOLIEE Ha YCTAHOBKY MOCIHE OXJIaXICHHUs, 0€3 MpeaBapuTEIbHOM
cenaparuy MoJaeTcs B peKTU(OUKAUOHHYIO KOJIOHHY.

B npoMBIIIIEHHOCTH 3TOT METO/] UCIIOJIB3YIOT B CIEYIOIIUX MPOIECCaX:

-JUIs1 pa3JielieHns IPUPOAHBIX U HEPTSIHBIX Ta30B;

-JUJIS1 IOJyY€HHMSI Teusl, BOJLOPOJA, IEUTepusl, OKCHUIA YIIIEpOAa;

-l pa3/ieNieHus] BO3AyXa C LENbI IOJIYYEHUs KHUCIOpoZa, a3oTa U
MHEPTHBIX T'a30B (HEOHA, KPUNITOHA, KCEHOHA, aproHa);

-JUJIS OYMCTKH HEKOTOPBIX T'a30B.

Kak mnpaBuno, Hu3KOTeMIepaTypHas pEeKTH(PHUKAUs  MO3BOJIET
IIPOBECTH pa3/ielieHHE C MEHbIIEH 3aTpaToil paboThl, YeM MpHU APYTUX crocobdax,
Y TIOJIYYUTh YUCTHIE MPOAYKTHI.

B TexHomormueckoil = cxeme  MpOLecCy  HU3KOTEMIIEPATYpPHOU
pexkThu(UKaIMKM  TMpeAlIecCTBYEeT HU3KOTEMIepaTypHas KOHAEHcalus  0e3
OTJIeJIeHUsI Ta30BOM (pa3bl ¢ moaauel ChIpbsi B PEKTU(DUKAIMOHHYIO KOJIOHHY B
IBYX(a3HOM COCTOSIHUH.

[lepeBoa ra3oB B KUAKOCTh OCYHIECTBIISIETCS MPH OXJAXKIECHUU HUX [0
TEMIIEpaTyp HUKE TEMIEPATYPhI KUTIEHUS.

KonctpykTtuBHOE  OodopMileHHE  YCTAaHOBOK  HHU3KOTEMIIEPATypPHOU
pexTuduKanuu uMeeT psia 0COOCHHOCTEH:

-B  CXe€Max HHU3KOTeMIepaTypHOM peKTU(PUKAIMH  HCIONb3YIOTCS
BHEILIHUE WX BHYTPEHHUE XOJOAUIbHBIE [IUKIIBL;

-JIUIsl TIOJIBO/IA Terja B KyO KOJOHHBI HMCHOJB3YIOTCS KHUIMATUIBHUKH,
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PacCIOJI0KEHHbIE HEMOCPEICTBEHHO MO KOJIOHHOM, B KOTOPBIX TEIJIOHOCUTEIEM
CIIY’)KUT TOJaBAa€MOE Ha paslielieHue Chipbe, JHO0 pedoWnepsl, B 3MEEBUK
KOTOPBIX MOAAETCS ChIPHEBOM MOTOK, a TEIUIO B KOJOHHY MOCTYMHAET C MapoOBOM
¢a3oii, BbIIeNIeHHOH B peboiiiepe u3 KyOOBOTO IIPOYKTa KOJIOHHBI;

-peKTU(UKAIIMOHHAS KOJOHHA MOXET HE UMETh XOJIOAWIbHHUKA-
KOHJIEHCATOpa JUIsl BEPXHETO MPOIyKTa U paboTaTh KaK KOJOHHA MCUYEPIBbIBAHMS,
HalpuMep Ha YCTAHOBKAX pa3lelieHus BO3[yXa, Korja MpPaKTHYECKH
HEBO3MOKHO MOJA00paTh OXJXKAAIONINNA areHT AJs KOHJEHCAIIMH MapoB TaKOTO
HU3KOKUIISIIET0 KOMIIOHEHTA, KaK a30T.

166



T O @‘,@ by

| 4
l .
b_— L
: 1 T S
i

I }
: oo
[ | h) 7
I Y n
L—-.-q_-.._.-_' "”""6

Puc.37. [lppHuunuanbHas cxemMa npouecca Hu3koremneparypHoii konaencanuun (HTK):

1,2- cenmapatopsl 1-it u 2-ii cryneneit; 3- TypOoaeTanaep; 4- pekTuduKaoHHas KOJOHHA; 5 - BRIBETPHUBATENb KOH/IEHCATa; 6 - OJI0K pereHepamnuu
UHTHOHUTOpA TUapaTo0Opa3oBanus; 7 -pedoitncp; 8 - rerooOmennuky; | u Il - ucxoanslit u orcenapuposannslii ras; |1 - IIDIIY; IV- uarudurop
rHJIpaTooOpa3zoBaHus; V- KOHAEHCAT ChIPOTo rasa.
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B 3aBUCMMOCTH OT NPUHLUANHAIBHON CXEMbl YCTAHOBKM HH3KO-
TEMIEPATYPHOH pEeKTU(PUKALNUN PEeKTU(PUKAIIMOHHBIE KOJOHHBI MOJPA3ACISIOT
Ha PeKTU(PHUKAIIMOHHO-OTHAPHBIE U KOHACHCAIIMOHHO-OTIIAPHBIE .

B pektuduxamoHHo-0THapHBIX KOJOHHAX Ta30BbIN MOTOK OXJIAXKIACTCA
MOCJIEZIOBATEIHHO B TEIJIOOOMEHHHMKE OOpAaTHBIM TMOTOKOM CYXOro Tra3a M B
XOJIOMUIILHUKE, B pe3yJbTaTe YEero OH IMEpPEeXOJUT B JIBYX(ha3HOE COCTOSIHHUE
(4acTUYHO KOHJIEHCUpPYETCs) U 0e3 MpeaBapHUTENIbHOM cerapanuu MoAacTcs B
CPEIIHIOI0 YacTh KOJIOHHBL. BepXHuili NpOAYKT KOJOHHBI MPOXOAMUT YEpe3
KOHJICHCATOP-XOJOAUIBHUK U TIOCTYIAET B pe(PIIOKCHYIO €MKOCTb, TJI€ OTAEIS-
eTcsl ra3oBas (aza, a CKOHJCHCHPOBABILKECS YTIEBOJAOPOIbl BO3BPAILAIOTCS B
KaueCTBE OPOLICHUS B BEPX KOJIOHHBI.

JUist oxJlaXXJAeHUsI ChIPHEBOIO T'a30BOT0 MOTOKAa B CXEMY MOXET OBITb
BKJIFOYEH JMOO XOJOJWIBHUK C BHEIIHMM XJIAJIar€HTOM -IPOMAHOM, 3TAHOM M
T.A. JU0O Jpoccenu W TypOOoJeTaHAepbl Jisi MOJYYEHHS XOJ0Jda 3a CYET
pacIIMpPEeHUs TEXHOJIOTHYECKUX TOTOKOB.

Bo BTOpOM cilyyae ra3oBbl MOTOK MOCJHE OXJXKACHUS C YaCTUYHOU
KOHJIeHCalMel oOpaTHbIM MOTOKOM CYXOrO ra3a B TEIJIOOOMEHHUKE MOCTYHaeT
B cenapaTtop Ha paznenenue (puc.38). ['azoBas ¢aza u3 cemnaparopa MocTymnaeT B
TypOoJeTaHiep, rie B CIEJICTBUE PACIIUPEHUS OXJaXIaeTcs, a >Kuikas Qasza
OPOXOJUT Yepe3 apoccenb. [lepeman naBiaeHus B TypOoaeTaHaepe U Apoccene
JOJKEH OBITh OJMHAKOBBIM. 3aTeM ra3zoBas M kujakass (a3pl 0ObEAUHSAIOTCS U
IIOCTYIIAIOT B CEPEIMHY KOJOHHBI B KadecTBe NuTaHus. [Ipyn wmcnoiap30BaHUM
CXEMbI PEKTU(PHUKAIIUN C BHEUTHUM XOJIOIMIBHBIM IIUKIOM TPEOYIOTCS MEHBLINE
pacxoabl SHEpruM, HO OoJiee BBICOKHE KamuTanbHble 3arparbl. [lo BTOpOMY
BapHaHTy TpeOyeTcsi OONBIIMIA pacXo]] SHEPTUU MPU SKCIUTyaTal[ll, HO HUXKE
KanuTallbHble 3arpaThl. CXeMy C JpOCCEIMpPOBAHUEM M JI€TaHIUPOBAHUEM
TEXHOJIOTHYECKHUX MOTOKOB 11€JIECO00pa3HO UCIOJb30BaTh B TEX CIIy4asiX, KOTaa
uMeeTcs CBOOOIHBIN nepena JaBJIEeHUs MEXKIY CHIPEBBIM M CYXUM I'a30M U HET
HEOOXOJAMMOCTH JOXKMMaTh Ta3 Mepea Mojadyel ero B MarucCTpajibHbIN
TpyOONpPOBO/I.

B cxemax pazzeneHus — yriIeBOJOPOAHOTO Tra3a C  HCIOJIb30BAHHEM
KOH/ICHCAllMOHHO-OTHAPHBIX KOJIOHH CBIPOM r'a3 OXJIaKAAETCS MOCIEN0BATEIBHO
OOpaTHBIM MOTOKOM CYXOTO Ta3a (WM CMEUIMBAETCS C HUM), TOOXJIAXKAAEeTCS B
XOJIOAWJIBHUKAX C BHEIIHMM XJIAJar€HTOM M IIOCTYyNaeT Ha pasJeiicHUuE B
cemapaTop, OTKyJa OTOCH3WHEHHBIH Ta3 BBIBOJAUTCA C YCTAaHOBKH, a
CKOHJEHCUPOBABIIHMECS YTIEBOAOPOABI IMOCTYNAOT HA BEPXHIOK TapesKy KO-
JOHHBI. B 3TOM cilydae CHUKaeTcs Harpy3ka Ha KOJIOHHY ITyTEM OTIEJICHUS
OCHOBHOI'O KOJIMYECTBA CyXOoro rasza B cenaparope. [loaTomy MOXHO
UCII0JIb30BaTh MEHEE JOpOroe 000pyI0BaHNE MEHbIIEH MPOU3BOUTEIBHOCTHIO.
Ho npenpinymias cxema (¢ peKTU()UKATMOHHO-OTIAPHONW KOJOHHOW) MO3BOJISIET
MOBBICUTH YETKOCTh Pa3/IeJICHUs B CJIE/ICTBUE MPUCYTCTBUSA OOJIBIINX KOJIUYECTB
HU3KOKHUIIALIMX KOMIIOHEHTOB, KOTOpbIE MOBBIIIAIOT NaplHalbHOE JaBJICHUE
U3BJIICKAEMbIX KOMIIOHEHTOB B JKMJIKOW (haze U YCKOPSIOT MPOLECCHI
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MaccooOMeHa.

bonee BhirogHa cxemMa OTOEH3WHWBAHHWS MPHUPOJHOTO Ta3a METOAOM
HU3KOTEMIIEPATyPHOU pPEKTU(UKAIIMKA C BBOJOM CHIPhS BYMSI TIOTOKaMH. JTa
cXeMa TI03BOJISIET CHU3UTH dHEepro3aTpatsl mpuMepHOo Ha 10 % u ocymiecTBIsATh
Iporiecc mpu 60s1ee BEICOKUX TEMIIEpaTypax.

B cxemax ¢ aByXmoTouHoM mogaueii ceipbs (prc.39) ogna ero uacth (60
%) mocTymnaet 60e3 OXJIXKIACHUS B CPECIIHIOI YacTh KOJIOHHBI, @ BTOpas yacTh (40
%) oxJaxaaeTcs B PEKYNEepaTHBHOM TEIUIOOOMEHHUKE OOpaTHBIM ITOTOKOM
CYXOTO Ta3a, OTBOAMMBIM C Bepxa peKTH(UKAIMOHHON KOJOHHBI. Ha Bxome B
TEIJIOOOMEHHUK B TOTOK CHIPOTO Ta3a BIPBICKUBAIOT TJIMUKOIbL ISl MPEAOT-
BpameHus: TruaparooOpazoBanus. [locime TemIooOMEHHWKA —OXJIaKJICHHBIN
CBIPbEBOM TOTOK CMEIIMBACTCS C BEPXHUM IMPOIYKTOM PEKTU(PHKAITMOHHON
KOJIOHHBI, JIOMIOJIHUTEIFHO OXJXKIAaeTCs B IMPOMAHOBOM HCIIAPUTENE [0
TeMIlepaTypbl MUHYC [JMKOJb 3a CYET PA3HOCTH IUIOTHOCTEW coOupaercs B
COOpHUKE IIMKOJISI U HAMPABIISETCS HA PEreHepaluio.
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Puc.38. Cxema KOHI€eHCAIIHOHHO-OTNIAPHOH K0JI0HHBI ycTanoBku HTP:

1 - X0nOAUIBHUK-KOHAEHCATOD; 2 - Cenaparop; 3 - Hacoc; 4 - peKTU(PHUKAIIMOHHAsL KOJIOHHA; 5 — peboitnep
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26°C #, 4YacTUYHO CKOHJCHCHUPOBABIIWCH, IIOCTYMAaeT Ha pa3elicHue B
Tpexda3Hblii cenaparop. B HIDKHEH yacTu cemaparopa coOupaercsi INIMKOJb U
yTJI€BOAOPOAHBIN KOHACHCAT.

Cyxoii ra3 mocie OXJaXJIEHHsI ChIPbEBOTO TMOTOKAa B PEKyHNepaTUBHOM
TEIUIOOOMEHHUKE  HAIpaBIIIeTCsl B MAaruCTpaJibHBIA  TpyOOINpoBOA, a
yIJIeBOAOPOAHBIN KOHAEHCAT W3 TpexdaszHoro cemaparopa - Ha Bepx
PEKTHU(PHUKAIIMOHHON KOJIOHHHBI.

[TomBox Temuia B KyO KOJOHHBI OCYIIECTBIISIETCS ITyTEM MOJIa4d AapOB U3
peboiinepa, Te B KayecTBE TEIUIOHOCHTENS MpPHU PadOTe KOJOHHBI B 00JacTh
HU3KAX TEMIEPaTyp MOXKET HCIOJIb30BATHCS HETMOCPEACTBEHHO CHIPhEBOU
MOTOK.

Jlnst  mporieccoB  peKTU(UKAIMN  TPUPOJHOTO Taza C  BBIICICHUEM
ATAaHOBOM M METaHOBOU (hpakiuii UCIIONIb3yeTCsl OoJiee TIIyOOKOe OXIAXKICHHUE C
JPOCCETNPOBAHNEM U JETAHIUPOBAHUEM TEXHOJIOTHUECKUX MTOTOKOB.

Hu3zxomemnepamypuasn aocopouus

Huskoremneparypnas axacopouuss (HT-agcopbuusi) ocHoBaHa Ha
pa3IMYHON CIMOCOOHOCTH KOMITOHEHTOB Ta3a aJcopOMpOBaThCS Ha TBEPIBIX
MOTJIOTUTENAX. DTOT MPOIECC OCYMIECTBISIIOT B alaparax €O CTallHOHAPHBIM
cioeM ajgcopOeHTa. Mcmoiap3yroT METo] HU3KOTEMIIEPAaTypHOU aicopOIuu B TEX
cllydasix, KOrJa KOHLUEHTpalus U3BJIEKaeMbIX KOMIIOHEHTOB B ra3e OYeHb Maja,
BCJIEICTBUE YEro H3BJIIEUYEHHUE MX M3 Ta30BOr0 IMOTOKAa APYTMMU METOJaMHU
BECbMa 3aTPYIHUTEIBHO, HO TpeOyeTcs MOJyUYUTh MPOAYKTHI BBICOKOM CTENEHH
4YUCTOTHL. B 3TOM Iri1aBHOE TOCTOMHCTBO mporiecca. [Iponecc agcopOuuu Beeraa
CONPOBOXAAETCA  BbIACIEHUEM Temia — npu (u3nUecKol ajacopOuuu
KOJIMYECTBO BbIAEAeIsonIerocss Temia cocrtabisger 10-100 x/[x/Monb, T.e.
COM3MEPUMO C KOJIMUYECTBOM TeIjIa KOHICHCAIMU MOTJIONaeMOr0o KOMITOHEHTA.

ApncopOuus KOMIOHEHTOB, WMEIOIIUX OYEHb HU3KHE TMapIHabHBIC
JIaBJICHUS, BO3MOXHA TOJBKO B 00JacTU HU3KUX Temreparyp. [losTomy omHum
U3  BaXHBIM  (AKTOPOB, BIMSIOMIMX Ha A(PPEKTUBHOCTH,  Mpoliecca
HU3KOTEMIIEPATypHOH aacopOIMu, SBISIETCS OpraHu3anus TeriochemMa B
aZICOpOIIMOHHBIX amnmnaparax.

[Ipoueccst HT-aacopObumu HCMONB3yIOTCA B Ipolieccax Tra3orne-
pepaboTKH B OCHOBHOM Il OYMCTKUM MHEPTHBIX ra3oB (Teiuid, HEOH, aproH U
Jp.) OT MUKpOIIpUMECEH KHCI0poia U a30Ta WK AJisl OUUCTKH Bo3ayxa oT COx.
Jlnst oOecriedyeHusi  XOpOIIETO  TEIUIOChEMa  MPUMEHSIOTCS — aJcopOepsl
KOJIBLIEBOTO TUIIA WJIM B BUJE KOXKYXO-TpyOUaToro TermiooOMeHHHKA.

AncopOepsl KOJBIIEBOTO THUIA TMPEACTABISIOT CO00M BepTHKAJIbHBIC
anmapaThl, BHyTPU KOTOPBIX pacroiaraeTcsi KoJIbLieBo# ajcopodep Tuna "Tpyda B
TpyOe", TIe MpOCTPAHCTBO MEXIy TpyOaMHu 3amoidHEHO aJICOPOCHTOM.
AnCcopOIMOHHBIN anmapat Ha BHEIIHEH TOBEPXHOCTH UMEET IITYIEpa ISl BBOIA
¥ BBIBOJA XJIQJar€HTa, KOTOPBIM LHUPKYJIUpPYeT MO Tmepudepud W BHYTPU
KOJIBIIEBOTO MTPOCTPAHCTBA.

AncopOepsl B BUAE KOXKYXOTpyOUaToro TEIIOOOMEHHUKA elle Ooliee
3¢ (dexTUBHBI B OpraHu3aliii cheMa Teria ajcopouuu. B atux ancopbepax,
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Puc.39. Cxema HTP ¢ 1ByXnIOTOYHBIM BBO/AOM ChIpPbSI:

1 - TemnmooOMeHHUK; 2 - TPONAHOBKIA UCTIAPUTEND; 3 - TpeX(a3HbIi cenapaTop; 4 - Hacoc; 5 - peKTH(HUKAIMOHHAS KOJIOHHA; 6 - HCIapUTelhb-
I10JI0TPEBATEIID.
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MIPEICTABIISIONINX COOOM MyYOK TPYO Majoro aAuameTpa, TpyOHOE IPOCTPAHCTBO
3allOJTHEHO TBEPIbIM TIOTJIOTHUTEIEM - aJCOPOCHTOM, a IO MEXKTPyOHOMY
MIPOCTPAHCTBY MUPKYJIUPYET XJIaJareHT.

YepenoBanue craawii aacopOlUMU W JECOPOIMH  COMPOBOXKIACTCS
3HAYUTENbHBIM TIEperajoM TemIepaTyp. Takue KOHCTPYKIUU ITO3BOJISIOT
OBICTPO OXJaXKIaTh W HArpeBaTh 3HAYUTEIHLHOE KOJUYECTBO aicopOeHTa u
UCKJTIOYUTH TEMIIEPATyPHBII TPaIueHT TI0 CEYCHUIO aacopoepa.

OTH TIPOIECCH OTINYAIOTCS OT BCEX HHU3KOTEMITEPATypPHBIX IPOIIECCOB
pasziesieHus] Ta30B BBHICOKOW M30MpaTeIhbHOCTHIO. B TO e BpeMs OHU BechMa
JIOPOTOCTOSIIINE U TPEeOyIOT OOECHeueHus: XOPOUIero TEIIoCheMa M YETKOTO
KOHTPOJII. B CBS3M C OTUM OHHM TPHUMEHSIOTCS TOJIBKO IS TIOJYYCHHS
MPOJYKTOB C BBICOKOHW CTETEHBIO UYWCTOTHI, HAMPUMEpP, NJISI TOHKOW OUYHCTKH
renusi OT MUKpPOIpPHMEcCeH W T.IM. BCIeAcTBHE BBICOKHUX OKCIUTyaTaIlMOHHBIX
3aTpaT MPOIECChl HU3KOTEMIIEPATYpHOU aacopOIMU HMCHOJB3YIOTCS TMpU Tie-
pepaboTKe raza orpaHuYeHHO.

Takum 00pa3om, Bce MEpednciIeHHbIE HU3KOTEMIIEpaTypHBIE MPOIIECCHI
Onmaroymapsi CBOMM OCOOCHHOCTSIM MOTYT KOMIUIEKCHO MCIIONb30BaThCsl Ha
Pa3IMYHBIX CTAIUSAX TEepepadOTKU raza, 0COOCHHO B TeX cllydasx, KOrja OHa
OCYIIECTBIISICTCS C TIOYYEHUEM IIMPOKOTO aCCOPTUMEHTA IPOTYKTOB.

MemOpaHHbIe MeTOJbl KOHUEHTPUPOBAHMS U Ppa3jieeHUus

ra3oB

3a mociemHUe JECATHIICTHS MEMOpaHHAs TEXHOJIOTHS pa3IeiiCHUs
ra3oBBIX CMECEH aKTUBHO BHEAPSCTCS B MPOMBIIUICHHOCTh. MeMOpaHHbBIE
MPOIIECCHl  pa3NelicHUus] OCHOBAaHbI Ha TIPEHMYIIECCTBEHHON MPOHHUIIAEMOCTH
OJIHOTO WJIM HECKOJHKMX KOMIIOHEHTOB ra30BOM CMECH 4Yepe3 pa3eiuTelIbHYIO
neperopoaky — MmeMopany. MeMOpaHHBIE TTPOIIECCHI MOTYT OBITh OOYCIIOBJICHBI
rpagueHTaMy JaBiieHus (OapoMeMOpaHHBIE TMPOIECCHI), AIEKTPUUECKOTO
noTeHIMana (AIeKTpoMeMOpaHHbIe MPOIECCHl), KOHIeHTpauu (auddy3uoHHO-
MeMOpaHHbIE MPOIIECCH) MIIKM KOMOWHAIIMEH HECKOJIbKHUX (DaKTOPOB.

Paznenenne ra3oBBIX cMecei MpoBOAAT myTeM  Au(pdy3UOHHO-
MeMOpaHHbIX TporieccoB. b dy3rnoHHbIN METON pa3/ieNeHus: Ta30BbIX CMecei
UMEET PSI/T MPEUMYIIIECTB, OCHOBHBIE M3 KOTOPBIX CIIEAYIOIINE:

-BO3MOXXHOCTh 00pa30BaHMS TMPOMBINIICHHBIX Ta30pa3AeInTEIbHBIX
KOMITJIEKCOB OOJIBIIION TTPOM3BOAMTEILHOCTH TI0 TepepadaThiBaéMOMYy Ta3y Ha
OCHOBE OJTHOTO WJIM HECKOJIbKMX THUIIOB MEMOpaHHBIX MOJCIICH, KOMITOHYEMbIX B
MHOTOKPATHO TIOBTOPSIOIIHUECS TUITOBBIE OJIOKH U YCTAHOBKU;

-BO3MOYKHOCTb OpraHU3aIHNH JOCTaBKH OTPEOUTEIISIM
TPaHCTIOPTAOEIbHBIX KOMIUICKCHBIX Ta30pa3[eIUTEeIbHBIX OJIOKOB TOJIHOM
3aBOJICKOM TOTOBHOCTH;

-POCTOTA KOHCTPYKITUHU MEMOpPaHHBIX amnmapaToB C
ra3opas3eIuTeILHBIMU JJIEMEHTAMU Ha OCHOBE TMOJIMMEPHBIX TUICHOK M TOJIBIX
BOJIOKOH;

-MpoCcTOTa  JKCIUTyatanuu  AUGEGY3UOHHBIX — Ta30pa3AeUTeIbHBIX
KOMILIEKCOB, YCTAHOBOK U OJIOKOB;
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-CHIKEHUE KAIMUTAIbHBIX BIOKEHUH W JHEPreTHMYECKUX 3aTpar MpH
niddy3MOHHOM ra3opasiesiCHIH.

CobcTBeHHO  MeMmOpaHa  XapaKTepu3yeTrcss  JByMsS  OCHOBHBIMU
MOKa3aTeJIIMU B OTHOIIIEHUH KOMIIOHEHTOB T'a30BOM CMECH: MPOHUIIAEMOCTHIO U
CEJICKTUBHOCTBIO. [Tponuiaemocthb MeMOpaHbl onpeensieT ee
MPOU3BOJAUTENILHOCT, MO JaHHOMY KOMIIOHEHTY, a CEJNeKTHUBHOCTb —
pa3ieTUTENbHYI0 CIHOCOOHOCTh. JTH  CBOMCTBAa 3aBUCAT OT paboueit
TEMIEPATypbl, JAaBJICHUS, NPUCYTCTBHUS TpUMecell B JIBYXKOMIIOHEHTHOMN
ra3o0BOW CMECH M MOTYT MEHSIThCSI B TEUCHHE CPOKa CITY>KOBI.

C nmoMomipt0o MeMOpaH MOKHO OCYLIECTBUTH pa3/I€JI€HUE H30MEPHBIX
yIJI€BOJOPOAOB, TaK KaK pa3BETBICHHWE LIEMU MPUBOJUT K 3aMETHOMY
CHIDKEHHUIO TPOHHUIIAEMOCTH. BO3MOXXHO, BBIIETICHHE >KETAeMOT0 KOMIIOHEHTa
U3 CMECH HEHACBIIEHHBIX YriieBogoponoB, Hampumep Cs. JlueHoBwie
YIJIEBOJOPOAbl XapakTepusyloTcs  Oosiee BBICOKOM NPOHHUIIAEMOCTBIO, YeM
napaduHoBble U osiepuHOBBIE ¢ TeM ke unuciaoM C-aromos. IIpu npumeHeHun
HOPUCTBIX MEMOpaH Il 3TOro mpolecca HEOoOXOAUMO, 4YTOOBI JJIMHA
CBOOOJHOTO TMpobOera MoJieKyd Oblia OOJbIEe TUaMeTpa Mop MeMOpaHbI, T.€.
4acTOTa CTOJIKHOBEHMHM MOJIEKYJ Ta3a CO CTEHKaMU IOp IMpPEBBIIIANa YacTOTy
B3aMMHBIX CTOJIKHOBEHHUH MoJieKynl. [IoCKOJIbKYy cpelHue CKOPOCTH MOJIEKYJ
OOpaTHO MpPONOPLUOHAIBHBI KBaJpaTHOMY KOPHIO HX MAacC, KOMIIOHEHTHI
paszensieMoil cMecH IPOHMKAIOT 4Yepe3 MOpbl MeMOpaHbl C PpPa3IMYHBIMU
cKopocTsiMH. B pesynbrare cmech, mpoiieamnas yepe3 MeMOopany, oboramaercs
KOMITOHEHTOM C MEHBIIEH MOJIEKYJIIPHON Maccoi, a KOHUEHTPAT (3aJep:KaHHas
¢daza) — ¢ OosbIIeH.

[Tpu mpuMeHeHUN HEMOPUCTHIX MeMOpaH, 4TO OOBIYHO UMEET MECTO TpHU
paszieleHuH YTIeBOJOPOJOB, OHO OCYIIECTBIISIETCS 3a CYET Pa3HOM CKOPOCTH
muddy3un  KOMIIOHEHTOB dYepe3 meperopoiku. [ns Takux MemOpaH
OPOHUIIAEMOCTh Ta30B Ha 2-3 TopsAKa HIXKE, 4YeM JUId MOPUCTBIX, HO
CEJIEKTUBHOCTh 3HAUUTEIIHHO BHIIIIE.

[Ipouecc MmaccomepeHoca B TakuMX MeMmOpaHax BKIIIOYACT CTaJAuU
aacopouuu, muddys3uu u necopoimm.

KonuuecTBo raza, mpoxosmiero 4epe3 eIMHUIy TUIOMIAu TOBEPXHOCTU
CIUIOIIHOM MEePEropoiKy B €AMHUILY BPEMEHH, OlpesiessieTcs no popMmyIe:

V =Kr [(Cl-C2|8)] = Kr[(Pl-P2|8)],

rae: C1,C; u P1,P2 — COOTBETCTBEHHO KOHIICHTPAIIMU M TMapiidajibHbIC
JIaBJICHUS TPOHMKAIOIIETO KOMIIOHEHTa B Ta30BOM IIOTOKE MO 00€ CTOPOHBI
MeMOpanbl TommuHOM O; Kr — kodd@uuueHT rasonmpoHumaeMoct [cMm>cMm|
cm?clla] 3aBHCHT OT TEPMOIMHAMMYECKUX M KUHETUYECKHX CBOWCTB CHUCTEMEI
ra3 — moJimMep, T.. OT PaCTBOPUMOCTH Ta3za u ero quddy3uu B oIMMeEpe.

MemOpannbple  ammaparbl  MOAPA3NCISIIOTCS Ha  IJIOCKOKaMepHBIE,
TpyOUaThie, pyJIOHHEIE, C TIOJBIMHA BOJIOKHAMH.

Baxnyro ponp mpu pazpaboTke MEeMOpaHHBIX Ta30pa3faeUTEeIbHbBIX
anmapaToB cbirpana ¢upma «MoHcaHTO» MOLIHOCTH YCTAaHOBOK pa3/ieieHHUs
Bapbupyercs B npenenax ot 0,1 g0 60 Teic M3/,

[lo Ttumy cTpykTypsl MeMOpaHbl MOTYT OBITH TOMOTEHHBIMH,
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ACUMMETPUYHBIMHU ¥ KOMITO3UIIMOHHBIMH.

HauOosnbiiiee 3HaueHHWE HMMEIOT ACCUMETPUYHBIE WM aHU30TPOITHBIC
MeMOpaHbl, KOTOpPBIE XapaKTEpPU3YIOTCSI BBICOKOW MPOU3BOAUTEIBHOCTHIO H
CEIEKTUBHOCTRI0. OHM cocTosT W3 ToHKoro (tommuuHou 0,1-1 mMxMm, a B
ornenbHbIXx ciaydasx 0,005 MKM) HEmopucToro MOJMMEPHOIO Marepuaa,
HAHECEHHOTO Ha MUKPOMIOPUCTYIO MOJJIOXKKY (TosmuHa ee 10-100 u 6omee MKM)

B  kadectBe moONMMEpHOW YACTM  ACMMMETPUYHOM  MeMOpaHbI
UCIIOJB3YIOT MHOTHE MOJTUMEPBI — HaTypaJIbHBIN KayuyK,
MOJIMBUHWITPUMETWIICHIIAH, TeDIOH ¥ Jp., a Takke OJOKCOMOIMMEPHI
BBICOKOIIPOHUIIAEMBIX CHJIOKCAHOB C MOHOMEpaMH Tuma akpuiaToB. I[lepBoii
POMBIIIJICHHON MeMOpaHo#l A pasfeneHus ra3oBbix cMmecedd tuma Ho/CHa,
Ho/N, oputa TIBTMC — 1utockas accUMeTpudHas MeMOpaHa. B Hactosiee
BpeMsi Ha ee OCHOBe B P®  mpou3BOJATCS MPOMBINUICHHBIE YCTAHOBKH
KOHIICHTPUPOBaHUsI Bojopoaa cepuu MB.

Texnuueckn pemieHbl MPoOJIeMbl MEMOPAHHOTO pa3/ieNICHUs Ta30BBIX
cmeceit CO,/CHg, Ho/CHa, Ho/N,, Ho/CO m gp. IlpakThuecku peIIeHBI BCe
po0JIeMBbl BBIJIETICHUSI BOJOPOa U3 OTXOISAIIMX Ta30B PA3IUYHBIX TPOU3BOJICTB
(cunTe3 MeTaHosa, pUGOPMHUHT, THAPOOYUCTKA U JP.). ITO CBA3AHO C TEM, YTO
BCE TMOJUMEPHl O00JAaJal0T CPAaBHUTEIBHO BBICOKHUMH KO3 UIIMEHTAMU
MPOHUIIAEMOCTA IO OTHOUIEHUIO K BOJOPOJY MU TEJIHIO, BCIEACTBUE MAaJbIX
pa3MEpPoOB MOJIEKYJl ATHUX Ta30B. B TO ke BpeMsi OTHOCUTEIBHO BBICOKH BO
MHOTHUX MOJUMepax KOI(UIHUEHThI MPOHUIIAEMOCTU MO OTHOIIEHUIO K TaKUM
razam u mapam kak COz, H,O, H,S, NHj;. MmMeroTcs peasbHbIe IEPCTICKTUBBI
pasjelieHuss  psjga  yriaeBoaopoAHelx  cMmecei, Hampumep CoH \CH4\Hy,
C3H6\C3Hg, C2H4\C3H6 u 1ap.

K ocHOBHBIM mpoOiiemMaM, TPENATCTBYIOUIMM Oojiee IMIHUPOKOMY
BHEJIPEHUI0O MEMOpPAaHHON TEXHOJOTHHU, OTHOCATCS Majas NMPOHUIIAeMOCTh U B
psife Cciy4aeB HU3Kash CEJICKTUBHOCTh MeMOpaH, a Takke HEOOXOJIUMOCTh
BBICOKOW TEXHOJIOTHYECKOUN KyJIbTYpbI IIPU UX MPOU3BOJCTBE U SKCILTyaTallUH.

KpynHbIMH TPOMBIIIUIEHHBIMU TEXHOJIOTUYECKUMH MpOLIECCaMU, Hal
KOTOPBIMHU PabOTAIOT CIIEIUATUCTBI, SBJISFOTCS:

-BBIJICJICHUE JHOKCUJA YTIepoJa W CEpPOBOJOPOJa W3 MHPUPOIHBIX H
MOMYTHBIX Ta30B;

-U3BJICUCHUE W3 MPHUPOJHOrO Ta3za TeUusl U €ro OYUCTKA Trelus OT
IIPUMECEU IPYTUuX ra3os.

3.3. MeToabl moJIy4eHUs reJius U3 NPUPOJIHBIX ra30B

O01mas xapakTepucTHKA METOA0B
I'enuii - penkuii 10 CBOMM CBOMCTBaM ra3, OTKPBITBIM CHEKTPAIBHO HA
Connue (B 1868 r. XKancenom u Jlo-Keepom), a 3atem Ha 3emuie (B 1895 r.
Pam3aem). KonnenTpamnus refvs B IpUPOJIHBIX Ta3aX HEBEJIMKA U KOJIEOJIETCS OT
0,001 no 3,0% (06.). CpenHeB3BelieHHass KOHILIEHTpAIUSI Telus B MHUPOBBIX
3anacax mnpupoaHoro raza He mnpesbimaer 0,04% (06.), a x 2020 r., mo
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nporHo3aMm, cHusutrcs 10 0,02% (06.)  M3Bnedenwe renusi CUYUTAETCS
YKOHOMHUYECKH IEIeCO00Pa3HBbIM, €CIIM €T0 COJep)KaHUE B MPUPOIHOM ra3e He
menee 0,06 % 06. (3a pyoesxom npuHsaTa HOpMa - He meHee 0,3 % 00.).

['enuit — oMMH U3 caMBIX JIETKUX (TIOCJIE BOJIOPO/IA) Ta30B C TUNIOTHOCTHIO
0,1785 xr/m® npu nasnennu 0,1 MITa u Temneparype O°C. OH 061a1aeT HU3KOI
Kputuyeckor temmnepatypoit (Tkp =-267,97°C), BbICOKON TEIJIONPOBOAHOCTHIO
U OJCKTPOIMPOBOAHOCTHIO. ['enmii TUIOXO pacTBOpSETCS B BOJAE U IKHIKHX
YTIEBOAOPOIaX, XHMHYECCKH MHEPTEH.

B mpupone cymecTtByer asa usoroma remus — °He m “He, mpuuem
TIOJABJIAIOILYIO 0N cocTaBisieT “He, o0pasyromuiics B pe3yIbTaTe o-pacraia
PaJIMOAKTUBHBIX DIEMEHTOB 3eMiu. B cxmkenHom Buie “He MMeeT IIIOTHOCTS
125,1 kr/m® u xunut npu 4,44 K (-268,9 °C).

VYkazaHHble CBOMCTBAa OOYCIOBWJIM WIMPOKOE MPUMEHEHUE Telus B
Pa3IUYHBIX 00JACTAX HAYKH U TEXHUKH:

-1 CO3JaHUsl MHEPTHOW Ta30BOM 3alllUTHOM Cpeibl TPH  CBapKe
ATFOMUHUS, MEIU, TUTaHA, MarHUs, HEP>KABEIOIICH CTAIN U APYTHX METaJUIOB;

-B XpoMaTorpapu4IecKuX ra30aHaIn3aTopax;

-JIJISl 3aIOJTHEHUST HAOMIOAATEIBHBIX M METCOPOJIOTHUECKUX MapoB (110
IPUYHHE JIETKOCTH);

-B aTOMHBIX pEaKTOpax C Ta30BBIM OXJIAXICHHEM KaK TETUIOTPOBOIHAS
cpema, XapakTepHU3yIOMmascs BBICOKOM TEIUIOEMKOCTBIO, a Takke He
MOJIBEp>KEHHAs BO3/ICUCTBUIO PaIUALINH;

-COBMECTHO C KHCJIOPOJIOM JJIsl TIPUTOTOBJICHUSI JbIXaTEIIbHBIX CMecei
MIPY JICYCHUU aCTMBI U JPYTHUX 3a0071€BaHUN JbIXaTEIbHBIX MyTEH;

-B KECCOHHO-BO/I0JIa3HBIX paboTax.

Ho 50% ot oOmiero KoJIWYeCTBa >KUIKOTO M Ta3000pa3HOTO Telus
NOTPEONSIOT  MPEAnpUsITHS W OpraHu3ald  BOCHHO-TPOMBIILIEHHOTO
KOMILJIEKCA.

OCHOBHOE KOJIMYECTBO TENUs TMOJYYarOT ceivac W3 MPUPOTHBIX Ta30B.
I[Tpu MMPOBBIX 3amacax MPUPOIHOro rasa nmopsaaka 180-200 tpia m? comeprxanue
renus B HUX COCTaBIsOT 56-60 mupx m°. Eskeromnoe oOpa3oBaHME reusl B
pesyJbTaTe O-paclaja OLEeHUBAeTCs Kak 25 MIH M°, MpUYeM M3 HUX OKOJIO 3
MIIH M3 (BCIIEICTBHE €r0 HU3KOM IIIOTHOCTH) PACCEUBAETCS B KOCMOC.

Esxeromnas 700bl4a Telus COCTaBiIseT okojao 1,2 mupn M°, M3 4ero
MO>KHO 3aKJIFOUUTh, YTO C YUETOM HE3HAUYUTEIHLHOTO MPUPOCTA €r0 00pa30BaHUS
3amacel renusi Ha 3emuie obOecredarT MOTPEOHOCTH B HEM B TEUYCHHE OYCHD
orpaHu4eHHoro cpoka — 50-60 Jner.

Haunbonee OGoratbiMu 3amacaMy TeMMCOAEPKAIIUX MPUPOJHBIX Ta30B
pacnomnaratotr CIIIA, Poccus, Amxup, Kanana, [Tonsma u IN'omnangusa. B Poccun
3T0 OpeHOyprckoe U AcTpaxaHCKOe MECTOpPOXKACHUs, a Takke bamkoprocTaH,
Hpkytckas obnactb, AxyTus u Kpacnosipckuii kpai.

[TpousBoACTBO renusi B MUpE, MPEBBIIIAET €ro NoTpedaeHre (OTHOIICHUE
noTpeOIeHnsT K MPOU3BOJICTBY COCTaBJISIET B HacTosIIee BpeMs okosio 80-85%).
N30bITOK TeNrs 3aKa4MBalOT B CKMPKEHHOM BUJIE B XpaHUJIUIIIA.

Ha 9KOHOMMUKY ITPOU3BOJICTBA I'CJIMA OKA3bIBAIOT BJIUAHUC IBA OCHOBHBIX
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dakrtopa:

-KOHIICHTpALIUs TeIusl B UCXOJHOM rase;

-KOMIUIEKCHOCTh ~ NEPepabOTKM Ta30BOrO  ChbIphsl  (OJHOBPEMEHHOE
U3BJICUEHUE M3 ra3a CEpOBOJOPOA, a30Ta, YIJIEKMCIIOro ra3a, dTaHa, MpoIlaHa,
OyTaHOB, CXIKEHHOIO Tra3a 3HAUYMUTEIbHO TOBBIIIAET PEHTA0EIHHOCTD
nporiecca).

TpanuuuoHHO B BBIACIICHUM TeIUS UCIOJB3YIOT HU3KOTEMIIEPATypHbBIC
(KprOTEeHHBIE) METOABI: HU3KOTEMIIEPATYPHBIC KOHICHCAIUS, PEKTU(UKAIISI U
aacopomus. YacTo B COBpPEMEHHBIC ITOTOYHBIE CXEMBI IMPOW3BOICTBA TEIIHS
BKJIFOYAIOT OJIOKU ceneKTuBHOU nudPy3un uepe3 MeMOpaHsbI.

Kpuorennpsle METOABI OCHOBAaHBI Ha CIIOCOOHOCTH KOMITOHEHTOB
MPUPOIHOTO Ta3a JIETKO KOHJGHCHUPOBATHCS MPU HHU3KHX Temmeparypax. OHu
HAllUTM TPOMBINIJICHHOE TPUMEHEHHE, IIOCKOJIBKY JIETKO BIHMCBHIBAIOTCS B
CUCTEMY KOMIUIEKCHOM mepepaboTku raza. OObIYHO OoJiblllas YacTh MpOIMaHa U
MPaKTUYECKU Bce OoJiee TSDKENbIe YIIEBOJOPOAbl KOHIACHCUPYIOTCS YKE IMpHU
oxJjaxaeHuu raza 10 Mmunyc 50°C. Ho st moigyyeHus refus BBICOKOW YHCTOTHI
(99,995 %) tpeOyercs Temmeparypa KoHaeHcamuu a3ora (muuHyc 195,8 °C).
YacTo Ha KpHUOTEHHBIX YCTAHOBKAxX TMOJy4YalOT Teaui-chipel] (TeUeBbId
KOHIIEHTpAT) ¢ coaepkanuem remust 50-85 %. Jlis nmoayyeHus: YucToro renus us3
ChIpIIa HCIOJIB3YIOTCS XMMHYECKHE, aJCOPOLMOHHBIE U KaTAIUTUYECKHE
METO/IBI.

UucTelil reauil MojydaroT M3 OYHUILEHHOTO OT MPUMECEH M TIIyOOKO
OCYIIICHHOTO TPHUPOJHOTO Ta3a OOBIYHO B TPH CTAJAWH - BBIICISIOT TEIUEBBIN
KOHIIeHTpaT, coaepxkarntuit 10 80 - 90% remus, KoHIEHTpUPYIOT ero 10 99,98%
1 3aT€M OXKIDKAIOT JUIS yI00CTBA TPAHCTIOPTUPOBAHUS M XPAaHEHUS.

MeToabl MOJY4YEeHUS IeJIMEBOr0 KOHIEHTPATA

[TomydyeHue renmeBoro KOHIIEHTpaTa BO3MOXHO YETHIPBMS CIIOcO0aMu -
KPUOTEHHBIM, a0COPOIIMOHHBIM, IyTeM TuJpaTooOpa3oBanust u auddys3ueit
yepe3 Mmopucthie MemMOpaHbl. M3 3THX cmoco0OB TOJABKO TEPBBINA MOTYUUIT
MIPOMBITIUICHHOE TPUMEHEHNE, a OCTAJIbHBIC TO PsAAy NMPUYWH HE BBHIIUIA 3a
pPaMKH ONIBITHO-TTPOMBITIUICHHBIX HJIA MCCIEA0BATEICKUX PadoT.

Kpuozennwiii cnoco6 ocroBan Ha OXJIQXKICHHU Ta3a 110 TEMIICPATYPHI
KOHJIEHCAIIMU a30Ta, PU KOTOPOH KOHJAEHCUPYETCA U METaH, a TeJIMi OCTaeTCs B
ra3oBoil (¢asze B BHUAE KOHIEHTpara. [lo BapuaHTy, NpeACTaBICHHOMY Ha
NPUHIMIUAIBHOW  TeXHonoruueckoil cxeme (puc.40), OYMIICHHBIA W
OCYIIICHHBIA ra3 moj AaBieHueMm 3,2 Mlla oxiaxkmaeTcss BHauaje MPOMaHOM,
3aTeM B JIByX pEKYNEpaTUBHBIX TEIUIOOOMEHHUKAaX (C MPOMEKYTOUYHOMN
cenapanueii) g0 -104°C u mocne apoccenupoBanusi ¢ Temreparypoil -153°C
nojxaercs B KoJOHHY. CHHM3y 3TOM KOJIOHHBI OTBOJMUTCS B OCHOBHOM METaH.
Bepx KOJOHHBI OXJaXJaeTrcsd 3a CYET pEeKylepaluud XOJI0Ad, OTYEro Tam
noaaepxkuBaeTca temmneparypa -191°C, npu KoTopoil cBepXy OTBOAMUTCS CMECh
rejiisg M a30Ta. JTa CMECh 3aTEM JOOXJAXKIAeTCd B JBYX PEKyNEPaTHBHBIX
TEIJI000OMEHHUKAX U B JIBYX CerapaTopax pas3ieiisieTcss Ha KOHIEHTPAT Teus
(85%) wu koumentpar aszora (99,5%). Ilociaennwuii, pacHIHpsAsACH B
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TypOOAETaHIOPE 5, OXJIAKIACT BEPX KOJOHHBI U OTBOAUTCS Kak MpoAykT. [1o
TaKOMY BapHaHTy H3BJIeKaeTcsi okojio 95 - 96% renus OT €ro HCXOJHOTO
COJIEpKaHUS B rase.

Kpuorennbsle MeTOIbl, HECMOTPSI Ha BBICOKHE OSKCILTyaTallHOHHBIE
3aTpaThl, BechbMa 3((PEKTUBHBI, TaK KaK IO3BOJSIOT HA PA3IMYHBIX CTATUSAX
BBIJICJICHUS T'eIUsl U3 MPUPOAHOTO Ta3a IMOMYTHO MOJy4YaTh IIEHHBIE TOBAPHBIE
MPOAYKTHI - 3TaH, MeTaHOBYIO (pakiuto u [LIDJTY.

Abcopouuonnslit. cnocod TonyueHHs TEIWEBOTO KOHIICHTpAra
OCHOBAaH Ha MCIOJb30BaHWU akTUBHBIX nornotutenei metana (CClsF, CClaF; u
np.). Ux mormotutensHas cnocoOHocTh o Merany B 10-20 pa3 BeIlie, 4em 1o
rejiuio, a npu moHwkKeHHbIX A0 MmuHyc 20 - munyc 30°C TemmepaTypax
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9TO o

Puc.40. IlpyHonnuajJbHasi cxemMa IOJIy4YeHHs TeJIHeBOro KOHIEHTpaTa:

1-cemaparopsr; 2-KOJIOHHBI; 3-XOJIOAWIBHUK; 4-peKyNepaTUBHBIC TEIIIOOOMEHHHKH, 5 - TypOoneTanep; 6- kommpeccop. | -mpupoansrii raz; Il -
xuzkue yrieonoposl; Il - renuessiit koHneHTpat; 1V - KOHIIEHTpaT a30t1a; V- cyxoif ra3 (MeTaH-a30THas CMECh).
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pasnauuue erie Oosiee Bo3pacTaeT. B utore B rase KOHIECHTPUPYETCS eI, HO
MOJTyJdaeMbIi MPU 3TOM KOHIICHTpPAT XYK€, YeM ITOJIYYCHHBIH KPHOTCHHBIM
cnocodooMm

Cnoco6 2uopamoo06pa306anus ocHOBaH Ha TOM, YTO B OTJIMYHE OT
MeTaHa, 3TaHa, YIJIEKUCIIOro ra3a U a3oTa reJinid He o0pasyeT ¢ BOJIOM THIpaToOB
IpU HU3KUX TEMIIEpaTypax M BBICOKHMX JaBJICHUAX. Eciu mpH TakuxX yCIOBUAX
CO3/1aTh HHTEHCUBHBII KOHTAKT BOJBI U ra3a B cootHomennu ot 20 : 1 mo 100 :
1, ToO mOYTH BCE KOMITIOHEHTHI T'a3a MEPENAYT B TBEPAOE COCTOSIHUE (THIPAThI), a
U3 KOHTaKTOpa BBIJIET TeNueBbId KOHUEHTpar. Hengocratok cmnocoba -
NOTPEOHOCTh B OOJIBIIMX KOJMYECTBAX BOJABI M YCJIOKHEHUE MOCIEIYIOIEH
rITyOOKOM OCYIIIKH IeIMeBOr0 KOHIICHTpAaTa.

Memopanustit cnocoé ocHoBaH Ha BBICOKOM IPOHHUKAIOIIEH CIIO-
COOHOCTH Telusd B CPaBHEHUMU C JPYTUMU Ta3aMH M CHOCOOHOCTBIO €ro
CEJICKTUBHO MPOHUKATH ((PUIBTPOBATHCSA) UEPE3 OUEHb MEIKHE MOPHI PA3IMYHbIX
MaTepHalioB, BBITOJHEHHBIX B BHJIE IUJICHOK -MeMOpaH. MeToibl BbIIEICHUS
TeJIis C TOMOILBIO MEMOPAHHON TEXHOJIOTUH MEHEE IHEPTrOEMKH, OCOOEHHO MPH
HEOOJIBIIOM COJAEPKAHUU TEeNus, MO CPABHEHUIO C KPHOTEHHBIM CIIOCOOOM H
MO3BOJISIOT MOJIYYUTh HE TOJBKO IEIMEBBIM KOHIIEHTPAT, HO U BBIJIEIUTh U3 HETO
yucThiil renuid. CylnHOCTh 3TOTO croco0a pasfeNeHus Obula paccMOTpEeHa B
paszene, NOCBALICHHOM Pa3JINYHbIM METO/1aM KOHLICHTPUPOBAHUS U pa3IeIeHUs
YIJI€BOJOPOAHBIX Ta30B. JlJis MpUMEHEHUs Ha NMPAKTUKE MEMOpPAHbI JIOJIKHBI
001a/1aTh BBICOKON aOCONMIOTHON MPOHUIIAEMOCTBIO JIJIs TEIHsI U BBICOKOM CeJeK-
TUBHOCTbIO, OBITh XUMHYECKH U (PU3MUECKH CTAOWJIbHBIMH, UMETh BBICOKYIO
IPOYHOCTh U OBITH JIMIIEHHBIMU AEPEKTOB B BHUJI€ MUKpoOHOp. MIMeHHO B 3THX
HaIpaBJICHUSAX NPOBOJATCA IIMPOKUE HUCCIAEAOBaHUS ISl Pa3pabOTKU U
COBEpILIEHCTBOBAHMS MEMOpaHHON TexHojoruu. B HacTosiee BpeMs 3a
pyOexomM MeMOpaHHbIE TEXHOJIOTMH HAlUIM IIMPOKOE MpUMeHeHue. B Hamein
CTpaHe MeMOpaHHbIE YCTAaHOBKH [JISl MOJYYEHUSI YMCTOTO TeNvs U3 TEeJIHEeBOro
KOHLIEHTpaTa B OCHOBHOM HAaXOJSTCS HAa CTaAUMM MWIOTHBIX  WJIU
NPOMBIIUICHHBIX HUCHOBITAHMM M Ha OTEYECTBEHHBIX 3aBoJax IOKa He
sKCITyaTupytoTca. OJHAKO YK€ TOJIyYeHbI MOJIOKHUTEIbHBIE PE3YJIbTAThI
UCIBITAaHUHM, Hampumep, MemMOpaH B BHJAE IUIOCKMX IUIGHOK Ha OCHOBE
nonudpupuMuga. Metog 3TOT BecbMa MEPCHEKTUBEH U 3acily’KUBaeT Ooliee
OAPOOHOTO PACCMOTPEHUS.

TpaauMOHHBIN KPUOTEHHBIA METOJ W3BJICUCHMS TIeIus U3 MPUPOJHOTO
rasa, ONMCaHHbIN BBIIIE, MTO3BOJISET MOIY4YaTh MPOIYKTHl TpeOyeMOoro KayecTBa
U SBISETCA B HAcToslee Bpems HaumOojiee pacHpOCTpaHEHHBIM CIOCOOOM
noiydeHus renusi. Ho npu HU3KKX coiepikanusx renus B mpupogHoM raze (0,05
- 0,08 % 00.) aTOoT MeToA oka3biBaeTcss HeIDPEKTUBHBIM, TAK KaK B ITOM Cllydae
TpeOyeTcss OpraHu3alusi MHOTOCTYNEHYaTOTo MpoLecca, 4YTO 3HAYUTENbHO
MOBBIIIAET KalUTAJIbHBIE W HKCIUTyaTallMOHHBIE 3aTpaThl. Mcmoiab3oBaHueM
MeMOpaH i TMOJy4YeHHUs TeJIMEeBOr0 KOHIEHTpAaTa C €ro MOCIeAyolen
peKTU(PUKALMEN MOXKHO CYIIECTBEHHO YIYUYIIUTh YKOHOMHKY MpOLECcCa.

VYuuThiBas Bce CyHIECTBYIOIIME TpeOOBaHUS K MPOAYKTaM pa3/ieJICHHS
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MPUPOIHBIX TA30B, JUISI CEIEKTUBHOTO M3BJICUCHHS TeIs U3 00CTHECHHBIX Ta30B
Jydlie BCEro MCMOJb30BaTh KBapueBoe crekino. Ilpu 3TOoM M3  rasa,
coaepikariero, % 06.: 0,05 He, 85 CHy, 14,95 N,, monyuaercs uuctsiii (99,99 %
00.) He npu mnepemane npaBienuss Ha wmemOpanax /7,0 MIla. OcHOBHBIM
HEJI0OCTATKOM, 3aTPYIHSIONIUM BHEAPEHHUE 3TOTO MPOIECCa B MPOMBIILIICHHOCTD,
SBJIIETCSI CIIO)KHOCTb W3TOTOBJICHMS amnmaparypbl C KBApLEBBIMU BOJOKHAMHU.
Kpome Toro, HecMoTpss Ha BBICOKYIO CEJIIEKTUBHOCTh IO TE€JIHUIO, YyAelbHas
IPOM3BOAUTENLHOCTD allliapara ¢ KBapleBbIMH KaMWUIIpaMy Maa.

bonee sdpdexTnBHBI MPOM3BOIUTEIBHBIC, XOTS U MEHEE CEJICKTHUBHEIE,
nosuMepHbie MeMOpanbl . DakTop pazaeneHuss OMHAPHON CMecH Teliuii - MeTaH
y OOJIBIIMHCTBA TOJIMMEPOB MOXKET JOCTUTATh BBICOKMX 3HAYEHUWH, BIUIOTH JI0
150 - y mommddupumunos, 325 - y mnonumnepprop-2-meTtuneH-4-metmi-1,3-
muokcanana U 1310 - y OGmokcomonmumepa ¢ Tetpadropatunenom. llepcrek-
THUBHBI Tak)kKe MeMOpaHbl Ha OCHOBE alleTara ILeJUII0JI03bl, MOJIUKApOOHATOB U
noyucynb(poHoB. DakToOp pasleseHUsT CMECH Telud - a30T y OOJBIIMHCTBA
MOJIUMEPOB 3HAUUTETHHO OOJbINE €AUHUIBI U MoXeT jgocturath: 100-y
aneraTiesutono3ubix, 300-y ¢TOop- M KHUCIOPOJCOIEpKAIIUX TMOTUMEPOB.
Bricokoit TpOU3BOAUTENLHOCTRIO 00JIa/Ial0T aCUMMETPUYHbIE MEMOpaHbl W3
[IBTMC, HO nOCKOJIbKY 3HaueHue (GakTtopa pasjeneHus s 3Tux memOpan 15-
20, He0OX0IMM MHOTOCTYIEHYATHIM MPOIIeCC.

[ToBepXHOCTH UCIOJIB3YEMBIX HA MPOMBIIIUICHHBIX YCTAaHOBKAaX MeMOpaH
oueHb Benmka. Kpome Toro, ra3 mocTymaeT Ha pas[eleHHe TMPU BBICOKHUX
naBieHusx. [loaTroMmy 0COOEHHO BaKHO OOECHEYHTh MAaKCHMAJIbHO BBICOKYIO
IJIOTHOCTh ~ YIIAKOBKM MeMOpaH B ammaparax. B IpOMBIIUIEHHOCTH
MPEUMYIIECTBEHHO HCTIONB3YIOT PYJIOHHBIE U MOJOBOJIOKOHHBIE MOTYIIH.

[IpoMpblneHHple  anmapaThl Ui MEMOPAaHHOTO pa3lelieHHsl Ta30B
JIOJDKHBI YIOBIIETBOPSATH CIEIYIONIUM TPEeOOBAHUSM: MUMETh BBICOKYIO CTETICHBb
YIaKOBKH, T.€. BO3MOXXHO OOJIBIIYIO MOBEPXHOCTh MEMOpaH B €IMHHIIC 00bemMa
anmaparta; ObITh TEXHOJIOTMYHBIMH B COOpKE, JAOCTYHMHBIMH I OCMOTpa U
pPEMOHTA, HA/IS)KHBIMU U pabOTOCIIOCOOHBIMU B T€UEHUE JITTUTEIILHOTO BPEMEHHU;
oOecrieuynBaTh PaBHOMEPHOE pacIpe/ielieHue Ta30BbIX MOTOKOB B HAMIOPHOM H
JPEHAXKHOM TPOCTPAHCTBE MEMOPAHHBIX AJIEMEHTOB; MMETh HEBBICOKOE TH-
JIPABJIMYECKOE COMPOTUBIICHUE U OBITh T€PMETHUYHBIMHU.

Ha puc.4l. mnpuBeneHa nOpUHIUOMAIBHAS CcXeMa MeMOpaHHOU
TPEXCTYNEHYaTOW YCTAaHOBKM TIOJy4YEHHsS TEJIMEeBOrO0 KOHIIGHTpaTa W3
npupoAHoro raza. Ha 3Toil ycTaHOBKE MCIOJIB30BAHBI MEMOpPAHHBIE MOAYJIN Ha
OCHOBE TIOJILIX BOJIOKOH U3 OJOK-comoiumepa TeTpadTopITUiieHa C
reKCapTOPITUICHOM .

[Mpuponnbiii ra3 ¢ HuskuMm coxaepskanueMm remust (0,06 % 00.),
MPEABAPUTEIILHO OYHUIIICHHBIM OT KHUCIBIX KOMIIOHEHTOB, KOMIIPUMHUPYETCS [0
napieans / MlIla, oObeTMHSICTCS C PETAHTOM — IIOTOKOM, HE IIPOIICAIINM Yepe3
MeMOpaHy, OTBOJMMBIM M3 MEMOpPAHHOTO ammapara BTOPOW CTYNEHH pa3jieie-
HUS, U TIOCTYIMAeT B MEMOpaHHBIA MOJYJb MEPBOM CTyneHu. PeTaHT ¢ mepBoii
CTYTICHH, TIPAKTUYCCKU HE COJAEPIKAIIUI TeNusl, HAPaBIAETCS K MOTPEOUTEIO
KaK TOBAapHBIN ra3, a mepmear (IIPOHUKAIONINN MOTOK, OOOTAIEHHBINA TeIueM)
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MOCJIe KOMIPUMHPOBAHUS JI0 TIEPBOHAYAIHLHOTO JABJICHUS IOCTyMaeT Ha
BTOPYIO CTYIlEHb MeMOpaHHOTro paszaeneHus. llepmear BTOpoN CTyneHH
pazaenenus coaepxkut 30 % 006., a mepmeat Tpethbeit ctynenu - 90 % 006. renus.

[lTomy4yeHHBI TEeaMeBBIM  KOHLEHTPAT, COJEpKAIIMM  OCTATOYHBIC
KOJIMYECTBA METaHa, a30T, BOAOPO/I, a TaKKe HEOOBIITNE KOJTUYECTBA HHEPTHBIX
ra3oB (HEOH U T.II.), HANPaBJISIOT HA BbIIEIEHUE YUCTOTO TeJIns 10 MeMOpaHHOM
WJIM KPUOTEHHOM TEeXHOJIOTUH.

B mOpoMBIIIIEHHOCTH AJIT OYUCTKMA TelnHsl OT a30Ta, HEOHA W MUK-
poIpuMecei UCTIOIb3YIOTCS HU3KOTEMIIEpaTypHble KOHACHCAIUS U aJICOPOITHS -
MpoIIeCChl, TPeOyIomue Kak 3HAYUTENbHBIX DHEPreTUYECKHX 3aTpar, TaK |
XJIaJIar€HTa - JKUJKOrO a30Ta, MOCKOJIBbKY MPOTEKAIOT IPHU TEMIIEPATypax MUHYC
175-200°C. MemOpaHHOE pa3felieHHe W KOHLUEHTPUPOBAHHUE Ta30B SIBIIIOTCS
QTBTEPHATHBONM HU3KOTEMIIEPATyPHBIM METOJaM, TaK KaK OHHM MPOTEKAIOT MPH
TEeMIIepaType OKpYKAroIIeil cpenbl U HEBBICOKUX JaBiieHusx. Mcnonb3oBanue
MeMOpaH MO3BOJISIET CHU3UTh YHEPIrOEMKOCTh IMPOIlecca, COKPATUTh MOTEPU TIPU
HArpeBe M OXJIAKJIECHUU TEXHOJOTUYECKUX TTOTOKOB.

CornacHo pe3yibTaTaM OTEYECTBEHHBIX HCCIEAOBAHHUN U 3apyOEKHOTrO
OMbITAa OKCIUTyaTalldd YCTAHOBOK, BechbMa dS(PPEKTUBHBIM MPEACTABIACTCS
KOMOHWHAIMs MEMOpPAHHOTO U KPHUOTEHHOTO METOAOB pPAa3CiICHUs: MOJIyYCHHE
reaueBoro konienrpara (75 — 95 % 00. reaus) mo MeMOpaHHOMN TEXHOJIOTHH C
MOCJICTYIONTUM KPHOTCHHBIM BBIICICHHEM YHUCTOTO Teiaus  (COYeTaHWEeM
HU3KOTEMIIEPATYPHBIX KOHJEHCAauuu U ajncopOumu). Takas KoMOMHaUus Me-
TonoB mo3BossieT Ha 20% CHU3UTH ce0eCTOMMOCTh TOBApHOTO MPOIYKTa II0
CPaBHEHUIO C TPAAUIIMOHHBIM KPUOTEHHBIM CIIOCOOOM BBIZICTICHUS TEITHSI.
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0,1 % mo ofbemy He Ilorpebuteato
Hpuponusik ras 7.0 MIIa

Puc.41. IlpyHounuajJibHasi cxeMa MeMOPaHHOM TPEXCTYNEHYATOH YCTAHOBKH IOJIy4YeHHS TeJTHeBOro KOHIEHTPAaTa U3 NPUPOIHOIO0 rasa:
1,2,3- MeMOpaHHBIE ammmapaTbl COOTBETCTBEHHO NIEPBOii, BTOPOU M TPEThEH CTYyIeHel; 4 — KOMIIPECCOpHI.
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Konuenrpaumus rejimus

['my60KyI0 OYMCTKY TeTueBOro KOHIIEHTpaTa BEAYyT C HUCIOJIb30BAHHUEM
Oomee TIIyOOKOT0 OXJIaKICHUS, YeM MpH ero u3BledeHrnr. OHa COMPOBOXKIACTCS
YAAJECHUEM W3 KOHIIEHTpaTa MpPUMECEN BOJIOpOJAa, a30Ta, METaHa W Ap. Takoe
o0oraiieHrne BKIF0YAeT YEThIPE CTYTICHHU:

-OYMCTKY KOHIIGHTpaTa OT MPHUMECH BOJOpOJAa THIPUPOBAHHEM Ha
CTICTIMAIEHOM KaTallu3aTope;

-TIyOOKYI0 OCYIIKY OT BJard, oOpa3ymolieics Npu THAPUPOBAHUH
BOJIOPO/Ia, afcopOImell Ha OKCHIC aTFOMUHHS,

-ckatue a0 15-20 MIla u oxnaxaenue go munyc 207°C remmeBoro
KOHIIEHTpaTa C MOCJICAYIOINM JIPOCCEINPOBAHUEM €ro U cemaparueii a3 B 1
WM 2 cTyneHu (ra3oBas (aza mocie Takoi cenaparuu coaepxut 99,5% remms);

-aJICOPOIIMOHHYI0  JOOYHCTKY TaKOTO KOHIIGHTPUPOBAHHOTO TEJHS
AKTUBHBIM YTJIEM, OXJIAKIAEMBIM JKHJAKAM a30TOM, W TIOJYYCHHUE TeIHs
KoHieHTparmen 99,98 (% 00.)

[Ipouecc  HU3KOTEMIEPATYpPHOU  aACOpOLMHU, MNPUMEHAEMbIA I
OYHCTKH TS OT MHUKPOIPHMECEH KHCIOpoaa W a30Ta, ObUT PacCMOTPEH B
paszierne, TOCBAIMICEHHOM HHU3KOTEMIIEPaTypPHBIM mporeccaMm  paszieicHus
YTIIEBOJOPOTHBIX TA30B.

OxukeHne rejius

JUist mepeBoia ra3000pa3HOrO Trefusi YKa3aHHOM YHCTOTHI B JKHJIKOE
COCTOSIHUE Ta3 OXJIAXJAIT BHayale >KUJIKUM a30TOM, MOTOM HANpaBIAIOT B
TypOoAeTaHnep, a 3areM B NapOXKUIAKOCTHBIM  TypOoaertannep (Wiau
Ipoccenupyror). B pesynbrate 3THX NPOLECCOB YacTh Telusl MEPEXOAUT B
KUAKYIO (ha3y, KOTOPYIO 3aTeM JIOOYUIAOT (OT MpUMecel BO3/lyXa U HEOHA) B
ajcopbepax, pa3MEIIeHHBIX HEMOCPEICTBEHHO B arperarax OXJaXJICHHS.
[TonmydyeHHBIH >KUAKUM TeIud 3allMBalOT B cocyAbl Jlproapa pasiudyHON
BMECTHUMOCTHU U TPAHCTIOPTUPYIOT 10 MECT MOTPEOJICHUS.

Kpynneiimee B EBporie mpousBojcTBo renusi co3nano B OpenOypre Ha
KOMOMHUPOBAaHHOW yYCTaHOBKE IO OYMCTKE ra3a W MOJYyYEHHIO Tejus, dTaHa U
0oJiee TSOKENBIX yrieBoopooB. Comeprkanue reiaus B ucxoanom rasze - 0,05 -
0,06%(00.), a TomoBass MOMIHOCTh MO BBIpaOoTKe renus coctaBiaseT 9000 Teic.
m°. B 1993 r. B cocTase 5TOro NMPOM3BOACTBA IyIIEHA YCTAHOBKA MO OXKUKEHHIO
renus (KI'Y-500) npoussoaurensHoctsio 500 51/4 sxuakoro remus (12 m3cyT).

Kunkuit remmit ¢ OpenOyprckoro I'TI3 skcnoptupyror B 3amaaHyro
EBpomny aBTOKpHOTreHHbIMU KOHTEMHepaMu (cocynbl Jbptoapa ¢pupmsel "["apanep
Kpuorenuk" BmectumocThio 40 M%). DT KOHTEHHEPHI CIIOCOOHBI COXPAHATh B
XKHUIKOM COCTOSTHUU renuit 10 45 cyT (ucnapsieMocTh u3 Hux cocrasiser 0,25%
B CYyTKH).

[Ipu pasrazupoBaHUM KUAKOTO TeIUS U3 TAKUX KOHTCHHEPOB MOJy4arOT
razoo0pasubiii renuit uncrotor 99,0%(06.) - 30% oT Bcero KoOJWUYECTBA,
gucToToi 99,996%(06.) - 65% 1 99,9999% - 5%.

JIist XpaHeHus >KUJKOTO TeNWs HMCTOJb3YIOT KPUOTEHHBIE XPaHWJIUIIA.
Ceituac B Mupe cymectByeT 10 Takux XpaHWIMIL BMECTUMOCTBIO 1o 120 M3, u
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oJtHO u3 HUX - B OpeHoypre.

PA3JEJI 4. CTABWJIN3ALIMSI U TEPEPABOTKA T'A30BBIX
KOHJIEHCATOB

['a30BBIMH KOHAEHCATaMH SIBIISIFOTCS; CMECh TSKEJIBIX YIJIEBOJAOPOAOB
(IODJTY), uHorga Ha3pIBaemasi ra30BbIM OCH3MHOM, BbIJEIsIEMasl U3 ra3a nepej
€ro OTIPaBKONW B MarucTpajibHbl€ Ta30MPOBOJIBI, a TaKXe XKHUIKAs CMECh
TSDKEJIBIX YIJIEBOJOPOJ0B, BHIHOCMMAs Ta30M M3 CKBaXKUH B KalleJIbHOM BHUIE U
oTAeNsieMasl OT ra3a METOJOM HU3KOTEMIIEPATYPHOU CEMapanuu.

4.1. Ctadniu3anus ra3oBoro 0OeH3uHa.

[Tomy4yeHHBIH JTFOOBIM M3 OMUCAHHBIX BHIINIE CIIOCOOOB Ta30BbIN OCH3MH
COJIEPKUT B CBOEM COCTAaBE YIJIEBOJOPOABI OT 3TAHA JI0 TENTAaHA BKIOYUTEIIBHO.
Kak ToBapHbIf NpPOAYKT HECTAOWIbHBIN Ta30BbIA OEH3WH HE HaXOIUT
KBaJIU(UIIMPOBAHHOTO NMPUMEHEHHUS, B TO BpPEMsl KaK BXOJAIINE B €ro COCTaB
WHJMBUAYAJIbHBIC YTJIEBOJAOPOABl — MpONaH, u300yTaH, H-OyTaH, U30MEHTaH U
T.J., @ TaKK€ CTaOWIbHBIM Ta30BbIM OEH3MH, UMEIOT HIMPOKOE MPUMEHECHUE.
Breienenue HMHAMBUIYAIbHBIX YIJIEBOJAOPOJOB M TOJyYEHUE CTAOUIILHOIO
OCH3MHA OCYIIECTBISIOT Ha Tra30(pakIMOHUPYIONIUX YycTaHOBKax [DVY.
CymiecTByIOT pas3idyHble BapuaHThl ero mnepepabotrku Ha ['Y. Hampumep,
BO3MOYKEH BapUaHT, MPEAyCMaTPUBAIOIINIA BBIJIETICHUE STAHOBOM (pakiuu JIst
MIPOU3BOJICTBA ATUJICHA, MPOMAH-0yTaHOBOW (pakiuu, NMpeaHa3HAYCHHOU IS
UCIIOJIb30BAHUSI B KA4YECTBE CXKUIKEHHOTO OBITOBOTO Ta3a WJIM MOTOPHOTO
TOIUIMBA, & TakKXKe I[IEHTaHa i1 MPOU3BOJCTBA PACTBOPHUTENEH H CMECH
YIJIEBOJOPOJOB OT TEKCaHAa W BBIIIE, HAMNPAaBISEMOW Ha MPOU3BOJCTBO
apoOMaTUYECKUX YIJIEBOJOPOJOB KaTaauTUYecKuM pudopmudroMm. HMuorna
OTJICJIbHO BBIJCJISIOT MPOIMaH M OyTaH, HaMpaBliseMble Ha JECTUAPUPOBAHUE U
MPOU3BOJICTBO MOJUMEPOB, B TOM YUCJIE CHHTETUUECKUX KaydyKOB.

lNazodpakimonupyone yCTaHOBKM OBIBAIOT JBYX THIIOB: OJHOKO-
JIOHHBIE (CTAOMIM3ALMOHHBIE) U MHOTOKOJIOHHBIE. OJHOKOJIOHHBIE YCTAaHOBKHU
npeaHa3HaYeHbl I CTaOWIM3alMM  Tra30BOro OC€H3WHA W TOJYYEHUS
TOTUTMBHOTO C)KIDKEHHOTO ra3za (cMmech mpornana u Oyrana). HawmbGomnbimee
pacnpOCTpAHEHHUE TOJYYMIIM MHOTOKOJIOHHBIE [ DY, mo3Bosstonye noiay4darh,
KpoMe CTaOWJIBHOTO Ta30BOTO OCEH3MHA, WHIWBUIYyAIbHBIC YTIIEBOJOPOIbI.
Coippem 111 'OV cnyXUT Je3TaHU3UPOBAHHBIM HECTAOMIIBHBIA Ta30BBIM
o6ensuH. Ha puc. 42 npuBeneHa npuHiunuansHas cxema ['@Y, mo3Bossronias
MoJIy4aTh, KpOMe CTa0MIbHOTO OC€H3MHA, MponaH, n300yTaH 1 H-OyTaH.

HecraOunbHblil ra30BbI OEH3WH MOCIE MOAOrPEBa B TEIIOOOMEHHUKE
MOCTYMAET B TNPOMNAHOBYK) KOJOHHY. B KOJIOHHE MNPOUCXOIUT OTICICHUE
TOBApHOI'O TpomaHa oOT OyTaH-OeH3uHOBOM cmecu. [lapbl mpomana cBepxy
KOJIOHHBI KOHJICHCUPYIOTCSI TOJHOCTBIO, YaCTh KOHJIEHCATa HAIpaBJISIETCS Ha
OpOIIIEHHE KOJIOHHBI, a M30BITOK OTKAaYMBaeTCs Ha TOBapHbIN ckian. byran-
OCH3MHOBAsI CMECh 4Yepe3 KHUISTWIbHUK W TEIIOOOMEHHUKHU HaIpaBIsieTCsS B
CPEIHIOI0 YacTh OyTaHOBOW KOJIOHHBI. B OyTaHOBOW KOJOHHE MPOUCXOIUT
OTJIeJICHUE CMeCcH H-OyTaHa 1 n300yTaHa (BEPXHUM MPOIYKT) OT CTA0OUIHLHOTO
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Puc.42. TexHosiornueckasi cxema npoMpiiieHHou I'DY:

1 — mpomaHoBasi KOJOHHA; 2 — OyTaHOBas KOJIIOHHA; 3 — W300yTaHOBas KOJOHHA; 4, 5, 6 — KOHAEHCATOPHI-XOIOAUIBHUKH; 7, 8, 9—
emkoctu opomenus; 10, 11, 12, 20— nacocsr; 13, 14, 15— xunsatunsauky; 16, 17, 18— Termooomennukn; 1 9— xonoamnpHuK 6en3una. [Totoku: | —
HecTabunpHblA  Oen3uH; Il — mpoman; I —  crabunpHblii  ra3oBeni  Oemsun; IV —  wu3obyran; V. —  H-Oyral.
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ra3oBoro OeH3uHa (HWKHMH MPOIYKT). CTaOWJIBHBIA Ta30BbIA OEH3UWH C HU3Y
KOJIOHHBI 4Yepe3 KUIMATUIbHUK, TeTNIOOOMEHHUK U XOJOUIbHUK HAMpPaBIISIOTCS
B ToBapHbI mapk. CKOHIACHCHUPOBAHHBIA BEPXHUU MPOAYKT OYyTaHOBOM
KOJIOHHBl YAaCTUYHO HAMpAaBIISIETCS HA OPOLICHUE KOJOHHBI, a M30BITOK 4Yepes
TEIJIOOOMEHHUK TOCTYNMaeT B CepeAuHy HU300yTaHOBOW KOJOHHBL. B
M300yTaHOBOM KOJIOHHE TMPOMCXOAMUT paslelieHue u300yTaHa (BepXHUM
MPOAYKT) U H-OyTaHa (HW>KHUM MPOYKT).

IIpu HeoOXxoammocTu mosiydeHuss Ha ['@Y apyrux MHAMBUAYaIbHBIX
YIJI€BOAOPOAOB (H-NIEHTaHa, U30IMEHTaHa U T.A.), B COCTaB YCTAHOBKH BBOJST
JOTIOJTHUTENbHBIE PEKTU(PUKANOHHBIE KOJTOHHBI.

4.2. Ctaduausanus CbIporo ra3oBoro KOHjeHcara,
BBIHOCHMMOI'0 F'a30M W3 CKBAKUHbI

ChIpoli Ta30BbIi KOHJEHCAT, BBIHOCHMBIM Ta30M B BHJIE KalE€IbHOU
KuakocTd u3 ckpaxkusel (10-500 r/m®) mo cBoemy cocTaBy 6Gosee TSKENBIA U
COJIEP>KUT YIJIEBOJIOPOBI OT ATaHa (B MajbIX KonuuecTBax) A0 goaekana (Cqz) u
Bblle. TexHosorus mnepepaboTKA 3TOr0 KOHAEHCATA BKJIKOYAET IPOILECCHI:
craOuiau3anuy;  OOE3BOXKMBAaHMS W OOECCOJIMBAHMUS;  OYMCTKHM  OT
CepOCOJEpKAIMX TPUMECEH; MEPErOHKH U BBIACIECHUA (PAKIUI MOTOPHBIX
TOINIMB (C MOCIENYIIMM uX obnaropaxkuBaHueM). MHorga craOuiIbHbBIN
KOHJEHCAT CMENIMBAIOT CO CTAaOWJIbHOM HE(PTbIO, TOrjna MOCIEAHHE TPH
Ipolecca COBMELIEHBI C TEXHOJOTUEH IEpBUYHON MepepadoTKU He(DTH.

JUIsL Ta30BBIX KOHJIEHCATOB PA3JIMYHBIX MECTOPOXKIACHUM TI'PYIIIOBOM U
XUMHUYECKUN COCTaB pa3Hble, HO UMEIOTCA CIEAYIOIIHNE KIACCHU(PUKALMOHHBIE
npu3Haky, npeaycmorpennsie cranaaprom OCT 51.56-79: conepxanue oOuiei
Cepbl, MaccoBas [JO0JisI ApPOMAaTUYECKUX M HOPMAJbHBIX MapadUHOBBIX
YII€BOAOPOAOB U (DPAKIIMOHHBIN COCTaB.

I[lo wmepe BbIpaOOTKM Tra30BOr0  MECTOPOXKIEHUS  KOJUYECTBO
BBIHOCHMOT'O U3 IJIACTA KOHJIEHCATa YMEHBIIAETCS, a [0 COCTaBY OH CTAHOBHUTCH
Oonee JerkuM. OTO HEOOXOJMMO YYMTHIBATH HPU  MPOECKTUPOBAHUU
TEXHOJOTMUECKUX YCTAaHOBOK Il ero mnepepaboTku. ['a3oBble KOHJEHCAThI
CTaOWIM3UPYIOT M IepepadaThlBalOT  ABYMsS  METOJAMHU:  CTYNEHYATOM
Jerasanuen Wik pekTuukanuend B cTabUIN3alluOHHBIX KOJIOHHAX.

CryneHuaTtast nerazanusi — 3TO NPOCTEMIIMN METOA CTaOMIM3aluu,
CYLUIHOCTh KOTOpPOH 3aKJII0OYaeTcsi B TOM, UTO BCJEICTBUE 2-3-CTYNEHYATOIrO
cOpoca HaBieHUS NPOUCXOAUT OJHOKPATHOE HCHapeHue Haubosiee JIerKuX
KOMITOHEHTOB, KOTOpbIE B BUJIE Ta3a OTACNAIOTCS OT KOHJAEHcara. Takas cxema
cTabWiIn3aly KOHACHCATOB XapaKTepHa MJid TMPOMBICIOB, TJl€ CTAOUIIbHBIN
KOHJIEHCAT XpaHUTCS B aTMOC(EpHBIX pe3epByapax M MOJAETCS 3aTeM Ha
nepepaboTky Ha HedTenepepadarbiBaronue 3aBojabl. Cxema  CTyNEeHYaTOU
Jera3ald HE TO3BOJISIET OOECHEeYUTh I[OJHOE U3BJICUEHUE JIETKOJETYyUUX
YIJIEBOAOPOAOB (/10 TeKCaHa) M MO3TOMY OHM B MOCJEIYIOLIEM TEpSIHOTCS
(BBIBETPUBAIOTCS ) U3 KOHJIEHCATa BTOPOM CTYNIEHU B €eMKOCTSIX.

Crabunm3anus B PEKTH(PUKAIMOHHBIX KOJOHHAX MOJyYrsia OoJibliiee
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pacnpocTpaHeHHE, TaK KaK TMO3BOJIIET UCKIIOYNATH TIOTEPU  IICHHBIX
YIIIEBOIOPOAIOB M MIPEIOTBPATUTH 3arpszHeHue nMu atMocdepbl. CoBpeMeHHbBIE
CTaOWJIM3AIMOHHBIC  YCTAaHOBKM Ta30BOTO  KOHJEHCATa  pPEKTH(HUKAIUCH
BKJIIOYAIOT JBE KOJOHHBI — abcopOuuoHHo-oTnapHyro (AOK) wu
CTaOMIIM3AIMOHHYIO.

4.3. OuncTrka Tra30BbIX KOHACHCATOB OT CEPHUCTHIX

COeIMHEHU.

XapakTepuCTHKA CEPHUCTHIX COCAUHEHUI ra30KOHAEHCATOB

ITo conepxanuto oOLEen cepbl Fa30KOHACHCATHI AEJSTCS Ha TPU TPYIIIIbI:

- OeccepHHUCThIE U MaJIOCEPHUCTHIE, coaepxkamue He Oosnee 0,05 % macc.
oOmmiet ceppl, AT KOHACHCATHl HE IOABEPTalOT OYUCTKE OT CEPHHUCTHIX
COEIMHEHUH

- cepHucteie, coxaepxkamue oT 0,05 mo 0,8 % wmacc. oOmeit cepsl,
HEOOXOJMMOCTh OYMCTKH ATHUX KOHJEHCATOB PEIIAeTCs B 3aBUCHUMOCTU OT
TpeOOBaHMI K TOBAPHBIM MTPOYKTaM;

- BBICOKOCEPHHUCTHIE, coaepskarue 6osee 0,8 % macc. oOIIei cepbl, OYMCTKA
TaKMX KOHJIEHCATOB MPAKTUYECKU BCETa HEO0X01uMa.

CepHHCTBIE COEOUMHEHHS B Ta30BbIX KOHAEHCATaX MPEICTABICHBI
pa3IMYHBIMU KJaccaMu. B JErkux AUCTUIUISITAX COJEPkKATCSI, B OCHOBHOM,
amudatnaeckue Mepkantanbl C, — Cs HOpMaabHOTO W H30CTPOCHWS,
oOJiaaroniye HENpUATHBIM 3amaxoM. WX u3BIEKalOT W3 KOHJIEHCATOB A
NOJIyYeHHUs] OAOpPaHTOB. B Oonee TsKenbIX (Qpakiusix coaepx arcs Cylab(uIbl
(amuarnueckue,  UUKIMYECKME M apOMaTHYEeCKME) U THO(EHHI,
NPEACTABICHHbIE  AJKWI3aMEIIEHHBIMU  THO(peHaMHu,  OeH30THO(EeHaMU,
HadTeHoOeH30THOpEeHaMu W ap. Hamuume CepHUCTBIX COENUHEHUN B
KOHJIEHCAaTaX MPUBOJAUT K  YXYAIICHUIO TEPMUYECKONM  CTaOUILHOCTH
BbIpa0aThIBAEMbIX M3 HUX TOIUIUB, VYBEJIMYHMBAET UX KOPPO3UOHHYIO
arpecCMBHOCTb, MPUBOJIUT K BBIOpOCY B arMochepy MpH CTrOpaHUU TOILIUB
BpPEIHBIX BEIIECTB, MPUJIaeT TOTIMBAM HETPUATHBIN 3arax.

Haubonee arpecCUBHBIMH CEPHUCTHIMH  COCIUHEHUSMH  SBIISIFOTCS
MepKanTaHbl. B COOTBETCTBUU C COBPEMEHHBIMU TPEOOBAHUSIMU COJICPKAHUE
oO1miei cepsl B OeH3uHe He nospkHO mpeBbimath 0,01 % macc., a conepxanue
MepkantanoBod cepel — 0,001 % wmacc. B pausenbHOM TOmIMBE IS
OBICTpOXONHBIX JBUTaTeNnei cooTBeTcTBeHHO 0,2 % u 0,01 %, a Ayt ropoacKux
JU3ENBHBIX TOIUIMB COJAEp)KaHUe OOIIel cepbl N0KHO ObITh He Oonee 0,02 —
0,05 % macc. npu orcyrcTBUU MepkanTtaHoB. [[ns peaktuBHbix Torums (PT, TC
— 1) conmepxanue oOme ceppl He AoxkHO mnpeswimarh 0,1 — 0,2 %, a
mepkantanoBoit cepsl — 0,001 — 0,003 %.

OuncTKa TOVIMBHBIX paKkuuil 0T MEPKANITAHOB
OCHOBHBIMM HaNpaBJICHUSIMHU JEMEpPKANTaHU3AIMM Ta30BbIX KOHJEHCATOB

SABJISICTCA.
- mej1o4Has SKCTpaKOuA MCPKAITAHOB C IIOCICAYIOIMUM HCIIOJIB30BAHHUEM



JIETKUX MEPKANTaHOB B KAYECTBE OJIOPAHTOB,;

- KaTaJUTUYECKOE OKHMCIIEHHE MEPKANTAHOB JI0 CYIb(HUIO0B;

[lepBoe HampaBiieHHE OCHOBAaHO Ha SKCTPAKIMM MEpPKANTaHOB BOJHBIMU
pacTBOpaMH TUApPOKCHJIA HATpusi ¢ oOpa30BaHUEM MEPKANTHUIOB M OOpaTHOM
peakIy — TUAPOIU3a MEPKANTUIOB C 00pa30BaHUEM CBOOOHBIX MEPKANTAaHOB
U TIEJIOYH:

RSH + NaOH - RSNa + H,O

RSNa + H,O - RSH + NaOH

HawnOoiee pacripocTpaHeHHBIM MPOLIECCOM BTOPOIO HAMPABIICHUS SBIISECTCS
npouecc «Mepokcy». Ilpomecc cocToMT W3 JABYX CTaaMil: OKCTPaKIUs
PAaCTBOPUMBIX B IIEIOYM MEPKANTaHOB PAacTBOPOM €JIKOTO HaTpa, OKUCIICHHE
OCTaBIIMXCS MEPKANTaHOB B MUCYIb(GUILI KACIOPOJAOM BO3ayxa. B KkauecTBe
KaTaJIn3aTOPOB HUCIIONB3YIOT CMECH MOHO- U JUCYIb()UPOBAHHBIX MTPOU3BOIHBIX
dranounnannHa kKobambTa U BaHaAMSA. B KadecTBE HEIOCTATKOB IIpoliecca
CJeAyeT OTMETUTh. MHOTOCTAJUHHOCTh, TPUMEHEHHE arpeCCUBHBIX IIEIOYHBIX
pacTBOpPOB, TPEOYIOIIMX HCIOJB30BaHUS  CHCIUAIBHBIX COPTOB  CTallH,
oOpa3zoBaHu€ OOJBIINX KOJUYECTB CTOYHBIX BOJA. B TO ke BpeMs JaHHBIH
MpOLIECC  XapaKTEepPU3yeTCs  BBICOKOM A(PGEKTHUBHOCTBIO —  COJEpKAHUE
MepkanTaHoB cHukaercs go 0,0005 % macc.

T'uopoouucmka 2az3oxkonoencamos

DTOT Tmpormecc MO3BOJISET YAAIWTh M3 Ta30KOHJICHCATOB BCE KIIACCHI
CEPHHCTHIX COCTMHEHUH, a TAK)KE IPYTHUE TETEPOATOMHBIC COSTUHEHUS — a30T-
KHCIIOpOJcCoiepKamue. B OCHOBe Tpolecca — TMEpeBOJ BCEX CEPHHUCTHIX
COCIMHECHUI PACTBOPECHHBIX B KOHACHCATE, B CEPOBOIOPO/I:

RSH + H, > RH + H,S

RSR’+ H, 2 RH + RH’ + H,S

B kadecTBe Karamm3aTOpoOB MCMOJIB3YIOT aTOMOKOOATBTMOJIUOACHOBBIC U
ATFOMOHHUKEITbMOJIMOIECHOBBIC, MHOT/Ia B TIOCIEAHUIN JOOABIISIOT ISl TPOYHOCTH
5—7 % nuoxkcusa KpeMHUS.

ITponecc mposoasat mpu temneparype 310 — 370 °C, nasnenun 2,7 — 4,7
Mlla, pexxuMHBIC MOKa3aTead MOAOHPAIOT B 3aBHCHMOCTH OT HCITOJIB3yeMOTO
KaTaanu3aTopa M ChIPhs.

Aocopouuonnan ouucmka

OuncTKa OT CEPHUCTBIX COEAUHEHUN OTH METOJOM TPOBOAUTCS C
MOMOIIBIO TIPUPOJHBIX M CHHTETUYECKUX TBEPIBIX COPOCHTOB. OOKCHUTOB,
OKCHJIa AIFOMUHUS, CHIIMKATeJIeH, IIE0JIUTOB U JIP.

[Tpu npoBenennn ancopOIMu TP MOBBIIIEHHBIX TemiiepaTypax 300 — 400
°C nporekaroT ancoOpOUMOHHO-KATAIMTHYECKME IPOLECCHL, MPUBOIALINE K
Pa3NOKEHUIO CEPOOPTAHUYECKUX COCAMHEHHUN WIIM MEePEBOY WX B HEAKTHUBHBIC
dbopmbl. AICOPOIIMOHHYIO OUHUCTKY 1€J€CO00pa3HO MPUMEHSATh PHU HEOOJIBIIIOM
coaepxxanuu cepsl — 110 0,2 % macc.



IKCMPAKYUOHHAA OUUCMKA

Meron OCHOBaH Ha  MWCHOJB30BAHMM  OJKCTPAareHTOB,  CEJIEKTUBHO
U3BJICKAIOIINX M3 TAa30KOHACHCATOB CEPHUCTHIE coequHEHusA. B kadecTse
DKCTPAareHTOB  MPEMJIOKEHBI  T'MAPOKCUJ  HATpUsA, BOAHBIE  PACTBOPHI
3TAaHOJAMHHOB, TUMETUI(POpMaMU, AUITUICHIIIMKOIb, TUMETHUICYIb(MOKCUT U
Ap.

OnHako HM OJMH W3 NPUMEHSAEMBIX B HACTOSAIIEE BPEMs DKCTPArcHTOB HE
YIIOBJIETBOPSIET BCEM HEOOXOIUMBIM TPeOOBAaHUSIM — BBICOKOW pPacTBOPSIOIICH
CIIOCOOHOCTBIO 10 OTHOILIEHUIO K CEPHUCTBIM COCAMHEHUSAM, OOJBIION
IJIOTHOCTBIO, HU3KOM BSI3KOCTBIO, JOCTYITHOCTBIO M ACIIEBU3HOM, OTCYTCTBUEM
TOKCUYHOCTH U KOPPO3UOHHBIX CBOWCTB.

4.4. Ilepepa0doTka Tra30BBIX KOHJAEHCATOB B TOBapHbIE

TOILJINBA

I'azoBbIC KOHACHCATHI, I[O6I>IB3€MI>IG Ha ra30KOHACHCATHBIX
MCCTOPOXKACHUAX, ABJLIIOTCA JOIIOJIHUTCIBHBIM HMCTOYHHKOM oOecrneueHus
HOTpG6HOCT€I>i B MOTOPHBIX TOILIMBAX.

HpOI’BBOHCTBO aBTOMOOMJILHBIX 0€H3MHOB U3 ra3oKOHACHCATOB

bensunoBble dhpakiiuu, BbIJICICHHBIC U3 TA30KOHICHCATOB, PA3INYAIOTCA 110
YIJIEBOAOPOJAHOMY COCTaBY BCIIEJCTBHE PA3JIUMYHOM XHUMHUYECKOW MPUPOJIBI
MCXOJHBIX KOHJICHCATOB.

AHamu3  (QU3BHKO-XMMHYECKHMX CBOMCTB M  XMMHYECKOIO  COCTaBa
OCH3MHOBBIX  (pakiuid, BBIAEICHHBIX W3 Ta30KOHACHCATOB Pa3IMYHBIX
MECTOPOKJICHUHM, TO3BOJWI BBISIBUTH PN 3aKOHOMEPHOCTEH. bBEH3MHOBBIE
dbpakiuu, BBIICICHHBIE U3 KOHJIEHCATOB CEBEPHBIX PETHOHOB, COJEpKaT
OOJIBIIIOE KOJIMYECTBO HA(TEHOBBIX YIJICBOJIOPOJOB, SBISIOTCS CPaBHHUTEIHHO
BBICOKOOKTAHOBBIMHU BCJIEJICTBUE TMOBBIIICHHOTO COACPKAHUS YTIJICBOAOPOIOB
M30CTPOCHUS B HCXOJAHBIX KOHJCHCATAX.

bensuHOBBIC (pakium, BBIICICHHBIE W3 KOHJIEHCATOB MECTOPOXKICHHIMA
Cpenneit Asum u KaBkaza, OTJIMYaAIOTCA TMOBBIIICHHBIM COJICp’)KaHUEM
apOMaTHUYCCKHUX YIJICBOAOPOJ0B, HO MX OKTAaHOBOE YMCIJIO HE MpeBbimaer 60 —
65 MYHKTOB IO MOTOPHOMY METOTY.

CoctaB TmOJNy4eHHBIX OEH3MHOBBIX (hpakuuii 00yciIaBIMBaeT BBIOOP
TEXHOJIOTUH MOJYyYEHHUs] HAa UX OCHOBE TOBApHBIX OCH3MHOB. B mepBom ciydae
JIOCTAaTOYHO MPOBECTH (PPAKIMOHUPOBAHUE C TMOCIAEAYIOIUM J100aBICHUEM
BBICOKOOKTaHOBBIX KOMIIOHEHTOB. BO BTOpOM ciyyae NOMOJHUTEIBHO CIEIyeT
OPUMEHATh TEPMHUYECKMH M  KATAIMUTUYECKUH KpPEKUHT, PUPOPMUHT H
nernapaguHu3aIuio.

B 1memom cCymiecTByOT HECKOJIBKO HalpaBieHUN oO0JaropakuBaHUs
OCH3WHOBBIX (paKiWi, TMOJYyYEeHUS U3 HUX TOBAPHBIX KOMITO3UIIMOHHBIX
aBTOMOOUIILHBIX O€H3MHOB. TEPMHUUECKOE M KaTATUTHIECKOE 00IaropakuBaHue,
BBEJICHHE AHTUJETOHAIIMOHHBIX MPHUCATOK U BHICOKOOKTAHOBBIX KOMITOHEHTOB,
nobapiieHre O€H3MHOB PU(GOPMHUHTA U KPEKHUHTA.
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Karanutnueckoe oOnaropakuBanue OEH3MHOB HE BBIIUIO 33 PaMKH
7abopaTopHbIX HcclieqoBaHui. Tepmuueckoe oOjaropakuBaHue OEH3HMHOBBIX
bpakuuii , BbIIEIEHHBIX U3 ra30BbIX KOHJIEHCATOB, MPOBOJAUTCS B IMPUCYTCTBUU
MeTaHa (MeTapu(OPMHHT) U MO3BOJISIET MOJTYYUTh OCH3UH C OKTAHOBBIM YHCIIOM
72 — 76 (Il0ebenuuckmit ITI3). Ilpumenenwe B KauecTBe MPUCATKH
TETPa’TWIICBHHIIA CBEJIIOCh K MHUHUMYMY U3 DKOJOTUYECKHX COOOpPa’KEHUHU.
HaunbGonee mupoko NPUMEHSIOTCS BBICOKOOKTaHOBBIE KOMIIOHEHTHI. Kpome
JTAaBHO TPUMEHSEMBIX ISl 3TOM LENMH aJKWJIATOB M OCH3MHOB pu(OpMHHTA U
JIpYruX  BTOPUYHBIX  MPOILIECCOB, BCE  IIMpPE  CTAIA  MPUMEHSTHCS
KHUCTIOPOJICO/IEPIKAIIIE COSAMHEHUS: CIUPTHI, B MEPBYIO OYEepelb METAHOJI U
MeTuITpeTOyTunoBsiid a3¢up (MTBED).

HpOl/I3BOIICTBO PC€AKTHUBHBIX TOIIJIMB U3 FAa30KOHIACHCATOB.

OcHOBOI NPOM3BOJCTBA PEAKTHBHBIX TOIUIMB M3 Ta30BbIX KOHJIEHCATOB
spisercs (paxuus 135 — 230 °C. Dra ¢paxuus yaoBIETBOPSET OCHOBHBIM
TpeOOBaHUSM Ha peakTHUBHbIC TOIUIMBA. PacuimpeHue (ppakiMOHHOTO cocTaBa
bpakuuu NPUBOTUT K YXYIUICHUIO HHU3KOTEMIIEPATYpPHBIX XapaKTEPUCTHUK
PEaKTUBHBIX TOIUIUB U Tpedyer mpoBeaecHus nenapadunusanuu. [Ipu
pacmupenun (¢pakuuoHHoro coctaBa kpome TomauB PT u TC-1, moxHO
MOJIYYUTh JAPYTHe MapKu: mpu obsierdyeHuu (pakiuoHHoro cocraBa T-2, mpu
yrsokenennn  —  E-1. B mocmegHem  ciywae il yJy4IICHUS
HU3KOTEMIIEPATYPHBIX CBOMCTB TOIUIMBA HEOOX0IMMa enapapuHU3aIusl.

HpOl/ISBOHCTBO AN3CJIBHBIX TOIVIMB U3 I'a30KOHIACHCATOB.

["a30BBIC KOHJIEHCATHI OONBIMMHCTBA MECTOPOKIECHUH — IIEHHOE CBHIPHE JIIS
MPOU3BOJACTBA  JAM3EIBHBIX TOIUMB. Kak  Ju3enpHBIE  TOIUIMBA  JIS
OBICTPOXOJHBIX  JBUTATENE  MOTYT  OBITh  HUCIIOJIB30BaHBI  (hpaKiuu
ra30KOHIEHCATOB, BhIkMNaromye Boimre 160 °C. B 3aBMCMMOCTH OT TIIyOWHEI
otOopa (TeMIiepaTypbl KOHIIA KUTICHUS) MOXHO TOJIYYUTh Ty WIA UHYIO MapKy
tormBa. Hanpumep, dpakuus ¢ mpemenamu Beikumanms 150-180 — 300 ©C
COOTBETCTBYET TpEOOBAaHUSM Ha JM3EJbHOE TOIJIMBO 3UMHEH Mapku, a
¢paxusn190-200 — 310-350 °C — tpeGoBaHKMAM Ha AU3EIBHOE TOILIUBO JIETHEH
Mapku. Pacimpenue GppakiiMoOHHOTO COCTaBa MPUBOAUT K YXYIIICHUIO KauecTBa
TOTUTMBA, JUISI TIOJIYYCHHUS TOIUIMB, YAOBIICTBOPSIOMIUX  COBPEMEHHBIM
TpeOOBaHMSIM, HEOOXOAMMO TPUMEHEHHE Tpucamok. Jlng  ymydmeHus
XapaKTEPUCTHK  Ta30KOHJICHCATHOTO  JHM3EIBHOTO  TOIUIMBA  ITHPOKOTO
(GpakIIMOHOTO COCTaBa MPUMEHSIOT. BI3KOCTHBIC (POTHBOM3HOCHBIC) TPUCAIKH
(ABHUUN — mpoaykTt koHAeHcauuu HadTaduHa C XJIQJareHTOM), MPHUCAIKH,
MOBBIMIAMOIIAE  [IETAHOBOE  YHCJIO,  HAlpUMEp,  KHUCIOPOJCOACpIKAIIIC
COCIMHCHUS,  SBIAIONIMECS  OTXOJOM  HE(DTEXUMHUYECKUX  IPOU3BOJICTB,
AHTUOKHUCITUTEIIN.

Takum 06pa30M, ra3oBbIC KOHJCHCATHLI ABJIAIOTCA LCHHBIM CBIPBCM JJIA
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MPOU3BOJICTBA OCH3WHOB, PEAKTUBHBIX W JAU3EIBHBIX TOIUIHB. Kpome ToOTO,
ra3oKOHAEHCaTbl MOTYT OBITh MOABEPTHYThl KOMIUIEKCHOM XMMHYECKOM
nepepaboTKe C TIOJYYEHHEM CIUPTOB, BBICOKOOKTAHOBBIX KOMIIOHEHTOB,
OJIOpaHTa, PACTBOPUTENICH, apOMAaTUYECKUX YIJIEBOJOPOAOB, Pa3IUUHbBIX
UHTUOUTOPOB U JIP.

11



3aknouenue

TakuMm 00pa3oM, B HacToslIIee BpeMs BCE MPUPOIHBIE YIVIEBOAOPOIHBIE
rassl IPOXOJAT JIBa dTana NepBUYHON EepepabOTKHU:

- MOATOTOBKAa Tra3a K ImepepaboTKe, BKIOYAIOUIash MX OYHUCTKY OT
MEXaHUYECKUX IPHUMECEH, OT HEKEIATECIbHBIX XMUMHYECKUX COCIWHECHHM, B
NEPBYI0 OYEpeab KHUCIOro XapakTepa W ocywmky. Ilpm ouncTtke razoB OT
XUMUYECKUX  NPUMECEHd  HUCIHOJIB3YIOTCS  pa3iu4Hble  COPOLIMOHHBIE
(abcopOumonHbIe, aJACOPOITMOHHBIC, XEMOCOPOIIMOHHBIC), KATATUTHYECKHE
(rugpupoBaHue, TUAPOIN3, OKUCIEHUE) U MeMOpaHHbIE METOJBl OYHMCTKHU.
[Tocne n3Bi€eUEHHS CEPOBOIOPOJIA €r0 NepepadaThIBAIOT B 3JIEMEHTAPHYIO CEPY
meronoM Kiayca. Ocymka raza MOXeT OBITh OCYIIECTBIEHA pPa3IMYHBIMU
METOJaMHU: TPSIMBIM OXJaXKIEHUEM, abcopOuuen, aacopOuuMend wWiIM HX
KOMOMHHPOBAHUEM.

- paslereHue ra3oB, HAaUMHAIOLIEECs C OTICJICHUS B3BEIICHHON >KUIKOCTH
HU3KOTEMIIEPATYPHON Ccenapalnyel, W3BICYEHUS JKUIKHUX YTJIEBOJOPOIHBIX
KOMIIOHEHTOB KOMIIPECCHOHHBIM METOJOM M MAacisIHOM aOcopOLMei, a Tak ke
pPa3IMYHBIMM ~ HM3KOTEMIIEpAaTypHbIMH  METOJaMU  (HU3KOTEeMIEepaTypHas
abcopobumss - HTA, HuskoremmepatrypHas  koHaencamuss —  HTK,
HU3KoTemneparypHas pektupukanus -HTP, HuzkoremnepatypHas agcopOouus -
HT-agcopOuusi), OpUBOASIIMMH K TOJYYEHUIO HECTAOMJIBHOTO TIa30BOr0
OeH3uHa U pedarokca - ChIpbS [ TMOJYYEHHS] CHKUKEHHBIX Ta30B H
WHIUBUIYAIBHBIX  yIJIeBOJOpoJoB.  Cnenyrommue  3tanbl  (pU3MUYECKOR
nepepabOTKU YriIeBOJAOPOIHBIX Ta30B — Pa3ACICHUE YTIEBOAOPOIHBIX ra30B JI0
WHIUBUIYAIBHBIX YIJIEBOJOPOAOB W BBIACICHUS TelHsl, IJIaBHBIM 00pa3oM
KPUOTEHHBIM CIIOCOOOM C MOCEAYIOUIMM KOHIICHTPUPOBAHUEM U OXKIKEHUEM, a
TaKk)Ke CTa0WIM3alMs Ta30BOro OCH3MHA U ra30BOro KOHAEHCATa, BHIHOCUMOIO
ra3oM U3 CKBaKUHbI

OTH 1pouecchl JalT BO3MOKHOCTh IOJYYHUTh TOBApHbIE MPOIYKTHI,
OTBEYAIOLIME HEOOXOIMMBIM TpeOoBaHUSM. B  pe3synbrare mnepBUUHOM
¢uznyeckoil nepepabOTKH MPUPOAHBIX YIJIEBOJOPOAHBIX Ta30B IOJIYyYarOT
TOBapHbI Tra3, TOMIMBAa (aBTOMOOWJIBHBIA OEH3MH, NU3EJIBbHOE U KOTEIbHOE
TOIJIMBO), CTAaOMJIBHBIA Ta30BBIM KOHJEHCAT, COKM)KEHHBIN Ta3, ra3oByIO Cepy,
OJIOPAHT, TEXYTJEPO, TEIHd, BBIICIAIOT UHAUBUAYAIbHBIE YIIEBOAOPOIBI JIs
JanbHeien nepepadoTKH.

Opnako B Hacrosiniee BpeMsl HCIOIb30BAaHUE IMOJIE3HBIX KOMIIOHEHTOB
ra3a B Hallleil CTpaHE HE OTBEYAET NOTEHIMAIBHBIM BO3MOKHOCTSIM ChIPbEBOM
0a3pl M HE COOTBETCTBYET MHUpPOBOW mpaktuke. [losToMy KoHUENUuUsA
nepepaboTKU ra30BOr0 ChIPhS MPUHIUIIHATIBHBIM 00pa30M MEPECMaTPUBACTCS C
Y4e€TOM BO3MOJKHBIX HANpPAaBJICHUH €ro XMMHUYECKOM mNepepaboTKh Ha OCHOBE
aHaJIM3a COCTOSHUA IKCIUTyaTallMM U 3arpy3Kd JACHCTBYIOIIMX MOIIHOCTEN IO
nepepaboTKe ra30BbIX PECYpCOB M Fa30KOHIEHCATHOTO ChIpbs B Poccuu.

Beinensiemble 13 raza yrieBOAOPOMABI SIBISIOTCS LIEHHBIM CBIPbEM JUIS
IPOM3BOJICTBA PA3TMYHBIX XMMHUYECKHUX MPOIYKTOB. XUMHUECKas mepepaboTka
OPUPOAHBIX Ta30B JaeT BO3MOXXHOCTb MOJYYUTh IIMPOKUNA KPYr LEHHBIX
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MPOIYKTOB: MOTOPHBIX TOIUIUB, MEIUIIMHCKUX U CEIhCKOXO3SHCTBEHHBIX
npernapaToB, IMOJUMEPHBIX MaTepuaioB, MPOAYKTOB KPYMHOTOHHAKHOTO
IIPOM3BOJICTBA, TAKUX KaK METAHOJ, aMMHAaK, alleTHJICH, TaJIOTeHIIPOU3BOTHBIC.
B cBow ouepens, Ha 0Oa3e aMMuaka, METaHOJA, aleTHJIEHA MPOU3BOJATCS
JICCATKH XMUMHUYECKUX COCIUHCHMIA: KapOamui, (Gopmanbaerun, xapOaMuiaHO-
dbopManbIeTHAHBIE CMOJBI, BBICOKOOKTAHOBBIC KOMITIOHCHTHI OCH3WHOB;
METHITPETOYTHIIOBBIA 3(Hp, METAMHH W CMOJBI HAa €r0 OCHOBE, a30THHIC
yA0OpeHus.

CrnenoBatenbHO, MpobOIeMa KOMIUIEKCHOHM XHMHUYECKOW mepepadoTKH
MPUPOHOTO Ta3za, MpeaycMaTpHUBAIONMas KBATU(UIIMPOBAHHOE HMCIIOJIb30BaHHUE
BCEX €ro KOMIIOHEHTOB, BEChMa aKTyasIbHa.
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