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(57) Hacrostiiee n3o6peTeHne OTHOCUTCS K KOMOMHU-
POBaHHOMY CIIOCO0Y KOHBEPCHUH ChIpoH HedTH B HE(-
TEeXUMHYECKUE TIPOLYKTHI, BKITFOYAOIIEMY IEPETOHKY
CBIpO# He(TH, AeapOMATHU3AINIO0, Pa3MbIKAHHE KOJIb-
[[a ¥ CHHTE3 0JIe(UHOB, IIPH 3TOM CIIOCOO BKITIOYACT B
cebs cTauu, Ha KOTOPBIX MOJBEPraloT YIIICBOIOPO/I-
HOE CBIPhE JIeapoMaTH3aIii ¢ 00pa30BaHUEM [IEPBOTO
MOTOKAa, 00OTAICHHOTO apOMAaTHYECKUMH YITIEBOMIO-
pomaMu U HaQTEHOBBIMH YIJIEBOMOPOJIAMH, H BTOPO-
0 IMOTOKA, 000rallIeHHOT0 alKaHAMH; TIOBEPratoT I10-
TOK, 00OTAICHHBI apOMATHYECKUMH YIIIEBOIOPO/Ia-
MH U Ha()TEHOBBIMU YIJICBONOPOJAMH, PAa3MBIKAHUIO

KOJIbIIA JIJIsI TIOJTyYESHUSl QJIKaHOB; U MOABEpraoT o0pa-
30BaHHbIe HeTenepepadaTpIBatoLIell yCTaHOBKOI al-
KaHbl, NOJyYSHHBIE B YKa3aHHOM CIIOCO0E, CHHTE3Y
onepuHoB. Kpome Toro, HacTosIiee H300peTeHUE OT-
HOCHUTCS K TEXHOJIOTMYECKOH yCTaHOBKE JUIsl KOHBEP-
CHH CBIPOi He(TH B HEPTEXUMHUUIECKHUE ITPOITYKTHI, CO-
JiepKallleil yCTaHOBKY IEPEroHKH ChIpod HedTH, co-
JIep Kalllylo BBOJ JUIS CHIPOM HE(TH U MO MEHBILEH
Mepe OJIMH BBIBOJ U OJHON Wi Oosee (pakiiuu,
BBIOpaHHOW W3 Ha(Thl, KEPOCHHA U TaA30MJIsL; ycTa-
HOBKY JleapOMaTH3al{H, COJEPIKAIILy0 BBOJ JUIS yT-
JIEBOJIOPOJTHOTO CHIPBSI, ITOJJABAEMOr0 Ha JeapoMaru-
3aIM0, BBIBOJ JUIS TIEPBOTO ITIOTOKA, 00OTramieHHOro
ApoOMaTU4YCCKUMHU YyIII€BOAOPOAaMU U Ha(bTeHOBI)IMI/I
yIJIEBOJOPOJIaMHU, M BTOPOIO MOTOKA, 00OrameHHOro
aJIkaHaMH; yCTAaHOBKY pa3MbIKaHUs KOJbIA, COJepiKa-
LIy BBOX ISl TIOTOKA apOMaTH4eCKUX COCAWHEHUI
1 Ha)TCHOB, OOPA30BAHHBIX C IOMOIIIBIO J€apOMaTH-
3alluy, U BBIBOA JJId aJIKAHOB; YCTAHOBKY IJIsI CUHTC-
3a 0JIepUHOB, COZIEPIKAIILYIO BBOJ JUISl QJIKAHOB U BbI-
BOJ JUIsl 071epUHOB. YIIIEBOJIOPOIHOE ChIPbE, TIOJIBEP-
raemMoe JieapoMaTu3alyy, COACPKUT OJHY WK Oolee
(bpakiuio, BRIOPpaHHYIO U3 HAThI, KEPOCUHA U Ta30¥-
JI51, TIOJTyYESHHBIX TIEPETOHKON ChIPOM HEe(TH B yKa3aH-
HOM crioco0e, 1 00pa3oBaHHbII HedTenepepadaTbiBa-
IOIICH YCTAHOBKOH JICTKUI TUCTHIUIAT W/HIKH 00pa3o-
BaHHBIN HeTenepepadaTpIBatoLIell yCTaHOBKOU cpel-
HUH JAUCTWUIIT, TIOJyYeHHbIE B YKa3aHHOM CIIOCO0e.
Crioco0 M TEeXHOJOTMYeCcKasi yCTAaHOBKA HACTOSIIETO
M300pEeTEeHUS UMCIOT MOBBIIIICHHOE 00pa3oBaHue Hed-
TEXUMHUYECKUX ITPOLYKTOB 3a cueT 00pa3oBaHUs TOII-
JIUB U MOBBIIIEHHBIN BbIXO/I OTHUJICHA.

IV 0C106910¢



1511868
CIIOCOB B YCTAHOBKA )11 KOHBEPCHH CHIPO HE®TH B
HEOTEXHUMHUYECKHE INPOAYKTHI C HIOBBIINNIEHHBIM BBIXO/J10M OTHJIEHA

Hacrosimee nzo0pereHne OTHOCUTCS K KOMOMHUPOBAHHOMY CIOCOOY KOHBEPCHUH CHIPOM
HepTn B HedrexmMuUeckHe TPOAYKTHI, BKIIOYAIOIIEMY NEPEroHKy ChIpoil HedTH,
JeapoMaTH3alMi0, pa3MbIKaHUe Kojblla M cuHTe3 onepuHoB. Kpome Toro, Hacrosiuee
n300peTeHre OTHOCUTCS K TEXHOJIOTMYECKOH YCTaHOBKE Ui KOHBEPCHUHU ChIpOH HepTH B
He(pTexnMHUYecKre MPOAYKTHI, COAEprKallell YCTAHOBKY INEPEroHKH ChIpOH He(TH, yCTaHOBKY
JieapoMaTH3alM1, YCTAHOBKY Pa3MbIKaHUs KOJIbIA M YCTAHOBKY CHHTE3a OJIe(DHHOB.

Panee Oputo onmcaHo, uto HedrenmepepaboTka CbIpoll HePTH MOXKET ObITh
KOMOMHHMPOBAHA C PACIOIOKEHHBIMU HUKE 10 TIOTOKY XUMHUYECKUMH YCTAaHOBKAMH, TAKUMH Kak
YCTQHOBKA MHPOJIM3a/TIAPOBOTO KPEKMHra, ISl TOBBILEHHS OOpa3OBaHMS BbICOKOLIEHHBIX
XMMHYECKUX TPOAYKTOB 3a CYeT 00pa30BaHUsI TOILINB.

B US 3702292 omnmncaHa cxemMa KOMOWHHPOBaHHOW HedTenepepadaThiBaOLICH
YCTQHOBKM JUIsI MPOM3BOACTBA TOIUIMBA W XUMHYECKUX IPOAYKTOB, BKIIOYArOIas B ceOs
CPEICTBO TMEPeroHKH ChIpOW He(PTH, CPEACTBO THAPOKPEKHHIA, CPEACTBO 3aMEJIEHHOTO
KOKCOBAaHHUS, CPEeACTBO pUPOpPMUHra, CPEACTBO MPOW3BOACTBA JTHUJIEHA M IPOIMJICHA,
BKJIFOYarOiee B ceOsi YCTAHOBKY NUPOJIHM3a/TIAPOBOTO KPEKHMHra M YCTAaHOBKY pa3leNieHUs
NPONYKTOB THPOJIH3a, CPEACTBO KATAJIMTHYECKOTO KPEKWHra, CpPeIACTBO H3BJICYCHUS
apOMATHYECKOTO MPOAYKTA, CPENCTBO H3BJICUEHHs] OyTaJneHa W CPEACTBO AJKWJIMPOBAHHS BO
B3aUMOCBSI3aHHOM CHUCTEME JUJIsl OCYIIECTBJICHUs] KOHBEPCUU ChIpOi HeTH B HePTEXUMUYECKHE
NPONYKTHI, CoOCTaBisiromue mnpumMepHo 50%, W KOHBEpCHMH ChIpoW He()TH B TOIUIMBA,
cocrapistroue mpumepHo 50%.

OCHOBHOW HENOCTaTOK TPAJAULMOHHBIX CPEACTB W METONOB JUIi KOMOWHHPOBAHUS
ormepauuii HedTenepepabOTKM C pPACHOJOXKEHHBIMH HHXKE IO TOTOKY XHUMHYECKUMHU
YCTaHOBKAMH ISl TIPOU3BOACTBA HE(PTEXMMUYECKHX MPOAYKTOB 3aKJIFOYAETCS B TOM, UTO TaKUe
KOMOWHHPOBAHHBIE MPOLIECCHI MO-NPEKHEMY TMPOU3BOAST 3HAYUTEIbHBIE KOJMYECTBA TOILIUBA.
Kpome TOro, TpamuIMOHHBIE CpENCTBA M METOABl Ui KOMOWHHPOBAHUS OMNEpaLHid
He(drernepepaboTKH ¢ PacIONOKEHHBIMU HIDKE IO TIOTOKY XMMHUYECKHMHU YCTAaHOBKAMH HMEIOT
CPaBHUTEJIbHO HU3KUH BBIXOA STHIIEHA.

3amadell HACTOSIIErO HM300pPETEHHs SIBIIETCS MPEIUIOKUTH CPEOCTBA U METOIBI IS
KOMOWHHpOBaHUS omepaunii HedTenepepabOTKH C PACHOJOXKEHHBIMA HH)KE IO TIOTOKY
XUMHYECKUMH  YCTAHOBKaMH,  KOTOpble  OONQJal0T  TOBBINEHHBIM  OOpa3OBaHUEM

HeTEXUMHYECKUX MPONYKTOB 3a cueT oOpa3oBaHMs TOIUIHMB. Eie oqHON 3amadeil HACTOSIIEro
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U300peTeHNsl SIBISIETCS TPEAJIOKUTh CPEACTBA M METOABl JUIsI KOMOMHUPOBAHMS OIEpaluit
HedrenepepaOoTKH € paCHOIOKEHHBIMH HIDKE TI0 IOTOKY XUMHUYECKUMH YCTAHOBKAMH, KOTOPBIE
UMEIOT MOBBIIIEHHBINA BBIXOJ THUJICHA.

Pemenne yka3aHHOH 3ama4yd JOCTHraeTcs B BapHAHTaX OCYLIECTBJICHUS H300pETEHUs,
OTMCAHHBIX HIDKE B HACTOSIIEM JOKYMEHTE H OXapaKTePH30BAHHBIX B (hOpMYJie H300peTeHHUSI.

B onmHOM acmekTe HacTosiee M300peTeHHe OTHOCUTCS K KOMOMHUPOBAHHOMY CHOCOOY
KOHBEPCHUH CBIPOH HEePTH B HEPTEXUMUUECKHE MPOAYKTHL. ITOT CIIOCOO TAK)KE MPENCTABIIEH HA
¢durypax 1-5, KOTOpbIE TOMOJHUTENBHO OMUCAHBI HIKE.

CoOTBETCTBEHHO, HAcToOsIIee H300peTeHne mpeayaraeT KOMOMHHMPOBAHHBIA CHOCOO
KOHBEpCUH ChIpoil HeT B HedTeXUMHUYECKHE MPOAYKTHI, BKIIOYAIOIIUI MEPErOHKY ChIPOit
He(TH, neapomMaTU3aLnIO, pa3MbIKaHUE KOJIbLA U CHHTE3 OJIe()UHOB, TIPU 3TOM CIOCOO BKIIFOYAET
B ce0s1 cTaany, Ha KOTOPBIX:

(a) moxmBeprarT YriIeBOJOPOAHOE CBHIPbE IeapOMaTH3ALMU C OOpa3OBaHUEM IEPBOTO
HOTOKa, 0OOraleHHOr0 apOMAaTHYECKHMHU YIIIEBOAOPOIAMH U HA(TEHOBBIMH YTJIEBOIOPOAAMH,
Y BTOPOT'O MOTOKA, O0OTAIEHHOTO aJKAHAM,

(b) momBeprarOT MOTOK, OOOTAIEHHBIH apPOMATUYECKHMMH YTJEBOAOPOAAMU U
Ha()TEHOBBIMH YTJIEBOJOPOAAMH, PA3MbIKAHHUIO KOJIbLA JUIS TIOJIy YeHHS aJIKAHOB, U

(c) momBepraroT aNkaHbl, 00pa30BaHHBIE B YKA3aHHOM CIIOCO0€, CHHTE3y OJie(HHOB,

NPUYEeM YKa3aHHOE Y TJIEBOAOPOIHOE ChIPhE CONEPIKHUT:

omHy wiH 6osee Gpakuuro, BEIOPaHHYIO U3 HA(ThI, KEPOCUHA U Ta30MJIs, TOJTYyYEHHBIX C
MIOMOIIBIO TIEPETOHKH ChIPOH HETH B YKa3aHHOM criocode; 1

o0Opa3oBaHHbIN HedTenepepabaThIBAIOMIEH YCTAHOBKON JIETKHMM JUCTHIUISAT — W/WJIH
oOpa3oBaHHbIN He(TenepepadaThIBAIOIIEH YCTAHOBKOW CPEOHHMM AWCTUIUIAT, MOJyYEHHBIE B
YKa3aHHOM CIIOCO0e.

TpanumonHo, HepTexummueckue npoay kol Takue kak C2 u C3 oneuHbl, MOIyYarOT C
MIOMOIIBIO TIOABEPTaHUST CHIPOH HE(PTH MpPOLECCYy MEPErOHKH W C TMOMOIIBIO TOABEPTaHUs
NIOJTyYeHHBIX TAKMM 00pa3oM ompeneneHHbIX ppaxiuii ceipoit HedTH npoueccy nepepadortku. B
KOHTEKCTe HACTOsIIero wu3odpereHuss ObUIO OOHApPYKEHO, YTO BBIXON JSTHJIEHA Crocoda
KOHBEPCHH CbIpoll HeTH B HeTeXUMHUYECKHE MPOAYKTbI MOXKET OBITh MOBBILIEH C TTOMOLIBIO
CEJIEKTUBHOTO TIOABEPTaHUsI apOMATHUECKUX YTIIEBOAOPOIOB M HAPTEHOB Pa3MBIKAHUIO KOJbLA
U TIOABEPTaHUs AJTKaHOB, O0OPa30BaHHBIX B YKa3aHHOM CIIOCO0€, BKIIFOYAIOIINX KaK HOPMAaJIbHbIE
napaduHbl, TaK U U30mapadHbl, CUHTE3Y OJe(QHUHOB, MO CPABHEHHUIO C MOABEPTaHUEM TaKUX K€
¢dpakuuii ceIpoli HEPTH HETIOCPEACTBEHHO MapOBOMY KpeKUHTY. MCromp3yeMblil B HACTOSIIEM
IOKYMEHTE TEPMHH «BBIXOJ 3TUJICHA» OTHOCHTCS K % Macc. 3THJICHA, TIOJyYeHHOMY M3 OOIIen

MacChl ChIpOi HeTH.



B u3BECTHOM ypOBHE TEXHHKH OMHCAHBI CHOCOOBI, MCHOJB3yEMble IJIsI OTACJCHUS H-
napa¢uHOB OT mM3omapaduHOB, HAQTEHOB M apoMaTHueckux coeamHeHuil. Hampumep, B US
2005/0101814 Al ommcaH cnoco0 KpeKWHra ChIPhEBOrO IOTOKAa Ha(THl B JIerKHe OJe(uHBI,
BKJIFOUAOLTNH B ce0s1 KOHBEPTUPOBAHNE APOMATHUECKUX COEANHEHUH 1 HAQTEHOB B MapadpuHbI
U pas3zelieHne M30- U HOPMaJbHBIX NMapa(puHOB C MOMOINBID PEAKTOpPa Pa3MbIKaHUS KOJbIA U
YCTaHOBKH a1cOPOIMOHHOTO pasnenenus. B crocobe B coorBercteum ¢ US 2005/0101814 Al ne
OTHOCSIINECS K HOPMaJIbHBIM Napa(puHbl, BKIFOYast U3onapapuHbl, BEIXOIAT U3 a1COPOIMOHHON
YCTAHOBKM B BHJE TMOTOKAa paduHaTa, KOTOPBIM BIIOCIENCTBUH IOJIBEPrarOT PEaKIUH
pa3mbikanust konbiia. US 2005/0101814 Al He ommchiBaeT €nocoO, BKIIOYAOMIMNA CTaaUIO
JeapoMaTH3aluy, Ha KOTOPOH YIJIEBOAOPOIHOE ChIPbE pA3feNsioT Ha NepBbIH IOTOK,
oOoraleHHbIi apOMaTUYECKUMHU YTJIEBOAOPOAAMHU U HAPTEHOBBIMHU YTIJIEBOAOPOIAMH, H BTOPOH
IOTOK, OOOTalIeHHbIH aJKaHAMM, B KOTOPOM YKa3aHHbIE aJKaHbI COCTOST KaK U3 HOPMAJIbHBIX
napaduHOB, Tak ¥ n30MapaduHOB, KaK B CIOCOOE HACTOAIIErO H300PETEHHS.

CooTBeTCTBEHHO, HacTosiee H300peTeHue mpemyaraeT KOMOMHHUPOBAHHBIH CIIOCOO
KOHBEpCUH ChIpoil HeT B HedTeXuMHUYECKHE MPOAYKTHI, BKIIOYAIOIIUA MEPErOHKY ChIPOM
He(TH, eapOMaTU3ALMIO, PA3MBIKAaHHE KOJIbLIA 1 CHHTE3 OJ1e(PUHOB, TP 3TOM CIOCO0 BKIFOUAET
B ce0st CTaguu, Ha KOTOPBIX:

(a) moxBeprarT YIJIEBOJOPOJHOE CHIPHE J€apOMaTHU3aALUU C OOpa3OBAaHHEM IEPBOTO
NOTOKA, OOOTaIeHHOr0 apOMATHYECKHMHU YTJIEBOIOPOAaMU M HA()TEHOBBIMU YTJIEBOAOPOAAMH,
U BTOPOTO MOTOKA, 0OOTAIIEHHOTO aJKaHAMU,

(b) nmonmBeprarOT TMOTOK, OOOTAINEHHBI apPOMATHYECKHMMH  YTIJIEBOJOPONAMU U
Ha()TEHOBBIMH yTIIEBOJOPOAAMH, PA3MBIKAHHIO KOJIbLIA JISI TIOJTy YEHUsI AJTIKAHOB; U

(c) moxBepraroT ajgKaHbl, 0Opa30BaHHBIE B YKA3aHHOM CIIOCO0E, CUHTE3Y OJie(HOB,

NPUYEM YKa3aHHOE yTJIEBOAOPOAHOE ChIPhE CONEPIKHUT:

onHy wiH 6osee Gpakuuio, BEIOPaHHYIO U3 HAQThI, KEPOCUHA U Ta30MJIs, TOJTYYEHHBIX C
MIOMOIIBIO TIEPETOHKH ChIPOH HEPTH B YKa3aHHOM criocode; 1

oOpa3oBaHHBIN HedTenepepabaThIBAIOMEH YCTAHOBKON JIETKWH JUCTWUIST — W/WJIH
oOpa3oBaHHbIN He(TenepepabaThIBAIONIEH yYCTAHOBKOW CPENHHMH AWCTUIUIAT, MOJyYEHHBIE B
yKa3aHHOM CIIOCO0€;

NIPH 3TOM YKa3aHHbBIE aJIKAHBI COCTOSAT M3 HOPMAJIbHBIX Mapa(uHOB U U30napapuHOB.

CoOTBETCTBEHHO, TEPMUH «OIHA WK OoJiee (pakiys, BbIOpaHHas U3 HA(ThI, KEPOCUHA U
ra3oiis, MOJyUeHHBIX C MIOMOIIBIO MEPErOHKU ChIPO He(pTH B YKAa3aHHOM CIIOCO0€» O3HAYaeT,
YTO yKa3aHHas onHa wiu Oonee ¢paxiws, BeIOpaHHAass W3 HA(THL, KEPOCHHA M Ta30Ms
00pa3yroTCsl ¢ MOMOIIBI0 TEXHOJOTHYECKOW CTaauM IMEPErOHKH ChIpod He(TH, BXOIAIIEH B

COCTaB KOMOHMHHMPOBAaHHOro crocoda Hacrosmero wm3odperenns. Kpome Toro, TepMuH



«obpa3oBaHHbI  HedrenepepalOaThiBarOIlell  YCTAHOBKOW  JIETKUH — OUCTWUIAT — W/WIH
oOpa3oBaHHbIN He(TenepepadaThBAIOMIEH yYCTAHOBKOW CPENHHUHN AWCTUIUIAT, MOJYYSHHBIE B
yKa3aHHOM Crocobe» O3HadaeT, 4YTO YKa3aHHbIM 0OOpa3oBaHHBbIN HedTemepepadaThiBarOmeh
YCTaHOBKOW JIETKUH AMCTWIUIAT W/Win oOpa3oBaHHBIA HedTenepepabaThIBAIOLIEH yCTaHOBKOM
CpemHMH  OUCTWUIAT  TOJY4YeHbl C  TOMOWIBKO  TEXHOJNIOTMYECKOH  CTaguu B
He(renepepabaTpiBarOIell yCTAaHOBKE, BXOIAINEH B COCTaB KOMOMHHPOBAHHOTO crocoda
HACTOSIIIETO U300pETEeHNUSI.

COOTBETCTBEHHO, B HACTOSIIEM H300PETEHHH YTJIEBOAOPONHOE CBIPbE, MOABEPraeMoe
JeapoMaTH3aLUU, COAEPIKUT:

onHy win Oojee (HpakLuio, BRIOPAHHYIO M3 HAPThI, KEPOCHHA U Ta30MWJIsl, MOJYUYEHHBIX C
MIOMOLIBIO TIEPETOHKH ChIPOH HEPTH B YKa3aHHOM CIrIocode; 1

oOpa3oBaHHbIH HedTenepepabaThIBAIOLUIEH YCTAHOBKON JIETKHH JTUCTWUIST —W/WIH
obpasoBaHHbIN HedTenepepabaThIBAIOLICH YCTAHOBKON CpEOHMN TUCTHIUIAT, MOJy4YEHHbIE B
yKa3aHHOM criocobe.

IIpennoyTuTenbHO, YIJIEBOAOPOAHOE ChIpbE, IOJBEPraeMoe JeapoMaTHU3allud B
HACTOSIIEM H300pETEeHHH, CONEPIKUT:

nse wim Oonee (paximy, BeIOpaHHBIE U3 HAQTHI, KEPOCHHA M Ta30MJIs, MMOJYYEHHBIX C
TIOMOLIBIO TIEPETOHKH ChIPOi HETH B YKa3aHHOM criocode; 1

o0pa3oBaHHbIN HedTenepepadaThIBAIOMIEH YCTAHOBKON JIETKMM JUCTHIUISAT — W/WJIH
oOpa3oBaHHbIN He(TenepepabaThIBAIOIIEH YCTAHOBKOW CPEOHHMM AWCTUIUIAT, MOJyYeHHbIE B
YKa3aHHOM CIOCO0e.

Bonee mpeamnodTHUTENHHO, YINIEBOJOPOAHOE ChIPbE, MOABEPraeMoe JeapOMAaTH3aLUU B
HACTOSIILEM U300PETEHNH, CONEPIKUT:

HadTy, KEPOCHH W Ta30ib, MOJIyYeHHbIE C IMOMOIUBI0 TEPErOHKH ChIPpOH HEPTH B
YKa3aHHOM criocode; u

oOpa3oBaHHBIN HedTenepepabaThIBAIOMEH YCTAHOBKON JIETKWM JUCTWIUIST — W/WJIH
oOpa3oBaHHbIN He(TenepepadaThBAIOIIEH yYCTAHOBKOW CPENHHMM AWCTUIUIAT, MOJyYEHHBIE B
YKa3aHHOM CIIOCO0€.

OcoOeHHO TMPennoYTHTENBHO, YIJIEBOJOPOIHOE ChIPhE, MOJBEPracMoe AeapOMaTH3ALUN
B HACTOSIILIEM M300PETEHNUH, CONEPIKUT:

onHy win 6ojee (HpakLuio, BRIOPAHHYIO M3 HAPTHI, KEPOCHHA U Ta30WJIs, TOJYUYEHHBIX C
MIOMOIIBIO TIEPETOHKH ChIPOH HE(TH B YKa3aHHOM criocode; u

oOpa3oBaHHBI  HedTenepepabaThBaOMEll  YCTAHOBKOW  JIETKWH  AWCTWUBAT |
oOpa3oBaHHBIN He(TenepepadaThIBAIOIEH YCTAHOBKOW CPEIHHMN AWCTUIUIAT, MOJYYSHHBIE B

YKa3aHHOM CIIOCO0€.



Eme Oonee mpeanodTuTensHO, YIIeBOAOPOAHOE ChIPhE, IMTOABEPTaeMOe eapOMaTH3ALIH
B HACTOSIILIEM M300PETEHUH, CONEPIKUT:

nBe wim Oonee (ppakuuy, BbIOpaHHBIE M3 HA(THI, KEPOCHHA M Ta30MIIsA, MOMYYEHHBIX C
MIOMOIIBIO TIEPETOHKH ChIPOH HEPTH B YKa3aHHOM criocode; u

oOpa3oBaHHBI  HedTenepepabaTbiBarOell  YCTAHOBKOW  JIETKWH  AHCTWUBIT |
oOpa3oBaHHbIN He(TenepepadaThIBAIOMEH yYCTAHOBKOW CPEOHHUH AWCTUIUIAT, MOJYYSHHBIE B
yKa3aHHOM CIIOCO0€.

Haubonee nmpennoyrurenbHO, yrieBOJOPOAHOE ChIPhE, MOABEPraeMoe J1eapOMaTH3ALIUH
B HACTOSIILIEM M300PETEHNH, CONEPIKUT:

HaTy, KEPOCHH M Ta3Oilb, IMOJyYeHHbIE C IOMOINBIO NEPErOHKH CBIPOH HEPTH B
yKa3aHHOM criocode; u

oOpa3oBaHHbI  He(TenepepabaTbBaOLIEll  YCTAHOBKOW  JIETKMH  AUCTWUBAT |
obpasoBaHHbIN HedTenepepabaThIBAIOLICH YCTAHOBKON CpEOHMN TUCTHIUIAT, MOJy4YEHHbIE B
yKa3aHHOM criocobe.

Tepmun «coipast He(Th», UCTIONB3YEMBbIH B HACTOSIILEM JIOKYMEHTE, OTHOCHTCSI K He(TH,
AO0OBITOH W3 TeOJIOTMYECKHX IUIACTOB, B HerepepaOoTaHHOM Buzae. TepMuH «cbipas HedTb»
TaKk€ ClefyeT NOHMMAaTh KaK BKJIIOYAIOIIMH CBIPYI0 He(Thb, KOTOpas IOABEpraiach
BOJOHE(TAHON cenapanuuy /Wi Tra3oHe(TsHOH cemapauuu, WM OOECCONIMBAHUIO, /WU
crabmnmzanun. JlroOast ceipast HepTh MOIXOAUT B Ka4eCTBE MCXOAHOTO MaTepuaia JJIsi crocoda
JaHHOTO M300peTeHus], B TOM YUCIIe apaBHiickas Tsokenas (Arabian Heavy), apaBuiickasi jerkas
(Arabian Light), npyrue copra Hedtu Ilepcunckoro 3ammBa, bpent (Brent), ceBepomopckas
He(Th, ceBepoadpukaHCcKas U 3anagHoappUKaHCKas HEPTh, HHIOHE3UHCKAst HE(PTh, KUTAHCKas
He(bTh M UX CMeCH, HO TaKke ClaHLeBas He(Th, OMTYMHHO3HBIE ITECKH, Fa30Bble KOHIEHCATHI U
Maclia, MoJly4YeHHble 13 OHOJIOrHYecKOro Chipbsi. Chipas He(Th, UCTIONb3yeMasi B KAUECTBE ChIPbs
s cnocoba HACTOSIIEro W300peTeHUs, MPENMOYTUTENBHO SIBJISIETCS OOBIMHOW HE(PTHIO,
uMeroieil wioTHocTh B rpanycax API Gonee 20, onpenensiemyro mo cranmapty ASTM D287.
Bonee mpenmodrurenpHO, chipasi HeTh, UCTIONB3yeMasi B CHOCOOe HACTOSIIETO M300peTeHus,
SIBJISIETCS JIETKOH CHIpOH He(ThI0, MMeEroLIeil oTHOCTh B rpanycax API Oonee 30. HauGonee
NPEATIOYTUTENbHO, ChIpasi He(Tb, HCHOJB3yeMass B CHocode HaCTOSIIEero H300peTeHus,
COIEP KHUT apPaBHICKYIO JIETKYIO CBIPYIO HE(Th. ApaBHIiCKast JierKast cbIpasi HeTh, KaK MPaBUJIO,
uMeeT IIOTHOCTh B rpaaycax API B auanazone 32-36° APl u conmep:kaHue cepbl B Juamna3oHe
1,5-4,5% wmacc.

Tepmuna «HedTexMMUYEeCKHEe TPOAYKTHD), HCIONb3YEMBbIH B HACTOSIIEM JOKYMEHTE,
OTHOCUTCSI K XHMHUYECKHM TNPONYKTaM, IIOJyY€HHbIM W3 CBHIpOH He(TH, KOTOpblE He

UCTIONIB3YIOTCS B KauecTBe TorunBa. Hedrexumudeckne mpoayKThl BKIOYAOT B ceOst oneUHbI
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U apOMaTHYECKHE COEIUHEHMs, KOTOpbIe HCIIONB3YIOTCS B KadecTBe 0a30BOTO ChHIPbS IS
NPOM3BOACTBA XHMHYECKHX NPOAYKTOB U TIOJMMEPOB. BrICOKOLIEHHBIE He(pTEXUMUYECKHE
NPONYKTBl BKJIIOYAIOT OJe(QHHBI M apOMAaTUYECKUE COEOUHEHUs. THUIHMYHBbIE BBICOKOLIGHHBIE
onepUHBI BKJIIOYAIOT 0€3 OrpaHUuYEHUs STUJIEH, NMPOIWIEH, OyTaaneH, OyTuieH-1, n3o0yTueH,
W30MPEH, LUKJIONEHTaAueH U CTUpOJ. TunuyHble BBICOKOLIEHHbIE apOMATHYECKHE COCIUHEHUS
BKJTFOYAIOT 0€3 OrpaHu4YeHHst O€H30J1, TOJYOJI, KCHJION U STHIIOEH3O0JI.

TepmMuH «TOMIMBOY, yMOTPEOJsIeMbII B HACTOSINEM JOKYMEHTE, OTHOCHUTCA K
NPONYKTaM, IOJYUYE€HHBIM W3 ChIPOH He(TH, WCHOIB3yeMbIM B KadecTBe SHeproHocurens. B
OoTIMYMe OT HePTEXMMUYECKHX IPOAYKTOB, KOTOpbIE NPEACTaBIAIOT CcOOOH HabOp dYeTko
OTIPENIENIEHHBbIX COEIUHEHUHN, TOIUIMBA OOBIYHO SBISIOTCS CJIOXHBIMH CMECSIMHM Pa3JIMYHbIX
yIIeBOAOPOAHBIX coeanHeHni. TorumBa, 0ObMHO MojydaeMble Ha HedTenepepadaThIBAIOIINX
3aBOZIaX, BKJIOYAIOT O3 OorpaHu4YeHuss O€H3UH, PEaKTUBHOE TOIUIMBO, U3EJbHOE TOIUIUBO,
Ma3yT U He(TIHOH KOKC.

Tepmun «rassl, oOpa3oBaHHbIE YCTAHOBKOH NEPErOHKU CBHIPOH HE(TH» WM «ra3oBas
(bpakuys», ynorpebyisemMblii B HACTOSIIEM IOKYMEHTE, OTHOCUTCS K (pakiyy, MOJyYEeHHOH B
mpolecce MEeperoHKH ChIpoil HedTH, KOoTopas sIBISETCs Tra3000pasHOW NpU TemIepaTtype
okpyxatomel cpeabl. COOTBETCTBEHHO, «ra3oBasi (pakuus», MOJNyYeHHas C MOMOIIBIO
NePEroHKH ChIpOH HedpTH, comepkuT riaBHbIM oOpasom C1-C4 yriaeBomopoabsl U MOXKET
JOTIOJIHUTENBHO COAEpIKaTh MPUMECH, Takhe KakK CepOBOAOPOI M YTIEKUCHbId ras. B nanHom
ONMUCAHUU JPyTrHe HeTsHble QpaKLuu, MOJYYSHHbIE MEPErOHKOW ChIPOH He(TH, HA3bIBAIOTCS
«Ha(Ta», KKEPOCHUH», «Ta30WUIb» U «KyOOBBIE OCTaTKM». TepMUHBI HapTa, KEPOCUH, Ta30WIb U
KyOOBBIE OCTaTKH HCIOJB3YIOTCS 37€Ch, KaK HMMEIOLINE CBOE OOINENpPUHSTOE 3HAYCHHE B
obnactu mpoueccoB Hedprenepepadborku; cm. Alfke et al. (2007) Oil Refining, Ullmann's
Encyclopedia of Industrial Chemistry, u Speight (2005) Petroleum Refinery Processes, Kirk-
Othmer Encyclopedia of Chemical Technology. B 3ToM OTHOIIeHHH ClieAyeT OTMETUTh, YTO
MOTYT OBITb MEPEKPBITUS MEXKAY PA3JIUYHBIMH (DPAKIMSIMU TEPEroHKHU ChIpod HehTH u3-3a
CJIO’KHOM CMECH YTJIEBOAOPOAHBIX COSAMHEHUH, CONEPIKAIUXCS B CBIPON HE(PTH, M TEXHUYECKHX
OTpaHUYEHUH TpoLecca MeperoHku celpod HedTH. IlpennodTutenbHO, TEpPMUH «HA(TAY,
UCIIOJIb3y MBI B HACTOSIIEM JIOKYMEHTE, OTHOCHTCS K HePTSIHOH (pakuuu, MOITyuYeHHON
NEPErOHKON ChIpOH He(TH, MMEIoLIeH Auana3oH Touek kureHus npumepHo 20-200°C, Gonee
npeanoututenbHo npuMepHo 30-190°C. IlpeanouruTensHo, Jerkas HadTa MpeacTasisieT coOoi
(bpakuuo, IMEIOIYIO AUANa30H To4ueK kurneHus npuMepHo 20-100°C, Goree mpennouTUTENHHO
npumepHo 30-90°C. Tspkenas HadTa NPEONOYTHTENBHO HMEET [HANa30H TOUYEK KHIICHUS
npumepHo 80-200°C, Oonee mnpeamoututenpHo npumepHo 90-190°C. IlpeamouTurensHO,

TEPMUH «KEPOCHH», UCTIONb3y MBI B HACTOSIILEM JIOKYMEHTE, OTHOCHUTCS K HeTsIHOH (pakium,
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NOJTYY€HHOHW TEePErOHKON ChIpoi He(TH, MMENIell Auana3oH TO4YeK KUIeHus npumepHo 180-
270°C, 6onee npennoututenbHO npuMepHO 190-260°C. [IpeanouTuTensHO, TEPMUH KTA30MIbY,
UCTIONIb3Y MBI B HACTOSIILEM JOKYMEHTE, OTHOCHTCS K HePTSIHOH (pakuuy, MOITyUYeHHON
MEPEeroHKON ChIPOH He(TH, UMEIOIIeH Auamna3oH To4ek kureHus npumepHo 250-360°C, Gonee
NPEANoUTUTENbHO TpuMepHo 260-350°C. IlpeanodTtuTenbHO, TEPMUH «KyOOBBIE OCTATKI,
UCTIONIb3yeMBIH B HACTOSIIEM JOKYMEHTE, OTHOCHTCS K HePTSIHOH (pakuuy, MONTydYeHHON
NEPEroHKON ChIpol HepTH, UMerIeld TOUKy KumneHus Oonee uyem mpumepHo 340°C, Gonee
MPEANOYTUTENIbHO OoJiee ueM npumepHo 350°C.

Hcnonp3yemblii B HAcTOsIIEM JOKYMEHT€ TEPMHH «HedTenepepadaThiBaoLIast
YCTaHOBKA» OTHOCHUTCA K YYaCTKy HE(PTEXMMHUYECKOro 3aBOACKOrO KOMIUIEKCA JIsi XUMHUECKOM
KOHBEPCUM ChIpoH He(TH B HepTEeXUMHUUECKHE NMPOAYKTHI U TOIUIMBA. B 3TOM OTHOLIEHHUH,
clielyeT OTMETHTb, YTO YCTAaHOBKA IUIsl CHUHTE3a OJe(UHOB, Takas KaK YCTAHOBKAa IMAapOBOTO
KPEeKHHIa, TaKXKe paccMaTpuBaeTcsi Kak «HedremepepalarbiBarolias yCTaHOBKa». B maHHOM
OIMCAHUM pA3JIMYHBIE TMOTOKU YIJIEBOJOPOAOB, OOpa3oBaHHbIE HedTenepepadaThIBAIOIIUMU
yCTAaHOBKAMH WJIM TOJy4YeHHble npu pabore HedTenmepepadaTbIBalOLIel yCTaHOBKHY,

Ha3bIBAIOTCS: 00pa30BaHHBIMU He(TenepepadaThIBalOIEe YCTAHOBKON razaMu, 00Opa3OBaHHBIM

He(TenepepadarbIBaroIen yCTaHOBKOM JIETKUM JUCTUILUISITOM, 00pa3oBaHHBIM
He(TenepepadarbIBaroIeH Yy CTaHOBKOM CpeIHUM TUCTUJLISITOM, 00pa3oBaHHBIM
HedTenepepabaThIBAIOIIE  YCTAHOBKOM — TSKENBIM  JUCTHILISITOM. CoOTBETCTBEHHO,

oOpa3oBaHHbIN HedTenepepadaThIBAIOIIEH YCTAHOBKONH MHUCTUJUIAT TOJYYarOT B pe3yJibTaTe
XHUMHUYECKOW KOHBEPCHH C TIOCJIEAYIOLINM Pa3e/IeHUEM, HAPUMED, C TOMOLIBIO MEPETOHKU HITH
C MOMOIIBIO YKCTPAKLUH, YTO OTIIM4aeTcsi OT ppakuuu ceipoii Hedtu. Tepmun «oOpa3oBaHHBIE
He(TenepepabaThIBarOLIel YCTAHOBKOMN ra3bl» OTHOCHUTCS K (DPaKLUH MPOAYKTOB, MMOJYYEHHBIX
Ha HedTenepepabaThIBAIOLIEH YCTAHOBKE, KOTOpas SIBJIIETCS] ra3000pa3HON MpPU TeMIeparype
okpyxatotieii cpenbl. COOTBETCTBEHHO, 00pa30BaHHbBIN HedTenepepadaThiBarOIeil yCTaHOBKOI
ra3oBblil MOTOK MOJKET COIep:kaTh rasoobpasHbie coenuHenusi, Takue kak CHI u wmeraH.
JIpyruMu  KOMIIOHEHTaMHU, COIEpKALIMMHUCS B 00pa3oBaHHOM HedTenepepabaThiBarOIIEit
YCTAHOBKOW Ta30BOM I[IOTOKE, MOIYT OBITh BOAOPOA M cepoBozopon. Mcmonmbdyembie B
HACTOSIIEM JOKYMEHTE TEPMHUHbI «JIETKUH JUCTUIUISITY, «CPEAHUH MUCTUIUISTY U KTSKEJbIH
IUCTHIUISITY UMEIOT CBOE OOLIENpPUHSTOE 3HAaYeHHe B OOJIACTH MpoLeccoB HedTenepepadoTKy;
cm. Speight, J. G. (2005) loc.cit. B 3TomM OTHOIIEHMM ClieyeT OTMETUTh, YTO MOTYT OBITh
MePEeKPBITHSI MEXKIY Pa3IMYHBIMU (PPAKLUSIMU MEPErOHKU ChIPOi He(TH HM3-32 CIOKHON CMecH
yIJI€BONOPOAHBIX COEAMHEHHH, COAEpKAIMUXCsli B TMOTOKE MPOAYKTOB, OOpPa30BaHHOM MpHU
pabote HedTenepepabaThiBatOIIeli yCTAHOBKH, M TEXHUYECKHMX OrPAaHUYEHHN Mpolecca

NEPErOHKH, HCIOJIb3YEMOro JUI pa3felieHuss pa3inuHblXx (¢pakuuid. [IpenmouTurensHo,



oOpa3oBaHHBIN HedTenepepadaThIBAIONIEH YCTAHOBKOW JISTKUN TUCTHILIST MPENCTaBIsieT OO0k
YIIEBOAOPOAHBIN TUCTHIUIAT, TOJYYEHHBIH B Tmporecce paboTel HedTenepepadaThIBarOLIEH
YCTaHOBKH, MMEIOLINHA TUana30H ToueK KureHust npumepHo 20-200°C, Gonee mpeanovYTUTENbHO
npumepHo 30-190°C. «Jlerkuii IUCTWIUISATY HYacTO OTHOCUTEJIbHO OOraT apoMaTUYeCKUMU
YTJIEBOAOPOAAMH, UIMEIOLITUMH OJTHO apoMaTudeckoe Konblo. [IpeanoururensHo, 0Opa3oBaHHBIHI
He(renepepabaTpiBarOlleld  YCTAHOBKOW  CpeNHMH  AMCTWIUIAT — TNPENCTaBIseT  COOOH
YIJI€BOAOPOAHBIN IUCTHIUIAT, TOJNYYEHHBIH B mporecce paboTel HedTenepepadaThIBarOLIEH
YCTAaHOBKH, UWMEIOUIMA  Juama3oH Todek kumeHuss mnpumepHo 180-360°C,  Gonee
npeanoututenbHo npuMepHo 190-350°C. «CpenHuil AUCTHIIATY YacTO OTHOCHTEIBHO Oorat
apOMAaTH4YeCKUMU  YIJI€BOAOPOAAMM,  HMEIOIIMMH  JBAa  apOMAaTHYECKUX  KOJbIIA.
IIpennoururensHo, 00pa3oBaHHBINA HedTenepepadaThIBAIOLIEH YCTAHOBKON TSDKEIIBINA AUCTHILIST
NpencTaBisieT COOOH YIVIEBOAOPOAHBIM JUCTWIUIAT, MOJYYEHHbIH B mpouecce paboThl
He(TenepepabaThiBarolel yCTAHOBKH, UMEIOLIUI TOUYKY KumeHus Oojee yem npumepro 340°C,
Gonee mnpeamouturenbHo Oonee uem mnpumepHo 350°C. «Tspkenblii TUCTHILIATY 4acTo
OTHOCHTEJIbHO OOorat yrjieBOAOPOJAMH, HMEIOLUIMMU KOHISHCHPOBAHHBIE apOMATHYECKUEe
KOJIbLIA.

TepMHH «ankaH» WK «aJKaHbDY, UCTIONb3YyEMBIH B HACTOSIIEM JOKYMEHTE, UMEIOT CBOE
yCTOsIBII€ECS] 3HAYEHHE M COOTBETCTBEHHO OIMCBHIBAET ALMKINYECKUE pA3BETBJEHHbIE WM
Hepa3BeTBJICHHbIe yrieBonopoabl obmeit gopmynbr CoHant2, H, ClI€IOBaTENBHO, MOJHOCTHEO
COCTOSILIIE M3 aTOMOB BOJOPOAA M HACBIIIEHHBIX aTOMOB yriepozaa; cMm., Hampumep, [UPAC
Compendium of Chemical Terminology, 2nd ed. (1997). TepmuH «ajkaHbD) COOTBETCTBEHHO
ONHUCHIBAET HEPA3BETBIICHHbIE AJIKAHBI (« HOpMaJIbHBbIC TTApaUHbY HIIN «H-NApadUHBD UIH H-
aJIKaHbI») W PA3BETBJCHHBIC AJKaHbl («MU30mMapaQUHBDY WIN «U30AJTKAHBLY), HO HMCKIKYaeT
Ha(TeHbI (LIMKJIOAJTKAHBI).

TepMHUH «apoMaTHUYECKHE YTIEBOAOPOABDY HIIM «apPOMATUYECKHE COEAMHEHUs» OYEHb
XOpoUIo m3BeCTeH B o0macTd TexHUKH. COOTBETCTBEHHO, TEPMHH «apOMAaTUYECKHHA
YTJIEBOAOPOA» OTHOCHUTCS K LUKJIMYECKH COMPSIKEHHOMY YTJIEBOIAOPOAY C YCTOHYMBOCTBIO (3
CUET JeNIOKAN3ALIH), KOTOpast 3HAUYUTENbHO OOJIbIIIE, YeM Y TUIIOTETUYECKOH JIOKAIN30BAaHHON
CTpYKTypbl (Hampumep, cTpykTrypbl Kekyne). Haubonee pacnpoCTpaHEHHBIM CIIOCOOOM
OTIpEeNIeNIEHUs] APOMATHYHOCTH JTAHHOTO YIJIEBOOPO/A SIBJISIETCS] HAOMIOEHHE qHATPOITUYHOCTH
B 1H-JIMP cnektpe, Hanpumep, NPUCYTCTBHE XUMHUYECKHX CABUIOB B AManasoHe oT 7,2-7.3
9/MJTH JUTsl IPOTOHOB O€H30JIbHOTO KOJIBIIA.

TepmuHbl «HaTEHOBBIE YIJIEBOAOPONB WIH «HAQTEHBDY, WIH «LUHUKIOAJIKAHBDY,
UCTIONIb3yeMblE B HACTOALIEM JOKYMEHTE, HMEIT CBO€ YCTOSBINEECS 3HAYEHHE U

COOTBETCTBECHHO OIMUCBIBAOT HACBIIIECHHBIC HTUKIITMYCCKUE YTIICBOAOPOABI.
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Hcnonp3yeMblii B HACTOSAIIEM [OKYMEHTE TEPMHUH «OiepuH» HMeeT OOILIeTPUHSTOE
3HadeHne. COOTBETCTBEHHO, ONe(UH OTHOCUTCS K HEHACHIEHHOMY YTJIEBOAOPOAHOMY
COEIMHEHHIO, COZep KallleMy IO MEHblIeH Mepe OIHY YIJIePOA-YIJIEPOJHYIO IBOWHYIO CBS3b.
IIpennoyTuTenbHO, TEPMHUH «OJe(QHHBD OTHOCHTCS K CMECH, COAEplKalled 1aBa wim Oojee

COEAMHEHUs] W3 JTUJICHA, NpONMieHa, OyTanueHa, OyTuieHa-1, u300yTwieHa, HM30MpeHa U

>
LIMKJIOTICHTaINEHA.

Tepmur «CHI», ucronp3yeMblii B HACTOSIIIEM JOKYMEHTE, SIBJISETCS OOIIENMPUHSATHIM
COKpalleHHeM TepMHHA «CXKIKeHHbIN HedTsHO# rasy. CHI™ obbraHO cocrout m3 cmecu C2-C3
yrieBonoponos (T.e. cmecu u3 C2 u C3 yrieBogoponos).

OnHuM n3 HepTEXUMHUUYECKHUX TNPOAYKTOB, OOpa3yeMbIX B CHOCOO€ HAaCTOSINEro
u300peTeHus, siBJsieTcst cMech Oensona, Toiyona u keuinogos (BTK umn BTX). Tepmun «bTK»,
UCTIOJIb3Y €MbIIl B HACTOSIIIEM JIOKYMEHTE, OTHOCUTCS K CMECH M3 OeH30J1a, TOJyoJia U KCHIIOJIOB.
IIpeanouTuTenbHO, NMPOAYKT, 00Opa30BaHHbBII B CIOCOOE HACTOSINErO H300PETeHUs, COMEPIKUT
TaK)k€ LIEHHbIE apOMaTHYeCKHe YIJIEBOAOPOABL, Takue Kak STmiOeH305. COOTBETCTBEHHO,
HacTosilIee HM300peTeHHe NPEeIIOYTUTEIbHO MpeAsaraeT Crocod MoNy4YeHHs cMecH OeH3oua,
Toyona, keuiaonoB U stuidenzona («BTXEy, «bTOK»). ITonyueHHbIH NPOAYKT MOXKET OBITh
¢u3nueckoll CMEChI0  Pa3HbIX APOMATHYECKHX  YIJEBOAOPOMOB MJIM  MOXET  OBbITbh
HETIOCPEICTBEHHO TMOJBEPTHYT JOIOJHUTEIBHOMY pa3leNeHHI0, HamnpuMep, C IOMOIIBIO
NEPEroOHKH, Il TOJYYEeHHS PA3JMYHBIX OUMINEHHBIX IMOTOKOB MPOAYKTOB. Takoil MOTOK
OYMIIEHHBIX TMPOAYKTOB MOXKET BKJIIOYaThb B Ce0sl MOTOK OEH30JBbHOrO MpPOAYKTA, MOTOK
TOJIyOJIBHOTO TPOAYKTA, TOTOK KCHJIOJBHOTO TPONYKTa W/WIM TOTOK 3TUIOEH30JIbHOTO
NPONYKTA.

Ucnonp3yemblii B HacTosimieM nOKyMeHTe TepMuH «C# yriaeBomopomb», rae «#»
SIBJISIETCS TIOJIOYKUTEIIBHBIM LIEJIBIM YUCJIOM, HCTIONIb3YETCS AJIsl OMUCAHUS BCEX YIJIEBOIOPOIIOB,
uMeromux # aromoB yriepona. Kpome toro, Tepmun «C#+ yrieBogopoasry UCHOMb3YETCS s
ONMHUCAHMUA BCEX MOJIEKYJI YTIJEBOAOPOAOB, HMMEOLIMX # wuiaum Oojiee aTOMOB yIyiepoaa.
CootBerctBeHHO, TepMuH «C5+ yriIeBOAOPOABD» HCHOJB3YETCS MJISi  OMHUCAHUA CMECH
yIJIEBOAOPOAOB, HMERIUX S5 win Oojee aromoB yriaepoma. TepmmH «C5+  ankaHbD
COOTBETCTBEHHO OTHOCHUTCS K aJIKaHaM, COZIEPIKAINM S5 Win Oojiee aTOMOB yIiIepoa.

Crioco® Hacrosimero M300peTEHHsI BKIFOYAET MEPEroHKY ChIpOH HepTH, KoTopas
CONIEPKUT pa3eNieHHue pPa3IM4YHbIX (hpakUuil ChIpoil He(TH HA OCHOBE PA3IUYMA B TOYKAX
KuTneHus. VIcronb3yeMblii B HACTOSIEM JOKYMEHTE TEPMHH «YCTAaHOBKA MEPErOHKH ChIPOH
HepTH» OTHOCHUTCS K KOJIOHHE (PPaKLMOHUPOBAHUS, KOTOpas HCIONB3YeTCs IUIS Pas3lesIeHHUs
ceIpoii HedTH Ha (PpakiyH ¢ moMOIIbI0 PppakuroHHON neperonky; cM. Alfke et al. (2007) loc.cit.

IIpennoururensHO, chipas HePTh NepepadbaThIBAETCS B yCTAHOBKE aTMOC(EPHON MEPETOHKH IS
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OTAENICHHs ra30Wist u OoJiee erkux ¢ppaknuii ot 6oee BBICOKOKHITALINX KOMIIOHEHTOB (OCTaTKa
aTMoc(epHON NMePEroHKH UIIH «KyOOBBIX OCTaTKOBY). B HacTosimem m3o0pereHnn He TpeOyercs
HanpaBJATh KyOOBBIE OCTAaTKM B YCTAHOBKY BAKYyMHOH TEPErOHKH JUIs JaJbHEHIero
(bpakunOHNPOBaHUS KyOOBBIX OCTAaTKOB U MOXKHO INepepadaThiBaTh KyOOBbIE OCTATKU KaK OIHY
¢dpaxuro. OgHAKO, B Cllydae MONaBaeMON OTHOCHTENBHO TSDKEJIOW ChIpOl HeTH MOXKET ObITh
BBITOZIHO JIOTIOJIHUTENIHO (PaKIMOHUPOBATh KyOOBBIE OCTAaTKH C IIOMOLIBIO yCTAHOBKHU
BAaKYyMHOW TMEPEeroHKH Ui JaJbHEHIIero pasneneHuss KyOOBBIX OCTaTKOB Ha (ppakiuro
BaKyyMHOI'O ra3oiisi U (pakuuio BaKyyMHOIO OcTaTka. B ciydae HCIonb30BaHMSA BakyyMHOMH
NeperoHKy (Qpakumss BaKyyMHOrO Tas3oiigs W (pakuus BaKyyMHOTO OCTAaTKa MOTYT
nepepadaThIBaThCA MO OTAENBHOCTH B TOCIEAYIOINX HedTenepepadaThBaOMUX yCTaHOBKAX.
Hanpumep, ¢pakuus BakyyMHOrO OCTaTka MOXKET OBITh CIIELHAJIbHO HANpaBjeHA Ha
neacaqbTH3ALMIO PACTBOPHUTENIEM Mepen IaibHeleld nepepadoTkoi. I[lpenmodTuTensHO,
TEPMUH «BAaKyYMHBIM Ta30iib», HCIONb3YEMBI B HACTOSIIEM JOKYMEHTE, OTHOCHUTCA K
He(TAHON (ppakimy, MOMy4YEeHHOW NEepPEeroHKOW ChIpOH He(TH, MMEroIneil auana3oH TOYeK
kuneHust npumepHo  340-560°C, Oomee mpeamouTtwTensHO —npuMmepHo  350-550°C.
IIpennoyTuTenbHO, TEPMUH «BaKyyMHbIE OCTaTKW», UCHOJb3YE€MbIH B HACTOSLIEM JOKYMEHTE,
OTHOCHUTCSI K He(pTSHOH (ppakiyy, MONYyYEHHOH INMEPEeroHKOH ChIpoH He(TH, MMEIoLIed TOUYKY
kunenus 6osee yuem npumepro 540°C, Oonee npennouTurenbHO Oonee yem npumepro 550°C.
Ucnosnp3yeMblii B HACTOSIILIEM JOKYMEHTE TEPMHUH «YCTAHOBKA J€apOMATH3ALIUN
OTHOCUTCSI K HedTenepepabaThIBAIOLICH YCTAHOBKE Ui BBIIEJICHUS apOMATHYECKHX
yraeBogoponos, Takux kak BTK, u HagTeHOB M3 CMEIIaHHOTO YTIIIEeBOAOPOIHOTO ChIpbsi. OnuH
NPEATIOYTUTENbHBIN TPOLIECC pa3AeNieH s MOTOKA CMELIAHHBIX YIJIEBOIOPOIOB HA OJHUH IMOTOK,
COJZIEPIKAIINIA TIPEUMYINECTBEHHO MapauHbI, ¥ BTOPOU MOTOK, COMEPKALINI MPEUMYIeCTBEHHO
apOMaTUYeCKHE COEAMHEHUs] M MPEONOYTUTENIbHO Ha(TEeHBI, BKJIOYAET MepepadoTKy
YKa3aHHOTO CMEMIAHHOTO YIJIEBOJOPOJHOIO MOTOKA B YCTAHOBKE HSKCTPAKLUU PACTBOPUTEINEM,
coziepKaliel TPU OCHOBHBIX KOJIOHHBI MepepabOTKH YIJIEBOIOPOIOB. KOJIOHHY 3KCTPAKLIUU
pacTBOpUTENEM, OTIAPHYK KOJOHHY M 3KCTPAKLHOHHYK KOJIOHHY. TpaauluOHHBIE
PacTBOPUTEIH, CEIEKTUBHBIE JJIsI SKCTPAKIIMHA APOMATHUECKUX COSIUHEHHH, TAKXKE CEIEKTUBHBI
IUIl  PacTBOPEHHs JIETKUX HA(TEHOBBIX W B MEHBIIEH CTENEHU JIErKHX napapuHOBBIX
COEMHEHUH, CJIeOBATENbHO, MOTOK, BBIXOMAIIMNA W3 KyOOBOW YacTH KOJIOHHBI SKCTPAKLUU
pacTBOPUTENEM, CONEPKUT PACTBOPUTENIb BMECT€ C PACTBOPEHHBIMH apPOMATHYECKUMH,
Ha(QTEHOBBIMH M JIETKMMH TapaUHOBBIMU COoelWHEHMsAMHU. [IOTOK, BBIXOIALIMHA U3 BEpXHEH
YacTH KOJIOHHBI 3KCTPAKLUU pPACTBOPUTENEM (HYacTO HA3blBa€MbI IIOTOKOM paduHaTa)
COIEPKUT OTHOCHUTENbHO HEPacTBOPUMbIE (OTHOCHUTENBHO BBIOPAHHOTO PACTBOPHUTEINS)

napauHOBbIe coenanHeHusi. I1oTOK, BBIXOmALMHA W3 KyOOBOH YacTH KOJIOHHBI 3KCTPAKLUU
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pacTBopuUTeNeM, 3aTeM [OoJBepraercs B AUCTWUIILMOHHOW KOJIOHHE HCHApUTEIbHOMY
OTNApUBAHUIO, MPU KOTOPOM COEIMHEHHUS pa3AelsioTCS Ha OCHOBE HX OTHOCHUTENIBHOM
JETYYeCTH B MPUCYTCTBUH PacTBOpUTENs. B mpuCyTCTBUM pacTBOpHUTENS JieTKe napapruHOBBIE
COEAMHEHUs] IMEIOT OoJiee BBICOKHE OTHOCUTENIbHBIE JIETYYECTH, YeM Ha(TEHOBbIE COCTMHEHUS
U OCOOEHHO apOMaTHYECKHE COENMHEHHMs C TAaKUM K€ YHCJIOM aTOMOB VIJIEPOJa,
CIEIOBATENbHO, Ooybllas YacTh JIETKHMX TMapaQUHOBBIX  COENUHEHWH MOXET OBbITh
CKOHLICHTPUPOBAaHA B TOJOBHOM IIOTOKE W3 KOJIOHHBI MCIAPUTENIBHOTO OTMAapUBAHUSA. JTOT
IIOTOK MOXKET OBbITh OOBEIUHEH C IMOTOKOM paduHATa U3 KOJOHHBI 3KCTPAKLMH PACTBOPUTENIEM
win cobpaH B BHIE OTAEIBHOIO MOTOKA JIETKHUX YTIJEBOAOPOAOB. M3-3a cBOEH OTHOCHTENBHO
HU3KOM JIeTy4ecTH OOJBIIMHCTBO HA(TEHOBBIX M OCOOEHHO apOMAaTHYECKUX COEIHMHEHUH
COXPAHSIOTCS B OOBEAMHEHHOM IIOTOKE pPACTBOPUTENS U PACTBOPEHHBIX YTIJIEBOAOPOAOB,
BBIXOZSIIEM U3 KyOOBOW YacTH 3TOH KOJOHHBL B mocnenHeil KoJNOHHE mnepepaboTKu
yIJIEBOAOPOAOB YCTAaHOBKM 3KCTPAKLUH pPACTBOPUTENb OTHENAETCS OT PacTBOPEHHBIX
VIJIEBOJOPOAHBIX COEAUHEHUN ¢ TMOMOUIBK mneperoHku. Ha 3ToN cragum pacTBOPUTEND,
KOTOPBII IMEEeT OTHOCUTENIBHO BBICOKYIO TOUKY KHITEHHsI, U3BJIEKAETCS B BUE KyOOBOrO IOTOKA
U3 KOJIOHHBI, TOTAAa KaK pacTBOPEHHbIE YIJIEBOJOPOABIL, COAEpKAaIUe TIJIABHBIM 00pa3oM
apoMaTH4YeCKue U HA(TEHOBbIE COECOUHEHHs, M3BJEKAIOTCS B BHIE IIAPOBOIO IIOTOKA,
BBIXOJALIErO0 W3 BEpXHEH 4YacTH KOJIOHHBL OTOT TMOCJIEAHUM TMOTOK YacTO HAa3bIBAIOT
SKCTpakTOM. PacTBOpuTENH, KOTOpPBIE MOTYT WHCIIOJIb30BATbCS B IPOLIECCE SKCTPAKLUU
pacTBOPUTENEM  apOMATHYECKHX COSNMHEHHH HACTOSIEro H300pPETeHUs], BKIIOYAIOT Te
pPacTBOPUTENH, KOTOpble OOBIYHO MCHOJB3YIOTCS B TMPOMBIIIJICHHBIX CIIOCO0aX SKCTPAKIHU
apOMATUYECKUX  COCJUHEHUH, Takue Kak CyJboJjiaH, TETPAdTHIIEHIJMKOIb U N-
METWIMHUPPONUAOH. OJTHU COEAWHEHUS MOTYT HCIOJNb30BaTbCSI B COYETAHHUM C JPYTrUMU
pacTBOPUTENSIMH WM JAPYTUMH XUMHYECKUMH peareHTaMu (MHOTZAa  Ha3bIBAEMbIMU
COpAaCTBOPUTENSIMU), TAaKUMHU KaK BOAAa W/HJIM CIHUPTHL. B KadecTBe ajbTEPHATUBBI, APyTHE
U3BECTHBIE CIOCOOBI, OTJIMYHBIE OT SKCTPAKIMHU PACTBOPUTENIEM, TaKUE KakK pas3/ielieHHue
MOJIEKY JISIPHBIM CUTOM HJIM pa3jelieHle Ha OCHOBE TOUYKU KHUIEHMsI, MOTYT HCIOJIb30BaThCS IS
OTAENICHUsI apOMATHYECKUX COeOUHEHWH W HadTeHOB OT mapaduHOB B  mporecce
neapoMati3aimi. COOTBETCTBEHHO, TEXHOJOTMYECKasi CTaus AeapoMaTH3alMU OOeCTIeurBaeT
OIMH TIOTOK, COAEPKAIIMH NMPEUMYINECTBEHHO NapaduHbl («0OOTaIleHHBIH ajlKaHAMU IOTOK,
NOJYYeHHBIH €  TOMOLIBK  JeapoMaTH3alMWy»), W  BTOPOH  TOTOK,  COnep Kaiqui
NPEUMYLIECTBEHHO apOMATHIECKHE COSTUHEHNS U IPEATIOUTUTENbHO HadTeHbI («00OrameHHbIH
apOMAaTUYECKUMU COENMHEHWsAMH ¢ HapTeHaMH T[IOTOK, TIIOJYYEHHBIH C TIOMOIIBIO
neapomarm3aiymy). IIpennmouTurenbHO, OOOTAINEHHBIM aJlkaHAMH TOTOK, TOJYYEHHBIA C

NOMOIIBIO  JleapoMaTu3aluy, copepxut Oonee 80% macc. amkaHoB U MmeHee 60% wmacc.
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HaQTEHOB, KOTOpBIE CONEPKATUCh B CMEIIAHHOM VIJIEBOAOPOOHOM TIOTOKE, OoJee
npeanoututenbHo Oonee 85% wmacc. ankaHoB U MeHee 55% wMacc. HaTEHOB, KOTOpBIE
CONIEPKANCh B CMEIIAHHOM YTJIEBOAOPOAHOM IMOTOKe. [lpenmodtuTenpHO, OOOTraleHHbIN
apOMATHYECKHMH COENMHEHUSIMU W HapTeHaMH TIOTOK, TIOJYYEHHBbIH C TOMOIIBIO
JeapoMaTH3alyy, coaep:kut dosee 90% macc. apomaTudeckux coequHeHuit u 6onee 40% macc.
HaQTEHOB, KOTOpBIE CONEPKATUCh B CMEIIAHHOM YIJIEBOAOPOOHOM TIOTOKE, OoJee
NpeAnoUuTUTENbHO Oosiee 95% Macc. apomaTudeckux coennHeHni u donee 45% macc. HaQTeHOB,
KOTOpBIE COMIEPIKAIUCH B CMELIIAHHOM YTJIEBOJOPOIHOM MOTOKE.

TepMuH «yCTaHOBKa pa3MbIKaHHs KOJIbLIA» OTHOCHTCA K HedTenepepadaThIBarOMIei
YCTaHOBKE, B KOTOPOH OCYINECTBJISIETCS] MPOLIECC PAa3MbIKAHUS apOMATHUECKOrO M Ha) TEHOBOTO
Koyblia. Pa3sMblkaHuEe KOJIbLIA MPENCTaBIsieT coOOM crienu(puUecKuil mpouecc ruiIpOKPEeKHHra,
0COOEHHO  MOOXOMSALIWEM  JUIsi KOHBEPCUU  CBIPbs, KOTOPOE OTHOCHUTEJIbHO  OoraTto
apOMAaTUYEeCKUMHU YTJEBOAOPOAAMH M HA(PTEHOBBIMH YTJEBOAOPOAAMHU, HMMEIOIIMMHU TOUKY
KUTICHHS B TUAMA30HE TOUYEK KUTEHUSI KEPOCHHA, Ta30isl U, HeoOsI3aTeIbHO, B TUANIA30HE TOYEK
KUTIEHHUsI BAKyyMHOTO ra3oisi, ¢ nonydenuem CHI u, B 3aBUCUMOCTH OT crieriuuKu mporecca
W/WITH TEXHOJIOTUYECKUX YCIOBUH, JIETKOTO AUCTUILINATA. TakoH MpoLecce pasMbIKaHHs KOJbLA
(RO-mpoutecc) omucan, Hampumep, B US 3256176 u US 4789457. Takue mpouecchl MOTYT
BKJIFOYATh HCIOJIb30BaHUE JIMOO ONHOTO KATATUTUYECKOTO PEaKTOpa C HEMOABIKHBIM CJIOEM
WIA JBYX TaKUX PEAKTOPOB, PabOTAIINMX MMOCIEIOBATEIbHO, BMECT€ C OMHON Wjau Oojee
yCTaHOBKOW (DPaKLIMOHUPOBAHUS IJIsI OTHEJIEHHS 1IeJIEBbIX MPOIYKTOB OT HEKOHBEPTHPOBAHHOTO
MaTepuanga, U MOTYT TakKKe BKJIIOYAaTh BO3MOXHOCTh PELUPKYJISLHH HEKOHBEPTUPOBAHHOTO
MaTepuaja B OAWH WK 00a peaktopa. PeakTopsl MoryT pabotats mpu Temmepatype 200-600°C,
npeanouturensHo 300-400°C, nasnenuu 3-35 Mlla, npennouturensHo 5-20 Mlla, Bmecte ¢ 5-
20% macc. Bomopoaa (OTHOCHTENIbHO YTJIEBOJOPOIHOIO ChIPbsi), TIPH 3TOM yKa3aHHBIN BOAOPOJ
MOJKET TIOCTYTIaTh MapaiIeIbHBIM IMIOTOKOM C YTIJIEBOJOPOIHBIM CHIPHEM WJIH MPOTHUBOTOKOM K
HATIPABJICHUIO TIOTOKA YIJIEBOAOPOMHOTO ChIPbsS, B TMPHUCYTCTBUH OU(YHKIUOHAIBLHOTO
KaTaJln3aTopa, aKTUBHOTO KAaK B OTHOIICHWH TUAPUPOBAHUS-IETUAPUPOBAHUS, TaK U Pa3pbiBa
KOJIbIIA, TP 3TOM MOXKET OCYILIECTBIISITbCS YKA3aHHOE HACBIIEHUE apOMaTUYECKOro KOJbIa U
paspeiB Kosbla. Karanm3aTopsl, HCHOJNb3yeMble B TaKHUX MPOLECCaX, COAEPKAT ONWH WU
OoJIbIIee KOMMYECTBO 3JIEMEHTOB, BRIOpaHHBIX U3 Tpymmbl, coctosimed u3 Pd, Rh, Ru, Ir, Os, Cu,
Co, Ni, Pt, Fe, Zn, Ga, In, Mo, W u V, B popme MeTaia unm cysibdpuaa MeTania, HaHECEHHbBIH
Ha KHCJIOTHOE TBEPAOE TEJNO, TAKOE€ KaK OKCHUJI AIFOMHUHUS, TUOKCUI KPEMHUS, TUOKCHUI
KPEMHUSA-OKCHJI JIFOMUHHUSI U LEOJUTHl. B 3TOM OTHOILIEHWU CIENyeT OTMETUTb, YTO TEPMHUH
«HAHECEHHBIN HaY, UCTIOIb3YEeMbIii B HACTOSIIEM JIOKYMEHTE, BKIIFOYaeT JI0O0H TpaauIIMOHHBIN

cIocob MOJIYUCHU KaTajau3aTtopa, B KOTOPOM OAWH WJIM HECKOJIBKO 3JICMCHTOB O6’beI[I/IH$IIOTC$I C
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HocuteneM karanusaropa. C moMoImbio moadopa OXHON KaTaTUTHYECKOH KOMITO3UIUHN T HX
codyeraHusi, paboueil Temmeparypbl, pabodeil OOBEMHOW CKOPOCTH W/WIM NapLHaIbHOrO
JaBJIEHUsT BOJOPOJA MPOLECC MOXKET OBITh HANpPaBJIeH B CTOPOHY IOJHOTO HACBIIEHUS U
MOCJIEYIOIIETO pa3pbiBa BCEX KOJIEL WIIM K€ K COXPAHEHHIO OJHOTO apOMAaTHYECKOro KOJIbLa
HEHACBILIEHHBIM U TIOCJIEAYIOLIEMY Pa3pbIBY BCEX KOJEL, Kpome onHOoro. B mocnennem ciyuae
RO-mpouecc obpasyer gerkmii muctwuisiT («RO-0eH3uH»), KOTOPBI OTHOCHTENBLHO Oorar
yIJI€BOAOPOAHBIMHU COCAUHCHUAMU, HWMCIOLIMMU OOHO apOMATUYCCKOC n/ U Ha(bTeHOBOe
KONbIO. B KOHTeKkcTe HacTosmero M300peTeHus NPEeNroYTHTEIbHO HCIOIb30BATh MPOLECC
pa3MbIKaHUsI  aApOMAaTUYECKOr0  KOJIbLaA, OHTI/IMI/I3I/IpOBaHHbII‘/'I Al COXpPaHCHHUSL  OAHOIO
apOMaTHYECKOrO0 WM HA(pTEHOBOrO KOJIbI[A HEPAa3OMKHYTBIM U, TakuM oOpasoMm, s
o0pa3oBaHMsl JIETKOTO JUCTUJUIATA, KOTOPBIH OTHOCUTENBHO OOratr yrieBOIOpOJHBIMU
COEAMHEHUSIMH, UMEIOIINMU OJJHO apoMaTHieckoe min HagreHoBoe komblo. Ele onun npouecc
pa3mbikaHust konbla (RO-mponecc) omucan B US 7513988, CoorsercrBenHo, RO-mporecc
MOKET BKJIKOYAaTh HACBIIEHHE apOMaTHYecKoro kombla mpu Temmneparype 100-500°C,
npennourutenbHo 200-500°C, Gonee mnpennouturensHo 300-500°C, maBnenun 2-10 Mlla,
Bmectre ¢ 5-30% wmacc., mnpeanoururenpHo 10-30% wmacc. Bomopoma (OTHOCHUTENIBHO
YIJIEBOJOPOAHOTO CBHIPbsl) B IPUCYTCTBUM KaTajJM3aTopa THUAPUPOBAHUS aApOMATHUYECKHX
COeMHEHUI U pa3peiBa kojblla npu Temneparype 200-600°C, npennoururensHo 300-400°C,
nasinenun 1-12 MIla, Bmecte ¢ 5-20% wmacc. Bomopona (OTHOCUTENBHO YTIJIEBOIOPOAHOIO
CBIPbsi) B MPHCYTCTBUM KAaTAH3aTOpa pas3pbiBa KOJIbLA, NMPU 5TOM YKA3aHHOE HACBILICHUE
ApOMaTHYCCKOIr'0 KOJiba W pa3pbIB KOJIbIAa MOI'yT OCYIIECTBJIATHBCA B OAHOM PECAKTOPEC UIIN B
IBYX TOCIENOBATEIbHBIX peakTopax. Katanusarop rugpupoBaHus apOMAaTUYECKUX COSIUHEHHH
MOeT OBbITb TPAAULUOHHBIM  KaTaJIM3aTOPOM FI/II[pI/IpOBaHI/Iﬂ/FI/II[pOO‘{I/ICTKI/I, TaKUM KakK
KaTanu3aTop, coxepkamuii cmecb Ni, W u Mo Ha OrHeynmopHOM HOCHTENe, OOBIYHO OKCHIE
amoMuHus. Karanmzatop paspbiBa KOJbIIa CONEPIKUT KOMIIOHEHT MEPEXOIHOTO MeTajuia N
cyabduna MeTauia 1 Hocutenb. [IpeqnoYTuTeNbHO, KaTaTN3aTop COACPIKUT OUH WM OOJIbIee
YHCJIO 3JIEMEHTOB, BRIOPAaHHBIX U3 rpymmbl, coctoseii u3 Pd, Rh, Ru, Ir, Os, Cu, Co, Ni, Pt, Fe,
Zn, Ga, In, Mo, W u V, B popme MeTajuia wim cybpuaa MeTaia, HAHECEHHBIH Ha KUCJIOTHOE
TBEPAOE TEJIO, TAKOC KaK OKCHUJ aJJFOMUHUA, AUOKCHA KPEMHUA, AUOKCHI KPEMHHA-OKCUI
amoOMUHUS U 1eonuTbl. C NMOMOIIBI0 MOondOpa OAHON KATAIUTHYECKOW KOMITO3HIMU WM HX
codyeraHusi, paboueil Temmeparypbl, pabodeil OOBEMHONW CKOPOCTH W/WIM TMapLHaJIbHOrO
JaBJIEHUsT BOJIOPOZA MPOLECC MOXKET OBITh HANpPaBIeH B CTOPOHY MOJHOTO HACBINIEHUS H
MOCJIEYIOIIETO pa3pbiBa BCEX KOJIEL WIIM K€ K COXPAHEHHIO OJHOTO apOMAaTHYECKOrO KOJbLa
HEHACBILIEHHBIM U TIOCJIEAYIOLIEMY pa3pbIBY BCEX KOJEL, KpoMe OnHOro. B mocnennem ciyuae

RO-mpouecc obpasyer gerkmii muctwuisiT («RO-0eH3uMH»), KOTOPBI OTHOCHTENBHO Oorar
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YTJIEBOAOPOAHBIMI COCIUHEHUSIMH, UMEIOIIUMH OHO apoMaTH4YecKoe KOJblLo. B KoHTekcTe
HACTOSIIEr0 H300pEeTEeHUs] MPEANOYTUTENIbHO HCIIONb30BaTh MNPOLECC Pa3MBbIKAHUS KOJbLA,
ONTUMM3UPOBAHHBIA JUIsI Pa3MBIKAHHUSI BCEX aPOMATHUECKHUX KOJIEIl W HA(TEHOBBIX KOJIEL[ U,
TakUM o0pasoMm, sl o0pa3oBaHMsS QJKaHOB 3a CYET JIETKOr0 AMCTHIUIATA, KOTOPBIH
OTHOCUTENIbHO OO0rar yrieBOJOPOAHBIMH COCTUHEHUSMH, HUMEIOIIUMHU OIHO apoOMaTHYeCcKOoe
Konblo. TeM He MeHee, TaKK€ U B PEKUME, B KOTOPOM pPa3MBIKAIOTCS BCE apOMAaTHYECKHE
konbila, RO-mpomecc mo-mpekHEMy  MOXKET 00pa3oBbIBaTh  HEOONBININE  KOJUYECTBA
IUCTWIISITOB, KOTOpBbIE NPEANOYTUTENbHO pPELUPKYJIUPYIOT B HedrenepepadarbiBaroIye
YCTaHOBKH, CIOCOOHBIE K mepepadoTke M OONaropakMBaHHUIO YKa3aHHBIX JHUCTHIUIATOB B
He(prexnMudeckre NMPOAYKThl WM B IMPOMEXYTOUYHBIE NMPOAYKTHI, KOTOPBbIE MOTYT OBbITh Jajee
00aropoeHbl B HePTEXUMHUYECKHe NPONYKTHI. Jlpyrue mnpumepsl NPOLECCOB pPa3MbIKAHUS
konbua s nonyuenus CHI™ onucanet B US 7067448 u US 2005/0101814.

VrneBonopoAHOE ChIpbE, HCIOJNB3yeMOe B CrIoco0e HACTOSIMEro U300peTeHus,
NPENMOYTUTENIBHO COAEPKUT HapTy, KEPOCHH M Tra30iiib, MOJyYEHHbIE MEPEroHKOH ChIPOi
HeTH B ykazaHHOM criocoOe, u oOpa3oBaHHbIN HedTenepepadaThiBarOIlel yYCTAHOBKOM JIETKUH
OUCTWUISIT U 00pa3oBaHHBIN HedTenepepadaThIBAOIIEH yCTAHOBKOW CPEOHMN JHCTUILIST,
TNIOJTyYeHHBIE B YKa3aHHOM CIiocode.

IMonyuennstii B cnocobe CHI', koTopblii HampaBiseTcsi Ha CHHTE3 OJe(HHOB,
npeanoututenbHo comepskut CHIY, Bxomsiimuii B cocTaB ra3oBoi (pakumu, oOpa3oOBaHHOU C
noMomp0  neperonku ceipoii  Heptu, u CHI, Bxomsmuii B coctaB 0Opa30BaHHBIX
HedTenepepadaThIBaIOIIEH YCTAHOBKOM Ia30B.

[IpennoyrurenbHO, COCOO HACTOSINErO U300PETEHHUS JOTIOJIHUTEIBHO BKIIOYAET B ceOst
noABepranue oOpa3oBaHHBIX HedrenepepadaThIBAIOLICH YCTAHOBKOW AJIKAHOB, MOJYYEHHBIX B
YKa3aHHOM crocobe, oOpaTHOW W30OMEpH3alUu JJisi TOJNYYEHHUs H-aJIKaHOB, KOTOpPBIE
HAIPABJISIIOT HA CUHTE3 OJI()UHOB.

C nomoIp0 KOHBEPCHH H30AJIKAHOB B HOPMAJIbHBIC AJKaHBI TMEPEA IMOJBEPraHHEeM
YKa3aHHBIX AJIKAHOB CHHTE3Yy OJIE(HHOB BBIXOJ] 3TUJICHA B YKa3aHHOM CHHTE3€ OJIe(HHOB MOXKET
OBITH YBEJINYECH.

IMpenmoururensro, C4-C8 ankaHpl TONBEPralOT OOPAaTHOH UW3OMEpU3AIMH IS
npeBpatieHns u3o- (pa3BeTBieHHbIX ) C4-C8 ankaHOB B HOpMasbHbIe (Hepa3BeTBieHHbIe) C4-C8
aJIKaHbI, KOTOPbIE BITOCIEICTBUH MTOIBEPTAIOT CHHTE3Y OJIe()UHOB.

Ucnonp3yemblii B HACTOSIIEM JOKYMEHTE€ TEPMHH  «YCTaHOBKa  OOpaTHOM
U30MEpH3alMN» OTHOCHUTCS K HedrenepepadaThIBaOIIEH YCTAaHOBKE, KOTOpPAash OCYINECTBISET
NpeBpalleHne N30AJIKAHOB, TAKHX Kak M300yTaH M M30AJKaHbI, COAepKamuecs B HapTe W/Hiu

oOpa3oBaHHOM HedTenepepadaThIBAIOIICH YCTAHOBKON JIETKOM IUCTHJUIATE, B HOPMAJIbHBIC
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ankanbl. Takol mporecc oOpaTHOW HW30OMEpPU3AlMH TECHO CBsI3aH ¢ Oojiee TPaauIMOHHBIM
NPOLIECCOM H30MEPHU3aLMH U TMOBBIIICHUS OKTAHOBOTO YHCJIAa OCH3MHOBOIO TOIUIMBA H, B
gucyie mpodero, onmucan B EP 2243814 Al. CeipbeBoii TOTOK B YCTaHOBKY OOpaTHOMU
W30MEpH3alMY TPEANOYTUTENbHO OTHOCHUTENBHO Oorar mnapaduHamy, MPenrnoYTHTEIbHO
usonapaHaMu, HampuMep, 3a CYeT YOAJICHUs apOMAaTHYECKHUX COEAMHEHHH U Ha(TEHOB C
MOMOIIBI0 J1€aPOMATU3ALNN W/HJIH C MOMOIIBIO MPEBPAIIEHHs] aPOMATHYECKUX COEINMHEHHH U
HadTeHOB B mapaduHBl TNpPHU HCIONB30BAHHH IPOLIECCa pPa3MbIKAHUS KOJbIA. BrwsHue
nepepaboTKU BbICOKONapadUHUCTOMN HA(THI B yCTAHOBKE OOPATHON N30MEPHU3ALMU 3aKIIF0YAETCs
B TOM, YTO C ITOMOIIBIO MPEBPAILEeHUs H30napauHOB B HOPMaJIbHble Mapa(pUHbI BBIXOA STUJIEHA
B MpoliecCe€ MapOBOr0 KPEKMHIa YBEJINYMBAETCS IPU OJHOBPEMEHHOM CHI)KEHUU BBIXOZOB
merana, C4 yrueBo#OpOAOB H MHPOJU3HOrO OeH3uHA. YCIOBHs Tpolecca OOpaTHOM
MU30MEPU3ALMU MPEANOUTUTENBHO BKIHOYAOT Temmneparypy 50-350°C, mpeanourturensHo 150-
250°C, nmaaenue 0,1-10 MIla u30., npennoururenpao 0,5-4 MITa u36., 1 4aCOBYIO OOBEMHYIO
ckopocTb xkuakoct 0,2-15 00beMOB yriIeBOJOPOIHOTO ChIPbs OOPATHOH M30MEPH3ALUH B Hac

Ha 00BEM KaTamu3aTopa, MPEeArnoYTUTENbHO 0,5-5 'l

. JIrobo#t karanu3aTtop, HM3BECTHBIH B
o0JlacTi TEXHUKU KaK MOAXOISILINN IJIs1 H30MepHu3annu OoraThix napaduHaMy yrieBOZOPOIHBIX
IIOTOKOB, MOXKET HCIIOJNB30BAThCS B KadeCTBE KaTalM3aTopa OOpaTHOW H30MEpH3aLnH.
[IpennoyTuTebHO, KaTaIM3aTOp OOpPATHOH H30MEpPHU3ALUH COAEPXKUT 3JIeMeHT rpymnmbl 10,
HAHECEHHBIN Ha LIEOJIUT W/WIH OrHEYTIOPHBIH HOCUTEIb, TAKOH KaK OKCH AJTFOMHHUSI.

[IpennoyTuTeNbHO, HWCHONBb3YEeMbIi B HM300PETEHMHM TPOLECC pa3MbIKAHUS KOJbLA
oOpasyer nepBbIii IOTOK, copepxkamuii CHI', u BTOpoi notok, coaepxkamuii C4+ ankaHbl, Mpu
STOM yKa3aHHbIN MOTOK, conepskamuii C4+ aynkaHbl, OOBEIUHSIOT C aJKaHAMHU, 00pa30BaHHBIMU
C TIOMOIIBIO JIeapOMaTH3ALIUH.

C nomometo otaenenuss CHI', oOpazoBaHHOTO B criocobe HACTOSIIIEro M300peTeHHs], OT
C4+ ankanos, ykazanabii CHIT u ykasanHele C4+ ajnkaHbl MOTyT OBITh TOABEPTHYTHI
CHEeLMANIN3NPOBAHHBIM ~ TIPOLIECCAM  CHHTe3a OJIeQUHOB, KOTOpPbIE ONTHMHU3HUPOBAHBl B
COOTBETCTBHUU C XapaKTePOM YTJIEBOJOPOAHOIO ChIPBS.

IMpennoururensHO MO MeHbIIeit Mepe 50% Mmacc., 6oee MPEANOYTHTENHHO O MEHbIIEH
mepe 60% macc., eme OoJjiee TPEANOYTUTENILHO TO MeHbinel mepe 70% macc., ocoOeHHO
NPEANOUYTUTENBHO 1O MeHblIed Mepe 80% Macc., B 4aCTHOCTU MPENNOUYTUTENBHO MO MEHbLIEH
mepe 90% macc., u HanboJjiee MPeanOUTUTENIBHO 0 MeHbIIel Mepe 95% Macc. 0ObeTUHEHHBIX
Ha(THI, KEPOCHHA U Ta30IIs, OOPA30BAHHBIX C MMOMOIIBIO MEPErOHKU CBIPO HeTH B crocode,
NOABEPrarT THAPOKpeKUHrY. COOTBETCTBEHHO, mMpeamnodTtuTenbHOo MeHee 50% wmacc., Oonee
npeanoututebHO MeHee 40% macc., emme Oosnee mpeanodyTuTenbHO MeHee 30% macc., 0coOeHHO

npeanouturenbHo MeHee 20% macc., B 4aCTHOCTH mpeamnodturenpHo MeHee 10% wmacc., u
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HauboJjiee MPENrnoYTUTEbHO MeHee 5% macc. Chipoii He(hTH KOHBEPTHPYETCS B TOIUIMBA B
croco0e HaCTOAIIEer0 N300PETEHUsI.

Hcrnonb3yeMblil B HACTOSIIIIEM TOKYMEHTE TEPMHH «YCTaHOBKA ISl CHHTE3a OJe(HHOBY
OTHOCHTCS K YCTAaHOBKE, B KOTOPOH OCYINECTBJISIETCS MMPOLIECC KOHBEPCHUU AJTKAHOB B OJIe(DHHBI.
DTOT TepMUH BKJIIOYAET JII0O0H Mporecc KOHBEPCUH YTIIEBOIOPOAOB B Oyie(hUHBI, BKIIFOUast Oe3
OTPaHMYEHUs] HEKATAIUTUYECKHE TPOIECChl, TaKhe KaK MHUPOJIM3 WM TAapOBOW KPEKUHT,
KaTaJIUTHIECKHE MPOLIECChI, TAKHE KaK JErHIPUPOBAHUE MPOTaHa WK JeTHIpupoBaHue OyTaHa,
U COYETaHUE ABYX YKa3aHHBIX MPOIECCOB, KaK HAIPUMED, KATAJIUTUISCKUH MTapOBOM KPEKHHT.

IIpennoururenbHO, CUHTE3 OJe(PHUHOB, HCIONB3YeMBbII B CHOCO0E HACTOSLIETO
u3o0peTeHus:, npexacrasisier coboit muponn3. C mOMOIIBI BbIOOpa MUPOJH3a B KadeCTBE
crioco0a cuHTe3a 0s1e(UHOB BBIXOJ] TUJIEHA TTOBBILIAETCS.

IMupoko pacmpocTpaHeHHBIH CHOCOO NPEBpAIleHUs AJTKAaHOB B OJIeUHBI BKJIIOYAET
«TIapOBOM KPEKHHI» WIN «IHUPOJU3». Mcrmonp3yemblii B HACTOSIIEM JOKYMEHTE TEPMUH
«TApOBOM KPEKMHI» OTHOCHUTCSI K HE(PTEXUMHYECKOMY TMPOLIECCY, B KOTOPOM HACHIIIEHHbIE
YIJIEBOIOPOAB! PACIIEIUISIFOTCSI HA MEHBIINE, YaCTO HEHACHIIIEHHbIE YIJIEBOAOPObI, TAKHe Kak
STHJIEH M NPOMWIeH. B mapoBoM kpekuHre ra3oo0pasHOe yIJIeBOIOPOJHOE CBIPbE, TAKOE Kak
STaH, MPONaH U OyTaHbl, WM MX CMeCH (Ta30BbIH KPEKMHT), WJIH KHIKOE YIJIIEBOAOPOIHOE
ChIpbe, Takoe Kak HadTa WM ra3oiyib (KUOKUHA KPEKHHT), pa30aBiIAOT BOIASHBIM TMAapoM M
HETIPONOJUKUTEIPHOE BpPEMSI HArpeBalOT B IeYM B OTCYTCTBMM Kuciopona. Kak mpasuiio,
Temnepatypa peakiuu coctasisier 750-900°C, HO peakmusi MOXKET OCYIIECTBIISITBCS TOJBKO
O4YeHb HEHOJro, 0ObMHO ¢ BpeMeHeM npeObiBanus 50-1000 musuncexysn. [IpennodTurensHo,
BbIOMPAIOT OTHOCHUTEJIBHO HU3KOE JAaBlieHHWe mporecca, or atmocheproro mo 175 xlla u30.
[IpenmodTuTeapbHO, YIJIEBOAOPOIHBbIE COENUHEHMs, TaKWe Kak 3TaH, NpormaH u OyTaHbl,
TOJIBEPTAIOTCS KPEKUHTY OTHENBHO, B COOTBETCTBYIOIIMX MPEIHA3SHAYEHHBIX I HHUX MeYax,
st obecriedeHUs] ONTUMAJIbHBIX YCJIOBUN KpekuHra. Ilocie HOCTHXKEHHsI TeMIiepaTypbl
KpEeKMHra ra3 OBICTPO OXJIAXKTAKT, YTOOBl OCTAHOBHTH PEAKIUI0, B TEIJIOOOMEHHHKE
TpyOOIpOBOJA WIIM BHYTPU 3aKAJOUHOTO KOJUIEKTOpPA C HCIOJB30BAHHEM 3aKAJIOUHOTO Macia.
[TapoBoli KpeKWHT TPUBOAUT K MENJIEHHOMY OCQXKIEHUIO KOKCA, PA3HOBUIHOCTH YTJIs, HA
CTEHKax peakTopa. YIaJeHHe KOKca TpeOyeT OTCOEAMHEHUs MeYH OT MPOIecca, W MOCie 3TOro
MOTOK BOJSTHOTO Tapa WJIM MapOBO3AYIIHOW CMECH MPOMYCKAIOT Yepe3 3MEEBUKU Meud. ITO
NpeBpalaeT TBEPAbIA CIIOH HENETydero yriepoaa B MOHOOKCHJ YIJIEPOAa U YTJIEKUCIHBIA ras.
ITocne Toro, Kak 3Ta peaklys 3aBepLICHA, MMe€Yb BO3BPALIAIOT B SKCIUIyaTammio. [IpoayKTsl,
MOJIyYEHHBIE ¢ MOMOIIBIO MAPOBOTO KPEKHHTA, 3aBUCAT OT COCTaBa ChIPbsl, COOTHOIIEHUST MEXKITY
KOJIMYECTBAMHU YTJIEBONOPOAA W BOISHOTO TMapa W TEeMIIEpaTypbl KPEKWHTa W BpPEMEHU

npeObIBaHMsI B mevd. Jlerkoe yrieBOZOPOAHOE CBIPbE, TAKOE KaK 3TaH, MpomaH, OyTaH WK
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nerkass HadTa, JaeT TIOTOKM MPONyKkTa, Oorarele Ooyee Jerkumu  oyepuHaAMU
NOJMMEPHU3aLMOHHOTO COPTa, BKIFOUAKOLIMMH 3THJIEH, MpomwieH u OytanueH. bonee Tsokemnbie
yIJIeBOAOPOAB! (HEOUHIEHHas! U TshKenas Hapra u (ppakimy ra3oiist) Takke JAF0T MPOAYKTHIL,
OoraTele apOMaTHIECKUMH YTJIEBOIOPOJAMHL.

Jlnst pasneneHus pasiMyHbIX YIJIEBOAOPOAHBIX COSAMHEHUH, MOJYYEHHBIX B Pe3yJbTaTe
NapOBOrO KPEKHHIa, KPEeKHHI-Ta3 HaMpaBJIIOT B YCTaHOBKY (pakLUHMOHUpOBaHUs. Takue
YCTAHOBKH (PpakIMOHUPOBAHMS XOPOLIO M3BECTHbI B OOJNACTH TEXHMKM U MOTYT BKJIIOYAThH B
ce0st Tak Ha3bIBAEMYI0 PEKTU(PHUKALMOHHYIO KOJIOHHY O€H3MHA, B KOTOPOH TSKEJbIA TUCTUILIST
(«caxxeBO€ MAacio») U CPefHUH TUCTUIUIAT (KKPEKMHT-TUCTUIUISAT») OTHENSIOTCA OT JIErKOro
IUCTWIIIATA U ra3oB. B pacrnonoskeHHON HMKE IO MOTOKY He0OsS3aTeNbHON 3aKajlouHOHN OarlHe
Oombliasi 4acTh JIETKOTO JUCTUJUIATA, IMOJYYEHHOTO C TIIOMOLIBIO MAapOBOro KPEKHHIra
(«<mMpoNM3HBIA OEH3MH» WM «IMHPOOEH3WH»), MOXKET ObITh OTHENIeHa OT Ta30B C MOMOIIBIO
KOHJICHCAIIUU JIETKOTO IMCTHIUIATA. BHOCnencTBHM rasel MOTYT IOABEPraThCs HECKOJIbKUM
CTYTEHSIM CXKATHsl, MPH 3TOM OCTaJbHAS YacTh JIETKOrO AUCTHIUISATA MOXKET OBITh OTHENeHa OT
razoB Mexny cryneHsmu ckartus. Takke kucible rasbl (CO2 u H2S) moryt ObITh ymaneHbl
MeXy CTyneHsMu cxatus. Ha crnenyromeid craauu rassl, MOJy4YEeHHbIE C MIOMOIIBIO MUPOJIN3a,
MOTyT OBITh YaCTUYHO KOHAEHCHPOBAHbI HA CTYNEHSIX KACKAAHOM CHUCTEMbl OXJIAKIACHUS
NPUMEPHO A0 COCTOSIHUS, B KOTOPOM TOJIBKO BOJOPOA OCTaeTcst B ra3oBoi (ase. Paszmmunble
yTJI€BOIOPOAHbIE COEAUHEHHUSI MOTYT BIIOCJIEACTBUM OBITh pa3esieHbl MPOCTO MEPErOHKOM, pU
5ToM 3TuieH, npomwieH u C4 oneduHbl SBISIOTCS HauboJiee BaKHBIMH BbICOKOLIEHHBIMHU
XUMHUYECKUMH TPOAYKTaMH, TIOJYYEHHbBIMH B pe3yJibTare MapoBOr0 KpekuHra. MeraH,
TIOJTyYeHHBIH B Pe3yJIbTaTe MapOBOrO KPEKUHra, OOBIYHO HCIOJb3YETCS B KAU€CTBE TOTLIMBHOTO
rasa, BOIOPOJ MOJKET BBbIAEJIEH M PELHPKYJHPOBAH B MPOLECCHI, B KOTOPBIX MOTpeOIIseTcs
BOZIOPOJ, TAKHE KaK MPOLECChl THAPOKPEKUHIa. ALIETHUIICH, TIOJyYeHHbIN B pe3yJIbTaTe MapoBOro
KPeKUHTa, MPEANOYTUTENIFHO CEIEKTHBHO THAPHUPYIOT IO STHJEHA. AJIKAHbBI, COAEPIKALIHECs B
KPEKUHT-Ta3e, MOTYT ObITh PELIUPKYJIMPOBAHBI B TIPOLIECC CHHTE3a OJIE(HHOB.

Ipennoururensno, CHI', 0Opa3oBaHHBIi B KOMOMHHPOBAHHOM CIIOCOO€, TOABEPTaeTCs
ra3oBOMy KpekuHry, mnpu 3ToM C4+ ajkaHbl MOABEPraroTCs KUAKOMY  KPEKHHIY.
[peanouturensHo, C2 u C3 ankaHbl MOABEPratOTCS KPEKUHTY OTAENBHO, B CBOMX ONTHMAJIbHBIX
ycnosusix. [Ipennourutensuo, C4 u C5+ ankaHbl MOABEPratOTCs KPEKUHTY OTHAENBHO, B CBOMX
ONTHMAJIbHBIX  YCJIOBHSX. [IpeAnoyYTHTENbHO, KPEKHHI-AMCTH/UIAT W CaXeBOe Macio,
o0pazoBaHHBIE B CIOCOOE HACTOSALIETO HW300PETEHHs], PELHUPKYJHUPYIOT B YIIIEBOJOPOJHOE
CBIPbE, KOTOPOE MOJBEPraeTCs AeapOMaTH3ALHH.

[IpenmodrurenpHO, CIOCOO HACTOSIINErO U300PETEHHSI JOMOJIHUTENBHO BKIIIOYAET B ce0si

CTaguu, Ha KOTOPBIX:
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(a) monBepraroT CrIpyr0 HepTh MeperoHKe ¢ 0Opa3OBaHUEM OIHOW WUJTH Ooyiee (PpaKIHH,
BBIOPAaHHOMW U3 Ta30BOH (pakunu, HAQThI, KEPOCHHA, T30 M KYOOBBIX OCTATKOB; U

(b) mnomeepraroT KyOOBbIe OCTAaTKH OOJAarOPa’kMBaHHUI0 KyOOBBIX OCTaTKOB C
obpazoBannem CHI™ 1 erkoro u cpenHero JTUCTHILIATA.

C noMOIpI CHenHaJbHOTO IOABEPTaHUsl KyOOBBIX OCTaTKOB OOJATOpakKMBAHUIO
KyOOBBIX ocTaTkoB ¢ oOpazoBanreM CHI' u »HIKOro BBIXOIAIIErO MOTOKa OOJaropakMBaHUsS
KyOOBBIX OCTaTKOB, M C IOMOIIBIO IMOJIBEPraHHs YKAa3aHHOTO >KUIKOTO BBIXOASINErO IMOTOKA
oOmaropakuBaHus KyOOBBIX OCTAaTKOB pPa3MBIKAHHIO KOJbLIA BBIXOJ OTHJIEHA B crocode
HACTOSIIIEro M300peTeHUsI MOXKET OBITh AOMOJHHUTENBHO yBenuueH. Kpome Toro, ceipas HepTh
MOXeT ObITh 0OJaroposkeHa B HE(PTEXUMHUECKUE NMPOAYKTHI, B YACTHOCTH, THJIEH, B Iropas3zio
OonblIel cTeneHu.

Hcnonp3yemblli B HACTOSIIEM JOKYMEHTE TEPMHUH «yCTAHOBKa O0OJaropa’KHBaHUsI
KyOOBBIX OCTaTKOB» OTHOCUTCS K HedrenepepabaThIBalOIIEeil YCTAHOBKE, MOAXOMSILICH st
OCYLIECTBJIEHHS MpoLecca o0naropakuBaHus KyOOBBIX OCTaTKOB, KOTOPBIH MPENCTABISIET COOOI
IpoLecC pas3pblBa yIJIEBOIOPOAOB, BXOMAIIMX B COCTaB KyOOBBIX OCTAaTKOB H/MJH
oOpaszoBaHHOrO He(renepepadaThiBarOell YCTAHOBKOH TSDKENIOro JUCTHIUIATA B Oonee
HI3KoKuIsiiue yraesogopoasl; cMm. Alfke et al. (2007) loc.cit. Kommepuecku mocTymHOe
o0opyZoBaHHE BKJIIOYaeT B Ce0s YCTAHOBKY 3aMEIJIEHHOTO KOKCOBAHUS, YCTAHOBKY JJIst
KOKCOBaHHUSl B TICEBJOOKIKEHHOM cyoe, ycTaHOBKY FCC kyOOBBIX OCTaTKOB, YCTaHOBKY
kokcoBanusi Tumna Flexicoker, ycTaHOBKY BHCOpPEKHMHra WJIM YCTAHOBKY KaTaJHUTUYECKOTO
ruapoBucOpekuHra. IlpeanodyTurenbHO, ycTaHOBKA oOOJaropakMBaHusi KyOOBBIX OCTATKOB
MOXET OBITh YCTaHOBKOW KOKCOBAaHHSI HJIM yCTAHOBKOW THIAPOKPEKHHra KyOOBBIX OCTAaTKOB.
«YCTaHOBKA KOKCOBaHHUSI» sIBJIsIeTCsS HedTernepepadaThIBalOIIEed YCTAaHOBKOH, KOTopas
KoHBepTHpyeT KyOoBble octatku B CHI, jerkuii MUCTWIIAT, CPeIHUN TUCTHILIST, TSKEJIbIN
IUCTWIUIST U He(TsAHOHW KOKC. B 3TOM mporecce MpOUCXOIUT TEPMUUECKUN KPEKUHT MOJIEKYJI
yTJIEBOJOPOIOB C JUTMHHBIMU LIETISIMH B COCTaBE ChIPbsi KyOOBBIX OCTATKOB B MOJIEKYJIBI C OoJiee
KOPOTKHMH LETISIMU.

ITonaBaemoe chbIpbe I OONAaropaKMBaHHUA KyOOBBIX OCTaTKOB MPEINOYTUTENBHO
COZIEPKUT KyOOBBIE OCTATKU U TSKENbIN NUCTUILUIST, TOJy4YeHHbIe B criocode. Takoii Tskenbii
IUCTHIUBIT MOXKET COAEP)KaThb TSDKEJbIM TUCTUIUIAT, OOpa30OBaHHBIA YCTAHOBKOW MapOBOTO
KPEeKHMHIa, TAKOH Kak Ca)kKeBOE MAcli0 W/WJIM KPEKUHT-IUCTUIULIT, HO MOXKET TaKXKe COAEpIKaTh
TSDKEJBIA TUCTWIUIAT, OOpa3OBaHHBIN NpH 00Jaropa)kuBaHUM KyOOBBIX OCTAaTKOB, KOTOpBIE
MOTYT OBITh PELUPKYJUPOBaHbl 1O TMONHOW BbpaboTku. TeM He MeHee, CpPaBHUTEIHHO
HeOOIBIION MOTOK OUTYMHOTO TIeKa MOKET YIAISThCS U3 MPOLIECCa.

ObnaropakxuBaHue KyOOBBIX OCTATKOB, KOTOPOE€ MPEANOYTHTENbHO HCIOIBb3YETCs B
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crioco0e HaCToAIIEero N300PETEHUs], TPEACTABISAET COOOH TMAPOKPEKHHT Ky OOBBIX OCTATKOB.

C momoIbro BEIOOpa THAPOKPEKHUHIAa KyOOBBIX OCTATKOB OTHOCHTENBHO APYTUX CPENCTB
oOnaropakuBaHUs KyOOBBIX OCTATKOB BBIXOJ 3THJIEHA U 3(()EKTUBHOCTD 10 yIiepoay crocoda
HACTOSIIIETr0 N300pETeHNsI MOTYT OBITh JOMOJHUTEIBHO ITOBBILIECHBI.

«YcTaHOBKa THAPOKPEKUHra KyOOBBIX OCTaTKOB» SIBISIETCS HedTenepepadaThIBaOLIei
YCTaHOBKOW, KOTOpasl MOAXOAWT JJIsl OCYINECTBJIEHHUs IMpOLecca THUAPOKPEKHHIa KyOOBBIX
OCTaTKOB, KOTOPBIA THpexacTamBiseT coOoil mporecc KoHBepcHH KyOoBbIXx octatkoB B CHI,
JETKUM JOUCTUJUIAT, CPEAHUN OUCTWUIAT U TSDKENIbIM AUCTUWIUIAT. lIponecchl ruapOKpeKuHra
KyOOBBIX OCTAaTKOB XOPOIIO M3BECTHBI B 00JaCTH TeXHUKH, cM., Harpumep, Alftke et al. (2007)
loc.cit. COOTBETCTBEHHO, B KOMMEPYECKOM THIPOKPEKUHIe MPUMEHSETCS TP OCHOBHBIX THIIA
PEaKTOPOB: PEAKTOP C HEMOABI)KHBIM CJIOEM (C OPOLIAEMBIM CJIOEM), PEAKTOP C KUIISIIIUM CIIOEM
U CYCIEeH3MOHHbIH (MOTOYHbIM) peaktop. I[Iporecchl ruApOKpeKHHra KyOOBBIX OCTATKOB B
peakTopax C HENOABIKHBIM CJIOEM CIOCOOHBI OCYLIECTBIISITH IMEpepadOTKy 3arpsi3HEHHBIX
IIOTOKOB, TAKUX KaK OCTaTKH aTMOC(EpPHOH MEePEeroHKu M BaKyyMHBIE OCTATKH, C 00pa30BaHUEM
JIETKOTO U CPEIHEero AUCTUIUIITA, KOTOpPbIe MOTYT OBbITh NONOJHHUTEIBHO MepepadoTaHbl s
oOpa3oBaHust ONepUHOB M apOMATHYECKUX coeanHeHWH. Karanus3aTopbl, HCHONB3yeMble B
npoLeccax rHAPOKPEeKHHra KyOOBBIX OCTATKOB C HETTOBI)KHBIM CJIOEM, OOBIYHO COZepIKaT OJUH
win Oosiee 3JeMEeHTOB, BBIOPaHHBIX U3 TpyIibl, cocrosimen u3 Co, Mo u Ni, Ha OrHEyHOpHOM
HocuTesie, OOBIYHO OKCHJIE aJIFOMUHMS. B Cllydae CHIIBHO 3arpsi3HEHHOTO ChIpbs KaTaJIM3aTop B
npoueccax THIPOKPEKHHra KyOOBBIX OCTATKOB C HEMOJIBIKHBIM CIIOEM TaKXe MOXKET N0
HEKOTOPOH CTETEHH BOCIIONHATHCS (MOABIIKHBIA CIIOH). TEeXHOJOrHYecKue yCIOBHsS OOBIMHO
BKJIFOUArOT Temreparypy 350-450°C u paBnenue 2-20 MIla u3b. Ilpouecchl ruapOKpeKUHra
KyOOBBIX OCTATKOB B KHITAILIEM CJIO€ TAKXKE€ XOPOLIO U3BECTHBI U, B YHCJIE TIPOYETO, OTJINYAIOTCS
TEM, YTO KATAJU3aTOP HEMPEPHIBHO MEHSIETCS, MO3BOJISAS OCYIIECTBISITh MepepaboTKy CHIIbHO
3arps;3HEHHOrO ChIpbsi. Karanms3aTtopbl, UCHIONIb3yeMble B MPOIECCAX THIPOKPEKHHra KyOOBBIX
OCTaTKOB B KHIBALIEM CJIO€, OOBIMHO COAEpKaT OOWH WK OOJbIIee KOJIMYECTBO 3JIEMEHTOB,
BBIOpaHHBIX U3 rpynnbl, coctosimed m3 Co, Mo u Ni, Ha OrHEYIOPHOM HOCHUTENE, OOBIYHO
OKCHIE QIIOMUHHS. Manblii pasMep YacTHI HCIOJNb3YEeMbIX KaTajdn3aTopoB 3(PQeKTHBHO
NOBBIIIAET WX AKTHUBHOCTh (CM. AQHAJOTHYHBIE KOMMO3ULMH B (opMax, MOAXOMALINX IS
UCTIOJIb30BAaHUS B HEMONBIIKHOM cjioe). Otu  nBa (akropa TO3BOJSIIOT —TMpoLEeccam
THAPOKPEKHHIa B KHUILIIIEM CJIO€ JOCTUraTh 3HAYUTEIBHO 0OJiee BBICOKHMX BBIXOZOB JIETKHX
NPOIYKTOB U O0Jiee BBICOKHUX yPOBHEH NMPHCOSTUHEHHUST BOIOPO/IA TI0 CPABHEHHIO C YCTAHOBKAMH
TUAPOKPEKUHIa C HETOABIDKHBIM CJIOEM. TEeXHOJOTHYECKHE YCJIOBHS OOBIMHO BKJIFOYAOT
temnepatypy 350-450°C wu pmasnenme 5-25 Mlla u30. CycneH3MOHHbIE MPOLECCHI

TUAPOKPEKHHIa Ky OOBBIX OCTATKOB MPEACTABISIIOT COO0H KOMOMHAIIMIO TEPMHUYECKOTO KPEKHHTa
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U KATaJUTHYECKOTO TUAPUPOBAHHSA U IOCTIDKEHHS] BBICOKHX BBIXOAOB AMCTHILIHPYEMBbIX
NPOIYKTOB U3 CHIJIBHO 3arpsi3HEHHOTO ChIPbs KyOOBBIX ocTaTkoB. Ha mepBoi, *KUIAKOH cTaauy,
peakuud TEPMHYECKOro KpEeKMHra ¢ THAPOKPEKMHIa MPOUCXONAT OAHOBPEMEHHO B
NICEBIOOKIDKEHHOM  CJIO€ B TEXHOJIOTHUECKUX YCIOBUSX, KOTOpPblE OOBIMHO BKJIFOYAOT
temnepatypy 400-500°C u pmaBnenme 15-25 MIla u30. KyOoBble ocTaTky, BOAOPOA H
KaTaJIN3aTOP BBOASATCS B JOHHOW YaCTH PeakTopa, U (pOpMHUPYETCs MCEeBIOOKWKEHHBIN CIIOH,
BBICOTAa KOTOPOTO 3aBUCUT OT MHTEHCHUBHOCTH Mojauu (pacxona) u TpeOyemoil koHBepcuu. B
3THUX TpOLecCcaX KaTaJu3aTop HENPEPhIBHO CMEHSETCS AU AOCTIDKEHHs! YCTOWYHMBBIX yPOBHEMH
KOHBepcHUM B pabouem mwmkie. Kartanmuzatop MokeT ObITh HE HAHECEHHBIM HAa HOCHUTEIb
CynabpUIOM MeTala, KOTOpblii oOpasyercs in situ BHyTpu peakropa. Ha mnpaktuke
JOTIOJTHUTENbHBIE PACXOJbl, CBSI3aHHBIE C PEAKTOPAaMH C KHIALIMM CJIOEM U pPeaKkTopamH ¢
CYCIEeH3UOHHOM (a3oii, onpaBaaHbl TOJBKO TOTAA, KOraa TpeOyeTcs: BBICOKAs KOHBEPCHUS CUITBHO
3arpsA3HEHHBIX TIOTOKOB TSDKENBIX YIJIEBOAOPOAOB, TAKMX KakK BaKyyMHble razoinmu. B atux
YCIIOBUSIX OTpPaHUYEHHAas KOHBEPCHsl O4YeHb KPYIHBIX MOJIEKYJ U TPYAHOCTH, CBS3aHHBIE C
Je3aKTHBAallMell KaTalu3aTopa, MAENaloT IPOLECChl B HEMOABMXKHOM CJIO€ OTHOCHUTENIbHO
HETIPUBJIEKATENIbHBIME B criocoOe Hacrosmiero nzoopereHus. COOTBETCTBEHHO, PEaKTOpPBI C
KUISIIUM  CJIOEM U CYCIIEH3UOHHBIE DPEAaKTOPbI SBJSAIOTCS MPEANOYTHTENbHBIMU H3-32 HX
MOBBILIEHHOTO BBIXO/A JIETKOI'O U CPEAHEro JUCTUJUIATA MO CPABHEHHIO C THMIPOKPEKUHIOM B
HETMOABWXHOM clioe. Mcronb3yemblii B HACTOSIIEM JOKYMEHTE TEPMHUH <CKUAKUA BBIXOASLINAN
MOTOK O0Jaropa’kuBaHusi KyOOBBIX OCTATKOB» OTHOCUTCS K MPOAYKTY, OOpa3oBaHHOMY C
TIOMOIIBEO 00JIArOpaskUBaHMs KyOOBBIX OCTATKOB, 32 UCKJIIOUEHHEM ra3000pa3HbIX MPOIYKTOB,
takux kak MeraH u CHI, wu Tsxemoro AucTWLISATa, OOPa30BAHHOTO C  MOMOIIBIO
oOmaropakuBaHusl KyOOBBIX OCTaTKOB. TsDKENbId IUCTHIUIAT, OOpa30BaHHBIA C TOMOLIBO
oOnaropakuBaHusl KyOOBBIX OCTATKOB, TPEANOUYTHUTEIBHO PELUPKYJIHPYIOT B YCTAaHOBKY
oOjaropakuBaHusi KyOOBBIX OCTaTKOB JO TOJHOW BbIpaboTkH. OHHAKO, MOXKET OBITh
HEOOXOMUMO YIaATh CPAaBHUTENBHO HeOONbIION moTok OurtymHOro meka. C TOYKM 3peHus
5 (EKTUBHOCTH 1O YIJIEpPOAY, YCTAHOBKA THAPOKPEKHHIa KYyOOBBIX OCTaTKOB SIBJISIETCS
NPEATIOYTUTENIPHOW TI0 CPaBHEHHMIO C YCTAHOBKOM KOKCOBAHHUS, TIOCKOJIBKY —IMOCIEIHSS
NPOM3BOIAUT 3HAYUTEIbHbIE KOJTHYECTBA HEPTSIHOTO KOKCA, KOTOPBIH HE MOXKET ObITh MpEeBpaIleH
B BBICOKOLIEHHbIE HedpTexumuueckne mnpoaykTtel. C TOYkM 3peHHst OanaHca Bomopona
KOMOWHHPOBAHHOTO MPOLIECCa MOXKET OBITh MPEANOYTUTENBHO BBIOPATh YCTAHOBKY KOKCOBAHUS
N0 CPaBHEHUIO C YCTAHOBKOW THAPOKPEKHHTa KyOOBBIX OCTATKOB, MOCKOJIbKY MOCIEIHSS
noTpedIIseT 3HaYUTEbHBIE KONMUYecTBa Bogopoaa. Kpome Toro, ¢ y4eToM KamuTalbHBIX 3aTPaT
W/ 5KCIUTYaTAllMOHHBIX PACXOJO0B MOKET OBbITh BBITOJHO BBIOPATh YCTAHOBKY KOKCOBAaHHS B

10 CPAaBHEHHIO C YCTAHOBKOH T'MAPOKPEKHNHTA KyOOBBIX OCTATKOB.
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B cnyuae, ecnu KyOOBbIE OCTaTKH [OTOJHHUTEIBHO (PPAKIHUOHUPYIOT C TTOMOIIBIO
YCTAHOBKM BAaKyYyMHOH TII€PErOHKHM MUl pas3leNieHus KyOOBBIX OCTaTKOB Ha (Ppakuuio
BAKyYMHOI'O Ta30Wisi M (PPAKLUUI0 BaKyyMHOIO OCTATKa, MPEANOYTUTENBHO IIOABEPTaTh
BAaKYyMHBIH Ta30iiIb THUAPOKPEKUHTY BAaKyyYMHOTO Ta30WJs, a BaKyyMHbIE OCTATKH -
TUAPOKPEKUHIY BAaKYyMHBIX OCTaTKOB, TPH 3TOM TSDKENbIH AMCTIILUIAT, OOpa3OBaHHBIN C
MOMOIIBIO THUAPOKPEKUHIAa BAKYYMHBIX OCTaTKOB, BIIOCJIEACTBUU MOABEPraeTCsl THAPOKPEKUHTY
BaKyyMHOI'O ra3oiiyisi. B ciydae, ecnu Hacrosiimee nm3oOpeTeHne BKIIOYAET B ceOsl BaKyyMHYIO
NEPErOHKY, MOJYyYEeHHBIH TaKUM OOpa3oM BaKyyMHBIM Ta3Oiiib MPEANOYTUTENBHO MOAAT B
YCTAHOBKY pa3MBIKAHUs apOMAaTUYECKOrO KOJbIIa BMECTE€ C OIHUM WM Ooiee M3 Ipyrux
yIJI€BOAOPOAHBIX MTOTOKOB, KOTOPBIE OTHOCHTEIBHO OOraThl apOMATHUYECKHMHU YIJIEBOJOPOJAMHU
U KOTOpblE MMEIOT TOYKU KUIEHUs B JUAIa30HEe TOYEK KHUIEHUs KepocuHa W raszoinsa. Takue
yIJI€BONOPOAHBIE MOTOKU, KOTOPbIE OTHOCUTEIBHO OOraThl apOMAaTHUECKHMH YIJIEBOAOPOJAMH U
KOTOpbIE UMEIOT TOYKH KHIIEHHS B TUANA30HE TOUYEK KUIEHHsI KEPOCHHA U Ta30iIsl, MOTYT OBITH
BBIOpAHbI M3 TPYMIbI, COCTOSINEH M3 KEPOCHHA, Ta30MiIsl U CPEeJHEro AUCTHIUIATA. BakyyMHbIe
OCTaTKH TUAPOKPEKHUHIa IMPEANOYTUTENBHO IIOABEPTalOT CyCIEH3UOHHOMY T'HAPOKPEKUHIY
KyOOBBIX OCTATKOB, KaK yKa3aHO B HACTOSILIIEM JOKYMEHTE BBILIE.

B cnocobe Hacrosimero wuszoOpeTeHHss MOXeT NOTpeOOBAaThCS YAAJNEHHE Cepbl W3
HEKOTOpPBIX (ppakuuii ChIpod HepTH ANl NMPENOTBPAINEHHs AE3aKTUBALMM KaTaju3aTropa B
NOCJIEYIOIUX Tpoueccax HedrenepepaOOTKH, TaKUX KaK KATAJTUTUYECKHHA PUPOPMUHT MU
KATAIUTHYECKUN  KPEKHMHI C  TICeBIOOXKIDKEHHbIM  Katamu3atopoMm. Takoll  mporecc
TUAPONECYIb(YPU3ALMH OCYLIECTBISIETCS B «yCTaHOBKe ruapoaecynbpypusanuu (HDS)» wmu
«ycTaHoOBKe ruapoouncTkny, cMm. Alfke (2007) loc. cit. Kak mnpaBuno, peakuus
TUAPONECYIb(YPU3ALMH TMPOTEKAET B PEAKTOPE C HETOABIDKHBIM CJIOEM IPH TOBBILICHHBIX
temmnepatypax 200-425°C, npeanoururenbuo 300-400°C, u noBbiteHHBIX AaBiaeHusX 1-20 Mlla
u30., npeamnoutureapbHo 1-13 MIla u30., B NPUCYTCTBHM KaTallM3aTopa, COMEPKALIETO
3JIEMEHTBI, BRIOpaHHbIE U3 Irpymibl, cocrosien u3 Ni, Mo, Co, W u Pt, ¢ npomoTopamu win 6e3
HHUX, HAaHECEHHbIE HAa OKCHJ AJTFOMHUHHS, NMPU 3TOM KAaTaJH3aTOP HAXOAWUTCS B CyJIbQUIHON
dbopme.

B eme ogHOM acnekTe M300peTeHHE TakKe OTHOCHUTCS K TEXHOJOTHYECKOW yCTaHOBKE,
NOAXOAIIEH ISl OCYLIECTBICHUs crioco0a n3o0pereHus. JlaHHas TEXHOJIOrHYECKasi yCTaHOBKA
U Crocod, OCYyLIECTBISIEMBbII B YKAa3aHHOH TEXHOJOIMYECKOW YCTAHOBKE, IMPENCTABIIEHbI HA
¢urypax 1-5 (¢wur.1-5).

CoOOTBETCTBEHHO, HACTOsIIEe M300pETeHHE TaKKe NPEANIaraeT TEXHOJIOTHYECKYIO
YCTAHOBKY IJIS KOHBEPCHH ChIpoH He(pTH B HEPTEXMMUYIECKHE TIPOIY KThI, COEPIKAIIYFO

ycTaHoBky (10) meperoHku ceipoit HeTH, comepxkarnyto BBOA uist ceipoid Hedtu (100) u
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10 MeHbINEH Mepe OAWMH BbIBOA IJIsi ogHOH mwin Oonee ¢pakuuu (310), BbIOpaHHON U3 HA(THI,
KEpOCHHA U Ta30MJIs,

ycraHoBky (70) neapoMaTH3alMM, CONEPKAINYI) BBOJA JJISI YIJIEBOAOPOIHOTO CHIPHS
(303) Ha meapoMaTH3aIMIO, BBIBOJ IJIsl IepBOro motoka (314), oborammeHHOro apoMaTuIeCcKUuMu
YIJIEBOAOPOAAMH M Ha(TEHOBBIMH YIJIEBOAOPOAAMH, U BTOporo mortoka (313), oborameHHOro
aJKaHaMU,

yCTaHOBKY (26) pa3MbIKaHHUsl KOJIbLA, COAEpKAINyr0 BBOX i TmoTtoka (314)
apOMaTUYECKUX COEAMHEHUH M HaTEeHOB, OOpa30BaHHBIX C IOMOILIBIO J€apOMAaTH3aLUH, U
BBIBOJA 1JIs1 aJIKaHOB (214); u

ycTaHoBky (30) st cuHTe3a 0yie(PUHOB, CONEPIKaLIYI0 BBOA AU aJIKaHOB (215) u BbIBOJ
anis onedunos (500),

NpUYeM YKa3aHHOE yIJIEBOAOPOAHOE ChIPbe Ha A€aPOMATH3ALMIO COEPIKUT:

onHy mnu Oonee (pakuuro, BEIOPaAHHYIO U3 HA(ThI, KEPOCHHA U Ta30MIsl, MOTYyUYEHHbIX C
NOMOIIBIO ycTaHOBKH (10) meperoHku celpoii HepTH; U

obpa3zoBaHHbINl HedTenepepabaThiBatOIell YCTAHOBKOW JIETKUH JUCTHIUIAT —W/WIH
obpasoBaHHbIN HedTenepepadaThIBAIOIIEH yCTAHOBKOW CPEeNHUN AUCTHILIST, MOJYYEHHBIH B
KOMOMHHPOBAHHOH HEPTEXMMHUIECKOH TEXHOJIOTHUECKOH yCTaHOBKE.

DTOT aCMeKT HACTOSIIIEro u3o0peTeHus npencrasieH Ha urype 1 (¢ur.1).

Ycranoska (10) nmeperoHku Chipod HEPTH MPEANOYTUTETIHHO JAOMOJHUTENBHO COMEPIKUT
BBIBOA JJisi ra3oBoil (pakumu (230). Ankansl (214), mogy4eHHbIE C TMOMOLIBIO Pa3MbIKAHUS
KoJIbLia, oboramieHHblit ankaHamu notok (313) u CHI™ (220), mony4eHHbIl B KOMOMHUPOBAHHOM
cnocobe, MoryT ObITh OOBenMHEHbl ¢ 0OpasoBaHHMeM BBoaa muisi ankaHoB (215). Kpome Toro,
onHa wiu Oonee ¢pakius (310), BoiOpaHHast U3 HAPTHI, KEPOCUHA M TA30MJIS, MOJNYYESHHBIX C
MIOMOIIBIO YCTAHOBKU MEPErOHKU ChIPO He(PTH, MOXKET ObITh 0OBbenuHeHa ¢ ppakuusmu (320)
oOpa3oBaHHOTO  HedTenepepadaThIBAIOIIE  YCTAHOBKOH  JIETKOTO — MUCTWLISTA  W/HIU
obpazoBaHHOTO HedTenepepabaThiBalOIEl YCTAHOBKOW CPEIHEr0 TUCTHIUISITA, TIOJYYSeHHBIMU B
KOMOWHHPOBAHHOW HE(PTEXUMHUYECKOH TEXHOJIOTHYECKOH YCTaHOBKE, C oOpa3oBaHUEM
yTJIEBOAOPOAHOTO ChIpbs (303) Ha meapoMaTU3ALIUIO.

Hcnonb3yemblii B HACTOSLIEM AOKYMEHTE TEPMUH «BBOI JiA X» WJIM «BBIBOA IS X»,
rae «X» TpeAcTaBisieT COOOW MAHHYIO YTIJIEBOAOPOAHYI (PaKLMI HIM TOMY MOIOOHOE,
OTHOCUTCSI K BBOJAY WJIM BBIBOAY ISl TIOTOKA, CONEPIKAINEro YKa3aHHYI YTIIEBOAOPOAHYIO
¢dpakuuo wim tomy nopobHoe. B ciyuae, ecnu BbIBOA ISt X HEMOCPENCTBEHHO COENUHEH C
PacCTOJIOKEHHON HIDKE TO MOTOKY HedTemepepabaThiBaroOIell YCTAHOBKOM, COMEpIKaIleil BBOJ
s X, YKa3aHHOE HENOCPEICTBEHHOE COCTUHEHNE MOJXKET TaKXKe CONEPIKaTh JOTOIHUTENbHBIE

YCTAaHOBKH, TaAKHUE KaK TGHJ’IOO6M€HHI/IKI/I, YCTAaHOBKH Pa3aCICHUSA W/ WA OYUCTKH AJig yAaJICHUSA
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HE’KeJATEeNIbHBIX COSNMHEHNH, COAEPIKAIINXCS B YKA3aHHOM TIOTOKE, M TOMY TOZOOHOE.

Ecnu B xoHTEKCTE HacTosero n3oOpereHus: B HedTenepepadaThIBAIOILYIO YCTAHOBKY
nopaercsi Oojiee OIHOTO CBIPHEBOTO IIOTOKA, YKA3aHHBIE CHIPBEBBIE ITOTOKH MOTYT OBITh
0o0BEeMHEHbI ¢ 00pa3oBaHMEM OJHOTO EAMHCTBEHHOTO BBOAA B HedrenmepepadaThIBArOIIYIO
YCTAHOBKY WJIM MOIYT OOpa3oOBbIBaTh OTAENbHBIE BBOABI B HedTenepepadaThIBAIOIIYIO
YCTaHOBKY.

TexHonornyeckass yCTaHOBKA HACTOSIIETO M300PETEHHUS MOXKET JOIMOJHUTEIBHO
conepkaTh yCcTaHOBKY (80) oOpaTHON M30MepH3aIiy, CONEPIKaAIIy0 BBOI JJis akaHoB (215) u
BBIBOZI Ul H-aJKaHOB (216), mpu 3TOM YKa3aHHbIE H-aJIKaHbl, OOPa30BaHHBIE C TOMOIIBIO
yKa3zaHHON ycTaHOBKH (80) oOpaTHON M30MepHU3aLnK, MOJAIOTCS B YCTaHOBKY (30) nmst cuHTe3a
oneUHOB. DTOT aCMEKT HACTOALIEr0 H300peTeHus npencTasieH Ha ¢purype 2 (pur.2).

VYcranoBka (26) pa3MbIKaHUs KOJIbLIA, BXOJAINAs B COCTAB TEXHOJIOTHUECKON YCTaHOBKH
HACTOSIIEro M300peTeHMs, MOXKEeT JOMOJIHUTENIbHO coxepkarb BeiBox it CHIT (222),
00pa30BaHHOIO C MOMOIIBI pa3MbIKaHUS KOybLa, U BbiBOA asi C4+ ankanoB (315), koTopbie
o0benuustoT ¢ ankanamu (313), oOpa3oBaHHBIMU C TIOMOLIBI) €APOMATHU3ALUH. JTOT ACHEKT
HACTOSIILEro M300peTeHus mpeAcTasiieH Ha gurype 3 (dur.3).

B Taxom Bapmante ocymectsinenuss CHI™ (222), o6pa30BaHHBIH € TOMOIIBIO Pa3MbIKAHUS
xonbiia, 1 CHI™ (220), nony4eHHblli B KOMOMHUPOBAHHOM CIOCO0€, MOTYT ObITh OOBETUHEHBI C
obpazoBannem CHI' (200), mnonyueHHOro B KOMOWHHPOBAHHOW  He()TEXHMMUYECKOH
TEXHOJIOTUYECKOH yCTAaHOBKE. DTOT aCMEKT HACTOSIIIEr0 H300peTeHUs MPeACTaBieH Ha Gpurype 3
(ur.3).

B cnyuae, ecnu ycraHoBka (26) pa3MbikaHusi Kojiblla umeeT BbiBon ans CHIT (222),
00pa30BaHHOTO C TOMOIIBID pa3MbIKAHUS Koibla, W BbBOL it C4+ ankanoB (315),
TEXHOJIOTUYECKAsh YCTAaHOBKA MOJKET JOIMOJIHUTENBHO COAEpkKaTh YCTAaHOBKY (35) razoBoro
KpekuHra, conepxkamyto Beox misi CHIT (200), monyueHHOro B KOMOMHUPOBAHHOM CIIOCO0e, U
BeiBOA Ut ojedunoB (501); u ycraHOBKY (36) JKMAKOTO KPEKHHTa, COIEPIKALIYI0 BBOA JIS
ankaHoB (215), nmpennouyrurenbHO H-ankaHOB (216), BeBOA i oneduHOB (502) M BBIBOA IS
BTK (600).

TexHonornyeckast yCTaHOBKA HACTOSIIETO HM300PETEHUST MOXKET OIMOJHUTEIBHO
comepskaTh yCTaHOBKY (40) obnmaropakuBaHusi KyOOBBIX OCTATKOB, COAEPIKAINY) BBOJI JUISI
KyOOBBIX OCTaTKOB (400), MOJNyUEHHBIX C MMOMOIIBIO MEPETOHKU ChIPOH HePTH, U 00Pa30BaHHOTO
He(drenepepabaTeiBaroiel ycTaHOBKOH Tspkesoro auctwuisita (401), u BeiBox mst CHIT (223),
00pa30BaHHOIO C MOMOIIBIO 0OJaropakiuBaHusl KyOOBBIX OCTATKOB, M BbIBOA JUTst (ppakiuu (329)
JEeTKOTO  AWCTWIISATa  W/WIM  CPEeOHEero JAUCTIILIATA, OOpa3sOBaHHOM C  MOMOIIBIO

oOmaropakuBaHHus KyOOBBIX OCTaTkoB. BBox mis kyOoBbIx octatkoB (400), MomydeHHBIX C
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MIOMOIIBIO TIEPETOHKH CBIPOH He(TH, U 00pa3oBaHHOTO HedrenepepadaTsBarOIel yCTaHOBKOH
TspKenoro nuctwisita (401) MoryT ObITh OOBEIMHEHBI ¢ 0OPa30BAaHUEM OJHOTO €IUHCTBEHHOTO
BBOZAA B YCTaHOBKY (40) obnaropakuBaHusi KyOOBBIX OCTATKOB, WJIH MOTYT OOpa3OBBIBAThH JBA
pa3HbIX BBOAAa B YyCTaHOBKY (40) obnaropakuBanusi KyOOBBIX OCTaTKOB. OJTOT AacCHeKT
HacTosero usoOpereHwst mpexnctaBineH Ha ¢urype 4 (¢ur4). VYcranoska (40)
oOnaropakuBaHUsl KyOOBBIX OCTATKOB MOXKET JOMOJHUTENBHO COAEPIKATH BBIBOJ IS TSKEJIOTO
muctsita (420), o0pa3oBaHHOTO C TIOMOLIBIO 00JaropaKUBaHMsI KyOOBBIX OCTATKOB, KOTOPBIN
MOXeT ObITh PELUPKYJIUPOBAaH B YCTaHOBKY (40) oOmaropakuBaHHsi KyOOBBIX OCTaTKOB MJISt
JOTOJTHUTENBHOTO  OOJNAaropaKMBaHMs YKA3aHHOTO TSDKENOr0 JUCTHIUIATA. JTOT  aCHeKT
HACTOSALIETr0 N300peTeHus npencrasiieH Ha purype S5 (gur.S).

IIpennoyruTenbHO,  TEXHOJOTMYECKas  YCTAHOBKA  HACTOSINEro  M300peTeHHs
JOTIOJTHUTENBHO CONIEPIKUT:

ycTaHoBKy (50) pa3meneHus ra3os, CoaepKaiy o BBo ajsi ra3oB (200), 0Opa3oBaHHBIX B
KOMOMHHPOBAHHOM criocobe, BeIBOA 1JIst dTaHa (240), BeiBOA Auisi mpornana (260) u BBIBOA JJIs
OyTtana (260);

ycTaHoBKY (3 1) kpekuHra 3TaHa, CoAep Kallyo BBOA st 3TaHa (240);

yCTaHOBKY (37) KpeKuHra npormnaHa, Coaep Kalyro BBOA uis mpomnana (250);

ycTaHOBKY (34) kpekunra OyTaHa, conepskainyr BBoz st OytaHa (260); u

yCTaHOBKY (30) *KMAKOrO KpeKuHra, comepskamyro Boa misi C4+ ankaHoB (216). Orot
aCIeKT HACTOSIIIEro H300peTeH s NpeAcTaBiieH Ha gurype 5 (¢ur.S).

YcranoBka (50) pasnmeneHusi ra30B MOXKET JOMOJHUTENBHO CONEPIKATh BBIBOI IS
meraHa (701).

[IpennoyruTenbHO, NPOAYKTHI KPEKWHra, OOpa3OBaHHBIE C TMOMOINBI YCTaHOBOK
KPEKHHra, HAMpaBJISIOTCS B PA3[eNIUTENIbHYI0 YCTaHOBKY (38), B KOTOpOH pasjanyHbIe
KOMITIOHEHTBI, BXOISILINE B COCTaB MPOAYKTOB KPEKWHra, pa3aessitoTcs. COOTBETCTBEHHO,
paznmenuTenbHas ycTaHOBKa (38) MOXET MMeTh OAMH MJIM OOJbIIee KOJIMYECTBO BBIBOJOB,
BBIOPAHHBIX M3 TPYIIIBL, COCTOALIECH U3: BbIBONA At MeTaHa (704), BeiBoga st Bogopoza (804),
BeIBOIa st sTHiieHa (504), BeiBoma anst mpomwieHa (505), Beoma s Oytmnena (506) u
BeiBozia U1t BTK (600). B nononHeHne k 3TOMy, pa3fenuTeNbHas ycTaHOBKa (38) MOXKET NMeTh
BeiBoA 1t C4-C8 ankanoB (217), KoTopble MOTYT OBITH PELMPKYJIMPOBAHBI B yCTaHOBKY (80)
obparHol m3oMepu3anuu. Kpome Toro, pasnmenurenbHas yCTaHOBKA (38) MOKeT MMeThb BBIBOA
s ppakuun (334) KpeKUHT-TUCTIIUISITA W/WIM CakeBOrO Maciia, KOTOpPble MOTYT OBITh
PEeLMPKYJIUPOBAHBI B [TOJIaBAEMOE B YCTAHOBKY JieapoMaTu3auu ceipbe (303).

Hacrosimee nzoOperenne Takxke rnpenjaraeT NpUMEHEHHE TEXHOJOTHYECKOH YCTaHOBKH

N0 HACTOALIEMY HM300PETEHUIO JUIi KOHBEPCHH ChIPOH He(pTH B HEPTEXUMHUYECKHE MPOIYKTHI,
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conepskautue onedpuns 1 BTK.

Eme onuH npennoyTuTeNnbHBIA MPU3HAK HACTOSIIErO M300PETEHHs 3aKJIF0YaeTCs B TOM,
YTO BCE HEXKEJATEJIbHbIE MPONYKTHI, TaKHe KaK HeQTEXUMUYECKHUE MPOAYKTHI, HE SBJISIOLINECS
BBICOKOLIEHHBIMH, MOTYT OBITb PELHUPKYJIUPOBAHBl B COOTBETCTBYIOINYIO YCTAHOBKY JJIst
KOHBEPCHUM TAKOTO HEKENATeJIbHOTO TMPOAYKTAa WJIM B LEJNEeBOH NPOAYKT (Hampumep,
BBICOKOLIEHHBIN HEe(pTEXUMHUUECKUIH MPOAYKT) WA B MPOAYKT, KOTOPBIH MOIXOAUT B KAa4eCTBE
CBIPBSI AJIl APYTOH YCTAHOBKHU.

B cnocobe M TEXHOJOTMUECKOW YCTAHOBKE HACTOSILETO U300pETeHUs BECh
00pa3oBaHHbIIl MeTaH COOUPAETCS U MPEANOYTUTEIBHO MOABEPraeTCs MPOLIECCY CemapaLuy I
MOJIyY€HHs] TOIUIMBHOTO ra3a. Y Ka3aHHbIN TOIUIMBHBIN a3 MPEeANOYTUTENbHO UCIONb3YeTCs IS
o0ecriedeHnsl TEXHOJIOTHYECKOTO TeIla B BHIE TOPSAYUX ABIMOBBIX Ia30B, OOpa3yIOIIMXCs NPU
C)KUTAHMM TOIUIMBHOTO Tra3a, MM C IOMOLIBIO O0Opa3oBaHUsl BOINSHOrO mapa. B kadecTse
aJIbTEPHATHBBI, METaH MOXKET ObITb MOABEPTHYT MapoBOMY pPHGOPMHHIY MJISI MOJTYYEHHS
BOZIOPOAA.

PasnuuHble ycTaHOBKH, paboraroiye B crocobe, WM TEXHOJOTMYeCKas YCTAHOBKA
HACTOSIIEr0 M300peTeHHsl SBJIOTCS K TOMY ke OOBEOMHEHHbIMHM TNOZa4yeldl BOAOpOZa,
o0pasyromerocsi B HEKOTOPBIX MPOLIECCAX, TAKUX KaK CHHTE3 OJe(UHOB, B KAYECTBE CHIPHEBOTO
IIOTOKAa B IIPOLECCHl, B KOTOPBIX BOAOPON HEOOXOAMM B KayecTBE ChIPbs, TaKHE Kak
TUAPOKPEKHHr. B ciyuae, eciu cnoco® M TEXHOJIOTMYeCKas YCTAHOBKA SIBJISIFOTCS YHUCTBIMHU
noTpeduTeNnsiMU BOOpoaa (T.€. BO BpeMsl 3amycka crocoda WIn yCTaHOBKH, MJIH ITOCKOJIBKY BCE
pacxonyoume BOAOPOX TpoLecchl NOTPeOssoT Oonbpllee KOJMYECTBO BOAOPOAA, UeM
NPOM3BOAUTCS BCEMH O00OPa3yOIUMHU BOAOPO MPOLIECCAMH), MOKET OTPeOOBaATHCS pUPOPMUHT
JOTMOJHUTEIBHOTO METaHA WJIM TOIUIMBHOTO TIa3a, MOMHUMO TOIUTUBHOTO ras3a, 0o0pas3yemoro
crIocoOOM MIJIN TEXHOJIOTHYECKOH YCTAHOBKOH 110 HACTOSIIIIEMY M300PETEHHUIO.

Crenyroiue HOMepa MO3ULMH UCTIOB3YIOTCS Ha urypax 1-5:

10 - ycTaHOBKA MEPEroHKH ChIpOii HehTH

26 - yCTaHOBKA pa3MbIKaHMs KOJIbLA

30 - ycTaHOBKa 1JIs1 CHHTE3a OJie(pHOB

31 - ycTaHOBKA KPEKHMHIa 3TaHa

34 - ycTraHOBKa KpekuHra OyTaHa

35 - ycTaHOBKA ra30BOr0 KPEKMHIa

36 - yCTaHOBKA KMJIKOTO KPEKMHIa

37 - ycTaHOBKA KPEKHHIa MIPOMaHa

38 - pasmenuTenbHas yCTaHOBKA

40 - ycraHOBKa 00JaropaknBaHUsi KyOOBBIX OCTaTKOB, MPEATIOYTUTENHPHO YCTAHOBKA
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THAPOKPEKHHIa KyOOBBIX OCTaTKOB

50 - ycTaHOBKA pa3zeneHus ra3on

70 - ycTaHOBKA AeapoMaTU3aLuU

80 - ycTaHOBKa OOpaTHON M30MEPH3aLUN

100 - ceipas HepTH

200 - CHI', obpa3oBaHHbIi B KOMOMHHPOBAHHOM CIIocode

214 - ankaHbl, 0Opa30BaHHbIE YCTAHOBKON pa3MbIKaHUs KOJIbLA

215 - ankanbl

216 - H-anKaHbI

217 - C4-C8 ankaHsl

220 - nmerxkue rasbl U OOpa3oBaHHBIM B HedTenepepadateiBaromeit ycraHoske CHI,
NOJTy4€HHbIe B KOMOMHHPOBAHHOM Crioco0e

222 - CHI', nony4eHHbIH C TOMOLIBIO Pa3MbIKaHHs KOJIbLA

223 - CHI', mony4eHHbIH ¢ MOMOIIBIO 00J1aropakuBaHusl KyOOBBIX OCTATKOB

230 - razoBast (ppakuus

240 - 3Tan

250 - nponax

260 - OyTaHbI

303 - yrieBogOpOAHOE ChIPbE HA 1€apOMAaTH3ALIUIO

310 - onna wu Oonee pakiusi, BbIOpaHHas U3 HA(ThI, KEPOCHHA U Ta30MIs

313 - oboralieHHbII alkaHAMU TTOTOK, TIOJTy Y€HHBIN C TIOMOIIBIO eapOMaTH3A LU

314 - oforamieHHbIi apPOMATHUYECKUMU COEAWHEHMsMH U Ha@TEeHAMH IOTOK,
MOJTyYE€HHBIN C TOMOIIBIO 1€apOMaTU3aLNT

315 - C4+ ankasbl, NOJTy4YeHHbIE pA3MbIKAHUEM KOJIbLIA

320 - obpa3oBanHbIi HedTenepepadaThIBAOIEH YCTAHOBKON JIETKMH TUCTUJUIAT W/WIIH
oOpa3oBaHHbIN He(TenepepadaThBAIOIIEH yYCTAHOBKOW CPENHHMH AWCTUIUIAT, MOJyYEHHBIE B
KOMOWHHPOBAHHOW HEPTEXUMHUECKONW TEXHOJOTHUECKONW YCTAaHOBKE

329 - nerkuil AMCTWUIAT WWIM CPEIHUH AUCTIIUIAT, OOpa3OBaHHBIE C TMOMOIIBIO
oOnaropakuBaHUsI KyOOBBIX OCTaTKOB

334 - KPEKUHT-AUCTIILIAT W/WIIN Ca’KeBOE MACIo

400 - kyOOBBIE OCTATKU

401 - obpa3oBanHbIii HedTenepepadaThIBAOIIEH YCTAHOBKON TSKENbIN AUCTUILISAT

420 - TspKeNbId DUCTHJUIAT, OOpa30BAaHHBIN C MOMOIIBK OONAaropakMBaHHs KyOOBBIX
OCTaTKOB

500 - oneduHbI
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501 - onedunbl, 06pa30BaHHBIE C TIOMOIIBIO YCTAHOBKH ra30BOTO KPEKUHTa

502 - onedunbl, 00pa30BaHHBIE C TIOMOLIBIO YCTAHOBKH JKUAKOTO KPEKHHTa

504 - sTunen

505 - mponunex

506 - OyTuneHs!

600 - BTK

701 - MeTaH, MOy YEHHBIN C TIOMOIUBK) PA3AEIeHUs Ia30B

704 - meTaH

804 - Bogopon

Xorss wm3o00pereHne OBLIO MOAPOOHO OIMHUCAHO C LEJbI0 HWJUTOCTPALHH, CJEIyeT
NOHUMATh, YTO TaKU€ NOAPOOHOCTH NPUBOIATCS MCKIKOYHUTENBHO IJIsI 3TOW LENH, W 4YTO
CHeLUATICTAMA MOTYT OBITh CHeNaHbl U3MEHEHHs, 0e3 OTKJIIOHEHHs OT CYIIHOCTH U oObema
n300peTeHus, onpeaesieMblx GopMyIIoit H300peTeHus.

Cnenyer TakXe OTMETHTb, YTO H300pETEHHE OTHOCHUTCS KO BCEM BO3MOXKHBIM
KOMOMHAIMSAM ONMCAHHBIX 3/1€Ch NMPHU3HAKOB, B YACTHOCTH, HPEANOYTUTEIbHBIMU SIBJISIIOTCS T€
KOMOMHAIMY NPU3HAKOB, KOTOPbIE IPUCYTCTBYIOT B (hopmyJie n3oOpeTeHus..

Crnenyer OTMETUTb, YTO TEPMHUH «COAEPKALIMI» HE WCKIIOYAeT HAJIUYMsl APYTUX
sneMeHTOB. OnHAaKO Takke CleAyeT IMOHMMAaTh, YTO OIMCAHUE TIPOAYKTA, COAEpIKaLIero
ornpesaesieHHble KOMIIOHEHTBI, TaK)Ke OIUCBHIBAET MPOAYKT, COCTOSIIMMA W3 3THUX KOMIIOHEHTOB.
AHanoru4HbIM 00pa3oM, TaKKe CJIeAyeT MOHUMATh, YTO OMHCAHHE MPOLECCa, BKIIOYAIOIIEro
onpeaesieHHbIe CTalUU, TaKXKe OMUCBIBAET MPOLECC, COCTOSALINMI U3 3TUX CTAAUM.

Hacrosimee wu3oOperenue OyneT Teneph omucaHo Oojiee MOOPOOHO € TMOMOIIBIO
CJIEYIOIINUX HE OrPaHUYUBAIOIIUX PUMEPOB.

CpasHuTeNnLHbI npuMep 1

IIpencraBneHHble 37€Ch KCIIEPUMEHTAJIbHBIC TaHHBIE OBUIM IOJIyY€HBI C IOMOIIBIO
MOZIEJIUPOBAHMS CXEMbl TEXHOJOrHMYecKHx mporeccoB B Aspen Plus. Kunermka mnaposoro
KpeKHHra OblIa CTPOTO y4TeHa (C TOMOIIBIO IMPOrPAaMMHOTO O0eCeueHNs AJIsl pacHeTOB COCTaBa
NPONYKTOB YCTAHOBKH IMApOBOrO KpeKWHra). lcrmonb3oBanmu CleAyromue YCIOBUS TeYd
YCTaHOBKM MapOBOr0 KPEKHHra: Meuu 3TaHa U MpoINaHa: TeMIEepaTypa Ha BBIXOJE U3 3MEEBHKA
(COT) = 845°C u orHouenne BoxsHOro napa k maciy = 0,37, C4-neun M meyu Ut SKUIKOTO
ceippsi: COT = 820°C wu orHomeHue BoAsHOro mapa k wMacay = 0,37, YcraHOBKY
JieapoMaTH3aLi MOJIETUPOBAIM B BUJE AEIUTENs Ha 2 MOTOKA, MPUYEM OJIMH MOTOK Cozep:kal
BCE apOMaTHYECKHe M Ha()TEHOBbIE KOMIIOHEHTBI, M IPYTOH MOTOK COZIEP Kl BCe HOPMAJIbHBIE U
u30napadUHOBBIE KOMIIOHEHTHI.

JIns pa3sMbIKaHUs KOJIbLIA HCIIOJIB30BAIN CXEMY PEaKLUHU, B KOTOPOU BCE apOMAaTUYECKHUE,
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HaTeHOBBIE U apaduHOBBIE coequHEeHNsI KoHBepTHpoBauch B CHI.

YcTraHOBKY 00paTHOW M30MEPH3aLUK MOJAETIHPOBAIIH [0 CXEME PEAKLMH, B KOTOPOH BCe
u30onapauHOBBIE KOMIIOHEHThl KOHBEPTHUPOBAJINCH B COOTBETCTBYIOIIME HMM HOPMAaJIbHBIE
napapuHOBbIE KOMITOHEHTBL.

MonenupoBaHie YCTAHOBKH T'HAPOKPEKHMHra KyOOBBIX OCTAaTKOB OCYIIECTBIISUIM Ha
OCHOBE JINTEPATYPHBIX JTAHHbIX.

B cpaBHuTenrHOM mnpumepe | apaBUICKYIO JIETKYIO CHIPYIO HE(Tb NEPEroHsIH B
yCTaHOBKe aTMocdepHoi mneperoHku. Bce ¢paxium, xpome KyOOBBIX OCTaTKOB, IOABEPTaJIH
napoBOMy KpekuHry. ®dpaxiuy, HampasisieMble B YCTaHOBKY IMapOBOTO KPEKHMHIA, BKIIKOYAIN
CHI', nadTy, KepocHH U ra3oinb. I'paHuna oraeneHust s KyOOBBIX OCTAaTKOB COCTaBJIsLIA
350°C. OOwas nonst cblpoii HedTH, HAmpaBiIsieMOH B YCTAaHOBKY IapOBOTO KPEKWHTa,
coctaBysna 10 52% macc. cbipoil HepTH. B ycTaHOBKE MapoBOro KpeKMHra yKa3aHHbIE BbIIIE
(pakuun ceipoit HepTH MOABEPTATUCH KPEKUHTY B neyax. Pe3ybrarsl npuBonsaTcs B Tadnuue 1,
KaK MPEJCTABICHO HIKE.

ITponyKThl, KOTOpbIE OBLIM MOJYYEHBI U3 CHIPOH He(TH, NeNMIN Ha He(PTEeXUMUYECKUE
nponykThl (onepunsl u BTOK, rne BTOK sBnsercss abOpeBuatypoii, o3Hauaromeir «bTK +
S>THAOEH30») U APYrHe MPOAYKTHI (BOJOPOA, MeTaH W Tshkenble (paximu, comepskamue CO
CMOJIbI, KPEeKHHI-TUCTHJUIT, CaXeBOe Macjio U KyOoBble ocratku). OOmiee KOJIMYECTBO
coctaBisio B cymme 100% ot obmel coipoii He(TH, MOCKOJBKY KyOOBBIE OCTATKH TaKKE
NPUHUMAJM BO BHHMaHue. M3 coctaBa mMpoayKTOB Chipod HEPTH 3(PPEKTUBHOCTD MO YIIEPOIY
OTIPENENSIIN KaK:

(Obmee MaccoBoe comepskaHue yriaepona B Heprexumudeckux nponykrax) / (OOmee mMaccoBoe
CoJiep KaHuE YIIIepoia B ChIpOH HEPTH).

B cpaBHuTenbHOM mpuMepe BBIXOA OSTWiIEHa coctaBisul 15% wmacc. ot obmero
KOJIMYECTBA ChIPOH HE(TH.

Ilpumep 1

IIpumep 1 naeHTHYEH CPABHUTEIBHOMY NPUMEPY, 32 UCKIHOYEHUEM CIIEYIOIIEro:

@pakuun HaTH, KepocuHa M rasoins (rpanuna oraeneHus 350°C), mojydeHHbIE B
pe3yJbTaTe MEepPEeroHKH ChIPO He(TH, mepepacrlpenessuii B YCTAHOBKE JeapoMaTH3alud Ha 2
NOTOKA, MPHUYEM OIWH TMOTOK COAEp:Kajl BCE apOMAaTUYEeCKHe U HA(TEHOBbIE KOMITOHEHTBI, a
OPYrol TOTOK COAep:al BCE H30- M HOPMajbHble aikaHbl. [IOTOK apoMaTHYecKux H
Ha(TEHOBBIX KOMITOHEHTOB IIOJIaBaJM Ha pPa3MbIKAHHE KOJIbI[A, KOTOPOE OCYINECTBILIN B
TEXHOJIOTUYECKUX YCIOBHUAX [UIA DPa3MbIKAHHUS BCEX AapOMATHYECKUX KOJELl H KOHBEPCHH
ocraBiiuxcs ajgkaHoB U HagreHos B CHI™ (mpomexyTounsiii mponykt). Itot CHI™ pa3znensu Ha

STAHOBYIO, MPOMAHOBYIO M OyTaHOBYIO (Ppakiy, KOTOpbIE MOABEPrad MapOBOMY KPEKHHTIY.
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IToTok ankaHOB U3 yCTAHOBKHU A€apOMaTU3alMK TAKKe MOJBEPrajii MapoBOMY KPEKHUHIY.

IIpuBenennass Huxke tabmuua 1 oTpakaeT oOmMK COCTaB MPOAYKTOB M3 YCTAHOBKH
MapoOBOTO KPeKuHra B %o Macc. oT odiero konmyecTBa ceipoit Hedtu. Tabmuma Takxke COOep:KUT
¢bpakuuro ocraTka aTMOc(hepHOI MePETOHKH.

B mpumepe 1 BbIxOx 3THieHa coctaBisn 25% Macc. OT OOWIEro KOJIWYeCTBA ChIPOM
HedTH.

IIpumep 2

IIpumep 2 npentuyeH npumepy 1, 3a UCKIFOYEHUEM CIIEAYFOILETO:

Bo-nepBrIx, KyOOBbIE OCTaTKH OOJArOpakMBaJM B YCTAHOBKE THIPOKPEKUHra KyOOBBIX
OCTAaTKOB C IOJYUYEHUEM TIa3oB, JIETKOrOo AUCTWUIATA U cpenHero auctwuiAra. IlpenenpHas
KOHBEPCHs B YCTAHOBKE T'MIPOKPEKHHra KyOOBBIX OCTaTKOB OJIM3Ka K MOJHOW (OMUTYMHBIH MeK
U3 YCTaHOBKHU THIPOKPEKMHIa KyOOBBIX OCTaTKOB cocTaBysia 2% Macc. cbipoit HedTH). I'asml,
HIOJTyYeHHBIE C TOMOIIBIO THAPOKPEKUHra KyOOBBIX OCTATKOB, MOJABEPTAIN TAPOBOMY KPEKHHTY.

Jlerkuii AUCTUILIAT U CPEAHUIN AUCTUIUIAT, MOJIYYEHHBIE C MOMOIIBIO T'MAPOKPEKHUHIa
KyOOBBIX OCTAaTKOB, MEpepacHpeneisiyii B yCTAHOBKE A€apOMATH3AlMU HAa 2 TOTOKA, MpUYEM
OIVH TOTOK COIEepIKaJl BCE apOMaTHYeCKHe M HA(PTEHOBbIE KOMIIOHEHTHI, a APYrod MOTOK
comepkal BCE€ M30- W HOpPMajbHble ajkaHbl [lOTOK apomaTtuueckux H Ha(TEHOBBIX
KOMIIOHEHTOB NOJABAJIM HA Pa3MbIKAHUE KOJIbLA, KOTOPOE OCYILECTBISUIM B TEXHOJIOTMYECKHUX
YCJIOBUSX Il PA3MbIKaHUSI BCEX apOMAaTUYECKUX KOJel M KOHBEPCUU OCTABIIMXCS aJKaHOB U
HaprenoB B CHI' (mpomexxytounbiii mnpoxykr). Otor CHI paspmensim Ha STaHOBYIO,
NPOMAHOBY0 M OyTaHOBYIO (pakiuM, KOTOpbIE TMOABEPrajd MapOBOMY KPEKHHTIY.
[TapaduHOBBIH MOTOK U3 YCTAHOBKH A€APOMATH3ALMH TaK)Ke MOABEPTai MAPOBOMY KPEKHHTY.

Kpome Toro, TsKenyro 4acTh BBIXOASALIETO MOTOKA M3 yCTaHOBKHU KpekuHra (C9 cmonbl,
KPEKHHT-TUCTHIUIAT M CAXKEBOE MACJIO) PELIMPKYJIUPOBAIN B YCTAHOBKY J1€apOMATHU3ALIH.

IIpuBenennass Huxke tabmmua 1 oTpakaeT oOmMH COCTaB MPOAYKTOB M3 YCTAHOBKH
NapoOBOro KpeKuHra B % macc. oT odmero koindectsa cbipoi HepTH. CocTaB MPOIYKTOB TAKKE
CoIep KUT OUTYMHBIH MeK 13 YCTAHOBKU THAPOKpekHHra (2% macc. ot cripoii HedTH).

B mpumepe 2 BbIxox 3THieHa coctaBiisil 46% Macc. OT OOLIEro KOJIMYeCTBA ChIPOM
HedTH.

IIpumep 3

IIpumep 3 naeHTHYEH NpUMeEpY 2, 3a UCKIFOYEHUEM CIIEAYIOILETrO:

ITapaduHOBBIN MOTOK M3 ycTaHOBKH neapomatmzauuu U C4 (pakuuio U3 yCTaHOBKH
pPa3MBIKAHUsI KOJIbIIA IMONABAJIH HAa OOpPATHYI0 HM30MEPHU3ALMIO Tepel MapoBbIM KPEKHUHroM. B
yCTaHOBKE OOpaTHOIN M30MEpU3aLINH BCE N30AJIKAHBI KOHBEPTHPOBAINCH B HOPMAJIbHBIE AJTKAHBL.

IIpuBenennass Huxke tabmmma 1 oTpakaeT oOmME COCTaB MPOAYKTOB M3 YCTAHOBKH



30

IIapoBOTrO KpeKHHra B % macc. oT o0mero koiaudecTsa cbipoil Hegtu. CocTaB NPOAYKTOB TAKXKe

COIep KUT OUTYMHBIH NeK M3 YCTAHOBKU THAPOKpekHHra (2% macc. ot cipoii HehTH).

B mpumepe 3 BeIxox 3ThieHa coctaBisil 49% macc. OT OOWIEro KOJIWYecTBa ChIPOM

HedTH.
Tabanua 1

CpaBuutenbhnblii | [lpumep 1 IMpumep 2 Mpumep 3

npumMep
Hedrexumuueckue npoaykThl (% Macc. cbeipoi HepTH)
ITHIEH 15% 25% 46% 49%
IIponunen 8% 9% 18% 17%
byTtaauen 2% 2% 4% 4%
1-OyTen 1% 1% 1% 2%
H300yTen 1% 1% 1% 0%
Wzonpen 0% 0% 0% 0%
uknonenranueH 1% 1% 1% 1%
benszon 4% 2% 4% 4%
Tonyon 2% 1% 1% 1%
Kcunon 1% 0% 0% 0%
OtunbeHzon 1% 0% 0% 0%
Jpyrue komnoHeHTs! (% macc. cbIpoi HepTH)
BOZIOPOA 1% 1% 2% 2%
MeTaH 7% 10% 18% 17%
Tsukensie 56% 48% 0% 0%
KOMITOHEHTBI
IpexTHBHOCTS 38.0% 42.4% 81,6% 82.4%

IO yIaepoay

Ipumep 4

B nanHOoM mnpumepe Oonee moapoOHO omucaHa aeapomMaTH3alusi ¢ 0Opa3oBaHUEM

NnepBoro  1moOTOKa,

O0OrameHHOro apoOMaTUYEeCKHMHU YIJIEBOIOPONAMH H  Ha(TEHOBBIMU

YTJIEBOAOPOAAMH, U BTOPOTO MOTOKA, OOOTAIEHHOTO aJIKAHAMHU.

VIIeBOIOPOAHOE ChIPbE HAa €APOMATH3ALMIO B JAHHOM NpUMEpE MpENCTaBisieT coOoil

NPSIMOTOHHYIO HahTy, UMEIOIIY IO CIEeAY oL coctas: 69,16% macc. - mapaduHbl (HOpMalbHbIE

u momnapadunsl), 23,73% macc. - HadpTersl u 7,11% wmacc. - apomMaTHUeCKHe COCIUHEHUSI.
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VYTIIeBogOpOAHOE ChIpbe HA J€apOMAaTHU3aLMI0 TepepadaTbiBaii B YCTAHOBKE SKCTPAKIHU
pacTBOpUTENEM, COMEepIKAIIEel TPH OCHOBHBIX KOJIOHHBI NEPEPa0OTKH YIIIEBOAOPONIOB: KOJOHHY
SKCTPAKLUU PACTBOPUTENEM, OTHAPHYI0 KOJOHHY M 3KCTPAKLMOHHYIO KOJOHHY. B naHHOM
NpUMepe UCTIOIb30BAU TPATUIIMOHHBIN pacTBOpuTeNb N-MeTmmuppounod (NMP) ¢ 2% macc.
BoAbl. NMP, KOTOpBII SIBJASETCS CENEKTUBHBIM JUIsl SKCTPAKLUU apOMATUYECKUX COECAVUHEHMHI,
TaK)X€ CEJIEKTUBEH MJIi PACTBOPEHHUS JIETKMX HA(PTEHOBBIX M B MEHBIIEH CTENEHH JIETKUX
napapuHOBBIX COENUHEHMH, CIIeNOBATEIbHO, MOTOK, BBIXOMAIIUNA M3 KyOOBOM 4acTH KOJIOHHBI
SKCTPAKLUU  PACTBOPUTENEM, CONEPXKUT  PAaCTBOPUTEIb BMECT€ C  PacTBOPEHHBIMU
apOMaTHYECKNMH, Ha()TEHOBBIMH W JIETKUMHU mapauHOBBIMU coequHeHusiMu. [IoTOK,
BBIXOJSIIIUI M3 BEPXHEH 4YacTH KOJOHHBI AKCTPAKLMU pacTBoputeneM (TMOTOK paduHaTa)
COZIEP’KUT OTHOCHUTENIbHO HEpacTBOpUMBIE napaduHOBbE coequHeHUs. I10TOK, BbIXOMAIMNA 13
KyOOBOI 4acCTH KOJIOHHBI SKCTPAKLIMH PACTBOPUTEINIEM, [aiee MTOBEPraeTcs B AUCTUILISLIHOHHON
KOJIOHHE HCIapUTEIbHOMY OTIAPUBAHUIO, MPU KOTOPOM COEIMHEHMs Pa3delIAIOTCsl HA OCHOBE
UX OTHOCHUTEJIBHOW JIETY4eCTH B NPUCYTCTBUM PACTBOpUTENs. B mpucyTCTBUM pacTBOpUTENS
Jerkue napa(uHOBbIE COEIMHEHUS MMEIOT Oosiee BBICOKHE OTHOCHUTENbHBIE JIETYUeCTH, YeM
Ha(TEHOBBIE COEMHEHUS] 1 OCOOEHHO apOMAaTHUYECKUE COCTUHEHHS C TAKUM K€ YHUCJIOM aTOMOB
yIiepona,  CIEeNOBaTeNbHO,  OojiblIas — 4acTh  JIETKUX — NapaQUHOBBIX  COEAMHEHUH
CKOHIICHTPUPOBAHA B TOJIOBHOM IIOTOKE W3 KOJIOHHBI HMCIAPUTENIbHOTO OTIApUBAHUSA. JTOT
MIOTOK MOKET ObITh OOBEUHEH C MOTOKOM paduHAaTa M3 KOJOHHBI SKCTPAKLMH PACTBOPUTENIEM
Wi coOpaH B BHIE OTAEIBHOrO MOTOKA JIETKUX YTJIEBOAOPOAOB. M3-3a CBOEH OTHOCHTEIHHO
HHU3KOHM JIeTy4ecTH OOJBIIMHCTBO HA()TEHOBBIX M OCOOCHHO apOMATHYECKUX COCIMHEHUH
COXPAHSIOTCS B OOBEAMHEHHOM IIOTOKE PACTBOPUTENS U PACTBOPEHHBIX YTJIEBOAOPOMIOB,
BBIXOISIIEM U3 KyOOBOW 4YacTW 3TOH KOJOHHBL B mocienHeidl KojoHHe mepepaboTKu
YIJIEBOJOPOAOB YCTAHOBKM OKCTPAKLIMU PACTBOPUTENb OTHAENAETCA OT PaCTBOPEHHBIX
YIJIEBOAOPOAHBIX COEAUHEHWII ¢ TOMOIIBK TneperoHku. Ha 3Tol cTaguu pacTBOPUTEND,
KOTOPBIH MMEET OTHOCUTEJIBHO BBICOKYIO TOUKY KHITEHHSI, U3BJIEKAETCS B BHIE KyOOBOIO MOTOKA
U3 KOJIOHHBI, TOTZa KaK pPacTBOPEHHBIE YTIJIEBOJOPOIbI, COAEPKALINE TJIAaBHBIM 00pazom
apoMaTH4eCKue ¥ HA(PTEHOBBIE COEIUHEHHUs, W3BJIEKAIOTCS B BHAE I1APOBOrO IOTOKA,
BBIXOJALLIEIrO U3 BEPXHEH 4aCcTU KOJIOHHBI. JTOT MOCIEAHUH TOTOK HA3bIBAIOT HKCTPAKTOM.

B nanHOM npumepe uCnoyib30BaIu CAEAYIOLIUE YCIOBUS ISl SKCTPAKLIMOHHON KOJIOHHBI:

PactBopurens: NMP ¢ 2% macc. Boabr

OTHoteHne (MaccoBO€) PaCTBOPUTEIB: ChIPhE B SKCTPAKLIMOHHOHN KOJIOHHE 5: 1

JlaBneHne B BEpXHEH 4acTH KOJOHHBL: 5,5 6ap u30. (0,55 Mlla u36.)

JlaBieHre B HIDKHEH 4acTU KOJIOHHBL: 6,5 Oap u36. (0,65 MIla u30.)

Temnepatypa nogauu: 50°C
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Temnepatypa pactsoputens: 60°C

TemnepaTypa B BepxHeil uacTu kojnoHHbI: 60°C

Temnepatypa B HHXKHEHN YacTH KOJOHHBIL: S0°C

I'010BHOM NOTOK 3KCTPAKLUOHHONU KOJIOHHBI MOT UMETH CJIEAYOLUN COCTAB!

KommnoHeHTsI % JloJist KOMIIOHEHTa
Macc.
ITapadunsr 81% 68%
(HOpMaJIbHBIE U H30-)
Hadrens! 19% 48%
ApomaTtudeckue >1% >1%
COEAMHEHUs

KyOoBbIif NOTOK 3KCTPAKLMOHHON KOJIOHHBI MOI HMETh Cleayroumi coctaB (6e3

pacTBOpUTEs):

KomnoneHTBI % Jlonst KoMIOHEHTa
Macc.

IMapadunbl 53% 32%

(HOpMaJIbHBIE U H30-)

Hadrenbt 30% 52%

Apomarudeckue 17% 100%

COEIMHEHUsI

IMpumeyanue: KyOoBbIfi MOTOK 3KCTPAKLIMOHHOM

KOJIOHHBI

KOJIOHHBI SBJISIETCsS CBIPbEM IJIsA OTI'I&pHOfI

B nmansom MPUMEPE UCIIOJIB30BaAIHN CICAYHOIINEC YCIIOBUA I OTHapHOﬁ KOJIOHHBI:

JlaBeHue B BepXHel yacTu KONOHHBI: 1,52 Gap u3b. (0,152 MIla u30.)

JlaBiieHre B HIKHEW 4acTu KOJIOHHBL: 1,77 6ap uz6. (0,177 MIla u30.)

Temnepatypa B BepxHeil uacTu koJoHHbI: 94,11°C

Temnepatypa B HHXKHEH YacTH KOJOHHBI: 175°C

I'on0BHOM NOTOK OTHAPHON KOJIOHHBI MOT UMETDH CJIEy FOLUN COCTAB!

KomnoneHThI % Jlons koMmoHeHTa
macc.

[Mapaduner 91% 21%

(HOpMaJIbHBIE U H30-)

Hadrens! 8% 6%

ApomaTtuieckue >1% <1%

COEAMHEHUsI

Ky0OoBbIif TOTOK  OTmapHOM

pacTBOpUTES):

KOJIOHHBI MOI' HMETH

crnenyrommii  cocraB  (0e3
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KommoneHTel % wmacc. B | Jloast KOMIIOHEHTA B 3KCTPAKTE
SKCTPAKTE
ITapadunsr 29% 11%
(HOpMaJIbHBIE U H30-)
Hadrens! 43% 47%
ApomaTtuyeckue 28% >99%
COEIMHEHMS
OKCTpaKT:

T'omoBHOM  MOTOK 3KCTpaKI_II/IOHHOI\/'I KOJIOHHBI/TIOTOK 9KCTpaKTa MOKET UHMETb

CenyroIuii coctas (0e3 pacTBOPUTETIS):

KommioneHTel % macc. B | Jloas KOMIIOHEHTA B 3KCTPAKTE
JKCTPAKTE

ITapadunsr 29% 11%

(HOpMaJIbHbIE U H30-)

Hadrenn! 43% 47%

ApomaTtudeckue 28% >99%

COEAMHEHUsI

HpI/IMe“IaHI/IeI CocTaB roJIOBHOIO IMOTOKA SKCTpaKHHOHHOﬁ KOJIOHHBI ABJIACTCA TAaKHM XK€, KaK

cocTaB KyOOBOro MOTOKA OTHAPHOH KOJIOHHBI 0€3 paCTBOPUTEIIS.

OObenuHeHHbI MOTOK paduHata (OOBEIMHEHHE TOJIOBHOTO MOTOKA 3KCTPAKIIMOHHOMN

KOJIOHHBI M TOJIOBHOT'O TMOTOKAa OTMAPHOW KOJIOHHBI) MOJKET MMETh ClieAyromuil cocra (0e3

pacTBOPUTES):

KomnoneHTsl % wmacc. B | Jloast KOMIOHEHTa B 3KCTPAKTE
SKCTPAKTE

[Mapadunsbr 83% 89%

(HOpMaJIbHBIE U H30-)

Hadrenst 17% 53%

ApomaTtuieckue <1% <1%

COEAMHEHUsI

B wrore, npu ucnonszoBanun NMP + 2% macc. BOAbl B KauecTBE PACTBOPUTEINS B
YCTAHOBKE HKCTPAKLUU PACTBOPUTENIEM, COAEpIKALIeH TPU OCHOBHBIE KOJOHHBI NEpepadOTKH
YTJIEBOAOPOAOB (KOJIOHHY 3KCTPAKLMH PACTBOPHUTENEM, OTIAPHYIO KOJIOHHY M 3KCTPAKIIHOHHYIO
KOJIOHHY ), MOJKHO Pa3JieJIUTh YIIIEBOIOPOIHBIH IMOTOK (B TAHHOM CJIy4ae MPsIMOTOHHYIO Ha(Ty)
Ha TOTOK paduHATa, KOTOPBIA, MO CPAaBHEHUIO C TOJABAaEMbIM ChIpbeM, Oorat mapaduHammy,
CpaBHUTENBHO OeZieH HaTeHaMH U MO CYINECTBY HE COAEPIKUT apOMATHUECKUX COSAMHEHUH, U
OTAENbHBIN MOTOK 5KCTPAKTa, KOTOPHIH OeneH mapaduHamu (IO CPaBHEHHIO C IMOJABAEMBIM

CBIPHEM) U CPABHUTENLHO OoraT HahTeHAMU U ApOMATHUYECKUMHU COSTUHEHUSIMU.
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O®OPMYVYIJIA U3OBPETEHUSA

1. KomOnHMpOBaHHBIH cr1oco0 KOHBEPCUH ChIPOH HEPTH B HEPTEXUMUUECKUE TPOIYKTHI,
BKJIFOYAIOLINI MEPEeroHKy ChIpoW He(TH, AeapOMaTH3aLMI0, Pa3MbIKAHHE KOJbLA M CHHTE3
oJIe()MHOB, TIPHU STOM CIIOCOO BKITIOYAET B ¢e0s1 CTaiuu, Ha KOTOPBIX:

(a) momBeprarOT YTJEBOOOPOAHOE ChIPbE IeapoMaTH3aluu ¢ 0Opa3oBaHUEM IEPBOTO
NOTOKa, 0OOraleHHOTO0 apOMATHUECKHMHU YIJIEBOAOPOIAMH U HA(TEHOBBIMH YTJIEBOIOPOAAMH,
Y BTOPOT'O NMOTOKA, 00OTaIeHHOr0 aJKaHAM;

(b) nmonBepraroT TMOTOK, OOOTAIEHHBI apPOMATHYECKHUMH  YTIJIEBOJOPONAMU |
Ha()TEHOBBIMH YTJIEBOJOPOAAMH, PA3MbIKAHHUIO KOJIbLA JUIS TIOJIYyYSeHHS aJIKAHOB, U

(c) moxgBepraroT ajgKaHbl, 00pa30BaHHBIE B YKa3aHHOM CIIOCO0E, CUHTE3Y OJIe(pHHOB,

NpUYEM YKa3aHHOE YIIIEBOAOPOIHOE ChIPhE COMEPIKUT:

onHy wiu Oojee (pakLuio, BRIOPAHHYIO M3 HAPThI, KEPOCHHA U Ta30MWJIs], MOJYUYEHHBIX C
TIOMOIIIBIO TIEPETOHKHU ChIPOH He(TH B YKa3aHHOM CIOCo0€; 1

obpaszoBaHHbINl HedTenepepabaThiBatOIell YCTAHOBKOW JIETKUH JUCTHIUIAT — W/WIH
obpasoBaHHbIN HedTenepepadaThIBAIOLICH YCTAHOBKON CPEOHHMN TUCTHIUIAT, MOJYy4YEHHbIE B
YKa3aHHOM criocobe.

2. Cnoco® mo m.l, AONONHUTENBHO BKIIOUAOIIMH B ceOs CTaauio, Ha KOTOpPOM
obpaszoBaHHble HedTenepepabaThiBarOIlell YCTAHOBKOW AaJIKaHbIL, IOJIyUYE€HHbIE B YKa3aHHOM
criocobe, TMOABEPralOT OOpaTHOW W3OMEPU3ALMKM MJISi TOJNYYEHUS] H-aJKAHOB, KOTOpPbIE
MOJIBEPTAIOT CUHTE3Y OJie(hUHOB.

3. Cnocob mo m.1 wimm 2, B KOTOPOM YKa3aHHOE pa3MbIKAHWE KOJIbLIA TPUBOIUT K
NOJIY4YeHUIO TEePBOTO TOTOKA, coaep:kamero cxrkeHHbl Hedrsnoi ra3 (CHI'), u Broporo
notoka, conepxkamero C4+ ankaHbpl, MPU 3TOM yKa3aHHBIN MOTOK, copepskamuii C4+ anmkaHbl,
O0BEAUHSIIOT C aJIKaHaMH, 00OPA30BAHHBIME C TIOMOIIBIO 1€aPOMATH3ALIUH.

4. Cnocod6 mo mobomy w3 m.m.1-3, B koTtopom mo MeHbineir mepe 50% mMacc.
O0beIMHEHHBbIX Ha(Thl, KEPOCHHA W Ta30MJIsl, MOJYYEHHBIX C TOMOIIBI MEPErOHKU ChIPOit
He()TH B YKa3aHHOM Crioco0e, MOABEPraroT JeapoMaTHU3aL|H.

5. Cnoco® mo mobomMy u3 m.m. 1-4, B KOTOPOM CHHTE3 OJISPUHOB MPEACTABISAET COOOH
MHPOJIH3.

6. Cnocod mo m.5, B koropom CHI', oOpa3oBaHHBIi B KOMOWHHPOBAHHOM CIIOCOOE,
MIO/IBEPTalOT ra30BOMY KpekuHry, a C4+ amkaHbl MOJBEPratOT JKUIAKOMY KPEKUHTY.

7. Cniocob mo mobdomy u3 1.1 1-6, KOTOpPBIN JOMONHUTENILHO BKITFOYAET B CeOs CTaIuH,
Ha KOTOPBIX:

(a) monBepraroT CrIpyr0 He)Th MeperoHKe ¢ 0Opa3OBaHUEM OIHOW WUJH Ooyiee (PpaKIHH,

BBIOPAaHHOMW U3 Ta30BOH (ppakumu, HAQThI, KEPOCHHA, T30 M KYOOBBIX OCTATKOB; U
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(b) momeepraroT KyOOBble OCTaTKH OOJAarOPa’kMBaHHUIO KYOOBBIX OCTaTKOB C
obpazoBannem CHI™ 1 ierkoro u cpenHero TUCTHILIATA.

8. Criocob mo 1.7, B KOTOpoM obJiaropaskuBaHre KyOOBBIX OCTaTKOB MPENCTABIISIET COOOH
TUAPOKPEKHUHT KyOOBBIX OCTaTKOB.

9. TexHoJOrmueckass yCTAaHOBKA Ul KOHBEPCHUH CBIpOH HepTH B HepTEXUMHUYECKHE
NPOIYKTHI, COEprKaInas

ycranoBky (10) neperonku ceipoit HedTH, comeprxainyro BBoA s cbipoi HedTH (100) u
10 MeHbINIEH Mepe OAWMH BbIBOA I ogHOH miu Oonee ¢pakuuu (310), BbIOpaHHON U3 Ha(THI,
KEpOCHHA U Ta30MJIs,

ycraHoBky (70) neapoMaTH3alMM, CONEPKAIIYI0 BBOJA JJIS YIJIEBOAOPOMHOIO ChIPbS
(303) Ha neapomaTH3aLHIO, BBIBOJ IJIsl IepBoro nortoka (314), oborammeHHOro apoMaTu4ecKuMu
yIJIEBONOPOAAMHU U Ha(TEHOBBIMHU YTIJIEBOAOPOAAMH, M BTOpOro moroka (313), oborameHHoro
aJKaHaMU,

yCTaHOBKY (26) pa3MbIKaHHsl KOJIbIA, COAEpIKAIlyr0 BBOX g TmoTtoka (314)
apOMAaTHYECKUX COEOUHEHHH M HadTeHOB, OOpa30BaHHBIX C IOMOINBI AEAPOMATH3ALMHU, H
BBIBOJ 1JIs AJIKaHOB (214); u

yctaHoBky (30) anst cuHTe3a ojeuHOB, comepsKalnyo BBOA AJis adkaHoB (215) u BbIBOA
st onedunoB (500),

NpUYeM YKa3aHHOE yTJIEBOAOPOAHOE ChIPhE HA AeapOMAaTH3ALMIO CONEPIKUT:

omHy wiH 6osee Gpakuuro, BEIOPaHHYIO U3 HA(ThI, KEPOCUHA U Ta30MJIs, TOJTYyYEHHBIX C
noMoIIbi0 ycTaHOBKH (10) meperoHku cbipoit HeTH; U

o0Opa3oBaHHbIN HedTenepepabaThIBAIOMIEH YCTAHOBKON JIETKHMM JUCTHIUISAT — W/WJIH
oOpa3oBaHHbIN He(TenepepadaThIiBaOIel YCTAHOBKON CpEeNHUN TUCTHILIST, TOJYYEHHBIA B
KOMOWHHPOBAHHOW HEPTEXUMHUECKONW TEXHOJOTHUECKON YCTAaHOBKE.

10. Texnonoruyeckasi yCTaHOBKA MO 1.9, TONOJHUTENIBHO COAEpKaIIast

ycTaHoBky (80) oOpaTHOU HM30MEpH3alliy, COAEpIKAIlyr BBOA I alkaHoB (215) u
BBIBO/ U1 H-aJIKAHOB (216), mpu 3TOM YKa3aHHbIE H-aJIKaHbI, OOPa30OBaHHBIE C TOMOLIBIO
yKa3aHHOW ycTaHOBKH (80) oOpaTHOW M30MepH3alny, MONAIOT B YCTaHOBKY (30) ans cuHTE3a
oJle()UHOB.

11. Texnonoruveckas ycranoka 1o 1.9 uim 10, B KOTOpo# ycTtaHOBKa (26) pa3MbIKaHUs
konbia conep:xut BeiBon st CHI™ (222), 00pa3oBaHHOTO ¢ MOMOIIBK) Pa3MBbIKAHUS KOJIbLA, U
BeiBoA 1t C4+ ankanoB (315), xoropeie oObenussoT ¢ ankaHamu (313), oOpa3oBaHHBIMH C
MIOMOIIBIO 1€aPOMATH3ALINH.

12. TexHonorn4yeckasi yCTaHOBKA MO M. 1 1, JONMOJHUTENBHO COAEpPIKALLAs

yCTaHOBKY (35) ra3oBoro kpekuHra, comepskamyto Beoa aist CHI™ (200), monyueHHOTO B
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KOMOWHHPOBAHHOM criocode, 1 BbIBoA it oseuHoB (501);

yCTaHOBKY (36) JKHOKOrO KpeKHWHra, COIep:Kallyr BBOA Ui ankaHoB (215),
NPEATIOUTUTENBbHO H-aliKaHoB (216), BbBoa st onedunoB (502) u BBIBOA ANl cMecH OeH30ua,
tonyosna u kerosos (BTK) (600).

13. TexHonmoru4eckasi yCTaHOBKA 1O JFOOOMY 13 1.11.9-12, HOMOJHUTENBHO COAepIKalast

ycTaHoBKy (40) obnmaropaskuBaHusi KyOOBBIX OCTATKOB, COAEPIKAIIYEO BBOJ ISl KyOOBBIX
octaTkoB (400), mMONy4YeHHBIX C IOMOIUBIO TEPErOHKU ChIpoH HepTH, U 00pa3OBaHHOTO
HeTenepepadaThIBalOIed YCTAaHOBKOW TspKenoro auctwuiarta, u BeiBog st CHIT (223),
00pa30BaHHOIO C MOMOIIBIO 0OJaropakMBaHusl KyOOBBIX OCTATKOB, U BbIBOA JUIst (pakiuu (329)
JEeTKOr0  AMCTWIIATA  W/WIM  CPEeOHEero  JAUCTIILIATA, OOpa3soOBaHHOM C  MOMOINBIO
oOnaropaskuBaHusl KyOOBBIX OCTaTKOB.

14. IIpumeHeHne KOMOMHUPOBAHHOIN TEXHOJOIMYECKOH YCTAHOBKHU MO JTIOOOMY M3 I1.I1.9-
13 nnst xoHBepcHM ChIpOil He(pTH B HehTEeXUMHUYECKHE MPOAYKTHI, COAepkaiue ojepuHbl U

bTK.
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