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BBF 'lFl!llF 

Yqe6HHK IIOCB51I.UeH XHMHH H TeXHOJ10fl111 rrepepa60TKH HecpTH H ra3a, OTHOC51-

meHC51 K ttecpTerrepepa6aThrna10mei1 (ra3onepepa6aTbrna10mei1) rrpoMhillIJieHHOCTH. 

KaK H3BeCTHO, B ttecpTenepepa6aTh1Ba10mei1 npOMh1rn11eHHOCTH rrepepa6aThrnaeT

C51 rro.naBJI.HIOI.Ua51 'laCTh (-90%) BCeH cyMMapHOH .uo6bl'll1 Hecpm B MHpe. B Ha

CT051I.Uee speM.H Heqnerrepepa6aThIBaIOma51 npoMhilllJieHHOCTh BhmycKaeT 6011ee 

500 pa311wrnh1x HecpTerrponyKTOB. Cpentt HHx, npe)Kne scero, cnenyeT BhI.UeJIHTh 

npOH3BO,UHMbie 113 Hecpn1 B orpOMHblX KOJ111'-leCTBax He<pTenpo.uyKTbl TOnJlHBHOro 

HarrpasJieHH51 - 6eH311Hbl ( Kap610paTOpHoe TOIIJ111BO ), peaKTl1BHOe, )].113eJ1bHOe, ra-

3oryp611HHOe, KOTeJ1bHoe 11 neLJHoe Tonn11so. K npoJlyKu1111 HecpTerrepepa6aTbrna10-

mei1 npOMbllllJ1eHHOCTl1 OTHOC51TC51 TaK)l(e CMa30LIHbte 11 cneu11aJ1bHbie Macna, nJia

CTJ.ilIHbie CMa3Kl1, napacp11Hbl 11 uepe311Hbl , MHOro'-IHCJ1eHHble MapK11 611TyMOB wrn 
.uopm1rnoro CTpo11TeJibCTBa, TexHHLteCKHH yrnepon ( Ca)l(a), HecprnHOH KOKC, np11ca.u

KH K TOIIJ1HBY 11 MaCJiaM 11 MHOnte npyrne TOBapHbte nponyKTbl. 

KH11ra COCTOHT 113 12 mas. TiepBa51 rnasa nocB51WeHa npottcxO)l(lleHHIO H ycno

BHSIM 3a11erattttSI Hecjn11 11 ra3a B ropHblX no ponax; 11x no11cKy, pa3senKe, no6ht4e 11 

nepepa6oTKe, BTOpaSI rnasa IIOCB51WeHa X11Ml1'-leCKOMy COCTaBy l1 fP113H4eCKHM CBOH

CTBaM HefPT11 l1 ra3a, TpeTb51 - MeTonaM 11CCJ1e)lOBaHl151 Xl1M114eCKOro COCTaBa Hecp

TH H HecpTenpo.uyKTOB, t.teTBepTa51 - xapa1nep11cT11KaM 11 np11MeHeHHIO Ba:>KHeHWl1X 

ttecpTenponyKToB, rnna51 - no.uroTOBKe ttecpTH K nepepa6oTKe, rnecrn5l - nepBH'l

HOH neperoHKe ttecpTtt, cenbMa.H - TepMw.recKHM npoueccaM nepepa6oTKe ttecpTtt, 

BOCbMa51 - TepMOKaTaJ1HTl14eCKHM npoueccaM nepepa60TKI1 HecprnHblX cppaKLJ,HH, 

.ueB51Ta5l- KaTMHTH'leCKOMY Cl1HTe3y BbICOKOOKTaHOBblX KOMilOHeHTOB MOTOpttoro 

Tonmrna, p;eC51Ta5l - OCHOBaM TeXHOJiorm1 npOH3BOJl:CTBa HecpT51HblX MaCeJI, 01ll1H

Hap;u,aTa51 - npOI13BOJl:CTBY napaqrnHOB, u,epe3HHOB, nnaCTH'-IHblX CMa30K, Kl1CJ10T 11 

cy11L¢0KHCJIOT 113 tte¢Ttt. B nseHa,nu,aTo.H rnase paccMoTpettbI OCHOBHhie Texttono

rtt'leCKMe cxeMbl COBpeMeHHbIX HecpTerrepepa6aTbIBaIOI.Ul1X 3aBOJJ;OB. 
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t:JIABA l. L. ~•Th M I AJ: 

lll'OMCXO'/l\')lEIH1E J1 YLH ,,,,!}I i\ .. lEIAHl151 B IOl'HblX 
noP0,11,AX; 11011CK l1 PA:HH.:)JJ\A; .llOl>bll.IA 11 nEPEPAI>OTKA 

Heqnh - :>KH.UKHM rop10qttJ.l: MHHe

pa.rr, OTHOCHTC5! K KaycT06HOJIHTaM; 

npe,D,CTaBJI5!eT co6oi1 CJIO:>KHYIO CMeCh 

pa3JIHqHhIX yrneso.uopo.uos 11 reTepo

opraH11qecK11x coe.u11HeH11H. 

Do BHeurneMY Bl1.llY HecpTb - MaCJI5!

Hl1CTM, qaw:e Bcero TeMHa5!, )1(11)],KOCTb, 

cpJiyopecu11py10w:a51 Ha csery. IJ,seT ee 

3aBl1Cl1T OT co.uep)KaHl15! 11 CTpOeHl15! CMO

Jil1CTbIX sew:ecTB. BCTpe4aIOTC51 11Horna 

KpacHbie, 6ypb1e 11 )la)Ke noqT11 6ecuseT

Hb1e copTa HecpT11. HecpTb Jierqe BO.llhl. 

B3a11MHM pacrnop11MoCTh HecpT11 11 BO.llhI 

Hl14TO)KHa, O,UHaKO np11 11HTeHCl1BHOM ne

peMellmBaHl1H o6pa3yIOTC51 11HOrJJ,a 04eHb 

CTOHKHe HecprnHhie 3MYJihc1111. 

B513KOCTh HecpT11 MO)KeT 6hITh pa3-

JI11qHoH B 3aBl1Cl1MOCTl1 OT COCTaBa, HO 

BCer.ua 3Haq11TeJibHO Bbl We, 4eM y BO)lbl. 

B OTJI11q11e OT TBep.llhIX KayCT06110JI11-

TOB - KaMeHHhIX 11 6ypb1X yrneH, CJiaHues, 

rnpcJ:>a - HecpTb CO)lep)K11T 04eHh MaJIO 

30JihI. HecpTb - rop10q11i1 MaTep11aJI. 

TenJIOTa ee cropaH115! 42 M)J:)K/Kr, T.e. 

Bblllle, qeM y TBep)lbIX ropI0411X 11CKO

naeMbIX. 

Bonpoc npo11cXO)K.UeH115! Hecpm .llO 

c11x nop ew:e He noeyq11JI O.UH03HaqHoro 

pewe1-1115I. Ha116once np11HHTa opra1111-

qec1<a5I Teop1rn npo11cxmKJJ,e111rn 11ecjm 1. 

Cyw:HoCTh opraHHqecKOH Teoptt11 npo-

11cxo)K,UeHH5! HecpTH 3aKJIIOqaeTC5! B TOM, 

qTQ HecpTb H ra3 o6pa3yIOTC5! 113 opra

Hl14eCKOro sew:ecTsa, Hax0Mw:eroc51 B 

pacce51HHOM COCT05!Hl111 B oca)loqHbIX 

nopo)lax. 0mTaeTC5!, 4TO OCHOBHblM op

raHl14eCKl1M MaTep11aJIOM, HaKaTIJil1BaIO

llll1MC51 B oca.uoqHhIX nopo.uax, 51BJI51IOT

C51 OTMepll111e OCTaTKH M11KpOcpJIOpbl 11 

MHKpocpayHhI (nnaHKTOH, 6emoc 11 .up.), 

pa3Bl1BaIOllll1eC5! B MOpCKOH BO.Ue, K KO

TOpblM np11Mellil1BaJil1Cb OCTaTKl1 )Kl1BOT

HOro 11 paCTl1TeJibHOro M11pa. 

B sepxH11x c11051x oca.uoYHOH no

pO.llhI 3axopoHeHHbIH opraH11qecKl1H 

MaTep11an no.usepraeTC5! B03.UeHCTBl1IO 

K11cnopo.ua 11 6aKTep11i1 11 B 3Haq11TeJih

HOH Mepe pa3JiaraeTC5! c o6pa30BaH11eM 

ra3oB (CO!, N
2

, NH
3

, CH
4 

11.up.)11 paCT

sop11MbIX B BO)le )K11,UKl1X npO.llYKTOB. 

Ha116011ee ycToi1Y11Ba5I K x11M11qecKo

MY 11 6aKTep11aJihHOMY B03.uei1crn1110 

qacTb 11CXO.UHOro opraHl14eCKOro MaTe

p11aJia ocTaeTC51 B oca)lKe. 

B .uaJibHeHllleM, no Mepe norpy)Ke

Hl151 B TOJIW:Y oca)loqHoH nopO.llbl, 3Tl1 

opraHl14eCKl1e sew:ecTBa B TC4CHl1e 

MHOr11x Ml1J1Jil10HOB neT Ha rny611He 

1 . .5-3.0 KM II HIDKC 110,'lBCprmOTCH y1Ke 

B BOCCTaJIOBIITeJlbHOi1 cpene Jei1CTBl110 
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lnasa ·1. HecpTb vi rn3: nprn1cxo>K,QeH1-1e 11 ycno Bl·rn 3aneraH1 rn 
s ropHblX nopo,qax: novicK ,, pa3se_uKci; Q06b1Ya v1 rrc.'}'epa6oTi;a 

nOBblWeHHblX TeMnepaTyp (npHMepHO 

D.O 120-150, pe)l(e 200 °C) II ll3BJleHIUI 

I 0-30 Mna, a TaK)l(e KaTMHTHl1ecK0My 

BJI1151HHIO BMeutalOIIU1X nopon (B OCHOB

HOM rJIHH). Oo COBpeMeHHb!M B033peHH

HM HMeHHO B 3TOH CTa.LJ.1111 B pe3yJlbTaTe 

TepMH'leCKHX H TepMOKaTMHH!lJeCKHX 

npoueccos opraHH'leCKHe sewecrna, H 

rnaBHh!M o6pa30M, J1HnH.ll.bl ()1(11pb1, 

socKa, Macna) npespawaIOTCH B ymeso

nopo,Ubl Hecpn1. 

HecpTeo6p33osaHtte - secbMa CJlO)l(

HhIH, MHOroCTa.LJ.HHHblH 11 OY.eHb llJlH

TeJlhHb!H XHMHY.eCKHH npouecc, nernm1 

MexaHH3Ma KOTOporo noKa He HCHbl. TaK 

KaK HCXO,llHhIH opraHHlJeCKHH MaTep11an 

HaXO,llHTCH B pacceHHHOM COCTOHHl111, 

TO O'leBH.ll.HO, 'ITO npO.ll.YKTbl ero npe

BpameH1151 - HecpTb H r33 - TaK>Ke nepso

HaIJarrbHO pacceHHhl B HecpTeMaTepHH

CKOH, IJawe scero rn11H11cToi1 nopone. 

Ho scnencrntte csoe.H no,UBH)l(HOCTH 

HecpTb H ra3, TaK )Ke KaK H so.ua, cno

co6HhI nepe.n.sttraThCH s rnnwe nopo.n.. 

f eOJJOfH H33hIBalOT 3TH nepeMeuteHHH 

,wu2pai1uei/. P33JIHtJaJOT nepBHIJHYIO 11 

BTOpttllHYIO MttrpauttJO. B pe3yJibTaTe 

nepBHlfHOH MHrpaUHH H3 HetjneMaTe

pttHCKHX nopo.u HecpTb 11 ra3 co611pa10T

CH B COCe,llCTBYIOlIIHX nopHCTbJX necqa

HhIX H Kap6oHaTHhIX noponax. M11rpa

UHH MO)l(eT npOHCXO,ll,HTb B pe3yJibTaTe 

p33JIHlJHbIX cpaKTOpos: OT)l(anrn mm 

npopbrna scne,D,CTBtte nasneHHH nopo

.ll.hI, .ll.Hcpcpy3HH, oco6eHHO f330B, nepe

MellleHHH c BOD.OH, pacrnopemrn )1(11.LJ.KHX 

semeCTB HecjnH B f33aX npH Bb!COKHX 

8 

nasneHlrnx 11 nepeMeIUeHHH B BH,D,e napo

ra3osoi1 CMec11, clmJibTpau1111 no nopaM 11 

TpeutHHaM BMeutalOlIIHX nopo,D, npH 

HaJIHYHH nepena,D,a ,D,asneHHH 11 ,D,p. 

B nanbHei1weM B pe3y11hTaTe ,D,BH

)Kemrn no nop11CTbIM nnacTaM H nptt 

sepTHKaJlbHOH MHrpaUHH, B03HHKamel1 

non BJl1151HHeM rpaBHTaUHOHHOfO H TeK

TOHJ1lleCKOro cpaKTOpOB, HecpTb H ra3 

CKanJIHBalOTCH B TaK Ha3bIBaeMb!X JIO

sywKax, T.e . B TaKHX yqaCTKax nopHC

TblX ropHblX nopo1l, oTKyna 1la.JibHei1waH 

MHrpaUHH HeB03M0)1(Ha HJ1H OlfeHb 3a

TpynHeHa. 

CKonneHMH HecpTH B 3THX nosyw

Kax Ha3bIBalOTCH HecprnHb!MH 3aJie)l(aMH. 

Ecm1 KOJIHIJecrno Hecprn (tt1111 ra3a) s 

3aJie)l(M .ll.OCTaT04HO BeJlHKO HJIH B naH

HOH CTpy1oype nnacros ropHb!X nopo,D, 

HMeeTCH HeCKOJlbKO 3aJie)l(eH, TO fOBO

PHT o HecprnHOM, Heqner330BOM 11n11 

ra30BOM MeCTopo)K.LJ.eHHH. 

KaK npasirno, 6onhwaH qacTh Hecprn

HblX JIOByweK - 3aJie)l(eH HaXO,ll,HTCH Ha 

3HaIJHTeJibHOH rny611He (900-2300 M). 

BbIXOJlbI HecjJTH Ha nosepxHOCTh 

3eMJIH 1lOCTaTo4 HO pe,D,KH. Ha TaKHX 

6JIH3KHX K nosepXHOCTH 3eMJIH MeCTO

po)K.LJ.eHHHX B naBHHe BpeMeHa, B IJaCT

HOCTH B A3ep6att,D,)l(aHe, B03HHKJia KO

JIO.LJ.e3HaH 1l06b1IJa Hecprn. 

3a,D,aY.eH reonoros-HecprnHHKOb HBJUI

eTCH IlOHCK 11 p33senKa HecprnHb!X H ra-

30BbIX MecTOpO)l(.LJ.eHHH. B ttacToHwee 

BpeMH IlOHCKH HecpTH ocywecTBJUllOTCH 

COYeTaHHeM reoJIOfHY.eCKHX, reotjm3H4e

CKHX M reoxHMHYeCKHX MeTO,llOB. 



ln asa ·1 . · < 

feonorw1ecK11i1 MeTO.ll 3aK11J04aeT

c» B 113y4eH1111 CTPYKTypbt oca)l04HbtX 

nopo.ll c noMOIUblO wypcpos 11 Ct<Ba)f(HH. 

3Tl1 CK8a)f(l1Hbl MoryT )lOCT11raTb 3Ha-

411Te11bHOH rny611Hbl. CTo pe3y11bTaTaM 

6ypeH11st: cocrnBJJHIOT CTPYKTYPHhte 

KapTbl, Ha KOTOpbtX OTMe4alOTC51 co

CTaB, B03pacT ropHbIX nopo.u 11 oco6eH

HOCTH pe11becpa n11acrns. L{anee 6yp»T 

nOHCKOBbJe CKBa)f(l1Hbl Jl1151 o6Hapy)f(e

Hl151 HecpTHHbIX 111111 ra30BblX 11osyweK. 

Ooc11e HaXO)f()leHl151 3aJle)f(eH Ha4J1HalOT 

pa3Be,UOlJHOe 6ypeHHe, I.JT06b! ycrnHO

Bl1Tb pa3Mepbl HecjneHOCHOH n11oma

Jll1 11 3anacb1 HecpTH 11JJ11 ra3a. 

f eocpH3H4eCKHe MeTOJlbl 11CC11e,UOBa

Hl151 ropHbIX nopo.u Ha1.Jan11 pa3s11saTb

c51 cpaBHl1Te11bHO He,UaBHO. 0Hl1 

6a311py10TC5I Ha 113MepeHl111 T04HeH

ll111Ml1 np116opaM11 TaKHX 51B11eHl1H 11 

cpH3H4eCKl1X napaMeTpOB, KaK rpas11-

MeTpl14eCKHe aHOMaJ1Hl1 11 MarHHTHbte 

aHOMaJIHl1, 3JJeKTPonpoBOJlHOCTb nopo.u, 

oco6eHHOCT11 pacnpocTpaHeHl151 cei1c

MHI.JecK11x KOJJe6aHl1H, B03Hl1Ka10m11x 

npH 11CK)'CCTBeHHblX B3pbmax B Herny6o

Kl1X CKBa)f(1-rnax. CTp11MeH5l10TC5I TaK)f(e 

aKyCTH4eCKHe 11 pa.u110MeTp114eCKl1e 

MeTO)lbl c 11cnOJJb30Bam1eM HeHrpOHHOH 

60M6api:i:11pOBKH CKBa)f(HH. 

KoMn11eKcttoe np11MeHeH11e reocjrn-

311qecK11x 11 reoJJor11qecK11x MeTOJlOB 

3Ha4HTeJJbHO pacw11p11JJO B03M0)f(HOCTl1 

113yqett11sr CTPYKTYPbI nopo.u, HaXO)f(Jle

Hl151 11osyweK, ycTaHOB11eHl151 rny611Hbl 

11 T04HOro Haxm1<.uemrn 11ecjJT5!HbtX n JJ ac

TOB. 

.[:{1151 113B11eI.JeHl151 Hecjn11 113 3eMHb!X 

rny611H, TaK )f(e 1<aK np11 no11cKe 11 pa3-

se.uKe, 6yp51T CKBa)f(11Hbt I.Jame scero s 

sepntKaJlbHOM HanpaBJJeH1111, HO cospe

MeHHa51 TeXHl1Ka n03BOJ151eT 6yp11Tb 11 Ha

KJJOHHbte CKBa)f(l1Hbl no.u JJI06bIM yrnoM. 

.[:{1151 pa3pyweH115I nopOJlbI np11Me

H5l10T pa3Hoo6pa3Hhie .uonoTa, I.Jame 

scero wapoweI.JHOro T11na. Ott11 cocT051T 

113 3y61.JaTb!X KOHYCOB, KOTOpbie, nepeKa

TbIBaHCb no nopoi:i:e, npo651T 11 11cT11pa10T 

ee. B noc11enHee speM51 cTa1111 np11Me

H5ITb a11Ma3Hbie no110Ta. Op11 pa6oTe 

JlOJJOTO Jl0Jl)f(H0 see BpeM51 Bpa1UaTbC51. 

3TO .ll.OCT11raeTC5I 111160 BpameHl1eM BCett 

6yp11JJbHOH Cl1CTeMbl rpy6 (poTOpHOe 6y

pem1e ), JJ1160 np11MeHeH11eM ryp6o6ypa 

11m1 3JJeKTpo6ypa. B 3TOM rnyI.Jae BMe

cTe c .ll.OJJOTOM B 3a60H: CKBa)f(HHbl cny

CKaeTCH MHorocTyneHI.JaTaH ryp611Ha 

11J111 3JJeKTpOABHraTe11b, KOTOpbie 11 np11-

BOJl5IT JlOJJOTO B neHCTBHe. 3TO Ha1160JJee 

nporpeCCl1BHblM MeTO.ll. l1M npe11Myme

CTBeHHO nOJJb3Yl-OTC51 npH 6ypeHl111 fa30-

BblX 11 HecprnHbIX cKBa:>K11H. YnaneH11e 113 

CKBa)f(l1H 113MeJJbI.JeHHOM, pa3npo6JJeHHOM 

nopO.llbl np0113BO.ll.11TC51 rryreM HarHeTa

Hl151 B CKBa)f(HHY 4epe3 6yp11JJbHbie Tpy-

6bt rn11H11crnro pacTsopa. PoJJb 3Toro 

pacrnopa np11 6ypeH1111 oI.JeHb seJJ11Ka. 

c ero nOMOIUbl-0 BblHOCHTC51 113 CKBa

)f(l1Hbl nopona, oxna)f(.lJ.aeTc51 6yp11JJb

Hbitt 11HCTpyMeHT, ueMeHT11pyeTC5I no

sepXHOCTb CTB011a CKBa)f(l1Hbl, lJTO npe

f151TCTByer ero pa3pywett111-0 11 npopbIBY 

BOL\bl. Hecjm1 11 ra3a. KpoMe rnrn. rn111-111-
CTbtii pacrnop np11 ryp611H1-101v1 6ype111111 
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51BJU!eTC51 nsmK11TeJ1eM. npHBO.[l51lll11M 

B .uei1cTB!1e Typ611HY H .[l0J10TO. r11y611Ha 

HecpT51HblX H fa30Bb!X CKB3)!(11H np11 co

BpeMeHHOH TeXHHKe 6ypemrn MO)!(eT 

nocrn% 6-7 KM. B nepcneKnrne 6ype

HHe CKB3)!(11H rny611HOH .uo I 0-15 KM. 

ITo Mepe npoxo.UKH c1rna)!(HHbI He

o6xo.UHMO HapalUHB3Tb 6yp11nbHbie 

Tpy6hl. 0T.UeJ1bH351 Tpy6a HMeeT nJlHHY 

6-10 M. Ha 06011x KOHU3X Tpy6b1 HMe

eTC51 Hape3Ka .UJ151 coe.uHHemrn c npyrn

M11 Tpy6aMH. KpoMe 6yp1111bHbIX Tpy6, 

B CKB3)!(HHY BBO.U5IT TaK)!(e o6ca.UHble, 

CTaJlbHbie Tpy6hl 6oJibWOro .u11aMeTpa 

(no 426 MM) .UJ151 Kpennemrn crnona. 

Bee Tpy.uoeMKHe onepau1111 Ha 6ypH11b

HOH ycraHOBKe Tenepb MexaH11311poBaHb1. 

Kor.ua CKBa)!(11Ha .uoxo.u11T no npo

.UYKTHBHOro nnacTa, B Hee onycKaJOT 

3KCTIJIY3TaUHOHttyJO KOJlOHHY Tpy6, 

CH36)!(eHttyJO Hasepxy Cl1CTeMOH Tpy6, 

33.UBH)!(eK 11 wryuepa, ,UJ151 npe.uornpalUe

HH51 OTKpbITOro cpoHTaH11posaH115I. Ta

Ka51 «QJOHT3HH351 eJIKa» BbI.Uep)!(HBaeT 

.uasneHHe .uo 25 MITa H Bb1we . .UaJiee 

fJIHHHCTbIH paCTBOp B CKB3)!(!1He 33Me

H5IJOT BO.UOH, H CKB3)!(!1Ha KaK 6bI pac

KynopHBaeTC51, TaK KaK .uas11eH11e B HeH 

OCJia6JI5IeTC51. lfro6bI Bbl3B3Tb npHTOK 

HecjJTH K CKB3)!(HHe, o6ca,UHbie Tpy6b1 

y nnacTa npocTpemrnaJOTC51 nyJieBbI

MH HJIH rnpne,UHbIMH nep<f>oparnpaMH. 

He<f>Tb 11 r33 B 3ane)!(11 Haxo.UHTC51 non 

.uasJieHHeM nJiaCTOBbIX BO.U, ra3a 11 

ynpyrocTH C)l(aTbIX nopon. TaK KaK 3TO 

nasJieH11e no Mepe .uo6bll111 He<!nH cH11-

)!(aeTC5I, TO LlJ151 era no.u.uep)!(aHH51 3a npe-

10 

nen bl KOHrypa MeCTOpO)l(LleHH51 Harnern

JOT BO.UY ( 33I<OHTYPHOe 06so.uHeH11e) HJIH 

KOMnpeccopaMH H3K3411B3JOT ra3. 

EcJ111 .uas11eH11e B He<f>rnHOM nnacTe 

BbICOKOe, TO .uo6b14y HecjnH se.uyT cjJoH-

1110!/llbl.ll cnoco6o.w 4epe3 3anopHyIO ap

MaTypy. HecpTb B .uaHHOM CJIY1fae nocry

naeT B Tpanbl 11 eMKOCTH H3 He.up 3eMJIH 

non co6crneHHbIM .uaBJieHHeM. EcnH .uas

JieH11e B nJiacre MaJIO, TO HecpTb .uo6brna

JOT MeTO.UOM ra1J111<f>rn (KOJ'vtnpeccopHbllJ 

rnoco6). B CKB3)!(HHY 4epe3 KOJihUesoe 

npoCTpaHCTBO Me)l(Lly Tpy6aMH H3K34H

B3IOT non .uasJieH11eM .uo 5 MITa np11-

pOLlHbIH ra3. B 1a6oe CKB3)l(HHbI OH 

CMew11saeTC5! c HecpTbJO, 06Jier4aeT ee, 

LfTO 11 cnoco6CTsyeT ee nocrynJieHHIO B 

3Kcn.1yarnu110HHYJO KOJIOHHY Tpy6. 

TpeThl1M cnoco6oM nofa1411 Hecprn 

51BJ151eTcH 2Hy611HHO-HacocHbUt. OH np11-

MeHHeTc5l np11 3KCnJiyaTaUHH rny60KHX 

CKBaiKHH 11 np11 60JibWOM na.ueHHH .uas

neHl151 B nnaCTe. IToprnHeBbie Hacocb1 

onycKaJOTCSi B CKB3)l(Htty. c nOMOill,hJO 

KOJIOHHbl WTaHr OHM coe,UHH5IJOTC51 co 

CT3HKOM-K343JIKOH. naJiaHCHpHblH CTa

HOK-K343JIKa npHBO.UHTC51 B .uei1CTBHe 

OT JJieKTpo.us11raTem 11 ocymecrBJI5IeT 

B03BpaTHO-nOCTynaTeJibHOe .UBl1)!(eH11e 

nJiyH)l(epa Hacoca. Hacoc see speM51 pa-

6orneT H HeQJTb nocTeneHHO BbIK3411-

BaeTC51 Ha nosepxHOCTb. B nocj1e.uHee 

BpeM51 CTMH np11MeH5ITb ueHTp06e)l(Hbie 

Hacoch1 c JJieKTpO.UBHraTeJieM no nmy 

3JieKTpo6ypa. 

3HaL1eH11e He(jn11 11 ra1a .UJIH 3Hep

ren1K11, TpaHcnoprn, o6opoHhI CTpaHhI, 



l n al:l a ' 

pa:moo6pa3HbIX OTpacnei1: npoMbIWJJeH

HOCTH H )1,JUl YLl.OBJJernopeHHH 6bITOBbIX 

H)l)K)l HaceJJeHHH B Haw BeK HCKJll04H

TeJJbHO BeJJHKO. Hecjnb H ra3 ttrpa!OT pe

waIOI.U)'lO poJJb B pa3BHTHH )KOHOMHKH 

mo6oi1 CTpaHbl. flp11pO)lHb!H fa3 - 04eHb 

yLI.o6ttoe )lJIH TpaHcnoprnpoBKH no Tpy-

6onposo)laM )leweBoe 3HeprernYecKoe 

H 6bITOBOe TODJIHBO. lfa ttecjn11 Bbipa-

6aThlBalOTCH pa3H006pa3Hhle BH)lhl 

)!(H)lKOfO TODJIHBa: 6eH311Hbl , KepOCl1Hbl, 

peaICTHBHhie 11 )lH3eJJbHbie coprn rop!O

Yero - )1,JUl )lBHraTeJJeH BHyTpeHHero 

cropaHHH, fa30ryp6HHHOe TODJll1BO )lJIH 

JIOKOMOTHBOB 11 Ma3yT )lJIH KOTeJJbHbIX 

ycTaHOBOK. I-fa 6onee Bb!COKOKl1DHLU11X 

cppaKUHH Hecprn Bb1pa6aTbIBaeTCH orpoM

HbIH accopTHMeHT CMa304Hb!X H cneu11-

aJJbHblX MaCeJJ 11 nJJaCTl14HbIX CMa30K. 

lfa HecpT11 Bbipa6aTbIBalOTCH TaK)!(e na

pacpHH, TeXHH'-!eCKl1H yrnepon ( Ca)!(a) )1,JUl 

pe3HHOBOH npOMblWJICHHOCTl1, HecpTHHOH 

KOKC, MHOf04HCJleHHbie MapK11 611ry

MOB )lJ1H )l0p0)!(H0f0 CTpOHTeJJbCTBa H 

MHOrne npyrtte TOBapHbie npOLI.YKTbl. 

l1CKJIIO'-IHTeJJbHO BemIKO 3Ha4eH11e 

yrneBO)lOpO)lHblX fa30B, apoMaTH4eCKl1X 

yrneBO)lOpO)lOB, )i(11)lKl1X 11 rnep)lb!X na

pacpHHOB H )lpyrnx npo)lyKTOB, Bbl)lCJleH

HbIX H3 HecpTH, KaK CblpbH )lJIH )laJJbHei1-

wei1 XHMH4eCKOH nepepa60TKH. 

HecpTb 11 yrneBOLI.opoLI.Hbie ra3bI HB

JJHIOTCH npeKpaCHbIM H, no)!(aJJyi1:, yH11-

BepCaJJbHbIM XHMH4eCKl1M CblpbeM LI.AA 

npOH3BO)lCTBa orpOMHOfO KOJll14eCTBa 

Xl1Ml14eCI<HX npo;1yKTOB ll fll)Tj)COl1TCJlb

CKMX TOBapoB. 

XttM11YecKaH nepepa6oTKa ttecprn

ttoro 11 fa30B0f0 CblpbH flOJJY411Jla HbIHe 

Ha3BaH11e HecpTeXHMH'-!eCKOfO Cl1HTe3a. 

Y)!(e B HacrnHw:ee BpeMH 25% M11posoi1: 

Xl1Ml14CCKOH npOLI.YKU1111 BbmycKaeTCH 

Ha OCHOBe HecpT11 H yrneBOLI.OpO)lHbIX ra-

308. 0J111)[{ai1wtte nepcneKT11BbI pa3BHTHH 

Hecjnex11M114eCKOH npOMb!WJleHHOCTH 

11CKJll0411TeJJbHO 6naronpHHTHbl KaK no 

Macwrn6aM npoH3BO)lCTBa, TaK 11 no 6e3-

rpatt 11 YHOMY pa3H006pa311IO npoMe)[{y

T04HbIX 11 KOHC4Hb!X npOLI.YKTOB CHHTC3a. 

K ttecpTex11M11YecKoi1: npoL1.yKu1111 OT

HOCHTCH: nJJaCTl11.!eCKHe MaCCbl, Cl1HTe

Tl14eCKl1e KayciyKH 11 CMOJlbl, CHHTeTWie

CKl1e BOJIOKHa, CHHTeTl14eCKHe MOIOW:11C 

cpe)lCTBa 11 noBepXHOCTHO-aKTHBHbie 

seiuecrna, HCKOTOpbie Xl1MH4CCKHC yno-

6peHl1H, npHCa)lKH K TOnmrny 11 Mac

JJaM, Cl1HTeTl14CCKl1e CMa304Hbie MaCJJa, 

6eJJKOBO-Bl1TaMHHHbie KOHUCHTpaTbl, 

M HOf0411CJICHHbie HH)ll1B11LI.YaJJbHhie op

raHl14eCKl1e sew:ecrBa: cn11pTbI, Kl1C

JJOTbI, (lJlb)lCfH)lbl, KCTOHbl, XJJOpnp0113-

BO)lHbJe, 3cpHpbl, fJIHKOJIH, nOJJ11fJll1KO

JIH, rn11uep11H H LI.pyrne, npttMeHH101U11e

CH B npOMblllIJICHHOCTl1, CCJlbCKOM X03HH

CTBe, MC.UHUHHe 11 B 6b1ry. 

1.1. MHpoBbie 3anacb1 ue<t>rn u raJa. 
OcuoBHbie ue<t>Tera3ouocub1e paiioHbI 

KaJaxCTaua 

TIO pa3J1114HbIM OUCHKaM .UOKa3aH

HbIC M11p0Bble 3anaCbl HecpTH .UOCTHra

f{)T 143.4 MJJPLl TOHI-1 (llJIH I 035 MJJPJl 6ap

penei1): llj)ll )TOM 113 HMX npllXO}l llTC51 

11 



1·s:dBB ~. Hec+-~1::, v; :-~J: npo 'C ' : ~: ,·:~:2e 

s ··o:} HOIX :-io ;:h).:1c.;c ! 1C· l·l~: h ~ 

Ha nJ111)f(HHH BocTOK - 91,2, UeHT

panbHYl-0 H IO)f(HYl-0 AMep11Ky - 13,0, 
CesepHyl-0 AMep11Ky - 11 ,5, AcjlpHKY -
I 0, I, Pocc111-0 - 6, 7, Espony - 2, 7, Ha oc
TaJlbHbie CTpaHbl - 8,2 MJlpll TOHH. 
KpynHettrnHM s MHpe 3anacoM HecjJTH 
(- 260 MJlp.D, 6appe11eii) 0611a11aeT Cay
JlOBCKasi Apas11si. 

M11posb1e 3anacb1 np11po11Horo ra3a 
no cTpaHaM pacnpeJleneHbI c11eJly1-0-
illHM o6pa30M (s %): Pocrnsi - 38,4, 
HpaH - 15,8, Kamp - 5,8, CaynoscKa51 

Apas11si - 4,8, A6y-LJ;a6H - 3,8, CWA -
3,2, Amirnp - 3, 1, BeHecy311a - 2,8, 
H11rep11si - 2,4, l1paK - 2, 1, npyrne 
CTp8Hbl - 18,6. CTo pa3Be)laHHbIM 3ana
CaM ra3a Pocc1151 3aHHMaeT nepsoe Mec
TO B MHpe (38,4% MHpOBbIX 3anacos) 

11 B Hacrnsimee speM51 06ecne411saeT no 
30% ero MHpOBOH Jl06bI4H. 

Ka3axcrnH BXOJlHT s 4Hcno 15-nt 

rocynapCTs, 0611ana1-0ll1Jtx Ha116onbw11-
MH 3anacaMH yrneBOLIOPOllHOfO CblpbS!. 
oe3 yqern pecypCOB MOpCKl1X l\teCTO
pO)K)leHHH, pa3senaHHbie Ha TeppHTO
pHH CTpaHbl 3anaCbl HecjnH H ra30BO
ro KOH)leHCaTa COCTaBJl51!0T 2, 9 M.ripn 
TOHH, ra3a - 1,8 TpnH M·'. B He.ilpax 
Ka3axcrnHa 3a11eraeT 2% noKa3aHHbIX 
MHpOBhIX 3anacos yrneso.uoponos. 

CTp0rH03Hh!e pecypChI HecjHH H KOH
LieHCaTa Ha cywe 11 Ha KacmtttCKOM 
wenbcpe Ka3axcrnHa ou,eH11sa10Tcsi Ha 
ypOBHe 12-13 Mllp.U TOHH. 

HecpTera30HOCHhJe pattoHhl pecny6-
JIHKH, Ha KOTOpbIX pacnO.lO)KeHO OKOJ10 
210-TH MeCTOpO)KJleHHH yrneBO.i!Opo-
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LIOB (I 00 HecpTS!HbIX, 67 HecpTera30BblX, 
22 ra30BblX 11 11 KOHJJ.eHcaTHbIX), 3a
HHMaIOT nnoma.ub OKOJlO 1,7 MJlH KM1 

(np11MepHo 62% Tepp11rnp1111 Ka3ax
cTaHa). CTpwieM, Ha ,ll.OJl!O OSITH MeCTO
pO)K,ll.eHHH npHXO,ll.HTCSI 2/3 M3BJleKae

MbIX 3anacos ymeBO,ll.OpO,ll.OB CTpaHbI 
(60.nee no.noBHHbI - 3anacb1 TeHr113a, 
OCTaBUJHHC51 o6beM npHXO,ll.HTCSI Ha 
4 npyrnx KpynHeHUJHX HecpTera30HOC
HbIX yYaCTKa cyw11 - MeCTOpO)!{)leHHSI 
Y3eHb 11 KapaYaraHaK, )lfaHa)KOJJCKYIO 
11 KyMKOJJbCKYIO rpynnh1 MecTopO)!{.JJ,e
HHH). 

Mecrnpo)!{11eH11si Haxo11S1Tcsi Ha Tep
p1uop1111 wecn1 0611acTeH Ka3axcrnHa: 
AKTIOOHHCKOH, ATbipaycKott, 3ana.JJ,
Ho-Ka3axcrnHCKOH, KaparaHJJ.HHCKOH, 

KbnbrnopmrncKOH H MaHrh1crnyCKoH. 
CTpH JTOM npHtvtepHO 70% 3anaCOB 
yrneso11opo11os CKOHLJ,eHTp11posaHo Ha 
3ana11e Ka3axcrnHa. 

Ha1160.nbWHMH pa3se11aHHhIMH 3a
nacaMH HecpTH o6na.uaeT ATbrpaycKasi 
o6nacTb, Ha llOJIIO KOTOpOH npHX011HT
C51 60.TJee TpeTH pa3se11aHHhIX 3anaCOB 
)KllllKHX yrneso11opo11os Ka3axCTaHa. 
KpynHettwee MecrnpO)!{.JJ,eH11e 0611a
CTH - TeHrH3CKOe (oKono TpeTH pa3Be

.ilaHHbIX 3anacos Hecpn1 pecny6m1K11). 
Ha Tepp11rnp11H MaHrhICTaycKott 

06nacT11 cocpe110T04eHo OKono qernep
TH H3BJJeKaeMbIX 3anacos Hecpn1 cTpa
HbI. 3nech OTKpb!TO OKOJIO 70-TH MeCTO
pO)!{)leHHH, H3 KOTOpbIX KpynHeHWHMH 
51BJI51IOTCSI - Y3eHb, )l(eTb16aH, KanaM

Kac, KapaJKaM6ac. np11 )TOM Y3eHb 



OCTaeTCH BTOph!M no 3HaYl1MOCTl1 Me

CTOpmK)l,eH11eM pecny6n11K11, Ha )l.OJIIO 

KOToporo np11xo)l.11TcH 6onee lOo/o 113-

sneKaeMhIX 3anacos cyurn Ka3axcrnHa. 

0KOJIO l 5-Tl1 MeCTOpo:tK)l.eHHH yrne

BO,ll.OpO,ll.OB HaXO)l.HTCH Ha Tepp11To

p1111 3ana)l.Ho-Ka3axcTaHcKoi1 06nacT11. 

Ha116onee KpynHbIM HBJIHeTCH Kapa

YaraHaKcKoe Heqnera30KOH)l.eHcaTHoe 

MeCTopmK)l.eH11e, KOTopoe BXO)l.11T B 

YHCJIO Tpex KpynHei1w11x MecTOpmK)l.e

HHH pecny6n11K11. 

B AKTJ0611HcKoi1 06nacT11 OTKphITO 

OKOJIO 25-Tl1 MeCTopmK)l.eHHH yrneBO

,ll.OpO,ll.OB, 113 Hl1X Ha116onee KpynHbIM 

HBJIHeTCH )l{aHa)J{OJICKaH rpynna Me

CTOp0)J{)l,eHl1H c 113BJieKaeMhIM11 3anaca

Ml1 HecpTH 11 KOH)l.eHCaTa OKOJIO 170 MJIH 

TOHH. 

Ha rpaH11u.e KhnhrnOp,ll.11HcKoi1 11 Ka

paraH)l.11HCKoi1 o6nacTei1 HaXO)l.11TCH 

rn1TaH no 3HaYMMOCTl1 HecpTera30BaH 

npoBMHIJ.11H: Ka3axcTaHa - KyMKOJihCKaH 

rpynna MeCTOpo:>K)l,eHMH. 

95% pa3Be)l.aHHhIX 3anacos ra3a 

Ka3axCTaHa cocpeAOTOYeHo Ha 3ana)l.e 

CTpaHhI (AThipaycKaH, 3ana)l.Ho-Ka3ax

CTaHCKaH, MaHrhICTaycKaH 06nacT11). 

TipoMhIWJieHHhie 3anacb1 ra3a npe-

11MywecTBeHHO CBH3aHhl c HecprnHhIMl1, 

HecpTera30BhIM11 11 HecpTera30KOH)l.eH

caTHhIMl1 MeCTOp0)J{)l,eHMHMl1, npe)J{)l,e 

Bcero c YeTblphMH KpynHeHWl1Ml1 113 

H11x - KapaYaraHaKcK11M HecpTera3oKoH

)l.eHcaTHhIM, TeHrl13CKHM HecpTHHhIM, 

11MaweBCKl1M HecpTera30KOH)l.eHCaT

HhIM 11 )l{aHa)J{OJihCKl1M HecpTera30KOH

)l.eHcaTHhIM. CyMMapHhie 3anach1 Yl1CTO 

ra30BbIX MeCTOp0)J{)l.eHl1H, 60Jibllll1H

CTBO KOTOph!X OTHOCl1TCH K KaTerop1111 

MeJIKl1X, COCTaBJIHJOT He 6onee 1,5%. 

B 6JI11)J{ai1w11e ro)l.hI mK11,ll.aeTCH yse

JI11YeH11e 3anacos ra3a B 1,5-2,0 pa3a 

3a CYeT pecypCOB ra3a HOBhIX MeCTO

p0)J{)l,eHl1H Ha aKBaTop1111 Kacn11i1cKoro 

MOpH. TIO nporH03aM 3anaChl ra3a Me

CTOpO)J{)l,eHMH: KawaraH Ha cesepe Ka

cn11H: cocTaBJIHJOT 6onee 3,0 TpnH M3, 

113 Hl1X 113BJieKaeMhie 6onee 1,0 TPJIH M3
• 
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11 <l>IB~14ECKHE CBD i CTBA HEG>TH M JA3A 

2.1. KJiaccmj>uKau,uH ue<J>Tu 

He<J>Tb pa3HhIX MeCTopow:.ueHHH 

OTJHftiaeTCH .upyr OT .upyra no qrn-
3w-1ecKHM H XHMH<-ieCKHM CBOHCTBaM. 

CBoHCTBa ttecl>T11 onpenem110T Hanpas

JieHHe ee nepepa60TK11, pewaIOLUHM 

o6pa30M BJIH.sl!OT Ha Ka'-!eCTBO nonyYa

eMblX Hecl>Tenpo)lyKTOB. 00:HOMY )lJI.sl 

Bh16opa HaHJIYYlllero sapttaHrn nepe

pa60TKH Hecl>TH HMeeT 60JlbllIOe 3Halle

HHe KJiaccmpHKaUH.sl HecjnH, OTpaw:a10-

ma.s1 HX XHMH'-leCKYfO np11po.uy. 

CymecTBYfOT sceso3MO)!(Hb1e x11-

M11YecK11e, reHeTH'-leCKHe , npOMblW

JleHHbie 11 Tosapttb1e Knaccmjrn1rnu1111 

ttecl>T11. Ha1160Jiee sm1<Hb1M11 51BJI51-

fOTCH Xl1Ml1<-ieCKHe 11 TeXHOJlOfH'-!ec

Kl1e Knacc11cl>11Kau1111. B ocHosy x11-

M11YecKoii KJiaccmp11Kam111 noJlO)!(eH 

rpynnoBOH yrneBO.UOPO.UHblH COCTaB 

cjJpaKIJ,1111, Bb!K11na10mei1 npH 250-
300 °C . B 3as11c11Mocrn OT npeo6nana

Hl151 B '.HOH cl>paKIJ,HH yrneso.uopOLlOB 

KaKOfO-HH6y.Uh O)lHOro KJlacca (Bb!We 

50%) HecjJTb .uen11TC.sl Ha 3 OCHOBHblX 

T11na: MeTaHOBbie (napacl>11HOBble), 

HacjJTeHOBHe 11 apoMaT11YecK11e . Op11 

co,uepw:aHHH B '.HOH cl>paKUH11 25% (11 

6onee) yrneBOJlOpOJlOB npyrnx KJlaCCOB 

Heclnb )leJlHTCSI Ha CMewaHHble THnbl: 

14 

MCTaHO-Hacl>TeHOBbie, Hacl>TeHO-MeTa

HOBbie, apoMaT11qecKO-Hacl>TeHOBbie, 

ttacl>TeHo-apoMaT11qecKHe, apoMaTHl-lec

KO-MeTaHoBhie, MeTaHo-apoMaTHl-leCKHe 

H MeTaHO-apoMaTHl-ICCKO-HacjJTeHOBble. 

Do TeXHOJlOrH'-leCKOH KJiacc11cjJ11Ka

U~ll1 HecjJTb B 3aBHCHMOCTH OT COJJ,epw:a

HH51 B HeH cepbi ,Ll,CJil1TC.sl Ha Tp11 KJiac

ca: I Knacc - MaJiocepH11cTa.s1 ttecjJTh 

c co,uepw:aHHCM cepbi OT 0 )lO 0,5%; 
11 Knacc - cepHHCTa.s1 ttecl>Tb c co)lep

n<a H H eM cepbi OT 0,51 JJ,O 1,9%; ill 
KJlacc - BhlCOKOCepHHCTa.sl HecjJTb c 

conep)i(aimeM cepb1 6oJiee 1,9%. )J;anee 

HeCpTb no)lpa3.UeJl.sllOT Ha THilbl - no Bbl

xo.uy cj)paKUHH )10 350 ° C; rpynnbl -

no noTeHUHaJlbHOMY COJJ,epw:aHHIO 6a-

30BblX Macen; noJJ,rpynnhI - no HHJleKcy 

B513KOCTH 6a30BblX Macen; BH)lbl - no 

CO)lep)!(aHHfO TBepJJ,bIX napacjJHHOB 

B 1-1ecjn11 . 

2.2. <l>paKIJ,HOHHhlH H XHMH'-leCKHH 

COCTaB He<J>TH" raJa 

2.2.1. C/JpaKifUOHHbllt cocmae HerjJmu 

B ycnosH.s1x na6opaTopHOH rreperoH

KH HecjJTH HJ111 HecjJTenpo.uyKTOB rrpH no

CTeneHHO noBbTWa10meHc.s1 TeMneparype 

OTlleJlbHble KOMnOHeHTbl OTIOH5llOTC51 B 

nopHJlKe so3pacrnH115! 11x TeMneparyp 
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Kttnemui, HJIH, LJTO To )!(e caMoe, B no

p5I)lKe yMeHbllleHlrn )laBJieHH51 HX HaCbl

w,eHHhIX napos. Cne)loBaTeJibHO, Hecjnh 

11 ee npOllYKTht xapaKTepH3ylOTC51 He 

TeMneparypaMH K11nemrn, a TeMnepa

TYPHhtMH npe)leJiaM11 HaLJana 11 KOHUa 

KHJ1eHH51 H BbIXO)lOM OT)leJibHblX cj)paKUHH, 

neperow110w,11xc51 B onpe)leneHHhlX TeM

neparypHhIX HHTepsanax. Do pe3ynhrn

TaM neperoHKH 11 cy)l5IT 0 ¢pat<U110HHOM 

COCTaBe. 

Dp11 11ccJie)lOBamrn HOBbIX cop-

TOB Hecj)n-1 ¢paKU110HHblH COCTaB on

pe)leJ15IIOT Ha CTaHnapTHbIX neperoH

HblX annapaTax, CHa6)!(eHHblX peKT11-

¢11t<au110HHbIM11 KOJIOHKaM11. 3To no3so-

1rneT 3HaLJ11TeJihHO ynylJllll1Th LJeTKOCTh 

norottopa3)leJieH1151 11 noCTp011Tb no pe-

3YJibTaTaM ¢paKU110H11pOBaHl151 TaK Ha3bl

BaeMylO Kpl1BYIO l1CTl1HHbIX TeMneparyp 

KHneHH51 (l1TK) B K00p)l11Harnx Tel\mepa

rypa - Bb!XO)l ¢paKUl1H, B % Mace. 0T6op 

¢paKUl1H )lO 200 ° C npOBO)ll1TC51 np11 

aTMOCcj)epHOM )lasnem111, a OCTaJlbHblX 

so 1136e)!(att11e TepM11LJec1<0ro pa3JIO)!(e

Hl151 - nO)l pa3JIJ1LJHblM BaKyyMOM. Do 

npHH5ITOH MeTO)ll1Ke OT J-lalJaJla 1<11neHl15l 

)lo 300 °C 0T611pa10T I O-rpanycHb1e, a 3a

TeM 50-rpa)lyCHb!e Cj)pa1<u1111 )lO q)p3KU11H 

C KOHUOM Kl1neH1151 475-550 °C. 

B ycnos1151x npOMhtwneHHOH nepe

roHKl1 Hecj)TH )lJI51 pa3)leJieHH51 ee Ha 

pa3JIHLJHb!e ¢paKU1111 np11MeH5llOT He 

nocTeneHHoe 11cnapeH11e, Ka1< Ha na6o

paTopHbtx annaparnx, a mt< Ha3brnaeMoe 

on1-101<pan1oe 11cnapc1111c c _i1an1,Heilmeli 

peKT1Hjll1Kau11di . rl p11 JTOM OT611pa10T, 

KaK npaBl1JIO, CJ1e)ly10w,11e ¢paKU11H, 

11J111 )ll1CTl1J1JI51Tbl: 6eH311HOBb!H, nepe

roH5IIOlll,11HC51 B npenenax OT HaLJana 

Kl1rteHl151 no 180 °C, KepOCHHOBWH 

( 120-315 ° C), .LI113eJibHbIH 11Jil1 Ke

pOCl1HO-r330HJieBbIH ( 180-350 °C) 

11 pa3n11LJHh1e npoMe)!(yTOLJHbie no

roH bl. J!l3 3Tl1X )ll1CTl1JIJI5ITOB Bb!pa-

6aTbIBalOT TaK Ha3hIBaeMbJe CBeTJib!e 

Hecj)Tenpo.nyKThI: as11au110HHb1e 11 as

TOM0611nbHb1e 6eH311Hbl ; 6eH311Hbt-pac

rnop11Ten11 ; as11au110HHh1e 11 ocseT11-

TenhHb1e Kepoc11Hb1; pa3Jil1LJHbte copTa 

.LI113eJihHOro TOnJI11Ba. ,D:n51 scex 3T l1X 

Hecjnenpo.nyKTOB COOTBeTCTBYIOlll11-

Ml1 fOCTaMl1 HOpM11pyeTC5l onpene

JieHHbIH cj)paKU110HHb!H COCTaB. 

OcrnT01< nocne oT6opa csernbIX n11c

THJ1J15ITOB Ha3brnaeTC51 Ma3yTOM. Ma3yT 

pa3fOH5llOT no)l BaKyyMOM Ha pa3J111LJ

Hble MaCJI51HbJe cppaKU1111, 113 KOTOpb!X 

nonyLJalOT cMa30LJHbie 11 cneu11anbHb1e 

Marna. OcTaToK nocne pa3roH1<11 Ma3y

rn (BbtWe 500 °C) Ha3bJBaeTC51 , B 3a

B11Cl1MOCTl1 OT B513KOCTl1, rynpoHOM 

l1J111 nonyry)lpOHOM . fynpoH 5IBJI5leTC51 

CblpbeM LlJ151 nonyLJeHJ151 BblCOKOB513Kl1X 

CMa30LJHblX Macen 11 pa3J1111.JHb!X 611ry

MOB. 

Hecj)Th pa3Jil1LJHbIX MeCTopo)!(ne

H11i1 Cl1JibHO OTJil1LJaeTC51 )lpyr OT llpyra 

no ¢paKU110HHOMY COCTaBy, a, CJie

)lOBaTeJlbHO, no noTeHu11aJibHOMY co

.nep)!(3Hl1!0 6eH311HOBbIX, KepOCl1HO

BblX, )ll13eJibHbIX 11 MaCJI51HbIX )ll1CTl1JI

,1 51TOB. Ol1emuu10. LfTO cppaKu1101-11-1b1J:i 

COCTaB TOii HJIJI llHO!i 1-1ecjn11 npe,J,O-
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npe.nem1eT nyn1 ee npoMbIWJleHHOH 

nepepa60TK11. Jlern11e coprn Hecprn , 

co.nep)!(alll,11e He60JlbWOe KOJll1'te CTBO 

MaCJJSIHb!X cppaKU11H, BCTpe4alOT C51 

o'!eHb pe.nKo. 

2. 2. 2. Xu;wu'leCKuzl cocmae 1-1erjJmu 

0CHOBHh!Ml1 3JleMeHTaMl1 , BX0-

,[{51lll,11Ml1 B COCTaB HecpT11, 51 BJ15llOTC51 

yrnepo.n 11 so.nopo.n. Con ep)!(amte yrne

po.na B HecpT11 Kone6JJeTC51 B npe.ne11ax 

82-87%, so.nopo.na 11-14%, cepbI 0, 1-
5%. Co.nep)!(am1e a3orn 11 KHCJJopona y 

60Jlbllil1HCTBa COpTOB HecpT11, KaK npa

Bl1Jl0, He rrpesb1waeT nec51TbIX .no11ei1 

npouettrn. 

HecpTb cocTOl1T 113 cMec11 a11KaHo

BhIX (napaqHrnOBhIX), U11KJl03JIKaHO

BbIX (HacpTeHOBbIX) 11 apOM3TH'leCKHX 

yrneso.nopo.nos, a TaK)!(e K11c11opon

HbIX, cepH11CThIX 11 a30Tl1CTblX coe.n11-

HeH11i1 . Iloc11e.ntt11e, YacTo tta3bIBaeMbie 

reTepoopratt11YecK11M11 coe.n11Hett115IM11 

Hecpn1, cocpenoTO'leHbl B OCHOBHOM B 

T51)!(eJlh!X cppaKU1151X 11 oco6eH HO B CMO

Jll1CTO-accpanbTeHOBOH 43CTl1. 

AJJK3Hhl 

A11KaHhI ttecpT11 npe.ncTaBJl51JOT 

co6oi1 ra3006pa3Hh1e, )!(11LlKl1e 111111 

TBep.nb1e Bern.ecTBa. fa3006pa3Hb1e 

a11KaHhl (Cl-C4 anKaHhl) BX0,[{51T B co

CTaB nonyTHblX 11 np11po.nHhlX ra30B. 

Coen11Hett115!, co.nep)!(aw.11e OT 5 n o 

15 ::!TOMOB yrnepona (CS-CI S 3Jl K3Hb1) 
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npe..'lCTaBJ151IOT co6oi1 )!(H.L{KHe seme

CTBa. Ha4HH351 c reKca.neKaHa ( cl6H34) , 

HOpM3JlbHble aJlK3Hbl 51BJ15llOTC51 TBep

LlblMH sewecTB3Ml1, KOTOpb!e np11 o6hI4-

HOH TeMnepaType MOryT HaX0,[{11TbC51 B 

pacTBOpeHHOM HJ111 Kp11CTaJlJll14eCKOM 

COCT051Hl111 B HecpT11 11 B BblCOKOKl11151-

lll,HX cppaKUH51X . A11Katth1 ttecpT11 npe.n

cTas11ettb1 H30MepaMl1 HOpMaJlhHOro 

11 pa3BeTBJleHHOfO CTpoeHl151 , npwieM 

OTHOOITeJlbHOe co.nep)!(aH11e 3Tl1X 1130-

MepoB 33Bl1CHT OT Tl1na HeQlT11. 

06mee co.nep)!(aH11e a11KattoB B pa3-

1111'!Hh1x coprnx ttecpT11 Ko11e611eTC5l OT 

10 )10 70%. 
K ttaCTomueMy speMem1 '!Hcno BbI

neJJeHHbIX Y!JlH c HeCOMHeHHOCTblO 

onpene11eHHbIX a11KaHOB COCT3BJl51eT 

CBbillle 600. Ha116onee 113yLJeHhI Hop

MaJlbHbte a11 1<aHbl. B HecpTH yCTaHOB-

11eHo np11cyTCTB11e BCex HOpMaJlbHbIX 

3JlK3HOB OT 6yTaHa (!"'" 0,5 °() )J.0 

Tpl1Tp113KOHT3H3 C33H 68 (t"'
11
475 °C). 

K TBepLlbIM a11KattaM OTHOC51TC51 

napacp11Hb1 11 uepe3HHbI. Ilapacp11Hb1 -

CMeCb TBepLlbIX 3JlK3HOB npe11Mylll,eCT

BeHHO HOpM3JlbHOfO CTpoeHl151 c np11-

MeCblO pa3BeTBJleHHbIX 3JlK3HOB. 

Ll,epe311Hbl - CMeCb TBep.UbIX 3JlK3HOB 

npe11MyIUeCTBeHHO p33BeTBJleHHOro 

cTpoeH115!. Tsepnb1e napacp11Hb1 np11-

cyTcrny10T so scex copTax HecpT11, Ho 

43lll,e B He60JlbWHX KOJll14eCTBax, OT 

.uec51TOi1 non11 .no 5%. B T11n11LJHO napa

cp11H11cToi1 ttecpT11 11x co.uep)!(att11e no

Bb1 waeTC5! )lO 7-12%. vfcKJll0411TeJlbHO 

BbICOKoe con ep)1<a1rne rnepn b1x napacln1-
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HOB ( 15-20%) 11Me!OT copra HecjHl1 MaH

fbIWJiaKCKOro noJiyOCTposa ()KeT116ai1, 

Y3etth). 

Tsep.LJ.hie napacjrntthl B Hecprn Ha

XO.LJ.}!TC}! B paCTBOpeHHOM 11Jll1 B3Be

weHHOM Kp11CTaJIJil14eCI<OM COCT0}!

Hl111. flp11 neperott1<e Ma3yTa B MaCJI}!

Hbie cppaKu1111 nona.LI.aJDT napacjrnHhl, 

11Me!Oll(l1e COCTaB cl8-C35" B ry.LI.pOHax 

KOHUeHTp11py10TC}! 6oJiee BhICOI<OnJiaB

KHe yrneBO.LJ.OPO.LJ.hl c1(,-C53· KOJil14e

CTBO B03M0)f(HblX 1130MepoB .LI.JI}! 3Tl1X 

yrneBO.LI.OpO.LI.OB orpoMHO. Ta1<, y)f(e 

reKca.LI.eKaH 11MeeT I 0359 113oMepos, 

1<110}!llll1X B npe.LI.eJiax 266-288,5 °C. 
Ho, KaK noKa3aJ111 MHoroc111cJieHHh1e 

11CCJie.LI.OBaHl1}!,0KOJIOl10JIOBHHhl scex 

TBep.LI.blX napacp11HOB Hecllnl 11MeeT 

HOpMaJihHOe CTpoem1e, a OCTaJibHhle 

npe.LI.CTaBJieHbl Manopa3BeTBJI eH H bl M 11 

CTpy1<TypaM11 c tte60JihWHM LJMCJIOM 

6oKOBhlX uenei1 (B OCHOBHOM, MeTl!Jlh

Hhle 11 JTl1JihHhie rpynnh1). B p}!.LJ.e cop

TOB ttecpT11 o6HaprKeHO 1rnJIJ1LIHe 1-1e

npepbIBHOro p}!.LJ.a yrneso.uopo.LI.OB, 

Ha411Ha}! OT C
1
7" 

BMecTe c TeM ceJ1ciac yJKe He 

no.uJie)!(11T coMHeH1110, LJTO 1-1ap}j.uy 

c yrneso.uopo.uaM11 C,,H_,,, -:: s 1-1ecpn1 

11Me10TC}! TBep.ub1e, cnoco6ttb1e K Kp11-

CTaJIJ1113au1111, opratt11<tecK11e semecrna 

c Ul1KJll14eCKOi1 CTpyI<TypoH. 0.uttaKO 

3Tl1 yrneBOD.OPOD.hl rnaBHhlM o6pa-

30M BXO)l}!T B COCTaB He napacp111-10B, 

a uepe311HOB - cMecei1 6oJiee BhlCO

KOMOJieKym1p11b1x II llblCOKOILIJaBKllX 

yrncBOjJOPOllOll, KOTOj)bl e 131,1 : tC-'l5IIOT-

~-011~(1 

C51 m160 113 OCTaTOlJHblX HecpTenpo

JlYKTOB, 111160 113 rop!OtJero Ml1HepaJia 

0 30Kep11Ta. 

flp11 noJiytJeHl111 BhlCOKOB}!3Kl1X Ma

ceJI 113 OCTaTOlJHblX HecpTenpo.LI.yKTOB 

nocJie.utt11e no.LI.sepraIOTC}! .LI.enapacp11-

HH3au1111. 0TxOD.hI OT JToro npouec

ca - zal/u, nempo.T/amy;wbz - H }!BJI}!IOTC}! 

OCHOBHhIM ChlpbeM .LI.JI}! noJiytJeHl1}! 

HecjlrnHhIX uepe3HHOB. 11,epe311HhI no 

COCTaBy 11 CBOi1CTBaM 3HalJl1TeJihHO 

OTJIH<taIOTC}! OT napacp11HOB. TeMne

paTypa l1 JlaBJieHl1}! TOBapHbIX napacjrn

HOB 45-54 °C, a uepe3HHOB 65-88 °C. 
napacp11Hhl JierI<O KpHCTaJIJIH3YIOTC}! 

B BHL(e nJiaCTHHOK 11 nJiaCTHHlJaTblX 

JieHT; uepe3HHhI HMe!OT MeJIKOHfOJlb

lJaTy!O CTPYKTYPY 11 1<p11crnJIJil13YIOTC}! 

c TpynoM. TeMnepaTypa 1<11nett11}! 

napacp11ttos - ,no 550 °C, a uepe311HOB -

BbIWe 600 °C. MoJieKyJI}Jpttbie MaCCbI 

napacjrn1-1os Htt)f(e 500, a uepe311HOB 

500-700. 
flo XHMl1lJeCKl1M CBOJ1CTBaM uepe-

311Hbl Mettee 11ttepTHhI , tJeM napacjl11Hbl. 

X11M11<tecK11i1 cocTaB uepe311ttos CJIO

)[(eH, 113y4eH HeD.OCTaTOlJHO 11 3aB11Cl1T 

OT 11CXOL\HOfO Cblpb}!. 

YcTaHOBJietto, lJTO aJIKaHbI, BXO.LJ.}!

llll1e B COCTaB uepe311Ha, HMe!OT, B oc

HOBHOM, pa3BeTBJieHHOe CTpOeH11e. 

B ttaCTO}!lUee speM}! ctJ11TaeTC}! , tJTO 

JTl1 113onapacp11Hbl B rnasttoi1 yrne

pO.LI.Hoi1 uen11 MOryT HMeTb 11 U11KJIO

napacjrnHOBhJC, 11 apoMaT11tJec1<11e pa

.LI.HKaJihl. BnoJIHe sepo}!THO HaJ111tJ11e 

ll 11cpe31111e c111cTo u11KJJ1JL1ecK11x yrne 

Bo.1optuoB c .11;rn1111b1 J\H1 naparjm1-10-
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Bb1Ml1 uem1M11 HOpMaJibHOro H pa3-

BeTBJleHHOf0 CTpoeH!rn. 

flapacp11Hbl 11 uepe3HHbl HaXO.[UlT 

pa3H006pa3HOe TeXHHLfeCKOe npHMe

HeHHe BO MHOrHX OTpaCJ151X npOMblW

JleHHOCTH: 3JleKTpO- H pam10TeXHl1<Je

CKOH, 6yMa)l(HOH, cnw1eLIHOfi, XHMH

qecKOH, KO)l(eBeHHOH, napqHoMepHOH 

11 np. Tiapacp11H KaK 1aryCTme11b np1-1-

Mem1eTC5I TaK)l(e B npo1nsoD.crne n 11ac

Tl1<JHbIX cMa3oK. Oco6e1-1Hoe 1 HaL1eH11e 

)1(11.lJ.Kl1e 11 rnep.lJ.bie napacpMHbI 11Me

IOT cei1<1ac KaK Cbipbe .[1.11 51 nony YeH115I 

6eJIKOBO-BHTaMl1HHblX KOHUeHTpaTOB 

(EBK) Ha 3aBO.lJ.aX l\ll!Kpo6110.r1ofl!Lle

CKOfO Cl1HTe3a, a TaK)Ke CHHTeTHLfe

CKl1X :>1<11pHblX Kl1CJ10T, cm1pTOB H no

BepxHOCTHO-aKTl1BHblX BewecTB Ha 

3aBO.[laX HecpTeXl1 1\HIL!eCKOfO CHHTe'3a . 

TaK11M 06pa10M , n a pacjmHbI, Bb1-

ne11eHHb1e 113 HecpT11 , HMe!OT 60Ji bWOe 

npaKTHYeCKOe 3HaYeHMe , H HX no

Tpe611eH11e CHJlbHO B03pOCJ10. c npy

roi1 CTOpOHbl, np11cyTCTBHe TBep.LibIX 

yrnesonopO.lJ.OB B cMa30LIHbIX 11 cneu11-

aJibHhIX Macnax HeJ(onyCTl1MO, TaK KaK 

OHl1 nOBbIWa!OT TeMnepaTypy 3aCTbIBa

Hl151 11 yMeHbWaKH nOJJ,Bl1)!(H0CTb MaCeJI 

np11 HH3Kl1X TeMnepaTypax . f103TOMY 

Macna, KaK y)l(e yKa3bIBanocb, non

sepra10T cneu11aJibHOH 0411CTKe OT 

napaqrnHa - oenapac/Jl!ftll3Gl(Ull. 

l(HKJIOllJIKllHbl 

flo 06WeMy COJlepiKaHIHO UHKJIOaJl

KaHbl (Haq>TeHbl) BO MHOfllX coprnx Heel)-

18 

TH npeo611ana10T Han OCTaJibHbIMl1 KJlaC

caM11 yrneBO.l1.0PO.l1.0B. B cpe,zmeM B pa3-

JIH4HblX coprnx Heqn11 OT 25 .lJ.O 75% 
no1111Men111eHOBbIX yrnesonoponos 

BCex THnOB. HacpTeHbl BXO.!J.51T B COCTaB 

BCex copTOB HecpTH H npHCYTCTBYIOT 

so scex cppaKUH51X. Hx CO.lJ.ep)l(aHHe, KaK 

npas11110, pacTeT no Mepe yrn)KeJleHH51 

qlpaKu11i1. TonbKO B Ha116011ee BhICOKO

KHnmu1-1x M3CJ151HbIX cppaKUH51X HX KOJlH

L!eCTBO yMeHbwaeTc51 3a CLJeT ysenHYemrn 

apoMaT11LJec1rnx CTPYKTYP· Oco6eHHO 

6oraTbl HaqneHal\111 6aKl1HCI<He 11 3M611H

CKlte coprn HeqJrn (40-60%, C4HTa51 Ha 

Hetjnb, a B OT .[leJlbHbIX cjlpaKu H 51 x Jl 0 

60-80% ). 
ripoCTei1w11e U11KJIOaJIKaHbl - U11KJIO

nponaH. UHKJlo6yTaH 11 HX fOMOJIOfH -

s HecpT11 He o6Hap~eHbI. MoHOUHKJlH

LieCKHe HaclneHbl p51na C,,H211 WHpOKO 

npencTaBJie Hbl B HecjlT51X UHKJioneHTa

HOBblMH H UHKJIOreKCaHOBbll\111 CTpyK

TypaMM. B 6eH311HOBbIX 11 Kepoc11HOBblX 

cjJpaKU1151X pa3JIH<JHblX copTOB Hecjlrn 06-

HapyA<eHO 6onee 80 11H.ll.11BHJlYaJibHblX 

npencrns11Te11ei1 3Toro KJiacca ymeBO.lJ.O

ponos cocrnsa C5-C12. B OTHOCHTeJJbHO 

60JibWHX I<OJIHLfeCTBax B Hetj>TH npHCYT

CTBYIOT: MeTHJIUHKJlOreKcaH, UHKJloreK

caH, MeTHJIUHKJIOneHTaH, HeKOTOpble .lJ.H

MeTl1JlbHble fOMOJIOrH UHKJIO!leHTaHa. 

B 1-1e3Ha<JHTeJJbHbIX KOJIHLieCTsax o6tta

p~eHbI TaK)Ke UHKJiorenrnH 11 Men1JI

UHK11oremaH. Bo cppaKUH51X Bblwe 200 °C 
Hap51D.Y c fOMOJJOraMH UMKJIOfeKCaHa 

11p11cy TCTBy 10T 611 u11KJU1LiecK11e ( C11-C2,) 
II nOJHIUHK.nlfLJec1rne 11acjneHbl c 4HC-



noM UHKJlOB He 6onee wecTH ( C
11
H

211
_
4

-

C11H211_10). 8b1,neneH11e 113 Hecjn11 111111 

xorn 6hr 11,neHTmp11u11posaH11e 11x npe.n

CTaBJUieT 04eHb 60JlbllIHe Tp)'.UHOCTH. lfa 
60JlbllIOH MaCCbl 3THX yrneso,nopo

,noB ,noKa3aHO noKa CTpOeHHe TOJlbKO 

25 HH,nHBH,nyaJlbHbIX 6HUHKJlH4eCKHX 

( C
8
-C1), lli!TH TPHUHKI1H4eCKHX (C10-C13

) 

H 4eTbipex TeTPa- H neHTaUHKJ1H4eCKHX 

HacjneHOB. 

0TKpb1Tbie B HecjnH 6HUHKJ1H4eC

KHe Hacj:>TeHbI no cnoco6y coLieTaHHH 

UHKJlOB OTHOCHTCH K cne,nyIOrn;HM TpeM 

nmaM. 

I. HeKoH,neHcttposaHHhre c o,n11Hap

HOH CBH3hIO C-C Me:>I\:,ny UHKJlaMH, Ha

npHMep ,nHUHKJ10reKCHJ1 (T.KHil. 238,5 °C): 

0-0 
HeKoH,neHc11poBaHHhre yrneso.nopo

,nhr MOI)'T 6hITh npe,ncTaBJleHhl TaK:>I\:e 

fOMOJlOraMH ,nHUHKJloneHTHJla H UHK

noneHTHJlUHKJlOfeKCHJla, a TaK:>I\:e CH

CTeMaMH c yrnepo,nHhIM MOCTHKOM 

Me:>I\:,ny UHKJlaMH, KaK B .nHUHKJlOreK

CHJlMeTaHe: 

II. KoH,neHc11poBaHHhre, HMeIOrn;He 

.nsa 06w,11x yrnepo,nHhIX aToMa, c o,nH

HaKOBbIMH H pa3HblMH UHKJlaMH: 

neHmQJ/aH, UJIU 6Ul{UKJIO [3.3.0] OKmaH 1 

WIU zuiJpuHiJaH, WIU 6Ul{UKJIO [ 4.3. 01 HOHQH 

co 
iJeKarlUH, UJIU 6Ul{UKJIO [4.4.0} iJeKaH 

ftt,npHH,naH, ,neKaJJHH H ero fOMOJlOfH 

OT MOHO- .no T~aMeTHI1-npOH3BO,nHbIX 

Hai1,neHbl BO MHOfHX coprnx Hecj:>TH. 

IleHTanaH BhI,neneH H3 KaJJHcj:>OpHHH

CKOH Hecj:>TH. 

III. KoH,neHc11poBaHHhre c BHYT

peHHHMH yrnepo,nHhIMH MOCTHKaMH. 

8 pa3JlH4Hhrx coprnx Hecj:>TH Hai1,neHhI 

6HUHKJlOrenTaHbl, 6HUHKJ100KTaHbl H 

6HUHKJ10HOHaHbl H HeKOTOpbre HX ro

MOJlOfH, KaK, HanpHMep: 

I l(mppbl B CK06Kax yKa3bIBa!OT: nepBal! - 4HCJIO aTOMOB c BO BHeurnei:i CTpyrrype 60JJb
IIJero KOJlbUa: BTOpall -- \!CllbIJICrn KOJlblta ( ll _taHH0\1 tlpll\!Cpc 01111 lJ;llIIIaHlllbl ): TpeTb~ - 'lllC

JIO BHy-rpCHHllX MOCTllKOBblX aT01'1llll c IIC 11p1111ax1c;KalJ(llX K aTO\ta~J yr-:1epo;ia. 06paiy1ouu1M 

BH<?lllllHC L(llKJlbl (ll ;1a11110M llpll\!Cpe IL\ 11er)_ 
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lnasa 2. X111M1114ecK1111i1 cocrns 111 cjJ1113l!l4ecK111e csoli1crna HecjJrn v1 ra3a 

6utfUKJIO [2.2.1] 2enma11 2 

(110116op11a11) 

H1C-CH-CH2 
7 11 21 

8cH2 3CH2 

6 51 41 
H1C-CH-CH2 

6UlfUKJIO [3.2.1] OKmaH 

H1C-CH-CH2 

18 11 21 
HzC7 9CH2 3CH2 

HJ6~IH~hH2 
6UlfUKJIO {3.3.1} HOHGH 

Tp11QHKm1qecK11e ttacjHeHhI TaK

)l(e npHCYTCTBYI-OT B Hecj>TH B 3Ha

q11TeJihHhIX KOJIHqecTBax, HO H.[{eHTH

cj>HQHpoBaHbl H3 HHX TOJihKO TPHQHK

no [3.3.1.1] .neKaH (CIOHl6)' Ha3BaHHhIH 

a.naMaHTaHOM, H ero rOMOJIOrH 1- H 

2-MeTHJI, 1,3-.[{HMeTHJI- H 1,3,5-TpH

MeTHJia,[{aMaHTaHbl. A,rr,aMaHTaH - KpHC

TaJIJIHqecKoe sew:ecTBO c T.nJI. 269 °C 

( caMaH BhICOKaH TeMnepaTypa nnasne

mrn cpe.ntt scex H3BeCTHhIX yrneso

.uopo.nos ). A.naMaHTaH ttMeeT cttcTeMy 

aTOMOB yrnepo.na, no.uo6tty1-0 aJIMa3y. 

Coe.u11tteHHH, co.nep)l(aw:11x a.uaMaHTaHO

soe H.!1.po, cpe.ntt sew:ecrn pacTHTeJihHOro 

H )l(HBOTHOfO npOHCXO)l(,[{eHHH He o6Ha

py:>KeHO. B HaCTOHl.I.l,ee speMH .!1.0BOJihHO 

HHTeHCHBHO pa3BHBaeTCH XMMHH a)J,a

MaHTaHa. lfasecTeH CHHTeTHqecKHH Me

TO)J, ero nonyqettHH. I1poH3B0.!1.Hhie a)J,a

MaHTaHa HaXO,[{HT urnpOKOe npHMeHeHHe 

B pa3JIHqHbIX o6nacrnx (JieKapCTBeHHbie 

sew:ecrna, noJIHMephI M .!1.P.): 

:r~:-r 
I fH2 I 

H1C-CH-CH2 

aoaMa11ma11 

ApenbI 

ApetthI ( apoMaTJ1qeCKHe yrneso.nopo

.!1.hI) CO)J.ep)l(aTCH B Hecj>TH, KaK npamrno, 

2 Ll.Hcjlpbl y aTOMOB yrnep oD.a noKa3b!Ba f<)T npHHSlTYIO HyMepaw110 JlllSl o 6o3Ha'leHHSl MCCTa 

1aMeCTHTenei1 . 
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s MeHbW11X KOJil14ecrnax no cpasHeH1110 

c aJIKaHaM11 11 u11KJIOaJIKaHaM11 . 06rnee 

COJJ,ep)l(aH11e 3Tl1X yrneBOJJ,OpOJJ,OB B pa3-

Jil14Hb!X coprnx HecjJT11 KOJie611eTC5! B 

JJ,OCTaT04HO w11pOKl1X npeJJ,enax, co

CTaBJI5151 B cpeJJ,tteM I 0-20% Mace. B apo

MaT11L£ecK11x coprnx Hecjn11 OHO MO)l(eT 

JJ,OCTHraTb 35% Mace. 11 6011ee . 

ApeHhI Hecjn11 l13y4eHbI IIY4We, 4eM 

yrneBOJJ,OpOJJ,bl .upyrnx KJiaCCOB. 3TOT 

KJiacc yrneso.uopo.uos npe.ucrnsne H s 

HecjJTl1 6eH30JlOM l1 ero IOMOJ10raMl1 , a 

TaK)l(e np0113BOJJ,Hb!Ml1 611- l1 nOJ111Ul1-

KJ1114eCKl1X coe.u11HeH11i1. B 6eH311HOBhJX 

cppaKUl151X HecpT11 HL(eHTHcjJ11u11posaHbl 

see B03MO)l(Hhie aJIK11n6eH30J1bJ .uo C9. 

Ope,UOMHH11py10rn11M11 apeHaM11 51BJ151-

IOTC51 TOJlYOJI, M-KCHJlOJI H nceB,UOKYMOJI 

( 1,2,4-Tp11MeTl1JI6eH30JI ) . 

B Kepoc11HOBbIX 11 r33oi1nesb1X cppaK

UIDIX, KpOMe yrJiesonopOJJ,OB 6eH30 Jlb

HOro p51,Ua, H,UeHT11cp11u11posaHbl IOMO

JIOnl HacjJTaJIHHa 11 n11cpeH1111a. B rn)l(e

JihIX fa30HJieBbIX, M3CJ151Hb!X H Bb!CWHX 

cppaKUIDIX HecjJrn o6Hapy)l(eHbI TaK)l(e 11 

nOJil1Ul1KJ111'1eCKl1e apeHbl c TpeM51 H 60-

nee u11KJ1aM11. B rn)l(eJihJX n 11cTHJ1J15!TaX 

o6HapY*eHbI noJI11u11KJI114ecK11e apeHbI , 

11Me10rn11e no 7 Koneu. 

Op11cyrcrs11e apoMaT11'le cK11x yme

sonoponos s 6eH311Hax sechMa )l(ena

TeJibHO, TaK KaK OHl1 0611ana10T BblCOKH

Ml1 OKTaHOBbIMH q11cJiaM11. Hao6opoT, 

HaJil1'1He HX B 3Ha'IHTeJ1bHbIX KOJlHl.{eCT

sax s ,UH3eJibHOM TonJI11se ( cpenm1e 

c!ipa1<ui-111 Hecln11) y x yLl waeT npouecc 

CIO]J3 Hl1 51 TOnm rna . 0 0JJl-IUl1KJ IWleCK~IC 

apoMaT11Yec1<11e ymesonopo,nhI c KopoT

KHM11 6oKOBhIMH uen51MH , nonana10urne 

np11 pa3roHKe HecpTH B MaCJ151Hbie cppaK

UHH, L\OJI)l(HhI 6bJTb yJJ.aJieHbI s npouec

ce OYHCTKl1 , TaK KaK HX np11cyTCTBHe 

spenHo oTpa)l(aeTC51 Ha 3KcnnyaTa

u110HHhIX Ka'IeCTBax CMa30'IHb!X MaceJI. 

Eett30J1 , TonyoJI, 3THn6eH30JI, 113on

pon11116eH1011, K c1111011b1 , ttaqnan11H -

O'leHb ueHHOe Xl1MH'leCKOe Cblpbe L(Jl51 

MHOfl1X npoueccos HecpTeXl1Ml14eCKOIO 

11 opraHH'leCKOro Cl1HTe3a, BKJl!Ol{a51 

TaK11e Ba)l(Hble OTpacJIH XHMHYeCKOH 

npOMb!lllJleHHOCTH, KaK np0113BO,UCTBO 

Cl1HTeT11'1eCKHX KayqyKOB, nJiaCTH'leC

KHX Mace, Cl1HTeT11YeCKHX BOJIOKOH, 

B3pbIBY3TbIX, 3HH.JlliHO-KpaCO'IHbIX 11 cpap

MaUeBTHYeCKl1X sernecTB. 

YrneBoJJ.opoJJ.bl 
CMemaHHOro CTpoeHHSI 

3ttaY11TeJibHa5! qacTb ymesonopo

nos HecpT11 HMeeT CMernaHHOe, HJIH, 

K3K npHH51TO rosopHTb, r116pH,UHOe 

CTpoett11e. 3To 03HaYaeT, 'ITO B MOJie

KyJiax rn1<11x ymesonoponos 11Me10Tc5! 

pa3Jil11.{Hble CTpyKTypHbie 3JieMeHTbl, a 

11MeHHO: apoMaTH'leCKHe KOJibUa, 051Tl1-

11 rnecTHYJieHHbie u11KJionapacp11ttosh1e 

UHKJibl 11 am1cpaTH'leCKHe napacjJHHOBbie 

uen11. 00H51THO, 4TO COYeTaHHe 3THX 

3JieMeHTOB MO)l(eT 6bITb 11CKJIIO'IHTeJib

HO pa3H006pa3Hb!M, a 'IHCJIO H30Mepos 

orpOMHbJM. 

B Kepoc11HOBbIX cli paKU115IX o6ttapy 

iKCHbl 11po n el1w11e r116 p11.'lHbie 611u11K-
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mF1ecKtte yrneso.n.opo.n.hI - Terpam.D.pO

Haqnrunm (Terprunrn) 11 HeKOTOpb1e ero 

roMonorn: 

00 
mempaJluH 

J,2,3,4-memp(J)Wem1mmempam1H 

.lJ:oKa3aHo HaJI11411e B Kepoc11-

HOBOH cl>pa1aurn Heel>™ Terj)aJ111Ha, Me

THJITe-IpaJIHHa, ,llHMeTHJITeTPa.IlI1Ha, :mrn

Te-IpaJIHHa, TerpaMeTl1JITeTpa.Il11Ha. 

MacJUIHbie cppaKU1111 n04Tl1 uemIKOM 

cocroH 113 yrneso.n.opoJJ,oB cMewaHHOro 

CTPOemui. l1x MO)KHO pa3.n.emITh Ha TPH 

THrra: 1) rrapacpHHO-UHKJ10napacp11HOBhie; 

2) rrapacp11Ho-apoMarn4ecK11e; 3) napa

cp11Ho-u11KJiorrapacp11Ho-apoMaT11'-!ecK11e. 

Yrneso.n.opo.n.hI rrepsoi1 rpynnb1 npeJJ.

CTaBJUIIOT co6oH: n1160 ,lJ,Jll1HHhie napa

cpHHOBhie uemt c UHKJIOIIapacp11HOBhlM 

3aMeCTHTeJieM: 

22 

J11160 UHKJIOnapacpHHOBbie yrneBO,l1,0po

,l],bl pa3HOH CTeneH11 UHKJll14HOCTH c He

CKOJlhKl1MH 60J1ee KOpOTKl1M11 6oKOBhIMl1 

napacp11HOBhlMH uernlMH, Hanp11Mep: 

CMernaHHbie rrapacp11Ho-apoMaT11'-le

cK11e yrneBO,l1,0p0,D.hl, Bep051THO, COCTO

jff 113 ,l],JIHHHhlX napacp11HOBhlX uerrei1 c 

cpeHl1JlbHhlMH 3aMeCTl1TernlMH B KOHue 

uerrH. qHCJIO apoMaTH'-leCKl1X KOJ!eu B 

3THX CTPYKTYPax He npesh1waeT .n.Byx. 

I1o.n.o6Hbie yrneBo.n.opO.D.bI KaK c u11KJio

napacp11HOBhIMH, TaK 11 cpeH11JlhHblM11 3a

MeCT11TeJ15IMl1 MOryr BXO,l],11Tb B COCTaB 

TBepnbIX napacpHHOB 11 uepe311HOB. 

B 411CTOM s11.n.e OHH noKa He BhI,D.eJleHhI. 

Tperni1 T11n ymeBo.nopo.n.os cMewaH

Horo CTpOeHJ151, B MOJ1eryJ1ax KOTOph!X 

11Me10TC5! Bee CTPYKTYPHbie 3JleMeHThI -

apoMaT11'-1eCK11e, UHKJIOnapacp11HOBbie 11 

napacp11HOBb1e, - Ha116onee pacnpocTPa

HeH cpe)ll1 yrJ1eBOJJ,OpO,l1,0B BblCOKOMO

JieKy.upHOH '-!aCTH HecpT11. 

0 CTpOeHl111 11H,lJ,11Bl1.D.YaJlbHb!X npen

CTaB11TeJ1eH BeI.UeCTB 3TOfO T11na .n.aH

HbIX noKa ol!eHb MaJ10. Mttor11e 11c

CJ1e)lOBaTeJ111 noJlaraIOT, '-!TO MOJleKYJibl 

3THX ymeBOJJ.OpO)lOB HMelOT B OCHOBHOM 

KOH)leHc11posaHHOe cTpoeH11e. Ha1160J1ee 

Bepo51THOH apoMaTttlleCKOH CTPYKTYPOH 

51BJl51eTC51 HacpTaJIHHOBOe 51,[J,po. 06mee 

411CJIO KOJleU (U11KJIOB) 113MeH51eTC51 OT 

JJ.BYX .no weCTH. 



reTepOOpraHH'leClrne COeJJ.tlHeHHSI 

KHCJIOpOJJ.Hble coeJJ.HHeuusi. OcHOB

HaH 4aCTb KHCJlOpo.ua, HaXO.U5!W.eroc51 B 

Hecpn1, BXO.Ll11T B COCTaB CMOJ111CTbIX 

aew.ecTB, 11 TOJlbKO OKOJlO l 0% ero 

np11XO.Ul1TC51 Ha .uomo KHCJlbIX opraH11-

L1eCKl1X coe.u11HeH11H - Kap6oHOBblX 

KHCJlOT 11 cpeHonos. HeHTpanbHbIX 

KHCJlOpO.UHb!X coe)J,HHeHl1H B Heqn11 

o4eHh Mano. B csoio o4epe.ub cpe.u11 

KHCJlbIX coenHHeHHH npeo6na.uaioT 

coe.UHHeHl151, xapaKTepH3YIOW.11eC51 Ha

JlH4HeM Kap6oKCl1JlbHOH rpynnw , -

HecpTH H bte KHCJIOTbI. Co.uep)!(aH He 

tiJeHOJlOB B HecjnH He3Ha4HTeJlbHO 

(.uo 0, I%). Hccne.uoaaHHe cTpoeHHH 

HecprnHblX Kl1CJIOT, BbI)J,eJleHHblX 113 

CBeTJlblX cppaKUHH , noKa3aJIO, 4TO Kap-

60KCHJibHa51 rpynna Yaw.e scero CB51-

3aHa c OCTaTKaMH U11KJIOneHTaHOBblX 

11 HHOr)J,a U11KJloreKCaHOBbIX yrneso

JJ.OpO)J,OB 11 3Ha411TeJibHO pe)!(e c na

pacjrnHOBblMl1 paJJ.HKanaMH. B 6011ee 

BbJCOKOKl1n51W.HX cppaKUl151X HaH.ueHbl 

nOJ111U11KJlH4eCKHe Kl1CJ10Tbl c UHKJ10-

napacp11HOBblMH, apoMaTWieCKHMH 11 

m6p11.UHblMl1 pa.u11 KaJlaM H. 

Co.uep)!(aHHe )J<HpHbJX Kap6oHOBbJX 

KHCJlOT C
11
H

211
+

1
COOH B ttecpT11 He npe

BbIWaeT COTbJX .uoJieH npoueHTa. B pa3-

JlH4HbJX coprnx Hecprn 11.ueHTHQ)HUHpO

BaHO .uo 40 OT)J,eJlbHblX npe)J,CTaBl1TeJleH 

HX c 4HCJIOM yrnepO)J,HblX aTOMOB OT 

cl )J,0 c25· Cpe.u11 Hl1X npeo611a)J,a!OT 

KHCJlOTbl H30CTpoeHH51, BKJ1104a51 II 

H'30 npeHOH.UH ble. II c 'leTl-lbl ~ l 'lllCJ!OM 

yrnepO.UHbJX aTOMOB. Kap6oHOBble 

KHCJlOTbl - np0113BO)J,Hble MOHOUHKJJH-

4eCKHX HaqneHOB c o6meH cpopMyJlOH 

CnHln-ICQQH HJIH CnH211_20 2 flOJIY4HJIH 

Ha'3BaHHe HarjJmeH08blX KUCJ/Om. .60-

11ee 10 npe.ucTaBHTeJieH 3Toro KJiacca 

KHCJIOT BbI)J,eJieHbl H3 HecpTH 11 xopowo 

113y4eHh1. Kap6oKCl1JibHaj{ rpyrrrra a 

3THX Kl1CJIOTax MO)!(eT 6b!Tb CBji3aHa 

Henocpe.ucTBeHHO c UHKnonapacp11Ho

BhIM pa.UHKaJIOM HJIH BXO.llHT B COCTaB 

6oKOBOH uen11 . HanpHMep: 

J)-cooH 
H3C 

3-:wemw111uKJ1oneHmaHKap60H08a5l 

KUCJZoma 

l/UKJI0/1eHmaHyKcycHa5l KUCJZoma 

no cp11311qecKHM CBOHCTBaM Hecprn

Hble KHCJIOTbl npe)J,CTaBJI5llOT co6oH 

m160 )!(H)J,KOCTH, JIH60 KpHCTaJIJIH4e

CKHe aemecTBa, HaITOMHHalOIUHe no 

1anaxy )!(HpHhie KHCJIOThl. TinoTHOCTb 

HX 6JIH3Ka K elJ:HHHQe. TIO XHMWieC

KHM CBOHCTBaM OHH BflOJIHe CXO/.l:Hbl 

c )!(HpHbIMH Kap60HOBblMH KHCJIOTaM11. 

TaK, co w.eJiolfaMH 06pa3y10TCji coJI11: 

CH COOH+NaOH ~ 
II Ill 

~ CH COONa + H,O 
'' m -

3Ta peaKUH51 fl03BOJI51eT BbI)J,eJIHTb 

t(11cn0Tb1 11 3 Hecjn511-1b1x cjipaKuuJ:'i. Com1 

weJJO'IHblX MeTaJlJlOB ")Tl!.\ Kl1Co1 0T. XO-
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lnasa 2 . XV1MV1Y eCK V1'1 COCT3 B l'I Cj:n1 3 W18Cl'.1•18 CBO~ICT83 H8cjJTl 1 '. ! !2'38 

porno paeTBOpMMble B BOD,e, nOJlHOeTblO 

nepeXO,L\51T B BO,L\HO-weJlOl!HOK enoH. 

DpM IlO.L\KMeneHMM 3Toro pacrnopa ena-

6oi:i eepHOH KM en OTOH Hecjrrn H ble Kl1e

Jl0Tbl perettep11py10Te51 , BenJlblB3IOT 11 

TaKHM o6pa30M MoryT 6b1Tb on1e,1eHbl. 

0.[(H3KO npM 3TOM B 60JlbWOM KOJ1!1<Ie

eTBe 33XBaTblB3JOTe51 II HeiiTp3JlbHbie 

MaCJia (OT 10 .L\O 60%). )Jjrn Bb1.[(ene

HH51 He<l>rnHblX KHeJlOT B l!HeTOM BH,L(e 

npMMeH51IOTC51 pa3JlH<!Hble MeTOLlbl 

o<iMeTKM. MHorne eonH HacjneHOBblX 

KHeJioT 51pKO OKpaweHbl. Bee OHM 06-

11a,L(a10T 6aKrepm.(H.L\HbIM neiicrn11eM. 

He<l>rnHhie KMe110Tb1 06pa3y10T eom1 

He TOllbKO c e.[(KMMM we11o<i aMM, HO 11 

c OKCH.L\3MH Mera1111os. B npMeyTeTs1111 

BO,L(bl H npH IlOBblllieHHblX Tei\mepaTy

pax OHM ttenoepe.[(erneHHO p ean1py10T 

co MHOrHMH MeTaJIJI3M11, TalOKe o6-

Pa3Y51 eo1111 , LITO Bbl3bIB3eT KOpp03HIO 

MeTaJlllH<ieeKOH annaparypb!. np11 ·_HOM 

11erqe Bcero OHM pa3pywa10T CBMHeu, 

UHHK, Me.[(h, B MeHbWei1 eTe n e 1m - )!(e

lle30, Mettee )Ke Bcero - aJIJOMHHHH. 

5ICHO, LJTO IlO 3TOH npwrnHe Bee HeC!)

T5lHhie KMCJlOTbl ()l(I1pHbie, HacjneHO

Bhie H BbICWHe) 51BJI51JOTe51 spe,L\Hbl l\H1 

npHMee51MH H IlO,L\llC)j(aT yna,1eHHIO 

113 tte<l>renponyKTOB B npoueeee 11x 

OLJHeTKH. Ha<I>reHOBbie 11 Bb1ew11e 

K11e110ThI conep)l(aTe51 BO Beex eoprax 

He<l>TH, HO KOJlHLJeeTBO HX , K31< npa

BHllO, HC3H3411TCllbHO. 

Pacnpe.[(e11eH11e KHc110T no cj)paKu11-

51M tte<I>n1 Heo.D,11HaKoso. B 6eH3MHO

BblX cj)paKUH51X HX, K3K npaBHJlO, HeT. 
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B Kepoc11HOBb1x .L\HCT11111151Tax OHH y)l(e 

npucyTCTBYIOT, HO B MeHhlllHX KOllHLie

CTBax, LJeM B 11enrnx MaC1151HblX <l>paK

UM51X . 

!lleno<iHbie COJ111 He<l>rnHbIX KHC

llOT o6n a.[(3IOT xopOWHMH MOIOlllHMH 

CBOHCTB3MM. no3TOMy OTXO)J,hl ruellOLJ

HOH o<iMCTKH - TaK Ha3hrnaeMbIH Mhrno

Hacjn - 11CnOllh3YIOTC51 np11 H3fOTOBJle

HllH MOIOlllHX epe,L\CTB .[\1151 TeKCTHllbHO

ro np0113BO)J,eTBa . 

TexH11Yee1rn e Hecj)rnHble KHCJlOTbI 

( 3CHJlOJ1 ), Bbl.[\e1151eMhie 113 KepOCHHOBhIX 

M JlCrKHX MaC1151HblX )J,HCTl1111151TOB, HMe

IOT pa3H006pa3HOe np11MeHeH11e: B Ka

lJeCTBe paernop11Te11ei1 eMOll , K3Y4YK3 

11 3 HHJ1 11HOBblX Kpac11Tenei1; .[(1151 npo

nHTl<l1 wna11; .[(1151 CM34HB3Hl151 wepCTl1 

npH B3J151HHYI; np11 H3roTOBlleHl11-1 UBeT

HhlX J13KOB; B K3LJCCTBe 3HTHCCilTl1K3 

B T Cl<CTMll bHOM np0113BO,L\CTBe H T.Il. 

H e MCHbWee 3H3LJeHHe HMCIOT 11 pa3-

1111'-1Hhle COllM Ha<l>TeHOBblX KHCJlOT. 

K a11 huMeBb1e, 6ap11eBbie, CBHHUOBb1e 11 

3JllOMl-IHl-leBbie COllH 11CI1011b3YIOTC51 B 

Ka<iecrne 3arycT11Tenei:i np11 113roTOB-

11eH1m KOHeHCTCHTHblX eMa30K. EapHe

Bhle, Ul-IHKOBble, 0110B51HHbie, aJIIOMl1Hl-l

e Bble, K00311bTOBbie H HHKCllCBbie COllH 

51B1151IOTC51 I1pHC3LIK3MH K CM330'-IHbIM 

MaenaM. Ha<l>TeHaT xpoMa - xopowee 

KJle 51wee Bewecrno. Ha<l>TeHaT fviapraH

ua - 113BeeTHblH K3T3111133TOP B npouee

cax OKHelleHH51 napa<l>11Ha. 

CepuucTMe coe)luueum1. 0 Ko1111-

t1ecrne cepHHCThlX COC,UHHCHYIH B HC(l)

Tl-1 CYJl51T no pe3yJl hTaTaM onpenene1-11rn 



o6mero co.nep)!(aHirn cepb1, Bb1pa)!(eH

Horo B npoueHTax. 3To onpe.neneH11e 

He .naeT TO"IHOro npe.ncTaBJ1eHH51 0 co

.nep)!(aHl111 cepH11CTbIX coe.n11HeH11i1, 

ecn11 He 113BeCTHa HX cpe.D,H5151 MOJ1eKy

mipHa51 Macca. Op11eHT11poBO"IHO MO)!(

HO np11H.s!Tb, "ITO KOJ111"1eCTBO cepHHC

TblX coe.n11Hett11i1 B Hecprn B 10-12 pa3 

npeBbUUaeT KOJ111"1eCTBO cepbl, Hai1-

.neHHOH no attanl13y. Kotte"IHO, .nn51 HH3-

KOMoneKyn.sipHblX cjipaKU11H JTOT KOJCp

cp11u11eHT Hl1)!(e, a )],J151 BbICOKOMOJ1eKy

J151pHbIX OCTaTKOB MO)!(eT )],OX0)],11Tb .no 15. 
OcttOBHa.sJ Macca cepHHCTbIX coe.n11-

HeH11i1 Hecjn11 11MeeT 6oJ1bWYfO MOJ1e

KYJ151PHYIQ Macey 11 BbICOKYfO TeMnepa

TYPY 1<11neH11.sJ. OoJTOMY OT 70 .no 90% 
BCex cepH11CTblX coe.n11HeH11i1 KOHUeHT

p11pyeTC.sJ B Ma3yTe 11 ry.npoHe. 

Bo MHOrnx coprnx HecjJT11 o6Hapy

)!(eHa JneMeHTHa51 cepa. B HecjJT11 oHa 

Haxo.n11TC.sl B paCTBOpeHHOM COCT051Hl111 

11 np11 neperottKe "laCTM"IHO nepexo.n11T 

B .D,11CTl1J1J1.sJTHbie npo.nyKTbl. 3neMeHT

Ha51 cepa - o"leHh arpecc11BHbIH areHT 

no OTHOWeHl1IO K UBeTHblM MeTannaM 11 

oco6eHHO K Me.n1111 ee cnnaBaM. 

B tteKOTOpbIX coprnx HecjJT11 ttaxo

.n11Tc.sJ B paCTBOpeHHOM COCT051HHH 11 

cepoBo.nopo.n. O.nHa1<0 B .n11cT11nn51-

Tax Hanl1'me ero "lame Bcero .sJBn.sJeTcH 

CJ1e.D,CTBl1eM TepM11"1eCKOro pa3J1 0)!(e

Hl151: .npyr11x ceptt11CTbIX coemrneH11i1. 

CepoBo.nopo.n To1<c11YeH, BbI3hrnaeT 

1<oppo31110 . f naBHa51 ;1.1acca cepbl BXOJJJIT 

B COCTaB pa 3JJ WIHhlX opraJrnLJeCKllX 

coe.n11HeH11i1 - npo113BO.UHblX yrneBo.no

po.noB 11 CMOJ1HCTblX semecTB. 

B pa3J1 11"1HbIX coprnx ttecjlrn 06-

Hapy)!(eHbI cepHHCThie coe.n11tteH115! 

cne.nyID!lll1X Tl1llOB: MepKanTaHbl 11J111 

rnocn11pTbl (rnonh1); an11cjlarn4ec1<11e 

cynbcjl11.nb1 11J111 TH03cjl11phl (T11oanKa

HbI); MOHOU11KJ111YeCKl1e cynbcjl11,nbl 11J111 

llOJil1MeT11J1eHcynbcjll1.UhI; Tl10cjleH 11 ero 

np0113BO.UHbie; llOJ111U11KJ111"1eCKl1e cep

HHCTbie coe.n11tteHl15!. 

MepKannwHbl (T11onh1). I1MeIDT crpoe

H11e RSH. MernnMep1<amaH (MeTaH

rnon) - ra3 c T.K11n. 5,9 °C. 3rnnMep

KanTaH H 6onee BhICOKOMOJ1eKyJI51:pHbie 

fOMOJ10fl1 - /K11.UKOCTl1, HepaCTBOp11Mble 

B Bo.ne. Te~rneparypa 1<11neH115! MepKan

TaHOB C
2
-C

6 
35-140 °C. MepKanTaHbI 

o6na.nafOT O"leHh Henp115!THhIM 3anaxoM. 

y H113WHX npe.ncTaB11TeJJei1 JTOT 3anax 

HaCTOJ1bKO 11HTeHCl1BeH, YTO o6Hap~H

BaeTC51 B HH'ffO)!(HblX KOHUeHTpaUl151X 

(Q,6. 10-4 -;.. 2. 10-6 % )],J151: C2HSSH). 3TO 

CBOHCTBO 11CllOJ1h3YeTC51 B npaKTHKe 

ra3ocHa6)!(eH115! ropo.noB .UJI51: npe.nyn

pe)!(.neH 1151 0 He11cnpaBHOCTl1 ra30BOH 

J111Hl111. 0Hl1 .no6aBJ151:IOTC51 K 6b!TOBOMY 

ra3y s Ka"lecrne o.nopaHTa. Co.nep)!(a

H11e MepKanTaHOB B HecjJTl1 HeBeJ111KO . 

MepKanTaHhI ttecjn11 xopowo 113-

y"leHbI. vb HecjJTl1 BbI.D,eJieHO MHOro 

HH.D,11B11.UyaJibHb!X coe.n11tteHl1H 3TOro 

KJiacca, BKJ1IQYM nepB11YHhie, BTOp11Y

Hbie, TpeTl1"1Hb!e 11 MOHOU11KJ111"1eCKl1e 

\1epKanTaH bI c LJJICJl0'-1 yrnepom·JbL\ 

armTOB OT cl no C~ . Ha11p11t\1cp: 
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3mw1.111epKanmaH 

CH
3
CH(SH)C

2
H

5 

emop-6ymWZMepKanmaH 
(2-6ymaHmuoJ1) 

mpem-2eKcW1MepKanmaH 
(3-MemW1neHmaHmuoJ1-3) 

c5 
tfUKll02eKCGH ml/OJI 

Mep1<arnaHhI 51BJUUOTC51 O'leHb Bpe.n

HOH npHMechlo K TOBapHhIM npo.nyKTaM, 

TaK KaK Bbl3bIBaIOT KOpp0311IO, oco6eH

HO QBeTHhlX MeTaJIJIOB, cnoco6CTBYIOT 

CMOJI006pa30BaHHIO B KpeKHHr-6eH311-

Hax H np11.na10T ttecjnenpo.nyKTaM oT

spaTHTeJihHhIH 3anax. 

3neMeHTHM cepa, ceposo.nopo.n 11 

MepKanTaHhl KaK BeCbMa arpeCCl1BHhie 

semecrna 51BJI.HlOTC51 Ha116onee tte)!(e

JiaTeJibHOH COCTaBHOH qacTbl-0 Hecpn1. 

11x He06XO.UHMO IlOJIHOCTb!O y.naJI.HTb 

B npoQeccax O'IHCTKH 11 CTporo KOHT

poJIHpOBaTb HX HaJiwrne B TOBapHbIX 

npo.uyicrax. 

Anmparn4ecK11e cynbcp11.nb1 11Me1-0T 

CTpoeH11e RSR' . 3rn )Kl1.llKl1e BeLUecrna 
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c ttenp11.HTHbIM 3anaxoM. Cynbcp11.UbI 

C
2
-C

1 
HMeIOT Hl13K11e TeMnepaTypbI K11-

nett1rn (37-150 °C) 11 np11 neperottKe 

HecjJTH nona.nalOT B 6eH311HOBbIH .n11c

THJIJI.HT. 

Cynbcp11.nb1 cocraBJI.HIOT ocHOBH)'IO 

YaCTb cepHHCThIX coe.n11HeHHi1, nona.na

IOI.QHX np11 pa3roHKe B CBeTJibie .lll1CTHJI

Jl.HThl. 11x co.nep)KaHHe B 6eH311Hax, Kepo

c11ttax, .UH3eJibHOM TOTIJIHBe KOJie6neTC51 

OT 50 .no 80% OT cyMMbl cepH11CTbIX 

coe.n11ttett11i1: B 3THX cppaKQ1151X. KaK H 

MepKamaHbI, cynbcjl11.nb1 ttecprn xopowo 

113yqeHbl. 0KOJl0 180 11H.UHBI1.UyaJl bHbIX 

npe.ncTaB11TeJlei1: MepKanTaHOB 11 cyJih

cp11.nos Bh1.nenetth1 11n11 11.nettT11cjl11u11po

saHb1 BO MHOfl1X coprnx HecpT11. 

B tteK0Topb1x copTax HecjJT11 B tte-

6ollhWl1X KOJll14eCTsax Hai1.neHbl TaK)Ke 

.n11cynbcp11.nb1 RSSR. flp11 Harpesatt1111 

OHM Bb1.nen.H10T cepy, ceposo.nopo.n H 

MepKaTITaHbl . 

AJoTHCThie coe;:i:uueumi. OpraHH

qecK11x a30Tl1CTblX coe.n11HeHl1H B Hecj:>

Tl1 B cpe.nHeM He 6oJlee 2-3% 11 MaKCH

Ma.lbHO (B BbICOKOCMOJll1CTOH HecjlTH) 

.no 10%. oOJibWa.H qacTh a30Ta KOH

ueHTp11pyeTc.H B T.H)KeJiblX cjlpaKQH51X H 

B oCTaT04HbIX npo.nyKTax. A30T11CTh1e 

coe.n11ttemrn tte¢T11 np11HHTO .nen11Tb Ha 

OCHOBHb!e 11 HeihpaJibHbie. 

BeLUecrna octtosttoro xapaKTepa 

MoryT 6hITh OT,lleJieHbl OT He¢T11 o6pa-

60TKOH CJla6oi1: cepHOH Kl1CJIOTOH. 

Kon114ecTBO aJoT11CTbIX ocHosaHHH 

COCTaBJI.HeT B cpe.nHeM 30% OT cyMMbl 

scex coe.n11 He H11i1: aJoTa. flp11 neperoH-



\ ,· , .. 
I \ ~ · i , 

Ke OHH nona.naJOT B )J,11CTl1J1JUITHble npo

.nyKTbl. A10THCTb1e ocHoBamrn Heqn11 

npe.ncTaBJ1HIOT co6oH r eTepOUHKJ1114eC

KHe coe.n11HeHHH c aTOMOM a30Ta B 0)1,

HOM 113 KOJ1eu, c 06m11M 4HCJ10M KOJ1eu 

OT 0)1,HOfO .no Tpex. B OCHOBHOM OHH 

HBJ1HIOTCH roMonoraMH n11p11.n11Ha (I) , 
XHHOJ1HHa (11), 1130XHHOJ1HHa (III), a TaK

)f(e B MeHbllieH CTerreHH aKpHJJ,HHa (JV): 

0 
N co /, 

N 

II 

00 N (JO) ~ 
N 

III IV 

Mo)f(HO C4HTaTh .noKa3aHHhIM mu:rn-

4Me B HeKOTOpbIX copTax Heqn11 fOMO

J10fOB n11ppona (V), HH)J,OJia (VI), Kap-

6a30Jia (VII): 

0 NH 
~, 
~NH) 

v VI 

~ 
VNHV 

VII 

A 30THCTbie coe.n11HeHHH - KaK ocHoB

Hble, TaK H He HTpa.JlbHble - .UOCTaTO'IHO 

TepMH4eCKH CTa6HJ1bHbl, oco6eHHO B OT

cyTCTBHe Kl1CJ10po.na, H He 0Ka3bIBafOT 

3aMeTHOfO BJ1HHHHH Ha 3KCITJ1yarnUHOH

Hble KaLJeCTBa Heqnenpo.nyKTOB. 0 .nHa

KO OTMeLJeHo, 4TO rrpH xpaHeHMM .UH-

3eJ1bHOfO TOI1J1MBa H Ma3yTa HeKOTOphie 

a30THCTble coe.n11HeHHH Bhl3bIBaIOT yc11-

J1eHHOe CMOJ10o6pa30BaHMe. 

Oco6oe Mecro cpe.n11 ITTOTHCThIX co

e.nttHeHHH HecpTM rrpHHa,wle)l(HT rropcp11-

p11HaM (VIII), KOTOpbie o6ttap~eHhl BO 

MHOfHX coprnx HecpTM 11 B CB060.nttOM co

CTOHHHH, HO qame B BH)J,e KOMI1J1eKCOB c 

saHa.n11eM, HHKeJieM HJIM )f(eJie30M: 

H3C C2H5 

r; I ~ 
R l=(N~ C2Hs 

R' ... )===\~ 
R" CH3 

VIII 

Hx MOJ1eKyJrnpttaH Macca Kone611eT

CH OT 420 .no 560 ( C2.,N4-C3/f4). llo CBO

eMY crpoeHMIO OHM 6JIM3KM xnopocp11J1JIY 

pacTett11i1 11 Kpac.HmeMY Bemecrny Kpos11 

-reM11tty. 

CMOJIHCTo-ac<1>aJibTeuosb1e 
semecTBa 

Ha116onee BhICOKOMOJTeKynHp11b1e r e 

T ep ooprai-JH L1e c1rn e s e weCTBa He cjm-1. 
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B COCTaB KOTOpb!X O)lHOBpeMeHHO 

BXO)l51T yrnepo)l, BO)lopon, KHCJl OpO)l, 

cepa, 43CTO 330T 11 MeTaJinbl, H33bIBa

lOTC51 CMOJlMCTO-accpaJJbTeHOBblMH Be

mecTB3MH. J1eTy4eCTb HX HeBeJJHKa, 

003TOMY npH pa3roHKe HecpTH OHH 

KOHUeHTp11pyIOTC5l B OCH OBHOM B OC

TaT04HbIX ttecpTenpoJJ.yKTaX . B 6eH-

3MHOBbIH )ll1CTHJ1J151T OHH He nona)la

lOT. lleM Bb1we npe.uenb1 neperoHKH 

cppaKUHH, TeM 60J1bWe c HIIMl1 nepe 

rott51eTC51 CMOJJ . Ho no1151 11x so scex 

)ll1CTHJ1J151T3X He npeBbIWaeT 15% OT 

06IUero KOJll1'-!eCTB3 B Hecpn1. 

CMOJJHCTbie BeIUeCTsa TepM11YecK11 H 

XMMl1'-!eCKM tteyCTOH'-IMBbl H cpaBHHTeJlb

HO JlefKO OKl1CJl51lOTC51, KOH)leHCHPYIOT

C51, a np11 ttarpeBatt1111 pacmenm110TC5! . 

KaK npaB11no, CMOJJHCThie semecrna 

tteihpanbHbI. Hx pa1)le11em1e Ha HH

Jll1BH.UYaJibHbie KOMOOHeHTbl - noKa 

COBepweHHO HeBbinOJ1Hl1M351 33)].3'-13 . 

no:noMy 111yqeH11e HX H)leT no J111HIH1 

ynpomeHH51 COCTaBa, T.e. KOHUeHTpH

pOB3Hl151 11 BbI)leneHH51 6on ee Y3KH X 

cppaKU11H, HMeIOIU11X 06w11e CBOHCTBa. 

no XHM11'-!eCKMM np113H3K3M H3 BCeH 

MaCCbl CMOJ1 MO)KHO BbI.UeJlHTb TOJlbKO 

He3H3'-111TeJlbHOe KOJ1H'-!eCTBO BeIUeCTB 

KHCJIOfO xapaICTepa - T3K Ha3bIBaeMbie 

accpaJibToreHoBbie KHCJlOTbI. B npH

ponttbIX accpanbTaX 11x coJJ.ep)l(att11e 

)lOXO)lHT .UO 6-7%. no BHeUJHeMy Bl1J1Y 

3TO B513KHe TeMHble CMOJ1bl. 0HH pacT

BOp11Mbl B cn11pTe, 6eH30J1e 11 XJIOpO

cpopMe. nnoTHOCTb HX BbIWe e)lHH11Ubl. 

l13y4eHbl accpaJJbTOreHOBbie KHCJ10Tbl 
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cna6o. OttH pearnpyioT co me110YaM11, 

HO no MHOIHM CBOHCTB3M OTJ111'-13lOTC51 

OT HacpTeHOBblX KHCJJOT. 

B ornosy K11acc11cp11Kau1111 Hei1T

pa11bHb1x CMOJlHCTbIX BeIUeCTB noJJO

)l(eHO 11X OTHOWeHHe K pa3J1H'-1Hb!M pac

rnop11TeJl5!M. no 3TOMy npH3HaKy npH

H51TO pa3JJH'-13Tb CJ1e)lyIOIUl1e rpynnbI: 

l) HeHTpaJJbHbie CMOJ!bl, paCTBOp11-

Mble B JJefKOM 6eH3HHe (neTponeHHOM 

Jcjrnpe , neHrnHe, reKca1-1e) ; 

2) a ccpa11bTeHbI, ttepacTBopHMbie B 

neTpon ei1HOM 3cp11pe, Ho pacrnop11Mb1e 

B rop51YeM 6eH3one; 

3) Kap6eHbI, <1acT11'-IHO pacTBop11Mbie 

TOJJbKO B nHp11n11He 11 cepoyrnepoJJ.e; 

4) Kap60HJlbI - sewecrna, npaKT11Yec

K11 Hl1 B YeM He paCTBOp11Mbie. 

0cHOBHa51 Macca scex reTepoop-

raH11YeCKHX BbICOKOMOJleeyJJ51pHblX 

Bewecrn OTHOCl1TC51 K HeHYpaJJbHbIM 

cMonaM. AccpanbTeHoB B HecpT11 3Ha

'-111TeJJbHO MeHbWe, '-!eM HeHTpaJibHb!X 

cMon . Kap6eHOB 11 Kap6011)lOB B CbipOH 

Hecjn11 00'-ITH HeT, OHH xapaKTepHbl ,UJ151 

OCTaTO'-!HblX npOJJ.YKTOB TepMOKaTa

JlHTHYeCKOH nepepa60TKH HecpT51HbIX 

cppaKUHH . 06mee CO.D,ep)l(3HHe CMO

JlHCTO-accpaJJbTeHOBb!X BeIUeCTB B pa3-

J111'-1 H b!X copTax HecpTH KOJJe611eTC5l 

B nmpoK11x npeJJ.enax OT 1-2 JJ.O 40-
45%. B HaCT051IUee speM51 B MttpOBOH 

JJ.06b1Ye ttecprn pe1Ko B03pocna JJ.OJ151 

Bb!COKOCMOJJHCTOH HecpTH. 

H e ilmpaR bHhte CJHOR bt xopowo pac

TBOp51IOTC51 B nerKOM 6ett3HHe, B Hecjn51-

HblX Ma c11ax, a TaK)l(e B 6e1-1 3011e, Jcjrnpe 



H x11opocpopMe. CMOJJbI , Bb1,D,ene HHb1e H3 

,ll,HCTHJJJJHTOB HecpTH, HMelOT )!(11,D,KYIO H 

nonyJKHllKYIO KOHCHCTeHUHIO; BbI,D,e

JleHHble '.ll<e 113 ry,D,pOHOB npe,D,CTaBJlHIOT 

co6oii no4Tl1 TBep,D,ble, Ho 0611a,D,a10LUHe 

3Ha4HTeJJbHOH nJJaCTl14HOCT blO BeLUe

CTBa (c MOJl. MaCCOH OT 500 ,D,O 1200). 
0THOCl1TeJlbHaH nJlOTHOCTb OT 0,99 llO 

1,08. Co,D,epJKaH11e reTepoaTOMOB ( 0, S, 
N) KOJie6neTCH OT 3 llO 12%. 

CMOJlbl 0611a,D,a10T c1111hHOH KpacH

LUeii cnoco6HocTblO . TeMHaH 0Kpac1rn 

lll1CTHJJJ1HTOB, K3K 11 CblpOH HetjJTl1 , 

o6ycJ10BJ1eHa, B OCHOBHOM , np11cyT

CTBl1eM B Hl1X HeHT paJJ bHblX CMOJJ . 

Xapa1<TepHaH oco6eHHocTb HeiiTpanb

HbIX CMOJl - 11X cno co6HOCTb ynJJ OT

HHTbCH B accpaJJbTeH bl non B03lleHCTBl1-

eM T3Kl1X cpaKTOpOB, KaK HarpeBaHHe , 

o6pa6oTKa a,D,cop6e HTaM11 111111 cepHoii 

KHCJlOTOH . Oco6eHHO JJerno 3TOT npo 

uecc npoTe1<aeT np11 Harpesa H1111 11 on

HOBpeMeHHOM npon ysatt1111 so3nyxa. 

AcrjJa;1bm eHbl - :no Ha116011ee Bb1co

KOMOJJe1<ynHpHbie reTepoopraHw1ecK11e 

coen11HeHl1H HecpT11 . Tio BHeWHeMy Bl1-

llY accpaJJbTeHbl - nopowKoo6pa3Hb1e 

BeLUeCTBa 6yporo 1111 11 4epHOro UBeTa . 

0THOCl1TeJ1bH3H nJlOTHOCTb 11X BbIWe 

e)J,11H11Ubl; MOJJ. Macca OKOJJO 2000. 
Tio 3JJeMeHTHOMY COCTaBY accpaJJbTe

Hbl OTJJl1'-13IOTCH OT Hei1TpaJJbHblX CMOJJ 

MeHbW11M co,D,epJKatt11eM sonopo,D,a ( Ha 

1-2%) 11 COOTBeTCTBeHHO 60JJbWl1M 

conepJKatt11eM yrnepona 11 reTepoaTo

MOB. Ac cj>an bTe1·1b1 pacrBop 5110Tc51 B 

6e1n oJJ e, c e poyrm?p O,'.IC. x .1op o cllop l\H:. 

LieTb1pexxJJop11cToM yrnepone, B Bbico

KOMOJJeKYJJHpHblX apOM3Tl14eCKl1X yrne

BOllOponax 11 CMOJJax , HO He paCTBO

pHIOTC51 B JJerKOM 6eH311He , cn11pTe 

11 3THJJOBOM 3cp11pe. AccpaJJbTeHbI HB

J151IOTC51 Jl110cp11JlbHbIMl1 KOJ1JJOl1)J,3Ml1 

no OT HOllleHl1!0 K 6eH30ny, CMOJ13M 11 

T.11. 11 JJ110cpo6HblMl1 no OTHOllleHmO K 

JlerKOMY 6eH311HY 11 cn11pry. I103TOMY 

OHl1 x opOllIO pacrnopHIOTCH c Ha6yxa

H11 e M B BeLUeCTBaX nepBOH rpynnbI 11 

OC 3 JK)J, 3IOTC51 113 paCTBOpOB serueCTB3-

Ml1 BTOpOH rpynnbl. lb 3TOro CJJ enyeT, 

4TO actjlaJJ bTeHbl B HetjlTl1 HaXO)J,HTCH 

B Bl1)le KOJJJ1011llHblX Cl1CTeM. 

TI p11 HarpeBaH1111 accpaJJbTeHbl pa3-

MH43 IOTC51 , HO He n n aBHTC51 . flp11 

TeMnepaTypax Bbillle 300 ° C 0H11 o6pa-

3YIOT KOKC 11 ra3. flon B03)J,eHCTBHeM 

c epHOH Kl1CJJ0Tbl , np11 HarpeB3Hl111 

ryn pOHOB c nponyBKOH B03)J,yxa 1111 11 B 

np11cyTcrn1111 cepb1 accpaJJbTeHbl cno

co6Hbl y n n OTHHTbCH B eme 6oJJee BblCO

KOMOJJeKyJJHpHble semecrna, 06orameH

Hb1e yrneponoM l1 Kl1C110p0llOM, - Kap-

6 eHbl . 

Pe3IOMHPYH 11Me10m11ec51 csen eHH51 

0 CMOJ111CTO-accpaJJbTeHOBbIX seruecrnax 

HecpTH , MOJKHO CKa33Tb, 1-ITO K3K HeHT

paJJbHble CMOJlbl, T3K 11 accpaJJbTeHbl 

npencTaBJlHIOT co6oii 04eHb c110'.ll<Hb1e 

CMeC11 BbICOKOMOJJeKyJJHpHbIX reTepo

aTOM HbIX coen11ttett11ii . Ott11 pa31111L1a-

10TCH Me'.ll<llY co6ott (11 nopoii secbMa 

3JJ(JL!llTeJl bH O) no \IOJleKyJlHpHoil l\JaC

ce , ')JJC\!Clff!IOMY c o c n rny II CTCnCH II 
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HeHaChill\eHHocrn. B 0611\eH cpopMyne 

(6e3 reTepoaTOMOB) C,,H:
11

_, 3HaL1eH11e x 
B HdiTpaJJbHbIX CMOJJax Kone6neTC51 

s npe.uenax 10-34, a .un51 accpanhTeHoB 

MO)l(eT .UOCTiffaTb 100-120. 
Bee CMOJlHCTbie Bell\eCTBa 11 oco-

6eHHO accpaJlbTeHbl, Kap6eHbl H Kap-

60H.Uhl BeCbMa OTp11uaTeJlbHO BJ1H-

51!0T Ha Ka1IeCTBO CMa30YHbIX Macen. 

0HH yxy.uIIIaIOT useT Marna, ysen11-

YHBaIOT Harapoo6pa3osam1e, noH11-

)l(aIOT CMa3bIBaIOll\YIO cnoco6HOCTb H 

T.,U. 003TOMY np11 OYHCTKe MaCJ151HblX 

.UHCTHJ1Jl51TOB 0,UHa 113 rnaBHbIX 3aD,aLI -

y.uaJieHHe CMOJlHCTO-accpanbTeHOBbIX 

Bell\eCTB. Hap51.UY c 3TIIM CMOJJHCTbie 

Bell\eCTsa o6na.uaIOT p51LlOM ueHHblX 

TeXHH1IeCKHX CBOHCTB 11, BXOD,51 B 

COCTaB Hecpn!Hb!X 6HTYMOB, npunaIOT 

HM Ka11eCTBa, 003BOJ151!0ll\He IIIHpOKO 

HCOOJlb30BaTb OCTaTOYHble npo.uyKTbl 

.UJ151 pa3HOo6pa3HOro npHMeHeHl151 B Ha

PO.UHOM X0351HCTBe. rnaBHble HanpaB

JieHH51 HX HCOOJ1b30BaHH51: !lOPO)l(Hble 

noKphlTH51, r11.upoH30J151UHOHHhle Ma

TepttaJibl B CTpOHTeJlbHOM D,eJie, npo

H3BO!lCTBO KpOBeJibHbIX H3!leJlHH. 

MuuepaJihHhie KOMnoueHThl 

uecj>Tu 

K MHHepaJibHbIM KOMnoHeHTaM Hecp

TH OTHOC51TC51 co.uep)l(all\HeC51 B HeH COJIH, 

o6pa30BaHHble MeTaJIJiaMH H KI1CJ10TaMH, 

KOMTIJieKCbl MeTaJIJIOB, a Tal()l(e KOJIJIOH.U

HO-ll,HCneprnpoBaHHble MHHepanbHbie Be-

11\eCTBa. 3neMeHTbl, BXO!l51lUHe B COCTaB 
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3THX Bell\eCTB, LlaCTO Ha3bIBaIOT MHKp0-

3JleMeHTaMH. Hx 0611\ee co.uep)l(aH11e pe.u

Ko npeBbIIIIaeT 0,02-0,03% Mace. 

B HaCT051ll\ee speM51 B Hecpm Hai1.ueHo 

6onee 40 pa311HYHbIX 3JleMeHTOB: 1) MeTaJJ

Jlbl nepeMeHHOH BaJieHTHOCTH (V, Ni, Fe, 
Mo, Co, W, O; Cu, Mn, Pb, Ga, Ag, Ti); 

2) 11\eJlOYHbie H ll\eJI01IH03eMeJibHbie 

Mern1111b1 (Na, K, Ba, Ca, S1; Mg); 

3) ranoreHhI 11 .upyrne 3JJeMeHTbI (Cl, 
81: 1. Si. A 1. Zn 11 .up.). 

B 3aMeTHO 6onhIIIHX KOJJHYeCTBaX no 

cpaBHeHHIO c 11pyrttMH 3JleMeHTaMH B Hecp

Tl1 co11ep)l(aTC5I BaHa,UHH H HHKeJib . 

vi3yYem1e COCTaBa H KOJIHYeCTBa 

Ml!Kp03neMeHTOB HecpTH HMeeT HeManoe 

3HaYeHHe LlJ151 sonpocos ee nepepa60TK11. 

MHome MeTaJJJJhI, 11 B nepsyIO oYepe.Ub 

BaHa,UHH H HHKeJib, 51BJ151!0TC51 MaMH !lJ151 

KaTaJJl13aTOpOB. 003TOMy !lJ15I npaBHJibHO

ro BbI6opa KaTaJJH3aTOpOB HJIH Mep HX 3a

ll\11Tbl OT OTpaBJieHli51 He06XO.UHMO 3HaTb 

conep)KaHHe 3THX 3neMeHTOB. 

2.3. 0CHOBHhle cj>H3H'leCKHe 

CBOHCTBa uecj>Tu 

flJIOTHOCTh. B npaKTHKe HecpTene

pepa6oTKH npHH51TO HMeTb .ueJIO c OT

HOCHTeJlbHOH TIJIOTHOCTb!O. 0THOCH

TeJ1bHa51 flJ10THOCTb - 3TO 6e3pa3Mep

Ha51 BeJlHYHHa, 1IHCJieHHO paBHa51 OT

HOIIIeHHIO MaCCbl HecpTenpo.uyKTa npH 

Tel\mepaType onpe.ueJ1eH115I K Macce 

YHCTOH BO.Ubl nptt 4 °C, B351TOH B TOM 

)J<e o6beMe. B OTJIHYHe OT nnoTHOCTH 

OTHOCHTeJibHbIM y.ueJibHblM BeCOM Ha-



3bIBaeTC5! OTHOlllem1e seca Hecjnenpo

.llYKTa np11 TeMnepaType onpe.nene H115! 

K secy Yl1CTOH SO)lbl np11 4 ° C s TOM 

)l{e o6beMe. Op11 o.nttoi1 11 TOH )Ke TeMne

parype OJJOTHOCTh 11 y.IJ,eJJbHbIH sec •rnc

JJeHHO pasHhI , TaK KaK Bee semecTsa 

nponopu110HaneH ero Macce. B CHr 

np11H5!TO onpe.neJJ5!Th CTJJOTHOCTb p 

np11 20 °C. TaK KaK 3as11CHMOCTh nJJOT

HOCTH HecpTenpo.nyKTOS OT TeMneparypbl 

11MeeT J111HeHHhIH xapaKTep, TO, 3H35! 

nJIOTHOCTh np11 TeMneparype t, MO)l(HO 

HattTl1 p/0 no cpopMyn e: 

r.IJ,e y - cpe.UH5!5! TeMnepaTypHa5! no

npaBKa K nnoTHOCTH Ha I ° C. Otta 3a

s11c11T KaK OT 3Ha'!eHl15! nJlOTHOCTH, TaK 

11 OT yrneBO,Uopo.nHoro COCTasa 11CCTbl

ryeMoro Hecjnenpo.nyKTa. B 06b1YHOH 

npaKTl1Ke y HaXO.ll5lT no rn6mm,aM B 3a

s11c11MOCT11 TOJlhKO OT nJIOTHOCTl1 . 

Onpe.I1,enett11e nnoTHOCTl1 se.neTC5! 

HecpTe.IJ,eHCHMeTpaM 11 ( apeoMeTpaMH ) , 

rnJJ.pocrnT11YecK11M11 secaM11 Mopa

BecTcpaJJH 11n11 ttav.6onee TOY HbIM u11K

JIOMeTp11YecK11M M eTO)],OM . 

0JlOTHOCTh 60JlbWl1HCTBa copTOS 

He cpm s cpe.ntteM KOJie 6JJeTC5! OT 0,80 
JJ.O 0,90. Bh1coKOS5!3K11e, CMOJIHCTbie 

coprn HecpTH HMelOT nJIOTHOCTb, 6Jil13-

KYIO K e.IJ,11tt11ue. Ha sen11Y11Hy nnOTHO

CTH Hecpn1 OKa3brnaeT cymecrnettttoe 

BJ1115!HHe HaJIHYHe pacTsopeHHhIX ra

'308 , <l>pa KUII OHH bli i COCTa B 11ec!n 11 II 

l\OJllJLieCTBO CT\lOJll ICTbl:X s e1uecTB B 1-1eii . 

0JIOTHOCTl1 nocne.uosaTeJlbHblX cppaK

UH H Hecjn11 nnastto ysen11Y11sa10TC5! . 

nnoTHOCTb Y3Kl1X cppaKIJ,11H Hecpm 3a

Sl1Clff TaK)l(e OT XHMW-IeCKOro COCTaBa. 

):(n51 yrneso.nopo.nos cpeJJ.HHX cppaKUHH 

HecpTH c O.U11H3K0Bh!M 'IHCJIOM yrne

pO,llHb!X aTOMOS CTJIOTHOCTh B03pacTaeT 

)],Jl5! npe.ncTaB11TeJieH pa3HhlX KJ13CCOB 

s cJie.IJ,yJOlll.eM nop5lJJ.Ke: 

HOpMaJihHble-;. aJIKaHhl-;. 

HOpMaJihHble -;. aJJKaHbl -;. 1130aJJKaHbl 

-i>l130aJIKeHbl -;. aJIKilllUHKJIOneHTaHbl -;. 

aJIKHJIIJ,HKJIOreKCaHbl -;. 

aJIKHJJ6eH30Jlhl -;. aJIKHJlHacpTaJIHHbl -;. 

):(JI5! 6eH311HOBb!X cppaKUl1H nJIOT

HOCTh 3aMeTHO yBeJIHYl1BaeTC5! c no

Bbllllem1eM KOJI11'lecrna 6eH3ona 11 ero 

fOMOJlOfOB. 3HaHl1e TIJIOTHOCTl1 HecpT11 

11 HecpTenpoJJ.yKTOB Heo6XO.U11MO .UJ15! 

sces03M0)1(HblX pacYeTOB, CB5!3aHHhlX 

c Bb!pa)l(eHHeM 11X KOJlHYeCTBa B Mac

COBb!X e1mm1uax. ):(Jrn HeKOTOpbIX He

cjnenpo.nyKTOB CTJIOTHOCTh 5!BJ15leTC5! 

HOpM11pyeMhIM nOKa3aTeJieM KaYeCTBa, 

OH a SXO.UHT TaK)l(e s COCTaB pa3JIHLfHb!X 

KOM611H11posaHHhIX KOHCTaHT 11 pacYeT

HhlX cpopMyn. 

0THOCHTeJibHb!H y.IJ,eJibHhlH sec Hecp

T5lHblX 11 np11po.I1,HhIX ra3oB onpeJJ.eJrn

eTC5! KaK OTHOllleH11e seca ra3a K secy 

TaKoro )Ke o6beMa s03.nyxa np11 O.llHHa

KOBhJX YCJIOSl15!X. 

MoneKym1puast Macca. Moneeym1p-

11 <rn Macc a Hec!m1 11 11 ecjnenponyKTOB 

lJM e eT .TllllU b ycp ei:tHeI·l HOe '3H 3LJ CI-llle 
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11 3aBl1Cl1T OT COCTaBa 11 KOJlH<ieCTBeH

HOro COOTHOWemrn KOl\InOHeHTOB CMeCH. 

TiepBb!H npe)J.CTaBHTeJlb )!{11.[lKHX yrneBO

)J.OpO)J.OB HecpT11 neHTal-1 HMeeT MOJleKy

JUIPH)'IO Macey 72. y CMOJlHCTbIX Bewecrn 

Hecprn OHa MO>KeT )J.OCTHraTb 1500-2000. 
)J,mr MHOfHX copTOB HecjnH cpe)J.H5151 

MOJleeyrn1pHM Macca 1-1axom1TC5I B npe

)J.eJlax 250-300. TIO Mepe ysem1qemrn 

npe)J.eJlOB Kl1neHH51 HecprnHbIX cppaKU11H 

MOJieKyJl51pHa51 Mace a llX ( lv1 ) nJlaBHO 
'i' 

yseJIHL{l1BaeTC51 OT 90 ()J.Jl51 cjipaKUH~i 50-
100 °C) )J.0 480 ()J.JI51 cppaKUHH 550-
600 °C). 

M0Jleeyrn1p1-1b1e Macchi OTJJ.eJlhHbIX 

1-1ecprn1-1b1x cppaKUHH 06mna10T rnottcT

BOM 3Jl.Jl,11Tl1BHOCTl1. Tio3TOMY 1lJl51 C\!e

cett 1-1ecjnenpo,L1,yKTOB MO)!{HO paCC'-lll

TaTb cpe.UHIOIO MOJieKy.rrnpHylO Macey, 

31-1351 MOJleK)'JUIPHYIO Macey OT,ileJibHb!X 

KOMnOHeHTOB 11 11X co.nep)!{aH11e B CMeCH. 

Bsl3KOCTb. B5l3KOCTb 11,1u BHyTpeHHee 

Tµem1e Hecprn H HecjJTenpOL\YKTOB 33Bll

Cl1T OT Xl1M11qec1<oro 11 cppaKUHOHHOfO 

cocTaBa. Pa3Jll1YaIOT m11-1aMw1ecKy10 H 

Kl1HeMaT11LJ:eCKYIO B5l3KOCTb. 

K1rneMaT11LJ:eCKM B513KOCTb 1-1ecpn1 

pa3Jll1YHb!X MeCTOpO)!{)leHHH H3MeH51-

eTC5l B Jl,OBOJlbHO w11poKl1X npe)leJlaX 

OT 2 )J.0 300 MM2/c npH 20 °C. 0,nHaKO 

B cpe.n1-1eM B513KOCTb (v20) 60.TibWHHCTBa 

coprns 1-1ecprn penKo npeBbiwaeT 40-
60 MM2/c. Ki1HeMaTHYeCKa5I B5l3KOCTb -

OCHOBHCUI. cp11311KO-MexaHH4eCK351 xa

paKTep11CTl1Ka 1-1ecprnHb!X Cl\!a30L{Hb!X 

MaceJl. VIMe1-11-10 OT B5l3KOCTH 3aBHCHT 

cnoco61-1ocTh CMa3oq1-1oro '>!aCJia np11 pa-

32 

" ,, 

6oYett TeMnepaTYpe ocymecTBJl51Tb r11-

)J.pom11-1aM11Yec1<11H pe)!{l1M CMa3KH, T.e. 

o6ecneYHBaTb 3aMe1-1y cyxoro Tpe1-11151 

)KHJJ,KOCTHb!M H TeM C3MhlM npeJJ,OTBpa

LU3Tb H3HOC MaTepJiaJia. Tio3TOMY Jl,Jl5l 

CM330L!Hb!X MaCeJl, npeJJ,Ha3HaqeHHb!X 

..QJ151 onpe.neJle1-11-1oro s11.na Mawu1-1 11 Mexa

HH3MOB, B513KOCTb (v50 11Jll1 VIOO) 51BJl51eT

C51 HOpMHpyeMblM noKa3aTeJleM. 

OnpeneJle1-111e n111-1aMttqec1<0H 11 KH-

1-1eMaTw1ecKOH B513KOCTH npOBO)J.HTC5l 

B CTeKJl51HHblX Bl1CK03HMeTpax cneuH-

3JlbHOH KOHCTPYKUH11, c1-1a6)!{eHHbIX Ka

m16posa1-11-1b1M11 K3Ill1JlJl51paMH. ~51 MHO

rnx HecpTenpo,nyKTOB HOpM11pyeTC5l TaK 

H33bIBael\Ia51 _l'C.106HGfl 6f/3KOC/11b, onpe

)leJl51eMa51 B MeTaJlJlH'-!eCKHX BHCK03HMe

Tpax. 

YcJlOBHOH B5l3KOCT1IO 1-1331maeTC5l 

OTHOwem1e BpeMeHl1 HCTeLJ:eHl151 113 BH

CK03HMeTpa 200 MJI 11cn1nyeMoro 1-1ecp

Tenpo,nyKrn np11 TeMnepaTYpe 11cn11-

TaHH5I KO BpeMeHH HCTeqe1-11151 200 MJl 

,ilHCHIJlJH!pOB3HHOH BOJJ,bl npH 20 °C. 
YcJ1os1-1a51 B513KOCTb - sen11q111-1a oT-

1-1oc1ue.TJb1-1a51 ( CJle.nosaTeJlbHO, 6e3pa3-

Mep1-1a51) H Bblpa)!{aeTC51 B ycJlOBHb!X 

rpa.nycax (
0 

BY). Toq1-10CTb onpe.D,eJle-

1-11151 B513KOCTH B ycJlOBHbIX rpa.D,ycax 

HenocTaTOYHa. 

ll,Jl51 HecprnHhlX cppaKUHH no Mepe 

yseJIH4eHH5l llX MOJieKyJI5IpHOH MaCCbl 11 

TervmepaTypbl KHnemrn B5l3KOCTb 3H3YH

TeJlbHO B03paCTaeT. TaK, ecJltt B513KOCT1 

6eH3HHOB npH 20 °C OKOJlO 0,6 MM2/c, 

TO T5ljl\e,111e OCT3TOL!Hble Mac.TJa xapaK

Tep1ny10TC5! v
211 

nop51D.Ka 300-400 1'.tl\12ic. 



)/fa OT)lellhHbIX KOMCTOHeHT08 HecjlTl1 

Ha1160llhIIIeH 8513KOCTblO 0611a.ua10T 

cM01111cThie 8ew,ecrna; 113 yrne80.uopo

.U08 Hal1MeHhIIIa51 8513KOCTb OTMe4aeTC51 

y aJ1KaH08 HOpMallbHOro CTpOeHl151 (8 TOM 

411rne 11 y pacn11a811eHHhIX napaqmtto8 ). 

Ha 8e1111LJ11Hy 8513KOCTI1 6011hwoe 

8111151Hl1e OKa3brnaeT TeMneparypa. f1p11 

HI13KI1X TeMneparypax, oco6eHHO 611113-

KHX K TeMneparype 3aCTbIBaHl151, 8513-

KOCTb 60llbIIll1HCT8a Hecjnenpo.uyKT08 

pe3KO CT08bIIIIaeTC51. f1p11 CT08bIIIIeHHbIX 

TeMneparypax tteqnenpo.uyKrhI pa3)J(l1-

)!(aJOTC51. TaK KaK MHorne Marna 11 .upy

rne Heqnenpo.uyKThI 3Kcn11yaT11py10TC5I 8 

w11poKoM .u11ana30He TeMneparyp, xapaK

Tep TeJ'vmepaTypHOH Kp1180H 8513KOCT!1 

CllY)!(l1T )J,1151 HI1X 8a)KHOH KaLieCT8eHHOH 

xapaKTep11cT11KOH. lfeM 6011ee no11ora 

3Ta Kp118a51, TeM Kac1eCT80 Mac11a 8b!We. 

TeMneparypM BCnhilllKH, BOC
nJJaMeneuns1 n caMoBocnJJaMeuemrn. 
TiaphI 8cex ropl0411X 8ellleCT8 B CMec11 

c onpe.ue11eHHbIM KOllW!eCTBOM B03)lyxa 

o6pa3yJOT 83pbIB4aThle CMec11, BCCTblXH

Ba!OlllHe ( B3pbIBa!Ollll1eC51) np11 Halll1-

LJl111 CTOCTOpOHHero l1CT04Hl1Ka OfH51. 

Pa31111LJaJOT Hl1)J(HHH 11 sepxHMH npe.ue

llhI B3pbrnaeMOCTI1 no KOHLI,eHTpau1111 

napo8 ropI04ei1 )!(H.UKOCTl1 111111 ra3a. 

HH)J(HHH npe.ue11 B3pbrnaeMOCTM OT-

8eLJaeT TOH MHHHMallbHOH KOHLI,eHTpa

QHH napo8 ropI04ero B CMec11 c 803.UY

xoM, npH KOTOpOH np011CXO)ll1T BCCTbIW

Ka npH no.uHeceHHH n11aMeH11. BepxHHH 

npe.ue11 83pbrnaeMOCTl1 OTBeLJaeT TOH 

MaKCHTv!allbHOH KOllllC!Hpal\l!I! napoB 

rop!OLiero B Ci\H~Cll c B03.'lYXO\l. BhllLJe 

-1-1111~() 

CCC'3B l•i qM3VJLl8CKV18 CBOVlCTB3 Hecj:nvt V1 1333 

KOTOj)OH BCCTblIIIKH y)!(e He npoHCXO)ll1T 

l13-3a He)lOCTaTKa Kl1C110po.ua B03.Uyxa. 

YeM y)J(e npe.ue11b1 B3pbrnaeMOCTl1, TeM 

6e3onacttee .uaHHoe ropIOLJee 11, ttao6o

poT, LJeM w11pe - TeM B3phrnoonacttee. 

Y 6011hw11ttcrna yrne80.uopo.uoB npe.ue

llhI B3pbrnaeMOCTH ttese1111KH. CaMhIMH 

Wl1j)OKl1Ml1 npe.ue11aMH B3pbIBaeMO

CTl1 0611a.ua10T HeKOTOpbie r33bl: BO)lO

po.u (4,0-75%), aQernneH (2,0-81%) 11 

OK!1Ch yrnepo.ua (12,5-75%). 
Tim1rnpoonaCHOCTb KepoCHHOB, Ma

ce11, Ma3yrn 11 .upyr11x rn)J(ellbIX He<iJ

Tenpo.uyKToB OQeHHBaeTC51 TeMnepaTy

paMH BCCTblWKl1 I1 BOCnllaMeHeHH51. 

Te rvrn epaTypo H sc Dbl w KH tta-

3hrnaeTc51 Ta TeMneparypa, npH KOTO

poi1 napb1 He¢Tenpo.uyKTa, ttarpesae

Moro B onpe.ue11eHHbIX CTaH.uapTHblX 

yrnoBirnx, o6pa3yJOT c oKpy)!(aJOw,HM 

803.UYXOM B3pbIBLJaTyJO CMeCb I1 BCCTbl

Xl18aJDT np11 no.uttecett1111 K Hei1 n11a

MeH11. 0TMeTl1M, 4TO npH onpe.ue11eH!1!1 

Tel\mepaTyj)hl 8CObIIIIKI1 6eH3HHOB I1 

llenrnx tte<lJTeH onpe.ue115IJOT sepxHHH 

npe.ue11 83pbrnaeMOCTl1, a .Ull51 ocTallh

HhlX He¢Tenpo.uyKTOB - HH)!(HHH. 

TeMneparypa BCnhIIIIKH 3as11c11T OT 

tjlpaKUl10HHOro COCTaBa He<lJTenpo

JJYKT08. YeM y)J(e npe.ue11b1 neperoHKH 

Hecjnenpo.uyKTa, TeM HH)J(e H TeMnepa

Typa 8CnhIIIIKH. B cpe.utteM TeMnepa

Typa BCCTblWKl1 6eH3HHOB HaXO)ll1TC51 B 

npe.uemx OT 30 .uo 40 °C, KepoCHHOB 

30-60 °C, mne11bttoro Tornmsa 30-90 °C 

I1 HeCjH51HbIX Mace,'! 130-320 °C. Tio TeM

ncpaTypc BCCTblIIIKI! CY,151T II 0 Ha11w11m 

llj)ll\ICCei\ 1111iKeK!llUllUllX cjipaKLUiii B 
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Tex 111111 11HblX TOBapHblX HJ111 npoMe:>Ky

TOL!Hb!X HecjnenponyKTax. 
TeMneparypott socnnaMeHeHH51 H33hI

saeTC51 Ta TeMneparypa, npH KOTOpOH 

HarpeBaeMbIH B onpeneneHHhlX ycno
Bl151X HecjnenponyKT 1aropaeTcH npH 

nonHecemm K HeMy nnaMeHH 11 rop11T 
He MeHee 5 c. flOtt5ITHO. l!TO TeMnepa

rypa BOCTIJlaMetteHH51 scerna Bb!We TeM
neparypbl scnbIIIIKH. l.JeM T51:>Kenee Hecp

TenponyKT, TeM pa3HHua :na 6onbwe u 
MO)!(eT B npenene JlOCrnraTb 50 °C. np11 

ttaJI11L11111 B Macnax neryt111x npHrv1ecei:\. 

Hao6opOT, 3Tl1 TeMneparypbl c6mDK31{)TC51. 

TeMnepaTypott caMosocnnaMeHe

Hl151 Ha3bIBaeTC51 Ta Tel'vmepaTypa, np11 

KOTOpOH HarpeTb!H HecjnenpO.ilYKT B 
KOHTaKTe c B03JlYXOl'vl socnnaMeH5leT

C51 caMonpOH3BOJlbHO 6e3 BHewHero 

11CTOL!ttHKa nnaMem1. Tei\mepaTypa ca

MOBocnIIaMeHett115I tteqnenponyKToB 1a
BHCHT 11 OT cppaKUl10HHOro COCTaBa H 

OT npeo6JianaH11.si yrneso.nopo.nos Toro 

111111 11ttoro Knacca. 1-leM HH)!(e npenenb1 

K11neHl15! HecprnHOH cjJpaKUHH, T.e . L!eM 

Otta JierYe, TeM otta AteHee onacua c TOY
Kl1 3pettl151 caMOBOCnJiaMeHeHH51, TaK 

KaK TeMnepaTypb1 caMosocnnaMeHe

H11.si yMeHbWaIOTC51 c yse1111L1eH11eM 

cpe.nHeH M011eryJU1pttOH MaCCbl HecpTe
nponyKTa. T5I:>Ke11b1e ttecprnHhJe ocTaTKH 

caMOBOCTIJiaMeH51IOTC51 np11 300-350 °C, 

a 6eH311ttbl TOJibKO np11 TeMneparype Bbl
we 500 °C. 

Tip11 TIO.s!BJiettHH orn.si HJIH HCKpbl, Ha

npHMep, B pe1ynhrnTe Ha1<onne1m51 CTa

THYec1<oro JneKTp11YecTBa. nono:>Kett11e 
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pe3KO MeH5IeTC51. Jlern11e HecpTenponyK
Thl CTaHOB5ITC51 nm1<apo- 11 B3pb1BOOnac

HblMH. 

Yrnesonoponhl pa3IIl14ttoro cTpoe
HH51, HO paBHOH MOJlery115IpHOH MaCCb! 
CHJlbHO OTJ1HY3IOTC51 JJ.pyr OT npyra no 
TeMnepaTypaM CaMOBOCTIJiaMeHeHH51. 

CaMbie BhlCOKHe TeMneparyphi caMosoc

nnaMeHeH115! xapaKTepHbl .UJ151 apoMaTH

qecKHX yrnesonoponos. 

Tel\mepaTypa JaCThIBattHSI. HecjJTh 
11 Hecjnenpo.nyKThI He HMelOT onpe.ue

neHHOH TeMnepaTyphI nepexo.ua 113 o.n

Horo arperaTHoro cocT05IHl151 B .npyroe. 
np11 nOHH)KeHHH TeMnepaTypbi YaCTb 
KOMnOHeHTOB }TOH CJ10)!(HOH CMeCH CTa

HOBHTC51 noCTeneHttO 6onee B513KOH 

l1 ManonOJlBH:>KHOH, a paCTBOpeHHhle 

rnepn b1e yrnesoJJ.opOJJ.bI MoryT BbIJJ.e
.rnnbC51 B BHJ].e oca.nKOB 11Jll1 KpttCTan

Jl OB. JTO 5lBJleH11e BeChMa OCJlO:>KH51eT 

TOBapHO-TpaHcnopTHbie onepau1111 11 

JKcnnyarnuIHO HecpTenpOJJ.YKTOB npH 

HH3KHX TeMnepaTypax. 
)J,nH xapa1<Tep11CTHKl1 HH3KOTeMne

paTypHblX csoi1cTB HecjJTenpoJJ.yKTOB 

BBe.neHbl rneny10w.11e L!HCTO ycJIOBHble 

no1<a1aTen11 : JlJI51 HecpT11, JJ.HJeJlhHO

ro H KOTeJlbHOfD TOTIJ111Ba 11 HecjJTIIHblX 

Macen - me.1111epamypa 3acmb1BaHUfl; 

nn51 1<ap610parnpttoro, peaKT11BHOro 11 

.nl13ellhHOro TonJI11sa - me.Mnepamypa 

no.HymHemm: JJ.JI51 Kap610paTopttoro 11 

peaKTHBHoro TOnJIHBa, conep:>Kamero 

apoMaT11L1ecK11e yrneso.nopo.nhl, - meM

nepamypa 1u/lfa..1a Kpucma.111130111111. 

Bee JTH onpe.neneH115I npoBO.U51TC51 B 



CTporo cTaHJ1apTHb1x yc110s1151x 11 rny

)KaT )IJ151 oueHKl1 KOHJ111U110HHOCHI TO

sapHblX npOJIYKTOB. 

TeMnepaTypa 3acTb1BaH115! He 5IB

J15leTc51 cp113HLieCKOH KOHCTaHTOH, HO 

xapa1<Tep113yeT B03MO)f<HYID noTepm 

TeKy'-leCTH HecpTenpoJ1y1<Ta B 30He onpe

)leJleHHblX Hl13KHX TeMnepaTyp. OcHOB

HOH cpaKTop, n0Bb1wa10w.11i1 TeMnepa

TYPY 3aCTb1BaH115! HeqJTenpoJlyKrn, - Ha

JlH'-111e B HeM napacp11HOB 11 uepe311HOB. 

4eM 6onbwe coJ1ep)Ka1-rne napacjrnHoB, 

TeM Bb1we TeMnepaTypa 3acnrnaH115!. 

OcTaTO'-IHhle BblCOKOB$131rne npo.uy1ub1 

11 B OTCYTCTBl111 TBep,llblX yrneso.uopo

.UOB np11 nOHJ1)f(eHHblX TeMnepaTypax 

Tep5IIOT no,UBH)f(HOCTb, KaK 6bl 3acnrna

IOT W3-3a pe3KOro yBeJlH'-lemrn B513KOCTH. 

Hanp11Mep, 1011-1eMaT11'-lec1<a5! B513KOCTb 

06pa1ua ocTaTO'-IHoro as11aMacna, np11 

50 °C paBHa51 200 MM 2/c, nOBb!WaeTC51 

np11 0 °C .uo 1,3· IO~, a np11 -25 °C .uo 

3,5 · 105 MM2/ c. 5ICHO, '-ITO npH TaKOH Bbl

COKOH CTeneHH B513KOCTH Mamo Tep5IeT 

no)lBl1)f(HOCTb H ero HeB03M0)f(H0 npo

Ka'-111BaTb. 

TeMnepaTypa noMyTHemrn yKa3bI

saeT Ha CKJlOHHOCTb Tonmrna norno

w.an np11 Hl13KHX TeMnepaTypax snary 

113 s01.uyxa. B .uanhHei1weM np11 ew.e 

6onee HH3KHX TeMnepaTypax :na Bnara 

06pa1yeT Kp11CTaJlJ111Kl1 Jlb)la, KOTOpbie 

3aCOp5IIOT TOCTJ111BOnOJ.lalOW.YIO annapa

Typy, '-ITO He.uonyCTl1MO npH 3KCnnyarn

UH11 aBHaUHOHHblX )lBl1raTenei1. 

T e i\rnepaTY!Xl 1-1at1a:1a Kp11cTa.1,11na-

1 u,11 I 0C H3 11 HOB II pc<n.:TJIRllOl'l) TOIU I II B~l 

He .UOJl)f(Ha npeBh1wan -60 °C. Dp11 no

Bb1weHHOM co.uep)f(atttrn 6eH3ona 11 He

KOTOpbIX .upyrnx apoMaTH'-leCKl1X yrne

BO.UOPO.UOB 3Tl1 BbICOKOnJlaBKl1e coe.u11-

HeHl15l MoryT Bblna)laTb H3 TOCTJ111Ba B 

Bl1)le KpHCTaJlJlOB, 1lTO TaK)f(e npttBO.UHT 

K 3acopeH1110 TOCTJ111BHb!X cp11JlbTpOB. 

3neKTpuqecKue CBOHCTBa ue<J>Tu. 
n e3BO)lHble HeQHb l1 HecpTenpO.UYKTbl 5IB

Jl5IIOTC51 )J,113JleKTp11KaMH. 3Ha11eH11e OT

HOCHTeJlbHOH )ll13JleKTp1111eCKOH nOCT0-

5IHHOH y HeQJTenpo.uyKTOB OKOJlO 2, 1ITO 

B 3-4 pa3a MeHbWe, 11eM y TaKHX 1130Jl51-

TOpOB, KaK CTeKJlO ( £ = 7), cjJapcjJop ( £ = 

5-;--7 ), MpaMop ( £ = 8-7-9). y 6e3BO)J,HblX, 

'-IHCTblX HecjJTenpo.uyKTOB 3JleKTpO

npOBO)lHOCTb cosepweHHO HH'lTO)f(Ha. 

) TO CBOHCTBO WHpOKO 11CCTOJlb3yeTC51 

Ha npaKTHKe. TaK, TBep.ub1e napacjJ11Hb1 

npHMeH5llOTC51 B 3JleKTpOTeXHH1leCKOH 

npOMbIWJleHHOCTH B Ka11eCTBe 1130Jl51-

TOpa, a cneu11aJlbHb1e HecjJrnHhie Marna 

( Tpa11ccpopMaTOpHoe, KOH)J,eHCaTOpHoe) -

JlJ151 3am1BKl1 TpaHccpopMaTOpOB, KOH

neHcarnpoB 11 .upyroi1 annapaTypbI B 

3JleKTp0- 11 pa1111onpOMbIWJleHHOCTl1. 

Bh1co1<0BOJlbTHOe 1130J15IUHOHHoe Maeno 

C-220 11cnonb3yeTC51 .UJ151 HanonHeH115! 

1<a6enei1 BblCOKOro )lasneH115! . Bo scex 

nepe411cneHHbIX CJ1Y1la5Ix HecprnHhie Mac

na npHMeH5IIOTC51 )lJ151 1130JI5IU11I1 TOKO

Hecyw.11x 11acTei1 11 OT'laCTH )lJ151 OTBO)la 

Tcnna. 

8h1coK11e .u11::ineKTp11Liec1<11e csoi1-

crna Hecjnenpo.uyKTOB cnoco6crny10T 

HaKOn ~'lClllllO Ha !TX nosepXHOCTII 3a 

j) $l.10 13 CT'1Tll L!ec1-.:oro ')JleKTplFieCTBa . 
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Vix pa3pR.ll MO)!(eT Bbl3BaTb HCKpy, a, 

cnenosaTeJThHO, 3aropam1e Hecjnenpo

nyKToB, 4TO npHBO)ll1T K CTO)!(apaM 11 

B3pbIBaM. 06pa30BaH11e CTaTWleCKOro 

3JTeKTpH4eCTBa MO)!(eT np01130HTl1 OT 

pRna caMhIX pa3Hoo6pa3HbIX np11Y11H. 

HanpHMep, npH nepeKaYKe ttecjnenpo

nyKToB B pe3yJThTaTe TpeHHH 0 Tpy6b1 

HJTH ynapoB )!(HJlKOH CTpy11 B03HHI<a

IOT 3apRJlhl, HHOf)la 0•1eHb Bb!COKO

ro HanpH)!(eHHH. Ha.ue11rnb1M l\leTOJlOM 

6opb6b1 c HaKonnem1eM CTaTMYeCKoro 

3JTeKTpH4eCTBa HBJTReTCH 3a3eMJTeHHe 

scex MeTa.JIJTHYec1<11x YacTeii annapaTy

pbI, HaCOCOB, Tpy6onpOBO}lOB 11 T.n. 

OnTH1Jec1rne csoiicTsa uecJ>Tn. K 
OilTl14eCKl1M CBOHCTBaM Hecpn1 OTHO

CHT useT, qmyopecueHUJHO 11 onn1-

Yec1<y10 aKTl1BHOCTb. YrneBOLlOpOJlbt 

ttecjJT11 6ecuseTHbl. ToT 11m1 HHOH useT 

tteqnH np11na10T co.uep)!(au111 ecH B HHX 

CMOJIHCTO-accpaIIhTeHOBble 11, BepoHT

HO, cepHHCTble COe)ll1HeHl1H . n o ::noMy, 

YeM TH)!(eJTee ttecpTh, YeM 6onhwe oHa 

conep)!(11T CMOJll1CTO-accjrnJTbTeHOBblX 

semecTB, TeM useT ee TeMttee . B pe-

3YJTbTaTe rny60KOH 04HCTKH HecjrrnHblX 

)ll1CTl1JTJI}ITOB MO)l(HO nonycll1Tb 6ec

UBeTHhie HecpTenponyKTht , .ua)l(e rnK11e 

BhICOKOMOJTeKyIIRpHbie, KaK Macna 11 na

pacpHH. 

<Dnyopecuettu11eii tta3brnaeTcH cse

LteH11e B OTpa)l(eHHOM CBeTe. 3To RBJle

Hl1e xapa1neptto .u1rn cb1poii ttecjJT11 11 

Hecfnenpo.uyKToB. BceM H3BeCTHO, r<aK 

nepemrnaJOTCH usernM11 cneKTpa HecjJ

T>1Hb1e 3arpH3HeH11H, nJJaBaIDWHe B BO-
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noeMaX, HJTH KaKOH cneu11cp114eCKl1H CH

HeBaTblH OTTeHOK Ha csery HMeeT Kepo

CHH. npw111Hbl cpnyopecueHI..(1111 HecpTH 

T04HO HeH3BeCTHhl. 0.uttaKO 113BeCTHhl 

HHJlHBHJlyanbHhie semeCTsa, cnoco6-

Hb1e K HeH 11 Bhl3bIBa!OlUHe CBeLteH11e 

np11 .uo6aBJJeHJ111 11X K HecpT11. 3TO pa3-

Jll14Hble nOJTHUl1KJTHLteCKl1e apoMaT11Lte

c1rne yrnesonopOJlhl. fny6oKaH 0411CTKa 

JlllKBH.llllpyeT cpnyopecueHU11!0. DpaK

Hl'leCJ<Oro 3Ha•1eH11H naHHhIH npouecc 

He HMeeT, O)lHRKO ee cnenyeT raCl1Tb, 

ec.111 cjJpaKUHH HecpT11 np11MeHHeTCH KaK 

pa6043H )!(11JlKOCTb B K3Kl1X-Jll160 np11-

6opax. 

non OCTTH4eCKOH aKTl1BHOCThlO Op

raHWleCKHX Belll,eCTB IlOH11Ma!OT HX 

cnoco6HOCTb BpawaTb nJJOCKOCTh no

JJH pH3aU~IH npHMOJlHHeHHO nOJJHp1130-

B3HHOro cseTosoro nyYa. Eonhw11HCT

BO copTOB HecjJTH BpamaeT IlJIOCKOCTb 

IlOJJHp!13aUl111 BnpaBO. DpaKTH4eCKOro 

3Ha4eHHH :no HBJleH11e He HMeeT. 

np11 HCCJle)lOBaHHl1 XHMHLteCKO-

ro COCTaBa HecpTH 43CTO HCil0Jlb3YIDT 

cpH3H4eCKHe KOHCTaHThl, CBH3aHHhie c 

OnTH4eCKHMH HBJTeHHRMl1 . K HMM OT

HOC51TCR noKa3aTenh npe110M11emrn n D
20 

(1rnne1<c D 03HaYaeT, LITO no1<a3aTe11b 

npe110MJTeH11H onpeneneH Ha contteLI

HOM CBeTy, 4TO COOTBeTCTByeT .llJlHHe 

BOJ!Hhl )l(eJlTOH Jll1Hl111 cneKTpa napoB 

HaTpHR, '"A = 589 HM) 11 KOMnJleKCHhie 

KOHCTaHThI : yoenhHGR perf>paKl{Uf/, perjJ

pw.:1110.11e111p11•1ecKaf/ pa311oc1111,, yr)e.?h-

11w1 cJ11c11epc 11ft. 



PacTBopmomaSI cnoco6ttocTb H 
paCTBOpHMOCTb He<IJTH " yrneBOilO

pOilOB. HecpTh 11 )l(HnK11e yrneso

noponh1 xopowo pacrnop511DT J:lon, 

cepy, cepH11CTb1e coe.nHHeHH51, pa3-

11114Hbte CMOllbl , paCTHTellbHbte H )l(H

BOTHbJe )l<HpbI. 3TO CBOHCTBO WHpOl<O 

11cno11h3yeTC51 B TeXHHKe. HecpTenepe

pa6aTbJBa10rua51 npOMbIWlleHHOCTb 

BblflYCKaeT cneUliallbHbie 6eH3HHO

Bble cppaKUHH B KaYeCTBe paCTBOp11-

Te11ei1 n1151 pe311HO BOH, Mac1106oi1HOH, 

11aKOKpaCOYHOH 11 LI.pyrnx OTparneJ:l 

npOMblW11eHHOCTl1. 

B Hecprn pacrnop5110TC51 TaK)l(e pa3-

11H4Hble fa3bl: B03ti:yx, OKHCb H nsy

OKHCb yrnepona, ceposo.nopon, ra30-

06pa3Hb1e allKaHbI 11 np. 

B Bone HH ttecpTb, HH yrnesonopo

nh1 npaKTH4eCKl1 He paCTBOp51!0TC51. 

Hx B3aHMHa51 pacTBOpHMOCTh Hl14TO)l(

Ha 11 He npeBbJWaeT COThlX no11ei1 npo

ueHTa. B Tex rny4a51x, Kor.na np11 3KC

n11yarnu1rn ttecpTenponyKTOB np11cyT

CTB11e sonh1 ttenonycT11Mo na)l(e B ca

MbtX MallhIX K011H4eCTsax, conep)l(aH11e 

ee KOHTp011HpyeTC51 cneu11a11bHbJMl1 

MeTO.L1.aM11 aHM113a. }13 yrnesonopo.nos 

xynwa51 paCTBOp11MOCTb B Bone y all

KaHOB, B HeCKOllhKO 6011bweH: creneHJ1 

pacrnop511DTC51 apoMaT114eCKHe. 

)],1151 rexH011orn11 pa3ne11ett115! yrne

so.nopo.nHhIX cMeceJ:l, a TaK)l(e 0411CTKl1 

HecprnHbIX Mace11 60llhWOe npaKTH4e

CKOe 3Ha4eHHe no11yY111111 raK Ha3hIBae

MblC ceneKTl1BHhlC (1n611pareni.,11i.,1e) 

pacrno p11TC1111. c IL\ 11m10L1lblO ~ ! Oil\-

HO BhI,lle.1151Th 113 cMec11 onpene11eHHb1e 

KOMflOHeHThl, Hanp11Mep CMOllbl 111111 

ap0Mar11 yec1<11e yrnesonoponhI. 

Pewa10wee 3Ha4eH11e np11 np11Me

HeH1111 ce11eKTl1BHbIX paCTBOp11Te11eH: 

11MeeT reMneparypa. J1J06a51 c11creMa -

pacrnop11Te11h - pacrnopHeMoe sewe

crno xapaKTepmyeTCH TeMneparypoi1, 

np11 KOTOpOH 11 BbIWe HacrynaeT no.11-

HOe pacrnopeH11e, r.e. TaK HaJbrnaeMott 

Kpz1111u'lecKozl me11nepamypou pacm6o

peHufl (KTP). 04eBl1)J:HO, ecJrn B CMeCM 

Haxon51TC51 seruecrsa, pacTBOp5110IU11e

c51 B 2:taHHOM pacrnop11Te.11e np11 pa3HbIX 

TeMnepaTypax, TO f1051B11HeTC51 B03M0)1(

HOCTb 11X K011114eCTBeHHOro pa3ne11e

Hl15! . B 3TOM 11 cocTOl1T np11Hu11n np11-

MeHeH115! ce.11eKTl1BHhIX pacTBOp11Te11ei1 

n1151 0411CTKl1 Mace11. 

2.4. He<IJrntthte ra3hl 

2.4.1. Buobz HerpmRHbZX 20306. 

Cocnw6 u Hanpa6!leHUfl ucno.~b306aHUfl 

B 3as11c11MOCT11 OT npo11cxo)l(ti:eH11H 

ttecprnHbie ra3hI nerr51TC51 Ha np11pon

Hh1e, nonyTHble 11 11CKYCCTBeHHbie. 

TlpupOOHble 203bl .no6bJBaJOTC51 113 

caMOCT051TellhHbIX MeCTopo)l(neHl1H, 110-

nymHh/e - COBMeCTHO c HecpTblO. 

H cK_vccm6eHHbZe 2a3bI o6pa3y10T

c51 np11 nepepa6oTKe HecpT11 KaTa1111T11-

4ecK11M11 11 Tt'pM114eCKl1Ml1 MeTonaMl1. 

CocraBbt ra3oB, no11y4aeMhrx np11 pa3-

n w111 b1x llpoueccax (raOJ1 . 2. J). octeHb 

3a\ ICTHO OT.'l llYatOTC51. la3bl rep~1w1ec-
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KHX npoueccos 11 1<aTamn 11c1ec 1<oro 

KpeKHHra B 3Ha4HTeJTbH0!\1 l\OJ1114ecrne 

co.nep)l(aT Henpe;::i:eJThHbte yrneso,Jopo

JJ:hl, a B raJax KaTaJTHTH4eCKOro p11q>op

MHHra, rH.Up004:HCTKH. r11.npoKpeKHHra 

11x soo6rue HeT. 

HanpasJTeHHe HcnoJTh30BaHHSI ra3a 

3aBHCMT OT era COCTaBa. f a3 Karnm1-

TH4:eCKOro KpeKHHra, 6oraTblH 6ynrne

HaMH 11 11306yTaHOM - HallJTYlflllH ~i Bll.Ll 

CblpMI .lJ:Jl5l ycTaHOBOK KaTaJTl1TH4eCKOro 

aJTKHJTHpOBaHHH. 113 ra30B pmpopMl!Hra 

BhIL(emnoT sonopon, T04Hee - so.no-

po;1co.nep1Kam11ii ra3 c KOHUeHTpau11-

ei-i so.nopon a 75-90% (06.) . Bo.uopon

con ep1Kamni·'i ra3 HcnoJTh3yeTcsi .UJTSI 

HYiKJJ: rn,nporeHH3au110HHhlX npouec

cos : rn.np004HCTKM H rn.npoKpeKMHra. 

Ha MHornx cospeMeHHhlX TexHoJTo

rn4ecKHX ycTaHOBKaX MMelOTCH 6JIOKH 

nepBH4HOH o6pa6oTKH raJa. Ha 3THX 

6JTOKaX npOBO,UHTCH 04HCTKa ra3a OT 

ceposonopona. a TaK)l(e BhI.UeJTett11e H3 

ra3a y rneBO,UOpOL(OB C
3 

H C
4 

B BH,Ue 

)l(HllKOH yrnesonopo;::i:HOH cppaKUHH -

<<rOJTOBKH CTa611JlH3aUH11». 

Ta6wira 2.1 

CocTaB yrnesonopOllHblX raJOB pa3JIH'IHblX npoueccos 
nepepa60TKH tte<J>Tu Is% Mace.] 

c ... ::; Kara.111r11'1e- KST3JIHTll- ... 
;] .. E :: ; 
lo: = Koh-cosa1111e ci.;11ii i.pci.;n11r c 'leci.nii pn- Ol = = !E .. lo: .... u lo: 
~~ 

c lj>Op!llHHI' = ~ ;] 0 !- = t: .. = .... ~ = -e-·= ;:: ir. 

= ~ r- ·= " lo: g o:; = 0 
~ ::: u ' 

::; ~ ~ = >:O:: lo: '"' KOMUOHetrn.I .. = ~ ' ~= :: ;: ,., oil >:O:: "' E ~ :I' .. o:; g ~ l = ::; = Q,. ~ ::; = ::; Q,. oil 

= ~ .. § .. :: lo: ~ ~ l ~ 
lo: 

~ 
lo: = ~ ::; !- a; ~ : l = c :I' ... g_ :.. >. = ~ ... c u u 

l "' ;:: 
Q,. ... 

"" = "' .. Q,. .. 
~ 

.. ::; 
lo: <: .0 ~ 

.. Q,. = ~ Q,. :E Q,. s ~ ::; .. l.C ~ ~ 0 ,., = .=.. ..: 
H 1+co, .... .. . . o~ ,.. OA 1.5 2.5 1.0 16,0 8,5 5,5 
CH

4 
••• •••••••• • 16.0 32,5 26.5 11.0 9.5 34.4 5.0 125 27,0 34,0 

C,H4 ••• • •• • • • • •• • • 2,5 4.5 12.5 6.0 4,0 29,3 
C

2
H

6 
••• • • • •• • • • •• • 17,0 21 ,5 20,0 8,0 5.0 5,0 9,5 24.5 21,0 24.5 

C,H, ..... . . ..... .. 9,0 4,0 12,5 ~ ~ 24.0 10.5 
C,H •. .. .. ... . . . . . . 21.5 15,0 11 ,0 0 12.5 9.5 0.2 38.0 32,0 41.0 20.5 
1t3o-C

4
H
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C_.H .............. 0,7 1,0 1,5 
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I 
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I 
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011HaKo pa311enem1e ra3a Ha 0T11enb

Hb1e l1HLf.11Bl1.Ll.YaJibHble yrneBO.Ll.OPO.Ll.bl 

11 y3Kl1e yrneso11opo.L1.Hb1e QlpaKu1111 

ocyiueCTsm1erc51 Ha cneu11anbHO co

opy)!(aeMbIX ra:30cppaKU,HOH11pyI-OlUl1X 

ycTaHOBKax (f<l>Y). Ha HCQffenepepa-

6aTb1Ba1-0iueM 3aBO.D,e 06bI4HO 11MCCTC51 

He MCHee .Ll.BYX f<l>Y, O.Lt.Ha.113 KOTOpbIX 

npe11tta3Ha4etta Lf.JI51 nepepa6oTKH npe-

11enbH bIX yrneso11opo11os, .Ll.pyra51 - He

npe11eJibHbIX. 

CTp11 nepepa6oTKe npe11enbHbIX yrne

BO.Ll.OPO.Ll.OB nony4aI-OTC51 cne11y1-0iu11e 

npo11yKTbl, KOTOpb!e 11CnOJlb3YI-OTOI Lf.;151 

pa3Jll14HbIX u.enei:i: 

I) 3TaHOBa51 cjlpaKU.HH - Cblpbe n11po

n113a, xna.D,areHT Ha ycraHOBKax .uena

pacjl11H113au1111 Macen 11 .Ll.p.; 

2) nponaHOBaH cppaKU11H - Cblpbe 

n11pon113a, xna11areHT 11nH MHornx Tex

Honor114ecKHX ycTaHOBOK, 6bITOBOH 

C)!(H)!(eHHbIH nl3; 

3) 11306yrattoBaH cppaKUHH - Cblpbe 

.[\JUI npOH3BO.Ll.CTBa CHHTCTl14eCKOro Ka

Y4YKa (113onpettosoro 11 6yrnnKay4y

Ka), 11CnOJib3YCTCH Ha ycraHOBKax aJI

Kl1JlHpOBaHHH; 

4) 6yrattoBaH cppaKU11H - Cblpbe .Ll.JlH 

nonyqemrn 6yra.u11etta B npo113BO.Ll.CTBe 

CHHTeTH4eCKOro Kay4yKa, Cblpbe m1po

mna 11 KOMnOHCHT C)!(l1)!(eHHOro 6blTO

BOro ra3a, .Ll.06asKa K aBTOM06HJlbHOMY 

6eH311HY )J,J151 npH.Ll.aHl151 eMy Tpe6yeMO

ro .D,asnett115I napos; 

5) 1130neHTaHOBa51 cppaKU,MH - Cblpbe 

JlJ151 np0113BO.Ll.CTBa 1130npeHOBoro Kay

lf YI<a, [(01\lllOHeHT 13 BblCOKOOl\TaIIOBblX 

COpTax 6cH3HHOB: 

6) neHTaHOBaH cjlpaKU,1151- Cb!pbe J1JIH 

npoueccos 1130Mep113au.1111 11 m1pon113a, 

B np0113BOJlCTBe aM11JIOBOro cn11pra. 

Ha f<DY Henpenenbttbrx yrnesono

po.uos 113 onecp11HCO.D,ep)!(a1UHX nOTOKOB 

BhI)1eJl511-0TC51 CJie,Ll,yI-OIU11e cppaKu1111: 

I) nponaH-npon11JieHosa51 - Cbipbe 

,UJ151 np0113BO.Ll.CTBa nOJIHMep6eH311Ha, 

cpeHona 11 aueTOHa, CHHTeTl14eCKl1X MO

l-01U11X cpencrn, 6yTl1JIOBb!X cn11pTOB, 

MO/KCT 6hITb 11CnOJib30BaHa KaK Cblpbe 

ycTaHOBOK anKHI111pOBamu1; 

2) 6y1aH-6yrnnettosa51 - Cbipbe 

ycTaHOBOK a.JIKl1JIHposaHH51 H nOJIHMe

p111au1111, np11canK11 K MacnaM, B npo111-

so.ucrne Cl1HTeTl14CCKHX KayqyKOB. 

Ka4eCTBO cJK11)!(eHHbIX ra30B onpe

.Ll.CJI51eTC51 COOTBCTCTBYI-OlUHMH TCXHH

':ICCK11Ml1 ycJIOBrl.SlMH. 

04HCTKa 11 ocyuIKa ra30B npe,L1,weCT

sy1-0T 11X cppaKU110HHpOBaHHI-O 11 J1a.Jib

Hei:iwei:i nepepa6oTKe. 

2.4.2. 0'1ucmKa u ocywKa 2mo6 

QqncTirn ruoe. Hecjlre1aso.D,cK11e 

ra3bI, nony4eHHbie np11 nepepa6orKe 

cepH11CTOH HCQlTH, Bcer11a co11ep)!(aT 

ceposonopon 11 tteKoropbre npyrne cep

Hl1CTbie coe.u11HeHH5I. Oco6etttto MHO

ro ceposo.uopo.ua B r33ax ycraHOBOK, 

nepepa6aTbrna1-0iu11x rn)Kenoe Cbipbe: 

Ma3yT, BaKyyMHbie ;1HCTHJIJI51Tbl, ry11-

poH. Hanp11Mep, B ra3e Karan11r114ecKo

ro KpeKHHra BaKYYMHOro J1HCTHJ1J151Ta 

ap.1aHCl\OU IICcj)TII CO.Jep)K!ITCH 13-15% 
ceposo.r1opo,1a. a 13 ra iax Tep~111qecKoro 
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KpeKHHra nonyry,llpOHa )TOH )Ke HeqHH 

)lO 18% cepoBo,llopo,lla. 

CepoBo,llopoJl yxy)lwaeT pa6oTy Ka

TaJrn3aTopos Tex KaTaJ111T11YeCK11x npo

ueccos, KOTOpbie HCnOJib3YIOT B KaL1e

CTBe Cblpb51 C)l(H)l(eHHb1e ra3bl, ero np11-

cyTcTs11e cosepweHHO HenonyCT11Mo 

s 6hITOBOM C)l(H)l(eHHOM ra3e. Han11Y11e 

aKTHBHbIX cepHHCTblX coe)lHHeHl1H 

spe,ll.HO BJIH5IeT Ha 06opynoBaH11e ra3o

nepepa6aTbrnaiomHx yCTaHOBOK, BbI3bI

BaeT aKTHBHYIO KOpp0311IO annapaTOB 11 

Tpy6onpOBO)lOB. 

Ilo3TOMY yrneBO,ll.OpOJlHble ra3bl, 

co.uep:a<am11e ceposo,llopon H TaKHe aK

THBHhie cepHHCTh!e coen1rneHH5l, KaK 

Hl13WHe MepKanTaHhI, nepen nonaYei1 

Ha r<PY nO)lBepralOT O'-lHCTKe. B HeKO

TOpblX cnyyasix ra3hI HecpTenepepa60T

K11 OlJHl.I.laIOT TaK)l(e OT OKHCH H IlBYOKl1-

CH yrnepo.ua. 

IlpH OYHCTKe ra3a OT ceposonopo

)la Yame scero 11cnoJih3yeTC51 npouecc 

a6cop6u1111. A6cop6eHrnMH JlJIH 113fo1-

paTeJihHOro H3BJieIJeH115l ceposonopona 

113 ra30B cJiy)l(aT pacTBOpbl Tp11KaJIHH

cpoccpaTa, cpettomna HaTp1151, 3TaHOJI

aMHHOB. 

HaH6onee pacnpoCTpa11eHa Ha HD3 

OlJHCTKa npH llOMOl.I.lH pacrnopa MOH0-

3TaHOJiaMHHa (M3A). 

OT ceposo)lopo.ua O'IHl.I.lalOTC51 He 

TOJlhKO fa3hl, HanpaBmieMble Ha f<PY, 
HO H TOBapHhie C)l(H)l(eHHhie yrneBO)lO

pO,ll.Hhie cppaKQHH. 0'IHCTKa TOBapHh!X 

cppaKUl1H npoBO)lHTC51 c np11MeHeH11eM 

wenoLIH 11n11 pereHep11pyeMbIX peareH-
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TOB - TpHKaJIHHcpoccparn, MOH03TaHO

Jl3Ml1Ha H ,llp. 

Ocy1mrn raJa. OcywKa Heo6xo)lHMa 

B Tex CJIYY351X, KOr)la ra3 HanpaBJI5IeT

C51 )lJ151 KaTaJIHTH'-leCKOH nepepa60TKH 

c 11Cll0Jlb30B3HHeM qysCTBHTeJihHOro 

K BO)le K3TaJIH3aTopa HJIH Kor.ua cppaK

UHOH11pOB3Hl1e H )laJihHei1wa51 nepe

pa60TKa ra3a npOBO)l5ITCSI npH HH3KHX 

TeMnepaTypax. Ecn11 HeocyweHHbIH 

ra3 OXJ13)K)l3Tb )lO TeMnepaTyp HH)l(e 

0 °C , ) TO MO)l(eT np11seCTH K 3a611saHHIO 

JibllOM annapaTypb1 11 Tpy6onpoBO)lOB. 

CnenyeT TaK)l(e np11H11MaTb so BHH-

1 ... 1aH11e cnoco6HocTb yrneso.uopo,ll.OB 11 

HeKOTOpb!X Jlpyrnx ra30B o6pa30Bbl

B3Tb c BO)lOH KpHCTaJIJIOrH)lpaThl, KO

TOpbie npencrnBJI51IOT co6oi1 Hecrni1K11e 

KOMnJieKCHbJe coen11HeHHSI MOJieKyJI 

ra3a 11 BO)lbl. l13BeCTHbl Kp11CTaJI

Jl0rH)lpaTbl 3TaHa C
1
H

6 
• 7 H20, nponatta 

c ,Ho. I 8H20 11 ,llp. Ceposo.rwpo,ll c BO

)lOH TaK)!<e 06pa3yeT rn,llpaT H 2S · 5H
2
0. 

Kp11crn1rnornnpaThI no5IBJI51IOTC51 s Tpy-

6onpoBonax 11 annaparnx np11 TeMnepa

Typax Hl1)1(e 15 °C 11 11Me10T s11n cepoi1, 

noxo)l(eJ'i Ha nen, Macchi. 

l.JeM MeHhwe MOJieKyn5IpHa51 Macca 

yrneBOJlopo,lla, TeM Bh1we TeMnepaTypa 

11 )laBJieH11e, npH KOTOpb!X OH cnoco-

6eH o6pa30BbIBaTh Kp11CTaJIJIOrH,llpaTbl. 

MernH, Hanp11Mep, 06pa3yeT rn,llpaT 

np11 12,5 °C 11 10,0 MI1a, a 3TaH np11 

3Toi1: )Ke TeMneparype 06pa3yeT rn

npaT y)l(e np11 2,5 MI1a. f 11,llpaTbI cy

wecTBYl-OT TOJlbKO B TOM CJiyLiae, eCJ111 

napu~taJibHoe )lasneHHe napos BO,llbl B 



ra30BOH Cpa3e BbIWe )laBJieHl151 napoB 

rnLI.parn. CTo3TOMY np11 ocywKe ra30B 

CHmKa!OT CO)lep)l{am1e BJiarn B HHX Ha

CTOJlbKO, 4T06hI nap11,11aJihHOe )laBJie

Hl1e BO)l51HOro napa CTaJIO HH)l{e, 4eM 

)laBJieH11e HaCbIW:eHHbIX napoB rH)lpa

TOB. CToKa3aTeJieM BJiarocoLI.ep)l{aH115! 

ra30B Ha npaKTl1Ke 51BJI51eTC51 TaK Ha-

3bJBaeMa51 T04Ka pOCbl. CT p11 OXJia)K)le

Hl1H ra3a Hl1)l{e TeMnepaTypbl T04Kl1 

pOCbl BO)l51HOH nap, COLI.ep)Kalll,11HC51 B 

ra3aX, KOH)leHc11pyeTC5!, Bbina)laeT B 

Bl1)le «pOCbI». 

CTp11 ocywKe ra3a npuMeH51IOT rnep

LI.bie 11 )!{11)],KHe nornoT11TeJI11 BO)lbl, KO

TOpbie )l0Jl)l{Hbl OTBe4aTb CJieLI.yIOW,HM 

Tpe6osaHl151M: BbICOKa51 BJiaroeMKOCTb, 

T.e. cnoco6HocTb nornomaTb B03MO)l{HO 

60JibWe BJiarn Ha e)ll1Hl111.Y MaCCbl 11Jil1 

o6beMa nornoT11Ten51; xopowa51 pere

Hep11pyeMOCTh; 6oJibWOH cpoK CJIY)K-

6b1; HeBhICOKa51 CTOl1MOCTb 11 npOCTOTa 

nony4eHl151. Ha11nyqw11M co4eTaHHeM 

3Tl1X KalJeCTB 113 411CJia TBep)lblX no

rJIOTl1TeJiei1 o6Jia)la!OT aKTHB11pOBaHHa51 

OKl1Cb aJIIOMl1Hl151, Cl1Jil1KareJib, CHH

TeTl14eCKHe 11,eOJil1Tbl ( MOJieKyJI51pHbie 

Cl1Ta), a 113 )l{l1)],Kl1X - )],11- H Tp113THJieH

rJil1KOJIH. 

)l{11LI.KOCTHa5! ocywKa Ha HCT3 npo

BOLI.11TC51, KaK npaBl1JIO, )ll13Tl1JieHrnl1-

KOJieM ()J,3f). To4Ka pOChI np11 ocywKe 

)J,3r MO)l{eT 6hITb CHl1)l{eHa )lO -20 °C. 
C noMOW:hIO rnepLI.bIX ocyw11Tenei1 

rny611Ha ocywKl1 3aMeTHO nOBb!WaeT

C51. Hanp11Mep, aKTl1BHa51 OKl1Ch aJIIOMH-

111151 ocyrnaeT ra3 )lO T()Lj KI1 po Chi - 70 °C. 
LleomnbI noHmKa10T conep;i;:a1111e 

BJiarn B ra3e )lO 0,001 % 11 T04KY pOCbl 

)lO TeMnepaTypbl Hl1)l{e -75 °C. 
CTp11 11cnoJih30BaH1111 LI.JI51 ocy!llKH 

HecjJTe3aBO)lCKl1X ra30B aKTHBHbIX a)l

cop6eHTOB Heo6XO)ll1MO HMeTb B BHLI.y, 

4TO a)lcop6eHThI MoryT cnoco6cTBO

BaTb noJI11Mep113au;1111 CO)lep)l{aw:11xc51 

B ra3e Henpe)leJibHbIX yrneBOLI.OPOLI.OB. 

Oco6eHHO CKJIOHHhI K non11Mep113au;1111 

ra3hI n11ponl13a. 

2.4.3. PmiJe1ze11ue za3oe 

Cnoco6b1 pa3)J.eJieHHH raJOBhIX CMe

ceif. )J,n51 pa3)leJieHI151 cMec11 ra30B Ha 

HH)ll1B11LI.YaJibHbie KOMCTOHeHTbl l1Jll1 np11-

rO)lHbie LI.JI51 LI.aJibHett!lleH: nepepa60TK11 

TeXHl14eCKHe cppaKQHH np11MemIIOTC5! 

cneLI.y10w:11e npou;ecch1: Ko11oe11catfUR, 

Kmmpecczm, a6cop6lfUR, aiJcop611uR, 

peKmurjJUKGZfUR. Ha f<t>Y 3Tl1 npou;ec

ChI KOM611H11py!OTC51 B pa3JII14HbIX C0-

4eTaHl151X. 

Ko 11r)e11 c atf UR - nepBa51 cTaLI.1151 

pa3)leJieHl151 ra30B. c IIOMOW:b!O KOH

)leHca11,1m ra3 npespaw:aeTC51 B LI.Byx

cpa3HYIO CHCTeMy )l{H)lKOCTb - ra3, KO

Topy10 3aTeM MexaHl14eCKl1 pa3)leJI51!0T 

Ha ra3 11 )l{l1Ll.KOCTh. B KaqecTBe xnaLI.

areHTa npe)l{)le BCero l1CCTOJ!b3YIOT BOLI.Y 

11n11 B03LI.yx. B 3TOM cnyqae TeMnepary

pa KOH)leHCaQHl1 COCTaBJI51eT 35 -7- 40 °C. 
lfro6hI yseJIH4l1Tb 4l1CJIO KOH)leHc11py

!OW:l1XC5! KOMCTOHeHTOB, He06XO)ll1MO IIO

Hl1311Tb TeMneparypy KOH)leHcau;1111, l1C-

110Jlb3Y51 B Kw1ecTBe xnanare1na 11cna

p511mwli\c51 arv1M11aK, c\)pem1 1urn yrneso-

41 



,ll,OpO,ll,Hble ra3hl - nponaH H JTaH. npM 

11cnOJlb30B<1Hllll B Kal!eCTBC X.'la)Ull'eHTa 

upomrna 11 aMMlrnKa Tel\rncpaTypy KOll

.ueHcaUHH MO)l(HO OOHH3HTb )lO -40 °C, 
npH 11cnoJib30Bamm ::iraHa no -80 °C. 

Ko.unpeccuR np1-1Me1rnCTC5l B cxe

Max pa3nenemrn ra30B COBMCCTHO c 

KOH,ll,CHC3UHei:f. 0pH noBblllleHHH )lHB

JieHIUl raJOB co11:ta10TCH tta116011ce 611a

ronpm1THb1e yc.flos1151 KOH)l.ettcau1111 

yrneBOllOPOJl.OB. lh n:ol\tnpllf\tllpOBaH

HOro (c)l(aTOro) ra3a B nepsyK) 0•1epc.'.lb 

KOH)leHCHPYIOTC51 Ha1160:1ee T51 /Ke,'lblt' 

KOMOOHeHTbl. 

A6cop61111a - 3TO npouecc norno

memrn OT.!leJlbHblX KOf\tnOHCHTOB nna 

)l(H)lKOCTb!O ( a6cop6CHTOl\I). BCTyna K)

meli c HllM B KOHTaKT. 3cjJcpeKTllBHOCTb 

a6cop6um1 33BHCHT OT TCMnepaTypbl. 

,JaBJleHHJI, npH KOTOpO\I f1POBOJ.llT

Cll npouecc. OT cp11311KO-Xll\lll'leCKllX 

csolicrn ra3a 11 npm1emi.eMoro a6cop-

6eHTa. CKOpocrn )lBllih:CHllH a6cop611-

pyeMoro ra3a, KOJ1114CCTBa llOJ.aBaC\10-

ro a6cop6ettrn. 

Onpe.ueJleHHhIH ra30Bh1li KO\mo11e1n 

a6cop6npyeTcll ror.ua. i-:or.:ia napu11a.1b

Hoe .uaa1eHHe :noro KO\tnOHeHTa B ra

Josoii cpa3e npeBbTrnaeT ern napm1a.1b-

11oe 21.aBJieHHe B napa'\, paBHOBCCHhTX c 

)K!UlKOCTb!O, )18.IT.SllO!UellcH a6cop6eH

TOM H scrynaJ()LQeH B KOHTaKT c ra-

30M. Cne)loBaTe.1hHO. HHTeHCHBHOCTh. 

c KOTOpOH 6yueT nornOUlaThC5l a6-

cop6eHTOM H3BJieKae\1h1ii 113 ra3a KO\t

noHcHr. nponopUll('Ha.1bHa pa111ocn1 

.HllX napUlla.lbHblX J3B.'1CHilii. h:p(>\IC 
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Toro, KOJlWICCTBO nornomeHHOrO KOM

llOHCHTa nponopu,HOHaJibHO BpeMeHH H 

nosepxHOCTH KOHTaKTa )l(H)lKOH H ra30-

BOH cpa3. 

Bmrn1111e JJ.as11eHHH Ha npouecc a6-

cop6um1 onpeneJllleTcll JaKOHOM fett

pn. CornacHo 3TOMY 3aKoHy pacTBo

pHMOCTb ra3a B )!(H)lKOCTH nponopUHO

H3J1bHa ero napu,H3JlbHOMY .U3BJ1eHHIO 

B f1apax Hall )l(H.UKOCTbJO. Ecnu, He H3-

\teHHH Tef\rneparypbl, OOBbICHTb ..a,aB

:1em1e 1rnn pacrnopoM, TO B )l(H,UKOCTb 

nepdi.uyT HOBbte KOJIHLJ.ecrna ra3a. 

)'ncm1t1e1n1e .J.asnemrn cnoco6cTsyeT 

a6cop6u1m. 

n~m llOBbtWeHHH Ter.meparypbl pac

TBOpllMOCTb ra3a B iKHllKOCTH yMeHh

maeTC5l. a6cop6u1rn 1aMe.a11.sieTCH 11 MO

/f\eT cosceM npeKpaTHTbCH. Ha rexHo

:1orn4ecK11x yCTaHOBKax np11 H3BJieLJ.e

HI!ll 113 nna nponaHa 11 6yraHa nonep

ih:1rnaeTc5l TeMnepaTypa He BbIWe 35 "C. 
Bbt6op a6cop6eHTa 3as11c11T OT 

csoikrn a6cop611pyeMoro raJa. Yr.1eBo

.::iopoJ.Hhte ra3bl H311.lIY4WHM o6pa30M 

113s:1ei-:a10Tc5l 6JIH3KHMll 11\1 no CTpoe

HllKl II \IO.neKy.:illpHOl1 Macce /Kll..1Kl!Mll 

yr.1eso.::iopo..1aM11 nerKoro 6eH3HHa. Do

ci-:o.:ibKY .nerK11!i a6cop6ear 06.1a.uaeT 

Bb!COKOtt ynpyrocTbJO napos. OH B 3Ha-

4HTe.nhHOii crenem1 ys.'leKaeTC)I yxo.J.H

llllnt 111 a6cop6epa raJOM. 06bI4HO Ha 

a6cop6u110HHbIX ycraHOBKaX np11Me

H5lr(1T ::rnyxcryneHL!al)'J() a6cop6umo: 

OCHOBHbl\1 a6cop6eHTOM c:1yAmT 6eH-

3ll HL•B35l tjipaKUJrn . a 33Te\I BblXO.::u=. w;n·: 

in a6cc•p6epa ra3 n pci\\brn3eTCB ;t;l' J -



KOCTblO T51)f(eJioro cppaKU110HHOro co

CTaBa, Hanp11Mep, Kepoc1rno-ra30Hne

BOH cppa1<u11eH , .UJI51 113BJ1e11emrn 11 3 ra3a 

yHeCeHHOfO 6eH311Ha. 

flOrJIOW,eH11e ra3a )!(11,[lKOCTblO CO

npOB0)f(,[laeTC51 Bh1.ueneH11eM Tenna. 

1-ho6h1 np11 3TOM He yxym1mn11cb ycno

Bl151 a6cop6u1111, Ha TeXHOJIOr1111eCKl1X 

ycrnHoB1<ax np11MeH5l10T p51.U cneu11aJib

HbIX np11eMOB. 0.UH11M 113 3cpcpeKTHB

HblX cnoco6os nOBh1weH115I CTeneH11 

113BJielleHl151 ueneBblX KOMnOHeHTOB 51B

JI51eTC51 ox11a)f(.ueH11e a6cop6eHrn 11 ra3a 

nepe.u no.ua11eH 11x B a6cop6ep .uo TeM

neparypbI Hl1)f(e pa6011ei1. CbeM Tenna 

a6cop6um1 ocywecrnn51eTC51 B npoMe

)f(yTOL!HblX BbIHOCHblX XOJIO,[ll1JlbHl1Kax. 

HachIW.eHHbIH a6cop6eHT, B351TblH c 

Bb1wene)l(aw.ei1 Tapen1<11 , nponyCI<aeTcH 

caMoTeKOM 11Jll1 npo1<aL!11BaeTC5I Haco

COM 4epe3 XOJIO.U11JlbHl1Kl1 , a 3aTeM B03-

Bpaw.aeTC5l Ha H11)f(eJie)J<awy10 rnpem<y. 

).l.JI51 OXJia)l(,[leHl151 Cbipb5l 11 u11p1<yn11-

PY10W.ero a6cop6eHrn np11MeHH10T He 

TOJibKO BO.Uy, HO 11 11CKYCCTBeHHble XJia

JJ,areHTbI: nponaH, aMM11a1<. 

nornoweHHhIH np11 a6cop6u1m ra3 

OT,[leJI51eTC51 OT a6cop6eHTa B OTnapHOH 

KOJIOHHe-.uecop6epe. )J.n51 JJ,ecop6u1111 

Heo6XO.U11Mbl ycJIOBl151 , npOTl1BOnOJI0)1(

Hbie TeM, np11 KOTOpbIX cne.uyeT npo

BO.U11Th a6cop6u1110, T.e. nOBbIWeHHa51 

TeMneparypa 11 Hl13KOe .uasneH11e. 

AiJcop6i1uoHH1>11/ .wemoiJ pa3-

.ueneHl151 ra30B Mano pacnpocTpaHeH 

R npOMbllUJie111-10CTll. 01-1 OCHOBa!-1 1-18 

CllOCOOHOCTll 1-1eKOTOj)hlX TBC]1)_\bl:\ Be-

weCTB c pa3Bl1TOH nosepxHOCTblO (aK

Tl1B11pOBaHHOro yrnH, CHJlHKareJI51 11 .up.) 

1136HpaTeJibHO nornow.aTb pa3Ji l14Hhie 

KOMnOHeHTbl ra.Ja. flO.U06HO )l(J1,UKl1M 

nornonnen51M ( a6cop6eHTaM) rnep.ub1e 

aJJ,cop6eHTbl 6onee 11HTeHCHBHO norno

w.aIOT T51)1(eJibie yrneBOJJ,OpOJJ,bl. flo.uo6-

paB onpeJJ,eneHHhIH pe)l(l1M a.ucop6um1, 

MO)f(HO DOJIYL!l1Tb )J.OCTaTOL!HO cyxoH. 

ra3. AJJ,cop6u1110 np11MeH5l10T JJ.Jl51 H3-

BJleL!eH 115l ueneBblX KOMnOHeHTOB !13 

CMeCeH, B KOTOpbIX co.uep)l(am1e 113BJle

KaeMblX yrneBOJJ.OPO.UOB He npeBbiwaeT 

50 Mr/M3
, a TaJ()f(e 113 ra30B, co.uep)f(a

w.11x B03nyx. 

P e 101111rjrnKatfllfl 51BJI51eTC5l 3asep

wa10weH crn.u11eif pa3.uenemrn ra3o

BbIX cMeceH.. Otta npttMeH51eTC51 nn51 

nonyL!eHl151 HH)_]l1BHJ_]yaJibHbIX yrneso

nopo.nos BbICOKOH lJl1CTOTbl. flOCKOJib

KY pa3.neneH11e Ha KOMnoHeHTbl CMeCH 

ra30B npoBO)_]l1Tb 3aTpyJJ.HHTeJibHO, np11 

cyw.ecrny10w11x cxeMax ra3opa3.nene

Hl151 Ha peKTl1cjJHKaUHIO nona!OT )1(11,U

KOCTb, BbilleJieHHYIO 113 ra3a KOH.UeH

cau110HHO-KOMnpecc110HHbIM 11Jil1 a6-

cop6UI10HHb!M MeTO.UOM. Oco6eHHOCTb 

pe1<T11cjJ11Kau1111 C)l(J1)1(eHHbIX fa.JOB no 

cpasHeHHIO c peKT11cjJ111<au11eH. ttecprn

HbIX cppaKUHH - He06XO.U11MOCTb pa3.ue

JieHl15I oLJeHb 6n1131<11x no TeMneparype 

K11neH115I nponyKTOB 11 nonyqe1-11151 TO

sapHbIX npo.nyKTOB BbICOKOH CTeneH11 

'-111CTOTbl. PeKT11cp111<au1151 C)l(l1)1(eHHhIX 

ra30B OTJl!1l{aeTC51 TaK)l(e nOBbIWeHHb!M 

,1313.l Cl-lflC\1 B KQjlOHl-Ja:\, rI OCKOJlbKY 

J_JJl5l C0 '3.'laH115l opowem1H 11eo6xoJ.11\10 
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CKOH.UeHCHp08aTb 8epxH11e npo.uyKTbl 

peKT11cli11Kau110HHb!X KOJ10HH 8 o6bIY

HblX 803.UYWHbIX H 80.UHHblX xonom1n b

HHKaX, He np116eraH K 11CKyccrneHHOMY 

xono.uy. 1fro6h1 CKOH.UeHc11po8aTb, Ha

np11Mep, 11306yrnH np11 40 °C, Heo6xo

.UHMO noWJ,ep:arn8aTb na8neHHe 8 peqi

J1IOKCHOH eMKOCTH 6yTaH080H KOJ10HHbl 

H, CJie.U08aTeJibHO, B caMOH KOJ10HHe He 

HH)l(e 0,52 Mna. 

CxeMa peKTHcii11Kau110HHOH ycrnHo8-

KH 11 nocnenoBaTenbHOCTb 8b1nenemrn 

OT.UeJibHblX KOMnOHeHTOB 3a811C5lT OT 

COCTaBa HCXO.UHOH CMeCH, rpe6ye1vIOH 

YHCTOTbl npo.uyKTOB H KOJ1J1LleCTBa no

JiyYaeMb!X qipaKUHH. 

ra3ocj>paKU.HOHHpy101U1te ycrn-
HOBKH. YcTaHOBKH pa3.nenemrn ra308 

(f<DY) nonpa3.UeJIHIOTCH no rnny nepe

pa6aTbIBaeMoro CbipbH - Ha ycraH08KH 

npe.uenbHbIX H Henpe;le11bHblX ra308 H 

no r11ny np11MeHHeMoi1 cxe\1b1 H38ne

YeHH51 ueneBbIX KOMfIOHeHT08 113 ra-

308 - Ha ycraHOBKH KOH.UeHcam10HHO

KOMnpecc110HHbie H a6cop6UHOHHbie . 

KaK Ha ycraHOBKax KOH;leHcau110H

HO-KOMnpecc110HHOro nma. TaK 11 Ha 

ycrnH08Kax a6cop6u110HHoro r11na H3-

8neYeHHa51 H3 ra3a )!(11.UKaH cMecb yrne

sonopo.uoB 3aTeM paJ.uenHeTcH Ha qipaK

UHH HJil1 HH.UHB11.UyaJibHbie yrneBO,IlO

po.ubI c npHMeHeHHeM peKTHciiHKaUHH. 

B KaYecrBe np11Mepa npHson11rc.S1 

on11caHHe TeXHOJIOfHYeCKOH cxeMbl 

ycTaHOBKl1 KOH.UeHCaUHOHHO-KOMnpec

CHOHHOro T11na .UJ15l nepepa6oTKH npe

.uenbHblX yrneso.nopo.nos 11 ycTaHOBKH 
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a6cop6u110HHoro nma .UJIH nepepa6or

KH ra30B KaTaJil1Tl1YeCKOfO KpeK11Hra. 

Ha ycraHoBKY npe.nenhHbIX TaJOB 

(p11c. 2.1) nocrynaeT raJ c AT 11 ABT, 

fOJ10BKl1 CTa6HJIH3aU1111 KaTaJil1THYe

CKOro p11qiopMHHra 11 nepB11YHOH nepe

f0HKl1. YcraHOBKa cocro11r 113 6noKOB 

KOMnpecc1111 11 peKT11cli11Kau1111. 

OpHMOroHHhIH ra3 qepe3 cenaparop 

C- I no.naercH Ha C)l(aT11e KOMnpeccopoM 

UK-I. OpM c:>Kar1111 ra3 HarpesaeTC51 

no 120 ° C. C){{aThIH ra3 3areM KOH

neHcMpyeTcH B BO.UHHOM KOH.UeHCaTO

pe-xono.nMJ1bHl1Ke XK-1 11 B KOH.UeH

carnpe-xono.n11nbHl1Ke XK-2, oxJia)l(

.naeMoM 11cnap5IlOlUl1MC5l aMMl1aKOM. 

B XK-1 oxna:>K.neH11e 11 KOH.UeHcaum1 

3aKaHY11saercH np11 50 °C, a B XK-2 -
np11 4 °C. OoCJie Ka)l(.noti cryneHH 

KOH.UeHcau1111 fa30)l(H.UKOCTH351 CMeCb 

pa3.rrenHeTC5l Ha ra3 11 )!(11.UKOCTb B ce

naparopax C-2 11 C-3. fa30Bbie KOH.UeH

caTbI 113 cenaparopos C-1, C-2 11 C-3 
COBMeCTHO c fOJIOBKaMl1 CTa611n113au1111 

yCTaHOBOK nepB11YHOH neperoHKl1 H p11-

¢opM11Hra no.naIOTC51 Ha 6JIOK peKTmp11-

KaUMl1. 

B 6noKe peKr11cli11Kau1111 113 yrneso

ilOpo.nHoro Cblpb5l CHaYaJia y.uaJI51!0TC51 

MeTaH 11 :naH. Y.naneH11e npo11cxo.n11r s 

peKT11cli11Kau110HHOH KOJIOHHe, KOTopa51 

Ha3brnaeTcH .ne:naH113aropoM. BepxHHH 

npo.uyKT :noii KOJIOHHbI - MeTaH 11 3TaH, 

Hl1:>KHl1H - .ue:naHl1311pOBaHHa5l qipaK

Ul15l. BepxH11i1 npo.nyKT .ue3TaHI13arnpa 

OX J1 a)!(.naeTC5l HCKYCCTBeHHblM xna.n

areHTOM - aMMHaKOM. 
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~eJTBHH3HpOBBHHB51 cppaKUH51 H3 

KOJIOHHhI K-1 nocrynaeT B nenponattu-

3aTop C-2, sepxHHM nponyKTOi\t KOTo

poro 51BJI5!eTC51 nponaHOBB51 cppaKUHH, 

a HH)l(HHM - .uenponaHl13HpOBUHHB51 

cppaKUH51. BepxHHH nponyKT noCJie 

KOH,UeHCBUHH B 803.UYWHOM KOHlleHca

Tope-XOJIO.UHJlbHHKe XK-4 H ox11mK.ue

tt11H B KOHUeBOM XOJIODJIJlbHHKe Bb!BO

.UHTC5! c ycTaHOBKl1, npensap1neJibHO 

npott.U51 we1101rny10 ocrncTKy. H1DKHHll 

npo.uyKT 113 .uenponamnarnpa K-2 no

.uaeTc51 B .ue6yrn11H3arnp K-3. 
PeKTH<P11KaTOM KOJIOHHhl K-3 51B

JI51eTcH cMeCb 6yrnHa u 1no6yrn11a, a 

OCTBTKOM - .ue6yTBHl13HpOBBHHblH ner

KHH 6ett311H. PeKTHCpHKaT KOHilettc11py

eTcH B KOHlleHCBTOpe-XOJIOJJIJibHHKe 

XK-5, a 3aTeM no.uaeTC51 Ha pa3JieJie~rne 

B 6yrnttosy10 KOJIOHHY K-4. OCTaTOK 113 

KOJIOHHhI K-3 nepexo;:J,HT B .crene11rn1111-

3arnp K-5. 
oyTBHOBB51 KOJIOHHa CJlY'll<llT ,'l,151 

pa3.UeJieHH51 CMeCH 6yTaHOB Ha HOp

MUJibHblH 6yrnH 11 H3o6yrnH, a KOJlOH

Ha K-5 (.uenettrnHH3aTOp) - ;i,.151 oT;i,e

J1eH11H OT ra30BOfO 6eH3HHa neHTBHOB, 

KOTOpble no.ua10TC5I Ha peKTH<t>11Kau1110 

B KOJIOHHY K-6. H11)1(HHll npOilYKT ile

neHTaHH3aTOpa - <t>paKU1151 C
6 

H BbIWe 

BbIBO.UHTCH c ycTaHOBKH. 

YcTaHOBKa, cxeMa KoTopoi1 np1rne

.uetta Ha p11c. 2.2, npe.uHa3tta4eHa .u.1H 

CTa611JIH3BUHH 6eH3HHa KaTaJIHTl14eC

KOro KpeKl1Hra, 01.Jl1CTKH ra3a KBTBJlH

TH4eCKOro KpeKHHra OT ceposo,aopo

na, 113sneLJe111151 H3 ra3a ymesonoponos 
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C,-C
4

, pa3,aene1111H cMec11 JTHX yrneso

noponos Ha npona11-nponH11eHosy10 

11 6yTaH-6yrnneHOBYIO <t>paKU1111. 

)i(11pHblH ra3 c ycTBHOBKH KaTa

JlHTHlfeCKOfO KpeK11Hra nocTynaeT 

Ha OlfHCTKY MOHOJTaHOJ13MHHOM B a6-

cop6ep K-1 . Q411wetttthlH ra3 C)l(HMa

eTC51 KOMnpeccopoM nK-1 1l0 1,4 Mila, 

OXJlB)l{llaeTC51 11 no,aaeTCH BO <t>paKUHOHH

PYlOWHH a6cop6ep K-2, no.a 22-10 rnpen

KY· Ha JTY )Ke rnpenry, HO Bh1we sso,n:a 

ra3a no;weTCH KOH.UettcaT KOMnpeCCHH. 

Bo cppaKuHott11py10w11i1 a6cop6ep 

BBO.LUITC51 TaK)Ke Hecrn6HJlbHbIH 6eH311H, 

51BJIHIOW11HC51 OCHOBHblM a6cop6eHTOM. 

C!>paKUHOHHpy10w11i1 a6cop6ep, HHa

Lfe HB3hIBaeMhli1 a6cop6ep-,aecop6epoM, 

ODlflJaeTCH OT o6bI4HOro a6cop6epa 

Te;-..1 , •no npencrns;rneT co6oi1 KOM6H-

1111posaH11y10 KOJIOHHy. B sepxttei1 4BCTH 

cl)paKw1011wpy10wero a6cop6epa npo

HCXOD.HT a6cop6Ullil, T.e. 113BJle4eHHe H3 

ra3a ue.1eBbIX KOMnOHeHTOB, a B Hl1)1(

ttei1 - perettepaullil a6cop6e11rn 3a eyer 

no.J.BOD.wv1oro Ten11a. CTeKaH csepxy BHH3 

no rnpenKaM cl)paKu1101111py10wero a6-

cop6epa, HBCblU~eHHbIH TH))(eJlhlMl1 KOM

noHeHTaMH a6cop6eHT BCTpe1.JaeTC5! co 

see 6onee ropH411MH napaM11, necop-

611posaHHhlMH 113 ))(11,UKOCTl1, KOTopaH 

CTeKaeT B H 11))(Hl0l0 4BCTb KOJIOHHbI. 

C sepxa cppaKUHOtt11py10wern a6cop-

6epa yxon11T cyxoi1 ra3, co.uep))(aw11i1 

ymesonoponh1 C
1
-C

2
, a c H113a BMecTe c 

TOWHM a6cop6eHTOM Bb!BO.U5!TC5! yrne

BO_!lOpOllbl c~ -C.j' B OTJlHlJHe OT o6hlLJ

HbIX a6cop6epos, 1<y1la mrra1111e no,Ua-
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eTCH TOJlhKO B f330BOH cpa3e, BO cppaK

UHOHHPY!OllUie a6cop6epb1 OHO BB01ll1T

CH l1 B BH)J.e )!{H)J.KOCTH, l1 B BH.lle ra3a . 

)J,1151. )J.ea6cop6uHH ytteceHHhIX c 

cyxHM r330M 6eH3HHOBh!X cppaKuHH B 

sepxHIOIO qacTh K-2 no)J.aeTCH cTa6HJih

HhIH 6eH3HH. TeMneparypa s a6cop6uH

OHHOH qacTH noMep)!{HBaeTcH npoMe

)!{yroqHhIM oXJia)K)l,eH11eM a6cop6ettrn. 

Hach1meHHhIH H ,D;e:naHH3HposaHHhIH 

a6cop6eHT H3 K-2 no.n,aercH B crn6H

JUi3aTop K-3, sepxHHM npo.D;yKTOM 

KOToporo 51.BilHeTCH ronOBKa CTa6H-

JI M3aUHH , a HH)!{HHM - CTa611JlhHhlH 

6 e H3HH. foJJOBKa crn611JIH3aUH11 nocry

naeT Ha 6JlOK oqHCTKH, r.ue oqHmaeTCH 

OT cepHHCThlX coe,D;HHeHHH pacrnopoM 

MOH03TaHOJlaMHHa (M3A) H meJI0%!0. 

3aTeM H3 oq11meHHOH ronosKH s npona

HOBOH KOJIOHHe K-4 BhI.D;eAAeTCH nponaH

nponHneHoBaH ¢paKQl1H. 

OcrnTOK rrponattosoii KOJIOHHhI s 6y

rnttosoi1 KOJlOHHe K-5 p33.n,eAAeTCH Ha 6y

TaH-6yrHJieHOByIO cppaKUHIO H OCTaTOK, 

KOTOphIH o6'he,D;HIDleTCH co CTa6HJihHhlM 

6ett3HHOM. 



LL\I~\ 1. \lETO)lhl MCC-IE;lOB:\!-HHI XHMl14ECKoro COCTABA 
llE<l>TH 11 HE<DTEflPO)J,YKTOB 

3.1. Cnoco6b1 pa3JJ,eJieHHH 

KOMDOHeHTOB uect>TH 

0CHOBHOH npHHIJJm HCCJie,IJ,OBa-

HH51 XHMH'-!eCKOro COCTaBa Heqntt 3a

KJIIO'-laeTC5! B TOM, '-ITO, KOM611H11py51 

pa3Hoo6pa3Hbie MeTO,IJ,hI pa3,IJ,eneHH51 

BeW,eCTB, ,Il,OCTHra!OT BHa'-!aJie nocTe

neHHOro ynpomeHH51 COCTaBa OT,IJ,eJib

HblX cppaKUHH HCXO,Il,HOH Hecprn. X11-

MH'-leCI<a5l npttpo,IJ,a 11 MOJ1eKyI15IpHoe 

CTpoeHtte OT,IJ,eJlbHbIX KOMnOHeHTOB 

HecpTH nptt :HOM He J_\OJDKHbl l13Me

H51TbC51. Ilony'-!eHHbie Cj)paKUilll 3aTeM 

aH3Jll13HpyIOTC51 XHMWieCKHMl1, xpo

MaTOrpacptt'-leCKHMH, cneKTpaI1bHblMl1 

H ApyrnMtt MeTo,IJ,aM11. B pe1ynhrnTe 

TaKoro HCCJle,IJ,oBaHH51 B 3aBHCl1MOCTH 

OT MOJleKyJrnpHOH MaCCbl 11 CJ10)KHOC

TH CMeCH B BbI,IJ,eJleHHblX qipaKUH51X 

y,IJ,aeTC51 ycTaHOBHTb m160 CO,Il,ep11rnm1e 

OT,IJ,eJibHbIX HH,Il,HBH,IJ,yaJ1bHblX Bew,ecTB 

(npH aHaJIH3e ra30B H J1erKHX cppaKUHH 

)J,0 150 °C), JIH60 CO,IJ,ep11<aHHe OT,IJ,eJlb

HbIX rpynn yrneBO,Il,OpO,Il,OB HJ111 Apyrnx 

KOMOOHeHTOB HecpTH, J11160 OTHOCH

TeilbHOe pacnpe,IJ,eJieH11e CTPYKTYPHhIX 

3JleMeHTOB B rH6ptt,Il,HbIX MOJleKynax 

(B T5J)KeJiblX cppaKUH51X HecpTH ). 

ljJpaKUHH 11pwv1eH5!!0TC5! caMbie pa3HO

o6pa3Hble MeTO,Il,bl. K HHM OTHOC51TC51: 

nepero11Ka, peKTmp11KaUH5!, a,IJ,copfourn

_1ccr-,p6wrn. TepMOAI1cpcjly3H51, 3KCT

\)'lKLUl51. 1\pllCT3JIJll13aUH51, 110JIYllCHl1C 

-l llCJ\lbl\ l\Ol\l llJleKCOB l1 I-IeKOTO]JGIC 

_Jpy1 llC. 

H11)Ke ,IJ,aeTC51 KpaTKa51 xapaKTepttc

n1Ka cnoco6oB pa3.neneHH51. 

IleperouKa. IlpoCTM neperoHKa He 

rv1011<eT ,IJ,aTb YAOBnernopHTeJ1bHoro pa3-

.ueneHM51 )Kl1,Il,KOCTei1 c 6J1H3K11M11 TeMne

paTypaMM Kl1IleH1151. Ilo3TOMY OHa np11-

MeH5leTC5! TOJibKO )],JI51 rpy6oro pa3,Il,e

IleHI151 Ha w11poK11e cppaKUHH. TaK, 

np11 XI1MI1'-leCKOM rpynnoBOM aHa.JIH3e 

6eH311Hbl H KepoCHHbl pm11,eJI5!!0TC5! Ha 

CTaH,Il,apTHbie cppaKUI111 60-95, 95-122, 
122-150 °C 11 Apyrne neperoHKOH c ,IJ,e

cjmerMarnpoM. IleperoHKa npH TeMne

parypax Bb!We 200 °C npOBO,Il,HTC51 no,IJ, 

BaKyyMOM BO m6e)KaH11e TepMH'-!eCKO

ro pa3J10)KeHl151 BbICOKOMOJ1eKyJI51pHblX 

yrneBO,Il,OpO,Il,OB. 

PeKmurjJ11KazfU5/. IleperoHKa c peK

THQJHKaUMei1 npoBO,Il,HTC51 Ha na6opa

TOpHbIX peKTHcjJHKaUHOHHbIX KOJIOHKax 

11aca.uo'-IHoro THna. Hx '-leTKOCTb no

roHopa3.ueneHH51 3aB!1C11T OT MHOfHX 

l!JaKropoB. Go:1bLuoe J1iat1e1u1e 11l\1e1or 

\!aTCpl18JI, ljlOpMa 11aca;11rn. KOTopa51 

~KOOi 49 



11.0fDKHa o6nanaTb CHJlhHOpa3Bl1TOH no

sepxHOCTblO, Ha HeH H npOHCXO!UIT co

np11KOCHOBem1e napos c cjmerMoi1 . YeM 

nyr-nue Ka'-!eCTBO H3C311.KH, TeM MeHbWe 

Bh!COTa, 3KBl1B3JleHTH351 OD.HOH Teope

TH'-leCKOH rnpenKe (83TT). c )TOH Be

Jll1'-111HOH CB5133H3 11 BbICOTa KOJIOHl<H. 

He Mettee sa)l(ttoe 3Hal1em1e HMeeT npa

BHJihHO Bb16paHHOe cjmerMOBOe l!HCJJO, 

T.e. OTHOWeH11e 06beMa cjmerMhl K o6b

eMy OT6opa 33 011.HHaKOBbl!':f npoMeJKy

TOK BpeMeHH, a TaK)l(e CKOpOCTb OT6opa 

n11cT11nmna. 

Y:eTKOCTb peKTHcjJIIK3UHI! 33B l!CIH, 

KpOMe Toro, OT 1J.113MeTpa KOJIOHKH H 

npyrnx KOHCTPYKTHBHh1x oco6eHHO

cTei1, a T3K)l(e OT co6.1 10.ueH115! aJrna6a

TH'-IHOCTH no BCeH BbICOTe KOJIOHKH , T.e. 

OT TLU3TeJlbHOCTl1 TenJIOBOH H30Jl51Ul111. 

3cpcpeKTHBHOCTb na6oparnpHblX KO

JIOHOK rrp11H51TO oueHHB3Tb l{HCJI0!\1 Te

opeTH'-!eCKHX rnpeJIOK B pa60411X ycno

Bl151X (qTT). B 3as11cuMocrn OT cocrnsa 

neperoH51eMbIX CMeceH Ha npaKTHKe 11C

IIOJib3YIOTC51 KOJIOHKH c LITT OT 20 )10 

150 11 Bb!llle. 

ITp11 Jia6oparnpttoi1 peKrncpnKaUHH 

MHOrOKOMIIOHeHTHblX CMecdi OT6op 

cppaKU1111 MO)l(HO rrpOBOLl.HTb 4epe3 Jll0-

6b!e HHTepBaJibl TeMneparyp, BIIJlOTb 

.uo 0,5 °C H noJiy'-!aTh TaKH:\t 06pa3o:v1 

y3Ktte cppaKUHH c tte6oJihWHM 411c.10M 

KOMIIOHeHTOB. 

Mo!leKy1mpHaR nepezoHKCJ, zou nepe

ZOHKa 6 2J1y60KOM eax.yywe. 3TOT Bl1Jl ne

peroHKH npenHa3J-ialreH .U!l 51 pa 3.::i_e;1eHH5! 

HaH6onee BblCOKOMOJler<yJI51pHblX Be-
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weCTB, KOTOpbie np11 o6bl4HOH BaKyyM

HOH neperoHI<e na)Ke non pa3pe)l(em1eM 

no 13 ,3 fla pa3JiaraIOTC51. MoJieKy1151p

Ha5! rreperOHKa npOBOJJ.11TC51 IIOLI. O'-!eHb 

Hl13I<HM Ll.3BJleHHeM (0, \33-0,0133 f1a) . 

B TaKHX yc110B115!x, T.e. II04TH B noJIHOH 

nycTOTe, MOJleKyJihl HCXOD.HOH )i(J11J.KO

CTl1 cso6onHo 11cnap5110TC51 c nosepx

HOCTH npH TeMnepaTypax HJ1)1(e HX TeM

nepaTypbl K11neH115I. CpeJJ.H5151 JJ.JI11Ha 

npo6era MOJleI<yJlhl 11.0 CTOJlKHOBeHH51 

ee c npyrnMM MOJleKyJlaMH np11 TaKOM 

saI<yyMe nocTHraeT 1-5 CM. Cne.uosa

TCJJhHO. ecmr B np116ope D.JJ51 neperoH

KH pacCT051HHe Me)l(JJ.Y 11cnapHTeJJeM 11 

KOH]leHC3TOpOM He 6y.ueT npeBhIUJaTb 

)TO 3Hal1e1·rne, TO B03MO)!(eH nocnenosa

TeJJ bH hI H OT6op KOHD.eHcarn. 

Pa3neneHHe BhICOKOMOJJeKyJJ51pHhIX 

HeCpT51HblX sewecrn Ha cppaKUHH npH 

\10JJeKyn51pHOH neperoHKe npo11CXOD.11T 

He no TeivmepaTypaM 1<11ne1-1115!, a no M0-

11eKy.151p1-1oi1 Macce, TaK I<aK nasnett11e 

11x ynpyrocT11 napos nponopu110HaJJbHO 

MOJJeKyn51p1-1ofi Macce. Pa3ne1111TeJJbHa5! 

cnoco6HocTb :JTOro MeTona cppa1<u110-

H11posaH115! 33BHCHT OT OTHOCHTeJJbHblX 

CKOpOCTeH 11cnapeH115! MOJJeKyJJ, Haxo

.U51WHXC51 B HCXOJJ.HOM npo.uyKTe. 

A.acop611_11si. Hap51JJ.Y c pe1<T11cjrn1<a

u11ei1 , 3a nocnenH11e 30-40 JieT MeTOD. 

a;:rcop6u1111-.uecop6u1111 CTan L1.0M11H11-

PY10WHM rrp11eMoM rrp11 11crnenosaH1111 

cocrnsa Hecpn1 11 ee OTJJ.eJJbHhIX Y3KHX 

H w11po1<11x cppaKuHi1. Cyw.HoCTh MeTO

J.<l 33KJll0liaCTC51 B TOM, l!TQ OT.JC.lbllblC 

KO\-lIIOHCl!Tbl CMeCI-1 rnryT 1130Hpan.~.lb-



HO nocne.uosaTeJlbHO 11 c pa3Jll14HOH 

·_rneprndl cop611posaTbC5I Ha TOM 11J!H 

HHOM cop6eHTe 11 TaKHM nyTeM OT.Ue

Jl51TbC51 OT o6mdl cMeC11. B .uanbHei1-

weM np11 .uecop6u1111 3Tl1 KOMnoHeHTbJ 

Bbl)J.eJ15110TC51 B Hel13MeHHOM COCT051Hl1H 

B Bl1)1.e OT)J.eJlbHblX cppa1<u11i1 11 MOryT 

11CCJle)J.OBaTbC51 pa3)1.eJ!bHO. 04eB11.UHO, 

4TO .uecop6u1151 npo11cxo.u11T B nop51.U

Ke, o6paTHOM a.ucop6u1111. J1er4e scero 

y.uaJ151JOTC51 c nosepx1-1ocT11 a.ucop6eHTa 

KOMnOHeHTbl, 06na.ua1om11e HaHMeHb

wefl a.ucop6u110HHOH cnoco611ocTbJO. 

CospeMeHHbJe a.ucop6u1101-111b1e np11e

Mbl 11CCJleLJ,OBaHH51 H pa3LJ,eJleHH51 6a-

3Hpy!OTC51 Ha xpoMaTorpacp114eCKOM 

Mern.ue. CymecrnyeT MHOro pa3HOBHJl

HOCTei1 xpoMarnrpa<jJ114ec1mro MeTo.ua. 

)J.J151 pa3.ueneHl151 KOMnOHeHTOB He<jJrn 

npHMeH51eTC51 B OCHOBHOM ,)/Cl/0/,·ocm-

11051 ackop6iruoHHafl .rpo11amo2pac/)llfl_ 

no 3TOMY MeTO.UY pa1.uenem1e )KHLlKHX 

CMecefl Ha cppa1<u1111 se.ueTC51 B KOJlOH

Kax, 3ano;rneHHbJX a11cop6eHTOM, 4ame 

scero c11n111<areneM. J1ccnenyeMy10 11<~1 11-

KOCTb BBOLl,51T B KOJlOH Ky. 8513KHe npo

.UYKTbl npe.usap11TenbHO paCTBOp5110T 

s neHrnHe 11n11 11pyrorv1 pacrnop11Tene. 

)J.J151 yc1<0peHH5! npoXO)!(Ll,eHH51 no KO

JlOHKe npo6b1 11 11ecop6eHTOB np11MeH5!

JOT .uasneH11e 11HepTHoro ra1a. B npo

uecce a11cop6u1111 Bbi.uen51eTC51 Tenno. 

f10.U BJ11151Hl1eM 3TOfO Tenna 11 KaTaJlH

TH4eCKOro B03,lJ.eHCTBl151 caMoro a.ucop-

6eHTa B03MO)!(H0 pa3Bl1Tl1e TaKl1X XHMH

LICCKl I.\ pcaK1u1il c a.1cup611prnia111-1i,1\1 11 

BCULCCTl3<l !\ lll , 1..:a1..: 01\llC ICl lll C II lllUll \ IC-

p1-11au115I. Bo 1116e)!(aH11e 3TOro KOJlOHKY 

cne11yeT oxJla)!(JJ.aTb. 

no rnny )J.eCop6Ul111 pa3Jll14aJOT LJ,Be 

MOJJ.11CPl1Kau1111 MeTo.ua: Bb!TeCHHTeJlb

HYIO 11 3JllOe~nHyio xpoMaTorpacpmo. 

CTp11 6btmecHume.nbHotl xpo.Mamo-

2parjJUu .uecop6UJ151 ocymecrBJ151eTC51 npo

MbIBKO H a.ucop6uHOHHOH KOJ10HKl1 

KaKl1M-JlH60 opraH!14eCKHM paCTBOpH

TeJleM, a.ucop6uHOHHa51 crroco61-1ocTb 

KOTOporo 3Ha411TeJlbHO Bb!We, 4eM y 

nio6oro KOMno1-1e1-1Ta 11ccne.uyeMoi1 

cMec11. B I<a4eCTBe TaK11x Bb1TecH11Te

nei1 np11MeH5llOT cn11pTbl, KeTOHbl, 3cpH

pbl, xnopopra1-111 YecI<11e pacrnop11Te

JlH, 6eH30Jl, Tonyon 11 .up. Bo3MO)!(HO 11 

nornenosaTeJlbHOe np11Me1-1e1-111e pa3-

Jll14HbIX necop6eHTOB, oco6e1-11-10 np11 

xpoMaTOrpa<jlHpOBaHHH BbICOKOMOJle

KYJ151pHblX nponyKTos. TaK KaK rrpo51s11-

Ten b ( BbneCH11TeJlb) o6na.uaeT 6oJiblllOH 

a.ucop6UHOHHOH cnoco6HOCTblO, TO OH 

Bbnec1-15leT c nosepx1-1ocT11 ancop6e1-1Ta 

nocnenosaTenbHO see KOMno1-1eHTbI 11c

rne.uyeMoi1 CMeCH B rrop5111Ke, o6paTHOM 

11x 3Hepnm aµcop6u1111 . 

np11 ;rnoeH/11HOU xpo_1iamozpac/Juu 

necop6UH51 npoBO.U11TC51 npOMbIBKOH 

KOJlOHKJ.i 60J1bllll1M KOJ1!14eCTBOM pac

TBOpHTeJ151 c Hl13KOH a.ucop6uHOHHOH 

cnoco6HOCTblO. B KaYeCTBe TaKHX npo

MbIBaTenei1 np11MeH5!10TC5!: neHTaH, reK

caH, remaH, neTponettHbJH 3cp11p. CTp11 

npOMbIBKe npoHCXO.LJ.HT ITOCTerreHHOe 

nepens11)!(eH11e a.ucop6u1101-11-1b1x cnoes 

rncpxy 131lll3 no KO:TOl-JKe. ECTCCTBCHHO, 

LITO B 11epny10 oc1epC;lb B\1ecre c pacr-
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Bop11TeJleM 6y)_\eT Bb1TeCHe11 H3 KOJlOH

Kll KOMllOHeHT, an,cop6llpOB<11-1Hblli B 

HmKHHX 30Hax, T.e. o6Jla.uatouutii m111-
MeHbWHM a.ucop6uHOHHblM cpOllCTBOM 

K a.ucop6e1-1Ty, a 3aTeM y)!(e see ocTaJlb

Hbie. Dp11 06m1x MeTo;u1x ):lecop6u111r 

Ha BbIXoJJ,e H3 KOJlOHKlt \tO)!(HO oT611-

paTh onpeJJ.eneHHhle nopUllll )Kll.i1Kocn1. 

0T6op se.uYT J1H6o no 06berv1y. JlHOO 

qepe3 onpe.ueneHHbie npoMe)f(yn.:11 spe

MeHH. KoHTponh 3a cso1lcTBa\11t. a cne

.uosaTeJihHO, II COCTaBOM OT611paeMblX 

cppaKUHH se.uyT '-latUe scero no 1r0Ka3a

Tesno npenoJ\.rnemrn. )J..rrn 6om~e '!eTh:O

ro pa3.uenemrn necop611pye\1hrx rpynn 

yrneso.nopo.uos np11MeH5ltOT raK)Ke qlJly
opecueHTHhte llH.ilHKaTOpbl. BBO.Jlll\lblC 

BMeCTe c npo6oH., KOTOpble n03B0.1511{)T 

no OKpacKe BHlleTb np51'.\i0 B KOJlOHKe 

rpaHHUbl a.ucop6UHOHHblX 30H. 

B pe3ynhTaTe MHOro1rnc.ic1-1HbIX pa-

6oT MO:lKHO C'-IHTaTb ycrnHOB.lCHHbl\1 . 

'-ITO npn ancop6u1rn Ha c11.111h:are:1e oT

.ueJihHbie rpynnbl KO'.\tnOHCHTOB 1-1ecp

TH n HecprenponyKTos ancop611py

toTC5! B CJ1enytollleM nop51.11h:e. HaY11Ha5! 

c Ha116onee nosepxHOCTHO-aKTHBHblX 

BetUeCTB: CM0.1HCTble BClUeCTBa; coe

iurneHH51, conep:lKatU11e cepy. KHC.'Iopon 

H a30T; apoMaTH'-leCKHC yr.1eBO.JOpOllbl , 

Ha'-IHHa51 c llOJlMUHKJlHlJeCKlfX 11 KOH'-la51 

MOHOUHKJJH'-leCKHMH; llH0.1eqmHhI; UHK

JlOOJiecjlHHbI; MOHOOJiecpHHbT; HacpTeHbI; 

napacpHHbI. 

KoHe'IHO, '!eTKOro pa3.neneHH51 scex 

JTHX K.laCCOB BClUCCTB ;1pyr OT .Jpyra 

11e npo11cxo,1uT, on1-1ospe\·1e1-1Ho c apo -
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rvtaTII'-leCKl1Ml1 yrneBOJJ,OpOJJ,aMH '-lalUe 

scero copfoipytoTC51 11 cep1-111cTb1e co

e!llrnemrn c TeM )Ke '-IHCJlOM UHKJlOB. 

/1,1151 aHaJlHTH'-!eCKHX uenei1 H npH 

11ccne.uosam1H KOMllOHeHTHOro COCTa

Ba ra30B ll )KH,LlKHX Hecpn!Hb!X CMecei1 

UllipOKO npl·tMeH51lOTC51 MeTOJJ,bl ra3oa.u

cop6m10HHOH H fa30)KHJJ,KOCTHOH xpo-

1\taTOrpaqnm. 

Tepl\nt'-lecKaH JlH<l><l>YJHH. 3TOr cpas-

1-11 rrenbHO HOBblH MeTOLl ll03BOJ151eT pa3-

ne.151Tb UHK.1onapacpHHOBbie yrnesono

po.Jhr 110 creneHH HX UHKJlHYHOCTH. 

Cyut1-1ocn '.\·leTo.ua 3aK111-0YaeTC5! B TOM, 

4TO B KOJlbUeBOM 3a3ope KOJJOHKH nma 

<<Tpy6a B Tpy6e» c03naeTC5! Tel\mepa

rypHbiii rpa.ilHeHT. 3ro llOCTHraeTC51 

Harpesatt11e\1 .!lO I 00-170 °C O.JHOH 

CTeHKll II OXJla)Kl],eHHeM ..lO 4-20 °( 

.1pyroi1. Pa3HOCTb Tel\rneparyp nsyx 

CTCHOK. orpaHH'-IHB3lOlUHX KOJlbUe

BOJl 3330p. Bbl3bIBaeT KOHBeKUHOHHblH 

nOTOh: BBepx BllO.lb rop51'1eH Tpy6bI H 

BHH3 B.JOJib xono111-1oi1. MoneKyJibI 11c

xo;:rttoll c-.1ec11 6ecnpepbIBHO nsmKyrc51 

11 pa3;IeJ151lOTC51 no CBOHM cpH3H'-leCKHM 

CBOttCTBaM. B OCHOBHOM no llJIOTHO

CT!l 11 B513KOCTH. B pe3)'J1bTaTe TepMo

.J,11cpcpy31111 O;IHH THllbl MOJleKyJl y.na

.151IOTC51 OT rop51qeiJ. CTeHKH 11 CTeKaIOT 

no XOJlO;:IHOii CTeHKe BHH3, a .rrpyrne. 

Hao6opOT, yYaCTBYlOT B BOCXOLl51lUeM 

llOTOKe no rop~'!eH CTeHKe H KOHUCH

TPHPYJOTC~ 1-1asepxy. Ec,111 np11 .nocm

;Kemrn pasHosec1151 oT611paTb nopu1rn 

no BblCOTe KO.lOHKIL TO \10iKHO mny -

411Tb q)paKu1111 p aD t1'-IH Oro con aRJ . 



06bJlrnO no BbICOTe KOJ10HKl1 11MeeTC51 

I 0 KpattoB. )J,J151 TepMo)l11cpcjly11111 np11-

MeH5!10TC5! KOJ10HKl1 Bb!COTOH J 700 MM, 

3a3opOM 0,2-0,25 MM, o6beMOM KOJlbUe

BOfO npocTpaHCTBa 28 MJl. ripO)l0Jl)J(l1-

TeJlbHOCTb pa3)leJleHl151 O)lHOH npo6bi 

OKOJlO 200 4. 

3KCTpaKQHH. rip11 11CCJle)lOBaHl111 

Bb!COKOMOJleKyJ151pHbIX norottOB Hecjl

Tl1 60JlbllIYIO nOJlb3Y np11HOCl1T MeTO)l 

1Ipo6ttol1 3KCTpaKu1111. CylllttOCTh ero 

3aKJ1!04aeTC51 B TOM, '-ITO B O)lHOM 11 TOM 

)J(e pacrnop11TeJle, ttanp11Mep, B aueTo

tte 11Jl11 )J(l11IKOM nponatte, np11 pa3HOH 

TeMnepaType pacrnop51!0TC51 Bewecrna 

c pa3Jll14HOH Kp11Tl14eCKOH Tervmepa

Typol1 pacrnopett115!. CJle)loBaTeJlhHO, 

eCJ111 npoBO)ll1Tb 1IP06tty!O 3KCTpaK

U11!0, T.e. OT611p3Tb 3KCTpaKTbl nOCJle

)lOBaTeJlbHO np11 pa3HhIX TervmpaTypax, 

Ha'-111Ha5! c Hl13Kl1X 11 KOH4a51 onTl11vtaJlb

HOH )lJrn )lattttoro paCTBop1neJ15!, TO 

norne OTfOHKl1 pacTBOp11TeJ151 MO)J(HO 

noJly411Tb p511I cjlpaKu11!1. B KmK)lOH 

113 Hl1X CKOHUeHTp11py10TC5! BeweCTBa 

c 6Jll13Kl1Ml1 Kp11Tl14eCKl1Ml1 Te1vmepa

rypaM11 pacrnopett11~. 04eBl11IHO, '-ITO 

TaKl1M nyTeM 6y)lyT crpynn11pOB3Hbl 

BeweCTBa 6oJlee 11Jl11 Mettee o)l11ttaK0Bo

ro CTpOeHl151 11 11X 6y)leT Jler'-Ie 11CCJle)lO

B3Tb 1Ipyr11M11 MeTO)laMH. 

KpuCTaJIJmJaQHH. 3TOT MeTO)l np11-

Mett5leTC5! )lJ151 OT)leJleHl151 BeweCTB c 

Bb!COKl1Ml1 TeMnepaTypaM11 nJlaBJle

Hl151, T.e. rnep)lbIX yrneB01IOP01IOB, 

pacrnopeHHbIX s ttccjn11. Ha11.1yc1u111c 

pe·3yJ1bTaTbl no.1yc1ai0Tc51 11p11 pa6ore c 

HedJTI~ v1 Hecjnenpcrn·nw; 

y1K11M11 cjlpaKU1151Ml1 11 np11 1tta'-111TeJlb

ttol1 KOHUeHTpau1111 TBep)lblX BeIUeCTB. 

Kp11cTaJ1JlH3au1110 npoBOMT nyTeM BbI-

1v10pm1rnBatt115! 113 paCTBOpOB B nO)lX0-

1I51WeM pacTBop11Tene. PacTBop11TeJlb 

no B03M0)J(H0CTl1 )l0Jl)J(eH 51BJl51TbC51 O)l

HOBpeMeHHO 11 oca)l11TeJleM )lJl51 OT)le

Jl51eMbIX Kp11cTanmnau11el1 BeruecTB. 

Bo BC51KOM cnyqae, ott 1IOJl)J(eH pac

TBOp51Th Bb!COKOnJlaBKl1e KOMnOHeHTbl 

3H3411TeJlbHO xy)J(e, '-IeM Hl13KOnJlaBKl1e. 

rip11MeHem1e paCTBOp11TeJl51 CHl1)J(aeT 

B513KOCTb npo11yKTa, KOTOpa51 np11 Hl13-

Kl1X Tetvmeparypax MO)J(eT OKa3aTbC51 

1-13CTOJibKO 60.lbllIOH, '-ITO 3TO 6y)leT npe

n51TCTBOB3Tb Kp11cTanmnau1111. B Ka

'-Iecrne paCTBop11Tenel1 np11Mett5!10TC5l 

)!(HJIKHH nponaH, xnopnpott3BO.IlHbie 

yrneBo.nopo110B, 3Tl1Jl0Bb!H 3cjmp, CMeCb 

cn11prn 11 3cjl11pa, CMeCb 3THJlOBOro H 

l1303Ml1JlOBOro cn11µTa, aueTOHO-TOflYOJTh

l-IR51 01ecb ll 1Ip. riyTeM MHOroKpaTHOH 

nepeKp11CTRJlJil13aUHH 113 paCTBOp11TeJl51 

y.naeTC51 ,ll0CTl14b Bb!COKOH CTeneHtt 411-

CTOTbl rnep.Ub!X BerueCTB. 

rip11 HCCJie.UOB3Hl111 napacjlHHOB 11 

uepe1111-10B np11MeH5leTC5! CJpo6Ha.R Kpu

cmm.w1a11u.R. rip11 1IP06Hoi1 Kp11crnn

.r1111au1rn 113 0111-10!1 11 TOH )J(e nopuH11 11c

cneaye1v10ro rnep)loro HecjlTenpoayKTa 

OT611pa!OTC5! cjlttJibTpOBRHHeM cjlpaKU1111 

np11 noCTeneHHO nOHl1)J(RIOIUCHC51 TeM

nepaType (4epe3 10 °C). 3rnM MeTO)lOM 

rpynn11py10T rnep1Ibie yrneBO.IlOP01Ihl c 

6Jll13KHMl1 TeMneparypa~m IlJlRBJlCHl151. 

01)puJ1)(Wll l!C A:o. 1111.1 c1 .. :corJ c . l!OW!-

1w 11ml. :vJoqes1111a COCVH, ),. 11.111 Kap-
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6aMH1l, o6JJa)laeT cnoco6HocTblO o6pa-

30BbrnaTb TBep)lbJe MOJJeKyI15IpHbie co

e)lHHeHH5! c aJJKaHaMH ( 11 HX np0113BO)l

HhlM11) HOpMaJJhHOro CTpoemu1. OpH 

o6pa3oBaHtttt KOMnJJeKca MOLiemrna 

KpHCTaJJm13yeTC5! B BH)le reKcaroHaJJh

HOH nptt3MhI c JlliaMeTpoM BHyTpeHHe

ro KaHaJJa 0,5-0,6 HM. rlp11 CMeweHHH 

MoqeBHHhl HJJH ee MeTaHOJlhHOfO pac

TBOpa c npo.n:yKTaMH, CO)lep)f(aUlHMH 

HOpMa.TihHhie aJIKaHhl. MOJJeKyJJbl no

CJJe)lHHX 6naro)lap5! CBOHM MaJJblM no

nepeqHbIM pa3MepaM BHe)lp5!!0TC51 B 3Tl1 

KaHaJJhl. 

06pa3y10w.11ec51 Kp11crn.nnw1ec1rne 

coe)lHHeHH51 nonyqttJJH Ha3BaH11e KOM

nJJeKCOB BKJJIOqeHH51, 11JJl1 a)l1lYKTOB. 

A.u.uyKThI HOpMaJJhHbJX aJJKaHOB c MO

qes11HOH nerKo pa.3nara10TC5l np11 o6-

pa6oTKe BO)lOH, 1136hITKOM pacrnop11Te

JJ5! 11 np11 Harpesatt1111. Cne)loBaTeJJbHO, 

M04eBttHa MO)f(eT 6hITb pereHep11posa

tta, a aJJKaHbl BhI)leJJeHhl B YHCTOM BH)le. 

3TOT cnoco6 OT)leJJeHH5! HOpMaJJb

HbIX aJJKaHOB B HaCT051Ulee speM51 WH

pOKO HCCTOJib3YeTC51 KaK B ueIT5JX aHaJTH-

3a, TaK 11 np11 npOMbIWJJeHHOH )lenapa

<PttHl13aI.J,HH cpe)lHl1X <iJpaKUHH Hecprn. 

3.2. MeTO.llhI aHaJJHJa cocTaBa 

CBeTJlhlX ,llHCTHJlJlSITOB He<l>TH 

3aJJ:aqei1 rpynnosoro aHan113a cser

JJbIX JJ:HCTHJIJUITOB 51BJJ51eTC5! nocJJe)lOBa

TeJJbHOe KOJIH4eCTBeHHOe onpe.L1,eJJeH11e 

yrnesonoponos pa3JIH4HbJX 1rnaccos 11 

rpynn . B nponyKTax np5!MOl1 nepe roH-
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1<11 1rn11 nonylfaeMblX B npou,eccax, 11ny

tu11x no1l )laBJ1em1eM sonopona, np11cyr

crny10T yrneBOLl,OpOJJ:hl rpex KJJaCCOB: aJJ

KaHbl, I.J,11KJTOaJJKaHbl 11 apoMaT!1'·1eCKl1e. 

B npony1<rax KpeKMHra 11 n11pon113a 

Hap5!.L1,Y c 3THMH yrnesonopo)laMH MO

ryT CO)lep)f(aTbC5! 11 HeHaCbIW.eHHhie co

emrneHl15!: MOHOOJiecpttHbl, )],HOJJe<iJ11Hhl, 

UHKJJOo.necjJHHbl H apoMaT11YeCKHe yrne

BO..rlOpO)J,bl c HeHaChIUleHHblMH 6oKO

BbIMH uen51MH (THna cTttpona). OpH 

neTaJJI13HpOBaHHOM HCCJJe.LJ,OBamm co

CTaBa CBeTJJblX Hecjrf51HblX cppaKI.J,11H 3a

na4ej:j aHaJJH3a y)f(e JIBJTJieTCJI KOJTH4e

CTBCHHoe onpene.neH11e MITH KaqecTBeH

Ha5! H)J,eHTHCp11KaUH5! (noKa.3aTeJJbCTBO 

HaJJWIH5!) OT)],CJJhHbIX HH)],11811)].yaJJbHblX 

yrnesonoponos 11.n11 reTepoaTOMHb1x se

weCTB, HaXO)J,5!1llHXC5! B 11cc.nenyeMOM 

06pa3ue. 

YcnewHoMy pa.3pewett1110 3TOH secb

Ma TPY1lHOi1 3anaq11 B nocne11,ttee speM5! 

cnoco6crnosaJ1 3Half11TeJJhHb1i1 npor

pecc B C03).l,aHHH CJJO)f(HOH 11 aBTOMaTl1-

311pOBaHHOH annaparyphI ).1,1151 nposeJJ:e

Hl15! ra30)f(l111,KOCTHOH xpoMaTOrpacp1111 

H cneKTpa.nbHblX MCTOLl,OB 11cc.neno

BaHl15!. l1MeHHO 3Tl1 aHaJJ11THYeCKHe 

npHeMhI n03BOJJJIIOT pacw11cflposaTb 

COCTaB MHOfOKOMnOHeHTHbIX HCcpT51HhIX 

Cl\tecei1 He TOJJbKO Y3KOfO, HO H WHpOKO

ro cppaKu,110HHOro cocrasa. TaK, co'-leTa

HHe fa.3011(11).1,KOCTHOH xp0Marnrpacfl1111 11 

Macc-cneKTpOCKOCTHH Ll,aeT B03MO)f(HOCTb 

ycrnHaBJJl1BaTb 11HLl,11BH.LJ,yaJJbHhlH co

CTaB 6eJflMHOB c npeJ.IeJlal\111 Kl1flCI-IM51 

35-180 °C. 



CpeJJ.11 cneKTpocKon11YecK11x MeTo

JJ.OB JJ.JUI 11CCJ1eJ].OB3Hl151 Xl1Ml14eCt<Oro 

cocTaBa ttecpnt tta116011bwee 3HaYem1e 

no11y4111111 aH3J1113bl no cneKTpaM KOM-

611ttau110HHOro pacce51Hl151 cseTa, no 

cneKTpaM nornomett115l B 11ttcppaKpac

HOH 11 y11bTpacp11011ernsoi1 0611acrn, 

Macc-cneKTpocKomrn 11 cneKTpocKo

n1151 51JJ.epttoro MarH11THOro pe30Ha1-1ca 

(51MP-cneKTpOCKOnl151 ). 

KoM611ttau110Httoe pacce5ltt11e csera 

33KJ1f04aeTC51 B TOM, 4TO np11 nponyet<a

Hl111 CBeTa onpeJJ.eJJeHHOH JJ.11111-lbl BOJ1Hbl 

Yepe3 seiuecTBO MOJJeKYJJbI 3TOro se

iuecrna YaCTl14HO nornoiuafOT 311eKTpo

Marn11THh1e KOJ1e6aH!151 11 TeM C3MblM 

B036y)l<Jl3fOTC51, a 33TeM 11cnycKafOT 11X, 

HO y)l(e c JJ.pyroi1 JlJ111HOH BOJ1Hbl. I1 Ha

o6opoT, paHee B036y)l(JJeHHbte MOJJeKy11b1 

MOryT OTJl3Tb 43CTh CBOeH ) Heprn11 113-

nyyaeMOMY csery. TaKMM o6pa3oM, B 

cneKTpe pacce51HHOro CBeTa, nOMHMO 

J111Hl1H, lfaCTOTa KOTopoi1 COBnanaeT c 

43CTOTOH 11CT04Hl1Ka CBeTa, n051BJl51fOT

C51 no o6e CTOpOHbl OT Hee JJ.OnOJ1Hl1-

TeJlbHbJe J111Hl111 CJ1a6oi1 11HTeHCl1B

HOCTl1, pacnoJJO)l(eHHbie Cl1MMeTp114HO 

OT u,eHTpaJlbHOH J111Hl111 . 4acTQTbl 11 

11HTeHCl1BHOCTl1 3Tl1X Jl000JlHl1TeJlb

HblX Jll1Hl1H xapaKTepHbl JlJl51 Jl3HHOro 

pacce11saf0mero semecTBa. B HaCT051-

mee speM51 11MefOTC5! noJJ.po6tth1e arnacbJ 

cneKTpOB KOM611H3Ll,l!OHHOrO pacce51Hl151 

CBeTa OlfeHh MHOrnx 11HJll1Bl1JlY3JlbHhlX 

yrneBOJJ.OpOJJ.OB, 4TO 11 JJ.aeT B03M0)l(

llOCTb np11 1'vieH51Tb ')TOT ~ !CTOil ,]J151 ll.JCH

TII(l)l1h:au1111, a l'IHOCW II ;J.151 OIJC!ll\11 KO-

J1!1YeCTBeHHOro COJJ.ep)l(aH!151 Tex l1Jll1 

111-lb!X yrneBOJJOPOJlOB B l1CCJ1eJJ.yeMh!X 

y3Kl1X cppaKu11Hx. 

11HCppaKpacHble cneKmpbl no?_;W

Uf eHuR. Jlf06oe coeJJ.HHett11e B TOH 111111 

11ttoi1 cTeneH11 nornomaeT rraJJ.aIOmHe 

Ha Hero 11HcppaKpac1-1h1e JIYYH B onpe

JJ.ene1-11-1oi1 06nacT11 JlJlMH sonH. 3To npo-

51BJJ51eTcsi B Bl1Jle fIOJJOC nornomeHH51 B 

1rncppaKpaCHOM cneKTpe Jl3HHOro co

eJJ.11HeH11si. B 3as11c11MOCTH OT CJJO)l(HO

cT11 MOJleKYJl 411CJ10 OOJlOC nornomeHH51 

KOJle6JleTC51 OT ,rJ,Byx-Tpex Jl0 HeCKOJlhKHX 

JJ.eCHTKOB. noJlOChI nornomett115! onpe

nen5lfOT MOJleKyJiy B uenOM, a HeKOTO

pb!e H3 HHX xapaKTepHbl JlJ151 OTJleJJhHh!X 

aTOMHb!X rpyrrrr11poBoK 11 CTPYKTypHhIX 

oco6eHHOCTei1 MOJleKyJihl (Hanp11Mep, 

Jl JJ 51 rpynn CH,, CH., JJBOHHOi1 CB51-- _, 

311 ). CneKTp CMeceH: npeJJ.cTaBJJ51eT co-

6oi1 HaJJO)l(eH11e cneKTpOB OTJ].eJJbHhIX 

coemrne1-111i1. CJieJJ.OBaTeJJhHO, 113y4a51 

HHQ)pa1<pacHb1e cneKTpht rrornomett115!, 

MO)l(HQ KaYeCTBeHHO pacurncpposaTh 

COCTaB yrneBOJJ.OPOJJ.HOH CMeCH, a no 

HHTeHCl1BHOCTl1 nonoc B OTJleJ1hHh!X 

cny4a51x onpeJJ.eJI51Th 11 Kon114ecTBeH

Hhri1 COCTaB nocJieJJ.HeH. 1'foeHT11cp11-

KaU1151 apoMaTMYeCKHX yrneBOJJ.OpOJJ.OB 

xopowo npoBOJJ.HTC51 TaK)l(e 11 no crreK

TpaM nornomett115l B yJibTpacp110JieTo

BOH 43CTl1 crreKTpa. 

Macc-cneKmpocKonuR. Macc-crreKT

PaJihHhl H MeTOJl attaJI113a oc1-1osaH Ha 

110Hl133Ul111 nOTOKOM 3JieKTpOHOB B na

posoli qirne no!l r.r1y601<11M sa1<yyMOM 

m:cm.:-.1yeMoii yr.:H~so~1opo;111oli C\tern. 
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06pa3yIOlll,HHC51 npH :noM nOTOK 

HOHOB B MarHHTHOM none neJIHTC51 ml 

rpynnbl B 3aBHCHMOCHI OT l!X Mace. 

I1omnau,11IO se.nyT TaKHM nyTerv1, clTo 

npoHCXO.lll1T He TOJlbKO 110HH331J,lt51, HO 

11 pacna.n Moneeyn yrneso.noponos c o6-

pa3oBaHtteM OCKOJIO'-!HbIX 110HoB. Me)KJJ,y 

CTPYKIYPOM coe.nttHemrn 11 ero Macc

cneKipOM cymecrnyIOT onpeneneHHbie 

3aBHCl1MOCTH, KOTOphle 11 nOJIO:!KeHbl 

B OCHOBY KOJ111'-leCTBeHHOro a1rnnlf-

3a 3THM cp11311'-!eCK11M MeTO.UOl'\I. )J,n51 
Ka)l(.noro Knacca yrneso.D,opo;J.Os xa

paKTepHo 06pa3osam1e onpe,nene1rnoro 

p51,lla OCKOJIO'-!Hb!X HOHOB. 8 \13rHl1THOM 

IIOJie, B 3aBHCl1MOCTH OT \taCCbl II 3a

p51,n:a, nony'-!eHHhie HOHbl .IlBll:IKYTC51 no 

pa3JIH':!HbIM TpaeKTopH51M. B K0He1.JHOl\1 

HTOre 110Hhl HanpaBJI51lOTC51 Ha cpOTO

nJiaCTl1HKY H Ha HeM 110,1y1.JaeTC5! Macc

cneKTp. Ka)l(JJ:hIM yrneso.uopo.u 3aeT Ha 

Macc-cneKTporpaMMe cso11 xapaKTep

Hhie 110JIOChl, no KOTOpbl:\I se21eTC5! B 

1laJihHeihueM pacwwcppoBKa cneKTpo

rpaMM. 

J!MP-cneKmpocKOl111.R OCHOBaHa Ha 

nomowett11tt semecTBOM, noMemeHHblM 

B CHJlbHOe 0,IJ:HOp01lHOe '.1arHHTHOe no.le, 

3Heprttl1 pa,n:ttO'-!aCTOTHOro l13JTYl.JeHI151. 

CyuuiOCTh 3TOfO cpH3W-le<.:KOro J'\1eTO,na !1C

CJie,IJ:OBaH1151 MOJ1eK)'JU!pHblX CTpYKl)'p 113-

naraeTC51 s cneLJ,HaJThHhIX PYKOBO.UCTBax. 

Onpe.ll.eJieuue co.ll.epJKaunsi uenpe
.ll.eJlbHblX ymeBO.ll.Opoaoo. Bee x11MH

'-!ecKHe MeTO.llbI Konw-1ecrneHHoro onpe

,n:eneH1151 Henpe,D,eJibHbIX ymeBO.llOpO.UOB 
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N = 6pOMHOe 1.J11c.110 · Jf 
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OCHOB3Hbl Ha peaI(lJ,1111 np11coe,n:11HeH115! 

no MecTY KpaTHOM CB513H. B Ka'-leCTBe 

peareHTOB np11MeH5IIOTC5I ranoreHbl 11 

11x coen11HeH115!, cepHa51 Kl1CJIOTa, no

nyx11op11crn51 cepa, BO.llOPO.ll, yKcycHo

K11cna51 pTyTb, OKHCJibT a30Ta 11 .npyrne 

semeCTsa, cnoco6Hbie KOJTtt'-!eCTBeH

HO np11coe11HH51TbC51 K Henpe.n.enbHhIM 

ymesonopo1laM. Hatt6onee npocTh1e 11 

caMhle pacnpocTpatteHHbie - Memoob1 

011peoe.1e fll/Jl 6pO.\/HblX U.'IU ziodHblX '-IU

ce.1. 
Epo.\/Hbl.lf HJIH iiooHbl.H '-IUc.-10.11 Ha-

3bIBaeTC51 KOJTH'-leCTBO rpaMMOB 6poMa 

( iio,Ua), np11coe11,11H11Bweec51 K I 00 r 11c

cne11,yeMoro semecrna. Onpe,n:eneH11e 

6pmrnoro (lionttoro) t.J11cna B o6meM 

s11;::i_e 3aKnI01.JaeTc5I s npose11eH1111 pe

aKum1 ranoreH11posaHH5! c nocne.n.yIO

WHM T11TpOB3HHeM TJ10CYJibcpaTOM Ha

Tp1151 He sowe.uwero s peaKu,11IO rano

reHa. napa.nne"lbHO B XOJIOCTOM 011hITe 

OTTHTpOBbIBaeTCSI B3SITOe B peaKU,HIO 

KOJJH4ecrno raJ1oreHa. TaKHM o6pa3oM. 

no pa3HOCTH Me)l(.LJ.Y XOJIOCThIM H ue

}JeBblM 011b1TaM11 Y3HaeTC51 KOJIH'-!eCTBo 

sowe.uwero s peaKUHIO ranoretta. 

)J,nsi nonc4eTa tto.nttoro '-!ttcna 3To 

K0.111'-leCTBO OTHOCHTCSI K HasecKe npo-

1lYKTa 11 YMHO)!(aerc51 Ha 100. 3Ha51 cper1-

HIOIO MOJ1eKyn51pHyIO Macey npo11,yKTa 

M, no 3Ha'-leHHIO 6poMHoro n1111 tt01l

Horo '-111CJia nO)J,C'-!HTbIBaIOT KOJlHl.JeCTBO 

Henpe11,eJTbHhTX yrneso,D,opo11,os N, s % 
Mace: 

iio.::rnoe 4HC10 · Af 
254 



l nasa 3. MeTO.Qbl 111ccne,qosaH :1>i x1~r.,;w; ec ;< o ro cocrasa Hecj:Jrv: 111 Heq.JTenpo,qy;:1oa 

me 160 11 254 - MOJleKyJrnpHble MaCCbl 

6poMa 11 HO.LI.a. 

JJ:nsi KOJlHlfeCTBeHHOro onpe.neneHHSI 

11 oT,neneH11si ,nHeHOBbIX yrneso.nopo.nos 

np11Mem1eTCSI o6pa6oTKa ManeHHOBbIM 

aHfl1.LJ.PH.LJ.OM: 

RCH= CH 
I + 

RCH= CH 

MOJlOrH 11 anmpaTl1lfeCKHe .n11onecpHHhl 

c KOHbIOr11poBaHHhlMH )l.BOHHhIMH CBSl-

3SIMl1. 

Onpe.11.eJieuue co.11.ep;1rnuuS1 apoMa
Tu11ecKux yrneso.11.opo.11.os. <l>H3Hlfe

CKHe KOHCTaHThl apoMaTH'JeCKl1X yrne

BO.ll.OPO.ll.OB 3HalfHTeJ1bHO OTJ111lfalOTCSI 

no a6COJ1lOTHOH BeJ1114HHe OT KOHCTaHT 

npe,neJibHbIX yrneso.nopo.nos. 3rn no

JlO)!(eHo B OCHOBY MHOrHX MeTO)l.OB 

onpe.neneHHSI KOJlHlfecrneHHoro co.nep

)l{aHHSI apoMaTw1ecK11x yrneso.nopo.nos 

B 6eH3HHOBblX 11 KepOCl1HOBblX cppaK

UHSIX, He COI\ep)!(all.lHX ttenpe.neJibHhlX 

yrneBOI\Opo.nos. 

Ha1160Jibwee pacnpoCTpaHem1e HMe

eT .itemoo 011peoe.7e11uH Kpw11u 1-1ecKux 

me.1111epamyp pac1116ope1111H 6 a1111.w11e 

(,wemoo GH1/RUH06b/X /110l/CK). 

ApoMaTH4eCKHe yrneBOI\OPOJJ.bI HMe

IOT caMble HH3Kl1e aHHJ111HOBbie TOlfKH 

no cpasHeHHIO c HaCbJJ.UeHHbIMH yrne

BOL1opoL1aM11 . Cnel\OBaTeJlbHO, yL1aJie

H11c apo111an1 11cci;:11x y r.;1cBO.'.lopo:toB 111 

CMCCII Bbl3b1BaCT nOBhl!IICHllC atllLlll-

Ilonyqa10m11ecsi KpHcTannw1ecK11e 

npo111BOI\Hbie TeTparn.LJ.pocpTanesoro aH

fl1.L\Pl1.L\a nerno OTI\eJlSllOTCSI OT )!(11.L\KOH 

yrneBOI\OpOI\HOH CMeCH. Jlerqe scero c 

Manel1HOBhlM aHrHI\Pl1.ll.OM pearnpylOT 

UHKnonettTa.LJ.11eH 11 ero 6m1)!(attu111e ro-

R--<:'r-R 
0=1:5=0 0 

HOBOH TOlfKH nponopuifOHMhHO 11X KO

J1114eCTBeHHOMY COI\ep)!(aHHIO. 3To I\aeT 

B03MO)!(HOCTb nO)l.C'llffaTh CO.LJ.ep)!(aH11e 

apoMaTH4eCKl1X yrneso.LJ.opo.LJ.OB A, B % 
Mace.: 

r.ue T
1 

11 T
2 

- amurnttOBbie TOL[J(H 11cxon

ttoi1 11 ..aeapoMaTl130BaHHOH cppaKUl111 , °C; 

K.
1 

- Ko3cpcp11u11eHT, noKa3hrnaio-

llll1tt, KaKoe KOJ1H4eCTBO apoMaTl14e

CKHX yrneso.uopOI\OB )l.aHHOH cppaKU11H 

coorneTcTByeT nOHl1)1{eH11lO aHl1J111HO

BOH TOlfKH cMec11 npe..aenhHbIX yn1eso

nopol\OB Ha 1 °C, % Mace. 

Kmcpcp11u11eHT K
1 

3as11c11T OT np11po-

1JbI H MOneryJisipHOH MaCCbl apoMaTH4e

CKHX yrneBOllOPO.lJ.OB 11 11X OTHOCHTeJib

HOro co.nepiKaHIDI B CMec11. Il03TOMY np11 

XHMH4eCKOM rpynnoBOM aHanH3e 6eH311-

HOB npHHSITO npe.LJ.BapHTeJlbHO pa3roHSITb 

6eH3HH Ha 6eH30JlbttylO ( 60-95 ° C), TOJIY-

0.l bll YHJ (95-122 ::.(' ). KCILlO.lbHY!O ( 122-
150 °C) II ocraTO'IHb!C cppal\Ullll. 
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ApoMan1T.JeCK11e ymeBo.uopo.Uht y.ua
Jut!DT, nponycKaH cppaKUHH crepe3 KO

JIOHKY c c11n11KareneM. ApoMan1T.JecK11e 

ymeBo.uopo.UhI nerT.Je Bcero a.ucop611py-

1-0TCH, 11 nepBbie 3 MJI npo.uyKTa, tteo6-

xo.u11Mh1e ,UJIH onpe.uenemrn BTopoii amr
JIHHOBOH TOlJKH, IlOJIYT.Jal-OTC51 nOJIHOCTbl{) 

.ueapoMaTli30BaHHbIMl1 . 
.[{JUI onpe.ueneHIDI KOJIHlJeCTBeHHOro 

co.uep)I<aHIDI apoMan1T.JecK11x yrneso.uo

po.uos nOJIYT.JHJil1 TaIOKe pacnpocTpatte

H11e Ol/Cl1epc110.\/etnpll'ICCK1/lt H KfJllOCJ.:0-

11Ut/eCKllll MeTO.Ubl aHaJil13a. 

Onpe.ue.rteuue co.uepJKamrn ua-
<l>TeuoBbIX yrneBO.UOpO.UOB. Docne y.ua

neHl151 113 cMec11 Henpe.uenbHhIX 11 

apoMaTHlJeCKl1X coe.u11HeH11H B TaK Ha-
3bIBaeMOM npe.ueJibHOM OCTaTKe MO)!(HO 

onpe.uemITh co.uep)l{aH11e ttatjJTeHOBhlX 

11 napacpHHOBhIX yrneso.uopo.uoB. .[{nH 
:noro HCilOJih3YlOT pa3Jil1lJHe HX cp11311-
'leCKHX KOHCTaHT. Tip11MepHO c O.UHHaKO

BblM ycrrexoM, c T01IK.11 3peHilll TO'lfHOCTH 

atta.rrn:3a, rrpHMeIDIIOT .uaHHbie no rrnoT

HOCTJIM, aHHJIHHOBbIM TO'!KaM, rro

Ka3aTem1M rrpeJIOMJieHH51 11 y;IleJibHbIM 

pecppaKUH51M. TaK KaK see 3Tl1 Be1111q11-

Hb1 ,UJ151 HacjlTeHo-napacp11HOBb!X CMeCeH 

nO,U'll1H5llOTC51 npas11ny a,U,UHTHBHOCTH, 

TO co.uep)!(aH11e HacpTeHOBhIX yrneso

.uopo.uoB H,. s % (06.), s npe.uenbHOM 
OCTaTKe nerKO nO)].C'll1TaTb no o6IJ.J,eH 
cpopMyne: 

H= 
I 

·100, 

r.ue a, a I' a! - COOTBeTCTBeHHO 3Ha'leHIDI 
KOHCTaHT ,UJI51 11ccne.uyeMOH CMeCH, .ll.1151 

napacp11HOBblX 11 Hacj>TeHOBbIX ymeBO

.uopO.UOB .uaHHOH cppaK~HH. 
Onpe.ueJieuue co,JJ.epJKaHHH napa

<t>unoBbIX yrneBO.LJ.Opo.LJ.OB. CyMMapHoe 

COilep)!(aH11e napacpHHOBhIX ymeso.uo
po,[],OB fl B % Mace., np11 rpynnOBOM 

aHan113e onpe.ue11J1eTcJ1 no pa3HOCT11 : 

fl= 100-(N+A +HJ 

Bo cppa~llilx BhIIIIe 300 °C co.uep)Ka

HHe rnepJJ.bIX napacp11ttos orrpe.ueJUieTC51 
Henocpe,n:crneHHO MeTO.UOM BbIMOpa)KH
BaHIDI. 



f.JIABA 4. BAJKHEHUHiE HF(~>TECTPOllYKThl. 
XAPAKTEPHCTHK1\. 11 flPHMEHEHHE 

4.1. Ba:tKueiiurne BHL(bl 

uelJ>TenpOLl:YKTOB 

Heqnenepepa6aTbIBa!Oll.(aH npOMbJW
neHHOCTb BhmycKaeT 6onee 500 pa3-
JJl14HbIX Heqnenpo.uyKTOB. 

Cpe.u11 H11x npe)K.ue scero rne.uyeT 
Bbl)J.eJJl1Th OCHOBHbie rpynnhI, pe3KO 
pa311114a10m11ecH no cocnsy, csoi1-
cTBaM 11 0611acrnM np11MetteH11H: I -
)!(11.!J.KOe Ton1111so; II - cMa304Hb1e 11 
cneumUlhHbie Macna; Ill - nnacTl1'-IHb1e 
cMa3KH; IV - napaqmHhI 11 uepe311Hb1; 
V - 611TyMh1; VI - TexH11YeCKHi1 yrne
po.u (ca)f(a); VII - Hecj}THHoi1 KOKc ; 
VIII - np11ca.uK11 K rnnn11sy 11 MacnaM; 
IX- npoY11e Heqnenpo.uyKThI pa3JJl14HO
ro tta:rna4ett11H . 

I. JKumme TODJlHBO. B :ny 6onh
wy10 rpynny He$Tenpo.uy1<TOB BXO)J.HT: 
6eH311HbI (Kap610parnpttoe rnnmrno), 
peaKTHBHOe, )J.!13eJJbHOe, ra30Typ611H
HOe, KOTCJJbHOe 11 neLJHOe TOOJ111BO. 

6eH311HbI - as11au110HHb1e 11 asTo
M061111bHb1e COpTa npe.utta3Ha4eHbl )J.JIH 
)J.BI1raTeJJei1 c 3a)f(I1r3H!1eM OT 11CKpb!. 

A6UalfUOHHb1e 6eH3Wtbl npe.ucrnBJUl
IOT co6oi1 CMec11 6eH311HOBblX $paKIJ,HH 
npHMOH fOHKH, KaTMI1T!14eCKOro Kpe-

KHHra 11 p11$opM11ttra, anKHJJaTa 11 .upyrnx 
KOMnOHeHTOB c no6aBKOH aHTHJJ:eTOHa1..111-
0HHb!X H aHTHOKHCJIHTeJibHhIX npHca
,!lOK. BhmycKalOTCH cne.uyIOlUHe Map
KH: 6-100/ 1303, 6-95/ 130, 6-91/115, 
6-70. I1x cppaKQHOHHb!H COCTaB 40-
180 °C. 

A6mo.1106w1bHb1e 6eH3UHbl - cMec11 
6eH3HHOBb!X cppaKUHH npHMOH roHKH, 
TepMH4CCKOro H KaTaJIHTH4eCKOro Kpe
KHHra, KaTaJJI1TH4eCKOro p11$opMHHra, 
aJ1Kl1JJaTa H !130Meptt3a.Ta neHTaHo

reKCaHOBbIX cppaKl.U1H. 11x MapKHpOB-
1<a: A-66, A-72, A-76, Al1-93, AH-98. 
.JJ:11J1 nepsb1x Tpex Q11$pb1 o6o3Ha4a
lOT OKTaHOBblC 4HCJia no MOTOpHOMy 
MeTO.uy, a )J.JJ}I OCTaJlbHbIX no HCCJIC)J.0-
BaTeJJbCKOMY. Ha4aJio KHneHHH 3THX 
6eH3HHOB He HH)f(e 35 °C, a KOHeu 
KHneH11J1 205 °C )J.JIJI A-66, L{JIH .upyrnx 
185-195 °C. 

Tonm160 0.7R 06UalfUOHHblX peaKl11U6-

HblX 06u20me1eu (a6uaKepocuHb1) HMe
eT B OCHOBHOM npHMOrOHHOe npOHC
XO)f()J.eHHe. Ero no.upa.3.ueJIJIIOT Ha .usa 
copTa: TOnJIHBO )J.Jl}I caMOJieTOB c L{0-
3BYKOBOH CKOpOCTblO noneTa (MapKH 
T-1, TC-I, T-2) H TonJ1HBO .unH caMo

neToB co csepx3BYKOBOH CKOpOCTblO 

; 8 'lllCJlllTl:; 1..:: 01\T<lll OllOC •111c: 10. a B "lll<l\ICll<lTC:1..:: - COjJTlllh:Tl> - llOK<rnrr.:: 11, ;lCTOH <llll lOllll Oii 

CToiiKOCrll 11a OOr:lTblX OICC ll.\ . 
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\~ll)c~l-,T8!)[1CT~·11(~] l1l 11p11~/i0:HeHMe 

nonern (MapK11 T-6, T-8, PT). Pa3Jil14-

Hbie MapK11 TOnJI11Ba OTmtLJalOTC51 npyr 

OT npyra no cppaKU110HHOMY cocrnsy, 
conep)!{aHl1!0 061..Udi 11 MepKanTaHOBOH 

cepb!. TeMneparypa HaLJana KpHcrnnn11-

3au1111 nn51 6onhw11Hcrna asHaKepoo1-
HOB nOJI)!{Ha 6bITb He Bb!We - 60 °C. 

J{u3eJ1b1-we monJ111Go - nn51 nsH

raTenei1 c 3a)!{11raH11eM OT C)!{3Tl151 

BbITIYCKaeTC51 Tpex copTOB: TOf1Jil1BO 

nJI51 6bICTpoxonHbIX nH3eJieH H cyno

BbIX ra30BbIX Typ611H (MapKH )J,A, )J,3, 
)],JI, )l,C - apKT11qecKoe, 3HMHee, neT

Hee 11 cneu11aJibHoe ). fnasHoe pa3JIH

LJ11e 3Tl1X MapoK - no TervmepaTypaM 

3aCTbIBaHl151 (OT -60 no - [ 0 °C) 11 CO

LJ,ep)!{aHl1!0 cepb!. 

Tonn11so nn51 asTOTpaKTOpHbIX, Ten

JIOB03HhIX 11 cyLJ,OBhIX )J,113eJieH (MapK11 

A, C, 3, JI) c TeMnepaTypoi1 3acTbrna

Hl15I OT -55 no -10 °C. 

Tonn11so llJl5I cpenHeo6opoTHbIX n11-
3enei1 (MapKH )l,T, )l,M) c TeMnepaTypoi1 
3aCTbIBaHl151 OT -5 no + 10 °C. 

I'a3omyp6uHHOe mon_rneo nn51 

JIOKOMOTl1BHbIX ns11raTeJieH (nony

qaeMoe 113 n11CTl1JIJI5!TOB KOKCOBaHJ151 11 

TepM11qecKoro KpeK11Hra) c B513KOCTblO 

ycnoBHOH np11 50 °C He 6onee 3 11 TeM
neparypoi1 scn11wK11 He Hl1)!{e 60 °C. 

B 3Tl1X s11LJ,ax Tonn11sa HOpM11py

eTC5! coL1,ep)!{aH11e saHaLJ,115! He 6onee 
0,0002-0,0007%, TaK KaK HaJI11q11e sa

HaLJ,1151 BeLJ,eT K Kopp031111 ryp611HHbIX JIO
naTOK. )l,JI5I TOilJll1Ba Bb!CllieH KaTerop1111 
(TfBK) HOpMHpyeTC51 11 TenJIOTa cro
paHl151 He Hl1)!{e 39800 K)l,)!{/Kr, a TalOKe 
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M11H11MaJibHOe conep)!{aH11e HaTp115!, Ka

n1151 11 KaJibU1151. 
KomeJ?brtoe 111011J?11eo BhmycKa

eTC51 Tpex copTOB: Ma3yT cpIIOTCKHH 
(MapK11 <!>-5, <!>-12), Ma3yT TOilO'-IHblH 

(MapK11 40, 100, 200 11 MaJI030JlhHbie 

40 M, 100 M) 11 Ma3yT LJ,JI5I MapTeHos

CKHX neLJett (MapK11 MIT 11 MITC). OH11 

pa3JI11LJa10TC5! rnaBHbIM o6pa30M no yc
JIOBHOH B513KOCTl1 (OT 5° BY np11 50 °C 

no 9,5° BY np11 100 °C). TeMneparypa 
33CTbIB3Hl151 TOilO'-IHOro Ma3yTa - OT 25 

no 42 °C. 
flei111oe mo1vweo (TITE) npeLJ,Ha3-

HaLJeHo nn51 6hITos11x uenei1. Ero cppaK

UHOHHbIH COCTas: 10% BhIKl1naeT np11 

160 °C, 96% - np11 360 °C. HopM11pyeT

C5! TeMneparypa scnhIWKH He s11we - l 5°C. 

K rpynne rnnn11sa cneLJ,yeT ornecT11 

TaK)!{e yrnesonopoLJ,Hhie C)!{l1)!{eHHhie 

TOf1Jil1BHbie ra3bl nn51 KOMMyHaJibH0-
6bJTOBOro 06cJiy)!{11BaHl15!. I1Mee1 C5l 

TPH MapK11: CITET3 - cMech nponaHa 11 

6yrnHa Tex1-111YecKa5I 311MH5I51 c conep
)!{aH11eM nponaHa 75%, CITETJI - Ta 
)Ke neTH5151 11 ET - 6yTaH TexH11LJecK11i1 

c OLJ,HHaKOBbIM COLJ,ep)!{amteM 6yTaHa 

( 60% ). B 3rnx ra3ax ceposonopoJJa 

Ll.OJI)!{HO 6hnh He 6onee 5 r Ha 100 M3 

ra3a, a o6ruee coL1,ep)!{aH11e cepb1 LJ,O 

0,015%. 

K 3TOi1 6onhwoi1 rpynne HecpTenpo

Ll.YKTOB np11MbIKalOT TaJ()!{e OCBeTl1-

TeJihHbie KepOCl1Hhl 11 paCTBOp11TeJI11 

(6eH311Hbl 11 con1seHT11). ITpeL1,en11 
BhlKl1f13Hl151 OCBeT11TeJibHhlX Kepoc11-

HOB np11Mep1-10 180-300 °C. Pa3Jil14Hbie 



MapK11 Kepoc11Ha (K0-30, K0-25, K0-

22, K0-20) orn111rn10TC5! no BhICOTe He

KOnrnLUero n11aMeH11, no uBeTy 11 n110T

HOCT11. 

II. CMaJO'IHble u cneuuaJJbHb1e 

MaCJJa. B :ny ocHOBHYIO rpynny BKJll0-

4eHhI :11<11)lK11e )ll1CTl1JlJ151THble 11 OCTa

T04HbJe Hecjnenpo.uy1<ThI pa311114HOi1 

B513KOCTl1 11 CTeneH11 0411CTKl1, npe.uHa-

3Ha4eHHhie wrn o6ecne4eH115! )1(11.llKOCT

HOH cMa3Kl1 B pa311111-rnb1x Maw11ttax 11 

MexaHH3Max, a TaK)!(e HaWe)lWHX pa3-

HOo6pa3HOe TeXHH4eCKOe np11MeHeH11e 

BO MHOrttX OTpaCJ151X npOMblWJleHHOCTH. 

CMa304Hbie Mac11a no.L1pa3.ue1151-

10Tc5! Ha u11oyc111p11a.1h111>1e; 111yp6w1-

llble, Kmmpeccop111>1e 11 O.m nap06bIX .11a

U1t1H; .110mop11b1e; 111pa11c.1111ccuom1h1e. 

/111oycmpua.11>11b1e .\lacRa npe.uHa3Ha

lleHhl )ln51 CMa3Kl1 CTaHKOB, MeXaHH3-

MOB 11 MaWMH, pa6oTalOLU11X B pa3HO

o6pa3HblX ycnOBl151X H c pa3nl14HOH 

CKOpOCTblQ 11 Harpy3KOH. CTo 3Ha-

4eHl11Q B513KOCTl1 11X no.upa3)len511QT 

Ha nern11e (v
50 

= 478,5 MM 2/ c), cpe.u

H11e (v
50 

= 12 ..,_ 50 MM 2/c) 11 T5l)Kenb1e 

(v 
100 

= 9 ..;- 36 MM2/c ). 

)],n51 pa3nl14HblX MaWHl-1 H Mexa

H113MOB BhmycKaeTc51 6onee 40 MapoK 

l1H.llYCTp11anbHblX Macen: BenOCl1T, 

Ba3en11Hosoe Maeno, Maeno .1lJ151 xono
)ll1JlhHhIX Maw11H (XA, XA-23, XA-30, 

X<Dl2-18, X<P22-24, X<P22c-l 6), se

peTeHHbie 11 M3Wl1HHbie (MapK11 no 

B513KOCTH np11 50 °C - J 2, 20, 3,0, 45, 

50), MaCJ1a MH.llyCTp11a11hHbie ceneKTl1B-

1-101i l)lJllCTKl1 (Map1<11 110 ll5UJ(OCTll np11 

50 °C - llC-12 , l lC-20. l!C-30. l lC-45, 

l1C-50, np11 100 °C - HCT-11 ), cena

paTopHbie Jl 11 T, Macna .un51 npoKaTHhIX 

CT3HOB, np116opHbJe Mac11a 11 MHOrne 

.upyr11e KaK w11p0Koro, TaK 11 y3Kocne

u11a11bHOro Ha3Ha4eHl151. 

B noc11e.uH11e ro)lbI 6hrno 113roTOBJJe

HO MHOro HOBblX copTOB 11 MapoK 11H)ly

CTp11aJJbHblX MaCeJI Ha 6a3e BbICOKO

HH)leKCHblX MaCeJJ 11 c .uo6asJJeH11eM 

pa3H006pa3Hh!X np11Ca)lOK. 3Tl1 MaCJJa 

6bJnl1 11CnbITaHbl )ln51 3aMeHbl BbICOKO

Ka4eCTBeH H blX 3apy6e)!(Hb!X MaCeJI 11 

Tenepb ycneurno np11MeH5!10TC5!. K Hl1M 

OTHOC51TC51: M3CJia cep1111 11rn )lJl5J rn.u

paBJJl14eCKV!X Cl1CTeM CTaH04HOro o6o

PY.llOB3Hl151 ( 11 MapoK c B513KOCThIO np11 

50 ° c oT 4 .uo 182 MM2/ c); cep1151 11cn 

)lJJ.51 3y6YaTbIX nepe.ua4, Macna HT0-200 

H l1T0-300 JJ,n51 T51)l(eJIO Harpy)!(eHHblX 

4epB514HhlX nepe.ua4, cep1151 Macen 

MLJ,n H np. 
Mac.7a mJpOUHHbze, Ko.1111peccop111>1e 

11 o.m napoGhIX .wautuH. B :ny no.urpynny 

BKJJIQ4eHbI Macna, pa6orn10m11e B T5l)!(e

nh1x ycJIOBl151X Harpy3KH, DOBhillleHHOH 

TeMneparypbl 11 B03)leHCTBH51 BO.Uhl, napa 

H B03JJ,yxa. 

Typ6m1Hb1e xtaCJ7a npe.utta3Ha4eHhI 

)lJ151 CM33KH 11 OXJia)!()leHH51 nO)lWHOHl1-

KOB napOBblX H BO)l51HhIX ryp6HH 11 )lJ151 

3anonHeHl15! CHCTeM peryJJHpOB3HH51 na

pOBblX ryp6oreHepaTOpOB. 0HH JJ,OJl)!(

Hbl 6hITb CTa6HJihHbl npOTHB OKHCJJe

Hl151 H o6na.uaTb 6bICTpOH CKOpOCTblQ 

.ueJMYJJbcau1111 (8 Ml1H. ). BhmycKalOTC51 

C:le,1y10llllle WlpKll 110 B513KOCTl1 np1150 ° C: 

T
22

• T, ,,. T40 , T, .. 
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K01mpeccopHb1e .ltac.w npe.nHmHaYe

HbI )lJUI CM33KH UHJIHH.UpOB, KJianaHOB H 

.npyrnx )lBH)KYU1HXC51 Y3CTdi B03.nyw

HblX KOMnpeccopoB 11 B03.Uyxo.nyBOK. 

3To BbICOKOB513KHe OCT3TOllHbie M3CJia, 

crn6HJibHbie npOTl1B OKl1CJieHl151 ( MapK11 

K-12, K-19, r)J,e um1Jpb1 - B513KOCTH np11 

100 °C, B MM2/c ). 

MaCJw dllJl napo6hIX .Haw11H (1111-

J1UHdpo6ble) BhmycKaJOTC51 )lJI51 CMa3Kl1 

Ul1Jil1H)lpOB napOBbIX M3Wl1H, pa6ora

JOW:11X Ha HaChIW:eHHOM 11 neperpeTOM 

nape. MaCJia u111111H.np0Bb1e c B513KOCTbJO 

np11 100 °C 11 11 24 MM2/c - u.1111111-1.npo

Boe-2 11 BHCK0311H - )lJ151 M3WHH c !-13Cbl

w:eHHhlM napoM. T5I)J(eJib1e u11n111-1.nposb1e 

36 11 52 11 sanop .ueaccpaJibTH3HpoBaHHbIH 

(v
100 

= 60 + 70 MM2/c) - )lJ151 Maw111-1 c ne

perpeTbIM napoM. BhmycKaJOTC51 TaK)Ke 

cyd06ble .MQC7Q )lJI51 CMa3KH nO)lWHn-

1-111KOB B napOBblX Maw111-1ax MOpCKHX 

cy.nos. 

B no,D.rpynny ,womop11h1x .\/ace.1 BKJII-O

lJeHhI MHOr0lJl1CJieHHbJe copra 11 MapK11 

MaCeJI, np11MeH5IeMb!X .[lJI51 CMa3Kl1 .[lBH

raTeJieH BHyrpeHHero cropaHH51. 0HH 

no.upa3,D.eJI5II-OTC51 Ha aB11au1101-11-1b1e , 

aBTOM0611JibHbie, aBTOTpaKTOpHble 11 

.U113eJibHh!e. 0603HaYeHHe pa3JlHYHblX 

MapOK MOTOpHb!X MaCeJI 6a311pyeTC5I Ha 

cJie.n.yI-Ow:11x np111-1u11nax. OepBa51 6011b

wa51 6yKsa, s .na1-11-10M CJIJ'L!ae M, yKa-

3hrnaeT Ha no.urpynny, u11cpph1 o6o3Ha

tJaI-OT Kl1HeMaTl1lJeCK)'IO B513KOCTb npH 

50 111111 100 °C, 6yKBbl 0 - MaCJIO C OTe

lJeCTBeH HOH np11canKoi1, VI - c 111-10CTpa1-1-

1-1oi1. 5yKBbI C 11 K yKa3bIBaI-OT 1-1a ce11eK-
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nm1-1y1-0 111111 Kl1CJJOTHYJO OYl1CTKy. EyK

BbI JJ, 3, C - 11eT1-1ee, 3HMHee, cesepHoe 

Maeno. O.n1-1ospeMe1-11-10 s1-1e.np5IeTC5I 11 

111-1.neKcau1151 Mace11 no 11x 1-1a31-1alJe

H111-0 . 

8bmycKalOTC51 CJie)l.yI-Ow:11e MOTOp

HbJe MacJia. 

Ae11az1uoHHb1e dJIJl nopume6bIX d6u2a-

11m1ei"1 - :no, KaK npas11110, Bb!COKOB513Kl1e 

OCTaTOYHb!e Macna xopowei1 OlJl1CTKH; 

MapK11: MC-14, MC-20, MK-22 (u11cppb1-

B513KOCTh npH I 00 °C). 

Ae11az111ow11>1e dHR myp6opeaKmU6-

HbIX d6lf?{[/J1CJ1e1/. ,[(JI5I 3Tl1X MaCeJI 

oco6e1-11-10 Ba)!<Ha TepM11tJecKa5I crn61111b-

1-1ocTb. Hx roTOB5IT 113 oT60pHbIX copToB 

1-1eqn11 111160 I-Ia 6a3e CHHTeT11YeCKHX 

KOMnOHeHTOB (CJIO)KHblX 3cp11poB) c .uo-

6as11em1eM pa31-1006pa3HbIX np11ca)l.OK. 

8bmycKaJOTC51 MapK11: MK-8, MK-6, 

BHV!Yl Hn-50-1-4cp, 36/ 1, 36/ 1-K 11 .LJ.p. 

Arwaz1uo11111,1e d.!751 111yp6oeuHmo

r11>1x d611?ame.1e1/ u do751 6epn10Hemoe -

Bb!COKOB513Kl1e CMec11 pa3Jil1YHblX Ma

ceJI 11 np11ca.noK. 

Am110.Ho611.'7b1-1b1e - BbICOK0KatJecTBe1-1-

Hb1e MaCJia ceneKTHBHOH OYl1CTKH c pa3-

JIHYHblM11 np11ca)l.KaM11; MapKH AC-6 

(M66), AC-8 (M813), AC-I 0 (M 1013) 

11 ..ri.pyrne, me u11cpph1 - B513KOCTh np11 

100 °C. 
lfm)eKClll(llR MOtnOpflblX MllCeJl 

EyKGmtu A, E, B, T, /{ u E 0603Na

"e11b1 1111/Jlbl 06l/2GmeJ/eU, dJIR KOmopblX 

npedHaJHa'leHbl 3mu .MaCJ1a: A - OJIR 

6e1uu11oab1x <1em1J1pexma101111 bIX r)r;11<' a-

111e.wii: E - 0.15/ rjJopcuporw11111>1x 6em11-



f/06b/X i1e/11blpexmaK/11f/blX 06U2amefleU 

imu ol/3eJ1eu, pa6oma10u1ux 1-1a mo-

11I1uee C COOep.?iCGllUeM cepbl 00 0,5%; 
B - OJ/fl. V-o6pa3HblX 6eH3UH06blX lfemb1-

pexmaKmHblX 06U2ameflelt U rpopcupo-

6QHHblX ou3eJ1eu, pa6oma10u1ux Ha mo

nI1uee C COOepJICaf/UeM cepbl 00 1, 0%; 
I'- OJ/JI. BblCOKorpopcupoem-1HblX ou3e-

Heii, pa6oma1ou1ux Ha monm1ee c co

oep.?1cmuieM cepbl 00 1, 0%; Jf, - 1110 J/Ce, 

Ho c .itaJ?bZM pacxoooM MacJ?a; E -
OJ/JI. muxoxoOHblX 6blCOKorpopcupo

eaHHblX ou3eJ1eu c J1y6puKamopHou 

cucme.Mozl CMG3KU u pa6oma10UfUX 

HQ 111011J/ll6e C COOepJICGHUeM cepbl 00 

3% (Ta6n. 4.2). 

Ta6!1Ul{a 4.2 

llHACKCal{HH MOTOpHblX MaceJI 

BH3KOCTb npu 100 °C, MapKH MaceJI no rpynnaM 
MM2/C A Ii 

6±1,0 - M66 

8±1,0 - M86 

10±2,0 MlOA M106 

12±1,0 - Ml26 

14±1,0 - Ml46 

16±1 ,0 - M166 

20±1,0 - M206 

AemompaKmopHbte (aemoJ1b1) - B 

OCHOBHOM )JJiCTI1JIJIHHbJe MaCJTa ceJTeK

THBHOH 04HCTKH c np11canKaM11; MapKH 

ACn-6 (M6B), ACn-10 (M 1 OE), AK3n 

(M6o), AK3n- l 0 (M 1 OE), AKn-10 

(Ml OB), AK-15 (TpaKTOpHoe). 

Jl,11301bHb/e 60JTbWa51 pa3HO-

o6pa3Ha51 nonrpynna MOTOpHbIX Mace11, 

BKJTIO'-Ia10~a51 6011ee 50 MapoK, npentta-

3Ha4eHHa51 .rr,.rrn MaJIOQ)OpCHpOBaHHhlX H 

6hICTpOXO).lHblX ).lH3eJJeH pa3JTH4HOro 

Ha3HaLieHH51 . B 3aBHCHMOCTH OT yc110-

B111i llj)11MelICHl151 OCHOBl!ble llOl\a'3(He.111 

Kar.1ccrna ')T11x ~1acen ( B51 3 KOCTk 1111;1eKc 

B r )l, E 
M6B - - -

M8B M8r - -

Ml OB Ml Of - -

Ml2B Ml2f Ml2,[( -

Ml4B Ml4f Ml4,[( Ml4E 

M16B Ml6f M16)l, Ml6E 

M20B M20f M20)l, M20E 

B513KOCTH, TeMneparypa 3aCTbJBaHH51, 

MOTOpHbie CBOHCTBa) I13MeH51!0TC51 B WH

pOKHX npene11ax: HanpHMep, B513KOCTb 

OT 8 J.lO 20 MM2/c npH 100 °C, I1H).leKc 

B513KOCTH OT 45 ).lO 140, TeMnepaTypa 

3aCTbIBaHH51 OT 0 J.lO -43 °C. 

Tpa1-1c.\fucc1101-1Hbie H oceeb1e .1tac.'la 

npeJ.lHa3H34eHhl ).lJ151 CMa3KI1 Tp3HCMHC

CHH aBTOM061111etl H rpaKTopoB, J.lJ151 3y6-

qaThIX 11 rnnOHJ.lHhIX nepena4, py11eBoro 

ynpaBJTeHH51 H ,J.J151 pa3JTHl.fHhlX rpy6hIX 

MexaHH3MOB. TpaHCMHCCHOHHhie Macna 

BblllYCl\alOTC51 6e3 np11caJOI<, c npOTllB0-

11'3HOCIIbl\'11f II !1pOTHB0'3cUllj)Hbl\lll 
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< .: · 

np11ca.n.KaMH. B Ka4ecrse oceBbIX Ma

cen 11cnOJJbJYJOT Heoc111me1-1Hbie MaCJUI

Hbie ,D.11CTl1JJJJ51Tbl BbICOKOll BSl3KOCTl1. 

BhmycKaIOTCSI neTHHe, 311MH11e H ce

sepHbie MapK11 c TeMnepaTypoi1 3acTb1-

satt11si OT -15 .ll,O -55 °C. 

Cnez1uar1bHbze (Hec.11mo'IHb1e) .11ac

.7a. 3Ta no.D.rpynna BKIH04aeT Macna. 

npe.n.ml3HaLieHHble He .UJJSI CM33KH, a 

.n.m1 np11Mettett11si B Ka4eerne pa6ocmx 

)!(11.LJ.KOCTei1 B TOpM03HblX e11eTeMax, B 

napocTpyi1HhIX ttaeoeax 11 rn.upaBJJH

LieCKHX yeTpOHCTBax, a TaK)f(e B TpaHC

cpopMaTopax, KOH.D.eHcaTopax, Mae

nottanontteHHbIX 3JJeKTpoKa6ensix B 

K34eCTBe 3JJeKTp01130JJHPYIOUleH epe

.D.bl. C10.D.a )!(e oTttoesiTesi Men11u11HeKoe, 

napcpt0Mepttoe, nornonnenbHbte 11 He

KOTOpb1e .apyrne MaCJJa cneu11anbHO

ro Ha3HaLiemrn. Ko seeM 3Tl1\1 11,rncnaM 

npe,D.bSIBJJSIIOTCSI Tpe60B3Hl1SI BblCOKO~i 

0'-IHCTKH, 11 B HHX KOHTpon11pyt-0TCSI 

tteKOTOpbie cneu11aJJbttb1e noKaJaTem1 

B 33Bl1CHMOeTH OT ycnoBHH np11rvteHe

Hl1SI. HaJBaHHSI 3THX Maeen OTpa)f(at-OT 

o6nacTb 11x 11enOJJhJOBaH11S1: ttanp11Mep, 

TpattccpopMaToptthie Maena (TKn, TK), 
Ba3emrnosoe Me.ll,HU.HHeKoe, KOH.UeHCa

TOpHbie, napcpIOMepttoe. 

III. IlnacTH'IHble (KoucucTeHT
Hble) CMaJKH. 3TH eM33Kl1 npe.neTaB

JlS!lOT co6ol1 Hecprntthre Macna, 3ary

meHHh1e MbIJ13M11, TBep.ll,blMl1 yrneso

.n.opO.D.3Ml1 l1 .D.PYrHMH 3arycnneJIS1Ml1. 

3rn Ma.Je- H nacrno6pa3Hbie HecpTe

npo.ayKTbI npe.aHaJHa'-!eHbl JlJJSI eM33Kl1 

JaKpblTblX , l<aK npaBHJJO, TSI>KenoHarpy-
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)KeHHblX, MexaHl13MOB 11 .ll,JJSI npe;:wxpa

HeHHSI pa3Jll1'-IHblX 113.ll,eJJl1H OT BOJJJ,eH

eTBHSI yenos11l1 BHewttei1 epe.D.hI. KpoMe 

Toro, HeKOTOpble eopTa 11enOJJb3YIOTeSI 

JJ.JISI ynnoTHeHHSI (repMeTl13aU11H) pa3-

JlH'-IHblX e11eTeM. 3TO O'-leHb 06w11pHaS1 

rpynna HecjHenpOJJ.YKTOB, HMeIOill,aSI 

eBOlO BHyTpeHHlOIO KJJaeemp11KaUHlO 

H cHeTeMy o6o3Ha'-leH11S1. Bee eMa3Kl1 

nensiTesi Ha JJ.Ba Knaeea: ym1eepca.!/bHb1e 

(Y) 11 c11e1r11a.1bHb1e . )].nsi 06mtta'-leH11S1 

pa3Hoo6pa3HbtX csoi1ern ytt11sepeanb

HblX erviaJOK B 11X Ha3BaHl1SIX K 6yKBe 

Y .ao6asnsi1-0TeS1 6yKBbI, yKaJbIBaIOm11e 

Ha 3TH esofleTBa: H - Hl1JKOnnaBKHe, e 

TeMnepaTypOH KanJJena.[l,eHHSI .ll,O 65 °C; 

C - epenttennaBK11e, e TeMnepaTypoi1 

KannenaneHHSI JJ.O 100 °C; T - ryro

nnaBKHe, e Tel\rnepaTypoi1 Kannenane

mrn Bbl We I 00 ° C; M - MOp030CTOHKl1e, 

He JaeTbIBal-OIJ..lHe np11 -30 °C; ] - 3a

UllHHble (OT Koppo31-111 ); K - K11enoTo

ynopHb1e; B - BO.D,OeTOHKHe; A - aKrn

BHposaHHbie; P - He paernopsiIOLI..lHe 

peJHHbl. 

Cnew1anbHb1e cMa3KH o6oJHa4aIOT

esi 6yKBaM11 B COOTBeTCTBl111 e o6nacrn

M11 np11MeHeH11S1. Hanp11Mep, aBTOTpaK

TOpHbie - A, nnsi npe.D.MeTOB soopy)j(e

Hl1SI - B, )j(eJJe3HOJJ.opo)!(Hbie - )!(, Mopc

K11e - M 11 T.n. 

TIO CBOeMy HQ3HG'lef/ll/O Bee CM33Kl1 

.UC.lSITCSI Ha: 

I) aHT11cpp11Ku.110Httb1e, CJiy)!(am11e 

)J,JISI npe.ll,OTBpaLL1.eHl1SI 113HOCa (yH11Bep

caJibHbie - COJJl1.D.OJibl 11 KOHCTaJJl1HbI 11 

cneu11anbHb1e - scero 6onee 40 cop

rns); 



2) KOHCepsau110HHhie 111111 3aUU1T

H hie - n11aCTl1'-I H hie 11 )!(11.lll(l1e CMa3Kl1 

)lJUI npe.n.oxpaHeHH51 Mern111111'-lecK11x 11 

KO)KaHhIX 111.n.e1111i1; 

3) yn110TH11Tel1hHhie - .D.1151 repMeTH-

1au1-m pa31111'-1HhlX Cl1CTeM. 

IV. napa<l>HHhl " uepeJUHbl. Bh1-

pa6aTbrna10Tc5! KaK )!(H.D.K11e, TaK 11 rnep

Ahie napacjmHhI. 

>KuiJKue naparjJuHoebie ycJ?eeooopo
ohl, no11yqaeMhie npH Kap6aMH.D.HOH 

11 a.n.cop6u110HHoi1 .n.enapa(p11H113a

u1111 HecprnHhIX )1.11CTl1111151TOB, 51B1151-

IOTC51 CblpbeM )1.J151 noJiy'-leHlrn 6eJIKOBO

BHT3MHHHbIX KOHUeHTpaTOB, Cl1HTeT11'-le

CKHX )!{HpHbIX Kl1CJIOT lI nosepXHOCTHO

aKTHBHblX seweCTB. 

Toaap11b1e maepiJb1e 11aparjJ11111J1 no.n.

pa1.n.eJI51 lOTC51 Ha cne.uy1011l11e coprn : 

BblCOK00'-!11WeHHbIH napacpm1 (Map1rn 

no TeMnepaType nnasneHM51 8
1
50-52. 

8~52-54, 8 _154-56 11 8
4
56-58), Texm1-

'-1ecK11i1 0'-111WeHHbIH napa<l>HH (T), na

pacpHH )1.Jl51 CHHTe3a (C), HeO'-lllWeHHbIH 

Cml4e'-!Hb!H (H), HeO'-IHWeHHbIH BblCO

KOnJiaBKHH (H.), a TalOKe napacp11H .ilJl51 

m1wesoi1 npOMbIWJieHHOCTl1 (Map1<11 

TI-1, TI-2, TI-3 ). nocne.n.HMH copT napa

cp11Ha OTJ111'-laeTC51 nOJIHbIM OTCYTCTBH

eM 6eH30nHpeHa, KHCJIOT. weJI04el-t , 

cynbcpaTOB, XJTOPH.D.OB, 80)1.bl 11 MexaHl1-

'-leCKl1X npttMecei1. 

BhmycKaioTC51: TaK)!(e pa1JIH'-IHb1e 

MapKH l_\epe311Ha, BOCKOBble 11 npon11-

T0'-1Hble COCTaBbl. 

V. I>1ny1m,1. G1i-ry~11>1 1nrlnaB:11rna-
10Tc51 H'3 T51/KCJI blX HClllT51 I-I bl.\ OCTClTKOB 

5-00Xll 

nyTeM HX OKl1CJieHl151 11 npe.D.Ha3Ha'-!e

Hbl .ilJl51 .uopO)!(HOro CTp011TeJTbCTBa, 

noJTy'-leHl151 KpoBeJibHbIX MaTepttaJIOB, 

rttnpott30Jl511_\Hl1, 3JieKTpOH30Jl51UHH, )1.Jl51: 

nplffOTOBJieHH51 accjJaJibTOBhIX JTaKOB 

11 noJT11rpacjJ114ecK11x KpacoK. 

HecpT51Hhie fotryMhI BhmycKalOTC51 s 

:JICUOK0.11, 110H)i/116epoo.M u meepOOM BHJJ,e. 

Mttoro'-IHCJTeHHhie MapKtt 611ryMOB OT-

1111'-!alOTC5! JJ,pyr OT .upyra no TeMnepary

pe pa3M51r'-leH115!, rny611He npoHHKaHH51 

HrJibI (neHeTpau1111), no pacrn)!(HMOCTH 

(DyKTHJlbHOCTl1 ). Ilo Ha3Ha'-!eHI-1lO 6tt

T)'Mbl no.upa1nem10TC5! Ha JJ,OpO)!(Hbie, 

CTp011TeJibHble, cneUHaJJbHbie H BbICOKO

n11as1rne (py6paKCbI). 

VI. TexHH'leCKUH yrnepo!l (caJKa). 

3To MeJIKO)lHcnepCHbIH CbIIIY'IHH npo

.ilYKT, nony'-laeMbIH Ha cneu11aJJhHbIX 

3asonax . 0CHOBHOH IIOTpe611TeJib - pe-

3HHOBa51 npOMblllIJJeHHOCTb, r.ue Ca)!(a 

11CflOJib3YeTC51 KaK ycHJIHTeJJb H HanoJJ

HHTeJJb KayLiyKa. Cnel\HaJTbHble copTa 

TeXHM'-leCKOro yrnepo.ua 11CIIOJJb3YlOTC51: 

B Ka'-leCTBe n11rMeHTa )lJI51 H3fOTOBJie

Hl151 nmorpac!icKHX KpacoK. 

VII. He<t>nrnou KOKC. BhmyCKa10T

c51 pa3JIH'-IHhie MapKH c conep)!(aHtteM 

3011bl OT 0.6 no 0,3% H cepbl OT 0,4 
no 1,5%. I1cnoJJb3YlOTC51 B OCHOBHOM 

)1.Jl51 npOH3B0)1.CTBa aHonHoi1 MaCCbl 

n1151 Bbin11aBKH aJJlOMHHH51 11 rpacjJHTl1-

posaHHbIX 3JJeKTpO.UOB. 

VIII. npuca)lKH K TOTIJIHBY" Mac

Jial\1. Op11canKaMH Ha3brna10Tc» se

u1ecrna. 1106aB,15leMb1e s He6on hw11x 

KOJl!ILICCTB<1:\ C UCJlblO 3H3'-IMTe J1bIIO-
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ro y11yi-1wemrn 3Kcn11yaTau110HHbIX 

CBOHCTB Ton1111Ba 11 MaceJJ. 

IX. Ilpo•me He<f>TenpOLl)'Kfbl pa3-

.11H1-IH0f0 uaJHa'-leHHH. K 3TOH rpynne 

MO)l(HO OTHecni:: 

- apoMaTW·IecKHe yrneBo..aopo..ab1 (6eH-

3011 , TOJIYOJI, KCl1J10Jlbl, H3CpTaJI11H); 

- CMll30'IHO-OXJ13)f(.il31-0Wl1e Heqne

npo..ayKThl (3MYJibCOJlbl, naCTbl , cyJib

<Po<Ppe30J1, CM330'1HO-OXJ13)f(.Ua!OW11e 

)1(11.llKOCT11), np11MeHHeMb1e np11 o6-

pa60TKe MeTaJIJIOB, .llJIH o6e3)K11p11Ba

Hl1H MeT3JlJ111'1eCKl1X ..aeTaJieH H ..apy

r11x TexH11'IeCK11x HY)f(.ll: 

- He<t>rnHbie Kl1CJ10Tbl H 11X COJIM 

(ac11..aon, MhIJiotta<PT), 11cnoJ1b3yeMb1e B 

OCHOBHOM B MhIJIOBapeHHOM npOH3BO.ll

CTBe 11 ..am1 pa3J111'IHblX TeXHl14eCl<l1X 

uenei1; 

- Cl1HTeTH'IeCKl1e )f(11pHbl e Kl1CJ10-

Thl - npo..ayKThI OKl1CJ1eHl1H napa<t>11Ha; 

- He<t>T.HHbie cynh<!>OKl1CJ10Tbl (KOH

TaKT IleTposa), pa3Jil14Hbi e rviacn1K11 11 

naCThl 11 HeKOTOphie ..apyrne TOBapHble 

npo..ayKThI. 

4.2. Ton.11ueo Jl.llH Kap610paTopttbIX 

!lBHraTe.11eii 

As11au110HHh!e H aBTOM0611Jihttb1e 

.UBHraTeJlH BttyrpeHHero cropaHl1H c np11-

HY.UHTeJlhHbIM socnnaMeHeH11eM OT 11c

Kph1 pa60TafOT no 'IeTblpexTaKTHOMy 

UHKJiy. 

B nepBOM TaKTe (Bcacbrnatt11e) Ton

JJ l1BHO-B03..D.YWHaH pa6043H CMeCb 

3 ~lnOJIHHeT U11Jll1H.llp JlBHraTeJIH H Ha-
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rpeBaeTCH K KOHUY TaKTa no 80-130 °C 
B .llBl1raTeJIHX, pa60TafOWl1X Ha 6eH311-

He, 11 no 140-205 °C - Ha Kepoc11He. 

Bo BTopoM TaKTe ( C)f(aT11e) ..aaBJie

H11e cMeCH B03pacrneT .no l ,0-1,2 Mna, 

a TervmepaTypa - no 150-350 °C. B KOH

u e xona C)l(aT11H c HeK0Topb1M onepe)f(e

HHeM CMCCb BOCnJlaMeHHCTCH OT 3JleKT

p11'1CCKOH 11cKpb1. Xorn BpeMH cropa

HHH Ton1111Ba 04eHh M3J10 - Tb!CH'!Hble 

..aoJ111 ceKyH11.bI, Ton J1 11Bo Bee )l(e cropa

eT nocTeneHHO, no Mepe npons11)1(eH11H 

cppoHTa nJiaMe H11 no KaMepe cropaH11H. 

<DpoHTOM n11aMeH11 H33brnaeTCH TOHK11/.1 

CJlOH ra3a, B KOTOpOM npoTeKaeT peaK

U11H ropeHl1H. np11 HOpM3JlbHOM Cro

paHJ1H cppOHT n 11 aMeHH pacnpoCTpaHH

eTCH co CKOpOCTbfO 20-30 Mi c. )J:aB11e

Hl1e ra30B BO BpeMH cropaHl1H nnaBHO 

so1pacTaeT n o 3-5 Mila B aBTOM061111b

Hb1x n s1-iraTe11Hx 11 no 8 Mila B as11au11-

0HHb1x. 

B TpeTbeM TaKTe (pa60Y11i1 xon) pe

am11yeTCH 3HeprnH C)K3TblX npo..ayI<TOB 

cropaHl1H, 11 BO BpeMH YeTBepToro TaKTa 

UHJll1H.llp JlBHraTellH OCB060)1(JI.3eTCH OT 

npo..ayKTOB cropaHl1H. 

B nopwHeBhIX as11au110HHbIX 11 aB

TOM0611JibHb1X .llBl1raTeJIHX B Ka4eCTBe 

Ton1111sa np11MeH.HIOTCH 6eH311Hhl. Ba)l(-

11ei1wee 3KCnJiyarnu110HHoe Tpe6osam1e 

K HHM - 06ecne'IeH11e HOpMaJlbHOro 6e3-

neTOH3U110HHOro cropamrn B JlBHfaTe

JlHX, )J.JlH KOTOpblX OHH npe..aHa3Ha4eHbl. 

)Jem011m1uezl Ha.JbrnaeTCH oco6h1i1 He

HOpMaJibHbli·i xapa1rrep cropaHHH TOnJlll

Ba B JlBHraTeJie, np11 ·noM TOJJ bKO ciacTb 



pa6o4ett CMeCH nocJJe socnJ1aMeHeH11H 

OT HCKpbl cropaeT HOpMaJlbHO c o6bI4HOH 

CKOpOCTblO. fiocJJe)lHHH nopu11H TOnJIHB

HOro 3apH.ua (.uo 15-20%), HaXO)lHWaH

CH nepe.u cj)pOHTOM nJ1aMeH11, MrHOBeH

HO caMOBOCnJJaMeH51eTCH, B pe3yJJbTaTe 

CKOpOCTb pacnpocTpaHeHHH nJ1aMeH11 

so3pacrneT .uo 1500-2500 Mic, a .uas

J1eH11e HapacTaeT He nI!aBHO, a pe3KH

MH CKa<1KaM11. 3TOT pe3KHH nepena.u 

,UaBJJeHHH C03)laeT y.uapHy10 .ueTOH3UI1-

0HHYIO BOI!Hy. Y.uap rnKoi1 BOIIHbI o 

CTeHKH UHIIHH.Upa H ee MHOroKpaTHOe 

OTpa)J(e~rne OT HHX npHBOJlHT ]{ BH6pa

UI111 H Bbl3bIBaIOT xapaKTepHblH MeTaJl

J111LieCKHH CTyK, HBJIHIOW11HCH rnaBHbIM 

BHeWHHM np113HaKOM ,UeTOH3UI10HHOro 

cropaHHH . .[1,pyrne BHewm1e npH3HaKH 

)leTOHau1111: fl051BJleHHe B BblXJIOnI-IblX 

ra3ax 1rny60B <1epHoro JlhIMa, a Ta101<e 

pe3Koe nOBb1weH11e Tec.meparypb1 cTe

HOK UHIIHH.Upa . .[1,eTOHaI\HH - HBJie1-111e 

04eHb spe.uHoe. Ha JleToHauiIOHHbIX 

pe)Kl1M3X MOWHOCTb )lBiffaTem1 nanaeT, 

y.ueJJbHbIH pacxo.u Tornmsa B03pacrneT, 

pa6orn )lBHraTeJIH CTaHOBHTCH )J(eCTKO/:i 

11 HeposHoi1. KpoMe Toro, .ueT0Hau11H 

Bbl3bIBaeT nporopaH11e H Kopo6J1eH11e 

nopwHeH 11 BblXIIOnHblX KJlanaHOB, 

neperpeB 11 BbIXO)l 113 CTp051 3JleKTp11-

4eCKHX CBe4ett H .upyr11e HenoJJa)lKH. 

I13HOC )lBHraTeJ151 ycKOpHeTCH, a Me)J(

peMOHTHbie cpOKH y1<0pa<rnBaIOTCH. 

fipH )lIIHTeJlbHOH pa6oTe Ha pe)J(HMe 

llllTCHCill3HOH ,JCTOl!ClUllll BU3\ll}iKHbl 

11 anapH ii11 b1e 11ornc:tcrB1 rn. Ocooc11-

HO onacHa )leTOHaUHH B aB113UHOHHblX 

)lBHraTeJlHX. 

5IBJ1eH11e )leTOH3UHH c XHMH4eCKOH 

T04Kl1 3pe111151 o6b51CH51eTC51 nepeHaCbl

weHHeM nocne)lHeH 43CTH TOnIIHBHO

ro 3ap5!)la nepBH4HbIMH npo.uyKTaMH 

OKHCJieHH51 yrneBO)lOpO.UOB - r11.upo

nepeKHCHMl1 11 npo.uyKTaMH HX pacna

)la - BbICOKOaKTHBHbIMH CB060)lHbIMH 

pa)lHKaJJaMH, KOTOpbie npH )lOCTH)J(emm 

onpeneJ1eHHOH KOHUeHTJ)au1111 pearnpy

IDT co cKopocrbIO B3pbrna. B pe3yJ1hTaTe 

BCH 11ecropeswa51 qacTb ropI04ett cMe

CH MfHOBeHHO caMOBOCnilaMeHHeT

CH. 0<1eBHJlHO, 4eM BbIIlle CKopoCTb 

o6pa30B3HI1H nepeKHCeH B )l3HHOH pa-

604eJ:j CMeCH, TeM CKOpee B03HHKaeT 

B3pb1BHOe cropaH11e, TeM paHbllle HOp

M3JlbHOe pacnpoCTpatteH11e cppottrn 

nnaMeHH nepett)leT B )leTOH3UHOHHOe 

11 nocne)lCTBllH )leTOH3UI1H CKa)J(yTCH 

CHJlbHee. 0TCIO)la cne.uyeT, 4TO OCHOB

HblM cj)aKTOpOM, OT KOToporo 33BHCHT 

B03HHKHOBeHHe H HHTeHCHBHOCTb .ue

TOH3UHH. HBIIHeTC51 XHMH4eCKHH co

CTaB TOnIIHBa, TaK KaK H3BeCTHO, 4TO 

CKJIOHHOCTb ]{ OKHCJieHHIO yrneBOJlOpo

)lOB pa3Jll14HOro CTpOeHH51 npH cpaBHH

MbIX ycnOBHHX pe3KO pa3I1114Ha. 

Ecn11 B rnnnHBe npeo6J1a.ua10T yrne

BonopOJlbI, He 06p33y10ru11e B YCIIOBHHX 

npe)lnJJaMeHHOro OKHCJieHmI 3H34HTeJib

HOro KOJ1114ecrna nepeKHCett, TO B3pbIB

HOro pacnana He npoH30ttJJ.eT, cMecb He 

nepeHaCblTHTCH aKTHBHbIMH 43CTHU3MH 

II cropam1c oy;:i:eT npOXOllllTb C 06bTLf

HblMll CKOJXKT51\lll, 6e'3 ;:i:ero1rnw111. 
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OueHKa LleT0Hau110HHoi,\ crntt1<ocn1 

(.lJ.C) HJlH aHTH)leTOHaUHOHHhlX CBOHCTB 

yrneBOLlOPOLlOB 11 rnnmrna npoB01lHTC51 

Ha CTaUHOHapHb!X 0,UHOUH,lHH,UpOBblX 

.us11raTem1x. B ocHose scex MeTo.uos 

oueHKH ):J.C ne'/lmT np1mwm cpaBHe

HH,SI HCnbITyeMOro TOnJll!Ba co CMeC51MM 

JTaJJOHHbIX BHJIOB Tonmrna . B 1<aL{eCTBe 

nOCJleLlHHX Bh16paHhl 2.2.4-TpHMeTllJl

neHTaH (H300KTaH) 11 renTaH, a 3a Mepy 

neTOHaUHOHHOH CTOHKOCTH npl1H51TO 

OKTaHOBOe L{HCJIO. 

0KmaHOBbl.\I 'luc.10.11 HaJbJBaeTC51 

ycJIOBHa,S! e,UHHHUa ll3MepeH!rn )leTO

HaUHOHHOH CTOHKOCTH, Ln1cneHHO paB

Ha,SI co.uep'/l<aHH!{), B % ( 06. ), HJOOKTaHa 

(2,2,4-TpHMeTHJineHTaHa) B ero CMeCH 

c renTaHOM, 3KBHBaJJeHTHOH no neTO

HaUHOHHOH CTOHKOCTl1 11cnblT)'eMOMY 

TOnmrny npH CTaHL\apTHbIX yrnOBll51X 

HCnhITaHH,SI. 

OKTaHosoe 4HCJ10 mooKTaHa np11-

H,S1TO paBHbIM 100, a renrnHa - 0 . Cne

)lOBaTeJihHO, eCJIH HCnbITyel-.lbII1 6eH3l!H 

OKa3aJJC,S! 3KBHBaJJeHTHb!M B CTaH,J.apT

HbIX ycJIOBH,S!X HCnblT3HlUI C\1ec11, co

CTO,S!IUeH, Hanp11Mep, H3 70% M300KTaHa 

H 30% renrntta, TO ero OKTaHOBOe L{l1C

JIO paBHO 70. OKTattosoe L{HCJlO - Hop

MHpyeMhIH nOKaJaTeJib .ueTOHaUHOHHOH 

CTOHKOCTH aBTOM06HclbHhIX 6eH311HOB, 

a TaIOKe as11au110HHhIX 6eH3HHOB npH 

pa6oTe Ha 6e)lHhIX CMeC,S!X H 6e3 npH

MeHeHH51 tta.u.uysa. 

):J.Jl,S! oueHKH ):J.C aBHaUHOHHhIX 6eH-

311 HOB np11 pa60Te JB11raTe.151 Ha 60-

raTblX n1eC5!X 11 c npl,L\leHeHMe ~ t Halllly-
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Ba HOpMHpyeMbIM noKa3aTeJleM CJJY)IH1T 

copTHOCTb TOnmrna. 

CopTHOCTb TOnJIHBa Ha 6oraToi1 

CMec11 - 3TO xapaKTepHCTHKa, noKa-

3blBa!OlUa,SI BeJll1L{HHY MOIUHOCTH ,UBH

raTeJI,S! (s npoueHTax) np11 pa6oTe Ha 

11cnbITyeMOM TOnJlHBe no cpaBHeHH!O c 

MOIUHOCTb!O, noJiyL{eHHOH Ha JTaJIOH

HOM H300KTaHe, copTHOCTb KOToporo 

np11H11MaeTC5! 3a I 00. 

0KTaHOBb1e 411cna onpe.uen51!0TC,S! 

Ha cneuuanbHbIX 11cnb1TaTeJJbHbIX ycTa

HOBKax npH CTporo CTaHJiapTHbIX ycno

Bl151X. CywecrnyeT .usa cTaH.uapTHbtX 

:-.1ernna 11cnbITaHH,S1: MOTOpHh!H 11 11c

c.1enosaTeJlbCKHH. YcnoB115! 11cnb1Tamrn 

no MOTOpHoMy MeTo.uy 6onee )l(eCT-

1<11e (4aCTOTa BpaweHH,S! 900 06.IMHH., 

Te;vmepaTypa pa6o4di cMen1 149 °C 

nocne Kap610parnpa) . OoJTOMY OH 60-

nee no;rxon1n ,J.Jl51 oueHKH ):J.C s11nos 

Tomrnsa, npe,aHa3HaL{e HHbIX )]Jl,S! ns11ra

Te.1ei1 c :-.ia,1oi1 cTeneHb!O C)l(aTJrn. 

Ycnos~rn 11cnb1Tatt11,S1 no 11ccne.uosa

TeJlbCKOMY Mern.uy M51f4e (4aCTOTa Bpa

weH!rn 600 06./M1m., pa6o4a,S! c~iecb 

nepeD, 1<ap610paropoM He nonorpesaer

C,S! ). 3Tl1\I MeTOJIOM oueHHBa!OTC,S! Bbl

COKOOKTaHOBbie KOMOOHeHTbl 11 BH,Ub! 

TOnJlHBa, npeLlHa3Ha4eHHble .IJ,Jl,S! BbIC0-

1<0cpopc11posaHHblX LlBHrarenei1 c sepx

HHM pacnO.TJO)l(eHHeM KJlanal!OB. OK

TaHOBbie 1-111cna, onpe.ll,eJieHHbie no 11c

c.1enosaTe;1bc1<0My MeTo.rry, scerLla He

CKOJlbKO BblWe, 4eM no MOTOpHOMy. 3Ta 

p::n1-111ua no:·1yc11-1.:1a 1-1a"3BaH11e « YYBCT

s1rre.11>1-1ocT11» TonmtBa, Hai160J1 ee c1y13-



CTBHTeJJbHbl K pe)!{HMY HCnhIT3Hl151 6eH-

3HHbl K3T3JIHTH4eCKOro Kpe1rnHra H I<a

TaJIHTH4eCKOro pttcpopMHHra. Pa3H11ua 

B OKT3HOBblX 411CJl3X MQ)KeT .llOCTHraTb 

5-10 nyHKTOB B 33BHCl1MOCTH OT CO.llep

)!{3Hl151 apOM3TH4eCKl1X yrneBO.llOPO.llOB 

B 6eH311He. Do::iToMy, Koma np11BO.llHC5I 

,L\aHHble no OI<TaHOBblM 4HCJl3M, BCer.ua 

Hano oroBap11BaTb MeTO.U HX 11CnbITa

Hl15I. 

0.UHHM 113 nyTeH nOBbIWe1m51 .[(e

TOH3U110HHOH CTOHKOCTH TOnJJHBa .UJl51 

.[\BHtaTeJJeH c 33)!{11faHHeM OT HCKpbl 51B

JJ51eTC51 np11MeHeHHe aHTH)leTOH3TOpOB. 

3TO BeweCTBa, KOTOpb1e .ll06aBJ151fOT (( 

6eH311H3M B KOJll14eCTBe He 6onee 0,5% c 

uenbfO 3H3411TenhHoro yny4weH115I aHT11-

.lleTOHau110HHbIX cBottcTB. 

lfay4eH11e .lleToHaUHOHHOH CTOMKO

crn 11H.llHBH.UY3JJbHblX yrneBO.UOPO.llOB 

no3BOJll1Jl0 ycTaHOBl1Tb 33B11Cl1MOCTb 

3TOfO B3)!{H0f0 CBOMCTBa OT Xl1MJ1lle

CKOfO CTpoeHl151 yrneBo.uopO.llOB H 11Me

J10 6onhwoe 3Ha4eH11e .llJJ51 no.u6opa 

11 C03.ll3Hl151 pa3JJl14Hb!X copTOB ropJOlle

ro .UJJ51 pa3Hoo6pa3HbIX .llBiffaTeneii . 

)J,JJ51 OT,L\eJJbHblX rpynn yrneBOLlO

po.uoB, BXO.U51llll1X B COCTaB 6eH311HOB, 

MO)!{HO c.uenaTb cne.uyIOw11e 1<paT1<11e 

BblBO.llbI 06 11X )J,C. 

A.T/KOHbl HOpltaJ7bf/OZO cmpoeHLm. Ha

Yl1Ha51 c neHTaHa, yrneBO.UOpO.llbl 3T0f0 

p51.lla xapaKTepmyIOTC51 o4eHb HH3KHM11 

OKT3HOBblMH 411CJl3Ml1, np114eM 4eM 

BbIWe HX MOJJeKyJJ51pHa51 Macca, TeM 

OKTaHOBble tittcna Htt)!{e. CymecTByeT 

llO'ITll J111HeMl-laH 3a131tCIL'vlOCTb llC OT ~10-

JteKyJrnp1-10J:i MaCCbl. 

A.'1Km11>1 pa38emeneHHozo cmpoeHZtfl 

(mo11apa(/J1111b1). Pa3BeTBJieHHe Moneeyn 

npe,L\eJibHOfO p51.ll3 pe3KO nOBbIWaeT 11X 

)J,C. TaK, y OKTaHa oKTaHosoe 4ttcno-20, 

a y 2,2,4-i-p11MernnrreHrntta - 100. Ha11-

60J1hw11e Ol<TaHOBbie 411CJJa OTMet.iafOT

C51 .UJI51 1130MepoB c napHblMH MeTl1Jlb

HbIMl1 rpynnaMH y O)lHOfO yrnepo.uHoro 

aTOMa (tteoreKCaH, TJ)HITTaH, 3TaJJOHHb!H 

11300KrnH), a TaK)!{e y .upyrnx Tp11Me

Tl1JlhHh1x 1130MepoB OKTaHa. 

Enaro.uap51 BbICOKHM aHTH.UeTOHa

u110HHbIM csoi1cTBaM 113onapacp11Hbl C
5
-

C8 - seCbMa )!{eJJaTeJJbHbie KOMnoHeHTbI 

6eH311HOB. 

A.1Kertb1 (110Hoo11erjJuHb1). CTo51BJieHHe 

LlBOHHOH CB51311 B MOJieeyne yrneBO.L\Opo

)J,OB HOpManbHOro ci-poeHH51 Bb13hlB3eT 

3Ha411TeJibHOe nOBhIWeHHe )J,C no cpaB

HeHHfO c COOTBeTCTBYfOlllHMH npe.uenh

HblM11 yrneBO.UOpo.uaMH. 

L/,11K:10a.1Ka1-1b1 (HarjJmeHoebze yz.TJeeo

dopoub1). Depsb1e rrpe.llCTaB11Ten11 p51na 

u111rnoneHTaH H u111010re1<caH o6na.uaIOT 

xopowe?i )J,C; oco6eHHO 3TO OTHOCHT

C51 K UHKJlOneHTaHy. 3Tl1 yrneso.nopo

il,bl 51BJ1511-0TC51 ueHHhIMH COCT3BHblMH 

l.facrnMH 6eH3MHOB. Hanw-rne 6oKOBbIX 

uenei1 HOpMaJlbHOfO CTpoeHH51 B MO

JieKynax KaK U11KJIOneHTaHOBbIX, TaK H 

u11 Knore1<caHOBbIX yrneso.nopo.uos np11-

BO.UHT K CHH)!{eHHl-0 HX OKT3HOBOro 4HC

Jia. Dp11 3TOM, 4eM .UJIHHttee uenh, TeM 

HH)!{e OKTaHOBbie 411cna. Pa3BeTBJiem1e 

ooKOBbI\: ueneii 11 ysen w1e1111e IL\ Ko.rrn

'1ecrna IIOBbIWa l-OT ll,C UllKJ13110B . 
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ApoHamuT.fcc1.:ue .1 «'.?C1::01}opo1)hl. 

CTOlfHI BCe 11pOCTe1';\m11e ;lj)OW HH'll'

Cl\lie yrneB0Jopo11h1 p5U<1 6e1no;1a 
HMeIOT OKTaHOBble '·TaCTl1 01'0Jl0 I()() 

11 Bblille. 0.nttaKo co.ne1rnrn1rnc apoMa

nrlfeCKHx yrrreBonoponos B 6cH3HHax 

CJ1en.yeT orpam-r•rnBaTb np11MepHo ,'.J.O 

40-50%. llpe3MepHO apoMaTM30H3H

HOe TOnmrno nOBbTIITaCT 06W.yl0 TeM

nepaTYJ)y cropamrn., qrn sneLfeT 3a co-
60!1 )'Benmemre TeTI,lOHanp5DKCHHOCTH 

)lBHraTem1, a TaK)Ke Ml))KCT Bhl '3BaTh T8 1-: 

Ha3bTBaeMoe KaJIJ1JfbHOe 3(l)KHr<IH He -
caMonpOI13BOJfbHOe BOCflJJaMCHeHMC pa-
6oqeif CMec11 3a CLfCT p8CKaJlCHHhlX qac

THlfeK Harapa. 3To O<JeHb BpCllHOC HB

JleH11e, KOTopoe MO')KCT Rhl3B8Th asapH~ i 

HOe nospe:>Knem1e ns~mnem1. 

TaKHM o6pa30M , o c HOBHbf!\1 h"CJ lICCT

BCHHhIM noKa3aTeJleM Kap6 1o p aTOpHhfX 

811,llOB Tornrnsa SIBJUICTOI HX (N>f ('()J{(J}/ 

oemoHazfUOHHan cmoi11<oc111h . • 11y<mrnc 

copTa aBTOMOOHJibHbl X 6efl'mHOB JlOJlll\

HbI HMeTb OKTaHOBble lH!CJHl fl O llCCJie

.'J.OBaTCJibCJ<OM)' MeTOl()' 03-9R flYfll\TOB . 

CTOMHMO Bb!COl<OH .n:C. I\ Kap61opa 

TOpHbfM BH,llaM Tonmrna npcll1,5'JRJIHIOT

CSI cnenyJOWHC OCHORHbl e T pCOORHHl151 . 

1. ct>paKUHOHHblH COCTa R Tonmrna 

}IOnJKeH o6ecnel.fttBaTb ero xopow y JO 11c

napHeMOCTb, nerKHH 3anycK JlRHraTem1 

n aJKe np11 HH3KHX Ter..mepaTy pax. OblCT

pbIH nporpeB nsttraTem1 H xopmuyJO 

ero npHeMHCTOCTb K nepcMeHHM p e)!\ll 

Ma. 00'.ffOMy Ba:>KHettlllH'VI TeXHl1 1!eC-

1 ; 11~1 r1 0 K<naTeJ1c l\1 (1c1rrn 11o r. 11 1n: p (1<: 11-

11on }lfin5110 TC5l l.L<lllllh!C C'T :.lf JLl (l!)TIHll • 
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p :nn1HKH. np11 KOTOpOtt OTMeYa-

1 ... n : n~Mneparypy Ha"l.la.,1a KJm eHJill : 

TCMnep:n~;l)bl. np11 KOTOp bIX OTrDH51J{)T

C51 JO. 50. 90 H 97.5% (06.) OT 3arpy3-

KH; OCTaTOK (B %>) H 1rnor11a R'Crneu KJ~

neHHSI. 1 ()0,.[,-Hasi TO"!Ka orrpeIJ.elli.leT n y c

KORb1e CBOJicTBa TOTIJIIiBa. 50°1ci-Ha5.I -
C:'ib1crpoT)1 nporpeBa Il.BiffaTem1. 901% 
1-1 97.5%-Hble TOl:fKB - KOHeD KimeHirn 11 

xapaKTepmyroT nom10Ty 11cnapemrn H 

paBHOM epHoe pacnpe,ne.l]eH11e TOIL"IM.Ba 

no 1i1·L1HH! (paM. 

2. Tonmmo He ;:i,o.JDKHo o6pa3oBw
BaTh fa.30BhTX rrpo6ol\ B TOilJIHBO

no,r.iafOWeH cwcreMe. ,Unn ::>Toro B 6eH-
3 HHax r-:oHTpomrpye1csi naBJJeHIJe Ha

CbrrUCHHhrx napoB rrpH 38 °C, KOTOpoe 

HC JlOJDKHO npeBbTIDaTh 0.48 Mila ,IT.ITS! 

asHarHJOHl·fbLX 6eH3HHDB. 0,67 Mlla 
]lJHI JlCTHHX copTDB H 0, 93 Mila 
llJl5! 3HiVIHHX copTOB aBTOM06HllbHbTX 

OCH3 HHOB. 

3. Tonmrno JJ:OJDKHO 6bITh XHMH~re.c

r.:11 c-rafoIJlhflbfM H He conepR\aTb CMOil. 

fJefl '.-:I HHhl 1\peKHHra H r<01<conamrn ·.co-
11epJJ.;m Herrpef.leJfbHhlc yrneBonop0.JlhL. 
c1.;JJOHHbte np~t xpaHemrn ormcmi:rhCll 

H IIOJIHi\l CpwmnaThC}l. )TOT npouec.c 

nony 1IlfJl H:1.'3 RaH11e CMOJJ006pU30BB

HHSI . BbrnancH11e cMOJl pe31<0 yxynwaer 
·mcnnyaT au110HHb1e CBO~icrna Tnnmma. 

cnoco6cTByeT OTJIO>KCHHIO HarapoB B 
m1m1HI1pax lll:!HraTeJJen 11 Ha KJmnaHax . 

ll..HSl nOBbllllCHl1SI XHMl·l 11CCIWH CTa6Hn:b

HOCTll RHllOB TOllJIMRa BTOpJ1lfHOfO npo-



pbt). Oplrnettem1e aHTHOK11cmne.1e il 

n03BOJU!eT 3Ha411TeJlbHO 3aTOpM0311Tb 

peaKu1111 OKHC.TJeHtrn. 3To 11:-.1eer 6 onb

woe npa~111<tecKoe 3HalJem1e. TaK KaK 

Il03BOJUHIT yBemtl!ll.Tb CpOKll xpaHeH11a 

Tonmrna. 

B Kal!eCTBe attni0K11cmne.1Jei1 npe.J

JIO)KeHo Ol!eHh l\IHOro pa3HOOOpa3HhIX op
raHHl!eC!GIX Bemecrn. Cpe.rrH HHX cpetto

JihI, nom1cpeHOJibl, aJIKILlcpeHOJibl, a:-.111-

HOcpeHOJlbl H np. 

Hau6011ee 3$cpeKTHBHhnrn 1n HllX 

c4HTa10rca xoporno pacTsop1n1b1e 

B 6eH311Hax CHHTeTHl!eCKlle HOHO.l -

2,6-211npeT6)'THJI-4-:-.1ern.1cpeHO.l (IX ), 
OQU<I>A - n-rn):lpOKCHLU!cpemL1a:-.mH 

(X) H np. Bee nono6Hb1e npttca.]KH .]0-

6aBJU1101ca B ThICaqHhIX H COTh!X JIOJUIX 

npoue1rra: 

OH 

rcHJ,vcrrnJ, 

CH; 

IX 

9 
HNCfl/5 

x 
4. Ton:-nrno He .10:-rlKHO B br:n,!

BaT b Kopp o -wK .J CTa :1cf1 .1 r..11ra-r e.1 .::i. 

)To KOHTpO.lHp )'l-OT no CJle.J)'lOWHM 

Ho p:-.mpy e '.l.tbI\I noKa1aTe;rn11f Ka4eCT

sa: KHC.l OTHOCTb. oOWee C0..1Cp:n\aHHC 

c epb!. CO.Jep :n\aHHe B0..10pacTBOp11MblX 

Kl!C.lOT H WCHOl!CH (J.tOffiKHbl OTCyrCTBO

BaTh). npHCjTCTBHe aKTHBHblX cepHHC

ThlX coe.JHHCHHH (HCflbrTaHtte no H3Me

HCHH!O UBeTa ITOBepXHOCTH Me,ilHOH 

nnaCTHHKH ). 

5. ABHaUHOHHble BH1Ihl TQfl_lHBa 

He ..JO;lr.\Hhl 3aCTblB3Tb ff Bhl,ile."U!Th KpH

CTa l..lbl npH Te\ rneparype Bhlllle -60 oc_ 

4.3. Torr.111Bo ;:tJ"IH BOJaymuo

peai...111 sni.rx 11enraTe"leii 

Opouecc cropaIUUI TOIL1IlfBa B 1)'p

OoKD\£HpeCCOpHblX 803.'.IymHO-peaKn rn

HhIX .:nmnrre.1.11x (TKBP,l() npottcxoJHI 

s ra10001~"ITIHOM noro Ke s ira:uepax 

cropamui:. L{.1HTe..TuHOCTb ttcnapeHH.li H 

ropemu:1 rnmnrna i\leHee 0,01 c. Bcn;:iyx 

B 6mhrnOM 1oobmre (m: 50:1 ao 75: l) 
noJJaerc.si: K01'mµeccop o M. Kmophlfii pa-

6orner or raJoooif 1y p0mllhl. Cmpcx..--r i, 
flOTOl\a BO'H}CX3 llOCTl!TaeT 40-60 'Ile:. 

LJaCTb OOJ.J:yxa no.Jaercsr B 10ny ropeHH51. 
a n p)T<UI (6oJl hlllast) qacTu pacxo.:1yen:~ 

,1]JU[ OXJlffiK.'.leHllJf npo..'.l)l.10 8 Crop;illHH.lll 

npmreptto .:io 900 °C nepe,l :1onan:a1>rn 
ra1osou 1ypfornt.1. To rn.:-.nso snphlCKH

saer csi: B CA:aTNii so1.:1yx n no;u..111raer -

c~ '3ne11.-rpaqeci..nfl HCIKpo fl .. 

B Ka'lecme Tonm:ma 1'DI pea~mm-

HOH mmamm np1u~newuoir ocepoc&moiel>h~ 



lnasa 4. Ba)t(Hei:1w1-1e Heqnenpo,Cly1n b1 >\a pai;1,"1 ' 1c: r. 11; <:! i1 np' 1Hc. ;1.-.'· 1. h-; 

KHHra. <PpaKUHOHHblH COCTaB )THX Bl1-

LIOB TOnJlHBa Lll11CT)'eTC51 1-1a3 1-1al1e1-111eM 

Toro HJrn i-rnoro copTa Tonmrna . .[1,n51 
caMOJleTOB c )l03BYKOBOH CKOpOCTblO 

noneTa np11MeH5llOTCH 06nerl1eH 1-1b1e 

KepocHHbI c npe.uenaMH K11ne1-1HH no

p51.UKa 130-280 °C, a JJ.Jl H caMonerns 

co csepX3BYKOBOH CKOpOCTblO noneTa -

c 6onee BbICOKHM HallaJlOM KHneHl151 

(165, 195 °C), TaK KaK K 3THM 811.UaM 

Tornmsa npeJJ.MIBJl51eTcH Tpe6osa1-111e, 

'-IT06bI OHH Ha BblCOTe OKOJlO 20 KM He 

3aK11nam1 B TOnJlHBHOH CMCTeMe 11 B )lB ll

raTeJle. 

OcHOBHbie rpe6osatt11H K peaKT11B

HbIM BH.UaM TOOJlHBa OTHOC51TC51 K ero 

:rnepreTH'-!eCKHM xapaKTep11CTHKaM: 

TennoTe cropatt1rn, nonHOTe cropa

HH51, a TaIOKe K OJIOTHOCTH . 4eM BblWe 

Tennorn cropaHH51, TeM 6onbwe BblJJ.e

JI51eTc51 3Hepnm c e)lHHHUbl l\taCCbl 11JlH 

o6beMa, CKOpOCTb HCTe4eHJ151 ra30B H3 

conna 6y.ueT 6oJihWe, a , CJ1e.uosaTeJi b

HO, CKOpOCTb noJieTa 11 BeJil1411Ha T51fH 

yseJIH'-IHBa!OTC51. lfro l<aCaeTC51 nJlOTHO

CTH, TO 51CHO, '-!TO '-!eM 01-13 Bb!We, TeM 

60JlbWee KOJIH'IeCTBO TOnJil1B3 MO:tKHO 

33rpy3HTb e.UHHOBpeMeHHO B orpaH11-

'-!eHHbie 06beMbl 63KOB C3MOJ1CTa, a, 

CJie.UOBaTeJibHO, yBeJJH'-111Tb .uaJlbHOCTb 

noneTa. 

Tennory cropatt115I Q MO)!{HO pac

C'IHTbIBaTb Ha e.[\HHHUY M3CCbl H Ha 

e.u111-111uy o6beMa. Ee 3H3YeH11e 33B11-

c11T OT co.uep)!{aHH51 BO.llOpo.ua 11 OT co

OTHOUJeHH51 yrnepon: sonopon B yrne

BOL1opo.uHoi1 MOJJeKyJie. 
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np11 p3CLleTe TenJIOTbl crop3Hl151 Ha 

en111-111uy Macchi tta1160Jibw11e 31-1a'Ie1-11151 

Q y 3JIKaHOB, 6J1113Kl1e K Hl1M BeJ111Lnt

Hbl y UHlrnOaJIK31-IOB H H3116011ee Hl13-

Kl1e y apoMaTHlleCKHX yrneso.uopOLIOB. 

Ern11 )Ke secT11 pacYeT Ha e.u111-111uy 

o6beM3, TO nonyYaeTCH o6p3TH351 3a

s11c11MOCTb . Y apoMan1t1ecK11x yrneso

nopo.uos, BCJie.UCTBHe 11X OTHOCHTeJJbHO 

6onee BblCOKOH nJIOTHOCTH, Ten110Ta 

cropaHl151 OKa3brnaeTC51 Ha1160Jibwei1. 

3cl)cpe1<T11s1-1ocrb 11 nom1orn cropa-

1-11151 pe3KTl1BH0f0 TOnJ111B3 TaK)!{e 33Bl1 -

C51T OT ero Xl1Ml1lleCKOfO COCTaBa . Ton

Jll1BO, 06orawe1-1Hoe 3pOM3T11Yec1<11M11 

yrneso.uopoJJ.aM11 11 oco6eHHO 611u111<

JI11Yec1<11M11, CKJ10HHO K o6pa30BaHl1!0 

Ca)!rn 11 1-1arapOB, BCJie.UCTBHe Yero B ra-
30BOM noro1<e 11051BJI5llOTC51 paCKaJieHHble 

Y3CTJ1l1K11 yrnepona. 3To np11so.u11T K no

Bb1we1-1Hoi1 11HTeHC11BHOCTl1 (51pKOCT11) 

M3Jiy YeHH51 n11aMeH11. A YeM 6onhwe 

p3n11aui-rn 1111aMett11, TeM MeHbWe cpoK 

c11y1K6b1 LlBMraTeJ151 113-33 neperpesa 

CTeHOK KaMepbl cropaHl151. 

YY1Hb1BaH He611aronp11>1THoe s1111-

>1HHe ap0Man1t1ec1<Hx yrneso.uoponos 

Ha npouecc cropatt11>1, a TaK)!{e 11x 110-

HM)!{ett11y10 Q 1-1a en11tt11uy Maccb1, 

B CTattnapTax Ha peaKTl1BHOe TOnJ111BO 

He .uonyc1<aerc>1 11x co.uep)!{aH11e, npe

Bb1wa10mee 20-22%. 
KpoMe Toro, c1<110HHOCTb peaKTl1B

HblX B11.UOB TOnJI11Ba K Harapoo6pa30-

BaHHIO KOHTpo1111pyeTC5I TeXHH'-leCKl1M 

noKa3aTeneM - BbICOTOH He1<onT>1mero 

n Jia MeHH , KOTOpa>1 nomKHa 6bITb He Me

Hee 20-25 MM . 



Xapa1<Tep nnaMeH11 (51pKOCTb) Bl1-

JlOB TOCTJ111B, npe)lHa3Hat!eHHblX )lJ151 

CBepX3BYKOBOH aB11au1111, oueH11BaeTC5! 

cneu11anbHblM noKa3aTeneM - n10MHHO

MeTpw1ecK11M '-IHCJ10M. lleM OHO BblWe, 

TeM 51pKOCTb nnaMeHH HH)J(e. 

Do 3H3'-!eHHIO «J1IOMl1HOMeTPl1'-le-

CKHX 411cem> CTpyKrypHbte rpynnb1 yrne

Bo.uopo.uoB pacnonaraioTC51 B cne.uyiow11i1 

y6bIBalOWl1H p51.U: HOpManbHbJe anKaHbl, 

113oanKaHbI, HaqneHhl, onecjmHbI, n11one

cp11Hb1 11 apoMaT11'-lecK11e y rneBonoponb1. 

JllOMHHOMeTPl1'-leCKl1e '-111CJ1a onpe_ci.e

J15llOT B np116ope J1IOMl1HOMeTpe nyTeM 

H3MepeHl151 TeMnepaTypbt Ha)l nnaMe 

HeM B ycnOBl151X cropaHJ151 B qmTHJ1bHOH 

ropem<e B CTaH)lapTHOH KaMepe. KaK 11 

OKTaHOBbJe '-111CJ1a 6eH311HOB, J1 IOMHHOMe

Tp114eCKl1e '-111CJ1a aB11aKepoc11HOB onpe

nen51IOTC51 MeTO)lOM cpaBHeHl151 c :na

J1 0HHblMl1 Bl1)l3MH Tonmrna. B Ka'-!eCTBe 

3TaJ10HOB np11MeH5llOTC5! TeTpanHH 11 

H300KTaH. 11x J1IOMl1HOMeTpw1ecK11e 

411CJ1a COOTBeTCTBeHHO np11H51Tbl 3a 0 
11 I 00. Y ny'-lw11x copTOB peaKTl1BHoro 

TOOJ1HBa J1IOMl1HOMeTp11'-!eCKl1e '-111CJ1a 

Ll0XO)l51T )lO 60-75 e)l. 

)J,pyrne Ba)J(tteiiw11e Tpe60BaH115! 

K peaKTl1BHOMy TOOJ111BY OTHOC51TC51 K 

06ecne'-leH1110 6ecnepe6oi1Hoi1 nona'-IH 

ero B 30HY ropeHl151, TepMOOKl1CJ111TeJ1b

HOH cTa611JibHOCT11 11 BbICOKl1M aHTl1-

KOpp0311HHbIM cBottcrnaM . PeaKTl1BHOe 

TOOJ1HBO He .ll0J1)J(HO: BbI.UeJ151Tb CMOJ1 

11 .upyrnx oca.uKoB, Moryw11x 1acop11Tb 

cjHIJ1bTpbl. 1rnanarJbl II ;1pyry10 TOnJll1-

BOllOJJa1owy10 a1mapaTypy : cm.'urnaTb 

ra10Bb1e npo6K11; Tep51Tb Teey'-leCTb np11 

Hl13Kl1X TeMneparypax; BbI)leJI51Tb Kp11-

CTaJ1J1bl yrneBon opo.uoB 11 Jib)la. Tonn11-

BO non )J(HO 6h1Tb xoporno O'-l11weHo 11 

He conep)J(aTb: Koppo311ottHo-arpecc11B

HbIX cepHl1CTbIX 11 Kl1CJIOpO)lHblX coe)J,11-

HeHttH; Henpe.ueJibHhIX yrneBO)lOpO.UOB; 

Bb!CWHX napacp11HOB c BhICOKOH TeMne

paTypoH 3acTbrnaH115I ; a TaK)J(e Mexami:-

4ecK11x np11Mecei1 11 BO.Ubl. 

B CB51 311 c pa3Bl1THeM csepx3BYKOBOH 

aB11au1111 K TOOJ111BY Tenepb npe.UMIBJ15I

eTC51 TaK)J(e Tpe60BaH11e, '-IT06bi OHO 06-

na.uano BblCOKl1Ml1 npOTl1BOl13HOCHblMl1 

( CMa3bl BalOW11Ml1) CBOHCTBaM11. 3To 

CBH3aHO c TeM , '-!TO TOOJ111BO O)lHOBpe

MeHHO 51BJ151eTC51 11 CMa3b1Ba10lll,eH cpe

llOH p e ry.'!11py10mei1 TOOJIHBHOH an

napaTypb!. YnosJieTBOpeH11e 3Toro 

Tpe6oBaHl1H B03M0)J(H0 TOJibKO nyTeM 

n o6aBKl1 K TOOJ111BY npOTl1BOl13HOCHbIX 

np11can oK c xopOWl1Ml1 noBepXHOCTHO

aKTHBHblMH CBOHCTBaM11. 

K peaKTHBHbJM BH.UaM ronJIHBa M5I 

yny'-!WeHl1H 11X 3KCOJIYaTaUHOHHbIX 

CBOHCTB .uo 6 aBJI5IIOTC5I 11 .upyrne np11-

canK11: npOTHB o6pa30BaHIDI KpHCTMJIOB 

Jlblla. 3HTl10KHCJ111TeJ1bHhie, aHTl1KOppo-

3HHHbie, 6HOU11)lHbie 11 aHTHCTaTJ1l-leCKl1e. 

BcJie)lCTB11e r11rpocKon11'-!HOCT11 

peaKTHBHblX BH.UOB TOOJIHBa (11 3BHa

U110HHblX 6ett311HoB), oco6eHHO co.uep

)J(aw11x nOBbIWeHHOe KOJIH'-!eCTBO apo

MaT11'-!eCKl1X yrneBO.UOPO.llOB, B HHX Ha

KanJI11BaeTC5! sJiara. ITp11 Hl13KHX TeM

neparypax B 6aKax caMoJieTOB B Ton

rnrnc 06pa1yHHC5! K]JltCTaJ1.ll!Kll JlbJ a. 
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11Me1-0m11e TOHKYl-0 sepeTettoo6pa3tty1-0 

cpopMy. TaK11e Kp11CTaJ1JlhI o6pa3yI-OTC51 

TalOKe np11 pe3KOM noTenJieHIIH B03.UY

xa, Korna co.uep)KaLUHeC5! B ttervt naphI 

BO.LJ:bl COIIpHKaCalOTC51 c XOJlO,D,HblM 

TOIIJIHBOM. 06pa30BaH11e Kp11CTaJl

JIOB Jlb,D,a MO)l{eT Bbl3BaTb 3a611satt11e 

TOIIJIHBHhlX cpHJibTpOB 11, CJle,D,OBa

TeJibHO, orracHOCTh asap1m. ,[(mr npe

noTspameHH.H BhIIIaneHl151 113 TOIIJil1Ba 

Jlh.LJ:a HCIIOJih3YIOTC51 np11ca.n:K11 T11na 

AHTHKOppo3HHHhie np11canKH 11n11 

HHrH6HTOpbl Kopp03HH npH3BaHhl C03-

naBaTb TOHKYIO 3am11THYl-O nJieHKY Ha 

MeraJIJie, rrpenoxpaH511-0LUYl-O ero OT B03-

neiicTBH.H cepHHCThIX 11 npyrnx arpec

CHBHhIX KOMIIOHeHTOB Tonmrna. B Ka

LJeCTBe TaKOH rrp11canKH npHMeH511-0T 

,D,HMep JIHHOJieBOH KHCJIOTbl ( caHTOJieH C). 
HeKOTOpbie MHKpoopraHH3MhI xo

powo pa3Bl1Ba1-0TC.H s cpene )KHLJ.Koro 

tte<Prnttoro Tonn11Ba. B HaCT0511.l.lee spe

M5! H3BeCTHbl y)!{e COTHH BHP.OB Tal<HX 

rpH6KOB H 6aKTep11H. Ylx )!{H3He.LJ:e51-

TeJibHOCTb OCHOBaHa Ha ycsa~rnam111 

yrneBonoponoB. 3TH M11Kpoopratt113Mhl 

Bhl3bIBal-OT pa31IH4Hble HenoJia,D,KH npH 

3KCIIJiyaTaUHH peaKTHBHblX caMOJieTOB 

(3a6HBKa .n:aT4HKOB, QlHJlbTpOB, pa3-

pyrueHHe 3amHTHblX noKpblTHH, KOp

p03H51 TOIIJIHBHhIX 6aKOB H LJ.pyrne ), 

4TO npencTaBJ15leT cepbe '3Hy10 onac

H0CTh. 0 n Hoi1 H3 3cptj)eI<THBHhIX Mep 
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CllHpTOB, fJlHKOJleH 11 HX MeTHJIOBblX H 

3THJlOBh1x :Jcjrnpos. B LJaCTHOCT11, ,D,JI51 

peaKTl1BHblX 811.LJ:OB TOnJI11Ba peKOMeH

LJ.yeTC51 MeT11JIUeJlJI030JlbB (MOHOMeTH

JIOBblH 3cpHp 3THJieHrJIHKOJI5I) c rrpHMeCblO 

0,4% n111uep11Ha. 

B KaLJeCTse aHTHOKttCJIHTeJihHhIX 

np11canoK npHMeH.HeTC51 HOHOJI, <l>,[(A 

(N ',N ' -.n:11-emop-6yTHJI-n-cpeHHJI

n11aMHH) H npyrne rrpOH3BO,D,Hhie cpeHH

JieH,D,HaMHHa: 

3alJ..lHTbl OT MHKpoopraHH3MOB 51BJI51-

eTC51 npHMeHeHHe 6HOUHLJ.Hb!X npH

ca.n:oK, KOTOpbie napaJIH3Yl-OT aKTHB

HOCTb MHKpoopraHH3MOB. B KaLJeCTse 

np11canoK 3TOro THna np11MeH5!1-0T x11-

MHLJecK11e coemrneH115!, 06Jia.n:a1-0wt1e 

aHTHCeIITH4eCKl1MH, 6aKTepHUH.LJ:HbIMH 

csoi1crnaM11: Hanp11Mep, cpeHOJihI, aMH

HocpeHOJihI, 6opHbJe 3cp11pbl, fJ111KOJib60-

paThl 11 pa3JlH 4Hble KOMforn11poBaHHble 

np11canI<H. 

0TnenhHO Hano OTMeTHTb 3Hal.JeHHe 

no6aBKH K peaKTHBHblM 11 npyrnM He

cpT5!HblM BHnaM TOllJ111Ba aHTHCTaTH4eC

KHX np11canoK. BcnencTs11e secbMa 

Hl13KOH 3JieKTponpoBO.LJ:HOCTH Hecprn

Hb!X Bl1,D,OB TOnJI11Ba HaKOnJieHHe B HHX 

3ap5InOB CTaTHl.JeCKOfO 3JleKTpH4eCTBa 

Ol.JeHb onaCHO. Do 3TOH npH4HHe He

onHOKpaTHO npoHCXO.LJ:HJlH B3pb!Bbl H 

nm1rnpb1. 3ap51.ilbl '3HaL11neJlbHOH CllJlbI 

B03MHI<aJOT np11 n epe1<aL11<ax 11 TOMY 



no.uo6HbIX onepau1rnx. E.Ui'IHCTBeHHOii 

3a111,11TOH B 3Tl1X cny4a51x .uomKHO 6bJTb 

ysem1tJeH11e npOBO.Ul1MOCTl1 TOnJ1l1Ba, 

lIT06b1 3neKTpw1ec1<11e 1ap5I.UbI nepexo

.u11n11 Ha 1a1eMneHHb1e Mernn n11Yec1<11e 

YaCTH pe1epsyapoB 11n11 annaparypb1. 

Ecn11 3JleKTp114ec1<oe conpoT11BJieH11e 

TOrlJIHBa y.uaeTC51 CHl13l1Tb c 1012-10 14 
)],0 

I 0 10-10 11 OM ·cM, TO npaKTHYeCKH MO)l(

HO nOJ1HOCTblO 1136e)l(aTb HaKonneHl151 

3J1eKTpH4eCKHX 1ap5I.UOB. 

4.4 . .LJ.uJeJlbHOe TOnJlHBO 

B .us11raTen51x BHyTpeHHero cropa

Hl151 c BOCnJlaMeHeHHeM OT C)K3Tl151, Ha-

3bIB3eMbIX )],113eJ151Ml1 , YeTbipexTaKTHbIH 

pa60411l1 npouecc npoTeKaeT HecI<on bKO 

l1H34e, YeM B )],Bl1raTeJ151X c 3a)l(Jff3Hl1eM 

OT 11cKpb1. B .u111enbHOM .UBiffaTene B 

nepBblX .UBYX TaKTaX 3acaCblBaeTC5I H 

C)l(l1MaeTc51 4l1CTbIH s 01.uyx. TeMne

parypa so1.uyxa B I<OHUe xo.ua C)l(aTH51 

.D,OCTHraeT 550-650 °C, a ,UaBJ1 eH11e B03-

paCTaeT no 4 MITa. B TeYeHHe onpe.ue

n eHHOro spe MeHH B I<OHUe xo.ua C)l(3T l151 

B C)l(3Tb!H 11 HarpeTblH B03.UYX snpbl

CKl1BaeTC51 no.u 6011LWHM .uasneHMe M 

nopu1151 TOnJ1HBa. Me11blfal1w11e Kanenb

KH Tonn11sa nepexO.U5IT B napoo6pa1Hoe 

COCT051Hl1e 11 pacnpe.ueJ15IIOTC51 B B03.Uy

xe. Y:epe1 onpe.ueneHHbIH, secbMa He-

3Ha411TeJlhHbIH, MOMeHT BpeMeHl1 TOn

J1 11BO caMOBOcnnaMeH51eTC51 11 nOJ1HO

CTb!O cropaeT. BpeM51 Me)l(.uy HaYanoM 

Bnpb!CKa 11 BOCnJ1aMeHeH11eM T0r1J111Ba 

11a1brnaeTC5I 11cp11oon.11 w ocp.11cK11 ca

.\/01mc11.1u.11e11e11w1. B coBpe Me11H bIX 

6blCTpOXO)],HblX .us11raTeJ15IX 3TOT nep11-

0)], He 6onee 0,002 c. B pe1ynhTaTe cro

paH115I Tonm1Ba .uas11eH11e ra1a .uocT11-

raeT 6-10 MITa. BecbMa Ba)l(HbIM .UJ151 

o6ecne4eHl151 nnaBHOH, HOpMaJlhHOH 

pa60Tbl )],Bl1raTem1 51BmJeTC51 CKOpOCTh 

HapacrnHH51 .uasneHm.1 ra30B. H3 npaI<

THKl1 113BeCTHO, 4TO 3Ta CKOpOCTb He 

.UOJl)J{Ha npeBbtWaTh 0,5 Mila Ha 1° yrna 

nosoporn I<oneHYaTOro BaJia. B nparn.BHOM 

cnyYae .us11raTeJlb HaY11HaeT cryYaTb, 

pa6orn ero CTaHOBl1TC51 «)J{eCTKOH», 

a ttarpy1Ka Ha no.uw11nH11K11 4pe3Mep

HOH. f1051snett11e cryKOB 11 )l(eCTKa51 

pa6orn )],Bl1raTeJ151 TeCHO CB5133Hbl c ,UJ111-

TeJ1bHOCTblO nep110.ua 1a.nep)J{Kl1 ca

MosocnnaMeHeHl151. Y:eM npo.non)J{H

TeJihHee 3TOT nep110.u, TeM 6oJihwee 

KOJ1H4eCTBO TOOJil1Ba ycneeT noCTy

rll1Tb B u11n11H.np .us11raTeJ15I. B pe1ynb

TaTe - OLI,HOBpeMeHHOe BOCnnaMeHeHHe 

nOBbIWeHHOro KOJ1114eCTBa TOrlJ111Ba 

npHBO)], l1T K B3pbIBHOMY xapaKTepy 

cropaH115I , 11 .uasneH11e ra30B 6y.ueT Ha

pacTaTh cKa4Koo6pa3HO. B .usyx noCJie

.uyio111,11x TaKTaX - pa60411H XO)], 11 Bhl

xnon - npo11cxo.n11T pa6oqee pacw11pe

HHe ra30B l1 OCB060)K)],eH11e U11Jil1H.Upa 

.UBl1raTeJ151 OT npo.nyKTOB cropaHl151. 

B KaYecrne Tonn11sa .zi:n51 6h1CTpo

xo.uHblX )],11 3eJleH npHMeH51lOTC51 Kepo

CHHO-ra30HJ1eBbie cppaKUHH Hecprn . .ll:JI51 

THXOXO.UHblX 11 CTau110HapHbIX LI,B11raTe-

11eiJ. 3TOro T11na c MaJlblM 4HCJ10M 060-

poTOB HCOOJ1h3yeTC.51 6onee T5I)Ke11oe TO

r1J111BO T11na Ma3yTa. 

Ha116onee cymecTBeHHoe 3KCnJiya

Ta1l11 0 1-111oe CBoi1CTBO m n eJlbH bIX B111l0B 
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Ton.r11rna - :no cnoco6HocTh 6b1CTpo 

BOCn.naMeHSITbCSI II nnaBHO cropaTb. '-ITO 

06ecne'-!1maeT HopMaJJbHOe HapacraH11e 

ll<lBJl eHHSI H i\UlrKYK) pa6lny ;J.BllraTe

_rrn 6e3 cryKoB. Bocn.11~n1eH11TCJlbHb1e 

CBOliCTBa Tonmrna 33BllCSIT OT cro Xll

Mll'-leCKOro H cppaKUllOllllOfO COCTaBa. 

Ot.teBH,ll.HO. 'lTO 3TO. B nepnyK1 O'lepenb. 

CBSl33HO c TeMneparypofi ca\!OBOCTI.la

MeHemrn KOMTIOHeHTOB TOn.1111Ba. lh
BeCTHO. Hanp11Mep. '-IT(1 apm1aTlllleCKlk~ 

yr.11esonopo21b1 HMeJOT ot.teHb BbJCOK11e 

Tel\meparypbl BOcn,1a\1eHemrn (.:'00-
600 °C). 51CHO, 'lTO CILlbH03p0i\!aTll-

30BaHHhie npO-lYKTbl Henp11e\Cl eMbl 

B Ka'lecrne ,lH3eJJbHOrn rnn:rnsa. Ha

o6opoT, napaqnmosb1e yc1cso.Jopo.Jb1 

m,1e10T caMble HH3Klle Te\mepaTypb1 

CaMOBOCnJia\-teHeHIUl, II JJl3e.lbHble 811-

Jlbl TOnJmBa 1-13 napaqrnHHCTOtt Heqn11 

06.11aua10T xopowHi\rn ) Kcn.1yaraw10H

HblMH CBOllCTBa. 

OueHh."a socn.1a\temrre.1hHbIX csoikrn 

yrneso,11,oponos u Ton.11rna rnK :iKe. KaK 

H .leTOH3UHOHHOH CTOiiKo crn 6eH3HHOB. 

npOBOlllITClI MeTO.iIOM cpaBHC'Hl!5! Ha .1a-

6opaTOpHbIX HCilbITaTe.lbHblX yCTaHOB

Kax c :na.noHHblMli BH113\lll TOTI.'l"HB3. 

no 3HaJIOnHt C OKTa HOBbl\1!1 '-:!HC

.ilaMH .D.JJSI oueHKH MOTOpHblX CBOHCTB 

.llfleJJhHhlX BHlt:OB ron.mrna npHHSITbl 1fC-

111QH06ble 'IUC1G. 

~emaH0'6l>l .. \I 'IUC.70.M Ha3bIB3eTC5J 

COXI,ep)KaHHe, B % (06. ). ueTaHa B CMeCH 

c a-MenrnHacjna.11rnoM. 3KB1-rna.!JeHT -

1wii n c1 C3 'llOBOCn .1a\'1 .:H5!e\ H! 'Tl1 HC -
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BH!lOB Tonmrna B CTaHllapTHblX ycJIOBH

SIX llCTibIT3HH51 . 

UernHoBoe '-IHCJJO caMoro uerntta 

(1CKC3JleKaHa) C
16

H
34 

npHHSITO paBHbIM 

I 00, a-\tenurnacjnanHHa - 0. OnpeXI,e

nem1e uernHOBblX YHCe;l nposomn

C5! Ha CTaHll,apTHOH O,UHOUHJHrn,ilpOBOH 

ycTaHOBKe c ;:J.H3enhHOH rnnOBKOH no 

TaK Ha3brnaeMoMy MeTony cosna;i,eHH5J 

scnh1weK. UernHOBhie 'lHCJia ;i,113e,1b

Hb1x Bll.'lOB Tonmrna HOpMnpy!OTCSI B HH

Tepsane -+0-50 e,l. 

U .ernHosoe '-IHCJIO xapanep1nyeT He 

TO.lbKO BOCTIJ13\1eH11Te.7JbHble CBOttCTBa. 

OHO OTpa;i.;:aeT II HeKOTOpble .npyrne 3KC

n.1yaTaUllOHHble KaYeCTsa .:une.TJhHOro 

TOn.11rna : t.teM Bb!We ueTaHOBOe lfHC.10 .::rn-
3eJibHOro rnn.TJ11sa. TeM .1yYUJe ero ny
CKOBhlc CBOttCTBa, TeM \1eHee ,'.L.111TeJJeH 

nep110.] 33.Jcp:iKKH caMOBOCnJJaMeHeHIUI , 

00.lbWe TIO.'IHOTa cropamrn TOTI..111Ba, 

MeHbWe 33.J:bl\LleHHOCTb BbIX.lODHblX 

ra30B 11 CK..lOHHOCTb TOnmrna K OT.10-

;r;:eHH5!M Harapos B KaMepe cropamu1 H 

cpopcyHK3X. 

Ca\1b1e HH3K11e ueTaHOBhie Yncna xa

panepHhl .J)li! apoMarn:i:iecKnx yneso.:io

po.JOB. o co6etttto 611unK..11~ec1mx. lli1K

_1oa.;1KaHbJ ll 6HUHK.TJOaTiruIBbl 3aJiliMlliOT 

rrpoMeih.yroqHoe no,'lo:iKettne. Hau6o.;u,

UIU\1H UCTaHOBbIMH l:J:HCJI3~Hf 00.Ja!l310T 

a.1KaHb1 HOp1'1a.TJbHOro crpoemi5!. PaJ
BeTB.leHne MO.'leKyn a.JKaHOB np1rno.::nrr 
K 3HalfJITe.lbHOMY cmr.n;:emoo ueTaHOBbIX 

11nce.1. Bse;ieH11e ;:i.soll:Hoii CBSI3H B MO-

.!eh-:- .1: :-'-'e :tw.:c)rc'-12 T J. '\::2-:c Bb13bJ3:, ::·; 

f! DEl r+:.:HH e CJeT2!·1c' 3 C•f0 lfrJC.13. 



K ;::ipyrnM Ba)lnibIM CBOHCTBaM m1-

3eJ1 bHbtX BH)lOB Ton.rnrna ,UJUI 6btCTpoxo.n

HblX .nmeneH OTHOC5!TC5! HX cppaKUHOH

Hb!H COCTaB, B5!3KOCTb, Tel\meparypa 

33CTbIBaHH5! , KOKcyeMOCTb, co;::iep)l(aHHe 

cepbl, KHCJJOTHOCTb, conep)f{aHHe BO.::Ibl 

11 MexaHw-recKttx npttMeceH. Bee 3TH 

noKa3aTem 1 no;i,6ttpa!OTCH B TaKHX npe

.nenax, 4T06b1 06ecneLI11Th HOpM<LlbHY!O 

6ecnepe6ol1tty!O no.naLiy rnnnttBa B ns11-

raTeJ1b, nonHory cropaHI151 , yMettbweH11e 

Harapoo6pa3oBaHH5! 11 OTCYTCTBHe KOp

p03l1H. 

Oco6etttto 6onhwoe JHaLieH11e 111v1e

eT Tel\rneparypa 3aCTblBaHHH, sapb11-

py1Dw,a51c51 OT - I 0 cc )1J15! JleTHHX COpTOB 

.no -60 cc )llll apKTHLiecKoro coprn, tt co

.nep)l<att11e cepb1, Kornpoe He JlO;T>KHO npe

BhIWaTh 0,01-0, 1 % JlJlll pa3HbIX l\tapOK. 

4.5. He(j>THHble Macna. 
Ilpuca,ru~H K M3CJ13M 

0CHOBHOe Ha3Ha4eHHe HecpTHHblX 

MaCeJl 3aKJ1!04aeTClJ B CHH)l(eHHH Tpe

Hl15! Me)l(.ny TBep,UblMH nosepxHOCTlJ\IH 

.nsmK)'lll,HXC5! LfaCTeH caMblX pa3HO

o6pa3Hh!X MexaHH3MOB, CTaHKOB, JlBH

raTeJleH, MaWHH H npeD.OTBpaweHHH 

113HOCa MaTep11ana )THX LfaCTeH. 3TO 
.llOCTHraeTCll TeM, LfTO cyxoe TpeHHe 

Menurn114ecKHX noBepxHOCTei1 3a1v1e

HHeTc5! np11 Ha.1H41111 CMa3KH TpeHHeM 

CJlOeB B513KOH )1{11,UKOCTH Me)f{.uy co6ol1 . 

CHJia cuenneHH51 Me)l(Jly MonerynaM11 

MaTepttana Tpyw,el1c51 nosepxHocrn 11 

VIOJ 1e1,:y,1 a ~ 111 Ota31\ JI npCllbllllalOT c11_-1y 

rna11\tl!Oro CUCIIJ! e ll!UI \IOJI CKy:1 ca\toro 

\laC.la. 003TOM)' Ha OOBepXHOCTH Me

TaJl.la 06pa3yeTClJ np04HblH CJJOH CMa

'304HOro \taTep11a11a, LfTO HCK.l!OYaeT 

B03\IOJKHOCTb cyxoro TpeHH51 11 HaMHO

ro yMeHbWaeT MexaHHLfeCKHH l13HOC 

.uernnel1. c .::ipyroH CTOpOHhl, K03cpcp11-

u11eHT JKH.::IKOCTHOro Tpemrn, T.e. Tpe

HHSI Me)K.Ll)' CJl051MH B5!3KOH JKH,LIKOCTH , 

B .neC51TKl1 pa3 MeHhille K03cpcp111..u1eHTa 

cyxoro TpeHirn. CnenosaTenhHO, np11 Ha

JlHLIHH xopowei1 CMa3KH 3HepreTHYeCKHe 

1aTpaTb1 Ha npeo.uoneHtte Tpemui pe3KO 

)'\teHbWa!OTC51. KpoMe Toro, CMa30YHhie 

1v1acna Hrpa!OT poHh oXJJa)l(;::ta!Ow,ero 

arettrn. 60.1bwuttcrno ttecpDIHhIX Macen 

BblffYCKaeTC51 B KaLfeCTBe CMa304HhIX \ta

TepHaHOB, HO HeKOTOpoe KOJlHt.JeCTBO Ma

ce.1 npenttaJ HaLiaeTc51 rum cneu.muihHhIX 

TeXHHYeCKHX uenek K 3THM HecMaJoLf

Hbll'vt l\mcna\1 npeD,b51BJIR!OTC51 cnem1cpH

LfeCKHe Tpe6osamrn , CB5133HHhie c o6na

CTblO 11x npm.1ettemrn. 

OcttoBHOH xapaKrepHCTHKOH scex 

HecjnS!HbIX l\IaCeJI 51BJ15leTC5! HX 8513-

KOCTb. B 3as11c11\t0CT11 OT y.uenhHOH 

HarpyJKH, xapanepa H CKOpOCHl. ;J.BH

JKeH Hll TPYWHXCR nosepxttocTeH, a TaK

JKe Te1\mepaTy phI B yJJJe Tpett115! Tpe-

6osamrn K BSl3KOCTH CMa304Hh!X MaceJI 

secLMa pa3.1H4Hhl. HanpttMep, nerKHe 

Jl,HCTHJIJI51THbie HH.UYCTpHaJihHbie Macna 

110Jl)l{Hbl 06na11aTh B513KOCTb!O 4-8,5 .M\t2/ c 

npH 50 °C, a HaH6onee B513KHe OCTaTOl.J

HbIC MaCJia llJI 51 napOBhIX MaWHH 60-
70 M\t2/c. 

D:II51 Mace.TI , pa6oTa!OIUHX B wupo

K0\1 .'11rnmno11e Te\mepal)'P ( aBTO\f0-

6 1t:1bHbie. a 1rna w10Hl! bie. \1acna .J.15! TPll 

77 



11 .up.), 60JlbWOe 3KCn11yanu110HHOe 

3Ha4eH11e 111v1eer BH3KOCTHO-TeMnepa

TypHaH xapaKrep11cr11Ka . 

Moroptthie 1v1ac11a .uomKHhI 0611a

.uarb MaKCHMaJlbHO B03MO)l(HOH no110-

roii Kp11BOH 3aBI1CI1MOCTI1 BH3KOCTI1 OT 

TeMneparypbI. Ilp11 Bb1coK11x rervmepa

rypax 3TI1 1v1ac11a He nomKHbI c1111bHO 

pa3)1(11)1(aTbCH, a np11 HI13KI1X, Hao6o

por, - He TepHTb TeKy4eCnl. IloCKOJlbKY 

1v1oropHb1e 1v1ac11a B npouecce OL111cr

KH no.usepra10TcH .ueaccpa11 h nnau1111 11 

.uenapaqmtt113au1111, TO 11X BH3KOCTHbie 

CBOHCTBa ue1111KOM 3aBHCHT OT crpoemrn 

11 MOJleKyJrnpHOH MaCCbl nOJ111UllKJ1114e

CKI1X HaqneHOBbIX, apoMaTJ14eCI\HX l1 

rn6p11,aHbIX napacp11Ho-HacjJTeHo-apo

MaT114ecK11x yrneso.uopo.uos. HaH6o

nee Kpyroii BH3KOCTH0-rervmeparyp1101i 

KpHBOH 06na.ua10T nOJII1UI1KJII1LJec1rne 

yrneso.uopO.Ubl c KOpOTKI1MI1 6oKOBbIMI1 

uenHMH, oco6eHHO ec1111 4HCJIO KOJieu B 

MOJieKyne 6onee rpex, a caM11 KOJihua 

HeKOH,lleHc11poBaHHb1e. Ham1411e JlJIHH

HblX 6oKOBblX HaCbIIUeHHblX uenei1 B MO

JieKy11ax UHKJI11qecK11x yrneso.uopo.uos 

yny4waeT 3TOT Ba)l(HblH flOKa3aTeJib. 

Pa3sers11eH11e ueneii yMeHbwaer nono

)l(HTeJibHblH 3cjJcjJeKT. Boo6me CJlenyer 

np113HaTb, 4TO BH3KOCTHO-TeMneparyp

Hble CBOHCTBa BbICOKOMOJleKy11HpHbIX 

yrneso.uopo.uos HecpTH He coornercr

sy10r BblCOKHM rpe6oBaHI1HM, npe.ub

HBJIHeMbIM K COBpeMeHHbIM MOTOpHbIM 

Mac11a1v1. Oco6eHHO JTO orHoc11rcH K 

BH3KOCTHblM CBOHCTBaM np11 TeMnepa

rypax HH)l(e HYJIH. IlOJTOMY tta4aJI11 no

JIYLiaTb pacnpocrpa11eH11e c11Hren14e-
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c1rne CM3304Hble M3CJia. 3H3411TeJibHOe 

y11y4weH11e BH3KOCTHblX CBOHCTB CMa-

304HbIX MaCeJI .UOCT11raeTCH TaK)l(e ny

TeM np111v1e11e1111H np11ca.uoK, nosh1wa-

10m11x BH3KOCTb ,lll1CTl1JlJ151THbJX MaCeJl. 

B cny4aHx, Kor.ua Maeno pa6ora

er np11 6oJihWHX Harpy3Kax 11 MaJibIX 

CKOpOCTHX, .ua)l(e BblCOK351 B5!3KOCTb 

MaCJia He MO)l(eT o6ecne411Tb pe)l(11Ma 

)1(11JlKOCTHOi1 cMa3KI1. B 3TI1X ycnos11-

HX He y.uaeTCH f10Jl)'411Tb cra6HJibHOfO 

CMa3bJBaIOmero CJlOH onpe.ueJieHHOH 

TOJI1Ul1Hbl, II MaCJIO MO)l(eT 6hlTb f104-

TI1 flOJl HOCTbfO Bbl)l(aTO 113-no.u rpy

IUHXCH nosepxHocrei1 . Ba)l(Hei1wei1 

xapa1nep11CTI1KOH B TaKHX )'CJlOBI15!X 

CTaHOBHTCH .110C.i?Jlf/UCmOCll1b, 11Jll1 c.11a

Jb/(;([/()l/{a5/ Cl70C06f!OC/111>. 3THMI1 rep

M HHaMll onpe.uenHeTCH cnoco611ocTb 

Macna C03LWBaTb Ha MeTaJlJll(LJeCI<Oi1 

nosepxHOCTH BeCbMa np04HblH, HO OLieHb 

TOHKI1H CMa30LJHblH CJIOH. TOJIIUHHa 3TO

ro CJlOH, no .uaHHblM pa3HblX aBTOpOB, 

scero JlHWh 0, 1-1 , I MK, T.e . He npeBbI

waeT 50-500 MOJleKynHpHblX CJlOeB. 

TaKoii nm cMa3KH noJI)'411Jl Ha3BaH11e 

rpamt4HOtt CM33Kl1. HecMoTpH Ha HHLJ

TOiKHYIO TOJllUHHY TaKoro CJ105! , 113HOC 

MaTepHaJlOB np11 rpaHI14HOH CMa3Ke 

yMeHbwaeTcH B TbICH4H pa3 no cpasHe

H1110 c cyx11M TpeHHeM . 

no YCJIOBl15!M 3KCnJiyarau1111 Mac

na .UJIH XOJIOJll1JibHbIX Maw1rn, np11-

6opHbie, MOTOpHble 11 HeKOTOpbie .upy

rne He .UOJl)l(Hbl repHTb f10.UB11)1(HOCTl1 

np11 TeMneparypax OT -30 .uo -60 °C. 
B TexH11Yec1<11x HOpMax JTO I<aYecreo 

MacJ1a 1<011Tpom1pyeTcH onpel..lene111-1e1v1 



ero TeMnepaTypbI 3acTb1Bamrn. 3Hat1e

HHe TeMnepaTypbl 3aCTbIBamrn 3aBH

CHT OT np11cyTCTBtl5l B MaCJJaX TBep.UbIX 

napaQJ11HOB 11 uepe3HHOB. np11 Hl13Kl1X 

TeMnepaTypax OHl1 Kp11CTaJIJIH3Y!OTC51. 

C03.uaeTC5l Kp11cTaJ11111YecKa5I ceTKa, 

B KOTOpOH 3aKJllOYeHbl )({11.UKHe yrne

BO.UOPO.Ubl, H BC51 Cl1CTeMa Tep5IeT no.u

BH)KHOCTb. 

«3aCTbIBaHl1e» MaCJJa np11 Hl13KHX 

TeMnepaTypax MO)KeT npoH30HTl1 11 no 

.upyroi1 np11t111tte. Bb1co1<0Mo11eKy1151p

Hbie yrneso.uopO.Ubl c BbICOKl1M ypoB

HeM B513KOCTH np11 Hl13KHX TeMnepa

Typax CKJJOHHbI 1< accou11au1111 MOJ1e-

1<y11, a 3TO, B CBOIO Olfepe.ub, BJlelieT 3a 

co6oi1 pe3KOe yse1111Yem1e B513I<ocrn. 

C uenb!O ynyYweH115I HM3KOTeMnepa

TypHblX CBOHCTB HecpT51HblX 11 CMHTe

THYeCJ<MX MaCeJJ I< HMM .uo6aBJ15IIOTC51 

cne1.1,1.rn11bHbie npttca.u1rn, noHM)Ka!OLUHe 

TeMnepaTypy 3acTb1BaH115I - r)e11pecca-

111opbL 

Ba)({Hei1w11i1 KaYecrneHHblH no1<a3a

TeJJb HecprnHbIX MaceJJ - HX XHMHlfeCKa51 

CTa6HJlbHOCTb no OTHOWeHHIO I< KHCJIO

po.uy 803.Uyxa. 3TO OTHOCHTC51 K MOTOp

HbIM , ryp6HHHbIM, KOMnpeccopHbIM , 

TpaHccpopMaTOpHblM 11 HeJ<OTOpblM .upy

rHM MaCJJaM, KOTOpble 31<CnJlyaTttpylOT

C51 B yc110BH5IX uttpKyJJ5IL\HOHHoi1 cMa3-

Kl1, T.e. MHOroKpaTHO npoKalfHBaJOTC51 

Yepe3 y3JJbI TpeHtt51. 

B pa6ot:f11x yc11ostt5Ix Mac110 Haxo

.U11TC51 no.u B03,!l.eHCTBHeM p51.ua q)aK

TOpOB, pe3KO ycKOp5IIOW.HX npoueCCbl 

orrncnernrn: noBbIWCHHOH TCi\meparypi,1. 

1Gnam1Tw1ec1m ro srn 1H1-11rn 1xnn w1 H bl x 

MeTaJJJJOB, KOHTaJ<Ta c 803.UYXOM, aB

TOKaTaJJHTHYeCKOro B03.UeHCTBH51 npo

.UYKTOB OKHCJJeHH51. 01<11c11eH11e Mac11a 

npoHCXO.U11T 111160 BO BCeM ero o6beMe 

(B TOJICTOM CJJOe), Jltt6o B TOHKOM CJJOe, 

Kor.ua MaCJIO npoKaYl1BaeTC51 Yepe3 Ll,11-

JJ11H.UpOBO-nopurneBble y3JJhl TpeH115I. 

B nocJJe.utteM CJJyLiae Mac110 Haxo.u11Tc5l 

B oco6o T5l)Ke11i,1x yc11os1151x TeMnepa

TypbI 11 KOHTaICTa c Kl1CJIOpO.UOM B03.Uyxa 

11 MeTaJJJIOM. flp11 3TOM rosop5IT 0 Tep

MOOKHCJJMTeJibHOH CTa6ttJibHOCTH MaCeJI . 

Ha11JiyYwtti1 yrneso.uopo.UHhIH rpyn

nosoi1 COCTaB MacJia, c TO"IKH 3peHl151 

ero XHMHYeCKOH CTa6HJibHOCTl1, OTBe

yaeT CMeCH MaJIOLl,HKJIH"IHbJX HacpTe

HOBblX, apoMan1t:feCKl1X 11 r116pH.UHblX 

yrneso.uopO.UOB c .UJI11HHbIMl1 60KOBblM11 

HaCbILUeHHblMH uen5IMl1. 

Ha1<01rneH11e B MacJie pa3JIH"IHbIX 

nponyKTOB OKHCJieHH51 Bbl3b!BaeT spe.u

Hble nocJJencTBH51. 

I. H113KOMoJ1eKympHb1e KHCJIOThI 11H

Te11c11sHo KOppo.u11py10T MeTaJJJibl, oco-

6eHHO useTHble (cB11Heu, Ka,!l.Ml1H 11 .up.). 

2. Bb1co1<0MOJieKyJI5IpHhre KHCJIOThI 

B np11cyTCTBHH Kl1CJIOpo.ua 11 BO)lbl pea

rnpylOT c 06pa3y10w.ei1:C5I B 3Tl1X ycJio

Bl15IX rn.upooKHCbIO :>KeJie3a (II): 

Fe( OH)
2 
+ 2RCOOH ~ 

(RC00)
2
Fe + 2H20 

CoJIH Bb1cw11x KHCJIOT nnoxo pac

TBOp5110TC51 B Macnax, Bbrna.ua10T B oca

.UOK 11 B BH.Ue WJlaMa HaKanmrnaIOTC51 

Ha CMa3b!BaC'>1blX nosepXHOCT5IX H B 

u11pKyn5IUH01111oi1 MaCJJ5IHOH CMCTCMe. 
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KpoMe Toro, JTl1 con11 Karnn11311py10T 

nepB114Hbie peaKU1111 OK11CJleHl151. 

3. HaKonneH11e K11cnoT, a TaK'IB:e 

BO.!lbl B TpaHccpopMaTOpHOM MaCJle 

KpaHHe OTp11uaTeJ1bHO OTpa)f(aeTC51 Ha 

ero OCHOBHOH 3KCnnyaTaUl10HHOH xa

paKTep11cT11Ke - npo61rnHOM Hanp5!

JKeH11H, TaK KaK np11 ')TOM pacTeT ero 

)JieKTponpoBO.!lHOCTb. 

4. Bb1coKOMOJJeKym1pHb1e npo.ny1<Tb1 

peaKu11i1 (cMOJihI, accpanbTeHbI , Kap6e

HbI) OTKJ1a)lbIBalOTC5! B Macnono,nalO

weH c11cTeMe, 3acop5!10T ee 11 5!BJ15!10Tc5l 

0.!lHOH 113 np114HH Harapoo6pa30BaHJl5! 

B UHJlHH.!lpax .!lBHraTeJieH H KOM npec

copoB. Harapb1 B JlBHraTenHx seCbMa 

OCJIOJKH5!IOT HX HOpMaJlbHYIO pa6oTy, 

a B KOMnpeccopax MoryT 6bITb ,nmKe 

npHllHHOH B3pbrna. HaKonnem1e yrm1c

TbIX OTJIO)f(eHHH Ha CTeHKaX u11m1H,npa, 

nopWH5!X, KOJibUaX, KJlanaHax l1 T.Jl. , 

B03MOJKHO, np011CXOJll1T He TOJibKO 3a 

Cl!eT npo.nyKTOB OKHCJ1eHH5!, HO 11 B 

pe3yJibTaTe LJHCTO TepM11LJec1mx npe

spameHHH nOJI11UHKJIHLJeCKl1X yrneso110-

po.nos H CMOJIHCTbIX seweCTB. 

5. 0KCHKl1CJIOTbI 11 npo11yKTbl HX 

KOH.!leHCaUHH TaKJKe OLJeHb nnoxo pacT

BOp5!10TC5! B yrneso11opo11ax. CTo3TOMY 

OHH JIHOO o6pa3ylOT yrn11CTbie OTJIO)f(e

HH5! THna Harapa, m160 OTKJia.!lblBalOTC5! 

Ha pa3Jil1LJHhIX LJacrnx nopwtteso.H rpyn

nhI JlBHraTeJrn B s1111e TOHKOro 11 BeCbMa 

npo,rnoro CJI051, HanoM11Ha10wero no 

BHeWHeMy BH.LlY JiaKOBOe noKpbITl1e. 

Ha Me1-1ee rop51'1HX <1acT5IX OKCHKHC

JJOTbl na10T m1mrne OTJ10jJ<eHH51. 06pa-
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30BaH11e naKOBblX nJieHOK - pe3yJ1bTaT 

OKl-ICJleHHSI Macen B TOHKOM cnoe. 0T

JlO)f(eHl1e naKa Bbl3bIBaeT np11ropa1-111e 

nopwHeBblX Koneu H neperpes .LleTanei1, 

Ha KOTOpb!X o6pa30BaJ111Cb 3Tl1 OTJ10)!(e

Hl151. Bee 3TO np11BOL1,HT K yMeHhWeH1110 

MOIUHOCTl1 .!lBHraTeJ15!, 6bICTpeHweMy 

ero 113Hocy 11 ysentt4trnaeT pacxo11 Mac

na. 

)J,nsi npe.usap11TeJ1bHOH oueHK11 

CKJ10HHOCTl1 MaCeJI I( OKHCJ1eHl1IO H Bbl

.neneH11IO oca.nKOB npe11no)f(eHb1 pa3nH4-

Hb1e MeTO.[lbl. B OCHOBHOM OHl1 CBO.Ll5!T

C5! I( ycKopeHHOMY OK11CJleHHIO Macen 

B0311YXOM 11Jll1 KHC1lOpo110M B 6oM6ax 

HJlH CTeKJ151HHhlX nptt6opax npH 120-
200 °C. CTOCJIC OKHCJ1eHHSI onpe11eJ15!IOT 

1<HcnoTHoe LIHCJIO 11 co11ep)f(a1me oca11-

1<a . no1<a3aTem1 X11Ml14eCKOH CTa611JJb

HOCT11 no 'HMM MeTo.naM CJly)!<aT ,UJlSI 

oueHKH Typ611HHblX KOMnpeccopHblX, 

TpaHccpoprviaTopHblX H HeKOTOpb!X .npy

rnx rviacen. MoTopHble CBOHCTBa Macna 

JJ,J15! .LlBMraTenei1 BHyTpeHHero cropaHM51 

onpenensilOTC51 cneuHanbHbJMH MeT011a

M11, KOTOpbie B KaKOH-TO Mepe OTpa)!(a

IOT MX noseneH11e B 11BHraTeJ151X. 

)J,a)f(e ny4u111e HecprnHhle MaCJla no

cne TWaTeJlbHOH KOM611H11pOBaHHOH 

0411CTKl1 He 06na11a10T .!lOCTaT04HOH XH

MHLJeCKOH 11 TepM114eCKOH CTa6HJ1bHO

CTblO B ycnOBl151X pa60Tbl nopwHeBbIX 

.LlBJffaTeneH:. CTo3TOMY rnKoe 6onbwoe 

3HaLJeHtte nptt11aeTc5! B HacTOHWee spe

M51 pa3JIHLJHbIM np11ca111<aM, cnoco6HhIM 

yny4tlll1Tb MHOrne Ka<JeCTBeHHbie fIOKa-

33TCJ111 11 ')KCnn yarnu110HHbie CBOikrna 



Mace11. B COBpeMeHHOM npo111BOD.CTBe 

cMa304HblX 11 cneu11aJJbHb1x Mace11 11x 

111alfett11e 04ettb Ben111<0. 

Op11canI<11 no6aBJJ5llOT Ko BCeM n1-

naM MOTOpHbIX MaceJl, J( Typ611HHbIM, 

KOMnpeccopHbIM, TpaHccpopMaTOpHbIM, 

TpaHCM11CCl10HHblM 11 HeI<OTOpbIM 11H

nyCTp11aJlbHbIM MaCJlaM. 

K Mac11aM no6aBJ15llOTC5l c11eny10LU11e 

T11nb1 np11cano1<: I) aHT1101<11cn11TeJlbHb1e; 

2) aHT11I<oppo1110Httb1e; 3) nenpeccarn

pbr; 4) B5l3KOCTHble; 5) npon!BOl13HOC

Hble; 6) MOIOLU11e 11JlH aHTl1HarapHbie; 

7) aHnmeHHbie; 8) MHorocjiyH1<u110HaJlb

Hb1e. 

A /-11111/0Kll C.7 u me.1 bl/ bl e 11 /JU cao I\/./. 

)J,o6aBKa aHTl10Kl1CJll1TeJlbHbIX np11ca

)lOK I< MacnaM T11na TpaHccjiopMaTop-

110ro, Typ611HHOro H HM nono6HblM, 

nonBepralOU(HMC5l OKHCJleHl1IO B 06'1.,

CMC (B TOJlCTOM cnoe), 3Ha411TeJlbHO 

yBeJ111Y11BaeT cpoK 11x 6eccMeHHOH pa-

6oTbl. np11cyTCTB11e 3HTl10Kl1CJ111TCJ1CH 

B KOM003Hlll111 np11caD,OK, no6aBJ15leMOH 

K MOTOpHblM MaCJlaM, KOTOpbie non

Bepra!OTC5l OKI1CJ1CHl1IO B TOHKOM CJlOe, 

yBeJ111411BaeT TepMooI<11cn11TeJlbHYfO crn-

611JlbHOCTb 3THX MaCeJl. 

Aumu1<:oppo1u01111b1e 11p11cao1a1 . B Mo

rnpHbIX Macnax MOryT HaXOD,11TbC5l H H3-

K30Jll1B3TbC5l np11MeC11, KOppon11py10Wl1e 

MacnonpOBOD.bI, H3COCbl, UHCTepHbl 11 T.n. 

Oco6ettHO onacHa 1<oppm1151 BKJlaD,bTWeH 

nonw11nHI1KOB 113 UBeTHbIX MCTaJlJlOB, 

KOTOpa5l MO)KeT Bbl3bIB3TbC5l npo.llyKTa

\1 ll 01\llCJICHll5l. ccpllllCThl\111 COC.lllHC

Hll>l~lll. Pc ii-:o yc 11 J11rnaercn i-:oppo lllH n 

(1 -1111 ~ 11 

np11cyTcrn1111 Bnarn. B ue1151x 6opb6h1 c 

1<oppo111ei1 11 no6aBJ15llOT cneu11anbHb1e 

aHTl1KOpp03110HHble np11caD,Kl1, KOTOpb1e 

B OCHOBHOM npeD,CTaBJ15llOT co6oi1 no

I15lpHbie Bewecrna, nerno ancop611py10-

w11ec51 1-1a MeTann114ec1<11x noBepxHo

crnx. MexaHH3M 11x nei1cTmu1 1aKJJ104a

eTC5l B C03D,aHHl1 Ha MeT3JlJlC 3a1Ul1THOro 

MOHOMOJlCKYI15lpHoro CJ105l , npelli!TCTBy

IOLUero B03D.CHCTBHIO Ha MCT3JlJJ KHCJlblX 

11 .upyrnx aKTl1BHbIX areHTOB. 

B Ka4ecrne aHT111<oppo3110HHbIX np11-

canoK K MacnaM no6aBJ15!10T: ocep11e11-

Hb1e MaCJla, ocepHeHHhie 3cp11pb1 p111111-

HOJleBoi1 11 OJ1CI1HOBOH Kl1CJlOT, CYJlb

cp11JJ.bl aJlK11JlCjJeHOJlOB, cpoccp11Tbl ( 3cpH

pb1 cjJOccjJOpl1CTOH KHCJlOTbl), a TaK)!(C 

nrocpoccpopHbie np11can1<11, conep)!(a

LUMe O,Ul·IOBpeMeHHO cepy 11 cjloccjlop. 

Bee 3TH BCllleCTBa 11er1<0 co1na10T 3a

Wl1THY10 nJJeHKY Ha MeTaJlJJe. 

J]enpecca111opb1. )lm1 CHl1)f(CHH51 TeM

nepaTypbI 1acTbIB3Hl151 11 yny4we111151 

npOK3LIJ1B3eMOCTH np11 Hl13Kl1X TeMne

paTypax HetjJT5lHbIX M3CCJ1 npHMCH5llOT

C5l np11canK11, llOJlY411BUJl1e H33B3HJ1e 

.nenpeccopoB, HJ111 nenpeccaTOpos (OT 

CJlOBa .uenpeCCH51 - TIOHl1)KCHHe) . 

npucadKll. _1 '. 7)'l/UIGIOUfUC 6f/3KOC/11-

lli>IC cNu11c11wa Macen. B5l3KOCTHblMH 

np11cam<aMH H33blB3IOTC5l T3KJ1e Be1Ue

CTB3, KOTOpbie np11 CMCWCHHH c M3Jl0-

B5l3KHMl1 M3CJ13Ml1 3H3411TCJlbHO yBe

Jll1411B3fOT HX B513KOCTb np11 nOJJO:llrn

TCJibHblX TCl\meparypax 11 He OK33blB3IOT 

cy111ccTnc1111oro n: 111511-111 51 - 11p11 0Tp11-

1w1e.:11>11h1x. C~ 1c: tOHa ft:' .1 1bHO. ;1ooa1ne-
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HHe npHcanoK no3sonHeT nonyYaTb 113 

M3JIOBH3KHX Macen BbJCOKOBH3KHe, xa

paKTep113YIOLU11eC51 K TOMY )Ke nonoroi1 

TeMrreparypHOH KpHBOH B513KOCTH. 

B KaY:eCTBe B513KOCTHhIX np11canoK 

HCCT0Jlb3YIOTC51 pa3H006pa3Hble nOJIH

MepbI, c BeChM3 60JibWOH B513KOCTblO. 

Hatt6onI>rnee pacnpocTpaHeH11e nony

Y:HJIH ITOJIHH306yrHJieHbl (fll1£). 

flon1111306yTHJieHbl , npHMeHHeMbie 

B KaY.eCTBe npHcanKH, HMelOT MOJI. Mac

ey OT 15000 no 25000. Ilp11Y.eM Y.eM 

Bblllle MOJieKynHpl-Ia51 Macca, TeM ITOJIH

Mepbl HMelOT nyqrny10 pacTBOpHMOCTb 

B Macnax 11 6onhrny10 TepMHIJecey10 CTa-

611nhHOCTh. 

CTpoeH11e npttcanKH TaKoBo: 

CH, CH, CH3 CH3 

I I I I 
... . - CH, - C - CH, - C - CH, - C - CH, - C - CH, - .... -, - , -, - , -

CH_, 

HapHny c nonHH306yT11nettaM11, xo

pornHMH BH3KOCTHbIMl1 np11canKaMH 

cny:JKaT 11 npyrne non11Mepttb1e npo

nyKTI>I, ttanpHMep, TIOJIHMepbl 3cp11pOB 

MeTaKpHJIOBOH KHCJIOThI CH, = C( CH.) - , 
COOR. Mttoro pa3ttos11nttocTei1 non 11-

MepoB :noro THna, B 33BHC11MOCTH OT 

nnHHbI yrneponttoi1 uem1 cn11prnsoi1 

Y.aCTH, MOJieKyJihI R, BhmycKafOTCH no

JIHMeTaKpHnaTbI c MOJI. Macco ~i 2700-
3700 (8-l) H 12000-17000 (8-2) . )TH 

npHcanKH HBJ15llOTC51 O[lHOBpeMeH HO 

H B513KOCTHbIMH, 11 nenpeccaTopaMH. 

Ilp11MeHHIOTC5l T3K)l{e non H3JJKl1JICTH

p0Jibl 11 .upyrne no1111Mepb1. 

He.uoCTaTKOM MHornx non11MepHbIX 

npHC3.UOK 51BJI51eTCH HX He3H3Y.11TeJTbH3H 

TepMHlJeCKa51 11 MexaHHLJeCK3H CTa6HJib

HOCTb. 

flpomueou3HOCHbte, URU npomueo

wc)11p111>1 e np11CL[(ku. B yc110B11Hx r pa

HH'lllO?i CM33Kll, KO r.na .ueTa,lH HCnbI

TblB3KlT orp O\IH Oe Jl3BJ1e 1111 e, 4TO no-
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CH 
] 

Bb!WaeT onaCHOCTb 6bICTporo H3HOC3 

11 TaK H33bIBaeMbIX 33.UHpOB, Heo6xo.u11-

MO K MaCJTaM n o6aBJI51Tb cneu.11aJibHh1e 

np11ca,UKl1 , nOBblW3IOLUHe 11X CMa3bl

B3IOLUYIO cnoco6HOCTb. )TO oco6eHHO 

Ba:JKHO .UJJH TpaHCMHCCHOHHblX 11 HM no

.uo6HbI X MaceJT, npe,UH33HaY.eHHbIX .UJI51 

CM33Kl1 p a3JIJ1LIHblX 3Y643TbIX, rnno11.u

HblX 11 YepBH4 HhIX n epenaY., rne .uoxo

LLHT nasneH11e no 3000 Mfla. 

B KaLtecrne nono6Horo po.ua np11-

ca.noK npennmKeHo 04eHb MHOro pa3-

Jl HLJHbIX n osepXHOCTH0-3KTl1BHbI X se

LUeCTB, c noco6HbIX co3.uasaTb npo4-

Hhti1 norpaHH4HhIH c11oi1 . Hawn11 

pac npocTpa HeH11e Bb1crn11e )!rnpHbie 

KllCJIOTbl - 011e11HOBaH, CTeapHHOB3H 

11 .up. , ecTeCTBeHHbie )!{Hpbl 11 M3CJI3 , 

oceptteHHbie Macna, a TaIOKe cneu.11anb

Hb1e CHHTeTw1ecK11e np11ca.uK11. K HHM 

OTHOC5!TC51 , 1rnn p11 1<v1ep, np1-1can1rn r\ca 11-

rnreHaT11oro nma 113-6/9 -- n 11 6yTI·LlK

caHTore 1-1 aT T rn .1e1 ia: 



r narn Ll t3a)FH8vlLLl~I? Hecj:rrenpogyKTbl. XapaKTep~CH1Ka ~ np~MeHeH~e 

l1 J13-23K - )J,l1l130I1pOI1l1JlKCaHTOreHaT 

3THJleHa. 

Mo10U/ue, aHmw1a2apHb1e unu ouc

nep2upy10ufue npucaoKu. Macna )J,1151 

)J,BHraTeJleH BIIyrpeHHero cropaHH5! 3KC!l

nyaTHpyIOTC5! s yc110BH5!X, cnoco6crny

IO!l\11X 11X rny6oKOMY OJ(J1CJleHl1IO 11 

TepMw1ecK0My pa3JlO)l(eH1110, LITO B KO

HeYHOM 11TOre np11B0Jl11T K OTJ10)1(eHl151M 

pa31111YHOro pona ocaw<os, Harapos 11 

o6pa30BaHHIO JlaKOBbIX nneHOK Ha ne

TaJ15!X ns11raTe11ei1. 

MHor11e nosepxHOCTHO-aKT11BHb1e se

meCTsa 01<a1an11cb xopow11M11 npHcan

KaM11, CHl1)1(a!Oll\11Ml1 OTJ10)!(eHl151 Ha

rapos 11 nai<006pa1osam1e Ha nosepx

HOCTl1 nopwHeii. Ta1rne 11p11cawrn 

nonyLJl1J111 Ha3BaHl1e MO!Oll\11X, aHTl1-

1rnrapHblX, n11cneprnpy10m11x. Ho H11 

OJlJIH 113 3Tl1X TepM11HOB He OTpmKaeT 

npaBl1JlbHO nei1CTBl151 npHCa,ilOK 3Toro 

T1111a. H11 11penoTspaT11Tb HaKon11em1e 

yrn11CTbIX YaCTHU B l\IaCJle, Hl1 Cl\lb!Tb 

11x c MeTa1111HYecK11x nosepxHOCTeii 

111111 pa1Me11bYHTb (n11cneprnposaTb) 

np11canKH He MoryT. OnHaKo nocKOJlbKY 

BHeWHl1K 3cpcpeKT 11X nei1CTBl151 3aKJ1!0-

LJaeTC51 B TOM, '-ITO nopWHH JlBl1raTenei1 

nocne 3Kc1111yaTau1111 Ha Macne c MOIO

mei1 npHCa,ilKOH OCTa!OTC5! '-111CTbIMl1 11 

nopurneBbie KOJlbUa BCJle,ilCTBJ1e 3TOro 

He np111opa10T, B TO Bj)C/\15! Kai\ lKCnny

anllU 151 :Ullll'aTC.151 Ila TOM :.+:c !\IaCJle. 110 

6e1 rrp11canK11 rrpHBOJll1T K 3arp5!3He

Hl1IO nopwHeH, o6pa30BaHl1IO JlaKOBbIX 

nneHOK 11 rrp11ropaHl1IO KOJleU, tta1sa

HJ1e .\10/0ll(Ue yKopeHHJlOCb 3a 3Tl1MH 

np11ca1J,KaMH. 0 MexaHl13Me )J,eHCTBH51 

MOIOUIHX 11p11ca)J,OK 11Me!OTC5! pa3JIHLJ

Hble npencTasneH115!. 0JlHOH 111 rnas

HbIX HX Cj)yHKU11H 5!BJ15leTC5! Oucnepz11-

py10Uf Q5/ cnoco6HOCTb, COCT05!Uia51 B 

TOM, '-ITO OHl1 coxpaH5!IOT 06pa1y1om11-

ec51 B Macne yrnepOJll1CTbie YaCTl1'-IKl1 

B MeJlKO)J,HcnepCHOM COCT05!Hl111. 811-
)J,HMO, yKpymieHl1!0 LJaCHl'-!eK Hara

pa npenHcrnyeT a)J,cop6u1151 MoneKyn 

np11ca1J,K11 Ha 11x nosepxHocT11. TaK11M 

o6pa30M, CHCTeMa Maeno - LJaCTl1'-IKH 

Harapa npe1J,CTaBJ15leT co6oi1 crn61111b

HY10 cycneH3l1!0. 

Ar1111une1mh1e 11pucaOK11. CTa61111bHbre 

1\13CJ151Hble neHbl MOryT o6pa30BaTbC5! 

KaK B aBHaU110HHbIX )J,B!1raTeJ151X npH 

pa6oTe Ha 60J1billl1X BbICOTax, Tai\ 11 B 

aBTOM0611,1bHbIX )J,BJ1raTeJ15!X np11 OLJeHb 

6011bw11x cKopoCT51X. C1111bHOe scne

H11BaH11e MaCJla no p51JlY TeXIU1'-!eCKHX 

np11411H He)J,onyCTHMO. Ll,1151 6opb6hl c 

3TJ1M He)KenaTeJlbHblM 51BJleHJ1eM npH

MeH5l!OTC51 aHTl1!leHHbie np11ca.LJ,Kl1, KO

TOj)bie MoryT He TOJlbKO npen.yupe)!(JlaTb 

06pa1osaH11e neHhI, HO 11 pa3pywaTb 3TY 

B03.LJ,YWHO-MaCJ151HYIO KOJ1J10J1JlHYIO CH

CTC!\Iy. Mcxm1m\1 .1ei'icTm m m1T1mem1h1x 

lljJl!CcUOK Jal\jl!OLJaCIOI B CHlliKCHllll 
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lnaaa 4. Ba>1<Hel7!w111e Hecjnenpo.1:1y1<Tbl. Xapa 1<Tepv1cn 11(a •1 np111 MeHe H111e 

np04HOCTJ1 nosepXHOCTHbIX M3Cn51Hb!X 

n n eHOK BCJle,llCTBHe ancop6u1111 Ha HHX 

MOJleKyJl npHCR,llOK. JlycIWHi'vlH np11can

KaM11 3TOro T11na 51BillllOTC51 Kperv!HllHOp

ram¥1eCK11e coe.n.11tteHl15l - CHJlHKOHbl HJlH 

no1111c11J10KcaHbI. C11J111KOHhI npencrns115!

IOT co6oif coe.n.11Hemrn, B OCHOBe KOTOpbIX 

Jie)J(HT Cl1JIOKC3HOB351 rpynm1pOBKa: 

I I I I 
- Si - 0 - Si - 0 - Si - 0 - Si - 0 -

I I I I 

K cso6o.n.Hh1M 6oKOBhIM CB513SIM KpeM

Hl151 Moryr 6bITh np11coen11HeHhI pa3-

JIH4Hbie opraHl14eCKHe pa,lll1K3J1bl : 43-

me scero MeT1111, 3THJI , MeT11mpeH11JI 11 

3TttmpeHHJI. 

MH020</JyHKtfUOHaJlbHble npucao1<.u. 

KaK BH.Ll.HO H3 npHBe,lleHttoro nepe4H51 
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np11canoK, .UJIH np11.namrn HeQHSIHhIM 

MaCJiaM Bb!COKHX 3 KCl1JIY3T3U110HHblX 

CBOHCTB !( HHM Ha.no .n.o6aBJISITb ueJihie 

KOMn03HU1111 npHC3,llOK. 3To .n.oporo 11 

Hey.no6Ho, a 1<p0Me rnro, B psi.ne cJiyYa

e s n ei1crn11e O,llHHX np11ca.n.01< napaJ111-

3yeTCH np11CyTCTBl1eM ,llpyrnx. no3TO

My HaH60JibWl1H HHTepec npe,llCTaBJISl

IQT MHOrocpyHKU110H3JlbHbie np11ca,llKl1, 

cnoco6Hhie o.rwospeMeHHO yJiyYrnaTh 

pa3Jil14Hhie csoifcTBa MaceJI. 

M HorocpyttKUHOHaJihHbie np11ca,LJ.K11 

MOryT npe,llCTaBJIRTb co6oi1 J11160 CMe

CH np11ca,llOK pa3Jil14HOro .n.eHCTBHH, 

m 160 cneumjrnYecK11e, CJIO)J(Hbie opra

HH4eCKHe coe,LJ.11HeHl15!, CO,llep)l<alll,He B 

CBOeM COCTaBe cepy, cpoccpop, MenUIJibl, 

pa3:IH4Hhle IlOJI51pHbie, cpyHKUHOH3Jib

Hhle rpynnhI. 



rJIABA 5. noJJ,rOTOBKA HE<l>TH K nEPEPAI>OTKE 

5.1. C6op u nonrorneKa 
uect>TH ua npOMhICJiax. 
CTa6unu3au;m1 uect>Tn 

HecjJTb, no6brnaeMa51 113 3eMHbIX 

Henp, conep:>K11T, KaK npas11J10, ra3, 

Ha3bIBaeMbIH nonyTHbIM, nJiaCTOBYl-0 

BOJJ,y, MHHepaJibHbie COJIH, pa3Jl11'-1Hble 

MexaH11YecK11e np11Mec11. Ha Ka:>KJJ,yI-O 

TOHHY no6bITOH Hecjn11 np11xoJJ,HTC5! 

50-100 M3 nonyrnoro ( HecjlrnHoro) ra3a, 

200-300 [(f BO)J,bl, B KOTOpOH pacrno

peHbl COJIH. Tiepen TpaHcnopn1poBKOH 

11 noJJ,aYeii HecjJT11 Ha nepepa6oTKY 

ra3 )J,OJI:>KeH 6bITb OTJJ,eJiel-1 OT HeCjlnl. 

YnaJieHtte ra3a tt3 Hecjn11 npoBOJJ,11TC51 c 

noMOllibl-0 cenapau1111 11 CTa611J1113aui111. 

HecjJTb TaK:>Ke nonsepraeTC51 01111CTKe OT 

MexaHl14CCKl1X np11Mecei1, o6e3BQ)KM

BaHl11-0 11 YaCTl14HOMY o6ecCOJIMBaHl11-0. 

CncTeMhl c6opa u TpaucnopTa 
uect>Tn. B ycJIOBl151X HecprnHoro nJia

CTa np11 Bb!COKOM JJ,aBJieHl111 ra3bl pac

rnopeHbl B Hecjlrn. Tip11 nonbeMe HecjJrn 

Ha 3eMHYID nosepxHOCTb nasJieHtte na

naeT l1 paCTBOpeHHbIH ra3 BbI)J,eJI51eTC51. 

Ba:>KHO B 3TOT MOMeHT yJ10B11Tb ero. 

Cyrn,ecrny10T pa3Jil14Hbie c11cTeMbI npo

MbICJIOBoro c6opa 11 TpaHcnoprn Hecjntt, 

OTJ111Ya10w11ec51 ycJIOBl151Ml1 nepeMewe

HM51 11erjn11 11 ra3a. CXCi\lOii OT;J,C:ICHil5l 

ra3a OT HC(jJTll. 

Ha pttc. 5.1 rrpttBOJJ,HTC51 cxeMa ca

MOTeYHOH Cl1CTeMbl c6opa HecjJTH, rrptt

MeH51IOlll,eHC51 Ha MHOrttx MeCTOp0)1()J,e

HH51X. 

1a30HecjJrnHa51 CMeCb H3 CKBa)l(l1-

Hbl noCTynaeT B l1H)J,HBHJJ,yaJibHYIO 

3aMepHo-cenapauttoHHYIO ycrnHOBKy, 

COCT051lliYID 113 BepTHKaJibHOH eMKOCTl1 

C-1, o6opynoBaHHOH ycTpoi1crnaM11 

JJ,JI51 npenornpaweHtt51 yHoca HecjJT11 c 

ra10M (Tpana), l1 MepHttKa E-1. B Tpa

ne C-1 ocywecTBJI51eTc51 rrepBa51 CTy

neHb cenapau~rn HecjJT11 OT ra3a. fa3 

no ra3oc6opHbIM KOJIJieKTopaM nepe

naeTC51 ,D,JI51 ,aaJibHeiiweii nepepa60T

K11 Ha ra3onepepa6aTbIBa1DUJ,tte (ra10-

6eH311HOBbie) 3aso,ab1. K KOJIJieKTopaM 

nOJJ,KJll-OYaeTC51 )J,0 CTa l1 6oJiee CKBa)l(l1H 

O,L\HOro HJIH HeCKOJlbKHX 6JIH3J1e)l(aw11x 

HecprnHbIX Mecrnpo)l()J,em1i1. 

Hecjnb 11 sona 113 MepH11Ka E-1 1a 

CYeT pa3HOCTl1 ypOBHeH ITOCTynaIOT 

Ha c6opHbIH nyHKT, rne ycTaHaBJ111-

saeTC5! nsa-TpH pe1epsyapa. 113 pe-

3epByapoB HecjlTb 11 BOJJ,a HaCOCOM 

nepeKa4HBaIOTC51 Ha ycTaHOBKH noJJ,

roTOBKH Hecjln1 )J,Jl51 o6eccoJIHBaHH51 11 

o6e3BO:>KHBaHH51. 

On11caHHa5! cxeMa OTJIHYaeTC51 rrpo

CTOTOH. HO He o6ecneYHBaeT ITOJIHOTbl 

ynasc111sa111151 11onyT11oro ra1a. riocJie 

cu11ocrync11 1raToii cenapau1111 B 11erjrrn 
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1'1.' r:\l:'h.'>I ' \11 .tll -50'1 11 111,11y nwn' r:na . 

·h,n rai, 111111:nall llM1.'1.'r 1.' 1.' 11c<j1ri,1(1 

t\ \IC)'Hlll\11 I:'- I 11 pt' :~qmyaphl 1tt'(!irc
c6op1-tblX nyHKrtm, H lHU'lllTC.n hHOli 

crl:'nelm yJ,ety'ntBaei-01 n a n1octfK'
py. 60J1ee :)tlltlleKnmHhl l.'11ere\1b1 nh1-

cot-.-01mnopmwo repMcrn :u1pumrnttof\.) 

I 

lll'ljHera30BO.'lOC6opa c MHOfOCTy-

1\l:'ll'laroil cenapaunefi ra3a (p11c. 5.1 6). 
Het1nh. ra3 11 BO.D.a , H3B.'le4eHHble H3 

ci--:sa"iKllHbI, non co6cTBeHHbIM 21.asne

Hlle\t HanpaB.UIOTC.11 B rpynnoBylO 33-

\ICPHYIO ycTaHOBKy A-1, a JaTeM B ce

naparnphI nepsoii crynem1 C-L 

ll"Wc. :S.11 .• o.e.i;1.,.;1 ct;/;;i,,wme•11w20 r.aJ u ·"ep.11enuG11pofwmw20 (f!i .coopa Hecj1mu .u .-..ma 
Ha 1ielfJmf!HhfX npOMh/.C.!lax : ] -n.er/Jmh l/3 .cnw:11cllftht.; J7 -.:'a3 Ha TD3: m- fte{jmlh 

'HD 11NjJmec6qp1-1-,.;1.e nvm:mht: /V - H.l.~c/m1h Ha HT!): C-J. -'.C-.:! - ccnapamnphi: 
' . 

•-/ - . :_ ; 



OepBaSI CTyneHb OT1le:leHHSI ra3a 

oT ttecl>nt ocywecrnnsieTcsi npu :iae

neHHH 0.6-0.7 MCTa . .nocrnTOYH0\1 Jm1 

6ecKoMnpeccopHoil nonaln1 ra3a Ha 

ra3onepepa6aTbrna10w11il 3aeon (TCT3) . 

I-fa C-1 HecpTb non co6crneHHbrn .iae

nem1eM mm c noMOWbJO Hacocoe H-1 
TpaHcnopn1pyeTcsi no ueHTpa.1bHOro 

c6opttoro nyHKTa mm ueHTpa.1bHblX 

npOMblCJlOBblX coopy)KCHHH. 

.ll,aJJbHelJWHM CHH;KCHl!eM JaBJJC

HIUI npoBOJJITCSI BTopasi ( H TpCTbSI , 

ecn11 Tpe6yeTcsi) cTyneHb cenapau1111 

ra3a OT ttecpn1. fa3 113 cerraparnpoe BTO

poi1 If TpeTbeH CTyIIeHlt !10,.laeTCSI Ha 103 
no_u co6cTeettHb1M nae:iem1eM 11.111 c no

MOWbIO Ko11mpeccopoe. a ttecpTb - e pe-

3epeyapb1 ycrnHOBOK nO..lfOTOBKH. 

CTpeuMywecTea MHorocryneHYarnli 

cxeMbl cenapaum1 - 60.1ee no.1ttoe 0T;:ie-

11em1e rma OT ttecpn1, c0Kpawem1e ytto

ca Kane11b ttecpTH c ra30M. yMeHblllCHHe 

pacxona JJJeKrpoJttepnm Ha cJKante 

raJa. 

CTa611.rnnau11H ueclnn. JJ:aJKe nocne 

MHOrocryneHYaTOH npOMblCJlOBOli ce

napaum1 B HecpTH OCTaCTCSI BCCb\la 3Ha

q11TeJlbHOe KOJIHY.ecrno yrneeonoponoe 

C
1
-C

4
• nOJibWaH Y.aCTb JTHX yrneeo.Jo

po.noe MOiKeT 6hITb noTepHHa npu rrepe

KalfKax 113 pe3epeyapa e pe1epeyap , 

npH xpaHCHHH H rpattcnoprHpoBKe Hecl>

TH. BMeCTe c raJal\rn TepH!OTCSI ueHHbie 

nerKHe 6eH3ttHOBbIC cppaKUHH. Y.rn6bl 

JIHKBH)lllpOBaTb noTepH fa30B H JlCfKHX 

· .1222 C. ' !c .J TTCBf:a He cjY'"vl K nepepa6o;Ee 

6eH311HOBblX tjlpBKUHH, npenornpantTb 

1arpS11Hem1e eony xa, ynoBHTb ueHHble 

ra1006pa3Hb!e KOMnOHCHTbl, HeOOXOI(H\10 

\IaKCHMa lbHO !13BJICY.b yrneBO.JOpO.'.lbl C
1 
-

C
4 

113 Hecprn nepeJl TCM, KaK OmpaBHTb ee 

Ha tteqnenepepa6aTb1Ba10wue 1aso.%1. 

3Ta 1a.Ja'-la pewaercsi Ha yCTaHOBKax 

crnfornmawm ttecpTH, pacno.1o)KeHHbIX 

o6hIY.HO e Henocpe.acreeHHOH 611111ocTH 

OT \1CCTa ee .Jo6bIY.H. 

Cxe11 1a crn611mnau110HHOH ycrattoe

KI! np1rno.J1ncsi Ha puc. 5.2. Chiphe, 

ITOC1) 0 na10wee c rrpO\!bICJIOBbIX ycraHO

BOK no.JfOTOBKH. rrpOXOllHT qepe3 Tern10-

ofo1eHHl!Kll T-1. r-.Je rronorpesaercH Y'JKe 

CTaOll.11!31!pOBaHHOH HecpTblO, H napOBbIC 

rro;::rorpeeaTe.111 T-2. CTo;::rorpernsi ttecpTb 

ITOCT)'TiaeT B per-..1HcpHKaUHOHH)'10 KO.lOH

Hy-crn61rnnarnp K-1 . Yxo.!ISlmHe c eep

xa na611.11naTopa ~1er-Kue yr.1esonopo

.'lbI KOH.JeHCHpyIOTC.H B KOHD.CHCaTope

X0.10.111.lbHHKe XK-1 n nocrynaIOT s 

e\tKOCTb E- 1. C sepxa cra61rn1rnrropa 

YXO;JSIT yr.1eBO.JOp0.'.lbl OT C 
1 

.JO C
5 

BIGIO

l.JHTC.lbHO. B Xf{-1 KOH;::rettcnpyeTcH He 

sech rrp0.1yKT. yxo.cunIDtif c eepxa f{-1, 
IT03TO\IY e E- 1 npoHcxo.nrr pa3.!le.rteHHe 

C\ICCll, rIOCTymrnrnei:f H3 KOHllCHCaTopa, 

Ha ra3 II iKlEIKOCTb. 

fa3 H3 E-1 ttanpas,lJ!eTcH B ron.11rn

H)'IO CCTb ~Em Ha rCT3. )l{If.JKHH npo

ll)'KT - ra30BbIH KOHLieHCaT lfaCTwrno 

so1epawaeTcH e K-1 e Ka<JeCTBe opo

weH!fSI, a 6a10Hcoeoe Ko.1u'lecmeo 4 BbI

BO.UHTCH co crn6tt.:lH3aUHOHHOH ycra-

-! b a _· 1a HCOUL!\l H31 bJB ae ·1c~1 l O r:o_:111 1 !CCI IH l l ! pu .-ry~T OB. Kff1(l~ro>2' · • 1=· ~ C ) :. er:~ E C O ~TE~~cr~ ;:;: 

c M aT ep1 1a.11> 1l h l \l fou 1aHCO\I yc1 '1Hl 11J KI L 
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rnasa 5. no.QroTOsKa Hecprn K nepepa6orne 

III 

T-1 
flap 

II 

IV 

I 

H-1 H-2 

Puc. 5.2. Cxe.wa ycmaHOBKU c111a611;1u101111u He¢11111 : 1- Hecma6UJ1bHWl He</Jmb; 

11 - cma6UJ1bHWI Her/Jm1> ; 111- HecK01·1oeHc11poeaewuiicR zm; JV - za30Bbnt KOHoeHcam 

HOBKH H nepe.naeTC.sl. Ha L\eHTpanhHhie 

ra3ocppaKQHOHHpy10w11e ycTaHOBKH 

(11,f<l>Y). 11,f<l>Y BXO)l5!T B COCTaB Kpyn

HhlX tteqnex11Mw1eCKl1X KOM611H3TOB H 

npe.ntta3Ha4eHhl .nn.si. pa3)leJTeHl151 ra30-

eoro KOH)leHCaTa HeCKOJ1bKHX CTa611n11-

3au110HHbIX ycTaHOBOK Ha 11H.lll1Bl1.lly

anbHhle yrneso.nopo.llhl. 

c Hl13a CTa611JIH3aTopa yXO)lHT CTa-

611J1bHa.si. HecpTb, KOTopa.si. OT)laeT csoe 

Ternm nocrynaJOweMy CbipbfO s Tenno

o6MeHHl1Ke T-1 11 .llOOXJJa)!{)laeTc.si. B xo

non11nbH11Ke. Heo6xo.n11Moe .llJ151 peKT11-

cp11Kau1111 Tenno nO)lBO)ll1TC51 B Hl1)!(H!O!O 

4aCTb CTa611n113au110HHOH KOJ10HHbl 4e

pe3 Tpy6liaTy10 ncLlh. Co11cp;Ka1rne ra3a 

( y I JICBOi l.OpOLlOB C1-C) B CTa611JibHOi1 

11e<ln 1 I COCT3BJl5ll.>f 0.8-1 .5(Yc). 
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5.2. fiepepaooTKa 

nonyTHblX raJOB 

H faJOKOH,!leucaTa 

B ra3ax, OT.llen.si.eMbIX OT HecpT11, 11 

np11pO.llHbJX ra3ax CO.llep)!(aTc.si. npe

.lleJlhHbie yrneeo.nopo.llbI OT MeTaHa .uo 

reKCaHa BKJ1I0411TeJl bHO. c npOMbICJ10B 

npupO.llHbie 11 nonyTHbie ra3hI nocTy

na10T Ha ra3onepepa6aTb1Ba10w11e (ra3o-

6eH311HOBbie) 3aBO.llbl. CfO.na )Ke noc

TynafOT ra3bl 11 KOH)leHC3T ra30KOH)leH 

C3THbIX MecTOpO)!()leHHH. 

Ha rn3 npOBO)l.sl.TC5! cne)lyJOwHe 

onepau1111 no nepepa6oTKe ra3os 11 KOH

ne1-1carn : 

I) lflBJle4e1-11-1e W3 ra1os TaK Ha·ii,1-

saeMoro HecTa6 11111>1-1orn 6c1n1-111a ·-



yrneBO.ll.OPO.UOB OT c, 11 BblWe (om6e11-
3UHl/6Gfll/e 2a3a); 

2) C)!(aTHe OT6eH3HHeHHOro ra3a )J,0 

)J,aBJ1eHH51, KOTOpoe He06XO)J,HMO, '-IT0-

6bI rrepeKa'-!aTh :.noT ra3 n0Tpefonem1M; 

3) pa3.uenem1e ttecrn61111bHoro 6eH-

3HHa Ha HH.UHBH.UYaJibHble ymeso.uopo
)J,bl - nponaH, 11306yrnH, 6yrnH H cTa
fombHhlH 6eH311H. 

Ha ra3onepepa6aThrna10w,11x 3aso

)J,ax HMeIOTC.ll TaK)!(e ycTaHOBKl1 no 

1 .'k::CJ :J. i" !ot) rCJT Ocf(C:J Hec.j.Jrv1 1r nepepC:J6cm<'-: 

ocyw1<e 11 OLfJ1CTKe ra3a OT cepoBO.ll.Opo

.ll.3. Ha He(pT.SIHblX npOMb1cnax coopy
)1<a1DTC5! KaK CT31..l,110H3pHble, TaK H ne

peJJ,BJ1)!(Hble ra3onepepa6aThrna10w,11e 
3380)],bl. I1epe,ll,BH)!(HOH fl13 11MeeT 

np0113BO)J,HTeJlhHOCTb 40-100 Tb!C. M3 

raJa B cyTK11, ero annaparypa MOHT11py
eTC5! Ha cana3Kax 11n11 nnanpopMax. 

I1pttMepHa51 xapaKTepHCTHKa Chlpb51 

.11 npo.ll.yKu,1111 ra3orrepepa6aThrna10w,ero 

3aBO)J,a np11BO)J.11TC51 B Ta6J1. 5.1. 

Ta611ulJa 5.1 

CocTaB Cblpbst u npo.uy1n.1,uu raJonepepa6aTbrnawu._.ero Jaeo.ua 
(B % Mace.] 

HanMenooanue co2 N2 CH, C2H6 C3H8 
UJO- H- UJO-

H-C/112 C/11• 
C4H10 C,HIO cµ12 U BblWe 

Cb1pbe-

nonyrHbIH ra3 1,1 3,8 21,2 28,0 

Cyxoii 
OT6eH3HHCHHblH 

ra3 2,2 7,6 35,9 32,6 

He cTa6 HJJ b H bl ii 
ra30BblH 6eH3HH - - 7,4 24,6 

5.3. 06e3BOiKHB3HHe 

u 06ecc0Jrneauue ue«t>TH 

I1p11 .ll.06b1'-le Helf>TH ee no'-ITH scema 
conpoBO)!()J,aeT nnacToBa.H BO,ll,a. B nnac

TOBbIX (6ypOBhIX) BO)J,3X pacTBopeHbl 

pa1JrnLJHb1e con11, LJawe scero xnopHLlbl 
11 6m:ap601rnT1>1 1rnTp1rn . 1\a11i,1t11 51. ~iar-

11115! , pc;Kc ":ap6011aTb1 11 c y: 1i,rjlaTbl. Co-

29,8 

17,2 

40,8 

3,2 7,4 1,5 2,0 2,0 

1,2 2,5 0,4 0,4 -

5,1 12,2 2,0 4,0 3,9 

.uep)!(3H.He COJJeH B JTHX so.uax KOJJe6-
JJeTC51 B w11pOKHX npe.uenax, OT He3Ha

'-111TeJJbHOro )J,0 30%. 
Han.11'-!11e BO.Ubl 11 conei1 s ttelf>n1, 

noCTyna}()w,ei1 Ha nepepa6oTKy, spe.u

HO CK33bJBaeTC51 Ha pa6oTe Helf>Te

nepepa6aTbJB31DIUero 3asona. I1ptt 
OOJl blLIO ~ I C0.1Cj)iK3HIHI BOD.bl r!Ol3bl-

111aeTOI ,'1annc 1-111e 13 annapaTypc ycra-
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HOBOK neperoHKH Hetjn11 , CHm1<aeTC5! 

11X npOH3BOn11TeJlbHOCTb, pacxonyeTC51 

1131111wHee ren110 Ha nonorpes 11 11cna

peH11e sonhl. 

Eme 6011ee orp11uare11hHhIM csol1-

crsoM 0611ana1-0T x11op11n h1. OH11 or

K11anhrna1-0TC5I s Tpy6ax ren11006MeH

HHKOB H ne'-!eH, '-!TO np11BODHT K He-

06xon11MOCTH '-!aCTOH 0'-111CTKl1 rpy6, 

cHmKaeT Ko3cpcp11u11eHT ren11onepena

'-!11. X11op11nh1, s oco6eHHOCT11 x11op11nh1 

KaJlbUl151 H MarHH51, rnn poml3yfOTC51 c 

o6pa30BaHHeM COJ151HOH KI1CJ10Tbl na)i(e 

npH HH3KHX TeMneparypax . no.a .'leH

CTBHeM COJ151HOH KHCJlOTbl npo11cxo

n11T pa3pyWeHHe ( KOpp03~151) MeTaJlJla 

annapaTyph1 TexH011orn'-!ecn1x ycra

HOBOK. Oco6eHHO 6h1CTpo pa3benaercH 

non neHCTBMeM rnnpomt30B8BWl1XC51 

x11op11nos KOHneHC3Ul10HHO-XOJ10.Ul1Jlb

Ha51 annapaTypa neperoHHbIX ycTa

HOBOK. HaKotteu, co1111, HaKan1111saHcb 

B OCTaTO'-!HhIX HecprenponyKTaX - Ma-

3yTe 11 rynpoHe, yxynwafOT 11x Ka

'-leCTBO. 

C11e.uosare11bHO, nepen nona'-lei:i HecjJ

T11 Ha nepepa6oTKY ee Heo6xon 11Mo OT

.ue1111Th OT sonht H co11di. 

Bony 11 con11 y,a:amnoT Henocpen

CTBeHHO nocne H3BJ1e'-!eHl151 HecpT11 113 

3eMHbIX He.up (Ha npOMbICJlax) 11 Ha 

ttecpTenepepa6aThrna1-0ru11x 3asonax. 

B ue1151x pa3pyweHH.51 np11MeHHI-OT nsa 

THna Texttonor11qecK11x npoueccos 

ynanett11}1 BO.ZJ:hI 11 conei1 - 06e3sm1<11sa

H11e 11 06eccon11saH11e HecjnHHbIX 3MYJ1 b

c11i1. OnHa1<0 np11 06e1sm1<11saH11H pa1-

90 

py waI-OTC51 np11pO.ZJ:Hhie 3MYJlbCHH, 

KOTOpbie o6pa3oBaJIHCb B pe3ynhTaTe 

11HTeHCl1BHOfO nepeMeWt1B3HH}l HecjJ

TH c 6yposoi1 BOJJ.OH. 06e3BO)f(HBaHHe 

npoBO.U11TC51 Ha npOMbICJlax H 51BJ151eTC51, 

HapHny c orneneH11eM ra3a OT Hetjn11 , 

nepBblM 3TanOM nonroTOBKH HecpT11 K 

rpaHcnoprnpos1<e 11 nepepa6or1<e. 

npH o6eCCOJ1HB3Hl1H o6e3BO)f(eH

HYIO HecpTb CMeWHB31-0T c npeCHOH BO

no?i, C03JJ.3B351 11c1<yccrneHHYIO 3MYJib

CI1fO, KOTOpa51 33TeM pa3pywaeTC51 . 

06eccomrnaH11e Hecpn1 nposon11TCH Ha 

npoMbICJiax 11 Hecprenepepa6aTb1saio

wJ1x 38BOJJ.3X. 

Hect>TSIHbte JMYJlbCHH. Hecprb 11 

BO.Qa B3311MHO llJIOXO paCTBOp11Mbl. no-

3TOMY orne11eH11e OCHOBHOH M3CCbl 

BO.J.bl OT Hecpn1 npOCTblM OTCTaHB3Hl1-

eM He npencrnsnHeT 6oJibworo Tpyna, 

ecm1 npH no6b1'-!e He o6pa3osaJiacb 

so;::i,Ho-HecpTHHaH 3M YJibC115!. Ho '-law.e 

scero o6pa3yeTC51 HMeHHO TaI<351 3MYJ1b

CI151. nepepa6aTblB3Tb 06BO.[lHeHHYIO 

3MYJibr11pOB8HHYIO HetjJTb HeJib351. ,lJ.a)Ke 

ec.111 )MYJibC H51 He o6pa30BaJiaCb, B HetjJ

Tl1 see )l(e OCTaeTC51 He3H3'-!11TeJibHOe 

KO.i111'-!eCTBO BO.[lbl B paCTsopeHHOM 11Jll1 

BO B3BeweHHOM COCT051Hl111. A BMeCTe c 

BO.[lOH B HecpTb nonanaioT 11 MHHepallb

Hbie COJlH, KOTOpbie Bbl3bIB31-0T KOppo-

3HIO HecjJTeneperoHHOH annaparypb1. 

3MyJihCl1ei1 H33btBaeTC51 TaKa51 

Cl1CTeMa .ZJ:BYX B3al1MHO HepaCTBOp11-

MbIX HJil1 He BnOJIHe paCTBOp11MblX 

/I<HllKOCTdi, B KOTOpbIX OJJ.Ha conep

:il<f!TC51 B 11pyrol1 so wrnewe111-10M co-



CTOS!Hl1H B BH.Ue orpOMHOro KOllH4eCTBa 

MHKpOCI<Onl14eCKl1X Kanellb (2.w6yr1), 
11c411cJrneMbIX Tp1111n110HaM11 Ha n11Tp 

3MYllbCl111 . )({11,UKOCTb, B KOTOpOH pac

npe.ueneHbl rno6ynh1, Ha3brnaeTcsi cJuc
nepcHoil cpecJoil. a BTOpasi )!(11.UKOCTb, 

pacnpe.ueneHHasi B .u11cnepcHoi1 cpe

.ue, - cJucnepc11ml rpmozl. 
CTp11 .UB11)!(eHl1H HeQlT11 no CKBa)!(l1-

HaM OHa BeCbMa 11HTeHCl1BHO nepeMe

lll HBaeTCS! c nnaCTOBOH BO.UOH. 

8 pa3J1H4Hb!X CTalll1S!X ncpepa6oT

KH, Hanp11Mep, np11 3awenaY11BaH1111, 

HeCj)Tb 11 ee noroHbl TaK)l<e TeCHO co

np111<aca10TCS! c BOllOH . B JT11x CJlyliasix 

lfaCTO o6pa3y!OTCS! CTOHKHe HCQHS!Hbie 

3MYJ1bCl1H. PacCJla11BaH11e HecjnSIHbIX 

3MYllbCl1H B eCTeCTBeHHbIX YCJ10Bl1-

S!X 11Hor.ua HacTynaeT no 11cTel1emrn 

BeCbMa .u1111TellbHOro BpeMeH11. Om1a

KO 4aw,e Bcero npOHCXO.U11T 4aCTl14HOe 

paccna11BaH11e, noCJle KOToporo Me)!(JlY 

CJ10S!Ml1 BO.Ubl 11 Hecjn11 OCTaeTCS! npoMe

)KYT04HblH JMYJ1bCl10HHbl~I cnoi1. 

CToi11<11e JMYllbC1111 no BHewHeMy 

BH.UY npe.uCTaBllS!IOT co6oi1 ryCTble 

Ma3eo6pa3Hble MaCCbl OT CBeTJ10-)l(ell

TOro .uo TeMHOro UBCTa . 3MYllbCl111 , 

o6pa30BaBw11ecsi noc11e BO.UH0-we1104-

HOH npoMbIBK11 Hecjnenpo.uy1<Ta, HHor-

11,a 11MelOT n04TH CMeTaH006pa3HbIH 

s11.u. Bsi3KOCTb 3MYllbCl1H 3Ha411TeJ1hHO 

BbIWe BS!3KOCTl1 BO.Ubl 11 Hecjn11. 

HeqnsiHbie JMYllbC1111 4awe Bcero 

npe.uCTaBJ1SIIOT co6oi1 JMy11bc1111 rnna 

« BO;J<l B Hecjn11 » , B KOTOpblX ;111c

riepn1oii cpe~oi1 5IBJl}feTc51 1-1ecjnb, 

a .u11cnepcHOH ¢a30J1 - Bo.ua. Ta1<asi 

3MYll bC 1151 2uiJporjJ0611a: B BO.Ue OH a 

BCnllbIBaeT, a B 6eH311He 111111 .upyr11x 

pacrnop11Te1151x paBHOMeptto pacnpe.ue-

11sieTcsi . 

Pe)!(e BCTpe4aI-OTCSI JMy11bc1111 Tttna 

«HecjlTb B BO.UC», B KOTOpbIX ,!IHCnepc

HOH cpe.uoH: c11y)l(HT Bo.ua. TaKasi JMYllb

c11SI 2UOpor/JUHbHa: B BO.UC OHa paBHO

MCpHO pacnpe.uemreTC.SI, a B 6eH3HHC 

TOH CT. 

06pa30BaH11e JMYJlbCHH CBS!3aHO 

c noBepxHOCTHbIMH S!BllCHH.SIMl1. Tio

BepXHOCTHblH CJlOH )l(J1,UKOCTH Ha rpa

H11Ue c B03.UYXOM 111111 .upyroi1 )1(11.!J,KO

CTblO, KaK 113BCCTHO, xapaKTep113yeTC.SI 

onpe.ue11eHHbIM nosepXHOCTHbIM HaTS!

)l(e!IHCM , T.e. CHllOH, c KOTopoH: )1(11.U

KOCTb conpOTHBll.SICTC.SI ysellH4CHHIO 

cBoeii noBepxHOCTH. TiosepxHOCTHoe 

I-JaTS!)!(CHl1C HecjnH H Heqnenpo.uyKTOB 

1<011e611eTCS! B npe.ue11ax 0,02-0,05 HIM. 

OnbITbI no1<a3bIBaI-OT, 4TO .uo6as-

11e1-111e HCKOTOpbIX sewecTB I< 411CTblM 

HCCjHS!HblM noroHaM Bbl3bJBaeT TIOHH

)l(CHHC HX nosepxHOCTHOro HaT.Sl)l(CHH.SI 

Ha rpaH11UC c BO.UOH:. 3To S!BlleH11e HO

CHT 06w11i1 xapaKTep. 

Yl.Hor.ua Bewecrna nptt pacrnopeHHl1 

.ua)l(e B 04CHb MaJlbIX KOHl~CHTpauttS!X 

cyw,eCTBCHHO noHH)l(alOT nosepxHOCT

HOe HaTS1)!(eH11e pacTsop11Te11S!. Bew,e

cTsa, cnoco6Hbie nOHH)l(aTb nosepx

HOCTHOC HaT.Sl)!(Cl-iHC, Ha3bIBaIOTC.SI no

BepxHOCTHO-aKTHBHblMH. XapaKTepHa.si 

oco6e1-11-1ocTb )Tl-IX BCLUCCTB B TO'Vt, llTO 

B llX COCTal3 B.\(),Q5IT. KaK npaBHJlO, yrne-
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BO.UOpO.UHbIH panttKa.r1 (rn.npocpo6Ha51 
1-!aCTb MOJ1eKy.11 b!) H KaKa5hlH6o no

.rrnpHa51 rpynna ( rn11.pocjH1J1bHm1 tiacn 

MOJ1eKy11b1). Dott11)1{e1rne nosepxHo

CTHoro Harn)l{emrn nsyx<j:>a3Hoi1. JKl11l

KOH cnCTeMbt Ha rpam1ue pa3.ae11a cpa3 

B pe3y.11b TaTe B03.UeHCTBll51 nOJ1 51pHblX 

semeCTB 00bHCH51eTC51 Te\I, 'HO 11,06aB-

11eHHOe semecTBO pacnpe.ue.rrneTC51 He

paBHOMepHo B TOM KOMOOHeHTe CHCTe

Mbl. h:OTOpblli 51Brn!eTC51 no OTHOWemno 

"HeMy pacrnop1ne11e:-.1. K0Hue1-1Tpau1rn 

ero y nosepxHoCTH pa3!1ena cjla3 6y.neT 

6011ee BblCOh:OH. '"!eM BO BCeM o6beMe 

paCTsopure,15!. HHbt:-.111 c.1osaMH. 110-

6as.TJeHHOe nonHpHoe sewecrno 6y

.JeT a.'lCOp611poBaTbC5! nosepXHOCTHbl'.\1 

c.1oeM pacrnop1ne1151 11 Te:-.1 caMbIM no

HmKaTb ero nosepXHOCTHYIO 3HeprnIO. 

B pe3)'JibTaTe Ha rpaH1me pane.1a cjJaJ 

06pa3yeTc5! ancop611posaHHb1i1 cnoi!. 
KOTOpblH MO/KHO paco1<np1rnan K3K 

n.neHKY MOJleK}'JI nosepxHOCTHO-aKTHB

HOro seweCTBa Ha n o sepxHocT11 pac

TBOpttTeJ151. 

8C5!Ka51 3M)'JlbCH51. B TOM '"IHCle H 

HecjJrnHM, MO)l{eT o6pa30BaTbC51 TO.lb

KO Tocrra. Koma i\1exam1I.JecKoe B03-

neiicTBHe Ha CMeCb .nsyx B3al!MHO He

pacrnopHMbIX JKH.UKOCTeli 6yneT BbI3bl

BaTb Oucnepzup06GHUe, T.e. 11po6,1em1e 

/KHJlKOCTH Ha oqeHb J\leJlKHe 4aCTHUbl. 

5ICHO, 4TO 4eM MeHbWe nosepXHOCT

HOe HaT5l)l{eH11e )l{H.UKOCTei1. TeM .TierYe 

6y.neT HJlTH 06pa3osam1e Kanenh, T.e. 

y se.111I.Jem1e o6wefl no sepx HOCTH :rKH.J

KOCTll. TaK KaK OHO 6y.::reT Tpe6osaTb 
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MeHbWeH 3aTpaTbl pa60Tbl. 0.uHaKo 

nocJJe nepel\tewHBaHH51 .usyx I.JHCTblX, 

HepacrnopKMblX 11.pyr B .upyre )!{H,UKOC

Tefl CTOHKOCTb IlOJlyI.JeHHOH 3MYJ1bCHH 

06bl4HO HeBeJlHKa. OOJJee T51)1{eJlaH 

)i{HLl,KOCTh OC51.UeT Ha )lHO, KaneJibKH 

..'lKCTiepcHOH cjla3bl, CTaJIKHBa51Ch .upyr 

c .upyroM, o6be)lHH51TC51 B 6oIIee Kpyn

Hble. 06a 3TH npouecca 11 np1rne.uyT K 

pacc11a11saHHIO 3MYJihCHH Ha .usa CJ1051. 

To.1bKO np11 OI.JeHh BhJCOKOH cTeneHH 

!lHCnepCHOCTH, Korna .u11aMeTp Kane.'lb 

!lHcnepcHott q)a3hl H3Mep51eTC51 µecsr

TbIMH .QOJl51MH MHKpOMeTpa (I 0-7 M) H 

\teJKMO.TleKyJI51pHhle CH.lb! ypaBHHBaIOT 

rpas11TaUHOHHhle CHJlbl, pa3pywem1e 

31\ty.flbCHH CTaHOBHTC51 JaTpy.llHHTeJib

HblM. 

HHaYe 06crn11T .ueno, ecn 11 cMecb 

nsyx 1-1epacrnop11MbIX )l(HJlKOCTefi Ha

XO!lHTC51 B ycJJOBH51X, cnoco6cTBYIOllll1X 

Lll!ClleprnpoBaHHIO, H B HeH np11cyT· 

CTByeT KaKoe-m160 nosepXHOCTHO-

aKTHBHOe BerneCTBO, nOHH)i{aJOwee 

nosepxHOCTHOe HaT51)KeHHe 3a CYeT 

o6pa30BaHH51 a.ucop6UHOHHOro CJ1051. 

Bo-nepsb1x, :no cnoco6crnyeT .upo6-

_TJeHHJO KaneJib, a BO-BTOpbIX (4TO 

11MeeT pewat0wee JHa'"lem1e) , Kanm1 

6yJ,yT OKpyJKeHbl He M0.11eKyJJaMH ,iU1C

nepCHOH cpe)lbl , a npOYHOH nJieHKOH 

a.ucop6u110HHoro c1105!. B 3TOM c.nyI.Jae 

06pa3y10Tc5! CTOHKHe, TPY.Il.HO pacc11a-

1rna10w11ec51 3My.1bCHH, TaK KaK KanJIH 

m1cnepCHOH cpa3bl, 3alUHllleHHbJe CBOe

o6pa3H bl J\ I na1-1m1peM - a.:icop6 w1 0 11-

1-1oli n.1eHKOil. He \IOry T c.111BaTbC51 



;1pyr c 11.pyroM. B HeKoTOpbIX cJly1rnHx 

TOJllUHlia ancop6UHOHHOH nJleHKl1 Ta

KOBa, L!TO ee MO)!(HO pacci\rnTpeTb B 

Ml1KJJOCKOn. 

Bemecrna, cnoco6crny1Dlu11e o6pa

Josattmo H CTafolJlH33Ul111 3MYJlbCHH, 

1rnJhIB3IOTC5! 3.Hy7b2amopa.Hll . VIMH 

5!BJ15!IOTC5! T3KHe nOJ15!pHbie BeIUeCTBa 

Hecjn11, KaK cMOJlbI, accjJaJlbTeHbI , ac

cjJaJlbToreHOBbie KHCJlOThl H HX aHrH.ll

pM.llbl, COJlH HacjJTeHOBhIX KHC;lOT. a TaK

)Ke pa1.riw1Hb1e HeoprmrnYec1<11e np11-

MeCH. 

M1-1Kpo1<p11crnJ1Jlbl napacjrnHOB, ue

pe31rnos 11 cMewaHHblX napacjHrno-HacjJ

TeHOBbIX yrnesonopo.nos, ancop6Hpy-

5!Cb Ha nosepxHOCTH 3My.TlbCHOHHblX 

rno6yn, o6pa3yIOT csoeo6pa1ttyIO 6po

mo. 

XapaKTep J:v1ynbc1111 1as11c11T OT 

cBOHCTB 3MYJlbraTopa. B cb1poH 1-1ecjn11 

o6blKHOBeHHO 06p33yeTC5! rn.npocjlo6-

H35! 3MJ'IlbCH5! nma «BOJ.J,a B Hecpnrn, 

TaK KaK 3MJ'JlbraTopaMH B 3TOM cny4ae 

5!8Jl5!IOTC5! CMO.lbl. 0Hl1 xopowo paCT

BOp5!IOTC5! B ttecpT11 11 He pacrnop5!IOT

CSI B BO)le. CMOJibI, a;1cop611pyHCb Ha 

nosepx1-1ocTH pa1.nena 1-1ecjnb - BOll.a, 

nonanaIOT B noBepXHOCTHb!H CJlOH co 

CTOpOHbl HecpnI 11 C031l,3!0T npo1rny10 

o60J104KY BOKpyr 43CT11U BO)lbl. 

AnIOM11H11eBb1e, KaJlbUHeBbie , Mar

HHeBbie 11 )!(eJle3Hble Mb!Jl3 HecjJT5!HblX 

KHCJlOT T3K/Ke xopowo paCTBOJJHMbl 

B HecjJTH 11 ee )ll1CT11JlJ15!TaX, n03TOi'vlY 

01111 TaKil(C CllllCOOCT BYIOT o6pa3oBa

Illll{) rwtpocj10611b1x J MV.1bc1tii. l I 11a-

o6opoT, HaTpHeBbie Mh1Jl3 HecjJrnHblX 

KHC;lOT ( nponyKT peaKUHH nptt IUeJlOLl

HOH 0 1111CTKe) xopowo pacTBOJJMMhI B 

Bone 11 xy1Ke B yrneso_uoponax. CTo3 -

TOMY 0H11 ancop611py10TC5! s nosepx

HOCTHOM cnoe co CTOpOHW BOll,HOH 

cjlaJhI, 06sona1<11BaIOT nJleHKOH Ka

nenbKH HecjJTH H T3Kl1M o6p330M cno

co6crnyIOT 06pa1osaHHIO rn.upocjrn;1h

HOH 3MYilbCHH nrna «HecjJTb B BO.L(e». 

Op11 Ha.TrnLJ1rn 3Mynbraropos 06011x 

THnOB B031v[0)!(H0 o6pameHHe )M)'.llb

CHH , T.e . nepexoll, HX 113 O,llHOro THna B 

.rrpyroH. 3n1M 5!BJleHHeM nOJlb3YIOTC5! 

HHOr;J.a np11 pa1pyweHHH 3MYJ1bCHH. 

Cnoco6b1 paJpyrnemrn ue.PTstHbtx 
JMYJlbCHH. MexaHH3M p33pywemrn He

cjnHHblX 31\IY.TibCllH COCTOHT H3 HeCKOJlb

KllX CTallHH: I) CTOJIKHOBeHHe rno6yn 

('!aCTHU) BOJJ,bl ; 2) CJlHSIHHe rno6yn 

B 6onee Kpynttb1e KanJ111; 3) Bbma:i,ett11e 

Kane,1b. 

,Il,.1SI Toro, 11T06bl pa3p)'WHTb 3:V1)'Jlb

Cllll, B npOMblW.'leHHOH npaKTHKe np11-

MeWl.!OTC5! c.TieJy10m11e npoueccb1: 

I) MexaHHYec1<11e - cjJH.1brposaHtte, 

o6pa6orna ynbTJJ33ByKoM; 2) TepMHLJec

K11e - nonorpeB H OTCT3HBaHHe HecjJTH 

OT BOD.bl , npO\·lbIBKa rop5111efi BO,UOtt ; 

3) 3.leKTpH4eCKHe - o6pa60TKa B 

3JieKTJJHLJ.eCKOM none nepervteHHOro 11 

nocT05!HHOro TOKa; 

4) XH\rnYecKtte - o6pa6oTKa pa3-

JIH4HbIJl.rn ,ne3M)'JlbraropaJ1.m. 

TiepeMeWJIBat:He 11 803,UeHCTBHe 

3J1eKTptt4ecKoro nom1 C03ll.aIOT 6naro

np11HTH b1c ) 'Cj JOBl151 .u.15! yse.111L1emrn se 

p01m-1ocT 11 CIO.ill\HOBeflI151 r.106y.fl BOJbl. 
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np11 nonaD,aHHH HeQHSIHOH JMYilbCIHI B 

nepeMeHHOe JJleKTp11c1eCKoe none 3a

pmKeHHbie OTpHUaTeJlbHO c1aCTllUbl BO

D.bl Ha411Ha10T nepe.11.sHraTbCSI BHYTPH 

Kann11, KOTOpa51 npHo6perneT rpywe

BHD.HYIO cpopMy, 06pawe1111y10 OCTpbll\1 

KOHUOM K nOJlO)l(HTeJlhHO 3ap51)KeHHOMY 

JJJeKTpO.Uy. np11 nepeMeHe nOJ151pHOCTH 

JJJeKTpO.UOB npOHCXO.llHT 113MeHeHHe 

KOHcpHrypau1m KanJJH. On1,eJibHb1e Kan

JIH CTpeMSITC51 nepeD,BHn1TbCSI B JJieKT

p114eCKOM none no HanpasneHHIO K no

JIO)l(HTeJibHOMy JJJeKTpOlly, CTa.!IKllBa

IOTCSI .llpyr C D,pyroM, CJIHB3IOTCSI B 00-

nee KpyrrHbie KaITJm H OC3)K,Q3IOTCSI. 

,ll,eHCTBHeM neJMYJlbn1TOpOB - cne

u11aJJbHblX rrosepXHOCTHO-ClKTHBHblX 

sew.eCTB - ocna6JrneTCSI CTPYKTYPHO

MexaHttlfeCKaSI rrpo4HOCTb cnoes. 06so

JJaK11sa10m11x Karrm1 sonb1. B Ka4eCTse 

.ueJMYJJbraTopos np11MeHS110TC5! pa3-

JIH4Hbie nosepXHOCTHO-aKTIIBHble se

lll,eCTBa, OD,HaKO MexaH113M !IX nei:fcT

BHSI Ha JMYJibCHH BeCb~!a CJlO)KeH II 

MaJlO H3y4eH. no xapaKTepy nose;ie

HHSI B BO.ll,HbIX paCTBOpax neJMYJlb

raTOpbl neJUITCSI Ha HOHOaKTllBHble II 

HeHOHOreHHhle. nepBble B pacrnopax 

J:l,HCCOUHHPYIOT Ha KaTl10Hbl H aHHOHbl. 

srnph1e 110HOB He 06pa3y10T. HaHJJY4-

WHM .LI,eJMYJJbrnpyIOWHM .LI,ei1crntteM 

o6na.LI,aIOT HeHOHOreHHhle Belll,eCTBa. 

Ha 11ecpTenepepa6aTh1Ba10w11x 3a

so.uax H rrpOMblCJJOBblX ycTaHOBKax 

noD,roTOBKH Hecprn: npHMeHSIIOTCSI He

llOHOreHHble ,cinMynbraTopbt - O)KK 

(OKClBTll!l11pOBaHHble /KHpHble KllC-
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JIOTbl), On- I 0, npOKCaMHH, HMI10pT

Hble - .lllICCOJlbBaH, nporan11T H .LI,p. 

npe11MywecTBOM O)!{K SIBJJSleTCSI xo

powaSI 611onornlfecKaS1 pa3naraeMOCTh: 

npH nona1laHHl1 B BO.LI,OeMbl OH Ha 50-
75% pacna.LI,aeTCSI, B TO speMSI KaK 

!lpyr11e .11.eJMyJ1braTOpb1 JTOH cnoco6-

HOCTblO He 06na.ua10T. 

06eJBoJKnsauue ue<IJTu. Ha1160-

nee npocrnli cnoco6 Y.llaJieH11S1 BOJI,hI 113 

Hecjn11 Ha npOMbICJJax -TepMOXHMI14eC

KOe 06e3 smK11saH11e np11 anvtoccpepHOM 

,'lasneHHll. K 11ecpn1 .ll06assrneTCSI .LI,e

JMYJJbraTOp, nocne 4ero oHa no.aorpe

saeTCSI H noCTynaeT B pe3epsyap )J.JJSI 

OTCTairnamrn. ITp11 TaKOH o6pa6oTKe 

11eqn11 BOT'vlQ)KHbl 60JJbWHe n0Tep11 

clerKHX HecjnenpO.llYKTOB BO BpeMSI OT

CTal!Ba!-11151 s 11erepMen14HbIX pe3epsya

pax. 3n1 HeLI,OCTaTKH yCTpaHSIIOTCSI np11 

TCpMOXHMH4CCKOM OTCTaHB3HHl1 non 

;1asneH11eM (p11c. 5.3). Cb1pyIO HecjJTh, 

ocso6oiK1leHHYIO OT ra3a, 3a6Hpa10T 

H3 £-/ HaCOCOM II npOK34HBalOT c1e

pe3 Ten.1006MeHHHK T-1 H naposo~i 

noJJorpesaTeJJb T-2 B TepMOOTCTOHHHK 

E-3. nepe;:i noCTynJJeHHeM Ha Hacoc B 

HecpTb BBOJ:I,HTCSI noCTynaIOW.HH H3 E-2 
D.e:iMy.fJbraTop. B TepMOOTCTOHHi-me 

no;:i .LI,asnem1eM oKono 1,5 Mna HecpTb 

HaXO.LI,HTCSI B Tec1eH11e 1-3 4. 06e3BO

)KeHHaSI Hecjnb 4epe3 Tennoo6MeHHHK 

T-1 HanpassrneTcSI B pe3epsyap E-4. 
B pe1epsyape HecpTh .uononmlTeJJbHO 

OT,ileJJSleTCSI OT BOLi.bi. 0TCTOSIBWaSICSI 

BOJW c6pacbrnaeTCSI B 1-recjne.r1osyL11Ky 

1:-5. a ·iaTervr ·iaKacnrnaercH B crrna;K11Hy 



' :: i s :~ . , -1 cn1 ·,~· Tr1 BKa Hecj:Jn1 K nepepa6oTKe 

E-2 

H-4 

III 
III 

H-1 

Puc. 5.3. Cxe.11a yc111w1oeKu 111ep,11oxu.wu<1ecK020 o6e360:J/CUeaHUR 

Herpmu 1100 oaeJ1e11ue.ll: I - Cb1paR uerjJmh; fl - o6e3Ro:J1ce11110Jl ue</Jmb; Ill - eooa 

A-I. lfacTb CTOYHbIX BO.n, y.naJieHHbIX 

113 TepMOOTCTOHHHKa, B03BpamaeTC5l 

Ha nptteM CbipbeBoro Hacoca c TeM, •no-

6b1 nOBTOpHO HCfl0Jlb30BaTb co.nep·arn

ll\HHC5l B CTOl.!HOH BO.Qe .ne3MYJibraTop. 

HecpTb 113 11osywK11 BHOBb no.naeTcH Ha 

o6e3Bm1nrnaH11e. 

OoeccoJJnBanue uec)>TH. CTp11 

o6e3BQ)l<J1BaHJ1H Ha npOMbICJlOBblX 

ycTaHOBKaX no.nroTOBKl1 co.nep)J<a

HHe BO.Qbl B Hecpnt CHJ1)1(aeTC5l .no 

0,5-1,0%, O.QHOBpeMeHHO npo11cxo.n11T 

y.uaJieH11e 3HaLIJ1TeJibHOH t.taCTH COJiei1:. 

0.nHaKO 60JibW11HCTBO copTOB Heqin1 

Hy)l(.naeTC5l B .nonOJIHl1TeJibHOM 06ecco

Jll!BaHIHI, KOTOpoe npO BO)HITCH 1rn npo

M blCJlH:\ II Herjne11epepa6 aTbl Ba!OLUH :\ 

3aso.nax. ..QJIH y,naJieHm1 coJieii H3 

HecpTtt np11MeH5leTc5l cnoco6, co11eTa

t-0w11ti TepMOXI1MHl.!eCKOe OTCTaHBaHHe 

c o6pa6oTKOH 3MYJlbCHH B 3JleKTpttt.te

CKOM none. YcrnHOBKH HOC5JT Ha3BaHtte 

J.1eK111poo6ecco.1uea1014ux (3JJOY). 

TexHonornt.tecKaH cxeMa ycTaHOBKH 

3JleKTpoo6eccoJIHBaHH5l HecpTH npHBO

.QHTC5l Ha p11c. 5.4. HecpTb, B KOTopyt-0 

BBe,UeHbl npOMbIBHa5l Bo.ua, .ue3MYJib

raTop 11 meJiollh, HacocoM H-1 npoKa

t.t11BaeTc5l t.tepe1 Tennoo6MeHHHK T-1 11 

napono.norpeBaTeJib T-2 B 3JieKTpo.ne

rn.uparnp nepBoi1: cryneHH 3 -1. 3.necb 

YlliL151CTC51 oc 110BHa5l rvi acca BOllbl 11 co

"e ii (co..ucp11.;a1111e ux cH~[)J<aeTc5l B 8-
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flap 

IV v 

ra II 
II H-3 

VI 

~ 

H-1 H-5 
Puc. 5.4. Cxe.11a ycmaHOBKll J,1eK111poo6ecco.1ueaHufl HerjJmu: 

I - Cblpa51 HerjJmb; II - Oe3.11Y1bZOlllOp; II - Z1(e.1ol/b; IV - cee.JICOfl eooa; 

v - o6eccMeHHGf/ Hecfm1b; VI - eooa e KO/ta.7l/3Gl(UIO 

10 pa.3). Ha HeKOTOpbIX ycTaHOBKax 

3JIOY nepe.D. 3-1 HaXO,Il,l1TC51 TepMOXI1-

MHqecKa51 cryneHh. 

lfa 3-1 HecpTb nocrynaeT B :rneKTpo

.D.ern.D.parnp BTopoH: cryneH11 3-2 L\JI51 

noBTOpHott 06pa60TK11. Depe.Il. 3-2 
B HecpTb BHOBb TIO,[\aeTC51 BOL(a. 06-

W.HH paCXOL\ BOL\bl Ha 06eccOJII1BaH11e 

COCTaBJI5ieT 10% OT o6pa6aTbIBaeMOH 

HecpT11. Ha HeKOTOphIX ycTaHOBKax cse

)Ka51 BO,[\a TIO)J,aeTC51 TOJibKO Ha BTopyIO 

cryneHh 06eccoJI11BaHH5!, a nepe.Il. nep

soH: cryneHb!O c HecpTb!O CMeWHBa!OT-
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C51 npOMb!BHhie BO)J,bl BTOpoH: cryneHI1. 

TaK y.Il.aeTc51 CHH311Th pacxo.Il. BO.LI.hi Ha 

06eccomrnam1e BL\BOe. 06eccoJieHHa51 

Hecjnh 113 3-2 npoXOL\11T qepe3 Tenno

o6MeHHI1K T- I, xoJIOL\11JihHHK 11 noL(aeT

C51 B pe3epsyapb1 o6eccoJieHHOtt Hecjn11. 

Bo;Ja, OT.Il.eJiemia51 B 3JieKTpoL1ernL1pa

Topax, HanpaBJI51eTC51 B HecpTeOTL(eJIH

TeJib E-1 L\1I51 L\OTIOJIH11TeJibHoro OTCT051. 

YJIOBJieHHa51 HecpTb B03Bpaw.aeTc51 Ha 

np!ieM Cbipbesoro Hacoca, a BOL\a c6pa

cbrnaeTc51 B npOMblWJieHHYIO KaHaJI113a

U11!0 H nepeL(aeTc51 Ha oq11cTKy. 



rJIABA 6. nEPBHLfHA51 nEPEfOHKA HE<l>TH 

6.1. Ha3ua1.Jenue 
nepBH'IHOH neperomrn 

HecpTb, KaK y)Ke 6hrno yKa3aHo, 

npe,ncTasm1eT co6oH qpe3BhilfaHHO 

cnm1rny10 CMeCb B3a11MHO pacTBOp11M bl X 

opraH11lfeCK11x semeCTB. Pa1.nen 11Tb 

ee ttaueno Ha coCTasm11ow.11e KOMn o 

HeHThI npaKTl1lfeCKl1 HeB03MO)KH0, HO 

3TOro nm1 npOMblWJleHHOro np11MeHe

Hl1H HecpTenpo.nyKTOB 11 He Tpe6yeTCH . 

Ha npaKT11Ke HecpTb nen HT Ha QJpa1<u11 11 , 

orn11lfa10w.11ecH no npenenaM Bh1K11-

naH11H. 3To pa3nene H11e nposon11TCH 

Ha ycTaHOBKax nepB114HOH neper oH

KH HeCpT11 c np11MeHeH 11eM npoueCCOB 

lll1CTl1JlJlHUl111 11 peKTl1Cjl11KaUl1H. 

TionylfeHHble QJpaKUHH CJly)KaT Cblpb

eM nn» n anbHeHwei1 nepepa6onrn 11m1 

11CnOJlh3YIOTCH KaK TOBapHbie npon yK

Tbl. n epB11lfHaH neperoHKa - nepBblH 

TexHonornqec1<11i1 npo uecc nepepa-

60T1<11 Hecpn1. YCTaHOBKH neps11L1-

HOH neperoHKH 11Me10T CH Ha Ka)KLlOM 

HTI3 . 

)J,HCTHJIJUIUHSI. )J,HCTHJlJlHIJ,HeH HJll1 

neperoHKOH Ha3hrnaeTcH npouecc 

pa1n eneHHH CMec11 B3al1MHO paCTBO

pHMblX )KH.[lKOCTeH Ha cppaKUHl1, KO

TOpb1e OTJll1lfalOTCH no TeMnepaTypaM 

K1rn e H1rn KaK n p y r OT l lpy 1·a . Ta i\ 11 

OT llC XO,'l HOH crvi e c11 . llp11 nepe ro11-

7 -011 ~(1 

Ke CMeCh HarpesaeTCH .no K11neHHH 11 

qacTHlfHO 11cnapHeTcH. TionyqaeMbie 

napbl OT611pa10TCH 11 KOH.1J,ettc11py10T

CH. TieperoHKOH nonyqaJOT .ll,HCTHJIJIHT 

11 OCTaTOK, KOTOpble no COCTaBy OTJIH

Ya!OTCH OT HCXOllHOH CMec11 . 

TieperoHKa MO)KeT 6bITh ocyruecT

sneHa O)J.HOKpaTHbIM, MHOroKpaTHb!M 

HJlH noCTeneHHb!M HCnapeHHeM. 

TI pH OLlHOKpaTHOM HCnapeHl111 B 

TelfeH11e sce ro speMeH11 Harpesatt11H 

CMeCH npOLlYKTOB no onpe.neneHHOH KO

H elf HOH TeMneparypbl 06pa3y10ru11eCH 

napbl He Bb!BO)J.HTCH 11 3 Cl1CTeMbl 11 

OCTalOTCH B KOHTaKTe c )1{11.ll,KOCTblO . 

Tiocne Toro 1<aK coo6w.eH11e Tenna 3a-

1<aHY11saeTCH, BCH napO)Kl1)J.KOCTHaH 

CMeCb Bbl BOllHTCH B cenapaTop. 3.nech 

06pa1osasw11ecH napbI B on11H np11eM 

( Olll·IOKpaTHO) OT)J.eJIHIOTCH OT )Kl1.[l

KOCTl1 . 

Tip11 MHOroKpaTHOM ocyrueCTBJie

HHH npouec ca pa3.neneH11e cpa3 nposo

llHTCH B He CKOJlhKO np11eMOB. Mttoro

KpaTttoe 11cnapeH11e COCT011T 113 nOBTO

pHIOIUerocH HecKOJlbKO pa3 npouecca 

O.ll,HOKpaTHOro 11cnapeHl1H. TiepBOHa

qaJlbHO npOHCXO)J.11T OT)J.eJleH11e napoB 

OT )1{11.ll,KOCTH, a ::saTeM Ha BTOpOH CTy

neHH )KH)J.KaH cpa3a, OCTaBWaHCH np11 

OT,'lene1-11111 n a pos B n e p so ll cTyneHH. 

BHOBb 11 c nap5!CTCH H T.ll. 
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Dp11 nocTeneHHOM 11cnapeHHH 06-

pa3yiom11ec51 napb1 no Mepe HX o6pa-

30BaHH51 Henpepb!BHO BblBO,U51TC51 H3 

neperOHHOfO annapaTa. noCTeneH

HOe 11cnapeH11e np11MeH5leTC5I np11 

na6opaTopttoi1 neperoHKe ttecpTH 113 

KOJJ6bJ, a B npOMbllllJ1eHHOH npaKT11Ke 

npe)l(.LJ.e 11cnOJ1h3osanocb np11 nepe

roHKe Ha Ky60BblX ycTaHOBKax. 

Dpouecc o.nttoKpaTHOro Mcnape

Hl151 o6na.uaeT npeHJ1.1ymecTsarvt11 ne

pe.u nOCTeneHHblM HCnapeHHeM. npH 

0,UHOKpaTHOM 11cnapeHHll Hl13KOKH

f151lll.He cppaKUHH, nepei1n51 B napb1, 

OCT3KlTC51 B annapaTe, CHH)l(a!OT nap

u11aJ1bHOe .nasneHtte ucnap5I !Ollll1XC51 

BblCOKOKHf151lll,HX cppaKUHH, 4TO ..aaeT 

B03MO)l(HOCTb BeCTH neperoHKY np11 60-

nee HH3KHX TeMnepaTypax. 

Dp11 nocTeneHHOM HcnapeH1111 , Ha

o6opoT, nerK11e cppaKU1111 OTrOH5IIOT 

CHaYaJia, a T51)1(eJJbie- B KOHUe. no3TOMY 

nerKtte cppaKu1111, KOTOpb1e npespa

THJIHCb B napb! 11 6blJl11 BblBe,UeHbl 

113 annapaTa, He BJ111511DT Ha Te11.rne

paTypy KHnemrn T5J)l(eJiblX cj)p3KU11M. 

6naro.nap51 BJ1115IH1110 nern11x cj>pa1<u11i1 , 

np11MeH5151 0,UHOKpaTHOe HCnapeH11e, 

MO)l(HO CHl1311Tb KOHeu KHfleHl151 nepe

rOH51eMoro Cbipb51 Ha 50-100 °C no cpas

HeHHIO c nocTenettHbIM 11cnapeHMeM. 

Ha coapeMeHHhIX ycTaHOBKax nepe

roHKa HecpTH npOBO.LJ.11TC51 c np11MeHe

HHeM O.D.HOKpaTHOro 11cnapeHl15I. 

KaK 113secTHO, B coCTase HecpT11 

11MelOTC51 yrneBO.D.OPOll.bl , KHf15lllll1e np11 

an .. 10ccpepHoM naBneH1111 B wnepBane 
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Te rvrnepaTyp 400-500 °C H Bb!We, B TO 

speM51 KaK TepM114eCKa51 CTa611JJbHOCTb 

yrneso.uopo.uos coxpaH51eTC51 TOJ1bKO 

.LJ.O 380-400 °C. Ilp11 6onee Bb!COKOH 

TeMnepaType HaY11HaeTc5I npouecc pa3-

nmKeHH51 - 1<peK11Hra yrnesonoponos, 

npHYeM Ha116onee Bb!COKOKl1f151ll(He 

yrneso.uoponh1 Hecprn 06nan.a10T Ha11-

MeHhwei1 TepMHLfeCKOM CTa611JJbHO

CTblO . 

Ll,n51 Toro <1T06b1 1136e)l(aTb pa3JJO

)!(emrn yrnesonoponos, Hano noH11-

311Tb TervmepaTypy 11x K11nemrn. 3To 

nocnffaeTC51 neperoHKOH Heqn11 non 

Ba1<yyMoM . Hecln51tta51 cppaKl.l,1151, Bbll<11-

na10ma51 npH aTMOCcpepHOM .uaBJieHl111 

B HHTepBane TeMneparyp 450-500 °C, 

MmKeT 6b1Tb nepernaHa non. B3KYYMOM 

( OCTaTOLf HOe n.asneHHe 3-5 fla) np11 

200-250 °C. 
)l,n51 f10HM)!(eHl151 TeMnepaTypbl Kl1-

ne1-1115I B npaKTHKe Hecjnenepepa6oTKH 

np11MeH5llOT TaK)l(e neperoHKY c BOn51-

HblM napoM, KOTOpblH CHH)!(aeT nap

U113JlbHOe .nasneH11e yrneson.opo.uos, 

Pe1nnqnmaum1. Dp11 O.D.HOKpaT

HOM 11cnapeHHl1 B3al1MHO paCTBOp11MblX 

)!(11.LJ.KOCTeH 11 nocneny10mei1 KOH,UeH

cau1111 napos nonyYaIOT .use cppaKu1111: 

nernyio, B KOTOpOH con.ep)l(11TC51 60JJb

Ule Hl13KOKl1f151ll(l1X cppa1<u11i1, 11 T5J)l(e

nyio, B KOTOpoi1 co.uep)l(11TC51 MeHbllle 

Hl13KOKl1n51ll(l1X cppaKUl1H, YeM B 11CXO)l

HOM cb1pbe. Cne.uosaTeJibHO, np11 nepe

rott1<e np011CXO.D.HT 06oramett11e Oll,HOH 

cjia3bl HM'3KOKl-lf15llll111\IH, a ;'J.pyro~i - BblCO

KOKllf15lllll1MM KOMnotte1-1TaM11. Oa1-1a1<0 



)l0CTl14h Tpe6yeMoro pa3)J,eJJeHl151 KOM

noHeHTOB Hecpn1 11 nOJJY411Tb KOHe4-

Hbie npOJJ.YKThl, Kl1n51W,11e B 1anaHHbIX 

TeMnepaTypHhIX 11HTepsaJJax, c no

MOW,hlO neperottK11 HeJJb351. Do3TOMY 

nocJJe O.llHOKpaTHOro 11cnapeH115! He

cpT51Hhie napbI nonsepraIOTC51 peKTl1-

cp 11Kall,1111. 

PeKmucjJUKQl{Ueu Ha3b1BaeTC5! n11cp

cpy1110HHblH npouecc pmneJ1eH115I )1(11.U

KOCTei1, pa:mw1a10w,11xc51 no TeMnepa

TypaM Kl1neHl151, 3a C4eT npOTl1BOT04-

HOfO MHOroKpaTHOro KOHTaKT11pOBaHl151 

napoB 11 )1(11.llKOCTH. 

I II 

v 

IV 

Puc. 6.1. Cxe.Ma peKmupuKa11uoHHoi"1 

KOJ/OHHbl: I - XOJ/OOHoe opoiueuue; 

lf - peKm11rf111Kam: !fl - 1(1/{JKl'qll[JVIOllfOR 

,, 0/)5/'IWI ClllfJ.l'H," Iv - OCJl1((/I/()/, .. 

V- Chiphe 

i.112a2 G. n epm1YHasi neperoHKa Hecj:lrn 

KoHTa1<T11posatt11e napos 11 )l(J1.llKOC

Tl1 ocyw,eCTBJl5leTC51 B BepTHKaJJbHbIX 

U11Jll1H.llp114eCKl1X annapaTaX - peKTl1-

cp11Ka11,110HHblX KOJ10HHax, CHa6)1(eHHhlX 

cneu11aJ1bHblMl1 ycTpOHCTBaMH - peKT11-

cp111<au110HHblMl1 TapenKaM11 11n11 ttacan

KOH, - no3BOJ151IOllJ,HMl1 C03.llaTh TeCHhIH 

KOHTaKT Me)l(Jly napoM, DO.llHHMaIOllJ,11M

C51 BBepx no KOJIOHHe, 11 :>Kl1.llKOCThlO, 

CTeKaIOW,eH BHl13 (p11c. 6.1). 
B cpentt1010 4aCTh B BH,Ue napa, 

)!(l1,UKOCTl1 11JIH nap0)1(11,UKOCTHOH CMe

Cl1 nonaeTC51 Chiphe, KOTopoe tteo6xo

n11 Mo pa3nen11Th Ha .use qacT11 - BbI-

1----------------
I ...--------!'-.. II 
I CeKUIUI 4 
I 
I ,, 
I i----"\ 

I 
I 
I 
I 
I 

~ --E~;:f=~_j 
I 
I 
I r
r i.---.,.i..;.;.--v11 

I -t::::=:::)~~=-=~-i-:...+-N r- ~ I 
: I 

VII 

k:CKWUI 2 

I 
I 

VII I --1-•·v r-------
1 

I I 
!_c~,~~- ·-- __ J 

VI 

Puc. 6.2. Cxe.wa CJ/OJ/CHOU peKmurjJu

KatfUOHJWlt KOJ/OHHbl C 6blHOCHblMU 

mn?oHHhl . .\111 ceK1fU>1Mu: I - Chl[Jhe; 

fl - pc1,·1111((/J111,w11: Ill, IV. V - 601-:orlbze 

1111.·u11h1; VI - oc11za111or:: VII - eoiJRH01/ 11up 
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lnasa 6. nepsw.rna11 nepero H1,a ;;ecj:m1 

COKOKl1fUll.UYfO H Hl13KOKl1051WYIO. 3oHa. 

8 KOTOpyl() no.uaeTC.51 Cblpbe, HOCl1T Ha-

38aH11e JRanopal(UOHHOll, TaK KaK 8 HeH 

np011CXOD.11T 36G110pG1fllfl - OD.HOKpaT

HOe 11cnapeH11e HarpeToii 8 neY11 11JJH 

Tennoo6MeHH11Ke cMecu 1-1a napo8ylD 

11 )!{11.UKYIO <IJa3bI. B 1-1eKOTOpb1x cny-

4a51x 38anopau110HHa5! 301-1a 0Tnene1-1a 

OT KOJlOHHbl, 11 38anopau1rn np011380-

1lHTC.51 8 caMOCT051TeJlbHOM annapaTe. 

011.HaKo y 60J1bllil1HCT83 KOJlOHH , 8 

YaCTHOCTl1 Ha ycTaH08KaX nep8WIHO~i 

nepero1-1K11, 011.1-10KpaT1-1oe 11cnape1-111e H 

peKT11cp11KaU1151 C08Mewa!OTC51. 

B pa6ornwmei1 peKTHtjm1<au110HH011 

KOJlOHHe 4epe3 Ka)!{ll.YfO rnpem<y npo

XOD.51T 4eTbipe noToKa: I) )!{lfllKOCTb -

<IJnerMa, cTeKawma51 c 8b1wene)l(aweil 

rnpe11K11; 2) napb1, nocTynmow11e c 1-11-1-

)l(eJJe)!{aweii rnpenKH; 3) )1(11!J.KOCTb -

<IJnerMa, yxo.u.51wa51 Ha HH)l(eJle)KawylD 

TapenKy; 4) napb!, nOL1,HHMa10w11ec51 Ha 

Bb1we11e)!{awyw Tapem<y. 

DapbI H )!{H,UKOCTb, noCTyna10m11e 

Ha Ta pen Ky, He HaXO,U51TC51 8 COCT051H1111 

pa8H08eCl1.51, O,UHaKo, 8CTyna51 8 conpH

KOCH08eHHe, CTpeM.51TC51 K 3TOMY COCT0-

51Hl110. )l{11,UKl1H nOTOK c 8b1WeJle)l(awei1 

npe11K11 noczynaeT 8 301-1y 6onee 8b1co-

1<oi1 TeMneparypbI, 11 no3TOMY 111 1-1ero 

11cnap.5!eTC5! HeKOTopoe KOJ111YeCT80 

Hl13KOKHn51mero KOMnOHeHTa, 8 pe3yJlb

TaTe qero KOHUeHTpau1151 nocne11.1-1ero 

8 )!{11,UKOCTH yMeHbwaeTC51. c .upyroi1 

CTOpOHbl , napoBOH llOTOK, noCTynafO

W11H c HH)l(eJle)Kaweii rnpe111<11 , nona

naeT 8 101-1y 6onee H 111 1<01-i TeM nepaTy-
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pbl 11 43CTb 8b!COKOKl1n51Wero npo.uyK

Ta 113 3TOro llOTOKa KOH,Ue1-1c11pyeTC5!, 

nepexo.u51 8 )K11.UKOCTb. Ko1-1ueHTpau1151 

8b!COKOKl1n51Wero KOMnOHeHTa 8 napax, 

TaKHM o6pa30M, nOHl1)!{aeTC51, a Hl13KO

Kl11151W:ero - n08b!WaeTC51. <t>paKU110H

Hb!H COCTa8 nap 11 )l(HD.KOCTl1 no 8blCOTe 

KOJlOHHbl Henpepb!BHO 113MeH51eTC51. 

4aCTb peKTHcp11KaU110HHOH KOJlOH

Hbl, KOTopa51 pacnOJlO)!{eHa 8bIWe 880-

na Cblpb51, Ha3b1BaeTC5! KOH1fe11mpm111-

0111101/. a HW>Ke - Olllc'OHHOlt. B 06e11x 

L1acT5!X KOJlOHHbI npo11cxo.u11T 011.11H 11 

TOT )Ke npouecc peKT11tjm1<au1111 . C 8ep

xa KOHUeHTpau110HHOH YaCTH 8 napo-

80~i <1Ja3e 8bl80D.11TC51 uene80H npo.uy1rr 

Heo6XOllHMOH YHCTOTbl - peKmllrjJUK0/11, 

a c Hl13a - )KH1J.KOCTb, ewe 8 3aMeTHOH 

CTeneHH 06orawe1-1Ha5! HH3KOKl11151W11M 

KOMno1-1eHTOM. B 0TroH1-1oi1 YacT11 111 

)TOH )1(11,UKOCTl1 OKQHLfaTeJlbHO OTna

p118aeTC5! Hl1 3KOKl1n.51W:11H I<OMnOHeHT. 

B 81111.e )1<1111.KOCTH c Hl13a 3TOH qacT11 

KOJlOHHbl 8b!BOLl,11TC51 8TOpOH uene80H 

KOMllOHeHT - ocmamoK. 

,lJ,Jl51 HOpMaJlbHOH pa60Tbl peKT11-

cju11<aUHOHHOH KOJlOHHbl Heo6XOD.11MO, 

LIT06bl c sepxa KOJlOHHbl Ha HJ1)!(eJ1e

)J(aw11e rnpe11 1<11 HenpepbIBHO CTeKana 

)!(Hll.KOCTb (rjJ.1ez.Ha). Do3TOMY qacTb ro

T08oro npo.uy1aa (peKT11cp11Karn) noc

ne 1<0Hne1-1cau1111 8038pawaeTc51 Ha 

BepXHIOIO rnpeIIKY I<OJIOHHbl B BHD.e 

TaK Ha3blBaeMoro opowe11u5/. C 11.py

roli CTOpOHbl, Ll.Jl51 HOpMaJlbHOH pa60Tbl 

1<0,101-11-11>1 1-1 eo6xon 11Mo, L1T06b1 c 1-11n a 

KOJlOHllbl BBepx Henpepb1BllO fl0lllll1f\13-



Jll1Cb napbl. 4T06b! C03)laTb B KOJlOH

He naposoi1 noToK, YaCTb yxOJl511llero 

113 KOJlOHHbl OCTaTKa nO)lOrpesaeTC51 , 

11cnap5IeTC5l 11 B03BpamaeTC51 o6paTHO 

B KOJlOHHy. 

Ha p11c. 6.1 11306pa)KeHa cxeMa TaK 

tta3hrnaeMOH npocmoii KOJTor111b1, co

CT05llllett 113 KOHueHTpau110HHOH 11 OT

rOHHOH lJaCTeH 11 11MeIOwei1 )lBa BblBO)la 

npoJJyKToB - c sepxa 11 HH3a. CywecT

syIOT KOJlOHHbI, B KOTOpbIX HMeeTC51 

TOJlbKO KOHUeHTpau,HOHHa51 lJaCTb, KOf

,LJ,a Cblpbe BBO)ll1TC51 no)l Hl1)KHIOIO Ta

peJJKY KOJlOHHbl, 11Jll1 TOJlbKO OTroH

Ha51, KOr)la Cblpbe no)laeTC51 Ha sepx

HI-OI-O rnpenKy. 

Ha cospeMeHHbIX yCTaHOBKax no 

nepepa6oTKe Hecprn Hap511lY c npocTbI

MH KOJlOHHaM11 w11pOKOe pacnpocTpa

HeHHe nOJJY411Jll1 C:10.1/Cllh/e K0.10/-1/lbl, 

B KOTOpblX KaK 6bI COBMewaeTC51 He

CKOJl bKO npOCTblX KOJlOHH (p11c. 6.2) . 
Cb1pbe B TaK11x KOJlOHHax nocTynaeT 

B cpe)J,HIOIO lJaCTb 0)1,HOH 113 ceKUl1H 

(cM. p11c. ceKU1151 !) 11 pa3)J,en51eTC51 

Ha )K111lKYI-O 11 naposy10 cpa3bl. 

}!{11.D,KaH cpa3a onycKaeTC51 no Ta

peJJKaM HH)KHeH (oTroHHOH) 43CTl1 

ceKU1111 11 np11 3TOM 113 Hee OTroH51IOTC51 

JJern11e cppaKLll111. 

Tiaposa51 cpa3a no.D,H11MaeTC5l no 

TapeJJK3M BepxHeH KOHU,eHTpau110H

HOH YaCTl1 ceKu,1111 I, nocTeneHHO o6-

JJerlJa51Cb no cocTasy, 11 3aTeM noCTy

naeT B ceKu111-0 2. CeKu1151 I npe.D,CTaB

m1e-r co6oi1 no1rny10 peKnl(jJ111<au110H-

11y10 KOJlOllHy, peKTllCjHJIGlT l\OTOpoii 

lnaaa 6. nep8~YH8S1 neperoHKa Hecprn 

cny)K11T CblpbeM ceKu,1111 2. B ceKu1111 2 
OT CMec11 OT)leJl51eTC51 cppaKl.(1151, KOTO

pa51 lJaCTl1lJHO nepeTeKaeT B ceKU11IO !, 
a YaCTl14HO nocrynaeT B oT.uenhHO pac

nono)KeHHYIO OTroHHYIO lJaCTb. 3.D,eCb 

cppaKUIU! )lOnOJlHHTeJJbHO peKTHQlHUH

pyeTC51. PeKT11CjH1KaT ceKu1111 2 51BJl51-

eTc51 CbipbeM ceKu1111 3. 
B ceKu11Hx 3 u 4 OT.D,eJJ51IOTC51 B 

Bl1)le 6oKOBbIX noroHOB eme )lBe cppaK

U1111. KaK ceKU1151 2, TaK 11 ceKu1111 3 11 4 
npe.D,CTaBJl511-0T co6oi1 KOHUeHTpau110H

Hble lJaCTl1 npoCTblX KOJJOHH. 0TroH

Hbie lJaCTl1 3Tl1X KOJlOHH BbI.D,eJJeHbl B 

caMOCT051Te.TJbHbJe KOJJOHHbl, KOTOpbie 

06bilJHO 11MeHyIOTC51 omnapHbfjV/l/ HJil1 

Cll1]Jlll111111/ZG.llll. fOTOBbJe npo.uyKTbl OT-

611paI-OTC5l c Hl133 OTroHHbIX CeKU11H, a 

OTOfH3HHbie nern11e cppaKl.(1111 OTBO.U51T

C51 B OCHOBHYIO KOJIOHHy, c sepxa KOTO

pott YXO.D,11T caMbIH JJerKHH Dl1CTl1JlJ151T. 

CJJO)KHbie KonoHHbI np11MeH5IIOTC5l B 

Tex CJJY4351X, KOrna He Tpe6yeTC51 oco-

6eHHO BbJCOKOH lJeTKOCTl1 pa3.D,eJieHl151 

nponyKTOB. )J,JJ51 lJeTKOfO 11 CBepxqeTKO

ro qJpaKU110H11pOBaHl151 (np11 BTOp114HOH 

neperoHKe 6eH3HHOB, ra3opa1.D,e.TJem111) 

o6bilJHO ycrnHaBJJHBaeTC51 HeCKOJlbKO 

npOCTbIX peKT11tjrnKau110HHblX KOJJOHH, 

B Ka)K)l0H 113 KOTOpblX BbJ)leJl51eTC51 O.U11H 

11n11 JJBa ueneBbIX KOMnoHeHTa. 

Ileperomrn Helj>TH .ll.0 MaJyra H ryD,

pona. Tieps11YHa5l neperoHKa HecpT11 Ha 

Tpy6qaTbIX ycrnHOBKax ocymecrnm1eT

c51 np11 aTMOCcpepHOM .uasJieHl111 11 no.u 

saKyy,...10\1. Tip11 neperoHKe HecjJT11 1-1a 

Tpy6'1aT1>1x y crnHOBKax, pa6orn1-0w11x 
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lnasa 6. nepBW·<HaS1 neperm 11<a Heci,:JT11 

npH aTMOCcpepHOM )laBnemrn, 113 Hecp

TH BbJ)lem110T CBeTJlbJe .llllCTHJlJl.SITbl -

6eH3HHOBbIH, KepOCHHOBblH, )lH3eJlb

HhIH. OcTaTKOM OT neperoHKH np11 

aTMOCcpepHOM )laBileHHH .SIBJl.SleTC.SI 

Ma3yT - cppaKUH.s!, neperoH.s!IOIJJ,a.SIC.s! 

Bblllle 330-350 °C. 3TH yCTaHOBKH HO

C.SIT Ha3BaH11e mmwocrjJep11afl mpy6iw

maJl ycmaH06Ka (AT). 
,Un.si Toro, 4T06h1 BhI.UeilHTh 6onee 

BblCOKOKHD.s!IJJ,He HecprnHbJe cppaKUHH, 

Ma3YT no.usepraeTc.si neperoHKe Ha 

ycTaHOBKax, pa60Tal01UHX c np11MeHe

HHeM BaKyyMa. 0CTaTKOM OT neperoHKH 

Ma3YT3 .s!BJl.s!eTC.s! rynpoH. 

B 3aBHCHMOCTH OT 06111ei1: cxeMbJ 

HD3 11 csoH:crn nocTyna10weH .Uil.SI ne

pepa6oTKH Hecprn coopy)!(alOTC.SI n1160 

ycTaHOBKH aTMOCcpepHOH n eperoHKl1 , 

1rn60 ycTaHOBKH, C04eTalOLUHe aTMOC

cpepttyIO 11 BaKYYMHYIO neperoHK)', - a111-
Moc</JepHo-eaKyy.·wHb1e mpy6'la1111J1e yc

maH06KU (ABT). 
B Tex cnyqa.six, Koma Ha 1asoJJ.e 

He06XO)lHMO noJiy411Tb Ma1<c11MaJlb

HOe KOJIH4eCTBO CBeTJlblX npOJJ.YKTOB, 

neperottr<y BenYT .uo rynpo1-1a. Bh1.nene1-1-

Hhie 113 Ma3yTa TeMHbJe lll1CTl1JlJl.s!THbJe 

cppaKU,HH H ry.upoH 3aTeM 11CnOJlb3Y

IOTC.s! .um nonyqe1-111.si 6onee nern11x 

HecpTenponyKTOB MeTO)laMH 1<peK11Hra, 

KOKcosamrn 11 .up. DeperoHKY no ry.upo

Ha npOBO.Ll.SIT 11 B TOM cnyqae, eCJlH Ha 

3aBone opraHH3yeTC.SI npOH3BO.UCTBO 

ttecprnHhIX MaceJI, KOKca, 6~nyMa. Ecn11 

)Ke Tpe6yeTC.SI noJly1.Jl1Tb MaKCMl'vlaJlbHOe 

KOJll11.JeCTBO KOTeJlbHOro TOTIJll1Ba, TO or

paHHl.JHBalOTC.SI nepero11KOH .LIO Ma3yTa. 

102 

Accop11111.11eHJn npooyKmoe amMoc

(jJep1-1b1x u mm1ocrjJep110-eaK)yJ\IHblX yc

ma1-1oeoK. B pe3yllhTaTe nepBH4HOH ne

peroHKH HecpTH npH aTMOccpepHOM .uas

JleHl1H nony4a10Tc.si cne)ly10m11e npo

.llYKTbl. 

1. C:Hc11.J1ceu11b1u y2J1eeooopoo111Jllt 

ZG3, COCTO.SILUHH B OCHOBHOM H3 npo

na1rn 11 6yrntta. KoJIHl.JeCTBO npo.llyKTa 

33811CHT OT Toro, HaCJ<OJlbl<O rny60KO 

6b1Jla CTa6HJlH3HpOB3Ha HecjJTb Ha npo

M blCJlOBblX ycTaHOBKaX. flpH nepepa-

60TKe He~nH c 60JlbWHM co.uep)!(aHHeM 

ra3a nponaH-6yrnHosa.si cppaKu11.si BbI

BO.UHTC.SI c neperoHHOH ycTaHOBKH He 

TOJlbKO B )l<HL\KOM, HO H B ra3oo6pa3HOM 

BH,'\e. flocne 04HCTKl1 OT cepH11CTblX 

coenHHeHHH np.s!MOl'OHHblH C)!(J1)1\eH

HblH ra3 MO)!(eT HCnOJib30B3TbC.s! I<aI< 

6bITOBOe TOTIJl 11BO. flp.SIMOfOHHblH ra3 

.sisnsieTc.si TaI<)!(e CbipbeM ra3ocjJpa1<u110-

H 11py10w11x ycTaHOBOI<. 

2. Ee113w1oeafl rjJpaKlfllfl. fleperoHsi

eTcsi B npe.uenax 30-180 °C. Hcnonb3Y

eTcsi B I<al.JeCTBe KOMnOHeHTa TOBapHOro 

asTo6eH311Ha, Kai< Cblpbe ycTaHOBOI< Ka

TaJll1Tl14eCKOro p11cpopMHHra. 

3. KepOCl/l-106Qfl (ppaKlfllfl. nepe

fOH.SleTC.SI B npe.uenax 120-315 °C. Hc

nonh3yeTc.si B 1<a1.JeCTBe Tonn11sa peaK

THBHbIX as11au110HHbIX .LlBHraTeneH:, .LlJl.SI 

OCBeLUeHH.s!, Kai< rop104ee TpaI<TOpHblX 

1<ap610parnpH blX ns11raTenei1:. flo.nsep

raeTcsi .uononHHTeJlbHOH o6pa6oTKe Ha 

ycTaHOBKax fH.UpOO'IHCTKH, weno'l

HO~i 0 '!11 CTKl1 HJlH neMep1rnnTa 111na

UH 11 c u en blO 0'1 ~ICTKll OT cepH HCTl>I X 



coeJJ,11HeH11i1 11 ynycuueH11S1 3KcnnyaTa

UHOHHhIX KaLJeCTB, B LJaCTHOCTH TepMH

LJeCKOH CTa6HJ1hHOCTl1. 

4. jJu3eJlbHGfl qJpaKlfllfl. DeperoH51-

eTCSI B npeJJ,enax 180-350 °C. cDpaKU115I 

11COOJ1h3yeTCSI KaK TOOJ1HBO )J,J15I )J,H3eJ1b

HhIX )J,BHraTenei1, ycTaHOBJ1eHHhIX Ha 

aBTOM06HJ15IX, TpaKTOpax, TeOJ10B03ax, 

cyJJ,ax MOpCKoro H peLJHoro cpnorn. )l,11-

3eJ1hHaS1 cppaKU115I, nonyLJeHHaSI H3 cep

HHCThIX Heqnei:i, Hy)!()J,aeTCSI B OL!l1CTKe 

OT cepbl, KOTOpaS! npoBO)J,HTCSI c npHMe

HeHHeM r11JJ,poreHH3aUHOHHOro MeTO)J,a, 

5. Ma3ym - oCTaToK, nonyyae

MbIH npH aTMOccpepHOH neperoHKe 

HeQJTH. TeMnepaTypa HaYana KHneH11S1 

330-350 °C. l1cnonh3yeTc5l B KaYecrne 

KOTeJ1bHOro TOOJ1HBa; CJ1Y)!(HT CblpbeM 

ycTaHOBOK TepMWieCKOro KpeKHHra. 

AccopTHMeHT npoJJ.yKTOB saKyyM

HOH neperoHKl1 Ma3yTa 3as11c11T OT 

sapttaHTa nepepa6oTKH Hecprn. Cy

wecrnyIOT JJ,Be cxeMhI nepepa60TK11 

Ma3yrn: MaCJ1S1HaS1 H TonnHBHaSI. DpH 

MaCJ15IHOH cxeMe nonyLJa!OT HeCKOJ1bKO 

cppaKUHH BaKyyMHbIX )J,11CTHJ1J15ITOB, np11 

TOOJ111BHOH - O)J,Hy. 

lfocno BaKyyMHbIX )J,HCTHJ1J15ITOB 

npH MacnSIHOH cxeMe nepepa6oTKH Ma-

3yrn onpeJJ,enS1eTCS1 THnOM nepepa6aThI

saeMoi1 HecpTH H pasHo 2-3. Ka)!(JJ.bIH 

113 )J,11CTHJ1J15ITOB 3aTeM 00)],BepraeTCSI 

OYHCTKe. 0'-lmlieHHble npOJJ.YKTbl CMe

WHBa!OTCSI B pa3J1H'-!Hh!X COOTHOUieHH-

5lX ilJ15l OOJ1y<ICHl151 TCX llJ1H IIHblX cop

TOB rviacen. 

BaKyyMHhIH JJ.HCTl1J1J15IT, Bb1pa6aTbI

saeMbIH npH TOOJ1HBHOH cxeMe nepe

pa60TKH Ma3yTa, neperoHSleTCSI npH 

350-500 °C H HCOOJ1h3yeTCSI KaK Cblpbe 

KaTaJ1HT11YeCKOro KpeK11Hra 11J111 r11JJ,po

KpeK11Hra. 3ry Q)paKU11!0 11HOr)J,a Ha3bl

BaIOT BaKyyMHbIM fa30HJ1eM. 

6. I'yopoH - OCTaTOK OT neperoHKl1 

HecpT11, neperoHSICTCSI np11 TeMneparype 

BbIIIIe 500 °C. 3TO BhICOKOB5!3Kl1H npo

LlYKT, 3acTbrna10w11i1 np11 30-40 °C. OH 

11COOJ1b3YCTCSI KaK Cblpbe ycTaHOBOK 

TepM11'-!CCKOro KpeK11Hra, KOKCOBaHl15I, 

np0113BOLlCTBa 6HryMa 11 BbICOKOB5!3Kl1X 

Macen. 

6.2. TexuoJioruqecKue cxeMbl 
ycTauoBOK nepBuquoii nepernuKu 

ue«j>TH 

Tttnht yCTauoBoK. ATMoccpepuh1e 11 

BaKyyMHbie Tpy6LJaTbIC ycTaHOBKl1 cy

wecrnyIOT He3aBl1Cl1MO JJ.pyr OT JJ.pyra 

11J111 KOM611H11py!OTCSI B COCTaBe O)J,HOH 

ycTaHOBKH. 

ATMoccpepHhie Tpy6LJaThre ycTaHOB

KH IIO)J,pa3)J,CJ15IIOTCSI B 3aBl1Cl1MOCTl1 OT 

HX TCXHOJ10rHYCCKOH CXCMbl Ha ycTa

HOBKl1 c O)J,HOKpaTHhIM 11 LlBYXKpaTHbIM 

11cnapeH11eM HecpT11. 

Dp11Hu11n11anbHa5.I cxeMa ycTaHoB

K11 c O)J,HOKpaTHbIM 11cnapeH11eM np11-

BOLll1TC5.I Ha p11c. 6.2 a. HecpTb npo

nycKaeTC5.I CblpbeBblM HaCOCOM qepe3 

Tennoo6MeHHl1Kl1 H Tpy6LJaryIO IlC'-!b B 

per<TwjrnKau110HHYIO KOJ10HHy. B ::isa110-

pau110HH0\1 npoCTpaHCTBC npOlICXO)J,HT 
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lnaBa 6. nepBwrnas:i neperoH Ka H8cpH1 

O.UHOKpan1oe 11Cllapemte HeCjlTH. napbl 

tteqnH 3aTeM pa3,neJT.H({)T peKTl1CpHKa

u11ei1 Ha ueneBbie cppaKUHH, a 11 3 )1(11.U

KOCTH TaKHM :lKe nyreM y.uan.HIOT nerno
KHO.l!W.He cppaKU11H. 

CxeMa ycrnttoBKH c ;'lByKpaTHblM 

11cnapett11eM npHBO.U11TC.ll Ha pHC. 6.2 6. 
Harpern.H B Tennoo6MeHH11Ke ttecpTb 

no.uaeTC.ll B TaK Ha3h1BaeMy1-0 om6eH3ll

HU6G/OUfYIO KOJIOHHy. B 3sanopau110H

HOM npocTpaHCTBe 3TOH KOJTOHHbl npo

HCXO.UHT 11CllapeHHe HecjHH . noCKOJlbKY 

1-1ecpTb Harpern TOIThKO .ao 200-240 °C, 
KOJTl1LfeCTBO o6pa3y!OW.HXC51 napoB He

BeJTHKO H B Hl1X B OCHOBHOM co.uep)KaT

C.ll 6eH3HHOBbie cppaKUHH. Ha peKrncjrn

KaUHOHHbIX TapenKax KOHUeHTpaUHOH

HOH qacn1 KOJIOHHbI 6eH3HH oT.aen51eTC51 

OT 6onee T.ll)KeJTb!X cppaKUHH H B BH.Ue 

napos yxo.uiu H3 KOJIOHHbl. BMeCTe 

c napaMH 6eH3HHa y.aan5!1-0TC5! 11apb1 

BO.Ubl, nocrymrnwei1 Ha yCTaHOBKY nep

BHLfHOH neperoHKl1 c HecpTbfO, H ra3bl. 

DonyOT6eH3HHeHHYl-O HecjHb 336H

pa!OT HaCOCOM H qepe3 Tpy643TYIO ne4b 

110.U3!0T B OCHOBHYIO am.\/ocr/JejJ/-1_1'10 KO

JTOHHy, r.ue npoHCXO.UHT llOBTOpHoe 11c-

11apett11e ttecpn1 11 peKTIHjrn1rnuirn napoB 

c Bb1,nene1-111eM rn:lKenoro 6e1-13111-1a ( cMe

w11saeMoro 3aTeM c 6ett3HHOM, nonyYa

eMhIM B OT6eH3HHHB31-0WeH KOJTOHHe) , 

KepOCHHOBOH H ,Ul13eJTbHOH cppaKUHH; 

OCTaTOK - Ma3yT. 

.D:ocTOHHCTBOM cxeMhl c O.UHOKpaT

HblM 11cnapem1eM 51BJT51eTc51 TO, 4TO ner-

1rne 11 TmKeJTb1e qipaKu~m 11cnap5110TC51 

COBMeCTHO . 3TO cnoco6cTByeT 6 on ee 
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rny60KOMY OT,UeJTeHHl-0 T.ll)l(eJThlX KOM

llOHeHTOB npH OTHOCHTeIThHO Hl13KHX 

(300-325 °C) TeMnepaTypax no.uorpesa 

1-1e<pTH . YcrnHOBKH o.uttoKpaTttoro 11c-

11apett115! KOMll3KTHbl, HMel-OT MaJiyJO 

nporn)l(eHHOCTb Tpy6onpOBO.UOB, Tpe-

6y1-0T MeHbWe TOOJTHBa, LfeM .upyrne 

yCTaHOBKH. 

He.uocTaTKH cxeMht c o.uttoKpaTHhIM 

11cnapett11eM cne.uy1-0w11e: 

I) np11 11eperoHKe ttecpTH c nosh1-

we1-1Hb1M (Bb1we 15%) co.uep)l(att11eM 

6eH3HHOBblX cjipaKUHH 3HaLfHTeJThHO 

yBe.111t111BaeTc5! .uasne1-111e B Tennoo6-

MeHHHKax H Tpy6ax ne4HOro 3MeeBHKa, 

lfTO npHBOL(HT I< Heo6XO.UHMOCTH npH

MeH51Tb 6onee npo•rnyJO H MernnnoeM

KYl-0 annapaTypy, ysem14HB3Tb .uasne

HHe B JTHHHH HartteTaHH.ll CblpheBoro 

Hacoca; 

2) ecn11 Ha 11eperoHKY no.uaeTC51 

HecpTb, H3 KOTOpOH llJTOXO y.uanetta BO.Ua, 

TO )TO T3K)l(e npHBO.UHT K nOBhlWeHH({) 

.U3BJTeHH51 B nelfH H MO)l(eT Bbl3B3Tb no

Bpe)l(,UeHHe cjma1-1uesb1X coemIHeHHH 

ne4HblX Tpy6; 

3) ecn11 neperott.HeMa51 ttecpTb 1-1e.uo

crnrn41-10 xopowo o6ecconetta, TO np11 

ee Harpese B Tpy6ax ne4H 6y.uyT OTK

na,nbIB3TbC51 Ml1HepanbHble COJIH, 113-33 

JTOro npOHCXO.U.l!T MeCTHbJe neperpeBbl 

B 3MeeBHKax neYeH, LJTO B KOHe4HOM 

HTOre MO)l(eT npHBeCTH K asap1111 - npo

rapy Tpy6 . 

Dp11 .usyKparnoM 11cnapett1111 ra3, so

Jl3 11 3H3411TeJTbH351 43CTb 6eH3HHa yna

Jl51f0TC51 111 He<jn11 n o ce nocTy11ne1-11H1 B 

llCl[ b. ':ho o6CT051TCJl bCTBO o6nertiaeT 



rnasa 6. nepswma~ neperoHKa Hecprn 

6) 

a) fl 

I~ 
IV 

K-1 

Il-2 

H-1 H-1 

Puc. 6.3. Cxe.-11a anu10c¢epHml nepe20HKU c OOHOKpam11blM (a) 

u 06yKpamHbtM (6) uc11ape11ue.M 11e¢mu: I - HecjJmb; II - za3; Ill - 6e113u11; 

IV - Kepocw1; V - 0113eJ?bHaR ¢paKlfUR; VI -MCl3ym 

ycnOBH.SI pa60Tbl KaK ne411, TaK 11 oc

HOBHOH peKT11cp11Kau,11ottHoi1 KOJlOHHbI 

11 COCTaBnsleT OCHOBHOe npe11Myr.uecTBO 

cxeMbI c LJ.ByKpaTHbIM 11cnapet111eM. ITo

cneLJ,H5151 oco6eHHO yL1.06t1a B Tex cny4a-

51X, KOrLJ,a 4aCTO np011CXOLl,11T H3MeHeHHe 

rnna nepepa6aTbIBaeMoi1 Hecprn. Ha 

ycrnHOBKax LJ.ByKpaTHoro 11cnapet1115! 

yCTpaHeHbl HeLJ,OCTaTKl1, xapaKTepHble 

Ll.Jl51 ycTaHOBOK OLl,HOKpaTHOro 11cnape

HH5!. 

0LJ.H3KO, 4T06bl Ll,OCTH4b TaKOH )Ke 

rny6HHbl OT6opa Ll,HCTl1Jln51TOB, KaK 

npH OLl,HOI<paTHOM 11cnapeHHl1, HecjJTb 

Ha ycra1-10BKax .lIByKpan1oro 1-1cnape

HH5! np11XOJJJITCSI 11arpeBaTb 110 6onee 

BbICOKOH TeMneparypbI (360-370 °C). 
Ha ycrnHOBKe c LJ.ByKpaTHhIM ttcnape

HHeM YL1.Ba11saeTc5! KOJittLJ:eCTBO peK

T11cp11Kau110HHbIX KOJIOHH, 3arpy30l.J:HbIX 

HaCOCOB, pacryT pa3MepbI KOHLl,eHcauH

OHHOH annapaTypb!. 

Ha ycrnHOBKax 11 6JI01<ax BaKyyMHOH 

neperoHKH TaK)!\e npttMeHSHOTC51 cxeMhI 

OLl.HOI<paTHOro H Ll.ByKpaTHoro HCnape

HH51 (p11c. 6.3). Ha116onee pacnpoCTpa

HeHbI 6JlOKH c O,llHOKpaTHblM 11cnapeH11-

eM Ma3yrn (p11c. 6.3 a). Ott11 noCTpoeHbl 

Ha 6onbw11ttcrne HIT3. Ho, KaK noKa3aJI 

onbIT 3Kcnnyarnu1111, Ha TaK11x 6noKax 

He yµaeTCSI nO.'l)lllHTb xopowo OTpeKTH

cjrnw1poBaJIHble BaKyyMHble ,llHCTl1JlJlSI-
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BHOBb neJ111TC51 Ha )lBa noTOKa 11 no

CTynaeT B Tennoo6MeHHl1Kl1. OepBblH 

noTOK Hecjn11 HarpesaeTc51 B T-5 11 T-6 
ryJJ.pOHOM, BTopoi1 - B T-7 - Hl1)1<Hl1M 

u,11pKyn11py10llll1M opowett11eM K-6 11 

B T-8 - ryJJ.pOHOM. HarpeTa51 JJ.O 220-
240 °C Hecj>Tb nocTynaeT 3aTeM B OT-

6ett311tt11saJOmyJO KOJJOHHY K-1. 
Bepxtt11i1 npOJJ.YKT K-1 Kottnettrnpy

eTC51 11 OXJ1a)!(naeTC51 B B03D.YWHOM 11 BO

mrnoM 1<0HnettcaTopax-xonom1nbHHKax 

XK-1 11 XK-2, nocne tJero noCTynaeT s 

pecj>nJOKCHYJO eMKOCTb E-1, 113 KOTOpoi1 

lJaCTb 6eH311Ha B03BpamaeTC51 HaCOCOM 

s K-1 B KatJecrne opowe1-11151 ( cjrnerMbI ), 

a 6anattcosoe 1<on114ecTBO noJJ. co6CT

seHHbIM JJ.asnett11eM noCTynaeT s eM

KOCTb E-3. 
HmKHHH npoJJ.yKT K-1 - tJacrnt.tHO 

OT6eH311HeHHa51 Hecjnb 3a611paeTC5! Ha

cocaMl1 H-2 11 H-3 11 ttanpaBJJ51eTC51 B 

Tpy64aTy!-O nelJb fl-1. Vl3 nelJH BbJXOn51T 

.D.Ba noToKa ttarperni1 JJ.O 360 °C ttecjnH, 

0)J,11H 113 KOTOpb!X B03BpaiuaeTC51 B KO

J10HHY K-1 , BHOC51 JJ.OnonHHTeJJbttoe 1<0-

n111-1ecrno TenJlOTbl, Heo6XO)ll1MOH )lJlSI 

pe1<rncj>111<au,1111. 

Brnpoi1 noTOK ttarperni1 no11yoT6eH-

311tteHHOH ttecj>Tl1 nocTynaeT B aTMOC

cj>epttyJO KOJ10HHY K-2, rne pa3nen5leTC5I 

tta tteCKOJlbKO cj>pa1<u,11i1. TeMneparypa 

Hecj>n1 Ha BblXO)le 113 ne411 fl-1 COCTaB

JrneT 360 °C. 
,IJ,1151 CHl1)!(eHl151 TeMnepaTypbl Hl13a 

KOJ10HHbl 11 6onee IlOJ1HOro 113BJlet.te

mrn H3 ~ia1yrn csernhIX 11ecjnenpo.D.yK

TOB peKT1HjJ1-11<au1-151 B K-] nposO)lMTC51 

B np11cyTCTBl1H BOD,51H0f0 napa. Dap 

nonaeTC51 B Hl1)!(HJOIO t.taCTb KOJ10HHbl B 

KOJ1114eCTBe 1,5-2% Ha OCTaTOK. 

C sepxa KOJJOHHbI K-2 yxo)151T napbI 

6eH311HOBOH cppaKI..U1H c KOHU:OM Kl1-

neHl151 180 °C, a TaK)!(e BOJ151HOH nap. 

Oapbl noCTynaJOT B B03.UYWHbIH H BOD,51-

HOH KOHJJ.ettcaTOpb1-xoJJonHJJhHHK11 XK-3 
11 XK-4; nocne KOH.Uettcau:1111 npo.uyKT 

nona)laeT B eMKOCTb-BO)l00TD,eJJHTeJ1b 

E-2. OTcT0Hsw11i1c51 OT BOD.bl T51)1(eJ1bIH 

6eH311H no)laerc51 ttacocoM B E-3. qaCTb 

6ett111tta 111 E-2 so3spamaeTc51 B K-2 B 

KatJecrne ocrporo opowett115!. 

111 KOJJOHHbt K-2 Bb!BOD.51TC51 TaK)!(e 

Tp11 60KOBbIX noroHa - cj>paKLJ,Hl1 180-
230, 230-280, 280-350 °C. 3TH norottbI 

nocrynaIOT nepsoHat.taJ1bHO B OTnap

Hbie KOJJOHHbI K-3, K-4, K-5. B omap

HbIX KOJ10HHax 113 60KOBbIX noroHOB 

B np11cyTCTBl1l1 BOD,51H0f0 napa yna

J151JOTC51 nern11e cj>pa1<u,1111. Ocso6o)l(

neHHbie OT nern11x cppa1<u:11i1 u:enesb1e 

nponyKTbl B )1(11,[l,KOM Bl1.D,e Bb!BO)l51TC51 

c ycTaHOBKl1, a napbl nerKHX cj>paKU:HH 

so3spamaJOTC51 B KOJJOHHY K-2. 
<Ppa1<u1rn 180-230 °C nepe.u Bh1xo

n oM c ycTaHOBKl1 npOXO)ll1T 4epe3 Ten

J1006MeHHl1K T-7 11 xono.u11nbHl1K X-1. 
<PpaKLJ,1111 230-280 °C 11 280-350 °C 
TaK)l(e OXJJa)l()laJOTC.R B COOTBeTCTBYIO

lUHX Tern1006MeHHl1Kax 11 KOHU:eBbIX 

XOJ10.L(l1JlbHl1Kax. 

,IJ,;rn yny4wemrn ycnos11H: pa6o

TbI KOJJOHHhI K-2 H cbeMa H36hITO'IHOtt 

ren11orb1 B KOJlOHHe npenycr--wrpe1-r BhI

son nsyx u11p1<yn11pyKJiu11x opowe1-rnfi: 
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BepxHee (c I 1-H rnpenKH) npoxo.UHT <1e

pe3 Ten11006MeHHHK T-1 H B03BpaLUaeT

C51 B K-2 Ha 10-1-0 rnpenKy; HH)l(Hee ( c 

21-H rnpenKH) npOXO)lHT 4epe3 Ten110-

06MeHHHK T-2 H B03BpaLUaeTC51 Ha 20-1-0 

rnpenKy. 

OcrnToK H3 aTMocq)epHoH: KOJJOH

HhI - Ma3YT - ttacocoM H-4 no.naI-OT B 

Tpy64ary1-0 ne4h ll-3. Ma3yT, HarpeThlH 

B ne4H .uo 410 °C, noCTy naeT B BaKy

YMHYl-0 KOJJOHHY K-6. B KOJJOHHe no.u

.uep)l(HBaeTC51 OCTaTO'IHOe .uaBJJeHHe 

6,6 Kfla. ,[(1151 CHH)l(emrn TeMnepaTyph1 

HH3a H 0611er4eHH51 ycnOBHH HcnapeHH51 

H3 ry.upotta JlerKHX KOMnOHeHTOB B HH 3 

K-6 BBO.UHT BO.UHHOH nap. 

C Bepxa K-6 BhIBO.UHT BOLl51HbJe napb1, 

fa3bl pa3JJO)KeHH51, B03LlYX H HeKOTOpoe 

KOJIH4ecrno tteqnenpoLLyKTa (mnenb

HOH cppaKuHH), KOTOpb1e noCTynaI-OT B 

KOH.D.eHcaTOp XK-5. H ecKOHLLeHCHpoBaB

urnec51 fa3bl OTCaCblB31-0TC51 MHOrocry

neH4aTbIM 3)1(eKTopoM A-1. 
B BaKyyMHOH KOJlOHHe npeLLycMo

TpeH OT6op Tpex 60KOBblX noroHOB -

c 15-, 9-, 5-H: rnpeJlOK. 4aCTb } HIX no

fOHOB nocne OXJJa)l{)leHH51 B03Bp3LU3eT

C51 B KOJJOHHY B Ka4eCTBe UHpKynttpy-

1-0LUero oporneHHH, npe.uHa3tta4eHHoro 

.u1rn CbeMa H36bIT04HOro Tenna H ynyLJ

weHHH ycJJOBHH peKTHcpHKauHH. 

YcrnHOBKa npe.UHa3HaLJaeTC51 Ll1151 ne

peroHKH Ma3yTa no TOnJJHBHOH cxeMe, 

n03TOMY B KaI.JeCTBe TOBapHoro npo

LlYKTa H3 BaKyyMHOH KOJlOHHbl Bb!BO)l51T 

TOJlbKO BTOpOH noroH - Cj)p3KUHl-O 350-

500 °C; 6aJ13HCOBble H3falTl<H n epsoro 

H r penero noroHOB so1spaLUa10Tc51 B 
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K-2 . OcrnTOK 113 BaKyyMHoi1 KOJlOH

Hbl - ryLLpOH OTKa4HBaeTC51 c ycTaHOBI<H 

HacocoM <1epe3 Tennoo6MeHHHKH T-5, 
T-6, T-8. 

E>eH3HHOBa51 cppaKUH51 H.K. - 180 °C 
H3 eMKOCTH E-3 HacocoM no)laeTCH B 

Tennoo6MeHHHK T-8, r)le no.uorpeBaeT

C51 cppaKu11ei1 280-350 °C .uo 170 °C, a 

3aTeM B crn6HJJH3aTOp K- 7. C Bepxa K- 7 
napb1 ronoBHoro noroHa - yrneBo.uopo

)lbl C
1 
-C~ OTBO)l51TC51 B KOH)leHCaTOp

XOJ10Jll1Jl bH 11K XK-6, r.ue oxna)l{)lal-OTC51 

LlO 40 °C. ¥13 XK-6 KOH.UettcaT nocry

naeT B E-4. vb E-4 '13CTb BepxHero 

npoLLyKTa K-7, 4aCTo H33b!BaeMoro 20-

_10eK01/ cma611.w3az11111, B03Bpaw.aeTC51 

B Ka4ecrne opoweHHH B K- 7, a 6anaH

cosoe KOJ1H4eCTBO BbIBO)ll1TC51 c ycTa

HOBKl1. 0CT3TOK - CTa6HJlbH351 6eH3H

HOB351 cppaKUH51 H.K. - 180 °C nocrynaeT 

B 6noK BTOpH4HOH neperoHKH 6eH311H3, 

r)le pa1.uenHeTC5l Ha y1K11e cppa1<uHH. 

,L(J151 nO)l)lep)l{3Hl151 Heo6XO)lHMOfO Ten

JlOBOro pe)l{HMa B K- 7 43CTb crn6HJJb

Hoi1 6eH311HOBOH cppaKuHH npOK3'1H

BaeTC51 H3COCOM 4epe3 ne4b ll-2, r)le 

11cnap5leTC5l H B Bl1)le napOBOH cpa3bl 

B03BpaLUaeTcH s K- 7. 

6.3. BrnpHlfHaH nepernm.:a 
ue<t>THHblX <l>paK ... HH 

B HeKornpb!X cny4a51x q)paKutttt, no

JlyYeHHb1e npH nepBHLJHOH neperoHKe, 

Tpe6yeTcH pa3.ue11HTb Ha 6onee y11<11e 

noroHbl. K3)1{)lb!H 113 KOTOpb!X 33TeM 

MCll0Jlb'3yeTC51 no CBOeMy H33H3'1eHIHO. 

Ta Koe pa1,aeneH 11 e 11poBOJlMTCH Ha OT-



11.eJJbHblX ycTaHOBl<aX BTOp114HOH nepe

roHKl1 11Jll1 6no1<ax, KOTOpble BKJll04a

IOTC5l B cocTaB ycTaHOBOK ABT 11 AT. 

oJlOKl1 11n11 caMOCTOSJ.TeJJbHbie ycTaHOB

Kl1 BTOp114HOH neperoHKl1 6eH311Ha no

CTpOeHbl no4Tl1 Ha Bcex Hn3. 

YcTaHOBKa BTOpH'IHOH nepernHKH 

6eH3HHa. Cb1pbeM yCTaHOBKl1 SJ.BJJSJ.eTcSJ. 

w11po1<a5l 6eH311HOBa5l cppa1<u11S1., npo

wenwaSJ. CTa611Jll13aLJ,11lO. npo,nyI<u11ei1 

ycrnHOBKl1 CJly)l(aT CJle)lyJOUJ.11e 6eH311-

HOBble cppa1<u1111 : 

I) H.K. - 62 ° C - 11cnonb3yeTC5l KaK 

He06X01l.HMblH KOMnOHeHT aBTOM0611Jlb

HOro 6eH311Ha, o6ecne411Ba10m11i1 ero 

nyCKOBbie CBOHCTBa; COCT011T 113 neH

TaHOB 11 1130reKCaHa, c HeKOTOpblM KO

JlH4eCTBOM 6yTaHa H reKcaHa; 

2) 62-85 ° C - Cblpbe )]Jl5l nony4eHH5l 

6eH3ona Ha ycTaHOBKax nnanpopMttHra; 

3) 85-105 °C - Cblpbe 1l.Jl51 nonyt1e

Hl15l Tonyona Ha ycTaHOBKax rnrnTq)op

MHHra; 

4) I 05-140 °C - Cblpbe 1l.Jl51 nony4 e

HH5l KCl1JlOJlOB Ha ycTaHOBKax nnaT¢op

Ml1Hra; 

5) 140-180 ° C - 11cnOJlb3yeTC51 I<aK 

KOMnOHeHT aB11au110HHOro Kepoc11Ha 

HJlH KaK Cblpbe ycTaHOBOK KaTaJll1Tl1-

4eCKOro p11cpopMHHra )]Jl51 nOBbIWemrn 

OKTaHOBOro 411CJla. 

Ha HeKOTOpbIX ycTaHOBKax Ha-

6op nony4aeMbIX cppaKLJ,11H HeCKOJlbKO 

HHOH: 62-85, 85-120, 120-140 °C. 

TexHo.11ozuttecKaH. cxewa _vcmaH06Kll. 

Cx.eMa yCTa110BKH BTOpw11-1ofi nepero11-

KM 6e1-n1111a npHBO.l111TC51 11a p11c. 6.5. 

E>eH311HOBa5l q>paKLJ,1151 H. K. - 180 ° C 

4epe3 Tennoo6MeHHl1K T-1 nocrynaeT B 

KOJlOHHY K-1, c Bepxa KOTOpOH 0TrOH51-

eTC51 q)paKLJ,1151 H. K. - 85 °C. 3Ta cppaK

Ll,1151 3aTeM noCTynaeT B KOJJOHHY K-2, 
rne nen11Tc5l Ha ,nse cppaKLI,1111 H.K. - 62 °C 

11 62-85 °C. 
cDpaI<u115l 85-180 °C c HH3a K-1 no

naeTC51 B KOJJOHHY K-3. C sepxa K-3 
nony4aJOT cppa1<u11JO 85-105 °C 111111 85-
120 °C, a c 11113a - cppa1<u11JO 140-180 °C. 

8 }TOH )l(e KOJlOHHe B Bl11l.e 60KOBOro 

noro11a OT611pa10T cppa1<u11JO I 05-140 °C 

(11Jll1 120-140 °C). DOKOBOH noroH ne

peTeKaeT B OTnapHyJO KOJIOHHY K-4, me 
OT Hero OTrOH5llOTC51 11er1<11e cppaKLJ,1111, 

so3spamaiom11ec51 B K-3. 
Tenno, Heo6xon11Moe 1l.Jl51 ocyUJ.ecT

sne1111S1. npouecca peKT11cp111<au1111 B KO

JJOHHax K-1, K-2, K-3, coo6UJ.aeTc51 B 

11arpesaTeJJbHb1x 3Mees11Kax nel.fett fl-1 
11 fl-2, l.\epe3 KOTOpbie npoKa4HBaeTC51 

u11pKyn11py10UJ.l1H npo,nyKT c HH3a KO

JlOHH. HarpeTbIH peu11pKyJJ5IT smspa

UJ.aeTCSJ. B Bl1)le napO)l(H,[(KOCTHOH CMeCH 

l1Jll1 6eH311HOBblX napoB no,[( HH)l(HIOIO 

TapenKy COOTBeTcTByJOmei1 KOJlOHHbl. 

Tenno, 11eo6xo,n11Moe 1l.JI51 OTrOHKM 

nern11x KoMnoHeHTOB 113 cppa1<u1111 I 05-
140 °C, coo6UJ.aeTC51 B Kl1n5lTHJibHHKe 

T-3. 8 Ka4ecrne Ten11ottoc11TeJIS1. B T-3 
11cnOJlb3yeTC5l l.\aCTb peuHPKYJISl.Ta KO

JlOHHbl K-3, B03BpaUJ.aJOmeroc51113 nelfH 

fl-2. 
BepxH11e npo,nyKTbI pe1<rn¢111<a-

u110HHbIX KOJJOHH K-1 . K-2. K-3 KOH

ne11C11py 10TC5I B B0)151HblX K0Jl(YXOTpy6-
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85-105 °C; IV- rf;paKtfUR 11.K. - 62 °C; K - rjJpaKZ/UR 140-180 °C; VI - </JpaKt/UR 62-85 °C 

'IaTbJX KOH,ll;ettcaTOpax XK-1, XK-2 H 

XK-3. 
Kott,IJ;ettcaThI co611pa!{)TC~ s pecp

JI!{)KCHhIX eMKOCT~x E-1, E-2, E-3, 113 

KOTOpblX qacnPiHO B03Bpall.l,a!{)TC~ B KO-

112 

nottHhl s Ka'IeCTBe ocTporo opowemrn. 

Ea.1attcosoe KOJIHY:eCTBO no,1J;aeTc~ tta 

l(aJibHeihIIy!{) nepepa60TKY (sepXHHH 

npoeyKT K-1) HJ1H BhlBOl\HTC~ c ycrnttos

KH (sepXH11e npo,ll;yKThl K-2, K-3). 



DIABA 7. TEPMH4ECKHE nPOUECCbl 
llEPEPAI>OTKM HE<l>TM 

7.1. XHMH'lec1rne OCHOBbl 

TepMH'leCKHx npoueccoB 

nepepa6oTKH ue«J>TH 

00,ll, TepM11t:feCK11Ml1 npoueccaMl1 

nepepa6oTKH ttecpTl1 (KpeK11Hr, n11po

mn, KOKCOBaH11e) noH11Ma10T Xl1Ml1-

qecK11e 113MeHeHmI yrneBO,ll,OpO,ll,OB, 

B03Hl1Kal0'-U11e B urnpOKOM HHTepsane 

TeMnepaTyp (npaKTH"leCKH OT yMepeH

HbIX, npemneCTBYIO'-UHX KpeKHHry, ,ll,O 

caMblX Bb!COKHX, ,ll,OCTYOHblX HaweMy 

H3y"leHl11Q ). 

B octtose KpeK11Hra 11 m1pon113a ne

)l(HT 0)1,HH H TOT )Ke THO XHMHl.!eCKOH 

peaKIJ,1111, 0)1,HaKo 3Tl1 repMHHbl CB51-

3hIBaIOT o6hil.!HO c pa3JIWIHblMH TeM

neparypHblMH pe)f{HMaMH: KpeKHHroM 

( o6b!"IHO KaTaJIHTl14eCKHi1) Ha3bJBa

IOT repMtt"lecKoe pa3JIO)f{em1e yrne

BO.D.opo.D.OB, npOHCXO,ll,51'-Uee np11 350-
650 cc, a n11pon1130M - repM111.1eCKoe 

pa3JIO)f{ett11e, npoTeKaIOmee np11 rervtne

parype Bblwe 650 cc. 
CTpoMhlWJieHHO Ba)f{Hhie repMHlfec

KHe ,ll,eCTPYKTHBHhie npoueCCbl nepe

pa60TKl1 HecpTl1 11 HecpT51HbIX cppaKIJ,HH 

MoryT ocy111ecTBJ15!TbC5! Kai< B ra'30BOH, 

Tai< 11 B )l\H!lKOH (jJa3e. 

8-0080 

7. I. I. TepMulleCKue npolfeCCbl 
nepepa6omKU 

1-1e¢mu 6 2tl306ou r/Jt13e 

Ocnoebt Teopuu 
ra3o«J>a3Hb1X TepMH'leCKHX 
peaKUHH yrneBO)J.OpO)J.08 

TepMH"lecK11e peaKUHH yrneBO.D.Opo

!lOB B ra30BOH cpa3e MoryT npoTeKaTb 

KaK MOJieKyJI5IpHbJe, TaK H pa,ll,HKaJibHbie 

uenHhle 11n11 HeuenHhie. HoHHbie pea1<

u1111 B ycnOBl15IX TepMH"leCKHX npouec

COB He npoTeJ<alOT, TaK KaK reTepOJIH

THl.!eCKHH pacna.D. C-C-cs51.311 Tpe6yeT 

3Hepr1111 1206 K)J,)l(/MOJih, 3Hat:fttTeJih

HO 60JibWdi, lfeM fOMOJIHTHlfeCKHH, -

360 K)J,)f{/ MOJlb. 

Mone1<yJ15Iptth1e peaKUHH yrneBO.D.O

ponos pacnpocrpaHeHbI Mano 11 11rpa10T 

He60JlbWYID pOJib npH TepMH"leCKHX pe-

3KUl15IX yrneBO,ll,OpO,ll,OB HecpTH; )l,JI51. Ha

Cbl'-UeHHbJX yrneBO,ll,OpO,ll,OB pOJiblO MO

JleKyJ15IpHbIX peaKUHM MO)f{HO Boo6me 

npeHe6pe4b, TaK KaK co 3Ha"IHTeJihHO 

60JlbWeH CKOpOCTblO npoTeKaIOT peaK

UHH c npoMe)f{yTO"IHbIM o6pa3oBaHHeM 

pa,ll,11Kanos . B ttacT051.'-Uee speM51. tta11-

6onee npHH51T pa,ll,HKaJibHO-UeOHOH Me

xaHH3M rmmjJa3HblX reprvt111.1ecKHx pea1<

u1-1 i1 yrneBO,ll,OpO,ll,OB. 
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06puoBaHHe pauHirnJIOB. PacnaLl 

yrneBOLlOPOLlOB Ha pa.u11KaJ1bl (HHl1Ul1-

11poBaH11e uerrn) ocyruecrnm1eTC.S1 npe-

11Mylll.ecrneHHO no CB.Sl311 C-C. Pa3pbrna 

C-H-cB.Sl311 He npo11cxoL{11T, TaK KaK LlJl.SI 

3TOro Tpe6yeTC.SI 3HalJl1TeJJbHO 60J!bWe 

3Heprn11: 3Heprn.S! C-C-cs.S1311 360 K.Lt::>K/ 

3Heprm1 CB.Sl3M C-C, KLt::>K/ MOJJb : 

335;322;314;310;314;322; 335 
3Hepnrn CBH311 C-H, KLt:)K/ MOJJb: 

394;373;364;360;360;364;373;394. 
c nOBbIWeHMeM TeMneparypbl pa3-

JIMlJHe B npo'IHOCTM CB.S13ei1 C-C yMeHb

rnaeTCH. I1p11 yMepeHHOH TeMnepaType 

( 400-500 °C) pa3pb1B yrneso.uopO.UHOH 

uen11 npo11cxo.uHT nocepe.u,11He, no Ha11-

6onee CJia6bIM CBH3.SIM. c nOBb!WeHHeM 

TeMnepaTypbl MO:>KeT npOHCXO.UHTb pa3-

pb!B H JJ.pyrnx CBH3eH. 

CB.Sl3H C-C B U11KJJOaJJKaHax He

CKOJ!bKO MeHee npOlJHbl, LJeM B HOpMaJlb

HblX aJIKaHax: B UHKJIOret<CaHe Ha 8 K.Lt::>K/ 

MOJib, B UHKJIOneHTaHe Ha 25 K.Lt:WMOJ!b . 

Cs.Sl3M C-C 11 C-H s a11KeHax y aTO

Ma yrnepo)J,a c JlBOHHOH CB.Sl 3bl0 3Ha411-

TeJibHO npO'IHee, a B ,B-nOJIO:>KeHl111 -

CHJibHO ocna6neHhI no cpasHeH1110 c an

KaHaMM (umppbl 03Ha4a!OT 3Heprn!O 

CB.Sl311 B K.z:t:)l(/MOJib ): 

H H 
I 1121 

R-CH,- CH, - C - C - CH= CH, 
- - -

1259 1371 
H H 

114 

: ;; 

MOJJb. 3Heprn.S! C-H-cB.S1311 412 K.Lt::>K/ 

MOJib. 

B HOpMaJJbHbIX aJJKaHax c .UJIHHHOH 

uenb!O 3Heprn.S! pa3pbrna C-C 11 C-H
CB.S13eH HeCKOJ!bKO yMeHbWaeTC.SI K ce

pe.u11He uen11, O)J,HaKo nepsa.SI scer.ua 

OCTaeTC.SI 3Halfl1TeJibHO MeHbllle BTopofi: 

)Hepnrn pacKpbITH.SI .n-CBH311 B aJI

KeHe np11 coxpatteHHH a-CB.Sl3H pastta 

239 K.z:t::>K/ MOJib: 

CH
2 
= CH

2 
~ CH

2 
- CH

2 
- 239 K.z:t::>K!MOJJb 

Ec1111 )J,BOHHaH CBH3h HBJI.SleTC.SI conpH

:>KeHHOH, TO 3Heprn.S! pacKpbITH.SI .n-CB.Sl3H 

npHMepHO Ha 50 KLt:WMOJib MeHbWe: 

CH = CH - CH = CH ~ CH = 
2 2 2 

=CH - CH - CH
2 

-188 K.z:t:wMOJib 

B apeHax CB.Sl311 C-H 11 C-C npo4-

Hee, LJeM CB.Sl 311 C-H H C-C B aJIKaHax, a 

CB.Sl311, conp.S!)KeHHbJe c apoMaT11lJeCKHM 

KOJJbUOM, oCJJa6JJeHbI. Conp.S1:>Kem1e c 

KOJ!bUOM n OHl1:>KaeT npO'IHOCTb CB.Sl3H 

np11MepHo B TOH :>Ke Mepe, KaK 11 conp.S1-

)KeH11e c )J,BOHHOH CB.Sl3bl0. 

PeaKUHH pall.HKaJioB. Pa.u,11KaJ1bt, 

.SIBJl.Sl.SICb Xl1M114eCKH HeHaCbIIUeHHbIMl1 

4aCTHUaMl1, o6Jia)J,alOT Bb!COKOH peaK-

11,HOHHOH cnoco6HOCTblO 11 scryna!OT B 

pa3JJl14Hble peaKUl111 c 04eHb 60JibWOH 

CKOpOCTblO. no 3I<HIBHOCTl1 pa)J,lll<aJlbl 

MOiKHO paCrIOJJmI<HTb B p511l: 



CH
3 
> C

2
H

5 
= C

1
H

1 
= <Jmop- C

4
H

9 
> 

>C
6
H

5 
> mpem- C

4
H

9 
> C

6
H

5
CH, > 

CH
2
= CHCH

2
> (C

6
H

5
)

2
CH. -

Pa3JI11qaJOT cne;:zyJOlll,He peaK1.um pa

)J,HKaJIOB: 

l) MOHO- H 6HMOJieKyJI5IpHyJO )J,HC

COUHaUHIO MOJieKyJI Ha ,ll.Ba cso6o,ll.HblX 

pap,11Kana (11H11u1111posaH11e uen11): . . 
C

2
H

6 
~ CH

3 
+ C!f

3 

C
2
H

6 
+ C

2
H

4 
~ 2C

2
H

5 

2) oTphIB aToMa sop,opop,a (rn,ll.p11p,-

110Ha) OT HeiiTpaJibHOH MOJJeKyJihl: 

CH
3 
+ C

2 
H

6 
~ CH

4 
+ C

2
H

5 

6) peKOM6HHaQIDI pa)J,HKaJIOB ( o6ph1B 

uen11): 

CH
3 
+ CH

3 
~ C

2
H

6 

7) ,ll.Hcnponopu110H11posaH11e pap,11-

Kanos (o6pbrn uen11): 

CH
3 
+ C

2
H

5 
~ CH

4 
+ C

2
H

4 

TepMHHbl nopuu 1.1enub1x uepa3-

BeTB.TleHHblX peat\:l.IHH. 3Jlel\1eI-nap

Ha51 peaKllH51 , npH KOTOpOH pa,r1111«1Jlbl 

06pa3y 10TC5I IU MOJleKyJlbl (np11 MOHO-

-,- r,; r;; ,w;e::;:rne r1pOU8 CCbl nepepa60TKV1 Hecj:JTV1 

3) pacna,ll. pa,ll.11Kanos c 06pa3osaH11-

eM HeHaCblW.eHHblX MOJieKyJI H HOBb!X 

cso60L1.HbIX pap,11Kanos; pacnap, npoTe

KaeT npe11My1.UeCTBeHHO no j3-CB513H no 

OTHOlll.eHHIO K aTOMY yrnepo)J,a c Hecna

peHHblM 3JJeKTpOHOM (/3-npaBHJIO ): 

CH
3
CH

2
CHCH

3 
~ CH

2 
= CHCH

3 
+ CH

3 

4) np11coe)J,11HeH11e paJJ:HKaJIOB no 

KpaTHOH CB513H: 

CH
3 
+ CH

2 
=CH

2 
~ C

3
H

7 

5) H30MepH3aUIDI cso60,ll.HbIX pa,ll.11-

Kanos: 

MOJJeKyJJ5IpHOM pacna,ll.e) MJHI MOJieKyJI 

(npH 6HMOJJeKyJJ5IpHOM )J,MCnponopQH

OHHposaHHM MOJieeyJI Ha pa)J,HKaJibl), 

Ha3bIBaeTC51 peatn(Heii HHHJ.IHHpOBa

HHH uenu. PeaKQHH npespalll,eHH51 O.ll.

H11x paL1,11K3JJOB B p,pyrne, np11 KOTOpbIX 

pacxonyeTC51 HCXO)J,HOe Belll,eCTBO, Ha-

3b!B3!0TC51 pea1rn,HHMH np0,11,0mKeHHH 

1.1enu. PeaKu1111, np11 KOTop1>1x paJJ:HKa

JlbJ rnfo1yT, npeBpaw,a51Cb B CTa6HJJbHble 

~·IO.TJe K)'Jl bl B pC3)'JlbTaTe peKOM611H3UHH 

HJJ H IlHCnponopu110H11poBaHH5I, H33W-
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BalOTCH peaKUHHMH o6pb1Ba uenu. 

CTp11peKOM61rnawrn111111 .UHcnponopu11-
0HHposatt1111 pa,UHK3Jl0B CKOpOCTb pe-

3KU1111 o6phrna uen11 nponopu1·1ottanbtta 

KBanpaTy KOHueHTpau1111 pan~tK3JlOB, H 
TaKOH o6pbIB uenei1 H33bJBaeTCH KBa):(

paTH'IHblM. CTp11 o6pbIBe uenei1 B pe-

3YJlbTaTe o6pa30B3HHH ManoaKTHBHblX 
pan11Kanos, He cnoco6HhIX K peaKuHHM 

nponom1<emrn uen11, cKopocTb o6pbrna 

nponopu110HaJ1bHa KOHUeHTpauHH pa
n11Kanos B nepsoi1 CTeneHH, 11 TaKoii 

o6pbIB Ha3hrnaeTCH mrneiiHhlM. Coso

KynHOCTb 3JleMeHTapHblX peaKUHH npo

)lOJl)KeHHH uen11, nOBTOpem1e KOTOpblX 

naeT uenttoi1 npouecc, Ha3brnaeTcH 3Be

HOM uenu. )Jjrnua uenn onpenenHeT

CH COOTHOllleHl1eM CKOpOCTeH peaKUHH 

npo,llon)KeHIDI 11 o6phrna uenel1. Pac

CMOTp11M B Ka'IeCTBe HJlJllOCTpaum1 

TepM11L£ecK11i1 pacnan 3TaHa. 
B pe3ynhTaTe pacnana MoneKynbI 

3Tatta no cna6e?fwei1 CBH311 o6pa3yIOTCH 

\ICTHJibHbie pan11Kanb1: 

(I) 

MeTl1JlhHhii1 pan11Kan np11 peaK

u1111 c Moneeynoi1 3TaHa npespamaeTCH 
B 3THJibHbIH: 

CH3 + C/f6 ~ CH4 + C
1
H

5 
(2) 

3THJibHbIH pan111<an pacna.uaeTcH: 

C
2
H

5 
~ C

2
H

4 
+ H (3) 

IlpH peaKuHH aToMa sonopona c M0-
.1eKynoi1 3Tatta perettepttpyeTCH 3TH,'lh
Hbl H paLIHKful: 
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(4) 

llepenoBaHHC 3JleMeHTapHbIX peaK

UHH (3) 11 (4) naer peaKl{HIO pacnana :na

Ha no CTeXHOMerp11L£eCKOMY ypasHeHHIO: 

llepenosatt11e peaKuHH (3) 11 (4) MO
){{CT o6opB3TbCH np11 peaKuHHX: 

2C
1
H

5 
~ C

4
H

10 
(C

2
H

6 
+ C

2
H

4
) (5) 

C
1
H, + H ~ C

2
H

6 
(C

1
H

6 
+ H

2
) (6) 

PeaKUttH (I) - peaKu11R 11tt11u1111po

satt11R uen11. HenosTopRIOlll.aHCH pe

aKUHH npO,UOJl)!(eHHH uen11 (2) H33bl

saeTCH, B OTJIH'U1e OT rJOBTOpHIOLUHXCH 

pea KUH !:'1 npO.UOJl)KeHHH uen11 ( 3) H ( 4 ), 
peaKu11eii nepe):(a'lu uenu. CosoKyn
HOCTb peaKUHH (3) 11 ( 4) COCTaBrnleT 

3BeHo uem1. PeaKu1111 (5) 11 (6) - peaK
UHH 1rnanpan1L1Horo 06pb1Ba uen11. 

8JJHHHHe npOD.YKTOB peaKU.HH Ha 
ee KHHen1Ky. nponyKTbl peaKU1111 MO

ryT yYaCTBOBaTb B CTa,UHHX KaK nponon

)!(eH HH, TaK 1111H11UH11pOBaHHH 11 o6pbIBa 

uenei1. B pe3ynbTaTe K11HeT11Ka TepM11-

4ecKoro pa3JIO){{emrn 11cxonttoro yrne

sonopona MO)f{CT C11JlbHO 113MeHHTbCH c 

ysen11Yett11eM rny611ttb1 peaKu1111 . 

B 3as11cHMOCTH oT KOHKpeTttoro 

MexaHl13Ma peaKu1111 nponyKTbI ee MO

ryT ycKopHTb CTa,D.1111 HHl1U11HposaHl1H 
11 o6pbrna uenei1 11 Bbl3bIBaTb HOBbJe 

peaKUHH nponomKCHHH uem1. no3TOMY 



lnaa2· 7. Tepr-.'i!:uec·'.r:s nDDUSCCbl nepeoa6ornv. He¢;-;- 1 ~ 

c poCTOM rny6HHbl peaKUH11 MOryT 11 

caMOYCKOp51TbC51, 11 caMOTOpM0311TbC51. 

TaK, TepMw1ecKoe pa3JIO)l(ettHe npona

tta, 6yTaHa 11 neHTaHa caMOTOpM0311TC51 

CKopOCTb peaKUHH ann11JibHbIX pa

,L\11KaJIOB c 11CXO.lJ.HblM yrneBO,L\OpO,L\OM 

3Ha1111TeJibHO Mettbrue, 11eM H H CH
3

, 

a MeT11JlbHbIX pa.UHKaJIOB - MeHbWe, 

l!eM aTOMOB BO,Uopo.ua, 'ITO 11 npHBO,Ul1T 

K caMOTOpMO)l(eHl1JO peaKU1111 . 

TepMHl!eCKHH pacna.u u11KJioneHTa

tta, UHKJIOfeKCaHa, .ueKaJil1Ha 11 HeKOTO

pb!X .upyrnx yrneBO.ll.OPO.UOB, Hao6opoT, 

B pe3ynbTaTe o6pa30BaH115i nponetta, 

TaK KaK peaKU1111 c nponeHOM, Be.uyru11x 

uenb aKTl1BHbIX pa.u11KaJIOB, npHBO~T K 

3aMeHe 11X Ha MeHee aKTl1BHbie: 

caMoycKOp51eTC51. 3TO CB513aHO c o6pa-

30BamreM npo.uyKToB peaKl.(HH, pacna.u 

KOTOpbIX Ha pa.uHKaJibl ycKOp51eT CTa

.umo 11HHU1111poBaHH5I l.(enett. Hanp11-

Mep, .UJIH cny11a51 l.(HKJioreKcatta HHH

u1rnpoBaHHe uenett 3aTpy.uttetto, TaK 

KaK CB513b C
6
H

11
-H BeCbMa npoqtta, a 

pacna.u no CB51311 C-C tte rrpHBO.ll.11T K 

o6pa30BaHHIO pa.UHKaJIOB: 

0.uHaKo tteKoTopa.sI qacTb 611pa.UHKaJIOB · C
6
H

11 
• H30Mep113yeTC5i B 1-reKcett: 

HaKonnettHe 1-reKceHa pe3KO ycKop.sieT 06pa30Batt11e pa.uHKaJIOB ( 11HHl.(HHpoBa

H11e l.(enett) B pe3yJibTaTe pacna.ua ero no ocrra6rreHHOif corrp51)1(ettHeM c 1t-CB513bl0 

CB51311 C-C: 
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rnasa 7 . TepM t1Yec:~•1e npous:::- ''''°'' 

PaL{HJrnJibHbie ueuenuble peaK

uuu. Ecm1 cKopocTb o6pbrna uenett 
60JJbille CKopocn1 HX npO.UOJDKeHH5l, TO 

uenb He pa3BirnaeTCH H peaKUHH H.UeT no 

pa.uHKaJibHOMy ueuenHOMY MexaHH3My. 

Hanp11Mep, TepM11qecK11tt pacnan TOJJY
ona npH Ma.JIOH rny6HHe peaKUHH MO)!(eT 

6bITb on11caH no cnenyIOLUeH ynpomett

HOH cxeMe: 

C
6
H

5
CH

3
-+ C

6
H/:H

2 
+ H (7) 

iJ + C
6
H

5
CH

3 
-+ H -;_ + C

6
H,(:H

2 
(8) 

CBH3b C
6
H

5
CH

2
-H HBnHeTCH cna6ei1-

wei1 B Moneeyne rnnyona, H pacnan no 

peaKUHH (7) H.UeT co CKOpOCTb!O Ha He

CKOJibKO nopHJJ.KOB 60J1bWeH, qeM pac

na.u no peaKUHHM: 

C
6
H

5
CH

3 
-+ C

6
H

5 
+ CH

3 

C
6
H

5
CH

3 
-+ CH/;

6
H

4 
+ H 

06pa3y!OI.UHHC5l npH peaKUHH (7) 
aTOM BOJJ.Opo.ua c HaH60J1bW61 CKO

poCTb!O BcrynaeT B peaKUH!O (8). neH-

3HJibHbie pa.UHKaJlbl MaJ103cpcpeKTHBHbl 
H BCTyna!OT npaKT11qecKH 'fOJlbKO B pe

aKUH!O peK0Mfornau1111 (9). B pe3ynbTa

Te uenHOH npouecc He pa3BHBaeTCH. 

TepMuqec1rne npeBpameHHH 

yrneBOL{OpOL{OB B fa30BOH lf>aJe 

Amrnub1. AJIKaHbl TepMO.UHHaMH

YCCKH HeycTOHYHBbl OTHOCHTeJibHO pac-
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. • .. ,:·: .:ii 

nana Ha yrnepo.u 11 Bo.uopo.u np11 cne

.uy10m11x TeMneparypax: MernH 2: 900 K, 
3TaH 2: 500 K, nponaH 2: 400 K, 6yrnH 2: 
350 K, neHTaH 2: 320 K, reKcau H an

KaHbl c 60J1bWHM q11CJIOM yrnepOJJ.HbIX 

aTOMOB - np11 300 K. KpoMe pacna.ua 
Ha 3JleMeHTbl TepMOJJ,J1HaM11qecKH 803-

MO/KHbl cne.uy!OLUHe peaKUHH aJIKa
HOB, npoTeKa!OI.UHe c y6hiJib!O 3HeprHH 
fH66ca B CTaH.UapTHb!X ycJIOBHHX: 

t, K 
:::: 1000 

U11K11H3aUHll c" ~ uHKno-C
6 
+ H

2 
:::: 11 oo 

C 10 UHKJlo-C
1
n + H2 ='.:: 800 

ApoMaTH33UHll C"-C
10 

=::: 630 

KpeKHHr C ,-C
10 

=::: 600-700 

TepMHYecK11e peaKu1111 a11Kattos np11-

BOJJ.HT K HH3WHM anKaHaM H anKeHaM. 

3Kcnep11MeHTailhHb1e .uaHHhie no co

crnsy npo.uyKToB TepM11qecKoro pacna

.ua anKattoB xopowo o6b5ICHHJOTCH pa

.UHKanbHo-uenHbIM MexaHYI3MOM peaK

UHH. Kpe1n1Hr 6yrnHa, ttanp11Mep, MO)!<

HO npe.ucrnBHTb cne.uyIOmeJ;i cxeMOH. 

BttaYa.ne 3a cYeT pa3pbIBa CBH3H C-C 
B Hatt6onee cJia6oM MecTe o6pa3yJOTC5l 

nepBHYHbie CB060JJ,Hble paJJ.HKaJlbl (HHH
UHHposatt11e uen11) : 

{ 

2CH
3
CH, 

CH
3
CH

2
CH

2
CH

3 
• • 

CH
3 
+ CH

2
CH

2
CH

3 

3aTeM npouecc pa3s11saeTc.11 no .usyM 

B03MOJKHblM ttanpasneHH.llM. Kpynttb1e, 

OTHOCHTeJibHO HeycTO~YHBhle pa.UHK8-
Jlbl (C1 11 BblWC) CaMonpOH3BOJlbHO 



pacna,IJ,aIOTC51 no ~-npaB1111y c o6pa3o

saHHeM 6oJiee ycTOMYHBbIX MeTHJibHblX 

11 3THJibHbIX pa,D,HKaJIOB HJIH aTOMOB BO-

YcTOMYHBbie B OTHOllleHHH pacna,IJ,a, 

HO qpe3BbIYaMHO peaKU,HOHHOCnoco6-

Hble MeTHJibHbie H 3THJibHbie pa,D,HKaJibl 

,D,Opo,D,a H COOTBeTCTBYIOIUHX MOJieKyJI 

aJIKeHOB (B paMKax KOHeYHbie npo,D,yK

TbI): 

H aTOMbl BO,D,Opo,D,a BcrynaIOT B peaK-

11,HIO c HCXO)J,HbIMH MOJieeyJiaMH, 0Tpb1-

Ba51 OT HHX aTOM BO,D,Opo,D,a: 

H + CH3CH2CH2CH3 --;.gj + CH/;HCH2CH3 

CH3 + CH3CH2CH2CH3--;.ICH41+ CHi;HCH2CH3 

CH3CH
2 

+ CH
3
CH

2
CH

2
CH

3 
~1CH3CH3 1+ CH

3
CHCH

2
CH3 

B pe3yJibTaTe o6pa3yIOTC51 BO,D,opo,D,, 

MeTaH, 3TaH H BTOpHYHbie 6yTHJibHbJe 

pa,D,HKaJibT. 06pa30BaHHe nepBH'IHbIX 6y

THJibHbIX pa,D,HKaJIOB Mettee Bep051THO. 

flpo4HOCTb C-H-cB513H npH nepBH'IHOM 

yrnepo,D,HOM aTOMe Bblllle, 4eM npH BTO

p114HOM. 

oyTHJibHbie pa,D,HKaJibl ,IJ,aJiee pacna

t(a!OTC}! no ~-npasttJiy, a 06pa3y10mtte

c51 npH 3TOM MeJIKHe pa,D,HKaJibl CHOBa 

pearnpy!OT c HCXO)J,Hb!MH MOJieKyJiaMH. 

Pa3s1rnaeTC5I u,enHoi1 npou,ecc. 06pbrn 

11,enH npOHCXO)J,HT B pe3yJibTaTe peaK-

11,HM peKoM6HHaIJ,HH H )J,HCnponopll,HO

HHpOBaHH}!. 

CymecrneHHO ornH4aeTC51 OT ,D,py

rnx am<aHOB xapar<Tep TepM11qec1<0ro 

pacna,'la Men11a. OH seCbMa TeprvtocTa-

61rne11 11 nonsepraeTC51 m1pomny TOJib-

KO npH BbICOKHX TeMneparypax, npH 

3TOM npo,D,yKTbl ero pa3JIO)l(eHH51 pac

naLI,alOTC}! c 6oJibllleM CKOpOCTblO, 'leM 

caM MeTaH. TiepBM'IHa51 peaKU,H51 orm

CbrnaeTC51 CTeXHOMeTpH'leCKHM ypaBHe

HHeM: 

2CH
4 
~ C

2
H

6 
+ H

2 

PeaKIJ,H51 51BJI51eTC51 u,enttoH:, H u,enh 

pa3s11saeTc5I no cxeMe: 

CH
3 
+ CH

4 
~ C

2
H

6 
+ H 

H + CH
4 

...;. H
2 
+ CH3 

TaK KaK CB513b C-C B 06pa3y10meM

c51 3TaHe Ha 67 K,[l,WMOJI- 1 CJia6ee CB513H 

CH
3
-H, pacnaLI, MeTaHa H,IJ,eT c caMo

ycKopeHHeM B pe3yJibTaTe yBeJTIF!eHH}! 

CKOpocn1 11Hl1Ul1HpOB3HH}! 11,enei1 npH 

H3KOnJieHIHI 3T31·Ja. 
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lnasa 7. TepMw-1ecKvie npo:_\ecc b1 11eperJ26cY: 1;' : He~: ~ 1 1 

ll,mrnoanKaHbl. TepMO.L\HHaM11•1ec

K11 Ha116onee BhirO.L\HhI pacnan u11Kno

anKaHOB )l,0 3JlervteHTOB H ,'lerJILl,p11po

BaHue UHKJIOneHTaHOB ,L\O UHKJIOneHTa-

MeTaH, 3TaH, 6yTeH, BO.L\OpOLI, 11 ,L\11eHbl. 

TepMoL1,1rnaM11YecK11 B03MO)l(Hbie peaK

UHH apoMaT113au1111 11 1130Mep113aU11H B 

aJIKeHbl c TeM )Ke Yl1CJlOM yrnepO)].HblX 

)l,HeHOB, UHKJIOreKCaHOB - )],0 COOTBeT- aTOMOB He npoTeKalOT. 

CTBYIOlllHX apeHOB. <PaKTHYecK11 npu TiepBHYHhIH pacna.u. UHKnoanKa-

TepMH11ecKoM pa3JIO)l(eH!m UHKJlOaJI- HOB npOHCXOtl,HT no HaH6onee cna6oi1 

KaHoB o6pa3yIOTCH rnaBHhIM o6pa30M C-C-CBH3H c o6pa3oBaHHeM 6Hpa.u.H-

HH3IIIHe aJIKeHbl (3THJieH H nponHJieH). Kana: 

0 ~ CH,CH,CH,CH,CH,(:H, 

oupat1,UKaJI pacnati.aeTCll Ha CTa611JlbHbie MOJieKyJlbI: 

PeaKUHH npoTeKaer no HeuenHoMy 

MexaHH3My. TiepBHYHhIH pacnati. C-H
CBH3H c 06pa30Bam1eM MOHOpat1,HKaJIOB 

npoTeKaer Me)],JieHHO H uenHaH peaK

UHH BBH.L\Y MaJIOH CKOpOCTH HHHUHH-

120 

poBaHHll npaKTHYeCKH He HtJ,eT. 0.u.HaKO 

pacna)], 6upat1,HKaJIOB npHBO)],HT K Ha

KOilJleHHlO anKeHOB 11 npouecc y)l(e np11 

He6oJibllIOH rny6HHe KpeKHHra pa3BH

aaeTCll no uenttoMy MexaHH3My: 



AJJKeHbl. AnKeHbl He conep)l(aTc.si B 

Heqm1HblX cppaKU115!X, HO o6pa3yl-OTC5! 
np11 TepM11lJeCKOM pa3JIO)l(eHl111 anKa
HOB 11 Ul1KJIOaJIKaHOB, 11 11X TepM11lJec
Kl1e npespameH11.si onpene11.s11-0T cocns 
KOHelJHblX npOLl.YKTOB peaKU1111. 00'.HO
MY 3aKOHOMepHocT11 TepM11t.JecK11x npe
spameH11i1 aJIKeHoB npencns11.s11-0T oco-
6b1i1 11HTepec. B yc11os11.s1x TepM11t.Jec
K11x npoueccos np11 450-500 °C Tep
MO.lll1HaM11t.JecK11 B03M0)1(Hbl peaKU1111 
pacnana anKeHOB no H11Jw11x a11KeHoB, 
aJIKan11eHOB 11 a11KaHOB, 06pa3osam1e 
apeHOB, a np11 6onee BbICOKoi1 TeMnepa
zype - aueT1111eHa. Pacnan aJIKeHOB npo-

11cxon11T B OCHOBHOM no uenHOMY Mexa
Hl13MY, 3nmeH npH BbICOKOH TeMnepazy

pe 11 Hl13KOM naBJieHHH nernnp11pyeTc.si: 

Tep rviV1Yec1<11e npm-1eccb1 nepepa60TKV1 Hecprn 

CH = CH __,.. CH = CH + H 
2 2 2 

cH
2 

= CH.-,.. icH = cHI+ ii 

H + CH
2 

= CH
2 

__,.. CH
2 

= CH + ~ 

CyMMapHyl-0 peaKU:HIO MO)l(HO Jarm
caTb ypaBHeHHeM: 

OcttOBHbIMH npo.n:yKTaMH .sis11.s110Tc.si 
au:eT1111eH 11 sonopo.n:. Tip11 6011ee HH3-
Koi1 TeMneparype (HmKe 600 °C) BH
HHJibHbIH pa.n:HKaJl MO:lKeT BCTynaTb 
TOJibKO B peaKUHIO np11coe.n:11HeHH5! 
K HCXO):{HOMY 3THJ1eHy H u:enHOH npo
uecc pa3s11saeTc.si no cxeMe: 

CH = CH + CH = CH ~ CH = CHCH - CH 
2 2 2 21 2 2 

l (a) (6) lcH,~ CH, 

lcH2 = CHCH= CH2I +ii I cH2 = CHCH2CH3 ~ CH2 =CH 

lJ.eM HH:lKe TeMneparypa 11 BbIIIJe .n:as
neH11e, TeM 60JibWe pOJib peaKUHH ( 6) c 
HaKOilJieHl1eM 6YTHJieHa H MeHbWe pOJib 

peaKu:1111 (a) c 06paJosaH11eM 6YTan11etta. 

TiponHJieH npH BblCOKOH TeMnepary
pe 11 HH3KOM .n:asnett1111 pacna.n:aeTc.si c 
06paJosatt11eM so.n:opo.n:a, MeTatta, 3TH
JieHa 11 aJIJietta: 

121 



{~ + CH1 = CHCH2 

H+CH0 =CHCH 
- -' CH1CH1CH] -'»1~c-H-2 =_C_H~2 l+CH3 

CH3 + CH1 = CHCH3 --'» jCH
4 
j + CH2 = CHCH

2 

Ilpu OTHOCHTeJibHO HeBbICOKOH TeM

nepazype (600-700 °C) H aTMoccpep

HOM L{aBJieHHH OCHOBHOH peaKuueH an

JIHJibHOro paAHKaJia CTaHOBHTCH npH-

PeaKUHH panuKaJIOB C
6
H

11 
;:i:aIOT 

CJIO:>I<HYIO CMeCb npo;:i:yKTOB - B OCHOB

HOM o6pa3yIOTC51 6yTa;:i:HeH, 6yTHJieH, 

nponuneH, 3THJieH, MeTaH, BOLJ:OPOLl H 

:>KHLJ:KHe npo;:i:yKTbI. TepM114ecK11H. pac

rra;:i: l-6yTuneHa u npyrnx 1-anKeHOB 

c 6onee LJ:JIHHHOH Hepa3BeTBJieHHOH 

uenbIO Hal.JHHaeTCH c pacmenneHHH 

Hau6onee cna6oH. CBH3H, conpH)l(eHHOH 

c )lBOHHOH, H npHBOLJ:HT K o6pa3oBaHHIO 

MeTaHa, 3TaHa, 6yTan11eHa u anKeHOB c 

MeHbWHM l.JHCJlOM aTOMOB yrnepo;:i:a B 

Moneeyne. Bh1cwue a11KeHhI no TepMH

qecKOH ycTOH'lHBOCTH np11611tt)l(aIOTCH 

K BhICWHM aJ.IKaHaM. 11,HKJIOaJ.IKeHbl 60-

CHO 
f " 

coenuHeHHe no L{BOHHOH CBH3H K HC

XOL{HOH MOJieKyJie. IlpOHCXOL{HT L{HMe

pH3aQHH nponuneHa c o6pa3oBaHHeM 

pa;:i:uKaJIOB C
6
H

11
: 

Jiee ycTOHl.JHBhI, 4eM aJ.IKeHhl. 11,HKJIO

reKceH ycTOH4HB ;:i:o 600 °C, npu 6onee 

BbICOKOH TeMnepazype OH nern;:i:pupy

eTCH B 6eH30Jl. 

Amca.aueHbI u aJJKUHbl. AnKa;:i:ue

HbI H aJlKHHbl TepMHl.JeCKH 6onee 

)'CTOH411Bbl, 4eM aJ.IKeHbl. Ilp11 OTHO

CHTeJlhHOH HeBbICOKOH TeMneparype 

(H11:>Ke 400 °C) H L{aBJieHHH, 6JIH3KOM 

K aTMoccpepHoMy, anKa;:i:ueHhI npespa

maIOTCH 6hJCTpee ;:i:pyrHX KJiaCCOB 

coen11HeHHH. 

OcHOBHoe HanpasneH11e peaKQHH -

LJ:HeHOBhlH CHHTe3, npoTeKaIOUlHH no 

MOJieKympHOMY MexaHH3My: 

CH 

II + 
CH 

CH, 
11 -

CH
1 

,C. l C' 'C 

- ~c.!: - IQ 
~ 

CH
1 

122 



1-nasa 7. TepMw-1ecK111e npoueccb1 nepepa6orn111 Hecbrn 

,f 
CH

2 

CH 
II + 
CH 

'\-
CH2 

CH=CH
2 

/ 
CH 

II 
CH

2 

IlpH TeMneparype Bbillle 700 °C 
JJ;HeHOBblH CHHTe3 npoTeKaeT B He3Ha

q1-1TeJibHOH CTeneHH, OCHOBHOe 3Haqe-

~I d
CH=CH

2 

HHe npHo6peTaeT paJJ;ttKaJihHo-uenHoe 

pa3Jio:>KeHHe. QenHoH: pacnaJJ; aueTHJie

Ha MO:>KHO npeJJ;CTaBHTb cxeMOH: 

2CH = CH~ CH = C + CH = CH2 

CH= C+ CH= CH~ CH= CCH= CH 

~--~CH= C-C = CH+ H 
CH = CH 

CH= CCH = CH-+-----CH = CCH = CH
2 
+ CH= C 

CH =CH 

'----~cH=ccH=cHcH=cH-"' I ~ . o-CH=CH "::::0
1 

B pe3yJibTaTe paJJ;HKaJibHo-uenHoro 

npeBpaw,eHH.ll aueTHJieHa 06pa3)TfOT

c51 CHJibHOHeHaCbIW,eHHbie coe)J,HHeHH.ll 

60JibWeH MOJieK)'JI.llpHOH MaCCbI H apeHbl. 

ApoMaTul.fec1rne yrJieso.uopo.ab1. 
TepMH'-lecKa.ll ycTOH'-IHBOCTb apettoB 

CHJibHO H3MeH51eTC51 B 3aBHCH MOCTH OT 

cTpoemrn . He3aMemeHHbie H MeTHJI3a

MelUeHHbie 6eH30JI H HaqHaJIHHbl 3Ha4H

TeJibHO 6011ee ycTOH'-IHBbl, '-!eM aJIKaHbl. 

AmrnmaMemeHH bie apeHbI , 11Me J-Om11e 

CB51 3b C-C, c o np5D](eHHY J-O c KOJibUOM, 

pa3n armo TC5! 6b1CTp ee a11](aHOB. 3 To 

":::: CH'= C-

o6b51CH.lleTc.ll pacnpeJJ;eJieHueM 3Hepruu 

Me:>K.!lY CB51351MH B MOJieK)'Jie (umppbI -

3Heprm1 CB513H B I<,[J::>KIMOJib ): 

H 

cr1s I 32s 
C-CH

2
CH

2
R 

I 211 

~ H 

TepMOJJ;HHaMH'-!eCKH HaH6oJiee Be

p o51THbIM HanpaBJleH11eM TepM114 e CKOfO 

npeBp a meH11 5! He3aMemeHH bIX ap eHOB 

51BJI51eTC51 p ac n a)l Ha 3JieMeHTbl. 0JJHa-
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l nasa 7. TeprvrnYecKvie nc:ioueccbl 11epepci6mu1 Hecbrn 

KO :na peaKUHH HMeeT MeCTO JIHWb npH 
olfeHb BbICOKOM TeMnepaType. B ycno
BHHX TepMw-iecKHX npoueccos He3a
Mew;eHHbie apeHbI no.u.sepraIOTC.H .u.e-

r11.u.poKOH.L1.eHcau1111 11 ynJIOTHeHHIO no 
uenHoMy MexaHH3My. EeH30JI KOH.L1.eH
c11pyeTcH no cxeMe: 

O·+O-b-Ol+H 
H·+o- ~+o. 

B pe3yrrbTaTe 06pa3y10Tcx 6mpetturr He KpeKHHra no.u.BepraeTc.sr pa3Jio:>Ke-

H BO.l:(Opo.u.. TonyoJI npH MaJIOH rrry6H- HHIO: 

0-cH,-0-cH, +ii 

0-CH, 
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oeH311J1bHbIH pa,IJ,11KaJJ ( C6H/;H2) 

MaJJOaKT11BeH, OH BCTynaer rnaBHbIM o6-

pa30M B peaKu,1111 peKoM611Hau,1111 11 u,e

rm He pa3BHBaIOTC51. CKopocTb TepM11-

qecKoro pacna,IJ,a To11yo11a B 3TOM c11y

qae paBHa CKOpOCTl1 pa3pb1Ba CB51311 

C/f
5
CH2-H. CyMMapttbie peaKu,1111 

npeBpall.l,eHl151 TOJIYOJJa MO)J(HO npe,IJ,

CTaBl1Tb KaK ,IJ,er11,IJ,pOKOH,IJ,eHcau,11IO c 

06pa30BaH11eM ,IJ,H6eH311JJa 11 ,IJ,eMeTl1Jll1-

AIIK11nnpo113BOL\Hhie apettoB c ,IJ,JJl1H

HhIMl1 6oKOBbIMl1 u,eil51Ml1 B ycJIOBl1HX 

TepMHqecKl1X npou,ecCOB IlO,IJ,BepraIOT

C51 pacna,IJ,y aJIKHJlbHbIX u,eneii. 11Hl1U,11-

HpOBatt11e peaKQHH np011CXO)J,11T nyTeM 

pa3pbrna cna6eiirneii CBH311 ~-C-C, co

npH)J(ettttoi1 c apoMaT11qecK11M KOJJb

u,oM: 

a ~ 
C

6
H

5 
- CH

2 
- CH

2 
- R ~ C

6
H/;H

2 
+ CH/ 

OcHOBHbIMH npoL\yKTaMH npou,ecca 

5IBJ15IIOTC51 TOJJYOJJ, CTHpOJJ 11 aJJKaH. 

-~ _ ~:;b1 nepepa60TKv1 hecpiv: 

poBaH11e L\O MeTaHa 11 6ett3oJJa. C noBbI

weH11eM TeMnepaTyphI KOHu,e1upau,1151 

6eH311J1bHbIX pa,IJ,HKaJIOB np11 KpeK11Hre 

To11yo11a B03pacTaeT 3a cqeT pacna,IJ,a 

aJimpaT11qecKoi1 C-C-cB51311 B ,IJ,116ett311-

11e. 

CKopocTh npo,IJ,OJJ)J(ett115! u,en11 cTa

HOBl1TC51 6oJJbIIIe CKOpOCTl1 pacna,IJ,a T0-

11yo11a, 11 npou,ecc pa3B11BaeTcH no u,en

HOMY MexaHl13My: 

--0-CH,--

7.1.2. Oco6eHHocmu mepMu'leCKUX 
npol{eccoe nepepa6omKu Her/Jmu 

8 :J/CUOKOU r/Jme 

Ilp11 aTMOCcpepHOM ,IJ,aBJJeHHH B 1 CM3 

ra3a CO,IJ,ep)J(11TC51 ;::::I 019 MOJieeyn; B 1 CM3 

)J(H)J,KOCTl1 - 1022 M011ery11, T.e. KOHQeHT

paQl151 TaKa51, KaK B ra3e IlO)J, ,IJ,aBJJeH11eM 

10 Mila. ITo3TOMY np0Be,IJ,ett11e pe

aKu;11i1 B )1(11,1.l,KOH cpa3e OTHOCl1TeJibHO 

COOTHOIIIeHl151 CKOpOCTeii MOHO- 11 611-

MOJJeKyJJ5IpHblX peaKQ11H paBHOCl1JlbHO 

npoBe,IJ,eHHIO HX B ra3e IlO)J, BblCOKHM 

naB11eH11eM. B pe3yJJhTaTe np11 paBHbIX 
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'~··:.;; .. . : . ..._. -..__ , :...· ! . 

TeMnepaTypax "IKH.llKOcpa3Hbie TepMH-

4ecK11e peaKuH11 yrneao.uoponos 11 Hecp

TenponyKTOB .ualOT 3Ha411Te,1bHO 6011b

w11e BblXO.llbl npo.nyKTOB KOH,UeHcauirn 

H MeHhllIHe - npo.nyKToB pacnana: 

cpenmrn Mo11eKy11HpHaH Macca npoJJ.yK

TOB pacnana 3Ha4HTellbHO BbIWe, 4eM 

np11 ra3ocpa3HOH peaKu1111. 

Ha cyMMapHhIH pe3y.1lhTaT npespa

lll,emrn yrneao.nopo.uos s "JKH.UKOH cpa3e 

onpe.ne11eHHoe BJlttHHHe OKa3brnaeT «K11e

T04HhIH 3cpcpeKT». rlp11 pacna.ue M0-

11eKy11b1 yrneao.uopo.na Ha pam1Ka11b1 

B ra30BOH cpa3e OHH HeMe.u11eHHO pa3-

11eTalOTCH. B "JKH.UKOH cpa3e pan11Ka.1b1 

OKpy"JKeHbl «KlleTKOH» 113 coce.QH11X 

M011eey11. ,[(1151 y.naJleHHH pam1KallOB Ha 

pacCTOHHHe, npH KOTOpOM OHH CTaHO

BHTCH KHHeTH4eCKl1 He3aBHCl1MblMl1 4ac

THUaMH, Heo6xo.nHMO npeono,1eTb .uo

no11H11TellhHbIH aKTHBaUHOHHblli 6apb

ep, paBHbIH 3Hepnm aKTttsawrn n11cj)

cpy31111 pa,UHKaJla H3 KJleTKM. I0JeT04-

HhlH 3cpcpeKT MO"JKeT H3MeHMTb 3Heprnl0 

aKTHBaUHH cyMMapHOH )KJ1}1KOcpa3HOH 

peaKUHH OTHOCHTellbHO ra3ocpa3HOH . 

B "JKH.UKOH cpa3e cnenyeT Y4HTbIBaTb 

TaK"JKe Me"JKMOJieeym1pHoe B3aHMOJJ,eH

CTBHe Me"JKny 6JIH3KOpacnOJIO"JKeHHblMH 

4aCTHuaMH, KOTOpoe B o6lll,eM CJiy4ae 

Ha3hIBaeTCH COJibBaTauueii. Pa3JIH4a

IOT Hecneu11cp11qecey10 H cneu11cp11qec

KY10 COJihBarnuHIO. Hecneuucf>uqec

KaH COJibBaTaUHH ocylll,eCTBJIHeTCH 

non nei1crn11eM Hecneu11cp114Hb1x 11 

HeHaCbIWeHHbJX c1111 Ba1-1-Jep-Ba11bca. 
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CneumpH'-leCKaH COJibBaTau1rn CBH3a

Ha co cneu11cpH4eCKHMl1 H3CbIW3eMbl

Ml1 Cl1113Ml1, Bbl3bIB310WHMl1 o6pa30Ba

HHe BOllOPOllHblX CB513eH, TC-KOMnlleKCOB 

11 .npyrnx JJ,OHOpHO-aKuenrnpHblX KOMn-

11eKCOB. Ha KHHeTHKY "IKHllKOcpa3Hb1x 

peaKUHH 6011ee CHJibHOe B11H51HHe OKa-

3bIBaeT cneu11cptt4ecKaH co11bBaTau11H, 

06yc11os11e1-11-1aH 06pa3oaa1-111eM ao110-

pon1-1b1X CBH 3eH 111111 TC-KOMnlleKCOB 

pam1KaJIOB c apeHaMH, TaK KaK B 3Tl1X 

CJ1Y4351X neiicTBylOT ropa31l0 60JlbWHe 

c11nb1, LJeM np11 1-1ecneu11cp114eCKofi 

conbBaTau1111 . B uenoM. nnH :JKl1llKO

cpa3HbIX TepMH4eCKHX peaKUHH yrne

B0110p0ll0B II 1-1ecpTenpo11yKTOB BJlliHHHe 

COclbB3T3UIHI OLJeHb HeBeJ111KO 11 LJeM 

BbIWe Ter-.rneparypa, TeM OHO MeHbWe. 

0.nHaKO .J.1151 OCT3TKOB HecpTH, co.nep

"JK3W11X BbICOKOMOlleKynHpHbie coe1111-

HeHJrn. smrn1-111e cpe.UbI \10JKeT 6bITb, 

Bl1ll11MO. 3H3411TeJ1bHO CJ1,lbHee 33 C4eT 

COJlbB3TaUHl1 np11 B33111\10..UeHCTBl111 

60J1billl1X MOJleKyn BO MHOfHX TOLJK3X. 

B yc11os11Jlx "JKHJJ,KOcpa3HbIX repM11-

4ecK11x npespaweH11li TH"JKe11b1x ocraT

KOB Hecpr11 npOHCXO.llHT KOKCOBaHue, 

T.e. o6pa30B3Hl1e uecf>THHOro KOKCa, 

011HOro 113 B3"/KHblX npo.n:yKTOB nepepa-

60TKH Hecprn . 

7.2. TepMuqecKuii KpeKnHr 

TepMHLJecK11li KpeKHHr rn"JKeJJbIX oc

TaTKOB nepepa60TKl1 Hecjn11 npOBOJ.11T

C5l c uenbl{) nonyLJeHirn KO\rnoHeHTa 



aBTOM06HJlbHOro 6eH3HHa 5' Bb!COKO

apoMaHl30BaH HOro ra30H.rI51 - Cblpb51 

.um1 npOH3BO.UCTBa Ca)f<H l1 .LlJl51 CHl1/Ke

HH51 B513KOCTH TOnOLJHOro Ma3yTa. 

TepM111-1ecKHH KpeKHHr Ma3yTa 11 no

nyry,.upoHOB, Kor.ua OCHOBHblM ue.1eBbl\l 

npo.nyKTOM 51BJUleTC51 6eH3HH, nposo

.UHTC51 no cxeMe, npuse.neHHOH Ha pHc. 

7. I. OcHOBHbie TexH011ornYeCKHe TPY.J

Hocn1 B npoBe.11.emrn npouecca CB513aHbI 

c OTJIO/KeHHeM KOKCa B Tpy6ax neYeH. 

CflpaKUH51 200-350 °C no,asepraeTC51 

KpeKHHry B ra30BOH cpa3e. iKllL(Ka51 cpa3a 

B peaKuHOHHhlX Tpy6ax OTCYTCTBye~ 

TaK KaK Tel\meparypa ..'l-151 3TOH cppaK

um1 Bb1we KpHTHYeCKOH 6
. CTo:nm.1y 

B Tpy6ax neYH nernoro Cb1pb51 ( ecm1 

B Cb!pbe He nonanaIOT rn1Ke.1b1e oCTa

TOYHhie cppaKUIIH) BbILJ.e.151eTC51 TOJlhKO 

m1poyrnepo11, 7
, 06pa1osaH11e KOKca He 

rrpOHCXO.Il,HT (B npaKTllKe )TOT m1poy

rnepo11 TaKJKe Ha3bIBaFOT KOKCOM). 

B peaKuHOHHhIX Tpy6ax rreYH T51JKe

noro Cbtpb51 cocywecrnyFOT JKHLJ.Ka51 u 

ra10Ba5I cpa3bl. B 6011bwei1 YaCTu peaK

UHOHHoro 3MeeBHKa .naBJleHHe HeCKOJlb

KO Bb!We KpHTHYeCKOro .llJ151 npo.nyKTOB, 

Haxo.n51WMXC51 B ra3osoi1 ljla3e: 5-5,5 Mna 

Ha sxo.ne B ne% 11 2,2-2,8 MCTa Ha Bbl-

5 B ttacTm1wee spe~ll JTOT npouecc ycrnpe11 . 

xone 111 neY11. CTmroMy B ra3osoi1 cpa3e 

pacrnop51FOTC51 Hatt60.r1ee nerntte cppaK

mm, YTO nOBb!WaeT paCTBOp51!0WYIO 

cnoco6HOCTb )f(H,JKOH cpa3bl OTHOCH

TeJlbHO accpanbTeHoB. KoHueHTpau1.rn 

accpanbTeHOB B JKHllKOCTH yseJJHYH

saeTC51 c yrny6,1eHHeM KpeKHHra 11 

yse1111YeH11eM COOTHOWeHH.51 ra3oBa51 

cpa3a:JK11,JKa5I cpa1a. B pe3yjihTaTe 06-

.1erYeHH5I cppaKUHOHHOro COCTaBa rn-

1Ke.1oro Cblpb51 ( B neYl1, Ha3bIBaeMOH 

TaK;Ke rreYh!O ,1ernoro KpeK11ttra) 11 yr-

11y6.1eH115I KpeKHHra (HanpuMep, B pe-

3ynbraTe CHHiKeHH51 npOH3BO,!lHTeJibHO

cnt neYH no CblpbFO, YTO COOTBeTCTBeH

HO yse.1wrnsaer npo.nomK11TeJ1bHOCTh 

KpeKHHra) KOHUeHTpau115! accpa.nbTeHOB 

B )f(H.Il,KOH cpa3e MO)f(eT nOBb!CHThC51 

,JO noporoBOH ·\ B '.HOM CnyYae rpy6b1 

rrel.fH 3aKOKCOBbIBa!OTc51 OYeHh OblCTpo. 

C yrnJKenemreM Cbrpb51 06pa1osa

m1e .lerKHX cppaKUHH CHHJKaeTC51, co

.JepiKaHHe iKH.'IKOH cpa3bl B peaKUHOH

HOfr 30He yseJml.fHBaeTc51 H noporosa51 

KOHUeHTpau~rn accpaJJbTeHOB MO)f(eT .LIO

cn1raTbC5! rorrhKO np11 OYeHh 6onhIIIOH 

rny611He Kpenrnra. 4ro6hI ycrattosKa 

TepMHl.feCKOfO KpeKHHra pa6ma.rra HOp

MaJlhHO, rny611Ha KpeKHHra B rreiJ:H rn-

6 Kp1m1YecKM Te~meparypa ttecj:>Tl!Hoii cj:>paKUHH MOiKeT Oh!Th npu6.1HiKeHHo ouettetta no ¢opMy11e: 

t = l.051 ~ 160 
"--P '-P 

,lJ,nl! 11ernoro raJoiinll TepMH'lecxoro KpeKHHra t,,P = 250-270 'C H 1,,, = 425-445 "C. 
7 Tsep.rioe sewecrno, co.ilepiKawee 99% u 6011ee yrnepo.ila. B ra:iosoii ¢a3e si.r.ueruH!TCll s sn11e 

caiKH. Ha rnep,aoii nosepxHOCTH m1 poyT11epo.:1 Bhrne115!eTCll B Bl!l1e n.r10THOii, c Mcra..rLlHtfecKHM 

6.l<:CKO.\I n.lcHKll. 

. f\OH l{cHTpawrn. r1p11 KOTOp oi1 H3'!l!HacTC::l RbUC.ICHHc H1 pa crnopa acrjlalbTeHO B H KOH.]cHCam1ll 

fl OC.le.Jlll l.\ .]0 KO KC a I c.\1. Hl!iKIC pa>.Jc; f « npm13B0.1CTBO HCrjlTl!HOro KO KC3» ). 
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1-nasa 7. TepMviYecKvie npol(eCCbJ nepepa6or1rn 1-1ecj:nvi 

TS!lKCITbIH 

KpeKHHr npH 
ra3ottnb 

TeMnepaTYJle Bblxo.11a 
HJ neqH 470-500 ·c KpeKHHr npH TeMnepaTYJle 

l 
Bb!XO.lla HJ neqtt 530-550 ·c 

r KpeKHHr 
B Heo6orpesaeMoii 

KaMepe ' 
JierKHii raJoii.rrL 

(200-350 °C) 

i r~ j 
+--1 Pem1cjJHKaQHS1 r-1 J 

neH"!;;;l~----.----_;r---------------' 

l 
KpeKHHr-ocrnTOK 

Puc. 7.1. Cxe.Ma npoiwcca mep;wul/ecK020 KpeKuH2a oi1a3ymoe u noJ1y2yopoHoB 

)l(eJioro CbipM1 .D:OJI)l(Ha 6hITh HH)l(e TOH, 

npH KOTOpOH .D:OCTHraeTC51 noporoBa51 

KOHI.~eHTpauH51 accpaJibTeHOB B )l(H.lJ:KOH 

cpa.3e. ITpH :noM ycnoBHH KOKC npaKTH

I.JeCKH He o6pa.3yeTC51, a CTeHKH Tpy6 

neI.JH Me.nneHHO noKpbIBa!OTC51 CJIOeM 

nHpoyrnepo.na, 06pa.3y10w,eroc51 TaK )Ke, 

KaK H H3 ra.30BOH cpa.3bl. 

Ponh Heo6orpeBaeMott peaKUHOH

HOH KaMepbr npH KpeKHHre Ha 6eH3HH 

COCTOHT B TOM, I.JTO npo.nyKTbI H3 neI.JH 

T51)1(eJioro Cblpb51 .D:OilOJ1HHTeJ1hHO Kpe

KHpy!OTC51 no.n .nelicrn11eM Tenna npo

.UYKTOB neI.JH nernoro Chipb51 (TeMne

parypa Bepxa peaKUHOHHOH KaMepbI 

;::;500, a HH3a 460-470 °C). B peaKUH

OHHOH KaMepe Bhrxo.u npo)lyKTOB, rrn

xo_u51w,11xc51 B )!(11,UKOH cpa3e, HeCKOJ1bKO 

yBeJ111I.Jl1BaeTC51, I.JTO fl03BOJ151eT yrny-
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6HTb KpeKHHr, He .UOCTHra51 noporoBOH 

KOHueHTpauHH accpaJibTeHOB B )l(H,UKOH 

cpa.3e; B pe3ynhrnTe KpeKHHra B peaK

UHOHHOH KaMepe 06pa3yeTC5! 20-30% 
OT cyMMapHoro BbIXO,Ua 6eH3HHa. 

7.2.1. BmmHue pa3JIUl/HbZX 

rjJaKmopo6 Ha npozrecc mep,wu'lecKozo 

KpeKUHZG 

ITp11 n1060M TepMHI.JecKoM npouecce 

B pe3ynhrnTe nepepa6oTKH 06pa3y10Tc5! 

ra3bI, 6eH311H, cpe.uH11e .UHCTl1J1JI51THbie 

cppaKU1111 (KepOCHHO-ra30HJ1eBhie ), rn

)l(eJihie OCTaTOI.JHhie cppaKUHH H KOKC. 

BbIXO)l, cooTHOllieHHe Me)l()ly npo.uyK

Ta1V111 peaK1m11, CBOHCTBa 3THX npo):iyK

TOB 3aBl1C51T OT MHOfHX cjia1nopoB, HO 

rnaB1-1y10 ponb HrpaioT COCTaB Cblpb51, 



. ! :dR<' '. Tep;,1w.,ecKvi e npm,\eCCbl nepepa6oTKV1 Hecj:Jrn 

TeMnepaTypa, .nas11em1e 11 npo.nom101-

TeJ1bHOCTb peaKUHH. 

flapaMeTpb1 npou.ecca. Co cm crn 
c blp bfl. B o.n11HaKOBb1x yc11osm1x Kpe

KHHra CKOpOCTb peaKUHH pacTeT c no

BbIWeHHeM TeMnepaTypbl KirneHH51 

Cblpb51 . TaKa» oco6eHHOCTb o6b»CH51-

eTC51: pa3J1H4HOM TepMH4eCKOH CTa-

6HJ1bHOCTblO yrneso.nopo.uos. Bb1coKo

MOJ1eKy11HpHbie napacpHHOBbie yrne

BO.UOPO.Ubl , a TatoKe apOM3THYec1<11e 

yrneso.uopo.ubI c .D,JlHHHOH 60KOBOH n a

pacpHHOBOH uenblO MeHee TepM114eCKH 

CT36HJ1bHbl, 4eM HH3KOMOJ1eKyJ151pHbie 

yrneBO.UOpO.Ubl. no3TOMY npH KpeKHH

re noc11e.nH11x 6y.neT o6pa30 BbIB3T bC51 

MeHbWe npo.nyKTOB pa3JlOJKeHH51. 

Ec1111 TepM11YecK11i1 Kpe1<11I-Ir se.nyT 

np11 yMepeHHhIX TeMnepaTypax, TO 3a

MeTHOro H3Me HeHirn CTPYKTYPbI Mo11e

Ky11 pacme n115!10LUHXC5! yrneso.uoponos 

He npo11cxo.n11T. TaK, np11 KpeKHHre 

TBep.noro napacjJ11Ha B OCHOBI-IOM o6pa-

3YIOTC51 11apacjJ11HOBbie 11 onecjrnHOBbie 

yrneso.uopo.nbI HOpM3Jl bHOfO CTpOeHl151: , 

a np11 KpeKHHre ra30J111ei1 c BbICOKHM 

co.uep)f{aH11eM UHKJ1114eCKl1X yrneBO.llO

po.nos - 6eH3HHOBbie cppaKUHH , HMelO

ll.l,He npeHMyLUeCTBeHHO HacpTeHOBblH 11 

apoMaT11YecK11i1 xapaKTep. 

Te\lnepamypa u 11poc)o.1.11cumeJ11>

f10Cmb 11poi1ecca. 3TH cpairrophI, BJ11151-

IOW.He Ha BbIXO.U 11 KaYeCTBO npo.nyKTOB 

repM11Yec1<oro KpeK11Hra, np11 onpene

JieHHhIX TeMneparypax s3a11Mo3aMe-

1H1e~ 1 bl. Yse11 f1 LJ H Ba51 Tervrn ep a-ry py 1<pe

l\H H ra H yMeHbW351 11p0jJOJl/Kl1TeJlb-

'1-0llXll 

HOCTb BpeMeHH npe6wsaHH51: B 30He 

BbICOKHX TeMnepaTyp, MO)!(HO IlOJ1Y4HTb 

TY )f{e rny611Hy pa3JlO)f{eHH51: CblphH, qrn 

11 np11 6onee MHKOtt reMneparype, HO 

6011bwei1 .D,JlHTeJlbHOCTH KpeKHHra. 

TepM11YecKoe pa.3JIO)f{ett11e yrneso

nopo.nos HaY11HaeTc5!: np11 380-400 °C. 
c yse1111qeHHeM TeMneparypbl CKOpOCTb 

I<peKHHra 6hICTp0 pacTeT. IloBbillleHHe 

TeMnepaTypbl KpeKHHra npH IIOCT051:H

I-IOM Ll3 BJ1eHHH H nOCT051:HHOH CTeneHH 

npespawemrn np11so.n11T K noBhIWeHHIO 

co.uep1KaHH5! 11ern11x KOMOOHeHTOB, K 

CI-IIDKCHIIIO BbIXO.D,a T51)!(eJiblX cppaKljHH 

11 KOKca. 8b1xo.n ra3a np11 noBbIWeHHH 

TeMn epaTy ph1 3aMeTHO yse1111•msaeTc5!:, 

npHYeM paCTeT co.uep)f{3HHe B HeM He

npe.neJJ hI-lblX yrneso.nopo.uos. 

D Cl rue II II e . n pH yseJIH4eHHH .naB-

11eI-I H5! nOBblW3IOTC51: TeMneparyphI KH

n emrn Cblpb51 H npo.uyKTOB KpeKHHra. 

no3TOMY H3Me I-I e HHeM ,ll.3BJ1eHH51: MO)f{

HO BJ1 H51:Tb Ha cpa30BOe COCT051:HHe B 

30He Kpe1n1Hra . TepMH4eCKHi1 Kpe1<11Hr 

MO)!(eT ocywecTBJ151:ThC51: B naposoi1, 

')1\11 .D, l<OH 11 CMewaHHOH cpa3aX. 

B naposofi cpa3e o6bJ4HO npOBO.ll.HT

C51 Kpe1<11Hr 6eH3HHa, KepOCHHO-ra.3oi1-

JleBblX cppaKUHH , .ll.1151: KOTOpblX TeMrre

parypa 1<peKHHra BbIWe KpHTH4eCKOH. 

noBhJWeHHe ,llaBJ1eHH51: npH rrapocpa.3-

HOM KpeK1.rnre yMeHhrnaeT o6beM napos 

Cblpb51: 11 npo.nyKTOB KpeKHHra, a 3TO 

no3BOJ151:eT yseJ1114HTb npOH3BO.UHTeJib

HOCTb ycTaHOBKH HJlH OOBbICHTh npo

,iJOJl/KIITeJlbHOCTb npe6bIB3 HH51 Cblpb51: B 

301-1e peaKm111. 
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CTpH napocpa3HOM KpeK11Hre nas.ne

m1e cymecTBeHHO BJI H5leT Ha COCTaB 

npOLI.YKTOB KpeKl1Hra. nOCKO.lbKY 6-r1a

ronapsi naBJiem110 yseJiwrnsaeTC51 CKO

poCTb npoTeKaHHS! BTOp11'4HblX peaK

UHH - noJI11Mep113au111111 rnnp11posaH115l 

HenpeneJihHhlX yrnesonoponos. KOH

n ettcau1m apoMaTwiec1rnx yr.nesonop o 

J.J.OB 11 pS!J.J,a J.J.pyrnx. CTp11 3TOM yMeHb

waeTCS! BhlXO.IJ: raJa. 

B.n11siH11e nasJieH115l Ha :>KHJ1KOQJa3-

Hbitt KpeKHHr TS!)f(eJi blX BHJJ.OB Cblpb51 

(Ma3yTa, ry,npotta) HeBeJI HKO . CTp11 C\1c

WaHHOcpa3HOM KpeKHHre D,3Bne H11e cno
co6cTBYeT rOMOreHH3a u1111 Cblpb51 - ra3 

YaCTHllHO paCTBOpsieTC51 B )KJ1JlKOCTJ1. 

yMeHhwasi ee flJIOTHOCTb, a C3\13 r a30-

Ba5l cpa3a ynJIOTH5leTCH . TaKoe 1n MeHe

H11e cpa30BhIX ycnosm1 ysem1q1rnaeT 

BpeM51 npe6b!B3Hl15l B 30He KpeK1rnra 

11 np11BO,IJ:l1T K yMeHbWe1m10 n oTepb B 

s11.ne raJa. 

TenJJosou J«J>«J>eKT peaKmrn Kpe
Knura. Dp11 TepM11'4 eCKOM KpernH

re OLl,HOBpeMeHHO npoTeKaJOT peaKUl111 

TepMHGecKoro pacnana H p eaKu1rn yn 

JJOTHeHH51. DepBhie 113 3THX peaKu11i1 

HJlYT c nornomeHHeM Tt i1Jl0Tbt , BTOpb1e -

c BbI,UeJieH11eM TenJJOTbl. 

CyMMapHhitt Tennosoi1 3cpcpeKT npo

uecca .necTpyKTHBHOro pa3JIO)J(eH115l 3a

Bl1CHT OT Toro, K3KJ1e H3 3THX peaKUHM 

npeo6Jia,naIOT. CYMMapHbIH Tennosoi1 

3Q)(peKT TepMJ1lieCKOfO KpeKHHra OTpH

uaTe.neH , 11 noJTOMY Heo6xo.111Mo no.1-

BO.!llHb Ten.10 co CTOpOH bl. 
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TenJJOTa peaKUHM TepM11'4eCKoro 

KpeKHHra Bb1pa1KaeTC5l B pac4eTe Ha I Kr 

Cbipb51 1rn11 Ha I Kr 06pa3y10weroo1 6eH-

31rna. Otta cocraBJJ5leT 1,26-1 ,3 7 M,Ll.JKJ 
Kr 6eH3HHa np11 KpeKHHre fa30HJ151 11 

0.63-0,75 M)l)f(/ Kr 6ett311Ha np11 Kpe

KHHre Ma3yTa. 

KoKcoo6paJoBanue u raJoo6paJo
Bauue npn KpeKirnre. B pe3ynhTaTe 

CJ10)KHblX peaKUHH no1111Mep113au1111 11 

KOH.!leHcau1rn 11 3 HenpeneJJ bHhIX 11 apo

\13T114ecK11x yr.neso.uopo.uos 06pa3yeT

C5l rnep..'lblH yrnepOllHCTblH OCTaTOK -

KOKC . 06pa30BaHJ1e KOKCa np11 TepM11-

YeCKOM KpeKHHre - He:>KeJJaTeJJbHOe 

5lB.neH11e. TaK KaK OHO s.nm1eT Ha npo

no.n:>KHTe"1bHOCTb 6e30CTaHOBOllHOro npo-

6era yCTaHOBOK. lb-3a HaKonneHirn 

KOKCa B 3MeeBHKax ne4eH y cTaHOBKl1 

TepMW-leCKOfO KpeKHHra npHXOJll1TC5l 

l..JaCTO OCTaH3B;111BaTh Ha BbDKHr KOKCa. 

K oKcoo6pa 30 BaH11 e 3as11c11T 01 

CBOHCTB Cblpb51 KpeK11Hra 11 OT TaKl1X 

napaMeTpos npouecca, KaK TeMnepary

pa 11 speM51 npe6hrnatt115l B 30He peaK

m111. 06pa3osaH11e KOKca orpatt11G11sa

eT rny611 HY KpeK11Hra JlJJ5l TSI)f(eJiblX 11 

cpe.UHHX BHJlOB CblpbS!. c nOBbIWeH11eM 

TeMneparypbl H BpeMeHH npe6b1BaHHSI 

Cb1pb51 B 30He peaKU1111 BblXO)l KOKC3 

pacTeT. 

CTp11 KpeKJ1Hfe JierKHX Bl1Jl0B CblpbH 

nponyKTOB ynJIOTHeHJ151 o6pa3yeTC5l He

MHOro, 11 Ha BbIXO.lI uenesoro nponyK

Ta - 6eH311H3 rnaBHblM o6pa30M BJIHSl

eT ra3006pa30 Ratt1-1e. Bbt\0:1 ra3a n p11 

KpCK11H re c11al1<L1a nponopu11 01-1a_r1e1-1 



BbIXOllY 6eH3HHa, no Mepe yrny6.1eHH5I 

npouecca OTHoc1ne11bHbIH BhIXOll ra3a 

y Bem141rnaeTC5I. Op11 o4eHh rny60Ko:-v1 

KpeKllHre CKOpOCTb o6pa30BaHH51 nna 

113 6eH3ttHa Ha4ttHaeT npeBbIWaTb CKO

poCTb o6pa30BaH115I 6ett3ttHa. 

KoKcoo6pa30Bam1e 11 ra3006pa10-

Batt11e He no3BOJ15IIOT .ilOCTH4b MaKCH

MaJl bHOro BbIXOlla 6eH3HHa Ha npOMbIW

JleHHbIX ycTaHOBKax, H nO '.HOMY 4aCTb 

KpeKttpyel\rnro Cbipb51 ocTaeTC51 ttenpe

BpaweHHOH. 00 HeKOTOpbIM .naHHblM 

BbIXOll 6eH3HHa npH KpeKHHre T5IiKe.10-

ro JHICTl1.Tl~l5ITHOro Cblpb51 He npeBbIWa

eT 50% OT MaKCHMaJlbHO B03MOiKHOro 

BbIXOlla. 

HenpeBpaweHHOe Chiphe n115I yBe

m14eHH51 Bb1xo.na ueneBoro npo.Jyna 

B03BpawaeTC51 Ha rlOBTOpHb!H KpeKHHr. 

KOTOpb!H 3aTeM npOBO.JHTC51 B cal\rn

CT051Te!lbHOH annaparype, OTlleJlbHO OT 

CBeiKero Cblpb51 (KpeKltH2 2}'CbKO.H) H.lH 

B 01ec11 co CBejKttM CblpbeM (KpeKltHZ 

c p e11upKpR11ue1/). 

7.2.2. 0 cH06Ha51 annapam_ipa 

u Jk'CrL1;v·amaz1uR ycmaHoeoK 

m ep.itlll./€CK020 KpeKllHZG 

OcHOBH&Ie anrrapaTbI ycTaHOBKH 

TepMtt4eCKOro KpeKHHra - Tpy61rnn,1e 

ne'-111, peaKuHOHHhie KaMep&1, 11cnap11-

Te1111 H peKTHQlHKauHOHHbie KOJlOHHbl. 

Tpy6"4aThle neq11 ycrnHOBOK Tep

~ 1 w1ecKoro Kp eKmtra rTpe.'.!Ha1HatreHbt 

He TO.lbKO :Ll51 Ha rpeBaHfl5! H lf aCT W!HO-

ro 11.lH ITOJl HOro HCrrapeHH51 Cblpb51, HO 

If .1J151 npoBe;JeHH51 B HHX XHMHYeCKHX 

peaKUHfL )TH\! OHH OT.lH4aJOTC51: OT ne-

4ell neperoHHb!X ycTaHOBOK. 

8 Tpy64aTOH ne"'IH KpeKHHT-ycrn

HOBKH HMeJOTCS! 30Ha Harpesa H 30Ha 

peaKUHH. YCTaHOBHTb TO<IHO rpaHHUy 

:vieiKny 30HaMH HeB03MOJKHO, TaK KaK 

0 ,ITHOBpeMeHHO c pa311oJKeHHeM CblpbSI 

npoHcxo.nttT ero .JaJlhtteiirnee uarpesa

m1e. YqacToK Tpy 6 , Ha KOTopoM 1asep

waeTc5! p eaKUH51 KpeKHHra, Ha3bIBaeTC51: 

peaKUHOHHb!M 31\teeBHKOM. 

PeaKUHOHHblH 3MeeBHK pacrrona

raeTCS! s pa.JnaHTHOH qacni: rrecrn, rro

CKO.lbh.)" Tem1ottanp5I)[{eHHOCTb Tpy6 

B pamraHTHOH YaCTH necrn B 2-3 pa.3a 

6o:lbWe. qe:-v1 B KOHBeKUHOHHOH H, c .1e

llOBaTe.'lbHO, MOiKHO .no6HTbCSI pe3KOro 

y:vteHbwemrn pa.3Mepos 3MeeswKa. 

rTpO..lj'KTbl KpeKHHra, KOTOpbie Bbl

XO.J51T HJ ne4H, HeCYT :-vrnoro Ten11a, 

u:-v1eFOT BbICo1'.-yFO TervmepaTYPY· 3To 

Ten110 HCrIOJib3YeTCSI illUl'. yrny6,1eHH5!' 

peaKUHH KpeKHHra. ITaph1 ttanpasn.sr

FOTC}f B Bb!HOC HYJO peaKI.UfOHHYFO 

Ka:viep y. KOTopa51' npeacrnrurneT co6oft: 

no.lblH UHJlHH.JpH"'IeCKHH anrrapaT }lHa

MeTpOM 2-3 :'v[ H BbICOTOH 10-35 M . 

Bxon napos s peaKQHOHHyT-O KaMepy 

npeD:yCMOTpeH csepxy, a BbIXOJJ: - CHH-

1y. KaMepa, TaKHM o6pa.30M, see spe

:-vrn 1ano.'THeHa napar-..m KpeKHpyeMoH: 

C:'vfeCH, H ofueM 'il<HJJ:KOCTH, B KOTOpOH 

CKOHUeHTp11pOB3Hbf Ha•r60,1ee .lefKO 

l\O KCY !{)ill pfeC51 npo.:ryKTbl. Hese,lHK. 
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TaK KaK peaKu,110HHm1 KaMepa He 060-

rpesaeTcH, a peaKU11H KpeK11Hra 11.ueT 

c nornoU1eH11eM Ten11a, TervtnepaTy

pa Ha Bb!XO,Ue 113 KaMepbl Ha 30-40 °C 
HmKe, qeM Ha sxo.ue. Bc11encTs11e )J.O

BOJlhHO 6onhworo o6beMa KaMepb1 npo-

1lYKT MO)!(eT ,UOJiro (.uo I 00 c) HaXO.LJ.11Tb

C5! B Hett, a :no cnoco6crnyeT yrny6-

nemno KpeKttttra. KaK noKa3aJI onbIT 

3Kcn11yarnu.1111, no 25% OT 06U1ero KO

JrnqecTBa 6ett3tttta 11 ra:rn 06pa1yeTc5! 

B peaKU110HHOH KaMepe. 

Henocpe.ucrnetttto H3 peaKUJIOHHofl 

KaMepbl napO)!(H)J.KOCTHaH CMeCb npo-

1lYKTOB KpeKHHra noCTynaeT B 11 c n a

p 11 TeJI b BhICOKoro na sne H 1151 . TaK 

KaK pa3.uenett11e cpa3 s 3TOM annapaTe 

npOHCXO)l,HT nptt Bb!COKOM nasJieHIHI, B 

ocTaTKe, yxo.uHWeM c HH3a 11cnapwre.rrn. 

conep)!(aTCH B 60JibWOM KOJIH'-leCTBe 

pacrnopeHHbie ra3olinesb1e 11 6eH3HHO

Bbie cppaKu,1111. )J,mr BhI)J.eJieH115! Jlenrnx 

cppaKuHH npentta3Ha4eH 11cnapwrenb 

HH3Koro .uasnemrn (rjJHHllll/112). 

B pe3yJihTaTe cttmKeHHH )l,asneHlrn 

nepe.Ll cpII5!llll1HroM np011CX01lHT )J.O nOJI

Hl1TeJlhHOe 11cnapett11e JierKHX (ppaKUHH 

113 OCTaTKa. qT06bI yny4WHTb ycJIOBHH 

11cnapett11H, B Hl1)!(HIOIO 43CTb cp1I5!WHH

ra BBO)l,HT BO,UHHOH nap. 

Hcnap11TeJib BhICOKoro .uasnemrn 

KOHCTPYKTl1BHO npe.ucrns115leT co6oj;j 

TIOJJbIH annapaT ,LlHaMeTpOM 2-3 M 11 Bbl

COTOH 15-18 M. 

Mcnap11TeJJb H113Koro .uasneHHH ctta6-

)l{eH peKTHcpHKaUHOHHblMH rnpeJIKaMH . 

OH cJiy)KHT He TOJihKO .UJIH OTroHKH ner-
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KHX KOMnOHeHTOB 113 I<peKl1Hf-OCTaTI<a, 

Ho 11 .UJIH no.uorpesa CbipbH 1a C4eT ox

Jla)K.LJ.eHHH H KOH.LJ.eHcau,1111 napOB OTna

peH HbIX cppaKU,11H. 

TexHonorn4eCKl1H pe)lrnM ycrnttos

KH no.unep)l{HBaeTC5! B COOTBeTCTBl1H c 

TeXHOJIOrH4eCKHM pernaMeHTOM 11 Tex

HOJIOrn4eCKOH I<apTOH. 

Pa6oTy ycrnHOBKl1 TepM114ecKoro 

KpeK11Hra KOHTpo1111py10T no noI<a3a

HH51M npH6opoB, Ha OCHOBaHHl1 pe3yJlb

TaTOB attaJIH3a CblpbH , qmerMhl, Kpe

KHHf-OCTaTKa H .Lll1CTHJIJI51Ta. B Chiphe 

onpeneJIHIOT co.uep)!(att11e BO.Ubl, ceptto

KHCJIOTHblX CMOJI, KOKcyeMOCTb, nJIOT

HOCTb. KoKcyeMOCTb 11 conep)l{aH11e 

cepHOKHCJIOTHblX CMOJI ,Ua!OT npe.u

CTaBJieHMe 0 cnoco6HOCTM Cblpb5! o6-

pa30BbIBaTb KOKC B Tpy6ax ne'-111 H peaK

UMOHHOH KaM epe. Ecn11 Ha nepepa6oT

KY nocTynaeT 6onee CMOJIHCToe Cblpbe, 

TO 11eo6xom1MO CHH3HTb TeMnepaTypy 

KpeKHHra B npe.uenax, ycTaHOBJieHHblX 

TeXHOJIOrH4eCKOH KapTOH. 

DpaBHJibHOe senettHe Texttonorn

t1ernoro pe)l<HMa .uaeT B03MO)!(HOCTb 

yseJHl'-IHTb npO.LJ.OJl)KHTeJibHOCTb 6e30C

TaHOB04HOro npo6era. flpH HOpMaJib

HbIX ycJIOBl15!X )KCnnyaTaUHH 6e30CTa

HOB04HbIH npo6er KpeKHHr-ycTaHOB

Kl1 COCTaBJI5leT 40-45 H .ua)!(e 60 cyT. 

OcTaHOBKa ycrnHOBOK TepM11'-!ecKoro 

KpeKHHra Bbl3bIBaeTC5! Heo6XO)l,HMO

CTblO oq11cTKl1 HX OT KOKCa. KoKC, OTJ1a

ra10U1l1HC5! B Tpy6ax ne'-111, yMeHbWa

eT cso6o.uttoe ce'-lem1e 3MeeBHKa, 4TO 

npHBO.LllH I< rlOBbIWeHHIO .uasne11w1 Ha 



BXO,TJ,e B ne4h. 3aMeTHhie OTJ10:>KeHl151 

KOKCa Ha6m-O,TJ,alOTC51 B HH:>KHeH 4acn1 

peaKUHOHHOH KaMepht , 11cnap1ne11ei1, 

B Tpy6onpOBO,TJ,ax KpeKHHr-OCTaTKa. 

np11 HHTeHCHBHOM OTJ10:>KeHHH KOKCa 

Me:>KOCTaHOB04Hh!H npo6er ycTaHOBKH 

CHH:>KaeTC51 ,TJ,O 25-28 cyT. 

4T06hI yMeHhWHTh OTJ10:>KeHlrn KOK

ca, Ha ycTaHOBKax TepM114eCKOro Kpe

KHHra BHe,TJ,petta no,TJ,a4a B Chiphe ne

peJl ne4bl0 He6onbworo 1<011114ecrna 

ryp6y1111311pyIOw,ero, T.e. yCKop51IOw,ero 

CKOpOCTb JlBl1:>KeHl151 nOTOKa sew,ecr

sa - BO,TJ,bl. f1ona,TJ,a51 B IlOTOK Cblpb51, 

11Me1-0w,11i1 reMneparypy 390-400 °C, 
BO,TJ,a HeMe,TJ,JleHHO 11cnap5leTC5! . 06beM 

naposoi1 cpa3bt pe3KO yse1111411saerc5l, 

nOTOK Cblpb51 HHTeHCHBHO nepeMeIJJH

saeTC51, CKOpOCTh nOTOKa B03pacTaeT. 

Oco6eHHO sa:>KHO, 4TO yse1111411saerc51 

CKOpOCTh ,TJ,B11:>KeHl151 pacnono:>KeHHOH 

y CTeHKl1 rpy6hI rpaHl14HOH nneHKH . 

11MeHHO :na nneHKa 51BJ151eTC51 OCHOB

HhIM HCT04Hl1KOM KOKCOo6pa30BaHl151. 

7.3. UupoJIH3 

7. 3.1. Ha3na•1enue, 11apa.Hempb1 

u 11pooyKmb1 11poz1ecca nupomna 

HaJuaqeuue npou,ecca. f111po11113 -

Ha116011ee :>KeCTKHH H3 TepM114eCKl1X 

npoueccos nepepa6orK11 Hecprn. OH 
npOBO,TJ,11TC51 npH TeMneparypax 750-
900 °C H npe,TJ,Ha3Ha4aeTC51 B OCHOB

HOM }lJ151 nonr1emrn BblCOKOUeHHhlX 

one<lrn11osb1X yrnesonoponos - Cbipb51 

Hecjnex11Mw1ec1<0ro Cl1HTC:3a . 

Cbipbe. Ha1111y4WHM BHJlOM Cbiph51 

JJJ151 nony4eHl151 onecpHHOB s npouec

ce n11po11 11 3a 51BJ151IOTC51 napacp11HOBhie 

yrneBO,TJ,OpO,Uhl. f1pH pacna,TJ,e HOpMa.Tlh

HhIX napacpHHOB HMel-OT MeCTO CJie,TJ,yIO

w,11e OCHOBHbie 3aKOHOMepHOCTH: :naH 

Il04TH IlOJIHOCTblO npespall(aeTC51 B 3Tl1-

neH, 113 nponaHa 11 6yTaHa c 6oJihllIHM 

Bh!XO,TJ,OM o6pa3yIOTC51 3THJieH H nponH

JleH, 113 napatjrnHOBbIX yrneBO,TJ,OpO,TJ,OB c 

4HCJlOM yrnepOJJHbIX aTOMOB 6onee 

4 noJJy4a1-0r 45-50% Mace. 3THJieHa, 

npon1111eH 11 Henpe,TJ,eJihHhie yrneso,TJ,o

po,TJ,hI c. H Bhlllle. I1pH nHpOJil13e H30-

napatjJl1HOB Bh!XO,TJ, 3THJieHa MeHhllle, 

06pa3yerc51 6oJJhwe raJoo6pa3HhIX na

pacpHHOBhIX yrneBO,TJ,OpO,TJ,OB H B oco6eH

HOCTH MeraHa. ApoMaIW:1ecKHe yrneso,TJ,o

poJJhI np11 yMepeHHbIX reMneparypax 

n11poJJ113a cny:>Kar 6aJinacroM, a np11 60-

nee :>KeCTKHX B 3Ha'IHTeJihHOH creneHl1 

06pa3y1-0r KOKC 11 CMOJiy. 

f111pomny MoryT no,TJ,sepraThC51 np11-

poJJHb1e 11 nonyrHhie raJhI, a raK:>Ke npo

JlYKThI nepepa60TKH Hecpnt. 

f1 pHpOJJHhie ra3bl CO,TJ,ep:>KaT 93-
98% MeTaHa, }JO 2% 3TaHa H ,TJ,0 1 % 
nponaHa. ITocKOJihKY ,TJ,JI51 n11pon113a c 

uen bl-0 nony4eH 1rn onecp1rnos Ha1160-

nee npHro,TJ,HhI TOJlhKO 3TaH 11 nponaH, 

npHpO,TJ,Hbie ra3bl C411Tal-OTC51 MaJIO

ueHHhlM CbtpbeM n11pon11Ja. ITonyTHhIH 

ra3 11 npOJlYKThl cTa611mnau1111 tteqn11 

co,TJ,ep:>KaT 60-70% 3TaHa, nponaHa 11 

6onee Bb!COKOKim51W,HX napaqrnHOBhIX 

yrneBOJJOpOJJOB II nOJTOMY npenCTaBJl51-

l-OT co6oii ueHHoe mtpoJJH3Hoe Chlpbe. 
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rnasa 7. TepM111YecK111e npo:.(eCCbl nepep;;16or;.11 1-',<irn1 

I1Hor.ua m1pOJJH3Y no.useprafOT He Beeb 

nonyTHbIH ra3, a TOJlbI<O Bbl.lleneHHbie 

H3 Hero 3TaH, nponaH H 6yrnH. 

K npo.uyI<TaM Hecjnenepepa6oTI<H, 

npHMett.11eMbIM .UJl51 nHpOJlH3a, OTHO

C5ITC51 np5IMOfOHHblH 6eH3HH H 6eH-

3HH-paqmttaT c yCTaHOBOK )I<CTpaI<UHH 

apoMaTH<l'eCKHX yrneBO.UOpO.UOB. np11 

nHpOJIH3e 6eH3HHOBblX q>paI<U11H .uo

OOJIHHTeJibHO nonyqafOT BbICOI<OUeH

Hbie npo.uyI<ThI - 6yram1eH, 6yrnJJeHbI, 

apoMaTH<JeCKHe yrneBOllOPO.Ubl, Cb!pbe 

.UJI51 npOH3BO.UCTBa cm1rn H Haqnan11Ha. 

flp51MOroHHbie 6eH3HHhI o6na.uafOT npe

HMymecTBaMH no cpasHeHMfO c pacjm

HaTaMH, TaK KaK co,nep)!(aT B OCHOBHOM 

HOpManbHbie napaqnrnoBhie yrneso,no

po.UbI, Tor.ua KaK B paqmHanx - .uo 50% 
H3onapaqmttoB. 
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oJ1erjJuH06 (-) u Booopooa (----) B 203e 

nupol!u3a nponaHa om meJvtnepam.vpbl : 
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I - ecezo weqJ11110<;: 

2 - J/11!1.7Cll; 

3 - nponu:1e11 

1000 

B nepcneI<T11Be B03MO)!(HO 11cnOJlb-

30Bam1e B I<aYeCTBe Cblpb51 nHp01IH3a B 

Tpy6YaTblX nelJaX I<epOCHHO-ra30HJie

BblX cjJpaI<u11i1 . 0,nHaI<o :no Cbipbe HY)l(

.naeTCH B npe,nsapHTeJibHOH no,nroTOB

Ke - OYHCTI<e OT cepHHCTbIX coeJJ,HHe

HllH H .ueapotvJaTH3aUHH. 

napaMeTpbl npouecca. TeXHOJIOrH

lfeCI<He napaMeTpbl npouecca 3aBHCHT 

OT nepepa6aTbJBaeMoro Cbipb51 H Toro, 

I<aKHe yr.r1eso.uopo.ub1 Heo6xo.uHMO no

JIYlll1Th np11 mtpOIIH3e. OnTHMaJibHhlM 

CYHTaeTC51 pe)!(HM, npH KOTOpOM 06e

cney11saeTC5l MaKCHMaJibHblH BbIXOll 

oneqmHoB. Ba)l(HbIMH napaMeTPaMH npo

uecca HBnHfOTC51: TeMneparypa n11po

JIH3a, BpeM51 KOHTaKTa, napuHaJihHOe 

.uaBJlem1e napoB CblpbH. TaK, np11 n11po

n113e nponaHa c nOBh1wem1eM TeMne

paryphI paCTeT BblXO.U 3THJieHa 11 npo-
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40 

20 6 8 ~ 5 7 . -

0 r~zS!-:;; J 

0,1 0,2 0,4 0,8 2 4 8 20 

Puc. 7.2. 3aeucz1,1wcmb Bb1xooa npooyKmoe 

nupollu3a nponcma om epe.MeHu KOHmaKma: 

I - .wemw1: 2 - 3111u.r1eH; 3 - eooopoo; 
4 - 11pom1:1e11: 5 - 'J111w1: 6 - _1 ·,'.1eao<)opl)()1,1 

C~; 7 --· .1 ',':1erwr>opodht C,: 
8 -- a;w \/a11111<1 ec1,·11e F<'. 1 cenr)opor)h1 



mrneHa (pHC. 7 .1 ). 00CKOJ1bKY BbIXO..Q 

nporrnneHa ..QOCTHraeT MaKCHMyMa npH 

6onee Hl13Koi1 TeMnepaType, 113MeHeH11-

eM 3Toro napaMeTpa MO)J(HO pery1111po

saTb COOTHOUJeH11e 11 BbIXO.U 3Tl1J1eHa 11 

npon1111eHa. 

CooTHoweH11e 3T11neHa 11 npon1111e

Ha MO)J(HO TaJOKe perym1poBaTb, 113Me

H5151 BpeM51 KOHTaKTa (p11c. 7.2). 8b1xo.u 

3Tl1J1eHa nOBbIUJaeTC51 H np11 CTOHl1)J(e

Hl111 napu11anbHoro .uaBneH115l Cbipb51. 

ITpouecc n11po11113a npoBO.U11TC51 np11 

LJ,aBJ1eHl111, 6J1113KOM J( aTMOCCjJepHOMy, 

a naputtanbHOe .uaBneH11e pery1111py-

10T, pa36aBJ15151 Cblpbe BO..Q51HbIM napoM. 

Pa36aBneHHe Cbipb51 BO.U51HbIM napoM 

yMeHbUJaeT Bep051THOCTb CTOJ1KHOBe

Hl151 Me)J(.uy co6oi1 MoneKyn onecjrnHoB, 

11 B pe3y11hTaTe cH11)J(aeTC5l ponb peaK

u11i1 CTOJ111MepH3aU1111 11 ynnOTHeHl151. 

ITp11 n11po11113e ra3006pa3Horo Cbipb51 11 

C)J(l1)J(eHHblX ra30B K Cb!pb!D .uo6aBJ15110T 

10-20% BO..Q51Horo napa, np11 nttpo11113e 

6eH3HHOB H 6onee UI)J(eJ1b!X yrneBO

AOpO.UOB - OT 25 ..QO 30%, ClfHTa51 Ha 

Cblpbe. 

CocTaB u CBOHCTBa npOAYKTOB. 

ITpH nttponH3e 06pa3y10TC5! rrnponH3-

HbIH f'a3 11 )J(H..QKHe npo.uyKTbl n11pOJ1H3a 

(CMOJ1a nHpOJ1H3a). 

flupo.7U3Hblll ZG3 co.uep)J(HT 60J1bUJOe 

KOJ111lfeCTBO pa3J111l.!Hb!X KOMCTOHeHTOB. 

Ero cocTaB 3aB11c11T OT TeMnepazypbI 

n11po11113a, BpeMeHH npe6brnaHH51 B pe

aKU110HHoi1 30He (BpeMeHH KOHTaICTa) H 

Kalfecrna 11cxo.uHoro Cblpb51. Optt 6oJib

woM BpeMeHl1 KOHTaKTa (60JibUJe 2-3 c) 

xapaKTep Cbipb51 He oKa3brnaeT 3aMeT

Horo BJ1H51HH51 Ha COCTaB nHpOJIH3HOro 

ra3a. Pe)J(11M npouecca no.u6ttpaeTC51 B 

3aBl1Cl1MOCTl1 OT Toro, KaKOH npo.uyKT 

n11ponH3a 51BJrneTC51 ueneBbIM. Optt nH

poIIH3e ra3006pa3Hb!X yrneBO.UOPO.UOB 

TeMnepaTypy npouecca tteo6xo.u11Mo 

no.u.uep)J(HBaTb 6onee Bb!COKOH, l.!eM 

np11 n11po11113e 6eH311HOBoro Cbipb51. 

011p011H3Hb!H ra3 Ha 6JIOKaX f'a30pa3-

..QeJ1eHl151 ycTaHOBOK nHpOJIH3a .ueJIHT

C51 Ha so.uopo.u, MeTaH, 3TaH, 3THJieH, 

npon11neH, nponaH, 6yTHJieH-6yTa..QH

eH0By10 cjJpaKU1110. 113 6yTHJ1eH-6yrn

Ll,!1eHOBOH cjJpaKUJ1H BbI..QeJI5110T 6yTa

..Q11eH- l ,3 - Cblpbe npOMb!UJJieHHOCTH 

CHHTeTl1lfeCKOro KayqyJ<a. 

C.woHa nupom/3a. CMonoi1: n11ponH-

3a Ha3brna10T nonyqaeMbie B npouecce 

)1(11..QJrne yrneBO.UOpO.Il.bl OT cs 11 BbIUJe. 

Kon11qecTBO n11ponH3HOtt CMOJibI B oc

HOBHOM 3aBl1CHT OT Cblpb51 nttpOJIH3a, 

lfTO BH)J,HO H3 cne.uyJDII(HX .uaHHbIX: 

BbIXO.U CMOJibl, 

% Mace. Ha Cbiphe 

3TaH .......................•............................................................................................. 2-3 
IIponaH ........................•....................................................................................... 8-10 
EyTaH ..................................................................................................................... 5-8 
Jlerirni1. 6eH311H (H.K. - 145 °C) ...................................... ................................... 20-25 
KepornHo-ra3oi1.neBa5l cppaKU1151 ...................................................................... 30-35 
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Bbrxon CMOJlht ysesntLnrnaeTCSI TaK

)l(e npn CHH)l(eH1111 Tel\mepaTyphI m1po

J1H3a. TaK, npn HH3KOTe\111epaTyptto\1 

(740 °C) m1poml3e BhIXOll CMOJlbl CO

CTaBJUieT 30-45%, a npH BbICOKOTeM

neparypHOM ( 800 °C) CHll)l(3CTOI llO 

5-20%. 
B CMOJ!e nHpomna I 0-1.5':.o .::u1etto

BhIX yrneso.uopo.uos, oneqnrnos M ro

nyona, 25-30% 6ett3o.na. a TaK)f(e tte

npenenhHbI coeD.HHett11il TJma cr11po,1a 

H 1rn.ueHa 11 UllKJIOOJiecp11HOB - UllK.10-

neHTa)J,tteHa H llP· I1epepa60TKa C\IOJlbl 

n11po11tt3a MO)l(eT ocywecrnmIThCSI no 

llBYM sapttaHTaM - TODJillBHOMY II Xll-

1\!HqecKoMy. 

I1ptt TOnJIHBHOM sapHaHTe CMOJla 

D.eJIHTCSI Ha )],Be cppaKUllll - .TJerh.]fO II 

n!)l(eny1-0. lb nernoH: cppaKum1 nyTe\1 

rHllpttpoBaHJU! yD.aTJ.Hl-OT Henpe,JeJlbHbJe 

yrneBOllOPOllhl: oqmueHHblH np01lYKT. 

H33bIBaeMbIH rnnpocrn61t.TJil3HpOBaH

HblM 6eH3HHOM, HMeeT OKTaHOBOe 4HC

,10 74-78 nyHI\."'TOB H HCOO.lb3YCTCSI KaK 

KOMIIOHeHT TOBapHoro asro6eH3JIH3. 

T.H)l(eJia.H cppaKuH.H Hanpas.rrnercSI B KO

TeJlhHOe TOnJlHBO. 

I1pH XHMH'-!eCKOM BapHaHTC CMO.la 

D.eJIHTC.H Ha cppaKUHH H.K. .. 70 °C, 70-
130, 130-J 60, 160-200, 200-230, Bb!WC 

230 °C. }fa cppaKU,HH H.K. - 70 °C BbI.J.e

JISll-OT UHKJIOneHTa)lHeH H 1nonpeH. 113 

cppaKuHH 70-130 °C - 6eH30J1. rnnyon 

11 KCHJIOJlhI. P33pa6ornHbJ MeTO.J.ht rn

llporeHtt3au110HHOH nepepa60TKH 3TOH 

(l>paKUHll. 00380.lSllOWllC no.1yLraTb 

TC'ilhKO 6ett:i0.11 - 1ia1160:1cc ueHHh1ii 
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111 apoMan1'-!ecK11x yrneso,aopo)J,OB. 

<l>paKUHH 130-160 °C 11 160-200 °C 

nonsepra!OTCSI no11uMep113au1111 c no

;ly'-leH11eM CHHTeT11qeCKHX HecpTenOJIH

MepHbIX CMOJI - CTHpOJibHOH H KYMa

pOH-HHlleHOBOH. ct>paKUH.H 200-230 °C 

MO)l(eT 6hITb HCDOJib30BaHa KaK Chiphe 

.Il,Jl.H nonyqeHH.H HacpTMHHa, a cppaKU,H.H 

BbtWe 230 °C - ,UJI.H noJiyqeHH.H TeXHH

'-!eCKoro yrnepo)J,a ( ca)l(tt ). 

7.3.2. YcmaHOBKa nupo.1113a 

CospeMeHHa.H ycrnHOBKa nHpOJIH3a 

cocronr 113 CJie)J,yI-OIUHX 6110Kos: n11po

mna yr.'IeBO!IOPOllHOro Cblpb.H, KOJ\m

pecc1m H 04HCTKH nttpOJIH3HOro r33a, 

pa3,IleJieHtt.H ra3a, nepepa6orKH cMOJlhI 

n11po:ul3a. 

TexHo.TJOnt"IecKaH cxeMa. CxeMa yc

TaHOBKH m1pomna 6eH3HHOBbIX cppaK

UllH npHBOLUHC.H Ha pttc. 7.3. Chiphe 

no.J 11asneHHe1\1 1,0-1,2 MI1a nonaeTc.H 

s naposoil no,LI,orpesaTenh T-1, Harpe

saeTCSI ilO I 00 °C 11 nocne cMeweHH.H c 

neperpeTbt\1 B01l.HHbIM napoM nocryna

er B KOHBeKUHOHHYl-0 Kal\tepy ne'IH IIH

po.1113a fl-1 . 3necb 6eH3HH 11cnapSieTcsi 

11 Harpesaerc.H no 500-600 °C, nocne 

4ero nocrynaer B paD.HaHTHYI-O KaMepy, 

r;ie nporeKaer p33JIO)KeHHe yrneso,ao

ponos. 

Bb1xo;rSIIUHH 113 neLJH c TeJ>.mepary

poH: 750 °C 11 )laBJieHHe~t 0,2-0,22 MTia 

n11pom!3Hbltt ra3 Hanpasn.HeTC.H s 3a

Ka.104 H y10 Ka\tepy ~-!. s Kcnopoii 

6b1crpo oxnaiK;:iaei-cSI .:to 100 8 C 3a c4er 
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11enapeHH5! no11,asaeMoro B :ny )l(e Ka

Mepy naposoro KOHD,eHearn. 6b1eTpb1M 

OXJla)l(D,eHHeM npeD,OTBpaLUalOTe51 BTO

pH'lHb!e peaKUHH OOJlHMepmau1111 11 

KOHD.eHcaum-1 onecpHHOB. 

3aTeM ra3bI nttpomna oxJia)l(11,a10Te5! 

11,0 400 °C B 3aKaJIO'lHO-HcnapttTeJlbHOM 

arperaTe T-2, r11,e HX Tenno 11enOJib3yeT

e51 D,Jl51 Bbipa60TKl1 BOD,51HOfO napa. J;f3 

T-2 ra3bI npoxo11,5!T B annapaT E-1 . Ky11,a 

snpb!eKHBaeTe51 nornonneJibHOe Maeno 

e TeMneparypoli 70 °C. f a3bI n11pon113a 

OXJla)!(D,alOTe51 11,0 180 °C H HanpaBJl51-

IOTe51 Ha 11,aJlbHelIWYIO nepepa60TKy. 

B yeTaHOBKe 11MeeTe5! HeeKOJlbKO ne'l

Hh!X arperaTOB, eoeT0511Ul1X H3 Tenn oo6-

MeHHHKa, ne'lH nHpOJIH3a, 3aKaJlO'lHOH 

KaMepbl, 3aKaJlO'lHO-HenapinenbHOro 

arperara H annapara D.JIH snpbieKa Mae

na. Oxna)!(D,eHHhle n11pon113Hb1e ra3bt OT 

seex ne'lHhIX arperaTOB o6beD,HH511{)Te51 

B o6ruHH KOJlneKTop H HanpaBn511{)TC51 

Ha npOMbIBKY B KOnOHHbl nepBH'lHOH 

peKrncp11Kau1111 K-1. B HH)l(Heii 'laern 

K-1 la3bl OTMb!BalOTe51 OT ea)l(H 11 KOKea 

T51)KeJib!M nornoTHTenbHblM MaenoM, a 

B sepxHeH - oxna)l(D,al{)Te51 3a eYeT He

napeHH51 no11,asaeMoro ryna nernoro no

rnOTHTenhHOro Macna. flp11 3TOM npo-

11exo11,11T KOHD,eHCaUH51 T51JKenoi1 eMOJibl. 

.Vb K-1 ra3bI nttpOJIH3a noerynal{)T 

B BOD,51Hhle KOHD,eHeaTOpb!-XOnO.D,11nb

HHKH XK-1, r.D,e npo11exo11,HT KOHD.eH

eaUH51 nernoro Maena H BOD.51HhIX napos. 

B eenaparnpe C-1 KOHD,ettcaT nernoro 

IVtaCJla 11 BOD.a OTD,emllOTC51 OT n11pom11-

Hb!X ra30B, noCTynmOLUl1X 3aTeM B 6no-
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KH KOMnpeee1111 H OYHeTKH ra3a 11 ra30-

pa3JJ,eneHl151 . 

T51)1(enoe nornoT11TenhHOe Maeno e 

Hl13a K-1 nepeKa'l11BaeTe5! HacoeoM H-1 
B cp11nbTpbl C/J-1. npe11,Ha3Ha'leHHb!e D,n51 

OL!l1CTKH OT Ca)l(H 11 KOKCa. 0'111LUeHHOe 

Maeno JJ,eJIHTe51 Ha 11,Ba nOTOKa, 011,HH 

H3 KOTOpblX HanpaBJI51eTe51 Ha opowe

HHe Hl1)1(Hett 'laeTH K-1, a BTopoli - ox

Jl3)1(D,aeTe51 11,0 70 °C H no11,aeTe5! s E-1. 
L!aeTh T51)1(eJioro TIOrJIOTHTenbHOro Mae

na, s KOTopoM co11,ep)Kl1TC5! TaK)!{e ynos

neHHa51 6 K-1 T51)!{eJia51 CMOJla m1ponH3a, 

BblBO)ll1TC51 Ha eKJla.[\ 11JlH B OT)leJleHHe 

nepepa60TKl1 eMOJlbl. 

J1ernoe MaCJlo H KOH)leHeaT BOD,51HO

ro napa 113 C-/ noCTynal{)T eaMoTeKoM s 

C-2. r)le npo11exoD,11T OT,UeJieH11e Macna 

OT KOHD.eHearn. Jlernoe Maeno, eoD.ep

)KaLUee TaK)!{e nernyl{) eMony n11ponma, 

nem1Te5! Ha ,11.Ba TIOTOKa. 0D.11H 113 OOTO

KOB so3spamaeTe51 Ha opoweH11e sepx

Heii qaern K- I. a D.pyroii - noD.aeTe51 s 

ornapHyl{) KOJJOHHY K-2. B K-2 H3 Mae

na OTnapI<OH B0)]51Hb!M napoM y,UaJJ5llOT

e51 nerntte yrneso11,opo.D,b1 C 
4 

11 Hl1)!{e, 

KOTOpble 3aTeM no6aBJJ511{)TC51 I< ra3aM 

n11ponma. Jlernoe Maeno e Hl13a K-2 
HaeoeoM H-3 Bb1BO,U11Te5! Ha eKna,U 11n11 

B 6noK nepepa60T1<11 eMOJlhI n11ponma. 

KoHD,eHeaT BOD.51Horo napa 113 C-2 
3arp513HeH yrnesonopo11,aM11, ,UJ151 oY11eT-

1<11 OT HHX OH no,UaeTe51 Ha cp1111bTpbl 

C/J-2. floeJie cptt11bTpaU11H YaeTb KOH

,UeHeaTa noehrnaeTe51 Ha . OXJla)!{,UeHHe 

mtp0Jll13HblX ra30B B 3a 1<anOLJHYI{) 1<a

:.1epy, a W36btTOI< c6paebrnaeTe51 B Ka-



.,2p r,1; M·+;;c1(v1 e npo uecCbl nepepa60T1<!1 Hecpr11 

ttamnaumo. OT,11,eJieHHbie Ha cp11JibTpe 

<P-2 JierK11e yrneso,11,opo,11,b1, co,11,ep:arn

iu11e HeKOTOpoe KOJI11qecTBO BO,ll,51HOro 

rrnpa, KOH.ll.eHc11pyI-OTC5l B XK-2 11 pa3-

.ue1rn1-0TC5l Ha BO.UHYI-O 11 yrneso.uopo;::i;

HYI-O cpa3bI B cenaparnpe C-3. 

JlocmynUJ10: 

TexuoJioru'leCKHH pemuM npo

uecca. OnT11MaJibHb1e pe)!(l1MbI n11po-

11113a pa3J1114Hb!X Bl1,llOB Cb!pb51 npHBO

,llUC51 B Ta6J1. 7 .1. 
MaTepmllibHbIM 6MaHc n11pon113a 

np51MOroHHOro 6eH311Ha (I) H 3TaHOBOM 

cppaKU11H (II) [B % Mace.]: 

Cb1pbe .... ..... ...................................... .......... ...... ... .... ..................... . 100,0 

II 
100,0 

JloJ1y~e110 : 

MernHo-so.n.opo.n.ttafl <f>paKUHfl ....... ....... .. .. .. ...... ......... .. ................ . 15,8 

24,5 
15,0 

14,0 

50,0 
1,0 

31,0 

2,0 

2,0 

3THJieH .. ....... .................. ........... .................................... ................ . 

rlponttneH ..................................................................................... . 

3TaH-nponaHOBafl <f>paKUHfl ......................................................... . 7,5 

12,2 

25,0 

(22,2) 

(2,8) 

100,0 

6yrnnett-6yrn;mettosafl <f>paKUHfl ................... ......... .................... . 

)!{11,LI.KHe npo.n.yKTbl (cs H Bbl We) .... .. ....... ..... ........ .... ... ...... ... ..... ... . 

JlerKaSI CMOJla ... ....... ... ...... .. ... ····· ·· ........ . ········· ··· ······ ...................... . 

Tsi)f(eJlafl cMona ................... .... .... ... ................ ...... ... ........ ............... . 

11Toro ....................................... ..... ....................... .. ........................ . 100,0 

Annaparypa. Tpy64aTbIH n11pomn

Hb1i1 peaKTop (nelJb n11po11113a) - ocHOB

HOH peaKU110HHbIH annapaT cospeMeH

HbIX n11pOJ1113Hb!X ycTaHOBOK. f11aBHbie 

nOJI0)!(11TeJ1bHbie KalJeCTBa Tpy6qaToro 

peaKTopa - npoCToTa KOHCTpyKu1111, He-

60Jibw11e ::>Kcn11yarnu110HHb1e pacxo.ub1, 

yCToi1411socTb pa6oTbl. 

Ko1111qecrno ne4ei1 n11po11113a Ha yc

TaHOBKe 3aBl1Cl1T OT e,ll,11Hl14HOH MOW:

HOCTH neq11 11 np0113BO)J.11TeJ1bHOCTl1 

ycTaHOBKl1. TaK, Ha ycTaHOBKe n11po

m11a MOW:HOCTbI-0 250 Tb!C . Tl ro.u no 

Cblpbl{) MMeeTC51 weCTb f1 e<1efL B KaJK-

,llOH 113 KOTOpb!X m1pon113yeTC5l 7-7 ,5 T/ 4 

Cbipb51 . B rn )!(e speM51 Ha yKpyntteHHOM 

n11pOJIH3HOM ycTaHOBKe MOW:HOCTbl-0 

1 MJIH Tlro.u Cblpb51 Bcero qeThipe Tpy6-

qaTbJe neq11, 0,11,HaKo OHH HMeI-OT 60Jib

wy1-0 npo113so.u11TeJibHOCTh. B n11po

n113HOH ne411 ,llOJI)!(eH 6hITb C03,llaH Ta

KOH o6beM peaKUHOHHOH 30HhI, qT06b1 

Cbipbe pa3JiaraJ10Cb .uo Heo6XO,lll1MOH 

rny6ttHbl B M11Hl1MaJlbHO KOpOTKHM OT

pe30K speMeH11. PeaKUHOHHbIM 3MeesttK 

pacnoJio)KeH s paAttaHTHOM KaMepe, r.ue, 

J\al< M3BeCTHO, TenJIOHanp51)KeHHOCTb 

nosepXHOCTl1 Harpesa M3KCHM3JlbH351. 
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ln asa 7. TepMV148CKV1e npoueccb1 napepa6orn:-: • 12C:JT:·1 

Ta6J1uifa 7.1 

OnTnMaJihHhie ycJIOBHH nupoJiuJa 

pa3JIH'IHOro CblpbSI B Tpy6'1aTblX ne'lax 

Te~mepa- BpeMH KOH-
KouueuTpa-

Cbtpbe Pe:11rnl\f UHH BOi.Huoro 
rypa, °C TaKTa,c 

napa, % 
3TaH 3nmeHOBblH • 825-830 1,0 10 

ITponatt )) 800 1,0-1,5 15 
ITponHJJeHOBbJH 775 1,0 15 

EyrnH 3THJleHOBblH 800 0,5-1,0 20 
IToonHneH-6yn111eHOBbIH 750 1,0 20 

fa30BbIH 3nrneHOBblH 780-800 1,0 20-50 
6eH3HH ITponHneHOBbJH 750 1,0 20-50 
ITpsiMOroHHbIH 

3THJleHOBblH 780-800 0,5-1,0 30-50 
6eH3HH 

flponHJJeHOBblH 750 0,5 25 
EyTHJleHOBbJH 725 1,0 25 

* 3nweHOBbJM HaJbrnaeTCll pe;1rnM Be.'leHMll npouecca m1pomna. np11 KOTopoM nony<ia10TCll 

MaKc11ManbHb1e Bb1xonb1 3T11neHa. CooTBeTCTBeHHO, npomweHOBblM C'-IHTaeTCll TaKoi-1 pe)f(HM, np11 

KOTOpOM no611aat0TCll MaKCMMaJlbHOro Bb!Xona npomweHa. 

Ha m1po11113HhIX ycrnHOBKax npH

MemnoTCSI Tpy6lJaTh1e nelJH pa3JlHlJHOH 

KOHCTPYKU.HH: 

1) O.UHOKaMepHbie, c KOHBeKUHOH

HOH ceK11.Hei1:, pacno11o)!(eHHOH no.n: no.uoM 

nelJ11, H ropem<aMH cpaKeJlhHOro nma; 

2) .UBYXKaMepHbie, HMeIOwHe .use 

TOnOlJHbie KaMepbI, Ka)K.[laSI 113 KOTO

pb!X pa3,UeJ1bHO o6orpesaeTC5I KOpOTKO

cpaKeJ1bHblMH rope11KaM11; y 3T11X ne'leH 

06~11e .[lJISI .uayx KaMep KOHBeKU.110HHaSI 

KaMepa 11 6opoB .UJISI BhIBO.[la .UhIMOBblX 

ra3os ; 

3) Tpy6YaTb1e neq11 c ropenKaM11 6ec

n11aMeHHoro T11na; cywecTBYIOT n eL1J.-1 c 
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3KpaHaMl1 O.UHO- 11 .UBYCTOpOHHero o6-

JiyYeHl1SI. 

KoHCTPYKUHSI neq11 c 3KpaHaM11 

l.lBYCTOpOHHero o6Jiy'leHHSI 11 ropeJJKa-

1\111 6ecrrnaMeHHOro THna np11se.ueHa Ha 

p11c. 7.4. Dpo113BO.[lHTeJ1hHOCTb nelJM 6-8 T/q 

CblpbSI. 

Tennorn B pa.n:11aHTHoi1 qacT11 3TOi1 

neq11 nepe.uaeTC.ll 3Mees11Ky OT 113ny'la-

10w11x CTeH TOnK11. CTeHbI co6paHbI 113 

6ecnnaMeHHhix ropenoK. Ka)f{.ua.H ro

peJJKa COCTOl1T 113 20-25 KepaMHlJeCKl1X 

orneynopHhix 6no1<0B c 4-6 TYHHeJJ5IMM 

B 6JJOI<e. l a3, MCrIOJJb3yeMbIH .UJJ51 OTOn

JJeHJ.-151 , CMew11saeTC5I c B03.UYXOM H 



(.') " L ,-;,)\,'._.\i:'.:Cbl nepepa60TKV1 HecpTvt 

P11c. 7.4. Tpy6'1amaR ne'lb 1111p0.7ll30 c JKpa11a.1111 ouyc111opm1He20 06J1y'leHl1R: 

1 - nomoRO'IHbILI 3KpaH; 2 - JKpa11 0Rycmopo111ie,'o 06.1_1'•1e1111R: 3 - naH<?JlbHble 2opeJ1Ku,-

4 - Kap1mc; 5 - "·011ee1-:i11101111w1 Ka.Hepa 

no)J,aeTCSI B TYHHem1, )J,Jil1Ha KOTOpblX 

cocrnBJrneT 10-15 CM. TyHHeJlb 11MeeT 

cpopMy KoHyca, ra3 np11 .11BH)l(eH1111 no 

HeMy 3aB11XpS1eTCSI 11 6bICTpo cropaeT. 

np11 cropaHHH CTeHKH TYHHem1 pac

KaJISll-OTCSI 11 113Jly<Ial-OT Tenno B TOflKY 

I lelflf. V!1-1Tet-ICl1BHOCTb TenJ100T.11a4H OT 

paCKaneHHbl X CTeJ·( B 2-2,5 pa3a Bb!We, 

YeM OT cpaKeJla, C03,D,aBaeMoro o6hl'-IHOH 

ropeJlKOH . 

Tel\>meparypa raJoB, noKu.uaw
mux TODKY c 6ecnJiaMeuuhtMH ro
peJIKaMH, ua 150-200 °C Bhlme, 'feM 

B ne•rnx c lf>aKeJihHhlMH ropeJIKaMH. 
B ne411 c 3 KpaHaM11 .11BYCTopoHHe

ro o6ny Yemrn Tpy6b1 pamrnHTHOH ceK-
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UHH nonyt1a10T Tenno c nsyx cTopoH 11 

yCTpaHHeTCH HepaBHOMepHOCTb 060-

rpesa 3Mees11Ka. Tennosoe Hanp.st)Ke

HHe B 3THX neYax 3aMeTHO BbIWe, YeM B 

neYaX O)lHOCTOpOHHero o6nyYeHHH: 40 

nponrn 30-32 KBT/M2• 

3aKaJ10l!HO-HCnapHTeJlbHbii1arperaT 

(pHC. 7 .5) npe)lCTaBJlHeT co6oi1 Tpy6-

YaTbIH Tennoo6MeHHHK, no Tpy6HOMY 

npocTpaHCTBY KOToporo npOXO)lHT nH

pOJIH3HbIH fa3, a B Me)!(Tpy6Hoe nona

eTC}l npoMe)l(yTOl!HhIH TennOHOCHTeJlb 

HJIH cnel..(HaJihHO IlO)lfOTOBJieHHaH XH

MHl!eCKH Ol!H111,eHHa.si sona. Me)J(rpy6-

Hoe npocrpaI-Icrno coemrneI-Io rpy6o

nposonaMH c 6apa6aHOM-napoc6opI-IH

KOM. 

ABTOMannau,uSI npou,ecca. Ycrn

HOBKH rrnpOJ1H3a OCHaW,eHbl np116opa

MH H CHCTeMaMH aBTOMaTHYeCKOro pe

rynttposaHHH npouecca . .[l.asneHtte na

pos s ttcnap1nenbHOH ceKUHH nonnep

)l(J1BaeTc.st aBTOMaTHl!eCKH no)laYeH B 

Tennoo6MeHHHK-Hcnap1nenh rpe10w.e

ro BO.llHHOro napa c noMOill,hlO peryn.si

Topa nasneHHH. TeMneparypa ra3os 

nttpOJ1H3a Ha Bb!XO)le H3 n11pOJ1H3HblX 

3MeeBHKOB peryn11pyeTC}l H3MeHeHHeM 

III 
t 

Puc. 7.5. 3aKaJ/O'IHo-ucnapumeJ1bHb1u a 2pe2am: 

I - 2G3bl nupoJZU3a; II - OXJ1a:J1Coem1b1e W3bl; III - 6005/HOU nap 6btCOKOW oa6J1eHu5/; 

rv - 11ll/11ll/17e'll>HQ51 eoaa: V·- npoc)yflO l/lf(/f/ .W///151. I - 30IW.70'll!Of/ 1m.11epa: 2 - 11epeihm11 

Ka.Hepa 11cnapwne.%uoll l/ac11111; 3 - 111en.wofi\/e111n11.:-11cnapwm!.-11>: 4 - fl 1>1.rnd11m11w.\/C/!i1 ,' 

5 - 6apa6cm-napocoopm1K; 6 - mpy6011po(lor)1J1 d:m 1111p1,:\'1m11111 rwr)1>1 
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no)lalfYI TOCTJIYIBa B nelfb. 0lfeHb Ba)l<HO 

CBOeBpeMeHHO Yl 3MeHYITb TeMnepaTypy 

mtpOJIYl3a npYI Yl3MetteHYIYI Harpy3KYI 

nelfYI YI cocTaBa CblpbS!. B HaCTOSILU,ee 

BpeMSI BHe,UpS!l-OTCSI cxeMbl peryJIYlpO

BaHYISI c npY1MetteHY1eM xpoMaTorpacpoB. 

Ha octtoBattYIH xpoMaTorpacjrn4e cKoro 

attaJIY13a COCTaBa CblpbS! aBTOMaTY1lfec1rn 

Y13MettS1eTcS1 pe)!(YIM. ABT0MaTY1lfec1<11 pe

rynY1pyeTcS1 TaK)!(e no,nalfa BO)lbI Ha 3a

KaJIKY B 1aBY1CYIMOCTYI OT TeMne paTypbl 

m1poJIY13ttoro ra3a . 

TiepcneKTHBbl Jl,3J1bHeiiwero pa3-

BHTHSI npouecca DHpOJJHJ3. n HpOJIYl3 

JierKYIX yrneBO)lOpO)lHblX cppa l<UHH YI 

cpe,UHYIX (KepOCY!HO-ra1oi1Jie BbIX) )lHC

Tl1JIJISITOB B Tpy6lfaTb!X ne<1ax SIBJISleTCSI 

B HaCTOSIIUee speMSI Ha116onee Ha)le/K

HhIM 11 3KOHOMYl4e CKH BblfO.llHbl M cno

co6oM npOY13BO)lCTBa HYl 3Wl1 X OJiecpH

HOBblX yrneBO)lOpO)lOB. 0CHOBHble TeH

)leHUHH B pa3Bl1Tlrn TeXHOJionrn npouec

ca rpy6lfaTOro n11pon113a cJie)lyJ-Oume: 

I) nepex o)l K CTpo1neJibCTBY ycrn

HOBOK 60JibWOH e)ll1HYllfHOH MOLU,HOC

Tl1 - JlO I MJIH T/ ro)l CbipbS! 11 6onee; 

2) np11MeHeH11e HOBOH BbJ COKonpo

H3BOJll1TeJibHOH annapaTypb1 - n eLieii c 

BbICOKOH TenJIOBOH HanpS!)!(eHHOCTblO 11 

30HHbIM peryn11posaHY1eM TeMnepaTy

pb1 no nn11He 3MeeB11Ka; 

3) nOBbJWe~me ceJieKTl1BHOCT YI npo

uecca 3a ClfeT yseJI11lfeH11S1 TeMnepaTy

pbI npouecca .llO 840-870 ° C 11 CHYl)!(e

HHSI BpeMeHYI KOHTaKTa )lO 0,2-0,4 c: 

4) KOM n JICKCHOe 11cnOJi b'30Ba1-111e 

Bcex nponyKTOB n 11pomna - BbJ.Uenem1e 

Yl 3 CMOJibl n11pOJil13a apoMaTl1lfeCKl1X 

yrneBO)lOpOJlOB, )ll1BHHHJia, 1130npeHa, 

U11KJioneHT3)ll1 eHa c ueJibl-0 11X )l3Jlb-

1-1ei1wero 11CCTOJib30BaH11SI; 

5) pacw11peH11e Chipbesoii 6mb1 -

W11pOKOe np11MeHeH11e 6eH311HOB-paqm

HaTOB, nepeXO)l K n11pomny KepOCHHO

ra '30HJieBblX cppa KUHH. 

HapS1JlY c HecoMHeHHhlMH )lOCTO

YIHCTBaM11 , MeTOJJ, noJiylfeHl1.sI 3THJieHa 

11 nponY1JieHa m1pOJil130M B Tpy6lfaTbIX 

n e4ax 11MeeT He)lOCTaTKl1. .[(JI.si KOH

crpy 11pOB3Hl1SI n elfeH npttXO)ll1TCSI nptt

Me HSITb 60Jl bWOe KOJil1lfeCTBO Bb!CO

KOJle rnpoBaHHblX CTaJiett, TeMnepaTypy 

n11po11113a, onaca.sich pmpywe1-1Y1.si Tpy6 

n e4 11, He llO)lHl1Mal-OT Bblllle 900 °C, 

Ha y crn1-10BKax Tpy6LJaToro n11poJI113a 

1-1 e11 b3S1 nepepa6aTbIB3Tb TSl)!(eJible Bl1JlbI 

Cb!pbS! , lfT06bl He Bbl3BaTh 6h1CTporo 3a

KOKCOBbIB3HYISI Tpy6. 

Tio::iToMy BHMMaHtte HayK11, npoeKT

Hbt x 11 npOMbIWJieHHbIX opraHl13aUl1H 

BO BCe M MHpe np11BJielfeHO K C03)laHYll-O 

HOBblX MeTO)lOB n11pon113a. Oco6h1i1 11H

Tepec Bbl3bJBa l-OT TaKtte MOL1,11cp11Kau1111, 

KOTOpbie n0'3BOJISll-OT nepepa6aTbJBaTb rn

)!(eJI hie Ll,11CTl1JIJIS!Thl, OCTaT04Hhle npo

.UYKTbl 11 Cb1py 1-0 1-1ecpTb. 

Hosb1e npouecchr n11pon113a rn:>Ke

JiblX KOMCTOHeHTOB JI He¢T11 pa3JIH-

4aJOTCSI no cnoco6y noJJ,BO)la Tenna 

B p eaKTop. CymecTBYJOT rnK11e Tttnb1 

HOBbIX npoue ccos n11pon113a: I) TepMo

KOHTaKTHbie npouecchr; 2) n11pon113 c ne

perpeTbIM BO)lSIHblM napoM; 3) OKl1CJIH

TeJibHblH m1pomn; 4) n11pon11 3 B nJla'3-

Me. 
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B CBOIO O'-lepe.uh npoueccb1 TepMo

KOHTaKTHOro mipomna .uen51TC51 Ha .use 

rpynnbI. K nepBOH OTHOC51TC 51 Te, B KO

TOpblX np11MeH5leTC5! Kp_vmlO<'pa11y.w

poeaHHbllt menJ1011ocume..11> . BTopy10 

rpynny COCTaBJI51lOT npoueCCbl c HC

nOJlb30BaHHeM nopowK006pm1w20 men

flOHocume.nR. 

06mei1 '-!eprnif scex npoueccos Tep

MOKOHTaKTttoro m1pomna 51BJ15leTC51 Ha

Jll1'-!11e TenJIOHOCl1TeJI51, KOTOpblH Harpe

BaeTC51 B cneu,11arrbHOM annapaTe. 3aTeM 

HarpeTblH TenJIOHOCHTeJlb TpaHcnopn1-

pyeTC5I B peaKTop, r.ue BCTynaeT B KOH

TaKT c n11poml3HbIM CbipbeM . K Tenno

Hoc11Ten10 npe.ll'b51BJI51IOTC51 Tpe6osaHM51 

BbICOKOH TenJIOeMKOCTl1 , MexaHJ14eCKOH 

11 TepM11'-!eCKOH npo'-1HOCTl1, Hl13KOH a6-

pa311BHOH cnoco6ttocT11 . B KaYecrne 

TenJIOHOCl1TeJI51 np11MeH5llOTC5! waMOT, 

KOKC, KBapu,eBbltt neCOK 11 .up. 

7.4. KoKcoeauue ue<IJTstHhIX 

OCTaTKOB 

7.4.1. Ha3Hal/eHZ1e u oc11oeHb1e munb1 

ycmaHOBOK KOKCOBCll-IUfl 

11e¢mRHblX ocmamKoe 

HaJHa'leuue npoQecca KOKcona

HHH. 06pa30BaHHe KOKCa np11 TepM11-

'-!eCKOM KpeKHHre orpaHJ1'-IJ1BaeT 803-

MO>KHOCTH .UaJibHefunero ymy6nemrn npo

u,ecca. Bb1xo.u cseTJihIX rrpo.uyKToB np11 

KpeK11Hre ry.upoua 11n11 Ma3yrn He npe

BhJwaeT 35-40%. Ecn11 jKe ycrnHOBKa 

TepMw-1eC1<oro KpeK11Hra pa6orneT B pe-
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)l(llMe BHC6peKHHra, TO BblXO.ll CBeTJlblX 

npoµ,yKTOB ell.(e MeHbWe. 

Bb1xo.u 11x MO)l(HO 3Ha4HTeJ1bHO no

BblCHTb, ecn11 np11 TepMH'-leCKOM pa3J10-

)l(eHHH He onacaTbC51 o6pa30BaHH51 KOK

ca, He C'-lttTaTb ero Bpe.llHbIM no6olIHbIM 

npo..'l,yKTOM. TexH11'-!eCKOH cpopMOH rn

KOro .ueCTpyKTHBHOro npou,ecca 51BJ151-

eTC51 KOKCOBaH11e - O)lHa 113 pa3HOBH.ll

HOCTeH TepMH4eCKHX npoueccoB. 

np11 KOKCOBaHJ111 TBep,llblH yrnepo

.QHCTblH OCTaTOK - KOKC 51BJJ51eTC51 KO

HellHblM npo.uyKTOM pa3JJO)l(eHH51 11 06-

pa3yeTC5! B 3Ha4J1TeJ1bHblX KOJ1114eCT

Bax. Hap51.llY c KOKCOM nony4alOT 6eH-

311H, ra3oi1nesb1e cppa1<u1111 11 ra3. 

K0Kcosatt11e no3BOJ151eT yT11n11311po

san, npespall.(a51 B csernb1e Heqnenpo

llYKTbl He TOJlbKO np51MOfOHHble OCTaT

Kl1, HO !1 TaKl1e npo.uyKTbl , KaK aCQJaJJb

Tbl H 3KCTpaKTbl MaCJJ51HOro np0113BO.llCT

Ba. To o6cT051TenhcTBo, 4TO np11 JTOM 

no11y4aeTC5! B 1<at1ecTBe Tosapttoro npo

JlyKTa KOKC, 51BJ151eTC51 B HaCT051ll.(ee Bpe

Mll .llOCTOl1HCTBOM npou,ecca. 

TunhI yCTauoeoK. Cylllecrny10T 

ycrnHOBKH nn51 Tpex T11noB npouec

coB KOKCOBaHH51: nep110Jl11 4eCKl1e, nony

Henpepb!BHbie, HenpepbIBHbie. 

flepuoOul/ecKuzl 11poi1ecc - Ha1160-

11ee CTapblH 113 cyll.(eCTBYIOlll11X npo

ueccoB KOKCOBaH115!. K0Kcosatt11e npo

BO.LJ.11TC51 B o6orpesaeM blX Ky6ax, KO

TOpbie npe.ucnBJJlllOT co6oi1 rop1130H

TaJ1hHb1e annapaTbI .u11aMeTpOM 2-4,5 M 

11 11n11Hoi1 I 0-13 M. Cb1pbe 1arpy11« 110T 

B 1<y6 H noCTene1-1Ho nonorpeBa10T crn 



cmny OTKpbITbtM orneM. Op11 300 °C 

H84HHaeTC51 Bbt,lleJieH11e .U11CTl1JlJ151THhIX 

napoB, KOTopoe yc111111saeTc5! no Mepe 

pa3orpeBaH115! Ky6a. OoCJie Toro, 1<aK 

reMnepaTypa B napoBott 30He 1<y6a .noc

rnrneT 445-460 °C, Ha'-!11HaeTC51 ee CHH

)l(em1e. 

CToH11)KeH11e TeMnepaTypht roBop11T 

0 TOM, 4TO BhI.UeJieHHe noroHOB npeKpa

THJIOCb 11 npou,ecc o6pa30B8HH51 KOKCO

soro «nHpOra» B OCHOBHOM 3aKOH4HJl

C51. )J,a11hHei111111i1 no.norpeB 1<y6a Heo6-

xo.n11M .UJI51 3aBep111eHH5! npouecca 1<01<

coBaHH5!, npoKaJlKH 11 noncy1111<11 1<01<ca. 

CTocne npo1<a111<11, 1<ornpa51 npo.no11-

)KaCTC5! 2-3 4, TeMnepaTypy B TOnKe 

non 1<y60M nocTeneHHO CHl1)1<8IOT, Bhl

KJIIOLI8IOT cpopcyHKY H OXJla:>K}l810T 1<y6. 

)l;rn oxna)l(JJ,eHH51 no.naeTc51 CHaYana 

BO.U51HOH nap, a 3aTeM so1.nyx. Kor.na 

TCMneparypa KOKCa r10Hl1311TC51 no 150-

250 °C, np11cTyna10T K ero Bhirpy11<e. 

Bb1rpy3Ka KOKca 113 1<y6os nocn11 He Me

xaH11111poBaHa 11 npencTaBn51eT co6oi1 

04eHh T5!)1(eny10, TpynoeMKYIO onepa

u1110. 

CTo CBOeMy TeXHl14eCKOMY ypoBHIO 

nepHO}ll14eCKHe 1<y60Bble ycTaHOBKH 

1J,8BHO ycrnpemt, O.LJ.HaKO HeKOTOpbie KOK

COBbie Ky6h1 11 6arnpe11 ew,e 31<cnnyaT11-

PY10TC5!. Ha Ky6oBhtx ycTaHOBKax no-

11y4a10T KOKC BhICOKOro J<a4eCTB8, c HH3-

KHM conep)l(aH11eM nery411x. 

DmyHenpepb16Hbllt npo11ecc 1<01<co

B8HH5! np11111eJI Ha CMeHy Ky6oBblM yc

TaHOBIGlM . 011 npOBO,.'lllTC51 B HC06or

pem1eMhlX KOKCOBblX IG1Mepax (3aMe.n-

111-llllXll 

Tep;A wiec1<111e npOL\eCCbl nepepa60TK111 Hecprn 

neH Hoe KOKCOB8Hl1e ). 3TOT npouecc 

H3BecTeH e1ue c Ha'-!aJia 30-x ro.noB 

XX seKa. B HacT051J.Uee speM51 3aMe.n

neHHhtM KOKCOB8HHeM noJiy'-lalOT H811-

6oJibWee KOJIH1-IeCTBO HecprnHoro KOKCa 

BO MHOrHX CTpaHaX MHpa. 

Chiphe 3aMe.n11eHHoro KOKCOBaHM.51. 

HarpeBaeTC51 B Tpy6qami1 ne1m .no 500 °C 

11 Hanpasn51eTc51 B noJihIH Heo6orpeBa

eMbIK BepTHKaJibHhIH u11mrn.np111-1eCKMH 

annapaT - KOKCOBYIO KaMepy (peaKTop). 

B KaMepe Chiphe Haxo.n11TC.5I. .nn11Tenh

Hoe BpeM51 11 38 C4eT a1<KyMyn11poBaH

HOro HM Tenna KOKCyeTC51 . c Bepxa pa-

60Ta10w,ej:\ KaMepbl y.naJI5llOTC.51. TIOTOKM 

nernHx .n11cT11nn5!TOB. ITocne 3anontte

Hl15! pea1nopa KOKCOM Ha 70-90% no

TOK Cbiph51 nepeKJIIOI-IaeTC.51. Ha .npyry10 

KaMepy, a 113 OTKJllOI-IeHHOH KaMepbl Bbl

rpy;1<aeTC5! KOKC. 

0 pouecc 3aMe.nneHHOfO KOKCOBa

HH51 HMeeT nepHO,ll11I-IeCKHH xapaKTep 

no Bbirpy3I<e KOI<Ca l1 HenpepbIBHbIH -

no nonaqe Cbipb51 11 Bh1.nenem110 .u11cT11n

n5!THbIX nponyKTOB. 

Op11 HenpepbtRHO.H KOKcoeaHuu Ha

rperne Chiphe scrynaeT B KOHTaKT c no.n

BH)f<HbI M, HarpeThlM no 6onee BblCOKOH 

TeMnepaTypbl HHepTHh!M TenJIOHOCl1Te

JieM H KOKcyeTC51 Ha nosepXHOCTl1 3TOro 

Tenn0Hoc11Ten5!. KoKc, OTJIO)l(l1BillHHC.51. 

Ha noBepxHOCTH TenJIOHOCHTeJI.51., BMeCTe 

c HHM Bh!BO.UHTC51 113 30Hhl peaKU,1111. 3a

TeM TenJIOHOCHTeJib 11 OTJJO)KMBillMHC.51. 

Ha HeM KOKC nocTyrrnIOT B perettepaTop, 

me 'laCTb KOKCa Bhl)l(HraeTC51. 3a C4eT 

Tenna. BbIIten1rnweroc51 np11 cropaH1111, 
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npoHCXO.UHT no)l.orpeB TenJlOHOCHTeJUI 

.uo Tpe6yeMoi1 TeMnepaTypb1. Harpe

TbIH TenJlOHOCHTeJlb B03BpawaeTC51 B 

30HY peaKUHH. 

IlocKOJlbKY OCHOBHOe KOJl H'-IeCTBO 

Tenna, He06XO.D.11MOro 111151 KOKCOBaHH51, 

coo6ruaeTc.si 3a c'-IeT KOHTaKTa cb1pb5! 

c HarpeTbIM TennOHOCHTeneM, Cblpbe 

nepe.u rro.uaqej;f B peaKTop MO)!(HO no

.uorpesaTh .uo 6011ee HH3KOH Te1>rnepaTy

ph1, qeM Tpe6yeTC51 npH 3aMe,CIJ1CHHOM 

KOKCOBaHHH . 3TO 0611erqaeT nepepa6oT

KY tta116011ee BhICOKOB51 3KMX, CMOJlHC

TbIX npo.uyKTOB, HanpHMep accpaJibTOB 

MaCJI.s!HOro np0113BO.l1CTBa, KOTOpble 

6bICTpO KOKCYJOTC51 np11 no.uorpese B Tpy6-

l.JaTbIX neqax. 

Ha pa60Ta10ru11x ycTaHOBKax Henpe

pbrnHoro KOKCOBaHH.s! Ten .'lOHOCHTe.neM 

51BJ1.s!eTC.s! nopOll1K006pa3HblH KOKC c pa3-

MepOM qaCTHU .uo 0,3 MM, a KOKCOBaHHe 

np011CXO.D.11T B Kl1fl51IUeM cnoe TeITJlOHO

CHTeJl.si. IlopOlllK006pa3HblH KOKC ;lerKO 

nepeMeruaeTC51 BHyrpH ycTaHOBKll (H3 

peaKTopa B pereHeparnp H o6parno ), 

'-ITO fl03BOJ1.s!eT CTp011Tb ycTa HOBKl1 

60JlhlllOH MOllJHOCTl1. 

,Un.si nepeMeweH115l KOKcosoro Ten-

11ottoc11Te1151 HCITOJih3yeTC.s! npHHU11fl 

ITHeBMOTpaHcnopTa. ,lJ.BH)!(YllleH CHJlOH 

.sisn.sieTc.si noTOK napa 111111 raJa, 3axsa

Thrna10w11H: 11 Hecym11J:i KOKCOBbie qa

CTHUbI. CyruecTBYIOT pa31111'-IHbie c11c

TeMb1 ITHeBMOTpaHcnopTa: B pa3pe)!(eH

HOt.! cnoe 11 B ITJJOTHOM cnoe. 
flp11 Henpepb!BHOJ\I KOKCOB3HHM 

B Kl1fl51WeM c11oe npO!!CXOJ.HT OllllO-
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spe\lleHHO TPH npouecca: co6cTBeHHo 

1<01<cosaHHe, conposo)!(.ua10meec51 06-

pa3osaH11e1v1 npo.uy1<TOB pa3J10)!(emrn 11 

yn110THeHH5l, npo1<a111<a KOKca, 6naro.ua

p51 KOTOpoJ:i 113 1<0Kca y.uan51IOTC51 neTy

lme, 11, Ha1<0Heu, BTOpH'-IHb1e pea1<u1111 

pacna.ua 11 ynnoTHeHl151 npo.uyKTOB 

KOKCOBaHH.s! , - HaXO.D.5llllHXC51 B napo

BOH cpa3e. Bb1c0Ka.si TeMneparypa KOI<

cosoro Ten110Hoc11Te1151 cnoco6cTsyeT 

11cnapem110 npo.D.yKTOB pa3JlO)!<eH115l 11 

y.uaneHHIO HX c nosepxHOCTl1 KOKCOBblX 

lfaCTHU. Bo3MO)!<HOCTb o6pa30BaH115l 

nponyI<TOB BTOp11'-IHOro np011CX0)!(.ll,e

HH51 )'MeHbWaeTC51. flo:.HOMY BblXOJl 

KOKCa np11 Henpepb!BHOM KOKCOBaHl111 

MeHbWe, lfeM np11 3a1v1e.u11eHHOM. 

Bb16op TOH 111111 11Hoi11v101111cp11Kau1111 

npouecca KOKCOBaHl151 .UJI51 CTp011Te11b

crna Ha Hfl3 3aBHCHT OT Toro, 1<aKa5l 

ue.lb npH 3TOM npecne.uyeTC.s!. 3KOHO

MHlJec1<11e no1<aJaTe11H (ce6ecT0111v1ocTb 

nponyKUl111, CTOl1MOCTb CTpo11TeJ1bCTBa, 

t111cneHHOCTb 06c11y)!(HBa10mero nepco

Hana) ycTaHOBOK 3aMe)l11eHHOro KOKC0-

83HH51 H KOKCOBaHl151 B KHfl51WeM c11oe 

npH6Jll13HTe11bHO O.Ul1Ha1<0Bbl. 

,lJ.OCTOl1HCTBOM 3aMe.D,neHHOro KOK

COBaHl151 51BJ151eTC51 60J1bllll1H Bb!XO)l 

KOKCa. flp11 nepepa60TKe O)lHOro H Toro 

)!(e Chlpb.s! 3a1v1e.u11eHHblM KOKCOBaHHeM 

MO)!(HO ITOJ1Y411Tb B 1,5-1,6 pa3a 60Jlb

we KOKCa, '-IeM np11 KOKCOBaHJm B Kl1n51-

weM cnoe. 
YcTaHOBKl1 JaMe.D.JieHHoro KOKcosa

H 1151 CTp051TC51 B Tex C11)'lJa51X, Kor.ua He

OOxO.UHMO )'llOBJlernopI·ITb ITOTpe6110CTb 
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B HecjlrnHOM KOKCe, a ycTaHOBKl1 KOKCO

BaHlrn B 1<11rnnueM cnoe - .nm1 yBe1111LJe-

111151 Bb1pa60T1<11 cBernb1x 1-1ecjnenpo.ay1<

TOB nepepa60TKOH OCTaTKOB. 

Cbtpbe KOKCOBaHnst. Ko1<coBaH11fO 

no.aBepra!OTC51 Bb!COKOMOJieKY1151pHbie 

HecjirnHbie OCTaTKl1: ry.apOHbl, 1<pe1<11Hr

oCTaTKl1 TepM11LJeCKOro 1<pe1<111-1ra, ac

cjlaJJbTbl 11 3KCTpaKTbl c yCTaHOBOK Mac

Jl51HOro np0113BOll.CTBa, CMOJ1bl n11po

mna. OcHOBHbIMH no1<a3aTeJJ 51MH Ka

lJec-rna Cblpb51 51BJJ51IOTC51 KOKcyeMOCTb, 

co.uep)l(aHHe cepbl H 30Jlbl, B513KOCTb . 

OcTaTKH, 5IBJJ5!10W11ec51 CbipbeM KOK

cosa1-1115!, COCT051T 113 BbICOKOMOJle1<y-

JI5!pHbIX yrneBo.aopo.aoB, CMOJll1CTO-

accjia11bTeHOBbIX BeUleCTB, Kap6eHOB 

11 1<ap6011.aoB. CooT1-1owe1-111e Me)!<Jly 

COCTaBJ1 5110W11Ml1 Cblpb51 3aBHCl1T OT 

npm1CXO)l(J1.eHl15! HecjJTH, Te JVmepaTypbl 

H npo.noJ1)1(11TeJJbHOcT11 npouecca, np11 

KOTopoM 6b111 nony<1e1-1 ocTaTOK. Ko1<cy

eMOCTb 11, CJle)loBaTeJibHO, Bb!XO)l KOI<Ca 

npYI KOKCOBaHYll1 TeM BbIWe, lfeM 60J1b

we B Cblpbe CMOJll1CTO-accjia11bTeHOBblX 

BewecTB. KaK, npamrno, KOKcyeMOCTb 

1<pe1<111-1r-ocTaTKa Bb1we, lJeM r y.npoHa. 

'3KOHOMl1LJeCKl1 ue11ecoo6pa3HO, lfT06bl 

KOKCyeMOCTb Cb!pb51 6brna He MeHee 

I 0%. 0.nHaKo ec1111 B Cb!pbe cm1w1<0M 

MHOro CMOJll1CTo-accpa11bTeHOBblX Be

wecrn 11 KOKCyeMOCTb npeBb!WaeT 20%, 
TO '.HO np11BO)ll1T K 6bICTpOMY 3aKOKCO

BbIBaHl1fO neLJei1 HarpeBa Cbipb51, a 3Ha-

411T, 11 LJaCTblM OCTaHOBKaM ycTaHOBKl1. 

)J,n51 npowrno.acrna KOKca, Hcnonb3Y

eMoro B cneu1·1a,1 bH blX uen5!x, 1·1eo6xo -

Tepr.." t·Hec1<we npou,eccbl nepepa6ornw Hecprn 

ll.HMO oco6e111-10 TWaTeJJbHo no.n611paTb 

Cblpbe, HCnOJlb3Y51 ll.Jl51 KOKCOBaHH51 Kpe

KHHr-OCTaTKl1, noJJyLJeHHbie TepMHLJec

K11M 1<peK11HroM ,llHCTl1J1JUITHb!X npo

.llYKTOB, CMOJlbl nHpOI1113a 11 T.TI. 

OcHOBHb1e noTpe611TeJJH 1-1eqm1-

1-1oro KOKca HY)l(JlaJOTC51 npe)l(ne scero 

B MaJJocepH11CTOM KOKCe, no3TOMY Ha 

KOKCOBaH11e c11e.uyeT HanpaBJJ51Tb oc

TaTKH, co11ep)l(aw11e He 6oJJee 0,5-0,8% 
cepb1. B KoKce , 1<aK npas11JJ0, B 1,5 pa3a 

60JJbWe cepbl , LJeM B Cblpbe. 0oCKOJJbKY 

npOMbIWJleHHO OCBOeHHb!X npoueccoB 

Ol.fHCTKl1 KOKCa OT cepbl ewe He cywecT

ByeT, ycTaHOBKM KOKCOBaHJ15! coopy

)l(aJOTC51 B Ha CT051U]ee BpeM51 TaM, r.ue 

HMeeTC51 B03MO)l(HOCTb o6ecneLJHTb HX 

ManocepHHCTblM CblpbeM. 

CocTaB H CBOHCTBa npo.nyKTOB. 

rm no COCTaBy aHaJJOfHLJeH nl3y Tep

Ml14eCKOro KpeKHHra, O,llHaKo B ero co

CTaBe HeCKOJlbKO MeHbWe onecp11HOBb!X 

yrneBonoponoB. Op11 6onee )l(eCTKOM 

pe)l(HMe KOKCOBaHH.s! (nOBb!WeHHOH 

TeMnepaType) conep)l(aHHe HenpeneJJb

H btX yrnesonoponoB B ra3e pacTeT. 

TaK, nOBbllUeH11e TeMneparypbl KOKCO

BaHl1JI B Kl1n51WeM CJJOe c 520 110 540 °C 
np1-1B0Ll11T K yBeJrn4eHHJO BblXO,Lla He

npe.neJibHblX yrneso.uoponos c 45 .uo 

52%. 
EeHJllH conep)J(HT MHoro ttenpeneJJb

HbIX yrneBOLlOPO.llOB, LJTO neJJaeT ero He

LlOCTaTOlJHO XI1Ml1l.feCKH CTa6ttJJbHb!M. 

0KTaHOBOe LJHCJIO 6eH3HHOB 3aMe,Ll

neH HOro KOKCOBaHH51 COCTaBJJ51eT 68-
72 nyHKTa. 
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Kepoc11110-2mozl.rieeb1e rjJpaKlfllll ( 180-
350, 350-450 °C) HcnOJ1b3Yl{)TCSI KaK 

KOMflOHeHTbl ra3oryp611HHOro TOflJ111-

sa 11 Cblpbe KaTaJIHTH4eCKOro 1<peK11H

ra. <l>paKL)JUI 180-350 °C MO)l(eT 6b1Tb 

ttanpasnetta s JJ.H3eJ1bttoe Tonnttso. 

TR.J1Ce.Hbllt za3oil.1b (cppaKu11si Bb1we 

450 °C) HCflOJ1b3yeTCSI Kai-: KOMnOHeHT 

KOTeJibHOro TOilJIHBa. 

H e¢mR1101/ KOKC w11po1<0 np11Me

tt.sieTc.si B pa3JIH4HblX OTpaCJl.SIX Ha

pOJJ.HOro X03.SIHCTBa: lJ,JlSI npOH3BOLlCTBa 

:meKTpOJJ,OB, a6pa3HBHblX MaTep11anoB, 

Kap6HJJ.OB, yrnerpacjrnTOBblX MaTep11a

nos, cpeppocnnasos . Pacxon KOKca np11 

npOH3BOJJ.CTBe pa3JIH1·1HblX npOJJ.YKTOB 

COCTasn.sieT: amOMHHH.SI - 0,6 T KOKCa 

Ha 1 T npOJJ.YKUHH; Kap611na Kpel\IHH.SI -

1,4 TIT; Kap6ttna 1<anbU11.S1 - 0,7; rpa

cpma - 1,25 TIT. lfro6b1 ynosnernopHTb 

Henpepb!BHO paCTylUyl{) noTpe6HOCTb 

B HecprnHOM KOKCe, e)l(efO.QHO CTpO.S!TC.SI 

HOBbie ycTaHOBKH KOKCOBaHH.SI. B Ha

CTOS!lUee BpeM.SI B MHpe Bb1pa6aTbIBa

eTCSI CBbillle 15 MJIH T/ ron HecjHHHOro 

KO KC a. 

B 3aBHCHMOCTH OT tta3tta4eHH.SI K 

HecpT.S!Hb!M KOKCaM npe)lb.SIBJ1.Sll{)T pa3-

Jil14Hble Tpe6osatt11si. OcttOBHblMH no

Ka3aTenHMH Ka'-leCTBa KOKCa .SIBJ1SllOTC.SI 

co.uep)l(att11e cepbI, 30J1bI, BJiarn, Jiery

'-lHX, rpattynoMeTpH'-leCKHH COCTaB, pe

aKUHOHHa.SI cnoco6HOCTb, nopHCTOCTb, 

yJJ.eJibHOe 3JieKTpH4eCKOe conpOTHB

JieHHe l1 JJ.p. Do CO.Uep)l(aHJ-!IO cepbt 

KOKCbl .ueJl .SIT Ha MaJiocepHHCTble ( .uo 

1,0% S), cpe.uHeceptt~1cTh1e (.uo 1,5% ), 
cepHHCTbie (Ito 4,0% s ), BblCOKOCep-
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HHCTb1e (sh1we 4,0% S); no rpattyno

MeTp114ec1<0My cocrnsy - Ha KYCKOBOH 

( cppaKUH.SI c pa3MepoM KYCKOB Bh1rne 

25 MM), «OpeweK» (cppaKUH.SI 6-25 MM), 

MeJI04b (Mettee 6 MM); no CO,D,ep)l(aHHIO 

30JihI - Ha MaJI030JibHbJe (.uo 0,5% 30-

Jlht), cpe.uHe30J1bHbie (0,5-0,8), BblCOK0-

30JibHble (6onee 0,8%). 
KoKc, 11cnoJib3yeMbIH B npOH3BOJJ.

CTBe 3J1eKTpOJJ.OB, no,D,sepraeTC.SI )J.0IlOJI

H HTeJ1 bHOH o6pa60TKe - npoKaJIHBa

HHIO B cneU!JaJlbHblX ne'-laX npH 1200-
1300 °C. npo1<aJ1Ka MO)l(eT npOBO.UHTb

C.SI cpa3y )Ke nocne nony'-leHH.SI KOKca 

Ha Hn3 Hm1 y noTpe6ttTen.S1. CTpH npo-

1<anKe yna.nsi10TC.S1 .neTy'rne, CHH)l(aeTcsi 

)JleKTpHLieCKOe conpOTHBJieHHe, ycTpa

H.SllOTC.SI yca.uo4Hb1e .SIBJiemrn. flpoKa

J1 04Hhte nelll1 Ha aJIIOMl1Hl1eBblX 11 

3ne1npo.UHhIX 3asoJJ,ax npentta3Ha'-leHhI 

TOJlbKO LlJl.SI KOJ<Ca c pa3MepOM 4acn1u 

Bblllle 25 MM; KOKCOBYIO MeJlO'-lb, a OHa 

COCTaBJl.SleT OKOJ10 50% KOKCa 3aMen

neHHOro KOKCOBaHH.SI, B 3THX ne'-laX 

npo1<a.nHsaTb HeJib3.SI. )],JI.SI npo1<aJ1KH 

KOKCOBOH MeJl0'-111 cei1'-laC HCnOJib3YIOT 

1<aMepttb1e ne411, pattee np11Mett.sisw11-

ec.si IlJI .SI no.nyYett11.si ttc1<yccTBeHHoro 

ra3a 113 rop10l111x cnattues Ha cnattuene

pepa6aTbI BalOlUHX npe.unpH.S!THSIX. 

7.4. 2. Te:woJ102u•1ecKaR cxe.Ma 

u p e.J1cuA1 pa6ombz ycma11oeoK 
30.Heo.rte/-IHOZO KOKC06Q/-IUR 

TexHoJiorw1ec1rnsi cxeMa. CxeMa 

ycrnHOBKH npHBOilHTC.SI Ha piiC. 7.6. 
Cbtpbe 1<0KcosaH11si nonaeTC.SI 1-1acocoM 
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lnasa 7. TepM111YecK111e npowecc b1 11 e ;1e pc11:Su ' '·' 

poHa, co.uep·>1rnw,ero MeHbWe accpanhTe

HOB, npo.uom1rnTeJlbHOCTb nepsoro ne

p110.ua cocrnsm1eT np11 Tex )Ke Tetvmepa

T)'pax Harpesa Cblpb51 COOTBeTCTBeHHO 

8-9 H 5-6 lJ. 

I1p11 .uanbttei1wei1 pa60Te no.uasa

eMoe B KaMepy Cblpbe npOXOlll1T qepe3 

see 6onee BblCOKHH cnoi1 )!{11)],KOCTH, B 

KOTOpOM HHTeHCl1BHO np011CXO.UHT pe-

3KU1111 .uecTpyKu1111. B513KOCTb )KIUIKoro 

OCTaTKa IIOCTeneHHO 110BbIWaeTC51, B 

HeM HaKann11saIOTC5I KOKC006pa3y10-

w11e semecTsa, 11 3TOT ocTaToK nocTe

neHHO rrpespawaeTC51 s KOKc. Brnpo/:1 

nep110.u KOKCOBaHl151 OTJlHLtaeTC51 nOCT0-

51HHblM Bb!XO.UOM 11 KalJeCTBOM nponyK

TOB pa3JJO)!(ett115l. Kor.ua Kal\1epa 3ano11-

H5leTC5I KOKCOM np11MepHO Ha 80%, no

TOK Cblpb5I c IIOMOlll,blO cneuHaJlbHOro 

'IeTbipexxo.uosoro Kpatta nepeKJJIOLJaIOT 

Ha .upyry10 KaMepy. B OTKJlIOLteHHOtt 

peaKUHOHHOH KaMepe KOKCoo6pa30Ba

Hl1e 113-3a IIOHH)!{eHl151 TeMnepaTypbl 33-

Me,UJ151eTC51. B sepxttett qacTH KaMepbI B 

)TOT nep110.u OTKJ1a,UbIBaeTC51 ry6LJaTa51 

pb1xna51 Macca KoKca. Bcero no BbtCOTe 

KaMepbl H3ClJl1TbIBaeTC5l Tp11 CJ1051 KOKCa -

Hl1)!(HHH, o6pa30BaBW11HC51 B nepBblH 

nep110.u, cpe.utt11i1 - so srnpoi1 nep110.u 

11 sepXHl1H CJlOH, KOTOpbIH OTKJ13.UblB3-

eTC5l B KOHUe np11 OXJ1a)K.ueHl111 KaMepbI. 

KoKc B sepxtteM cnoe tta11Mettee npo

'IeH, co.uep)!(HT MHOro 11eTyLJ11x coe.u11-

ttett11i1 11 o6na.uaeT nosbIWeHHOtt 1onh

HOCTb10, T3K KaK OH o6pa30BaJ1C51 33 

CLJeT KOKCOB8Hl151 CMOm1CT0-3C(jJaJlbTe

HOBblX sew,eCTB. 30JlbHble 3JleMeHTbl 11 

152 

cepa, Kai< npaBHJlO, KOHUeHTp11py10TC5I 

B 3Tl1X sew,ecrsax. 

flOCJle OTK11!0lJeHl151 I<aMepbl, 33-

flOllHeHHOH KOI<COM, ee npo.uysmoT BO

.U51HblM napoM ,n1151 y.uanemrn )!(l1JJ.1<11x 

npoµ,y1<TOB 11 Hecprntthix napos. Ynan51-

eMb1e npo.uyKTbt noCTyna10r cHa'Iana s 

K0110HHY K-1. rrocne Toro KaK TeMne

pa-rypa KOKCa nOHl1311TC51 .uo 400-405 °C , 

noroK napos OTKJJIO'IaercH OT K-1 H tta

npas115leTC5I B eMKOCTb E-4. Bo.U51HbIM 

napoM I<OKC OX113)!(,UaeTC5l )lO 200 °C, 
nocne Ltero s KaMepy ttalJHHaIOT no.ua

saTb so.uy. Bona no.uaerc51 .uo rex nop, 

noKa BHOBb nonasaeMb1e nopu1111 BO.Uhl 

He nepecrnHyT 11cnap5!TbC5!. C11rna110M 

o npeKpaweH1111 11cnapeHH5! c11y)!(HT no-

5IB11em1e BO.Ubl B c1111BHOH rpy6e E-4. 
3aKOH411B OX113)!(,Uem1e, npHCTyna

IOT K Bbtrpy11<e KOKCa 113 KaMepbl. )J,1151 

OlJHCTKH KaMep np11MeH5!eTC5I rn.upaB-

1111lJCCKHH MeTO)l. rinaCTbl KOI<Ca pa3-

pywaiOTC51 crpyei1 BOllhI, HMe10wei1 

.uas.'Ie1rne .uo 15 MTia. Ha.u K3)!{)l0H Ka

Mepoi1 (p11c. 7. 7) ycrnHos11eHhI 6ypo

Bbie BblWKH BblCOTOH 40 M, npe)lH33Ha-

4eHH bie L\1151 nonsew11saH115I 6yposoro 

o6opy.uosaHH5l . K0Hcrpy1<u1151 BblWKH 11 

6yposoro 06opy.uosaH115I, np11MeH5leMo

ro II,1151 y.ua11emrn KOKCa, 3H3110rH4H3 

06opy.uosaH1110 L\1151 .uo6hI4H He<pm 113 

CKBa)!(HH. Ha BhIWKe 1a1<pernrnerc51 

rnnpO.UOJlOTO, c nOMOW,b!O KOTOporo B 

c11oe KOKca npo6yp11saerc51 ueHrpa11b

HOe ornepcT11e. Pa3MepbI ornepcr115I 

LJ,OCTaTOLfHbl ,[(1151 CB060}lHOfO npOXOIJ<l 

r11L\pOpe33K3. riocne npo6yp111331111}1 

ornepcr1151 rnnpo.uo110To c1-111Ma10T 11 



1aMew11-oT rn.npope1aKOM. fvt.npope3aK 

cHafoKeH conJlaMH, 113 KOTOpbIX no.na

IOTCH CHJlbHble CTpy11 BO.Ubl, HanpaBJlH

eMble K CTeHKaM KaMepbl. f 11.npope3aK 

nepeMemaeTCH no KaMepe, nonHOCTbJO 

y.namrn co CTeHOK KOKC. 

)J,anee KOKC TpaHcnoprnpyeTC51 no 

cxeMe, np11se.neHHoi1 Ha p11c. 7.8. Y.ua

neHHbie 113 KaMepb1 KOKc 11 so.ua qepe1 

pa3rpy304HbIH JllOK .n11aMeTpOM 1,4 M 

nona.nmoT B .npo611n1<y ,l{-1, r.ne KOKC 

.upo611Trn Ha KYCKH p3.3MepoM He 6011ee 
250 MM. 

Pa1.npo611eHHhIH KOKC noczyrraeT Ha 
c1<pe6KOBhIH KOHseiiep CK-1, CHa6)1(eH

HhIH o6e3B0)1(11BaJOJ.J.I;HMH .ll,HMJ.J.I;aMM. 

qepe3 .ntt11ma so.na y.na.JrneTc51, a KOKC 

3JlCBaTopoM no.uaeTC51 B .nsyxcMTOBOH 

Puc. 7.8. Cxe.Ma mpaHcnopmupoeaHuR KOKca Ha ycmaH06Ke 3a,we(heHH020 KOKC06GHUR: 

P-1 - P-4 - peaKZfUOllHhte Ka.11epb1; JI,-1 -1111mame.·1b -c)po6uJ1Ka; 

CK-1 -- CK-8 - cKpe6Ko61>1e w116e1iep1>1 ; C-1 - C-6 - Cll.'10CHbte 6aumu CKJZac)a KOKca; 

n-1 - n-5 - nwnamem1; <:/J-1 - rjJu:7b111p-0111c111mlflllK; B - .)!Ce:1e3HoiJopo:J1CHblll 6G20fl 

rpoxoT, r}le copTHpyeTCH Ha rp11 cppaK

u1111: BbJllle 25, 25-6 11 6-0 MM. 

Bo.na, y.uanettttaH 4epe1 06e1BO)l(11-

sa10m11e .UHHI.Ua, co.nep:arnT KOKCOBYJO 
MeJI04b, KOTopyJO B cneu11aJlbHbIX 

cpHnbTpax-OTCTOHHHKaX OT,11,CJlHJOT OT 

B0,11,bl H nepeHOCHT rpeiicpepttblM Kpa

HOM s 6yHKep KOKCOBOH MenoY11. Bona 

113 OTCTOHHHKOB B03Bpaw.aeTCH B UHKJl . 

K0Kco11y10 KaMepy, 111 KOTopoi1 Bb1rpy

iKe11 KOKC. cnpeccoBbIBaJOT 11 nporpesa-

10T OCTpblM BOW!Hb!M naporvt. no!l3B3-

eMb!H B KaMepy nap BbITeCH51eT Haxo

,11,HW.HHCH B HeH B03.nyx. 3aTeM B Tel!e

HHe He1<0rnporo speMett11 qepe3 KaMepy 

nponycKaJOT ropHYMe rrapbI rrpo.nyKTOB 

KOKCOBamrn 113 pa60Ta10w.eii KaMepbl. 
npoH,11,51 4Cpe3 IlO.D,roTaBJJHBaeMyJO Ka

Mepy, 3Ttt napbI noczyrra10T 1aTeM B peK

rncp111<au110HHYJO KOJJOHHY K-1. Kor.D.a 
no.nrorns1111saeMaH KaMepa nporpeeTC51 
LlO 360 °C, 331\3HL!HBaeTCH o6pa30B3HHC 

KoKca s pa6orn10mel'l Karviepe. B 3TOT 

\lOMeHT Karviepbt nepeKJllOLiaJOT. 
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f.TlABA 8. TEP!\!OK.-\T.\_,· ; ;~TH9F.CKME OPOHEC{' h! 
OE Pf PA 1;0TKf ~ H E{?H'5! HblX <I> PA KUH 11 

8.1. KaTaJIH3 u KaTaJIHJaTOpbI 

EonhlllHHCTBO XHMH'lecKHX npe-

spamett11i1 yrneso,L1,opo,L1,0B Hecprn, 

11Me10m11x npaKTH'lecKoe 3Ha4em1e, 

ocymecTBJl51eTC51 B np11cyTCTBl1H KaTa

JIH3aTopOB. KaTanH3aTopb1 no3BOJI51JOT 

CHH)l(aTb :rnepr1110 aKTl1Bau1111 XHMH-

4eCKHX peaKUHH 11 TeM CaMblM 3Ha1m

TeJlbHO OOBb!WaTb HX CKOpOCTb. B '.HOM 

BC51 npHpO,ll,a KaTaJIH3a . npoBe,UeH11e 

peaKu1111 B np11cyTCTBHl1 KaTaJil13aTO

poB n03BOJI51eT TaK)l(e pe3KO CHH)l(aTb 

TeMneparypy npouecca. JJ.n51 peaKu11i1, 

xapaKTep113ylOIJ..(HXC51 noJIO)l(HTeJlbHblM 

TenJlOBblM 3cpcpeKTOM (nOJlHMep113aUH51 , 

rH,ll,pHpOBaHHe, aJIKHJI11pOBaHl1e 11 Llp.), 

3TO 11MeeT oco6o Ba)l(ttoe 3Ha4eH11e, TaK 

KaK BblCOKHe TeMnepaTypbl c TepMOL{l1-

HaMH4eCKOH T04KH 3peHl151 ,[{1151 HHX He-

611aronpH5ITHbl. Cne)loBaTeJihHO, KaTa

JIH3aTOpb! B ,L1,aHHOM cnyYae 11 ycKop5110T 

npouecc, 11 cnoco6cTBYJOT LlOCTH)f(e

HHJO tta116onee Bb!COKHX paBHOBeCHblX 

KottuettTpau11ii. Cne)lyeT, OLlHaKo, tte 3a-

6hrnaTh, l{TO C)J,BHraTb nOJlO)l(eHHe paB

HOBeCH51 KaTaJIH3aTOpbl He MoryT, OHH 

B paBHOH CTeneHH ycKOp5110T KaK np51-

Mble, TaK 11 o6paTHbJe peaKUl111 . fll06 0i1 

KaTamnaTop aKTHBHO B3aHMOLlei1CTBy-
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eT c HCXOL{Hb!MH peareHTaMH, HO ero 

y4acT11e B npouecce orpaHH4HBaeTc51 

TOJibKO HallaJibHb!MH CTaL{H51MH npespa

meHHH. B nocne,L1,y1om11x CTa)J,H51X OH 

OOJlHOCTblO perettep11pyeTC5! 11 MO)f(eT 

BHOBb B3al1MO)J,eHCTBOBaTb c MOJleKy

JlaM11 pearnpy10m11x semecrn. 3Tl1M 11 

o6b51CH51eTC51, 1.JTO He60JlbWOro KOJll1-

4eCTBa KaTaJil13aTopa LlOCTaTO'IHO LlJl51 

noJly4eHH51 04eHb 60JlbWl1X KOJ!Hl.JeCTB 

KOHe4HOro npoLlyKTa peaKUl111 . cDaKT 

CHIDKeHl151 3Hepr1111 aKTl1Bau1111 Xl1Ml1-

4eCKOH peaKUHH 3a C4eT o6pa30BaHH51 

npoMe)!(yT04HblX CHCTeM c yqacTl1eM 

KaTaJ1 113aTopa 51BJ151eTC51 HeCOMHeHHblM. 

0L{HaKo xapaKTep caMoro s3a11MOLlei1-

cTBH5! c !<aTaJl113aTopoM MO)f(eT 6b1Tb 

caMb!M pa3H006pa3Hb!M . 

Pa3Jll14alOT roMoreHHbIH 11 reTepo

reHHbIH J<aTan113. Dp11 20.Ho2emw.M Ka

ma.w3e I<aTaJll13aTop 11 pearnpyIOm11e 

Bemecrna o6pa3ylOT O)J,HOPOLlHYIO CH

CTeMy, ttanpHMep ra30Bble CMec11 11Jll1 

)l(H_!lKHe paCTBOpb!. np11 2emepo2eHHOAI 

Kamanu3e KaTaJl113aTop 'lame scero tta

XOLll1TC51 B rnepLlOH cpa3e , a pearnpy10-

m11e semecrna - B ra3oo6pa3HOM 11n11 

napoo6pa3HOM COCT051HHl1, T.e. B LlPY

roii cpa-3e. 801MO)f<Hbt cny4a11 , I<Or)la pc

areHThI 11 1<aTaJl113aTop - He CMCWl1Ba 10-



m11ecsi Me)l(AY co6oi1 )l(l1.IJ.1<ocT11. B Hecp

Tenepepa6aThrna10mei1 11 tteqnex11M11-

4ec1<oi1 npOMh!WJleHHOCTl1 rnaBHhIM o6-

pa30M ocymeCTBJlSIIOTCSI reTeporeHHhle 

1<anUT11T111.fec1<11e npou.ecch1. 

,[l,Jlsi YA06crna paccMOTpeH11S1 Mexa

Hl13Ma KaTaJ1113a np11HSITO Bee 1<aTaJll1Tl1-

4ecK11e peaKI.J.1111 LJ,eJ111Th Ha Kl1CJlOTHO

OCHOBHble 11 OKl1CJ111TeJ1hHO-BOCCTaHO

Bl1TeJlbHble. 

Kuc.11omfw-oc110eHb/.1111, 11Jl11 110HHbl

Ml1, Ha3bJBaIOTCSI TaK11e KaTaJ111TW-!eCK!1e 

peaKU.1111, KOTOpb!e o6bSICHSIIOTCSI np11-

coeLJ,11Hem-1eM 11Jl11 0Tme nJleH11eM 110Ha 

Bo.uopo.ua (npornHa), a TaK)Ke pea1<

utt11, np11 KOTOpbtX CB060LJ,HaSI napa 

3ne1<TpOHOB y pearnpyIOUJ,11X BeUJ,eCTB 

HJ111 KaTaJ1113aTopa nepeMemaeTcsi 6e3 

pa3o6memrn 3JleKTpOHOB, o6pa3ysi KO

op.u11Hau.110HHYIO CBSl3b B KOMnJleKCHOM 

coe.u11Hett1111 . CornacHo Teop1111 JlbIO

ttca, Kl1CJlOTaMl1 I·Ia3bJBaIOTCSI coeLJ,11-

HeH11S1, MOJleKyJ1bl KOTOpblX cnoco6Hbl 

np11coe.u11HS1Tb 3JleKTpOHHYIO napy, T.e. 

BKJlIOlfaTb ee B 3J1eKTpOHHYIO o60J104KY 

O.IJ.HOfO 11 3 CB011X aTOMOB. 

0cHOBaHl1SIM11 Ha3brnaIOTCSI TaKl1e 

coeLJ,11HeH11S1, B MOJ1e1<yne KOTOpblX 11Me

eTCSI HenoLJ,eJleHHaSI napa 3JleKTpOHOB, 

cnoco6HaSI BHe.IJ.pS!TbCSI B 3J1eKTpOHHbltt 

cnoi1 O.UHOfO 113 aTOMOB Kl1CJ10Thl. 3TO 

Ha1160Jlee o6masi TpaKTOBKa nOHSITl1H 

Kl1CJ10Tbl 11 OCHOBaHl1H. C TaKOH T04-

Kl1 3peHl1SI B rpynny Kl1CJ10T nOM11MO 

o6bI4HblX KMCJlblX BeUJ,eCTB nonanaIOT 

M TaK11e coe1urneH11S1 , He conep)l<aw11e 

BOAOPOAa, 1<a1< AJC1
3

, FeC/
3

, ZnC/
2

, 

BF_r Bee 3Tl1 semeCTBa - 1<0Mnne1<co-

06pa3y10m11e 1<ann113aTopb1. 

K 1<11cnoTHo-octtoBHhlM 1<aTaJ111T11-

lfec1<11M peaKU11SIM MO)l(HO OTHeCTl1 Ka

TaJ111Tl14eCKl1H 1<pe1<11Hr, n0Jl11Mep113a

U.l1IO, l130Mep113au.1110, rn.upaTau,mo YT
neso11opo.uos 11 psi11 Li,pyrnx npespame

Hl1H. 

0Kl/C 111111 €.1b//O-BOCCl11GHOBUl11€.l/b

l/bl.\/U Ha3bJBaIOTCSI Ta1<11e peaKU.1111, KO

TOpbre CBSl3aHbl c nepeXOLJ,OM 3JieKTpO

HOB, T.e . npoTeKaIOT c pa3be1111HeH11-

eM 3JleKTpOHHOH napbl np11 pa3pbrne 

BaJleHTHOH CBSl3!1. K Hl1M OTHOCSITCSI 

MHOf0411CJleHHble KaTaJ111Tl14eCKl1e npo

ueccw OKl1CJleHMSI, f11Li,pl1pOBaHl1SI, 11e

rn11p11poBaHl1SI 11 11p. 

roMoreHHblH KaTaJIH3. MexaHl13M 

roMoreHHOro KaTaJll13a xopowo 06bsic

HS1eTcsi Teopttei1 npoMe)l(yTOqHblX Xl1-

MH4eCKl1X COe,UHHeHl1H, flo 3TOH TeO

p1111 1<ann113arnp c pear11py10m11M Be

mecrnoM 06pa3yeT tteycTOHYHBoe pea1<

u110HHocnoco6Hoe npoMe~oYttoe coe-

1!HHett11e. 3Heprnsi aKT11sau.1111 3TOro 

npou.ecca Htt)l(e 3Hepr1111 aKT11sau,1111 

HeKaTaJll1Tl11.JeCKOH OCHOBHOH peaKIJ,1111. 

B 11anhttei1weM npoMe)l(yToqttoe co

eLJ,11HeH11e pacnaLJ,aeTcsi 11JI11 pear11-

pyeT c HOBOH MOJleKyJlOH HCXOLJ,HOfO 

semecTsa, ocso6o)l(.uasi np11 3TOM Ka

TaJI113aTop B He!13MeHeHHOM BHLJ,e. 3Tl1 

npespameH11si TaJOKe xapa1CTepH3yIOTCS1 

cpaBHHTenhHO Manoi1 3Heprttei1 a1<T11-

Bamu1. 
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reTeporeHHblH KaTamn. flpH re

TeporeHHOM KaTa11113e Bee lt3MeHeHIHI 11 

npeBpaw,eHH51 BemeCTB npm1CXO)l5IT Ha 

noBepxttocrn pa.3.ll,e11a rnep.uoi1 cpa3bI 

KaTaJJH3aTOpa H ra30BOH (napOBOH) cpa-

3bl pearnpy!Olll,HX BeW,eCTB H B 3Ha411-

TeJJbHOH Mepe CB513aHbl c 5IBJJeHHeM 

cop61.ll1H. flpoQecc MO"JKHO pactrneHHTh 

Ha c11e.ny10m11e n.ll.Tb :nanoB: 

l) ,uBmKeHHe (.uwcpcpy3H51) pearnpy

IOillHX MOJieKyJI K noBepXHOCTH KaTam1-

3arnpa; 

2) aKTHBHpoBaHHa51 a.ncop6u1rn (xe

Mocop6l.l1rn) pearnpy10w11x BemeCTB Ha 

noBepxHOCTH KaTaJJH3aTOpa; 

3) XHMH4eCKa51 peaKUH51 Ha noBepx

HOCTH KaTaJJH3aTopa; 

4) .uecop6UH51 ( CH5ITHe c noBepXHO

CTH KaTaJIH3aTopa) npo.nyKTOB peaKUHH; 

5) .ll,Hcpcpy31151 npO.ll.YKTOB peaKUHH B 

rny6b ra30BOH cpa.3bl. 

QqeBH.ll,HO, CKOpOCTb Bcero npo

Qecca onpe.ll,eJI51eTC51 cKopocTbIO caMoro 

Me.ll,JieHHOro 3Tana. 3.nech pa3JIWiaIOT 

.nBa cnyqa51. EcJIH .ll,Hcpcpy3H51 11cxo.n

HbIX H KOHelJHbIX npo.nyKTOB npoTeI<aeT 

6bICTpee, 4eM caMa KaTam1T11l!eCKa5! pe

aKUH51, TO CKOpOCTb npouecca ueJIHKOM 

3aBHCHT OT COCTaBa 11 CBOHCTB nosepx

HOCTH 1<aTaJil13aTopa. B 3TOM cJiy4ae 

rosop5IT, 4TO npoQecc npoTeKaeT s K11-

HeTHtJec1<oii 06JiacT11. Hao6opoT, ecJIH 

.ll,Hcpcpy3H51 npOHCXO,ll,HT Me,D,JieHHee, 4eM 

3aBeprnaIOTC51' Bee npespaw,eHH51' Ha no

sepxHOCTH KaTaJJl13aTopa, TO 06w,a51 CKO

poCTb pea1<u1111 6y.neT onpenen51TbC51 

CKopoCTbIO .nml)cpy31111. B 3TOM cnytiae 
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roBOp5IT, l!TO npoQecc npoTeI<aeT B .ll,11Cjl

QJY3110HHOH 0611acrn. CH11"JKeH11e 3Hep

r1111 aKTl1B3U11H B reTeporeHHblX KaTa

Jll1TH4eCKHX peaKQH51X ,UOCT11raeTC5! B 

pe3yJlbTaTe CJlO"JKHblX QlH3HKO-XHMHl!ec

KHX npoueccos, xapaKTep113y10m11x crn

.n111-0 a1<Tl1BHpOBaHHOH aJJ,cop6uHH (xe

MOCOp6u1111) . 

Xe.Hocop611uH - 3TO 06pa3osaH11e 

.noCTaTOLIHO npotIHOro MOHOMOJle1<y115Ip

HOfO cno51 pearnpy1-0m11x Bew,eCTs Ha 

noBepxHocrn Karnn113arnpa. XeMocop-

611poBaHHbie MOJleKyJJbl I<a4eCTBeHirn 

OTJlHllHhl OT MOJleKyJI, HaXOl.(5llUl1XC51 

B .n11cpcpy3HOHHOM cJioe. XeMocop6u1rn 

npoTeKaeT 3a Cl!eT BaJleHTHblX CHJl Ka

Taml3aTopa 11 no cyTH .nena 6nH3Ka K 

HaCT05IU(eH XHMH4eCKOH peaKW1H. 0Ha 

xapaKTep113yeTC5! onpe.ll,eneHHOH 3Hep

rnei1 aKTHBaum1 11 ee cne.nyeT orn11-

4aTb OT o6bILIHOM Ql11311lieCKOM cop6u1111 

(a.ucop6u1111 11n11 a6cop6u1111), Kornpa51 

He OKa3bJBaeT 3aMeTHOro BJ11151Hl151 Ha 

npotIHOCTh CB513ei1 aTOMOB B MOJleKynax 

cop611posaHHbIX seweCTB. XeMocop6-

Ul151 , Hao6opoT, np11B01.(11T K 3Halll1TeJib

HOMY oc11a611eH1110 CB513eM B pearnpy1-0-

w11x MOJleKynax. 

Pa3m1l!Hb1e Teopw11 KaTa11113a cTpe

M51:TC51: o6b5ICHl1Tb cymHOCTb xeMocop6-

Ul111 11 xapaKTep 113MeHeHHi1, npo11cxo

.ll.5l:llll1X s xeMocop611posaHHblX Mo11eKy-

11ax. 11HTepecHO OTMeTl1Tb, 4TO ewe B 

1886 r. ,Il..11. Mett.nenees n11caJI o TOM, 

l!TO Ha flOBepXHOCTl1 KaTamnaTopa 

npo11cxo.n1n .necl)OpMau1151: MOJleKyJJ pea

rnpy10w11x seweCTB, nOBb1urn1owan 11x 



peaKUl10HHYIO cnoco6HOCTb. 11MeHHO 

·noT np11Hu11n ,D,ecpopMau1111 MOJieI<yJI H 

IlOJIO)KeH B OCHOBY MHOrHX cospeMeH

HblX Teop11i1 1rnrnn113a. B pe3yJihTaTe 

)lecpopMau1111 MOJieKyJibI nom1p113y10T

csi, CBSl311 B Hl1X OCJia6JISllOTCSI 11 11HOr,LJ,a 

pa3pbIBalOTCSI, '-!TO np11BO,Ll,11T (( I10SIBJie

Hl1!0 pa,D,111<aJioB 11JI11 aTOMOB. Hepe,D,Ko B 

pe3yJibTaTe xeMocop6u1111 o6pa3y10TCS1 

HeCTOHKl1e npoMe)((yTO'-IHble coe,LJ,11He

HHSI 113 MOJieKyJI KaTaJil13aTopa 11 cop611-

posaHHOro sew,ecTBa. B ::iT11x cnyc.iasix 

MexaHl13M reTeporeHHoro 1<arnn113a aHa

Jiornc.ieH MexaHl13MY roMorem1oro Ka

TaJ111 3a. 

AKT11s11posaHHasi a,LJ,cop6u11si MOJie

KYJI pearnpy10w,11x sew,ecrn npo11cxo

,n11T He Ha sceii CB060,LJ,HOH nosepXHO

CTH TBep,D,oro KaTaJil1 3aTopa, a TOJibKO 

Ha TaK Ha3bJBaeMblX aKHIBHblX ueH

Tpax, r,LJ,e 3anac cso6onHoi1 3HeprnH 

60JibWe. 3To MOfYT 6bITb OCTpbie yrnb! , 

I111Kl1 , pa3Jil1'-1Hble HepOBHOCTH, pe6pa 

Kp11CTaJIJIOB, Xl1Ml1'-leCKl1 HeOJlHOpO,D,

Hbie yc.iacTK11 11 T.,LJ,. B uenoM, lJeM c11Jib

Hee pa3B11Ta o6masi nosepxHOCTb, TeM 

60JibWe Ha HeH aKTH6HblX ueHTpOB. 

Tio:)TOMy nosh1weH11e aKTl1BHOCTH Ka

TaJIH3aTopos YaCTO CBSl3aHO c ero BbICO

KOH cTeneHhlO 113MeJib'-leH11S1 11 xopowo 

pa3Bl1TOH nop11cTOi1 CTpyKTypoi1. 

TaK11M o6pa3oM, 06w,11i1 np11Hu11n 

.uei1CTBl1SI reTeporeHHbIX KaTaJil13aTO

poB 3aKJI IOYaeTcsi s TOM, LJTO MOJieKyJihI 

pearnpy10m11x semecTB, crnn1<11sasicb 

c 3KTl1BHblMll UCHTj)3MM I<aTamnaTopa, 

Moryr o6pa30B3Tb pa3JI HLJHb!e HeCTOH-

K11e npoMe)((yTO'-IHhie coe.n1rneH11S1 (pa

,LJ,111<aJibI 11JIH 110Hb1). OT peaKu110HHOi1 

cnoco6HocT11 11 np11po.nh1 3Tl1X coe,LJ,11-

HeH11i1 3aBl1CSIT 11 CKOpOCTb npoTeKalO

LUHX peaKU11H, 11 COCTaB KOHetJHblX npo

.UYKTOB. 

B npa1<T11Ke no.n6opa H np11MeHeHm1 

reTeporeHHbJX KaTaJIH3aTopoB Heo6xo

.U11MO yc.i11TbIBaTb 11x ceJJeKTHBHOCTh, 

aKTl1BHOCTb 11 cpoK cJJy)((6bI. 

00.ll, Ce.7eK/11l/61/0ClnblO, 11JJl1 U36Upa-

171e.,1b//OCl11b!O, KGIJ1GJ/U3amopa []OHHMa

lOT ero cnoco6HOCTb ycKOpSITb TOJibKO 

0.ll,HY 11Jil1 HeCKOJibKO XHMl1tJeCKHX pe

aKUHH onpe.ueJieHHOfO Tttna 113 lJHCJla 

TepMO.U11Hal\111'-leCI<l1 BepOSITHblX B .uaH

Hb!X ycJJOBHSIX .UJJ SI .uaHHOfO CblpbSI. 3TO 

BeCbMa Ba)((HOe CBOHCTBO KaTaJIH3aTopa 

CBSl33HO KaK c ero COCTaBOM, Tai< 11 c yc

JIOBl1SIM 11 np11MeHeHHSI. 

AKnnteHocmb Kamaml3amopa xapaK

Tep~nyeT ero np0113BO.UHTeJJbHOCTb. 1-leM 

aKTHBHee KaTaJIH3aTop, TeM MeHhwe ero 

HY)KHO .unsi npespameHHSI onpe.ueneH

Horo KOJJH'-leCTBa HCXO.UHbIX semecTB 

B KOHe'-!Hble npOLI.YKTbl 3a e,LJ,HHHuy Bpe

Mem1. AKTl1BHOCTb TBep.noro KaTa

Jll13aTOpa 3aBHCl1T rnaBHbIM o6pa30M 

OT COCTOSIHHSI ero nosepxHOCTH. Ka

TamnaTOpbl 06bil!HO np11MeHS1lOTCSI B 

Btt,LJ,e Ta6JJeTOK, wapHKOB 11Jll1 3epeH 

He6onhw11x pa3Mepos. ,[(JUI ysen11Ye

mrn nosepXHOCTH KaTaJIH3aTop YaCTO 

HaHOCSIT Ha no,U.TIO)((KY (11ocumeJ1b}, 

06na.ua10my10 nop11crni1 nosepxHo

CTblO. B 1<ac.iecTse Hoc11Tenei1 np11Me

HS1IOT aKTHB11pOB3HHblK yronb, nervny, 
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·· ·, :, 

KH3eJibryp, OKHCb am-OMl1HIU!, CHJIH

KareJib 11 HCKYCCTBeHHbie l(eOJIHTbl 

pa3JIH'lHbIX MapoK. Hoc~neJib noBbI

waeT aKTl1BHOCTb KaTaJil13aTopa, npH

,uaeT eMy MexaH1111ecKy10 npoLIHOCTb H 

yMeHbWaeT ero pacxo,u. AKTHBHOCTb 

MHOfHX KaTaJil13aTopoB ynaeTCSI nOBbl

Cl1Tb ,uo6aBJieH11eM He60J1bWOfO KOJ1H-

11eCTBa TaK Ha3bIBaeMbIX npo.womopoe, 

11JI11 aKmueamopoe . .IJ:ei1cTBHe aKTHBa

Topos MO)l(eT 6b1Tb pa3Jlll l lHbIM. OnH11 

seiuecTBa yseJil1'll1Ba!OT BHyTpeHHIOIO 

nosepxHOCTb KaTaJI113aTopa, T.e. B03-

nei1crny10T Ha ero CTPYKTYPY 11 cno

co6crny10T ee coxpaHeHHIO so spervrn 

pa6oTbI. TaK11e npoMoTOpbI no11yy111111 

Ha3BaH11e cmpyKmypHbTX . .IJ:pyrne aKT11-

BaTopb1 113MeHSIIOT Xl1MHYeCKHH COCTaB 

nosepXHOCTl1 KaTaJil13aTOpa, yseJil1411-

Ba!OT 1111cJio aKTHBHbIX uettTpos. TaK11e 

aKTl1BaTOpbl OOJIY'll1Jil1 Ha3BaHHe XU.1111-

l/eCKUX. 

AKTHBHOCTb KaTaJII13aTopos o6bIYHO 

onpe,ueJISIIOT Ha na6opaTopHbIX ycrn

HOBKax, rne npo11cxo,0HT TOT TeXHOJ10-

fHl!eCKl1M npouecc, JJ,JISI KOToporo npen

Ha3Ha11ett naHHbIM KaTaJ1H 3aTop. AKTHB

HOCTb OL(eH11BaIOT no Bb!XOJJ,y ueJieBoro 

nponyKTa l1JIH KOHBepc1111 HCXO,UHOfO 

CblpbSI:. l1Hor,ua HCObITYeMhIM 06pa3eu 

cpaBHl1BaI-OT c 3TaJIOHHbIM, aKTl1BHOCTb 

KOTOporo l13BeCTHa. AKTl1BHOCTb KaTa

Jil13aTopoB KaTaJIHTH'leCKOfO KpeKHHra 

xapaKTep113yeTCSI: TaK Ha3bJBaeMbIM UH

OeKCOM aKmueHocmu - BbIXOJJ,OM [B % 
Mace . OT CbipbSI] cppaI<UHH n o 200 ° C , 

non yYeHHOM B pe3yJ1bTaTe J<aTaJIHTl1-
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lJeo;oro 1<peK11Hra 3TaJ10HHOfO CblpbS! B 

CTaHnapTHbIX ycJIOBHSIX Ha na6oparnp

HOH ycrnHOBKe. 

KaTa11113aTop nocne Ka)!(JJ,Oro 3Jle

MeHTapHoro a1na peaKU1111 OCTaeTCSI 

Hel13MeHHbIM. Tio3TOMy, Ka3anocb 6b1 , 

OH non)!(eH scer,ua pa6ornTb Heorpa

H1111eHHO nonro. 0,uHaKo Ha npaKT111<e 

cp oK C.'l_m1c6b1 Kamam13amopa scerna 

I<OHe'leH, TaK KaK aKTl1BHOCTb ero co 

speMeHe M nanaeT. 

TiponOJl)!(~ITeJlbHOCTb pa60Tbl pa3-

HbIX 1<aTaJIH3aTOpOB pa31111YHa. TaK, Han

p11Mep, aJl!OMOCl1Jll1KaTHbIH K3TaJll13a

TOp ,UJl SI KaTaJ1 11Tl1YeCKOfO KpeKHHra 

TepSieT aKTl1BHOCTb 11epe3 10-15 MHH., 

a BOJlhcppaMOBbie KaTaJi l13aTOphl .ue

CTpyKTl1 BHOH rnnporeH113au1111 pa-

6orn10T 2-3 rona. Cnan aKTl1BHocrn 

KaTaJlH3aTopa (ne3aKTl1BaU11S!) YaCTO 

Ha3hIBaeTcSI ero y mo.1ue11ue.11 11m1 cTa

p e m1eM. TipW111Hbl 3TOfO SIBJleHl1SI pa3-

Jll14Hhl. 1-lame BCero CHl1)!(eH11e aKTHB

HOCTH KaTaJll1 3aTopa HaCTynaeT B pe-

3YJlhTaTe OTJlOll<eHHSI Ha ero aKTHBHbIX 

ueHTpax npon yKTOB peaKUHH (KOKCa, 

CMOJlhl , napacl)l1HOB 11 T.n .) l1J111 B c1111y 

B03JJ,eH CTBHSI H e KOTOphlX np11Mecei1 B 

Chiphe, Ha3bJBaeMhlX KaTaJIHTHYeCKHMH 

SIJJ,aM11. Tioc11enH11e oco6eHHO onacHhl, 

TaK KaK JJ,OCTaTO'lHO HX Hl11ff0)!(H0f0 

KOJlHYeCTBa ,UJlSI OOJlHOM ,ue3aKT11Bau1111 

KaTaJIH3aTopa. 3To 3acTaB11HeT BeCbMa 

BHHMaTeJihHO OTHOCl1TbC.SI K COCTaBy 

Chiph.SI. 1-lacrn ,on.SI npe,uornpaiueHHSI 

OTpaBJleHHSI KaTam13aTopa np11XOLUITC5l 

11cx o a Hoe Chip be non s e praTb n onon -



mneJibHOH OYl1CTKe. )J.ei1cTBl1e KaTa

JHffl1lfeCI<HX 51,JJ.OB o6b51CH51eTC51 HX He

o6paTl1MOH a,JJ.cop6u11eri Ha aKTl1BHblX 

ueHTpax KaTaJ1113aTopa. Ha116onee 4YB

CTBl1TeIIhHhI K 51,JJ.aM MeTaJIJil1YeCKl1e Ka

TaJil13aTOpbl, co,JJ.ep)f(aw,11e Fe, Co, Ni, 
Pd, fr, Pt, Cu , Ag. l.JacTO BCTpel.fa10T

c51 CJ1e,JJ.y10w,11e KaTaJil1Tl14eCKl1e 51,JJ.bl: 

cepOBOJJ.OpOLl 11 Llpyrne cepH11CTble co

e,JJ.11HeHl151 , OKl1Ch yrnepoJJ.a, a30T11CThie 

ocHosamrn , raJioreHbI , coeJJ.11HeH115I cpoc

cpopa, MbIWh51Ka 11 cyphMhI, a TaK)f(e 

MeTaIIJihI (Ni, Fe, JI), CO!lep)!(aw,11ec51 B 

TSJ)f(eJIOM HecprnHOM Chiphe. 

K np11411HaM ,JJ.e3aKT11sau1111 Karnn11-

3aTopoB OTHOC51TC51 T3K)f(e 113MeHeH11e 

CTPYKTYPbI ero nosepxHOCTl1 , cneKa

HHe 11 ,IJ,pyrne npouecchI, 1<0Topb1e np11-

BOJJ.S1T K yMeHbWeHHIO nosepXHOCTl1 

11JIH 411CJia aKTl1BHblX ueHTpOB 11 MoryT 

6hITb Bbl3B3Hbl ycJIOBl151MH ,JJ.aHHOro Tex

HOJIOrn4eCKOro npouecca, rnaBJ-lbIM o6-

pa30M TeMnepaTypoi1 . 

80CCTaHOBJieH11e 3KTHBHOCTl1 KaTa

Jil133TOpa H33brnaeTC51 p e2e1-1epm1ue1i. 

Cnoco6bI pereHepau,1111 pa3Jil14HbI. Yr

Jll1CTble 11 CMOJl11CTble OTJlO)f(eHl151 Bbl

)f(J1raJOT c nosepxHOCTH 1rnrnm13aTopa 

B TOI<e B03,JJ.yxa. 0Kl1CJieHHble K3TaJll1-

33TOpbl BOCCT3H3BJIHB3IOT ,IJ,eHCTBl1eM 

BOJJ.OPOJJ.3 np11 onpe,JJ.eJieHHOH TeMne

parype. KarnmnaTOpb1, coJJ.ep)!(aw,11e 

pe,JJ.K11e 3JieMeHTbI (Hanp11Mep, Top11!1), 

pereHep11py10T X11Ml1YeCKl1M nyTeM. 

Pe,JJ.1<1111 3JleMeHT 11 3sne1<a10T 113 oTpa-

6ornHttoro KaTaJll133Topa 11 BHOBb 11C-

110Jlb3YfOT .UJ151 np11roTOBJleHH5I CBe)KHX 

nopu11 ~i )Toro iKe Karam13aTopa . 

B KaLJecrne KaTan113aTopos np11Me

HHIOTCH pa3Hoo6p3'3Hhle sew,ecrna: BOC

CTaHOBJleH Hble MenUIJlbl, OKl1CJlbl, Kl1C

Jl0Thl, OCHOB3Hl1H, COJil1, cyJih<p11JJ.bl 

MeTaJIJIOB, HeKOTOpbie opratt11tieCKMe 

coe,JJ.MHeHMH . Tio.i:i;6op KaTa.JUI3aTopoB, 

113y4eH11e ycJIOBl1H HX H3roTOBJieHHH 

11 np11MeHeH11H, nyTH perettepau1111 11 

.i:i;pyrne BOnpOCbl , CB5133HHbie c K3TaJIH-

30M, - see 3TO B HaCTOHW,ee speMH He

OTbeMJleMaH 43CTb HecpTeXl1MHYeCKOH 

TeXHOJIOrl111. 

8.2. KaTaJIHTH11ec1rnii 
Kpe1rnur 

8.2.1 . Xw111'1ecKue oc1-1oebl 

npo11ecca KQ/11QRU/11U'leCK020 KpeKWi2Q 

Karnm-1T11Yec1rnii KpeKMHr B tta

CToHw,ee speM51 HBmieTC51 O,JJ.H11M 113 

OCHOBHblX BTOp11YHblX rrpoueccoB Hecp

Tenepepa60TKl1, np1106pern10w,ero oco-

6eHHO 60JlbWOe 3HaYeH11e B CBH311 c p3'3-

Bl1Tl1eM npoueccos yrny6JieHHOH rrepe

pa6oTKH Hecprn. 

,lJ.JJH onpeneneH11H pon11 KaTaJIM3aTO

pos B 3TOM npouecce uenecoo6p3'3HO 

paCCMOTpeTb o6pa3yIOw,MeCH B HeM 

npOAYKTbl 11 cpaBHHTb 3Tl1 )J.3HHble c co

OTBeTCTBYIOW,11Ml1 noKa3aTeJl5IMl1 LlJIH 

TepM114eCKoro 1<pe1<11Hra (rn6JI. 8.1 ). 
Pa3Jil1411H B noJiyqaeMbIX npoJJ.yI<Tax 

11 xapaI<Tepe np0Te1<a10w,11x pea1<u11ii 

OlJeHb seJil1Kl1, YTO 06bHCH51eT TOJlbKO 

pa3Hble MeXaHH3Mbl npoTeKaHl151 3Tl1X 

npoueccos. 
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KaK 6brno cKa3aHo Bb1we, .UJ151 Tep

M HYecKoro KpeKHHra TOl.JHO ycTaHOB

J1eH pa.u11KaJ1bHo-uenttoi1 Mexatt111M 

c yYacn1eM cB060.nttb1x pammanoB. 

Cero.um1 o6wenpH3HaHHO, l.JTO KarnnH

THYeCKHH KpeKHHr, B ornwme OT Tep

MHYeCKOro KpeKHHra, npoTeKaeT no 

uenHOMY Kap6KaTHOHHOMY MexaHH3MY, 

YcrnHOBJleHo, YTO yrneBo.uopo.ub1 B yc

n0Bm1x npouecca ttapH.uy c KpeKttHroM 

BczynaIOT TaK)!(e B peaKUHH anK11m1po

BaHtt5l, H30Meptt3au1111, non11Mep111au1111 

tt .ueanKttnttpoBaHtt51. Kap6KaTHOHHblH 

MexaHtt3M xopowo cornacyeTC5l c co

BpeMeHHbIMH 3KCnepttMeHTaJlbHblMH 

B npoTHBOBec LlH- 11 TPHKOop.u11-

HttpoBaHHbIM HOHaM Kap6eHH5l HOHbl 

Kap6oHtt5l accouttttposaHbI c yrne

pO.UHbIMH aTOMaMH c l.JeTblpbM5l _j1Jll1 

nHTbIO nttraH.UaMH, ttanpttMep, nma CH
5

• 

06pa30BaHHe " cyweCTBOBam1e 3THX 

YaCTHU B03M0)!(H0 B cynepKHCJlOTHblX 

cpe.uax. B OTJlHlJtte OT .uoCTaTOlJHO xo

powo H3yYeHHbIX KJlaCCHYeCI<HX Kap6-

KaTHOHOB (ttOHbl Kap6eHH51) HeKJlaCCH

lJeCKHe Kap6KaTHOHbl (ttOHbl Kap60HH51) 

HCCJle,LlOBaHbl Mettee OOJlHO. 

,[(mi KaTaJ1HTHlJeCKOro KpeKHHra on

pe.ueJ15l!OwYIO poJlb ttrpaIOT 06pa10Ba

tt11e H npeBpaW,eHH5l Kap6eHHeBblX HO

HOB. VIOHbI Kap6eHH5l 51BJ1511QTC51 nno-
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Ha6mo.ueHH5lMH H n03BOJ15leT o6b51C

Hl1Tb xapaKTepHbie oco6eHHOCTH KaTa

JlHTHYeCKOro KpeK11ttra. Kap6KaTl10Hbl 

MO)!(HO npe.ucrnBHTb KaK opraHttl.JeCK11e 

KaTHOHbl c 3ap51.UOM, B 60JlbWdi HJlH 

MeHbwei1 CTeneHH accou1111poBaHHblM c 

yrnepo.UHbIM aTOMOM. Pa3nttl.JaIOT Knac
CHt1ecK11e Kap6KaTHOHbl (110Hbl Kap6e

Hl15l) 11 HeKJ1aCCHl.JeCKHe KaTHOHbl (HOHbl 

Kap60Hm1) . TepMHH Kap6KarnoH BKJl!O

YaeT o6a 3THX nOH51Tl15l H 51BJ151eTC51 o6-

wl1M )lJ151 o603Hal.JeHH5l nOJJO)!(HTeJlbHO 

3ap51)!(eHHblX opraH11YeCKHX YaCTmJ,. 

VloHbI Kap6emrn MoryT 6hnb .u11- 11 TpH

KOOp.UHHttposaHHbIMH: 

+ + + 

CKHMH HJlH 004TH OJlOCKHMH C TpeM}I 

sp~-rn6p11.UHblMH CB}l3}1MH. B TaKHX 

CTpyKzypax B3aHMO.[leHCTBHe coce.u

HHX rpynn c BaKaHTHOH p-op611TaJ1blO 

Kap6etttteBoro HOHa BHOCHT BKJla)l B crn-

6ttJl 113aUHIO HOHa nyTeM .uenOKaJll1-

3au1111 1apjj.ua. 3To B03MO)!(HO 6Jlaro

.uap51 aToMaM, 11Me10w11M tteno.ueneH

Hble 3JleKTpOHHbie napb1, n1160 nyTeM 

r11nepKOHbI-OraUHH, Jltt6o KOHbI-Orau1111 

c .uecpopMttpoBaHHblMH CB51351Ml1 HJlH c 

3JJeKTpOHHOH CHCTeMOH nyTeM aJlJJHJlb

HOH crn61111H3autt11. Crn61111tt1ttpy10w.ee 

BJll151HHe aJlKHJlbHblX rpynn o6yCJ10B

J1eHo col1eTa1meM nmepKOH'b10rau1111 

11 m1.uy1<u11oi-11-1oro J(jHj>e1na (+I) . 



i na<;2 d. -:-ep111c;1:aiiF 1!AHiYec1<vte npo;.1eccb1 nepepa6oTKLll Hect:>rnHblX ¢paKt..1L11il1 

Ta6llULfa 8.1 

CpaBHHTeJihHaH ou.enKa npou.eccos TepMHlfecKoro 

" KaTaJIHTHlfeCKOro KpeKHHra 

TepMH'lec1rnit KpeKnttr 
KaTaJIHTH'lec1rnii 

Kpe1rnnr 

YcJ1oeuR npoz1ecca 

TeMneparypa, °C 470-540 450-525 
,L{asJJett11e, MTia 2,0-7,0 0,06-0,14 

XapaKmepucmuKa no .. 1y•we.Hh/X 11pooyK111oa u 11pumeKa10111ux peaKtfUU 

11jJU KjJeKllH?e 0/110e.!/hllh/X KU.\l/10//e///1108 11erjm1u 

H - reKcaneKaH 0CHOBHbie nponyKTbl - yrnesono- OcHOBHbie nponyKTbI - yrne-

po.Ahl C2. B 60JJbw11x KOJJH4ecrnax sonopO.AbI C3-C6. OJJecpnHbI 

06pa3yeTcH CH
4

• OJJeqmHbI C
4
-C

15
• Bb1we C

4 
OTCYTCTBYIOT. Tia-

TiponyKTbI c pa3BeTBJJeHHoi1 uenblO pacjJMHbl c pa3BeTBJJeHHOM 

OTCYTCTBYIOT uenbIO 

An11cjiaT114ecK11e He6onbwoe KOJJl14eCTBO 3Ha4HTeJJbHOe KOJJl1'1eCTBO 

yrneson opOilbI apo~rnHI4eCKHX yrneBOilOpO.AOB apoMarnYeCKl1X yrnesoaopo-

np11 500 "C .AOB npM 500 °C 

HacjJTeHbl KpeK11Hr 11}.leT Meane1-111ee. 4eM LIJJH CKopocTb KpeK11Hra rrp11Mep-

COOTBeTCTBYIOL!.(HX napac!JHHOB HO TaKaH )!(e, KaK 11 .LIJIS! COOT-

BeTCTBYIOllll1X napacjmHOB 

AnK11JJapoMaT114ec- KpeKHHr npoTeKaeT TOJJbKO B 6oKo- ,L{oM11H11pyeT peaK1.1,11H. aea.n-

KHe BblX uenHX KHJJ11pOBaHl1H. 

yrnesonopoab1 

H - 0JJecjll1Hbl MenneHHaH 1130Mep113au11H ilBOHHblX DblCTpaH 1130Mep1nau.nsi 

CBH.3di. He60JJbwaH cKeJJeTHaH 1n o- .ABOHHblX CBH.3eii. bb!CTpasi 

Mep113aUHH cKeJJeTHasi 1130Mep113a1.1,1rn 

XapaKmepucmuKa KO//e'lllh/X npooyKmoe r.peKUH?a 

fa3 fJJaBHh!M o6pa30M cppaKI.l,HH C
1 
-C2 

B ocHOBHOM cppaK1.1,11si C3-C5 

5eH311H Co.n;ep)!(HT 3Ha411TeJJhHoe Conep)!(HT MHoro 

KOJJl1'1eCTBO aJJKaHOB HOpMaJJhHOro pa3BeTBJJeHHbIX aJJKaHOB 

CTpoeHl1Sl,aJJKeHOB,.A11eHOB 11 apeHOB 

JlerK1-1 j:, rcnoi-'u1 b 5oraT llOJJHUMKml4eCKHM11 

ape1-1 a~ 11 1 
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Kap6eH11esb1e 110HhI s ycnoBHHX Ka

rn1111T114ecKoro KpeK1rnra MoryT 06pa-

3osaTbC5l B pe3yJlbTaTe .nsyx OCHOBHblX 

T11nos peaKu1m: I) np11coe.n11ttem1e Ka

THOHa (npOTOHa) K HeHaCbJW,eHHOH MO

neeyne; 2) OTpbIB rn.np11.n-H0Ha OT Hei1T

panbHOH MOJieeyJibl. 

Ilp11coe.n11ttett11e npoToHa K HeHa

CbIW,eHHOH MoneKyne (oneqmHy) 3as11-

c11T OT Cl1Jlbl KHCJIOThl, HaJIH41151 areH-

TOB, crnfo1n11311py10w,11x 06pa3osas

w11ilcH HOBbIH KaTl10H, Xl1Ml14eCKOH 

HHepTHOCTl1 11 .U113JleKTp114eCKOi1 npo

H11uaeMOCTl1 cpeJJ.bI. 

CTpoTOH11posaH11e oneqmHOB npo

TeKaeT nyTeM aTaKl1 npoTOHa Jf-3JieKT

poHOB .UBOHHOH CB51311. 3TO np11BO.[J;l1T K 

o6pa30BaHl1!0 npoMe)K)"T04HOro Jf-KOMTI

JleKca 11 .nanee HOBOro aJIKHJibHOfO Ka

THOHa: 

HX H+ + 

R' CH= CHR" ~ [R' CH 4= CHR"] + X ~ R' CH
2 

- CHR' + X 

B cnyqae npoTOH11posaH115l apoMaT114ecKoi1 MOJieKy11b1 3ap51.n 6y.neT .neJIOKan1130-

satt no KOJlbUeBOH CTpyKrype: 

BTopoii cnoco6 06pa3osaH115l Kap-

6eH11esb1x 110Hos - orpbIB rn.np11.n-110Ha 

OT HeHTpallbHOH MOJieKyJibl, peaJTl13Y

eTC51 np11 s3a11Mo.neiicTs1111 nocne.nHei1 

c Cl1JihHhlMl1 6peHCTe.LJ;OBCKl1Ml1 11 Jlb!0-

11COBCKl1Ml1 KHCJIOTaMH (K11CJIOTHble 

ueHTpbl 6peHCTe.LJ;OBCKOro 11 Jlb!OHCOB

CKOro T11na KaTan113aTopos) 11n11 Kap6-

KaT11ottaM11: 

r .ne L - K11cnorn Jlb1011ca, Hanp11Mep 

AIC/
3

. 
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3rn peaKu1111 11H11u1mposatt115l Kpe

Kl1Hra Kl1CJlOTHblMl1 ueHTpaMH (6peH

CTe.LJ;OBCKOfO M JlblOHCOBCKOro T11na) Ka

TaJ1113aTOpOB 11rpa!OT Ba)l<HYIO p011b Ha 

Ha4aJlbHhIX CTa.n;1151x npouecca. 

8.2.2. PeaKtfUU, npomeKa10u1ue 

npu Kama!lumulfeCKOM KpeKuHze 

Kap6eH11esb1e 110Hbl 4pe3Bhl4ai1-

HO pea!<U110HHOCTIOC06Hb!e coe,J.11HeHl15l. 

KottcrnHrn cKopocT11 110HHhIX peaKu11i1 

Ha HeCKOJlbKO nop51.LJ;KOB BbJWe aHa110-

fl14Hb!X pa.u111<aJTbHblX peaKUHH. 06 OT

HOCHTeJlbHOi.f ycToi1LrnsocT11 11ottos Kap-

6eHHH MO'iKHO c y.n11Tb no TeTIJlOTe MX 

o6pa30B3HH51 ( B K.lJ.'iKI MOJlb ) : 



I J 1;-isa B. leprvio1<ararn1n1•1ec1rne npOL\eccb1 nepepa6oTKVI HecprnHblX cppaKL1VI~ 

CH+ 
3 

1097 

CH
3
CH

2
+ 955 

CH
3
CH

2
CH

2
+ 917 

+ 

CH
3
CHCH

3 
833 

KaK cJie)J,yeT 113 3T11x )J,aHHhIX, cTa-

61111hHOCTh Kap6ett11eBbIX 110HOB B03-

pacTaeT B ITOCJie)J,OBaTeJlbHOCTl1: rrep

Bl14HbIH < BTOp114HbIH < TpeTl14HbIH. 

XapaKTep rrpespamett11i1. yrneso

)J,OpO)J,OB, rrpoTeKa10m11x B ycJIOBl15!X 

KaTMl1Tl14eCKOro KpeK11Hra, onpe)J,e

JrneTC5! peaKU115!Ml1 Kap6eHl1eBblX 110-

HOB. 0CHOBHbIMl1 peaKU115!Ml1 Kap6e

Hl1eBbIX 110HOB 5!BJ15!IOTC5! MOHO- 11 

611MoneKy115!pHb1e peaKu1111 nepettoca 

( OTpbrna) rH)J,p11)J,-110HOB 11 amrnn-aHl10-

HOB (1130Mep113aU115!,)J,11CTipOnOpU110Hl1-

posaH11e ), peaKu1111 pa3pbrna C-C-cs5!-

311 (MOHOMOJleKyJI5!pHbIH pacna)J, no 

/3-npas11ny ), 611MoneKyn5!pttb1e pea1<u1111 

CKeJ1emHa5l u3oMepu3azfU5l (1130Me

p!13au1151 uen11) nyTeM nepeMer.uett115! 

MeTl1JlbHOH rpynnhI o6hI4HO np11BO)J,11T 

K o6pa30BaHl1IO 6011ee pa3BeTBJleHHbIX 

Kap6ett11eBhIX 110HoB. CKopoCTb Ta1<oro 

npouecca np~1Mep1-10 B l 000 pa3 Me11b

rne, c1eM cKopocTb rnnp11n1-1oro c;1B1ira 

CH
3
CH

2
CH

2
CH

2
+ 883 

+ 

CH
3
CH

2
CHCH

3 
812 

+ 
(CH

3
)

3 
C 737 

+ 
(CH

3
)

3
CCH

2 
812 

3aMew,eHl15! 11 np11coe)J,11HeHH5! (no1111Me

p113au115!, anK11posatt11e ). 

PeaKuuu HJOMepHJauuu. CymecT

settttoe OTJ111411e Kap6eH11eBbIX 110HOB 

OT pa)J,11KaJIOB - 11X cnoco6HOCTb K pe

aKU115!M 1130Mep113a1.vrn (1130Mep1na

u1151 3ap5!Jla, CKeJleTHa5! 1130Mep113aU:115! ), 

KOTOpbie npOXO)J,5!T no MexaHl13MY MO

HOMOJleKyJI5!pHoro nepettoca ( oTpbrna) 

rHJlp11)J,-110HOB 11 MKl1JiaHl10HOB. 

J13o.l!epu3azfll5l 3apRda Kap6ett11e

BhIX 110HOB ocyr.uecTBJI5!eTC5! rryTeM 

1-2 rtt)J,p11)J,HOro C)J,Bl1ra B)J,OJib yrneso

)J,OpO)J,HOH uen11 (MOHOMOJieKyJI5!pHblH 

nepeHOC rtt)J,p11)J,-110Ha). 

(1130Mep113au1151 3ap51na ). ,[J,1151 nattttoro 

npouecca np111-15!T MexaHl13M, BKJ1I04a-

10r.u11i1. o6pa30B3Hl1e npoMe)l(yTO'IHbIX 

rrpOTOHi1pOBaHHbIX U:11KJionponaHOBbIX 

Koneu. Hanp11Mep, 06pa3osatt11e 1130-

ne1-1Ta1-1a 1n 1-1-ne1-1TaHa MO)!{eT npoTe

KaTb cne;.iy1rnw1M o6pa3oM: 
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lnasa 8. TepMOKaramnw-iecKv1e np0i4eccb1 nepepa60TK1t1 Hecj:JrnHbtX cj:JpaK1..11t1Vi 

,[(pyroH: nm H30Mep113au.1u1 3aKmo

qaeTC.H B H3MeHeHHH yrneBO,ll.OpO,ll.HOro 

CKeJieTa, HMe10mero, no Kpaii:tteii: Mepe, 

0)1.HH TpeTH'iHbIH aTOM yrnepo.n:a, KOTO

pbIH H3MeH.HeT CBOe nOJIO)R'.eHHe B MO

JieKyne: 

CH
3 

CH3 

I I 
CH -CH-CH -CH -CH ~ CH -CH -CH-CH -CH 

3 2 2 3 3 2 2 3 

TiocKOJibKY TaKYIO H30MepH3aU.HIO 

ocymecTBHTb nerqe, qeM npeBpametttte 

BTOpH'iHOro yrnepo.n:Horo aTOMa B Tpe

TH'iHbIH, B03MO)R'.H0 HCilOJib30Bam1e Me

ttee aKTHBHhIX KaT<UIH3aTopos. Ha KaTa

JIH3aTopax, HHHU.HMPYIOlllHX o6a THna 

H30MepH3aU.HH, 6hICTpee npoTeKaIOT 

npou.ecChl, CB.!13aHHbie c H3MeHeHHeM 

IlOJIO)R'.eHH.SI TpeTH'iHOro yrnepO,ll.HOm 

aTOMa, 'ieM c npeBpamettHeM BTOpH4-

Horo s TpeTH'iHbIH. HanpHMep, B nptt

cyTcTBHH KaTaJIH3aTopa, co.n:ep)R'.amero 

HF H 10% BF
3

, npOTeKaIOT cne.n:yIOI.lVte 

THIIhI H30MepH3aU.HH reKcatta (u.mppa

MH o603Ha'ieHbl OTHOCHTeJibHbie CKO

pocrn): 
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c 
I 

C-C-C-C-C-C 
12 ~ t 15 

5800 
c 
I 

C-C-C-C-C ~ C-C-C-C-C 
116000 

58 ~ t 200 
c c c 
I I 8,6 I 

C-C-C II> C-C-C-C 
1,5 I 

c 



CJie.uosaTeJibHO, pacnpe.ueJiem1e npo

.UYKTOB peaKUHH, B TOM 4HCJie H30-

Mep113au1111, .uomKHO 3aBHCeTb He TOJlb

KO OT TeMnepaTypbl, HO 11 OT aKTHBHO

CTH KaTa.JIH3aTopa. Bepo51THO, MO)!(HO 

BJIH51Tb Ha ceJieKTHBHOCTb, MeH5151 CHJIY 

KHCJIOTbl B KaTaJIH3aTope. 3TO oco6eH-

HO Ba)!(HO npH HCnOJib30BaHHH TBep.UbIX 

KaTaJIH3aTopos, KHCJIOTHa51 CHJia KOTO

pb!X Jief'KO 113MeH5leTC51 pa3Jil14Hb!MH cno

co6aMl1 06pa6orn11. 

PeaKUHJO 6HMOJief\:YJIHpuoro nepeuo
ca (oTpbrna) rn.upu.u-uoua MO)!(HO npoHJI

mocrp11posaTu CJ1e.ll)'l01.1.U1M o6pa30M: 

+ + 

CH
3
CHCH

2
CH

3 
+ CH

3
CH(CH.)CH

3 
~ CH

3
CH

2
CH

2
CH

3 
+ CH

3
C(CH.)CH

3 

AKTHBHOCTb Kap6KaTHOHa B peaI<

UHH OTpb!Ba rn.up11.u-110Ha OT MOJieKyJibl 

ymeso.uopo.ua CHH)!(aeTC51 s p51.uy: 

3Ha4em1e peaKu11i1 TaKoro T11na o6y

CJIOBJieHo HX 60JiblllHM 3Ha4eHHeM np11 

pa3BHTl.fl.f uenHoro npouecca, Ha411Ha-

10w,eroc51 nocJie no5lsJieH115! nepsoro 

Kap6eHl.feBoro HOHa Ha nosepXHOCTH 

KaTaJIH3aTopa. YcTaHOBJietto, 4TO pe

aKUH51 rn.up11.uHoro nepettoca o4eHb 

6bICTpa51, a CKOpOCTb OTpb!Ba BTOp114-

HOro so.uopo.ua TpeTH4HbIM Kap6eH11e

BbIM HOHOM npHMepHO O.UHHaKosa .UJI51 

2 o--< + Kucnornbltt U<HTp 

scex aJIKaHOB HOpMaJibHOro CTpOeHH51. 

TpeTH4HO-TpeTH4HbIH rn.upH.UHbIH ne

peHoc npoTeKaeT 6bICTpee BTOpH4HO

TpeTH4HOro, a TOT, B CBOIO oqepe.ub, 

6bICTpee nepBH4HO-BTOpH4HOro, T.e. Ha 

CKOpOCTb OTpb!Ba r11.up11.u-110Ha BJIH5IIOT 

coce.utt11e rpynnbr, KOTopb1e cnoco6-

crny10T crn611J1113aum1 noJiy4aeMoro 

HO Ha. 

Tip11MepoM peaKUHH 6HMOJieKyJI51p

HOro nepeHOCa ( OTpb!Ba) aJIKl1.JlaHHO

HOB 51BJI5leTc51 peaKUH51 .u11cnponopu110-

H11posaHH5!, 11rpa10r.uei1: cyr.uecrnetttty10 

pOJib npH KpeKHHre aJIKH.I1apoMaTH4e

CKHX yrneso.uopo.uos, Hanp11Mep, np11 

KpeKHHre KYMOJia: 

~+--0--< 
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rnasa 8. TepM0Karamnw-1eci;r1e npoweccb1 nepepc16ornvi 1-1ecpn 111L1x tl>r;a 1<1\v1i·i 

PeaKuuu pa3pbrna CBSIJH yrne

poJJ. - yrnepOJJ. (peaKUHH KpeKHH

ra). CaMhIM xapaICTepHbIM THnoM pe-

aKUl111 KpeKHHra HBJIHeTCH pacna)J. no 

/3-npaBirny: pacnan Kap6eHHeBhIX HOHOB 

no Hatt6onee cna6ol1 CBH3H /3-C-C. 

+ 

+ -( R 1 - CH2 + CH2 = CH - CH2 - CH2 - R2 

R -CH -CH-CH-CH -CH -R I 2 2 2 2 2 

+ 

R
1 

- CH
2
-CH

2
-CH = CH

2
+CH

2 
-R

2 

06pa3yIDmHecH oneqmHhI conep)l(aT 

naoH:ttyJO CBH3h y nepaoro yrneponHoro 

arnMa H nepeXO,WIT B fa30BYIO $a:Jy; Ha 

noaepXHOCTH KaTaJIH3aTopa OCTaeTCH 

Kap6eHHeBhIH HOH c MeHblllHM IJHCJJOM 

aTOMOB yrnepoJJ.a, IJeM HCXOLIHhIH. Kpe

KHHr npoTeKaeT TaKHM o6pa30M, IJTO 

o6pa3yeTCH HaH6onee CTa6HJibHhIH, H3 

LIBYX B03MO)l(HbIX, Kap6eHHeBhIH HOH: 

+ 

+ -( CH3 + CH2= CH-CH2 -CH2-R 

CH-CH-CH-CH-CH-R 3 2 2 ~ 

+ 

CH-CH-CH= CH+ CH-R 

06pa30BaBillHHCH Kap6eHHeBblH HOH 

MO)l(eT )J.ecop6ttpoaaTbCH mm 1130Mep11-

30BaThCH B 6onee CTa6HJibHYlO KOH<i>H

rypauHfO, JII160 CHOBa KpeKHpoBaTbCH. 

PeaKUHH 3HJ:\OTepMwrna. CKJIOHHOCTb 

K pacnaJJ.y CHH)l(aeTcH npH nepexone 

OT nepBHIJHOro HOHa KO BTOp11IJHOMY 

11 OT BTOpHIJHOro K Tpen14HOMy. Co

nocrnanett11e 3HepreTHKH pacnana (3H

noTepMHIJecKaH peaKUHH) 11 H30Mep11-

3au1111 (3K30TepMH4eCKaH peaKUH51) 

Kap6eHH eB bIX HOHOB noKa3btBaeT, llTO 

H30Mep113au~rn L1om1rna npeL1 WCCTBO-
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J 2 2 2 

aaTb a 6oJihlllHHCTBe cnyIJaea pacna,Lly. 

TipeHMymecrneHHOe 06pa30BaH11e Tpe

THIJHhIX Kap6KaTHOHOB H HX ycTOHIJH

BOCTb LIOJI)l(Hbl npHBO)J.HTb K HaKonne

HHfO H30CTPYKTYP npH pacnane Hepa3-

BeTBJleHHblX aJIKHJibHbIX Kap6eHHeBhlX 

110HOB c 60JibWl1M 411CJ10M yrnepO,LIHhIX 

aTOMOB. 

6HMOJieKynsipHaSI peaKUHSI npu

coe;J.HHeHHSI Kap6eHHeBblX HOHOB K 

HeHaCbllUeHHblM coe.uuHeHHSIM np11-

BO)UIT K o 6pa30BaHHIO HOBOH CB513ll 

C-C. K 1TOMY Tttny p ea 1<u1111 OTHOCHTOI 



l nasa 8. TepM 01<arnnvirn LJecK:1 e npoweccb1 neoepa6oTKvi HecprnHblX cppaKu viC-1 

peaKQHH IlOJll1MepH33Ql1H OJJecpHHOB H 

aJJKl1Jl11pOB3Hl1e napacp11HOB H apoMa-

Tl1YeCKl1X yrJJeBO.UOPOLlOB c yYaCTHeM 

I10Jil1MepH33QIDI OJ1ecp11HOB BKJUOYa

eT c11e.uy10r.u,11e noc11e.uoBaTeJihHhre CTa

.u1111 : 
Kap6eHHeBhIX 110HOB. 

I I .I I 
11Hl1Q1111pOBaHHe: C= C+HX~ C-C-+X 

I I I I 

pa3B11T11e u.enH: t= t+w ~R-t-c+ 
I 

o6phIB: 

A.JIK111111poBaHHe apoMaT11YeCKHX yrneso.uopo.uos npoTeKaeT c o6pa3oBaHHeM npo

Me:>KyToqHhIX Ji- H a-KOMnJieKCOB: 

0 +R'=l 61 
Ji-KOMnJieKC 

B c11yqae TBep.uoro KHCJIOTHOro Ka

TaJIH3aTopa MexaHH3M npou.ecca MO:>K

HO npe.ucTaBHTh c11e.uy10m11M o6pa30M. 

BttaqaJie npo11cxo.u11T cop6u.m1 aJI

KHJIHpy10mero areHTa Ha Kl1CJIOTHOM 

R 

__.. - Q+w 
a-KOMnJieKC 

QeHTpe nosepXHOCTH KaTaJIH3aTopa. 

B c11yqae TBep.uoro KHCJIOTHoro KaTa

JIH3aTopa aKTHBHhIH QeHTP - KHCJIOT

Hhl H u.eHTp EpeHCTe.ua, a a.ucop611pye

MhIH npo.uyKT - Kap6eHHeBhIH HOH: 

+a -a k 
I + -

CH = CH + H - 0- I1oBepxHOCTh ~ CH - CH ---- 0 - I1osepxHoCTh 2 2 3 2 

Ec1111 noBepxHOCTHoe paBHOBecHe 

Kap6eH11eBoro 110Ha ycTattaBJIHBaeTC51 

6blCTpo, cyMMapHa51 CKOpOCTh peaK-

U.1111 Jil1MHTHpyeTC51 CKOpOCThlO B3al1MO-

k2 

.ueH:CTBl151 6eH30JlhHOro KOJihQa c Kap6e

Hl1eBhIM HOHOM, a He CKOpOCThlO o6pa-

30BaHl151 Kap6em1eBoro HOHa: 

o + CH
3 

- CH
2
---0- TioBepxHOCTh k

2 

TioBepxHOCTh - 0--- 0H _ 
~CH2 CH3 
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lnasa 8. TepMOKarnm1rnYecK111e npoueccb1 nepepa6orn111 Hed:lrnHbl~. cbpa 1< qM~ 1 

3aTeM CJJe.uyeT .uecop6UH51 H B pe3yJJbTaTe o6pa3yeTC51 aJIKHJJapoMaTH4eCKHH 

yrneBO.IlOpO.Il H pereHepHpyeTC51 HCXO.IlHblH KHCJJOTHbIH ueHTp EpeHCTe,Ua KaTaJJH-

3aTopa: 

k -a+a 
- o....-···· H -3 o-~ nosepXHOCTb - 0 --- \... + / - nosepxHOCTb - 0 - H + CH2 - CHJ 

·· ....... · CH
7
CH

3 
k -

- 4 

8.2.3. KamaJlumu1JecKu1/ KpeKUHZ 

WIKQH06 

IlepsH4HhIM aKTOM rrpH KpeKHHre 

aJIKaHOB 51Bfl5leTC51 o6pa30BaHHe Kap6-

KaTHOHa (HHHum1posaHHe rrpouecca). 

.l(IDI TBep,UhIX KHCJJOTHblX KaT3JJH3aTO

pOB (ueoJJHTOB) rrpe,UJJO)KeHbl CJJe.uy10-

lUHe fHIIOTe3bl HHHUirnposaHH51 rrpo

uecca: 

- Kap6eHHeBhIH HOH o6pa3yeTC51 npH 

OTpbIBe n1.up11,U-HOHa CHJlbHbli'vl KHCJJOT

HhIM ueHTpOM EpeHCTe.ua c 06pa3osa

HHeM s Kaqecrne rrpo.uyKTa so.uopo.ua; 

- HCXO.IlHhIH HOH rrpe;::i;CTaBJJ51eT co-

6oi1 neHTaKOOp.IlHHHposaHHblH yrnepon 

(Kap60HHeBhIH HOH), o6pa3yl01UHHC51 

npHcoenHHeH11eM npoToHa, oTpbrnae

Moro OT CHJJhHoro ueHTpa EpeHCTe.ua; 

- Kap6eHHeBhlH HOH o6pa3yeTC51 6JJa

ro;::i;ap51 a;::i;cop6u11H Ha ueHTpax Epettc-

+ 

Te;::i;a OJJecpHHOB, noJJyqeHHhlX rrpH Tep

MH4eCKOM KpeKHHre HCXO.IlHOro semecrsa; 

- Kap6KaTHOH 06pa3yeTC5l rrpH rro

JJ5lp113au1111 MOJJeKyJJbl Cblpb51 IIO.Il 803-

;::i;eH.cTBHeM CHJlbHblX :meKTpH4eCKHX no

JJeH s nopax ueoJJHTa. 

Ha1160JJee npHH51Ta rnnoTe3a, octto

saHHa51 Ha 06pa3osaHHH Kap6eHHeBhIX 

HOHOB 113 OJJecpHHOB npH TepMH4eCKOM 

pacna;::i;e B ra30BOH cpa3e, Ha KHCJJOTHblX 

ue1upax EpettcTe;::i;a. 06p33y10m11ec51 

OJJecpHHbl np11coe,IJ;HH5llOT rrpOTOHbl, Ha

XO.Il51Ull1eC51 Ha KaTaJJH3aTOpe ( ueHTpbl 

EpettcTe.Ila) 11 rrpespama10TC5! s Kap6Ka

Tl10Hb1: 

+ 

06pa3osasw11H:c5l HOH Kap6eHH51 OT

pbisaeT rH.IlPl1.Il-110H OT MOJJeKyJJhl HC

XO.IlHOfO aJJKaHa: 

RCHCH
3 
+ CH

3
CH2CH2CH2CH2CH2CH

3
-'; 

+ 
-'; RCH

1
CH

3 
+ CH

3
CH

1
CH2CH

2
CH2CH

1
CH

2 

.l(anee peaKUH51 pa3BHsaeTC51 no 

uenHoMy nyTH. 06pa30BaBWl1HC51 HOH 

Kap6eHH51 rro)lsepraeTC51 ~-pacna)ly c 

168 

o6pa30BaHHeM tte60JJhWl1X 1rnp61<aTH

OHOB 11 ra3006pa3Hb!X a-onecjlHHOB. 

np11 3TOM 0.IlHOBpeMeHHO npoTeKalOT 



lnasa 8. TepM01< aTan vr;-1,1c1 s c;('18 npouecc;,1 n epepa6orn~ HecprnHblX cppaKL(v1~1 

peaKu,1111 1130Mep113au,11i1 Kap6ett11eBbIX 

110HOB. 

l130Mep113au,m1 np011CXO.IJ,11T KaK ny

TeM nepeMeI..I..J,eH11H rn.IJ,p11.IJ,-110Ha (1130-

Mep113au,11H 3apx,na), TaK 11 np11 nepeMe-

I..I..J,eHl111 MeT11JiaHl10Ha ( CKeJieTHaH 1130-

Mep113au,11H ). Tenno, BbI,UeJIXIOI..I..J,eecH 

np11 1130Mep111au,1111, 3aTpa•msaeTCH Ha 

pacI..I..J,en11ett11e. IlpespaI..I..J,ett11e npOTeKa

eT no cxeMe: 

CH3CH2CH2CH2CH2CH/;H
2 
~ CH

3
CH

2
CH

2
CH/;H

2 
+jCH

2 
= CH

2
j 

i t 

BbICOKax cKopocTb 1130Mep113au,1111 

HOHOB np11BO,U11T K TOMy, 4TO 3Tl1JieHa -

rrpo.uyKTa pacna.IJ,a nepB114Horo Kap6Ka

rnoHa - o6pa3yeTCH 04eHh Mano. 

CKeneTHaH 1130Mep113aUIDI .nae-r npo

ayKTbI c pa3BeTBJieH11eM yrneBO,ll,Opo.u

HOfO CKeneTa: 

+ + 

CH
3
CH

2
CH

2
CH2CHCH

2
CH

3 
~ CH

3
CH

2
CH

2
CH

2
CH (CH)CH

2 

+ n 
CH

3 
cH

2 
cH

2 
+ [cH

2 
= q CH

3
)

2 
I~ CH

3 
cH

2 
cH

2 
cH/:c cH

3
)CH

3 

qepe,ll,OBaHl1e 3K30TepM114eCKOH l130-

Mep113au,1111 11 3H.IJ,OTepM114eCKOro /3-pac

rra.IJ,a npoaomKaeTcH .uo 06pa3osatt11H 

Kap6KaTl10HOB, CO,ll,epiKaI..I..J,HX 3-5 aTO

MOB BO,ll,OpO,ll,a. TenJIOBOH 3cpcpeKT 1130-

MepH3aQHl1 3THX HOHOB YiKe He KOMneH

c11pyeT 3aTpaT Tenna Ha pacI..I..J,enneHHe. 

Ilo3ToMy Kap6KaTl10HbI C
3
-C5 nocne 

H30Mep113aQ11H OTpbIBaIOT fH,ll,p11,ll,-HOH 

. OT MOJieKyJibl HCXO,ll,HOro yrneBO,ll,OpO,ll,a: 

+ + 
CH

3
CH

2
CH

2 
~ CH

3
CHCH

3 

+ 
CH:.CHCH:. + CH:.CH2CH,.CH.,_CH.,_ CH2CH3 ~ 

~ jcH:.CH
2
CH

1
[+ CH

3
CH2CH2CH.,_CH2CH2CH2 
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3aTeM secb UHKJI npouecca noBTo

psieTC.H. 06pb1B uen11 np011CXO)J,HT nptt 

I1epsasi CTa)J,HSI - OTpbIB rH.11,pHA

HOHa OT aJIKaHa - npoTeKaeT 6b!CTpee 

B TOM cny•rne, eCJIH rHAP11A-HOH OTpbl

BaeTCSI OT TpeTwrnoro yrnepOAHOro 

aTOMa. I1oJTOMY cKopoCTb KpeK11Hra 

pa3BeTBJleHHblX anKaHOB Bb!We, l.JeM 

HOpMaJibHbIX. BMecTe c TeM 11 pacnaA 

HOHOB tta116onee nerno HAeT c oTwenne

HHeM TpeTHl.JHblX Kap6KaTHOHOB, B pe-

3)'JlbTaTe qero B npOAYKTax pacna.ua 

HOpMaJlbHbIX aJIKaHOB c l.Jl1CJIOM aTO

MOB yrnepo.na lfeTbrpe 11 6onee npeo6-

na.na10T H30CTPYKTYPhI. CKopocTb Ka

TaJIHTHlfecKoro KpeKHHra anKaHOB Ha 

O.UHH-,UBa nop.H,UKa Bb!We CKOpOCTl1 11X 

TepMHlfeCKOro KpeKHHra. 

8.2.4. KamaJ1umulfeCKu1/ KpeKUHZ 

tfUKJ10aJIKQH06 

CKopoCTh KaTaJIHTHlfecKoro KpeKHH

ra UHKJIOaJIKaHOB 6JIH3Ka K CKOpOCTH 

Crpoettue MOJICK)'JlbI: 0 
I'ny611Ha KpeKHHra, % 47 

170 

BCTpeqe Kap6KaTHOHa c aHHOHOM KaTa

JIH3aTopa: 

KpeK11Hra anKaHOB c paBHblM LJl1CJIOM 

aTOMOB yrnepo.ua 11 yseJIHlfHBaeTCSI np11 

HaJll1411H TpeTHl.JHOro aTOMa yrnepo.na. 

CTaJJ.HSI 11tt11u1111posamrn - B03HHK

HOBett11si Kap6KaTHOHOB - .UJl.H HaCbl

weHHblX anKaHOB 11 UHKJIOaJIKaHOB npo

TeKaeT owrnaKOBO . 

3a Cl.JeT TepMH'IeCKOro KpeK11Hra 

B03Hl1KaeT He60JlbWOe KOJll14eCTBO an
KeHOB, KOTOpb1e, np11coe.u11HS1SI npOTOH 

OT KaTaJll13aTOpa, npeBpamaIOTCSI B Kap-

6KaTl10Hbl. 

06pa30BaBWHecsi HOHbl Kap6eHHSI 

OTpbIBalOT nt.1J,p11,n-HOHbl OT MOJleK)'Jlbl 

U11KJIOaJIKaHa. 

0Twennett11e rn.np11.n-11otta OT Tpe

Tl1l.JHOro yrnepo.nttoro aTOMa npoTe

KaeT nerqe, qeM OT BTOpH4Horo, no-

3TOMY rny611Ha KpeKHHra B03pacTaeT 

c ysen11lfeH11eM qwcna 3aMecTHTeneii B 

KOJlbUe. 

75,6 78,6 51,8 



lnasa 8. TepM01<arnmn11LJecKV1e npOL.1eccb1 nepepa6oTKV1 HecprnHblX cppaKL\V1t;i 

Pacna.n: u11KJJoreKc1111bHoro 110Ha 

MO){{eT npo11cxo,n:11Tb .ll:BYM.s! nyrnM11: 
1) c pa.3pbIBOM K011bua; 2) 6e3 pa.3pbIBa 

Ko11bua. 

1) 

R 

6 --RH 

R 

6--~ 
R 

+ I 
CH -CH -CH-CH -C= CH 

2 2 2 2 2 

ITp11 pa.3pbIBe {3-C-C- CB513H o6pa.3yeTC.s! MKeHH11bHbIM HOH, KOTOpbIM 11erno I130-

Mep113yeTC.s! B HOH M11H11bHOro THna: 

+ + 

H
2
C = C(R) CH

2
CH

2
CH

2
CH

2 
...,,. H

2
C = C(R)CHCH

2
CH

2
CH

3 

IToc11e,n:HHH MO){{eT pacm,en11Tbc.si no {3-npasH11y, oTopBaTb rH,n:pH,n:-HOH OT HC

xo,n:Horo yrneso.n:opo.n:a 1111H nepe,n:aTb npoTOH Mo11eKy11e anKeHa H11H KaTMH3aTopa: 

R-Q 

+ 
H

2
C = C(R)CHCH

2
CH

2
CH

3 
1-----

R-CH= CH + 
~---.' jCH2 = C(R)CH = CHCH2CH3~ R- CHCH3 

-H+ 

Ilp11 KpeKHHre no 3TOMY nyTH 113 
roM011oroB UHK11oreKcaHa 06pa.3y10Tc.si 

anKeHbI 11 ,n:HeHbI. 

2) 11,HKJJOreKCH11bHblM HOH MO){{eT 

nepe,n:aTb npoToH anKeHy 111111 1<arn1111-

3arnpy 11 npespaTHTbC51 B u111<11oam<eH: 

R 

6 
R 

0 
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lnasa 8. Teprv10Karamnw-1 ec;< vi2 npoqeccc.: rk' L'8P<'6011<vi HPcjJT51HblX cppa K u1111~1 

3TOT nyTb 3HepreTl1'1eCKl1 BblfO.Il

Hee, '1eM pacna.n no C-C-CB51311 ( l ). 
l.1,11KJIOaJIKeHbl KpeK11py10TC5! 6bICT

pee, qeM 1.1,HKJIOaJIKaHbl, co 3Ha'1HTeJJb

HblM BbIXO.IlOM apeHOB. 

BhIXO.Il apettoB .IlOCTHraeT 25% H 

6onee OT npo.IlyKToB npespa11.1,eHH5! 

11,HIIBOneHTaHbl B ycJJOBH51X KaTaJJH

Tl1'1eCKOfO KpeKHHra 6onee ycTOH'1H

Bbl, '1eM 1.1,HKJIOfeKCaHbl. np11 HaJil1'1Hl1 

,U.JlHHHbIX 6oKOBbIX uenei1 B MOJieKyJJe 

1.1,HKJIOaJIKaHa B03MO)!(Hbl 1130Mepn3a

l.J,H51 6oKosoi1 uen11 11 .ueannurnposaH11e 

\IOJieK)1Jibl. 

oHUHKJIH'1eCKHe 1.1,11K.T1oaJIKaHbI apo

Mann11pyIOTC5! s 6onbwei1 CTeneHH, YeM 

'>IOHOl.lHKJIHqecKHe. TaK, npH KaTaJIHTH

qecKOM KpeKHHre )leKa,lHHa (500 °C) 

BbIXOLl apeHOB COCTaBJ151eT ::::::33% 
Ha npespameHHhIH .neKaJIHH. Ewe 

6onbwe apoMaT11qecKHX coe)J,HHeHHH 

(87,6%) o6pa3yeTC51 npH KpeKHHre B Tex 

;ne yc.lOBlli!X TeTPaJIHHa. 

l.J,11K.TIOreKCaHOB, a ra3bl KpeKl1Hfa 1.1,11-

KJJOaJIKeHOB CO)lep)!(aT noBbIWeHHOe no 

cpaBHeHl1!0 c ra3aMl1 KpeK11Hra aJIKaHOB 

KOJJli'-IeCTBO BO.UOPO.Ila. 

Ha6nIO.naeTc51 TaK)!(e H30Mep113a1.1,1rn 

l.J,11KJIOreKcaHOB B l.l,11KJIOneHTaHbl H 06-

parno: 

8.2.5. KamaJ1umu1.JecKuu 

KpeKUH2 aJ/KeH06 

AnKeHbI He co.uep)!(aTc51 B Hecprn

HbIX cppaKU,1151X, HO o6pa3ylOTC51 npH 

TepMHYeCKOM pa3JIO)!(eHHl1 anKaHOB !f 

l.J,11KJ10aJ1KaHOB, H HX TepMOKaTaJIHTH

qecKHe npespameHH51 onpe]],eJI51IOT co

crns KOHeI.JHbIX npo.nyKTOB npo1.1,ecca. 

Oo3TOMY 3aKOHOMepHOCTH KaTan11T11-

I.JecK11x npespameHHH anKeHoB B ycno

BH51X KaTamITl14eCKOfO KpeKHHra npe.u

CTaBJ151IOT oco6b1tt HHTepec. CKopocTb 

KaTaJ111TH'1eCKOfO KpeKHHra aJIKeHOB Ha 

)J,Ba-Tp11 nop51.UKa Bblllle CKOpOCTl1 Kpe

Kl1Hra COOTBeTCTBYlOI.l.(11X anKaHOB, l.{TO 

06b51CH5leTC51 JlefKOCTblO o6pa30BaHJ.rn 

113 anKeHOB Kap6eHHeBbIX 110HOB: 

+ + 
CH

2 
= CHCH

2
CH

3 
+ H ~ CH:.CHCH

2
CH

3 
+ 724 K,lJ,)!(/ MoJib 

TipH rrp11coe)J,HHeHHl1 npOTOHa K MO

.leh."YJ!e aJIKeHa o6pa3yeTc51 TaKOH )Ke 

HOH, KaK H npH OTIUennemm rn.np11.u

HOHa OT aJIKatta, I.JTO onpe]],eJI5leT o6m

HOCTb HX peaKU11H npH 1<aTam1Tl11.JeC

KO'.I KpeKHHre. 
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KpoMe 06pa3osatt115! HH3llll1X 

aJIKaHOB 11 aJIKeHOB KaTaJIHTl11.JeCKHM 

KpeKl1Hf aJII<eHOB npHBO.Ill1T K o6pa-

30BaHHIO UHI<JlOaJIKaHOB 11 apeHOB. 

Mexa11113M 3THX npoueccos Mo:>1ceT 6b1Tb 

npe.IlCTaBJieH cxeMoi1: 
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+ + 
CH

2
= CHCH

2 
+ CH

2
= C(CH) ~ CH

2
= CHCH

2
CH

2
C(CH

3
)CH

3 
~ 

CH3 

rtCH3 

~+V 

,ll,a.Jiee MO:>KeT npOH30HTH H30MepH-

3aumi: B wecTHqJleHHbIH UHKil H npe

BpaiuettHe B apeH. 

8.2.6. Kamanumul./eCKuu 

KpeKUHZ anKUJtapoMamul./ecKUX 

y2J1e6odopodo6 

He3aMeIUeHHbie apetthr B ycIIOBH51X 

Karn1mn1qecKoro KpeKHHra ycTOH4H

BhI. MeTHJBaMeIUeHHhre apettbr pearn

pyIOT co CKOpOCTblO, 6m13KOH K a.J1Ka-

C6H5 - C2H5 209,5 

142,5 

06hJ4HO CKOpOCTb KpeKHHra 60KO

BbIX ueneif B03pacTaeT npH nepexo.ue 

OT nepBH4HOfO K BTOpH4HOMY H Tpe

Tl14HOMY yrnepO,llHbIM aTOMaM, coe.uH-

+ 
+H -

HaM. AIIKHnnpOH3BO.llHhie apettoB, co

.uep:>Kaiuwe .UBa H 6onee aTOMOB yrne

po.ua B uem1, KpeKHpyIOTC51 npHMepHO 

c TaKOH :>Ke CKOpOCTblO, 'ITO H a.JIKeHbl. 

IlpH KpeKHHre aJIKI1IIapoMaTHqec

KHX yrneBO.llOPO.llOB 6eH30JlbHOe KOJib

uo He 3aTparHsaeTC51, Tor.ua KaK 6oKo

Bhre uenH so Bcex cnyqa51x, KpoMe TO

JiyoJia, OTIUeIIJI5llOTC51 c o6pa30BaHHeM 

oJieqmtta. BJIH51HHe .llJIHHbI uemr H ee pm

seTBJieHHOCTH Ha 3Heprmo aKTHBaUHH 

( B K,ll,:>K/ MOJib) IIOKa3aHO HH:>Ke: 

C6H_-CH - CH,-CH
3 

79,6 ) I -
CH

3 

C6H5 
- CH - CH

3 
73,3 

I 
CH

3 

H51IOIUHM uenb c KOJlbUOM. ,ll,n5I O,llHOro 

H Toro :>Ke THIIa npHCOe,llHHeHH51 CKO

pOCTb pacTeT IIpH yBeJIH'leHHH ,WIHHbl 

60KOBOH uenH: 

0 + 
+CH-CH-CH 

3 3 

+ + 

CH
3
-CH- CH

3 
~ CH

2
= CH- CH

3 
+ H 
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B cJly4ae Menrn3aMemettHbIX ape

HOB OTmenJleH11e Kap6KaTHOHa 3Hepre
TH4eCKl1 3aTpy.utteHO, CT03TOMY B OCHOB

HOM npoTeKaIOT peaKu.1111 .u11cnponopu.11-
ott11poBaHID1 11 m0Mep113au,1111 no noJlo

JKeHHIO 3aMecT11TeJleH. B cJly1-rne ToJlyo

na .UOM11HttpyIOll.(eH peaKU,11eH ~IBmieTCSI 

.n11cnponopu.110H11poBaHHe B 6eH30Jl 11 
KCHJlOJI, a He KpeKHHr c OTll.(enJleHHeM 

MeTaHa. 

IloJIHl.(HKJIHqecKHe apeHhl np04HO 

cop6ttpyIOTC51 Ha KaTaJIH3aTOpe tt no.u
BepraIOTC51 IlOCTeneHHOH .uecTpyKU,11M 

11 nepepacnpe,n:eJleHttIO BO,n:opo.na c o6-

pa3oBaHHeM KOKCa. 

8.2. 7. MaKpoKuHemuKa npoi1ecca 

u conymcmey10u1ue peaKlfUU 

MaKpo1rnneTuKa npouecca. Ka
TaJ111Tl14eCKl1H KpeK11Hr, KaK JlI06oi1 

174 

OoJ111MeT11Jl6ett30JlbI npeTepneBalOT 

rnaBHhIM o6pa3oM 1130Mep1-nal.(HIO 11 ,n:11c

nponopLl,110H11poBaH11e. Hanp11Mep, Kc11-
JlOJlb1 B np11cyTCTBHl1 KHCJJOTHhlX KaTa

Jll13aTopoB 1130MepH3yIOTC51 11 .u11cnpo

nopl.l110H11pyIOTC5! B COOTBeTCTBl1H 

co CJle,n:y10meii: cxeMoii:: 

KaTaJil1THqecKHH npou.ecc, npoTeKaeT 

B HeCKOJihKO CTa.UHH: Chiphe nocrynaeT 

K TIOBepXHOCTl1 KaTaJlH3aTopa (BHeWH$UI 

.umpcpy3HSI), npOHHKaeT B nophl KaTaJ111-

3aTOpa (BHyTpeHHSIH .u11cpcpy31151), xeMO
cop611pyeTCH Ha aKTHBHblX Ll,eHTpax Ka

TaJ1113aTopa 11 BCTynaeT B XMM114eCKl1e 

peaKl.(1111. )J;anee npo11cxo,n:11T ,n:ecop6-

UH51 npo.uyKTOB KpeKHHra 11 Henpopea
rnpoBaBwero CblpbH c noBepxttocT11. 

.umj)cjiy311si ero 111 nop 1<arnmnarnpa M 



y)laJlemfe npo)lyKTOB KpeK11Hra 113 30Hbl 

peaKu1111. 

MexaHl13M npespameH11i1 l1H)l11B11-

)lyaJihHhIX ymeso)lopo)loB B ycnos11-

HX KaTaJil1Tl14eCKOfO KpeK11Hra 113y4eH 

)lOCTaT04HO no)lp06Ho, a B OTHOWe

Hl111 nepepa60TKl1 HecprnHhlX cppaKU11H 

OCTaeTCH MHOro HepeweHHhIX 3a)la<J. 

CJIO)l(HOCTh 113y4eH11H K11HeT11K11 11 no

cTpOeH11H MaTeMaTl14eCKHX MO)lenei1 

TaKl1X npoueccos Hecjnenepepa6onrn, 

KaK KaTaJIHTH4eCKl1H KpeKl1Hr, Bhl3hl

BaeTCH MHOfOCTa)ll1HHOCThfO npouec

ca 11 11CCTOJlb30BaH11eM B Ka4eCTBe Cbl

pbH CMec11 ymeBO)lOpO.llOB pa3Ji l14Hb!X 

Knaccos. CKopocTh npespameH11H npo

MhiwneHHoro CbiphH HBm1eTCH senwrn

HOH, xapaKTep113y10meti cyMMY pa3nw1-

HhIX peaKU11H ymeBO)lOpO.llOB. no3TOMY 

np11 noCTpoeHl111 Kl1HeTH4eCKOK Mone

JIH npouecca Karnn11T11<1ec1<0ro Kpe

KHHra o6h!4HO orpaHl14HBafOTCH pac

CMOTpeH11eM npoCThIX cxeM 11 peaKU11K, 

npoTeKa10w11x no nepsoMy nopH.UKy. 

ConyTCTBYIOlll,He peaKLI,HH. CTp11-

se.ueHHb1e Bb!We MaTepHaJlhl , OTHOCH

lUl1eCH K KpeKHHry pa3JlJ1l!HblX yrneso

.uopO)lOB, CBl1)leTeJlbCTBYfOT 0 TOM, 4TO 

Hl1 B OllHOM 113 pacCMOTpeHHblX CJly<Ia

es He npoTeKaeT TOJlbKO O)lHa peaKUl15I 

KpeK11Hra. KaK peareHThI, TaK 11 npo

JJ.YKTbI scer)la CTO)lBeprafOTCH He TOJlbKO 

f3 - pacmenneH1110 11n11 )lpyrnM s11)laM 

pacnana, HO 11 npyrnM npespawemrnM. 

)rn peaKU1111 llMeIOT 60JlhWOe 3Ha4e-

Hl1e, TaK !<aK BJ1115IIOT Ha OOTpe611TeJib

CKl1e KaYecTsa 6eH311Ha, Bb1pa6aThrnae

Moro B npouecce KaTan11T114ecKoro 1<pe

K11Hra. K ocHOBHbIM conyTcrnyfOIU11M 

peaKUHHM K3TaJ111TJ1lJeCKOro KpeKHHra 

OTHOCHTCH: 1130Mep113aLI,HH, aJIKHJIHpo

BaH11e, n11cnponopu110H11poBaH11e, u11K

n113au11H, peaKU115I nepeHoca BO)lopo.ua 

11 KOKC006pa30B3HJ1e. 

HJ0Mep1naum1. KaK cne.uyeT 113 06-

cy)l()leH11H peaKu1111 1130Mep113aum1 1<ap-

6eH11esb1x 110HOB, 1130MepH3aUHH 5IBJrn

eTC5I cpaBHl1TeJ1bHO nerKOH 11 6hICTpoi1 

pea1<u11ei1. DOJTOMY He y.u11s11TeJibHO, 

4TO np11 KaTaJ111TJ14eCKOM KpeK11Hre yr

JleBO.llOPO.llOB 06pa3y10m11ec51 oneqrn

HhI npespamafOTC5I B COOTBeTCTBYlOIU11e 

1130Mepbl c pa3BeTBJ1eHHblMl1 uenHMH . 

Tipouecc cKeneTHoi1 1130Mep113au1111 

np11BO.lll1T K o6pa30BaHl110 TpeTl14HbIX 

yrnepOllHblX aTOMOB, KOTOpble, B CBOl-0 

oYepenb, cnoco6crnyioT ycKopeHHfO Kpe

KHHra 3Tl1X npo.uyKTOB. 

Amn1Jrnp0Bauue - npouecc, npo

T11sonono)!rnh1i1 KpeKHHry, 11 np11 TeM

nepaType HJ1)l(e 400 °C OH ,UOMl1H11pyeT 

Ha)l Kpe1rnHroM JJ,JIH 60JihWl1HCTBa HC

XOJJ,HhlX semeCTB. Mo)l(HO rosop11Tb o 

csoeo6pa3HOM paBHosec1111 npespame

Hl1H T11na no1111Mep113au11H - .ueno1111-

Mep113aU11H. CTp11 Bb1coK11x TeMnepazy

pax paBHOBec11e CMemaeTC5I B CTOpOHy 

.uenon11Mep113au1111 c o6paJosaHHeM 

npoJJ.yKTOB c KOpOTKOH uenhfO, a np11 

Hl13Kl1X Te1VmepaTypax npeo611a.uaeT 
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nOJIHMepH33U:H51 H K3TaJl11Tl1'-leCKOe KOK

coo6pa30BaH11e. Ilptt KpeKHH re KOpOT

KOU:enHhlX oJiecp11ttos o6pa30Bam1e npo

JJ.YKTOB 60JihlllOH MOJieKyJI.si:pHOH M3CChl 

o6ycJIOBJieHO HMeHHO peaKU:HeH aJIKH

JIHpoBaHH51. 

)l;ucnponopuuouupoeauue. MmK

HO rrpHBeCTH rrp11Mep peaKU:HH )J.HC-

+ 

nponopu,110H11posaHH5! np11 KpeK11ttre 

6yrntta, npoTeKalOlll,ei:i Yepe3 06pmo

sam1e C-C-CB513H Me)l(JJ.Y Kap6ett11eBhIM 

HOH OM H OJiecpHHOM ( aJIKHJIHpOBaHHe) 

c IIOCJie)J.y!Olll,eH rreperpyrrrrttpOBKOH 

H /3-paclll,enJieHHeM 60JihlllOH MOJie

KYJihI: 

+ 
CH, - CH, - CH- CH, 

CH-CH-CH-Cll-CH-CH-CH-CH ~CH-CH-CH=CH 
3 2 2 3_ 3 2 3 + 3 2 2 

-H -H 

CH
3 

CH
3 

+ I + I 
- CH-CH-CH-CH-CH-CH - CH-CH-C-CH-CH-CH -

3 I 2 3 3 2

1 

2 3 

CH
3 

CH
3 

CH
3 

CH
3 

I + I + 
-cH - CH -C-CH-CH -CH -cH -CH -C-CH-CH-CH ~ 

3 2 2 3 3 2 2 3 

I I 
CH

3 
CH

3 

+ 

- CH
2
= CH-CH

3 
+ CH

3
-C-CH2 -CH3 

I 
CH

3 

TttrrwrnhIM npuMepoM )J.11cnponop

U:HOH11poBaHl15I, 3a1<moqa10lll,eroc.si: s 06-

MeHe aJIKHJihHhIX rpynn Me)l()J.y a.JIKHJI

apoMaT11qecKHMH qaCTHUaMH, CJIY)l(HT 

o6pmosattue n11w3onpon11JI6ett30Jia 113 

KyM011a. 

KaK 6hIJIO ycTaHOBJietto, :na peaK

U:M51 nepswqtta H rrpoTeKaeT Henocpe.n

CTBetttto nyTeM n11cnponopu:woH11po

BaHM5! nsyx MOJieKyJI KyMoJia c 06-

pa3osatt 11eM n 1111 3onpon11JI 6eH 3ona H 

6ett30Jia: 

176 



lnaBa 8. TepM0Kara11111rn4ecK111e np01..1eccb1 nepepa6oTKli1 HecpTHHblX ¢paK1.1111V! 

IJ,HKJIH3aQHH 51BJUleTC51 xopowo 

IBy'leHHOH peaKUHeH. 06pa30BaHHe 

UHKJIH'leCKHX yrneBO)l,OpO)l,OB CB513bl

BaeTC51 c npHCYTCTBHeM onecp11HOB 

B peaKUHOHHOH CMec11. Docne.L1y10wee 

)l,ern.L1p11poBaHHe o6pa3ylOWHXC51 wec

TH'lneHHwx UHKJIOanKaHOB np11BO)l,11T 

K apeHaM. 

PeaKU,HH nepeHoca BO,LJ,opo,LJ,a ocy

wecrBn5leTc51 Me)l{.ny Kap6KaTHOH8MH 11 

HeKoropb1M11 yrneBo.nopo)laM11. Ee c1<0-

pocTb 3aBHCl1T OT CTpOeHl151 yrneBOJlO

pO.UHOH MOnerynbI, pearnpylOwdi c I<ap6-

KaTHOHOM. 113-3a Toro, LfTO 1<ap6eH11-

eBbie HOHbI nerno neperpynn11p0Bb1-

Ba10TC5l, cKopoCTb pea1<u1111 nepeHoca 

BO.UOpona He 3aBHCHT OT crpoemrn HC

XO.UHOro Kap6eH11eBoro 1101-1a . KaK 6hrno 

paHee orMe'leHo, 3Ta peaKUH51 ttrpaer 

Ba)l{HYIO ponb B uenHoM nepeHoce 3a

psi.ua np11 KaTaJIHTH'leCKOM KpCKHHre 11 

y'lacrnyer B pa3B11r1111 uen11: 

+ + 
R - CH + H - R' ~ R - CH + R' 

2 3 

n epCJl343 BOJlOpona OT HCKOTOpblX 

onecjJHHOB, a~1cop611poBa1-IHbl X Ila K!IC-

1 ~-ooxo 

+ 

nOTHOH noBepxHOCTH, npHBO.UHT K no

cne.nyIOll.l,HM npeBpaweHtt51M .nern:.n

p11poBaHHbIX npo)l,yKTOB, KOTOpbie He 

cnoco6HbI .necop611poBaTbC5l c aKTHB

HhIX ueHTpOB, H B HTOre K o6pa3oBaHHlO 

KOKCa Ha noBepXHOCTH KaTanH3aTopa. 

HecoMHeHHO, nern.npttpoBaH11e 11rpaer 

BH)l{HYlO pon b B npouecce KoKcoo6pa-

30BaH115l Ha Karam13arope KpeKHHra. 

KoKcoo6pa3oBaHne. ITptt ocywecrn

netttt11 Bcex peaKUHH yrneBo.nopo.noB tta 

KHcnoTHblX 1<aran113aropax 06pa3yercsi 

yrnepO.UHCTblH MaTepHaJI, Ha3bJBae

MhIH KOKCOM, KOTOpblH He .necop6ttpy

CTC51 c noBepXHOCTH np11 o6pa60TKe 

Karamnaropa a30TOM HJIH napoM. 3ror 

MaTep1rnn HMeeT aTOMHOC OTHOWeHHe 

Bonopona K yrnepo.ny or 0,3 .no 1,0. 
113BeCTHO, 'HO np11 KpeKHHre Ha Ka

ran113arope nporeKaIOT peaKu1111 KOH

.neHcau1111, anK11n11poBaH11si, UHKJIH3a

u1111 II apoMaTH38UHH, B KOHUe KOHUOB 

np11BOJlHWHe K o6pa30BaHHlO KOKCa ny

TeM nepe,na411 Bo.nopo.na K ra3006pa3-

HblM onecjJllHRM. ~bytlCHHe MCX8HH3Ma 

OTJ10/KCl·IH51 KOKCa C 11COOJlb30B8Hl1CM 

llHJJJIB1111yanbHbIX yrneBo.nopon.oB no-
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i nasa 8. Tepr,·10KaTsm1Tw1ec:;! .e npo ~2::::::b1 nepep2Ciorn~1 Hecj.Jrn HbJ :< cj.Jpa 1<l.11-iiil 

3BOJlHJlO ycTaHOBHTb, c1To HeK0Topb1e 

113 HHX HMe!OT Bb!COKYIO cnoco6HOCTb 

K KOKCOo6pa30BaHHIO. MHOfOSI,!l,epHbie 

apoMaTH'-leCKHe coe)l11HeHHS1, onecjrnHbI 

H CTOJlHOJlecpHHbl o6pa3y!OT 60JlbWee KO

JIH'-leCTBO 3TOro npo)lyna. c1eM Hactne

HbI 11 napacp11Hb1. ITp11MeHSIS1 s KaLiecrne 

CblpbH yrneBO)lOpO,!l,bl pa3JlH'-IHbIX KJlaC

COB - napacpHHbl, HacpTeHbl , onecjJHHbl 

H apoMaTH'-leCKHe coe,IUIH e HHSI, 6b1Jl0 

Hatt)leHO, LfTO CTpyKrypa nonyc1aeMoro 

KOKCa BO BCeX CJiyLfaHX O,ilHHaKOBa. np11 

3TOM noKaJaHO, '-ITO np11 o6pa30BaHHII 

KOKCa 113 onecpHHOB npoMe)l<YTOLfHbIM11 

coe)lHHeHHSIMH SIBJlSllOTCSI apoMaTH'-leC

KHe. 06Hapy)KeHO TaK)l(e, LfTO O)lHHM 113 

Ha116onee sa)l(HbIX cTpyKTYPHbIX 3Jle

MeHTOB, HaH)leHHblX B KOKCe, SIBJlHIOT

CH KOH)leHCHposaHHbie apoMaT11c1ecK11e 

KOJibl..\a. Bnontte sepoSITHO, YTO nom1-

apoMaTHLfecK11e coe)lHHeHHSI 11rpa10T 

Ba)KHYIO pOJJb B KOKC006pa30BaHl111. 

Ha ocHosatt1111 11Me1ow11xcS1 ,naHHbIX 

MO:>KHO 3aKJI!Ol.{11Tb, YTO KOKC006pa3o

saH11e - He)lOCTaTO'-IHO 113yYeHHbIH npo

Qecc He TOJlbKO H3-3a 60JlbWOro pa3HO

o6pa3HH yyacrny101..I.u1x s HeM peaKUHH . 

TepMUHD."'1 «KOKC>> o6o3HO'W!Om pa3-

J/U'IHble HeonpeoeJieHHbLe Heoecop6upy-

10i4uecR eellfecmea, Komopb1 e nofle .. 1fl-

10mcfl Ha KamaJ1uJamope npu KpeKUHce. 

Octtosttoe 3aKJIIO'-leH11e, KOTopoe MO

)KeT 6b!Tb C)leJiaHo, COCTOHT B TOM, '-ITO 

KOKC006pa30BaH11e BKJIIOYaeT nepeHOC 

BO)lopo,D,a OT nosepxHOCTH '-laCTHU K ra-

3006pa3Hb!M OJiecpHHaM. 00-BHLl,HMOMy, 

onecpHHbI - JlOMHH11py1ow11e coen11He-
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Hl151, KOTOpbie a,ncop611py10TCSI Ha no

sepxHOCTl1 HJl H nom1Mep113y!OTCH, 11 B 

CHJI)' 3TOfO HBJIHIOTCSI HCTO'-IHHKOM BO

,UOpO)la, pacxo,nyeMoro Ha Hacb1weH11e 

,npyrnx onecjrnHOB, a TaK)Ke HCTO'-IHHKOM 

yrnepo,na, nepeXO)l5ILUero B KOKC. 5kHO, 

LITO MHOroS1,nepHbie apoMaTH'-leCKHe co

em1 Hemrn 11 ,npyrne TH)l(eJJbie He,necop

fo1py1-0w11 ecH LiaCTHUbl TaK)l(e BHOCHT 

s1rna,n s 06pa3osaH11e MaTep11ana, Ha-

3bJBaeMoro 1<01<coM. ApoMaT11c1ec1<11e 

KOJlbUa TaKl1X JJefKHX npo,nyKTOB, Kai< 

6eHJOJl 11 1<yMon, oc1es11L1,Ho, He yLiaCT

sy10T B 1<01<coo6pa3osaH1111. Mm1mo 

npeLT,nOJl0)1(11Tb, LITO OCHOBHOe KOJIHLfe

CTBO KOI<Ca 06pa3yeTCSI He Ha aKTHBHblX 

ueHTpax, a Ha BHewHeii nosepxHOCTH 

11 B npo1v1e)l(yT1<ax Me)l(Jly yacTHUaM11 

1<aTamnaTopa, a TaK)l(e 3anoJJHS1eT ero 

KpynHbie nopbL 

8.2.8. K ama.1113amopb1 KpeKunza 

06weH3BeCTHO, LfTO )lJl51 1<pe1rn1-1ra 

yrneso,nopo,nos cne,nyeT np11MeHSITL 

KHCJlOTHbie KaTaJil1 3aTOpb1, cnoco6Hble 

o6pa30BbIBaTb Ha csoeii nosepxHocrn 

Kap61<aT110Hb1. MO)l(HO, Hanp11Mep, 11c

nOJlb30BaTb paCTBOpbl CI1JlbHblX KI1CJlOT. 

0,nHaKo npo6JJeMbl KOpp03HH, CJIO)f<HO

cn1 pa3,neJ1eH11S1 cpa3 H BbILI.eJ1eH11.s1 Ka-ra

JIH3aTopa )leJlaIOT )1(11)lKOcpa3HbIH, HJil1 

fOMOreHHbIH, KaTaJJHTHI.feCKHH KpeKHHr 

npa1<T11Yec1<11 Henp11eMJ1eMb1M. B npo

MbIWJJeHHbIX MacwTa6ax 6bIJIH HCnbI

TaHbl roMore1-11-1L1e 1<aTan 11 3aTOpb1 - rn

norem1.ab1 MeTaJIJIOB, 1rnnp11Mep, x110-



I 11asa t3. feprv101rnTcimnw1ec1'.v1e :1poc;eccb1 neperx;5ornvi HecpnlHblX cppaKL\V1'1 

p11)J, amOMl1Hl151, HO OHl1 He no11yy111111 

pacnpocTpaHeH115I 111-1a 3Kcn11yaTau11-

0HHbIX TPYJJ,HOCTei1 11 noTepb x11op11JJ,a 

amOMl1Hl151 c o6pa3ylOW,11Ml1C51 CM01111C

Tb!M11 OCTaTKaM11. 

Eo11ee yJJ,a'-IHhIM 0Ka1a11ocb np11Me

HeH11e reTeporeHHbIX KaTa11111aTopoB 

Kl1CJlOTHOro xapaKTepa. CTepBbIM11 reTe

poreHHbIMl1 KaTa11113aTOpaMl1, 11C0011b-

30BaHHhlMl1 )J,1151 KpeKl1Hra, 6bl1111 np11-

po)J,Hble fJ111HbI (aMopqrnh1e alllOMOCH

JJHKaThI). K cm1rn11em110, HeCMOTp51 

Ha 11X aKTl1BHOCTb, ·.nH J<aTa11H3aTOpbl 

6b1CTpo )J,eaKTHBHpOBaJll1Cb, 11 TOllbKO 

pa1pa60TaHHbIH n03)Ke cnoco6 1-1enpe

pbIBHoi1 pereHepaum1 nyreM BbDK!Ira-

1-11151 0T11ara10weroc51 KOKCa no1Bom1n 

C03)J,aTb npOMblWllel-IHYIO TeXH0110fHIO. 

llp11poJJ,Hb!e rnMHbI - aMopcpHhie a1110-

rv1oc111111KaTb1 THna MOHTM0p11110Hl1T 

(Al,O. · 4Si0, · H,O + n H,O), 0Ka1a-
- J ~ - -

Jll1Cb TaIOKe TepM11'-1ec1rn ManoycTOH'-1!1-

BblMH. BhIXO)J, 6eH11111a Ha HHX 1-1e npe

BhiwaeT 20-30% Mace. 

Bnoc11e)J,CTB1111 11-1a'-IHTeJJbHb1e yc11-

JJH5I 6b1Jll1 HanpaB11eHbl Ha COBepweHCT

BOBaH11e 1rnrn11111aTopoB. Bc1<0pe 6h1110 

0611apy)[(eHo, '-ITO 11cKyccTBeHHh1e rm1-

Hh1, TaKHe, KaK aMopcpHbie CHHTeT!1'!e

CKl1e KOM611Hau1111 OKCH)J,OB KpeMHl151, 

3Jll0Ml1Hl151, MarHl151, U11pKOHl151 11 T.n., 

TaK)[(e 0611a)J,a10T aKTl1BHblM11 KaTa1111-

Tl1'JeCK!1Ml1 csoi1cTBaM11. Xorn CHHTe

TH'-lecKHe c111111KaThI 6011ee JJ,opor11, '-leM 

rrp11pO)J,Hhie MaTep11a11hI, OHH 11Me!OT 

110BbIWeHHYIO aKTHBHOCTb 11 no3B0115!

IOT 11onycrnTb npony1ni,1 nycm1ero Ka

lICCTBa. 

CpeJJ,11 Bcex B03MO)[(HhIX c111111KaTOB 

Ha116011ee l1HTepeCHhlMl1 OKa3aJll1Ch aJl!O

MOCl11111KaTbl. 0KC!1)J, KpeMHl15! caM He 

o6JJa)J,aeT aKTHBHOCThlO 111111 KHCllOT

HOCThlO, O)J,HaKO B CMec11 c He6011bllIH

Ml1 K011!1'-leCTBOM OKCl1)J,a a11IOMl1Hl151 

B03pacTaeT Kl1C110THOCTb 11 aKTl1BHOCTb 

MaTep11a11a 1<aK KpeK11py10w,ero KaTaJ111-

1aTopa. 

CttHTeTtt'lec1rne aMop<l>Hhie aJIIOMO

cnJIHKaTbt. B HacTmrw,ee speM5! np11-

poJJ,Hb1e aMopcpHbie a11IOMOCl11111KaThl 

npaKTH'-leCKH nOllHOCTblO BhITecHeHhl 

Cl1HTeHI'-leCKl1Ml1, TaK)[(e aMopcpHbIMl1 

BewecrnaMH. B HX COCTaB BXO)J,51T 10-
30% A!p

3
, 90-70% Si02 11 1-1e6011brnoe 

KOllWieCTBO JJ,pyr11x OKl1C110B (Fe]03, 
CaO 11 JJ,p.). Bh1xo)J, 6eH3HHa c 11cno11h-

10Bam1eM Cl1HTeT11'-1eCKl1X aMopcpHbIX 

a11IOMOCl1JlllKaTOB )J,OCTHraeT 34-36% 
Mace. 

B 1111TepaType on11caH p51JJ, MeTO)J,OB 

np11roTOBlleHl15! aMopcpHbIX a11IOMOCl1-

1111KaTHblX KaTa11!13aTopoB KpeK11Hra. 

0)],HH 113 Hl1X, Hanp11Mep, BKJl!O'-!aeT 

B3al1MOJJ,eHCTBHe re1151 KpeMHl1eBOH Kl1C

Jl0Tbl c pacrnopoM cy11hcpaTa MIOMl1-

Hl15! c noc11eny10w11M r11JJ,po111130M 11 

OCa)[()J,eH11eM COJIH aMMOHl151 np11 )J,0-

6aB11e111111 BO)J,HOfO paCTBOpa aMMl1a

Ka. 06pa3YIOWl1HC51 aJllOMOCl1JIHKaTHbltt 

rnJJ,pore11b npoMhIBaIOT, cyrnaT, cpopMy

IOT 11 np0Ka1111sa10T . .IJ:pyroi1 cnoco6 oc

HOBaH P.a peaKUl111 Me)[()J,y Cl1Jil1KaTOM 11 

3JllOM!1HaTOM HaTp!151 c nocnenyIOllIHM 

'3a\IeweHIIel\I IIOHOB HaTp115! l10Ha\IH 

a~JMOIIl151. llonyc1e11HblH MaTep11a~1 Bbl-
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cyw1rna10T, a 3aTeM y11am110T 110Hb1 aM

MOHl151 nyTeM BblCOKOTeMnepaTypHoro 

npoKan11saH115!. A1v1opcpHb1e aJ110MOC11-

n11KaTHb1e KaTaJIH3aTOpbl He MMelOT yno

p51.UOqeHHOH CTPYKTYPhI. Hx cTpyKrypa 

npe11crnsm1eT co6oi1 6ecnop51.UOYHYIO 

TpexMepHylO CeTb H3 B3aMMOCB513aH

HbIX TeTpa311p11qeCKHX OKCM)lOB KpeM

Hl151 H aJIIOMHHHH. Bonpoc o TOM, KaKo

sa np11po11a aKTHBHbIX ueHTpOB aJIIOMO-

,llaJibHeHllIHH IlOHCK OilTMMaJibHbIX 

KaTaJIH3aTopos IlOKa.3aJI, 4TO Ha1160-

nee aKTHBHbIMH H ceneKTMBHblMM Ka

TaJIH3aTopaMH KpeKHHra 51BJI51IOTC5! 

KpHCfaJIIDlqecKHe aJIIOMOCHJIHK3TbI: npH

pO)lHble H CHHTeTH'-teCKHe ueoJIHTbl. 

l1cnOJib30BaHHe nocne)lHHX Il03BOJIHJIO 

yseJIH'-IHTb Bb!XO)l 6eH3HHa )l0 4 7% 
Mace. 6e3 yxy.uweHHH .upyrnx no1<a3aTe

nei1 npouecca. 

KpucTaJ1J1uqecK11eaJJIOMOCHJ11tKa

Tbl (ueoJJHTbl). Ueomn LI npe.ncrns

Jlll!OT co6oi1 KpHCiaJIJIHYeCKHe aJIIOMO

CHmtKaTbl. Cne.uyeT OTMeTHTb MHO

rolJHCJieHHhle pa60Tbl no Cl1HTe3y 11 1130-

Mopqrno 3aMemeHHbIX ueoJil1TOB, B KO

TOpbIX aJIIOMHHHH H KpeMHHH 3aMeme

Hbl pa:3JJHqHbIMH .npyrnMl1 :meMeHTaMH 

0epHO.llH4eCI<OH CMCTeMbl 3JieMeHTOB 

)J, .H. MeH)leJieesa (.nanee - nep110.n11-
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Cl1JIHKaTOB, .no Cl1X nop OKOH<IaTeJibHO 

He peweH. 

KaTamn np11n11cI>ma10T KaK K K11c

JIOTHhIM uettTpaM EpettcTe,na, TaK 11 

KMCJIOTHblM ueHTpaM JlbIOHCa, pacno

JIO)l(eHHb!M Ha nosepXHOCTl1 K3TaJil13a

TOpa. 

npe.nnonaraeTC51, LITO ueHTpbl JlhI0-

11ca 06pa3y10Tc5! scne.ncrn11e .nern.upa

TaUHH ueHTpOB opeHCTe,na: 

YecKOH c11cTeMb1): B, Hf. Zr, Ga, Mg, 
Be 11 .np. 0.llH11M H3 3aMeLiaTeJihHblX 

csoi1cTs ueon11Tos HBJIHeTcH Han11411e 

B Hl1X onpe.neneHHOH Kp11CTaJIJll14ec

KOH CTPYKTYPhI c sttyTpettH11M11 nopa

MH MOJieKyJIHpHblX pa3Mepos, Il03TOMY 

OHH Ha3h1Ba!OTC51 TaK)J(e MOJleKyJI51p

Hb!MH CHTaMl1. l.leOJll1Tbl MOryT 11MeTb 

CJIO)J(HOe, BOJIOKHl1CTOe 11 TpexMepHOe 

CTpoeH11e. )J,n51 a)lcop6u11H H 1<arnn113a 

Ha1160J1billHH HHTepec npe11cTaBJ15llOT 

nocne.nHHe. 

KapKac ueo1111TOB noCTpoett H3 TeT

pa3,npos OKCH)lOB KpeMHl151 11 amoMH

Hl151, KOTOpbie MoryT o6pa:30BblBaTb 

pa.311111.JHble IlOJ1113.llpbi. J13 3Tl1X IlOJJH-

3.llpOB ynaKOBbIB3IOTC51 )JTeMeHTapHbJe 

514ei:lKl1 ueOJIHTOB. l13BeCTHbl ueOJll1Tbl 

pa3JIH4HblX T11nos. T~m, K 1<0Top0My 

OTHOCHTC51 11aHl-lblH ueomn, 33BHCMT 



oT CTPYKTJ'pb1 Kp11cTaJIJI11LJecKoi1 pe

weTKl1 11 OT ero X11Ml14eCKOro COCTaBa. 

B o6w,eM B11Ae cocrnB ueo1111TOB MO)!(

HO Bblpa311Tb CJie)J.yJOw,ei1 cpopMynoi1: 

r)J.e M - KaTl10H MeTanna; 

11 - BaJieHTHOCTb :meMeHTa; 

x - COOTHOWeH11e OKl1CJIOB KpeMHIUI 

11 aJIJOMHHH5!. B rn6Jim.~e 8.2 npHBe)J.e

Hhl 3HaLJeHl15! x )J.JJ51 ueoJIHTOB pa3JIH1l

HhlX THilOB. 

Ta6llUlJa 8.2 

0Tuomeuue OKHCJIOB KpeMHHH H 3JllOMHHHH (x) 

B ~eOJIHT3X pa3JIH'IHblX THUOB 

Tun ueomtTa A x y Wa6a-
3HT 

SiO, 2 2-3 3-6 3-6 Alp, 

B TeTpa3JJ.pax KpeMtt11i1 11 a1110M11-

H11i1 xapaKrep113yJOTCS1 TeTpa3np114ec

Koi1 sp3 rn6p11Jll13au11ei1. CTOCKOJlbKY 

aTOMbl aJ1IOMl1Hl1SI 3apSl)!{eHbl OTp11ua

TeJ1bHO, TO 1136blT04Hb!H 3apS1A KapKa

ca ueoJIHTa KOMnettc11pyeTcsi nOJ10)!{11-

TeJihHO 3ap5!)!{eHHb!MH KaTHOHaMl1 . 0o-

3TOMY B 3JieMettTapttoi1 siLJei1Ke LIHCJIO 

0)].HOBaJleHTHblX KaTHOHOB paBHO LJHCJlY 

aTOMOB aJIJOMHHHSI. 

3Tl1 11a611JibHble KaTHOHbl MoryT 

o6MeHHB8TbCSI np11 KOHTaKTe ueornna 

3pno-
OM era L 

Mop!le-
ZSM-5 

HHT HHT 

6-7 6-8 5,2-7 10 25-1000 

c pacrnopaM11 Apyr11x KaTHOHOB. Ta

KOH 110Htth1i1 o6MeH no3BOAAeT H3MeH51Th 

KHCJIOTHOCTb 11 8KT11BHOCTb ueHTpOB ueo

Jl 11Ta. 

Vl3BeCTHO OKOJIO 40 npHpO)lHblX ueo

Jil1TOB, KOTOpb!e conep)!{aTC5! B 3eMHOH 

KOpe B 3aMeTHblX KOJIHLJeCTBax H HMeJOT 

Heo6xon11My10 YHCTOTJ'. B JIHTepa-rype 

on11caHO 6011ee 150 pa3HOBH)lHOCTei1 

c11ttTeT11YecK11x ueonHTOB. ITpoMhilll

netttthti1 HHTepec npencTaB,15!eT TOJibKO 

HX He60JibWaSI 48CTb (rn6JI. 8.3). 

Ta6flUlJa 8.3 

11,eOJIHTbl H HX HCUOJib30BaHUe 

IlpnpOJlHble 06JJ3CTb CnHTeT11qecK11e 06JJaCTb np11MeHeHHH 

1..1eoJJHTb1 npnMeHeHHH l.leOJJHTbl 

MopneHHT 

} 
A Ancop6um1 

Wa6a3HT Karn.nnl, x KpeKnHr 

I )p11KOHMT 
y KpeK1-1Hr 

0'111CTKa 
L A.'1cop6u1rn 

K'11111011n1Hon11T BOjlbl ZSM-5 l130Mep1nauirn, nenapacjrnHlnauirn 
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lnasa 8. TepM0Karnm1rnYeCK'1e npoljeccbr nepepa6oTr<'1 Hecj:lrnHblX cppa1<Lj'1(;i 

B HaCT05ILUee BpeM51 TOJlbKO ueo1111Tb1 

THna x H y HCnOJlb3YIOTC51 B KaYeCTBe 

npOMblWJleHHbIX KaTaJ1H3aTopoB Kpe

KHHra. 0HH MoryT 6bJTb npeJICTaBJleHbl 

cpopMyJIOH: 

f}le p H3MeH5IeTC5! OT 96 no 74 }111 51 x H 

OT 74 }10 48 }1Jl51 Y, a g CHH:>I<aeTC5! OT 270 

J10 250 npH yMeHbWeHHH conep)f(aHH5! 

anIOMHHl15!. B 06011x ueo1111rnx neps11Y

Hb1e 6JIOKl1 COCT05IT 113 TeTpa3JipOB OK

Cl1J10B KpeMHl151 11 aJllOMHHH51, KOTOpble 

pacnoJio)l(eHbI B Bepw11Hax rnaBHOro 

OKTaJ,n:pa. Tioc11e.n:m1ii 5IBJ15teTc5! 311e

MeHTapHOH CTPYKTYPHOH eJI11H11uei1 H 

a) 

coJiep)l(Iff 8 wecT11yro11bHhIX nosepx

HOCTei1, 6 KBa,n:paTHblX nosepXHOCTei1 , 

24 sepwHHbI 11 36 pe6ep. CTpyKTypHb1e 

e}lHHHUbl 5IBJ15IIOTC51 BTOpHYHbIMH KOH

CTpyKUHOHHblMH 6JlOK3Ml1 ueo1111Ta. 

Ha c11eJiy10LUei1 CTyneH11 KOHCTpyKu1111 

YeTb1pe CTPYKTYPHbte en11HHUb1 06b

e.i:n1HeHb1 B TeTp33JlpHYeCKYIO KOHtjrn

rypaUHIO BOKpyr n51TOH npH nOMOLUH 

weCTHYrDJlbHblX np113M. TipH )TOM o6-

pa3yeTC51 CTPYKTYPHhIH 6110K TpeTbero 

y poBH51. B pe1y11brnTe 06be;.urneH1151 

MHO)f(eCTBa TaKHX 6JlOKOB B pery115IpHy10 

CHCTeMy qiopM11pyeTC5! KpHCTaJ1JlHYe

CKl1H MaTep1rn11, HMelOLUHH nopbl }lHaMe

TpOM > 0,9 HM, COCT051LUHe 113 12-THLIJleH

HblX 1<011eu SiO! IA/0 (p11c. 8 . 1 ). 

6) 
PHc. 8.1. C111py 1-:111ypa 11eowmoa: 

a - cuHmenn1•1ecgozo muna A: 6 - npupoiJHozo (rjJO.J1ca3uma) 

KaK ynoM11ttanoch Bbtwe, 0Tp11ua

Te11hHb1e 33p5IJ1bl Ha TeTp33Jlp11YeCKH 

KOOpJ111HHpOB3HHbIX aTOMax amOMHHl151 

KOMnettc11pyIOTC5! K3THOH3Ml1 (B ,n:aH

HOM cnyYae 110H3M11 H3Tp1151) , KOTOpble 

pacnonaraIOTCH BOKpyr 1<m1<noro aToMa 

ant0Ml1Hl15!. 611aroJiap51 11x cnoco61-1ocTM 
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1< o6MeHy B03MO)f(HO no11ylfett11e ueom1-

TOB c Kl1CJ10THOCTbIO, KOTOpa51 }leJiaeT 

l1X npHrDLtHblMH ).IJI51 11cnOJlb30B3HH51 B 

KalfeCTBe 1<3TaJll133TOpOB KpeKl1Hra. 

0pHpOJ13 KHCJlOTHbIX UellTpOB 

B ueomnax. C ornac1-10 cospeMeHHblM 

npencTas11e 1-IH5I M 1<3T3Jll1TWleCKH aK-



lnasa 8. Teprvi01<mamnw-1ec1<1·1e npoueccb1 nepep260T1<111 HecprnHblX cppa1<u111C1 

Tl1BHhIMl1 B peaKIJ,1111 KpeK11Hra 51BJ151-

IOTC51 K11CJlOTHhie IJ,eHTpbl opeHCTeJJ,a 11 

J1hl011Ca. K11CJlOTHbie u.eHTpbl opeHCTe

JJ,a npeJJ,CTaBJl51IOT co6oi1 111JJ.pOKCl1Jlh

Hble rpynnhI u.eon11THoro Kap1rnca 11n11 

MOJleKyJihl BOJJ,hl, JJ.11CCOU.1111pOBaHHhie B 

none MHOr03ap51JJ.HhIX KaTl10HOB. 

U,eon11ThI T11na X 11 Y, coJJ.ep)J(am11e 

110HhI HaTp1151 (u.eon11ThI NaX 11 Na Y), 
HeaKTl1BHhl B peaKIJ,1111 KpeKl1Hra, TaK 

KaK Ha 11X nosepxHOCTl1 IlOJlHOCTblO OT

cyTCTBYIOT Cl1JlbHbie KI1CJlOTHbie u.eHT

pbi. CneJJ,oBaTeJlbHO, JJ.Jl51 nonyc1eH115! 

aKTl1BHhlX KaTaJl113aTopoB KpeK11Hra 

Ha 6a3e 3TI1X u.eOJll1TOB Heo6XOJJ,11MO 

C03JJ,aTb y Hl1X Cl1JlhHbie KI1CJlOTHhie 

u.eHTphI. 3Ta 3aJJ,aqa pewaeTC51 nyTeM 

o6MeHa HeKOToporo KOJll11feCTBa 11CXOJJ.

Hh!X 110HOB HaTp1151 Ha npOTOHhl 11JII1 

JJ.Byx-, TpexsaneHTHhie 110HhI. CTpou.ecc 

o6MeHa npoTeKaeT nerno 11 n11M11T11py

eTc5! TOJlhKO JJ,mpcpy311ei1. 06Hapy)J(eHO, 

'fTO Ha116onee nerno 06MeH11BaIOTC5! 

+ 
NH4 

- 0, - , 0., ,, 0- 300-500 "C 
,.Al Si, ~ -o \ I 0-

00 
I I 

Eonee 06m11H: crroco6 np11roTOBJie

Hl15! u.eoJIHTOB, o6naJJ,aIOll.(11X KaTaJlH

TH'feCKOH aKTHBHOCTbIO, 3aKJIIO'faeTC51 

B o6MeHe HOHOB HaTpH51 Ha JJ.BYX- HJlH 

rpexsaneHTHbie KaTl10HbI 11 HarpesaHirn 

nonyc1em1oro MaTep11ana )J.o Tervmepa-

nepBbie 85% HaTp1151, KOTOpb!H JIOKa

Jll130BaH B KpynHhIX IlOJlOCT51X CTpyK

TYPHOH eJJ.HHMU.bI u.eonwrn. OcTanhHhie 

aTOMhI HaTp1151 yJJ.aJI51IOTC51 TPYJJ.Hee, TaK 

KaK HM He06XOJJ.11MO rrpoHHKHYTh qepe3 

y3K11e OKHa B wecT11rpaHHhIX coeJJ.HHH

TeJlbHbIX np113Max pa3MepOM 0,22 HM. 

lJTo6hI o6ecne'fl1Th noJIHhIH o6MeH, He-

06xoJJ,11Mo npoKaJlHBaHHe u.eon11Ta. 3To 

cnoco6CTByeT JJ,erHJJ,paTaU.HH KaTHOHOB 

11 nOBb!WaeT 11X nOJJ,BH)J(HOCTb. 

lfro6b! nony'fHTh KaTaJlHTH'feCKH 

aKTl1BHb1e ueon11TbI HX H HY, Heo6xo

n11Mo o6MeH5!Tb 110Hbl HaTpH51 Ha npo

TOHbl. TaKoi1 o6MeH o6hI'fHO JJ.OCTI1-

raeTC51 3aMeHOH 110Ha HaTp1151 Ha HOH 

aMMOHH51, TaK KaK rrp51MOe B03JJ,eHCTBHe 

c KHCJIOTOH (H:S0
4

, HCl) pa3pywaeT 

Kp11crnnn11qecKyIO perneTKY u.eomna. 

)J,anee KaTan113aTop rrpoKanHBaIOT rrp11 

BbICOKoi1 TeMneparype, yJJ.an51eTC51 aM

MHaK, a OCTaBWI1HC51 rrpoTOH 3aHHMaeT 

MeCTO 11CXOJJ.HOro 110Ha HaTpH51: 

H+ 

-0 ... - .o..... ,,0-
,.Al Si, +NH3 -o \ I 0-

00 
I I 

ryphr > 300 °C. AKTHBHOCTh TaKHx 3a

MeHeHHhrx u.eOJlHTOB rrepBOHa'faJlhHO 

o6b51CH51JIH B3aHMOJJ,eHCTBHeM 3JieKTpO

CTaTH'feCKHX noneH: B6JIH3H KaTHOHOB 

c o6pa30Ba1meM Kap6KaTI10HOB nyTeM 

non51pmam111 CB5!311 C-H pearnpy10mei.J 
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MoneKynhI yrneso.nopo.na . Jrn rnn0Te-

3a Tenepb nOJJHOCTblO OTBCprHyTa. 11 

s HacTO.HJ.Uee speM51 C411Ta!OT. LfTO no

mrna.neHTHhie KaTl10HHbie cpopMbI ueo

n11TOB o6pa3yIOT Kl1CJJOTHbie uettTpbl, 

11,neHTl14Hbie TeM, KOTOpbie 11Me!OTC51 

B H-ueon11Tax. I1onarm-0T, 4TO 06pa30-

satt11e rro.npo6HblX Kl1CJJOTHblX ueHTpOB 

rrpo11cxo,n11T 6naro.nap.H pacmenneH1110 

BO)J,bl, CB.H3aHHOH c rromrnaneHTHblM11 

KaTl10HaM11: 

2+ - + 
Me ... (OH) ... H 

-0 ... - .0. ... ,,,0-
,,.Al Si, -o \ I 0-

00 
I I 

06mee q11cno o6pa3yIOm11xc.H npo

TOHHblX ueHTpOB 33Bl1Cl1T OT CTex110Me

Tp1111 o6MeHa, crroco6HOCTl1 KaTl10HOB 

ueOJil1Ta K o6MeHy, CTeneHl1 o6MeHa 11 

CTPYKTYPbI Kp11crnnn114ecKoi1 peweTKH 

ueon11Ta . 

.D:n.H oue1-1KH KarnnH3aTopa HaH6o

nee B3)!(Hbl Tp11 cpaKTOpa, OTHOC5lJ.UHeC51 

K 3KTl1BHblM ue1-1TpaM : 411CJIO ueHTpOB 

B ewrn11ue MaCCbl, COOTHOWeH11e 411CJia 

UeHTpOB opeHCTe,lla 11 JlblOHCa 11 Kl1C

JIOTH351 c11na ueHTpOB 1(3)1(,ll,Oro nrna. 

CoOTHOWeH11e 411CJia uettTpOB opeH

CTe.na 11 Jlbl011Ca 3aBl1Cl1T OT ycnOBHH 

npe.nsap11TenbHOH 06pa60TK11 ueon11-

rn. 06hI4HO Harpes 1<aTamnaTopa .no 

TeMneparypbl :::::::700 "C np11BO,ll,11T !( 11C-

4e3HOBeHl1!0 UeHTpOB opeHCTe.Ua np11 

0,D,HOBpeMeHHOM ysenw1e1-Il1H 411CJla 

ueHTpos JI h1011ca. 3T11 npespame1-11151 

corrpOB0)!(,ll,3IOTC5l oTmenJieHHeM BO.Ubl 

11 ecm1 KOHe4Ha.H TeMneparypa He npe

Bb1waeT yKa3aHHOH seJI114HHbt , TO 

UeHTpbl opeHCTe,na MO)!(HO pereHep11-

pOB3Tb nyTeM .no6asnem:i5l BOJXbI np11 

Hl13KOH TeMneparype. 3n1 npespame-

1-11151 cxeMaTH4eCKl1 MO)!(HO 11306pa311Tb 

cneny10IUHM o6pa3oM: 

H+ If -HO ; i ......... -.o .... + 2 I I / 
I I c= Ill' 

Al /Al Si 
......... - ,0, ,,0 ... - / I ........ Al Si Al +HO \ I\ 2 / \ I\ I ' 

Ha npaKTHKe 3TO 03Ha4aeT, l!TO co

OTHoweH11e 411CJia ueHTpOB opeHCTC)Xa 

11 flbI011ca TaIOKe, KaK 11 see K3T3JIHTl1-

qecKHe CBOHCTBa, CB5l33HHble c 3Tl1M 

COOTHOWeHHeM, 33BHC51T OT ycnOBHH 

npose.neHH5l npouecca s peaKTope . 

KHcnoTHbie csoi1cTsa ueon11Tos MO;K-
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HO HCCJienosaTb TeMH )!(e MeTonaMl1, 

KOTOpb1e np11MeH.HIOTC5l JXJI5l onpe.uene

HWI Kl1CJIOTHOCTl1 JII06bIX TBepnbIX Ten 

c 6onee 11n11 MeHee pa3Bl1TOH nosepx

HOCTbl-0. HaH6onee pacnpoCTpaHe11b1 

MeTOJXbl n1Tposa1-111.H nosepx1-1ocn1 o p

raHH4ec1<11M11 OCHOBaH~l}!MH, ancop6-



u110HHbre, cneKTpocKon11LJeCK11e 11 xpo

MaTorpaclmLJecK11e MeTO.UbI. 

TepMu1.JecKaS1 u CTpyKrypuasi cTa-

6uJ11>HOCTb amOMOCHJlUKaTHbIX KaTa

JlUJaTopOB. B npoMbIWJleHHOM peaKTo

pe KaTaJ1113aTop KOHTaKT11pyeT c yrne

so.uopo.uaMH pa3Jll1'-IHOH MOJleKYllHpHOH 

MaCCbl 11COCTaBa11 no.usepraeTCH .ueHCT

Bl1IO BbICOKOH TeMnepaTypbI. TeMnepa

rypa B peaKTOpe 06bI'-IHO COCTaBJlHeT 

500-550 °C. B npouecce KpeK11Hra Ha 

llOBepXHOCTl1 KaTaJ1113aTopa ornaraeTCH 

KOKC, KOTOpbIH 3aTeM BbDirnraeTCH B pe

reHepaTope. IlpH TpaHcnopT11poBKe 1rn

ramnarnpa 113 peaKrnpa B pereHeparnp 

ocywecTBJlHeTCH oTnapKa yrneso.uopo

.uos c nosepxHOCTl1 np11 TeMnepaType 

peaKu1111, noCJle LJero KaTaJ1113aTop s3a11-

Mo.ueiicrnyeT c B03.UYX0M 11 napOM B pe

reHepaTope. B 3TOM annapaTe Bhrnrnra

IOTCH KOKCOBbie OTJlO)!(eHJrn ( :::::800 °C). 
PereHep11poBaHHbIH KaTaJ1113arnp B03-

spawaeTcH B peaKTOp 11 BHOBb yLJaCT

syeT B npouecce Kpe1rnHra. TaK11M o6-

pa30M, B Ka)!(,UOM LI,HKJle npo11cxo.u11T 

l1CT11paH11e LJaCTl1U H B03,UeHCTBHe Ha 

Hl1X yrneso.uopo.uos, aTOMOB rn)!(e.%IX 

MeTaJlJlOB, co.uep)!(aLUHXCH B HHX, BO

.UHHOro napa, sm.uyxa H BbICOKOH TeM

nepaTypbI. B cpe.uHeM LJacTHUbI KaTaJlH-

3arnpa BbI,Uep)!(HBaIOT OKOJlO 150 Tb!C. 

U11KJlOB .uo 3aMeHbI. IlepeLJHCJleHHbie 

cpaKTOpbl OKa3bIBaIOT cywecTBeHHOe 

BJUIHHHe KaK Ha cpH3HLJeCKHe, TaK H Ha 

Xl1M11lJeCKl1e CBOHCTBa KaTaJ1113aTopa. 

B aMopcjJIIbIX KarnmnaTopax 3TM 

cjHnw1ecK11e 1nMeHemrn MoryT np11sec-

TH (( noTepe LJacnr aKTHBHbIX ueHTpOB 

11 (( HeKOTOpOMY 113MeHeHl1IO aKTHBHO

CHI OCTaBWMXCH ueHTpOB, a TaK)!(e K 

yMeHbWeHl1IO y.ueJlbHOH IIOBepxHOCTH. 

UeomHHbie KaTaJlH3aTOpbI 3HaqH

TeJlbHO ycTOH'-IHBee K Harpesy H o6pa-

6oTKe napoM. 11x cTpyKrypa He .uecpop

MHpyeTcH .ua)!(e np11 Harpese .uo 1100 °C. 
CLJHTaeTCH, LJTO ocHOBHaH npHqHHa no

BbIWeHHOH CTa6HJlbHOCTM o6yCJlOBJle

Ha reoMeTp11LJeCKOH CTpyKrypoH KpHc

TaJ1Jll1LJeCKOH peweTKM ueOJlHTa. 0Ka-

3bIBaIOT BJ111HHl1e H HeKOTOpble .upyrtte 

cpaKTopbr, KaK npHpo.ua 06MeHMBa10rue

rocH KaTl10Ha, CTeneHb o6MeHa, COOT

HOWeHHe OKC11.UOB KpeMHHH H aJlIOMM

HHH. 0.uHaKO ueOJlMTbl HMeIOT MaJlYIO 

MexaHHLJeCKYIO npoqHOCTb H B qJ1CTOM 

s11.ue B KaLJecrne npoMbIWJleHHoro Ka

rnmnaTopa He 11CCTOJlb3YIOTCH. 06b!'-l

HO OHM BBO.UHTCH B KOJlMqeCTBe 5-20% 

B aMopcpHyIO aJlIOMOCHJlHKaTHYIO Ma

Tp11uy, KOTopaH 06Jla.uaeT .UOCTaToqHo 

npoqHoH CTJJYKTypoH. 

IlpOMblllIJleHHble KaTaJ1n3aTO-

pb1 KpeKuHra. ITepBbIMH npOMbIW

JleHHbIMH KaTaJlH3aTopaMH KpeKMHra, 

np11MeHeHHbIMH B 60JlblllMX MaCillTa-

6ax, 6brn11 c11HTeTHqecKHe aMopcpHbre 

aJlIOMO- H MarnMHCHJlHKaTbr. B Haqa

Jle 60-x ro,ri,os XX BeKa 6hmo npe.u

JlO)!(eHo BBO.UHTb ueoJlHTbl c HOHaMH 

pe.uKo3eMeJlbHbIX 3JleMeHTOB, 3aMerua

IOLUl1MH HOH HaTp11H, B aMopcpHyIO Ma

TPHUY .UJlH noBbIWeHHH aKTHBHOCTH H 

ceJleKTHBHOCTil. TaKHe 1<aTamnaTopb1 

J1Mem1 3Ha'-lllTeJlbHO 6oJlee BbICOKYID 
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aKTHBHOCTb, JIY4WYIO ce_neKTJIBHOCTb 

no uenesoMy rrpo.nyKTy ( 6eH311H) 11 rn
.npoTepMH'!ecKyl{) CTa011JlbHOCTb, '!el\! 

aMOpQlHbie. npOMbIWJleHHblH KaTaJlH-

3aTOp 3TOro THIIa co.nep:lKHT OT 10 .no 

20% Mace. ueonttrn (s 6onbw1rncrne 

cny4aeB CHHTeTH'leCKllfi QlO'.lKa3HT) B 

ycTOH'IHBOH K 11cr11paH1110 aMopcpttofi 

aJIIOMOCHJlHKaTHOH Marp11ue. COCTaB

J1511{)W.eH OCHOBHYIO Macey KaTaJ1H3aTO

pa. Marp11ua HMeeT pa3s1Hy10 c11cTeMy 

rrop, KOTOpb1e 06ecrre41rnat0T .noCTyrr K 

aKTHBHbIM ueHTpaM ueomna. ttaxo)l5!

m11Mc5! BHYTPH '!aCTHU. no OTHOWe

HHI{) K KpeKHpyeMOMY CblpblO MaTp11Ua 

rrpaKTH'!eCKH IIOJlHOCTbl{) HHepTHa: aK

THBHOCTb rrpOMbIWJleHHblX KaTa~11naTo

pOB o6ycJIOBJleHa HCKJl lO'IHTeJlbHO Ha

JlH'!HeM ueomna. 

CospeMeHHbie MH KpoccpepH4e CKHe 

KaTa.rtH3aTOpbl KpeKHHra rrpeJ.CTaBJl51IOT 

co6oH: MHOfOKOMIIOHeHTHble CHCTeMbl, 

B KOTOpbIX QlYHKUlHI Me)K)ly KOMIIOHeH

TaMH pa3.neneHhI. Hoc11Ten5!MH KaTa.rtH

n1qecKHX csoiicrs 51B,'15llOTC51 KpHcTao1-

n11qecKHe aJllOMOCHJlHKaTbl - ueonHTbl. 

3a aMopcpHhlMH KOMIIOHeHTaMH coxpa

H51eTC51 pOJlb MaTpHUbl , KOTOpa51 )l0Jl)!(

Ha 06ecne1mTh coxpaHettne KaTa.rtHTH

qeCKHX csoH:crs ueonttra s ycnos1151x 

BhICOKOTeMrrepaiypttbIX npoueccos, 

npe.noxpaHHTh ueoJIHTHbIH KOMilOHeHT 

OT B03)],eHCTBH51 KaTaJIHTHqecKHX 51)],0B 
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Cblpb51, C03JJ.aTb Tpe6yeMb1e cpopMy '!a

cn1u 11 rpattynoMeTpH4eCKHH COCTaB, 

o6ecne4HTb Heo6xo,n11My10 MexaHH4e

CKYIO npo4HOCTb 11 .nocrynttoCTb aKTHB

Horo KOMIIOHeHTa )],J151 MOJieKyJI Cblpb51. 

B Karnn113aTopax s Ka4eCTBe MaTp11u 

11CII0Jlb3YIOT cneuHa.rtbHO CHHTe3Hpo

BaHHbie a.:110MOCHJIHKaTbl, KaK npaBH

no, .nsyxKOMIIOHeHTHbie, co.uep:lKaW,11e 

30-45% rJ1HH03eMa ( c MHHHMaJlbHOH 

a KTHBHOCTb!O) 11 06na.ua10m11e KOMII

.TleKCOM CBOttCTB, Heo6xo.nHMbIX llJ151 

Tep\1114ecKofi cTa611.mnawrn ueon11Tos. 

Kpo\1e rnro . 11crroJib3Yl{)T rronycHHTe

TH4eCKHe llBYXQla3HbJe CH.CTeMbl, co

CT051UUle. KaK npas11no. 113 crn6irn113a

rnpa, ttarrp11.Mep, Kaomrna H CB513Yl{)JUe

ro, - CHJ1l1KaTHbie H a.Jll{)MOCHJIH.KaTHbJe 

30.111, BbICOKOrH.UpaT11posaHHbie r11.upo

rem1 . 

Cnoco6h1 nonyqeHH51 MHKpoccpe

pw-1ecKHX Karn_1113aropos KpeKnttra Ha 

OCHOBe MaTpHU TaKoro THna MO)!(HO 

pa3.uemnb Ha .use rpyrrnh1: reneBM 11 

30JleBa51 TeXHOJlOfHH. 

flpttHUHIIHaJibHa51 cxeMa rrpOH3-

BO,iJ,CTBa KaTaJIH3aTopos KpeKHHra 

no renesoH: Texttonor1111 np11se.ueHa 

Ha p11c. 8.2. 0CHOBHOH orrepaQHeH 51B

J151eTC51 IIOJI)'l.JeHHe a.Jil{)MOKpeMHeremI 

B3aHMo.neH:crntteM pacrnopa )J(H)],Koro 

CTeKJia c cepHOH KHCJlOTOH H cynbcpa

TOM aJIJOMHHH51 : 



lnaBa 8. TepMOKaranvirnYeCK'1e npouecco1 nepepa6orrn He cj:lrnHblX r.tJpaKuvi~ 

an10M11HaTHa5! cxeMa: 

PeLJ.K03eMeJihHa51 cpopMa ueon11rn Y 
roTOBHTC51 OT}J.eJibHO H BMeCTe c .upyrn

MH KOMnoHeHTaMH (KaOJIHHOM) BBO}J.MT

C51 nocne oca:1K11.eHH5! re11R . 

OpoMbIBKY ren51 MO)KHO ocymeCT

BJlHb llO (KaTaJI113aTop A) m111 nocne 

pacnbl.rrnTe,1bHOH cywKH (KaTaJIH3a

rnp 6). nonttoe mrn yacntlfHoe y;:i:a

,1em1e OKCH)la HaTpH51 ilO pacnblJlH

TeJlbHOH cyrnKH n03BOJUleT no11ylfHTb 

C1L1HKaT

rm.16a 

KaTaJ1H3aTOpbI c HH3KOH TIJIOTHOCTblO 

(500-600 Kr/M3
) H BbJCOKOH ~eJI:bHOH 

nosepXHOCTblO (250-350 Mf/M). l13Me

IDUI ycJIOBHR CHHepe3HCa remJ H npo

Mb!BKH MO)J(HO 3HaqHTeJibHO sap&Hpo

BaTb cpH3HKO-XHMHlJeCKyTO CTPYJ<TYPY 

KaTaJJH3aTopos. 

Oo reJleBOH TeXHOJTOrJUf nonyqaJOT 

TOHKOnopHCTb!e c pa3BHTOH nosepx

HOCTbJO KaTa.;lH3aTOphI. 

KaTa .. -unaTOp E 

Puc. 8.2. flpum1unua1hHaR cxe.11a 1101)·11em1R 

11eo.wmcodep.11cau1ux A:ama.w3amopo11 kpe1<.·uH2a no ,'e1e110£i me.n-w1n?w1 
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flpHHUHnHaJJbH351 cxeMa npOH3BO.U

CTBa MHKpoccpepH4eCKl1X K3TaJUl33TO

pOB KpeKHHra no 30JJeBOH TeX HOJionrn 

npe.ucrnsJJeHa Ha pHc . 8.3 . flpe.usap11-

TeJJbHO no.uroTOBJJeHHble HHrpe.uHeHTbl 

K3TaJIH33TOpa B BH.Ue 30Jl51 no.uaJOTC51 Ha 

pacnhlJlMTeJihHYJO CyllIHJIKy. reneo6pa-

30B3HHe H cpopMMpOBaHHe 4aCTHU K3Ta

JlH33Topa npo11cxo.nttT B npouecce pac

nhrnttTeJlbHOH cyrnKH. B 1as1-1C11MocT11 

OT CTeneHH y.uaJJeHH51 OKCH.Ua H3TpH51 

111 Cbipb51 nocne cywK11 MO)f(eT 6bITb 

npose.ueHa .uonoJIHMTeJlbHa51 CTa.UH51 npo

M bIBKH. 3Ta TeXHOJl0rH51 fl03BOJI51eT 

rn6KO perynttp0B3Tb cp113HKO-XHMH4eC

KHe CBOHCTBa MHKpoccpep114eCKoro Ka

TaJIH33TOpa. 

Bee KaTan111aTopb1 KpeK11Hra Tep51JOT 

aKTHBHOCTb H3-3a o6pa30BaHH51 KOKCa 

Ha ux nosepxHoCTM. KoKcoo6pa30Batt11e 

npoTeKaeT 6hICTpo, fl03TOMY KaTaJJH3a

TOp .UOJl)!(eH BbIBO.UHTbC51 Ha pereHepa

rnp nocne cpasH11TeJlbHO He6onhworo 

speMeHM pa6oThI. B npoMbIWJleHHbIX 

yCTaHOBKax JTO 06ecne411saeTc5I ny

re~f IIHPKYJ151UH11 KaTaJ1113arnpa Me)!(.uy 

peanopoM 11 pereHeparnpoM. YeM 

6b1npee L{eaKTHB11pyeTC5I KaTaJltt3a

rnp, TeM Bbillle .UOJDKHa 6hITb CKOpOCTb 

UHP"-J'!l.S!lll111. BbICOKa51 CKOpOCTb UHp

~)')l511UiH, B csoJO 04epe.uh, nopo)f(.uaeT 

n po6.JJeMbl, CB5133HHbie c HCT11paH11eM 

iL CJJC.lOBaTeJlbHO, noTep51Ml1 KaTaJlH3a-

10 _Ja B s1ue nhEil1. flo3TOMY xopow11i1 

;:~ a.:1 marop llWliKeH HMeTb Bb!COKYJO 

'.:'c (J }fKOCTb K 11CT11p3HHJO, TaKn.<e KaK H 

18-3 

Bb!COKYJO CeJleKTHBHOCTb 11 CTa6HJlb

HOCTb. TeM He Mettee, .ua)f(e caMbie 

JlYLJllIHe KaTaJJH33TOpbl fl0KpbIB3JOTC51 

KOKCOM B Te4eH11e HeCKOJlbKl1X ceKyH)l. 

11n11 MHHYT 11 HY)f(.l(aJOTC51 B perettepa

u1111. Perettepau11» ocyruecrnn51eTcsi B 

np11cyTCTBHH B03.Uyxa 11 BO.U51HOro napa 

np11 TeMneparype 6onee BbICOKOH, 'IeM 

s ycnos1151x KpeKttHra. B CB51311 c 3Tl1M 

K3TaJlH 3aTop nOJl)f(eH 11MCTb BblCOKYIO 

Tepl\111L!eCKYJO 11 rn.upoTepM114eCKYIO 

CTOHKOCTb. 

flpOMblWJleHHble KaTamnaTOpbl He 

TOJlbKO ocymecTBJ151JOT co6crneHHO Kpe

KM Hr, HO H Bblfl0JlH51JOT HeKOTOpble .uo

flOJlHHTeJlbHble cpyHKu1111. TaK KaK OT

nara10m11i1.c51 Ha KaTaJlH3aTope KOKC 

y.uan51JOT Bbl)f(lffaH11eM B pereHepa1ope, 

a noTpe6HocTb peaKTopa B renne no

Kpb1BaJOT 33 C4eT rop514ero KaTaJll133TO

pa, nocTynaiomero 111 pereHepaTopa, To 

)f(eJlaTeJlbHO HaKaflJJHB3Tb Ha KaTaJlH33-

TOpe TaKOe KOJll14eCTBO KOKCa, KOTOpO

ro 6h!Jl0 6bI .UOCTaT04HO nJl51 flOJlHOro 

o6ecne4eHH» npouecca TennoM. KpoMe 

Toro, np11 Bbl)f(Hf3Hl1H KOKCa )f(eJlaTeJib

HO nony4aTb C02, a He CO, TaK KaK np11 

3TOM Bbl.UCJl51eTC51 60JlbWe Tenna 11 HC

KJlJ04aeTC51 Heo6xon11MOCTb nocnenyJO

ruero nooKl1CJleHl1SI nbIMOBbIX fa30B 

.UJ151 06e3spen.<11saH115I 11x OT CO. flOJTO

MY s KaTan113aTop sson51T tte6onhrnoe 

KOJll14eCTBO 611aroponHblX MeTaJlJIOB 

11Jl51 np1111aHHSI eMy cnoco6HOCTH KOH

seprnpoBaTb CO B CO,_ Ha CTanHH pe

reHepaUHH. 
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Dp11 nepepa6oTKe CbipbH, co.uep)l(a

mero ceptt11cTh1e 11 a30T11CTb1e coen 11tte

H115l, o6pa3y!OTCH SO, 11 NO,, KOTOpb1e 

ocJlO)l(H5lIOT npose.uem1e npouecca. '3n1 
npo611eMbl pewaIOT c nOMOLUb!O COOT

BeTCTBYIOI.UeH npe.IJ.Bap11TeJ1bHOH non

roTOBKl1 Cbipb5l 111111 nyTeM np11naH115l 

.D.OOOJ1Hl1TeJ1bHbIX cpyHKUHH KaTam13a

Topy KpeK11Hra - CBH3bIBaHl151 OKl1CJ10B 

cepbI 11 a:30Ta 11 11x y.IJ.a11ett1rn. 

Ilp11 KpeKl1Hre T5l)l(eJ1blX .D.11CTHJ1J15l

TOB Hecprn cymecrny10T TaK)l(e npo6ne

MbI, 06yc11os11eHHbie HaJlWIHeM B HHX 

rn)l(eJibIX MeTannos: Ni, V, Fe 11 np., 

4TO Be.IJ.eT K 6bICTpOMY o6pa3oBaHHlO 

OTJ10)1(eHl1H 11X Ha BHewHeH nosepx

HOCTl1 KaTaJ1113aTopa. ) TH OTJlO)l(eHJrn 

11HTeHc11cp11u11py10T 06pa3osam1e KOKca 

11 11erK11x ra3os , 3a C4eT Lfero CHH)l(aeT

C5l BbIXO.D. uenesoro nponyKTa - 6eH311-

Ha. PereHepau11H sHewHe?i nosepxHOCTH 

4aCTHU 3a C4eT HCTHpaH!15l 003BOJ15l

eT ynanHTb OTJlO)l(emrn MeTaJIJIOB, HO 

se.11.eT K 6011hw11M n0Tepmv1 11 y.aopo

)l(aH1110 Karn11113aTopa . Mm1rno TaK:>Ke 

npe.11.sap11TeJ1bHO 113s11elfb 113 Cbipb5l 

TH)l(e11b1e MeTa1111b1. Xorn JTO 11 ..aopo

roH: npouecc, HO OH ce6>1 oKynaeT. Cy

mecrnyer TaK)l(e .IJ.pyrne peweH11e JTOH 

3a,naq11, 3aKmoqa10meec51 s .I1.06as11eH1111 

areHTOB, naCCHBHpy!OLUHX MeTaJlJlbl. 

flaCCl1B11pyIOLU11e areHTbl npeJJ.CTaBJJH

IOT co6oi1: MeTaJ1JJOOpraHH4eCKHe KOMn

JieKCbl cypbMbI, BHcMyrn, cpoccpopa, 

onosa 11 n p. JJieMeHTOB . Ta1rne no6aBKH 

BBOll5lT HenocpeJJ.CTBeHHO B Cblpbe. 
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8.2. 9. Cbtpbe, 

11apa.11empbl 11 11poiJyKmh1 

K0/11G.,711111U'leCKOZO KpeKUHZO 

B npouecce KaTaJJ11T114eCKoro 1<pe-

1<11Hra ueneBbIM npo.uy1<TOM C4HTaeTC5l 

6eH3HHOBa5l cppa1<UH5l c Bb!COl<HM OI<Ta

HOBblM 4HCJIOM . KpoMe 6eH3HHa, s JTOM 

npouecce nony4a!OT ewe 11 yrneso.11.0-

pO.LJ. HbIH ra3, 11ern11i1 fa30HJJb (cppaKUHH 

195-350 °C), T5l)l(eJ1blH ra30HJ1b H KOKC. 

KoKc, KaK y)l(e ynoMHHanocb Bb1we, oT

KJia,UbIBaeTCH Ha KaTaJll13aTope H C)!(H

raeTCH np1·1 pere ttepau1111 KaTaJIH3aropa. 

Kon114ecTso 11 1<a4ecTso no11y4aeMb1x 

npo,nyKTOB, a Tal<)l(e KOJIH4eCTBO 06-

pa3y10weroc51 KOKCa 3as11CHT KaK OT 

KaLfeCTBa Cb1pb5l, TaK H OT napaMeTpOB 

npouecca. 

Chiphe. OcHOBHbIMH s11,naM11 CbipbH 

)1JIH KaTaJlHTHLieCKOro KpeKHHra 5lB

Jl5l lOTC5l cppaKUI1H , BbIKHna!OwHe, I<aK 

npaBHJIO, s npe,nenax 200-500 °C. K HHM 

OTHOC5lTC5l KepOCHHO-ra30HJleBbie cppaK

UHli (200-350 °C), BaKyyMHbIH ra30HJ1b 

npHMOH fOHKH H nponyKThl BTOpH4HbIX 

npoueccos: ra3oi11111 KOKcosaHH5l, Tep

MHYecKoro KpelCHHra H rnnpo1<peKHH

ra. 6onee nernoe Chiphe np11MeH5lJ()T 

,UJl5l no11y YeHH5l KOMnotteHTa 6a30BOro 

as11au11ottttoro 6ett3Htta, 6011ee rn)l(e

noe - asrn6eH3HHa. Dp11MeH5l10T TaJOKe 

H CMewaHHOe Cbipbe KaK no cppaKUHOH

HOMY COCTaBY (225-490, 265-500 °C), 
TaK 11 no npo11cxo)!(neH1110. CMeurnHHOe 

Cblpbe HCflOJlb3YIOT ilJlH npOH3BO,[!CTBa 

aBTo6eH 3HHa. 
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KaYeCTBO HCXOJJ,Horo Cblph51 oKa3bl

saeT 60J1bWOe BJ1H51HHe Ha pa6oTy Ka

TaJ1H33TOpOB. nosbrweHHe coJJ,ep)Katt115! 

B Cblpbe HenpeJJ,eJ1bHblX 11 nOJ1HU11KJ1 11-

qecKl1X apoMaTH4eCKHX yrne BOJJ,OpOJJ,OB 

111111 yrn)KeJ1e1me cppaKUHOHHOfO COCTa

sa BeJJ,eT K nOBbIWeHHOMY KOKC006pa-

30Bam110 H 6blCTpoM: JJ,e33KTHB3Ul111 Ka

T3J11133TOpa. Ilo 3TOH np114HHe ra30HJ1H 

KOKCOB3HH51 H TepMH4eCKOfO KpeK11Hra 

nepepa6aThlB3Tb CJ10)!(Hee , YeM np5IMO

rottttoe Chipbe. Han11YHe s Cblpbe cMon , 

cepH11CTblX H 330Tl1CTblX coeJJ,11HeH11H 11 

MeTaJ1J10B TaK)Ke npHBO.Ll,HT (( naJJ,eHl1fO 

aKTHBHOCTH H CeJleKTHBHOCTH K3T3J1H-

33TOpa. CToJTOMy HHOr.Ll,a np11 KpeK11ttre 

)],3)Ke np5IMOrOHHhIX fa30HJ1eH, nony

YeHHblX H3 CMOJ1HCTOH 11 cepHHCTOH 

Hecj>TH, npHXO)l,HTC51 orpaHH1'1HB3Tb KOHeu 

KHneHH51 Cbiph51 Ha yposHe 480-490 °C. 

50 

Xopow11e pe3ynhTaTbI KpeKHHra JJ,O

CTHrafOTC51 Ha npeJJ,BapHTeJ1hHO rnJJ,p0-

0411li(eHHOM Cblpbe. IlpH rHJJ,p004HCTKe 

3H34HTeJ1 bHO CHl1)KaeTC51 COJJ,ep)l(aHHe 

cephr, a 3oTa 11 MeTannoB B Chiphe, a 

TaK)Ke ero KOKcyeMOCTh. KpeKHHr 

nOJJ,fOTOBJ1e1rnoro Chlpb5! npHBO)l,HT K 

y MeHbWe Hl1fO BblXO)l,a KOKCa H ra3a H 

ysen 11Y e tt11f0 BbIXOJJ,a 6eH3HHa. YnyY

waeTC51 KaYeCTBO nonyYeHHbIX npo

JJ,YKTOB: nOBbJWaeTC51 OKTaHosoe 4HCJ10 

6eH3HHa, co.rrep)KaHHe cepbl B )l(H)l,KHX 

npoJJ,yKTaX 1<pe1<HHra CHH)l(aeTC51 Ha

CTOJ1bKO, 4TO 3TH npo.ll,yKTbI He Hy)l(

)],aJOTC51 B nocJleJJ,yIOUleH 04HCTKe OT 

cephl. no110)!(11Tenhttb1M: 3cpcpeKT )l,aeT 

TaK)l(e npensap11Tenbttoe yJJ,aneH11e 

CMOJlHCTO-accpanhTeHOBbIX semecTB 113 

Chlpb51 MeTOJJ,OM )l,eaccpanbTH3aUHH 

C)l(H)KeHHbIM nponaHOM. 

40 
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Puc. 8.4. 3ae11c11.11oc111 1> Gb1xodoe npoc)yA.·moe "-JJeKw12a 0111 me.1111epamJpbi: 

J - 6em1111 ; 2 - zm; 3 - .1e2K111/ ?moii.11>; 4 - KOKC: 5 - 111RJ1ce.11>11/ ?mml.11> 
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fiapaMeTpbl npouecca. 0CHOBHbl

Ml1 napaMeTpaM11 npouecca KaTaJJH

TH4eCKoro KpeKHHfa 51BJl5II{)TC51 TeM

neparypa, BpeM51 KOHTaKTa napoB Cblpb51 

c KaTamnaTopoM, onpe.ueJJ51eMoe o6b

eMHOH cKopocTbJD, 11 KpaTHOCTb u11pKy

JI5!Ul111 K3TaJJl133TOpa (npH pa6oTe c .llBH

)f(YIUHMC51 KaTaJIH33TOpOM). 

TeAtnepamypa . B HHTepBaJJe 

TeMneparyp 440-480 °C o6pa30BaH11e 

6eH3HHOBbIX H ml3eJlbHblX cppaKU11H 

npoTeKaeT .ll:OCTaT04HO 6b1cTpO. c poc

TOM Tel\rneparyphI yseJ111'-nrnaeTc5! 11 

cTeneHb npeBparuemrn Cbipb51. f10BbI

wem1e TeMnepaTyphI .uo 480-500 °C 
Be,lleT K ycm1eHl1lD ra30- 11 KOKCoo6pa-

30BaHIUI H K CHH)f(eHHID BbIXO,lla 6eH-

3HHa. 0KT3HOBOe 1IHCJ10 6eH3HHa B03-

pacTaeT. 

Ha pwc. 8.4 np1rno,n:HTC5! 06ru11i1 

xapaKTep 33BHCHMOCTH BbIXO,lla npo-

rj 
100 C) 

"' ::E 

'cf-
~ 80 
:i:: 
!I) 

8' 
60 "' 0.. = !I) 

§' 
,,Q 40 :i:: 
!I) 

= !I) 

0 0 

.llYKTOB KpeKHHra OT TeMnepaTypb! 

npouecca. 

D,a6J?eH11e. f1pouecc KaTan11n14ec1<0-

ro KpeKHHra npOBO,ll51T no.u He60J1blll11M 

1136b1ro4HbIM .uaBneHHeM 0,14-0,18 Mna. 

06beAtHaR cKopocmb. BpeM51 KOH

TaKTa Cblpb51 H K3TaJ1H33TOpa onpe.ueJJ51-

eTC51 o6beMHOH CKOpOCTblD - OTHOllle

HHeM pacxo.ua )f(H,llKOfO Cblpb51 (B M3/y) 
K o6beMy K3TaJIH33TOpa (B M3), 3aH11Ma

IDlll,ero peaKUHOHHYID 30Hy. 06beMH351 

CKOpOCTb v
0 

(B M 3/ (M3l.f) 11n11 y ·1] onpe

.ueJJ51eTC51 no cjwpMyJJe: 

r.ue vc - pacxo.n: Cbiph», M 3/11; v, - o6b

eM KaT3J1H3aTopa, M 3
• 

,[(m1 ObIJ1eBH.ll:HOf0 KaTaJ1!13aTO-

pa npHMeHHIDT Ben11111rny MaCCOBOH 

CKOpOCTH no.ua11H Cblpb» [B Krl(Krl.f)], 

2 3 

500°C 

450°C 

400°C 

4 

Puc. 8.5. 3aeucuMocmb cme11e11u npeepa111e1111R CblfJbJL 0111 06be.1111oil o:opocmu 

npu pa6ome fta iieom1111110_11 Kamlu1u1amope 
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onpe.nem1eMyfO aHaJJornLJHo o6beM

HOH. 

4eM BbIWe o6beMH351 CKOpOCTb, TeM 

HJ.1'.>Ke CTeneHb npespaUJ,eH!-151. DOBblWe

HHe o6beMHOH CKOpOCTH MO)l(eT 6hJTb 

CKOMneHc11posaHO 6oJJee BbICOKOH aK

THBHOCTblO KaTaJJH3aTopa, a T3K)l(e po

CTOM TeMneparypbI. DpH pasHoi1 TeM

neparype l1 aKTHBHOCTH KaTaJJl13aTopa 

yMeHbWeHHe o6beMHOH CKOpOCTH npl1-

BO.U11T K yseJ111LJeHl1fO CTeneHH npeBpa

UleHHH (pHc. 8.5). 
KpomHocmb lfllfJKY,?J/lfllll Ko1110.'711Jo

mopa. npOMblWJleHHbie npOUeCCbl Ka

T3Jll1THLJeCI<OfO KpeKHHra ocywecrnm1-

10TC5! K3K Ha Heno.nBH)l(HOM, TaK l1 Ha 

HenpepbIBHO u11pKyJ111pyIDLUeM K3Ta

Jll13aTope. B noc11e.nHeM rnyLJae 6oJJb

woe BJlHHHHe Ha npouecc oKa3bIBaeT 

COOTHOWeHHe KOJJHLJeCTB KaTaJJl133TO

pa H CblpbH , no.nasaeMbIX s peaKTop. 

3Ta seJlHLJHHa, Ha3bIBaeMaH I<paTHOCTb[{) 

UHPKYJ151UHH KaTaJ1113aTopa, N (s Kr/Kr) 

onpe.nen5leTC51 no cpopMyJJe: 

N=R/B, 

r.ne R - KOJlHLJecrno Karnn113aTopa, no

.nasaeMoro B peaKTOp, Krl LJ; B - KOJlH

qecTBo Cbiph51, no.nasaeMoro s peaKTop, 

Kr/q, . 

Hap51.ny c Maccosoi1 np11MeHH!OT 

o6oeMHYJO KpaTHOCTb l.\l1PKYJ151U11l1 K3-

T3JJH3aTopa N
0

: 

rn e R u B Bb1pm1<afOTCH s M3/ t1. 

13-00XO 

Me)l(.ny Maccosoi1 H o6beMHOi1 KpaT

HOCTbID Ul1PKYJJ51UHH K3T3;1113aTopa cy

weCTsyeT COOTHOllleHHe: 

N - Pc N 
() ' 

PKam 

r,Ue Pc - DJlOTHOCTh CbipMI np11 20 °C, 

Kr/ M3
; p l<l//11 - OJIOTHOCTb K3TaJJH3aTopa, 

Kr/ M3. 

YseJ111LJeHHe KpaTHOCTH u11peyn51-

Ul1H se.neT K COKpaUJ,eHHIO npo.nOJl)l(l1-

TeJlbHOCTl1 npe6bIBaHH51 K3TaJJH3aTopa 

s 30He peaKUHH. Kon11LJeCTBO KOKca Ha 

1<a)l(noi1 LJacrnue yMeHhlllaeTC51. Cpe.n

H5151 3KTl1BHOCTb K3TaJJl133TOpa B03pac

TaeT, a 3TO cnoco6crnyeT yBen11LJeH1110 

CTeneHH npespaUJ,eHH51, T.e. noBhillle

H HID BbIXOna ra3a, 6eH3l1H3 11 KOKC3. 

B ueJJoM a6cornoTHoe KOJ111LJecTso KOK

ca B03pacTaeT, HO OHO OTKJ13)lhIBaeTC51 

Ha 60JJhWeM 4l1CJie l!3CT11U. 

H1MeHeHHeM 1<paTHOCT11 u11pKyJ15!

UHH KaT3JJH3aTOpa MO)l(HO peryJ111po

saTb KOJIHLJeCTBO TenJlOTbl, BHOCl1MOH B 

peaI<Top, CTeneHb npespaUJ,eH115! Chiph51, 

CTeneHb 3aKOKCOBaHHOCTl1 KaTaJ11133TO

pa Ha Bh!XO)le l13 peaKTOpa. c 3KOHO

Ml1LJeCKOH T04Kl1 3peHl151 nOBhlll1eH11e 

Kp3THOCTl1 Ul1PKYJ15ll.(l111 npHBO,!J,HT K 

ysen11LJeH1110 pa3MepoB pereHepaTopa 

H pocTy 3Kcnnyarnu110HHhIX pacxo.nos 

Ha nepeMeUJ,eHHe 1<arnn113arnpa. Kon11-

4ecTso KOKCa Ha BXO.ne B pereHepaTOp 

He llOJJ)l(HO npeBhilllaTb 0,8-1 % Mace., 

OCTaTOllH Oe COJJ.ep)K3Hl1e KOJ<Ca nocJJe 

pereHepauiu1 He 6011ee 0,25% Mace. s 

pa ell ere Ha Karn11 M3aTop. )ln51 nonnep-
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)KaHHH pa6o4eH aKTHBHOeTH npHXOLlHT

CH BbIBOLlHTb 113 e11eTeMbl ciaeTb KaTa

Jlll3aTopa H 1aMeHHTb ero ese)l(M M. Pac

X.O..'J. K3TaJlH3aTopa - 2-2,3 Kr Ha I 000 Kr 

eblpbH. 

Ka'leCTBO npoJJ,y1noe KaTaJIHTH

qecKoro KpeKHHra. Yrneso;:10poLlHb1e 

ra3bl K3TaJlHTJ.P-!eeKoro KpeKHHra eo

.rrep)l(aT He MeHee 75-80% Mace . eMee11 

nponaH-npon1111eHOB, 6yrnH-6yrn11eHOB 

H neHTaH-aMHJleHOB. Conep)l(aH11e 1110-

MepttbIX coe.mrneHHH .nocn1raeT 25-
40% Mace .. 3TO J:IenaeT ra1b1 Karn11Hn1-

<1ecKoro KpeKMHra ueHHblM eblpbeM !lJlH 

HeqnexHMH4eeKHX npoueceos . 

beH3HH HMeeT nJlOTHOCTb 0, 72-
0, 77' OKTaHOBOe lJHe.10 no 11ec11e.ao

BaTeJibCKOMy MeTO.UY OT 87 LlO 9 J. no 

XHMH4eCKOMY coeTaBy 6eH311H KaTa

JlHTH4eCKOro KpeKHHra OTJlH4aeTeH OT 

npHMOroHHbIX 6eH3HHOB H 6eH3HHOB 

TepMH4eCKHX npoueccos. B HeM co

nep)l(HTCH 9-10% Mace. Henpene11&Hb1x 

yrneBO)lOpO)lOB H OT 20 no 40% Mace. 

apoMaTH4eCKl1X yrneso.aoponos. He

npe)leJI&Hbie 11 napatjmHOBbie yrneso

nopO)lbI He MeHee, 4eM Ha .ilBe TpeTH 

cocTOHT 111 yrnesonoponos 1110MepHoro 

CTpOeHHH. 

Jlenmu ra1ounb ( cppaKUHH 195-
350 °C) HMeeT nJIOTHOCTb 0,89-0,94 H 

COCTOHT Ha 40-80% H3 apoMaTH4eCKl1X 

coe)lHHeHHH. QeTaHOBOe 411CJ10 K011e6-

11eTCH OT 45 )10 24. J1erK11H ra30HJlb c 

Bb!eOI<HM ueTaHOBbTM 411CJ10M HCnOJlb-

3yeTCH Kai< KOMflOHeHT mneJl bHOro TOn

mrna, c Hl13KHM ueTaHOBbIM 411CJ10M -
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KaK pa16as11Te11b Ma1yrn. H 6eH311H, 11 

11ern11i:i ra30HJ1b , noJJy4eHHbie 113 cep

HHCTOro CblpbH , HY)l(LlalOTCH B 0411CTKe 

OT eephI. 

TmKeJJhlH raJOHJlh (cppaKUHH BbIWe 

350 ° C) - OCTaT04HblH )l(HJIKHH npo

.nyKT KaTaJ111THYeCKOro Kpe1<11Hra - HC

llOJlb3YeTCH KaK KOMnOHeHT TOnOYHOro 

Ma3yTa 111111 B Ka4eCTBe CblpbH ycrnHo

BOK KOKCOBaHHH. Co.uep)1<aH11e cepbl B 

HeM BbIWe, YeM B HCXO)lHOM Cblpbe. 

BbICOKoe eo.uep)KaH11e apoMaTHYec

KHX yrnesonopo.uos no1111u111<1111YeCI<o

ro cTpoemrn ( 40-60%) neJJaeT ra1oi:i1m 

KaTaJlHTWieCKOro KpeKHHra ueHHblM 

HCT04HHKOM no11yYeH1rn HHLlHBHLlyaJJb

HblX apoMaT11Yec1rnx yrnesonopo.nos 

(Hacjna1111Ha, cj)eHaHTpeHa), onHospe

MeHHO (ppaKUIHO 280-420 ° C np11MCHH

IOT LlJl H BbILleJleHHH 113 Hee BblCOKoapo

MaTH30BaHHOro KOHUeHTpaTa - CblpbH 

LlJlH np0113BO.UCTBa Ca)l(H. ,ll.JlH '.HOH uem1 

npHMeHHIOT ce11eKTl1BHblH pacrnop11-

TeJlb - cpypcj)ypo11, pa1nemrn cppaKUHIO 

280-420 °C Ha .neapoMaTH30BaHHbIH 

pacpHHaT, HanpaBJlHeMblH B mneJlbHOe 

TOnJlHBO, 11 ) KCTpaKT, KOTOpblH CJJY)l(HT 

CblpbeM LlJlH np0113BO.UCTBa Ca)l(H. 

8.2.10. Y c maHOBKa 

KQ/11QJI UlnUl/eCK020 KpeKUH2Q 

c uwpuKOBblM Kama!IU3amopoilt 

YcTaHOBKl1 KaTa1111T114ecKoro 1<pe

K11Hra C 3J1lOMOCl1Jl11KaTHblM I<aTaJ111-

3aTOpOM MO)KHO pa1n e11 HTb Ha Tp11 

THna: 



! I l ~lRrl 8. I P['IV101(;:] l n l 1 ~ 11 l·I' IPCl'.:18 !Ii)<)! !:?CCb! r: epepci6o rn111 H8QJH1HblX cppaKLjl<1rl1 

I) co crnu110HapHbIM cnoeM Ta6ne

T11posaHHoro KaTan111aTopa 11 peaKTO

paM11 nep110Ll,114eC1<0ro D,eHCTBH51; 

2) c nJlOTHblM CJlOeM u11pKyn11pyt0-

LUero wap11Kosoro KaTan111aTopa, peaK

rnpoM 11 perettepaTopoM HenpepbIBHOro 

neHCTB1151; 

3) c Kl1n51LU11M CJlOeM u11pKyn11pyt0-

LUero Ml1Kpoccpepw1ecKoro 11n11 nb!ne

BHJJ.HOro Karnn111aTopa, peaKTopoM 11 

pereHepaTopoM HenpepbIBHOro JJ,ei1cT

BH51. 

YcrnHOBKa nepsoro T1ma npe.uHa-

3Ha•1eHa .UJ151 nep110JJ,114ecKoro npouec

ca. B Hei-1 11MeeTC5l HeCKOJlbKO peaKTo

pos, B Ka)l(JJ.OM 113 KOTOpblX 33 30 MHHYT 

npOMCXOJJ.HT BeCb pa604HH u111rn: pea1<

UM5l 1<pe1<11Hra, yJJ.aneH11e HeQH51HbtX na

poB, pereHepawrn 1<aTam11aTopa, yJJ.a-

11e1rne so1.uyxa 11 npoJJ.ytnos cropaH115t. 

YcTaHOBKl1 KaTa1111T11<1ec1<0ro 1<pe-

1<11Hra co CTaUHOHapHblM KaTaJll133TO

poM He no11y<rn1111 6011bworo pacnpoCT

paHe1-1115l . YcrnHOBKH c JJ,BmKyLUHMCH 

K3TaJll133TOpOM, Hao6opoT, 11MelOTC51 noB

ceMeCTHO. 8Ha4ane 6btJl pa1pa60TaH 

npouecc c wap11KOBblM l\aT3Jll133TOpOM, 

HO B HaCT051LUee speM51 ropa1.uo w11pe 

np11MeH5lJ-OT 6onee nporpecrnBHbtH 

rrpouecc Karnn11T114ec1<0ro KpeKHHra 

c Kl1fl51LUHM cnoeM nbJJleBH,ll,HOro 111111 

M11KpocqJepw1ecKoro 1<arnmnarnpa. 

TexHOJIOrH<tec1rnH cxeMa. TexHo

norn4ec1<a51 cxeMa ycrnHOBKH KaTa

JJHTH4eCKoro KpeK11Hra c .UB11)1(YLU11MC51 

wa p 111<0 Bbl J\1 KaTaJ111:.iaTopmt 11p11 Be;1e

Ha 11a pHc. 8.6. YcraHOBKa c HJIOTHhl ivt 

cnoeM u11pKyn11py1-0wero wap11K0Bo

ro KaTaJlH3aTopa 11MeeT .usa OCHOBHblX 

annaparn: peaKTop .UJ151 ttenpepbIBHOro 

K3T3Jll1TH4eCKOro KpeKHpOB3HJ151 Cb!pb.Sl 

11 pereHeparnp Llll5I ttenpepbIBHOro y.ua-

11eH115I KOKCa c nosepXHOCTl1 K3T3JIH33-

TOpa. 

Karnn111aTop B s11.ue wap11KoB 0,3-
5 MM nepecbmaeTC5I 113 6yttKepa-ce

napaTopa C-2 ntteBMOno.ubeMHl1Ka B 

6yH1<ep peaKTopa P-1 11 pasttoMeptto 

npoxon11T flJlOTHblM CJIOeM peaKU110H

HYJ-O 10Hy, 30HY 0T.ue11ett115I npo.uyKTOB 

1<peK11Hra H 30HY OTnapK11. Tiocne 3TOro 

K3TaJll133TOp Bb!BO,lll1TC5I 113 peaKTOpa, 

nocTynaeT B 3arpy304HOe ycTpOHCTBO 

nHeBMOflOLibeMHMKa A-2 11 no CT05I

Ky fl0llHHMaeTC51 ,llblMOBblMl1 raJaMH B 

6yH1<ep-cenaparnp C-3. 3.uecb .llbIMO

Bbie ra3bl OT)le,1511-0TC5I 11 Bbl6pacb1Ba1-0T

C5l B aTMOCQJepy, a KaTanl13aTop nepe

cbmaeTC51 B 6yHKep peretteparnpa P-2. 
KaTamnarnp npoxon11T 4epe3 ceKUJHI 

pereHeparnpa CBepxy BHl13. B Ka'/K.UYfO 

ceKw110 nonaeTC51 so1nyx .u1151 BbI'/K11ra 

1<01<ca. CeKUHH pereHepaTopa ctta6'/Ke

Hb1 3MeeBHKaMl1 .llJl5I OTBO,lla TenJIOTbl 

pereHepaum1 3a c4eT 06paJosatt115l so

ll51HOro napa. Pere11ep11posaHHb1l1 Ka

rn11113aTop ccbmaeTC51 B 1arpy304ttoe 

yCTpoi1crno ntteBMono.ubeMH11Ka A-1 11 

nO)],HHMaeTC51 no K3T3J11133TOponposony 

B 6yHKep-cenaparnp C-2. Karnnl13aTOp

Ha51 Kpow1<a OTBe~maeTC51 B cenapaTope 

C-4. 801.uyx s peretteparnp 11 Tpattc

nopn1 py1ow11 i1 JlblMOBOH ra3 B nHeB

~1ononbe\1H1tK llOJ.31-0TC51 np11 flOMOWH 
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Puc. 8.6. Texf/oJ102u'leCKaR cxe.110 ycmafl06KU Kamaqumul/ecKozo KpeKuHza c oeu:J1cyufu.wcR zuapuKoebuw KamOJ1u3amopa111: 

I - Cblpbe; II -:J/CllpHblll zm; Ill - 6eH3UH; JV- cjJpaKl(llfl 195-350 °C: V - cjJpaKZ(UR 6blZUe 350 °C; 
VJ - eoi>a; VII - eo3iJyx; VIII - Obl.1106ble 2mb1; IX - eooRHoi'i nap 
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lnaBa 8. TeprA0KaTarn1n 1CJec1<!'ie npo ~~eccto 1 n2oep21.'ioT!< ~1 Hetj:>n:!HblX tj'lpa1<u11 !'1 

Bo3nyxonyBOI< 11 nelfei1 non naBneH11eM 
(Ha cxeMe noKa3aHbI TOnbKO on Ha nelfb 

!J-2 11 onHa B03nyxonya1<a !JK-2). flap, 
nonyqaeMbJH B perettepaTope, nocryna

eT B napoc6optt111< C-5, 11 nanee pacxo

nyeTcH Ha HY)!(,Ubl ycTaHOBKH. 

Cb1pbe nonaeTcH ttacocoM H-1 4epe3 
Tern1006MeHH111<11 T-1, T-2 6 ne4b II- I, 
rne ttarpeaaeTcH no TeMnepaTypbI pea1<

u1111 11 11cnap.sieTcH. Dapb1 CbipbH nocTy

nmoT B peaKU110HHYID 30HY peaKTOpa 
P-1 , rne KOHTaKT11py1DT c 1<arnn113aTo

poM, nepeMema.sicb caepxy BHl13. Dapb1 

nponyKTOB KpeKHHra 11 BOJJ.HHble napbl, 

nonaaaeMb1e B pea1<Top nnH 0Tnap1<11 
KaTanH3aTopa, BbIBO,ll.HTCH 113 peaKTopa 

4epe3 cneu11anbHOe ycTpoi1cTBO 11 Ha

npaBJUllDTCH B H11)1<HIDID <iacTb pe1<T11-

cjl111<au110HHoi1 KonoHHbI K-1. 
C aepxa K-1 yxoJJ.HT napbI 6eH311-

Ha, BOnHHbie napbl 11 )l(HpHbIH ra3. 3rn 

cMeCb nocne KOHJJ.eHcau1111 11 oxna)!(

neH115!. B KOHJJ.eHcaTope-xonoJJ.11nbHH1<e 

XK-1 pa3JJ.en.sieTC51. B cenaparnpe C-/ Ha 

6eH3HH, Bony 11 )!(11pHbIH ra3. f a3 np11 

flOMOl.l.lH KOMnpeccopa IlK-1 BbIBOJJ.HT
CH Ha ycTaHOBKy ra3ocppa1<u110H11po

BaHHH, 6eH3HH lfaCTH4HO no)l,aeTCH 

ttacocoM H-6 Ha opoweH11e KOnoHHbI 

K-1, 6anaHcoBoe 1<on11qecrno 6eH311Ha 

HanpaBnHeTC.s! Ha ycTaHOBKY CTa611n11-
3au1111. Jlern11i1 ra30J1nb ( cppa1<u11.si 195-
350 °C) nocrynaeT H3 KOflOHHbl K-1 B 

ornapHylD 1<onoHHY K-2, rne ornap11-
saeTcH BOJJ..s!HbIM napoM, noCJJe qero 

4epe3 xonoJJ.HflbHl1K X-1 BbIBOJJ.11TC51 c 
ycTaHOB1<11. T5i)Kenb1H ra301inb (tj)paK-

UH51 BbIWe 350 °C) OTKalfl1BaeTC51 C HH3a 
KonoHHbI K-1 HacocoM H-4 11 nocne 
oxna)KJJ.eH115!. B Tennoo6MeHHHKe T-2 11 

xonoJJ.HnbH111<e X-2 TaK)!(e BhIBOLr:HTC.si c 

ycTaHOBKl1. 

TennoBoi1 pe)l(HM B Konotttte K-1 
nonJJ.ep)!(HBaeTCH c ITOMOl.l.lbl{) )!(11L{KOCT

HOro OpOWeHl151, KOTOpOe UHpeynttpyeT 

no 3aMKHYTOMY KOHTypy: KOJIOHHa K-1 -
Hacoc H-5 - Tennoo6MeHHl1K T-1 - KO

JIOHHa K-1 . B pe3yJihTaTe 113 KonoHHhI 
Bbl BOJJ.HTC51 1136bITOlfttoe Tenno. B Ka-

4eCTae peu11p1<yn5!Ta 1<pe1<11ttra np11Me
H5leTc5! cppaKU11H npoMe)!(yTOlfHOro co

CTaBa, KOTOpa51 BblBOL{HTC51. 113 KOJIOHHbl 

K-1 Ha 4-5 rnpenoK HH)!(e, lfeM ner1<11i1 

ra3oi111h, 11 nOJJ.Ka4HBaeTC51 HacocoM H-3 
K cBe)l(eMy CbipblD nepen nelfhlD Il-1 . 

Annaparypa. PeaKTop ycTaHOBKH 1<a

rn1111T11l.feCKoro Kpe1<11ttra npo113ao.u11-
TenhHOCTb1D 800 T/cyT. no CBe)!(eMy 

CbipbiD npeJJ.CTaBn51.eT co6oi1 u11n11H.u
p11qec1rni1 annapaT 113 yrnepo.u11cToi1 

CTaJI11 c BHyTpeHHeH 061<Jia,llKOH 113 Jie

r11poBaHHOH CTaJIH n11aMeTpOM OKOJIO 

4 M 11 o6beMOM peaKU,HOHHOH 30Hbl 
30-50 M3 (p11c. 8.7). ,[(tt11ma peaKTopa 

) flJ1HnTl1lfeCKHe. B uettTpe Bepxttero 

.utt11w,a 11MeeTc5! wryuep .UJI51. no.z:r:aq11 

KaTaJil13aTOpa 113 6ytt1<epa, CMOHTHpO

BaHHOro ttan peaKTopoM. BhICOTa pe
a1<rnpa c 6yHKepoM 41 M. lllryuep co

en11HHeTC5!. c aepxHHM pacnpeneJIHTeJib

HbIM ycTpOHCTBOM, KOTOpoe rrocpencT
BOM nepeT04HhlX Tpy6 paBHOMepHO 

pacnpenen5leT Karnn113aTop no BceMy 
ceLJeHmo peaKTopa. 
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lnasa 8. TepMOKaramni-i ciec1<v1e r1µoqeccb1 nepe1ia6o ri111 HecjH>iHt>IX ,µ 1,cii; 111 1ii 
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10 

Puc. 8.7. PeaKmop ycmoHOBKU 
Komaf/umu'lecKozo kpeKw120 c 

wapuKOBblM Kamaqu3omopo.w: I - OHllllfe 
peaKmopo; 2 - Ulmytfepbt o.-m Bbtxooo nopo6; 

3 - Kopnyc peaKmopo; 4 - wmy 11epb1 
O!IR eeooo CblpbR; 5 - wmy i1ep ORR 
eeooa Kamaf/u3Qmopa; 6 - eepxHLni 
pacnpeoenumenb KamaRu3omopa; 
7 - nampy6Ku af/R om6oiJa nopoB 

(«2UpRRHObl»); 8 - nepemolJHbte mpy6b1 Of!R 
K0111 a.m 1a111opa; 9 - 1111.71c11u1{ 

pacnpede.·1 u111e.r1 h 1-.·a111a111 w 111opa; 
I 0 - U/111_\'l/ ep 0.1Jl 6 h/ 1Wria /{(l/lla.U/3((1110fJll 
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B sepxHIOIO 4aCTb peaKTopa 4e

pe3 WTyuepbl BBO)J}ITC5! napbl Cblpb51. 
0HH paBHOMepHO KOHTaKTHPYIOT c Ka

TaJlH3aTopoM, )J.BHra51Cb CBepxy BHl13 

4epe3 peaKu110HHY10 3oHy. IToJJ. Hei1 

HaXO)J.HTC5! cenapaUHOHHOe ycTpoi1-

CTBO )J.Jl5! Bb!BO.Ua npOJJ.YKTOB peaKU.1111 

- rnpn5!H.Ua naTpy6KoB c npope35!Ml1, 
3awmueHHblMH KOJlna4KaMH OT no

na.uaHl15! KaTaml3aTopa. Bee naTpy6KH 

HHiKHHM OTKpb!TblM KOHUOM coe,UHH5!

IOTC5! co c6opHOH KaMepoi1 , H3 KOTOpOH 

4epe3 wTyuepbI napb1 npoJJ.yKrn y.uan5!
IOTC5! 113 peaKTopa. HmKe HMeeTC5! 30Ha 

OTnapKH a.ucop6ttpoBaHHblX Ha K3TaJll1-

3aTOpe napoB yrneso.uopo.uos BO.U5!HbIM 
napoM, no.uasaeMblM 4epe3 cneu11anb

Hb1i1 wryu.ep. 3aKOKCOB3HHbIH K3TaJlH-

3aTop BbIBO.UHTC5! H3 peaKTopa 4epe1 
BbipaBHHTeJlb flOTOKa. 

PereHepaTop - annapaT 1<aa.upaTHoro 
ce4eHH5! 3x3 M, Bb!COTOH 27 M, BbinOJJ 

HeH 113 yrnepo.u11cToi1 cTam1, c BHY

TpeHHei1 o6MypoBKOH orneynopHblM 

1<11pn1140M . PerettepaTop HMeeT 8 30H, 

B Ka)!(,UOH 30He HaXO.U5!TC51 ycTpOHCTBa 

.UJ1 5! nonso.ua B03.Uyxa, Bbmona .UbI
MOBhlX ra30B 11 3MeeBHKl1 .UJ151 OTBO)la 

TennOTbI. B 3Meea11Kax u11pKyn11pyer 

BOJJ.a, KOTopa5! 4aCTH4HO npespawaercsi 
a nap. Bee 3Mees111<11 coe.u11HeHhl c 
06w11M KornoM-yn1n113aTopoM. MaKCH

ManbHa5! TeMnepaTypa BbI)!(Hra 720 °C 
Ha6mo)J.aeTC51 B cpeJJ.Hei1 4aCTH anna

parn. Ha sxone 11 Bb1xo.ue KaTan113aTO
pa, TaK )Ke KaK 11 B peaJ<Tope, IHvtelOTC51 

pacnpe.uen 11TeJlb 11 Bb1paB1111BaTe11b no-
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Puc. 8.8. ,D,owmop m1rn.110-

noObel1HUKa: I - nepe11l/llhllt eo3oyx: 

II - emopu'!Hbllt emoyx: 

III - KmnaJIZ/3amop: 1 - Kopnvc: 

2 - cmo51K n11ee:i10noObe.w111Ka; 

3 - unnyl{ep OJ/51 eeooa Kama.1u3a111opa: 

4 - HanpaeR5l10111a51; 

5 - uanyi1ep 0.751 noOBoOa Bmoyxa 

TOKa. I1pOH3BOi'.(HTeJibHOCTb pereHepa

ropa xapaKTepH3yeTC51 BeJIHqHHOH KOK

COC'beMa B Kr/(q-M3) - KOJIHqecTBOM 

KOKCa, BbDKHraeMOro B ei'.(HHHUY BpeMe

HH Ha ei'.(HHHUY peaKUHOHHOro o6neMa. 

Ll,JI51 ycrnHOBOK c wapHKOBblM KaTaJIH-

3aTOpOM )Ta 8eJIJ1'-IHHa pa8I·Ja 12-14 Kr/ 

( Cf-M1 ). 

113 peaKTopa 8 pereHepaTop Karn

ml3aTOp nepeMeiuaeTC51 npH noMOUJ,H 

)J,hIM08oro ra3a, a H3 pereHepaTopa 8 

peaKTOp - npH noM01UH rop514ero 803-

nyxa. HmKH5151 '-!aCTh nHe8MononneMHH

Ka (pHC. 8.8), Ha3b!BaeMa51 )J,03aTOpOM, 

cJiy)l{HT )J,JI51 nonanaHH51 KaTaJIH3aTopa 

8 noTOK ra3a. }fa )J,03aTopa nOTOK ra3a 

c KaTaJIH3aTOpOM nO)J,HHMaeTC51 no CT0-

51Ky, 8epXH5151 '-!aCTb KOTOporo 8XO)J,HT 8 

6yHKep-cenapaTop. Pe3Koe y8eJIHqeHHe 

nonepe'-!ttoro ce'-leHH51 8e)J,eT K Bhmana

HHIO '-!aCTJ1U KaTaJIH3aTopa H3 noTOKa . 

¥13 6yHKepa-cenapaTopa B03).l,yx HJIH 

)J,b!M080H ra3 8hI6pacb1BaeTC5! B aTMOC

cpepy, a KarnJIH3aTOp no KaTaJIH3aTopo

npo8o)J,y CCbmaeTC51 8 6yHKep, COOT8eT

CTBeHHO, peaKTOpa HJIH pereHepaTopa. 

CKopocTb ra3080H CTpytt c KaTaJIH3aTO

poM 14-20 Mic. KpoMe Toro, B CHCTeMy 

rrneBMOOO)J,'beMa BXO)J,51T 803).l,YXO)J,Y8KH 

H TOnKH, KOTOpbie cJiy)l{aT )J,JI51 nono

rpesa 803).1,yxa H nonyqeHH51 )J,hlMOBoro 

ra3a nocpe)J,CTBOM C)l{HfaHH51 TOnJIHBa 

non na8JieHHeM. 

KoHTpOJib H peryJiupoBaHue npo
uecca. flp11 ycrnHOBHBrneMC51 pe)l{HMe 

Ha onpeneneHHOM sttne Cbipb51 Heo6xo

)J,HMO KOHTpOnHpOBaTb H CTOMep)l{HBaTb 

nOCT051HHbIMH ueJiblH p51).l, TeXHOJIOrH

'-!eCKHX napaMeTpos: pacxon Cbipb51 Ha 

ycrnHOBKy, TeMnepaTypy B peaKTope 

H Ha BhJXO)J,e Cbipb51 H3 neqH, CTeneHb 

3aKOKC08aHHOCTH KaTaJIH3aTOpa H )J,p. 

TeMnepaTypa Ha Bh1xone napos Chiph51 

113 ne'-IH perym1pyeTC5! nona'-!eH. Tonn11-

8a 8 necib, TeMnepaTypa 8 peaKTope 11 
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CTeneHb JaKOKCORaHHOCTll K<lT<1.' 1113~lTO

pa - KpaTHOCTblO UllPKY.1Hlllllll K:lTa.'lll-

3;nopa. re:-..rnepaTypa Bbl>h:llra Kl)KCa 

B Ka)l(Jlott ceKUHH pereHeparnpa - no

na4ett BO,llbl B 3MeeBHKll CCKUllli 11 no
,:ra4ett B03eyxa B Ka'>KJlYKl ceKUHKl. Ba)l\

Hoe 3H34eHHe HMeeT KOHTpOJlb ypoBHSl 

KaTa.mf3aropa B 6yHKepax peanopa. 

peretteparopa H nHeBMOTpaHcnoprn. KO

TOpbitt OCHOBaH Ha H3MepCHIH! ;:i1n1eKT

pH4eCKOM TIOCTOS!HHOH 1':3T3-1 H3aTopa. 

8.3. KaTa.'1RTHttec1mli 

pH~OpMHHr 

Karn.Jittn-P1ecKHtt pmpopMHHr 6eH-

3HHOB SIBJUieTCS! B3))(Helhl1H'vl npouec

COM COBpeMeHHOi1 Heqnenepepa6on:H 

H Heqnex11MH11. OH CJJY:iKMT .J.JlSJ o.1Ho

BpeMeHHoro no.nyqemrn BblCOKOOh:Ta

HOBOro 6330BOro KOMTIOHe1na asTOM0-

6ttJlbHblX 6ett311HOB, apol\llaHILICCKl-L\ 

yrneso.noponos - Chipb~I .unsi Hcqncx11-

MW1ecKoro CHHTe3a - 11 sonoponco:1cp

))(arn,ero raJa - rexHJ1L1ec1mro BO,'.lopo

.na, 11cnoJih3yeMoro B rn.1poreHM3aui1-

0HHhIX npoueccax Heqnenepepa6mx1·1. 

Tio3TOM)' s cxeMe cospcr.1eHHoro HecP

renepepa6aThTBarom.ero 3aso.na KaTa.JIM

THlJeCKMH pmpopMHHT 33HHM3CT o,rny 

113 se,zynrnx no3Hl(HH. Ha p11c. 8. 9 
TIOK333H sapttaHT npHHUHTIHaJlhHOH 

TeXHOJJOrttqeCKOH cxeMbl TonmrnHOH 

qacTH cospeMettttoro tte<jnenepepa6a

Tb1 Ba f0 wero 3asona npM pafiOTe Ha cep

HHnoi:i Hecjlrn . 
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;J,.lS! Bhlpa6oTKH TOBapHoro BblCOKO

OKTJHOBOfO aBTOMOOlLTlhHOfO 6eH3HHa 

l16bl4HO npm1eHSllOT nponynhI npSIMOH 

neperomm. KaTalHTlf4ecKoro pmpop

\t1mra, 6eH3JIHOBhie Q>paKUHlf , noJiy-

4aeMb1e B npoueccax KaTalHTJf4ecKoro 

Kpe:r-:1mra. KOKCOBaHIU! H nepepa60TKH 

ra3oo6pa3HhIX yrnesonoponoB C, If C . 
. 4. 

PJl(pop\urnr6eH3HH urpaeT pewmmuy10 

pO.lb B OKTaHOBOlf xapaKTepHCTliKe TO

BapHbl"X aBTOMOOIUibHhLX OeH311HOB. J],allh
Hciiwee nOBhIWeHHe OKTaHOBOro 4HC.1]3 

TOBapHbL\ 6eH3HHOB .JOCTHraeTOl CMe

IUCHlk'\1 ff\ c np01lYKTaMH H30Mep1na

lll1H (H30\1ep6eH3HH ). a1KJL1HpOB3HIUl 

( ;Lii-:n.1ar6ett31m) H no.JHMepinamm 

( no.11Nep6eH3HH) mm6o.11ee .1enm:x npo

.1YKTOB nepepa6orn.H tteqn11 : 1no6:yTaH. 

npo11H.1eH. D)TH.TJeHbJ 11 ¢paKu1m C,-(, 
6eH3HH3 npS!MOH nepeT'OHK.Ii. 

no csoei1 cyrn pu~opMHHr - cno
co6 nepepa6oTKH Heqnenpo~i,.10B, 

npeHMyllleCTBeH!'IO 6eH3HHOBbIX H JIIIT

pOHHOBblX ¢par.:mn1 Hecj:JTIL c ue,lb}{l 

no.1y-.:iemrn BblCOKOOKT3HOBbTX 6eH3H

HOB. apOM3TT1'1eCKJ1.X )TJJeBOllOpO.J.OB 

H TexH11LJecKoro BO,'.lOpoIJ.a. Pa:>mfI:Ja

IOT .:rna OCHOBHbIX BB.1l3 pHcJ>OpMIIBTa : 

repMH"leCKHM p11¢opMHHT, B KOTOpOM 

ChipbC nepepa6aTbTBaeTC£ TOJibKO rrpH 
BbICOKOH TeMnepazype B BblCOKOOIG'a

HOBbie 6eH3HHbl, 11 K3Ta.JIHTIP'JeCKYll pFl
cjJOpM H Hf, B KOTOpOM rrpeo6pa3osa.IDie 

11cxo,.aHoro npon;yna rrpm1cxo.run np:M 
(l_LLHO RpC MCH ll (Jiyj FIO:uci-icn-; Jfrj F;; ,1 .:·.:• f\\ii·i 

TC\! r!Cpd'rypbl Vi 1.:::rra.n 1 · :~8TCl !''-' · 



lnasa 8. TepM OKaTanv1rw1ec1-i,1e 1 ipuq~cc1..> 1 11epeµa60T1<vi He cprnHblX cj:JpaKL1V.ii1 

TepM111-1eCKHH pttcpopMHHr, npHMe

H51BW11HC51 paHee B W11p0Kl1X l\'1aCWTa-
6ax )J,JI51 noJiy4eHH51 BblCOKOOKTaHOBblX 

6eH311HOB, npOBO)J,11JIC51 B Tpy64aTblX 

ne4ax np11 TeMneparype 01<0JI0 550 "C 
H .uasJieH11H 70-100 ant. Bb1xo.u11sw11e 

113 ne411 napbI npo.nyKTa no.nBepraJIHCb 
6bICTpOMY OXJia)l()J,eHJ11{) (BO l136e)!(a

HHe CJil1lllKOM rny6oKoro pacna.na). 

Bh1xo.u p11cpopM11posa1-11-1oro 6eH311Ha 
cocTaBJI51JI 65-90% c OKTaHOBbIM <rnc

JIOM 70-80, nponrn 45-50 y HCXO)J,HOro 

npo.uyKTa. Pa3HOB11.llHOCTbl{) TepM11-

4ecKoro p11cpopM11Hra 51BJI51JIC51 TaK 1-1a-

3hIBaeMbIH DOJI11cpOpMHHr, B KOTOpOM 

p1-14:>opM11posatt11e nposo.n11JIOCb no.u .naB

Jiett11eM 11 c Ul1PKYJI51UHei1 ra3006pa3-
HbIX yrneBOLl,OpO.UOB, 4TO 003BOJI51JIO 

noJI11Mep113oBaTh 4aCTb ttenpe.ueJibHbIX 

ra3006pa3HhIX yrnesonopo.noB H yBe
Jil1411Th BhIXO.ll. 6ett311Ha. He.nocTaTOK 
TepM114eCKOro p114:>opM11Hra - 60JibWHe 

noTepH p114:>opMttpyeMoro Cbipb51 B s1-1.ne 
ra3a 11 KOKCa H BbICOKOe co.uep)!(aHHe 

ttenpeLI.eJihHhIX yrJiesonopo.nos B 6eH-
3HHe, 4TO CHl1)1(aeT ero CTa6HJibHOCTb. 

CTo:noMy, HeCMOTp51 Ha npOCTOTY anna

parypttoro ocpopMJiemrn, LI.aHHbIH npo
uecc s ttacT051I.Uee speM51 noJIHOCTblO 

BbITeCHeH KaTaJIHTl14eCKHM pttcl:>op
.\flfHf"OM. 

83.1. Xu.MU'lecKue OCHOBbl npot1ecca 

FKOmawmu1JecK020 purjJop114UH2a 

fr;~<::1 3L1HTl1'-!eCKHH pmpopM11Hr npo
.::, ·.·jljltE!\::2 HO.J J as.1eH11e:-.1 so.nopo)J,a, o.u-

HaKo, B orn11•-111e OT .npyrnx npoueccos 
Hetjnenepepa60T1<11, TaK)!(e ocyweCT

ssrneMbIX no.n .uasJieH11eM so.nopo,na 

(rnnp0Kpe1rn1-1r, rn.ll,poo411cT1<a), so.uo
po.u B KaTaJil1Tl14eCKOM p11cpopMHHre 

He pacxo.uyeTc51, a noJiy4aeTc51 3a C4eT 

.uern.np11posaH115! 1-1acpTeHOBbIX 11 ,IJ,ern,IJ,

pou11KJI113au111-1 napacfmttOBbIX yrne

so.uopoLI.OB (0,7-2,0 sec. % Ha Cbipbe). 
3Ha4HTeJibHO MeHbWYI{) pOJib, 4eM B yKa-

3aHHblX BbIWe rn.uporeH113aUHOHHblX 

npoueccax, 11rpal{)T s KaTaJI11n14ec1<0M 

p11cpopM11Hre peaKu1111 pacna.na. 
HayYHb1e ocHOBbl npouecca KaTaJIH

T11Yec1<oro p11cpopM111-1ra 6brn11 3aJIO)!(e

HbI 11ccJie.nosaHH5!MH H .JJ.. 3eJI11HcKoro 

H ero WKOJibl s HaYaJie XX seKa no ,IJ,e

rn.nporeHH3aUHH 6-YJieHHblX HacpTeHOB 

Ha nJiaTHHOBOM 11 naJIJia)J,11eBOM KaTa

JIH3aTOpax. B 1936 ro.lly B CoseTCKOM 
Col{)3e 6b1Jia OTKpbITa pea1<u1151 KaTaJIH

THYec1<oi1 )lern,IJ,pou11KJI113au1111 ari1<a-

1-1os s apeHbI (MoJI,IJ,aBCKHH, KaMywep, 
Kap)!(es, Ka3aHCKHH, CTJian ) . Bnepsb1e 

npoMbJWJieHHbIH npouecc KaTaJIHTH4ec

Koro p11cpopM111-1ra 6brn ocywecrnJiett s 

1940 ro.ny (CWA). 
PaccMOTpHM npespaweH115! OT.UeJib

HbIX rpynn yrneBO.llOPO.llOB Hecprn B 

xo;:i,e npouecca KaTaJI11T11Yec1<oro p11-

cpopM11Hra . 

AJIKaHbl np11 p11cpopM11Hre no..usep

ral{)TCJI 1130Mep113au1111, )J,efH.ll.POUl1KJIH-

3au1111 11 fl1.ll.POKpeK11Hry. 
I130Mep113au1151 aJIKaHoB npoTeKaeT 

no 1<ap6KaT110HHOMY MexaHH3MY H np11-
BO.lll1T K o6pa30B3HHI{) MaJiopa1BeTB-



r11aba 8 lt:pMfJJ;2JClllf11W!8UUlt: lliJGll.eLCU lleiJelJd00iln1 HeljJl>'lllLIX lj)!Jcii(l\11Ci 

neHHbIX H30Mepos, o6na,l.I,aIOI.UHX 6onee 

Bb!COKHMH OKTaHOBblMH 1-IHCJTaMH, 4eM 

HOpMaJTbHbie yrneBO,l.I,OpO,l.I,bl. 

J(e2w:Jpol{UKJIU3atfUJl - 0).1,Ha H3 Ba)l(

Hei:iurnx peaKUHH pmpopMHHra, 3aKJTIO

qaIOma5IC51 B npeBpameHHH anKaHOB B 

apeHbI. .[l,ertt,l.I,pouttKJTH3autt51 npoTeKaeT 

c nornomeHtteM Tenna (251 ± I 7 K.[1,)1(/ 

MOJTb), 003TOMY KOHCTaHTa paBHOBeCH51 

peaKUHH B03pacrneT c OOBbIWeHHeM TeM

nepaTypbI: 

C"H211+2 ~ O-R+4H2 

.[1,aBJTeHHe C,l.I,BHraeT paBHOBectte pe

aKuMM BJTeBO - B CTOpOHY rtt,l.I,pMpOBa

HH51 apeHOB. 0).1,HaKO Ha npaKTMKe ).l,Jl51 

yMeHhWeHM51 OTJTO)l(eHMH KOKCa Ha Ka

TaJTH3aTope npouecc npoBOMT no).!, no

BbIWeHHhIM ,l.I,asneHtteM BO,l.I,opo,l.I,a. CKo-

pOCTb ).l,erH,l.I,pOUHKJTH3aUHH B03pacrneT 

c yseJTH4eHHeM ).l,JTHHhl uenH aJTKaHOB. 

MexaHH3M apoMaTH3aUHH anKaHOB 

OKOH4aTeJThHO He 51CeH. Ha 6mpyHKUHO

HaJThHhIX KaTaJTH3aTopax pmpopMMH

ra, C04eTaIOll!HX KMCJIOTHYIO M rH,l.I,

pttpy10my10 - ).l,ern,l.I,pttpyIOll!YIO cpyHK

UHH, npe,l.I,nonaraeTC51 cJTe,l.I,yIOll!a51 

cxeMa npespameHttH:: ,l.I,ern,l.I,pMposaHMe 

HOpMaJThHOro aJTKaHa (Ha MeTaJTJTe), o6-

pa30BaHHe Kap6KaTHOHa (c yqaCTHeM 

KHCJTOTHbIX aKTHBHh!X ueHTpOB), UH

KJIH3aUH51 HOHa, noTep51 npOTOHa c Bhl

).1,eJTeHHeM UHKJTOaJTKeHa, ).l,ertt,l.I,pHpOBa

HHe UHKJTOaJTKeHa (Ha MeTaJTJie); HJIM B 

o6meM BH,l.I,e: 

AnKaH ~ aJTKeH ~ UMKJIOaJIKeH ~ apeH 

IlpH ).l,ertt,l.I,pOuMKJIH3auMM aJTKaHOB 

o6pa3yIOTC51 Bee TeopeTM4eCKM B03-

M0)1(Hhle H30MepHbie apeHhI: 

CH3 

' CXCH, 

-4H 2 
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lnasa 8. TepM01<arnmnw-iern1-1e npoqeccb1 nepepci6011<M HecprnHblX cppa1<1..1vit11 

AnKaHbt, conep:>Karn11e I 0 11 6onee 

aTOMOB yrnepona, o6pa3y!QT apettbt c 

Kottnettc11poBaHHbIM11 KOJi bU:aM11 . AHa

JIOfHlfHbIM o6pa.30M apeHbl c nocTaTOlJ

HO .D;Jl11HHhIMH 6oKOBhlMH u:ernIMH MO

ryT 3aMhIKaTb .D;OIIOJIHHTeJibHble l\l1KJlbl. 

B pe3yIIhTaTe .n;ern.n;pou:11KJI113au:1111 an-

KaHOB o6pa3yIOTCH rOMOJlOfH 6eH30Jia 

11 HaqnaJlHHa c MaKCHMaJibHbIM conep

:>KaHHeM MeTHJlbHhIX 3aMeCTHTeJieH B 

H.n;pe, KOTopoe norrycKaeTCH cTpoeH11eM 

HCXO.D;HOro aJIKaHa. 

f11.n;poKpeK11Hr .n;aeT HH3llIHe aJIKa

HbJ: 

1 
CH

3
CH

2
CH

2
CH

2
CH

3 
+ CH

4 

H 
CH

3
CH

2
CH

2
CH

2
CH

2
CH

3 
CH

3
CH

2
CH

2
CH

3 
+CH

3
CH

3 

2CH
3
CH

2
CH

3 

3'ry peaKIJ;HIO HHOr.n;a Ha3bIBaIOT necT

PYKTHBHhIM r11.n;pHpoBaH11eM. Cttalfana, 

IIO-BH.D;HMOMy, rrpoHCXO.D;HT KpeKHHf Ha 

KHCJIOTHhIX u:eHTPaX KaTaJil13aTopa, a 3a

TeM r11.n;pHpoBaH11e o6pa.30B3BllIHXCH 

aJIKeHOB Ha OKHCJIHTeJibHO-BOCCTaHO

BHTeJibHbIX u:ettTpax MeTanJia. CyM-

(1) .11ern.11pHpoeaHHe 

MapHbIH TerrnoBOH Jcl>cl>eKT peaKu:1111 no

JIO:>K11TeJI eH. 

lJ,HKJ10aJ1K3Hbl B ycJIOBHHX KaTaJIH

THlfeCKOro p11cl>opMHHra rro.n;Bepra!OTCH 

.n;ern.n;p11poBaHHIO .n;o apeHOB ( 1 ), H30-

Mepmau:1111 (2), rnnp11poBaHHIO c pa3-

pbIBOM KOJlbl(a (3) H rn.n;poKpeKHHry (4). 

+ 3H2 - 200 K,/l;JK!MOJib 

(2) H30MepH3aQHJI naf3 y HJIH y - 20 K,/l;JK!MOJ!b 

0- C2Hs CH3 

(3) l'H,ZlpHpOBaHHe,H, 

,...--+ 0 + CH4 + 54 K)l;JK/MOJ!b 

(4) rn11.poKpeKHHr, H, 
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1·n asa 8. Tep ;,101<ciTan vrrw1E:c!;:ri0 iifJCJLF;:;CCL>i nepeµa6oTK\11 HecpHlHblX cppaKL1\11ill 

PeaKl.1,1111 ( 1) 11 (3) OTHOC51TC}J K rnny 

OKl1CJI11TeJibHO-BOCCTaHOB11TeJibHbIX 11 

KaTaJil1311PYIOTC51 MeTaJIJiaMl1 . 1130Me

p113aUl151 npoTeKaeT no Kap6KaTl10HHO

MY MexaHl13MY 11 KaTaJI11311pyeTC5! K11c

JIOTHhIM11 KaTaJ1113aTopaMl1. 

Co0Tttowett11e Me)K.uy peaKl.l,11}JMl1 

(1) - ( 4) ycrnHaBmrnaeTC51 B 3aBl1C11MO

CTl1 OT TepMO.Ul1HaM111.JeCKl1X 11 Kl1HeT11-

1.JeCKl1X cpaKTopOB, a TaK)Ke 3aBl1Cl1T OT 

aKT11BHOCT11 KaTaJil13arnpa. Ha116onee 

)KeJiaTeJibHoii B npouecce p11cpopM11Hra 

51BJI}JeTC}J apoMaTl13al.l,11}J l.l,11KJIOaJIKaHOB 

(peaKl.1,11}1 1 ). Bh1xo.u apettoB so3pac

rneT c noBb1rnett11eM TeMnepaTyphI 11 

(""yCH3 

\_}+ -

U:11KJioneHTaHbl c 3Tl1JlbHblM 11 .upy

fHMH 6onee .llJlHHHbIMH aJIKHJlbHblMH 

3To 06b51CH}JeTC}J TeM, 1.JTO B CJIY

qae MeTHJll.l,HKJIOITeHTaHa TpeTHl.JHbIH 

Kap6eHHeBbIH HOH H30MepH3yeTC}J B 

nepBHl.JHbIH, a B .upyrnx cJiyqa}JX - BO 

BTOPH1.JHhii1, 1.JTO 3Hepren1qecKH ropa3-

.uo BbffO.l(Hee. 

U:HKJIOaJIKaHhl c 1.JHCJJOM yrnepo,Il,

HhIX aTOMOB 6oJiee 10 .ua!OT B ycJIOBH}JX 

p11cpop1Vn1Hra 3Hat.IHTeJibHblH BbIXOll Ha

clnaJI HHOB H .upyrnx KOHlle HCHpOB3H

HbIX apeHOB. 

CHl1)KeH11eM .UaBJieHH}J. CT pH Bbl CO KOH 

KHCJIOTHOH aKTHBHOCTl1 KaTaJ1113aTopa 

B03pacTaeT pOJib H30Mepl13au1111 (2), Be

.uy1Uei1 K npesparn.ett1110 UHKJJoreKcatta 

B umrnoneHTaH. 

ARKUfllfllKJ?oneHmaHbl no.usepraIOT

C51 np11 p11cpopMHHre TeM )Ke peaKl.l,H}JM, 

1.JTO H U11KJIOreKCaHbl (1-4), 0.l(HaKO CKO

pocTb apoMaTl13al.l,HH ( 1) 3HalJHTeJJbHO 

HH)Ke, a BbIXO.U npo.uyKTOB rn.upoKpe

Kl1Hra ( 4) Bh1rne. ApoMaT11Ja11,m1 aJI

K HJJ UH KJI one HTaH o B rrpe.uweCTByeT 

H30MepH3aUH51 B 11,HKJJOreKCaHhl. 

PeaK11,1151 npoTeKaeT no Kap6KaTHOHHO

MY MexaHH3My: 

0 
3aMeCTHTeJI}JMH rrpespaw.aIOTC}J B apo

MaTHl.JeCKHe yrneso.uopo.uhI nerqe, 1.JeM 

MeTHJJl.l,HKJIOOeHTaH: 

ApeHbI. He3aMern.eHHbie apetthI B 

ycnoBH}JX npouecca KaTaJIHTHl.JecKoro 

p11cpopM11ttra ycTOttl.JHBhl. AnKHJJHpo

BaHHbie apeHbI no.usepraIOTC}J H30Me

p113a11,H11 no IlOJJO)KeHHIO 3aMeCTHTe

Jiei1:, llHCnponopQHOHHpOBaHHIO H ,LI,e

aJJKHJJHpOBaHHIO. 

TonyoJI no.usepraeTC}J .ueMeTHJIHpo

saHHIO H )J,HCnponopu110H11poBaHHIO 

MeTHJlbHbl X rpynn c o6pa30B3HHeM 

6eH30Jia H KCHJIOJIOB. KcHJIOJihI, mas-
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rnasa 8. TepM01<ciT;:imnw1er.1<1·1e npoqeccb1 nepepa6orn111 Heqr rnHblX rj1 pa1< 11~1 C'1 

HhIM o6pa30M, no.nsepraIOTCH H30Me

pH3aU:HH H .naIOT paBHOBecHyIO CMeCh 

o-, m- H n-H30Mepos, a TaK)l(e 3THJI-

+ 
H 

6eH30Jia. ApeHbI c 6onee .LI.JIHHHhlMH 

60KOBbIMH u:em!MH .neaJIKHJIHpyIOTCH 

no cxeMe: 

0-rn,Cff,CH, L Q-Cff,Cff,CH3 -o + c,H,' 

H2 
C3H1 + -? C3H6 -? C3Hs 

-H+ 

B pe3yJihTaTe 06pa3yeTCH He3aMe

meHHblH apeH H aJIKaH . 

reTepooprauuqec1rne COe,UHHeHHH. 
Coe.n11tteHH5l, co.nep)l(am11e reTepoaTo

MhI (N, S, 0), s ycJios1-rnx KaTaJIHTH

qecKoro pttcpopMHHra rnnp11py10TCH c 

o6pa3osaHHeM NH
3

, H_,S H Hp H co

orneTcrny10mttx yrneso.uopo.nos. Op11-

cyTcrntte s Cblpbe pttcpopMHHra reTepo

aTOMHhIX coe)lHHeHHH He)l(eJiaTeJihHO, 

TaK KaK OHH 6hICTpO OTpaBJIHIOT KaTa

JHl3aTop. Tio3TOMY Cbipbe, co.nep)!(amee 

Bblllle 0,05-0,07% cepbl l1 6onee Io-~% 

a3oTa, no.nsepraIOT rn.npootmcT1<e. 

TaKHM o6pa3oM, paccM0Tpem1e oc

HOBHblX ttanpasJiett11i1 npespamemrn 

yrneso.nopo.nos pa3JIH'IHbIX KJiaccos 

nOKa3bIBaeT, 'iTO B ycJIOBHHX pmpop

MHHra npOHCXO)lHT H30Mep113aUHH 11 

apoMaTH3aU:HH yrneso.uopo.nos 6ett311-

HOBhIX cppaKL(l1H. TIO CKOpOCTl1 11pOTe

Kamrn pa3JIHtJHbie peaKu1111 pmpopM111-1-

ra MO)[(HO pa3,neJIHTh Ha .use rpynnh1: K 

6b!CTp011.llYLUl1M p eaKUHHM OTHOCHTCH 

.nern.ap11posa1-111e u111<noarn<a 1-1os , 1110 -

206 

MepH3al.(HH aJIKaHOB H r11.npoKpeKHHr 

rn)[(eJibIX yrneso.nopo.nos; 3HatJHTeJihHO 

6oJiee Me)lJieHHblMH HBJIHIOTCH .nern.a

pou:MKJIH3al.(HH anKaHOB 11 .neaJIKHJIHpo

BaH11e apeHOB. 

8. 3. 2. Kama.T/ u3amopbl purjJopMuHza 

KaTan1-narnpaM11 p11cpopM11Hra 06b1l!

HO .STBJIHIOTCH MeTaJIJibl nnan!HOBOH 

rpy1111b1 (.nern.np11py10maH 11 rn.npHpy!O

ma.ST KaTaJJHTHl!eCKa.ST aKTHBHOCTb ). 

rnaBHbIM o6pa30M caMa nnaT111-1a, 1-1 a 

HOCHTeJJHX ; HOCHTeJJHMH B OCHOBHOM 

CJJy)!(aT OKHCb aJJIOMHHHH, a TalOKe 

aJIIOMOCHJlHKaTbl, 06na.na10ll(He caMO

CTO.STTeJibHOH pacmernrn10mei1 11 1130-

Mep113y10mei1 KaTaJIHTHlleCKOH aKTHB

HOCTblO (KHCJIOTHble KaTaJIH3aTOpbl) . 

K arnmnaTOpb1 ·raKoro THna Ha3brna!OT 

611cpyHKUHOHaJJbHbIMH; OHH 06na.na10T 

BbICOKOH aKTHBHOCTblO H H3611paTeJJb

HOCTbl{) 11p11 rn.apo1110Mep111au1111 am«1-

HOB 11 UHKJJOaJll<aHOB. 



lnasa 8. TepM01<arnn 111rnYecKHe r;pouecc!o1 nepepa6or1rn HecprnH blX cppaKw11111 

HaH6oJlee w11p0Koe pacnpoCTpa

HeH11e nOJlY9HJIH amoMOnJiaTHHOBbie 

KarnmnaTopb1. CTJianrna aI<THBHa B pe

aKUl151X rn,1..1,p11poBaH115! H ,1..1,ern,1..1,p11p0Ba

HH5!. 0Ha cnoco6cTByeT o6pa30BaH1110 

apoMaT11LiecK11x coe,1..1,11HeH11tt 11 rn,1..1,

p11p0Batt1110 npoMe)!(yTOLIHhIX oJiecjm

HOB, npe,1..1,oTBpama51 KOKcoo6pa3oBa

HHe. Co,1..1,ep)!(aH11e nJiaTl1HbI B KaTaJI11-

3aTope COCTaBmleT 06b!9HO 0,3-0,65%. 
CT0Bh1rueH11e KOHUeHTpau1111 nJiaT11HhI 

nO.llHHMaeT 3KTl1BHOCTb J<aTaJIH33TOpa 

11 np11BO.llHT K nOBblllleH11IO OKTaHOBOro 

9HCJia 6eH311H3. 0,1..1,HaKO l!pe3MepHO Bbl

COKOe conep)!(aH11e nJiaTl1HhI He)!(eJia

TeJihHO, TaK K3K np11 ) TOM ycHJIHBaeTC51 

pOJih peaKI..(Htt ,1..1,eMeTl1JI11pOB3HH51 11 pac

we11J1eHH5! u11KJIOaJIKaHoB, yMeHbrua10-

w11x BhIXO.ll 6eH3HHa. )lpyrott cjla1nop, 

orpatt11LI11aa10m11tt co,1..1,ep)!(aH11e nJiaTH

HhI - ee Bb!C01<351 CTOHMOCTb. 

K11cJiorny10 cPYHKUHIO B aJIIOMO

nJiaTHHOBOM KaTaJil13aTOpe BbinOJIH51-

eT 01<11cb amoMttHH51. 0Ha onpeneJI5leT 

aKTHBHOCTb KaTaJIH33TOpOB B peaKU1151X 

H30Mep113au1111 11 rn,1..1,p0Kpe1<11Hra. )lJI5I 

yc11JieHl15! KHCJIOTHOCTH B OKl1Ch 3JIIO

MHHH51 BBO.ll51T 0,3% cjnopa HJIH 0,5-2% 
XJIOpa 9

. bOJiee BblCOKOe conep)!(3HHe 

ranoreHa 3HaLI11TeJibHO nOBh1waeT Kpe

K11py10m11e caoi1crna KarnmnaTopa 11 

np11BO.lll1T K yaeJil19eHHIO BhlXO.lla ra3a. 

llp11MeHeH11e xJiopa B KaLiecrne npoMo

rnpa ttMeeT HeKoTopoe npe11Mymecrno 

nepe.n 11cnoJib30Batt11eM qnopa. Xnop a 

MeHhwei1 Mepe cnoco6cTsyeT pea1<u11-

5IM KpeKHHra 11, KpOMe Toro, CTa611JI11-

311pyeT BblCOKYIO ,1..1,11cnepcHOCTh nnaTl1-

Hbl 33 C4eT o6pa30BaHH51 KOMnJieKCa c 

nJlaTl1HOH 11 OKl1Cbl0 amOMl1Hl151. 

B npouecce pa6oThI qacTh xnopa 

Tep51eTC51 B OCHOBHOM 3a C4eT B3al1MO

.nei1cTBH51 c BJlaroi1, CO.llep)Kamettc51 a 

Cblpbe. 8b1,UeJl5llOll.l,HHC5! XJIOp11CThIH 

so.nopo.n Bbl3hIBaeT CHJlhHYIO KOpp0311!0 

o6opy.noBaHl151. flo3TOMY 0.llHO 113 Tpe-

6osaHHH I< Cblpb!O pmpopM11Hra - co

n ep)!(3Hl1e BO.llbl He 6oJlee l 0-3%. )lJ151 

KOMnettcau1111 B03MO)!(HhlX noTeph XJlO

pa B Cblpbe nOCT051HHO 111111 neptt0.lll19e

CKl1 BB0.!15IT onpe.lleJleHHOe KOJll19eCTBO 

opraHH9eCKl1X XJlOPl1.llOB (.lll1XJlOp3TaH, 

4eTb1pexxJlop11CTbIH yrnepO.ll HJlH )Tl1Jl

XJlOp11.n). CTptt .llJlttTeJJbHOtt 3KCnJiyarn

u1111 K3TaJll133TOpa npOHCXO.llHT cneKa

HHe 11 yKpynHeH11e Kp11CTaJIJlOB nJlaTH

Hbl OT 5-7 11.0 20 HM . 0,nHOBpeMeHHO 

yneJlbH351 noaepXHOCTb HOCHTeJl51 CHH

)!(3eTC51 co 120 .llO 83 M2/ r 11 yMeHblll3-

eTC51 Yttcno aKTl1BHbIX ueHTpoa. PeKp11-

crnn11113au1151 nnaTttHhl 11Hrn611pyeTC5I 

BBeneHHeM cneu11aJibHhlX npOMOTOpOB. 

llporpecc KaTanHTH9eCKoro pmpop

M11Hra a nocne11.H11e ro.llhl CB513aH c pa3-

pa6oTKoi1 nJiaTl1HOpeH11eBhIX KaTaJlH3a

TOpOB. HoBhie KaTantt3aTophI, Hap51.llY c 

0,3-0,6% nJiaTHHbl, CO.llep)KaT 0,3-0,4% 
peH1151. flp11MeHem1e 6ttMeTaJlJIH9eCKHX 

" npOUCCCbl KaTa.'lllTll'lCC KOro ptHIJOpWUlnl C HC rlO!lb3013aHllC ~ l a.110~10r1Jl3TllH0130r0 K3TaJ11133TOpa. 

a i;-1111311po 1Ja 1111oro 11 e60J 1bw11 ~ 1 l\OJlll'ICCT1Jm1 clnopa 11 x11op a . OObl'IHO H<Hh1Bat0T n 11aT<l>opM11HroM. 
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KaTaJ1H3aTopoB 003BOJUICT CHH311Tb nas

JlCHHe pmpopM11Hra OT 3,5 no 1.5-2,0 Mna 

H yseJ1H<Jl1Tb Bb!X01l 6eH311H3 c 6011ee 

BhICOKHM OKTaHOBh!M <JHCJlOM. 

)J,MhHCHWee COBepweHCTBOBam1e 

npouecca pttcpopMHHra npoHCX01lHT 

nyTeM co3.namrn no1111Mern111111<iecK11x 

KaTMH3aTopos, co.nep)!(a11.1J1x .no6as

KH 011osa, ranmrn, repMamrn , HHllH51, 

l1PH1lH51:. IloJ1HMeTaJ1J1HLleCKl1e KaTa1111-

3aTOphl 0611a.na10T CTa011JlbHOCTblO 611-

MeTaJIJIH<JeCKHX, HO xapaKTep113YIOTC51 

11y<iwei1: m6ttpaTenhHOCTblO 11 o6ecne

':IHBalOT 6011ee BhICOKHH BblX01l 6eH3H

Ha. Pa3pa6aThIBalOTC51 KarnmnaTOpbI, 

Mettee Tpe60BaTe11hHh1e K co.nep)!(att1110 

B Chiphe cephl, a30Ta, BO)J,bl, B KOTOpblX 

n11aTHHa BBe.netta B ueomu. Crn61111b

HOCTh KaTaJ1H3aTopa nOBb!W3CTC51 np11 

.no6asKe peJJ,K03CMCJihHblX 3,1eMeHTOB, 

no,!JJlep:11mBaIOIUHX BbICOKYIO n11cnepc

HOCTb nJiaTHHhl. 

8.3.3. KitHemuKa 

u men.noebze 3ppeKmbz purjJop11uH2a 

OcHOBHbie peaKu1111 p11cpopMttttra 

51:BJl.SIIOTC.SI THnWIHbIMH peaKUH.SIMH 1-ro 
nop.SI,llKa. MaTeMaT.H':lecKoe on11caH11e 

pttcpopMHHra Ha pa3HhIX KaTaJIH3aTO

pax ,llOJDKHO 6hITh 0)],HHM H TCM )KC, HO 

c pa3JIHqHbIM q11c11eHHhIM 3HaqeHHCM 

nOCT051:HHbIX, npHCYIUHX Ka)l(JJ,OMy Ka

TaJ1H3arnpy. 

Ilo 1l3HHhIM pa60Tbl npOMblWJieH

HblX ycrnHOBOK nnanj)opM 11ttra 1<a11<y

ma51c51 3Heprn51 3KTl1B3U1111 peaKU1111 
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apoMaTl133U1111 COCTaBJ151CT 92-158 K)J,)I</ 

MOJlh, a rnnpo1<peK11ttra 117-220 1<)1,)1(/ 

MOJih. 

XapaKTepttoH: oco6ettHOCTblO scex 

MOJJ,11<jJ11Kau11i1 p11cpopMHHra 5!BJ151eTC51 

TO, 4TO O,D.Ha 113 ero OCHOBHblX CTa,[ll1H -

apoMaTl13aU1151 - 3H1lOTepM111rna, a .npy

ra51 - rn.npoKpeKHHr - 3K30TepM114Ha. 

Pe3y11brnpy10m11i1 3cpcpeKT 3as11C11T OT 

COOTHOWeHH51 Y,UCJlbHhlX HHTCHCHBHO

CTeH 06e11x 3Tl1X CTalll1H. 00BhIWeH11e 

TeMnepaTypb1 cnoco6crnyeT yCKope

HHIO pea1<u1111 apoMaT11Jau1111 11 rn.npo

KpeKHttra. 8hlX01l apettoB, a cne.nosa

TCJibHO, OKTaHOBOe 411CJ10 6eH311Ha npH 

3TOM B03paCTalOT. BMecTe c TeM, B npo

uecce rH1lPOKpe1rnttra 06pa3yeTC5! MHO

ro .lerKHX yrneBO.llOpOJJ.OB ( C
3
-C), 4TO 

npHBOllHT K yMeHbWCHl1IO BhlXO,D.a 6eH-

311Ha. KpoMe TOro, 111-1a 6011hworo pac

xona B01lOP01la B pea1<UH5!X r11.npo1<pe

K H Hra cttmKaeTc51 co.uep)l(att11e sonopo

na s u11pKy1111pyiomeM ra1e, sc11eJJ,crn11e 

qero ycKOp51eTC51 33KOKCOBbIB3HJ1e K3Ta

JlH33TOpa. Bc11eJJ,cTs11e tta11o)!(ett115! 3THX 

<jJaKTopos onT11Ma11hHa5! TeMnepaTypa 

np0Benett115! npouecca cocrnB115leT 480-
530 °C. 

C yBe11114ett11eM o6beMHOH cKopoc

TH npouecca npeo611a.na10IUY10 po11b 

B npouecce Ha4HHalOT 11rpaTh 6b1cTpo-

11.nymHe peaKUHH JJ,ern.np11posaHH5! UHK-

11oa111<aHOB, rn.upoKpeKHHra rn)!(eJihIX 

aJIKaHOB H 1130MepH1au1111 yrneBOJJ,OpO

)J,OB. Po11h peaKUHH .uern.npou11K11111a

u1111 a111<aHoB, nea111<H11Hposamrn apoMa

TH4CCKHX COC1ll1HCHl1H 11 r11npo1<pe1<1111 -



lnasa 8. TepM01(arn11virw1ecKvie npoueccb1 nepepa6oTKlll Hecj".JrnHblX ¢paKL1111iil 

ra J1ern11x yrneso.uopo.uos ctt11)1(aeTcS1 . 

B pe1yJibTaTe 111MeHeH11S1 cooTHowett11si 

Me)l(.uy pa3Jil1l.fHblMH peaKUl1S!MH BbIXO.U 

6eH3HHa B03pacTaeT, HO ero Ol<TaHOBOe 

l.fl1CJIO CHH)l(aeTCSI. 

Bb1xo.u .uenponamn11posatt-

ttoro 6ett31.ma, % 91,8 

0KTaHOBOe l.fHCJIO 6eH3I1Ha 85,0 

Co.uep)l(am1e apettos, % 43,0 

8 npOMblWJieHHbIX ycJJOBHSIX 06b

eMHYIO CKOpOCTb no.u.uep)!<HBa!OT Ha ypoB

He 1-3 ..,., B 3aBHCHMOCTH OT COCTaBa 

Cblpbsi 11 tta3Hal.feHHSI npouecca. 

8.3.4. Kamamm111l/ecKml purjJopHuH2 

6 11pOAtblU/:7eHHOC/11ll 

PmpopMHHr B npoMblWJieHHocn1 

11CnOJib3yeTCSI ,UJISI nOBbJWeHl1SI OKTa

HOBOro l.fl1CJla 6ett3HHOBblX cppaKUl1H 11 

1lJ1SI nonyl.feHl1SI apeHOB, 5!BJISllOWl1XCSI 

[.\eHHblM CblpbeM HecjJTeXHMl14eCKOro 

Cl1HTe3a. 

8 KaYeCTBe CblpbSI ,UJISI I<aTaJil1Tl14eC

KOro p11cjJopM11Hra o6bI4HO 11cnOJib3Y

IOTCSI 6eH311HOBble cppaKU1111 nepB114HOH 

neperoHKl1 HeQJTl1 . <l>paKUl10HHblH co

CTaB CblpbSI p11cjJopM11Hra onpe.ueJISieTCSI 

ueneBblM npo.nyKTOM npouecca. Ecn11 

ueJibIO npouecca SIBJrneTCSI nonyyem1e 

HHLlllBl·l,llyaJi bHblX apeHOB. TO l .LJ151 no

J1 y'l e H1rn 6Cll30Jia, TOJI YOJla I! KCl!JIO; JOB 

l!Cr! OJI b3Y IOT COOTBeTCTBCH HO c!iparrn1111 , 

1-l-OllXO 

H11)1(e noKa3atta 3as11CHMOCTh BhIXO

ti:a 11 csoi1:cTB 6eH3HHa KaTaJIHTHlfeCKO

ro p11cjJopMHHra OT o6beMHOH CKopocrn 

npouecca: 

93,9 95,1 

81,0 76,0 

40,5 38,0 

co.uep)l(allJ,He yrneso.uopO,ll.hl Ci62-85 °C), 
cl (85-105 °C) H C8(105-140 °C). Ecn11 

npouecc nposo.u11TCS1 c uenbIO nonyqe

HHSI BblCOKOOKTaHOBoro 6ett311Ha, TO B 

Kalfecrne CblpbSI 11cnOJ1b3YIOT cjJpaKUHIO 

85-180 °C , COOTBeTCTBYIOW.Y!O yrneBO

ti:Opo.uaM C7 -C9• 

YCTaHOBKH KaTan11T11lfecKoro p11-

cjlOpM11Hra, KaK npaBHJIO, COCTOSIT 113 

6 JIOKOB p11c!lOpM11posatt115! 11 rn.upo

OL111cTK11 . OH11 pa1J111<Ja10TCS1 no MOl.ll,

HOCTH, KOHCTpyKUl111 annapaTOB 11 060-

PY.ll.OBaHHSI , Karnml3aTopy 11, B pS1.ne 

CJiyYaeB, TeXHOJIOrHlJeCKOMY pe)l(l1My. 

Ha p11c. 8.10 np1rne.uetta np11ttu11n11aJib

tta5! cxeMa O,LlHOH 113 TaKHX ycTaHOBOK. 

nepe)l KaTaJil1TJ1LleCK11M p11cpOpMHHrOM 

Cbipbe noti:sepraIOT rn.upoolf11cTKe. 3a

TeM npo.uyKTbl nocrynaIOT B oTnapttyIO 

KOJIOHHY 5. Csepxy ee BbIBO.USIT cepo

so.uopo.u 11 so.usi11b1e napb1, a CHH3Y -

r11 n porc111rnn. l1wpore111n aT BMeCTe 

c peu11pKy; 111py10 Wl1i\I BO..'lOPOllCOJl ep

;Ka ll(l·li\I ra 'JO M HarpesaeTcsi BttaL1<L1 e 
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lnasa 8. TepM0KaT3IlV1TW-1ecJ(11e npoweccb1 nepepa6oTKV1 Hecj:JrnHbl X cj:JpaKL\V1iil 

s Tennoo6MeHH11Kax, a 3aTeM B 3Mee

Bl1Kax neq11 6 11 nocrynaeT s peaKTopb1 

pmpopM11Hra 9. CTponyKTbI, Bbrxon 5JWHe 

113 nocnenHero peaKTopa, oxna)Kna1-0T

c51 B annaparnx 7, 2 11 3 11 pa3nen511-0TC51 

B cenapaTope 4 Ha ra3osy1-0 11 )fnl.UKYl-0 

cjla3bl. )1(11.uK11e npony KTbl cppaKUHO

H11py10T c uenb10 nony<1emrn BbICOKO

oKTaHosoro KOMnOHeHTa HJIH ,Upyrnx 

nponyKToB (apoMaTHlfeCKHX yrnesono

ponos, C)KH)KeHHOfO HetjH5IHOro ra3a H 

T.n.). EoraTbIH sonopo.aoM ra3 Hanpas

JI5JJOT Ha peu11pKyJI5JUl1lO. a H36bITOK ero 

BblBO,U5JT 113 Cl1CTeMbl H HCOOJlb3YlOT B 

.upyrnx npoueccax. 

0CHOBHb!Ml1 nponyKTaMH p11cpop

Ml1Hra 5JBJI5110TC51 sonopon conep)Kawnr1 

ra3 11 )K11,UKa51 cppaKUH51 - pmpopMaT. 

Bonopon 11cnonb3YIOT qacT11lfHO .UJI51 

BOCnOJIHeHl151 noTepb UHpKym 1py 1-0we

ro sonoponconep)Kawero ra3a. 60Jib

rny1-0 qacTb sonopona HanpasJ1 511-0T Ha 

ycrnHOBK11 rnnpoKpeKHHra 11 rnn po

oq11cTK11 HecjlTenponyKTos. Bb1xon Tex

Hl1lfeCKoro sonopona c KOHUeHTpau11ei1 

90% (06.) B npouecce p11q)OpM11Hra Ha 

nnaTl1HOBOM KaTaJI113aTope COCTaBJI5JeT 

0,7-1,5% (06.). vb sonopon conep)l(a

mero ra3a np11 crn611JI113au1111 Bh1.nen51-

10T TaJOKe cyxow ra3 ( C
1 
-C

1 
11n 11 C

1 
-C3) 11 

C)KmKeHHhie ra3bI (C3-C). 
P11cpopMaT 11cnoIIh3Yl-OT KaK BbICOKO

oKTaHoBbIH KOMilOHeHT aBTOM0611Jib

HbIX 6eH311HOB 11Jil1 HanpaBJI51lOT Ha Bbl

n eJieH11e apettos. 

6eH311H Karnmnw1eCKoro p11cpop

M1rnra con ep)K11T 50-60% Mace. ape-
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HOB, oKono 30% Mace. aJIKaHOB, I 0-
15% Mace. Ul1KJIOaJIKaHOB 11 MeHbWe 

2% Mace. HenpenenbHbIX coen11HeH11i1. 

AnKaHbl npenCTasneHbI B OCHOBHOM 

cppaKu11ei1 C5-C~ c Bb!COKHM 0Tttorne

H11eM 1130CTpyKTYP K HOpMaJibHblM. 

vl3 apeHOB npeo6Jia.D,al-OT C7-C9. oeH311H 

KaTaJI11T11lfeCKoro p11cpopM11Hra 113-3a 

BbICOKOfO conep)KaHl151 apeHOB, np11so

.ll5I 1..Uero K nOBbIUJeHHOMY Harapoo6pa-

30BaHl11-0, He MO)KeT B lfl1CTOM BH,Ue 11C

nOJib30BaTbC51 B KalfeCTBe TOilJIHBa .ll,JI51 

asrnM061rnei:i 11 nonsepraeTC51 KoMna

YHn 11posaH111-0. 

IlocKOJibKY KaTaJil1Tl1l.JeCKHH p11-

cpopM11Hf 5J BJI 5JeTC51 B3)KHeHWl1M HCTOl.J

HHKOM nOJiy<leHH.51 apoMaTHl.JeCK11X 

yrnesonoponos, TO ycrnHOBKH p11cjlop

M 11Hra COl.JeTalOTC.51 c ycTaHOBK3Ml1 no 

Bb1.aeJieH111-0 11 pa3nenem11-0 nocJientt11x 

( KOJIOHHaMH .UJl.5! lfeTKOH peKT11cjl11Ka

u1111 , a3eOTponHOH 11 3KCTpaKUl10H

HOH neperoHKl1, 3KCTpaKu110HHOH 11 

ancop6u110HHOH ycrnttosKaM11). B npo

Mb1wneHHOCT11 tta116onbrnee np11MeHe

H11e nOJJY411 Jl H 3KCTpaKU110HHa.51 nepe

fOHKa c q)eHOJIOM - .UJI51 BbllleJ1eHl151 

OllHOfO apoMaT11l.JeCKOfO KOMnOHeHTa, 

11 3KCTpaKU11.51 c .U113TJ1JieHrnHKOJieM -

,UJI.51 Bhl,UeJieHl1.51 CMec11 apoMaTJ1l.JeCK11X 

yrnesonopon os. I-fa p11cjlopMaTa Bbl,Ue

JI5JJOT 11H.U11B11.UYaJibHb!e apeHbJ : 6eH-

30.1 , Tonyon, 3T!1JI6eH30JI, see 1110Meph1 

KC11JIOJIOB, ttaqnaJIMH , nceB,UOKYMOJl 11 

HeKOTOpbie npyr11e apOM3T11l.JeCKJ1e co

en 11HeH11.5! , WHpOKO 11COOJib3yeMbJe 

B opraHl14eCKOM CHI-!Te3e. 
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lnaBa 8. TepMoKaranvirnc:e ci; ~," r1po:..ieccb1 neµepa t5ornvi Hecprn HblX cj.JpaKLj~1i:\ 

8.3.5. YcmaH06Ka n.wmrjJop11u1-12a 

YcrnHOBKa nnanpopM11Hra coCTmn 
113 Tpex 6JIOKOB: 

1) npensap11TenhHa5l r11npoo411cTKa 
6eH311Ha; 

2) nnanpopM11Hr rnnpooY11rneHHoro 
6eH311Ha ( rn.uporeHJnarn): 

3) crn611n113au,1151 6eH311Ha nnanpop
M11Hra. 

Ecn11 Ha ycTaHOBKe nonyc1a10T HH
.u11s11.uyarrhHh1e apoMan1c1ecK11e yrne
sonoponhI, TO B ee COCTaB BKJIIOLiaeTC5l 
erne 11 6JIOK BhI}J.eJieHl15l apoMaTH4eCKHX 
yrnesonoponos, 

Texnonoru'-lecKast cxel\ta. TexHono
r11'-!eCKa5I cxeMa ycTaHoBKH .llJI5l nony-
4eHl15l BhICOKOOKTaHOBblX 6eH311HOB 
np11BO,llJITC5l Ha p11c. 8. 11. 

l1cxonHoe Chiphe nonaeTC5l HacocoM 
H-1 Ha cMemem1e c m1pKym1py10llil1M 
ra30M rnnpoO'-IHCTKH 11 1136bIT04HblM 
BO.!J.OPO.!J.OM pmpopM11Hra. flonyc1eHHa5l 
ra30ChipheBa51 CMeCh noCJie Harpesa B 
Tennoo6MeHHl1Ke T-1 11 ne4H n-1 no
crynaeT B peaKTop rnnpoo411cTKH P-1. 
.D:anee cMeCh ra3a 11 rnnpoo4HllieH
Horo 6eH3HHa oTnaeT csoe Tenno B 
K11n5lTHJihH11Ke T-3, Tennoo6MeHHHKe 
T-1, xono..u11JihHHKe X-1 11 HanpasJI5l
eTC51 B cenapaTop BhICOKoro ..uasneH115I 
rnnpoo'-IMCTKH C-1, rne raJ OT.lleJI51eTC51 
OT rnnporemnarn. B sonoponconep)Ka
rneM raJe npttcyrcrnyeT ceposo..uopon, 
BhI}J.eJUllOlll,11HC51 np11 rnnpOO'-IHCTKe. 113 
cenapaTopa raJ nocTynaeT B KOJIOH
HY K-3, rne ceposonopon OTMh1BaeTc5l 
15%-Hb!M paCTBOpOM MOH03TUHOJiaMl1-
Ha. 
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0411llieHHh!H ra3 pa3.lleJI5leTC5l Ha 
nae HepaBHhie 4acT11: 6onhWa5l - u.11p
KYJI5lU.l10HHb1i1 ra3 rnnpoo'-l11CTK11 - no
CTynaeT Ha np11eM U.11PKYJI5lU.110HHOro 
KOMnpeccopa flK-1 H BHOBh CMeWI'.IBa
eTC5l c CblpbeM, MeHbWa5l - H36blT04-
HblH sonopon - Bhrnon11Tc5l c ycrnHoB
KH. )1{11..uKa5l cpa3a B cenaparnpe C-1 
conep)K11T rnnpoo<I11W,eHHhii1 6eH3HH 
c pacrnopeHHblMH B HeM ceposonopo
.LJ.OM, yrnesonopO.llHhIM ra30M 11 BO.LI.OH . 
flo:.HOMy rH..UporeHH3aT CTOCTynaeT 4e
pe3 Tennoo6MeHHl1K T-2 B OTnapttyIO 
KOJIOHHY K-1, rne npo11cxon11T oTnapKa 
ra3a, BO.llhl H ceposonopona OT 6ett311Ha 
3a cc1eT Tenna noToKa 113 peaKTopa P-1, 
nonson11Moro B Kl1rI5lTHJihHl1K T-3 . Crn-
61111bHh1i1 rnnporeHH3aT c Hl13a KOJ10H
Hbl K-1 npoxon11T Ten11006MeHHHK T-2 
11 HacocoM H-2 ttanpasm1eTC5l Ha cMe
weHHe c u.11pKym1py10W,l1M BO.llOPO.UOM 
61101<a nnaTtj)opM11Hra. CMeCb 6eH3HHa 
H ra3a HarpesaeTC5l B Ten11006MeHHH
Ke T-4 11 s nepsoi1 ce1<u.1111 ne411 Jl-2, a 
3aTeM noCJJenosaTeJJhHO npoxon11T pe
aKTop P-2, srnpyIO ce1<u.1110 ne411 Jl-2, 
peaKTop P-3, TpeTblO ce1<u.11JO ne411 II-2 
H peaKTop P-4. 

flponyKT p11cpopM11Hra 113 peaKTopa 
P-4 HanpaBJI5leTC5l B Tennoo6MeHHHK 
T-4 11 xo110.u11nhH111< X-2, oxna)KnaeT
c5l 11 nocrynaeT B cenapaTop BhICOKoro 
nasneH115l n11aTcpopM11Hra C-3, rne npo-
11cxon11T pa3.ueneH11e ra3a 11 6eH3HHa. 
f a3 nocrynaeT Ha np11eM KOMnpeccopa 
llK-2. EonhWa5l YaCTh ero B03BparnaeT
C5l Ha CMewem1e c rnnporeH113aTOM, a 
IH6bITOLIJ-lblH BO.llOPO.ll nnanj)OpM11Hra 
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ttanpaBJU!eTC51 B 6JlOK rHllp00lll1CTKH. 

)1{11)J,Kl1H npo1lyKT 113 cenapaTOpa C-3 
nonanaeT B cenapaTop Hl13KOro .uaBJie

Hl151 C-4, me 113 nnanpopMarn Bb1.uem1-

eTc5! pacrnopeHHbIH yrneB01lOP01lHblH 

ra3. 0KOH4aTeJlhHO rIJlaTCpOpMaT crn611-

J111311pyeTC51 B KOJIOHHax K-4 11 K-5. 

YrneB01lOP01lHhIH ra3 rH1lP00411CTKl1 11 

pmpopM11Hra 113 cenapaTOpOB C-2 11 C-4 
cMew11BaeTC5! 11 rIO)J,aeTC51 BO cppaKU110-

Hl1PYIOllll1H a6cop6ep K-4. 
Hecrn611nbHhIH 6eH3HH 113 cenapa

Topa C-4 1lBYM51 noT0KaM11 noCTyna

eT B a6cop6ep K-4: tiacTb xoJlO.UHOro 

6eH3HHa no)J,aeTC51 Ha sepx a.ucop6epa, 

.upyra51 qacTb HarpeBaeTC51 B TenJloo6-

MeHHHKe T-6 11 no)J,aeTc51 B HH3 a6cop-

6epa. C Bepxa a6cop6epa K-4 yxomn 

cyxott yrneBo.uopo.uHbIH ra3, c H113a -

6eH311H B KOJlOHHY crn611J1H3am111 

K-5 - nocJle npe.uBap11TeJlhHOro Ha

rpeBa B Tennoo6MeHHHKe T-5 3a CYeT 

CTa6HJibHOro 6eH3HHa. c Bepxa KO

JlOHHbl K-5 c yCTaHOBKH BbIBO.UHTC51 

CTa6HJibHa51 roJIOBKa, c HJ13a KOJIOH

Hbl K-5 qepe3 TenJloo6MeHHHKH T-5 11 

T-6 11 XOJIO.lll1JlbHHK X-3 - CTa6HJibHblH 

6eH3HH. flo,LI.BO.ll TenJia R Hl13 KOJlOHH 

K-4 11 K-5 ocymecTBJI51eTc51 MeTO.UOM 

rop51qei1 CTpy11 qepe3 .llBYXKaMepHylO 

netJb fl-3. ITp11 nOJIHOM Bb1,L1.eJleH1111 113 

6eH3HHa ::naHa (pe)K11M .ue:naH113au1111) 

B sepxy KOJIOHHbI K-5 no,Ll..llep)KHBaeTC51 

70 °C, np11 noJlHOM Y1laJleH1111 npona

tta (pe)KHM 11enponaHH3aUHH) - 45 °C. 

B 06011x cny4a51x TervmepaTypa H111a 

KOJIOHHbI 220 °C, 11aBJie1-rne 11 ,5 Mna. 
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B HaCT051LUee speM51 B cxeMy BKJ110lla10T

c51 TaK)Ke ocyw1nen11 u11pKyn11py10mero 

so11opo11co11ep)Kamero ra3a, HanoJlHeH

Hble ueoJlHTOBblM nornOTHTeJleM 11Jll1 

aJ<Tl1BHOH OKHCblO aJ1 IOMHHl151, a TaJ<)Ke 

eMJ<OCTH, MepH11Kl1 11 Ll0311pOB04HbJH 

1-1acoc 11J151 no11aq11 .u11xllop3TaHa s KO

Jrnt1ecrne 5-10-5% Mace. Ha Cbipbe. 

PereuepaUHSI KaTaJIH3aTopa. no 

OKOH4aHl111 UHKJla peaKU11M KaTaJIH-

3aTop Tep51eT aKTMBHOCTb BCJlellCTBHe 

oTJio)KeHirn 1-1a HeM KOKCa. Opouecc 

pereHepau1111 ocyiuecTBJ15leTc51 no3Tan

HO. CHatiaJia npeKpaiuaeTC51 np11eM 

Cblpb51 Ha ycTaHOBKy. 6noK rn.upo-

04HCTKH H 6noK CTa611J1113au1111 OTKJII0-

4alOTC51. U11pKyJ15!Ul15! Bo11opo11co11ep

)Kamero ra3a s 6noKe nnaTcpopM111-1ra 

np0110Jl)KaeTC51 111151 npOMblBKH CHCTeMbl 

OT yrneso11opo11os . .[1,aJlee noCTeneHHO 

coKpawaeTC51 nonaqa Tonn11sa s cj>op

cyHKH ne4M rIJlaTCpopM11Hra 110 flOJlHO

ro OTKJ110l!eH115!. C11cTeMa nocTeneHHO 

oxna)l(11aeTC5! 110 200 °C, 11 UHPKYI151UH51 

Bo11opo11co11ep)!<a1Uero ra3a npeKpawa

eTC51. Bo11opo11co.uep)l(aw11H ra3 c6pa

CbJBaeTC51 4epe3 pe11yKUHOHHble KJlana

Hbl B TOrIJ111BHYIO ceTb. 113 pea1<TopoB 

OCTaTOK napos yrneso.uopo11os oTca

CbJ BaeTc51 BaKyyMHblM HaCOCOM. 3aTeM 

Cl1CTeMa npo11ysaeTC5! 11HepTHblM ra30M 

B aTMOCQ>epy. floCJle npo,LI.yBKH Cl1CTe

Ma 3aflOJ1H5leTC51 HHepTHbIM ra30M 110 

.uasneHl151 I MITa, BKJll04aeTC51 U11pKy

J151Ul10HHblH KOMnpeccop 11 peaKTOpHblH 

6JlOK nocTeneHHO pa3orpesaeTc5! npH 

HOCT051HHOH UHl)l(YJ1 51U1111 111-1epn1oro 

ra'3a. Op11 250 °C K 11Hepn10My miy 
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)J,06asm1eTC5! B03JJ.YX B TaKOM KOJll1LJe

CTBe, LJT06bI KOHLI,eHTpau,1151 Kl1CIIOp0,1J,a 

s 11HepTHOM ra3e He rrpesb1wana 0,5% 
(06.) B HaLJane pereHepau,1111 11 2% (06.) 

s KOHue pereHepau,1111. BbrnrnraH11e KOK

ca rrpOBO)J,11TC51 B )],Be CTyrreH11: rrepsa51 

cryrreHb rrp11 250-300 °C, BTopa51 rrp11 

380-400 °C. OoCJie OKOHLJaH115! BbDK11-

raH115! KOKCa KaTaJil13aTop rrpoKaJI11Ba10T 

rrp11 500 °C. 3aTeM CHCTeMy OXJia)!()J,a

IOT, Ul1PKYJI51Ul1IO 11HepTHOro ra3a rrpe

KpawalOT 11 c6pacbrna10T ero s aTMoc

cpepy. DoCJie :noro cHosa rrponysa10T 

Cl1CTeMy BOJJ.OPOJJ.COJJ.ep)!(aLU11M ra30M. 

8. 3. 6. B1J10e.1rn11e apo.Ha11111•1ecK11x 
y2Heeooopoooe m npooyKmoe 

Kamawmul/ecKozo p11cjJopwu112a 

OpoJJ.yKT, rronyLJaeMbIH B pe3yJibTa

Te KaTaJil1Tl1LJeCKOro p11cpopM11poBaHl15! 

rrp51MOfOHHOro 6eH311Ha, COJJ.ep)!(11T OT 

30 JJ.O 60% Mace. apoMarnLJecK11x yrne

BOJJ.OPOJJ.OB; OCTaJibHOe COCTaBJI5llOT Ll,11-

KJIOaJIKaHbl 11 aJIKaHbl HOpMaJibHOro 11 

1130CTpOeHl151. 

OonyLJ11Tb 113 3Toi1 cMec11 apoMaT11-

LJecK11e yrnesonopOJJ.bI o6bILJHoi1 peK-

T11cp11Kau11ei1 HeB03MOJKHO, TaK KaK OHl1 

o6pa3ylOT c anKaHaM11 11 U11KJIOaJIKaHa

Ml1 Hepa3JJ.eJibHOK11rr5II.U11e ( a3e0Tporr

Hb1e) CMec11. ,[(JI51 BbI)J,eJieHl151 apoMa

Tl1LJeCKl1X yrneBOJJ.OPOJJ.OB B HaCT051I.Uee 

speM51 rrp11MeH5llOT 3KCTpaKU11IO. 

Cb1pbeM ycrnHOBKl1 3KCTpaKu1111 

apoMaTWieCKl1X yrneBOJJ.OPOJJ.OB cny

)!(aT KaTaJil13aTbI rrocne pmpopM11posa

Hl15! cppaKu11i1 62-85 °C (28,5% apoMa

rnLJec1rnx yrneBOJJ.OpOJJ.OB ), 62-105 °C 

(3 7% apoMarnLJeCKl1X yrneBOJJ.OpOJJ.OB) 

11 105-140 °C ( 45,5% apoMaT11LJeCKl1X 

yrneBOJJ.oponos). B KaLJecrne pacrnop11-

Tenei1 rrp11MeH5llOT I10Jil13Tl1JieHrnl1KO

Jil1, cynbcpOJiaH, )J,11MeTl1JICYJibcpOKCl1)l, 

N-MeT11nrr11ppon11,lJ,OH. 

Ha yCTaHOBKax ,LJ,JI51 113BJieLJeHl151 

apoMaT11LJeCKHX yrneBO,Ll,OpO,Ll,OB 113 Ka

TaJil13aTa rrnaTcpopM11Hra Ha116onee pac

rrpocTpatteHHbIM 3KCTpareHTOM 51BfilieT

C51 BO,lJ,HbIH pacrnop ,Ll,113Tl1JieHrnl1KOJI51 

():(3f), HO ero ITOBCeMeCTHO 3aMeH5llOT 

6onee 3cpcpeKTl1BHbIM Tp11- 11 TeTpa3Tl1-

JieHrJil1KOJI51Ml1 (T3f 11 TeTpa3f). 

OcttoBHbie csottcTsa rron11:JT11JieH

rn11Konei1: rrp11seneHbI B Ta6n. 8.4. 

Ta6ma1a 8.4 
Xapa1nepucTuKa BOL{HhlX noJIHJTUJieurJIHKOJieii 

IloKaJaTeJiu ,n:3r T3r TeTpa3r 

CoJJ:ep)l(am1e BOJJ:hI B pacTBop11TeJTe, % Mace. 7 5 5 
CTJTOTHOCTh p/0 I, 11 1, 11 I, 11 

TeMneparypa K11neH115!, °C 135 137,2 143 

Maccosoe OTHoweHHe paCTsopr1TeJTh: Chiphe 
rjipaKLurn 62-105 "C 11: I 7: I 5: I 

rjipaKIHrn I 05-140 °C 16: I 11: I 8: I 
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611aroaap51 O'-leHb 6mnK11M pe:>1rn

MaM 3KCTpaK1._\1111 11 pereHepawrn nepe

xoa c LJ,3r Ha T3r 111111 Ha TeTpa3r He 

Tpe6yeT 6011blllOH peKOHCTPYKUHH , B TO 

)l{e BpeM51 npo113BOJ.1,11Tel1bHOCTb ycTa

HOBKl1 nOBbillJaeTC51 Ml1Hl1MYM Ha 30%. 

B pe3y11bTaTe 3KCTpai;:uin1 Ha ycrn

HOBKax no11y'-!aIOT c11enyIOWHe npo

J.1.YKTbI: 6eH3011, To11yo11, KCH11011bl, 3Tl1Jl-

6eH3011, Bb1cw11e ap0Man1<1ec1rne yrne

BOJ.1.0pOJ.1.bI 11 J.1,eapoMannoBaHHbl!:'! 6eH-

311H (pacjrnHaT), COCT051WH~l Ha 95% 113 

napacpttHOBblX yrneBOJ.1.0pOJ.1.0B ( OKTaHO

BOe •rncno no MOTOpHOJ\IY MeTOJ.1.Y 45 ). 
Pacp11HaT '-!aCTH'-IHO 11cno11h3yeTC51 

J.1.1151 no11y<1eH115I pacTBOp1ne11ei1. Ue-

11ecoo6pa3HO 11cno11b3oBaTb pacpm-iaT 

B KaLJeCTBe Cblpb51 ce11eKTHBHOro n1-

J.1.POKpeK11Hra .z:i:1151 no11y'-lemrn 113 Hero 

yrneaon:opon:HbIX ra30B H KOMilOHeHTa 

aBT06eH311Ha c OKTaHOBblM LJl1CJlOM 75. 

Bb1cw11e apoMaT11tJec1rne yrneBOJJO

pon:bI MOryT 6bITb 11Cil011b30BaHbl B Ka

'-leCTBe KOMilOHeHTa aBT06eH311Ha 111111 

Hanpaa11eHbI Ha 113a11etJeH11e ncean:o1<y

Mo11a. 

Kc1111011bHa5! cppaKU1151 6eH311HOB p11-

cpopM11Hra HMeeT np1161111311Tel1bHO no

CT051HHhiii COCTaB: 

3nrn6ett30JI 

n-KCHJIOJI 

.11-Kc1111on 

o-KCHJlOJI 
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LJ,1151 n:a11bHei.\wero 11cnOJ1b30BaH115! 

1130Mepbl He06XOD:l1MO pa3.z:i:e1111Tb. 06bllf

HO O-KCH11011 BbID:eJ15110T MeTOD:OM lJeTKOH 

peKT11QlHKaUHH, a /1-KCl111011 - MeTOD:OM 

Hl13KOTeMneparypHOH Kp11CTa11J1113au1111. 

0011y'-leHHbJe apoMaTWleCKHe yrne

BOD:OpOD:bl Cl1Y*aT D:J151 113rDTOB11eHH51 

11e1<apCTB, Kpacme11ei1, CHHTeTHL!eCKHX 

MOIOW11X cpen:CTB, B0110KOH, Kay<1yKOB, 

H Hce1a11u11n:oB, np11can:oK, n11aCTMacc 11 

MHOnlX n:pyrnx npon:yKTOB. 

Tex1rnnonfl1ecKasi cxeMa. TexHo-

11on1l1ecKa5! cxeMa ycTaHOBKl1 3l<CTpa1<

u1111 ap0Man1<1ec1rnx yrneson:opon:os 113 

KaTal1H3aTa QlpaKUHH 62-105 °C J.l,HJTH

JleHrnl1K011eM (LI, 3r) npen:crnB11eHa Ha 

pHC. 8.12. 

OcHOBHbJM annapaTOM Ha ycrnHoB

Ke 51Bl151eTC51 )KCTpaKUHOHHa51 K0110H

Ha, CHa6)1{eHHa51 nepcpop11posaHHbIM11 

Tape11KaMH. 

Cbtpbe HacocoM H-1 BBOD:HTC51 B ce

pen:i,rny 3KCTpaKu110HHOH K0110HHbt K-1. 
B BepXHIOIO lJaCTb KOTopoi1 non:aeTC51 

son:ttb1i1 93%-HbIM pacrnop LJ,3r. C sep

xa K0110HHbl K-1 yxon:HT pacp1rnaTHbIH 

paCTBOp, OX11a)l(n:aeTC51 B Ten11006MeH

HHKe T-1, so3.z:i:ywHOM xo110,DJfJlbH111<e 

BX-I 11 nocrynaeT Ha BOD:HYIO npoMblB-

Con:ep:>1<amfe, T,.1111' oc ]~1,, 
0 c 

% Mace. 

21 ,2 136,2 -95,0 

18,3 138,4 + 13,3 

40,4 139,1 -47,9 

20,1 144,4 -25,2 
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KY OT )],3r B pacjn11-1arny10 ceKU,11!0 KO

JIOl-!Hbl K-3, oTKy.na no.n co6crne1-1HhIM 

,naBne1-11-1eM BbIBO.UHTC5l. c ycTaHOBKl1. 

Pacrnop apoMaTH4ec1<1-1x yrneBo.nopo

.noB B ,U113Tl1JieJ-Irnl1KOJie c Hl13a KOJIOH

Hbl K-1 1-1anpaBn5l.eTC5i B 1<ono1-11-1y K-2 
pere1-1epau.1111 )J,3f BO.U5l.HbIM napoM. 

8 Hl13 KonoHHbI K-2 no.naeTC5l. BO.U5iHOi1 

nap, o6pa3y10LU11i1c5l. B Tennoo6Me1-11-111-

Ke T-4. Bo,n5l.HOH nap c Bepxa 1<01101-11-1b1 

K-2 1<01-1.ne1-1c11pyeTC5l. B B03,nywHOM xo

no.n1111bH111<e BX-2, 11 1<01-1.ne1-1caT B03Bpa

waeTC5l. 1-1acocoM H-3 B KonoHHY K-2. 
PereHep11posa1-11-1b1i1 )J,3r 113 1<0110 1-11-1b1 

K-2 no.naeTc5l. 1-1a 3KCTpa1<u1-110 B KO

JIOHHY K-1, ap0Marn4ec1<11i1 npo.nyKT 

c1epe3 XOJlO,Ul1JlbHl1K BX-3 - Ha BO.U

HYJO npoMblBKY oT )J,3r B 1<01101-11-1y K-3. 

C Bepxa KonoHHbI K-3 apoMaTH4ec1rni1 

npo,nyKT nocrynaeT B 1<01101-1Hbl K-4 11 

K-5 Ha pe1<T11cp111<au1110 c uenbJO nony

LJe1-1115l. 6e1-13011a, Tonyona 11 1<c11nonbHOH 

cjlpaKU,1111 . 

8.4. ru,[t,p0fCHH3aUHOHHblC 

npoueccb1 ncpcpa6onrn Hc<l>TH 

CospeMeHHa5l. Hecjnenepepa6aTb1-

sa10LUa5l. npOMbIWJieHHOCTb xapaKTep11-

3yeTC5l. WHpOKHM npuMeHeHueM pa3-

Jll1YHblX Mo,nuqm1<au11i1 rn.npore1-1113a

u1101-11-1b1x npoueccos: rn.upooYuCTKH, 

r11.npo1<pe1<u1-1ra, ru.npo.nea111<111111posa

Htt5l., rn.npuposa1-1115i u rn.npou30Mep113a

u1111 . npmv1eHeH11e JTHX npoueCCOB He 

TOJlbKO cnoco6cTByeT 311ac111TeJlbl-IOMY 

ynyYwe1-11110 1<aYecrna HecprnHbJX npo

.nyKToB, HO .naeT B03MO)l(HOCTb peryn11-

poBaTb 1-1a HecpTenepepa6aTbJBaJOLUHX 

3aso.nax COOTHOWeH11e Bbipa6aTbIBae

M blX KOJll1YeCTB pa3JIHYHblX MOTOpHbIX 

B11.UOB TOl1Jl11Ba. 3HaYeHue 3THX npo

ueccoB B03pacrneT c wupoKHM sosne

Ye1-111eM B nepepa60TKY cepHHCTOH 11 

BblCOKOCepH11CTOH 1-1ecpn1. 

8 11ccne).10BaH11e rn.npore1-1113auuo1-1-

Hb1x npoueccos 6onh11Ioi1 BKna.n BHec-

1111 ct>. 5eprnyc, K. Kpayx, M. I1up, 

H .)J, . 3en11HcK11i1, B.H. I1naTheB. 

ftt.nporeH113au110HHb1e npoueccb1 Ha

Yanu wupo1<0 np11MeH5l.TbC5l. B 1-1ecpTe

nepepa6aTbrna10LUei1 npoMbillIJJeHHOCTH 

nocne Brnpoi1 MHposoH. BOHHbI. B1-1a

Yane pa3BHBanacb r11.npooYHCTKa .n11-

3eJJbHoro TOl1Jil1Ba 11 6eH311HOB - Cblpb5i 

KarnnuTuYec1<oro pucpopMttHra; n03.n

Hee 6b1JI ocyLUecrnne1-1 rn.upo1<pe1<uHr 

HecprnHblX ).lHCTl1JlJI5l.TOB. 

OcHOBHoe Ha3HaYeH11e r11.nporeH11-

3au110HHhlX npoueccos - ysen11YeHue 

Bb1pa60TK11 11 sceMepHoe ynyYllieH11e 

KaYeCTB 6eH3HHOB, )J,113eJibHbIX, peaK

Tl1BHbIX 11 .upyrnx BH,UOB TOnJlHBa Hecp

T5l.HOro np011CX0)1(,UeHH5l.. 3TH npouec

Cbl no3BOJI5l.JOT y.uanHTh 113 1-1ecprn1-1h1x 

cppa1<uuH. reTepoaTOMHbie coe.n111-1eHtt5l. 

(rnaBHbIM o6pa3oM cepb1) u MeTaJIJibI, 

peryn11posaTb yrneso.nopo,n1-1b1i1 cocTaB 

TOnJlHBHbIX 11 MaCJI5l.HbIX cppaKU,HH " 

TeM caMbIM nonyYaTb TosapHbie npo

.nyKTbI , y.uosnernop5l.IOLU11e Tpe6osa

H115l.M COBpeMeHHOH TeXHHKl1 . 
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Eo11hIIIOe 3Haqem1e 11MeeT 06ecne

qeH11e r11.uporeH113au110HHhIX ycTaHo
BOK so.uopo.uoM. B cxeMax Hecjnenepe
pa6aThIBaIOlll,l1X 3aBO.Ll,OB, l1Me!Olll,11X 
TOlihKO ycTaHOBKl1 r11.upooq11cTKl1 np51-
MOrOHHh!X cepH11CTh!X Bl1.Ll,OB TOII1111Ba, 
BTOpl1qHhIX npo.uyKTOB KaTa1111T11qe

CKOro KpeK11Hra l1 TepMOKOHTaKTHh!X 
npoueccoB, IIOTpe6HOCTh B BO.Ll,Opo.ue 
06h1qHo y.uos11eTBOp51eTc51 Ko1111qecTBa
Ml1, Bh1pa6aThrnaeMhIMl1 B npouecce 

KaTa1111TWieCKOro pttcj)OpM11Hra; np11 
rny60Kl1X ero cpopMax BhlXO.U BO.Ll,Opo
.ua .uocT11raeT 2 sec. % OT p11cjJOpM11py
eMoro 6eH3l1Ha. Ha HOBei1w11x 3aso.uax, 

r.ue l1MelOTC51 yCTaHOBKl1 rn.upooq11CTKl1 
11 rn.upoKpeK11Hra 6011hWOM MOlUHOCTl1, 

so.uopo.ua p11cpopM11Hra He xsarneT; B 
3Tl1X cnyYa51X np11XO.Ll,l1TC51 opraHl130-

BhIBaTh cneu11alihHOe np0113BO.Ll,CTBO 

BO.Ll,Opo.ua. 
Pacxo.u so.uopo.ua 3as11c11T OT yrno

BHH npouecca 11 cocnsa nepepa6aThI
saeMoro Chiph51. qeM 6011hwe .uas11em1e 

npouecca 11 co.uep:a<aH11e cephI B Chiphe, 
TeM 6011hwe pacxo.u so.uopo.ua. florne.u
Hl1H TaK>Ke TeM BhIIIIe, lJeM 6011hWYIO 

po11h B npouecce 11rpaeT KpeK11py10iua51 
cpyHKl..(1151 Kan11113aTopa. MeHhwe scero 

so.uopo.ua pacxo.uyeTC51 B npoueccax, 

r.ue npeo6Jia.uaeT ero rn.up11py10w,a51 
cpyHKl..(l151. flptt nepepa6oTKe cppaKuHH 
113 O.UHOH 11 TOH )Ke HecjJTtt pacxo.u so.uo
po.ua B03pacrneT no Mepe yse1111qeHl15I 

M011eKy1151pHOH MaCChl 3TOH cppaKl..(l111. 
TaK11M o6pa3oM, ocHOBHhIM Ha3Ha

t1eH11eM r11.uporem13au110HHbIX npouec

cos 51B1151eTC51 nepepa6oTKa cepHHCTOM 

l1 BbICOKOCepH11CTOH HecjJTH c no11yqe
Hl1eM HecjJTenpo.uyKTOB c Malih!M K011l1-

lJeCTBOM cepoco.uep)Kaiu11x 11 .upyr11x 
arpecc11BHbIX coe.u11HeH11H. B coqeTa
H1111 c .upyrnMH BTOpl1qHh!Ml1 npouec

caMH rn.uporeH113au110HHh1e npouecchI 
cnoco6crnyIOT yrny6J1eHl1IO nepepa6oT
Kl1 HecpTH. 

B HacT0511Uee speM51 113BeCTHO MHO
ro MO.Uttcp11Kau11H r11.uporeHl13au110H
HbIX npoueccos. Ba)KHhIMH xapaKTep11c
T11KaM11 3Tl1X npoueccoB 51B115IIOTC51 

.uas11eH11e, np11 KOTOpOM ocyw,eCTB1151-
eTC51 npouecc, q11c110 cryneHeH, a TaK

)Ke cnoco6 np11MeHeH115I KaTaJil13aTopos 
(CTal..(110HapHbIM, )J.Bl1)KYW,l1HC51 111111 nce
B)J.00)Kl1)KeHHhIH c110H). Bh16op TOH 111111 

l1HOH MOJJ,11cp11K3Ul1H 3aBHCHT KaK OT xa

paKTepHCTHKH Cbipb51, rrocryna10w,ero 
Ha nepepa60TKy, TaK II OT B03MO)KH0-
CTei1 KaTa11H33TOpOB, npttMeH51eMhIX 
)..1,1151 nepepa60TKH )J.aHHOro BH)J,a Chlpb51. 

B npoMb1w11eHHOCTH IIIHpOKO pac
npocTpaHeHhI OCHOBHh!e rtt)J.poreHH3a

l..(110HHhie npouecchI: 1) r11.upooqttcTKa 
HecprnHbIX cppaKl..(HH OT cepbl, a30Ta l1 
Kl1C110pona c uelihlO TIOBhIIIIeHH51 Ka
YeCTBa nponyKTOB l111H TIO)J,rOTOBKH K 
)J.311bHei1IIIei1 nepepa6oTKe; 2) rn)J.pH

poBaHHe alIKeHOB 11 apoMaT11qecKHX 
yrneBO)J.OpO.UOB, CO)J.ep)Kalll,11XC51 B He
cprnHh!X cppaKl..(H5IX; 3) rtt)J.pOKpeKHHr 
HecprnHh!X cppaKl..(HH; 4) rtt)J.pO)J.ea11KH-

11HpOBaHHe aJIKH11apoMaTHqecKHX yrne
BO)J.OpO)J.OB HecpnrnhIX cppaKuHH. Bee 

3Tl1 rn.uporeHl13auttoHHhie npoueccbI 
ocymecrn115!10TC5l B cpe)J.e sonopo)J.a 11, 

33 HCKlIIOlJeHHeM TepM111.JeCKOro nea11-
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0p11 rtt.Up00'-111CTKe .U11CTl1JIJUITHbIX 

rrpo.nyKTOB y.naeTC51 o6ecne<mTb no<1-

T11 rr0Jrny10 .necTpyKu1110 CB513di C-S, 
rrpaKT111-1ecK11 He 3aTparnsa51 CB513di 

C-C, T.e. 6e3 3aMernoi1 .neCTpyKu1111 

Cbiph51. K11HeT11Ka rn.np11posatt115! cepo

opratt11'-leCKHX coe,D,HHeHHH CHJihHO 3a

BHCHT OT HX CTpOeHJrn. 00 Mepe ycJimK-

HeHl151 MOJieKyJihl peaKUl10HHa51 cno

co6HOCTb coe.n11HeHH5! yMeHhWaeTC51. 

Ern11 np11H51Tb 3a e.n11H11uy cKopocTb 

rn.nporeHOJIH3a )J.H6eH3T110CpeHa, TO OT

HOCHTeJibHbie CKOpOCTH r11.nporeHOJIH3a 

cepoopraHH'-leCKHX coe)J.HHeHHH APY

r11x KJiaCCOB COCTaB51T CJie)J.yIOIUHe 3Ha

qeHH51: 

0pOH3BO.UHhie THO<iJetta 11 )J.11ap11ncy11h<lJH,D,hl 

AnK1111cynh<lJtt.nh1: 

1-2 

rrepBH'-IHhie 

BTOpH'-IHhie 

T11ou11K11oneHTaH 11 ero npoH3BO.UHhie 

)J,116eH3HllCYJib<lJH,D, 

MepKamaHhI (THOllhI) 

B cpeAHeM CB513h C-S B apoMaT11'-1ec

KOM coe.n11ttett1111 B 3-4 pa3a npo'-IHee 

)TOH CB513H B an11<lJaTH'-leCKOM coe.n11He

HHH. Op11 ttaKorrnett1111 apoMaT11'-leCKHX 

Koneu B MOJleKyne cepoopratt111-1ecKoro 

coe.n1rneHH5! ero peaKu110HHa5! crroco6-

HocTh YMeHhwaeTC51. CToJTOMY rrocne 

80%-ttoH: )J.ecynh<lJap113au1111 tteo6xo)J.11-

Mo y)l(eCTO'-laTb pe)l(HM 11 yseJil1'-111BaTb 

paCXO)J. BO)J.OpO)J.a, TaK KaK )J.JI51 y.nane

Hl151 OCTaTKOB cephl Tpe6yIOTC51 6on ee 

rny60K11e rrpeo6pa30BaH115! MOJieKyn 

ChipMr. )J,JI51 scex cepoopraHH'-leCKHX 

coe)J.HHeHHH, KpOMe THO<lJeHOB, TepMO-
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3,2 
4,3-4,4 

3,8-4,1 

7 
7 

.n11HaM11YeCKHe orpaHH'-leHH51 B HHTep

BaJle 300-800 K OTCYTCTBYIOT. 

Hap51.ny c cepHHCThIMH coe)J.HHeH11-

5!MH rrpH rH)J.pOO'-IHCTKe rH)J.p11pyIOTC5! 

a30THCThie 11 Kl1CJIOPOACO,D,ep)l(alUHe co

eLI,11HeHl15! , one<iJHHOBbie yrneso.nopo.Ubl 

11 pa3pywaIOTC51 MeTaJIJlOOpraHl1YeCKl1e 

coe.1u1HeH115!. 

A30Tconep)l(aiu11e coe)J.11HeH115! rH.II

p11py10TC5l B rrp11ttu11ne TaK )Ke, KaK 

cepoco.nep:)l<aIU11e, HO c 06pa30Batt11eM 

aMM11aKa. Hanp11Mep, x11tton11H rn.n

p:11pyeTC5! B OCHOBHOM no cne.nyiowe.H 

cxe'.'.1e: 
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Ha4aJlOM scex peaKUHH HBm1eT

C5! HaCbILUeH11e reTepOUHKJ1H4eCKOro 

KOJlbUa, 3aTeM rrp011CXO.ll.HT pa3pbIB fl1.ll.

pttpoBaHHOro KOJlbUa B pa311H'-1Hb!X rro

JlO:>KeHHJIX c o6pa.30BaHHeM nepBH1:1HbIX 

H BTOpH1:1HbIX aMHHOB. Cne.uy10LUa5! 

cTa,D,HJI - ,n,aJibHeHUIHH fH,D,poreHOJIH3 

c o6pa30BaHHeM apoMaTH1:1eCKHX yrne

BO,ll,OpO,ll,OB C KOpOTKHMH, 60KOBbIMH 

uerrnMH, napacpHHOBbIX yrneBO.ll.OPO.ll.OB 

H cao60.LJ.HOro aMMHaKa. Coe.LJ.HHeHHJI, 

CO.LJ.ep)l(auu1e a3oT, rn.LJ.pttpy10TC5! TPY.LJ.

Hee cepo- H KHCJIOPO.ll.CO.LJ.ep:a<aLUHX co

e.LJ.11 HeHHH, a TaK)l(e m1eHOBbIX H onecpH

HOBbIX yrneBO.LJ.OPO.ll.OB. 

Kttcnopo.LJ.CO.LJ.ep:>KaLUHe coe.LJ.HHeHHJI 

06h11:1tto 11er1<0 aczynaIOT B peaK

UHH fH.LJ.pHpOBaHHJI c o6pa30BaHHeM 

COOTBeTCTBYIOLUHX yrneBO.ll.OPO.LJ.OB 

H BO.LJ.bI. Htt:>Ke npe.LJ.cTaBJieHa cxeMa 

peaKUHH rH.LJ.poreHOJIH3a HacpTeHOBbIX 

KHCJIOT: 

PeaKQHH H30MepH3aUHH 

H pa.3p&ma KOJibu;a 

~-~ 
KoH)J,eHcaum1 c 06pa30BaH11eM coe)J,HHeHHH 

HeHJBeCTHOro CTpOeHHll 

HacpTeHOBbie H Kap6oHOBbie KHCJIO

TbI MoryT aczyrraTb B peaKUHH .LJ.eKap-

60KCHJIHpOBaHHJI HJIH rn.LJ.pHpOBaHH51, 

npH KOTOpblX Kap6oKCHJibHa51 rpyrrna 

npeapaLUaeTC51 B MeTHJibHYIO. KHcno

po.LJ., CO.LJ.ep:>KaLUHHC51 B KOH.LJ.eHCHpOBaH

HbIX apoMaTH'leCKHX CTpy1<rypax, 06bI'-l

HO fH.LJ.pttpyeTC51 c o6pa3oBaHHeM BO

)J,bl, a OCTaBUIHHC51: pa.LJ.HKaJl aczynaeT B 

peaKUMM, paccMOTpeHilbie BbIWe. TipH 

O)lHHaI<OBOM CTpOCHMH ycTOH'IHBOCTb 

coe)lHHeHMH OTHOCl1TeJlbliO rnn p11po-

BaHH51 ampacrneT B pR.LJ.y: cepoopraHH-

1:1ecK11e < KHCJIOPO.LJ.CO.LJ.ep)KaUJ,He < a.30T

opraHH1:leCKHe. 

0.LJ.HOBpeMeHHO c fH.LJ.pHpOBaHHeM 

cepHHCTbIX COe.LJ.HHeHHH B ycJIOBl151X 

rtt.uporeHH3aUHOHHOro 06eccep11aaH115! 

npoTeKaeT H30Meptt3aQtt51: napacp11Ho

BbIX H HacpTeHOBblX yrneBO.LJ.OPO.ll.OB. 

'.3Ta peaKQH51 B 3aBHCHMOCTH OT CBOHCTB 

KaTamnaTopa Ha6monaeTC51: B TOH HJTH 

11HOH Mepe np11 Jll06blX ycnOBH51X o6ec

cep 1,rna mrn. 
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AporvtaTH4eCKHe KOJlbUa np11 rH).l,po-

04HcTKe He 3aTparHBa!OTC5l HJlH HaCbl

llWIOTC5l BO).l,OpO).l,OM B He60JlbWOH CTe

neHH, npeHMyW,eCTBeHHO B KOH).l,eHCH

poBaHHbIX (TpH- H 6oJlee UHKJlWieCKHX) 

apoMaTH4eCKHX yrneBO).l,OpO).l,aX. 

lfa conyTcrny10w.Hx 06eccep1rna

HHIO peaKUHH oco6hIH HHTepec npe).l,

CTaBJ15leT rH).l,pHpOBaHHe Henpe).l,eJlb

HhIX yrneso).l,opo).l,oB. 06bI4Hbie yCJlo

BH5l rH).l,p004HCTKH TepMO).l,HHaMWieCKM 

6JlaronpH5ITCTBYIOT HaCbIW,eHHIO B0).1,0-

po).l,OM Henpe).l,eJlbHbIX yrneBO).l,OPOLlOB, 

XOT5I MO)l(HO o6ecne4HTb ).l,OCTaTOl!HO 

rny6oKoe o6eccepttsairne Cbipb5I np11 

cpaBHHTeJlbHO MaJlOH CTeneHH nwp11-

poBaHH5l OCHOBHOH MaCChl Henpe).l,eJlb

HbIX yrneso).l,opo).l,oB. HanpHMep, np11 

rH).l,pOOl!HCTKe Ha aJl!OMOKo6aJlbTMO

JlH6).l,eHOBOM KaTaJ1113aTope 6e1-rnrna 

KaTaJlHTH4eCKOro KpeKHHra np11 o6w.eM 

).l,aBJleHHl1 20 aTM, TeMnepaType 340 11C 
H y).l,eJlhHOH o6beMHOH CKOpOCTH rIO).l,a-

4H Cblpb5I 5,0 4-l BO).l,OponoM HaCbIW,aeT

C5l OKOJlO 20% HenpeneJlbHbIX yrneB0-

).1,0pO).l,OB nptt rJly6HHe 06eccep11saH115l 

OKOJlO 80%. 
B npouecce rtt).l,poo411cTK11 B 3Ha4H

TeJlhHOH CTeneHH pa3pywmOTC5l MeTaJl

JlOpraHH4eCKHe COe).l,HHeHH5l, CO).l,ep)l(a

W,HeC5l B Bh!COKOKHil5llllHX HecprnHhIX 

cppaKUH5IX, HanpHMep B BaKyyMHb!X 

).l,HCTHJ1Jl5ITax, HCrIOJih3yeMbIX B Ka4eCT

Be Cblpb5I KaTaJIHTH4eCKOro KpeKHHra. 

I1pH fH).l,p004HCTKe MeTaJlJlbl OTKJla).l,bl

Ba!OTC5l Ha KaTaJII13aTope, crro np11BO}.ll1T 

]( CHl1)1(eJ-11110 ero aKTHBHOCTl1. 
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ftt,1J,p0Kpe1rnur 

Tipouecc rn).l,poKpeK11Hra npe).l,crns

Jl5leT co6oi1 cosoKynHOCTb p5I).l,a napaJl

JleJlbHO 11 rIOCJle).l,OBaTeJlbHO npoTeKaJ-O

ll.I,11X peaKUHH: pacw,enJleHI15l Bb!COKO

MOJleKyJ15IpHbIX yrneBO).l,OpO).l,OB, fl1).l,

p11poBaHl15l npo).l,yKTOB pacw.enJleH115l, 

rH).l,pO).l,eaJlKHJlHpOBaHH5l aJIKHJlapoMa

Tl14eCKHX yrneBO).l,OpO).l,OB, rH).l,poreHO

mna cepoopraH11c1ec1rnx 11 a30TCO).l,ep-

11rnw.11x coen11Hem1i1 11 1130Mep113au1111 

yr.neso).l,oponos; np11 ).l,aBJleH115lx HmKc 

150-200 aTM npoTeKaIOT ew.e pea1<u1111 

ynJlOTHeH115l, KOKcoo6pa3osaH115l. Pa60-

c111e YCJ10Blf5I 11 KaTaJ1113aTop rnnpoKpe

Kl1Hra 06b1c1Ho Bb1611pa10TTaK, LIT06b1110 

B03\10)1(HOCTl1 rIO).l,aBl1Tb )],Be rIOCJleJ.ll-Il1C 

He)KeJlaTeJlbHbie peaKUHH. Y).l,eJlbHb1e 

COOTHOWCl-!1151 nepe411CJleHHbIX OCHOB

Hb!X peaKUI1H 11 11X 11HTeHCl1BHOCTb B 

3H34HTCJlbHOH CTeneHH onpeneJ15IJ-OTCH 

THrIOM 11 m611paTeJlbHOCTbJ-O neikTBHH 

KaTaJ1113aTopoB, np11pO).l,OH 11 COCTaBOM 

MCXO).l,HOro Cblpb5I, a TaK)l(e pa6Qlll1Mll 

yCJloB115IM11 rnxtpoKpeK111-1ra. 

Ha cepoyCTOH4HBbIX KaTaJlH3aTo

pax, npencTaBJ15IIOW.HX co6oi1 c11cTe

MbI THna OKHCJlOB MeTaJlJlOB Ha OKHCI1 

aJlJ-OMHHH5l (HanpHMep, Ha aJl!OMOK0-

6aJlbTMOJlH6).l,eHOBOM) HJlH cyJlbqrn).l,oB 

MeTaJlJlOB Ha OKHCH aJl!OMHHH5l 11 xa

paKTep113YIOW.HXC5l cpe).l,HHMH rH).l,p11-

PYIOW.HMH csoi1crnaM11, npesas111py10T 

peaKUHH rH).l,poreHOJlH3a cepoopraH11-

c1ec1rnx COC}.lHl-ICHHH, H3Cb!IJleJIHC BO

)JOpOJ.lOM 1-1enpeneJlbHbIX yrneso;iopo-



)].OB 11 B HeCKOJlbKO MeHbWeH CTeneHl1 

npoTeKaIOT pea1rn.1111 1130Mep113au1111 11 

pacna.ua yrneso.uopo.uos . TairnM o6pa-

30M, peaKu1111 yrneso.uopo.uos B np11-

cyTCTB1111 3TJ1X KaTaJll13aTOpOB 6JJJ13KJ1 

K peaKUHHM yrneso.uopo.uos B npouec

ce rn.upo0411CTKl1. 0.uHaKO B CB5l311 co 

cpaBHHTeJlbHO )l<eCTKHMH TeMnepaTyp

HblMl1 ycJJOBJ15IMl1 (OKOJlO 425 °C) 11 60-

Jlee T5l)l(eJlbIM HCXO)J.HblM CblpbeM, np11-

rvtem1eMblM np11 rnnpo1<pe1n1Hre, yc11-

n11sat0TC5l peaKu1111 pacmenneH1rn np11 

OTHOCl1TeJibHO Bb!COKOM ypoBHe peaK

UHH rn.up11posaH115l 11 1130Mep113au1111. 

B np11cyTcrn1111 KarnJ1113aTOpos TH

na cepH11CTOro BOJ1bQ1pa1v1a, 06J1a.ua10-

w11x nOBbIWeHHblMJ1 rM.Llp11py!01Ul1Ml1 

CBOHCTBaM11, HHTeHCl1BHO npoTe1<aeT 

ra10Ke rn.up11posa1rne apoMan1YecK11x 

yrneso.uopo.uos c nocJ1e11y10w11M pac

wennem1eM 06pa3osasw11xc51 1rncjne

HOBblX KOJieu. 

CymecrneHHO orn11LJaeTC5l xapaKTep 

npouecca np11 11c110J1b30BaH1111 1<arnm1-

3aTopos Ha Kl1CJlblX HOCIHeJIHX, Ha11p11-

rvtep, Ha arvtOpQJHOM 11Jll1 Kp11CTaJlJll1Lle

CKOM aJJIOMoc11J111Karnx. B ·noM cnyYae 

npouecc rn11poKpeK11Hra MOiKeT 6b1Tb 

HanpaBJieH B CTOpOHY rny601<0ro pa3-

JlO)l(eHl15l 11 113orvtep113au1111 yrneso.uo

ponHoro Cblpb5i . f11.up11py10I.Ua5l aKTHB

HOCTb KaTaJlJ13aTOpOB rn11p0Kpe1<11Hra 

33Bl1Cl1T OT HX COCTaBa. 0.uttaKo, KaK 

npaBHJlO, B np11cyTCTBJ1J1 KaTaJll13aTO

poB Ha KHCJlbIX HOCl1TeJlHX peaKU1111 

rH)J.p11pOBaHJ151 npoTeKa!OT B MeHbWeH 

CTelle HM, LJeM Ha OKHCHblX HJIH C)'Jlb

<jlllllHblX KaTamnaTopax. 

1 5-00~0 

X11Ml13M npouecca rn.upoKpeK11Hra 

pa3JIH4 Hb!X BH)J.OB HeQJrnHoro Cblpb5i 

113yLJeH .uocTaT04HO noJIHO. Oco6oe 

BH11MaH11e 6brno y.ueJieHo 11ccne.uosa

HHIO pea1<u11i1 rn.upoKpeK11Hra B np11-

cyTCTB1111 KaTaJI113aTopoB, np11roTOB

J1eHHblX Ha OCHOBe aJIIOMOCHJlHKaTOB, 

w11po1<0 11cnOJ1b3yeMhIX BO BTOpOH cry
neHH npoMbIWJieHHoro .l.\Byxcrynett4a

Toro rn11p0Kpe1rn11ra. 

)J,JIH napaqrnHOBbIX yrneso.uopo.uoB 

OTMeLJeHO npeo6Jia)J.aHJ1e 1130MepHbIX 

coe)J.11He1-rni1 B npo.uyKrnx rn.upoKpe

KHHra. no MHeHHIO MHOfHX aBTOpOB, 

11cxo.u11b1e napacjrnHOBbie yrneso.u.opo

.l.\bl npeTepnesaIOT Ha KHCJlhIX ueHTpax 

1<arnn111aTopa l130Mep113au1110 11 3aTeM 

KpeKMHr, a o6pa3y10w11ec5l 113oone

QJHHbI H3CbIWalOTC5l BO)J.OpO)J.OM. 3TOT 

<jlaKT o6b5lCH5llOT TaK)l(e 1130Mep113a

u11ei1 Henpe11eJ1bHbIX yrneBO)J.OpO.U.OB, 

5lBJl5llOillllXC51 nepB114HblMl1 npoMe)l(y

T041-lbIMl1 npo11yKTaM11 KaTaJJJ1TJ14eCKO

ro pacmenneHHH ttacbnUeHHhIX yrneBo-

11opo11os Ha)l 1<aTaJI113aTopaM11 c ttoc11-

TeJJHM11 T11na aKTHBHblX aJllOMOCHJIH

I<aTOB. r11)lpMpOBaH11e Henpe)J.eJlhHbIX 

yrneBO)lOpO)lOB 1130CTpOeHJ151 npHBO)J.HT 

K HaKOnJieHHIO 1130napacpHHOB B npo

)lyKTaX rH)lpOKpeKHHra. 

,UJI5l MOHOU11KJlJ14eCKl1X aJIKHJlapo

MaTHLJeCKHX yrneBo.n.opo.uoB B ycJio

BHHX rn.upoKpeK11Hra np11 HeBbICOKHX 

napuHaJibHblX )J.aBJleHl151X BO)J.Opo.u.a 

(.uo 50-100 aTM) Ha116onee xapaKTep

Hbl pea KUH 11 rnnpo11eaJIKHJll1pOBaH115l. 

)J,.rntHHb1e 60KOBb1e uen11 nerKo oTwen-
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mllOTCH .D,a)l(e npH HH3KHX TeMnepaTy

pax. KopoTKHe 6oKOBbie uen11 6011ee 

ycTOHLJHBbl. ,ll,11H OTpbIBa 3THJ1bHblX H 

MeTHJibHblX rpyrm Tpe6yIOTCH TeMnepa

TYPhl BbIIIIe 450 °C. OcttoBHbre npespa

rueHHH fOJIOH.D,epHblX apoMaTHLJeCKHX 

o-
~ 

CH -CH -CH-CH -CH 
3 2 2 3 

I 
CH

3 

I 

r 

coe,'XHHeHHH B ycJlOBHHX rH.llPOKpeKHH

ra npH BblCOKHX napu11a11hHhlX )J,aBJle

HHHX BO.llOPO.lla (BbIWe 100-150 aTM) Ha 

KaTMH3aTopax, 06na.n:a10ru11x CHJibHbl

MH rn.n:pwpyIOIUHMH <l>YHKUHHMH, npo

TeKaIOT no cne.n:y10ruei1 cxeMe: 

l 
CH -CH-CH -CH -CH 3 2 2 3 

I 
CH3 

CH -CH-CH -CH -+ CH-CH-CH 31 2 3 3 1 3 

CH
3 

CH
3 

fHJl:pOKpeKHHf nOJIHUHKJ1J1tieCKl1X 

apoManiqecKHX yrneso.n:opo)lOB B npH

cyTCTBHH KaTaJJH3aTopOB c CHJlbHbIMH 

rn.n:p11py10IUHMH csoi1crnaMH npoTeKa

eT qepe3 06pa30BaH11e ttacl>TeHoapoMa

THLJecKHX yTJieBOJl:OpO):(OB. 0porn):(p11-

pOBaHHbJe KOJibUa nOJ1HU11KJ1114eCKl1X 

coe)lHHeHHM B 3THX ycnOBHHX pacna

)laIOTCH, npOXOM, nO-BJ1)J,HMOMy, qepe3 

CTa):(HIO 1130Mep113au1111, c 06pa30BaH11-

eM nHTHLJJieHHoro Konbua. PacKpbnHe 

UHKJIOileHTaHOBOfO KOJlbUa nOJIHUHK

J1114eCKl1X coemrneHHH npOHCXO,ll lH 

B OCHOBHOM no MeCTy CBH311 ero c 6eH-
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30JibHblM HJ111 UHKJlOfeKCaHOBblM KOJlb

UOM. KoHeLJHbIMH npo.nyKTaMH pacna.ua 

HBJIHIOTCH 6eH30J1, UHKJIOfeKcaH 11 11X 

npoH3BO.llHbie. CxeMa npesparuett11i1 no

Jil1UHKJIH4eCKHX apoMaTHLJeCKHX yrne

BO,llOpO.JlOB B npouecce rn.npoKpeKHH

ra Ha np11Mepe ttacl>TaJIHHa noKa3aHa 

HH)l(e. 

Cocrns KOHeLJHoro npo.nyKTa rH.ll

poKpeKHHra onpe.D,eJlHeTCH COOTHOWe

HHeM CKOpoCTeH OT.D,eJibHbIX npespa

LUeHHH, 3aBHCHLUHX OT ycnOBHH npo

uccca. B MH1rnx ycJios1151x 1111 11 np1-1 

MCnOJ1b30BaHHM rH)lp11py1om11x I<aTaJJH -



lnasa 8. TepM0Karnmn1t1LJeCKV1e npoL\eCCbl nepepa60TKV1 HecprnHblX cppaKL\VI~ 

3aTopoB co cna6hIMH pacw,enmnow,HMH 

CBOHCTBaMH OCHOBHhIMH npo.uyKTaMH 

peaKU,HH 51BJI51IOTC51 ttaqneHOBhie HJIH 

ttaqnettoapoMaT11LJeCKHe coe,UHHemrn. 

Co.uep)J(attHe yrneBo.uoponoB, o6pa3o

BaBWHXC51 B pe3yJihTaTe H30MepH3a

UHH H .ueCTpyKU,HH, o6h!LJHO HeBeJIHKO. 

B )J(eCTKHX ycnoBH51X H B npHcyTCTBHH 

pacw,el1JI5110ill,HX KaTaJIH3aTopoB HCXO.U-

Hcxoaubte 
Pea1num 

yrneBOilOPOilbl 

t am,m,m,m, 

Hoe Chiphe 110,UBepraeTC51 MHOr0LJHCJieH

HhIM peaKU,H51M, 11pHBO,U51llJ,HM K o6pa30-

BaHHIO HaqnettoapoMaTHLJeCKHX, MO

HOUHKJIHLJeCKHX apoMaTHLJeCKHX, Hacl>

TeHOBhIX H napacl>HHOBhIX yrneBO,UO

po.uoB. 

HmKe npHBenetthI Ba)J(tteiiwHe pe

aKUHH yrneBO,UOpO,UOB, npoTeKaIOw,He B 

npouecce rn.upoKpeKHHra: 

06pa3ylOUlHeCH 

yrneBOilOPOilbl 

flapacjrnHOBbie ¥h0Mep1nau1rn, pa3pbIB uem1 
HH3KOKMnllll(He napa<j.>HHOBLie 
ll30CTpoeHHll 

Ha<j.>TeHOBbie Yl30Mep1nau1rn, 
U11K.~oneHTaHbl c6 -Cs 
II Hl13KOKl10llll(l1e rrapa<j.>11HOBble 

MOHOUHKJ1114ecKl1e rHnponean1<1rn11poBaH11e 
ll30CTpoeHHll 

Ha<j.>TeHOBLie 
Pa1pblll KOJJblla. 

Te J1<e, 
6HUHKJIH4CCKHC 

1130Mep111aum1, 
4TO H3 MOHOUHKJlli'IeCKHX 

rnapot1eanK11JJ11posaH11e 

l130Mep1133U1151, AnK11JJapoMaT11YecK11e C -C
9

, 

AJJK11JJapoMaT11YecK11e 
t111cnporropu110H11posaH11e, Hl13KOKH05111(11e 1130napa~l1H0Bble 
rnt1pot1eaJJK11nHposaH11e, 11 Ha<j.>TeHOBbie 

rllJ\pHpoBaHHe 

Ha<j.>TeHoapoMaT11YecK11e Pa3pLIB KOJJbUa 
Te J1<e, 

4TO 113 aJJKHJJapoMaTl14eCKl1X 

Hacjn::un1110Bb1e l11np11poBaH11e Te JKe. LITO 1n aJJK11JJapoMaT11YecK11x 

Om:cjrn 11 "' l ho\lep1na111n1. Te iKC. 

pa3pblB uc1111. nup11p0Ba1111e LITO 1n napacjrnHOBblX 
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)],1151 MOHOUHK11114eCKHX HacjneHOBblX 

yrnesonopOJJ.OB B yrnOBl151X rllJJ.POKpe

KHHra Ha116011ee xapaKTep11o~i peaKUH

ei1 nOMl1MO 1130Mep113au1m 51B1151eTC51 

oTpbrn 6oKOBbIX uenei:i. f11JJ.p11posam1e 

11 pacKpbITl1e K011bUa 11rpaeT MeHbWYIO 

po11b. 611u11K11114eCKHe 1-1acjne1-1osb1e 

yrneBOJJ.OpOJJ.bl nea11K11m1py10TC5I 111111 

npoHCXOJJ.HT pa3pbIB OJJ.HOro K011bUa, 

4TO Be)J.eT K o6pa30BaHHIO i'vlOHOU11K11!1-

4eCKl1X a11Kl111HaqneHOB. norneJJ.HHe 

3aTeM nea11K111111pyioTc5I. A111rn11apoMa

T114ecK11e yrnesonoponb1 npeTepnesa

IOT peaKu1111 1130Mep113au1111, rnnpoJJ.e

a11K111111posaH115I 11 rn.up1-1posamrn c no

c11eJJ.yIOm11M pacna)l,OM KOJibUa. no.rrn

U11K11114eCKHe apoMaTw-1ecK11e yrneso

nopoJJ.bI llOJJ.BepralOTC5l r11JJ.p11pOBaHHIO, 

B pe3y11bTaTe 4ero no11y4a10TC5I 1-1acjne

HoapoMan14ecK11e yrneBOJJ.OpOJJ.bl. na

paqmHOBbie yrnesonopOJJ.bI pacwenJI5l

IOTC51 co 3Ha411Te11bHblM o6pa30BaHHeM 

1130napacjmHOBblX yrneBOJJ.OpOJJ.OB. 

)],as11eH11e OKa3brnaeT cymecrneHHoe 

BJil15!H11e Ha npouecc. 8b1we 150-200 
aTM peaKu1111 ynJIOTHel-11151 M011eKyJI l1 

KOKcoo6pmoBaHH51, conposmK.ua1ow,11e

c51 6110K11poBaH11eM aKTHBHOH nosepx

HOCTl1 KaTaJ1113aTopoB yrn11CTblMl1 OT-

110:lKeHl15lMl1, TepMOJJ.HHaMH4eCKl1 no

)l,aB1151IOTC51 11 npaKT!1'-IeCKl1 n04Tl1 no11-

HOCTbIO ycTpaH5lIOTC5I; np11 JJ.3BJieHl151X 

BbIWe 300 aTM OHH 06br41-10 npeKpawa

IOTC51. I103TOMY OKl1C11!1Te11bHOH pere

Hepau1111 KaTa11113aTopOB He Tpe6yeTC51, 

a Heo6xon11Ma 11ttwh 11x 3aMeHa 4epe3 

2-3 rona 113-3a peKp11crn1111113au1111 . I1p11 

BhICOKOM nasneH1111 see pea1<u1111, xa-
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paKTepHble .u1151 rnnpo1<peKHHra , np0Te-

1<a10T CTa6H.nbHO c HeH3MCHHOH HHTe!·I

Cl1BHOCTblO, npHcywei1 np11Me1-15leMbIM 

KaTa11H3aTopaM B Te4eHHe JJ.JIHTeJibHOro 

BpeMeHH. fHJJ.pHpOBaH11e apoMaTHLICC

KHX yrneBo,Uopo.uos scne.ucrn11e yCT

paHeHH51 Xl1MHKO-TepMO.llHH3MH4ec1rnx 

orpa1-1114e1-111tt 11 o6ner4eHH51 nonso.ua 

BOilOpOJJ.a K aKTl1BHOH noBepXHOCTH Ka

TaJHl3aTopa o6bl4HO CH11bHO HHTeHCH

cjrnu11pye-rc51 np11 BblCOKHX JJ.3BJieH!151X. 

Pacxo.u so.uopona B npoueccax rH)l

poi;:pe1<11 H ra np11 ,Uas11e1-11111 Bbtwe 

150 aTM Cl1JlbHO B03pacTaeT l13-3a l1H

TeHrnclrnm1poBaHl15I peaKUHH rnnp11po

sa1-11151 ap0Man1L1ec1rnx yrnesonopoJJ.oB, 

oco6eHHO MHOro5lnep1-1b1x. Yse11H4e1-111c 

rny6111-1b1 n1JJ.p11posaH115I cnoco6crnyeT 

y.iyt1we1-11110 TepMOCTa6!111bHOCHI no

Jiy4aeMblX rnnporeH!133Ul10Hl-Ib!X BH

.llOB Tonn11sa. Yse1111L1em1e pacxona so

nopona 11 YT5l)1<e11eH11e annapaTypb1 

c so3pacrn1-111eM nas11e1-11151 senyT K yno

pm1<a1-11110 npouecca rnnpo1<pe1<111-1ra; 

no3TOMY y1<a3aH1-1b1e ycnos1151 uenecoo-

6pa3Hbl JIHWb np11 npoH3BOJJ.CTBe cne

uHaJibHbIX B11IIOB TOnJI11Ba 113 BblCOKO

apoMaTH'3HpoBaHHOro Cblpb51. 

ru.ll,pO.ll,eanKHnHpOBaHHe 

apoMaTH'leCKHX yrneBOJJ.OpOJJ.08 

f 11nponea111<111111posa1-111e apoMaT11-

YecK11x yrneBoJJ.oponos c ueJJbIO nony

YeH115l 6eH30J1a 11 Ha~TaJlMHa MO)J(HO 

npOBO.llHTb TepMHLJeCKHM 11 1<aTaJJl1TH

lieCKl1 M MeTO,UaMJ1 np11 .uasJieHl151X OT 30 
n o 70 aTM 11 TeMnepaTypax coorneTcT-



BeHHO 700-750 11 550-600 °C. I1p11 Ka

Ta1111Tl14eCKOM npouecce o6bi4HO 11c

no11b3Yl-OTC51 a111-0MOK06a11bTM011116.ne

HOBbie, a111-0MOXpOMOBb!e 11 a111-0MOM0-

11116.neHOBble KaTa11113aTOpbl, npOMOTl1-

poBaHHbie pa311114HblMl1 .no6aBKaM11. 

Pe3y11bTaTb1 npeBpamett115! pa311114-

Hb!X K11aCCOB yrneBO,llOpO,llOB B npo

uecce TepM11LiecKoro .nea11K111111poBaH115! 

np11 .naB11ett1111 28-210 aTM, TeMnepaTy

pe 630-710 °C 11 M01151pHOM OTHOWeHl111 

Bo.nopo.n: yrneBo.nopo.n 15-2: I no1<a3a

Hbl Ha p11c. 8.13. 
Vb paCCMOTpeHHblX yrneBO,llOpO,llOB 

Ha116011ee ycTOH411Bbl 6eH3011 11 Hacjna

mrn. TaK, napacjrnHOBble 11 Hacjnetto

Bble yrneBo.nopO.llbl C~-C8 nOYTl1 Ha

ue110 no.nBepra1-0TC5! pacna.ny, rny611Ha 

npeBpameH115! To11yo11a cocrnB115!eT 7%, 

a 6eH3011 Bcero 0,5%. I1apacp11HOBb1e, 

HaCpTeHOBbie H Henpe.ne11bHble yrneBO

.nopO,llbl B yc110BM5!X TepMH4eCKOfO rn

.npo.nea11KH1111pOB3Hl151 npeBpama1-0Tc5! 

B ra3006pa3Hble yrneBO,llOpO,llbl, B oc

HOBHOM MeTaH 11 :naH. TeTpaJIHHOBhie 

yrneBO,llOpO,llbl MOryT CTO,llBepraTbC51 .ne

rn.np11poBaH l11-0 B HacpTaJil1HOBbie c no

CJie.ny1-0w11 M rn.npo.neaJIKH1111pOB3Hl1eM 

111111 npeTepneBaJOT .neCTpyKumo c o6-

pa30BaH11eM MOHOU11K11114eCKOro yrne

BOD.Opo.na, KOTOpblH 33TeM .neanK111111py

eTC5!. C11enoBaTe11bHO, np11 TepM11Liec

KOM rnnponea11 Kl11111pOBaHl111 B Ka4e

CTBe KOHe4HblX npo.nyKTOB no11y4al-OTC51 

6eH3011, Hacprn1111H 11 ra3006pa3Hb1e 

yrneBO,llOpO,llbl, rnaBHbIM o6pa30M Me

TaH. flp11MepHO 0.[(HH3KOBbie CKOpOCTH 

npespaweHl151 /3-MeTHJIHacpTa1111Ha H TO-

10000 r-r~r----:u;;:+::::==r===r=4n "' ::;;: 
:i: 
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llHCJIO yrnepO.LlHblX aTOMOB B MOJieKyne 

Puc. 8.13. 0nJHocwne.'7bHbte CKopocmu npe6paufeHUR 

UH0l/6U0YWlbHblX yz.17e6000p0006 npu mep.ltlll/eGKO.ll 2uiJpoiJeOJ1KUJ1Up060HUU: 

I - naparjJuHbl; II -MOHOlfUKJ/U'leCKlle HarjJmeHbt ; III - 6u11uKJ1Ul/eCKue HarjJmeHbz; 

IV - MOHOlfllKJ/U'lecKue apo,11a111w1ecKue y2.T/eeooopoiJb1; V - HarjJmeHoapoMamu'leCKue 

yzT/e6odopoiJb1; VI - HarjJma.TfUHbI. 1 - nponaH; 2 - 2eKcaH; 3 - OeKaH; 4 - ZJemaH: 
5 - z1wcw,'eKca11; 6 - c)e1w.11111; 7 - 6e11 Jo.1; 8 -- 1110.1vo.·1; 9 - Jm11.16eH30.'1; 

J (} - 61 •11m.16emm; 11 - a.1111.16emo.1; I] - ll/!()a11: 13 - mempa.11111 ; 

14 - . 11em 11.111w111pa. 11111: 15 - 11ar/mw 11111 : 16 - (J-.1ie11111.marjJ111a.111H 
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11yo11a (cM. pttc . 8.13) n mBOJ15llOT no11y

lfaTh O)J.HOBpeMeHHO 6eH30Jl 11 HaqnaJil1H 

113 Cblpb51, conep:>I<all\ero 611- 11 MOHOU11-

KJIHlleCKHe apoMaT11tieCK11e yrneBO)J.0-

pO)J.hl. 

CKopocrh r11nponea11K111111posaH115l 

aJ1KHJJnpo113BO.ll.HhlX 6eH30J1a H Haqna

J1HHa B np11cyTCTBl1l1 a1110MOMOJ1116ne

HOBOfO KaTaJ1113aTopa c yse11114eHtteM 

L111c11a MeT11J1hHbIX rpynn B03pacraer. 

npHBe)J,eHHble B Ta6J1. 8,5 )J,aHHhle no

K33blBalOT, lfTO no Mepe yse1111lfeH1151 

l111c11a Mer1111 bHhlX rpynn B anK11n6eH-

3011e BbIXO)J. 6eH30J1a CH11:>KaeTC51, O)J,Ha

KO 06ll\a51 rny611Ha rttLJ.pOLJ.eaJ1Kl111Hpo

B3Hl151 yseJ111lfHBaeTC51 33 ClfeT o6pa3o

B3Hl151 T011yo11a (113 n-KCl1J10J1a) 11 KCM

J10J10B (113 I, 2, 4-Tp11Mer11116eH3011a). 

Ta6J11111a 8.5 

nmpo.11.eaJIKHJIHpoBauue npOH3BOllHbIX 6eH30Jia H ua<t>TaJIHHa (520 ° C; 
100 am.M; yiJ.eJILHaH o6beMuasi cKopocTb nol{alltt CbipbH 1,5 <t-1

; MOJIHpuoe 

OTHomeuue BO)J.Opo.11. : yrnepo.u = 4,5 : I; K3T3JIH33TOp 3JIIOMOMOJIH6)J.eHOBblH) 

Hcxo1111oe Cblpbe 

I 

~ ,;, 
BLrxo.ll npo.llyKToB peaKu1rn, = 

~ ... I :c I :c = :c 
sec. % ua Cbipbe ~ 0 ~ a ~ = ~ = ... = 

~ ~ = ~ = ~ ~ ~ 
5 ="' ... .. ..... ..,_ .. 

~ Q. :c <.I ... <.I ... ...... 
~ :.:: ... <.I ::; -a- ::; -a- = -& I .~ I 0: I 0: "I .. c ...,. N :C - :c ~= r{ --

EeH3on 13 ,5 2,6 1,5 

}2,6 Tonyon 81,5 28,0 6,9 3,8 2,5 
KcHJIOnb1 - 62,4 34,5 
TpHMernn6eH30nhI - - 48,5 

HacjlTMHH - - - 25,8 41 7 11 ,3 

MeTHJIHacjlTMHHbI - - - 64,4 47,2 44,8 

)J.HMernnuacjlTMHHbI - - - - - 33,7 

Ymeeo.uopo.uh1 C1-C4
• 3,1 6,3 9,1 4,4 6,6 9,0 

)J.pyrne ymeeo.uopo.ub1 2,4 1,6 0,7 3,6 1,7 -
Bcero c yqeTOM 
npHcoe.umrnewerocl! eo.uopo.ua 100,5 100,9 !01,2 100,8 101,0 101 ,3 

Pacxo.u eo.nopo.na, sec. % 0,5 0,9 1,2 0,8 1,0 1,3 

fny6HHa npeepameHHll 
yrneeo.uopo.ua, % 18,5 37,6* 51 ,5* 35,6* 52,8* 66.3 * 

* f!Jm1epll)aUJ1ff He npHHllMa; Jal: i> BO Htlll.IJ UJ\lll: . 
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lnasa 8 

Menrnnpo113B01lHbie HacjJTa1111Ha (rn611. 

8.5) rn.npo.nea11K111111py10TC5l 6b1cTpee 

COOTBeTCTBYIOW,11X MeT1111np0113B01lHbIX 

6eH30Jla. TaK, np11 520 °C 11 I 00 aTM 

OTHOCl1TeJlbH351 CKOpOCTb r11.npo.nea11-

Kl11111pO BaHl151 l-MeT1111-ttacjna1111Ha 

B 3,5 pa3a Bb1we, lfeM To11yo11a. B npo

MbIWJleHHOM Cblpbe, noCTyna10w,eM 

Ha KaTaJ111Tl14eCKOe r11.npo.nea11Kl1Jll1-

poBaH11e, Hap511lY c apoMaTJ1LieCKl1Ml1 

yrneso.nopo.naM11 co.nep)!(aTC51 napa

cp11HOBb1e 11 ttacjJTeHOBbie yrneso.nopo-

1lbl. Pe3yJlbTaTbI npespaw,eH115l 3Tl1X 

yrneso.nopo.nos Ha a1110M0Mom16.ne

HOBOM KaTaJ1113aTope np11se.neHbl 

B Ta6Jl. 8.6. 

8b!X01l ra3oo6pa3HbIX npo.nyKTOB 

peaKu1111 113 napacp11HOBbIX yrneso.nopo

.nos .nocT11raeT 75%; B He3Ha411TeJlbHOH 

CTeneHl1 npoTeKaIOT TaK)!(e peaKU1111 

.ner11.npou11K11113au1111. 0cHOBHbIMl1 Ha

npas11eHl15IMl1 npespaw,ett115l 3T1111w1-

K11oreKcatta 51BJ151IOTC51 .nern.np11posaH11e 

B apoMaT11lfeCK11e yrneso.nopo,nbI 11 1130-

Mep113au1151 B 1ll1MeT11JlU11KJ10reKCaHbl. 

ru,11,pttpOBaHHe 

apoMaTH'-IeCKHX yrneB0,11,0p0,11,0B 

Ha.n tt11Ke11eBbIM11 11 n11aT11HOBhI

M11 KaTaJ1113aTopaMl1 6eH30Jl 11 T011yo11 

JlerKO r11.np11py10TC5l B U11KJlOreKCaH 11 

MeT11JlU11KJlOreKCaH np11 TeMnepary

pe 150-200 °c 11 .nas11eH1111 .no 50 aTM. 

Ha.n cy11bcp11.nHhIM11 BOJlbCj)paM01-111Ke-

11esb1M11 11 BOJlhcj)paMOBb!MH KaTaJlH-

HecprnHblX cpp3KL\V1L~ 

3aTopaMl1 6eH30Jl 11 ero 6Jll1)!(ai1w11e 

roMOJ10fl1 npaKTl14eCKl1 nOJll-IOCTb!O 

rn.np11py10TC5l no.n .nas11e1-111eM 200-300 

aTM 11 TeMnepaType 300-360 °C. IIp11 

TeMneparypax BhIWe 380 °C npo11cxo

.n11T 1130Mep1133U1151 U11KJ10reKC3HOBOfO 

KOJlhUa B MeT1111u11KJ10nettTattosoe. TaK, 

npo.nyKT rn.nporett113au1111 6ett3011a, no-

11ylfetttth1i1 tta.n cy11bcp11.noM so11bcppa

Ma np11 .nas11eH1111 250 aTM 11 TeMne

paType 408 °C, COCT051Jl Ha 90% 113 

MeT1111u11K11onettTatta. IIpo.nyKTaM11 

1130Mep113au1111 MeT11JlU11KJlOreKCaHa 

51BJ151eTC51 l ,3-.n11MeTl1JlUl1KJlOneHTaH, 

a 3T11JlU11KJ10reKCaHa - 1,3-MeTl1Jl-

3T11JlUl1KJlOne1-1TaH. 

np11 TeMneparypax BbIWe 400 °C B 

np11cyTCTBl1l1 npOMb!WJieHHb!X KaTa

Jll13aTOpOB npo11cxo.n11T 11HTeHCl1BHa51 

.neCTpyKU1151 MeT11JlU11KJIOneHTaHOBOro 

KOJlhUa c 06pa3osatt11eM napacp11ttoB C
1
-

C0; np11 3TOM cpe.n11 yrneso.nopo.nos C
4

-

C6 npeo6mna10T 113ocTpyKryph1. 

f11,np11posa1-111e IIOmIU11KJ1114eCKl1X 

apoMaT11lfeCK11x yrneso.nopo.nos npoTe

KaeT qepe3 p511l noc11enosaTe11htth1x cTa

.n11i1. TaK, ttacprn11111-1 BHalfaJle rn.np11py

eTc5l B TeTparnnpottacprn1111H, a 3aTeM B 

neKarn.nponpo113so.nttoe. Ha.n npoMhillI-

11eHHhIM11 cy11bcpl11lHhIMl1 KaTaJ11133TO

paMl1 HacpTaJ111H npaKTl14eCKl1 nOJlHO

CTb!O MO)!(eT 6bITh nporn.np11posatt np11 

.nas11ett1111 I 00-150 aTM 11 TeMneparype 

360-380 °C. IIp11 .nasnett1111 300 aTM 

Te1YmepaTypa npouecca MO)!(eT 6hITb 

noHl1)!(eHa no 250-280 °C. Ha.n a1110Mo-
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Ta6m111a 8. 6 

Ilpeepameuue napa<J>HHOBblX H ua<J>TeHOBblX yrneBOJJ.OPOJJ.OB 

Ha amOMOMOJJH6)1.eHOBOM KaTaJJHJaTope (510 °C, 75 3TM, 

yJJ.eJJbH3SI o6beMH3SI CKOpOCTb DOJJ.3'1H CblpbH 0,9 11·1; 

MOJJSipuoe OTHoweuue BOJJ.OPOJJ.: yrneBOJJ.OpOJJ. = 11,7 - 7,9: 1) 

Bb1XO.!l npo.!ly"-ros peaKuun, 
sec, % ua Cblpbe 

fal C
1
-C

5 
.......... . .... .. . . . .. . .. . ... . ......... . ..... ........ .. . 

napaqll1H0Bble yrneao.nopO.Ubl CS-C? .... .... ... .... .. .. .. .. 
B TOM '-111CJ1e: 
napacl>11ttbt C

7 
. .. . . ... .. .... .. . .. . .. ....... .. 

HlOOKTaH 

74,4 

26,8 

2,7 

Hcxo.!luoe Cblpbe 

ueTau 

60,9 

23,3 

1,8 

'.HHJJUHKJlO
reKCaH 

5,3 

11300KT3H .. . .. .. ...... .. . .... . . .. . ... ... . .. .. 24,l 
UeTau . ... .... ........... ....... ... . ... . . .. .. ........ ............ . 9,0 74,0 
Hacl>TeHOBble yrneao.nopO.llbl c" .... .. .. ....... ...... .. .... .. 

B TOM 11HCJ1e: 
3T11JlUHKJIOreKC3H ... . . ..... . .. . ..... . ... .. 
.LIHMeT11JlUl!KJ10reKC3Hbl . . .... .. ........ .. 

ApoMaT111-1ecK11e yrneao.uopo11 b1 . ... . . .............. .. .... .. . 
)lpyrne yrneao.nopo.nbt ...... . .......... .... ........... ...... .. 

rnrnnrnoBhIM KaTamnaTopoM rny6oKoe 

rn.np11p0Bam1e uaqna.n11Ha .nocT11raeTc5t 

np11 .naBJieH1111 9-25 aTM 11 TeMneparype 

320-350 °c. 
BepoHTHOCTh 06pa3osaH115t Henon

HbIX 11Jil1 OOJIHblX r11.nponp0113BO)J.HbIX 

HacjJTaJI11Haonpe.neJI5teTC5IYCJIOBl15IMl1 

npouecca. Tiosh1weHHh1e TeMnepaTy

pbI 11 noHH)KeHHhie .nasn eH115t cno

co6cTBy10T o6pa30BaHHIO TeTpaJIHHa. 

IlOBbJWeHHbJe .ll,aBJieHH51 npHBO.ll,51T 

K yBeJIJ11IeHl1IO Bb!XO)J.a .ll,eKaJIHHa. flo

CJie)J.Hl1H np11cyTcTByeT B npo.nyKTaX 

rn.nporett11Jau1111 B .nsyx H30MepHbIX 

cpopMax c npeo6na.naH11eM TpaHc-n eKa

n11Ha. Y amrnmaMelUeHHbIX Harjnasrn

HOB B nepsy10 o4epeJlb r11n p1·1pyeTC5t 
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8,7 
0,5 

55,5 
18,5 
19,7 

KOJihUO, He co.nep)Kaw,ee JaMecT11Tem1. 

TaK, 113 MeT11JIHacjJTaJI11Ha noJiy1-iaeTcH 

1,2,3 ,4-TeTparn.npo-2(3 )-MeT111rnacp

rnmrn. 

8.4.2. KamaJn/3amopbt 

2uopo2eHu3a/.fUOHHbtX npoi1eccor1 

K npoMbIWJieHHhIM rn.nporeH113a

u110HHhIM KaTaJIH3aTopaM npe.ll,b51BJ1H

IOT CJie.ny10m11e OCHOBHbie Tpe60BaH1rn: 

CTa6HJlbHOCTb aKTHBHOCTH, ceneKTHB

HOCTb .nei1:CTBl151, TepM114eCKa51 CTa-

611JibHOCTb, ycTOH4HBOCTh K .nei1:CTBHl-O 

KOHTaKTHblX 51 .ll,OB, cnoco6HOCTb K pe

re1-1epau1111 6e1 1aMeTHOro cH111Ke1-11rn 

aKHIBHOCHI. 



Karnmnaropb1 s rn,11,poreH113au110H

HbIX npoueccax BblnOJ1H5llOT HeCKOJlbKO 

cpyHKUHi1 - m,11,p11py1-0wy1-0, pacwe

llJ151IOW.YI-O ( 1<peK11py1-0wy1-0) 11 1130Me

p113yI-Ow.y1-0. r11,11,p11py1-0wy1-0 cpyHKU111-0 

o6ecne411Ba!OT MeTaJ1J1bl B OCHOBHOM 

VIII rpynnhI 11 OKHCJ1bI 11n11 cynbcp11,11,b1 

HeKoropb1x Mernnnos VI rpynnhr fle

p110,11,114ecKoi1 c11creMb1. KpeK11py1-0wa51 

cpyHKUl151 06ecne411saerc51 HOCl1TeJ1eM -

OKHCblO aJllOM11HH51 , aJ1I-OMOCl1JlHKaTa

Ml1, MarHl1HCl1J111KaTaMl1 11J111 aKTl1Bl1-

posaHHOH rJ111HOH. 06bI4HO HOCl1TeJ1H 

Bb1Il0J1H5llOT TaK)!(e 1130Mep1ny1-0wy1-0 

cpyHKU11I-O. Ecn11 xornT nosb1c11Tb aK

THBHOCTb Kpe1rnpy1-0wero KOMilOHeH

Ta, 1<arnn113aTop o6pa6aTbIBaI-OT rano

reHaM11 - cprnpoM 11n11 xnopoM. Ecn11 

Heo6xo.n11Mo yc11n11Tb pea1<u1111 m.np11-

posaH115I, ysen11411sa1-0T co.nep)!(aH11e 

Meranna un11 .no6aBJ151I-OT npoMoTOpb1 -

o6bi4HO pe,ll,K03eMeJ1bHble MeTaJlJ1bl. ,Il,o-
6asneH11e ranoreHOB cnoco6crnyeT ycu

neHHIO He TOJ1bKO Kpe1<upy1-0wei1, HO H 

H30Mep113y1-0wei1 cnoco6HocT11 Karn

J1H3aTopa. B HeK0Topb1x cny4a51x o6e 

cpyHKU1111 MO)!(eT BbJilO.TlHHTb O,ll,HO CO

e,n11HeHHe, HanpHMep JlHCYJ1bcpHJl BOJ1b

cppaMa . 

flp11 n1-06b1x ycnosH51X rnnp11posa

HH5I s Toi1 11n11 11Hoi1 cTeneH11 npo11c

xon11T 1130Mep113au115! yrneso.nopo,nHbIX 

ueneif 11 1<oneu. flp11 no.n6ope pe)!(ttMa 

11 aKTHBHbIX KaTaJ1113aropoB MO)!(HO C03-

.IJ,aTb ycnos1151 _nn51 npeo6na.naH115I n1-0-

6oi! lfl yKa3aHHblX BbIWe peaKU11H, T.e. 

1n611paTeJ1bHOCT11 npeBpawe H1rn yrne

BonoponoB s uenesb1e npo.nyKTbl. 

Karnn113aTOpb1 rn,11,poreH113au110H-

Hb1x npoueccos MO)!(HO pa3,nen11Tb Ha 

rp11 rpynnb1: 

- MeTannbJ (nnar11Ha, nanna11;11i1, HM

KeJib) B 4HCTOM Bl1D;e MJIM Ha HOCl1TeJI5!X, 

np11MeH5leMbJe B peaKUHSIX HaCbIUl,eHM5! 

HenpeneJibHbJX 11 ap0Mar114ec1<11x yrne

so.uoponos, ocywecrnnsieMbIX np11 HM3-

Kl1X TeMnepaTypax; Cblpbe He D;OJI)l(HO 

HMeTb np11Mecei1, 51BJ1SIIOUl,11XCSI Karam1-

3aropHblM 51JlOM ( oco6eHHO cepb1); 

- OKl1CJ1bl 11 cynbcpHJlbl MeTaJIJIOB 

(B03M0)!(Hbl HX C04eTaH11S1) Ha KHC

JlOTHblX HOCHTeJI5!X ( OKl1C5!X aJIIOMM

Hl151, Marn1151 11n11 1<113enhrype ), np11-

MeH5leMb1e rnaBHbIM o6pa30M B peaK

U1151X Hacb1wa1-0w.ero r1111;p11posaH115! 

B np11cyTCTBHl1 llOTeHL1.11aJihHbIX KaTa

J1113aTOpHblX 51,ll,OB; 

- OKHCJlbl 11 cynhcpH,nhI MeTaJIJIOB 

(B03M0)l{Hbl 11X C04eTaH115!) Ha KHCJIOT

HblX HOCl1TeJ151X ( aJIIOMOCl1Jll1KaTe, Mar

HHHCl1Jil1KaTe, OKHCH aJIIOMl1Hl1SI 11JIM 

aKTl1B11pOBaHHOi1 rJIHHe ), np11MeHS1e

Mble _nn51 nposeneHH51 peaKu1111 rn11;po-

1130Mep113au1111 11 rn.npoKpeK11Hra. 

EoJibw11HcTso 1<aTaJI11r11qec1<11 aK

Tl1BHbJX MeTaJIJIOB, KaK yKa3hIBaJIOCh 

Bbiwe, npencTasm1er co6oi1 3JieMeHThI 

VI 11 VIII rpynn I1ep11011;11qec1<oi1: c11c

TeM b1 (xpoM, MOJJ11611;eH, BOJJhcppaM, 

)J(eJie3o, 1<06aJihT, HHKeJJh, nnar11Ha 

11 nannanHi1). B HeKoropbIX cny<1asix 

cynbcp11,nbI 11 OKHCJJbl 3Tl1X MeTaJJJJOB B 

CB060JlHOM COCT051Hl111 (6e3 HOCHTeJieH) 

06Hapy)l{11sa1-0T KHCJ10THbJe cBoi:JcTBa. 

np11MepoM MO)KeT CJlY)!(l1Tb )lHCYIIbcp11Jl 
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sonhcj)paMa, 06nana10w,11i-1 Karnmrrn

yecKoii aKTHBHOCThlO B peaKU1151X rn

ll.p01130Mep113aum1, rnnp0Kpe1nrnra 11 

ttachillleHH51 KpaTHhIX CB513ei1 . TaK KaK 

cepoconep)!(am11e coen11ttett115! np11-

cyTCTBy10T npaKTH'-leCI<H B Jll060M 

Chiphe, cne.uyeT np11MeH5!Tb cepocTOH

KHe KaTamnaTophI - cynhcj)tt.Ubl Me

TanJIOB. B 6onhWHHCTBe coBpeMeHHbIX 

npoueccos B Ka'-leCTBe KaTan113aTopos 

HCnOJlh3YIOT K06aJihT HJlH HHKeJlb, CMe

waHHhie B pa3JIH'-1Hh!X COOTHOUleHl151X 

c MOJIH6neHOM, Ha nopHCTOM HOCHTene 

( OKHCH aJIIOMHH1151). l1 Horna npHMeH51-

IOT cyJihcPHll.HhIH HHKenhBOnhcj)parvto

BhIH KaTaJil13aTOp. 

06hI'-IHO KaTaJil13aTOpbl BhlnYCKa!OT 

B OKHCHOH cj)oprvte; npH rnnporeH11-

3au1111 cepH11CTOro Cblpb51 OKHCl1 K0-

6anhTa (HJIH HHKeJI51) 11 l\10J1H6.netta 

nOJ1HOCTh!O 111111 qaCTl1'-IHO nepeXO.U51T 

s cyJihcPH.UHYIO cpoprvty. 4acro nocne 

3arpy3K11 KaTaJIH3aTop «OCepH51!0T» 

npe.uBapHTeJihHOH o6pa6oTKOH cepo

sonoponoM 11JI11 Jiernopa311ara10w,11tv111-

c51 cepH11CThlMH coen1rneHH5!MH B CMe

Cl1 c so.uopo.uoM. MoJI116.nettosb1e Karn

JIH3aTOphI, oco6eHHO nepeseneHHb1e 

B cyJihcPH.UHYIO cpopMy, seCbMa aKTHBHhl 

B peaKuH51X r11np11posaH115!, npoTeKa-

10m11x B pe3yJihTaTe pa3phrna CB513el1 

C-S. To )!(e neHCTBl1e OKa3hJBaeT, Han

pttrvtep, MOJIH6.ueH c K06anhTOM Ha OKHCl1 

aJIIOMHHH51. 

KarnJitt3aTophI .D.JI51 nepsoi-1 cryneHH 

HJlH 0.LIHOCT)'neHlJaToro rn.npoKpeKHHra 

06bl'-IHO co.nep)l(aT OKHCJlbl HHKeJ151 (HJIH 
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Ko6anhrn), sonbcppaMa (111111 Mon116n e

tta), OKHCJlbl KpeMHH51 11 aJIIOMHHl151 B 

Kp11crnnn111.JecKOH cpoprvte . Karnmna

TOpb1 .[IJ151 BTOpOH CTyneHH rn.npo1<pe

KHHra np11 nepepa6oTKe OYttw,ettttoro 

Cblpb51 ( c co.nep)!(aH11eM cepbr He 6onee 

I OO· J0-4 11 a30Ta Mettee 1 · J0-4%) MoryT 

He conep)l(aTb Mon116.netta (HJIH BOJJb

cpparvta), HO BMeCTO Hl1KeJ151 co.uep)l(aT 

nparoueHHbie MeTaJIJlhI (naJina.u11i1 111111 

nnanrny). Karnn H3aTopbI .LIJ151 nepsott 

CTyneHH HJlM .LIJl51 0.[IHOCTyneHlJaToro 

npouecca n omKHbT o6nanaTh oco6etttto 

BblCOKOH CTOHKOCTblO K 51.[13M, '-IT06bl HX 

MO)!(HO 6blJIO HCnOJ1b30BaTb nptt pa6oTe 

Ha tteoY11w,eHHOM Cblpbe. Heo6xon11tv10 

TaK)!(e, L1T06b1 nophl KarnmnaTopa no 

pa3rvteparvt orneYan11 pa3MepaM MOJJeKyn 

nepepa6aThrnaeMoro Cblpb51. 

B p51ne npoueccos rn.upoKpeKHH

ra B KalJeCTBe HOCl1TeJJ51 11cnOJ1b3YIOT 

UeOJ111Tbl (MOJJeKyJJ51pHble C11Ta) . r11.u

p11py10W.HM KOMnOHeHTOM B HHX BMe

CTO yKa3aHHblX BbIWe HHOrna CJJY)l(HT 

nanna.u11!1. IT p11 np11MeHeH1111 ueo1111rn 

rnnp11py10w,y10 aKTHBHOCTh MO)!(HO pe

ryn11poBaTb 113MeHeHtteM KOJlH'-!eCTBa 

KaTaJlHTH'-leCKH aKTHBHOfO MeTanna, 

BBO.[IHMOro (HOHHhlH o6MeH) BMeCTO 

HaTptt51 B peweTKY ueon11rn. Hattoc11-

Mb1i1 oca)!(.uem1eM naJinan11i1 pacnpe

nen5leTc51 s s11.ue qacT11u aTOMHbIX pa3-

rvtepoB. 3rn oco6eHHOCTh B 113BeCTHOH 

CTeneHM CHH)!(aeT .uei1CTBHe KaTaJ1HTH

qeCKl1X 51.[IOB ( cepo-' a30TOpraHH'-leCKHX 

coen11HeH11l1) B rn)l(eJIOM Chiphe 11 no-

3BOJ15leT npoBO.D.HTb npouecc np11 6011ee 

Hl13KHX TeMnepaTypax. 



l11citii1 8. 

PeaKu1111 KOH).l,eHcau1111 apoMaTw1ec

K11x yrneBO).l,OpO).l,OB c HenpeneJibHb!Ml1, 

TaK )!(e KaK peaKU1111 ynJIOTHeHl15! yrne

BO).l,OpO).l,OB, TOpM035!TC5! B np11cyTCTBl1l1 

sonopona. YseJI111.J11sa51 cKopocTh rnn

p11posaH115! HenpeneJibHbIX yrnesono

ponos no cpaBHeH11lO co CKOpOCTb!O 

11X KOH).l,eHcau1111 c apoMaTl1lJeCKl1Ml1 

yrnesonoponaM11 11JI11 noJI11Mep113au1111, 

MO)!(HO CHl1311Tb o6pa30Bairne KOKCa. 

,lJ;JI51 3TOro Heo6XO).l,11MO nOBbIWaTb nap

u11aJibHOe nasJieH11e sonopona (11 o6w,ee 

)..(aBJieH11e B Cl1CTeMe) 11 np11MeH5!Tb cne

u11aJibHbie KaTaJI113aTOpb1. OnHaKo nmKe 

np11 nasJieH1111 15-20 MTia noJIHOCTbIO 

nonaBl1Tb peaKU1111 KOKcoo6pa30BaHl15! 

He ynaeTc5!, 11 npouecc np11xon11TC5! 

secT11 c nep11on11YecKott pereHepau11eli 

KaTaJil13aTopa (Bbl)!(l1fOM KOKca). Tip11 

o6w,eM nasJieH1111 Bb1we 30 MTia npo

uecc fl1).l,pOKpeK11Hra MO)!(HO npOB0-

)..(11Tb 6e3 OKl1CJ111TeJibHOH perettepau1111 

KaTaJil13aTopa. 

8.4.J. 0CHOBHb/€ 

mexHo,w2u'lecKue napaMempbz 

2uopo2eHu3az1uoHHb1x 11poz1eccoe 

K octtoBHhIM noKa3aTeJI5!M TexttoJio

rnYecKoro pe)!(11Ma r11nporett113au110H

HbIX npoueccoB, TaK )!(e KaK 11 MHOfl1X 

KaTaJil1Tl1'-leCKI1X npou,ecCOB, OTHOC5!TC5! 

TeMneparypa, nasJiett11e, o6neMtta5! cKo

pocTh IIO).l,a'-111 Cblpb5!, KOJil1'-leCTBO u11p

KyII11pyJOw,ero BO).l,OpO).l,CO).l,ep)!(alll,ero 

ra3a 11 conep)!(aH11e B HeM sonopona, a 

TaIOKe Tl1n KaTaJI113aTopa. 

TeMneparypa 5!BJI5!eTC5! ontt11M 113 

OCHOBHb!X cpaKTOpOB. c ee nOBbIWeHl1-

eM )!(eCTKOCTb (neCTpyKU,1151 yrneB0)..1,0-

ponoB 11 npyrnx coen11ttett11li) npou,ec

ca B03pacTaeT, npHB0)..(51 K CHH)!(eHHJO 

conep)!(aH115! cepbI, a30Ta, KHCIIopona 

11 MeTaJIJIOB B nponyKTax r11nporeHH-

3au,1111. Tip11 3TOM no Mepe nOBbIWeHH5! 

TeMnepaTypb1 pacxon sonopona ).l,JI5! He

KOTOpbrx npou,eccos (ttanp11Mep, rH).l,

pooY11cTK11) yseJI11'-!11saeTC5!, a 3aTeM 

MO)!(eT HeCKOJibKO CHl1311TbC5! B pe3ynh

TaTe npoTeKaH115! peaKu1111 )..(ern)..(p11po

BaH115! (np11 3TOM o6pa3yeTC5! BO).l,opon). 

OnHaKo np11 nosh1wett1111 TeMne

paTypb1 )..1,0 o6JiaCTl1, B KOTOpOH Ha

lJl1HaeTC5! yc11Jiettttoe npoTeKatt11e pe

aKu11i1 rnnpoKpeK11ttra, pacxon sono

pona pe3KO yseJI11'-!11saeTC5!. TaK KaK 

TeXHl1K0-3KOHOMl1lJeCKHe nOKa3aTeJil1 

rnnporeH113au,110HHhIX npoueccos so 

MHOfOM 3aBl1C5!T OT pacxo)..(a BO).l,Opona, 

peKoMeHnyeTC5! TeMneparypy npouecca 

nonnep)!(11BaTb 6onee HH3KOH, HaCKOJib

KO 3TO COBMeCTl1MO c Tpe6yeMbIM Ka

YeCTBOM nonyyaeMbIX nponyKTOB; np11 

3TOM B03MO)!(H0 yMeHbWHTb )..1,0 Ml1Hl1-

MyMa CKOpOCTb OTpaBJieHl15! KaTaJI113a

TOpa OTJiaraJOlUl1Ml1C5! Ha HeM KOKCOM H 

MeTaJIJiaMl1. 

~asneuue. Bn115!tt11e nasnett115! 

B fl1).l,poreHl13aU,110HHblX Cl1CTeMax cne

nyeT paCCMaTp11BaTh KaK KOMnJieKCHOe 

nelicrn11e o6iuero nasnett115!, KOHU,eHT

pau,11tt BO).l,Opona B u,11pKyn11pyJOLUeM 

ra3e 11 OTHOWeHl15! BO).l,Opona K yrnepo

ny, Bb1pa)!(aeMoro napu11anbHbIM )..(aBJie-

235 



HHeM BOJIOpona. f11y611Ha n.eCTpyKUHH 

yrneson.oponos onpenem1eTCH .uasne

HHeM BO.ll,opo.ll,a B npouecce. 

c OOBbilllem1eM napuHaJlbHOfO .ll,3B

JleHH.s! BO.ll,OpO.ll,a ysenHYHBaeTCH CKO

poCTb rn.ll,pHpOB3HHH H .uocn1raeTC}! 

6onee nonttoe yn.anetttte cepb1, a3orn, 

KHC110pon.a H MeTaJlJlOB, a T3K)!(e H3Cbl

LQeHHe Henpe.ll,eJlbHhIX yrneso.uopo.ll,oB, 

a np11 ew,e 6onee BbICOKOM .uasneHHH 11 

npHMeHeHHH K3Ta.JIH33TOpOB, Bbl3bIBa

IOLQHX n.ecTpyKUHIO, CH H)!(aeTCH TaK)!(e 

CO.ll,ep:)l<aHHe apoMaTHYeCKHX yrneso

JlOPOD.OB H accpanbTeHoB. KpoMe Toro, 

BbICOKOe napUHa.JibHOe Jl3BJleHHe BOJIO

po.ll,a yMeHblllaeT 33KOKCOB3HHOCTb Ka

Ta.JIH3aTopa, YTO cnoco6crnyeT yse1111 -

YeH1110 cpoKa ero c11y)!(6b1. 3T11 no110-

)!(HTenhHb1e pe3yJlhT3Thl .ll,OCTHra!OTCH 

nyTeM yse1111Yemu1 pacxona BO.ll,opoJla. 

U,enecoo6pa3HO no.ll,.!lep)!(HBaTb 11 06-

mee .ll,3BJleHHe, H CO.ll,ep)!(aHHe BOJlOpO.ll,a 

B UHpKy1111py10LQeM ra3e Ha M3KCHM3Jlb

HO B03MO)!(HOM ypoBHe, onpenenHeMOM 

pecypcaMH son.opon.co.ll,ep)!(aw,ero ra3a 

H 3KOHOMHYeCKHMH coo6pa)!(eHH.s!MH. 

06beMnasr CKOpOCTb Il0Jl3'IH CblphSI. 
Oosb1rneH11e o6beMHOH cKopocTH no

naYH Chlpb.Sl (T.e. yMeHbllleHHe )J,JlHTeJlh

HOCTH ero KOHTaKTa c KaTaml3aTopoM) 

np11 napocpa3HOM npouecce rnnpore

HH3au1111 BeJJ,eT K CHH)!(eHHIO HHTeHCHB

HOCTH Bcex KaTa.JIHTHYeCKHX H TepMH

YeCKHX peaKUHH H BCJle)J,CTBHe 3TOfO -

K yMeHhrneHHJO pacxona son opona 11 

o6pa30BaHH}! KOKCa Ha KaTaJlH33TOpe . 

PeaKu110HHaH cnoco6HocTb cepoopra-
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HHYeCKHX coe.ll,HHeHHH HeO.ll,HH3KOBa. 

MepKanTaHhI, cynhcpHJlbI 11 .ll,11cynhcp11-

.UbI .nerno y.uaJlHTb np11 Bb!COKHX 06b

eMHhlX CKOpocrnx, HO OCT3!0W,YIOC}! 

THOcpeHOBYIO cepy - 3HaYHTeJlbHO 

TPYJlHee, no3TOMY rnnp11posaTh Cblpbe, 

co.ll,ep)!(aw,ee T11ocpeHh1, cne.ll,yeT np11 

6011ee HH3KHX o6beMHblX CKOpocrnx. 

Bh16op o6beMHOH CKOpocrn B 3Ha

L!l1TeJlbHOH Mepe 3as11c11T OT np11pOJlbI 

CblpbH (HCXOJJ,HOK Hecprn), ero cppaKUH

OHHOro COCTaBa H TeXHOJlOfHH nony

YeHH}! (nepBHLfHaH neperoHKa Hecjn11 

111111 sTop11lJHb1e npoueccb1 ee nepepa-

6oTKH) . Ecm1 Ha ycrnHOBKY nocrynaeT 

HOBOe Cbipbe, TO npHXOJJJ1TC}! MeHHTb 

o6beMHYIO CKOpOCTb, a CJle.ll,OBaTeJlbHO, 

npOH3B0JlHTeJlhHOCTh ycTaHOBKH H JlPY

rne napaMeTpb! TeXHOJlOfHYeCKOfO pe

)!(HMa. Op11 3TOM npo113BO.ll,11Te11bHOCTb 

ycTaHOBKH IIOBb!WaeTCH B TOM cnyciae, 

ecn11 Hosoe Chiphe no cpasHeHHJO c 

paHee nepepa6aTbrnaeMbIM no3BOJ1HeT 

IIOBblCHTb o6beMHYIO CKOpOCTb, 11 Ha

o6opoT. 

0THOllletttte u11pKyJI11pyt0mero BO
nopo.uco.uepJKarn.ero ra1a K ChlphlO. 
0pH HeH3MeHHbIX TeMnepaType, 06b

eMHOH CKOpOCTH 11 o6LQeM J],aBneHHH 

OTHOWeHHe u11pKy1111py10mero BO.ll,0-

ponco.uep)!(aLQero ra1a (TaK )Ke, KaK 11 

conep)J(3HHe B HeM BO.ll,Opona) K CblphIO 

s1111.sieT Ha JlOJlJO 11cnap.si10w,eroc.sI 

Ch1pb.S1, naputtanhHoe J],as11ett11e so.no

pona H npOJJ,OJl)!(HTeJlbHOCTb KOHTaKTa 

Cbipb.si c KaTan111aTopoM. OueH11BaTb 11 

aHa.1H3HpOBaTb pa6oTy ycTaHOBOK rnn-



poremnau1111 np11tt}ITO He TOJJbKO no 

yKa3aHHblM BblWe napaMeTpaM TeXHO
nor111-1ec1<oro pe)!<11Ma, HO 11 no B3a11Mo-

3as11c11MocT11 HeKOTOpb!X 113 Hl1X 11 BJ111-

51Hl11-0 11x Ha npouecc B uenoM. 

OnH11M 113 Ta1<11x noKa3aTenei1 HBJrn
eTCH cKopocTb pea1<u1111 . B rn.uporeH11-

3au110HHblX npoueccax CKopocTb rn.u

p11posaH11}1 ttenpeneJJhHbIX yrnesono
ponos 3Ha411TeJJbHO 60JlbWe CKOpOCTeH 

11x pacnana, no3TOMY rnnpoKpeK11Hry 

npa1<T11Yec1<11 nonsepral-OT napacp11tto
Bb1e yrnesonoponh1, 06pa3osasw11ec51 B 

pe3yJJbTaTe rH.Up11pOBaHl151. np11 rn.up11-
poBaHl1l1 a30Tco.uep)!(am11e coe.u11HeH11H 

pa3pywa1-0TCH, Ka1< npas11no, Tpynttee, 

YeM cepo- 11 oco6ettHO K11cJJoponconep-
1Kaw11e. YcTOH411BOCTb cepoopraH11Ye

c1<11x coen11HeH11i1 ysen11Y11saeTCH B 

cneny1-0weM nopHn1<e: Mep1<anTattb1 < 
n11cyJJhcp11nb1 < cynbcp11nh1 < rnocpe
HbI. c yseJJl14eHHeM MOJJeKynHpHOH 

MaCCbI cepoopraH11Yec1<11x coen11tte
tt11i1 CKOpOCTb rnnporeHH3aUHOHHOro 
06eccep11BaHH5I yMeHbWaeTC51. 3THM, 
no-BH.[J:HMOMy, o6bHCH51eTC51 B03M0)!(

HOCTb np11MeHeHl15I 6onee MHTKOro 
pe)f(11Ma rnnp11posamrn. np11 06ecce

p11saH1111 6eH3HHOBbIX 11 JJ11rp011HOBblX 
.LlHCTHJJJJHTOB, 4eM np11 0411CTKe 6onee 

T51)f(eJJblX .U11CTl1JJJJ51TOB. 

bOJJbWOe 3Ha4eHl1e .[J:Jl51 rnnporemf-

3aU110HHbIX npoueccos HMeeT pacxoJJ; 

Bonopona. Ott 3as11c11T OT cocTaBa rre
pepa6aTbrnaeMoro ChipbH, conep)!(aHH51 

cepb1 B oY11weHHOM nponyKTe (Ta6JI. 8.7), 
a Ta1<)f(e OT ero paCTBOp11MOCTl1 B He

cpTenponyKTe, yTe4eK 11 oTnysa u11p1<y

n11py1-0wero ra3a. 0Tnys ra3a rrep11on11-
4ecK11 npOBOLl51T c ueJlblO OOBbIWeHH51 

co.uep)!<aHl151 B HeM BOL!Opona; qaCTb 

ra3a OTnyBal-OT, a B CHCTeMy BBO.UHT CBe
IKHH ra3 c noBh1weHHhIM conep)Katt11eM 

sonopona. 

Ta6m1l{a 8. 7 

,11.aHHble 0 pacxoJJ;e BO.!J.Opona B JaBHCHMOCTH 

OT .uasJieHHSl B CHCTeMe H npupO.!J.bl Cb1pbS1 (%Mace. Ha Cblpbe) 

CoJieplKatt11e so- fHJlpOO'-lllCTKa 
r11JlpOKpeKHHI" B3KYYMHOl"O 

JlllCTHJIJUITa npu .11.aBJieHHH 

BOJIOPOJI 
Jiopo.11.a B nupicy- CblpbH 

B CHCTeMe, Mila 
J111py1011.1,eM raJe, 

lieHJH- )1,11JeJ1bHOl"O % (06.) 5 10 15 
Ha 
. 

TOUJIHBa 
. 

Cnew1a.nb11oro 
npOH3BOJlCTBa 96 2/0,6 0,4 II 1,2 1,8 4 
KaTaJIHTH'!ecKoro 
pmpopM1111ra 85 2/0,8 0,511,5 1,6 2,4 5,2 

· B 'lllCjHITene - npo_ri.y1\T. nony '-leHHblH np11 nepB11llHOH neperoHKe Hecjn11, a B JHaMeHaTene -

11p11 BTOp1tt1HblX npoueccax nepepa60TK11 He<l>n1. 
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HmKe npttse.ueHhI .uaHHhie o pacxo

.ue so.uopo.ua nptt rn.upoo<IttCTKe npmvto
roHHbIX cppaKQHH H3 cepHHCTbJX HetjJ

TeH (rn6n. 8.8). 
Optt rn.upo1<peKttHre o6mtti1 pacxo.u 

so.uopo.ua B03pacTaeT, npw1eM .UOJJ51 no

Teph, CB513aHHblX c ero paCTBOpeHtteM B 

rtt.uporeHH3aTax H yTe4Ka1'rn, He npe

BhIWaeT 18% OT o6mero pacxo.ua. Ko

JIH4eCTBO OT.UyBa 3aBHCHT B OCHOBHOM 
OT pe)J(ttMa H co.uep)J(aHH51 BO.UOpo.ua B 

nocryna10meM so.uopo.uco.uep)J(aI.QeM 
ra3e: qeM BhIWe ero co.uep)!(am1e, TeM 

MeHbWe noTepH c OT.UYB04HblMH ra3aMH. 

8.4.4. flpOU3600Cm60 6000p000 

OJlfl cuapo2eHU3QlfUOHHblX npoz1ecco6 

llIHpOKOe pa3BHTHe rn.uporeHH3a

QHOHHhIX npoueccos nepepa6oTKtt ttecp
TH HeB03MO:>KHO 6e3 )J,OCTaT04Hh!X pe

cypCOB BO)J,Opo.ua. 

0CHOBHOe KOJIHLieCTBO so.nopo.na 

Ha He<!JTenepepa6aThIBa10m11x 3aso.nax 

nony4aeTC5l B npouecce 1<aTaJ1ttTtt<Iec

Koro pttcpopMttHra. 0.uHaKo npH npo
H3BO)J,CTBe MaJiocepHHCThlX npo.uyKTOB 

H3 cepHHCTblX H BblCOKOCepHHCTbIX 

HetjJTei1, a TaK)!(e nptt rn.upoKpeKttHre 

HecpT51HblX npo.nyKTOB B 60JJbWHX o6b

eMax pecypcos so.uopo.na KaTaJIHTttqec
Koro pttcpopMHHra He.uocTaT04HO. B Jrnx 

cJ1y4a51x nptt6eraIOT K BhI.UeJ1em110 

Bo.nopo.na l13 pa3JJH4HblX npOH3BO)lCT

BeHHblX BO.UOpo.uco.uep)l(all.(HX ra30B 

HetjJTenepepa6oTKH (ra3bI nttpoJJtt3a, 

MeT3HO-B0.110PO.UHa51 cppaKUH51 ycrnHO
BOK ra3opa1.ueJ1eHH5l, OT.UYB04Hble ra3bl 
c ycTaHOBOK fH.11p004HCTKH H ru.npo

KpeKHHra H T.)J,.) HJIH K npott3B0.11CTBY 

so.nopo.ua cneuttaJibHbIMH MeTo)J,aMH 

( KaTaJJHTH4eCKa51 KOHBepCH51 yrneB0.110-

po.nHoro Chlph51 c napoM, TepMH4eCKoe 
pa3JJO)l(eHtte yrneso.nopo.UHhtX ra3os ). 

Ta6!lulfa 8.8 

)J,aHHhie o pacxo)J,e BOAopo,!J,a 
npu ru)J,pooqucTKe npHMOroHHblX !l>paKl..{HH HJ cepHHCTblX ue!l>Teii 

<l>paKUHll BaKyyMHbiii ll.HCTHJIJIHT 

6ettJ11ttoeajj I .L111JeJ1hH3j1 (350-500 °q 

Co.L1ep)KaHHe cepb1 e Cbipbe, % Mace. 0,15-0,3 0,7-2 1,8-2,5 

06IUHH pacxoii. BO.LIOpoii.a, % Mace. 

Bcero 100 100 100 

Ha pacTeopett11e B rH.L1porett11JaTe 11 yreqK11 67,6 21,4 17,2 

Ha ornye 

} 17,4 16,8 

Ha peaKu1111 
32,4 

61 ,2 66,0 
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0TMeT11M CJle,11,y10w,ee: Bonopon nptt 

pmpopMHHre 6eH3HHOB o6pa3yeTC51 

BCJle,11,CTBHe npoTeKaHH51 peaKU,HH nern

npttpoBaHH51 11 ner11npo1130Mep113a11,1111 

napaqmHOBbIX yrneBonoponoB. PeaKu,1111 

neCTPYKUHH napaqmHOBbIX 11 neaJlKH

Jl11pOBaHH51 apoMaTHYeCKHX yrJleB0,11,0-

ponoB, TaK)Ke npoTeKa10w11e np11 p11-

cpopM11Hre 6eH3HHOB, conpOB0)1(,ll,aJOTC51 

nornoweHHeM Bonopona; peaKu,1111 1130-

Mep113a11,1111 yrneBonoponoB npoTeKaJOT 

6e3 113MeHeH115I BonoponHoro 6aJlaHca. 

06pa3yJOW,HHC51 np11 KaTaJ111Tl1'-IeC

KOM p11cpopM11Hre Bonoponconep)l(aw,11i1: 

ra3 MO)l(eT 6bITb HenocpencTBeHHO 11C

nOJlb30BaH ,ll,Jl51 rnnporeH113a11,110HHb1x 

npoueccoB, npttYeM ce6ecT011MocTb ero 

npttMepHo B I 0- I 5 pa3 Hl1)1(e, YeM ce-

6ecTOHMOCTb Bonopona cneu11aJlbHO

ro npOH3BO,ll,CTBa MCT0,11,0M KOHBepc1111 

yrneBonoponoB. 

Bhl.LJ,eJieuue B0.1I,opo.1I,a 
H3 BO.ll,OpO.ll,CO.ll,ep11rnmux ra30B 

Bb1,11,eJleH11e Bonopona 113 Bonopon

conep)l(aw,11x ra30B ocywecrnJ151CTC51 

MeTonaMl1 Hl13KOTCMneparypHoro cppaK

ll,HOHHpOBaHl151, ancop6UH11 Ha MOJlCKy

m1pHbIX CHTax, a6cop6u1111 )1(11,ll,Kl1MH 

yrneBonoponaMH 11 n11cpcpy3110HHoro 

pa3,11,eJleH115I. Pa3B11T11e B nocJlen

ttee BpeM51 3THX MeT0,11,0B o6yCJlOBJle

HO CTpeMneHl1CM HCI10Jlb30BaTb B0,11,0-

pon, conep)l(allJ,11HC51 (B KOJll14CCTBe 

30-60 06. %) B OTXO,ll,51WHX ra3ax Hecp

Tenepepa6aTbIBa1ow11x 3aBonoB. 3TO 

ra3bl ycTaHOBOK n11pOJ1113a, KaTaJ111Tl1-

Heq:nm-1b1x cppan.i1-1i-1 

YCCKOrO ner11np11poBaHH5I 6yTaHa, Me

TaHO-B0,11,0ponHa51 cppaKU,H5!, noJlyYa10-

wa51c51 np11 npocTei1llleM pa3,11,eneH1111 

yrneBonoponHhIX ra30B, a TaK)Ke oTny

BOYHbie ra3bl ycTaHOBOK rttnpoOYHCTKH 

11 rnnpoKpeKHHra. 

Htt3KOTeMneparypuoe <l>paKu,Ho
uuposauue. MeTon HH3KOTeMrreparyp

ttoro cppaKu110H11poBaHH5! yrneBonopon

HbIX ra30B OCHOBaH Ha pa3JlH4HH TCM

neparyp K11neH115I Bonopona 11 ero rrp11-

Mecei1:. )J,Jl5I Bb1,11,eJleH115! Bonopona 113 ra-

30BbIX CMeCCH B npOMbllllJlCHHOH npaK

Tl1Ke np11MeH5IJOT XOJl0,11,HJlbHble UHKJlbl, 

OCHOBaHHbIC Ha HCI10Jlb30BaHl1H ,11,pOC

CCJlbHOro 3cpcpeKTa, antta6aTH4CCKOro 

pacwttpemrn c oTnaYei1 BHClllHei1 pa6o

TbI 11 KaCKa,11,HOro MCT0,11,a OXJia)l(,ll,CHH5!. 

Ha1160Jlee 3KOHOMHYHbI uttKJlbI, ocHo

BaHHbie Ha KaCKa,11,HOM MCT0,11,C OXJla)l(

neHl151, onHaKo ocywecTBJleH11e 3Toro 

MCTona BCCbMa CJlO)l(HO. 

3KOHOMl1Ka npouecca B 3Ha411TCJlb

HOH cTeneH11 onpenen51eTC51 conep)Ka

HHCM Bonopona B HCX0,11,HOM ra3e. 

A.1J,cop6u,m1 ua MOJieKyJistpHbIX 

CHTax. 3TOT MeT0,11, lllHpOKO HCI10Jlb3Y

eTC51 ,ll,Jl51 Bbl,ll,CJ1CHH5! HH,ll,HBH,11,YaJlbHbIX 

yrneBonoponoB 11 pa3neneHH5! ra30BbIX 

cMeceH. Ero npttMeH51JOT c uenbJO BbI

neJlett115I Bonopona 113 ra3oB, conep)Ka

w11x yrneB0,11,0p0,11,bl C1-C5, OKHCb H .ll.BY

OKHCb yrnepona, cepoBo)l.opon 11 rrapbI 

BO.ll.bl. H11)1(e noKa3aHhI TeMrreparypa 

ancop6u1111 11 Tlinbl MOJleKyJrnpHbIX Cl1T 

np11 pa31lCJleHl1l1 pa3Jll14HbIX ra30B: 
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raJ TeMnepaT)'pa MoJ1eKyJrnpHb1e cuTa aLJ,cop6u11u, °C 
Bo.uopo.u 0KOJ10 -70 
Merntt 0KOJ10 -30 
3TaH 

} CTporraH OT 20 .!lO -30 
A30T 
KHCJJOpO.!l l 0KOJJO -70 
OKHCh H .!lBYOKHCb 
yrnepo.na 0KOJJO 20 

CxeMhI npOMhIWJieHHbIX yCTaHOBOK 

KOHUeHTpau1m BO.nopona 113 yrneBO)lO

po.nHhIX Heqne3aBO)lCKHX ra30B BKJil-0-

lJaf-OT npOMbIBKY TIOTOKa OT cepOBO)lO

pona, ocywKy .no TO'-IKH pOChl OKOJIO 

-70 °c, 0'-!HCTKY OT cepoopraHtt'-!eCKHX 

coe)lHHeHHH II .naJiee BbIJleJieHtte BOII.0-

pon.a. 11pouecc an.cop6u1111 ocymeCT

BJI511-0T Ha JlBH)Kyw,eMC51 HJlH B CTaUH

OHapHOM CJioe. B nornen.HeM cny4ae 

KOHTaKTOpbl nepeKJil-0'-lal-OT c UHKJia a)l

cop6u1111 Ha UHKn necop6u1111 . 

A6cop6uust BOL1.0poL1.conep1Kamero 
ra3a uelj>TstHbIMH lj>paKUHSIMH. Me
TOII. OCHOBaH Ha pa3JIWIHOH paCTBOpH

MOCTH JlerKHX yrneson.opon.oB H BOII.0-

pon.a B :tKHII.KOM a6cop6eHTe. Pacrnope

Htte son.opon.a H ra3oo6pa3HbJX yrneso

n.oponos nosh1rnaeTC5l c yse1111'-!eH11eM 

)laBJleHH51. 

flptt HOpMaJibHOM )laBJieHHH H TeM

neparype oKoJio 20 °C K03cpcjrnu11eHT 

paCTBOpHMOCTH MeTaHa B HecprnHbIX 

cppaKUH5IX COCTaBmieT OKOJlO 0,3-0,5, 
3TaHa - 1-1,5. Ew,e Bhillie pacrnop11-

MOCTh nponatta. EyraHbI 11 6onee rn:tKe-

11b1e yrneBon.opO.LJ.bI CMew1rna1-0TC5l n.pyr 

c npyroM B 111-06oi1 nponoputtH . Pacrno-
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NaX(l3X).KNa3. CaA(5A) 
NaX(lJX), CaA(5A) 

To )!(e 

NaX( l 3X),KNa3, CaA(5A) 

To )Ke 

pHMOCTb BOJlOpo.ua MHOro HH:tKe pac

TBOpHMOCTH MeTaHa - npH HOpMaJlb

HOM .uaBJleHHH 11 TeMnepaType 25 °C I<0-

3cpcp11u11eHT pacrnopHMOCTH so.uopon.a 

He npeBhillJaeT 0, l. 
I1p11 nOBbIWeHHH n.asneHH51 )J,0 

100 aTM pacrnopttMocTh son.opo.ua yse

nwnrnaeTC51 np11MepHo n.o l 0, a MernHa 

JlO 30 o6beMOB ra3a Ha I o6beM a6cop-

6eHrn. PaCTBOp11MOCTb MernHa B or1111-

411e OT pacrnopHMOCTH BOJlOpoJJ,a c yse

JlJ1 lfeHHeM Tel\rnepaTypbl yMeHbWaeTC51 . 

A6cop6u111-0 npOBOJl5IT o6bI4HO B 1<0-

JlOHHax c Hacam<OH HJIH c Tape111<aMH 

pa3Jll14HblX Tl1TIOB. )J,eHCTBHe 60Jlb

WHHCTBa a6cop6epOB OCHOB3HO Ha 

npttHUHne CTyneH4aToro npOTHBOTOI<a 

ra3a, noCTyna1-0mero cHtt3y, 11 :tKHII.KO

cTH, nonasaeMOH csepxy. fa3, 6ap60-

Tttpy51 4epe3 )!{11,UKOCTb, HaXO.U51W,YIOC51 

Ha TapeJIKax, o6oralliaeTC51 11 3aTeM 

OTBOII.HTCSI csepxy, a HaCbIW,eHHblH a6-

cop6eHT OT6Hpa!-OT CHH3Y H noJJ,al-OT Ha 

OTnap11sam1e B .upyryl-0 KOJIOHHy. 

T11n a6cop6ettra 11 pa6o'-ltte yrnoBH51 

a6cop6um1 Bb1611pa1-0T B 3aBHCHMOCTH 

OT COCTaBa HCXOllHOro ra3a H Heo6xo

llHMOH CTeneHH ero 04HCTl<H. 



)l,H<l><l>YlHOHHOe pa3aeJieHHe 801l0-

p01lC01lep"'amero raJa. MeTOJl ocHo

saH Ha Hen on b30Bam111 MeM6paH ( 113 

nanna)lH.sJ, cnnasos nannamrn c cepe6-

poM 11 Jlp. ), o6na)laIOW,HX H36HpaTeJJb

HOH npoH11uaTeJJbHOCTh10 KOMrto1-1eHTOB 

ra30B. 3HaY11TeJ1bHOH CJJO)!<HOCTblO rtpH 

pa3pa60TKe JJ.11cpcpy3110H1-1oro pa3)lene-

1-111.s1 .s!BJJ.sieTC.s! C03)la1-111e MeM6paHbl, KO

Topa.si He OTpaBJJ.sJJJaCb 6br npHMeC.sJMH, 

np11cyTcTBy10W,l1Ml1 B BOJJ.OpO)lCO)lep

)!{aW,eM ra3e. Oc1-1os1-1b1M11 1<0Mno1-1e1-1-

TaM11, CHH)!{alOW,HMH npo1-111uaeMOCTb 

).l,Hcj>cj>y3opa, .s!BJJ.s!IOTC.s! cepOBO)lOpon, 

1-1enpeJJ.eJJbHbJe ymesonoponb1 , yme-

1<11cnb1i1 ra3 11 napbI BOLlbl. flo 3TOMY 

B cxeMy ycTaHOBKH ,D,HCl>cl>Y3HOHHOro 

pa3)leJleHH.s! BKJJI043IOT 6JJOK OLJJ1CTKl1 

Cbipb.si. OnT11MaJJbHb1e ycnos1rn pa6oTbI 

JJHcpcj>y3opos H3 nannanm1 cneny10w,11e: 

aasnerrne 35-40 aTM , TeMnepaTypa 300-
400 °C. MeTOiibI HH3KOTeMneparypHoro 

cjlpa1<u1101-111posa1-111.s1 11 a6cop6uirn 1-1a11-

6onee 3KOHOMW!Hbl np11 BbILleJleHJ1H 

BO.UOpoti.a c 411CTOTOH 80-95% 113 Cblpb.s! 

co cpaBHHTeJlbHO HH31<11M ero COJJ.ep

)!{aHHeM. ,LJ,11cj>cj>y31101-11-1oe pa3JJ.eneH11e 

'repe3 nanna.n11esy10 MeM6pa1-1y 6onee 

np11MeHl1MO tl,JJ.s! CblpMl, CO)lep)!{aw,ero 

70-80% BOJJ.opoti.a, 11 .nn.si nonyYe1-111.s1 

ero Yl1CTOTOH 6onee 99%. 

IlpOH3BO.UCTBO BO.UOpo.ua 

cne .. HaJibHbIMH MeTo,UaMH 

LJ:n.si np0113BO.UCTBa BO)lOpoti.a B 1-1ecj>-

Tcnepepa6aTbIBalOll.lCH npOMblWJleH-

16-00XO 

HOCTH HCnOJJb3YIOT maBHb!M o6pa30M 

npouecc 1<01-1sepc1111 yrnesoti.opoti.os 

c napoM , xapa1<Tep113y10m11i1c.s1 1-1a1160-

nee Hl13KOH ce6eCTOl1MOCTbIO no11yqa

el\10ro so.uopo.ua. Dpouecc 1<01-1sepcm1 

C Kl1CJ10p0.UOM HCflOJ1h3YIOT B OCHOB

HOM B Xl1Ml14eCKOH npOMb!WJ1eHHOCTl1. 

B noc11e)l1-1ee speM.si 6011bwoe s1-111Ma-

1-111e HaYaJJl1 yti.eJI.sJTb MeTO.UaM TepM11-

Yec1<oro pa3JJO)!{e1-111.s1 ymeso.nopoti.HhIX 

ra30B, n03BOJJ.s!IOLU11M nonyYaTb B0,11;0-

po)l B on 1-1y cTyneHb. Dp11 JTOM ce6e

CTOMMOCTb so.aopo)la MO)l{eT 6h!Tb Ha 

25-30<Yo 1-111;1<e, YeM s npouecce Ko1-1sep

c1111 c napoM. 

KaTaJIHTlfqecKast Kousepcust yr
.riesoaopo!lHOro Cblpbst c napoM. 

flpouecc 1<01-1sepc1111 yrnesoti.opo,z:r;uo

ro Cbipb.sJ c napoM .sisn.sJeTc.sJ 1-1a116011ee 

pacnpocTpaHeHHhlM cnoco6oM cneu11-

an11-1oro npo1BBO)lCTBa TeXHl14eCKOro 

sonopoµ,a 11 c111ne3-ra3a. ,LJ,ocT0111-1cTBa 

:noro cnoco6a - B03MO)l{HOCTb pa6oTbI 

6e3 noporoCTO.s!W,HX OKl1CJ11He11ei1 (K11C

nopo.ua), nen<OCTb co3.na1-111.s1 yCTaHOBOK 

60JJbWOH np0113BO)ll1TeJ1bHOCTl1 11 no

ny<1e1-111e sonopo.na )lOCTaTOYHO BblCO

l<OH CTene1-111 YHCTOTbI. Dpouecc BKJIIO

YaeT TPH OCHOBHbJe CTa.zi:1111, CB.Sl3aHHhie 

06ll.lei1 TeXHOJJOrHYeCKOH cxeMOH: 

I) Ko1-1sepc1110 yrneso,z:r;opo.zi:1-1oro 

Cb!pb5! C napOM npH 900-1J00 °C; 
2) KOHBepc1110 OKHCH yrnepo.zi:a c na

poM npH 250-450 °C; 
3) 0411CTKY ra3a OT .D:BYOKHCH ymepona. 

KpoMe Toro, s 1asucHMOCT11 OT Ka

'ICCTBa HCXO.UHOro Cblpb5! 11 Tpe6osa-
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lnasa 8. TepMo~aram1rnYeCl(~ 1 e npc~eccb 1 nepepo60TK1-1 HecprnHb1;; cppa1n.11-1 i71 

HHtt K so.uopo.uy s cxeMy MoryT 6b1Tb 
BKmo'leHbl npoueccb1 npe.usapHTe,1b
Hoi1 O'IHCTKH Cblpb51 H y.ua11eHH5! 113 BO

.uopo.uco.uep:11rnwero ra3a cne.uos OKHCH 

yrnepo.ua. 
CblpbeM .LlJl51 npoH3so.ucrna Tex

HH'lecKoro so.uopo.ua Ha Hecjnenepe

pa6aTbIBa10meM 3asone KOHBepcHei1 

c napoM MoryT CJlY)f{HTb npHpO.LlHblH 
ra3, cyxMe H C)f{H)f{eHHble ra3hl, nerKHe 

6eH3MHOBbie cjipaKUHH np51MOH fOHKH 

(K.K. 160-180 °C), ,UeapOMaTH30BaHHble 
pacjJHHaTbl, no11yqeHHbie npH KaTaJIHTH

qeCKOM pMcjJOpMHHre 6eH3HHOB. 

KoueepcuH ymeeo.uopoJ.1noro ChlphSI 

c napoM. Tipouecc npoTeKaeT no peaK
UHRM (B c11yqae MeTaHa): 

CH
4 
+H20~CO+ 3H

2 

l1JI = -49 KKaJI/MOJlb 

CO+ H20 ~ co2 + H2 
l1JI = l 0 KKaJl/ M OJI b 

CH4 + 2H20 ~ co2 + 4H2 
l1JI = -39 KKaJI/MOJib 

MeTaH MO)f{eT pean1posaTb TaK)f{e c 

06pa3y10mei1c51 JJ.BYOK11cb10 yrnepo.ua: 

CH4 + co2 ~ 2CO + 2H2 
l1JI = -59 KKaJI/MOJib 

TipH yseJIH'lemrn pacxo.Lia BO.LI51Horo 

napa paBHOBeCHe CJJ.BlffaeTC51 B CTopo

HY 6onee rny6oKoro npespawettH51 Me

Tatta. 0.uHaKo JJ.a)f{e B cny•rne 6oJibWO

ro H36bITKa BOJJ.51HOro napa He yJJ.aeTC51 

nOJIHOCTblO npoKOHBepn1posaTb 0Kl1Cb 

yrnepo.Lia 11, cnenosaTeJJbHO, HeJJb351 oT
Ka3aTbC51 OT CTyneHH Ko1-1Bepc111-1 CO. 
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KoHsepcH51 yrnesoJJ.opoJJ.OB napacjm

Hosoro p51.Lla c BO.Ll51HbIM napoM B 06-
weM BH.Lle MO)f{eT 6bITb Bbipa)f{eHa ypas

HeHHeM: 

CH,+'+ nH,O ~ nCO + (2n + l)H, 
II -11 - - -

ITpH KOHBepcm-1 CblpbH, COJJ.ep)f{awe

ro 011ecjJHHbl, nocJieJJ.HHe MOryT B3aH

MO.LieHCTBOB8Tb c BOJl.51Hh!M napoM no 

ypaBHeHHIO: 

CH, + nH,0 ~ nCO + 2nH, 
11 _11 - -

KoHBepcHIO napacjJHHOBhIX yrneso
.uopo.uos T51)f{eJiee MeTaHa ocymecrnm1-

10T o6hI4HO np11 TOH )f{e TeMneparype, 

4TO H KOHBepCHIO MeTaHa. 3To CB5138HO 

c HeH36e)l(HbIM pacmenJieHHeM 48CTl1 

napacjJHHOBblX yrneBO.ll.OPO.ll.OB .LIO MeTa
Ha H rn.npHpOB3HHeM OCKOJIKOB MOJie

KYJI o6pa3osaswHMCH s npouecce KOH

sepcHH BO,l10pOJJ.OM: 

C,,H2,,+2 + (n-1 )Hp ~ nCH~ 

KottsepCHIO MeTaHa c BO.l151HbIM na
poM MO)l(HO npOBO,l1HTh roMoreHHO (6e3 

npHMetteHH51 KaTaJIH3aTopa) H reTepo
reHHO B np11cyTCTBHH HHKeJieBhlX K3Ta

JlH3aTopoB, COCTaB KOTOpb!X 3aBHCHT OT 

Ka4ecTsa HCXO.LIHOro Chipb51 11 ycnos11tt 

npouecca KOHBepCHH. 06hl'IHO K3TaJIH-

3aTOpbl KOHBepCHH 11tt11u11.11.py10T H pac
na;i. MeTaHa Ha 3JieMeHThI; OH npoTeKaeT 

c 1aMeTHOH rny611Hoi1 y)l(e s npe.nenax 

400-450 °C. B cnyYae HeJJ.OCTaTOLIHoro 



KOJU1qecTBa BO)]SIHOro napa Ha KaTaJ111-

3aTope MO)!{eT OTKJla)]blBaTbCSI yrnepO)]. 

Op11 no)]aqe B 1136bnKe nap pearnpyeT 

co CB060)]HbIM yrnepO)]OM 11 TeM CaMbIM 

no)]aBJrneTc.sr OTJlO)!{eH11e KOKCa. 

2C+2Hp ~ CH
4 

+2CO 

KoueepcuH OKHCH yrnepo)]a c na

poM. 3Ta CTa)]H.sr npOH3BO)]CTBa BO)]O

po.LI.a OCHOBaHa Ha peaKU1111 OKl1CJleH11.sr 

co )]O C02: 

DpoTeKattmo peaKu1111 611aronp11-

.srTCTBYJOT Hl13Kl1e TeMnepaTypbI. Oo

CKOJlhKY np11 CHl1)!{eHl111 TeMnepaTypbl 

yMeHbwaeTc.sr CKOpOCTb peaKU1111, KOH

sepc1110 npoBO)]SIT B np11cyTCTBl1l1 K3Ta

JU13aTOpa. OnrnMaJlhHYJO TeMnepaTypy 

npouecca Bb1611pa10T B 33Bl1CHMOCTl1 OT 

Tl1na 11 aKTl1BHOCTl1 KaTaJ111 33TOpa , He

o6XO)]HMOH CTeneHH K01-1Bepcm1 CO, 

TeXHOJlOfWleCKOH cxeMbl 11 l[HCJla CTe

neHeH KOHBepcHH . 

KaTaJ1113aTOpbl KOHBepc1111 OKHCH 

yrnepo)]a 113roTaBmrna10T Ha ocHose 

OKl1CJIOB MeTaJIJIOB - )!{eJle3a, K06aJibTa, 

HHKeJI.sr, xpoMa, Me)]H, UHHKa l1 )]p. 

B ycJIOBH.srx npouecca KOHBepcHH 

CO MoryT npoTeKaTh no60YHhie peaK

u1111: rH)]pHpOBam1e CO C o6pa30Ba

HHeM CH
4 

H H
2
0 11 pa3JJO)!{eH11e CO c 

o6pa30B3HHeM yrnepo)]a II )]BYOKHCII 

yrnepo)]a: 

CO + 3H
2 
~ CH

4 
+ H

2
0 

2co~ c+ co
2 

DpoTeKaHHJO 3THX He)!{eJiaTeJihHbIX 

peaKUHH cnoco6cTBYIOT Hl13KHe TeMne

parypbl KOHBepCHH (HH)!{e 350 °C) H B 

oco6eHHOCTl1 TIOBhIWeHHOe )]aBJieHHe. 

B pe3yJihTaTe peaKUHH r11npttposatttt.sr 

Tep.sr!OTC.sr 3HaY11TeJihHble KOJIHqecTBa 

BO)]OpO)]a 11 npOHCXO)]HT 3arp.sr3HeHHe 

BO)]Opona MeTaHOM ; o6pa30B3HHe JJ.BY

OKHCH yrnepo)]a np11BO)]l1T K HHTeHCHB

HOMY orno)!{ett1110 yrnepona Ha KaTaJIH-

3aTope. 

)J:n.sr TIO)]aBJleHHSI peaKUHH fH)]pH

poBaHHSI - OCJia6JieHHSI MeTaHl13Hpyro

wero nei1cTBH.sr KaTaJJH3aTopa - B ttero 

BBO)]SIT cneu1rnnhtthre )]o6aBKH. Oco-

6eHHO 3TO Ba)!{HO np11 KOHBepc1111 co 
non nasne1rneM . )J:JJ.sr no)]aBJieHH.sr peaK

u1111 o6pa3osaH11.sr yrnepo)]a H orno)l(e

HH.sr ero Ha KaTaJIH3aTope He06XO)]HMO 

yseJJ11Y11Tb pacxon napa. 

01.JHCTKa ra3a OT )]BYOKHCH yn1e
pona. )J:n.sr OYHCTKH ra30B OT CO)]ep)l(a

wei1c.sr B Hl1X C0
2 

(15-20 06. %) npH

MeHSIIOT qrn311YeCKHe 11 XHM11qecK11e 

MeTO)]hl. ¢H311YeCKHe MeTO)]bl OCHOBa

Hbl Ha 3HaYHTeJlbHOH paCTBOpHMOCTH 

co' TIO)] )]aBJieHHeM HJIH Ha KOH)]eHca

Ul111 CO:! np11 yMepeHHOM OXJla)K)]eHHH. 

XHMHYeCKHe MeTOJJ.bl OCHOBaHhl Ha xe

MOCOp6uHH C02 paCTBOpaMH pa3JIHtI

HhlX peareHTOB. DpH npoMhilllJieHHhIX 

ycJJos11.srx Ha1160Jiee pacnpocTpatteHo 

norno1ue1rne CO, BO)]OH no)] )]asnett11-

eM, paCTBopaM!1 3Ml1HOCn11pTOB 11Jll1 
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rop.si1.mM Kap6oHaTHbIM pacrnopoM . 

Oornowem1e npOMblBHOH BOtI,OH no.n 

.naBJiemreM OCHOBaHO Ha 3HalII1TeJihHO 

6onhwei1 pacrnopttMocrn CO: B so.ne 

no cpastteHttIO c so.nopo.noM 11 .npyrnMH 

KOMTIOHeHTaMH OYttwael\Wro ra3a. 

8.4.5. flpoz1eccb1 2uopoo<111c111Ku 

B HeqJTerrepepa6aTbIBalOwei1 npo

MhIWJieHHOCTH Hatt60JibWee npHMeHe

HHe TIOJIYYHJIH rrpouecChl rn.npoot.IHCT

KH MOTOpttoro TOTIJIHBa (6eH3HHOBbIX , 

KepOCHHOBbIX H .UH3eJibHbIX cj)paKUHH) . 

Ee see wttpe crnntt rrpHMeH.SITh H .nJI.si 

OYHCTKH rrapacpHHOB H MaceJI BMeCTO 

OLIHCTKl1 rJ1HHaM11. B nocne.nHee BpeM.SI 

crnnH see urnpe np11MeH.S1Tb 06eccep11-

saH11e H tl,Jl.SI OLIHCTKH Hecjn.SIHbIX OCTaT

KOB (Ma3yT). 

0pOMhlWJieHHbie npoueCCbl rn.npo

OLIHCTKH ocyweCTBJI.Sll-OT B cpe.ne BO.UO

po.na H c npttMeHeHl1eM, KaK npaBHJIO, 

aJIJ-OMOK06aJibT- HJIH aJilOMOHHKeJib

MOJIH6.neHOBOro KaTanl13aTopoB np11 

TeMrrepaTYpax 325-455 °C, .nasneH1111 

3-7 Mna, o6beMttoi1 cKopocTH no.naYH 

Chipb.SI l- l 0 q- 1 11 u11pKyJI.siu1111 so.nopo.n

co.nep:>1<awero ra3a 160-900 M3/ M3 Ch1pb51 

c 60-94% (06.) BO.nopo.na. f11.npoOLtHCT

KY .n11cTHIIJI.SITHoro Chipb.SI nposo.n.siT 

KaK B napOBOH (6eH3HHOB p33JIHYHOro 

npOHCXO)l{,UeHm!), TaK 11 B )l{H,UKOH (Ke

pOCHHOB, .UH3eIIbHOro TOnJIHBa, MaceJI H 

napacpttHOB) cp3.3e. 

OcHOBHhIM Ha3HaYem1eM rn.npoo

YHCTKH .sisn.sieTc.si yIIyYrneHue KaYCCT-
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Ba HecjJT.SIHhlX cj)paKUl1H B pe3yJibTaTe 

y.naneHH.SI He)l{eJlaTeJlhHhlX np11Mecei1 

( cephl, 330Ta, KHCIIopo.na, CMOJ111CTbIX 

sewecrn, HenpeJJ,eJlhHhlX yrnesoJJ,opo

nos). OcrnTOYHOe co.nep)l{aHtte cepb1 

B ueneBblX npOJJ,YKTax HeBeJIHKO (% ): 
B 6eH 311Hax, Hanpasn.sieMblX nocne 

fHJJ,pOOLIHCTKH Ha pttcpopM11poBaHHC, 

-1 ,2 · 10-4 
- 2 · 1 o-6

; s rnJJ,pooY11weHHoM 

peaKTl1BHOM TOTIJll1Be - 0,002-0,005, 
B wnenhHOM rnnn11se - 0,02-0,2 . Op11 

rHJJ,pOOYHCTKe, nOMHMO TOBapHoro 

nponyKTa, noJiyYaJ-OT ra3, OTroH (113 

KepoCHHOBblX H 6onee T.Sl)KeJlblX cj)paK

UHH) 11 ceposo.nopoJJ,. fa3, coJJ,ep)Kaw11i1 

sonopon, MeTaH H JTaH, 11CnOJ1h3YIOT 

K3K TOnJIHBO HenocpeJJ,CTBeHHO Ha 

npe.nnp11.SITl1.SIX; OTroH - 6eH311HOBy10 

cj)p3KUHlO C Hl13KHM OKTaHOBblM YHC

JlOM - KaK KOMIIOHeHT aBTOM06HJibHOro 

6eH311Ha HJIH .no6aBJ1.SllOT K CblpblO pH

Cj)OpMHHra; ceposoJJ,opo.n - .nn.si nonyYe

HH.SI cepbl HJlH cepHOH KHCJIOTbl. 

CTpHMeHeuue 

rHllpOO'IHCTKH llJlSI noJly'leHHSI 

MOTOpHoro TOUJlHBa 

f11.npoOYHCTKa ttecpT.S!HOro Chlpb.Si 

c ueJibl-0 IIOJiyqemrn p3.3JIHYHhIX 811.IIOB 

TOIIJIHBa HMeeT OYeHh 6oJihWOe 3HaYe

HHe, oco6etttto .nmr CTpaH, nepepa6a

Tb!BaIOwHx cepHHCTYl-0 H BbICOKocep

HHCTYl-0 ttecpTh. K JTHM CTpattaM s nep

syJ-O OYepe.IIb OTHOCHTC.SI H Ka3aXCTaH. 

CepH11CTb1e coem1He1-111.si B TaKoi11-1ecjrni 

.SIBJI.SllOTC.SI CJIQ)l(J-JbJMH CMeC.SIMH, COCTO-



51llll1Ml1 113 MepKanTaHOB, cy11bcjl11.uoB 

( c OTKpbITOH uenblO 11 U11KJ1114eCKl1X ), 

a TaK)Ke ,ll.11CYJ1b(p11)l0B 11 reTepOUl1KJ111-

4eCKl1X coe.u11HeH11i1, co.uep)Kam11x 11 

.upyrne JJleMeHTbI. Bo cjlpaKU1151X, Bb1-

K11na10m11x .uo 180 °C, co.uep)KaTc51 Mep

KanTaHbI , an11cjlaT114eCKl1e 11 aJ111U11K

J1114eCKl1e cyJ1bQl11,ll.bl, KOTOpbie rn.up11-

py10TC5! cpasH11TeJlbHO 11erno. B 6011ee 

BbICOKOK11n51m11x cjlpaKU1151X, oco6eHHO 

BbIWe 350 °C, np11cyTCTBYIOT 3aMemeH

I-lbie T11oqieHbI 11 611u11K11w1ec1rne cy11b

¢11nb1. 

Op11 rn.upo0411CTKe HeQJT51HbIX .u11c

Tl1J1J15ITOB nOLITl1 OOJlHOCTblO Hapywa

IOTC51 CB51 311 C-S, Ho, npaKT11YecK11 He 

3aTparnsaI-OTC51 CB51311 C-C, T.e. npouecc 

npoTeKaeT 6e3 3aMeTHoi1 .ueCTpy1<u1111. 

00,ll.TBep)K)leHl1eM JTOMY 51BJ151eTC51 TO, 

4TO BbIXO,ll. rn.uporeHJ13aTa OT Cblpb51 

JI.OCT11raeT 95-99% Mace. , a rny6111-1a 

06eccep11BaH115l - 90-99,5%. CH11)Ke1-111e 

co.uep)KaHl151 a30Topra1-1114ec1rnx coe.u11-

1-1em1i1 np11 JTOM He npeBbIWaeT 40-
75%; JT11 coen11He1-11151 y.ua115!10TC5l Tpy.u-

1-1ee He TOJlbKO cepbl, HO 11 011ecjl11HOB 11 

TeM 6onee .u11eHoB. CepoopraH11LJecK11e 

coe.n11HeH115! HeQJTH nOYT11 scer.ua KOH

ueHTp11py10TC5l B T51)KeJibIX ¢paKU1151X 

B s11ne reTepou11KJI11LJecK11x coen111-1e

H11i1 apoMaT11LJecKoro p51.ua. B rn)KeJlbIX 

cppaKUl151X co.nep)K11TC51 11 60JihWee KO

Jll14eCTBO a30T- 11 MeTaJIJIOOpraHl14eC

K11X COe)lHHeHJ1H. fH,ll.p00411CTKa TaKO

ro 6onee rn)KeJioro Cblpb51 , B TOM 411c11e 

11 1-1 ec!JT5!HblX OCTaTKOB, 51BJ15leTC51 6011ee 

TPYLlHblM npoueccoM . r11npoOLil1CTKa 

1-1ecjJT5!HblX qipaKU11H )lO 350 °C npe

cne.uyeT LlBe oc1-10BHbie uen11: pa3pywe-

1-111e reTepocoem11-1eH11i1, co)lep)Kam11x 

aTOMbI S, N, 0, As 11 Pb; 1-1ach1meH11e 

auenrneHOBbIX, Lll10Jiecp11HOBbIX, OJie

qrnHOBblX 11 4aCTWIHO apoMaT11LJeCKHX 

yrneBOJlOPOJlOB. 

ftt.llpooqncrn.:a 6eH3HHOBhIX <J>paK
un 11. Op51MOroHHbie 6eH3HHOBhie cppaK

u1111 B OCHOBHOM nepepa6aThIBalOT c 

ueJl blO 11X nonroTOBKl1 LlJ151 KaTaJ1HTH-

4eCI<Oro p11QiopM11Hra. B p51.Ue cnyLJaes 

Ha ycTaHOBKax r11npooY11CTK11, npen

Ha3Ha4eHHbIX LlJ151 JTOH uen11, OLJHCTKe 

nonsepra!OT He TOJlhKO np51MOrDHHhie 

6eH311Hhl , HO 11 CMec11 11X c cppaKU1151MH 

BTOp114Hbtx npoueccos. B HeKOTOphIX 

c11y4a51x B03Hl1KaeT He06XO)lHMOCTb 

rnnpo0411CTKl1 6eH311HOB BTOp11LJHOro 

np011CX0)KJJ:eHl151. 

B 6eH311Hax TepM11LJecKoro Kpe-

1<11Hra 11 KOKCOBaHJ151 nocJie ceJieKTHB

HOH rnnpoo411cTKH co)lep)KHTC51 no 

0, 15% Mace. cepbl, a OKTaHOBOe LIHCJIO 

npOTl1B nepBOHa4aJibHOro CHJ1)KaeTC.SI 

Ha 5-10 nyHKTOB. I1p11 rnnpoOYl1CTKe 

6eH311HOB KaTaJ1 11THLieCKOro KpeKHHra 

TaK)Ke 3HaYHTeJJbHO CHl1)KaeTC51 OKTa

HOBOe l{J1CJ10, nOJTOMY HX He CJienyeT 

nonsepraTh rnnpooq11cTKe. 31-1aq11Te11h

HO 11yywe ei1 nonsepraTb Chiphe KaTa-

1111T11LJecKoro KpeKHHra. I1p11 rHJlpoo

q11cTKe 6eH311HOB n11pon113a npOBO)l.SIT 

11x ce11eKTl1BHoe rnnp11posa1-111e, yJlaJI5151 

aueT1111e1-1 11 Ll1t011etjJ11HbI 11 coxpaH5151 

MOHOOJlecjrnHbl. 
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CxeMa 6noKa rnJlp004HCTKl1 cospe

MeHHOH ycTaHOBKJ1 KaTaJ1 Hn1<1ecKoro 

p11cpopMHHra np11se)leHa Ha p11c. 8.14. 
EnoK rH)lpoo~HCTKH pa6oTaeT c u11p

KyJI.Sll.{HeH BO.llOPO.llCO,llep)f(aW,ero ra3a. 

YcTaHOBKa npe.utta3tta4eHa JlJIH nepe-

pa60TKl1 cepHHCThIX npHMOrDHHhlX 

6eH311HOB C )ll1CTl1JIJIHTaMl1 BTOp114HO

ro npo11CXO)f()leH11H. l1CXO)lHOe Cb!pbe 

no)lsepraIOT r11JlpOo4HCTKe B peaKTope 9 
11 pa3.uenHIOT Ha naposy10 11 )!(11.llI<YIO 

cpa3ht B ra3ocenapaTope BhICOKoro .uas-

r- -----------... 1 
I 
I 
I 

I 

II 

Puc. 8.14. Cxe.Ma 6JioKa 2udpoo'l 11c1111,·11 CbljJhJI p11rjmp.11w1<"a 11a 11po.11b1U1J1eHHozl yc111m10B1'e 

1w 111c1:1 um11'leo:o20 p11rpop 11 uN2a: 

1 - Hacoc iJ.rn 11oda'111 opoweHw1: 2 - c6op11111'u; 3 - .wJ10011J1bllUKll; 

4 - KOROHHQ 0.·1J/ 8btOe.1eHW/ ceporwoopor>a 113 .1101/0) /11QHORa<\1UHa; 

5 - pu6oflllepbz; 6 - me11.100611e1111111w: 7 - 1,-o.101111a r)_w omllbtr;Ku z111pKyJ1upy1ou1e20 2ma 

• .\10H03111GHORQ.MUHOM; 8 - a6cop6ep 0.'151 0111.1/b/RKll .J/ClljJHO?O ?Q3Q .HOf/03111Qf/OJIQ.Wl/HO.ll ; 

9 - peaKmop; 10 - cma6uJ1u3az1uoHHW1 KO.'/ OH Ha OJ/51 6b/Of!JWHU5l u3 oucmuJ1J1Rma 

yZJ1eeooopooHblX 2a3oe u cepor10oopooa; 11 - 2a3oce11apamop ebzc0Ko20 oaeJ1eHuR; 

12 - MH020KG.MepHblU 111py6'1Ql11bllt Ha2peeam@b 6.!/01'08 2uopOO'll/C/11Kll u purjJopMUllW; 

13 - KOMnpeccop ; 14 - e.HKOC/1111 OJ/fl rwoopoocooep.?1cau1e20 2Q3Q," 
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15 - KOMnpeccop O.!/R lflljJk)C!/fllfl/U eooopoocooepJ1cauie20 2Q3Q; 

16 - Cbtpbeeou Hacoc. 1 - ucxooHoe Cbtp1>e; II - .J1cupH1>1tl 2a3 2uopool./ucmKu; 

III - eooHblU KOHoeHcam; JV - z1upKyTfupy1ou1ml BooopoocooepJJCau1uu za3; 

V - cepoeor)opoo; VI - m6bllnm: rmdoporkooep.J1ca111e20 ww; 
Vil - ?11dpoo 1111111e111t0e cb1pbe 1w p11r/}()f11!llll?; 

VJ I! - eoaopoocodep.J1ca111wl c'm c p11rpop1111112a 



nemrn l l. )1{1111.Ka5! cpa3a nocne cTa611-

11113au,1111 11 BhID.e11ett115! ceposo11.opo11.a 

CJIY)!{l1T CblpbeM ll.Jl51 p11QlOpM11Hra. 

IJ.11pKyn11pyIOw,11i1 ra3 11 )!{HpHbIH ra3 

CTa611n113aU,I1I1 OTMbIBaJOT OT cepOBO,LlO

pO,D.a np11 nOMOUJ,I1 MOH03TaHOJJaMHHa. 

Ycnos1151 pa60Tb1 6noKa rn,D.poo411cTK11: 

KaTaJJI133TOp - aJIJOMOKo6aJibTMOJII16-

11.eHOBbIH, I136btT04HOe 11.asneH11e 30-
40 3TM, TeMneparypa 380-420 °C, yD.eJJb

Ha51 06beMHa51 CKOpOCTb no,D.a411 Cblpb51 

5 tf" 1
, Ul1PKYJJ511.1,l151 ra3a 500 M3/M 3. 

fHJlpOO'IHCTKa KepOCHHOBbIX cl>paK

UHH. Op51MOroHHbte Kepoc11HOBb1e 

cppaKU1111 nO,D.BepraJOT f11,Llp00411CTKe 

B OCHOBHOM c ueJiblO nony4eHl151 BbICO

KOKa4eCTBeHHOfO peaKTHBHOfO TOOJ111-

Ba, a TaK)l(e ocseT11TeJ1bHOro 1<epoc1rna. 

B cospeMeHttbIX s11.uax rornrnsa, npen

Ha3Ha4eHHbIX ,LlJl51 as11au110HHbIX peaK

Tl1BHbIX ,LlBl1raTeneH, orpaHJ1411BaeTC51 

co.uep)l(att11e HeKOTOpb!X KOMOOHeHTOB, 

B TOM 411CJ1e eepHHeTblX 11 30JlbHbIX co

e.u11HeHJ1H, opraHH4eCKHX KHCJJOT 11 ,Llp. 

3neMettTHa51 cepa tte non)l(Ha np11cyT

CTBOBaTb B TOBapHOM TOOJIJ1Be. K KOp

p03110HHO-aKTl1BHbIM 11 M3JIOCTa611JJb

HbIM eoe,D.11HeHl15!M OTHOe51Te51 TaK)l(e 

Mep1<anTatth1; 11x eo.uep)l(att11e CTporo 

pernaMeHT11pyeTe5! erntt11.aprnM11. 

KaTaJI11T11qee1<oer11.upoo6naropa)!{11-

Batt11e non ,D.aBJiett11eM so.uopo.ua no3so

m1eT .uoeTaT04HO nontto Y.UaJI51Tb tte)l(e

JJaTeJihHhie np11Mee11 113 peaKTl1Bttoro 

TOilJIHBa, yMeHblliaTh ero eKJJOHHOeTb 

K o6pa3oBaHl1lO OTJIO)l(eHHH 11 oca,D.KOB. 

a TalOKe CHJ1)1(aTb KOpp03HOHHYJO aK

THBHOCTb . 

f11D.pOO'-II1eTKa KepOCHHOBhIX )ll1e

Tl1JJJ151TOB L(Jl51 nony'-lettl151 peaKTHBHOfO 

TOnJ111Ba B 60JJbilll1HCTBe enyyaeB oey

weeTBJI51eTC51 Ha aJIJOMOKo6aJihTMOJ1116-

,LleHOBOM 11 aJIJOMOHl1KeJihMOJil16,D.etto

BOM KaTaJI113aTopax np11 epaBHl1TeJibHO 

M51fKl1X yeJJOBJ151X -TeMneparype OKOJIO 

350 °C, o6w,eM ,Ll3BJieHI-rn 11.0 70 aTM 11 

BbICOKl1X y.ueJibHbIX o6beMHhIX eKopoe

rnx no,D.a'-111 Cbtpb51. TaK, .UJI51 nonyqett115I 

rnnmrna TC-1 r11,D.pool!11eTKY npoBO.Ll51T 

Ha aJIJOMOHl1KeJibMOJ1116D.eHOBOM KaTa

mnarnpe np11 ,D.aBJiett1111 35 aTM, TeM

nepaType 350 °C, y11.eJihHOH o6beMHOM 

CKOpOCTH Il0Ll3'-II1 ebtpb51 4,5 1r 1 11 no

,Ll34e u11p1<yn11pyIOmero ra3a 300 M3/M3 

Cbtpb51. J;lcxo,D.Hoe ebiphe - cppa1<u1151 

np51MOH neperOHKl1, Bb!Kl1IlaJOUJ,a51 

s npe,D.eJiax 144-240 °C, eo,D.ep)KaJia 

0,23 sec. % o6w,ei1 eepht, B TOM q11ene 

0,0067% MepKamattoBoi1 eeph1. noe

ne r1111.poo4HCTKH eo11.ep)l(att11e o6meH: 

eepb1 eHH3HJJOCh 11.0 0,002 Bee. %, a 

MepKanrnHOBOH - 11.0 0, 00063 Bee. %. 
fttJlpOO'IHCTKa )lHJeJihH0.-0 TOil

JIHBa. f11,D.poo1rneTKa 33Hl1MaeT Ba)l(HOe 

MeCTo B npOl13BO,LleTBe Ma11oceptt11eTO

ro ,Lll13eJibHOfO TOOJil1Ba, Bhipa6aTbIBae

MOfO 113 eepH11CTbIX Kepoel1HO-fa30HJie

Bb!X .u11eTl1J1Jl5ITOB . .[J,1151 06naropa:)l<11Ba

Hl15! )ll13eJibHOfO TOilJIMBa 11enOJJb3YIOT 

OKOJIO 30% MttpOBOH MOlllHOeTJ1 yern

HOBOK rn.upooY11cTK11. Ha116011ee w11po

KO np11MeH5IIOT JJIJOMOK06aJibTMOJil16-

.ueHOBhIH KaTaJil13aTop. 

f 11.upoo11I1CTKY np51MOfOHHbIX .LlH-

3eJibHbIX cl>paKUHH npOBO,Ll51T Jll1Wh ,LlJ151 
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yna11emrn cepH11CTbIX coen11HeH11~i. ,[),1151 

nocT11)!(eH115! rny611Hbl 06eccep11samrn 

80-90% nocTaTOYHO no.Il,ilep:>IrnBaTb 

napu11a11bttoe nas11ett11e sonopona no 

30 aTM. Ocrn11bHb1e yc11os1151 npouec

ca - TeMnepazypa 350-400 °C, y!le11b

tta51 o6beMHa51 CKOpOCTb nonal(l1 Cblpb51 

2-5,0 y- 1
, y.n.e11btta5! UHPKY1151UH51 ra3a 

300-600 M3/M3 Chlp151 - ycrnHaB1111BalOT 

B 3aBHCHMOCTl1 OT xapa1<Tep11CT11KH HC

xonttoro Cbipb51 11 Tpe6yeMOH rny611Hb1 

06eccep11satt115!. YrnesonopollHbIH co

cTaB TOn1111Ba He3HaYHTeJ1bHO H3MeH51-

eTC51 np11 rnnpoo6eccep11satt1111 H uern

HOBoe YHCJ10 npOJl)'KTa B03pacTaeT Ha 1-2. 
CTyTeM rnnpooYHCTKH n11cTH11115ITOB 

BTOpHYHOro np011CXO)!(neHH51 - ra30J1-

11ei1 KaTaJ1HTHYec1<oro Kpe1<1-1Hra H KOK

COBaHH51 - nocT11raeTC5! rny6mrn 06ec

cep11BaHl15!, pastta51 90%. npH napm1-

a111ttoM nas11eH1111 sonopona 01<ono 20-
30 aTM. OnttaKO 3TH nponyKTbl HMelOT 

Hl13KHe ueTaHOBbie YHCJ1a. ,[J,1151 noJ1yc1e

Hl15! n113en1ttoro TOTI11HBa c ueTaHOBblM 

Yl1CJ10M He Mettee 45 Tpe6yeTC51 113Me

HeHHe ycnOBHH rnnpoOYHCTIUI 11 B nep

BYIO 0Yepen1 se1111Y11Hb1 napu11a11 bHOro 

nas11ett11.s1 sonopona, T.e. Heo6xon11Mo 

yc1111ett11e npouecca rnnp11posaH115!. 

ruLl,pOO'IHCTKa 

CMa30'IHblX MaCeJJ H napalj>HHOB 

f 11npooq11CTKy CMa30YHblX Mace11 

nposo.n.siT .n.11.sr y11yqruemrn 11x usern 

11 nOBblllieHl151 CTa61111bHOCTl1 npOTHB 

OKMCJieHJ-151. CTpouecc rnnpOOYl1CTKH n11c-
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n111mnH11x Mace11 ocyw.ecTBJI5llOT np11 

280-J 10 °C, OCTaTOLJHblX - np11 300-
325 °C, non nas11eH11eM 3,5-6 Mna. 

KoHueHTpau11si sonopona B u11p1<y1111-

py10w.eM raJe .llOJ1)!(Ha 6bITb He MeHee 

75%, o6beMHaSI CKOpOCTb nonaY11 Cbl

pb51 1,5-3 y- 1
, 06beMHOe OTHOllJeH11e 

sonoponconep)f(aw.11i1 raJ: Cb1p1e np11 

OYHCTKe lll1CTHJ1J151THhlX nponyKTOB co

CTC1BJI5JeT 300-500, OCTaTOYHblX - 600-
800 Hl\·t3/ M3

. B KaL1eCTse 1<aTaJ111JaTopa 

yaw.e seem HCf10Jlb3YIOT aJIIOMOMOJ1H6-

neHOBbIH HJlH aJIIOMOK06aJibTM011H6ne

HOBblH KaTa11H3aTop. 

f 11npOOYHCTKa npaKTHYeCKH Bbl-

TeCHYIJla CTapb1e MeTO)J.bl OYHCTKH rm1-

Hoi1 cMa30YHbIX MaceJI . B pe3y11bTaTe 

rnn poOYHCTKH y11ycnuaeTC5! UBeT Ma

ce11, nOBbIWaeTC51 CTa6H11bHOCTb useTa, 

CTOHKOCTb K OKHCJ1eHHIO, CHH)!<aeTCSI 

KHC110THOe 4HC110, yMeH1waeTC5! conep

)!(3HHe cepb1, aJoTa 11 K11c11opona 11 He

CKOJibKO B03pacTaeT HHneKC B513KOCTl1. 

CTpouecc rnnpoo6naropa)!(11BaH115! 

KaK 3aKJ1l0411TeJ1bHa51 CTan115! OYHCTKH 

MO)!(eT 11Cn011b30BaTbC51 TaK)!(e nJ1S1 pa3-

Jll14Hb!X napacpHHOB, no11yYeHHbIX B 

pe3y11bTaTe nenapacp11H11Jau1111 Macen . 

<l>HJibTpaUH51 Yepe3 CJ10H HenonsmK

HOro ancop6eHTa, a T3K)!(e KOHl aKTHa51 

OYHCTKa OT6emrna10w.ei1 r1111HOH B p51ne 

c11yyaes He 06ecneY11sa10T nocTaTOY

HOH cTeneH11 OYl1CTKH napacp11Hos. 

CTOCJIC rn,aporeI·ll1 3aUHOHHOfO 06J1a

ropm1<11BaHl15! B napacl)l11-iax CHl1)Kaerc51 



co.uepn<aH11e CMOJil1CTbIX sew,ecrn, cepbi 

11 Henpe.uenhHhlX yrneso.uopo.uos, 1no 

cnoco6crnyeT 3Ha411TenhHOMY yny4-

weH1110 usern npo.uyKrn. HopMaJibHble 

napacp11HOBb1e yrneso.uopo.UbI np11 '.HOM 

He npeTepnesa10T rn.upo1110Mep111au1111 

11 rn.upoKpeK11Hra. O•rnw,eHHhlH napa

cp11H npe.ucTaBJIHeT co6oH Kp11cTann11-

4ecKy10 Macey 6e1 1anaxa, ycTOH'!11By10 

K B03,UeHCTBl1!0 .lJ.HeBHOro CBeTa . 

f11.Up00'111CTKY napacp11HOB ocyw,eCT

BJl5IIOT B np11cyTCTBl1l1 npOMblWJleHHO

ro aJIIOMOK06aJibTMOm16.ueHOBOro Ka

TaJll13aTopa np11 cne.uy10w.11x ycnos115!x: 

o6w,ee .uasneH11e 40-50 aTM, TeMnepa

Typa 200-350 °C, y.uenbHaH o6beMHaH 

CI<OpOCTb no,Ua'!l1 Cblpb5! 0,5-1,0 q·l 11 

y.uenbHa5! KpaTHOCTb Ul1PI<YJI5!Ul111 BO

.uopo.uco.uep)j(aw,ero ra1a 600-800 M3/ M3 

Cblpb5!. 

8.4.6. flpOlfCCCb/ 2l/OjJOKpeKUHZG 

n1.upoKpeK11Hr B 0Tnl1'!11e OT rn.upo-

0411CTI<l1 HecprnHb!X L\11CH1nJl5!TOB npo

XOL\11T co 3Ha'111TeJlbHOH )leCTpy1<u11eH 

MOJieKyJI Cbipb5!, n03BOJl5IIOW,eH nony

L!aTb 113 6onee rn)!(eJibIX yrneso.uopo

.uos 6onee nerK11e. Hanp11Mep, 111 saKy

YMHoro .lll1CT11nnHTa MO)!(HO nony'laTb 

I<OMOOHeHTbl aBTOM0611JlbHOro 6eH311-

Ha, Kepoc11Ha 11 .UH3eJibHOro TOnJI11Ba. 

f11,UpOKpe1<11Hr 003BOJI5!eT TaK)!(e 06ec

cep11BaTb OCTaTO'!Hble npO.llYKTbl nepe

pa60TKl1 Hecjn11 11n11 nony4aTb 111 HHX 

CBernb1e Hecjnenpo.nyKTbl. 

Opouecc rnnpo1<pe1<11Hra ocyw,ecrn

JIHIOT B OL\HY 11n11 .llBe cryneH11. Ha 

yCTaHOBI<aX c OL\HOH cryneHhlO 06bI'l

HO COBMeW,alOT rn.npo0'111CTKY, rn.npH

poBaH11e 11 rnnpoKpeKMHf B O)J.HOH 

peaKu110HHOH c11cTeMe. Ta1<11e ycrnHOB

K11 np11MeH5IIOT B Tex cny'!a5!X, KOf)J,a 

HY)KHO nony411Th cpe.uHHH .lll1CTHJIJI5!T 

(T11na .U113eJlbHb!X cppaKUHH) c MaK

Cl1MaJlbHblM Bb!XO)IOM, a TaK)!(e C)!(H

)l(eHHblM HecprnHOH ra3 11Jil1 6eH311H H3 

nernoro Cblpb5! c Hl13Kl1M CO)lep)!(aHHeM 

a10Ta. YcTaHOBI<H c .llBYM5! cryneHHMH 

np11Mem11DT np11 He06XO.lll1MOCTl1 npo

B01111Tb rnnp00411CTKY 11 rH.llp11pOBaH11e 

Cblpb5! OT,UeJlbHO OT rn.upoKpeK11Hra; 

.l1,Jl5! rny6oKOH I<OHBepc1111 B 6eH311H HJIH 

peaKTl1BHOe TOOJil1BO Cblpb5! c BbICOKOH 

TeMnepaTypoi1 K11neHH5! 11 60JibWHM co

.nep)!(aH11eM a30Ta. Tip11 3TOM B Ka'!eCT

Be KaTan111aTopa Ha nepBOH cryneHH 

np11MeH5IIOT OKl1CJibI 11Jll1 cynbcp11.llbl 

Hl1KeJl5!, K06aJlbTa, BOJlbcppaMa, a Ha 

BTopoi1 cTyneH11 - ueon11TCO.llep)!(aw:11e 

c nnaTl1HOH 11Jll1 .upyrHM 6naropO.llHbIM 

MeTannoM. HMelOTCH cse.ueH115! 06 ocy

w,ecrnneH1111 npouecca 11 B TPH crynett11. 

Ha npoMbIWJJeHHbIX ycTaHOBKax rM.ll

poKpeKHHra )111CTHJIJI5!THOro 11 OCTa

TO'IHOfO Cb!pb5! npouecc np011CXO)IHT 

B cpe.ue BO.llOPO.lla (pacxo.u OT 1,2 .llO 

4% Mace.) np11 .uasneHHH .uo 32 MTia, 

o6beMHOH CKOpOCTH no.uaq11 Cblpb5! 

)10 1,5 q· 1, KpaTHOCTl1 Ul1PKYJI5!U1111 

.llO 1800 HMI M' Cbipb5! , TeMneparype .llO 
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430 °c Ha nepsoii cryneH11 11 .no 480 °C -
Ha BTOpoH. 

IlpOMbIWJJeHHOe BHe.npeH11e rn.npo

KpeKHHra OlfeHb CHJJbHO BJ1115ieT Ha .nanb

Heiiwee pa3BHTHe Heqnenepepa6oTKH. 

oOJJbWa5i 3KcnnyaTau,110HHa5i rn6KOCTb 

npou,ecca - B03MO)l(HOCTb pa60Tbl Ha 

pa3JJl1lfHOM Cblpbe 11 c pa3Jll1lfHbIM Bbl

XO)J,OM KaK CBeTJJbIX, TaK H TeMHblX Hecp

Tenpo.nyKTOB - .nenaeT ero o.nH11M 113 se

.uym11x B cxeMax HecpTertepepa6aTb1Ba-

10m11x 3aBO)J,OB. W11p0Koe rtp11MeHeH11e 

rn.npoKpeK11Hra MO)f(eT pew11Tb npo-

611eMy ce30HHoro Kone6aH115i B cr1poce 

Ha HecpTenpo.uyKTbl (BeCHOH 11 neTOM 

Tpe6yeTC5i 60JJbWe CBeTJJbIX, a oceHb!O 

H 311MOH - TeMHbIX HecpTertpo.nyKToB). 

BMecTe c TeM cTpOHTeJJbCTBO 11 3KC

nnyaTaQH5i ycTaHOBOK r11.npoKpeKl1Hra 

Tpe6y10T 60JlbWl1X 3aTpaT 11 n03TOMY 

onpas.naHbI TOJJbKO np11 ocyiuecrnne

HHH Ha Hil3 rny60KOH rtepepa60TKH 

Cblpb5i. 

f11.npoKpeKHHr HCrt0Jlb3YIOT 11 )J,J15i 

nonylfeHH5i BbICOKOHH)J,eKCHbIX MaceJJ 

(MB .UO 140) H3 Cblpb5i co 3Halfl1TeJib

HbIM co.nep)f(aHHeM napaqrnHOBbIX yrne

BO.llOPO.UOB (napacpHHa, ralfa, cppaKQ11H 

BbICOKonapacpHHHCTOH Hecprn). B 3TOM 

cnyqae OCHOBHOH peaKQ11ei1: npou,ecca 

5iBJJ5ieTc5i rn.upo1130Mep113au,115i, oco6eH

HO YCHJJHBaIOI.Qa5iC5i np11 380-430 °c Ha 

aJJIOMOCl1JJHKaTHOM nJiaTHHOBOM KaTa

Jll13aTOpe np11 5- I 5 Mila 11 u11pKy115i u1111 

so;1,0po.nco.nep)f(aiuero ra1a .no 2000 
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HM3/M3 Cblpb5i. 3TO - HOBOe 11 nepcneK

THBHOe Hanpas11eH11e B np0113BO)J,CTBe 

BbICOKOKa'"!eCTBeHHblX Macen. 

rnLtp01~pe1mur C UOJIY-,leHHeM 

TODJIHBa 

f 11.upoKpeK11Hr ocymecTBJJ5ieTc5i .usy

M5i MeTO)J,aM11: Ha CTaUHOHapHOM KaTa

Jll13aTope c nep110.z:i:11qecKoi1 ero pere

Hepau11ei1 (npou,eccbI cp11pM «Esso», 

«Gulf», «Uoy Izomax», FIN 11 .up.) 11 

Ha u11pKyJI11py10meM KaTaJJl13aTope c 

HenpepbtBHOH ero pereHepau11ei1: 11JI11 

BbIBO.UOM YaCTH 113 Cl1CTeMbl (npouecCbl 

3i1lf-0ttJI , BHl111Hil 11 .up.). 

Ha1160Jiee w11p0Ko np11MeH5iIOTC5I 

npouecch1 rn.upoKpeK11Hra co crnu11-

ottapHbJM11 KaTaJIH3aTopaMl1. 3Tl1 MO

.n11cp11Kau1111 rn.npoKpeK11Hra ocymecr

BJ151IOTC51 no 0.llHO- 11 .nsyxcTyneHYa

TOMY sap11aHTaM. TexHonor11qecK11e 

cxe\-lhI 3Tl1X Mo.n11cp11Kau11i1 secbMa 

CXO)J,Hbt ; OTJil1'"!11e HX rnaBHb!M o6pa30M 

s np11MeH5ieMblX KaTaJI113aTopax. B 3a

BHCl1MOCTH OT BH.na Cb!pb51 11 ueneHa

rtpaBJJeHHOCTH rtpouecca 11Crt0Jlb3YIOT 

O)J,HO- HJIH .nsyxcryneH'"!aTbIH sap11aHT. 

EcJI11 Tpe6yeTC51 noJiylfeHHe Jiern11x 

TOnJIHBHbIX npo.nyKTOB 3a ClfeT rny6o

KOro npespameHH5i Cblpb51, lfaCTO HC

IlOJJb3YIOT .usyxcryneH'"!aTbIH sap11aHT 

npouecca. B 3TOM cnyqae Ha nepsoi1 

CTyneHH npOHCXO,LIHT r11.uporeH113aUH

OHHOe 06Jiaropa)f(HBaH11e HCXO)J,HOro 

Cblpb51, a OCHOBHbJe peaKU1111 pacrta.na 

11 1130Mep111au1111 rtpOBO,ll51T Ha BTOpOH 
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- rnaBHOH CTyneHl1. I1p11 npe11MyLUe

CTBeHHOM npoH3BO)lCTBe mneJJbHO

ro TOOJll1Ba 113 np51MOrOHHOro Cblpb51 

o6bl'iHO 11COOJib3YIOT O)lHOCTynewia

TbIH BapHaHT c peu11pKyJ15!Ul1ei1 OCTaT

Ka. 

B rn6n. 8.9 np11Be)leHbI 11Meiom11e

c51 B mneparype cse)leH115! 06 ycnos1151x 

pa60Tbl npOMblllIJieHHblX CHCTeM rH

L\POKpeK11Hra co CTaUHOH3pH blMl1 K3Ta

Jll133TOpaMl1 np11 nepepa6oTKe pa3nw1-

Horo cb1pb5!. 

Ha p11c . 8.15 np11se)leHa np11Hu11n11-

anbHa5! cxeMa JlByxcryneH4aToi1 ycTa

HOBKH «l130M3KC», 51BJl51IOLUei1c51 Ha11-

6onee THilH4HOH H3 scex COBpeMeHHhlX 

CHCTeM rn,llpOKpeK11Hra B CWA. 
Ha nepsoi1 cryneH11 cBe)l<ee Cblpbe 

CMew11saeTC5! c u11pKyn11pyIOLUl1M BO

)lOpO)lOM, HarpesaeTC51 )lO Tpe6yeMOH 

TeMneparyphl, H )lByxcjJa3Ha51 CMeCb 

npOXO)lHT csepxy BHl13 Liepe3 MHOro

CJIOHHbIH peaKTOp nepBOH CTyneHH 2. 
BbIXOL\51 113 peaKTopa, cMecb OXJJ3)1()la

eTC51, 33TeM B Hee Bnpb!CKl1B3IOT )leaJ

p11pOB3HHblH BO)l51HOH KOH)leHCaT )lJl51 

nornoiueH115! aMM11aKa 11 cepoBOJlOpOJla, 

o6pa30BaBWl1XC51 np11 rH)lp11pOB3Hl111 

3.30Tl1CTbIX 11 cepHHCTbIX coe)l11HeH11i1 

Cbtpb51. Ilocne JToro sech noTOK nocry

naeT B r33ocenapaTop BhICOKoro )lasne

HH51 3. C sepxa r3.3ocenaparnpa yxo)l11T 

Ul1PKYJIHpy10w:wi1 ra3; c Hl13a Henpe

pbIBHO Bb!BO)l51T OTpa6oTaHHYIO BO)ly, 

co)lep)!(aw:y10 pacrnopeHHbte cynbcjJ11-

JlbI aMMOHl151 11 cepoBOJlOpOJl . :>K11)lK11e 

yrneBO)lOpO)lbl noCTynalOT B OTL\YB04-
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HYIO KOJIOHHY 5, r)le c noMOLUhlO )l11c

TMJJJ15!THoro ra3a BTOpoi1 cryneH11 OTJly

BalOT pacTBopeHHblH BO,llOpO,ll, MeTaH, 

OCTaTKl1 aMMl13I<a 11 cepoBOL\OpO,lla. 

3TOT OTXO)l51lUl1H ra3 HCilOJlb3YIOT KaK 

TOOJll1BO. 11pOL\YKThl C Hl13a OTJlYB04-

HOi1 KOJJOHHbl 5 HanpaBJI51lOT Ha BTOpyio 

CTyneHb npouecca. 

11pOL\YKT c nepBOH cryneHl1 , 06b

e.IH1HI1BWI1Cb c peu11p1<yJI5!TOM 113 KOJJOH

Hbl IO 11 BOJlopo.L\OM ( cse)l(11M 11 peu11p

Kym1pyioiu11M), nocne no)lorpesa no

CTynaeT TaK)l(e HI1CXO)l51lUl1M nOTOKOM B 

peaKTOpbl BTOpoi1 CTyneHl1 6. 06ht4HO 

CTeneHh npeBpaiueHirn pa6oqero Cbipb51 

3a npoxo)l COCTaBJJ51eT OKOJIO 60% . .1J:n51 

nO)l,llep)K3HI151 3a)laHHOH CTeneH11 npe

BpaiueHl151 TeMnepaTypy npouecca B Te-

4emfe pa6o4ero Ul1KJJa noHeMHory no

Bb1Wa10T. 11ocne Tennoo6MeHH11Ka 11 xo

JJOJll1J1bH11Ka npOL\YKT npOXO)ll1T B ra30-

cenaparnp BblCOKOro )laBJJeHl151 BTOpo~i 

CTyneHH 3. fa3osy10 cjJa3y, BbIXO)l51lUYIO 

113 JTOro cenaparnpa, KOMnp11M11pyioT 

11 B03BpaiuaIOT B npouecc. :>K11)lKOCTb 

HanpaBJJ51IOT B cenapaTop Hl13Koro )laB

neH115! 8, r)le 113 Hee )l000JIHl1TeJJbHO 

OT)leJJ5llOT yrneBO)lOpO)lHbIH ra3. 1faCTb 

JTOro ra3a 11COOJ!b3YIOT )lJl51 npOL\YBKl1 

rn,llporett113aTa nepsoi1 cryneH11 npo

uecca, HaXOJl5!LUeroc51 B KOJJOHHe 5. 
:>K11JlKYIO ¢a3y 113 cenaparnpa Hl13Koro 

)laBneHl151 OXJJa)l()laIOT 11 HanpaBJI51lOT B 

crn611n113au110HHYIO KOJJOHHY 9. Crn611-

n11311posaHHbIH npOJlYKT peKrncjJ11u11py

lOT B 6eH311HOBOH KOJIOHHe JO. Jlenrni1 

6eH311H yxo)ll1T c Bepxa KOJJOHHbl, TH-



lnasa 8. riecpn111b1x cppat<L\Vli:i 

Puc. 8.15. flpw111u11110."fbllafl 111e:rno.10zu'!ech·a51 cxe.11a ycmaH06KU 

zuiJpoKpeKUHZa «l130.11aKc»: a - ceKZfllfl 211dpoze11u3az11101111ozl noiJ2omo6KU CblpbR 
(nep6aR cmyne11b); 6 - ceKZ/1151 2uiJpohpeKw12a (6111opw1 c111yne11b); 6 - ceKlfUR 

ppaKZ/UOHupo6a11u51 npodyKmo6. I - Ko.1111peccop ao6aeo•111ozo eoiJopoiJa; 2 - peaKmop 

nepeozl cmyne1111; 3 - za1ocenapamop GblCOKozo darne11w1: 4 - peKynepamue11a51 myp6u11a; 
5 - omiJyGo•uwH Ko.w111w: 6 -- peaK111opb1 Bmopozl c111y11et111; 7 - Zfe11mpo6eJ1CHbIU 

1w,itnpeccop; 8 - za3oce11apamop lfll3Kozo daB.1011151; 9 - cma6u.7U3GlfUOHHG51 KOROHHa; 
I 0 - 6ewz11106aJl Ko.101111a. I 11 II - Cblpbe; I I I - eodopor) c yc111at106KU napo6ou KOH6epcuu; 

IV - 60aopoiJ c ycmaH06/{l/ Kllll1Cl.7l/111l/'lec/WZO pupop11ut12a: v - iJo6a60'1HblU 600opoiJ; 

VI - 11upK_vRupy1ou1uzl zm: VII - .1e2Kue yz.1eeoiJopoiJb1, a.11.11uaK u cepo6oaopoa; 
VIII -- ppGKlfl/51 ao C4; IX - J/eZKlllt 6em1111; x - /Wl.J/Ce.1blll 6emu11; XI - KOM/10HeH/11 

peaK/11!/r;//020 171017.71/6(/; XII - 203 6 omayrW'IH_l'IO KOROHHY 

)!(eJJblH 6eH3HH Bh!BO)lHTC51 B Ka4eCTBe 

601<osoro rroroHa. OCTaTOK KOJJOHHhI 

10 ITO)lBepraeTC51 peUHPKYJ15IUHH )lO 

ITOJ1HOH rrepepa6oTKH, eCJJH ycTaHOBKa 

pa6oTaeT ITO 6eH3HHOBOMY BapttaHTy. 

TipH rroJJy4eHHH peaKTHBHOfO H )lH-

3eJ1bHOfO TOITJ1HBa COOTBeTCTBYIOI.I.l,He 

cppaKUHH Bh!BO)l5IT KaK 6oKOBhie rro

fOHbl, a OCTaTOK H3 KOJ10HHbl H)leT Ha 

ITOBTOpHb!H rtt)lpOKpeKHHf HJ1H )Ke Ha 

KaTaJJHTH4eCKHH 1<pe1<ttHr. BoKOBhie rro

roH bI nepen BbIBO.Ll.OM c ycTm!OB!UI npo

XO)l5!T OTnapHb!e ceKUHH. 

Bo)lopon JlJ15! rrpouecca rtt)lpo1<pe

KH Hra ITO)lalOT c ycTaHOBKH pttcpop

MHHra, co cneuttaJJbHOH BO)lOpO)lHOH 

yCTaHOBKH HJ1H c o6eHX ycTaHOBOK O)l

HOBpeMeHHO. Tiepe)l rrocryrrJJeHHeM Ha 

)lO)!(HMHbie KOMrrpeccopbl ycTaHOBKH 

«H30MaKC» BOJlOPOJl 04Hlll,aIOT OT rrpH

MeCeH BO)lbl H aMMHaKa Ha MOJ1eKyJJ5!p

Hb!X CHTax 4A HJ1H 5A. 
l13MeH5!51 TeXHOJ10fH4eCKHH pe)!(HM 

npouecca H ycJJOBH5! peKTHcpHKaUHH 

)!(HJlKl1X nponyKTOB rnnpo1<peKHHra, 

MOJl<HO Ha O)lHOH 11 TOH )Ke ycTaHOBKe 
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rn.npoKpeK11Hra ocyw,ecrn1rnTb npouecc 

c pa:mwrnoi1 ttanpaBJieHHOCTbJO - nony

YaTb npe11Myru,ecTBeHHO 6eH3HH, peaK

THBHOe HJIH )J.113eJibHOe TOnmlBO. 

IlpoHJBO)J.CTBO MaCeJI 

rn.npoKpeKHHfOM 

n rn.npon10Mepn1auneif 

flpe11Myru,ecrno rn.nporeH113au110H

HbIX MeTO)J.OB npOH3BOLlCTBa Macen no 

cpaBHeHl1lO c MeTOJJ,aMH HX ceneKTHB

HOH HJlH a.ncop6u110HHOH OYl1CTK11 3a

KJl104aeTC51 B 6onee BbICOKOM 11H.UeKce 

B513KOCTl1 11 6oJibllieM Bb1xo.ue Macen. 

f 11.npoKpeK11Hr )J.JI51 npOH3BO)J.CTBa 

CMa30l.JHhIX MaCeJI ocyw,eCTBJI51eTC51 

no.n .nasneH11eM l 0-25 Mfla, np11 TeM

nepazype 350-420 °c H o6beMHOH CKO

pOCTH no.uaYl1 Cblpb51 0,4-1,5 y ·I; 06beM

HOe COOTHOUleHHe BO.L\Opo.nco.nep)!(aI.UHH 

ra3: Cblphe COCTaBJI51eT 800-2000, pac

xo.n so.nopo.na 0,8-2% Mace. Ha Cbipbe. 

06bIYHO rn.npoKpeKHHrY no.nsepra!OT 

HB-60 
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)J.11CTl1JlJij{THbie cppaKQHH c TeMnepa

Typoif KOHua KHneHl151 500-550 11C, 
.ueaccpanhTH3aTbI 11n11 11x cMeCH. B 0T

m1<me OT npoueccos rn.npooYMCTKH Ma

cen np11 rn.npoKpeKHHre 113MeH51JOTC51 

HX CTpyKTypa 11 MOJleKyn51pHa51 Macca. 

B pe3yJlbTaTe peaKUHH pacw,enneH115I 

Koneu, 1130Mep113au1111 11 r11.np11posaH11si 

3Hal.JHTeJlbHO nOBblWaeTC51 HX HH)J.eKC 

BSI3KOCTH. Bb1xo.n Macen c 3a.naHHbIM11 

CBOHCTB3Ml1 33BHCHT OT npHpO.L\bl CblpbS! 

11 )KeCTKOCTH rn.npoKpeKHHra H COCTaB

Jl51eT 30-70% Mace. Ha Chiphe. 

B ycnoB11six rn.npoKpeKHHra nom1-

UHKJlH<1ecKHe apoMaT11<1ecK11e yrneBo

.uopOllbl Cblpb51 BCJle)J,CTBHe rn.np11po

samrn H nocne.ny10w,ero pacKpbnHsi 

KOJleu npeBpaw,aJOTC51 B HacpTeHOBbie 

HJlH apoMaT11YecK11e yrneso.nopo.nh1 

c MeHbWHM 411CJlOM Koneu B MOJieKyne. 

Ysen114eHHe HHJJ,eKca B513KOCTH (J1B) 

yrneso.nopo.noB Cbipb51, tta6mo.naeMoe B 

pe3)'JlbTaTe 3THX peaKUl1H, npe.ncrnBJISl

eT cne.ny10ru,a51 cxeMa: 

HB-20 

HB 125-140 



B npou.ecce rnL1.po1<pe1<11Hra npa1<

T1111ec1rn CTO.JlHOCTb!O r11L1.p11py!0TC5! 

reTepou111<n111-1ec1<11e coeL1.11Hemrn 11 He

npeL1.e.JlbHh1e yrneBOLl.OPOLl.bl. 3To nOBbl

waeT CTa611JibHOCTb noJiy4aeMbIX MaceII. 

OLl.HOH m Ba)l(HbIX pea1<u11H:, np0Te

Ka10lll,11x np11 fl1Ll.pOKpe1<11Hre 11 CT03BO

J151!0Ill,11X yny4WHTb Ka'-!eCTBO noIIy4ae

MbIX npOLl.YKTOB, 51BJI51eTC51 1130Mep113a

U,HSI napacjmHOBbIX yrneBOLl.OpOLl.OB. 

)J,IISI ocymecrnJiett11S1 pea1<u11H: pac

KpbITl1SI apoMaTl14eCKOro 11 HacjneHO

BOro KOJieu 11 1130Mep113au.1111 TBep

)J,blX BbICWl1X napacjmHOB Tpe6yJOTC51 

nosoJihHO )l(ecnrne ycIIOBH51 npouecca, 

4TO He1136e)l(HO npHBO)J,HT K o6pa30Ba

Hl1!0 6oJiee Hl13KOKHn51W11X npOLl.YKTOB. 

Ysem1I.Jem1e rny611ttb1 pa3JIO)J{ett115! 

CbipbSI conpoBO)l()J,aeTCSI ynyI.Jwett11eM 

Ka4eCTBa nonyI.JaeMbIX Macen: cyweCT

BeHHO CTOBbIWaJOTC51 11X 11H)J,eKC B513-

KOCTl1 (Ll.0 115- J 25) 11 TepMOOKHCJIH

Te.JlbHaSI CTa611JibHOCTb. B Macnax yse

.J1H4ttBaeTc51 COLl.ep)l(atttte 113onapacjm

HOBhrx yrneBOLl.OpOLl.OB 11 CHl1)l(aeTC51 

KOHU,eHTpaU,1151 nOJ111U,11KJil14eCKHX apo

MaTtt4eCKHX yrneBOLl.OPOLl.OB. 

TexttoJiorn4ec1<tte cxeMbI npoueccos 

rnnpo1<peKttHra Ll.Jl51 nony'-leH11S1 Ma

ceJI npttHU,Hntta.JlbHO He OTJ1114a!OTC51 

OT cxeM npoueccoB '-IHCTO TOCTJIHBHOro 

HanpasJieHtt51; tt3MeH51eTc51 JlHWh cxe

Ma nepepa6oTKl1 nponyKToB rttLl.pO

KpeKttHra. DOCKOJibKY O)J,HOBpeMeHHO 

c MaCJiaM11 Hern6e)KHO nonyciaeTC51 

onpe)J,e.JleHHOe KOJll14eCTBO TOnJIHB-

Hb!X npOLl.YKTOB, ueJiecoo6pa3HO co-

4eTaTb npOH3BOLl.CTBO TOCT.JlHBa 11 BbI

COKOKaYeCTBeHHbIX Macen 11 113MeH51Tb, 

np11 1-1eo6XO.LJ. l1MOCTH, HX .ll.OJIIO B 06Ill,eH 

Bbipa6oTKe npOLl.YKU.1111. 

B npocTeH:weM Bap11aHTe rnL1.po1<pe

K11H r c uenhJO no11yI.JeH115! Macen ocy

mecTBJI51JOT 0.ll.HOKpaTHbIM nponycKOM 

Cblpb51 4epe3 peaKU,110HHYIO 30HY c no

CJ1eL1.yJOLUl1M BbI.UeJieHHeM 113 nponyKTa 

cj)paKU,1111 Heo6XO.U11MOH B513KOCTH. )J,m1 

noIIyI.JeH115! MaC.Jla npo.uyKT pa3roH51-

JOT 11 uenesb1e cppa1<u1111 nO,lJ,BepraIOT 

nenapacjmmnaumL )J,enapacjmtt11po

BaHHoe MaCJIO MO)l(eT 6hITb .ll.OIIOJIHH

TeJlbHO o6pa6ornHo, ttanp11Mep, nyTeM 

rnnpo0411CTKl1 B M.SlrKHX ycJIOBH51X 11J1H 

ancop6u110HHOH 0411CTKl1 B )!(11)],KOH 

cpa3e. Dp11 3TOM TepM001<11cn11TeJlhHa5! 

11 XHMHI.JeCKa51 CTa611JibHOCTb MacJia, a 

TaK)Ke ero uBeT ynyI.JrnaJOTC51. 

8. 4. 7. IlpoLfecCbl 
e::11opooeaJ1KuJ1upoeaHuR 

ll ZllOpUpoeaHUf/. 

Ba)!rneH:w11e apoMaT11'-!ec1<11e yrne

sonoponbI - 6eH30Jl 11 HacpTaIIHH - B Wl1-

pOKOM Macwrn6e npott3BO.ll.51T nyTeM 

rn.upo.ueaII1<11II11posaHH5! 1-1eqn5!HbIX npo

Ll.YKTOB. IJ,11KJIOreKCaH - Cblpbe .ll.Jl51 

nonyqeHl151 a)J,11CTl1HOBOH Kl1CJ10ThI, Ka

nponaKrnMa 11 re1<ca1-10Jia - npo113BOLl.51T 

rnnp11posa1-111eM 6eH3ona. f11np11poBa

tt11eM 1-1acpTaJI11Ha nonyI.JaIOT TaK)Ke Tex-

1-111Yec1rn sa)KHbie nponyKThI, KaK TeTpa

mrn 11 L1.eKan111-1 . 
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IloJiy--1euue apoManP1ecKHX 
yrneBO)J,OpO)J,OB 

ru)J,pO)J,eaJIKHJIHpOBaHHCM 

oeH30JI IIpOM3BO.l:VIT rnaBHbIM o6pa-

30M 113 TOJIYOJia, IIOCKOJihKY rrpM nu1po

.LieaJIKMJIMpOBaHMM 6oJiee Bb!COKOKHmI

lllMX MOHOLIMKJIM'leCKMX apoMaTttt!eC

KMX yrJieBO.llOPO.llOB pe3KO B03pacTaeT 

paCXO.ll BO.llOPO.lla. 

CbipbeM .LIJIR rroJiy'leHHR ttaqnaJIM

Ha cJiy:>I<aT BbICOKoapoMaTM3MpOBaHHhie 

B rrpOMhirnJieHHOCTH rrp11MeHRIOT 

.LIBa MeTO.lla rM.LIPO.LieaJIKl1JIMposaHH5I: Ka

TaJIMTM'leCKOe M TepMM'leCKOe. 

KaTaJIHTH'lecKoe rn!J,pO!J,eaJIKHJIH
poBauue. HaxOMT rrp11MeHeH11e pa3-

JIM'IHhie TMIIhl KaTaJIM3aTopoB: Hl1KeJih 

Ha KpeMHe3eMe M aJIIOMOCl1Jll1KaTe, Hl1-

KeJibaJIIOMOXpOMOBhie, aJIIOMOCl1Jll1KaT

Hbie, aJIIOMOMOJIM6.LieHoBhie 11 .lip. Cxe

Ma rrpOMbIIIIJieHHOH ycTaHOBKl1 KaTa

Jll1Tl1'1eCKOro rM.LIPO.LieaJIKl1JI11pOBaHl151 

TOJIYOJia rrp11se.LieHa Ha p11c. 8.16. 
fa3ocerraparnp BhICOKoro .LiasJieH115l 5 

0.llHOBpeMeHHO 51BJI5leTC51 ynpOllleH

HbIM 0.llHOCryneH'laTblM a6cop6epoM. 

B sepxHIOIO 30HY arrnaparn no.LiaIOT 

a6cop6eHT-.lll1CT11nmn nI.llPO.Lieamrn

n11posatt115l nocJie .Liera3au1111 ero B 
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cppaKU1111, BhI.lleJieHHbie 113 npO.llYKTOB 

KaTaJil1Tl1YeCKOro p11cpopM11Hra 11 KaTa

Jll1Tl1YeCKOro KpeKl1Hra 11 CO.llep>I<all111e 

B OCHOBHOM 611UMKJIMYeCKl1e apoMan1-

'leCKMe yrneBO.llOPO.llhl. 

B ycJIOBM51X rM.LIPO.LieaJIKMJIMpoBa

H115l rrpoTeKaIOT MHOro'IMCJieHHhie pe

aKLI11M, B IIO.LiaBJI5llOllleM 60JihWMHCTBe 

CJiyqaes - Cl1JlhHO 3K30TepMH'-leCKHe. 

Ba:>1rnei1wa51 peaKLIHR - OTll1eIIJieH11e 

60KOBOH aJIKHJibHOH LieIIH OT apoMaT11-

qecKoro KOJihLia, Harrp11Mep: 

o+2CH, 

cerrapaTope Hl13Koro .LiaBJieHH51 6. 113 
ra3ocenapaTopa BhICOKoro .LiaBJieHH51 

ra3oBa51 cpa3a rrocryrraeT Ha rrp11eM LIHp

KYJI51LIHOHHoro KOMrrpeccopa 4. 
8bI.lleJI5lI01L111i1c51 s ra3ocenaparnpe 

Hl13KOro .LiaBJieHl151 6 c6paCbJBaeMbIH 

ra3 (IX) BbIBO.ll51T c ycrnHOBKH, 11 pe

u11pKyJI11pyI01LIYIO qaCTb KaTaJil13aTa 

BHOBb HanpasJI51IOT B ra3ocenapaTop 

( a6cop6ep) 5. oaJiaHCOBhIH l136hITOK Ka

Taml3aTa BhlBO.ll51T Ha peKTmp11KaUHIO. 

CTp11 TaKOH cxeMe IIOTep11 BO.llOPO.lla B 

npouecce 3aBHC51T B OCHOBHOM OT ero 

pacrnop11MOCTl1 B )J(l1.l1Kl1X npO.llYKTaX 

ra3ocenapaTopa Hl13Koro .LiaBneH115l. 

CT pouecc n!JlpO.LieaJIKHJT11pOBam151 

o6bJl!HO npOBOJl51T np11 TCMIIepaTypc 

550-600 11C YI napu11aJThHOM llaBJICHllll 



rnaea 8. TepM01carnmn1114ecK111e npoweccb1 nepepa60TK1-1 HecprnHblX cppaKw111i::1 

VII 

Puc. 8.16. Cxe.Ma npnitb1111.1e1111ml ycma11ornw 1,·a111a.-,wnui1ecKozo zudpodeaTIKU!lupoeaHUR 

moRyoRa: 1 - CbtpbeeoiJ 11acoc: 2 - pem,·111op; 3 - 11e<1h <}m Hazpeea CblpbR 

u lfUpKy.rtupy10uie20 2aw: 4 - Ko.1111peccop r)_-,,, 11uphy1H111111 r.w<)opodcooep:J1cauie20 za3a; 

5 - za30cenapa111op Rh/ COKO,'O r>ae.1eHllfl (a6cop6ep): 6 - ,·mocenapamop HU3Ko20 

0G6!leHllfl; 7 - cma6u!IU30l/l/Olll/G5l KO.W/11/G; 8 - adcop611uo //l/(/5f 0'/UCl11KG 6eH30!10 2!ll/HOU; 

9 - p eK111uqJ11KG1/llOllllGfl 1,n101111a; I 0 - l!. \/KOC/111> ().m opowe1111H; 11 - 111enJ1006.-11e1111uK; 

12 - 11acocb1. I - Cblpbe; If - CRe.J1C111! r;udoporkoaep.JK'llll/lllf ?m; III - 11upKy.rtupy10UfUli 

ao()opoiJcooep.J1cau111zl za3; IV - c6pac1>uwe.llbllf ,'m: V - r)e,'ffJUpoeaHHbnl r)ucmu.rt!IHm, 

ucn0.7h3_VC.·llblll 6 Ka1.Jec111(Je a6cop6e11111a; VI - 110.11n111K.W'1ecK11e apo:>1amu<1ecKue 

yz.1eeooopoob1; VII - 1110.1_1·0.7 1w pez1up1,y 1m1u10; fill! - 6e111m: IX - c6pacbrnae.·ithlli za3 

l/3 za3ocenapa111opa 11113/W<'fJ dar1.1e11u51 

sonopo.ua oKono 30 aTM. fnyfarna npe
spaw.emrn To11yo11a 3a OJlHH npoxo.u 
OK0110 50%. Bh1xon 6eH3011a np11 pa6oTe 
c peu11pKy1151u11ett He npespaw.eHHOro 
rnnyo11a 96,9 MOJI.%. MaTep11a11hHhJH 
6a11aHc KaTa1111T114eCKoro npouecca, 
ocymeCTBJl51CMOfO c B03BpaTOM HC-
11 pespaiue1moro To11yo11a, np1meJleH 

B 1a611. 8.10. 

17-llOXO 

TepMulfec1we ruJJ,poJJ,eaJIKHJIH
posauue. TepMH4eCKOe (roMoreHHoe) 
rn.npo.neanK11n11posaH11e aJJK11napoMa
T114ecK11x yrneso.noponos HalfHHaeT 
npoTeI<aTh )l0CT3TO'IHO HHTCHCHBHO 

np11 TeMnepaType BhIUie 600 °C 11 nas
Jl CH trnx so.nopona OKOJJO 40 aTM. B 3THX 
ycJJOBH51X 1rn116onee ycTOH411Bbl 6eH30JJ 
H 11 acjnam1H ; a11K11maMeLUCHHbie apo-
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lnasa 8. TepMOKaTamn1-14ecK1-1 e npoL1eCCbl nepepa6oTK t.1 HecprnHblX cppa KL11>1i1 

Ta6.rnn1a 8.10 

MaTepuaJibHbie 6aJiattcbl (B sec.%) rHAPOti:eamrnnuposaum1 TOJIYOJia 

KaTaJ111TH'lec1rnii npo1.1ecc TepMH'lecicuii npo1.1ecc 

HCXOtJ,HOe 
noii.a-

Cblp1>e-
saeMblH 

TOJIYOJI 
raJ 

Boii.opoii. .. . . . . .. .. .. - 4,20 
MeTaH ... . .. .. .... ... - 1,10 
JTaH . ... . .. . ... . .... - 1,07 
flponaH . .. .. .... . . .. - 0,46 
6yraH . .. . .... ...... . - 0,24 
fleHTaHbl 
H BbICUIHe .. .. .... . 0,51 0,73 
6eH30JI .. ........ .. .. - -
Tonyon .. ..... .... .. .. 93,79 -
ApoMaTH'lecKue 
yrneso.uopO.llbl C

8 
.. 5,70 -

flOJIHMepbl ... . . . .. ... - -

J.1TOro . . .. . . . 100,0 7,8 

MaTw1ecK11e yrneBOJJ.OpOJJ.bl )l,eaJTKl1Jl l1-

PYIOTC.s!, napacp11HOBb1e, ttacpTeHOBbie 

11 HenpeJJ.eJTbHbie yrneBOJJ.OPOJJ.bI noJJ.

Bepra10Tc.si rny6oKOMY rHJJ.pOKpeKl1Hry 

c 06pa30Bam1eM B OCHOBHOM MeTaHa 11 

:naHa. 

CxeMa npoMbIUIJTeHHOH ycrnHOBKH 

TepM11qecKoro r11JJ.pOJJ.ea11K111111posatt115! 

To11yo11a noKa3aHa Ha p11c . 8. 17. Kott

u;eHTpaU.HIO BOJJ.OpOJJ.a Ha Heo6XO)l,HMOM 

yposHe no.Ll.llep:>KHBaIOT c6pacbrnam1eM 

qacT11 BOJJ.OpOJJ.COJJ.ep)!(amero ra3a 113 

Cl1CTeMbl 11 )l,OOOJTHHTeJibHblM BBe)l,e

Hl1eM CBe)!(ero BOJJ.OpOJl.CO)lep)!<a IJ.J,e ro 

ra3a. )l{11)lKa5! cpa3a 113 ra3ocenapaTopa 

BbICOKOro n asnemrn 6, npOHJJ.51 r a3oce-

258 

'IKHtl.KHe 
c6pacbl- HCXOtJ,HOe npo-
saeM1>1if Cblpbe- tl.YKTl>I 

npoii.yKTbl 
raJ TOJIYOJI H peaKl.IHH 

peaic1.1uu 
soii.opoii. 

- 1,19 2,5 -
- 2 1,90 - 18,6 
- 1,21 - 0,4 
- 0,93 - 0,6 
- - -

- - - 0,6 
80,52 0,70 - 82,0 

- 0,25 100 -

- - - -
1,10 - - 0,3 

81,62 26,18 102,5 102,5 

napaTop Hl13KOro naBJTeHH51 7, nocry

naeT Ha a,[lcop6u110Htty10 oq11CTKY OT He

npe,[!,eJibHbIX yrneBOLlOPO.LlOB c noMOIJ.J,blO 

OT6e1111sa10w.di fJil1Hbl B KOJIOHHe 8 
11 cppaKU110H11pyeTC51 B KOJTOHHe 9. 
H11)!(HHi1 noroH KOJIOHHbI 9- Henpespa

w.eHHbIH TonyoJT c He60Jibllll1M KOJTJ1lle

CTBOM o6pa30BaBrneroc51 LlHcpeHHJTa -

11COOJlb3yeTC51 B KaqecTBe UHpKyJT11py-

10IJ..1,efO nornKa. Dpou.ecc npos0n5IT np11 

Ter-.mepaType OKOJIO 750 °C 11 )laBJTeHl111 

40-50 aTM. f11y611Ha npespaw.ett115! T0-

11yona Ja omrn npoxoJJ., KaK npaB11no, 

coCTaBm1eT oKono 50% . M aTep11aJlb

HbIH 6anaHc npouecca rn.uponearnrnn 11 -

p0Ba111151 npen crnsneH B rn6n . 8.10. 



lnasa 8. TepM0Karnmn111YecK111e npol\eCcb1 nepepa6oTKVI HecprnHblX cppaKL\VI~ 

III v 
v 

8 9 

VIII 

IV 

VII 
n----4---' IO 

Puc. 8.17. Cxe.11a 11po.1thIU1.?e111w1/ yc111m1oe1<:11 111ep11u1JecK020 

2uopooeanKuJ1upoealllm 1110.-1yo.qa: l - ch1phee01/ Hacoc: 2 - nel/b OHR Ha2peea CblpbR 

u lfUJJKYHUpy1ou1e20 zma; 3 - pemmwp; 4 - me11.1006.11 e1-111uK; 5 - XOJIOOUJibHztK; 

6 - za3ocenapamop BhlCOKozo r)ae.-1eHw1; 7 - zmocenapamop Hll3K020 oaeJieHztR -

cma6ZUIU30n10p; 8 - KOJIOHl/ll aiJcop6l(UOHHOlt O'Jl/CIJlKll," 9 - rPJJOKlfllOHllfJYIOU{OR KOJIOHHO," 

f 0 - KOJtl1jJeCCOjJ 0.151 l(llfJK_E7fll(llll 6000jJOOCOOep.)ICOUfe20 2030. 

I - l/C.XOOHOe Cblpbe; II - cee.J/Clllf aodopoocooep.J!Cllll(llii 203; Ill - omoyeaeMblll 

eooopoocooep:J!Cllll(llll W3; IV - l(l/jJ/,ywpy1ou1u1/ aooopoocooep:JICOU{UU 203," 

V - mo11m1eHblll 201: VI - 6emm; VII - 11enpeepm11e11110e Chlpbe Ha lfUPKYJIRlfU/O; 

VJ/I - noc)dyr; .rn.10d110,'0 rwdop(}()cooep.J1ca11ie,'o 2a3a 

fu.11,pupOBaHHC apoMaTH'leCKHX 

yrneso.uopo1lOB 

fu.11,pupoBaHHC 6eH30JJa. f11np11po

B3HHeM 6eH3ona nonyi-1a10T 11,11KnoreK

caH, np11Mem1eMblH .!J,JUI npOH3BO,llCTBa 

an11m:1HOBOH KHCJ10Tbl 11 ll,HKJ10reKca

HOJ1a. B npucyTCTBl-111 ceneKTHBHhlX 

rnnpupyIOll.l,HX KaTaJ1H3aTOpOB B npo

uecce rnnp11posaHJrn: 6eH3ona noYTH 

He 06pa3yeTC5! no60YHbIX npo.uyKTOB 11 

TeM caMb!M o6ecnetiHBaeTC51 BblCOKa51 

lfHCTOTa nonyl1aeMoro u11KnoreKca11a. 

0,UHO 113 ycnOBHH ,llOCTaTOYHOH ce

neKTHBHOCTH npouecca - co6n10.n.ett11e 

Heo6xo.u11Moro TeMneparypHoro pe)l(H

Ma. TaK KaK npouecc CHJ1hHO 3K30Tep

MHYeH, npH pa3pa6oTKe TeXHOJ10fHYeC

Kl1X cxeM 3aBO,llCKHX ycTaHOBOK 60J1b

woe BHHMaH11e ynem1eTCH cnoco6aM 

OTBO.na Tenna peaKIJ,HH. Bb16op OCHOB

HbIX napaMeTpos npouecca (.n.asneHHH, 

TeMneparypb1) orrpe.n.emi:eTCH rnaBHhIM 

o6pa30M co.uep)l(aHHeM B HCXO,UHOM 

ch1pbe cepHHCTbIX coe.u11HeH11i1. EeH-

3011, nOlfTH CB060,UHb!H OT cepHHCTblX 
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l11asa 8. TepMOKarn11111rnYec1(vte npo1..1eccb1 nepepa60T1<11 HecpnlHblX cppa1<1..1111\/t 

coe;:urneHHH (Mettee 0,01 sec.%), fl1.ll

pttpy10T Ha,U HH3KOTeMnepaTypHblMl1 

KaTaJIH3aTopaMH npH tte60JibWOM )laB

JieHHH BO.llopo.ua. CepHHCTbIH 6eH30JI 

6e3 npe.usapttTeJibHOH 04HCTKH r11.up11-

PYIOT Ha)l cepocTOHKl1MH KaTaml3aTo

paM11 np11 IlOBbillleHHb!X TeMnepaType 

11 )lasJiemrn. 

ftt.up11posaH11e 6eH3ona np11 Hl13KOM 

nasJiemrn B npOMblWJieHHbIX ycJIOBH

}IX npoBO,U}IT B )K11,UKOH H napOBOH cpa-

33X. )],JI}{ )K11)lKOcp33HOro rH.llp11pOBaHH}I 

(p11c. 8.18) 11CilOJib3YIOT o6hI4HO HH

KeJieBhIH Karamnarnp Pette}I. Dpouecc 

ocyw.ecTBAAJOT np11 TeMneparype 200 °C 

11 )laBJieHl111 OKOJlO 40 3TM , (napu11aJib

HOe .uasJieHHe BO.ll0PO.ll3 OKOJIO 30 3TM,) 

s .usyx nocJie.uosaTeJibHO pa6ora10m11x 

peaKTopax. Bo.uopo.u no.llaIOT B HH)K

HIOIO 4acTh nepsoro peaKTopa, 6ap-

II 

60T11py}I 4epe3 CJIOH )KH).lKOCTl1, OH 

cnoco6crnyeT noMep)KaHHIO B :noi1 

)Kl1).lKOCTl1 K3TaJil133TOpa BO B3BeWeH

HOM (cycneH311posaHHOM) COCT0}1Hl1H. 

Tenno peaKu1111 OTBO.llHTC}I 3a C4eT 11c

napett115I HeKoToporo KOJIH4ecTsa pe

aKUHOHHOH CMec11 11 peu11pKyJim .. ~HIO 

43CTl1 )KJ1).lKOCTl1 BMeCTe c KaT3Jil133TO

poM 4epe3 TenJioo6MeHHl1K. 113 nepsoro 

peaKTopa co)lep)!<alU3}1 OKOJio 5 sec. % 

6eH3ona napora3osa}I cMeCb noCTynaeT 

).lJI}I 3aBepweHH}I peaKU11H BO BTOpOH 

peaKTOp, 3anOJIHeHHblH CTau110HapHbIM 

KaTaJ1H33TOpOM . 

TipH HCilOJlb30BaHHH B Ka4eCTBe HC

XO.llHOro Cblpb}I 6eH30Jla c TeMnepa

TypoH Kp11craJIJIH3aum1 5,4 °C noJiy-

4aeTC}I UHKJ10reKC3H, npaKTH4eCKH 

He CO.llep)KaIUHH 6eH30Jia, 4HCTOTOH 

99,97%. 

111 

IV 

Puc. 8.18. Cxe.Ma npOMblUlJ/eHHOU ycmaHOBKU zuopupoeaHUR 6eH30JIQ 

e :>JCUOKou </Jme: 1 - peaKmopb1; 2 - Hacoc ORR lfUPKY.TIRlfUU cy6cuoupoeaHH020 
KamaRU3Q1110pa; 3 -XO.T/OOU .. 7hlll/Kll; 4 - 2G30cenapamop; 5 - cma6u.T/l/3Gl(l/OHHQH KO..T/OHHG; 

6 - Ko.1mpeccop 0.111 1111pKy.w1111u fmooporkodep.J1cau1e20 za3a. 

1- r;ooopoo; ff - 6emo.·1; !ff - omxor)H111u1/ 2cn: JV - 1111KR02eKca11 
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lnasa 8. TepM01<man 11rnc1ec101e npOL.\8CCbl nepepa6ornvi HecprnHblX cj:JpaKL.\Mi1 

ruti.pHpOBaHHe Ha<t>TaJIHHa. f11L1,
p11poBaH11e Haqna1111Ha B TeTpa1111H con
poBO)l<naeTCH peaKu11ei1, np11BO.ll5llll,ei1 K 
o6pa30BaHl1IO UHC- 11 TpaHC,UeKaJ111HOB. 
TeTpa1111H 11cno11b3yeTc5! B npo111Bon

cTBe /3-Haqnona . .lJ:eKamrn np11MeHHIOT 
np11 c11HTe3e p51.ua neKapcrneHHbIX npe
napaTOB 11 KaK BbieOK03QHpeKTl1BHbIM 
paeTBop11TeJib. 

flp11 oeylll,eernnett1111 npouecca no
ny1.Jettm1 TeTpan11Ha 113 Haqnan11Ha Han 
aJ1IOMOK06aJ1bTMOJil16neHOBbIM KaTa
JIH3aTopoM no.u .uaBJieH11eM Bo.uopo.ua 

40 aTM. np11 TeMneparype 350 °C 11 cKo
poeT11 no.naq11 Cbipb51 0,3 Kr/n eTeneHb 
npeBpaw,eH115! Haqna1111Ha eoeTaBn5leT 
6 7-81 % . fl onyqaeMbie np11 3TOM rn.u
poreH113aTbI co.uep)l(aT 53-61 Bee. % 
TeTpan11Ha; 113 Hl1X 50-60% MO)l(HO Bbl
neJ111Tb B B11.Ue npo.uyKTa 97-98%-HOH 
I.Jl1eTOTbl. flp11 nOJIHOM npeBparn.eHHH 
eonep)l(arn.eroC51 BO cppaKQHH Hacprn-
1111Ha BblXOLI, TeTpaJIHHa noeTHraeT 75-
80 Bee. % OT HeXOLl,HOro ebipM1; OLl,HO
BpeMeHHO o6pa3yeTe51 10-12 Bee. % 
.ueKaJIHHa. 
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f JIABA 9. KATAJ111TH4ECKl111 CHHTE:3 
BbICOKOOKTAHOBblX KOMOOHEHTOB l\IOTOPHOro TOOJUIBA 

)],ml noJJy<:leHml BhICOKOKa4eCTBeH

HhlX 6eH3HHOB c OKTaHOBhlM 4HCJIOM 

93-98 (All-93 H All-98) np5IMOroHHhlH, 

KpeKHHr- H pmpopMHHr6eH311Hbl KOM

nayH,n:ttpyIOT c pa3BeTBJieHHhIM11 aJlKa

HaMH, KOTOpbie noJly4alOTCH B npouec

cax 1130Meptt3aUHH H aJlKl1JI11pOBaHHH 

aJlKaHOB H nOJJHMep113au1111 anKeHOB. 

Bee 3TH npoueccb1 B npOMhiwneHttoc

TH ocymeCTBJl5IIOT c HCnOJib30Ba1rneM 

KaTaJIH3aTopoB. 3Ha11eH11e KaTaJll1TH4e

CKHX CHHTe30B aJlKaHOB pa3BeTBJleHHOH 

CTPYKTYPhI KaK KOMnoHeHTOB TOBapHo

ro 6eH3HHa B03paCTaeT B CBH311 c )!(eCT

KHMH HOpMaMH Ha Ka11eCTBO 11 6e3Bpen

HOCTh. 

9.1. JIJ0Mepu3auusi a.JJKaHoB C.i-C6 

PeaKUHH 1130Mep113au1111 w11p0Ko 11c

nonh3YIOTC51 B tteqnenepepa6aTbrnaio

meii npoMb1wneHHOCT11. K~m Bl1LlHO 113 

BhJWe113JIO)l(eHHhlX MaTep11aJlOB, OHH 

ttMeIOT MecTo B npoueccax KaTan11-

Tl1'·1ecKoro KpeKttHra 11 pmpopM11Hra; 

KpOMe Toro, peaKUHH H30MepH3aUHH 

HMeIOT caMOCT051TeJihHOe npOMhlWJleH

HOe 3Ha11ett11e H HCnOJib3YIOTCH .D:JlH no

BbIWeHl1H OKTaHOBbIX 411Cen MOTOpHoro 

TOnJlHBa 11 nony4eHHH 11306yTaHa. no

CJle,QH11H np11MeHHeTc5! B npouecce 1<a-
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TaJIHTH'!eCKOro aJIKHJJHpOBaHHH )J.Jl51 no

ny11eHHH 2,2,4-TpHMeTHJineHTaHa ( 1130-

0KTatta ). Cb1pbeM )J.1151 npott3Bo.n:crna 

11306yrnHa CJlY)!(HT 6yrnH, BbI,n:eJl5leMhIH 

113 ra3oB Heqnenepepa60TKH. 

nyTeM H30MepH3aUH11 Hatt60JJee 

nernoi1 irncT11 6eH3ttHa npHMOH nepe

roHKl1 - cppaKu1111 C
5
-C

6
, nonytJaIOT BhI

coKooKTaHoBbIH KOMCTOHeHT 6eH311Ha. 

Cyw,HoCTblO npouecca H30Mep113aum1 

HBJl5leTC51 KaTaJlHTHlJeCKOe npeBpaLL1e-

1-111e nerKl1X HOpMaJlbHbIX anKaHOB, 

l1Me10LL1HX H113WHe OKTaHOBble lJHC

na, B COOTBeTCTBYIOLLIHe yrneBo,n:opo

Llbl H30CTpoeHHH c 6onee BblCOKHMH 

OKTaHOBblM11 llHCJlaMH. l130Mep1naum1 

Bb!CWHX anKaHOB He .n:aeT cymeCTBeH

HOro nOBblWel-11151 OKTaHOBOro lJHCJla, 

n03TOMY B npOMbIWJleHHOCTH He npH

MeH5leTCH. 

TepMO)J.HHaMHKa, KHHeTHKa u Me

xaHHJM peaKUHH. KaTaJlHTHlJecKaH H30-

Mep113au1151 npoTeKaeT 06b111Ho KaK pe

aKUH51 nepsoro nop51,n:Ka c Ka)!(yLL1ettcH 

3Heprneii aKTHBau1111 =40 K)],)l(/ MOJlb. 

TepMo.n:111-1aMtttJecKoe paBHOBec11e 

B CMeCH HOpMaJlhHhIX 11 pa3BeTBJleH

HblX aJlKaHOB c nOBhIWeHHeM TeMne

paTypbl CMeLL1aeTC5! B CTOpo1-1y Hepa3-

BeTBJle l·IHbl X 11 MaJlopa3BeTBJle!IHblX 

crpyKTyp. 



lnasa 9. KaTamnW.J8CKV1ill CV1HT83 BblCOl<OOKTaHOBblX KOMnOH8HTOB MOTOpHblX TOnnV1B 

l130MepH3aUH51 aJIKaHOB - peaKUH51 

3K30TepMHqecKa51, HO KOJIHqecTBO Bbl

JJ,eJIHIOll.l,eroc51 Tenna HeBeJIHKO - 6-
8 K)],wMOJih. B npHCYTCTBHH KHCJIOT

HhIX KaTaJIH3aTopoB H30MepH3aUH51 

npoTeKaeT no uenHOMY Kap6KaTHOHHO

MY MexaHH3My. I1epsaH crnJJ,HH npouec

ca - o6pa3oBaHHe Kap6eHHeBoro HOHa 

R+ - onpeJJ,eJIHeTC51 KaTanH3aTopoM. 3a

TeM HacrynaeT cTaJJ,115! nepeJJ,aqH uen11: 

+ 
R+ + CH

3
CH

2
CH

2
CH

3 
~RH+ CH

3
CHCH

2
CH

3 

CneJJ,yIOll.l,He JJ,Be crnJJ,HH npeJJ,cTaBJJHIOT co6oi1 3BeHo uenH: 

+ + + 

CH
3
CHCH

2
CH

3 
~ CH

3
CH(CH)CH

2 
~ CH

3
C(CH)CH

3 

+ + 

CH
3
C(CH )CH

3 
+ CH3CH2CH2CH3~ CH

3
CH(CH )CH

3 
+ CH

3
CHCH

2
CH

3 

I10BTOpeHHeM 3TOfO 3BeHa ocymecT

BJI51eTC51 pa3BHTHe uenH. 

06pbIB uenH npOHCXO)J,HT BCJie)J,

CTBHe nepeHoca npOTOHa OT Kap6KaTH

OHa K KaTMH3aTopy. 

MexaHH3M H30MepmauHH Ha 6H

cpyHKUHOHMhHOM KaTanH3aTope MO)K

HO npeJJ,CTaBHTb cxeMOH: BHaqane npOHC-

XO)J,HT JJ,ernJJ,pHpOBaHHe HOpManbHOfO 

anKaHa Ha aKTHBHOM ueHTpe MeTanJIH

qecKoro KaTanH3aTopa, 3aTeM Ha KHC

JIOTHOM ueHTpe o6pa30BaBIIIHHC51 anKeH 

npeBpamaeTC51 B Kap6KaTHOH, H30Me

ptt3yeTC51 11, HaKoHeu, nocne oTpbrna 

rnJJ,pH)J,-HOHa OT HCXO)J,HOfO anKaHa Bbl

JJ,eJJ51eTC51 pa3BeTBJieHHhlH anKaH: 

H+ + -H2 
CH

3
CH

2
CH

2
CH

3 
~ CH

3
CH

2
CH = CH

2 
~ CH

1
CH

2
CHCH

3 
~ 

H1 

KaTaJIH3aTOpbI H30Mepu3au.uu. 
Hatt6onee aKTHBHBI B peaKuHHX H30Me

p111auHH KHCJIOTHhie 1<arnnmaTopb1. Hx 
MO)KHO pa3)J,eJIHTh Ha CJieJJ,ylOll.\He rpyn

nhI B nop51JJ,Ke y6hIBaHH51 aKTHBHOCTH: 

1) KHCJihie ranoreHM,lJ,hI (AIC/
3

, AlBr
3
, 

BF3, FeC/3' MgC/2, ZnC/2) c npoMOTO

paMH, B KaqeCTBe KOTOpbIX 06b1qHo HC

nOJih3YIOTC51 onecjmHhI 11 an1<11nranore

HHJJ,h1; 
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lnasa 9. Karanvin1YeCKV1Ci c 1~HT83 Bb1co1<0onaH0B b1x rnM110H e HTOB MOTupHLIX i011n11B 

2) B01lOP01lHbie KHCJlOTbI: xnopcynb

cpOHOBa51 (Cf SO/!), cjnopcyJ1bcpoHo

sa51 (FSO,H), n-rnnyonocyJ16cjl01·1osa51, 
J 

cjJoccjJopHa51, cepHa51 11 .np; 

3) KHCJibie OKHCJibI (AtPv Si02, 

Cr
2
0

3
, Mo0

3
, Th0

3
) 11 cynbcptt1lbl ( MoS2, 

MoS
3

, CoS). 
.D:ocTaTO'iHO BbICOKOH 1130MepH3Y!O

ll.leH aKTHBHOCTbIO 06na.na10T HeKOTO

pbie 611cjJyHKUMOHaJibHbJe KaTaJlH3aTO

pbI, noJly'ieHHhie coqernHtteM nepexo.n

HhIX MeTMJIOB HJlH HX OKHCJlOB (Co, Ni, 

Pt 1-1Jl11 Moo.I' WO) H K11cnb1x oKttcJlos. 

3n1 KaTaJ1H3aTOpbl MOryT 6b1Tb OTHece

Hbl K KaTaJlH3aTopaM KHCJlOTH0-3JleKT

pOHHOro THna. 

B paHHHX M01lHQJHKaUH5IX npoMbiw

neHHoro npouecca 1130Mepmau1151 ocy

mecTBJ151Jlacb Ha AIC/
3 

HJlH A/Br
3 

c 11c

nOJlb30BaH11eM B Ka1-IeCTBe npOMOTOpOB 

He60JlbWOro KOJlH'ieCTBa aJlKeHa 11 cy

xoro XJlOpttcToro so.nopo.na. I10Hb1 Kap-

6eHH51, nO-Bl11lHMOMy, o6pa30BblBaJlttCb 

no cxeMe: 

HCI + AIC/
3 
~ HAIC/

4 

+ 

CH
3
CH = CHCH

3 
+ HAICl-1 ~ (CH

3
CH

2
CHCH )AIC/

4 

Ilpouecc npOB01ll1JlC51 np11 OTHOCH

TeJlbHO Hl13KOH TeMneparype 90-120 °C, 
Kor.na paBHOBeCHe peaKUHH C)J,BttHyTo 

B CTOpOHY pa3BeTBJleHHbIX aJlKaHOB. 

He.uocTaTKH :noro npouecca: BbICOKa51 

KOpp03HOHHa51 arpeCCHBHOCTb KaTaJ1H-

3aTopa, TPY1lHOCTb oT.neneHH51 yrneso

.nopo.nos OT KaTaJIH3aTopa; HH3Ka51 ce

JieKTHBHOCTb npouecca H3-3a o6pa3osa

HH51 60JiblllOro KOJlH'iecrna no60lJHblX 

npo.nyKTos; 60JlblllHe noTeptt KarnmBa

rnpa s pe3yJihTaTe ero rn.npon113a 11 pac

rnopHMOCTH B yrneso.nopo.nax - OKOJIO 

1% Mace. 

B ycoseplllettcrnosaHHOM npouecce 

B Ka'ieCTBe KaTaJlH3aTopa HCnOJJb30-

BMH pacrnop 3-8% A/C/l B XJlOptt.ne 

cypbMbl (III), aKTHBHpOBaHHblH 6e3BO)l

Hb!M XJJOpHCTbIM B01l0p0IlOM OKOJJO S'Vci 
Mace. TeMnepaTypy no,a.nep;1rnsam1 1-ra 
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yposHe 65-100 °C . .ll:J151 ocywecrnJ1eH115I 

npouecca s )l(H1lKOH cpa3e np11MeH5IJJ11 

.nasJieH11e 2 Mila. Xorn n0Tep11 xJiop11-

.ua aJIIOMHHl151 HeCKOJlbKO CHl1311J111Cb, 

pacxo.n KaTaJ1H3aTopa OCTaBMC511lOCTa

TOlJHO BbICOKHM: 1-2,5 Kr A/C/l 11 0,15 
Kr SbC/

3 
Ha I M3 )KHnKoro 11J0Mep113arn. 

YcosepweHcrnosaHHbJH KaTaJ1H3aTOp 

TaK)Ke Bbl3blBaJI Koppo31110 o6opy.nosa

HH51. 

MHoroY11cneHHb1e He.nocTaTKH, yc

J10)KH5110mtte TexHOJ1or1110 npouecca 11 

'}KCnJiyaTaUH!O ycTaHOBKH, np11BeJ111 K 

TOMy, l.JTO H30Mepmau1151 Ha x:10p11.ne 

aJ1IOMHHl151 Tep5IeT 3Hal.JeHHe l1 BbJTec

H5IeTC51 1130Mep113au11ei:i Ha 611cjJyHKUHO

HaJ1bHblX KaTaJ1H3aTopax. EmpyHKUH0-

1-ianbHbie 1rnrnn11JaTopb1 1130Mep113aum1 

OTHOC51TC51 K nmy l<aTaJll13aTopos p11-

cjJOpl'v111Hra . 01-111 npe.ncTa BJ151IOT co6o~i 



1·11asa 9 i( Ci TCllll1TW-18 Ci( vH1 Cl~H Te3 BblCQl(QQI( raHOBblX 110 1v1r10 HeHTOB MOTOpHblX Tonn vis 

Mern1111b1 BOCbMOH rpynnb1 (Pt, Pd), 
HaHeCeHHble B KOJ1H4eCTBe 0,2-1 % Ha 

OKHCb amoMHHHSI ttnH ueonHT Ca Y, HY. 
3TH KaTaJ1H3aTOpbl 0611a)l.a10T )l.OCTa

T04HOH ceneKTHBHOCTblO )l.1151 H30MepH-

3aUHH a111<aHOB C
5
-C

6
, HO a1<THBHOCTb 

ttx HeBb1co1<a. Ilo3TOMY npouecc npo

BO)l.SIT np11 350-400 °C. )J.1151 npe,ll,OTBpa

Il\eHl1SI 3aKOKCOBblBaHHSI KaTaJltt3aTopa 

B CHCTeMe no)]Jlep)!<HBalOT )l.aBJ1eH11e 

BO)l.opo,ll,a 1,4-4,0 Mfla. 

BblCOKaSI TeMneparypa CHtt)!(aeT Tep

MO)l.HHaMtt4ec1<11 B03MO)!(HYIO CTeneHb 

1130Meptt3aUHH. AKTl1BHOCTb 611cjJyHK

UHOHaJ1bHOro KaTal1113aTopa MO)!<eT 

6hnb nOBhIWeHa, a pa60LI11e TeMnepa

TYPhl CHl1)!(eHbI, ec1111 noBbICHTb 1<11c-

110THOCTh HOCl1Tem1. f111aTHHOBblH 1111 11 

nan11a)l.HeBblH KaTa11H3aTop Ha OKl1CH 

aJllOMHHHSI c BBe)l.eH11eM B Hee 7-10% 

ra11oreHa no3so11S1eT npoBO)l.11Tb npo

uecc np11 100-130 °C. 
Heo6xo)l.11MhIM yc110B11eM HH3KOTeM

neparypHoi1 1130Mep113au1111, KaK H 1<a

rn1111T114ec1<oro pmpopM11Hra, S1B11.sieTcS1 

rny6oKa51 0411CTKa CblpbS! 11 BO,ll,OpO,ll,

CO,ll,ep)!(all\ero ra3a OT np11Mecei1 snam, 

cepbl, a30Ta, Kl1CJ10pO,ll,a, OTpaBJ1.s!IOil\11X 

KaTam13aTop. ,ll.11.si BOCOOJ1HeHl151 noTepb 

ra11oreHa Ha 1<aTa11113aTope B Cbtpbe BBO

)l.SIT He60l1bWOe K011!14eCTBO (nop51,ll,Ka 

)l.eC51THTbJC514HbIX )l.Ol1eH npouettTa) ra-

11orettopraH114eCKHX coe)l.11HeH11i1. 

9.2. AmrnJiuposauue pa3BeTBJieHHhIX 

aJIKaHOB aJJKeHaMH 

8b1co1<001<TattoBbIH KOMnoueHT 6ett-

311Ha - a111<11116eH311H (a111<1111aT6eu-

311 H) - no11y4a10T aJ1Kl11111pOBaH11eM pa3-

BeTB11eHHbIX anKaHOB a111<ettaM11. B npo

MbmrneHHhJX yc110Bl15IX peaKU:11IO npo

BO)l.SIT B np11cyTCTBHH cepHOH 111111 cpTO

p11CTOBO,ll,OpO,ll,HOH 1<11c110T. B 1<aqecrne 

a11KaHOBOro Cblpb.s! HC0011b3YIOT 1130-

6yTaH, 113 a111<eHOB tta116011bwee 3Ha-

4eH11e HMelOT HOpMaJlbHbie 6yT11JleHbl. 

0CHOBHblMH npo.D.yKTaMH aJ1Kl111HpOBa

Hl1SI 11306yrnHa 6yT11JieHaM!1 51BJ151JOTC.s! 

Tp11MeTH11neHTaHbl. 0KTaHOBOe 411CJIO 

2,2,4-TpttMeTHJrneHTaHa (11300KTaHa) 

np11H.s!TO 3a 100. 

TepMOll.HHaMHKa, KHHeTHKa u· Me

xaunJM peaKUHH. ArrKHJIHpoBaHHe pa3-

BeTBJieHHbIX aJIKaHOB aJIKeHaMH B 06-

11\eM BH)l.e Onl1CbIBaeTC.s! ypaBHeHHeM: 

CH +CH _,_.C H 
11 2n+2 111 2111 11 +111 2(11 +111) + 2 

Pea1<u11S1 11,[J,eT c BbI)l.e11eu11eM Tenno

Thr, no3TOMY npe,nno~n11TeJ1bHO npoBo

.UHTb npouecc nptt HH3KOH TeMnepaTy

p e. MexaHtt3M a111<tt1111poBaHHS1 B np11 

cyTCTBl111 Kl1CJIOTHbIX KaTaJil13aTopoB -

1<ap6KaT110HHhIH uerrttoif. Ha rrepBoi1 

CTa)l.1111 a111<eH pear11pyeT c npOTOHOM 

KaTan 113aTopa: 
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+ - + 

CH
3
CH = CHCH

3 
+HA ~ CH

3
CHCH

2
CH

3 
+A 

EyTHJihHhlH KaTHOH pearnpyeT c pa3BeTBJieHHhIM anKattoM: 

+ + 
CH

3
CHCH

2
CH

3 
+ CH

3
CH(CH

3
) 2 ~ CH3C(CH)2 + CH3CH2CH2CH3 

06pa3osasumikjl TPeTH'IHhlH 6YTHJihHhlH Kap6eHHeBhlH HOH np11coe.UHHjleTc5! K 

MOJieeyne anKeHa: 

+ + 

CH
3
C(CH

3
)

2 
+ CH

3
CH= CHCH

3 
~ CH

3
C(CH

3
)

2
CH(CH)CHCH

3 

BTOpK<IHhIH OKTHnhHhlH Kap6KaTHOH H30MepH3YeTC51 B 6onee ycTOHl.fHBhlH Tpe

THl.fHhIH: 

CH
3 

+ + I 
CH3C(CH) 2C(CH )CH2CH3 ~ CH31-1CH2CH3 

CH
3
CH

3 

+ + 
CH

3
C(CH) 

2
CH(CH )CHCH

3 
CH

3
C(CH) 2CH2C(CH )CH

3 

+ 
CH

3
C(CH )CH(CH )CH(CH )CH

3 

l130MepH30BaHHhIH HOH scryrraeT B 

peaKUHIO c HCXO,l(HhIM pa3BeTBneHHhlM 

aJIKaHOM c 06pa30Bam1eM KOHel.fHhlX 

npo.uyKTOB peaKUHH - H300KTaHOB H 

HOBhIX Kap6KaTHOHOB, T.e. pa3BHBaeTCH 

uenHoH rrpouecc : 

06phIB uerrH npo11cxo.u11T npH nepe- 6mo.uaeTCH pH.u no601.JHhTX peaKUHH: 

.ua'-!e npOTOHa OT Kap6Kan10Ha K aHHO- .ueCTpyKTHBHOe aJIKHIIHpOB3HHe, Il0Jll1-

Hy KHCJIOTbl. f1p11 aJJKHJI11pOB3Hl111 Ha- Mep1133UI151 aJJKeHOB 11 B3311MO.UeHCTBHe 
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aJIKeHOB c KaTaml3aTopoM (K11CJIOTOH) c 

o6pa30BaHl1eM CJIO)!(HbIX 3cp11pOB. 

,D:eCTPYKTl1BHOe aJIK11JI11poBaH11e npo-

11CXOJJ,11T B pe3yJihTaTe /3-pacnaJJ,a npoMe

)!(YTOl.fHhIX Kap6KaTl10HOB 11 np11BOJJ,l1T 

K 06pa3osaH11IO yrnesoJJ,opoJJ,oB C
5
-Cr 

Ponh 3Toro npouecca B03pacTaeT c TeM

neparypott. ITon11Mep113aum1 anKeHoB 

JJ,aeT npoJJ,yKThI 6onhwe11 MOJieKyn51p

HOH MaccbI, l.feM C8. ITpoueccb1 non11-

Mep113au1111 noJJ,aBJI51IOTC51 1136bITKOM 

11306yTaHa. B3a11MoJJ,ettcTB11e anKeHOB 

c KaTaJil13aTopoM CHl1)!(aeT KOHU:eHTpa

U11lO 11 aKTl1BHOCTb KaTaJil13aTopa. 

KaTaJiu3aTopb1 aJIKUJiuposauusi. 
KaTaJI113aTopbI anK11n11posaH115! MO)!(HO 

pa3611Th Ha cJieJJ,y10m11e rpynnhI: Ha oc

HOBe AIC/
3

; Ha ocHose M11HepanhHhIX 

Kl1CJIOT (H2S04, HF, H3PO); 110H006-

MeHHbie CMOJibl 11 ueOJil1TCOJJ,ep)!(aw11e 

KaTaJI113aTOpb!. 

Karan113aTOpb1 Ha OCHOBe AIC/
3 

He 

nonyl.f11JI11 w11p0Koro pacnpocTpaHe

Hl151 B npOMbIWJieHHOCTl1 113-3a aKTl1B

HOro 11Hl1U1111pOBaHl151 no60l.fHbIX pe

aKU:11H (noJI11Mep113au:1111, JJ,eCTPYKTl1B

HOro aJIKl1JI11pOBaHl151 11 np. ), a TaK)!(e 

cneu11cp11YeCKl1X HeJJ,OCTaTKOB xnop11JJ,a 

aJIIOMl1Hl151 (r11rpoCKOOl1l.fHOCTb, KOp

p031151 annaparyphI 11 JJ,p. ). OcHOBHOe 

3Hal.feH11e B JJ,aHHOM npouecce HecpTene

pepa6aTb1Ba10mel1 npOMbIWJieHHOCTl1 

11MeIOT cepHa51 11 cpTOp11CTOBOJJ,OpOJJ,Ha51 

Kl1 CJI OT bl. 

AnK11n11poBaH11e - npouecc reTe

poreHHhIH. X11M11l.feCKa5! peaKIJ,1151 npo

TeKaeT B Kl1CJIOTHOH cpa3e. CKopocTb 

npouecca JI11M11T11pyeTC5! JJ,11cpcpy311ett 

peareHTOB 113 yrneBOJJ,OpOJJ,HOH cpa3bl 

B Kl1CJIOTHyIO, 003TOMY Ba)!(HYIO poJib 

11rpaeT 11HTeHCl1BHOe nepeMeW11BaH11e, 

Heo6xOJJ,11MOe )J,JI51 C03JJ,aHl151 O)J,HOpOJJ,

HOH 3MYJibCl111. 

CepHa51 K11cn0Ta, 11cnoJih3yeMa51 B 

KaLieCTBe KaTaJI113aTopa, o6b!LfHO 11MeeT 

KoHueHTpau1110 96-98%. Eonee Bh1co

Ka5! KOHUeHTpau115! Kl1CJI0Tbl cnoco6-

CTByeT peaKU1151M OKl1CJieHl151 11 cyJih

cp11poBaHl15! yrnesoJJ,opoJJ,OB. CH11)!(eH11e 

KOHUeHTpau1111 Kl1CJI0Tbl BeJJ,eT K yBeJil1-

l.feHl1IO CKOpOCTl1 peaKu1111 TIOJil1Mep113a

U1111 aJIKeHOB, a TaK)!(e B3al1MOJJ,ettCTBl151 

11X c cepHOH Kl1CJIOTOH c o6pa30BaH11eM 

aJIKl1JICYIIbcparnB; KpOMe Toro, C03JJ,aeT

C51 onaCHOCTb KOpp031111 o6opyJJ,OBaHl151. 

06w11tt pacxoJJ, cepHOH Kl1CJIOTbl B 

no60l.fHbIX peaKU:1151X COCTaBJI51eT 100-
160 Kr Ha I T anK11JiaTa. 

B np11cyTcrn1111 cprnp11cToro BOJJ,O

poJJ,a, B OTJil1Lil1e OT peaKU:1111 c cepHOH 

Kl1CJIOTOH, aJIKl1IIl1pOBaH11e npoTeKaeT 

npaKTl1LfeCKl1 6e3 no60LIHbIX peaKIJ,11H 

JJ,a)!(e np11 HeKOTOpOM nOBbIIlleHl111 TeM

neparypbl (JJ,O 20-40 °C). 3TO TI03BOJI51-

eT npoBOJJ,11Th npoIJ,ecc 6e3 np11MeHe

H115! BHewHero oxna)!(JJ,emrn. K npe11My

mecrnaM HF nepe.JJ, H
1
S0

4 
OTHOC51TC51 

6oJibWa51 JierKOCTb o6pa30BaHl151 3MYJib

Cl1H c yrneBOJJ,OpoJJ,aMH 11 3HaLil1TeJibHO 

6onee BbICOKa51 pacrnop11MOCTb B Hett 

11306yTaHa, l.fTO YI o6ycJiaBJil1BaeT CHl1-

)!(eH11e pOJil1 no60LIHbIX peaKIJ,11H. 

11cnoJih3yeMa51 B npouecce cpTop11c

TOBOJJ,opoJJ,Ha5! Kl1CJIOTa 11MeeT KOHUeH-
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Tpau1110 80-90% 11 co.nep)l(11T Mettee I% 
BO.Ubl. <flTOpHCTblH BO.nopo.n nerno OT

.uem1eTCH OT BO.Ubl neperoHKOH . Pacxo.n 

HF cocrnsJrneT np11MepHo 0,7 Kr Ha I T 

aJ1Kl1JlaTa. 

CTepcneKTl1BHblMl1 K3TaJll133TOpa-

Ml1 HBJlHIOTC.H KOMnJleKCbl Tp11cprop11.na 

6opa BF3 . H20 . HF H BF1 . H:.so .. , 
a Ta10Ke ueon11Tco.nep)l(am11e KaTarn13a

TOpb1. 

CepHOKHCJIOTHoe a .r1K11nuposauue 

B npoMhilllJieHHOCTH. B np11cyrcrn11H 

H!SO., anK11n11poBatt11e npoBO.UHT npH 

5-10 °C, )laBJleHl111 0,6-1,0 Mna, KOH

ueHTpau1111 H2SO., 96-98%, COOTHOWe

Hl1HX Kl1CJ10Ta: yrneBO,llOpO.Ubl 1,0-1,5 11 

11306yrntt: 6yrnneHbI OT 6: I .no 15: I. 
CTp11MeHett11e Hl13KOH TeMneparypbI 

o6ycnoBJleHO yseJll14eHHeM paBHOBeC

HOro BbIXO.Ua pa3seTBJ1eHHblX anKaHOB 

11 CHl1)1(eH11eM pOJIH no6o<JHblX peaK

Ul1H ,B-pacmern1ett11H npoMe)l(yT04HbIX 

l10HOB, cynbcp11posaHl1H 11 OKHCJleHHH . 

CTOBbIWeHHoe )lasnett11e Heo6xo.n11Mo 

)lJlH TIO)J.)lep)l(aHH.H peaKUHOHHOH CMe

Cl1 B )1(11,IJ.KOM COCTO.HHl111 . CTp11 COOT

HOWeHl111 Kl1CJIOTa: yrneBO)lOpO)lbl 1,0-
1,5 ,UOCT11raeTCH nOJlHOe YBJ1e4eH11e 

yrneBO)lOpo.nHOH cpa3bl B 3MYJlbC11IO. 

l-fa6&ITOK 11306yrntta cnoco6crnyeT no

.nasnemno npoueccos non11MepHJau1111 

11 yBen11qemno Bh1xo.na anK11naTa. 

Cb1p&eM npouecca anK11n11poBaH11H 

B npOMbJUJJieHHOCTH CJIY)l(l1T 6yrnH-6y

THJ1eHOB3H cppaKUHH, conep)l(awaH 80-
85% yrneB0.1lopo.noB C

4 
11 15-20% yrne

Bonopo.no s C
3 

11 C5, Kornpy10 nonyc1a10T 
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c TepMOKaTaJ111Tl14eCKl1X ycraHOBOK. 

AnKaHbl HOpMaJlbHOro CTpOeHl1H c,-C5 
B peaKU11IO 3JIKl11111p0B3Hl1H He Bcryna

IOT, TI03TOMY 11X np11cyrcrn11e B Cblpbe 

He)l(eJiaTeJlbHO. J;[3 pa3BeTBJleHHbIX an

KaHOB Hal160JlbWee 3tta<1eH11e 11MeeT 

11306yrntt. CTp11MeHett11e B Ka4ecrna 

CblpbH ,UJlH aJIKHJ111pOBaHl1H 1130neHTaHa 

tteuenecoo6pa3HO 113-3a Toro, •ffo OH 

HBJlHeTCH ueHHbIM BhlCOKOOKTaHOBblM 

KOI'vrnOHeHTOM 6eH311Ha. 

Cywecrnettttoe BJil1HH11e Ha noKa3a

Temi npouecca OKa3bIBalOT TaK)l(e co

cTaB 11 KOJ1114eCTBO B Cblpbe anKeHOB . 

3nrneH npaKTl14eCKl1 He anK11n11pyeT 

H3o6yrnH, a rnaBHblM o6pa30M TIOJll1Me

pmyeTCH 11 pearnpyeT c KHCJlOTOH c o6-

pa30B3HJ1eM 3T11ncynbcjJarn . CTpon11neH 

BCTynaeT B peaKUHIO c H3o6yrnHOM, HO 

OKTaHOBOe 411CJ10 anK11JlaTa MeHbWe, 

4eM np11 11cnOJlb30B3Hl111 6yTHJleHOB. 

Bb1cw11e onecjrnttbI (C5 11 Bbiwe) B npo

uecce peaKu1111 06pa3y10T 110HbI 6onh

woi1. J'vlOJleKynHpHOH MaCCbl, CKJlOHHble 

K pacwenneH1110, 4TO yBem1411saeT Bbl

xo.n Hl13KOMOJleKyJlHpHbIX npo.nyKTOB. 

TaK11M o6pa30M, 113 anKeHOB C
2
-C5 .nm1 

3JlKl1Jl11pOBaHl1H Ha116onee TIO.UXO.UHT 

6ynrnett bl. 

KpoMe )1<11.LJ.KOro npo.nyKrn (anKH

narn) B npouecce nony4alOT cyxoi1 

ra3, OTpa60TaHHYIO 6yrnH-6yT11JleHO

BYIO cppaKUHIO 11 cepttylO K11cnory. 

Yrneso.nopo.nb1 11cnonhJY10TCH B .upy

rnx npoueccax, a oTpa6ornHHaH cepHaH 

K11c"10Ta no.nsepraeTcH perettepau1111 

11Jll1 11CnOJlb3yeTCH .ll.JlH 0411CTKl1 .npyrnx 

npo.ayKTOB. 
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9.3. flOJJHMepH33llHSI 3J1KeHOB 

Opouecc noJJ11Mep111au1u1 11cn0Jlb-

3ye-rc51 B Hecjnenepepa6aTbrnaioiuei1 npo

MbIWJleHHOCT11 B OCHOBHOM )J,Jl51 COB

MeCTHOH nepepa6oTKl1 npon11JJeHa 11 

6yT11JleHa B CTOJ111Mep6eH311H, npe)J,

CTaBJ151lOl.Ql1H co6oi1 rnaBHbIM o6pa30M 

CMeCb )J,11-, Tp11- 11 TeTpaMepoB c OKTa

HOBbIM 411CJ10M ::::::80. 

OoJJ11Mep113au11ei1 6ynrneHa 11 no

CJleL1.y101.Q11M rttL1.p11poBaH11eM Ll.11Mepa 

(1130-C8Hl6) np0113BOLl.51T TeXHWieCKHH 

11300KTaH, KOTOpblH TalOKe HCCTOJlb3Y

eTC51 B Ka4eCTBe KOMCTOHeHTa 6eH3HHa 

Ll.Jl51 nOBbJWeHl151 OKTaJ-IOBOro 4HCJla. 

OoJJ1111306yT11JleJ-1 np11MeH5leTC5I B npo-

113BOLl.CTBe Cl1HTeTH4eCJ<l1X KaY4YKOB 11 

3aryCTl1TeJleH MaCeJl. HOJlHMep113au11ett 

npon11JJeJ-1a noJJy4aIOT Tp11- 11 TeTpaMe

pbl, 11CCTOJlb3yeMbie B Ka4eCTBe Cblpb51 

Ll.Jl51 noJly4eHl151 MOIOlUHX seiueCTB. 

Hpouecc ocyiuecTBJl51JOT TepM114ec

Kl1M 11 TepMoKaTaJ111Tl14eCKl1M nyTeM. 

TepM114ecKy10 noJJ11Mep113au1110 npo

BOLl.5IT np11480-5500C 1110,0-13,5 MOa. 

Ee HeLl.OCTaToK - Hl13Ka51 ceJJeKTl1BHOCTb 

11 KpeKl1Hr o6pa3yl01.Q11XC51 npOLl.YKTOB. 

TepM114eCK11i1 cnoco6 np11MeH5leTC5I 

Ll.Jl51 noJJ11Mep113au1u1 aJJKeHOB C 2-CJ" 

KaTaJ111T114eCKYIO noJJ11Mep113au1110 

seL1.yT np11 160-250 °C 11 2,5-8,0 MOa. 

KarnJJ113aTOpb1 roTOB51T Ha ocHose cpoc

cj)OpHoi1 KHCJlOTbI. Opouecc ceJJeKT11-

BeH, KpeKHHra He Ha6JlIO)J,aeTC51. 

TepMOLl.HHaMnKa u MexaHHJM npo

uecca. l10JJ11Mep11Jau1151 a.nKeHoB Tep

MOL1.HHaMw1ecK11 B03M0)!(Ha (3Ha4eH11e 

CB060Ll.HOH :rnepnm f1166ca OTpttua

TeJlbHO) np11 TeMneparype He Bhiwe 

500-550 K. 

PeaKUM51 JK30TepMtt4Ha. TenJJosoH. 

Jq)cpeKT COCTaBmieT 71 ± 8 K,ll,)!(/MOJlb 

n0Jl11Mep113osasweroc51 OJJecp11Ha. PaBHO

secHa51 CTeneHb noJJ11Mep11Jau1111 BOJ

pacrneT c yseJJ11LJeH11eM L1.asneHl15I 11 CHH

)!(eH11eM TeMneparyphI. 

KaTaJlMTM4ecKa51 non11Mep113aUtt51 

npoTe1<aeT no Kap6KaTHOHHOMY Me

xaHl13My, COCT051I.QeMy 113 CJ1eL1.y10I.QHX 

CTaL1.11i1 (Ha np11Mepe npon11neHa). 

I. I1poToH11posaHtte anKetta Ha KaTa

J1tt3aTope: 

+ 

2. l1p11coeL1.ttHeHwe 06pa30Baswe

roc51 11otta K MOJieKyne anKeHa no 

.7r-CBH3H: 

+ + 
CH

3
CHCH

3 
+ CH

2 
= CHCH

3 
~ CH

3
CH(CH.)CH

2
CHCH

3 

feKCHJlbHbIH HOH MO)!(eT )J,anee nptt

coe)J,HHllTb noCJJeL1.0BaTeJ1bHO eI.Qe tte

CKOJ1bKO MOJleKyJl am<eHa c o6pa30Ba

HHeM HOHOB C,) 11 c1 2· 

3. HJoMeptt3al.{H51 HOHOB - BTO

ptt4Hble Kap6KaTHOHhI npespaI.Qa

IOTC51 B 6oJ1ee ycTOH4l1Bbie TpeTH4-

Hble: 
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l10Hbl C9 11 C
12 

TaIOKe 00)],BepraIOT

CS! 1130Mep113au,1111, O}lHaKO 3aTeM OHH 

JierKO pacrra}laIOTC51. Pacrra}l 110HOB c9 
11 C

12 
11p11BO}ll1T K o6pa30BaHHIO npO

.Ll.YKTOB c lfHCJIOM aTOMOB yrnepo}la, He 

KpaTHblM TpeM. 

4. PeaKu,11si 3aKaHlfHBaeTC51 nepe.na

qei1 rrpoTOHa OT Kap6KaTHOHa KaTaJTI13a

TOpy 11Jil111CXO}lHOMY aJIKetty; B03MO)l(eH 

TaK)l(e OTpbIB r11.nptt.n-110Ha OT HCXO.llHO

ro aJTKeHa Kap6KaTHOHOM. B nocne}lHeM 

CJiyqae 06pa3yeTC5I aJIKeHHJTbHblH HOH, 

.D.aJTbHei1urne npespameHH51 KOToporo 

Be)J.yT K o6pa30BaHHIO BbICOKOHeHaCbl

IJ.leHHbIX npo.nyKTOB, npOYHO CB513aH

HbIX c rrosepXHOCTbl-0 KaTaJTH3aTopa. 

KaTaJ1113aTOph1 noJ111Mep113au.uu. 
non11Meptt3al.l,l151 aJTKeHOB CJ-C4 c no

JiyYeHHeM CMeCH pa3BeTBJTeHHblX aJT

KeHOB, neperoH511-0lllHXC51 B npe.llenax 

TeMrreparyp KHneHl151 6eH3l1HOB, KaTa

Jll13HpyeTC51 pa3H006pa3HblMH KaTaJTH-

3aTopaMl1 KaTHOHHOH IlOJTHMep113au,tt11 . 

CTpaKTl1lfeCKOe npHMeHeHHe HMeJOT 

rnaBHbIM o6pa30M )].Ba KaTaJTH3aTopa Ha 

OCHOBe <Poc<PopHOH KHCJJOTbl. TBepnast 
ct>occt>opHaSI KHCJIOTa roTOBHTC51 npo

IlHTKOH rropowKa KI13eJibrypa paCTBO

poM H3PO~ c rroCJTe.llyIOwHM tjJopMoBa

HHeM Ta6JTeTOK H npoKaJJHBaHHeM npH 

300-400 "C. np116JTH3J1TeJlbHbIH COCTaB 
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KaTaJTH3aTopa ?
1
0

5 
• Si0

2 
• 2H

2
0. <Poc

tjlopttasi KHCJTOTa lfaCTHlfHO Xl1MHlJeCKH 

CB513aHa c OKl1Cbl0 KpeMHH51, a lJaCTHY

HO tjJ11311yecK11 a}lcop611posaHa. JKun
Kast ct>occt>opuast KHCJIOTa ua KBapu.e 
npe.llCTaBJT51eT co6oi1 KBapu,eBbIH neCOK, 

Ha KOTOpbIH HaHeceHa nJTeHKa KHCJTO

Tbl. CTo cpaBHeHHIO C KaTaJ1113aTOpOM 

nepsoro T11na TaKOH KaTa11113aTop nerYe 

pereHep11pyeTC5l npOMbIBKOH BO.llOH H 

nponHTKOH cse)l(eH KHCJTOTOH. Ero He

nocTaTOK - MexaHHYeCKHH y1wc KHCJTO

Tbl c nosepXHOCTH KBapu,a . 

AKTHBHbI TaI<)l(e HeKoTophre u,eon11T

co.llep)l(am11e 1<aTaJI113aTophr. 

MaKpoirnueTuKa npou,ecca. B npo

MhrrnneHHhIX ycnos11six non11Mep113a

u1111 anI<eH HaXO.llHTC51 B ra30BOH cpa3e, 

a pea1<u11si npoTeKaeT Ha nosepxHOCTH 

1<aTan111arnpa. C1<opocn peaKUHH JlHMH

rnpyeTC51 Macconepe}la'-ldi. Ka)l(ylJ.la51-

csi 3HeprH51 aI<THBau,1111 COCTaBJT5leT BCe

ro 21-31 K)J,)l(/ MOJJb. CTop51}lOK peaKU,HH 

6ml30K K 1, 11 ee CKOpOCTb, TaKHM o6pa-

30M, npsiMo nponopu110HaJTbHa napu11-

aJibHOMY }laBJieHHIO aJJKeHa. 

TeMneparypa npose}leHJrn npouec

ca He }l0JI)l(Ha 6b!Tb CJTHWKOM HI13KOH, 

TaK KaK y)l(e npH J 30 °C BMeCTO nO

JJHMepH3aUHH H}leT o6pa30BaH11e ljJOC

(j)OpHOKHCJJbIX 3(jmpos. HeJJb351 nonyc-



lnasa 9. !<aTan\11TW l8Ci<Vl !li CVIH H 0,3 BUCO!;Q Ol'.TCi HG8b[;'. :'.Or.mO H8HTOB MOTOpH b lX TOnn vis 

KaTh TaK)!(e qpe3Mepttoro nosh1wemrn 

TeMnepaTypbl, TaK Kai( BbIWe 220 uc 
ysem1q11saeTC5I sepo51THOCTh pacna.ua 

non11MepHbIX Kap6KaTHOHOB. KpoMe 

Toro, np11 Bb!COKOH TeMnepaType l1H

Tettc11cp111..1.11pyeTC5I peaKU1151 OTpbIBa rn.u

p11.u-110Ha OT 11CXO.UHOro aJIKeHa, B pe-

3YJibTaTe qero yseJI11q11saeTC5I Bb!XO.U 

CMOJI006pa3HblX HeHaCbII.l.(eHHblX npo

.UYKTOB, 6JIOK11py10w.11x nosepXHOCTb 

Karnn113aTopa. Bb1we 270 °C non11Me

p113au1151 CTaHOBl1TC51 TepMO,U11HaM11qec

Kl1 HeB03MO)!(HOH. 

ITosb1weH11e .uaBJiett115I He TOJibKO yc

KOp51eT npouecc, HO 11 yseJI11q11saeT cpoK 

)KHJHH KaTaJil13arnpa, TaK KaK y.uep)!(11-

BaeT B )1(11.UKOH cpa3e OJil1fOMepHbie 

npo.uyKTbl, KOTOpbie CMblBaIOT c no

BepXHOCTl1 KaTaJil13aTopa CMOJil1CTbie 

OTJIO)!(eHl151 . ,UaBJieH11e He cnoco6CTBY

eT yrn)!(eJieH11IO non11Mep6ett31rna, TaK 

KaK np11 11Cil0Jlh3yeMbIX TeMneparypax 

noJI11MepHbie Kap6KaHIOHbl c Bb!COKOM 

MOJieKyJI51pHOH MaCCOH 6h1CTpo pacna

.uaIOTC51. 

B ueJI51X npe.uornpameH115I no6oq

HhIX peaKU11H npouecc .uo nOJIHO

ro 11CilOJib30BaHl151 a.JIKeHOB He se.uyT, 

a 06ecneq11BaIOT np11MepHO 90%-HyIO 

Kottsepc1110. KottBepc1151 onpe.uen51eTC51 

TeMneparypoli, .uaBJieH11eM, aKTl1BHO

CTbIO KarnJI113aTopa. B 3as11c11MOCT11 

OT 3THX cpaKTopoB o6beMHa51 CKOpOCTb 

COCTaBJI51eT J ,7-4,0 q- 1
• 

nOJJy•teHHe flOJHtMepOeH3HH3 B npo-

MhIUJJJeHHOCTH. n OJI l1Mep113aUl1IO 

am<eHoB c uenhIO nonyqemrn rron11Mep-

6ett311Ha B npOMbIWJleHHbIX ycJIOBH51X 

ocymecTBJI51IOT np11 175-245°C 11 .uas

neH1111 ""'6 MTia B np11cyTcTB1111 cpoc

cpopttoK11cJib1x KaTanl13aTopoB. Cb1pbeM 

.UJI51 nonyqett115I non11Mep6ett311Ha cny

)KaT 06b1qtto He q11cTb1e aJIKeHbl, a yme

so.uopo.UHbie cppaKu1111, nonyqaeMhie 

B pe3yJibTaTe TepMOKaTaJIHTH'IeCKHX 

npoueccos, n11pom13a 11 .uern.up11po

BaH115I . W11p0Ko 11cnOJih3YIOTC51 npo

naHnpomrnettosa51 11 cppaKQHH C
3
-C4. 

Co.uep:»<am1e anKeHOB B Chiphe JJ:OJl)!(HO 

6hITb He Hl1)!(e 20% 11 He BbIWe 40% BO 

1136e)!(aH11e Cl1JlbHOro pa3orpeBa BCJie,n;

CTBHe 3K30TepM111.jH0CTl1 npo1.1.ecca. 

flo CKJIOHHOCTl1 K nOJIHMep113aQHH 

aJIKeHbl MO)!(HO pacnOJ10)!(11Tb B p51,n;: 

1'fao6yrnnett > 6yT11neH > 
> nporrnneH > 3THJieH 

ITon11Mep6eH3HH npe.n;cTaBJIHeT co-

6oli CMeCb OJ111fOMepoB OTHOCHTeJib

HO HeBbICOKOH MOJleKyJIHpHOH MaCCbl, 

neperow110w.y10c51 B HHTepsane TeMne

paTyp 200-250 °C. Bero COCTaB BXOMT 

94% anKeHOB, 5% aJIKaHOB H UHKJIOaJI

KaHOB 11 I% apeHoB. 

ITon11Mep6ett3HH 06b1qtto HMeeT OK

TaHOBoe qHcno 82-84 11 oqettb xoponrne 

CMCCl1TeJ1bHbie xapaKTepHCTHKl1: B CMe

Cl1 c ,n;pyrnMl1 6eH311HaMH OH Be,n;eT ce651 

I<aK npo.uyKT c OKTaHOBbIM 1.jl1CJ10M 90-

95 B 3aBHCl1MOCTH OT np11pO.Ubl KOMno

HeHTOB, c KOTOpbIMH ero CMeWJ.iBaIOT. 
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fJIABA 10. OCHOBbl TEXHOJ10r11H nPOl13RO)lCTBA 
HE<l>T51.HblX MACEJl 

Heq>T.HHhie MirnepanbHbie Macna ca

Moro pa:moro Ha:maqemrn: 11onyqaJOT H3 

OCTaTKOB aTMOc<lJepHOH 11eperOHKH -

Ma3YTa. IlpoQecc 11po113soncrna mo6btX 

MaCeJI COCTOHT H3 3 :nanos: 

l) 110.n.roTOBKa Cbipb.H - nonyqemie 

HCXOJlHbIX MaCJI.HHbIX cppaKQHH; 

2) 110JiytieHHe KOMl10HeHTOB H3 HC

XO.D.HbIX MaCJI.HHbIX cppaKQHH; 

3) CMerneHHe KOMITOHeHTOB (KOM

nayH.D.HposaHHe) H «c.n.a6pHB3HMe» HX 

npHC3JlK3MH ;:i:mI 11ony4emrn TOBapHblX 

MapoK Macen. 

11o;:i:roTOBKa Cblpb.H 33KJl l-OLl3eTC51 B 

pa3roHKe Ma3yrn 110.[J. B3KYYMOM . <DpaK

QHH, HCITOJlb3YeMbie .[J.Jl51 npOH3BO)JCTBa 

Macen, no c11oco6y 11onytieHM.H nenHT 

Ha )]Be rpynnbl'. .[J.HCTHJIJI51THble - BbJ)Je

JI.HeMbie B BH.[J.e noroHOB npM BaKyyM

HOH pa3roHKe Ma3yrn (300-400, 360-
420 H 420-450 °C), H OCTaTOlJHble -

OCTaTOK B3KYYMHOH neperoHKH Ma3y

Ta (Bbillie 500 °C), T.e. rynpoH. CooT

BeTCTBeHHO, M3CJia, 11onyqeHHbie npH 

nepepa6oTKe )JHCTHJIJI.HTHblX M3CJl.HHblX 

cppaKQHH, Ha3b!B3JOT .[J.HCTHJIJIHTHb!MH, 

Macna, noJiyqeHHbie H3 ry.n.potta, - ocrn

TOl!HhIMH. 

np0113BO)JCTBO KOMITOHeHTOB 11 3 HC

XO)JllblX M3CJl51HblX cppaKUHH - CJlO/K-
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HhIH, MHorocrynetttiaThIH 11p0Qecc. 

Octtosttoe Ha3HatieHHe K3)1{.D.OH cry-
11eHH - 110JlHOe HJIH qaCTHtIHOe y.n.a.ne

HHe onpeneneHH&Ix rpynn coen11tte

HHH, oTpm.(aTeJlhHO BJlHHIOmHx Ha 

11<cnnyarnu110HHbie csoiicTsa Macen. 

J;l3 HecprnHhIX cppaKQHH He06XOJlHMO 

y.n.aJIHTb see KHCJl&1e coe.n.HtteHH.H, He-

11pe,JJ,eJlhHb1e yrneBOJlOPOJlhl, tI3CTHtIHO 

cepHHCTble YI CMOJlHCTbie coe,JJ,11HeHH5! , 

ITOJIHUHKJlHlie CKHe apoMaTHtieCKMe yr

JleBOLlOPOJibl c KOpOTKHMH 6oKOBblMH 

uenHMH , Tsepnb1e napaqrnHbl. 

B ocHosy npoH3BOJlCTBa KOMno

HeHTOB MaCeJl H3 HCXOJIHblX M3CJl51HblX 

cjipaKUHH ITOJlO)l(eHbl MeTO)J,bl H36Hpa

TeJlbHOro ynaneHH51 yKa3aHHbIX Bbillie 

He)KeJiaTeJlbHblX KOMl10HeHTOB. 3TH Me

TO)J,bl MoryT 6b1Tb QlH3Hl!eCKHMH - 3KCT

paKUH51 pacTBOpHTeJJHMH, OC3)J()J,eHHe 

H3 paCTBopa npH ITOHH)l(eHHH TeMnepa

TYPbI; cptt311Ko-x11M11l!ecKHMH - a)J.cop6-

um1; XHMH4eCKHMH - B33HMO,JJ,eikTBHe 

c cepHOH KHCJlOTOH, rH)J.pOOl!HCTKa. 

11pOH3BO)J.CTBO OCTaTOtIHb!X Macen 

CJJO)J(Hee, 4eM )J.HCTHJJJI.HTHb!X H3-33 

BhICOKOro CO,JJ,ep)f{3HH.H CMOJJHCTO

accpanbTeHOBbIX serneCTs s rynpoHax. 

nony LJeHHblH npH B3KYYMHOH p33l'OHKC 

r ynpoH non s epra 10T npe 11<n e scero n e-



lnasa ·10. OcHOB bl Tex Honor111111 npm1 3ao,qcrna Hec:j:JrnHblX Macen 

accpanhT113au1·rn - ynamnoT cMon11cTO

accpanhTeH0Bb1e Belll,eCTBa. ,lJ,eaccpanb

Tl13aT HanpaBJI5llOT Ha 0411CTKY 113611pa

TeJibHblMl1 pacrnop11Tem1M11 ( ceneKTl1B

HYIO oi.i11cTKy) cpeHonoM 11n11 cpypcpy

ponoM. U,eJJb ceJJeKTl1BHOH 0411CTKl1 -

113BJJe4eH11e OCTaT04HblX CMOJIHCTO-aC

cpaIIbTeHOBblX Belll,eCTB 11 nOJJl1Ul1KJJl1-

4eCKl1X apoMaT11i.iecK11x yrnesonoponoB 

c KOpOTKl1Ml1 6oKOBbIMI1 uern1M11 (BMe

CTO neaccpanbT113au1111 11 ceneKTHBHOH 

0411CTKl1 MO)!{HO np11MeHl1Tb 0411CTKY 

napHblMI1 paCTBOpHTem1M11) . 

lb pacp11HaTa ceneKTl1BHOH 0411CTKI1 

oca)!{naJOT rnepnb1e napacp111-1b1 np11 no

Molll,11 Tal<HX 111611paTeJJbHbIX paCTBO

p11TeJJdi, KaK aueTOH, ).l,11XJJOp3TaH 11 

np. flponyKT nenapacp11mnau1111 OKOH

i.iaTeJJbHO ,II.OBO).l,51T ,II.O KOH1ll1U1111 nyTeM 

ancop6u110HHOH 11JJl1 fl1Jlp00411CTKl1. 

,lJ,11CTl1JJJJ5ITHble MaCJJ51Hble qipaK

UHH, KaK npaBHJIO, B neaccpanbTH3aUH11 

He HY)!{,II.aJOTC51. B ocTaJJbHOM 06lll,11e 

cxeMbl np0113BOJlCTBa ,II.11CTl1JIJJ51THblX H 

OCTaT04HbIX MaceJJ COBnanaJOT. 

BHenpeH11e B ttecjnenepepa6aTbma

JOIUYJO npOMbIWJJeHHOCTb npoueccOB 

rnnpo1<peK11Hra 11 rnnpo1130Mep113au1111 

HeCKOJJbKO 113MeHHT cxeMy noJJy1leHl151 

n11cT11nn5ITHbIX Macen. flponyKT rnnpo-

1<pe1<11Hra BaKyyMHOfO fa30HJJ51 cppaK

Ul151 350 °C - K.K. npencrnsn51eT co6oi1 

UCHHOe Cblpbe nm1 npo1nrionc1Ba Macen 

11 HY)(<naeTC51 TOJJbKO B nenapacj111H11-

1au1111. 

IX-0080 

8b1coK0Kai.iecTBeHHbie Macna MO)!{HO 

nonyi.iaTb TaK)!{e np11 rnnpoH30MepH3a

u1111 napacjmHOB 11 rai.iei1 - no6oi.iHbIX 

npoJiyKTOB )lenapacp11H113au1111 Macen. 

B pe3ynhTaTe 01ll1CTKH MacmIHhIX 

cppaKUHH OT CMOJIHCTblX BeruecTB U.BeT 

MaCeJI 113MeH51eTCH - OHM CTaHOBHT

C51 csernee. YnaJieHHe CMOJIHCTbIX se

lll,eCTB 11 nOJII1Ul1KJil14eCKI1X apoMaTH

YeCKHX yrneaonoponos c KOpOTKHMH 

6oKOBbIMl1 uen51MH cnoco6crnyeT cHH

)!{eH1110 KOKcyeMOCTH 11 nOBbIWeHHIO 

11H.UeKca B513KOCTH Macen. Y.uaneHHe cMo

JJHCTb!X BClll,CCTB 11 Henpe,II.eJibHblX yrne

BOnoponoB 3Ha411TeJibHO yBenttq11saeT 

TepMOOKHCJil1TCJJbHYIO CTa611JibHOCTh. 

04HCTKa OT Kl1CJlbIX coen11HeHHH CHH

)!{aeT KOpp03110HHYIO aKTl1BHOCTb, a Bbl

neJJeH 11e 111 cocTasa Mac en TBepnhIX 

yrnesonopo.uos np11so,II.11T K noH11:>Ke

HH10 TeMnepaTypb13aCTbIBaHl1H. 3cjJcpeK

Tl1BHOCTb TeXHOJlOr11qeCKHX npoueccoB 

npOI13B01lCTBa MaCeJI xapaKTep113yeTCH 

.UOCTl1)!{eHl1eM Heo6XO).l,l1Mb!X KatfeCT

seHHblX no1<a3aTenei1 Macen, a TaK)!{e 

BbixonoM uenesoro npo,II.yKTa. 

MacJia TOBapHbIX MapoK np11ro

TOBJJ5!10T CMeWeHHeM OT).l,eJibHbIX 

KOMnOHeHTOB (KOMnayH).J,HpOBaHHeM) 

c no6asne1-111eM npttcanoK. Hanp11Mep, 

i.ieTbipe MapKH TOBapHbIX MaCeJI MO)!{

HO nony411Tb 113 Tpex KOM noHeHTOB, 

xapa1nep11cn1Ka KOTOpb1x np11son11Tc5I 

Hl1)((C: 
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lnasa 10. 0CHOBbl TeXHOJlOrvivi npOV13BOACTBa HecprnHblX Macen 

1-u 2-u 3-u 
KOl\IUOHeHT KOMUOHeHT KOMnOHeHT 

(350-420 °C) ( 420-500 °C) (Bb1me 500 °C) 

Bll3KOCTb, MM2/c 

np11 50 °C 14,4 42,1 -
np11 100 °C 4 7,5-8, 1 22-24 

l1H.D.eKC Bll3KOCTl1 87 83 84 

TeMnepazypa 3aCTbIBaHl1l!, °C -30 -30 -23 

TosapHbie MacJia, noJiylieHHbie 113 3Tl1X KoMnoHeHTOB, 11Me10T cJie)J,y10m11i1 co

crns [s % Mace.]: 

1-if 2-u 3-u 
KOMUOHeHT KOMUOHCHT KOMDOHCHT 

(350-420 °C) ( 420-500 °C) (BblWC 500 °C) 

AsToTpaKTopHoe Maeno 

AC-6 

AC-10 

As11aMacno MC-20 

BepeTeHHOe 2 

Ilp11roTOBJieH11e TOBapHbIX MaceJI 

ocymecTsm1eTcH Ha ycrnHOBKe KOM

naytt)J,11posaH11H. EcJI11 11Me10TCH Jier

K11e, cpe)J,H11e 11 rn)l(eJibie )J,11CTl1IIJIHT

Hbie, a TaK)l(e OCTaTOl{Hbie KOMnOHeHTbl , 

TO MO)l(HO rrp11rOTOBHTb MaCJia nOl{Tl1 

JIJ06bIX copras. CooTHOIIIeHHe KoMrro

HeHTOB ycTaHaBJIHBa!OT no HOMorpaM-
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42 68 -
- 70 30 

- 12 88 

100 - -

MaM )J,JIH onpe)J,eJieHl151 BH3KOCTl1 CMe

ceii tteqnenpo)J,yKTOB B 3as11CHMOCTH 

OT B513KOCTH KOMnOHeHTOB 11 KOHel{HOH 

BH3KOCTH Tosapttoro MacJia. B Ka)l(.D.OM 

OT)J,eJibHOM CJiyqae COOTHOI.UeHHe KOM

noHeHTOB yTOl{HHeTcH s cooTseTcTs1111 

c na6opaTOpHbIMl1 aHaJI113aMH fOTOBOfO 

MacJia. 



rJIABA 11. nPOH3BO)JCTBO flAPA<l>HHOB, UEPE3HHOB, 
nJIACTH4HblX CMA30K, KHCJIOT H CYJlh<l>OKHCJIOT 

H3 HE<l>TH 

11.1. TsepJJ.hle napa..,HHhl 
u uepe3HHbI 

no11hwy10 YaCTb TOBapHbIX napacjm
HOB npo113Bon.iiT Ha HecjJTenepepa6aTbI
BaIOlll,11X 3aBonax np11 nepepa6oTKe n11-
3eJThHbIX 11 MaCJI.HHbIX cppaKUHH napa
QJl1Hl1CTOH Hecprn. TBepnb1e napacjmHbI 
no11y11a10Tc.i1 np11 nenapacjmH113au1111 
n11CTl1JIJl.HTHbIX MaceJI, uepe311Hbl -
np11 nenapacjmH113aU1111 ocrnTOYHbJX 
Mace11. KpoMe Toro, ucpe311Hb1 11011y
Ya10T np11 nepepa6oTKC 030Kep11rn 
nyTeM Bhm11as11eH11.i1 opr-a1-1w1ecKoi! 
Yacn1, OTfOHKH 11ernoi1 Y3CTl1 11 OlJHCT
KH OT CMOJIHCTbIX Bewecrn rnepnoro 
OCTaTKa. CTapacpHHbl (KpOMe MapoK na
pacjmHa n11.ii CHHTe3a 11 CflHYeYHOro) 
npencrnB11.i110T co6oi1 Macey 6e11oro 
uBern 6e3 3anaxa. )J,11.ii pa3HbIX MapoK 
napacjmHOB nonycKaeTcH conep)1<a1111e 
Mac11a OT 0,5 no 5%. )J,11.ii rmweBbrx na
pacp11HOB 11CKJllOYaCTCH np11cyTCTBl1e 
6eH3n11peHa. 

CTapacp11HOBbJe yrneBonopOnbl Bbllle
JI.HIOT 113 HecpT.HHb!X cppaKUHH: 

- HenocpencTBeHHbIM OXJla)KneH11eM; 
- OXJia)f(neHHeM c npHMeHeHHeM H3-

6ttpaTeJlbHbTX pacrnop11Te11d\. 
)],11.ii 11011yt1eH11H napacjHrna nepBbJM 

cnoco6oM )lHCTl1JlJlHTHYIO MaCJTHHYfO 

cppa1<u1110, conep:arnmyio 20-30% napa

cp11HOBbIX yrneBonoponoB, c BH3KOCTblO 
np11 50 °C He 6011ee 9-11 MM2/c, ox11a)f(

na10T B xo11on11JibHl1KaX 11 K]J11CTaJIJil1-

3aTopax, KaK npaB11110, B nBe cryrreH11. 

OpenBap11TeJTbHO HarpeTbitt n11cT111111HT 
OXJla)KllalOT B nepBOH cryneH11 no 12-
16 °C, Bb1ne1111Bw11ecH rnepnbie yrne

Bonoponb1 OTlleJI.HlOT QlMJibTpOBaHl1eM; 
BO BTO]JOH nyneHH OXJia)f(naioT no 2 °C 
Qll1JlbTpaT nepBOH cryneH11 H CHOBa OT

rteJlHIOT TBeprtb1e yrneBonoponbt. Tsep

llblil nponyKT c 06e11x cryneHei1 06b
CD11HHJOT. OH npenCTaBJI.HeT co6oi1 He

oY11weHHh1i1 napacp1rn, tty)f(na10w11ttcH 

B naJTbHei1wefi nepepa6oTKe, 11 HOCl1T 
Ha3B3HHe C'G l/ . 

CT011yYeHHbIH np11 nenapacp11tt113a
u1111 MaCJIHHblX 1ll1CTl1JIJIHTOB nponyKT 

TaK)!<e Ha3bIBaeTC.H ra11eM 1-f CJTY)!(l1T 

CbipheM n11.ii npo113BO)lCTBa napaqmtta. 

CTpO!lYKT, BbJ)leJTeHHbltt 113 ocTaTOYHbIX 

MaCeJI 11 flOJTYYHBllIHH Ha383Hl1e nempo
J?amy11a, HBJTHeTCH CblpbeM n11.ii np0113-

BOncrna uepe311Ha. 
fay 11 neTponaryM co)lep)f(aT 3HaY11-

TeJibHOe KOJIHYe\::TBO Macna, fl03TOMY 
nnH noJiyYeHHH TOBapHOfO napacp11Ha 11 

uepe311Ha 11x Heo6xon11Mo nonseprnyTh 
o6e3Macmrnam110. Opouecc o6e3Mac-
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lJl38 3 11. npoM380,CjCTBO n ap:J cj) l 11 iOB . Lj 8 p 83 11 HOB. 

nnaCTMYHblX CM330K . K~ICJlOT 1-1 C)'Jlb li)Q!; ~I CJl OT I !3 l: c"cinH 

mmamrn MO)l(HO secn1 cnoco6oM noTe

Htrn, m160 c np11MeHem1eM ;13fo1paTeJJb

HbIX pacrnop11TeJlett. 

06e3MaCJIHBauue napactmua cno
co6oM n0Teum1. 00Tem1e - nepMO.ll.11-

qecKHH npoQecc, KOTOpblH npOB01ll1TCSI 

B cneQH3JlbHblX TenJJOH30Il11pOBaH

HbIX KaMepax, HMe!OWHX no CTeHaM 

napOBbie 3MeeBHKH. BHyTpH KaMep 

ycTaHaBJlHBaIOT annapaTbI llJlSI noTe

HHH, KOTOpbie COCTOSIT H3 Herny60Kl1X 

npSIMOyroJibHblX )l(eJJe3HbIX TapellOK 

pa3MepoM 12x3x0,2 M, ycTaHOBJleHHbIX 

O.D.Ha Han .upyrott . .LJ:Ho KaiK.UOH rnpeJJKH 

npe,llCTaBJlHeT o6paw,eHHYIO BHl13 nH

paMH,lly, 113 sepumHbl KOTOpOH Bb!XO.UHT 

CJlHBHa}I Tpy6a. Bee CJlHBHbie Tpy6b1 

co611pa10TCH B 06w,11i1 KOJJJleKTop. B rn

pellKe ycTaHosneHa rop1130HTaJl bHaS1 

MeTaJJJIH4eCKa}I peweTKa, Ha KOTOpy10 

-
~ -. -

I 
~ -- ----...._ - · - --? 

'I'\ 
~ 

t i t u; .. 

I 

YKJ1 31lbIBaIOT ceTKY 11 BO,llSIHOH 3Mees11K. 

00.U CeTKOH HMeeTCSI napOBOH 3MeeBMK. 

06m11i1 B11,ll JTa)l(epKYI, COCTaBJleHHOH 

113 I 0 TapelloK, nOKa3aH Ha p11c. 11.1. 

Oepe.u Ha4aJJoM npoQecca noTeH11S1 

rnpeJlKH HanOJlHSllOT BO.LI.OH .ll.O peweT

Kl1. Ha BO.ll.Y HaJ111BalOT CJlOH B 15 CM 

pacnJlaBJleHHOro ra4a, no.D.atoT B BO.LJ.51-

HOH 3MeeBl1K BO.ll.Y 11 OXJla)l(,llalOT napa

cjrnH no TeMneparypb1 Ha 5-6 °C H11)1(e 

TeMnepaTypbI noJlHOro 3arnep.D.eBaH11}1. 

Bo.uy 113 rnpelloK cnycKaIOT. 0oJly4eH

HbIH TOHKl1H CJlOH napaqrnHa ynep)l(11-

BaeTC51 ceTKOH. KaMepy llJlOTHO 3aKpb1-

sa10T 11 Ha411Ha10T HarpesaTb co cKopo

CTblO I °C/4 np11 110Mow,11 3MeeBHKOB, 

pacnOJlO)l(eHHblX Ha CTeHax KaMepbl, 

npHMepHO .uo 40 °C (B 3aBHCHMOCTH OT 

TervmepaTypb1 nJlaBJleH11SI: napaqmtta). 

Op11 :noM 113 raya BbITeKaeT cMecb Mac-

4 -
I J 

~ 

6 
J 

~ - ..... 
I 

l r-

I l -- -. -- -;,Jo. 
I 

"1 ~~ ., • 
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Puc. 11.1. 3ma.J1cepKa o.rn nomeHl/R naparpztHa: 

1 - noOBoo napa; 2 - mpy61>1 o.rm noorux)a pacn:WBJieHHO?O 11aparfm11a; 3 - mpy61>1 
O:ifl nooeooa BOOb1 ; 4 - napoeoti J.HeermK: 5 - peu1e11u.:a: 6 - 11wpe.'1Ku; 7 - 011uwr) .. \facJ1a 
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l JlaBa 11. n pm1380,0CTBO n apacp VIHOB. Lj8p83VIHOB , 

n naCTW1H »I:< CM3JOI'. . l '. i·ICilOT 1'1 cyn bcpO KVICilOT \'13 Hecpn1 

JJa H HH3KOnJJaBKOro napacpttHa. 3TOT 
npo.uyKT noJJy4ttJJ Ha3Bam1e oTeKa. 
0TeK B03BpaLQa!OT B ,UHCTHJIJISIT nepe.u 
nepBOH czyneHb!O OXJJa)l(,UeHH5!, MaCJJO 

noJJHOCTb!O y.uam1eTC5! BMeCTe c HH3KO
nJJaBKHMH rrapaqrnHaMH. 0CTaBWHHC5! 
BbICOKOITJ1aBKHH rrapacpHH pacnnaBJ15!
!0T, rro.uaBa» BO,U5!HOH nap B rrapOBOH 
3MeeBHK, 11 co611pa!OT B cneu:HaJJbHblH 
o6orpeBaeMbIH pe3epsyap. 113 l 00% 
ra4a rrony4aeTc» npHMeptto 50% napa
cp11Ha-cb1pu:a. 

CooTHowetttte 

06eJMaCJJusauue napa«j>uua c npu

MeHettueM H36HpaTeJJbHblX pacT

BOpHTeJJeii. HenpepbrnHbJH npou:ecc 
o6e3MaCJJHBaHH» ra4ei1 H rreTponary
MOB c npHMeHeHHeM H36ttpaTeJibHbIX 
pacTsop11TeJ1ei1 attanorH4eH rrpou:eccy 

.uenapaqmtttt3aUmi MaceJJ. 
Pa3JJH4He COCTOHT B TeMrreparyp

HOM pe)l(HMe. HH)l(e rrpttBO.UHTC5! pe
)l(HM pa60Tbl ycTaHOBKH o6e3MaC
JIHBaHH5! rrapacpHHa rrpOH3BO,ZlHTeJib
HOCTb!O 260 T/CyT.: 

pacrnopMTenb: Cblpbe rrepe.u cpHJibTpOM .......................... ( 4,5+5) : 1 
pacrnop11Tenb: rrapacpttH Ha I czyneHH ..................................... 4: 1 

TeMrreparypa, °C 
paCTBOpa ... ... ...... ....... .... ....... ...... ... ....... .... ...... .... .......................... 80 

<l>ttJibTposamui: 
Ha I cryrreHH ............................................................................... 0-1 
Ha II cryneHH ... .......................................................................... 5-6 

,[(asneHtte pacTBopa, MITa .............................................................. : .................. 1,2 

MaTepuaJJbHbIH 6aJJauc ycTaHOBKH o6eJMaCJJHBaHHH raqa 

[e % Mace.] 

llocmynww 
fa4 ...... .. ... ... .............................. .. .. ... .. 100 
PacTBop11TeJib .. .............. .. .... ..... ..... .. ... 500 

Hmozo: ............................... 600 

lloRy~eHo 

PacTBop napaqnrna 
napaqnrn Heo1n1111eHHbIH ............................... 56 
pacTBOpHTeJib ................... ............................ 132 
PacTBop MacJia 
OTXO.Ubl MaCJia ............... .... .............................. 44 
paCTBOpHTeJib .............................................. 368 

I1mozo: ......... ..... .. .......... ..... .... .... ................... 600 
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lnasa 11. npOV13BOACTBO napacj}V1HOB , Lj8p83 V1HOB , 

nnaCTV1LJHblX CM830K. KV1Cn OT ~1 cynbcjJOKMCfl OT MJ HeqJTM 

flpouecc nenapacpHHH3amrn Macen 

11 o6e3Mac1111BaHHH ra'-la HepenKo coB

Mewa10T Ha onHoi1 ycTaHOBKe. Brnen 3a 

nony'-leHHeM raqa B QlHJ1hTpe I cTyne

HH ycTaHOBKH nenapacpHHH3aUHH Ma

cen ero nonBepra10T o6e3Mac1111Bam110 

B cp1111hTpax II H III CTyneHei1. KoM611-

HHpoBaHHe npoueccoB nenapacp11HH-

3au11H MaCeJI 11 o6e3M3CJ1HB3Hl1H ra'-leH 

n03BOJ1HeT HMeTb O,llHO OTD,eJ1eHHe pe

reHepauHH pacrnop11Tem1, coKpaTl1Th 

Ko1111qecrno o6opynosamrn 11 06c11yarn

sa10wero nepcoHana. 

06e3MacneHHhIH napaqn1H-Ch1peu 

no usery, 3anaxy, conep:arnHmo apo1via

TH'-leCKHX yrneBo.nopo.noB H CMOJ1HCTb!X 

sewecrn He ynosnernopHeT Tpe6osaHH

HM fOCTa, no3TOMY ero rnenyeT no

nonHHTeJ1hHO 0'-IHIU3Tb O,llHHM 11 3 CJ1e

.UY!OlllHX cnoco6os: 

1) cepHOKHCJ10TH3H 0'-IHCTKa c no

CJie;:i:y10weH: ,llOO'-IHCTKOH OT6emrna10-

ll.lHMH 3eMJIHMH MeTO,llOM nepKOJ1HUHH; 

2) Henpeph!BH3H ancop6UHOHH351 

0'-IHCTKa Ha KpOWKe 3JIIOMOCHJ1HK3THO

ro K3T3JIH3aTopa; 

3) rn,npOO'-IHCTKa Ha aJ1!0MOK06anhT

MOJIH6neHOBOM K3TaJIH3aTope npH naB

JieHHH 4 Mfla 11 TeMrrepaType 330 ° C. 

B u,emrx ynyqweHHH Kaqecrna To

sapHoro rrapacpHHa np11MeHH10T rrp11-

ca,nKH, HanpHMep, DOJ1113THJ1eHOBblH 

BOCK. 

fOTOBblH rrapacpHH (:>KH,[lKHH, CITH

'-le'-IHbIH) TpaHcnopT11pyeTC5l B )!(eJ1e'3-

HO.ll0p0)!(HblX UHCTepHax 11J1H B 6yMa)K

HbIX MeWKax nocne OTJ111BKH B DJ1HTbl 
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Ha cneu11aJ1hHblX cpopMOBO'-IHbIX Maw11-

Hax. 

11.2. flJlaCTH'IHble CMaJKH 

B Te'-leH11e MHor11x JieT nrnr yMeHh

weHHH TpeHH51 11 H3HOC3 B Marn11Hax H 

MexaH113MaX, a TaIOKe ,LI,JIH 3all.lHTbl Me

T3JIJ10B OT KOpp03HH npHMeH5l!OT nnac

TH'-IHb!e Cl\1a3KH. YcTaHoBneHo, '-ITO 3a

ryweHHb1e CMa3KH HCDOJ1b30BaJIHCb 

ewe B npeBHeM Emme 3a 3400 neT JJ.O 

Hawefi 3phI. OnHaKo TOJ1bKO B noCJieJJ.-

1-rne fO.llbl Hat1a110Cb 6ypHoe pa3BHTHe 

npoH3BO,llCTBa ITJl3CTl14Hb!X CM330K 11 

3H3'-IHTeJ1hHOe pacw11peH11e Hx accop

THMeHTa, a M11pOBOe npOH3BO,llCTBO 11 

ITOTpe611 eH11e 11X B03pOCJ10 B 2-3 pa3a, 

,UOCTl1rHYB MHJ1J1110Ha TOHH. 3To B 3Ha

llJ1TeJ1hHOH Mepe 06b51CH5leTC51 pa3Bl1-

n1el\l TeXHl1Kl1 11 Il051BJ1eHHeM ee HOBbIX 

oTparneH: . 

Oco6h1i1 HHTepec K rrnacTH'-IHblM 

CM33KaM CTHMy1111pyeTC5l B03MO)!(HOCTb!O 

no11y'-leH115l CM330'-1Hb!X KOMIT0311UHH 

c BeChMa pa3Hoo6pa3HhlMl1 csoi1crna

MH, npHfO,llHbIX ,UJ151 pa60Tbl B CJ10)!(

Hb!X 3KCITJlyaTaU110HHblX yc110Bl15!X, r).l,e 

CM330'-1Hb!e Macna OK33b!B3IOTC51 Hepa-

6oTocnoco6HblM11. K TaKHM cny'-laHM 

CJ1e,LI,yeT OTHeCTl1 MexaHl13Mbl c Bb!CO

KOH ,[ll1HaM11'-leCKOH Harpy3KOH (3y6'-la

Tble 11 u,enHbie nepena'-111) 111111 6011hwoi1 

CKOpOCTblO BpaweHH51, Kor;:i:a Macna He 

y11ep)!(HBaJ-OTC5l B y311e TpeHH51, Koppo-

3110HHbie cpe,nb1, BaKyyM, a T3I()!(e, 1<or

,LI,a cMa3Ka J.lOJl)!(Ha o6ecne'Il1Tb pa60Ty 



inasa 1 ·1. n poV1380.QCTBO napa¢V1HOB, L\8 p83V1HOB , 

nn a cn1 YHblX Cll/i a301(. l<V1CnOT V1 cynbcPOKV1CnOT V13 H8 cPTY1 

Mexattl13MOB, K KOTOpbIM TPY.LJ,HO no.LJ,

secT11 cMa3bIBa10w,ee Maeno. 

fl11aCT114Hbie CMa3KH - Ma3eo6pa3-

Hble npo.LJ,yKTbJ, He 0611a.LJ,a1-0w,11e TeKy-

4eCTb!O np11 o6bI4HhlX TeMnepaTypax, 

npe.L1,cTaBJU110UJ,11e co6oi1 oco6h1i1 Knacc 

CMa304HbIX MaTep11a110B, 113 fOTOBJ151-

eMb!X nyTeM BBe.LJ,eHH51 B CMa304Hbie 

Macna cneu11a11httb1x, rnasHbIM o6pa30M 

rnep.LJ,hIX MeJ1KO.LJ,11cnepcttbIX 3arycT11-

Te11ei1, orpaHl14HBa!OUJ,HX TeKy4eCTb 

Macen. CMa3KH - 3TO Ko1111011.LJ,Hb1e c11-

CTeMbI, HMe!OUJ,He npocTpaHCTBeHHYID 

CTpyKTypy, o6pa30BaHHYID 4acrnuaMH 

3arycT11TeJ15I. )i{11.LJ,Ka5! tjrn3a y.L1,ep)!(11Ba

eTC5! B nonyTBep.Ll,OM COCT051Hl111 611a

roJJ.ap51 CHJlaM np11T51)KeHl151 TBepJJ,blX 

4aCTHU, a TaK)Ke MeXaHH4eCKl1 BKJ1!043-

eTC51 BHYTPb Kp11cn11110B 3arycT11Te115! . 

3neKTpOHHOH M11KpOtj)OTOrpatj)l1eH , a 

TaK)Ke peHTreHOCTPYKTYPHbIM attaJ111-

30M ycTaHOBJJeHO, 4TO 60Jibllil1HCTBO 

CMa30K 11MeeT so1101<tt11cTy1D cTpy1<Ty

py. He1<0TOpb1e BeUJ,ecrna (Bo.ua 11 JJ.p.), 

Ha3hrnaeMbie cTa611m13aTopaM11, nosb1-

wa1DT npo4HOCTb KOJIJIOH.LJ,HOH CTpyK

TYPhI. 

Cbtpbe ,ll,JUI H3roTOBJleHust cMa-

30K. ,[(JI51 np0113BO.LJ,CTBa CMa30K B Ka4e

CTBe )!(11)],KOH cpa3bl np11MeH5llDT B oc

HOBHOM ttecpn!Hhle MaCJia, KpOMe Toro 

Cl1HTen1qecKHe MaCJia, a TaK)Ke CMeCH 

HecpnIHhlX 11 Cl1HTeTH4eCKHX MaCeJI. l13 

CHHTeTH4eCKHX MaCeJJ 4aUJ,e BCero 11C

£10Jlb3YIOT CJIO)KHbie 3cp11pbl, nOJrnaJI

Kl1JieI·lrJll1KOJll1, 1<peMHI1HOpraH114eCKHe 

)!(11.LJ,KOCTH. W11p0Koe np11MeHett11e c11H-

TeTH4eCKl1X MaceJI orpaHl1411BaeTC51 HX 

.uecp11u11THOCTb!{) 11 BbICOKOH CTOHMO

CTblD. ,[(JI51 6ett1oynopHbIX CMa30K )1(11.Ll,

KOH cpa3oi1 cny)l(HT KacTOposoe Maeno. 

Csoi-lcrna nnacTH4HbIX CMa30K cy

w,ecrneHHO 3aBHC51T OT np11pO,Ll,hl 3ary

CTl1TeJI51. flo 3TOMY np113HaKy CMa3KH 

no.upa1.ueJ15llQT Ha TpH OCHOBHbIX THna. 

I . CMa3Kl1 , 3arycT11TeJI5IMH B Ko

TOpb1x CJiy)KaT TBepJJ,bie BeUJ,eCTBa, 

paCTBOp511DUJ,11eC51 B Macnax npH TeM

nepaTypax, 6mn1<11x K TeMneparypaM 

nnasneH115I, 11 06pa3y1-0m11e c MacnaMH 

11cT11HHb1e pacrnophI np11 TeMneparype 

nnasnett115I. K TaKHM 3arycT11Tem1.M OT

HOC51TC51 rnep.Ll,ble yrneBO,Ll,OpO.Ll,bI: napa

cjJl1H, uepe11m, neTponaryM, BOCK. 3TH 

CMa3K l1 , np11MeH5leMbie B OCHOBHOM B 

KalfeCTBe 3aUJ,HTHhIX, HMe!OT cpaBHH

TeJibHO He60JibWOH npe.LJ,eJI nJiaCTH4-

HOCTl1, orpaHH4eHHblH TeMneparypoi-1 

n JiaBJieHH51 1aryCTHTeJ15!. 

2. CMa3KH, 3arycn1TeJUIMH s KO

TOpb1x cJiy)KaT rnep,LJ,hie semecrna, He 

B3311MOJJ,eHCTBYIOUJ,11e c MaCJiaMH, HO 

.LJ,11Cneprnpy1DUJ,11eC51 B HHX c o6pa30Ba

Hl1eM KOJIJI011na. TaKHMH 3arycTHTe1151-

M11 51BJI51IDTC51 Mhma. K 3TOMY Tttny OT

HOC51TC51 85-90% scex H3fOTOBJUieMbIX 

11 HCnOJih3yeMblX B HaCT051UJ,ee BpeM51 

cMa3oK. B 3aBHCHMOCTH OT KaT110Ha 

MbIJia pa3Jil1'13!0T HeCKOJibKO rpynn 

CMa30K. 

K nepsoi-1 rpynne OTHOC51TC51 CMa3-

KH , 113fOTOBJ151eMble Ha MhIJlaX UJ,eJI04-

HblX MeTaJIJIOB (Na, Li). 3Tl1 CM33Kl1 

CTa611JibHbl .LJ,a)!(e np11 He60JibWl1X [5-
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lnasa 1 ·1. n po V13BO,QCTBO nc1 pa Cpl1H ClB. Lj~: ~1E".l! IH UIJ . 

nnaCTV1YH blX CMa30K, K~1cnoT 1·1 C)'IllcjJO lil'1C f1\)T !13 t1c<J rn 

6% Mace.] KOHUeHTP3UM51X 3arycnne

Jl5!. B 3aBMCHMOCTH OT KOHUeHTpau1111 

3arycnneJ15! 11 np11ponb1 opraH11l1ecKo

ro pan11Ka11a MbIJla (113 H3Cb!WeHHblX 

111111 HeHaChillieHHb!X )l(HpHbIX KHCJIOT, 

CHHTeTli'·leCKHX )l(HpHbIX KHCJIOT) }TH 

CMa3Kl1 nepexon51T B TeKyLiee COCT051Hl1e 

np11 TeMnepaTYpax OT 100 no 200 °C 

11 na)Ke BbIWe. ITocJJe pacnnaBJieHH51 

11 OXJla)KneHH51 OHH BHOBb o6peT3!0T 

n11acrn11Hy10 CTPYKTYPY, T.e. OHH 1<a1< 

6bI TepMH4eCKH o6paTHMbl. JhnueBble 

cMa3KH MOp03oycToi11111Bbl. HenocrnT

KOM HaTpHeBbIX CMa30K 51BJJ51eTC51 HH3-

Ka51 sonoynopttocTb. 

Ko BTOpOtt rpynne OTHOC51TC51 CMa3-

KH, np11rOTOBJ15!eMb!e Ha MbIJlaX weJJ04-

H03eMeJlbHbIX MeTaJIJJOB (Ca, Ba) . OH11 

BOOJIHe ycTOttlJHBbl np11 conep)f(3Hl111 

MhIJI 8-10% Mace.. Ecm1 OCHOBHblM 

CTa6HJIH33TOpOM }HIX CMa30K 51BJI51eT

C51 sona, To np11 HarpesaH1111 no I 00 ° C 

OHM Tep51!0T Bony 11 pa3pywa10TC5!. flpH

MepOM TaKOH CMa3KH 51BJJ51eTC51 K3Jlb

u11esa51 CMa3Ka - co1111noJ1. 3rn CM33Ka 

BonoynopHa, ee MO)KHO np11MeH5!Tb BO 

BJJa)KHOtt cpene. 

CMa3Kl1 Ha a1110MHH11eBbIX, CBl1HUO

Bb!X 11 1.1,HHKOBblX MbIJlaX npI1"vleH51!0TC51 

3Ha411TeJ1hHO pe)Ke. MbIJ1bHb1e CM33KH 

HCOOJlh3YIOTC51 B OCHOBHOM K3K 3HTH

rppHKUHOHHhie, HO HMe!OT TaK)Ke 3a

lliHTHbJe cBoiicrna. 

.I(n51: yJ1y11rneH115!: cBoiicrn cMa30K 

np11MeH5f:IOT MbIJla, np11roTOBJleHHbie 

OilHOBpeMeHHO Ha K3THOH3X w eJIOlfHbIX 

11 wen04H03eMeJlbHbIX MeTaJlJlOB (Na, 
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Ca). MoryT np11MeH5!TbC5! TaK)Ke KOM

nJ1e1<CHb1e MbIJl3 BbICOKO- 11 Hl13KOMOJJe

KYJJ51pHblX )l<HpHblX Kl1CJJOT, conep)Ka

w11e on11H 11 TOT )Ke KaTl10H. Hanp11Mep, 

KOMnJJeKCHYIO K3JlbU11eByIO CM33KY 

(KCa) noJJyLiaIOT 3arywett11eM MHHe

panbHbIX Macen KaJibl.l,HeBb!Ml1 MbIJ1aM11 

CTeap11HoBoi1 11 yKcycHott KHCJJOT. 

3. CMa3KH, 3arycT11TeJIH:M11 B Ko

TOpb1x CJJy)KaT TepM114eCKl1 ycTOH411-

Bbie opraHM4eCKHe 11 HeopraH11LiecK11e 

TOHKOH3MeJiblfeHHble BewecTBa. K Ta

KMM sewecTB3M OTHOC51TC51 M04eBHHa, 

C3)Ka, CJIIOna, Cl1Jll1KareJib, cepHHCTblH 

MOJ1116neH. 3Tl1 CM33Kl1 B HaCT051Wee 

BpeM51 3H3LHITeJlbHO nopo)Ke MbIJlbHblX 

11 yrneBonoponHblX 11 11COOJ1b3YIOTC51 B 

Tex cnyLJa51x , Korna MbIJihHbie crvta3KM 

Henp11MeHl1Mbl , Hanp11Mep, B arpeCCl1B

HblX cpenax. 

KaLJecrno CMa30K 3aB11c11T OT cBoiicrn 

11 KOHl.l,eHTpau1111 3arycT11TeJ15!, a TaK)Ke 

OT cBoiicrn 3arywaeMoro Macna: ero 

B513KOCTl1 11 Xl1Ml1lJeCKOrO COCTaBa. 

Crn611n113aTopb1 (Bona, weJ1olJ11, BbICO

Ko- 11 Hl13KOMOJJeKyJJ51pHbJe opraHl1lJe

CKl1e Kl1CJIOTbl 11 11X COJll1, cn11pTbl, 3cp11-

pb1) ynylJW3!0T np011HOCTb KOJIJIOHnHott 

CTPYKTYPbl cMa3oK. .I(n51 ynyc1weH115! 

CBOHCTB CMa30K np11MeH5llOT TaK)Ke 

np11canK11. 

3KcnJiyaTauuouub1e cooiicToa cMa-
30K • .[(o HenaBuero BpeMeH11 o Kallecrne 

CM330K cynHJm no nByM nOKa3aTeJJ51M: 

TeMnepaTYpe Kannenanemrn 11 Ben11q11-

He neHeTpau1111 , T.e. rny611He npoH11K

HOBeH115! B CM33KY KOHyca cneu11aJ1b-



Hora np116opa. Tiepsa51 seJiwmHa xa

paKTep113yeT BepXHl1H TeMnepaTypHblH 

npe).l,eJI np11MeHeHl15! CMa30K, BTOpa51 -

rycToTy cMa3Kl1. Ho nocKOJibKY o6e 3Tl1 

BeJil1'-ll1Hbl BeCbMa np116Jil1311TeJibHO OT

pa)Ka!OT nose).l,eH11e cMa3oK B ycJios1151x 

3KCnJiyaTau1111, B HaCT051lll,ee BpeM51 OHl1 

CJiy)KaT Jil1Wb ).l,JI51 KOHTpOJI51 np0113BO).l,

CTBa CMa30K. 

Jiyywee npeL\CTaBJieH11e o nose).l,e

H1111 cMa3oK B pa60Y11x ycJios1151x ).l,aIOT 

CTPYKTYPHO-MexaH11YecK11e csottcTsa: 

npe).l,eJibHOe Hanp5!)Kem1e CL(B11ra, 11n11 

npe).l,eJI TeKyYecT11, - yc11JI11e, Kornpoe 

HY)KHO np11JIO)Kl1Tb, YT06b1 BbI3BaTb 

nJiaCTl1'-leCKYIO ).l,ecpopMaU11IO CMa3Kl1, 

ee TeKyYeCTb. Tipe).l,eJihHOe Hanp5!)Ke

H11e C).l,Bl1ra 3aBl1Cl1T OT TeMnepaTypbl 11 

np11 nOBbIWeHHbIX TeMnepaTYpax 6oJiee 

TO'-IHO xapaKTep113yeT BepXHl1H npe).l,eJI 

pa6oTocnoco6HOCTl1 CMa30K, YeM TeM

nepaTYpa KanJiena).l,eH115!. 

TeMnepaTypa, np11 KornpoH npe).l,en 

TeKyYecT11 paseH HYJIIO, 51BJI51eTc51 11c

Tl1HHoi1 TeMnepaTYpOH nepexo).l,a cMa3-

Kl1 113 TBep).l,Oro COCT051Hl151 B )Kl1).l,KOe. 

Tip11 CH51Tl111 Harpy3Kl1 KOJIJI011).l,Ha51 

CTPYKTYpa CMa3Kl1 soccTaHaBJI11saeTC5!, 

XOT51 npOYHOCTb ee CTaHOBl1TC51 MeHb

we nepsoHaYaJibHOtt. 3rn cnoco6HocTb 

BOCCTaHaBJil1BaTb ITJiaCTl1'-IHOCTb OTpa

)KaeT Tl1KCOTpOnHbie CBOHCTBa CMa30K. 

YcTottYl1BOCTh KOJIJIOl1L\HOtt c11cTe

MhI - 0)..1,HO 113 OCHOBHbIX YCJIOBl1H HOp

MaJibHOH pa6oTbI cMa3oK B y3Jie Tpe

H1151. Pa3JI11Ya10T KOJIJIOHL\HYIO H x11M11-

4ecKy10 CTa611JibHOCTb CMa30K. 

napacp1t1HOB. wepe3v1HOB. 

cynbcjJOKl1CflOT !13 Hecprn 

flp11 Hl13KOH KOJIJI011).l,HOH CTa611Jib

HOCTl1 BCJie).l,CTBl1e Harpesa 11Jil1 ).l,Jil1-

TeJibHOro xpaHeHlrn CMa3Kl1 np051BJI5llOT 

cnoco6HocTb K c11Hepe311cy - pa3L(e

JieH1110 cpa3. B pe3yJihTaTe MacJio BhI

TeKaeT, CMa3Ka Tep51eT ITJiaCTif'-IHOCTb, 

CMa3bIBa!Olll,YIO cnoco6HOCTb JI1160 3a

W:11THbie csottcTBa. 

Bo3).l,ettcrn11e Kl1CJIOpOL\a B03L(yxa, 

Harpesa 11 L\pyr11x cpaKTopos BhI3bIBaeT 

OKl1CJieH11e 11 pa3pyweH11e KaK 3arycT11-

TeJI5!, TaK 11 MaCJia. B MhIJihHbIX CMa3Kax 

MeHee ycTOH411BbIM KOMilOHeHTOM 

51BJI51eTC51 MbIJIO, B 3aW:11THb!X - Mac

JI o. B cMa3Kax no51BJI51IOTC51 Kl1CJIOThI, 

OKa3bIBaIOW:11e KOppOL\11PYIOW:ee B03-

).l,eHCTBl1e Ha MeTaJIJI, a TaK)Ke CMOJil1C

Tble 11 yrn11CTb!e OTJIO)KeH115!; KOJIJI011).l,

Ha51 Cl1CTeMa YaCTl1'-IHO 11Jil1 nOJIHOCTblO 

pa3pywaeTC51. 

TexHoJiorust npouJBOL\CTBa CMa-

30K. Tipouecc rrp0113BO).l,CTBa CMa30K 

MO)KeT 6bITb nep110).l,H'-leCKl1M 11Jil1 He

npepbIBHb!M. 3aBO).l,aM, BhmycKaIOW:11M 

CMa3KH B 60JibWOM accopT11MeHTe He

KpynHb!Ml1 napT1151Ml1, 6oJiee BbirO).l,HO 

HMeTb nep110).l,l1'-leCKHe ycTaHOBK11; ue

Jiecoo6pa3HO HaJia).l,HTb rrp0113BO).l,CTBO 

KpynHbIX napT11H 0)..1,HOro coprn CMa3Kl1 

HenpepbIBHblM. 

Tiep110).l,11YecK11i1 rrpouecc (u11KJI) 

np11roTOBJieHl15! 11JIH BapK11 aHT11cpp11K

Ul10HHOH MbIJibHOH CMa3Kl1 HaY11naeT

C5! c o6pa30BaHirn MbIJibHOH OCHOBbl. 

B sapoYHhitt KOTeJI 3arp~aIOT 15-30% 
M11HepaJibHoro MaCJia 11 BCIO nopu1110 

)K11posoro KOMnoHeHTa. Crviecb Harpe-
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lnasa 11 . np01113BOl:\CTBO n apa cjJ11HOB. Lj8p83 111H OB . 

nnacrnYHblX CMa30K. Ki11Cn OT V1 cyn bcj:JOKi11 CnOT 111 3 He cjJTl1 

E-1 

E-3 

VI 

Puc. 11.2. TexHoJ102u'1ecKaJ1 cxewa nepuoou'lecKoco npoi1ecca 

npou3eoocmea CMa3oK: I - .MGCJ/o; II - J1Cupoeoil KOMnOHeHm; 

Ill - eooa; IV - cycneH3UJl Ufe.JlO'IHOCO KOMnoHeHma (U36eCmK060e .MOJ/OKO); 

V - comoeafl c.Ma3Ka; VI - eooRHOlt nap; VII - KOHOeHcam 

Ba!OT )J.0 80 °C H JJ.06aBJHllOT K Hei:i. BO.ll

HhIH pacrnop 1.IJ,eJJoqH ttm1 cycneH3HH 

1.IJ,eJJOlfHOfO KOMnOHeHTa, KOJJH4eCTBO 

KOToporo paccLIHThIBalOT 3apaHee. ITpH 

HHTeHCHBHOM nepeMeWHBaHHH H TeM

neparype 80-100 °C npOHCXOJJ.HT OMbl

JJem1e :arnpoB, nocne Liero TeMnepaTypy 

IIOBhIWalOT )J.0 105-130 ° C H BhmapHBa

IOT 113J111WHIOIO BOJJ.y. 3aTeM K MhlJlbHOH 

OCHOBe JJ.06aBJI5IIOT OCTaJibHOe KOJIH

lfeCTBO MaCJia H, Tlll,aTeJibHO nepeMe

Wl1Ba51, HarpeBalOT. KaJibUHeBbie MhlJla 

Heo6xo.nHMO HarpeBaTb .no I 00 ° C , tta

TpHeBble - .llO 200 ° C. nocJie OKOH43-

HH51 Bap1rn CMa3KY OXJl3 )Kl l3IOT. 
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0CHOBH351 annaparypa )J.Jl51 H3fOTOB

JieHirn CMa3KH - Bap04HhlH KOTeJI , CHa6-

)l(eHHblH napOBOH py6awKOH 11 nepe

Mewi-rna!Olll,11M ycTpOHCTBOM. I1p11Me

H5IIOT pa:rnoo6pa3Hhie Tl1IIhI MewanoK: 

paMHbie, npone11JiepHb1e, 51KOpHbie, 

nnatternpHb1e 11 JJ.p. B py6awKy Koma 

np11 HarpeBe IIO)J.a!OT TeIIJIOHOCHTeJI11: 

BO.ll51HOH nap, rop514ee MaCJlO, JJ.HCPe

HHJlbHYIO CMeCb. no OKOHlfaHHH BapK11 

B py6awKy Koma BBOJJ.H Bo.ny. CrnJJ.11!0 

OXJiaJI<.UeHJ.151 He 065133TeJihHO npOB0-

1l11Tb B KOTJie , )J.5151 3TOro HCIIOJ1b3YIOT 

cneu11anbHb1 e x o noJJ.11J1bHb1e 6apa6aHbl, 



Ina Ra 11 r·i [J0t1 3B O/:\CI BrJ napacpltlHOB, l~epe3 v1HOB , 

llJl 8CTll ll!lc,I)'. CfviC1301 '.. l '.. '.<IC!lOT lt1 cynbcpOK l1CflOT ltl.3 HecpT11 

XOJIO.ll,11JlbHHKl1 THna «Tpy6a B Tpy6e», 

CHa6)1(eHHbie BaJlOM co CKpe6KaM11. 

Konno11.ll,HaH CTa611JlbHOCTb 11 .ll,OJlro

seqHoCTb cMa3oK ynyt.iwaeTCH, ecn11 no

cne OXJI3)1(.ll,eHJ1H nO.ll,BeprnyTb CM33KH 

roMoreH113au1111 11 .ll,ea3pau1111. foMore

HH3aUHH (C03.ll,aHHe 0.ll,HOpO.ll,HOH CTpyK

TYPbl) cocTOHT B npo.ll,aBn11BaH1111 cMa3-

KH qepe3 Y3Koe KOJlbUeBoe OTBepcT11e 

no.ll, .ll,aBnett11eM 20-25 MCTa. )J,ea3pau11H 

ocyru,eCTBmieTCH np11 npO.ll,3BJll1BaHl111 

cMa3KH qepe3 w,enesb1e 3a3opb1 B no

JIOCTb annaparn, 113 1<0Toporo ttenpe

pbIBHO OTKal.JHBaeTCH 803.ll,yx. 

)J,JlH npaBHJibHOrO Be.ll,eHHH TeXHO

J1or11qecKoro npouecca ycTaHasn11Ba1-0T 

np1160pbl KOHTpOllH H peryn11poBaHHH 

TeMnepazypbI 11 .ll,aBnettHH, a TaK)l(e 

np11cnoco6neH11H .ll,JIH .ll,0311pOBKl1 KOM

noHeHTOB. TexHonor11YecKaH cxeMa 

npouecca np11BO.ll,11TCH Ha p11c . 11.2. 
HenpepbIBHbIH npouecc npo113-

BO.ll,CTBa nnaCTl1'-!HbIX CM330K Ha fOTO

BblX MbIJlaX COCTOl1T B CJie.ll,yI-Oru,eM. 

foTOBb!H cyxoi1 CTeapaT Jll1Tl1H 113-

MeJibl.JaeTCH s noporuoK, 3aTeM np11-

roTOBJ1HeTCH cycneH311H noporuKa MbIJia 

B nOJIOBl1He o6w,ero KOJil1YeCTBa Cl1H

TeT11Yec1<oro Macna. CycneH311H Har

pesaeTCH .ll,O o6pa30B3HI1H O.ll,HOpO.ll,

HOro pacnJiaBa (OT 30 .ll,O 205 °C) npH 

npoxO)l(.ll,emrn qepe3 no.ll,orpesaTeJib 

THna «Tpy6a B Tpy6e», CH36)1(eHHb!H 

BaJIOM co c1<pe6KaM11. Ha BblXO.ll,e 113 

Tennoo6MeHH11Ka cycnett311H cMew11-

BaeTCH c OCTaJlbHblM M3CJIOM , Harpe

TbIM B Tennoo6MeHHHKC .ll,O 80 ° C. 

CMa3Ka, 11Me1-0ru,aH nocne cMeweHHH 

TeMnepaTypy 145 °C, OXJ13)1(.ll,3eTCH BO

.ll,OH .ll,0 60 ° C B XOJlO.ll,HJlbHHKe THna 

«Tpy6a B Tpy6e» c BHyTpeHHHM BaJIOM 11 

cKpe6KaM11. KoMnoHeHTbI .ll,0311py10Tc.si 

cneu11aJibHbIMH HacocaMH. 

TexHonornH nonyqeHHH yrneso.ll,o

po.ll.HblX CM330K HaMHOro npolll,e, qeM 

MblJlbHblX, 11 CBO.ll,HTC.s! B OCHOBHOM K 

cnnaBJ1eH111-0 KOMnOHeHTOB npH nepe

MeW11B3HHI1, BbinapKe BO.ll,bl H OXJI3)1(

.ll,eHHl-O roTosoro pacnnasa. Ta1<11e pac

npoCTpaHeHHbJe 3alll,HTHbJe CM3.3KH, KaK 

TeXHHYeCKl1H B3.3eJIHH H nyweYHYIO 

CM33Ky, 113roTOBJI.s!IOT Ha Bb!COKOBH3KHX 

Macnax. 3ToT npouecc nerKo MO)l(HO 

c.ll,enaTb HenpepbIBHbIM, TaK KaK peuen

Typa 11 TeXHOJlOrH.s! np0113BO.ll,CTBa yrne

BO.ll,OpO.ll,HblX CMa30K HeCJIO)l(Ha. 

11.3. Heqmrnb1e 6uryMbI 

CT0Tpe6neH11e 611ryMOB BO scex 

CTpaHaX M11pa Henpepb!BHO B03pacTa

eT. B CHr n0Tpe6nett11e 611zyMos pac

npe.ll.en.sieTcH Me)l(.ll.Y npOMbmrneHHhIM 

H rpa)l(.ll,aHCKHM CTpOHTeJlbCTBOM H 

CTpOHTeJlbCTBOM .ll,Opor npHMepHo KaK 

65: 35. B CillA 11 3ana.ll,HOeBponei1c1<11x 

CTpattax 6onee 70% 611ryMOB 11cnonh-

3yeTc.si .ll,Jl.s! CTpOHTeJlhCTBa H peMOHTa 

.ll,OpO)l(HhIX noKpbITHH. 

3Hal.JeHHe 611zyMa B npOH3BO.ll,CTBe 

noKpblTHH nepsoCTeneHHO. Ta1<11e no

KpbITHH 06ecneq11BaIOT rrp04HOCTh, 

6e3onacHOCTb 11 B 2-2,5 pa3a .ll,erueBne, 

YeM 6eTOHHbie. 
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in a Ba 11 . npov13BO,QCTBO n atJa ltJ l lH OB. l.\Cp8:ll \HOB . 

n n a CH14H b lX CM330 K. KWCnOT !1 cynb~J0 1( 1 1CnOT 113 H8d' H1 

oHT)'MbI npeD.CTaBJUIIOT co6oli TeM

Hbie nJiaCTH'-IHbie HeqnenpOD.YKTbl, 

)1(1111.KHe, nonyTBepD.bie 11 TBepnb1e, s 

3aBHCHMOCTH OT MapKH H Ha3Ha'-!eHHSI. 

oHT)'MbI HMeIOT Ha116onee BbICOKYIO 

BSl3KOCTb H3 scex npOD.YKTOB Heqnene

pepa60TKH. 

c cpH3HKO-XHMH'-leCKOH TO'-IKl1 3pe

HHSI 6HTyMbl SIBJISllOTC.H CJIO)f(HOH KOJI

JIOHD.HOH CHCTeMOH accpaJibTeHOB 11 ac

COQHHpOBaHHbIX BbICOKOMOJieKyJI.HpHblX 

CMOJI B cpeD.e MaceJI H HH3KOMOJieeym1p

HbIX CMOJI. AccpanbTetthI MOJYT o6pa-

30BbIBaTb B 3aBHCHMOCTl1 OT KOJil1'-!eCT

BeHHOro COOTHOllleHl1SI co CMOJiaMH 

11 MaCJiaMH 11Jil1 )f(eCTKl1H KapKaC, 11J111 

OTD.eJibHbie M11uennh1, aD.cop611py10-

m11e 11 ynep:11urna10m11e cMOJibI. Marna 

npeD.CTaBJI.HIOT co6oi1 cpeny, B KOTOpOH 

CMOJibl paCTBOpSllOTCSI, a accpaJibTeHbl 

Ha6yxaIOT. 

Tpe6osaHH.H, rrpeD.b.HBJI.HeMbie K 611-

T)'MaM, oco6eHHO 11.0PO)f(HbIM, BeCbMa 

pa3Hoo6pa3HbI. OcHOBHoe Ha3Ha'-!eH11e 

D.OpO)f(HbIX 6HT)'MOB - CBSl3bIBaH11e, 

CKJieHBaHHe '-laCTHQ MHHepaJibHblX Ma

Tep11aJIOB (me6tt.H, rrecKa), rrp11naH11e 

HM rn,L1,pocpo6HhIX cBoi-icTB, 3arronttett11e 

rrpocTpaHCTB Me)f()l.y HX '-1aCTHUaM11 . 

l103TOMY OT Ka'-leCTBa 611T)'MOB 3aBHCSIT 

rrpO'-IHOCTh 11 )l.OJiroBe'-!HOCTh accpaJibTO

BhIX .llOpO)f(HbIX IIOKpblTl1H. 

.JJ:opO)f(Hbie 6HT)'Mhl D.OJI)f(HbJ: 

a) coxpaHSITb rrpO'-IHOCTh rrp11 IIOBbl

rneHHbIX TeMrreparypax, T.e . 6hITb Ten

JIOCTOHK11M11; 
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6) coxpaHSITb 3Jiacnl'-IHOCTb np11 OT

p11uaTeJibHblX TeMneparypax, T.e. 6h1Tb 

MOp030CTOHKHMH; 

B) corrpOTHBJI.HTbCSI C)f(aTl1IO, y,Ll,apy, 

pa3pbIBY IIOD. B03.UeHCTBl1eM )l.811)f(YIUe

roc.H TpaHcrroprn; 

r) 06ecne'-!11BaTh xopornee cu.errne

H11e c cyxoi-i 11 BJia)f(HOH rrosepxHOCTbIO 

M11HepanbHbIX MaTep11anos; 

n) coxpaH.HTb s Te'-!em1e ,L1,m1TeJibHO

ro speMem1 nepsoHa'-laJibHYIO B.H3KOCTb 

11 npo4HOCTb. CTpo11TeJibHb1e 611T)'Mbr 

MOryT 6bITh MeHee 3JiaCTl1'-IHhlMH, HO 

OHH ,UOJI)f(Hbl 6b!Tb 6onee TBep,Ll,blMH. 

B ycnos11S1x 3Kcnnyarnu.1111 rroD. B03-

nei-icTsHeM COJIHe'-!HOro CBeTa, Kl1CJIO

pona B03Llyxa, BbICOKl1X 11 Hl13Kl1X 

TeMnepaTyp, pe3KHX rreperra.uos TeM

rreparyp, yc11JieHHbIX )l.l1HaM11'-1eCKl1X 

Harpy3oK 611TyMbI pa3pywa10TCS1. Pa3-

pywaeTCSI KOJIJlOH)lHa.H CTpyKT)'pa 611-

T)'Ma, CMOJibI 11 accpanhTeHbI rrepexo.UHT 

B Kap6eHbl 11 Kap6011)l.bl, 611TyM TepH

eT crroco6HocTb c03nasaTb u.eJibHbIH 

KpOIOIU11H CJIOH, CTaHOBl1TC51 xpynKl1M, 

TpecKaeTCH 11 Kporn11TCS1. KpoMe Toro, 

611ryM TepSieT cnoco6ttocTb np11n11naTb 

)( Ml1HepaJibHb!M MaTep11aJiaM: me6HIO, 

KaMHIO, necKy. Bee 3To Be)l.eT K pa3py

weH1110 .uopor, TOJieBbIX KpOBeJib, cpyH

.uaMeHTOB, 1130JISIQHH Tpy6orrpOBO.UOB 11 

np. 

B .uopo)f(HOM CTpottTeJihCTBe 11c

noJih3YIOT 6bICTpo-, cpe,Ll,He- 11 Me.uneH

ttorycTe10m11e 611T)'Mbl MapOK of, Cr 11 

Mr, a TaK)f(e BSI3K11e yny4weHHb1e 611Ty

Mb1 MapoK .DH.JJ:, B rpa)l{naHCKOM 11 npo-



f-naBa i I. 1-i!JOl/i 3BO,qcrno napacpMHOB. wepe3 V1H OB, 

11Jl8CW:YHblX CM8 30i'.. i(i'ICJlO r , , c ynbcpOKV1CJlOT V1 3 HecpTV1 

MblWJleHHOM CTp011TeJlbCTBe - 6111yMhl 

Heqmrnb1e MapoK EH. 

CooTHOwemi:e KOMnoHeHTOB, sxo

JJ.51W.HX B COCTaB 611ryMa, BJlH51eT Ha ero 

CBOikrna. lJeM 60JlhWe B 611TyMe ac

cpanhTeHOB, TeM 611ryM rnep)!(e, CMOJlhl 

ynyqwalOT 3JiaCTH4HOCTb 6ttryMa H ero 

11,eMeHT11py10IIJ,He csoi1crna, Macna co-

06w,a10T 6ttryMaM MOp030CTOHKOCTb. 

3aBHCHMOCTh 3KcnnyaTaUHOHHblX 

CBOHCTB 6ttryMOB OT 11X Xl1Ml14eCKOro 

COCTaBa xapaKTep113yeTC5I BeJll1Yl1HaM11 

OTHOWeHHH COJJ.ep)!(aHl151 accpaJibTeHOB 

K coJJ.ep)!(aH1110 cMon A/C 11 cyMMbI ac

cpanhTeHOB 11 CMOJl K COJJ.ep)!(aHl1!0 Ma

cen (A + C)/M. bl1'fYMhl, C04eTalOW,He 

xopowylO Terrno- 11 MOp030CTOHKOCTb c 

BbICOKOH npo4HOCThlO, CO)l.ep)!(aT OKOJlO 

23% CMOJl , 15-18% accpanbTeHOB 11 52-
54% Macen; NC= 0,5-0,6; (A + C)/M = 

0,8-0,9. 
.[Ln5I ynyYweHl151 a)l,re3110HHbIX CBOHCTB 

611ryMOB np11MeH5IIOT rrp11ca)l,Kl1 , rrpeJJ.

CTaBJl5IIOW,He co6oi1 rrosepxHOCTHO-aK

THBHhie sew,ecrna (IlAB). 

B KaYecrne IlAB o6bI4HO rrp11-

MeH5!10T Ky6oBhie OCTaTKl1 pa3roHKH 

Cl1HTeTH4eCKHX )!(HpHblX KHCJlOT [ 1-
4% Mace.]. 

Cnoco6b1 noJiyqeuusi 6HTyMOB. 
bH'fYMhl MO)l(HO IIOJly<-IaTh O)l,HHM 113 

Tpex crroco6os: 

1) rny6oKa51 saKyyMHa51 rreperottKa 

Ma3yTa; 

2) OKHCJleHHe OCTaT04HhlX HecpTe

npOJJ.YKTOB 803.UYXOM npH BbICOKOH 

TeMrrepaType; 

3) KOMrrayHJJ.Hposatt11e OCTaT04HhlX 

11 OKl1CJieHHhlX npOJJ.YKTOB. 

Ka4eCTBO roTOBhIX 611ryMOB 3aa11-

c11T a rrepsy10 oqepeJJ.h OT Kal.feCTBa 

Chlpb51, a )l,Jl51 OKHCJleHHhIX foiryMOB 

ew,e 11 OT TeMneparyphI, rrpOJJ.0JI)!(HTeJib

HOCTl1 OI<HCJleHH51 H pacxo)l,a 803)],yxa. 

Ha11ny4w11M ChipbeM JJ.!151 rrpoH3-

BO.llCTBa 611ryMa CJiy)l(aT OCTaT04Hhie 

rrpO.llYKTbl nepepa60TKl1 T5l)l(eJlhlX CMO

JlHCTO-accpanb TeHOBhlX Heqnei1: ryJJ.pO

Hbl , KpeKHHf-OCTaTKH, accpanbThl H 3KCT

paKThl 0411CTKH Macen. lJeM 60JlhWe co

.uep)!{am1e CMOJlHCTo-accpanhTeHOBh!X 

KOMIIOHeHTOB B HecpTH, l.feM BhIWe OT

HOWeHHe accpanhTeHhI: CMOJlhl 11 l.feM 

MeHbwe co,llep)!{att11e rnep,llbIX rrapacpH

HOB, TeM BbJWe Ka4eCTBO rronyqaeMb!X 

611TyMOB 11 npow.e TeXHOJIOrH51 HX rrpo-

11380,llCTBa. 

113 ryJJ.pOHOB, HMelOW,HX OIITHMaJib

Hbie coornowemrn NC 11 (A + C)/M, 
rrony4alOT fonyM rny6oKOH BaKyyMHOH 

rreperoHKOH . BhICOKorrapacp11tt11cTa5l 

HecpTb - Ha11xy,llwee Chiphe ,llJI51 rronyqe

HH51 611TyMa. Bb1c0Koe co,llep)!(aHHe rra

pacpHHa B Hecjn11 OTp11uaTeJihHO CKa3bl

saeTC51 Ha B3)!{HeHWHX 3KCIIJiyaTaIJ,HOH

HhlX IIOKa3aTeJl51X 6ttryMOB: rrpOL!HOCTH 

11 rrptt1111rraeMOCTH K MHHepanhHblM 

rroKphITH51M. HecpTh, 113 KoTopoi1 rrony

qaJOT 6ttTYMhI, Ll,om1rna 6hITh xopowo 

o6ecconeHa. 

IlpH OKHCJ1t'HHH ryJJ.pOHOB L£aCTh 

Macen rrpespaw,aeTC51 B CMOJJhI, 4aCTh 

CMOJJ n epeXO.llHT s accpanbTeHhI. B pe-

3YJihTaTe KOJI H4CCTBO CMOJI rrpaKTHl.fe-
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inasa 11 . n pO W3BOACTBO n cipa cp t !HOB. Ljepe3!-lf !OB. 

nnaCTVlY HblX CMa30K. KWCnOT • t CVflbcj)O l<l-lCflO T li 3 HeciJHl 

CKH OCTaeTC51 Hel13MeHHblM, a OTHowe

HH51 A/C H (A+C)/M npu6mnKafOTC51 K 

OilTHMaJibHb!M 3Ha4eHH51M. 

TexuoJiornH OKHCJieHnH 6nTyMoB. 

0KHCJieHHhie 6HT)'Mhl nony4aJOT npH 

OJJ.HOBpeMeHHOM B03JJ.eHCTBHH Ha Hecp

T51Hhle OCTaTKH KHCJlopo.na B03.nyxa 

H BhICOKOH TeMneparypb1. YeM Bh1we 

TeMnepaTypa, TeM 6h1CTpee npoTeKaeT 

npouecc. 0 .nHaKO, npH CJlHWKOM Bbl

COKOH TeMnepaType, ycKop51fOTC51 peaK

UHH o6pa30BaHH51 Kap6eHOB H Kap6011-

J.J.OB , 4TO He.nonycTHMO. 

0KHCJ1eHHhle 6HT)'Mhl nony4aJOT 

KaK nepHOLlH4eCKHM, TaK H Henpe

pbIBHhlM cnoco6aMH. ITocneJI.HHH cno-

v 

Puc. 11.3. TexHo.w2u'lecKafl cxe.Ha ycmaHoeKu Henpepb16H020 

npou3eoocmea oKuc . .?eHHoco 6umy.wa: I - zyopoH; II - eo3oyx; 

III - 2mb1 peaKzfuu: JV- omzoH; V - 2011106/Jllt 6umy.M 

co6 MO)l(eT 6hITh 6ecKoMnpeccopHblM 

11 KOMnpeccopHbIM. ITepHO.ll.H4eCKHH 

npouecc Manonpo113BOJI.HTeneH H .naeT 

611ryM HH3KOfO KaL!eCTBa. 

oeCKOMnpeccopHbIH MeTOJJ. ocy-

LUeCTBJ15leTC51 B ropH30HTaJ1bHOM an

napaTe c HeCKOJibKHMH peaKUHOHHblMH 

H OJI.HOH OTCTOHHOH ceKUHSIMH. 803nyx 

no.naeTCSI B Cblpbe Bpama f0ll(HMHC51 

.n11cneprarnpaM11, npu :noM o6pa3y

eTC51 Bb!COKOJI.HCnepcHa51 CHCTeMa, .uo

cn1raeTC5! xopOWHH KOHT3KT B03.ilyxa 

c )Kll.IlKOH cpe.noi1 , ycKopHeTC51 npouecc 

01rncnemrn. 6ecKOMnpeccopHbl~i MCTO.'l 
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noKa He IlOJ1 Y4HJ1 WHpOKOfO pacnpocT

paHeHl151 113-3a cpaBHHTeJlbHO Bb!COKHX 

3I<CnnyaTaUHOHHbIX 3aTpaT. 

OcHOBHhlM annapaTOM yCTaHOBOK 

HenpepbIBHOro nettCTBH51 .nm1 npOH3-

BO.IlCTBa 611TyMa c no.na11dl B03JJ.yxa 

KOMnpeccopoM CJIY)l(HT J1H60 Tpy64a

Tb!H peaKTOp, JIH6o OKHCJ111TeJ1bHaSI 

KOJIOHHa. 0KHCJ1HTeJ1bHb!e KOJlOHHbl 3a

peKOMeHJJ.OBaJ1H ce651 KaK BblCOKOnpo

H3BO}lHTeJ1bHble annapaTbl B npOH3BOJJ,

crne nopO)KHblX farryMOB, Tpy6LJaThie 

pea1<TOpbl - B npoH3BO).l,CTBe CTpomeJlb

Hbl X fotTyMOB. 0TneJibHble ycrn HOBKM 



inasa ·11 np0Vi3BO.QCTBO napacpViH OB, 1_1e pe3 ViHOB , 

n naCTVi YH b lX Cl-~ 8 301 (, l( vl CfJOT Vi cynbcpOKViCnOT Vi3 HecpTVi 

HMelOT B CBOeM COCTaBe o6a annapaTa. 

OcTaJlbHble 11.eTaJlH cxeMbt no4TH noJl

HOCTblO cosnanaIOT. YcrnHOBKa LlJlSI no

Jly4eHHSI nopmKHblX H CTp011TeJlbHblX 

6myMOB HenpepblBHhIM OKHCJleHHeM B 

Tpy6'1aTOM peaKTOpe COCTOHT H3 Tpex 

OLlHHaKOBblX napam1eJibHbIX 6JIOKOB. 

Otta naeT B03MO)KHOCTb 011.HospeMeH

HO nony'laTb nse MapKH CTp011TeJibHblX 

6HryMOB l1 TSl)KeJibIH KOMCTOHeHT 11.0-

pO)KHOro 611ryMa. 

)J.opO)KHbie 6HTYMbl nony4alOT KOM

nayHLlHP08aHl1eM nepe0101cneHHoro KOM

notteHTa c TeMnepaTypoii pa1MS1r4eH11S1 

65 °C 11 pa3)Kl1)KHTenei:\ . 

TexHonornqecKaSI cxeMa yCTaH08KH 

(011.Horo 6noKa) noKa3aHa Ha p11c . 11 .3. 
fy.upoH HacocoM H-1 nonaeTCSI 11e

pe3 ne4b n-1 8 CMeC11TeJib M-1, Kyn a 

KOMnpeccopoM HarnerneTcSI 80311.yx . 

B cMec11Tenb TaK)Ke noCTynaeT u11p1<y

n11py10w,11ii npo.uyKT c Hl13a KOJlOHHbl 

K-1. lh cMec11Tensi M-1 cMech 80311.Y

xa 11 npo.uyKrn sxo11.11T 8 peaKTop P-1, 
OKl1CJ1SleTCSI l1 B8011.11TCSI 8 sepxHIOIO 

11acTh 11cnap11TeJlS1. )l{11n1<ocTb cnyCKaeT

CSI csepxy BHl13, B 3TO 8peMSI OT Hee OT

nenSllOTCSI a30T, OCTaTOK KHCJIOpona, ra3bl 

OKl1CJleHHSI, napbl OTfOHa ( «4epHOH co

l1SlpKI1» ). lfacTb 6HTyMa c Hl13a KOJ10HHbl 

K-1 B Ka'lecrne peu11peyAATa no11.1<a4HBa

eTCS1 HaCOCOM H-2 B CMeCHTeJlb M-1. vb 
cepe11.11HhI KOJJOHHht K-1 roTOBhIH 6HTyM 

ttacocoM H-3 4epe3 xono11.1111bHl1K X-1 Ha

npas11S1eTCS1 s eMKOCTb E-1. oTey.ua 11epe3 

cneU11aJlbHOe pa3mIBO'IHOe yCTpOHCTBO 

611ryMOM 33110J1HSllOT Kpacjn-MeWKH. 

napbl H ra3bl c Bepxa KOJ10HHbl K-1 
noCTynalOT B KOH,UeHcaTop-XOJ1011.l1Jlb

Hl11( X-2. a 3aTeM c1<01-111.ettc11posas

w11iicS1 )Ki111.Kl1H npo.uyKT OT,UensieTCSI 

OT ra30B B cenapampe C-1. C HH3a ce

napaTopa C- / oTroH OTBO.UHTCSI c ycTa

HOBKl1. ra3bl 113 cenapampa C-1 )l0)1(11-

raIOTCSI B neYH fl-3 . 

l t .4. He<lJTHHbie KHCJIOTbI 

HecjJTS1Hbte 1<11cn0Tht co11.ep)KaTcS1 B 

KepOCl1HOBblX, 11.113eJ1bHhlX l1 M3CJ1SIHhlX 

cj)paKUl1SIX. 4eM BhIWe TeMneparyptthie 

11pe11.eJibl BbIK11naHl1SI HecpTSIHbIX cppaK

U11H, TeM 60J1bWe MOJ1eKynS1pHaS1 Macca 

conyTCTBYIOLUHX 11M HecpTSIHblX KHCJIOT. 

KaK npas11no, HecjJTS1Hh1e KHCnOThI co-

11.ep)KaT B COCTaBe MOJieKyJihl OD.HY Kap-

6oKCHJlbHYIO rpynny, n03TOMY Kl1CJ10T

HOe 4l1CJ10 c nOBhIWeHl1eM MOJieKymtp

HOH Macchi yMeH1IIJaeTcS1. 

Kl1cnornoe Yl1CJ10 (KOJ1114eCTBO Ml1Jl

Jll1rpaMMOB KOH, tteo6xon11Moe 11.JlSI 

HeiiTpa11113au~111 OLlHOfO rpaMMa Kl1C

J10T) HecjJTSIHh!X Kl1CJ10T KepoCHHO

BblX q)paKUHH COCTaBJlSleT 270-280 Mr 

KO H / r , n113eJlbHbIX cppa1<11,11ii - 220-
230 Mr KOH/ r. Mo11eKy11S1pHaS1 Macca 

HecpTSIHb!X Kl1CJ10T Kone6neTCSI OT 200 
no 350 H H3X0Lll1TCSI B o6parnoii 3aBH

C11MOCTH OT Kl1CJ10THOfO '111CJia (Kq): 

56,1 · 100 
M=---

Kg 

HeqlTS1Hb1e KHCJIOThI np11 B3a11Mo11.eii

crn1111 co w,e11o<iaM11 06pa3y10T com1, 
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Ha3brnaeMbie Mb1J1aM11. MblJm paCT

BOp5IJOTC51 B BOJlHOM pacrnope meJI0411 

JIY4llle, 1.JeM B HecjJT5IHOH cppaKUHH, H 

003TOMY KOHIJ,eHTpHpyI-OTC51 np11 me

JIOl.JHOH O'lHCTKe HecjnenpOJlYKTOB B 

lll,eJI04HbIX OTXOJlaX. B pacrnop meJio-

1.JH BMeCTe c MbrnaMH nepexomn yacTb 

yrneBO.llOpO.llOB 01.JHlll,aeMOH cppaI<U11H, 

nOJIYl.JHBlllHX Ha3BaHHe HeOMblJI5leMbIX 

Belll,eCTB. KoJI111.JeCTBO ysJieKaeMhIX 

yrJieBO.llOPO.llOB yseJil1411BaeTC51 c B03-

paCTaHHeM TeMneparypttbIX npeneJioB 

BbIKHil3HH51 01.JHlll,aeMblX cppaKUHH. 

Op11 Ol.JHCTKe Kepoc11HOBhIX cppaKUHH 

HeOMblmleMhie Belll,eCTBa COCT3BJI51JOT 

5-6% Mace. OT opraHHl.JeCKOH 1.JaCTH 

lll,eJIOl.JHblX OTXOJlOB, npH 01.JHCTKe )lH-

3eJibHbIX cppaKIJ,HH 3Ta BeJil11.JHHa B03-

paCTaeT JlO 18% Mace., a )J.Jrn MaCJI51-

HhIX cppaKIJ,HH - )la)Ke JlO 40-60% Mace. 

lll,eJIOl.JHbie OTXO.llbl 51BJI5IJOTC51 HC

TOl.JHHKOM )lJ151 noJiy4eHH51 MblJIOHacpTa, 

aCl1)lOJI-MblJIOHacpTa, aCH)lOJia, 3MYJib

COJia, JJ;HCTl1JIJI11pOBaHHb!X HecpT51HblX 

KHCJIOT. 

MbuzoHacjJm - Ma3eo6pa3Hoe seme

CTBO OT COJIOMeHHO-)KeJITOro JlO TeMHO

KOp114HeBoro 1..1,BeTa. Co.llep)KIH B csoeM 

COCTaBe H3TPl1eBbie MbIJia HecpT51HbIX 

KHCJIOT, HeOMbimieMbie Bew,eCTBa, Ml1-

HepaJibHble COJIH 11 npHMepHO 50% 11 

Bblllle BO.Ubl. )J.JI5I BbI)leJieHH51 MbIJIO

Hacprn 113 lll,eJI04HOro pacrnopa np11-

MeH5IJOT BblCaJIHB3HHe, T.e. Bb!TeCHeH11e 

MblJI 113 paCTBOpa nosapeHHOH COJibJO. 

0osapeHHa51 COJib JJY4llle paCTBOp5IeT

C51 B BO.Ile, 1.JeM HaTp11eBbie Mb!Jla Hacp-
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TeHOBblX Kl1CJIOT, BCJie)lCTBl1e Yero Mbl

JIOHacpT BCTIJibIBaeT Ha nosepxHOCTb 

pacrnopa. KpoMe Bh1caJI11BaHH5I np11Me

H5IJOT TaK)Ke BbmapttBaH11e BOJJ;bl. 

AcuooJ1-.11b1.10HacjJm npencTaBJI51eT 

co6oi1 CMeCb MbIJlOHacprn 11 CB060JJ;Hb!X 

HecprntthIX K11c110T ( ac11)lo11a). Ac11-

JJ;OJI-MbIJIOHacjn co.uep)K11T OKOJIO 30% 
BO)lbl 11 OKOJIO 70% CMeCl1 Kl1CJIOT, MbIJl 

11 HeOMbIJI51eMbIX Belll,eCTB. Op11 o6-

pa6oTKe meJIOl.JHblX OTX0,11,0B CJia6oi1 

cepHOH Kl1CJIOTOH, B35ITOH B He)lOCTaT

I<e, YaCTb MhIJl pa311araeTc5l c BbIJJ;eJie

HHeM CB060JlHblX HecprnHblX KHCJlOT. 

BcJiencrn11e 6onhwoi1 pacrnop11MocTH 

MblJl B Kl1CJ10Tax JlOCTaTOl.JHO BbI,lJ,eJI11Tb 

TOJibKO 'l3CTb Kl1CJIOT, 1.JT06bI B o6pa30-

B3Blll 11i1cH Kl1CJIOTHhIH cJioi1 nepelllen 

113 weJ104HOro paCTBOpa BeCb OCTaTOK 

ttecprnHbIX MbIJl. 

Ac1100.1 - MaCJI5IHl1CTa51 )Kl1JlKOCTb, 

COCT051Wa51 113 CB060,LI,HbIX HecpT51HblX 

Kl1CJIOT c paCTBopeHHb!Ml1 B Hl1X yrne

BO.llOPO.llaM11 MaCJia (HeOMb!Jl51eMblMH) 11 

5% BOJlbl. TioJiyqaJOT ac11no11 np11 o6pa-

6oTKe weJIOl.JHbIX OTXOJlOB cna6oi1 cep

ttotl I<HCJIOTOH B I<OJ1114eCTBe, ,11,0CTaTOl.J

HOM )lJ151 pa3J10)KeHH51 BCex HaTp11eBblX 

M blJI HecprnHb!X KHCJIOT, CO,LI,ep:>I<a1Ul1XC51 

B pacrnope. 

3MyflbCOJ/ - npo.uyKT, npHMeH51eMbIH 

.llJ151 OXJia)K)leHl151 MeTaJIJIOpe)J(ylll,11X 

11HCTpyMeHTOB. )J.JI5I ero H3fOTOBJieHH51 

11CTIOJib3YJOT men04Hbie OTXO.llbl no

CJie 0411CTI<H MaJIOB513I<HX M3CJI51Hb!X 

cppa1<u11i1. Mhrna HecprnHbIX 1<11cnoT BhI

TeCH5IJOT (BblC3Jll1BaJOT) 113 lll,eJIO'-IHblX 

OTX0,11,0B KpenKl1M paCTBOpOM e,LI,KOro 
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HaTpa. Bb1ne11eHHb1i1 MhrnoHacjn np11 
60 °C 11 11HTeHCl1BHOM nepeMew11sa1-11111 
pa36aB11511-0T sepeTeHHblM MaC110M. 

)Jucmw1.nupo6aHHbte 11erpmRH1>1e Kuc
.nombl c conep:11<aH11eM 1-1eoMb1J15leMb1x 
KOMnOHeHTOB OT l ,5 no 5% Mace. no-
11ylfa1-0T np11 o6e3Mac1111saH1111 ac11no11a 
nyTeM neperoHKH non saKyyMoM . .D.1151 

no11ylfeH115I CBeTJiblX HacjneHOBbIX Kl1C-
110T, np11MeH5leMblX B 11aK0KpaCOYHOH 
npOMblW11eHHOCTl1 n1151 Bbipa6oTK11 Cl1K
KaT11BOB 11 useTHbIX 11aKOB, np11MeH5II-OT 
nsyxKparny1-0 saKyyMHYI-O neperoHKy. 

11.5. Heit>rnuble cyJlhii>OKMCJlOTbl 

Cy11hcjJOK11cnOTbl - nponyKT 06pa-
60TK11 HecpT51HbIX n11cTl1JlJ15ITOB cepHOH 
K11cn0Toi1. B MOJleKyne cynhcpo1<11cn0Tb1 
conep)!(HTC51 cynbcpo-rpynna SO:OH 11 
yrnesonoponHhIH panHKan. Yawe scero 
apoMaTl14eCKl1H. 

Op11Me1-1eH11e cynhcj)OKHCJIOT s Ha
ponHOM xo151i1crne pa3Hoo6pa1Ho. Tex
Hw1ecKa5! CMeCb HecjJT51HblX cyJlb(j)O
Kl1CJ10T nonylfH11a Ha3BaH11e 1,·011ma"·ma 

nempoea. KoHTaKT OeTposa 11cn011b-
3yeTC5I nnH pacwen11eHH5! }KHpos, np11 
o6pa60TKe ](0)1(, B TeKCTl1JlbHOH npo
MbIW11eHHOCTl1 B KalfeCTBe MOI-OIJ.lero 
cpencTsa, B npo113soncTBe n11aCTMacc, 
np11canoK K CMa304HbIM MaCJlaM. 

CbipheM n1151 npo113soncTsa KOHTaK
Ta OeTposa c11y)!(aT Kepoc11Ho-ra3oifoe
Bh1e cjJpaKu1111, conep)!(aw11e OT 20 no 
40% apoMaTHlfeCKMx yrnesonoponos, 
Ta!( !<aK HMeHHO apoMaTWleCKMe yrne

sonoponbl Ha116011ee 11er1<0 cy11 h(jmpy-

19-00RO 

fOTC5! c o6pa30BaH11eM CY11bQJOKl1C110T. 
Ka1< 06b1YHO, np11 cynhcjJ11poBaH1111 HecjJ
TenponyKTOB o6pa3yeTC51 nsa c11051: 

sepXH11M - Kl1C110e Maeno, HH)!(HHH -
K11c11b1i1 rynpoH. Bh1coKoM011eKym1p
Hb1e apoMaTl14eCKl1e cy11bcjJOKHC110Tbl, 
KOTOpbie 11 51B11511-0TC51 ue11eBblM nponyK
TOM npouecca, xopowo pacTBOp51IOTCH 
s K11c110M Mac11e, a 3aTeM, noc11e pa3ne-
11eH115! K11c11oro Mac11a 11 K11c11oro rynpo
Ha, 3KCTparnpyI-OTCH 113 Kl1C110ro Mac11a 
npecHoii sonoi1. 

B Kalfecrne cy11hcjJ11pyIOw,ero arett
rn n11H apoMaT11YecK11x yrnesonoponos 
o6bIYHO npHMeH51eTC51 ra3006pa3Hb!H 
cepHbltt aHrnnp11n. 

Om1cam1e TexuoJioruqecKoii cxe
Mbl. TexH011orn4ecKa5! cxeMa Henpe
pbIBHoro npouecca cynhcjJ11posaH115I Ke
poorno-ra3oi111esoi1 cjJpaKu1111 np11so
llHTC5! Ha p11c. 11.4. 

06e3BO)!<eHHblH KepoCHHOBhlH 11Jil1 

ra30J111esb1i1 n11cT111111HT nonaeTcH Haco
col\1 H- 1 nornenosaTe11bHO B nsa cy11h
cjJyparnpa M-1 11 M-2 . .Il.nH nepeMern11-
BaH115! nponyKTa B cy11hcjlyparnpb1 non 
He6oJJbWHM nasneH11eM HarneTaeTcH 
smnyx. K so1nyxy B K011Hlfecrne 7-8% 
no6as11HeTCH ra3006pa3HbIH cepHbIH 
aHr11np11n 113 6a11110Hos. TeMnepaTYpa 
npouecca 40-60 °C; npon011)!(HTe11b
HOCTb cy11bcjJ11posaHHH 4-6 4. 

J13 cy11hcjlyparnpa M-2 nponyKT ca
MoTeKOM nocTynaeT B eMKOCTH E-1, E-2 
11 E-3 nm1 no11011H11Te11hHOro oTCT051 
KHC110ro rynpoHa (qepHoro KOHTaKTa). 
C ml3a cy11bcj)yparnpos 11 OTCTOHHl1KOB 

OTCT05!BWHHC5! KHCJlb!H rynpoH OTI<a-
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lnasa 12. 0cHOBHbl8 T8XHOnorvtY8CKM8 CX8M bl 

cospeMeHHblX Hecj:nenepepa6ciTblBafOll\vt X 3aBO.c10B 

II III 

H-2 H-3 

Puc. 11.4. TexHo.10<~u 11ecKafl cxe11a 11po113rwocmrw cyJ1bcjJOKUCJ1om: 

I - Cblpbe; JI - cepHbll'i aH<uopuo; 111 - eo3oyx; IV - eoiJa; 

V - pacmeop edKozo 1-1a111pa; VI - pacnuwp KownaKma; VII - KUC!lbnl zyopoH; 
VIII - 1-1e1/mpa.11>110e .11ac.10 

1nrnaeTC.S1 c ycTaHOBKH H3COCOM H-5. 
Ifa OTCTOHHHK3 E-3 cynbcp11pos3HHb1i1 

npo.uyKT, ttarpeTbIH .no 70 °C B n3po

no.uorpeBaTeJie T-1, noCTynaeT nocne

.llOB3TeJihHO B .UB3 3KCTp3KTopa M-3 u 
M-4, r.r~e cynbcpOKHCJIOTbI BbIMb1Ba10TC5! 

H3 HecpTenpO.UYKT3 npeCHOH BO.llOH. Bo

.llHbIH pacrnop cyJibcpOKHCJIOT (p3crnop 

KOHT3KT3) OTBO.ZJ,HTC.SI c YCTaHOBKH Ha

COCOM H-3. 
TosapHbIH KOHTaKT IleTpOB3 co.nep

)1(11T np11MepHO 50% cynbcpOKHCJlOT, 

OCTaJibHOe COCT3BJI5!!0T HeOMblJI51e

MbJe npO.UyKThI. KepocHHo-ra3oi1neB35! 

cppaKI.J;H5!, H3 KOTOpOH BbI.ZJ,eneHbl CYJlb

cpOKl1CJIOTbl, qacn!'IHO B03Bp3waeTC5! 

HacocoM H-2 B cyJihcpyparnp M-1 .nn51 
6oJiee nOJIHOro HCOOJlb30BaHlrn, 43-

cniqHo )l(e noczyrr3eT B MewanKy M-5 
.llJ15! Hei1:TpaJil13a1.1,H11 p3crnopoM weno-

411, rrocne qero OTK3qHs3eTc5! c ycT3-

HOBKl1 H3COCOM H-4. 
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0cHOBH35! 3nnapazyp3 rrp11 noJiy

'-leHHH cynbcpOKHCJlOT - MeW3JlKH H OT

CTOHHl1Kl1 c KOH11qecKHMH .llH11W3MH. 

)ln51 33WHTbI 3nn3p3zypb1 OT Koppo3HH 

np11MeH5!IOTC5! HeMeTaJIJlH'-leCKHe 33-

WHTHbie noKpbITH5!: .n11a6a30B35! nmn

K3, tjl30J1HT. 

YTHJJHJa1.urn KHCJJhIX ryJJ.pouoe . 
Ilp11 O'-IHCTKe cepHOH KHCJlOTOH TOn

JlHBHbIX .ll11CTHJ1Jl5!TOB, .llHCTl1JlJl5!THbIX 

11 OCT3T0'-1Hb!X M3CeJl, a T3K)l(e npH rro

JlY'"leHHH cynbcpOKHCJlOT B BH.ZJ,e OTXO.llOB 

np0113BO.ZJ,CTB3 o6pa3y!OTC5! Kl1CJ1b!e ry

.llPOHbl, KOTOpbie COCTOSIT 113 npo.uyKTOB 

pe3KU,1111, CB060.UHOH cepHOH KHCJlOTbl 

11 HeKOTOporo KOJlH'-!eCTBa HeOMbIJI.Sle

MbIX KOMnoHeHTOB. ITyTH yTHJIH1a1.1,HH 

Kl1CJlbIX ry.npoHOB pa3JJHqHbI. KHCJihIH 

ry.npoH, nonyYeHHbIH npH cyJlbqm

posaHHH Kepoc11Ha, HCOOJlh3yeTC.SI 

.ll,1151 npOH3BO.ZJ,CTBa rpy6oro MOIOI.Qero 

cpe.D,CTB3 - nacTbI PAC. 3ra n3cTa npH

Mew1eTC5! .UJJ5! MbITb5! annap3zypb1, no

JlOB 11 T.n. 



i r:;;r,;.; 1 ·; fl pOi13BO,Dr.TBo napacj:l11HOB. L\epe311HOB, 
: : , ,,,,-,1 11· ;; " ,1" rcrvico.:<r11· 1·11r r1r:n vi cyn bcj:lo1rn cnoT 113 Hecj:n11 

0p11 06pa6oTKe Kl1CJibIX rynpOHOB 

BO)J.OM nonyi-ialOT )lBa CJT051: Hl1)!<Hl1M , 

COCT051W,11M 113 cepHoi1 KHCJTOTbl I<pe

TIOCTblO 30-75%, 11 BepxHHM, co..o,ep)Ka

lll,11M opraH11L1ec1<y10 CMOJIHCTYIO qacTb. 

Cna6a51 cepHa51 1<11cn 0Ta np11MeH5!eTC5! 

B np0113B0)1CTBe Ml1HepaJTbHblX yno6pe

Hl1M 11 CTpoi1MaTep11an oB, npaBna, Becb

Ma orpaH11L1eHHO. OcrnTOLIHYIO cMony 

CMellJHBaJOT c Ma3yTOM H C)({HralOT. 

IlpH Han11q1111 Ha HCT3 cepHoI<11c

JTOTHoro npo113BOJ1CTBa uenecoo6pa3HO 

np11MeH5!Tb MeTO)J. TepM11L1ec1<oro pac

lll,enneHl1511<11cnoro ry,UpoHa. B nelfb nn51 

C)({11ratt115! ceposo,Uopo,Ua Ha ycrnHOBI<e 

nonyL1eH115! cepttoi1 1<11cn0Tb1 no,UaeTC51 

KHCJihIH ry,UpOH c CO,Uep)KaH11eM 71-
85% KHCJIOThJ. OpraH11L1ec1<He npHMecH 

cropa!OT TIOL!TH TIOJIHOCThfO 11 He BJIH-

5llOT 1rn 1<aqecrno nonyqaeMoi1 cepttoi1 

Kl1CJ10Tbl. yf3 Kl1CJIOro ry,UpOHa MO)K

HO TaK)({e nonylfaTb 611ryMbI. CTpouecc 

npoBOJ111TC51 B peaKTope c nepeMeurnBa

JOW,11M yCTpOi1CTBOM 11 3aKJIIOL!aeTC51 B 

o6pa60TKe Kl1CJIOrO ry,UpOHa B0)151HhlM 

napoM, BO,Uoi1 11 B03,UYXOM. B pe3yJih

TaTe 6onee nern11e MaCJT51Hbie cocTaB

nmoume KOHUeHTp11py1-0TC5I B BepxHeH 

tracn1 annapaTa, KHCJIOTa oca)({,UaeTcH 

B Hl1)KHei1 qacTH, CMOJIHCTO-accpanbTe

HOBb!e Bew,ecrna - nocepe,U11He. EoJiee 

nern11e Macna y,UanHIOTCH BbmapHBaHH

eM . OcTaTOJ< npoMbrnaeTcH BO,UOH H ne

peroH51eTC51 c neperpeThIM B0)151HhIM na

poM ,UO nonylfeHHH 611T)'Ma Tpe6yeMoi1 

KOHCHCTettu1111. EHryM, noJiyqeHHhIH 

H3 KHCJIOro ry,UpOHa, B 1IHCTOM BH,Ue He 

npHMeIDieTCji. 

; . 
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fJlABA 12. OCHOBHhIE TEXl-IO.TIOfl14ECKHE CXEMbl 
COBPEMEHHblX HE<J:>TEnEPEPAl:JATblBAJOll.l,HX 3ABO)],OB 

Ilo CBOeMy npoqmmo Heqnenepe

pa6aThIBaIOrn;He JaBO.UhI .uernncsi Ha 

TOilJIHBHhie, TOilJIHBHO-MacmlHhie, 3a

BO.Ubl c HeqnexHMl14eCKl1Ml1 np0113BOll,

CTBaMl1. IlpHHSITO TaK:>Ke xapaKTep1130-

BaTb 3aBO.UbI no rny611He nepepa6oTKH 

Hecprn - ypoBHIO OT6opa CBeTJibIX Hecp

Tenpo.uyKTOB. 

CxeMa nepepa6oTKH no Tonnue

HOMY eapuaHTY c ueBbICOKHl\1 ypoe

ueM OT6opa CBeTJibIX ue<tnenpoJJ.yK

TOB. 3rn cxeMa (p11c. 12.1) np11Me

HsieTc.H B Tex cnyyasix . Koma sen 11Ka 

noTpe6HOCTb OKpy)f(aIOwero paHOHa B 

KOTeJibHOM TOilJlHBe - l\1a3yTe . 3aBO)lbl 

c Herny6oKOH nepepa60TI<OH CTpOSITCSI 

TaM, r.ue oTcyTcrnyIOT .upyrne HCTOYHH

KH :mepreT1111ecKoro Tonn11sa (np11po.n

HbtH raJ, yronb ). 

HecpTb CHaYana o6eccomrnaeTc51 11 

o6e3BO)l(I1BaeTc.H, a JaTeM neperoHsi

eTc.H Ha ycrnHOBKax AT c nonyYeHHeM 

6eH311HOBOro, KepOCHHOBOro 11 .Lll13eJlb

HOro JJ.HCTHJlJI.HTOB. Eett311HOBbIH n11c

THJIJI.HT paJne1rneTc.H Ha cppaKu1111. Ontta 

113 cppaKUHH nonaepraeTC.H Karnn11rn-

4eCKOMY pucpopMHHry c nony4eHl1eM 

apoMan111ecKoro KOHUeHTpaTa, 113 KOTO

poro 3aTeM BbI.[leJl.HIOT apoMaT114eCKHe 

yrneso.uoponb1. )],pyra.H 6eH311HOBasi 

cppaKu.11.H, 6onee rn)l(enasi, TaK)l(e Ha-
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npaBJI.HeTCSI Ha KaTaJIHTfflieCKHH pu

cpopM11Hr. KaTan.113aT 3TOH ycrnHOBKH 

SIBJl.HeTCSI OCHOBHhIM KOMilOHeHTOM TO

sapHOro aBTOM0611JibHOro 6eH3HHa. 

Cpe.UHHe n11cT.11JIJIS1TbI (Kepoc.11tto

BbIH 11 ll~l3eJlbHbIH) no.uaepraIOTCSI 06-

naropa)l(HBam110 H 04HCTKe OT cepbI Ha 

ycTaHOBKax r11npoo411cTKH. Enaro.uap.H 

r11.upoo411cTKe nony4aIOT peaKT11BHoe 

T00Jll1BO BblCOI<OrO Ka4eCTBa 11 Mano

cepH11CTOe lll13eJlbHOe TOOJIHBO. qaCTb 

OYHWeHHOro .[lH3eJlbHOro TOOJIJ1Ba 00,ll

sepraeTCSI n enapacp1rnHJau1111 c nony

c1em1eM )l(H.LJ.KOro napacp1rna 11 311MHero 

.UH3e.lbHOro TOOJ111Ba. 

fa30Bble OOTOKH ycTaHOBOK nepB.114-

HOH neperoHKH HecpTH .11 1<aTam1T11Yec

Koro p11cpopM11Hra nepepa6aThIBaIOTCSI 

Ha ra3ocppaKui10H.11py10mei1 ycTaHOBKe. 

n p11 3TOM OOJlYLJaIOT TOBapHble C)l(J1-

iKeHHbie ra3hJ: nponatt, 6yrntt 11 11306y

TaH. 

AaT0Mo611nbHhii1 6ett3HH, ab1pa60T

Ka KOToporo Ha Jaso.ue c Herny6oKoi1 

cxeMOH nepepa60TKl1 COCTaBn.HeT 10-

20% (B 3aBHCl1MOCTH OT CO,llep)f(aHHSI 

6eH3.11HOBbIX cppaKUHH B Hecprn), roTO

BHTCSI CMeweHHeM 2-4-x KOMilOHeHTOB. 

OcttOBHbIM (6a30BbIM) KOMnotteHTOM 

CJ1Y)f(l1T KaTaJlH3aT ycTaHOBOK KaTaJlH

Tl1 4 eCKOro p11cpopM11Hra, KOTOpblH co-
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l nas3 12. 0 c HOBH b18 T8X HOJlOIW.Je ...:1,1 1e cxeMbl 

cos peM eHHblX Heqnenepepa6mb1sa<O LL!H X 3CIBO.i:\OB 

.nep)f(HT 60JlbWOe KOJ1114eCTBO apoMa

Tl14eCKl1X 11 113onapacjrnHOBb1x yrneso

.nopo.nos 11 11MeeT BblCOKOe OKTaHOBOe 

411CJ10. 0.nHaKO KaTaJil13aT p11cpopM11Hra 

He o6na.naeT Tpe6yeMblMH nyCKOBbl

Ml1 CBOHCTBaM11 - y Hero OLleHb BblCO

Ka51 TeMneparypa I 0% OTroHa H Hl13Ka51 

ynpyrocTb napoa. Oo3TOMY K Karn11113a

TY .no6aam110T 20-25% 11ernoi1 npHMO

roHHOH cppaKU1111 H.K. - 62 ° C H 3-5% 
6yrnHa. flo TaKOH peuemype MO)f(HO 

no11yLI11Tb rnn1111aa A-72 11 A-76. EeH-

311HbI 6011ee BblCOKHX MapoK - Al1-93 , 
AM-98, - no11yLia10T .no6asneH11eM H30-

Mep-6ett311Ha 11 an1<1111aT6eH3HHa . 

Ha 3aao.nax c Herny6oKoi1 cxeMoi1 

nepepa60TK11, KaK 11 Ha .npyrnx Hecp

Tenepepa6aTbrna10mHX npe.nnp11HT115IX, 

opraHl13yeTC51 np0113BO,llCTBO pa3Jl11L[

HbIX MapoK 611ryMa. bl1TYM no11yL1a10T 

OKHCJieHHeM ry.npoHa, KOTOpblH Bbl,lle

m1eTC5I 113 Ma3yTa Ha cneu.Ha11bHOM 6110-

Ke, BXO,ll51IUeM B COCTaB ycTaHOBKH no 

np0113BO.llCTBY 611ryMa. 0CHOBHOe K0-

1111LleCTBO Ma3yTa OTnpasm 1eTC5I noTpe-

611TeJI5IM B KaLieCTBe KOTe11bHOf0 Ton-

1111sa. 

Ceposo.nopo.n, Bhl.lle11HBWHHC51 npH 

rn.npooLIHCTKe, YTHJIH3HpyeTC51 Ha ycTa

HOBKax nonyLieHH51 cepHOH KHCJIOTbl 

HJIH cepbi. 

CxeMa nepepa6oTKH no Tonnus
HOMY sapnaury c BhlCOKHM yposueM 
OT6opa CBeTnblX He<l>TenpOJ.J.YKTOB. 
3aBO,llbl c TaKOH cxeMOH nepepa60TKH 

(p11c. 12.2) 11Me!OT B CBOeM COCTaBe 

ycTaHOBKl1, Ha KOTOpbIX c nOMOLUblO 
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pa3J1114HblX TepM11LleCKHX 11 KaTaJIHT11-

LleCKl1X npoueccos MO)f(HO no11yLI11Tb 

.nonOJ1Hl1TeJibHble KOJil1LleCTBa CBeTJibJX 

Hecj>Tenpo.nyKTOB. 

Oepa11•rna51 neperoHKa Hecj>TH npo

so.n11Tc5I Ha ycrnHOBKe ABT. IT0M11Mo 

an.rnccpepHbIX .lll1CTl1JIJI51TOB, Ha 3TOH 

ycrnHOBKe nonyLlalOT saKyyMHblH .lll1C

Tl1JIJ151T - cj>pal<UHIO 350-500 ° C H ryk 

pOH . 

ATMoccj>epHble .lll1CTl1JIJI51Tbl, 6eH-

3H HOBblH , KepOCl1HOBblH 11 .lll13eJibHblH, 

nepepa6aTbrnaioTC51 TaK )f(e, KaK 11 Ha 3a

so.ne c Herny6oKoi1 nepepa6oTKOH Hecp

T11. BaKyyMHblH .lll1CTHJIJI51T Hanpas1151-

eTc51 Ha ycTaHOBKY KaTaJil1Tl14eCKOro 

KpeK!1Hra. n p11 KaTaJil1Tl14eCKOM Kpe

Kl1Hfe nonycia10T ra3, 6eH311H, nern11i1 

11 rn)KeJiblH ra3ol1mL fa3 HanpasnHeTc51 

Ha f<DY, 6eH311H l1COOJlb3YeTC51 KaK KOM

noHeHT TOBapHOfO aBTOM061111bHOro 

6eH3HHa, a 11erK11i1 ra3ottJib 04HLUaeT

C51 B CMec11 c np51MOfOHHOH .lll13eJibHOH 

cppaKu11ei1 Ha ycTaHOBKe rn.npoOLll1CT

Kl1 11 33TeM 11CilOJib3yeTC51 KaK KOMno

HeHT .lll13eJ1bHOro TOOJ111Ba. 3KCTpaKT, 

no11yLieHHblH nocne 06pa60TK11 cpeHo

JIOM 111111 cpypcj)yponoM T51)f(eJioro ra3oi1-

JI51, npe.ncrna11HeT co6oi1 npesocxo.llHOe 

Cblpbe .ll1151 nonyLieHl151 TeXHH4eCKOro 

yrnepo.na. 

HapH.llY c KaTaJIHT11LieCKHM KpeKHH

roM .llJI51 nepepa60TK11 BaKyyMHblX .lll1C

Tl1JIJ151TOB np11Mem1eTC5I rH.llPOKpeKHHr. 

Ecn11 np11 1<arnn11THLiecKoM KpeKHHre 

OCHOBHbIM npo.nyKTOM scer)l,a 51BJI51eTC51 

6eH311H, TO npH rn.apoKpeK11Hre MO)f(HO 
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, ,·)~ • . ·:-; ,. ,;,_ 1 , ;-.. ;:< n~' , ;;· d·:·:; Jepa6aTblB2.l •J l~V1X 3a BO,[\O B 

H3Me8$1Tb COOTHOWeHH5! noJiyYaeM blX 

npo.uyKTOB, yBeJIHY!1Ba5! Bb!XO.D, 6eH3H

Ha HJIH cpe.D,HHX .D,HCTHJIJJ5!TOB. ::ho fl03-

BOJI5!eT y.uosneTBOp5!Tb ce30HHb1e H3Me

Hett115! B cnpoce Ha Hecjnenpo.nyKThI. 

fy.UpOH f10.D,BepraeTC5! nepepa6oTKe 

c np11MeHeHHeM 0)1,HOro H3 TepMHYec

K11X npoueccoB - KOKCOBaH!rn HJil1 Tep

MH'-!eCKOro KpeK11ttra . CTptt TepMHYec

KOH nepepa6oTKe ry.npotta nony 'rn!OT 

ra3 H )l,HCTHJIJI5!Tbl, Ha6op KOTOpbtX aHa

JIOrH4eH nony4aeMOMY np11 KaTaJIHTl1-

4eCKOM KpeKHHre. Eett3HH TepMH4eCKHx 

npoueccos uenecoo6pa3HO nepe.n no

.ua4el1: B TosapHoe 3BTOM06HJibHOe TOn

JIHBO no.useprttyTh 06J1aropa)l<11BaH1110 

c npHMeHeHHeM npoueccos rny601<0ro 

rH.D,pHpOBaHH5! H KaTaJI HT!1 4eCKOfO p11-

cjlopM11Hra. J1erKHH ra30HJib 11CflOJib3Y

eTC5! KaK KOMflOHeHT ra30TypfotHHOro, 

MOTopttoro HJIH ne,rnoro TOnJIHsa, noc

ne rn.np004HCTKl1 MO)l(eT HanpaBJI5!TbC5! 

B .D,H3eJibHOe TOflJIHBO. 

f a30Bble flOTOKH ycTaHOBOK l<OKCO

BaHH5! l1 KaTaJJHTl14eC1<0ro KpeKHHra co

.uep)l(aT Henpe.neJibHbie yrneso.nopo.D,hI 

l1 f103TOMY nepepa6aTb1BalOTC5! OT.D,eJib

HO OT npe.uenbHblX ra30BblX flOTOKOB 

nepBH4HOH neperoHKH 11 p11cpopM11Hra . 

Bh1.uenettttbre H3 3THX noTOKOB nponatt

nponHJieHoBa5! H 6yrntt-6yTHJieHosa5! 

cjlpaKUHH HCflOJib3YIOTC5! .UJI5! nony4e

HH5! .uonOJIHHTeJibHb!X KOJIH4eCTB BblCO

KOKa4eCTBeHHOro 6ett3!1Ha MeTO.D,3Ml1 

nOJIHMepH3aUHH H aJIKHJIHpOBaHH5! . 

CxeMa nepepa60T1rn tte<f>TH no Ton

Jl H BHO-MacJrnttoMy BapH3HT)'. no 3TOi1 

cxeMe (p11c. 12 .3) Ha ycTaHOBKax ABT, 

flOMHMO CBeTJiblX .D,HCTHJIJI5!TOB (6eH311-

HOBOro, 1<epoCHHOBOro, )l,H3eJihHOro ), 

flOJIY43IOT HeCKOJibKO BaKyyMHblX )l,l1C

Tl1JIJI5!TOB 11 ry.npoH. 3aTeM K3)!()1,bIH H3 

.D,HCTHJIJI5!THb!X noroHOB npoxo.u11T: 

a) ceJJeI<THBHYJO 0411CTKY OT CMOJUIC

TO-accjJaJibTeHOBblX KOMnOHeHTOB; 

6) .nenapacjlHHl13aQ11JO; 

B) .D,004HCTKY OT6emrnaJOIUHMl1 rn11-

H3Ml1 HJIH .D,004HCTKY c npHMeHett11eM 

npouecca rn.upoo411CTKH. 

113 ry.npoHa CH343JI3 c flOMOUlblO 

nponatta 111sneKa10T accjJaJihTOBhie se

wecrna. 0oJiy4eHHblH .neaccjlaJibTl1-

33T .uanee o6pa6aTbIBaeTC5! no TOH )Ke 

cxeMe, 4TO 11 .D,HCTHJIJI5!THble cjJpaK!..{1111 

( ceneKTHBHa5! 0411CTKa, .uenapacjl11H11-

3aUH5!, KOHT3KTH35! HJIH f11.!1,p00411CTKa). 

CTOCJJe .D,004HCTKH )l,HCTl1JIJI5!THbie 

11 OCT3T04HblH KOMflOHeHTbl HanpaBJUI

IOTC5! Ha KOMnaytt.n11posaH11e. lfaMeIDUI 

COOTHOWeH11e KOMnoHeHTOB 11 BBO)l,51 

pa3JIH4Hbie np11ca.uK11, nony4a10T Heo6-

xo.nHMbte copTa Macen. 

Cywecrny10T 11 .upyrne cxeMbI Mac

JI5!Horo npo113BO.D,CTBa. Dp11 0411CTKe 

napHblMH pacrnop11TeJI5!MH (.uyocon

npouecc) Ha 0)1,HOH ycTaHOBKe COBMe

Ul3IOTC5! .neaccjlaJJbTH33UH5! H 113611pa

TeJibH35! 04HCTK3 Macen. 

Ilo604Hble npo.D,yKThl M3CJUIHOro 

npOH3BO.D,CTB3 HCf10Jib3YJOTC5! cne.uy10-

lill1M o6pa3oM. AccjlaJJhThI 11 3KCTpaKThI 

np11MeH5!IOTC5! K3K Cblpbe )l,JI5! npOH3-

BO.UCTBa 61-nyMa 11Jil1 HanpaBJI5!10TC5! 

B KOTeJibHOe TOflJIHBO, a l13 nonyc1eH-
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lr1a sa 12. OcHOB Hble rexHon u; w 1ec"' 1e ,_:;,er,1 bi 
cospeMeHHbtX Hecj.Jrenepepa62·n G1Ba1oll.\tix 3 clBUi~OG 

HbIX np11 .nenapacp11H113au1111 ral!a 11 

neTponaryMa BbI)lemnoT napacp1rn 11 

uepe311H. ray 11 neTponaryM npOX0Jl51T 

.nononmnenbHYIO o6pa6oTKy Ha ycrn

HOBKax o6e3MaCJil1BaHl151, cf>HJ1bTposa

Hl151 l!epe3 OT6eJil1BaIOLU11e 3eMJil1 HJIH 

rtt)lp00lJl1CTKl1 napaqmHOB. Oocne o6pa-

60TKl1 nonyqa10T H3 raYa napacp11H, a 113 

neTponaryMa uepe3HH. 

CxeMa c ue<J>rexuMHlfeCKHMH npo
HJBOJlCTBaMu. AccopTHMeHT npo.nyK

u1111 Heqnenepepa6aTbJBaIOlll,ef'O 3aBO)la 

MO)l(HO 3HalJHTeJibHO pacnmpHTb, eCJIH 

BKJIIOlJHTb B COCTaB 3aso.n;a HeqneXHMH

l!eCKHe npOH3BO,D;CTBa, KOTOpb!e KOMn

JieKCHO HCilOJlb3YI0T pa3JIHlJHhie BHJlhI 

298 

yrneso.nopo.nHoro Cblpb51. CoYeTaH11e s 

e.n11HOM KOMnJieKce Heqnenepepa6aTbI

saIOLU11X 11 HecpTeXHMl1l!eCKl1X np0113-

BOJlCTB c03.naeT 6naronpH51THbie ycno

BH51 )lJI51 KOOnep11poBaHH5! OCHOBHbIX 

npOH3BO)lCTB 11 o6beKTOB o6me3aBOJl

CKOro X0351HCTBa. 

B coCTaB HecpTex11M11tJecKoro KOMn

neKca Heqnenepepa6aThIBa10m11x 3a

so.n;os BKJIIOlfaIOTC.SI KpynHOTOHHa)l(

Hhle npOH3BO)lCTBa 3THJieHa H npo

IlHJI eHa H nonyt:1aeMbIX Ha HX OCHOBe 

nJiaCTHlfeCKHX Mace (nOJIH3THJieHa, no

JIHilpOilHJieHa, IlOJIHCTHpona), CHHTe

THlJeCKHX CilHpTOB, MOIOlll,HX cpe,n;CTB 

H T.Jl. 
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