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Heq:nex111M1t1H - o6nacTb x111M1t11t1 , 1t13-

y4a10ll.laH Hay4Hbl0 OCHOBbl nony4eH"1H 

none3HblX XlllM11140CK"1X npo,QyKTOB 1113 

yrneBO,QOpO,QHOro CblpbH Hecprn Ill np1t1-

po,QHOro ra3a. np1t1 3TOM cne,QyeT OTMe

Tll!Tb, 4TO 8 3TOT nepe40Hb ,Q06bl880MblX 

"13 Hecprn 111 ra3a npo,QyKTOB He BXO,QHT 

npo1113BO,Q"1Mble 1113 Hecprn s rpoMa,Q

HblX KOfl"140CTBaX MOTOpHble rnnn1t1sa "' 

CM8304Hbl0 Macna . nocne,QHL!10 Tp8,Qlll

l.l"10HHO C4"1TalOTCfl npo,QyKTaMll! H9cpT8-

nepepa6aTbl88IOll\eill npOMblWfl9HHOCTVI. 

TaKoe pa3,QeneH111e, 6e3ycnosHo, HOCll!T 

ycnOBHblill xapaKTep, TeM He MeHee OHO 

06ll.lenp1!1HHTO 8 X"1M"1"1 "' X"1M"149CKOill 

T9XHOflOr"1"1. 

W111p0Koe np1t1MeHeH1t1e rnpM1t1Ha 

«HecpT0Xl!1MlllH» 06bHCHH9TCH TalOKe 

"' TeM, 4TO OH 06be,Q"1HH0T (ycnOBHO) 8 

O,QHOM cnose nOHHTll!H, CBH38HHbl9 K8K 

c HecprnHo.:1, T8K "' c XlllM"140CKOill npo

MblWfl9HHOCTblO. 

.QOCTVl>K9H"1H HecpTeXlllMllll!I Ha npaK

TlllKe peanLl13YIOTCH 8 HecpT8X"1M"149CKOill 

npOMblWfl9HHOCTll!, KOTOpafl f!Bflfl9TCfl 

Ba>KHblM pa3,QenoM npOMblWneHHOill XLi1-

M"1"1 . KpoMe Toro, s HacTOflll.lee speMfl 

HecpT9X"1M"149CK8fl npOMblWneHHOCTb 

pa3Blll889TCfl TaK 6blCTpO, 4TO BO MHOrLiiX 

npOMblWfl9HHO pa38"1TblX CTpaHax npo

AYKL.llllfl ee COCTaBnfleT 3H84"1T8flbHYIO, a 

Li1HOr,Qa Li1 6onbWYIO 48CTb 06ll.lero X"1M"1-

49CKOro npOL-1380,QCTBa . 

B HaCTOflll.lee speMH HecpTex1i1M1i14e

cKaH npOMbtwneHHOCTb s Ka3axcrnHe 

pa3Bll!Ta 049Hb cna6o. CTaHosneH1t1e 111 

pa38"1TV19 HecpT9X"1M"149CK0.:1 npOMblW

neHHOCTll! ,QnH Ka3axcrnHa, 06na,Qa10-

L11ero 6oraTeillw111M111 3anacaM1i1 Hecprn 

"' ra3a , f!BmteTCH secbMa aKTyanbHo.:1 

"' H80TnO>KHOill 3a,Qa4e.:1. 



r11aea I. npeAMeT He<l>TeXMMMM 

1.1. Heqnex111M111"'1ecKaH npoMb1wneHHOCTb 

KaK V13BeCTHO, Tpew1 OCHOBHblMV1 V1C

T04HV1KaMV1 Cblpbs:l P,fls:l npOV13BOP,CTBa 

CV1HTeTW-leCKV1X opraHll14eCKV1X npop,yKTOB 

51Bfl5llOTC51 pacrnTeflbHble Beli.\eCTBa, Ka

MeHHbli1 yronb 1t1 HecpTb. Ka>f<Abli1 V13 arnx 

Tpex V1CXOP,HblX MaTep1t1aflOB V1MeeT CBOll1 

npe111MyL1.1ecrna, op,HaKo onblT (npe>f<Ae 

scero c 3KOHOMV14eCKOi1 T04KV1 3peHll151) 

noKa3b1saeT, 4TO s CTpaHax, o6ecne4eH

HblX HecpTblO (K KOTOpblM OTHOCll1TC51 111 

Pecny6n1t1Ka Ka3axcrnH), 3Ha4eH111e no

cnep,Hei1KaK111CT04Hll1Ka Cblpbs:! P,fls:l XV1MV1-

4eCKOii1 npOMblWfleHHOCrn BeflV1KO, V1 OHO 

HenpepblBHO B03paCTaeT. no cpasHeHll1IO 

c KaMeHHblM ymeM npe1t1Myli.\eCTBa Hecp

rn COCT051T B TOM, 4TO B Hei1 3Ha4111Teflb

HO 6onbwe css:i3aHHoro sop,opop,a, s:is

fls:llOli.\erocs:i Ba>KHOi1 COCTaBHOi/1 4aCTblO 

opraHV14eCKV1X Beli.\eCTB. no cpasHeHll1IO 

c pacrnTeflbHblMV1 BeL1.1eCTBaM111 Hetj:)Tb 

ner4e TpaHcnoprnposaTb 1t1 Bb1xop, C1t1HTe

rn4ecK111x npop,yKTOB V13 Hee 6onbwe, 4eM 

1113 TaKOro >Ke KOflll148CTBa pacrnTeflbHblX 

B8li.\8CTB. 

Cnep,yeT, op,HaKo, OTMernTb, 4TO a 

H8KOTOpblX cny4as:ix Haps:ip,y c Hetj:)TblO 

4enecoo6pa3HO 111cnonb3osaTb TaK>Ke 

KaMeHHb1i/1 yronb 1t1n111 pacrnrenbHoe Cbl

pbe. TaK, Hanp111Mep, arn11osb1il1 cn111pT 

np01113BOP,51T KaK 1113 3TV1fleHa HecpTs:!HOro 

npOV1CXO>f<AeH11151, TaK V1 MeTOP,OM 6po>Ke

HV151 pacrnrenbHoro Cblpbs:i; a4ernneH 

nony4alOT KaK HenOJlHblM OKV1CJ1eHV18M 

np111pop,Horo ra3a (MeTaHa), TaK 111 1t13 yms:i , 

yepe3Kap61t1p,Ka11b41t1s:i. 

B HacTOs:ili.\ee speMs:i 1113 ymesop,o

pop,os HecpTV1 npOV13BOP,V1TC51 HeCKOflbKO 

TblC514 Bll1P,OB (6onee 5 TblC514) opraH1t14e

CKV1X npop,yKrns. B111p,b1 111 Kon1114ecrno arnx 

npop,yKTOB HenpepblBHO pacTyT, 111 P,Ofls:l 

111X, no caMblM CKpOMHblM nOP,C4eTaM, co

CTaBJ15leT 25-30% 06L1.1ero npOll13BOP,CTBa 

npop,yKTOB XV1Mll148CKOi1 npOMblWJ1eH

HOCTV1. Ecn1t1 npV1H51Tb BO BHV1M8Hll1e TO, 

4TO no cyMMe Kan1t1TaflOBJ10>KeHll15l X111Mll1-

4eCKa51 npOMblWfleHHOCTb HaXOP,111TC5l B 

OP,HOM ps:ip,y c TaKll1Mll1 orpaCJ151Mll1, KaK 

Mernnnyprns:i V1 TeKCTV1JlbH851 npOMblW

neHHOCTb, cnep,yer npll13HaTb rpoMap,

HOCTb MaCWTa6a cospeMeHHOi1 Hecprn

Xll1Mll14eCKOi!1 npOMblWJ1eHHOCTl'1. 

HecMorps:i Ha 6onbw1t1e Macwrn6b1 

pa3Bll1TV151 HecpTeXV1MV14eCKOi1 npOMblW

neHHOCrn , c T04Kll1 3peH1t1s:i o6beMa noT

pe611s:ieMoro Cblpbs:i 0H111 see >Ke Ma11b1 

no cpasHeH11110 c 06L1.11t1M111 Macwrn6aM111 

npOMblWJ1eHHOi1 nepepa60TKV1 Hetj:)Tlll 

(Hecprnnepepa6aTb1sa10L1.1as:i npOMblW

neHHOCTb ), KOTOpas:i, K CO>KafleHll1IO , l!1Me

eT TOn11V1BHOe Hanpas11eH111e (MOTOpHble 

TOn11111sa , KOT811bH08 TOn11111BO ) . nopa3111-

TeJ1bHO, HO cpaKT: B HaCT05lli.\8e speM51 

B HecpTeXll1Mlt14eCKOi1 npOMblW118HHOCTV1 

3ap,eii1CTBOB8HO scero J1V1Wb OKOJ10 8% 
cyMMapHoiil M111posoil1 p,o6bl4V1 Hecprn. 

B 06L1.1eM s1t1p,e cospeMeHHYIO npo

Mb1w11eHHY10 nepepa6oTKy Hecpr1t1 111 np1t1-

pop,Horo ra3a MO>KHO npep,cras1t1Tb s s111p,e 

cnep,ylOli.\8111 ynpOli.\8HHOii1 CX8Mbl: 
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Hec)JTerrepepa6aTb1Ba10-
~aH ~rrpOMbIIIIJieHHOCTb 

(92% Bcero 
.n;o6hrnaeMoro o6'beMa 

tteqm1) 

~ KotteqHhie 
IIpOJzyKTbl 

TonnHBa 
CMa3oqHhie 
Macna 
I'y,D,pOH 

HeqJTeXHMHqecKaH 

rrpOMbIIIIJieHHOCTb _. 

(8% Bcero .n;o6hrnaeMoro 

o6'heMa HecPTH) 

IIpoMe)l(y-
ToqHbie ~ 
rrpo.n:yKThI 

He<PrnttoH: KoKc II T . .n;. 

1.JIICTbie yrneBO,D,OpO,D,bl 
CrrIIpTbI 
Anh.n:ern.n:h1 

KIICJIOTbl 
I'aJIOlf,D,IIpOII3BO,D,Hble 
HHTponpoII3BO,D,Hbie 
If T.,D,. 

IlnacTHqecKIIe 
MaTepIIaJibl 
3JiaCTOMepbl 
PacTBOpIITeJIII 

MoIO~He 

cpe.n;crna II T. ,D,. 

1.2. lllCTOplllfl pa3BlllTlllSl Heq:>TeXlllMlllYeCKO~ 

npOMblWneHHOCTlll 

npoMblWneHHOCTb XlllMlll48CKO~ ne
pepa60TKlll HecjJrn 3apo,q111nacb s CWA 
s 1919-1920 rr. B 20-30-x ro,qax s arn~ 
cTpaHe 6b1n111 pa3pa6oTaHbl npoMb1wneH
Hb1e MeTO.QbJ npo1113so,qcrna 111 111cnonb30-
saH1115l npocrn~w111x onecjJ111HoB - arnne
Ha, npon111neHa Ill 6yrnneHOB. nocne,QH1118 
nony4an111 KpeKlllHroM )KW,QKlllX HecjJrnHblX 

cjJpaK1..1w~. 

OcHOBHbJM 1113 pa3pa6ornHHbJX npo
Mb1wneHHb1x npo1..1eccos xwMlll48CKO~ 

nepepa60TKW onecjJlllHOB B 3TOT neplllO,Q 
6b1na cepHoKwcnorna5l r111,Qparn1..1w5l, npw
so,q111swa51 K nony4eHlllfO cn111prns (Korn
pb1e 3aTeM ,qer1111=1p111posan111cb s anb,Qern
.QbJ Ill K8TOHbl) Ill nony4eHWfO W3 onecjJlllHOB 
wx 0K111ce~ c noMOli.\bfO peaK1..1ww rnnoxno
pwposaHw5l. ,[\oCTynHOCTb B npOMblWneH-

HOM Macwrn6e OKlllCW 3TlllneHa w OKlllClll 
npon111neHa np111sena K nony4eHwfO TaKlllX 
1..18HHblX XlllMlll48CKlllX npo,QyKTOB, nony4ae
MblX Ha lllX OCHOBe, KaK rn111Kon111, cnO)K
Hbl8 w npoCTbJe acjJwpb1 rn111Kone~ 111 anKa
HonaMlllHOB. Bee am coe,Q111HeH1115l Hawn111 
wwpoKoe np111MeHeHwe s asrnMo6wnbHO~ 
npOMbJWneHHOCTlll (aHrncjJp1113bl, HaHece
Hwe naKOKpaC04HblX noKpbiTlllLil Ill T. ,Q. ). 
B 3TOT )1{8 nep1110,q WHT8HCWBHO nposo
,Qwn111cb wccne,QosarnnbCK111e pa60TbJ s 
HanpasneH111111 ,qanbHe~wero HecjJrnxwMlll-
48CKoro wcnonb30BaHw5l HecjJrn w ra3a, 
KOTOpb18 II03)1{8 nernw B OCHOBY MHOrwx 
HOBblX TeXHOnOrlll48CKlllX npo1..1eccos . 

nocne Brnpo~ MlllpOBO~ BO~Hbl, B 
40-e w 50-e ro,Qbl, npOMbJWneHHOCTb Xl-1-
Ml-148CJ<OM nepepa60T1<111 HecjJm nonycni-
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na AanbHei:.1wee w1i1poKOe pa3s1i1rne He 

TOnbKO s CWA, HO 1i1 s CTpaHax Esponb1. 

5bina yny4weHa rnxHonor1i1s:1 nony4eH1i1s:1 

Lil pa3AeneHLi1S1 ymeBOAOPOAOB. nos:1sne

Hlile HOBblX KOHCTPYKL..\LilOHHblX Marnp1i1a

nos np1i1seno K TOMy, 4TO KpeK1i1HrnpoL1ec

Cb1 CTanlil npOBOALi!Tb B 6onee )!(eCTKLilX 

ycnos1i1s:1x, 3TO Bbl3Bano ysen1i14eH1i1e Ko

n1i14ecrna 1i1 accoprnMeHTa npo1i13BOALi1-

MblX onecp1i1HOB. HanaA1i1nocb npoMblW

n8HH08 npOLi13BOACTBO apoMarn4eCKLi1X 

yrnesoAOPOAOB, ALi10n8cpLi1HOB 1i1 aL1ern

n8Ha Li13 H8cprnHOfO CblpbS1. 

Ecn1i1 nepBOHa4anbHO OCHOBHblM LilC

XOAHblM CblpbeM Ans:! H8cpTeXLi1MLi14eCKOi:.1 

npoMb1Wn8HHocrn 6b1n1i1 on8cpLi1Hbl , TO s 

3TOT nepli!OA Ha4Li1HaeTCS1 WLi1pOK08 Li1C

nOnb30BaHLi18 napacp1i1Hos, ALi10n8cp1i1Hos, 

aL18rnneHa 1i1 apoMarn48CKLi1X ymeBOAO

POAOB, npoLi13BOALi1MblX Li13 H8cprn. 5bina 

OCBOeHa npOMblWneHHaS1 KOHB8pCLi1S1 Me

TaHa c BOAS1HblM napoM Ans:! nony4eH1i1s:1 

CLi1HTe3ra3a, Li13 Kornporo Aan8e crnn1i1 

nony4aTb c1i1Hrnrn4ecK1i1'1 Mernnosb1'1 

cn1i1pT. 

B 40-e rDAbl 6bino ocsoeHo npoMblW

neHH08 npOLi13BOACTBO Li13 H8cpTS1HOfO 

Cb1pbs:1 68H3ona, rnnyona 1i1 Kc1i1nonos, 

nocKOnbKY o6bl4Hbl'1 Li1CT04Hli1K srnx apo

Marn4ecK1i1x yrn8BOAOPOAOB - KaMeHHO

yronbHaS1 cMona - He Mor YAOBneTsops:1Tb 

paCTYLl.\Li18 noTp86Hocrn XLi1MLi148CKOi:.1 

npOMblWneHHOCrn. 

0AHOBp8M8HHO c ysenli148Hli18M ac

coprnMeHTa yrneBOAOPOAOB, nony4ae

MblX Li13 Hecprn Lil nOABepralOLl.\Li1XCS1 

AanbHei:.1wei:.1 XLi1MLi14eCK0'1 nepepa6oTKe, 

C03AaBan1i1Cb HOBble XLi1MLi14eCKLi18 npOLi13-

BOACTBa , Ans:! KOTOpblX HecpTb cny)!(1i1na 

nOTeHL..\LilanbHblM Li1CT04Hli1KOM 6onbWLi1H

CTBa Li!CXOAHblX npOAYKTOB. CpeALil 3Tlt1X 

HOBblX npOLi13BOACTB cneAyeT Ha3BaTb 

npOLi13BOACTBO CLi1HTeTLi14eCKLi1X Kay4yKOB, 

CLi1HTeTLi148CKLi1X sonoKOH, nnaCTMacc Lil 

MOIOLl.\LilX cpeACTB. 

noTp86HOCTb B CLi1HT8TLi148CKLi1X Kay-

4yKaX np1i1sena K pa3pa6oTKe Hecprnx1i1-

MLi14ecK1i1x npoL1eccos npOLi13BOACTBa ALi1-

s1i1H1i1na (1i13 H-6yrnHa 1i1 H-6yrnn8HOB) 1i1 

crnpona (1i13 6eH3ona 1i1 srnn8Ha). 

Cnpoc Ha H8'1noH noTp86osan npo1i13-

BOACTBa l...\Li1KnOr8KCaHa rlilAPLilPOBaHLileM 

68H3ona , nony4a8Moro Li13 H8cpT1i1 . 

noTpe6HOCTb B al...\8TaTaX L1enn10n03bl 

Bbl3Bana opraH1i13aL1Li110 npo1i13BOACTBa yK

cycHoro aHrlilAPLilAa, Li!CXOAHblM CblpbeM 

Ans:! KOTOporo cny)!(1i1n1i1 CLi1HTern4eCKLi1'1 

3rnnosb1'1 cn1i1pT Li13 3rnn8Ha 1i1 al...\8TOH 1i13 

npon1i1neHa. ,Qns:1 YAOsnernop8HLi1S1 pacTy

Ll.lero cnpoca Ha LilCKyCCTB8HHbl8 CMOnbl 

6b1no OCBOeHO npOLi13BOACTBO crnpona, 

xnop1i1cToro s1i1H1i1na, cpopManbA8rli1Aa 1i13 

CLi1HTeTLi148CKOro MeTaHOna HecpTeXLi1MLi1-

48CKOfO npOLi1CX0)\(/::\8HLi1S1 Lil M048Bli1Hbl Li13 

aMMLilaKa, B CLi1HT838 KOTOporo 1i1cnonb3Y-

8TCS1 BOAOPOA, nony4a8Mbl'1 KOHB8pc1i1ei:.1 

H8cpTS1HblX yrneBOAOPOAOB c BOAS1HblM 

napoM. 

C1i1HTeTLi148CKLi18 MOIOL1.\Li18 CP8ACTBa, 

norpe6HOCTb B KOTOpblX B HaCTOS'lll.\88 

sp8MS1 HaMHoro np8Bb1Wa8T noTp86-

HOCTb B )!(Li!pOBOM Mbln8, CTanlil nony4aTb 

Li13 H8cprn. Ans:1 1i1x npo1i13soACTBa 6bin 

OCB08H PS1A LilHTepecHblX H8cpTeXLi1MLi148-

CKLi1X Cli1HT830B: 1) anK1i1nap1i1ncynbcpO

HaTOB anK1i1n1i1posaHLi18M 68H3ona n1i160 

xnop1i1posaHHblM Kepoc1i1HoM (K8p1i1nxno

p1i1A), n1i160 On8cpli1HOM c pa3BeTBn8HHOi:.1 

L18nb10, nony4a8MblM non1i1M8p1i13aL11i18'1 

npon1i1n8Ha; 2) onecp1i1HOB c AnlilHHOi:-1 l..18-

nblO, H806XOALi1MblX Ans:! npo1i13BOACTBa 

BTOpLi14HblX anK1i1ncynbcpaTOB Li13 TB8PAO

ro napacp1i1Ha. 
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1.3. XapaKTepV1cn1Ka ocHOBHblX npo~eccos 

HeqneXVIMW·leCKOill npOMblWileHHOCTVI 

mo6aR HecjJTeXV1MV148CKaR TeXHOnO

rVIR KpoMe 4V1CTO XV1MV148CKV1X npm-1eccos 

8Knl0488T rVIAPO- V1 83POAV1H8MV148CKV18 

cjJV13V148CKV18 npOL.\8CCbl npVI TpaHcnoprn

posaHV1V1, CM8W8HV1V1 )f(V1AKOCTei:1 V1 ra308, 

npm-1eccb1 nepeAa4V1 rnnna, AV1cjJcpy3V10H

Hble npOL.\8CCbl. K HV1M OTHOCRTCR cjJpaK-

4V10HV1p088HV18, a6cop64V1R, aACOp64V1R, 

3KCTpaK4V1R. 

,QnR npoeKTviposaHviR vi acjJcjJeKTvis

HOi:1 3Kcnnyarn4V1V1 XV1MV148CKV1X peaK

rnpos V1 npOMblWneHHblX ycTaHOBOK 8 

4enoM sa)f(Hbl AaHHble o cjJa3osoM coc

TORHV1V1 VlCXOAHblX peareHTOB V1 npOAYK

TOB s ycnosviRx peaK4vivi, xapaKrnpe 

peaK4V1V1 (3K30TepMV148CKV1i:1, 3HAOTepMV1-

48CKV1i:1), onrnManbHOM rnne CV1CTeMbl, 

8 KOTOpoi:1 npoBOAV1TCR npo4ecc ( CTaTV1-

48CKaR, AV1H8MV14ecKaR, Henpepb1sHaR, 

nepV10AV1LtecKaR, nonyHenpepblBHaR), rn

KyLtecrn V1 3cpcjJeKTV1BHOCTV1 KOHTaKTV1pO

BaHV1R VICXOAHblX peareHTOB, onrnManb

HblX napaMeTpax npo4ecca (rnMnepaTypa, 

npOAOn)f(V1TenbHOCTb, AasneHvie) vi T. A· 

YcnosviR peaK4vivi MOryT pewvirnnb

HblM o6pa30M nosnV1RTb Ha XOA peaK4V1V1, 

MexaHV13M npornKaHviR npo4ecca. 

TaK, s 3asvicviMocrn OT ycnosvii:1 peaK-

4vivi M8TaH MO)f(8T o6pa308blBaTb, Hanpvi

Mep, cso60AHb1e MeTV1nbHb1e paAV1Kanb1: 

CB060AHble MernneHOBble V1 M8TV1H

Hbl8 paAviKanb1: 

CH
4 

--;.. : CH
2 

+ 2H 

CH --;.. :cH+ 3H 4 . 

111nvi rvip,p1t1.QHb1e 1t10Hb1: 

3rn Ltacrn4b1 MoryT yLtacrnosaTb so 

MHOrVIX nocneAYIOU.\lllX peaK4V1RX c o6pa-

30BaHV18M pa3HblX npOAYKTOB. 

npvi 04eHKe B03MO)f(HOCTV1 OCYU.\8CTB

neHll1R HecjJrnxviMviLtecKoro npo4ecca 

sa)f(Hbl ero rnpMOAV1HaMviLtecKvie AaH

Hble. OcHOBHblM KpvirnpvieM npvi TaKoi:1 

04eHKe RBnReTCR V13M8H8HV18 CB060AHOi:1 

3Heprnvi (111306apHoro nornH4viana) L'lG 
vin111 CTaHAaprnoi:1 cso60AHOi:1 3Heprnvi 

flG o 298 K (flG o). 
,QnR 04eHK1t1 B03MO)f(HOro ocyll.\eCTB

neHV1R KaKoi:1-n11160 peaK4vivi c T04KV1 

3p8HV1R TepMOAV1HaMl!1Kll1 1113y4aeTCR 3a

BV1CV1MOCTb V13M8H8HV1R CTaH,Qaprnoi:1 

cso6oAHOi:1 3Heprn111 G0 OT TeMnepaTypbl. 

Ha pvic. 1.1 npeAcrnsneHa 3asvicviMOCTb 

L'lG 0 OT TeMnepaTypbl ,QnR 3HAOTepMV148-

CKOi:1 peaK4V11t1 M8TaHa c napaMlll BOAbl V1 

AnR 3K30TepM111LtecKoi:1 peaK4vivi o6pa3o

saHV1R MernHa V13 yrnepoAa vi sop,opop,a. 

no xapaKTepvicrnKe L'lG 0 = rp (T) MO)f(

Ho onpeAenviTb TeMnepaTypHylO 3asvic111-

MOCTb KOHCTaHTbl paBHOB8Cll1R, TaK KaK 

L'lG0 = - RT lnK. 

3TO COOTHOW8HV18 sepHO TOnbKO 8 

TOM cnyLtae, ecnvi KOH4eHTpa4vivi (nap-

4111anbHb1e AaBneHV1R) KOMnOH8HTOB 8 V1C

XO,QHOi:1 CM8CV1 paBHbl 8,[\V1HV14e. 

3HaR 3aBV1CV1MOCTb CTaHAapTHOi:1 

cso6o,qHoi:1 3Heprnvi peaK4111111 OT TeM

nepaTypbl (HanpviMep, aMnvipviLtecKoe 

ypaBH8HV18 rnna L'lG0 = a + b T), MO)f(HO 

onpeAenviTb TeMnepaTypy, ,qnR Kornpoi:1 

L'lG 0 = 0, T.e. rpaHvi4y, OT KOTOpoi:1 

peaK41t1R MO)f(8T npOTeK8Tb caMonpOV13-

BOnbHO. 
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Pi.tc. 1.1. 3aeucuMocmb ceo6oaHoiJ 3Hepwu 06pa3oeaHUfl MemaHa U3 yanepoaa 

u eoaopoaa u e3auMoaeucmeufl MemaHa c napaMu eoab1 om meMnepamypb1 

TeMnepa-rypa, np1-1 Kornpol1 ~G 0 = O, 
T. e. KOr,Qa peaKL\1-151 MO>KeT npOTeKaTb 

c O,Qli1HaKOBOl1 nerKOCTblO B 0601-1x Ha

npaBil8Hli151X, 51Bil51eTC51 y,qo6Hol1 xapaK

Tep1-1crnKol1 , KOTOpol1 YaCTO nOilb3YIOTC51 

B Xli1Mli1Y8CKOl1 TeXHOJlOrl-11-1 . 3Ta T8M

nepaTypa, a TalOKe cTeneHb KOHBepc1-11-1 

518Jl5llOTC51 noKa3aTeJl51Mli1 803MO>KHOCrn 

npoMb1wneHHoro np1-1MeHeH1-15I npo4ecca . 

1. C
6
H

6 
+ HN0

3 
__,. C

6
H

5
N0

2 
+ H

2
0 

C
6
H

5
N0

2 
+ 3H

2 
__,. C

6
H

5
NH

2 
+ 2H

2
0 

CpaeH1-1ea51 a6cont0THb1e een1-1Y1-1Hbl 

0Tp1-11..1aTeflbHoro 3HaYeHl-151 ~G, MO>KHO 

cpaBHli!Tb eep051THOCTl-1 npoTeKaHl-151 He

CKOilbKlilX O,QHOBpeMeHHblX peaKL\1-111 li!Jll-1 

Bbl51CHl-1Tb 1-1x onpe,qeneHHYIO nocne,qo

eaTeflbHOCTb. np1-1Be,QeM 3HaY9Hli151 ~G 0 

,QJ151 HeCKOJlbKlilX pa3Illi1YHblX cxeM peaK-

41-11-1 nonyYeHl-151 aH1-1n1-1Ha: 

~G 0 = -22 KKaJl/MOilb 

~G 0 = -11 ,43 KKaJl/MOilb 



2. G
6
H

6 
+ G/2 ~ G6

H
5
GI + HG/ 

G
6
H

5
GI + NH3 ~ G6H5NH2 + HG/ 

01.1esV1,QHO , cxeMa (3) HenpVlro,QHa 

(~G0 > 0) ,qns:1 nony1.1eH1r1s:1 aHVlflVIHa. 

Ell-le O,QVIH np1r1Mep . npouecc GH4 + 
G02 ~ GH3 - GOOH 01.leHb 3aMaHlllr18 c 

3KOHOMVll.leCKOil1 TOl.!KVI 3peHVIS'I , O,QHaKO OH 

HeocyU-1eCTBVIM , TaK KaK ~G 0 = +85,97 
KKan/MOflb. 

PeaK1..11r11r1, ,qns:1 KOTOpblX ~G 0 nono

>Klr1TenbHO, MO>KHO see >Ke ocyU-1eCTBlr1Tb, 

Onpe,qeneH1r1e scex sb1weyKa3aH-

HblX xapaKTepVICTlr1K 1r1rpaeT sa>1<Hel1wy10 

ponb 8 XVIMVllleCKOill TeXHOflOrlr11r1. ,Qns:1 

OL.\eHKlr1 3KOHOMlr1'·leCKOil1 L1enecoo6pa3-

HOCTVI HecjJTeXlr1Mlr11.leCKOro npOV1380,QCTBa 

sa>KHbl ,qaHHb1e o Bb1xo,qe uenesoro npo

AYKTa , y,qenbHOH npoV13BO,QVITenbHOCTVI VI 

CTeneHVI KOHBepCVIVI. 

npoMblWfleHHble Xlr1Mlr11.leCKVle peaK

TOpbl c TOYKl.'1 3peHlr15'1 lr1X 3KCnnyaTaL.\lr11r1 

MO>KHO pa3,qenV1Tb Ha cne,qy10U-11r1e rpyn

nb1 : nepVIO,QVIYeCKOro (KOTnbl VI aBTOKnaBbl 

L.\Vlfllr1H,Qp1r1YecKoi11 cpopMbl) , nonynepV10-

,q1r1yecKoro (rnKoill >Ke cpopMbl) 1r1 Henpe

pblBHoro ,QeHCTBl.'15'1 (o6bll!HO Tpy6YaTble 

lr1flVI KOflOHHbl) . 

PeaKTOpb1 MO>KHO KnaccV1cp1r11..11r1posaTb 

TaK>Ke 8 3aBVICVIMOCTVI OT ,qpyrnx napa

MeTpOB, Hanp1r1Mep, np1r1pO,Qbl lr1 YVICna 

peareHTOB, MeTO,Qa lr1X KOHTaKTlr1posaHlr15'1 , 

xapaKrnpa npouecca (a,qV1a6arnYecK1r1l1 

1r1n1r1 1r130TepM1r1YecK1r1l1) , cnoco6a nepe,qa

YLi1 Te nna VI T. .Q . 

~G 0 = -24 KKan/MOflb 

~G 0 = -11 ,2 KKan/MOflb 

~G 0 = +10,28 KKan/MOflb 

11 

ecnVI OHVI npOTeKalOT O,QHOBpeMeHHO 

c peaKUVIS'IMVI, ,Qfls:I KOTOpblX ~G 0 < 0. 
CHV1>1<eH1r1e Li13o6apHoro noTeHL1V1ana B 

O,QHVIX peaKl..IVIS'IX nepeKpb1saeT ysenV1-

YeHV1e era s ,qpyrnx, VI npouecc s L.\e

noM npOTeKaeT c yMeHbWeHVleM ~G . 

npVIBe,QeM npVIMepbl peaKUVIH TaKoro 

TVlna: 

~G 0 = + 34 KKan/MOflb 

~G 0 = -130 KKan/MOflb . 

,Qns:1 reTeporeHHblX CVICTeM CKOpOCTb 

nepeHoca seU-1ecrna Me>K.QY cpa3aMVI 

(VI Ha nosepxHocrnx pa3,qena cpa3) so 

MHOrVIX cnyYas:1x onpe,qens:1eT senVIYVIHY 

cyMMapHoill CKOpOCTVI peaKL.\Vllr1 VI, cne

,QOBaTenbHO, ycnOBl.'15'1 KOHTaKTVlpOBaHLi15'1 

peareHTOB, HaXO,QS'IU-IVIXCS'I 8 pa3HblX cpa-

3aX. 

YcnosV1s:1 nepeMeWV1BaHV1S'I (ecnVI OHO 

eCTb) VIMelOT Ba>KHOe 3HaYeHVle VI ,Qnfl 

roMoreHHblX npoueccos, rnK KaK nepeMe

w1r1saH1r1e cnoco6crnyeT roMoreHV1Ja1..11r1V1 

Clr1CTeMbl lr1 C03,QaHVllO O,Qlr1HaKOBOil1 TeM

nepaTypbl so scei/1 peaKL.\lr10HHol1 Macce. 

3TO oco6eHHO Ba>KHO ,QflS'I Tpy6YaTblX 

peaKTOpOB. 

B rn6n . 1.1 npe,qcrnsneHbl HeKorn

pb1e cpV13VIYeCKVle, rV1,QpO,QV1HaMV1YeCKlr1e 

VI TepMOXlr1Mlr1YeCKVle xapaKTep1r1CTV1KVI He

KOTOpblX OCHOBHblX npol_\eCCOB, npVIMe

HS'leMblX 8 HecjJTeXlr1Mlr1YeCKOil1 npOMblW

n e HHOCTVI . 



Ta6nuua 1.1 N 

XapaKTepHCTHKH HeKOTOpblX OCHOBHblX npo1...1eccoB Hect>TeXHMHl.leCKOM npOMblWlleHHOCTH 

<lla3oaoe C111cTeMa, 

COCTOSIHllle B KOTOpoi/i XapaKTep 
npo1.1ecc np111Me<t3Hlll0 

lllCXO,QHOM npOBO,QlllTCSI peaK1.1111111 T111n peaKTopa 

CM0Clll npo1.1ecc 

peareHTOB 

1 2 3 4 5 6 

Crnrn4ecKaS1 
3K30Tep-

non111Mep111Jal..llilS1 arnneHa np111 BblCOKOM ,1:1asne-
L\lllI1111HAPlll4e-

fa3 (nep1110,1:11114e- Hlillil (1000-2000 8TM) 
Mlil4eCKaSI CKl!le aBTOKJla- -

(roMoreHHoe) CK8S1) B np111cyTCTBlillil KlilCilOpO,Qa 
Bbl 

HenonHoe co}IOl{eH111e 
Cocrns npo.QyKTOB 

l a3 (roMoreH- MeTaHa ,QJlSI nony4eHl!IH 
peaKl..llillil 38BlllClllT 

OT COOTHOWeHlllSI 
HOe ), BKJll048SI 

,[\lllH8Mlil4eCKaSI 
al..leT111neHa 

peareHTOB, rn,Qpo-
KaTan111T1114e- " 6CH4 + 402 ---> C2H2 + ne4111 

CKlile npOl..leC-
(HenpepblBHaH) 

3,QeCb 48CTO O,QHO- + 8H2 + 3CO + co2 + 
,QlilH8Mlil4eCKlllX 

Cbl speMeHHo npoTeKa- 3Hp 
xapaKTep111crnK 

IOT 3K30TepM1114eCKl!le 
npol..lecca 111 T. ,Q. 

Iii 3H,QOTepM1114SCKl!le 

peaKl..llillil, O,QH8KO 06- nony4eHl!le ClllHTS3-f838 

" " " 
l.J.!111111 Tennosoill a¢-

" ¢eKT COOTBSTCTByeT CH4 + 1
/ 2 0 2 ---> CO + 2H

2
, 

-
3K30T9pM1114SCKOMY 2co ___, co

2 
+ c 

npOl..lSCCy 

4aCT1!14HOe OKlllCneHl!le Ponb BBO.QlilMblX 

MernHa 111 arnHa ,QJlH nony-
MHoroTpy64a-

B ClilCTeMy OKI/IC-

" " " 4eH111S1 ¢opManb,1:1er111,1:1a JlOB 830T8 ,QO Cl/IX 

NO 
Tble peaKTopb1 

nop T04HO HSlll3-

CH
4 
+ 0

2 
---> CH

2
0 + H

2
0 BeCTHa 



1 2 3 4 5 6 

la3 (roMoreHHoe), AHHaMH4ecKaR 3K30TepMH4e- AerorepMH4eCKHi1 KpeKMHr; MHoroay64aTbJe -
BKI11048R Karnm1TM- (HenpepbleHaR) CKaR AerMAPMPOBaHMe 3TaHa ne4M "'""' pea~M-
4ecKMe npo4eccbl "'nponaHa OHHble KOflOHHbl C 

B COOTB8TCTBYIOUIM8 onecpMHbl reepAblM renno-
HOCMTeneM 

2C,H, + 5
/ 2 0 2 __, C,H •• 

+ 2CO + 3H2 0 + H, 

" " " HMrpoeaHMe napacpMHOB C1 - c. Tpy64arb1e -
CH, - CH, - CH,+ HONO, __, CH, - CH, - CH, - NO,+ peaKTopb1 
+ (CH,),CH- NO,+ CH, - CH, - NO,+ CH, - NO, 
lanOMAMPOBaHMe yrneBOADPOAOB c, - c, 

C/
2 

c,H, __, C,H,CI + C,H.ct, + HG/ 

CH, - CH= CH, __, CH,= CH - CH,CI + HG/ 

>K1'1AKOCTb CrnrM4ecKaR 3K30TepM1'14e- 3repMcpMK84MR B38MMOpaCTBOpMMblX peareHTOB L\MflMHAPM4eGKMH -
(roMOHHoe) CKaR peaKTop 

CH,COOH + C,H,OH -;::: CH,COOC,H, + H,O 

" " " H1'1rpoeaH1'1e cno>KHbJM1'1 3cpMpaMM a3oTHoi1 KMcnOTbJ (HMTpar " -
aM1'1na, a11ernna "' TA) 

~CO-CH 
3 

8 + CH,CO 0 NO, aN°i I 

CynbcpMpoeaHi.1e pacreop1<1MblM1<1 KOMnneKcaMM S03 

0:-CHzCH;..._ a-so 
'-cH-CH,,,. 3 

2 2 

(;J 



...... 
1 2 3 4 5 6 """ 

nonHMepH384Hfl B pacrnope c npoMornpaMH (nonHcrnpon) B -
np1.1cyTCTB"1"1 opraHH46CKHX nepeKHCe~ L.1"1nHHA-

pH46CKH6 
>KHAKOCTb 

Crarn4ecKafl 
3K30T6pMH46-

CH,"- CH -[-CH,-1H-1 8BTOKJ18Bbl 
( roMoreHHoe) CK8R 

I 
C,H, C,H, n 

" AHH8MH46CK8fl " nonHKOHA6HC84"1fl L!HnHHA- -
pH46CKH6 

OH ~ ~C~ 
peaKTopbl '()t _ ... -.-:~ 

CH, 

n n 

~ >H,OH] __.,. CH,, 
C,H,OH 

H,'(_ 

I 83 - >KHAKOCTb Crarncrn4ecKafl " npHC06AHH6HH6 C6pHOi:1 KHCnOTbl K onecj:JHH8M PeaK4HOHHb1e -
( rereporeHHoe) (nepHOAH46CK8fl) KOnOHHbl 

HnH 8BTOKJ18Bbl 

R - CH=CH +HOSOH-R-CH -CH, 
2 a I c nepeMeWHB8HH6M 

OSO,H 

0KHcneHHe YKCYCHoro anbA6rHA8 Anfl nonY'l6HHfl YKCYCHOi:i L!HnHHAPH46CKH6 

KHcnOTbl peaKTOpbl 

CH
3
-CH= O+ 1/

2
0

2 -+ CH3COOH 

>KHAKOCTb - r83 Crarn4ecKafl " IHAp1.1poeaH1.1e apoMarn4ecKHX ymeBOADPOAOB L11.1nHHAP"1Y6CKMe -
c.H. + 3H, -> c.H,, 8BTOKJ18Bbl 



1 2 3 4 5 6 

IKHAKOCTb - raa /:lHHaMW·leCKall 3K30TepMH- OK1<1cneH1<1e n-Kc1<111011a AO TepecjJTaJleeo~ KHCilOTbl L\HilHHAPH4eCKHe -
( no11ynep1<1QA1<14ecKall) 'lee Kall /CH, COOH 8BTOKJ18Bbl 

/ 
n- C6H4 

02 
C

6
H4 

"'-cH 20 af'M. 

""" 
COOH 

3 

" " " npHCOeAHHeHHe XIlOpa K arn11eHy Aflll nOilY'JeHHll AHXI10p:3TaHa L\HilHHAPH4eCKH~ -
peaKTOp HJlH peaK-

4HOHH8ll KOJlOHHa 

Pacrnop1<1re11b 

C2H•+ C/2 C2H4 C/2 

" " " npHCOeAHHeHHe XIlOpa K a4ern11eHy Aflll noily4eHHll " 
reTpaXIloparaHa 

Pacrnop1<1Te11b 

C2H2+ 2C/2 
~ C2H2CI, 

" " " XI1op1<1poeaH1<1e 6eHao11a L\HilHHAPH4eCKH~ -

peaKTop 

c,H, + C/2 _____.. c,H,CI + C,H.C/2 HT. A. 

-HG/ 

I 83 - lKHAKOCTb /:lHH8MH4eCKall " np1<1coeA1<1HeH1<1e HG/ K arn11eHy npH HH3KHX reMnepaTypax Aflll L\HilHHAPH4eCKH~ -
(HenpepblBHall) no11y4eHHll XIlOpHcTOro arn11a peaKTOp HJlH 

A/CJ, KOJ10HH8 

C2H4 +HG/ (pacrnop1<1re11b) _____.. C2H5CI 
-60 °C 

npHCOeAHHeHHe cepHO~ KHCJlOTbl K OJlecjlHHaM 

14-20 8TM. 

C
2
H

4 
+ HOS0

3
H _____.. C,H,OSO,H 

I 83 - lKHAKOCTb - Crarn4eCKall " IHAPHPOBaHHe ymefi ABTOKJ18Bbl -
rnepAoe re110 (nepHOAH4eCKall) PeaK41<10HHall 

( o6bl4HO rereporeH- KOJ10HH8 

Hblfi K8TaJlH3) 

c..n 



1 2 3 4 5 6 
_. 
(j) 

I a3 - lKlllAKOCTb - }:\111HaMl!l46CKa5l 3K30TepM111- np51M85l rl!IApaTal.111151 onecj:>l!IHOB (C,H,, c ,H, , C,H,) ABTOKJ18Bbl. -
TBepAoe Teno (nonyHenpepblBHaH) 46CK8R WO, PeaKL.llllOHHaR 

c ,H, + H,O (ra3) -- c ,H,OH KOJlOHHa 

" " " llllAPl1POB8Hl!le cj:>eHOJla " -
Ni 

C,H50H+3H, -- C
6
H

11
0H 

cuo, cr,o , 

" " " AllKl!llllllpOBaH111e apoMaTl!l46CKlllX ymeBOAOPOAOB Hlll3WlllMlll PeaKL.llllOHHaR -
onecj:>111HaM111 B np111CYTCTBl111 A/Cl, KOJ10HH8 

AIC/
3 

c.H. + c,H, -- C,H,-C,H5 

" " " non111Mep111Jat.1111R (np111 cpeAHlllX AaBneH111Rx) onecj:>111Hos s np111- L\11ll111HAP11146CKlllB -
CYTCTBllllll A/Cl,. Na, P20 5 aBTOKJ18Bbl 

A/C/3 

C2H, (pacTB.) -- CMa3Kl1 

. " " A/(C5H5}3; TiCI, PeaKL.llllOHHaR -
C,H, -- BblCWl1e nOJllllMBpbl KOJlOHHa llllllll 

OK111cneH111e JK11AKlllX 111 TBBPAblX napacj:>111HOB peaKTopb1 

KMnO, C COOTHOW6HlllBM 

R- (CH2)n - CH, + 3
/ 2 O, -- eblCOTbl 11 Allla-

R- (CH,)n - COOH + H,O MeTpa, paBHblM 1 

" J:\lllH8Ml14BCKaR " leTeporeHHblioi Karnn1113: PeaKL.1110HHble -
(HenpepblBHaR) nony4BH"1e 6eH31!1Ha 1113 OKl1Clll ymepOAa Ill BOAOPOAa KOJlOHHbl BblCOKO-

ro Aa8JleH111R; 

0KCOCl1HTB3 peaKTOpbl c nce11,1:10-

nonynep110A1114BCKl!le peaKTOpbl - 11130TBpM"14BCKl1e 11Jll1 a,Ql!la6a- ClKl1lK6HHblM CJlOBM 

Tlll4BCKl1B - AJlR peaKL.1111"1 KaTaJ1"13aTOpa. 

200 8TM L\lllll"1HAP1114BCK"1B 

C7H14 + CO+ H, -- C
7
H

15
C(O)H 8BTOKJ18Bbl 

175°C 
npo111aBOAl1MOCTb - 0,4 o6beMa npeepaUlBHHoro onecj:>111Ha Ha 

OAlllH o6beM peaKTopa B 2,5 4 . 



N 
6 
w 
-.J 
w 

1 

l a3 - >Kl1AKOCrb -
rnepAoe reno 

I 83 - >Kl1AKOCrb -
rnepAoe reno 

laJ - TBepAoe reno 

" 

" 

2 3 

)ll1H8Ml1'10CK8il 3K38T0pM11-
(HenpepblBHail) '10CK8il 

)ll1H8Ml1'10CK8il 3HAOT0pM11-
(nonyHenpepblBHail) '10CK8il 

" 3K30T0pMl1'10-
CK ail 

" " 

)ll1H8Ml1'10CK8il " 
(HenpepblBHail) 

4 5 6 

lereporeHHblM Karan113: MHororpy6'larble -
nony'l0Hl10 MeraHOna 113 Cl1Hre3-f838 peaKTopbl 

ZnO 
C0+2H

2 
----.. CH,OH 

cr,o, 
BoccraHoeneH11e H11rponpo11aeoAHblX 

Cu, Ni 
C6H5NO, + 3H2 

----.. 2H
2
0 + C

6
H

5
NH, 

Karan11rn<1ecK11ii KpeK11Hr MHororpy6'laTble -
peaKTopbl 
11n11 peaKTopbl 
c nceBAOC>Kl1-
>K0HHblM cnoeM 
Karan11aaropa 

83a11MOAeiicre11e one¢11HOB c H,S. B np11cyrcre1111 Th02 Aflil - -
nony<1eH11S1MepKanraHoe 

Th02 

C,H, + H,S ___.. C,H,SH 

il130M0pl138ljl1il B np11cyrcre1111 Karan11aaropoe (SiO,, FICJ,) Tpy6'larble -

9 
peaKTopb1 

&CH3 
+--
--+ 

~ CH3 

nonyY0Hl10 ljl18Hl1CTOBOAOPOAHOM Kl1Cnorbl PeaKTopb1 8b1XOA no M0T8HY 
H060nbWOro 65-70%; CQA0p>KaH11e 

Pt o6beMa c Karan11aa- HCN B ra:iax 6-7%. 
TOpOM B B11A0 Cl1r B coepeMeHHblX npo-

CH,+NH, + 0 2 --+ HCN Lj0CC8X, npOBOA11MblX 
B orcyrcre11e B03AYX8, 
peaKljl1il 3HAOrepM11'1Ha 

-.._J 



1 2 3 4 5 6 CtJ 

ra3 - rnepAoe ,Q11HaM11YeCKaR 3KJOTepMi.tYe- nonyYeH11e cf>Taneeoro aHri.tAP11Aa MHoroTpy6YaTb1e Karan11JaTOp - OK!'1Cb 

Teno (Henpepb!BHaR) CKaR peaKTOpbl BaHBA1'1R Ha C!'1fll'1Karne6 

co 350-380 °C. npm13BO-coo, /\ A1'1TenbHOCTb -

A~'H\/0 35 Kr cf>raneeoro 
aHfl'1AP1'1Aa Ha 1 M3 

co Karan11Jarnpa B 1 Y 

" " " ,QernApi.tpoeaH11e 1.11'1KnOreKCaHa To >Ke 14n11 np11 427 °C ft 7 aTM Ha 
Ni peaKTOpb! c nceBAO- KaT::in11Jarnpax c Cr,o , 

C
6
H12 

_.. C
6
H

6
+3H

2 C>K!'1>KeHHb!M cnoeM np01'13BOAi.tTenbHOCTb 
(Pt) K8Tafl!'13aTopa paBHa 0,5 MOflb C6H6 

Ha 1 r K8Tafll'13aTOpa B 
1 c; Ha KaTan11Jarnpax 
c 0,5% Pt npol13BOAl1-
TeflbHOCTb - 1400 MOflb 
C6H

6 
HB 1 r KaTafl!'13aTO-

pa B 1 C 

r a3 - lK1'1AKOCTb - ,Q11HaM1'1YeCK8R 3HAOTepMl1- nonyYeH!'1e BOARHOfO raJa ra30feHepaTOpbl -
rnepAoe Teno (nonyHenpepb!BHaR) YeCKBR C+ H,O _.. CO+H

2 

" 3K30TepM11Ye- r11Apl1pOB8Hl1e yrnei1 PeaK1.1110HHble -" 
CK8R KOflOHHbl 

' 

" " " npRMaR rHApaTal.li.tR onecf>11HOB Tpy6Yarble np11 280-300 cc 10-80 
C,H, + H,O (raa) C2H,0H peaKTOPbl aTM, Ha KaTan11aarnpe 

H,Po,, npoi.t3BOAl1Teflb-
HOCTb paeHa 200 r 
cn11pTa Ha 1 n Karan11-
3aTOpa B 1 Y 

" " " r11Ap11poeaH!'1e 6eH30fla ~11fl11HAP11YeCK!'1e 

Pt aBTOKnaBbl 
C6H6 + 3H

2 
_.. C6H12 
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)t(11AKOCTb - CrarnyecKaR 3K30TepM"1- nonyYeH"1e Hei1noHa L.\"1fl"1HAP"1YeCK"10 -
)!(11AKOCTb '10CKaR HOOC- (CH

2
)
4
COOH + H

2
N- (CH2 )6NH2 -+ peaKTopbl 

(rernporeHHaR) 
0 0 
II II 

-+ [C- (CH
2

)
4 

- C- NH(CH
2

)
6 

- N -J 
Hei1noH 

" " " non"1Mep"13al!i-IR B 3MYflbC"1"1 L.\"1n11HAP"1YeCK"10 -
aBTOKnaBbl 

nCH,=CHCl-[ CH,-1H] 
Cl n 

" CrarnYecKaR 3K30TepM"1'18- 3rep"1Qll1Kal!"1R (HecMew11ea1011111eCH peareHTbl) L.\"1fl"1HAP"1'1ecK"1B -
CK as:; peaKTopbl 

3CH,C6H40H + H,PO, - (CH3 - C
6
H,- O),PO 

-3H,0 

H"1rpoBaH"1e " -
" " " 

C
6
H

6
+HN0

3 - C
6
H

5
N0

2 
+ H

2
0 

" " Cynbcjl"1poeaH"1e " -
c 0H0 + H,so, - C6H5 - SO,H + H

2
0 

" A"1HaM"1YecKaR " Cynbcjl"1poeaH"1e " -
(A"1HaM"1YeCKaR) 

c 0H0 + H,so, - C
6
H

5 
- S0

2
H + H

2
0 

__,. 
c.o 



rnaea II. 8111.Qbl Cbtpb.R 

2.1. Bl-1Abl ymeBOAOPOAHoro Cblpbff 

HeQ>TeXHMW~eCKOM npOMblWJleHHOCTH 

Ba)f{Hei.1w111M111 s111,QaM111 CblpbH Hecj:>re

x111M1114eCKoill npOMblWileHHOCTl/I HBilSHOT

CH Hl!l3W111e npe,QenbHble 111 Henpe,Qenb

Hble yrneBO,QOpO,Qbl, apOM8Tl!l4eCKl!le VI 

Hacj:>reHOBble ymeso,Qopo,Qbl. 

8 Hecj:>TeXl!IMl/l4eCKOi.1 TeXHOJlOrl!ll/I 

cpaBHl!ITeJlbHO HeMHOfO npOL\eCCOB Cl/IH

Te3a c nonyYeH111eM L(eneBblX npo,QyKTOB 

(npo,QyKrns noTpe6neH111H), 111cnonb3YIO

li.\l/IX s KaYecrne CblpbH ra3osb1e 111n1t1 

Hecj:>THHble cj:>paKL(l/ll/I (cMeCl/I ymeBO,QO

pO,QOB ). Cpe,Ql/I HI/IX MO)f{HO OTMeTl/ITb: 

HeKOTOpble npoL(eCCbl np01!13BO,QCTBa 

MOIOli.\l!IX cpe,QcTB Tl/Ina anK111nap1t1ncynb

cj:>oHaTbl 1/13 KpeKl!IHfOBblX 6eH31/1HOB, 

3MYJ1bf8TOpb1 1113 Kepoc111Ha VI ra30i.1J1H, 

>Kl!lpHble Kl/ICJ10Tbl OKl/ICJleHl!leM CMeCl/I 

rnep,QblX VI >Kl/l,QKl/IX napacj:>l/IHOB, Hacj:>re

HOBblX Mbln (MblilOHacj:>T) 1113 KepOCl/IHO

BblX VI MaCJlf!HblX cj:>paKL(l/li.1, Kpe30Ilbl 1113 

6eH31/1HOBblX cj:>paKL(l!li.1 KpeKl!IHra . 

8 60J1bWl!IHCTBe Hecj:>TeXl/IMl/l4eCKl/IX 

npOL(eCCOB l!ICnOJlb3YIOT npaKTl!l4eCKl/I 

Yl/ICTble coep,111HeH111H - yrnesop,opop,b1 

cpaBHl!ITeJlbHO He60J1bWOi.1 MOJleKynHp

HOi.1 M8CCbl. 

rnaBHblM yrneBO,QOpO,QHblM CblpbeM 

,QJlfl Hecj:>TeXl!IMl/l4eCKOi.1 npOMblWJleH

HOCTl/I HBJlfllOTCH CMec111 ra3006pa3HblX, 

>Kl/l.QKl!IX 111 rnepp,b1x yrnesop,opop,os. 

npupoaHble 883bl COCTOHT B OCHOB

HOM 1113 MernHa I/I APYrlllX HaCblli.\eHHblX 

yrnesop,opop,os, s HI/IX TaK)f{e np111cyT

crny10T l!IHepTHble (830T, ,Ql/IOKCl/l,D, yrnepo

p,a) I/I pe,D,Kl/le ra3bl (aproH, KCeHOH). np1t1-

pO,D,Hble ra3bl .Q06b10a10T np111 pa3pa6oTKe 

ra30BblX VI ra30KOH,D,eHC8THblX (rny6oKO 

3anera10li.\l!IX ra30BblX, c BblCOKl!IM nnac

TOBblM p,a0neH111eM) Mecrnpo>K,QeH111i.1 . 

nonymHble Hecj:JmflHb/e 283b/ nony-

48IOT K8K no604Hbli.1 npop,yKT np111 ,Q06bl4e 

Hecj:>T111 . 3rn ra3bl pacrnopeHbl s nnacrn

soi.1 Hecj:>T111111 np111 ee p,06b14e Bb1p,enH10TCH 

0cnep,crn111e CHlll>KeHl/IH p,asneHl!IH. Coc

rns ra30B KOJ1e6neTCH B 3H841/1TeJ1bHblX 

npep,enax (32-90% (06.) CH
4

) 111 3as111c111T 

OT rnna Mecrnpo>K,QeHl/IH 111 ycno0111!11 ,Q0-

6bi41!1 Hecj:>Tl!I. 

la3bl Hecj:Jmenepepa6omKu 06pa3y-

10TCH B npoL(eccax KpeKl/IHra, KOKCOBa

Hl/IH, p111cj:>opM1t1Hra, I/IX TaK)f{e OT61t1p810T 

Ha ycrnHOBKax crn6111n1113aL(111111 I/I npHMoi.1 

neperoHKl/I Hecj:>rn. 8 3aBl/ICl/IMOCTl/I OT xa

paKTepa 3Tl/IX npoL(eCCOB COCT8B nony

YaeM blX f830B MeHHeTCH B WlllpOKl/IX npe

p,enax. Hanp111Mep, ra3 KaTan111T1t14eCKoro 

p111cj:>opM1t1Hra CO,Qep)f{l!IT ,D,O 60% BO,D,0-

pop,a, ocrnnbHoe - H8Cblli.\eHHb1e yrne80-

p,opop,b1. ra3bl KpeKl!IHra VI KOKCOBaHl!IH 

COCTOHT 1113 H8Cblli.(eHHblX Ill HeHaCblli.(eH

HblX yrnesop,opop,os . 
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nony'leHUe pa3RU'IHblX 6U006 
yaneaoiJopoiJHoao c1:.1p&R U3 Hec/Jmu u aa3a 

ra3bl ra30BblX M9CTOpO>K,Q9HVIH 

(npV1POAHb1e ra3bl) 

CoeA111HeH1u1, 111cnonb3YIOl!.llllecs:i 

B Hecj>TeXlllMlll40CKO~ npOMblWneH-

HOCTlll 

} HaCblll.19HHbl9 yrneBOAOPOAbl c, - c3 

ra3bl HeqmlHblX M8CTOpO>K,Q8HVI~ (nonyTHble raJbl) 

} 
Hacblll.19HHble yrneeOAOPOAbl C1 - C4 VI 

VIJOneHTaH, H2S (peAKO - re11V1H) 

ra3bl Heq>Te

nepepa60TKVI 

(HecjJT838BOACKVle 

raab1) 

raab1 nepBV14HOH nepe

roHKVI HecjJrn 

ra3bl CT86VIJ1Vl38L\VIVI 

6eH3VIHOB 
} 

Hacblll.l8HHb1e yrneBOAOPOAbl c, - C4 

VI VIJOneHTaH 

ra3bl T8pMV149CKOro VI K8-

Ta11VITl.148CKOro KpeKVIHrQB 

(A8CTPYKTl.1BHOH nepe

pa60TKVI) 

} 

Hacblll.l8HHb1e VI onecjJVIHOBble yrneeo

AOPOAbl c, - Cs, H2S, MepKamaHbl 

.!J 

-8-
Q) 

I 

>KVIAKVle 

cjJp8KL\VIVI 

TB8PAb19 cjJp8KL\VIVI 

(napacjmH) 

5eH3VIH CTa6VIJ1Vl38L\VIVI 

5eHJVIH nepBV14HOH 

neperoHKVI VI 6eH3VIHbl 

T8pMOKaT811VITVl48CKVIX 

npo4eccoe 

KepocVIH, ra30H1lb 

la3bl cma6unu3a~uu Hecj:Jmu orn111Ya-

10Tcsi BblCOKVIM COAep>t<aHVleM nponaHa, 

6yrnHa, neHrnHa 111 1113oneHrnHa, YTO Ae

naer 111x 1.1eHHblM CblpbeM Ansi nonyYeH111si 

6yrnAVleHa 111 1113onpeHa. 

t830Bble 6eH3UHbl 06blYHO BblKVlnalOT 

B VIHTepsane 30-120 °C; OHVI COA8p)f{aT 

6yrnH, neHTaH, 1113oneHTaH, a TaK)f{e yme-

} 

H-neHTaH, Vl30neHT8H, L\VIK110reKC8H, 

MeT111114111KJloreKcaH, 6eHJ011, Tonyon, 

KCVl1101lbl , 3Tl!IJ168H3011 

{ 

napacjmHOBbl8 cjJpaKL\VIVI AJls:I CY1lbcjJO

X110pV1poB8HVlff, apoMaTVl4ecKl!le cjJpaKL\VIVI 

Alls:! A8811KVl11VIPOB8HVls:I B HacjJTa11VIHbl, 

3KCTpareHTbl HacjJTeHOBblX KVICJlOT 

{ 

>KVlpHble KVIC110Tbl VI BblCWllle cnVlpTbl 

X11opV1poeaHHblH napacjJ111H 

BOAOPOAbl c6 VI c7 HOpManbHOro VI 11130-

CTpOeHL/151. 

la30Bble KoHaeHcamb1 Bb1K111na10T 

B VIHTepsane 40-360 °C. 8 HVIX COAep

)f{VITC51 15-30% apoMaTVIYeCKVIX ymeso

AOPOAOB, 25-40% Hacj:>TeHOB VI 20-60% 
napacj:JVIHOB (B 3aBVICVIMOCTVI OT MeCTO

p0)f{AeHVl51 ) . 

. 3AeCb He CK838 HO 0 ra3oo6pa3HblX , )f(V1AKV1X V1 rnepAblX cppaKL\V1s:IX , nony489MblX npV1 npOV13BOACTBe 

CVIHTeTVl 49CKVIX 6eH3VIHOB (HanpviMep, no pea1<LjVIVI cDvi w epa - Tponwa), TaK KaK 3TO npo 4 ecCbl CVIHTe3a, xorn 

VI cny)f(aT OAH OBpe Me HHO VICTOYHVIK8MVI Cblpbs:I. 



>KuoKue oucmunnRmb1 u Hecj:Jme
npooyKmb1, o6pa3Y10U1111ecs:1 np111 pa3Jlll14-
H blX npot..1eccax nepepa60TK111 Hecprn, 
TO>Ke 111cnOJlb3YIOT KaK 111CXO,D,HOe Cblpbe 
s Heq:nex111M1114ecK111x npot..1eccax, T04Hee, 
KaK 111CT04H111K ,D,Jls:! Bbl,D,eJleHll1s:! TeX 111Jlll1 
111HbJX rpynn yrneso,o,opo,o,os. 

TaK, 1113 npo,o,yKTOB KaTan111rn4ecKoro 
p111cpopM1t1Hra BbJ,D,eJls:!IOT apOM8Tll148CKllle 
yrneso,o,opo,o,b1 , 1113 npo,o,yKTos repM1114e
CKoro Ill K8TaJllllTll14eCKOro KpeKlllHra - OJle
cp111Hbl, 1113 npo,o,yKTOB ,o,enapacp111H1113at..1111111 

,D,1113eJlbHOfO TOnJllllB8 - napacplllHbl. npJ11 
3TOM nOll13BO,D,CTBO Cblpbs:! ,D,Jls:! Hecpre
XJi1Mll14eCKOrO CJi1HTe3a TeCHO nepenne
TaeTCS'I c BblnycKOM TOnJ1111BHblX Hecpre
npo,o,yKTOB. BMecre c TeM Bb1pa60TKa 
XlllMJi14eCKOro Cblpbs:! B 06U1eM 06beMe 
Hecprenepepa60TK111 noCTOs:!HHO nOBbJWa
eTCs:! . 

B Bb1wenp111se,o,eHHOlil cxeMe (cTp. 21) 
np111se,o,eHo nony4eHJi1e pa3Jllll4HbJX BJl1-
,o,os yrneso,o,opo,o,Horo Cblpbs:i 1113 Hecprn 
111 ra3a . 

2.2. OcHOBHbJe HanpasneHlllfl x111Mw·1ecK0Jil 

nepepa60TK"1 ymeBOAOPOAHOro Cblpbs:! Hecpn1 111 ra3a 

napa<J>111HOBble yrneBOAOPOAbl. 
B Ka4ecrse 111cxo,o,Horo Cblpbs:i ,o,ns:i Hecpre
x111M1114ecKOC1 npOMblWJleHHOCTlll B8>KHeJll
WlllMlll s:!BJls:!IOTCS'I MeTaH, 3TaH, nponaH, 
6yrnH 111 neHTaH. Ba>KHeC1w111M Hanpasne
HllleM np111MeHeH111s:1 napacp111HOBblX yrne
so,o,opo,o,os s:isns:iercs:i npo1113so,o,crno one
cp111Hosoro CblpbH Mern,o,aM111 n111pon1113a 111 
,D,8flll,D,pOreHlll38l..1111111. napacplllHbl C

10 
- C
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111cn0Jlb3YIOT B np01113BO,D,CTBe MOIOU\lllX 
cpe,o,crn, cMa304HblX Macen, sMynbrarn
pos ,D,Jl.A ClllHTeT1t14eCKlllX K8Y4YKOB Ill ,o,p. 
L.Jpe3Bbl48JllHO t..1eHHbJM CblpbeM HBJlHIOT
CH napacp111Hb1, cocTOHU\1118 1113 yrneso.o,o
po,o,os c 18-44 arnMaM111 yrnepo,o,a . 

MemaH s HacTOHll.lee speMH 111cnonb-
3yercH B OCHOBHOM ,D,Jl.A npOlll3BO,D,CTBa 
xnop- Ill HlllTponpo1113BO,D,HblX - MeT111JlXJlO
p111,o,a, MernneHxnop111,o,a, xnopocpopMa, 
48Tb1pexxnop111croro yrnepo,o,a, HlllTpo
MeTaHa, nplllM8HH8MblX B K848CTB8 pac
rnop111reneC1 s pa3Jllll4HblX o6nacrnx rex
HlllKlll . np111 nJ11pOJ111138 M9TaH8 06pa3ylOTCH 
at..1ernneH, ca>Ka 111 sop,opo,o,, 1t1M810ll.lll18 

B8>KH08 C8MOCTOHT8JlbH08 3Ha4eHlll9. 
nepcneKTlllBHO lllCnOJlb3088Tb M9TaH B 
npo4eccax oK111cneH111H ,D,JlH npo1113so,o,
crna cpopManb,o,er111,o,a, MernHona 111 at..1e
rnnb,o,er111.o,a (p111c. 2.1 ), a rnK>Ke KaK Cbl
pbe np111 M111Kpo6111onor1114ecKoM CJi1HTe3e. 

3maH no HanpasneHJ11HM nepepa-
6oTKlll so MHOroM cxo,o,eH c MeTaHOM. Ha 
OCHOBe 3TaHa nony4alOT aHaJlOr1114Hbl8 
npop,yKTbl (p111c. 2.2): 3TlllJ1XJ10PlllA Ill Hlll
Tp03TaH. Ba>KHblM HanpasneH111eM 111c
nonb3osaH111H srnHa HBnHeTCH ero n111po
n1113 c nony4eH111eM srnneHa, o,o,Horo Ji13 
rnaBHblX yrneso,o,opo,o,os ,o,nH HecprexJ11-
M1t14ecKoro ClllHTe3a. 

nponaH. np111 OKlllCJ19Hllllll nponaHa 
nony4alOT at..1ernnb,o,er111,o,, cpopManb,o,e
r111,o, , YKCYCHYIO KlllCJlOTy, at..1eTOH. np)/1 n111-
pon1113e nponaHa o6pa3ylOTCH sT111neH 111 
npon111neH. nponaH Hap.A,o,y C M9TaHOM 111 
3TaHOM MO>KHO 111cnOJlb30B8Tb )11 ,D,Jlfl no
ny48Hll1H at..1er111neHa. H111rposaHJ11eM npo
naHa nony4alOT HlllTpoMeTaH, HJ11TposrnH 
111 H111TponponaH (p111c. 2.1 ). 
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H-5ymaH 111cnonb3YIOT B KaYeCTBe Cbl

pbs:! ,D,ml npOll13BO,IJ,CTBa onecp111HOB - 3Tlt1-

neHa, npon111neHa, 6yrnneHos, a TalOKe 

8L.\8Tlt1neHa 111 6yTa,IJ,1118Ha (p111C. 2.3). np111 

oK111cneH111111 6yraHa o6pa3y10rcs:i aL1e

ranb,1J,ern,1J,, yKcycHaH K111cnora, aL1eTOH 111 

,D,pyrne npO,D,yKTbl. np111 Hll1Tp088Hll1111 no

nyYalOT 1- 111 2-Hll1Tpo6yTaHbl. np111 11130Me

p11138L.\111111 H-6yraH npespall.\aercH s 11130-

6yraH. 

/1!306ymaH np111MeHHIOT s npoL1eccax 

anK111n111posaH111s:i ,D,nH nonyYeH1115l BblCOKO

OKTaHOBblX KOMnOHeHTOB MOTOpHblX rnn

n111s. np111 ,IJ,8rlt1,1J,p111pOB8Hll1111 111306yraHa 

06pa3yercs:i 111306yrnneH - Cblpbe ,D,nH 

nonyYeH111s:i 6yr111nKayYyKa, non111111306y

rnneHa, non111Mep6eH3111Ha; KpoMe rnro, 

111306yrnneH HBnHercH w111p0Ko pacnpo

crpaHeHHblM anK111n111py10ll.\ll1M areHTOM. 

/113oneHmaH npaKrnYecK111 nonHOCTblO 

nepepa6arb1sa10T (,1J,ern,1J,p111posaH111eM) s 

aM111neHbl, KOTOpble 11130Mepll13YIOT, ,IJ,8flt1,IJ,

p111py10T 111 111cnonb3YIOT ,D,n5l nonyYeHll15l 

11130npeHOBOro KayYyKa. 

BbtCWUe napacjJUHbl (C10H22 - c40H82) 

no arperaTHOMY cocrnHHll1IO no,D,pa3,D,en5l

IOT Ha >Kll1,IJ,Kll1e (T. nn. ""25 °C) 111 TBep,D,ble 
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(T. nn. ""52-55 °C). 06nacrn npll1M8H8Hll15l 

>Kll1,IJ,Kll1X 111 rnep,D,blX napacp111HOB pa3n111Y

Hbl (p111C. 2.4 ). 

>KuaKue napacjJUHbl ( C10H 22 - C 20H 42 ) 

no,1J,sepra10T oK111cneH11110 ,D,nH npo1113BOA

crsa BblCWll1X >K111pHblX Kll1CnOT 111 cn111prns, 

np111MeH5l8MblX ,D,n5l nonyYeHll15l Cll1HT8Tlt1-

YeCKll1X MOIOll.\111X B8ll.\8CTB. ,QnH mill >Ke 

L1en111 111cnonb3YIOT npo,D,yKTbl xnop111po

saH1115l >Kll1,IJ,Kll1X napacp111Hos - xnopnapa

cp111Hbl. KpoMe rnro, >Kll1,1J,K111e napacp111Hbl 

HBnHIOTCH CblpbeM ,D,nH M111Kpo6111onorn

YecKoil1 npOMblWneHHOCTlt1, npOll13BO,IJ,5l

ll.\8111 6enKOBOBll1TaM111HHbl8 KOHL.\8HTpaTbl 

(5BK) - L.\8HHYIO ,D,06asKy K KOpMaM. 

Teepab1e napacjJuHbt (C20H 42 
C40H82 ) np111 OKll1CneHll1111 TalOKe ,IJ,8IOT 

BblCWll18 >K111pHbl8 Kll1CnOTbl. np111 TepM111-

Y8CKOM KpeKll1Hre rnep,D,blX napacp111HOB 

o6pa3ylOTC5l Bb1cw111e a-onecp111Hbl - sa>K

Hoe Cblpbe ,D,n5l np01113BO,IJ,CTBa Cll1HTeTlt1-

Y8CKll1X MOIOll.\111X B8ll.\8CTB (srnp111YHblX 

anK111ncynbcparns), a ralOKe anK111n6eH30-

nos 111 anK111ncjJeHonos ,D,nH npo1113so,1J,crna 

pa3n111YHblX so,D,o- 111 Macnopacrnop111MblX 

nosepXHOCTHO-aKTlt1BHblX B8ll.\8CTB, B TOM 

Y111cne np111ca,1J,OK K CM830YHblM MacnaM. 

H-6yraH 

YKcycHal'! K1t1cnora 

6yrnnosb1e cn111prb1 

AL\eTOH 

nonlt1-
3Tlt1JleH 

non111npo
n111neH 

l 

P1.1c. 2.3. XuMuYec1(aR n&pepa6omKa H-6ymaHa 

lt13o6yraH 
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Henpe.QenbHble yrneeo,qopo,qb1. 
B Ka4ecrse 1t1cxo.QHOro Cblpbs:i 0a>KHeiil
W1t1M1t1 s:isns:iiorcs:i 3T1t1neH, aL1ernneH , npo
n1t1neH, 6yrnneHbl lt1 neHTeHbl. vfa .QltleHOB 
Ha1t16onee L1eHHblM1t1 s:i0ns:iiorcs:i 6yra.Q1t1eH 
1t11t13onpeH. 

3muneH s:10ns:iercs:i Hat.16onee YHL.18ep
canbHblM Heq:neXL.1ML.148CKL.1M CblpbeM : L.13 
Hero nony4aior 3rnno0b1ill cnl!lpr, 3rnneH
OKClil.Q, 3nmeHm111Konb, crnpon, .QL.1xnop-
3TaH Ill MHOrllle .Qpyrne XlllMl/l4eCKl/le npo
.QYKTbl (p111c. 2.5). 0.QHaKO 8 Hat.160nbWeM 
Kon1114ecr0e 3rnneH 111cnonb3yercs:i .Qns:i 
npot.1380.Qcr0a nont.13TlllneHa. nepcneK
rn0eH npoL1ecc onl!lroMept.13al..\L.1L.1 3T111ne
Ha .QO 8blCWL.1X onecp111H08, np111M8Hs:l8MblX 
8 Ka49CT8e anK111n111py10Ll.(L.1X areHT08 8 
npOlll3BO.QCTBe pa3nt.14HblX npo.QyKT08. 
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nponuneH cny>Kl!lT CblpbeM .QnH ClllH
Te3a 1113onpon111no0oro cn111pra , m111L1ep1i1-
Ha L.1 3n1t1xnopr111.Qpt.1Ha, npon1i1neH0Kc1i1.Qa, 
a-Mer1i1ncrt.1pona, 1t13onpon1i1n6eH3ona 
(KyMon), aKponeV1Ha 1i1 .Qpyrnx 0eLl.(ecrs 
(pl!lc. 2.6). Bo3pacraer ponb onl!lroMepo0 
npon1t1neHa, a TaK>Ke non1i1npon1i1neHa, 0 
ps:i.Qe o6nacreill npt.1MeHeH1t1s:i 06na.1:1aio
L1.1ero ny4WL.1ML.1 c001'1crsaM1i1 no cpa0-
HeH11110 c non1113r1i1neHOM . nony4aior 
pacnpocrpaHeHVle 8 Ka4ecr0e 3nacro
Mepo0 1t1 conom1Mepb1 3nrneHa c npo
n1t1neHoM. 

nepcneKT"18HO Hanpa8n9Hli19 lt1C-
nonb308aHVIH nponl!lneHa 8 c1t1Hre3e 
1i13onpeHa. CHa4ana nony4aior .Q1t1Mep 
nponl!lneHa (8 OCH08HOM 2-MeTltlnneH
TeH-1 ): 

KOTOpbll'1 3aTeM lt130Mept.13YIOT 8 2-MernnneHTeH-2 lt1 no.1:10epra10T Kp9Kli1Hry 8 "130npeH c 
OTLl.(enneH1t1eM MeraHa: 

CH - C = CH - CH - CH ---> 
3 I 2 3 

CH
3 

5ymuneHbl 1i1rpa10T 88CbMa 88>KHYIO 
ponb 8 Hecprexli1Mli148CKOl'1 npOMblWneH
HOCTlll, 8 OCH08HOM 0Hlt1 VICnonb3YIOTCH 
.Qns:i c1t1Hre3a Kay4yKo8. Ha1i16onee Mac
COBblM CblpbeM .QnH npOL.1380.QCTBa CVIH
T9Tlll4eCKVIX K8Y4YK08 H8ns:!IOTCH 6yreH-1 VI 
6yreH-2 - npoMe>KyT04Hbte npo.QyKTbl , o6-
pa3Y10L1.1V1ecs:i np1i1 npo1i13so.1:1cr0e 6yra.QV1e
Ha-1 , 3. Conon1i1MepV13al..\1i1eill 1i13onpeHa 
1i1 Vl3o6yrnneHa nony4atar cneL1L.1anbHb11'1 
copr CVIHT8TVl48CKOrO KayYyKa - 6yrV1n-

Kay4yK. Ha OCH08e 6yrnneH08, CO.Qep
>KaLl.(VIXCH 8 6yraH6yrnneH0801'1 cppaKL\VIVI 
KpeK1i1Hr-ra300, ocyLl.(ecrsns:iior npoMblW
neHHOe npOL.1380,[\CTBO anK1i1nara - 8bl
COKOOKTaH0801'1 .Q06a8Kli1 K MOTOpHOMY 
ronnV1sy. B npOMb1wneHHOM Macwra6e 
8blnYCKalOT Hli13KO- L.1 8blCOKOMOneKyns:ip
Hble non1t11i13o6yrnneHbl, np111MeHs:ieMb1e 
KaK 3arycrnren 1t1 HecprnHblX cMa304HblX 
Macen VI ,[\ns:i APYrlllX L1enel'1. 6yrnneHbl 
VI CnOnb3YIOT T3K}l{8 ,[\ml npOMblWneHHOro 
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npOV13BOACTB8 BTOpV14HblX V1 rpernYHblX 

6yrnnoBblX cnVlpTOB V1 APYfVlX npoAyKTOB 

(plitC. 2.7). 
neHmeHbl B H8CTOHL1\ee speMH npV1-

MeHHIOT rnaBHblM o6pa3oM AllH npoV13-

BOACTBa V13onpeHosoro KayYyKa . B HeKO

ropbrx cnyYaHx neHTeHbl 011V1roMep1it3ytor 

c nonyYeH"1eM 0111t1roMepos, V1Cnonb3ye

Mb1X B KaYecTBe 8JlKV111"1PYIOll\V1X areHTOB. 

5yTaAV1eH-1, 3 TalOKe OTHOCV1TCH K 4"1C

ny 88>KHeVrWV1X Hecj:>TeXV1MV14eCKV1X npo

AYKTOB. OH cny>KV1T CbtpbeM AllH C"1HTe3a 

pa3JlV14HblX K8Y4YKOB: 6yTaA"1eHOBOro, 

6yT8A"1eH-CrnponbHOro, 6yTaAV1eH-Me-

A4eT1-1neH 
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rnncrnponbHoro, 6yraA1t1eH-H"1Tp"11lbHO

ro, xnoponpeHosoro . l;13secreH PHA CV1H

Te30B Ha OCHOBe 6yT8AV1eHa - nonyYeH"1e 

8AV1nV1HOBOVr KV1CJ10Tbl, l.IV1KJ100KT8Ha V1 

l.IV1KJlOAeKaHa. 

t13onpeH no111t1Mep1t13ytor c nonyYeHV1-

eM "13onpeHosoro KayYyKa. KpoMe rnro , 

B npOMblWJleHHOCTVl V130npeH conOJlV1Me

pV13YIOT c V13o6yrnneHOM, nonyYaH 6yrnn

KayYyK. 

Au,emuneH np1t1MeHHeTCH AllH CV1HTe3a 

B"1HV1JlXIlOP"1A8, a1.1eT8JlbAefV1A8, BV1H"1Jl

a1.1erara, aKp"1110H"1TpV1118, XJlOP3TV1JleHOB 

V1 AP · (p1.1c. 2.8). 

r1-1Apoxno
p1-1posaH1<1e 

np1-1c08A1<1HeH1<1e 
CH,COOH 

non1<1BHH1<1n
a4eTaT 

Tp1-1xnop3rnneH 

MoHoxnopyKcycHal'l 
K"1CJ10Ta 

XnoponpeH 

Pwc. 2.8. XuMul./eCKan nepepa6omKa au,emuneHa 



AoAeL1eH 5l8115leTC5l nonynpo.QyKTOM 

8 npo1113BOACTBe Ha1116011ee w111p0Ko np111-

MeH5lt0~eroc5l CVIHTeTVl48CKOro MOIO~ero 

cpeACT8a - HaTpl/1080~ COJllll Vl30AOA8-

L.\VIJ16eH3011CYllbcpOKVICJ10Tbl. 

ApoMan1YecKHe ymeBOAOPOAbl. 
ApoMarn4ecK111e yme8o.QopoAbl HaXOAHT 

w111p0Koe np111MeHeH111e 8 HecpTex111M1114e

cKo~ npoMb1w11eHHOCTV1 . Ha1116011bwee 

3Ha40Hllle VIM00T 6eH30Jl , KOTOpbl~ no 

06beMy noTpe611eHV15l cpa8HVIM c 3TVl

Jl0HOM. 6eH30Jl VI era roMOJlOrlll 8 Halll-

6onbW0M KOJ1Vl40CTB0 nony4alOT 1113 

HecprnHoro Cblpb5l nplll KaTaJlVITV140CKOM 

p111cpopM111Hre np5lMOfOHHblX 6eH3VIH08, a 

TalOKe 6eH3VIH08 rlllAPOKpeK111Hra . Onpe

AeneHHbl~ 111Hrnpec npe.QCTa8Jl5leT no-

11y4eH111e 6eH3ona (Ha1116011ee KpynHo

TOHHa>KHoro apOM8TVl40CKOro Cblpb5l) 

KaTaJ1VITV140CKVIM rlllAPO.Q0aJ1KVIJ1Vlp08a

HV10M rn11yo11a 111 Kc1111101108 . Ha p111c. 2.9 
np111se,QeHa cxeMa nony4eHVl5l apoMaT111-

4ecK1.1x yrneBOAOPOAOB KaTaJ1"1TV140CK"1M 

p1.1cpopM1.1HrOM. 

6eH3"1H 

CepoeoAOPOA 

KpynHblM "1CT04H"1KOM apoMaTV14e-

cK1.1x ymeBOAOPOA08 5lBJ15llOTC5l n111po

J1"13Hbl0 CMOJlbl - no604Hbl0 npOAYKTbl 

npol.1380.QCT8a 011ecp1.1Ho8. Macwrn6b1 

npOl.1380,QCTBa nli1p011"13HblX CMOJl Y80-

J1"14"18alOTC5l "13-3a o6~ero y9e111.14eH"1fl 

MO~HOCTe~ no nony4eH"1IO onecplllH08 "1 

no111.1011ecp1.1H08, KOTOpble COCTa8Jlf!IOT 8 

pa38"1TblX npOMblWJ10HHblX crpaHaX He

CKOJlbKO M"1J1J1"10H08 TOHH 8 fOA . Ha p1.1c. 

2.10 np1.18eAeHa cxeMa nony4eHVlfl apo

MaTVl40CK"1X yme80,QOpOA08 nlllp0Illll30M 

H"13KOOKTaH08blX 6eH3"1H08. 

Cb1pbeM Allfl npo1.1380ACTBa HacpTa111.1-

Ha 5l8Jlf!IOTCfl ra30~J1"1 KaTaJ1"1TV140CKOro 

KpeKVIHra, COA0p>Ka~1.1e AO 25% roMOilO

ro8 Hacprn111.1Ha . Ha p1.1c. 2.11 np1.18eAeHa 

cxeMa nony4eH1.1fl Hacprn111.1Ha. E~e OA

HlilM "1CT04H"1KOM HacpTal1"1Ha MO>K0T flB

Jlf!TbCfl n1.1pOl1"13Hafl CMOJla, COA0p>Ka~a5l 

45% Hacprn11111Ha. 

5eH3on cny>K1i1T CblpbeM Ailfl npo1113-

80.Qcrsa L.\"1KlloreKcaHa, 3TV1116eH3011a, "130-

npon111116eH3011a, BblCWlilX aJ1KVIJ16eH30JlOB 

1.1 Apyrnx 1..1eHHblX npOAYKTOB (p1.1c. 2.12). 

Karnn1-1rn4ecKH'1 p1-1¢opMHHr 

3 KCTpa1.11-1R apoMarn4eCKHX 
ymeBOAOPOAOB 

ApoMarn4ecK1-1e 
ymeBOAOPOAbl 

P111c. 2.9. CxeMa nony4eHUfl apoMamu4ecKUx 
yaneeoiJopoiJoe Kamanumu4eCKUM pucjJopMUHaOM 



H1-13KOOKTaHOBbri:i 6eH31-1H 

011ecp1-1Hb1 Cyxoi:i ra3 EieH31-1H n1-1po111-13a 

r111,QporeHll1381..\l-10HH8l'l OYl-1CTK8 

+ 
0YHl.J..l8HHbli:i n111po6eH3111H 

n111pOI11113H8~ 
CMOJ18 

3THJ18H npon11111eH 

3-0373 

EieH30J1 

KoH4eHTpaT apoMarnYecK1-1x 

yrneeo opo,Qoe 

To!lyO!l ApoMarnYecK1-1e 

yrneBO,QOpO,Qbl C 8 1-1 C 0 

P111c. 2.10. CxeMa nonyl./eHuR apoMamul./ecKux 
yaneeooopoooa npu nuponu3e HU3KooKmaHoab1x 6eH3UHoe 

KpeK11Hr-raaoMnb 

• 
'-----3-K-C~Tp_a_KL.1_11_~----~~ """"~~~ • ~ ... ~" 

• roMOnOrl1 HacjJTan11Ha 

r11,QporeHl13a4110HHa~ O'll1CTKa 

r11,QpOreHl13a4110HHOe 
,qeanK11n11poeaH11e 

Hacjnan11H 

CepoeOAOPOA 

P1-1c. 2.11. CxeMa nony<JeHuR HacjJmanuHa 
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ArlK11n11poeaH11e 
npon11neHOM 

KyMon 

6eH30I1 

XI1op11po- OK11cne- AnK11n11- ArlK11n11poeaH11e 
BBHl'le Hl'le pOBBHl'le TeTpaMepaMl'I 

XI1op6eH3on 

3Tl1I1BHOM npon11neHa 

3rnn-
6eH3on 

CT11pon Cynb
¢aHon 

0Kl'ICI10-
Hl'le 

,, 

Manel'IHOBBR 
Kl'ICI10TB 

Tepa¢ra
neeaR 

Kl'lcnora 

a-Mernncrnpon 

ArlKl'II1-
¢eHOI1bl 

<l>eHon 

npl'ICBAKl'I 
K MacnaM, 
TOI1I11'1BBM, 

nnacTMBCCBM 

He110HoreHHble 
MOIOll.ll'le 

BBlllBCTBB 

L\l'IKI10-
reKCBHOI1 

BonoKHa 
(Hej;inoH, 
KanpoH) 

non11-
crnpon 

ArlKl'II11'1pO
BBHl10 

MBTBHOI10M 

Tonyon 

6eH30j;iHaR 
Kl'ICI10TB 

BonoKHO 
rnp11neH 

n-Kc11non 

o-Kc11non 

<l>TBI10Bblj;i 
BHrl'IAPl'IA 

PHc. 2.12. XuMul/ecKaR nepepa6omKa 6eH3ona 

ArlKl'II11'1pOBBHl'l0 
arnneHoM 

,[1111130-
nponl'ln-
6BH30I1bl 

<l>TaneeaR 
Kl'ICI10TB 

<l>raneeb1j;i 
BHrl'IAPl'IA 



Tonyon noABepraiOT n1APOAeanK11n11-
posaH11to c nony4eHl/leM 6eH3ona. TalOKe 
ero np11MeHs:llOT B npOl/l3BOACTBe 6eH30il!
HOiil Kl/ICfiOTbl I/I 6eH3anbA8n1.Qa. 

KcunOflbl. n-Kc11non B OCHOBHOM 
nepepa6aTblBatoT s rnpecprnnesyto Kl/IC
noTy, KOTOpas:i 1/1.QeT Ha npOl/l380.QCTBO 
Cl/IHT8Tl/l4eCKOro BOnOKHa nascaH, OKl/IC
neHl/leM o-Kc11nona nonyYatoT cprnnesb1Lil 
aHrlll.QPl/l.Q, OKl/ICneHl/leM M-KCl/lnona - 1/130-
cprnnesyto Kl/ICnOTy, 1/1.QYlllYto Ha npo113-
BO.QCTBO anKl/l.QHblX nonl/IMepos. 

3mun6eH30n cny)f(l/IT CblpbeM s npo113-

BO.Qcrne crnpona, 1/1.QYlllero Ha npol/l3BO.Q
crno non11crnpona 11 Cl/IHTernYecKoro 
KayYyKa np11 conon11Mep113au,1111 crnpona 
C 6yTa.Ql/l8HOM. 

t130nponun6eH3on (KyMon) 1/1.QeT Ha 
npol/l3BO.QCTBO Mernncrnpona, s:1sns:1to1.11e
rocs:1, KaK I/I crnpon, MOHOMepoM .Qns:i Cl/IH
rnrnYecKoro Kay4yKa, I/I Ha np01/13BO.QCTBO 
cpeHona 11 au,ernHa. 

8b1cwue anKun6eH30nb1 c .Qn111Hoiil 

anKl/lfibHOLll u,en111 c10 - H18 s:IBfis:llOTCs:I I/IC-
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xo.QHblMlll se1.11ecrnaM111 .Qns:i nonyYeH111s:1 
anK111n6eH30ncynbcpOHaTOB - MOIOllll/IX 
se1.11ecrn, a TalOKe cynbcpoHaTHblX np111ca
.QOK K cMa304HblM MacnaM, 06na.Qato1.11111x 
MOIOllll/IMl/I CBOiilCTBaMlll. 

HacpTeHOBbte yrneso,qopo.Qbl. Ba)f(
HeLilweill o6nacTbto npoMb1wneHHoro 
111cnonb30BaH111s:1 HacprnHOBblX yrneso
.QOPO.QOB 51Bn51eTC51 npespa1.11eH111e I/IX B 
apOMaTl/l48CKl/le yrneBO.QOPO.Qbl nyrnM 
KaTan111rn4ecKoro p111cpopM111Hra . 

L/UKfl02eKCBH 1113 scex HacpTeHOBblX 
yrneBO.QOPO.QOB 111cnonb3YIOT B Hecprn
Xl/IMl/l48CKOM ClllHT838 Ha1116onee w111po
KO. OH cny)f(lllT 111cxo.QHblM CblpbeM .QnH 
np01113BO.QCTBa a,QlllnlllHOBOiil KlllCfiOTbl, Ha 
OCHOB8 KOTOpoLll ocy1.11ecTBnH8TC5l ClllH
T83 non111aMl/l.QHOro BOfiOKHa HeLilnoH. 1113 
L.J,l/IKnoreKcaHa nonyYatoT u,111KnoreKcaHoH, 
KOTOpbliil 111cnonb3YIOT B Cl/IHT838 Kanpo
naKTaMa, nplllM8H518MOro .QnH Cl.1HT83a 
sonoKHa KanpoH. L..\i.-tKnoreKcaH nonyYatoT 
rn.Qp1.1posaH111eM 6eH3ona 1.1n1.1 Bb1.Qens:110T 
1.13 HecprnHblX cppaKL.J,1.1iil. 

2.3. BbtAeneHvie 111 pa3,oeneHV1e yrneao.oopo.oHoro Cblpb51 1113 1-1eqnvi 

Cb1pbe .QnH Hecprnx111M111YecKoiil npo
Mb1wneHHocrn nonyYatoT 1113 Hecprn .QBY
MH nyrnMl.1 . nepBblLil COCTOl/IT B TOM, 4TO 
Heo6xo.Q1.1Moe se1.11ecrno, y)f(e np111cyT
crnyto1.11ee s Cb1poLll Hecprn, Bbl.Qens:itoT 
1.13 Hee 1.1n1.1 KOHL.J,eHTp1.1py10T pa3nl.14HblMl.1 
cpi.-t31.14eCKl.1Ml.1 1.1n1.1 Xl.1Ml.148CKl/IMl.1 MeTO
.QaMl.1 (neperoHKa, 3KCTpar111posaH111e 111 
.Qp.). Brnpoill nyTb 3aKnto4aeTCH s npose
.QeH1.11.1 onpe.QeneHHblX Xl/IMl.1KO-T8XHOno
n148CKl/IX onepau,1.1ill (B OCHOBHOM - nepe
pa60TKa .Q8CTPYKTlllBHOro xapaKTepa) . 
3TOT nyTb nplllM8H518TC51 .Qfis:l nony48Hl.151 
yrneBO.QOpO.QOB, KOTOpb18 B CblpOLll Hecprn 

<PpaKL{UR T Kun. , °C 
6eH31!1H 20-200 
Kepoc1-1H 175-275 
fa30!1nb 200-400 
CMa304Hble Macna 8b1we 300 

OTCYTCTBYIOT 1t1n1.1 np1t1CyTCTBYIOT B ManblX 
KOn1t1Yecrnax (onecp1t1Hbl, crnpon 1.1 .Qp.). 

V1H.Q1t1B1t1.QyanbHb1e (41t1CTb1e) yrneso
.QOPO.Qbl 1t1n1t1 6onee 1t1n1.1 MeHee w1.1poK1t1e 
HecprnHble cppaKu,1t11.1, 1t1cnonbJyeMb1e s 
Ka48CTBe Cblpbs:l B HecpTeXl/IMl.11.1, Bbl,IJ,8-
ns:itoT 1113 Hecprnnpo.QyKTOB, nonyYaeMblX 
np111 neps1114HblX 111 srnp1114HblX npou,eccax 
nepepa60TK1t1 Hecprn . 

np1t1 nepBlt14HOM npOL.J,8CC8 nepe-
pa60TKlt1 Hecprn (nepsi.-t4Has:1 neperoHKa 
CblpOLll Hecprn) ocy1.11ecTBfls:l8TCS'l n1t1Wb 
048Hb rpy6oe pa3,QeneHlll8. np1t1 3TOM no
ny4atoT cne.Qyto1.111t1e ocHOBHble cppaKL.J,1t11t1: 

(MoryT neperoHSHbC>l TOnbKO B BaKyyMe) 
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Ynpoli.\eHHa5! cxeMa nepBlllYHO~ nepe
roHKlll Cb1po~ Hecprn npeACTasneHa Ha 
p111c. 2.13. 

nepB85! CT8A1115! neperoHKlll Ha3b1Ba-
9TC5! cra6111n1113a1,1111e~ . 0Ha 3aKmoYaer
C5! s YAaneH111111 Yacr111 6yraHos 111 scero 
Kon111Yecrsa nponaHa, ::iraHa 111 MeTaHa, 

Cs, c4 anKaHbl 
111 6onee nerK111e 
KOMnOH9HTbl 

6eH3111H 
Kepoc111H 
nerKlll~ 

ra3o~nb 

II 

KOTOpble B npOTll!BHOM cnyyae MoryT nplll
AaTb 6eH3111HY He>KenarenbHO BblCOKOe 
AasneH111e napa. 3ry onepa1.111110 06b1YH0 
npoBOA5!T noA yMepeHHblM AasneH111eM 
(3-5 arM) 111 nonyYalOT >KlllAKlll~ AlllCTll!flfl5!T, 
COCT05!li.\lll~ 1113 neHT8HOB Ill 6onee nerKlllX 

yrneBOAOPOAOB. 

T5!>Kenb1~ 

ra3o~nb 

CMa304Hble 
Macna 

760 MM Hg ....... --........ - 5 MM Hg 

OcraroK 
(T5!>K9flbl~ Ma3yT, ryApOH) 

111 

PHC. 2.13. nepBUl./H8fl nepeZOHK8 HecjJmu 

Bropy10 CTaAllllO neperoHKlll nposo
A5!T np111 arMoccpepHoM AasneH111111. l/13 
KOJlOHHbl or6111pa10T HeCKOJlbKO cppaKl.1111~ . 
a Ky60Bbl9 OCTaTKlll pa3A8J15!IOT 3aTeM Ha 
rpeTbe~ CTaAllllll (KOJlOHHa 111) neperoHKO~ 
B saKyyMe, lllHOrAa c BOA5!HblM napoM, Ha 
BblCOKOKllln5!li.\1119 cppaKl.1111111 Ill Henepero
H5!10li.\1119C5! T5!>K9flbl9 OCTaTKlll . 

npOAYKTaMlll npocrn~ cpp8KL\lllOHlll
posaHHO~ neperoHKlll 5!8J15!IOTC5l CM9Clll 
yrneBOAOPOAOB - pa3Jllll4Hble cppaKl.1111111 , 
1113 KOTOpblX Afl5l HecpTeXlllMllllll Ha1116onee 
1.1eHHblMlll 5lBJ15llOTC5l nern111e cppaKl.1111111 
(>Klll,QKlll~ ,QlllCTlllflfl5lT B CTaAllllll cra6111n111-
3a1.1111111111 6eH3111HOBbl8 cppaKL\111111). lllHAlllBlll
AY8JlbHble Hlll3Wllle yrneso,Qopo,Qbl , np111-
cyrcrsy10li.\llle B 3TlllX cppaKL\lllHX , MO>KHO 
Bb1,Qen111Tb n111wb l-1Cnonb3Y5l 6onee yco-

sepweHcrnosaHHble MeTO,Qbl pa3,Qene
Hl-15l . 

Bee H1113w111e napacplllHbl, AO neHTaHOB 
BKJll04111TeJlbHO, MO>KHO OTA9Jll-1Tb APYr or 
Apyra cppaKL1L-10H111posaHHo~ pa3roHKO~. 

B cny4ae yrneso,QopoAOB c weCTblO 111n111 
6onee arnMaMlll yrnepoAa 4111cno 1113oMe
pos 6b1crpo ysen111Y111saerc51 c ysen1114e
Hl-1eM MOfleKynHpHoro seca. BBlllAY 3TOro, 
a TaK>Ke B CB5l3l-1 c npl-1CYTCTBlll8M cpeAL-1 
yrneBOAOPOAOB c weCTblO l-1fllll 6onee 
arnMaMlll yrnepoAa. noM111Mo napacp111-
HOB, TaK>Ke HacpreHOBblX l-1 apoMaTll!48-
CKL-1X yrneBOAOPOAOB, npocTa5l neperoHKa 
craHOBL-1TCH He::icpcpeKTll!BHO~. CneAyer 
oco6o nOA4epKHYTb, 4TO Bb1A8fl8Hl-18 
Bb1CWL-1X 4Jl8HOB roMOJ10r11148CKL-1X p5l,QOB 
yrneso,qopo,qos cpL-13111YecKL-1Ml-1 Mern,qaML-1 



no4Tlll HeBo3MO>KHO 1113-3a 6onbworo 4111c

na 11130Mepos. TaKlllM o6pa3oM , yrneso

.QOPOAbl cnO>KHOro crpoeHl/ls:l nplllXO,QlllTCs:l 

ClllHT93111pOBaTb 1113 6onee npOCTblX. 3TO 

O.QHa 1113 nplll4111H, onpe.Qem110L11lllX sa>KHoe 

3Ha49Hlll9 Hlll3WlllX napacj:>lllHOB Ill onecp111-

HOB ,Qns:l Hecj:>TeXlllMlll49CKOii1 npOMblWn9H

HOCTlll. 

TexHonornYeCK11te cxeMbl ycTaHo
BOK nepBlitYHOM neperOHKlll HecpTlll. 

II 

H -1 
a) 
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Tunbt ycmaHoBOK. ArMoccpepHble 111 sa

KYYMHble Tpy64aTble ycraHOBKlll cyL110-

CTBY10T H93aBlllClllMO ,Qpyr OT ,Qpyra 111n111 

KOM6111HlllPYIOTCs:l B COCTaB9 O,QHOill ycra

HOBKlll . 

ATMoccp0pHble Tpy64arb1e ycraHOBKlll 

no,Qpa3,Q9m:llOTCs:l 8 38BlllClllMOCTlll OT I/IX 

T9XHOnor1114ecKoii1 CX9Mbl Ha ycraHOBKlll c 

O,QHOKpaTHblM Ill .QByKpaTHblM 111cnapeH111-

9M H9cpTlll . 

n-2 

H-1 6) 

P111c. 2.14. CxeMa amMocrpepHou nepeaoHKU 
c OOHOKpamHb/M (a) u oeyKpamHb/M 

(6) ucnapeHueM HecjJmu: I - HecjJmb; II - za3; 
Ill - 6eH3UH; IV - KepocuH; V - OU3eflbHaR cjJpaKu,uR; VI - Ma3ym 

np111Hl_\llln111anbH8s:l CXeMa ycraHOBKlll 

c O,QHOKpaTHblM 111cnap9Hlll9M nplllBO,D,lllT

Cs:l Ha p111c. 2.14, a . H0cprb nponycKa0rcs:i 

Cblpb98blM H8COCOM 49p93 T0nnoo6M0H

HlllKlll Ill rpy64aTylO n94b B peKTlllcplllKa

L\lllOHHYIO KonoHHy. B 3sanopal\lllOHHOM 

npocrpaHCTB9 npOlllCXO,QlllT O,D,HOKpaTH09 

111Cnap9Hlll9 H9cpTlll . napbl H9cpTlll 3aTeM 

pa3,Q0ns:i10T p0Kr111cp111Kal_\111eil1 Ha L\9n9Bbl9 

cppaKL\111111 , a 1113 >Klll,D,KOCTlll TaK>K9 c nplllM9-

H9Hlll9M npol_\0cca p0Krncp111Kal_\111111 y.Qans:i

IOT n0rKOKlllns:lL111119 cppaKL\111111. 

Cx0Ma ycraHOBKlll c ,i::isyKpaTHblM 111c

nap0H111eM nplllBO,QlllTCS'l Ha p111c. 2. 14, 6 _ 

Harp0ras:i B rennoo6M0HH111K0 H9cpTb no

,o,a0rcs:i B TaK H83blB89MYIO om6eH3UHU
B8IOU4YIO KonoHHy. B 3Banopal\lllOHHOM 

npocrpaHCTB9 3TO!l1 KOnOHHbl npOlllCXO,QlllT 

111Cnap9Hlll9 H9cpTlll. nocKOnbKY H9cpTb Ha

rp0ra TOnbKO ,QO 200-240 °C, KOnlll49CTBO 

06pa3y10L11111xcs:i napos Hes0n111Ko, 111 s 

HI/IX B OCHOBHOM CO,Qep>KaTCs:l 6eH3111HO

Bble cppaKl_\111111. Ha peKrncp111KaL\lllOHHb1 x 

rapenKax KOHL\9HTpal_\lllOHHOii1 48CTlll KO

nOHHbl 6eH3111H or.Qens:i0rcs:i OT 6onee rn 

)f(9nb1x cppaKL\111111 111 B 0111,qe napos yxo,o,111r 

1113 KOnOHHbl. BMecre c napaM111 6eH3111H 8 

y,qamuorc s:i na pb1 BO.Qbl , nocr y n111swei1 Ha 



ycTaHOBKY neps111YHOill neperoHKll1 c Hecp

TblO, 111 ra3bl. 

nonyor6eH3111HeHHYIO Hetj:>Tb 3a6111-

pa10T H8COCOM 111 yepe3 rpy6YaTylO neYb 

no,QalOT B OCHOBHylO, amMoccjJepHyJO 
KOflOHHy, r,Qe npOll1CXO,QS'lT nOBTOpHoe 111c

napeH111e Hecprn 111 peKrntj:>111KaL11115! napoa 

c Bb1,QeneH111eM rn>Kenoro 6eH3111Ha (cMe

w111saeMoro 3areM c 6eH3111HOM , nonyyae

MblM B or6eH3111Hll188IOLl.\eill KOflOHHe) , 

KepOCll1HOBOLI! 111 ,Q1113enbHOill cppaKL.\111111 . 

OcrarKoM 5!Bn5ierc51 Ma3yr. 

,[\OCTOll1HCTBOM cxeMbl c O,QHOKpaT

HblM 111cnapeH111eM 51am1ercs:i TO, YTO ner

K111e 111 rn>1<enb1e cppaK1..1111111 111cnap5!10Tcs:i 

cosMecrno. 3ro cnoco6crnyer 6onee 

rny6oKOMY OT,Q8fl8HllllO rn>K8flblX KOMno

H8HTOB npl!I OTHOCll1T8flbHO Hlll3KlllX (300-
325 °C) TeMneparypax nO,QOrpeaa H8cp

Tl!1 . YcraHOBK111 O.QHOKparnoro 111cnapeH1115! 

KOMnaKTHbl, 111M8IOT ManylO nporn>KeH

HOCTb rpy6onpOBO,QOB, rpe6ylOT M8HbW8 

TOnn111aa , YeM .Qpyrne ycraHoBKl!I. 

He.QocraTKlll cxeMbl c O.QHOKpaTHblM 

111cnapeH111eM cne.QylOLl.\1118 : 

1) np111 neperoHKe Hecpreill c noab1-

weHHblM (BblW8 15%) CO,Q8p>K8H1118M 

6eH3111HOBblX cpp8Kl.\111ill 3H8Yll1T8flbHO yae

fll!IYll1Ba8TC51 ,QaBn8Hl!l8 B rennoo6M8H

HlllKax Ill rpy6ax neYHOro 3M8881!1Ka , YTO 

npl!IBO,Ql!IT K H806XO,Ql!IMOCT1!1 np111M8Hs:!Tb 

6onee npoYHYIO 111 MerannoeMKYIO anna

parypy, yaen111YlllBaTb ,QaBn8Hl!l8 B fll!IHl!ll!I 

HarHeTaHl!l51 Cblpbesoro Hacoca ; 

2) ecn111 Ha neperoHKY no,Qaerc51 

Hecprb, 1113 KOTOpoill nnoxo y.QaneHa so,Qa, 

TO 3TO TaK>Ke np111BO,Ql!IT K nOBblWeHllllO 

,Q8Bfl8Hl!IS'l B neYl!I 111 MO>K8T Bbl3BaTb no

Bp8>K,Q8Hl!l8 cpnaHl.\8BblX C08,Ql!IH8Hllliil 

neYHblX rpy6; 

3) ecn111 neperoH51eMa51 Hecprb He.Qo

craTOY HO xopowo o6ecconeHa , TO np111 ee 

Harpese s rpy6ax ne4111 6y.QyT ornaraTbC51 

M111HepanbHb1e con111. Vl3-3a 3TOro npo111c

xo,Qm MeCTHb1e neperpesb1 s 3Mees111Kax 

neYeiil , YTO B KOHeYHOM l!ITOre MO>KeT np111-

BO,Qll1Tb K asap111111 - nporapy rpy6. 

np111 ,QByKpaTHOM l!ICnapeHl!llll ra3, BO,Qa 

111 3HaYlllT8flbHa51 YaCTb 6eH3111Ha y,Qan51-

IOTC51 1113 Hecprn AO ee nocrynneH111s:i s 

neYb. 3TO o6cTOmenbCTBO o6nerYaer yc

nos11151 pa60Tbl K8K ne4111 , TaK Ill OCHOBHOlii 

p8KTl!1cp111Kal.\lllOHHO!ii KOflOHHbl Ill 51Bfl518T

C51 OCHOBHblM npel!IMYLl.\8CTBOM CX8Mbl c 

.QByKpaTHblM 111cnapeH111eM. CxeMa c ABY

KpaTHblM 111cnapeH111eM oco6eHHO y.Qo6Ha 

B TeX cnyYa51X, KOr,Qa 4aCTO np0111CXO,Ql!IT 

1113MeHeH111e rnna nepepa6arb1saeMolii 

Hecprn . Ha ycraHOBKax .QByKpaTHoro 111c

napeH111s:i ycrpaHeHbl He,QocraTKlll, xapaK

repHb1e ,Qns:l ycraHOBOK O,QHOKparnoro l!IC

napeHlllS'l . 

0,QHaKO YT06bl ,QOCTl!1Yb TaKOlii >Ke 

rny6111Hbl or6opa ,Q111crnnn5!TOB, KaK np111 

O,QHOKpaTHOM 111cnapeHl!llll , H8tj:>Tb Ha 

ycraHOBKax .QByKparHoro 111cnapeH1115! 

np111xo,Q111Tc5! HarpesaTb .QO 6onee Bb1co

Kolii TeMneparypbl (360-370 °C). Ha ycra

HOBKe c .QByKpaTHblM 111cnapeH111eM YABa111-

saerc51 KOfllll4eCTBO peKT111tj:>111Kal.\ll10HHblX 

KOflOHH, 3arpy30YHblX HaCOCOB, pacryr 

pa3Mepb1 KOH,Q8HC8l.\1110HHOLI! annapary

pbl. 

Ha ycraHOBKax 111 6noKax saKyyMHOlii 

neperoHKl!I TaK>K8 np111MeH5llOTC5! CX8Mbl 

O.QHOKparHoro 111 .QByKparnoro 111cnapeH1115! 

(p111c. 2.15). Ha1116onee pacnpocrpaHe

Hbl 6nOKl!I c O,QHOKpaTHblM 111cnapeH111eM 

Ma3yra (p111c. 2.15, a) . OH111 nocrpoeHbl 

Ha 6onbW111Hcrne Hn3. Ho KaK n0Ka3an 

onblT 3Kcnnyara1..1111111, Ha TaKl!IX 6noKax 

He y.Qaerc51 nonyYl!ITb xopowo orpeKrn

cp1111..1111posaHHb1e BaKyyMHbl8 ,Ql!ICT1!1flfls:!Tbl 

c YeTKl!IMll1 npe.QenaM111 neperoHKlll, He-

06xo,Q111Mb1e ,Qfl51 nonyYeHl!l51 BblCOKOKa

YecrneHHblX Macen . Cpe.QHee 3HaYeH111e 

«HaneraH1115!» reMneparyp Bb1K111naH111s:i 

CM8>KHblX BaKyyMHblX ,Ql!ICT1!1flfl51TOB CO

CTaBfl51eT 70-130 °C. 

,[\061!1TbCS'l ynyYW8Hl!IS'l YeTKOCTl/1 BaKy

YMHblX ,Ql!ICT1!1flfl51TOB MO>KHO 3a CY8T yse

fll!IY8Hl!l51 Yll1Cfla peKTl!lcp111Kal.\lllOHHblX ra

penOK. 0.QHaKo raKoe peweH111e He s c er,Qa 

np111eMneMo, nocKOnbKY np111 ysen111YeH111111 



l.flt!Cna rnpenoK 8 KOnOHHe CH1t1)f(80TCS'l 
saKyyM, nosb1waeTcs:i TeMnepaTypa Ha 
Hltl)f(Hlt!X TapenKax, MO)f(0T yMeHbWlt!TbCS'l 
rny61t1Ha OT6opa 111 yxy,D,Wlt!TbCS'l K81.f0CTBO 
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6) 

III 

p,111crnnnmoa . 5onee pa1..11110HanbHb1 "1 
nyTb ynyl.fW0Hll1S'l K81.f0CTBa 88KYYMHblX 
p,111crnnns:irns - neperoHKa no cxeMe p,sy
KpaTHoro 111cnapeH111s:i (p111c. 2. 15, 6, a). 
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PHc. 2.15. CxeMbl eaKyyMHOiJ nepeeoHKu Ma3yma 
c ooHoKpamHbJM (a) u oeyKpamHblM (6, e) ucnapeHUeM: I - Ma3ym; 

II - eooRHoiJ nap; Ill - napbt c eepxa eaKyyMHblX KonoHH; IV - eaKyyMHbJiJ oucmunnRm 
(cj:JpaKl..{UR 350-500 °C); v; VI, VII - MacnRHote noeoHb1: VIII - nonyzyopoH, IX - ayopoH 



CxeMa, np111sep,eHHa51 Ha p111c. 2.15, 6 
npep,ycMarp111saer or6op B nepso~ sa
KYYMHollt KOJlOHHe WVlpoKollt MaCJ151HOllt 
cppaK1..1111111, Kornpa51 nocne Harpesa B 
ne4VI pa3P,8Jl518TC51 BO BTopollt KOJlOHHe 
Ha cppaKL1V1111 c 6onee Y3Kll1Mll1 npe.QenaM111 
neperOHKVI. no sapVlaHTy, 111306pa>KeHHO
MY Ha pVlc. 2.15, s, B nepsollt 0aKyyMHollt 
KOJlOHHe OT Ma3yTa OTIJ,8J1518TC51 B 8Vl,Qe 
6oKOBOro noroHa nerKVlllt MaCJ151Hblllt AVIC
TlllJ1Jl51T. OcraTOK - nonyryp,pOH BHOBb Ha
rpe0aerc51 8 ne4111 VI nop,aerc51 00 0ropyf0 
KOJlOHHy, 8 KOTOpollt OT6VlpafOTCH OCTaJlb
Hble p,111crn1111mb1. 

npVI A8YXCTyneH4aTOllt BaKyyMHOllt 
neperoHKe pacxo,qyfOTCH .Qono11H111-
re11bH~e KOJlVIYecrsa ron11V10a, napa, 
3Jl8KTp03HeprnVI. 0,QHaKo ,QOCTlllraeMoe 
yny4W8Hll1e Ka4eCTBa MaCJlHHblX ,QVIC
TVIJ1J1HT08, a 8 KOH84HOM VITOre T08ap
Hb1X Macen, KOMneHc111pyer 3Tlll 3arpa
T~. Cpe.QHee 3Ha4eH111e «HaneraHll1H» 
reMneparyp BblKVlnaHVl51 CHVl>KaercH AO 
30-60 °C. 

CxeM&I ycmaHoao«. Ha Hn3 np111-
MSH51fOTCH see on111caHHb1e Bb1we cxeMbl 
neperOHKlll Hecprn 111 Ma3yra, CTpOHTC51 
OT,Q9JlbHO CT051li.11118 ycraHOBKlll aTMOC
cpepHollt 111 saKyyMHOllt neperoHK111, KOM-
6111H111posaHHble arMoccpepHo-saKyyMHb1e 
rpy64aTbl9 ycraHOBKlll. 

Ha p111c. 2.16 np111so,q111rcH rexHo-
11or111YecKaH cxeMa KOM6111HlllpOBaHHOllt 
ycraH08Kll1 3nOYABT np0111380,Q111TeJlb
HOCTbK) 6 MJlH . T Hecprn B ro,Q, paCC41/1-
TaHHOllt Ha nepepa60TKY cepHlllCTblX 
Hecprellt. 

Hecprb, nocryna10L11aH Ha ycraHOBKy, 
3a6111paercH HacocoM H1 111 ABYM51 noro
KaM111 npoxo,q111r 4epe3 Cblpbesb1e renno
o6MeHHlllKlll, s KOTOPblX HarpesaercH ,QO 
130-140 °C. nepsb1llt noroK Hecprn no
,qorpesaercH 3a c4er rennoo6MeHa c 
nepsb1M (s T-1) 111 sropb1M (s T-2) 1..1111pKy-

11111pyfOL11111M111 opoweHlllHMll1 KOJlOHHbl K-2 . 
Bropollt noroK npoxo.Q111T Yepe3 ren11006-
MSHH111K111 T-3 , r,qe no,qorpe0aercH cppaK-
1..1111ellt 350-500 °C, 111 T4 - cpe.QHlllM 1..1111p
Ky11111py10L11111M opoweHlll8M 8aKyyMHOlit 
KOJlOHHbl K-6. 3areM o6a nornKa Hecprn 
CM8Wl/IBafOTC51 111 nocrynafOT Ha 6JlOK 
06ecco11111saH111R 

06e30o>KeHHaH 111 o6ecconeHHaH 
Hecprb nocne 311eKrpoo6ecco11111saH111H 
BH08b ,Qe11111rc51 Ha .QBa noroKa 111 nocry
naer s rennoo6MeHHll1Klll. nepsb1llt noTOK 
Hecprn Harpe0aercH s T-5 111 T-6 ry.Qpo
HOM, 0ropollt 0 T-7 - Hlll>KHll1M 1..1111pKy11111-
PYfOli.lll1M opoweH1118M K-6 Ill 8 T-8 - ry,Q
pOHOM. HarperaH ,qo 220-240 °C Hecprb 
nocrynaer 3areM 8 or6eH3111H1110afOL11Y10 
KOJlOHHY K-1 . 

BepXHlllllt npO.QYKT K-1 KOH,QeHC111pyer
CH li1 OXJla>K,QaeTC51 8 803.QYWHOM 111 80-
,Q51HOM KOH,Q8HCaTOpax-xono,Q1!1JlbH1!1Kax 
XK-1 111 XK-2 , nocne Yero nocrynaer B 
pecpnfOKCHYfO eMKOCTb E-1, 1113 Koropollt 
YaCTb 6eH31/1Ha B03BpaL11aerc51 HaCOCOM 
0 K-1 0 KaYecrse opoweHi/151 (cpnerMbl), a 
6a11aHco0oe Ko111114ecr00 no.Q co6cr0eH
HblM ,qa011eH111eM nocrynaer s eMKOCTb 
E-3. 

HVl>KHl!111t npo.QyKr K-1 - 4acrn4HO 
or6eH31!1HeHHaH Hecprb, 3a6111paerc51 Ha
cocaM111 H-2 VI H-3 111 HanpasnHercH B 
rpy6Yaryf0 ne4b n-1 . 1113 ne4111 BblXOAHT 
,QBa noroKa Harperollt ,qo 360 °C Hecp
rn , O,QVIH 1113 KOTOpblX 803Bpali.la8TC51 B 
KOJlOHHY K-1 , BHOC51 ,QOnOJlHVIT8JlbHOe 
KOJ11!149CTBO renJlOTbl, He06XO,QVIMOllt ,QJlH 
peKT111cp1i1KaL1V11/1 . 

Bropollt noTOK Harperollt nonyor6eH3111-
HeHHollt Hecprn nocrynaer 8 arMoccpep
HYfO KOJlOHHy K-2, r,qe pa3.QenHeTcH Ha 
HecKOJlbKo cppaKL1V1llt. TeMneparypa Hecp
r111 Ha BblXO,Qe Vl3 ne4VI n-1 COCTaBJ1519T 
360 °c. 



H-1 

K-1 

T-3 T-4 

II ____. 
XK-2 

H-3 

XK-3 XK-4 XK-6 

rreperoHKH 
6eH3HHa 

P1.1c. 2.16. TexHonoaul/ecKafl cxeMa amMoc<j:JepHo-eaKyyMHou mpy64amou ycmaHOBKu: I - He<j:Jmb; II - ca3; 
Ill - GOflOBKa cma6unu3au,uu; IV, \I, VI, VII - Y3KUe 6eH3UHOBbte <j:JpaKu,uu; VIII - <j:JpaKU,Ufl 180-230 °C; IX - <j:JpaKU,Ufl 230-280 °C; 

x - <j:JpaKU,Ufl 280-350 °C; XI - <j:JpaKU,Ufl 350-500 °C; XII - cyapoH (<j:JpaKU,Ufl Bb/We 500 °C); 
XIII - UHau6umop Koppo3uu; XIV - eoaf/Hou nap 
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,Qm:1 CHl!l}f(eHl!IH TeMnepaTypbl Hl!l3a 
KO.nOHHbl lt1 60.nee no.nHoro 1!138.ne4eHl!IH 
1!13 Ma3yTa C8eT.nblX Heq:nenpo,QyKT08 
peKrncpl!IKaL.\l!IH 0 K-2 npo00,Ql!ITCH 0 np1!1-
cyTCT81!11!1 00,QHHoro napa. nap no,qaeTcH 
8 Hl!l}f(HIOIO 4aCTb KO.nOHHbl 8 KO.nl!l4eCTBe 
1,5-2% Ha OCTaTOK. 

C 0epxa Ko.noHHbl K-2 yxo,QHT napbr 
6eH31!1H080VI cppaKL.\l!lltl c KOHL.\OM Kl!lneHltlH 
180 cc, a TaK}f(e 80,QHHOV! nap. napbl no
CTynalOT 8 803.QYWHbliil l!I 80,QHHOVI KOH
,QeHcaTOpbl-XO.nO,Qlt1.nbHlt1Klt1 XK-3 l!I XK-4 ; 
noc.ne KOH,QeHcaL11t1l!I npo,qyKT nona,qaeT 8 
eMKOCTb-80,QOOT,Qe.n1t1Te.nb E-2 . 0TCTOH8-
Wl!IVICH OT 80,Qbl TH}f(e.nbrill 6eH31!1H no,qaeT
CH HacocoM 8 E-3. LJacTb 6eH31t1Ha 1t13 E-2 
8038paL11aeTCH 8 K-2 8 Ka4eCTBe OCTporo 
opoweHl!IH . 

vb KO.nOHHbl K-2 8bl80,QHTCH TaK}f(e Tpl!I 
60K08blX noroHa - cppaKL.\l!ll!I 180-230 cc, 
230-280 cc, 280-350 cc. 3rn noroHbl 
noCTynalOT nep80Ha4a.nbHO 8 ornapHbre 
KO.nOHHbr K-3 , K4, K5. B ornapHblX Ko.noH
Hax lt13 60K08blX noroH08 8 np1t1cyTCTBlt11t1 
80,QHHOro napa y,qa.nHIOTCH .nernl!le cppaK
L.\ltll!I . Oc006o}f(,QeHHbre OT .nerK1t1x cppaK
L.\l!IVI L1e.ne0bre npo,qyKTbr s }f(ltl,QKOM 81t1,Qe 
8bl80,QHTCH c ycrnH08Kl!I, a napbr .nerKl!IX 
cppaKL.\l!IVI B038paL11alOTCH 8 KO.nOHHY K-2 . 

<t>paKL.\ltlH 180-230 cc nepe,Q BblXO,QOM 
c ycrnHOBKltl npoxo,Ql!IT 4epe3 rnn.noo6-
MeHHl!IK T-7 l!I xo.no,Ql!l.nbHl!IK X-1 . <t>paKL.\1111!1 
230-280 cc 111 280-350 cc TaK}f(e ox.na}f(
,QalOTCH B COOTB8TCT8YIOLl.ll!IX rnn.noo6-
M8HHl!IKaX Ill KOHL.\e8blX xo.nO,Ql!l.nbHl!IKax. 

,Q.nH y.ny4W8Hl!IH yc.nos111VI pa60Tbl KO
.nOHHbl K-2 1t1 CbeMa 1t136blT04Hoiil rnn.no
Tbr 8 KO.nOHHe npe,QyCMOTpeH Bbl80,Q .QBYX 
L.\l!lpKy.n1t1py10L11111x opoweH111iil: 8epxHee 
(c 11 -VI rnpe.nKl!I) npoxo,Ql!IT 4epe3 rnn.no
o6MeHHl!IK T-1 111 B038paL11aeTcH s K-2 Ha 
10-IO rnpe.nKy; Hl!l}f(H88 ( c 21-VI rnpe.nKl!I) 
npoxo,Ql!IT 4epe3 Ten.noo6MeHHl!IK T-2 1t1 
8038pall.la8TCH Ha 20-IO rnpe.nKy. 

OcrnTOK lt13 aTMoccpepHoiil Ko.noHHbl -
Ma3yT - HaCOCOM H-4 no,QalOT B Tpy64a
TYKJ ne4b n-3. Ma3yT, HarpeTbliil 8 ne41t1 

,QO 410 cc, nocTynaeT 8 BaKyyMHYIO KO
.nOHHY K-6. B Ko.noHHe no,Q,Qep}f(1110aeTCH 
ocTaT04HOe ,qa0.neH111e 6 ,6 Kna. ,Q.nH CHl!l
}f(8Hl!IH rnMnepaTypbl Hl!l3a 1t1 o6.ner4eHl!IH 
yc.nosl!IV! 111cnapeH111H 1!13 ry,qpoHa .nerKl!IX 
KOMnOH8HTOB 8 Hl!l3 K-6 880,QHT BO,QHHOV! 
nap. 

C sepxa K-6 8blBO,QHT BO,QHHbre napbr , 
ra3bl pa3.nO}f(8Hl!IH, 803,Qyx Ill HeKOTOpoe 
KO.nl!l48CTBO Hecprnnpo,QyKTa (.Qlt13e.nb
HOVI cppaK1-1111111), KoTOpb1e nocTyna10T 8 
KOH.QeHcarnp XK-5. HecKOH,QeHc111po8a8-
w1t1ecH ra3bl OTC8Cbl88IOTCH MHOroCTy
neH4aTblM 3}f(8KTOpoM A-1. 

B BaKyyMHOV! Ko.noHHe npe,qycMoTpeH 
OT6op Tpex 60KOBblX noroH08 - c 15-VI, 
9-VI, 5-VI rnpe.noK. LJaCTb 3Tl!IX noroH08 
noc.ne ox.na}f(,QeHl!IH 8038P8Ll.188TCH 8 KO
.nOHHY 8 Ka4eCTBe L.\lt1pKy.n1t1py10L11ero opo
W8Hlt1H , npe,QHa3H848HHOro ,Q.nH CbeMa 
11136blT04HOro rnn.na 1t1 y.ny4weH111H yc.no-
81!1VI peKTl!lcpl!IK8L.\l!ll!I . 

YcrnH08Ka npe,QH83Ha4aeTCH ,Q.nH 
neperoHK1t1 Ma3yrn no Ton.n1t18Hoiil cxeMe , 
n03TOMY B Ka4eCTBe T08apHoro npo,QyKTa 
1!13 8aKyyMHOV! KO.nOHHbl 8bl80,QHT TO.nbKO 
8TOpOV! noroH - cpp8KL.\l!llO 350-500 cc; 6a
.naHC08ble 1!136brTKl!I nepsoro l!I TpeTbero 
noroH08 so3spaL11a10TCH 8 K-2. OcrnrnK 
lt13 B8KYYMHOV! KO.nOHHbl - ry,QpOH - OT
K841!1888TCH c ycrnHOBKl!I HacocoM 4epe3 
rnn.noo6MeHHl!IKl!I T-5 , T-6 , T-8. 

58H31t1HOB8H cpp8KL.\l!IH H. K. - 180 cc 
lt13 eMKOCTl!I E-3 HacocoM no,qaeTcH s 
rnn.noo6MeHHl!IK T-8 , r,qe no,qorpesaeTCH 
cppaKL.\l!leiil 280-350 cc ,qo 170 cc, a 3a
TeM - B crn6l!l.n1t13arnp K-7. C 8epxa K-7 
napbr ro.nosHoro noroHa - yr.ne80,Qopo,Qbl 
C1-C4 - OTBO,QHTCH B KOH,Q8HCaTOp-xo
.no,Ql!l.nbHl!IK XK-6, r,qe ox.na}f(,QalOTCH ,qo 
40 cc. !113 XK-6 KOH,QeHcaT noCTynaeT s 
E-4 . Vl3 E-4 4aCTb sepxHero npo,qyKTa 
K-7, 4acrn Ha3brsaeMoro ro.no8Koiil crn-
61!1.nl!l3al..\1t11t1, B03Bp8Ll.188TCH 8 Ka48CTB8 
opoweHl!IH B K-7 , a 6a.naHC080e Ko.n111-
48CTBO BblBO.Q1t1TCH c ycTaHosK111. OcTaTOK -
CTa61!1.nbH8H 6eH31t1HOBaH cppaKL.\ltlH H. K. -



180 °C - nocrynaer s 6noK srop1114HO~ 
neperoHKVI 6eH3VIHa, r,Qe pa3,Qem1erc51 Ha 
y3K111e cppaKLJ,VIVI. ,Qn51 no,Q,Qep)KaHVl51 He
o6xo,QVIMOro renno0oro pe)K111Ma 8 K-7 
4aCTb cra6VlnbHO~ 6eH3VIH080~ cppaK
LJ,111111 npoKa4VIBaeTC51 HaCOCOM 4epe3 
ne4b n-2, f,Qe VICnap518TC51 VI 8 8Vl,Q8 na
p080~ cpa3bl so30paLI_\aerc51 0 K-7 . 

BTop1>11.1Hafl neperoHKa HecpTSIHblX 
<J>paKl..ll>tM. B HeKoTOpblX cny4a51x cppaK
LJ,VIVI , nonyYeHHb1e npVI nepBV14HO~ nepe
roHKe, rpe6yerc51 pa3,QenVITb Ha 6onee 
y3Kllle noroHbl, Ka)K,Qbl~ 1113 KOTOpb1x 3aTeM 
VICnOfib3Y8TC51 no C808MY Ha3Ha48HVllO. 
TaKoe pa3,QeneHV1e npo00,QV1TC5I Ha or
,QenbHblX ycrnH08Kax 8TOpV14HO~ nepe
fOHKVI VlfiVI 6noKax, KOTOpble 8Knl04alOTC51 
0 cocrn0 ycrnH000K ABT VI AT. 6nOKVI VlnVI 
caMOCT051TenbHbl8 ycraH08KVI 8TOpV14HO~ 
neperoHKVI 6eH3VIHa nocrpoeHbl noYrn Ha 
0cex Hn3. 

YcmaHoaKa amopullHou nepeeoHKU 
6eH3UHa. CblpbeM ycraH08KVI 51Bn51eTC51 
wV1poKa51 6eH3V1Ho0a51 cppaKLJ,Vl51, npo
we,Qwa51 CTa6VlfiVl3aLJ,VllO. npo,QyKLJ,Vle~ 

ycraHOBKVI cny)KaT cne.QYIOU\Vle 6eH3VIH0-
8ble cppaKLJ,VIVI: 

1) H. K.-62 °C - VICnonb3Y8TC51 KaK 
He06XO,QVIMbl~ KOMnOHeHT a8TOM06Vlnb
H0f0 6eH3VIHa, 06ecneYV18a10U\V1~ ero 
nycKOBble CBO~crna ; COCTOVIT Vl3 neHTa
H08 VI Vl30f8KCaHa, CO,Qep)KVIT TaK)Ke He
KOTOpoe KOnVl48CTBO 6yrnHa VI reKcaHa; 

2) 62-85 °C - cb1pbe ,Qn51 nonyYeHVl51 
6eH3ona Ha ycrnH08Kax nnarcpopMVIHra; 

3) 85-105 °C - Cblpbe ,Qn51 nonyYe-
HV151 rnnyona Ha ycraH08Kax nnarcpop
MVIHra; 

4) 105-140 °C - Cblpbe ,Qn51 nonyYeHVl51 
KcVlnonos Ha ycraH08Kax nnarcpopMVIHra; 

5) 140-180 °C - Vlcnonb3yerc51 KaK 
KOMnOHeHT aBVlaLJ,VIOHHOfO KepOCVIHa VlnVI 
Cblpbe ycTaH080K KaTanVITVl4eCKOro pVl
cpopMVl Hra ,Qn51 n08blWeHVl51 OKTaHOBOfO 
4Vlcna. 

Ha HeKOTOpblX ycraH08Kax Ha6op 
nony4aeMblX cppaKLJ,Vlill H8CKOnbKO VIHoill: 

4:_; 

nonyYalOT cppaKLJ,VIVI 62-85 °C, 85-120 °C, 
120-140 °C. 

TexHonocul./ecKaR cxeMa ycmaHOBKU. 
CxeMa ycrnH08KVI sTOpV14Hoill neperoHKVI 
6eH3VIHa npV180,QVITC51 Ha pvic. 2.17. 6eH-
3VIH08a51 cppaKLJ,V151 H. K. - 180 °C 4epe3 
rennoo6MeHHVIK T

1 
nocrynaer 8 Ko

noHHY K1, c 0epxa Koropoil! orroH51eTc5l 
cppaKLJ,V151 H. K. - 85 °C. 3ra cppaKLJ,V15l 
3aTeM nocrynaer B KonoHHY K

2
, r,Qe ,Qe

nVITC5l Ha ,QBe cppaKLJ,VIVI - H. K. - 62 °C 
VI 62-85 °C. 

<PpaKL.\Vl51 85-180 °C c HV13a K-1 no,Qa
erc5l 8 KOnOHHY K-3 . C 0epxa K-3 nony-
4alOT cppaKL.\VllO 85-105 °C vinVI 85-120 °C, 
a c HV13a - cppaK4V110 140-180 °C. B 3TOC1 
)K8 KOnOHHe 8 8Vl,Qe 60K080f0 noroHa OT-
6V1pa10T cppaKLJ,VllO 105-140 °C (VlnVI 120-
140 °C). 60K080il! nOfOH nepeTeKaeT B 
ornapHylO KOfiOHHY K-4 , r,Qe OT Hero OT
fOH5llOTC5l nerKVle cppaKL.\VIVI , B03BpaLI_\alO
U\Vl8C51 B K-3 . 

Tenno, Heo6xo,QV1Moe ,Qn51 ocyLI_\ecrn
neHV15l npo4ecca peKrncpV1Ka4V1V1 8 KO
noHHax K-1, K-2, K-3 , coo6U1aerc51 8 
HarpeBaTenbHblX 3M888VIKaX ne4eil! n-1 
VI n-2, 4epe3 KOTOpb18 npoKa4VIBaeTC5l 
LJ,VlpKynV1py10LI_\V1C1 npo,QyKT c HVl3a KOfiOHH. 
Harperb1il! pe4V1pKynm 003spaU1aerc51 s 
8Vl,Qe napO)KVl,QKOCTHOill CMeCVI VlnVI 6eH-
3VIH08blX napos no,Q HVl)KHIOIO rnpenKy 
COOTB8TCTBYIOU\8~ KOfiOHHbl. 

Tenno, Heo6xo,QV1Moe ,Qn5l orroHKVI 
nerKVIX KOMnOHeHTOB Vl3 cppaKL.\VIVI 105-
140 °C, C006LI_\aeTC51 8 KVln5lTVlnbHVIKe 
T-3. B KaYecrne rennoHocV1ren51 8 T-3 VIC
nonb3yerc5l 4aCTb peLJ,VlpKynma KonoHHbl 
K-3, B03BpaLI_\alOLI_\8fOC5l Vl3 ne4VI n-2. 

BepxHVle npo,QyKTbl peKTV1cpV1Kau,V10H
Hb1x KonoHH K-1, K-2 , K-3 KOH,QeHCVIPYIOT
c5l B BO,Q5lHblX KO)Kyxorpy64aTblX KOH,Q8H
carnpax XK-1, XK-2 VI XK-3. KOH,QeHcaTbl 
co6V1pa10TC5I 8 pecpnlOKCHblX eMKOCrnx 
E-1, E-2, E-3 , Vl3 KOTOpblX 4aCTVl4HO 
8038paLI_\alOTC5l B KOnOHHbl 8 Ka4ecrne 
ocTporo opoweHVl 5l . 6anaHcosoe Kon111-
4ecrno no,o,aeTc5l Ha ,o,anbHeillwyfD nepe-
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P11c. 2.17. TexHonoau<JecKaR cxeMa ycmaHOBKU emopu<JHOiJ nepeeoHKU 6eH3UHa: 

I - cjJpaKU,UR H. K. - 180 °C; II - cjJpaKU,UR 105-140 °C; Ill - cjJpaKU,UR 85-105 °C; 
IV- c/Jp8KU,UR H.K. - 62 °C; V- cjJpaKU,UR 140-180 °C; VI- cjJpaKU,UR 62-85 °C 

pa60TKY (sepXHVliil npOAYKT K-1) VIJlVI Bbl
BOAVITCH c ycraHOBKVI (sepXHVle npOAYKTbl 
K-2, K-3). 

<Dlr1311'14eCKll'1e MeTOAbl pa3AeneHll'1SI 

ymeBOAOPOAHOro Cblpbst. V1cnOJlb3ye
Mble B HeqneXVIMW-leCKOiil npOMblWJleH
HOCTVI cf:>V13Vl4eCKVle MeTOAbl pa3AeJleHVl51 
no cf:>a30BOMY COCTOHHVlfO CVICTeMbl, B 
KOTOpoiil npOXOAVIT npm-1ecc pa3A8JleHVl51, 
MO>KHO pa3AeJ1VITb Ha CJleAyfOW,Vle KJlaC
Cbl : 

1. CVlcTeMbl >KVIAKOCTb - nap (ra3). 
2. CVICTeMbl >KVIAKOCTb - >KVIAKOCTb. 
3. C111cTeMb1 >KVIAKOCTb - rnep,o,oe se

w,ecrso. 
4. CVICTeMbl nap (ra3) - rnepp,oe se

w,ecrno. 
C1r1cTeMbl >KMAKOCTb - nap. K Mern

p,aM cf:>paKL.\VIOHVlpOBaHVIH, B KOTOpblX VIC
nOJlb3YfOTC51 napO>KVIP,KOCTHbl8 CVICTeMbl, 
OTHOCHTCH: npOCTaH cf:>paKL.\VIOHV1pOBaH
H851 neperoHKa (MeHee 70-100 reope
rnYecKVIX rapenoK), csepxYeTKaH peKrn
cj::lV1Ka4V1H (60JlbW8 100 T80p8TV148CKVIX 
rapenoK), a3eorponHaH neperoHKa, 3KC-

TpaKL.\VIOHH851 neperoHKa VI a6cop64V1H 
>KVIAKVIMVI paCTBOpV1TeJ151MVI. 

B KaYecrne npVIMepa npV1sep,eM Me
rnp, Bbl,!J,8JleHVl51 nponaHa VI 6YT8HOB Vl3 
C>KVl>KeHHOro ,!J,VICTVIJlJlHTa ycraHOBOK 
CTa6VIJlV13al.\VIVI 6eH3VIHa, nonyYeHHOro 
np111 nepBVIYHOiil neperoHKe cb1poiil Hecf:>rn 
(pVlc. 2.13). CxeMa 3TOro npo4ecca pa3-
p,e11eHV1H VI pe>KVIM pa60Tbl KOJlOHH Vl30-
6pa>KeHbl Ha pVlc. 2.18 . 

neHTaHOBYfO cf:>paKL.\VlfO MO>KHO pa3A8-
JlVITb Ha Vl30neHTaH VI H-neHTaH 99%-HOO 
creneHVI 4VICTOTbl Ha KOJlOHHe, aHano
rVIYHOiil KOJlOHHe r. npo4ecc pa3Ae11e
HVl51 C>KVl>KeHHOro KOHAeHcara (pVIC. 2.18) 
p,aer npep,cras11eHV1e o Macwra6ax VI 
pe>KVIMax onepa4V1iil, KOTOpblMVI 38HVl
MaeTC51 Hecf:>renepepa6aTb1safOW,aH npo
MblWJleHHOCTb. 0,o,HaKO TaKVl8 cnoco6bl 
(npOCTa51 cf:>paKL.\VIOHVlpOBaHHaH neperoH
Ka) y>Ke Hep,ocraroYHbl AllH pa3AeneHVl5l 
ymesop,opop,os c wecTbfO VI 6011ee aro
MaMVI ymepo,o,a; s 3TOM cnyYae npV1Me

HH10TCR 6011ee p,eiilcTBeHHbl8 M8TO,Qbl: 

csepX48TKa51 peKTV1cj:JV1Ka4V1H VI ,Qpyrvie. 



C 2 -yr JieBo,zi;opo,zi;I>1 

R 6oJiee JierKn:e KOMIIOHeHTbl C 3 -yrJieBo,zi;opo,zi;I>I 1130-C 4-yi'JieBO,ZJ;OpO,zi;hl 

,z:i:ucTRJIJI.HT R3 

CTa6n:JIH3a~ROHHOH 

------A 
KOJIOHHbl (C2 -C5) 

C 3 -yrJieBo,zi;opo,zi;I>1 

n: 6oJiee T.HmeJibie 

KOMIIOHeHTbl 

Y CJIOBR.H pa60Tbl KOJIOHH 

qRCJIO TapeJIOK 

TeMrrepaTypa ,zi;ec)JJierMaTopa, °C 

TeMrrepaTypa Ky6a, °C 

,z:i:aBJieHue, am 
<l>JierMOBOe "t!HCJIO 

C 3-, R30-C4-, 

H-C4 -yr JieBo,zi;opo,zi;I>I 

B B • .. 1 r 

R30-C4-, H-C4-

yr JieBo,zi;opo,zi;I>I 

C 5 -yr JieBo,zi;opo,zi;I>I 

n: 6oJiee T .HmeJII>Ie 

KOMIIOHeHTbl 

A 
30 

18,2 
6:1 

B 
30-
78 
115-140 
10,85 
6:1 

B 
30 
59 
116 
18,2 
6:1 

a-C 4 -yrJieBo,zi;opo,zi;hl 

r 
50 
70 
84 
9S 
17:1 

P1r1c. 2.18. Pa3aeneHue nponaHa u 6ymaHoe 

~ 
en 
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C noMOLl.\blO csepxYeTKoi:1 peKrntj:J111-

KaL1111111 (KOnOHHbl c Yll1CnOM reopernYe

CKll1X rapenoK > 100) MO)f(HO pa3,Q8nll1Tb 

yrneso,Qopo.Qbl c pa3Hll1L\ei:1 reMnepaTypb1 

K111neH111s:i .QO 3 °C. Ecn111 pa3Hll1L\bl B TeM

nepaTypax K111neH111s:i MeHbwe, YeM 3 °C, 
TO peKrntj:J111Kal..\ll15'l CTaHOBll1TCS'l HenpaK

TV1YHOi:1. 

Mepoi:1 nerKocrn pa3,QeneH111s:i KOMno

HeHTOB B npol..\ecce neperoHKll1 s:isns:ieTcs:i 

111X OTHOCll1TenbHas:i neTyYeCTb (ynpyroCTb 

napos). B TOM cnyYae, Kor,Qa cMecb no.Q

Y111Hs:ieTc>1 3aKOHY Payn>!, Benll1Yll1Hbl OTHO

Cll1TenbHOi:1 neTyYecrn nponopl..\1110Hanb

Hbl ,QaBneHll1s:!M napoB KOMnOH8HTOB. 

Ecn111 .QBa KOMnoHeHra K111nm np111 O.QHoi:1 

111 TOi:1 )1(8 reMnepaType 111 no.QYll1H>1t0Tcs:i 

3aKoHy Payns:i, TO 111x HeB03MO)f(HO pa3.Qe

nll1Tb neperoHKoi:1. 

0,QHaKO Ha npaKrnKe CM8Cll1 B8Ll.\8CTB 

He no.QYll1H>1t0Tcs:i 3aKoHy Payns:i 111 pa3n111-

Y111s:i B OTHOCll1TenbHblX neTyYecrnx KOMnO

H8HTOB CM8Cll1 MO)f(HO 111CKYCCTB8HHO yse

nll1Yll1Tb, 111cnonb3ys:i MeTO.Qbl a3eoTponHoi:1 

111n111 3KCTpaKL\1110HHOi:1 neperoHOK. 

np111 TV1nll1YHOi:1 a380TpOnHOi:1 nepe

roHKe K 6111HapHoi:1 CM8Cll1, KOMnOH8HTbl 

KOTOpoi:1 K111ns:1T np111 6n1113K111x reMnepaTy

pax, ,Q06aBns:!IOT TpeT111i:1 KOMnOH8HT. 3TOT 

KOMnOH8HT 06pa3yeT c O,QHll1M 111n111 060111-

Mll1 KOMnOH8HTaMll1 6111HapHoi:1 CM8Cll1 a3eO

TponHylO CM8Cb c Mll1Hll1ManbHOi:1 TOYKOi:1 

Kll1neHll15!, ysen111Y111Bas:i TeM caMbl~ pa3-

Hll1L\Y Me)f(.Qy reMnepaTypaM111 K111neH111s:i 

neperoHHIOLl.\111XCS'l tj:JpaKL\111i:1. 

>K111,QKOCTV1, KOTOpb18 06blYHO Bbl6111-

palOT ,Qn>I o6pa30BaHll15! a380TpOnHblX 

cMecei:1 c yrneso.Qopo.QaM111, np111Ha,Qne

)f(aT K nons:ipHblM C08,Qll1H8Hll1s:!M (aMll1Hbl, 

cn111pTbl, K8TOHbl, BO.Qa); apoMaTV1Y8CKll18 

yrneBO.QOPO.Qbl 111HOr,Qa caMll1 o6pa3ylOT 

a3eOTponHble CM8Cll1 c napatj:J111HaM111 111 

Hatj:JreHaMll1. >K111,QKOCTV1, o6pa3YIOLl.\1118 

a380TpOnHbl8 CM8Cll1, ysen111Y111Ba10T OTHO

Cll1TenbHble neTyYecrn yrneso,Qopo.QOB B 

cne.Qy10L11eM nop>1.QKe: napatj:J111Hbl > Hatj:J

TeHbl > onetj:J111Hbl > p,111onetj:J111Hbl > apo-

MarnYecK111e yrneso,o,opop,b1. 3TO ,o,aeT 

B03MO)f(HOCTb pacw111p111Tb o6naCTb np111-

MeH8Hll15! tj:JpaKL\1110H111pOBaHHOi:1 neperoH

Kll1 111 pa3p,en111Tb yrneso,o,opo.Qbl, K111ns:1L11111e 

B 0,0,HOM 111 TOM )1(8 111HTepBane TeMnepa

Typ, Ha yKa3aHHble Bb1we ns:iTb rpynn. 

Pa3n111Yat0T ,o,sa rnna ,o,o6asoK, o6-

pa3yl0Ll.\111X a3eoTponHb1e cMec111: ceneK

TV1BHb1e 111 HeceneKrnBHble. Hanp111Mep, 

Mernn3rnnKeTOH 06pa3yeT a3eoTponHb1e 

CM8Cll1 c napatj:J111HaM111, Hatj:JreHaMll1 111 

onetj:J111HaM111, HO He 06pa3yeT 111x c TOnyo

noM, cne,o,osaTenbHO, 3TOT K8TOH MO)f(8T 

cny)f(ll1Tb ceneKrnsHoi:1 ,o,o6asKoi:1 ,o,ns:i Bbl

,o,eneH111>1 TOnyona. 

Bb16op ,o,o6asoK orpaH111YeH cne,o,yt0-

Ll.\ll1Mll1 ycnOBll1s:!Mll1. LJT06bl pa3Hll1L\a B 

reMnepaTypax K111neH111>1 M8)f(,lJ,y a3eo

TponHblMll1 CM8Cs:!M111 111n111 Me)f(,Qy a3eO

TpOnHoi:1 cMeCblO 111 yrnesop,opop,aM111, He 

BXOP,S'lll.\111Mll1 Bee COCTaB, 6b1na P,OCTaTOY

HOi:1 ,o,ns:i 111x pa3p,eneH111s:i, .Q06asns:ieMoe 

B8Ll.\8CTBO P,On)f(HO Kll1n8Tb Ha 10-30 °C 
Hll1)f(e yrneso,o,opo,o,a, no,o,ne)f(all.lero Bbl

,o,eneH111t0. 3TO B8Ll.\8CTBO P,On)f(HO ,QaBaTb 

6onbw111e OTKnoHeH111s:i OT 3aKoHa Payns:i 

111 o6pa30BblBaTb a3eOTpOnHbl8 CM8Cll1 c 

Mll1Hll1ManbHOi:1 TOYKOi:1 Kll1n8Hll15! c OP,Hll1M 

111n111 6onbWll1M Y111cnoM yrneso,o,opo,o,os, 

no,o,ne)f(all.\111X sb1p,eneH111t0. KpoMe TOro, 

,o,o6asns:ieMoe BeL11ecrno ,o,on)f(HO pac

rnops:iTbcs:i B yrneso,o,opo,o,e np111 reMne

paType Kll1n8Hll1s:! CMec111 111n111 Ha H8CKOnbKO 

rpap,ycoB Hll1)f(e; OHO TaK)f(e P,On)f(HO 6b1Tb 

,o,ocTynHblM no cT0111Mocrn, cra6111nbHblM, 

Xll1Mll1Y8CKll1 111HepTHblM 111 nerKO OT,o,ens:ilO

Ll.\111MCS'l OT yrneso,o,opop,oB, c KOTOpb1Mll1 

06pa3yeT a3eOTpOnHylO CM8Cb. 

3KCTpaKL\1110HHas:i neperOHKa npe,Q-

CTaBns:ieT co6oi:1 peKrntj:J111Kal..\ll110, npo

so,o,111Myt0 B np111cyTCTBll1ll1 ceneKTVIBHOro 

pacrnop111rens:i, KOTOpb1i:1 111MeeT 6onee 

BblCOKYIO TeMnepaTypy Kll1neH111s:!, YeM 

CM8Cb yrneBO,QOpO,[!,OB, nop,seprat0L11as:!

Cs:! pa3,o,eneH111t0; 3TOT pacrnop111renb np111-

6asns:it0T, YT06bl 1113M8Hll1Tb COOTHOW8Hll18 

Me>Kp,y OTHOCll1TenbHblMll1 neTyYecrnMV1 

l<OMnOHeHTOB CMeCll1. 



KaK VI sew,ecTBa, ,o,06asnHeMb1e K cMe

CVI npVI a3eoTponHoilt neperoHKe, ceneK

TVIBHble paCTBOpVITenVI 06blYHO HBnHIOTCH 

nonHpHblMVI coe,o,V1HeHV1HMV1. TaKVIX pac

TsopV1Teneilt HaCYVITblBaeTCH HeCKOnbKO 

COTeH. B VIX YVICno BXO,D,VIT 6onbWVIHCTBO 

paCTBOPVITeneilt, npVIM8HHIOW,VIXCH ,o,nH 

IlocTyrraro~uii: 
Ha paa,ll;eJieHue 

npo,ll;yKT 
A 
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OYVICTKVI KepOCVIHa VI CMa30YHblX Macen, 

,D,nH 3TOii1 4enV1 o6blYHO nonb3YIOTCH tj:le

HOnOM, a48TOHOM, tj:lyptj:lyponoM, a VIHO

r,o,a VI aHVlnVIHOM. Ha pVIC. 2.19 noKa3aHa 

npV1H4V1nV1anbHaH cxeMa 3KCTpaK4VIOH

HOii1 neperoHKVI . 

....__ __ _. Ilpo,ll;yKT 

CeJieKTHBH&1ii: 
paCTBOPKTeJih + 

npO,ll;YKT 
B 

CeJieKTHBH&Iii: 
paCTBOpHTeJib 

PHc. 2.19. CxeMa :JKcmpaKu,uoHHOU nepecoHKU 

CeneKTV1BHb1ilt pacTBOpVITenb no,o,aioT 

B sepXHIOIO YaCTb peKTV1tj:JV1Ka4V10HHOiit 

KOnOHHbl A, B cepe,D,VIHY KOTOpoilt no

CTynaeT VICXO,D,HaH CM8Cb, no,o,ne)l{aW,aH 

pa3,o,eneHV110. PacTsopVITenb nepeTeKaeT 

c TapenKVI Ha TapenKy, 3KCTparVlpyH Vl3 

pa3,o,enHeMOii1 CM8CVI KOMnOH8HT, VIM8IO

W,Vlilt MVIHVIManbHYIO OTHOCVITenbHYIO ne
TY48CTb ( apoMaT111YecK111e ymeso,o,opo,o,b1 

VI T.,o,.); oT6V1paeMb1ilt Vl3 ,o,etj:lnerMarnpa 

,D,Vlcrnnnm He co,o,ep)l{VIT 3Toro KOMno

HeHTa. 1113 Ky6a KOnOHHbl A CM8Cb ceneK

TVIBHOro paCTBOpVITenH c MeHee neTy4VIM 

KOMnOH8HTOM nocTynaeT 8 M8HbWYIO KO

nOHHY 6, r,o,e OTfOHH8TCH 3KCTparnposaH

Hblilt KOMnoHeHT. CeneKTVIBHblilt pacTBo

PVITenb Vl3 Ky6a KOnOHHbl 6 HanpasnHIOT 

Ha opoweHV1e nepsoilt KonoHHbl. TaKVIM 

o6pa30M , ceneKTVIBHblilt paCTBOpVITenb 

BO scex enyYaHX HaXO,D,VITeH B Ky6osoilt 

>KVl,D,KOeTVI. 

3KCTpaK4VIOHHYIO neperoHKY npVIM8HH

IOT ,D,nH OT,D,eneHVIH apoMaTVl48CKVIX yrneso

,D,OpO,D,OB OT Hatj:JTeHOB VI ,o,pyrVIX sew,ecTB, 

,D,nH OT,o,eneHl!IH Hatj:JTeHOB OT napatj:JVl

HOB, a TaK)l{e ,D,VIOnetj:JVIHOB OT onetj:ll!IHOB. 

Mern,o, a6cop64V1V1 ceneKTVIBHblMVI 

>KVl,D,KVIMVI paCTBOpl!ITenHMVI, KOTOpblMVI 

06blYHO cny>KaT CM8CVI BblCOKOKVlnHW,VIX 

ymeso,o,opo,o,os, 3aKnioYaeTcH s a6cop6-

4VIVI VIMVI 6onee paCTBOpl!IMblX KOMno

H8HTOB 1113 Hetj:lrnHblX ra3os ; npVIMepoM 

M0)1{8T eny>KVITb Bbl,D,eneHl!le B KOH48H

TpV1pOB8HHOM BVl,D,8 3TaHa VI nponaHa 

V13 npl!lpO,D,HOfO ra3a . npV1H4V1n111anbHaH 

cxeMa a6eop64V1V1 )1{1/1,D,KVIMVI paeTBOPVITe

nHMVI noKa3aHa Ha pVle. 2.20. nomow,aio

w,ee Maeno BBO,D,HT B sepXHIOIO yaeTb 

a6eop64V10HHOii1 KOnOHHbl, Vl3 HVl>KHeilt 

Yaern KOTOpoilt BblTeKaeT TaK Ha3blBae

MOe «>KVIPHOe» Maeno - paeTBOpVITenb, 

H8CblW,8HHblii1 Vl3BneYeHHblMVI yrneso,o,o-
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po,QaM11. «)f{11pHoe» Maeno nepe,QalOT a 
,Qecop6~110HHYIO KOnOHHy, r,Qe OT Hero OT
nap11Ba10T pacTBopeHHb1e raab1. «Toll.lee» 

Maeno 113 H11)!(Hel1 Yacrn BTOpol1 KOnOHHbl 
oxna)!(,QalOT 1-1 soaspaLl.\alOT Ha opoweHHe 
nepBOH KOnOHHbl . 

-------------- 0TMblTbIH ra3 

IlocTyrrarom;nH: 
ra3 

f a3006pa3Hhie 
rrpo,n;yKTbI 

«jKHpHOe» 
nor JIOTHTeJibHOe 

MaCJIO 

«Tom;ee» 
IIOl'JIOTHTeJibHOe 

MaCJIO 

A6cop6ep 0TrrapHafl KOJIOHHa 
(,n;ecop6ep) 

P111c. 2.20. MacnRHaR a6cop6t.~uR 

Pa3,QeneH1-1e, KOTOpoe no3som1eT ocy
Ll.\eCTBl1Tb 3TOT cnoco6, MO>KeT 6b1Tb ell.le 
ynyYweHo, ecn1-1 npo.QyKTOBblH ra3 113 
sepxa ,Qecop6~110HHOl1 KonoHHbt Hanpas
mnb 8 Hl1>KHIOIO YaCTb a6cop6epa, r,Qe OH 
npOl'13BO,Ql'1T OT.QYBKY 1'13 «)!(11pHoro» Mac
na 6onee nerKHX ra30B, KOTOpb1e TaK>Ke 
YacrnYHO paCTBOp5110TC51 B >KH,QKOM a6-
cop6eHTe. B 3TOM cnyYae npo.QyKTOBbtl1 
ra3 ,Qel1cTByeT aHanorHYHO cpnerMe np11 
o6btYHOH peKTl1cpHKa~l'11'1. 

C11cTeMb1 >K11AKOCTb - >K11AKOCTb. 

np11MepoM pa3,QefleHl'151 Cl'1CT8M 3TOro 
rnna cny>KHT 3KCTparnposaH1-1e pacTBop1-1-
TeflHMH, snepBble npHMeHeHHOe B Hecp
rnnepepa6aTblBalOLl.\eH npoMbtWfleHHO
crn ,o,nH OlJlt1CTKlt1 Kepoc1t1Ha lt1 CM830YHblX 
Macen OT apoMarnllecK111x yrneso,o,opo-

,O,OB. 1.-13 npHMeH518MblX B npOMblWneH
HOCTH paCTBOp11Tene~ cne,QyeT Ha3BaTb 
>KHAKYIO .QBYOKl'1Cb cepbl, Hl1Tpo6eH30n, 
xnopeKc (J3, J3-,Q111xnop,Q11Mernnosb1~ 
3cp111p ), cpypcpypon, cpeHon, )!(11,QKl111 npo
naH. B pe3yflbTaTe nonyYalOT 3KCTpaKT 
(paCTBOp lt13BneKaeM61X yrneBO,QOpo
,QOB s ,QaHHOM pacrnop11rnne) 11 pacp11-
HaT (yrneso,o,opo,o,b1, He pacrnop11Mbte 
B ,o,aHHOM pacrnop11rnne ). 3KCTpaK~HH 

pacrnop11rnnHMH 51Bfl518TCH cel1Yac pac
npocTpaHeHHbtM T€XHl1Y9CKl1M np11eMOM 
,Qn51 Bbl,Q0fl8Hl'151 apoMan1Y9CKl1X yrneso
,QOpO,QOB 113 11X CMecel1 c napacp11HaM11 11 
HacprnHaMl1. 

C11cTeMbl >KMAKOCTb - TeepAoe 

BeLl.\eCTBO. OcHOBHbtM npm-1eccoM, s 
KornpoM CYLl.\8CTByeT TaKaH c111crnMa, 



s:1sm1eTcs:1 Kp1t1crn.nm13al.\1t1H; ee np1t1Me
Hs:lt0T ,o,.ns:i Bb1,o,e.neH1t1s:1 yr.neso,o,opo,o,os c 
OTHOClt!Te.nbHO BblCOKOi1 TeMnepaTypoi1 
n.nas.neH1t1s:1. B Hetj::nenepepa6aTb1sat0-
L1.1ei1 npOMblw.neHHocrn :ny onepal.\1t1t0 
y~e ,o,asHo 1t1cno.nb3Yt0T ,o,.ns:1 y,o,a.neH1t1s:1 
Tsep,o,oro napatj::l1t1Ha 1'13 Hetj::lrnnpo,o,yK
TOB. B npOMb1w.neHHocrn X1t1M1t1YecKoi1 
nepepa60TK1t1 Hetj::lrn ee np1t1MeHs:1t0T 
Ans:I Bb1,o,e.neH1t1s:1 n-Kc1t1.no.na 1'13 cMe
c1t1 c ,o,pyr1t1M1t1 apoMarn4ecK1t1M1t1 C

8
-

yrneso,o,opo,o,aM1t1. TaKas:1 CMeCb apoMa
rn4eCKl'1X C8-yr.neso,o,opo,o,os Hetj::lrnHoro 
npo1t1CXO>K,Q8H1'1s:I o6bl4HO co,o,ep~lt!T OKO
no 50% M-Kc111.nona, no 20% n-Kc111.no.na 1t1 
o-Kc1t1.no.na 1t1 10% 3H1.n6eH3ona. Mern,o, 
OCHOBaH Ha pa3HOCH1 TeMnepaTyp n.nas
.neHltls:I 3Tl'1X yr.neso,o,opo,o,os : n-Kc1t1.no.n 
(T. n.n. + 13,3 °C) , M-KC1t1.non (T. n.n. -
47,9 °C), 0-KCHnO.n (T. n.n . - 25,2 °C) l'1 
3Tlt1.n69H30.n (T. nJl. - 95 °C). 

,QpyrnM np1t1MepoM 3TOro Knacca npo
L.\SCCOB pa3,0,8J18Hl'15'1 s:IBJ15'19TC5'1 WltlpO
KO np1t1MeHs:1eMas:1 B npOMblWJ18HHOCTl'1 

ropli"'BfH aKTHBHpOBaHHb!H y roJib 

raaoBa.H CMeCh 

3oHa 
!i'ACOp6a;mf 

3oHa nponapKH 
H ,11ecop6a;HH 
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aocop6u,uR y2neaooopoooa maepobt
MU no2nomumenRMU u3 pacmaopa. 
B Hetj::lrnx1t1M1t1YecKoi1 npoMblWJleHHocrn 
ee 1t1cno11b3YtOT B npol_\ecce «apocop6» , 
B KOTOpOM apoMaTl'148CKl'18 yr.neso,o,opo
,0,bl a,o,cop61t1pyt0T c1t1111t1Kare11eM 1'13 CMec1t1 
c napatj::l1t1HaM1t1 , nocne Yero cne,o,yeT ,o,e
cop6L.\1t1s:I. 

CucmeMbt 2a3 (nap) - maepooe ae
~ecmao. TaK1t1e c1t1cTeMb1 scTpeYat0Tcs:1 
TOJlbKO s a,o,cop6L.\1t10HHb1x npol_\eccax, 
1'1CnOJlb3Y9MblX ,o,.ns:1 pa3,0,9J18Hl'15'1 Hl'13KO
MOJleKy.ns:1pHblX yr.neso,o,opo,o,os 1t1 ,o,py
r1t1x 11erK1t1X ra30B, KOH,O,eHCal.\1'15'1 KOTOpblX 
npe,o,crns.ns:1eT 3aTpy,CJ,H8Hl'15'1. 

B Hetj::lrnx1t1M1t1YecKoi1 npoMb1w.neH
HOCH1 Ha1t16011ee WltlpOKO 1t1CnOJlb3YtOTCs:I 
,o,sa s1t1,o,a 3Toro Mern,o,a: a,o,cop6L.\1t1H Ha 
aKTlt!BltlpOBaHHOM yrne l'1 a,o,cop6L.\1'15'1 Ha 
Cl'1HTeTl'1Y8CKl'1X L.\80Jll'1TaX. 

npOL.\8CC a,o,cop6L.\1'11'1 aKH1BltlpOBaH
HblM yr.neM c HenpepblBHblM pe~lt!MOM 

,o,ei1cTB1t1s:1 Ha3b1saeTcs:1 rnnepcop6L.\1t1ei1 ; 
era cxeMa 1t13o6pa~eHa Ha p1t1c. 2.21 . 

JierKHe 
KOMIIOHeHTbl 

Ilo6o'!Ha.H 
1------ fl>PaKD;Hll 

1------- OcHOBHa.H 
fl>PaKD;Hll 

1----....-- Bo,11.HHoil 
1---~ nap 

4-0373 

r opH'IHil 
,11ecop6HpOBaHHb!H 

yrOJib 

B BepXHl-OIO 'IaCTb a,n:cop6epa 

P11c. 2.21. / unepcop61.{UR 
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Yronb ,QBLil)f{eTCH HenpepblBHO csepxy 
BHLi13 no seprnKanbHOMY a,qcop6epy (rn
nepcop6epy). B sepxHei-1 Yacrn annapa
rn yronb cywLilTCH Lil oxna)f{,QaeTCH, nocne 
Yero OH nona,qaeT s nepsyio ceKLlLillO, r,qe 
a,qcop6Li1pylOTCH rn)f{enb1e KOMnOHeH
Tbl ra3a, nocTyna10LJ..1Lile Ha pa3,QeneHLile. 
nernLile KOMnoHeHTbl He nomoLJ..1a10TCH 
aKTL!IBLilpOBaHHblM ymeM Lil y,qanHIOTCH 
1113 annaparn. H111)f{e MeCTa sso,qa ra3os 
s a,qcop6ep yronb scTpeYaeTCH c napa
M111 rn)l{enblX KOMnOHeHTOB, ,Qecop6111po
saHHblMll1 s ornapHoi-1 ceK4111111 annaparn; 
yronb 11136111parnnbHO nomoLl_\aeT 6onee 
T5l)l{enb1e KOMnoHeHTbl, KOTOpble Bbl
T8CHHIOT c ero nosepxHOCTll1 seLl_\eCTBa 
c MOfleKynHpHblM secoM, npoMe)l{yT04-
HblM Me)f{,Qy MoneKynHpHb1M111 secaM111 
nerKll1X 111 rn)l{enblX KOMnOHeHTOB. 3rn 
npoMe)l{yT04Hble npo,QyKTbl OTBO,QHTCH 
1113 annaparn B 0111,qe no6o4HOl'1 cppaK4111111. 

B Hll1)1{Hei-1 (ornapHoi-1) ceK4111111 , r,qe yronb 

HarpesaeTcH 111 nponap111saeTCH, npo111cxo

,Qll1T ,Qecop6411151 rn)l{enblX KOMnOHeHTOB, 

HBnHIOlJ..1111XCH roTOBblM npo,QyKTOM. Yronb 

3aT8M no,QHll1MaeTCH MexaHll14eCKll1 111n111 

c noMOlJ..lblO ra3n111cprn s sepXHIOIO YaCTb 

annaparn. r111nepcop6411110 np111MeHH10T 

,Qml OT,QeneHL!IH MeTaHa OT 3TaHa Lil MeTa

Ha OT a30Ta. 

X111M1114eCK111e MeTOAbl pa3Ae.ne-

Hlll.R yr.neBOAOPOAOB. 1113 XLllMLi148CKLllX 

MeTO,QOB pa3,QeneHLll5l ymeBO,QOpO,QOB 

cne,QyeT OTM8Tll1Tb: Bbl,QeneHLi18 C2 - C4 

onecp111Hos o6pa6oTKoi-1 cepHoi-1 K111cn0Toi-1 

111 Bbl,QeneHLile napacpl!IHOB nyTeM o6pa3o

saHLilH TB8p,Qb1X C08,QLilH8Hlill'1 BKnl048Hlil5l 

C MOY8BLilHOi-1 Lilnlil TLllOM048BLllHOi-1. 

Bo3MO)f{HOCTb Bbl,QeneHLilH onecpLilHOB 

np111 o6pa60TK8 H2S04 OCHOBaHa Ha o6-

pa30BaHLllLil anK111ncynbcparns: 

R - CH = CH2 + HOS0
3
H -> R - CH - CH

3 

I 

3TOT cnoco6 s Hecprnx111M111111 Hawen 
np111MeHeH111e ,QnH sb1,QeneH111H 3rnneHa 
1113 HecprnHblX cppaK41111'1 , Hanp111Mep, 1113 
cppaKl.llillil C1 - C2 (BO,QOpO,Q, MeTaH, 3TaH, 
3Tl!1neH). npLilMeHHIOT ero TaK)l{e ,Qml Bbl
,QeneHL!IH Li1306yT111neHa 1113 6yTaH6yT111ne
HOBblX cppaK41111'1. PereHepal...\LlllO 111cxo,Q
HblX onecpl!IHOB npOBO,QHT T8pML!14eCKLilM 
pa3nO)l{eHLileM o6pa3ylOlJ..ILilXC5l KLllCnblX 
3cp111pos cepHoi-1 K111cnOTbl. 

B 1940 r. 6eHreH (repMaH111H) o6Ha
PY)l{Liln , 4TO napacp111Hb1 HOpManbHOro 
cTpoeHLilH 06pa3y10T rnep,Qb1e npo,QyKTbl 
np111coe,QL11HeHLil5l K M04eBll1He, 83HTOl'1 B 
BLil,Qe pacrnopa s MernnosoM cn111prn , s 
TO speMH KaK napacpl!IHbl Vl30CTpOeHll15l 
TaKL!IX npo,QyKTOB np111coe,QL11HeHL115l He 
,QalOT. Pa3,QeneH111e OCHOBaHO Ha TOM , 
4TO npoCTpaHCTBO Me)f{,Qy MOneKynaML!I B 
KplilCTann1114eCKOi-1 M04eBL!IH8 ,QOCTaT04HO 

OS0
3
H 

sen111Ko, 4T06b1 TaM noMecT111n111cb Mone

Kynbl H-napacpl!IHOB, HO Mano ,Qn5l MO

neKyn 1113onapacp111HoB. TaKLile npo,QyKTbl 

np111coe,Q111HeH111H nerno 0Tcp111nbTposaTb 111 

pa3nO)l{LllTb HarpesaHLileM, pacrnopeH111-

eM B BO,Qe Lil T.n. no3)f{e 6bin0 Hai-1,QeHO, 

YTO no,Q06Hble coe,QLilHeHLilH BKnl04eHLll5l 

06pa3yeT Lil TLllOM04eB111Ha , HO c ClilnbHO 

pa3sernneHHb1M111 napacp111HaM111. B Ha

CTOHlJ..lee speMH M04eBLllHa Lil TLllOM04eBVl

Ha Hawn111 WlilpOKOe np111MeHeH111e ,QnH Bbl

,qeneHL!l5l 1113 HecpTHHblX cppaKl.lllli-1 C
6 

- C20 

H-napacpl!IHOB Lil Li130napacp111HOB. 

OcHOBHble npo4eCCbl pa3,QeneHVI~ 

(cp11131!14ecKL!18 Lil XLllML11YecK111e) Lil ccpepa 

111cnonb30BaHL!15l LllX B HecpTeXLllML!IYeCKOi'.1 

npOMblWneHHOCTLil ,QnH Bbl,QeneHL!IH 4LllC

TblX ymeBO,QOpO,QHblX KOMnOHeHTOB npVl
se,qeH bl H l/l)l{e . 
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npocroe cj:>paKL\lllOHl!lpOBaHl!le 
(MeHee 70-100 reopern1.1ecK111x 
rapenoK) 

4eTKafl peKT111cj:>111Ka4111f1 

<l>paKL\1110- (6onee 100 reoper1111.1ecK111x 

H111poaaH111e rapenoK) 

a napO)l(lllA-
A3eorponHafl neperoHKa 

KOCTHOiii 
ClllCTeMe 

3KCTpaKL\lllOHHafl neperoHKa 
c paCTBOpl!ITeflflMlll (cpypcpypo-
flOM, aHl!lfll!IHOM) 

A6cop64111fl - gecop64111fl 
(a6cop6eHTbl - cj:>paK4111111 Heep-
Tiii, apoMar1111.1ecK111e ymeaogopo-
Abl lllT.g.) 

ct>paKLjVIOHVlpO- { 3•"P"4" oone''"'"""' 
BaHV!e B CVICTe- paCTBOpl!ITeflflMlll (cj:>ypcj:>ypo-

Me >KVIAKOCTb - noM, g111sr111neHm111KoneM, S02 , 

>KVIAKOCTb C
6
H

5
N0

2
) 

ct>paKL1VIOHV1po- { Agcop64111fl (r111nepcop64111fl); 
BaHV!e B CVICTe- agcop6eHTbl - aKTlllBlllPOBaH-
Max raa - rnep-
AOe rnno Hbliii yronb, 4eon111Tbl, Si02 

VI >KVIAKOCTb - <l>paKL\lllOHHafl Kpl!ICTaflfllll-
TBepAOe reno 3al\l!lfl 

<l>paKLjV10HV1p088HV18 
s roMoreHHO~ (ra3o- { TepMlllY8CKl!le g111cj:>cpy31110HHble 
BO~ VlflVI JKVIAKOCTHOH) n po4eCCbl 
Cl-1CT8M8 

C np111MeHe
H111eM H

2
S0

4 
{

3rep111cj:>111Ka4111fl 
Cynbcp111posaH111e 

Koopg111Ha41110HHble coeg111He-
Hl'1fl AOHOpHO-aK4enropHoro 
rnna 

MAY KT bl 

{ Ym"o"OP<¥1" c,- C, {0<'-
)1(8HHb1e); cj:>paK4111111 C4 - C5 ; 

xnopnpm13BOAHb1e MeraHa 
111 sraHa, 6eH30fl, cr111pon 

{ Pa3geneH111e ymesogopo-
AOB C4 ; np01113BOAHble 6eH-
3ona 

{ 6e"'oo, ronyoo, '"non" 
5eH30fl, ronyon, Kc111nonb1, 
ymeBOAOPOAbl c.. 6yrag111-
eH, L\lllKflOreKCaH, CTlllPOfl, 
1113onpeH 

{ Ymeoo•OP<\Q" c, - ~,. ~o,. 
C

2
H

2
, HG/, HCN, CH

2 
- C - 0, 

CH,O, 
CH

3
CH= 0 

{ 5eH30fl, ronyon, Kc111nonb1, 
aflKl!lflHacj:>Tafll!IHbl 

{ 
5eH30fl, ronyon, Kc111nonb1, 
C

2
H

4
, C

3
H

6
, CH

4 

{
n-Krnnon, ymeaogopogbl 
C

8
, C

6
H

6
C/

6
, Hacj:>ran111H 

{ 
Pa3geneH111e ymeaogopo-
AOB pa3fll!IYHblX pflgoa 

{ 

Onecj:>111HOBb1e ymeaogopo
Abl C2- C4 , 1'130-C4 

Kc111nonb1 

{ 

C
2
H4 , C4H6 Ill CO B BOAHO

aMMl'1aYHOM pacrnope, 6eH-
3on, ronyon, Kc111nonb1 

{ 

napacp1'1Hbl (C M048Bl'1HOiii), 
1113onapacp111Hbl (c rnoMOYe
sv.Hoiii) 

C np111-
MeHeH111eM 

KOMnneKCHblX 
COSA1'1H8Hl'1iii 

Coeg111HeH111fl 
BKfllOY8Hl'1fl KnarpaTbl 

{ 

C
6
H

6 
c Ni(CN)2NH3 

111 Ni(CN) 2CH3NH2, 

n-KCl'1f10fl c Nl(SCN)2 

l'1 y-nl'1K0fll'1HOM 

L(eonl'1Tbl 
f napacpl'1Hbl, 1'130napacp1'1Hbl, 
'. ')f18cpl'1Hbl l'1 apoMaH148CKl'18 
l COSA1'1H8H1'1fl 
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2.4. Bb1,qe11eHr..te 111 paJ,qe11eHr..te ymeeo,qopo,qHoro 
CblpbSl 1113 HecpTS!HblX raJOB 

Br..t,qb1 HecpTHHblX ra3oe. CocTae "' 
Hanpae11eHHH r..tcnonbJoeaHHH. B aas111-
c111Mocrn OT npOIACXO>K,QeHJASl HecpT>!Hble 
ra3bl Aenmc>i Ha np111pOAHb1e, nonyrnb1e 
IA lllCKYCCTB8HHbl8. 

npupoOHble B83bl A06blBatOTCH 1113 ca
MOCTO>iTenbHblX Mecropo>K,QeH111Ji1, nonyT
Hble - COBM8CTHO c HecpTblO. 

t1cKyccmBeHHbJe aa3bt 06pa3y10Tc>1 
np111 nepepa6oTKe Hecprn Karan111rn4ecK111-
MJA 111 repMIA48CKJAMJA MeT0AaM111 . Cocrasb1 
ra3oB , nony4aeMblX np111 pa3nJA4HblX npo
L..\eccax (ra6n. 2.1 ), 3aMeTHo orn1114a10Tc>1. 
la3bl repMIA48CKIAX npOL..\8CCOB IA KaTa
nJATIA48CKOro KpeKJAHra B 3Ha4JATenbHOM 
Kon1114ecrne COAep>KaT HenpeAenbHb1e 
yrneBOAOPOAbl, a B ra3ax Karan111rn4e
cKoro p111cpopM111Hra, r1AAP0041ACTKIA, rl.-lA
poKpeKIAHra JAX B006U\e HeT. 

HanpasneH111e 111cnonb30BaH1A>1 raaa 
3as111c111T OT ero cocrasa. la3 KaTanlArn4e
cKoro KpeKIAHra , 6oraTb1Ji1 6yrnneHaMIA IA 

IA306yTaHOM, Ha111ny4w111Ji1 BIAA Cblpb>! An>! 
ycTaHOBOK KaTanlATIA48CKOro anK111n111po
BaHJAS1. l/13 ra30B p1AcpOpMIAHra BblA8nHIOT 
BOAOPOA, T04Hee, BOAOPOACOAep>KaU\IAii1 
ra3 c KOHL..\8HTpal..\IA8ii1 BOAOPOAa 75-90% 
(06.). BOAOPOACOA8p>Kali.\1Aii1 ra3 111cnonb3Y-
8TCH Afi>l Hy>K,Q flAApOr8HIA3al..\IAOHHblX npo
L..\8CCOB r1AAP0041ACTKIA IA rlAAPOKp8KIAHra. 

Ha MHornx cospeMeHHblX rexHono
rJA48CKIAX ycraHOBKax IAM8IOTCH 6nOKIA 
nepBIAYHoJll o6pa60TKIA ra3a . Ha 3TIAX 
6noKax npOBOAIATCH 041ACTKa raaa OT ce
pOBOAOPOAa, a TaK>Ke BblAeneHJAe 1113 ra3a 
yrneBOAOPOAOB C3 IA C4 B BIAA8 >KIAAKOJll 
yrneBOAOPOAHOJil cppaKL..\IAIA - «ronOBKIA 
cra61An1A3al..\JAIA». 

0AHaKo pa3AeneH111e ra3a Ha OTAenb
Hbte JAHAIABJAAyanbHbJe yrneBOAOPOAbl IA 

y3KIAe yrneBOAOPOAHble cppaKL..\IAIA ocy
U\8CTBn>ieTcs:i Ha cneL1111anbHO coopy>Kae
MblX ra3ocppaKL..\IAOH1APYIOU\IAX ycTaHOBKax 
(lctN). Ha Hecprenepepa6aTblBa10ll\eM 
3aso,qe o6btYHO JAMeeTc>i He MeHee ,qsyx 

l<l>Y, OAHa IA3 KOTOpblX npeAHa3HaYeHa 
Anfl nepepa6oTKJA npeAenbHblX yrneso
AOPOAOB, Apyras:i - HenpeAenbHblX. 

nplA nepepa6oTKe npeAenbHblX yrne
BOAOPOAOB nonyYalOTCfl Cfi8AYIOU\IA8 
npOAYKTbl, KOTOpble IACnonb3YIOTCS1 Anfl 
pa3nJA4HblX L1eneil1: 

1) 3TaHOBa>i cppaKL..\IAfl - Cbipbe n1Apo
fi1A3a, xnaAareHT Ha ycraHOBKax Aena
pacp111H1A3aq1A1A Macen 111 Ap.; 

2) nponaHoBa>i cppaKL..\IAH - Cblpbe n1A
pon1A3a, xnaAareHT Ans:i MHornx rexHono
rnYeCKJAX ycraHOBOK, 6blTOBOJi1 C>KIA>K8H
Hblil1 ra3; 

3) 111306yTaHOBa>1 cppaKL..\IAH - Cblpbe 
An>! npOIA3BOACTBa CIAHT8TIAY8CKOro Kay
YyKa (1A30npeHOBOro IA 6yrnnKay4yKa), 
Li1CnOnb3Y8TCH Ha ycraHOBKaX anK111n111po
BaH1Afl ; 

4) 6yraHosas:i cppaKL..\IAH - Cblpbe An>i 
nony4eHJAH 6yTaAIA8Ha B np01A3BOACTBe 
CIAHT8TIA48CKOro Kay4yKa, Cblpbe nL!1pO
nlA3a IA KOMnoHeHT C>KIA>K8HHOro 6blTO
BOro ra3a, A06asKa K 8BTOM06JAnbHOMY 
6eH31AHY An>i np111AaHL11>1 eMy Tpe6yeMoro 
AasneHIA>i napos; 

5) IA30neHTaHOBaS1 cppaKL..\IAfl - Cbipbe 
,qn>i npoJA3BO,QCTBa IA30npeHOBOro Kay4y
Ka, KOMnOHeHT B BblCOKOOKTaHOBblX cop
TaX 6eH31AHOB; 

6) neHTaHOBa>i cppaKL..\IAH - Cblpbe An>i 
npOL..\8CCOB IA30Mep1113al..\IAIA IA n111pon111aa, B 
npo1113BOACTBe aM111nosoro cn111pra. 

Ha l<l>Y HenpeAenbHblX yrneso,Qopo
,qos 1113 onecp1AHCOA8p>Kali.\1AX nOTOKOB Bbl
A8nHIOTCH cneAYIOU\IAe cppaKL..\IAIA: 

1) nponaH-npon111neHosa>1 - Cblpbe 
An>i npo1A3Bo,qcrna non111Mep6eH31AHa, 
cpeHona IA al..\8TOHa, CLllHT8TIA48CKIAX MOIO
U\LllX cpeACTB, 6yrnnOBblX cnlApTOB, MO
>KeT 6b1Tb 111cnonb30BaHa KaK Cblpbe ycra
HOBOK anK111n111 posaH111>1; 

2) 6yraH-6yrnneHosas:i - Cblpbe ycra
HOBOK anK1An1AposaH1A>1 111 non1AMep1A3a
L..\IAIA , np1AC8,QKIA K MacnaM, B np01A3BO,QCT
Be CIAHT8TIAY8CKIAX l<ayYyKOB. 
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0"1~CTKa ~ ocywKa raJoe. 0"1~CT
Ka raJoB. Hecprn3a00,qcK111e ra3bl, nony-
4eHHble np111 nepepa6oTKe cepH111CTblX 
Hecprne-1, 0cer,qa co,qep)f(aT cepo00,qopo.Q 
111 HeKOTOpble ,qpyr111e cepH111CTble coe,Qll1-
HeHll1H. Oco6eHHO MHOro cepo00,qopo,qa 
8 raJax ycraH000K, nepepa6aTb10a10LL1111X 
TH)f(eJloe Cblpbe: Ma3yT, 8aKyyMHble ,Q111C
Tli1J1Jlmbl, ry,qpoH. 

Cepo00,qopo,q yxy,qwaeT pa6oTy Kara
n1113arnpo0 TeX KaTaJ1111Tl!14eCKll1X npol_\eC
C08, KOTOpble 111CnOJlb3YIOT 8 Ka4ecrne 
CblpbH C)f(ll1)f(eHHble ra3bl, era np1-1cyTCT-
0111e co0epweHHO He,qonycrnMo 8 6b1T0-
80M C)f(ll1)f(eHHOM ra3e. Han1-14111e aKrn0-
Hb1x cepH111CTblX coe,Q111HeH111C1 0pe,QHO 
0n111HeT Ha 06opy,qo0aH111e ra3onepepa6a
Tb18a10Ll..\ll1X ycTaH080K, 8bl3bl8aeT aKTl!18-
HYIO Koppo311110 annaparn0 111 Tpy6onpo00-
.Q08. 

no3TOMY yrne80,QOpO,QHble ra3bl, CO
,Qep)f(al.L.1111e cep080,QOpO,Q 111 TaKll1e aK
Tli18Hble cepH111CTble coe,Q111HeHll1H, KaK 
Hll13w111e MepKanraHbl, nepe,q no,qa4ec.1 Ha 
lct>Y no,q0epra10T 04111CTKe. B HeKoTOpblX 
cny4aHx ra3bl Hecprnnepepa6oTKli1 04111-
1..L.1a10T TaK)f(e OT OKll1Cli1 111 .Q8YOKll1Cli1 yrne
po,Qa. 

np111 04111cTKe ra3a OT cepo00,qopo,qa 
4al..Lle 0cero 111cnonb3yeTCH npol..\ecc a6-
cop6L\111111. A6cop6eHTaM111 .QJlH 11136111pa
TeJlbHoro 11138Jle4eHll1H cep080,QOpO,Qa 1113 
ra300 cny)f(aT pacrnopbl Tp111Kan111C1cpoc
cpara, cpeHOJlHTa HaTp111H, 3TaHOJlaMll1H08. 

Ha1116onee pacnpocTpaHeHa Ha Hn3 
041'1CTKa np111 nOMOl.L.11'1 pacrnopa MOH0-
3TaHOJlaMll1Ha (M3A). 

OT cepo00,qopo,qa 041111..L.1a10TCH He 
TOJlbKO ra3bl, Hanpa8JlHeMble Ha lct>Y, 
HO li1 T08apHble C)f(li1)f(eHHble yme80,QO
pO,QHble cppaKl_\111111. 04111CTKa T08apHblX 
cppaKl_\111C1 np080,Q111TCH c np111MeHeH111eM 
1..L.1eno4111 111n111 pereHep111pyeMb1x peareH
T08 - Tp111Kan111C1cpoccpara, MOH03TaHOJla
Mll1Ha 111 ,Qp. 

Ocyw«a 2a3a. Hecprn3a00,qcK111e ra3bl 
He co,qep>KaT rnep,QblX MeXaHW·l8CKli1X 
np111Mecec.1. la3bl c 06eccepb1Ba10LL1111X, 

o6e380)f(ll18a10LL1111X 111 ra3ocppaKL\ll10H111-
PY10l..Llll1X ycraHo8oK MoryT co,qep)f(aTb 
KaneJlbKll1 CKOH,QeHC111p08aBW111XCH yrne-
80,Q0p0,Q08 111 CMa304HblX Macen, yHe
ceHHblX 1'13 KOMnpeCCOp08. np1-1pO,QHble 
ra3bl CO,Qep)f(aT YHOCll1Mble 1113 CK8a)f(ll1Hbl 
4aCTll14Kll1 rpyHTa, p)f(a84111Hy, KaneJlbKll1 
)f(li1,QKll1X yrne80,QOpO,Q08. 

Ha1116onee pacnpocTpaHeHHb1C1 MeTO.Q 
041i1CTKl'1 ra3a OT MexaHll14eCKll1X np111Me
cec.1 - 6ap60T111po0aH111e era 4epe3 cnoe-1 
)!(111,QKocrn (Maeno) 1-1n1-1 opoweH111e ra3a 
)!(1'1.QKOCTblO 8 a6cop6epax. Yrn6b1 npe
.QOTspaTll1Tb yHoc KaneneK )f(ll1.QKOCTll1, 0 
sepxHee-1 4acT1-1 a6cop6epo0 ycTaHa0n1-1-
sa10T OT60C1Hble rapeI1Kll1. 

OcywKa Heo6xo,q111Ma 8 rnx cny4aHx, 
KOr,Qa ra3 Hanpa8JlH8TCH ,QJlH KaTaJ1111Tli1-
48CKOC1 nepepa60TKll1 c 111cnOJlb308aHll18M 
4Y8CT8111T8JlbHOrO K BO,Qe KaTaJ11113aTopa 
111!1111 KOr,Qa cppaKl_\li10H111p08aHll1e 111 ,QaJlb
HeC1waH nepepa6oTKa ra3a npo00,QHTCH 
np111 Hll13Kll1X rnMnepmypax. Ecn111 Heocy
weHHbie-1 ra3 OXJla)f(,QaTb ,QO TeMnepmyp 
Hll1)f(8 0 °C, 3TO MO)f(8T npli188CTll1 K 3a6111-
8aHll1IO !lb.QOM annapmypb1 111 Tpy6onpo-
00,qo0. 

Cne,qyeT TaK)f(e np111H111MaTb so 8Hli1-
MaH111e cnoco6HOCTb yrne80,QOpO,QOB 111 
HeKOTOpblX ,Qpyrnx ra308 o6pa308bl8aTb 
c 80,QOC-1 Kpli1CTaJ1JlOr111,QpaTbl, KOTOpble 
npe,QCTa8JlHIOT co6oc.1 H8CTOC1K111e KOM
nneKCHble C08,Q111HeHll1H MOJleKyn ra3a 111 
80,Qbl. V1388CTHbl Kp111CTaJ1JlOrll1,QpaTbl 3Ta
Ha C2H6 

• 7Hp, nponaHa C
3
H

8 
• 18H

2
0 

111 .Qp. Cepo00,qopo,q c 00,qoi:.1 TaK)f(e 06-
pa3yeT r111,QpaT H2S • 5H20. Kp111CTaJ1JlO
r1!1,QpaTbl nOH8JlHIOTCH 8 Tpy6onposo,qax 
111 annapaTax np111 TeMnepaTypax H111>Ke 
15 °C li1 li1M8IOT 8111,Q cepoe-1, nOX0)f(8C1 Ha 
Jle,Q, MaCCbl. 

YeM MeHbwe MoneKynHpHaH Macca 
yrne00,qopo,qa, TeM 8b1we TeMnepmypa 
111 ,Qa8Jl8Hll1e, np111 KOTOpblX OH cnoco6eH 
o6pa30Bb10aTb Kp111crannor111,qpaTb1. Me
TaH, Hanp1-1Mep, 06pa3yeT r111,qpm npV1 
12,5 °C 111 10,0 Mna, a 3TaH np111 3TOC1 >Ke 



TeMnepaType o6pa3yeT rn,o,paT y>Ke npVI 

2,5 Mna. rVl,o,paTbl CYL!.\8CTBYIOT TOnbKO 8 

TOM cnyYae, ecnVI napL1V1anbHOe ,o,a9ne

HV1e napo8 80.Qbl 8 ra309oilf cpa3e 8b1We 

,Qa8neHvt5l napo8 rvt,o,paTa . no3TOMY npvt 

ocywKe ra308 CHvt>KalOT co,o,ep>KaHV1e 8na

rVI 8 HVIX HaCTOnbKO, '-IT06bl napL1V1anbHOe 

,o,a8neHvte 80.QHHoro napa crano HVl>Ke, 

YeM ,o,a8neHvte HaCblll\8HHblX napo8 rn,o,

parns. noKa3areneM 8naroco,o,ep>KaHvt5l 

ra308 Ha npaKrnKe 5l8n5l8TC5l TaK Ha3bl-

8aeMa5l TO'-IKa pOCbl. npvt oxna>K,QeHVIVI 

ra3a HVl>Ke TeMnepaTypbi TO'-IKVI pOCbl 80-

,Q5lHOili nap, co,o,ep>Kall\V1ilfc51 8 ra3ax , KOH

,QeHcvtpyeTcH , Bblna,QaeT 8 svt,o,e pocbl. 

npvt OCYWKe ra3a npVIM8H5llOT TBep

,Qbl8 vt >KVl.QKVle nomornrnnVI 80.Qbl, Ko

TOpb1e ,o,on>KHbl OTBe'-!aTb cne,o,ylOll\VIM 

Tpe608aHV15lM: 8blCOKa5l 8naroe MKOCTb , 

T.e . cnoco6HOCTb nomOll\aTb 803MO>KHO 

6onbwe 8narn Ha e,o,vtHVILIY Maccb1 vtnVI 

o6beMa nomornrenH; xopowaH pere

HepVlpyeMOCTb; 6onbwoili cpoK cny>K6b1; 

H88blCOKa5l CTOVIMOCTb VI npoCTOTa no

nyYeHVl51. HaV1nyYWVIM coYeTaHl-leM 3TVIX 

KaYecrn Vl3 YV1cna rnep,QblX nomornre

neili 06na,o,a10T aKTV18Vlp08aHHa5l OKVICb 

anlOMVIHVl5l, CVlnVI Karenb, CVIHTeTVl'-18CKVle 

L1eonV1Tbl (MoneKym1pHb1e CVITa) , a Vl3 

>KVl,QKVIX - ,QVI- VI TpV13TVtneHmVIKOnVI . 

)J{V1,o,Kocrna51 ocywKa Ha Hn3 npo8o

AVITC5l , KaK npa8V1no, .QVl3TV1neHrnV1KoneM 

(,Q3r). TOYKa POCbl npVI ocywKe ,Q3r MO

>KeT 6b1Tb CHVl>K8Ha ,QO 20 °C. 
C noMOll\blO rnep,QblX ocywV1reneili 

rny6V1Ha ocyWKVI 3aMeTHO n08blWaeTC5l. 

HanpVIMep, aKTV18Ha5l OKVICb an10MV1HV15! 

OcywaeT ra3 ,QO TOYKVI pOCbl - 70 °C. 
L\eonVITbl nOHVl>KalOT co,o,ep>KaHV1e 8narV1 

8 ra3e ,QO 0,001 % VI TO'-IKY pOCbl AO TeM

nepaTypbi HVl>Ke - 75 °C. 
npVI VICnOnb308aHVIVI ,Qn51 OCYWKVI 

Hecpre3a80,QCKVIX ra308 aKTV18HblX a,o,cop-

6eHT08 Heo6XO,QVIMO VIM8Tb 8 8Vl,Qy, '-!TO 

a,o,cop6eHTb1 MoryT cnoco6crno8aTb no

n111 MepV13al...\V1 V1 co,o,ep>Kall\VIXrn 8 ra3e He 

npep,en b HblX y rne90,o,opo,o,os. O co6eHHO 
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CKnOHHbl K nonVIM8pV13al..IVIVI ra3bl nV1po

nV13a. 

PaJAeneHMe raJoe. Cnoco6b1 pa3-
Ae11eHMH raJOBblX cMecellt. ,Qns:i pa3-

,o,eneHvt5l CM8CVI ra308 Ha VIH,QVIBVl,Qyanb

Hble KOMnOH8HTbl VlnVI npl.-ffO,QHble ,o,ns:i 

,o,anbHeiliweili nepepa6oTKVI rexH111YeCKV1e 

cppaKL..\VIVI npVIM8H5llOTC51 cne,o,y10ll\Vl8 

npOL..\8CCbl : KOH,Q8HCaL1V15! , KOMnpeCCl-151 , 

a6cop6L11t15! , peKrncp1t1KaL11t15l , a,o,cop6L11t15l. 

Ha r<PY 3TVI npOL..\8CCbl KOM6VIHVIPYIOTC51 B 

pa3nll1'-IHblX C0'-18TaHll15lX. 

KoH,o,eHcaL1V15! - nep8a51 cTa,0,11151 pa3,o,e

neHV15! ra308 . c nOMOll\blO KOH,QeHCal...\VIVI 

ra3 npespall\a8TC5l 8 ,Q8yx cpa3HYIO Cll1CTe

MY >K111AKOCTb - ra3 , Kornpyio 3areM Mexa

H111YecK111 pa3,o,en5!10T Ha ra3 111 >Kll1,QKOCTb. 

B KaYeCTBe xna,o,areHTa npVI KOH,QeHca

l..IVIVI npe>K,o,e scero vtcnonb3YIOT 80.QY vtnvt 
so3,o,yx . B 3TOM cnyYae rnMnepaTypa KOH

,o,eHcaL1vtvt COCTa8n5leT 35 + 40 °C. lJT06bl 

y9envt'-IVITb '-IVICnO KOH,Q8HCVIPYIOL!.\VIXC51 

KOMnOHeHTOB , Heo6XO,QVIMO nOHVl3VITb 

TeMnepaTypy KOH,QeHCal...\VIVI , vt c nonb3Y51 

8 KaYecrne xna,o,areHTa vtcnap5!10ll\vtilfcs:1 

aMMvtaK, cppeoH vtnvt yrne80,o,opo,o,Hb1e 

ra3bl - nponaH VI 3TaH. npvt vtcnonb30-

8aHVIVI s KaYecrne xna,o,a reHrn nponaHa 

VI aMMvtaKa TeMnepaTypy KOH,Q8HCal...\VIVI 

MO>KHO nOHVl3VITb ,QO - 40 °C, npvt VICnOnb-

308aHVIVI 3TaHa - ,QO - 80 °C. 
KoMnpeccV15! npvtMeHs:1eTC5! 8 cxeMax 

pa3,o,eneHvt51 ra308 C08M8CTHO c KOH

,Q8HCaL1V1811i. npvt n08blW8HVIVI ,QaBn8HVl51 

ra3os co3,o,aioTcs:1 Havt6onee 6naronpvts:1T

Hb1e ycnOBVl51 KOH,Q8HCal...\VIVI yme80,QOpo

A08. 1113 CKOMnpvtMvtp08aHHOro (c>KaTOro) 

ra3a 8 nepsyio OYepe,Qb KOH,Q8HCVIPYIOTC51 

Havt6onee rn>Kenb1e KOMnoHeHTbl. 

A6cop6L1vt5! - 3TO npoL1ecc nomoll\e

HVl51 OT,Q8nbHblX KOMnOH8HT08 ra3a >KVl,Q

KOCTblO (a6c op6eHTOM), BCTynalOll.\8111 c 

HVIM 8 KOHTaKT. 3cpcpeKTV18HOCTb a6cop6-

l...\VIVI 3aBVICVIT OT TeMnepaTypbi , ,o,asne

HVl51 , npvt KOTOPOM np080,QVITC51 npOL..\8CC, 

cp V1 3VI KO-XVIM VI Y8Cl<VI )( csoillcTB ra3a VI n pV1-

M8H 518 MOro a6cop6eHTa, CKOpocrn ,QBVI -
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}f{eHl-'!s:i a6cop61i1pyeMoro ra3a, KOJll-'!YeCT
sa no,qasaeMoro a6cop6eHrn. 

Onpe,qeneHHbllll ra30Bbllll KOMnoHeHT 
a6cop61i1pyeTcs:i rnr,qa, Kor,qa napL11i1aJlb
Hoe ,QaBJleHl-'le 3TOro KOMnOHeHTa B ra-
3080111 cpa3e npesb1waeT era napL11i1aJlb
Hoe ,QaBJleHl-'le B napax, paBHOBeCHblX c 
}f{l-'!,QKOCTblO, S1BJ1S110LL1elllcs:i a6cop6eHTOM 
li1 scTyna10LL1elll s KOHTaKT c ra30M. Cne
,qosarnnbHO, l-'IHTeHCl-'IBHOCTb, c KOTOpolll 
6y,qeT nornoLL1aTbcs:i a6cop6eHTOM l-'13-
sneKaeMbllll l-'13 ra3a KOMnoHeHT, nponop
L\l-'IOHaJlbHa pa3HOCrn 3rnX napl.\l-'laJlbHblX 
,qasneHl-'1111. KpoMe rnro, KOJll-'!Yecrno no
moLL1eHHoro KOMnoHeHrn nponopl.\l-'IO
HanbHO speMeHl-'! li1 nosepxHocrn KOHTaK
rn }f{l-'!.QKOlll li1 ra3osolll cpa3. 

8Jll-'!S1Hli1e ,qasneHl-'!S1 Ha npOL\eCC a6-
cop6L\l-'!li1 onpe,qens:ieTcs:i 3aKoHoM reHplll. 
CornacHo 3TOMY 3aKoHy, pacrnopl-'!MOCTb 
ra3a s }f{l-'!.QKOCTl-'1 nponopl.\l-'IOHaJlbHa ero 
napL11i1aJlbHOMY ,qasneHl-'!IO B napax Ha,Q 
}f{l-'!.QKOCTblO. Ecnl-'1, He li13MeHs:is:i rnMne
paTypbl, nOBblCl-'!Tb ,QaBJleHl-'!e Ha,Q pac
TBOpOM, TO B }f{l-'!,QKOCTb nepelll,QyT HOBble 
KOJll-'!Yecrna ra3a. Ysenl-'IYeHl-'!e ,qasneHl-'!s:i 
cnoco6crnyeT a6cop6L\l-'ll-'1. 

nplll nOBblWeHl-'!l-'1 TeMnepaTypbl pac
TBOplllMOCTb ra3a B }f{l-'!.QKOCrn yMeHbWa
eTcs:i, a6cop6L\l-'!S1 3aMe,Qns:ieTCS1 li1 MO}f{eT 
cosceM npeKparnTbcs:i. Ha rnxHonorl-'IYe
cKl-'!X ycTaHOBKax nplll li13BJleYeHli11i1 l-'13 ra3a 
nponaHa li1 6yrnHa no,q,qep}f{l-'!BaeTcs:i TeM
nepaTypa He BblWe 35 °C. 

8b16op a6cop6eHTa 3aBl-'!Cli1T OT 
csolllcrn a6cop61i1pyeMoro ra3a. Yrneso
,qopo.QHble ra3bl Hal-'!nyYwl-'IM o6pa3oM l-'13-
sneKalOTCs:i 6Jlli13Kli1Mli1 l-'IM no CTpOeHl-'!IO li1 
MoneKyns:ipHolll Macce }f{l-'!.QKl-'!Ml-'1 yrneso
,qopo,qaMl-'! JlerKOro 6eH3l-'!Ha. nocKOJlbKY 
nerKl-'!111 a6cop6eHT o6na,qaeT BblCOKOlll 
ynpyroCTblO napos, OH B 3HaYl-'!TeJlbHOlll 
crnneHl-'! ysneKaeTcs:i yxo.QS'll.Lll-'IM l-'13 a6-
cop6epa ra3oM. 06blYHO Ha a6cop6-
L\l-'IOHHblX ycrnHOBKax npli1MeHS1IOT ,QByx
CTyneHYaTYIO a6cop6L\l-'!IO: OCHOBHblM 
a6cop6eHTOM CJlY>KlllT 6eH31i1HOBas:i cjJpaK-

L\l-'IS'I, a 3aTeM BblXO.QS'll.Lll-'1111 l-'13 a6cop6epa 
ra3 npoMblBaeTcs:i }f{l-'!.QKOCTblO rn>Kenoro 
cjJpaKL\l-'IOHHOro COCTaBa, Hanpl-'!Mep, Ke
POCli1HO-ra3olllnesolll cjJpaKL11i1elll, ,qns:i l-'13-
sneYeHl-'!s:i l-'13 ra3a yHeceHHoro 6eH3l-'!Ha. 

nomoLL1eHl-'!e ra3a }f{l-'!.QKOcTblO conpo
so>K,QaeTcs:i Bbl,QeneHl-'leM rnnna. LJT06b1 
nplll 3TOM He yxy,qwanl-'!cb ycnosl-'!s:i a6-
cop6L\l-'!li1, Ha TeXHOJlOrl-'!YeCKl-'IX ycTaHOB
Kax npl-'!MeHs:ilOT ps:i,q cneL1l-'!aJlbHb1x npl-'!e
MOB. 0.QHl-'IM l-'13 3cpcjJeKrnBHb1x cnoco6os 
nOBblWeHli1S1 crnneHl-'! li13BJleYeHli1S1 LleJle
BblX KOMnOHeHTOB S1BJlS1eTCS1 OXJla>K,QeHl-'!e 
a6cop6eHTa li1 ra3a nepe,q no,qaYelll l-'IX s 
a6cop6ep ,qo rnMnepaTypb1 Hl-'l>Ke pa6o
Yelll. CbeM rnnna a6cop6L\l-'ll-'1 ocyLL1eCTB
ns:ieTcs:i B npoMe>KyTOYHblX BblHOCHblX xo
JlO,Ql-'!JlbHl-'!Kax. Hacb1LL1eHHb1lll a6cop6eHT, 
B3s:iTbllll c Bb1wene>KaLL1elll rnpenKl-'1, npo
nycKaeTcs:i caMOTeKOM l-'!Jll-'1 npoKaYl-'!Ba
eTCS1 HaCOCOM Yepe3 XOJ10,Qli1JlbHli1Kli1, a 
3aTeM B03BpaLL1aeTCS1 Ha Hl-'!>KeJle>Kal.LIYIO 
rnpenKy. ,Qns:i oxna>K,QeHl-'!s:i Cblpbs:i li1 L\l-'IP
KYilli1PY10LL1ero a6cop6eHrn npl-'!MeHs:ilOT 
He TOJlbKO BO,Qy, HO li1 l-'ICKYCCTBeHHble 
xna,qareHTbl: nponaH, aMMl-'!aK. 

nomoLL1eHHb1lll nplll a6cop6L\l-'lli1 ra3 OT
,qens:ieTcs:i OT a6cop6eHrn s ornapHolll Ko
JlOHHe-,qecop6epe. ,Qns:i ,qecop6L\l-'!li1 He
o6xo,Ql-'!Mbl ycnosl-'!s:i, npornsonono}f{Hble 
TeM, nplll KOTOpblX cne,qyeT npOBO,Ql-'!Tb 
a6cop6L11i110, T.e. nosb1WeHHas:i TeMnepa
Typa li1 Hli13KOe ,QaBJleHl-'le. 

A.Qcop6L\l-'!OHHbllll MeTO,Q pa3,QeJleHli1S1 
ra3os Mano pacnpocTpaHeH s npOMblW
neHHocrn. OH OCHOBaH Ha cnoco6HOCTli1 
HeKOTOpblX rnep,QblX Bel.LleCTB c pa3Bli1-
TOlll nosepXHOCTblO (aKrnBlllpOBaHHOro 
yrns:i, Cl-'!Jll-'!Karens:i li1 ,qp.) l-'!361i1parnnbHO 
nomoLL1aTb pa3Jlli1YHble KOMnoHeHTbl 
ra3a. no,qo6Ho >Kl-'1.QKl-'IM nomornrnns:iM 
(a6cop6eHTaM) rnep,qb1e a,qcop6eHTbl 
6onee l-'IHTeHCl-'IBHO nomOLL1alOT rn>KeJlbl8 
yrneBO,QOpO,Qbl. no,qo6pas Onpe,QeJleH
Hbllll pe>Kl-'!M a,qcop6L\l-'!li1, MO>KHO nonyYl-'!Tb 
.QOCTaTOYHO cyxoi:1 ra3. A,qcop6L11i110 npw
MeHs:ilOT ,QJ1S1 li13BJleYeHl-'!S1 l.leJleBblX KOM-



nOH8HT08 1113 CMeceill, 8 KOTOpblX co,o,ep
)f{aHll18 11130neKaeMblX yme00,o,opo,o,00 He 
npe0b1waer 50 Mr/M3 , a TaK)f{e 1113 ra300, 
co,o,ep)f{aUJ,111x 003,0,yx. 

PeKrnqmKaL1111s:i s:i0ns:iercs:i 3a0epwa10-
UJ,elil cra,o,111elll pa3,o,eneH111s:i ra300b1x CMe
celll. 0Ha np111MeHs:iercs:i ,o,ns:i nony1..1eH111s:i 
11H,o,1>1011,o,yanbHblX yme00,o,opo,o,00 0b1co
Kolil '-11>1CT0Tbl. nocKOnbKY pa3p,eneH111e Ha 
KOMnOHeHTbl CM8Cli1 ra308 np080,D,li1Tb 3a
rpy,D,Hli1TenbHO, np111 cyUJ,ecrny10UJ,111x cxe
Max ra3opa3,o,eneH1>1s:i Ha peKrncp111KaL111110 
nop,alOT )f{l!l,0,KOCTb, 8bl,D,eneHHYIO 1113 ra3a 
KOH,D,8HCaL11>10HHO-KOMnpecc1110HHblM 111n111 
a6cop6L\lilOHHblM Mern,o,oM. Oco6eHHOCTb 
peKrncp111KaL1111111 C)f{i.1)f{8HHblX ra300 no 
cpa8H8Hl>1IO c peKrncp111KaL1li181'1 HecprnHblX 
cppaKL\1111'1 - He06XO,D,li1MOCTb pa3,o,eneHlils:I 
0'-18Hb 6n1113Kli1X no TeMneparype K1>1ne
H1>1s:i npo,o,yKT08 Iii nony'-18Hlils:I T08apHblX 
npo,o,yKT08 8blCOKOlil creneHl!I '-llilCTOTbl. 
PeKrncp111KaL1111s:i C)f{l!l)f{8HHblX ra300 orn111-
1..1aercs:i TaK)f{e no0b1WeHHblM ,o,a0neH111eM 
8 KOnOHHax, nOCKOnbKY ,o,ns:i C03,D,aHlils:I 
opoweHl!ls:I He06XO,D,li1MO CKOH,D,8HClilp0-
8aTb 0epxH111e npo,o,yKTbl peKrncp111KaL1111-
0HHb1x KOnOHH 8 o6bl'-IHblX 803,D,YWHblX Iii 

00,0,s:iHblX xono,o,111nbHli1Kax, He np1116eras:i 
K "1CKYCCT88HHOMY xono,o,y. YT06bl CKOH
A8HClilpo0aTb, Hanp111Mep, 111306yraH np111 
40 °C, Ha,o,o no,o,,o,ep)f{1110aTb ,o,a0neH11e 0 
pecpnlOKCHOlil eMKOCTlil 6yrnH0801'1 KOnOH
Hbl 11, cne,o,00arenbHO, 0 caMolil KonoHHe 
He H"1)f{e 0,52 Mna. 

CxeMa peKrncp111KaL11110HHOi11 ycrnH08-
K"1 11 nocne,o,00arenbHOCTb Bb1,o,eneH111s:i 
or,o,enbHblX KOMnOH8HT08 3a8"1Cs:IT OT 
cocra0a 11cxo,o,Hoill cMec11, rpe6yeMoill 
'-1"1CTOTbl npo,o,yKT08 Iii KOnli1'-18CTBa nony
'-la8MblX cppaKL\"1111. 

fa3ocppaK~HOHHPYIOUJ,He ycTaHOB
KH. YcraH00K11 paJ,o,eneH111s:i ra300 (r<DY) 
no,o,pa3,o,ens:i10Tcs:i no rnny nepepa6aTbl
saeMoro Cblpbs:i - Ha ycrnH08Kli1 npe,o,enb
HblX 111 Henpe,o,enbHblX ra300 111 no rnny 
np111MeHs:ieMoill cxeMbl 11130ne1..1eH111s:i L1ene-
8blX KOMnOHeHTOB 111 3 ra308 - Ha ycrnHOB
Klil KOH,D,8HCal.\lilOHHO-KOMnpecc1110HHbl8 
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111 a6cop6l.\1110HHble . KaK Ha ycrnHOBKax 
KOH,D,8HCaL\l!IOHHO-KOMnpecc1110HHOro rnna, 
TaK 111 Ha ycTaHOBKax a6cop6L\l!IOHHOro 
rnna 1113sne1..1eHHas:i 1113 ra3a )1{111,D,Kas:i cMecb 
ymeso,o,opo,o,os 3areM pa3,D,ens:iercs:i Ha 
cppaKL\111111 111n111 111H,o,111s111,o,yanbHble ymeso
,o,opo,o,bl c np111MeHeH111eM peKrncp111KaL1111111. 

B Ka1..1ecr0e np111Mepa np111so,o,111rcs:i 
on111caH111e rexHonor1111..1ecKoill cxeMbl ycra
HOBKll1 KOH,D,8HCaL1ll10HHO-KOMnpecc1110H
HOro rnna ,o,ns:i nepepa6oTKli1 npe,o,enbHblX 
ymeso,o,opo,o,os 111 ycrnHOBKll1 a6cop6-
L\lilOHHoro rnna ,o,ns:i nepepa6oTKll1 ra3os 
KaTanli1Tli1'-18CKOro Kp8Kll1Hra . 

Ha ycrnHOBKY npe,o,enbHblX ra3os 
(p111c. 2.22) nocrynaer ra3 c AT 111 ABT, ro
noBKlil cra6111n1113aL.\111111 Karnn111rn1..1ecKoro 
p111cpopM111Hra 111 neps1111..1Holil neperoHKll1 . 
YcrnH08Ka cocrn111T 1113 6noKOs KOMnpec
c111111 111 peKrncp111KaL1111111. 

nps:iMoroHHblill ra3 1..1epe3 cenapa-
rnp C-1 no,o,aercs:i Ha C)f{arne KOMnpec
copoM L/K-1. np111 C)f{aTl!llil ra3 Harpe-
0aercs:i ,o,o 120 °C. C)f{aTblill ra3 3areM 
KOH,D,8HC111pyercs:i B 80,D,s:!HOM KOH,D,8HCaTO
pe-xono,o,111nbHl!1Ke XK-1 111 0 KoH,o,eHcaro
pe-xono,o,111nbHll1Ke XK-2 , oxna)f{,D,aeMoM 
111cnaps:i10w,111Mcs:i aMMl!laKOM . B XK-1 ox
na)f{,D,eH111e 111 KOH,D,8HCal.\111s:I 3aKaH'-1111BaeT
cs:i np111 50 °c, a s XK-2 - np111 4 °C. nocne 
Ka)f{,D,oill cryneH111 KOH,D,eHCal..\111111 ra30)f{ll1,D,
Kocrnas:i CMeCb pa3,o,ens:iercs:i Ha ra3 111 
)f{ll1,D,KOCTb s cenaparnpax C-2 11 C-3. ra-
30Bble KOH,o,eHcaTbl 1113 cenaparnpos C-1, 
C-2 111 C-3 cosMecrno c rono0KaM111 cra-
6111n1113al..\lilli1 ycrnHo8oK neps1111..1Hoill nepe
roHKll1 111 p111cpopM111Hra no,o,a10rcs:i Ha 6noK 
peKrncp111KaL1111111. 

B 6noKe peKrncp111KaL1111111 ~13 yrne00-
,o,opo,o,Horo Cblpbs:i cHa1..1ana y,o,ans:i10rcs:i 
MernH 111 3TaH . Y,o,aneH111e npo111cxo,o,111r s 
peKrncp111Kal.\l!IOHH01'1 KOnOHHe , KOTOpas:i 
Ha3b1Baercs:i ,o,e-3rnH1113arnpoM. BepxH111ill 
npo,o,yKT 3TOl'1 KOnOHHbl - MeTaH Iii 3TaH, 
Hl!l)f{Hlillil - ,D,83TaHli131!1pOBaHHas:i cppaKL\lils:I . 
BepxH111ill npo,o,yKT ,o,e3rnH1113arnpa oxna)f{
,o,aerrn li1 CKYCCTB8HHblM xna,o,areHTOM -
aMM V1a KOM . 
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,Q83T8Ht.13t.1pOBaHHaH cppaKL\t.1H t.13 KO

noHHbl K-1 nocTyna8T s ,Q8nponaHt.13a

rnp C-2, B8pXHt.1M npo,qyKTOM Kornporo 

HBnH8TCH nponaHOBaH cppaKL\t.1H, a Ht.1)f(

Ht.1M - ,Q8nponaHt.13t.1posaHHaH cppaKL\t.1H. 

88pXHt.1Vi npo,qyKT nocn8 KOH.Q8HCaL\t.1t.1 s 

803.QYWHOM KOH,Q8HCaTOp8-XOnO,Qt.1nbHt.1-

K8 XK-4 t.1 oxna)f(,Q8Ht.1H s KOHL\8BOM xono
,Qt.1nbHt.1K8 Bbl80,Qt.1TCH c ycTaHOBKt.1, np8,Q

sapt.1TenbHO npoVi,QH W,8nOYHYIO OYt.1CTKy. 

Ht.1)f(Ht.1Vi npo,qyKT t.13 ,Q8nponaHt.13aTopa 

K-2 no,qa8TCH s .Q86yrnHt.13arnp K-3. 

P8Krncpt.1KarnM KonoHHbl K-3 HBnH8T

CH CM8Cb 6yrnHa [11 t.1306yrnHa, a OCTaT

KOM - ,Q86yTaHt.13t.1posaHHblVi n8rKt.1Vi 

68H3t.1H. P8Krncpt.1KaT KOH.Q8HCll1PY8TCH 

s KOH.Q8Hcarnp8-xono,qt.1nbHt.1K8 XK-5, a 

3arnM no,Qa8TCH Ha pa3,Q8n8Ht.18 s 6yrn

Hosyio KOnOHHY K-4. 0CT8TOK t.13 KOnOHHbl 

K-3 n8p8XO.Qt.1T s .Q8n8HT8Ht.13arnp K-5. 
5yTaHOBaH KOnOHHa cny)f(t.1T ,QnH pa3-

,Q8n8Ht.1H CM8Ct.1 6yTaHOB Ha HOpManbHblVi 

6yrnH t.1 t.13o6yrnH, a KonoHHa K-5 (.Q8n8H

TaHt.13arnp) - ,QnH OT,Q8n8Ht.1H OT ra30BOro 

68H3t.1Ha n8HT8HOB, KOTOpb18 no,QalOTCH 

Ha p8Krncpt.1Kal.\t.1IO s KonoHHY K-6. Ht.1)f(

Ht.1Vi npo,qyKT ,Q8n8HTaHt.13arnpa - cppaK

L\t.1H C-6 t.1 BblW8 BblBO.Qt.1TCH c ycrnHOBKt.1. 

YcrnHOBKa, CX8Ma KornpoVi npt.1B8.Q8-

Ha Ha pt.1C. 2.23, np8,QHa3HaY8Ha ,QnH CTa-

6t.1nt.13aL\t.1t.1 68H3t.1Ha KaTant.1Tt.1Y8CKoro 

Kp8Kt.1Hra, OYt.1CTKt.1 ra3a KaTant.1Tt.1Y8CKOro 

Kp8Kt.1Hra OT c8poso,qopo,qa, t.13Bn8Y8Ht.1H 

t.13 ra3a YrI1880,QOpO,QOB C 3 - C 4 , pa3,Q8n8-

Ht.1H CM8Ct.1 3rnx yrn8so,qopo,qos Ha npo

naH-npont.1n8Hosyio 111 6yrnH-6yrnn8HO

syio cppaKL\t.1t.1. 

}l{t.1pHblVi ra3 c ycrnHOBKt.1 Karnn111rn

Y8CKoro Kp8Kll1Hra nocTyna8T Ha OYll1CTKY 

MOH03TaHonaMll1HOM s a6cop68p K-1. 

0Ylt1W,8HHblVi ra3 C)f(ll1Ma8TCH KOMnp8C

copoM nK1 ,qo 1,4 Mna, oxna)f(,Qa8TCH 111 

no,Qa8TCH so cppaKL\ll10H111pyiow,111Vi a6cop-

68p K-2, no,Q 22-io rnp8my. Ha 3TY )1(8 

Tap8my, HO BblW8 sso,qa ra3a, no,qa8TCH 

KOH,Q8HCaT KOMnp8CCll1111. 

Bo cppaKL\ll10H111pyiow,111Vi a6cop68p 

BBO,Qll1TCH TaK)f(8 H8CTa6111JlbHbiilt 6eH3111H' 

51Bn51IOW,111il1CH OCHOBHblM a6cop6eHTOM. 
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¢paKL\t.10Ht.1pyiow,111Vi a6cop68p, 111HaY8 

Ha3b1Ba8Mb1Vi a6cop68p.Q8cop68poM, 0T

n111Ya8TCH OT o6blYHOro a6cop68pa TeM, 

YTO npe,QCTaBnH8T co6oilt KOM6t.1Ht.1pO

BaHHYIO KonoHHy. B B8PXH8ilt yacrn cppaK

L\ll10H111pyiow,8ro a6cop68pa npm1cxo,Qt.1T 

a6cop6L\t.1H, T.8. lt13Bn8Y8Ht.18 1-13 ra3a L18-

nesb1x KOMnOH8HTOB, a B Hll1)f(Heilt - pe

reHepaL\t.1H a6cop6eHTa 3a CYeT no,qso

.Qt.1 MOro rnnna. CrnKaH csepxy BHt.13 no 

rnpemaM cppaKL\1110Ht.1pyiow,ero a6cop-

6epa, HaCblW,8HHblVi rn)f{8Jlb1Mt.1 KOMnO

H8HTaMll1 a6cop6eHT BCTpeYaeTCH co see 

6onee ropHYt.1Mll1 napaMt.1, ,qecop6t.1po

saHHb1M111 1-13 )f(ll1,QKOCTll1, KOTOpaH CTeKa

eT B Hll1)f(HIOIO YaCTb KOJlOHHbl. c sepxa 

cppaKL\ll10H111pyiow,ero a6cop6epa yxo,Qt.1T 

cyxoilt ra3, co,qep)f(aw,111ilt yrneso,qopo.Qbl 

C
1
- C

2
, a c Hll13a sMecrn c rnw,111M a6cop-

6eHTOM BblBO,QHTCH yrneBO,QOpO,Qbl C 3 -

C
4

. B orn111Y111e OT o6blYHblX a6cop6epos, 

Ky,Qa nll1TaHll18 no,qaeTCH TOJlbKO B ra30-

soilt cpa3e, so cppaKL\t.10H111pyiow,t.1e a6cop-

6epb1 OHO BBO,Q111TCH 111 B 8111,Qe )f(t.1,QKOCTll1, 

t.1 s s111,qe ra3a. 

,Qnl'l ,qea6cop6L\ll1111 yHeceHHblX c cyx111M 

ra30M 6eH3111HOBblX cppaKL\t.1ilt B sepXHIOIO 

YaCTb K-2 no,qaeTcH crn6111nbHb1ilt 6eH3111H. 

TeMnepaTypa s a6cop6L\1110HHOilt YaCTt.1 

no,q,qep)f(1!1BaeTCH npoMe)f(yTOYHblM ox

na)f(,QeHt.18M a6cop6eHrn. Hacb1w,eHHb1ilt 

111 ,Qe3TaHll13111posaHHb1Vi a6cop6eHT 1113 K-2 
no,qaeTcH s crn6111n1113arnp K-3, sepxH111M 

npo,qyKTOM KOTOporo HBJ1H8TCH ronOBKa 

CTa6t.1Jlt.13aL\111111, a Ht.1)f(Hll1M - CTa6t.1JlbHblVi 

6eH3t.1H. lonosKa crn6111n1113al.\111111 nocTy

naeT Ha 6noK OYll1CTKt.1, r,qe OYt.1W,aeTCH 

OT cepH111CTblX C08,Q111H8H111ilt pacrnopoM 

MOH03TaHonaM111Ha (M3A) 111 w,enOYblO. 

3arnM t.13 OY111W,8HHOilt ronOBKll1 B npona

HOBOVi KOJlOHHe K-4 Bbl,Q8JlH8TCH nponaH

npon111neHOBaH cppaKL\t.1H. OcrnrnK npo

naHosoilt KOJlOHHbl B 6yTaHOBOVi KOJlOHHe 

K-5 pa3,qenHeTcH Ha 6yrnH-6yrnneHosyio 

cppaKL\111tO 111 OCTaTOK, KOTOpblilt 06b8,Q111HH

eTCH co CTa6111JlbHblM 6eH3111HOM. 
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PMc. 2.23. TexHonoau'lecKaH cxeMa aa30<jJpaKu,uoHupy10ll.{eiJ ycmaHoeKu a6cop6u,uoHHO-peKmu<jJuKau,uoHHOao muna: 
I - )l(UpHbliJ aa3; II - cee)KuiJ pacmeop M3A; Ill - cepoeoaopoa; IV - cyxoiJ aa3; V - Hecma6unbHbliJ 6eH3uH; 

VI - 6ymaH-6ymuneHoeaH <jJpaKu,uH; VII - cma6unbHbliJ 6eH3UH; VIII - nponaH-nponuneHoeaH <jJpaKU,UH 
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2.5. Tpe6oeaH111fl K KaYeCTBY ymeBOAOPOAHoro Cblpbfl HecpT111 111 ra3a 

YrneBOAOPOAHOe Cblpbe ,qm1 Hecpre

x111M111YecK1.1x npo111380,QCTB ,QOfl>KHO OTBe-

4aTb BblCOKi.1M rpe6osaHi.1HM , npe,qonpe

,Qem1eMblM cne1...1111tjJ111Kolii ,qanbHeliiw111x 

Xi.1Mlll40CKl.1X npespaw,eH111ili yrneso,qopo

,QOB. 

0,QHO i.13 OCHOBHblX rpe6osaH1.11ii K 

ymeBO,QOpO,QHOMY CblpblO - MlllHlllMaflb

HOS CO,Q0p>KaHl!10 1!1fll!1 ,Qa>Ke nonHoe OT

cyTCTBl!10 sew,ecTB lllHOlll XlllMlll4eCKOlii 

np111po.Qbl. Hanp111Mep, np111 oK111cneH111111 

>Ki.1,QKlllX Ill Tsep,QblX napatjJlllHOB ,QO cn111p

TOB Ill KltlCflOT Heo6XO,QlllMO, 4T06bl B lllC

XO,QHOM Cblpbe co,qep>KaflOCb MlllHlllM8flb

HOe KOfli.14eCTBO (AO 0,5%) HatjJTeHOBblX 

1.1 apOM8Tlll40CKl!1X ymeBO,QOpO,QOB, TOp

M03flW,lllX OKlllCI10Hllle . He MeHee Ba>KHO 

orcyrcrn1.1e cpeHonos, a30T111CTblX 111 cep

Hi.1CTblX C00,Ql!1H0H1111ii, o6pb188IOW,lllX 1...1enb 

oK111cneH1.1H . B css:13111 c 3TlllM rpe6osaH111s:1 

no co,qep>KaH11110 cepb1 s apoMarn4ecK111x 

ymeso,qopo,qax HBflfllOTCH >KSCTKlllMlll 

(He 6onee 0,02%), 111 ,qonycrnMoe ee co

,Qep>KaH111e nocroHHHo noH111>Kaercs:1. 

Tw,arenbHaH 04111CTKa or ceposo,qo

POAa Heo6xo,q111Ma ,qns:i ar111neHa, Ha

npasnHeMoro Ha r1t1,Qpara1...111110 , nocKOflbKY 

peKrntjJ1.1Ka1...11110HHaH annaparypa .QflH Bbl

,QeneHi.1H nony4aeMoro arnnosoro cn111pra 

"13 peaKl...li.10HHOlii CMec111 6blCTpO Koppo

,Qlllpyer 111 BblXO,QlllT 1113 CTpOH. no TOlii >Ke 

nplll4111He 3TlllJleH He ,QOfl>KeH CO,Qep>K8Tb 

8l.leTlllI10H8. np111CyTCTBllle a4eT111fleHa B 

ar111neHe He,qonycrnMo 111 np111 nonyYeH111111 

non1.1arnneHa non111Mep1113a1...1111elli np111 Bbl

COKOM ,Q8BfleHllll!1 . 3rnneH ,QOJl>KeH lllMeTb 

99,99%-HylO 4111CTOTy. 

np111cyrcrn111e awernneHa 111 cepH111-

CTb1x np1.1Mecelli s arnneHe orpasns:ier ce

pe6ps:iHbllii K8Tafll!138TOp, lllCnOilb3Y0Mbllii 

s npowecce oK111c11eH111s:1 arnneHa, a 06pa

ayt0w,111ilicH a1...1er111neH111.Q cepe6pa B3pb1-

BoonaceH . n p 111MeCb ,Qlll e HOB B OJletjJlllHaX 

nplllBO,QltlT K p a3BlllTlll lO CMOfl00 6pa30Ba-

Hi.1H np111 11130Mep111381...11111!1 Ill 8flKlllillllpOBa

Hl!11!1 . OrpaHi.14eHi.1H no sna>KHOCTlll , co

,qep>KaH1t110 OKClll.QOB yrnepo,qa , aMMlllaKa 

Ill T.n. ,QJlH yrneBOAOPO.QHOro Cbipbs:! 040-

Blll,QHbl. 

B pH.Qe cnyYaes Heo6xo,q111Ma 04111cr

Ka yrneBO,QOpO,QHOro Cblpb5! OT 11130Mepos 

111 roMonoros rnlli >Ke x111M1114ecKolii np111-

po,Qb1. TaK, ecn111 s napacp111Hax 111Me10rcs:1 

yrneBO,QOpO,Qbl 11130CTpoeHl!1fl , npo,QyKTbl 

nocne,qy10w,ero oK111cneH111s:1 co,qep>Kar 

nOBblWeHHOe KOfllll4eCTBO Hlll3KOMOJle

KYilflpHblX K1t1cnor, a raK>Ke 1t130K111cnor c 

KpaliiHe Henp111HTHblM 3anaxoM . 3arpH3-

HeHHOCTb n -KClllJlOfla MeTalll30MepoM 

np111so,q111T K nonyYeH11110 repecpranesolli 

KlllCJlOTbl c np111MeCblO 11130cpranesolli, 4TO 

CHlll>Kaer npo4HOCTb no11y4aeMoro nasca

Hosoro BOflOKHa. 

np111 CO,Qep>KaHllllll 6011ee 0, 1 o/o npo

n111neHa B arnneHe, 111,qyw,eM Ha rvi,qpara-

1...111110, HeJlb3fl nony41!1Tb arnnosb11ii cn111pr 

rpe6yeMoro Ka4ecrna. HeYeTKoe pa3-

,qeneH111e 1113o6yrnneHa 111 1113oaM111neHa 

B npo1...1ecce on111roMep1113a1...1111111 111306yrn

neHa pe3KO pacw111pHeT 1!130MepHbllii 111 

cppaKl...llllOHHbllii COCTaB o6pa3ytaw,erocfl 

non111Mep,q111crnnnma, 4TO yxy,qwaer ero 

l.ISHHOCTb Ka K a11K1t1Jl1t1py10w,ero areHTa Ill 

KaK Cblpbfl ,Qflfl npOlll3BO,QCTBa BblCOKO

OKTaHOBOfO rnnn111sa . Han1114111e s Bb1cw111x 

a-011ecp111Hax Henpe,QeJlbHblX coe,q111HeH111ili 

c pa3B0TBI10HHOlll crpyKrypolli np111BO,Q1!1T 

(np111 lllCnOJlb30BaHllllll 3TOro Cblpbfl ,QJlfl 

anK111n111posaH111fl 6eH3ona 111n111 cpeHona) 

K nony4eHllllO MOIOW,1!1X sew,eGTB c nOHlll

>KSHHOlii creneHblO 6lllOXlllMlll4eCKOfO pa3-

JlO>KeHlllfl B CT04HblX BO,Qax. 

nplllB0,Q0HHble np1t1Mepbl lllflfllOCTpltl

pylOT Heo6XOAlllMOCTb TW,8TeflbHOlii no,Q

roTOBKlll ymeBO,QOpO,QHOro Cbipbfl, Ill 

3Ha4eH111e TaKOlii nO,QfOTOBKlll nocTOflHHO 

no sb1waeTCfl . 
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KOHTPOnbHblE BOnPOCbl 

1. nepe4111Cm1Te OCHOBHbl8 B111Abl Cblpb51 HecpTeXll1Mll148CKOill npOMb1WneHHOCTV1, no

ny4a8Mbl8 lt13 Hecprn 1t1 ra3a. 

2. Ha30Bll1Te OCHOBHble Hanpa0neH1t15! Xlt1Mll148CKOlll nepepa6oTKll1 napacp1t1HOBblX, 

Henpe,o,enbHblX, apoMaTlt148CKll1X 111 HacpTeHOBblX yrneBO.QOPOAOB. 

3. KaK111e cp11131114ecK111e 111 x111M1114eCK1t1e MeTO,Qbl 1t1cnonb3YIOTC51 ,o,n51 Bb1,o,eneH1115! 111 pa3-

,o,eneH1115! yrneso.Qopo,o,Horo Cblpb51 1113 Hecprn 111 ra3a? 

4. KaK1t1e Tpe60BaH1115! npe,D,b51Bn51IOTC51 K Ka4eCTBY yrneso.Qopo,o,Horo Cblpb51? 



rnaea Ill. OcHOBHble HecJ>TeXMMM"leCKMe npou.ecCbl 

H111>1<e paccMoTpeHbl Ha1116onee sa>1<

Hb1e npOMblWneHHble HeqneXIAMIAYeCKl!le 

npoL1eCcb1. nocneAHllle crpynn111posaHb1 

no TlllnaM peaKL\111111 , ne>K8LI.\IAX B OCHOBe 

AaHHOro Hecprnx111M111YecKoro npol.\ecca: 

repMo- 111 TepMOKarnn111rnYecKas:1 AeCTPYK-

L\llls:l yrneBOAOPOAOB, OKlllCn111TenbHas:1 

KOHBepc111s:1 yrneBOAOPOAOB B ClllHTe3-ra3 , 

r111,Qp1ApOB8Hllle, OK1t1cneH111e, r111AP8Tal..\lt1H 

onecpl!IHOB, 11130Meplt138L\llls:l yrneBOAOPO

AOB, anK111n1t1posaH111e, rano111,Q111posaH1t1e, 

H111TposaH1t1e, cynbcp1t1posaH1Ae. 

3.1. TepM11YecKoe 111 TepM0KaTan11T11YecKoe 

pa3no:>KP.HlllP. yrneROLlOPO.QOB 

npOL\9CCbl rnpMIAYeCKOi1 AeCTPYKTlllB

HOiii nepepa60TKll1 yrneBOAOPOAOB lllMelOT 

6onbwoe 3HaYeH111e AnH Hecprnnepepa-

6oTKlt1 IA HecprnXIAMIAIA . B OCHOBe KpeKIAH

ra 111 n111pon1113a ne>KIAT OAlllH 111 TOT >Ke rnn 

x111M111YecKoi1 peaKL.\111111, OAHaKo 3Tlll rnp

Mlt1Hbl CBH3bl88IOT 06blYHO c pa3nlllYHblMlll 

TeMnepaTypHblMlll pe>1<111MaM111 : KpeKlllHroM 

(o6biYHO KaTanlllTlllY8CKllli1) H83bl88IOT 

TepMlllY9CKOe pa3no>1<eH111e yrneBOAOPO

,QOB, npOIACXOAs:!LI.\98 np111 350-650 °C, a 

n111pon11130M - rnpMlllYecKoe pa3no>1<eH111e, 

npoTeKalOLI_\ee np111 rnMnepaTypax Bb1we 

650 °C. 
np111MeHeH111e npOL\8CCa T8pMlllY8CKO

ro pa3nO>KeHlllH HecprnHOro CblpbH 111,QeT 

no ABYM OCHOBHblM HanpasneHllls:IM -

rnnn111sH0My 111 x111M111YecK0My. B nepsoM 

cnyYae ocHoBHOi1 L1enb10 s:isns:ieTcs:i no

nyYeH111e BblCOKOKaYecrneHHblX TOnn111s 

IA CM830YHblX Mace.n nyrnM KaTanlllTlll

YeCKOro KpeK111Hra, KaTan111TlllY8CKOro plll

cpopMlllHra, ,QeCTPYKTlllBHOi1 rlllAporeH111-

3aL1111111 (rlllAPOKpeKlllHr) Ill KOKCOB8Hllls:l. 

3rn npOL\8CCbl .ne>KaT B OCHOBe Hecprn

nepepa6aTbl88IOLI.\8i1 npOMblWneHHOCTlll . 

Bo BTOpOM c.nyyae OCHOBHOVI L\8nbl0 

s:is.ns:ieTCs:l no.nyYeH111e XlllMlllY8CKOro Cbl

pbs:!, s nepsy10 oYepeAb, onecp111Hos p,ns:i 
HecprnXlllMlllYeCKOVl npOMblWneHHOCTlll . 

no Macwrn6y 111 no 3HaY111Mocrn no.ny

YaeMblX npo,QyKTOB 6onbWOe 3H8Y8Hllle 

111MelOT KaTanlllTlllYeCKlllVl KpeKlllHr, Karn.n111-

TlllYeCKllli1 p111cpopM111Hr 111 n111pon1113. 

3. 1. 1. Kamanumu'-lecKuiJ KpeKuH2 

KpeK111Hr - npol..\ecc p,ecTpyKTlllBHoVI 

nepepa60TKlll Hecprn 111.n111 ee cppaKL\lllVl , 

npOBOAlllMbii.'1 rnaBHblM o6pa30M ,Qns:i no

.nyYeHlt1H .nern111x MOTOpHblX rnnnlAB (Kpe

KlllH~6eH3111H) Ill KpeKlllH~ra3a (L\eHHOe 

HecpTeXlllMl!IYeCKOe Cblpbe). np111 Kp8K111Hre 

npo1t1CXO,QlllT pacna,Q, p,eCTPYKL\llls:l BblCO

KOMOneKyns:ipHblX KOMnOH8 HTOB He cprn, 

HO Haps:i,qy c 3TlllM npol!ICXO,Qs:IT cno>KHble 

npOL\eCCbl ClllHTe3a Ill nepecTpOVlKll1 MOne

Kyn yrneso,Qopo,QOB. Pa3n111Ya10T ABa oc

HOBHblX BlllAa KpeKlllHra B Hecprnnepepa-

60TKe: KpeK111Hr, ocyLI.1ecrnns:ieMb1VI rnnbKO 

no,Q B03,Qei1CTBlll8M BblCOKOVl T8Mnepmy

pb1 , - 1e pMlllY8CKll1Vl Kp eKlllHr, Ill KpeKlllHr, 

npo 111 c xop,s:1LI_\lllVl np111 O,O,H OBpeM8HHOM 
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B03,Qei:1CTBLllLll BblCOKOi::i TeMnepaTypbl Lil 

KaTanlil3aTOpOB, - KaTanVITlll48CKll1i:1 Kpe

Kll1Hr. 

TepMw-1ecK111ill KpeK111Hr. TepMo,q111-

HaM111YecK111 npo1..1ecc repM111YecKoro Kpe

Kll1Hra yrneBO,QOpO,QOB HecpTlll B03MO>K8H 

npvi rnMnepaTypax 2: 320-420 °C. Tep

Mll148CK111e peaKL.1111111 yrneBO,QOpO,QOB MO

ryT npoTeKaTb KaK MOileKym1pHbl8, TaK VI 

pa,q111KanbHb1e 4enHb1e VIIlVI He4enHb1e. 

VIOHHble peaK4111111 B ycnoB111Hx repMll14e

CKll1X npo4eccoB He nporeKafOT, TaK KaK 

rereponV1T1114eCKV1i:1 pacna.Q C-C CBH3VI 

Tpe6yeT 3Hepr111111 1206 K,[\>K/MOilb, 3Ha-

4VIT8IlbHO 6onbwei:1, 48M rOMOilll1Tlll48-

CKll1i:1, - 360 K,[\>K/MOilb . 

B HaCTC>Hli.\ee BpeMH Ha1116onee npVl

HHT pa,QV1KailbH0-4enHOi:1 MeXaH"13M rep

M"148CKOro KpeK111Hra. Pacna,q yrneBo,qo

po,qoB Ha pa,q111Kailbl (1-1H11141111-1poBaH1-1e 

4enV1) ocyli_\ecTBnHeTCH npe111Myli.\eCTBeH

HO no CBH3"1 C-C. Pa3pb1Ba C-H CBH3VI 

He npOVICXO,Qll1T, TaK KaK ,QnH 3TOro Tpe-

6yeTCH 3Ha4111T8IlbHO 6onbwe 3Hepr111111: 

3Hepnrn C-C CBH3"1 360 K,[\>K/Monb, 3Hep

rVIH C-H CBH3111 412 K,[\>K/MOilb . 

B HOpManbHblX anKaHax c ,qn111HHoi:1 

4enbf0 3Hepr111H pa3pb1sa C-C VI C-H CBH-

3ei:1 HeCKOilbKO yMeHbwaeTcH K cepe,qV1He 

4en111, o,qHaKo nepBaH scer,qa ocraeTC5'l 

3Ha4VITeilbHO MeHbWe BTOpoi:1 . c nOBbl

W8Hll18M TeMnepaTypb1 pa3n1114111e s npo4-

HOCTlll C85'13ei:1 C- C YM8HbWaeTC5'l . npVI 

yMepeHHoi:1 reMnepaType (400-500 °C) 
pa3pb1B yrneso,qopo,qHoi::i 4en111 npo111cxo

.QVIT nocepe.QVIHe, no Ha1116onee cna6b1M 

CB5135'1M. c nOBblW8Hll18M TeMnepaTypbl 

MO>KeT np0111CXO,Q111Tb pa3pb18 111 ,qpyr111x 

CBH3ei:1. 

Cs5'13111 C-C s 4111KnoanKaHax HeCKOnb

KO MeHee np04Hbl , 48M B HOpMailbHblX 

anKaHax: s 4111KiloreKcaHe - Ha 8 K,Q>K/ 

MOilb, B 4111KilOneHTaHe - Ha 25 K,[\>K/MOilb. 

Cs5'13111 C-C 111 C-H B ameHax y arnMa 

yrnepo,qa c ,QBOi:1Hoi:1 CB5'13bf0 3Ha4VIT8Ilb

HO np04Hee, a B /3-nOilO>K8Hll1VI - Cll1IlbHO 

ocna6neHbl no cpasHeH111fO c anKaHaMLll 

(4111cppbl 03Ha4afOT 3Heprlllf0 CB5'13VI B K,Q>K/ 

MOilb) : 

HH 
I 1321 

R - CH
2 

- CH
2 

- C - C - CH = CH2 

12591371 
H H 

B apeHax CB5'13Lil C-H 111 C-C npo4-

Hee, YeM CB5'13VI C- H VI C- C s anKaHax, 

a CB5'13VI, conp5'l>K8HHble c apoMaT1114e

CKVIM KOilbl..IOM, ocna6neHbl. Conp5l>K8Hllle 

c KOilbl..IOM nOHll1>KaeT np04HOCTb CB513Lil 

npVIM8pHO B TOi::i >Ke Mepe, KaK 111 conp5'l

>K8Hll1e c ,QBOi:1Hoi:1 CB513bf0 . 

Pa,QVIKailbl , HBI15151Cb XVIMll14eCKVI He

HaCblli.\8HHblMVI 4acT1114aM111 , o6na,qafOT 

BblCOKOi:1 peaK4ll10HHOi:1 cnoco6HOCTbfO 111 

scrynafOT s pa3nVl4Hb1e peaK4111111 c 04eHb 

6onbWOi:1 CKOpOCTbfO. 

3Kcnep111MeHTailbHble ,qaHHble no 

cocrasy npo.QyKTOB TepMV14ecKoro pac

na,qa anKaHos xopowo o6b5lCH5lfOTCH 

pa,q111KailbH0-4enHblM MeXaHll13MOM peaK-

4111111 . KpeK111Hr 6yraHa, HanpV1Mep, MO>KHO 

npe,qcras111Tb cne,qyf0li.\ei:1 cxeMoi::i . 

BHaYane 3a cYeT pa3pb1sa CB513111 C-C 
s Ha1116onee cna6oM MecTe o6pa3yfOTCH 

nepBV14Hbl8 CB060,QHbl8 pa,q111Kanbl (ll1Hll1-

4111111posaH1r1e 1..1en1r1): 

3areM npo1..1ecc pa3s111saerc51 no ,qsyM 

B03MO>KHblM HanpasneHl!15lM. KpynHble , 

OTHOC"1TeilbHO HeycTOi:14"1Bbl8 pa,Q111Kanbl 

( C3 "1 Bbl We) CaMonp0"1380IlbHO pacna,Qa

fOTC5l no f3-npas1r1ny (pacna.Q nporeKaer 

npe111Myli.\eCTBeHHO no Ha1r16onee cna6oi:1 

/3-CB513"1 no OTHOW8H"1f0 K aTOMY yrnepo

,Qa c HecnapeHHblM 3IleKTpOHOM) c o6-

pa30BaHl-18M 6onee ycTOi:14"1BblX M8TVIIl b

HblX VI 3TVIIlbHblX pa,QV1Kanos VIIlVI aTOMOB 



BOAOPOAa 111 cooTB8TCTBYIOLl..\111X MOf18Kyn 

anK8HOB: 

CH
2 

= CH
2 

+CH
3 

(B paMK8X - KOH84Hbl8 npOAYKTbl). 
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Ycrnill4111Bbl8 B OTHOW8H111111 pacnaAa, 

HO 4p83Bbl48VIHO p88KLjll10HHOCnoco6Hbl8 

M8Tli1flbHbl8 111 arnnbHbl8 paA111Kanb1 111 arn

Mbl BOAOPOA8 BCTynalOT B p88Kljll1IO c 111C

XOAHblMll1 MOf18KynaMll1, OTpblB8fl OT Hll1X 

arnM BOAOPOAa: 

H + CH3CH2CH2CH3 - I H2 I + cHi:;HcH2 CH
3 

CH3 + CH3CH2CH2CH3 -+ ~ + CH/JHCH
2
CH

3 

CH3CH2 + CH3CH2CH2CH3 - lcH3CH31 + cHi;HcH
2
CH

3 

B p83YflbTaTe o6pa3ylOTCH BOAOPOA, 

MeTaH, 3TaH 111 BTOp1114Hbl8 6yrnnbHbl8 

pa,q111Kanb1. 06pa3osaH1118 n8pB1114HblX 

6yrnnbHblX paA111Kanos M8H88 B8pOHTHO. 

npo4HOCTb C-H CBH3111 np111 nepBll14HOM 

yrnepOAHOM 8TOM8 BblW8, 48M np111 BTO

p1114HOM. 

6yrnnbHbl8 paA111Kanb1 A8f188 pacna

,qa10TCH no ~-npas111ny, a o6pa3YIOLl..\1118-

cH np111 3TOM M8nK1118 paA111Kanb1 cHosa 

pear111py10T c 111CXOAHblMll1 MOfleKynaMll1. 

Pa3s111sa8TCH Lj8nHoill npo1.18cc. 06pb1B 

1..1en111 np0111CXOA111T B p83YflbT8Te p88Kljll1ill 

peKoM6111Ha1.1111111 111 All1Cnponop1.11110H111posa

H111H: 

np111 TepM11148CKOM Kp8Kll1Hr8 Ljll1KflO

anK8HOB s p83YflbTaTe pa3pb1sa C-C 
CBH3111 Ljll1Kf18 o6pa3ylOTCH 6111paAll1K8flbl, 

pacnaA nOCf18AH111X np111BOA111T K H8KOn

neHll110 anK8HOB. T8pM11148CKll1ill KpeK111Hr 

anKeHos A810T aKrnBHbl8 aTDMbl BOAopo

,qa, MernnbHbl8 111 arnnbHble paA111Kanb1, 

111 npo1.1ecc y>Ke np111 H86onbwoill rny6111H8 

KpeK111Hra pa3Blt1B88TC51 no 1.1enHOMY M8Xa

Hll13My. B pe3ynbTaTe repM1t1YecKoro Kpe-

5-0373 

Kl!IHra Ljll1Kf108f1K8HOB o6pa3ylOTCH Hll13Wll18 

anKeHbl (C2 , C3), M8TaH, arnH, 6yrnneH, 

BOAOPOA, 1.1111KnoneHTaAll18Hbl 1t1 apeHbl. 

Ycrni114111socTb apeHOB s ycnos111Hx 

rnpMll148CKOro Kp8Kll1Hra Cll1flbHO 1113M8Hfl-

8TCH s 3asl!lc111Mocrn or cTpoeH111H. He3a

M8Ll..\8HHb1e 111 M8Tli1f138M8Ll..\8HHbl8 6eH30fl 

1t1 Hacj:nan111Hbl 3HaY1t1TeflbHO 6on8e ycrnill-

4ll1Bbl, 48M anKaHbl. AnK111nnpo1113BOAHble 

apeHoB c Afll!IHHblM1t1 60KOBblM1t1 1.1enHM111 

B ycnOBlt1f!X rnpM11148CKlt1X npOLj8CCOB 

nOABepralOTCH pacnaAy 8flKll1flbHblX 1.1e

neill. V1H111Lj1t11t1posaHl!18 peaK1.1111111 npo1t1c

XOAll1T nyrnM pa3pb1sa cna6eillweill CBH3111 

~-C-C, conpH>K8HHOill c apOM8Tli148CKll1M 

KOflbljOM: 

0CHOBHblMll1 npOAYKTaMll1 npo1.1ecca 

HBflHIOTCH rnnyon, crnpon 111 anKaH. 

TepM11148CK111ill Kp8Kll1Hr rn>K8flblX 

OCTaTKOB nepepa60TKlll Hecj:>rn npOBOAlt1T

Cfl c Lj8flbl0 nony48Hlt1fl 8BTOM06111flbHOro 

6eH3111H8 (B HaCTOflll..\88 Bp8Mfl 3TOT npo

Lj8CC ycrnp8n), BblCOKoapoMaTll131t1pOB8H

HOro ra3oilln51-CblpbH Aflfl npOlt13BOACTBa 

ca>K1t1; KpeK111Hr-ocrnTKOB - AflH npo1113-

so,o,crna KOKCa lt1 lt1Gn0flb30B8Hlt151 B KaYe

crne M8flOB513KOro TOnOYHOro Ma3yra. 



npo1.1ecc OCYll.18CTBfls:!IDT nplll 470-
540 ° C nag gasneH111eM 2-7 Mna. Cb1-

pbeM Afls:! nony4eHl/ls:! ManOBs:!3KOro KO

TeflbHOro rnnmt1sa, a TalOK8 ca)l(lll 111 KOKCa 

cny)l(aT H8cprnHbl8 ocrnTKlll - nonyrygpo

Hbl Ill rygpOHbl. 

X"1M"1lfecK"1e ocHOBbl npo4ecca 
KaTaJ1"1T"1lfecKoro KpeK"1Hra. Karan111rn-

48CK111iil KP8K111Hr s HaCTOs:!ll.188 sp8Ms:i s:is

ns:i8Tcs:i OAHlllM Vl3 OCHOBHblX BTOplllYHblX 

npOL.\8CCOB H8cpT8n8p8pa6oTKlll , np11106-

p8Ta1DU.\lllX oco68HHo 6onbW08 3Ha48HVl8 

s css:i3VI c pa3BVIT1118M npo1.18ccos ymy6-

n8HHoiil n8p8pa60TK111 H8cpTlll. 

KaK 6b1no cKa3aHo BblW8, gns:i T8pM111-

48CKoro KP8K111Hra T04HO ycraHosn8H pa

g111KanbHO-L\8nHoiil M8XaHlll3M c y4aCTlll8M 

cso6oAHblX pag111Kanos . C8rogHs:i 06L118-

npV13HaHo, 4TO KaTanVITVIY8CKllliil Kp8KVIHr, 

B OTfll/141118 OT repM11148CKOro Kp8Kl/1Hra , 

nporeKa8T no L\8nHOMY Kap6KaTl/IOHHOMY 

M8XaHVl3My. YcTaHosn8HO , 4TO ym8BO

AOPOAbl s ycnos111s:1x npOL\8Cca Haps:igy 

c Kp8KlllHroM scTynalDT TalOK8 s p8aKL\llllll 

anK111nV1posaH111s:1, 11130M8p1113al..\lllVI, non111-

M8p1113aL1V1V1 111 .Q8anKV1n111posaH111s:1. 

Kap6KaT1110H~ (1110H~ Kap68H111s:1) 

MO)l(HO np8.QCTaBl/ITb KaK opraHl/l48CKlll8 

KaTl/IOHbl c 3aps:!.QOM, B 6onbW8iil lllflVI 

M8HbW8iil cren8Hlll acCOL\llllllpOBaHHblM c 

ym8pO.QHblM aTOMOM. lllOHbl Kap68Hllls:! 

MoryT 6biTb .Qlll- 111 Tp111Koop.QV1H111posaHHb1-

M111: 

+ + + + + 
CH

3
; (CH

3
)
3
C; (C

6
H

5
)p; RCH =CR; C

6
H

5 

Ans:i Karan111TV148CKoro KP8K111Hra 

onp8.Q8fls:!1Dll.IYID ponb 111rpatoT o6pa3o

saH1118 111 np8spaL118H111s:1 Kap68Hlll8BblX 

lllOHOB. lllOHbl Kap68Hllls:! s:!Bfls:!IOTCs:! nnoc

KVIMlll lllfllll n04Tlll nnoCKVIMlll c Tp8Ms:! sp2-

r1116p111gHblMlll CBs:!3s:!Mlll. B TaKlllX CTPYKTY

pax s3a111Mog8iilcrn1118 coc8.QHlllX rpynn c 

saKaHTHoiil p-op6V1Tanb10 Kap68H11t8soro 

lllOHa BHOClllT BKnag B cra6111n1113al..\llllO 

1110Ha nyreM g8n0Kan1113al..\llllll 3aps:iga. 3ro 

B03MO)l(H0 6narogaps:i aTOMaM, VIM81{)-

ll.llllM H8nog8n8HHbl8 3fl8KTpOHHbl8 napb1, 

n11160 nyreM r111n8pKOHb10raL1111111, nV160 

KOHbtora1.1111V1 c A8¢opMV1posaHHblMVI CBs:!-

3s:!Mlll lllfllll C 3fl8KTpOHHOiil ClllCTeMOiil ny

TeM ann111nbHOiil cra6111n1113al..\llllll. Cra6111-

n1113V1PY10l1188 Bflllls:!HVl8 anKlllflbHblX rpynn 

o6ycnosn8Ho C048TaHlll8M r111n8pK0Hb10-

raL1111111 Ill lllHAYKL\lllOHHOro 3cpcp8KTa (+I). 
Kap68Hlll8Bbl8 1110Hb1 s ycnosVls:ix Ka

ranVITlll48CKoro KP8KlllHra MoryT o6pa-

30BaTbcs:i B p83YflbTaT8 ABYX OCHOBHblX 

rnnos p8aKL\llllll: 1) np111c08AVIH8HV18 Ka

TlllOHa (npoTOHa) K H8HaCblll.18HHOiil MO

fl8Kyn8; 2) OTpbiB rlllAPlllA~lllOHa OT H8iilT

panbHOiil Mon8Kynb1. 

np111C08AlllH8HVl8 npOTOHa K H8HaCbl

ll.18HHOiil MOn8Kyn8 (on8cp111Hy) 3as111c111T 

OT Clllflbl KlllCflOTbl, Hanl/14Vls:! ar8HTOB, CTa-

6111n1113111pytoL11lllX o6pa30BaBWVliilCs:! HOBbliil 

KaTl/IOH , XlllM11148CKOiil VIH8PTHOCTlll Ill .Qlll-

3fl8KTplll48CKOiil npoHlllL\a8MOCTlll Cp8Abl. 

npoTOHlllpOBaHlll8 On8cpVIHOB npOTeKa-

8T nyreM aTaKlll npOTOHa TI-3fl8KTpOHOB 

.QBOiilHOiil CBs:!3111. 3TO nplllBOAlllT K o6pa3o

BaHVllO npOM8)1(YT04HOro n-KOMnn8KCa Ill 

gan88 HOBOro anKlllflbHOro KaTl/IOHa . 

B cny4a8 npoTOH111posaH111s:1 apoMaT111-

48CKoiil MOn8Kynb1 3aps:1g 6ygeT .QenoKa

n1113osaH no KOflbl..\8Boiil cTpyKTyp8. 

BTopoiil cnoco6 06pa3osaHV1s:1 Kap6e

H llleBblX lllOHOB - OTpbiB rlllAPlllAlllOHa OT 

H8iilTpanbHoiil MOn8Kynb1, p8an1113yeTcH 

np111 s3a111Mo.Qeiilcrn111111 nocn8.QHeiil c c111nb

HblMlll 6peHCTeAOBCKlllMVI Ill flblOlllCOB

CKlllMlll KlllCflOTaMlll (KlllCflOTHbl8 L\8HTpb1 

6peHCT8AOBCKOro Ill flblOlllCOBCKOro rnnos 

KaranVl3aropos) 111nV1 Kap6KaT1110HaM111 . 

RH + H+ ---> R+ + H
2 

R1H + R/ ---> R/ + R2H 
RH + L ---> R+ + LH, 

rge L - KlllCflOTa nblOlllCa, Hanp111Mep, 

AIC/
3

. 



3rn peaKL\ltlltl ltlHltll.\ltlltlpOBaHltls:I KpeKltlH
ra KltlCnOTHblMltl L\8HTpaMlt1 (6peHCTe,QOB
CKOro lt1 nblOltlCOBCKOro rnna) KaTanlt13aTO
poB 1t1rpa10T Ba>KHYIO ponb Ha HaYanbHblX 
CTa,Qltls:IX npOL\8CCa. 

Kamanumu'lecKuil KpeKUH2 . anKa
HOB. nepBltlYHblM aKTOM np1t1 Kp8Klt1Hre 
anKaHOB s:isns:iercs:i 06pa3osaH1t1e Kap6-
KarnoHa (1t1Hlt1L\ltlltlpOBaH1t1e npOL\8CCa). 

+ 
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Ha1t16onee np1t1Hs:ira rnnore3a, ocHosaH
Has:i Ha o6pa30BaHltllt1 Kap6eHlt18BblX ltlO
HOB lt13 onecp1t1HOB, o6pa3YIOLlllt1XCs:I npltl 
repM1t1YeCKOM pacna,o,e s ra3os0Vi cpa3e, 
8 KltlCnOTHblX L\8HTpax 6peHCTe,Qa. 06pa-
3YIOLl.llt18Cs:I onecp1t1Hbl np1t1coe,o,1t1Hs:i10T 
npOTOHbl, HaXO.Qs:lll.llt18Cs:I Ha KaTanlt13aTO
pe (L1eHTpb1 6peHcre,o,a), 1t1 npespall.lalOT
cs:i s Kap6KarnOHbl 

RCH = CH
2 

+ H+ A ----> RCHCH
3 

+ A 

06pa3osasw1t1Vics:i ltlOH Kap6eH1t1s:I 0Tpb1Baer rn,o,pltl,QltlOH OT MOneKynbl ltlCXO,QHOro an

KaHa: 

+ + 
RCHCH

3 
+ CH

3
CH

2
CH

2
CH

2
CH

2
CH

2
CH

3
----> RCH

2
CH

3 
+ CH

3
CH

2
CH

2
CH

2
CH

2
CH

2
CH

2 

,Qanee peaKL\ltls:I pa3s1t1saercs:i no L1en
HOMY nyrn. 06pa3osasw1t1Vics:i 1t10H Kap-
6eH1t1s:i no,o,sepraercs:i ~-pacna,qy c 06-
pa3osaH1t1eM He6onbw1t1x Kap6KarnoHos 
Iii ra3006pa3HblX a-onecp1t1HOB. np1t1 3TOM 
O,QHOBpeMeHHO nporeKalOT peaKL\ltlltl lt130-
M9plt13al.\ltllt1 Kap6eHlt18BblX ltlOHOB. 

V130Mep1t13al.\ltls:I npo1t1CXO,Qlt1T KaK nyreM 
nepeMell.leH1t1s:i rn,o,p1t1,o,1t10Ha (1t130Mep1t13a
L\ltls:I 3aps:i,o,a), TaK 1t1 np1t1 nepeMell.leH1t11t1 Me
rnnaH1t10Ha (cKenernas:i 1t130Mep1t13aL11t1s:i). 
Tenno, Bb1,o,ens:i10ll.leecs:i np1t1 1t130Mep1t13a
L11t11t1, 3arpaY1t1saercs:i Ha pacll.lenneH1t1e. 
npespall.leH1t1e nporeKaer no cxeMe: 

+ + 
CH

3
CH

2
CH

2
CH

2
CH

2
CH

2
CH2 ____, CH3CH2CH2CH2CH2 + lcH2=CH2 I 

1 i 
+ + 

CH
3
CH

2
CH

2
CH

2
CH2CHCH3 ----> CH3CH2CH2CH2+ lcH2=CHCH3 1 

1 i 
+ 

CH
3
CH

2
CH

2
CH

2
CHCH

2
CH3 

Bb1c0Kas:i cKopocrb 1t130Mep1t13aL11t11t1 1t10-
Hos np1t1so,o,1t1T K roMy, YTO 3rnneHa - npo
AYKra pacna,o,a neps1t1YHoro Kap6Karno
Ha - 06pa3yercs:i oYeHb Mano. 

+ 
____, CH3CH2CH2 +ICH2=CHCH2CH3 I 

CKenernas:i 1t130Mep1t13aL11t1s:i ,o,aer npo
AYKTbl c pa3sersneH1t1eM yrneso,o,opo,o,Ho
ro cKenera: 

+ + 
CH

3
CH

2
CH

2
CH

2
CHCH

2
CH

3 
=+ CH3CH2CH2CH2CH (CH3 ) CH2 

1 i 
+ + 

CH
3
CH

2
CH

2 
+ lcH

2 
= C(CHJ2 ! <--- CH3CH2CH2CH2C(CH3 ) CH3 



Yepe.QosaH111e 3K30TepM111YecKoC1 11130-

Mep1113aL1111111 111 3H,[\OTepM1!1'-leCKOro ~-pac

na,Qa npo,Qon>KaeTcs:t AO 06pa300aH111s:t 

Kap6KaTl/IOHOB, CO,Q8p>Ka1.11111x 3-5 aTOMOB 

ymepo,qa . Tennosoill 3cpcpeKT 11130Mep111-

3al\111111 3Tl/IX 1110HOB y )f(e He KOMneHc111pyeT 

3aTpaT renna Ha pac1.11en118Hll18. no3TOMY 

Kap6KaTl/IOHbl C
3 

- C
5 

nocne 11130M8pll13a

L\111111 OTpblBalOT r1!1,QP111A1110H OT MOJ18KY1lbl 

111CXO,QHOro ymeBO,QOpO,Qa: 

+ + 
CH

3
CH

2
CH

2 
____, CHpHCH

3 

+ + 
CH

3
CHCH

3 
+ CH

3
CH

2
CH

2
CH

2
CH

2
CH

2
CH

3 
j___, CH

3
CH

2
CH

3
j + CH

3
CH

2
CH

2
CH

2
CH

2
CH

2
CH

2 

3aTeM Beeb L\111KJ1 npOL\8CCa nOBTOps:teTCs:t. 06pb1B 1..1en111 np0111CXO,Q111T np111 BCTpeYe 

Kap6KaTl/IOHa c aHl/IOHOM KaTaJ11/13aTOpa: 

+ 
CH

3
CHpH

2 
+ A____, CH

3
CH

2
CH

2
A 

nepsas:t CTa,Ql/ls:t - OTpbiB r1!1,Qp1!1,Ql/IOH8 

OT anKaHa - npoTeKaeT 6blCTpee B TOM 

cnyYae, ec11111 r1!1,Qp1!1,Ql/IOH OTpb1Ba8TCs:t 

OT Tp8Tl!14HOro ymepO,QHOro aTOMa. no-

3TOMY CKOpOCTb KpeKl/IHra pa3B8TBJ18H

HblX anKaHOB BblW8, 4eM HOpManbHblX. 

BMecrn c rnM 111 pacna,Q 1110Hos Ha1116011ee 

nerKO 111,QeT c OTU18nJ18Hl/l8M Tp8Tl!14HblX 

Kap6KaTlllOHOB , B p83YJlbTaT8 Yero B npo

AYKTaX pacna,Qa HOpManbHblX anKaHOB c 

41/1CJ10M aTOMOB ymepo,Qa 4eTblpe 111 60-

nee npeo611a,Qa10T 11130CTPYKTYPbl. 

CKOpocTb Karn11111T1114ecKoro KpeK111H

ra anKaHOB Ha O,Qll1H-,QBa nops:t,QKa BblWe 

CKOpOCTl/I 111X TePMl/148CKOro Kp8K111Hra . 

KaTamtntYeCKHH KpeKHHr ~HK11oa11-

KaHoe. CKOpocTb Karn11111T1114ecKoro Kpe

Kl/IHra lll/IKJl08JlK8HOB 6Jlll13Ka K CKopocrn 

KpeKl/IHra anKaHOB c paBHblM 4111CJ10M 

aTOMOB ymepo,Qa vi y0e1111141110aeTcs:t 

1) 

np111 Ha111114111111 TpeTll14HOro aToMa yme

po,Qa. 

CTa,Q111s:t 111HVIL\111111posaHvis:t - B03Hll1KHO

seH111s:t Kap6KaTl!IOHOB - ,QJls:t HaCblUl8H

HblX anKaHOB 111 L.1111KJlOaJlK8HOB npoTeKaeT 

O,Q111HaKOBO. 3a CY8T T8pMll148CKOro Kpe

Kll1Hra B03Hll1K88T H860JlbWOe KOJ111148CTBO 

anKeHos, KOTOpb1e, np111coe,QV1Hs:ts:t npo

TOH OT KaTa111113arnpa, npe0pa1.11a10Tcs:t s 

Kap6KaTl/IOHbl. 

06pa30BaBWll18Cs:t 1110Hbl Kap6eH111s:t OT

pblBalOT r1!1,Qpll1,Q1110Hbl OT MOJ18KY11bl l..IVIK

JlOanKaHa . 0TU1enneH111e rn,Qpll1,Qll10Ha OT 

TpeTl!IYHoro ymepo,QHOro arnMa nporn

KaeT nerYe, 48M OT BTOpV14HOro, n03TOMY 

my6111Ha KpeK111Hra B03pacrneT c yse11vi4e

H111eM 41/1CJla 3aMeCT1!1TeJleill B KOJlbl..18. 

Pacna,Q 1..1111KnoreKc11111bHoro vioHa MO

>KeT npo111cxo,Qll1Tb ABYMs:t nYTs:tM111: 1) c pa3-

pb1BOM KOJlbl..la; 2) 6e3 pa3pb1Ba KOJlbl..18. 

R 

6 O
R' R' 

+ I 
- - ...:..... CH 2 - CH 2 - CH 2 - CH 2 - C = CH 2 

np111 pa3pblB8 [3-C-C CBs:t3111 o6pa3yeTCs:t aJlK8Hll1JlbHblill 1110H , KOTOpbliil nerKO 11130M8-

p1113yeTCs:t a 1110H a11n11111bHoro Tl/Ina : 
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+ + 

nocrre,QHJ..1111 MO>KeT p8Cll.\9n"1TbC51 no P-npa8"1fly, OTOpBaTb r"1,Qp"1,QJ..10H OT "1CXO,QHOro 

yrrreso,qopo,qa 1,.1rr1,.1 nepe,qaTb npoTOH MorreKyrre arrKeHa 1,.1rr1,.1 Kararr1,.13arnpa. 

np1t1 Kp9Klt!Hf9 no 3TOMY nyrn 1'13 rDMO

noroB W1t1KfloreKcaHa 06pa3y10TC5l arrKe

Hbl It! ,Qlt19Hbl. 

R 

6 
3TOT nyTb 3HepreTW-l9CKltl BblrD,QHee, 

4eM pacna,q no C-C CB5131tl (1 ). 
L\1t1Kf108flK9Hbl KpeK1t1py10TC5l 6blCT-

pee, 49M W1t1KrroarrKaHbl, co 3Ha41t1Teflb

HblM BblXO,QOM apeHOB. 

Bb1xo,q apeHos ,qocrnraer 25% 1t1 60-

nee OT npo,qyKTOB npespall.\eH1t1s:i W1t1Kno

reKcaHos, a ra3bl KpeK1t1Hra W1t1KnoanKeHos 

co,o,ep>KaT nOBblWSHHOe no cpaBH9Hlt!IO c 

ra3aMltl KpeKlt!Hra anKaHOB KOn1t14eCTBO 

eo,o,opo,qa. 

L\lt!KflOneHTaHbl B ycnOBltls:lX KaTanlt!TVl-

48CKOro KpeK1t1Hra 6onee ycrniilY1t1Bbl, YeM 

L.\111KnoreKC8Hbl. np1t1 H8nW-tltlltl ,Qnlt!HHblX 

6oKOBblX weneill s MoneKyne W1t1Knoan

KaHa B03MO>KHbl lt130Meplt138Wlt15'l 60KOB0"1 

L1en111 1t1 ,qeanK1t1n1t1posaH1t1e MoneKynb1. 

6111w1t1Kn1t1YecK1t1e W1t1KnoanKaHb1 apo

Mar1113111py10Tcs:i s 6onbweil! creneHVI, c1eM 

MOHOWV1Kfl1t1YecKV1e. TaK, npVI KaTanVITVIYe

CKOM KpeK1t1Hre ,QeKanV1Ha (500 °C) BblXO,Q 

2) L\1t1KnoreKCltlflbHbliil lt!OH MO>KST ne

pe,QaTb npoTOH arrKeHy 1t1rr1t1 Kararr1t13aTO

PY 1t1 npesparnTbC51 B W1t1KrroarrKeH: 

R 

0 
apeHOB cocrasns:ieT ::::::33% Ha npespa

ll.\SHHblill ,o,eKan1t1H. El.I.le 6onbwe apoMa

TV14ecK1t1X coe,Q1t1HeH1t1iil (87 ,6%) o6pa3y

eTC51 np1t1 KpeK1t1Hre B Tex >Ke ycnos1t1s:ix 

TeTpan1t1Ha. 

Kamanumu'"lec«uii «pe«uHa an«e
Hos. AnKeHbl He co,o,ep>KaTcs:i s Hecp

rnHblX cppaKWltls:lX, HO o6pa3ylOTC5'l npVI 

TepMlt!YeCKOM pa3nO>KeHltlltl anKaHOB VI 

WVIKnoanKaHOB, VI 1t1x repM0Karan1t1rnYe

cKV1e npespal.J..leH1t1s:i onpe,o,ens:ilOT cocras 

KOHeYHblX npo,o,yKTOB npowecca. no

srnMy 3aKOHOMepHOCTVI KaTanltlrnYeCKVIX 

npespall.\8HVl"1 anKeHOB B ycnOBltls:lX Ka

Tafllt!TVIYeCKOro KpeKlt!Hra npe,QCTaBfls:llOT 

oco6b1ill 1t1Hrepec. 

CKOpocTb Karan1t1T1t1YecKoro KpeK1t1Hra 

anKeHOB Ha ,QBa-Tpltl nops:i,o,Ka BblWe CKO

pOCTVI Kp8KVIHl3 COOTB8TCTBYIDll.\VIX anKa

HOB, YTO 06bs:JCH5'l8TC5'l nerKOCTbfO o6pa-

30B3HVl5i Vl3 anKeHOB 1<ap6eHV18BblX VIOHOB: 



+ + 

CH2 = CHCH2CH3 + H - CH3CHCH2CH3 + 724 ~MOflb 

nplA nplACOeAIAHeHIAIA npOTOHa K MOfle

Kyne anKeHa o6pa3yeTcH TaKoill }Ke IAOH, 

KaK IA nplA OTL1.1enneH1AIA rn,QplA,QIAOHa OT 

anKaHa, YTO onpe,qenHeT 06Ll.IHOCTb IAX 

peaKWIAill nplA K8T8fllATIAYeCKOM KpeKIAH

re. 

+ 
CH2 = CHCH

2 
+ CH

2 
= C( CH

3
)
2 

Aanee MO}l(eT npo1A3oi11rn IA30Mep1A3a

W1AH 8 wecT1AYfleHHb1i11 WIAKfl IA npe8paL1.1e

H1Ae 8 apeH. 

Kamanumu'/eCKuii KpeKuHa anKun
apoMamu'/ecKux yaneaoiJopoiJoa. 
He3aMell.leHHble apeHbl a ycno81AHX Ka

Tan1Arn1.1ecKoro KpeKIAHra ycrnil1YIA8bl. 

MeT1An3aMeL1.1eHHb1e apeHbl pearnpy10T 

CO CKOpOCTblO, 6fllA3KOil1 K 8flK8H8M. An
Kll1flnpo1113BO,QHble apeH08, CO,Qep}l(8Ll.1111e 

,qaa IA 6onee arnMo8 yrnepo,qa a wenlA , 

KpeKIAPYIOTCH np111MepHO c TaKOill }1(8 CKO

poCTblO, YTO IA anKeHbl. 

KpoMe 06pa3oaaH1AH HIA3WIAX anKa

H08 IA anKeH08, KaT8nlATV1Y9CKIAil1 Kpe

KIAHr anKeH08 npll180,QV1T K o6pa3088Hll1IO 

WV1KnoanKaH08 V1 apeHoa. MexaHV13M 3TV1X 

npowecco8 MO}l(eT 6b1Tb npe,qcrn8neH 

CXeMoill : 

+ 
- CH2 = CHCH2CH2C(CHJCH3 -

CH , -- +0--~H,, 
npll1 KP9KV1Hre anKV1napOM8TV1Y9CKll1X 

yrne80,Q0p0,Q08 6eH30flbHOe KOnbWO He 

3aTparn8aeTcH, Tor,qa KaK 60K08b1e wem1 

80 acex cnyYaHx, KpoMe rnnyona , OT

L1.1ennH10TCH c o6pa3088HV1eM onetj:)1AHa . 

06blYHO cKopocTb KpeKV1Hra 6oKOBblX 

weneill 803pacrneT npll1 nepexo,qe or 

nep8ll1YHOro K 8TOp1AYHOMY IA TpeTVlYHO

MY yrnepo,QHblM arnMaM, coe,Ql!1HHIOL1.11AM 

wenb c KOflbWOM. AnH O.QHOro ll1 rnro >Ke 

rnna npll1C09,QV1H9HV1H CKOpOCTb paCTeT 

npVl y8efll!1YeHV1ll1 ,QflV1Hbl 6oKo8oil1 wenVl . 

0 + 
+C~-CH-CH3 

+ + 
CH3- CH-CH3 -e> CH2=CH-CH3+H 

B cny4ae Mernn3aMeL1.1eHHblX apeHoa 

OTL1.1enneHl!1e Kap6KarnoHa 3Heprern1.1e

CKll1 38Tpy,QH9HO, n03TOMY 8 OCH08HOM 

npornKalOT peaKWll1V1 ,Ql!1cnponopw1AoH1Apo-

8aH1AH IA V130M9pV138Wll11A no nOfl0}1(8Hll1IO 

3aMecrnTeneil1. B cny1.1ae rnnyona ,QOM1A

H1APY10L1.1eilt peaKwlAeilt HBflH8TCH ,QIACnpo

nopwll1oHV1p088Hl!1e 8 6eH30fl IA KCIAflOfl , a 

He KpeKIAHr c OTL1.1enneHl118M M8TaHa . 

nom1Wll1KfllA48CKll18 apeHbl np04HO 

cop6V1pylOTCH Ha K8TaflV13aTOpe V1 noA

aepralOTCH nocrnneHHOiit ,Q9CTPYKW1All1 IA 

nepepacnpe,qeneHl!1IO 80,Qopo,qa c o6pa-

308aH1t1eM KOKCa. 

MaKpoK111Hen1Ka npo4ecca 111 conyT· 
CTBY10l1!111e peaK4111111. Ma«po«uHemuxa 



npo4ecca. Karan111r111YecK111~ KpeK111H~ 
KaK mo6o~ Karan111rnYecK111~ npouecc, 
nporeKaeT B HeCKOnbKO CTa,[\111~ : Cblpbe 
nocrynaer K nosepxHocr111 Karan1113aro
pa (sHeWHs:ls:l ,q111cj::>cj::>y3111s:i), npOHll1KaeT 8 
nopb1 Karan1113arnpa (sHyrpeHHs:is:i ,q111cj::>
cpy3111s:i), xeMocop6111pyercs:i Ha aKrnBHblX 
L\SHTpax Karan1113arnpa 111 scrynaer s x111-
M111YecK111e peaKL\111111 . .Qanee npo111cxo,q111r 
,[\9COp6L\111s:l npo,qyKTOB KpeK111Hra 111 Henpo
pearnposaswero Cblpbs:i c nosepxHocrn, 
,Q111cpcj::>y3111s:i ero 1113 nop Karan1113arnpa 111 
y.QaneH111e npo,qyKrnB KpeK111Hra 1113 30Hbl 
peaKL\111111. 

ConymcmaylOU{Ue peaK4uu. np111se
,[\9HHbl9 BblWe MaTep111anbl, OTHOCflll.11119Cs:l 
K KpeK111Hry pa3n111YHblX yrneso,qopo,qos , 
CBll1,QeTenbCTBYIOT 0 TOM, YTO Hll1 8 0,0.HOM 
1-13 paccMorpeHHblX cnyYaes He nporeKa
er rnnbKO o,o.Ha peaKu111s:i KpeK111Hra . KaK 
peareHTbl , TaK 111 npo,o.yKTbl scer,o.a no,q
sepratorcs:i He TOnbKO p-pacL11enneH 111 to 
111n111 111HblM 0111,qaM pacna,qa, HO 111 ,o.pyrnM 
npeBpaL11eHll1S1M. K OCHOBHblM conyTcTByto
Ll!l-1M peaKL\111S1M KaTanll1Tl!1YeCKOro Kpe
Kl-1Hra OTHOCS1TCS1: 11130Mep11138l..\111s:l , anK111-
n1-1posaH111e, ,o.111cnponopl..\ll10H111posaH111e, 
L\l-1Kn1113al..\111S1, peaKL\111S1 nepeHoca so,o.opo
.Qa 1-1 KOKC006pa30BaHll1e. 

ff30Mepu3a4u.R. 06pa3ytoL111-1ecs:i 
onecp1-1Hbl npespaL11atorcs:i s cooTBeT-
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CTBYtoL11111e 11130Mepb1 c pa3sersneHHblMll1 
uens:iMll1 . npouecc CKeneTHO~ 11130Mep111-
38L\111111 np1!1BO,Ql!1T K o6pa30B8Hl!1IO Tpe
Tl!lYHblX yrnepO,QHblX aTOMOB, KOTOpble, 
s csoto oYepe,qb, cnoco6crnytoT ycKope
Hll1to KpeKll1Hra 3Tl!1X npo,qyKTOB. 

AnKunupoaaHue - npouecc, nporn
sononO}f{Hbl~ KpeK1.1Hry, l!1 np1.1 reMnepa
rype Hl!1}f{e 400 °C OH .QOMl!1H1!1pyeT Ha,o. 
Kp9Kl!1HfOM ,qns:i 6onbWll1HCTBa 1!1CXO,QHblX 
seL11eCTB. Mo}f{HO rosop111rb o csoeo6pa3-
HOM pasHosec1111.1 npespaL11eHl!1~ rnna 
non111Mep1113au111s:i - ,qenon111 Mep1.13au1.1s:i. 
np111 BblCOl<ll1X TeMneparypax paBHOBe
Cll18 CMeL1188TCs:l 8 CTOpOHY ,o.enOJ1111Me
p1!133L\111111 c o6pa3083Hll18M npo,o.yKTOB c 
KOpOTKO~ l..\enbto, a np1!1 Hl!13Kll1X TeMne
parypax npeo6na,qaer non111Mep1113al..\111s:l 
111 K3TaJ1111Tl!1YeCKOe KOKC006pa3083Hll1e. 
np1!1 Kp8Kll1Hf8 KOpOTKOL..\8nHblX OJlecj::>1!1HOB 
o6pa30B3Hll18 npo,qyKTOB 60JlbWO~ MOJle-
1<yns:ipHO~ MaCCbl o6ycnosneHO 1!1MeHHO 
peaKL\1!1e~ 3JlKll1Jlll1POBaHll1s:l . 

P,ucnponop4uoHupoaaHue. Mo}f{-
HO np111secrn np111Mep peaKL\1!11!1 ,q111c
nponopu1110H111posaH111s:i np111 KpeK111Hre 
6yraHa, nporeKatoL11e~ Yepe3 o6pa30-
saH111e C-C css:13111 Me}f{.Qy Kap6eH111eBblM 
1110HOM 111 onecp111HOM (aJ1Kll1Illl1pOBaH111e) 
c nocne,qytoll.le~ neperpynn111posKO~ 111 
p-pacL11enneH111eM 6onbwo~ MoneKynb1: 

+ 
CH

3
CH

2
CHCH

3 

CH3 - CH
2 

- CH
2 

- CH
3 

___, CH
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- CH
2 

- CH - CH3 ___, CH3 - CH2 - CH = CH2 ---

H· H+ 
CH

3 
CH3 

+ I + I 
---> CH

3 
- CH - CH - CH - H

2 
- CH

3 
___, CH

3 
- CH2 - C - CH - CH2 - CH3 ---> 

I I 
CH

3 
CH3 

CH
3 

CH3 

I + I + 
---> CH

3 
- CH

2 
- C - CH - CH

2 
- CH

3 
___, CH

3 
- CH

2 
- C - CH

2 
- CH - CH

3 
___, 

I I 
CH

3 
CH3 

+ 
___, CH

2 
= CH - ICH

3 
+ CH

3 
- C - CH2 - CH3 

I 
CH

3 



72 

l.JuKnu3a~u11 f!BmieTcfl xopowo 1t13y
YeHHOil1 peaK1..1V1ei11. 06pa30BaHVle l.IVIKnVl
YeCKVIX yrneBOAOPOAOB CBfl3blBaeTCfl c 
npVICYTCTBVleM onecpVIHOB B peaKl..IVIOH
HOill CMeCVI. nocneAYIOll.\ee AerV1,D,pV1pO
BaHV1e o6pa3YIOll.\VIXCfl wecrnYneHHblX 
l.IVIKnOanKaHOB npVIBO,D,VIT K apeHaM . 

PeaK~UR nepeHoca eoaopoaa ocy
ll.\eCTBnfleTcfl Me>K.Qy Kap6KarnoHaMV1 
VI HeKoTOpblMVI yrneso,o,opo,qaMVI. Ee 
CKOpOCTb 3aBVICVIT OT CTpOeHVlfl yrneso
AOPOAHOlll MoneKynb1, pearnpy101..L1eil1 c 
Kap6KaTVIOHOM . ll13-3a Toro, YTO Kap6e
HVl8Bble VIOHbl nerKo neperpynnVlpOBbJBa
IOTCfl, CKOpOCTb peaKl..IVIVI nepeHoca BO,QO
POAa He 3aBVICVIT OT CTpOeHVlfl VICXO,QHOro 
Kap6eHV1esoro VIOHa . KaK 6b1no paHee 
OTMeYeHO, 3Ta peaKl..IVlfl VlrpaeT Ba>KHYIO 
ponb B 1..1enHOM nepeHoce 3apf!Aa npVI 
KaTanVlrnYeCKOM KpeKVIHre VI yyacTByeT s 
pa3BVITVIVI 1..1enV1: 

+ + 
R- CH + H- R'----> R- CH + R' 2 3 

nepe,qaYa BOAOPOAa OT H8KOTOpblX 
onecpVIHOB, a,qcop6V1pOBaHHblX Ha KVIC
nornolll nosepxHocrn, npVIBOAVIT K nocne
AYIOll.\VIM npespall.\eHVlf!M A8r1t1ApV1posaH
HblX npOAYKTOB, KOTOpbie Hecnoco6Hbl 
Aecop6V1posaTbCfl c aKTVIBHblX 1..1eHTpos, 
VI B VITOre K o6pa30BaHVllO KOKCa Ha no
sepXHOCTVI KaTanVl3arnpa. HecoMHeHHO, 
,qerV1.QpV1posaHV1e VlrpaeT sa>KHYIO ponb s 
npo1..1ecce KOKcoo6pa3oBaHVlfl Ha Kararn11-
3aTope KpeKVIHra. 

KoKcoo6pa3oeaHue. npVI OCYll.\8CTB
neHVIVI scex peaKL1Vlil1 yrneBOAOPOAOB Ha 
KVICnOTHblX KaTanVl3aTOpax 06pa3yeTC5l 
yrnepOAVICTblill MaTepVlan, Ha3b1Ba8Mblil1 
KOKCOM, KOTOPblill He ,qecop6V1pyeTC5l c 
nosepxHOCTVI npVI o6pa6oTKe KaTanV13a
rnpa a30TOM VlnVI napoM. 3TOT MarepVlan 
VIMeeT aTOMHOe OTHOW8HVl8 BO,Qopo,qa 
K yrnepOAY OT 0,3 AO 1,0. 

YcTaHosneHo, YTO npVI KpeKVIHre Ha 
KaTanV13aTope npoTeKalOT peaKU1t11t1 KOH-

A8HCaL1V1V1 , anKV1nV1posaHV15l , L1V1KnV13aL1V1V1 
VI apoMarn3aUVIVI, B KOHL.18 KOHL.108 npVl
BOAflll.\Vl8 K o6pa30BaHVllO KOKCa nyreM 
nepe,o,aYVI so,o,opoAa K ra3006pa3Hb1M 
onecpVIHaM. ll13yYeHVle MexaHVl3Ma orno
>KeHVlf! KOKCa c VICnonb30BaHVleM VIH,QVl

BVIAY8nbHblX yrneBOAOpo,o,os no3sonVl
no onpeAenVITb, YTO HeKOTOpb18 Vl3 HVIX 
VIMelOT BblCOKYIO cnoco6HOCTb K KOKCO
o6pa3088HVllO. MHorof!.QepHble apoMa
rnYeCKVle COeAVIH8HVIS'l , onecpVIHbl VI 
nonV1onecpV1Hb1 o6pa3yfOT 6onbwee Ko
nVIYeCTBo arnro npo,qyKTa, YeM HacpreHbl 

VI napacpVIHbl. 
Ha ocHosaHVIVI VIMefOll.\VIXCfl AaHHblX 

MO>KHO 3aKnfOYVITb, YTO KOKC006pa3osa

HV1e s:lBnf!eTCfl HeAOCTaTOYHO Vl3YY8HHblM 
npo1..1eccoM He TOnbKO Vl3-3a 6onbworo 

pa3H006pa3Vlfl yYaCTBYfOll.\VIX B HeM pe
aKL1Vlil1 . TepMUHOM «KOKC» o6o3HaL1a10m 
pa3nU'-IHbte HeonpeaeneHHbte Hede
cop6upy10~uec11 ee~ecmaa, Komo
pbte noRanR10mcR Ha Kamanu3amope 
npu KpeKuH2e. OcHOBHoe 3aKnfOYeHVle, 
KOTOpoe MO>KeT 6b1Tb c,qenaHO, COCTOVIT 
B TOM, YTO KOKCOo6pa30BaHVle BKnlOYaeT 

nepeHoc BOAOPOAa OT YaCTVILI nosepx
HOCTVI K ra3006pa3HblM OnecpVIHaM. no-Bltl

,QVIMOMy, onecpVIHbl - ,QOMVIHVIPYfOll.\lt18 
COeAVIHeHVlfl, KOTOpble a,o,cop6V1pyfOTCs:J 

Ha nosepXHOCTVI VlnVI nonVIM8pV13YIOTCs:J 
VI B CVlny 3TOro s:lBflflfOTCS'l VICTOYHVIKOM 80-

AOPOAa. pacxo,qyeMoro Ha HaCblll.\eHVle 
Apyrnx onecpVIHOB, a TaK>Ke VICTOYHVIKOM 

yrnepo,qa, nepeXOAS'lll.\ero B KOKC. >=!CHO, 
YTO MHoros:i,qepHbJe apoMaTV1YeCKV1e coe
AV1HeHV1s:i VI Apyrne rn>Kenb1e HeAecop6V1-

PYf01..L1V1ecs:i Yacrnub1 TaK>Ke BHOCS'IT srna.Q 
s 06pa3osaHV1e MarepV1ana, Ha3b1saeMo
ro KOKCOM. 

Kamanu3amopb1 KpeKuH2a. 06ll.\e

Vl3secTHO, YTO Aflfl KpeKVIHra yrneBOAOPO
AOB cneAyeT npVIMeHf!Tb KVICflOTHbJe Ka
TaflVl3aTOpbl, cnoco6Hb1e o6pa30BblB8Tb 
Ha csoelll nosepxHocrn Kap6KarnoHbl. 



Mo)f{HO, Hanp111Mep, 111cnonb30BaTb pac

rsopbt c111nbHblX K111cnor. 0,qHaKo npo6ne

Mbt KOpp03111111, cnO)f{HOCrn pa3,qeneHll151 

cpa3 111 Bb1,qeneH111>1 Karan1113aropa ,qena10r 

)f{ll1.QKocjJa3Hbtiit, 111n111 roMoreHHbtiit, Kara

n111rnYeCK111iit KpeK111Hr npaKrnYecK111 He

np111eMneMbtM. 

6onee y,qaYHblM oKa3anocb np111Me

HeH111e rereporeHHbtX Karan1113aropos 

K111cnornoro xapaKrepa. nepsb1M111 re

reporeHHblMll1 Karan1113aropaM111, 111c

nonb30BaHHbtM111 ,qn>1 KpeK111Hra, 6b1n111 

np111pO.QHbl8 rnll1Hbl (aMopcjJHbl8 an10MO

c111n111KaTbl). K CO)f{aneH11110, HecMorp>1 

Ha 111X aKrnBHOCTb, 3Tlt1 Karan1113aTOpbi 

6blCTpO ,qeaKrnB111posan111cb, 111 TOnbKO 

pa3pa6oraHHbtiit n03)f{e cnoco6 Henpe

pbtBHOiil pereHepaL.\111111 nyreM Bbt)f{111raH111>1 

ornara10ll.\eroc>1 KOKca n03son111n co3,qarb 

npOMbtWneHHYIO TeXHOnOrlt1IO. np111po,Q

Hbl8 rnll1Hbl - aMopcjJHbl8 an10MOC111n111Ka

Tbl rnna MOHTMOp111nOHll1T (Al203 • 4Si02. 
H

2
0 + n H

2
0), oKa3an111cb ratoKe repM111-

4ecK111ManoycroiitY111BbtM111. 

Bnocne,qcrn111111 3HaY111renbHb1e yc111n111>1 

6b1n111 HanpasneHbt Ha cosepweHcrnosa

H111e Karan1113aropos. BcKope 6btno 06-

Hapy)f{eHo, YTO 111CKYCCTB8HHbl8 rnll1Hbl, 

TaK111e KaK aMopcjJHble Cll1HT8Tlt1Y8CKll18 

KOM6111Hal.\111111 OKCll1,QOB Kp8MHll151, an10-

Mll1Hll15l, MarHll151, L\111PKOHll151 111 T.n., TaK)f{8 

06na,qa10T aKrnBHblM111 Karan111rnY8CKll1Ml1 

csoiitcrsaM111. Xorn c111HrernYecK111e c111-

n111Karb1 6onee ,qopor111, YeM np111po.QHb1e 

Marep111anb1, OHll1 111M8IOT nOBblW8HHYIO 

aKrnBHOCTb 111 no3son>110r nonyYaTb npo

AYKTbt nyYwero KaYecrna. 

B HaCTO>lll.\88 speM>1 np111po.QHbte 

aMopcjJHbte an10Moc111n111Karb1 npaKrnYe

CKll1 nonHOCTblO BblT8CH8Hbl Cll1HT8Tll1Y8-

CKll1M111, TalOKe aMopcjJHblMll1 B8ll.\8CTBa

Mll1. 8 111X COCTaB BXO,Qll1T 10-30% A/
2
0

3
, 

90-70% Si0
2 

111 He6onbwoe Kon111Yecrno 

,qpyr111x 0K111cnos (Fe
2
0

3
, Cao 111 ,qp.). 
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AMopcjJHbte an10Moc111n111KaTHb1e Ka

ran1113aropb1 He 111M810T ynop51,QOY8HHOVt 

crpyKrypbt. Vix crpyKrypa npe,qcrasn>1-

er co6oiit 6ecnop>1.QOYHY10 rpexMepHy10 

C8Tb 1113 B3a111MOCB513aHHblX rerpa3,Qpll1Y8-

CKll1X OKCll1,QOB KpeMHll151 111 anlOMll1Hll151. 

AanbHeiitw111iit no111cK onr111ManbH~x 

Karan1113aropos noKa3an, YTO Ha1116onee 

aKrnBHbtM111 111 ceneKrnBHblMll1 Karan1113a

ropaM111 KpeK111Hra >1Bn>110rc>1 Kp111crann111-

YecK111e an10MOC111n111KaTbl - np111po,QHbl8 

111 Cll1HT8Tlt1Y8CKll18 L\80nll1Tbl. 

Kpucmannu"lecKue an10MocunuKa
mb1 (l.{eonumbt). L!eon111Tbt npe,qcrasn>1-

10T co6oiit Kp111crann111YecK111e an10Moc111n111-

Karb1. 0,QH111M 1113 3aMeYaTenbHblX CBOVtCTB 

L\80nll1TOB >1Bn>1eTC5l Han111Y111e B Hll1X onpe

,qeneHHOVt Kp111crann111YecKoiil crpyKTypbt 

c BHyrpeHHll1Mll1 nopaM111 MoneKyn>1pHbtX 

pa3Mepos, n03TOMY OHll1 Ha3btBalOTC51 

ratoKe MoneKym:ipHbtM111 c111raM111. L!eon111-

Tbt Moryr 111M8Tb cnO)f{HOe BOnOKHll1CTOe 111 

rpexMepHoe crpoeH111e. An>1 a,qcop6L1111111 

111 Karan1113a Ha1116onbw111iit 111Hrepec npe,q

crasn>110r nocne,qH111e. 

KapKac L1eon111ros nocrpoeH 1113 rer

pa3.Qpos OKCll1,QOB Kp8MHll151 111 anlOMll1-

Hll151, KOTOpbte MOryT o6pa30BblBaTb pa3-

nll1YHbl8 non1113,qpb1. l/13 3rnx non1113,qpos 

ynaKOBblBalOTC>l 3n8M8HTapHbl8 51Y8VtKll1 

L\80nll1TOB. Vl3B8CTHbl L\80nll1Tbl pa3nll1Y

HblX rnnos. T111n, K KOTOpOMY OTHOCll1TC51 

,QaHHblVt L\80nll1T, 3a8111Cll1T OT crpyKTypbi 

Kp111crann111YecKoiit pewerK111 111 ero x111M111-

YecKoro cocrasa. B 06ll.\eM s111,qe cocras 

L\80nll1TOB MO)f{HO Bbtpa3111Tb cne.QYIOU.\8Vt 

cjJopMynoiit: 

r,qe M - KarnoH Meranna, n - saneHr

HOCTb 3n8M8HTa, x - COOTHOW8Hll18 OKll1C

noB KpeMH111>1 111 an10M111H111>1. B ra6n111L1e 

3.1 np111B8,Q8Hbl 3HaY8Hll151 x ,Qn>l L\80nll1-

TOB pa3nW-IHblX rnnoB. 
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Ta6nuua 3.1 

0THOWeH111e OKlllCflOB KpeMHlllff Ill amOMlllHlllff 

(x) e '-'eon111Tax pa3nlll"IHblX T111noe 

T1-1n 
A x y Wap-6a31-1r 

L\80Jli.1Ta 

Si02 2 2-3 3-6 3-6 
Alp3 

B TeTp83Apax KpeMH111iil 111 antoM1t1-

H1t1iil xapaKTeplit3YIOTCH TeTp83APlitY8CKOiil 

sp3 r1t16p1itAlt138L\1t18iil. nocKOnbKY 8TOMbl 

antoMltlHlitH 3apH>KeHbl OTP1t1L1aTenbHO, 

TO lt136blTOYHbliil 38PH.Q KapKaca L\80-

nlitTa KOMneHClitpyeTCH nonO>KlitTenbHO 

38pH>K8HHblMlit K8TlllOH8Mlit. no3TOMy B 

3neM8HTapHOiil HYeiilKe Ylitcno O,QHOB8-

n8HTHblX K8TlllOHOB paBHO Yltlcny 8TOMOB 

antoM1t1H1t1H . 3T111 na61t1nbHb1e KaTl!IOHbl 

MOryT o6MeHltlB8TbCH np1t1 KOHTaKTe L\80-

nltlTa c paCTBopaMlit ,qpyr111x K8Tlt10HOB. 

TaKoiil ltlOHHbliil o6MeH no3BOnH8T lt13Me

HHTb KlitCnOTHOCTb lit 8KTl!1BHOCTb L\8HTpOB 

L\80nlitT8. 

B HaCTOHLl.\88 speMH rnnbKO L\80n1t1-

Tbl Tlitna x lt1 y lt1CnOnb3YIOTCH B KaYecrne 

npOMblWneHHblX KaTanlit38TOpOB KP8KlitH

ra. OH1t1 MoryT 6b1Tb npe,qcrnsneHbl cpop

MynaM1t1: 

NapAIPSi192-po384 . gH20, 

r,qe p - lt13M8HH8TCH OT 96 ,QO 7 4 ,QnH x lt1 

OT 74 ,QO 48 ,QnH Y, a g - CHlit>K88TCH OT 

270 ,qo 250 np1t1 yMeHbWeH1t11it co,qep>Ka

HltlH antoMlitHlitH. 

KaK ynoMlitHanocb Bb1we, OTPlitL1a

rnnbHbl8 38pH,Qbl Ha T8Tpa3,QplitY8CKlit 

KOOp,QlitHlitpOB8HHblX 8TOM8X antoMlitHlitH 

KOMneHc1t1pytoTCH K8Tlt10H8Mltl (B ,Q8HHOM 

cnyYae lt10H8Mltl H8Tp1t1H), KOTOpble pac

nonaratoTCH BOKpyr K8>K,QOro 8TOM8 anto

MltlHlitH . 6naro,qapH litX cnoco6HocT1t1 K 

o6MeHy B03MO>KHO nonyYeHlite L\80nll1TOB 

c KlitCnOTHOCTblO, KOTOpas:i ,qenaeT 111X np111-

ro,QHblMl!I ,qns:i l!ICnOilb30B8Hl!ls:I B K8Y8CTBe 

K8T8Jll!138TOpOB Kp8Kl!1Hra. 

3pi.10H"1T 0Mera L 
Mopge-

ZSM-5 
H"1T 

6-7 6-8 5,2-7 10 25-1000 

npupoda KUCflOfflHblX 4eHmpoe 6 
4eonumax. ComacHo cospeMeHHblM 

npe,QCTaBJ18HltlHM, KaTanl!ITl!1Y8CKlit 8KTl!1B

HblMll1 B peaKL\litlit KpeK111Hra s:isns:itoTcs:i KlitC

noTHble L\8HTpbl 6peHCT8,Q8 111 nbtolitCa. 

K1t1cnoTHb1M111 L\8HTpaM111 6peHcrn,qa s:is

nHtoTcs:i rlit,qpoKclitnbHble rpynnb1 L1eOnlitT

Horo KapKaca litn111 MoneKynb1 BO.Qbl, .QlitC

coL1111111posaHHb1e B none MHOro3aps:iAHblX 

KaTl!IOHOB. 

L1eon111Tb1 rnna X 111 Y, co,qep>Kal.l.llite 

1110Hbl HaTplitH (LleOnlitTbl NaX 111 NaY) , He

aKrnBHbl B peaKL\litlit Kp8KlitHra, TaK KaK Ha 

litX nosepxHOCTlll nonHOCTblO OTCYTCTBy

IOT clitnbHble KlitcnoTHble L\8HTpb1. Cne

.QOBaTenbHO, ,QnH nonyYeHlits:I aKTl!IBHblX 

KaTanlt13aTOpOB KpeKlitHra Ha 6a3e 3TlllX 

L\80Jlll1TOB Heo6XO,Q111MO C03,QaTb y HlitX 

CltlnbHble KltlCnOTHble L\8HTpb1. 3Ta 3a,qa

Ya pewaeTCH nyrnM o6MeHa H8KOTOpO

ro KOnlitYecrna 111CXO,QHblX 1110HOB HaTp111s:! 

Ha npornHbl litnlit ,qsyx-, TpexsaneHTHbl8 

litOHbl. npOL\8CC 06MeHa npOTeKaeT nerKO 

lit nlitMlitrnpyeTCH TOnbKO ,q111cpcpy3111eiil. 

Llrn6b1 nonyYlitTb Karnn111T111YeCKlit a1<

rnBHb1e L\80nlitTbl HX lit HY, Heo6xo,qlitMO 

o6MeHs:!Tb ltlOHbl H8Tp1t1s:i Ha npoTOHbl. Ta

Koiil o6MeH o6biYHo ,qocrnraeTcs:i 3aM8-

Hoiil VlOHa HaTplitH Ha litOH aMMOHVls:I, TaK 

KaK nps:iMoe B03.Qeiilcrn111e c K1t1cnornilt 

(H2S0
4

, HG/) pa3pywaeT Kp111crnnnlitYe

cKyto peweTKY L1eon111rn. Karnn1113arnp 

,qanee npoKanlitB8IOT nplit BblCOKOVt TeM

nepaType, nplit 3TOM y,qans:ieTCs:I aMMlitaK, 

a OCTaBUJllliilCs:! npOTOH 3aHl!IM88T M8CTO 

l!ICXO,QHOro l!IOHa HaTpl!ls:!. 
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H+ 
300-500°C 

-O, - ,0, ,,O- -O, - ,0, ,,0-
,Al Si, ---- _Al Si, -o \ I O- -o 'o Q o-

+ NH3 

?? I I 

5onee 06LL11t1il1 cnoco6 np1t1rornsneH1t1s:i 
1..1eon1t1TOB, 06na,o,atoLL11t1X Karan1t1rnYecKoil1 
aKrnBHOCTbto, 3aKntoLJaeTcs:i s o6MeHe 
1110Hos HaTp1t1s:i Ha ,o,syx- 1t1n1t1 TpexsaneHT
Hble KaTltlOHbl 1t1 HarpesaH1t11t1 nonyLJeHHO
ro Marep1t1ana ,o,o TeMnepaTypb1 > 300 °C. 
AKTlt1BHOCTb TaK1t1x 3aMeHeHH~x 1..1eon1t1-
TOB nepBOHaLJanbHO o6bs:tCHs:tnlt1 B3alt1MO
,Qeil1cTBlt1eM 3neKTpocrarn4ecK1t1X nonei/1 
s6nlt13lt1 KaTltlOHOB c o6pa30BaHlt10M Kap6-
KaTlt10HOB nyreM nons:ip1t13al.\1t11t1 css:i31t1 
C-H pearnpytoLL1eil1 MoneKynb1 yrneso,o,o
po,o,a. 3ra rnnore3a renepb nonHoCTbto 
orseprnyra , 1t1 s HacTOs:tLL1ee speMs:t C4lt1-
ratoT, LJTO non1t1saneHTHb1e KarnoHHble 
cpopMbl 1..1eon1t1rns o6pa3ytoT K1t1cnoTHb1e 
1..1eHTpbl, lt1,D,eHTlt14Hble TeM, KOTOpble lt1Me
IOTCS'I s H-1..1eon1t1rax. nonaratoT, LJTO 06pa-
3osaH1t1e no,o,o6HblX Klt1CnOTHblX 1..1eHTpOB 
npo1t1cxo,o,1t1T 6naro,o,aps:i pacLL1enneH1t1to 
BO,D,bl, css:i3aHHoil1 c non1t1saneHTHblM1t1 Ka
T1t10HaM1t1 : 

2+ - + 
Me ... (OH) ... H 

-0,
1
\t'o'si'o-

-o- \ I 'o-
00 
I I 

Ha npaKrnKe 3TO 03HaLJaeT, LJTO coor
HoweH111e Y1t1cna 1..1eHrpos 5peHcre,o,a 111 
nbtoll1Ca T8K >Ke, K8K V1 BCe KaTanV1Tlt1Ye-

06LL1ee Y1t1cno o6pa3ytoLL11t1xcs:i npo
TOHHblX 1..1eHTpOB 38Blt1Clt1T OT CT0Xlt10MeT
plt1lt1 o6MeHa, cnoco6HOCTlt1 KaTltlOHOB 
1..1eon1t1ra K o6MeHy, cTeneH1t1 o6MeHa 1t1 
crpyKTypbl Kp1t1crann1t1YecKoil1 peweTK1t1 
1..1eon1t1ra. 

,IJ,ns:i 01..1eHK1t1 Karan1t13arnpa Ha1t16onee 
Ba>KHbl Tplt1 cj:>aKTopa, OTHOCS'll.Lllt10Cs:t K aK
Tlt1BHblM 1..1eHTpaM: Ylt1Cno 1..1eHTpOB B e,o,1t1-
Hlt1L\e MaCCbl, COOTHOWeH1t1e 4lt1Cna 1..1eHT
pos 5peHCTe,!J,8 lt1 nbtolt1Ca lt1 Klt1CnOTH8s:t 
c1t1na 1..1eHrpos Ka>K,D,oro rnna. 

CoornoweH1t1e LJ1t1cna 1..1eHTpos 5peHc
re,o,a lt1 nbtolt1Ca 38Blt1Clt1T OT ycnOBlt1il1 
npe,o,sap1t1renbHOi11 06pa60TK1t1 1..1eon1t1ra. 
06blYHO Harpes Karan1t13arnpa ,o,o reM
nepaTypbl :0::700 °C np1t1BO,!J,lt1T K lt1CY03HO
BeHlt1IO 1..1eHTpOB 5peHcre,o,a nplt1 O,D,HO
speMeHHOM ysen1t1YeH1t1lt1 Ylt1Cna 1..1eHTpOB 
nbtolt1Ca. 3Tlt1 npespaLL1eH1t1s:t conp080}1{
,!J,8IOTCs:t OTLL1enneH1t1eM 80,!J,bl, lt1 ecn1t1 KO
HeYHas:t reMneparypa He npesb1waer yKa-
3aHHoil1 senlt1Ylt1Hbl , TO 1..1eHTpbl 5peHCTe,Qa 
MO}l{HO pereHep1t1posaTb nyreM ,Qo6asne
Hlt1s:t BO,Qbl np1t1 Hlt13Koil1 reMnepaType. 3rn 
npespaLL1eH1t1s:t cxeMarnLJeCKlt1 MO}l{HO 1t13o-
6pa31t1Tb cne,Qy10LL11t1M o6pa3oM: 

-l-bO " - 0 + 
'A( 'Si 

/ \ /\ 

CKltle csoil1crna, CBS'l38HHbl0 c 3Tlt1M COOT
HOWeH1t1eM, 3as1t1c1t1T OT ycnos1t1i11 npose
,o,eH1t1s:t npo1..1ecca s peaKrnpe. 
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TepMul./ecKaR u cmpyKmypHaR 
cma6unbHOCmb anlOMOCUflUKamHblX 
Kamanu3amopoa. B npoMb1wneHHOM 
peaKrope Karan1113arop KOHTaKr111pyer 
c yrne00,qopo,QaM111 pa3nW-lHOi:;i MoneKy
m1pHoi:;i MaCCbl 111 cocrn0a 111 no,q0epra
ercH ,qei:;iCTBll1IO 8blCOKQi:;i TeMneparypbi. 
TeMneparypa 0 peaKrope o6biYHO co
cra0nHeT 500-550 °C. B npo4ecce Kpe
Kll1Hra Ha no0epxHocrn Karnn1113aropa 
ornaraeTCH KOKC, KOTOpbli:;i 3aTeM 8bl
)1(111raercH 8 pereHeparope. np111 rpaHC
nopTll1p08Ke Karan1113aropa 1113 peaKropa 
0 pereHeparop ocy1..L.1ecrnnHercH ornap
Ka yrne80,QOpO,Q08 c no0epXHOCTlt1 np111 
reMneparype peaK4111111, nocne Yero Ka
rnn1113arop 93a111Mo,qei:;icr0yer c 003,qyxoM 
111 napoM 0 pereHeparope. B 3TOM anna
pare 8bl)l(1t1ra10TCH KOKC08ble orno>KeHll1H 
(==800 °C). PereHep111po8aHHb1i:;i Karan111-
3arop 8038pa1..L.1aeTCH 8 peaKTop 111 8H08b 
yYacrnyer 0 npo4ecce KpeK111Hra. TaK111M 
o6pa30M , 8 Ka)l(,QOM 4111Kile npo111CXO,Qll1T 
111crnpaH111e Yacrn4 111 003,qei:;icrs111e Ha Hll1X 
yrne80,QOpO,Q08, aTOM08 TH>K8IlblX Me
TaI1Il08, CO,Qep)l(al.L.1111XCH 8 Hll1X , 80,QHHOro 
napa, 003,qyxa 111 8blCOKoi:;i reMneparypb1. 
B cpe,qHeM Yacrn4b1 Karnn1113aropa 0b1-
,qep)l(ll18a10T OKOilO 150 TblC. 4111KI108 ,QO 
3aM8Hbl. nepeY1t1CI18HHbl8 ¢aKTOpbi OKa-
3bl8alOT Cy1..L.1eCT8eHHOe 8Illl1HHll1e KaK Ha 
c.p1113111yecK111e , TaK 111 Ha Xll1Mll1YeCKll1e csoi:;i
CTBa Karan1113aropa. 

B aMop¢HblX Karan1113aropax 3rn c.p111-
3111yecK111e 1113MeHeH111H Moryr np111secrn K 
norepe Yacrn aKTlt18HblX 4eHrpos 111 HeKo
ropoMy 1113MeHeHll1IO aKTlt18HOCTlt1 OCTa8-
Wll1XCH 4eHTp08, a TaK>Ke K yMeHbW8Hlt1IO 
y,QeilbHOi:;i no0epXHOCTlt1. 

L_\eon1t1THb1e Karnn1113aropb1 3HaY111-
renbHO ycroi:;iY1110ee K Harpe0y 111 o6pa-
6oTKe napoM. V1x crpyKTypa He ,qec.pop
M111pyercH ,qa>Ke np111 Harpese ,qo 1100 °C. 
CY111TaeTCH, YTO OCH08Has:i np111Y111Ha no-
8blWeHHoi:;i crn6111nbHocrn 06ycno0neHa 
reoMerpw-1ecK01:1 crpyKrypol:1 Kp111crann111-
Y8CK01:1 peweTK1t1 4eon111ra. Bn1t1>110T TaK>Ke 

111 HeKOTOpb18 ,Qpyrne c.paKTOpbl, TaKll1e KaK 
np111po,qa 06MeH1110aio1..L.1erocH KarnoHa , 
creneHb o6MeHa, COOTHOWeH111e OKCll1,Q08 
KpeMH111H 111 anlOM111H111H. 0,QHaKO 4eon111Tbl 
111MelOT Manyio MexaH111YeCKYIO npOYHOCTb 
111 8 Yll1CTOM 8111,Qe 8 KaYecrne npOMblW
neHHOro KaTaI11113aTOpa He 111cnOilb3YIOT
CH. 06biYHO OHll1 880,QHTCH 8 KOI1111Y8CTBe 
5-20% 8 aMop¢HYIO anlOMOCll1Illl1KaTHYIO 
Marp1114y, KOTOpaH o6na,qaer ,QOCTaTOYHO 
npOYHOi:;i CTpyKrypoi.:1 . 

KaTa111r1THlfecKHlll KpeKHHr e npo
Mb1w11eHHocn1. L_\ene8blM Ha3HaYeH111eM 
npo4ecca HBnHeTc51 nonyYeH111e 8b1coKo-
0KraH00oro 6eH3111Ha 1113 ,Q111CTlt1IlI1$1T08 
He¢r111, neperoH5ll01..L.1111XCH 0 npe,qenax 
300-500 °C. BMecre c 6eH3111HOM nonyYa
IOTCH ,Q111CTlt1IlilHTHble c.ppaK4111111 - ra3oi.:in111 
111 ra3 c 8blCOK111M CO,Qep>1<aHll18M 6yrnH-6y
rnneH080i.:i c.ppaK4111111 (4eHHoe He¢rex111-
M111YecKoe Cblpbe ). 

Karnn111rnYecK111i.:1 KpeK111Hr npo00,qm 
np111 450-530 °C no,q ,qasneH111eM, 6n1113-
K111M K aTMocc.pepHOMY (0,06-0, 14 Mna), 8 
np111cyTCTBll1ll1 anlOMOCll1Illl1KaTHblX KaTaI1111-
3aTOp08. 

B npoMb1wneHHocrn npo4ecc ocy-
1..L.1eCTBilHIOT Ha ycrnH08Kax c Henpepb18-
HO 4111PKYI11t1PYIOL.l.11t1M KaTaJ11113aTOpOM , 
KOTOpb1i:;i nocne,Q08aTeilbHO npOXO,Qll1T 
Yepe3 30Hbl Karan111rw-1ecKoro KpeK111Hra 
CblpbH, ,qecop64111111 a,qcop6111po0aHHblX 
Ha KaTaI11113aTOpe yrne80,QOpO,Q08 , OKll1C
nll1TeilbHOi.:i pereHepa4111111 Karnn1113aropa, 
a TaK>Ke c.ppaK41110H111po0aH1115l npo,qyKT08 
KpeK111Hra. TexHonornYecKa51 cxeMa npo-
4ecca npaKrnYecK111 O,QHornnHa ,qn>i 0cex 
ycTaH080K (p111c. 3.1 ). 

YcrnH08Ka Karnn111rnYeCKoro Kpe-
Kll1Hra 0Kn10Yaer peaKTOp, pereHeparop, 
Y3Ilbl peKrn¢111Ka4111111 npo,qyKT00 KpeK111H
ra 111 c.ppaK41110H111posaH111H ra300, y3nb1 
yT111n1113a4111111 renna ra300 pereHepa4111H 
111 ynasn111saH111H nb1n111 . AnnaparypHoe 
oc.popMneH111e npo4ecca Karnn111rnYecKo
ro Kp8Klt1Hra onpe,qemieTC>l KOHCTpyK41t1el:1 
peaKTopa 1t1 pereHeparopa. OcHOBHbl-



Ml-1 pa3nw-11-1s:1M1-1 cxeM Karnn1-1rn4ecKoro 
KpeKl-!Hra HBnHIOTCH yCTpoi:.icrna BBO,D,a 1-1 
pacnpe,o,eneH1<1H nornKoB Cbipbs:i 1-1 Karn
n1-13arnpa, y3nos peryn1-1posaH1-1s:i norn
KOB, y3nos nbineynasn1-1saH1-1s:i .. 

PeaKrnp cospeMeHHoi:-1 KOHCTPYKL.\1-11-1 
npe,o,crnsns:ieT co6oi:1 nps:iMOT04Hbii:1 n1-1tj)T
peaKrnp nocrns:iHHoro 1-1n1-1 nepeMeHHoro 
C848Hl-1H, 3aKaH41-!BalOl.l.\l'li:1Cs:i OT60i:1HblMl-1 

Pel.\HprymIT 
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nnacrnHKaM1-1, pa3,o,en1-1rnnbHblM1<1 l..\l'IK
noHaM1-1, 30Hoi:1 cpopc1-1posaHHoro K1<1ns:i
l.l.\8ro cnos:i. np1-1MeHs:ieMb1e peaKTOpbl no 
KOHCTpyKrnBHOMY ocpopMneHl-!IO peaK
l..\l'IOHHOi:-1 30Hbl MOryT 6b1Tb n1<1cpTHoro 
rnna c BOCXO,[\Hl.l.\l'IM 1-1n1-1 Hl-ICXO,[\Hl.l.\l'lM 
ra30KaTanl-13aTOpHblM nOTOKOM 1-1n1-1 pa-
60TalOl.l.\1'18 s pe>K1-1Me cpopc1-1posaHHoro 
nces,o,oo>K1<1>KeHHoro cnos:i. 

nap 

3aKOKCOBaHHblH KaTaJIH3aTOp t 
Bo,na 

B03.zzyx 

Perettep11posaHHbIH Karan113arop 

PHc. 3.1. npuHu,unuanbHafl cxeMa npou,ecca Kamanumul/ecKoao KpeKuHaa: 
1 - peaKmop; 2 - y3en peKmucjJuKau,uu; 3 - peaeHepamop; 4 - Komen-ymunu3amop 

KoHCTPYKL.\1-11-1 pereHepaTopos pa3n1-1-
4810T no cnoco6y opraH1<138l..\1'11'1 nces,o,o
O>K1<1>KeHHoro cnos:i, nOT04HOCrn KOHTaK
rnpylOl.l.\l'IX cpa3, rnny C8Kl..\1'10Hl-1POBaHl-1H. 
PereHeparnp o6bi4HO 1<1MeeT 06ll.l111i:1 
nces,o,oo>K111>KeHHb1i:1 cnoi:-1 Karnn1113arnpa, 
pereHepal..\1110HHOe npOCTpaHCTBO C8Kl..\1'10-
Hl-1pOBaHO rop11130HTanbHblM111 nposanb
HblMl-1 111n111 6ecnposanbHblM111 peweTKa
Ml-1, seprnKanbHblMll1 neperopo,o,KaM111. 

B8>KHblM cpaKTopoM, sn111s:i10l.l.\ll1M Ha 
3KOHOMll148CKll18 noKa3aTenll1 pa60Tbl 
YCTaHOBOK Karnn111rn4ecKoro KpeK111Hra, 
s:isns:ieTcs:i pacxo,o, KaTan1113mopa, KOTO
pb1i:1 38Bl-1C111T He TOnbKO OT Ka4ecrna Ka
ran1113aTopa, HO 111 OT Tll1na ycTaHOBK111, 111 

oco6eHHO OT Ka4ecrna nepepa6aTblBae
Moro Cblpbs:i. 

Pac4eTHoe speMs:i npe6b1saH111s:i Cbl
pbs:i 111 npo,o,yKTOB B 30He peaKL.\1-11-1 COCTaB
ns:ieT 4-5 c. KOHL.\8HTpal..\111H Karnn1-13arnpa 
s nornKe s n1-1cpTpeaKrnpe s cpe,o,HeM co
crnsns:ieT 40-60 Kr/M3

, B KOHL.\8BOM Kl-lnH
l.l.\8M cnoe - 80-150 Kr/M3

, s ,o,ecop6epe 111 
pereHeparnpe - 400-450 Kr/M 3. 

Kon1114ecrno 111 Ka4ecrno npo,o,yKTOB 
KaTan1<1rn48CKOro Kp8Kll1Hra 3aBll1CHT OT 
xapaKTep111crnK111 nepepa6aTb1saeMoro 
Cblpbs:i 111 Kman1113arnpa, a TalOKe OT pe
>K111Ma npoL1ecca. Ha ycTaHOBKax Karnn111-
rn4ecKoro KpeK111Hra nony4alOT >K111pHb1i:1 
rn3, Hecrn6111nbHb1ii'I 6eH3111H, nem~1i/J 111 rn-
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>Kenb1"1 KaramnlA4eCKIA"1 ra3oillnb. \llHOrAa 
npe,qycMaTp1AsatoT oT6op n1Arpo1AHa. 

YeneaoiJopoiJHblU ea3 co,qep>KIAT 80-
90% cppaKLllAIA C3 - C4 IA IACnOnb3Y8TCs:I 
nocne pa3,qeneH1As:i s npoL1eccax anK1An1A

posaH1AH, non1AMep1A3aL11414 , ,qnH npolA3-
so,qcrna 3rnneHa, npon14neHa, 6yra,Q1Ae
Ha, 1430npeHa, non14143o6yrnneHa, nAB 111 
,Qpyrnx HecpTeXl4MIA48CKIAX npo,QyKTOB. 

l5eH3UH06aR c/JpaKl,4UR (H. K. - 195 °C) 
np14M8HH8TCH KaK KOMnOH8HT aBTOM0-
614nbHOro 14 asl4alll40HHoro 6eH314Ha. B ee 
COCTaB BXO,Ql4T 20-30% (Mace) apeHOB, 
8-15% (Mace) L114K.noanKaHos 14 45-50% 
(Mace) a.nKaHOB. 0KTaHOBOe 414Cno cppaK
Lll414 COCTaB.nHeT 78-85. 

fleeKUU ea30Unb (H. K. - 175-200 °C -
K. K. - 320-350 °C) 14CnO.nb3Y8TCH KaK 
KOMnoHeHT ,Ql438.nbHoro rnn.nl4Ba , KaK Cbl
pbe ,Q.nH npo143BO,QCTBa ca>Kl4 , a raK>Ke s 
Ka4eCTBe pa36aBl4T8.nH npl4 no.ny48H1414 
Ma3yTOB. 

TR>Ken1::.1u ea3oiinb - ocTaT04Hbt"1 
npo,QyKT KaTanl4TIA48CKOro Kp8K14Hra . \11c
no.nb3Y8TCH ,qnH np14rorns.neHl4H Ma3yrns 
14 B Ka4ecrne CblpbH AnH np014380,QCTBa 
ca>K14, TepM1448CKOro Kp8Kl4Hra 14 KOKC08a
HIAH. 

YcTaHOBKa KaTan1An14ecKoro Kpe
KIAHra c waplAKOBblM KaTanlA3aTOPOM. 
YcTaHOBK14 Kara.nl4Tl448CKoro KpeK14Hra 
c antoMOCl4nl4KaTHblM Karan143arnpoM 
MO>KHO pa3,Qe.nl4Tb Ha Tp14 rnna: 

1) co CTaLllAOHapHblM c.noeM ra6ne-
Tl4po0aHHOro Karan143arnpa 14 peaKTO-
paMl4 nepl40,Ql448CKOro ,QeiilCTBIAH; 

2) c nnoTHbtM c.noeM Ll14PKY.n14pyto
w,ero wapl4Ko0oro Kara.n111aarnpa , peaK
rnpoM 14 pereHeparnpoM HenpepbtBHoro 
,Q8"1CTBIAH; 

3) c Kl4nHW,14M cnoeM L11ApKyn14pytow,e
ro MIAKpoccpeplA48CKOro IAnlA nbl.n8BIA,QHO
ro Kararn113arnpa , peaKrnpoM IA pereHe
parnpoM Henpepb18HOro ,qeiilcTBL!IH . 

YcraHOBKa nepsoro rnna npe,qHa3Ha-
4eHa ,QnH nep140,QIA48CKOro npOL18CCa. 
B Heiil 14MeeTCH HeCKO.nbKO peaKrnpo0, 
8 Ka>K,QOM 143 KOTOpblX 3a 30 MIAH npo-
14CXO,QIAT 88Cb pa60414"1 LllAK.n : peaKLl14H 
KpeKL!IHra, y,qa.neHl4e HecprnHblX napo0, 
pereHepaL11AH KaTa.nl43aTopa, y,qaneHl4e 
803.Qyxa 14 npo.QyKrns cropaHIAH. 

YcraHOBKl4 KaTanL!ITl44ecKoro KpeKl4H
ra co CTall140HapHblM KaTa.nl43aTopoM He 
no.ny4111n111 6onbworo pacnpocrpaHeHIAH. 
YcraH08Kl4 c ,Q814>KYW,14MCH KaranL113arn
poM, Hao6opoT, IAM810TCH nosceMeCTHO. 
BHaYane 6bt.n pa3pa6oraH npoL1ecc c 
wap14K08b1M KaTanlA3aTOpOM, HO 8 HaCTOH
w,ee 8p8MH ropa3,QO WL!lpe nplAM8HHIOT 
60.nee nporpeCCIA8Hb1"1 npOL18CC KaTa.nl4-
Tl448CKOro Kp8K14Hra c Kl4nHW,14M c.noeM 
nbi.neslA,QHoro 14nl4 Ml4Kpoccpep1114ecKoro 
KaTa.n 143arnpa. 

TexHonorn4ecKa.R cxeMa. TexHo.no
rnYecKaH cxeMa ycraH08Kl4 KaTanl4rn4e
cKoro Kp8Kl4Hra c A81A>KYW,IAMCH wapl4K0-
8b1M KaTa.nl43aTOpOM np148e,QeHa Ha P14C. 
3.2. YcrnHosKa c nnoTHblM cnoeM L11APKY
n1Apytow,ero wap1AK00oro Kara.n143aropa 
IAM88T ,QBa OCHOBHblX annapara: peaKTOp 
,QnH Henpepb18HOro KaTan14TIA48CKOro 
Kp8K14p08aHIAH CblpbH 14 pereHeparnp ,Qml 
Henpepbt8Horo y,qa.neHl4H KOKCa c no
sepxHocrn KaTa.n1A3arnpa. 

Kara.n143arnp 8 814,Qe wap111Ko0 0,3-
5 MM nepecbmaeTCH 143 6yHKepa-cenapa
rnpa C-2 nHe8Mono,qbeMHl4Ka 8 6yHKep 
peaKropa P-1 14 paBHOMepHo npoxo,QIAT 
n.nOTHblM c.noeM peaKLllAOHHYto 30Hy, 
30HY OT,QeneHIAH npo,QyKTOB KpeKIAHra 14 
30HY ornapK14. nocne 3Toro Kara.n1113arnp 
Bbl80,Ql4TCH 143 peaKTOpa, nocTynaeT 8 38-
rpy304HOe ycrpoiilcT80 nHe8MOnO,Qb8M
Hl4Ka A-2 14 no CTOHKY no,QH14MaercH ,Qbl
M08blMl4 ra3aMl4 8 6yHKep-cenaparop 
C-3 . 3,qecb ,QblMOBble raab1 or,qenHtoTCH 
IA Bbl6paCblBatoTCH B aTMOCcpepy, a K8Ta
n1113arnp nepecbinaercH s 6yHKep pereHe-



paropa P-2. Karan1113arop npoxoA111T 4e
pe3 ceKu,111111 pereHeparopa csepxy BHll13. 
B Ka>KAYIO ceKu,11110 noAaercH B03AYX AflH 
sb1)1(111ra KOKca. CeKu,111111 pereHeparopa 
cHa6)1(8Hbl 3M88Bll1KaMll1 AflH OTBOAa ren
JlOTbl pereHepau,111111 3a c4er o6pa3osa
Hll1H BOAHHOro napa. PereHep111poBaHHblLll 
KaTaflll13aTOp CCbinaeTCH B 3arpy304HOe 
ycrpoLllcrso nHeBMOnOAb8MH111Ka A-1 111 
nOAHll1MaeTCH no Karan1113aroponpOBOAY 
s 6yHKep-cenaparop C-2. Karan1113arop
HaH KpOwKa orne111saeTCH B cenaparope 
C-4. Bo3AYX B pereHeparop 111 rpaHc
noprnpy10114111Lll AbtMosoill ra3 B nHeBMO
nOAb8MHll1K noAalOTCH np111 noMOU4111 803-
AYXOAYBOK 111 ne4eLll noA AasneH111eM (Ha 
cxeMe noKa3aHbt TOflbKO OAHa ne4b n-2 
111 OAHa B03AYXOAYBKa nK-2) . nap, nony-
4a8Mbliil s pereHeparope, nocrynaer s 
napoc6opH111K C-5, a Aanee pacxoAyercH 
Ha HY>KAbt ycraHOBK111. 

Cbtpbe noAaercH HacocoM H-1 4epe3 
rennoo6MeHH111K111 T-1 , T-2 s ne4b n-1 , rAe 
HarpesaercH AO reMneparypbl peaKu,111111 
111 111cnapHercH. napbt cbtpbH nocryna10r 
s peaKu,1110HHY10 30HY peaKTopa P-1, rAe 
KOHTaKrnpylOT c KaTaJ11113aTOpOM, nepe
Me114aHCb csepxy BHll13. napbl npOAYKTOB 
KpeK111Hra 111 BOAHHbte napbt, noAaBaeMbte 
s peaKrop AflH ornapK111 Karan1113aropa, 
BbtBOAHTCH 1113 peaKTopa 4epe3 cneu,111-
anbHoe ycrpoLilcTBO 111 HanpaBflHIOTCH B 
Hll1)1{HIOIO 4aCTb peKrntj::>111KaL.1,ll10HHOLil KO
flOHHbl K-1. 

C sepxa K-1 yxoAm napbt 6eH3111-
Ha , BOAHHble napbt 111 )1(111pHbtLll ra3. 3ra 
CM8Cb nocne KOHAeHcau,111111 111 0Xfla)l{
,D,6Hlt1H B KOHA8HCarope-XOI10Alt1flbHll1K8 
XK-1 pa3A8flHeTCH s cenaparope C-1 
Ha 6eH3111H, BOAY 1t1 )1{1t1pHbtLll ra3 . la3 np1t1 
nOM01l41t1 KOMnpeccopa nK-1 BblBOAlt1TCH 
Ha ycraHOBKY ra3otj::>paKl_\lt10Hlt1pOBaHlt1H , 
6eH31t1H 4acr1114HO noAaercH HacocoM H-6 
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Ha opoweH111e KOflOHHbt K-1, 6anaHcosoe 
KOJ111148CTBO 6eH31t1Ha HanpaBJlH8TCH Ha 
ycraHOBKY cra6111Jl1t13aL.J,111111. nerKll1Lil ra-
30Lilflb ( tj::>paKU,111H 195-350 °C) nocrynaer 
lt13 KOflOHHbt K-1 s ornapHylO KOflOHHy K-2, 
rAe ornap1t1saercH BOAHHblM napoM, no
cne Yero 4epe3 xonOA111flbHll1K X-1 Bb1so
A1t1TCH c ycraHOBKlt1 . TH)1{8flbtLll ra3oillnb 
(cppaKU,111H BblW8 350 °C) OTKa4111Ba8TCH C 
H1t13a KOflOHHbl K-1 HacocoM H-4 1t1 nocne 
oxna)l{A8Hlt1H s rennoo6MeHH1t1Ke T-2 1t1 
XOI10Alt1flbHlt1K8 X-2 TaK)1{8 BblBOAlt1TCH C 
ycraHOBK1t1 . TennosoLll pe)1{1t1M s KOflOHHe 
K-1 nOAA8P)1{111BaercH c noMOU4blO )1{111A
KOCTHoro opoweHll1H, KOTOpoe u,1t1pKyn111-
pyer no 3aMKHYTOMY KOHTypy: KOflOHHa 
K-1 - Hacoc H-5 - rennoo6MeHH1t1K T-1 -
KOflOHHa K-1. B pe3ynbrare 1113 KOflOHHbl 
BblBOA111TCH 11136btT04Hoe renno. B Ka4e
crne peu,1t1pKyflHTa KpeK1t1Hra np111M8HH8T
CH tj::>paKL.1,1t1H npoMe)l{yT04HOro cocrasa, 
KOTOpaH BblBOA111TCH lt13 KOflOHHbl K-1 Ha 
45 rapenoK H1t1)1{e , 4eM nern1t1Lll ra30LIJnb, 1t1 
noAKa4111saercH HacocoM H-3 K cse)l{eMy 
CbtpblO nepeA ne4bl0 n-1. 

Annaparypa. PeaKrop ycraHOBK1t1 
KaTafllt1Tlt148CKOro KpeK1t1Hra np01113BO-
A1t1TeflbHOCTblO 800 r/cyr. no cse:>KeMy 
CblpblO npeACTaBflH8T co6oLll Ll,111flll1HAP111-
48CK1t1Lil annapar lt13 yrnepoA1t1CTOLll cran111 
c sHyrpeHHeLll o6KnaAKOLll 1t13 nernposaH
HoLll CTafllt1 A1t1aMeTpOM OKOflO 4 M lt1 o6be
MOM peaKU,lt10HHOLil 30Hbl 30-50 M3 (p1t1c. 
3.3) . ,0,H1t1114a peaKrnpa 3flflll1nTll14ecK111e. 
B u,eHrpe sepxHero AH1t1Li.la 111MeercH wry- · 
u,ep AflH noAa41t1 Karan1113aropa 1113 6yHKe
pa , CMOHTltlpOBaHHOro HaA peaKTOpOM. 
Bbtcora peaKTopa c 6yHKepoM - 41 M. 
Wryl\ep coeA1t1HHeTCH c sepxH1t1M pac
npeAen1t1TeflbHblM ycrpoLllcrsoM, Koropoe 
nocpeACTBOM nepeT04HblX rpy6 paBHO
MepHO pacnpeAenHer Karan1113arop no 
sceMy ceYeH1t110 peaKrnpa. 



H-1 

T-1 

-2 H-4 

Il-2 

Pi.tc. 3.2. TexHonoaul./eCKaR cxeMa ycmaHoeKu Kamanumu'lecKoao KpeKuHaa 

c 06LJ)l(YW,UMCR wapUK06b/M Kamanu3amopoM: I - Cblpbe; II - )/(LJPHb/U aa3; Ill - 6eH3UH; IV - cfJpBKU,Ufl 195-350 °C; 
v - cppaKU,Ufl Sb/We 350 °C; VI - eooa; VII - 603oyx; VIII - Ob/M06b/e Z83bl; IX - 600RHOU nap 
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6 

3 

PMc. 3.3. Pe8Kmop ycm8H08KU K8m8numullecK020 
KpeKUH28 c W8pUK08btM K8m8nU38mopoM: 

1 - 0Hu114e pe8Kmop8; 2 - wmyl.{epbt onR 8btX008 n8po8; 3 - Kopnyc pe8Kmop8; 
4 - wmyl.{epbt onR 88008 CblpbR; 5 - wmyl.{ep onR 88008 K8m8nU38mop8; 

6 - 8epxHui1 p8cnpeoenumenb K8m8nU38mop8; 7 - n8mpy6Ku onR om8008 
n8po8 («2upnRHObl»); 8- nepemol/HbJe mpy6bt onR K8m8nU38mop8; 

9 - HWKHUi1 p8cnpeoenumenb K8m8nu38mop8; 
10 - wmyl.{ep onR 8bt8008 K8m8nU38mop8 

B sepxHIOIO 4aCTb peaKrnpa 4epe3 
wry1..1epb1 BBO,Q51TCH napbl CblpbH. 0Hll1 
paBHOMepHO KOHTaKrnpylOT c KaTanll1-
3aTOpOM , ,QBll1faHCb csepxy BHll13 4epe3 
peaK'-llAOHHYIO 30Hy. no,Q peaK1..11110H
HO~ 30HO~ HaXO,Qll1TCR cenapaw110HHOe 
ycrpo~CTBO ,qnH BblBO,qa npo,qyKTOB 

6-0373 

peaK1..1111111 - r11pnHH.Qa naTpy6Kos c npo
pe3RMll1 , 3a111111111eHHblMll1 KOnna4KaMll1 OT 
nona,qaH111H Karan1113arnpa. Bee nmpy6K1-1 
H"1>KH"1M OTKpblTblM KOHl..IOM coe,Q"1HRIOTCH 
co c6opHo~ KaMepo~ . 1.13 KOTOpo~ 4epe3 
LJJTywepbl napbl npO.QYKTa y,qanRIOTCR t.13 
peaKrnpa. Hw>Ke wMeeTCH 30Ha ornapKw 



a,D,cop611posaHHblX Ha Karan113aTope 
napos yrneBO,D,OpO.QOB BO,D,s:!HblM napoM, 
no,D,aeaeMblM l.lepe3 cneL111anbHbl~ LI..lTY-

1 

L1ep. 3aKOKCOBaHHbl~ KaTaI1113arop Bbl
BO,D,11TCS'I 113 peaKTOpa 4epe3 BblpaBH11-
eareJlb noroKa. 

2 

... 

P111c. 3.4. ,[Jo3amop nHe6MonoobeMHUKa: 
I - nep6U4HblU 603iJyx; II - 6mopu1.1Hb1u 603oyx; Ill - Kamanu3amop; 1 - Kopnyc; 

2 - cmoRK nHe6MonoiJbeMHUKa; 3 - wmyu,ep onR 66ooa Kamanu3amopa; 
4 - Hanpa6na10~aa; 5 - wmyu,ep ona noo6ooa 603iJyxa 

PereHepaTop - annapar KBa,D,paTHoro 
Cel.leHl1S'I 3 x 3M, BblCOTO~ 27 M, BblnOnHeH 
113 yrnepo.Q11cro~ cran11 , c BHyrpeHHeVI 
o6MypoBKO~ orneynopHblM K11pn1140M. 
PereHeparop 11Meer 8 30H, B Ka>K,D,OV! 30He 
Haxo,D,s:ircs:i ycrpo~crna ,D,ns:i no,D,BO,D,a B03-
,D,yxa, BblBO,D,a ,D,blMOBblX ra30B 11 3Mee
Bl1Kl1 ,qns:i orso,qa rennoTbl. B 3Mees11Kax 
l..ll1pKyn11pyer BO.Qa, KOTOpas:i llaCrn4HO 
npespaLI..1aercs:i B nap. Bee 3Mees111K111 co
e,q111HeHbl c 06Ulll1M KOTnOM-YTlllI11113aTo
pOM. MaKC111ManbHas:i reMneparypa Bbl
>1<111ra 720 °C Ha6mo,qaercs:i B cpe,QHeVI 
4acrn annapara. Ha sxo,qe 111 BblXO,D,e 
Karan1113aropa, raK >Ke KaK 111 B peaKrope, 
111Me10rcs:i pacnpe,qen111renb 111 Bb1pasH111Ba
renb noroKa. npo111300,q111renbHOCTb pere-

Heparopa xapaKrep1113yercs:i sen1114111Ho~ 

KOKCOCbeMa B Kr/(l.l-M3) - KOJ11111.leCTBOM 
KOKCa, Bbl>K111raeMoro B e,Q111H111LIY speMeH!-1 
Ha e,Qll1Hll1LIY peaKLJ,1110HHOro o6beMa. ,Qm1 
ycraHOBOK c wap111KOBblM Karan1113aropoM 
3Ta een114111Ha paeHa 12-14 Kr/(l.l-M3 ) . 

1113 peaKropa e pereHeparop Karan11-
3arop nepeMeLI..laercs:i np111 noMOl.1..1111 ,D,bl
Moeoro ra3a, a 1113 pereHeparopa B pe
aKrop - np11 noMOLI..1111 rops:i4ero B03,D,yxa. 
H111>1<Hs:is:i llaCTb nHeBMono,qbeMHll1Ka (p11c. 
3.4 ), Ha3b1eaeMas:i .Q03aropoM, cny>1<111T 
,qns:i nona,qaH111s:i Karan1113aropa e noroK 
ra3a. 1113 ,qo3aropa noroK ra3a c Karan1113a
ropoM no,D,H111Maercs:i no cros:iKy, eepXH5l5l 
48CTb KOTOporo BXO.Q111T B 6yHt<ep-cena
parop. Pe3Koe ysen111YeH111e nonepeYHOro 



ce4eHVIH BeAeT K BblnaAaHVllO 4aCTllll..l Ka
TanVl3aTOpa 1113 nornKa. lt13 6yHKepa-cena
parnpa B03AYX VlnVI AblMOBOill ra3 Bbi6pa
CblBaeTCH s aTMoccpepy, a Karnn1113arnp 
no KaTanVl3aTOponpOBOAY CCbmaeTCH 8 
6yHKep, COOTBeTCTBeHHO, peaKTOpa VlnVI 

pereHeparnpa. CKopocTb ra3osoill CTpy111 
c KaTanV13aTopoM 14-20 Mic. KpoMe rnro, 
B CVICTeMy nHeBMOnOAbeMa BXOAHT 803-
AYXOAYBKVI 111 rnnK111 , KOTOpb1e cny}f(aT AnH 
nOAOrpesa 803Ayxa Ill nony4eHVIH AblMO
eoro ra3a nocpeACTBOM C}f(1t1raHV1H rnnn111-
ea noA AasneHV1eM. 

KoHTponb 111 peryn111poeaH111e npo
"'ecca. np111 YCTaHOBVIBWeMCH pe}f(V1Me 
Ha onpeAeneHHOM B1t1Ae CblpbH Heo6xo
A1t1Mo KOHTpOnVlposaTb Ill nOAA8P}f(lt18aTb 
nocTOHHHblMVI L1enb1ill PHA rexHonorn-

83 

48CKVIX napaMeTpos: paCXOA CblpbH Ha 
ycTaHOBKy, TeMnepaTypy 8 peaKTOpe VI 

Ha BblXOAe CblpbH Vl3 ne4VI, CTeneHb 3a
KOKCOBaHHOCTlll Karnn1113arnpa VI AP· TeM
neparypa Ha BblXOAe napos CblpbH Vl3 
ne4VI perynV1pyeTCH noAa4eill TonnV1sa s 
ne4b, TeMnepaTypa s peaKrnpe VI cre
neHb 3aKOKCOBaHHOCTVI KaTanVl3aTopa -
KpaTHOCTblO l..lVIPKYnHl..lVIVI KaTanVl3aTOpa , 
reMneparypa Bbl}f(1t1ra KOKca s Ka~oill 

ceKL11t1V1 pereHeparopa - noAa4eill BOAbl 
s 3MeesV1K1t1 ceKl..lVlill VI noAa4eill B03Ayxa 
s Ka~y10 ceKl..lVllO. Ba}f(Hoe 3Ha4eHVle 
lllMeeT KOHTpOnb ypoBHH KaTanVl3aTopa 
s 6yHKepax peaKTopa, pereHepaTopa VI 

nHeBMOTpaHcnoprn, KOTOpblill OCHOBaH 
Ha 1t13MepeH1t11t1 A1t1aneKTp1114ecKoill nocTo
HHHOill KaTan1113aTopa. 

3.1 .2. Kamanumu'-lecKuD pucj:JopMUHc 

Karnn111rn4ecK111ill p111cpopM1t1Hr 6eH3111-
HOB HBnHeTCH Ba}f(H8illWlllM npOl..leCCOM 
cospeMeHHOill Hecprenepepa6orK111 111 
Hecprex111M1t11t1 . OH cny}f(1t1T AnH OAHOspe
MeHHoro nony48HlllH BblCOKOOKTaHOBOro 
6a30BOro KOMnOHeHTa aBTOM061t1nbHblX 
6eH3111HOB, apoMarn4eCKlllX yrneBOAO
POAOB - CblpbH AnH Hecprex111M1t14eCKoro 
Cl1HTe3a - IA BOAOPOACOA8P}f(aLJ..\ero ra3a 
- TeXHIA4ecKoro BOAOPOAa, 1Acnonb3ye
Moro 8 rll1ApOreH1t13aL11t10HHblX npOl..l8CCax 
Hecprenepepa60TKIA IA HecpTeXIAMIA4eCKIAX 
npol..leccax. noarnMy s cxeMe cospeMeH
Horo Hecprenepepa6arb1sa10LJ..\ero 3as0Aa 
KaTanlATll148CKIAill p1AcpOpM1t1Hr 3aH1t1MaeT 
OAHY IA3 seAYU.\IAX na31Al..l1Aill . 

no csoeill cyTIA , pucpopMUHZ - cnoco6 
nepepa60TK1t1 HecprenpOAYKTOB, npe111My-
111ecrseHHO 6eH3111HOBblX Ill n111rpo1t1HOBblX 
cppaKl..llAill Hecprn , c L1enb10 nony4eHIAH 
BblCOKOOKTaHOBblX 6eH3111HOB, apoMaTlll
'-leCKlllX yrneBOAOP0,0,08 IA T8XHlt14eCKOro 
BOAOPO.Qa. Pa3nlt14a lOT .o.sa OCHOBH blX 
B1t1.Qa p111cpopM1t1Hra: r epM1t148CK1t1ill p111 cpop-

MIAHr, 8 KOTOpOM Cblpbe nepepa6aTblBa-
8TCH TOnbKO nplA BblCOKOill TeMnepaType 
8 BblCOKOOKTaHOBbl8 6eH3111Hbl, Ill Karnn111-
T1114eCKlllill p111cpopM1t1Hr, 8 KOTOpOM npeo6-
pa3osaH111e lllCXO,QHOrO npOAYKTa npo111c
XOAIAT np111 OAHOBpeMeHHOM 803AeillCTBllllA 
BblCOKoill reMnepaTypbl 111 Karnn1113arnpa. 

TepMu'leCKuu pucpopMUH2, np111Me
HHBW1AillcH paHee B WIAPOKlllX Macwrn6ax 
.o.ns:i nony4eHlllS'l BblCOKOOKTaHOBblX 6eH-
3111HOB, nposo.o.111ncs:i s Tpy64aTblX ne4ax 
np111 TeMneparype oKono 550 °C 111 AaB
neH111111 70-100 aTM. Bb1xo.o.1110wV1e 1113 ne4VI 
napbl npo,QyKTa nOABepran1t1Cb 6blCTpOMY 
oxna}f(AeH1t110 (so 11136e}f(aH111e cn111wKoM 
rny6oKoro pacnaAa). BblXOA p1AcpopM111-
posaHHOro 6eH31t1Ha cocrnsns:in 65-90% 
c OKTaHOBblM 4111CnOM 70-80 nporns 45-
50 y 111cxOAHOro npOAYKTa. HeAocrnroK 
repM1t14ecKoro pV1cpopM1t1Hra - 6onbw111e 
norep111 p111cpopM111pyeMoro Cblpbs:i s B1t1Ae 
ra3a Ill KOKCa Ill BblCOKOe COAep}f(aH111e He
ripe,o,enbHblX yrneso,o,opoAOB s 6eH31t1He, 
4TO CH1t1}f(a8T ero crn61t1nbHOCTb . no3TO-



My, H8CMOTP>l Ha npOCTOTY annapaTyp
HOro ocj:lopMneH1M1, 3TOT npo1..1ecc s Ha
CTO>iLI.1ee speMH nonHOCTbfO BblTeCHeH 
KaTanll1Tll14eCKll1M p111cj:lopM111HroM. 

XHMHYeCKHe OCHOBbl npot1ecca 
KaTanHT1111.1ecKoro p111<J>opM111Hra. Ka-
ran111rnYecK111tlt p111cpopM111Hr npOBO,Qll1TCH 
no,q ,qasneH111eM so,qopo,qa, o,qHaKo B 
orn111Y111e or ,qpyr111x npo1..1eccos Hecj:lre
nepepa6orK111, TalOKe ocyLI.1ecrnnHeMblX 
no,q ,qasneH111eM so,qopo,qa (r111,qp0Kpe
K111Hr, r1!1,Qp004111CTKa), 80,QOpO,Q B KaTanll1-
Tl!14eCKOM p111cj:lopM111Hre He pacxo,qyercH, 
a nonyYaeTcH 3a cYeT ,qer111,qp111posaH111H 
Hacj:lTeHOBblX 111 ,qer111,qpo1..1111Kn1113a1..1111111 na
pacj:l111HOBb1x yrneso,qopo,qos (0 ,7-2 ,0 sec 
% Ha Cblpbe ). 3Ha4111TenbHO MeHbWYIO 
ponb 111rpafOT s Karan111rnYeCKOM p111cj:lop
MlllHre peaK1..1111111 pacna,qa. 

PaccMoTp111M npespaLI.1eHl!1H or,qenb
HblX rpynn yrneBO,QOpO,QOB Hecj:lrn B XO,Qe 
npo1..1ecca Karan111rnYecKoro p111cj:lopM111H
ra. 

AnKaH&I np111 p111cj:lopM111Hre no,qsepra
IOTCH 11130Mep1113aL\1!11!1, ,Qerl!l,QPOL\l!1Kn1113a-
1..1111111 111 r1!1,QpOKpeKll1Hry. 

11130Mep1113a1..1111H anKaHos nporeKaer 
no Kap6KaTl!IOHHOMY MeXaHll13MY 111 np1!180-
,Q111T K o6pa30B3Hll1f0 Manopa3sersneHHblX 
1113oMepos, 06na,qat0LI.1111x 6onee BblCOKlll
Ml!1 OKTaHOBblMll1 Yll1CnaMll1 , YeM HOpManb
Hble yrneBO,QOpO,Qbl. 

,IJ,er111,qpo1..1111Kn1113a1...1111H - O.QHa 1113 sa)l(
Hetltw111x peaKu111t1t p111cj:lopM111Hra , 3aKn10-
Ya10LI.1aHCH B npespaLI.1eHll11!1 anKaHOB B 
apeHbl. 

,lJ,asneH111e C.QBl!1raer pasHosec111e pe
aK1..1111111 sneso - s crnpoHy r111,qp111posaH\11H 
apeHoB. 0,qHaKo Ha npaKrnKe ,QnH yMeHb
weH111H ornmKeH111tlt KOKCa Ha KaTanl!13a
rnpe npo1...1ecc nposo,qsn no,q nosb1WeH
HblM ,qasneH111eM so,qopo,qa. CKOpocTb 

,qer111,qpo1...1111Kn1113a1..1111111 B03pacraer c yse
nw-teHl!1eM ,qn111Hb1 uenl!1 anKaHos. 

MexaHlll3M ap0Marn3au111111 anKaHos 
OKOHYarenbHO He HCeH. Ha 6111cpyHKL\ll10-
HanbHblX Karan1113arnpax p111cj:lopMl!1Hra, 
C04eTalOLI.1111X Kll1CfiOTHYIO 111 r1!1,Qp1!1py10-
LI.IYIO - ,qern,qp111py10LI.1YIO cj:lyHKL\111111 , 
npe,qnonaraercH cne,qy10LI.1aH cxeMa npe
spaLI.1eH111tlt : ,qer111,qp111poBaHl!1e HOpManb
HOro amaHa (Ha Meranne), 06pa3osaH111e 
Kap6KarnoHa (c yyacrneM K111cnoTHb1x 
aKTlllBHblX ueHTpos), L\111Kfil!13aL\111H 1!10Ha, 
norepH npornHa c Bb1,qeneH111eM 1..1111Kno
anKeHa, ,Qer111,qp111posaH111e 1...1111KnoanKeHa 
(Ha Meranne). 

AnKaH -+ anKeH -+ L\l!1KnoanKaH -+ 

-+ 1...1111KnoanKeH -+ apeH . 

AnKaHbl , co,qep>KaLI.11t1e 10 111 6onee 
aTOMOB yrnepo,qa, o6pa3ylOT apeHbl c 
KOH,QeHC1!1posaHHblMll1 KOfibL\aMll1. AHano
rll1YHblM o6pa30M apeHbl c ,QOCTaT04HO 
,Qn111HHblMll1 60KOBblM111 1...1enHMll1 MoryT 3a
MblKaTb ,qononH1t1TenbHb1e L\lllKnbl. B pe-
3ynbTaTe ,Qerl!l,QPOL\111Knll13aL\1111!1 anKaHOB 
o6pa3yfOTCH roMonor111 6eH3ona l!1 Hacj:lra
n111Ha c MaKCll1ManbHblM CO,Qep)l(aHll1eM 
MernnbHblX 3aMecrnrenetlt s H.Qpe, KOTO
poe ,qonycKaeTCH CTpOeH111eM 111CXO,QHOro 
anKaHa. 

L/UKnoanKaH&I B ycnOBll1HX Karan1-1-
Tll14eCKOro p111cj:lopM111Hra no,qseprafOTCH 
,Qer111,qp111posaH11110 ,QO apeHOB (1 ), 11130Me
p1113a1...1111111 (2), r1!1,Qp111poBaHll1fO c pa3pb1BOM 
KOfibL\a (3) "1 r1!1,QpoKpeKl!1Hry ( 4 ). 

PeaKL\111111 (1) 111 (3) OTHOCHTCH K rnny 
OK111Cnl!1TenbHO-BOCCTaHOBll1TenbHblX l!1 Ka
Tanll131!1pyfOTCH MerannaMl!1 . ll130Mep1113a
L\111H nporeKaeT no Kap6KaTlllOHHOMY Me
xaHll13MY l!1 Karan1113111pyeTCH K1!1CfiOTHblMll1 
Karan1113arnpaM111. 

CoornoweH111e Me>K.Qy peaKL\111HMl!1 ( 1 )
(4) ycraHaBn111saeTCH B 3a8111Cll1MOCTl!1 OT 
TepMO,Q111HaMl!14eCKll1X 111 Kll1HeT111YeCKll1X 
cj:laKTopos, a TaK>Ke 3aBll1Cll1T OT aKTltlBHO-



crn Karnm13arnpa. Ha1116onee )f{enarnnb
HOii1 pe8KL\1118ii1 B npOL\8CCe p111cpopM111Hra 
HBnHeTCH apoMaTll138L\111H L\111KnOanKaHOB 

(1) ,qer111,qp111posaH111e 

(2) 11130Mep1113aL1111H 

(4) r111,qpoKpeK111Hr, H
2 

0 
y 

L_\111KnoanK8Hbl c 4111CnOM yrnepO,QHblX 
aTOMOB 6onee 10 ,Q8IOT B ycnOBll1HX p111cpop
Mll1Hra 3H84111TenbHblii1 BblXO,Q Hacprnnll1HOB 
111 .Qpyrnx KOH,QeHc111posaHHblX apeHos. 

ApeH&t. He3aMeLI..\eHHble apeHbl s yc
nos111Hx npoL1ecca KaTan111T1114ecKoro p111-
cpopM111Hra ycrnii14111Bbl. AnK111n111posaHHb1e 
apeHbl no,qsepralOTCH 11130Mep1113aL1111111 no 
nono)f{eH11110 3aMecrnrnneii1, ,q111cnponop
L\ll10H111posaH11110 111 ,qeanK111n111posaH11110. 

H+ 

(peaKL\111H 1 ). BblXOA apeHos so3pacrneT 
c nOBblW8Hll18M TeMneparypbl 111 CHll1)f{8-
Hll18M ,qasneH111H. 

Tonyon no,qsepraeTCH ,qeMeT111n111po
saH11110 111 ,q111cnponopL11110H111posaH11110 Me
rnnbHblX rpynn c 06pa3osaH111eM 6eH3ona 
111 Kc111nonos. Kc111nonb1 rnaBHblM o6pa30M 
no,qsepralOTCH 11130Mep1113aL1111111 111 ,QalOT 
paBHOBeCHYIO CM8Cb 0, M 111 n - 11130Me
pos, a T8K)f{e 3rnn6eH3ona. 

ApeHbl c 6onee ,qn111HHb1M111 6oKOBblM111 
L1enHMll1 ,qeanK111n111py10rcH no cxeMe: 

Q-cH2CH,CH, __,.. 0 + c,H,+ 

H1 

C3Ht - C3H6 - C3H8 
-H' 
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B pe3ynbTaTe 06pa3yeTcs:i He3aMe
w,eHHblil1 apeH VI anKaH. 

/emepoopaaHUl./eCKUe COeOUHeHUfl. 
Coe.QV1HeHV1s:i, co.o,ep>Kaw,V1e rernpoaTOMbl 
(N, S, 0), s ycnosV1s:ix KaTanVlrn'-lecKoro 
pV1cpopMV1Hra rn.o,pV1py10Tcs:i c o6pa3osa
HVleM NH3 , H2S VI H

2
0 VI cooTBeTcTBy10-

W,V1X yrneBO.QOpO.QOB. npVICYTCTBVle 8 
Cblpbe pV1cpopMV1Hra reTepoaTOMHblX co
e.o,V1HeHV1ii1 He>KenaTenbHO, TaK KaK OHVI 
6blCTpO OTpasns:JIOT KaTanVl3aTOp. no-
3TOMY Cblpbe, co.o,ep>Kaw,ee Bb1we 0,05-
0,07% cepbl VI 6onee 10-40/o a3oTa, no.o,
sepralOT rn.o,pOO'-lVICTKe. 

Kamanu3amopb1 pucj:JopMuH2a. 
KaTanV13arnpaMV1 pV1cpopMV1Hra 06b11.JHO 
s:isns:ilOTCs:i Mernnnbl nnarnHosoi/1 rpyn
nbl (.o,erV1.QpV1py10w,as:i VI rV1.QpV1py10w,as:i 
KaTanVlrn'-leCKas:i aKTVIBHOCTb ), rnaBHblM 
o6pa30M caMa nnarnHa, Ha HOCVITe
ns:ix; HOCVITens:lMVI 8 OCHOBHOM cny>KVIT 
OKVICb anlOMVIHVls:l, a TaK>Ke anlOMOCVlnVl
KaTbl, 06na.o,a10w,V1e caMocTOs:iTenbHOLll 
pacw,enns:110w,eil1 VI Vl30MepV13YIOW,eil1 Ka
TanVlrn'-lecKoill aKTVIBHOCTblO (KV1CnOTHbl8 
KaTanV13aTOpb1). KarnnV13aTOpb1 TaKoro 
rnna Ha3blBalOT 6V1cpyHKL\VIOHanbHblMV1; 
OHVI 06na.o,a10T BblCOKOill aKTVIBHOCTblO VI 
Vl36VlpaTenbHOCTblO npVI rVl.QpOV130MepV1-

3al..\VIVI anKaHOB VI L\VIKnoanKaHOB. 
HaV16onee WVlpOKOe pacnpocTpaHe

HVle nony1.JV1nV1 an10MonnarnHOBb1e KaTa
nV13aTOpb1. nnarnHa aKTVIBHa 8 peaKL\Vls:lX 
r1i1.o,pV1posaHV1s:i VI .o,ern.o,pV1posaHV1s:i. 0Ha 
cnoco6cTByeT 06pa3osaHV110 apoMarn'-le
CKVIX coe.o,V1HeHV1ii1 VI rV1.QpV1posaHV110 npo
Me>KyTO'-lHblX onecpVIHOB, npe.o,oTBpaw,as:i 
KOKcoo6pa3osaHV1e. Co.o,ep>KaHVle nnarn
Hbl 8 KaTanVl3aTOpe COCTaBns:ieT 06bl'-lHO 
0,3-0,65%. noBblW8HVle KOHL\8HTpal..\VIVI 
nnarnHbl nO.QHVIMaeT aKTVIBHOCTb KaTa
nVl3aTOpa VI npVIBO.QVIT K nOBblW8HVllO OK
TaHOBOro '-lVICna 6eH3VIHa. 0.o,HaKO '-lp83-

MepHo BblCOKoe co.o,ep>KaHVle nnarnHbl 

He>KenaTenbHO, TaK KaK npVI 3TOM ycV1-
nV1saeTCs:l ponb peaKL\Vlill .o,eMernnV1po
saHV1s:i VI pacw,enneHVls:l L\VIKnoanKaHos, 
yMeHbWalOW,VIX BblXO.Q 6eH3VIHa . .Qpyroi/1 
cpaKTOp, orpaHV1'-lV1Ba10w,V1ii1 co.o,ep>KaHV1e 
nnarnHbl, - ee BblCOKas:i CTOVIMOCTb. 

KV1cnoTHY10 cpyHKL\VllO s anlOMonnarn
HOBOM KaTanVl3aTOpe BblnOnHs:ieT OKVICb 
an10MV1HV1s:i. 0Ha onpe.o,ens:ieT aKrnBHOCTb 
KaTanV13aTOpos s peaKL\Vls:lX Vl30MepVl-
3al..\VIVI VI rn.o,poKpeKVIHra . .Qns:i ycV1neHV1s:i 
KVICnOTHOCTVI B OKVICb anlOMVIHVls:l 880.Qs:IT 
0,3% cprnpa VlnVI 0,52% xnopa*. 6onee 
BblCOKOe co.o,ep>KaHV1e ranoreHa 3Ha'-lVl
rnnbHO nOBblWaeT Kp8KVIPYIOW,Vle csoi/1-
CTBa KaTanVl3aTOpa VI npVIBO.QVIT K ysenVl
'-l8HVllO BblXO.Qa ra3a. npVIM8H8HVle xnopa 
8 Ka'-leCTB8 npOMOTOpa VIMeeT H8KOTOpoe 
npeVIMyw,ecTBo nepe.o, V1cnonb30BaHV1eM 
cprnpa. Xnop s M8Hbweil1 Mepe cnoco6-
cTByeT peaKL\Vls:lM Kp8KVIHra VI, KpOM8 TOro, 
CTa6VlnVl3VlpyeT BblCOKYIO .QVICnepCHOCTb 
nnarnHbl 3a C'-leT 06pa3osaHV1s:i KOMnneK
ca c nnarnHOill VI OKVICblO anlOMl1HVls:l. 

nporpecc KaTanVlrn'-leCKOro pV1cp0p
MVIHra s nocne.QHVle ro.o,b1 css:i3aH c pa3-
pa6oTKOii1 nnarnHopeHV1esb1x KaTanV13a
rnpos. Hosb1e KaTanV13aTOpb1 Haps:i.o,y c 
0,3-0,6% nnarnHbl co.o,ep>KaT 0,3-0,4% 
peHVls:l. npVIM8H8HVl8 6V1MeTannV1'-l8C
KVIX KaTanV13aTopos no3BOns:ieT CHVl3VITb 

.o,asneHVl8 pVlcpOpMVIHra OT 3,5 .QO 1,5-
2,0 Mna VI ysenV11.JV1Tb Bb1xo.o, 6eH3VIHa c 
6onee BblCOKVIM OKTaHOBblM '-lVICnOM. 

.QanbHeillwee cosepweHcTBosaHVle 

npOL\8CCa pVlcpOpMVIHra npOVICXO.QVIT ny
T8M C03.QaHVls:l nonVIM8TannVl'-l8CKVIX Ka
TanVl3aTOp08, co.o,ep>Kaw,Vlx .o,06asK111 
onosa, rannVls:i, repMaHV1s:i, VIH.QVls:l, V1p111-
.QV1s:i. nonVIM8TannVl'-l8CKVle KaTanVl33TO
pbl 06na.o,a10T CTa6VlnbHOCTblO 6V1MeTafl
nV11.JeCKVIX, HO xapaKT8pV13YIOTCs:l ny1.Jweil1 

* npOL.\8CCbl KaTam1TW-18CKOro pi11cpOpM111Hra C 111CnOJ1b3088Hi118M 8JllOMOnJ1aTll1HOBOro KaT8JlV1-

38TOpa, aKT!118!11pOBaHHOro H860J1bW!11M KOJ111148CTBOM q:nopa 111 xnopa, o6bl4HO H83bl88IOT nnar

cpopMl'IHrOM. 



11136111parnnbHOCTbt0 111 06ecneY111sat0T 
6onee BblCOKl-1111 BblXOA 6eH3111Ha. Pa3pa-
6aTb1sat0TCH KaTan1113aTOpb1, MeHee Tpe-
6osaTenbHbJe K cogep>KaH111t0 s Cblpbe 
cepbl, a30Ta, BOAbl, B KOTOpblX nnarnHa 
ssegeHa s L1eon111T. Crn6111nbHOCTb Ka
rnn1113aTOpa nosb1waeTcs:i np111 go6asKe 
pegKo3eMenbHblX sneMeHTOB, noggep-
>Kll1Bal0ll.\111X BblCOKYIO g111cnepCHOCTb 
nnaTll1Hbl. 

KaTam1rn1.1ecK111iil p111ct>opM111Hr B 
npoMb1wneHHOCT111. P111cpopM111Hr s npo
Mb1wneHHOCT111 VICnonb3yeTCH gns:i nOBbl
weHll1H OKTaHOBOro 4111Cna 6eH3111HOBblX 
cppaKL\111111 111 ,qns:i nonyYeHll1H apeHOB, HB
mll0ll.\111XCH L\8HHblM CblpbeM HecpTeXll1Mll1-
YeCKOro Cll1HTe3a. 

B KaYecTse Cblpbs:i gns:i Karnn111T111Ye
cKoro p111cpopMV1Hra o6blYHO V1cnonb3Y
IOTCH 6eH3111HOBbl8 cppaKL\VIVI nepB111YHOlll 
neperoHKVI Hecprn. ct>paKL\VIOHHbliil COCTaB 
Cblpbs:i p111cpopM111Hra onpegens:ieTcs:i L1ene
BblM npogyKTOM npol\ecca . Ecn111 L1enbt0 
npoL1ecca s:isns:ieTcs:i nonyYeHVle ll1HAll1-
s1.-1gyanbHblX apeHos, TO ,qns:i nonyYeH111s:i 
6eH3ona, TOnyona VI KCVlnonos V1cnonb3Y
IOT COOTB8TCTB8HHO cppaKL\1-1111, cogep>Ka
ll.\1118 yrneBOAOPOAbl C6 (62-85 °C), C7 (85-
105 °C) VI CB (105-140 °C). Ecn111 npOL\8CC 
npoBOAVITCH c L\8flbl0 nonyYeHll1H BblCOKO
OKTaHosoro 6eH3VIHa, TO s KaYecrne Cbl
pbs:i 111cnonb3yt0T cppaKL\111tO 85-180 °C, co
OTBeTcrnyt0ll.\Yt0 yrnesogopo,qaM C7, C9 . 

YcrnHOBKll1 KaTan111rnYecKoro p111cpop
M1t1Hra, KaK npas111no, COCTOSH Vl3 6noKOB 
p1t1cpOpMV1posaHll1H 111 rngpOOYll1CTKVI. OHVI 
pa3n111Yat0TCH no MOL!.\HOCTl/1' KOHCTpyK
l.\"1111 annapaTOs 111 06opygosaH111s:i, KaTa
n1113aTOpy VI , s ps:ige cnyLJaes, TexHonorn
YecKoMy pe>K111My. Ha p111c . 3.5 np111se,qeHa 
np1t1HL1111n111anbHas:i cxeMa o,qHoiil Vl3 TaK1t1x 
YCTaHOBOK. nepeg KaTan111rnYeCKll1M pVl
cpopMVIHroM Cblpbe no,qseprat0T rn,qpo
OY1t1CTKe. 3aTeM npogy1nb1 nocTynat0T 
B ornapHyKJ KOnOHHY 5. Csepxy ee Bbl-

sogm ceposogopo,q VI BOAHHble napb1, 
a CHll13Y - rV1,qporeHV13aT. rVl,qporeHll13aT 
BMecTe c peL1111pKyn111pyt0ll.\ll1M sogopog
cogep>Kall.\VIM ra3oM HarpesaeTCH sHaYa
ne s rnnnoo6MeHH111Kax, a 3aTeM s 3Mee
BVIKax ney111 6 VI nocTynaeT s peaKTOpb1 
p111cpopMll1Hra 9. npogyKTbl, BblXOAHll.\lt18 
1113 nocnegHero peaKTopa, oxna>K,qatOT
cri s annaparnx 7, 2 VI 3 111 pa3gens:it0TCH 
s cenapaTOpe 4 Ha ra3osyt0 111 >K111AKYIO 
cpa3bl. >K1t1AK1t1e npogyKTbl cppaKL\1110Hll1py
IOT c L\8flbl0 nonyYeHll1H BblCOKOOKTaHO
soro KOMnoHeHTa 111n111 gpyrnx npogyKTOB 
(apoMarnyecK1t1x yrnesogopogos, c>K111-
>KeHHoro HecprnHoro ra3a 111 T.,q.) . 6ora
Tb1ill so,qopo,qoM ra3 Hanpasns:it0T Ha 
peL1111pKynriL1111t0, a 11136b1TOK ero BblBOAHT 
Vl3 c111cTeMbl 1t1 1t1cnonb3YIOT B ,qpyrnx npo
L1eccax. 

0CHOBHb1Mlt1 npo,qyKTaMll1 p111cpopMll1H
ra s:isns:it0Tcri so,qopo,qco,qep>Kall.1111iil ra3 
1t1 >KVIAKari cppaKL\lt1H - p111cpopMaT. Bo,qo
pog 111cnonb3yt0T YacrnYHO ,qns:i socnon
HeHVIH noTepb L\ll1pKyn1-1pyt0ll.\ero BOAO
po,qco,qep>Kall.\ero ra3a. 6onbwyt0 YaCTb 
sogopoga Hanpasns:it0T Ha ycTaHOBKll1 
rngpoKpeKll1Hra lt1 rli1APOOYll1CTKll1 HecpTe
npogyKTOB. lt13 so,qopogcogep>Kall.\ero 
ra3a np111 crn6111n1113al\1111'1 Bb1genHt0T TaK>Ke 
cyxoill ra3 (C1 - c2 111n1t1 c1 - C3) 1-1 C>Klt1>KeH
Hbl8 ra3bl (C3 - C4 ). 

P111cpopMaT 111cnonb3YIOT KaK Bb1coKo
OKTaHOBb1ill KOMnOHeHT aBTOM06111nbHblX 
6eH3111HOB 111n111 HanpaBnHIOT Ha BbJgene
Hll18 apeHOB. 

nocKOflbKY KaTanll1Tli1Y8CKll1iil p111cpop
Mll1Hf HBnHeTCH sa>KHeiilW111M 111CTOYHll1KOM 
nonyYeH111H apoMarnYecK111x yrnesogopo
gos, TO ycTaHOBKll1 p111cpopM111Hra COYe
TalOTCH c ycTaHOBKaMll1 no BbJgeneHll1IO 
111 pa3geneH111t0 nocnegH111x (KonoHHaML1 
gns:i Y8TKOiil peKrncp111Kal\111111, a3eOTpOnHOiil 
111 3KCTpaKL\1110HHOiil neperoHKll1, 3KCTpaK
L\WOHHOlil VI agcop6L\1110HHOiil ycraHOBK8-
M1t1) . B npOMblwneHHocrn Ha1t16onbwee 
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P111c. 3.5. npuH4unuanbHaf/ mexHonoaul/eCKaR cxeMa ycmaHOBKU Kamanumu'leCKOao pucpopMUHaa c 6noKOM auopOO'IUCmKu: 
1 - a6cop6ep onR Ol/ucmKu yaneeooopooHbtX aa3oe; 2 - annapam eo3oywHoao oxna>KoeHuR; 3 - xonoounbHUK eooRHOao oxna>KoeHuR; 

4 - cenapamop; 5 - omnapHaR KonoHHa; 6 - mpy61./amaR ne<1b; 7 - mennoo6MeHHUK; 8 - peaKmop auopoO'lucmKu; 
9- peaKmop pucpopMuHaa; 10- a6cop6ep; 11- Hacoc; 12- KOMnpeccop. 

fluHuu: I - Cbtpbe; II - pacmeop M3A Ha peaeHepa4u10; Ill - pacmeop M3A; IV - eooopoocooep>Kaw,uiJ aa3 c ycmaHoeKu; 
V - aa3 Ha 6noK a6cop64uu u cma6unu3a4uu; VI - Hecma6unbHbtiJ Kamanu3amop Ha 6noK a6cop64uu u cma6unu3a4uu 

co 
OJ 



np111MeHeH111e nony4111n111 3KCTpaKL\1110HHafl 
neperoHKa c cpeHonoM - AnR Bb1.QeneH111R 
OAHOfO apoMaTli14eCKOro KOMnOHeHTa , 111 
3KCTp8KL\111R c A1113Tli1neHrn111KoneM - AnR 
BbJAeneHll1fl CMec111 apOM8Tli14eCK111X yrne-· 
BOAOPOAOB. Vl3 p111cpopMaTa BblAenRIOT 
1t1HA1t1B1t1.Qya.nbHble apeHb1: 6eH3on, rnny
o.n, 3Tl!1.n6eH30.n , see 11130Mepbl Kc111.nonos, 
Hatj:>Ta.nlt1H, nceB,QOKyMo.n 111 HeKOTOpble 
,llpyrne apoMaT1114eCKll1e COeA1t1HeH1t1fl, 
w111pOKO 111cno.nb3yeMbJe B opraHll14eCKOM 
Clt1HTe3e. 

YcrnHOBKa n11aTCpopM1.1Hra. Ycrn
HOBKa n.naTcpopM111Hra COCTOll1T 1113 Tpex 
6nOKOB: 1) npe,QBap111TenbHafl rli1,Qp0-
04111CTKa 6eH3111Ha : 2) nnaTtj:>OpM111Hr 
rt11.Qp004111l1\eHHoro 6eH3111Ha (rn.Qpore-
H"13arn); 3) crn6111.n1113aL\111R 6eH3111Ha nnaT
cpopM111Hra. 

Ec.n111 Ha ycTaHOBKe nony4alOT ll1H.Q111-
B1t1,llya.nbHb1e apoMaTli14eCKll1e yrneBO,QO
pO,llbl, TO B ee COCTa8 8Knl04aeTCfl eL11e 
"1 6noK 8b1Ae.neHll1fl apoMaTl!14eCK111X yrne
BOAOPO.Q08. 

TexHono2u'lecKaR cxeMa. TexHono
rt114ecKaR cxeMa ycrnHOBK111 .QnR nony4e
H"1fl 8blCOKOOKTaHOBblX 6eH3111H08 np111BO
,!l,111TCfl Ha p111c. 3.6. 

VlCXO,QHOe Cblpbe noAaeTCfl HaCOCOM 
H-1 Ha cMeL11eH111e c w111pKyn111py10l1\ll1M 
ra30M rli1,Qp004111CTKll1 111 11136blT04HblM 80-
,o,opo,QOM p111cpopMll1Hra . nony4eHHafl 
ra3ocb1pbe0aR cMecb noc.ne Harpesa s 
rennoo6MeHH111Ke T-1 111 ne4111 n-1 noCTy
naeT 0 peaKrnp rli1AP004111CTKll1 P-1. Aanee 
CMeCb ra3a 111 rli1,Qp004111l1\eHHOro 6eH3111Ha 
OT,llaeT csoe rnn.no 0 K111nRT111nbH111Ke T-3, 
Tennoo6MeHH111Ke T-1, xono.Q111nbH111Ke X-1 
1t1 Hanpas.nReTCR s cenaparnp BblCOKO
ro ,lla0.neH111R r111.Qpoo4111cTK111 C-1 , r.Qe ra3 
OT,QenReTCfl OT r111,QporeHll13aTa. B 80AO
po,o,co,llep>KaL11eM ra3e np111cyTcTByeT ce
poso,Qopo.Q, Bbl.QenR10L11111VicR np111 rn.Qpo-
0414CTKe. Vl3 cenaparnpa ra3 nocTynaeT 
B KO.nOHHY K-3 , r,Qe cepo80,Q0p0.Q OTMbl
saeTCfl 15%-HblM pacrnopoM MOH03TaHO
f18M"1Ha . 

0Yll1l1\8HHblVI ra3 pa3,QenReTCfl Ha AB8 
Hepa8Hb1e Yacrn: 6onbwaR - w111pKynRL\"10H
Hb1VI ra3 r111,Qpoo4111cTK111 - nocTynaeT Ha 
np111eM L\111pKyn5iL\1110HHOro KOMnpeccopa 
nK-1 111 8H08b CMeW111BaeTCfl C CblpbeM, 
MeHbWafl - 11136blTOYHblVI 80.QOPOA - 8bl
BO,Qll1TCR c ycrnHOBKll1. >K111.QKa5i cpa3a 
s cenaparnpe C-1 co.Qep>K111T r111.Qpoo4111-
l1\8HHb1VI 6eH3111H c pacrnopeHHblMll1 8 HeM 
cep080AOPO.QOM, yrne80AOPOAHblM ra-
30M 111 80AOVi . no3TOMY rli1AporeHll138T 
noCTynaeT 4epe3 rnn.noo6MeHH111K T-2 0 
ornapHylO KonoHHY K-1, rAe npo111cxo,Q111T 
ornapKa ra3a, 80Abl 111 cepOBOAOPOA8 OT 
6eH3111Ha 3a eyer rnn.na noroKa 1113 peaK
ropa P-1, no.Q80A111Moro s K111m1T111.nbHll1K 
T-3. Crn6L-<1.nbHbJVi r111,QporeH1113aT c Hll13a 
KonoHHbl K-1 npoXOA111T rnn.noo6MeHHll1K 
T-2 111 HacocoM H-2 Hanpas.nReTCfl Ha CMe
weH111e c w111pKyn111py10L11111M 80AOPOAOM 
6noKa nnarcpopM111Hra. CMecb 6eH3111Ha L-1 
ra3a HarpesaeTCR 0 ren.noo6MeHH111Ke T-4 
111 0 nepsoVI ceKL\111111 ne4111 n-2, a 38TeM no
c.ne,Qo0arn.nbHO npoXOA111T peaKrnp P-2, 
BTOPYIO ceKL\111IO ne'-1111 n-2, peaKTOP P-3, 
TpeTblO CeKL\111IO ne4111 n-2 111 peaKTOp P-4. 

npOAYKT p111cpopMll1Hra 1113 peaKTOpa 
P-4 Hanpa0nReTCfl 0 rnn.noo6MeHHll1K 
T-4 111 xonOA111nbHll1K X-2, oxna>K,QaeTCR 111 
nocrynaer s cenaparop 8bJCOKOro A88-
neH1115i nnmcpopM111Hra C-3, rAe npo111c
XOAll1T p83AeneH111e ra3a "1 6eH3"1Ha. ra3 
nOCTynaeT Ha np111eM KOMnpeccopa nK-2. 
5onbWafl YaCTb ero 8038P8L11aeTCfl Ha 
CMeWeH111e c rli1,QporeHll138TOM, a 11136bl
T04Hb1Vi 80AOPOA n.narcpopML-1Hra Hanpa0-
nReTC5! 8 6noK r111AP004111CTKll1. >K111.QK111Vi 
npo.QyKT 1113 cenaparnpa C-3 nonaAaer 8 
cenaparop Hll13Koro ,QasneH111R C-4, r.Qe 
1113 nnarcpopMarn BblAen5ieTCR pacrno
peHHblVi yrneBOAOPOAHblVI ra3. 0KOH48-
TenbHO nnarcpopMaT crn6111.n1113111pyeTCR 
s KonoHHax K-4 111 K-5 . Yrne00AOPO.QHb1VI 
ra3 rli1AP004111CTKll1 1i1 p111cpopM111Hra 1113 ce
naparnpos C-2 li1 C-4 cMewL-isaeTCR li1 no
AaeTCR BO cppaKLjli10Hli1PYIOL1\li1Vi a6cop6ep 
K-4. 
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P111c. 3.6. TexHonoau'!ecKafl cxeMa ycmaHoeKu nnamcjJopMuHaa: I - Cbtpbe; II - U36btmOl/HbtD eoaopoa; 
Ill - cyxoD yaneeoaopoaHbtD aa3; IV - cma6unbHafl aonoeKa; V - cma6unbHbtD ebtCoKooKmaHoebtD 6eH3UH; 

H -7 

VI - 15%-HbtD pacmeop MOH03maHonaMuHa, HacbtW,eHHbtD cepoeoaopoaoM; VII - cee)f(u{J 15%-HbtD pacmeop MOH03maHonaMuHa 
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Hecrn6V1JlbHb1i'.1 6eH3VIH Vl3 cenapa
ropa C-4 .Q8YM>I nornKaMVI nocrynaer 8 
a6cop6ep K-4: Yacrb xono,QHOro 6eH3Vl
Ha nop,aercs:1 Ha 8epx a,Qcop6epa, APY
raR YaCTb Harpe8aercs:1 8 rennoo6MeH
HV1Ke T-6 1-1 no,Qaercs:1 8 HVl3 a6cop6epa. 
C 8epxa a6cop6epa K-4 yxo.QVIT cyxoi'.-1 
yrne9op,opo.QHb1i'.1 ra3, c HVl3a - 6eH3VIH 8 
KOflOHHY cra6V1JlV13aL1V1V1 K-5 nocne npe.Q
sapV1TeJlbHoro Harpe8a 8 rennoo6MeH
HV1Ke T-5 3a cYeT crn6V1JlbHoro 6eH3VIHa. 
C sepxa KOJlOHHbl K-5 c ycrnH08KVI 8bl80-
,QVITCS'I CTa6VIJlbHaS'I fOJlOBKa, c HVl3a KO
flOHHbl K-5 Yepe3 rennoo6MeHHVIKVI T-5 
V1 T-6 V1 XOJlO,QVIJlbHVIK X-3 - CTa6VIJlbHbli'.1 
6eH3V1H. no,Q80P, renna 8 HVl3 KOJlOHH 
K-4 VI K-5 ocyll.\ecrnns:1ercs:1 MeTO.QOM ro
pRYeill crpyVI Yepe3 p,syxKaMepHylO neYb 
n-3. npVI nOJlHOM 8bl,QeJleHVIVI Vl3 6eH3Vl
Ha 3TaHa (pe}f(VIM ,Qe3TaHVl3al...IVIVI) B 8ep
xy KonoHHbl K-5 no,Q,Qep}f(V18aercs:1 70 °C, 
npVI nonHoM y.QaneHVIVI nponaHa (pe}f(VIM 
p,enponaHV13aL1V1V1) - 45 °C. B 060V1x cny
Yasix reMneparypa HVl3a KOJlOHHbl 220 °C, 
p,asneHVle 11,5 Mna. 

B HaCTOSILL\ee 8peM>1 s cxeMy 8KI110Ya-
10TCS1 TaK}f(e ocyWVITeJlVI l...IVIPKYilVIPYIOLL\e
ro sop,opo,Qco,Qep}f(all.\ero ra3a, Hanon
HeHHb1e 1...1eonV1T08blM nornornreneM VIJlVI 
aKTV1BHOil1 OKVICblO aillOMVIHVISI, a TaK}f(e 
9MKOCTVI, MepHVIKVI VI ,Q03VlpOBOYHbli'.1 Ha
coc ,QJlSI nop,aYVI ,QVIXI10p3TaHa 8 KOJlVIYe
CTBe 5-10"50/o (Mace.) Ha Cbipbe. 

Pe2eHepau,uR Kamanu3amopa. no 
OKOHYaHVIVI l...IVIKJla peaKl...IVIVI KaTaJlV13aTop 
Tepsier aKTVIBHOCTb BCJle,QCTBVle orno
)f(9HVIS'I Ha HeM KOKCa. npo1...1ecc pereHe
pa1...11-11-1 ocyll.\ecrsns:1ercs:1 no3ranHo. CHa-

4ana npeKpaL11aercs:1 npvieM Cblpbsi Ha 
yCTaH08Ky. 6JlOK rVl,Qp004VICTKVI VI 6JlOK 
crn6V1JlV13aL1V1V1 OTKJ110Ya10rcs:1. WV1pKyns:1-
L1V1>1 80.QOpo,Qco,Qep}f(all.\ero ra3a e 6no
Ke nnarcpopMVIHra npo.QOJl}f(aercs:1 .QJlS'I 
npOMbl8KVI CVICTeMbl OT yrneso,qopo,QOB. 
Aanee nocreneHHO c0Kpall.\aercs:1 no.Qa
Ya rnnnV1sa s cpopcyHKVI ne4VI nnarcpop
MVIHra ,QO nonHoro OTKJll04eHVIS'!. CVICTeMa 
nocreneHHO OXJla}f(,QaeTCS'I AO 200 °C, VI 
l...IVIPKYil>ll...IVIS'I BO.QOPO.QCO,Q8p}f(all.\ero ra3a 
npeKpall\aercs:i . Bo,Qopop,co,Qep}f(all.\Vli'.-1 
ra3 c6pacb18aercs:i 4epe3 pe.QyKL1VIOHHb1e 
KnanaHbl 8 TOnnVIBHYIO ceTb. 1113 peaKTo
p08 OCTaTOK napos ymeBO,QOpO,Q08 OT
caCblBaeTCS'I 8aKyyMHblM HaCOCOM. 3a
TeM CVICTeMa npo,QysaeTCS'I VIHepTHblM 
ra3oM 8 arMoccpepy. nocne npop,yBKVI 
CVICTeMa 3anonHS'!8TCS'! VIHepTHblM ra30M 
.QO .QasneHV1>1 1 Mna, BKJllOYaercs:i L1V1PKY
ns:i1...1V10HHb1i11 KOMnpeccop, VI peaKTOpHblill 
6noK nocreneHHO pa3orpe8aercs:i npVI no
CTOS'IHHoi'.-1 l...IVIPKYilS'!l...IVIVI VIHepTHoro ra3a. 
npVI 250 °C K V1HepTH0My ra3y .Q06asns:i
ercs:i 803.QYX 8 TaKOM KOJlVIY8CTBe, 4T06bi 
KOHL18HTpa1...1V1s:i KVICilOpO,Qa B VIHepTHOM 
ra3e He npe8b1wana 0,5% (06.) B Ha4ane 
pereHepal...IVIVI VI 2% (06.) B KOHL.le pere
Hepa1...1viV1 . Bbl}f(V1raHV1e KOKca npo80.QVITCs:i 
s .Q8e cryneHvi: nepsas:1 cryneHb - npVI 
250-300 °C, BTOpas:i - npVI 380-400 °C. 
nocne OKOH4aHVIS'! Bbl>KVlraHVIS'! KOKCa Ka
TaJlVl3aTOp npoKanV1Ba10T npVI 500 °C. 3a
TeM CVICTeMY oxna}f(,QalOT, L\VIPKYilS'!L\VllO 
VIHepTHoro ra3a npeKpall.\alOT VI c6pacb1-
sa10T ero 8 arMoccpepy. nocne 3Toro cHo-
8a npo,Qy8alOT CVICTeMy BOAOPO.QCO,Qep
}f(all.IVIM ra30M . 

3.1.3. nuponu3 

npOL\8CCbl nVlpOilVl3a B COBpeMeHHOill 
npOMblWJleHHOCTVI XVIMVl4eCKOC-1 nepe
pa60TKVI Hecprn VI ra3a 3aHVIMalOT ,QO
Ml-1HV1py10111ee nono}f(eHvie KaK no Mac-

wrn6aM nepepa6arb1saeMoro Cbipbs:i VI 
o6beMaM no11y4aeMb1x npo.QyKT08, TaK 
VI no 3Ha4VIMOCTVI ,[\JlS'! 06111ero pa38VITVIR 
HecpTeXVIMVl48CKOi'.1 npOMblWJleHHOCTVI. 
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n111pom13 yrneBO,O,OpO,O,OB Hecprn Ill ra3a B 
Hacrnsm-1ee speMH HBJlHeTCH OCHOBHblM 
lllCTO"IHlllKOM np01113BO,lJ,CTBa He TOJlbKO 
Ha1116onee KpynHOTOHHa>KHblX onecp111-
H08 - ::irnneHa 111 npon111neHa, HO 111 3Ha
"llllTeJlbHOro KOJllll"lecrna ,o,pyrnx L.\eHHblX 
npop,yKT08. nyreM nlllp0Jllll3a nony"lalOT 
6yrn,Q111eH 111 6yrnneHbl c 6onee Hlll3Koli1 
ce6eCTOlllMOCTblO no cpa8HeHllllO c 6yrn
,o,111eHOM 111 6yrnneHaM111 , nony"leHHblMlll 
KaTaJllllTL!t"leCKlllM p,erL!t,O,plllp08aHllleM. n111-
p0Jllll30M napacp111H08b1x yrne90,o,opo,o,08 
nony"lalOT TaK>Ke aL1ernneH, anneH, Me
rnnaL1ernneH, apoMarn"lecK111e yrne90,o,o
po,o,b1, ca>Ky 111 ,o,pyrne npo,o,yKTbl. 

np111 nlllp0Jllll3e napacplllH08blX yrne80-
,0,0p0,0,0B nporeKaeT ,0,8a 8111,0,a OCH08HblX 
peaKL.\111111 : pacll.lenneH111e (pa3pb1B) yrne
po,o,Holil L1en111 111 ,o,er111,o,p111po8aH111e: 

. 
H ~)~,9fli 

2 
I : I • 

H2C...~~ 

,QJlH WeCTlt1"1JleHHblX MOHOL.\111KJllll"leC
Kl!1X HacpTeH08blX yme80,QOpO,Q08 8 ycno-
81!1HX 8blCOKOTeMneparypHoro pa3JlO>Ke
Hl!1H Ha6nio,o,aercH pacna,o, c o6pa30-
8aH111eM 6yra,Q111eHa, ::irnneHa 111 80.Qopo,o,a 
[I) 111n111 >Ke o6pa308aH111e ,o,9yx MoneKyn 
npon111neHa [II). 

06pa3ylOU\lllecH np111 3TOM onecp111Ho-
8b1e yrne80,o,opo,o,b1 8 ,o,aJlbHelilweM Moryr 
no,o,8epraTbCH peaKL.\lllHM pa3no>KeH111H 111 
KOH,O,eHCal.\111111 c o6pa308aHllleM apoMarn
"leCKl-1X yrne90,o,opo,o,09 . V130Mep1113aL1111111 
napacp111H08 np111 n111pon1113e npaKT1t1"lecK111 
He npOlllCXO,[J,1!1T. 

Hanpa8neH111e nep8111"1Horo pacna,o,a 
3a8111Cl!1T OT MOJleKynHpHoro 8eca lllCX0,0,
HOro yme90,o,opo,o,a; .QJlH Hlll3KOMOJleKy
IlHpHblX ra3006pa3HblX yrne90,o,opo.Qo8 
npe111Myll\eCTBeHHO Ha6Jll0,[J,3IOTCH peaK
L.\111111 ,o,er111,o,p111po8aH1t1H ; c n08blWeH111eM 
MoneKynHpHoro 9eca yrne80.Qopo,o,08, 
Ha"ll!1HaH C C4 111 8b1We, peaKL.\1111-1 ,o,er111p,p111-
po8aHl!1H ycrynaior Mecrn peaKL.\lllHM pac
na,o,a no C8H3111 C-C. 

CH2 
II 
CH 
I + 
CH 
II 
CH2 

CH3 
I 

CH + 
II 

CH2 

CH2 

II 
CH2 

CH2 
II 
CH 
I 
CH3 

+ H2 en 

(II) 

,QnH nep8oli1 cxeMbl Ha1116onee xapaK
repHblMlll YCJ1081!1HMll1 H8Jlf!IOTCH TeMne
parypa 500-600 °C 111 Hlll3KOe ,o,a9neH111e. 

ApoMaT111"1ecK111e yme90,o,opo,o,b1 (6eH-
30n, rnnyon, KClllJlOJlbl , Hacprnn111H 111 AP-) 
8 ycno8111Hx n111pon1113a ,o,ocrarn"IHO ycro0-
"'1118b1; np111 y>Kecrn"leH111111 pe}f{111Ma n111 po-



Jlll138 3Tll1 yrnesogopogb1 MoryT nogsep

r8TbCH p8cn8AY c o6p830B8H111eM n111wb 

MeTaH8, 8L\eT111neH8 111 npogyKTOB KOHgeH

C8L\111111. 

,QnH 8JlK111n111pos8HHblX 8pOM8T111Ye

cK111X yrnesogopogos nepsll1YHoiil pe8KL\111-

eill HBilHeTCH p83pbi8 60KOBOiil uen111. 

B yc11os111Hx n111pon11138 neps111YHb1e 

pe8KL\111111 p8cn8A8 MoryT npornK8Tb s oc

HOBHOM no P8A111K8JlbHOMY MeX8Hll13MY c 

6onbweill cKopocTblO 111 6onbweill 3Hepr111-

eill 8KTll188L\111111 ; BTOp111YHble pe8KL\111111 no

Jlll1Mep11138L\111111 111 KOHAeHC8L\111111 npoTeK8-

IOT C M8HbWei/I CKOpOCTblO. noBblW8Hll1e 

TeMnepaTypb1 npouecc8 ysen111Y111s8eT 

CKOpOCTb npOT8K8Hlt1H nepB111YHblX pe-

8KL11t1iil p8Cn8g8 3H8Ylt1TellbHO 6biCTpee, 

YeM CKOpOCTb BTOplt1YHblX pe8KL11t1iil, npo

T8K810ll.1111X c MeHbWlt1M TeMnep8TYPHblM 

K03cpcp111u111eHTOM. CnegoB8TeJlbHO, K111-

HeT1t1YecK111e 38KOHOMepHOCTll1 n111po111113a 

yrneBOAOPOAOB AalOT B03MO>KHOCTb lt13-

MeHmb TeYeH111e npouecc8 s >KenaeMOM 

Hanp8s11eH1t11t1 AllH npoMbtwneHHOiil npaK

T111K111. 

H8np1t1Mep, nosbtW8H rnMnepaTypy 

npo1..1ecca 111 rny6111Hy p83JlO>KeHll1H CblpbH 

lt1 OAHOBp8M8HHO CHll1>KaH speMH KOH

TaKTa, MO>KHO 3HaY111T8JlbHO ysen1t1Yll1Tb 

BblXOA ra3a, 6orarnro HenpeA811bHbl

Mll1 yrneBOAOPOAaMll1, 111 CHll13111Tb BblXOA 

>K1t1AK111x npOAYKTOB 1t1 KOKca. Ysen1t1Y1t1BaH 

speMH KOHTaKTa, MO>KHO nonyYll1Tb 60llb

w111e BblXOAbl >K111AK1t1X npOAYKTOB 38 CY8T 

yrny611eH1t1H srnp1t1YHb1x npoueccos KOH

AeHca1..1111111 ra3006pa3HblX onecj:l1t1HOBblX 

yrneBOAOPOAOB. 

3.1.3.1. npou3eoacmeo onecf>uHoe 

n1t1pOI11113 - Ha1116011ee >KeCTKll1iil 1113 T8p

Mll1YeCKlt1X npo1..1eccos nepepa6oTKll1 Hecp

rn. OH npo1t13BOA1t1TCH np1t1 TeMnepaType 

6onee 750 °C 111 npeAHa3H8YaeTCH s oc

HOBHOM AllH nonyY8Hll1H BblCOKOL\8HHblX 

onecp111HOBblX yrneBOAOPOAOB - CblpbH 

Hecj:>TeX1t1Mll1Y8CKOro Clt1HT83a . 

Cblpbe. H8111nyYw111M B111AOM CblpbH 

AllH no11yYeH1t1H 011ecp111Hos s npouecce 

n111po111113a HBJlHIOTCH napacp111HOBble yrne

BOAOPOAbl. np111 pacn8A8 HOpM8JlbHblX 

napacp1t1HOB 1t1Me10T MeCTO CJ18AY10ll.11118 

OCHOBHbte 38KOHOMepHOCTll1: 3TaH nOYTl/1 

nonHOCTblO npespaL1.1a8TCH B 3Tll1JleH , 1113 

npon8Ha lt1 6yTaH8 c 60JlbWlt1M BblXOAOM 

06pa3y10TCH 3Tll1JleH 111 npon11111eH, 1113 na

pacp1t1HOBblX yrneBOAOPOAOB c Ylt1CJ10M 

yrnepoAHbtx arnMos 6onee 4 nonyYa

tOT 45-50% (Mace.) 3T11111eHa, npon11111eH 

111 HenpeAellbHbte yrneBOAOPOAbl C4 111 

BblWe. np111 n111pom13e 11130napacp111HOB 

BblXOA 3Tll1JleHa M8HbW8, 06pa3yeTCH 

60JlbWe ra3006pa3HblX napacp111HOBblX 

yrneBOIJ.OPOAOB, 111 B o c o6eHHOCTll1 Me-

rnHa . ApoMarnYecK111e yrneBOAOPOAbl 

np111 yMepeHHblX rnMnep8TYP8X n111pom1-

3a HBJlHIOTCH 6annaCTOM, 8 np111 6011ee 

>KeCTKll1X - B 3H8Yll1T8JlbHOiil CTeneH111 o6-

pa3ylOT KOKC lt1 CMOJly. 

n111pon1113y MOryT no,qsepr8TbCH np111-

pOAHbte 111 nonyTHble ra3bl, a rnK>Ke npo

AYKTbl nepepa60TK111 Hecprn . 

np111pOAHb1e ra3bl COAep>KaT 93-98% 
MeTaHa , AO 2% 3TaH8 111 AO 1 % npon8-

Ha . nocKOJlbKY ,[\JlH n111po111113a C L\8Ilbl0 

nonyYeHll1H 011ecp111HoB Ha1116onee np111ro,q

Hbl TOJlbKO 3TaH 111 nponaH, np111po,qHb1e 

ra3bl CYll1TalOTCH M8JlOL1eHHblM CbipbeM 

n111pon1113a. nonyTHbtill ra3 111 npo,qyKTbl 

crn6111111113a1..1111111 Hecprn co,qep>KaT 60-70% 
3TaHa, nponaH8 111 6onee BbtCOKOKll1nHll.1111X 

napacp111HOBblX yrneso,qopo,qos 111 nosrn

MY npe,qcrnsnHIOT co6oill 1..1eHHOe n111po-

111113HOe Cblpbe . VIHor,q8 n111pon1113y no,q

sepralOT He secb nonyTHbtiil ra3 , a TOJlbKO 

BblAeneHHbl8 1113 Hero 3TaH, nponaH 111 

6yTaH. 
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K npo,qyKrnM Heqnenepepa6oTKll1, 

np111M8H5l8MblM ,Qflfl n111pon1113a , OTHOCRTCR 

npRMOrDHHbli7t 6eH3111H 111 6eH3111H-pacp111HaT 

c ycraHOBOK 3KCTpaKl..llt1111 apoMaTW-18CKll1X 

ymeBO,QOpO,QOB. np111 n111pOI111138 6eH3111HO

BblX cppaK1..1111!7t ,QOnOilHll1Teflb~O nonyYalOT 

BblCOK01..18HHb18 npo,QyKTbl: 6yrn,Q1118H, 6y

Tlt1Il8Hbl , apoMarnYecK111e ymeso,qopo,Qbl, 

Cblpbe ,QI151 npo1113so,qcrna ca>K111 111 Hacpra

n111Ha. np51MOrDHHbl8 6eH3111Hbl o6na,QalOT 

npe111MYli.\8CTBaMll1 B cpaBH8Hll1111 c pacp111-

HaTaM111, TaK KaK co,qep>KaT B OCHOBHOM 

HOpMaflbHble napacp111HOBbl8 ymeBO,QO

pO,Qbl , Tor,qa KaK s pacp111Harax - ,qo 50% 
1113onapacp111Hos. 

B nepcneKrnse B03MO>KHO 111cnonb-

3oaaH111e s KaYecrne CbtpbR n111pon1113a s 

Tpy6<-taTblX neYax Kepoc111Ho-ra30!7tnesb1x 

cppaK1..1111!7t . 0,QHaKO 3TO Cblpbe Hy>K,QaeTCR 

B npe,qsapll1T8IlbHOi71 no,QrOTOBKe - OYll1CT

Ke OT cepH111CTblX C08,Qll1H8Hll1i71 111 ,qeapo

MaT1t13a1..1111111 . 

napaMeTpbl npo1.4ecca. TexHOI10rlt1-

YeCKlt18 napaMeTpbl npo1..1ecca 3as111cr1T OT 

nepepa6aTblBaeMoro CblpbR 111 rnro, KaK111e 

yrneBO,QOpO,Qbl H806XO,Qll1MO nonyYll1Tb 

np111 n111pon1113e. OnrnMaflbHblM cY111rner

CR pe>K111M, np111 KornpoM 06ecneY111saercs:i 

MaKC1t1MaflbHbli71 BblXO,Q onecp111HOB. 

40 
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Ba>KHb1M111 napaMerpaM111 npo1..1ecca 

RBilRIOTCR : TeMnepaTypa n111pon1113a, spe

MR KOHTaKra, nap1..1111aJlbHOe ,QaBI18Hlt1e 

napos Cblpb51. TaK, np111 n111pon1113e npona

Ha c noeb1weH111eM reMneparypb1 pacrer 

BblXO,Q 3Tlt1neHa 111 npon111neHa (p111c. 3.7). 
nocKOilbKY BblXO,Q npon111neHa ,QOCTV1raer 

MaKc111MyMa np111 6onee Hll13KOi71 reMne

paType, 1t13MeHeH111eM 3TOro napaMeTpa 

MO>KHO peryn111posaTb COOTHOW8Hll1e 111 

BblXO,Q 3Tlt1neHa 111 npon111neHa. 

CooTHoweH111e 3rnneHa 111 npon111neHa 

MO>KHO TaK>Ke peryn111posaTb, 1113M8HRR 

speMR KOHTaKTa (p111c. 3.8). BblXO,Q 3Tlt1Jle

Ha nOBblWaeTCR 111 np111 nOHll1>K8Hll1111 nap-

1..1111anbHOro ,QaBI18Hll15l Cb1pb51. npo1..1ecc 

nl'lp0I11113a npOBO,Ql'ITC5l npl'I ,QaBJ18Hl'1111, 

6Jlll13KOM K aTMOCcpepHOMy, a nap1..1111anb

HOe ,QaeneH111e peryn111py10T, pa36asnRs:i 

Cblpbe BO,QHHblM napoM. Pa36asneH111e 

Cblpb51 BO,QRHblM napoM yMeHbwaer se

po51THOCTb CTOI1KHOB8Hl'15l Me>K,Qy co6oi7t 

MOI18KYI1 onecpl'IHOB, 111 B pe3yflbTaT8 CHll1-

>KaeTC5l ponb peaK1..1111!7t nonl'1Mep1113aLll'11'1 111 

ynflOTH8Hll15l . np111 n1t1pOI11t13e ra3006pa3-

HOro Cblpb51 111 C>Kl'l>K8HHblX ra30B K CblpblD 

,qo6aBI15llOT 10-20% BO,Q51Horo napa, np111 

n111pon1113e 6eH3111HOB 111 6onee rn>KeflblX 

yrneBO,QOpO,QOB - OT 25 ,QO 30%, CYll1Ta5l 

Ha Cblpbe. 

800 900 1000 

PMc. 3.7. 3aeucuMocmb coaep)l(aHu>i onecjJuHoe (-) u eoaopoaa (----) e za3e nuponu3a 
nponaHa om meMnepamypbt: 1 - ecezo onecjJuHoe; 2 - :JmuneH; 3 - nponuneH 



BpeMJI K OHTaKTa, c 

P111c. 3.8. 3aaucuMocm& B&1xoaa npoayKmoa nuponu3a nponaHa om epeMeHu KOHmaKma: 
1- MemaH; 2- 3muneH; 3- eoaopoa; 4 - nponuneH; 5 - 3maH; 6- yaneeoaopoa&1 C

4
; 

7 - yaneaoaopoa&1 C5; 8 - apoMamuL/ecKue yaneaoaopoa&1 

Cocrne M ceoilicTea npOAYKTOB. 
np111 n111pom13e o6pa3ylOTC5l nlllpOnlll3HblLil 
ra3 111 >KlllAKllle npo,qyKTbl n111pon1113a (cMona 
n111pon1113a). 

nuponU3Hb/U 2a3 co,qep>KlllT 6onbWOe 
KOnlll'·l8CTBO pa3m1YHblX KOMnOHeHTOB. 
Ero cocrns 3as111c111T OT TeMnepaTypb1 
n111pon1113a, speMeHlll npe6b1BaH1115l B pe
aKJ.llllOHHoLll 30He (speMeHlll KOHTaKTa) Ill 
Ka48CTBa lllCXO,QHOro Cblpb5l . np111 6onb
WOM BpeMeHlll KOHTaKTa (6onbwe 2-3 c) 
xapaKTep Cblpb5l He OKa3blBaeT 3aMeTHO
ro Bnlll5lHlll5l Ha cocrns n111pon1113Horo ra3a . 
Pe>K111M npo1.1ecca no,q61i1paeTC5l s 3as1i1c111-
Mocrn OT rnro, KaKoLll npo,qyKT n111pon1113a 
SIBn5leTC5l 1.1eneBblM. np111 n111pon1113e ra30-
06pa3Hb1X yrneso,qopo,qos TeMnepaTypy 

npo1.1ecca Heo6xo,q1i1Mo no.QAep>K111BaTb 
6onee Bb1coK0Lil, YeM np1i1 n111pon1i13e 6eH-
3111HOBoro Cb1pb5l . 

n111ponli13Hb1Lil ra3 Ha 6noKaX ra30pa3-
,qeneHlll5l ycTaHosoK n111pon1113a ,qen111TC5l 
Ha so,qopo,q, MernH, arnH, arnneH, npo
n111neH , nponaH, 6yrnneH-6yrn,q111eHosy10 
cppaKJ.lllllO . 1113 6yrnneH-6yrn,q1i1eHosoLll 
cppaK1.1111111 Bb1,qen5l10T 6yrn,q1i1eH-1, 3 - Cbl
pbe npOMblWneHHOCTlll ClllHT8TlllY8CKOro 
KayYyKa. 

CMona nuponu3a. CMonoLll n111pon1113a 
Ha3blBalOT nonyYaeMble B npOl.l8CCe >KlilA
Kllle yrneso,qopo,qb1 OT C5 111 BblWe. Kon1i1-
Yecrno n1i1pon1113HOLll CMOnbl B OCHOBHOM 
3aBlllClllT OT Cblpb5l n1i1pon1113a, YTO 8111,QHO 
1113 cne,qy101..L1Li1X ,qaHHb1x: 

BblXO,Q CMOnbl , 
% (Mace) Ha Cblpbe 

3TaH... ... ..... .... .......... .... ......... ....... .. .. 2-3 
nponaH........... ... ... ............ .......... ...... 8-10 
6YTaH.. .. ............ .... ......... ............... .... 5-8 
nerKLilLil 6eH3111H (H . K. - 145 °C) ... .. ...... . 20-25 
Kepoc111Ho-ra3oi11nesa51 cppaKLllll5l ..... .. 30-35 



BblXO,Q CMOnb1 y0em141t10aeTcs:1 TaK>Ke 
np1t1 CH1t1>KeH1t11t1 TeMnepaTypbl n1t1pon1t13a. 
TaK, npL-1 HLi13KOTeMnepaTypHOM (740 °C) 
n1t1po.nL113e 8blXO,Q CMO.nbl COCTa8ns:ieT 
30-45%, a npL-1 8blCOKOTeMnepaTypHOM 
(800 cc) CHL!l>Ka8TC51 ,QO 520%. 

CMo.na nL11pon1t13a CO,Qep>KLilT 10-15% 
,QLi18HOBblX yr.ne80,QOpO,QOB, 10-15% 
onecpL11Ho0, 25-30% 6eH3ona, 10-15% 
rn.nyona, a Tame Henpe,qe.nbHb1e co
e,Q1t1HeH111s:1 rnna crnpo.na Lil LilH,QeHa Lil 
L11t1K.noo.necpL11Hbl - L1L11K.noneHTa,Q1t1eH 1t1 ,Qp. 
nepepa6oTKa CMOnbl nLi1pO.nlt13a MO>K8T 
ocyL1..1ecTBnHTbCs:1 no ABYM sap1t1aHTaM -
Ton.nLilBHOMY Lil XLi1MLi148CKOMy. 

npL-1 TOnnLilBHOM BapLi1aHT8 CMOna 
,qenL11Tcs:1 Ha ,q0e cppaKL\LilL-1 - nerKyio Lil 
Ts:i>Kenyio. V13 .nerKoili cppaKL\LilL-1 rL11,QpL11po
saHL11eM y,qa.ns:1ioTcs:1 Henpe,qenbHb1e yr.ne
so,o,opo,Qbl, 04Lill.l..leHHblili npo,o,yKT, Ha-
3b1saeMb1ili rLi1,QpOCTa6LilnLi13Li1pOBaHHblM 
6eH3Li1HOM, LilMeeT OKTaH0809 4Li1C.no 74-
78 nyHKTOB Lil Li1CnO.nb3Y8TCs:! KaK KOMno
H8HT rnsapHoro asrn6eH3Li1Ha. Ts:i>Kenas:1 
cppaKL\Lils:! Hanpas.ns:ieTC51 B KOTe.nbHOe 
rnn.n1t1so. 

np1t1 XLi1MLi148CKOM 0apL11aHTe CMO-
.na ,Q9nLi1TC51 Ha cppaKL\LilL-1 H. K. - 70 °C, 
70-130 cc, 130-160 °C, 160-200 °C, 
200-230 °C, 8blW8 230 cc. vfa cpp8KL\Li1Li1 
H.K. - 70 °C Bbl,Qe.n5llOT L\Li1KnoneHTaALi18H 
1t1 Li130npeH, L-13 cppaKL\LilL-1 70-130 °C - 6eH-
30.n, rnnyo.n Lil KCL11no.nb1. Pa3pa6oTaHbl 
MeTOAbl rn,o,poreHL-138L\LilOHHoili nepepa-
6oTKLi1 3TOi!i cppaKL\LilL-1, no30ons:110L1..1L11e no
ny4aTb TOnbKO 6eH30n - HaL116onee L18H
Hb1ili L-13 apoMarn4eCKLi1X yr.neBO,QOpO,Q08. 
¢paKL\Li1Li1 130-160 cc Lil 160-200 cc no,q
sepraioTcs:1 nonL11MepL1138L\Li1Li1 c no.ny4e
HL11eM CLi1HTeTLi148CKLi1X HecprenonL!lMepHblX 
CMOn - crnponbHOili lt1 KyMapOHO-LilH,QeHO
BOili . ¢p8KL\Li15l 200-230 °C MO)f(8T 6b1Tb Li1C
nO.nb30BaHa KaK Cblpbe ,o,ns:i no.nY4eH111s:1 Ha
cpTa.n1t1Ha, a cppaKL\lils:l Bb1we 230 cc - ,o,ns:1 
nony4eHLi151 TeXHLi14ecKoro yrnepoAa (ca>KL-1). 

YcmaHoa«a nuponu3a. CospeMeH
Has:i ycTaHOBKa nLi1pOnLi13a COCTOLilT L-13 

cneAYIOLl..ILilX 6.noKos: nL11ponL113a yr.neso
,o,opo,QHoro Cblpbs:!, KOMnpeCCLilL-1 Lil 0'-ILilCT
KL-1 nL11po.n1t13Horo ra3a, pa3,o,e.neHL115l ra3a , 
nepepa60TKlt1 CMO.nbl nLi1pO.nLi13a. 

TexHono2u"lecKaR cxeMa. CxeMa 
ycTaHOBKL-1 n1t1po.nL113a 6eH3Li1HOBblX cppaK
L\Lilili npL1180,QL11Tcs:1 Ha pL!lc. 3.9. Cb1pbe noA 
AasneHL!leM 1,0-1 ,2 Mna noAaeTcs:1 0 na
posoili no,qorpesaTe.nb T-1, Harpe0aeTcs:1 
AO 100 cc Lil noc.ne cMeweHL-151 c neperpe
TblM 80As:!HblM napoM nocTynaeT 8 KOH
B8KL\Li10HHYIO KaMepy ne4Li1 nL11pom13a n-1 . 
3,o,ecb 6eH3lt1H 111cnaps:1eTcs:1 Lil HarpesaeT
cs:i AO 500-600 cc, nocne Yero nocTyna
eT s pa,qL11aHTHY10 KaMepy, rAe nporeKaeT 
pa3nO>K8HLi18 yr.neBO,QOPOAOB. 

Bb1XOAs:!l.l..ILilili L-13 ne4Li1 c reMnepaTypoili 
750 cc Lil AasneHLileM 0,2-0,22 Mna nL11po
.nL113Hb1ili ra3 Hanpasns:ieTcs:1 s 3aKano4HYIO 
KaMepy A-1 ' B KOTOpoili 6blCTpO oxna)f(,Qa-
8TC51 ,QO 700 cc 3a C48T LilCnapeHl!ls:! no
A88aeMoro B 3TY >Ke KaMepy napo0oro 
KOHA8HCaTa. 6blCTpb1M oxna>K,Q9HLi19M 
npe,QOTBpaL1..1a10TCs:! 8TOpLi14Hbl9 peaKL\LilL-1 
nonL11MepL113aL11t1L11 1t1 KOHA9HC8L\Li1Li1 onecpL11-
H08. 

3areM ra3bl nL11po.nL113a ox.na>K,QalOTCH 
,QO 400 cc B 3aKano'-IHO-Li1CnapLi1TenbHOM 
arperare T-2 , rAe LilX renno L11cno.nb3yeT
cs:1 AnH Bb1pa60TKL11 so,o,s:1Horo napa. 1113 
T-2 ra3bl npoxo,o,s:1T s annapaT E-1, Ky,o,a 
snpb1CKL110aeTcs:1 nor.nonnenbHOe Maeno 
C TeMnepaTypoi/i 70 cc. ra3bl nlt1pO.nLi138 
oxna>K,QalOTCs:i AO 180 cc Lil Hanpas.ns:110T
cs:1 Ha ,o,anbHeiliwyio nepepa6oTKy. B coc
rn0e ycTaH08KLi1 Li1M99TC51 H9CKOflbKO 
ne4HblX arperarns, cocT05ll.l..ILi1X L-13 renno
o6MeHHLi1Ka, ne4Li1 nLi1pO.nL!13a, 3aKa.n04HOili 
KaMepbl, 3aKan04HO-Li1CnapLi1T8nbHOrD 
arperarn Lil annaparn AnH snpblCKa Mac
na. 

Oxna>K,QeHHble nL11ponL113Hb1e ra3bl OT 
0cex neYHblX arperaT00 06be,QL11Hs:!10TC5l 
0 06L1..1L11ili Kon.neKTop Lil Hanpasns:1ioTcs:1 Ha 
npOMblBKY 8 KOnOHHbl nep8Li14HOili peKrn
cpL11KaL1L11Li1 K-1 . B HLil>KHeili 4acrn K-1 ra3bl 
OTMblBalOTCs:! OT C8>KLi1 Lil KOKCa rn>KenblM 
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P111c. 3.9. TexHono2uLJecKaR cxeMa 6noKa nuponu3a y2neeoaopoaH020 CblpbR ycmaHOBKU nuponu3a: I - Cblpbe (6eH3UHoeaR <:jJpaKu,uR); 
II - nuponu3Hbli1 2a3 Ha 6noK KOMnpeccuu u oLJucmKu; Ill - ne2KaR cMona; IV - mR)l(enaR cMona; V - eoaRHoiJ nap; 

VI - cee>Kee no2nomumenbHoe Maeno; Vil - eoaa Ha Ol/UCmKy; VIII - oxna)l(aa10w,aR eoaa; IX - KoHaeHcam u numamenbHaR eoaa 



nornonnenbHblM MacnoM, a B sepxHeilt -
oxna>1<p,a10rcs=1 3a cYeT 111cnapeH111s=t nop,a
saeMoro TYAa nernoro nomonnenbHoro 
Maena. np111 3TOM npo1t1eXO,Qlt1T KOHA8Hea
L\lt1S'I rn>Kenollt cMonb1. 1113 K-1 ra3bl n1t1p0-
n1t13a nocrynalOT B BOAS'!Hble KOH,Q8HCaTO
pb1-xonO,Q1t1nbHlt1Klt1 XK-1, r,Qe npo1t1exo,Q1t1T 
KOH,QeHca4111s=1 nernoro Macna 1t1 BOAs=tHblX 
napos. B cenaparnpe C-1 KOHAeHcar 
nernoro Maena 1t1 so,Qa OT,Qem1ioTes=t OT 
n111pon1t13HblX ra30B, nocryna10ll(1t1X 3aTeM 
B 6noK1t1 KOMnpeec111111 1t1 OY1t1CTKll1 ra3a 1t1 ra-
3opa3,QeneH1t1s=t . 

Ts=t>Kenoe nomoTVITenbHoe Mae-
no c H1113a K-1 nepeKaY1t1BaeTcs=t Haco
coM H-1 B cp1t1nbTpb1 <P-1 , npe,QHa3Ha
YeHHble ,Qns=t 0Ylt1CTK111 OT ca>1<111 lt1 KOKCa . 
OLJ111Ll(eHHoe Maeno ,Qemncs=t Ha ABa 
noTOKa, O,Qlt1H lt13 KOTOpbiX Hanpasm1-
eTe5! Ha opoweH1t1e H1t1>1<Heilt YacTl!I K-1, 
a BTopollt - oxna>Kp,aeTcH p,o 70 °C 
1t1 nop,aeTcH s E-1. 4aeTb rn>Kenoro no
mornTenbHOro Macna, B KOTOpOM CO,Qep
>Klt1TC5l TaK>Ke ynosneHHaH B K-1 rn>KenaH 
CMOna n1t1pon1t13a, BblBOP,111TC5l Ha eKna,Q 
1t1n1t1 B OT,QeneH1t1e nepepa60TKlt1 eMOnbl. 

nernoe Maeno lt1 KOHP,8HCaT BO,Q5lHO
ro napa 1t13 C-1 noeTynaioT caMOTeKOM B 
C-2, r,Qe npoi-1exo,Q1t1T OT,QeneH1t1e Maena 
OT KOH,Q9HCaTa. nerKOe Maeno, CO,Q8p>Ka
Ll(88 rnK>Ke nerKyio CMony n1t1pon1t13a, ,Qe-

noeTyn1t1no: 

n1t1TC5l Ha p,sa noToKa . Op,1t1H 1113 nornKOB 
B03Bpall(aeTCH Ha opoweH111e sepxHeilt 
YaeTVI K-1 , a p,pyrollt - no,QaeTes:1 B ornap
HYIO KonoHHY K-2. B K-2 1t13 Macna ornap
KOilt BOAS'!HblM napOM yp,ans=tlOTCS'I nerK111e 
ymeBOAOPOAbl - C4 111 Hlt1>K8, KOTOpbie 
3aTeM p,06asns:1t0Tes:1 K ra3aM n1t1po111t13a. 
nerKoe Maeno c Hlt13a K-2 HaCOCOM H-3 
BblBOAlt1TC51 Ha CKnap, 1t1n1t1 B 6nOK nepepa-
60TKlt1 eMOnbl n1t1pon1t13a . 

KoHp,eHcaT BOA51Horo napa lt13 C-2 3a
rpH3HeH yrnesop,opop,aM111, p,nH 0LJ111CTK1t1 
OT Hll1X OH nop,aeTC5l Ha cp111nbTpbl <P-2. 
nocne tjJ1t1nbTpa41t11t1 YaeTb KOHP,8HCaTa 
nocb1naeTC5l Ha oxna>Kp,eH111e n1t1pon1t13-
HblX ra30B B 3aKanOYHYIO KaMepy, a 1113-
6blTOK c6paCblBaeTe51 B KaHan1t13a41t110. 
0Tp,eneHHble Ha cp111nbTpe <P-2 nern1t1e 
yrneBOAOPOAbl , cop,ep>Kall(1t1e HeKOTOpoe 
KOn111Yeerno BOA51HOro napa, KOH,Q8HC1t1py
IOTC5! B XK-2 1t1 pa3,Qens:1t0TC5l Ha BOAHYIO 
111 yrneBOAOPOAHYIO cpa3bl B cenaparnpe 
C-5 . 

TexHonorn"feCKHH pe>KHM npol.(ecca. 
OnrnManbHb1e pe>t<1t1Mb1 n1t1pon1t13a pa3-
n1t1YHblX Blt1AOB Cblpb51 np111BO,QS'ITCS'I 8 

rn6n. 3.2. 
Marep1t1anbHb1ilt 6anaHc n1t1pon1t13a 

np5lMOroHHOro 6eH31t1Ha (1) 111 3TaHOBO~ 

cppaK41t11t1 (II) [B %(Mace.)]: 

II 

Cb1pbe ... . ..... .. ... . . . .. .. ... . ... . . . . 100,0 100,0 

nonyYeHO: 

MernHo-so,Qopo,QHas:1 ¢paK41t1si . . .. .. .. . .... . 
3T1t1neH ....... . .. . .. . ............ . .... . 
npon1t1neH .. . . ... . . . .. ..... . .. ... . .. . . . 
3raH-nponaHosasi ¢paK41t1si . .. .. .. . .. .. ... . 
6yrnneH-6yraA1t18HOBas=t tjJpaK41t1Sl .. . ..... . . . 
}f{1t1AK1t1e npOAYKTbl (C5 lt1 BblWe) . . ... .. ... . .. 

nerKaH CMona . .. . .... . . ... ......... . 
rn>Kenas:1 cMona . . .. . . .. . . . . .... .. .. . . 

Vlrnro .. . . . 

15,8 
24,5 
15,0 
7,5 
12,2 
25,0 
(22,2) 
(2,8) 
100,0 

14,0 
50,0 
1,0 
31,0 
2,0 
2,0 

100,0 



AnnapaTypa. Tpy6Yarb1ill n111pon1113-

Hblill peaKTOp (neYb n111pon1113a) - ocHos

HOill peaKL11t10HHblill annapaT cospeMeH

HblX n1t1pon1t13HblX yCTaHOBOK. rnaBHbl8 

nono>1<1t1TenbHble KaYecrna Tpy6Yaroro 

peaKrnpa - npocrorn KOHCTPYK'-1111111, He-

6onbw1t1e 3Kcnnyarn1_11t10HHb1e pacXOAbl, 

ycTOill41t1BOCTb pa6oTbl. 

Kon111YeCTBO ne4eill n111pon1113a Ha ycrn

HOBKe 3aBll1Clt1T OT 8A111Hll14HOJ/J M0Ll.IHOCH1 

ne4111 111 np01113BOAl!1TenbHOCTll1 ycTaHOBKl/1. 

TaK, Ha ycrnHOBKe n111pon1113a MOLl.IHOCTblO 

250 TblC. T/roA no CbipblO 111MeeTC51 weCTb 

ne4eJ/J, B Ka>KAOill 1113 KOTOpblX n111pon1113y-

8TC51 77,5 T/4 Cblpb51. B TO >Ke BpeM51 Ha 

yKpynHeHHOill n111ponll13HOl1 ycTaHOBKe 

MOLl.IHOCTblO 1 MnH . T/fOA Cbipb51 111MeeTC51 

Bcero 48Tblpe Tpy64aTblX ne4111, O,QHaKO 

6onbweill npo1113BOA111TenbHocrn. 

Ta6nuua 3.2 

Onn1ManbHb1e ycnoBHJI n1o1pon1o13a 
pa3nH"tHOro CblpbSI B Tpy6"taTblX ne"taX 

KoH1..1eHTpa1..11itsi BpeMsi Cbtpbe Pe>KHM TeMnepaTypa, °C BOAJIHOro napa, 
KOHTaKTa, c 

% 

3TaH 3n1JleHOBbliii * 825-830 1,0 10 

nponaH 3TVIJ18H0Bbliii 800 1,01,5 15 

npom1JleHOBbliii 775 1,0 15 

5yraH 3nmeHOBbliii 800 0,51,0 20 

npom1JleH-6ynme-
750 1,0 20 

HOB bl iii 

raJOBbliii 68H3t.1H 3rnneHOBbliii 780-800 1,0 2050 

npont.1Jl8HOBbliii 750 1,0 2050 

npHMOrDHHbliii 
3TVIJ18H0Bbliii 780-800 0,51,0 3050 

6eH3t.1H 

npont.1Jl8HOBbliii 750 0,5 25 

6yrnneHOBbliii 725 1,0 25 

* 3nmeHOBblM Ha3b1Baerc>i pe>KviM seAeHvi>i npo4ecca nviponvi3a , npvi KoTOpoM nony4a10rc>i MaKcviMa11b

Hb1e BblXOAbl 3TV1JleHa. CoOTBeTCTBeHHO, nponvineHOBblM C4V1TaeTC>l TaKOM pe>KV1M , npl-1 KOTOpOM A06visa10TC>l 

M8KCl'1MaJlbHOro BblXOAa nponvineHa. 

B n111pon1113HOl1 ne4111 ,QOn>KeH 6b1Tb 

C03AaH TaKoill 06beM peaKl_lll10HHOill 30Hbl, 

4T06b1 Cbipbe pa3naranocb AO Heo6xo,Q111-

MOJ/J rny6111Hbl 8 Mll1Hll1ManbHO KOpOTK111ill 

orpe30K speMeH111. PeaK1_11110HHb1ill 3Mee

Bl.1K pacnono>KeH s pa,Q111aHTHoill KaMepe , 

rAe, KaK 111388CTHO, TennoHanpmKeHHOCTb 

nosepxHocrn Harpesa MaKc111MaflbHa$1 . 

Ha n111pon1113HblX ycTaHOBKax np111Me

H5!10TC5! Tpy64aTbl8 ne4111 pa3Jlll14HOJ/J KOH

CTPYK'-1111111: 
1) O,QHOKaMepHble, c KOHB8K'-11110HHOl1 

ceK1_1111eJ/J, pacnono>KeHHOill no,Q nOAOM ne4111, 

111 ropenKaM111 cpaKenbHoro rnna; 

2) ,QByXKaMepHbl8, 111M810ll.11118 ,QBe 

rono4Hbl8 KaMepbi, Ka)l{Aas=I 1113 KOTOpbiX 



pa3.o,enbHO o6orpesaeTc5i KopoTKocjJa
KeilbHblMVI ropenKaM111; y 3Tli1X neYeLlt 06-
11.11110 Ans:i ABYX KaMep KOHBeK~VIOHHas:i 

KaMepa VI 6opos .o,ns:i BblBOAa .QblMOBblX 
raaos; 

3) Tpy6YaTble neYVI c ropenKaMVI 6ec
nnaMeHHoro rnna; cy11.1ecTsyt0T neYVI c 

3KpaHaM111 o.o,HocrnpoHHero VI ABycrnpoH
Hero o6nyYeHll15i. 

KoHCTPYK~Vls:i neYVI c 3KpaHaMVI p,sy
cTopoHHero o6nyYeHVIS'l VI ropenKaM1.1 
6ecnnaMeHHoro TVlna npV1sep,eHa Ha 
pVIC. 3.10. npoV13BOAVIT0nbHOCTb neYVI -
6-8 T/Y CblpbS'l. 

PMc. 3.10. Tpy6LtamaR ne<tb nuponu3a c 3KpaHaMU aeycmopOHHezo o6nylfeHUR: 
1- nomonol/HbliJ 3KpaH; 2 - 3KpaH aeycmopoHHeco o6nylfeHuR; 3 - naHenbHb1e zopenKu; 

4 - KapKac; 5 - KOH6eKU,UOHH8R KaMepa 

TennoTa s paAVlaHTHOLlt yacT111 3ToLlt 
neYll1 nepeAaeTCS'l 3M88BVIKY OT 1113nyYa
IOIJ..lll1X creH rnnKVI. CreHbl co6paHbl 1113 
6ecnnaMeHHblX ropenoK. Ka)f(p,as:i ropen
Ka COCTOVIT Vl3 20-25 KepaMll1Y9CKVIX orHe
ynopHblX 6noKos c 4-6 TYHHens:iM111 s 6no
Ke. raa, V1cnonb3Y9Mb1Llt p,ns:i 0TonneH111s:i, 
CM9WVIBaeTCS'l c B03AYXOM VI nOAaSTCS'l B 
TYHHem-1, p,nVIHa KOTOpbrx cocrasns:ieT 10-
15 CM. TyHHenb 111MeeT cpopMy KOHyca, 
ra3 np111 {J,8111)f(9HVIVI no HeMy 3aB111Xp5i9TCR 

VI 6blCTpO cropaeT. npVI cropaHll1VI CTeHK~ 
TyHHens:i pacKans:it0Tcs:i 111 V1anyYat0T renno 
B rnnKy neY111. V1HT9HC111BHOCTb TennooT
AaY111 OT pacKaneHHblX creH s 2-2,5 pa3a 
BblWe, Y9M OT cpaKena, C03AaBa9MOfO 
o6blYHOLlt ropenKOLlt. 

TeMnepamypa aa3oB, noKuoaio~ux 

monKy c 6ecnnaMeHHblMU copenKaMu, 
Ha 150-200 °C Bb/We, l/eM B neYaX C c/Ja
KeflbHblMU 2openKaMU. 



B nel.f111 c 3KpaHaM111 ABycropoHHero 
o6nyLfeHV1fl Tpy6bl paAV1aHTHOll1 C8K4V1V1 
nonyl.falOT Tenno c .QByx cropoH 111 ycTpa
Hf!eTCH HepaBHOMepHOCTb o6orpesa 
aMees111Ka. Tennosoe Hanpm1<eH111e s 3Tll1X 
nel.fax aaMerno Bb1we, l.feM B nel.fax O.QHO
cropoHHero o6nyl.feHV1H, - 40 KBT/M 2 npo
Tl!IB 30-32 KBT/M2

. 

3aKanol.fHo-111cnap111TenbHb1!11 arperaT 
(p111c. 3.11) npe.QcrasnHeT co6oi/1 Tpy6-
YaTblil1 rnnnoo6MeHHV1K, no Tpy6HOMY 
npocrpaHCTBY KOTOporo npOXO,QV1T n111po
nV13Hblil1 ra3, a s Me>Krpy6Hoe no.c:1aeTcH 
npoMe>KyTOLfHblil1 TennoHoci.nenb 111m1 
cneu,111anbHO no.QrorosneHHaf! XV1MV1Ye
CKV1 OLfV1Ll.18HHaH so.Qa. Me>KTpy6Hoe npo
crpaHcrso coe.Q111HeHo rpy6onposo.QaM111 
c 6apa6aHOM-napoc6opH111KoM . 

AeT0MaT1rtJa'-'1 .. u1 npo'"'ecca. Ycra
HOBKV1 n111pon111aa ocHaL11eHbl np1116opaM111 

V1 CV1CTeMaMV1 aBTOMaTW18CKOro peryn111-
posaHV1fl npo4ecca. ,O.asneHV1e napos B 
111cnap111renbHOll1 ceK4111111 no.QA8P>KV1Ba0r
Cfl asroMaTV1Lf 8CKV1 no.Qal.f0il1 B T0nnoo6-
M8HHV1K-111cnap111r0n b rp010L118ro BO.Qf!Horo 
napa c noMOLl.lblO perynHropa .c:1asn0HV1fl . 
TeMnepaTypa ra300 n111pon1113a Ha Bb1xo
.Q8 1113 n111ponV13HblX 3M88BV1KOB peryn111-
pyeTCfl V13MeH8HV1eM no.Qal.fV1 ronn1110a B 
nel.fb. 0YeHb sa>KHO csoesp0MeHHO 111a
M8HV1Tb TeMneparypy n111pon1113a np111 111a
M8H8HV1V1 Harpy3KV1 nel.f111 111 cocrasa Cbl
pbH. B HaCTOflll.188 sp0Ms:i BH8.QpHIOTCfl 
CX8Mbl p0ryn111posaHV1fl c npV1M8H8HV18M 
xpoMarorpacpos . Ha ocHosaH111111 xpoMa
rorpacp111l.fecKoro aHan1113a cocrasa Cbl
pbH aBTOMaTll1Lf8CKV1 V13M8Hfl8TCfl p8>KV1M. 
AsroMarnLfeCKV1 p0ryn111pyeTCfl TaK>K8 no
.Qal.fa BO,Qbl Ha 3aKanKy B 3aBV1CV1MOCTV1 OT 
reMnepaTypbl n111pon1113HOro ra3a. 

III 
~ 

P111c. 3.11. 3aKano<JHo-ucnapumenbHbliJ aapeaam: 
I - aa3bl nuponu3a; II - oxna>KaeHHb1e aa3bl; Ill - eoaRHOiJ nap Bb1c0Koao aaeneHuR; 

IV - numamenbHaR eoaa; v - npoayeo<JHBR nuHuR: 1 - 3aKano4HaR KaMepa; 2 - nepeaHRR 
KaMepa ucnapumenbHOLi <Jacmu; 3 - mennoo6MeHHUK-ucnapumenb: 4 - BbtxoaHaR KaMepa; 

5 - 6apa6aH-napoc6opHuK; 6 - mpy6onpoeoobt onR u,upKynRu,uu BOObt 
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nepcneKTMBbl ,qaJlbHei/lwero pa3· 
Bl>1Tl>1H npo~ecca n1>1pom1Ja. n111pom13 
nerKll1X ymeBO.QOPO.QHblX ¢paK1.1111i:.1 111 
cpe.QHll1X (Kepoc111Ho-ra30C111esb1x) ,Q111crn11-
mnos B Tpy64aTblX ne4ax smm:1eTcH s 
HaCTOHL11ee speMH Ha1116011ee Ha,qe>KHblM 
111 3KOHOMll14eCKll1 BblrD,QHblM cnoco6oM 
np01113BO,QCTBa Hll13Wll1X 011e¢111HOBblX 
ymeso,Qopo,qos. OcHOBHble TeH.QeH1.1111111 B 
pa3s111rn111 TexH011or11111 npo1.1ecca Tpy64a
rnro n111po111113a c11e,qy10L11111e : 

1)nepexo,q K CTp0111TeflbCTBY ycTaHo
BOK 60JlbWOi:.i e,Qll1H1114HOC1 MOLl.IHOCTltl -
,qo 1 MflH. T/ro,q CblpbH 111 6onee; 

2) np111MeHeH111e HOBOi:.i BblCOKOnp01113-
BO,Q111TeflbHOC1 annapaTypbl - ne4ei:.i c 
BblCOKOi:.i Tennosoi:.1 HanpH>K0HHOCTblO 111 
30HHblM pery11111poBaH111eM TeMnepaTypbl 
no ,q11111He 3Mees111Ka; 

3) nOBblWeH111e ceneKTlt1BHOCTlt1 npo-
1.1ecca 3a C4eT yse11111YeH111H TeMnepaTypb1 
npo1.1ecca ,qo 840-870 °C 111 cH111>KeH111H 
speMeHlt1 KOHTaKTa ,QO 0,2-0,4 c; 

4) KOMnneKcHoe 111cnonb30BaH111e 
scex npo,qyKTOB n111pon1113a - Bb1,qeneH111e 
1113 CMOflbl n111po111113a apoMaTlt148CKlt1X 
yrneso,qopo,qos, ,q111s111H1t111a, 1113onpeHa, 
L11t1KnoneHTa,q1t1eHa c 1.1enb10 1t1x ,qanbHei:.1-
wero 111cnonb30BaH111H; 

5) pacw1t1peH111e Cblpbesoi:.1 6a3bl -
w111p0Koe np111MeHeH111e 6eH3111HOB-pa¢111-
HaTOB, nepexo,q K n111po111113y Kepoc111Ho
ra30C111esb1X ¢paK1.1111i:.1 . 

Mern,qy nonyYeH111H 3Tlt1neHa 111 npo
n11111eHa n111pon1113oM s Tpy64aTblX neYax 
np1t1CYL11. HapH.QY c H8COMHeHHblMll1 ,qoc-
TOll1HCTBaMll1, pH,q He,qocTaTKOB. ,QnH 
KOHCTpy111posaHll1H ne4ec.i np111XO.Q111TCH 
np111M0HHTb 60flbWOe KOJ111140CTBO BblCO
KOJler1t1posaHHblX crnnei:.1, rnMnepaTypy 
n111po111t1Ja, onacaHCb pa3pyweH111H Tpy6 

ne4111, He no,qH111Ma10T Bb1we 900 °C, Ha 
ycTaHOBKax Tpy6Yarnro n111pon1113a Henb-
3H nepepa6aTblBaTb TH>Ke11b1e B1t1.Qbl Cbl
pbH, 4T06bl He Bbl3BaTb 6blCTporo 3aKOK
COBblBaHll1H Tpy6 . 

no3TOMY BHll1MaHll10 HayKll1 , np00KT
HblX 111 npOMblWJ10HHblX opraHll138l.1111i:.i 
BO BCeM M111pe np111BJle4eHO K C03,QaHll1IO 
HOBblX Mern,qos n111po111113a. Oco6b1c.i 111H
rnpec Bbl3bl88IOT TaKll1e MO,q111¢111Ka1..1111111, 
KOTOpb10 n03BOJ1HIOT nepepa6aTblB8Tb 
rn>Keflble .Q111CTlt1flflHTbl, OCTaT04Hble npo
.QYKTbl 111 Cb1pyio He¢Tb. 

Hosb1e npo1.1eccb1 n111pon1113a TH>Kenb1x 
KOMnOH0HTOB 111 He¢rn pa3J111148IOTCH no 
cnoco6y no,qso,qa rnnna B peaKTop. Cy
L11ecrnyioT TaK111e rnnb1 HOBblX npo1.1eccos 
n111pon1113a : 1) rnpMOKOHTaKTHble npo1.1ec
Cb1; 2) n111pon1113 c neperpeTblM BO.QHHblM 
napoM; 3) oK111cn111rnnbHb1i:.i n111pon1113; 
4) n111pon1113 s nnaJMe. 

B csoio oYepe,qb, npo1.1eccb1 rnpMo
KOHTaKTHoro n111pon1113a ,qenHTCH Ha ,qse 
rpynnbl. K nepsoi:.1 OTHOCHTCH Te, B KOTO
pblX np111MeHHeTCH KpynHorpaHyn111poBaH
Hbli:.i rnn110Hoc111rnnb . Brnpyio rpynny co
crnsnHIOT npo1.1eccb1 c 111cnonb30BaH111eM 
nopowKOo6pa3HOro rnnnoHoc111rnnH . 

06L11ec.i Yeprni:.1 scex npo1.1eccos rnp
MOKOHTaKTHoro n111pon1113a HBJlHeTCH Ha
fllt14111e TennOHOCll1TeflH , KOTOpbli:.i Harpe
saeTCH B cne1.1111anbHOM annaparn. 3arnM 
HarpeTbli:.i rnnn0Hoc111rnnb TpaHcnoprnpy
eTCH B peaKTOp, r,qe BCTynaeT B KOHTaKT c 
n111pon1113Hb1M CblpbeM. K Tenn0Hoc111Ten10 
npe,qbHBJlHIOTCH Tpe6osaHll1H BblCOKOH 
rnnnoeMKOCTltl, MexaHll148CKOC1 111 rnpM111-
4eCKOC1 np04HOCTll1, H1113KOC1 a6pa3111BHO~ 

cnoco6Hocrn. B Ka1..1ecrne Ten110Hoc111re
nH np111MeHHIOTCH waMOT, KOKC, KBap1..1e
Bbli:.i neCOK 111 ,qp. 

3.1.3.2. npoU3800Cmeo au,emuneHa 

nepsb1M npoMb1wneHHblM cnoco6oM 
nony4eHll1H a1.1ernneHa, He nornpHBW1t1M 

3H840Hll1H 111 B H8CTOHL11ee speMH, 6blf10 no
ny4eHll10 ero 111cxo,qH 1113 Kap6111,qa Kaflbl..111151: 



Cao + C-+ CaC
2 

+ CO 
CaC2 + H20-+ C2H2 +Cao 

OcHOBHYIO YaCTb BC8X pacxo,Qos np111 

np01113BO,QCTB8 Kap6111,Qa Kanbl..1111H COCTa8-

ns:ilOT 3aTpaTbl Ha 3n8KTP03H8pr11110, KOTO

pas:i 068cn8Y1118a8T T8nnoM npOT8KaH1118 

3H,QOTepMll1Y8CKOiiJ p88Kl..1111111 np111 OY8Hb 

BbJCOKOili TeMn8paTyp8 (1900-1950 °C}. 
B HacTOHli.\88 8P8MH ocH08HbJM cno

co6oM nonyY8Hll1H at..18Tll1n8Ha s:i8nH8TCH 

n111pon1113 M8TaHa 111 np111po.QHoro ra3a. 

TepMo,Q111HaM111Ka n111po11111Ja MeTaHa. 
OnrnManbHYIO .QnH o6pa308aH111s:i at..18rn

n8Ha TeMn8paTypy MO>KHO yCTaH08111Tb 

repMO,Q111H8Mll1Y8CKll1, cpa8Hll18aH 88nll1Yll1-

Hbl pa8H088CHblX KOH88pc111i/J np111 pa3nll1Y

HblX TeMn8paTypax p8aKt..1111ill, npornKa10-

l.Llll1X np111 n1t1pon1t138 M8TaHa . 0 c H08HbJMltl 

1-13 HltlX HBnHIOTCH : 

k1 
2CH

4 
~ C2H2 + 3H2 ( 1) 
k2 

CH
4 - C +2H2 (2) -

C2H2 
k3 
~ 2C+ H2 (3) 
k4 

2CH
4 
~ C2H4 

+ 2H2 (4) 

6CH
4 

k5 
~ C

6
H

6 
+ 9H2 (5) 

B rn6n. 3.3 np1t188.Q8Hb1 H8KOTOpbl8 

repMOXltlMltlY8CKltl8 ltl TepMO,Q111H8Mll1Y8-

CK"1e xapaKT8p"1CTltlK"1 Tp8X OCH08HblX 

peaKt..11t1ill, npornKalOli.\ltlX np111 nonyYeHva1 

8l..18Tltln8Ha n111pon1t130M M8TaHa . KaK 8111.Q-
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HO 1113 3Tl!1X ,QaHHblX, TeMn8paTypy MO>KHO 

pa3.Q8nll1Tb Ha Tpltl 30HbJ: Hll1>K8 1000 °C, 
npltl KOTOpoi/J M8TaH nOYTltl nonHOCTblO 

pa3nara8TCH Ha C 111 H2 ; 1200-2000 °C, 
np1t1 KOTOpoi/J MO>K8T npoTeKaTb 3H8Yll1-

TenbH8H KOH88pc111s:i M8TaHa s at..18rnn8H, 

111 8bJW8 2000 °C, np1t1 KOTopoill crnn8Hb 

KOH88pc111111 8 at..18T111n8H rnopernY8CKltl 

OY8Hb 88n111Ka . 

KaK 8111.QHO 1113 rn6n. 3.3, 8 06nacT111 

pa60Y111x rnMn8paTyp cyli.\8CTBY10li.\1t1X 

npoMbJWn8HHbJX ycTaH080K - 1500-
1600 °C - pa8H088CHbJMll1 npo,QyKTa

Mltl p8aKt..1111111 n111pon1113a MeTaHa .QOn>KHbJ 

6b1Tb 8 OCH08HOM yrn8p0,Q ltl 80,QOpO,Q. 

npaKTl!1Y8CKll1 OHll1 111 H8nHIOTCH OCH08Hbl

Mll1 npo.QyKTaMll1 p8aKt..1111111, ecn1t1 8p8MH 88 

,QOCTaTOYHO ,QnH pa8H088Cll1H. 0,QHaKo OT

HOClt1TenbHbl8 CKOpOCT1!1 p88Kl..lltlltl (1) 111 (2) 
np111 ,QaHHbJX TeMnepaTypax TaK08bl, YTO 

,QO ,QOCTltl>K8Hll1H pa8H088Clt1H p8aKL.11110H

HOili CM8Cltl ltlM8IOTCH 8 3aMeTHOili KOHL.18H

TP8l..1111111 at..18T111n8H 111 COOT88TCTBYIOli.\88 

H860nbW08 KOnltlY8CTBO CB060,QHOro 

yrn8po.Qa (ca>K1t1}. B p8anbHOM npot..18C

C8 nonyY8Hll1H at..18T1t1n8Ha H806xo,Q1t1Mo 

6blCTpO Harpe8aTb M8TaH ,QO 8bJCOKOili 

T8Mn8paTypb1 , a nonyY8HHYIO p8aKt..11t10H

HY10 ra309yio CM8Cb 6b1CTpo oxna>K,QaTb 

(3aKanKa, JaMopa>K1118aH1118 ) , YT06b1 co

xpaH111Tb o6pa308a8w111illcs:i at..18T111n8H 111 

C88CT1!1 K Mll1Hll1MYMY o6pa3088Hll18 ca>K111 . 

Ha npaKTl!1K8 8p8MH np86b18aH111s:i M8TaHa 

8 30H8 p8aKL.1111111 COCTa8nf!eT 88nll1Yll1HY 

nops:i.QKa 0,01 C8K. np111 TeMnepaTyp8 p8-

aKt..1111111 1500-1600 °C. 

Ta6nuua 3.3 

TepMox111M111t.tecK111e 111 TepMo,Q111HaM111t.tecK111e xapaKTep111cT111K111 HeKOTOpblX 
peaK..,.lilill, npoTeKalOli.\lilX np11 nonyYeHlillil a.._.eT1111eHa lilJ MeTaHa 

K, K, K3 
2CH, ~ C

2
H

2 
+ 3H

2 CH, ~ C + 2H
2 

C
2
H

2 
~ 2C+H

2 

({).H,,. = 91 KKan/MOnb; ({).H,,, = 20,4 KKan/MOnb; ({',,H,,, = 54 KKan/MOnb; 
{).G = 96290 - 64.7 T KaniMOnb; {).G"=-21470 + 26,0 T Kan/ Monb; t:iG0 = 53350 - 12,7 T Kan/MOnb; 
{).G' = 0 np" 1220 ' C) liG' = 0 np" 552 °C) l1G0 = 0 np" 3923° C) 

·-· 
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TeMnepa- CTeneHb KOHsepc111111 
rypa °C CH

4 

B C2H2' % 

500 0,00 

1000 4,84 

1500 66,00 

2000 99,90 

3000 99,99 

5000 100 

MexaHMJM n1.1pon1.1Ja MeTaHa. 06-
1..L1enp1113H8H CB060AHOP8AlllK8nbHbiil1 Me
X8Hlll3M. B npOAYKTaX n111pon1113a MernHa 
6b1n111 o6Hapy>KeHbl cso60AHb1e paA111Ka
nb1 ·CH

3
, :CH

2 
111 : CH. 

.Qm:1 06bS'ICH8Hlllfl TOro, K8K 4epe3 
cso60AHb1e paA111Kanb1 1113 MeTaHa 06pa-
3yeTCfl aL1ernneH, cocTOf!U\111111 1113 ABYX 
8TOMOB ymepOA8, CBfl38HHblX TpoiliHoili 
CBf!3blO, 6b1no npeAno>KeHo MHoro cxeM. 
Vb HI/IX H811160nee nplllHf!Tbl AB8 M8X8Hlll3-
M8, npeAnonaralOU\lllX nepsoHaYanbHOe 
o6pa3osaH111e 3TaHa. 

MexaHU3M 1 
no 3TOi/1 CXeMe 1113 MernneHOBblX pa

AlllK8nOB (:CH2) CHaYana 06pa3yeTCfl 
3TaH, KoTOpb1il1 Aanee s pe3ynbT8Te peaK
L\111111 AernAp111posaH111f! o6pa3yeT 3rnneH, 
3Tli1neH Aanee A8rV1Ap111pyeTCfl AO 8L\8Tl'1-
neHa. 

CH
4 
~ :CH

2 
+ H

2 

:CH
2 

+ CH4~ CH3CH
3 

CH
3
CH

3 
~ CH

2 
= CH

2 
+ H

2 

CH2 = CH2 ~ C2
H2 + H2 

3rnneH MO>KeT o6pa30B8TbCfl 111 1113 
ABYX MeT111neHOBblX paAlllKanos: 

2 :CH2 ~ CH CH 2 = 2 

MexaHU3M 2 
no sTopoi/1 cxeMe 3TaH f!BnfleTcf! npo

AYKTOM peaKL\111111 MernnbHblX paAlllKanos, 
o6pa3088HHblX Ha OAHOM 1113 nepBblX 3Ta
nos peaK1.1111111: 

PaBHOBeCHble KOHL\6HTP8L\VIVI, % 

H, C2H2 

100 0 

100 0 

99,98 0,02 

99,92 0,08 

94,80 5,20 

42,50 57,50 

CH ~·CH +•H 
4 3 

•CH + CH ~ CH - CH + •H 
3 4 3 3 

3TaH MO>KeT o6pa30B8TbCfl TaK>Ke 1113 
ABYX paA111Kanos • CH3 

V1MelOT MeCTO TaK>Ke peaKl.1111111: 

•H + CH ~ •CH + H 4 3 2 
2H• ----> H

2 

(poCT wen111) 
(06pb1B L1en1A) 

AwernneH, KaK 111 s nepsoi/1 cxeMe, 06-
pa3yeTCfl 1!13 3TaHa 111 npoMe>KyT04HOro 
3rnneHa s pe3ynbTaTe peaKL\1111!1 A8r1'1AP111-
posaHJAf! . 

npOMblWfleHHble npOL\eCCbl np01113· 

BOACTBa 31..\eTllllleHa. np111 OCYU\8CTBne
Hllllll npoMb1wneHHoro npowecca nonyYe
HIAfl aweT111neHa OCHOBHOili TPYAHOCTb~ 

f!Bnf!eTCfl ocyU1ecrnneH111e 6b1cTpoi/1 111 
paBHOMepHOili nepeA841!1 3H84111TenbHOrO 
KOfilt148CTBa Tenna. 3TO CBf!38HO c Heo6-
XOAlt1MOCTblO np111MeHeH1t1fl BblCOKlllX TeM· 
nepaTyp Afifl AOCTJ11>KeH1t1fl np1t1eMneMblX 
cTeneHeili KOHsepc111111 s aL1ernneH. APY
rafl npo6neMa - He06XOA111MOCTb pe3KOro 
oxna:>KAeH1t1fl BblXOAflU\lt!X 1'13 peaKTopa 
ra30B, KOTOpoe npOlt13BOAf!T c TeM, 4T06bl 
npeAOTBparnTb pa3no>KeH1t1e al\ernneHa, 
pewaeTCfl OTHOClt!TenbHO nerKO. 06bl4-
HO B nOTOK ropfl4J.1X ra30B snpb1CK111B8-
IOT BOAY· nocneAHeili 38Aa4ei/1, KOTOPY~ 
npeACTOlt!T pa3pew1t1Tb T8XHOnory, f!Bn5l
eTCfl Bb1AeneH1t1e 111 041t1CTKa awernneHa, 



COA8P}f(8Ll.\8rQCH B ra3aX B ManblX KOH
L18HTP8L\L-'151X (o6blYHO 7-13% 06beMH.). 
Al..lernneH 1113 3rnx ra3os n111pon1113a Bbl
AenHIOT era ceneKT1t1BHblM nornoL11eH1t1eM 
noAXOAHL111t1M1t1 pacrsop1t1rens:iM1t1 c nocne
AYIOL1\lt1M 1113sneYeH1t1eM - HarpesaH1t1eM 
1t1n1t1 Apyr1t1M1t1 cpeAcTBaM1t1. B KaYecrse 
ceneKrnBHblX pacrsop1t1reneil1 paHee 
np1t1MeHs:in1t1 BOAY, a s nocneAY10L11eM -
,Qpyrne, 6onee nyYw1t1e ceneKrnBHble 
pacrsop1t1ren1t1 : N-Mernnn1t1ponn1t1.QOH, 
aL1eTOH, .Q1t1MernncpopMaM1t1.Q, A1t1Mernn
cynbcpOKC1t1.Q. 

no cnoco6y no.QBO.Qa Heo6xoA1t1Moro 
renna 1t13secrnb1 cne.Qy10L111t1e Blt1.Qbl npo
MblwneHHoro npoL1ecca n1t1pon1113a Mera
Ha: n1t1pon1t13 s neYax (Harpes np1t1 noMo
IJ.llt1 pereHeparnBHblX neY8iil), n1t1pon1113 8 
3neKTp1t1YecKoiil Ayre 1t1 a8TOT8pM1t1YecK1t1iil 
n111pon1t13 (Harp8B np1t1 noMOLl.\lt1 YacrnYHO
ro C}f(1t1raH1t1H). nep8bli/1 lt13 Hlt1X - n1t1pon1t13 
M8TaHa 8 neyax - 8 HaCTOHLl.\88 8p8MH 
np1t1MeHHeTCH peAKO. 

nHpom13 B 3neKTpW·leCKOM Ayre 
(3neKTponHponH3) . 3n8KTpon1t1pon1113 
MeraHa, npOlt1380Alt1Mbliil 8 3neKTpo,Qyro-

III 

BblX n8Yax, np1t106p8n npOMblWn8HH08 
3HaY8H1t1e c 1940 r. MeraH 6blCTpo npo
nycKalOT Y8p83 BOnbT08Y ,Qyry Me}f(,IJ,y Me
rann1t1Y8CKlt1Mlt1 3neKTpo.QaM1t1 . V1cnonb3Y
IOT noCTOHHHbliil TOK HanpH}f(8Hlt18M OKono 
8000 80nbT. CKopocTb npoxo}f(,IJ,8Hlt1H ra3a 
Y8p83 .Qyry oKono 1000 M3/c; reMn8paTy
pa .Qyrn oKono 5000 °C, a reMn8paTypa , 
AO KOTOpoill Harp888IOTCH ra3bl , OKono 
1600 °C. Bb1XO.QHL111t18 ra3bl MrHo8eHHO 
OXn8}f(,IJ,8IOT (AO 150-200 °C) BnpblCK1t18a
H1t1eM 80,Qbl. 

Ha p1t1c. 3.12 1t13o6pa}f(eH p8aKrop ,Qns:i 
3neKrpon1t1pon1113a MeraHa. PeaKTop 1t13ro
T08n8H 1113 cran1t1 1t1 1t1M88T L11t1n1t1H.Qp1t1Y8-
cKy10 cpopMy. MeraH 880.QHT s 88pXHIOIO, 
6on88 Wlt1pOKYIO YaCTb, r,Qe H8XO,Qlt1TCH 
88HTll1nHTOp lt1 3neKTpO,Q 8blCOKOro Ha
npH}f(eH1t15l , lt13rQT08neHHbll1 lt13 Me,Qlt1. 
nocn8,QH1t1 i/1 lt130nlt1p088H OT KOpnyca pe
aKTOpa KepaM1t1Y8CKoiil Maccoill 1t1 oxna}f(
.Qa8TCH np1t1 noMOLl.\lt1 py6awK1t1. H1t1}f(HHH 
YaCTb Kopnyca p8aKropa 3a38MneHa 1t1 
HBnH8TCH 8TOpb1M 3neKTPOAOM. 6naro
,Qaps:i Typ6yn8HTHOCTlt1 nOTOKa 8BO,Qlt1MO
ro M8raHa (seHrnns:irop) 3neKTp1t1Y8CKaH 

Pll'IC. 3.12. PeaKmop anR 3neKmpoKpeKUHZ8 MemaHa 
1 - eepxHuu 3neKmpoa; 2 - eeHmunRmop; 3 - aononHumenbHbJU 3neKmpoa 

anR 38>KUZ8HUR; I u II - eoaa; Ill - npoayKmbt pe8KllUU 
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Ayra CT8HOBV1TC5! nOABV1}f(HOii1, KOHT8K
Tli1pyfl c pa3nli14Hb1Mli1 T04KaMV1 BTOporo 
3neKTPOAa. CrnneHb npespall.\eHV15! Me
raHa B aL\eT111neH MO}f(9T AOCTV1raTb 50% . 
faJ, nony4aeMblii1 li13 Ayrosoiil ne4vi , co
ASP}f(li1T OKono 13 06. % aL\eT111neHa, 45% 
BOAOPOAa, OKOno 1 % 3Tli1neHa, Hepa3no
}f(V18WV1ii1C5! MeTaH, cneAbl cepOBOAOPOAa, 
Cli1Hli1nbHOii1 Kli1CnOTbl, OKV1Cli1 ymepoAa li1 
AP· npviMeceiil. 

B pe3ynbTaTe nviponviJa V13 100 Kr Me
TaHa vinvi npvipoAHOro ra3a, COAep}f(all.\e
ro OKOnO 80% M9TaHa, MO}f(HO nony41i1Tb 
45 Kr 97%-Horo aL1eT111neHa, 9,2 Kr 98%
Horo 3Tl!1neHa, 5,3 Kr ca}f(V1 vi 13 Kr 98%
Horo BOAOPOAa. PacxoA 3neKTP03Hep
r111vi - oKono 9 KBT4/Kr He041i1ll.\eHHOro 
aL1eT111neHa. 

AeT0TepM111~ecK111ill m1pom13. 3TOT 
npOL\eCC 4aCTO Ha3blBalOT napL\V1anbHblM 
OKV1CneHV19M, HenonHblM ropeHV19M vinvi 

TepMOOKV1Cnli1TenbHblM nviponli130M. 3TOT 
MSTOA OCHOBaH Ha Harpese Ja C49T Ten
nOTbl cropaHV1fl (BHYTPSHHero C0}f(}f(9Hli1fl) 

nocKOnbKY He06XOAll1MO AOCTll14b TeM
nepaTypbl He Hll1}f(e 1500 °C, 3TO HaKna
AbtsaeT HeKoTOpb1e orpaH1114eH111fl Ha rnx
Honor111yecKoe 0¢opMneH111e npOL\ecca. 
Bo-nepsb1X, Heo6xoA111Mo nonbJOBaTbC5! 
4111CTblM Kll1CnopOAOM, TaK KaK np111cyT
CTBYIOll.\ll1ii1 B B03Ayxe a30T nomoll.\aeT 
4acTb rnnna, BbtAenfl10ll.\erocfl np111 co
}f(}f(eH111111 MeraHa, a TaK}f(e MO}f(eT scTy
naTb s x111M1114ecK111e peaKL\111111. Bo-srnpblX, 
ra3 HY}f(HO npeAsap111rnnbHO HarpesaTb, 
YT06bl o6nerYV1Tb AOCT1!1}f(0Hll1e M8KCll1-
ManbHOii1 TeMnepaTypbl. 0AHaKO crnneHb 
npeABap111rnnbHoro noAorpesa Cbtpbfl 
orpaH1114eHa TeMnepaTypoiil, np111 Kornpoiil 
MeTaH H84111HaeT KpeK111posaTbCfl , a T8K}f(9 
onacHoCTblO npe}f(AespeMeHHoro ll1Hll1L\ll11i1-
posaH111fl socnnaMeHeH111fl . 06beMHoe 
COOTHOW8Hll18 Kll1CnOpOAa K M8TaHy B 111C
XOAHOii1 ra30BOii1 CM9Cll1 COCT8Bn518T 1 :2. 

M9TaHa (li1nli1 Apyroro ymeBOAOPOAHOro 
Cblpb5!) npvi H9AOCTaT04HOii1 noAa4e Kli1C
nopoAa. 

nocKOnbKY B ycnOBV1flX aBTOTepMV149-
CKOro nviponvi3a M0TaHa npornKalOT peaK
L\111111: 

2CH4 + 0 2 - 2CO + 4H2 
2CH4 - C2H2 + 3H2 , 

npOAYKTbl scerAa npeACTaBnfllOT CMeCb 
aL1eT111neHa, 0K111c111ymepoAa111 BOAOPOAa. 

KpoMe BbtWenpviBeAeHHblX OCHOBHblX 
peaKL\111ii1 np111 aBTOTepM1114eCKOM n111pon111-
3e MOryT npornKaTb TaK}f(e cneAYIOll.\1110 
peaKL\111111 : 

CH4 + 202 - co2 + 2H20 
C2H2 + 2H20 - 2CO + 3H2 
C2H2 + 2C02 --+ 4CO + H2 

C + H20 - CO+ H2 c + co2 __, 2co 

CyMMapHylO peaKL\li1IO o6paJoBaHvis:i 
aL1ernneHa MO}f(HO 111306pa3111Tb B B111Ae: 

Ha p111c. 3.13 noKa3aH OA111H 1113 rnnos 
npoMb1wneHHoii1 ycraHOBKV1. CeKL\11151 n111-
pon1113a ycraHOBKll1 HenonHoro co)f(}f(eH111s:i 
npeACTaBnfleT, no cyll.lecrny, ropemy, 
B KOTOpoiil CM8Wll1BalOTC5! 111 C}f(ll1ralOTCs:l 
nornK111 npeABap111rnnbHO noAorpernro 
MeTaHa 111 K111cnop0Aa, nocne Yero npo
AYKTbl ropeH1115! «3aKan111sa10TC5!» 04eHb 
6btCTpbtM oxna~eH111eM. An5! npe.Q
ynpe~eH1115! npeABap111rnnbHOro BOC
nnaM8H9Hli15! crnneHb noAorpesa s 3oHe 
CM8W8Hli15! o6blYHO orpaHV1Yll1BaeTCfl TeM
nepaTypoiil oKono 600-700 °C. C 3TOii1 >Ke 
L\SnblO np111M8H5!8TC5! cneL1111anbHblii1 6noK 
ropenK111 , npeAOTBpall.\alOll.\111ii1 o6parnoe 
npocKaK111saH111e nnaMeH111 s 30HY cMewe
Hll15!. CKopocT111 noAaY111 ra3a 4epe3 30HY 
CM8W8Hll15! 111 6noK ropenKll1 T8K}f(8 not:16111-
pa10TCfl TaKll1M o6pa30M , 4T06bl npeAOT
spaTll1Tb o6paTHOe npOCK8Kll1BaHll18 nna-
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P111c. 3.13. PeaKmop anR nonyl/eHUR au,emuneHa U3 MemaHa HenonHb/M C)l(LJ88HUeM: 
1 - CMecumenbH8R KaMepa; 2 - ycmpoiJcmeo 8nR pacnpe8eneHUR nnaMeHU," 

I - oxna>K8a1011.{aR eoaa; II - aa3bt peaKu,uu 

MeH111. 3aKan111saH111e peaKL\lllOHHoro ra3a 
np01113BOAlllTCS'I snpblCK1t1BaH1t1eM TOHKO 

pacnbineHHOLll BOAbl HenocpeACTBeHHO 
3a 30HOLI! cropaH111s:i. 

«3aKaneHHble» ra3bl n111pon1113a 111Me10T cneAYIOU\lllLll cocrns: 

06beMH., % 
AL\ernneH 
,QsyoKlllCb yrnepoAa 
OK1t1Cb yrnepoAa 
MernH 
Bo,o,opo,o, 
K111cnopo,o, 

8,0 
3,5 
26,0 
5,0 
56,0 
0, 1 

Bb1cw111e aL1ernneHOBb1e 
yrneso,o,opo,o,bl 111 npo4111e 
npo,o,yKTbl 1,0 

0,o,HospeMeHHO 06pa3yeTcs:i TalOKe He
KOTOpoe KOnlll48CTBO ca>Klll, KOTOpas:i 4ac
n14HO y,o,ans:ieTcs:i oxna>KAa10U\eill so,o,oill . 

YcrnHOBKa MO>KeT nponycKaTb 
-1500 M3/4 MeTaHa; BblXOA 8L\8TlllneHa 
COCTasns:ieT 25-31 %. 

ra3 n1t1pom13a 041t1U\88TCS'I OT paCnbl
neHHblX B HeM 48CTlllL\ CMOnbl lt1 ca>Kltl, 

a 38TeM L-13 Hero 1113BneKalOTCS'I BblCWllle 
aL1ernneHOBb1e yrneso,o,opop,b1. AL\eTlll
neH nornou.iaeTcs:i ceneKTlllBHblM pacrno
p1t1rnneM, B K848CTBe KOTOporo 06bl4HO 
1t1cnonbJyeTcs:i Mernnn1t1ppon1t1,o,0H. He
cop61t1posaHHb1e ra3bl npoMb1sa10Tcs:i ,Qns:i 
1t1313neYeH111s:i 1t13 H1t1X pacrnop1nens:i. Bb1-
xo,o,s:ill\1t1Lll 1113 a6cop6epa HaCblll\8HHb1Lil 
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81.\enmeHOM p8CTBOplATenb CTa61AnlA31A

pyeTCH , T.e. ocso6o)f(A8eTCH OT H81AMe

Hee p8CTBOplAMblX KOMnoHeHTOB, 8 38TeM 

nocTyn8eT s orn8pHy10 KonoHHy, rAe OT 

Hero OTAenHIOT 81.\ernneH. 

CH: CH-. 

HG/ 

xn 
CH

3
COOH 

ROH 
; 

B 

HCN -

CH2= CHG/ 
OplACTbllfi BIAHIAn 

CHpOOCH = CH2 
B1AH111na1..1erar 

CH2= CH-OR 
111HIAnOBbl8 acj:JIApbl 

aKp1AnoH1ATp1An 

nnaCTMaCCbl 

non111Mep~·13aL11A 

CH2 =CH-CN J--
H C1AHT8Tll148CKll111i 

KayYyK 

- CH2= CH- C: CH 
Cu Cl Bll1H1Ana1..1er111neH 

2CHp 

- CH - C: C - C - H ____.. CH = CH - CH= CH 
I 2 I 2 2 

6yraA111eH 
2 

OH OH 

HOCH2-(CH
2 
)2-CHpH 

- HOOC - CH
2 

- CH2 - CH
2 

- CH
2 

- COOH 
6yTaHAll10n - 1,4 t 

Hp 
>KIA.QKaH cj:Jaaa 

Hp 
; 

naposas:1 cj:Jaaa 

C/2 
; 

C1AHTeT1A48CKoe sonoKHo 
3rnnosb111i cn1ApT C2H50H 

t r111.Qp1AposaH111e 

CH3 - CHO ---. CH3 - CH = ~H - CHO 
a1..1eranb.Q8rl!IA KpOTOHOBbllA anbA8rl!IA 

i OKIACneH111e 
YKcycHas:1 KIAcnora , a1..1eroH, 6yrnnosb111i cm1pr IA T.A. 

paan1A4Hble opraH111YeCK1Ae 
CH

3
C(O)CH

3 
---. CH2 = C = 0 ---. 

a1..1ernH KeTeH CIAHT83bl 
AHrl!IAPIA.Qbl , cnO>KHble acj:JIApbl IA T.A. 

lano1AAnpm1asoAHble (C/
2
CHCHCl2 IA 

Cl2HC - CC/
3

) C/
2
C = CHCI 

-HCI rplAxnoparnneH 
aKp1Anosas:1 KIAcnora 

CO+Hp+R OH CH2= CH-COOH I -
~ non1AaKp1An8Tbl 

CH
2 
= CH - COOR -

aKp1Anosb1ii1 acj:J1Ap 
npOMb1WneHHbl8 ClllHT83bl Ha OCHOBe a1..1eT111neHa 



Ans:i npm13BOACTBa 1 T aL1eT111neHa 
Tpe6yeTcs:i np1116m131t1TenbHO 4,2 T Mern
Ha 111 5 T Kll1CnOpOAa. np111 3TOM AOnon
Hl.ffenbHO s Ka4ecrne no6o4Horo npo
AYKTa 06pa3yeTcs:i 5 T ra3a, cocTOs:ill.\ero 
masHblM o6pa30M 1113 BOAOPOAa 111 0K111c111 
yrnepOAa B COOTHOWeHll1111 2: 1. 3TOT co
nyTCTBYIOLL\111ii1 ra3 (C111HTe3-ra3) MO>KHO 
11cnonb30BaTb Ans:i c111HTe30B aMM111aKa 111 
MernHona. TaK111M o6pa3oM, ycrnHosKa 
MO>KeT 6b1Tb KOM611H111pOBaHHblM npeA
np111s:iT111eM Ans:i npo1113BOACTBa aL1eT111neHa 
11 Cll1HTe3-ra3a . 

npoMblWileHHOe np111MeHeH111e at-'e
TlllileHa. Ecn111 paHbwe aL1eT111neH 111c
nonb3osan111 s OCHOBHOM Ans:i asrnreHHOiil 
csapK11, TO s HacTOs:ill.\ee speMs:i 6onee 
50% era 111cnonb3YIOT s Ka4ecTse Cblpbs:i 

Ans:i npo1113BOACTBa x111M1114ecK111x npOAYK
TOB. 

0CHOBHblMll1 npOAYKTaMll1 , KOTOpble 
sb1pa6aTb1sa10Tcs:i 1113 aL1ernneHa, s:is
ns:ilOTcs:i MOHOMepbl (xnopll1CTblil1 8111Hll1n , 
Bll1Hll1naL1eTaT, aKp111nOH111Tp111n, Bll1Hll1n
aL1eT111neH, s111H111nosb1e 3¢111pb1) - Cblpbe 
Ans:i npo1113BOACTBa nnacTMacc, c111Hrnrn-
4ecK111x sonoKoH 111 Kay4yKos; aL1eTanbAe
r1t1A, 111cnonb3YIOLL\111iilcs:i A.ns:i no.ny4eH111s:i 
6onbworo 4111cna K111cnopOACOAep>t<all.\ll1X 
npOAYKTOB (cn111pTOB, c.nO>KHblX 3¢111pos, 
Kll1CnOT, KeTOHOB ); x.nopnp01113BOAHble 
(xnop3Tll1.neHb1), np111MeHs:llOLL\ll1ecs:i B Ka-
4ecrne pacrnop111rn.neil1 . B Bb1wenp111-
BeAeHHOii1 cxeMe (cTp. 108) noKa3aHbl 
OCHOBHble npOMblW.neHHble Cll1HTe3bl Ha 
ocHose aL1ernneHa. 

3.1.3.3. npOU380acmeo CB>l<U 

CTpoeH111e 111 ceoillcTea ca>K111. Ca>t<a -
TBepAbliil TOHKOAll1CnepCHblii1 yrnepOA
Hbliil npOAYKT HenonHoro cropaH111s:i 111n111 
repM1114eCKOro pa3.nO>KeHll1s:I yrneBOAOPO
AOB 111.n111 .n106oro opraHll14eCKOro Bell.\e
CTBa. B 3aBll1Cli1MOCTll1 OT lilCXOAHOro Cbl
pbs:i 111 cnoco6a no.ny4eH111s:i ca>t<a c111nbHO 
om1114aeTcs:i no cao111M csoiilcTsaM. Ca>t<a 
npeAcrns.ns:ieT co6oil1 4111CTb1il1 yrne
POA, 111Me10LL\lilil1 nceBAOKp111crnn.n1114ec
KY10 CTPYKTypy, npoMe>t<yT04HYIO Me>t<Ay 
aMoptj)HblM yrnepOAOM 111 rpatjlll1TOM, 111 
om1114aeTcs:i no pa3MepaM 4aCTll1L\ c¢ep111-
49CKoro rnna (OT 10 AO 500 Mµ) . CrnneHb 
AlilcnepcHocrn 111 onpeAens:ieT rnasHblM 
o6pa30M L1eHHOCTb pa3nll14HblX copTOB 
Ca>Kll1. 

Cyll.\eCrnyeT Tplil OCHOBHblX npOL\eC
ca npo1113BOACTBa ca>t<111 : KaHanbHbliil 111 
ne4HOii1 npOL\eCCbl, OCHOBaHHble Ha He
no.nHOM cropaHl/1111 Cblpbs:I, 111 TepM1114eCKll1ii1 
npoL1ecc, rAe 111cnonb3yeTCs:I TepM1114e
CKoe pa3no>t<eH111e. Ka>t<Abliil npoL1ecc AaeT 
ca>t<y onpeAeneHHoro T111na 111.n111 K.nacca 

COOTBeTCTB9HHO: KaHa.nbHas:i ca:>Ka, ne4-
Has:i ca:>Ka 1113 ra3006pa3HOro 111.n111 :>K111AKO
ro Cblpbs:i 111 rnpM1114eCKas:i ca:>Ka. Cyll.\e
CTBYIOT ell.\e ABa cnoco6a npo1113BOACTBa 
ca:>K111 HenonHblM c:>K111raH111eM, 111Me10LL\li1X 
MeHbwee 3Ha4eH111e: npou,eccb1 npo1113-
BOACTBa .naMnosoi/1 Iii aL1eT111.neHOBOi11 
Ca:>Kll1. npoMblW.neHHOCTblO BblnYCKalOTCs:I 
M111.nn1110Hbl TOHH ca:>K111 pa3.nll14HblX rnnos 
111 coprns. Ka>t<Aas:i ¢111pMa sbmycKaeT 
ca:>Ky nOA co6CTB9HHblM ¢111pMeHHblM Ha-
3BaHll19M . Pa3.nll14Hble rnnb1 ca:>K111 orn1114a-
10Tcs:i APYr OT Apyra KaK no ¢11131114ecK111M , 
TaK 111 no x111M1114eCKlllM csoillcrnaM. B rn6.n . 
3.4 npeAcrns.neHbl csoiilcTsa ps:iAa cop
Tos ca:>K111, BbmycKaeMblX ¢111pMoii1 «K3-
6or 6.n3KC»: pa3Mep 4aCTl!IL\, YAe.nbHas:i 
nosepXHOCTb no aACOp6L\1!1111 a30Ta Iii pH 
BOAHO-ca>t<esoi/1 cycneH3111111 . 

Pa3.nll14Hble coprn ca:>K111 pa3.n1114a10Tcs:i 
He TO.nbKO no pa3Mepy, HO rnK:>Ke 111 no pac
npeAeneHllllO 4aCTl!IL\. 0TAe.nbHble 4acrn
L\bl s ca:>Kax Moryr 6b1Tb crpynn111posaHbl 
s arperaTbl , 111Me10LL\lile Blil.Q pa3sern.neH-
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HblX TpexMepHblX L\eneill . 3Tl!1 arperaTbl 
o6pa3ytOT TaK Ha3blBaeMytO «BTOpl'1YHYtO 
CTPYKTypy». Bee YaCTl'1L\bl ca>K1-1 cno>Ke
Hbl 1-13 napannenbHblX nnocK1-1x cnoes 
rpacpl'1TOBOlll peweTKl-1 pa3MepOM OKO
no 20E, 3-5 cnoee peweTKl-1 06pa3y10T 
sneMeHTapHb1ill Kp1-1crnnn1-1T rnn~1-1Hoill 

oKono 12E. Cno1-1 rpacj:mrn s Ka>KAOM 

Kp1-1crnnn1-1rn pacnono>KeHbl np1-1MepHo 
napannenbHO APYr K Apyry, HO 6ecnopH
AOYHO op1-1eHT111poeaHbl OTHOCl'1T8nbHO 1'1X 
o6~eill HOpMan1-1. Cno1-1 CBH3aHbl Me>KAy 
co6oill c1-1naM1-1 BaH A8P Baanbca, pac
CTOHH1-1e M8>KAY Hl'1Ml'1 6onbwe, Y8M B pe
W8TK8 Kp1-1crnnn1-1YecKoro rpacj:mrn. 

Ta6nuua 3.4 

Caoucmaa copmoa ca)l(u 

<!>113114ecK11e csoiilcrsa ca>K11 

Q) 
::J. 

Jl-
0::-!:::: Q) :s: 0:: >- •:S: :s: ai ro 0 :t: ~::;; ro o :s: c; ~ 0 :s: 

Ha3saH11e copras ca>K11 :t: Q) Q) - ~~~ 
::r::;; 0 :t:"' :s: ~ 

CDT ::;; ::r \0 - ni c::[ :t: T (.) 
o ro c; X N o. ro 0 Q) >- Q) 
c; :t: ro :s: Q) Cl. ::;; 0 c; c; CDC ~ 3" 
(.)"' 

:s: >- ;;,r ~ (.) (.) 0 I~ >- t8 c::[ ~ \0 ro (') c; Q) 

T 0 <!'.::;; Cl. (.) CD 
0 c 

KaHanbHble copra ca>K11 

CcpepoH C cc 23 225 1, 14 0,05 4,6 4,5 

CcpepoH 4 HPC 24 140 1,10 0,05 4,5 4,5 

CcpepoH 6 MPC 26 120 1,06 0,05 4 ,7 5,0 

CcpepoH 9 EPC 29 100 1,02 0,05 3,8 5,2 

ne4H8R ca>Ka 113 >K11AKOro CblpbR 

BynKaH 9 SAF 19 110 1,51 0,54 8,5 1,5 

BynKaH 6 ISAF 23 108 1,37 0,50 9,3 1,0 

BynKaH 3 HAF 28 65 1,30 0,48 9,0 1,6 

BynKaH C CF 23 132 1,41 0,35 8,4 1,3 

BynKaH SC CF 21 200 1,50 0,55 8,0 1,6 

Crepn11Hr SO FEF 41 40 1,35 0,57 9,0 0,9 

Crepn11Hr V GPF 51 25 1,09 0,47 9,1 0,9 

ra3osaR neYHaR ca>Ka 

Crepn11Hr 99 FF 39 65 1, 12 0,40 9,5 0,9 

Crepn11Hr L HMF 60 30 0,85 0,50 9,9 0,8 

Crepn11Hr S/ SRF 80 20 0,77 0,40 9,3 0,8 

nennereKc 

Crepn11Hr NS/ SRF 80 25 0,71 0,27 9,8 0,8 

TepM11YecKaR ca>Ka 

Crepn11Hr MT 472 6 0,35 0,25 8,5 0,5 

Crepn11Hr MT NS 472 6 0,34 0,27 8,7 0,4 

Crepn11Hr FT 179 15 0,41 045 8,9 0,5 



Ca>Ka COAep>Kll1T OT 88 AO 99,3% yrne
pOAa, OT 0,4 AO 0,8% BOAOPOAa 111 OT 0,3 
AO 17% Kll1CilOpOAa. BOAOPOA 111 K111CilOPOA 
MO>KHO yAan111Tb 1113 ca>K111 s B111Ae «neTy-
4111X» se1..L.1ecrn HarpesaH11eM AO 1000 °C 
B OTCYTCTBll1111 Kl1CJlOPOAa; np11 3TOM BOAO
pOA BblAeJlHeTCH B B111Ae MOJleKyns:ipHoro 
soaopoAa, a K111cnopoA - s Bll1Ae CO 11 
co2. npeAnonaraeTCH, 4TO BOAOPOA HB
ns:ieTCH OCTaTKOM nepB11YHOiil yrneBOAO
POAHOiil MoneKyJlbl 11 BXOA11T B COCTaB 
rpacp11rnsoil1 peweTKll1. 

B npornsonono>KHOCTb BOAOPOAY K111c
nopoA He BXOAl1T B Kp111CTaflJll14eCKYIO 
peweTKy, a YAep>K1ttsaeTcs:i Ha nosepx
Hocrn ca>K111 s pe3ynbrnrn xeM11cop6L.111111 . 
HeKOTOpoe Kon1114ecrno K111cnop0Aa nona
AaeT s ca>Ky s npm.1ecce ee nony4eH111s:i, 
HO 60JlbWaH YaCTb era BBOA111TCH cnel..\111-
anbHO np11 noCJ18AYIOl..L.l8iil OKl!ICJlltlTeJlb
HOiil o6pa6oTKe. K111cnopoA BXOAll1T s co
crns yrnepOA-Kl!ICilOPOAHOro KOMnJleKca, 
CTPYKTypa Kornporo el.Lie T04HO He ycrn
HosneHa. npeAnOJlaraeTCH, 4TO 3Tli1 KOM
nneKCbl npeACTaBflHIOT co6oi!I naKTOHbl , 
np11cyTCTBYIOT TaK>Ke cpeHOJlbHble CTpyK
TYPbl. TaKoiil KOMnneKc, pacnono>KeHHbliil 
Ha rpaHl!ll..\e ymepOAHOro CJlOH, MO>KHO 
npeacTaBltlTb CJleAYIOl..L.lltlM o6pa30M: 

\ll\11\ll\l l 
c c c c 
I I I I 
C C-C = C 

II \ I 
0 0 

B cnyyae MeTaHa: 

... . rpaH1ttL1a CJlOH 

I I 
H OH 

111 

np111cyTCTB1!1e B Ca>Ke JleTyYltlX Be
l..L.leCTB (np111MepHo 1 % s ne4HOiil ca>Ke 111 
OT 5 AO 17% B KaHaJlbHOiil) OKa3blBaeT 
3HaYl!1TeJlbHOe BflltlHHltle Ha CBOiilCTBa 
ca>Kltl , np1t1MeHHeMoiil B pe31!1HOBOM np01!13-
BOACTBe Iii B npOltl3BOACTBe HanOJlHl!ITe
Jleil! AilH rnnorpacpcK111x KpacoK 111 Apyr111x 
Kpac111rnneil1 . C nosb1weH111eM KOJ11t1Yecrna 
neTy41!1X Bel..L.leCTB CHltl>KaeTCH pH BOAHO
ca>KeBOiil cycneH31t11tt, yxyAwaeTcs:i TeKy-
4eCTb KpacoK 111 yMeHbwaeTcs:i CKopocTb 
synKaH1113al..\1!11!1 Kay4yKOB. 

TaKl!IM o6pa30M, npoMb1wneHHb1e 
coprn ca>K111 o6naAalOT pa3J1114HblMll1 cp111-
31114ecK1t1M1tt 11 XltlM1148CKll1Mli1 CBOiilCTBaMll1 . 
Bo MHOroM ca>Ka 6Jlli13Ka K rpacp111Ty, HO 
COAep>Kl!IT nosepXHOCTHble rpynnbl, KO
TOpble OKa3blBalOT 3aMeTHOe BJlltlHHll18 Ha 
csoillcrna pe31!1Hbl 111 cocTas AnH npo1113-
soacrna Kpac111rnneill 111 rnnorpacpcK111x 
KpacoK, K KOTOpblM A06aBJlH8TCH ca>Ka. 
Ca>Ka secbMa crniilKa K Aeiilcrn11110 1..L.1eno-
4eii1 , K111cnoT 111 APYrlilX x111M1114ecK111x pea
reHTOB, Hepacrnop111Ma s Macnax 111 pa3-
n111YHb1x opraH111YecK111x pacrnop1nens:ix, 
om1114aeTCH BblCOKOiil crn61t1JlbHOCTblO , 
Manoill 4YBCTBl!1TeJlbHOCTblO K AeiilCTBl!llO 
csern, Kli1CI10POA8 B03AyXa, BblCOKl!IX Iii 

Hll13KltlX TeMnepmyp. 
06pa3oeaHHe ca>KH e nnaMeHax. 

Ca>Ka np111 HenonHOM cropaH1t111 ymeso
AOPOAHOro Cblpbs:i 06pa3yeTcs:i KaK np111 
rnpM1114eCKOM pa3J10>K8Hli11!1 CblpbH (aHa
JlOfll14HO npOL.\8CCY nony4eHl!1H 8l..\eT111ne
Ha HenonHblM C>Kll1f8Hll1eM), TaK It! 3a C4eT 
pa3no>KeH111s:i CO, o6pa3osasweillcs:i no 
peaKL.\ltllil HenonHoro OK111cneH1ttH yrneso
AOPOAa. 

peaKL.\11111 cropaHltlH CH4 + 202 - co2 + 2H20 ; 
nH = -212 KKaJl/MOJlb 
2CH4 + 30

2 
---+ CO+ 4Hp; 

---+ H = -6, 1 KKan/MOJlb 
peaKL.\111111 06pa3osaH111s:i CH4 ---+ C + 2H2 
Ca)f{ltl nH = 20,4 KK8Jl/MOJlb 

2co- c+ co2 



B HaCTOH~ee speMH cy~ecrnylOT rp111 
rnnore3bl MexaHll13Ma o6pa3osaHll1H 111 
poem 4acrn1.1 ca>K111 np111 c>K111raH111111 yrne
BOAOPOAOB s K111cnop0Ae 111n111 B03Ayxe: 
meopufl mepMul/ecKoeo pacnaoa, meopufl 
nonuMepu3au,uu u KOHOeHcau,uu u meo
pufl KOHOeHcau,uu paouKanos. 

no Te0pll1111 TepMll149CKOro pacnaAa 
npeAnonaraercH, 4TO 4aCTl!1'-lbl yrnepo
Aa o6pa3ylOTCH 1113 raK111x npOAYKTOB, KaK 
a1.1ernneH, nony4aeMblX np111 repM1114e
CKOM KpeK111Hre yrneBOAOPOAHblX Mone
Kyn s 30He nnaMeH111. 

CornacHo reop111111 non111Mep1113a4111111 111 
KOH.QeHca1.11r11r1 , np1r1 n1r1pon1r13e yrneBOAO
pOAbl He pacnaAalOTC5l Ha 6onee MenK111e 

Bh1cmHe 

MoneKynb1, o6pa3y10~111e 3aTeM yrnepo,o, , 
a non1r1Mep1r13y10TCH s KpynHb1e MoneKy
nb1, KOTOpble HBnHIOTCH 3apO,IJ,blW8Mlr1 ca
>K9BblX 48CT1!1'-I. noHBn9Hll19 KaneneK CMO
nbl np1r1 n111pon1113e MeraHa no,o,rsep>K.Qaer 
:3Ty r111nore3y. 

CornacHo rperbeii1 reop1r11r1 , 06pa3osa
H111e yrnepo,o,a np111 n1r1pon1113e npo1r1cxoA1t1T 
38 C48T o6pa30B8Hlr1H CB060AHblX pa,0,111-
Kanos :cH, •OH, :c - c: 111 KOHA8HCa41r1111 
C

2 
pa,0,1t1KanoB. npeAnOnaraeTCH, 4TO C

2 
paA111Kanb1 o6pa3ylOTCH 4epe3 cTaAl!110 
06pa3osaH1t1H A1t1a4ernneHa C4H2 1113 a4e
rnneHa. H111>Ke np1r1BeAeHa cxeMa o6pa30-
BaH1r1H 3Tl!1X paA1t1Kanos 1r1 H,o,ep Kp1r1cran
n1r13a41r11r1 yrnepoAa (ca>K1r1). 

HeHaChllil;€HHhie YrJiepo,1.1;Hoe + H2 
H,1.J;pO 

r' 
coe,1.1;HHeHHH 

~ 

0 

YrJiep0,1.J;Hhie 
2C2H2-+ H2 + CH2 -+ PMHKaJibI 

(C2, C3 , CH) 

H2+ co+ CH+ C2 (rrepeKHC:b)-+ C2 + H2 + 2CO 

l l 
H,1.1;po 

KpHCTaJIJIH3aD;HH 
H,1.1;po 

KpHCTaJIJIH3aa;HH 

PMHKaJICH C2+0H-+ CH+CO 

Pa,1.1;HKaJICH 0 2 +0H-+ CH+CO 

npo4eCCbl npOlr13BOACTBa C8>Kl!1, 38 
111CKnl049Hll1eM repMll148CKOro, COCTOHT 
s HenonHoM C>Kl!1raH1r11r1 yrneso,o,opoAOB 
s naMl!1HapHOM 111n111 ryp6yneHTHOM A111¢
cpy31r10HHOM nnaMeHax. Ca>Ka s nnaMeH1r1 

06pa3yeTCH BO BHyrpeHHeiil BOCCTaHO
Blr1TenbHOiil 30He ropeH1t1H (s cepe,o,111He 
nnaMeH1r1), lr130nlr1posaHHOii1 OT BH9WH8ii1 
6ec1.1seTHblM pacKaneHHblM cnoeM ,o,sy-
0K1i1c111 yrnepOAa; ropeH1r1e np01r1CXOAli1T 38 



C48T Ali1cpcpy31i11i1 aTMOCcpepHoro B03AYXa 

4epe3 3TOT cnoili . npoMe>KyT04HaH cse

rn1.1.1aHcH 30Ha Bli1AH8 611arOA8PH TeMne

parype 6e11oro K8Il8Hli1H TB8PAblX 48CTli1L\ 

yrnepOAa. nonO>K0Hli18 pa3Illi14HblX 30H 

111 COOTB0TCTBYIOl.l.lli10 TeMneparypbl AilH 
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n11aMeH111 o6bl4HOV! cpopMbl noKa3aHbl Ha 

p111c. 3.14. 
TepM1i140CKYIO ca>Ky s npoMb1w11eH

HOCT111 nony4alOT repM1i140CKli1M pa3IlO>Ke

H"18M yrneBOAOPOAHOro CblpbH c KOCBeH

HblM HarpeBOM AO 800-1000 °C. 
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P111c. 3.14. PacnpeaeneHue 30H aopeHUR u coomeemcmeyiouiux UM meMnepamyp 

anR nnaMeHu o6bltfHOiJ cfJopMb1: I - 30Ha MaKcuManbHou meMnepamypbl 
e Heceem>1uieuc>1 o6nacmu; II - 31JHa HatfanbHou ceemuMocmu; 

Ill - 30Ha omno)l(eHUR y2nepoaa; IV - Hec2opeewuu 2a3 
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npoMblWfleHHbte npOL,\eCCbl np01A3· 

BOACTBa ca>KH. KaHanbHblU npou,ecc. 
3TOT npOL..\0CC cxeMaTW·f0CKLil npe,Q
crnsneH Ha p1i1c. 3.15. np111po.QHb1ilt 
ra3 C)f<111raeTCfl B y3Kli!X fl.!eneBblX 
KepaMl'14eCK"1X ropenKax, o6pa3yfl 
,Q1i1¢¢y31110HHb1e nnaMeHa, KOTOpble 
y,QapRIOTCfl B xono,QHble oca,Q111Tenb
Hb1e MeTannl'140CKLi10 nosepXHOCTLil. 

3 

1 

4 

I I 

nocne,QH1i1e no cpopMe npe,QcTasnf!IOT 
co6oilt 20-25-caHrnMeTpOBble KaHa
nb1 (OTCIO,Qa 111 Ha3BaHLi10 - KaHanbHbliit 
npol..\ecc) 1i13 KposenbHoro >Kene3a . 3rn 
nosepxHocrn Me,QneHHO nepe,Qs1i1ra10T
Cfl Ha.Q ropenKaM1i1 1i1 co6111pa10T ca>Ky. 
Ca>Ka y,Qanf!eTCfl c KaHanos cKpe6Ka
Mlil , 3aKpenneHHblMl'1 B sepxHeilt 48CT1i1 
6onbWLilX np1i1eMHLilKOB. 

11 

8 

10 

P111c. 3.15. KaHanbHbtU npou,ecc npou3eoacmea ca>1w: 
1 - ca>t<ec6opHbte KaHanbt; 2 - 6yHKep; 3 - KaMepbt caopaHuR; 4 - wHeK; 5 - cenapamop; 

6 - U,UKflOH; 7 - CMecumenb; 8 - 6apa6aH anfl BpaHynupoeaHUR; 
9- HeapaHynupoeaHHaR ca>t<a; 10- apaHynupoeaHHaR ca>t<a; 11 - xpaHunull.{e 

803.QYX ,Qnfl ropeHLilfl nocTynaeT no,Q 
ecTecrneHHblM HanopoM, no,Qa4a ero pe
ryn111pyeTcfl c noMOfl.!blO 3acnoHoK, pac
nono>KeHHblX B ,QblMOXO,QaX Lil B fl.!0nlil ,Qml 
,QocTyna so3.Qyxa. 

Ca)f(a cocKa6n1i1saeTcR c oca,Q1i1Tenb
Hoilt nosepXHOCrn B 6yHK0pbl Lil c noMO
fl.!blO wHeKa no,QaeTcR 1i13 ornesoilt KaMepb1 
Ha nHeBMaTW-l0CKLililf KOHBeiltep, a 3aTeM 
4epe3 Cli!TOBOLit cenapaTOp - B L..\li!KnOH
Hblilt KOnneKTop. Ha BblXO,Qe Li13 KonneKTo
pa ca>Ka ll!MeeT nnoTHOCTb np1i1MepHo 64 
Kr/M 3 , HO ,QnR OTrpy3Klil noCTaBli.\Li!KaM OHa 

,QOn>KHa 6b1Tb ynnoTHeHa MexaHLi140CKOLit 
o6pa60TKOLit AO 190-400 Kr/M3 • 

AnR nony4eHll!fl n111rnrpacpcK1i1x Kpa
coK, KOTOpb1e ,QOn>KHbl Li!MeTb xopowyio 
TeKy40CTb np111 BblCOKOLit KOHL..\0HTpal..\V1V1 
HanonH1i1rnneilt 1i1 rny60K1i1ilt 4epHbliit wser, 
CTaH,QaprnaR KaHanbHaf! ca>Ka ,QononHvi
TenbHO OKLi!CnReTcf! Ha B03,Qyxe. Ca>Ka 
nponycKaeTcfl 4epe3 U-o6pa3Hble >Ke
ne3Hble )f(eno6a np1i1 rnMnepaType 300-
540 °C Lil ,QOCTyne aTMOccpepHOro 803,1'.\Y
Xa. Konw-1ecrno neTy41i1x, y,Qep>K1i1saeMblX 
BM0CTe c xeMLi1COp61i1posaHHblM Kli!Cnopo-



AOM Ha nosepxHocrn ca}Klll, nosb1waeTcs:1 
OT 06blYHOiil senlll'·llllHbl 5% AO MaKClll
MaflbHOiil senlllYlllHbl 18% np111 H8KOTOpOM 
CHlll}K8Hllllll BblXO,Qa Ca}Klll. 

TaK111M o6pa30M, pa3Mepb1 YaCTlllLI 
pa3HblX coprns KaHanbHOii! ca}Klll MoryT 
1113M8HSHbCs:I OT 50 AO 350A, a CO,Q8p}Ka
Hlll8 neTyY111x - OT 5 AO 17%. KaHanbHas:i 
ca}Ka 111cnonb3yeTcs:i s pe3111Hosoil!, naKo
KpacoYHOii! 111 non111rpacjJ111YecKoiil oTpac
ns:ix npOMblWneHHOCTlll. 

np111 nOMOll.\111 3TOrQ npo1...1ecca MO}KHO 
nonyYlllTb 16-30 r ca}Klll 1113 1 M3 MernHa, 
YTO cocrnsns:ieT scero 35% OT rnopern
yecKoro KOfllllY8CTBa (533 r). no3TOMy, 
H0CMOTps:I Ha BblCOKOe KaYeCTBO Ca}Klll, 
nonyYeHHOiil 3TlllM cnoco6oM, see 6onb
wee pacnpocTpaHeH111e nonyYaeT neYHOiil 
npo1...1ecc, Aa10ll.lllliil MeHee KaYecrneHHbliil 
npo,QyKT, HO c 6onbWlllM BblXO,QOM. 

ne'IHOU npo~ecc npou3aodcmaa 
ca»<u. B 3TOM npo1...1ecce s KaYecrne 111c
XOAHOro Cblpbs:I MO}KHO 111cnonb30BaTb 
KaK ra3006pa3Hb1e yrneso,qopop,b1, rnK 111 
>Klll,QK111e yrneso,QopO.Qbl. B KaYecTse no
cne,QHlllX Ha1116onee np111ro,QHbl HecjJrnHbte 
BblCOKOapoMaTlll3111pOBaHHble OCTaTOY
Hble Macna. B HacTOs:ill.\ee speMs:i 6onb
we nonosll!Hbl scetll BbinycKaeMotll ca}Klll 
np111xo,q111Tcs:1 Ha ,qon10 neYHOro npo1...1ecca 

1 2 

c 111cnonb30BaH111eM }Klll.QKOro yrneso,Qo
pop,Horo Cbtpbs:i. 

B npo1...1ecce 111cnonb3yeTcs:i TaKoe }Ke 
naM111HapHoe ,q111cpcjJy31110HHoe nnaMs:i, KaK 
111 s KaHanbHOM, HO HenonHoe cropaH111e 
Cblpbs:I npOlllCXO,QlllT B 3aKpb1TOM npo
CTpaHCTBe B xopowo KOHTpon111pyeMblX 
ycnos111s:1x cMell.\eH111s:1 (np111 MaKClllManb
Hoiil Typ6yneHTHOCTlll ). Ha p111c. 3.16 noKa-
3aHa ycrnHOBKa ,qns:i npo1113BO.QCTBa neY
Hotil ca}Klll, pa60Ta10ll.\as:1 KaK Ha ra3osoM, 
TaK Ill Ha }Klll,QKOM Cblpbe. 

v13 ney111 ra3o-ca}Kesas:i cMeCb no,qaeT
cs:i B Hlll}KHIOIO YaCTb seprnKaJlbHOro xo
JlO,QlllJlbHlllKa, r,Qe OHa 6btCTpo oxna}K,Qa
eTcs:i 80,QOtil OT 1300 ,QO 200 °C, a 3aTeM 
Hanpasns:ieTcs:i s c111crnMy ynasm1BaH111s:1 . 
Bb1,QeneH111e ca}Klll 1113 a3po3ons:1 - cno}K
Has:i onepa1...1111s:1, np111 Kornpoill 111cnonb3Y-
10TCs:1 l...llllKJlOHbl (B KOTOpblX MeXaHlllY8CKlll 
OTp,ens:ilOTCs:I KpynHble YaCTllll...lbl), 3neK
TpOcplllnbTpbl, Marn111THb1e cenaparnpbl 
(,qns:i y,qaneHllls:I YaCTlllLI }K8fle3HOiil OKam-1-
Hbl) 111 waposb1e MenbHllll...lbl (Ans:i ynnoT
HeH111s:1 Ca}Klll). 

no CpasHeHllllO C KaHanbHblM neYHOtil 
npo1...1ecc ,qaeT 6onee BblCOKllltil BblXO,Q 
npo,QyKTa - 140-160 r/M3 MeTaHa (- 25-
30% OT rnopernYecKoro ). 

3 4 

7 

TeJie)fCKa MelllKH 
Bech! 

P111c. 3.16. YcmaHoeKa anR nony4eHUR ne4HOU ca)l(u: 
1 - 3neKmpocmamu4ecKue ocaaumenu; 2 - u,uKnOHb1; 3 - ebJmR)l(HOU eeHmunRmop; 
4 - MawumHbJU cenapamop; 5 - mpaHcnopmep; 6 - wapoeaR MenbHuu,a; 7 - Kopo6; 

8- eeoa eoab1; 9- 3neeamop; 10- cywunbHaR KaMepa; 11 - eo3ayxoayeKa; 
12 - ynaKOBK8,' 13 - UH>KeKmOp CblpbR (>KuaKUX ycneeoaopoaoe) ; 14 - noabeMHUK 
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TepMu'lecKuii npo4ecc. Oco6eH
HOCTb TepM1.1YecKoro npo4ecca nonyYe
H"1s:i ca>K"1 COCT0"1T B TOM, YTO o6pa30-
B8H"1e ca>K"1 B 3TOM cnyYae npo"1CXO,Q"1T 
np!.1 nps:iMOM TepM1.1YeCKOM pa3nO>KeH"1"1 
Cblpbs:!, 06blYHO np1.1pO,QHOro ra3a (p1.1c. 
3.17). npo4ecc ocy~ecTBJls:ieTcs:i s neyax 
nep1.10,Q1.1YecKoro ,QeillcTB"1s:!. YcrnHOBKa 
cocT0"1T "13 ABYX neyeill .Q"1aMeTpoM 45 M 
"1 BblCOTOill 78 M, 3anonHeHHblX orHe
ynopHoill waMOTHOill Haca.QKOlll. B TO spe
Ms:i KaK O.QHa ne% Harpesaercs:i, .Qpyras:i, 
B KOTOpoill ocy~eCTBJls:!eTCs:! pa60Y"1ill 
41.1Kn nonyYeH1.1s:i ca>1<1.1, oxna>K,QaeTcs:i. Bo 
BpeMs:i 4\.1Kna HarpeBaH"1s:! B neYb BBO,Q"1T
cs:i pe41.1pKYnMpy10~"1Vl ra3, COCT0s:l~"1ill 
rnaBHblM o6pa30M "13 BOAOPOAa, np1.1-
POAHOro ra3a 111 B03.Qyxa B Konw.iecTBe, 
AOCT8TOYHOM ,QJls:! nonHoro cropaH"1H 
rnnn\.1sa. B pesynbraTe c>1<1.1raH\.1s:i ra3a 
Haca,QKa neY111 HarpesaeTcs:i AO Te11.mepa
TYPb1 900-1400 °C. nocne AOCT\.1>KeH"1s:! 
Heo6xo,Q1.1Moill TeMneparypb1 pa3orpes 
npe1<paL11aeTcs:i 1.1 B neYb no,QaeTcs:i np111-
po.QHb1ill ra3 AO Tex nop, noKa TeMnepa
rypa B neYVI ,QOCT8TOYHO BblCOKa ,Qns:! ero 
KPeK111Hra, saTeM 4111Kn HarpesaHl4s:i nosrn
ps:ieTcs:i. Orxo.Qs:i~14e 143 ney14 nocne pa-

6oYero 414Kna ra3bl oxna>K,QalOTCs:i BO.Qoill, 
nponycKalOTCs:! yepe3 414Kn0Hbl 14 Cl4CTeMY 
pyKaBHblX cp"1nbTpOB, a 38TeM pe41.1pKy
n111py10T .Qns:! HarpesaHl4s:i BTopoill neY1.1 . 
Ca>Ka "13 41.1KnOHOB 14 pyKaBHblX cpvinb
Tpos no,QaeTcs:i wHeKoM B xpaH1.1n1.1~e. 

npuMeHeHUe Ca)l(U. nepBOH8Y8DbHO 
npOV13BO,QCTBO C8>Kl4 pa3BV1Banocb Bcne,Q
CTBV1e cnpoca Ha Hee npvi vi3rornsneHvi1.1 
rnnorpacpcKvix KpacoK; snocne,QcTB1.11.1 
OHO 3H8Y"1TenbHO ysenV1YV1DOCb, TaK KaK 
noTpe61.1TeneM crnna npoMb1wneHHOCTb 
nepepa6oTKl4 npvipo.QHoro vi CV1HTeTV1Ye
CKoro KayYyKa. 

Ao6asKa 30-50% ca>K1.1 s KayYyK np1.1 
npOV13BO,QCTBe 8BTOM06V1nbHblX Wl'1H no
BblWaeT "1X npOYHOCTb B 23 pa3a (npo
,QOD>KV1TenbHOCTb npo6era ysenviY1.-1saeT
CH C 1500-2000 ,QO 50000-60000 KM). 

B HacrnH~ee speMs:i npOV13BO.QV1Tcs:i 
6onee M"1nI1V10Ha TOHH Ca>K"1 B ro,Q, OKOno 
90% Koropoill npviMeHs:ilOT npvi nepepa-
6oTKe KayYyKa; 1.-13 ocranbHOlit Yacrn no
nyYalOT rnnorpacpcKvie vi .Qpyrne KpacK1.1, 
naK\.1 , KonviposanbHYIO 6yMary, KapaH.Qa
wvi , nnacTw-1ecKvie 1.1 1113on11py10~1.1e Ma
Tepvianb1, 3IleKTpO.Qb1 14 T . .Q. 

10 

9 

7 

P1.1c. 3.17. TepMu1.1ecKuiJ npou,ecc npou3eoacme8 C8)1(u: 
1 - 283; 2 - ne1.1u; 3 - xonoaunbHUK; 4 - omxoaflw,uiJ 283; 5 - u,uKnoHbt; 6 - wHeK; 

7 - PYK813Hb/U cpunbmp; 8 - Xp8HUflUUJ,e; 9 - peu,upKynupy10w,uiJ 283 anfl 0602peB8 ne1.1eiJ; 
10 - 283 anfl omonneHufl 
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3.2. 0KHCmtTenbHaff KOHBepc11UI yrneBOAOPOAOB B CHHTe3-ra3 

OKll'lcmnenbHas:i KOHBepcll'ls:i yrneso
AOPOAOB Hecprn 11'1 npll'lpOAHOro ra3a s:is
ns:ieTcs:i Macwra6HblM 11'1 sa)f(HblM Hecp
TeXll'lMll14ecK111M npo4ecCOM. 

npo4ecc OKll'1Cnll1T9JlbHOJlt KOHBepCll1111 
yrneBOAOPOAOB, a TaK)f(e mo6oro yrne
pOACOAep)f(al.llero opraHll14eCKOro M8Te
p111ana ne)f(ll'lT B OCHOBe A8BHO 1113BeCTHblX 
npOMblWJ19HHblX MSTOAOB ra311'1cpll'1K8L.\11'1111 
>Kll1AK11'1X 11'1 rnepAblX Tonnll'lB Ans:i nony4e
Hll'ls:I ropto4111X ra3os. Cyl.llHOCTb npo4ecca 
3aKnto4aeTcs:i s npespaL11SHll'lll1 opraHL.149-
cKolil MaCCbl ronn111s B ropto4111e ra3bl (co
cros:1L11111e s OCHOBHOM 1113 CH

4
, CO 111 H2), 

nyreM OKll1CneHll1s:I K111CnopOAOM, 803,Qy
XOM, BOAs:!HblM napoM np111 BblCOKOlil TeM
nepaType. 

ra3ucpuKa4uR meepdh1x monnue 
npoBOA111TCs:I s ra3oreHepaTopax, nonyYato
ll.1111ecs:i ropto411'1e f83bl (COCTOs:ll.llll'19 B oc
HOBHOM 1113 CO, H2 11'1 CH

4
) H83bJBatoT re

HeparopHblMll1. ra3111cpL.14111pytoT see Bll1Abl 
rnepAoro ronn111sa: KaMeHHbte 11'1 6ypb1e 
yrn111, 8HTP8L.\11'1T, KOKC, nonyKOKC, ropcp, 
Apesec111Hy, ropto411'1e cnaH4b1 111 p,pyrne. 
reHepaTOpHble f83bl np111MeHs:ltoT B OC
HOBHOM B K849CTBe Tonn111sa B Merannyp
fll'149CKOM , CTeKOnbHOM, KepaML.14eCKOM 
VI Apyrnx npoL.13BO,D,CTBax, s ABll'lraTens:ix 
BHyrpeHHero cropaH111s:i , ra3oryp6L.1Hax 111 
Alls:! 6bJTOBblX H~. B 3as111c111Mocrn OT 
cocrasa ra3os p,yrbs:i pa3m14atoT 003,Qyw
Hbllil ra3 (ra3111cp111K8L.\ll'15! npo11'13BO,D,11tTcs:i 
803,QyxOM), napOB03,QYWHbllil , napOKll'lC
llOpO,D,Hbllil , 80,D,s:IHOlil , nonyBO,D,s:IHOlil , ra3 
Ki.icnopop,Horo p,yrbs:i . 

OcHOBHolil peaK4ll'lelil p,aHHOro npo-
1..lecca s:ism1eTcs:i B3811'1MO,D,elilcTBll'le pacKa
neHHoro yrns:i 11'1 napos BO,D,bl npll'l TeMne
parype OKOJlO 1200 °C: 

ra3ucpuKa4uR JKudKux monnue 
npo4ecc npespaL11eH111s:i )f(ll1,D,KY1X Tonn111s 

s ropto4111e ra3bl nyreM pacL11enneHvis:i 
MOneKyn yrneBOAOPOAOB, conpOBO)f(,D,ae
Mbllil KOHsepcll'lelil npop,yKToB pacL11enne
H111s:i 80,D,s:IHblM napoM, Kll'lCJlOPOAOM ll'lnll'l 
so3p,yxoM. B 3asll'lcll'1MOCTll'l OT cocrasa 
nonyYaeMble ra3bl npll'lMeHs:itoT KaK ron
nll'lso ll'lnll'l B K84eCTBe Cblpbs:! Aml X11'1Mlit-
49CKOlil npOMb1wneHHocrn. B 38Bll'1Cll'1MO
CTll'l OT ycnosll'llil ra3111cp"1K8L.\ll'lll'l npoTeKatoT 
cnep,ytoL11111e peaKL.\11'111'1: 1) pacL11enneHll'le 
BblCOKOMoneKyns:ipHblX npep,enbHblX 
yrnesop,opop,os c o6pa3osaHll'leM Hll'13KO
MoneKymipHblX npep,enbHblX ll'lnll'l Henpe
AenbHblX ymesop,opop,os; 2) ,D,ernp,pll'l
posaHll'le npe,D,enbHblX ymeBO.QOPOAOB 
c 06pa3osaH111eM Henpe,D,enbHblX yme
sop,opop,os 11'1 sop,opop,a ; 3) B3811'1MOAelil
CTBll'le yrneBOAOPO.QOB c 80.Qs:IHblM napoM 
ll'ln111 Kll'lcnopo.QOM. KpoMe on111caHHblX oc
HOBHblX npespaL11eHvilil , npoTeKatoT TaK)f(e 
peaKL.\11'111'1 1113oMepll'138L.\11'111'1 , 4111Knll'138L.\11'1111 , 
non111Mepll'13a4111vt, ca:>Ke- 111 KOKcoo6paao
saHll'ls:i . 

1 . CSH12 ~ C2H6 + C3H6 

CSH12 ~ C2H4 + C3H6 + H2 

3. C
5
H12 + 4H20 ~ CH

4 
+ 4CO + BH2 

C
5
H

1
.,_ + 20

2 
~ CH

4 
+ 4CO + 4H2 

V1cTOYH111KaM111 Tennosoill 3Heprn111 p,ns:i 
npll'lsep,eHHblX Bb1we 111 p,pyrnx peaK4ll'lilt 
npo4eccos raa111cp111Ka4111111 ronnVIB s:isns:i
toTcs:i 3K3orepMV14eCKVle peaKL.\11'1111 C:>KV1ra
HV1s:i 48CTVI VICXOAHOro Cblpbs:! , no,D,seprae
MOro ra3VlcpVIK8L.\VIVI , VI C:>KVlf8HVls:I KOKGa , 
06paaytoL11erocs:i so speMs:i MHornx npo-
4eccos raaV1cpV1K8L.\Vlll'l . 

CKOpOCTb VI xapaKTep npeBp81.l19HVllil 
ymesop,opop,os 3as111cs:ir masHblM o6pa-
30M OT TeMneparypb1 , speMeHVI npe6b1-
saHV1s:I Cblpbs:! B peaKTope 111 CBOlilCTB Cbl-
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pbH. TaK, npvi 750-800 °C 06pa3yeTCH ra3 
c COAep}f(aHVleM AO 35-40% HenpeAenb
HblX yrneBOAOPOAOB (C4V1TaH Ha Cblpbe). 
npvi 900 °C V1 BblWe BblXOA HenpeAenb
HblX yrneBOAOPOAOB pe3KO CHV!}f(aeTCH, 
ysenV14V1BaeTCH KOnV14eCTBO MeTaHa, 
BOAOPOAa, CMOnbl V1 KOKCa. npvi 1100 °C 
vi BblWe npo1..1ecc nonHOCTblO HanpasnH
eTcH s crnpoHy o6pa3osaHV1H BOAOPOAa, 
OKV1CV1 yrnepOAa V1 KOKCa. npvi B3aV1MO
Aei::lCTBV1V1 yrneBOAOPOAOB c BOAHHblM 
napoM V1 KVICnopOAOM ysenV14V1BaeTCH 
BblXOA ra3a (no cpasHeHvilO c npo1..1eccoM 
paCU1enneHV1H), V1 era COCTaB V13MeHH-

eTcH s crnpoHy 06pa3osaHV1H CO, H
2 

vi 
CH

4
, yMeHbwaeTcH ca}f(e- vi KOKcoo6pa-

30BaHvie. npviMeHeHV!e KaTanV13aTOpOB 
B npo1..1eccax ra3vicjJviKa1..1vivi ysenvi4visaeT 
CKOpocrn peaKl...\Vli::l, AaeT B03MO}f(HOCTb 
CHV13V1Tb rnMnepaTypy npo1..1ecca Ha 100-
150 °C, yMeHbWaeT Ca}f(e- V1 KOKC006pa-
30BaHV1e. 

B HecjJrnxviMvivi orpoMHoe 3Ha4eHvie 
V!MeeT OKV1CnV1TenbHaH KOHBepCVIH MeTa
Ha, npOAYKT KOTOpoi::l - CV1HT83-ra3 - V1C
nonb3yeTCH He KaK rnnnviso, a vicKnl04V1-
rnnbHO KaK Cblpbe AnH HecjJTeXV1MV14eCKV1X 
CV1HT830B. 

3.2.1. OKucnumenbHaR KOHeepcuR MemaHa e cuHme3-aa3 

CviHTe3-ra3 - CMecb OKCV1Aa ymepo
Aa vi BOAOPOAa, HBnHeTcH 4pe3Bbl4ai:1Ho 
1..1eHHblM CblpbeM AnH HecjJrnxviMvi4eCKOi::l 
npOMblWneHHOCTVl. npOMblWneHHblM 
cnoco6oM nony4eHviH CV1HTe3-ra3a HBnH
eTcH OKV1CnV1TenbHaH KOHBepCV1H MeTaHa 
(vinvi npvipOAHOro ra3a) BOAHHblM napoM 

0AHOBpeMeHHO c :noi::l OCHOBHOi::l 
peaK1..1viei::l npOTeKaeT V1 3K30TepMV148CKaH 

[CMeU1eHV1IO paBHOBeCVIH 3TOi::l peaK-
1...\VlVl snpaso cnoco6crnyeT noHVl}f(eHvie 
TeMnepaTypb1. KoHcrnHrn pasHosecviH 
peaK1..1vivi (KP) yMeHbwaeTcH npvi ysenvi-
4eHvivi rnMnepaTypb1 (npvi 686 °C oHa 
paBHa 1,9, a npV1 1500 °C - 0,2. npvi He-
06XOAV1MOCTV1 nony4eHV1H BOAOPOAa He
o6XOAV1MO CM8CTV1Tb paBHOBecvie B CTO
poHy o6pa3osaHviH C0

2
; 3TO AOCrnraeTCH 

vinvi KVICnopOAOM; COOTBeTCTBeHHO pa3-
nvi4alOT M8TaHo-naposoi::l V1 MeTaHO-KVIGnO
pOAHbli::l npo1..1eccb1 nony4eHviH CV1HTe3-ra3a. 

MemaHo-napoaou npo~ecc. nep
soi::l cTaAviei::l 3Toro npo1..1ecca HBnHeTcH 
3HAOTepMV148CKaH peaKl...\VlH Me~y Mern
HOM V1 BOAHHblM napoM: 

/:J,.H = 49 KKan/MOnb (6) 

peaKl...\VIH Me~y CO vi H
2
0 (nap)- rnK Ha-

3b1saeMaH KOHBepCVIH BOAHHOro ra3a: 

/:J,.H = - 10 KKan/MOnb (7) 

BB8A8HV1eM 6onbworo V136bJTKa BOAHHOro 
napa]. 

K =-----

P [CO] [H
2
0] 

CyMMapHylO peaKl...\VllO MO}f(HO sb1pa-
3V1Tb ypaBHeHVleM: 

/:J,.H = 39 KKan/MOnb (8) 



B H8cjJT8Xll1Mll148CKOVi np0Mb1wn8HHO

crn MeraHo-napo8oVI npo1..19cc 111cnonb-

3yior 8 A8YX Hanpa8Jl8H111s:ix : 1) Ans:t no

ny48Hll1s:t 80AOPOAa 111 2) Ans:t nony48Hll1s:t 

Cll1HTe3-ra3a. Kor/],a OCH08HOVl 1..18Jlbl0 R8-

JlR8TCR nony48Hll18 80AOPOAa, npo1..19cc 

np080ART c 60JlbWll1M 11136blTKOM 80/J,s:t 

HOro napa , 4TO YM8HbWa8T KOH88PCll1IO 

CO 8 C0
2 

[p8aKL.1111R (7)) 111 CnOC06CTBY8T 

o6pa3o8aHll1IO /],OnOJlHll1TeJlbHOro KOnll148-

CTBa 80/J,OpO/J,a . npOL.18CC 8blr0/J,HO npo-

80All1Tb 8 A88 c ryneH111 : nep8as:t - KOH88p

Cll1s:t CH4 8 c111HT83- ra3 [p8aK1..1111s:i (6)] np111 

reMn8paryp8 700-800 °C , 8TOpas:i - KOH-

88pc111R CO [p8aK1..1111s:i (7)] np111 T8Mnepa

rype 400-500 °C. npo1..1ecc 8 1..1enoM npo

reKaer c y9en1114eH111eM o6beMa , no3TOMY 

n08b1weH111e ,Qa 8n8Hll1R CHll1)f{aer creneHb 

KOH8epc111111 . 

Ecn111 OCH08HOVl 1..1enbl0 s:tBJlReTCR no

llY48Hll1e c111Hre3-ra3a (cMeCb CO 111 H2 8 

pa3Jlll14HblX COOTHOW8Hll1RX), MO)f{HO y8e

Jlll14111Tb CO/J,8p)f{aH111e co A06a8neHll18M 8 

peaK1..11110HHY10 cMeCb C02 . 3rn cMeL1.1aer 

pa8H08ec111e peaKL.1111111 (7) 8 CTOpOHY o6-

pa308aHll1R CO. 
B ycno8111Rx MeTaHo-napo8oro npo-

1..1ecca np111 8b1coK111x reMn8parypax MO)f{eT 

nporeKaTb 4pe38bl4aii1Ho 111HrepecHas:t pe

aK1..1111s:i (c T04Kli1 3p8Hll1R nOTeHL.1111anbHOro 

cnoco6a yrnnV13at..1111V1 A8YOKVICll1 yrnepo

Aa) MeraHa c A8YOKll1Cbl0 yrnepoAa, np111 -

80As:tL1.1as:t TaK)f{e K Cll1HT83-ra3y: 

CH +co ~ 2CO + 2H D.H = 59 KKan/MOnb 4 2 2 (9) 

Cne,Qo8arenbHO, co,Qep)f{aHVle CO 8 

npOAYKTax npo4ecca onpe,QenReTCR He 

TOJlbKO TeMneparypoill , HO VI COOTHOWe

Hl>18M Kon1-14ecrs 80As:tHoro napa 111 C02. 

Ha npaKrnKe .Qlls:t 6b1crpeV!wero AO

CTll1)f{8HVIR pa8H088CVls:t (Y88Jlll148HVl8 CKO

pocrn p8aK4111111) 111 CHll1)f{8Hll1R reMn8pary

pb1 nporeKaH111s:i npo1..1ecca nonb3YIOTCR 

KaranV13aropaM111, Vl3 KOTOpblX HaV16onee 

48CTO npVIM8HRIOT Hll1K8Jlb Ha 111HepTHOM 

HOCll1Ten8, npoMOTll1p08aHHblVl OKVICRMll1 

MarH111R 111n111 an10M111H111s:t . 

M8raHo-naposoV! npo4ecc c 48llbl0 

nony4eHll1R 80,Qopo/J,a 8 np0Mb1wn8HHO

crn npo80/J,RT no/], He60JlbWll1M ,Qa8Jl8Hll1-

eM (67 arM). CHa4ana cMecb MeraHa 111 

BO,QRHoro napa nponycKalOT npVI 870 °C 

4epe3 rpy64aTbJV! peaKTop, HanonHeH

HbJV! KaTaI11113aTOpOM (Ni, MgO) VI o6orpe

B88Mb1Vl C)f{111raH111eM ra3a. BblXOARll.11118 1113 

peaKTopa ra3bl COCTORT n04Tll1 4e11V1KOM 

1113 BO,QOpO,Qa 111 OKVICll1 yrnepo,Qa VI CO/J,ep

>KaT TOilbKO 2% Henpopear111posaswero 

MeraHa . nocne ocyL1.1ecrsneHV1R nepsoVi 

CTa/J,111VI OKll1Cb yrnepo,Qa 8Mecre c BOAs:t

HbJM napoM nponycKator np111 460 °C HaA 

OKll1Cbl0 )f{8ne3a , npoMOT1>1posaHHOiil OKll1-

Cbl0 XpOMa . np111 3TOM B pe3ynbTaTe KOH-

88pC111111 80/J,RHoro ra3a nony4a10r cMecb 

H2 111 C02; nocne y1J,aneHll1R co2 ocraercs:t 

BOAOPOA, AOCTaT04HO 4111CTbJV! Ans:t npo-

8e1J,eH111R npo1..1eccos r1111J,p111posaHV1R. 

MeraHo-K111c11opoAHb1i'.1 npo4ecc 
(npo4ecc 4aCTlll'IHOro co>K>KeHlllH MeTa
Ha). B AaHHOM npo1..18cc8 renno8yl0 3Hep

r11110 , Heo6XO/J,111MYIO ,QnR 3H,QOTepM1114e

CKOVl peaK4111V1 MeTaHa c BO,Qs:tHblM napoM 

[peaK1..1111s:i (6)], nony4a10r 3a c4eT rnro , 

4TO BMeCTO 3aTpaTbl ra3a Ha BHeWHll1Vl 

o6orpe8 pea Kropa 4aCTb KOH8epr111py8-

Moro MeraHa C)f{V1ra10r BHYTPVI annapara. 

EcnVI 8 Ka48CT88 VICT04Hll1Ka KVICnopo/J,a 

np111MeHRIOT 803/J,yX, TO npo,QyKTbl peaK-

1..1111111 OKa3bl8alOTCs:t 3arps:t3HeHHblMVI a30-

TOM, 4TO B 6onbWVIHCTBe cny4aes (3a 111C

Klll048Hll18M VICnonb308aHll1s:t npo,QyKTOB 

npo1..1ecca Ans:t CVIHT83a aMMVlaKa) cKa3bl-

8aercs:i orp1111..1ar8nbHO Ha 803MO)f{HOCTVI 

1>1X /],aJ1bH8VlW8rO VICnOnb308aHVls:t . npV1-

M8H8Hll18 4VICTOro K111Cnopo/J,a, KOH84HO , 

YAOPO)f{aer CTOVIMOCTb npOAYKLIV1111. 
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MeraHO-KVlcnopoAHblill npoL1ecc npo
TeKaeT 8 A8e 5'18HO 8blpa>KeHHble CTa
AVIVI . B nepsoill CT8AVIVI KVICnopOA non-

3aTeM 3a C4eT 8blAenfl10L11erocfl npVI 
3TOlll peaKl..lVIVI rnnna cneAYIOT 6onee MeA
neHHble 3HAOTepMV14eCKVle peaKl..lVIVI o6pa-

HOCTblO pearnpyeT c 4aCTblO MeraHa c 
06pa3osaHV1eM 80Abl VI ABYOKVICVI yrne
POAa : 

(10) 

308a8WVIXCS'I A8YOKVICVI yrnepoAa VI BOAbl c 
Vl36blTKOM MeTaHa, npV180Afll1.IVle K nony4e
HVllO CMeceill OKVICVI yrnepOAa VI 80AOPOAa: 

CH4 + co2 ---> 2CO + 2H2 b.H = 59 KKan/MOnb (9) 
(11) 2CH4 + 2H20---> 2CO + 6H2 b.H = 49 KKan/Monb 

Ypa0HeHV1e cyMMapHoill peaKL.\VIVI V1MeeT cneAY10L11V1ill 8VIA: 

4CH4 + 20
2

---> 4CO + 8H2 b.H = -33,7 KKan/Monb (12) 
VlnVI >Ke 

CH4 + 1h 0
2

---> CO + 2H2 b.H = -8,5 KKan/Monb (13) 

B ycn08VlflX npoL1ecca npoTeKaeT TaK>Ke peaKl..lVlfl KOH0epcV1V1 80AS'!Horo ra3a [peaK
LIVlfl (7)): 

co + Hp ~ co2 + H2 b.H = -10 KKan/MOnb (7) 

npoMblWneHHblill MeTaHO-KVICnopOA
Hblill npoL1eCC 8 cny4ae, ecnVI OCH08HOlll 
L1enb10 flBnfleTcfl nony4eHV1e 80AOPOAa, 
raK>Ke npo80AflT 8 A8e CTyneHVI : nep-
8afl - peaKl..lVIVI (10)(12) npVI 700-800 cc, 
8TOpas:! - KOH8epCVIS'I co no peaKl..lVIVI (7) 
npVI -500 cc. CoornoweHV1e CO VI H

2 
8 

KOHe4HOM C4eTe onpeAens:!eTCH TeMnepa
Typoill npoL1ecca VI COOTHOWeHVleM KOnVl-
4eCTB 80AflHOro napa VI A8YOKVICVI yrnepo
Aa. 

npVI napO-KVICnOpOAHOill KOH8epCVIVI 
He Tpe6y10TCS'I >t<aponpo4Hble cranVI , Ka
ranV13aTOp He OTpa8nfleTCH cepHVICTblMVI 
COeAVIHeHVIS'IMVI VI Tpe6o8aHVIH K CblpblO 
MeHee >KeCTKVle (MO>KHO VICnOnb3088Tb 
ra3bl nio6oro cocra0a). KanV1rnno0no
>KeHV1H MeHbWe, 4eM npVI KOH8epCVIVI 8 
Tpy64aTblX ne4ax, OAHaKo 3Kcnnyarn
l..\VIOHHble paCXOAbl 6onee 8blCOKVI Vl3-3a 
OTHOCVITenbHO 8blCOKOill CTOVIMOCTVI KVIC-

nopoAa. TexHonorn4ecKafl cxeMa napo
KVlcnopoAHOill KOH8epCVIVI npV18eAeHa Ha 
pVIC. 3.18. 

npV1pOAHb1i11 ra3, nocTyna10L11V1ill np1-1 
Aa0neHV1V1 0,4-0 ,5 Mna, ApoccenV1py10T 
AO 0,08-0, 12 Mna VI n0Aa10T 0 rnnno
o6MeHHVIKVI 5 VI 6. Ha 8XOAe 8 rnnnoo6-
MeHHVIKVI K ra3y npV1MeWV18alOT 80AflHOill 
nap, neperpe0aeMblill co 180 AO 350 cc. 
nocne cMeweHVlfl napora300aH cMecb 
VIMeeT rnMnepaTypy 180 cc. B rnnnoo6-
MeHHVIKax ee Harpe0a10T AO 345 cc VI 3a
TeM Hanpa0nH10T 8 0eprnKanbHb1i11 Ko>Ky
xoTpy6Hblill cMeCV1Tenb 1, KyAa nocTynaer 
rnK>Ke KVlcnopoA. V13 cMeCVITenH napora-
308aH CMeCb VIAeT 8 KOH8eprnp 2 c Hl-1-
Kene8blM KarnnVl3arnpoM. TaM npVI 800-
900 cc VI 0, 14 Mna npornKalOT peaKl..ll-11-1 
KOHBepCVIVI c o6pa30B8HVleM CVIHTe3-ra3a. 
KoH0eprnpo0aHHb1i11 ra3 nocTynaer 0 ys
na>KHVITenb 3, KyAa 0npblCKV18alOT 80A
Hblill KOHAeHCaT (npVI 3TOM TeMneparypa 



raaa CHVl)f(aeTCs:l ,QO 650 °C). 3aTeM raa 
npoXO.QVIT Tpy6Hoe npocrpaHCTBO napo
neperpesarnns:i 4, rnnnoo6MeHHVIKVI 5 VI 6 
111 , oxna,QVIBWVICb ,QO 500 °C, Vl,QeT Ha KOH-

2 3 

"i 21 

sepcV110 OKCVl.Qa ymepo,qa (ecn111 Tpe6yeT
cs:i nonyYaTb so,qopo,q) VlnVI oxna)f(,QaeTcs:i 
,QO KOMHaTHOiil TeMnepaTypbl VI nocTynaeT 
B raaronb,Qepb1 . 

f a3 KOHBepc1rn: 

ITap 

IlpHpO,D;HbIH 

ra3 

KoH,n;eHcaT 

P1.1c. 3.18. TexHonoau4ecKafl cxeMa napo-Kucnopo8HoiJ KOHBepcuu yeneaoaopo8HbJX ea3oB: 
1- cMecumenb; 2 - KOHBepmop; 3 - yana)f(Humenb; 4 - naponepeepeeamenb; 

5, 6 - mennoo6MeHHUKU 

3.2.2. npuMeHeHUe CUHme3-2838 8 HecjJmeXUMU4eCKOiJ npOMb/WfleHHOCmU 

CVIHTea-raa (CO + H
2

) s:isns:ieTcs:i VIC
xop,HblM CblpbeM 6onbweil1 Yacrn npo
Mb1wneHHOro OCHOBHOro opraHVl48CKOro 
Clt1HTe3a. npVIM8H8HVl8 CVIHTe3-raaa MO)f(
HO pa36VITb Ha ,QBa BVl,Qa: 1) npVIM8H8HVle 
80,IJ,Opo,qa VI 2) npVIM8H8HVl8 MOHOOKCVl,Qa 
yrnepo,qa VI ero CMeCVI c BO,QOpO,QOM , T.e. 
co6CTB8HHO CVIHT83-raaa . 

np111MeHeHV1e BOAOPOA3. [113 Bcex cy
ll.19CTBYIOIJ.IVIX npOMblWneHHblX M8TO,QOB 
nonyYeHVlfl so,qopo,qa (::ineKTponVl3 BO.Qbl, 
BOCCTaHOBneHVle napoB 80,Qbl )f(ene30M 
npvi BblCOKVIX reMneparypax, Bb1,QeneHV1e 
Bop,opo,qa Vl3 ra30B KOKCOBaHVls:l VI nV1pO
nvi3a Hecprenpo,QyKTOB VI ,Qp .) npOV13BO,Q-

CTBO ero OKVICnVITenbHOil! KOHBepcVleill 
ymeBO,QOpO,QOB s:isns:ieTCs:l HaV16onee 3KO
HOMVl4HblM , a nornMy HaV16onee WVlpOKO
npVIM8Hs:l8MblM. 

no,qaBns:lfOlJ.188 60nbWVIHCTBO BO,QO
po,qa, nonyYaeMoro KOH0epcV1eil! MeTaHa, 
pacxo,qyercs:i ,qns:i nonyYeHVlfl aMMVlaKa. 
.Qns:i nonyYeHVIH so,qopo,qa ,qns:i CVIHTe3a 
aMMVlaKa HaV16onee y,qo6Ha cne,qy10111as:i 
rnxHonornYecKas:i cxeMa, 06ecneYV1sa10-
111as:i nonyYeHV1e cMeCVI H2 VI N2 B Tpe6y
eMoM COOTHOW8HVIVI (1 o6beM N2 Ha 3 
o6beMa H2 ). CHaYana nposo,qm KOHBep
CVlfO c BO,Qs:!HblM napoM npVI 700 °C c TeM, 
YT06b1 s npo,qyKrnx peaKL\VIVI ocrnnocb 
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3Ha4HTenbHOe Kon~4eCT80 Henpopear111-

po8a8wero MernHa. 3aTeM K ropH4eVI ra-

3080VI CMec111 A06asnHIOT B03AYX B TaKOM 

Kon1114ecrne, 4T06b1 AOCT1t14b HY}l(HOro AnH 

Cll1HT83a aMMll1aKa COOTHOWeHll1H a30Ta 111 

BOAOPOAa. H nponycKalOT ee s ne4b, rAe 

M8TaH npe8pall\a8TCH B OCHOBHOM 8 80-

AOPOA H OKHCb ymepoAa. KoH8epc111eV! c 

80AHHblM napoM OKll1Cb yrnepo,qa nepe-

80AHT 8 80.QopoA H .Q8YOKll1Cb yrnepoAa. 

nocneAH111VI 1113 ra3o8oVI cMec111 OTMb1sa-

10T 80.QOVI no,q Aa8neH~eM 25 aTM . 111n111 

pacrnopoM ::naHonaM111Ha, np0Mb1Tb1VI 

ra3 3aTeM KOMnp111M111py10T ,QO pa604ero 

AasneH111H Cll1HTe3a aMMll1aKa 111 y,qanHIOT 

OKll1Cb ymepo,Qa npOMbl8KOVl 3MMll1a4HblM 

pacrnopoM cpopM111aTa O,QHosaneHTHoVI 

Me,q111. nocne 3TOVI 06pa60TK111 nony4alOT 

111CXOAHYIO ,QnH Cll1HT83a aMMll1aKa CMeCb 

80,QOpO,Qa c a30TOM. 

CneAYIOll\111M no o6beMy noTpe6ne

H111H H8nHeTCH np111MeHeH111e 80AOPO,Qa 

.QnH pa3n1114Hb1x npoMb1wneHHb1x npo

u,eccos r111,qp111po8aH111H: r111Ap004111CTKa 111 

r1t1,QpoKpeK111Hr 8 Hecprnnepepa6aTb1sa10-

ll\eVI npoMblWneHHocrn , r111,qp111po8aH111e 

}1(111p08 (np01113BOACTBO Maprap111Ha), f111,Q

poreHll13aL.J,111H rnep,Qoro 111 rn}l(enoro rnn

n1118a 111 AP· 

np111MeHeH111e MOHOOKClllAa yrnepo
Aa. np111MeHeH111e ClllHTe3-ra3a (CO+ H2). 
MOHOOKC111,Q ymepo,Qa 111 ero CMeCb c 80-

.QOPOAOM (C111HTe3-fa3) HBnHIOTCH 4pe38bl-

4aVIHO L.J,9HHblM CblpbeM ,QnH OCH08HOro 

opraHll14ecKOro C~HT83a, n03TOMY KOH-

8epC111H MeTaHa 8 C111HT83-fa3 OTHOCll1TCH K 

Ha1116onee Macwrn6Hb1M Hecprnx111M1114e

CKll1M npou,eccaM . 

,[\nH nony4eHll1H MOHOOKCll1,Qa yrnepo

,Qa KOH8epC111IO MeTaHa 3aKaH41118alOT Ha 

nep8oVI cTa,q111111 npou,ecca (6e3 cTa,q111111 

KOH8epc111111 co ,QO C02). 
Ha OCH08e MOHOOKC111,Qa yrnepo,Qa 

MO}l(HO Cll1HTe3111p08aTb npaKrn4eCKll1 see 

K111cnopOACO,Qep}l(all\111e opraH1114ecK111e 

coeA111HeH111H . Cpe,Q111 npoMb1wneHHO sa)l(

HblX Cll1HT8308 Ha OCHOBe MOHOOKC111,Qa 

ymepo,qa npe}l(Ae 8cero Heo6xo,q111Mo or

MernTb Cll1HT83bl K111cnopo,QCO,Q8p)l(all\1t1X 

coe,q111HeH111VI peaKu,111eV! Kap60H111n111posa

H ll15! opraH1114ecK111x cy6CTparns OK111Cbf0 

ymepo,qa. MHorne 1113 3Tlt1X Cll1HT830B ner

n111 B OCHOBY KpynHOTOHHa}l(HblX npOMblW

neHHblX np0111380,QCTB anb,Qerlt1,Q08, KeTO

HOB, cn111pTOB , Kap60H08blX Kll1CnOT 111 lt!X 

npo1113BO,QHblX (c111HTe3bl Penne , OKCOCl!1H

Te3 111 ,Qp.). no,Qa8n5ll0ll\98 60nbWll1HCTBO 

3Tll1X Cll1HT8308 518nHeTCH KaTanll1Tll148CKlt1M, 

np111 3TOM Ha1116onbW88 npaKTlt148CKOe 

3Ha48Hll18 npe,QCTaBnHIOT roMoreHHO-KaTa

n111rn48CKll18 Cll1HTe3bl B np111cyTCTBll1ll1 fOMO

reHHblX MeTannOKOMnneKCHblX KaTan1113a

TOp08. 

B Hll1}1(enp1118e,QeHHOV! cxeMe npe,Q

CTa8neHbl nll1Wb H9MH0rlt18 1113 npOMblW

neHHO 8a}l(HblX Cll1HT8308 Ha OCHOBe 

MOHOOKCll1,Qa ymepo,qa H ero CMec111 c BO

,QOpO,QOM (C111HT83-ra3). H111}1(e KpaTKO pac

CMOTpeHbl HeKOTOpble 1113 3Tlt1X Cll1HT830B. 



CuHme3 cuHmemu1.1ec«o20 >1wa«o-
20 monnuaa (cuHme3 <Puwepa - Tpon
wa). <t>. <t>1t1wep 1t1 r . Tponw B 1926 r. no

Ka3an1t1, YTO Lt13 CO 1t1 H2 B np1t1cyTcTB1t11t1 

Karnn1t13arnpos (Mernnnbl VIII rpynnb1) 

nplt! 200-400 °C Lt! 110 aTM . MO}f{HO no

nyYLt!Tb CMeCb napacplt!HOB c np1t1MeCblO 

onecplt!HOB, KOTOpa51 MO}f{eT np1t1MeH5lTb

Cs:! B3aMeH 6eH3Lt!Ha ( «ClllHTl!1H» ) . npolt13-

BO,QCTBO Clt!HTl!1Ha B repMaHltlltl BO BpeM51 

C0+2H ~ CHOH 
2 3 

PaBHOBec111e CMell\aeTC51 B CTOpOHY 

o6pa30BaHlt151 MeTaHOna np111 nOBb1WeHll1111 

AaBneH1t151 111 noH1t1}f{eH1t11t1 TeMnepaTypb1. 

Ho Ha np1t1MeH51eMblX B npoMb1wneH

HOCrn KaTan1113arnpax (cMeCltl OKlllCnOB 

xpoMa 111 L.1111HKa 111n1t1 Me.Q1t1, L11t1HKa 111 xpo

Ma) peaKL.111151 npoTeKaeT co CKOpOCTblO, 

YAOBnernop5110ll\eil1 Tpe6osaH11151M npo1t13-

BOACTBa nll1Wb nplt! TeMnepaTypax BblWe 

300 °C Ill ,QaBneHlt151X 300-500 aTM. 

PasHoBeCHble BblXOAbl Mernnosoro 

cn111prn He3Ha4111TenbHbl, no3rnMy npo-

1..1ecc npoBO,Q51T c MHOroKpaTHOil1 Lllt!PKYn51-

L.lli18il1 111cxo.QHOil1 ra3osoi11 cMec111. CrnneHb 

KOHBepc1111t1 111CXO,QHOil1 ra30BOil1 CMeCLt! 

(CO + 2H2) B MeTaHon paCTeT c yse

nll148Hll1eM ,QaBneHll151 Lt! yMeHbWaeTC51 

c nosb1weH111eM TeMnepaTypbl. Bb1co

Koe ,QasneH1t1e He TOnbKO cnoco6cTsyeT 

ysen111YeH1t110 crnneH1t1 KOHBepc1111t1, HO 111 

yMeHbWaeT no6o4Hble peaKL11t11t1, np111so

A5lW1t1e K MernHy, cpopManb,Qern.Qy, A111Me

rnnosoMy 3cp111py 111 Bb1cw111M cn1t1prnM: 

HCHO 

2CO + 2H
2 

2CHpH --- CH - 0 - CH3 + H20 

CHpH+nC0+2H
2
--.CH

3
-(CH)n-OH+ nH20 

CH
3
0H + H

2
--. CH

4 
+ H

2
0 
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Brnpoi/1 M1t1posoil1 soil1Hbl ,Qocrnrano Mac

wrn6a M111nn1110Ha TOHH . 

C1t1HTe3 MeTaHona 1t13 c1t1HTe3-ra3a 

B HaCT051ll\ee BpeM51 51Bn51eTC51 BeCbMa 

KpynHblM Hetj:)TeX111Mlt14eCKlt1M npOlt13BOA

CTBOM. 111cxo,QHblM CblpbeM 51Bn51eTC51 

C111HTe3-ra3 c COOTHOWeH111eM co 111 H2, 
paBHblM 1 :2. C1t1HTe3 MernHona lt13 CO 111 

H2 npoTeKaeT no o6parnMoil1 3K30TepM111-

YecKoil1 peaK1..11t1111: 

l:iH = -21,68 KKan/MOnb 

Ha npoMb1wneHHblX ycrnHOBKax cTe

neHb KOHBepc111111 ra30BOil1 CMeClt1 B MeTa

HOfl 3a O,QHOKp8THblil1 npOXOA yepe3 peaK

rnp COCTaBfls:!eT 5-20%. 
C1t1HTe3 Mernnosoro cn111prn - npo-

1..1ecc Karnn111rnYecK111il1, np1t1YeM np1t1MeHs:1e

Mb1e B npOMblWneHHOCTl/1 KaTanll13aTOpb1 

aKTl!1BHbl nlt!Wb nplt! 300-400 °C (B OTCYT

CTBll1Lt1 KaTan1t13aTopoB peaKL.111151 He 111,QeT 

cosceM). Karnn1113arnp AOn}f{eH o6na,QaTb 

1t1361t1parnnbHOCTblO, T.e. M8KC1t1Manb

HO YCKOp51Tb o6pa30B8Hltle MeTaHona Ill 

OAHOBpeMeHHO no.QaBfl51Tb no604Hbl8 

peaKL\lt1111. 5onbWll1HCTBO Karnn1t13aTOpOB 

B KaYeCTBe OCHOBHOro KOMnOH8HTa co

,Qep}f{aT OKCLt!A L11t1HKa, K KornpoMy .Q0-

6asneHbl OKCll1.Qbl xpoMa 1t1 Me.Q1t1. B np111-

cyTCTB1t11t1 }f{ene3a 1t1 H1t1Ken51 o6pa30BaH1t1e 

MeTaHa ycKops:ieTC51. Ll\8fl04Hbl8 OKCll1,Qbl 

(Nap, Kp, CaO), Hao6opoT, cnoco6-

cTBYIOT o6pa30B8Hll1IO BblCWlt1X cn111pTOB . 

Karnn1t13arnp cocrnsa 8Zn0 · Cr
2
0

3 
· 

Cr03 secbMa cToeK np1t1 BblCOKoil1 TeMne

paType, ManoYyBCTBLt!TeneH K KOHTaKT

HblM 51.QaM 1t1 oTpasns:ieTcs:i o6parnMo. OH 

nerKO pereHep1t1pyeTC51 111 ltlMeeT BblCOKYIO 

ceneKTlt1BHOCTb. roTOB51T TaKOil1 KaTan111-

3arnp, CM8W111Ba51 cyx1t1e OKCll1Abl L\lt!HKa Lt! 

xpoMa c pacrnopoM xpoMosoro aHrn.Qp111-

.Qa . nonyYeHHYIO nacTy cocrnsa 8Zn0 · 
Crp

3 
· Cr03 · H2 0 cpopMylOT, cywaT np1t1 

110-120 °C Lt! BOCCTaHaBnlt!BalOT TeM }f{e 

ra:>OM , KOTOpblil1 np111MeHs:!IOT AJls:I Cll1HTe3a 

MeTaHona. Me.QHble Karnn1t13aTOpb1 aKrn-
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s111pyfOT ,qo6asKaM111 Cr20
3

, ZnO, V20 5 111 

,qp . 3rn KaTan1113aTOpb1 6onee aKTl!1BHbl , 

48M L.1111HK-XPOMOBble, HO MeHee CTOii1Kll1 

K BblCOKll1M TeMnepaTypaM 111 KOHTaKTHblM 

H.QaM. 0TpasneH111e 111,qeT Heo6parnMo, 

no3TOMY 111CXO.QHYfO ra30BYfO CM8Cb cne
,qyeT Tll.laTenbHO 04111ll.laTb. KpoMe rnro , 

Me.QHble KaTan1113aTOpb1 MeHee ceneKTll1B

Hbl. 

np111 B3all1MO,Q8iitCTBll1111 MOHOOKCll1,Qa 

yrnepo,qa co crnnbHblM111 crnHKaM111 an

napaTos 111 Tpy6onpOBO,QOB 06pa3yeTCH 

neTy4111ilt neHrnKap60H111n >Kene3a, KOTO

pb1ilt pa3pywaeT CT8HKll1 (Kap60Hll1nbHaH 

Koppo3111H) . KpoMe Toro, neHrnKap6oHvm 

>Kene3a pa3naraeTcH Ha Karnn1113arnpe c 

Bbl,QeneHll18M CB060,QH0f0 >Kene3a, KOTO

poe KaTan1113111pyeT 06pa3osaH111e Mera

Ha . no3TOMY BHYTP8HHll1e CTeHKll1 KOnOHH 

Cll1HTe3a 111 rnnnoo6MeHHll1KOB o6nll1l..10Bbl

BafOT Me.QbfO , ee cnnasaM111 111n111 1113fOTOB

nHfOT 1113 BblCOKonernposaHHblX crnne ilt . 

C111Hrn3 MernHona Ha 1..1111HK-xpoMOBOM 

Karnn1113arnpe nposo,QHT np111 370-400 °C 

111 25-30 Mna, a Ha Me.QHOM Karnn1113arn

pe - np111 300 °C 111 15 Mna. npo1..1ecc se

AYT np111 6onbw111x o6beMHblX cKopocrnx 

no,Qa4111 111CXO,QHOilt ra30BOilt CMec111: 

06beMH8~ CKOpOCTb nO.Q84VI npo,qornKVITen bHOCTb 8b1xo,q MeraHona, r Ha 1 n 
raJa, 41 KOHT8KT8, C Karam13aropa s 4ac 

2400 

9000 

18000 

35000 

8111,QHO, 4TO np111 BblCOKll1X o6beMHblX 

CKOpOCTHX np01113BO,Qll1T8nbHOCTb Karn

n1113arnpa ysen1114111saeTCH . 06bl4HO c111H

Te3 Mernnosoro cn111prn npoBO.QHT np111 

06b8MHblX CKOpOCTHX 10000-35000 4·1. 

2 

CO+H, 3 

y 

4 

150 170 

40 327 

20 375 

10 750 

np111 6onee BblCOKll1X CKOpOCrnX nOBbl

waeTC51 pacxo,q 3neKTp03Hepr111111 Ha 1..1111p

KynHL1111fO ra30B. 

npo1..1ecc OCYll.l8CTBnHfOT no cne,qy10-

ll.l8ill cxeMe (p111c. 3.19). VICXO.QHYfO ra-

f I 
I I 
I I 
I I 
I I 
I I 

6 

7 

8 

9 

M eTaHoJ1-
cb1peL\ 

P111c. 3.19. TexHonozu4ecKaR cxeMa nony4eHuR Memunoeoeo cnupma; 1, 2 - KOMnpeccopb1; 
3 - cKpy66ep; 4 - yeonbHbtu <jJunbmp; 5 - mennoo6MeHHUK; 6 - KonOHHa cuHme3a; 

7 - xonoounbHUK-KOHiJeHcamop; B - cenapamop; 9 - c6opHuK 



30BYIO CM9Cb (CO + H2) , OYlllLI..19HHYIO 
OT cepHl'ICTblX C09,Ql'IH9Hl'lii1 , C}Kl'!MalOT 
n>irncryneH4aTblM KOMnpeccopoM 1 ,QO 
25 Mna. Me>K.QY TpeTbeVI 111 Yerneproi.1 
cTyneH>iMH C}Karn>i ra3 no,Q ,QasneH111eM 
3 Mna OTMblBalOT BO,QOV! B Haca,Q04HOM 
cKpy66epe 3 OT ,QHOKClll.Qa yrnepo,Qa . 
C>KaTb1VI .QO 25 Mna 111 o4111LI..1eHHb1VI OT 
C0

2 
ra3 CM9WHBalOT C L\lllpKym1py10ll..llllM 

ra30M 111 no,QalOT Ha qmnbTp 4 .Qn>i 04111CT
Klil OT neHTaKap60H111na >Kene3a aKrnBHblM 
ymeM. 3aTeM raa nocTynaeT s Tpy6Hoe 
npocTpaHCTBO rennoo6MeHHHKa 5, r,Qe 
OTXO,Q>lll..ll'IMlll KOHTaKTHblMlll raaaMH Ha
rpesaeTC>l ,QO 320 °C, H np111 3TOV! TeMne
paType nona,QaeT B KOnOHHY ClllHTe3a 6. 

B 3TOVI KonoHHe raa npoxo,QlllT CHH3Y 
ssepx 4epea BHyTpeHHlllVi Tennoo6MeH
Hl!IK, pacnono>KeHHb1VI Hlll>Ke Karan111aa
ropH0Vi 30Hbl , a aareM H,QeT csepxy BHH3 
1.1epea Karan111aarop , paaMeLI..1eHHb1VI Ha 

MeraHon .. . . .. . ... . . ... . 

,[\111Mernnosb1Vi 3cpHp . . . . . . . . . 

V13o6yrnnOBblVi cnHpT Ill ,Qpyr111e 

'J 2:1 

nonKax KOnOHHbl. nocne 3TOro KOHTaKT
HblVI ra3 npOXO,Ql'IT Yepe3 Tpy6Kl'1 BHyrpeH
Hero rennoo6MeHHHKa , BblXO,Ql'IT CHl'13Y l'1 
nocTynaeT s Me>KTpy6Hoe npocrpaHcrno 
rennoo6MeHHHKa 5, r.Qe oxna}K,IJ,aerc>i .QO 
80-100 °C, a ony,Qa - s xono,QHnbHHK
KOH,QeHcarop 7, r,Qe oxna}K,IJ,alOTC>l H KOH
,QeHc111py10Tc>i napbl M9TaHOna. ra3 BM9-
CTe c o6pa3YIOLI..11'1MC>l M9TaHOnOM npl'I 
30 °C no,QalOT B cenaparop 8 BblCOKOro 
,QasneH111>1 , 3aTeM Hanpasn>iioT s np111eM
HY10 nHHHIO L\HpKyn>iL\HOHHoro KOMnpec
copa 2 l'1 B03BP8ll..lalOT B npOL\9CC, a Mera
HOn-CblpeL\ Yepe3 ,QpoccenbHblVI KnanaH 
npOXO,QlllT B c6opHlllK 9, a ony,Qa 1'1,Q9T Ha 
peKrncpHK8L\llllO l'1 Xl'IM11149CKYIO 041'1CTKy. 

MeraHon-cb1peL1 - 6eCL1Berna>i Hn111 
enema >Kenrosara>i npo3pa4Ha>i }Kl'l,Q
KOCTb (nnoTHOCTb 0,811-0,812 r/cM3), 

1'1M910ll..la>l cne,QYIOLI..ll'IVi COCTaB [B % 
(Mace.)] : 

92-93 

2,8-4,7 

Kl'1CnopO,QCO,Q9p}Kall..11'19 C09,Ql!IH9Hl'l>l . . . . . . . . . . . . . . . . . . . . 0,43-0,45 

0,13 

3,0-3,5 

0,001 

OnecpHHbl .. .. . ...... .... ...... . 

Bo,Qa . . ... ..... . 

neHTaKap60Hl'ln >Kene3a . 

npl'I Cl'IHT939 M9Tl'lnOBOro Cnl'lpTa Bbl
A9n>i9TC>l renno . Bo Ha6e>KaH111e nepe
rpesa Karan111aaropa npe,QyCMOTpeHa 
no,QaYa xono,QHoro raaa Ha Ka}K,IJ,ylO non
KY KonoHHbt. BHyTp111 annapara CMOH
r11posaH 3neKTpono,QorpesaTenb ,Qn>i 
paaorpesa raaa B nycKosoV! nep1110,Q. BHy
rpeHH>i>i nosepxHOCTb KonoHHbl 111 Tenno
o6MeHHlllKa o6nt.'1L\OBaHa KpaCHOVi M9,Qbl0 
An>l 3all..1111Tbl OT Kap60HlllnbHOVi KOpp031'1111 . 

B MeraHon-cb1peL\ , nocryna10LI..1V1Vi 
Ha ,Q111crnnn>iL111110 , ,Qo6asn>i10T pacrsop 
8AKOro HaTpa ,Qn>l 0Mbln9Hlll>l cnO>KHblX 
3cpl'1pOB Iii HeVITpan1113aL\lillil Kl!ICnOT, KOTO-

pb19 MOryT Bbl3blBaTb KOpp03llllO annapa
rypbl. BHa4ane orroH>ilOT ,Q111Mernnosb1VI 
3cp111p, a 3areM a3eorponHyio CMeCb no-
6o4HblX npo.QyKrnB c so,Qoi.1. nocne 3TOro 
MeTaHOn npOXO,QlllT XlllMlll49CKYIO 04111CTKY 
nepMaHraHaTOM Kan111>1 , KOTOpb1VI ,Qo6as
n>i10T s Blll,Qe 2%-Horo so,ciHoro pacrnopa. 
MeraHon 111 Bb1cw111e cn111prb1 6onee cra-
6111nbHbl K ,QeVicTBHIO nepMaHraHara, 4eM 
Kap60Hl!lnbHbl9 C09Al!IH9Hl'l>l (KOTOpble 
nepexo,Qm B K111cnorb1 , HeV!rpanH3Y9Mble 
9,QKlllM HaTpOM , paHee ,Q06asneHHblM 
K MeraHony-CblpL\y). B 3Tl!IX ycnos111>1x 
neHTaKap60H111n >Kene3a pa3pywaerc>i 
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nonHoCTblO, a KMn0
4 

np1i1 oK1i1cneH1i11i1 

npeBpaL11a8TCH B Mn02' KOTOpblLll OT,QenH

IOT Ha qmnbTp-npeccax. 0KOH4arnnbHYIO 

,q1i1cnmnHl..\li110 MeTaHona ocyL11ecrnnH10T 

B KOnOHKe c 6onbWli1M 41i1CnOM rnpenoK 

(npviMepHo 75). Ha HV1}KHV1X rnpemax co-

6vipaeTcH «li1306YT1i1n0Boe Maeno», cppaK-

1..\VlH, co,qep}Kall.laH 1i1306yrnn0Bb1Lll 1i1 BblC

wvie cnvipTbl, npviMeCb MernHona 1i1 Bo,qy. 

l/1306yrnnoBblLll cm1pT OTrDHHIOT B ,qpyroLll 

KOnOHHe V1 nony4alOT B 41i1CTOM Bli1,Q8 KaK 

no60YHblLil npOAYKT . .Q1i1MernnoBblLll 3cpli1p 

(T. KV1n. - 23,7 °C) vicnonb3YIOT 4aCTV14HO 

B XOJl0,QV1JlbHOLI! T8XHV1Ke, a 4aCTV14HO KaK 

rnnnviBHblLll ra3. 

041i1ll.\8HHblLll MeTaHOn nonyYalOT 99,5-

99, 7%-HOLil 4V1CTOTbl (ocTanbHble 0,30,5% 

MKT 

npli1XO,QHTCH Ha ,qpyrne opraHli148CKli1e 

Kvicnopo,qco,qep}Kall.lvie coe,q1i1HeH1i1H 1i1 

BO,Qy) . npaKTV148CKli1 Ha 1 T MeTaHona 

pacxo,qyeTCH 2420-2500 M3 CM8Cli1 co + 
H

2
, T.e. 1-13 1 M3 ra3oBoLll cMec1i1 nonyYalOT 

400-410 r cn1i1prn. 06L11aH crnneHb KOH

Bepc1i11i1 Cli1HT83-ra3a B M8TaHOn COCTaB

mieT 84-87% . 

CuHme31:.1 Penne ocHoBaHbl Ha peaK-

1..\1-11-1 Kap60Hvin1i1poBaH1-1H Henpe,qenbHblX 

coe,q1-1HeH1i1Lil (onecp1i1HOB 1-1 aL1ernneHoB) 

MOHOOKCl-1,QOM yrnepo,qa B pacrnopax B 

np1-1cyTcrn1i11-1 pa3n1t1YHb1x HyKneocp1-1nb

HblX peareHTOB (HX) 1-1 KOMnJleKCOB nepe

XO,QHblX M8TallnOB, BnepBble OTKpblTOLI! 

B . Penne (repMaH1i1H) B KOHL.le Tp1t1,QL1aTb1x 

ro,qoB XX BeKa. 

RCH = CH
2 

+ CO + HX --> RCH2CH2COX + RCHCOX 

I 
CH

3 

MKT 
RC=. CH+ CO+ HX __, RCH =CH - C (0) X 

MKr = MernnnoKoMnneKCHblLll Karnn1i13aTop ; 

X = OR, SR, NHR, NR2 , RCOO (R = H, Alk, Ar) 

PeaKl..\l-1H Penne no3BOnHeT c1-1Hrn-

3V1poBaTb B OAHY CTaAli1IO Kap60HOBb1e 

KV1CnOTbl V1 li1X npOV13BO,QHble (cnO}KHble 

3cpV1pbl, rnoacpvipb1, aM1<1Abl, aHrnApi.1-

Abl). PeaKl..\l-1H MO>KeT ocyL11ecrnnHTbCH 

ABYMH cnoco6aMvi: crnx1i10MeTp1-1YecK1<1M 

V1 KaTanli1TV148CKV1M. nepBblLil V13 Hl-1X 3a

KnlOYaeTCH BO B3a1<1MO,QeLl!crn1i11i1 anKeHa 

B np1-1cyTCTBl-1l-1 Kl-1CnOT 1i1n1i1 ranoreHOB 

co CT8XV10MeTpV148CKV1M KOnV148CTBOM 

Kap60HV1nbHblX KOMnneKCOB nepeXOA-

HblX M8TallnOB (V1CT04HV1KV1 MOHOOKCV1,Qa 

yrnepOAa). BrnpoLll - BO B3ali1MO,Qel:i

CTBl-1V1 anKeHOB c MOHOOKCl-1,[\0M yrne

po,qa B np1i1cyTCTBl-1l-1 KaTanl-1TV148CKli1X 

KOnl-1Y8CTB KOMnneKCOB nepeXO,[\HblX 

MernnnoB. 

npoll'IJBOACTBO allbAerll'IAOB IA 

CnlllpTOB OKCOCll'IHTeJOM. np1-1 COBM8CT

HOM A8LilCTBli11i1 MOHOOKCl-1,[\a yrnepo,qa Iii 

BO,QopoAa Ha anvicparn4ecK111e onecpiAHbl 

o6pa3ylOTCH anb,[\ern,[\bl: 

-----1~--....,:~ RCH
2 

- CH
2 

- CHO RCH = CH2 + CO + H2 _ 

RCH- CH
3 

I 
CHO 



3Ty peaKLjL'1IO Ha3blBalOT OKCOCUHme-
30M, L'1nL'1 2uopocjJopMunuposaHueM, rnK 
KaK oHa npe,qcrnsns:ieT co6oilt sse,qeHL'1e 
Kap60HL'1nbHOVt (cpopML'1nbHOVt) rpynnbl B 
MOneKyny onetjJL'1Ha. PeaKLjL'15'1 OTKpblTa B 
1938 r. PeneHoM (lepMaHL'1s:i). EcnL'1 npL'1 
cepHOKL'1CnOTHOVt rL'1,qpaTaljL'1L'1 onetjJL'1HOB 
(3a L'1CKn10YeHL'1eM 3rnneHa) o6pa3ylOTCs:i 
sropL'1YHb1e cnL'1pTbl, TO npL'1 rL'1,qpocpop
ML'1nL'1posaHL'1L'1 L'1 nocne,qy10UWM rL'1,qpL'1-
posaHL'1L'1 anb,qern,qos nonyYalOTcs:i rnnb
KO nepBL'1YHble cnL'1pTbl - HOpManbHble L'1 
L'130CTp08HL'15'1. 

06pa3YIOU\L'18C5'1 Kap60HL'1nbHble co-
8AL'1H8HL'15'1 YacrnYHO BOCCTaHaBnL'1BalOTC5'1 
B cnL'1pTbl. IL'1,qpL'1posaHL'1e onetjJL'1HOB s 
HaCblll\8HHble yrneBOAOPOAbl npoTeKaeT 
B 3HaYL'1TenbHO M8HbW8Vt CTeneHL'1, xorn 
repMOAL'1HaML'1YeCKL'1 peaKL.1L'15'1 rn,qpL'1posa
HL'15'1 6onee sepos:irna. 0,qHaKo Ha npaKrn
Ke rn,qpL'1pOBaHL'1e ,[\BOVtHOVt CB5'13L'1 noYrn 
nonHOCTblO no,qasns:ieTcs:i. 3rn ,qocrnra
ercs:i no,q6opoM ycnosL'1Lil, 6naronpL'1m
HblX ,qns:i OCHOBHOVt peaKLjL'1L'1. 

,Qns:i npOMblWneHHOCTL'1 B3aL'1M0,[\8Vt
CTBL'1e MOHOOKCL'1,[\a yrnepo,qa L'1 BO,qopo,qa 
c onetjJL'1HaML'1 npe,qcrnsns:ieT L'1Hrnpec KaK 
M8TO,[\ nonyYeHL'15'1 HL'13KOMoneKyns:ipHblX 
anbA8rL'1,[\0B L'1 BblCWL'1X cnL'1pTOB (naypL'1-
no0oro, ML'1pL'1crnnosoro, reKcaA8l.1L'1no
Boro ), L'1AYU\L'1X Ha npOL'13BO,[\CTBO MOIOU\L'1X 

CH - C = CH + CO + 2H 
3 I 2 2 

CH3 
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cpe,qcrn. Heo6XO,[\L'1Mble ,qns:i OKCOCL'1HTe-
3a ,qogeljeH, reKcageljeH L'1 ,qpyrne Bb1co
KOMoneKyns:ipHb1e onetjJL'1Hbl o6pa3ylOTC5'1 
npL'1 KpeKL'1Hre napatjJL'1Ha. B npL'1HljL'1ne, 
,qns:i OKCOCL'1HTe3a MO~HO L'1CnOnb30BaTb 
pa3Hoo6pa3Hble onetjJL'1Hb1. V13 3rnneHa 
Bb1pa6aTb1Ba10T nponL'10HOBblill anb,qern,q, 
L'13 nponL'1neHa - 6yrnnosb1Lit L'1 L'1306yrn
nosb1Lit cnL'1pTbl, L'13 remeHoB, o6pa3ylO
ll\L'1XCs:i npL'1 COBM8CTHOVt nonL'1MepL'13aljL'1L'1 
nponL'1neHa L'1 L'13o6yrnneHa, - 0Krnnosb1e 
cnL'1pTbl. TaK ~e ycnewHo MO~Ho L'1Cnonb-
30BaTb AL'1L'13o6yrnneH, TpL'1- L'1 TeTpaMepbl 
nponL'1neHa. 

BHe 3aBL'1CL'1Mocrn OT nono~eHL'15'1 

,[\BOVtHOVt CB5'13L'1 B L'1CXO,[\HOM onetjJL'1He 
HOpManbHOro CTp08HL'15'1 o6blYHO 06pa-
3yeTC5'l CM8Cb, COCT05'lll\a5'1 L'13 40-60% 
HOpManbHblX CnL'1pTOB L'1 40-60% cnL'1pTOB 
L'130CTpoeHL'15'1. B cnyYae BblCOKOMoneKy
ns:ipHblX onetjJL'1HOB npOL'1CXO,[\L'1T L'130Me
pL'13aljL'15'1 ,[\BOVtHOVt CB5'13L'1, B pe3ynbTaTe 
Yero 06pa3yeTC5'l CMeCb CnL'1pTOB L'130-
CTpOeHL'15'1. K TpernYHOMY yrneso,qopo,q
HOMY arnMy, a rnK~e K arnMy yrnepo,qa, 
pacnono~eHHOMY ps:i,qoM c YeTseprnY
HblM yrnepO,[\HblM aTOMOM, Kap60HL'1nb
Ha5'1 rpynna He npL-1coe,qL'1Hs:ieTcs:i. HanpL'1-
Mep, L'13 L'13o6yTL'1neHa o6pa3yeTcs:i TOnbKO 
3-Mernn6yrnHon-1: 

CH - CH - CH - CH OH 
3 I 2 2 

CH3 

HeKOrnpas:i oco6eHHOCTb 3TOLll peaKLjL'1L'1 Ha6n10,qaeTcs:i L'1 ,qns:i 3rnneHa - 3aMerno 
o6pa3osaHL'1e AL'13rnnKeTOHa: 

V13 a-onetjJL'1HOB, npOL'13BO,[\L'1MblX Kpe
KL-'!HroM napatjJL'1Ha, B pe3ynbTaTe OKCO-

CL'1HTe3a nonyYalOT CMeCb CnL'1pTOB HOp
ManbHOro L'1 L'130CTpoeHL'15'1: 
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0KCOC"1HT03 flBJlfl0TCfl roMoreHHO-Ka

Tail"1TV140CK"1M npOL\0CCOM. npoTeKaeT 

OH B np1.-1cyTCTB"1"1 KOMnJleKCHblX coe.0,1.-1-

2Co + 8CO 

3rn KOMnneKCbl He CTa6"1JlbHbl: .QV1-

K06a11bTOKTaKap60H"1Jl pa3naraercs:1 npVl 

TeMneparype Bb1we 50 °C, a rn.o,p0Kap-

60H1.-111 - Hl.-1)1(0 0 °C. CTa6V1JlbHOCTb OH"1 

np1.-106peTalOT TOJlbKO npVl BblCOKOM nap

L\"1aJlbHOM .o,asneH"1"1 OKCVl.Qa yrnepo.o,a. 

npe.o,nonaraeTCfl, 4TO VlCTVIHHblM KaTa-

CH pH 

I 
RCH-CH

3 

H0H"1iil K06ailbTa - .Q"1K06aJlbTOKTaKap6o

HV1Jla "1 fV1.QPOKap6oH"1Jla K06allbTa: 

2HCo(C0)
4 

JlV13aTOpOM s:!BJls:!eTCs:! fV1.QpV1.QHbliil KOM

nneKC Ko6anbrn, nocKOJlbKY OH o6na.o,a

er KVlcnoTHblMVl csoi/icrnaM1.-1 V1 s:isns:ierc5l 

aKL\0nTOpOM 3Jl0KTpOHOB , nocTaBJls:!0MblX 

0Jl0QJV1HaMV1 . np1.-1 83a"1MO.QeiliCTBV1V1 C 

onecpVIHOM 06pa3yercs:1 aJlKVIJlbHbliil KOM

nneKC Ko6anbra: 

,Qanee a11K1<111Mern1111Kap60HV111 npV1coe.o,V1Hs:ier CO V1 npespaLJ.1aercs:i s al\VlllbHblili 

KOMnJleKC K06anbTa: 

RCH2 - CH
2 
(CO)Co(C0)

4 

3asepwaercs:i KarnnV13 pereHepal\1<1eill rn.o,p0Kap60H1.-111a Ko6anbTa 1.-1 06pa3osaHV1eM 

anb.o,ern.o,a: 

npV1C00.QV1H0H"10 fV1.QpOKap60HV1JlOB K 

011ecp1.-1HaM nporeKaer no npasV111y Map

KOBHVIKOBa. 06pa30BaHV1e aJlb.QerVl.QOB 

HOpMaJlbHOro CTpoeHVls:! c Kap60H"1JlbHOili 

rpynnoili, npV1coe.o,1.-1HeHHoili nporns npa

s1.-111a MapKOBH"1Kosa, o6bs:iCHs:iercs:i V130-

RCH2 - CH
2 

- CHO+ H Co(C0)
4 

MepV13al\V10il! al\"111M0TallllKap6oHV1JlOB. 

PeaKL\Vls:! rn.o,pocpopMV111V1posaHV1s:1 V!Meer 

nepsb1ill nops:i.o,oK no KaTanV13arnpy V1 011e

cpV1Hy. 

CKopocTb peaKL\VlVl nosb1waercs:1 np~ 

yseJlV14eHV1V1 COOTHOW0HV1s:! H
2 

: CO. no-



sb1weH11e napl.\11anbHOro AasneH11s:i CO 

AO onpe,QeneHHoro npe,Qena nosb1waeT 

CKOpOCTb peaKl.\"1"1, npens:iTcTBys:i pa3-

f10>K8H"1IO Kap60H1.1nos Ko6anbrn, a np1.1 

Cf1"1WKOM BblCOKOM napl.\"1anbHOM ,QaB

f18H"1"1 co TOpM03"1TCs:I nepexoA ,Q"1K0-

6aflbTOKTaKap60H11na B r11,QpOKap60H11n 

K06aflbTa. 

PeaKl.\"1H 4YBCTB"1TenbHa K TeMnepa

Type - c nOBblW8H"1eM ee pacTeT BblXO,Q 

aflbA8r"1AOB "130CTpoeH"1s:I "1 ycKops:ieTCs:I 

r"1/J.P"1POBaH11e anb,Q8r"1,QOB B cn11pTbl. 

npaKT"148CK"1 npOl.\8CC B8AYT np"1 120-

180 °C. 06U\ee ,QasneH11e s c11crnMe, 

pasHoe 10-30 Mna, cKna.QblsaeTcs:i 113 He-

06xo1J,"1Mb1x napL111anbHblX ,QasneH11VI CO 

1t1 H
2

• Ka>KAOVI TeMnepaType cooTBeTCTBY

eT onpe,QeneHHoe ,QasneH11e, Bb1we KOTO

poro CKOpOCTb He 3aB"1C"1T OT AaBneH"1s:I. 

BpeMs:i KOHTaKTa np11MepHo 1 4, 4eMy co

OTBeTCTBYIOT o6beMHble CKOpocrn no,Qa-

4"1 one¢11Ha 0,4-24·1
• CooTHoweH11e CO: 

H
2 

pasHo (1 + 2) : 1. CrnneHb KOHBepc1111 

onecp"1HOB 3aB"1C"1T OT "1X MOfleKyns:ipHOVl 

Maccb1 11 cocrnsns:ieT 65-80%. 

npOl.\0CC 51Bfl$'JeTC51 3K30TepM"140CK"1M; 

TenllOBO~ 3cpcpeKT COCTaBJ1510T np11Mep

HO 117 K,[1.>KIMOJlb "1 Mano M0H510TCs:I np11 

nepexo,qe OT o,qHoro onecp11Ha K ,qpyro

My. 8b1,qen5l10U\eec51 Tenno OTBOA51T BO 

BHyTpeHH"1X 3M088"1KaX, BblHOCHblX xono

A"1flbH "1 Kax "1f1"1 3a C48T BBOAa B peaKTOp 

xonOAHblX pel.\"1PKYfll1PYIOU\"1X nOTOKOB. 
Onecp"1Hbl, "1CnOnb3yeMble B OKCOC"1HTe-

3e, ,qon>KHbl 6b1Tb TU\aTenbHO 04"1U\0Hbl 

OT ,Q"10HOB, al.\ernneHOBblX yrneso,qopo

AOB 11 K11cnop0Aa. AL1ernneHosb1e yrne

BO.Qopo.Qbl "1 ,Q"10Hbl o6pa3ylOT c Kap60H"1-

naM"1 K06anbTa HeaKT"1BHble KOMnneKCbl, 

a K1.1cnopo.Q pa3naraeT Kap60H11nb1 K0-

6anbrn c 06pa3osaH11eM CoO. 

Oco6eHHOCTblO npol.\ecca 51Bn51eTc51 

"13Bfle4eH"1e Kap60H"1f10B K06anbTa "13 

npo,QyKTOB peaKL\"1"1 "1 B03BPaU\eH"1e "1X B 

npol.\ecc. no cnoco6y ,qeKo6anbrn3al.\"1"1, 

cyU\eCTBeHHO ycno>KH5llOU\eVI npol.\ecc, 

pa3Jl"14alOT: 1) cxeMbl c TepM"148CK"1M 

pa3flO>KeH"1eM Kap60H"1f10B K06anbTa, 

OCHOBaHHble Ha Heo,q11HaKOBO~ neTy4e

CT"1 Kap60H"1f10B Ko6anbTa "1 npOAYKTOB 

OKCOC"1HTe3a; 2) coneBble cxeMbl, OCHO

BaHHble Ha pa3flO>KeH"1"1 Kap60H"1f10B K0-

6anbTa OK"1Cf1"1Tef151M"1. 

TepM114ecKoe pa3no>KeH11e Kap60H11-

nos K06aflbTa OCHOBaHO Ha o6parnMOCT"1 

peaKL.11111: 

+Hz 
2Co + 8CO ~ Coz(C0)8 .. • 2HCo(C0)4 

CO+H, 

OJiecjnrn 

CO+H, 

H, 

PMC. 3.20. 
.[/eyxpeaKmopHb1i1 6noK 0KcocuHme3a: 

1, 3- KonoHHb1e peaKmopb1; 2 - xonoaunbHUK 

9-0373 

OJieqnrn CO+H, 

\ I 
\ I 
\I 
A 
I\ 
I \ 
I 

CO+H, 

I 
2 I 

I 
I 

3 

PMC. 3.21. 

raabl 

\ I 
\ I 
\I 
A 
I\ 

/ \ A.nb)lerHj\bl 

TpexpeaKmopHb/U 6noK OKCOCUHme3a: 
1, 2, 3 - KOflOHHble peaKmopbl 



,Qrrn pa3J10>K8HIMl Kap60HlllJ108 CHl!l>Ka

IOT nap1.11i1anbHOe ,Qa8neH1i1e CO. Yrn6b1 

He ,QonycTlllTb orno>KeHVlill MeTaJ1J1Vl'-le

CKOro K06anbTa Ha CTeHKax annapaTypb1 , 

8 peaKTOP 880,QSH rnep,Qbliil HOCViTeJlb 

(neM3a, K"13eJ1bryp ) . npVIMeH~IOT peaKTO

pbl c cycneH,Q"1p08aHHblM HOCVITeneM, co 

CTal.1"10HapHblM cnoeM HOC"1TeJ1Sl "1 6e3 

Hero, c TOHKO,Q"1CnepcHblM MeTaJ1J1Vl'-le

CKVIM K06aJ1bTOM . 

B cxeMax c cycneH.Q1i1po8aHHblM HO

c1i1rnneM 8 peaKrnp no.QalOT 3apaHee 

npV1roT08J19HHbliil KaTaJ11113aTOp, onecp"1H 

VI C"1HTe3-ra3. PeaKL1VIOHHy10 Macey pe.Qy

LIVIPYIOT 1i1 8 cenaparnpe OT.Qensi10T ra3bl, 

co,Qep>Kali.\Vle Kap60HV1J1b1 Ko6anbTa . Vlx 

yna9m18a10T 8 cKpy66epe, opowaeMoM 

onecp1i1HOM . Pacrnop 8038pali.\alOT Ha 

np1i1rorn8neH1i1e cycneH3VIVI KaTaI1Vl3aTO

pa. Ha arnx ycTaH08Kax rV1.QpV1po8aHV1e 

anb,Qern,Qo8 ocyli_\ecrnnsi10T Ha K06anb

T080M KaTaJ1"13arnpe 8 O,QHOM annaparn, 

a >K"1AKll1e npo.QyKTbl peaK1.1111111 nepe.QalOT 

8 ,Qpyroill peaKTOp 8MeCTe c HOC"1TeJ1eM, 

co,Qep>Kali.\"1M Kap60HV1I1bl K06anbrn . Kap-

6oHVIJ1bl r"1,Qp"1pylOTCSl AO M9TaI1J1Vl'-19CKO

ro K06aJ1bTa , Ha KOTOpOM VI npOTeKaeT 

r"1,QpV1p08aHV1e. rVl,QporeHV13aT OTcplilI1bT

po8bl8alOT OT KaTaJ1Vl3aTOpa (Ko6aI1bT Ha 

HOClllTeJle ), KOTOpbliil 8 8"1,Qe cycneH3"1"1 8 

npo,QyKTaX r"1,QpV1p08aHVISl 8038pali_\alOT 8 

npo1.1ecc OKCOCVIHT93a Ha np111roT08J19HVle 

Kap60H"1J108 . 

B cxeMax co crn1.11i10HapHblM cnoeM 

HOCVITeJ1Sl peaKTOpHbliil 6J10K npe,QCTa8J1Sl-

eT co6oill A8YX- 1i1n1i1 TpexKonoHHYIO c111crn

My. B .Q8yxpeaKrnpHoM 6noKe (p111c. 3.20) 
o6a peaKTopa 3anonHeHbl Haca.QKOiil. 

B KonoHHe 1 npoVICXOAlllT o6pa308aHV1e 

Kap60H111no8, pacrnopeH111e 111x 8 onecp111-

He 111 rn.QpocpopMV1I1111po8aHV1e. B KOJlOHHe 

3 (AeKo6anbrn3ep) CHV1>Ka10T nap1.1111anb

Hoe ,Qa8neH1i1e CO 3a CYeT no,Qa'-1111 80.QO

po.Qa; npVI 3TOM Kap60H111nb1 pa3nara10T

csi VI Ko6anbT oca>K,QaeTcsi Ha Haca.QKe. 

nocne VICTOli.\9HlllSl KaTaJ1Vl3aTOpa 8 KO

J10HH9 1 Hanpa8J1eHV1e nOTOK08 M9HSl8T

csi : rn.QpocpopMV1I1V1po8aH111e npornKaer 

8 KOJlOHHe 3, a KOJlOHHa 1 pa6oTaeT KaK 

,QeKo6aJ1bTl!13ep. 8b1.Qensi10li.\eecsi rnnno 

OTBO,QSlT 8 XOJ10,QVIJ1bHl!IKe 2. 
B TpexpeaKrnpHOM 6noKe (p111c. 3.21) 

8 KOJ10HHe 1 111,QeT o6pa308aH111e Kap60HVl

J108 K06aJ1bTa, 8 KOJlOHHe 2 - OKCOCVIHT83, 

8 KOJ10HHe 3 - ,QeKo6anbrn3al.IVISl (TpVlaA

HaSl cxeMa). B KonoHHe 1 rnMnepaTypa 

pa8Ha 150-180 °C, a ,Qa8I1eHVle COCTaB

J1Sl9T 15-30 Mna. nepV10.Q111YecKV1 Ha

npa8neHV1e noTOK08 Vl3MeHSllOT. KonoHHa 

2 npe.QCTa8nsieT co6oill c9oeo6pa3Hbli1 

KOTeI1-YTVIJ1V13aTOp, 8 KOTOpOM 3a C48T 

8bl.QeI1Sl10li.\erocsi Tenna o6pa3yeTcsi 80-

AHHoiil nap; Kornn pa6orneT HenpepblB

HO . 

npVI cone8b1x cxeMax (Ko6anbT 8BO

AHT 8 8111,Qe coneill >KVlpHblX VIJ1111 HacpTeH0-

8blX KlllCJ10T) o6pa308aH111e Kap60HVIJ108 

npOVICXO,QlllT 8 peaKTOpe rn,QpocpopMVIJ1V1-

po8aHlllSl: 

2(RC00)
2 

Co+ 8CO + 2H
2 
~ 4RCOOH + Coz(C0)

8 

no OKOH'-laHlllVI peaKl.IVIVI fVl,QpOcpOpMVl

IlVlp08aHl!ISl pa3nara10T Kap60HV1I1bl cep-

a Kap60H08ble KlllCJ10Tbl 11138J19KalOT 8 

8111.Qe HaTpV198blX coneill . Pacrnop cynb

cparn Ko6anbTa 111cnonb3YIOT AI1Sl nony-

HOill KlllCJ10TOiil 8 npVICYTCTBVIVI nepOKCVIAa 

80,QOpO,Qa, 

'-19Hli1Sl coneill Kap60H08blX VIJ1111 HacpTeH0-

8blX KVICJ10T, 8038pali_\a9MblX 8 npOL.\8CC 

Ha o6pa3o8aHVle Kap60HV1Jl08 Ko6anbra : 



Co S04 + 2RC00Na 

Ha p111c. 3.22 np111se,qeHa cxeMa 0K
coc111Hre3a B cycneH.Q111posaHHOM cnoe 
Hoc111rem1. CycneH3111IO Karan1113arnpa 1113 
annapara 1 no,qa10T s Hll1>KHIOIO YaCTb 
nepsoro peaKrnpa 2, Ky.Qa nocryna10r 
TaK>Ke onecp111H 111 Cll1HTe3-ra3. vfa :noro pe-
8KTOpa, r,qe creneHb KOHsepc111111 onecp111-
Ha p,ocrnraer 70-75%, CMeCb nepexop,111r 
so srnpoill peaKrnp 3. 

B :nor annapar TO>Ke no,qa10r cMecb 
CO + H

2
, 4TO npens:1rcrnyer paccnoeH11110 

peaKL\1110HHOiil Maccbl. nocne oxna>K,Qe
H111s:1 peaKL\1110HHOiil MaCCbl B xono,q111nb
Hll1Ke 4 oHa nocrynaer s cenaparnp 5. C 
Hll13a cenaparopa cycneH3111IO Karan1113a-

OJieqnrn 

2 
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ropa s anb.Qern,qax OTKa4111Ba10T B 6noK 
r111,qp111posaH111s:1, a Karan1113arnp - K06anbT 
(06pa3osasw111illcs:1 np111 r111,qp111posaH111111 
Kap60H111nos) Ha Hoc111rene - 1113 6noKa 
r111,qp111posaH111s:1 B03spall.\alOT B peaKropb1 
rnpocpopM111n111posaH111s:1. C sepxa cena
paropa cMecb CO + H

2 
BMecre co cse

>Kll1M Cll1HTe3-ra30M TO>Ke B03Bpall.\alOT 
B npOL\eCC. r111p,p111pOBaH111e anb,Qerlll,QOB 
.QO cn111pTOB npoBO,Qs:IT B np111cyTCTBll1ll1 
roMoreHHblX (Kap60H111nb1 Ko6anbra , po
,q111s:1, 111p111,q111s:1) 111 rereporeHHblX Karan1113a
rnpos (Ko6anbT Ha Hoc111rens:1x, H111Kenb, 
BOnbcppaM, L\111HK-XpOMOBble, xpOMOBble, 
anlOMO-L\111HK-XpOMOBble ). 

.A.rrb,n;er11,n;h1 Ha 
r11,n;p11poBaH11e 

P1o1c. 3.22. TexHonoau<JecKaR cxeMa 0KcocuHme3a 
e cycneHaupoeaHHOM cnoe HocumenR: 1 - annapam anR npucomoeneHuR Kamanu3amopa; 

2, 3 - peaKmopb1; 4 - xonoaunbHUK; 5 - cenapamop 

B np111se,qeHHOM sap111aHre 0Kcoc111H
re3a s cycneH,q111posaHHOM cnoe Hoc111re-
11s:1 se,qyr r111,qp111posaH111e anb,qern,qos Ha 
Ko6anbre, oca>K,QeHHOM Ha Kll13enbrype. 
Merann1114ecK111iil Ko6anbT He,qocraro4HO 
aKrnBeH (Ha HeM He r111,qp111py10rcs:1 no6o4-
Hb1e npo,QyKTbl OKCOCll1HTe3a). H111Kenb He 
rop,111rcs:1 s rex cnyYas:ix, Kor,qa ecTb np111-

Mecvi cepH111CTblX coe,q111HeH111iil . Ha11160-
nee np111ro,QHbl L\lilHK-XPOMOBble, H111Kenb
xpoMOBble 111 anlOMO-L\111HK-XpOMOBble 
Karan1113arnpb1. CeneKrnBHOCTb np111 1i1x 
np111MeHeH1111i1 ,qocrnraer 95% np111 90%
Hoiil creneH1i1 KOHsepc1111i1 anb.Qernp,os. 
BblXO.Q anb.Qern,qos cocrasns:1er 75-85% 
B paC4eTe Ha Onecp111H. npol.\eCC aHa-



nor111YeH APYr111M rll1AporeH1113aL\l!IOHHbtM 

npOL\8CCaM, ero npOBOASH L\lilPKYmlL\1118111 

BOAOPOAa np111 160-300 °C Iii AasneHllllil 

AO 30 Mna. 
npoMblWJ18HHOe 3HaYeHl!le M8TOAa 

HenpepbtBHO so3pacraeT, Macwra6bt 

Ba)!{Hetl1w111e apoMaT111YeCK111e yrneso

AOPOAbt - 6eH30n 111 Hacpran111H - s w111-

poKOM Macwra6e np01113BOA51T r111APOA8-

anKlt1nlilposaHlil8M Hecpn'lHblX npOAYKTOB. 

l...(111KnoreKcaH - Cbtpbe Aml nonyYeH111H 

npOlil3BOACTBa npOAYKTOB OKCOClllHTe3a 

paCWlilpHIOTCH . ,0,0CTOlllHCTBO npOL\8C

ca - r1116KOCTb B OTHOWeHllllil CbtpbH Iii no

nyYaeMblX CnlilpTOB (Ha OAHOM Iii TOM }1(8 

o6opyAOBaHllllil MO}f(HO BbtnycKaTb pa3HO

o6pa3Hble cn111pTbt) . 

8AlilnlilHOBOtl1 KlilCnOTbl, KanponaKTaMa lil 

reKCaHona - npOlil3BOA51T r111APlllPOBaHlil

eM 6eH30lla. flilAPlllPOBaHllleM Hacpran111-

Ha nonyYalOT TaK)f{8 TeXHl!IYeCKlil Ba)f{Hble 

npOAYKTbl, TaKllle KaK T8Tpan111H 111 AeKanlilH. 

3. 3. 1. nonyl./eHUe apoMamul./eCKUX y2neBOOOp0008 2UOpooeanKUflUpOBBHUeM 

6eH30Jl npOlil3BOAHT rnaBHblM o6pa-

30M 1113 ronyona, noCKOnbKY np111 rll1APOA8-

anKlilnlilposaHlillil 6onee BbtCOKOK111nHLI..\lilX 

MOHOL\li1Knlil48CKlllX apoMaTl!IY8CKlllX yrne

BOAOPOAOB pe3KO so3pacraeT pacxoA so

AOPOAa. 

CbtpbeM AllH nonyYeHl!IH Hacpra11111-

Ha cny>KaT sb1coKoapoMaT1113osaHHbte 

cppaKL\lillil , BblAeneHHbte 1113 npOAYKTOB 

Karan111T111YecKoro p1.1cpopM111Hra 1.1 Karan1.1-

CJ\ 
B npoMbtwneHHOCTlil np1.1MeHHt0T ABa 

MeTOAa r"1APOA88JlK"1n"1p088HlilH : Kara

n"1TlllY8CKOe Iii TepM"1Y8CKOe. 

Karam1r1-14ecKoe rMAPOAeanK1-1n1-1-
poeaH1-1e. HaXOAHT np111MeHeH1.1e pa3-

n111YHbte rnnbt Karan1113aTopos: Hl!IKenb Ha 

KpeMHe3eMe 111 ant0Moc111n111KaTe , HlllKenb-

TlllYeCKOro KpeKlilHra Iii COA8p>K8LI..\lil8 B oc

HOBHOM 6l!IL\lilKnlilY8CKllle apoM8TlllYeCKlile 

yrneBOAOPOAbl. 

B ycnos111Hx r"1APOAeanK111n1.1posaH111H 

nporeKatOT MHOroY111cneHHb1e peaKL\111111 , 

B noAaBnHIOLI..\8M 6onbW"1HCTBe cnyyaes 

c1.1nbHO 3K3orepMlilYeCKlile. Ba)!{HetllwaH 

peaKL\lilH - OTLI..\enneH111e 6oKosotl1 anK111nb

HOtl1 L1en111 OT apOM8TlilY8CKOro KOnbL\8, 

Hanp1t1Mep: 

~ 0 +2CH4 

antOMOXpOMOBbte, a11t0MOC"1Jll11KaTHbte, 

ant0MOM0111116AeHOBbte 111 AP- CxeMa npo

MbtwneHHOtll ycraHOBKlil KaTanlilTl!IY8CKOro 

rlilAPOAeanK111n111posaH111H ronyona np1t1se

AeHa Ha p111c. 3.23. 
ra3ocenaparnp BblCOKOrO AaBneHlilfl 

5 OAHOBpeMeHHO HBnHeTCH ynpOLI..\8HHblM 



OAHOcryneH1..1arb1M a6cop6epoM. B sepx
HIOIO 30HY annapara noAalOT a6cop-
6eHT - A1t1crnnmn r1t1APOAeam111n111posa
HLi15'! nocne Aera3aL..\Li1Li1 ero s cenaparope 
Hlt13Koro AaBneHLilfl 6. V13 ra3ocenaparopa 
BblCOKoro AasneH1i1fl ra3osafl cpa3a no
crynaer Ha np1i1eM L\Li1pKynm-11i10HHoro 
KOMnpeccopa 4. Bb1Aenfl10l.l..\Li1i71cfl s ra3o
cenaparope Hli13Koro AaBneHLilfl 6 c6pa
Cb1saeMbli:1 ra3 (IX) BblBOAHT c ycraHOBKLil 
111 peL\1t1pKyn1i1py10l.l..\Y10 1..1acrb Karan1113ara 
sHOBb HanpasnfllOT s ra3ocenaparop 
(a6cop6ep) 5. 6anaHcosb1i:1 Li136blTOK Ka
ran1113ara BblBOAflT Ha peKrncp1i1KaL\Li1IO. 
np1i1 TaKoi:1 cxeMe norep111 BOAOPOAa B 
npOL\ecce 3aBLi1CflT B OCHOBHOM OT ero 
pacrnopli1MOCH1 B )f(Li1AKLi1X npOAYKTaX ra-
30Cenaparopa Hli13Koro AaBneH1i1fl. 

npoL\eCc rLi1APOAeanK1i1n1i1posaHLi1fl 
o6blYHO npoBOAflT np1i1 TeMneparype 
550-600 °C 111 napL\1i1anbHOM AasneH1i11i1 
BOAOPOAa oKono 30 arM. lny61i1Ha npe-

spal.l..\eHLilfl ronyona 3a OAlllH npoxoA -
oKono 50%. BblXOA 6eH3ona np1i1 pa6o
re c pel\Li1pKynflL\Li1ei:1 Henpespal.l..\eHHoro 
ronyona - 96,9 Mon. %. Marep1i1anbHb1i:1 
6anaHc Karan111rn1..1ecKoro npol\ecca, ocy
l.l..\8CTBnfleMoro c B03BpaTOM Henpespa
l.l..\8HHoro ronyona , np1i1seAeH s ra6n. 3.5. 

TepM1ot1..1ecKoer1otAPOAeanK1otn1otposa
H1ote. TepM1i11..1ecKoe (roMoreHHoe) r1t1Apo
AeanK1i1n1i1posaH111e anK1i1napoMar1111..1ec
K1i1x yrneBOAOPOAOB HaY1i1HaeT nporeKaTb 
AOCTaTOYHO Li1HT8HClllBHO np111 TeMnepa
rype BblWe 600 °C Lil AaBneHLi15'1X BOAO
POAa oKono 40 arM. B 3r1i1x ycnos111flx 
Ha1i16onee ycroi:11..11i1sb1 6eH3on 111 Hacpra
n1i1H; anK1i1n3aMel.l..\eHHb1e apoMarn1..1ecK1i1e 
yrneBOAOPOAbl AeanK1i1n1i1py10TCfl, napa
cp1i1HOBb1e, HacpreHOBbl8 Lil HenpeAenb
Hble yrneBOAOPOAbl nOABepralOTCfl rny-
60KOMY rli1APOKpeK1t1Hry c o6pa30BaHLi1eM 
B OCHOBHOM MeraHa Iii 3TaHa. 

10,....L--

12 

P1o1c. 3.23. CxeMa npoM&1wneHHou ycmaHosKu Kam8numul/ecK020 2uopooeanKunupoeaHUR 
monyona: 1 - c&1p&eeoiJ Hacoc; 2 - peaKmop; 3 - nel/b onR H82peea c&1p&R u u,upKynupy10w,e20 

2838; 4 - KoMnpeccop onR u,upKynRu,uu eooopoocooep>Kaw,e20 2838; 5 - 2a30cenapamop 
8b/COK020 CJaeneHUfl (86cop6ep) ; 6 - 2830Cenapamop HU3K020 OaeneHUR; 

7 - cma6unu3aU,UOHH8f/ KOflOHHa; 8 - aocop6u,uoHH8fl Ol/UCmK8 6eH30fl8 2flUHOU; 
9 - peKmucjJuKau,uoHHaR KonoHHa; 10 - eMKocm& onR opoweHuR; 11 - mennoo6MeHHUK; 

12 - Hacoc&1; I - c&1p&e; II - cee>KuiJ sooopoocooep>Kaw,uiJ 2a3; Ill- u,upKynupy10w,uiJ 
eooopoocooep>Kaw,uiJ 283; IV - c6p8c&1s8eM&1u 283; V - oe2a3uposaHH&1iJ oucmunnRm, 

ucnon&3yeM&1u e Kal/ecmse 86cop6eHm8; VI - nonuu,uKnul/ecKue apoMamul/ecKue 
y2neeooopoo&1; VII - monyon H8 peu,upKynRu,u;o; VIII - 6eH3on; IX - c6pac&1eaeM&1iJ 2a3 

U3 2830Cenap8mop8 HU3K030 CJaeneHUfl 
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CxeMa npoMb1wneHHO&il ycraHOBKi.1 
repMi.-iYecKoro ri.-TAPOAeanKi.-ini.-iposaHi.151 
ronyona noKa3aHa Ha pi.-ic. 3.24. KoH-
1..1eHrpa1..1i.-iio BOAOPOAa Ha Heo6xoAi.-TMOM 
ypoBHe nOM8P}l{i.1BalOT c6pacb1BaHi.18M 
Yacrn BOAOPOACOAep}l{alJ.lero ra3a i.13 
Ci.1CT8Mbl i.1 AOnonHi.-iTenbHblM BB8A8Hi.1-
eM cse}l{ero BOAOPOACOAep}l{alJ.lero ra3a. 
)f{i.-iAKa51 cpa3a i.13 ra3ocenaparopa BblCO
Koro AasneHi.151 6, npoiilA51 ra3ocenaparop 
Hi.13Koro AasneHi.151 7, nocrynaer Ha aA
cop61..1i.-ioHHy10 04i.1CTKY OT HenpeAenbHblX 
yrneBOAOPOAOB c noMOU\blO or6eni.-isaio-

U\8&11 rni.1Hbl B KOfiOHHe 8 i.1 cppaKL1i.10-
Hi.1pyerc51 s KonoHHe 9. Hi.-i}l{Hi.-Tiil noroH 
KOfiOHHbl 9 - HenpespaU\8HHbliil rnny
on c He6onbwi.1M Koni.-iYeCTBOM o6pa3o
sasweroc51 Ai.-i¢eHi.-ina - i.-icnonb3yercH 
s KaYecrse 1..1i.-ipKyni.-ipy10U1ero nornKa. 
npo1..1ecc npOBOAHT npi.1 TeMneparype 
OKOno 750 °C i.1 AaBneHi.-Ti.1 40-50 aTM. 
lny6i.-iHa npespalJ.leHi.151 rnnyona 3a OAi.-TH 
npoXOA, KaK npasi.-ino, COCTaBfi518T OKOno 
50%. Marepi.-ianbHbl&il 6anaHc npo1..1ecca 
ri.-TAPOAeanKi.-ini.-iposaHi.151 npeACTasneH 
s ra6n. 3.5. 

Ta6nuua 3.5 
MaTep111anbHb1e 6anaHcb1 (e eec. %) 

rll1APOAeanK111n111poeaH1Afl Tonyona 

KaTan111n1<1ecK111ilt npo1.1ecc TepM111<1ecK111ilt npo1.1ecc 

lllCXOAHOe >K11AK11e 
11CXO,QHOe 

no,qaeae- c6pacb1Bae- Cblpbe - npo,qyKTbl 
Cblpbe-

MblH ra3 
npo,qyK-

MblH ra3 Tonyon 111 peaK1.11111 
Tony on Tbl 

BOAOPOA 

BOAOPOA - 4,20 - 1, 19 2,5 -

MernH - 1,10 - 21,90 - 18,6 

3TaH - 1,07 - 1,21 - 0,4 

nponaH - 0,46 - 0,93 - 0,6 

5yTaH - 0,24 - - - 0,6 

neHTaHbl 
0,51 0,73 - - -Ill BblCWllle 

5eHaon - - 8,52 0,70 - 82,0 

Tonyon 93,79 - - 0,25 100 -

Apo Ma-
rn4ecK111e 

5,70 - - - - -
yrneBOAO-
POAbl CB 

non111Mepbl - - 1, 10 - - 0,3 

lt1TOro 100,0 7,8 81 ,62 26,18 102,5 102,5 
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VIII 

2 

4 
1 

IV 
I 

VII 
II-----4'--... 10 

P111c. 3.24. CxeMa npoMbtwneHHOiJ ycmaHOBKU 
mepMui;ecKoao auapoaeanKunupoeaHUR monyona: 

1 - CbtpbeeoiJ Hacoc; 2 - ne4b anR Haapeea CbtpbR u u,upKynupyJOw,eao aa3a; 3 - peaKmop; 
4 - mennoo6MeHHUK; 5 - xonoaunbHuK; 6 - aa3ocenapamop BbtcoKoao aaeneHuR; 

7 - aa3ocenapamop HU3KOao aaeneHuR - cma6unu3amop; 8 - KonoHHa aacop6u,uoHHoiJ 
04UCmKU,' 9 - cjJpaKU,UOHUpyJOUJ,aR KOnOHH8,' 10 - KOMnpeccop 8nR U,UpKynRU,UU 

eodopoacodep>Kaw.eao aa3a; I - ucxooHoe cbtpbe; II - cee)f(u(J eooopoocodep>Kaw,uu aa3; 
Ill - om8yeaeMbti1 eo8opodcoaep)f(aUJ,uiJ aa3; IV - u,upKynupyJOw,uiJ eooopodcodep>Kaw,uiJ 
aa3; V - monnuBHbJU aa3; VI - 6eH3on; VII - Henpeepaw,eHHOe Cbtpbe Ha u,upKynRU,UJO; 

VIII - noaaye xono8Hoao eo8opoacoaep)/(aw,eao aa3a 

3.3.2. /uapupoeaHue apoMamui;ecKux yaneeoaopoooe 

f Pr1APHPOBaH11te 6eH30na. l1t1,Qp1t1po
BaH1t1eM 6eH3ona nonyYafOT L11t1KnoreK
caH, np1t1MeH5'1eMblill ,QJ15'1 npOV13BO,QCTBa 
a,Q1t1n1t1HOBOll1 Klt!CJlOTbl It! L\lt!KnOreKCaHOJla. 
B np1t1cyrcrs111111 ceneKrnBHblX r111,Qp111pyf0-
ll.\lt1X K8TaJ11!138TOpOB B npOL\eCce r1t1,Qp1t1-
posaH1t15'1 6eH3ona noYrn He o6pa3yfOTC5'1 
no604Hble npOAYKTbl, 111 TeM CaMblM 06ec
neL11t1Baerc5'1 BblCOKa5'1 Y1t1crora nonyYae
Moro L11t1KnoreKcaHa. 

0,QHO 1t13 ycnos111!11 ,qocraTOYHoill ce
neKrnBHocrn npoL1ecca - co611fO,qeH111e 
Heo6xo,q1t1Moro reMneparypHoro pe)l{1t1Ma. 
TaK KaK npoL1ecc C1t1JlbHO 3K3orepMlt14eH, 
np1t1 pa3pa60TKe TeXHOJ10flt14eCKl!1X cxeM 
3aBOACKl!1X ycraHOBOK 60JlbWOe BHlt!Ma-

Hlt!e y,qe115'1erc5'1 cnoco6aM orso,qa renna 
peaKL\lt!lt! . Bb16op OCHOBHblX napaMeTpOB 
npoL1ecca (,qasneH1t15'1, TeMneparypb1) 
onpe,qe115'1eTc5'1 rnaBHblM o6pa3oM co,qep
)l{aH1t1eM B lt!CXOAHOM Cblpbe cepHlt!CTblX 
coe,q1t1HeH1t1i11. 5eH30Jl, noYrn cso60,QHb1i11 
OT cepHlt!CTblX coe,Q1t1HeH1t1ill (MeHee 0,01 
sec. %), rn,qp1t1pyf0r Ha,q Hlt13KoreMnepa
rypHblMlt1 Kara111t13aropaM1t1 np1t1 He6onb
woM ,qasneH1t11t1 so,qopo,Qa. CepH1t1CTb1ill 
6eH30Jl 6e3 npe,qsap1t1re11bHOill OY1t1CTK1t1 
rn,qp1-1pyfOT HaA cepocroil1K1t1M1t1 Kara111t13a
ropaM1t1 np1t1 nosb1weHHb1x reMneparype 
1t1 ,qasneH1t11t1 . 

l1t1,qp1t1posaH1t1e 6eH3ona np1t1 Hlt13KOM 
,qasneHlt!lt! B npOMblWJleHHblX ycnOBlt15'1X 
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npoBOA51T s >K1-1AKOll1 1-1 naposoi/1 cpa3ax. 
,[l,n51 >Kl-1AKOcj:Ja3HOro rl-1APl-1POB8Hl-151 (p1-ic. 
3.25) 1-icnonb3YIOT 06blYHO Hl-1KeneBblil1 
KaTanl-138TOp PeHe51 . npm-1ecc ocyll..\eCTB
n5llOT np1-1 TeMnepaType 200 °C 1-1 Aasne
Hl-11-1 OKOno 40 aTM . (napl...\1-18nbHOe A8B
neH1-ie BOAOPOAa oKono 30 aTM.) s ABYX 
nocneAOBaTenbHO pa60Tat0U..\l-1X peaKTO
pax. BOAOPOA noAatOT s Hl-i>KHIOIO YaCTb 
nepsoro peaKrnpa, 6ap6ornpy51 Yepe3 
cnoi/1 >Kl-iAKOcrn , OH cnoco6crnyeT noA
Aep>1<aH1-it0 s 3TOll! >Kl-iAKocrn Karnn1-13arn
pa BO B3BeweHHOM (cycneHAl-iPOBaHHOM) 
COCT051Hl-11-1 . Tenno peaKL..\1-11-1 OTBOAl-1TC51 38 

1 
1 

2 

CYeT 1-icnapeHl-151 HeKOTOporo KOnl-iYecrna 
peaKL..\1-iOHHOll! CMec1-1 1-1 pel...\l-ipKynm~1-11-1 

Yacrn >Kl-iAKOCrn BMeCTe c KaTanl-138TO
pOM yepe3 rnnnoo6MeHHl-1K. v13 nepsoro 
peaKrnpa COAep>Kall..\a51 oKono 5 sec. % 
6eH3ona napora3osa51 cMecb nocTyna
eT An51 3asepweH1-15I peaKL..\1-11-1 so BTopoill 
peaKTOp, 3anonHeHHblill CTal...\1-iOHapHblM 
KaTanl-138TOpOM . 

np1-1 1-1CnOnb30BaHl-11-1 B KaYeCTBe 1-iC
XOAHOfO Cblpb51 6eH30na c TeMnepaTypoill 
Kp1-icrnnn1-138l...\l-11-1 5,4 °C nonyYaeTc51 
l...\1-iKnoreKCaH, npaKrnYeCKl-1 He COAep>Ka
U..\1-1111 6eH30na, Yl-iCTOTOill 99 ,97%. 

IV 
1 ..... -+-~~~~~~~~~~~~---" 

II 

PHC. 3.25. CxeMa npOMb/WfleHHOU ycmaHOBKU auapupoeaHUR 6eH30fl8 e )f(LJaKoU cjJa3e: 
1 - peaKmOpbt; 2 - H8COC anR U,UpKynRU,UU cy6cuaupoeaHHOZO Kamanu3amopa; 

3 - xonoaunbHUKu; 4 - aa3ocenapamop; 5 - cma6unu3au,uoHHaR KonoHHa; 
6 - KOMnpeccop anR u,upKynRU,UU eoaopoacoaep)f(aLJ.J,eao aa3a; I - eoaopoa; II - 6eH3on; 

Ill - omxoaRw,uu aa3; IV - u,uKnoaeKcaH 

n1Ap111poeaH111e HacpTanli1Ha. r1-1Apl-1-
posaH1-ie Hacprnn1-1Ha s TeTpan1-1H conpo
BO>KAaeTC51 peaKl...\1-ieill, npl-1BOA51U..\eill K 
o6pa30BaHl-ilO l...\1-iC- 1-1 TpaHCAeKanl-iHOB. 
TeTpan1-1H 1-icnonb3yeTc51 s npo1-1300ACTBe 
~-Hacj:Jrnna. ,[J,eKan1-1H np1-1MeH5lt0T np1-1 
Cl-1HTe3e P51Aa neKapcrneHHblX npenapa
TOB 1-1 KaK BblCOK03cpcpeKrnBHblill pacrno
p1-1Tenb. 

np1-1 OCyll..\eCTBneHl-11-1 npOl...\eCca no
nyYeHl-151 TeTpan1-1Ha 1-13 Hacj:Jrnn1-1Ha Ha,Q 
an IOMOK06an b TMOnl-16AeHOBbf M KaTan ~-
38TOPOM noA AasneH1-ieM BOAOPOAa 40 
8TM. np1-1 TeMnepaType 350 °C 1-1 CKOpOCTl'1 
noAaY1-1 Cblpb51 0,3 Kr/n crnneHb npespa
U..\eHl-151 Hacj:Jrnn1-1Ha COCTaBn51eT 67-81%. 
nonyYaeMble npl-1 3TOM r1-1ApOreHl-13aTbl 
COAep>KaT 53-61 sec. % TeTpan1-1Ha ; ~3 



Hli1X 50-60% MO)f(HO Bbl,D,enli1Tb B Bli1,D,e 
npo,D,yKTa 97-98%-HOill 41i1CTOTbl . np1-1 
nonHOM npespall.\eHli11i1 co,o,ep)f(all.\erocH 
BO cppaKL\li11i1 Hacprnn1-1Ha BblXO,D, TeTpanli1-
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Ha ,D,OCTVlraeT 75-80 sec. % OT li1CXO,D,HOro 
CblpbH , O,D,HOBpeMeHHO 06pa3yeTC5l 10-
12 sec. % ,o,eKan1-1Ha. 

3.4. OK111cneH111e 

0Kli1CneHli1eM Ha3blBafOT npOL\eCCbl, 
CBH3aHHble c sse,o,eHli1eM B MOneKyny 
opraHw-teCKOro coe,o,1-1HeH1i1H Kli1Cnopo,o,a 
111n1-1 OTll.\enneH1<1eM OT Hee O,D,HOro (li1nli1 
6onee) am Ma so,o,opo,o,a 1-1 ,o,pyrvix 3neK
rponono)f(1<1TenbHblX 3neMeHTOB. Cne
AOBarnnbHO, on1-1caHHbte BblWe MeTO,D,bl 
npo1-13so,o,crna aL1ernneHa 1-1 Cli1HTe3-ra3a 
oK1<1cneH1<1eM yrneso,o,opo,o,a c noMOll.\bfO 
Kli1Cnopo,o,a (li1nli1 80,D,Oill) npli1 BblCOKOill 
TeMnepaType TaK)f(e OTHOCHTCH K npOL\eC
caM OKli1CneHli15l . 

B Hecprnx1-1M1<1YecKoill npoMb1wneH
Hocrn B KaYecrne areHTOB OKli1CneHli1H 
npli1MeHHfOT 803,D,yx, 41i1CTblill Kli1Cnopo,o, li1 
pa3nli14Hble ,o,pyrvie opraH1<1YecK1-1e 1-1 He-

opraH1<1YecK1-1e OK1<1cn1-1Ten1-1 (rvinoxnop1-1-
Tbl , xnopaTbl, 61-1xpoMaTbl, nepMaHraHa
Tbl , nepeKVICb BO,D,Opo,o,a VI ,o,pyrvie). LJacTO 
npVlpo,o,a areHTOB OKVICneHVIH OKa3blBaeT 
pewafOll.lee BnVIHHVle Ha XO,D, npOL\eCca VI 
06pa3osaHV1e Toro VlnVI ,o,pyroro npo,o,yKrn 
OKVICneHVIH . 

6onbWVIHCTBO peaKL\Vlill nonHOro li1nVI 
HenonHoro OKV1cneHV15l yrneso,o,opo,o,os 
3K30TepMV14HO VI TepMO,D,V1HaMV14eCKVI 
OCyll.\eCTBVIMO. 

H1-1)f(e np1-1se,o,eHbl 3Ha4eHli1H l::.1-fl VI 
t::.G0 ,o,nH HeKOTOpblX peaKL\Vlill OKVICneHVIH 
MeTaHa, Ha1<16onee TepMO,D,V1HaMV14eCKli1 
ycrnillYVIBOro VI TPYAHOOKVICns:ieMoro yrne
so,o,opo,o,a : 

l::.1-fl f::.GO 

KKan/MOnb KKan/MOnb 
1h 0 2 

;. CHp+H2 

1h 0 2 
CO+ 2H2 

1h 0 2 
CH

4 
;. CH pH 

0 2 
CHp+Hp 

202 
; co2 + 2Hp 

XapaKrnp npol..\ecca 1-1 Kon1-14ecrso 
npo,o,yKTOB OKli1CneHli1H onpe,o,en5lfOTCH B 
OCHOBHOM Kli1HeTV14eCKli1Mli1 cpaKTOpaMli1. 
K111HernKa OKli1cneHli15l 3aBli1Cli1T OT MHOrVIX 
cpaKropos: nosepxHOCTHblX 3cpcpeKTOB 
(np1-1po,o,a nosepxHocrnill), np1-1cyTcrn1-1s:i 
np1<1Meceill , TeMnepaTypbl, COOTHOWeHli15l 
peareHTOB, cpa30BOro COCT05lHli1H Cli1CTe
Mbl, B KOTOpoill npornKaeT peaKL\li1H (ro-

-10,5 -13,9 

-8,5 -20,6 

-30,6 -26,9 

-68,3 -68,5 

-191 ,7 -191 ,3 

MoreHHaH, rernporeHHaH, CVICTeMbl ra3 -
)f(Vl,D,KOCTb, ra3 - rnep,o,oe rnno VI T.,o, .); 
np1i1p0,D,bl coe,D,V1HeHV1ill (HaCblll.\eHHble, 
HeHaCblll.\eHHble, MoneKynHpHblill sec, 
crpyKTypa 1-1 T.,o,.) VI areHrns OKV1cneHV1s:i; 
npVICYTCTBVIH li1 npli1p0,D,bl aKTVIBaTOpOB 
(aTOMbl , CB060,D,Hble pa,D,VIKanbl, Vl3ny4e
Hli1H li1 T.,D,.) , KaTanVl3aTOpOB (Mernnnbl , VIX 
0Kli1Cnbl VI T.,D,. ). 
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np111 nonyY8Hll1111 npogyKTOB HenonHOro 
oK111cneH111fl sa)f(HO, KpoMe nocnegy10L11111X 
CTa,[\111iil peaKL..1111111 , 3HaTb COOTHOW8Hll18 
Me)f(,[ly CKOpOCT51Mll1 o6pa30BaHll151 3Tll1X 
npogyKTOB. 

Hanp111Mep, ocHosHafl TPYAHOCTb np111 
nonyYeH111111 cpopMam,gernga 1113 MernHa 
COCTOll1T B TOM, YTO pa3nO)f(8Hll18 111 o6pa-
30BaHll18 cpopManbgernga 111gyT noYrn c 
0,[\111HaKOBOiil CKOpOCTblO. 

,D,nfl Toro YT06b1 11136e)f(aTb npespa
lll8Hll1fl Cblpbs:t s npogyKTbl nonHoro 
oK111cneH111s:i (ropeH111s:i) 111 s TO )1(8 speMs:i 
,[\OCT1t1Yb ,[\OCTaTOYHO 6onbWOiil CTeneH111 
KOHBepc111111 ero B He06XO,[\ll1Mbl8 npogyK
Tbl OKll1Cn8Hll151 , 6epyT 6onbWOiil 11136biTOK 
Cblpbs:! (COOTHOW8Hll18 K111cnopoga 111 yrne-
80,[\opoga 1: 10 - 1 :20) 111 np111MeHs:t10T pe-
1...1111pKynm-111110. 

3.4. 1. OKucneHue napacjJuHos 

napacpll1Hbl MO)f(HO OKll1Cns:tTb Kll1CnO
pO,[\OM so3gyxa 111n111 gpyrnM111 OK111cn111rn
ns:iM111 s ra3osoill 111n111 )1(111,[\Koiil cpa3e. 

np111 pa3pa60TK8 npOMb1Wn8HHOro M8-
TO,[\a OKll1CneHll1s:! napacp111HOB 803AYXOM 
111M8IOTCS'I TPll1 cepb83HblX npaKTlt1Y8CKll1X 
3aTpygH8Hll1s:! . nepsoe 38TPYAH8Hll18 co
CTOll1T B H806X0,[\111MOCTll1 pa6oTaTb BHe 
npegenos B3pb1saeMocrn cMeceill yrne
sogopo,Qos c 803AYXOM, YTO 3acrnsns:ieT 
np111MeH5!Tb 6onbwoill 11136b1TOK n11160 B03-
.Qyxa, n11160 yrneso.Qopo.Qa. B cnyYae 1113-
6b1TKa 803,Qyxa KOHL..18HTpaL.\111s:l neTyY111X 
npo,QyKTOB B OTXOAfllllll1X ra3ax Mana, YTO 
YAOPO)f(88T 111X Bbl,[\eneH111e. np111 11136blT
Ke yrnesogopoga ero npespaL11eH111e 3a 
O.Qll1H npoxo.Q Hesen111Ko, a no3TOMY He
npopearnposasw111ill yrnesogopog np111xo
.Q111Tcs:i Bbl,[\ens:tTb 111 803BP8lll8Tb o6paTHO 
s npo1...1ecc. 8TOpb1M 3aTpy.QHeH111eM flsmi
eTcfl TO, YTO so scex cnyYaflx npogyKTbl 
peaK1...1111111 npegcrnsnfllOT cno)f(Hble CMec111 
pa3n111YHb1X seL11eCTB. Pa3geneH111e rnK111x 
CMeceill Tpe6yeT 3HaY111TenbHblX pacxo
,Qos; KpoMe TOro, B03Hll1KaeT npo6neMa 
111cnonb3osaH1115! scero KOMnneKca no6oY
HblX npogyKTOB, o6pa3YIOL11111XC51 B 6onee 
111n111 MeHee onpegeneHHblX nponop1...11115IX. 
HaKoHel...I, TpeTbe 3aTpy.QHeH111e cocT0111T 
B TOM, YTO 06L11111iil BblXO,Q none3HblX npo
AYKTOB Hesen111K s pe3ynbTaTe nornpb 
yrnepoga, npo111cxO.Qfllllll1X scnegcrn111e 

06pa3osaH111fl ero OK111cnos (nonHoe oK111c
neH111e ). 

MexaHH3M peaK1.4Hiil OKHcneHHfl. 
OK111cneH111e yrneso,Qopogos K111cnopo.QOM 
npoTeKaeT no 1...1enH0My pa.Q111KanbHOMy 
MeXaH1113MY KaK B )1(111,QKOiil , TaK 111 B ra3o
soill cpa3aX. no 3TOMY M8XaHll13MY npeA
nonaraeTCfl 06pa3osaH111e cso6ogHb1x 
anK111nbHblX 111 nepeKll1CHblX pag111Kanos 
111 rngponepeK111ceill yrneso,Qopo,Qos. 3a 
cYeT pacna.Qa nocne.QH111X 06pa3y10Tcs:i 
K111cnopogcogep)f(aL11111e npo.QyKTbl. 8 oc
HOBe 1...1enHoro MexaHll13Ma ne)f(aT cne
AY10L11111e peaK1...1111111 : 

R• + 0
2 

--> ROO• 
ROO· + RH --> ROOH + R• 

TaK111M o6pa30M , peaK1...11110HHafl 1...1enb 
socnpm13B0,[\111TC51 MHOroKpaTHO B pe-
3ynbTaTe pereHepa1...1111111 111cxo.QHoro pa.Q111-
Kana R•. npegnO)f(8Hbl pa3n111YHb18 Mexa
Hll13Mbl 111H1111...1111111posaH1115! 111 06pb1sa 1...1enelli. 

8a)f(HOiil xapaKTep111CTll1KOiil OKll1CneH111H 
napacp111Hos s ra3osoill cpa3e 51BnfleTcs:i 
nep1110,q 111H.QYKLl111111 ; OH MO)f(8T ,Qn111TbC51 OT 
H8CKOnbKll1X ceKyH.Q ,QO H8CKOnbKll1X 4a
COB. npogOn)f(ll1TenbHOCTb ero YM8HbWalOT 
nosb1weH111eM TeMnepmypbl 111n111 ,qo6asne
Hll18M npOMOTOpOB (nepeKll1Ci11 111 .Qp.). 

np111 pa3n0)f(8Hll1111 r1t1,QponepeK111Celii 
TpernYHblX anK111nos CHaYana pa3pb1sa
eTCfl CB513b 0-0, a 3aTeM OTL11ennfleTCH 



paA111Kan, KOTOpb11!t cna6ee Apyr111x paAlll
Kanos css:i3aH c aTOMOM yrnepoAa, pac
nonmKeHHblM s a-nonmKeH111111 K nepeK111c
HOIA rpynne: 

CH3 

I 
CH

3
-C-O-OH - CH3COCH

3 
+ •CH

3 
+•OH 

I 
CH

3 

y H8Cll1MM8Tp1114HblX rll1ApOnepeK111cel!t 
rpeTlll"lHblX anK111nos caMol!t cna6ol!t cssi-

CH
3 

I 
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3btO C-C sisns:iercsi ra , Kornpasi YA8P)f(ll1-
saeT anK111n c Ha1116onbw111M lllllcnoM arn
MOB yrnepo,o,a. 

r111,o,ponepeKl/1Cll1 BTOplllllHblX pa,D,1!1Ka
!10B pa3naratOTCSl no H8CKOnbKll1M Ha
npasneHlllSlM. np111 H1113KOl!t TeMneparype 
o6pa3ytOTCSl K8TOHbl , 0,D,HOBpeMeHHO 
nonyllat0rcsi cn111pTbl , oco6eHHO s np111-
cyTcrn111111 Karan1113aTopos (non111saneHT
HblX Merannos). Pa3nmKeH111e np111 Hll13Kol!t 
reMnepmype nporeKaeT no cne,o,yt01.4el!t 
cxeMe: 

CO+Hp 
I 

CH
3 

CHOOH 
I CH3 H 

CH
3 

CH
3 

\ 
c 

I 
CH

3 

H 
I 

+ 
\ 
o· 

\ I 
c + ·oH + Me2+ 

I \ 
CH

3 
o• 

CHOOH - CHOH + ·C - OOH 
I I I 

np111 BblCOKol!t reMnepmype s ra3osol!t nepeK111cel!t TpernllHblX anK111nos . B 3TOM 
cpa3e pa3pb1B npo111cxo,o,111T no cssi3111 0-0 cnyllae npOAYKTaMlll oK111cneH111si sisn:sit0T-
111 no cna6el!twel!t 1113 coce,o,H111x c K111cno- csi anb,D,0r111Abl: 
POAOM CBSl3el!t C-C, KaK B cnyYae rn,o,po-

CH
3 

\ 
CH - 0 - OH - CH

3
CHO + •CH3 + •OH 

I 
CH 3 
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r1t1ApOnepeK1t1Clt1 nepBV1YHblX anK1t1nOB 

pa3nara10TCfl raK )f{e, KaK 1t1 r1t1Aponepe

K1t1C1t1 BTOplt1YHblX anK1t1nOB. np1t1 pa3nO)f{9-

OnpeAeneH1t1e Mecra B MoneKyne 

yrneBOAOPOA8, Ha KOTOpoe nepBOHa

YanbHO HanpaBnf!eTCfl A9Ii1CTBV1e Klt1C

nopOA8, H8XOAV1TCfl B COOTBeTCTBV1lt1 

c 06bIYHblMV1 npeACTaBneHlt1f!Mlt1, cyL11e

CTBYIOllllt1Mlt1 B opraH1t1YecK0Ii1 X1t1M1t11t1, 

a lt1MeHHO: B nepBylO OYepeAb Aeli1CTBV1e 

K1t1cnopOA8 lt1CnbITblBaeT Tp8Tlt1YHblli1 8TOM 

yrnepOA8 , 38T8M BTOplt1YHblli1 111, HaKO

HeL!, nepBV1YHblli1, YTO OTBeYaeT nopflAKY 

ocna6neH111fl CBfl3lt1 CH. 
MeraH 1t1 era roMonor111 pear111py10T c 

K111cnopoAOM B ra3osoli1 cpa3e np111 TeMne

paType OT 250° c 111 BblW8 , o6pa3yfl H8lt1-

6onee ycroli1Y1t1Bb1e 1113 scex B03MO)f{HbIX 

npOAYKTOB OK111cneH1t1f1: cn111pTbl, anbAer111-

Abl, KeTOHbl , K111cn0Tb1 1t1 OK1t1C1t1 . B cnyyae 

BblCWV1X yrneBOAOPOAOB scerAa npo111c

XOAll1T pa3pb1B yrnepOAHOii1L1en111,111 Y8CTO 

Kll1CnopOACOAep)f{8ll.1111e C08Alt1HeHlt1fl c 

TeM )!{8 Ylt1CnOM 8TOMOB yrnepOA8, YTO 111 

lt1CXOAHblli1 yrneBOAOPOA, COCTaBnfllOT He-

Hlt1lt1 MOryT nonyYaTbCfl anbA9rlt1Abl 1t1n1t1 

nepB1t1YHb1e cn1t1pTbl. 

6onbWYIO AOnlO 06L11ero Kon1t1Yecrna no

ne3HbIX npOAYKTOB OK1t1cneH1t1fl. 1113 BC8X 

yrneBOAOPOAOB Ha1t16onee TPYAHO OK1t1c

nf!eTCfl MeraH. np1t1 nocneAOBaTenbHOM 

nepeXOAe OT MeraHa K 6yraHy nerKOCTb 

OKV1CneHV1fl ysenlt1Ylt1889TCfl . nepeA Ha

Y8nOM p88KL\lt1lt1 o6bIYHO Ha6nlOA8eTCfl 

lt1HAYKL\lt10HHblli1 nep1t10A. 

Anfl Hecprnx111M1111t1 Ha1116onbw111Ii1 111HTe

pec npeACTaBnfllOT OK111cneH111e M8TaHa 

(nonyYeHll18 cpopManbA8rlt1A8 111 M8TaHO

na) 111 OKV1Cn8Hlt18 BblCWll1X napacp111HOB 

(nonyYeH1t1e )f{111pHblX Kll1CnOT) . 

ra3o4>a3HOe OKHC11eH&.1e MeTaHa 
(np111poAHOro ra3a) A11S1 no11yYeH111si 
ct:>opMallbAernAa "' MeTaH011a. MeraH 

np1t1 aTMOccpepHOM A8BneHlt1lt1 He OKV1Cnfl

eTCfl C 38M8THOii1 CKOpOCTblO Hlt1)f{e 600 °C, 
B TO speMf! K8K cpopManbAeflt1A H8Ylt1Ha-

8T pa3naraTbCfl 3H8Ylt1TenbHO Hlt1)f{8 3TOii1 

TeMnepaTypbl. np1t1 OKV1Cn8Hlt1lt1 M8T8Ha 

MoryT nporeKaTb cneAY10L111t1e peaKL11t11t1 : 

CH4 + % 0 2 - CHp + H2 (1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

CH4 + % 0 2 - CO + 2H2 
CH4 + % 0 2 - CHpH 
CH4 + 0 2 - CHp + H20 
CH4 + 202 - co2 + 2H20 
CHpH+ % 0 2 - CH20 +Hp 
CH20- CO +H2 

CHp + % 0 2 - CO + Hp 
CH20 + 02 - co2 + H20 
CHp + % 0 2 --> HCOOH - co2 + H2 (10) 
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npeAnonaraeTCH Cn9AYIOl.Lllt1111 M9X8Hlt13M OK1t1CneH1t1H: 

-650°C 
CH

4 
+ 0

2 
-+ •CH

3 
+ H - 0 - O• 

•CH
3 

+ 0
2 

-+ CH
3 

- 0 - O• 
CH

4 
+ CH

3 
- 0 - O• -+ CH

3 
- 0 - 0 - H + CH

3 
• 

-[ 

CHp+Hp 
CHpOH 

CHpH+ % 0
2 

0CHOBH8H TPYAHOCTb AOCTlt1>K9Hlt1H 
BblCOKOro BblXOA8 cpopManb,Q9rlt1Aa co
CTOltlT B He06XO,Qlt1MOCTlt1 nplt10CTaHOBlt1Tb 
peaKL11t11t1 era pa3no>KeH1t1H no peaKL\ltlHM 
(7)-(10). np1t1 06bl4HOM ,Q8Bn9Hll1111 KO
n1t149CTBO o6pa3osaswerocH cpopManb
gern,qa pe3KO npeBblWaeT KOnll14eCTBO 
MeTltlnOBOro Cn111pTa. np111 nOBblW9HHOM 
gasneHll1111 lt1 np111 BblCOKltlX OTHOWeHll1HX 
CH

4 
: 0 2 ocHOBHblM npo,qyKTOM peaKL.\111111 

HBnHeTCH MeTaHOn. 
Yrn6b1 orpaHll14lt1Tb npornKaH1t1e no-

6o4HblX peaKL.1111111 (7)-(10), BeAYLLl111X K 
noTepHM M9TaHa, He06XOAlt1MO pa6oTaTb 
np111 Manb1x crnneHHX npespaLL1eH111H 3a 
npoxo,q 1t1 np111 oYeHb ManblX 1t1HTepsanax 
speMeHltl npe6blB8Hll1H ra30BOlll CMec111 
B peaKTOpe. no 111Mel0l.Ll111MCH A8HHblM , 
KaTanll13aTOpbl He OK83blB8IOT CKOnbKO
Hll16YAb 3H84111TenbHOro Bnll1HHll1H Ha 3TY 
peaKL.\111!0. 

npOMblWfleHHbllii npo4ecc np01113-
BOACTBa <J>opMaflbAernAa OKll1CneHll1eM 
MeTaHa. Pa3pa6oTKa npoMb1wneHHOro 
npoL1ecca npOll13BOACTBa cpopManbge
rnga 111 MeTaHona oK111cneH111eM MernHa 
npegcrnsnHna scerga 6onbwolll 111Hrnpec 
1113-3a gewes1113Hbl 111cxogHoro CblpbH (Me
TaH, B03AYX). lt1M810l.Llll18CH n111TepaTyp
Hbl8 111 narnHTHble gaHHble o ra3ocpa3HOM 
oK111cneH111111 MeTaHa c L18nb10 nony4eHll1H 
CH

2
0 111 CH

3
0H secbMa npornsope4111sb1. 

Ha cero.QHHWH111lll geHb MO>KHO yrnep>K
gaTb, 4TO KaKOro-n1t160 np111eMneMoro 
(npe>Kge scero c 3KOHOMlt148CKOlll T04Kll1 
3peH111H) npoMb1wneHHOro cnoco6a no-

ny49Hll1H M8TaHOna OKll1CneHll18M M8TaHa 
He C03,QaHo; 111MelOTCH nll1Wb OT,QenbHble 
onblTHO-npOMb1WneHHbl8 ycTaHOBKll1, rge 
BblXOA MernHona egsa npesb1waeT 10-
15%. no3TOMY Ha HaCTOHl.Llll1111 MOM9HT 
npo1113sogcrno Mernnosoro cn111prn 3Tlt1M 
MeTogoM HeL1enecoo6pa3HO no cpasHe
H11110 c nonyYeH111eM era 1113 c111HTe3-ra3a . 

<PopManbgerng B OCHOBHOM nony4a
IOT ,Q8rlt1,Qp111poBaH111eM M8TaHona, nony
yaeMoro 1113 c111HT93-ra3a. <PopManbgerng 
B npoMb1wneHHOM Macwrn6e nonyYalOT 
TaK>Ke 111 OK111Cn8Hl-18M M8TaH8 111n1-1 anKa

HOB C2- C4. 
KaK 6bino noKa3aHo Bb1we, np111 oK111c

neH111111 MeTaHa 06pa3osaH111e cpopManb
gernga 111 era pa3no>KeH111e [peaKL\111H (7) 
(10)] 111AYT co cpaBHll1MblMll1 CKOpocrnM111 . 
no3TOMY gnH nogaBn8Hll1H B03MO>KHblX 
nocnegy10LL1111x peaKL.1111111 cpopManbge
rnga He06XOA111MO npOBOA111Tb npOL\8CC 
np111 cpaBHll1TenbHO He6onbWOM Bp8M8Hll1 
KOHTaKTa (MeHee 1 c) 111 6onbWOM (6onee 
3) OTHOW8H111111 MeTaHa K Kll1Cnopogy. 

npoMblWneHHbllll npOL\8CC np111 aTMOC
cpepHOM gasneH1t1111 BKn104aeT cnegy10-
LL1111e 3Tanbl : CM8W8Hll18 MeTaHa c B03AY
XOM, nogorpeB CM8Cll1 AO 400 °C (3a C48T 
rnnna ra30B, BblXOAHLLll-1X 1113 peaKTOpa), 
CMeweH111e c OKll1CnaMll1 a30Ta (oKono 0,01 
06beMH. %), co6crneHHO OKll1CneH111e B 
peaKL\1110HHolll ne4111 np111 600 °C, oxna>Kge
H111e npogyKTOB peaKL.\111111 ,1:10 200 °C (np111 
3TOM HarpesaeTCH Cblpbe), Bb1geneH111e 
cpopManbger111ga 1113 CMec111 BOAOlll B a6-
cop6L\1110HHOlll KonoHHe 111 pel.\111PKynHL\111H 
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Henpopear1Aposasw11x ra3os (cogep)f{a

ll.111X CH4, CO, C02, 02 11 N2) . On11caHHafl 
cxeMa np11segeHa Ha p11c. 3.26 . 

80,[\HblH (5-10%-HblH) paCTBOp cj:Jop

Maflb,[\8nA,[\a Hei:1rpaI1113YIOT 113B8CTblO 

,[\Jlfl yganeHl1fl CJ18,[\0B MypaBbl1HOH Kl1C

Il0Tbl 11 3areM neperoHs:110r nog gasne

Hl1eM (4 aTM.). nonyYeHHblH ,[\11Crnflflf!T 

co,aep)f{11T 34% cj:JopMaflb,[\enA.Qa , 3% Me-

200°c 

NH3 -

I 

raHona 11 63% BO,[\bl. Bb1xo.a cj:JopManbge

nAga (s nepecYere Ha 100%-Hbli'.1) 120 r 

Ha 1 M3 M8TaHa (OKOilO 10%). 

<llopMaflb,[\8nA,[\ 11CnOilb3YIOT 8 80,[\HOM 

pacrnope 11n11 0 011,qe rnepgoro nerno

rpaHcnoprnpyeMoro napacj:JopManbge

nA,qa, KOTOpblH nonyYalOT KOHl...l8HTp11po-

8aH11eM 0 0aKyyMe 80,[\HblX pacrnopo0 

cj:JopManbgenA,qa. 

PMc. 3.26. CxeMa ycmaHOBKU oKucneHuR MemaHa B cjJopMan&oeauo: 
1 - KOHBepmop; 2 - mennoo6MeHHUK; 3 - peaKmop c cuxpoMan&HbtMU mpy6aMu; 

4 - XOflOOUflbHUK; 5 - npOMb/8H8R KOflOHHa; 6 - npueMHUK Cbtpoao npooyKma; 
7 - eMKocm& onR HeiJmpanu3au,uu; 8 - eMKocm& onR Cbtpoao pacmeopa; 

9 - c6opHUK KOHe4Hoao npooyKma; 10 - eeHmunRmop; 
I - eo3oyx; II - yxooRU(UiJ aa3 

>K111AKOcpa3HOe OK111cneH111e BblC-

WlllX napaQ:>lllHOB BOJAYXOM. np01...l8CCbl 
OKl1CJ18Hl1fl 8blCW11X napacj:J11H08 8 )f{11p

Hble K11c110Tbl 1130ecrnb1 ga0Ho. TaK KaK 

0H11 no30011s:110T nonyYaTb caMble pa31111Y

Hb1e npogyKTbl , 11x Henpepb18HO co0ep

weHcrnyt0T. 

0CH08HOH l...l8Jlbl0 3rnX npOl...l8CC08 fl8-

Jlfl8TCfl no11yYeH11e Kl1CJ10T, aHa11or11YHblX 

TeM, KOTOpb18 8XO,[\f!T 8 COCTa8 np11pog

HblX )f{11p08 ( C
12
-C

18
) , np11M8Hfl8MblX ,[\Jlfl 

npo1130ogcrna MOIOll.111X 0eLL1eCTB. B no

c11egH11e rogb1 pacw11peHo npo1130ogcrno 

HaCblll.18HHblX Cn11pT08 ( C 12 - C18 ) 11 ,[\11-

Kap60H08blX Kl1CJ10T 3H1M )f{8 npOl...l8CCOM. 

YcraH0011eHo, YTO np11 oK11c11eH1111 8 

)f{l1,[\KOH cj:JaJe 8blCWl1X napacj:Jl1H08 o6-

pa3ylOTCfl 8 OCH08HOM (go 50%) )f{11pHble 

Kl1CJ10Tbl , KOTOpble cogep)f{aT 8 cpegHeM 

8,[\808 M8HbWe aTOM08 ymepoga, YeM 

yme0ogopogHoe Cblpbe. TaK, np11 oK11c-

11eH1111 napacj:J11Ho0 c 35 arnMaM11 yme

poga - C
35

H72 (neHTaTp11aKOHTaH) nony

YalOTCfl 8 OCH08HOM Kl1CJ10Tbl C 16 11 18 

arnMaM11 ymepoga; K111c11ora c Ha1116onb

w11M Yl1CJ10M ymepO,[\HblX aTOM08, 11,[\eH-



Tll1tj:>111L\111POBaHHa51 B npOAYKTaX OKll1Cne
H11151, COAep}f{111T 22 aTOMa yrnepoAa. np111 

OKll1CneHll1111 reKCaAeKaHa (C16H34) (L\eTaH) 
o6pa3ytoTC51 Kll1CnOTbl c 6-9 aTOMaMV1 
yrnepoAa. 

OK111cneH111to noABepratoT 06b14HO na
patj:>111HOBb1e yrneBOAOPOAbl, 111MelOLI.\111e 

Hap51AY c npocTblMll1 }f{111pHblMll1 Kll1C
noTaM111 c Anll1HHoi:1 L1enbto o6pa3ytoTC51 
TaK}f{e KeTO- 111 OKCll1Kll1CnOTbl, naKTOHbl 111 
cnO}f{Hble 3tj:>111pbl OKCll1Kll1CnOT. 

npoM3BOACTBO BblCWMX >KMpHblX 

KMC110T. B npOMb1wneHHOCT111 npoL1ecc 
OKV1CneHV151 BblCWll1X napatj:>ll1HOB MO>KHO 
npOBOA111Tb nep1110All14eCKll1 111 HenpepblB
HO. B HaCT051LI.\ee speM51 npeo6naAatoT 
nep1110A1114eCKll1e npOL\eCCbl. 

OK111cneH111e o6bl4HO ocyLI.1ecrnn5ltoT 
B BeprnKanbHblX KOnOHHax eMKOCTblO 
8-12 M3 , BblnOnHeHHblX 1113 antoMll1Hll151, 
nOCKOnbKY Hll13KOMoneKyn51pHble Kll1CnOTbl 
Bbl3blBatoT c111nbHyto Koppo3111to . OK111c
neH111e conposo)l(AaeTc51 BblAeneH111eM 
6onbworo Kon114ecrna renna. TaK, np111 
OKll1CneHll1111 AO Kll1CnOTHOro 4111Cna OKCll1-
AaTa, pasHoro 70 Mr KOH/r, Bb1Aen51eTc51 
2095 K,Q>K Ha 1 Kr oK111cneHHOro napa
tj:>111Ha . Tenno 1113 KonoHH OTBOA51T 4epe3 
BMOHTll1pOBaHHble B Hll1X 3MeeBll1Kll1, ox
na)l(AaeMble BOAOi:1. ,QasneH111e B KonoH
Hax aTMOCtj:>epHOe. npoAOn}f{ll1TenbHOCTb 
OKll1CneHll151 - 20-24 4. npoMblWneHHble 
ycraHOBK111 111MetoT HecKonbKO peaKrnpos 
An51 o6ecne4eH111s:i 3aAaHHoi:1 npo1113BOA111-
renbHOCTll1. 
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B cpeAHeM 18-30 aTOMOB yrnepoAa. 
MoneKyns:ipHbli:1 sec 280-400 111 T.nn. = 
48-52 °C. 

OK111cneH111e napatj:>111HoB B >K111AKOi:1 
tj:>a3e K111cnopOAOM nporeKaeT, B np111HL\111-
ne, no TOMY >Ke caMOMY MexaHll13My, 4TO 
111 oK111cneH111e B ra3osoi:1 tj:>a3e: 

\ 
co 
I 

\ 
CHOH 
I 

Kll1CnOTbl 

Kll1CnOTbl 

nony4eHHbli:1 np111 OKll1CneHll1111 OKC111AaT

Cblpel\ o6pa6aTblBalOT COAOi:1 111 LI.\en04blO 
(3TOT npOL\eCC np111H51TO H83blBaTb OMbl
neH111eM). >K111pHble Kll1CnOTbl 6blCTpO Hei:1-

Tpanll13YIOTC51 111 nepeXOA51T B MblnbHbli:1 

pacrnop. HeoMb1n5!eMb1e-I, npeACTaBns:ito

LI.\111e co6oi:1 HeoK111cneHHb1i:1 napatj:>111H c 
np111MeCblO Kll1CnopOACOAep>KaLI.\111X npo

AYKTOB, B03BpaLI.\ator Ha oK111cneH111e. 
0KC111AaT-Cblpel\ KpOMe >K111pHblX Kll1C
noT COAep}f{ll1T He6onbWOe KOnll14eCTBO 

n1APOKCl1K111CnOT, 3tj:>111pOB, naKTOHOB, Ke
TOHOB 111 cn111pTOB, KOTOpble OMbln51toTC51 
TOnbKO B }f{eCTKll1X ycnOBll151X. 3Tll1 co
eAll1HeHll151 BMecre c He6onbWll1M KOnll14e

CTBOM napatj:>111Ha xopowo pacrnop51toT
cs:i B MblnbHOM pacrnope, o6naAatoLI.\eM 
nosepXHOCTHO-aKTl!1BHblMll1 CBoi:1crnaMV1. 

Vix HaAo YAansnb, TaK KaK OHll1 yxyAwa
toT MOtoLI.\ee 111 neHoo6pa3ytoLI.\ee Aei:1-
crn111e Mbina, np111Aator eMy Henp111mHb1i:1 
3anax (oco6eHHO n1APOKCll1Kll1CnOTbl). 

.Qn51 3TOi:1 L1en111 MblnbHb1i:1 pacrnop noA
seprator TepM006pa6oTKe np111 320 °C; B 
pe3ynbrare npo111cxOAll1T «06naropa>K111Ba
H111e» - naKTOHbl 111 KeTOHbl OMblns:ltoTCs:l, a 

n1APOKCV1KV1CnOTbl Aer1t1Aparnpytorcs:i : 
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+Na OH 
RCH

2 
- CO - CH

2
R' RCH

2 
- COONa + CH

3
R' 

RCH2 - CH - CH2 - COOH --- RCH = CH - CH2 - COOH 
I 
OH 

-Hp 

npo,QyKTbl, He 0Mblfl8HHbl8 npV1 T8pMO

o6pa60TK8 ( H80Mblm'l8Mbl8-l I), OTroHHIOT V13 

MblnbHoro pacTBopa neperpeTblM napoM, 

06pa3yKJLL\V1MCH 8 pe3yflbTaT8 V1CnapeHV1H 

80,Qbl , HaXO,lJ,HLL\8iilCH 8 Mblfl8, V1flV1 no,Qa-

8a8MblM cneuV1anbHO. B HSOMblflHSMblX- 11 , 

KpOMe napacpV1Ha, CO,D,ep>KaTCH B OCH08-

HOM cnV1pTbl. nocne KOH,lJ,8HCaUV1V1 V1 OT,lJ,8-

fl8HV1H 80,lJ,bl H80MblflH8Mbl8-ll 8038pali\a

IOT Ha OKV1Cfl8HV18. 

TexHonornYecKaH cxeMa nony4eHV1H 

8blCWV1X >KV1pHblX KV1CflOT npV188,lJ,8Ha Ha 

pV1C. 3 .27. 80,D,Hbliil paCTBOp KaTaflV13a

TOpa, npV1roT08fl8HHbliil 8 8MKOCTV1 1 , 

HeOMhIJrneMbie-I 

OTXO,!IJll.QHH 

raa 

CM8WV18a10T c napacpV1HOM 8 annaparn 

2; nepMaHraHaT KaflVIH 8 8V1,lJ,8 15%-Horo 

pacTBopa (0, 1-0,3% Ha 3arpy3Ky) 880,lJ,HT 

8 napacpV1H, HarpeTbliil ,QO 120 °C. Bo,Qa 

VlcnapHeTcH , a KMn0
4 

,D,VlcneprnpyeTcH 8 

napacpV!He. CMecb napacpV!Ha c KarnnV1-

3arnpoM V1,lJ,8T B OKV1CflV1T8flbHYIO KOflOH

HY 3 , Ky,Qa no,QalOT 04V1LL\8HHb1i11 803,Qyx. 

B KOflOHHe no,Q,Qep>KV18a10T TeMnepmypy 

105-115 °C c nOMOLL\blO Harpe8alOLL\V1X V1 

oxna>K,D,a10LL\V1X 3M888V1K08. Bo 8peMH V1H

AYKL\V10HHOro nepV!O,Qa (23 4) 8 KOflOHHY 

no,D,80,QHT rnnno, no,Qa8aH nap 8 HV1>KHV1111 

3M888V1K. 

HeoMhl
mieMhle-II B arr.2 

'( 

P111c. 3.27. TexHono2ul/ecKaR cxeMa nonyl/eHUR Bb1cwux >KUpHblX KUcnom oKucneHueM 
napa<jJuHa: 1, 14, 15- eMKOcmu; 2 - cMecumenb; 3- oKucnumenbHaR KonoHHa; 
4, 19- XOflOOUflbHUKU; 5 - cenapamop; 6 - npOMb/8HOiJ CKpy66ep; 7 - c6opHUK; 
8- wnaMoomcmoiJHuK; 9, 16 - npOMblBHble KonoHHbl; 10, 11 - OMb1numenu; 

12, 18 - omcmoiJHLJKu; 13 - nel/b; 17 - nowomumenbHaR KOflOHHa 



npoi1,D,5l KOflOHHy, 803,D,YX y0neKaeT C 

co6oi1 napbl 80,D,bl, Hlt13KOMOfleKyns:ipHblX 

Klt1CflOT lt1 ,o,pyrne neTy'-me npo,o,yKTbl, KO

TOpble oxna>K,D,afOTC5l 8 XOf10,D,lt1flbHlt1Ke 4 . 

KoH,o,eHcar or,o,ens:ifOT 0 cenaparnpe 5 lt1 

Hanpa0ns:ifOT 0 c6opHlt1K 7. Oxna>K,o,eH

Hbli'l 803,D,YX npOMbl8afOT 80,D,Oi'l 8 KO

flOHHe 6 lt1 no,o,afOT 8 ne4b. npoMbl8HYfO 

80,D,Y lt13 KOflOHHbl 6 TO>Ke no,o,afOT 8 c6op

Hlt1K 7 . CMecb paccnalt10aercs:i TaM Ha ,o,0a 

Cf105l - 8epXHlt1i1 (MaCJ15lHbli1) lt1 Hlt1>KHlt1i1 

(00,o,Hb1i1). Bo,o,Hbli'l cnoi1 nlt16o co6lt1pafOT, 

fllt160 Hanpa8fls:lfOT Ha npOMb18KY OKCL-1,D,a

Ta 8 KOflOHHY 9. 3TOT cnoi1 MO>KeT co,o,ep

>KaTb Klt1Cf10Tbl c1 - C4. 
0Kclt1,o,ar 1t13 peaKTopa Hanpa0ns:ifOT 0 

wnaMOOTCTOi1Hlt1K 8 , a ony,o,a 8 npOMbl8-

HYIO KOflOHHY 9 ,D,fls:l lt138fle4eHlt15l 80,D,O

pacTBOplt1M blX Hlt13Wlt1X Klt1CflOT. B KOflOHHY 

MO>KHO no,o,a0aTb C8e>Kyf0 80,D,Y lt1 80,D,Hbli'l 

KOH,D,eHCaT lt13 C60pHlt1Ka 7 . npoMblTbli'l 

OKClt1,D,aT Hanpa8f15lfOT 8 0Mblfllt1Teflb 10, 

r,o,e Klt1Cf10Tbl Hei1rpanlt13YfOT 25%-HblM 

pacTBOPOM CO,D,bl nplt1 90-100 °C (nep-

0as:i cryneHb OMblfleHL-151), a 3areM nepe

,o,ator 0 annapar 11, r,o,e ,o,ns:i OMblfleHlt15l 

lt1CnOflb3YfOT pacTBOP HaTplt1e0oi1 L11eno

'-llt1 (0rnpas:i cryneHb). 0MblfleHHbli1 npo

.0.YKT 8 OTCTOi1Hlt1Ke 12 nplt1 70 °C pac

cnalt10aeTC5l Ha HeOKlt1CneHHbli1 napacplt1H 

(HeOMblfls:leMble-1) lt1 paCTBOP Mblna. 

napacplt1H 8038paL11afOT Ha 0Klt1Cfle

Hlt1e, a MblflO no,o, ,o,a0neHlt1eM 2 Mna 

no,o,atOT 0 ne4b 13, 06orpe0aeMyfO ,D,bl-

·1-' 

M08b1Mlt1 ra3aMlt1 . TeMneparypy 0 ne4lt1 

no,D,Hlt1Mator nocreneHHO 0Ha4ane ,o,o 
180 °C, 3aTeM ,0,0 220 °C lt1, HaKOHel\ , ,0,0 

320 °C. nocne ne4lt1 MblflO nocrynaer 

0 lt1cnap1t1Teflb, ycrnH00neHHb1i1 0 Kna,o,

Ke; 8 HeM nplt1 aTMOccpepHOM ,o,a0neHlt1lt1 

HeOMblfls:leMble-11 OTrOH5lfOTC5l c neperpe

TblM napoM lt1 npoxo,o,s:ir 0 nomornrenb

Hyto KOflOHHY 17' opowaeMyfO XOflO,D,HOi1 

00,0,oi'l lt13 orcroHHlt1Ka 18. KoH,o,eHcar lt1 

00,0,a nocrynafOT 8 OTCTOi1Hlt1K 18, lt13 KO

rnporo HeOMb1ns:ieMb1e-ll 0030paL11afOT Ha 

0Klt1Cf18Hlt1e. 

Cyxoe MblflO pa36a0ns:ifOT 0 eMKocrn 

14 80,D,HblM paCT80pOM cynbcparn HaTplt15l , 

nocne Yero MblflbHbli'l Kf1ei1 0 eMKocrn 15 

pa3narafOT 92%- Hoi'l cepHoi1 Klt1Cnorni1 

npltl 100 °C lt1 Clt1flbHOM nepeMeWlt18aHlt1lt1. 

CMecb >Klt1PHblX Klt1CflOT lt1 cynbcparn Ha

Tplt1s:i npOMb18afOT 80,D,Oi'l 8 KOflOHHe 16. 

np0Mb1Tbl8 Klt1Cf10Tbl Hanpa8f15lfOT Ha 

,o,lt1crnnn5ll\lt1f0 (Ha cxeMe He noKa3aHo ). 

AnnapaTbl, 8 KOTOpblX MblflbHbli'l Knei1 o6-

pa6aTbl8afOT cepHoi1 Klt1Cnorni1, cpyrepy

fOT ,D,fls:l 3all.llt1Tbl OT KOpp03lt1lt1 . 

,0,1i1crnnns:iL1lt1t0 nonyYaeMblX Klt1cnor 

ocyL11ecr0ns:ifOT 0 Ky6ax c Haca,o,o4Hbl

Mlt1 KonoHHaMlt1 . Ky6b1 1t1Jrorn0neHb1 1113 

Klt1CflOTOynopHoro 4yryHa, a 3M888lt1Klt1 lt1 

KOflOHHbl - lt13 H8p>Ka88f0ll.18i1 CTafllt1. no 

Mepe y0efllt1'-18Hlt15l MOfleKyns:ipHOH Mac

Cbl Klt1CflOT n08blWafOT TeMneparypy lt1 

yMeHbWalOT OCTaTO'-IHOe ,o,asneHlt1e B Ky-

6ax (ra6n . 3.6). 

Ta6nuua 3.6 

Ycnoslt1s:i ,D,lt1CTlt1flf15ll\lt1lt1 lt1 Bb1xo,o, 8blCWlt1X >Klt1pHblX Klt1CflOT 

NQ Ky6a TeMneparypa, 0 c OcraTOYHoe ct>paKL!l-1Sl Kl-1CnOT BbtXO.Q K1>1cnor, % (Mace.) 
,QaBneHMe, na Ha 3arpy3KY 

1 160-180 266-400 CS-CB 4-5 

2 170-180 26,6 C1-Cg 12-13 

3 185 20 C,o-C13 -

4 200 20 c,.-C,6 
6-5 

5 280 20 C11-C20 -

6 310 20 >C,o 4-5 

10-0373 



3KOHOM111YecK111e noKa3arnn111 npo-
L1ecca MO>KHO ynyYW111Tb, 111cnonb3YH 
HeOMb1m1eMb1e-ll AnH nonyYeH111H cn111p
TOB 111 BblAenHH Hll13KOMOneKynHpHble 
Kll1CnOTbl 1113 BOAHOro KOHAeHCaTa (1113 
CKpy66epa) 111 1113 npOMblBHblX BOA nocne 
npOMblBKll1 OKC111AaTa . 

npoH3BOACTBO BblCWlllX >KlllpHblX 

cn111pTos. Cn111pTbl nonyYaKn oK111cneH111-
eM napacp111Ha (cppaKL\1115'1 275-320 °C). 
CoAep>KaH1t1e apoMarnYecK111x yrneBOAO
POAOB B HeM He ,o,on>KHO npeBblWaTb 
0,5%, 111Ha'-le npOL\eCC OKll1CneHll1H He 
111AeT. Ha1116onee np111eMneMblM CblpbeM 
HBnHeTCH cppaKL\1115'1 275-320 °C CUHmU

Ha·, TaK KaK OH He c0Aep>K111T apoMarn-

yecK111x yrneBOAOPOAOB. OK111cneH111e se
AYT np111 165-170 °C a30THO-K111cnopoAHOii1 
cMecblO, COAep>KaL11eii1 35% K111cnop0Aa. 
PacxoA OK111cnH10l1.lero ra3a cocrnsnH
eT 500-700 n Ha 1 Kr napacp111Ha s Yac. 
B np111cyTcTs111111 6opHoC1 K111cn0Tb1 o6pa-
3YIOL1.lll1ecH cn111pTbl AalOT 3cpll1pbl Tp111-
anK111n6opaTbl (R0)

3
B, T.e. L1enb oK111c

n111renbHblX npespaL11eH111il1 06pb1saeTCH 
Ha CTaA111111 o6pa3oBaHll1H cn111pTOB, '-leM 111 
AOCrnraeTCH ceneKrnBHOCTb npol\ecca. 
PacxoA 6opHoii1 K111cn0Tbl cocrnsnHeT 5% 
OT napacp111Ha; no,o,aJOT ee B peaK41110HHY10 
30HY B B111Ae cycneH31t1111 B yrneso,Qopo,o,ax. 

PeaKL\111!0 oK111cneH111H MO>KHO npeACTa
BlllTb ypaBHeH1118M: 

+~ +RH 
R - (CH )n - CH - CH -. R - (CH )n - CH - CH ---+ R - (CH )n - CH - CH 2 2 3 2 3 2 3 

3R - (CHz)n - CH - CH3 

I 
OH 

-3Hp 

npOL\8CC OKll1Cn8Hll1H npoTeKaeT 6e3 
pa3pb1Ba yrnepOAHOCi 4en111 , no3TOMy np111 
nony'-leHll1111 BblCOKOMoneKynHpHblX >K111p
HblX cn111pTOB MO>KHO 111cnonb30BaTb AnH 
oK111cneH111H MHrn111e napacp111Hbl, nonyYae
Mb1e np111 Aenapacp111H1113a4111111 A1113enbHblX 
rnnn111s. Ha npo4ecc oK111cneH111H , KaK 111 B 
cny'-lae OKll1CneHll1H ,0,0 Kll1CnOT, Bnll1H8T no
sepXHOCTb conp111KOCHOB8Hll1H ra3a-OKll1C
n111TenH c napacp111HoM, n03TOMY >Kena
TenbHO KaK MO>KHO 6onee Men KO AP06111Tb 
noTOK ra3a no C8'-18Hll1IO OK111cn111TenbHOii1 
KOnOHHbl. 

OK111cneH111e napacp111Ha B8AYT s KO
noHHe 2 (p111c. 3.28) B Te'-leH111e 34 '-I 
np111 165-170 °C. B KonoHHY 1113 eMKocrn 
1 noAalOT cycneH3111IO 6opHoil1 K111cn0Tbl 
B napacp111He, a TaK>Ke napacp111H 111 ra3-

I -ROH I 
OOH OH 

[
R - (CH2)n - f H - OJ B 

CH3 3 

OK111cn111rnnb (803,0,yx). 0TXO,O,Hl1.l1118 ra3bl 
yxOAHT Yepe3 o6paTHblC1 xonoA1t1nbH1t1K 
3, rAe KOHA8HC111py10TCH YHOC111Mbl8 ra-
30M Kann111 napacp111Ha. no OKOH'-laHll1111 
OKll1CneHll1H OKC111AaT nocTynaeT B OTCTOC1-
H111K 4, rAe OTCTall1BaeTCH 11136blTOK 6opHoii1 
KlllCnOTbl ; OCTanbHYIO Kll1CnOTY OTcpll1nbT
pOBblBalOT Ha HYTY-cp111nbTpe 5. B Ky6e 6 
OTrOHHIOT He BCTyn111sw111il1 B p8KL\111IO na
pacp111H , KOTOpb1C1 nocne 3aL11enal.f1t1Ba
Hll1H B annapare 8, He06XOA111MOro ,o,nH 
OCB060)f(,[\8Hll1H OT Kll1CnOT, B03Bpal1.lalOT 
B npo4ecc. 6opaTbl OMblnHIOT cHaYana 
BOAoiil s annapaTe 9, a 3areM L11eno'-lb10 
B annapare 10 np111 110 °C. nocne 3TOro 
s Ky6e 11 OT OMb1neHHoro npOAYKTa oTro
HHIOT cn111pTbl np111 OCTaTO'-IHOM AaBn8Hll1111 
665 na AO 185 °C, a 3aTeM npOAOn>KalOT 

* C1'1HTV1H - CMecb napacj:>l'1HOBblX yrneeo.Qopo.Qoe , nonyYeHHblX Cl'1HTe30M 1'13 CO l'1 H
2

• 



neperOHKy c BO,Qf!HblM napoM ,QO 275 °C 

npll1 OCTaTOYHOM ,QaBn8Hll1111 266 na. rny6111-

Ha OKll1Cn8Hll1fl COCTaBnfleT 35-40%. nony

Y88Mbl8 Cm'1pTbl Ha 80% COCTOflT 1113 BTO-

IlapaqmH 

0TXOJl>III1He 
ra3hI 

147 

p111YHblX 11130MepoB. [113 1 T C111HTlt1Ha MO}f(HO 

nonyYll1Tb 670 Kr }f(111pHblX cn111pTOB, 115 Kr 

BblCWll1X }f(ltlpHblX Kll1CnOT 111 124 Kr H1113KO

MoneKynflpHblX npo,QyKTOB OK111CneHltlfl . 

P111c. 3.28. TexHonoaulfeCKaR cxeMa nonylfeHUR Bbtcwux )KLJpHbtX cnupmoa: 
1 - eMKOCmb; 2 - OKUcnumenbH8R KOflOHHa; 3 - o6pamHb/U XOflOOUflbHUK; 4 - omcmouHuK; 

5 - Hymlf-</JUn&mp; 6, 11 - Ky6bt c KOflOHHaMu; 7, 13 - BaKyyM-npueMHUKU; 
8, 9, 10 - annapam&t c MewanKaMu; 12 - KOHOeHcamop-xonooun&HUK 

3.4.2. OKucneHue u,uKnoanKaHoe 

CaMblM B8}f(HblM npo1..1eccoM 0K111cne

H1t1fl HacpTeHOB flBnfl8TCfl OK111cneH111e L\ltlKnO

reKcaHa B LllllKnOreKcaHOH 111 a,Qll1nll1HOBYIO 

Kll1GnOTY. AA111n111H0By10 K111cnoTY nonyYalOT 

OOH 

0-0 

OK1t1cneH1t1eM LllilKnOreKcaHa B O.QHY 111n111 ,QBe 

CTYneH111. BHaYane nonyYalOT 1..1111KnoreKca

HOn 111 1..1111KnoreKcaHOH, 3aTeM nocne,qH111e 

OKll1CnfllOT B a,q111n111HOBYIO KltlGnOTY: 

0 
II 

OH 

~ 
CH2-CHrCOOH 
I 

CHrCHi-COOH 

/ 



i .M '. 

l_\111KnoreKcaHOH s:rnm1eTCH CblpbeM AnH 

nony1.1eH111H KanponaKTaMa, 1113 KOTOporo 

np01113BOA111TCH non111aMll1AHOe BOnOKHO 

KanpOH. vfa 8A111nll1HOBO~ Kll1CnOTbl 111 reK

C8MentneH,Q1118Mll1H8 np01113BO,QHT ,Qpyroe 

1..18HHOe non111aMll1,QHOe BOnOKHO - He~nOH: 

.. ( -HN-(CH2)s-CO-]n 
Ka!lpOH 

CHi-CHi-C=O 
I 
NH---• 

I 
CHi-CHi-CH2 
KanporraKTaM 

HOOC-(CH2kCOOH + H2N-(CH2)6-NH2 ~ 
~ [-HN-(CH2)6-NHOC-(CH2)4-CO-) 

HeHJIOH 

MexaHll13M oK111cneH111H 1..1111rnoreK-

caHa B03AYXOM B >Kll1,QKO~ cpa3e (np111 

Han1111.1111111 1110HOB Ko6anbrn B pacrnope) 

MO>KeT 6b1Tb npe,QCTaBneH B B111A8 no

cne,QOBaTenbHOCTIA cneAYIOLI..\111X peaK-

1..1111~: 

o6pa30B8HHbll1 npoMOTOpOM 

cso60.QHb1l1 pa.Q111Kan R· 

CeH12 ·CeH11 + RH 
•CeH11 + 02-> C6H1100• 

C6H11
00• + C

6
H12 -> C

6
H11 00H + •C

6
H11 

C6H 11 OOH + Co3+ -> C6H 11 00• + H+ + Co2+ 

C6H 11 00H + Co2+-> C6H 11 0• +HO-+ Co3+ 

C6H 11 0• + C6H 12 -> C6H11 0H + •C6H 11 

.1:1111cnponop1..11110H111posaH111e 

2C6H 11 00• ~ 2C6H 11 0• --

-02 

B 6onbWll1HCTBe cny1.1aes a,Q111n111Ho

By10 K111cn0Ty nony1.1a10T B ABe CTaA111111. 
nepB851 - OKll1CneH111e 1..1111KnoreKC8H8 B l.1111-

KnoreKC8HOn 111 1..1111KnoreKC8HOH B03AYXOM 
B ra30>K111AKOCTHO~ Cll1CTeMe np111 35 aTM. 111 
120-130 °C B np111cyTCTBll1ll1 pacrnop111Mb1X 

HacpTeHarns 111 crnaparns non111saneHT

HblX Mernnnos (Co, Mn, Cu, Fe, Cr) . .Qn5i 
11136e>KaH111H o6pa30BaH111H no6o'-IHblX npo

AYKTOB (cn111prns, anb,Qer1t1,QOB, KeTOHOB 
111 Kll1CnOT c M8HbWll1M, '-leM B Cblpbe, '-1111C

noM aTOMOB yrnepOAa. cno>KHblX 3QJll1POB 



111 ,Qp.) peaKL\111!0 np080,QHT np111 He6onb
Wll1X crnneHHX KOH8epc111111(10-25%)111111H

TeHCll18HOl::i peL\111pKynHL\111111 L\111KnoreKca
Ha. BblXOA L\111KnoreKcaHoHa .QOXO.Q111T .QO 
60-65%. 

l...l111KnoreKCaHOH MO)f(HO 8bl,Qenll1Tb 1113 
npo.QyKT08 peaKL\111111 (nocne np0Mbl8K111 111 
w,enoYHOro r1t1,Qpon1113a K111cnor 111 cno)f(

HblX 3QJ111p08) a3eOTpOnHol1 neperOHK011, 
3KCTpaKL\111811 80,QOl1 111n111 Yepe3 era 6111-
cynbQJll1THOe npOll1380,QHOe. 

.QnH 8TOporo 3Tana - OKll1CneHll1H 8 
a,Q111n111H08YIO Kll1CnOTY - 111cnonb3YIOT Yll1C
TYIO cMeCb L\111KnoreKcaHoHa 111 L\111Kno
reKcaHona. Cyw,ecTByeT Henpepb18Hb1l1 
M8TO,Q 8bl,QeneHll1H, HaWe,QWll111 np111Me-

HeH111e 8 npOMblWneHHOCTlt1 : np111 80 °C 111 
8peMeHll1 KOHTaKra 5 Mll1H . CM8Cb o6pa6a
Tbl8alOT 50-60%-Hol1 a30THOl1 Kll1Cnornl1; 
KaTan1113arnp cocrn111r 1113 conel1 Me,Q111 111 
8aHa,Q111H. Beco8oe coornoweH111e HN0

3 

(8 nepecYeTe Ha 100%-HYIO) 111 OKll1CnHe
MOl1 CM8Cll1 COCTa8nHeT 2,56 . 

Bb1,QeneH111e a,Q111n111Ho8ol1 K111cnorb1 1113 
npo.QyKT08 peaKL\111111 rpe6yer y.QaneH111H 
0K111cno8 a30Ta, YTO ,QocrnraeTCH npo

.Qy8aH111eM rOpHYero 803,Qyxa (90 °C), 111 
neryYll1X npo,QyKT08 OKll1Cn8Hll1H Hll13Wll1X 
)f(111pHblX Kll1CnoT (neperoHKOl1 c 80,QH
HblM napoM 111 ynap1118aH111eM OCTaTOYHOl1 
80,Qbl, 1113 KOTOpol1 Kp111crann1113yeTCH a,Q111-
n111H08aH K111cnora). 

3.4.3. OKucneHue anKeHOB 

V13 MHOroY111cneHHblX peaKL\11111 OKll1C
neHll1H onetj:>111H08 K111cnopo,QoM np111Me
HeH111e 8 npOMb1WneHHOCTlt1 Hawn111 nll1Wb 
HeMHorne: npHMOe oK111cneH111e 3rnneHa 8 
OKll1Cb 3rnneHa, npon111neHa - 8 aKpone111H 
111 H-6yreH08 - 8 Mane111H08bli:1 aHr1t1,Qpll1,Q. 
0,QHaKo nocne,QHee 1113 Ha38aHHblX npo1113-
BO.QCT8 COKpaw,aeTCH, TaK KaK Mane111H0-
8bll1 aHr1t1APll1A 6onee 8blf0.QHO nonyYaTb 
1113 6eH3ona. 

0CH08HblMll1 rnnaMll1 peaKL\111111 OKll1C
neHll1H onetj:>111H08 H8nHIOTCH : 1) peaK-

3Tll1 rnnbl npe8paw,eHll1H He H8nHIOTCH 
8,Q111HCTB8HHO B03MO)f(HblM111. B 388111Cll1MO
CT1t1 OT ycno8111!:1 npoL\ecca MOryT 111MeTb 
Mecrn 111 .Qpyrne npe8paw,eH111H, np11180.QH-

L\111111 np111coe,Qll1H8Hll1H no ,Q80l1HOl1 C8H3111 ; 

2) peaKL\111111 3aMew,eH111H y arnMa yrne

po,Qa 8 ann111nbHOM nono)f(eH111111 (r.e. y 

arnMa, Haxo,QHw,erocH 8 a-nono)f(eH111111 K 

,Q80l1HOl1 C8H3111). 

np111MepOM nep80f0 rnna OKll1CneHll1H 

HBnHeTCH o6pa308aH111e OK111Cll1 3Tlt1ne

Ha np111 oK111cneH111111 3rnneHa, a 8TOpo

ro T111na - o6pa308aH111e aKpone111Ha np111 

oK111cneH111111 npon111neHa: 

H-C - CH=CH2 + Hp 

II 
0 

(11) 

w,111e K o6pa30BaH11110 pa3nll14HblX no6oY
HblX npo,QyKT08. 

OKMCneHMe 3TMneHa B OKMCb 3TM
neHa [peaKL\111H (11 )] 8 HacrnHw,ee 8peMH 



s:ism1ercs:1 OCHOBHblM MeTO,D,OM npm13-

BO,D,CTB8 OKVICVI 3TVlneHa. PeaKUVls:! npo

TeKaeT B npV1cyTCTBV1V1 Merannw-1ecKoro 

cepe6pa . 3HaYeHVle arnro npouecca p,ns:i 

XVIMVIYSCKOl1 npOMblWneHHOCTVI onpe

p,ens:ieTCs:! MHoroo6pa3VISM npop,yKTOB, 

CH pH 
I 

CH20H 
rm1Konb 

nonyYaeMblX Vl3 OKVICVI 3rnneHa (CM. HVl

>1<enpV1Be,D,eHHYIO cxeMy). KpoMe rnro, 

MSTO,D, nps:iMoro OKVICneHVls:! 3rnneHa VIMe

eT ps:ip, npeVIMYL!ISCTB nepep, p,pyrnM npo

Mb1wneHHblM cnoco6oM nonyYeHVls:! OKVl

CVI 3rnneHa Yepe3 arnneHxnoprn,QpVIH. 

CHO 

I 
CHO 

rm10Kcanb 

HO- CH2 - CH2 - [0- CH2 - CH2 - ln- 0- CH2 - CH2 - OH 
non111anmeHrn111Konb 

HCN 

HO- CH2 -CH2 - 0- C2H5 

arnnrn111Konb (L..\enno3onbe) 

HO- CH2 - CH2 - O-CH2 - CH2 - OC2H5 

arnmap6111ron 

C18H3p(CH2 - CHP)x - CH2 - CHpH 
aMynbrarop (aMynbcpop) 

NC - CH2 - CH pH --+ CH2 = CH - CN 

N(CH2 - CHpHJ3 

Tp1113TaHOnaMVIH 

-H20 aKplllnOHVITpllln 

'---• HS - CH2 - CH20H -.. HOOC - CH - CH2 - CH2 - S - CH3 

I 

nps:!MOS OKVICnSHVIS 3TlllneHa 06blYHO 

npOV13BO.Qs:!T npVI 200-300 °C, nponycKas:i 

ero B CMSCVI c ra38MVI, co,qep>K8L1.IVIMVI 

MoneKyns:ipHbll1 KVlcnopo,Q, Ha,Q KaranVI-

NH2 

MeTVIOHVIH 

38TOpOM - cepe6pOM Ha HOCVITene. npVI 

3TOM O,QHOBpSMSHHO npoTeKalOT ,QBe oc

HOBHblS peaKUVIVI: peaKUVlfl HenonHoro 

OKVICneHVls:! 3rnneHa B OKVICb'. 

C2H4 + Yi 0
2 

--> CH2CH2 t:.H = -35 KKan 

\ I 
0 

VI nonHoe C>KVlr8HVIS arnneHa B C0
2 

VI H
2
0: 

C2H4 + 30
2

--> 2C0
2 

+ 2H
2
0 t:.H = -316 KKan 



OcHOBHoill TPYAHOCTbfO np111 ocyw,ecrn
neH111111 npm-1ecca HBm1eTCH ycrnHosne
H111e TaKll1X pa60Yll1X ycnos111ill, np111 KOTO
pblX COOTHOWeH111e M8)f{,D,y CKOPOCHIM111 
3Tlt1X ,D,Byx 3K30TepMll1YHblX peaKl..\111111 6bin0 
6bl 3KOHOMll1Y8CKll1 Bblro,D,HblM. 

,QpyraH Tpy,o,HocTb cocT0111T so B3pb1-
soonacHocrn peaKL.\1110HHblX cMeceill; co
crnB lt1CXO,D,HOro ra3a ,D,On)f{eH HaXO,D,111Tb
CH 3a npe,o,enaM111 B3pb1saeMocT111 CMeceill 
3rnneHa c B03AYXOM (K111cnopop,0M) . 3TO 
03HaYaeT, YTO KOHL.\8HTpal.\lt1H 3Tlt1neHa He 
AOn)f{Ha npesb1waTb 5 06. %. 

OK111cneH111e, KaK npas111no, nposo,o,m 
no,o, aTMoccpepHblM AaBneH111eM . Pa6oYaH 
TeMnepaTypa B npep,enax 260-290 °C. 
CrnneHb npespaw,eH111H 3rnneHa 3a OA111H 
npOXOA COCTaBnHeT 40-50%. 06w,111ill Bbl
XO,D, 0Klt1Cll1 3Tlt1neHa, CYll1TaH Ha npespa
w,eHHblill 3rnneH, M0)f{8T Kone6aTbCH OT 
50 ,D,O 65%. 

npOMblWneHHble YCTaHOBKlt1 pa6oTa
fOT o6blYHO Ha 3Tlt1neHB03,D,YWHOill CMe
C111, COAep)f{aw,eill 45% 3rnneHa, np111 
200-240 °C, aTMoccpepHOM AaBneH111111, 
speMeH1t1 KOHTaKTa 15 c. Karnn1t13aTO-

poM cny)f{111T MeTann111YecKoe cepe6po Ha 
neM3e. 

PeaKl..\111111 nposo,o,HT B 3Man111posaHHb1x 
annaparnx. ra3006pa3Hb1e npop,yKTbl 
peaKl..\111111 cop,ep)f{aT 2% 0K1t1C1t1 3rnneHa. 
8b1xop, OK111c111 3rnneHa paseH 50% OT 
Kon111YeCTBa 3rnneHa, npespaw,eHHoro s 
npOAYKTbl OK111cneH111H . ,QnH TOro YT06bl 
ysen111Y111Tb Bb1xop,, nop,as111s nonHoe OK111c
neH111e, np111MeHHfOT neTyY1t1e 111Hrlt16111TO
pbl oK111cneH111H, Hanp111Mep, p,111xnop3TaH, 
xnop111cTblill 3rnn 111 TeTpa3rnncs111Hel.\ . 

lt13-3a He06XOA111MOCTlt1 TOYHOro nop,
p,ep)f{aHll1H TeMnepaTypb1, a TaK)f{e npo-
6neMbl ornop,a Tenna, 111cnonb3YfOTCH 
MHoroTpy6YaTb1e peaKTOpbl. B ycosep
weHCTBOBaHHblX npol.\eccax 111cnonb3YfOT 
ABa nocnep,osarnnbHblX peaKTOpa (p111c . 
3.29); B nepBOM nop,sepraeTCH KOHBep
Cll1111 Ha1116onbwaH YaCTb 3rnneHa, so 
BTOpOM OKll1CnHeTCH OCTaBWll1illCH (25%) 
B peaKL.\1110HHblX ra3ax 3Tlt1neH. np111 3TOM 
yp,aeTCH AOCT1t1Yb BblXO/],a OKll1Cll1 3rnneHa 
64%, s TO speMH KaK np111 nposep,eH111111 
npOL.\8CCa B O/J,HOM peaKTOpe BblXOA co
CTaBnHeT OKOnO 56%. 

P111c. 3.29. CxeMa ycmaHOBKU oKucneHuR 3muneHa e nceeaoo)KLJ)KeHHOM cnoe 
Kamanu3amopa: 1, 5- peaKmopbl nepeoi1 u emopoi1 cmyneHei1 coomeemcmeeHHo; 

2, 6 - xonoaunbHUKu; 3, 7 - a6cop6epbl nepeoi1 u emopoi1 cmyneHei1 coomeemcmeeHHo; 
4 - KoMnpeccop; 8 - mennoo6MeHHuK; 9 - omeoHHaR KonoHHa; 10, 12 - aecf:me2Mamopb1; 

11, 14 - peKmucjJuKau,uoHH!:>Je KonoHHb1; 13- KUnRmunbHUK; I- ca3; II- nap 



OK111Cb 3rnneHa 8bl,Qern:uor 1113 ra3090~ 
CMec111 npo,QyKT08 peaKL.\111111 OTMbl8KO~ 80-
,QO~ no,Q HOpManbHblM 111n111 n08blWeHHblM 
,Qa8neH111eM; nocne neperoHK111 80.QHoro 
pacr8opa nonyYator OKll1Cb 3rnneHa 8bl
coKo~ creneH111 OYll1CTK111. 

npovtJBO,QCTBO a1<ponevtHa. AKpone-
111H CH2 = CH - CHO 111cnonb3YtoT 8 npo1113-
80.QCT8e ann111no9oro cn111pra, aKp111no
H111rp111na, rn111L1ep111Ha 111 .Qpyrnx npo.QyK
T08 . OK111cneH111eM aKpone111Ha MO>KHO 
nonyY111Tb aKp111no8yto K111cnory, a r111,Qp111-
po8aH111eM - npon1110H08b1~ anb,Qern,Q 111n111 
H-npon111n08bl~ cn111pT. AKpone111H 111cnonb-
3YtoT 8 Cll1HTe3e 111HCeKTli1l.\111,QOB 111 Xll1Mll1KO
cj:JapMaL1e8rnYeCKll1X npenaparn8. Ha ero 
OCH08e nonyYatoT 3HaY111TenbHOe KOn111Ye
CTBO MernoH111Ha CH

3 
- S - CH

2 
- CH

2 
-

CHNH2 - COOH, .Q06a8ns:ieMoro 8 KOpM 
.QOMaWHe~ nrnl.\bl 8 KaYecrne crnMyns:i
rnpa ee poem. Ho ocH08HblM Hanpa9ne
H111eM 111cnonb30BaH111s:i aKpone111Ha, O.QHa
KO, s:i9ns:iercs:i c111HTe3 rn111L1ep111Ha . 

0cH08HO~ npOMb1wneHHbl~ MeTO.Q 
npoll1380.QCTBa aKpone111Ha - ra3ocpa3Hoe 
Karan111T111LJecKoe oK111cneH111e npon111neHa: 

+O 
CH3 - CH = CH2 H O ~ CH2 = CH - CHO 

2 

CbipbeM s:i9ns:iercs:i npon111neH, oLJ111-
ll.leHHbl~ OT cepH111CTblX coe,Q111HeH111~ 111 
.Qpyr111x onecj:J111Ho8. Mo>KHO np111MeHs:JTb 
111 OYV1ll.leHHyto nponaH-npon111neH08yto 
cj:JpaKL.\111to. OK111cn111reneM cny>K111T 803.Qyx 
111n111 K111cnopo.Q, pa36a8neHHbl~ a3oToM 
111nll1 80,Qs:!HblM napOM. no60YHO o6pa3y
IOTCs:l OKCll1.Qbl yrnepo,Qa, cj:JopManb.Qern,Q, 
aL1eTanb,Qer111.Q, opraH111LJecK111e K111cnorb1 111 
non111Mepb1. Karan1113arnpaM111 npol.\ecca 
s:lBfls:llOTCs:l 3aKll1Cb 111 OKCll1,Q Me,[\111 Ha HOCll1-
rene (Kap6111.Q KpeMH111s:i, KepaM111Ka, neM-
3a, OKC111,Q antoMll1H111s:l), npOMOTOpbl - ~O,Q 

111 ceneH. TeMneparypa npoL1ecca - 350-
400 °C, ,Qa8neH111e - ,QO 1 Mna, 8peMs:i 
KOHTaKTa - 0,22 c. Ha1116onbWll1~ 8blXO,Q 
aKpone111Ha ,QocrnrHyT Ha Karan1113arnpax 

raKOro cocra9a: 0,25% Me,Q111 Ha neM3e 
111n111 0, 1 % Me.Q111 Ha Kap6opyH.Qe. 

,Qns:i no,Qa8neH111s:i nonHoro 0K111cne
H111s:i npon111neHa 8e.QyT npol.\ecc np111 He
.QOCTaTKe K111cnopo.Qa 111 Mano~ creneH111 
KOH8epc111111. 06beMHOe COOTHOWeHVle 
npon111neHa 111 K111cnopo,Qa pa8HO (3 + 4) : 1, 
a npon111neHa 111 803.Qyxa - 1 : (0,75 + 1,0). 
Kon111LJecrno 80.Qs:JHoro napa cocrasns:i
er 2,53 o6beMa Ha 1 o6beM npon111ne
Ha . Bo.Qs:iHo~ nap cH111>Kaer 8blXO.Q no
n111Mepo8. np111 n08blWeHll1111 ,Qa8neHll1s:l 
y0en11141119aercs:i npo111380.Q111TenbHOCTb Ka
ran1113arnpa, yMeHbwaercs:i o6beM ra300, 
o6nerYaerrn 8bl,QeneH111e Henpopearnpo-
9a0wero npon111neHa. 

Vl3 peaKL.\1110HHblX ra308, KOTOpble no,Q-
8epratoT «3aKanKe» 00,Qo~. 11138neKator 
aKpone111H 00,Qo~ np111 1,8 Mna; np111 3TOM 
KOHL1eHTpaL1111s:i ero 0 80.QHOM pacr0ope 
cocra0ns:ier 1,7% (Mace.). 

np111 pa3,QeneHll1111 KOHTaKTHOro ra3a 
8HaLJane orroHs:itor nernoneryLJ111e 0e
ll.lecrna 8Mecre c aKpone111HOM. 3areM 
aKpone111H-cb1peL1 neperoHs:itoT 8 np111cyr
cr0111111 rn,Qpox111H0Ha (111Hrn6111rnp non111-
Mep1113aL1111111), npe,Q0ap111renbHO y.Qan1110 
1113 pacrnopa K111cnopo.Q nyreM KpaTKo-
9peMeHHOro (3 Mll1H.) Harpe8aHvis:i np111 
pH 6-7. OrnrHaHHbl~ aKpone111H-Cb1peL1 
co,Qep>K111T 80-90% (Mace.) aKpone111Ha, 
3-10% (Mace.) aL1eranb,Qern,Qa, 2,4-6,0% 
(Mace.) 80.Qbl , 0,5-3% (Mace.) npon1110Ho-
9oro anb,Qer111,Qa , 2-5% (Mace.) aL1eTOHa 111 
1-2% (Mace.) non111Mepo0. Al.\eTanb,Qern,Q 
nerKo orroHs:itoT peKrncj:J111KaL1111e~ . Bcne.Q
cr0111e 6n1113ocrn reMneparyp K111neH1i1s:i 
aKponeVIHa (52,5 °C) 111 npOnll10H080rQ 
anb.Qer111,Qa (49 °C) .Qns:i 0b1,QeneH1i1s:i LJ111c
rnro aKpone111Ha npo8o,Qm 3KcrpaKrn8-
Hyto ,Q111Crnnns:ll.\VllO 8 np111cyTCTBll1V1 80,Qbl. 
B ornapHo~ KonoHHe 8bl.Qens:itoT 99,4%
Hbl~ aKpone111H . 

PeaKTOpb1 oK111cneH111s:i npon111neHa 
VIMetoT pa3nll1LJHYto KOHCTPYKL.\111to: co cra
l.\VIOHapHblM cnoeM, c 80CXO.Qs:lll.IV1M no
TOKOM Karan1113arnpa, rpy6LJaTble (0 Me>K
rpy6HOM npocrpaHcrne l.\V1pKyn111pyer 



rennoHOCVITenb). B p8aKrnpax c socxo

,QHW,VIM nOTOKOM KaTanVl3aTOpa cren8Hb 

KOHB8pCVIVI nponV1n8Ha 3a O,QVIH npoxo,q 

COCTaBnH8T 50%; BblXO,Q aKpOn8VIHa -

npVIM8pHO 70%, CYVITaH Ha nponV1n8H. 

VlM8fOTCH CX8Mbl c ,QBYMH p8aKTOpaMVI 

co CTaL.\VIOHapHblM cn08M pa3HblX KaTa

nVl3aTOpOB (s n8pBOM annapare - OKCVl,Q 

M8,QVI, BO BTOpOM - MOnVl6,QaT BVICMyra). 

Ha srnpoii1 crn,QVIVI ycnOBVIH 6on88 )1{8CT

KVl8 (400-475 °C). Ha 068VIX CTa,QVIHX B 

KaTanVl3aTOp BBO,QHT npOMOTOpbl (rano

r8HVl,Qbl MblWbHKa, c8n8Ha, rennypa). 

BblXO,Q aKpOn8VIHa COCTaBnH8T 70%, CYVl

TaH Ha nponVln8H, CT8n8Hb KOHB8pCVIVI 

Kornporo ,qocrnra8T 95%. 

3.4.4. OKucneHue apoMamuL/ecKux yznesodopodos 

ApoMarnY8CKVl8 yrn8so,qopo,qb1 s ra-

3osoi:1 cpa38 OKVICnHfOTCH MOn8KynHpHblM 

KVICnopO,QOM (683 KaTanV13aTopa) XY)l{8 

napacpVIHOB VI On8cpVIHOB, YTO CBH3aHO c 

VIX 6on88 BblCOKOii1 CTa6VlnbHOCTbfO. CKO

pOCTb OKVICn8HVIH B03paCTa8T c MOn8KY

nHpHblM B8COM, a TaK)l{8 KOnVIY8CTBOM 

VI ,QnVIHOii1 anKVlnbHblX L.\8n8i:1, CBH3aH

HblX c apoMaTVIY8CKVIM H,QpOM. BHaYan8 

OKVICnHfOTCH 60KOBbl8 L.\8nVI B ycnOBVIHX, 

aHanorVIYHblX OKVICn8HVlfO napacpVIHOB. 

B 6on88 >K8CTKVIX ycnoBVIHX npoVlcxo

,QVIT pa3pb1B L.\8nVI y arnMa yrn8po,qa s 

a-nono>K8HVIVI K apoMaTVIY8CKOMY H,Qpy 

VI o6pa3yfOTCH apoMaTVIY8CKVl8 KVICno

Tbl. ATOMbl yrn8po,qa s apoMaTVIY8CKOM 

H,Qp8 OKVICnHfOTCH, KaK npaBVlnO, H8no

Cp8,QCTB8HHO nocn8 OKVICn8HVIH anKVlnb

HblX L.\8n8i:1. nonVIL.\VIKnVIY8CKVl8 apOMa

TVIY8CKVl8 yrn8BO,QOpO,Qbl OKVICnHfOTCH 

B 6on88 n8rKVIX ycnOBVIHX, Y8M MOHO

L.\VIKnVIY8CKVl8 VlnVI nonVIL.\VIKnVIY8CKVl8 c 

M8HbWVIM YVICnOM KOH,Q8HCVlpOBaHHblX 

KOn8L.\ (HanpVIM8p, HacpranVIH OKVICnH-

8TCH n8rY8 68H3ona, aHTpaL.\8H - n8rY8 

HacpranV1Ha). 

Cyw,8CTBY8T pH,Q sa>KHblX npOMblW

n8HHblX npOL.\8CCOB OKVICn8HVIH apo

MaTVIY8CKVIX yrn8so,qopo,qos. Cp8,QVI 

HVIX - nonyY8HVl8 68H30ii1Horo anb,Q8rvi,Qa 

OKV1Cn8HV18M rnnyona, cprnn8soro aHrvi,Q

pV1,qa VI cpran8BOii1 KVICnOTbl OKVICn8HVl8M 

oprnKcV1nona VlnVI HacpranV1Ha, Vl30- VI re

p8cprnnesb1x KVICnOT OKVICn8HVl8M M8Ta

VI napaKcV1nonos, cp8Hona VI aL.\8TOHa 

OKV1Cn8HV18M V13onponV1n68H3ona. 

B ra6n. 3.7 npVIB8,Q8Hbl ycnoBVIH oc

HOBHblX npOMblWneHHblX npOL.\8CCOB OKVIC

n8HVIH apoMaTVIY8CKVIX yrn8BO,QOpO,QOB. 

npo1..1ecc OKVICfleHVIH VIJOnpon11n-
6eHJOfla (KyMona). 3rnM npOL.\8CCOM 

nonyYafOT B HaCTOHW,88 Bp8MH no,qas

nHfOW,YfO YaCTb CVIHTeTVIY8CKOro cp8HOna; 

O,QHOBp8M8HHO nonyYafOT al.\8TOH. 

CKOpOCTb OKVICn8HVIH KyMona KVlcno

po,o,oM B CVICTeM8 ra3 - >KVl,QKOCTb ,QOCTa

TOYHO B8nVIKa, ,Qa>K8 683 VIHVIL.\VlaTOpOB, 

6naro,qapH BblCOKOii1 p8aKL.\VIOHHOii1 cno

co6HOCTVI aTOMOB BO,QOpo,qa, CBH3aHHblX 

c Tp8TVIYHblMVI aTOMaMVI yrn8po,qa, pac

nonO>K8HHblMVI B a-nonO>K8HVIVI K apoMa

TVIY8CKOMY KOnbL.\Y: 

CH
3 

CH
3 

I 02 I 
C

6
H

5 
- CH ---. C

6
H

5 
- C - 0 - 0 - H t:,.H = -15,2 KKan/MOnb 

I 1 00-130 °c I 
CH

3 
CH

3 

3ra p8aKL.\VIH o6na,qa8T BC8MVI xapaK

repHblMVI oco68HHOCrnMVI aBTOOKVICn8-

HVIH, nporeKafOW,8ro no pa,QVIKanbHOMY 

M8XaHVl3MY c OTHOCVIT8nbHO 6onbWVIM 

n8pV10,QOM VIH,QYKL.\VIVI VI 683 npOMOTO

poB. 
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K1.1c110THb1l1 rnApo111.13 rnAponepeK1.1c1.1 
1.13onpon1.1116eH3011a s Ms:irK1.1x yc11001.1s:ix 

np!.1BOAl.1T K ee pacnaAy B OCHOBHOM Ha 
cpeHon 1.1 a1..1ernH : 

CH
3 

H2S04 , 10% I 
C

6
H

5
-C-OOH ---1111• C

6
H

5
0H + CH

3
COCH

3 

I 
CH

3 

r1.1Ap0111.13 06blYHO OCyll.leCTBJls:llOT C 
noMOLl.lblO pa36as11eHHol1 cepHol1 K1.1c-
110Tbl. KpoMe OCHOBHblX npOAYKTOB 
(cpeHOJl , a1..1ernH), nonyTHO 06pa3yiorcs:i 
a1..1erncpeHoH, a-Mern11crnpo11 1.1 Bb1cw1.1e 
cpeHOJlbl. 

HblX COOTHOWeH1.1il1 Me>K,Qy creneHblO 
KOHBepc1.11.1 Cblpbs:! 1.1 BblXOAOM r!.1Apone
peKl.1Cl.1 B CT8Al.11.1 OKl.1CJleHl.1s:I , c OAHOill 
CTOpOHbl , 1.1 Me>K,Qy KOHBepc1.1el1 rl.1APO
nepeKl.1Cl.1 1.1 BblXOAOM cpeHOJla 1.1 a1..1ernHa 
np1.1 rnApo111.13e, c Apyroill. 

OcHOBHas:i TPYAHOCTb np1.1 ocyll.lecrn-
11eH1.11.1 3Toro npo1..1ecca - coxpaHeH1.1e 
s npoMb1w11eHHblX yc11os1.1s:ix onrnMallb-

r1.1Ap0111.13 r1.1AponepeKl.1Cl.1 KYMOJla 
npornKaer s >Kl.1AKOl1 cpa3e no Kap60H1.1l1-
1.10HHOMY MexaHl.13My: 

CH
3 

CH
3 

I +H+ I 
C6H5 -C-O-O-H--• C6H5C-Q-Q+-H ---

1 I I Hp 
CH

3 
CH

3 
H 

CH3 CH3 

I Hp I 

CH
3 

I C
6

H
5

-c-o+ __ _ 

I 
CH

3 

~ C6H5 -0-c+-~• C6
H

5
0-C-OH --•C

6
H

5
-0H+ CH

3
-CO-CH3 

I H+ I 
CH

3 
CH

3 

r1.1AponepeKl'1Cb KYMOJla MO>KeT TaK>Ke pa311araTbCs:I no CJleAYIOLl.ll'1M cxeMaM: 

CH3 

I 
C

6
H

5 
- C - 0 - 0 - H 

I 
CH

3 

C6H5CO - CH3 + CHpH 
81.\eTOcj)eHOH 

CH
3 

I 
C

6
H

5 
- C - OH + % 0 2 

I 
CH

3 

¢eHLilflALllMernI1Kap6L11HOII 
C

6
H

5 
- C = CH

2 
+ H

2
0 + % 0

2 

I 
CH

3 

a-Mernncrnpon 



Ycnoei.u1 npOMb1wneHHblX npo4eccoe OK111cneHi.u1 apoMaTH'!ecKHX yrneeoAOPOAOB 

YrneBOAOPOA Cl>a30BaR npo1.1ecc KaTanM3aTop Are HT Aaene- TeMne- BpeMR npOAYKTbl KonM'lecTeeH-
CMCTeMa (npOMOTop) OKMcneHMR HMe, aTM. paTypa, KOHTaKTa, peaKl.IMM Hb1e xapaKTepM-

•c ceK. CTMKM npo1.1ecca 

C6H6 raa - )1(11,QKOCTb Henpepb10- Lj'1KilOreKCaH, 803.QYX (o6beM- 50-70 400-500 20-30 <l>eHon , .Q11cjJeH11n, CrnneHb KOH8ep-
Hbl~ onecjJ>1H08b1e Hoe COOTHOWe- rnpcjJeH11nb1 1-1 .Qpyrne c111-1 0 cjJeHon 

1-1 napacjJ11Ho- Hl1e 803.QYX K>1cnopo.Qco.Qep)Ka- 4-5% ; 8blXOA 
8ble yrne80AO- : C

6
H

6 
"'1,2 : 1,5) 

po.Qbl, 3cjJ'1pbl 
w11e npOAYKTbl, H,O 30-50% 

(0,5-1%) 

C
6
H

6 raa - To )Ke v,o,1-1m1 803.QYX 1 350-550 1-3 CH-CO'-.. CrnneHb KOH0epc1111 
TBep.Qoe rnno V20

5
Ha (o6beMHOe COOT- 11 /o. 8 Mane'1H08bli;; 

(rernporeHHbli;; A/20
3 HOWeH11e 803,Qyx: CH-CO aHrn.Qp11A 40-50%; 

Karnn11a) C6H,"' 25: 100) 8blXOA 60-80% 
6eHaox1-1HoH, CO, C0

2 

C6H,-CH3 
To )Ke )) v ,o,. 803,Qyx 1 420-450 0,2-0,7 C

6
H

5
CH=O, CrnneHb 

Mo,o , (o6beMHOe 290 C6H,-COOH, KOH8epc1111 
(BaHa,QaT COOTHOWeH>1e B 6eH30HHYIO 
onoea) 003.1:1yxe: C6H5CH3 CH-CO'-... Kl1GnOTY 50% 

= 40:120) II O,C0'1T. A 
CH-CO/ 

C6H,-CH3 raa - )1(11,QKOCTb - Crnrn4ecK11i;; Fe,0
3 K11cnopo.Q 50-60 235-305 - 8 OCHOBHOM -

TBep.Qoe rnno (HacjJTeHaT C
6
H

5
-CH=O;i 

(rernporeHHblH Ko6anbrn) C
6
H

6
-COOH 

Karnn11J) 

C6H5-C2H5 raa - )1(11,QKOCTb To )Ke HacjJTeHaTbl 80JAYX 4-5 115-120 - C6H,-CH-CH,. CrnneHb KOHeep-
Mernnnoe I Cl111 60%; BblXOA 

0-0H aljeTOcjJeHoHa 
C6H5-CH-CH,. 86% 

I 
OH 

C6H,-CO-CH,. 
C,H,-COOH 

CH3 raa - TBep.Qoe C Karnn1-1aarn v,o, 803.1:1yx 1 425 0,01-0,1 
/co"" 

CrnneHb KOHBeprn;i 

((CH
3 

Teno (rernporeH- poM 0 ·HenoA- Ha At,o, BO cjJrnneBblH 
Hb1i;i Karnn11a) 811)KHOM '1ml C,H, 0 8Hr'1AP11A 42-62%, 

I 0 ncee.Qoo)K11-
"'co/ 

B Mane11H08blH -
)KeHHOM cnoe 10% 

Ta6nuua 3.7 

npMMe'laHMR 

PeaynbTaTbl aa01-1-
CRT OT COOTHOWe-

H'1R no0epXHOCrn '1 
o6beMa peaKTOpa 

AaHHble npoMblW-
neHHblX npoljeCC08 

-

8 np11cyTcTe>111 
pacT8op11Moro HacjJ-

TeHarn Ko6anbrn 
peaKL1'1R >1.QeT np11 
14o·c 11 2-3 aTM. 

npoljeCC np11M8HR· 
IOT ,QnR nonyYeH'1R 
crnpona (Aern.Qpa-
Talj11ei;; cjJeH>1nMe-

nmKap61-1Hona) 

01 
CJl 



Ymeso.qopo.q c:J>a3osaH npo4ecc KaTanM3aTop AreHT Aas-
CMCTeMa (npOMOTOp) OKMCneHMH neHMe, 

aTM. 

ra3->Kll1A- nepHOAH49- Pacrsop1.1Mb1e KO- B03/WX 5 
KOCTb CKi.1~ 6anbTOBb1e con111 

Q 
(HacjlreHaTbl, 

onearb1) 

CJ£.i 

To>Ke To>Ke PacrsopMMble Bo3Ayx 14 

9 
conM Ko6anbra 
MflM MapraH ... a 

CH3 

To>Ke To>Ke ConH MapraH4a Bo3Ayx 15-30 
(1,1%) 

+ NH,Br(1%) 

lc~CH 3 - 3 

:>Ki.1,QKOCTb CT8TM48- - Ce pa 17-42 
CKL-lail (Ha 1 MOJlb 

C~CH 
KCMnona 

6 r-aTOM cepb1); 
3 - 3 HN0

3 
(Ha 1 MOJlb 

KCHJlOJla 2,4 
MOJ1bHN03) 

ra3- To>Ke - HNO, 20 
>Ki.1AKOCTb (25-40%-HaR) 

C~CH 3 - 3 

TeMnepa- BpeMH npOAYKTbl pe3KLIHH 
Typa °C KOHTaKTa, 

ceK. 

120-130 10-200 I. CH
3
-C

6
H, -COOH + no6o4Hble npOAYKTbl 

o, 
II. CH,-C,H,COOCH3 ---+ 

140 °C, 20 4 
_.--COOH 

_____.. c,H, -----coo;; 
11130¢Tanesar1 

KJ.1cnora 

CH-CO"-. 

~P-co/0 

130-140 10-20 I. n-CH,C,H,COOH 
30, 

II. CH,C,H,COOCH3 ~ 

_____.. CH / COOCH, 
6 

''-.. COOH 

MOHOM0T\.1fl0Bbliil 3cjJlt1p 
repe¢ranesoiil K1.1cnorb1 

200 /COOH /CH3 

C6H4 111C6H4 

'-.......cooH "'--cooH 

repcjlrnneeaR n-rony1t1noeaR 
Ki.1CflOT8 Ki.1CflOT8 

315-360 nocne uteno4Horo rn,Qpon1113a 

--COOH 

C,H, --COOH 

repe¢1Taneeari KMcnoTa 

200-230 I. CH
3
-C

6
H,-COOH 

n-ronyl-1nOB8R KJ.1Cfl0T8 
11. CH

3
-C

6
H,COOH _____.. 

_,.,,-cooH 
_____.. C,H, --....._ COOH 

repe¢raneeaR KMcnora 

KonM40CTBeHHble 
xapaKTepMCTMKM 

npo.._ecca 

CreneHb KOHsep-
CMM 20-40% BblXOA 

repecjlrnneeoi; 
KMCflOTbl 
92-96% 

CreneHb KOHBep-
c1t1111 e repe¢rane-
syto K1t1cnory 20% 

-

BblXOA 85% 

BbtXO,Q 98% 

npMMe4aHMH 

-

-

CJ1 
m 



CKopocTl/I 3Tl/IX peaK~l/I~ 3a01i1c.AT or 
rexHonorw-iecKl/IX ycno01i1~ . 

B npoMblwneHHocrn peaK~l/lto OKl/IC
neHl/IH ocy1J.1ecrnn.AtoT 6ap6ornpo0aH1i1-
eM 003,qyxa Yepe3 00.QHYto 3MYilbCl/lto 
1i13onpon1i1n6eH3ona np1i1 510 arM. I/I 100-
130 °C. KoHraKT1i1po0aH1i1e cpa3 npo00,o,.AT 
8 peaK~l/IOHHblX KOilOHHaX l/lfll/I a8TOKila-
0ax, CHa6>KeHHblX MewanKaMl/I, 0 np1i1cyr
CT81/11/1 3MYilbraTOp08 (o6bllfHO aHl/IOHHOro 
rnna), cnoco6crnyto1J.11/1X 06pa300aHl/lto 
ycrn~lfl/l8blX 3MYilbCl/I~ . ,[J,n.A o6ecne
lf9Hl/IH CTa61/1IlbHOCTl/I o6pa3YIOIJ.l9~CH 

rn,qponepeKl/ICl/I pH peaK~l/IOHHO~ cpe.Qbl 
.QOil>K9H 6b1Tb 8,5-10,5 , a COOTHOW9Hl/le 
00,0,Ho~ cpa3bl 1i1 1/13onpon1i1n6eH3ona -
3:1. 

npl/I Cfll/IWKOM 8blCOKO~ KOH~eHTpa

~1/11/1 r1i1,QponepeKl/ICl/I Ha cra,o,1i11i1 OKl/lcne
Hl/IH Y89Ill/llfl/l8aerc.A CKOPOCTb pa3IlO>Ke
Hl/IH ee 0 He>KenarenbHble npo.QyKTbl 1/1, 
CI19.Q08aTeflbHO, CHl/l>KaeTCH 8blXO.Q. no-
3TOMY npo~ecc npo80,QHT o6bllfHO TaK, 
YT06b1 co,Qep>KaHl/le rn,QponepeKl/ICl/I He 
npe0b1wano 20-25%. 

3areM pacrnop rn,QponepeKl/ICl/I KOH
~eHrp1i1pyior .QO 70-90% neperoHKO~ 

8 8aKyyMe (o,o,Ha l/lfll/I .Q8e peKTllltj:>l/IKa
~l/IOHHble KOilOHHbl) OT 30 ,QO 5 MM pr. CT. 
I/I 95-85 °C. 

npl/I pa3IlO>K8Hl/ll/I rn,QponepeKl/ICl/I 
l/ICnOilb3YIOT 3-10%-Hble paCT80pbl cep
HO~ Kl/ICilOTbl; KOH~eHTpa~l/IH rn,Qpone
peKl/ICl/I 0 cMeCl/I , no.Q0epraeMo~ rn,Qpo
n1i13y, nO.Q.Qep>Kl/l8aercH Ha ypo0He 13%, 
YT06b1 peaK~l/IH He nporeKana cnl/IWKOM 
6ypHO. 

B HaCTOHIJ.lee 0peMH Ha npoMb1wneH
HblX ycTaH08Kax .QOCTlllratoT .Q080IlbHO 
8blCOKl/IX 8blXO,Q08 tj:>eHona I/I a~eTOHa (AO 
95%). TaKl/le ycraH08Kl/I l/IMetor 6onbwyio 

'i 51 

npOl/l380,Ql/ITeflbHOCTb (nop.A.QKa ,o,eC.ATKa 
TblCHlf TOHH 8 ro.Q), n03TOMY no60lfHbl8 
npo.QyKTbl (cpeHl/IIl.Ql/IMernmap61i1Hon, 
a~erocpeHOH, MeTaHOil , a-MeTl/IIlCTlllpon), 
8blXO.Q KOTOpblX COCTa8IlHeT 5-7%, Moryr 
6b1Tb raK>Ke 111cnonb308aHbl. 

Cnoco6 co0MecrHoro nonyYeH111.A 
cpeHona 111 a~eroHa 1113 KyMona cny
>KlllT xopOWl/IM np111MepOM KOMnneKC
Horo Hecprex111M111YecKoro npo~ecca. 

B HeM .Qn.A npe0pa1J.1eH111.A 6eH3ona 0 
tj:>eHOil 111cnonb3YIOTCH 803.QYX Ill Hetj:>T.A
HO~ npon1i1neH. 3KOHOM111Ka npo~ecca 
onpe.Qen.AeTCH TaK>Ke c6b1ToM 0roporo 
~eHHOro OCH08HOro npo.QyKTa - a~eTO

Ha . 
npoi.t3BOACTBO Tepeq>TaneBOM Ki.tC· 

noTbl. Tepecprane0aH K111cnora HOOC -
C

6
H

4 
- COOH 111 ee .QV1Mer111no0b1~ 3cp111p 

(.Ql/IMernmepecpranar) 111rpaior 0a>KHyto 
ponb 0 npo111300,o,crne c111Hrer111YeCKoro 
0onoKHa na0caH. 

,[J,n.A nonyYeHlllH repecprane00~ K111c
norb1 MeTO,QOM OKl/ICileHlllH np111rO,QHbl 
n-anK1i1n6eH30nb1, cpe.1:1111 KoTOpblX 0 npo
Mb1wneHHocr111 np111M8HHIOT n-KCl/IIlOil. 
np1i1 OKli1CileHli1VI n-KCli1IlOila 803.QYXOM 8 
np111cyTCT81/11/1 HacpreHaT08 Ill pe31/1HaT08 
Ko6anbra 111 MapraH~a np111 120-200 °C 
06pa3yerc.A n-rony1i1no0a.A K111cnora, 
KOTOpaH ,Qanee He OKlllCI1H8TCH. Bcne,Q
CTBl/le 3TOro pa3pa6oraH Yerb1pex
cra,Q111~Hb1~ npo~ecc nonyYeHlllH .Qlll
Mernnrepecpranara. nonyYeHHYIO Ha 
nep00~ CTa.Qllllll n-rony111no0yt0 K111cno
ry 3Tep111cp111~111pytoT M8Tl/II108blM cn111p
TOM. 06pa3YIOIJ.lli1~CH MeTlllI108bl~ 3cp111p 
n-TOI1Yl/II1080~ Kl/ICilOTbl OKl/ICilHIOT 8 
MOH03cp111p repecprane00~ Kl/ICilOTbl, KO
TOpbl~ 3aTeM 3Tep111cp111~111py10T 8 ,Ql/IMe
Tl/IIlTepecpranar: 
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I 
COOH 
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() +~~i~ 
I 
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COOH 
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CH, 

COO-CH3 
COO-CH, 
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+~ 

' I H,O () (3) 

I 
CH8 

I 
COOH 

COO-CH, 
I 

() 

-H20 
'I +CH.OH~ 

I 
COOH 

BropaH CTaA"1H oK1i1cneH"1H [peaKL1"1H 
(3)) nporeKaer s np1i1cyrcrs1i11i1 pacrno
p1i1MblX coneLli Ko6anbra 1t1 MapraHL1a (cre
apaTbl, aL1erarb1, 60H3oarb1) np1i1 160-
180 °c 1t1 11,5 Mna. B HacTOHLl.188 sp0MH 
CTaA"11t1 OK"1CneH"1H (1) ..., (3) COBM8Ll.18Hbl 
B OAHOM p0aKrop0. B OAHOM annapare 
npOBOAHT TalOK8..., CTaA"1"1 (2)..., (4). 3TO 
no3son1t1no coKpar~Tb 1.u.1cno annaparos. 

Ha p1i1c. 3.30 np1t1B8A8Ha r0xHonorn
Y8CKaH cx0Ma npo1t13BOACTBa A1t1M0rnn
rep0cpranara . B p0aKrop0 1 OK"1CnHl-OT 
n-KC1t1non (CB8)f(V1Lli lt1 B03BpaTHb1Lli B co
OTHOW8Hlt11t1 1 :2) lt1 M8Tlt1nOBblLli 3¢1t1p 
n-rony1t1nos0Lli KVICnOTbl K1t1CnopOAOM 
B03Ayxa. P0aKrop 6ap6ora)f(HOro rnna 
no Bb1core 1t1M88T oxna)f(Aa1-0ll.11t18 3M88-
B1t1K1t1 . 803AYX nOA81-0T B HVl)f(HIQl-0 Y8CTb 
annapara KOMnp0ccopoM noA Aasn0H1t1-
8M 0,61 Mna. 5ap6ornpyH Y0p03 p0aK
L11t10HHY1-0 Macey, OH 3aXBaTblBa8T napbl 
n-KC1t1nona, KOTOpb18 KOH.Q8HC1t1py1-0TCH B 
xonOAV1nbHV1K8-KOHA8HCaTOp8 2 lt1 803-

COO-CH, 
I 

() (4) 

boo-cH, 

Bpall.lal-OTCH Ha OK"1Cn8H"10. np1t1 neplt10-
A"148CKOM npo1...10cc0 B8AYT OK"1Cn8H"18 
AO OCTaTOYHOro COA8p)f(aHV1H n-KC1t1nona 
B p8aKL11t10HHOLli MaCC8 1 % "1 AO CT8n8Hlt1 
KOHB0pc1t11t1 Mernn n-rony1t1nara, pasHoLli 
np1t1M8pHO 50%. 0KC"1AaT COA8P)f("1T 20-
25% n-rony1t1nos0Lli K1i1cn0Tbf, 30% 00 
M8rnnosoro 3cp1t1pa, 11-15% rep0cpran0-
s0Lli K1t1cnorb1, 20-25% M0rnm0p0cprana
ra , a ra10K0 He6onbwo0 Kon1t1Yecrno A"1-
Mernnrep0cpranara 1.-1 cMon. 

Macey 1.13 p0aKTopa Y8p83 c6opH"1K 4 
HaCOCOM noAal-OT Ha 3Tep1i1cp1t1KaL1"11-0 B KO
noHHY 5 (OKC"1AaT nOAal-OT CB8pxy, a M8-
TaHOn - CH1t13Y Y0p03 noAorpesarenb 8). 
3rep111cp111KaL11t1H nporeKaer np1i1 250 °C ..., 
2,5 Mna. Cn1.-1pr n0Aa1-0T s 11136b1TK0; np1i1 
3TOM napb1 MeraHona yHocHT BOAY, cno
co6crnyH ys0n111YeH1111-0 BblXOAa 3cp111pa. 
napbl M8TaHona lt1 BOAbl KOHA8HC1t1py
IQTCH B xonOAlllnbHV1K8-KOHA8HCaTOp8 6, 
BOAHblLli pacrsop nocryna0r Ha p0r0H0-
pau,1111-0 cn1t1pra . 3cp1t1p1t13aT B ornapHoLli 



KO.nOHHe 9 OTA8flS:UOT OT CMO.n, a B peKTV1-
qH1Ka~V10HHOVI KO.nOHHe 11 BblAemHOT Me
rn.nOBbli.il aqmp n-rn.ny111.nosoi.il K111c.n0Tbl. 
Ero co6111pa10T s c6opH1t1Ke 15, a onyAa 
B03Bpali.\alOT Ha OKlllC.neH1t1e B peaKTOP 1. 

B Ko.noHHe 16 60.nee .neTy41t1VI A1t1Me
rn.nrnpeqna.naT OTrDHf!IOT OT Alt1M8T1t1.no
BblX aqmpoe 11130MepHblX A1t1Kap60HOBblX 
KlllCflOT ( «lt130cpTa.naTbl» ). c sepxa 3TOVI 
KonoHHbl Alr1MeT1r1.nrnpecprn.naT nocTyna
eT Ha Aono.nH111Te.nbHY10 041t1CTKY nyrnM 

ll· KCHJIOJI 

0TXOl\Slll\lie 
raahI 

--: 1.;o 
, ~o 

nepeKp1t1cTa.n.n1r13a~1r11r1 1113 MeTaHo.na (AO 
99,9%-Hoi.il 41t1CTOTb1). Ky6osb1i.il ocTaTOK 
KOflOHHbl 16 TaK>Ke COA8P>Klt1T 3Ha41t1T8.nb
HOe Ko.n1r14ecrno A1t1Mern.nrnpecprn.narn. 
Ero 1r13s.neKa10T Kp1r1crn.n.n1113a~111ei.il "13 Me
TaHO.nbHblX paCTBOpOB. ,Q1t1M8TVmrnpecp
Ta.naT B MeTaHO.ne paCTBOpfl8TCfl xy>Ke , 
3TOT 3cplllp BblAe.nf!IOT B Blt1Ae Kp1t1crnn
.noe. BblXOA A1t1Mernmepecprn.narn co
cTae.nf!eT 85-90% e pac4eTe Ha 1r1cxoA
H b1 i.il n-KC1t1.no.n. 

18 

H aocjJTa.rraThl 

15 

P111c. 3.30. TexHonowl./ecKaR cxeMa nonyl./eHUR auMemunmepecjJmanama: 
1 - peaKmop; 2, 6, 12, 17 - xonoaunbHUKU-KoHaeHcamopb1; 3, 7, 13, 18 - cenapamopb1; 
4, 15 - c6opHUKu; 5 - 3mepuc/JuKamop; 8 - noaoapeaamenb; 9 - omnapHaR KonoHHa; 

10, 14, 19- KUnRmUflbHUKU; 11 , 16 - peKmUcjJUK8LlUOHHb/e KOflOHHbl 

VlHTepeCHbl M8TOAbl no.ny48Hlr1fl Te

pecprn.nesoi.il K1t1c.n0Tb1 "13 rn.nyo.na . lt13 
MHoro41r1c.neHHblX cnoco6os npoMblW
.neHHoe np111MeHeH111e 111Me10T x.nopMern
.n111posaH1t1e rn.nyo.na 111 era oK111c.neH111e. 

X.nopMern.n111posaH111e rn.nyo.na ocy
l1.18CTB.nf!IOT BOAHblM paCTBOpOM cpop-

Ma.nbAer1t1Aa B np111cyTCTB1t11t1 x.nop111-
crnro BOAOPOAa. 06pa3y10l1.11t1Vlcs:1 
n-x.nopMern.nrn.nyo.n r1t1Apo.n1113yioT AO 
n-Menm6eH31t1.nosoro cn1r1prn, KOTOpbti.il 
0Klt1C.nf!IOT B rnpecprn.nesyio Klt1C.nOTY 
a30THOVI KlllC.nOTOi.il : 
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+HCHO;HCl () +NaOH () HN03 
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CH2Cl CH20H 
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npoll13BOACTBO Tepeq:nanesoVi Kll1CJ10Tbl 111 ee A111M9Tll1J10BOro acp111pa Yepe3 6eH30Vi
HYIO Kll1CJ10TY OKll1CJ19Hll19M ronyona npOXOA111T yepe3 '-19Tblpe OCHOBHble CTaA111111: 

1) oK111cneH111e ronyona s 6eH30VIHyta K111cnory: 

2) nonyYeH111e 6eHJoara Kan111s:1: 

COOH 
I 

()
+KOH 

~ -H20 

COOH 
I 

() 

COOK 
I 

() 
3) Karan111rnYecKoe A111cnponopl\ll10H111posaH111e 6eH3oara Kan111.s:1 s repecpranar Ka-

11111.R: 

COOK COOK 
I I 

2() __. () t() 

4) Bb1AeneH111e repecpranesoVI K111cnorb1: 

COOK 
I 

() +H2 S04 
-K 2 S04 

booK 

Karan111JaropaM111 A111cnponopL11110H111-
posaH111s:1 .s:1sns:110rc.s:1 6eHJoarb1 111 q:na
narbr KaAM111s:! 111 L\111HKa. npOL\SCC BSAYT 
np111 440-460 °C 111 AaBJ19Hll1111 1-1,5 Mna, 
C03AaBaeMOM A1110KClllAOM yrnepOAa BO 

lcooK 

COOH 
I 

() 
I 

COOH 

11136e>KaHll19 ASKap60KClll11111pOBaHll1.R . np111-
M8H8Hll18 Karan1113aropa B KOJ1111'-19CTB9 
5% 06ecneY111saer BblXOA K111cnorb1 AO 
86%. MeTOA s:isns:iercsi nepcneKrnBHblM, 
TaK KaK 6a3111pyercsi Ha AOCTynHOM Cblpbe. 
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3.5. r111,apaTa:\llifl onecbl'1HOB 

r111,o,parau111s:i onecp111Hos s cn111pTb1 s:is
ns:iercs:i no Macwra6aM npo1113so,o,crna o,o,
HOlll l-13 sa>KHblX orpacnelll npOMblWneH
HOCTll1 Xil1MW·leCKOll! nepepa60TKll1 Hecprn. 

Hp 
RCH = CH2 

____... 

Hp 
RR'C = CH2 

____... 

Hp 
CH2 = CH2 

____... 

Cyll.\ecrnyer ,o,sa o6ll.\i11X Mero,o,a r111,o,
para'-'"1"1 onecpl-!Hos: 

a) cepHoK111cnoTHas:i r111,o,parau111s:i - no
rnoll.leH111e onecp111HoB cepHolll K111cnorolll 
c o6pa3oBaH"1eM anK111ncepHblX K111cnor; 
nocne pa36asneH111s:i pacrsopa so,o,oill 3Ti11 
Kil1CnOTbl r111,o,pon1113y10T B COOTBeTCTByto
ll.\111e cn111prb1 ; 

6) nps:iMas:i r111,qparau111s:i onecp111Hos s 
np111cyTCTB"1il1 KaTam13aTOpOB. 

Bb16op Me>K,D,y .QBYMS'I 3Ti11Mil1 Ha
npasneH111s:iM111 38Bi11Cil1T OT Toro, B KaKylO 
peaKUll1IO CKnOHeH npe111Myll.\eCTBeHHO 
BCTynaTb ,o,aHHbliil onecp111H B ycnOBll1S'IX 

r111,o,parau111s:i scex onecp111Hos, 3a 111c
KmoYeH111eM 3rnneHa, scer,o,a np111so,o,111r 
K o6pa30B8Hl-!IO BTOpl-!YHblX 111n"1 Tpern1.1-
HblX cn111pros: 

RCHCH
3 

I 
OH 

RR'CCH
3 

I 
OH 

C2H50H 

npouecca - s peaKU111to r111,qparau111111 111n111 
B peaKU111tO non111Mep1113au111"1 . C ysen"1-
YeH111eM MoneKyns:ipHoro seca onecp111Ha 
cKnOHHOCTb ero K non111Mep1113au111111 yse
m1Y111saercs:i. no3TOMY ecn111 M111pOBOe 
npOi113BO,D,CTBO Ci11HTeTl!1YeCKOro 3Til1nOBO
ro cn111pra noYTll1 noposHy pacnpe,o,ens:ier
cs:i Me>K,D,y Mero,o,aM111 cepHOKll1CnOTHOiil 111 
nps:iMoill r111,o,parau111111 , To 1113onpon111nosb111! 
cn111pr rnnbKO s He6onbwoill ,o,one npo1113-
so,qs:ir MeTO,QOM nps:iMoill r111,o,parau111111. 
,Qns:i r111,o,parau111111 C 4 111 Bb1cw111x onecp111-
HOB nocne,D,Hll1iil MeTO,Q BOBCe He np111Me
HS'leTCS'I. 

3.5.1. CepHOKUCnomHaR auapama~uR onec/JUH08 

np111 cepHoK111cnorHoill r111,o,parau111111 nporeKaior cne,qytoL1.1111e ocHOBHble peaKu111111: 

11 -0373 

+H20 
RCHCH3 ---+

I 
OS03H 



' ··, , I 
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B 3as111c111Mocrn OT np111pOAbl 111cxoA
Horo onecp111Ha nornol.lleH111e npo1113BOAm 
50-98%-Holl1 cepHOll1 Kll1CnOTbl. nerKOCTb 
nornol.lleH111H ysenw-1111saeTcH B cneAyt0-
ll18M nopHAKe: 3rnneH < npon111neH < 
H-6yrnneH < 111306yT111neH 111 APYr111e Tpe
TlllY Hble onecp111Hbl. 

CKopocTb nornOl.ll8Hll1H so3pacrneT 
c ysenll1'-18Hll18M TeMnepaTypbl, HO OAHO
speMeHHO pacTyT TaK)f(e CKopocrn non111-
Mep1113al_\111111 111 no6oYHblX peaKL\111111. Ysen111-
YeH111e KOHL\8HTP8L\111111 C8pHoll1 Kll1CnOTbl 
Aell1crnyeT aHanorll1YHblM o6pa30M. no3-
TOMY np111XOAll1TCH perym1posaTb ycnos11H 

peaKL\111111 TaKll1M o6pa30M, YT06b1 peaKL\111H 
npoTeKana c npaKT111L1ecK111 np111eMneMoll1 
CKOpOCTblO 111 B TO )f(8 Bp8MH np111BOA111na 
K Mll1H111ManbHblM nornpHM 38 C'-18T He
)f(enarnnbHblX peaKL\111111. B rnx cnyYaHx, 
KOrAa 3TO B03MO)f(H0, npOl_\8CC npOBOAHT 
B )f(111AKOll1 cpa3e. np111 r111AP8Tal\111111 Hll13-
Wll1X onecp111HOB 3TO Tpe6yeT npll1M8H8Hll1H 
AaBneHll1H . 

no60L!Hbl8 peaKl_\111111 3aKntOY8IOTCH B 
06pa3osaH111111 A111anK111ncynbcparns, npoc
TblX 3cp111pos 111 npOAYKTOB non111Mep1113a
L\111111 : 

2CnH2n + H2S04-> (CnH2n+10)2S02 
(CnH2n+10)2S02 + C,,H2n+1 0H-> (CnH2n+1)20 + CnH2n+10S03H 

Cn111pTbl o6blYHO oTroHHtOT OT pa36as
neHHoro cepHoK111cnornoro pacrnopa 111 
38T8M KOHL\8HTp111pyt0T peKrncjJ111Kal_\111ell1, 
s pe3ynbTarn Yero so scex cnyYaHx nony
YatOT a3eoTponHb1e cMec111 c BOAOll1 . AnH 
o6e3BO)f(ll1BaH111H cn111prns a3eOTponHble 
CM8Cll1 neperoHHIOT B np111cyTCTBll1ll1 Tpe
Tbero KOMnOH8HTa, KOTOpblll1 06pa3yeT 
n11160 8380TpOnHytO CM8Cb c BOA0111, K111nH
l.l.IYIO np111 81..l.18 6on00 H"13Kol1 TeMnepaTy
pe, n11160 TpOll1HytO 8380TponHytO CM8Cb, 
CO,Q8p)f(8l.l.IYIO H860nbWOe KOnl1Y8CTBO 
cn1i1prn. 

npoH3BOACTBO 3THflOBOrO CnHpTa 

cepHOKHCflOTHOH rlo1ApaTaL\HeH 3THneHa. 

B npol_\ecce npoli13BOACTBa 3rnnosoro 
cn111prn cepHOK"1CnOTHOll1 r111AP8Tal\1118111 
3rnneHa 111M8IOTCH cneAYIOl.l.1"18 CTaA111111: 

1) a6cop6L1111H 3rnneHa cepHoll1 K111cno
rnll1 c 06pa3osaH1i1eM 3rnncynbcparns; 

2) r1t1Apon1113 3rnncynbcparn B 3rnno
sb1ll1 cn1i1pT c BblA0neH111eM cepHoll1 K111cno
Tb1 ; 

3) OTAeneH111e 3rnnosoro cn111prn OT 
cepHoll1 KlilCnOTbl 111 ero 0'-1111CTKa ; 

4) pereHepaL1111H cepHoll1 K111cn0Tb1. 
Ba)f(Hell1waH CTaA111H - a6cop6L1111H 

3TlllneHa cepHOll1 K111CnOTOll1. np1i1 3TOM 
npOTeK8IOT cneAYIOl.l.11118 peaKl_\"1"1: 

CH2 = CH2 + H2SO 4 ~ CH3 - CHpsopH t,,.H = -146 K,[J>KIMOflb 

3Tlt1IlCYI1bcpaT 

CH3 - cHpsopH + CH2 = CH
2 
~ (CH

3 
- cHp)

2
so2 

All13n1ncynbcpaT 

t,,.H = -96 K,[J>KIMOflb 

A1113rnncynbcpaT MO)f(8T pear111posaTb c cepHoll1 K111cnornll1 111 npespalllaTbCH s 3Tllln
cynb¢aT 



np111YeM YeM 8b1We CTeneHb HaCblW,8-
Hll1fl cepHoi:.1 Kll1CnOTbl 3Tll1n8HOM, TeM 
MeHbwe co,Qep>1<111Tcfl ,Q1113rnncynbcparn 
8 CMeCll1. 

3rnneH Mo>t<eT pear111po0aTb c cep
Hoi:.1 Kll1Cnorni:.1 TOnbKO 8 paCCTBOpeHHOM 
COCTOflH111111, T.e . OH 8HaYane paCTBOpfl
eTCfl 8 Hei:.1, a 3aTeM 83al.1MO,Qei:.1cTByeT, 
o6pa3yfl 3rnncynbcpaT (3rnncepHafl K111c
norn) . C 06pa300aH111eM 3rnncynbcparn 
CKOpOCTb nornow,eHll1fl y0en111Y1118aeTCfl, 
TaK KaK 3rnneH 8 HeM paCTBOpfleTCfl 
nyYwe, YeM s Y111crni:.1 cepHoi:.1 K111cnorn. 
0.QHaKo 3rnncynbcpaT pa36asnfleT cep
HYIO Kll1CnOTy, 8 C8fl3111 c YeM 06w,a51 CKO
pOCTb peaK4111111 CHll1>KaeTC51. no3TOMY no 
BblCOTe a6cop641110HHOi:.1 KOnOHHbl ycno-
811151 ,Qnfl nornow,eHll1fl 3rnneHa Heo,Q111Ha
KOBbl. 

CKOpOCTb a6cop64111111 3rnneHa 3a-
0111c111T TaK>Ke OT KOHW8HTpa4111111 cepHoi:.1 
Kll1CnOTbl, OT ,Qa0neH1115!, TeMnepaTypbl 111 
111HTeHc1.1sHocrn nepeMew111saH111fl . MaK
c1.1ManbHa5! crnneHb Hacb1w,eH1115! 3rnne
HOM 97,5%-Hoi:.1 Kll1CnOTbl COCTa8111na 1,4 
MOnb C2H4 Ha 1 MOnb Kll1CnOTbl, a ,Qn51 
95%-Hoi:.1 K111cn0Tbl - 1,2 MOfib C2H4 Ha 
1 MOnb Kl.1CnOTbl. 06bl'-IHO 8 3a80,QCKJ.1X 
ycno011151x a6cop6411110 0e,QyT ,QO cTene
H111 Hacb1w,eH111fl 00epxy a6cop6epa, pa0-
Hoi:.1 0,6 MOnb/MOfib, YTO np111 97 ,5%-Hoi:.1 
Kll1Cfi0Te ,QOcrnraeTC51 3a 1 '-I 15 Mll1H.' a 
npl.1 95%-Hoi:.1 - 3a 2 Y 15 Ml.1H . no3TOMY 
npaKrnYeCKll1 KOHW8HTpa411151 cepHOi:.1 Kll1C
nOTbl ,QOn>t<Ha 6b1Tb 97-98% . TeMnepa
Typa a6cop64111111 pa0Ha 70-80 °C. np111 
no8blWeHll1111 TeMnepaTypbl CKOpOCTb a6-
cop64111111 ysen111Y1110aeTC5! , HO np111 3TOM 
yc111n111saeTc5! non111Mep1113a4111fl 3rnneHa 
111 pacrnT 8blXOA ,Q1113rnno0oro 3cp111pa. 
XoTfl cKopocTb a6cop64111111 3rnneHa cep
Hoi:.1 Kll1CnOTOi:.1 111 3a8111Cll1T OT ,Qa0neH1115!, 
O,QHaKo no0b1weH111e ,Qa0neH1115! csepx 
1,5 Mna He oKa3b10aeT 3aMeTHoro 0n11151-

Hll151. Ha npaKrnKe no,q,qep>1<1110a10T nap
w111anbHoe ,Qa8fi8Hll1e 3Tll1neHa np111Mep
HO 1,5 Mna. B cnyyae 111cnonb300aH1115! 
3TaH-3rnneH080i:.1 cppaKWJ.1111 c 50-60% 
3rnneHa o6w,ee ,Qa0neH111e cocrn0n5teT 
2,53 Mna. np111 xopowei:.1 a6cop64111111 
3rnneH nornow,aeTc51 cepHoi:.1 K111cno
rni:.1 ,QO OCTaTOYHOro CO,Qep>t<aHll151 26% , 
'-!TO COOTBeTCTByeT ero nap4111anbHOMY 
,qa0neH11110 0, 15-0,25 Mna. CKopocTb 
nornow,eH1115! 3T111neHa np111 3rnx ,qa0-
neH111flx COCTa8n51eT 0,3-0 ,8 MOnb Ha 
1 MOnb K111cnOTbl. Cpe,QHflfl cKopocTb 
Hacb1w,eH1115! 3rnneHa np111 1,5 Mna 
pa0Ha 0,3 MOfib Ha 1 MOnb Kll1CnOTbl 8 
Yac. Cne,Qo0aTenbHO, ,qn111TenbHOCTb 
peaK4111111 COCTa8nfleT 3 '-I. 

4T06bl n08blCll1Tb paCTBOp111MOCTb 
3rnneHa, K 111CXO,QHOi:.1 Kll1CnOTe, no
,Qa0aeMoi:.1 0 KonoHHy, np111Mew1110a10T 
H8KOTOpoe KOnll1Y8CT80 Kll1Cn0Tbl, Yac
rnYHO Hacb1W,eHHoi:.1 3rnneHoM. Bb1,Qe
nfl10w,eec51 rnnno ( 121 K.Q>t< Ha 1 MOnb 
nornow,eHHOro 3Tll1neHa) CHll1MalOT 8 
xono,Q111nbH111Kax, pacnono>1<eHHblX 0Hy
Tp111 a6cop6epa no ero 0b1corn; 06b1Y
HO np111MeHfl10T a6cop6epb1 c 20 xono
,q111nbHl.1KaM111 . 

B 3rnneH00oi:.1 cppaK4111111, 111,qyw,ei:.1 
,Qn51 npo111300,QcT0a 3rnno0oro cn111prn, 
He ,qon>1<Ho co,qep>1<aTbC5! 6onee 0, 1 % 
npon111neHa, 0 npornsHOM cnyYae yxy,q
waeTCfl KaYecTBo cn111prn (np111Mec111 11130-
npon1.1no0oro cn111prn 111 non111Mepo0). He 
,qonycKaeTC51 111 Han111Y111e awernneHa, rnK 
KaK OH cnoco6eH o6pa3o8aTb 83pbl80-
onaCHbli:.1 awernneH111,Q Me,Q111 np111 conp111-
KOCH00eH111111 c Me,QHOi:.1 cpyrnp08KOi:.1 anna
paTypbl, 111cnonb3yeMoi:.1 ,Qn51 3aw,111Tb1 OT 
KOpp03111111. 

BTopa51 cTa,Qll151 nonyYeHll151 3T111no-
0oro cn111prn - rn,qpon1113 3rnncynbcpa
TOB. np111 3TOM npOTeKalOT Cne,QylOW,111e 
peaK41.1111: 
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3nmcynbcpaTbl np1i1 06blYHOH TeM-

nepaType CTa6Li1JlbHbl 8 np1i1cyTCTT8Li1Li1 

80,D,bl, HO np1i1 Harpe8aHLi1Li1 CKOpOCTb Li!X 

rn,o,pon1i13a CLi!JlbHO Y88Jlli1Yli18a8Tcs:i. )J.1i1-

3rnncynbtj:>aT rn,o,pon1i13y8Tcs:i np1i1MepHo 

8,0,808 M8,D,JleHH8e, Y8M 3TLi1JlCYJlbtj:>aT. 

B 1.11enoYHOH cpe,o,e 3rnncynbtj:>aT ,o,o

BOJl bHO CTa6Li1Jl8H ,D,a)l{e np1i1 KlilnHYeHLillil . 

B KaYeCT8e no6oYHOro npo,o,yKTa np1i1 

r1i1,o,pOilli138 , KaK Blil,D,HO i.13 ypaBH8HLi1H p8-

aKL.\Li1Li1, o6pa3y8TCs:l ,D,Li13TLi1JlOBblH 3cpi.1p . 

4T06bl yMeHbWLi!Tb ero BblXO,D, , nocTy

nalOT CJ18.QYIOl..l.lli1M o6pa3aM. r1i1,o,pOI1Li13 

nocn8 pa3,o,enbHoro rn,o,pon1i13a o6a 

CJlOs:l no,D,B8pralOT COBM8CTHOH n8p8pa-

60TK8. 8b1xo,o, cn1i1prn ,o,ocrnra8T 97% OT 

TeOp8TLi1Y8CKOro, a BblXO,D, 3cp1i1pa COCTaB

Jls:l8T 8c8ro 12%. KOHL.\8HTpal.\Li1H oTpa6o

TaHHOV! C8pHOH KlilCJlOTbl pa8Ha 35%. np1i1 

r1i1,o,pon1i138 no,o,,o,8p)l{1i1Ba10T T8Mn8paTypy 

OT 90 ,D,O 100 °C. npo,QOJl)l(Li!TeJlbHOCTb 

r1i1,o,pon1i13a 3aBLi!CLi1T OT KOHL.\8HTpal.\Li1Li1 

KlilCJlOTbl (OT CT8n8Hli1 88 pa36aBJ18Hlils:l): 

np1i1 40%-HOH Kli1CJlOT8 rn,o,pOillil3 ,QJllilT

Cs:l 6one8 10 Y, np1i1 45%-HoVI - 1 Y, np1i1 

50% -HoVI - 0 ,5 Y. nocn8 rn,o,pon1i13a 

CM8Cb no,o,alOT B omapHylO KOJlOHHy, r,o,e 

so,o,ocn1i1pTOBYIO CM8Cb OTfOHs:llOT c BO,Qs:l

HblM napoM. c Hli13a KOJlOHHbl YXO,D,Li!T OT

pa6oTaHHas:i cepHas:i K1i1cnorn, 3arps:i3HeH

Has:i non1i1MepaM1i1 . non1i1M8pb1 1i13sneKa10T 

38Jl8HblM MaCJlOM (ra30HJleM) , KlilCJlOTY 

88.QYT no 803MO)l{HOCTLi1 6blCTpo Lil 3aTeM 

cpa3y )1(8 OTrDHs:llOT i.13 CM8Cli1 cn1i1pT, YT0-

6bl ero KOHL.\8HTpal.\Li1H 8 pacrnop8 6b1na 

He60JlbWOH. np1i1 3TOM nonyYaeTCs:l 47% 

3cp1i1pa. Cn1i1pT nonyYaeTcs:i 8 8Li1.Q8 35%

Horo paCT80pa, a KOHL.\8HTpal.\Lils:l C8pHOH 

KlilCJlOTbl CHLi!)l{aeTcs:i ,o,o 45%. Mo)l{HO no

cTynaTb 1i1 1i1HaYe. CM8Cb 3rnncynbcparns 

pa36aBJls:llOT BO,QOH; np1i1 3TOM KlilCJlOTa 

1i1 3rnncynbcpaT nep8xo,o,s:iT 8 pacrnop, 

a ,D,Li13TLi1JlCynbcpaT Bbl,D,8Jls:l8TCs:l (Hlil)l{HLi!H 

cnoV!). Ero OT.Q8JlHIOT 1i1 rn,o,pon1i13y10T 

30%-HOH cepHOH KlilCJlOTOH: 

ynap1i18a10T ,QO 88-90%-HOH KOHL.\8HTpa

L.\Li1Li1 Lil «,D,OyKpenJls:llOT» oneyMOM ,D,Jls:l ,o,anb

HeV!wero Li!CnOJlb30BaHLi!s:l B npOL.\8CC8. 

TexHonornYeCKas:i cxeMa npol.\ecca 

np1i1se,o,eHa Ha p1i1c. 3 .31. 8rnneHco

,o,ep)\{a1.11y10 cppaKL.\LillO no,o,alOT 8 Hlil)l{HIOIO 

YaCTb a6cop6epa 2. Cse>Ky10 cepHylO 

KlilCJlOTY CM8WLi1BalOT C 3TLi1JlCYilbcpaTOM , 

OTBO,D,Li!MblM c BOCbMOH rnpeilKLil CHLi13Y, Lil 

no,o,a10T Ha opoweH1i1e a6cop68pa. CooT

HoweH1i1e C88)1{8H KlilCJlOTbl Lil 3KCTpaKTa 

ycrnHasn1i1sa10T TaKLilM o6pa30M, YT06b1 

nonyYLi!Tb CM8Cb co CT8neHblO HaCbll.l.18-

Hlils:l 0,5-0,6 MOJlb C
2
H

4 
Ha 1 MOJlb H

2
S0

4
. 

A6cop6ep 1i1Me8T 20 rnp8noK; Ha,o, 

Ka)l{,D,OH rnpenKOH ycrnHOBJleH XOJl0-

,0,Li!JlbHLilK ,0,Jls:l OT80,D,a Bbl,Q8Jls:ll01..l.18f0Cs:l 

rnnna, YTO no3sons:ieT no,o,,o,8p)l{Li18aTb 

rnMnepaTypy 75-80 °C . ll13HYTPLi1 a6cop-



6ep OC8V1H~08aH V1 cpyrnpo8aH KV1CnOTO

CTOViKOVi nnV1TKOVi . C HV13a a6cop6epa 

arnncynbcpaT nocTynaeT 8 r1i1,qpon1i13ep 3 
c cpapcpopo8oVi Haca,QKOVI, cMew1i18as:icb Ha 

8XO,Qe c 80,QOVI. 1113 rV1,QpOnV13epa CMeCb 

V1,QeT 8 ornapHyto KOnOHHY 4, r,Qe 3a-

8epwaeTCs:l r1i1,qpon1i13 1i1 ornap1i18aeTcs:1 

cnV!pT0-80,QHas:l CMeCb. c HV138 KOnOH

Hbl 4 pa36a8neHHas:i K1i1cnorn yxo.QV1T Ha 

O'-tV1CTKY 1i1 ynap1i18aH1i1e, a napb1 cn1i1prn 1i1 

80,Qbl Hanpa8ns:ltoT 8 KOnOHHY 5, r,Qe VIX 

HeVITpanV13YtoT e,QKV1M HaTpOM . 

,[J,anee napbl KOH.QeHc1i1pytoTcs:1 1i1 Ye

pe3 cenapaTOp 7 1i1 no,Qorpe8aTenb 8 

OTXO.l\HU\He 
Bo.11a ra3bI 

10 

9 

11 

3 

yxo,Qm Ha peKrncp1i1Ka~1i1to. B KonoHHe 9 
OT61i1patoT ,QV13TV1n08blVI 3cpV1p, KOTOpblVI 

npOMbl8atoT 80,QOVI B KOnOHHe 11 V1 OTBO

,Qs:IT 8 napK. Cn1i1pT OT acp1i1pa OTMbl8atoT 

80,QOVI, KOTOpyto 8038pall.latoT 8 KOnOHHY 

9. Cn1i1pT0-80,QHas:1 CMeCb V13 KOnOHHbl 9 
V1,QeT 8 KOnOHHy 12, r,Qe OTrOHs:l8TCs:l 3TV1-

no8b1Vi cn1i1pT. Ero oT61i1patoT c sepxa KO

noHHbl, oxna>K,QatoT 1i1 orno,qm 8 napK. 

TeMnepaTypy 8epxa KOnOHH 9 V1 12 pery

n1i1pytoT np1i1 nOMOll.IV1 ,QecpnerMaTOpo8 10 
V1 13. 0T.QY80'-tHblVI ra3 OTBO,Qs:!T V13 CV1CTe

Mbl nocne npe,Q8ap1i1rnnbHOro V138neYe

HV15! V13 Hero napo8 arnno8oro cn1i1prn. 

Ilap 

• '( '( 

Ha y JiaBJmBaH11e crmpTa 

,l.J;H3THJIOBblM '( 

3qmp 

P111c. 3.31. TexHonoauLJeCK8R cxeMa nonyLJeHuR 3munosoao cnupma cepHOKucnomHoiJ 
auiJpamau,ueiJ 3muneHa: 1, 7 - cenapamOpbl,' 2 - a6cop6ep; 3- auiJpOnU3ep; 

4 - omnapHaR KonoHHa; 5 - HeiJmpanu3amop; 6 - KOHiJeHcamop; 8 - noooapesamen&; 
9, 12 - peKmUcjJUK8U,UOHHb/e KOflOHHbl,' 10, 13 - iJecjJneaMamopbl,' 

11 - npOMb/BH8R KOflOHHa; 14 - xonoounbHUK 



Peryn111posaTb pe)l<ltlM pa60Tb1 a6cop-
6epa AOBOnbHO cnO)l<HO, TaK KaK Ha Ka)l<
A0!'.1 rapenKe BblAens:iercs:i pa3n1t1YHoe 
KOnltll..feCTBO renna B 3aBlt1CltlMOCTltl OT CKO
pocrn norno1J..1eH111s:i 3rnneHa, 1t13MeHs:110-
1J..1ei'.1cs:i no Bb1core KonoHHbl. Ha sepxH111x 
rapenKax, opowaeMblX 98%-Hoi'.1 cepHoi'.1 
Kltlcnoroi'.1, KOTopas:i 01..feHb 3HeprnY
HO pear111pyer c 3TltlneHOM, BblAens:iercs:i 
Mano renna. 3rn o6bs:icHs:iercs:i TeM, YTO 
B ra3e Ha sepXHltlX rapenKaX COAep)l<ltlT
Cs:l Mano 3rnneHa, TaK KaK OH nornornncs:i 
Ha Hltl)l<HltlX rapenKaX. c Apyroi'.1 CTOpOHbl, 
pacrnop111Mocrb 3TltlneHa s cepHoi'.1 KltlC
nore, e1J..1e He COAep)l<a1J..1ei'.1 3Tltlncyflb
cpaTOB, Mana. B sepxHei'.1 30He KonoHHbl 
CB060AHOro 3TltlfleHa (B pacrsopeHHOM 
COCT051Hltlltl) npaKTltll..feCKltl HeT. 4eM Hltl)l<e 
pacnono)l<eHa rapenKa s a6cop6epe, TeM 
6onbwe KOHL\eHTpaL\ltls:l 3Tltlf1Cynbcpara Ill 
TeM Bb1we pacrnops:i10IJ..la5l cnoco6Hocrb 
CMeCltl no OTHOWeHltllO K 3TltlfleHy. B 3T0!'.1 
Yacrn a6cop6epa BblAens:iercs:i Ha1116onb
wee Kon111Yecrno renna. 

K Hlt13Y a6cop6epa pacrnop111MocTb 
3TltlfleHa ysen1114111saercs:i, HO 1t13-3a 
yMeHbWeHltls:l Kon1t1Yecrsa CB060AH0!'.1 
KltlCnOTbl CKOpOCTb ero nornOIJ..leHltls:l 
CH1t1>1<aercs:i 111 BblAens:iercs:i MeHbWe ren
na. B peaKL11t10HHOi'.1 cMec111, yxoAs:ilJ..lei'.1 
c Hlt13a a6cop6epa, COAep>t<ltlTCs:l MHOro 
pacrnopeHHoro 3rnneHa. 

Ha ycraHOBKax cepHoK111cnornoi'.1 r1t1A
parnL11t11t1 nonyYalOT 3rnnosb1i'.1 cn111pr KOH
L1eHrpaL11t1ei'.1 95,6%. 3rn TaK Ha3b1sae
Mb1i'.1 cn111pr-peKrncp111Kar - a3eorponHas:i 
CMeCb C BOA0!'.1 (4,4% BOAbl), Kltlns:!IJ..las:l 
np11178,1 °C. 

5e3BOAHbli'.1 3Tltlfl0Bbli'.1 CnltlpT nony-
1..falOT a3eorponHoi'.1 A1t1cr111nns:1L1111ei'.1 c 
6eH30flOM . 5eH30fl 06pa3yer c BOAHblM 
cn111prnM rpoi'.1Hy10 a3eorponHy10 cMecb, 
Kltlns:!IJ..IYIO np1t1 64,9 °C Ill COAep>t<alJ..IYIO 
74,1% 6eH3ona, 18,5% cn111pra 111 7,4% 
BOAbl. 3Ta CMeCb npltl OTCTa1t1saH1t11t1 pac
cna111saercs:i Ha sepxH111i'.1 (6eH3onocn111p
TOBb1i'.1) VI Hltl>KHVl!'.1 (BOAOCnVlpTOBbli'.1) CflOVI. 

np0113BOACTBO HJOnponHnOBOrO 
11 11Jo6yT11noeoro cn11pToe cepHOKHC· 
noTHOlll rHApaTa1.111eill npon1111eHa H 
H-6yTH11eHOB. nepBblM CVIHTeTltll..feCKVIM 
cn1t1pTOM, nonyl..feHHblM cepHOKltlCflOTHOi'.1 
rV1APaTaL1V1ei'.1 nponV111eHa, 6b1n V13onpo
n11111osb1i'.1 CnltlpT. npoL\eCC a6cop6L\ltlltl 
npon111neHa cepHoi'.1 KVICnoTOi'.1 MO>KHO 
ocy1J..1eCrnV1Tb s ABYX sapV1aHrnx: 92%
Hoi'.1 KVICJlOTOi'.1 npVI 20 °C VI aTMOCcpepHOM 
AasneHVIVI, nV160 80%-Hoi'.1 K1t1cnorni'.1 np111 
60 °C 111 2,5 Mna. 

npVI BTOpOM MeTOAe B a6cop6epe 
OAHOspeMeHHO VIAeT VI rVIAPOflltl3 Vl30-
npon11111cy11bcpara . Bo srnpoi'.1 KonoHHe 
1113 peaKL\VIOHHOi'.1 CMeCVI OTrDHs:llOT Vl30-
nponVIJ10Bbli'.1 cnV1pT VI A1t11t13onponV1nosb1i'.1 
3cpltlp , a cepHylO KVICJlOTY 803Bpa1J..1a10T B 
a6cop6ep. PereHepaL1111s:i cepHoi'.1 K1t1c110-
Tbl He rpe6yercs:i. V13onpon11111osb1i'.1 cnVlpT 
06pa3yer c BOA0!'.1 a3eorponHy10 CMecb, 
COAep>t<alJ..IYIO 12,3% (Mace.) BOAbl VI Kltl
ns:llJ..IYIO npltl 80,4 °C (YVICTbli'.1 lt130nponVl
nOBbli'.1 cn1t1pT KVlnVIT npVI 82,4 °C). np111 
nocrynneHltlltl peaKL\VIOHHOi'.1 CMeCVI 1113 
a6cop6epa BO BTopylO KOflOHHY K CMeCltl 
A06asns:110T rnKoe KOflVIYecrno BOAbl, YT0-
6b1 KOHL\eHrpaL\Vls:l cepHoi'.1 KVICJlOTbl 6b111a 
paBHa 60%. np1t1 OTrGHKe a3eOTpOnHOi'.1 
CMeCltl lt130nponVIJ10Bbli'.1 cnVlpT + BOAa 
KOHL\eHrpaL\ltls:l cepHOi'.1 KVICflOTbl yse11V1-
1..f1t1Baercs:i AO 70%. 

A6cop6L11t110 npon111neHa 92%-Hoi'.1 
cepHoi'.1 KV1cnorb1 ocy1J..1ecrnn5l10T s TaKltlX 
)Ke a6cop6epax, KaK111e npV1MeHs:110r Alls:! 
a6cop6L\lt1VI 3Tlt1JleHa. np111 Aei:iCTBltlltl KVIC
JlOTbl Ha nponV111eH Haps:iAy c o6pa3osa
HVleM Vl30nponV1ncy11bcpaTOB npOVICXOAltlT 
nOJlV1MepV13aL\ltls:l npon1t1neHa. npVIMe
Hs:ls:l pacrnop111re11V1, 111Heprnb1e K cepHoi'.1 
KV1cnore, yAaercs:i pe3KO 3aTOpM03VITb 
nOflVIMep1t13aL\VllO. rVIApaTaL\ltlltl MO>KHO 
noAsepraTb l..fltlCTbli'.1 npon111neH 111n111 npo
naH-npon11111eHosy10 cppaKL\VllO c pa3Jlll14· 
HblM COAep>t<aH111eM npon11111eHa - 20-24% 
(1113 ra3os repM111YecKoro KpeK1t1Hra), 40% 
( 1113 ra30B KaTaflll1Tltll..feCKOro KpeKll1Hra) 111 
80% (1113 ra30B n111po111113a). 



C ysen111YeH111eM nap1..1111anbHoro AaB
neHl!IH napos npon111neHa B03pacrneT 
CKOpOCTb ero nornOLl.\eHlllH cepHol1 KlllC
nornl1. np111 lllCnOnb30BaHllllll nponaH-npo
n111neHOBOl1 cppaK1..1111111 AnH coxpaHeHl!IH 
TOl1 }f{e 3cpcpeKrnBHOCTlll nornOLl.\8HlllH He
o6XOAlllMO lllMeTb 6onee BblCOKOe 06L1.1ee 
AaBneH111e. np111 napw111anbHOM AaBneHl!llil 
npon111neHa 1 Mna AnH nponaH-npo
n111neHosol1 cppaK1..1111111 c 20% npon111ne
Ha Tpe6yeTCH AasneH111e 3,7 Mna, AnH 
40%-Hol1 cppaK1..1111111 - 2,5 Mna, AnH 80%
Hol1 - 1,25 Mna. A6cop61..111110 BeAYT np111 
n111Hei:1Hoiii CKopocrn noTOKa B CB060AHOM 
Ce4eHl!llil KOnOHHbl, paBHOiii 75 MM/C. np111 
yaen111YeH111111 cKopocrn noAa4111 npon111ne
Ha yny4waeTCH era KOHTaKT c Kll!Cnorniii Iii 

803paCTaeT CKOpOCTb nOrnOLl.\eHl!IH. np111 
ysen1114eHl!llil CKOpocrn AO 400 MM/C CTe
neHb 111cnonb30BaH111H npon111neHa yMeHb
waeTCH. 

Pewa10L1.1111M cpaKTopoM npowecca HB
nHeTrn KOHL1eHTpa1..1111H cepHOi:i KlllCnOTbl : 
Ka}f{AOiii KOHL1eHTpaw111111 COOTBeTCTBYIOT 
CBOlll onrnManbHble TeMnepaTypa Iii CKO
POCTb nornoL1.1eHlllH, np1114eM CKOpOCTb 
nornoL1.1eH111H npon111neHa 80%-Hoiii K111cno
rni:1 s 1,5 pa3a Bb1we cKopocrn ero norno
L1.1eH111H 70%-HOi:\ KlllCfiOTOiii . np111MeHeH111e 
70%-Hoiii K111cn0Tb1 npeAn04TlllTenbHee -
6onee KOHL1eHTp111posaHHaH KlllCnOTa 
n111wb He3Ha4111TenbHO yMeHbwaeT npo
AOn}f{l!ITenbHOCTb nornoL1.1eH111H, a np111 111c
nonbJosaH111111 70%-Hoi:i KlllCnOTbl ClilfibHO 
o6nerYaeTCH npowecc ynap111saH111H 111 cH111-
}f{aeTCH BblXOA non111Mepos. 

TeMnepaTypa np111 rnApom13e cocrns·
nHeT 70-90 °C; nplil nOHl!l}f{eHl!llil TeMnepa
Typbl cKopocTb 3TOro npowecca naAaeT. 
KOHL1eHTpa1..1111H K111cn0Tbl np111 rnApon1113e 
sn111HeT Ha BblXOA cn111prn, Ha COOTHOWe
Hl!le cn111prn 111 3cp111pa. ,D,nH nonyYeH111H 
MaKc111ManbHOro BblXOAa 1113onpon111noso
ro cm11prn rnApOnlll3 KlllCnOTHblX 3KCTpaK
TOB cneAyeT npOBOAlllTb np111 lllX pa36as
neHl!llil BOAOiii AO 35%-Hoiii KOHL1eHTpa1..1111111. 

,D,n111TenbHOCTb r111ApOn1113a np111 3TOM co
CTaBnHeT scera 10 MlllH. 

CepHoK111cnornoiii rnAparn1..1111eiii H-6y
rnneHos nonyYalOT emop-6yrnnosb1iii 
cn111pT. B KaYecrne CblpbH MO}f{HO 111c
nonb30BaTb 6yrnH-6yrnneHosy10 cppaK-
1..111110 ra3os KpeK111Hra 111 6yrnneHbl nocne 
Aerl!IAPlllPOB8HlllH 6yrnHa. np111cyTCTBllle 
6yTaA111eHa He}f{enaTenbHO: OH Bbl3blBaeT 
PHA no6o4HblX peaK1..1111iii, a 1113sneKaTb era 
3aTPYAHlllTenbHO. np~ a6cop61..1111111 6yrn
neHOB Ha6n10AaeTCH lllX non111Mep1113aL1lllH . 
Yrn6b1 11136e}f{aTb 3Ha4111TenbHoro 06pa30-
BaH111H non111Mepos (a cnoco6HocTb K no
n111Mep1113a1..1111111 np111 o6pa6orne onecp111HOB 
cepHoiii K111cnorniii pacreT c ysen111YeH111eM 
MOneKynHpHoiii MaCCbl onecp111Ha OT 3Tlll
neHa K H-6yrnneHy), a6cop61..111110 6yrn
neHos B8AYT B MHrKlllX ycnOBlllHX nplil ::::: 
40 °C, 0,3-0,4 Mna Iii KOHL18HTpa1..1111111 KlllC
nOTbl 75-80%. 

5yrnneHbl nornoL1.1a10TCH cepHoiii KlllC
norniii n04Tlil H8L1eno. r111p,pon1113 peaK
LllllOHHOi:i MaCCbl Iii BblAeneH111e emop-
6yrnnosoro cn111prn ocyL1.1ecrnnH10T no 
cxeMe, on111caHHoi:1 AnH 3rnnosora cn111p
Ta. PeaKLllllOHHYIO CMeCb pa36asnHIOT BO
AOiii AO 30%-Hoiii KOHL1eHTpaw111111. 06bl4-
HO emop-6yrnnosb1iii cn111pT Ha4111HaeT 
BblAenmbCH y}f{e np111 pa36asneH111111; ero 
OTAenHIOT 111 neperaHHIOT. Yacrn4Hbliii 
r111ApOnlll3 npol!ICXOAlllT Iii B cny4ae lllC
nonb30BaHl!IH 70%-Hoiii KlllCnOTbl. np111 
pa6orn Ha 6yrnH-6yrnneHosoi:1 cppaK1..1111111 
ra30B repM1114ecKora KpeK111Hra nocne 1113-
sneYeHl!IH 111306yrnneHa, coAep}f{all.\ero 
35% 6yrnneHos, crnneHb HaCblll.\eHl!IH 
KlllCnOTbl He npeBblWaeT 0,8 MOnb 6y
rnneHOB Ha 1 MOnb cepHOi:i Kl!ICnOTbl. 
06bl4HO }f{8 nony4alOT 3KCTpaKTbl c 0,5-
0,6 MOnb H-C4H8 Ha 1 MOnb KlllCnOTbl. 

04111CTKa emop-6yrnnosoro cn111prn 
3aTPYAHeHa 1113-3a Hanl!l4111H B HeM nplil
Meceiii. MO}f{HO np111MeHmb cneAYIOLl.\11111 
np111eM. K cn111pTy-cb1p1..1y A06asnHIOT 
Alil111306yrnneH Iii OTrDHHIOT TpOi:!HylO 
a3eoTponHylO cMecb BOAbl, A111111306yrn
neHa 111 np111Mecei:1. nocne 3Tora emop-



6ynmosbril1 cn111pr nOABeprmor peKrncj:>111-
KaL1111111. LJ111crb1i/1 smop-6yrnnosbri/1 cn111pr 
K111mn np111 99,5 °C. 

Ecn111 s ra3ax np111cyrcrnyer 111306yrn
neH, OH nerKo a6cop6111pyercfl 60-65%
Hoill cepHOLil Kll1CflOTOLil. np111 a6cop6L\111111 
111306yrnneHa nonyYalOT 3KCTpaKT, COA8P
>Kali.\111Lil 1,5 MOilb 111306yrnneHa Ha 1 MOilb 
Kll1CI10Tbl. np111 3TOM COA8p>KaH111e 111306y
Tli1I18Ha B 6yraH-6yrnneHOBOLil cj:>paKL\111111 
CHll1>KaeTCfl C 10 AO 1 % . nocne 1113BI18Y8-
Hli1fl 111306yr111neHa ra3 111AeT Ha nonyYe
H111e emop-6yT111IlOBOro cn111pTa. nyYWll18 
pe3yflbTaTbl nonyYalOTCfl np111 AByxcry
neHYaroi/1 a6cop6L\111111 111306yr111neHa. Ha 
nepsoi/1 cryneH111 np111 38 °C 111306yrnneH 
1113sneKa10T K111cnoroil1 , nocryna10li.\eil1 co 
srnpoi/1 cryneH111 111 y>Ke 111Me10li.\eil1 creneHb 
HaCblli.\8Hli1fl, pasHylO 0,5 MOilb/MOilb. Ha 
srnpy10 cryneHb nocrynaer cse>Kafl Kll1C-

nora, a a6cop6L\111fl nporeKaer np111 Hll13-
KOLl1 TeMneparype (10-20 °C) AO CTene
Hll1 HaCblli.\8Hll1fl, paBHOLil 0,5 MOilb/MOJlb. 
c nepsoi/1 cryneHll1 Kli1CflOTHblil1 3KCTpaKT 
(1 ,5 MOJlb/MOilb) OTBOASH Ha r111APOI11113 
Aflfl nonyYeHll1fl mpem-6yrnnosoro cn111p
ra. CMecb pa36asnf!IOT BOAOLll 111 AalOT 
OTCTOflTbCfl . OrroHKY c cepHoi/1 Kll1CflOTOLil 
secrn Heflb3fl, TaK KaK np111 HarpesaH111111 c 
K111cnorni/1 cn111pr Aer111Aparnpyercfl. BbrAe
neHHbrill np111 OTCTall1BaHll1111 BOAHblill cnoi/1 
neperoHs:ilOT c BOAflHblM napoM, nonyYafl 
cn111pT, pa36asneHHblil1 BOAOLll, TaK KaK npltl 
peKT111cj:>1t1Kal\Vlll1 OTrOHfl8TC5l a380TponHafl 
CM8Cb, COAep>Kali.\afl 22% BOAbl 111 Kll1n5l
li.\afl np111 81 °C. LJ111CTbli/1 BTOp-6yTll1I10Bbli/1 
cn111pr K111n111T np111 82,4 °C. Anfl nonyYeH111fl 
6e3BO,QHOro cn111pra MO>KHO npoBOA111Tb 
o6e3BO>Kll1BaH111e 6eH30IlOM 06blYHblM Me
TOAOM. 

3.5.2. npHMaH wapamau,uH onecjJuHoe 

npflMafl r111ApaTal.lli1fl Oflecj:>ll1HOB B np111-
CYTCTBll1111 KaTaJ11113aTOpOB 3aKillOYaeTCfl B 
HenocpeACTB8HHOM np111C08Ali1H8Hll1111 MO
Jl8KYI1bl BOAbl K ABOLllHOLll CBfl3111 onecj:>111Ha: 

RCH = CH2 + Hp -> RCHCH3 

I 
OH 

CKopocTb nps:iMoill r111Apara1.1111111 oYeHb 
Mana no cpaBH8Hll1IO co CKOpOCTblO cep
HOKll1CflOTHOLil r111Aparau111111, n03TOMy YT0-
6bl nonyYll1Tb npaKT111YecK111 np111eMneMy10 
CKOpOCTb npouecca, KaTaflli1Tli1Y8CKYIO 
rli1Apara1.111110 np111XOA111TC5l npOBOA111Tb np111 
6onee BblCOKoill TeMneparype. 06brY
HO npf!MYIO r111,Qpara1.111110 npOBOAflT np111 
TeMneparypax 150-300 °C 111 AasneH111flx 
10-300 aTM. B KaYecrne Karan1113arn
pos np111MeHfl10T pa36asneHHbre BO.QHble 
pacrnopbr cepHoi/1 111 cj:>occj:>opHoill Kll1C-

noTbl 1t1 o6blYHbre rsepAble Aer111Aparn
PY10li.\111e Karan1113arnpb1: cj:>occj:>opHylO 
Kli1CflOTy, npOCTble 111 CflO>KHbl8 cj:>occj:>aTbl 
111 aKT111BHYIO CM8Cb aMMOHll1fl c npOMOTO
paM111 111 6e3 Hll1X. 

npoli13BOACTBO 3Tli1nOBOrO Cnlllp

Ta npstMOH rli1ApaTa'-'111eH 3Tli1neHa. 

HeAocrarK111 MeToAa cepHoK111cnorHoil1 
r111Apara1.1111111 3Tl!1IleHa (sb1CoK111e Kan111-
ranosno>KeH1t1fl np111 coopy>KeH1t11t1 ycra
HOBOK, He06XOA111MOCTb npli1M8H8Hll1fl 
Kll1CflOTOCTOLilKOLil annaparypbl , 60JlbWll18 
3Hepro3arpaTbl Ha ynap111saH111e K111cn0Tbl) 
Bbl3Ban111 He06XOA111MOCTb pa3pa60TKll1 
npo1..1ecca npHMoill r111Apara1..1111111. TpyA
HOCTb COCTOflfla B TOM , YTO np111 3TOLl1 
peaKL.1111111 He y,QasanOCb AOCTll1rHyTb xo
powero BblXO.Qa 3rnnosoro cn111pra. Bee 
npeAnaraeMb18 KaTaflll13aTOpbl - BOAHbl8 
pacrnopbl M111HepanbHb1x K111cnor (cep
HOLll , COilflHOLil , cj:>occj:>opHoill ) 111 TB8PAb18 



KOHTaKTbl (con1i1 Lil OKCLi!Abl MeTannos) -

AaBan1i1 HLi13KLi1ilt BblXOA L\enesoro npOAYK

Ta. 

PasHosecHblilt BblXOA cn1i1prn 3as1i1c1i1T 

OT ycnos1i1ilt rLi1ApaTal\Li1Li1 - OT COOTHOWe

HLi1$'1 H
2
0 : C

2
H

4
, reMnepaTypb1 1i1 Aasne

HLilH. no3TOMY peaKL\LillO cneAyeT npOBO

ALi!Tb np1i1 HLi13KLi1X reMnepaTypax, BblCOKLilX 

AaBneHLi!HX Lil 6onbWOM MOnbHOM COOT

HOWeHLi!Lil BOAbl Lil 3rnneHa. Ha1i16onbWLi1iil 

BblXOA (:::: 18%) nonyYeH nplil 150 °C, 

8 Mna 1i1 coornoweH1i11i1 H
2
0 : C

2
H4 , pas

HOM 0,8: 1. 
Ha1i1nyYw1i1M Karnn1i13arnpoM HBnH

eTCH cpoccpopHaH KLi!CnOTa Ha HOCLi!Tene 

(K1i13enbryp, c1i1n1i1Karenb, an10Moc1i1n1i1-

KaT). VlccneAYIOT AnH 3TOiit L1en1i1 Lil Heilt

TpanbHble Karnn1i13arnpb1, Hanp1i1Mep, 

OKCLilA BOnbcppaMa Ha HOCLi!TenHX. B np1i1-

cyTCTBLi1Li1 KaTanli13aTOp08 Ha MenKOnOplil

CTblX HOCLi!TenHX, nponLi!TaHHblX cpoccpop

HOiit KLi!Cnornilt, BblXOA cn1i1prn Ha 20-25% 
Hlil)f(e, YeM Ha w1i1poKOnop1i1cTb1x; w1i1po

Konop1i1cTb1ilt Hoc1i1renb o6nerYaeT ALi1tj:>

cpy31i10HHb1e npOL\eCCbl, T.e. Ba)f(HblMLil 

noKa3aTenHMLi1 np1i1 KaTan1i13e HBnHIOTCH 

CKeneT 1i1 nosepxHOCTb HOCLi!TenH. KaTa

n1i13 ocyll\eCTBnHeTcH cso6oAHOii1 KLilC

nornilt, HaXOAHll\eiilcH Ha nosepxHocrn 

HOCLi!TenH B )f(Li!AKOM COCTOHHLillil. KOHL\eH

Tpal\Li15'1 KLi!CnOTbl, 3aBLi1CHll\aH OT AaBne

HLi1$'1 BOAHHOrO napa HaA nosepXHOCTblO 

K1i1cn0Tbl, OALilH Li13 Ba)f(HblX noKa3areneilt 

aKrnBHOCrn KaTanli13aTOpa. 

np1i1 nOBblWeHLi!Lil TeMnepaTypbl C 240 
AO 280 °C creneHb KOHBepCLi!Lil 3rnneHa 

3HaYLi1TenbHO ysenlilYLi!BaeTCH. np1i1 MOnb

HOM COOTHOWeHLi1Li1 BOAbl Lil 3TLi1neHa, pas

HOM 0,65 : 1, o6ll\eM AasneHLi1Li1 7 Mna 

Lil o6beMHOii1 CKOpOCTLi1 nOAaYLil 3TLi1neHa 

2000 y-1 creneHb KOHBepCLi1Li1 COCTaBnHeT 

3% np1i1 260 °C Lil 5% np1i1 280 °C. np1i1 

o6beMHoilt cKopocrn noAaY1i1 3rnneHa 

np1i1cOeALi1HeH1i1e BOAbl K 3rnneHy 5'18-

nHeTCH paBHOBeCHOiit 3K30TepMLi1YeCKOiit 

peaKL\Lileilt: 

11H = -45 l<,Q)f(/MOnb 

2700 y-1 era creneHb KOHsepc1i11i1 ysen1i1-

Y1i1saeTcH C 2,2% nplil 260 °C AO 3,7% nplil 

280 °C. np1i1 AanbHeiltweM nOBblWeHLi!Lil 

reMnepaTypbl creneHb KOHBepc1i11i1 Li13Me

HHeTCH He3HaYLi1TenbHO. np1i1 06ll\eM AaB

neHLillil 7 Mna Lil MOnbHOM COOTHOWeHLi!Lil 

BOAbl 1i1 3rnneHa, paBHOM 0,6 : 1, AaB

neH1i1e BOAHHblX napos COCTaBnHeT 2,75 
Mna. 3rnMy AasneH1i110 coorneTcrnyeT 

KOHL\eHTpal\Li15'1 KLi1CnOTbl 83% nplil 280 °C 

Lil 85% np1i1 290 °C. 

Ecn1i1 KOHL\eHTpal\Li15'1 KLi!CnOTbl Ha no

sepxHocrn Karnn1i13arnpa HLi!)f(e 83%, 
BblXOA cn1i1prn pe3KO yMeHbWaeTCH. no-

3TOMY Henb3$'1 nOAAep)f(Li!BaTb 6onbWLi1e 

MOnbHble COOTHOWeHLi!H BOAbl Lil 3Tlilne

Ha, KaK 3TO BblTeKaeT Li13 TepMOALi!Ha

MLilKLil npOL\eCca, TaK KaK B 3TOM cnyyae 

KOHL\eHTpal\Li15'1 cpoccpopHoilt KLi1CnOTbl 

CTaHOBLi1TC5'1 Hlil)f(e onrnManbHOiit, paBHOiit 

83-85%. Ha npaKrnKe MOnbHOe COOTHO

weHLile BOAbl 1i1 3rnneHa nOAAep)f(1i1Ba10T 

paBHblM (0,6 + 0,7): 1, speMH KOHTaKTa -

18-20 c, o6beMHYIO CKOpOCTb noAaYLil 

3rnneHa - 1800-2000 y-1. CreneHb KOH

sepc1i11i1 3rnneHa 3a OALi1H npOXOA COCTaB

nHeT 46%. HLi13KaH creneHb KOHBepc1i11i1 Lil, 

cneAOBaTenbHO, Heo6XOALi1MOCTb MHOro

Kparnoilt L\Li1pKynHL\Li1Li1 3rnneHa HBnHIOTCH 

Cyll\eCTBeHHblM HeAOCTaTKOM npOL\eCca 

Lil 3aCTaBnHIOT np1i1MeHmb KOHL\eHTplilpO

BaHHblilt 3rnneH (He Hlil)f(e 98%). 
npoLi13BOALi1TenbHOCTb 1 M3 KaTanli13a

TOpa B yac COCTaBnHeT 180-200 Kr cn1i1p

Ta. Karnn1i13arnp pa6orneT s TeYeH1i1e 

500 Y, nocne Yero era aKrnBHOCTb cH1i1-

)f(aeTcH scneACTB1i1e yHoca cpoccpopHoiil 

K1i1cn0Tbl (0,4-0,5 Kr c 1 M3 Karnn1i13arnpa 

B Yac) . .QnH YAnli1HeHLi1H cpoKa cny)f(6b1 

KaTan1i13aTop so speMH npol\ecca noA-
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n1t1Tb1Ba10T cpoccpopHoLii K1t1cnornLl1. B 3TOM 
cnyYae ,Qn1t1rnnbHOCTb pa6oTbl Karnn1t13a
Topa 6e3 pereHepaw1t11t1 ysen1t1Y1t1BaeTCH 
,QO 900 Y. 

B npowecce npHMOLii rn.Qparnw1t11t1 3Tlt1-
neHa lt1MelOTCH cne.,Qyl0li.\lt1e OCHOBHble 
crn,Q1t11t1: 1) np1t1rornsneH1t1e napora3os0Li1 
cMec1t1; 2) peKynepaw1t1H rnnna w1t1pKynH
W1t10HHblX nornKos; 3) rn.Qparnw1t1H 3rnne
Ha; 4) HeLi1Tpan1t13aW1t1H npo,QyKTOB peaK
W1t11t1; 5) OYlt1CTKa W1t1PKYnHW1t10HHOro ra3a. 

napora30BYIO CMeCb nonyYalOT .QBYMH 
cnoco6aM1t1: 1) COBMeCTHblM HarpeBaHlt1-
eM napos BO.Qbl 1t1 3rnneHa B rnnnoo6-
MeHH1t1Kax lt1 B Tpy6YaTOLi1 neY1t1; 2) CMe
weH1t1eM 3rnneHa c neperpeTblM napoM 
BblCOKOro ,QaBneHlt1H. 

lt13-3a MHOrOKparnoLli W1t1pKynHW1t11t1 3Tlt1-
neHa 3KOHOMlt1YeCKlt1 Ba>KHO C03,QaTb pa
W1t10HanbHYIO cxeMy rnnnoo6MeHa. Ecn1t1 
napora30BYIO CMeCb nonyYalOT CMeweH1t1-
eM 3rnneHa c napoM BblCOKoro ,QasneH1t1H, 
cxeMa rnnnoo6MeHa ycno>KHHeTCH, rnK 
KaKnpo.QyKTbl peaKW1t11t1 (napb1 cn1t1pTa, He 
BCTyn1t1BW1t1Li1 B peaKW1t1IO 3Tlt1neH, BO,QH
HOLii nap) nocne r1t1.Qparnrnpa scTynalOT B 
rnnnoo6MeH TOnbKO c 3Tlt1neHOM, KOTOpo
MY Henb3H nepe.QaTb see rnnno ropHYero 
nOTOKa. np1t1XO,Qlt1TCH ycTaHaBnlt1BaTb KOT
nb1-yT1t1n1t13aTOpb1 1t1 nonyYaTb nap Hlt13KO
ro ,QaBneHlt1H. np1t1 nycKe Clt1CTeMbl Heo6-

H,Pq 

2 

1 

y 

xo,Q1t1M ,QononH1t1TenbHb1Ll1 rnnnoo6MeHH1t1K 
,QnH HarpeBaHlt1H 3Tlt1neHa napoM BblCOKO
ro ,QasneH1t1H. 0,QHaKo np1t1MeHeH1t1e napa 
BblCOKOro ,QaBneHlt1H onpaB,QaHO TOnbKO 
TaM, r,Qe 6n1t13KO pacnono>KeHa T3L\, npo
lt13BO.QHli.\aH TaKOLii nap. 

Llau.(e napora3osy10 cMecb nonyYalOT 
nepBblM cnoco6oM. 3rnneH 1t1 BO.QY Ha
rpesalOT 1t1 1t1cnapHIOT B rnnnoo6MeHHlt1-
Kax 3a CYeT rnnna HeLi1Tpanlt130BaHHblX 
npo,QyKTOB, BblXO,[\Hli.\lt1X lt13 rn,Qparnrnpa, 
a ,Qanee B neY1t1 c orHeBblM HarpesoM 1t1c
napH10T ocrnsweecH Kon1t1Yecrno BO.Qbl 1t1 
HarpeBalOT CMeCb ,QO 280-290 °C. CxeMa 
3Ta npocrn 1t1 y.Qo6Ha B 3Kcnnyarnw1t11t1 
(p1t1C. 3.32). 

3rnneH 1t13 wexa ra3opa3,QeneH1t1H c>1<1t1-
Ma10T .QO 7 Mna, cMew1t1sa10T c w1t1pKy
nHW1t10HHb1M ra30M lt1 BMeCTe c napOBblM 
KOH,QeHCaTOM no,QalOT B rnnnoo6MeHHlt1-
K1t1-peKynepaTOpbi 5 1t1 4. CMeCb Harpe
saeTCH ,QO 200 °C 3a CYeT Tenna HeLi1Tpa
nlt130BaHHblX npo.QyKTOB peaKW1t11t1. ,l:\anee 
napora30BYIO CMeCb HarpeBalOT ,QO 280-
290 °C B Tpy6YaTOLi1 neYlt1 1 lt1 no,QalOT B 
rn,Qparnrnp 2, r.Qe oHa npoxo,Q1t1T cnoLli 
Karnn1t13arnpa csepxy BHlt13. B r1t1.Qparn
rnp no,QalOT TaK>Ke cse>KylO cpoccpopHylO 
K1t1cn0Ty (Ha no,Qn1t1TKY Karnn1t13arnpa). 

"':S: 
Ii::;;"' 

Bo,11a Ii: :s: :s: 
"' 0. Ii: "to"' :s::;;"' 
.. 0 0 

Cl:> :<: 0. 
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P11c. 3.32. TexHonocul/ecKafl cxeMa nonyl/eHUfl 3munoao20 cnupma npRMOiJ 
cuapama4ueiJ 3muneHa: 1 - nel/b; 2 - cuapamamop; 3 - coneomaenumenb; 
4, 5 - mennoo6MeHHUKu-peKynepamop&t; 6, 8 - cenapamop&t; 7 - CKpy66ep 



Ha 8blXO,Qe 1113 rn,Qparnrnpa cMeCb 
3rnno0oro cn111prn, Henpopearnpo0a0-
w111x 3rnneHa 111 00,Qf!Horo napa HeC1-
Tpan1113ylOT e,QKll1M HaTpOM. <DoccpaTbl 
OT,Qenf!IOT 8 coneor,Qen111rene 3, a na
pora3osy10 cMecb nocne oxna>KAeH111fl 
s rennoo6MeHHll1Kax 4 111 5 HanpasnfllOT 
8 cenaparnp 6 8blCOKoro ,QasneH111fl. 
>K111,QKOCTb ,Qpoccen111py10T ,QO 0,5-0,6 
Mna 111 no,QalOT s cenaparop 8 H1113KO
ro ,QasneH111fl . la3oBafl cpa3a 1113 cena
parnpa 6 nocrynaeT 8 cKpy66ep 7 ,Qnfl 
OTMbl8Kll1 cn111pra 00,qoLll , nocne Yero ee 
KOMnp111M111py10T 111 B03Bpall\alOT 8 npo
L.(ecc. Cn111prn-00,QHb1C1 KOH,QeHcar 1113 
cKpy66epa 7 111,QeT 0 cenaparnp 8 ,Qnfl 
8bl,QeneH111fl pacr0opeHHoro 3r111neHa 
(3a cYer CH111>KeH111fl ,Qa0neH111fl .QO 0,5-
0,6 Mna) . 3rnneH c 0epxa cenaparn
pa 8 no,QalOT Ha KOMnp111M111posaH111e 111 
so30paL11a10T 0 npoL.(ecc (111n111 no,QalOT s 
L.(ex ra3opa3,QeneHll1fl ). 80,QHb1C1 cn111pr 
Hanpasnf!IOT Ha peKrncp111KaL.(11110. 

PeKrncp111KaL.(11110 ocyL11ecrnnfl10T B O,Q
HOLil KOnOHHe. np111 3TOM nonyYalOT 3rnno
Bb1Lil cn111pr-peKrncp111KaT c co,Qep>KaH111eM 
aL.(eTanb,Qer111,Qa He 0b1we 2% 111 ,QO 1 % 
,Q1113rnnosoro 3cp111pa. Ecn111 cn111pr 111,Qer 
Ha nonyYeH111e 6yrn,q111eHa, aL.\eTanb,Qern,Q 
He Mewaer npoL.\eccy. TaKOC1 cn111pr np111-
ro,QeH .Qnfl nonyYeH111fl 111 aL.(eTanb,Qern,Qa, 
111 yKcycHoli1 K111cnorb1. 
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nocne ,QOnOnHl!ITenbHOli1 O'-lll1CTKll1 111 
peKT111cp111KaL.(111111 Cll1HTeTll1'-leCKll11i1 3TltlnO
BblC1 cn111pr He ycrynaer cn111pry, nonyYae
MOMY 1113 n111L11e0oro Cblpbfl. KOHL.\eHrpa
L.\111fl cn111prn 8 80,QO-Cn111pT080M pacrnope, 
nonyYaeMoM Ha ycTaHOBKe, cocrnsnf!eT 
15-16%. CreneHb KOHsepc111111 3rnneHa 3a 
O,QHOKpaTHblLil npOXO,Q pa8Ha 45%. 06L11afl 
creneHb KOH0epc111111 3rnneHa pacnpe
,Qenf!eTCfl TaK: 95% - s 3rnnosb11i1 cn111pr, 
2% - 8 ,Qlil3ntnOBblli1 3cplilp, 1 % - 8 aL.(e
Tanb,Qerlil,Q, 2% - B ,QlllMepbl 111 non111Mepb1. 

Mern,q npflMOli1 r111,QpaTaL.\111111 3rnneHa 
secbMa nepcneKrnseH, O.QHaKo ,QanbHeli1-
wee ero yco0epweHcrno0aH111e 3aKnlO
yaercfl 0 no,Q6ope Ha1116onee aKrn8HblX 
KaTan1o13arnpo0 111 1113b1cKaH111111 nyreLll ocy
L11ecrnneH111fl >K111.QKOcpa3Horo npoL.(ecca; 
np111 3TV1X ycn08111flX MO>KHO 6y,QeT CHV1-
3111Tb reMneparypy vi ysen111Y111Tb creneHb 
KOH0epc111111 3rnneHa. Mern.Q no30onf!eT 
C03,QaBaTb ycTaH08Kltl 6onbWOi::i np01113-
BO,Qlt1TenbHOCTlt1, lt136asnHeT OT Heo6xo
,Qll1MOCTll1 rpaHcnopr111po0arb 1t1 xpaH111Tb 
6onbWl!le KOn1t1'-leCTBa cepHOLil Kll1CnOTbl. 
leorpacp1t1YecKOe pa3M8Ll\8H1t1e 3aso,Qo8 
onpe,qenHercH n1t1Wb Han1t1Y111eM 3rnne
Ha. CpasHeH1t1e rexHl!IK0-3KOHOM111YecK1t1X 
noKa3arenei:1 cepHOK1t1cnornoi:1 1t1 npf!Moi::i 
rn,QpaTaL.\111111 noKa3blBaer, YTO ce6ecrn111-
MOCTb 1 T cn111prn np111 npflMOVI rn,iwarn
L.\111111 Ha 20% H111>Ke. 

3.6. npo1113BO,QCTBO 111306yrnHa VI 11130Mep6eH3111Ha 
11'130M8p1113al\~1elfi anKaHOB C 

4 
- C

5 

PeaKL.\111111 1t130Mep1t13aL.(1t11t1 w111p0Ko 
111cnonb3YIOTCfl 0 Hecprenepepa6arb1-
sa10L11eC1 111 HecpT8Xll1Mll1'-leCKOi::i npOMblW
neHHOCrn. 0Hltl l!IMelOT MeCTO 8 npo
L.(eccax Karan111r111YecKoro KpeK111Hra 111 
p111cpopM1t1Hra; KpoMe rnro, peaKL.\111111 11130-
Mep1113aL.\l!llil 111MelOT caMOCTOf!TenbHOe 
npoMb1wneHHoe 3HaYeH111e 111 111cnonb3Y
IOTCH ,Qnfl n08blW8Hlt1fl OKTaH08blX '-lll1Cen 
MornpHblX rnnn111B vi nonyYeHV1fl 1o1306y-

raHa. nocne,qH111i:1 np111MeHf!eTcfl B npo
L.\ecce Karan1t1T1t1YecKoro anK1o1nviposaH1t1fl 
,Qnfl nonyYeH111fl 2,2,4-rpviMernnneHTaHa 
(vi300KTaHa). CblpbeM ,Qnfl npovi3BO,Qcrna 
111306yrnHa cny>K1t1T 6yrnH, Bb1,QenfleMb1VI 
V13 ra3os Hecprenepepa6orK111. 

V130Mep1o13a1.1111ei:1 Ha1t16onee nerKoLil 
Yacrn 6eH3111Ha npflMOLil neperoHKV1 -
cppaKL.\111111 C

5 
- C

6 
nonyYalOT BblCOKO

OKTaHOBblLil KOMnOH8HT 6eH3V1Ha (V130-



Mep6eH31t1H). CyUIHOCTbfO npol..\ecca 
1t130Mep1t13al..\1t11t1 51sm1eTc5l Karnn1t1Tw-1e
CKoe npespaU1eH1t1e nerK1t1X HOpManbHblX 
anKaHOB, 1t1MefOU11t1X Hlt13Wlt1e OKTaHOBble 
Ylt1Cna, B COOTBeTCTBYfOU11t1e yrneBOAO
POAbl 1t130CTpoeH1t15l c 6onee BblCOK1t1M1t1 
OKTaHOBblMltl Y1t1CnaM1t1. lt130Mep1t13al..\lt15l 
BblCW1t1X anKaHOB He AaeT cyU1ecrneHHO
ro nOBblWeHlt151 OKTaHOBOro Ylt1Cna, no:no
MY s npoMb1wneHHocrn He np1t1MeH5leTc5l. 

TepMOA1t1HaM111Ka, K1t1HeT111Ka 111 Mexa

Hll'IJM peaK~111111. Karnn1t1rnYeCKa5l 1t130Me
p1t13al..\1t15l npornKaeT o6blYHO KaK peaKL.\lt15l 
nepsoro nop51AKa c Ka)f{yU1eli1c51 3Heprneli1 
aKrnBal..\lt11t1 "'40 K,[\>K/MOnb. 

TepMOA1t1HaM1t1YecKoe pasHosec1t1e B 
CMeCltl HOpManbHblX lt1 pa3BernneHHblX 
anKaHOB c nOBblWeH1t1eM TeMnepmypbl 
CMeU1aeTC5l B crnpoHy Hepa3BernneHHblX 
1t1 Manopa3sernneHHblX cTpyKTyp. 

lt130Mep1t13al..\1t15l anKaHOB - peaKL.\lt151 
3K30TepM1t1YeCKa5l, HO KOn1t1YeCTBO Bbl
Aen51fOUlerOC51 rnnna Hesen1t1Ko - 68 K,[\)f{/ 
Monb. B np1t1cyTcTB1t11t1 K1t1cnoTHblX Karn
n1t13arnpos 1t130Mep1t13al..\1t15l npornKaeT no 
l..\enHOMY Kap6KaTlt10HHOMY MeXaHlt13My. 
nepsa51 cTaA1t15l npol..\ecca - 06pa3osa
H1t1e Kap6eH1t1esoro 1t10Ha R+ - onpeAe
n5leTc51 Karnn1t13arnpoM. 3arnM cneAyeT 
CTaAlt151 nepeAaY1t1 l..\8n1t1: 

CneAYfOU11t1e ABe CTaA1t11t1 npeACTaBn5lfOT co6oli1 3BeHo L1en1t1: 

+ + + 
CH

3
CHCH

2
CH

3 
,. • CH

3
CH(CH)CH

2 
,. • CH

3
C(CH

3
)CH

3 

+ + 
CH

3
C(CH

3
)CH

3 
+ CH

3
CH

2
CH

2
CH

3 
,. • CHpH(CH

3
)CH

3 
+ CH

3
CHCH

2
CH

3 

nosrnpeH1t1eM 3TOro 3BeHa OCYUl8CTB
n5leTC51 pa3B1t1rne l..\8n1t1. 

06pb1B L1en1t1 npo1t1CXOA1t1T scneACTB1t1e 
nepeHoca npornHa OT Kap6KarnoHa K Ka
rnn1t13arnpy. 

MexaH1t13M 1t130Mep1t13al..\1t11t1 Ha 61t1cpyHK
l..\lt10HanbHOM KaTanlt13aTOpe MO)f{HO npeA
CTaBlt1Tb cxeMoli1: BHaYane npo1t1CXOA1t1T 

A8r1t1Ap1t1posaH1t1e HOpManbHoro anKaHa 
Ha aKTltlBHOM l..\8HTpe Mernnn1t1Y8CKOro 
Karnn1t13aTOpa, 3aTeM Ha Klt1CnOTHOM l..\8H
Tpe 06pa3osasw1t11i1c51 anKeH npespaU1a
eTC5l B Kap6KaTlt10H lt1 lt130Mep1t13yeTC51 ltl, 
HaKOH8l..\, nocne OTpblBa r1t1APlt1Alt10Ha OT 
ltlCXOAHOro anKaHa BblA8n5leTC51 pa3B8TB
neHHblli1 anKaH: 

~ H+ + 
CH

3
CH

2
CH

2
CH

3 
.. • CH

3
CH

2
CH=CH

2 
,. • CH

3
CH

2
CHCH

3 
,. • 

Hz 

+ 
CH

3
C(CH

3
)CH

3 
+ CH

3
CH

2
CH

2
CH

3 
.. • 

+ 
,. • CH

3
CH(CH

3
)CH

3 
+ CH

3
CH

2
CHCH

3 



KaTam1JaTopb1 M30Mep1.13a~1.11.1. 

Ha1116onee aKrnBHbl s p8aKL.\1t1s:ix 1t130Me

p1t13al.\1t11t1 K1t1cnoTHbl8 Karnn1113arnpb1. Vlx 

MO>KHO pa3A8n1t1Tb Ha cn8AY10W,1t18 rpyn

nb1 B nops:!AKe y6b1BaH1t1S'I aKrnBHOCTltl: 

1) K1t1cnb1e ranor8Hlt1Abl (A/C/
3

, A/Br
3

, 

BF3, FeC/3, MgC/2, ZnC/2) c npoMOTOpa

Mltl , B K848CTB8 KOTOpblX o6bl4HO 111cnonb-

3YIOTCS'I on8cp1t1Hb1 111 anK1t1nranoreH1t1Ab1; 

2) BOAOPOAHbl8 K1t1cn0Tb1: xnopcynb

cj:loHoBas:i (C/S03H), cj:lrnpcynbcpOHOBas:i 

(FS0
3
H), n-rnnyonocynbcpoHosas:i , cpoc

cj:lopHas:i, C8pHas:i 111 AP; 

3) K1t1Cnb18 0K1t1Cnb1 (A/
2
0

3
, Si0

2
, Cr

2
0

3
, 

Mo03, Th03 ) 1t1 cynbcp1t1Abl (MoS2, MoS3, 

CoS). 

,[\OCTaT04HO BblCOKO~ lt130M8p1t13YIO

W,8~ aKTltlBHOCTblO o6naAalOT HeKOTO

pb1e 6111cj:lyHKL.\1t10HanbHb1e Karnn1113aTOpb1, 

nony48HHble C048TaHlt18M n8p8XOAHblX 

Mernnnos 111n111 111x OK1t1cnos (Co, Ni, Pt 
111n111 Mo03 , WO) 111 K1t1Cnb1x OK1t1cnos . 3rn 

Karnn1113aTOpb1 MoryT 6b1Tb OTH8CeHbl K 

K8Tan1113aTOpaM Klt1CnOTH0-3n8KTpOHHOro 

rnna. 

B paHH1t1x MOA1t1cj:l1t1Kal.\1t1S'IX npoMblWn8H

Horo npowecca 1t130M8p1t13al.\1t1S'I ocyw,8cTB

ns:inacb Ha AIC/
3 

111n111 A/Br
3 

c 11cnonb30Ba

H1t18M B Ka4ecrne npOMOTOPOB H860nbWOro 

Kon1148CTBa anK8Ha 111 cyxoro xnop11cToro 

BOAOPOAa. VlOHbl Kap6eH11s:i, no-B1t1AHMOMy, 

o6pa30Bb1san1t1cb no CX8Me: 

HG/ + AIC/
3 

~ ., HAIC/
4 

npOL.\8CC npOBOAltlnCs:i np1t1 OTHOCltl

TenbHO HV13KO~ TeMnepaType 90-120 °C, 
KOrAa paBHOB8Cltle p8aKL.\"1"1 CABltlHYTO B 

crnpoHy pa3B8rnneHHblX anKaHOB . K H8-

AOCTaTKaM 3TOro npOL.\8CCa OTHOCS'ITCS'I: 

BblCOK8S'I KOpp031t10HHas:i arp8CClt1BHOCTb 

Karnn1t13aTopa , TPYAHOCTb OTAen8H1t1s:i 

yrneBOAOPOAOB OT KaTanlt13aTOpa; Hlt13Kas:i 

C8n8KrnBHOCTb npow8cca lt13-3a 06pa30-

BaH1t1s:i 6onbworo Kon1114ecrna no604HblX 

npOAYKTOB; 6onbWlt18 n0Tep1t1 KaTan1t13a

rnpa s p83ynbTaTe ero r1t1Apon1113a 111 pac

rnop111Mocrn B yrn8BOAOPOAaX - OKono 

1% (Mace.). 

B ycosepw8HCTBOBaHHOM npowecc8 

B Ka48CTBe Karnn1113arnpa 111cnonb3osan111 

pacrnop 38% AIC/
3 

B xnop1t1A8 cypbMbl 

(111), aKrns11posaHHbl~ 683BOAHblM xno

p1t1CTblM BOAOPOAOM OKOnO 5% (Mace.). 

TeMn8paTypy nOAA8p>K111san111 Ha yposH8 

65-100 °C. ,Qns:i ocyw,8crnneH11s:i npOL.\8C

ca s >KltlAKO~ cpa3e np1t1M8Hs:in111 AaBn8Hlt18 

2 Mna. Xorn nornp111 xnop1t1Aa an10M1t1H1t1s:i 

H8CKOnbKO CH"131t1n1t1Cb, pacXOA KaTan1t13a

TOpa OCTaBancs:i AOCTaT04HO BblCOKltlM: 

+ 

12,5 Kr A/C/
3 

111 0, 15 Kr SbC/
3 

Ha 1 M3 >KltlA

Koro 1t130Mep1t13aTa. YcosepweHcrnosaH

Hbl~ Karnn1113arnp TaK>K8 Bbl3b1san Koppo-

31t110 060PYAOBaHV1s:! . 

MHoro4111cn8HHb1e H8AOCTaTK1t1, ycno>K

Hs:iiow,1118 rexHonornio npowecca 111 3KC

nnyarnw111io ycrnHosrn , np111sen11 K TOMy, 

4TO 1t130Mep1t13al.\1t1S'I Ha xnop1t1Ae an10M1t1-

H1t1s:i rnps:ieT 3Ha48Hlt18 lt1 BblTeCHS'l8TCS'I 

lt130M8plt138L.\"1e~ Ha 6111cj:lyHKLJ,ltlOHanbHblX 

KaTanlt138TOpax. 61t1cj:lyHKL.\ltlOHanbHbl8 Ka

Tanlt13aTOpbl lt130Mep1t13al.\"1"1 OTHOCS'ITCS'I K 

rnny KaTan1t13aTOpOB p1t1cpOpM1t1Hra . 0Hlt1 

npeACTaBns:!IOT co6o~ M8Tannbl BOCbMO~ 

rpynnb1 (Pt, Pd), HaH8C8HHbl8 B Kon111-

48CTB8 0,21 % Ha OKltlCb anlOMltlHltls:I 1t1n1t1 

weon1t1Tbl Ca Y, HY. 3rn Karnn1t13aTOpb1 

o6naAalOT AOCTaT04HO~ cen8KTlt1BHO

CTblO Ans:! lt130M8plt13al.\"1"1 anKaHOB C
5 

-

C6, HO 8KTlt1BHOCTb ltlX H8BblCOKa. noaTO

My npOL.\8CC npoBOAs:iT np111 350-400 °C. 
,Qns:i npeAOTBpaW,8Hltls:I 3aKOKCOBblBaHltls:I 

KaTanlt13aTOpa B Clt1CT8M8 nOAA8P>Klt1B8IOT 

AaBn8Hlt18 BOAOPOAa 1,4-4,0 Mna. 



Bb1c0Kafl reMneparypa cHvnKaer rep
MO.Q1t1HaM1t1YecK1t1 B03MO>KHYIO creneHb 
lt130Mep1t13al\lt1ltl. AKTlt1BHOCTb 61t1cpyHKL\lt10-
HaJlbHOro KaTaJllt13aTOpa MO>KeT 6b1Tb 
nosb1WeHa, a pa60Y1t1e reMneparypbl 
CHlt1>KeHbl, eCJllt1 nOBl:-IClt1Tb Klt1CJlOTHOCTb 
Hoc1t1renfl. nnarnHOBbllll 1t1Jl1t1 nanna,q1t1e
Bb1!11 KaTaJllt13aTOp Ha 0Klt1Clt1 aJllOMlt1Hltl51 
c sse,qeH1t1eM s Hee 7-10% ranoreHa 
n03BOJlfleT npoBO.Qlt1Tb npOL\eCc npltl 100-
130 °C. 

Heo6xo,q1t1MblM ycnos1t1eM H1t13KOTeM
neparypHoil1 1t130Mep1t13aL11t11t1, KaK 1t1 Ka
ran1t1rnYecKoro p1t1cpopM1t1Hra, flBJlfleTcfl 
rny6oKa51 oY1t1CTKa Cblpb51 1t1 so,qopo,qco
,qep>KaLl.(ero ra3a or np1t1Mecei/1 snarn, 
cepbl, a3ora, K1t1cnopo,qa, orpaBJlfl10ll.11t1X 
KaTaJllt13aTOp. ,0.Jlfl socnonHeHlt151 norepb 
ranoreHa Ha Karan1t13arnpe B Cblpbe sso
.QflT He60JlbWOe KOJ11t1YeCTBO (nop51,qKa 
,qecf!Tlt1TblC51YHblX ,qonei/1 npoL\eHra) rano
reHopraH1t1YecK1t1X coe,q1t1HeH1t1il1. 

3.7. AnK111n111posaH111e 

3. 7. 1. npoU3BOOCmBO anKun6eH3UHa 8flKUflUp088HUeM 

pa3eemeneHHbtX anKaHOB anKeHaMu 

Bb1coK00KrnH0Bb1!11 KOMnoHeHT 6eH-

31t1Ha - aJ1Klt1Jl6eH31t1H - nonyYalOT aJ1Klt1-

Jl1t1posaH1t1eM pa3BeTBJleHHblX anKaHOB 

anKeHaM1t1. B npOMblWJleHHblX ycnos1t1f!X 

peaKL\lt1IO ocyLl.(eCTBJlfllOT B np1t1cyTCTBlt11t1 

cepHolll lt1Jlltl cprnp1t1CTOBO.QOPO.QHOll1 KltlC

JlOTbl. B KaYecrse anKaHosoro Cb1pb51 

lt1CnOJlb3YIOT lt1306yraH, lt13 anKeHOB Halt1-

60JlbWee 3HaYeHltle 1t1Me10T HOpMaJlbHble 

6yrnneHbl. 0CHOBHblMlt1 npo,qyKTaMlt1 an

Klt1Illt1pOBaHlt151 lt13o6yraHa 6yT1t1JleHaM1t1 

51BJ151IOTC51 Tp1t1MernnneHTaHbl. OKTaHO

soe Y1t1cno 2,2,4-rp1t1MernnneHraHa (1t13o

OKTaHa) np1t1Hf!TO 3a 100. 

+ -

TepMOAlllHaM111Ka, K111HeT111Ka 111 Mexa

Hlll3M peat<1.1111111. AnK1t1n1t1posaH1t1e pa3-
sersneHHblX anKaHOB anKeHaMlt1 B 06-
Ll.(eM Blt1,Qe on1t1CblBaeTCfl ypaBHeHltleM: 

CH +CH ->CH n 2n+2 m 2m n+m 2(n+m)+ 2 

PeaKL\lt151 1t1,qer c Bb1,qeneH1t1eM renno
Tbl, no::irnMy npe,qnoYrnrenbHO nposo
.QltlTb npOL\8CC np1t1 Hlt13KOll1 TeMneparype. 

MexaH1t13M anK1t1n1t1posaH1t1fl s np1t1cyr
CTB1t11t1 Klt1CJ10THblX KaTaJllt13aTOpOB - Kap6-
KaTlt10HHblil1 L\SnHoi/1. 

Ha nepsoi/1 cra,q1t11t1 anKeH pearnpyer c 
npOTOHOM KaTaJllt13aTOpa: 

+ 

6yTlt1JlbHblil1 KaTlt10H pearnpyer c pa3B8TBJ18HHblM anKaHOM 

+ + 

06pa30BaBWlt1!11C51 TpernYHbllll 6yTV1JlbHblil1 Kap6eH1t18Bblil11t10H np1t1coe,q1t1H518TC51 K MO
Jl8KYJle anKeHa: 

+ + 
CH3C(CH3 ) 2 + CH3CH = CHCH

3
--> CH

3
C(CH

3
)
2
CH(CH

3
)CHCH

3 
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Brnpt.14Hblill OKTlllnbHblill Kap6KaT1110H 1.130Mep1.13yeTcs:1 s 6onee ycrni/141.1sb1ill rpern4-
Hblill: 

CH3 

+ + I 
CH3C(CH3 )2C(CH3)CH2CH3 ~ CH3C- CCHpH

3 

I I 
CH3 CH3 

+ 

+ 
CHp( CH3)CH( CH3)CH( CH

3
)CH3 

ll130Mept.130BaHHblill t.10H BCTynaeT B 
peaKL1t.110 c t.1CXOAHblM pa3sernneHHblM 
anKaHOM c o6pa3oBaHt.1eM KOHe4HblX 

+ 

npOAYKTOB peaKL1t.1t.1 - t.1300KTaHOB t.1 HO
BblX Kap6KaTlllOHOB, T.e. pa3Bt.1BaeTCS'I 
L1enHoill npoL1ecc. 

CH
3
C(CH

3
)C(CHJ

2
CH2CH

3 
+ CH3CH(CH,)

2 
~ 

06pblB L1en1.1 npo1.1cxoA1.1T np1.1 nepe
Aa4e npOTOHa OT Kap6KaT1110Ha K aHt.10HY 
Kt.1CnOTbl. 

np1.1 anK1.1n1.1pOBaHt.1t.1 Ha6n10AaeTCS'I 
ps:iA no604HblX peaKL11.1ill: AeCTPYKTlllBHoe 
anK1.1n1.1posaH1.1e, non1.1Mep1.13aL1111s:1 anKe
HOB t.1 B3at.1MOAeillcTBt.1e anKeHOB c KaTa
n1113aTOpOM (Kt.1CnOTOll!) c o6pa30BaHt.1eM 
cnO>KHblX 3Q)lllPOB. 

,QecTpyKTll1BHoe anK111n1.1posaH1.1e npo-
1.1cx0At.1T s pe3ynbTaTe 13-pacnaAa npo
Me>KyT04HblX Kap6KaTlllOHOB 111 npt.1BOAll1T 
K o6pa30BaHt.1IO yrneBOAOPOAOB c5 - CT 
Ponb arnro npoL1ecca so3pacraeT c TeM
nepaTypoVi. non111Mep1113aL1111s:1 anKeHos 
AaeT npOAYKTbl 6onbweLi1 MOneKyns:ipHOVl 
MaCCbl, 4eM Ca. npoL1eCCbl non1.1Mep1113a
Llll1111 noAaBns:llOTCS'I 11136blTKOM t.13o6yraHa. 
83a111MOAeVicrs111e anKeHOB c Karan1113a
TOpoM CHt.1>KaeT KOHL18HTpaL1111IO t.1 aKTl/18-
HOCTb Karan1.13arnpa . 

KaTam13aTopb1 anK111n111poeaH111H. 
Karan1113arnpb1 anK1.1n111posaH111s:1 MO>KHO 

+ 

pa36111Tb Ha cneAY10L11111e rpynnb1: Ha oc
Hose AIC/

3
; Ha ocHose Mll1HepanbHblX Kt.1C

noT (H2S04 , HF, Hp04 ); 1.10Hoo6MeHHb1e 
CMOnbl t.1 L180nll1TCOAep>KaL11111e KaTan1113a
TOpb1. 

Karan1113aTOpb1 Ha ocHose AIC/
3 

He 
nony4111n1.1 w111poKOro pacnpocrpaHeH1.1s:i 
B npOMblWneHHOCH1 t.13-3a aKTlllBHOro 
1.1H111L11111.1posaH111s:1 no6o4HblX peaKL1111Vi (no
n111Mep1113aL1111111 , AecrpyKTlllBHoro anK1.1n111-
posaH111s:1 111 np.), a TaK>Ke cneL1111cj:)ll14ecK1.1x 
HeAOCTaTKOB xnop111Aa anlOM111H111.S'I (r111rpo
CKOnll14HOCTb, Koppo3111s:i annapaTypb1 111 
AP -). OcHOBHoe 3Ha4eH111e s AaHHOM npo
L.\ecce Hecj:nenepepa6aTb1sa10L11eVi npo
MblWneHHocrn t.1M8IOT cepHas:I 111 cj::JTOp111-
CTOBOAOPOAHas:I Kll1CnOTbl. 

AnK111n111posaH111e - npoL1ecc reTepo
reHHblVi . X111M1114ecKaf! peaK1..11.1s:1 npornKaer 
s K1.1cnoTH0Li1 cpa3e . CKOpocTb npo1..1ecca 
n1.1M111T111pyercf! A111cj::lcpy31.1eVi peareHTOB 1113 
yrneBOAOPOAHOLil cj::la3bl B Kll1CnOTHylO , no-
3TOMY Ba>KHYIO ponb 111rpaeT 111HTeHCll1BHOe 



nepeMew1110aH111e, Heo6xoA111Moe Ans:t co3-
AaH111s=t OAHOPOAHOiil 3Mynbc111111 . 

CepHas=t K111cnorn, 111cnonb3yeMas=t B 
Ka4eCTBe Karnn1113arnpa, o6bl4HO 111MeeT 
KOHL1eHTpa1..111110 96-98%. 6onee BblCOKas:t 
KOHL1eHTpa1..1111s:1 Kll1CnOTbl cnoco6cTByeT 
peaK1..1111s:tM oK111cneH111s=t 111 cynbcp111po0aH111s=t 
yrneBOAOPOAOB. CH111>1<eH111e KOHL1eHTpa-
1..1111111 Kll1CnOTbl BeAeT K y0en1114eHll1IO CKopo
CTVI peaK1..1111111 non111Mep1113a1..1111111 anKeHOB, a 
TaK>Ke B3all1MOAeiilcTBll1IO 111X c cepHoiil Kll1C
noTOii1 c 06pa300aH111eM anK111ncynbcpa
rn0; KpOMe TOro, C03AaeTCs:t onacHOCTb 
KOpp03111111 o6opyAOBaHll1s:t. 06LI..(111ii1 pacXOA 
cepHOiil Kll1CnOTbl B no604HblX peaKL1111s:tX 
cocrnens=teT 100-160 Kr Ha 1 T anK111narn . 

B np111cyTcrn111111 cprnp111crnro BOAO
POAa, B orn1114111e OT peaK1..1111111 c cepHoiil 
K111cnornil1 , anK111n111po0aH111e npoTeKaeT 
npaKrn4eCKll1 6e3 no6o4HblX peaK1..1111il1 
A8>Ke np111 HeKOTOpOM nOBblWeHll1111 TeM
nepaTypbl (AO 20-40 °C) . 3TO n03BOns:t
eT npoBOA111Tb npo1..1ecc 6e3 npviMeHeH111s:t 
BHewHero oxna>KAeH111s=t. K npe111MylJ..(e
crnaM HF nepeA H2S0

4 
ornocs=tTcs=t 6onb

was:i nerKOCTb 06pa300aH111s:t 3Mynbcviil1 c 
yrneBOAOPOA8Mll1 111 3H84111TenbHO 6onee 
BblCOKas:t paCTBOp111MOCTb B Heil! 111306yrn
Ha, 4TO 111 06ycno0n1110aeT cH111>1<eH111e pon111 
no6o4Hb1X peaK1..1111il1. 

Vlcnonb3yeMas=t B npo1..1ecce cprnp111-
crn00AopoAHas:t Kll1CnOTa 111MeeT KOHL1eH
Tpa1..111110 80-90% 111 COAep>K111T MeHee 1 % 
BOAbl. ¢rnp111CTb1ii1 BOAOPOA nerKo OTAe
ns=teTcs=t OT BOAbl neperoHKoiil. PacxoA HF 
COCTaBns:teT np111MepHO 0,7 Kr Ha 1 T an
Kll1naTa. 

nepcneKTVIBHblMll1 K8Tanll138TOp8M111 
s:tBns:tlOTCs:t KOMnneKCbl Tp111cpTOp111A8 6opa 
BF3 • H2 0 • HF 111 BF3 • H2S04 , a TaK>Ke 
1..1eon111TCOAep>1<alJ..(111e Karnn1113aTopb1. 

CepHoK111cnoTHoe anK111n111poeaH111e 
e npOMblWneHHOCTVI. B np111cyTcTs111111 
H

2
S0

4 
anK111n111po0aH111e npoBOAs=tT np111 

510 °C, AaBneHvivi 0,6-1,0 Mna, KOHL18H
Tpa1..1111111 H2S04 96-98%, COOTHOWeHll1s:tX 

Kll1Cnorn: yrneBOAOPOAbl 1,0-1,5 111 111306y
TaH : 6yrnneHbl OT 6:1 AO 15:1. 

np111MeHeH111e Hll13KOi/1 TeMnepaTypbl 
o6ycnosneHo ysen1114eH111eM pasHosec
Horo BblXOAa pa3B8TBneHHblX anKaHOB 
111 cH111>1<eH111eM pon111 no6o4HblX peaK1..1111il1 
~-paclJ..(enneH111s=t npoMe>KyT04HblX 1110Hos, 
cynbcp111pOB8Hll1s:t 111 OKll1Cn8Hll1s:t. noBbl
weHHOe AasneH111e Heo6XOA111MO Ans=t noA
Aep>1<aH111s=t peaKL.11110HHOii1 CM8Cll1 B >K111AKOM 
COCTOs:tHll1111 . np111 COOTHOW8Hllllt1 KlllCnorn : 
yrneBOAOPOAbl 1,0-1,5 AOCrnraeTCs:t non
HOe ysne4eHl!le yrneBOAOPOAHOiil cpa3bl B 
3Mynbc11110. V136blTOK 111306yrnHa cnoco6-
crnyeT noAasneH11110 npo1..1eccos non111Me
p1113a1..1111111 111 ysen1114eH11110 BblXOAa anK111na
Ta. 

Cb1pbeM npo1..1ecca anK111n111posaH111s=t s 
npOMblWneHHOCTVI cny>Kll1T 6yrnH-6yrn
neHOBas:t cppaKL11t1s=t , COAep>KalJ..(as=t 80-85% 
yrneBOAOPOAOB C4 111 15-20% yrneBOAO
POAOB c3 Ill C5, KOTOPYIO nony4alOT c Tep
MOKaTanl!ITVl48CKlllX yCTaHOBOK. 

AnKaHbl HOpManbHOro CTp08Hltls:t c3 -
C5 B pe8KL\ltll0 8nK1t1n1t1pOB8Hltls:t He BCTy
nalOT, no3TOMY ltlX np111cyTCTB1t1e B Cblpbe 
He>KenaTenbHO. [113 pa3sernneHHb1x anKa
HOB Ha1116onbwee 3Ha4eH111e 111MeeT 1t13o-
6yrnH. np111MeHeH1t1e B K848CTBe Cbipbs:t 
Ans=t anK111n111posaH1t1s=t 1113oneHTaHa He1..1e
necoo6pa3HO BBlllAY TOro, 4TO OH s:tBns:t
eTCs:t L.18HHblM BblCOKOOKTaHOBblM KOMno
H8HTOM 6eH3111Ha. 

CylJ..(ecrneHHoe sn111s=tH111e Ha noKa3a
Ten111 npo1..1ecca OK83blB8IOT TaK>Ke COCTaB 
111 KOnll148CTBO B Cblpbe anKeHOB. 3rnneH 
npaKrn4eCKll1 He anK111n111pyeT 111306yrnH, 
a rnaBHblM o6pa3oM non111Mep1113yeTcs=t 111 
pear111pyeT c K111cnornil1 c 06pa3osaH111eM 
3TVII1Cynbcp8Ta. npon111neH BCTynaeT B 
peaKL.111110 c 111306yTaHOM, HO OKTaHOBOe 
4111cno anK111narn MeHbWe, 4eM np111 111c
nonb30BaH111111 6yrnneHos. Bb1cw111e one
cpl!IHbl ( C5 111 Bbl We) B npOL\8CCe peaKL\111111 
06pa3y10T lllOHbl 6onbwoil1 MoneKyns:ipHoiil 
M8CCbl, CKnOHHble K paclJ..(enneHll110, 4TO 
ysenll14VIB88T BblXOA Hll13KOMOneKyns:tp
HblX npOAYKTOB. TaK111M o6pa3oM, 1113 an-



KeHOB c2 - cs AflH anK111n111posaHVIH HaVl-
6onee no,QXOAHT 6yrnneHbl . 

KpoMe >KVIAKOro npOAYKTa (anKVlnara) 
s npoL1ecce nonyYa10T cyxoi/1 ra3, orpa6o
TaHHYto 6yraH-6yTV1neHOBYIO cjJpaKLIVllO VI 

cepHyto KVlcnory. YrneBOADPOAbl VICnonb-
3YtoTCH a Apyrvix npoL1eccax, a orpa6o
raHHaH cepHaH KVICnora nOABepraeTCH 
pereHepaL1V1V1 VlnVI V1cnonb3yercH ,QnH 
OYVICTKVI APYrVIX npo.QyKTOB. 

3. 7.2. npoU3BOOCmeo nOf1UMep6eH3UH8 
0!1u20Mepu3au,ueiJ nponuf1eHa u 6ymuf1eHa 

CosMecrHoi71 onV1roMepV13aL1V1eil1 npo
nV1neHa VI 6yT111neHa npOV13BOAHT nonVl
Mep6eH3111H, npeAcraanHtoW,Vlill co6oil1 
rnaBHblM o6pa30M CMeCb ,QVI-, TpVI- VI re
TpaMepos c OKTaHOBblM YVICflOM ::::; 80. 

OnV1roMepV13aL1V1ei11 6yrnneHa VI no
cneAytoW,VIM rV1ApV1poaaHV1eM All1Mepa 
(V130-C

8
H16) npOV13BO,QHT TeXHVIYeCKVlill 

Vl300KTaH , KOTOpbli71 TaK>Ke 111CnOnb3yeTCH 
s KaYecrse KOMnoHeHra 6eH3VIHa .QnH no
Bb1weHV1H OKTaHOBOro Yll1Cna . 

npoL1eCC ocyw,eCTBflHIOT TepMVIYeC
KVIM 111 repMOKaran111TV1YeCKVIM nyreM. 

TepM111YecKyto on111roMepV13aL1V110 npo
BOAHT npVI 480-550 °C VI 10,0-13,5 Mna. 
Ee HeAocraroK - HVl3KaH ceneKTVIBHOCTb 
VI KpeKVIHr o6pa3ytoW,VIXCH npOAYKTOB. 
TepMV1YeCKV1il1 cnoco6 npV1MeHHeTcH ,QnH 
nonV1MepV13al.IVIVI anKeHOB c2 - C3. 

KaranVlrnYecKyto onV1roMepV13aL1V110 
BeAyT npVI 160-250 °C VI 2,5-8,0 Mna. 
KaranV13aTOpb1 rDTOBHT B OCHOBHOM Ha 
OCHOBe cjJOCcjJOpHOi7t KVICflOTbl. npoL1eCC 
ceneKTVIBeH, KpeKVIHra He Ha6ntoAaeTCH. 

+ 

reKCVlflbHbli71 1110H MO>K8T Aanee np111-
C08AVIHVITb nocne,QosarenbHO ew,e He
cKonbKO MoneKyn anKeHa c 06pa3osaH111-
eM VIOHOB C

9 
111 C12 . 

TepMOAHHaMHKa H MexaHH3M npo-
1.4ecca. On111roMepV13aL1111H anKeHos rep
MOA111HaM111YeCKV1 B03MO>KHa (3HaYeH111e 
CB060AHOll1 3Heprvi111 r11166ca OTPV1L1a
TeflbHO) np111 reMneparype He Bbrwe 
500-550 °C. 

PeaKL1111H 3K3orepM1114Ha. Tennosoi/1 
3cjJcjJeKT cocrasnHer 71 ± 8 K,[\>K/Monb 
onV1roMepV13osaswerocH onecjJ111Ha. Pas
HosecHaH creneHb on111roMep1113aL1111111 so3-
pacraer c ysen111YeH111eM ,QasneH111H 111 cH111-
>1<eH111eM reMnepaTypbr. 

Karan111T1114ecKaH on111roMep1113aL1111H 
nporeKaer no Kap6KarnoHHOMY MexaHll13-
My, COCTOHW,eMy 1113 cne,Qytow,111x CTaA111il1 
(Ha np111Mepe npon111neHa). 

1. npoTOHV1pOBaHll18 anKeHa Ha KaTa
flVl38TOpe: 

+ 
CH

2 
= CHCH

3 
+HA ----> (CH

3
CHCH

3
) A-

2. np111coe,Q111HeHll18 o6pa30B8BWeroCH 
1110Ha K MoneKyne anKeHa no n:-CBH3111 : 

+ 

3. V130M8pV138l.IVIH 1110HOB - BTOpVIYHbl8 
Kap6KarnoHbl npespaw,atorcH s 6onee 
ycroil1YV1Bb1e rpernYHbre: 

+ + + 
CH3CH(CH.)CH2CHCH3~ CH

3
CH (CH) CHCH

2
CH

2 
•., CH

3
CH

2
C(CH

3
)CH

2
CH

3 

+ ~ H + + 
CH

3
C(CH.)CH

2
CH

2
CH

3 
CH

3
CH(CH

3
)CH(CH

3
)CH

2 4 ., CH
3
CH(CH

3
)C(CH

3
)CH

3 
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V10Hbl Cg Lil C12 T8IOl<e nO/],Bepr8toTC5l 

Li130MepL!138LIL11111, O/J,H8KO 38TeM OHLl1 ner

KO p8Cn8/],8IOTC5l. P8Cn8/], LllOHOB c g Lil c1 2 

npL11BO/J,Li1T K o6p83088HLl1IO npOAYKTOB c 

YLllC!lOM aTOMOB yrnepO/J,8 , He Kp8THblM 

TpeM. 

4 . PeaKL1L115l 38K8HYL11B8eTcs:i nepe1J,8-

Yei:1 npornH8 OT K8p6K8Tlt10H8 K8Ta!1Li138-

rnpy Li1!1Li1 Li1CXO/J,HOMY 8!1KeHy; B03MO>KeH 

TaK>Ke OTpblB rL11APL11/J.Ll10H8 OT LilCXO/],HOro 

8nKeH8 Kap6K8Tlt10HOM. B nocne/],HeM 

cnyYae o6p83yeTC5l 8!1KeHL!1!lbHblH Li10H , 

/],8!lbHei:1wL11e npeBp8Ll_\eHL!15l KOTOporo 

Be/J,yT K o6p830BaHL!1IO BblCOKOHeH8Cbl

Ll_\eHHblX npOIJ.YKTOB , npOYHO CB5l3aHHblX c 

nosepXHOCTblO KaTa!lL!13aTOpa . 

KaTa111113aTopb1 011111r0Mep1113a4111111. 
Om1roMep1t13aL1L115l anKeHOB c3 - c4 c 

nonyYeHL11eM CMeCLil pa3BeTB!leHHblX an
KeHOB, neperOH5llOLl_\Li1XC5l B npe/],enax 

TeMnepaTyp KL11neHL115l 6eH3Li1HOB , KaTa

!lLl13Li1pyeTC5l pa3H006pa3HblMLl1 K8Ta!llt1-

3arnpaML11 K8Tlt10HHOH O!lLl1roMepL!138LILl1Li1. 

npaKTlt1YeCKOe np1t1MeHeHL11e LilMetoT 

masHblM o6pa3oM /],Ba Karnn1113arnpa 

Ha OCHOBe tj)octj)opHOH KLllC!lOTbl. Taep
aaR c/JOCc/JOpHaR KUCnoma rQTOBLl1TC5l 

nponL11TKoi:1 nopowKa KLl13e!lbrypa p8crno

poM HF0
4 

c nocne1J,ytol1.\L11M tj)opMosa

HLileM Ta6neTOK Lil npoKa!l1t1BaH1t1eM np111 

300-400 °C. npL116!1Li13Ll1Te!lbHblH COCTaB 

Karnn1113arnpa P
2
0 5 • Si02 • 2H

2
0 . ct>oc

tj)opH85l KLllC!lOTa Y8CTV1YHO XLl1ML!1YeCKLl1 

CB5l3aHa c OKLl1Cbl0 KpeMHL115l , a YaCrnY

HO - cPLl13L!1YeCKLl1 8/J,COp6111posaHa . >Kua
KaR cpoccpopHaR Kucnoma Ha Kaapl..(e 
npe1J,crnsns:ieT co6oi:1 KsapL1eBb1!:1 necoK, 

Ha KOTOpb11:1 HaHeCeHa nneHKa KLl1C!l0Tbl. 

TaKoi:1 KaTa!lL!13arnp nerYe pereHepL11py

eTcs:i , YeM K8Ta!lLl138TOp nepsoro rnna , 

npOMblBKOH 80/],0H Lil npon1t1TKOH CBe>KeH 

KL11cnorni:1 . Ero HeAOCTaTKOM s:isns:ieTcs:i 

MexaH1t1YeCKL11H yHoc KLllC!lOTbl c nosepx

HOCTLll KBapL1a . 

AKrnBHbl TalOKe HeK0Topb1e L1eO!lL11Tco

Aep>Kal1_\1t1e 1<aTa n1t13arnpb1. 

MaKpOK11tHeT111Ka npo4ecca. B npo

MblW!leHHblX ycnos111s:ix on111roMep1113a

L1L111t1 anKeH HaXO/J,Li1TC5l B ra30BOH cP83e, 

a peaKL1L115l npoTeKaeT Ha nosepxHOCTLil 

KaTa!lLl13arnpa. CKopoCTb peaKL1L111t1 n111M111-

rnpyeTcs:i M8cconepe1J,aYei:1. K8>Kyl1_\as:ics:i 

3Heprns:i 8KTV1B8LIL11111 COCT88!15l8T scero 

21-31 K,Q>K/MO!lb. nops:i/J,OK peaKLIL11Li1 6!1Li1-

30K K 1, Lil ee CKOpOCTb nps:iMO nponop

LILllOHa!lbHa napL11t1a!lbHOMY 1J,asneH111to 

anKeHa. 

TeMnepaTyp8 npose1J,eH111s:i npoL1ecca 

He /J,O!l>KHa 6b1Tb C!lLllWKOM HLl13KOH, TaK 

KaK y>Ke npLil 130 °C BMeCTO O!lL11roMep111-

38LILl1Li1 Lll/],eT o6p830BaHL!18 tj)octj)opHOKLl1C

!lblX atj)L11pos. Henb35l AonycK8Tb TaK>Ke 

Ype3MepHoro nOBblWeHL!15l TeMnepaTypbl , 

TaK KaK BblWe 220 °C yse!lL11YL11B8eTC5l se

p05lTHOCTb pacn8/],8 O!lLilroMepHblX K8p6-

K8Tlt10HOB. KpoMe rnro , np111 BblCOKOH TeM

nep8Type Li1HTeHCLl1cPLl1LILl1PYeTC5l pe8KLILl15l 

OTpblBa rlt1/J,pLi1/J,Li10Ha OT LilCXO/J,HOro 8!1-

KeHa , s pe3y!lbTaTe Yero ysenw-1111saeTcs:i 

BblXO/J, CMO!l006p83HblX HeHaCblLl_\eHHblX 

npop,yKTOB, 6!10KLl1PYIOL1.\Li1X nosepxHOCTb 

K8T8!1Li138TOpa. Bb1we 270 °C onL11roMepL11-

3aL1L115l CT8HOBLl1TC5l TepMO/J,Li1H8MLl1YeCKLl1 

H8803MO>KHOi:1. 

noBblWeH1t1e p,aB!leHL!15l He TO!lbKO 

ycKops:ieT npOL18CC, HO Lil yse!lL11YLl1888T 

cpoK >KLl13HLl1 KaT8!1L113arnpa, TaK KaK y1J,ep

>KL11B8eT B >KLl1/J,KOl:1 tj}a3e O!lLllroMepHble 

npop,yKTbl , KOTOpble CMblB8IOT c nosepx

HOCTV1 KaT8!llt13aTOpa CMO!lLl1CTble OT!10-

>KeHL!15l . .QasneHL11e He cnoco6crnyeT yrn

>KeneHLllto nO!lL!1Mep6eH3Li1H8, TaK K8K npL11 

L!1CnO!lb3yeMblX TeMnep8Typ8X O!lLilroMep

Hble Kap6K8Tlt10Hbl c BblCOKOi:1 MO!leKy

!15lpHOH M8CCOH 6blCTpO pacn8/J,8IOTC5l . 

.Qns:i npep,ornpal1_\eHL115l no6oYHblX pe

aKL11t1!:1 npoL1ecc He se/J,yT AO nonHoro 111c

nonb3osaH111s:i 8!1KeHoB, a 06ecneY1t1B810T 

np111MepHo 90%-Hyto KOHsepcL11to . K0Hsep

c111s:i onpe1J,ens:ieTcs:i rnMnepaTypoi:1, 1J.8B!le

HL11eM , aKrnBHOCTbto KaTa!lLl138TOp8. B 3a

s111c111Mocrn OT 3Tlt1X cP8KTOpOB 06beMH85l 

CKOpOCTb COCT8Bil5leT 1 ,7-4,0 y -1
. 



nony~eHMe nonMMep6eH3MHa e 
npoMb1wneHHOCTM. OnviroMepvi3al.\VllO 
anKeHos c L1enb10 nony4eHV1H nonviMep-
6eH3V1Ha B npOMblWneHHblX ycnOBVlHX 
OCyLJ..\eCTBnHIOT npvi 175-245 °C V1 ,QaB
neHV1V1 ,., 6 Mna s npvicyTcrnvivi cpoccpop
HOKV1Cnb1x Karnnvi3arnpos. CblpbeM .QnH 

nony4eHV1H nonviMep6eH3V1Ha HBnHIOTCH 
o6bl4HO He 4V1CTble anKeHbl, a yrneBO.QO
pO.QHble cppaKL\VlVl, nony4aeMb1e s pe3ynb
rnrn TepMOKaTanV1TV14eCKV1X npOL\eCCOB, 
nviponvi3a vi ,qervi,qpviposaHVlH. WvipoKo 
vicnonb3YIOTCH nponaH-nponvineHosaH vi 
cppaKL\VlH c3 - C4. Co,qep>KaHvie anKeHOB 
B Cblpbe .QOn>KHO 6b1Tb He HVl>Ke 20% V1 He 
BblWe 40% BO V136e>KaHvie CVlnbHOro pa-
30rpesa scne,qcrnvie 3K30TepMV14Hocrn 
npOL\eCca. 

no CKnOHHOCTVl K OnV1roMepvi3al.\V1V1 

anKeHbl MO>KHO pacnono>KV1Tb s pH.Q: 

V13o6yTvineH>6yTvineH>nponvineH>3TV1neH 

nonviMep6eH3V1H npe.QCTaBnHeT C0-

6oi/i CMeCb onviroMepos OTHOCV1TenbHO 

HeBblCOKOLli MoneKynHpHOLli MaCCbl, nepe

roHHIOLJ..\YIOCH B VlHTepsane TeMnepaTyp 

200-250 °C. B era COCTaB BXO.QHT 94% 

anKeHOB, 5% anKaHOB V1 L\VlKnoanKaHOB V1 

1% apeHOB. 

nonV1Mep6eH3V1H 06bl4HO VlMeeT OK

TaHOBOe 4vicno 82-84 vi o4eHb xopowvie 

CMeCV1TenbHble xapaKTepV1CTV1KV1: B CMeCVl 

c ,qpyrnMvi 6eH3V1HaMvi OH se,qeT ce6H KaK 

npo.QyKT c OKTaHOBblM 4V1CnOM 90-95 B 

3aBV1CV1MOCTV1 OT npvipO.Qbl KOMnOHeHTOB, 

c KOTOpblMVl ero CMewvisalOT. 

3.8. fanOlll{_.\i'ipOBaH!tte 

K npoL1eccaM ranovi,qviposaHVlH orno
CHTCH peaKL\VlVl, npvi KOTOpblX aTOMbl 
ranOVl.QOB 880.QHTCH B MOneKynbl op
raHV14eCKV1X COe.QV1HeHV1Lli. vfa npOL\eC
COB ranOV1.QV1pOB8HV1H yrneBO.QOpO.QOB 
nviwb xnopviposaHvie vi cprnpviposaHvie 
VlMelOT Ba>KHOe npOMblWneHHOe 3Ha4e
HV1e. 

ranOV1.QV1pOBaHV1e MO>KHO OCYLJ..\e-
CTBV1Tb Henocpe.QCTBeHHO xnopoM, 6po
MOM, LliO.QOM V1 (pe.QKO) cprnpoM nvi6o npvi 
noMOLJ..\Vl HeKOTOpblX ranOV1.QCO.Qep>Ka
LJ..\V1X coe,QV1HeHV1Lli - ranOVl.QBO.QOPO.QHblX 

400-500°C 
+ 3S0

2
C/

2
; FeC/

3 

350°C 

2HCI + 0
2 

KV1CnOT (HF, HG/, HBr, HJ) V1 ,qpyrnx ra
nOV1.QCO.Qep>K8LJ..\V1X coe,qviHeHviili ( COC/

2
, 

S0
2
C/

2
, PBr

3 
vi T . .Q.). 

ranOV1.QV1pOBaHV1e npOBO.QHT KaK B na
posoili, TaK V1 B >KVl.QKOLli cpa3e. npV1HL\VlnV1-
anbHO peaKL\VlVl ranOV1.QV1pOB8HV1H MO>KHO 
pa3,qenV1Tb Ha ,qse rpynnb1: ranovi,qvipo
saHvie 3aMell..\eHvieM vi ranovi,qviposaHvie 
npV1COe.QV1HeHV1eM. 

Ha npvise,qeHHOLli HVl>Ke cxeMe noKa3a
HO, B KaKVlX ycnOBVlHX MO>KHO 3aMeCTV1Tb 
xnopoM O.QV1H vinvi HeCKOnbKO aTOMOB 80-
.QOPO.Qa B MOneKyne MeTaHa: 

CHC/
3 

+ 3S0
2 

+ 3HCI 



HeKoTOpbte cpyHKL1"10HanbHb1e rpyn- rano1<1AaM1.-1; TaK nonyYalOT rano1.-1Anpo1.-13-

nb1 MOryT 6b1Tb nonHOCTblO 38M8li.l8Hbl BOAHble "13 cn1.-1pTOB "1n"1 K"1CnoT: 

ROH+HCl-- RCl+Hp 
---.. RpC12 + POC/3 
___ .,.. RCOC/ + so2 + HG/ 

R2CO + PC/3 

RCOOH + SOC/
2 

HeKOTOpble cprnp- "1 ~OAnP0"13BOAHble, KOTOpbie Henb3S'I nony4"1Tb nps:iMblM rano"1-

A"1POB8H"18M, nonyYalOT KOCB8HHO - nepe3aM8li.l8H"1eM xnopa B xnopnp0"13BOAHblX: 

ran0"1A"1POB8Tb 

RGI +AgF 
RGI+ NaJ ---• 
CC/4 + 2HF ---• 

np"1C08A"1H8H"1eM 

MO>KHO H8H8Cblli.l8HHble ymeBOAOPOAbl c 

ABO~HblM"1 1.-1n1.-1 TpO~HblM"1 CBS'l3S'IM"1 , o6-

pa6aTblB8S'I "1X ran0"1A8M"1, ran0"1ABOAO

POAHblM"1 K1t1cnornM1.-1 1.-1n1.-1 xnopaHrnApt.-1-

Cl2 

500 °c 
Cl2 

CH2 =CH2 0-40°C 
HCI 

RF +AgCI 
RJ +NaCl 
CC/2F2 + 2HCI 

A8M"1 K1<1cnoT. B 3as1.-1c1.-1Mocrn OT ycnos1.-1~ 

B 3TOM cny4ae MO>K8T np0"1CXOA"1Tb np"1-

C08A"1H8H"1e "1n"1 38M8li.l8H"1e (BOAOPOAa 

Ha rano1<1A): 

CH2 = CHCI + HCI 

- CH2Cl- CH2Cl 

A1Cl3 ; 30 °C 
CH3 - CH2Cl 

HOCI 
CHiOH) - CH2Cl 

CuC12; 50°C 

A1.1ernneH np1.-1 rano1<1A1t1posaH"1"1 06pa3yeT npOAYKTbl np1.-1coeA1t1HeH1t1s:i: 

C/2 
CHG/ = CHG/ --.. CHCtpHC/

2 

CH=:CH 

HG/ 
CH2 = CHG/ 
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ApoMarnyecK111e yrneBOAOPOAbl Moryr pearnposaTb c rano111AaM111 no-pa3HOMY (3a
Mel.L\eH111e 111n111 np111coeA111HeH111e): 

Clz 
FeC'3 

3Cl2, caeT mm ,l\pyrne H 

.11H.1111.11arnph1 Cl 
CB060,l\Hh!X pa,l\HKaJIOB 

Cl 

O+HCI 
H Cl 

H Cl 

H 
Cl 
H 
Cl 

np111 ran0111Ali1POBaHli1111 apoMarnYeC
Kli1X yrneBOAOPOAOB, li1M8IOLL\li1X 60KOBble 
1..1en111, Ha csery npo111cx0Ali1T 3aMel.L\eH111e 
BOAOPOAa 8 1..1en111 Ha ranOli1A, 8 TO speMs:i 

KaK 8 T8MHOTe 111n111 8 np111cyTCTBli11i1 Kara
n1113aropos npo111cxOAli1T xnop111posaH111e 
apoMarnYecKoro KOnb1..1a: 

CH3 Ch; CBeT, BhICOKHe 

TeMrrepaTyphI / 

CH3 

~ Cl 

Cb; FeCb; HH3KHe 
TeMrreparyp1>1 / 

HeKoTOpb1e rano111Anpo1113BOAHb1e MO>KHO nonyYli1Tb Aerano111A111posaH1t1eM, Hanp111-
Mep, reKcaxnop3TaH lt1 H8CKOnbKO npoMe>KyTOYHblX xnopnpOli13BOAHblX - 1113 Y8Tblpex
xnop111croro 3TaHa: 
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C/2 
C/

2
CH - CHC/

2 
-----+ C/

2
C = CHG/ -----+ C/

2
CH - CC/

3 
-----+ 

-HG/ -HG/ 

C/2 
-----+ C/2C = CC/2 -----+ C/

3
C- CC/

3 

0.QHV1M 1113 npOMb1wneHHblX cnoco6os 
nonyYeHviH YeTb1pexxnopvicrnro yrne
po,qa HBnHeTCH nonyYeHvie ero 1113 cepo
yrnepo,qa vi xnopa: 

nonyrno o6pa3yl0Ll..\YIOCH xnopvicTyt0 
cepy vicnonb3YIOT s KaYecrne areHTa 
xnopviposaHviH s npvicyTcrnvivi Karnnvi3a
rnpos ( SbC/

5
, FeC/

3
): 

Bb1,Qenviswyt0CH cepy CHOBa B03Bpa
Ll..\8IOT B npOL\8CC. 

TepMOAl.1HaM1.1Ka, K1.1HeT1.1Ka ..., Me
xaHl.13M peaK41.11.1 ranOl.1Al.1POBaHl.1H. 
BenviYviHa t-.G0 ,qnH peaKL\V1V1 38M8Ll..\8HV1H 
rnna R - H + X

2 
----> R - X + HX, r,qe R -

anK1i1nbHb1VI vinvi apvinbHblVI pa,qviKan, X = 
Cl, Br, F viMeeT OTPV1L\8TenbHoe 3HaYeHvie 
s wvipoKOM viHrnpsane rnMnepaTyp. Be
nviYviHa L'.H0 3rnx peaKL\V1Vi OTPV1L\aTenbHa 
vi viMeeT 6onbwyt0 a6cont0rnyt0 senviYvi
HY (peaKL\V1V1 cvinbHO 3K30TepMV1YHbl), a 
senviYviHa L'.S0 HesenviKa. Cne,qosarnnb
HO, paBHOB8CV1e CVlnbHO CM8Ll..\8HO B CTO
poHy o6pa30B8HV1H ranovi,qnpOV13BO,QHblX. 

BenviYviHa L'.G0 s peaKL\VlHX npvicoe,qvi
HeHviH ranoreHOB K ,QBOVIHblM (onecpviHO
BblM) CBH3HM rnna 

Tatot<e viMeeT OTPV1L\aTenbHb1e 3HaYeHV1H 
B wvipoKoM viHrnpsane TeMnepaTyp, a 
V1M8HHO: ,QO 1000 °C - npV1 XnOpV1p088-
HV1V1, ,QO 700 °C - npV1 6pOMV1p088HV1V1 V1 
nviwb ,o,o 50 °C - s cnyyae Vio,o,a. 

Ha KV1HernKy peaKL\V1Vi ranovi,qviposa
HV1H OK83bl88IOT 6onbwoe BnV1HHV18 TeM
nepaTypa, ,qasneHvie, npvipo,qa peareH
TOB, cpa30BOe COCTOHHV18 peaKL\VlOHHOVi 
cvicTeMbl (roMoreHHaH, rernporeHHaH, 
ra30B8H, )f(V1,QK8H V1 T. ,Q.) V1 ycnOBVlH V1HV1-
L\V1V1p088HV1H peaKL\VlVI (TepMV1Y8CKV1, cpo
TOXV1MV1Y8CKV1, npvi nOMOLl..\Vl npOMOTOpOB, 
KaTanV138TOpOB V1 T . .Q.). 

ranOV1,0,bl MOryT BCTynaTb B p88KL\Vll0 
38M8Ll..\8HV1H V1 npV1C08,QV1H8HV1H no pa,QV1-
KanbHOMY vinvi VlOHHOMY M8X8HV13My, YTO 
38BV1CV1T OT npvipO,Qbl peareHTOB V1 ycno
BV1Vi peaKL\VlVI. 

PocT L1en1i1 pa,qviKanbHblX peaKL\V1Vi MO
)f(8T npornKaTb no cne,qyt0Ll.leVi cxeMe: 

X
2

----> 2X• 
RH + X• ----> R· + HX 
RH + X• ----> RX + H• 
R· + x2 - RX + X· vi T. ,q. 
H· + x2 - HX + X· vi T. ,q. 

Ycnos1.1H npoMb1wneHHblX npo4ec
cos rano1.1A1.1posaH1.1H. npvi ranovi,qvi
posaHvivi 38M8Ll..\8HV18M B ra30BOVI cpa3e 
(Havi6onee npviMeHHeMblVI npoMb1wneH
Hb1VI cnoco6 xnopviposaHviH) rnasHoVi 
Tpy,o,HOCTblO HBnHeTCH OTBO,Q rnnna (Bbl
,qenHeTCH oKono 23-27 KKan npvi 3aMell.le
HV1V1 O,QHOrO 8TOM8 80,QOpO.Qa). no3TOMY 
npOL\8CC npOBO,QHT o6blYHO c 6onbWV1M 
V136blTKOM yrneso,qopo,qa. C ,qpyroVI crn
poHbl, B ra30BOVI cpa3e npvi BblCOKOVi TeM
nepaType vinvi 6onbwOM speMeHvi KOH
TaKTa V1HTeHCV1BHO npornKalOT no60YHbl8 
peaKL\V1V1 c Bb1,o,eneH1i1eM HG/ vi npo,qyKTOB 
pa3nO)f(8HV1H onecpV1HOB. 3rn BTOpV1YHbl8 
peaKL\VlVl MO)f(HO YacrnYHO ycTpaHV1Tb, 
pa36asnm:i peaKL\VlOHHYID cMecb napaMvi 



BO,Qbl , HG/ 111n111 N2, 111n111 nposo,qH npol\ecc 
B >Klll,QKOH cpa3e B lllHepTHOM no OTHO
weHllllO K rano111,qy pacrnop111rene ( GG/4 , 

GHG/
3

, GS
2
). 

lano111,q111posaH111e s >Klll,QKOH cpa3e no3-
sonHeT nyywe KOHTpon111posaTb npol\ecc 
111, cne,qosarenbHO, nonyY1t1Tb 6onbWlllH 
BblXO,Q npo,qyKTOB. 

B npoMb1wneHHocrn np111MeHH10T cpo
rnx111M111YecKoe, rnpM111YecKoe 111 Karan111-
T111YecKOe rano111,q111posaH111e. 

<t>ornx111M111YecK111e npo1..1eccb1 nposo
,qm KaK B >Klll,QKOH , TaK Ill B ra30BOH cpa-
3ax; se!J.lecrno, no,qsepraeMoe rano111-
,Q1t1posaH1t110 ( o6blYHO xnop111posaH11110 ), 
L\lllpKyn111pyer no TOHKlllM rpy6aM 1113 CTeK
na (n111peKc) 111n111 Ksapl\a , pacnono>KeH-

HblM s6n1t13111 lllCTOYHlllKa csera. 06blYHO 
s KaYecrne 111cTOYH1t1Ka csera 111cnonb3YIOT 
pryrnb1e naMnb1 (3000-5000 A°). 

)J,nH nonyYeHlllH npo,QyKTOB 3aMe!J.1e
HlllH napacpltlHOBblX Ill Hlll3WlllX onecpltlHO
BblX yrneBO,QOpO,QOB np111MeHHIOT rnpMlll 
YeCKOe xnop111posaH111e np111 300-500 °C. 

np111 cpOTOXlllMlllYeCKOM ranOlll,QlllpO
BaHllllll (xnop111posaH111111) 111H1111..1111111posaH111e 
npoxo,q111r 6b1crpo 111 6e3 Harpesa. TepM111-
YecKoe >Ke xnop111posaH111e nporeKaer c 
6onbWlllM BblXO,QOM (no xnopy) 111 c 6onb
weH np01113BO,QlllTenbHOCTblO. 

Ha p111c . 3.33 np111se,QeHa cxeMa nony
YeHlllH xnopnpo,qyKTOB 1113 MeTaHa, al\eTlll
neHa 111 3rnneHa. 

3. 8. 1. XnopupoeaHue u cjJmopupoeaHue anKaHoB 

Xnop11poeaH11e anKaHOB. np111 napo
cpa3HOM xnop111poBaHllllll napacplllHOB CKO
pocrn 3aMe1J.1eH1t1H so,qopo,qa np111 nep
BlllYHblX, BTOplllYHblX Ill rpernYHblX aTOMax 
yrnepo,Qa OTHOCHTCH KaK 1,00 : 3,25 : 
4,43. np111 6onee BblCOKOH TeMneparype 
3Tlll CKOpocrn np1116n111>Ka10TCH K O,QHOH Ill 
TOH >Ke senlllYlllHe He3aBlllClllMO OT TOro, 
npo111cxo,q111r xnop111posaH111e s >Klll,QKOH 
111n111 ra3osoilt cpa3e. Cn111wKoM BblCOKaH 
reMneparypa 111n111 Ype3MepHaH npo,qon
>K1t1TenbHOCTb peaKL\111111 Bbl3blBaeT n111po
n1113 MOHoxnop111,qos, KOTOpb1e no csoeill 

GH
4 
+ G/

2
-----+ GH

3
GI +HG/ 

GH
3
G/ + G/

2
-----+ GH

2
G/

2 
+HG/ 

GH
2
Cl

2 
+ G/

2 
_____, GHC/

3 
+ HCI 

CHCl
3 

+ Cl
2 

-----+ CG/
4 

+ HG/ 

ycrnHY111socrn pacnonaraiorcH s cne,qyKJ
l.L\eM nops:i,qKe: neps1t1YHb1e > srnp111Y
Hb1e > TpeTlllYHble . 

npoMblWneHHOe 3HaY8Hltle lllM8IOT 
npo,QyKTbl xnop111posaH1t1H anKaHoB C

1 
-

C
5 

111 Bb1cw111x napacp111HOB (C12 - C13) . 

Vl3 scex HaCbliJ.18HHblX yrneso,qopo,Qos 
MeTaH xnop111pyercH c Ha1116onbw111M rpy
,QOM, O,QHaKo np111 ,QOCTaTOYHO BblCOKOiil 
reMneparype peaKUIAH nporeKaeT Hop
ManbHO. 

Xnop11poeaH11e MeTaHa npornKaer 
cryneHYarn: 

t:..H = -23,9 KKan/MOnb 
t:.. H = -23, 7 KKan/MOnb 
t:..H = -24 KKan/MOnb 
t:..H = -24 KKan/Monb 

KpoMe 3rnx peaKL\lllH MO>KeT nporeKaTb pa3no>KeH111e: 

CH4 + 2G/
2 

-----+ C + 4HC/ 



I 
I 

450' Cl, 

CH, Cl 

CH, Cl, 

CH,=CCl, HCl,AlCl, CH,,-CCl, 

BHmrnH.n;eH- ,. MeTHJJXJJOpo¢opM 
XJJOpH.ZJ; -HCl 

-HCl I 
Ca(OH), 

IloJJHBHHHJJ- I 
XJJOpH.ZJ: 

Cl , 

I 
CH,Cl -CHCl, Cl, Clf,=CHCl HCl CH,-CHCl .1 
TpHXJJopsTaH BHHHJIXJJOpH.n; AlCl, l, 1-.n;HXJJOP<l~a.H 

I I HCl CH, CH=CH CH,=CH, 
Au;eTHJJeH --------MeTaH I aKT. yrOJJh+ 

8THJJeH 

-HCl, 500° 
AlCl, HCl 

480°jc1, FeCl, j Cl, 
+HgCl, I Cl, I 

CH Cl , - CHCl=CHCl CHCl=CCl, CH,CH,Cl 
-Cl CHCl,-CHCl, -HCl CH,Cl-CH,Cl 

__,,,...!.. 8THJIXJJOpH.ZJ: 
CCI, - 1,2-.n;HXJJOp- Fe TeTpaxJJop3TaH 480° TpHXJJOp-

1,2-.n;HXJJOp<!TaH 
3THJ!eH 3THJJeH 

Cl , Cl, 

480° -HCl 
H,O 

CH,Cl-CH,OH 
-HCl, -Cl, 700° 

CCl,=CCl, 8THJ!eH-

-2Cl,. 600-1500° 
TeTpaxJ1op<1THJ1eH XJJoprH,DJ>HH 

Cl , 

I CCZ,-CCl, I 
reKCaXJJOp3Ta.H 

PMc. 3.33. CxeMa nonyl./eHUfl xnopnpoayKmoa u3 MemaHa, al..(emuneHa u :JmuneHa 

00 
.!::> 



(3TY peaKL.\111IO MO>KHO 111CnOJlb30BaTb 
AilH nonyYeH111H 6e3BOAHOro xnop111cToro 
Bogopoga). 

B HaCTOHLJ..\ee speMH He yganocb 
ycTaHOBll1Tb TaKll1e ycnOBll1H, KOTOpble 
no3son11111111 6b1 nonyY111Tb TOJlbKO og111H 1113 
npogyKTOB xnop111posaH111H MernHa. Coc
TaB npogyKTOB xnop111poBaHll1H B 60Jlb
weii1 crnneHll1 3aBll1Cll1T OT COOTHOWeHll1H 
peareHTOB 111 TeMnepaTypbl, 4eM OT KaTa
Jlll13aTOpOB. Ha p111c. 3.34 npegcrnsneHa 
3aBll1Cll1MOCTb COCTaBa npogyKTOB XJlO
p111poBaHll1H OT 111CXOAHOro COOTHOWeHll1H 
xnopa 111 MernHa. 

Ha npOMb1wneHHoii1 ycrnHOBKe, rge 
nonyYalOT YeTb1pe xnopnpo1113BOAHblX Me-

1,0 

'cf2. 
<i 0,8 
0 :;: 
~ 
:a 

0,6 
111 
1:1: 
0 0,4 0 Ill 

Ill o:> ... :s: 
t.l 0 
Q) 0. 

0,2 ~ ~ :s: 0. 
l:l 0 
0 l:l 
~ ~ 

0 1 
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TaHa, 111CnOJlb3YIOT 4111CTble MeTaH 111 xnop. 
Xnop111posaH111e ocyl1_\eCTBJlHIOT np111 450-
500 °C, nocne Yero xnopnpo1113BOAHb1e, 
cogep>1<al1_\111e cMecb CC/

4 
111 CHC/3, a6-

cop6111py10T, OTAeJlHIOT o6pa30BaBWYIOCH 
XI10p111CTOBOAOPOAHYIO Kll1CJlOTY OT xnopa 
111 HenpopearnpOBaBwero MeTaHa. nocne 
3TOro pa3geJlHIOT cppaKL.\1110HHOii1 nepe
roHKOiil CH3CI (T. Kll1n. = 24 °C) 111 CH2C/2 
(T. Kll1n. = 40 °C). OCTaTOK 1113 a6cop6L.\1110H
HOii1 KOJlOHHbl, cogep>1<al1_\111ii1 HeMHOro CC/

4 

(T. Kll1n. = 46,8 °C) 111 CHC/3 (T. Kll1n. = 61,2 °C), 
BHOBb xnop111py10T B >K111AKOii1 cpa3e. B pe-
3YJlbTaTe nony4alOT ABOii!HylO CMeCb, co
gep>Kal1_\yl0 TOJlbKO CC/

4 
111 CHC/3, KOT0pb1e 

MO>KHO pa3geJlll1Tb peKrncp111KaL1111eii1. 

2 3 4 
CooTHOIIIemrn Cl 2 :CH 4 

PMc. 3.34. 3aeucuMocm& cocmaea npo8yKmoe xnopupoeaHUfl MemaHa 
om ucxo8Hoco Mon&Hoco coomHoweHUfl xnopa u MemaHa 

X.nopMpoeaHMe BblCWMX napa<frn
HOB. Xnop111poBaH111e c12 - c13 napacp111-
HOB, BXOAHLJ..\111X B cppaKL.\111IO Kepoc111Ha, 
Kll1nHLJ..\YIO np111 220-245 °C, npOBOAHT 
AilH nonyYeH111H «Kep111nxnop111ga>>; no
cnegH111ii1 111cno11b3yeTCH AilH npo1113BOA
crna Cll1HTern4eCKll1X MOIOLI..\111X cpegcrn. 
Xnop111posaH111e npoBOAHT np111 60 °C 

go nonyYeHLllH 50%-Hoiil crnneH111 npe
spal1_\eH111H B MOHOXI10pnpo1113BOAHOe 
(Kep111nxnop111g). Kep111nxnop111goM 3aTeM 
anK11111111py10T 6eH30Jl 111 nonyYalOT npo
AYKT anK11111111posaH111H (Kep111116eH3on). 
,LJ,anbHeii1w111M cynbcp111posaH111eM Kep11111-
6eH3ona nonyYalOT cynbcpoHaTbl (Mo10-
LJ..\L11e cpegcrna). 
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Cl2 C6H6 so3 
RH ----+ RGI ----+ RC6H5 ----+ R - C6H4S03H, 

r,Qe R = c 12 - c 13 - napacj:n1Hbl. 

<l>Top111poeaH111e anKaHoe. Pa3BL-1TV1e 
npOMblWfleHHOCTL-1 cprnpnpOL-1380,QHblX 
(nonL-1cpTOpnpm13BO,QHblX Hll13WlllX anKa
HOB ..., BblCOKOMOfleKyn>ipHblX cpTOpL-1pO
B8HHblX npo,QyKTOB) o6bHCHHeTCH L\eHHbl
ML-1 CBOC1CTB8ML-1 3TlllX coe,Qll1HeHL-1C1. 

HL-13WL-1e cprnpnpOL-1380,QHble ( CCl2F2 , 
CCIF

3
..., .Qp.) w111p0Ko 111cnonb3YIOT s xono

.QlllflbHblX M8WL-1Hax (cppeoH), a non111Me
pb1 [(CF2 - CF2)n]- B Ka4eCTBe 38li.\L-1THblX 
MarnpL-1anos nporns Koppo3111L-1; nocne,Q
HL-1e cnoco6Hbl Bb1,Qep>t<111saTb rnMnepaTy
pb1 .QO 400-450 °C (rncpnoH). 

<t>rnpnpOL-13BO.QHble MO>KHO nony4aTb 
aHanorL-14HO xnopnpoL-13BO.QHblM - np>i
MblM L-1 KOCBeHHblM cpTOpL-1pOBaHL-1eM. 

np111 npHMOM cpTOpL-1pOBaHL-1L-1 TenJlO
BOC1 3cpcpeKT peaKL\111C1 3aMeli.(eHlllH 80,QO
po,Qa Ha cprnp HaMHOro Bbl We (-103 KKan/ 
MOilb), 4eM B cny4ae xnopL-1posaHL-1H (-23 
KKaJl/MOJlb ). 3TO npL-1BO,QL-1T K MeCTHblM 
neperpesaM, s pe3ynbTaTe 4ero peaKL\L-1L-1 
Me>K,Qy yrneBO,QOpO,Q8Mll1 ..., cprnpoM lllMe
IOT 83pb1BHOC1 xapaKTep. no3TOMY ,QJlH 
np>iMOro cj:lTOpL-1pOBaHL-1H cosepweHHO 
Heo6xo,QL-1MO o6ecne4L-1Tb TeMnepaTyp
Hb1C1 KOHTpOilb peaKl_\L-1L-1, Hanp111Mep, pa3-
6aBJlHH peaKL\lllOHHYIO CMeCb lllHepTHblM 
ra30M (N2) 111flll1 np111MeHHH peaKTOpbl c 
MeTaJlJlll14eCKOC1 HaCa,QKOC1 (C111TaM111), cno
co6HOC1 6b1cTpo nornoli.(aTb rnnno. ct:>rn
p111posaHL-1e s >K111.QKOC1 cpa3e no3son>ieT 
ner4e KOHTpon111posaTb TeMnepaTypy s 
peaKTope. Ocyli.(eCTBneH111e npol\ecca 
3Toro T111na np111so,Q111T s cny4ae MeTaHa 
111 3TaHa K nony48Hll1IO CMec111 MOHO- L-1 
non111cprnpnpoL-13BO.QHblX. 

04eHb 4acrn cprnpL-1posaH111e ocy
li.(eCTBJlHIOT B ycnOBlllHX rernporeHHOro 
KaTaJ11113a B np111cyTCTBll1L-1 M8TaJlJlL-148CKO-

ro cepe6pa 111n111 111cnonb3YH areHTbl cprn
p111posaHL-1H - cprnp111,Qbl non111saneHTHblX 
Mernnnos (AgF2 , CoF3 111 T . .Q.). 

RH+ 2CoF
3 

---> RF+ 2CoF2 + HF 
2CoF2 + F2 ---> 2CoF

3 

np111 nOMOli.\111 3TlllX peaKL\111C1 MO)f(HQ 3a
M8li.(aTb Ha cpTOp see aTOMbl 80,QOpO,Qa B 
MoneKyne ..., nony4aTb nepcprnpyrnepo
.Qbl. 

B .Qpyr111x npoMb1wneHHb1x MeTO,Qax 
cprnpnpo1113so,QHb1e nony1..Ja10T o6pa6oT
KOC1 xnopnp01113BO,QHblX cpTOp111,Q8ML-1 Me
TaflJlOB (L-1n111 HF s 111x np111cyTcTB111111): 

RGI + AgF---> RF + AgCI 

SbC/
5 

+ C/2 

CC14 + 2HF -----+- CCl2F2 + 2HCI + APY
r111e cprnpnpo1113so,QHb1e. 

TepM1111..JecK111M pa3flO)f(eH111eM HeKo-
TOpb1x cprnpnpo1113so,QHblX nony4alOT 
nepcprnp111posaHHb1e Henpe,QenbHble co
e,Q111HeHL-1H , Hanp111Mep, TeTpacprnp3rnneH 
[MOHOMep ,QJlH nony48Hll1H 4pe3Bbl4ae1-
HO CTa6L-1flbHOro non111Mepa - Tecj:lflOHa 
( CF2)nl 1113 ,Q1t1cprnpxnopMernHa. 

600-1000 °C 

2CHF2CI ----+ F2C = CF2 + 2HCI 

HeHacb1li.(eHHb1e cprnpnpo1113so,QHb1e 
.QJlH nony4eHL-1H non111Mepos MO)f(HO ClllH
Te3111posaTb TaK)f(e np111coe,Q111HeH111eM HF 
K al_\ernneHy: 

HG :: CH + HF---> CH2 = CHF 
qnops1.1H1.1n 
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3. 8. 2. XnopupoaaHue HeHacb1w,eHHb1x yzneaoaopoaoa 

Xnop1!1posaHl!1e 3rnneHa ocy~ecTBnH
IOT .QnH nonyYeHl!1H .Ql!1Xnop3TaHa, xnop1!1-
crnro 3rnna, 3rnneHxnoprn.Qpl!1Ha l!1 xno
p1!1cTOro Bl!1Hl!1na. 

PeaKL\1!1IO MO>KHO KOHTpon1!1pOBaTb, 
npOBO,QH npOL\8CC B >K1!1,QKOJli (np1!1 0-40 °C) 
1!1 B ra30BOJ1i (80-100 °C) cpa3aX 1!1nl!1 pa3-
6aBnHH ra30BYIO CM8Cb a30TOM np1!1 6onee 
BblCOKl!1X rnMnepaTypax. KoHsepC1!1H yae
nl!1Yl!1aaeTcH c rnMnepaTypoJ/i, .QOcrnraH 
MaKCl!1MyMa np1!1 315 °c. nocne.Qy10~ee 
nOBblW8Hl!18 TeMnepaTypbl np1!1BO,Ql!1T K 
CHl!1>K8Hl!1IO CKOpOCTl!1 np1!1C08,Ql!1H8Hl!1H 
(.QO HynH) 111 HaMHOro ysenl!1Yl!1BaeT CKO
pOCTb 3aMe~eHll1H . 

3aBll1C111MOCTb CTeneHll1 KOHBepc111111 B 
npo,[\yKTbl npll1C08,[\111H8Hll1H 111 3aM8~8Hll1H 
OT rnMnepaTypb1 np1!1 xnop111posaH111111 3Tl!1-
neHa npe,QcrnaneHa Ha p111c. 3.35. 

no H8KOTOpblM ,QaHHblM, np111 450-
500 °C 06pa3yeTCH .QO 60% xnop111crnro 
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CMeCl!1 1!13 paBHblX KOnl!1Yecrn 3rnneHa 
l!1 xnopa 6ypHo pearnpy10T np1!1 215 °C, 
o6pa3yH npo.QyKTbl pa3nm1<eHl!1H snnOTb 
.QO KOKca. PeaKL\1!1H Cl!1nbHO 3K3ornpM1!1YHa: 

a111H111na . B npoMb1wneHHblX Macwrn6ax 
3TY peaKL\111IO npoBO,QHT B >Kll1,QKOili 111n111 ra-
30BOJli cpa3e. B >1<111,o,1<0J/i cpa3e s KaYecTae 
pacrnop111TenH 111cnonb3YJOT g111xnop3TaH, 
Karnn1113arnpoM cny>1<111T FeC/

3 
(0,015-

0,2% ), B ra30BOJli - B KaYeCTBe KaTanll1-
3aTOpOB np1!1M8HHIOT 111 ,[\pyr111e Mernnnbl 
(M8,Qb, anlOMll1H111Jli) . 

KoHCTPYKL\111H peaKrnpa gon>KHa 06ec
ney111aaTb 6b1CTpb1Jli OTBOA Tenna, no3TO
MY w111poKO np1!1M8HHJOT MHOroTpy6YaTble 
peaKTOpbl c 6onbWOJli nosepXHOCTblO 
rnnnoo6MeHa. B 060111x npo1..1eccax go
crnralOT Bb1xo,o,a A111xnop3TaHa 90-95%. 
06pa3ytoTCH 111 npogyKTbl 3aMe~eHll1H 

(2-7%) - xnop111cTb1Jli a111H111n, g111xnop3rn
neH 111 T.,o,. 

350 400 450 

P111c. 3.35. 3aaucuMocmb cmeneHu KOHaepcuu a npoayKmb1 
npucoeauHeHUR u 3aMelL{eHUR om meMnepamypbl npu xnopupoaaHuu 3muneHa 
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nonyYeHMe XnOpMCTOrO 3TMna M3 
3TMneHa. B npoMb1wneHHocrn npol\ecc 
ocyll.lecrnm:nor 6ap6ornposaHltleM npl-1 
30 °C CMSCl-1 3rnneHa l-1 HCI (B l-136blTKe 
oKono 0, 1 MOnb) 4epe3 cycneH3l-1IO xno-

PeaKL\"1H nporeKaer c o4eHb 6onbwoi:1 
CKOpOCTblO, o6pa3yl0ll.l"1i71CH xnop1i1CTbli:1 
3H1n HenpepblBHO BblBO,QltlTCH 1113 peaKTO
pa. nocne oca>K,QeH111H ysne4eHHoro xno
p111croro anl0Ml-1Hl-1H npO.QYKT npOMblBalOT 
so,Qoi:1 111 ll.leno4aM111 111 neperoHHIOT no,Q 
,QasneH111eM. 

PeaKL\111H cna6o 3K3orepM1114Ha. Llrn-
6b1 He 06pa3osb1sanocb cm1wKOM MHOro 
A111XnOp3TaHa, 11136eralOT MeCTHblX CKOn
neHltli:1 xnopa , 111 peaKL\111IO npOBOAHT TaK, 
4T06b1 KOHL\SHTpal\111H 3rnneHxnoprnAp111-
Ha s peaKL\1110HHoi:1 cpeAe He npesb1wa
na 45%. ltlcnonb3YIOT 68%-Hbli:1 11136blTOK 
3rnneHa. 

B npoMb1wneHHocrn npoL1ecc npo
BOAHT HenpepblBHO B peaKL\1110HHblX KO
nOHHax BblCOTOi:1 10-12 M l-1 ,Q111aMeTpOM 
1,5-2 M, cpyreposaHHblX Kay4yKOM. CH1113y 
nOA8IOT xnop 1-1 (HeCKOnbKO Bbl We) 3rnneH; 
4-5%-Hb1i:1 pacrnop 3rnneHxnoprl-1Ap1-1Ha 

p111croro an10Mll1Hll1H (0,5%) s xnop111crnM 
3T111ne. 3rnneH npe,Qsap111renbHO cywar 
oxna>K,QeH111eM AO 30 °C, a HCI - npo
nycKaH 4epe3 KOHL\SHTpltlposaHHYIO cep
HYIO K111cnory. 

nonyYeHMe 3TMneHxnoprMAPMHa. 
PeaKL\111IO ocyll.leCTBnHIOT 6ap6ornposa
Hll1eM xnopa 111 3rnneHa 1.1epe3 BOAY np111 
40-50 °C B np111cyTCTBll1ll1 111 6e3 KaTanll13a
TOpOB (CuC/): 

CICH
2 

- CHpH + H• 

HenpepblBHO YAanHIOT csepxy KonoHHbl. 
npOL\SCC npOBOAHT np111 8TMOCcpepHOM 
AaBneH1111-1; no604Hb1Mll1 npOAYKT8Mll1 HBnH
IOTCH ,Ql-1xnOp3TaH ( 5-10%) 111 AL-1xnOp3Tll1-
noBbli:1 3cp1-1p ( C/CH

2 
- CH

2 
- 0 - CH

2 
-

CH
2
C/). 

nonyYeHMe TeTpaxnop3TaHa XflO· 
pMpOBaHMeM al\eTMneHa. npHMOS XnO
pL-1pOB8Hi.18 (xnopoM) 38TPYAH111TenbHO 
i.13-3a 60nbWOi:1 83pblBOOnaCHOCH1. no-
3TOMY peaKL\111IO OCyll.leCTBnHIOT, nponyc
K8H aL1ernneH 111 xnop s np1-1cyrcrs1111-1 
}f{Sne3HOro KaTanl-13aTOpa npi.1 80-120 °C 
4epe3 pacrnoplt!Tenb (C/

2
CHCHC/

2
), Ko

rnpb1i:1 HenpepblBHO peL11-1pKyn111pyercH. 

C/2 
CH:: CH+ C/2 --> C/CH = CHCI --> Cl

2
CH - CHC/

2 

Ha cospeMeHHblX ycraHOBKax (p1-1c. 111 AltlaMerpoM 0,8-0,9 M Ka>K,Qb1i:1. AL\ern-
3.36) CMSCb ra30B npOXOAL-1T 4epe3 Ci.'IC- neH 1-1 xnop nOA810T nOA KonnaK, KOTOpbii:1 
TeMY 1-13 ,qsyx annaparns BblCOTOiil 67 M 3anonHeH rerpaxnop3TaHOM 1-1 pacno-



no>KeH s nepsoM annapare. )f{1i1,QKOCTb 
LilHTeHClilBHo nepeMew111saercs:i 111 nocro
S'lHHO nponycKaercs:i yepe3 nepen111sHy10 
rpy6y so sropoC\ annapar, 1113 Koroporo 
HenpepblBHO y.Qans:iercs:i 06pa3y10L11111C1cs:i 
npo.QyKr. 06a annapara cHa6>KeHbl npe-
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,QOxpaHLilTenbHblMlil CBLi1HL\0BblMLl1 ,QL11CKa
ML11. 

npolil3BOACTBO XflOplilCTOrO Bli!Hlil· 
na xnop1i1poeaH1i1eM a'-'eT1i1neHa. PeaK
L.\11151 MO>KeT nporeKaTb B >Klil,QKOCI 111m1 ra-
3080111 cpa3ax: 

CH :: CH + HG/ ----> CH
2 
= CHG/ !':iH = -36 KKan/Monb 

Cu CJ 

B nepsoM cnyYae aL1eT1i1neH 6ap60-
r111pyeT np1!1 90 °C Yepe3 HaCbllll8HHblC\ 
pacrnop xnop111croC\ Me,Q111 B KOHL1eHrp111-
poeaHHOili cons:iHoili K111cnore. 

B npoMb1wneHHblX ycnoe111s:ix 111cnonb-
3y10r npollecc e ra3osoi/1 cpa3e - a6co-

nlOTHO cyx1i1e aL1ernneH 1i1 HG/ (e MOnb
HOM COOTHOW8HLl1"1 1, 1 :1) nponycKatOT 
np111 160-180 °C Ha,Q xnopHoC\ PTYTblO, 
HaHeceHHOili Ha aKTL11BL11pOBaHHblC1 yronb, 
lilflLil nplil 180-200 °C - Ha,Q XnOplilCTblM 
6ap111eM. 

4 

P11c. 3.36. CxeMa ycmaHosKu xnopuposaHuR al..lemuneHa: 
1- xnopamop; 2 - pa3iJenumenb; 3 - a6cop61..lUOHHaR KonoHHa; 4 - npoMe>Kymo<JHaR 

eMKocmb; 5 - c6opHUK Cbtpoao npoiJyKma 

Ans:i npe,QoTBpaL11eH111s:i pe3KOro yeen111-
YeH111s:i TeMneparypbl npL11M8H5llOT MHOro
rpy6YaTble peaKTOpbl (1113 H8CKOflbKLl1X CCT 
rpy6), KOTOpbte cHapy>K111 Harpesa10T 111n111 

oxna>K,QalOT >KLil.QKOCTblO. Ha p111c. 3.37 
npe,QcrasneHa cxeMa npOMb1wneHHoili 
ycraHOBKlil npo1113BO.QCTBa xnop111croro 
Blt1Hlt1na. 
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1 2 

C, H,+HCl 

PHc. 3.37. CxeMa npou3aoacmaa xnopucmozo auHuna: 
1 - peaKmop; 2 - mennoo6MeHHUK; 3 - npoMe>Kymol/HaR eMKocmb; 

4, 5 - peKmUc/JUK8U,UOHHb/e KOnOHHbt; 6 - eMKOCmb anfl l/UCmozo CH2 = CHG/; 
7 - nepezoHKa; I - mennoHocumenb; II - CbtpoD npoayKm; Ill - ocmamoK; 

IV - Ha nonuMepu3au,wo; V - auxnop3muneH; VI - abtCOKOKUnRw,ue npoayKmbt 

ra3006pa3Hbl8 npO,QYKTbl p88KL\Vll1 

(xnop11cTb1il1 s11H11n, HG/, aL1ernneH, ,Q11xnop-

3TaH, xnop11cTb1i/13rnn11,QeH) oxna>K,QafOT VI 

HanpaBm:lfOT Ha npOMblBKY rops:i4eil1 BO,QOiil 

(70 °C) ,Qns:i y,QaneH11s:1 HCI; 38T8M ra3bl no

CTynafOT B cKpy66ep, 3anonHeHHb1il1 KOH. 
nocne 3TOro ra3bl oxna>K,QafOT ,QO -30 °c VI 

B }1(11,QKOM Bl1,Q8 neperoHs:lfOT. 

3.8.3. XnopupoeaHue apoMamul/eCKUX yaneeodopodoe 

Bb1we yKa3blBanocb, YTO apoMarnYe

CK11e yrneBO,QOpO,Qbl np11 xnopV1pOB8Hl111 

MOryT o6pa30BblB8Tb npo,QyKTbl 3aMew,e

HVls:I B s:!,Qpe VI 60KOBOii1 L\8nVI Vlnl1 npo,QyK

Tbl npVIC08,QVIH8HVls:I. 

Bee 3TVI peaKL\1111 3K30TepMV14Hbt 11 

T8pMO,QVIH8MV148CKl1 B03MO>KHbl B w11po

KOM 11Hrnpsane rnMnepaTyp. B cpe,QHeM 

np11 xnopV1pOB8HVIVI 38M8W,8Hl18M Bbl

,Qens:ieTCs:I OKono 22 KKan/MOnb rnnna, a 

npVIC08,QVIH8HVl8M - OKono 33 KKan/MOnb. 

B ycnosV1s:1x, cnoco6crnyf0w,Vlx nporn

KaH11fO peaKL\VIVI no pa,QVIKanbHOMY Mexa

HVl3My, - B ra30BOii1 cpa3e, npVI BblCOKVIX 

T8MnepaTypax, B npVICYTCTBVIVI npOMOTO

poB VI T. ,Q.' - CKOpOCTb xnop11posaHV1s:I 3a

M8W,8Hli18M B 60KOBOii1 L\8nli1 6onbW8, 48M 

B s:!,Qpe . 

B >Kli1,QKOii1 cpa3e s np111cyTcrn111111 npo

Mornpos cKopOCTb np111coe,QV1H8HV1s:I xno
pa K s:1,qpy 6eH3ona (no pa,q111KanbHOMY 

M8X8Hli13MY) TaK>Ke ,QOCTaT04HO sen11Ka 

,Qns:i npOMbtwneHHoro ocyw,ecrnneH11s:1 

peaKL\11VI . 

B ycnos11s:ix, Kor,qa peaKL\1111 npoTeKa

fOT no li10HHOMY M8X8HVl3My, - B }1(11,QKOiil 

cpa3e, B np11cyTCTBl1l1 3fi8KTpOcpV1nbHblX 

Karnn1113arnpos A/C/
3

, FeC/
3

, s roMoreH

Hoiil V1n111 rernporeHHoiil c11crnMax, np11 

Han11141111 nons:ipHblX pacrnop111Teneil1, -

o6pa3yfOTCs:I nOYTVI 11CKfif04li1T8nbHO npo

.QYKTbl 38M8W,8Hl1s:I. 

npo1113BOACTBO MOHOXnOp6eH30na 
xnop111poeaH111eM 6eH3ona. XnopV1po

saHV1e 6eH3ona B s:i,qpo MO>KHO ocyw,e

CTBVITb B napax np111 400 °C li1fiVI B >Kli1,QKOii1 

cpa3e np111 40 °C s np111cyTcrn111111 >Kene3a 

11n11 anfOMl1Hl1s:I . 

B npoMb1wneHHb1x ycnos11s:ix peaK

L\VlfO npOBO,Q51T B >Kl1,QKOii1 cpa3e B Henpe

pblBHO~ 111n111 nepli10,Qli148CKli1X Cli1CT8M8X, 

nponycKa s:1 xnop Yepe3 6eH30n, o6ecne-



4111Bas:i Ha111nyYw1111'1 KOHTaKT peareHTOB. 
Ha p111c. 3.38 noKa3aHa np111H1..1111n111anbHas:i 

FeCl , 

1 

2 
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cxeMa ycrnHOBKlll HenpepblBHoro nonyYe
HlllH MOHOXIIOp6eH30fla. 

11 

PMc. 3.38. CxeMa ycmaHoeKu xnopupoeaHUR 6eH3ona: 
1 - eMKOCmU anR 6eH30na; 2- H8COC; 3, 11 - OCywumenu; 4 - CMecumenb; 

5 - omcmouHuK; 6, 7 - xnopamopbt; 8, 9, 1 O - 6noK Heumpanu3a4uu 

6eH30fl, nocTynalOll.(1111'1 1113 pe3epsya
pa, cyw111Tcs:i xnop111cTblM Kaflbl..\1118M , 
3aTeM CMew111saeTcs:i c FeC/3 (0,2-0,4% 
Ha 6eH30n) 111 nocTynaeT s peaKTOpbl 
xnop111posaH111s:i, 1113rornsneHHb1e o6blYHO 
1113 4yryHa 111n111 crnn111 111 cpyrnposaHHb1e 
CBlllHL.\OM. OH111 pacnono>KeHbl TaK, YT06b1 
6eH3on Mor nocne,QosarnnbHO nepern
KaTb 1113 OAHOro s .Qpyrol'1. Ka>K.Qb11'1 peaK
rnp cHa6>KeH 3Mees111KOM ,Qns:i oxna>K,Qe
HlllH Ill pecpnlOKCHblM XOflO,QlllflbHlllKOM, 
1113rornsneHHblM 1113 cs111H1..1a. Karnn1113arnp 
(>Kene3Has:i cTpy>KKa) 3arpy>Ka10T nepe.Q 
Ha4anoM npo1..1ecca . >K111.QKas:i cMecb npo
AYKTOB peaK1..1111111 (MOHO-, .Qlll- 111 Tp111xnop-
6eH3onos) npoxo,QlllT (no,Q ,QasneH111eM 
a3orn) a pe3epsyap ,Qns:i Hel'1Tpan1113a1..1111111 
ocrnTKa HG/ Kap6oHaTOM HaTp111s:i. 

npo1..1ecc 88.QYT B Hanpasn8Hllllll Ha:-1-
60flbW8Lil KO HB8pCV1V1 B MOHoxnop6eH-

3on; ,Qns:i 3TOro n111wb 60-70% 6eH3ona 
npespall.(alOT B xnopnp01113BO,QHbl8. np111 
6onbweLl1 KOHB8pCV1V1 (75%) o6pa3yeTCH 
AO 68% Alll- 111 Tp111xnop6eH3onos. 

CMecb neperoHHIOT Ha ycrnHOBKax 
nep1110,Q11148CKOro ,Q8HCTBlllH B ClllCTeM8 
peKrncp111Ka1..11110HHblX KOIIOHH ( 45 Ill 25 
rnpenoK); np111 aTMOCcpepHOM ,QaBfl8Hllllll 
OTroHHIOT nepsylO cppaKL.\llllO (6eH30fl 
Ill BO,Qa), 3aTeM, B BaKyyMe, - cpe,QHlll8 
cppaKL.\111111 Ill MOHOxnop6eH30fl. 

OcrnrnK 1113 nepsoiil KonoHHbl (Alll- 111 
Tp111xnop6eH30nb1) neperoHHIOT a He-
6onbwoiil KOflOHHe, OT,Q8flHH 4aCTb 
n-,QlllXnop6eH30fla. !113 OCTaTKa ,QlllCTlllflflH
Ta, cocrns:ill.(ero 1113 o- , n-, .Qlll- 111 Tp111xnop-
6eH3onos, Bbl,Q8flHIOT 0-,QlllXIIOp6eH30fl 
Kp111crnnn1113a1..1111eiil np111 30 °C c nocne
AYIOll.\lllM cp111nbTposaH111eM Ha cp111nbTp
npecce. 
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np0113BOACTBO reKcaxnop~HKflO-

reKCaHa (reKcaxnopaHa) xnop11poea
H11eM 6eH30na. reKcaxnopaH - W14pOKO 
pacnpocTpaHeHHblill 14HCeKn11...114A - nony
t.talOT 143 xnopa 14 6eH:iona: 

no OAHOMY 143 npOMblWneHHblX MeTO
AOB peaKL..114IO npoBOAs:H B >K14AKOlll (rern
poreHHOill ) Cl4CTeMe, nponycKaH np14 20-
40 °C xnop t.tepe3 6eH3on B np14cyTCTBl4l4 
2%-Horo pacrnopa NaOH. npo1...1ecc 14H14-
l...11414PYIOT CB8TOBblM 143nyt.teHl48M (con
H8'-IHblM 14nl4 14CKYCCTB8HHb1M) 14nl4 nepe
Kl4Cbl0 6eH3ol4na. 

npoi.13BOACTBO xnop11CTOrO 6eH311-
na xnop11poeaH11eM Tonyona. Xnop14c
Tblill 6eH314n (C6H5CH2C/) nonyt.talOT np14 
o6pa6oTKe rnnyona xnopoM np14 130 °C 

H14TposaHl4e - 3TO sseAeHl4e s Mone
Kyny opraHl4'-18CKOro coe,Ql4H8Hl4H H14Tpo
rpynnbl - N0

2
; s 6onee Y3KOM cMblcne, 

Ba>KHOM ,anH HecpTeXl4Ml4'-18CKOill npo
Mb1WneHHOCn1, - 3aMew.eHl4e BOAOPOAa 
C-H CBH314 H14Tporpynnoill . 

B Kat.tecrne H14TPYIOW.14X areHTOB 14C-
nonb3YIOT HN03, aHrl4AP14A a30THoill 

np1t1 Hl43Kl4X TeMnepaTypaX (0-15 °C) 
Ha1t16onee 3Hepr14t.tHblMV1 areHTaMVl 
HV!TposaHV!H HBnHIOTCH H14TpaTbl a1...1e
rnna (CH3COON02) 1t1 6eH3014na 
(C6H5COON02), KOTOpb1e o6bl'-IHO V1C

nonb3YIOT B cpeAe pacTsop 1t1Teneill 
(CC/

4
, CH

3
COOH). 

(T.e . s naposoill cpa3e) B peaKrnpe, cpy
rnposaHHOM CBl4HL!OM 14 CHa6>KeHHOM 
yCTpoillcTBOM AnH o6nyt.teHl4H ynbTpa
cpl4oneTOBblM CB8TOM (o6bl'-IHO KBap1...1e
BOill pTyTHoill naMnoill). Ero MO>KHO nony
'-114Tb 14 B >K14AKOlll cpa3e np14 80-100 °C 
(H14>Ke TeMnepmypbl Kl4neH14H rnnyona) , 
o6nyt.taH ynbTpacp14oneTOBblM CB8TOM 
BHyTpeHHee npocTpaHCTBO peaKTOpa, 
csepxy Kornporo BBOAs:n rnnyon , a CHl4-
3y - xnop . 06pa3osasw14illcH xnopl4CTb1ill 
6eH314n BMecrn c Henpopear14posaBW14M 
rnnyonoM BblXOA14T CHl43Y KonoHHbl. Crn
neHb KOHBepC1414 B xnop14CT~ill 6eH314n 
Hesenl4Ka - oKono 50% , YTO npenHT
crnyeT 06pa3osaHl410 npOAYKTOB 6onee 
rny6oKoro xnop14posaHl4H - xnop14crnro 
6eH314n14AeHa (C6H5CHC/2)' cpeHl4nTp14-
xnopMeTaHa (C5H5CC/3) 14 npOAYKTOB 
xnop14posaHl4H B HAPO. 

Kl4CnOTbl 0 2N - 0 - N0
2

, HvnpaT a1...1e
rnna CH

3
COON0

2
, H14TpaT 6eH30l4na 

C6H5
COON0

2
, N02 14 N20 4 . Ha146onee 

W14p0KO np14M8HHIOT a30THYIO Kl4Cno
Ty. nocne,QHIOIO YaCTO 14CnOnb3YIOT B 
CM8Cl4 c cepHoill Kl4Cnornill (H14TPYIO
w.aH cMeCb ). Ponb cepHoill Kl4cnoTbl 
3aKnlOt.taeTCH KaK B CBH3blBaHl414 06pa-
3yiow.eillcH BOAbl , TaK 14 B o6pa30BaHl414 
aKrnBHoro Hl4Tpyiow,ero areHrn NO/ 
( H14TpOHl4ill-KarnoHa ): 

H14TposaHl4e MO>KeT npornKaTb no 
pa,QV!KanbHOMY 14 V!OHHOMY MexaHV13M3M 
B 3aBV!CV1MOCTV1 OT ycnOBVlill V1 npl4p0Abl 
peareHTOB. 

,[\nH Hecj:neXV1M14'-18CKOill npOMblWneH
HOCTl4 14MeeT 3Hat.teHl4e H14TposaHl4e napa
cp14HOBblX 14 apoMaT1448CK!11X C08,[\!11H8Hl4ill . 
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3.9.1. HumpoeaHue napacjJuHOBbJX yaneeooopoooe 

npOMblWneHHOe H1!1TposaHV1e HVl3WVIX 
napacpV1Hos ocyu..iecrnm110T s ra3osoill 
cpa3e npVI 150-500 °C. MexaHVl3M HVITpo
saHVls:l, KaK VI ra3ocpa3HOro OKVICneHVls:l VlnVI 

ra3ocpa3Horo xnopV1posaHV1s:i, s:isns:iercs:i 
pa,QVIKanbHblM. nepSOH848nbHO CS060,Q
Hble pa,qV1Kanb1 06pa3yiorcs:i s pe3ynbra
re repMV14ecKoro pacna,qa yrneso,qopo,qa 
VlnVI s pe3ynbTaT8 ,QVICCOL.\Vl8L.\VIVI 830THOC1 
KVICnOTbl Ha pa,QVIK8nbl •OH VI •N02: 

RH---> R" + "H 
R" + HON0

2
---> RN0

2 
+ "OH 

RH+ "OH ---> R" +Hp VI T. ,q. 

8 VIHTepsane 150-475 °C CKOpOCTb HVIT
posaHVls:l anKaHos 3Ha4VITenbHO 6onbwe 
CKOpOCTVI VIX repMV14eCKOro pa3nO)f(eHVls:l. 
CKopoCTb nocne,qy10L11ero HV1TposaHV1s:i 
MOHOHVITpoanKaHOS s ,QVIHVITpoanKaHbl s 

3aMeLJ..1eHV1e 

CH
3 

- CH2 - CH3 

10 8TM., 400 °C 
pa3no)f(eHV1e 

HaV16onee rpy,qHo HVITpyercs:i MernH: 
npVI 475 °C, coornoweHVIVI CH4 : HN0

3
, 

paSHOM 9 : 1, VI speMeHVI KOHTaKTa 0,2-
0,3 ceK. SblXOA HVITponpOV13SO,QHOro 
cocrasns:ier 13% (no a30THOC1 K111cnore ). 
PeaKL.\Vls:l c 3TaHOM npoxo,QVIT ner4e: np111 
440 °C, 10 aTM., COOTHOWeHVIVI C2H6 : 
HN03, pasHoM 10 : 1, VI speMeH111 KOH
rnKra 0,2-0,3 ceK. SblXO,Q HV1TponpOV13-
SO,QHblX (HVITpoMeTaHa VI HVITP03TaHa) 
cocrasns:ier 33% (no a3ornoill K111cnore). 
nponaH npVI 400 °C 06pa3yeT OKOnO 20% 
HVITpoMeTaHa. B Hacrns:iu..iee speMs:i npaK
TV!4eCKVI see KOnVl48eTBO npOV13SO,[\VIMOro 

13-0373 

ra30SOC1 cpa3e HaMHOro MeHbWe eKopoern 
HVITposaHVls:l VICXO,QHblX yrneso,qopo,qos. 
no3TOMY npVI napocpa3HOM HVITpOS8HVIVI 
830THOC1 KVlenoroill ,QVI- VlnVI nonV1HVITpo
coe,QV1HeHV1s:l He o6pa3y10res:i. 

npVI napocpa3HOM HVITposaHVIVI napa
cpVIHOS O,QHOspeMeHHO c HVITposaHV1eM 
npOVICXO,QVIT VI OKV1eneHV1e, n03TOMY oe
HOSHblMVI no604HblMVI npo,o,yKTaMVI s:isns:i
IOTes:l anb,[\8rVl,Qbl VI K8TOHbl. 

YeraHosneHo, 4TO npVI sb1eoKoreM
neparypHOM HVITposaHVIVI napacpVIHa s 
naposoill cpa3e nony4a10res:i see MOHO
HV1rponpoV13SO,QHble, KOTOpb1e Moryr o6-
pa3osarbes:i npVI 3aMeHe HV1Tporpynnoe1 
n106oro arnMa so,qopo,qa VlnVI n1060C1 an
KVlnbHOC1 rpynnb1 Vlexo,qHoro yrneso,qopo
,qa. TaK, npVI HVITposaHVIVI nponaHa HN0

3 

s naposoill cpa3e npVI 400 °C o6pa3y10res:i 
ene,qy10LJ..1V1e eoe,qV1HeHV1s:i: 

[ 

[ 
HVITpoMeraHa nony4alOT He Vl3 MernHa, 
a Vl3 nponaHa. 

OeHOSHblM annaparoM s:isns:ierc.s:i 
rpy64arb1C1 peaKrnp Vl3 xpoMOHVIKenesoC1 
crnnVI, HarpesaeMb1C1 rennoHoeV1ren.s:i
MV1 - o6bl4HO paennasaMVI eoneill . CMeeb 
napos (yrneso,qopogb1, HVITponpoV13SOA
Hble, 830THa.A KVlenora, BO,Qa VI OKVlenbl 
830Ta) npoXO,QVIT 4epe3 KOH,QeHearnp, 
r,qe OeTalOTe.A HV1TponpOV13SO,QHble, BO,Qa 
VI KVlenora. 3TV! KOMnOHeHTbl ereKalOT B 
pa3,qenV1renb, r,qe or,qen.s:i10re.s:i HV1rpo
npoV13BOAHb1e, KOTOpb1e 3aTeM no,qsepra
IOT 48TKOW peKTVlcpVIKaljVIVI. 
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3.9.2. HumpoaaHue apoMamul./ecKux yaneaoaopoaoa 

ApoMaTw-1ecK1118 ym8BOAOPOAbl B 

npOMbJWn8HHblX ycnOBll15lX Hll1Tpy10T B 

>K111AKOll1 cpa38 (1110HHblll1 M8XaHll13M) Hll1T

PYfOli.\8111 CM8Cbf0 (HN03 + H2S04 ) 111 np111 

6on88 Hll13Kll1X rnMn8paTypax ; np111 3TOM 

MO>KHO nony4111Tb MOHO-, A111- 111 Tp111H111Tpo

npo1113BOAHbl8. nonO>K8H1118, B KOTOpOM 

npo111CXOA111T 3aM8li.\8Hll18 , onp8A8n5l8TC5l 

cpyHKL..\1110Ha.nbHOll1 rpynnoll1 B 51Ap8. 3a

M8CTl'1Tenll1 n8psoro poAa (3n8KTpoHo

AOHOpHb18) cnoco6cTByfOT 3aM8li.\8Hll1IO 

s oprn- 111 napano.no>K8Hll18. 3aM8crnrn

.n111 srnporo poAa (3.n8KTpoHoaKL..\8nTOp

Hb18) - B M8Tano.no>K8Hll18 . 

06bl4HO H111TPYIOli.\YIO CM8Cb np1116as

.n5lfOT K ArH np111 H8np8pbiBHOM 3H8p

rll14HOM pa3M8Wll1BaHll1111 111 CTpOroM c o-

6nfOA8Hll1111 rnMn8paTypHoro p8>K111Ma . 

npoMb1Wn8HHbl8 H111TpaTOpbl np8ACTaB

.n5lfOT co6oll1 4yryHHbl8 p8aKTOpbl 8MKO

CTbfO 45 M3 c npon8nn8pHOll1 6bJCTpOXOA

HOll1 M8Wa.nK0111 , py6awKoll1 111 3M888111KOM 

A.n5l oxna>KA8Hll15l 111 Harp8BaH1115l . 

npol-13BOACTBO HlllTpo6eH30.na .. H111T

posaHll18 68H3ona BK.nf04a8T c.n8AYIOli.\1118 

3Tanb1: np111rorns.n8Hll18 Hll1TPYIOli.\8111 CM8-

c111, co6CTB8HHO H111TpOBaHll18 , pa3A8.n8-

3 

Hll18, H8ll1Tpa.n1113al..\1115l 111 n8p8roHKa no.ny-

48HHoro H1.npo68H3o.na, p8r8H8pa411151 

K111c.noT. H111TposaH1118 MO>KHO npoBOAll1Tb 

n8p1110A11148CKll1 111 H8np8pblBHO. 

npo48CC B8AYT np111 TeMn8paTyp8 

- 60 °C 111 111HTeHCll1BHOM n8p8M8Wll1Ba

Hll1111 p88KL..\1'10HHOll1 CM8Cl'1 . 06u.(a5l npo

AO.n>Kl'1T8.nbHOCTb 4111K.na AOcrnraeT 56 4. 

Ha 100 Kr 6eH30na Tpe6y8TC5l OT 240 AO 

290 Kr H111Tpyl0li.\8111 CM8Cl'1 B 38Bll1Cll1MO

crn OT KOHL..\8HTP8L..\111111 8 H8111 Kll1C.nOT. npo

.[\O.n>K111Te.nbHOCTb 888.[\8Hl'15l p8areHTOB 111 

sp8M5l , H8o6XOAll1Moe An5l H11TposaH115l , 

3aBll1C5lT OT 3cpcpeKT111BHOCT1'1 nep8M8Wll1-

B8Hll15l 1t1 oxna>KA8Hlt15l . 

noc.n8 38B8pW8Hlt15l npOL..\8CCa peaK

L..\1110HHYIO CM8Cb c.n11sa10T 8 OL..\111HKOBaH

Hbl8 OTCTOll1H1'1Klt1 , rAe B Te48Hl'18 np1t1-

M8pHO 12 4 Hlt1Tpo6eH30.n OTCTall1B8fOT OT 

OCTaT04HblX Klt1CnoT; nocn8.[\Hlt18 CHOBa 

1t1AYT s npo1t13BOACTBO . H1t1Tpo68H3o.n npo

Mb1sa10T rop514ell1 BO,Q0111, Hell1Tpa.nll13YIOT 

pacrnopoM CO,Qbl, 3aTeM n8peroH5lfOT. 

Ha p1t1c. 3.39 np1t1B8,Q8Ha cx8Ma ycrnHos

K1t1 npo11300,qcrna H111Tpo6eH3ona. BbtXO,Q 

Hlt1Tp068H30.na 8 npOL..\8CC8 COCTaB.n5l8T 

95-98%. 

II 

PMc. 3.39. CxeMa ycmaHoeKu onR npou3eoocmea Humpo6eH3ona: 
1 - pe3epeyap onR Humpy10U(eu cMecu; 2 - 003amop Humpy10U(eu cMecu; 3 - pe3epeyap 
OflR 6eH3ona; 4 - 003amop 6eH30na; 5 - HaCOC OflR n0084U 6eH30na; 6 - HUmpamop; 

7 - npoMe>J<YmDl./HaR eMKocmb; 8 - pa3oenumenb; 9 - eMKocmb onR ompa6omaHHou 
Kucnombt; 10- MOHme>1(10 anR Humpo6eH3ona; I ·- ompa6omaHHaR Kucnoma; 

II -· l<UCflb/Ll HUmpo6eH30fl 
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3.10. CynbcpviposaH111e 

CynbqmposaH1t1e - BBeAeH1t1e cynbcpo
rpynnbr (-S0

3
H) B opraH1t1YecK1t1e co

eA1t1HeH1t1H c 06pa3osaH1t1eM CBH3VI SC. 
npOAYKTbl cynbcpV1pOB8HVIH - cynbcpOKlllC
noTbl - HaXOAHT wvrpoKoe npvrMeHeHvre 
KaK nonynpo,qyKTbr B cvrHTe3e Kpacvrrn
ne&lt , neKapcTBeHHblX cpeACTB, MOIOUIVIX 
cpe,QCTB VI 3MynbraTOpOB (nosepXHOCT
HO-aKTVIBHblX coeAvrHeHvriil) 111 AnH APYrVIX 
L1eneilt. 

CynbcpvrposaHvre MO>KeT 6b1Tb ocy
U1ecrnneHo npHMblM VI KOCBeHHblM 
nyrnM. K npHMOMY cynbcpvrposaHvrlO 
OTHOCVITCH: 3aMeU1eHvre BOAOPOAa B 
an111cpaTV14eCKVIX vrnvr apOMaTVl4eCKVIX co
eAVIHeHVIHX cynbcporpynnoiil; npvrcoe,Qvr-

HeHvre cynbcporpynnbr no Kparnoill CBH3vr 
onecp1t1HOB. K KocseHHOMY cynbcpvrpo
saHvrlO OTHOCVITCH 3aMel1.leHvre cynbcpO
rpynn APYrVIX aTOMOB 1t1nvr aTOMHblX rpynn 
(cpyHKL\VIOHanbHblX rpynn). 

npHMOe cynbcplllpOBaHvre 4al1.le BCero 
npOBOAHT cepHblM aHrlllAPlllAOM, a TaK>Ke 
ero KOMnneKC3MVI (AVIOKCaHcynbcpOTpi.1-
0KCVIAOM C4H8

0/S03 , n1t1p1t1,QvrHcynbcpo
Tp1110KcvrAOM C

5
H

5
N•S0

3
) 111 rvrAparnMvr 

pa3nvr4Horo cocrnsa (cepHoiil KvrcnOTbl 111 
oneyMa); pe>Ke 111cnonb3YIOT xnopVICTbriil 
cynbcpypvrn ( S0

2
C/

2
), xnopcynbcpoHo

BYIO KVICnOTy ( C/S03H) 111 cepH111CTbliil ra3 
B npvrcyTCTBVIVI OKll1CnvrTenH (KvrcnopOA, 
xnop). 

3. 10. 1. CynbcfJoxnopupoeaHue napacfJuHoe 

napacp111HOBble yrneBO,[\OpO,Qbl yc
TOiil4111Bbl K .o,eiilCTBll1IO o6bl4HblX cynb
cp111py10U1111X areHTOB. 8b1cw111e na
pacpvrHbl (C6 111 6onee) MoryT 6b1Tb 
cynbcp111posaHbl oneyMOM np111 VIX TeM
nepaType KVlneHVIH , npvr 3TOM OHi/i OAHO
speMeHHO nOABepralOTCH 3H84VITenb
HOMY oK111cneH11110 . 3Ha41t1TenbHO ner4e 
cynbcpvrpylOTCH yrneBOAOPOAbl np111 co
BM8CTHOM AeiilcTs111111 cepH111crnro aHrvrA
P111Aa 111 Kll1Cnopo,Qa ( S02 + 0 2). 

npoMblWneHHOe 3Ha4eH111e VIMeeT 
n111wb cynbcp1t1posaH111e napacp111HOB CMe
CblO cepHVICTOfO ra3a VI xnopa ( S02 + 
C/

2
) 111n111 xnop111cTblM cynbcpypvrnoM 

(S0
2
C/

2
) - cynbcpoxnop111posaH111e. npo

AYKTbl cynbcpoxnopvrposaH111H - anKvrn
cynbcpoxnop111,Qbl - HBfiHIOTCH L1eHHblMVI 
nonynpOAYKTaMll1 AfiH npOV13BOACTBa c111H
TeTV14ecK111x MOIOL1.1111X BeU1ecrn; nocneA
H111e nony4alOT o6pa6oTKOilr anK111ncynb
cpoxnopvrAOB pacrnopaMVI U1eno4eill: 

RH+ S02C/2 ___. RS02C/ +HG/ 
RH+ so2 + C/2 - RS02C/ + HG/ 

RS02C/ + 2NaOH ___. RSOpNa +NaCl+ H20 

3Ta peaKL\VIH npOTeKaeT no L1enHOMY MeXaHll13My: 

hv 
C/

2 
___. 2C/" 

RH + Cl" ---> R + HG/ 
R" + so2 - Rso·2 

Rso·2 + C/2 - RS02C/ + c1· VI T. /J, . 



B npoMb1w.neHHOM Macwra6e npV1Me
HfleTcs:1 cy.nbcpox.nopV1posaHV1e HOpMa.nb
HblX c10 - c1 8 napacpVIHOB. CMeCb napa
cpVIHOB o6pa6aTblBatoT npVI o6bl4HblX 
TeMnepaType VI Aas.neHVIVI ABYOKVICbto 
cepbl VI x.nopOM, nOABeprafl VIX OAHOBpe
MeHHO AeiilCTBVlto y.nbTpacpV10.neTOsb1X 
.ny4ei/1. LJro6bl noAaBVITb peaKL\Vlto x.no
pV1posaHV1s:1', yMeHbWVITb o6pa30BaHVle 
AVICy.nbcpox.nopVIAOB, a TaK>Ke 4T06bl 
no.ny4V1Tb npOAYKTbl, B KOTOpblX rpynna 
S02C/ pacno.nara.nacb 6b1 KaK MO>KHO 
6.nVl>Ke K KOHL\Y yr.nepOAHOiil L1enV1, npo-

-HG/ -NaCl 

L1ecc npoBOAHT npVI cTeneHVI npespa
LI.\8HVlfl He 60.nee 50-70%. MoHocy.nb
cpox.nopVIA ( «Mep30.nb») OTAe.nfltoT OT 
Henpopearnposaswero yr.neBOAOPOAa, 
KOTOpbliil B03BpaLI.\atoT o6paTHO B npo
L\8CC. MoHocy.nbcpox.nopVIA o6pa6aTbl
satoT JaTeM pacrnopoM eAKOro HaTpa 
VI no.nyYatoT HaTpV1esyto co.nb a.nKV1.n
cy.nbcpoK1i1c.noTbl ( «Mep30.ns:1T» ). B npo
Vl3BOACTBe CTVlpa.nbHblX nopOWKOB 
Mep30mlT CMeWVIBatoT c CVl.nVIKaTOM 
HaTpVls:! Vl.nVI c HaTpV1ii1Kap60KCV1MeTV1.n
L1e.n.n to.no3oi/1. 

Mep30.nb Mep30.nf!T 

rAe R = c10 - c18 - napacpVIHbl 

3. 10. 2. CynbcjJupoeaHue apoMamul./ecKux yaneeooopoooe 

HaV160.nee .nerKo cy.nbcpVlpytoTCfl no
.nV1L1V1K.nV14ecKV1e apoMarnYeCKVle yr.neso
AOPOAbl (aHTpal.\eH, cpeHaHTpeH VI AP ·), 
TPYAHee - Hacpra.n1i1H VI eLI.1e TPYAHee -
6eH30.n. 

Cy.nbcp1i1posaH1i1e cepHoiil K1i1c.noroil1 -
06parnMb1il1 npoL1ecc: 

no3TOMY 06bl4HO npVIM8HfltoT 60.nb
WOi/1 Vl36blTOK cepHoil! KVIC.nOTbl Vl.nVI VIC
no.nb3YIOT o.neyM c TaKVIM COAep>KaHVleM 
cepHoro aHrVIAPVIAa, KOTOpblil! AOCTaT0-
48H Anfl CBfl3blBaHVlfl BblA8.nfltoLI.1eiilcs:1 
BOAbl. TeMnepaTypa c1i1.nbHO a.nV1s:1eT 
Ha COOTHOW8HVle Vl30MepHblX npOAYK
TOB cy.nbcpVlpOBaHVlfl. npVI cy.nbcpVlpO-

BaHVIVI C08AV1HeHV1ii1 c 3aMecrnTe.nflMVI 
1-ro poAa nosb1weHV1e TeMnepaTypbl 
cnoco6cTsyeT yse.nVl48HVlto BblXOAa 
n-Vl30Mepa. TaK, cy.nbcp1i1posaH1i1e cpe
Ho.na Ha xo.nOAe npVIBOAVIT npe1i1MyLI.\e
CTBeHHO K o-cpeHo.ncy.nbcpOKVIC.nore, a 
npVI 100 °C n04TVI TO.nbKO K n-Vl30Mepy. 
Cy.nbcpV1posaHV1e Hacpra.nV1Ha npVI 35-
40 °C npVIBOAVIT r.naBHblM o6pa30M K 
0-Hacprn.nVIHCy.nbcpOKVIC.nore, a npVI 
160 °C - K ~-Vl30Mepy. 

B HeKoTOpblX c.ny4as:1x Mecro scTyn.ne
HVlfl cy.nbcporpynnbl 3aBVICVIT OT KaTa.nVl3a
rnpa: npVI cy.nbcpVlpOBaHVIVI aHTpaXVIHOHa 
6e3 KaTa.nV13aropa 06pa3yeTcs:1 r.naBHblM 
o6pa30M ~-aHTpaXVIHOHcy.nbcpOKVIC.nO

Ta, a B npVICYTCTBVIVI co.nei/1 pTyrn -
a-aHTpaxV1HOHcy.nbcpOKV1c.nora. B Ka4e-

· lllHrnpecHo 01Mern1b. 4TO npw peaKL1WW cynb¢oxnopwposaHW5'1 y napacf:>wHoB 3aMell\eHwe xnopoM 
npowcxogwT B 04eHb He3Ha4w1enbHO(;i crnneHw , rnrga 1<aK gm1 gpyrn x yrnesogopogos xnopwc1b1(;i cynbcpy
p111n 5'1Bm18TC5'1 3H8pr1114HblM xnop111py10ll\V1M areHTOM. 



crne Karnn1113aTopos Hawn111 np111MeHeH111e 
cynbcpaT pTyrn, BaHagaT aMMOHll151, 6111-
xpoMaT Kan1115!, il\og 111 gpyrne. OgHaKo 
6onbWYIO 4aCTb npOMblWneHHblX npo-
4eccos ocyU,\ecrnnfllOT 6e3 Karnn1113arn
pos. 

0CHOBHblMll1 no604HblMll1 npogyKTaMll1 
cynbcp111posaH1115! 51Bn5llOTC51 cynbcpOHbl 

'i97 

R-S0
2
-R, non111cynbcpOHOBb1e K111cn0Tb1, 

npogyKTbl OKll1CneHll151 (0Kc111np01113BOAHble 
111 gpyrne K111cnopogcogep}f(aU,\111e coeg111-
HeH1115! ), geanK111n111posaH1115! 111 11130Mep1113a-
4111111. 

Cynbcp111posaH111e apoMarn4ecK111x co
eg111HeH111il1 51Bn51eTc51 rnn111L1Hoil1 peaK4111ei/1 
3neKTpocp111nbHOro 3aMeU,\eHll151: 

3.10.3. npoMblWileHHble npo4eCCbl cynbQJlllpOBaHlllS'l 

3.10.3.1. npou3aoacmao noaepxHocmHo-aKmuaHbtX aeU(ecma 

KnaccucfJuKau,uR noaepxHocmHo-aK
muaHbtX aeU(ecma (nAB). no pacrnop111-
Mocrn B TeX 111n111 111HblX cpegax nAB MO}f(
HO pa3gen111Tb Ha Tp111 OCHOBHble rpynnbl: 
sogopacrnop111Mb1e, sogoMacnopacTBO
pll1Mble 111 Macnopacrnop111Mb1e. CaMyt0 
MHOrD4111CneHHYIO rpynny COCTaBnfllOT 
sogopacrnop111Mble nAB. Vlx Knacc111cp111-
Ka411151 OCHOBaHa Ha Xll1Mll14eCKOM CTpoe
Hll1111. Ecn111 nAB g111cco4111111pyt0T B sage Ha 
1110Hbl, 111X OTHOC51T K UOH02eHHb/M BeU,\e
CTBaM, ecn111 nAB He All1CC04111111py10T - K 

HeUOHOceHHb/M. 
VlOHOreHHble nAB nogpa3gen5!10T Ha 

8HUOHOaKmU8Hbte 111 KamuOHOBKmU6Hb/e 
B 3aBll1Cll1MOCTll1 OT Toro, KaKll1M 1110HOM 
(1<arnoHOM 111nvi aH1t10HoM) o6ycnosneHa 
nosepXHOCTH85'l a1<Tlt1BHOCTb. VlMelOTC>'l V1 

BMc/JOnUmHb/8 nAB; OHll1 cogep}f(aT B MO
neKyne gse (111n111 6onee) cpyHK41110Hanb
Hb1e rpynnb1, KOTOpb1e s K111cnoi/1 cpege 
npo51sn5!10T KarnoHoaKrnBHb1e csoil\crna, 
a B U,\en04HOi!1 - aHll10HOaKTlt1BHble. 

K aHV10HOaKTll1BHblM OTHOC51TC51 MOIO
U,\Vle BeU,\ecrna cnegy10U,\ll1X rnnos: 

1) am111nKap60HaTbl (Mb1na) RCOONa; 
2) anKvincynbcpaTbl neps1114-

Hb1e RCH
2
0 - S0

2
0Na vi srnp1t14Hb1e 

RR' CHO - sopNa; 
3) cynbcpaTbl }f(V!pHblX Kll1CnOT, 111Mel0-

U\Vl8 cpopMyny RCH(OSOpNa) - (CH)" -
COON a; 

4) anKvincynbcpoHaTbl - nepB1114Hble 
RSOpNa V1 BTOpV14Hbl8 RR'CHSOpNa; 

5) cynbcpOHaTbl }f(111pHblX Kll1CnOT, 
1t1M8IOU\1t18 cpopMyny RCH(SO,ONa) -
( CH

2
),, - COONa; -



6) anKV1napV1ncynbcpOH8Tbl - anKVln-

6eH30ncynbcpoHaTbl VI anKVlnHacpranVIH

cyn bcpOHaTbl : 

R 
I 

G-SOONa 2 

7) a - onecpV1HcynbcpoHaTbl RCH = 
CH-SOpN; 

8) cynbcp8Tbl OKCL'13Tlr1ni.1pOB8HHblX 

anKLl!ncpeHonoa: 

K KarnoHoaKrnBHblM MOtol..LIVIM Bel..Lle

crnaM OTHOC51TCSl: 

1) aMMOHL'18Bble coni.1 nepBL'14HblX, 

BTOpV14HblX VI rpeTVl4HblX aMVIHOB: 

+ + + 

2) 48TBeprn4Hble 8MMOHVl8Bble OCHO

+ 
saHV1s:i : R

4
NC1- ; 

3) COnVI 6eH3L'1naMMOHL'1Sl: 

AMcponV1THb1e MOtoLL1L11e ae1..L1ecrna 

Ll!Metor cneAYtoLL1ee crpoeHV1e: 

1) C08AVIH8HL'1Sl, COA8P>K8l..LIVl8 Kap6oK

CVlnbHYIO VI 8ML'1HOrpynny: 

RCH - COO-Na• 

I 
•NH

3
Cf-

2) C08AVIH8HVISl, COA8P>K8l..LIVl8 cynb

cp03cpV1pHyto VI 8MVIHOrpynny: 

RCH - CH2 - CH2 - osopNa 

I 
•NH

3
C/-

3) C08AL'1H8HVISl , COAep>K8l..LIL'18 cynb

cporpynny L'1 aMLl!HOrpynny: 

RCH - CH2 - CH2 - sopNa 
I 

•NH
3
C/-

V'13 H8VIOHOr8HHblX nosepXHOCTHO-aK

Tlr1BHblX B81..L18CTB OTMernM cneAYIOl..LIV18 : 

1) OKCL'13rnn111posaHHb1e anK111ncpeHonb1: 

R ~ 0- (CH,CH,0), - H 

2) OKCL'13Tlr1ni.1pOB8HHble >KVlpHble KVIC

nOTbl, L'1M8IOl..LIL'18 cpopMyny: 

3) OKCL'13TVlni.1pOB8HHble >KLl!pHble Cni.1p-

Tbl: 

4) OKCL'13Tlr1ni.1pOBaHHble 8ML'1Hbl: 

(CH2CHp)n-H 

RNH-(CH2CHp)n-H RN< 

(CH2CHp)n-H 

5) OKCVl3Tlr1ni.1pOBaHHble MepKanraHbl 

L'1 aMLl!Abl: 

(CH2CH20)n-H 

RS-(CH2CHp)n-H RCON < 
(CH2 C/-12 CJ)n-H 



6) OKC1t13T1t1m1posaHHb1e non1.1npon1.1-

neHrn1t1Kon1.1: 

CH -CH-CH -0-(CH CH 0) -H 3 2 2 2 m 
I 
0- (CH2CHp)" - H 

CH2 - CH2 - 0- (CH2CHp)n - H 
I 
CH2 - O - (CH2CHp)m - H 

B np111se,QeHHOVI Knacc1.1cp1t1Ka14111111 ,QaH 

,QaneKo He nonHblVI accoprnMeHT nAB, 

yKa3aHbl n1t1Wb OCHOBHble lt1X Blt1,Qbl ' np111-

MeHs:teMble B npolt13BO,QCTBe Clt1HTeTlt14e

CKlt1X M0f01.lllt1X cpe,QCTB. 

AH1t10HOaKrnBHb1e Bel.llecrsa B BO,QHOM 

pacrnope ,Q1t1cco14111111pyf0r Ha KarnoH l.lle

no4Horo Mernnna 1.1 aH1t10H - ocranbHYfO 

4aCTb MoneKynb1, Hanp111Mep, nepB1t14Hb1e 

anK111ncynbcparb1 ,Q1t1cco141.1111pyf0r no cxe

Me: 

KarnOH08KTll1BHble nAB xopowo lt10-

Hlt13YfOTCS'I B pacrnopax, a 4erseprn4Hble 

8MMOHlt1eBble OCHOBaHlt1S'I lt10Hlt13YfOTCS'I 

nonHOCTbfO. 

Ba>KHeViw1t1M1t1 npe,QCTaB1t1Tens:tM1t1 Ka

T1t10HoaKrnBHblX nAB s:tBns:tfOTCs:t Tplt13-

rnn14ernnaMMOH1t1Vixnop1t1,Q 1.1 14eT111nn1.1-

p1t1,Q1t1H1t1Vi6poM1t1,Q, KOTOpb1e lt13-3a nerKoVI 

lt10Hlt13a14111111 lt1306pa>KafOT B lt10HHOVI cpop

Me: 

+ 
[(C2Hs)3N-C15H33] Cf-

KarnoHoaKTll!BHble Bel.llecrsa np1.1-

MeHs:tfOT KaK M0f01.lllt1e lt1 6aKTep1t1141t1,QHble 

npenapaTbl 1.1n1.1 KaK 6aKrep1.1141t1,QHb1e ,Q0-

6aBK1t1 K M0f01.lllt1M cpe,QCTBaM . 0Hlt1 np1t1-

MeHs:tfOTCS'I TaK>Ke B Me,Q1t1L11t1He np111 crep111-

n1.13a141t11t1 1t1 ,qe31t1HcpeK141t1111. 

He1t10HoreHHb1e MOfOl.ll1t1e Bel.llecrna 

o6na,QafOT xopOWlt1Mlt1 M0f01.lllt1Mlt1 CBOiii-

crnaM1t1; ny4we, 4eM ,qpyr111e MOfOl.ll1t1e 

Bel.lleCTBa, y,qep>K111BafOT 3arps:t3HeHlt1S'I B 

pacrnope, npe,Qornpal.llas:t 111x o6parnoe 

oce,QaH111e Ha TK8Hb; cnoco6Hbl K 6111ox111-

M1114eCKOMY pa3no>KeHll1fO. ltlx nony4afOT 

np1t1 B381t1MO,QeVicTBlt1111 anK111ncpeHOnOB, 

>K111pHblX Klt1CnOT, cn111pTOB c 3Tlt1neHOKClt1-

AOM, np1t14eM 41t1Cno OKClt13Tlt1nbHblX rpynn 

B nAB MO>KeT 6b1Tb OT 4 AO 20, a lllHOr,Qa 

111 6onbwe. BMecrn 3rnneHOKC1t1,Qa MO>KHO 

np111MeHs:tTbnpon1.1neHOKC1t1,Q. 

TaK111M o6pa3oM, csoVlcrsa c111Hrern-

4ecK111x M0f01.lllt1X Bel.lleCTB MO>KHO Wlt1-

pOKO Bapb1t1pOB8Tb 38 C4eT lt13MeHeHlt1S'I 

1.1x crpyKrypb1, cpyHK141t10HanbHblX rpynn, 

COOTHOWeHll1S'I nons:tpHblX lt1 Henons:tpHblX 

rpynn. B HacTOs:tl.llee speMs:t 1t13BeCTHO 

6onee 200 Blil,QOB Clt1HTeTlt14eCKlt1X nAB 

111 6onee 3000 roproBblX Ha111MeH0BaH111Lil 

pa3nll14HblX KOMno31.114111VI 1.13 H111x. TeM He 

MeHee OCHOBOLll ,Qml CMC 111 nAB TeXHlt1-

4eCKOro Ha3Ha4eH1t1s:t cny>K1t1T scero He

CKOnbKO ,QeCs:tTKOB npenapaTOB, BblnYC

KaeMblX npOMblWneHHOCTbfO. 

npoU3600Cm60 8HUOH08KmU6Hb/X 

MOIOW,UX Bew,ecme. npoU3600Cm60 an

KUncynbcpamos. AnK111ncynbcparb1 no

ny4afOT cynbcp1t1posaH1t1eM cn111prns 111 

a-onecp1t1HOB. np111 3TOM lt1CnOnb3YfOT 

n11160 nepB1114Hb1e Bb1cw111e >K111pHb1e cn1.1p

Tbl, n11160 CMeCb nepB1t14HblX lt1 BTOp1114HblX 

cn111pTOB, o6pa3yfOl.llYfOCS'I np111 OK111cneH1t11t1 

BblCWll1X napacp111HOB B np111cyTCTBll11t1 6op

HOLll Klt1CnOTbl. ny4W111M111 M0f01.llll1Mll1 CBOLil

CTBaMll1 o6na,QafOT nepB1t14Hb1e anK1t1n

cynbcpaTb1 C
14 

- Cff np111 nepeMel.lleHlt11t1 

cynbcpaTHOLil rpynnbl K cepe,q111He anK111nb

HOVi 14en111 MOfOl.llas:t cnoco6Hocrb anK1t1n

cynbcparns CHll1>Kaercs:t . B nocne,qH111e 

ro,Qbl npOlt13BO,QCTBO anK1t1ncynbcpaTOB 

ysen1.14111saercs:1 lt13-3a 111x xopow1.1x MOfO

l.llll1X CBOLllCTB, a rnaBHOe - 1113-3a nerKOLil 

6111ox111M1t14eCKOVI OKll1Cns:teMOCTll1 B CT04-

HblX BO,Qax. HeManosa>KHoe 3Ha4eH111e 

np1t1 3TOM 1t1MeeT ,QOCTynHOCTb 111CXO,QHblX 

Cn1t1pTOB lt1 O-Onecp1t1HOB C12 - C18" 



CynbcpviposaHvie nepsvi4HblX >t<vipHbl X 
cnviprns nposo,qm 98%-Hoi::i cepHoi::i Kvi c
nomi/1 (70-75 Mace. 4. KvicnoTbl Ha 100 
Mace. 4. cn111pra) np111 30-50 °C 111 nepe
Mew111saHvivi (p111c. 3.40). B peaKrnp cynb
cpyparnp 4 c Mewamoi/1 vi oxna>K.Qa10U1111M 
3M88BV1KOM 3arpy>t<a10T cepHylO Kll1Cnory 
V13 8MKOCTV1 9 48p83 MepHVlK 3. npvi He
npepblBHOM nepeMew111saH111111 B K111cnory 
mHKoill crpyeill no,qa10r cn111pr 1113 060-
rpesaeMoill eMKocr111 8 4epe3 MepH111K 1. 
PeaKL\111IO npo,qon>KalOT B re4eHvie He
cKonbKll1X 4aCOB 111 C4111TalOT 3aKOH4eHHOil1 , 
ecn111 npo6a cynbcp0Maccb1 nonHOCTblO 
paCTBOp51eTC51 B BO.Qe. no OKOH4aHll1111 
cynbcp111posaH1115! peaKL\1110HHa51 Macca 
nepereKaer 0 annapar 7, r,qe ee Heil1rpa
n1113y10r 20-40%-HblM e.QKll1M HaTpOM np111 
50-60 °C. ra3006pa3Hble npOAYKTbl 1113 
cynbcpypampa, a raK>Ke $0

2 
orcacb1Ba-

10T 4epe3 a6cop6ep 2. AnK111ncynbcparb1 , 
Heil1rpan111300aHHb1e 111 or6eneHHb1e r111-
noxnop111rnM Harp1115!, 0 0111,0,e nacrb1 Ha
npa0n5!10T Ha cywKy 111n111 cn1110a10r 0 rapy. 

Cynbcp111po0aH111e 0rnp1114HblX cn111p
m0 111 a-onecp111Ho0 nporeKaer c MeHb
w111M 8blXOAOM, 4eM cynbcparnpo0aH111e 
nep81114HblX cn111pm0, 111 conposo>t<,qaer
C51 o6pa3088Hll1eM no604HblX npOAYK
m0 (A111anK111ncynbcpaTb1 , non111Mepb1). 

.Qn51 nOBblWeHV151 BblXOAa V1 yny4W8HV151 
Ka4eCTBa nony4aeMblX 8TOpV14HblX an
KVlncynbcpamB (TeXHV148CKOe H8388HV1e -
rnnonb1) 88AYT cynbcp111posaH111e 90-
98%-Hoill cepHoill Kvicnomi/1 np111 510 °C 
V1 Mll1Hll1ManbHOM Bp0M0Hll1 KOHT8KTa 
(npviMepHO 1 MV1H.).04eHb 88>KHblM anna
pamM ycTaH08Kll1 cynbcpV1pOB8HV151 518n51-
0TC51 peaKrop. OH AOn>KeH 6b1Tb TaKV1M, 
4T06b1 06ecne4111sarb KpaTK00peMeH
HOCTb KOHTaKTa 111 6blCTpblil1 OT80A renna. 
06bl4HO npviMeH5llOT peaKmpbl, npeA
CTa8n51IOUIV10 co6oi11 Kopnyc c py6awKoil1 , 
0Hyrpvi Komporo spaU1aerc51 L\"1n"1HAPll1-
4ecK111i11 pomp. 3a3op Me>K.Qy KopnycoM 111 
pornpoM He6onbwoil1, 4m 06ecneY1110aer 
ManoespeM51npe6~saHV151peaKL\1110HHOil1 

CMecvi 0 annapare - MeHee 30 c. CepHylO 
Kll1Cnory V1 onecpV1Hbl noAalOT B HV1>KHIOIO 
YaCTb peaKmpa 1, Kopnyc ..., pomp KOTO
poro oxna>K.QalOT KV1n51UIV1M xnopvicTbJM 
MernnoM vinvi BOAOill (pvic. 3.41 ). Pomp 
spaU1aerc5! co cKopocTblO 120 06./M111H. 
1113 peaKmpa cMeCb nocrynaer 0 HelArpa
n1113arnp 2, rAe acp111pb1 cepHolA K111cn0Tbl 
He1Arpanll13YIOT 18%-HblM e,QKll1M HaTpOM. 
,D,111anK111ncynbcparb1 r1t1Apon1113y10r 0 anna
pare 3 8 TeYeH111e 1 '-I np111 70-80 °C; np"1 
3mM o6pa3ylOTC51 8TOp"1YHbl0 cn"1pTbl "1 
0mp111YHble anK111ncynbcp8Tbl : 

+Na OH 
RCH - 0 - S0

2 
- 0 - CHR 

I I 
CH

3 
CH

3 

,D,anee cMecb 06pa6arb10a10r 20%
HblM arnno0b1M cn111pmM. B HeM onecp111-
Hb1 111 )1<"1pHbl0 cn111pTbl He paCT80p5110TC51 
111 yxoAm c 0epxa cenapampa 4, a cn111p
m0oil1 pacrnop BTOp1114HblX anK111ncynb
cparns 3KCTpar111py10r n111rpo111HOM np111 
60 °C An51 6onee nonHoro 11130ne4eH1115! 
opraHll14eCKll1X 8eU1eCTB. n111rpo111H YXOA"1T 
c Bepxa 3KCTpaKTopa 5, ero OTrOH5llOT OT 
1113Bne4eHHblX 111M yrneBOAOPOAOB B Ky6e 

RCHOH + RCHOSOpNa 

I I 
CH3 CH3 

6 111 8038p8Ul8IOT 8 Hll1>KHIOIO YaCTb 3KC
TpaKmpa. BOAHO-cn111pm001A pacr0op 
8TOp111YHblX anK111ncynbcpam0 HanpaBn51-
IOT 8 KOnOHHY 8, rAe 1113 Hero OTrOH5llOT 
cn111pr. AnKvincynbcparb1 orno,o,m 0 0111,qe 
nacTbl. 

npoU3BOdCmBO 8flKUflCYflbc/JOH8mOB. 

TexH111YecK111e anK111ncynbcpoHaTbl no MOIO
Ulll1M CBOiilCTBaM xy>Ke, YeM nepB111'-IHble 
anK111ncynbcparb1 vi anKvinapvincynbcpo-



HaTbl, OHV1 M8H88 cra6vinbHbl B )K8CTKOil1 

BOA8 V1 pe3KO CHV1)K8IOT B Hei/1 neHoo6pa-

30B8HV18. nosTOMY V1X npV1M8HHIOT B CM8-

cvi c APYrV1MV1 MOIOL1\V1MV1 B8Ll\8CTBaMvi vi 

MblnOM KaK MOIOL1\V18 KOMn03V14V1V1 B 6blTY 

V1 T8KCTV1nbHOil1 npOMblWneHHOCTVl. 

0Txo,n;.am;1rn 
ra3hI 

2 

1 3 

4 

NaOH NaOCl 

6 

Crrn:pT 

IIacTa 

8 9 

P~c. 3.40. TexHono2uL/ecKaR cxeMa nonyLfeHuR nepsuL/HbtX anKuncynbcjJamos: 
1, 3, 5, 6 - MepHuKu; 2- a6cop6ep; 4 - peaKmop; 7 - Hei1mpanu3amop; 8, 9 - eMKocmu 



8 

IIacTa 

OneqmHhI 

PMc. 3.41. TexHono2u4ecKaR cxeMa nony4eHUR amopu4HblX anKuncynbc/Jamoa: 
1 - peaKmop; 2 - Hei1mpanu3amop; 3 - woponu3ep; 4 - cenapamop; 5 - 3KcmpaKmop; 

6 - p8320HHb/U Ky6; 7. 9 - KOHOeHcamopbl; 8 - KOflOHHa onR omGOHKU cnupma 

np01!13BOACTBO anKuncynbcjJOHamoB 
RS020Na ocHoeaHo Ha cpornx111M111-

yecKoM cynbcpoxnop111posaH111111 111 cynb

cpooK111cneH111111 napacpl!IHOB C12 - C
18 

HOpMaJ1bHOro CTpOeHlllH, OYllllJ..l8HHblX 

or onecp111HOB, 1113onapacp111HOB 111 apo

MarnYecK111x ymeBOAOPOAOB. Cynbcpo

xnop111posaH111e OYllllJ..ISHHoro napacp111Ha 

(Kora31!1H) ocy1J..1ecrsnH10T s cranbHblX 

KOilOHHax, noKpblTblX 1113HYTPlll non111e111-

HlilflXI10p1!1AOM, 6aK9Ill!ITOBblM naKOM lilfllil 

BblJlO)f{9HHblX cpapcpopOBblMlll nnlilTKaMlll. 

Ximp 

naMnbl pacnOI10)f{9Hbl BHYTPlll peaKTO

pa seprnKanbHO no aceill Bb1core a 3a

IJ..llllTHblX rpy6Kax. A1110KClllA cepbl 111 xnop 

(p111c. 3.42) CM9WlllB8IOT Iii HanpaBilHIOT B 

Hlll)f{HIOIO YaCTb peaKTOpa 1 Yepe3 nep

cpop111poaaHHbliil KOJ1Il9KTOp. napacpl!IH 

nOA810T B sepXHIOIO YaCTb annapara. 

AnH OTBOAa BblASilHIOIJ..lerocH renna pe

aK~lllOHHaH CM9Cb ~lilpKyn111pyeT Yepe3 

BblHOCHOiil XOilOAlllilbHlllK 3; 3TlllM AOCTlll

raeTCH Iii nepeMeW111BaH111e peaK~lllOHHOiil 

M8CCbl. 

ra3bl 

I I 
I I 
1

1 4 i '1 I I 
I I 

5 

CynL<PoxnopH.zlhl 
Ha OMbIJieHHe 

Comrnaa 
KHCJIOTR 

PMc. 3.42. TexHonocu4ecKaR cxeMa nonyYeHUR anKuncynbc/JOHamoa: 
1 - peaKmop; 2 - mpy6Ku onR naMn; 3 - opocumenbHblU xonoounbHUK; 

4 - omoyB04H8R KOflOHHa; 5 - eMKOCmb; 6 - a6cop6ep 



,lJ,m1 nonyYeHviH npop,yKT08 cynbcpo
xnopvipo8aHVIH c HV13KO~ KOHL!eHTPaL.\Vle~ 
p,vicynbcpoxnopvip,08 8ep,yT npoL1ecc p,o 
30%-HO~ crnneHVl KOH8epCV1Vl napacpvi
Ha npvi nop,aYe 35 M3 CMeCVl S0

2 
+ C/

2 
Ha 

1 O M3 napacpviHa 8 Yac. ,lJ,nvirnnbHOCTb 
peaKL11t11t1 - npviMepHo 16 Y. Ha ycrnH08Ke 
VlMelOTCH 5-6 peaKTOp08, pa60TalOLl.\VlX 
nocnep,o8aTenbHO. B OTXO,D,Hll.\VlX V13 pe
aKrnpo8 ra3ax co,o,ep}f{VlTCH npeviMyll.\e
crneHHO xnopviCTbl~ 80,D,Opo,o,, KOTOpbl~ 

a6cop6vipy10T 80,0,0~ 8 annaparn 6; npvi 
3TOM o6pa3yeTCH 36-38%-HaH conHHaH 
KVlCnOTa. l.JT06bl CHV13V1Tb 8 Kltlcnorn co
,o,ep}f{aHVle ,D,VlOKCVl,D,a cepbl, KOTOpbl~ 

TO}f{e nornoL11aeTCH 80,0,0~, ero OT,D,y8alOT 
803,D,YXOM (S0

2 
np1t1CYTCTByeT 8 OTXO,D,H

Ll.\eM ra3e, nOTOMY YTO ee 6epyT 8 V136blT
Ke no OTHOWeHVllO K xnopy). B npo,o,yK
TaX cynbcpoxnopvipo8aHV1H co,o,ep}f{aTCH 
TaK}f{e xnopVlCTbl~ 80,D,Opo,o, V1 P,V10KCV1,D, 
cepbl. 3rn ra3bl OT,D,y8alOT 803,D,YXOM 8 
KOnOHHe 4. c HV13a KOnOHHbl npop,yKTbl 
cynbcpoxnopvipo8aH1t1H orno,o,m s npo
Me}f{yTOYHYIO eMKOCTb 5, OTKyp,a OHVl no
CTynalOT Ha OMblneHvie 10%-HblM paCT-
80pOM NaOH. 

He 8CTynviswvie s peaKL11t110 yrne80-
,o,opo,o,b1 vi anKvinxnop1t1,o,b1 (xnop s an
Kvinxnopvi,o,ax npvi 3rnx ycno81t1Hx He 
OMblnHeTCH) OTp,enHIOT 8 OTCTO~HltlKe 

vi no,o,a10r Ha ,o,ervi,o,poxnopvipo8aHvie 8 
npvicyTCTBVlltl KaTanvi3aTOp08 - OKCVl,0,08 
MernnnoB. npvi 3TOM anKVlnXnOpltl,D,bl p,e
r1t1,o,poxnop1t1py10TCH ,o,o onecpviHos. 3arnM 
CMeCb no,o,sepralOT KarnnvirnYeCKOMY 
rn,o,pviposaH1t110 vi 8038pall.\alOT Ha cynb
cpoxnopviposaHvie. npvi He~Tpan1t13al...IV1V1 

06pa3yeTCH xnopvi,o, HaTpVlH, KOTOpbl~ 

npvi oxna}f{,D,eHvivi cone~ cynbcpOKvicnor 
yxo,o,vir s Hltl}f{Hltl~ 80,D,Hbl~ cno~ (ero 
c6pacb18a10T 8 KaHan1t13aL11t110 ). Pacrnop 
anKvincynbcpoHarns (sepxHvi~ cno~) yna
pvisa10T, a ropHYVl~ pacnna8 nop,al'JT Ha 
6apa6aHHbl~ Kpvicrnnnvi3arop, rp,e OH 
3aCTbl8aeT TOHKO~ nneHKO~ Ha no8epx
HOCTV1 6apa6aHa. Ee cpe3alOT HO>KOM V1 
nop,a10r 8 6yHKep, a onyp,a Ha ynaKOBKy. 

KpoMe roro, anKvincynbcpoxnopvi,o,b1, 
H8nHIOLl.\VleCH peaKL!V10HHOCnoco6HblMV1 
coep,viHeHVlHMVl, MOryT 6b1Tb vicnonb30-
BaHbl p,nH nonyYeH1t1H cnO}f{HblX 3cpvipos, 
aMVl,D,OB V1 ,D,p. npvi Harpe8aHV1V1 8b1We 100 
°C anK1t1ncynbcpOXnOpV1,D,bl pa3nara10TCH: 

nep8aH peaKL!VlH Vl,D,eT npVl 200-300 °C, 
a pa3nO}f{eHvie anKvincynbcpoxnopvi,o,os c 
OTLl.\enneHVleM S0

2 
V1 06pa308aHV1eM an

KVlnXnOpltl,D,08 npOTeKaeT npvi 140-150 °C. 
npvi 6onee HV13KV1X TeMnepaTypax ,D,V10K
CV1,D, cepbl OTLl.\ennHeTCH OYeHb Me,o,neH
HO, a npvi 6onee 8blCOKV1X B 3aMeTHblX 
KOn1t1YeCTBaX 06pa3ylOTCH Onecp1t1Hbl. npvi 
06nyYeH1t11t1 p,ecynbcp1t1po8aHvie p,o an
Kvinxnopvi,o,os 3aMeTHO y}f{e npltl 100 °C. 
3ry peaKL11t110 MO}f{HO vicnonb30BaTb ,o,nH 
nonyYeHVlH MOHO- V1 p,vianK1t1nxnop1t1,D,OB, 
KOTOpble npHMblM xnop1t1p08aH1t1eM yrne
so,o,opo,o,os CV1HTe31t1posaTb secbMa rpy,o,
HO. CaMvi no ce6e anKvincynbcpoxnopvi
P,bl MOryT 6b1Tb np1t1MeHeHbl 8 KaYeCTBe 
VlHCeKTVlL!VlP,OB, ,o,y6virnne~ V1 CMa30YHblX 
Macen, pa60Ta10ll.\1t1X npvi BblCOKVlX ,o,as
neH1t1HX. 

no T8XHOnOrV1YeCKOMy V1 annapaTyp
HOMY ocpopMneH1t110 npoL1ecc cynbcpo
OK1t1cneH1t1H 8 3HaYlt1TenbHO~ CTeneHVl cxo
,o,eH C cynbcpOxnOp1t1pOBaH1t1eM. napacpVlH 
o6pa6aTblBalOT CMeCblO 70% ,D,V10KCV1-
p,a cepb1 vi 30% Kvicnopop,a npvi Yct:>-
06nyYeH1t11t1. ra30BaH CMeCb L!VlpKynvipyeT 
8 CVlCTeMe (TaK KaK ee crnneHb KOH8ep
CV1Vl 3a o,o,viH npoxo,o, HesenviKa) vi no Mepe 
pacxop,08aH1t1H nononHHeTcH c8e}f{e~. 

npoU360acm60 8flKUn6eH30flCYflbcpO

HBm06. AnKvin6eH3oncynbcpoHaTbl 8 npo
Mb1wneHHocrn npovi3so,o,m cynbcp1t1posa
H1t1eM Hecj:JrnHblX cppaKL!Vl~, cop,ep}f{all.\VlX 
anKvin6eH30nb1 vi ,o,pyrvie anKvinapoMa
rnYecKvie yrne8op,opop,b1, a TaK>Ke cynb
cpvipo8aH1t1eM 8blCWV1X anKvin6eH30n08, 



cneljV13flbHO CV1HT83V1pOB3HHblX /:lfl>l 3TOli1 
Lj8flll1 nyrnM anKll1fl111pOB3Hll1H 6eH30fla 
onetj:>111HaM111. 

AnK11mapoMarnYecK111e yrneso1=1opo.Qbl 
B COCTaBe Hetj:>rnHblX tj:>paKLjl!IC1 OYeHb 
pa3H006pa3Hbl no crpoeHl!llO (no 1=1n111He 
111 Yll1CflY anKll1flbHblX rpynn 111 Hafllil4111IO 
Hatj:>Tafll!IHOBblX Iii ,Qpyrnx KOfleLj), no3TO
MY nonyYaeMble 1113 Hl!IX anK111nap111ncynb
tj:>oHaTb1 HBflHIOTC>l CflO>KHOC1 CMeCblO 
8ell.\ecrn. B 3as111c111Mocrn or cpe.QHeC1 
MOfleKyn>ipHOC1 MaCCbl l!ICXO,QHOro CblpbH 
o6pa3YIOll.\111eCH anK111nap111ncynbtj:>OHaTbl 
Moryr 6b1Tb 80.QO- 111n111 Macnopacrnop111-
Mb1M111. Hanp111Mep, cynbtj:>111po8aH111eM Ke
poc111H08blX 111 ra30C1ne8blX ,Q111CTV1flflHT08 
nonyYalOT BO.Qopacrnop111Mb1e Hetj:>rnHble 
cynbtj:>OH8Tbl no,Q Ha38aHll1eM «KOHTaKT 
nerpOBa». Y Hetj:>rnHblX Cyflbtj:>OHaT08 
nosepXHOCTHaH aKTltlBHOCTb Hll1>Ke, 4eM 
y Cll1HT8TV1YeCKl!IX, HO 3aTO Hetj:>rnHble 
1=1ewe9ne. OH111 06na.Qa10T Henp111HTHblM 
3anaxoM 111 OKpaweHbl B TeMHblC1 Lj8eT. 
no3TOMY l!IX np111MeHeH111e ,QflH np1t1fOT08-
neHll1>l MOIOll.\l!IX cpe,QCTB orpaHV14eHO, HO 
OHll1 w111poKO 111cnOflb3YIOTCH 8 T8XHll1Ke 
KaK CMaY1118aTen111, 3MYflbfaTOpb1 111 ,Qe-
3MYflbraTOpbl, tj:>ornpeareHTbl, a rnK>Ke 
KaK KaTaflll13aTOpbl Kll1CflOTHOfO xapaKTe
pa. AnK111nap111ncynbtj:>oHaTb1, nonyYeH
Hble cynbtj:>111po8aH111eM Hetj:>rnHblX Macen , 
8 91111=1e Kaflbljll1e8blX 111 6ap111esb1x conee1 
>lBflHIOTCH B3>KHblMll1 MOIOL1.\111M111 np111ca1=1-
KaM111 K MOTOpHblM CMa30YHblM MacnaM 111 
np01113BO,QHTCH B 3HaYll1TeflbHblX MaCWTa-
6ax. 

C111HTernYecK111e anK111n6eH3oncynb-
tj:>oHaTbl HaTp111H (cynbtj:>OHOflbl) np01113-
80,QHT Ha OCHOBe a-onetj:>ll1H08 c,o - cw 
XflOpnapatj:>ll1HOB C10 - C18 111flll1 TeTpa
Mep08 npon111neHa. npe,Qn04TV1TeflbHblM 
HBflHeTCH np111MeHeH111e a-onetj:>ll1H08, no
CKOflbKY nonyYaeMble 1113 H111X flV1HeC1Hble 
am111n6eH3oncynbtj:>oHaTbt 06na1=1a10T 
y1=1osnernop111renbHOC1 CKopocTblO 61110-
x111M111YecKoro pa3flO>KeHll1H B CT04HblX 
80,QaX, scne,QCTBll1e Yero np111 111X 111cnonb-

30B3Hll1111 He 30rpH3H>llOTC>l BO/:IOeMbl V1 
He HapywaercH pa6orn 04111CTHblX co
opy>KeH111~ . Cynbtj:>oHon, nonyYaeMbl~ Ha 
ocHo8e rerpaMepo8 npon111neHa, He pa3-
naraercH 8 80.Qe 3a 25 cyrnK 111 n111wb Ha 
65% - 3a 60 cyroK. Cynbtj:>oHon, npo1113-
so1=1111Mb1C1 1113 xnopnapatj:>111Hos, 3aH111Maer 
npoMe>KyTOYHoe nono>KeH111e no creneH111 
6111ox111M1t1YecKoro pa3no>KeH111H. B cs>i3111 
c 3TV1M npOll1380,QCTBO cynbtj:>OHOflOB Ha 
ocH08e rerpaMepo8 npon111neHa 111 xnop
napatj:>111H08 nocreneHHO coKpall.\aerc>i . 

Knl04eBbtM npoweccoM s npo1!1380.Q
crne anK111n6eH30flCYflbtj:>OHaT08 HaTpl!IH 
H8flHeTCH cynbtj:>111posaH111e, Kornpoe pea
n111Jy10T 8 npOMblWfleHHOCTVl 8 OCHOBHOM 
no on111caHHblM Hlil>Ke cxeMaM. 

Cynbtj:>111posaH111e am111n6eH30fl08 npo-
80.QHT s annaparnx c MewanKaM111 - cynb
tj:>yparnpax (p111c. 3.43). Vl30.QO.Qe1..1111n6eH-
3on 111n111 .Qpyroe1 anK111n6eH3on no.Qa10r 
B cynbtj:>yparnp 2 nep8oe1 cryneH111, Ky.Qa 
O/:IH08peMeHHO no1=1a10T oneyM. PeaK1..11110H
HY10 Macey Tll.\aTeflbHO nepeMew111sa10T 
np111 34-45 °C. Bb1.QenH10ll.\eecH renno or-
80/:IHT 8 BblHOCHOM XOflO,QlilflbHll1Ke 1. Vl3 
cynbtj:>yparnpa 2 peaK1..11110HHaH cMecb 
nocrynaer 8 cynbtj:>yparnp 3 srnpoe1 cry
neH111 .Qfl>i 3asepweH111>i cynbtj:>111posaHl!IH. 
B annapare 4 cynbtj:>oMaccy pa36aBflHIOT 
80,QOC1 nplil 60-75 °C (np111 6onee 8blCOKOC1 
reMneparype Macca TeMHeer, a np111 60-
nee Hli13KOC1 nnoxo orcrn111saerc>i cepHaH 
KlilCflOTa) . 

B orcroe1H111Ke 8 cno111 pa3.QenHIOTC>i. 
Hl!l>KHl!IC1 cnoe1 CO,Qep>Kll1T 75-78%-HylO 
cepHylO KlilCflOTY c np111MeCblO anKl!1fl-
6eH30flOB, 8epxH111C1 cnoe1 npe.Qcrnsn>ier 
co6oe1 anK111n6eHJoncynbtj:>OK111cnorb1 c 
np111MeCblO cepHOC1 KlllCflOTbl ( 10-15% ). 
CepHylO K111cnory 111cnonb3YIOT 111n111 «.QO
yKpennHIOT», a cynbtj:>OK111cn0Tbl no,QalOT 
B Hee1rpan1113arop 6 nep8oe1 cryneH111 (Ha 
np111eMHY10 n111H11110 Hacoca, nepeKaY111-
9a101..L.1ero nacry Yepe3 xono.QlilflbHl!IK 5). 
Cynbtj:>oK111cnorb1 pa36asnHIOTCH HeC1rpa
n1113osaHHOC1 nacrne1, KornpaH nornoll.\aer 



YaCTb sb1gernHOLl\erocs:i Tenna. Ha np1.1-
eMHY1-0 n1t1H1t11-0 rnro 1Ke Hacoca no,o,a1-0T 
15-17%-HyfO Ll\enoLJb. CooTHoweH1.1e 
cynbcpOKlt1CflOT lt1 naCTbl COCTaBfls:leT 1 : 
(30 + 40). TeMnepaTypa np11 Heil1Tpan113a
l...\1111 pasHa 45-55 °C. KOHL..\eHTP8l...\115'1 Ll\e
flOYl1 Hl11Ke 15% He gonycKaeTCH, TaK KaK 
nacrn nonyLJaeTcH 1K11gKoill 11 neH11TCH, a 
np11 KOHL..\eHTpal...\1111 Ll\ef10Yl1 BblWe 17% 
- nacrn oYeHb rycrns:i, 11 arn 3aTPYAHs:ieT 
ornog Tenna 11 nepeKaYKY nacTbl. 

B HeillTpan113aTope 7 srnpoill cTyneH11 
,[\080,[\HT pH ,[\O 7,5 + 8, ecn11 HYIKHO, OT-
6en11Ba1-0T rnnoxnop11rnM Hmp111s:i 11 sso
gs:iT HanOf1Hl1Tefll1. nacTa CO,[\ep1Kl1T 40-
50% BO,[\bl 11 50-60% rnepgblX Bell\eCTB 
(83-85% anK11n6eH3onos, 13-15% cynb
cparn HaTp11H, 1,5-2% Henpocynbcp11po
saHHb1x yrnesogopogos) . nocne Heill
Tpan1.13arnpa 7 nacTy MOIKHO Hanpas1t1Tb 
s gononH11TenbHb1ill annapaT, rge np11 
11HTeHCV1BHOM nepeMeWlt1BaHl111 BBO,[\HT B 
nacTy HanonH11Ten11, ynyYwa1-0ll\1t1e MOl-0-
Ll\Vle, 0T6en1.1sa1-0ll\1t1e 11 Apyrne csoillcrna 
CV1HT8TV1YeCKl1X MOl-Oll\11X B8Ll\8CTB. np11 
nOBblWeHl111 B513KOCTl1 pa368Bfls:ll{)T nacTy 
BO,[\Oill, nOAA8PIKV1Bas:i 88 B513KOCTb Ha 3a
,[\8HHOM yposHe . 

1 

ArrKHJI-

6eH30JI 

OJieyM 

naCTy cywaT B 6aWHHX rops:1Ylt1M BOC
X0,[\5lll\lt1M noTOKOM ra308, B KOTOpblill nac
TY BBOAHT LJ8p83 cpopcyHKl1 B B8PXHeill 
Yacrn 6awH11. TonoYHbl8 ra3bl, 111cnonb-
3Y8Mb18 ,[\fl5l cyWKVl , 11M81{)T TeMn8paTypy 
Ha BX0,[\8 250-350 °C, Ha BblX0,[\8 105-
1200C, B 30H8 pacn~f18Hl1s:l T8Mn8paTypa 
paBHa 160-200 °C. YH8C8HHble ra30BblM 
nornKoM YaCrnl..lbl CMB 3ag8p1K11sa1-0Tcs:i 
s l...\11KflOHax 111 cp11nbTpax. Cosp8M8HHbl8 
cyw11nbHb1e arp8raTbl 3agep1K11sa1-0T go 
99,8% nopowKa CMB. 

5on88 cos8pW8HHOill HBnHeTcs:i TeX
Honor11s:i cynbcp11posaH11H anK11n6eH30-
nos Tp1t10KCl1AOM c8pb1 , 1.1Me1-0ll\as:i cne
AYtoll\118 npe11Myll\ecrna no cpasHeH111-0 c 
111cnonb30BaH118M on8yMa: 

1) M8HbWa51 CTOl1MOCTb cynbcp1t1py1-0-
Ll\8rG areHrn; 

2) OTCyTCTBl.18 OTpa6oTaHHOill cepHoill 
Kl1Cfl0Tbl (11, Cf18,[\0BaTeflbHO, CflOIKHO
CT8ill, CBH3aHHblX c 88 yrnn1113al...\Vleill); 

3) nOBb!WeHl.18 C0,[\8p1KaHV15l aKrnB
HOro 88Ll\8CTBa B anKlt1fl68H30flCYflbcpO
HaTax 3a CY8T OTCYTCTBl1s:l cynbcpaTa 
HaTp11H; 

4) c0Kpall\8H1t18 pacxoga 8AKoro Hmpa 
Ha 12-15% Ha crng1111 H8illTpan113aL11t11t1 . 

y 
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P1r1c. 3.43. TexHono2ul/ecKaR cxeMa nonyl/eHUR anKun6eH3oncynbcj.JOHamoe: 
1, 5 - xonoounbHUKu; 2, 3 - cynbcj.Jypamopb1; 4 - annapam onR pa36aeneHuR; 

6, 7 - HeDmpanu3amopb1; 8 - omcmoDHuK 



B rn >Ke speM51 np1;1 cynbcj:MposaH1;11;1 
TpVIOKCl!1AOM cepbl B03HVIK3t0T cno>KHO
CTlll npVI era TpaHcnopT111posaHV1V1 VI xpa
HeHV1V1: nosbtwaeTcs:i rnnnoBbtAeneHVle, 
no60YHO o6pa3ytOTCfl aHrvtAPVIAbl anKl!1n-
6eH3oncynbcj:)OKl!1CnoT, npOAYKTbl OKVIC
neHVlfl, AeCTPYKL\VIVI VI OCMOneHVlfl an
KVln6eH30nOB. 0AH3KO 3Tll1 HeAOCTaTKVI B 
3H34VITenbHOtl1 Mepe MO>KHO yMeHbWVITb 
c noMOLl\btO onpeAeneHHblX rnxHonorV1-
4ecKV1X npVleMOB. 

B Hacrns:1L11ee speMs:i see MeTOAbl 
cynbcj:)VlpOBaHVlfl TpVIOKCVIAOM cepbl MO>K
HO pa3,qenV1Tb Ha ABe rpynnbt no ero cj:)a-
30BOMY COCT051HVllO: 1) ra3006pa3HblM S03 
B CMeCVI c VIHepTHblMVI ra3aMVI, B03AYXOM 
VlnVI ra3006pa3HblMVI napacj:)l11HOBblMVI 
yrneBOAOPOAaMVI; 2) >KVIAKVIM S03 B CMeCVI 
c >KVIAKVIMVI VIHepTHblMVI paCTBOpVITenflMVI. 

Cynbcj:)V1posaHV1e yrneBOAOPOAOB ra-
3oo6pa3HblM TpVIOKCVIAOM cepbt nposo-

ART np1;1 45-50 °C. KOHL\eHTp3L\l111D 503 

noMep>KVIBatOT OT 67 AO 15-20%. Cynb
cj:)ypaTOpbt npeACTaBmHOT co6otl1 nV160 
annapaTbt c MewanKaM11, nV160 KonoHHbte 
peaKTOpb1 nneH04Horo T111na. Cynbcj:)V1po
saHV1e ra3oo6pa3HblM TpVIOKCVIAOM cepbl, 
pa36asneHHblM B03AYXOM, npVIMeHs:llOT 
npVI npoV13BOACTBe anK11n6eH3oncynbcj:)o
HaToB Vl3 nvtHetilHblX anK11n6eH30nOB. 

5onee nepcneKrnBeH Mernp, cynb
cj:)V1posaH11s:1 >KVIAKVIM TpVIOKC1'1AOM cepbt 
B paCTBOpe AVIOKCVIA3 cep~. npOL\eCC 
npoBOAflT npvt TeMnepaType K11neH11s:1 
S02 (10 °C) . >K1'1AKV1tl1 S02 CHVl>KaeT Bfl3-
KOCTb peaKL\VIOHHOtil CMeCVI, a 3a C4eT ero 
vtcnapeHVlfl OTBOAVITC51 BblAens:it0L11eecfl 
rnnno. nocne KOHAeHcaL111V1 A1'10KC1'1A 
cepbt B03Bpal1\atOT B npOL\eCC. np11 Ta
KOM HVl3KOTeMnepaTypHOM cynbcj:)vtpo
BaHVIVI MO>KHO 1'136e>KaTb noTeMHeHVlfl 
cynbcj:)OMaCCbl. 

3.10.3.2. npoU380acm80 6eH30ncynbc/JOKUCflOmbl 

5eH3oncynbcj:)OKvtcnoTy nonyYatOT 
cynbcj:)l'1pOBaHvteM 6eH3ona B >KVIAKOtll 
Vlnvt naposotll cj:)a3e. 

Cynbc/JupoeaHue e »waKoi1 cpa3e. 
5eH30n cynbcj:)vtpyt0T oneyMOM, COAep
>Kali.\VIM 56% 503. Cynbcj:)aTOp, KYAa BBO
A1'1TCfl 6eH3on, CHa6>KeH py6awKoilt Ans:i 
noAorpesa (Vlnvt oxna>K,qeH11R), nepeMe
wvisat0L11V1M ycTpotllcTBOM VI KOHAeHca
TOpOM . B Hero 3arpy>Kat0T 6eH3on 11 He-
6on bWvt MVI nOpl.\VlflMl'1 BBO,D,flT oneyM TaK, 
4T06b1 rnMnepaTypa He npe0b1wana 40 
°C. OneyM o6bl4HO BBOA51T B KOnVl4eCTBe 
BABOe 6onbWe KOnvt4eCTBa 6eH3ona. 
,Qns:i peaKTopa, paccYvtTaHHoro Ha 500-

1000 Kr 6eH3ona, npV16asneHV1e oney
Ma npOV13BOAVITC51 B Te4eHvte 68 4. no
cne 3TOro noAHV1Mat0T TeMnepaTypy AO 
100-11 O °C, nponycKas:i 4epe3 py6awKy 
HarpeTbttll nap; npVI 3TOM Henpopearnpo
saswV1tl1 6eH30n H34VIHaeT KvtneTb. npvt-
6nVl3VITenbHO 4epe3 3 4 peaKL\Vlfl npeKpa
L11aeTcs:1, HenpopearnposaswV1tl1 6eH3on 
(oKOnO 0,4%) OTrOHfllOT, a peaKL\VIOHHYIO 
Macey pa36a0ns:it0T BOAOtil, B3s:ITOtl1 B KO
nvt4eCTBe, paBHOM 4eTblpexKpaTHOMY 
KOnVl4eCTBY 6eH30na, BCTynvtswero B pe
aKL\VllO. 

PacTBop Hevnpanvt3ytOT Vl3BeCTKOBbtM 
MOnOKOM (BOAHas:i cycneH3Vlfl CaCO): 

2C6H5S03H + CaC03 - (C6H5S03)2Ca +Hp + co2 
H

2
S04 + CaC03-. CaS0

4 
+ H

2
0 + C0

2 

CepHas:i Kvtcnorn npVI 3TOM 06pa3yeT 
CaS04 (npaKTVIYecKvt HepacTBOpVIMbtill 
B BOAe), KOTOpblVl OTAens:itOT cj:)VlnbTposa-

HVleM. <l>VlnbTpaT (paCTBOP cynbcj:)OHaTa 
Kanbl.\Vlfl) 06pa6aTbtBat0T Na2C03 VI nony-
4atOT cynbcj:)OHaT HaTpvtfl : 



HepaCT80p111MblVr Kap6oHaT Kailbl..111151 OT,QemHOT OT 80,QHOro pacTBopa ct:>eHl!IIlCYilb
ct:>oHaTa HaTp11151 ¢111nbTp08aH111eM . 

P111c. 3.44. CxeMa ycmaHOBKU HenpepblBHoao cynbcjJupoeaHUfl 6eH3ona: 
1 - peaKmop; 2 - xonoounbHUK; 3 - npoMblBHaR KOflOHHa; 4 - eMKocmb onR nemy4ux 

HecynbcjJupoeaHHblX yaneeooopoooe; 5 - mennoo6MeHHuK; 
6 - eMKocmb onR 6eH3ocynbcjJ0Kucnomb1; 7 - ucnapumenb onR 6eH3ona 

Cynbcj:JUpoeaHue e naposoiJ cjJa3e 
ocy~eCTBilf!IOT 6ap6ornposaH111eM 1113-
6b1TKa napoo6pa3Horo 6eH3ona s nepe
rpernM COCT051Hllllll (160-170 °C) 4epe3 
90-92%-HYIO cepHylO KlllCilOTY np111 160-
180 cc. 50ilbWa5l 4aCTb (OKOilO 90%) 
peaK41110HHOVr SO,Qbl OTfOH5leTC5l c napa
Mlll Henpopear111po0aswero 6eH30na, no-
3TOMY KOHL.10HTpa411151 KlllCilOTbl OCTaeTC5l 
8blCOKOVr (111cnOilb3yeTC5l 97% KlllCilOTbl). 
CKopocTb npoxo}l(,QeH1115l napos oKono 1,25 
sec. 4. 6eH3ona Ha 1 sec. 4. K111c110Tb1 s 1 4. 

CxeMa O,QHOVr L-13 npoMb1wneHHblX 
ycrnHOSOK HenpepblSHoro cy11bcf:>L11po
saH1115l 6eH30ila 3TlllM MeTO,QOM npe,Q
CTaSileHa Ha p1'1c. 3.44. 5eH3on cynb
¢1'1pyioT 8 HenpepblSHOVr Cl'1CTeMe 
npornSOTOKOM c cepHOVr KlllCilOTOVr; 
1'1HOr,Qa 6epyT 6eH30Il s 60ilbWOM 1'13-
6blTKe, KOTOpblM 3KCTparnpyeTC5l 
cynbcf:>OKl'1CilOTa. Ecn111 cynb¢1'1p08aTb 
6eH3on npl.'1 6onee s~cOKl'1X TeMne
paTypax (200-250 cc), TO o6pa3y0TCf! 
M-6eH 3011,Ql.'1 cyn bcf:>o Kl.'1 en oTa. 

3.11. npoi.1380,QCTBO cepbl Vi cepHOVl ! ~l/lCilOTbl 1113 Hecpn'lHoro cepoBOAOPO.Qa 

3.11 .1. npou3soocmso cepbt 

Cepo00.Qopo,Q, nony4eHHb1Vr npl.'1 
041'1CTKe Hecf:>rnHblX ra30S l'1 rl'1,Qp0041'1CT
Ke Hecf:>rnHblX ¢paK41'1Vi , MO)f{HO Heno-

cpe,QCTBeHHO nepepa6aTb1SaTb s cepHylO 
Kl'1cnoTy Ill.'160 cHa4ana nony4aTb 1'13 Hero 
cso60,QHYIO cepy. 



,[\mi nony48Hlt151 cso60AHOi:i cepbl ce
poBOAOPOA C>Klt1ralOT AO Alt10KC1t1Aa cepbl 
(Ha 1/3 OT 06U1ero era KOfilt148CTBa), KO-

H2S+ 1,5 02 - Hp+ so2 
so2 + 2H2S - 2Hp + 3S 

TOpbli:i 3aTeM, B3alt1MOAei:icrnys:i c cepoBO
AOPOAOM, Aaer cepy: 

t3.H = -518,3 K,[\>K/MOnb 
t3.H = -104,5 K,[\>K/MOnb 

3H2S + 1,5 0 2 - 3Hp + 3S t3.H = -622,8 K,[\>K/Monb 

OK1t1cneH1t1e cepoBOAOpo,o,a npvi 1000 °C 
npoTeKaeT B OTCYTCTBlt18 Karan1t13aropa. 
np1t1 700 °C OK1t1Cn8Hlt18 np01t1CXO,D,lt1T Ha 
Karam13aropax: cvin1t1Karene, m1t1Ho3eMe, 
60KCl1T8. 

Ha p11c. 3.45 np1t1BeAeHa cxeMa nony-
48Hl151 cso6o,o,Hoi:i cepb1 113 cepoBOAOpo
,o,a . B 06>1<11rosy10 ne4b 1 noAalOT K1t1Cnb1e 
ra3bl (H

2
S 11 C0

2
) 11 003,0,yx An51 0K11cne

H1<151 cepoBOAopo,o,a. TeMneparypa s ne411 
OKOnO 450 °C. npop,yKTbl cropaHl-151, CO
A8p>Kall.1118 ,o,110Kc11,o, cepb1, cepoBOAOpo,o,, 
p,1t10Kc11,o, yrnepo,o,a, BO,D,51Hb1e napbl, napbl 
cepb1 11 a30T, oxna>K,qalOTC>l s Korne-yrn
n113arnpe 2 AO 300 °C. Cepa, CKOH,D,eHc11-
posaswa>Jcs:i B rnnKe ne411 1 1t1 Korne-yrn
n1113arnpe, CTeKaeT B ceponpOBO,D,. ra3bl 

nocne Korna-yrnn1113arnpa oxna>K,qalOTC>l 
s xono,o,111nbH1t1Ke 3 AO 140-160 °C 111 no
crynalOT s Harpesarenb 4 (ne4b no
,o,orpesa), B KOTOpOM HarpesalOTC>l AO 
280-340 °C 3a C48T C>KliffaHl-151 Tonm1B
HOro ra3a 111n111 CMec111 cepoBOAOPOAa c 
B03AYXOM. B nocneAH8M cny4ae cocras 
ra30B03AYWHOi:i CM8Clt1 peryn111pyeTC5l 
TaK1t1M o6pa3oM, 4T06b1 He Hapywanocb 
rpe6yeMoe coornoweH1t1e ceposo,o,o
po,D,a lt1 B03Ayxa B OCHOBHOM nOTOK8 . 
nocne Harpesaren>J ra3bl nocrynalOT 
B KOHTaKTHbli:i annapaT 5, B KOTOpOM Ha 
60KClt1T8 np11 300-500 °C npo1t1CXO,D,lt1T 
06pa3osaH1t1e cepb1 1113 ceposo,D,opo,o,a . 
np111 3TOM T8Mneparypa ra30B nOBb1Wa-
8TC5l Ha 10-20 °C. 

P111c. 3.45. TexHonoaul/ecKaR cxeMa nony'leHUR cepbl U3 cepoaoaopoaa: 
1 - ne'-lb anR c»<uaaHUR cepoaoaopoaa; 2 - Komen-ymunu3amop; 3, 6 - xonoaunbHUKu; 

4 - Haapeaamenb; 5 - KOHmaKmHaR nel/b; 7 - Mynbmuu,uKnoHbJ 



nocne oxna>K,qeHvm ra3os s xono
,q111nbH111Ke 6 cepa KOH.QeHc111pyeTc5I 111 
crnKaeT s ceponposo,q, a cepa , ocrn10-
Ll..\85IC5I s ra3ax, ynasn111saeTc5I s Mynb
rn1-1111Kn0Hax 7. BblXO.Q cepbl ,qocrnraeT 
85%. CrnneHb KOHsepc111111 ceposo,qopo
,qa - 96-97%. Cepa nepeKa4111saeTC5I s 
xpaH111n111Ll..\e 111n111 5lll..\111Kll1 , B KOTOpblX oHa 
3aTsep,qesaeT. Cepa Bb1nycKaeTc5I Tpex 
coprns. 4111crnrn nepsoro coprn - 99,6%, 
srnporo - 98,6%, TpeTbero - 96,5%. 

!113 MynbTll1L.11.1KnoHOB OTXO.Q51Ll..\l.1e 
ra3bl Hanpasn5llOTC51 s ne4b ,qo>K111ra, r,qe 
npt.1 500-700 °C Ha 60KCl.1TOBO~ HaCa,QKe 

ocrnsw1.1ec51 cepa 111 ceposo,qopo,q C>K 111-
ra10TC5I ,qo ,q1110Kc111,qa cepbl. ,Qb1MOBb1e 
ra3bl, CO,D,ep>Kall..\l.1e KpOMe S0

2 
ell..\e C0

2
, 

a30T 111 BO,D,51Hble napbi, Bb16pacb1Ba10TC5I 
B aTMOCcpepy 4epe3 ,QblMOBYIO Tpy6y c 
co,o,ep>KaH111eM ,o,1.10Kc1.1,o,a cepbl He Bb1we 
0,2%. ,Qb1Mosb1e Tpy6b1 ycrnHasn1.1sa-
10T BblCOTO~ 50-80 M BO 11136e>KaH111e 3a
rp513HeHl.151 ,D,l.10KCl.1,QOM cepbl 803,D,yxa B 
np111nera10ll..\ll1X K 3aso,o,y pa~oHax. B no
cne,QHl.1e ro,Qbl .QblMOBble ra3bl no,Qsepra
IOT 041.1CTKe c 1-1enb10 1113Bne4eHll151 Kl.1CnblX 
KOMnoHeHTOB. 

3.11 .2. npoU3800CmBO cepHOU KUCflOmbt 

npo1-1ecc nony4eHl.151 cepHo~ K111cn0Tb1 1.13 cepb1 BKnl04aeT cne,o,yioll..\111e OCHOBHble 
CTa,D,1.11.1: 

nony4eH1.1e ,o,1110Kc111,o,a cepb1 : 

OK111cneH111e ,D,1110KCll1,Qa cepbl B Tpll10KCll1,Q: 

nornoll..\eH111e Tp1110Kc111,o,a cepb1 so,o,o~ 

(1.1n1.1 cepHO~ Kll1CnOTO~). 
Tp1110Kc111,o, cepb1 xopowo pacrnop51eT

C51 B cepHO~ K111cnorn , n03TOMY MO)l(HO 
nony4aTb oneyM c n106b1M co,o,ep>KaH111eM 
cso6o,o,Horo S0

3
. 

OK1.1cneH1.1e ,o,1110Kc111,o,a cepb1 s Tp1110K
c111,Q npOTeKaeT Mep,neHHO. no3TOMY Ha 
npaKrnKe OKll1CneH111e npOBO,Q51T B np1.1cyT
CTBl.1t.1 Karnn1113arnpos, scne,QcTs111e 4ero 
3TOT MeTO,Q np01113BO,D,CTBa cepHO~ Kll1Cno
Tbl nony41.1n Ha3saH111e KOHmaKmHoao. 

np1.1MeHeH111e cepbl 8MeCTO cpnoTa
L.ll.10HHOro KOn4e,QaHa Cyll..\eCTBeHHO 
ynpoll..\aeT npo1-1ecc, TaK KaK ,o,1.10Kc1.1,o, 
cepb1 npaKrn4eCKl.1 He co,o,ep>K111T np111Me
ce~ . nepe,o, no,o,a4e~ 0 ne4b cepy nna0m 
111 no,o,aioT s ne4b 4epe3 cpopcyHKy. Cepa 
1.1cnap51eTC51 1.1 cropaeT s ra3oso~ cpa3e. 

14-0373 

tiH = -346 K,Q>KiMOnb; 

!:iH = -95,7 K,Q>K./MOnb; 

npo1-1ecc np080,D,51T B 11136blTKe 803,Qy
xa; np111 3TOM 06>K111rosb1~ ra3 co,o,ep>K111T 
oKono 12% S0

2
. TeMnepaTypa ropeH1115I 

cepbi B 803,D,yxe - 1240 °C. OK111cneH1.1e 
,o,1110Kc111,Qa cepb1 s Tp1.10Kc111,o, npornKaeT 
npt.1 450-600 °C B np111cyTCTBll1ll1 KaTanl.138-
TOpOB - nnaT111Hbl 111 neHTOKCll1,D,a 88Ha,D,l.151 , 
co,o,ep)i(all..\ero HeKOTOpb1e ,o,06asK111, KOTO
pb1e n08blWalOT aKTll18HOCTb KaTanl.138TO
pa, ero TepMl.14eCKYto 111 MexaH1114eCKYIO 
np04HOCTb. 6onee aKTlllBHblM KaTanl.138-
TOpOM 51Bn51eTC51 nnarnHa, O,D,HaKO 8a
H8,D,l.1eBble Karnn1.13aTOpb1 1.1Me10T 6onee 
Hll13KYIO crn111MoCTb. C1.1nbHblM 51,D,OM ,o,n51 
KaTanl.13aTOpa 51Bn5llOTC51 OKClil,Qbl Mb1Wb51Ka ' 
TaK KaK OTpa0neH1.1e Tp1110KCll1,D,OM Mb1Wb51-
Ka Heo6parnMO, a neHTOKCl.1,Q Mb1Wb51Ka, 
HaKann111sa5ICb Ha KaTan1113aTope , 3aMeT
HO CHltl>KaeT ero aKTlllBHOCTb. n o3TOMY ra3 



HY>KHO 041!1ll\3Tb OT MblWb>lKOBl!1CTblX co
eA111HeHl!1iit. 

CKOpOCTb oK111cneH111R A1110KCll1Aa cepbl 
B Tp1110KC111A 33Bll1Cll1T OT TeMnepaTypbl 
npOL.\eCca, OAHaKO np111 BblCOKOiit TeMne
paType KOHBepC111>l A1110KC111Aa cepbl B Tp111-
0KC111A CHll1>KaeTC>l. no3TOMY Ha npaKTl!1Ke 
nocTyna10T cneAYIOll\111M o6pa3oM. B KOH
TaKTHYIO KaMepy BBOART A1110KC111A cepbl 
np111 450 °C. nocne nepsoi/t 30Hbl KaTanll1-
3aTOpa ra3 HarpeBalOT AO 600 °C 3a C4eT 
rnnnoTbl peaKL.\111111. 3arnM ra3bl oxna>KAa
IOT B KOTne-yr111n1113arnpe AO 450 °C 111 npo
nycKalOT Yepe3 srnpyio 30HY Karan1113aTO
pa. np111 TaKOM pe>Kll1Me BpeM>l KOHTaKTa 
COCTaBn>leT 4 c; creneHb KOHBepc111111 AO
crnraer np111MepHo 90% nocne nepsoilt 
30Hbl 111 99,5-99,7% nocne BTopoilt . 

CxeMa npol..\ecca np111BeAeHa Ha p111c. 
3.46. Cepa 1113 6ernHHoro nna0111nbH111Ka 2 
noAaercR B cpopcyHKll1 ne1.1111 3 An>l C>K111ra
Hll1>l, KyAa nocrynaeT BOJAYX, BblcyweHHbliit 
MOHOr1!1,QparnM' B cyw111nbHOiit 6awHe 1 . 
la3bl, BblXOARll\111e 1113 neY111 , oxna>KAaior
CR AO 450 °C B KOTJle-yrll1I11113aTOpe 4 111 
HanpaBn>llOTC>l B KOHTaKTHblill annapar 5. 
npoil!A>l nepsyio 30HY Karan111aarnpa, ra3bl 
oxna>KAalOTC>l B BblHOCHOM KOTne-yrnn111-
3arnpe 6, 3aTeM npOXOA>lT BTOpylO 30HY 
Karnn1113arnpa, oxna>KAalOTC>l B B03AYW-

HOM rennoo6MeHHll1Ke 7 111 B xonOA111IlbHll1-
Ke 8 111 nocrynaior sHaYane s oneyMHb1ilt 
a6cop6ep 9, a 3areM s MOHor111,apar
Hb1ilt a6cop6ep 10. A6cop6l..\111R cepHoro 
aHr111Ap111,aa nporeKaer c nornoL11eH111eM 
renna, no3TOMY l..\ll1pKyn111py10L11111e oneyM 111 
MOHOr1!1Apar oxna>KAaiorrn s xono,a111nb
H111Kax 12 111 14. LJaCTb MOHOr1!1Apara l..\ll1P
Kyn 111pyer Yepe3 cyw111nbHY10 6awHIO 1. 
K111cnora HaCblll\aeTC>l AO 3aAaHHOii1 KOH
l..\eHTpal..\111111 cso6oAHOro S03, nocne Yero 
oneyM Hanpa0m1eTcR Ha cKnaA. 

MeTOAOM cyxoro Karan1113a (s KOH
TaKTHbliit annapar He nocrynaioT BOAR
Hble napb1) 06b1YHO nonyYaior oneyM; 
AnR 3TOro ycrnHasn1110aercR cneL1111anb
Hb1ilt oneyMHbliit a6cop6ep, B KOTOpOM 
nornoL11aeTcR 40-60% S0

3
. no Mepe 

nOBblWeHll1>l KOHL.\eHrpal..\111111 oneyMa ero 
pa36asn>JIOT MOHOr1!1ApaTOM, a HaKann111-
sa10L11111ii1C>l 11136blTOK OTBOAS:IT Ha CKnaA. 
Heo6xo,a111Moe Kon1111.1ecrno MOHorn,apa
rn s ycrnHOBKe noAAep>K1110aerc>J nyreM 
BBOAa ero 1113BHe, Hanp111Mep, c cepHOKll1C
JlOTHOro npOll13BO,QCTBa. 

KoHTaKTHb1e annaparb1 c BblHOCHblMll1 
rennoo6MeHH111KaM111 npocTbl 111 YA06Hbl B 
3KcnnyaTal..\111111. LJ111cno cnoes Karan1113a
rnpa, pasHoe 3-5, 06ecne1.1111saer sb1co
KY10 creneHb KOHBepc111111 so2. 

PMc. 3.46. TexHonoauL/ecKafl cxeMa nonyL/eHuR cepHoD Kucnombt MemoaoM cyxoao 
Kamanu3a: 1 - cywunbHafl 6awHfl anfl eo3ayxa; 2 - nnaeunbHUK cepbt; 3 - neL/b anfl 

c>KuaaHUR cepbt; 4, 6 - Komnbt-ymunu3amopb1; 5 - KoHmaKmHbtO annapam; 7 - mennoo6MeHHUK; 
8, 12, 14 - xonoaunbHuKu; 9 - oneyMHbtO a6cop6ep; 10 - MOHoauapamHbtO a6cop6ep; 

11 - eMKOCmb anfl MOHoauapama; 13- eMKOCmb anfl oneyMa 



.[\mi yMeHbW8Hlll51 nornpb 50
3 

c OTXO
AHli.llllMlll ra3aM111 111 3al1.l111Tbl aTMoctj:>epbl 
OT 8P8AHblX 8b16poco8 npowecc npo80AHT 
c 6onbwoC1 crnneHbfO nomol1.l8Hlll51. non
Hora a6cop6w111111 3a8111ClllT OT KOHL\8HTpa
L\llllll C8pHOLi1 KlllCJ10Tbl. np111 KOHL\8HTpal\llllll 
KlllCJ10Tbl Hlll>Ke 98,3% pa8H088CH08 Aa8-
J18Hlll8 50

3 
Mano, a A11H 80Abl - 3Ha4111-

TeJ1bHO . .[\ecop6L\11151 MOJ18KYJ1 80Abl npo111c
XOAlllT c no8epXHOCTlll cepHOLil KlllCJ10Tbl. 
0cH08HaH Macca 50

3 
a6cop6111pyeTCH 

cepHOLll KlllCJ10TOC1, HO YaCTb MOJ18KYJ1 
503 8CTpe4a8TC51 c MOJ18KynaMlll 80Abl , 
111cnap1118WlllMlllC51 c cepHOLll KlllCJ10TOC1, Ill 
06pa3yeT napb1 cepHoLll K111c110Tbl. napb1 
KOHA8HClllPYfOTC51, o6pa3yH TyMaH , KOTO
pbiLll nnoxo y11a9111118aeTCH 111 yHoc111TCH c 
OTXOAHli.llllMlll ra3aM111 8 aTMoctj:>epy. Ha111-
6011bWYfO a6cop6L\lllOHHYfO cnoco6HOCTb 
lllM88T 98,3%-HaH cepHaH KlllCJ10Ta, 4TO 
06ecne41119aeT M8Hbw111e nornp111 50

3 
111 

8b16pocb1 8 aTMoctj:>epy TyMaHa cepHoLll 
KlllCJlOTbl. 

06beM np0111380.QCTBa cepHOLI! KlllC
J10Tbl 1113 cepb1 npoA011>1<aeT 803pacraTb; 
raKaH TeHASHL\11151 coxpaHlllTCH 111 8 6YAY
l1.l8M. nocKOJ1bKY 8 npowecce 111cnOilb3Y-
8TCH 4111craH cepa c rennoroLll cropaH111H 
10000 K,[\>K/Kr, Ha TaKlllX ycraH08Kax MO>K
HO ycraHa8111118aTb ra308ble 111n111 napo-
8ble ryp6111Hb1 c reHeparopaM111 , KOTopb1e 
6YAYT 8blpa6aTbl8aTb 3J18KTp03H8prlllfO . 
nocne 111cnonb308aH111H Tenna ra308 0H111 
nocrynafOT Ha npo111390,o,crno cepHoLll 
KlllCilOTbl . TaKOe KOM6111H111po8aHHoe npo-
111380,D,CT80 Ha3bl8a8TC51 3HeproT8XHO
Jl0r11148CKll1M - O,D,H08p8M8HHO nony-
4aeTC51 cepHa51 Kll1CJ10Ta 111 «T08apHa51» 
3J18KTp03H8pr11151. 

Co8epweHCT808aH111e npowecca npo1113-
80,D,crna cepHoLll K111CJ10Tbl C8513aHO c 
y9e11111YeH111eM MOli.lHOCTlll arperaro8, 
no8b1weH111eM ,o,a8neHlll51 8 neYax ,0,1151 
OKlllCJ18Hll151 502. 0KlllCJ18Hllle nporeKaeT 
c yMeHbWeH111eM o6beMa: y9em1YeH111e 
,o,a8Il8Hll1H cnoco6cT8yeT c,o,9111ry pa8H0-
8ec111H 8 cropoHy o6pa308aH11151 50

3
. L\e-

necoo6pa3HO np111 OKlllGn8Hllllll BM8CTO 
803,D,yxa np111M8H51Tb KlllCilOpo,o, , 4TO no
Moraer pa3rpy>1<aTb annaparypy or 6an
nacrnoro a3ora , cylilecrneHHO yse111114111-
9aer np01113BO,D,lllT8JlbHOCTb ycraH080K, 
y11y4waeT T8XHll1K0-3KOHOMll148CKlll8 n0Ka-
3arn11111 npOll1380,D,CTBa cepHOLil KlllCJlOTbl. 

Cepo8o,o,opo,o, MO>KHO nepepa6aTbl-
8aTb 8 cepHyfO K111CJ10TY M8TO,D,OM MOKpO
ro Kara111113a , np111 KOTOpOM ,D,lllOKClll,D, cepbl , 
nonyYeHHblLll c>K111raH111eM H2S, OKlllCJ151-
eTC51 Ha 8aHaAlll880M Kara111113arope 8 
TPlllOKClll,D, cepbi. ra3 c .Q1110KCll1,D,OM cepbl 
co,o,ep>K111T 3Ha41!1T8J1bHOe KOJ111148CT80 
napo8 80,D,bl (OTCfO,D,a Ha38aHlll8 - M8TO,D, 
MOKporo Kara111113a). 

CxeMa npo111390,qcrna cepHoLll K111c-
110Tb1 1113 cepo8o.Qopo,o,a np1119e,qeHa Ha 
p111c. 3.47 . Cepo8o,qopo.Q KOHL1eHrpaw111eC1 
80-90% 8M8CT8 c 803.QYXOM nocrynaeT 
8 neYb 1, 8 KoropoLll cropaer np111 900-
1100 °C. 1-13 ne4111 ra3bl nocrynafOT 8 KO
ren-yrnn1113arop 2, r,Qe oxna>K,QafOTC51 ,qo 
450 °C. 0KlllCJ18Hlll8 .Q1110KCll1,D,a cepbi 8 
rp1110Kc111,q npo111cxo,q111r B 48Tb1pexc110C1-
HOM KOHTaKTHOM annapaTe 3. 

Ha 8TOpoC1, rpernLll 111 Yerneprb1C1 c110111 
Karan1113aropa no,QafOT B03.QYX ,0,1151 06ec
neYeH111H 6onee nonHoLI! my6111Hbl oK111c-
11eH111H . 1-13 KOHTaKTHoro annapara Tp111-
0Kc111,o, cepbl 8M8CT8 c cepHOLil Ki11CJ10TOC1 
Hanpa8n51eTcH 8 a6cop6ep 4 , opowae
MbtLll 90-94%-HoLll cepHoLll K111c11oroC1. Cep
HaH KlllCJlOTa 06pa3yerc51 3a C48T 80,Qbl, 
nocTynafOli.leLll 8 KOHTaKTHblLil annapar 
8Mecre c ,Q1110Kc111,QoM cepb1. B a6cop6epe 
rp1110Kc111,o, cepbl npe8pal1.laerc51 8 cepHyfO 
K111c11ory. 0cH08Ha51 Macca o6pa3YfOl1.leC1-
cH K111c11orb1 nomol1laerc51 8 a6cop6epe 4, 
a K111cnora , yHeceHHa51 ra3oM, y11a9111118a
erc51 8 3neKTpo¢11111bTpe 7, OTKy,qa cre
Kaer 8 8MKOCTb 5. l-13 8MKOCTlll KlllCJlOTa 
HacocoM no,o,aeTCH Ha opoweH111e a6cop-
6epa 4epe3 XOJlO.Qi11J1bHlllK 6 ,D,Jl51 OTBO,D,a 
renna nomol1.leH11151 111 no,o,,qep>KaH11151 T8M
nepaTypb1 8 a6cop6epe He 8b1we 60 °C. 
YaCTb Ki11CJ10Tbl OTBO.QlllTCH Ha CKna,q. 
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P111c. 3.47. TexHonoau4ecKaR cxeMa nony4eHUR cepHou Kucnombt MemoaoM 
MOKpoao Kamanu3a: 1 - ne4b anR c>KUaaHUR ceposoaopoaa; 2 - Komen-ymunu3amop; 

3 - KOHmaKmHbtu annapam; 4 - a6cop6ep; 5 - eMKocmb anR cepHou Kucnombt; 
6 - xonoaunbHUK; 7 - 3neKmpocjJunbmp 

KamnanbHble 3aTpaTbl Ha cTpo111-

Tenbcrno cepHOKIACnOTHOro L\eXa 3aBO

,Qa , nepepa6aTb1Ba10ll\ero 6 MnH. T cep

HIACTOiil HecpTIA c co,qep>KaHIAeM 1,5% 

cepbl, B 2-3 pa3a HIA>Ke , YeM 3aTpaTbl Ha 

CTPOIATenbCTBO 3aBo,Qa TaKOiil >Ke MOll\

HOCTIA , pa60Ta10ll\ero Ha KOnYe,QaHe. 

KOHTPOnbHblE BOnPOCbl 

1. l<al'0!30 H3 3H3'-le HV1e K3T3 nV1TV1 '-leCKOro Kp8 1< V1 Hra? XV1M V1'-l 8Cl< V1 e OCHOBbl KaTan111n1YeCKOro 

l([.JG1<1111-1ra. 

2 . Ha3H8 ·~ 8 HV18 1<3Tan V1TV1LJ 8 CKOro pV1 q lOpMV1Hra V1 ero XVI M Vl'-leCKllle OCHOBbl. 

3. TexHo n o r 111 Ye cKas:t cxeMa ycrnHOBKV1 n 111pon 1113a An s:t nonyLJeHV1 51 one cj) V1HOB. 

4 . r·1po1v1blWJ 1eH Hb1e npo L1e c cb1 npo V13BO/~crna a L1ernneH a nviponvi3oM Mern Ha. 

5. n pOMblWne HHble npOL\e CCbl npOV13BOACTBa C3>K V1 TepMl!IYeCKlilM pa3nO>KeHl/leM yrneBOAO

POA HOro Cblpbs:t. 

6. npOV1 3BOACTBO CV1HTe3-ra33 OK V1 CnV1TenbHOii! KOHBepCV1eiil MeTaH3. 

7. n poM b! Wn e HHble CV1HTe3bl Ha OCHOBe CV1HTe3- ra 3a . 0 KCOCl/IHTe3 . ClilHTe3bl Penne . ClilHTe3 

M8 TaHOn a . 

8. nonyLJe HV18 6eH30na V1 Haq:na nV1H3 rV1APOAea nKV1nlilp083HV1eM Hecj:JrnnpOAYKTOB. 

9. nony Ye HV1e L\V1KnoreKcaHona , reTpan111Ha 111 AeKan111Ha rnAp111posaH111eM 6eH3ona 11 Haqna

nviH a. 

10. flp o1t1 :>BOACTBO Bbl CWlll X >KV1 p Hbl X KlilCnOT Ill BblCWl!lX )K lilpHbl X c nlilpTOB OKlilcneHVleM Bbl CWlllX 

n apacp111Hos. 

11. l! on yLl ~JH VH:=' 3Alllrllll HOBOiil l( VI CflOTbl 0 1(VICJl8Hvl e M L\'1 Knore1<ca 1-1 a . 



13. nony48Hill8 cpeHona ill al.\8TOHCl 01(1!1Cn8Hill8M ill30nponilln6eH30na (KyMona). 

14. nonyYeHille 3TaHona cepHOl<illcnornow ill npr1Moi-1 ll!llJ.paTal.(illei-1 3rnneHa. 

15. npoi113BO{ICTBO i1130Mep6eH3illHa i1130M8Pill3aUill80 anKaHOB c5 - C6. 
16. npoi113BO)JCTRO Clnl<illn6eH3illH8. anl<VlnillpOBClHl!18M i11306yTaHa 6yTeHaMill. 

17. npoi113Bor1crno nonillMep6eH3illHa onillroMepi113aqille0 nponillneHa ill 6yrnneHa. 

18. npoi113Bor1crno xnopMeTaHOR ill «1<epillnxnopi111J.a» xnopillposaHilleM MeTaHa ill BblCWillX na

pacpillHOB CP - C,.,-
19. npoi113Bo11c rno xnopillcTorn 3TillneHa, 3TillneHxnopri111J.Pi11Ha, xnopillCTOro BillHillna, xnop6eH-

3ona ill rnKcaxnopL\illKnoreKcaHa xnopi11posaHi118M 3rnneHa, a1..1ernneHa ill 6eH3ona. 

20. npoi113BO/],CTBO Hi11Tp068H30f1a Hi11Tp0B8Hi118M 6eH30f18. 

21. npoi113BO/J,CTBO M8p30f1RTa cynbcp0Xf10pillp088Hill8M C10 - C18 napacpillHOB. 

22. npoi113BO/J,CTBO 6eH30f1CYf1bcPOKi11Cf10Tbl CYf1bcPillp088HL-18M 6eH30f18. 
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