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KIPICTIE 

M¥uaihttMHSIChI naui. 
M¥uaii:xttMHSIJihI1' euepKacin 

M¥ttaifxMMM51CbI - M¥HaH MeH m6MFH nl3JJ,aH naHJJ,aJibl XH

MH51Jlbll\ eHiMJJ,ep anyJJ,hII-1, FblJlb!MH Heri3JJ,epiH 3eprrei1TiH XH

MM51HbIH, canacbI. M¥HJJ,a M¥Hai1 MeH ra3JJ,aH eHJJ,ipineTiH eHiMJJ,ep Ti-

3iMiHe M¥HaHJJ,aH eTe Ken MenwepJJ,e 8HJJ,ipineTiH MOTOp OTbIHJJ,apbl 

MeH MaifnaFhIW Mai1nap eH6ei1:JJ,i. Onap, ;;iJJ,erre M¥Hai1 ett:JJ,ey eHJJ,ipi

ciHitt: eHiMJJ,epi JJ,en ecenTeniHeJJ,i. 0chrnai1: 6eny, ;;ip11He, waprrhI rn

naTTa 6onFaHbIMeH, XHMH51 MeH XHMH51Jlbll\ TeXHOJIOrM51JJ,a M¥HJJ,all 

6eny )KaJIIIhIFa 6ipJJ,ei1: I\a6hrnJJ,aHFaH JJ,en K:apacTbrpyrn 6onaJJ,bI. 

«M¥ttaifXMMM51CbI» TepMMHiHitt: Kett: l(OJIJJ,aHbIJIYhI, COHJJ,att-aK 

OHbII-1, (rnapTTbl TypJJ,e) 6ip C83JJ,e ;;ipi M¥Hai1 8H,JJ,ey, ;;ipi M¥HaHXH

MM51JlbII\ 8HJJ,ipicTepMeH 6ai1:naHbICTbl TyciHiKTepJJ,i 6ipiKTipyiMeH Ty

ciHJJ,ipineJJ,i. 

M¥ttaifXMMH51HbIH, )KeTiCTiKTepi npaKTHKaJJ,a XHMH51Jlbll( eHepK;;i

cinTitt: MaH,bl3)J,bl 6eniMi 6oJibITI m6brnaTbIH M¥HaHXHMH51Jlbll( eHep

KgcinTe )Ky3ere achrphmaJJ,bI. l\a3ipri Ke3ett:JJ,e M¥HattXMMM51JihIK 

eHepKgcirrTitt: eTe 3op I\apl\bIHMeH JJ,aMyhI ce6enTi KenTereH eHepK;;i

ci6i JJ,aMbIFaH enJJ,epJJ,e OHhIH: eHiMJJ,epi )KaJmhI XMMH51JihIK: eHepK;;icin 

eHiMJJ,epittitt: ynKeH 6eniriH I\¥PaHJJ,hI. 

CMHTe3JJ,iK oprattMKaJihIK: eHiMJJ,epJJ,i eHJJ,ipy yrniH WMKi3aTnm 

yrn Heri3ri Ke3i - eciMJJ,iK 3arrapb1, me KeMip )K;;JHe M¥Hai1 eKetti 

6enrini. Oehl yw 6acmnl\hI MaTepMaJIJJ,hIH: ;;ipl\attchIChIHhIH: e3iHJJ,iK 

apTbII\IIIblJlbll(mpbl 6ap, aJiaHJJ,a T;;J)Kip116e ( ett: aJI)J,bIMeH 3KOHOMMKa

Jlhll\ K83I\apac 6oi1hrnma) M¥Hai1MeH K:aMml\rnChl3 eTinreH enJJ,epJJ,e 

( onaprn l\a3al\CmH Pecny6n11Kacb1 JJ,a )KamJJ,hI) M¥HaHJJ,hm x11-. . . . . . 
MM51JihII\ ettJJ,1p1c yrnrn IIIMKI3aT K831 peTrnJJ,e MaHhl3hIHhm Y3JJ,IKCI3 

ecirr Kene )KaTI\aHbIH KepceTyJJ,e. Tac KeMipMeH CaJihICTbipFaHJJ,a M¥

HaHJJ,hIH: apTbII\IIIb!Jib!Fbl opraHMKaJibll( 3arrapJJ,bm MaH:bl3)J,bl I\¥PaM

)J,bII\ 6eniri 6onhm KeneTiH 6awnaHbICI\aH cyTeKTitt: eJJ,;;iyip Ke6ipeK 

6onyhIHJJ,a. 8ciMJJ,iK 3aTTapb!MeH CaJibICTbipFaHJJ,a M¥HaH OH,aH TaChI

MaJIJJ,aHaJJ,bl )Kgtte 6ipJJ,ett MenrnepJJ,eri eciMJJ,iK 3arrapbrna K:apaFaHJJ,a 

OJJ,aH aJibIHaThIH CHHTe3JJ,iK eHiMJJ,epJJ,iH: Wb!Fb!Mbl )!(0Fapbl 6onaJJ,hl. 

AnaiiJJ,a Kett6ip )KaFJJ,ai1:napJJ,a M¥HattMeH I\amp me KeMip HeMe

ce eciMJJ,iK wuKi3aTbIH JJ,a nattJJ,anaHy THiMJJ,ipeK eKeHiH ai1m KeTKeH 
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iK0 11. \tli,1ca:1b1. ::i rn:1 cn11pTi11 \·t¥1tali.na 1-1 WbIFaTblH 1T11ne1111e11 ne, 

llC i\UiK Wll Ki3aTblH aWblTY JLl lCl apKblnbl n a 811 ..Qipe.ui, auenLlell )l l 

TClOHFH ra3L(bl (MeTaHL\bl) warra (TOJibII\ eMec) TOTbll\Tbipy apl\bIJibI 

.Ja, KeMip.neH KaJibUHH Kap611L(i apl\bIJlbl L\3 aJI3L(bI. 

i'"l ¥H ai1 
;i;011c ra3 

M¥Hai1 ettney 
eHnipici ()l(aJJ11b1 wb1ra
pb1naTbIH ~!¥Hatt K0Jle-

:VIiHiH 92%-bI) -

M¥HaHXHMHHJ!bll( ettni

pic (lKanllbI lllbIFapbma

TbIH M¥JiaH KeJieMiHil{ 

8% -b!) - [ 

CottFbI Mai1naFbilll Mai1nap E
OTblH.11.ap 

eHiMnep-+" fy.11.pott 

ApanbII< 
. -0HIM.ll.ep 

M¥ttai1 KOKci 

§ 
Ta3a KeMipcyTeKTep 
Cm1prrep 

AnbnernnTep 
K,bIIlil(bIJinap 

f aJJOH.IJ.TYbJHnbIJiap 

HHTPOTYblH.IJ.bIJiap 
)!(;>He T.6 . 

CO.l{Fbl - MaTepHannap 

G 
I111aCTHKanbll\ 

eHIM.IJ.ep 311aCTOMep11ep 

EpiTKilllTep 
)I( YFbilll 3arra p 
lK;!He T.6. 

Orntt l\OCa l\33ipri Ke3;i:e M¥Hai1 KeMipcYTeKTepitteH opratt11Ka

.1 b1K ettiMnepL\iH 6iptterue MbIH,L\3f'3H (5 MblH,H3H acrnM) TypiH arryrn 

6oJiaLI.bI. E¥JI eHiML1epLI.iH Typi MeH cattbr y3,niKci3 ecy.ne )K;rne orrap

.JbIH yJieci eH KaparrattbIM ecerrTey 6otthIHIIIa XHMM.llJibII\ eHL(ipic 

e1-IiMLI.epittiH )KaJIIThI eHL\ipicittiH 25-30%-hrn J\¥patt)lbI. Erep l\apa
iKaTTaHLI.Lrpy 6ottb!Hilla XHJ\111.llJibll\ 8H)lipic MeTarrJiyprM.ll )K;rne TeKC

TI tnh)liK e1-1.nipic CH.llKThI ca.1aJiapMeH 6ip l\aTap,n:a eKeHiH ecKe arrcal\, 

Ka3ipri M¥H3HX11Ml1.llJihlK eH)lipicTiH M3CWTa6b!Hb!H, opacaH 30p eKe
HiH 6inyre 6oJia,nhr. 

YJIKeH KapKbIHMeH )laMybrna l\apaMacrnH M¥HattXMMM.llJihII\ eH

.Jipic illttKi3aTThl KOJI)laHy KeJieMi 6ottbIHIIIa M¥H3H)lbl 0H)lipiCTiK 

OllJley (M¥Hai1 8HL\ey eHLI.ipici) Macwrn6LrnaH Ken KeM )K;me OJI, eKi-

11 iwKe opait OTh!Hllb!K 6arbITTa (MOTOp OTbIH)lapbl) 1(0JI,[(3Hb!JI3)lbl. 

Ka:i ipri Keue :--1 ¥11aiix11M115!JibIK e1-1.nipiCTe M¥H3H1lhIH )KaJIITbI :rneM

.ti K muipy i11iH TCK UJaMaMeH 8%-bI FaHa KOJI1l3Hb!JI3)lbl. 
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M¥1rni1 Me11 Ta611F11 ra3D:bl Ka11pn eHmp1cTiK e1uey111 iKannb1 

Typn:e TeMeHri 1KeHiJ1JJ.eTinre11 C¥n6a Typi11D,e KepceTyre 60.1aD:hJ. 

M¥HaiixnMHHJihI1' ouepKacinTitt: 
LJ,aMy TapnxhI 

M¥ttattD:hI XIIMIUIJihIK BH.D:ey eHD:ipici 1919-1920 )](bIJ1D:apb1 AKJll

rn 6acTaJID:bL 8TKCH FaCbipD:bIH, 20-30 )](hIJ1D:apb1 6¥11 eJI)l,e Kapanatthil\I 

oJiecpIIHD:epD:i ( 3TIIJieH, npomrneH )](;me 6yrnJieHD:ep) eHD:ipy )](;me 

oJiapD:bI naH:n:aJiaHyD:hIH, BHD:ipiCTiK d)l.iCTepi )](aCaJID:bJ. n¥J1 oJiecpIIH

D:ep c¥ifb!I\ M¥HaH cppaKUII51JiapbIH KpCKIIHITey yD:epiciHn:e aJib!HJJ:b!. 

D¥J1 Ke3eH,)l,eri oJiecpIIHD:epn:i XIIMII51JibII\ eH,D:eyn:iH. )](acaJIFaH He

ri3ri eHD:ipiCTiK yn:epicTepi KyKipTI\blllIKhJJID:bI rnn:parnumrnay apKbI

JibI crrnprrepn:i (KettiHHCH oJiap aJib)l,erII)l,Tepre )](dHe KeTOHD:aprn )l.e

rttD:pJieHD:i) aJiy )](dHC OJiecpHH)l.ep)l,eH rnnOXJIOpJiay peaKUII51Cb!HblH 

KeMeriMeH onap)l.b!H, OKCH)l,TepiH aJiy 60J1D:bl. 3TIIJICH OKCHD:i MCI! 

npOIIHJICH OKCH)l.iHiH, 6HD:ipiCTiK MaCllITa6Ta OH,aH KOJI)](CTiMD:i 60-
. . 

JIYbI OJiap)l.b!H, Herl31H)l,C rJIHKOJIII)l,Tep, rJIIIKOJIII,UTep.urn Kypn:em )](d-

He )](aH 3cpIIpJiepiH )](dHC aJIKaHOJ1aMIIHD:ep CII51KTbl 6aFaJ1bI XII

MII51Jlbll\ eHiMD:CPD:i aeyrn MYMKiHD:iK 6ep)l.i. D¥J1 KOCbIJ1hICTapD:bIH 

fopi aBTOKeJiiK eH.uipiciH)l.C (aHrncppII3)],ep, JiaK 6051YD:bl )](aFy )](dHC 

T.6.) KeH, I\OJI,UaHbIC TaIITbL Oehl Ke3eH..ue M¥Hai1 MeH ra3)].bl dpi Ka

paH: M¥HaHXIIMH51JihIK eH.uipicTe nai1)].aJiaHy 6aFb!TbIHJJ:aFhI 1epTTey 

~MbICTapb1 Kapl\bIH,UbI )](yprrnn.ui, oJiap KettiHipeK KenTereH )](aH,a 

TCXHOJIOrHHJihII\ yD:ep1cTepD:IH. Hernrne )](aTTbL 

EKiHllii D:YHHe)](y3iJiiK coFhICTaH KettiH, 40 )](dHe 50-)](hJJI,UapbI. 

M¥HaH)l.bI XHMH51JihIK eH.uey eHepKdci6i TeK AK)ll-Ta rnHa eMec. 

Eyporra eJID:epiHD:e .ue dpi KapaH: KeH, )l.aMbI,UbI. KeMipcyTeKTep.ui aJiy 

)](;me 6eJiy TeXHOJior115lcb1 )](aI(capTbIJ1)].bl. )l{aH,a KOHCTPYKUH51JihIK 

MaTepttaJI.uapD:bIH, rraH:D:a 60Jiyh1 KpeKHHr y.uepicTepiH KaTaJI )](aF.uaH:

JiapD:a )](ypri3yre MYMKiH)l.iK 6ep.ui, OJI eH.uipiJieTiH OJiecpHH,Uep.uiH 

MeJilliepi ( caHb!) MeH accopTHMCHTiH Ke6eH:TTi. M¥Hai1 llIHKi1aTb1-

HaH apoMaTTbII( KeMiPCYTCKTep, )l,HOJiecpHH)l.Cp )](dHe aueTHJ1CH,Ui eH

D:ipicTiK 6HD:ipy )](OJIFa I\OHbIJI)l,bl. 

Erep aJIFallIKhI)l.a M¥HaHXIIMH51JihIK eHD:ipic ylliiH Heri1ri 6acrnn

Khl llIHKi3aT oJiecpHHD:ep 6onca, KettiHri Ke3eH,D:e M¥Hai1.uaH eHD:ipine

TiH napacp11Hn:ep, D:HOJiecpHH,Uep, aueTHJICH )](;:me apoMaTTb!K KeMip

cyTeKTep KCH. naH:.uaJiaHa 6acTaJI)l.bI. CttHTe3-ra3)].hI any ylliiH MeTaH-
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11i,11t cy oyL>1\1c11 e1uip1cri1-: Ko1rncpc1rncb1 Me11repin:ti, an o_::i,a11 

1,:c i'iiHipcK CJlllTC3Ji1' \ICT!Ll crnqni11 <Lla 6acTaJ,bl. 

40-JKbTJlD:apbr M¥HattJlbII<: urnKi3anaH 6eH3on, ronyon JK~me KCl1-

:1on.n:ap.n:w1 eHn:ipicTiK eH.uipinyi MeH,repin.ui, ettTKeHi 6¥JI KeMipcy

Tenepn:iH 6¥pb!Hfbl K03i - TaCK0MipJiiK rnattblp X11Ml15!JlbIK, 0H.Uipic

Ti 1-l KaJKeniniriH r<:aHaraTTaH.Ubipa anMa)J,bI. 

M¥Hai1.naH aJibll-IaTbIH 1r<;:rne ::ipi Kapai1 XHMH5!J1bIK. 01-1.uipineTiH 

KOi\Iipcyrer<Tep.uiH accopT11MCHTiHiH: aprybIMCH Kamp JKa!-{a Xl1-

\1115!Jlbll( eH.uipicrep JKacaIT.UbI, onap yrniH M¥Hai1 Kerrrerett 6acrnrr

KbI eHiM.uep.niK ::ineyeni Ke3i 6oJIL(bI. Ocb1 JKaH:a 0HJJ:ipicrepJJ:iH: 
i wi H,ll,e CHHTC3L(iK KayqyKTepL(i !-{, Cl1HTe3L(iK (JKaCaH)J,bl) TaJillib!K,Tap

.1 b!H, rrITacTMaccaITapL(bIH: JK::iHe JKYFbillI 3arrapL(bII-l ettJJ,ipicrepiH 

arnrr aiiTyra 6onaL(bI. 

Ci-rnTe3D:iK KaytJyKrepre l(aJKeTTiJiiK L(HBHHHJI (K,-6yraH JK::iHe 

K-6ynr.:ieHHCH) JK::lHC CT11pOJI (6ett30JI JK;:)HC 3THJieHHeH) aJiyJJ,blH eH

.J lpicTiK M¥HaHXHMl15!J1bIK y,QepicrepiH JKacayra aJ1blfl KCJlJJ,i. 

Hei1noHra C¥pattbIC M¥Hai1,QaH u11KnoreKcaHL(bI 6errirr aeyllhI l(a

iKeT eni. Uenm-ono3aHbll-l auernnapbma K,aJKeTTiniK cipKe aHr11JJ,pl1-

.JiHiI-l 8HD,ipiciH ¥Hb!M)J,aCTbipyL\bl KepeK erri, OHbIH, 6aCTafIK,bl llIHKi

·3aTbl 60Jiblfl 3THJJCHHCH aJlbll-IFaH CHHTe3.UiK 3THJ1 crrHpTi MeH rrpom1-

.lCHHeH aJJbIHfaH aueTOH l(OJIJ],aHblJlllbl. 

)l{acaH.JhI wai1b1pnapra C¥paHbICTbIH, apryhm K,aHaraTTaHL\bipy 

ywiH M¥HaHXl1Ml15!J1b!K, CHHTe3L(iK MeTaHOJIL(aH JK;:)He aMMHaKTaH 

a.lb!HaTbll-I MOlJCBHHa (HecerrH::ip ), CT11pOJ1, XJ10pJlbl BHHHJ1, cpop

\laJ1bllCll1ll 0HJJ:ipici MeH:repiITJJ:i. HecerrH::lplli CHHTe3llCY yrniH M¥-

11ai1 ra3,QapllbI cynhI 6yMeH KOHBepcmrnay apK,bIJJhI anbrnaTbIH cyTeK 

n ai1.n:anaHblJlllhI. 

MattJibI ca6hrnra K,aparaHLl,a K.a3ipri KC3llC l(aJKerriniri ::irrL1,eK,attL1,a 

Kerr cHHTC3.UiK JKYFhillI 3arrap lla M¥1-IaHL1,aH anhrna 6acTanllhI. Onap

JbIJl 0HL(ipici yrniH 6ip:r<:aTap K,bl3bIK,Tbl M¥HaHXHMH5!:JlbIK, CHHTC3JJ;ep 

\ ICH,repirrL(i: 1) He xnopnaHraH KepocHHMeH (KepHJIXJIOPHA), He rrpo

rnmeHL(i IIOJll1MepneHL(ipy apK,bIJibl aJJhIHaTblH TapMa:K,TaJIFaH Ti36eri 

6ap onecpHHMeH 6eH30JI)J;hl aJIKHJI)J;ey apK,bIJibl aJJKHJICYJihcpOHarrap

.J,bl CHHTC3.Uey /K::lHe 2) :K,aTThl napacpHH)J;epL(eH eKiHilliJiiKTi aJIKHJI

cy nhcparrapL(bl 8Hllipy yrniH K,a:>Kerri ¥3hIH Ti36eKTi onecpHH)J;epAi 

CllHTC3D:ey. 
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M¥HaM:xnMmLlbih'. eHnipiCTiu neri3ri 
ynepiCTepiniu c1maTTa:\lacb1 

Ta3a XHMH51JibII\ yJJ:epicTepJJ.eH 6acl\a Ke3 KenreH M¥HattxH
MH51JibII\ TeXHOJIOrH51,lJ.a TaCbIMaJI)J.aHy Ke3JH)J.e rHJJ:pO- )l(;'.;itte a3pOJJ.H

HaMHKaJibII\ cpH3HKaJibll\ yJJ.epicTep, C¥Hbll\Tbll\Tap MeH ra3JJ.apJJ.blH 
apanacybI, )l(bIJIY 6epy yJJ:epicTepi, JJ:Hcpcpy3H51JibIK yn:epicTep 6onaJJ.bI. 
Onaprn cppaKIJ,HRJiaHJJ.bipy, a6cop611,115!, a,lJ.cop611,115!, 3KCTpaKUH51 
( wa:i1:FbIHJJ.ay) )l(aTaJJ.bI. 

XHMH51JibII\ peaKTopnapJJ.bI )l(;:itte ettJJ.ipicTiK KOHJJ.bipFbrnapJJ:bI 
)l(06anay )l(;:itte rr;:ipMeHJJ.i rra:i1:JJ:anatty ywitt )l(aJirrhr anrnttJJ:a peaKUH51 
)l(aFJJ.a:i1:napbIHJJ.aFhr 6acrnIII\bI pearettTTep MeH ettiMJJ.epJJ.iu cpa3aJibIK 
Ky:i1:i TypaJibl, peaKIJ,H51Hb!H, (3K30TepMH51JibIK, 3HJJ.OTepMH51JibIK) CHIIa
TbI, yJJ.epic ( crnTHKaJibII\, JJ:HHaMHKaJibII\, Y3JJ.iKci3, rrepHOJJ.TbI, )l(ap
Tbrna:i1: y3JJ.iKci3) )l(ypeTiH )l(yttetti11, ourn:i1:nbr Typi, 6acrnrrKhI 

. . . 
peareHTTepJJ.IH. a}\l\bIIlITbIFbI )l(;:itte )l(attacy rr;:ipMeHJJ.IJIIrI, yJJ.ep1cnu 
011,rnH:JibI rrapaMeTpnepi (TeMrrepaTypa, ¥3al\TbIJibIFbI, l\bICbIM) )l(;:JHe 
T.6. TypanbI M;:JJiiMeTTep MaH,bI3JJ.bI 6oJiaJJ:bl. 

PeaK[(H51 )l(aFJJ:a:i1:napbI peaK[(H51HbLU )l(ypy 6apbICbIHa, yJJ:epicTiu . . . 
)l(ypy MexaHH3MJHe Kywn ;:icep eTeJJ:I. 

MbICaJibI, peaK[(H51HbIH. )l(aFJJ.a:i1:napbma 6a:i1:naHbICTbI MeTaH 6oc 
MeTHJI paJJ.HKaJIJJ.apbm: 

CH4 --- "CH3 + H 

6oc MenrneH)J.iK )l(;:JHe MeTHHJJ:iK paJJ:MKaJIJJ:apbIH: 

CH4 --- :cH2 + 2 H 

CH4 --- '.CH+3 H 

HeMece r11.n;p11.n; ttott.n;apLm: 

:S¥JI 6enweKTep KerrTereH Ke:i1:ittri peaK[(M51Jiaprn rycm, rypm 
eHiM,n;ep ry3yi MyMKiH. 

M¥tta:i1:xttMM51JibII\ yJJ:epicTi )l(y3ere acb1py MYMKiHJJ.iriH 6arnna
FaHJJ.a OHbll{ TepMOJJ.MHaMHKaJibII\ M;:)JiiMerrepi MaHbl3,lJ.bl 6ona)J.bl. 
OcbIHJJ.a:i1: 6arnnayJJ.bIU tteri3ri Kpmep11M:i (KepceTKiwi) epKiH 3ttep-
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111 51 11i,111 (11 :m6ap;:L1b1K noTe11u1taJ1.J,bIH) 1'.G 11e~1ece CTaH,'.lapTTbIK cp

l\i 11 '3HCpr115l!-lblH e1rcpici 1'.G 0 2 ,1 ~ K (L\G 0
) 6onaJJ,bl. 

l\attJJ,aH JJ,a 6ip peaKUH.sIHhI )Ky3ere acbrpy MYMKitt.uiriH 6aranay 
ywiH TepMO.UHHaMHK3JlbIK, T¥PFbIJJ,aH CTaH.UapTTbIK epKiH 3Hepnrn
ll bltl G0 TeMnepaTypara T;;iyenJJ,iniri 1ep.uene11e.ui. 1-cyperre MernH-
11 bitl cy 6yhIMCH 3H)J,OTepMH5lJlbIK, peaKUH.s!Cbl ywiH )!(;;>He KeMipTeK 
nett cyTeKTCH MernHHbll{ Ty1myrnrn, 3K30TepMH.s!Jlb!K, peaKUH.s!Cbl 

ywiH L\G 0 -JJ,i» TeMrrepaTypara T;;iye11.ui11iri KepceTinreH. 

L\G 0 
= <p(T) CHI13TTaM3Cbl 60Hb!Hlll3 Terre-TCH;.UiK KOHCTaHTaCbl-

11 bHl Tei\mepaTypara T;;iye11.ui11iriH 3HblKTaYFa 6011aJJ,bl , 8HTKeHi : 

2.G0 
= - RT lnK. 

0¥11 1<,apb!M-K,3TbIH3C 6acrnIIK,bl K,OCrra.uaFbI KOMIIOHeHrrep.uiH; 
( K¥PaM.uacrnpJJ,b!H;) KOHUCHTpau11.si11apbl (y11eCTiK KhlCbIM.Uapbr) 6ipre 
TCl{ 6011raH.ua raHa .U¥PbIC 6011aJJ,bl. 

PeaKUH.sIHhm crnHJJ,apTibII\ epKiH 3Heprl15lChIHhIH; TeMrrepaTYPara 

TJye11JJ,i11iriH 6i11e OTblpbIII (Mb!CaJlbI, Mbrna.uaH. TYP.Ueri L\G0 =a+ bT 
3\mepHKaJlblK Tel{.uey), 1'.G0 

= 0 6011aThlH TeMnepaTYPaHbI, .s!FHH 
peaKUH5lHhm 83,D,iriHeH ~pe anaThIH weKapachrn atthIK.rnyra 6ona,D,hl. 

=f"'~. ~ f~'--. ~. ~~~ 
20 s..,_~ :(' .,. 0, <::. 

l "~ ~u ~ • a r ...,., . ..., 

~ :f ~ .. ~~\, 4~~ ~ ~% 
60r '\i ~\ "(}, ~ .. 

dOt /' ""0 ~ 
0 4/JO 81l0 1200 1600 . 

r. ox 

1-cypeT. MernHHbIH KeMipTeK nett 

cyTeKTeH T)'3i.rryiHiH )f(~JHe MeTaHHblH 
cy 6yMMeH ;ipeKerrecyiHil:l 

epKiH :meprHJICbIHhIH TeMneparyparn 

L\G 0 = 0 6011ra11.uan1 TeMrrepaTypa, .sirnn peaKUH.sIHhIH; eKi 6a
rbITrn ,D,a 6ip.ueii 011.aH.nh11<,rreH )KypeTiH.ueH. 6onyh1 hIH;FaHJihI c11rraT
TaMa 6011bm rn6brnaJJ,hI, orr XHMH.sIJlhIK. TexHonorH.si,D,a :>Irni naH..ua11a-
11 bLlaJJ,bJ. OcbI Ter...mepaTypa, coHJJ,att-aI< KOHBepc11.si JJ,;:)pe)Keci y.D.e
piCTi 0HJJ, ipiCTiK KO.lJJ,aHy MYMKiHJJ,iriHiH; KepceTKiWTepi 60JlbIII Ta-
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6b1:1a)..(bl. .6.G-JJ,iH. Tep1c MdIIIHlll a6co.11oniK waMaCbIII ca_1bICTb1pa 
orb1pbm, 6ipneii yaKbITTa :iKypeTiH 6ipHewe peaKUIULlap;1bI ca.1bICTb1-
pyrn 1-1.eMece onap.IJ:bIIJ: 6enrini 6ip Ti36eKTenyi1-1. aHhIKrnyrn 6onanh1. 

AHHJIHH.IJ:i any peaKIJ,HHCbIHbIH. 6ip1-1.ewe dpTypni qn6anapb1 

ywiH .6.G0 -.r:i:iH. MdHL\epiH KemipeihK: 

1. C6H6 + HN03 ----* C6HsN02 + H20 
C6HsN02 + 3H2----* C6HsNH2 + 2H20 

2. C6H6 + Cb ----* C6HsCl + HCl 

C6HsCl + NH3 ----* C6HsNH2 + HCl 

3. C6H6 + NH3 ----* C6HsNH2 + H2 

.6.G0 
= -22 KKaJI/ MOJih 

.6.G0 = -11,43 KKaJI/MOJih 

.6.G0 = -24 KKaJI/MOJih 

.6.G0 = -11,2 KKaJI/MOJih 

.6.G0 
= + 10, 28 KKaJI/MOJih 

E¥,IJ,aH (3 )-c¥JI6aHhIH. aHHJIHH anyrn :iKapaMChl3 (.6.G0 > 0) eKeHiH 
6attl\ayrn 6ona.r:i:h1. 

TaFhI 6ip MhICaJI. CH4 + C02 ----* CH3-COOH y.r:i:epici 3KOHOMHKa
JihII\ T¥PFhI.IJ:aH THiM.r:i:i 6oJib!TI Kepi1-1.reHMeH, OH.bl :iKy3ere acb1py 
MYMKiH eMec, ei1TKeHi .6.G0 = +85, 97 KKaJI/MOJih . 

.6.G0 -.r:i:iH. MdHi 01-1, 6oJiaThIH peaKIJ,mrnap.IJ:hI, erep onap .6.G-nepittiH 

M;)Hi Tepic 6onaThm .6.G0 < 0 peaKIJ,HHJiapMett !\amp m:ypeTitt 6onca. 
m:y3ere ach1pyrn 6ona.r:i:h1. Kei16ip peaKIJ,HHJiap.r:i:aFhI H3o6apJihII\ no
TeHIJ,HaJI.IJ:apbIHhIH. TeMett.r:i:eyi 6acl\a peaKIJ,HHnap.r:i:aFb1 H3o6apnhIK 
noTettIJ,HaJIL\ap.r:i:hIH. apT)'hIHaH Ke6ipeK 6ona.r:i:h1 .r:i:a, y.r:i:epic :iKaJITihI an
rn1-1..r:i:a .6.G0 -.r:i:iH. TeMett.r:i:eyiMeH :iKypeni. 0CbIH.IJ:aH THTITi peaKIJ,HHJiap
rn Mh!CaJI KeJITipettiK: 

CH4 + NH3 ----* HCN + 3H2 
CH4 + NH3 + 31202----* HCN + 3H20 

.6.G0 
= + 34 KKaJI/MOJih 

.6.G0 = -130 KKaJI/MOJib 

KepceTiJireH 6apJibll\ CHTiaTTaManap.r:i:hI aHbll\TaY XHMHHJibll\ TeX
HOJIOfHHL\a MaH,bl3L\hl pen aTl\apa.IJ:bl. Nf¥1-1.aHXHMHHJihll\ e1-1..r:i:ipicTiH 
3KOHOMHKaJihII\ THiM.r:i:iniriH 6aFanay ywiH Mal\CaTThll\ eHiMHil-( illbl-

. . . . . 
FhIMhI, MeHwIKTl eHIML\IJIIK :IB:;)He KOHBepcHH .IJ:;)pem:ec1 rypanhI M;)JII-
Merrep.r:i:i 6iny MaH.hI3L\hI 6onhm rn6bma.r:i:h1. 

81-1..r:i:ipicTiK XHMHHJihII\ peaKrnpnap.IJ:hI onap.IJ:hI nai1.r:i:ana1-1.y T¥P
FhIChma1-1. Keneci yw TOTII<a 6enyre 6ona.r:i:hr: rrepHOD:TbII< (I<a3anJJ,ap 
:iKdHe IJ,HJIHHL\pJiiK niwin.r:i:eri aBTOKJiasrnp ), :iKapThrnafl nepHOL\ThIK 
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(n_ 1 :ia co1ual\ niwi1ue) iK0 11 e yJ.J.iKCi '3 (~uene, TyTi1nueniK niwi1-1-

. rc 1·i 11e \1ccc KOJ10 1111aj iap) iK¥\lbJc iCTefrri11 peanopnap. 

PeaKTOpnap)].bI coH)].ai1-aK: 6ac1<a napaMeTpnepre, Mb1caJJbI, 

pearettnepniH rn611rnTb1 MeH ca1-1brna, onap)].bIH )KaHacy ;:inicTepiHe, 

y.lepiCTiH c1maTbIHa ( amia6aTTbIK: HeMece 1130TepM11S1JibIK:), )KbIJIY 

6epy ncin i1-1e )K;:iHe T.6. 6ai1naHblCTbl KJiaccmp11Kaummayrn ()KiK

Tcyre) 60~1a)],bl. 

feTepore1-1niK )Kyttenep ywiH 3aTTbl cpa3anap ()K;:i1-1e cpa3anap)].bIH: 

6enitty 6enepiH)],e) apacbr1-1na TaCbIMaJIJJ:ay )KbIJI)],aM)],bIFbI KenTereH 

iKaF )],att)],a peaKUHHHbIH. )i(aJIObl )l(bIJI)],aM)],b!FbIH ){(;}He peareHTiep.n:iH: 

i1..:attacy ( KOHTaKTiney) )KaFJJ:aiinapbrn aHhil\TattJJ:bI. 

ApanacTb1py )KaFJJ;ai1napb1 (erep on 6onaThIH 6onca) roMoreHJJ:iK 

y .lepicTep ywiH MaH:bI3)],hI pen aTK:apaJJ;bI, ettTKeHi apanacThIPY 

;KyiieHi roMoreHneyre )!(dHe 6apJibII\ peaKQHHJihII\ Macca.n:a 6ipJJ;ei1 

TcMnepaTypa )!(acayrn MYMKIHJJ;IK 6epeJJ;i . E¥JI ;:icipece TyriKilleJiiK 

peaKTopnapJJ;a MaH:bI3JJ:bipal\. 



1. Wl1KI3AT TYPJIEPI 

1.1. M¥nauxnMHSI 0uepKaci6iuiH, K0MipcyTeKTiK 
UJHKhaTblHblH, TypJJepi 

M¥HattXHMH51J1hII\ 8HL1,ipic WHKi3aTbIHh!I-{ MaH,hl3Ll,hI Typrrepi I\a

HhII\I\aH )!(;:me {\aHbII\IIaFaH KeMipcyTeKTep, apoMaTTh!I\ )!(;me Hacp

TeHLl,iK KeMipcyTeKTep 6orrhIII Ta6hIITaLl,bl. 

M¥ttattXHMH51J1hII\ 8HL1,ipiCTe WHKi3aT peTiHLI.e ra3 HeMece M¥Ha~i 

cppaKI.]JrnrrapbIH (KeMipcyTeKTepLl,iI-{ I\OCIIaCbI) I\OITLl,aHbIITaTbIH yL1.e

picTepL1,iI-{ caHhI canhICThipMaJihI TYPLI.e a3. OrrapLl,hII-l iwiHLI.e MhIHa

rrapLl,hI ailTyrn 6orraL1,hr: KpeKHHrirreHreH 6eH3HHLI.epLI.eH arrbrnaThIH 

aJIKimapttrrcyrrhcpOHaTTap CH51I\Thl )l(YFbIW 3arrapL1,bII-{, KepocHH MeH 

ra30HJ1hLl,eH arranrn 3MYITbraToprrap, C¥HbII\ )!(;me I\aTTbI KepOCHH

L1,epL1,iI-{ I\OCIIaChIH TOTh!I\TblpbIII arranrn Matt I\hlillI\hIITLl.apbl, Kepo

CMHLl,iK )!(;')He MattIThl cppaKU.l151ITapL1,aH arraTbIH HacpTeHLl,iK ca6hIHL1.ap 

( ca6hrnttacpT ), KpeKMHriHiI-{ 6eH3.I1HLl,iK cppaKUH51ITapbIHaH aJiaThIH 

Kpe30ITL1,apL1.bII-{ 8HL1,ipiciHiI-l Kett6ip yLI.epiCTepi. 

Ke1ITereH M¥HattXMMH51IThII\ yL1.epiCTepL1,e ic )l(y3iHLI.e Ta3a 3arrap 

- MoneKynarrhII\ Maccarrapb1 carrhrCThrpMarrhI TYPLl.e yrrKeH eMec Ke

MipcyTeKTep nattL1,arraHaL1,hI. 

M¥ttattXMM.I151J1h!I( 8HLI.ipicTif{ 6aCTbl KeMipcyTeKTiK WHKi3aTbl 

ra3rnpi3L1,i, C¥Hbll( )!(;')He {\aTTbI KeMipcyTeKTepLl.if{ I(OCnaCbl 60J1h!II 

rn6hmaL1,hI. 

Ta6u2u zmoap, Heri3iHeH, MeTaHHaH )!(;')He 6acl(a I(aHblI\I\aH Ke

MipcyTeKTepLl,eH T¥PaLI.hI, orrapLI.a cOHLI.att-al( .11Heprri (a30T, KeMipTeK 

Ll,MOKCMLI.i) )!(;')He c.11peK ra3LJ:ap (aproH, KCeHoH) LI.a 6orraL1.hI. Ta6.11rn 

ra3L1.apL1,bI ra3Ll,hl )!(;')He ra3KOHLl,eHcaTThI ()l(OFapbI I(OHHayl(aTTbII\ I\hl

CbIMLl,a TepeB )l(aTaThIH ra3Ll,hIB) KeH, opbIHLI.aphrn eBLI.eyLI.eH arraLl.hI. 

J;1ecneRi Atptatl 2Q30apblH M¥HaHLl,hl 8HL1,ipyL1.e I(OCbIMWa 8HiM 

peTiHLI.e arraLl,hI. E¥JI ra3Ll,ap I\OttHayI\aTThII\ M¥HattL1,a epireH KYHLl.e 

6onaLJ:bI )!(;')He M¥HaHLl,hl 8HL1,ipy Ke3iHLl,e I\h!CbIMHhlf{ T8MeHL1,ey carr

Ll,apbIHaH 6erriHeL1.i. ra3L1.apJJ.hII-l K¥pa::v1h1 eLJ:;')yip apai1b1Krn [32-90% 
(KerreM) CH4] e3repeL1.i )!{;')He KeH opHhIHhII-l TypiHe i!<;')He :--t¥Hai1 e11-

L1.ipy )l(aFL1,ai!J1apbrna T;')yerrL1.i 6orra.ub1. 
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la:i
.:iap 

\l.prnii .\ICll rauau 1..:0~1ipcyTch: 1m1i.:i3aTTblll Typ.11cpi11 aJ1y 

W11i.:i3aT Typnepi * 

a3 KeH opbIHJJ:apb!HblH raJJWpbI 
(rn611rn ra3,nap) 

M¥Hai1 Kett opttblHblH ra3napb1 
( iJ1ecnerri ra3nap) 

M¥Hai1 eILUey JJ:il{ 
ra3napb1 (M¥Hai1-
3aybJTThJK ra:inap) 

M¥ttai1JJ:hJ 6ipimuirriKTi 
ailnayJJ:hII{ ra3napb1. EeH-
3HHJJ:i T¥PaKTaHJJ:hJPY ra:i
napb!. 
TepMHJIJihJK lKdHe Karn
JIHJJJ:iK KpeKHHriHil{ (ne
crpyKUHJIJih!K 61{JJ:ey) 
ra3napb1 

M¥Hailx11M1tHJlblK 

0HiiipicTe nailaa.11a11b1-

JiaTbIH KOCblJlb!CTap 

C1-C3 KaHhJKKaH Ke~1ipcy
TeKTepi 
c -C4 KaHbIKKaH KeMipcy
TeKTepi lKdHe H30neHTaH, 
H2S (Keiine rerr11J:l) 

C1-C4 KaHhJKKaH KeMipcy
TeKTep lKdHC H30neHTaH 

C 1-C5 KaHhIKKaH lKdHe one
HHJJ:iK KeMipcyTeKTep, 

H2S,MepKanTaHJJ:ap 

T¥PaKrnHJJ:hlPY 6eH3HHi. f K-IlettrnH, 113oneHrnH, UHK
EipimuirriKTi aJ:lnay 6eH- rroreKcaH, Mernrru11KJioreK-
31rni lKdHe TepMOKaTaJIH3- caH, 6eH30JI, Torryon, KCH
JJ:iK y.uepicTep.uil{ 6ett3HH- Jlorrnap, Jrnrr6eH3on 
nepi 

i\1¥ttai1 C¥HhIK qipaKUHJl
nap Cyrrh<tioxrroprray ywiH Ke

pocHHJJ:iK qipaKUHJlrrap, 
ttacliTCHJJ:epre rnnprrey 
ywiH apoMaTTblK qipaKUHJl
rrap, tta<tiTeH KhilllKhJJIJJ:apbI
HhIFI 3KCTParearrepi (wali
FhIF1JJ:apb1) 

I\arrh1qipaKUHJ1rrap 
(napa<li11tt) 

Kepoc11H, ra:ioiirrh 

MaJ:l Kbillll\bJJIJJ:apbI lKdHe 
JKorapbI cn11prrep any 
ywiH 
XrroprraHraH napa<iiHH 
any ywiH 

* n¥JI lKepne cHHTeJniK 6eHJHHnepJii11 eHJiipicittne (Mb1carrb1, <l>mllep - Tponw peaK
' u rncbt 5oi1btHwa) a,1brnaT1m ra3rypiHne, c¥}ibtK lK~He Kan11 cjJpaKUHl!rrapbt ryparrbt ai1TblJIMa
' ;iH. Cmrreney:iiH 6:'p1 y:iepiCTepi rrrnKi3aT KeJJiepi 6onrnH11MeH onap 1<apacT1>1p1>rnMaraH. 

12 



Mpunl f!ffdeydil-f zmdapbt KpeKIIHL KOKCTey, pmjiop:--1111ir y;:i:e

picrepiHne ry1ineni, o.1ap;:ib1 co11naJ:i-aK '>I¥HaJ:i;:ib1 T¥PaHaHJ:b1py 

)!(;;me TiKenei1 aH:nay l\OHJJ,bipFbrnapbrnaH )!(Jrnan anaJJ,bI. OcbI ynepic

TepniH. CHTiaTbIHa 6aH:naHbICTbI aJibIHaTbIH ra3JJ,ap,n:bIH. JZ¥paMbl KeH 

apanbil\Ta e1repeni. MbICaJibI, KarnnH3.1J,iK pmpopMHHrTiH. ra3bIH)J,a 

60%-rn neiiiH cyTeK, K:aJIFaH)J,apb1 K:aHbil\K:aH KeMipcyTeKTep 6ona)J,bI. 

KpeKHHr )!(dHe KOKCTey ra3)J,apbI K:aHbil\l\aH )!(dHe K:aHbIKnarnH Ke

MipcyTeKTepneH T¥paJJ,bI. 

M¥HattObt m¥Pa~maHObzpy zmoapbZHbZ/-f 6acK:a ra1napna11 epeK

rneniri onapJJ,b!H. l\¥PaMbIH.1J,a nponaH, 6yrn11, neHTaH )!(dHe H3oneH

TaH Ke6ipeK 6onaJJ,bI, coHJJ,bil\TaH onap 6yrnnHeH )!(dHe H3onpeH any 

yrniH 6aFaJibI WHKi3aT 6onhm ra6brnaJJ,bI. 

Tmobz 6eH3UHdep, d)J,eTTe 30- l 20°C apanbIK:rapbrn)J,a KaiIHatt)J,bI; 

onapJJ,bIH. J\¥paMbIH.1J,a 6yrnH, neHTaH, H30TieHraH, COHJJ,att-aK KaJibITI

TbI )!(dHe H30JZ¥pblJib!CTbl c6 )!(dHe C7 K8MipcyTeKTepi 60Jla)J,bl. 

I'mObl KOHOeHcammap 40-360°C apanbIK:rapbrnJJ,a K:aiIHatt)J,bI. 

Onapna 15-30% apoMaTTbII\ KeMipcyTeKTep, 25-40% 11aqJTe11nep )!(d

He 20-60% napacpHHJJ,ep 6onaJJ,bI (KeH opbrnnapbrna 6ai1naHbICTbI). 

M¥11aH: eH.neyniH. dpTypni ynepiCTepi11,n:e Ty3iJieTiH qiibz~ ouc
mwulflmmapObz J1cane ;1!¥ftail eHL11oepin ne M¥HaHXHMI-UIJibII\ ynepic

Tepi11ne 6acraTil\bI WHKi3aT peTiHne naH:nanaHaJJ,bI, ndnipeK aiITKaH

na, KeMipcyTeKTepniH. dpTypni TOmapbrn 6enin any yrniH 6acranK:bI 

K83 6onhm Ta6brna.1J,bI. 

OchrnaH:rna, KaTaJIH3JJ,iK pHcpopMHHr eHiMnepiHeH apoMaTTbIK 

K8MipcyTeKTepni, TepMHJ!Jlbll\ )!(dHe KaTaJIH3.1J,iK KpeKHHr 8HiMnepi

HeH onecpHHnepni, .1J,H3eJib.1J.iK OTbIH.1J.bI, nenapacpHHJJ,ey eHiMnepiHeH 

napacpHHJJ,epni 6enin anaJJ,bI. E¥JI Ke3)J,e M¥Hai1x11MHJ1J1bIK c1111Te3 

yrniH llIHKi3aT 8HJJ,ipy OTblH)J,bI M¥Hai1 8HiMnepiH llibIFapyMeH 8Te 

TbIFbI3 6aH:naHbICTbI 6ona.1J,bI. OcbIFaH opaH:, M¥HaiI e11,neyni11, )!(aJinbI 

K8JieMiHJJ,eri Xl1Ml1J!Jlbll\ llIHKi3aT 8H.1J,ipy blJIFH JJ,a ecin KeJieJJ,i. 

)l{ornpbrJJ,a KepceTinreH C¥JI6ana M¥HaiI MeH ra3JJ,aH KeMipcyTeK

TepniH. 6ip11erne TypnepiH any KepceTimeH. 

1.2. K0MipcyTe1niK IIIHKhaTThl 

XHMHHJihII\ an:LJ:eyLJ:in: uerhri 6aFhITTapb1 

Ilapa<J>HHLliK Kal\IipcyTeKTep. M¥Hai1x11M1rn.1bIK eHJJipic yrniH 

6acranK:bI rnHKi3aT peTiH)J,e MeraH, 3raH, nponaH, 6yrn11 iKJHe neH-
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1a11 \l<lllblUbl OOJlbln TaObl.la.'lbl. napacjJllHlliK KOMipcyTCKTepJJ,i KOJl

:.w 11 y:lhll l \rnILbU1lbI 6anIT L>I - rn1po,1 1n iK;;JllC JJ.er11.apore1-1ncy ;:i.J,icTc

pil\teH o.1ec!nIHD,iK WHKi3aTTbI e11nipy. C10-C20 napacp1111.n,epi )KYFbIW 

·rnnap, \IaHJlaFb!IlI Mall.nap, CHHTC3.D,iK Kay'-lyKTep, 3MYJ1braTopnap 

iK;)He T.6 . e1-1n:ipicTep.II,e naHLJ,aJiaHhrna,L\hI. KeMipTeK aToM.n,apbI 18-
-1-4 6onaThIH napacpHH.Llep eTe J<.¥H.D,hI w11Ki3aT 6onhrn rn6hrna.n,bI. 

!vlemm1 Ka3ipri Ke3.II,e Heri3iHeH TeXHHKaHhm ;;ipTypni canana
pbIH.J,a epiTKiW peTiHJJ,C KOJl.D,al-!bIJiaTbJH HHTpOTYhIH.D,bIJiap - MeTHJI

:\JlOj)Hll, :vieTHJleHXJIOpHJJ,, xnopocpopM, TepTxnopnhI KeMipTeK, HHT

poMernH e11.uipici11.n,e natt.n,arraHhrna.II,bI. Merntt.n,hI n11poJIH3)].ey ap

Kb!Jl hI auenrneH, Kytte )K;me cyTeK anbJHa)l.hI. MeTaH)l.bI cpopMaJih)l.e

riu, MCTaHOJl )!{;;JHe aueTaJib,lJ,Cf'HLJ:Ke TOTbll\Tbipy npou;ecTepiHiH. 

(2-cypeT), COH.D,aH-aK MHKpo611onormmbIK CHHTe3;:i:e IlIHKi3aT peTiH

_:re naH.;:i:ana11y.n,bll-1, Keneweri 3op. 

BHHH.1-
auc iar 

, \Kpu.10-
HHTJJH ~1 

Menm 

To1u1h:lbl 
llHpcL IJI ~ 

Kap6aMH,;:\ 

T on,iry 

<L>opi\IHJIL
.J.CrH.l 

2-cypeT. MeTaH.UhI XHMHl!JlhII\ e!-l.uey 

Menrn
xnopHJI 

~leTHJleH
XJJOpH,;:\ 

TepT_xnopJlbl 
K0MlpcyreK 

3maH en.ney 6aFb1rrapb1 6ottbrnrua Ken )KaF)l.att.n,a MeTaHFa ¥1\
cac. 3rnHHbIH. Heri3iH)l.e MeTaH ettiM.ll.epre ¥J\Cac eHiM.ll.ep;:i:i 3T11n

:---;rrop11.n, )!{;;JI-le HHTp03TaH)lbI ana.n,bI. 3TaH.L\bI naH..nanaHy.L\hII-1, MaH.hI3-

;1br 6aFb!Tbl M¥HaHXHMIUL1bll\ CHHTe3 ywiH 6aCTbl KeMipcyTeKTepi

Hil-l 6ipi 3T11ne11.ni OHbIH. nnpomni apK:bIJibI arry 6onhrn Ta6hrna,L\hl. 
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flp011Clll. f1porlaH1lbl TOTblKTbl]JFaIIJJa aueTa,lbJ,erIIJ,, cj1op:\la.lb1le
rJU. cipKe KbIWKhinhI n\:;)He aueTOH a,1aJ,bI. Tipona1rnb1 m1po.11nJ.e
rett.z:i;e 3THJieH )IGrne nponttneH Ty3ine.z:i;i. TiponaH,z:i;hr MeTaHMeH )!(;)He 
3TaHMeH {\amp au,eTHJiett.z:i;i any ymitt rrai1.z:i;anaHyrn 6011a.z:i;hr. Tipo
naH,z:i;hr HHTpney apI\bIJibI HHTpoMeTaH, HHTp03TaH )!(;)He HiiTponpo
naH ana.z:i;hr (3-cypeT). 

Hmpney 

JTaH 

Xn 
y 

opnay 

A 3rnn
xnopHA 

T e-rpa:mrn;ii 
KOpracbIH 

BmrnnxnopHll 

rl 
I1Hp0.1ffl 

I1ponafil,_
1 
--~I 

I 
TmbIKlbipy Hmp.1ey 

A11e1a1b
;iernA 

I1po
nH.1eH 

1 
I1onH

npmm.1eH 

t 
HH rponpoaH I 

H19nporm~~
oea10.1 

3-cypeT. 3rnH MeH nponaHAbl XHMl1llJlbIK 8HAey 

11-Eyma11ob1 oneqnrn.z:i;ep.z:i;i - 3THJieH, nponttneH, 6yTHJieH, coH
.z:i;att-aI\ au,ernneH MeH 6yrn.z:i;ttett.z:i;i eH.z:i;ipy yrniH llIHKi3aT peTitt.z:i;e 
nai1:.z:i;anaHa1lhI ( 4-cypeT). Eyrntt.z:i;hr TOThII\Tbiprntt.z:i;a au,ernnh.z:i;ern.z:i;, 
cipKe I\hillII\hIJihI, au,eTOH )!(;me 6acl\a eHiM.z:i;ep Ty3ine.z:i;i. HttTpnereH
.z:i;e 1- )!(;)He 2-HHTpo6yrntt.z:i;ap anbrna.z:i;hr. lfaoMepnereH,z:i;e H-6yrnH 
H3o6yTaHrn ai1:Hana.z:i;b1. 

H3o6ymaHObl MOTOp OTbIH)J;apbIHbIH: )!(0Fapbl OKTaH)J;blI\ KOMOO
HeHTTepiH (I\¥PaM,z:i;acrnphrn) any ymitt aJIKHJI,z:i;ey y.z:i;epicTepitt.z:i;e I\OJI,z:i;a
Ha)J;br. lfao6yrnH1lhI .z:i;ern.z:i;pnerel!1le 6yn1JIKayqyK, rronHH3o6yrHJieH, 
rronttMep6eH3HH any ymiH I\a)!(eT WHKi3aT - H306yrtt11eH ry3ine.z:i;i; ornH 
I\OCa H306yrn11eH KeH: rnpanrnH aJIKHJ11leyrni areHT 6011brn rn6hrna.z:i;hr. 

H3one11ma11ob1 ic )!(y3itt.z:i;e TOJihIFhIMeH aMHJieH anyrn eH;1lei1.z:i;i 
(.z:i;enui:pney apKb!JlbI), onap.z:i;hI H30Mepnei1ni, ;:i,ernnpnefini )J(;)HC 
H3onpett.z:i;iK Kay<1yKTbI any ywi11 nai1naJia11a;:i:h1. 
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~ ll-b\·1:111 I I '--ir--_,.---~I 
To1bll\lbipy CTttpmH3 )lern;:ipJiey l13oMepJiey 

CTpOllHJJt!H 

~. 
.---'---. 

CipKe KhllllKJ.Llhl 

bYnrn Cl!Hpri 
no;lH- CToJIH-
)TH;leH nponttJI~H 

.-\1.1.::1 0 11 

~lern.nrn: 1 i,:ero 11 

4-cypeT. H-oyTaH,[\hl XI1MI1l!,1hll( 0H,L\ey 

l130-
6y11meH 

JKowpbz naparjJuHoep (C,0H22-C40H 82) arperaTibII\ Kyiii 6otthIH
urn qzib1~ (6anKy TeM. ;:::25°C) :>K;:me ~ammbz (6amw TeM. ;:::S2-55°C) 
6onhm 6enitte.n:i. CprbIK :>K;:JHe KaTThI napacpttH.n:ep.n:itt: l\OJJJ(atty aM:
\!al<Tapbr ;:ipTypni 6ona.n:hI (5-cypeT). 

Cyiib1~ naparjJitHoep (C 10H22-C20Hd CHHTe3.n:iK :>KYFhilll 3aTTap
.JhI as1y ywiH KOJIJ(aHb!J1aTb!H )l(0Fapbl Matt l\bIIIII\b!J1J(apbl MeH 
cnttpTTep.n:i eH.n:ipy ywitt TOThIKThrpa.D:bl. Con MaI<carnett C¥HhII\ na
pacpHHL\ep.n:itt xnopnatty ettiM.n:epitt - xnopnapacpHH.D:ep.n:i l\OJJJ(atta
Jhl. Oratt KOca C¥HbIK napacptttt.n:ep )l(eM.n:epre 6araJibI ycTeMe 6e
.10KThI-B11rnM11tt.n:iK KOHUeHTparrapJ(bl (EBK) ett.n:ipeTiH MHKpo6H0-
.10fl15IJiblK ett.n:ipic ywiH IIIHKi3aT 60JibIII Ta6h!J1a,Z:(bl. 

l(ammbl naparjJu11oep oe (C20H4rC10Hs2) TOTbII\Katt.n:a )l(0Fapbl 
\ !aH KbilllKb!J1J.J,apbIH 6epe,;i:i . TepMH5IJ1bII\ KpeKHHr Ke3itt.n:e I<aTThI na
pacpHtt.n:ep CHHTe3.n:iK )l(YFbllll 3aTTap ( eKiHllliJJiKTi aJIKHJJCYJJbcparrap) 

GHLJ:ipy ywiH MaH;hl3.U:bI wnKi3aT - :>Korapb1 a-onecpHH.n:ep.n:i :>K;:JHe .ZJ.e 
cyLJ;a :>K;:JHe MaM:.n:a epHTiH ;:ipTypni 6eTTiK aKTHBTi l\OCblJ1bICTap.ZJ.bI 
(OHbIIi iwitt.ZJ.e MaM:nanrw MaM:napra l\OCnaJiap .n:a 6ap) ett.n:ipy ymiH 
Ka:>KeT aJIKHJ16eH30JIJ(ap MeH aJJKHJJcpeHOJI,llap.n:bI Ty3e.ZJ.i. 

l\aHbl"Oa£aH K0MipcyTeKTep. 6acrnnl\bl IIIHKi3aT peTiH.ZJ.e JTH
,1eH, aueTHJieH, nponHJieH, 6yTHJiett.ZJ.ep MeH nettTeH.ZJ.ep Matt;bI3.D:bI 
6onbm KeJieni. )J,HeHLJ;epnia iwitt.n:eri Matt;bl3.r\h1J1apb1 - 6yrn.n:HeH 
.\ leH H3onpeH. 
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CynL<!>~W"'"'PY Xnopnay 
Cym,<jio · opJ1ay 

XHopnapa
qmn;iep 

Ee1t30JL'lhl 
a:rKHJUey 

j~/.~~;1·, -1 
''<m.10-:11.1p_1 -i-

Kpcl\HHJ 

.-:-:::--'---. 
)KorapLI •ap6011 )Korapo.1 

Kb lllJl\.hL l.lapbI 0; 1~1jrn1uc:p 

A /iKV/! · 

~f!fOl!b! 

A .. TJKHJI- .~\_1K~rn- A..!ll\H.1-

~-6_.0_11_3orJCI __ ap'---' ~-.,----'--" -,-,-~-T--.--J'--'--~'-"~'-'"-"r~H_L_t._la-'--'p c}J~Jh>. 1.'lap 

Cy.1hcjianay 
J 

0•.:11-
) llLUI!>' 

·laltiarJ.Jm ~ 1 aibapra 
KOCn:Llap 

5-cypeT. C¥tthIK lK;rne KaTThI napacp1rn.11ep.11i Xll~IULlhIK eH.11ey 

3mw1e1-1 e1-1; ;:)M6e6arr M¥HaHXHMHJIJihIK IJ.IHK13aT: o,n:aH 3THJI 

cnttpTiH, 3TttJieHoKctt,n:, 3TttJieHrJIHKOJih, cT11po11, n11x11op3TaH )!(;)He 

Kemerett 6acK:a na XHMHJIJihII\ ettiM,n:epni aJia,n:hr (6-cypeT). AJiafi,n:a 

3THJieH ell; Kerr M8JIIIIepne IIOJIH3THJiett.ni eH,n:ipy yIIIiH naH:D.aJiaHbl

Jia,r\hl. 8pTyp1Ii eHiM.D,ep 8H.D,ipicitt.ZJ,e aJIKHJI.ZJ,eywi areHT peTiH.ZJ,e 

I\OJI.ZJ,aHb!JiaTblH )f(0Fapb1 011eqrnH.nepre .ndiiH 3THJieH.ni OJIHfOMep11ey 

y.nep1crn11-1; Ke11ernen MOJI. 

I '3TUJ!l'H I 
I I 1 I I 

X."'JI~•)' 0:KCH- Tke.rrii: Oxco- f>Cljl >T>· 
XJIOpmy TOThD;Thlp)' C!Dfrn l..00t.T13.}' 

6-cyper. 3nueH!li X!Dll1lLlbIK 8HllCY 
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n j )(}llll.7c:// 11"30rlp0n1Ll Crlll\1Ti , Llllllep11H )l\;)llC } rlll X.lO pr!l,.lpllll . 

11pom1.1c110KCIU. U.-\ICTILl CTllj)OJl. 1nonpornrn6c1non (KYi\-tOJI). aKpO

JICl1H )!(;:me 6acl(a l(OCbIJiblCTap)J,bI (7-cypeT) CHHTC3JJ,ey yrniH IIIHKi-
3aT 6onbm ra6brnaJJ,b1. CTporrttneH onttroMepnepiHiu 6ipK:arap ali:MaI<
rnpna KOJIJJ,aHbIJIYbI ITOJIH3THJieHre I<apaFaH)J,a )l(al(Cbl K:aCHeTTep 

. . . . 
KepceTenH nonttrrporrttneHHIU pem apTbIII KeJieJJ,1. 

CTporrttJICHJJ:i tt3orrpeHJJ, i CHHTe3ney yruiH rrali:JJ,anaHyJJ,a Kenerneri 
\ !OJI. AnJJ,bIMCH rrpomrneHHiu JJ,ttMepiH anaJJ,bI (Heri3iHeH 2-MeTHJI
neHTeH-1 ): 

2CH3 - CH = CH2--.. CH2 = f -CH2 - CH2 - CH3 , 

CH3 

OHbl KettiHHeH 2-MeTHJIITCHTCH-2-re H30MepnettJJ,i )!(;)He KpeKHHriney 
apI<bIJibI MeTaHJJ,bI 6enirr tt3orrpeHre attHaJIJJ,1>1paJJ,1>1: 

,---, ,--, TiponnJieH 

no.11rncp- A.itm.'1.lCY r1upa- Ton.11r.;- 0KCO-

.1ey 

no.111npo
n11m~H 

7-cypeT. Ilpomrnett,ni XHMHJIJJbII\ ett,ney 

nonmuep
ney 

)Kyrww 
1ncym.

c1»auon 

EymzmeHoep M¥Hali:xttMH~JibIK eHJJ,ipicTe Mal{bI3)J,bI pen aTI(apa
.J,bI, HCfl3IHCH onap KayqyKTepJJ,i CHHTC3JJ,ey yrnrn I<OJI)J,aHbIJia)J,bl. 
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C111ne3!liK Kayc1yKTepJ:i,i e1r;J,ipy ywirr Ke6ipeK K0.1JaHbL1an111 w11Ki-

3ar 6yreH- l )KJHe 6yre11-2 - 6yrnm1e11-l ,3 e11JipyJeri ry3ineri11 KO

ChIMWa eHiMnep. 1'l3onpeH MeH 113o6ynmeHJJ,i conoJmMepney apKhI
JihI apHatthI CHHTe3JJ,iK KayqyK - 6yr11nKayqyK aJia)J,hI. KpeK11Hr-ra3-

napnhm 6yrnH6ynrneHJJ,iK cppaKuirnnaphrnJJ,a 6mrnrhrn 6yrnneHnep 
Heri3iHJJ,e MOTOp OTbIHbIHa KOCbIJiaTbIH :lKOFapbl OKTaH)J,bl aJIK!1JiaT 

eHnipineni. hl.¥HattJihI Mattnan1lll MattnapJJ,hI KOIOJiaHJJ,hipFhilll periH
ne )K;::)He 6acl(a JJ,a Mal(CaTraprn l(OJIJJ,aHbIJiaTbIH T8MeHri :lK;::)He :lKOFa

pbl MOJieKyJiaJihll( IlOJil111306yr11JieHJJ,i 8HJJ,ipiciriK MaClllTa6Ta lllhIFa

paJJ,bl. Eyr11neHnepni coHJJ,att-aK eKiHllliniKri :lK;::)He yllliHllliniKTi 6y

THJI cn11prrepiH :lK;::)He 6acl(a eHiMnepni eH!lipicriK eHnipy yllliH natt

L(anaHbIJiaL(hI (8-cyper). 

IleHmeHoepoi Ka3ipri Ke3L(e Heri3iHeH 113onpeH!li KayqyKTep 8H!li

pici YllliH I\OJI!laHa!lhl. Kett6ip :lKaFL(attnap!la neHTeHL(ep!li aJIKHJI!liK 

areHrrep periH!le KOJI!laHbIJiaThrn on11roMepnepre on11roMepnettL(i. 

EymaoueH-1, 3 re MaH;hB!lhI M¥HattxHMH5IJihIK ettiM!lep 1<arapbrna 

:lKaTa!lhl. On ;::)prypni: 6yra.[(11ett!liK, 6yrnL1Hett-cr11poJI!lhIK, 6yrn

!lHeH-MeTHJICT11ponL(hII\, 6yrnL(HeH-HHTpHJIL(iK, xnoponpeHL(iK Kay

qyKrep!li CHHTe3L(ey yllliH lllHKi3ar peniH aTI\apa!lhl. Eyrn!lHeH Heri-

3iH)J,e 6onaTbIH 6ipl\aTap CHHTe3)J,ep - a)J,HilHH I\hIWI(bIJlhIH, UHK

JIOOKTaHL(bl )K;::)He UHKJIOL(eKaHL(bl any 6enrini. 

I I lhofip.,.m, I 
I I 

A.lKILU.ey r1upnrn.- Cono.111- no.1m1ep.1e,. 
111111.iay Mep.1e,_ .. 

~ l " ! • 
~ l ! 
-§ ~ ii ~ ~ > 

"' {!: c: 

e . 
l l 

c I j • ~ • 1 

• ~ 

~· 
; 
~ 

~ 
~e-. :; 
H 
~ 
:; 

rl 11-6yn1.1e11 h 
1·-·1 

r1upllTllUllA.lll~ 

MeTH.11TH.l· 

li)'Tll.:IHl!H 

E1d11wllh,1i 
Ciyrn.1 c1mpri 

COflO.lHMtp.ltpi 

flO.lHfi)"Ta,lllltH 

6yn.:1He11-crnpo.1 
no.'THMtp.upl 

b:l11wl.1h .. 1i 
fi~TH.1 a.uerar 

8-cyper. ll306ynl.1e1ui Xll'.\1115!.lblK eHuey 
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fho111!l't{(!i 1uonpc11.::i i1-: KaycryK any ywiH noJilli\ICJHCHLl i . OraH 

h:oca <:rn :up1cre rnonper u i 6ynrnKaycryK a.'ly ywi11 11306ynr11c11MeH 

cononHMepneHni. 

A11e11111.1eH Bl1HH11x11op11n, aueTa11b.n:er11.n:, BHHHnaueTaT, aKpH110-

!!11TpH11, xnopJTHnettnep )l(;me 6acl(a11ap.n:b1 CHHTe3.n:ey ywiH l(OJI)J.a

l!bI:laD:bI (9-cypeT). 

O ooe11eH ea Ken (KeaipeK) KonnattbrnaTbIH )l(yn1w 3aT - H30.n:o

:1emrn6ett3011cy11bcpoKbIWKbIJILlbI eHnipyneri )l(apTbrnaH. ettiM 6011hm 

ra6bIJIR.Ubl . 

ApoMaTTbI K0MipcyTeKTep. ApoMaTThIK KeMipcyTeKTep M¥

Hai1XHMH5!JlhIK ettnipicTe KeH. KOn.n:aHhIC rn6y.n:a. Ea MaH.hI3!J.hIChI -

6eH30J1, O;l T¥TbIHY KeneMi 6ottbIHWa 3nrneHMeH rnaManac. 6ett30JI 

\ IeH OHbIH. roMOJIOrTaphIH KenTereH M8JIWep.n:e fvJ¥HaH lIIHKi3aThIHaH 

TiKeJieH ai1.n:aJIFaH 6eH3HH)J.ep.n:eH )l(dHe rn.n:poKpeKHHr 6eH3HH.n:epi

HeH KaTMH3JJ.iK p11cpopMHHri11ey apI<:b!Jlhl ana)J,bl. 

A ll t TM.1'11 

r1upol.1op.111y ru.1p11r11111111.11) no.lH\ltp.1')' 

ll u uw.11.1up1u 
AKpH.1011Ml'plL1 

no. IH IU lllll . ).l.: 10p11.l 

TtTlJU-l Op>TH.l lW 

ilerw.1poL1op.11y 

TpMl.10plTK.1fK 

fK.lpG.lMl 

9-cypn. AuernrreHni XHMHJIJlhII\ el{J:(ey 

EieH30J1 (K8IlTOHHMhll\ apoMaTThll\ llIHKi3aTTbI) TOJIYOJI MeH KCH

;10Jl)J.ap.n:aH KaTaJIH3!J.iK rHLtpo.n:eanK11n.n;ey apl\h!JlhI anyrn .n;a I\hI3hiry

WbIJibIK 6ap. 10-cyperre apoMaTTbll\ K8MipcyTeKTep.n:i KaTanH3)J.iK 

pttcpopMHHriMeH any C¥J16ach1 KepceTinreH. 
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hl' IBllll 

fH.!1.poreHHJaUHRnblK: 
Tua.nay 

j 
Ky1dpTC)'TeK ~--TSJapTblJffaH Kett lflpaKmu1 

KaTa..'lHJ.!J:it.: pmt>opmmr I 

ApoMBTTbl f.i: 11:eMipc:yreK'tep.11i 
Jh'.CTpat.:UHR.uy (waiinm,'lay) 

I 
Pa!J>1111ar 

j 
Apo'.\1arr1.11o: t.:oMipcyret...Tep 

10-cyper. ApoMaTibII( J<eMipcyTeKTepni KaTa.HH3lliK 

pmpopMHHriMeH aJJ)' qJI6aCbl 

ApoMaTihII\ KeMipcyTeKTep.n:iH. ipi Ke3i oneqnrn.n;ep eHwp1c1HIH. 
)!(aHaMa eHiM.n;epi - 1rn:pomB.n;iK rnaih,1pnap. Oneqnrn.n;ep MeH nom1-
oneqmH.n;ep.n;i any 6oi1:hrnrna I\yarrhJJihII\ apTyhrnhIH. (.n;aMhIFaH eH.n;i
picTiK en.n;ep.n;e )!(bJJlbIHa 6ipHerne MHJIJIHOH TOHHa) H;HH)!(eCiH.n;e ITH
poJIH3JJ:iK mai1:b1pnap.n;h1 eH.n;ipy Mac1ma6b1 ecin Kene.n;i . 11-cyperre 
apoMaTibII\ KeMipcyTeKTep.n;i TeMeHrioKTaH):(bl 6eH3HHAep.n.i n11po
JIH3):(err any C¥J16acb1 KepceTinreH. 

TeMettrioKT&H.iILI 
6eHJHH 

n11po.111n I 
I 

i4'Pf8!.; f83 IlHpOJJHl 6e1111111i 

j 

Ilnpo.1111 UISiiblpM 

<I>paKUHHnay I 
r-=s-1 

3THJJeH Ilp~OHJJeR 

I r11Jlpore111tl8UIUIJ1blf\ 
Tll38.t1ay 

T831pTblJlf8r nHp06eH3HH 

I 3KCTj>8KUHR I 
ApoM&TThll( KOMipcyreKTep.1111{ KOHUeHTp&TLI 

I 
PeKTn<ftHK&UHR 

6eHl0Jt To.t1yon Cs,C9- apoM&TTLIK 
1\:0:\lipc:yTt.'Kil'j) 

11-cyper. Apol'>IaTTbIK KeMipcyTeKTepni Te:vreHrioKTaHllbI 6e11311Hncp.:ii 

r111po.11n6eH a.1y C¥.16acb1 
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Har]na:11111 t11uipici yu1i11 25%-ra :i,eiii11 mujnan1111 rnMononapbr 

Cio;rnri,111 Kara:muiK KpeK1111r raJolinhnepi - w11Ki1aT. 12-cyperre 

1racprnmrn anyD,bIH qm6acbr KepceTinreH. 4-5% ttaqmuurni 6011aThIH 

1 mpomn;i,iK wattbrp Hacprnmrn any K83.[(epiHiH 6ipi 6011brn rn6hrna;:i:br. 

Eer/30.1 u1rKnoreKcaH, 3THn6ett30JI, 113onporrn116ett3011, )KOFapbr 

ru1K1rn6e113onD,ap )!(;;rne 6acK:a 6aFaJihr ettiM.[(epD,iH w11Ki3aTbr 6011hrn 

rn6brnaD,bI ( 13-cypeT). 

To.1yo.1db1 rnD,poD,eanKHnD,en 6ett30JI a11aIJ,bI. Tonyon coH.[(att-aK: 

6ett3ol'r KhIWK:hIJihI MeH 6eH3aJibD,ern.[( 8H.[(ipiciHD,e K:OJI.[(aHa.[(bI. 

Kcu.10.1dap. n-Kc1111011;ri:hr tteri3iHeH Tepeqna11b l\hIWI\hIJibIH anyrn 

KOJID,aHaD,bl, 0-KCHJIOJID,bl TOTbll\Tb!pbrn cpTaJib aHrHD,]JHD,iH aJia)J,bl, M

KCHJIOJID,bl TOTbll\Tbl]Jb!Il aJIKH)J,TiK IlOJil1Mep11ep eH;:i:ipiciHe [\OJID,aHa

Tb!H 113ocprn11 K:bIWK:bIJibIH ana.n;hr. 

KpeKHHr r330HJ1i 

3KCT]JaKUHl!JJay 

fni!poreHHJaUHllJJhIK rnJapry 

fl111poreHH3aUHllJJhIK 

i1eaJJKnm1ev 

HacjJTaJJHH 

UmmoaJIKaH11ap 
JKaHe napaqmH11ep 

CyTeKTi KyKipT 

12-cypeT. HacpnumH,1\i any C¥JI6acb1 

3mim6eH30ll IlOJIHCTH]JOJI )!(;)He CTH]JOJI MeH 6yTa;:i:11eHHi~ cono

cll1Mep11ettyiHeH Wb!FaTb!H Cl1HTe3;:J:iK KayqyK 8HJJ:ipiciHe ~MCaJia

Tb!H CTH]JOJI eH;:i:ipiciHi~ IIIl1Ki3aTbl 6oJib!Il Ta6hrna;:i:hI. 

f13onpom1c16eH30ll (KyM011) Menrncrn:po11 e11;:i:ipiciHe ~cana;:i:b1, 

8IITKeHi OJI ;:i:a CTH]JOJI CIUIK,Tbl CHHTe3;:i:iK KayqyKKe MOHOMep 60Jib!Il 

Ta6bIJiaD,bl )!(;)He cpeHOJI MeH au,eTOHHbl~ 8H;:i:ipiciHe K,a)KeT. 

JKozapbz GJ?KUIZ6eH30J?dap ¥JhIH aJIKHJIJJ:iK CJO-C 18 Ti36eri 6ap an

K11116ett3011cy11bcpattarrap;:i:b1, )!()'Fhllll 3arrap.n;hr, cott;:i:arr-aK, )K)'Fhilll 

KaC11errepi 6011aTb!H MattJiaFbllll Matt11aprn C)'JibcpOHaTTbl~ K,OCb!M

lJJaJiapD,bl any ywiH 6acrnnK,hr 3arrap 6011brn rn6hrna;:i:hr. 
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llpu111t.lt!Oli::ll 

a.1i.:11;uey 

TI.1aCT~lllCtara, 
on.111,1aprL 

~1anra ycT01 e.1ep 

Ho11or t11.1lt.\ltc 
~TIJUlllllnap 

lon.1i..TbJPY j 111.h:1t,1c11 

Ta.111.11 • .t i..Tap 
{11 t il:1011, i.:anpo11) 

a:nm:ue)· 

fl[Hl l llt . 11"11 

1np0Mep
.1 ephmt 
a.lKll.l.l e~ 

lu ILJh;I Llp~ 

MLlrll H 

13-cypeT. EettJo,1.ub1 XHMHllflhIK ett.uey 

ll p11 11 1t.l l"l!\ll'll 

a.:n.:it.1.U) 

HacI>TeHJJ:iK KeMipcyTeKTep. H3qneH,UiK KeMipcyTeKTep,Ui eH.ui

picTiK II3H)J,3JI3HY)J,bIH, MaH,bl3)J,bl 3HM3Fbl - OJI3p.Ubl K3TaJIH3.UiK pH

cpopMHHf )KOJibIMeH 3pOM3TibII< KeMipcyTeKTepre 3HH3JI.Ubipy. 

I.{uKJ102eKCGH HacpTeH,n:iK KeMipcyreKTep.uia iwiH.n:e M¥HaHXH

MlUIJihlK CHHTe3,n:e ea Kerr IJ3HllaJI3HhIJI3.UbI. OJI 3.UHIIHH I<hIWI<hIJihI

HhIH: eH,n:ipiciH,Ue 63CTal11\bl llIHKi3aT 60Jib!Il Ta6hJJI3llhl , 3JI OJI Kbllll

I<bIJI Heri3itt.ue HeHJIOH aTibl IlOJIH3MH.UTiK TaJilllbIJ<Tbl CHHTe3.uey 

)Ky3ere aC3llbl. QHKJioreKC3HH3H UHKJIOfeKC3HOH 3JI3.Ubl , OJI K3npoH 

TaJilllbIFbIH CHHTe3,ney ywiH I<OJI.U3HblJI3TblH KOI1pOII3KTaMllbl CHH

Te3,n:eyre 113HllaJI3H3.Uhl. QHKJioreKC3Hllhl 6eH30JI.Uhl rn.n:poreH.uen 

HeMece M¥ffaH cpp3KUH5IJI3pb!H3H 6eJiin aJI3.UhI. 

1.3. KeMipcyTeKTiK UIHKiJaTThI 

M¥HaiiJJ:aH 6eJiirr aJiy 

hl¥tt3ttXHMH5IJihlK eH,n:ipic ywiH llIHKi33Tibl M¥ff3Hll3H eKi )!(OJI

MeH aJia,n:hI. EipiHllliciH.ue lIIMKi M¥HaH.U3Fhl Ka)!(e:Ti 33TI3p.UhI O.U3H 

6eJiirr aJia,Uhl HeMece ::ipTypJii cptt3HK3-XHMH5IJiblK ::i.n:iCTepMeH (3HJJ;3y, 

3KCTp3KUH51JI3Y )!(;::itte T.6.) KOHue1npney 3pKhJJlhI 3.13.JbI. EKimui 

)!(OJIMeH 3JIFaH.U3 6enrini 6ip x11M1rnTexHonorn5LlbIK o n ep3mrn.1ap 
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( 11cri3i1rcll JCCTPYKUll5IJlbJK c111iaTTaFbl 81!.lley) 1Kypri3eni. D¥Jl /KOJl 

rum:i ~L\'HaiL::ia 60.1\iaiiTbIH lICMece eTe a3 60,1aTbIH (0Ilecjim1nep, 

cT11pOI1D,ap 1K;me r.6.) KeMipcyTeKTep.ni MY ywiu I\OJl.II,aHbIJia.II,hI. 

M¥:uaH:x11M115!HhIH rn11Ki3aThI peTiu.ne nai1.II,MaHbIJiaThIH IKCKe 

(Ta3a) K8MipcyTeKTep KCH M¥Hai1 cppaKUl15!Jiapb!H M¥HaH.II,bI 8H;.II,ey

-JiH 6ipimniniKTi 1K;me eKiHrniniKTi y.nepicrepiHeH aJlhIHaTbIH M¥Hai1 

emM.uepmeH MaJJ,bI. 

M¥Hai1m1 eH.neyniH 6ipiuwiniK y.nepiciu.ne (rn11Ki M¥HaH.II,hI 6i

piHwiniKri aH:.nay.na) onap.II,bI .nepeKi ryp.ne 6erriuyi 1Ky3ere aca.II,bl. 

6¥J1 Ke3.ne KeJleci Heri3ri cppaKu1rnrrap.II,bI Ma.II,hI: 

c/Jpar:Z/1151 
neH3llH 
Kepoc11H 
fa30lL1b 
Maii1arb1w Mailrrap 

Ma3yT 
Dime ( neK) He~1ece KOKC 

Tl)ait., °C 
20-200 
175-275 
200-400 
300-neH )l(Orapb1 
(1eK saKyyMna ailnarranh1) 

lli11Ki M¥HaH.II,hI 6piHrnirriKri aH:.nay.II,hIH: IKett:irr.nerirrreH ryp1 

14- cypeTTe KepcerirrreH. 

AH:.nay.nhIH 6ipiHrni caThIChI T¥Pal\TaH.II,bipy ( crn611mnaumrnay) 

,Jen arnrrhrna.II,hI. Orr Ke3.II,e 6yrnHHbIH. 6ipa3 6erririH IK::JHe nponau, 

·naH MeH MCTaHHblH 6apJ!bII\ M8JIIllepiH aHbipa.II,bl (IKOFaJlTa)J,bI), ::lHT

nece orrap 6eH311Hre IKOFapbI l(bIChIM 6epin 1KaFbIMCb!3 ere.ni. D¥Jl 
onepau1rnHhI, ::i.nerre a3.narnH l(bICbIM.II,a (3-5 arM) 1Kypri3e.II,i IK::lHe 

neHTaHD,ap MeH IKeH,irr KeMipcyreKTep.II,eH T¥paTb!H c¥H:bII\ )J,11CTl1JI

.15!T arra.nh1. 

AH:.nay.II,hIH. eKiHrni caTbIChIH aTMoccpepMhII\ I\hIChIM.II,a 1Kypri3e.ni. 

KorroHHa.II,aH 6ipuewe cppaKUM5!Jiap.nh1 MaLl,hI, aJl Ky6rhII\ I\ail.II,hIK~

rnp.II,hI (III KOJIOHHa) /KOFapbI TeMneparypa.na aH:.n;arraTb!H cppaKUM5!

.1ap MeH ai1.n;MMaHThIH ayb1p I<:arr.n;hII\rnprn saKyyM.n;a, Kei1 Ke3.n;e cy 

6yhIMeH aH:.n;ay apl(bIJihI 6erre.n;i. 

I\apanai1hIM cppaKutt5!JiaHrnH aH:.n;ay.n;hIH. euiM.n;epi KeMipcyreK

rep.n;iH l(OcnarrapbI 6orraThIH ::ipryprri cppaKUM5!Jiap, orrap.n;hIH. irniH.n;e 

\1¥HaHXl1Ml15!Cbl yrniH /KeH,irr cppaKUl15!Jiap (T¥Pal\TaHJJ;bipy caTb!CblH

.]aFbI c¥!1hIK .n;11cr11rrrr5!T IK::lHe 6eH311HJJ;iK cppaKutt5!rrap) 6arnrrhI. D¥Jl 
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cppaKUH51IIapnaFbI HHJlHBHJlya,1n b1 TeMer-rri Ke:v1ipcyTeKTepni TeK iKe
Tin ;i, ipinreH 6eny T;.:icinnepiMeH 6enin anyra 6ona.D,bI. 

I 

Cs, C4 aJIKaH,J::(ap 
)!(;me )l(e11inipeK 
KOMTIOHeHrrep 
( K.¥PaM.n;acrnp) 

DeH3HH 
KepocHH 
)Ke11in 
ra3oi1nb 

t 

II 

760 MM Hg 

ra3oi1.1b 
MaJ.lnarbilll 
Mai1J1ap 

I\aJI.n;blK (ayblp 
Ma3yT, ry.llJJOH) 

III 

14-cypeT. M)'HaH.[lbl 6ipiHllliJJiKTi aJ.l.n;ay 

- 50-100 
MMHg 

IleHTaHJ1ap,nb1 1<,oca ecemereH.ueri TeMeHri napaqnrnnepni 6ip-
6ipiHeH cppaKUHHJibIK, aii.uay apK,bIJibI 6eneni. AmbIHI.libI KeMipcy

TeKTeH 6acrnn KeMipTeK aToMnapbr onaH na Ken KeMipcyTeKTepnitt: 
MOJieKyJianbII\ Maccanapbr apTI<aH cattbIH H30Mepnep caHbI aprn.llbl. 
OcbIFaH 6aiinaHbICTbI )K;.:iHe onapnbm apachIH.lla napacp1rnnepnett 
6acI<a HacpTeH)liK )K;me apoMaTTbII\ KeMipcyTeKTep 6onaTbIH.llbIKTaH 
)!(3M aii.uay T::icini THiMCi3 6ona,llbl. foMOJIOITbll\ I<aTap,ll3Fbl KeMip
cyTeKTepnitt: )KOFapbI Myrnenepitt onap.llblfl H30Mepnep caHbI eTe Ken 

6onrnH)lbII\TaH cpmttKaJibIK, ::inicTepMeH 6enin any MYMKiH eMec .uey
re 6ona.nhr. CoHbIMeH, Kypneni K.¥PbIJibICTafbI KeMipcyTeKTepni Ka
panaiihIM KeMipcyTeKTep.[(i CHHTe3.[(ey apK,hIJibI ana,[(bl. D¥JI - rn

MeHri napacpttH.[(ep MeH onecpttH,Uepnitt: M¥ffaMXHMHHJibIK, 8H.[(ipici 
yUiiH MaH:bl3,[(bIJih!FhIH aHbIK,TaMThIH ce6enTepnitt: 6ipi. 

M¥uaiiti:hl 6ipiurniJiiKTi aiiti;ay 1'0Hti;b1pnIJiapti;bIH: TexHoJio
rnHJihI1' C¥JI6acbl. I(oHOblpi!bl!IGpObllf myp!lepi. ATMOccpepaIIbll\ 
)K::JHe saKyyM.UbII\ ryTiKUieni K,OH)lhipFbrnap 6ip-6ipiHe T::iyenci3 60-

nanbr HeMece onap 6ip KOHJlbiprbr K¥P3MbIHa 6ipiKTipi.1e.J.i . 
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Ar:11occj}cpa.·1b1K TYTIKWC KOIIJlbl\JFbIJJap o.1ap.'\bIH Tcx11ono-

111>LlbIK C¥:IOaCbIIIa oaiimlHbICTbl M¥1Jall_fl,bl oip JlYJ)KiII ;JOHC CK! 

JlypKiH 6ynaHLI,b1py KOHLI,bipFbrnapbrna 6erriHeLI,i. 

Eip nypKiH 6yrraHLI,b1py I(OHLI,hipFhIChIHhIH, rrpHHUHIITiK C¥J16acbr 

l 5(a)-cypeTTe KemipinreH. M¥Hatt llIHKi3aTThIK copa6brMeH :lKhrny

arrMaCTbipFbilll )K;:JHe TyTiKlllerri rrelll apl(h!Jlhl peKTI1cpI1KaUI151Jlbll( 

KO.iIOHI-JaFa :lKi6epineLI,i. 3BarropOUI151Jlbll( KeH,iCTiKTe M¥HaHLI,h!H, 6ip 

;::LypKiH 6yrraHybr 6onaLI,bI. M¥Hatt 6yrrapbrn coLI,aH coH, peKrwcpwKa

UI151 apKb!JlbI Mal(caTTbIK cppaKumrnaprn 6erreLI,i, COHLI,att-al( peKTI1-

cjmKaUH51 rrpoueciH I(OITLI,aHy apl(h!Jlhl C¥Hhll(Thll(TaH OH,aH ¥lllaTbIH 

cppaKu1rnrrap KeripirreLI,i. 

H·t 

6 

)[ 

K·t K·2 

f H 

n-2 

H-1 

15-cypeT. M¥HaHJJ:hl 6yp n:ypKiH (a) )!(;me eKi n:ypKiH 
(6) an10c¢eparrb1K ai1n:ay qJI6acb1: 

I - :vt¥Hati; II - ra3; III -6eH3HH; IV - KepocHH; 
V -mneJJhl!iK cppaKum1; VI - Ma3yr 

EKi LI,ypKiH 6ynaHLI,hrpy I(OHLI,hrpFhIChIHhIH, C¥J16achr 15(6)-cyper

Te KerrTipinreH. )KhrnyarrMaCTbl]JFblllITa K.hl3Ll,blph!JlFaH M¥HaH 6eH-

3I1HCi3LI,CHLI,ipirrreH Ll,CII arnnaThIH KOITOHI-JaFa 6epirreLI,i. 0¥Jl KOITOH

HaI-JblH, 3BarropouwoHLI,bI KeH,icririHLI,e M¥HaHLI,hIH, 6yrraHyhr 6orraLI,hI. 
M¥11ai1 200-240°C-re LI,ettiH K.hI3LI,hipbrnFaHLI,bII\TaH ry3irreriH 6yrrap

J,blH Merrlllepi Kerr 6onMattLI,bI :lK;:JHe orrapLI,a Heri3iHeH 6eH3HHLI,iK 

cppaKUI151ITap 6orraLI,hI. KorroHHaHbIH. KOHUeHrpaUH51ITaK 6erririHiH, 
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peKTIHjim.:aumrnblK rnpem<a.1apbrHJla 6c111111-1 ayb1p cjipaKUII51.1ap.::i,ai1 
6oni11cni iKJHe 6y Kyifo-1ne Kono111-1anai1 WblfaLlbI. EynapMe1-1 6iprc 
K:OHD.bipFbIFa M¥HattD.bl 6ipimuiniKTi ai1nayna11 KettiH KenreH cy 6yb1 
)!(;)He ra3,Uap na anb1crnTh1J1anbL 

)l{apTbrnai1 6eH3HHci3neHnipinreH M¥Hai1nh1 copanrnMaMeH anbm, 
TyTiKwe new apKblJlbl Heri3ri, 51FHH aTMOCcpepanblK KOnOHHaFa )Ki6i
peni, on )Kepne M¥Hai1nh11-1, Kai1rnna1-1 6ynaHybl )K;:)He Kepoc~rnniK, n11-
3enh..QiK cppaKUH51napbl ayblp 6eH3HH 6eniHeTiH 6ynap..QbJH, peKTHcp11Ka
UH51Cbl 6ona,Ubl ( COCblH onap,Ubl 6eH311H,UeHTiH KOJIOHHa,Ua apanaCTbl
pa..Qbl). MITTyT 6eH311HMeH 6¥JJ )Kep.ue Kan,UbJK: 6onbm rn6brna,Ubl. 

Eip nypKiH 6ynaH,Ub1py C¥JJ6acbrnb11-1, apTblKWblJlbIFbl 6¥JJ )Kep
.ue )Ke1-1,in )!{;)He ayb1p cppaKJJ,1151nap 6ipirin 6y.11aHa,Ubl. On ayb1p KOM
noHeHrrepni M¥Hai1.uhr Kbl3,Ub1py.uhm caJJbJCTbipMaJJbJ rnMeH (300-
3250C) TeMnepaTypanaphrnna Tepe1-1, 6enin anyrn MYMKiHniK 6epe.ui. 
Eip .uypRiH 6ynaH,Ub1py KOH,Ub!pFb1J1apb1 6acKa KOHLlbipnrnaprn Ka
paraH,Ua bll\WaM,Ubl, TyTiKTepniH ¥3blH,I(b!Fbl KblCKa 6ona,Ubl, COH,I(bJK
TaH OTblH,I(bl a3 Ka)KeT eTe,Ut. 

Eip ,UypKiH 6ynaH,Ub1py C¥JJ6acbJHb!H, KeMwiniKTepi: 
1. EeH3HH.UiK cppaKu1151napb1 )KOFapbI (15%-.uaH )KOFapb1) M¥Hai1-

nap,UbI ai1.n:arnHna )KblJlyanMaCTblpFbIWrnpnaFbI )!{;)He newTi )Kb1naH
wa.ua (11peKTeMe.ue) KbICbJM aprn.Uhl, Mb!KTb1paK )K;:)He MernnhJ Ken 
annapaTypaHbJ KOn,UaHy WHKi3arra attD,ay copanrnMaCbJHbIH )KyH:e
citt.n:eri KbICb!M,UbI aprrb1py J<a)KeTTiniriH TY.Ub1pa.uh1; erep cyb1 Ha
wap KeTKeH M¥Hai1 aii:.uayrn 6epinciH, on newTeri KbJCbIMD,bI aprrb1-
pyrn anbm Kene.ui )!{;)He new TyTiKTepiH.ueri cpnaHeuTiK KOCb1nb1c
rnp,UbIH, 6phrnybm TY.Ub1pyb1 MYMKiH. Erep al1.uanaTbJH M¥Hatt al1-
rnpJJblKTatt )KaKCbJ T¥3Cbl3,Uatt6aca, OH,Ua Kbl3D,biprnH Ke3D.e new Ty
TiKTepiHD.e MHHepanD.hIK T¥3D.ap T¥HaD.bl. Con ce6emett newTiH 
ttpeKTeMenepiHD.i )KepriniKTi aca KbI3L\bipbrny 6onaD.bI, OHbIH e3i 

. . . . 
aKbip COH,hm.n:a anaTKa TYTIKTepD.lH )Kaphrnyhrna anbm Keny1 MYMKIH. 

EKi.UypKiHD.iK 6ynaH,Ub1praHD.a ra3, cy MeH 6eH311HHiH al1rnp
JJbil\TaH 6eniri M¥Hatt rrewKe TYCKeHre D.ettiH M¥HattD.aH aJJbICTaTbI
naD.bI. E¥JJ )KaFJJ,aif rrewTi1-1, D.e, Heri3ri peKTmfmKaUH51nhtK KOJJOHHa
HbIH, ~MhIC iCTey )KaFnaifnapbm )Ke1-1,inD.eTeD.i )!(;)He 6¥JJ eKi .uypKiH 
6ynaHD.bipy C¥JJ6acbJHhIH Heri3ri apThIKWhlJlhIFhI 6onbm rn6hrnaD.hI. 
EKi .n:ypKiH 6ynatt,Ub1py qur6ach1 ;:)Cipece e1-1,D.eneTiH M¥HaH,UbIH Typi 
)!(Hi e3repeTiH )KaFnaii:nap.n:a. EKi nypKiH 6ynaH..Qb1py KOH1lbTpFb1:ia
pbmD.a 6ipD.ypKiH,UiK 6ynaH):\b!py KOHJ,blpFblJlapbIIIa T;:)ll KCMWi.liK
Tep 6onMatt.n:b1. 
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A. 1aii;w 6ip;1yp1..:i1uiK 6y!rn11y;J,an1 w1cn1:1.15ITTapnL1 :.K111-iay re
pc1t.:.1irn1c ;KCTY yur111 CKi :lypKilIJliK 6yJlaJ-l)lblpy KOJ-l)lblpfbinapb111Jl3 
\ 1¥HaHll.bI )KOFapb1 Te1vmepaTypMapra (360-370°C) neH:i1-1 I<:bl3LI.bipy
:JLI KepeK eTen i. EKiLI.ypKiHLI.iK 6yna1-1L1,b1py I<:OHLI.bipFLICbIHD.a peKrn
cjrnKaUH51JlLIK )KYKTeMeni copanrn1v1anap)J,bIH., KOJlOHHaJJap)J,b!J-1. caHbI 

. . . 
CKI ece apTall.bl, KOHll,e1-1cau115IJ1blK annapaTypanapD.bIH. enweM1 eceJJ,r. 

BaKyyMLI.bI K afui.ay KOHD.bipFb!JlapbI MeH 6noKTapbIHD.a .n,a 6ip
_J.ypKi1-1.1iK )JGlHe eKiLI.ypKiHJliK 6yna1-1y qn6aJJapbl I<:OJl)J,aHb!Jla)J,bI (16-
cypeT) . MaJyTibI 6ip.n.ypKiHD.iK 6ynaHD.bipy 6noKTapb1 e1-1. Ken rapaJJ
rm1 ( l 6(a)-cypeT). Onap Kemere1-1 M¥Hai1 8I-U1ei1Ti1-1 3ayb1rrapD.a 
( M83) ca:1brnra1-1. Asiatt)J,a na}1JJ,ana1-1y T;;i)Kip116eci ocbIHD.aH 6noK

rapJla iKorapbr cananhr i\ial!JrnpD.bl any ywi1-1 J<:a)KeT attI<:bIH ai1D.ay 
weKTep i OOJlaTbll-1 )J(al(Cb! peKT11QlHKaU1151JlaHFal-I BaKyyMD.blI<: )J,11C
Tl1JlJl51TTapL1,bl anyrn 6omrni1Tbll-lbll-I Kepceni. Apanac BaKyyMD.bJI<: 
_:_(HCTHJlJl51TTapb!HbIH. l(aHHay TeMnepaTypanapbl iKaTblCTapb!Hbll{ op
Tawa M;;i1-1i 70- l 30°C 60J1a)J,bl. 

BaKYYMLl.bIK LI.HCTHJ1J151TTapD.blH. ai11<:bIHD.b1J1bIFb11-1 )J(ar<;capTyrn 
peKT11cjJ11KaU115IJ1bIK rnpenK<rnapLI.bIH. caHbIH apTTbrpy apr<;bIJibI r<;on 
:.KeTKi3yre 6onanb1. AnaJ:ina M¥HLI.ai1 wewiM hlJIFH na TttiMD.i 6on
\-JaHJlhl, 8HTKeHi rnpenKanap caHbl apTr<;a1-1na KOJlOHHa.n:aFbl BaKyyM 
rnMeHneiiLI.i, T8Me1-1ri rnpenKanapD.a TeMnepaTypa aprnD.hI, )J(ttHarr 
anyD.hlH Tepe1-1nm aJattbIII, .llHCTHJ1JI51TTapnhrH canachr 1-1arnapnayb1 
v1y1vIKiH. BaKYYMll.bIK LI.HCTHJ1JI51TTapD.bIH. canacbIH apnb1pyD.hlH. pa
UHOHaJlLl,hIK (¥Tb!MLl,bl) )J(QJlbl - eKi D.YPKiH 6ynaH)J,blPY C¥JI6aCbl 
6otthrnwa a}rLI.ay (16(6, B)-cypenep). 

16( 6)-cypeTiHD.e Kemipinre1-1 C¥JI6a 6ipiHwi BaKyyMLI.bII<: KOJIOH
Hana Kett Matt cjJpaKUH51Cbll-I anyD.hI l(apacTb1pra1-1, OHbI nernTe I<:bI3-
J.blpbrnra111-1a1-1 Kei1i1-1 eKimni Kono1-11-1ana ai1D.ay weKTepi mp cppaK
wrnnaprn 6ene)J,i. 16-cyperre KepceTinre1-1 H¥CI<:a 6oi1hrnrna 6ipi1-1rni 
BaKyyM)J,bII<: KOJlOHHa)J,aFbl Ma3yTneH 6yi1ipniK aH)J,aJlb!M TypiH)J,e 
:.Ke1-1.in Matt )J,HCTl1J1JI51TbI 6eJiiHeD.i. K,anD.bII\ )J(apThrnai1 ry D.POH rrernTe 
KaHTaD.aH I<:bl3D.bipbmaD.bI )K;;i1-1e eKi1-1wi KOJI01-11-1ara 6epineD.i, 01-1.n:a 
6ac1<:a )J,HCTHJ1J151TTap aJibIHaD.hI. 

EKi caTbIJibI BaKyyMD.bIK ai1JJ,ay)J,a OTbIHHbIH., 6yD.hIH., 3JieKrp 
·meprn51CbIHhlfl I<:OCbIMWa Menwepnepr )J(¥MCaJiaD.bl. AnaHD.a Matt 
ll,HCTHJIJ151TTapbll-lbll{, COl{fbl rayapJlbII<: Mai1nap)J,bII{ carraCbI COJl )J(¥:M
caJ1FaH WbIFbIMD.ap)J,bI erett)J,i. K,ai11-1ay TeMnepaTypanapbIHbIH, «)J(a
TbICTapbIHhII-l» oprnrna Mdl-li 30-60°C-re D.eHiH T8MeH)J,eH)J,i. 
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}\OHilbtpFblJlapllbnt q.-i6acbt. M¥ 1rnii e 1uey Jaybnn1pbIH Ja 
(!Vl93) M¥11aii i\lell i\133YTTbl a~Ll<l)'1lblH iKOtapb!J,a iKa3bLIFa H 6ap.lbIK 

qn6arrnphr, )!(eKe T¥PaThIH aTMOccpepaJJhIK )!(dHe BaKYYM1lhIK ai11lay 

K0H1lhlpFbIJJ3phl, aTMOCcpepaJihIK-B3KYYM1lhlK TyriKwe KOH,[\blpFhIJJap 

KOJJ,[\aHbIJJa,[(bl. 

17-cyperre KyKiprri M¥Hattnap1lhI 8«1leyre ecemenrett , ettiM.ni

niri )!(blJJhIHa 6 MJJH TOHHa M¥H3H 6oJJaTbIH 3JIOY-ABT KOM61111a

Ul15!JJaHFaH (Kyp.[(eJJettreH) K0H1lhlpFbIHbIH; TeXHOJJOfl151JlhlK qur6acbr 

6epinre11. 

16-cypeT. Ma3YTTbI aaKyyMJJ;bII< aH.nay,11bII{ 6ip .nypKiH (a) )!(;me eKi .11ypKiH 
(6, a) 6ynaH,11b1py q.JJ6anapb1: 

I - MaJyr; II - cy 6yi,1; III - BaKyyMllblK KOJIOHHattblH n<orap1>1 n<anrn11ar1>1 6yrrap; 
rv - BaK)'YM.!lhlK .!IHCTIIJIJUIT (<PpaKUHll 350-500°C); v, VI, VII - M3HJlhl aifnarnwrnp; 

VIII - JKapT1>rnaif r ynpott, IX - ryilpott 

I\OH1lhipFhIFa TyceTiH Matt H-1 copanrnMachrMeH aJihIH3.[(hI )!(d

He eKi arhIHMeH llIHKi3aT )!(blJJ)'aJIMaCTblpFblillTapbl apK:hlJJbl eTe,ni, 

OH1la 130-140°C-re .[(eJl:itt KhI3Jlhiph1JJa,nh1. M¥ttaH1lhill 6ipi11wi arht

HhI 6ipimrri (T-1-oe) )!(dHe eKiHwi (T-2-oe) UllPKYJ1 51U115LlaiiTblH 

cyapyh1Me11 K-2 Kono1111achrna )!(bIJJyanMacyhIHbIH 11;;iT11 iKec11-1 J,c 
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h:J,1'3.1bl\)bLiaJ,bl. cKi11wi aFbIH T-3 iKbLlyanMaCTblpfb!Wbl apKb!Jlbl 

LneJ,i, 01 ua 350-500°C c[ipaKu115lcbn1c11 iK::rne K-6 BaKyj\IJ.bIK Ko

_101111aHbIK T-4 oprnwa UHpKynHU1rnnai1Th1H cyapyMeH Khl3Ll.blpb1J1a

.\bl. Con,a11 COI-l 1\'1¥HaHD,bII-l eKi aFbIHhI apanacaJJ,bI JJ,a, T¥3CbI3JJ,aHJJ,bI

py 6norhrna TyceJJ,i. 

T¥3Chl3JJ,aHrnH )K;me cycbl3Ll.aHrnH M¥Hai1 JneKTpn iK T¥3CbI3JJ,aH

;(b1py LJ,aH KeliiH K3HTaJJ,aH eKi aFb!HFa 6eniHeJJ,i )!(;")He )!(b!JlYaJIMaCTblp

fblWKa TyceLJ,i . M¥HaHJJ,bIH 6ipiHwi aFh!HbI T-5-Te )!(;me T-6-JJ,a ryL1.

porn1e11, an eKiHwi aFhIHbI T-7 TeMeHri u11pKyJU1UHHnai1TbIH cyapy K-
6 )((;me T-8-JJ,e ryL1.pom1e11 KbI3Ll.blpbrnaJJ,bI. 220-240°C-re Kb13Ll.biphrn

raH :V1¥HaH cocbrn K-1 6eH3HHJJ,epinywi KOJIOHHacbrna TyceJJ,i. 

K-1 )!(OFapbI eHiMi KOH.UeHcamrnnaHaJJ,bI )!(;me XK-1 )!(dHe XK-2 
aya )l(dHe cy KOHJJ,e1-1caTop cybITKbIWbIHJJ,a cybIHL!.hI, coJJ,aH COtt E-1 
pec\u1eKCTiK Cb!HblM)J,b!JlblfbIHa TyceJJ,i, OJJ,aH M¥H3HJJ,b!H, 6ipa3 6eniri 

copamaMa apKblJlhI cyapy (cp11erMa) peTiHJJ,e K-1-re opanaJJ,bI , an 6a

.1aHCTbIK MeJ1wepi e3iHiH KhICbIMbIMeH E-3 CbIHbIMLl.bIJihIFbIHa TyceJJ,i. 

T eMeHri e1-1iM K-1 6ipwaMa 6eH3HHJJ,epimeH MaH. H-2 )!(dHe H-3 
copanrnMaJ1apb1MeH aJib!HaLJ,hI )!(dHe TyTiKwe new fl-1-re 6annrn

_1anh1. DewTeH 360°(-re JJ,eHiH Kbl 3.UblpbIJIFaH M¥HaHJJ,bIH eKi aFb!Hbl 

Wb!F3)],bl, 01-Ib!H 6ipeyi peKTHCpHK3UH51 ywiH )!(blJIYLl.blH KOCb!MWa 

:vieHwepi1-1 3JlbITI K-1-re Kei1i1-1 opanaLJ,hI. 

)J{apTbI;1aH. 6e1-13HHL1.epinre11 M¥Hai1nbII-l eKi1-1wi aFbIHbI K-2 aT

:v1occpepanhIK KOJIOHHaCbIHa Tyce.ui , 01-1.ua OJI 6ipttewe cppaKUHHJiaprn 

6eniHeJJ,i. M¥HaHJJ,bIH fl-1 newiHeH WbIFaTbIH )!(epJJ,eri TeMnepaTy

pacbI 360°C-.ui K¥P3HLl.bI. 

Kon oHHaHbIK TeMeHri )!(aFb!HbIH TeMnepaTypacbrn TeMeHJJ,eTy 

)l(JHe Ma3yTTaH MeJlJJ,ip M¥Hai1 eHiM.uepiH TOnhII\ 6enin any ywiH K-
2-ne peKT11qrnKau11HHhI cy 6yhrnhIH K3ThICbIH.Ua )!(ypri3e.ui . By K0-

.10HHaHbII-l TeMeHri )!(aFbIHa j\aJIJJ,bil\Ka 1,5-2% MenwepiHJJ,e 6epine.ui . 

K-2 KonottttachIHhIH )l(OFapbI )!(3FbIHaH 6ett3MHJJ.iK cppaKumrnap

J,bIH K3HHayJJ,blH COHbl 180°( 6onaTb!H 6ynapbl, COH,Uatt-a]\ cy 6ybI 

r<eTeJJ, i . b¥Jlap XK-3 )l(dHe XK-4 aya )l(dtte cy KOHJJ,ettcarnp-cyhIT

KhIWTapb!Ha TyceJJ,i. KottJJ,e11cau11HnattrnH Kei1iH eHiM E-2 ChIHbIM

J,bIJibIK-cy aH.b!pFbIWl\a TyceJJ,i.CyJJ,aH T¥HFaH ayb1p 6eH3MH E-3 co

pamaMa apKbIJihI 6epineJJ,i. £-2-Hil-l 6ett3MHiHiH 6ipa3 Menwepi eTKip 

cyapMa peTiHJJ,e K-2-re 1<ai1rnpbIJia,Ub1. 

K-2 KOnOHHaCbJHaH COH,UaH-al\ yw6yi1ipniK aH,UaJibIMJJ,ap 180-

2300C, 230-280°C, 280-350°C cppaKUIDinap 6enitteJJ,i. On aH,a.anbrMJJ,ap 
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aJJ.J,bIMCH K-3, K-4, K-5 6yna1-1JibipFbIW K0.10111-ianapra Tyce;:ii . Eiy:rnH

;~bIJ11bIILI Ko1101-11-1 a..1apD,a 6yf\ipniK ai,fJia1b1 1\!LlapJiaH cy 6y b1 KaTbICbIH.13 

)f(eH,iJI cppaKU1151Jiap aJibICT3TbIJI3.ll,bI. )KeH,in cppaKUl15!J1ap.L1,aH 6ocarnH 

M3K.C3TTbl eHiM,II,ep qcttbIK. KyHiH.LJ,e K.OH.ll,blpFbI.ll,aH illbIF3pbIJI3LJ:bI, 3.Jl 

)f(eH,iJI cppaKUirnnap.[(bIH. 6ynapb1 K-2 KOJlOHHaCbIHa K.ai-irnpbrnaLI.bI. 

l 80-230°C cppaKUl151CbI KOH.LJ,bipFbI.LJ,aH WbIKIIac 6¥pbIH T-7 )f(bl

nyanMaCTbipFbIW )f(gHe X-1 cyhITKhIW apKb!JlbI eTeni . 230-280° C )f(g

He 280-350°C cppaKU1151JI3pbl cgi-!KeCTi )f(bVIYaJIM3CTblpFblll1Tap MeH 

llleTKi cybITKblillTap.ll,a cybITbIJ13,Ubl. 

K-2 KOJIOHHaCbIHbm ~MbIC iCTey )f(3F.ll,3Hb!H apnb1py )f(;me KO

JIOHHanarhI apnrn: )f(blJIYAhI any ymiH eKi UHPKYJUIUH51JlattTblH cyapy

.ll,bIH. WblfYbI KapaCTbipbrnFaH: )f(OFapFbICbI (11-rnpenKa.n;aH 6acrnII) T
l )f(b!JIYaJIMacTbipFbiillbI apKblJlbI eTe.ui )f(;rne K-2-.LJ,eri 10-rnpenKara 

K.attrn opana.n;b1; TeMeHrici (21-rnpenKa.naH 6acTaII) T-2 )f(b!JIYMMac

TbipFbIWbI apKbIJlbI eTe.LJ,i )f(gHe 20-rnpenKarn Kai-Im opana.LJ,bl. 

ATMoccpepanbIK. KOJIOHHa.naH MbIHraH K.aJI.IlhIK MaJyr H-4 copama

MaCb!MeH fl-J -ryriKTi IIeWKe 6epiJie.LJ,i . 410°C-ra .LJ,ettiH IIeWTe K.b13LJ:bl

pbIJ1F3H M33YT K-6 B3KYYJ\l.ll,bIK KOJIOHHara ryce.ui. Kono1-11-1ana KaJI.Ilbll<: 

KbIChIM.ll,bI 6,6 Kf1a eTiII ¥CTaH.ll,bI. TeMeHri )f(3K.TbIH. Tel\meparypacbm 

TeMeH.nery )f(gHe ry.n;pOHH3H )f(eH,iJI KOMIIOHeHmep.uiH. 6ynaey )f(3f

.ll,3Hb!H )f(eH.iJI.LJ,ery ymiH K-6-HbIH. rnMeHri )f(3FbIHa cy 6ybrn eHTiJe,n:i. 

K-6-HblH )f(OFapbI )f(3fbIHaH cy 6ynapb1, bI.JJ.bipay raJ.JJ.apbI , aya 

)f(gHe M¥H3H eHiM.JJ,epiHiH. (LJ:113eJib,UiK cppaKUl151Hb!I{) 6ipa3 M6JIU1epi 

illbirapbrna.JJ,bI, onap XK-5 KOH.JJ,eHcaTopbrna Tyce.ni . KoH.JJ,eHCHpneH-

6ereH ra3.LJ,ap Ken caTbIJibI A-I 3)f(eKTOpb1MeH copbrna,Ubl. 

BaKyyM.UbIK KOJlOHHa.ua Yill 6yi-iip11iK ai1.LJ,aJ1bIM.Ll,bI 15 , 9, 5-rn

penKanap.LJ,aH any I<apacn1pbIJIFaH . n¥Jl attb1pb1J1bIM.nap.Ll,bIH. 6ipa3 6e

niri cybITb!J1FaHH3H KettiH apTblK )f(blJlY any )f(gHe peKTHcp11K3Ul151 

)f(3f.Ll,3Hb!H )f(eH,in.neTy ywitt U11PKYJI51Ul151J13HTblH cyapy peTiHlle KO

JlOHHara K.ai-irapbrna.nb1. 

K,ott,n:b1prb1 Ma3yTThI OTbIH.ll,hIK. C¥J16a 6ottbIHll1a ai-i.LJ,ay yllliH rn

rattbIH,n:anraH. CoH,n:bIK.TaH saKyyMJJ,bIK. KOJIOHHa.uaH rayapJibIK. eHiM 

peTiH.LJ,e TeK eKiHllli aHJJ,aJibIM 350-500°C cppaKQ1151CblH illb!Fapan1>1; 

6ipimni )f(gHe yrniHini ai1JJ,an1>1MJJ,apJJ,1>IH. 6anaHCThIK apn1K.rnp1>1 K-2-
re K.ai-irap1>rna.LJ,1>1. BaKyyMJJ,bIK. KOJIOHHaHbIH. K.aJI.LJ,hIFhI ry.LJ,poH KOH

.LJ,1>1prb1JJ,aH copanrapMeH T-5, T-6, T-8 )f(bIJIYaJIMacTbipFbiillTapbI ap

KhIJibI copanTanaJJ,bI. 
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17-cypeT. ATMOccjJepa.J1bl-BaKyyMJlbll\ TyriKrne l\OHJlblpfblHbH\ TCXHOJ!OfHllJ!bll\ qr.r16acb1: 

I - M¥Haiinap; II - ra:i; III -T¥pal(faH!lbipy 6acb1; IV, V, VI, VIJ - mp 6cH3111111iK cjipaK1111HJiap; VIII - I 80-230°C cjipaK1urncb1; IX 2>11-
2800C cppaKUHllChI; X - 280-350°C cppaKL\HHChI; XI - 350-500°C cj>paKIIHHChI; XII - ry11po11 (500°C-11c11 )l(OFaphI cjipaK111rn); 

XIII - Koppo3Hll m1rn611rnpb1; XIV - cy 6yh1 



E-3 CbIHbI ~ I LlblJlblfbIH a ll l 8 0 ° C-ne11 n\Orap i,1 Ka1':\1-iai!Th111 6em 1111-

~llK cjipaKum1 c o panrn:via\1e1-1 T-8 :n\b1.1ya.1:viacTbiprb1 W b1H a 6epi,1e:1i. 

01-1.ua 280-350°C cppaKUH.s!CbIMeH l 70°C-re LI.etliH Kbl3.Llblpb!JI3,[l,bl , co
LI.aH coH, K-7 T¥PaKmHLI.bipFbIWbIHa 6epineLI.i. K-7-HiH, )l{Ofapb1 )!{3fbI
HaH 63cmnKhI attLI.aJibIMHblll 6ynapb1 - C1-C4 KeMipcyTeKTepi XK-6 
KOHLI.eHC3TOp cybITl(blWKa aJ!blH3Lf.bl, OHLf.3 40°C-re nettiH cybITblJI3,Ubl. 
XK-6-,[l,3H KOHLI.eHcaT E-4-Ke TyceLI.i . E-4-TeH )l{OrapbI eHiMHiH, K-7 
6ip 6eniri, OHhI ;;:i.ueTTe m¥PaK,maHob1py 6acb1 nen aTaJia,[l,hl, cyapy pe
TiHLI.e K-7-re Kai1m opaJiaLI.bI, aJI 6aJiaHCThIK Menwepi KOHL\biprbILf.3H 
anhrcmThIJianhr (KeTipine.ui). KannhIK - l 80°C-ne1-1 )l{OrapbI Kai11-1ai1-
ThIH T¥P3KTbI 6eH3HH.UiK cpp3KUH.s! 6eH311HLf.i eKiHwiniKTi 3HLI.3Y 6J10-
fbIHa TyceLI.i, OH.U3 mp cppaKu11.sin3pra 6eni1-1eni. K-7-neri 1(3)KeTTi )KbI
nynhIK pe)KHMLI.i ¥CTan T¥PY ywiH T¥P3KTbl 6eH311H,[l, iK cppaKU11.s!Hhrn 
6ip 6eniriH copamaM3MeH IT-2 newi apKbIJihI 3HL\aJI3LlhI, 01-1na 6yn3-
H3.UbI .ua, 6y cpa3ach1 peTiHLI.e K-7-re KattrnpbrnaLI.bL 

M¥Hatt <J>paKQHHJJapbIH eKiHrniniKTi aifnay. Kei16ip )!{aFLI.ai1-
JI3pLI.3 6ipiHWiJi iKTi ai1LI.ay.uaH 3JibIHfaH cppaKUJ1.sIJI3PLf.bl mp ai1.ua
JiblM,Uapra 6eny l(a)KeT 6onanhr, conaH COH, onapnhIH ;;:ipKaHCbicb1 
e3iHiH, mratthlHLlaJIYbIHa 6ai1JI3Hb!CTbl nai1nanaHb!JI3llbl. hl.¥HLI.3H 
6eny eKimniniKTi ai1,uay.n1111, )!{eKe I<OHJJ,hipnrnapbIHJJ,a HeMece ABT 
)!{;:)He AT l(OH.UblpnrnapbIHbIH, K¥P3MbIHa KipeTiH 6noKrnpLI.a )Kypri
JiJieLI.i. EnoKrnp 1-1eMece 6e1-13111-1ni eKiHwiniKTi ai1.uay.UhIH eJiH.uiK 
I\OHLf.bipFbIJiaphI 6apn11I( .uepniK M83-.uepJJ,e 6ona.ub1. 

l>eHJHH.LJ.i eKiurniniKTi ai1nay 1'0HllhipFhlChI. Ko1-1.n11prhIHhlH 
WHKi3aTbl T¥])3KT3H)'Lf.3H 8TKeH KeH 6eH311HJJ.iK cppaKU115I 60Jibin rn6br
JI3,Uhl. KoH,UbipFhIHbIH. eHiMi Keneci 6eHJ1rn.uiK cppaKU115IJiap 6ona.ub1 : 

- 1\.6. - 62°C )Kypri3eTiH 1(3CJ1eTTepiH I(3MmMaChl3 eTeTiH aBTO
KeJiiK 6eH311HiHiH. KOMOOHeHTi (K¥P3MLI.3Chl) peTiHLI.e naH.uanaHhIJI3Lf.hI; 

- 62-85°C - nnanpopM11Hr K.OH.UhipnrnapbIHLI.a 6e1-13on aJiy . . 
yrnrn WHK13aT; 

- 85-105°C - nnanpopM11Hr I(OH.UhipFbrnapbIHLI.a rnnyon any 
ywiu ru11Ki3aT; 

- 105- l 40°C - nnaTcpopMHHf l(OHLf.blpFbIJiapbIHLI.a KCHJIOJI,Uap 
any yrniH IIIHKi33T; 

- 140-180°C - 3BI13UI1.sIJihIK KepoCHHHiH, K¥])3M.U3ChI peTiH.ue 
HeMece OKTaH C3Hh!H 3pTTbipy ywiH K3Tamnn iK p11q)QpM1mr KOH
Lf.blpFbIJI3pb!HLf.3 WHKi33T peTiHLI.e nattLI.aJI3HhIJl3JJ,hl. 
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Kcii6ip KOIL'lbipr1>1.1ap,Ja an1>111an111 cppaKuwnapn1>111 )KH1>111TbI-

1 G1 6acKawa 60.1a.J,h1: 62-85 °(, 85-120°C, 120-140° C <[1paKUH5!J1a

p1>111 aJI3L\hI. 

/{0Hobzp2b111b11-f mex110.ww5L1b1~ c.y.16acbz. EeH311H.IJ,i eKimnirriKTi 

aiLaay KOHD,biprhICbIHhIH C¥J16acb1 18-cyperre KemipirrreH. 1(6. l 80°C 

6cll3HH.'.liK cpp3KUH5! T-1 )!(hmyanrviacThipnrlllhI 3pK.blJ1hI K-1 KOJIOHH3-

c1>1H3 Tyceni, OHJJ.3 eKi cppaKUH5!rn 6enitte.IJ,i: 62°C )!(;;>He 62-85°C. 

85- l 80°C cpp3KUH5!ChI K- l-.IJ,il-l TeMettri )!(3FhIH3H K-3 KOJIOHH3-

c1>1H3 )!(i6epiJieL(i. K-3-Til-l )!(Ornpbl )!(3FbIH3H 85-105° C tteMece 85-

l 200C cjJp3KUH5!CblH, 3JI TeMeHri )!(3FhIH3H l 40- l 80°C cpp3KUJUICbIH 

a.13.L\hl. Oehl KOJIOHH3.L\aH 6yi1:ipniK att.IJ,anhrM peTittL(e 105- l 40°C 

( II e;viece l 20- l 40°C) cpp3KUH5!CbIH 3JiaL(bI. EyJ:IipJiiK 3M.IJ,aJihIM K-4 

6yn3HL\bipn1w KOJIOHH3CbIH3 K.3Hrn 3f'a.IJ,hI, OH.IJ,a o.IJ,aH K-3-Ke 

Kai1T3pbrn3TbIH )!(el-{irr cpp3KUH5!rr3p 3H)J,3Il31J:bI. 

K-1, K-2, K-3 KOJIOHHan3pbIHL\3FbI peKrncpHK3Ul15! y.IJ,epiciH 

:r1.:ypri3y ywiH K3)!(eT )!(b1J1Y 0-1 )!(;;)He 0-2 newTepiHil-l K.bI31J:biprhrw 

I l peKTeMeJ1epiHe 6epinen:i, OI13p 3pKbIJ1bl U11PKYJ15!UH5!J13H3Tb!H eHiM 

KOJ10HH3Hbll-{ TeMeHri )l(3f'bIH3H 6epine):(i . K.b!3):(blpbII1f'aH peu11pKy

_l5!T 6yqttbIKTbIK KOCTI3 HeMece 6eH311HD,iK 6yn3p peTiH):(e C;;)HKeCTi 

KOJ10HH3Hbll-{ TeMeHri rnpeJIK3JI3pbIHa K3HTapbII13)1,bl. 

105-140°( cpp3KU115!)1,3H )!(el-{iJI l\¥P3M)J,aCTapbIH 3HA3Y yllliH K.3-

;i.:erri )!(bIJIY T-3 KhI31J:blprbIWbIH3 6epine):(i. T-3-Te )!(bIJIYaJIM3CTbip

'bIW peTiH.IJ,e 0-2 rrewitteH K3ttTapbrnaTbIH K-3 KOJlOHH3CbIHbil-l pe

Ul1PKYJ15!T 113H):(aJ13HblJl3)1,bl. 

K-1, K-2, K-3 peKTH<JJHK3UI15!JlbIK. KOJIOHH3113pAhil-l )!(OrapbI 

eHiMLJ:epi XK-1 , XK-2 )!(;;rne XK-3 cyJibI TyTiKWeK.3TIT3MaJibIK. KOH

,JCHC3TOphIHA3 KOHL(eHCHprreHe):(i. Ko11.IJ,e11carr3p E-1, E-2, E-3 pecp

.11-0KCTiK CblHbIM):(blJlbIKTapbIH)J,3 )!(11H3Jla):(bl , OJ13p):(bl IWIH3pa KOJlOH

!IaJ13prn eTKi3y cy3py peTiH.IJ,e K.3ttTapbII131J:bl. o3n3HCTbIK. MeJiwepi 

O.J,3H ;;ipi el-{L(eyre (K-1-Ail-l )!(Orapb1 eHiMi) tteMece I\OH!J:bipFbIAaH 

WbIF3pbII13AbI (K-2, K-3-Til-l )!(orapb1 eHiMAepi). 

KaMipcyTe1niK muKiJaTThl 60J1y.uiu; cf>u111KaJJhl~ a.uicTepi. 
hl¥H3HXI1MH5!JlbIK eHepK;;icime )!(yMeJiepAi cpa3anbIK. Kytti 6oH:b!H-

W3 6eneTiH cp113HKanhII\ ;;i_uiCTep.ui KeJieci KJJacrnpra 6enyre 6ona.uh1: 

1. C¥if bIKTbIK-6y ( r33) )!(yH:eJiepi. 

2 . C¥ttbIKTbIK-C¥MbIKThIK )!(yH:enepi. 

3. C¥ttbIKThIK-K.3ITbr .IJ,eHe )!(yttenepi. 

4 . Ey (ra3)-K3TThI .ue11e )!(yttenepi . 
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1 

J•.t I(,' ,,..:, ; · 

lf-2 

lf.--+--W- .-.-'i--- Jt 
._-t-t-t----t-~- IJ/ 

... ~ .......... -"4....+-t---+----..1v 

~~~~~--~--..' ---------------------•VJ 
18-cypeT. EettJ1rnni eKimniniKTi ai1nay KOHLlhipFhICbIHhIH 

Textto:1orn1rnhIK C¥-16achi: 

I - 1(.6. - l 80°C cjJpaKUHll; II - cjlpaKUllll 105-l 40°C; III - cjlpaKUHll 85-105°C; 
IV - K6. - 62°C cjJpaKu11H; V - cjlpaKUHll 140-180°C; VI - cjJpaKmrn 62-85°C 

C¥Hhl1'Thl1'-6y myifenepi. Ey-q.Hbn<:ThIK )l(yttellep.ui rrai1.ua11a
ttaTbIH ippaKUHRJiay ::i.uicTepitte: I<aparrattbJM ippaKUHRJihlK ai1.uay (70-
100 TeOpHRJiblI( rnpeJlKaJiap,n;aH a3 ), aca attl(bJH peKTH<ilHKaUHR ( 100 
TeOpH5!JlblI( rnpeJIKaLJ;aH Kerr), a3eOTpOIITblI( aH:.uay' 3KCTpaKUHHJibII\ 
ai1.uay )!(;me qdihIK epiTKiuITepMeH a6cop6UH5!Jiay )l(aTa.UhI. 

MbICaJI peTiH.ue rrporraH MeH 6yrnH.uapLI;bl WHKi M¥Hail,n;aH 6ipiH
rniJiiKTi aH:.uay,n;aH aJibIHFaH (l 9-cypeT) 6eH3HH.Ui crn61rnH3aumrnay 
l\OHLJ;blpFbIJiapbIHblH C¥HblJITblJIFaH .UHCTHJIJl5!TTapbIHaH 6eny ::i.uiciH 
KemipetiiK. b¥JI 6eny y.uepicTepiHiH C¥JI6acbI )!(;}He KOJIOHHanap.UblH 
~hIC icTey pe)l(HMi 19-cyperre KepceTi11rett. 

fleHTaH.ll,blI( ippaKUH5!Hbl f KOJIOHHaCbIHa ¥K.CaC KOJIOHHaJiap.ua 
H3orreHTaH )l(::lHe K,-rrettrnttrn 99%-.UbII\ .u::ipe)l(e.ueri Ta3aJihII<IIeH 6e-
11yre 6ona.ubl. C¥ttbIJIThIJIFaH KOH.Uettcarrbr 6e11y y.uepici (l 9-cypeT) 
Af¥HaH eH;.uey ettepK::ici6ittiH: Macuna6bI MeH orrepau115111ap pe)l(HM
,n;epi TYPaJibI rycittiK 6epe.ui. Anai1,n;a M¥H.Uai1 T;:icim1ep (Kapanallbt\I 
ippaKUH5!JihIK. ail.nay) KeMipcyTeK aTOMhI anTbI )l(::ltte onaH Ken 60.1a-
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Tblll K8:\1lpcy1cnep ywi11 iKCTKlnlKCi3; :\1¥H.UaH )Kar .uaJ:'t.ua ndp:\!CHJJ, i

p..:1..: ;:i..:i.icn:p: aca aJ:iK:blH pcKT11Cjrn1<au1rn11ay )l<dHe 6acKanap Kon.ua-

1-1 b1.1a.uhr. 

C2 - KO>tipc~Teh'Tep 

;i;atte ore ;i;ettL1 K\'P3>1il1>1J1ap 

C3-, 1110-C4-
1<-C4-Ko>1ipcyre",-ep 

C Ta.1611 ~1111a u1rn .. 1b1 h': 

h'.O.' IOHHa .. 1ap !lllCT ll.:JHTTapbl 

(C2-C3) 

:.Katte ayblpb1pa1<: 

K'.\'P3MllaCTap 

19-cypn. ITponaH ~1eH 6ynrnllapllbI 6eny 

Aca aHKbIH peKTtt<}l111<au115rnay,n:hIH (TeopH51JlbIK rnpenKanap caHbI 

> I 00 6onaTbIH KOJIOHHanap) KeMeriMeH KeMipcyTeKTep.n:i 1<ai-111ay 

Te:-.mepaTypanapbIHhIH aJ:ib1pMaWbIJihIFb1 3°C 6onaTbIH KeMipcyTeK

Tcp.n:i 6enyre 6oJia.UhI. Erep 1<ai-l11ay TeMneparypanapbIHhIH aHbipMa

WbIJihIFbI 3°C-):leH a3 6onca, OH.Ua 6¥11 peKTH<}l11KaUH5! ):la THiMCi3 

00.Ial\bl. 

AJ:'rnay Ke3iH):le K¥PaM):lacrnp.UbI 6eny iKeH.iJI):liriHiH enweMi 

o.1ap.ubrn caJibICTbipMai1b1 ¥WKbIWTbIFbl (6ynap.UhIH cepniM.uiniri) 

60.1hm rn6bIJiaL\bI. Kocna Paynh 3aH.hll-Ia 6arbIHaTbIH )i{ar.uai-1.ua ca

JlbICTbipManbI ¥WKblWTbIK waManapbl K¥PaM.uacTapL\hlJ-I. 6ynapblHbIH. 

KbICbIM.Uapbrna nponoputtoHaJI 6ona.uh1. Erep eKi K¥PaM.uac 6ip.uei-I 

TC:\lnepaTypa.ua l(aHHan )i{dHe Paynh 3aH.hIHa 6aFbrnaThIH 6onca, OH

.:w onap.UbI a?ln,ay apKbIJibI 6enyre 6onMaH.Uhl. 

Anai-1.ua ic iKY3iH.ue 3aTrnp.UbIH KOCnaCbI Paynh 3a11,brna 6aFbIH-

6a i1,n:hI iKdHe l(OcnaHhlH K¥PaM,n:acrnpb!HbIH caJib!CTblpMaJibl ¥WI\hllli

Tbll\Tapb!Hhll{ attblpMaJiapbIH a3eOTpOrIThll\ HeMece 3KCTpaKUH51JlbIK 

( waH:rbIHLlhIK) aH:.uaynap,n:bI naH:.uananbm iKacaH,n:hI Typ.D.e aprrb1pyra 

OOJ13Llbl. 

}\¥paM.uacrnp,n:b1 eTe iK3I\hIH TeMnepaTypanap,n:a KaHHaHTbIH 

TirnTiK a3eOTpOnTbIK aH:.uay.ua 6tt11apJibII\ l(ocnara ywittwi 6ip K¥
pa1v1n,acTbI (KoMnoneHTTi) KOca,n:bI. n¥Jl K¥PaM,n:ac a3eoTponThIK KOC-
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na11i,111 6ip 11e:v1ece eKi K¥P3M.JaCbI\tCH aJeoTpOnTbtK Kocna TyJeD.i .Jt\ 

aii.J,anaTbIH (jlpaKu1rnnapD.bll-t Kafil-iay TC\mepaTypa.1apbIHbl!-l ai1b1p

MaChIH apTTb!p3L\hl. 

KeMipcyTeKTepMeH 33eoTponThIK KOcna TyJeTiH C¥HhlKThIKTapF3 

nom1pnhr KOChrnhrcrnp (aMMHL\ep, cmrpnep, KeTOHD.ap, cy) )K3Ta.L\hl ; 

apoMaTThIK KeMipcyTeKTep Kei:\L(e 03L\epi napacpttHD.epMeH )!(~me 

HaqneHL(epMeH a3eOT]JOITThlK KOCnanap Ty3eD.i. A3eOT]JOIIThlK KOCna

napL\bl Ty3eTiH C¥HblKThlKTap K8MipcyTeKTepD.iH: canhICTblpManbI 

¥WKhlWThIFhIH Keneci perrin iKrreH apnb1paL\bI: napacpttHL\ep > Hacp

TeH)l.ep > onecp11tt)l.ep > mwnecp11ttD.ep > apoMaTThIK KeMipcyTeKTep. 

n¥JI cppaKu.HnaHrnH ai1D.ayD.hI r<OnD.atty ai1MaFhIH Keaeihirr, )!(OFaphr

.11.a KepcerinreH 6ec TOITThlf-l 6ipD.ei1 TeMnepaTypa apanhIFhIHD.a I<ai1-

Hai1ThIH K0MipcyTeKTepiH 6enyre MYMKiHL(iK 6epe)l.i. 

A3eOTporrThII< KOCnanap 6epeTiH eKi Typni r<ocnanap 6onaD.bI : ce

neKTHBTi )!(::JHe ceneKTHBTi eMec. Mb1canh1, MeT11n:iT11nKeTOH rrapa

cpHHD.epMeH, HacpTeHD.epMeH )!(::JHe onecpHHL(epMeH a3eOTpOI1TbII< 

Kocrranap TyJeD.i, anai1L(a TonyonMeH aJeoTponThIK KOCna Ty36ei1D.i, 

eHD.ewe 6¥JI KeTOH Tonyon)l.hI 6enin any ywiH ceneKTHBTi I<Ocna 60-

nhm rn6hrnaL(hl. 

K,ocnanapL\bI Taf-lL\ay Keneci waprrapMeH rneKTeneL(i. A3eorpomhIK 

I<OCnanapL(bll-{ HeMece 33eOTpOI1Th!I< I<Ocrra MeH OHhll-{ K¥P3Mh!H3 Kip

MeHTiH KeMipcyTeKTep.11.iH: apachJHL(aFhI r<ai1Hay TeMnepaTypanaphIHbIH: 

atthipMawbrnh!FhI onapL\bI 6enyre )KeTKiniKTi 6ony ymiH I<OChrn3ThIH 

33T 6eniHeTiH KeMipcyTeKTiH: K3HHay TeMnepaTyp3Cb!H3H 10-30°C-L(eH 

TeMeH TeMnepaTypaL(a I<ai1ttayh1 THic. n¥JI 3aT Paynh 33H:bIHa Ken aYbIT

I<y 6epyi KepeK )K::JHe 6eniHeTiH KeMipcyTeKTepD.iH: 6ipeyiMeH tteMece 

6ipHeweyiMeH K3HHay TeMnepaTypaCbl Ml1Hl1MaJl.[\hl aJeorponTblK KOC

nanap TY3Yi KepeK. 0FaH KOCa K0C3Th!H 3aT KeMipcYTeKTe KOcnaHbll-l 

l\3HHay TeMrrepaTypaChIHD.a HeMece OD.aH 6ipttewe rpaL(yc TeMeH TeM

nepaTypa.n:a epyi Tttic; on coH,LJ,att-aI< K¥H,LJ,hIJJh!FbI 6oi1hIHWa KOn )!(eTep

niK, T¥IJ31\Thl XHMHHJJhII\ ttHeprri )!(::JHe 33eoTpOTIThII\ Kocna TY3eTiH 

KeMiPCYTeKTej)L\eH 0l-{3H 6eniHeTiH 6onyhl rnic. 

3KCTpaKuH.HJlhll\ ai1L(ay 6enitteTiH KeMipcyTeKTep KOCnanaphl

Hhll-{ K3HHay TeMnepaTypaCbJHaH I<3Httay TeMnepaTypaChl )K0Faj)hl 

ceneKTHBTi epiTKiw I<3Th!ChIH.[\a )KypriJineTiH peKT11cp11K3Ul1.H 6onhm 

Ta6hIJJ3)1,hl ; 6¥JI epiTKiWTi I<Ocrra K¥P3M.[\3CTapb!HblH ca.lb!CTblp\ta.lhl 

¥lllI<h!Il1ThlI<TapbIHhll-{ apaChlH)l.3Fhl r<apblM-I<aTbll-IaCThl e3repTy ywlll 
l\OC3)1,hl. 
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A'lCOTpOnTbIK aiL'iay.)afbl KOCnara KOCaTblll 3aTTap Cl!511\Tbl ce

,'lCKTIIBTi cpin:iwTep, zucrre no;151p:rbr KOCbIJlbICTap 60,1aJ,bI. M¥H

J,ai1 epirniwTepD,il-l 6ipHewe )KY3J,errni 6onaJJ,bI. OnapJJ,bil-l I\¥PaMbI

Ha Kepocm1 MeH 1v1ai1narh1w 1v1ai1napJJ,bI Ta3anay ywiH I\OJIJJ,aHbrna

TbIH epiTKiwrepD,iH Kenwiniri KipeJJ,i, OCbl Ma]\CaTTa cpeHOJI, au:eTOH, 

cpypc!Jypon, Kei1JJ,e aH11J11m JJ,e KipeJJ,i. 20-cypeTTe 3KCTpaKQII5IJibII\ ai1-

JJ,ayJJ,hil-l npHHUHnTiK qrn6aCbl KepceTiJlfeH. 

Ces1eKTHBTi epiTKiw A peKT11cp11KaUH5ITibIK KOJIOHHaHbil-l )J(OFapbI 

)J(aFhma, an OHbll-l oprncbma 6eniHeTiH 6acrnrrK:bI K:Ocrra 6epineJJ,i. 

EpiTKiw rnpenKaJ,aH rnpenKara anm, 6eniHeTiH K:OcrraJJ,aH MHHII

MaJI)J,bI ca.lb!CTblpMaJibl ¥WK:bIWTb!Fbl ( apoMaTTbll( KeMipcyTeKTep 

)!(;me c.c.) 6oJiaTbIH K:¥PaMJ,aCTbl 3KCTpaKUH5IJiatt)J,bl (rnattFbIH

)J,aH)J,bI): JJ,ecpnerMaTop,n:aH anhmaThrn JJ:HCTHJIJI5ITTa 6¥JI K:¥PaM,n:ac 

6onMatt,n:b1. A KOJJOHHaChIHbIH KYObIHaH ceneKTHBTi epiTKiw rreH 

¥WK:bIWTbIFbI a3 I\¥Patv1JJ,aCTbil-l K:OcrrachI E Kiwi KOJJOHHara Tyce,n:i, 

OHJJ,a 3KCTpaKUH5IJiaHraH (wattFhIHJJ,aJiraH) I\¥PaM,n:ac aii,n:anaJJ,bI. Ce

neKTHBTi epiTKiw E KOJIOHHaHhil-l KYObIHaH A KOJIOHHaHbI cyapyra 

6arbITTaJia)J,bI. CoHbIMeH, 6apnbII\ )J(aF.D,ai1:,n:a ceneKTIIBTi epiTKirn 

KYOTbII\ C¥HbIK:TbIK:Ta 6ona,n:br. 

3KcTpaKQH5IJibll( ai1,n:ay,Ubl apoMaTTbI KeMipcyTeKTep,n:i HacpTeH

,n:i )!(;me 6acl(a K:OCbIJibICTap,n:aH attbipbm anyrn, HacpTeH,n:ep,n:i rrapa

cp11H,n:ep,n:eH 6enirr anyra )!(;me ,n:11onecp11H,n:ep,n:i onecp11H,n:ep,n:eH 6enirr 

anyra l(OJI,UaHa,n:br. 

60.ni11yre 
11·celi11 ouhr 

A 

CeJJeKTHBri epiTKim 
+oui~r 

Ce.rieKrnori epiTKhu 

)lucnwn•T 

20-cypeT. 3KcrpaKUlf.HJibll\ al!}:(ay q'rr6acb1 
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)l{ornpbl TeMrrepaTypana Kai1Ha11TbIH K8'vtipcyTCKTCp KOCITaJJa
pbma Heri3.ueJJreH CCJlCKTl1BTi C¥liblK epiTKiWTCp'v!CH a6cop6uwnay 
d)J,ici M¥Hatt ra.3.JJ,apbIHaH Ke6ipeK epHTiH I\¥PaM.JJ,acrnp.JJ,bI a6cop6umr-
11ay 6oJib!II Ta6bIJia)J,hI; Ta6HFH ra.3.JJ,aH 3TaH MeH rrporraH)J,bI KOHUeHTP
JieHreH Kytt.JJ,e 6e11irr any OCbIFaH MhICaJI 6011a ana.JJ,hI. C¥1Ihrn: epiTKiw
TepMeH a6cop6umrnay.JJ,hIH. rrp11ttu11rrTiK C¥JI6acbr 21-cyperre Kepce
Ti11reH. A6cop6ummhII\ KOJIOHHaHhIH. )f(OFapbr )f(aFbrna ~TaTbIH Mali
)J,bI eHri3e.JJ,i, aJI OHbIH. TeMeHri )f(aFbIHaH 6e11iHreH KeMipcyTeKTepMeH 
KaHbIKl\l\aH «CeMi3» Matt .JJ,err aTaJiaTb!H epiTKiw aFa)J,bI. «CeMi3» MaH
)J,bI .JJ,ecop6u;H5IJiblK KOJIOHHaFa )f(i6epe.JJ,i, OH)J,a O.JJ,aH epireH fa.3.JJ,ap 6y
JiaHa)J,bI. EKimni KOJIOHHaHbm TeMeHri )f(aFbIHaH «apbII\» Matt.JJ,bI 
cybITa)J,bI )f(dHC 6ipiHwi KOJIOHHaHbl cyapyrn r<:aH:rnpa.JJ,bI. 

Erep ettiM.JJ,iK ra.3.JJ,bI .JJ,ecop6u;115IJibIK KOJIOHHaHbm )f(OFapbr )f(aFbI
HaH a6cop6ep.JJ,iH: TeMettri )f(aFbIHa 6aFhrrraca, 6e11y..oj )f(y3ere acbrpy
Fa MYMKiH.JJ,iK 6epeTiH ocbr Tdci11 . .oj )f(ar<:capTyhr MYMKiH, OH.JJ,a 011 «ce
Mi3» Matt.JJ,aH )f(cJ-{iJI ra.3.JJ,ap.JJ,bI yp11err Whrrnpa.JJ,hI, 011ap 6011ca iwiH
apa c¥1IbII\ a6cop6eHTTe ep11.JJ,i. E¥JI )f(aF.JJ,att.JJ,a eHiM.JJ,iK ra3 Kd.JJ,iMri 
peKTmp11KaQH5I.JJ,aFhI qmerMarn ¥K:Cac deep eTe.JJ,i. 

C¥HbIK'.ThI1'-C¥HhIK'.ThII\ myiienep. n¥JI rnmeri )f(ytte11ep.JJ,i 6e
JIY.JJ,iH. Mb!CaJibI peTiH.JJ,e M¥HaH 8J-{.JJ,ey ettepKdci6iH..o:e apoMaTTbll( Ke
MipcyTeKTep.JJ,eH KepOCHH MCH MaHJiaFbIW Matt11ap.Qbl Ta3apzy ywiH 
a11rnw l\OJI.QaHrnH epiTKiwTepMeH 3KCTpaKUH5IJiay..o:hr (waH:nrn..o:ay
..O:bI) l\apaCTbipyrn 6011a.[\bl. 8H..o:ipicTe I(OJI.QaHbIJiaTb!H epiTKiWTep..o:iH: 

iwiHeH c¥1IbII\ KyKiprriJ-{ KOC TOTbIFbI, HHTpo6eH30JI, x11opeKC (~, ~
..O:HXJIOp.JJ,HMCTHJI 3cpttpi), cpypcpypo11, cpeHOJI, C¥Hb!K rrporraH)J,bl 
aH:Tyrn 6011a.JJ,bI. HdTH)f(eciH.JJ,e 3KCTpaKT (6epimeH epiTKiwTe epireH 
KeMipcyTeKTep.JJ,iH: epiTiH.JJ,ici) )f(dHe pacprrnaT (6epimeH epiTKiwTe 
epiMettTiH KeMipcyTeKTep) anbrna.JJ,br. EpiTKiwTepMeH 3KCTpaKUH5I-
11ay l\a3ipri Ke3.JJ,e apoMaTTbIK KeMipcyTeKTep.JJ,i 011ap.JJ,bIH, rrapacp11H
.JJ,ep )f(dHC HacpTeH.JJ,epMeH l\OCIIaJiapbIHaH 6e11irr anyrn I(OJI)J,aHbIJia
TbIH KCJ-{ TapaFaH TCXHHKaJibII\ TdCiJI 60Jib!II Ta6bIJia)J,bI. 

C¥HbIK'.ThI1'-1'aTThI .ueue myiieci. M¥tt.JJ,att )f(ytte.JJ,e 6011aTbIH 
Heri3ri y.JJ,epic KpIICTaJIJIH3aUH5IJiay 60Jib!II Ta6bIJia)J,bI; OHbI 6aJIK:bITY 
TeMrrepaTypaCbI caJibICTblpMaJibI Typ.JJ,e )f(OFapbI 6011aTb!H KeMipcy
TCKTep.JJ,i 6e11y ywiH I(OJI)J,aHa)J,bI. M¥HaH 8H,.JJ,ey ettepKdci6iH.JJ,e 6¥JI 
orrepaUII5IHhI M¥Hatt eHiM.JJ,epiHeH r<:aTTbI rrapacpHH.JJ,i KeTipy (a11acrn
TY) ywiH KerrTerr rratt.JJ,aJiaHbIII KeJie.JJ,i. M¥HaH.JJ,bI XHMH5IJibII\ eH,.JJ,ey 
ettepKdci6iH.JJ,e OHbI 6acKa apoMaTTbIK C8-KeMipcyTeKTepi MeH I(OC-
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11a;rnpb111a11 n -Kcrn1o:i:tb1 6omn an y ywi1-1 KOJ1 D.a11anb1. M¥H a i1D,bIH 

apOMaTlbl C~-K0;\lipcyn.':KTCpi11i1~ OC bJH,J.a i\ KOCfla Cbl!l,J.a , ;;J,D,CTTe wa

MaMeH 50% M-KCHJIOJI, 20%-,uaH n-KCHJIOJI ){{::me 0-KCHJIOJI ){{:)He 
10% 3THn6eH30JI 6011a,uhr. E¥JI d,uic ochI KeMipcyTeKTep,uiH; 6amw 
TeMnepaTypanapbIHblH; attbipMachrna Heri3,D,enreH: n-KCHJIOJI (6am<:y 
Te!'vm. + 13 ,3 °C), M-KCHJIOJI (6aJIKY TeMn. -49,9°C), 0-KCHJIOJI (6aJII<:Y 
Tervm. -25 ,2°C) ){{:)He 3THJI6eH30JI (6am<:y TeMn. -95°C). 

TyceTiH ra1aap 

A6cop6ep 

"AphIK.11 iK\-'T3TbIH 
Mail 

liynall.'lLlprLJW 
1-:0.lOHHa 

(11ecop6ep) 

21-cypeT.~awnb1a6cop6uHH 

lKyblnFaH no 

faJTapiJJli 
eHiM;J.ep 

Ee11y y,D,epicTepittiH; ochI KJiaCbIHbIH; 6ac1<:a MbICa.JibI ettepK::icinTe 
Ke.H; KOJI,uaHhIJ!aThIH KeMipcy meKmepoi epimiHoioeH ~mmbl ;J1Cytn
K,biutmapMeH aocop64wuray 60Jibin Ta6bma,D,bI. MµlaHXHMHJIJibIK, 
eHepK:;)cinTe OHhI «apocop6» y,D,epicitt,D,e nail:,D,anatta,D,bI, ott.n;a apo
MaTThIK KeMipcyTeKTep,D,i napacpHHMeH KOCnanapb!HbIH; CHJIHKareJih 
apKbIJ!hI a,ucop61IHHJiatt,D,hI, co,n;aH co.H; .n;ecop61IHHJiail:,n;hr. 

ra3 (6y)-l\aTTbl ,n;eue myit:eJiepi. M¥tt.n;ai\: )KyHeJiep KOH,ll;eHCa
UWICbl KHb!Hb!paK 6oJiaTbIH TeMeHMOJieKyJiaJiblK KeMipcyTeKTep.n;i 
){{:)He 6acKa )Ketti11 ra3,uap,uh1 6e11y ywiH nail:,uanattaThIH a,ucop6u;11H
J1 bIK ynepicTep.D.e rnHa Ke3,D,ece.ui. 
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M¥1rni1x11\1mrnh1K e11D,ipiCTe OChI :;i;:i,iCTiH eKi Typi Ken nai1D,ana-
11a;:i,b1 : aKTHBTenreH KeMipne a..Qcop6u1rnnay m::;i11e c1rnTe3ZliK ueomn
Tep)J,e a)J,cop6umrnay. 

AKTHBTenreu KeMip.lle Y3.lliKci3 pe)KHM)J,e a)J,cop6umrnay y.llepici 
wnepcop6lfUR )],err arnna)J,bI; OHbIH, qrJI6acb1 22-cyperre KepceTinreu. 

blCTLIK 8h.IHBTe.rJre11 KO)lip 

JiBCTBDKbl 

Aacop6UHR ,-,_ ___ ., iKettin KDMDOHenrrep 

&iiMBf"bl 

r&l KOCOBCLI 

Deny aii:MBFM 

liyJJ&HllblPY :iKaue 
,ilecop6mrn aihtaf"bl 

ucop6epilill ycrittri &&Fblna 

22-cypeT. flmepcop6mu1 

JIC&H8M8 4tp&h':UHR 

Her"bri tpumua 

KeMip BepTHKaJIL\bII< a):lcop6ep (rnrrepcop6ep) apI<bl.T.lbI )KOFa
phIL\aH TeMeu Y3LliKci3 I<03FaJiaL\bI. ArrrrapaTTbIH, )KOFapbI )KafbIHL\a 
K8Mip Ke6e):li )K:;iue cybIH):\bl, CO):laH COH, OJI 6ipiuwi ceKQH.sIFa Tyce):li, 
OHL\a 6enieyre TyceTiu ra3L\hIH, ayb1p K¥IJaML1acrnph1 a):lcop6uH.si:na
Ha)J,hl. )l(eH,iJI I<¥PaM):\acrnp aKTHBTenreu K0MipMeH a):\COp6UH.sIJiaH-
6aH:):lbl )K:;iHe annaparrau anaCTaTbIJia):lbl. AL1cop6epre ra3 eueTiu 
)Kep):leH TeMeuipeK KeMip annapaTTbIH. 6ynaHL\bipFbIIl1 ceKUIDIChIH,Ua 
)J,ecop6uH.si:naurnu ayb1p I<¥PaM,r:i:acrnp.uh1H, 6ynaph1Meu Ke3):1ece.ui ; 
KeMip ayh1pb1paI< I<¥PaM):lacrnpL\bI TaH,,UaMaJihI a):lcop6umrnali.uh1, 
onap KeMipL1iH. 6eTiueu MOJieKynanhII< Maccacb1 )f(e!-liJI )K:;iue ayb1p 
I<¥PaM):laCTapL\hIH, apanbIFhIHL\a 6onaThIH 3arrapL1hI hIFhICThipa.UhI. 
Oehl apanhII< euiML1ep anrrapaTTaH )KauaMa cppaKuH.si: peTiHL1e WhI
rnphrna):lhI. TeMeuri (6ynaHL1hipFb1w) ceKUHH,Ua KeMip Kb!3a.LlhI )K:;>
ue 6ynaua.uh1, COH.UhIKTaH µ_a.si:p euiM 6oJihm rn6hrnaTbIH ayhip K¥
paM):lacrnp .uecop6uH.si:JiaHaL\hI. Co.uau coH: K8Mip MexaHHKaJihIK 

41 



iK0.1\1c11 11c\1ecc 1au11 c!n apKb!Jlbl annapaTTbill ')!(Otapb1 )!<aFbIHa 

K8Tepi:1c.::(i. f11nepcop6u1rn:rny,J,bl \ICTall ;'.J,bl '3TaHlHlH )KJHC MCTall

Llhl a3ona1-1 6eny ywiH KOnnaHaLlhl. 
KeMipcyTe1nepi:d 6eny.uiH. XMMMHJibl~ a.uiCTepi. K8MipcyTeK

Tepni 68nyJ1.itl XHMIUIJihIK ;;iniCTepiHiH. iwiHeH Mhma.rrnpnhI arnrr 8TY

re 6onanh1: C rC4 K8MipcyTeKTepiH KyKipT K,hIW:K,hIJihIMeH 81-l.Uerr 68-

nirr aJ1y )K;rne napaqnrn.uepni HecenH;;ip (MO'!eBHHa) tteMece THOHe

cerrtt;;ip (n10:vio'lfeB11Ha) ap1<,bIJihI K3TThI I<OChIJihICTap)J,bI TY3Y )KQJihI

MeH 6enirr any . 
OneqrnH)J,ep.ui H2S04-neH 8H.)J,err 68nin any MyMKiH)J,iri aJIKHJI

cynhqrnnapnh1}{ Ty3inyiHe Heri3)J,emeH: 

R-CH=CH2 + HOS03H--+ R-CH-CH3 

I 
OS03H 

b¥JI TJCiJI M¥HaHXHMHJI)J,3 3Tl1JICHJJ:i M¥Hatt cppaKQHJIJiapbIHaH, 

MhICaJihI C1-C2 cppaKumrnapbmaH ( cyTeK, MernH, 3TaH, 3THJieH) 68.ny 
ywiH I(OJlL(aHh!C TaITTbI. 0Hhl COHL(att-aK, 6yTeH6yrnJieH)J,iK cppaKQmI

JiapnaH 11306yrn11eH.ri:i 6enirr any ywiH )J,e I<OJI)J,attanhr. Eacrnm:,hI 

OJ1ecp1rn.uep.ui pereHepaUHJIJiay )],hi KyKipT KhilllI<hIJihIHhIH. TY3iJieTiH 

I<bllllKbIJI 3cp11p11epiH TepMHJIJlbII< 6¥3Y apI<bIJibl )Kypri3e)J,i. 

1940 )KhIJihI EeHreH (AnMaHHJI) R:aJihITIThI K¥PhIJihICTaFhI rrapa

cp1rnnep MeT1111 cnttpTiHne epiTiHni KyttiHne aJJhIHFaH Hecerrtt;;ipMeH 

KOCbIJlbIIl KaTTbl 9HIM!lep TY3CTIHII-I, an 1130K¥PbIJiblCTaFhIJiap M¥H
nai1 KOChrny eHiMnepiH Ty36ei1TiHiH 6ai1r<a!lhl. Eeny MhmarnH tteri3-

nenreH: Kpttcrn11nh1K HecerrH;;ipne MoneKynanap apachrn)J,aFhI Ke}{ic

TiK alirnpnhII<Tatt I<aJllhIK, onap.UhIK apachrnna r<-rrapaclJHH)J,ep)J,itt: MO

neKynanaphI opHanaca ananh1, analina 113onapaciJnH.[1,epnitt: MoneKy

nanapbI ywiH rnpnay 6ona,ah1. Ocb1Hnai1 KOChIJIY eHiM)J,epiH ott:ai1: cy-

3irr anyrn, KettiH 011apnb1 K,hl3!lhipy apI<hIJihI, cyna epiTy apI<;bIJihI 

hIJJ,hipaTyrn 6onanhr. KettiHipeK OChIFaH ¥r<cac I\OChIJihICTap!lhI 

TnoHecerrH;;ip .ue Ty3eTiHi 6emini 6onnh1, 6ipar< eTe TapMal\Ta.rIFaH 

rrapaclJnHnepMeH rnHa. I\a3ipri Ke3ne HecerrH;;ip MeH THOHecerrtt;;ip 

M¥Hatt,Ubll{ c6 - C20 cppaKUHJIJiapbIHaH K-rrapaclJnHnepni )KJHe morra

pacpnH.uepni any ywiH Ke« KOJI.UaHhIC rnmhI. 

n8nynili Heri3ri y.uepicTepi ( clJn3nKaJihII< )KJHe xnMHJIJihII\) )KJHe 

OJiap.Ubl M¥HaHXl1Ml1JIJlhlK eHepK;;icirrTe T33a KeMipcyTeKTiK J\¥paM

JJ,acrnp,abI 6eny ywiH naH:nanaHy TeMeH.ue KepceTimeH. 
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Eiy-qilbil(TblK 

ll<yileJie cjlpaKUH 
nay 

C¥iibil(TbIK-qdi
bll(TblK ll<yHeJie 
cjlpaKuwrnay 
ra:i-KaTibI JieHe 
ll<:rne c¥Hb!KThIK
KaTibI .!lette ll<yHe
nep.!le cjlpaKUHll
nay 
foMoreH.!liK (ra:i 

tteMece c:pibIK) 
ll<yi!e.!le cppaKUHll
nay 

KoMilJ!eKcriK 
(KemeH.niJ<) 

Eey 
l\OCblJlhlCT3pb1 

Kapanaiibl\l <l1paK1111w1a y (70-100 {C:-C Ke\1 ipcyTcncp 1c+iih1-
Teop1rn,1b1K rnpc.11"ua 11 a·i 1 Tb1.1ra11): C,-C, cl>paK111rn .1ap: 

.\IeTa11 ;+~Jiii.? JTaIIIIbill x.1op
TYblHi!bLlapb1, 6eH30:1, cr11po,1 

AilKhIH peKrncp11Kamrnnay (I 00- {C4 Ke\tipcyreKrepiH 6e,1y; 6rn-
.!leH apTblK reopmLlblK rapeJIKa- 30JillblH TYbIHllbL1apb1 
,1ap) 

AJeorponTbIK aiinay {EiettJo,1, ro,1yo,1, Kc11,10,1.;rap 
EpirKiwneH (ljiypcjlypoJ1, am1mrn) EieHJon, rnnyo,1, Kc1rno,1,:iap, ( 4 

3KCTp3KUHl!JlbIK aii;wy K9MipcyreKTepi, 6yrn,:i11eH , 
UHK,1oreKcaH, cn1po,1, ll3onpeH 

A6cop6UHll - Jiecop6UHll {CrC5 KeMipcyreKTepi: C02, 

(a6cop6ettrrep - M¥Ji3H cjipaK- C2H 2, HC I, HCN, CH2 = C = 0, 
UHllnapb1, apo~rnrrhIK KeMipcyreK- CH20 , CH,-CH = 0 
Tep lK<JHe T.C.C.) 

CeneKTHBTi epirniw1epMeH (cjlyp- {neHJon, TOJ1yon, KCHnon21ap, a.:1-
cjlypon, llH3THJieHrnHKOJib, S02, KHJIHacjJ1a..1HH.!lep 
C6H 5N02) 3KCTpaKUHl!Jiay 

A.!lcop6UHll (rnnepcop6UHll) ; aJI- {neHJOJI, TOJIYOJI, KCHJIOJI.!lap, 
cop6eHTiep - aKTHBTenreH KeMip, C2H 4, C 3H6, CH4 

ueonwrrep, Si02 { . 
n-Kcunon, C8 Ke~11pcyreK1ep 

ct>paKUHOHllbI KpHCTaJI.!lay C6H6Cl6, HacjJTaJIHH 

TepMHJIJihJK nmjJcjlyJHllJiblK 
yllepiCTep 

31epmjrnKaUHJ1 
CynhcjJHpney 

,D,ottopnb1-aKuemopnb1K mmi 

KOOpllHH8UHl!JlblK KOCblJ!blCTap 

AnnyKrnp 

{
aprypni 
KeMipcyreKTepni 6eny 

{ 
CrC, onecjJ1rnniK KeMipcy-TeK
Tepi, H30-C4, KCHJIOJillap 

{ 

Cynhl-aMMHaK epiTitt.aicittneri 

C2H4, C4H6 lK<JHe CO, 6eH30JI, 
TOJIYOJI, KCHJIOJillap 

TiapacjJHH.!lep (HecenH<ip-
MeH) , HJonapacjJ1rn11ep 
(mottecentt:ipMett) 

Knarparrap C6H6 N i(CN)iNHi-MeH; 
n-KCHJIOJI NI(SCNh lK<JHe 
y-nHKOJIHHMeH 

~eoJIHTTep 
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IlapacjJHHJiep, H3onapa
cjJHHllep, onecjJHH.!lep ll<<J
tte apoMaTibJK KOCblJ!blC

Tap 



1.4. i\lprnii TeXHOJIOrl15Llbll..; rauapbIHaH 
KO:\Iipcyn~1aiK 111111~i3aTTbl 60.1in aJiy 

lVl¥Hafi raJJJ.apbIHblH Typ"1epi. l\¥paMbI *<me nanJJ.aJiauy 
oaFblTbl. illblfYbIIIa 6alL13HbICTbl M¥HaH f33.1J,apbl Ta6HFH, inecneni 
()KonaJ:i) JI<;mc JI<acaHD.hI 60J1bm 6eni1-1e.ui. 

Taouw za1iJap )KeKe 83iHJJ, iK KeH op1-1brna1-1, an :J1Co;wil za1oap 
M¥Haih1e1-1 6ipr e IIIbIFapbIJ1aJJ,bI. 

jKacaHObl zmoap l\1¥Hal!llbl KaTa_lH3JJ,iK )!(;:me TepMH51JibII\ ;}.1J,iC
Tep1 ... 1eH 81{JJ,ere1-1.ue Ty3ine.ui . apTypni y.uepicTep.ue aJibIHaTbIH r<l3-
D,apJJ.bll{ J\¥PaMJJ.apb1 6ip-6ipi1-1eu atirnpnb11<rni1: e3reIIIe 6ona.n.h1 (1-
KecTe ). TepMH51J1bIK yuepicTep MeH KaTaJIH3JJ.iK KpeKHHITiH: ra3.n.a
pbIH.1J,a 1<aHbII\nara1-1 KeMipcyTeKTepi e.JJ,;}yip MenIIIep.n.e 6ona.n.b1, an 
KaTa.1113,lJ, iK pHcpOpMHHr, cyMeH Ta3anay, rH)J,pO ( cyJibI) KpeKHHr ra3-
napb!H1la o,1ap TinTi 6onMaH.1J,hl. 

fa3JJ,bll{ naH,lJ,aJiaHy 6aFb!Tbl OHbll{ J\¥paMbIHa 6aM:JiaHbICTbI 6o
JI3,Ubl. Karn.nm.niK KpeKHHr ra3bI 6yTJrneH.1J,epre )!(;:me mo6yrnura 
6aM. 60.13TblH.1J,bIK:T3H, K3TaJ1!13.1J,iK 3JlKHJl.Uey KOHJJ.blpFbmapbI ymiH 
el{ )!(3KCbI IIIHKi3aT 6onbm rn6hrna.1J,bI. P11cpopMHHr ra3.n.apbIHaH cy
TeKTi, ]J,;}_lipeK 3HTKaHJJ,a, J\¥P3MbIHJJ.a KOHUeHTpaU,H51CbI 75-90% (Ke
JleM) cyTeK 6ap ra3JJ.hI epeKIIIe ai1:Tyra 6ona.1J,bI. CyTeKK¥PaMJJ.bI ra3 
rn11porn3apTy )!(;}He rnL!,po1<pe1<1rnrril{ rn.uporeHLl.ey yuepicTepinitt: 
1<,a)!(eTi yIIIiH nati.uanaHblJiaJJ,bI. 

KenTereH Ka3ipri Texuonorn.5rnb1K KOH.llbipFbmap.JJ,a ra3JJ.bI 6i
pi1-1IIIi,1iKTi eHJJ.ey 6JIOKTapb1 6ona.nb1. Ochr 6noKrnp.n.a ra3.1J,bI KYKipT
Ti cyTeKTeH Ta3apTy, COH,lJ,aH-aK r33JJ.aH C3 )!(;}He C4 KeMipcyTeKTe
piH q'.l!blK Kel\1ipcyTeKTiK cppaKUIHLlap Typi1-1ne 6eey )Kypri3iJie.1J,i. 

Anai1:ua ra3JJ.apJJ.bI )KeKe KeMipcyTeKTepre )!(;}He mp KeMipcy
TeKTiK cppaKUH51Jiapra 6eny apHattbl )1(3CaJiraH ra3cppaK.QIDIJiaHTbIH 
KOH,lJ,bipFbmap)J,a (f<l>K.) )l(y3ere achipbIJia,lJ,bI. M¥ttaM: eH:nei1TiH 
3ayh1TTa, ;)JJ.eTTe eKi;::i;eu KeM eMec f<l>I\ 6ona;::i;h1, onapJJ.bIH: 6ipeyi K:a
HhlKK3H K8MipcyTeKTep.1J,i , eKiHIIIici K3HblKnaraH K0MipcyTeKTep.n.i 
ett:.JJ,ey yrniH rnratthIH,lJ,aJiraH. 

I\atthIKKaH KeMipcyTeKTep;::i;i eH:.1J,ere1-1;::i;e dpTyµni MaK:carrap 
yruiH natt.JJ,anattbJJiaThIH Keneci ettiM.n.ep anhrna;::i;hr : 

3TaH)lhIK. cppaK.Qllil - nttponmre rn11Ki3aT, Mai1nap.n.h! .n.ena
pacpttH)ley I\OH)lhipFbmaphrn;::i;a cybITI\billl areHT )!(;}He T.6.; 
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nponaHJJ.bIK cjipaKUil51 - m1po:1113re w11Ki 3aT, KenTer e1-r Tex -

1-1011orn5!IlblK KOHJJ.blptb!Jlap,'l.a cybITKb!W are1n, T¥P!\lblCTa

Fhl cµ:ibITbIJIFaH ra3; 

11306yraH).l,blK cppaKUH.sI - CHHTe3)J,iK Kay'IyK (113onpeHLI.iK 

)!(;me 6yTHJIKay'IyK) 0H).l,ipici ywiH Il1HKi3aT, aJlKHJl)J,ey 

l\OHJJ.hipnrnapbIHLI.a naH:).l,aJlaHhIJiaLI.hI; 

6yTaH).l,hIK cppaKUH.sI - CHHTe3)J,iK KaYl.JYK eHJJ.ipiciH)J,e 6yrn

)J,HeH any ywiH WHKi3aT, n11pomnre w11Ki3aT )!(;me cµ:ihITh!Jl

FaH T¥JJMbICTblK ra3)J,blH. K¥])aM)J,aCbl, aBTOKeJiiK 6eH3HHiHe 

6yI1ap)J,bIH. Ka)KeTTi Kh!Cb!Mb!H 6epy yrniH KOCrra (yCTeMe); 

H30ileHTaH)J,blK cppaKUH51 - 1130npeH)J,iK Kay'-!yK 0HLI.ipici 

yrniH lllHKi3aT, 6eH3HHHiH. )KOFapbIOKTaH)J,blK coprrapbIHblH. 

K.¥IJ3M)J,3ChI ; 

neHTaH)J,hlK cppaKUH51 - H30MepJiey )!(;me nHpOI1H3 yLI.epic

Tepi ywiH aMHJI CIIHpTiHiH. 0H)J,lp!CJH)J,e lllHKi3aT. 

K,aHhll\Il3FaH KeMipcyTeKTepLI.iH. fcf>K-LI.a OJlecpHHl\¥p3M)J,bl 

aFhJHLI.apLI.aH KeJieci cppaKUH5!11ap 6eJiiHeLI.i: 

nporraHrrporr11JieHL1.iK - noJI11Mep6eH3HH, cpeHOJI )K;rne aue

TOH, CHHTeTHKaJibIK )!(Yfblill 3arrap, 6yTHJI cnHpTTepiH 0H-. . . . 
LI.IPY y!llrn WHKI3aT, aJIKHJlLI.ey l\OHLI.hiprhIJiaph!HLl.a lllHKJ3aT 

peTiH).l,e naH)J,aJlaHyh1 MYMKiH; 

6yraH6yTHJleH)J,iK - aJIKHJl)J,ey )K;rne IlOJlHMepJiey KOH)J,blp

FbIJiapbIH)J,a Il1HKi3aT, CHHTe3LI.iK Kay'IyK 0H)J,lp!CIH).l,e MaH

napra ycTeMe. 

C¥HhIThIJIFaH rmLI.apLI.bIH. canacbI c;:iH:KecTi TeXHHKaJlhIK )KaF

.n;aH:napMeH aHhIKTaJia)J,hI. 

fm.n;ap).l,bl Ta3apTy )!(;:)He KenTipy OJiap)J,bl cppaKumrnay.!lhlH. aJI

).l,bJH).l,a 6ona.n;h1, co)J,aH cott. 011ap.n;h1 ;:ipi I<apaH: ett.LI.ey )Kype.ui . 

ra3,Zlap,Ubl Ta3apTy JK;me KenTipy. I'G30ap0bl ma3apmy. Ky

Kiprri M¥JlaHJiapLI.bI eH..!ley.n;eri aJihIHFaH M¥Haif3ayh1TThIK ra3.uapL1.a 

;:ipl\alllaH ).l,a KyKipTTi cyTeK )!(;:)He KeH6ip 6acI<a KyKiprri KOChlJihIC

Tap 60Jia).l,hl. Bcipece KyKipTii CyTeK aybip lllHKi3aTTbI : Ma3yT, Ba

KYYM.JJ:b!I\ .JJ:MCTH1111.s1Trnp, ry.npoH.llhI eH..!leHTiH I<OH.1lhipnmap.nh1H. 

rm,Zlaphrn.n;a Kerr 6011a.nh1. 

KYKiprri cyTeK w11Ki3aT peTiH).l,e cµ:ihIThIJIFaH ra3.1lhl naH).l,aJia

HaThIH KaTaJIM3)liK y.nepiCTep.n;iH, KaTaJIH3aTOp11apbIHhIH. )l\¥Mh!Cb!H 

Ha!llapnaTaJlhI, OHhIH. T¥PMhICThIK C¥HhIThIJIFaH rm.na 6onyh1 MYil.1leM 

P¥I<CaT eTiJIMeH:.ni. AKTHBTi KyKiprri KOChIJihICTap.llhIH. 60Jiyh1 ra3 ett.-
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.:rcy KOIUblprbL13]UblH K¥P3Jl-/K(l0.lblKTapb!Ha )!(lltb!MCbl3 ;:iccp eTe;Ji, 

a1mapanap MCH K¥Ob1p.1ap.JbtH aKTllBTi KOppo11rncb1H TY1l.btpaL1,bl. 

1-Kecme 

M\'Haiiilhl a1U1eyilin apTypJJi yilepiCTepinin 
KOMipcyTe11.1iK raJilapi,rni,1n 1q•paMhl (% Mace.) 

K.¥pa:-uiacrap 

H1+C0 3 •.••....• 

CH4 . ..... . ... . . 
C,H4 ......... . 
C,Ho ....... .. . 
C3H, ..... . 
C3H8 ........•.. • •• 

1130-C,Hs .. 
H-C,Hs ...... .. .. . . 
1no-C4H10. 
H-C,H, • .... .. ... .. . 
C4H, .......... . 

KOKCTey 

K a rn,111T11-

K<LlblK Kpe

Klllff 

0,2 0,4 
16,0 32,5 
2,5 4,5 
17,0 21.5 
9,0 4,0 

21.5 15,0 
4,5 9,8 2,2 

5,0 4,4 
14,5 7,0 

8,5 

1,5 2,5 1,0 
26.5 11,0 9.5 
12.5 6,0 4,0 
20,0 8,0 5,0 
12.5 22,0 24,0 
11.0 12,5 9,5 
5,0 6.0 10.5 
5,0 14,0 15.0 
0.7 14,0 16.5 
4.6 4.0 4,0 
0.7 1,0 

16.0 
34,4 
29,3 
5,0 
10.5 

Karnm1TH-

8,5 5,5 
5,0 12,5 27,0 34,0 

9,5 24,5 21,0 24,5 

0,2 38,0 32 ,0 41,0 20,5 
1,3 
1,2 

19,0 11 ,0 
0.5 20,0 14,5 I 1,0 21,0 
1.5 

KaHblKTiaraH.Wp.'lbll-! co- I 15 , 335. 448. 553. 443. 
'iaCb! 225 .8 I 7 0 5 8 

faJ;Jblt{ Wbffbl\lbl , % 
(\lace.) w11Ki JaTKa 

7 7 12 17 30 77 12 23 1,8 0,8 

Cott.UbIKTaH K.¥P3MbIH,Ua KyKipni cyTeK )J(;:JHe rnMeHri MepKan

rn11.uap Cl15!KTbi 9KTHBTi KyKipni KOCbIJlbICTap 6oJlaTbIH KeMipcyTeK 

ra1D,ap.ub1 f<t>K,-ra )Ki6epyll.eH 6¥pbIH T33apTall.bI. Keu6ip )KafJ(aH-

11apL1,a l\qHaH 8tt.D,ey fa'.3)],apbl COH,UaH-aK KeMipTeK OKCI-111.i MeH )J;MOK

CHJJ,lHeH Ta3apTbIJia)J,bl. 

fa3.L\bI KyKipni cyreKTeH T33aprn:aHD,a a6cop6Ullil y.r:i;epici )f(Mi

peK KOJI,D.aHbIJia)J,bI. f33D,ap.uaH KyKiprri cyreKTi rnHJ(aMarrbI 6e11in 

a.1y yrniH a..o,cop6eHTiep peTiH)J,e TpHKaJIHHcpoccpaT, HarpHH <l>eHOJUl

Tbl , :naHOJlaMHHD,epD,il{ epITIH)J,iJiepi KOJl.D,aHblJla.!l,bl. 

M83-ne Kerr rnparrraH T;:JCiJl - MOH03TaHOJlaMHH (M3A) epiTiH-

1l.lC1Hll{ K8MertMeH Ta3apry. 
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KyKipTTi cyTcKTCH TCK f<DK-rn 6anrTTClJ1aTbIH rauap rn1rn 
Cl\!CC, COHb!MCH !(amp rnyapnbIK C¥Hb!TbLlnlH KeMipcyTCKTiK cjJpaK
u1urnap .n:a rn:mpTbIJia.JJ:bI. TayapnbIK cppaKumrnap.JJ:bI rn3apTy cimi 
HCMCCC TpHKaJIHHcpoccpaT, MOH03TaHOJiaMHH JK;:me T.6. CH5IK:Tbl pere
HepaUH5IJiaHaTb!H peareHTTep 1<:on.n:aHy apI<:bIJibI )Kyprne.n:1. 

I'aJiJapiJbz Kenmipy. M¥Hai13aybITTblK ra3.n:ap.n:b1H, I<:¥PaMbIH.JJ:a 1<:aT
TbI McxaHHKaJibIK: K:Ocrranap 6onMatt.n:b1. Kyi<ipTci3.JJ:CH.JJ:ipeTiH, cycbn
.n:aH.JJ:bipaTbIH JK;;JHC ra3cppaKUH5IJiattTb!H K:OH.[(blpFbIJiap.n:aH lllbIKK:aH ra3-
.n:ap.n:a KOMrrpeccopnap.n:aH KCTirr K:aJIFaH KeMiPCYTCKTep MCH MattJiaFblllI 
Mai1:Jiap.JJ:bIH, KOH.JJ:CHCaUHHJiaHrnH TaMlllbrnapbI 6onyb1 MYMKiH. T a6Hrn 
ra3.n:ap.n:a ¥IJ,FbIMaJiap.n:aH KCTirr K:aJIFaH TOrrb1paK:Tb!H, 6eJillICKTepi, K:aK:
rnp, c¥iihII\ KeMipcYTcKTcp.n:ia TaMlllbrnapb1 6ona.n:b1. 

MexaHHKaJibIK: K:Ocrranap.n:aH ra3.JJ:bI Ta3apTy.JJ:bIH, ca Kerr rnpan
FaH ;;i.n:ici - OHbI qttbil\TbIK: (Matt) K:a6aTbI apK:bIJibI 6ap6ornpncy Hc
Mccc a6cop6cpncp.n:c ra3.JJ:bI C¥HbIK:TbIK:rrcH cyapy. C¥ttbIK:TbIK:Tbrn 
TaMlllbrnapbr KeTirr K:aJIMac yllliH a6cop6cpncp.n:ia )KOFapbI )KaFhIHa 
l(ai1:rnpFbIIll rnpcnKanap K:OHbIJia.JJ:bI. 

fa3 cyrn cc3iMTaJI KaTaJIH3aTop.n:b1 rraH:.n:anaHbm Karnmn.n:iK ea
.n:cy yllliH 6aFbITTaJiaTbIH HcMccc cppaKUHHnay JK;;JHC ra3.JJ:bI ;:ipi K:apai1 
ea.n:cy rnMcHri TeMrrcpaTypanap.n:a )Kypri3cTiH JKamaH:nap.n:a ra3.JJ:bI 
Ta3apTy ]\a:>KCT. Ercp KCrrTipinMcrcH ra3,[(bl 0°(-,[(CH TeMCH TeMrrepa
Typarn .n:cttiH CYbITCa, OH,[(a OJI arrrrapaTypa MCH I<:¥OblpJiap.n:bI M¥3-
6eH 6iTeyi MYMKiH. 

KeMipcyTcKTcp MCH Kci16ip 6acK:a ra3.n:ap.n:b1H, cyMcH Kpttcnu1-
nortt.n:paTTap TY3Y K:a6incTiH ccKc anrnH )KeH, onap ra3.n:ap.JJ:bIH, MO
JicKynanapbr MCH cy.JJ:bIH, T¥PaK:Cbl3 KCllICH.JJ:iK (KoMrrJicKcTiK) K:OCbI
JibICTapbI 6onbm rn6hIJia.JJ:bI. 3rnHHbIH, C2H6 -7H20, rrporraHHbIH, 
C3H 8 ·18H20 :>K;;JHe T.6. Kpttcrnnnorn.n:panapbI 6cmini. Kyi<ipTTi cy
TeK TC cyMeH rn.n:paT Ty3c.n:i H 2S -5H20. KpttcTannorn.n:paTTap I<:¥-
6brpnap MCH arrrrapanap.n:a l 5°C-.n:cH TeMCH TcMrrcparypanap.n:a 
rraH:.n:a 6ona.n:br JK;:'JHC onap TyCTepi M¥3Fa ¥K:Cac qp TycTi Macca. 

KeMipcyTcKTiH, MOJicKynaJibIK: Maccacb1 HCF¥PJibIM a3 6onca, co
F¥]JJibIM OHbIH, KpHCTaJIJIOrH.n:paT TY3CTiH TCMrrcparypaCbl MCH K:b!Cbl
MbI JKornpb1. Mb1canb1, MCTaH l 2,5°C JK;;JHe 10,0 MIIa-.n:a rtt.n:paT TY-
3c.n:i, an 3TaH OCbI TcMrrcpaTypa.n:a 2,5 MIIa-.n:a rn.n:paT Ty3c.n:i. ftt.n:
parrap TCK ra3 cpa3aCbIHbIH, cy 6ybIHbIH, rrapUHaJI.JJ:bIK: (ynecTiK) K:bI
cbIMbI rtt.n:paTTbI]\ 6ynapb!Hb!H, K:b!Cb!MbIHaH Kerr 6oJIFaH,[(a FaHa 60-
Jia,[(bl. CoH.JJ:bII\TaH ra3.n:ap.n:br KcrrTiprcH.n:e onap.n:aFbI bIJIFaJI.JJ:bI cy 
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O)bIIIbill y.1ccTiK J-;bICbI\lbI rn;:i,paTTap:Lblll KaHbIKIGll! 6yhrHbl!\ KbICbI

\lbIHaH KC\! OO:IaTbl I l.laii CTi n cUaiiTClJ,bl. ra3;:\Clfl;:\blll b!JIFCl.Jl \!0J1We

piHiH, npaKTHK31l,3fbl KepceTKiwi Wbll(TaHY HyKTeci .uerr aTarraTbIH 

wa:-.ia 60,1a1l,hL fa3D:hI WhIKTaHY HyKTeci TervmepaTypacbman ra3.uap-

1l,a 6o:13Tb!H cy 6yhI KOH1l,eHCHpneHeD:i .ue, WblK Typin.ue T¥Ha.II,bl. 

fa3;:ihr KenTipreHD,e cyD:hI KaTTbI )IGrne C¥HbIK *¥Tl\hIWTap l\OJI

.ua11anhr, onap MbmanaJ:i Tananrnprn caJ:i Keneni: hrnran CbitthIM.Il,hI

,1bIFhI )K0Fapbl, 51FHH )K¥TKblW 6ipniK MaccaCbl HeMece KeneMiHe 

MYMKiH;.i:iri11we Kerr hrnrarr )K¥TY I(a6ineTi 6onanb1; )Kal\ChI pere11e

pamrnnaHyh1; Kbl3MeT eTy yal(b!TbIHbll-\ ¥3al(TbffbI; 6aFaCb1HbIH, l\bIM-

6aT 6omiayhr )lGme ai1hmy )KOJlhIHhll-\ I<aparraJ:ihrM 6onyh1. OcbI l\a

Cl!enepnil-l )K3J(Cbl )KHbIHTb!Fb!H 1(3TTbl *¥TKblWTap.II,aH aKTHBTenreH 

3JllOMHHHH OKCH.II,i, Cl!Jll1Karenb, CHJ-ITeTHKaJlbll( ueoJIHTTep (MoneKy

JlaJiblK e.1eKTep ), an C¥Hbll( *¥TKblWTapD:aH .Il,H- )K;~me TpH3TirneHrJIH

KOJ1bD,ep KepceTeD,L 

M83-D,e C¥HbIKTbIK Kernipy, dD,ene, D,H3THneHrnHKOJihMeH 

CU3 f) )Kypri3iJ1e1l,i. illbII(TaHY HYKTeci LJ:3 r -neH KemipreH.II,e 20°C

re neJ:iiH TeMeHD,eyi MYMKiH. 

l\aTThI KemipriwTepnil-l KeMeriMeH Kemipy Tepe1-1,.uiri att:rnp

HhIKTaJ:i aprnnhr. Mbrcanhr, aKTHBTi an10M11m1i1 OKCH.II,i ra3.II,bI lllhII\Ta

HY HyKTeci 70°C-re nettiH KerrTipeni. UeonHnep ra3.II,aFhr hrnFarr.II,bIH, 

Menwepin 0,001 %-rn .uettiH )K;me WhIKTaHY HYKTeci 75°C-.uen Te

MeH TeMnepaTyparn nettiH TeMeHD,eTeD,i. 

M¥HaJ:i3ayhITThIK ra3.uap.II,bI Kemipy ywiH aKTHBTi a.ucop6eHT

Tepni nai1nana11rn11na a.ucop6e11nepni1-1, ra3.ua 6onaTbIH I<aHhII<rrarnH 

KeMipcyTeKTep.uil-l non11Mepne11yiH 6onD,hrpyhr MYMKin.uiriH ecKe an

FaH )K8H. ckipece DOJlHMepneHyre DHpOHH3 ra3.II,apbl 6ettiMipeK. 

ra3.Il,ap.II,hl OeJiy. ra3.II,ap 1'0CUaJiaphIH 00JIY HciJI.II,epi. fa3-

D:ap l\Ocmrnapbm ,KeKe l\¥PaMD,acrnprn HeMece dpi l\apa:H e1-1,.ueyre 

)KapaMD,hI TeXHHKaJihIK ¢paKUH51naprn 6eny ywiH Keneci y.uepicTep 

KOJID,aHbrnanhr: KOH.II,eHcaUH51, Korvmpeccrrn, a6cop6u;m1, peKTHcpHKa

UH51, a.ucop6UH51. f<Dl\-.ua 6¥JI y.uepicTep ::ipTypni eTirr 6ipiKTipine.ui. 

KoHoeHcazfufl - ra3.uap.uhr 6enyni1-1, 6ipinwi caTbIChI. KoH.II,eHca

UH51 K8MeriMeH ra3 eKicpa3anbII\ C¥HbII(TbII(-ra3 )Kyttere attHana.II,hI, 

CO.II,aH COi-\ OHbI MexaHHK3JibII\ )K0J1MeH ra3 6eH C¥Hbil\Thil\l\a 6ene.ui. 

KoHD,eHcau1151 Ke3iHD,e cyhITl\hIW areHT peTiH.ue eH, an.II,bIMeH cy.II,hI 

HeMece ayaHbI rraJ:i.uananaD,bI. D¥JI )Kar.uatt:.ua KOH.II,eHcau;H51 TeMrrepa

Typachr 35-:-40°C 6ona.uhr. KoHD,eHrnpneneTiH K¥]JaM.uacrnp.uhrH, 
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caiibIH apTTbipy ywi11 cybITY ar-CHT pni11D,c 6y~1a1IaTblH a:v1:v11iaK. 

cllpCOI! HCMCCC K81\lipcyTCKTiK rauap - nponall iKdllC 3TaJI nau;J,aJlaI!a 

OTbipbIII KOHJJ:eHcaumr TeMnepaTypacbIH TeMeHnery KepeK. Cyhrry 

areHTi eTin nponaHJJ:hI HeMece aMMHaKThI nattnana11rn11na KOHJJ:eHca

umr TeMneparypacbr -40°C-1e nettiH, an 3TaHJJ:hI nattnana11rn11na 

-80°C-re nettitt rnMettneTyre 6onanhr. 

KoMnpeccuJ111bz ra3.uapnh1 6eny C¥J16anaphrn,Ua Ko11ne11caum1-

MeH 6ipre I\OJI,Uatta,Ubr. fa3napLJ:bIH. I\bIChIMLJ:aphrn apnb1prn11na Ke

MipcyTeKTepni11, KOH,UCHCaUH5!Cb!Ha )KaFh!M,Ubl )KaF,Uattnap )KaCaJia,Ubl. 

l\bICbIJIFaH ( CblFbIJIFaH) fa3JJ:b!H, eH, aJI,Ub!MCH aybIJJbipaI\ K.¥PaM,Uacrn

pbl KOHJJ:CHCaUI15!JiaHa,Ubl. 

A6cop6lfUR - ra3,UhIH, )KeKe K.¥JJaMnacrnphrn (KoMnotteHTTepitt) 

OHblMCH )KattacaTh!H c:'jLHb!KTb!I\IlCH (a6cop6eHTneH) )K¥TY ynepici. 

A6cop6u,tt5!HhIH, THiMniniri ynepic )KypeTiH TeMnepaTyparn, KhIChIM

rn, ra3JJ:hIH, )K::lHe KOJI,UattbIJIFaH a6cop6eHTTiB Kac11enepi11e, a6cop6-

UH5!JiattaThIH fa3JJ:blf{ I\03FaJIY )KbIJI,UaM,UbIFbIHa, 6epiJieTiH a6cop-

6e11rri11, MeJIIJJepitte Tdyenni 6onanhr. 

Eenrini 6ip ra3,UhIH. K.¥PaM,Uachr OHhIH, ra3 cpa3aCbIHLJ:anr nap

UHaJILJ:hII\ (ynecTiK) I\hIChIMhI a6cop6ettT 6onhm rn6hrnaTbIH )Kdtte 

ra36eH )KaHaCaTh!H C¥Hb!KTbIKneH Tene-Tef{,UiKTeri 6y cpa3aChIH,UaFbI 

I\hIChIMbIHaH apTKaHna rnHa 6oJia,UhI. E11neIJJe a6cop6e11Tne11 ~ThI

JiaThIH fa3JJ:aH aJihIHaTh!H K.¥PaM,UaCTb!H, KapKb!H,UbIJiblFbl OCbl nap

UMaJI,UbII\ I\hIChIM,Uapnhm attbrpMacbrna nponopu11011an 6onanhr. 

OrnH I\OCa ~hrnrnH K.¥PaMnacThIB MeJIIJJepi yaKhITKa )Kdtte C¥HhIK 

)K::lHe ra3 cpa3anaphIHhIB )Kattacy 6eTitte nponopu11011aJI 6oJia,UhI. 

l\bICbIMHbIH, a6cop6U115! ynepicitte ;}Cepi fettp11 3aH,b!MCH attbIK

TaJiaJJ:bl. n¥JI 3af{rn C;}ttKec ra3,UhIH, qtthII\ThIKKa epiriIJJTiri OHhIB 

C¥HbII\ThII\ 6eTiHneri 6ynaphIHhIH, napu11aJI,UhII\ l\hIChIMbIHa nponop

UHOHaJI 6onanhr. Erep TeMnepaTypaHhI e3repTnett, epiTi11ni 6eTittne

ri l\bICbIMJJ:bl apTTbipca, OH,Ua C¥Hbll\Tbll\I\a fa3,Ublf{ )KaH,a M8JIIJJepi 

KeIJJe,Ui. l\bICbIMJJ:bl apTTbipy a6cop6U115!Hbl KyIJJettTe,Ui. 

TeMITeparypatthI aprrb1prnH,Ua fa3LJ:hIB qtthII\ThII\Ta epyi maMhL 

a6cop6u,115! 6MyJiaHaLJ:hI )K;}He TinTi TOI\Tan KaJIYhI na MYMKiH. Tex

HOJiortt5!JihII\ l\OHJJ:bipFbrnapna ra3na11 nponatt Mett 6yrnttLJ:hI 6enin 

anrnttna TeMneparypatthI 35°C-ne11 aprrb1pMatt ¥Crnn T¥panh1. 
A6cop6e11rri rnf{nay a6cop6UH5!JiaHaTbIH ra3JJ:hm KaetterrepiHe 

6attnaHbICThI 6onanh1. KeMipcyTeKTiK ra3nap e3nepi11e )KCf{iJI 6eH-

3HHHitt, K.¥PbIJibICbl MeH MOJieKyJiaJibll\ MaccaChl )Ka{\b!H c¥HhII\ Ke-
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\llj)C)TCKTC]Ji\lCll aocopOU115Lla!Iblll oeniIICJJ,I. )!{cI(iJI a6cop6eI!T 

6y:iapblllblll ccpni\LJ,iHiri /IWfll]Jbl 00.ltaH}l,blKTaH, OJI eµ,;;iyip ,J,;;l

peJKene a6cop6ep.II,eH KeTeTiH ra36eH 6ipre KeTe.II,i. \3.II,eTTe, a6co

]JOUH5Ulb!K KOHllbipnrnapna eKi caTbIJibI a6cop6uw1 l\OJI)J,attanb1: 

11eri3ri a6cop6e11T 6eH3~rnniK cppaKUH5! 6oJia)J,bI, conatt COH: 6ett-
3HHMeH KeTKeH ra3,LI,aH 6eJiirr aHy yrnitt a6cop6epneH ayb1p cppaK

UH5lnbIK K¥pa:v1,LI,aFbI C¥HbIKTbIKITeH, Mb!CaJibl, KepOCHHfa30MJ!b)J,iK 

cppaKUH5!MeH JKYLIJia.II,bI. 
f a3LlblH C¥HbIKTbIKITeH JK¥TbIJIYbI /KbIJIY .II,bl lllbIFapa 1Kypeni. 

OcbI Ke3ne a6cop6u1rn JKaFnaJ:1b1 HarnapJiaMay ywiH TexHoJiormrnbII\ 

KOH!lbiprbrnapna 6ipKarnp apttaHbI T;;icinnep Konnatta.II,bI. Mal\CaTTbI 

K¥PaM.uacrnp.UbI 6es1irr aJiy ;::i:;;ipeJKecitt apTn1py.IlbllJ: THiMni r;;iciJine

pittia 6ipi a6cop6ettT nett ra3)lbI a6cop6epre JKi6epep aJI)J,bIH)J,a JK¥

MbICTbIK TeivmeparypanaH T8MeH TeMrreparypara nettiH CYbITY 60-

Jlblfl rn6bIJia.IlbI. A6cop6UH5! JKbIJIYbIH aJiy apaJibII\ TaCbIMaJI)J,aFbIIII 

cybITKbrwrnpna JKy3ere acbrpbutanbI. )!{orapbrna T¥PaTbIH rnpeJIKa

natt aHbIHFaH KaHbIKKaH a6cop6eHT e3ittniK anrnMeH )l(i6epiIIeni He
Mece coparrrnMaMeH cybITKbIWrnp apKbIJibI ai1:naJia.II,bI, conaH cott; Te

Mettrine T¥PaTbIH rnpeJIKara Kattrnpbrnanb1. W11Ki3aTTbI )l(;;>He 11,11p

KYJI5!UH5!JiattaTbIH a6cop6eHTTi cybITY ywiH TeK cy eMec, )l(acaH)J,bI 

cybITKbIW arettTTepni - rrporraHLLbI, aMMHaKTbI KOJI)J,aHa)J,bI. 

fa3.uapnb1 6eIIynia ancop6UH5!JibIK ;:inici ettepK;;icirrTe a3 rnpaJI

ratt. \3nicTiH Kei16ip 6eTTepi K8fl KaTTbl 3aTTap.II,bIH: (aKTHBTeJireH K8-

Mip, CHJIHKareJib JK;;)He T.6.), fa3.I(b!H ;;ipTypIIi K¥PaM)J,aCTapbIH Tatt;na

M3Jibl JK¥TY Ka6iJieTiHe Heri3nemeH. C¥HbIK JK¥Tl\bI1IITaprn (a6cop-

6eHTTepre) ¥Kcac KaTTbI ancop6ettTTep ayb1p KeMipcyTeKTepni l\ap

KbIH.IlbipaK JK¥Ta.IlbI. Ancop6un5!JibIK 6emiJii 6ip pe)l(ttMiH rntt;narr 

anbrrr, aH:rnpnbIKTatt K¥PFaK ra3 aJiyra 6oJia.UbI. Ancop611,mrnb1 6eJiirr 
aJiaTbIH K8Mipcyn.:KTep M8JIWepi 50 Mr/M3 -Ta!-1 acrrattTbIH [\OCilaJiap

naH, coI-Inatt-al\ ayacbI 6ap ra3napnatt MaKcaTTbI K¥PaMnacTapnb1 6e

Jiirr aJiy ywiH KOJI.II,aI-Ia.II,bI. 

PeKmurjJUKatfUfl ra3 KOCrraJiapbIH 6eIIynitt; cott;FhI caThICbI 60-

Jiblfl rn6brna.II,bI. OJI )l(OFapbI Ta3aJibIKTaFbI JKeKe KeMipcyTeKTepni 

aJiy ywitt KOJI)J,aHbIJia)J,bI. f a3napnbIH KOcrracbrn l\¥]JaMnacTaprn 6e

IIyni )l(ypri3y I(JlbIHb!paK 60JIFaI-1.I(bl[\TaH, KOJI)J,aHbICTaFbI ra3 6eey 

C¥JI6aJiapbIH)J,a peKTncpHKaUH5!Jiayrn fa3.II,aH KOH.II,eHCaIJ,H5!JlhI-KOM

rrpeccJI5!JlblK HeMece a6cop6un5!JibIK ;;inicrreH 6eJiiHreH C¥MbII\TbII\ThI 
JKi6epeni. K,b!CbIJ!FaH ( CbIFbIJ!FaH) ra3nap.II,bl peKTHcpHKaIJ,H5!JiaynhIH; 
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l\1¥Hai1 cj)paKUH51JiapbIH pe1nmjJ111rnwrn.1ayJ,a11 epeKwe.11r1 - Kai111ay 

rci\meparypanapb1 ere iK3Kblll e11i:v1;Jcp;:ii 6e.1y iK;;me Ta33JlbIK J,Jpc

)KCCi )!(0Fapbl rnyapJiblK eHiM,LI,ep,LI,i aJIY J(mKeTTiri. I\b!CbIJIFaH fa3-

,LI,ap,LI,bl peKTHCpttKaUH51Jiay COH,LI,aH-aK KOJIOHHa,LI,aFbI l(b!Cb!MHblH )!(0-

rapbIJib!FbIMeH epeKUieJICHC,LI,i, 8HTKCHi cyapy yUiiH peKTMcjmKaUM51-

Jibll( KOJIOHHaHb!H, )!(0Fapbl eHiM,LI,epiH )KaCaH,LI,bl cybITY )KaCaMatt-al( 

KJ,LI,iMri aya )KJHe cy cyhITl\hIUirnpbIH,LI,a KOH,LI,eHcau1151JiaHyh1 l(a)KeT. 

MbICaJihI, mo6yrnH,LI,hI 40°C-re KOH,LI,ettcautt51Jiay yUiiH 6yrnH,LI,hIK 

KOJIOHHaHb!H, pecj)JIIOKCTiK Cb!Hb!M,Ll,b!Jib!FblH,Ll,a )KJHC KOJIOHHaHb!H 

03iH,LI,e ,LI,e l(bIChIM,Ll,hI 0,52 MTia-,Ll,aH TeMeH 6onMattThIH,Ll,ai1: eTirr ¥C

rnrr T¥PY KepeK. 

PeKTmpttKaUM51JihIK KOH.L\bipFbIHhIH C¥JI6acb1 )KJHe )KCKe K¥PaM

,LI,acrnp,LI,bI 60ey Ti36eKTeMeci 6acrnrrl(hI l(OcrraHbIH, K¥PaMbI, 0HiM

,LI,ep,LI,itt j\a)KCT Ta3aJib!Fbl aJibIHaTb!H cppaKUM51Jiap,LI,b!H M8JIUiepiHe 

TJYCJI,LI,i 6oJia,LI,bl. 

ra3 fi»paKU:HSIJiaUThlH 1'0HLJ:hipFhIJiap. fa3,Ll,ap,Ll,bl 08JIY l\OH

,Ll,blpFbIJiapbI (f<l>I\) 81-l,,Ll,CJICTiH UIHKi3aTTb!H, TypiHe (rnrriHe) 6ai1:na

HbICTbI: j\aHbll(l(aH )KJHC l(aHbll\IIaraH fa3,Ll,ap,Ll,b!H KOH,Ll,blpFbrnapbl 

)KJHC rm,LI,ap,Ll,aH Mal\CaTTbI K¥PaM,Qacrnp,Ll,bI 6enirr aJiyJlhIH, KOJI,Ll,aHbI

JiaTbIH qcJI6aJiapb!Hbll{ TypiHe 6ai1JiaHb!CTbl KOH,Ll,CHCaUH51Jibl-KOMIT

peccH51Jibll( )KJHe a6cop6UH51JihIK l(OH,Ll,bipFbrnap 6oJibIII 60JiiHe,LI,i. 

Kott,LI,ettcau;H5IJihI-KOMrrpecc1151JihIK KOH,Ll,biprhrnap,LI,a ,Qa, a6cop6UH51-

JihIK l\OH,Ll,bipFbrnap,Ll,a ,Ll,a fa3,Ll,aH 60nirr aJlb!HFaH K8MipcyTCKTep,Ll,iH, 

c¥H:bll( l\OCIIaCbl CO,LI,aH COH, cppaKUH51Jiapra HCMCCC )KCKe K8MipcyTeK

Tepre peKTHcpHKaUH51 l(OJI,LI,aHb!JiblII 60JiiHe,Ll,i. 

MbrcaJI peTiH,LI,e l(aHhIKl\aH K8MipcyTeKTep,Ll,i 8H,,Qey yUiiH KOH

,Qettcau;H5IJihI-KOMrrpeccH51JibIK THIITi K:OH,Ll,blpFbIJiap,Ll,b!H, )KJHe Karn

JIM3,LI,iK KpCKMHr fa3,LI,apb!H 8f{,Ll,ey yUiiH a6cop6UH51JibIK rnmi l(OH

,Ll,blpFbIJiap,LI,bIH; TCXHOJIOfH51Jibll( qcJI6aJiapb!Hb!H, CHIIaTrnMaCbl Te

MCH,LI,e KemipiJie,LI,i. 

I\aHbIK:K:aH ra3,LI,ap,Ll,bIH, K:OH,Ll,bipFbrnaphrna (23-cypeT) AT )KJHe 

ABT-,LI,aH rm, KarnJim,LI,iK p11cpopMHHITiH, )KJHe 6ipittUiiJiiKTi ai1:,LI,ay

.L\hIH; CTaOMJIM3aQM51JibII\ 6acrnMaJiapbl KCJie,LI,i. I\OH,Ll,blpFbI KOMrrpec

CM51 )KJHe peKTMcpttKaUM51 6JIOKTapbIHaH T¥pa,LI,bl. 

TiKeaif,LI,aJiaThIH ra3 C-1 cerrepaTOpbI apK:bIJibI U:K-1 KOMrrpecco

pbIMeH I\bICbIJIYFa 6epiJie,LI,i. I\bICbIJIFaH KC3,Ll,C ra3 120°C-re ,LI,ettiH 

K:bI3a,Ll,bI. I\bICbIJiraH ra3 XK-1 )KJHe 6yJiaHaTbIH aMMttaKrren cyhIThI

JiaTbIH XK-2 KOH,Ll,CHCaTop-cyhITK:bIUibIH,Ll,a cyJihI KOH,Ll,CHCaTop-cyhIT-
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KbILUb11ua Ko1uc11c11p:1c11cJ i. XK-1-Je cyb1Ty l\1e11 l\OllLlCHcau1u1 
50°C-.J,c 6iTC.J,i , a_-, XK-2-;J,C 4°C-J,e 6iTC.Ji. Ko1-1 ,'.l,C HCaUil5lllbll\ 0p6ip 
caThICb11-1a1-1 Kei1.i1-1 ra3C¥HbIKThIK Kocrra C-2 )!(;me C-3 cenepaTopbIH
..'J.a ra3ra )!(;:JHe q}rhIKThIKKa 6eni1-1eLli. C-1, C-2 )!(;;me C-3 cenepaTOp
.1aphrna1-1 ra3 KOHileHcaTTaphI 6ipi1-1win iKTi ai::\.uay )l(;;rne pmj:>opMHHr 
KOHilbipnmapbIHhIH crn611mnamuLlhIK 6acrnManapbIMeH 6ipre peK
Tmp11Kamrn 6nonrna 6epine,11. i. 

PeKTmjrnKau115l 6norbIHila KeMipcyTeKTiK WHKi3aTTaH an,11.hrMeH 
Mern1-1 iK0He 3TaH a.,1acrnTh1J1a,11.b1. AnacrnTy ne3TaHH3aTop .uen aTa
Jl3ThIH peKTHCpHK3UH5IJlblK KOJTOHHana )l(ypen:i. 0¥JT KOJIOHHaHhIH; )1(0-
rapFbl eHiMi - MeTaH )!(;me 3TaH, 3Jl TeMeHri 81-IIMl - .n;e3TaH,UaJ1FaH 
cppaKUH5l. .[le3TaHH3aTop.UbIH: )!(Oraprb1 eHiMi )!(acatt.n;b1 cyhITI<hillI 
areHT - aMMHaKrre1-1 cyhITblJla.UhI. 

K-1-n:ett nena1-1nanra1-1 cppaKUH5l C-2 .uerrporraHH3aTopra Tyce.ni, 
OHblH JKOFapFbl e1-1iMi - nponaHilhlK cppaKUH5l, an TeMeHri eHiMi -
nerrpona1-1nanra1-1 cppaKUH5l . )l{oraprb1 eHiM XK-4 aya Ko1-1.ne1-1caTop
cyhITKNlllhJH.Ua Ko1-1.ue1-1cauu51na1-1ra1-11-1aH )!(0He co.H,FhI cyhITI\hillITa 
cyb1Fa1-11-1a1-1 KeH.i1-1 an.uhrn ana cinnmK Ta3apTyna1-1 eTirr, I<OH.D;bipFbI
na1-1 lllb1rapbrnanh1. K-2 D,enporra1-1113aTOpilhIB rnMeHri ettiMi K-3 
.ue6yrn1-1113arnpra 6epine.ui. 

K-3 Kono1-11-1achIHhIH. peKTHcpHKaTbI - 6yrnH MeH H3o6yrnHHbII-l 
Kocnachr, an KaJI,T(blfhI - .ue6yrnH.uanra1-1 )!(eH:in 6ett3HH. PeKTHcj:>HKaT 
XK-5 Ko1-1n:e1-1carnp-cyhrTKhIWbIH,Ua KOHLI.e1-1c11pne1-1e.ni, co.ua1-1 coa K-4 
6yrnH.UbIK KOJT 01-11-1ara 6enyre 6epinen:i. K-3 KOJIOHHaChIHhlfl I<aJJ.D;hI
FbI K-5 n:eneHTaHH3aTopra ayb1ca.ubr. 

EyrnHD:hII< KOJIOHHa 6yrn1-1n:ap.ab11-I. KOcnanapbIH I<aJlhll1ThI 6y
rn1-1ra )!(;:itte mo6yrnHra 6eny ywi1-1, an K-5 Kono1-11-1ach1 (.nerre1-1rn1-111-
3arnp) ra3 6e1-13111-1iHeH neHTa1-1n:apn:h1 6eny ywiH l\hI3MeT eTen:i, onap 
K-6 peKTHcpHKaUH5IJ1hII\ Korro1-11-1ara 6epirren:i . .[lerreHTaHH3aTop.n;bII-l 
T8MeHri eHiMi - C6 cppaKQH5ICbl )[(;me O.ll,aH )1(0Fapb1Jiapbl I\OH.D;blpFbI
.ll,aH Wb1Faphma.ub1. 

24-cypene qn6achr KepceTimeH J<OH.D;bipFhI KaTanm.n;iK Kpe
KHHr 6eH3HH crn6HJ1H3aQH5l.JiaY (T¥PaI<TaH.ll,bipy), KaTanH3.D;iK Kpe
KHHr ra3hIH KyKiprri cyTeKneH rn3apTy, ra3na1-1 C3 - C4 KeMipcyTeK
Tepitt 6errin any, OChI KeMipcyTeKTep.ni.H KocnanapbIH nporra1-1-rrpo
n11ne1-1niK )1(0He 6yrnH-6yrnne1-1niK cj:>paKQH5lnapra 6enin any YllliH 
Tarai1.brnnanra1-1. 
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23-cypeT. KottJlcttcauttllJJbI-KOMnpcccHllJJhl-pcKTmj>HKClllHllJJbIK TypJlcri ra·.Hj1paK11m1m1HTb1H 

KOHJlblpfblHbll-{ TCXHOJIOrHllJlbll( qUJ6UCbl : 

I - M¥HaiiAbl 6ipimuiniKTi 0JVJ.cy11i1l ra:i l\OHl lhlprhJChl ; II - My11aii)lhl 6i pi11111i11 iKTi OJUICY l\Olll\hiprw1apb111h111 cn16111111'Ja1urn1iay 6ac1>1 (6ana 

M3Cb1); Ill - KaTaJJH3AiK pmjiopM1111rrin crn611mna1tHHJ1ay 6aci.1: IV 11po11a111t1>11\ (ppaK1t1rn: V 1no6yrn11HhII\ (jJpaKn1111: 

VI - 6yTaHAhIJ< <jipaKu1111; VII -- H'lonc11rn111thl l\ (jlpaKllH»; VIII - 11c1rra111thII\ <l1paK1111» ; IX -- ra '.ll lhl 6c1rn111 (C, )K~11c 01ta11 )KOrap1>1); 

X l\ypraJ< rn1; XI aMMilaK 



Ka1a.11rni K 1-:pc 1-.:1111r KOlLl blJW blC b11taH « cc111i 3» ra3 K-1 a6c o p-

6epre :-.10Ho:natto.;ia11u11H 1c11 Tt:napTyra 6cpincJ,i. 
Ta3apTbrnraH ra3 DK-I KorvmpeccopbIMeH 1,4 MI1a-ra nei1iH 

KbICbLla!J.bI , cybITbIJia.UbI )KdHe K-2 a6cop6epittiH. 22-rnpeJIKaCbIHbIH. 
acTbrna 6epi,1e.Ji. Oehl rnpeJIKara, 6ipa1< ra3 eHeTiH '/Kepnett '/KOFapbr 
)K3Fb!Ha KO~mpeCCIU!HblH. KOHL\CHC3Tbl 6epiJien i . 

<DpaKUH5!Jia(1TbIH a6cop6epre cottnai1-a1< T¥paI<:ChI3 6ett3HH ettri-
3i:ieni , on Heri3ri a6cop6ettT 6oJihm rn6brna.ub1. <DpaKUH51JiattThIH a6-

cop6ep, 6acKawa a6cop6epnecop6ep .uen Te arnJiaLI,bI, OHbIH. KdniMri 
a6cop6ep.uett ai-!b1p1v1awbIJ1bIFbI KOM6tttt11pJiettrett (KypneJiettnipiJI
reH) KonoHHa 6onhm rn6brnanb1. <DpaKUH51nattTbIH a6cop6epniH: '/KO
rnpFbI 6eniriHne a6cop6mrn, 51FHH ra3naH Ma1<carrh1 ettiMnepni 6e
n in any, an TeMettr i 6enirittne 6epiJieTiH )l(bJJIYnbIH: ece6itteH pere
Hepam-15!CbI '/Kypen i . <DpaKu1151n attTbIH a6cop6epniH: rnpenKanapbIMeH 

'/Korapb1D,aH TeMeH I(apai1 ara OTblpbm, ayb1p J<¥PaMnacrnpMeH I<:a
HbII\KaH a6cop6eHT C¥HhII\TbIKTaH necop6umrnattratt hICThIFbipar<: 6y
JiapMeH Ke3neceni ne, KonottHaHbIH. TeMeHri )l(aFhIHa aranhr. Cl>paK
UH51nattTbIH a6cop6epniH '/Korapb1 '/KaFbIHaH C 1 - C2 KeMipcyreKTepi 

6ap K¥PFal\ ra3 eTeni, an TeMeHri )!<aFbIHaH apb!l\ a6cop6eHTneH l\O
ca C3 - C4 KervtipcyTeKTepi WbIFapbrnan b1. 0Thrn TeK ra3 cpa3aChIH)J,a 

6epineTiH K;:iniMri a6cop6epnepnett cppaKUH51JlaHTbIH a6cop6epnep

n iH. attblpMaIIIblJlbIFbl OFaH OTb!H C¥llblKTbll\ KyttiHne ne, ra3 KyttiHne 

LJ:e 6epineLJ:i . 
f\¥pra1< ra16e11 KeTKeH 6ett3HH.UiK cppaKumrnap,n:hI nea6cop6-

u1151nay ywiH K-2-HiH: )l(OrapFbI '/KaFbIHa T¥PaKThI 6eH3HH 6epineni. 
A6cop611,H5!JlbIK 6enirvtneri TervmepaTypaHbI a6cop6ettrri apanbII\ 

cyhnyrvteH ¥CTan T¥panb1. l\aHbIKI<:aH )!(;}He ne:nattnanraH a6cop6eHT 
K-2-neH K-3 crn611n111arnpbrna 6epinen i , OHbIH. )l(OFapFhI ettiMi crn-

6ttn113aumrnay 6achr, an TeMeHri ettiMi-T¥Pal\ThI 6eH3HH 6ona,n:h1. 
Crn6ttn111aummay 6acrnMacb1 Ta3apTy 6norhrna ryceni, oHna MO

H03TaHonaM11H (M3A) epiTiHnici )!(;}He cimiMeH KyKiprri I\OCh!JihIC

Tap,UaH rn1apThrnanh1. ConaH COH: K-4 nponaHnhII\ KOJIOHHana Ta3ap
TblJIFaH 6acrnManaH nponattnpomrneHniK cppaKu;HH 6eniHeni. Ilpo

naH,UbII\ KOJIOHHaHhIH: I<annhIFhI K-5 6yrnHnhII\ KOJIOHHana 6yrntt6y
rnnettniK cppaKu;HHra )l(;:itte l\M.[(hil\l\a 6enitteni, on T¥Pal\TbI 6eH3HH
MeH 6ipiKTipineni. 
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24-cypeT. A6cop6um1m,1-pcKrncjrnKm1HllJJh11\ TYP!lCri raJcjipaKUHllJJaHTbIH 

l\OH/lblpFblJl3p/lbll{ TCXHOJJOrHl!Jlbll\ qu16acbI: 
I - ccMiJ ra3; II -- M3A-Hhlll lKal(a cpiTiH;(ici; Ill KyKipTl-i cyrcK; IV - K.-¥PFaK ra3; V - 'f¥paJ<:Cbl3 6c1rnm; 

VI - 6yra116yrnJ1c111iiK tjipaK1m~; Vil Typai\'l'hl 6c1111111; VIII -- 11po11a11-11po11H11c111tiK <J>paKH~ 

VI 
VII 
VIII 



l .5. Ko'1ipcyTCKTih: m111d3an,a 
"OHhlJiaTblH TaJlanTap 

M¥HattxHMrn!JlhIK eH.uipicKe apHanraH KeMipcyTeKTiK lllHKi3aT 

KeMipcyTeKTepl(il-l ;;ipi KapaH XHMIUIJihlK Typnetty epeKllleJiiKTepiMeH 

aHhIKTai1aTbIH iKorapbr rnnanrnpra catt 6onyh1 T11ic. 

KeMipcyTeKTiK rrrnKi3aTKa KOHh!JlaThIH Heri3ri rnnanrnp.UhIH: 6i

pi - XHMW!JlbIK rn6nraTbr 6acK:a 3anap.UbII-l eH: a3 Menlllep.ue 6onyh1 

HeMece TinTi 6onMayb1. Mbrcanh1, C¥HbJK )J(;;itte KaTibI napaqmtt.uep.ui 

cnHpnep MeH KblWKb!J1llapra .ueiiiH TOTblKTbipraH):i:a 6aCT3IlI\bI um

Ki3aTTa TOTb!KTbIPY.Ubl Te)J(eihiH HacpTeH.UiK )J(;;JHe apoMaTibII\ K0Mip

cyTeKTepnil-l el-{ a3 Menwepi (0,5% -ra .uettiH) 6onyh1 KepeK. ToThIFY 
Ti36eriH y3eTiH cpe1rnnnap, a30TTbl )J(;;JHe KyKipni I\OCbIJibICTap.LJ:bIJ-{ 

6omrnyhr JJ,a Mal-{bl3.LJ:b1paK. OcbIFan 6ai1naHbICThI apoMaTibII\ KeMip

cyTeKTeplle KyKipTTil-l Menwepi 6ottbIHwa rnnamapbI I<:aTan (0,02%

llaH acnayb1 KepeK) )J(;;JHe OHhIH: P¥KCaT eTinren Menll!epi bIJIFH JJ,a 

TeMettnenny.I:(e. 

KyKipTcyTeKTeH ¥KbinTbI eTin Ta3apTy :nwneH yllliH I<:a)J(eT, 

0HTKeHi peaKUH5!nhIK KOCna,ri:aH anhIHaTb!H 3THJI cnwpTiH 6enin any 

yllliH apHanraH peKTHcpHKau1ur;1hIK annapaTypa )J(hIJI.UaM Koppo3H.51ra 

¥lllb1paH:.uh1 .ua, icTeH WhIFaLlhI. Con ce6enTeH 3nrneH ,ri:e, auenrneH 

.ue 6onMayhr Tttic. 3Tttnett.ue auenrneHHil-l 6onyh1 nonH3Tirnett,ni iKO

rapbI KhIChIM,na nonttMepney apKhIJJhI anratt.ua ,na P¥I<:CaT eTiJIMei1:.ui. 
3rnneH 99,99% Ta3aJihIK:rn 6onyhr Tttic. 

AueTttnettHiH: )J(;;JHe KyKipni KOCnanap;:i:bII-( 3THJieH,ri:e 6onyhl 

3Tttnettni TOThIFY ynepicitt,ne rrai1,nanaHh!J1aThIH KyMic KaTantt3aTo

phrn ynaHL(bl, an Ty3ineTiH KyMiCTil-( aueTHJieHH,ri:i I\OnapbIJihICI\a 

Kayimi . .Z:h1eHJJ,ep.uil-l onecptttt.uep.ri:eri KOCrracbr H30Mepney,ne iKdHe 

aJIKH.!l)],ey.ue lllattblp Ty3iJIYTe ;;JKen COFa)],bI. blnran.ri:aH, KeMipTeK OK

CH)],TepiHeH, aMMHaKTaH iKdHe con Cl15!I\Thl llleKTeynep KeMipcyreK-. . . 
TIK llIHKI3aT ywrn I\a)J(eT-aK. 

EipKarnp iKar.ri:ai1nap.ua KeMipcyTeKTiK w11Ki3aTThI XHMH.51JlhII\ 

Ta611raTbI COH.[(aH 1130Mepnep MeH fOMOJIOrTap,ri:aH Ta3apTy I<:aiKeT. 

MbrcanhI, erep napacpwtt,nep.ri:e H30K¥PhIJihicTbI KeMipcyTeKTep 6on

ca, dpi Kapatt TOThIFY.UhIH: eHiM.uepiH)],e TeMeHriMOJieKynanhII\ I\bllll

Kb!J1.[(ap.ubII-{, COH,natt-aK eTe )J(afb!MCbl3 HiCTi 11301\bllllI\hIJI.LJ:ap,ri:bif( 

Menwepi apTb!fbipaI<: 6ona.uh1. rr-Krnnosu1,bIH: MeTa-H30MepMeH nac

Tattyh1 Tepecprnnh KhIWK,hIJJbIH aJTraHLJ.a, ottna H30cpTan I\hilllI\hIJihI-
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Hbll-\ Kocnacbr na 6ona;:i,br, 0.1 6onca aJJblllaTbIH naBca11 Ta.1wbIFbI

HbII~ MbIKTbJJlblfblll TeMeJJJJ,eTe;J,J. 

f11JJ,parn11,1rnrn 6apaTbrn 3TJJJJeHJJ,e 0, 1 %-JJ,aH Ken npomrneH 

6orrca, 3Tttrr cn11pTiH Ka)KeTTi canana any MYMKiH eMec. lbo6yT11-

rrettJJ,i orr11roMeprrey yJJ,epicittJJ,e 11306yT11rreH MeH 113oaM11rreHJJ,i JW
pbIC 6errMece, Ty3ineTiH non11Mepw1cT11JIJIHTTbII-\ 113oMepniK )K;;JHe 

cppaKIJ,MHJihIK J<¥.paMbI Ke!-\ 6onaJJ,bI, on aJJKHJIJJ,eywi areHT peTitt;i:eri 
. . . 

)K;rne )K0FapbIOKTaHJJ,bl OTbIH anyJJ,aFbl Wl1Kl3aT penHJJ,en OHblH, J<¥.H-

JJ,bJJlbIFbIH HarnapnarnJJ,hI. )KornpFbI a-orrecpttHJJ,epJJ,e rnpMaI\TaJIFaH 

J<¥.PhIJihIMJJ,hI KaHbII\narnH I\OChIITbicrnpJJ,hII-\ 6onyh1 (on rn11Ki3aTThI 

6eH30JIJJ,hI HeMece cpeHOITJJ,hI anKttrrJJ,ey yrniH nattJJ,anaHFaHJJ,a) aFbIH 

cyrrapJJ,a 6110Xl1Ml1HJihIK bIJJ,bipaybI TeMeHri JJ,;)pe)KeJJ,eri )KYFbIIll 3aT

rnpJJ,bI anyrn ;)Ken cornJJ,hI. 

KemipinreH MhICanJJ,ap KeMipcyTeKTiK rn11Ki3aTThI ¥1\hITIThI JJ,aHp

nayJJ,hII-\ K~errirrn KepceTeJJ,i )KgHe M¥HJJ,att JJ,MpnayJJ,hII-\ MaH,bl3hI 

ytteM1 apryJJ,a. 

I. I\a.3ipri Ke1etti:1eri M¥Hal1x11MHll ettepK;ici6itti:1eri KeMipcyTeKTiK IIJ11Ki1a
ThIHhIH rypnepiH aTaHhl3. 

2. KeMipcyTeKTiK IIJ11Ki1aTThI x11MIIllJihIK 8H:.L1eyi:1iH Heri1ri 6aFbITTaphrn 
aTa!-{hI3. 

3. M¥ttaJi fa.3.[{apbIHaH K8MiPCYTeKTiK IIIIIKi3aTibl 6enirr any rnciJI.[{epi. 
4. M¥ttatt,!(aH KeMipcyTeKTiK IIIIIKi3aTibl 6enirr any T;JCiJI.[{epiH aTa!-{hl3. 
5. Ta611F11 fa.3.l(ap.l(aH JK;JHe M¥Hail:.l(aH 6enirr aJihIHaThIH KeMipcyTeKTiK IIJH

Ki3an:a I<Oil:hrnaThIH TanarrTap. 



2. HEfl3fl !Vl¥HACIXHMH51Jlbll\ 
Y)l,EPICTEP 

Te1v1ettne eH, MaH,hI3L\hI ettepK;,cinTiK M¥HattXHMIUIJihIK y,n;epic

Tep KapacTbipbIJIFaH. OJiap 6epiJireH M¥Hai1xHMIUIJihIK y.n:epic Heri3i

He )!(aTaTb!H peaKUH5!JiapD,b!H, TypJiepi 60Hb!Hilla TOIITaJIFaH: KeMip

cyTeKTepni TepMO )!(;me TepMOKaTaml3D,iK D,eCTPYKI.U-rnJiay, KeMipcy

TeKTepni CHHTC3 ra3Fa TOTbIKTblpblll KOHBepc1rnnay, OJieqrnH.n:epni 
. . 

fHD,pJiey ' TOTblKTbipy' fH.LJ.paTaUl151Jiay' K8MlpCyTeKTep.u1 H30Mepney' 

aJIKHJID,ey,roJIOHD,Tay,HHTpJiey,cyJib~HpJiey. 

2.1. KaMipcyTe1neplli TepMHHJihl1' hl1lhtpary 

M¥ttai1: 8H,D,ey )!(;,He M¥Hai1xHMH5! ymitt KeMipcyTeKTep.ui Tep

MH5!JibIK neCTpyKTHBTi 8H,D,ey ynepiCTepiHiH, ynKeH Mal-lbI3hI 6ap. 

KpeKHHr )!(;,He rrnpoJIH3 tteri3itte XHMH5!JibIK peaKuH5!Hbll-l 6ip Typi 

)!(aTaD,hI , aJiai1:.ua 6¥JI TepMHHJJ,ep, ;,JJ,erre, ;,pTypni TeMnepaTypaJibIK, 

pe)!(HMD,epMeH 6ai1:JiaHb!CTbI: KpeKW/2 (;,nerre, KaTaJIH3.UiK) .uen 350-

6500C-JJ,e )!(ypeTiH K8MipcyTeKTepD,il:-{ TepMH5!JibIK, bl,UbipayhIH 

ai1:TaD,hI, aJI nupo.7U3 - 650°C-LJ,eH )!(OFapbr TeMnepaTypaJJ,a )!(ypeTiH 

TepMH5!Jib!K bl.!l,b!pay. 

M¥ttai1: WHKi3aTbIH TepMH5!JibIK bILJ,bipaTy y.uepiciH KOJI..!laHy He

ri3ri eKi 6annrn )!(ype.ui: OTbIHLJ,bII\ )!(;,He XHMH5!JihIK. Eipimni )!(aF

LJ,aifoa Heri3ri Mal(CaT - KaTaJIH3LJ,iK KpeKHHr, KaTaJIH3LJ,iK pH~OpMHHf, 

Ll,CCTPYKUH5!JibIK rH.!l,poreHLJ,ey (rnJJ,pOKpeKHHr) )!(;)He KOKCTey )!(OJI

MeH )!(OFapFhr canaJihI OTbIHD:ap Mett Mai1:JiaFhmr Mailnap any. n¥JI 

yLJ,epicTep M¥Hatt eH,,Uey ettepK;,ci6ittil:-l tteri3itte )!(aTa;:J;hI. EKiHmi 

)!(aFD,ai1.ua Heri3ri Mal(CaT - XHMH5!:lbIK WHKi3aT, 6ipimrri Ke3eKTe M¥

HaHXHMH5!JlbIK, WHKi3aT ywiH oJieciiHtt.!l,epLJ,i any. AJibIHFaH eHiMLJ,ep

LJ,il:-l ayKh!Mbl 6ottbIHWa KaTaJIH3LJ,iK KpeKHHf, KaTaJIH3,UiK pmpopMHHf 

nett nHponmLJ,iH, yJIKeH MaH,hI3bI 6ap. 

2.1.1. J1upO!lU3 

TIHpOJIH3 y.uepicTepi Ka3ipri M¥HaH,UbI )!(;)He fa3.!J,bl XHMH5!JiblK, 

8l-lLJ,ey eHepK;,ci6iH.ue ;,pi eH,LJ,eJieTiH mttKi3aT )!(;me aJibIHaThIH ettiM

LJ,ep ayMaFbI 6oHb!Hllia, ;,pi M¥HaHXHMH5!JiblK ettepK;,cinTil:-l )!(aJIIlbI 

naMyh1 ywitt Mal:-{bI3.!l,hIJibIFhI 6otthIHwa 6acTbI ophIH ana.ubr. I\mipri 

Ke3LJ,e M¥HaH MeH ra3.!l,bll:-{ K8MipcYTeKTepiH nttpOJIH3,Uey TeK K0TITOH-
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IIaJlhIK onec!m11L(epL(i11 - 3T11.1e11 :v1c11 rrpom1:1e1111i1-I ra11a e'.1ec. 6acKa 
L(a 6ataJlbI aJib!HaTbIH e11iML\epJiH e1uipici11i1-r Hcri1ri Ke3i 60.1hm 
Ta6brna.n;h1. I111po11113 )KOJlhIMeH aJibIHaTbIH 6yra.z:i:11ett MeH 6yrm1eH
.n;ep.n;i11, Karanm.z:i:iK .z:i:er11.z:i:p11eyMeH aJibIHaThrn 6yra.z:i:11ett MeH 6yr11-
nett.z:i:epre i<aparntt.z:i:a e3iH.IJ;iK J\¥HhI reMeH 6ona.z:i:b1. Ilapaqmtt.z:i:iK Ke
MipcyreKrep.z:i:itt, I1HpOJ1113iMeH COH.IJ;att-ai< aueTHJlCH, aJIJlCH, MCTHJl
aQeTHJlCH, apoMaTTbII< KeMipcyreKrep, KyH:e )K::JHe 6ac1<a .z:i:a ettiM.z:i:ep 
aJibIHa.IJ;bl. 

IlapacpHH.IJ:iK KeMipcyreKrep.z:i:i 1rnponm.z:i:erett.z:i:e eKi rypni tteri3-
ri peaKQmrnap )Kype.z:i:i: KeMipreK ri36erittitt, y3inyi (bI.IJ:bipayb1) )K::JHe 
.z:i:ern.z:i:pney: 

CnH2n+2 ----.CnH2n + H2 

Cm+nH2(m+n)+2 --.CmH2m + CnH2n+2· 

E¥JI Ke3.n;e ry3ineriH onecpHH.IJ:iK KeMipcyreKTep o.z:i:att ::ipi hIL\bI
pay )K::JHC KOHL\CHCaQH51 peaKQ1151JlapbIHa ¥IIIbiparr, apoMaTTbIJ< Ke
MipcyreKrep ry3yi MYMKiH. I111po11m Ke3itt.z:i:e rrapacp1rn.z:i:ep.z:i:i11, 1110-
Mepnettyi ic )Ky3itt.z:i:e 6011Matt.IJ;hI. 

EipimniniKTi bI.IJ:bipay 6aFbIThI 6acrarrJ<hI KeMipcyreKria Mone
KYJiaJihII< Maccachrna r::iyen.z:i:i 6ona.IJ;h1; reMettriMoJleKyJiaJibII< ra3 
Kyttitt.n;eri KeMipcyreKrep YIIIiH .z:i:ern.z:i:pney peaKUH51ChI 6acbIM 6ona
L\hI, MOJieKynaJihII< MaccacbI aprKaH cattbIH C4-reH 6acrarr )KOFapbI, 
.n;er11.z:i:p11ey peaKQH51ChI C-C 6aH:naHhIChI 6ottbIHina hIL\bipay peaK
QH51CbIHa )!(OJI 6epe.z:i:i. 

A11rh1MyIIIe11i MOHOQHKJI.IJ;iK HacpreH.IJ;iK KeMipcyreKTep yIIIiH 
)KOFapbI reMrreparypanbII< bI.IJ:bipay )KaF.z:i:ai111apbIHL\a 6yra.z:i:11ett Ty-
3irr [I] HCMece rrporrHJICHHiH, eKi MOJieKyJiaCbIH ry3irr [II] bl.IJ:bipay 
6ai1:1<a11a.n;h1: 

EipiHIIIi C¥JI6a yIIIiH r::itt IIIaprrap 500-600°C reMrreparypa )K::J
He reMeH J<bIChIM 6011bm ra6hrna.z:i:b1. 

ApoMaTThII< KeMipcyreKrep (6eH3011, ro11yo11, Kc1111011.z:i:ap, ttacp
TaJIHH )K::JHe T.6.) I111p011H3 )KaF.z:i:aH:napbIH.IJ;a aH:rapJibIJ<TaH T¥PaI<TbI 
6011a.n;hl; rr11po11113 pe)KHMiH 1<aran.z:i:ar1<att.z:i:a 6¥JI KeMipcyreKrep reK 
MCTaH, aQeTHJICH )K::JHe KOHL\CHCaQH51 ettiM.z:i:epiH ry3irr, bI.D;bipayrn 
¥IIIbipayh1 MYMKlH. 

A11K1111.n;ettreH apoMaTTbII< KeMipcyreKrep yIIIiH 6ipittIIIiniKTi 
peaKQH51 6yH:ipniK ri36eKritt, hI.IJ:bipayhI 6011a.IJ;hl. 
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\CH 
II 

H7 C\ 2'~ CH CH2 
- I '~---~-----------• I II 

H2C....a£'~ CH + CH2 + H2 (I) 
2 II 

CH2 

' 

',,~2--
H2L'·-1 CH2 CH3 CH2 I : I )lo 

I II 
H2C.....~~2 CH + CH (II) 

2 - II I 
CH2 CH3 

IlHpomn )!(aF.naihiaphIH.Ua hI.Uhrpay.nhrH. 6ipimniniI<Ti pear<1.1JUIJia
pbI Heri3iHeH pa,n:HKaJI.ll:bll\ MeXaHH3M 6ottbIHllla yJIKeH )!(bJJI,UaM,lJ,bJK,IIeH 
)!(dHe ynKeH aKTHBTeH.nipy :meprIDICbIMeH ~yi MyMKiH; IlOJIHMepne
HY MeH KOtt.n:ettcaQIDIHhIH. eKiHllliJiiKTi peaKQIDinapbI a3 :>KhJJI,UaM,lJ,brl\
neH ~e.ni. Y .nepiCTitt. TervmeparypachIH aprrh1py a3 TeMneparypanhII\ 
K03cpcp11u11emiMeH ~eTiH eKimniniKTi peaKUIDIJiaprn I<aparatt.n:a 6i
pittllliJiiKTi bl.Ublpay peaKU115!:lapbIHbIH. 'lK\'PY )KblJ1.UaM,n:hIFbIH e.ndyip 
'lKhI.JIJ;a:v1b1paK Ke6ei1Te.ui. Ettnewe Kel\1ipc)'TeKrep nHponmittiH. KHHe
THKa.'lhIK 3aH.D:bJJ1bIKTapbl y.nepic 6apb!Cb!H ettnipiCTiK npaKTttKa YllliH 
Ka:IB:erri 6arbITia e3repryre M'{MKittniK 6epeni. 

Mb1canh1, ynepic TervmepaTypacbIH w11Ki3anh1 bI.Ub1pay TepeH.
niriH apTTbipan :lli:dHe OHbIMeH 6ipre :IB:attacy yaKbIThIH a3attThm, I<a
HbIKnaraH KeMipcyTeKTepre 6aH: ra3,UbIH. lllbIFhIMbIH e.ndyip Ke-
6eH:Tyre )!(dHe C¥Hbll\ eHiM;:i,ep MeH KOKC lllblfblMb!H a3a:Hryra 60Jla-
1lhl. )l{attacy yal\bIThIH apTTbiphm ra3Tdpi31li oneqrntt.niK KeMipcyTeK
Tep.niH. eKiHllliJiiKTi Kott.nettcau1151:iay y .nepicTepiH Tepett..nery ece6i
HeH C¥HbIK eHiM.nep.uiH. ynKeH lllbIFhIMhlH anyra 6oJia.Ubl. 

2.1.1.1. O.rie<fnmi>epi>i oHi>ipy 
Ilupo.'IH3 - :vt¥tta:H e1-1..ney.niH. TepMH5!JihII\ yn:epicrepiHiH. ett. Karn

JlhJ. O.r1 750°C-11,eH )!(OFapbI TeivmepaTypa.na ophrn.nai1a,IJ.bI )!(dHe )!(0-
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taph16araDbl onecjHill,LliK K8MipcyTeKTepD,i - \1¥IlaHXH:\llHLlblK CHH

Tl>3 1m1Ki3aTb11-1 any yw1H rnraiihIH,Lla.1ra11. 

lllHldJaT. I111pomn y.ZlepiciH.Zle onecjHIH.llep.Zli any yrniH wi.mi

JaTThIH: ett: )l(aKChI Typi - napacpttH.ZliK KeMipcyTeKTep. l\anbinTbl na

pacjlHH.Zlep.Zlitt: hI.llbipayhIH.Zla Keneci HeriJri JaH:LI.bIJihIKTap 6ai1Kana

.llbl: 3TaH TOnhIFhIMeH L1.epniK 3THJlettre ai1ttana.ZlhI, nponaH MeH 6y

TaHHaH 3T11neH MeH rrpomrneHHiB lllbIFbIMbI Ken 6ona.nhr, KeMipTeK 

a TO Mb! 4-TeH Kerr rrapacpHH.UiK K9MipcyTeKTep.neH 45-50% (Mace.) 

3THneH, rrporr11neH MeH C4 )l(dHe o.natt .Ila )l(OFaphr KaHhIKnaratt Ke

MipcyTeKTep ana.nh1. 1honapacjl1rn.nep.ni n11pon113.nerett.ne 3rnneHHil{ 

lllhIFhIMhI aJ 6ona.nhr, ra3 T;:ipi3.ni napacjnitt.niK KeMipcyTeKTep, ;:icipe

ce MernH Ken TyJine.Zli. ApoMaTThIK KeMipcyTeKTep n11ponm.niB Te

Mettri TeMnepaTypanaphrn.na 6annacT 6onhrn rn6hrna.nh1 , an Karnn 

TeMnepaTypanap.na KOKC nett wai1Lip.llbI e.Zl;:iyip ,n;:ipe)l(e.ne TyJe.ni. 

ITttponmre rn6HFH )l(gHe )f(Onai1 ra3.nap, coH.nai1-aK M¥Hai1 el{

.ney ettiM.nepi ¥Wb1payh1 MYMKiH. 
Ta6ttrn raJL1.apL1.a 93-98% Merntt, 2%-ra .nei1itt 3TaH )f(gtte 1 %

ra .nei1iH rrporraH 6ona,nb1. I111pon113 ywiH onecptttt.nep any MaKca

TLIH.na el{ )l(apaM,UbIJiapbl 3TaH MeH nporraH 6onFaH.UhIKTaH rn6HFH 

raJ nHponHJ.Uitt: aJ 6ara.11b1 w11Ki3aThI 6ona.nh1. )l(onai1 raJ )l(gHe M¥

ttai1.nh1 crn611mnaumrnay eHiM.nepitt.ne 60-70% :naH, nponatt )f(;:itte 

)l(OFapb1 TeMneparypanap.na K:ai1ttai1ThIH napacpHH.II.iK KeMipcyTeKTep 

6onaTLIH.II.LIKTaH, onap 6aFaJlhI n11pon113,niK lllHKi3aT 6onhm rn6Lrna

Ll.hl. Kei1 KeJ.ne n11ponu3re 6apnLIK )l(Onai1 ra3.ULI eMec, TeK o.natt 6e

nittreH 3TaH, nporraH MeH 6yrnH.ULI ratta ¥lllb1parn.nL1. 

I111pon113 ywitt K:on.nattaTbIH M¥Hai1 eB.ney ettiM.nepitte TiKe ai1-

.nanraH 6eH3HH )l(;:)He apoMaTTbll\ KeMipcyTeKTep 3KCTpaKUH.sTCbl KOH

Ll.bl]JFbIJiapbIHblH, 6eH3HH pacpHHaTbI )f(aTa.II.bl. neH311H.UiK cppaKUH.sT

nap,nLI nttponm.nerett.ne KOCLIMwa )l(OFapb1 6aFanLr ettiM.nep: 6yrn

.n11eH, 6ynrnett.nep, apoMaTTLIK KeMipcyreKTep, Kyi1e eH.nipici yllliH 

IIIHKi3aT )l(dHe HacjnanHH anLIHa.II.LJ. TiKe ai1.nanrnH 6ett3HH.nep.ZliH. 

pacjl11ttaTTaprn KaparaHaa apTbIKIIILIJihIKTaphI 6ona,nhI, eiiTKetti onap

.na Heri3itteH l\MhIIIThI napacjlHHLl.iK KeMipcyTeKTep 6ona.nL1, an pa

cpttHaTTap.na 50%-ra aei1iH H3onapacpHH.Zlep 6ona.ZlbI. 

KeneIIIeKTe ryTiKTi neIIIrepL1.eri rr11pon113re IIIHKi3aT periH.Zle Ke

poc11tt-raJoi1nhD,iK cppaKUH.sTnap.ZlhI rrai1L1.anaHy MYMKiH.Zliri 6ap. 

Anai1.na 6¥JI IIIHKi3aT an,nLIH ana .Zla.sipnayahr: KyKipTTi KOCLIJihICTap

.naH TaJapTYLl.hI )l(;:itte L1.eap0Marray.nh1 l(a)l(eT eTe.Zli. 
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Y:1epiCTep.1iu uapa:\leTp.c1epi. '{J,epic1i11 Tex1-1ononrnJ1blK na

paMeTpnepi 8H;:\~j 11.:ri11 WHKi3an-:a 1KJ11e n11po.11n.'.].ere11):(e 1\aH,£\ai:\ Ke

MipcyTeKTepni any KepeKTiri1-1e T;:)ye11ni 6onanhr. OnecpI-rnD.epD.iH. e1~ 

Ken (MaKCHManD.bl) Wb!Fb!Mb!H KaMTaMaCbl3 eTeTiH pe)l(HM OH,TattJJbI 

pe)l(HM ,[(en ecenTenmeD.L 

Y L(epicTiH MaH,bl3D.hI naparvteTpnepi: nupoJJH3 TeMnepaTypacb1, 

)l(aHacy yaKhIThI, wuKi3aT 6y11apbIHhIH. napuwanD.bIK. K_hIChIMhr 6onhm 

rn6bIJJaLLbL Mb1ca11b1, nponaHJJ,bJ n11ponH3JJ,ereH,ll,e TeMnepaTypaHhI 

aprrb1prn1-1D.a 3THneH MeH nponwneHHiH. WhIFbIMhl eceD.i (25-cypeT). 

Dponwneu WbIFbIMbI MaKcttMyMre TeMeHipeK TeMnepaTypaD.a )l(eTe

TiuniKTeH ocbI napaMeTp,ll,i e3repry apK.bIJJbI 3THJieH MeH nponwneH

HiH. K.apbIM-KaTbrnacbr MeH IllbIFbIMbIH peneyre 6ona,ll,bl. 

,.. 
~ 

~ 
~ 
~ 
'-

~ 0 21] 

:i 
~ 

J f-1) 

TeMrrepaTypa, 0c 

25-cypeT. IlponaH!lbI n11pom-13nerettne 
o,1ecji1rnnep (-) MeH cyreKTiH (----) n11po
.1113 ra3bIH!larb1 MemnepiHiH TeMnepa-ry

para Tayenni11iri: 
l - 6apJJbIK oneqn-mnep; 2 - 3rnJJeH; 

3- npomrneH 
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)l{aHacy yaKbIThI, c 

26-cypeT. IlponaH n11ponmi eHiMnepi
HiH JKaHacy yaKbIThIHa Tayenniniri: 

I - Merntt; 2 - 3T1rneH; 3 - CYTeK; 
4 - npomlJleH; 5 - 3TaH; 6 - c, KeMiPCYTeK
Tepi; 7 - C5 KeMipcyTeKTepi; 8 - apoMaTTbIK 

KSMiPCYTeKTep 

3TwneH MeH nponwneHHiH. K,apbIM-K.aTbrnachIH )l(aHacy yaK.hI

ThIH e1repTe OTbipbm Ta perreyre 6onaD.bI (26-cypeT). 3nrneHHiH. 

Illb!Fb!Mbl IllHKi3aTTbIH, napuuaJJD.bIK, K,b!Cb!MblH TeMeHD.eTKeHD.e D.e 

apTaD.bI. Dwponm yD.epiciH aTMoccpepanhIK K_hIChIMFa )l(aK_bIH K_bI

ChIM,ll,a )l(ypri3e)J.i, an rrapu11aJJD.hIK. K.hICbIMD.a IllHKi3aTibI cy 6yhrMeH 

C¥HblJ1Tblll penett,ll,i. lliHKi3aTTbl cy 6ybUvteH C¥HbIJJTY oneqrttHD.ep-
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l\lH MO;leKyj t3JlblK 83apa COKTblfblCY blKTlt:'vta,l.)blfblH Te\teHL1eTe111 
. . 

)KJHe 1-1;nmKecu-1ne nom1Mep.1e11y peaKUIUICbIHbTH pe,11 ;1<;me Tblfbl3-
nany TeMettneneni. faJKyH:ittneri lllttKi3aTTbI )K;rne K:bICbrnrnH ra3-
napnb1 n11pom13.z:i:ereHne rn11Ki3aTK:a I 0-20%, an 6eH3ttHnep MeH 
ayb1p KeMipcyTeKTepMeH n11pon113.z:i:erettne 25-TeH 30%-rn nettiH llltt
Ki3aTK,a ecenTen cy 6ybrn K:ocanb1. 

9uiM.aep.ai» 1'¥PaMbI Men 1'acueTTepi. CT11pomnnere1-1ne n11-
pon113 ra3bI )K;rne n11pon113.z:i:iK qttbTI\ eHiMnepi (n11pon113 rnattblpb1) 
Ty3rnen1. 

flupo!lu3oiK za3oa ;:,pTypni I<¥PaMnacrnpnbll·l Ken Menlllepi 60-
nanb1. Oubni: K.¥PaMbT n11pon113 TeMnepaTypacbrna peaKUHHJibIK aH:
MaK,rn 6ony yaK:bITbJHa ()Kattacy yaKbITbrna) )K;rne 6acrnnKbI lllttKi-
3aTTbIH canacbrna 6aH:naHbICTbI 6onanb1. )f{attacy yaK:bITbI Ken 6os1-
rnuna (2-3 c-rnH Ken) lllttKi3aT c11naTbr n11pon113.z:i:iK raJ K.¥PaMb!Ha 
aH:rnpnbil\Tatt ;:,cep erneAni. Y nepiCTiH. pe)KMMi n11pon113.z:i:i» KaHnai1 
ettiMi MaK:CaTTbI ettiM 6onaTbIHbIHa 6ai1naHbICTbI rn1-1.nananh1. fa3 n
pi3ni KeMipcyTeKTepni n11pon113.z:i:ereHne ynepic TeMnepaTypacbrn 
6eH311H.JJ:iK llIMKi3aT n11pon113.z:i:ereH TeMneparypanatt )KOFapb1 eTin 
¥CTaII T¥PY K,a)KeT. 

0MpOJIM3.JJ:iK r33 n11pon113 KOH.D:bipFbrnapbIHbIH. raJ6eny 6noKTa
pbrttna CYTeK, MernH, 3TaH, 3TttJieH, nporr11neH, nponaH, 6yT11nett-6yrn
n11ettniK <Ppa.KU11Hnaprn 6enitteni. EYT11JieH-6YTan11eH.D:iK qipaKQMH.JJ:aH 
6yTanMeu-1,3-Ti - CMHTe3.JJ:iK KayqyK eHepK;:,ci6iHiH. llIMKi3aTbIH aJJa.D:bl. 

llupo!lu3 utaubzpbz. CT11pon113.z:i:i1-1. rnattbipbI - rr11pon113 Ke3ittne 
aJJbIHaTbIH C5 )K;'.)He onaH )KOrnpbr c¥ttb1I< KeMipcyTeKTep. CT11pon113-
niK lllaMbip.JJ:bIH Menlllepi Heri3itteu n11pon113.z:i:i1-1. llIMKi3aTbrna T;:,yenni 
6onanbr, OHbI Keneci M;:,niMerrepneH Kepyre 6onanbl: 

illaMblp.JJ:bIH, lllbffbIMbI, 
% (Mace.) llIMKi3aTTbI 

3TaH .............................. ............................. 2-3 
CTporraH ....................................... ............... 8-10 
EyTaH ......................................................... 5-8 
)f{ett;iJI 6eH3MH .......... .................... ... ........... 20-25 
KepocMHr330MJib.JJ:iK qipaKQMH .. ... .............. 30-35 

illaMblp.JJ:bIH, lllbffbIMbI COH.JJ:aM-al\ I1Mp0JIM3 TeMrrepaTypaCb!H T8-

MeHneTKeH.n.e apTa.JJ:bI. MbrCaJJbI, TeMettriTeMneparypanbIK (7 40°C) 
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1111pu.11ruc waii1.>1p.\1.>Itl LIJL>IfhI.\tht 30-45°/;,_ a:1 iKOtapbtTc:-.meparypa

JJblK (800°C) m1pom11D,e 5-20%-ra ,L\ettiH TeMCHµ,di.L(i . 

nupoml3 rnattblpb!HD.a I 0-15% LJ,HeHJJ,iK K8MipcyTeKTep, 10-15% 

011ecjJ11HD,ep, 25-30% 6eH30JI, I 0-15% TOnyon, COH,IJ.att-aK CTl1j)OJI, 

HHD.CH CWIKTbl K3Hbll(IlfffaH K8MipcyreKrep )f{;:rne UHKJIOOJiecjJHH.L\ep 

- u11KJJone11ranHeHD,ep )f{;rne T.6. 6onaD,bI. CT11pomB rnattbipbrn eH:

JJ,ey eKi H¥CKal'vleH - OTblHJJ.bJK iK;)HC Xl1MH51JlblK )l{y3ere aCblj)bIJIYbl 

MYMK!H. 
OrblH.L\bIK H¥CKana rnattblp eKi cppaKu1151ra - )l{eH;iJI )l{;rne ayb1p 

6onhm 6e11i11eJJ.i. :>KeH:in cjJpaKUIUI;J,aH ninporeHney apKbIJibI KaHblK.

nara1-1 KeMipcyTeKTep anacrnTbJJiaJJ.bI, rnnpoCTa6ttJIH3JJ.eHreH 6eH3HH 
JJ.eTI 3TaJ13TblH Ta3apTblJIFaH 8HiMHi!-l OKTaH caHbl - 74-78 )l{dHe 

rnyapJiblK aBTo6eH3HHHil{ K.¥P3MJ],3Cbl periHne rraH)J.aJI3HblJI3J].bl. 

Ayb1p cppaKUH5! Ka3aHJJ.bIK. OTbIHFa 6arbITTaJ13JJ.bI. 

X11M115!JJbIK H¥c1<.a.ua wailbrp K.6.-70°C, 70-130°C, 130-160°C, 

l 60-200°C, 200-230°C, 230°C-D,e1-1 )f{Orapb1 cppaKu11H11apra 6e11i-

1-1eni. 1\.6.-70°C cppaKUH51Cb!HaH UHKJIOTieHTa)J.HeH MeH H30rrpeH,IJ.i, 
70- l 30°C cppaKUlU!CbJHaH 6eH30Jl, TOJiyOJI MeH KCHJIOJJD,ap.ubl 6e-

11in aJia.IJ.bI. OcbI cppaKUH51HbI rn.uporeHtt3aUH5!JibIK. 01-1..uey d)J.iCTepi 

ne )Kaca11raH, 011 TeK apoMaTTblK K8MipcyreKrep.uiH: el{ 6araJibICbI 

- 6eH30JI a11yra MYMKiHJJ.iK 6epe.ui. l 30- l 60°C )l{dHe l 60-200°C 

cppaKUH51JlapbIH IlOJlHMepneH.uipyre ¥illbipaTblil, CHHTe3,IJ.iK M¥
HaHTIOJlHMep11iK-CTHpOJIJ].bIK. )!{;rne Kyi\rnpOHHH.IJ.eH,IJ.iK Uiattb1pnap 

a11aµ,h1. 200-230°C cjJpaKutt5lcb1H HacpranttH a11y yrniH, a11 230°C

.ueH apTbIK cppaKUH51Hbl TeXHHKaJlblK K8MipTeK (Kytte) a11y yrniH 
rrai1na11aHyra 6011a.uh1. 

Ilupo,1u3 l}OHdblp8bZCbZ. CT11pom11.LJ,iH: Ka3ipri Ke3,IJ.eri K.OHJJ.bipFbI

cb1 Keneci 6JIOKTap,IJ.aH T¥P3.IJ.bI: K8MipcyTeK UIHKi3aTbIH rrttp011H3,IJ.ey, 

I1Hp01IH3 ra3b!H KOMI1peCCH51Jlay )!{;)He Ta3apTy, Fa3)J.bl 6eny, rrttpOJIH3 
wattbipbIH eH.JJ.ey. 

Tex1-10J102u5ZJ1bl~ cp6a. EeH3HHJJ.iK cppaKuttHnap.IJ.bI rrttpo11H3.uey 
KOH.IJ.b1prbICbIHbIH. q116acb1 27-cypene KennprnreH. illttKi3aT 
1,0-:-1,2 Mna K.bICbIM acTbIHJJ.a T-1 6y )KbIJibITK.bIUibIHa (K.bI3.IJ.b1prb1-
ruhma) 6epine.ui, 100°C-re .IJ.el1iH K,bl3)].blpbIJia,IJ.bl )l{dHe aca b!Cb!F3H 
cy 6yb1MeH apanacl(aHHaH coH: CT- I nttpoIIH3JJ.iK newTiH: KOHBeK
UH5!JlbIK KaMepacbrHa TyceJJ,i. M¥H.ua 6eH3HH 6ynaHa.IJ.bI )!{dHe 500-
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600° ( -re .D,eifo1 Kbl3aD,bI , O.D,a 1-1 CO H pamia1-1TTbIK Ka :v1epara Tyc in , 01-1-

.D,a K0Mipcy TCKTepJJ,ill blilblpay bl 60:1a.rr.i,1. 

neuJTeH TeMneparypaCbl 750°C , KblCblMbl 0 ,2-0,22 Mna 60Jlbin 

WbIKK:aH nttponH3JI.iK r a.3 A-1 WbIHbll\TbipFbJW KaMeparn 6aFb1narrn

L\bI, OH,[(a OCbI KaMeparn 6epineTiH 6y KOH,[(eHCaTblHbl!-{ 6y1131-1y ce6e-

6i1-1e1-1 )J(b!JlL\3M 700°C-re D,el1i1-1 cybrH.D,bI. )Khrn.[(aM cybrrn1-1D,b11<:rnH 

non11Mepne1-1y )J(;:JHe onecpHHL\ep.D,i!-l KOHL(e1-1caumrn31-1y Cllill<:TbI eKiH

winiKTi peaKUH5!113p 60JlM3H,[(bl. 

COL\3H cott: nttpon113 ra3D,aphr T-2 WbIHbIKTbipFbiru-6yn3HL\bip

FbIW 3rperaTT3 400°C-re .D,ei1i1-1 cybIH)J,bI, OH)J,a onap.rr.hI!-l )J(h!Jlyhr 6y 

)J(bIJTYhIH )J(3cayrn n3H.[(3naHb!Jl aJlhI. T-2-ne1-1 ra3Jl3P E-1 3nnap3TbI

H3 eTeni, ornH TeMnep3TYP3CbI 70° C ~Tl\bIW M3H 6ypKine.IJ, i . Ottpo

nH3 ra3,JJ,3pb1 180°C-re nei1iH cybIHJlhI )J(;:iHe ;:ipi Kapai1 01-lL\enyre )J(i-

6epineD,i. l\OHJlblpFbl K.¥P3Mb!H,[(3 )J(b!JlY3JlM3CTblpFbllUTaH, n11ponH3 

neruiHeH, Illb!Hbll\TblpFbllll K3Mep3Jl3H, lllblHbll\TblpFbllll-6y J13HJlb!p

Fbllll 3rperan1eH )!(;}He M3H 6ypKHTiH a1mapaTTaH T¥P3Tb!H 6ipHellle 

nelll arperarrapb1 6011a)J,hl. 

o3pnbII\ new arperanapbIH3H cyhITh!JlFaH m1pom13 ra3Ll,3pbI 

)l(aJJTibI KonneKrnprn ()J(HH3Fblll1!<:3) 6ipiKTipine)J,i )!(;:JHe K-1 6ipiHllli

niKTi peKTHcpHK3UH5!Jray KOnOHHanapbIH )J(yyrn 63FbITTaJJ3JlhI. K-1 

TeMeHri )J(3FbIHJla ra3Jl3P Kyi1e MeH KOKCTCH ayhrp )!(¥TKblll1 

M3HMeH )J(yhrna,JJ,bI , an )J(OFapbI )J(3FbIH,JJ,a on )J(3KK3 6epineTiH )J(e!-lin 

)J(¥TI\bill1 MaH,JJ,hIH: 6yn3HYbIMeH cyhIH.L\hl. n¥Jl Ke3,JJ,e 3Yb1P lll3Hb1p

)J,hl!-l KOHL(eHC3UH5!ChI 60113)],hl. K-1-.[(eH n.11po11113 ra3.n3phI XK-1 

KOH)J,eHCaTop-cybITI(bllllTapbIHa Tyce)J,i, OH)J,a )J(Ctt:in M3H113p MCH 6y-

113pbIHbIH: KOH)J,eHcau.115!CbI 6on3)J,bl. C-1 cenepaTophIH)J,3 )J(ctt:in 

MaH KOH,lJ,CHCaTbl MeH cy KeHiHHeH ra3,JJ,bl KOMnpeCCH5!J13Y )!(;}He 

rn3an3y MeH ra3 6eny 6noKTapbIHa 6apaThIH n.11po11.113 ra3,JJ,3phrnaH 

6eniHe,JJ,i. 

Ayhrp ~I\billl M3H K-l-,JJ,i!-l acTbIHaH H-1 cop3nTaMaChIHa <l>-1 

cy3rinepiHe 3H,JJ,ana,JJ,bl. T333pTb!JlrnH M3H eKi 3FhIHFa 6eniHe,JJ, i , 

OHbI!-l 6ipi K-1-,JJ,iB TeMettri )J(3FhIH cyapyrn 63FhITTaJJ3,JJ,bl , an eKiH

rnici 70°C-re ,JJ,ei1iH cyh1Tb!Jl3,JJ,bl )!(;:JHe E-1-re 6epine,JJ,i . J\¥p3MhIH,JJ,3 

K-h1:1;e ¥CTaJJFaH rmpon.113,JJ,itt: 3Ybip IllaHhipbr 6ap 3Ybip ~Tl\hlrn 
MaH,JJ,bJH: 6ip 6eniri I\OHM3Fa tteMece Ill3Hhrp,JJ,hI ett:,JJ,ey 6eniMiHe Whi

m pb!Jl3,JJ,hl. 
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0\ 
0\ 

n-1 

H-1 H·2 H·J H-4 

27-cypeT. IlHpOm13 l\OH,llblpl'h!Cb!Hblf{ K6MipcyreKTiK IUHKi3aT nHpOJJH3 611orb1Hblfl 

TeXHOJIOrHJIJlbll\ qTJI6aCbI: 

VT 

I - WHKilaT (6rH3HH,niK lj>paKQHll); II - nHponH3.lliK ra:i KOMnpcccopra lK:>HC TaJapryra; Ill - JKc11in waih.1p; IV - ayb1p wafib1p; 
V - cy 6Yb1; VI - JKa11a lf<¥Tl\hlW Mafi; VII - cy TaJapryra; VIII - cy1.1TKbIW; IX - KOH.llCHCaT lK:JHC KopcKTiK cy 



)!{euin Mai\ ;1<;:i11e cy 6yb1Hb!ll 1<01ui:e11caTb1 C- l -ne11 a3 anrnb1-
~1e11 C-2-re Tyccni, 011na Mai1nb1H KOHne11canaH 6eni11yi 6onaJ,bI. 
.£\¥paMhIHna nttponmniH. )Kett.in wattbipbI 6ap )Kett.in Matt eKi aFbIHFa 
6enitteni. AFhrnnapnhIH. 6ipi K-1 )KOFapbI )KaFhrn cyapyrn K:aihapbI
na,lJ,hI, an eKittwici K-2 6ynattnh1pFbIW KonoHHarn 6epineni. K-2-ne 
cy 6yh1MeH 6ynaHnh1py apK:b!J1bI MattnaH C4 )KdHe onaH TeMeH )Kett.in 
KeMipcyTeKTep anacrnThrnanhI, onap KettiH nttponm ra3napbrna K:O
Cb!J1a,lJ,hI. )Kett.in Matt K-2-HiH. acTbrnaH H-3 copanrnMaCbI apK:b1J1b1 
K:OttMarn HeMece nttponH3 wattbipbIH ett.ney 6norhrna WbIFaphrnanhI. 

C-2-neH cy 6yhrnhIH. KOHJJeHcaThI KeMipcyTeKTepMeH nacrntta
.lJ.hI, onapnaH Ta3apry yrniH on <!>-2 cy3rinepitte )Ki6epineni. Cy3ri
neH KettiH KOHJleHCaTTb!H, 6ip 6eniri nHpOJ1H3 ra3napb!H cybITY ywiH 
lllbIHhIK:TbipFbIW KaMeparn, an apTbIFhI KaHanmaumrrn )Ki6epineni. 

<!>-2 cy3ricittne 6eniHreH K¥PaMbIHJla cy 6ybIHhIH. 6ipa3 Menwe
pi 6ap )KeI~in KeMipcyTeKTep XK-2-ne KOH.lJ.eHcaumrnaHa.lJ.hI )KdHe 
C-5 ceneparnphrnna cy )KdHe KeMipcyTeKTiK cpa3anaprn 6enitteni. 

Y;:i;epiCTiU: TexttoJiorttHJihI1' pem:nMi. llIHKi3aTThIH. 6ipwaMa 
rypnepittiH. IlHpOnH3iHiH. OH,TattJibl pe)KMMi 2-KeCTene 6epirrreH. 

TiKenett attnay 6eH3MHi (I) MeH :naH cppaKUHjJ:ChIHhIH. (II) MaTe
pHMJlhIK: 6anaHCbI [%(Mace.) 6ottbIHWa]: 

EH2i3illdi: 
illHKi3aT ............................. . 

AJiblHdbl." 
MeraHcyTeKTiK cppaKUH}I ... . ......... . .. . 

3THJieH .............................. . 

IlpOIIHJieH . . . . . . . . . . . . . . . . . . . . . . . . . ... . 

3TaHrrporraH)J,bII\ cppaKIJ,J.:!jJ: ............... . 

EyrnJieH6yra,n:HeH)J,iK cppaKL(J.:ljJ: ........... . 

C¥ffbII\ eHiM,n:ep (C5 )K<JHe o,n:aH )KOFapbI) .. . 

:>KeH;iJI rnaiib1p . . . . . . . . . . . . . . . . . . . . . . . 

ayb!p rnaHbip ....................... . 

EapJibIFbI .. . 

100,0 

15,8 
24,5 

-
15,0 

7,5 

12,2 

25,0 

(22,2) 

(2,8) 

100,0 

II 

100,0 

14,0 

50,0 
1,0 

31,0 

2,0 

2,0 

100,0 

Annapnypa. TyTiKTi rrnponmniK peaKTOp (n11ponH3 newi) -
K:a3ipri n11ponmniK K:OH.lJ.hipFhrnapnhIH. Heri3ri peaKUHjJ:JihIK annapa-
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Tb!. TyriKTi pcaKTOpJ.blll oaCTbl apTblKWbLlblfbl - KOIKrpyKu,1rncb1-

Hbll{ KaparraH.btM;J,bJ; JL!fLI, ::>Kcrr:1yarau,wL'lbll\ u1 LtFLIHI-1b11-l a'3n1>IFL1 . 

)!QfMbIC icTey T¥PaKThlJih!Fhl. 
I\0Hnh1prh1narh1 rmponm newTepiHil-l caHhI rreunepnil-l 'lKeKe 

KyaTihIJihlfhl MeH l\OHlJ.hipFbIHhil-l eHiMniniriHe T;}yenAi 6onaAhI. 
Mb!CaJibI, KyaTThIJlhlfhI 250 Mhll-{ Tl 'lKhIJl WHKi3aT 6otthIHIIIa nttponH3 

KOHLI.blpFb!CbIH,D,a aJIThl neIII 6onaAhl, onapLJ:bII{ ;}pl(aHChIChIHAa 

77 ,5 Tl car. IIIl1Ki3aT nttponmn.eHeLJ:i. Conaii 6ona T¥pa K:yaTThIJibIFhI 

1 MJIH Ti'lKhIJl WHKi3aT ipineHreH n11pOJIH3 l\OH,D,blpfb!ChIH.lJ:a Hefopi 

repT TyriKTi new 6onan.h1, anaiin.a onap,nhll:-1, eHiMAiniri Ken 6onaLJ:hl. 

lliHKi3aT 

3TaH 
IlponaH 

bYTaH 

fa3LibI 
6eH311H 

TiKe.1eii 
aiiLia.1rn11 

6eH311H 

3pTypJii lllHKi3aTTbl« TyTiKTi nell1Tep11eri 
n11pom1Ji11i« O«Taii.r1b1 lKar11aii.riapb1 

Pe)((H~-1i Te~mepa- )KaHacy 
Typa, °C yaKbITbl, 

c 
3TH,leHJiiK* 825-830 1,0 
'.':h11neH1IiK 800 1,0-1,5 

I1pon11,1eH11iK 775 1,0 
3rnneHJiiK 800 0,5-1,0 

I1ponH.1ett6yrn.1eH- 750 1,0 
.UiK 

'.3rn,1e11.uiK 780-800 1,0 

IlponHneHJiiK 750 1,0 
'.3rn,1eHLiiK 780-800 0,5-1,0 

IlpomrneHLiiK 750 0,5 
£yrnneHLtiK 725 1,0 

2-Kecme 

Cy 6ybIHblH KOH-
ueHTP3UH.!!Cbl , % 

10 
15 
15 
20 
20 

20-50 

20-50 
30-50 

25 
25 

*3nueHlliK lien JrnJJeHHi!-1 MaKcmrnnllhI !llhifbIY!bIH 6epeTiH m1pomu yllepiciHiH pelKHMiH 
aiiT3llhJ. flpon11JJeHlliK lien npommeHHi!-1 MaKCHManllbl illblfb!Mb!H 6epeTiH pelKHMlli aiiTaJlbt 
iK~He C.C. 

flHpomnn.iK neIIITe peaKI.I,1151.JihII\ ai1Mal\TI:.IH. KeneMi IIIHKi3aT 

eTe a3 yaKbITTa }\a'lKeTii TepeH..n:iKKe AeHiH hIAI:.IpaHThIH.lJ:aH KeJieM 

6onyh1 THic. PeaKI.J,1151.JihII\ ttpeKTeMe paA11aHTihII\ KaMepa.n:a opHanac

KaH, OHn.a KI:.13.D.blpy 6eTiHil-{ )KJ:,IJlyKepHeyniri MaKCHMaJILI.bl 6onaTbI
Hhl 6enrini. 
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nupomn KOH):lbl]JFblJla]JbIHLla 0pTyp.1i KOHCT]JYKU115!LlaFbI iyriK-
Ti llCLlITep KOnL(aHJ,IJlaL(bl: 

new Ta6aHhIHbIH: aCTbIHa opHaJiaCI(aH KOHBeKUIUIJibll\ ceK-
11,IUICbl )K;me cpaKeJibLliK nmTeri )KaH.[(b1pnrnapb1 6ap 6ip

KaMepaJibII\ nennep; 
dpl(aMCb!Cbl I\b!CI(a-cpaKeJib.[(iK )KaH.[(bl]JFb!MeH I\bl3.[(blpbrna

TbIH eKi OTTbII\ KaMepacbI 6ap eKiKaMepaJibII\ nennep; 6¥JI 

nennepn1tt: eK1 KaMeparn opTaK: KOHBeKll,H5lnbII\ KaMepacbI 
)K;)He TyriHni ra3napnb1 WbIFapy ywiH new KeMeKei1nepi 

6onanb1; 
)KaJibIHCbl3 THnTi )KaH,[(bl]JFblJlapbl 6ap TyTiKTi newTep; 

newTepnitt: 6ip 6aFbITTbI )K;)He eKi 6aFbITia C;)yneneHnipy 

3KpaHnapbI 6onanb1. 
EKi 6an1Tia C;)yneneHnipy 3KpaHnapbI )l(;)He )KaJibIHCbl3 nmTi 

)l(aH.[(blpFblJlapbI 6ap newTitt: KOHCTpyK11,H5!CbI 28-cypeTie Kemipin
reH. IlewTitt: eHiMniniri - 6-8 T/caF. wttKi3aT. 

E¥JI newTitt: panttaHTibII\ 6eniriHneri )!<brny OTTbIK:Tbm )l(apbIK:
TaH.[(bipy r<a6h1pFanapbrnaH ttpeKTeMere 6epineni. 

}\a6bI]JFaJiap )KaJibIHCbl3 )l(aH.[(bl]JFblJlapnaH )l(l!HaJIFaH. 8p6ip 

)l(aHnb1pFbI 20-25 OTr<a rn3iMni KbIW 6noKTapnaH T¥panb1, dp6ip 
6noK 4-6 TYHHeJib.[(eH 6onanbI. 

)l(blJlbITY ywiH nai1nanaHbrnaTbIH ra3 ayaMeH apanacTbiphrnbm 

TYHHeJibre 6epineni, onapnbm ¥3bIH.[(bIKTapb1 10-15 cM 6onanb1. 
TyHHeJibnitt: niwiHi KoHyc Tdpi3ni, ra3 OHbIMeH I<03FaJirnHna K¥MbIH
nanbm )l(blJl.[(aM )KaHanb1. )l(aHrnH Ke3ne TYHHeJibnitt: Ka6b1prnnapb1 

eTe I<bl3bm, newTitt: OTTbIFbIHa )l(blJlY WbIFapanb1. l\bl3FaH Ka6b1prn
napnbm )l(b!JIY 6epy KapKbIH.[(blJlbIFbI K;).[(iMri )l(aHnb1pFb1naH )Kaca.TI

FaH cpaKeJibniKiHeH 2-2,5 ece )l(OFapbI 6onanb1. 

)l(anbIHHbIH: )KaH,[(bI]JFblJlapnaH T¥]JaTbIH OTTblf<TaH KeTeTiH ra3-

nap.[(b!H: TeMrrepaTypacbI cpaKenbniK I<OH.[(bIJJFbrnapnaH T¥JJaTbIH 
newTepniKiHeH 150-200°C apTbII< 6onanb1. 

EKi)Kaf<TbI cdyneneHnipeTiH 3KpaHnapbI 6ap newTepne pantt
aHTibII< CeKll,IDIHb!IJ: TyTiKTepi eKi )KaK:TaH )l(bIJIY ana,[(bl )K;)He ttpeK

TeMeHiH: 6ipr<aJibIITTbI eMec I<bBYhl 6onMattnb1. E¥JI newTepne )l(blJlY
JibII< KepHeyi 6ip)l(af<TbI c;)yJieJieHnipy rrewTepneH gnner<ai1na )l(OFa
pb1, 30-32KBT/M2 opHbrna 40 KBTIM

2 6onanbI. 
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28-cypn. EKi 6afbITia c;;iyJieJieHt1ipy 3KpaHt1apb1 6ap 
rmpom1Jt1iK ryriKTi rrern: 

I - rn6e 3KpaHhI; 2 - eKi lKaKThI c;iyn eneHJiipy 3KpaHh1; 

3 - rraHeJihl!iK lKaHl!blpFhJJiap; 4 - Kal!Ka; 5 - KOl!BeKU!lllJlh!K KaMepa 
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29-cypeT. lllbIHbll(TblpFblllI-
6yJiaHJ{b!pFblllI arperaT: 

I - II11pOJill3 faJhl; II - raJ11ap; 

Ill - lKOFap1>1 l\hlCb!MJib! cy 6)'b1; 

IV - KOpeKTett11iprim cy; V - ypney 
Chl3hlf'hl (lKOJihl) . 1 - Dlb!HblKTbIPFhlDl Ka

Mepa; 2 - 6ynatt11hlpFhrm 6eniicri11 an

llhll!FbI KaMepacbl; 

3 - lKbIJIYaJIMaCTblpFDIDl-6yna11111>1pr1>rm; 

4 - lllbIFapy KaMepacbl; 5 - 6apa6att-

6y lKllH3FbIDl; 6 - CY.!1.blll lUIPKYJll!llllllCbl

Ha ap1111JIFaH K¥6b!pnap 



WbIHbIKTbipFb1w-6y,1ai-1,J,bipFbIW arperaT (29-cypeT) TyTiKTi KC

HiCTiriH.ne rn1pomn,J,iK ra3 eTeTJH , aJl TyTiKTep apaCb!HJ,3Fbl KeHiC
TiKTe apanbIK )KbIJIYaJIMaCTblpFbllli HeMece apttaHbl .naJipJiaHraH XH

MHJIJibll\ Ta33pTbIJIFaH cy 6epineTiH TyTiKTi )KbJJIYaJIMaCTblpFblW 60-
Jlbin Ta6brna.nh1. TyTiKTep apanbIK KeI-(icTiK 6apa6att.nb1 6y )!(HHarhI

IIIbI 6ap K¥6bipnap apl(bJJibl KOCbIJIFaH. 
Y.!lepicTi aBTOMaTTaH}lbipy. ITttponm KOH)J,b1pnrnapb1 yne

picTi aBTOMaTThIK Typne peTTeifTiH 1qpannapMett )Katte )Kytlenep

MeH )Ka6.nhIKTaJIFaH. Eynatt.nh1prhIIII ceKUHJI.na 6ynap.nhII-( KbIChI
MhI l\bI3.llbipbIJI3TbIH cy 6ybIH Kb!Cb!M peTTeriw apKbIJibl )KbIJiyan

MaCTblpFbllll-6ynaH.nb1pFb!Ilil(a 3BTOM3TTbl Typ.ne 6epinirr, 6ip Ka

JiblITTbl eTirr ¥CTaJihIHhIIT T¥P3.Ubl. IT11pontt3 ra3.napb1 rr11pontt3 
11peKTeMecittil-\ IIIhIFY :tKepitt.ueri rrelllKe OTbIH 6epy.ni e3repTy ap-
1\hIJJhI peTTene.ni. ITewTil-\ )KYKTeMeci )Katte lllHKi3aT K¥P3MhI e3-

repreu.ue rrnpon113 TeMrrepaTypaCbIH nep Ke3rn.ne e3repTy eTe Ma
l-{hI3.llbI. I\a3ipri Ke3ne xpoMaTorpaqnap,n:hr I<on.natty apI<bIJibI peT

Tey.uiFl C¥JI6anapb1 ettri3iny.ne. lli11Ki3aT I<¥PaMbIH xpoMarnrpa
cj:>11JIJibII\ rnnnay tteri3itt.ne aBTOMaTThI Typne pe)KttM e3repineni. 
IT11pon113 ra3bIHbII-\ TeMrrepaTypacbrna 6ai1:nattbICThI WhIHhIKTbipy

ra cy 6epy aBTOMaTTbI Typ.ne penene.ni. 
IlupoJIH3 y.!lepiciuiu: 6¥JJ.aH api JJ:3MYhIHhlH, KeJiellleri. )l(eH.iJI 

K0MipcyTeKTiK <J:>paKl(HJIJiap.ubII-{ )K<lHe oprnllla (KepOCHH-ra30HJib
.uiK) .UHCTHmrnrrapbIHhII-\ TyTiKTi rrewTep.neri rmponmi Ka3ipri Ke3.ne 
TeMeHri one<J:>tttt.niK KeMipcyTeKTep.ni 01-1.nipy.nil-\ el-{ cettiM.ui )K;~me 

3KOHOMHKaJihIK T¥PFhr.natt ¥ThIM.llhI Tacini 6onhm rn6hIJia.UbI. TyTiKTi 
I1Hp0JIH3 y.nepiciHil-{ TeXHOJIOrHJIJibll( .naMbITY,[(hll-{ Heri3ri ypepicTepi 
Kenecmep: 

)KeKe (6ipniK) 1<yaTTbIJib!FhI 1 MJIH TOHHa w11Ki3aT/)KbJJI :tKaHe 

o.uaH .na Kerr 6onaTbIH l(OH.UhipFbIJJap.nbr canyra KeIIIy; . . 
)KaH;a )KOtapbieHIM.llIJilKTI arrnapaTypanap.nhI - )KOrapbI )KbI-

JIYJihIK KeptteyniKTeri )KaHe 11peKTeMe ¥3bIH.UblfbI 60HbIHWa 

aifMaI\TbIK perreifTiH rreIIITep.ni I\OJI,[(aHy; 
y.nepic TeMrrepaTypacbIH 840-870°C-re .neifiH ynKei1:ry )KaHe 

)Kattacy yal\hIThIH 0,2+0,4 C-1\a .neifiH a3ai1Ty ap1<h1JibI y.uepic 
ceneKTHBTiJiiriH (TaJIFaM.llblJib!FbIH) apTTbipy; 
I1HpOJIH3 eHiM.nepiHiH, 6apJlblfbIH KeweH,n:iK rraif.nanatty - ITH

ponm watthiphrnaH 011ap.u1>1 dpi Kapaif naif.nanatty M31\CaTbI-
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'.!CH apO'.!aTTblK Ke~ 11pcyTe l\Tep.J l . llHBIHll·IJlLl!, H30npe1·uo, 

UHKJJOOCIHa,J)!CH.li 6e;1in <wy ; 

lllHKi3aT 6a3aCbIH KeH.dhy - 6eH3HH paqnrnarrap,IJ,hI KeH. 

KOn,IJ,aHy, Kepoc1rnra30HJ1h,IJ,iK cppaKumrnap,ll,hI mi:pomB,IJ,eyre 

K8llly. 

3TmleH MeH npomrneHL(i TyTiKTi neuJTepJJ.e n11pon113,L1,en any 

;;),ll,iciHiH. apThlKlllhlJ1blKTaphIMeH Kamp, 6ipl\aTap KCMllliniKTepi ,IJ,e 

6oJiaL\hI. ITelllTep,IJ,i KOHCTpyKwumay yllliH )KOFaphI nernpnettreH 60-. . . . 
naTTap,ll,hl Ken M8J11I1Cp,ll,e KOJ1,IJ,attyra Typa Kene,ll,I, IlClllTIH: TyTIKTept 

6¥3hmMac yllliH n11pon113 TeMnepaTypachIH 900°C-,IJ,eH apThII\ KeTe

pyre 6onMaH,IJ,hl, TyTiKTi mrpO.TJH3 KOH,ll,hlpFhmaphIH,ll,a TyTiKTep,IJ,iH, 

)KhmJJ.aM KOKCTeHin I\aJJMayhrn 6onJJ.hipMay yllliH w11Ki3aTThIH. ayh1p 

TypnepiH eH.,IJ,eyre 6onMaH,IJ,hI. 

CoH,IJ,hII\TaH 6yKin ;;,neM,IJ,e FhmhIMH, )K06anhII< )!(;;,He eHepK;;,cin

TiK ¥HhIMJJ.ap,ll,hIH. Ha3aphI m1pon113,IJ,iH. )KaH,a ;;,,IJ,icTepiH )Kacayra 

ay,IJ,aphmy,IJ,a. Ayh1p ,IJ,11crnnn51rrap,IJ,hI, I<an,IJ,hII\ eHiM,IJ,ep,IJ,i )!(;;,He lllttKi 

M¥HaH,IJ,hI eH:,IJ,eyre MYMKittwiniK 6epeTiH MO,IJ,mlrnKaUH51Jiap epeKllle 

KhI3hIFYlllhmhIK TY,IJ,hipa,IJ,hI. Ayh1p K¥PaM,IJ,acrnp )!(;;,He M¥HaH m1po

n113iHiH. )KaH,a T;;)Cin,IJ,epi peaKTOpra )Kh!J1Y ;;)KCJIY T;;)CiJii 60Hh1HI11a 

epeKwenette,IJ,i. ITttponH3JJ.ifl )Kaf(a y,IJ,epiCTepiHiH. TeMeH,IJ,eri,IJ,eH Tttn

Tepi 6ona,IJ,h1: 

TCpMO)KaHacy y,IJ,epICTep1; 

- aca hIChIFaH cy 6yh1MeH n11pontt3,IJ,ey; 

TOThlKThl n11pon113; 

nna3MaJJ.aFhI n11ponH3. 

TepMO)KaHacy n11pom13 y,IJ,epicTepi e3 rnpanhIHaH eKi TOITI\a 6e

niHe,IJ,i. Eipimui TOnl(a ipiTyttipwiKTenreH )KhIJIY TaChIMan,IJ,aFhilll 

KOJ1,ll,aHhlJ1aThIH,ll,ap )KaTa,IJ,hl. fa:iHllli TOill(a ¥HTal(T;;,pi3,IJ,i )KhJnyTaCbI

Man,IJ,afhllll naH:,IJ,anaHhmaThIH y,IJ,epicTep )KaTa,IJ,hI. 

EapnhII\ TepMO)KaHacy n11pon113 yJJ.epicTepiHe oprnI<; H;;,pce - ap

HaHhI annaparra I\hI3,ll,hiphmaThIH )KhIJIY TaChIMan,ll,aFhilllThIH. 6onyh1. 

Co,IJ,aH coH, I\hI3,IJ,hiphmraH )KhmyanMaCThiprhmr peaKTOpra TaChIMan

,IJ,aHa,IJ,hI, OH,IJ,a n11pontt3,IJ,eHeTiH lllHKi3aTneH )KaHaCa,ll,hl. )I{bIJIYTaChI

Man)J,afhlllll\a )KOFaphI )Kb1J1YChIHhIM,ll,hIJ1hlI\, MexaHMKaJJhII\ )K;-me Tep

MH51J1hll\ Mhll\ThIJ1hII\, TeMeHri a6p03HBTiK f\a6ineTTiJiiK CM51I<;Thl Ta

nanrnp KOHhma,IJ,hl. )I{hmyrnchIMan,ll,aFhIW penH,IJ,e waMOT, KOKC, 

KBapUThll( K¥M )K;;)HC T.6. l(OJ1,IJ,aHhma,IJ,hl. 
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2.1. 1.2. A t(emuneH<)i 011<)ipy 

Auen111eHn i a11ynh1H, e3iHiH. M;:iHiH Ka3ipri Ke3re nei:iiH )KOfanT

naraH 6ipimui eHepK;:icinTiniK T~cini - OHbl KaJlbUHH Kap6tt.niMeH 

any: 

CaO + C-; CaC2 +CO 
CaC2 + H20 --; C2H2 + CaO. 

KanbQHH Kapfor.niH eH.nipyL\eri 6apnhIK IllhIFhIHL\3PL\hil:l Heri3ri 
6e11iriH eTe )l(OFapbI TeMnepaTypa.ua ( 1900-1950°C) 3HL(OTepMWiJlblK 

peaKQIUI )l(ypyiH I\3MTaM3Cbl3 eTeTiH 3JieKTp 3Heprm1ra KeTeTiH lllbl

FblH q:paH.UbI. 

K,a3ipri Ke3.ue au;enmeH,ui any.nhil:l Heri3ri Tacini MeTaH.UbI )l(~He 

rn6HFH fa.3,Ubl nHpOJIH3,Zley 60Jib!II Ta6bIJI3.[(bI. 

MeTau nuponuJiuif( TepMO.LlHHaMHKaChI. AueTHJieH TY3inyi 

YJlliH OH,TaMJibI TeMnepaTypaHbI MeTaH nHpOJIH3i Ke3iH.ue )l(ypeTiH 
. . 

peaKu;mmap.[(bil:l apTypm TeMnepaTypanap.[(aFbI Tene-Tel:l.ZllK KOHBep-

cm1cb1Hhil:l !llaManapbIH caJiblCTbipa OTblpbIII, TepMOL(HH3MHKaJlbIK 

'f¥PFhI.Zl3H aHbII\Tayra 6011a.[(bI. 011ap.nb1H, Heri3ri11epi: 

ki 
2CHi ;:::::!C2H2 + 3H2 (1) 

k1 
CH4 ~C+2H2 (2) 

k3 
C2H2~2C + H2 (3) 

~ 
2CH~ C2H4 + 2H2 (4) 

ks 
6CH4+::::! C6H6 + 9H2 (5) 

3-KeCTe.ne au;eTHJieH,ui MeTaHHaH IlHpOJIH3,l:(en aJlFaH,UaFbl )l(ype

TiH ym Heri3ri peaKQHHHbIH, Kei1:6ip TepMOXHMlUIJlhll\ )l(;)He TepMO,l:(H

HaMHKaJlhll\ c11naTTaManaph1 KepceTinreH. E¥JI ManiMeTTep.ueH TeM

nepaTYPaHhI Ylll ai1:Mal\Ka 6enyre 6011a.[(h1: 1000°C-.ueH rnMeH, ott.ua 

MernH TOJihII\ L(epniK C-MeH Hi-re hIL\bipai1:.[(b1; 1200-2000°C, OHL\a 

MeTaHHhIH, au;eTHJieHre KOHBepCHHCbl e.[(ayip 6011yb1 MYMKiH )l(;)He 
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2000°C-;:ie11 iKOFapbI. OIL'.ta auenLICl-1 KOilflepCI!51Cbll-Ibll\ Teop1UIJi bI K 

T¥PFhl.LJ.aH eTe iKOrapb! 60.1a;J,bl. 

3-Kecre.ueH KOJI.UaHbICTaFbl e1-1epK:;)CinTiK I\OHLlblpFbIJiap,llaFbl 
iK¥'.'.'1b!CTbIK rervmepaTypanap aJ:Il\taFhIHLla 1500-1600°C MeTaH nHpo
JHI3i peaKUW!CblHbll-1, Tene-Tel-1,LliK eHiMnepi Heri3iHeH KeMipTeK iK:;)He 
cyTeK 6ony n1ic . le iKY3i1-1ne conap peaKUHHHblI-l 1-1eri3ri e1-1iMnepi 
6ona.ub1, erep OHbIH y aKbIThI r ene-TeHniK yrniH iKeTKiniKTi 6onca, (1) 
iK:;)He (2) peaKUH5IHbII-l 6epimeH rervmeparypanapnan1 caJibICTbipMa
JibI iKbIJILlaMLlbIKTapbI rerre-Tett,-'1,IKKe iKeTKeHrne peaKuHHJibII\ I\OCrra
na aueTHJleHHiI-l en:::>yip KOHUeHTpauHHCbl iK:::>He OFaH C:::lttKeC 6oc Ke
MipTeKTiI-l (KytteHiI-l) a3.n:arn1-1 Yienwepi rn1-1a 6ona,UbI. AueTHne1-1.n:i 
anynbm HaKTbI y.n:epicrepi1-1ne TY3inreH auenrne1-1.n:i caI\TaY )!(:::>He 
Kyi1e ry3inyi1-1 ere a3aury yrniH MernHLLbI iKbIJI,UaM :>Kornpb1 reMnepa
ryparn .n:euiH KbI3,Ub1py, an anbIHFaH peaKUH5IJihII\ KOcrraHbI iKbIJI,UaM 
CYbITY (lllb!HbIKTbipy, TOI-J,a3bITY) KepeK. le iKy3iH.n:e peaKIJ,H5I attMa
Fb!HL(a peaKuM» TeMrreparypacb1 l 500-1600°C 6onrn1-1.n:a, MeTaHHbIH; 
6ony yaKbITbI - 0,01 ceKy1-1n. 

3-Kecme 
MeTauuau aueTHJJeu a.rJFaunaFhI iKYPeTiH Keiloip peaKUHHJJapJJhlU: 

TepMOXllMlfHJJhlK mane TepMOilllH3MllKa.!JhlK cunaTTaMaJJaphl 

K, K, K, 
2CH,~C2H2 + 3H2 CH,~C+ 2H2 C2H2~2C + H2 

(l\.H298 = 91 KKaNMOJJ b; (l\.Hl9S = 20,4 KKaJ1/:>10J1b; ( l\.H298 = - 54 KKaJJ/MOJJb; 
L\.G = 96 290- 64,7 T Kaa/MOJJh; L\.G 0 = - 21470 + 26,0 L\.G0 = 53 350 - 12,7 

1220°C-11e L\.G 0 = O) T Kan/ ~ronh ; T KaNMOJJb; 
552°C-11e L\.G0 = 0) 3923°C-11e L\.G0 = 0) 

Te~mepa- CH4-Ti!i C2Hrai Tene-Tea11iK KOHUeHTpaumrnap, % 
Typa, °C Kottaepcmrnay ll:lpe-

lKeci, % H2 C2H2 

500 0,00 100 0 
1000 4,84 100 0 
1500 66,00 99,98 0,02 
2000 99,90 99 ,92 0,08 
3000 99,99 94,80 5,20 
5000 100 42,50 57,50 

MeTau nuponnJiHitt; MexaunJMi. Eocpa.n:HKM,UbII\ MexaHM3M 
iKannbIFa 6ip.n:ei1 I<:a6brn.n:a1-1rn1-1. Mern1-1 rrMponH3iHitt; e1-1iM.n:epi1-1.n:e 

· CH3, :CH2 iK:;)He :cH pa,UHKan.n:apbI 6attf\aJIFaH. 
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6oc pawman ;~ap apKbLlbI MCTaH11 a11 y w 6aiilaH b1cne11 6aiba
IIbICKaH eKi KeMipTeK aTOl\lbIHaH T¥P3Tb!H auen1.1e1-1 K3clai1wa Ty3i 

JiyiH Tycittnipy ywiH KemereH qm6aJiap ¥ChIHhIJIAhJ. OnapAhII-l 

iwittne aJIAhIMeH 3TaH Ty3iJieni nereH niKip 6oi1hIHllla eKi Mexam-13M 

I\a6hIJIAaHFaH. 
1-MeXaHU3M 

E¥JI C¥JI6a 6oi1hrnrna MeTHJieH (:CH2) paAHKaJibIHaH aJIAhIMeH 

3TaH Ty3iJieni, conaH COi{ nerHnpney peaKQH5ICbl H~HH)J{eCiHAe 3TH

JieH Ty3iJieni, 3THJieH ;)pi l\apaH: au;eTHJieHre neii:iH nern,11;pJieHe,11;i: 

CH4 ~:CH2 + H2 
: CH2 + CH4~ CH3CH3 

CH3CH3 ~CH2 = CH2 + H2 
CH2=CH2~C2H2 + H2 

3THJieH eKi MeTHJieH paAHKa.JibIHaH na Ty3ieyi MYMKiH: 

2-MeXGHU3M 

EKiHrni C¥JI6a 6oH:hrnwa 3TaH peaKQH5IHhIH. aJIFaWI\hI Ke3eH:,11;e

piHiH: 6ipiHAe naii:na 6oJIFaH MCTHJI paAHKaJIAapbIHbIH: peaKIJ,H5ICbl
HbIH: eHiMi 6oJibITI Ta6hIJiaAbI: 

CH4~ · CH3 + ·H 
·CH3 +CH~ CH3-CH3 + ·H 

3TaH coHnaJ.f-al\ eKi · CH3 paAHKaJih!HaH ry3inyi ne MYMKiH: 

2 · CH3~CH3 - CH3 (Ti36eKTiH: y3ieyi) 

Mbittanaii peaKIJ,H5Inap na 6onyh1 MYMKiH: 

· H + CH4~ ·CH3 + H2 (Ti36eKTiH: ecyi) 

2H · ~ H2 (Ti36eKTiH: y3inyi). 

AueTHJieH, 6ipiHrni C¥JI6Ma:fh1naii, 3TaHHaH )J{;)He apaJibII\ 3TH

neHHeH ,11;e nerHnpney peaKIJ,H5IChIHhII-l H;)TH)J{ecittne Ty3ineni. 
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Aucr11.1e11 011;Jipyai11. ouepi-:acinriK YJlepiCTepi. Auer11ne11JJ.i 
anyLI.hI!-{ e11cpr;:;:icinriK y.J.cpinepi11 )KyJere acb1prnttJJ.a 11cri3ri KMhill
WhIJlbIK - )KbIJlY.UbH-l Ken MeJiwepiH )!(hIJILI:aM )!{;}HC 6ipKaJihlllThl Ta
pary. OJI auenrne11re HHBepcH.1rna11y .UbII-l )!{apaM.UhI .u;:ipe)!{eCiHe )!{C
TY ywi11 )!{OFapbr TeMneparypaJiapLI:hI KOJILI:aHy l(a)!{eTTiniriMeH 6ai1-
naHbICThI. Bacl(a M;:iceJie - peaKrop.ua11 WhlfaTbIH raJ.uap.UhI KYPT 
cyhITY Ka)!{eTTiniri; OHbl auer11.1em1i1-1. bl.UbipayhIH TOI\TaTY MaK:CaThI
MCH )!{ypriJe.ui, on canhICTbipMaJibI ryp.ue 01-1.aii wewine.ui. 8.n:eTTe, 
hICThII\ ra3aap aFhIHhIHa cyLI:bI 6ypKHLI:i. Tex11onor wewyre Typa Ke
J1eri11 COiffhJ M;:icene - raJLJ,apahIH J:<.¥paMbIHJJ.a a3 Ko11ue11Tpau,m1.n:a 
(7-13% KeneM) 6onaTbm au,erttne11LJ,i 6enin any )!{;:iHe Ta3apTy. Au,e
THJICHLJ,i OChI rrnpomB ra3aapbma11 )!{apaMJJ.hI epiTKirnTepiMeH ceneK
THBTi ~TKbl3Y apKbIJlhl 6eneLJ,i, COChlH ;:ipi Kapai1 l\hl3JJ.hlpy apI\blJihl 
HeMece 6acK:a )!(OJIJJ.apMeH 6enin ana.n:b1. CeneKTHBTi epiTKirn peTiH
JJ.e cy KOJ]JJ.aHbIJIFaH 6onca, KdiiHHCH 6acKa ceJieKTHBTiJiiri )!{al\Chl 
epiTKiwTep: N-MeTIIJinttponn11JJ.OH, aueTOH, JJ.HMCTIImpopMaMIIJJ., LJ,II
MeT11ncy JihcpOKCIIJJ. KOJILJ,aHJJ.hl. 

K,a)!{eTTi )!(bIJIYL\bI )!{CTKi3y r;:icini 60HbIHWa MCTaH nIIpOIIII3iHiH, 
e11epK;:icimiK yJJ.epiciHiH. Keneci rypnepi 6enrini: newrepaeri (pere-
11epaT11BTi nernrep KeMeriMeH l\bl3JJ.bipy) n11pOIIII3, 3JICKTpIIiK JJ.OFa
.n:aFbl m1pOIIII3 )!{;:)HC aBTOTepMH51JlbIK IlHpomB (LJ,ep6ec )!{aH.UhIPY Ke
MeriMeH l\hBJJ.hipy). OnapLJ,hil-l 6ipi11wici - MeTaHJJ.hI nernTepae nII
pon113.n:ey K:a31pn Ke3.n:e c11peK KOJILI:aHaLJ,bI. 

3Jie1npJ1iK JJ.OFaJJ.aFbl nttpoJiuJ (JJieKrpnupoJiuJ). 3neKTp.uo
FaJihII\ newrep.ue )!{ypri3iJieTiH MCTaHHbl!-{ 3JieKTp IlHpOIIH3i 1940 
)!{bIJIJJ.aH 6acran e11epK;:icirniK M;::lHre He 6on.uh1. MernHLI:hI BOnhT .uo
Facbr apKbIJihl eKi MCTaJIJI 3JieKTpOLI:Tapb1Hb!H. apaCbIHaH 8TKi3e.ui. 
Kep11eyi maMaMeH 8000 BOJibT T¥PaKThI TOI\TbI nai1.uana11a.uh1. faJ
.UhIH. .uorn apl\bIJihI ery )!(hIJIJJ.aM.UhIFbI - waMaMeH 1000 M3 le; .uorn
HbIH. TeMnepaTypachI - waMaMeH 5000°C, aJI OFaH .ueHiH ra3 I\hl3JJ.hI
pbIJiaThlH TeMneparypa - waMaMeH 1600°C. llihIFaThIH ra3.uap.UhI 
ne3.ue cy 6ypKin cyhITa.L\hI (l 50-200°C-re aei1i11). 

30-cyperre MCTaHHbll-1. 3J1CKTpnIIpOIIII3iHe apHaJIFaH peaKTOp 
6ei111ene11re11. PeaKTOp 6onarraH )!{aCaJIFaH )!{;:)He IJ,HJIHHJJ.P nirni11.ui 
6ona.uh1. MernH )!{OFapFhI, el-( KeH, 6eniri11e Kipe.ui, 011.ua )KCJI.UCTKirn 
)!{;:)HC MhlCTaH )!{aCaJIFaH )!{OFapFhl Kep11ey.ui« 3JICKTp0.UhI 6ona
)J,bl. Co«FbIChI peaKTOp.UhIH. KopnychIHaH I\hIIIJ Maccachr apK:bIJihI OI\
way nan )!{;:iHe «KeiiJieK» apKbIJibI cyhITbrnaJJ.bI. PeaKTOp Kopnych1-
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Hblll T8~1CHri "/1<3Fbl iKCpre Ta]JTbl.rJFall /K;rne e1<i1uui 3.lCKTPO.J 00.lblO 

caHanaD,hl. EHri 3eTiH i\ICTaHHhIH Typ6y.1e1-rniK aFbIHhillbil-l HJTJiiKC

cittne (:>KeJI)l.eTKirn) 3JieKrprriK )].Orn eKiHini 3rreKTpo)l.neH gpTypni 
aFhIH apl\hIJihI :>Kattachm I\03FaJTMaJihI 6ona)J.hl. MeTaHHhIH; auenrneH
re aiittarryhr 50%-rn neiiiH :>KeTyi MYMKiH. )J:oFarrhII\ nernTeH arrhrna
ThIH ra3)l.a rnaMaMeH 13% (Kerr) a1..1,enrneH, 45% cyTeK, IllaMaMeH 1 % 
3THJTeH, hI.[(hipaMaFaH MCTaH, KyKiprri cyTeKTiH;, KerepTKilll I\h!III
KhlJI)J,h!H;, KeMipTeK OKCH)J.iHiH; :>KgHe 6acI<a .n:a ciH;6errep,n:iH; a3narnH 
i3.n:epi (Merrrnepi) 6orranhI. 

30-cypeT. MeTaHHhifl 3JieKrp 

KpeKMHriciHe apHaJIFaH peaKTOp: 
I - JKOFapFbI 3JJeKTpo11; 2 - JKen11eTKiw; 

3 - JKUHilblpyra apHaJffaH 1(0Chl~IIIl3 

3.1eKTpoi1 ; l JK;me II - cy; 

Ill - peaKUHll eHiMilepi 

IlHpomB HgT11:>KeciH,n:e l 00 Kr MeTaHHaH HeMece IllaMaMeH 80% 
MeTaHhr 6ap rn611rn ra3)].aH 45 Kr 97%-)J.hII\ auernneH, 9,2 Kr 98%
JJ:hII\ 3THJieH, 5,13 Kr Kyiie )!(gHe 13 Kr 98%-)l.hII\ cyTeK arryrn 6oJiaJJ.hI. 
3neKTp3HepnurnhIH; Ta3apThIJIMaFaH a:uenmettre ecenTenreH IllhIFhI
HhI - IIIaMaMeH 9 KBTc/Kr. 

ABTOTepMHHJihl1' nnpoJIHJ . .6¥JI y.n:epiCTi napu11arr)J.hIK, TOThIK,
Thrpy, TOJihIK, eMec :>KaHy HeMece TepMOTOThIK,ThlpFh!Ill nHpOJIH3 nen 
Te arni1,n:hr. .6¥JI gnic MeTaHHhIH. (HeMece 6ac1<,a KeMipcyTeKTiK IlIHKi-
3aTThIH; OTTCKTi :>KeTKiJiiKCi3 6eprett.n:e) :>Katty :>KhIJIYb!HhIH. ( iIIIKi :>KaH
)J,hipy) ece6itteH K,hI3)l.hipyrn tteriJ)l.eJireH. 

MernHHhIH; aBTOTepMHHJThIK n11ponHJi :>KaF)l.attrraphrnna Kerreci 
peaKI..J,H51JTap :>KypeTiH)J.iKTeH: 
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2CH-1 + 0 2 ----t 2CO + 4H2 
2CH4 ----t C2H2 + 3H2 

ettiMAep gpKarnaH .n:a auenmettHiH,, KeMipTeK OKCHJJ:iHiH. )K;}He cyTeK

TiH. l(OCOaChl 60Jihin Ta6hJJiaJJ:hl. 

)l{oraph1,n:a KepceTinrett peaKummap,n:att 6acl(a aaToTepMH.HJihIK 

m1pOJIH3 Ke3itt.n:e KeJieci peaKUH.HJiap .n:a )Kypyi MyMKiH: 

CH4 + 202 ----t C02 + 2H20 
C2H2 + 2H20 ----t 2CO + 3H2 
C2H2 + 2C02 ----t 4CO + H2 

C + H20 ----t CO + H2 
C + C02 ----t 2CO 

AueTHJieH TY3inyiHiH. )KHhIHThII\ peaKUH.HChIH Mhrna.n:aw Typ.n:e 

Kepceryre 6011a,n:h1: 

1500°C-,n:eH rnMeH 6011MattThrn,n:an TeMneparypara )KeTKby 

THiC 6oJIFaHJJ:hll(TaH y.n:epicTi TeXHOJIOrM.HJlhll( pgciM,n:eyre M¥Hh1H, 

Kei16ip rneKTeniM,n:epi 6ona,n:h1. EipimuioeH, Ta3a orreKTi naH:,n:anatty 

Ka)KeT, ettTKeHi aya,n:a 6onaTbIH a30T MeTaHAhI )K3HJJ:hipraH,n:aFhI 6i

pa3 )KhIJIYJJ:hI )K¥TaJJ:hI )K8He XHMH.HJlbIK peaKUH.HJiapra KaThICYhI MYM

KiH. EKiHutioeH, MaKCHMaJT,n:hI TeMnepaTypara )KeTy.n:i )Keain,n:eTy 

yrniH ra3.[(hI aJIAhIH ana KbBAhIPY KepeK. Anan.n:a WHKi3aTThI aJIAhIH 

ana l(hl3JJ:hIPYAbIH, Agpe)Keci MeTaHHbIH, KpeKHHrineyi 6acTanaThIH 

TeMneparypaMeH )K;}He T¥TaHYAhIH, epTepeK HHHUHprretty j\ayinTiJii

riMeH rneKTenreH. oaCTaITl(hI ra3 KOCITaChIHJJ:a OTTeKTiH, MeTaHra K0-

JieM.[(iK I\aphIM-.l(aThrnach1 1 :2 6orra,n:b1. 

31-cyperre ettepKgcimiK r<;OHJJ:bipFhI THmepittia 6ipi Kepce

TinreH. TonhIK eMec )Katt,n:h1py I\OHJJ:hipFhICbIHhIH: nHpOJIH3 ceK

UH.HChI, HerI31HeH, aJI,[(bIH ana l(hl3,[(hiphJJIFaH MeTaH MeH OTTeKTiH, 

aFhIH,n:aphIH apanaCThipaThIH )K;}He )KaFaThIH )KaH,[\hlpFhI 60JihIIl Ta-

6blJiaJJ:hl, o.n;aH coa )!(atty ettiM.n;epi eTe )KhJJIAaM cyhnyMeH «illhI

HbIKThiphrna,n:hI». 
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A.1.L\bIH ana T¥TaH Y.J,bT 6on.J,bipMay yw iH apanacTLrpy a!hianrH

na KbI 3LJ.bIJJY D,;:ipejf<eci , dµ,ene, wa:\1a:v1e11 600-700°C Te:\mepaTypa

CbIMeH rneKTeneL(i. Ocb1 Mai<:caTneH )KaJlbIH apanacTbipy ai1Marhrna 
i<:ai1rn KeTnec yrniH apHattbI )KaHL(bipFbI 6norhr i<:OJIL(aHbIJiaL(bI. Apa
nacTbrpy ai1MaFbI )KJHe )KaHL(biprbI 6norhr api<:hmhr ra3L(bI 6epy 
)Kb!nL(3ML(blfbl )KaJlblHHb!H, i<:aHTapbIJibin KeTyiH 60JIL(blpMaHTbJHL(a1i 
eTin TaH,L(aJihIHaL(hJ. 

PeaKIJJ1.s!'.JibII< ra3bI IllbIHbIK:Tbipy )!(atty al1MarbIHaH Kei1iH TiKe
ne11 eTe T03aH,L(aJIFaH cyL(hI 6ypKy api<:binbI )Kypri3iJieL(i. 

31-cypeT. AuernneH.Qi MeTaHHaH 
TOJlblK eMec )f(aH.Qbipy 

apI<blJlbI aJIYFa apHanrnH peaKTop: 
I - apanacTbrprhIIll KaMepach1; 

2 - lKaJihIH.1lhI Taparyra apHarrrnH 

K¥JJhIJirh1; I - cyhlTKhIIll cy; 

II - peaKUH$1HhlH ra:inapb1 

IluponmL(iH. «IllbIHhIK.TbipbrnraH>> ra3.uapbIHbIH. Iq'.paMbI MbIHa

.uai1 6ona.uhl: 

An;eTMJieH 

KeMipTeK (IV) OKCH.Ui 

KeMipTeK (II) OKCH.Ui 

MernH 

CyTeK 

OrreK 

)I(oraprbia~eTMJieH.uiK 

KeMipcyTeKTep )l(dHe 

6acl\a eHiML(ep 

KeJ1eMOiK, % 
8,0 
3,5 

26,0 

5,0 

56,0 

0,1 

1,0 

OcbmapMeH i<:arnp coH.uai1-ai<: KytteHiH. a3L(araH MeJIIIIepi Ty3i

ne.ui, onap.UbI irniHapa cyb!TJ<bIIII cy apJ<bIJibI KeTipeLI;i. 
}\oHL(bipFbI ~1500M3/car. MeTaHL(bI )Ki6epe anaL(hI; aQenrneHHiH 

lllblfbIMbI 25-31 % 60JI3L(bl. 
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! [(' ! 

CH3COOH 

ROH 

HCN 

noJittMepJieH)' 

Cu Cl 

2CH10 

-

HOCH2-(CH2) 2-CH20H 

6yraHlUIOJI-! ,4 

-
H, O 

C¥ifb1I< <!Ja:ia 

H20 

6y <!Ja:iaCbl 

Cl, 

CO+H20+ROH 

~::::~~: = CH2 ITJiacrMaccaJiap 

CH2=CHCI 3-
BHHHJiaueraT 

CH, ~CH-OR 

BHHY!il 3cjJHpi 

CH 2 = CH-CN }-
aKpHJIOHttTpHJI 

CH2 = CH-C =CH 
BllHJIJiaueTHJieH 

CttHTeTHKaJILIK KaY'IYK 

CHi-C = C-CH2- CH2= CH-CH= CH2 
I I 6yraJJ.11eH 
OH OH 

CHHTernKaJILIK TaJIIIILIK 
3THJI C!lllpTi C2H50H 

t rnJtpJiey 

aueTaJILJternJt KpOTOH aJibJ{ernJ{i 

i TOTblKThlpy 

CipKe KblIIIKblJILJ, aueTOH, 6yrnJI cnHpTi ll<;itte T.c.c. 

;iprypJii oprattttKaJILIK 
CHi-C(O)-CHif-- CH2 = C = 0------

aueToH KeTeH cHHTe3Jtep 
- AHrnJtpHJ!Tep, KYPJteJii 3<!JHpJiep ll<;rne T.c.c. 

faJioHJiryLIHJ!Llllap (ChCH-CHCh lK;JHe 
ChHC-CCb) ChC = CHCI 

-HCI TpHlCJIOp3TJIJieH 

aKpttJI KhlIIIKblJibl 
CH2= CH-COOH J-

TioJIHaKpJ1Jiarrap 
CH2 =CH-COOR-
aKpHJI 3<!J11pi 

80 



Auenuett HeriJitt!leri ettcpKacinTi1' cmne311ep 
ni1po.11n f33bl Ol-li13Fbl wailblp Melt Kyt'.ieHiJ-l T033H.13Htall 08-1-

weKTepiHeH Ta3apThrna,LJ,hI, co,LJ,aH co11, :lKOrapnr auenmett,LJ,iK KeMip
cyTeKTep 6enittin anbma,LJ,hI. AuenmeH ceneKTl1BTi epiTKiwneH 
cop6I.vurnatta)J,hI, on ywitt, J)J,eTTe MeT11nn11ppon11,LJ,oH nali,LJ,anaHhrna
)J,hI. Cop6umrnatt6araH raJ,LJ,ap onap,LJ,aH epiTKiwTep,LJ,i 6enin any 
ynritt rnauhrna)J,hI (:lKyhrna,LJ,bI). A6cop6ep,LJ,eH IllhIKKaH auernnettMeH 
KaHhIKKaH epiTKirn crn611n113a1vrnnaHa,LJ,hI, 5!FHl1 eTe Harnap ep11Ti11 
l\¥PaM)J,aCTap,Ll,aH 6ocaTbma)J,bI, CO)J,aH COi-{ 6ynaH)J,b!pFbllll KOJlOHHarn 
Tyce,LJ,i, on :lKep,LJ,e o,LJ,aH aueT11neH,LJ,i 6enin ana,LJ,hl. 

1 T auernnett,LJ,i ett,LJ,ipy yrniH ll!aMaMeH 4,2 T MeTatt :lKJHe 5 T 
orreK l(a)KeT 6ona,LJ,hI. n¥Jl KeJ,LJ,e KOChIMll!a eHiM peTiH,LJ,e 2: l KaThI
ttacneH HeriJiHeH cyTeK nett KeMipTeK OKCl1)J,iHeH T¥PaThIH 5 T ra3 
Ty3ine,LJ,i. Oehl inecne raJ,LJ,hI ( CHHTe3ra3,LJ,bI) aMMHaK nett MeTaHOJI)J,bI 
CHHTe3,n:eyre nali,LJ,anattyra 6ona,n:hI. CotthJMeH, KOH)J,b!pFbI aueT11ne11 
MeH CHHTe3raJ,n:h1 eH.n;ipy yllliH I(on,n:attyra 6ona,LJ,bJ. 

AQeTuJJeuui11, euepKacinTiK ~0JJ.11.aub1J1yhl. Erep 6¥phIH aue
rn:neH.n:i aBTorett,LJ,iK nicipyre KOJI)J,attca, Ka3ipri Ke3,LJ,e OHhrn: 50%-

. . . . . 
bIHaH apTh!FhIH XHMH5!JihIK emM.uep ettmpy ylllm WHKI3aT pentt.uc 
rrali,n:anaHa)J,hI. 

AueTHJieHHeH anbIHaTbIH tteri3ri ettiM,LJ,ep MOHOMepnep (xnop
Jihr BMHHJI, BHHHJiaueTaT, aKpHJIOHHTPMJI, BHH11JlaueT11JleH, BHHH_l 
3qmpnepi) 6onbm rn6bma,n:h1. Onap nnacT11KaJihIK Maccanap, CHHTe3-
.n;iK TanillblKTap )KJHe Kay1.JyKTep ett.uipy yrniH ll!HKi3aT 6ona,Uhl ; 
KemereH orreKI(¥paM,LJ,hI ettiM,LJ,ep.n:i ( cm1prrep, Kyp.ueni 3cjrnpnep. 
Khillll\hJJI.ll:ap, KeToH,n:ap) any yrniH nali,n:anattaTbIH auernnh,n:ern.u: 
epiTKiill peTiH)J,e KOJI,UaHblJiaTbIH XJIOPTYbIH)J,bJJlap ( XJIOp3T!1JieH.uep). 
)l{orapb1,n:a KepceTinreH C¥J16a.n:a aueT11neH Heri3iH,LJ,eri eHepK;;icinTiK 
CMHTe3,n:ep KepceTinrett. 

2.1.1.3. KyueHi oHiJipy 
KyueHiH, l<JPbUlblCbl :m:;me 1<.,acuemmepi. Kylie - KeMipcyTeK

Tep,n:itt; HeMece Ke3 KenreH opraHMKanhll\ 3aTrnp.UhlJ-l TOJibIK eMec :lKa
HYhlHhIH; HeMece TepMHHJihII\ hIJJ:bipayhltthIJ-l r<aTTbI :lK¥Ka.u11cnepcTiK 
KeMipTeKTiK ettiMi. EacrnnKhI rn11KiJaT :lKJHe anhIHY TJcinitte 6alina
HblCThI e3ittiJ-l I<ac11errepi 6otthmrna Kylie eJrewenette.n:i. Kylie 
aMopcj>TbII\ KeMipTeK nett rpacj>HT apacbm,n:arbr apanbIK nces.n;oKp11c
Tan,n:hII\ ccj>epanbII\ THITTeri 6emueKTep,n:i11, rnaMaChIMeH ( l 0-HaH 500 
Mµ-re .n:eliiH) e3rernenetteTiH K¥PhIJihIMhl 6onaTbIH Ta3a KeMipTeK 

81 



60.1i.,1n ia6 h1.1a.'lb1. Jli1cnepcri n iK D.Jpe;.Keci KylieHil-l ;iprypni copTra
pbIHbII{ qHD.blJ!blfblH aHbll\Taii.LJ,hl. 

KyH:eHi eHnipyniH yw Heri3ri ynepici 6ap: apHaJJhIK (KaHaJJ.IJ.bIK.) 
)!{;rne newriK ynepicrep, onap rn11Ki3aTTbIH TOJJbIK eMec )!{aHyhrna 

Heri3nereH )K;:JHe repMH51JJhIK ynepic, onna repMH51JibIK hI.IJ.bipay nai1-

naJiaHhrnanb1. 8p6ip ynepic e3iHe c;:ii1Kec Kyi1ere 6enriJii 6ip ryp He
Mece KJiacc 6epeni: ra3 r;:ipi3n i w11Ki3aTTaH apHa.llbIK Kyi1e, newriK 

Kytte )!{;:JHe repMH51JihIK Kytte. M;:iHi a3 6onaTbIH TOJibIK. eMec )[(3HJJ.bI

pynan Kytte eHnipy;::ijl{ ran1 eKi r;:icini 6ap: rnaM.D;bIK. )[(;:JHe au,er11-

neH,n;iK Kytte 8HLJ.ipy y.z:i;epicrepi. 8HepK;:icime KytteHiH, ;:ipTypJii Typ

Jiepi (r11nrepi) MeH copTTapbIHbll{ MHJIJIHOHD.aFaH TOHHaCb!H Illb!Fa

pa.n;bl. 8p6ip qmpMa KytteHi 83iHit~ qmpMaJJbIK, aTb!MeH llibIFapaJJ,bl. 

8prypJii TJmTeri KytteJiep 6ip-6ipiMeH cp11311KaJJbIK, Ta, X11Ml151JlbIK, Ta 

j\ac11eTTepi 6oi1brnrna epeK111eJieneni. 4-Kecre.n;e «K36or 6JI3KC» 

cjJ11pMachI IllhIFapaThIH KyH:ettiH 6ipK.arap coprrapbIHbIH, K.aCHerrepi : 

6emneKTepnitt, illaMachI, a30TTbI ancop6u:115IJiayb1 6otthIHilla MeHrniK

ri 6eri :>K;:JHe cyJihI Kyi1e cycneH31151CbIHbIH, pH-bl 6epiJireH. 

4-Kecme 

Kyiie coprrapbIHbUl Kacuerrepi 

Kyfie coprrapb!Hb!I{ arnyh1 KyfieHiH <j>HJHKaJJhIK Kacnerrepi 

~ :r ·o. ;;; :0 '° ~ ~ 

·~ "' ~ ~ '- ;: "' E;i ::i =l a ~ = I:: c:; >, u c:; 
:?. M 

"' u = :i "''- \D ;;; 0 = :0 M 
\D ·g_ ·& ~o~ "' . 

~ 
u ' 

:;; :r :;; "':r: 3 

I:: u 0 '§ ~ ~ :::G ~ ~ :;; 
f- - u ,.. 

~ "' ~ '" = 3 
"' 0 ~ "' :f :0 

>lo 3 3 2 c:; 
2 >, c:; u 0 

t..Q 

I 2 3 4 5 6 7 8 

KyHeHil{ apl{aJibII\ coprrapb1 

CcpepoH C cc 23 225 1, 14 0,05 4,6 4,5 

Ccpepol{ 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 
C¥ttbIK w11Ki3aTiaH newriK Kyi1e 

8yJ1KaH 9 SAF 19 110 1,5 1 0,54 8,5 1,5 
BynKaH 6 lSAF 23 108 1,37 0,50 9,3 1,0 
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4-"ec111e11i11 .J1cu.-,..:uc1>1 

I 2 3 4 5 6 7 8 

By.1KaH 3 HAF 28 65 1,30 0,48 9,0 1,6 

BynKaH C CF 23 132 1,41 OJ5 8,4 1,3 

BynKaH SC CF 21 200 1,50 0,55 8,0 1,6 

Crepmrnr SO FEF 41 40 1,35 0,57 9,0 0,9 

Crepmrnr V GPF 51 25 1,09 0,47 9, 1 0,9 

fa3!lblH new Kyi1eci 
Crepmrnr 99 FF 39 65 1,12 0,40 9,5 0,9 

Crepmrnr L HMF 60 30 0,85 0,50 9.9 0,8 

Crepmrnr S/ SRF 80 20 0,77 0,40 9,3 0,8 

CTeJUleTeKC 
Crepmrnr NS/ SRF 80 25 0,71 0,27 9,8 0,8 

TepMHllJibIK Kyi1e 
Crepmrnr MT 472 6 0,35 0,25 8,5 0,5 

Crepmrnr MT NS 472 6 0,34 0,27 8,7 OA 
CrepnHHr FT 179 15 0,41 0,45 8,9 0,5 

Kyllettil-{ ::iprypni coprrapbr 6ip-6ipitteH reK waMaChIMeH ratta 
eMec, cott,uall-aI< 6enweKTep,uil-{ rapanyhrMeH ne e3rewenetteni. 
Kylle.n.eri :>KeKe 6enweKTep 6ipirin, rnpMaI<raJiraH yllleJIIlleM,uiK Ti3-
6eKTep rypitt,ue arperarrap ry3yi MYMKiH, 6¥JI arperanap «eKittwi
JiiKTi K.¥PbIJihIM» Ty3e.ui. Kyllettil-l 6apnhIK 6enllleKTepi enweMi Illa
MaMeH 20E rpaqnmriK rop.UbII-l napanneJihJJ:i reric I<a6arrapbIH 6epe
.n:i. Topnap.IJ:bII-l 3-5 Ka6arraphr K.aJihII-lJJ:bIFbI waMaMeH 12E 3JieMeH
rapJibI KpI1CTaJIJII1T ry3e,ui. ap6ip KpHCTaJIJII1TTeri rpacpl1T Ka6arra
pbl waMaMeH 6ip-6ipitte napannenb 6onhm opttanacI<aH, anall,ua 
onap,UbII-l :>Kannhr HOpMaJiiHe 6allnaHbICTbI peTci3 6arbITTaJiratt. l\a-
6arrap e3apa Batt-,uep-Baanbc KyrnTepiMeH 6allnaHhICI<aH, onap,ubrH 
apaCb!H,U3FbI K,3IllbIK.TbIK. KpI1CTaJI,UbIK. rpacp11T TOpbIHL(aFbI,UaH Ke6i
peK 6ona,ubr. 

Kyllettil-{ K.¥PaMhrn,ua 88-,ueH 99,3%-ra ,uelliH KeMipTeri, 0,4-Tell 
0,8%-ra ,ueH:itt cyreri :>K::>He 0,3 -reH 1 7%-ra nelliH orreri 601rn.n:h1. 
CyTeri nett OTTeriHi KyH:e.n:eH «¥lllK.billl» 3aT peritt,ue I 000°C-re 
,ueH:iH OTTeriHiH: K,3TbICYbIHCbl3 K,bl3,Ubipy ap[\bIJibl Ker ipe,ui ; 6¥JI Ke3-
,ue cyreri cyreri MOJieKynachr rypittne, an orreri CO :>K::>He C02 ry
pittne 6eniHe,ui. Cyreritti 6ipimniniKTi KeMipcyreKTiK Mos1eKy11aHbill 
I<aJI.UbIFbI ,uerr ecerrTeH:,ui, on rpaqrnrriK rop,Ub!H: J<.¥p3Mbrna Kipeni . 
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Cyrcrirc Kepici111Dc oncri KpHCTaJl!.\bIK Toprn e116el!w, anaii.na 
xeMocop6wu1 H;:>TH:iKcci11,J,c Kyi'tc 6eri11,J,e OOJ1U,J,bl. OneKTi1~\ Kcil6ip 
Menwepi Kyi1ere OHhI arry y.uepici Ke3iH.n:e eHe.n:i, 6ipal\ OHbHi: Ke6i
peK 6eniri ;:ipi I\apatt TOThII\Tbiphm eH:.n:ey .n:e apHattbI eHri3ine.n:i. OT
TCK KeMipTeKOTTeK KeweHiHil{ J\¥paMbIHa Kipe.n:i, 6ipal\ OHbII{ J\¥Pbl
JlbIMbl ;:ini aHbII\Ta.JTMarnH. KeweH.n:ep.n:i (KoMnneKcTep) naKTOH,n:ap 
TypiH.ue 6ona.UbI .uen 6oJI)KaHa.UhI, COH.UaH-aK: cpeHOJI.Ubrn: J\¥PbIJibIM
.n:apbI .ua 6ona.uhr. KeMipTeK K.a6aTbIHbIH: weKapachrn,n:a opHarracl\aH 
ocbrn.uaM: KeweH.ui Keneci.n:eri.D,ett eTin KepceTyre 6ona.n;hr: 

\II \ I / \ II \ II 
c c c c 
I \ I I 

C C-C=C 
. . . . . . . . . . . . . . . . . . . }\a6aTTbIH: weKapacbr 

II \ I I I 
0 0 HOH 

KyM:e.n:e ¥lliK.hIW 3arrap.D,bIH: 6onyhr (rnaMaMeH 1 %-.uai1 nernTiK 
Kyi1e.n;e, 5-TeH 17%-ra .n:ei1iH apHaJihII\ Kyi1e.n:e) pe3el{Ke, THnorpa
cpH»JihII\ 60.iiy )K;:>He 6acK,a 60.Hfb!WTaprn apHarrraH TOJibII\TblpFbilII
Tap eH.n;ipy.n;e K,OJI.LI,aHb!JlaTbIH KytteHil{ K:aCHCTTepiHe e,n:;:iyip gcep 
eTe,n:i. ¥WI\hIW 3arrap,nb1l{ Menruepi aprI<aH cattbIH cynh1-Kyi1e cyc
neH3H.HChIHhIH: pH-bI TeMeH.n:ei1.ni, 60.iiynap,n:bJI{ aKI\blillTb!Fbl Harnap
natt,Ubl )K;:>He KayqyKTbI BynKaH.nay )KbIJI)J,aM,r:i:hlfbI TeMett.neM:,r:i:i. 

CoHhIMeH, KyHeHiH. ettepK;:>cimiK coprrapbI ;:>prypni cpH3HKaJlhIK 
)K;:>He XHMHHJibII\ K:actterrep KepceTe.ni . Ken )Kar.uaH.ua Kytte rpacpttn<e 
)Kal\bIH, anai1.ua eH.uipy Ke3iH..ue pe3el{KeHiH: )K;:>He 6o»FhIIDTap.D.bII{ 1\¥
paMbIHa Kylie I\OCaThIH;'.1,hIKTaH onap.nb11-1, }\aetterrepiHe ai1rnpJibII\I'aM 
;:icep eTe.n:i. Kylie ciminept:J:iH., I\bIWI\bIJI.LI,ap,D,b1H. )K;:>He 6acKa XHMH.HJibIK. 
peareHrrep.uiH: gcepnepiHe rn3iM.ui 6ona.ub1, Mattnap MeH opraHHKaJibII\ 
epiTKirnTep.ue epiMeH.ui , )KapbIKThIH:, ayat:J:aFbI orreKTiH:, )KOFapbr )K;:>He 
rnMeH TeMneparyparrap,n:bIH. ;:icepiHe T¥Pal\fbI, ce3iMTaJI.LI,blfbI a3. 

'}l(aJibIH!lap!laFbl Kyil:euiu, TyJiJiyi. KeMipreKTiK WHKi3aTTbII{ 
TOJihII\ eMec )KaHraHhIH.Ua Kyi1e ruttKi3aTTbil{ (wana )Kattratt.n;aFbI aue
rnneH aJIY y.nepicitte ¥1\Cac) repMtt»nbII\ hIAbipay Ke3iHt:J:e .n:e, KeMip
cyreKTiH: wana (TOJlbII\ eMec) TOThIFYbI peaKUH»CbIH):(a TY31JICTIH 
CO-HbIH: bit:J:bipayhrnaH .na ry3ine.ni. 
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MernmibIH )!(aF.n:attbIHLla: 

)l(aHy peaKummapb! CH4 + 202 ~ C02 + 2H20; 
~H = -212 KKan:/MOJlb 

2CH4 + 0 2 ~ CO + 2H20; 
~H = - 6, 1 KKan/MOJlb 

CH4 ~ C + 2H2 
~H = 20,4 KKan/MOJib 

2CO ~ C +C02 

}\a.3ipri Ke3.n:e KeMipcyreKTep;:Jj orreKTe HeMece aya.n:a )l(aH.LJ:brprnH
.n:a K)'HeHiH; 'fY3inyi 6emneKTepiHiH. ecy MexaHH3Mi rypanb1 yrn rnnoTe3a 
6ap: mepMWlJlbl~ blOb1pay meopimcbz, noJ1ui1,1epJ1eHy :J/CaHe KOHoeHca
lfWlJlaHy meopURcbz, paouK0J1oapob11f KoHoeHcai1Ufl!laHy meopimcbz. 

TepMUfUlbl~ blObzpay meopuRCbl 6oubZHuta KeMipTeK 6emueKTe
pi KeMipcyTeKTiK MOJieKyJianap.ubIH, )l(arJbIH aHMaFbIH.LJ:a TepMmlJibIK 
KpeKHHrineyiHeH anhrnaThlH auenrneH cmnuhr eHiM.n:ep.n:eH Ty3ine.n:i. 

)KorapLI l\,8Hbll\U3f3H 

1(0CLl.~LICT8p 

H2 + CO + CH + C2 

i 
KpnCT8JIJlany 

llJIPOCLI 

/ 

PllllHK8JI cH c
2 
+ oH ~ CH +co 

PllllHK8JI CH 02 +CH ~OH+ co 

Ko:-.1ipTeh.1iK + H2 
HiipoCLI 

IloJ1UMepJ1eHy :J/CaHe KOHOeHCat/UfUlaHy meopuflcbz 6ottb!HIIJa 
rrn:p011H3 Ke3iH.n:e KeMipcyTeKTep KeHiHHeH 6ipirirr KeMipTeK 6epeTil I 
Maw.n:a MOJieKynanaprn bl.LJ:b!paMai1.n:h1, Kepicimue ipi MoneKynanapFa 
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110.1 11\1ep~1c11c;:i,1, o.1ap Kyiic 6e:1weKTepi1111l TYbIHTCKTep1 60,1brll Ta
Ob!JlaJJ,bI. MernHHbitl nupo;uu KeJi11µ_c waiib1p rn:v1wburnpblllblH 11aii
L1a 6onyb1 ocb1 nrnoTe3aHbI pacTaHLlbL 

Pao11Ka.1oapob11j KOHOeHca1111R.w1-1y meopu51cbz 6otthIHllla m1po

HH3 KC3iHL1e KeMipTCKTiB !laH[la 6onyb1 6oc paL11-fKaJIL1apL1bIH, :cH, 
·OH, : C - C: ry3inyiHeH II<dHe C2 paL111I<aJIL1apbIHbIH, KOH[leHca

ummaHyhIHaH 6onaL1hI. C2 paL1HKaJIL1apb1 auenrnenHeH L111auenrnett 
C~H2 TyJiJIY caTbIChl apKblJlbl )l<ypeL1i LIC!l ecenTeJiitte[li. :>Kornpb!Lla 
OCbI peaKUI15IJiapL1bll{ )l(dHe K8MipTeKTiH, (Kytte) KpI1CTaJIL1atty 5ILIPO
ChIHhIH, ry3iny C¥.JI6ach1 6epinreH. 

Kyi1e.rrepL1iH: eH,n:ipy yL1epicTepi repM115IJihII\ KytteL1eH 6acra.rra.n:br, 
naMttHapJibll( )l(dHe ryp6y.rreHTTiK L1Hcpcpy3IU!JlhlI\ )i(a.JibIHbIHLla KeMipcy
TCKTepL1i llla.Jia (TOJihII\ eMeC) )l(aHL1bipy.D,aH T¥PUI\hL :>Ka.rrbIH,LlaFbl Kyfie 
)l(atty[lb!B CblpTI\hl rycci3 KeMipTeK eKi OKCH[liHil{ 6a.rrJ(bIFaH 1<a6aThIHaH 
OJ(lllay.rraHFaH ill1Ki TOThil\ChI3JJ,aH,[I,blpy attMaFhIH,n:a ()i(a.JihIHHhII{ oprn
CbIH,n:a) ry3irre.n:i ; )!(atty aTMoccpepanbII\ ayaHblH, ocbr K,a6aT apI\hIJihI ,n:mp
cpy3115l.JiattybIHaH 60Jia[lhl. apryp.rri attMal(fap,n:hIH; )l(dHe o.rrapFa CdHKCC 
TeMneparypa.rrap Kd.LliMri niilliH.D:i )l(aJihIH YilliH 32-cyperre Kepceri.rrrett. 

t ,"C 
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//JO 1110 I 1 
1/00 1100 

i 

noo "80 

il!JO f!OO 
-~1 ! ! 

-+-i....+--.,~ ......... +-

;775 1170 
1180 IT75 

' i :1 •• 

'r,·90 1l!j;l~oe=:4~Jjt\ ];~: tttt~lf "" H" ,_ 117§- ;-- ~ "';; 

--WW.U~. li:+:U~nt 
116J 10~7-=._ 
1050 llJB 

\ 

. 
" 
" ,. 32-cypeT. Ka.u;iMri nimiH.u;i )f(aJThIH ymiH 

)f(aH)' aliMal(rapbIHbU{ )f(aHe oJiapra 
caiiKec TeMnepaT)'PaJiap.D;bll:{ Tapanyb!: 
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I - lKapKhlJIJ!aMaHThlH o6Jlb!CT!IFbl 
MaKCllMaJIJlhIK TeMIIepaT)'paCLJ aitMaFLI; 
II - lKapKhIJJJtay.llhlH 6acTaJIFatt aiiMaFLI; 

!!I - KeMipTeKTi Ka6arrany afiMaFb1; 
IV - lKa116ara11 raJ 



TcpMJ151;lbIK Kyi1e1-ri e11epKdci1ne Ke\1ipcyTcKTiK u1rrKiJanr,1 KO

Cbl>llLia 800-1000°C-re .ueifi1r Kbl3Llblpbm, TCP\ll-!5Ll bl!Z bLlblpaTy ap

l(binbl anyrn 6011a.llhl. 

Kyiie onL1.ipy.ui1-1. oneKacinTiK y.uepiCTepi. ApHaRbl~ (Ka1-1a.'IOb1) 
yoepic. n-¥JI y;::i:epic C-¥J16a Typitt;::i:e 33-cyperre KepceTiJireH. Ta6ttrn 

ra3 I<hIW )KaHJJ:bipnrnapbIHhU-l mp caH.bIJiaynapb!HJJ:a )K3HJJ:bipbIJia.llhI, 

onap m1cpcpy3ttHJihII< )K3JihIHJJ:ap Ty3in cyhII< 'f¥HJJ:bipFbIW MeTaJI;l 6eT

Tepitte COl(ThIFhICa.llhI. Onap niwitti 6otthIHWa Te6e )Ka6aTbrn I<3l-lbIJl

Tbip;::i:att 20-25 CM apHanap (apttaJihII< y.llepic arnnyh1 ;::i:a OCbIJJ:aH) 60-

Jihm rn6bIJia.llhl. 6-¥JI 6errep )Kai1nan )K3HJJ:bipFhIHhil-l ycTitteH I<03rn

na;::i:hI )K:}He KytteHi )KHHattJJ:hI. Kyi1:e ynKeH I<a6hrn;::i:aFbIWTap.llbll-l )KO

tapbI )K3Fb!H.ll3 6eKiTinreH l(blpFbIIllTapMeH apHanap;::i:aH KeTipiJie)J,i. 

)J{aH.llbipyrn aya rn6ttFtt anrnMeH KeJJe.lli, OHhII-l 6epis1yi TyTiK WbIFa-
. . . 

ThIH )Kepnep;::i:en )KgHe aya )KeTKI3eTIH Kyh1crnp;::i:aFhI )KanKhIWrnp-

.llhII-l KeMeriMeH perrene;::i:i. Kyi1:e T¥HJJ:bipFbIUI 6erreH wattarraprn 

l(blpbrnhm Tycipine;::i:i )KgHe rrrneKTiH. KeMeriMeH orreK KaMepa.llaH 

rrnesMaTHKaJJhII\ KOHBei:i:epre, co;::i:aH col{ eneyi111TiK cenepaTop ap

l(hIJJhI llHKJIOH,[(bII\ KOJIJieKToprn 6epine,n:i. KonneKTop,n:aH Wb1rnp 

:>Kep,n:e KyHeHiH; ThIFhI3,[(bIFhI waMaMeH 64 Kr/M
3 

6ona;::i:h1, anai1:;::i:a 

:>KeTKi3yrninepre )KYKTi rney yrniH MexaHHKaJihII\ 81{.lleyMeH KytteHi 

190-400 Kr/M
3 
-Ke ;::i:ettiH Tb!Fbl3,[(ay KepeK. 

n 

33-cypeT. KyiieHi eHi:1ipyaia apml.lihII\ yaepici: 
I - KYiie l!G!HaHThlH apHanap; 2 - 6yHKep; 3 - JKaHy KaMepanapb1; 

4 - WHeK; 5 - cenepaTOp; 6 - UHKJJOH; 7 - apanaCTblpFbIW; 
8 - ryJiipwiKTepre apHanraH 6apa6aH; 9 -TYliipwiKTeH6ereH Kylie; 

I 0 - ryJiipwiKTeHreH Kylie; 11 - KOHMa 

JlHTOrpacjJThll\ 60.iry any yrniH OHbIH; TOJibll\TblpFblillTbll( )K0Fapb! 

KOHQeHT]13U:HHCbIH,[(a 31\l\hllllTb!Fbl )K31(Cbl )!(:}He I<apa KeK TyCTi 60-

87 



.l )'bl KCpCK. crn11;:i_apTTblK ap11a.lblK Kyi'l e ay a.rra KOCbJMlUa TOTblK

Tblpbl!la;J,bl. Ky~ie U T;;ipi3;:i, i Te:--1ip 11aya apKhUihl 300-450°(-;:i,e m

MocQ:>epaJlbII< aya I<aTbIChIH.Ua )!(i6epine.rri . Kywe 6eriH.n.e xeMocop6-

urnrnattrnH orreKneH 6ipre ¥CTaJJhIHfaH ¥11IK~hillI 3arrap KytteHiH: 

WblfblMbl a3,D.an TeMe1-1.n.ere1-1.n.e K;;J.D.iMri M::rniHeH 5% MaKCHMan.rt:bII( 

M;;iHiHe LJ,ettiH 18%-ra apTaLl.hl. 
CoHhIMeH, apHanbII< Kyi1e1-1i1-1 dprypni coprrapbIHbII{ 6eJJllleKTep 

lllaManapbI 50-LJ,eH 350 A-re LJ,ettiH, an ¥WI<hIW 3arrapJJ,hII{ MeJilllepi 5-

TeH 17%-ra .n.ewiH e3repyi MYMKiH. ApHanhII< Kytte ettepK;}cimiH: pe3el{

Ke, naK6mry )!(;}He n0Jmrpacjrn5!nb1K cananapbIHLJ,a nai1LJ,anatthrnaLJ,bI. 

OcbI yLJ,epic KeMeriMeH 1 M
3 

3TaHHaH 16-30 r Kytte anyra 6ona

Ll,hI, on reoptt5IJihIK MeJJlllep.uiu (533 r) TeK 35%-bI 6onaLJ,hl. CoH.D.bIK,

TaH OChI T;}cinMeH anbrnraH Kylie canacbIHbII{ )!(OFapbI 6onybrna K,a

paMacrnH canacbI a3hipaK eHiM 6eperiH, 6ipaK lllhlfbIMhI Ken nellITiK 

y.n.epici Ke!{ rnpany.n.a. 
Kyt1e eHoipyOilf newmiK yoepici. £¥JI y.rrepicTe 6acrnnKhI IIIttKi-

3aT peritt.n.e ra3 KyttiH.n.eri KeMipcyreKTep.n.i .n.e, qtthIK, KeMipcyreK
rep.rri .n:e nai1.rranaHyra 6onaLJ,hI. Col{rhrnapbI periH.n:e el{ )!(apaMLJ:hrna

pbI - M¥HattJihI )!(Orapb1 apoMaTTaHraH I<aJI.D.bIK Malinap. K,a3ipri Ke3-
.n.e lllb!rapbmaTblH 6apJibIK Kyi1eHil{ )!(apTblCb!HaH Ke6i C¥Hh!K, KeMip

cyTeKTiK lllttKi3aTThI nali.n.aJlaHaTbIH newTiK y.n.epicriu yneciHe Kene

.n.i. Y.n.epiCTe apHanhIK y.n.epiCTeri.n:eli JlaMttHapnbIK, .n:11Q:>Q:>epe11u:ttan

.D.hIK )!(aJJhIH nai1.zi:anaHbIJiaLJ,bI, 6ipaK lllana (TOJihIK, eMec) )!(atty hlfhI

cy.zi:h1 )!(aK,ChI 6aK,bmattTbIH iKafJJ,attnap.ua (MaKcttMaJIJJ,hIK, Typ6yneHT

TiniKTe) )!(a6bIK, KeuicTiKTe )!(ype.n.i. 34-cyperre dpi ra3,D.bI, dpi C¥HhIK, 

llIHKi3aTThl ~Mh!C icTeihiH nellITiK Kylie eH.z:t:ipyre apttaJiraH K,OH

,D.blpfbl KepcennreH. 

f a.3-KytteJiiK K,ocna newTeH BepTHKaJI.rt:bIK cyhIT!(hllllThlH TeMeH

ri )!(arhrna 6epine.n:i, 011.n:a on cyMeH l 300°C-.n:ett 200°C-re .zi:ei1iH 

)l(hIJl.rt:aM cyhIThma.rt:hl, co.n.aH col{ ¥CTan any )!(ytteciHe )!(i6epine.rri. 

A3p030JihLI:eH KyH:etti 6enin any - U:HKnott.n.ap ( 011.rra ipi 6enIIIeKTep 

MexaHttKanbIK, Typ.n;e 6eniHe.zi:i), 3JJeKTpcy3rinep, MarHttTTiK cerrepa

rnpnap (TeMip 0Kan1111a 6enllleKTepiH KeTipy yllliH) )!(;}He IIIapnhI 

.zi:11ipMett.zi:ep (KyH:etti ThifhI3,IJ,ay yllliH) naH:.n;anaHhIJiaTbIH Kyp.n;eni 

onepautt5ICbI. 

ApHMhIK, y.n.epicitte KaparaH.zi:a nellITiK y.zi:epic eHiMHil{ lllhIFbI

MhlH Ke6ipeK 6epe.n;i - 140-160r/M2 MeTaH (Teoptt5IJihIK,ThII{ -25-
30%-hr). 
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34-cypeT. TiewTiK Kyi1e a1yra apHa1raH K¥PbL1FhI: 
I - JJieKTpcrnrnKa.nhIK T¥Hllblpfh1wrnp: 2 - UH K.lOHnap, 3 - cop~rnme.~;ieTKiw: 

4 - M3rHHTTiK ceneparnp; 5 - TpaHcnopTep; 6 - wap n11ip~1eHi ; 7 - Kopo6; 
8 - cynhJ eHri3y; 9 - JJieearnp; I 0 - Kemipriw KaMepa; 11 - aya ypneriw ; 

l2-6Ybm-TYJO; 13 -WHKi3aT (c¥i{b!K KmtipcyTeKTep) HHmeKTOphI; 14 - KeTepriw 

TepMU5/J/bl~ yoepic. KyiieHi arryi:i;wi: TepMMJIJlhJI< yL\epicittiH 
epeKUieniri 6¥JI :>KaFi:i;aH:i:i;a KytteHiH Ty3inyi UIHKi3aTThIH:, ;)L(eTTe rn-
611rn ra3JJ:hIH., TiKeneH: TepMmrnhII< hI.D;hipayhrnaH 6onai:i;h1 (35-cypeT). 
Y .[(epic rrepHOL\ThI Typ;::i:e icTeH:TiH rrenITep;::i:e :>Ky3ere aca;::i:h1. 

g 

35-cypeT. Kyiie eHJlipy;:\iH TepMlUIJlhIK y.11epici : 
I - ra3; 2 - newTep; 3 - CYblTKblW; 4 - KeTeTiH rm; 5 - UHK.lOHilap; 

6 - WHeK; 7 - KOJI cyJri ; 8 - KOHMa; 9 - newTepni Khl3l!hlpyra apHa.nraH 
peu11pKyJIJ1UHJ1JiaHaTbIH ra3; I 0 - JKhlilhITYra apmL1raH ra3 
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Ko1ub1prb1 ;J1ia:--1eTpi 45 :-- 1 )K0HC 611iKTiri 78 M OTKa T03 i ~·r;:ii wa

MOTThIH KOH.LlblpMailapblMCH TO,lTblpbLlFall eKi DCWTCH T¥pa,J.bl. Eip 

new Kbl3FaH Ke3)],e, eKiHwiciHJJ,e Kyi1e any.ll,hll{ )!(¥1\-thICTblK Ul1KJ1i )i(y-

3ere achm, cyhITbIJla)],bI. l\hl3Llbipy UHKni Ke3iHn.e newKe OThIHLlhI TO

JlhIK )!(aFyra )!(eTKiJliKTi , Heri3iHeH, cyTeKTeH, Tafo1F11 fa.3)],aH )!(;me 

ayan.a11 T¥PaTbIH peuHpKyJ15!UH5!JlaHarhrn ra3 eHri3inen.i. fa.3 )!(a

HYhIHhm HdT11)!(eci11ne newTiH KOH.ll.hlpMaCbI 900- l 400°C-re D,eHiH 

KhI3aLlhI. Ka)!(eTTi TeMnepaTypara )!(CTKeHn.e KhI3.ll.hIPY TOI\TaThrna.ll,bI 

)!(dHe newKe Ta611FH fa.3)],bl neulTiH TCMneparypaChl OHbll{ KpeKMHri

ciHe )!(eTKiJiiKTi )!(OraphI 6onhm )Ki6epen.i, cocbrn KhI3.ll.hipy IJHKJii 

K:ai1TaJiaHa)],bI. IlewTeH )J<¥Mh!CTblK UHKJl)],CH COi{ illbIFaTb!H ra3 cy

MeH cyhIThIJia.ll,bI, IJ!1KJlOH.ll,ap )KdHe KOJI cy3rrnepn.eH WHeK apK:bIJihI 

KOMMara 6epinen.i. 

Kyi'1eHilj ~OJ/OGHb1.1ybz. Anraw Ky?leHi eHD,ipy nmorpacp115IJihIK 

6051ynapD,bI n.a51pnayra Ka)!(eT 6onraHLlhIKTaH D,aMhILlhI; Kei1:iHHeH 

OHbI OHD,ipy en.dyip apTTbl, 8HTKCHi rn611rn )!(dHe Cl1HTe3)],iK KayqyK

Tbl 01{.ll,ey eHepKdci6i OHbll{ T¥TbIHYWb!Cbl 6ona 6aCTa)],bI. 

ABTOKeJliK .[l,81{feJieKTepiH e11n.ipyn.e KayqyKKe 30-50% KytteHi 

K:ocy orrap.ll,bll{ MhIKThIJlhIFhIH 23 ece apTTbipa.ll,bI ()!(ypy ¥3aKTh!FbI 

1500-2000 KM-D,eH 50000-60000 KM-re n.ei1:iH Ke6ei1eD,i) . 

Ka3ipri Ke3n.e )!(bIJlbIHa MHJIJlHOH TOHHan.aH acrnM Kyi1:e e11n.ipi

nen.i, OHhII{ waMaMeH 90%-hI Kay<1yKThI 8HD,eyre KOJID,aHbIJia)],hI ; arr 

K:aJiraH 6eniriHeH TMnorpacpH5!JihIK )!(dHe 6acK:a ,n:a 6051yrrap, rraKTap, 

KewipMe K:aFa.3.ll,ap, rrnaCTHKaJib!K )!(dHe OKWayrraH)],blpFbIW MaTepH

arrn.ap, 3JieKrpon.Tap )!(dHe c.c . aJiaLlhI. 

2.2. KoMipcyTe1nepn.hi: CHHTe3-ra3Fa TOThl1'Thl 

KOHBepCHSIJlaHyhl 

M¥Hai1: MeH rn611rn ra.3 KeMipcyTeKTepiHil{ TOThll<ThI KOHBep

CM5IJiaHyh1 ayKhlM,!I;hl )!(dHC Mal-{hl3Llhl M¥HaMXHMH5!JihlK y,n:epic 6orrhrn 

rn6 hrnan.h1. 

KeMipcyTeKTepLliB, co11.nai1-aK KeJ KenreH KeMipTeKJ<¥PaM;:I;hI 

opraHMKaJihII\ MaTep11an;:i;ap,UhIH TOTb!Fa KOHBepCH5IJiaHy y.uepici 

)!(aHFb!W ra.3,n:ap.ll,hl any ywiH C¥Hb!K )!(dHe K:aTThl OTbIH,UapLI;hl ra3-

LlaHLlhIPYLlhll{ 6¥phIHHaH 6enrini eHepKdcinTiK d,UiCTepiHiI-( Heri3iHe 

)!(aTa)],bl. y n.epicTiI-( MdH i - OTbIHHh!H, opraHHKaJihlK MaccaCh!HhIH OT

TeKneH, ayaMeH, cy 6yh1MeH )!(Orapb1 TeMneparypana TOThiry )!(OJihI-

90 



\!Cl! iKaHnrw rauapn1 (Heri3iHcH CH4, CO iKJHe H 2-,:Jerr T¥P3TbIII) 

aru Ia.1 y bl. 
l(ammbz ombtHoapob1 2moaHOb1py ra3reHepaTOpJiapb1H.Ua )i(yp

ri3iJie.ui. )lfaHFhIW ra3.uap.uh1 (tteri3itteH CO, H2 )K;rne CH4-TCH T¥pa

ThIH) aJiaThIH retteparopJiap.UhI zmzeHepamop.wp nen arai1.uh1. Kar

Thl OTblH.U3P.UblH. 6apJibll( rypiH: TaCKBMipJiep )KJHC KOH.hip KeMip
nep, aHTpaUHT, KOKC, )KapTbJJiai1 KOKC, Top¢, arawrap, )KaHaTbIH 

cnaHeurep )K;:iHe r.6. ra3nattnh1pa.ub1. fetteparopnhIK ra3napnb1 Heri-
3iHeH MCTaJIJiyprnHJihIK, Khlill )K;}HC 6acKa 8H.Uipicrep.ue, iuneH )KaHy 

K03FaJITKhlll1TapbIH.Ua, ra3ryp611ttaJiap.ua )f(;}HC T¥PMbICTh!K Ka)KCTTi

JiiKTepre OThJH peritt.ue KOJI,Qatta.UhJ. YpneihiH ra3,QhIH. K¥PaMhJHa 

6ai1naHbICThI aya ra3napb1 (ra3nattnh1py ayaMeH )i(ypri3ineni) , 6yaya

JihIK, 6yoTICKTiK, cyJihl, )KapTbJJiai1 cyJibl , OTICKilCH ypney Fa3bl 60-

Jibin 6e11itteni . 

:0¥JI ynepicTiH. Heri3ri peaKU11HChI ere Khl3FaH KeMip.uiH. )K;:iHe cy 

6y11apbIHbIH. waMaMeH 1200°C r eMneparypa.ua ;:ipeKerrecyi 6011hm 

Ta6hIJI3.UbI: 

Crilbt~ omb1Hoapob1 2mo0110b1py - C¥HbIK OTbIH.Uap.ub1 KeMipcy-
. . 

reKrepn1H. MOJieKy11aJiapbrn hI.Uhipary )KOJibrMeH hIJ:lbiparnH emM.uep-

.ui cy 6y11apb!MCH, OTICKilCH HeMece ayaMCH KOHBCpCHHJlhIK )KaHFbIW 

raJ.uapra rypJiett.uipy y.uepici. I\¥paMhma 6ati11attbICThI aJihIHFaH ra3-
. . . 

.nap.Ubl OTbIH HeMece XHMHHJibII< ettepK;:icmKe llll1KJ3aT perrn.ue KOJI-

.uatta,Ubl. fa3.uatt.ub1py )i(ar.uaii11apbrna 6ai1nattbICTbI Keneci.ueii peaK

UHHJiap )l(ype.u1: 

- )KOFapbIMOJICKYJiaJibII< KaHbil\KaH KeMipcyTeKTep b!JJ:b!pan, rn

MettriMoJieKyJiaJiblK l\aHbIKl\aH HeMece 1<aHhIKnaraH KeMipcyreKrep 

ry3ine.ui; 

- l\aHbil\l\aH KeMipcyreKrep .uer11.up11ettin, l\aHbil\naratt KeMip
cyreKTep )l(~me cyreK ry3ine.ui; 

- KeMipcyTeKTep.uiH. cy 6ynapbIMCH HCMece OTICKTICH ;:ipeKeTie

cyi. Ochr attThIJIFaH.uap.uaH 6acl\a H30MepJietty, IlHKJI.Uetty, non11Mep
neHy KyHC )l(;}HC KOKCTy3iJiy peaKQIDIJiapbl )l(ypeni. 

1. CsH12 ~ C2H6 + C3H5 
CsH12 ~ C2H4 + C3H6 + H2 
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1 C5H12 ~ C)-l1u + He 
3. (s H12 + 4H20 ~ CH4 + 4CO + 8H2 

C sH12 + 202 ~ CH4 + 4CO + 4H2 

)l{oraphlJJa KepceTinreH 'IK;rne OThrn.nap,D,bI fa3)],aH)l,hipy yAepic

TepiHili 6acKa .na peaKu.wrnapbllrn KepeK :rnepnrnch!HbIH: Ke3i ra3)],aH

.D.bipaTbIH 6acrnnKbI WHKi3aTThm 6ip 6eniri '/KaHyhIHblH: )!(;:me ra3H

cp11Kauwrnay y.nepicTepiHiH: Ke3iH.ne Ty3iJieTiH KOKC )!{aHybIHblI-( 3K30-

TepMH5!JlblK peaKUH5!Jiapbl 60Jibin Ta6bIJia)l,bl. 

Kerv1ipcyTeKTep TypneeynepiHili )!{blJl.D.aM,nhJFbl MeH cwnaTbl ett: 

aJI,D,bIMeH Tervmeparypara, WHKi3aTThIIi peaKrop.na 60.ny yaK,bITbIHa 

)!(;;me rnHKi3aTTblli Kac11eTTepiHe 6aifoattbJCTbl 6ona)l,bl. Mb1caJibI, 

750-800°C-.ne 35-40%-ra .neI:iiH KaHhIKnaraH KeMipcyreKTep 6ap ra3 

ry3ine.ni. 900°C 'IK;:me o.naH 'IKOrapbr Tervmeparypa.rrap)l,a K,aHbIK,na

raH KeMipcyreKTep.n:iH. llihIFhIMhI KYPT TeMeH.n:eH:.n:i, MeraH, cyreK, 

wai1b1pnap MeH KOKCTiH: Menwepi apTa.D.hI. 1100°C )!(;;rne o.n:aH )!(OFa

pbI TeMnepaTypa.rrap.na y .n:epic TOJib!FbIMeH cyTeK, K0MipTeK OKCH.D.i 

)!{;;me KOKC ry3iny )!{afhrna 6afb1TTas1a.n:h1. Kerv1ipcyreKrep cy 6yb1MeH 

)!{;rne oneKrreH ;'.lpeKeTTeCKeHJJ,e, ra3.UhIH. WbIFhIMbI apTa)l,bI (bI)l,bipay 

y.D.epiciHe KaparaH.na) )!{;'.lHe OHhIH. K¥PaMbl CO, H2 )!(;'.)He CH4 ry3iny 

)!{afhrna Kapai1 e3repe.D.i, Kytte- )!{;'.)He KOKcTy3iny a3a5!)],bl. f a3)],aH.D.bI

py y .D.ep1c1tt.ne Karnmnaropnap.D.bI KOJI.UaHy peaKQH5! )!(bIJI.D.aM.D.blK,Ta

pbIH aprThrpa.nhr, y.n:epic reMneparypachrn I OO- l 50°C-re rnMeH.n:ery

re MYMKiH.niK 6epen i , KyH:e- )!(;'.)He KOKCTy3iny a3a5!)],bl. 

M¥Hai1xHMH5!ChIHII.a MeTaHHblli TOTbira KOHBepc1151JiaHybIHbIH: 

MaJ·{bl3bl 30p, OHbIH 8HIMI - Cl1J-1Te3-ra3 OTbIH peTiH.n:e eMec , M¥

HaHXHMH5!JlbJK CHHTe3nepre TyreniMeH llIHKi3aT peTiH)l,e natt)l,aJia

HbJJia.D.bl. 

2.2.1. Mema1111btH, cwune1-2a12a momb11<,mb11<.011eepcuJ1J1a11yb1 
CHttTe3-ra3 - KeMipTeK 0Kc11.ni Men cyTeKTiH: K,ocnacbI, M¥JiaH:

XHMH5!nbIK eHepK;'.JCin yrniH ere 6araJibl llIHKi3aT 60Jibin Ta6bIJia,ll;bl. 

CHHTe3-fa3.UbI a.rrynhIH: ettepK;'.JCirrTiK T;'.lcini - Meratt,n;b1 (HeMece ra-

611rn fa3.D.bl) cy 6yhIMeH HeMece OTTeKneH TOThIK,Thipa KOHBep

CH5!Jiay; onapra C;'.lttKec CHHTe3-ra3 anynh1H: Meratt6ynbI )!(;me MernH

OTTeKTi y.nepicrepi 6ona.n,b1. 

Mernn-6yJihl y.D.epic. E¥JI y,11:epicTiH. 6ipittrni caTbICbI - Meran 

MeH cy 6y hIHbIH. 3H)l,OTepMH5!JlhlK peaKUH5!CbI: 
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b.H = 49 KKa.1/:v10.lb (6) 

Ocbr Heri3ri peaKUH5IMeH Kamp CO MeH H 20 (6y) apacbIH.D,aFhI 
3K30TepMI15IJibll( peaKUI15l - cy fa3b!HhlH KOHBepC115IChl .ua )f(ype.ui: 

LlH = -10 KKaJI/MOJih (7) 

[OCbl peaKIJ,I15IHhlH Tene-TeB.uiriHiH OH:Fa b!FbICYbIHa TeMnepa
TypaHblH TeMeH.D,eyi MYMKiH.D,iK 6epe.D,i . PeaKUl15l Tene-Tei-i:.uiriHitt 
KOHCTaHTaCbl (Kp) TeMnepaTypa apTI(aH.D,a T8MeH.D,elf)l.i (686°C-.ue OJI 
1,9-rn, an 1500°C-.ue 0,2-re TeH:). CyTeKTi any I(a)f(eT 6oJIFaH.D,a Te
ne-TeH:.D,iKTi C02 Ty3iJiy )f(aFbma I(apai1: hIFhICTbipy KepeK; ornH cy 
6yhIHhIJi m.uarnH apThIK M0JIUiepiH eHri3in !(OJI )f(erni3yre 6ona.D,hI]. 

K = p 
[C02] [H2] 

[CO] [H20] 

:>KHbIHTblI( peaKIJ,I15ICbIH MhIHa.D,aH TeH:.ueyMeH epHeKTeyre 6oJia.D,bJ: 

~H = 39 KKaJI/MOJ1b (8) 

M¥HaHXHMI15IJ!bII( eHepKgcirne MeTaH6yJihl y.uepiCTi eKi 6aFb!T
Ta nai1:)lanaHa.D,bI: 1) cyTeK aJIY yrniH; 2) CHHTe3-fa3 any yUiiH . 

Heri3ri Mal(caT cyTeKTi aJIY 6onrnH.ua y.uepicTi cy 6yhIHhIH: Ken 
apThII( M0JIUiepiH.D,e )f(ypri3ine.ui, OJI CO-HhIH COrre KOHBepc115IChIH 
mai1:Ta)lbl [(7)-peaKQIDI], C0HTin cyTeKTil{ KOCh!MUia M8JIUiepiHil{ Ty3i
JIYiHe MYMKiH.UiK 6epe.ui. Y.uepiCTi eKi caTb1.D,a )f(ypri3y TttiM.ui: 6ipiH
Uiici - CHi-Ti CHHTe3-fa3Fa [(6)-peaKUI15I] KOHBepCH5IJiay, eKiHUiici -
CO-HhIJi 400-500°C-.ueri KOHBepcH5iChI [ (7)-peaKUIDI]. Y .uepic )f(aJIOhI 
anFaH)l.a KeJieM.D,i apTTblpbm ~e.ui, COH.llhII(TaH Kh!ChIM)l.bl aprrb1py 
KOHBepcIDI .rr.gpe)f(eCiH mai1T3.LJ.b!. Erep Heri3ri Mal(caT CHHTe3-fa3 aJIY 
6oJica (CO MeH HrHiH: gpTYPJii Kapb1M-I(aTb1Hacb1), peaKUH5IJihIK KOC
narn COi-Hi I(OChm CO TY3iJIY )f(anrna hIFhICTb1pa.rr.h1. 

MernH6yJihI y.uepic )f(ar.rr.ai1:JiapbIH.D,a )f(OFapb1 TeMnepaTypaJiap
.ua MeTaHHhlH KeMipTeK I(OCTOThlFb!MeH CHHTe3-fa3 6epeTiH TaFbl .ua 
eTe I(bI3hII(ThI peaKUID.I (KeMipTeK I(OCTOThIFhIH yT11n113a11,H5IJiay.uh1 
;:)JieyerriK T;:)CiJii T¥PFb!CbIHaH) )f(ype.ui: 
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CH 4 +C02 ~ 2CO + 2H2 6H = 59 KKanh1onb (9) 

EHnewe ynepic eHiMD:epiHJJ:e CO-HbIH. Menwepi TeK TeMnepary

paMeH e;v1ec, c0Hnaf'r-a1< cy 6yhr )!{;me C02 MeJiwepittiH. K.apbIM-K.a

Tb1HacTaph1:v1eH ne aHbII<TaJiaJJ:bI. 
CTpaKTHKana Tene-Te!-lD:iKKe )!.:brnJJ:aMbipaK. )KeTy (peaKu:1u1 )KbIJI

)1,aMJJ:blfbIH apTTb1py) )K;me y,a:epic )Kypy Tel'vmepaTypacbIH a3ai1:Ty 

ywin KaTaJI!13aTop K.OJI,D,aHbIJiaJJ:bI, oJiap,D,bIB IWIHLI:e Martt11i1 )!{;me 

aJilOMHHl1H OKC!1.IJ:TepiMeB npOMOTopnaHraH HHeprri TaCblMaJILI:a
fb!WTafbl tt11KeJib.IJ:i e!-l )Kl1i na11,D,anana,D,bl. 

Merntt6yJihI yD:epicTi ettepKdcirne cyTeK aJiy MaK.caTbIHD:a 6i

pa3 KbICbIM acThmD:a (67 aTM) )Kypri3eD:i. An.n;b1MeH MeTaH MeH cy 

6yh1 1<ocnacbm 870°C-LI:e KarnnH3aTOpMeH (Ni, MgO) TOJITbiphm

ran )KdHe ra3 )KaHD:biphm KbI3.IJ:blpbrnaTblH TyTiKTi peaKTop apK.bI

JlbI )Ki6epe.IJ:i. PeaKTop.II:aH WbIFaTblH ra3.IJ:ap Tyren LI:epniK cyTeK 

neH KeMipTeK OKCHLI:iHeH T¥PaJJ:bl )K;me ttefopi 2%-LI:aH peaKU:MS!Fa 
TycnereH MeTaH 6ona,D,bI. Eipittwi caTbI )Ky3ere acK.aHHaH KeHiH 

KeMip OKCHJJ:i cy 6ybIMeH 6ipre xpoM OKCH.IJ:iMeH npOMOTOpJiaHraH 

TeMip OKCHLI:iHi!-l ycTiMeH 460°C-LI:e )Kypri3e.n;i. b¥Jl Ke3JJ:e cy ra-

3h1Hb!I-l KOHBepcwsicbr HdTH)l(ecittD:e H2 MeH COz-HiH. 1<ocnachr anhr

Ha.IJ:bI; COrtti anacTaTI<aHHaH Kei:'iitt rn.II:pney y.II:epicTepiH )Kypri3y 
. . 

ywm Ta3aJlbIFbI )KeTKlmKTl cyTeK ana,D,bl. 

MernuoTTe1ni y.uepic (MernHHhIH. rnaJia *any y.uepici). 
b¥JI y.II:epicTe MeTaHHblH. cy 6yb1:vteH 3H)J,OTepM1UIJlblK. peaKIJ;HS!Chl 

ywiH [(6)-peaKUHS!] K,a)KeTTi )KbIJIYJlbIK. 3Heprm!HhI peaKTOp.IJ:bl 

)i(blJlbITYFa KeTeTiH ra3.II:hIH. opHbma MeTaHHbIH: 6ipa3 6eJiiriH an

napaTTbm iwittne )l(aHJJ:bipaJJ:bI. Erep oTTeK Ke3i peTiHLI:e ayatthI 

K.OJl.IJ:aHca, OH)J,a peaKUHSI eHiMLI:epi a30TITeH JiaCTaHFaH 6oJia.IJ:bI, 

on KenTereH J1.<ar.D:ai1nap.II:a (yD:epic ettiMJJ:epiH aMMMaK CMHTe3iHe 

nai1.II:aJiattrattttaH 6ac1<anaphr) onap,D,hr dpi nai1.II:aJiauyra Tepic deep 

eTe.IJ:i . Ta3a orreKTi K.On.II:atty, dpwue, eHiMLI:ep.n:iH. 6arachIH aprrhr

paD:bI. 
MeTaHorreKTi y.II:epic eKi ffHJ<bIH.IJ:aJiraH caThIMeH )Kype.n:i. Ei

pittwi CaThIChIH.IJ:a OTTeK TOJlh!FhIMeH MeTaHHbIH. 6ip 6eJiiriMeH dpe

KeTTecin, cy )KdHe KeMipTeK eKi OKCH.IJ:iH Ty3e.IJ:i: 
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Oehl peaKUH.sIHhIH 6eniHeTiH JKh1J1YhJHhJH ece6i11eH TY3i.11et1 Ke

MipTeK eKi OKCHJJ:i MCH CYLlbll-1. MeTaHHbll-1. apTblK :v1e.1wepi11e1-1 

6a.siyb1pal( )KypeTiH, KeMipTeK OKCHJJ:i MeH cyTeri I(OCnanapbIH anyra 

::iKeJieTiH 3H.ll:OTepMH.s!JlbII( peaKUH51JiapbI )Kype.ni: 

CH4 + C02 ~ 2CO + 2H2 ~H = 59 KKaHIMOJlh (9) 

2CH4 + 2H20 ~ 2CO + 6H2 ~H = 49 KKan/MOJih ( 11) 

)l{HbIHThII( peaKU,H51HhIIi TeHJJ:eyi MhIHa ryp.n;e Tyhrna,n:h1: 

4CH4 + 202 ~ 4CO + 8H2 ~H = -33,7 KKaHI MOJlh (12) 

HeMece 

CH4 + Yz 02 ~ co + 2H2 ~H = -8,5 KKaH/MOJib ( 13) 

y .n;epic )KaF,n:aMJiapbIH.ll:a cy Ia.3blHhIH KOHBepCH51ChlHhIH peaK

U,H51CbI ,na [ (7) peaKU,HH] )Kype.ni : 

co + H20 .;:::::!' C02 + H2 ~H = -10 KKan!MOJib (7) 

8HepK::icinTiK MeTaHOTTeKTi y.n;epicTe Heri3ri M3I(CaT - cyTeri 

any 6onca, on ;:i:a eKi caThIMeH )Kype.n;i: 6ipimllici - 700-800°C-;:i:e 

)KypeTiH (10), (12)-peaKUHHnap, eKimDici - -500°C-.n:e )KypeTiH 

CO-HbIIi (7) peaKUH.sI 6oi1hrnwa KOHBepCH51ChI. CO MeH Hz-Hili I<a

pbIM-I(aTbIHacbI al(biphIH.Zl:a y.n:epic TeMnepaTypachI JK::lHe cy 6yh1 . . . 
MeH K8MlpTeK eKl OKCHJJ:l M8JIIllepnep1HlH I(aTbIHaCbIMeH 3Hhll(T3-

Jia,n:bI. 

EyorreKTi KOHBepcHH,na OTI(a Te3iM,n:i 6onarrap I(aJKeT eMec, Ka

TaJIH3aTop KYKiprri I(OChIJihICTaphIHa ynatt6ai1,n:hI JK::lHe lllHKi3aTI(a 

.n;erett Tanarnap aca I(aTan eMec (Ke3 Kenrett I\¥PaM.n;aFhI r3.3,n:hI nai1-

.n;anattyra 6ona,n:hI). TyriKTi nelllTep.n;eri KOHBepcH51ra I(aparatt.n;a 

I(ap)KbIJiaH,n:bipy .n;a 3.3, anai1,na orreKTiH CaHbICTblpMaHbI 6aFaChI )!{0-

Fapbl 60JIFaH.ll:hll(TaH 3KCilJIY3TaUH51JlbII( ( nai1.n;anatty) lllbIFhlH.ll:3PhI 

Ke6ipeK 6ona.n;hI. EyorreK KOHBepCH51ChIHhIH TexttonornHJihII\ C¥JI6a

ChI 36-cyperre 6epinreH. 
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()~ h:o1111cpc11111:.1 11.1 

36-cypeT. KeMipcyTeKTiK r a.:i.nap.nhr 6yorreKTiK KOHBepc11.imay: 
I - apa.JiaCTblpfbllll ; 2 - KOHBeprnp ; 3 - bIJifa.JI.llaH.llblpfbllll; 

4 - 6yKh13.llblpfbllll ; 5, 6 - lKbIJIYa.JIMaCTblpfbilll 

0,4-0,5 Mila l\bICbIMMeH KeJieTiH rn6ttrn ra.3 0,08-0,12 Mila-Fa 
.D.eihH .n:poccen.D,eHe.D.i )!{;:me )J{bIJI)'aJIMacTbipFbillITaprn ( 5)-( 6) Tyce.D,i. 
:>KbmyanMacTbipFbilllrnprn Kipep.ne 180-HeH 350°C-re .D,eHiH l\hI3.D.bI
pbIJirnH cy 6yb1 opHaJiaCTbipbIJia.D.hI. ApanacTbipFaHHaH KeHiH 6yra3-
.D.bI l\OCITaHbIH: TeMnepaTypaCbl l 80°C 6oJia.D,bl. :>KbIJIYaJIMaCTblpFbllll
Tap.D.a OHbI 345°C-re .n;eliiH KbI3.LJ,hrpa.D.bI )!{;:me co.n;aH coH: aepnrKaJI
.D.bI (\aITTaJIFaH TyTiKTi apaJiaCTblpFbllliTaH ( 1) 6aFbITTaH.D,bl, OJI )J{epre 
oneK Te Kene.n;i. ApaJiacTbipFbIWTaH 6yoTieKTi 1<ocna HHKeJib.D.iK 
fl1Ail-3 KaTaJIH3aTOpbl 6ap KOHBeprnprn (2) KeTe)l.i. OJI )J{ep.n;e 800-
9000C )J{;rne 0, 14 Mila-.D.a KOHBepcm1 peaKQH.sICbI )J{ypirr, CHHTe3-ra.3 
Ty3ine.D.i. KoHaepTttpneHrett r a.3 hIJIFaJI.D.aH.D.bipFbIIlll\a (3) Tyce.D.i, 
OFaH cyJJhl KOH.D,eHCaTTbl 6ypKH.D.i (6¥JI Ke3.D,e ra.3)].b!H. TeMnepaTypa
Cbl 650°C-re .neliiH Tyce.D.i) . Co.n;att COH: ra3 6ynaH.D.bipFbillITbIH: ( 4 ), 
)KhIJiyanMaCTbipn1wrnp.n.hIH: ( 5) :11:c:rne ( 6) TYTiKTi KeH:icTiritteH eTe.D.i, 
500°C-re .D,eHiH cyhm, CO-Hbl KOHBepcrrnnayrn (erep cyTeK 3Jiy 1<a
)J{eT 6onca) tteMece ra3roJih)l.epre KeTe.ni. 

2.2.2. Cunme1-2a1obt MfHaiixUMURJtbtl( lmepKacinme l(OJtOany 
C1rnTe3-ra.3 (CO + H2) ettepK~cimiK Heri3ri opraHHKaJihII\ CHH

Te3.n.iH: Ken 6eniriHiH: 6acraITI<hI wttKi3aTbI 6orrhm rn6hrrra,Llbl. CHH
Te3-fa.3.D.hI I<OJJ.D.aHy)l.hI eKi rypre 6erryre 6ona,n:b1: 

- cyTeKTl l\OJI)l.aHy; 
. . 

- K8MlpTeK OKCH.D.l )K~He OHbIH. cyTeKneH l\OCITaCbIH, .sIFHH CHH-
Te3-fa.3)J,b!H: 831H l\OJI.D,aHy. 
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Cyre1ni CHHTeJ-raJJlaH a.c1y 1K;rne OH bl K0.1;Jatty. CyTeKTi 

anyAhlH, l\OJ1JlaJ1b1crnn1 6apnbIK eHepK0cinTiK 0;:iiCTepi1-1in (C)'JbI 

:rneKTpOJIH3,LJ,ey, cy 6ynapbrn TeMipMeH )!{OFapbr Te1VmepaTypa1rnp

.o,a TOTbII(CbI3,LJ,aH.O,bipy' KOKCTey ra3.o,apb1HaH )!{JHe M¥Hatt eHiM

,D,epiHiH, nupo11mitteH cyTeKTi 6eJiin a11y )!{;rne T.6.) iwitt.D.e OHbl 

K8MipcyTeKTep.o,i TOTbII\Tbipa KOHBepcmrnay apI<bIJlbl 8HAipy 3KO

HOMHKaJibII\ T¥PFbl)laH THiM.D.ipeK, COH,Ll,bll\TaH el-{ Ken KOJl)laHbl

JiaTblHbI. 

MeTaHHblH: KOHBepcm1ch1HaH aJihIHaThIH cyTeKTiH. Kenw1mn 

aMMHaK aJiy ywiH WbIFbJH,LJ,aJia.D,bl. AMMHaK CHHTeJneyre apHaJl

FaH cyTeKTi aJiy ywiH H 2 MeH NrHiH: l\OCnacbIH Ka)J{eTTi (I Ke

JieM N 2, 3 KeJieM Hi-re) aJiyLI.hI KaMrnMaCbI3 eTeTiH KeJieci Textto

JionurnhII< C¥116a el-{ hil-{FattJlbI. AJIAhIMeH peaKUHJI ettiM.D,epitt.D.e 

MeTaHHbIH, e.D,dyip peaKUHJIJiaHbIJIFaH Kyline I(aJiy ywiH KOHBep

CH5IHbI cy 6ybrMeH 700°C-.D,e )J{ypriJe.D.i. Co,LJ,aH coH: blCThIK ra3 

I\OCnaCbIHa ayattbl aMMHaK CHHTeJney ywiH aJOT rreH cyTeKTiH. I(a

)J{eTTi l\apbIM-1\aThJHacI<a )J{eTeTittneli MeJiwepne Kocanhr )J{dHe 
. . . 

OHbl MeTaHHbIH, Hefl3JHeH cyTeK nett K8Mlp OKCH)l!He TypneHeTIH 

nernitteH eTKi3eni. Cy 6yhrMeH KOHBepcHJIJiay apI<bIJibI KeMipTeK 

0Kc11.n;itt cyTeK )KJHe KeMipTeK eKi OKCH.D.itte a:i1:ttaJinb1panhr. Co1-1.

FbICbIH ra3 I\OCnaCb!HaH 25 aTM KbICbIM aCTbIH)la cyMeH HeMece 

3TaHOJiaMHH epiTittniciMeH )J{ya)lbl, :>KYbIJIFaH ra3)lbl COJ],aH COi-{ 

aMMHaK CHHTe3neyni1-1. :>K¥MbICThll\ KblChlMbIHa nettiH KOMIIpHMHp

Jiett,LJ,i :>KdHe K8MipTeK OKCH)liH 6ip BaJieHTTi MblC cpopMHaTblHhll-1. 

aMMHaKThr epiTiHniciMeH KeTipeni. Oehl e1-1.neynett KettiH aMM11aK 

CHHTe3neyre apHaJiraH cyTeKTiH. a3oTneH 6acTanKhl Kocrrachrn 

aJia)lbI. 

T¥TbIHY KeJieMi 6ottbIHWa cyTeKTi dpTypJii eHepKdcimiK rHAp

Jiey ynepicTepne l\OJI)laHy KeJieci penreH opttanacanhi: M¥Hatt eH:ney 

ettepK;)ci6iH.D,e rn.D,porn3aJiay )!{;)He rnnpoKpeKHHr, MattJiap.D,bl rn.u

porettney (MaprapHH ettnipy), f\aTThl :>K;)He ayhrp 0Th1HLI.apnb1 rnnpo

rett,LJ,ey.D.e )l(;)He T.6. I<OJI)latty. 

CHHTe3-ra3)1,aH K0MipTeK OKCH)J,iH aJiy iK;rne OHbl K'.OJI)J,auy. 

CHHTe1-raJ)J,hl (CO + H2) K'.OJI)J,auy. KeMipTeK MOHOOKCH.D.i )!{;rne 

OHblH, cyTeKIIeH I\OCnaChl ( Cl1HTe3-ra3) HeriJri opraHHKaJibll( CHHTe3 

yrniH eTe 6araJihl WHKi3aT 6oJibin Ta6bJJia)lbI, COH)lblKTaH MeTaHHhlH 

CHHTe3-ra3ra KOHBepcHJICbI e1-1. ayI<hIM)lbl M¥HattXHMH5IJlblI( ynepic

Tepre :>KaTa.D,hI. 
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Ko\1ipH'K 0Kc1ui11 any y1ui11 :'l1ern111-1b1H K01rnepc11HCbIH y.nepic
Til-l 6ipi1-1wi can1chm.na a5l.KTafiJJ,bl ( CO-Hhlll COrre KOHBepc1rnJrny 
caThlCblHChl3 ) . 

KeMipTeK oKrn.ni 6otthrnwa ic )!(y3iH.ne 6apIIhIK orreK I<¥PaM.nhr 
opraHHK3j1blK KOCblJlblCTap.nbl CHJ-1Te3.neyre 6ona.nhr. KeMipTeK OKCM
.ni 11eri3i11.ne e11epKdcimiK MaHhI3Ll.hI CHHTe3.nep.niH: irni11.ne el{ an.nhr
MeH opram1KaJib!K cy6CTparrap.nb1 K0MipTeK OKCHJJ:iMeH Kap60HMJI
.ney peaKUH51Cb!MeH OTTeKK¥paM.Ubl KOCblJlblCTap.nbI CHHTe3.ney.ni 
arnyrn 6ona.nbr. Oehl CHHTe3.nep.niH. Kenrniniri anh.neru.nTep.niH:, Ke
TOH.nap.nhrH:, cn11prrep.niu, Kap6oH KhIIlIKhm.nap.nhIH: )!(dHe onap.nhrtt: 
TYbIHJJ:bIJiapb!Hbll{ (Penne CHHTe3.nepi, OKCOCHHTe3 )!(dHe T.6.) K0Il
TOHHaJibIK eHepKdcimiK eH.nipy.niH. Heri3iHe )I<aTTbI. Ocbr CMHTe3.nep
.n:iH. 6acbIM I<enrniniri Karnmn.n:iK 6onhm rn6brna.n:hl, 011ap.nhil-l npaK
TMKaJihIK Mal{bl3bl 30p 6011rnH.napbl - roMoreH.niK MeTaJlKOMilJieKCTiK 

. . 
KaTaJIM3aTopnap l(aTb!CbIH.IJ:aFbI fOMOreHmK-KaTaJIM3.!I;lK CMHTe3.nep. 

TeMeH.n:e KemipinreH qm:6a.na KeMipTeK oKcu.ni MeH OHhIH: cy
TeKneH I\OCnaCb!Hhll-l (CHHTe3-ra3) Heri3iH.n:eri eHepKdcinTiK MaH;bl3-
.!I;bl CMHTe3.nep.nitt: TeK Kett6ipeynepi FaHa KepceTiJireH. TeMeH.n:e OCbl 
CMHTe3.n:ep.n:itt: Kett6ipeynepi KhICK,arna KepceTiJireH. 

Clf.i 
CnH2n+2 (1<aITbl) 

<i
CH20 

CH30H 
CH3COOH 

6eH3HH (CHHIHH) 
CHHTOJI 

anLnenmi 

Penne cuuTeJ.uepi KaHbrK,narnH K,OCh1J1b1crnp.nh1 ( one¢uH.nep 
MeH auenrneH.n:ep.n:itt:) epiTiH.n:inep.n:e dpTypni HyKJieo¢ttIIhLJ:i areHT-
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Tep.uiH. (HX) )K:me ay b1cna11 b1 Mernn.uapD.blH KOMnJieKcTepi Kan1cy

b1HD.a KeMipTeK OKCHD.iMeH Kap60~11111.n.e 1-1y peaKUJUIJiapbma Herl3-

.uenreH (B. Penne, fepMamrn, XX FaCblpD.blH. 30-)l(h1JID.apb1). 

MKr 

RCH=CH2 + CO + HX ~ RCH2CH2COX + RCHCOX 

I 
CH3 

MKr 

RC= CH+ CO+ HX ~ RCH=CH-COX 

MK1 = MeTaJIKOMrrneKcTiK KaTaJIH3aTop; 

X = OR, SR, NHR, NR2 , RCOO (R = H , Alk, Ar) 

Penne peaKu1rnchI 6ip caTbIMeH Kap6oH I(bIIIII(brnD.apbIH )K;me 

onap.ubu\ T)'bIHD.blJiapbrn (Kyp.ueni ::icp11pnep, rno::icpttpnep, aMHD.Tep, 

aHrttD.pttD.Tep) CHHTeJ.ueyre MYMKi1-1.11,iK 6epe.ni . PeaKUH51 eKi T;;icin

MeH )l(yJere acybl MYMKiH: cTex110MeTp11iK )l(;;itte KarnnttJD.iK. Onap

D.bIH. 6ipiHIIIici - aJIKeH1-1i1-1, KhlIIIl\hlJI HeMece ra11ore1-1.uep J<aThJCbJHD.a 

aybJCilaJibl MeTan.uapD.blH, Kap60HHJID.iK KOMIIJieKcTepiHiH. (KeMipTeK 

oKctt.uittitt: KeJ.n.epi) cTex110MeTp11iK MenIIIepiMeH ;;ipeKenecy i . EKiH

IIIici - aybJCilaJibl Mernn.uap KeIIIeH.n.ep!HlH. K3TaJIH3D.iK M8JIIIIepitt.ne 

K:aTbICYbIHD.a aJIKeH.n.ep.niH. KeMipTeK OKCHD.iMeH ;;ipeKerrecyi . 

CunTeJJJ.iK q:iihIK: OThIHJJ.hl cunTeJJJ.ey (<l>mnep - Tporrw CHH

Te3i). <1>. <l>ttIIIep MeH r. TporrIII I 926 )l(blJibI co Mel-! Hr.ueH KaTa

JIM3aTOpJiap (VIII TOIITblH. Mern.n.uapbr) I(3TbICbIHD.a 200-400°C-.n.e 

)l(;;iHe I I 0 aTM napacptttt.uep.uitt. onecpttHD.epMeH I(ocnachm anyrn 60-

naTaHblH Kepceni , OHbI 6eH3HHHiH. opHbrna I(OJID.attyrn 6ona.nbr 

(«CHHTHH»). fepMattm1.na EKiHIIIi .uyHtte)l(yJiniK corb1c Ke3itt.ne cttH

THHHitt: eHD.ipici MHJIJIMOH TOHHa ayMaFhJHa )l(eTTi. 

MeTaHOJIJJ.hl cuuTeJJJ.ey. CHHTe3-fa3D.aH MeTaHOJID.bI cttHTe3-

.uey - I(a3ipri Ke3.ue ipi M¥JlaHXHMH51JibII( eH.uipic. EaCTaIII(bI IIIHKi3aT 

- CHHTe3-ra3, OHD.aFbI CO )l(;;iHe H 2 I(aphIM-I(aTbIHacbI - I :2 . CO MeH 

Hr.neu MeTaHOJID.bIH: CHHTe3i I(attTbIMD.bI 3K30TepMtt51JihII< peaK

UM51MeH )l(ype.ui: 

co+ 2H2 ~ CH30H ~H =-2I,68 KKaJIIMOJib 
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Tc11c-Tc1uiK KbI CbI\I J bI aprn,1prm1J.a iKJllC TC!\mcpaTypai1b1 T0-

;v1eHJJ.erKeHJJ,e MetaHon TyJij1y ;.KaFb111a h~apail b1Fb1caii,b1. A Jrnii;:i,a 
eHepK;:icinTe KOJlll,aHbrnaTbIH KanmnaTopnapD:a (xpoM :>K;:Jtte MbI
pbIW OKCHl{Tepi HeMece Mb!C, Mblpb!W :>K;:JHC xpoM OKCHll,Tep!Hll{ l\OC
rranapbl) peaKuw1 eHJJ.ipic rnnanrnpbrn l\aHaraTTaHD:bipaThIH :>Khrn
na\1JJbIKITCH TeK 300°C-JJ,eH apTblK TeMnepaTypaD:a )!{;:JHe 300-500 
aTM KbICbli'v1.uapD:a raHa :>Kypem. 

Menrn cm1pTiHi1-1 Tene-Tettu iK WbIFbIMJJ.apbI eTe m, COHD:hIKTaH 
y.uepicTi 6aCTallKbl ra3 l\OCITaCbIH 6iptteure llYPKiH l..IllPKYllilUH.SIJian 
:>Kypri3eJJ.i. Eacrnn1<hI rm 1<ocnaCbIHbII{ (CO + 2H2) MeTaHOJIFa KOH
Bepcmrnatty JJ.;:ipe:>Keci l\hICbIMJJ.bI aprrbrpratt.ua ece.n:i :>K::>He TeMnepa
Typatthr apTib!pFaHD:a a3aH.ZJ;bI. I\b!Cb!M.ZJ;bl aprrbrpy TeK KOHBep
Cttmrny .u::>pe:>KeciH apTTbiphm 1<aHa l\OHMatt, MernH, cpopMaJib,Uer11.n:, 
.UHMeTHJI 3cpttpi :>K::>He )[(0Fapbl CIIHprrepre aJihIIl KeJieTiH I\OCaJIK,bl 
peaKutt.HJiap.ub1 a3attTallhI: 

C02 + 4H2 ~ CH4 + 2H20 

CO + H2 ______.. HCHO 

2C0+2H2 ~ CH4+C02 

2 CH30H ~ CH3 - 0 - CH3 + H20 

CH30H + nCO + 2nH2 ____. CH3 - (CH2)n - OH + nH20 

CH30H + H2 ~ CH4 + H20 

8ttepK::>cirrTiK K.OH.D:bipFbrnap.ua ra3 1<,ocrracbIHhIH. MeTaHOJIFa 
KOHBepCH.HJiaHy .n:::>pe:>Keci peaKTOpJJ,aH 6ip peT (6ip .n:ypKiH) eTKeH.n:e 
5-20% 6ona.uhr. 

Menrn crrttpTiH cttHTe3.z:i;ey - Karnmn.n:iK y.n:epic, OHbIH; ycTitte 
eHepK;:icinTe 1<,on.n:attb1JiaTbIH KaTaJIH3aTOpJiap TeK 300-400°C-.n:e rn
Ha aKTHBTi (I<aTanmaTop )[(01\ 6onca, peaKI..Urn Myn.n;eM :>KypMeil.n:i). 
KaTantt3aTop TaJIFaM.ZJ;bI 6onyhr n1ic, .HFHH Merntton Ty3inyitt MaKctt
MaJIJJ,bI )[(bIJIJJ,aMJJ,aTyhl :>K::>He I<OCh!MUia peaKUID!Jlap.n;bl 6011,n:hrpMaybl 
rnic. Karnntt3aTOpJiap.ubIH. KenwiJiiri Heri3ri K,¥paM,n:ac peTitt.ue 
xpoM )[(;:JHe Mh!C OKCHJJ,Tepi I<OCb!JifaH MhlphIUI OKCH.Ui 6ona.ZJ;bl. Te
Mi p )!{;:JHe HHKeJlh K,aTh!CbIH.ZJ;a MeTaHHblH Ty3inyi )[(bIJIJJ:aMJJ,att.n;hl. 
CimiJiiK OKCHJJ,Tep (Na20, K 20, CaO), Kepicitture, )[(OFapbI cnHprrep 
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Ty3inyi11 )1<e1{i_1neTeni . 8ZnO·Cr20 _,- Cr03 K¥P3\Clbl KaTam13aTOp /KO
rapbl TeJ'vmepaTypara 8TC T¥P3KTbl, K3TaJll!'3LliK y.1apra CC3i\IT3.lJ,bl
FhI a3 :>K:me r<:aHThIM.UhI yJJaHa.UhI. On :>KhlJl.UaM pereHepaumrnaHa.UhI 
)K::JHe OHhIH. ceJJeKTl1BTiJJiri :>KOFapbI. 0H.uai1 KarnmnaTopJJap.uhI Mhl
pbllll :>K::JHe xpOMHhIH. l\¥PFaK OKC11.UTepiH xpoM aHrn.up11.ui epiTiH.ui
ciMeH apaJJaCThiphm .ua5!pJJaHLlhI. I\¥paMbI 8ZnO·Cr20 3 ·Cr03 · H20 
KOHh1pmaFbIHa (nacrncbrna) nirniH 6epe.ui, 110-1200°C-ne Kemipe
.ui )K::JHe COJI MCTaHOJJ Cl1HTe3ney ywiH KOJJ,UaHaTh!H ra36eH TOTbIK
Chl3.U3H.Ublpa.uhI. Mh1c KaTaJJH3aTopJiapbIH Cr20 3, ZnO, V 20 5 )K::JHe 
T.6. r<:ocnaJJapbrna aKTl1BTCHLlipeJJ,i. D¥JI KaTaJJl13aTopJJap Mbipb1wx
poM.UhIK KaTaJJl13aTOpJJapD,aH aKTHBTipeK, 6ipar<: :>KOFapbl TeMnepaTy
paJJap MeH KaTaJJ113.UiK yJJapra JJ,ereH Te3iMniJJiri lllaMaJJhr. Y JJaHy 
r<:aHThIMChl3 :>KypeJJ,i , COH,lJ,hIKTaH 6acrnnKbI fa3 l(OCOaCb!H ¥KhinThl 
eTin Ta3anay KepeK. 0Hb!H. ycTiHe, Mh!C KaTaJJH3aTOpJJapb!Hhll{ 
ceneKTl1BT1JllrI TeMeH. 

KeMipTeK OKCHLli annaparrap MeH K¥6hipJJapnaH 6oJJaT Ka6h1p
FaJJapb1MeH ::ipeKeTTCCKCH,lJ,e ¥WKbllll TeMip neHTaKap60Hl1JJ ry3iJJe,lJ,i. 
OJI K,a6hrpFaJJapra 3ar<:bIM KemipeJJ,i (Kap60Hl1JJLliK KOppo3H5!). Cott
,lJ,aH-ar<: TeMip neHrnKap6omrni KarnJJ113arnp.ua 6oc TeMip 6eJiin b!D,hr
paH,IJ,bI, an TeMip 6onca MernH Ty3inyitt epllliTeri:i (KaTan113.uei1.ui). 
CoH.UhIK,TaH CHHTe3.uey KOJJOHHaJJapbrnhrn :>K;me :>Kbrnyai1MacTb1p
Fhilllrnp,n:b1H. iwKi r<:a6b1praJiapbIH MbICneH, OHblH. KOpb!TnaJJapb!MeH 
]\anrnH:,n:bI HeMece JJer11pJJettreH 6oJJarraH :>Kacai1,n:hr. 

Mb1pb1lllxpoML{hlK KaTaJJl13aTopJJapri:a MernHOJJL{hI CHHTe3.r:i:ey 
370-400°C-ri:e :>K::JHe 25-30 MI1a, aJJ Mbrc KaTaJJH3aTOpJJapb!HL{a 
300°C :>K::JHe 15 MI1a :>Kypri3eri:i. Y ri:epicTi 6acrnnKhI ra3 1<ocnacbrn 
ynKeH K8JJCML{iK )KbIJIL{aML{bII\llCH 6epin :>Kypri3e.ui: 

fa3)J.hI 6epy.uiI-l Ke- MaHacy ¥3aI<TbIFbI, c 

JieM)J.iK )KblJI)J.aM)J.bIFbl, 
carnT-1 

2400 150 
9000 40 
18000 20 
35000 IO 

MeTaHOJILlhII-l lllbIFbl:vlhl , 

r I JI Karnmnarnprn I 
carnrra 

170 
327 
375 
750 

)KorapbI KeJieM.UiK )KbIJIL{aM,[.\bIKTap.[{a KaTaJJl13aTOpJJ.blH. eHiM)".li
niri apTa.[{hI. 8.uerre, Menm cm1pTiHiH. Cl1HTe3iH 10000-35000 caraT-
1 . . . 

Ke.JieM,lJ,IK :>KhIJI,n:aML{hII<TieH :>Kyprne.n:1. 
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37-cypeT. Menm cm1pTiH aSJ)'.[(bUl TeXHOHOrHl!SJbII( qm6acb1: 

l, 2 - 1<0Mnpeccopnap; 3 - c1<py66ep; 4 - Ke~1ip cy3ri; 5 - lKhJJ1yanMacTblprnw; 
6 - CHHTe3!ley KOJIOHHaChl; 7 - CYblTKblW-KOHJ1eHcarnp; 8 - ceneparnp; 

9 - llGIHaFhlW 

8Te )!(OFaphI )!(hIJI;J;aM.UhIKTaPJJ.a raJ,uap,uhI UHPKYIDIUHJIJiay;::i;hIH. 

3JieKTp:meprHJIChIHhIH. lllhlFh!Mhl apTa,Uh!. 

Y .uepic Keneci qcn6a 6otthIHUia (3 7-cypeT) )!(y3ere aca;::i;hL 

KyKipni I\OChIJih1crnp;::i;aH Ta3apraH 6acTanl\hI ra3 I\OCnachIH (CO + 
H2) 6ec 6acnan.ual\ThI KOMnpeccopMeH 1 25 MIIa-ra ;::i;ettiH I\hica;::i;hI. 

l<;h1cy;::i;hIH. yUiimni )!(;)He rnpTimni 6acnan;::i;aFhIHhIH. apachrn;::i;a 3 

MIIa I\hIChIM acThIHJJ.a ra3.UhI cyMeH KOHJJ.hipMaJihI cKpy66ep.ue Ke

MipTeK mioKc11.uiHeH )!(ya;::i;h1. 25 MIIa-re ;::i;ettiH KhIChIJIFaH )!(;)He 

co~-L(eH Ta3apraH fa3L(hl UHPKYJI5iUH5iJiaHaTb!H ra36eH apanaCThipa

llhl )!(;)He TeMip.uiH. neHTaKap60HHJiiHeH aKTHBTenreH KeMipMeH Ta-

3apTy yruiH cy3rire (4) )!{i6epe)li . CoJJ.aH COH. raJ )KhIJiyanMaCThip

FhIWTh!H (5) TyTiKTi KeH,iCTiriHe Tyce.ui, OH)J;a KeTeTiH )!{aHacy raJ

L(apbIMeH 320°C -re .uei1iH l(hl3a)J.hl )!{;)He OChl TeMnepaTypa.ua CHH·· 

Te3L(ey KOJIOHHaCh!Ha (6) Tyce.ui . 

E¥JI KOJIOHHa;::i;a raJ KaTaJIH3aTopJihIK ai1Mal\TaH TeMeH opHanac

K,aH iruKi )KblJIYaJIMaCThlpFhllli TeMeHHeH )!{0FaphI, an KOJIOHHaHbIH. 

cepenepmJJ.e opHanacK,aH KaTaJII13aTop apK,hIJihI )!{OFaphIJJ.aH TeMeH 

eTe;::i;i. Co;::i;aH coH, )!{aHacy ra3 iruKi )KhJJIYaJIMacThipFhIUI TyTiKTepi 

apKhlJihl eTe.ui, T0MeHri )!(aFb!HaH llihIFa)J;bl .ua, )KhIJIYaJIMacThlpFbIUI

ThIH, (5) TyTiKapaJihlK, KeH,iCTiriHe Tyce;.:i:i , OHL(a 80-100°C-re ;.:i:ettiH 

cyhIThIJiaJJ.hI , on )!{epJJ.eH cyhITK,hllli-KOH.UeHcaTopra (7) Kenin cyh!Thl

JiaJJ.hI )K;)He MeTaHOJI 6ynapb11-Ia KOH.UeHCHpJieHe;::i;i. fa3 Ty3iJieTiH Me

TaHOJIMCH 6ipre 30°C-re )!{Orapb1 K,hIChIM;::i;an1 ceneparnpra (8) 6epi-
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11eni, co.uaH COH UHpKy"15JUM5!Jlb1K KO:.mpcccop.JbIH (2) Ka6b1.1,:iarb1-
Wb11-ra 6annrn"1anb1 ;.1<;:nre ynepicKe Kaihapb1.ianb1, a.1 MernH0"1 w11-
Ki3aTihI .n.pocceJJhJJ:iK KJJanaH apl\bIJlhI )!{Irnanmna (9) eTe.n.i, OJI 
)!{al(neH peKTMcjJttKaQH5!Fa )!{;me XHMH51J1bII( Ta3apryra 6apa.D.bI. 

MernHoJJ-WttKi3aThI - Tycci3, aJ.n.an capFhIWTaHFaH MeJJJJ:ip 
C¥Mbil(TbII( (Tbffbl3JJ:b!Fbl 0,811-0,812 r/cM3), OHbff( K.¥PaMbl [%(Mac
ca 6oifhIHWa)]: 
MeTaHoJJ .. ..... .... . .. . ......... . 
,[(ttMeTMJl.LJ.iK 3cjJHp . . . . . . . . . . . . . . . . .. . . 
lfao6yTMJ1 cnttpTi )!{;me T.6. OTTeKK.¥paMJJ:hl 
l(OCbIJlhICTap . .. ........ . .. . .... .... . . ....... . 
OJJecjJttH.D.ep . . . . . . . . . 
Cy ......... . . ... . ... . ........ . . 
TeMipJJ:itt: neHrnKap60H11JJi . . . . . . . . . . . . . . . 

92-93 
2,8-4,7 

0,43-0,45 
0,13 
3,0-3,5 
0,001 

MeTHJl cnttpTiH CHHTe3.n.ey Ke3iH.n.e )!{bIJlY 6eJJiHe.n.i. KarnJJtt3a
TOp l\hI3hin KeTnec ywiH KOJJOHHaHhIH: dp6ip cepeciHe cyhII\ ra3 6epy 
l(apacTblpbrnratt. AnnapaTTbIH: iwiH.n.e l(ocy Ke3ett:iH.n.e ra3JJ:hI l\bl3.LJ.hI
py ywiH 3JJeKTPl\hI3JJ:bipn1w opttanaCThiphmraH. KoJJOHHaHhH{ )!{;:)He 
)!{b!JI)'aJJMaCTb!pFbilliThIH. i l11Ki 6errepi Kap6omrn.niK Kopp03H51.[{3H 
l(Opray ywiH Khl3hIJ1 MhICneH )!{aJ1aThIJ1FaH. 

,[(HCTMJ1J15!QH5!Fa KeJleTiH MeTaHOJl lliHKi3aTbIHa Kyp.neJJi 3cjJ11pni 
ca6hrn.naH.L{hIPY ywiH )!{;:)He annapaTypaHhIH. 1<oppo3115!ChIH 60JI,rr:b1pa
ThIH l(hilliK,hrn.n.ap11.b1 6eifrnpanrny ywiH Kyifnipriw HaTp epiTiHnicitt 
K,OCa.LJ.hI. AJJ.LJ.hIMeH .n.11MeT11J1 3cjJ11piH afi.n.aif.LJ.hI, cocbIH )!{aHaMa eHiM
.n.ep.n.i aJeoTponThIK K,ocnaChIH cyMeH afi.n.attnb1. Co11.aH coa MeTaHOJI
ra KaJJHM rrepMaHraHaTbJMeH XHMl15!JlhlK Ta3apTy )!{ypri3e.n.i, OHhl 
2%-.LJ.hII\ cyJJhI epiTiHn,i TypiH.n.e I<ocan,hI. MernHoJI )!{;:)He )!{OraprhI 
cnttprrep KaJJHM nepMaHraHaThIHhIH. ;:)CepiHe Kap6omrnn,iK KOChIJlh!C
TapbIHa K,aparaHn,a T¥PaI\ThI 6oJJall.hI ( COH.Fhrnaphr MernHoJI w111<i3a
Thrna epTepeK 1(0ChIJ1FaH 6ei1TapanTaHThIH Kyif.n.ipriw HaTpMeH Khlill
KhIJl.LJ.apra ai1:Hananh1). Ochrnn,aif )!{ar.n.afiJJapna TeMip neHTaKap60H11-
JJi TOJlhII\ 6¥3hJJ1a)J,hI, an KMn04 TOThil\ChI3)J,aHbm MnOrre afiHana
JJ:hI, OHhI cy3rinpecTepne 6eJJin anaJJ.hI. MernHOJJ)J,hI!-l coH.FhI n11cT11J1-
J15!QH5!ChIH rnpenKanap C3Hhl Kerr (waMaMeH 75 rnpeJJKa) KOJIOHHa
.n.a )!{ypriJeni. T eMeHri rnpeJJKaJJapna 11306yrnJJ )!{;:)He )!{Orapn1 
cn11prrepi, MeTaHOJl )!{;:)He cy K,ocnanaphI 6ap «mo6yT11J1 MatthI» 
cjJpaKQl15!ChI JK11HaJJa.D.bI. libo6yT11JJ cn11pTiH 6acI<a KOJJOHHara afinan, 
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nna r;:yfii1ue iI\aml\la mrir-.1 pCTi II .:i_e ana,IJ,bl. fl111\1eT1rn 3cjrnpi (K. . T. 
23, 7°C) )l(apn,rnaii cybITY Tex.HHKaCbJH.LJ.a ;1rnpTbI1Iaii OThIH ra3hl pe
TiHJJ.e naH:.nanattbrnaJJ.bI. 

Ta3anatthmratt MeTaHOJIJJ.hII-l Ta3aJihIFhI 99,5-99, 7% 6ona,nhI. 
(K.aJiraH 0,3-0,5%-hI 6acl(a opraHHKaJihIK, OTTeKK,¥paM.[{bl l(OCbIJibIC
Tap )l(;rne cy). l T Mernttonra ic )l(y3iHJJ.e 2420-2500 M3 CO + H2 

KOcnacbI KeTeJJ.i, 51FHH l M3 ra3 K,ocnachrnaH 400-4 l 0 r cnttpT anhrna
JJ.hI. CttHTe3-Fa3JJ.hII-l MeTaHOJira KOHBepcm1ChIHhII-l )l(aJICTbI .ngpe)l(eci 
84-87% 6onaJJ.hI. 

AJibl{erttl{Tep MeH cnupTTeplli OKCOCHHTe3 ap1'blJibl OHllipy. 

KeMipTeK OKCHJJ.i MeH cyTeKTiB aJimpaTThII( oJieqnrnJJ.epMeH gpeKeT
TecyiMeH aJihJJ.ern.nTep Ty3ine.ni: 

C RCH2 - CH2 - CHO 
RCH = CH2 +CO+ H2 --

RCH - CH3 
I 
CHO 

n¥Jl peaKUH51HhI 0Kcocwmie3 HeMece 2uopocjJopMuJ1oey JJ.en 
aTaHJJ.hl, 8HTKeHi OJI Kap60HI1JIJJ.iK (cpopMHJlbJJ.iK) TOilTbl OJiecjJI1H MO
JieKynaCbIHa ettri3y 6oJihm rn6brnaJJ.bl. E¥JI peaKUI151HbI 193 8 )l(hIJihI 
PeJieH er epMamrn) alUK,aH 6onaTbIH. Erep OJiecjJHHJJ.eplli KyKipTK,bIIII
K,bIJIJJ.bll( rnJJ.parnu1151nayJJ.aH eKittllliJiiKTi cn11prrep TY3ince, rHJJ.po
cpopMHJIJJ.ey.ne )l(gtte o.naH KettiH aJibJJ.ern.nTep.ni rn.npnerett.ne TeK K,a
JihinThI )l(gHe 1130J<¥PhIJihICThI 6ipimniJiiKTi cn11prrep aJihIHaJJ.hl. 

Ty3inreH Kap6ott11nJJ.iK I<OChIJihICTap iwiHapa cnttprrepre TO
ThII<ChI3JJ.aHaJJ.hJ. OJiecjJHHJJ.ep.ni K,aHhII<K,aH KeMipcyTeKTepre rnJJ.pJiey 
bll(THMaJIJJ.bIFbl )l(OFapbl TepMOJJ.HHaMHKaJiblK, peaKQJUI 6oJJFaHbIMeH 
eJJ.gyip rnMeH .ngpe)l(eJJ.e eTeJJ.i . AJiattJJ.a npaKTHKaJJ.a K,OC 6a:i1:JiaHbIC
ThIH rn.npJiettyiH TOJihIK, 6on;:i:h1pMattJJ.hI. OraH Heri3ri peaKum1ra 
)l(ar.naifJiapJJ.hI TattJJ.ay apK,hIJlhI l\OJI )l(eTKi3yre 60Jia,n:b1. 

KeMipTeK OKCHJJ.i MeH cyTeKTitt oJiecjJ11tt;:i:epMeH gpeKerrecyi 
ettepKgcin yllliH TeMeHriMOJieeyJiaJihIK, )l(YFhiw 3arrap ettµ;ipiciHe 
KepeK Mb,nertt;:i:Tep MeH )l(Orapb1 crrnprrep (JiaypHJI, MI1pHCTI1JI, reK
ca;:i:eu11JI) any gJJ.ici peTiHJJ.e l(bl3hJK,ThI 6oJihm rn6hrna;:i:hI. 0KcocttH
Te3 ywiH K,a)l(eTTi JJ.OJJ.eueH, reKcaJJ.eueH )l(gtte 6acl\a ynKeHMoneKy
nanhII< onecp11tt.nep napacjJ1rnJJ.epJJ.iH, KpeKttttrinettyitteH Ty3ineJJ.i. 0K
cocttHTe3 ywiH gpTypni onecjJ1rn.nepJJ.i naH:.nanattyra 6ona;:i:hl. 3rn
nettHeH nponttoH anbJJ.erttJJ.iH, nponttnettHeH 6yTttn )l(gHe mo6yTttn 
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cm1pTiH, npomrne11 :v1e11 11306y n1;1em1iH. 6ipirin n omn1ep.1e11yi HeH 

Ty3ineTiH rcnTeHnepD,eH OKTHJl cn11pTi11 a.1a;:i:b1. CoHJ,ai1-aK ;:i:11mo-

6ynmett, npomrneHHitt, Tp11- )!(;me TeTpaMepnepiH .ue rn6bICThI nai1-

,n:anaHyrn 6ona,n:b1. 

I\aJib!TITbl I<¥PbJJib!CTafbl 6acTaTIJ\bl onecp11H.ueri KOC 6aHJ13Hb!C

TblH opHb!Ha 6ai111aHbICCbl3 40-60% l\aJibITITbI crmprrep MeH 40-60% 
1130I<¥PbJJibICTbl cn11prrep.ueH T¥P3Tb!H KOCna Ty3i11e.ui. y JIKeHMOJie

KYJiaJibll\ onecp11tt.uep )!(ar.D,attb!H,Ua l\OC 6ai111aHbICTbII{ m0Mep11ettyi 

6oJibITI, H;:JTH)!(eCiH.ue 1130J\¥pbJJibICTbl cnttpTTep,Uitt l\OCnacbI Ty3iJie

,n:i. YrnimniniK KeMipTeK aTOMbIHa, cott.uai1-al\ rnpTiHrniniKTi KeMip

TeK aTOMb!Hblf( )!(3j\blH,Il3fbl K0MipTeK 3TOMb!Ha Kap60HHJI,UiK TOTI 

I\OCbIJIMai1,n:bI. Mb1caJibI, 11306yT11neHHeH TeK 3-MeTttn6yrntton-l ra

Ha 'f\'3ine.D,i: 

CH3 - C = CH2 + CO + H2 - CH3 - CH - CH, - CH,OH 
I I - -

CH3 CH3 

OcbI peaKumrnbif( Keii6ip epeKilleniri 3mJieH yrniH .ue 6aiil(aJia

,UhI, ,UH3THJIKeTOH Ty3iJieTiHi 6aHI\aJI3,!J,hI: 

IIapaqrnH KpeKttHriciHeH ett.uipineTiH a-onecpttH.uep.[J,eH OKco

CHHTe3 H;:JTH)!(eCIH,Ue l(aJibITITbl )!(;:JHe H30I<¥PbIJibICTbl cnttprrep,Ulf( 

l(OCTiaCh!H aJia.[J,bI: 

CHO CH20H 
I I 

--~--c RCH - CH3 ~ RCH - CH3 +C ;+H2 
RCH=CH2 +H 

RCH2 - CH2 - CHO ~ RCH2 - CH2 - CH20H 

0KCOCHHTe3 fOMoreH,UiKaTaJIH3,UiK y.Ilepic 60Jib!TI rn6hrna,Uhl. 

On Ko6anbrritt: Kernett.n:i l\OCbIJihICTaph!HhIH; ,n:ttKo6anbTOKTaKap6o

HHJI )K;:JHe K06aJibTiiH; rtt.IlpOKap60HHJii J<aTbICh!H.Ila )!(ype,n:1: 

2 Co + 8 CO ---1~ Co2(C0)8 +Hi ., 2 HCo(C0)4 
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f)_y_,1 l\CWCI I:1Cp T¥1XlKCbU: .J,\ IK06aJibTOKTaKap6oHH;l 50°C-.neH 

:>KOFapbl TeMnepaTypa,D,a, aJI rH,[(pOKap60HHJI 0°C-,LJ,eH TSMeH TeMne

paTypa,!:\a billbipa-11,LJ,hI. Onap KeMipTeK OKCH):(iHiH; :>KorapbI ynecTiK 

l\b!Cb!Mb!H,[(a ratta T¥Pal\Tbl 6ona,[(bl. IllbIH KaTaJIH3aTOp K06aJibT 

rtt,!:\pOKap6ottuni ,[(en ecemenitte):(i, ei-iTKetti on l\hillll\hIJI1lhII\ l\aCHeT 

KepceTe):(i :>Kdtte oneqnrn,D,ep 6epeTiH ::in eKTpOtt):(ap,D,hII-( aKuenrnphI 

6onhm rn6hIJia,[(hI. OnecpttttMeH dpeKerrecKett,LJ,e aJIKHJIMeTanKap6o

HHJI Ty3rne,[(J: 

0,LJ,aH COi-( aJIKHJIMeTarrKap6oHHJire co I<OChIJia.D;hl ,LJ,a, a:U,HJIMe

TaJIKap6oHHJITe Typnette,LJ,i: 

+ 
RCH2 - CH2Co(C0)4 + CO ____. RCH2 - CH2COCo(C0)4 

KaTarrH3 Ko6arrhTTiH; rn,D,poKap6ottunittiH; pereHepauwmayMeH 

:>KdHe arrh,LJ,erH,LJ, TY3inyiMeH ajjl\TaJia,[(bl: 

RCH2 - CH2 - CHO + HCo(C0)4 

fH):(poKap6oHHJI1liH: onecpttH,D,epre I<OCblJIYhI MapKOBHHKOB epe

:>Keci 6otthIHLUa :>Kype,D,i. MapKOBHHKOB epe:>Kecitte r<apchI I<OChIJiraH 

Kap60HHJI,[(iK TonrreH K.aJibIIITbl K¥PbIJihICTafhl aJih,LJ,ern:,LJ,TepJJ;il-( Ty3i

nyiH auunMeTaJIKap6oHHJI):(i!-l moMepnettyiMeH TyciH):(ipyre 6ona,LJ,hl. 

f 11,[(pocpopMHJI,[(eHy peaKIJ,Ifj!Chl KaTaJil13aTOp :>KdHe onecpHH 60HhIH

llla 6ipittllli perriniKTi 6ona,[(hl. 

PeaKuHjj :>KhIJI,[(aM,LJ,hlfhI H2:CO 1<aphIM-l\aTh1HaChIHhII-( ap

TYbIMeH ece,LJ,i. CO-HhII-( ynecTiK KhIChIMhIH 6enrini 6ip LUeKKe ,[(eHiH 

aprrh1py Ko6anhT Kap6oHHniHiH: hI,[(h!payhrna Ke,D,epri )l(acarr, peaK

uirn :>KhIJI,LJ,aM,[(hlfhIH apTThipa,!:\hI , CO-HhIH: ynecTiK l\hIChIMhI eTe yn

KeH 6onraH)1a ,Ll,HK06aJihTOKTaKap60HHJI,[(il{ K06aJihTTi rHJipOKap6o-. . . 
HHJIIHe K8lllYI Te:>KeJie,LJ,1. 

PeaKUHjj TeMrrepaTypara ce3iMTarr - TeMrrepaTypaHbIH: ap

TYbIMeH H30f<¥phIJihICTbI Mb,LJ,er11,LJ,Tep,[(1H: lllhlfhIMbI ecem :>KdHe 
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a11hnernnrepnill cn11pnepre rHD.pneHyi /KbL1;Ja:1.1 ;Kype.::ti. le iKY3i J-LJC 

yµ,cpiCTi l 20- l 80°C-1lc iKypri Jcni. )Kyik:i,eri iKanmr KhICbIM l 0-30 

Mila-ra TeH., 011 CO MeH HrHi« K3)!(eTTi y11ecri« KhIChIMnaph!HhlH 

K0CbIH1lblCbIH3H T¥P3IJ:bl. 8p6ip TeMneparypara 6eJlfiJli 6ip Kb!Cb!M 

C;}MKeC KeJie1li, 01l3H )!(0Fapbl Kb!Cb!Mlla )!(b!Jlll3MllblK KblCb!Mra 
Tgyen1li 6onMaM1lhI. )KaHacy yal\bIThI - Il!aMaMeH 1 caraT, oraH cgi1-

Kec oJieqrnHni 6epyni« KeneMniK /KhIJI1l3M1lhIFhI - 0,4-2 carar· 1
, 

CO:H2 K3pbIM-K3ThJHachI (l -:-2) : 1-re Te«. 011ecp1rn1lep KOHBepc115!ch1-
HbIH. llgpe)l(eCi 0113pllbllc( MOJieKyJiaJiblK M3CC3CbJHa 6aHJ13Hb!CTbl )!(;}

He 65-80% 60JI31lbl. 

y 1lepic 3K3aTepM1151JlblK 60JI31lhI ; )J(bIJIY 3cpcpeKTici Il!aMaMeH 

117 K,[(:>K!MOJib )!(gHe 6ip onecpttHHeH 6acKara Keil!KeHne a3 mrepeni. 

EeniHreH )!(bIJlY1lhI illIKi 11peKTeMe11epMeH, Illhrrapywhr cyh!Tl\bllll

rnpMeH HeMece peaKrnpra cyhJI\ peu11pKymu.1,1151JiaHaTbIH arbIH1lap1lhI 

I\OCyMeH Keripe1li . CttHTe3-fa31lhm u11pKy1151u1urcbrnhm eceniri 

(2-:-3): 1-re Tele(. 0KCOCHHTe3re naH1l3Jl3Hb!Jl3Tb!H one¢HH1lCP 1ll1CH-

1lep1leH, aueTHJICH1liK KeMipcyTeKTepneH )l(dHe OTTCKTeH ¥KblTITbl Ta-

33pTbrnyhI Tttic . AueT11neH1liK KeMipcyreKTep iKdHe 1lHeH1lep K0-

6aJibT Kap6oHHJI1lepiMeH aKTHBTi eMec KOMnneKCTep Ty3e1li, aJI OTTe

ri K06aJihT Kap60H11nnepiH CoO Ty3in bI1lbrparn1lbL 

Y 1lepicTiH. epeKllleniri eHiMnepneH K06aJibT Kap60H1111nepiH 6e

nin anbm, onapnbr ynepicKe Kai1rn Kocy 6011bm rn6brna1lbI. Y 1lepicTi 

e,n;dyip KYP1leJieH1lipeTiH .ueKo6anbrray Tdcini 6oi1bIHllla: 

- K06aJihT Kap60HHJI,Uepi MeH OKCOCHHTC3 eHiMnepiHiH. dprypni 

¥llll\bllllTbIFbIHa Heri31lenreH TepMHJIJibIK hI1lbipay C¥JI6anapbr; 
- K06aJibT Kap6omrn.uepiH TOTblKTblpFb!WTapMeH hlll,blparyra 

Heri31lenreH T¥31lhl C¥JI6a11ap 6onbm 6eniHe1li. 
Ko6anhT Kap6oHHJI1lepiH repMHJIJibIK hI1lbipary peaKUH51Hhm 

}\aHTbIM,UbIJlhlfhIHa Heri31lCJireH : 

2 HCo(C0)4 

Kap6omm1lep1li hI1lbipary ymiH CO-HbI« ynecTiK KhIChIMhIH rn

MCH1leTe1li. AnnapaTypa l\a6b1pranaphrn.ua MeTaJI1lhII\ Ko6aJibTThIH. ry-
3iniM1lepiH 60JlllblpMac ymiH peaKTOpra }\aTTbI TaCbIMaJI1l3Fhlill (neM-

3a, KH3eJihryp) eHri3e.ui. )l(y3riH,n:enreH TaCbIMaJI1laFhillihI 6ap, TaCbI
M3JlllarbilllTbIH. CTal.l,HOHapJibIK Ka6aTbl 6ap, OH1l3H I<:a6aTbI )KOK JK¥Ka 

.u11cnep11ettreH MCTaJI.D;hlK K06aJibThl 6ap peaKTOp11ap KOJI1l3H31lbl. 
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38-c~·pn. 0KCOCUHTe:miH 
~Ki peru.•op.1L1 6.1orhl: 

l. _; ~ "''-1\>Hlr.l.lhll': p<!lli>:T\)j).l llp: 2 - cyhlTKbl!!I 

39-cypeT. 0Kcocmrre:mia yw peaK
rop,ThI 6.i1orb1: 

l , 2' 3 - KOJIOHHa.1hll\ peaKrop11ap 

)Ky3ritt.le:treH TaChil\rn,uaFbIIUhI 6ap qm6anap11.a peanoprn 
tU.lhlH 3.'lU .lrulp:taHFaH Kata~ll!3aTOp.Jbl. o.1eqnrn11j )K;me CHHTe3-

nn::t.b1 6epe.li. Pea.Kum1.l'lhlK ~rnccaHhl pe.Jymmuiaii.rr,hl (bIKllla'\1-
.;iali.Jhl) ~;;i.He cenepnopna Ko6a.1h T Kap6omnl{epi 6oJiaThIH raJ
.lt~p..l,hl 5a1in n:ta..'{hl. 0.'Iap.Jhl o,i:ecp 11m1eH cyaphlilaThlH cKpy 66ep
,;ie +..:rnn U..'la.Jhl. EpiriH.liHi Karnmrnnop.lhIH ncy3rittiH (cyc:aeH-
3Hs 'hlll ) .1asp:myrn i;:aiirnp:nw. 6+:-1 K0H.Jbrpnmap.la arih21en1.1.

r-:-p.J.i rn ::rp.1e: ;ii KOOa:n,T K:lT~l.1ll3clT L°'l p bIH.::rn oip amrnpaTTa :a.::y3e

r~~ :;Kt>JpJ .Jhl . Q.l peUKUl lRllb.IH -:-pihlK 8Hi~uepiH Ko6anhT Kap6o
H\D..]ep~ 6ap rncbnrn:1.:.u1rb.1 wneH 6ipre 6aci;:a peah.1oprn 6epe:ii. 
K:::.p0· .. mn.i.:ie-p \Je rn.i:.JhlK Kl)6~1.1 b TKe .Jdii tt ru11p:iette.li !le. OHJ:Ia 

rn.]~~-l~Hy <Kypc-.:ri r l!.:lp0l'c'H H3 3TTht KGTa.1 !!3aTOp!llaH (TaCbli\la.1-

.::\.(l..fhll l.lli l''(t.t'"-'l Kl•o ~uu) cyJin n.1,·uht. a.1 KaTa.11naTop ru21p:1ey 

~•Ht\t,Jepine :l.Kylriitt;xep T\"PlH..Je Knpoottu.1aepai arurp:iayra oKco
cnmTrcJ yJJ.ep1due "ruhapw.1tut.r. 

TQIClbJi~m ... -:n.:1.a.Ft.nffiThU{ CTHU llQHllp.lhl}\ KaOaTbl oap q:rroanap.ua 
~:J.1Rmp,1w l\. 6.m .. ) K eKi neM~e ymKo."loHmrnhll\. 11\yiie 6onhln Ta6L1-

:n::uli>1L. E~ipeal\TOJ.Ul.11' 6.1ona t3~-cyper) eKi peaKTop aa KOH.l.Llp
:i..na1'~1P'\.h~H Trur111>l[U,unm. l -Ko.10Huaae1 K~1p6ottt1."lllep.:..ia TY3i.rryi , 
~1'. ir:tr~ '!-,m. tue~tm.'.l.e epyi IK".?tte m.!lpo$opM11..'Ul,euy -.Kypeai. 3-Ko

:r:\}m;.:;t:.:aa \:nrcKO~"lbrn:srcp) ~y1eK Oc-pi.-iN iH!linen C0-Hbllli y.11ec

d1~ KS.:i<i:IWJ\ftt>JI Tt'\R''U.:td°"l.Jl . 1.l-l i\e3.J[e KHp60HUXlep bL1Lli])aJUhl .J!.3. 



Ko6anhT KOH.Ubipl\ianapLJ,a were,TJ. i. KarnmnaTOp.UbIH aKTH BTLllrl 
uawapnanrn.ua I -1<0:101111a.uarb1 arb111 .uap.Ub11l 6an1TTapb1 e3repc-
11.i: rH11.pocpopM1rn.uey 3-KOJlOHHa.D.a eTeJ(i, an 1-KOJlOHHa 11.eK0-
6aJihTH3ep peTitt.ue )J(¥MhIC icTefi11.i. EeniHeTiH )J(bJJJY cyhITKhIW
neH aJihIHa.D.hI. 

YwpeaKTOpJibIK 6noKTa (39-cypeT) 1-KOJJOHHara Ko6anhT 
Kap60HHJIJ(epiHil'l Ty3inyi )J(ype11.i , 2-KOJJOHHa.ua OKCOCl1HTe3, aJJ 3-
KOJIOHHa11.a 11.eK06aJibTl13aUHH ( Tp11a11.aJJblK C¥JI6a) )J(ype11.i. 1-KO
JIOHHaJJ:a TeMnepaTypa l 50- l 80°C, aJI KbICbIM 15-30 Mila 6ona-
11.hI. ArhIH.D.ap.D.bIH: 6arhIThIH Mep3iM.D.i Typ11.e e3repTin T¥pa11.h1. 
2-KOJlOHHa 03ittwe Ka3aH-Kd.D.eH )J(apaTKbllll 6oJJbm Ta6bJJJaJ(bl, OH
.n:a 6eniHeTiH )J(bJJJY.D.hIH: ece6i11eH cy 6yhr Ty3ine11.i; J<a3aH Y3.D.iKci3 

:lK¥MblC icTett11.i. 
T¥JD.bI C¥JI6aJmp11.a (Ko6anhTThI Matt )J(dHe HacpTeH KhillJKhIJJ.D.a

pbIHhil-l T¥3.D.apb1 KyifiH.ue e11ri3e.ui) Kap6omrn.n:ep11.il'l Ty3iJiyi rn.upo
cpopMHJJJJ:ey peaKTOphrn.ua :lKype.ui: 

2(RC00hCo + 8 CO+ 2 H2 ~ 4 RCOOH + Co2(C0)8 

f H.n:pocpopMHJIJ(ey peaKUH.lICbl a.HJ<TaJifaH.ua Kap60HHJI.Uep.ni Ky
KipT I\blllJKb!JJbI MeH cyreK nepoKCHlli K:aTb!CbIH.Ua bl.Ubiparn.uh1: 

Co2(CO)g + 2 H2S04 + 2 H20 2 ~ 2 CoS04 + 8 CO+ 4 H20 

AJI Kap6oH I\hillll\hIJillaphrn HaTpHH T¥3llapb1 KyifiH.lle 6eJiin anaJ(bI. 
Ko6anhT cyJihcpaThIHhil-l epiTitt.n:iciH K06aJJbT Kap60Hm1.n:epiH TY3Y 
y11.epiciHe K:aifrnphrnaTbIH Kap6ott HeMece HacpTeH I\hIUJKhIJJllapbIHhil-l 
T¥3llapbIH any yUJiH naif.n:anaHbJJJallbI: 

40-cyperre TaCb!MaJIJ(afblllITbll'l )J(y3riHlliK J<a6aTbJH.D.afbl OKCO
CHHTe3.D.ia C¥JI6acbr KeJITipimett. KarnJIH3aTOp :>Ky3riHiH l annapaT

TaH 6ipiHrni peaKTOP.Uhil-l 2 TeMeHri 6eJiiriHe :>Ki6epe11.i, on :>KaKKa 
cott.uaif-aK: CHHTe3-ra3 :lKdHe onecjHrn ;:i;e Kemipine;:i;i. Onecp1111ttil-l 
KOHBepCH.HJiaHy lldpe:>Keci 70-75%-ra :>KeTeTiH OCbl peaKrnp.uau KOC
na eKiHUJi peaKToprn 3 ayh1ca;:i;b1. 
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CO+Hz 

s 

r11Jp.1eyreliapan.rn 
a.1bltnunp 

40-cypeT. Tacb1Man)l;afbmJThIH )!(y3riHAiK Ka6aTbIHJl;a JKYPri3iJieTiH 

OKCOCHHTe3niH TeXH0,10fHJIJlbIK C¥JI6aCbl: 

I - Karn.rmJarnp JIMprrayra apHanrnH annapaT; 2, 3 - peaKTopnap; 
4 - C)'bITKhIW; 5 - cenepaTop.iap 

Oehl annapan<:a CO + H2 I<ocnacbltt .z:i:a »<:i6epe;::i:i, 011 peaK
UHHJJhIK MaccatthIH: I<a6arranyhrn 60Jl.ll:hipMatt;::i:h1. PeaI<uHHJihII\ Macca 
cyhITKhlllITa (4) cyhlrattttatt coH. cenepaTOpra (5) Tyce;::i:i. CenepaTOp
.ll:hIH: TeMettri »<:aFbIHaH KaTaJlH3aTop;::i:bIH: anh;::i:erH;::i:Tep;::i:eri »<:y3rrnrn 
rH;::i:porett;::i:ey 6Jlonrna aii;::i:att;::i:hI, an KaTaJIH3aTop-rnchIMaJl.ll:aFbillITa
FbI K06aJlbTibI (Kap60HHJI.LJ.ep;::i:i rH.LJ.pllereH)J,e Ty3iJleTiH) rH.LJ.poreH
;::i:ey 6norhrnatt rn.LJ.pocpopMHJI.LJ.ey peaKTOpbrna I<attrnpa;::i:hI. Cenepa
TOP.ll:hlH »<:orapbI »<:aFbJHaH .LJ.a CO + H2 I<OcnacbI »<:aH,a CHHTe3-ra36ett 
6ipre y.LJ.epiCKe I<attrnphrna.LJ.hl. AJih.LJ.ernmep.LJ.i cnHprrepre ;::i:eli.itt 
rn.LJ.pney roMorett.LJ.iK (Ko6aJihT, poll.HM, 11pHL1.Htt Kap6ottHJI.ll:epi) »<:g
He reTeporett.z:i:iK KaTaJlH3aTopnap (TaCbIMaJl)J,aFbillITaFhI K06aJlhT, 
HHKeJlb, BOJlbcppaM, MblpbIIll-XpOM.LJ.hI, xpOM.LJ.bl, aJJJOMHHHH-Mblpbllll
xpoM.LJ.hl KaTaJJH3aTOp) KaTbICbIH..::(a »<:ypri3e)J,i. 

TacbJMaJI)J,aFblllIThIH »<:y3ritt.z:i:enreH I<a6aTbIH)J,a OKCOCHHTe3)J,ep
)J,iH KeJJTipinreH H¥CI<aChIH)J,a ailh)J,erH.LJ.Tepni rnnpney KH3errhrypre 
rnceJlittrett Ko6aJlhTia »<:ypri3ineni . MernJJ.LJ.hII\ K06aJlhT »<:eTI<iJiiKTi 
Typ)J,e aKTHBTi eMec ( OH)J,a OKCOCHHTe3.LJ.iH »<:attaMa eHiMnepi rn;::i:p
JieH6ett.LJ.i). Erep KyKiprri I\OChlJlh!CTap.ll:hIH I<OcnacbI 6orrca, ott;::i:att 
)!(aF.LJ.attllap.z:i:a HHKeJih )J(apaMatt.z:i:h1. EH )J(apaM;::i:brnapbI - Mbipbrlll
xpoM.LJ.hIK, HHKeJib-XpOMLl.hlK )J(gHe aJllOMHHHM-Mblpbllll-XpOM)J,bII\ Ka
TaJ1H3aTopnap. Onap.LJ.bI I<OJI):(attratt.LJ.an1 cerreKTHBTiniK aJlb)J,efH.LJ.
Tep.LJ.iH. KOHBepnrn .LJ.gpe»<:eci 90% 6onratt.LJ.a 95%-ra .LJ.ettiH »<:eTeni. 
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AnhnernnTepniH WblfbIMhI onecjrn1-rnepre ecernere1ue 75-85% 60-
nanh1. Y n epic 6acl(a rnnpore11113auru1;1bIK ynepiCTepre -¥KCac. 011br 
160-300°C-ne )l(;me 30 Mila-ra neihttri I<hIChrMna cyTeKTi uttpKym1-
ummayMeH )l(ypr13e,n:1. 

b¥Jl d.[(iCTiH, ettepKdCinTiK M;mi y3,n:iKci3 ecyne )l(dHe OKCOCHH
Te3 ettiMnepiH ettnipy KeH,e1-0ne. YnepicTiH, apThII<JllhlJlhIFhr - !ll11Ki-
3aT nett a.JihIHaTbrn cnttprrepre 6ei1iMniniri (6ip K¥-PaJI-)l(a6n h1Krn 
dpTypni cnttprrepni anyra 6onanhr) . 

2.3. rH.llpO,lleaJIKHJI.lley JK;rne rH.llpJiey 

MaH.hI3.D:hl apoMaTThlI< KeMipcyTeKTepni - 6eH30JI )l(dHe Haqna
JIHH,n:i M¥ffatt eHiM,n:epitt rnnponeanKHn,n:en KeH, ay1<hrMna ettnipeni. 
QttKnoreKcaH anmmH I<hllllI<hlJlhIH, KanponaKTaM )l(dHe reKcatton 
any yrniH rn11Ki3aT 6onhm rn6h1J1a,n:hr, OHhl 6emoJIJJ.hr rnnpney apI<hI
Jihr ettnipeni. Haqnan11ttni rn.z:i:pney ap1<h1J1hr TeTpaJIHH )l(dtte ,n:eKa
JIHH CHHI<Thl TeXHHKaJihII< Mal-{hl3,[(hl eHiMnep ana.[(hl. 

2.3.J. Apo,11am11tblK, KfhHipcymeKmepoi 
zu<)poOeaJlKllllOey apK,blllbl MY 
EeH30JI.LJ:hI tteri3iHeH rnrryon,n:aH ett.n:ipeni, eHTKetti onatt )!(Ora

pbr TeMnepaTypanap.n:a 1<aHHaHThIH MOHOUHKJI,D:iK apoMaTThII< KeMip
cyTeKTep.n:i rn:.n.poneanK11n.n:ereHne cyTeKTiH, lllhIFhIHhI KYPT ece.n.i. 

HaqnanHH,n:i any yrniH KaTaJIH3.D:iK pttcpopMHHr )KdHe KaTaJIH3-
niK KpeKHHf 0HiM,n:epitteH 6eJiiHreH, J<.¥-paMhIH.[(a Heri3itteH 6HUHKJ1-
.z:i:iK apoMaTThII< KeMipcyTeKTep 6onaThIH )l(OFaphI apoMarranraH 
cppaKUHHJiap IllHKi3aT 6ona,D.bl. 

fH.n.po,n:eanKHn,n:ey )KaF.n.aH:naphrnna KemereH peaKUHHnap )l(y
peni, onapnhIH. 6achIM Kerrrniniri - KyrnTi 3K30TepMHHJihII< peaK
ummap. MaH.hI3.JJ,hr peaKUHH - apoMaTThII< ca1<HHa,n:aH 6yH:ipniK an
KHn,n:iK Ti36eKTiH, y3irryi, MhICaJihI: 

0 + 2CH, 

8ttepKdcirrTiK rn.n:poneaJIKHJI.[(ey,n:e KaTaJIH3,D.lK )l(dHe TepMHH

JlhII< ;})J,iCTepiH l\OJI,D:aHa.JJ,hl. 
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K anu 11n1 h:a.1 hi h'. I' llLl)JOJlea.r1101.11lcy. 3pTypn i n1 nT1 1rnTan 11-
1aTop;1ap: KpeMHC3CMJJ,en )K;me 3Jlf{)MOCHJ1HK3TT3fbl HllKCJlb, I-111-

KeJibam-oMHHHH XpOMJJ,bIK, 3Jl!OMOCHJ111K3TTbIR:, aJJIOMOMOn116.n.ett.n.iK 

IK~rne T.6. KOJlJJ,aHbina)J,bI. ToJJyOJJ.ilbIH. KarnJJH3.lJ.iK r11)].po)J.earrK11JJ

):leyiuiB euepK~KinTiK KOH)J,blpFblCbl 41-cypeTTe KCJJTipimeH. 

)l{orapbI KhICblM.ilhI ra1cenepaTop (5) COHbIMeH Kamp K,apanai1-

bIMD,a11rnH 6ipcaTb!JlbI a6cop6ep KbI3MeTiH aTK,apa;i:hJ. AnnapaTTbil{ 

/KOtapbr /K3FbIHa a6cop6e~nTi - TeMeHri KblCbIM)J,aFhI cenepaTop;i:a 

( 6) ,'lera1;i:aJJFaH rtt.n.po)J.ea11K1111;i:eurett ;i:11cT11JIJJ5IT KeJJTipe;i:i. )l{ora

pbI KbICbTMJJ:aFbI ra1cenepaTop;i:aH ra1 ¢a1acb1 uttpKymu:irnJJhIK 

KOMnpeccopra dKeJJitte;i:i. T eMeuri KhICbIMA3FhI ra:JcerrepaTop;i:aH 

(6) illb!KK3H illb!Fapb!JlaTblH ra3 (IX) KOHJJ:blpFbI)J,aH WhIF3pb!Jlbin, pe

u11pKyJJ;i:eureH KaTarr111aTTbIH, 6eJJiri rnrbr ;i:a ra:JcerrepaTopra (a6-

cop6ep) 6an1TTaJ1a;i:b1. KarnJJ111aTThIH. 6aJJaHCThI apThIK Memuepi 

peKrn¢ttKaU115Ira 1KeuemiJJe;i:i. M¥ttii:ai1 C¥JJ6a.n.a y;i:epicTeri CYTeri-
. . 

Hll{ /KOFaJJYhI OHhll{ Hefl3!HeH Te:vieun KhICbIM.LI.aFbl fa3CerrepaTOpbl-

HblH: qtthIK ettiM;i:ep;i:e epiriwTiriue 6ai1:JJaHbICTbL 

41-cypeT. Torryorr.Uhl11 KaTa1113niK rnnpo.uearrKtlJI)leHyiHia eHepKgcimiK 
l\OH.Ublpfb!Cb!Hb!H C¥Jl6acb1: 

I - lllHKiJaTIDIK copanTaMa; 2 - peaKTop; 3 - WHKiJaT neH UHpK)'JlJIUH.llJlaHaThlH 
ra3.!lhl l(hl3.!lhipyra apHaJJFaH nelll; 4 - cyreKK¥paM.!lbI raJ.!lht UHpK)'JIJIUIDirrayra apHaJJFaH 

KoMnpeccop; 5 - )!<0Fapb1 KblChlM.!larht rmcenepaTop (a6cop6ep); 6-TeMeHri KbIChlM.!laFhJ 
rmceneparnp; 7 - cTafoUIHJaumrnhIK KOJIOHHa; 8 - 6emo,1.!lhl 6arrlllbil(neH al!cop6umrnhJK 

TaJarray; 9 - peKTH<j>HKaUHJIJlhlK KOJJOHHa; I 0 - cyapyra apHaJJFaH Ch!HhlM.!lhJJlhlK; 
11 - jj(hJJJYaJJMacTbipFhIW; 12 - copama~1aJ1ap. I - w11KiJaT; II - jj(a11a cyreKI<¥JlaM.!lhI raJ; 

Ill - u11p1'yrrJ1UHJ1JiaHaThIH cyTeKK¥pa~1.uh1 raJ ; IV - lllh1FaphU1hm TaCTaJiaThIH rm; 
V - raJchIJiiaHraH l!HCTHnJIRT, a6cop6eHT peTiH.ue n:oHilaHhJJJa.Uht; VI - norrHumamiK 
apmrnTThIK Ke:11ipcyTeKTep; VII - peu11pKy,1J1UW!fa apHanraH rnrryorr; VIII - 6eHJorr; 

IX - TeMeHri KbIChIMilarh1 raJcenepaTOpiiaH WhtraphIJJhm TaCTaJihIHaThIH raJ 
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r1-u:i:poneaJ1K HJ1JJ,ey yµ,epici K3Jl binTbl Typ;:r,e 550-600°( i!C)J le cy
Teri HiH 30 aTJ'vt napUJ-Ja_lJJ,bl KblC b!MblHL\3 ;Kypri3iJ1eJJ,i . nip 8TKi3y.JC 
TOJIYOJIJJ.hH:\ KOHBepcm1 TepeILUiri - waMaMeH 50%. PeaKUH~rn Tyc
rrereH TOJIYOJIJJ,hl peuHpKyJI~UH~Jiay )K3F.U3Hh!H.U3 6eH30JI.UhlH, Illh!Fhl
Mhl - 96,9% (MOJih). To11yo11m1 rn.upo.ueaJIKHJI.Uey y.uepicittiH. MaTe
pttanJJ,hII\ 6anattch1 5-KecTeJJ,e KenTipinreH. 

5-KeCJne 
TonyoJI,llbl rnnpo,lleammm1ey.llht MaTep11aJ1.llbtll: 6anaHcb1 (caJIM. %) 

KarnJJH311iK y.uepic Tep~mH,l blK yilepic 

oaCTaTil(bl oepi- C¥ttblI< ill bl Fa- oaCTaTIKbl PeaKUHH 

lllHK133T- ne- 0Hi:\11tep pbmbm IIIBKi3aT- ettiMnepi 

TO!I)'OJI TiH raJ Tac- TOJiyo,1 

Ta.JJ3TblH lKOHe 

raJ cyreK 

CyTeK - 4,20 - 1,19 2,5 -
- 1,10 - 21 ,90 - 18,6 

MeTaH - 1,07 - 1,21 - 0,4 
- 0,46 - 0,93 - 0,6 

3TaH - 0,24 - - -

~ 
0,6 

IlponaH 0,51 0,73 - - -
- - 80,52 0,70 - 82,0 

EyTaH 93,79 - - 0,25 100 -

TieHTaH,llap )Ka- 5,70 - - - - -
He onaH )Kora- - - 1,10 - - 0,3 
pbmap 

EeH30JI 

To.rryon 

C8 apoMaTibII< 

K0MiPCYTeKTep 

Tiom1Mepnep 

)l(HblHTb!Fbl 100,0 7,8 81,62 26,18 102,5 102,5 

TepMHHJILI1' rll,ll.po.ueammm:i;ey. AnKHJ1apoM31ThI KeMipcyTeK
TepJJ,i TepMIDIJihII\ (roMoreHJJ.i) rnJJ,poJJ,eanKHJIJJ,ey 600°C-JJ.eH )l{OFa
phI TeMrrepaTypa MeH lliaMaMeH 40 aTM cyTeri I\h!Ch!MhIH.Ua )KeTKi
JiiKTi JJ.~pe)KeJJ,e )Kype 6acrntt.Uhl. E¥JI )Kar.uaJ:inap.ua eH, )!(Otapb1 T¥
paI\Th!JlhII\ThI 6eH30J1 MeH Haq>TaJIHH KepceTeJJ.i; 3JIKHJIOphIH6acapnhl 
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apo\taTTbl K8\11pcyTcKTCp .1eanh~11 :1,Je11e;1i. napacp11HJJ,i , Hacjne11JJ,i 
. . .. 

)f{;me KaHhtKnaraH K8M1pcy-rcnep TCPCH nt;:i_poKpeKHHITCHl11 Herrn-

HCH MCTaH MCH 3TaHL(bl 6epeL(i. 

TonyonJJ,hI TepMH51JibIK rwnponeaJIKHJI;:i:ey.r:i:iH: eHepK;;icinTiK r<:OH

LlbipFbICbIHbII{ C¥S16acbJ 42-cypeTTe KepceTiJireH. CyreK KOHQeHrpa

UH51CbIHbll{ KmKeTTi ;:i:el{reiiiH cyreKK:¥paML(bl ra3L(bll{ 6ipa3 6eniriH 

)f{y11:e;::i:eH WbIFapy )f{;:rne )I(al{a cyreKK:¥P3ML(bI ra3L(hl K:OCbJMWa eHri-

3y apKbIJ1bI caKT3HL(bl. )KorapbI KbICbIML(bI ra3ceneparop;::i:aH (6) C¥M

bll\ cpa3a reMeHri K:bICbIML(aFbI ra3ceneparop;::i:aH (7) erin, r<:aHbir<:na

raH KeMipcyreKTep;::i:eH (8) KOJlOHHara aKTaFbIW 6arna{\TapL(bll{ Ke

MeriMeH a;::i:cop6UH5!JibIK Ta3apyra ryce;:i:i )f{;;JHC (9) KOJIOHHaL(a Q:>paK

Ul151JlaH3L(bl. (9) KOJIOHHaHbll{ TeMeHri attL(aJibIMbl - ry3iJireH L(H<j:Je

Hl1JILlil{ a3;:i:araH Memuepi 6ap TypJieH6ereH TOJIYOJI UHPKYJI51-

Ul151Jiaiinrn aFbIH periH;:i:e naii;::i:aJiaHbJJiaL(bl. Y ;:i:epicri 7 50°C )!(;;>He 

40-50 aTM l\bICbJMLla )f{ypri3e;::i:i . Eip eTiM;::i:eri rnnyorr;:i:hII{ rypnetty 

repea;:i:iri, ;;i;:i:eTTe, rnaMaMeH 50% 6onaL(hI. fw;:i:po;::i:eaJIKHn;:i:ey y;::i:epi

ciHiH: MaTepHaJIL(hII\ 6anaHCbI 5-Kecre;::i:e KepcerinreH. 

'llJ 
0--~,__ 10 

42-cypeT. Toeyon;:ihI Tep:-.11rnJihlK rn;:ipo;:iea.nK!fJUley;:iia 
eHepK:icirITiK KOH.llhrpn1chrnhm qm6achr: 

I - IIJl1Ki3aT copanrnMacb1; 2 - IIJHKiJaT il<:JHe UHPKYlllIUHIDiai!ThIH ra.J)lhl Khl3.llhlpyra 

apHarrraH neIIJ; 3 - peaKTop; 4 - il(hlJJyanMaCTb1pri,1IIJ; 5 - CYLITKbIIIJ; 6 - i1corapb1 

KhIChIM.llaFbl raJceneparnp; 7 - reMeHri KhIChIM!larh1 raJcenepaTop - crn6ttrrHJaTOp; 

8 - ancop6uHHrrhlK Ta3apzy KOJIOHHaci,1; 9 - cjlpaKUHllllayIIJbI KOJIOHHa; I 0 - cyreKJ<¥PaM.Zlhl 

raJilhI u11pryrrHUHlIJiayra apHarrraH KOMnpeccop. I - 6acrnnKhI IIJHKiJaT; II - lKaaa cyreKJ<¥

pa\t.ilhI raJ; III - yprreHeTiH cyreKK¥Pa\1!lbl ra3; IV - u11pKyrrHUl1lll!aHaThrn cyreKqpaM!lhI 
raJ; V - OThIH raJhI; VI- 6eHJorr; VH - ryprreH6ereH IIJHKiJar u11prymm11Hrrayra; 

VIII - cyhIK cyreKK¥paM.ilht raJ!lhl yprrey 
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2.3.2. Apo.um11111b11<, Ko.ltipcymeKmepf)i zll()p:1ey 
lieH30JIJlbl fHJlp.1ey. D Cl-l30J1.J,bl nuw.1cn 3.DJlnIIH KblWl(bLl b l \tel-I 

. . 
UHJ<JIOreKCaH)J,bl 8HJllPY ywrn KOJI,IJ.aHbIJiaTblH umrnoreKCaH)J,bl aJ!a)J,bl. 
CeneKTHBTi rHJlpneihiH KaTaJIH3aTopnap KaTbICbIHJla 6eH30JI,IJ.bI rn)J,p

ney yJlepiciH)J,e )!(aHaMa eHiMJlep ry3iJIMeH)J, i )J,eyre 6ona)J,bI, ocbmaliwa 
aJ!blHaTb!H UHKJIOreKCaHHbII{ )!(OFapbl TaJaJ!b!Fbl KaMTaMaCbl3 eTine.n,i. 

Y )J,epicTil{ )!(eTKiniKTi ceJieKTHBTiniri waprrapbIHhlH 6ipi - Ka

)!(erri TeMrrepaTypaJihIK pe)!(HMJli caI<rny. Y )],epic 3K30TepM!HIJihlK 

60JIFaH)J,b!l\TaH 3ayhIT KOH.LI,blpFbIJiapb!Hbll{ TeXHOJIOfHHJib!K C¥J16ana

pb!H )!(acay)J,a peaKUHH )!(bIJIYbIH ChIPTKa lllbIFapy T;:lCiJl)J,epiHe Ken 
K0I{iJI 6eniHe)J,i . Y )J,epicTil{ HeriJri rrapaMeTpnepiH ( KhIChIM, TeMrre

paTypa) Tal{)J,ay 6aCTaIIKbl llll1Ki3aTTa KyKipni l\OCblJib!CTap.LI,b!I{ 

MenwepiMeH aHhII\TaJia)J,hJ. KyKiprri KOChIJihICTapJlaH 6oc JlepniK 

6eH30JIJlhI (0,0 I canM. %) cyTeKTil{ m.n,arnH KhJChIMhJH.n,a TeMeHri 

TeMrrepaTypanbIK KaTaJIH3arnpnap)J,a rn:)J,pneli.n,i. KyKipTi 6ap 6eH-

30JI)J,hI aJI)J,hIH ana Ta3aprychI3 KyKipTKe Te3iM.n,i KarnmnaTopnapMeH 
:>KOFapbI TeMrrepaTypa MeH l\blCbIM)J,a n!)J,pJieH)J,i . 

EeH30JI)J,hI TeMeHri l\hIChIM)J,a ettepK;:icirrTiK :>KaF)J,attnap)J,a rtt)J,p

ney)J,i qtthII\ :>K;:iHe 6y ¢a3anaphrn.n,a :>Kypri3e)J,i. C¥HhIK cpa3aJihIK 
rn)J,pney yrniH ( 43-cypeT), ;:i)J,erre PeHett)J,il{ HHKeJih KaTan113arnphIH 

rraii)J,anaHa)J,hI. Y )J,epicTi 200°C-re :>K;:iHe waMaMeH 40 aTM KhIChIM.n,a 

(cyTeKTiH. ynecTiK l\blCbIMbl rnaMaMeH 30 aTM) Ti36eKTen irr *¥MhIC 

icTeiiTiH eKi peaKTOpJla :>Ky3ere achrpa)J,hl. 

J....,r-------------------
0 

43-cypeT. EeH30rr.UhI C¥MhII\ ci:>a.Ja.ua rn.uprrey.uia eHepK;:icimiK 
l\OH,LlblpFblCh!Hhll:l C¥ll6acb1: 

I- perucroprrap; 2 - JKyJriH.11errreH KarnrrHJaTOP.!lhl uHpKymmmrnayra apm1.nraH copama:1rn; 

3 - CYblTKbllllTap; 4 - raJcerrepaTop; 5 - 'f¥paKraH,!lblpf blW KOJ!OHHa; 

6 - cyreKK¥paM.!lbl raJ!lhl llHPKYJJllUHJrnayra apHanraH KoMrrpeccop. 
I - cyTeK; II - 6eHJon; III - KeTeTiH raJ ; IV - UHKJJoreKcaH 
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CyTcKTi cyf\b1KTblK Ka6aTb1 apKb!Jlbl 6ap6ornpnen 6ipi11wi peaK
TOpLI,bll-l T9MeHri /KafbIHa jf(i6epc.il, i, 0,1 KUTaJ1ll3aTOpD,bl OCbl C¥Hbll\
Tb1K iKy3riH ( cycneH31151JiaHFaH) KyifiHD,e 6onybIH KaMTaMaCb13 eTeD,i. 
PeaKUH51 iKbJJIYbI peaKUH51JibIK KbICbIMHbIH. 6ipa3 MeJilllepiHil-l 6ynatty 
1K;:rne c¥j:ihIKTbIKTbIH. 6ipa3 6eniriHil-l KaTa11113aTOpMeH 6ipre /Kbirry
amiacTblpFbIW apKblJibl peUHPKYJI51UH51JiaHyblMeH KeTipineD,i . EipiH
wi peaKrnpnaH K¥PaMbIHJJ,a waMaMeH 5 canM. % 6eH30JibI 6ap 6y
ra31lbIH KocnacbI peaKUH51HbI a51Krny ylllrn crnu.110HapJibIK KaTaJIH3a-

. . . 
TOpMeH TOJITb!pbJJIFaH eKJHWI peaKTOpra TyceLI,I. 

EacrnnKbI w11Ki3aT peTiHne Kp11crnnLI,aHy TeMneparypacb1 5,4°C 
6eH30JILI,bI rraifnanaHraHLI,a rn3aJibIFbI - 99,97%, ic IKY3iHJJ;e K.¥Pa
MbIHJJ,a 6eH30JI /KOK UHKJIOreKCaH aJiblH3)J,bl. 

Ha<lnaJJHHJli rH,ll,pJJey. HaqnanHHJJ;i TeTpanHHre rnJJ;pney u.11c
)!(;:rne TpaHC)J,eKaJIHHJJ,epJJ;i Ty3yre ;;lKeJieTiH peaKQH51MeH KOCa Ka6aT

TaCb!IT 1KypeLI,i. TeTpannH ~-Hacprnn eHLI,ipiciHJJ;e nai1:LI,aJiaHbIJia)J,bl. 
,lJ,eKaJIHHLI,i 6ipI<arnp LI,;;ipiniK npenaparrapLI,bI CHHTe3JJ;ey yllliH )!(;;itte 
THiMniniri /KOFapbl epiTKilll peTiHLI,e KOJIJJ,aHaLI,bl. 

HaqnammHeH TeTpannH any yJJ;epiciH an10MoK06anbTMonn6-
neHni K3TaJIH33TOp)J,a cyTeKTiH. 40 ant Kb!CbIMbl aCTbIHLl,a 350°C 
TeMnepaTypaLI,a )!(;:rne rn11Ki3aTTbI 6epj /KbJJILI,aM;::i:bIFbl 0,3 Krln eTirr 
1Ky3ere acb1praHLI,a HaqnammHil-l TypneHy LI,;;ipe)!(eci 67-81 % 6onaJJ;hI. 
D¥J1 Ke3LI,e aJibIHaTbTH rHLI,poreH113arrapJJ;a 53-61 % TeTµaJIHH 6ona
LI,bl, OHbll-l 50-60%-bIH rn3aJibIFbI 97-98% eHiM peTiHJJ;e 6enin anyrn 
6011aLI,bI. PeaKQH5!LI,aFb1 ttacpTaJIHHJJ,i TOJibIK TypneHJJ;iprett.n:e TeTpa
JIHHHiH. Jllb!Fb!Mbl 6aCTa0Kbl llII1Ki3aTTaH 75-80%-rn /KeTe.n:i, COHbl
MeH !(amp 10-12% CaJIM . .ueKaJIHH Ty3iJie)J,i. 

2.4. ToThI1'Th1py 

TombzBy .uen opraHHKaJihIK KOCbIJibICTbil-l MoneKynacbrna orreK
Ti emi3y HeMece oJJ;aH 6ip (HeMece oJJ;aH JJ;a Kerr) cyTeK aTOMbIH )!(;}
He 6acl(a :rneKTpni Ol-l 3JieMeHTTepJJ;i 6enin arry yJJ;epicTepiH aH:rn.uhI. 
EHJJ;ellle )!(OrapbIJJ,a attTbrnraH au.enrneHLI,i /K;:}He )!(OFapbI TeMrrepaTy
paLI,a OTTeK (HeMece cy) K9MeriMeH KeMipcyTeKTi TOTbil\Tblpbm CHH
Te3-ra3.Ubl eHJJ;ipy .ue TOTbIFY yLI,epicTepiHe )!(aTa)J,bI. 

M¥HaMXHMH51JibIK ettepK;:}cinTe TOTbIKTbipy areHTi peTiH.ue aya, 
Ta3a OTTeK JK;:me dpTypni 6eifopraHHKaJibiK /K;:}He opraHHKaJibIK TO
TblKTblpFblllITap (rnnoxnopH.n:Tep, xnoparrap, 6ttxpoMarrap, nep-
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MaHrairnnap, cyTeK nep0Kc1ui,i :rKJHe T. 6 .) Ko.1na 1rn;::1,b1. ToTbIKTbIJJY 

ar e11TTepi11iH, rnfo1taTb1 ynepicTi1-1 6apb1 Cb111a ;i-:;me TOTbifYllblll 

ettiM.n;epiHitt: K:ai1chr6ipittitt: TY3inyitte rnernyrni ;;icep eTe.n;i. 

KeMipcyTeKTep.n;i TOJibII\ )K;;itte TOJihII\ eMec TOThil\Thrpy peaK

ummapbIHhIH; K8IlllIIJIIrl 3K30TepMm!JlbII\ )K;;JHe TepMO)J;HHaMHKaJibII\ 

T¥PFbr.n;aH )Ky3ere acaTbIH 6ona.n;br. 

TeMeH.n;e TepMo.n;11HaMHKaJihII\ T¥Pal\Thr )K;;JHe l\HhIH TOTbIFaTbIH 

KeMipcyTeK - MeTaHHbif( TOTbIFYblHbIB Kei16ip peaKummapbI yrniH 

~H0 )KdHe ~G0 M;;JHLlepi KenTipinrett: 

~Ho ~Go 

KKaWMOJib KKaWMOJib 
'h 02 

CH20 + H2 -10,5 -13,9 
Y2 02 

CO+ 2H2 -8,5 -20,6 
Yi 0 2 

CH4 CH30H -30,6 -26,9 
02 

CH20 + H20 -68,3 -68,5 
202 

C02 + 2H20 -191,7 -191 ,3 

YLlepicTitt: c11naTbr )K;;JHe TOThtry ettiMLlepiHi« Memnepi Heri3i

HeH KMHeTHKaJibII\ cpaKTopnapMeH attbil\TaJia.n;hr. ToThIFY KtrneTHKa

CbI Ken cpaKTopnapra: 6erriK 3cpcpeKTinepre (6erritt: rn6ttraTb1), l\OC

nanapLlhIH; 6onyhl, TeMnepaTypara, peareHTTepLli« K:apbrM-1\aTbIHa

cbrna, peaKUHH )KypeTiH )KyHeHitt: cpa3aJihII\ KyHiHe (roMorett.n;iK, re

TeporeHLliK, ra3-C:pihil\ThIH;, ra3-K:aTTbI LleHe )Kyiienep )K;;itte T.c.c .) ; 

l\OChIJihICTap.n;bIH; rn611raTbrna (K:aHbil\l\aH, K:aHhil\naraH, MoneKyna

JibII\ Macca, l\¥PbIJibIM )K;;JHe T.C.c.) )K;;JHe TOTbIFY areHrrepitte; aKTH

BaTOpnapLlblf( (aTOMLlap, 6oc paLlHKaJILlap, c;;iynenep )K;;JHe T.c.c .) , Ka

TanH3aTOpnap.n;bIH; (Mernn.n;ap, onap.n;hrtt: 0Kc11.n;Tepi )K;;JHe T.c.c .) 60-

JIYhI )KdHe rn6ttraThrna 6ai1nattbICThI 6ona.n;bl. 

TonbII\ eMec TOThrry ettiM.n;epiH anratt.n;a peaKUHHHhrn: Ti36eK

TenreH caTbmapbrnaH 6acK:a, ochr eHiM.n;ep.n;if( TY3iny )KbIJI.n;aM.n;bil\Ta

pbIHhIH; K:apbIM-K:aTbIHaCbIH 6iny MaH;bI3Llbl 60JibIIl Ta6bIJiaLlbl. 
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MbIC<UbI. \1era111rn11 cj1 op\1a!l bJCn1D, a.1raHD,aFbl Heri3ri KHbll-l
D,blK OJI cpopMajJb.J,CnIJ.Til( bl.J,b!paybJ \lCII Ty3inyi 6ipJJ,ei:i JJ,epniK 
)!(bIJ1JJ,aM.UbIKTa )!(ype.ll,1. 

llh1Ki3aTTblH TOJlblK TOTbffY ()KaHy) eHiM.uepitte TypnettyiH 6oJI
.UblpMay )!(;:JHe OHbIH KOHBepc1rn:ChlHhlH TOThJFY.UbIH, K,a)!(eTTl emM.ue
piHe ai1TapnbIKTaH .u;:ipe)!(ene 6onyb1Ha KOJI )!(eTKi3y ywitt WHKi3aTTbI 
(oneK neH KeMipcyTeKTiH KapbIM-KaTbIHaCbl l : l 0 - 1 :20) Ken MeJI
wep.ue aJiaJJ;bI )K;:JHe peuttpKymIUH>IHbI K,OJI.UaHaJJ,hI. 

2.4.1. Ilapa<fnmoepoi 1110111b1K,mb1py 
CTapaQJHH.Uep.ui ayaD,aFbI OTTeK HeMeCe 6acK,a TOTbIK,TblpFblllI

TapMeH ra3JJ,bI HeMece C¥HbIK cjia3ana TOThIK:Thrpyra 6oJiaJJ;bI. 
CTapacpttHD,epD,i ayaD,aFbl OTieKneH TOTbll\Tbipy)],b!H, eHepK;:icin

TiK ;:iniciH )!(acayJJ;hIH yw npaKrnKaJi bIK KtthIHWhIIThIFhI 6ap. Eipimui 
l\Hb!Hlllb!Jlbll\ - KeMipcyTeKTepniH ayaMeH l\OCilaJiapbIHbIH. )!(apbrn
Fbllll (KonapbIITFb!lll) llJeKTepiHeH Tb!C )!(aFD,aHD,a ~Mb!C icTey I<a
)!(eTTiniri , OJI He ayaHbIH, He KeMipcyTeKTiH eTe apTblK MeJiwepiH 
Kon.uatty.UhI M;:i)!(6yp eTeni. Aya apThIK 6onraH,n;a KeTeTiH ra3JJ;apD,a
Fhr ¥lllKbilll eHiMJJ;ep.uiH KottueHTpau11>1cb1 a3 6ona,n;hI ,n;a, onapJJ;bI 6e
nin anyLJ;bI KbIM6anarn.uhr. KeMipcyTeK apTbII\ 6oJiraH.ua OHbIH, 6ip 
eTiJiiMiH.ueri Typne11yi Ken 60JIMai1.uh1, COH.Ubil\TaH peaKu.mmacnaratt 
KeMipcyTeKTi 6enin aJihITI, I<ai1Ta.uatt y.uepiciHe I<aiirnpyra Typa Ke
ne.ui. EKiHllli I<ttbIHlllb!JlbII< - on 6apnbIK )!(aFJJ;ai1JJ;a peaKQH51 eHiMJJ;e
pi ;:ipTypni 3anap.UbHl KypJJ;eJii I<ocnanapb1. M¥tt.uai1 l\OCnanapD,bI 6e
ny KemereH lllbIFbIH.Uap.ubr K,a)!(eT eTe.ui; OHbIH. ycTiHe 6enrini 6ip 
nponopummapna Ty3ineTiH )!(aHaMa ettiMJJ;epJJ;iH. KernettiH nai1.uana
HY M;:iceneci nai1JJ,a 6oJiaJJ,bl. YllliHllli K,HbIHWhIJibII\ - KeMipTeK OK
CHJJ;TepittiH Ty3iny (TOJiblK. TOTbffy) can.uapbIHaH OHbIH. )!(OFany H;:nH
)!(eCiH.ue nai1.UaJibl eHiMJJ;ep.uitt. )!(aJITibI lllhIFbIMhI m 6onaJJ,bI. 

ToThffY peaKIJ,HHChIHh1u, MexattHJMi. KeMipcyTeKTepJJ,iH oT
TeKneH TOTb!Fybl C¥Hb!K cpma.ua JJ,a, fa3)],bl cjla.Ja.ua .ua Ti36eKTi pa.uH
KaJID,bl MexaHH3MMeH )[(ypeJJ;i. D¥JI MexaHtt3M 6oi1hIHilla KeMipcyTeK
TepJJ,iH. 6oc aJIKHJlh)],iK )[(;:JHe nepOKCHJJ;TiK pa)J:HKaJI.Uapbl )[(;:JHe KeMip
cyTeKTepJJ;iH rnJJ;ponepoKctt)],Tepi Ty3iJieJJ;i. CoH,FhmapbIHhIH. bI.IJ.hI
payhIHblH. H;:JTtt)[(eciHJJ;e orreKI\¥-PaMJJ;bI eHiM,n;ep TY3iJieJJ,i. Ti36eKTi 
MexaHtt3M tteri3iHe Keneci peaKQmmap )[(aTaD,br: 

R· +02 ~ROO · 
ROO · + RH ~ ROOH + R · 
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Cot1b1MeH, 6aCTanKbI pa.umLl.UbIH R · pere11 epawrn.1a11 y H;)Tll

jKeciH,[(e pema.1,115IJibTK Ti36eK Ken peT f\a iha.1aHaJlbI. HH1m11pne11y 

MeH Ti36eKTiH. ,[(OFapbIJIYbIHb!H, ;)PTYPJii MexaHH3M,[(epi ¥Cb!Hb1Jlf3H. 
IIapacpHH,[(epJliH. ra3,[(bl cpa3a)J,a TOTbJFYhIHbIH. MaHbl3JlbJ rnnaT

rnMaCbI MH,U)'KUl151JlblK Ke3eH, 60Jib!D Ta6bIJI3,[(bl, OJI 6ipHewe ceKyH.LJ.
TaH 6ipttewe caraTK:a .n:eH:iH co3hlJIYbI MYMKiH. OtthIH ¥3aK:TbffhI TeM
nepazypattbI apTTb1pra11.n:a HeMece npoMornp (nep0Kc11mep )((;me 
T.6.) l\OCl\3H)J,3 a3351)J,bl. 

YwittwiJiiKTi anK11JI.n:ep.n:i1-1. rn.n:ponepoKrnmepi bIJJ:b!paratt.n:a 
aJI)l.bIMeH 0-0 6attJI3HbICbl Y3iJie.[li, CO)J,aH COlc( nepOKCl1.[lTiK TODK:a 

U-)((3F.[l3H.[la 6onaTb!H KeMipTeK aTOMbIMeH 6ac1<a pa)J,HKaJI)J,apra 1<a
para11.n:a ;)JICi3.n:ey 6aH:naHbICK:aH pa.n:11Kan 6enitte.n:i: 

CH3 
············r·· .. ·. 

CH3-C-010H ~ CH3COCH3 + · CH3 + ·OH 
I 

CH3 

YwittwiJiiKTi aJIKHJIJ:lep.n:ilc( CHMMeTpIDIJihI eMec rn.n:ponepoK
c11.n:Tep,l:lilc( eH, ;)JICi3 6aHJI3Hb!Cbl c - c 6oJia)J,hl , OJI KeMipTeK aTOMna
pbIHbIH. C3Hbl Ken aJIKMJI.LJ.1 ¥CTan T¥P3.LJ.bl. 

EKiHwiniKTi pa.n:11Kannap.n:h1tt: rn.n:porrep0Kc11mepi 6ipttewe 6a
FbITTap 6ottbIHUia hI.ll:bipaH:.n;br. TeMettri TeMrrepazypa.n:a Kern11.n:ap 
ry3ine.n:i, coHbIMeH l\3Tap cn11prrep aJibIHa.n;bI, ;)cipece KaTaJIH3aTop
nap (KenBane11rri MeTannap) 1<aTbIChIH.LJ.a. TeMeHri TeMrrepaTypa.n:a 
bI.ll:bipay Keneci C¥JI6a 6ottbIHWa )Kype.n:i: 

CH3 
\ 

I 
CH3 

CHOOJ......_---< 
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C + ·OH+Me2
+ 

I \ 
CH3 0 · 



CH .1 H CH, CHJ CH3 
\ I I \ \ I 

c + CH OOH ~ CHOH+ ·C-OOH 
I \ I I I 

CH3 O · CH3 CH3 CH3 

)l{oraphr TeMrrepaTypa,Ua fa3,IJ,hI cpa3a,Ua y3irry 0-0 6aiinaHhIChI 
6oi1hIHWa :>Kype.lli :>K::lHe ywiHwiniKTi anKHn,Uep,UiH: rn;::i;ponepoKcH.ll
TepiH.lleri CH51K,Tbl OITeKneH Kepwi 6ai1JiaHhlCTap,[l,hlH: ett: ::lJICi3i c -
c 6ai1naHhICbl 6oi1hIHllla :>Kype,Ui. 0¥Jl :>KaF;::i;ali;::i;a TOThIFY eHiM,Uepi 
aJih,UerH)lTep 6onhrn rn6hrna;::i;hi: 

CH3 
\ 

.... 
... ·· 

CH-O~OH ~ CH3CHO + ·CH3 + ·OH 
I . 

CH3 

EipiHiuiniK a.TIKHJI;::i;ep.llif( rn;:i;porrepoKCH.llTepi ;::i;e eKiHllliniK an
Kirn;::i;ep.llif( rn;::i;ponepoKCH,llTepi CU51K,Tbl bl,llblpali;::i;hr. M¥tt;::i;a TOThIFY 
eHiM.llepi anh;::i;ern;::i;Tep 6ona.uhr. 

~ : 

CH3CHO + H10 

------ CH3CH20H + 0 · 
~--• CH3CH20 · +·OH 

-!-
· CH3 +CH20 

KeMipcyTeK MOJieKynaChIH.UaFhI orreKTiH, ::icepi anraIJJ 6aFbIT
TaJiraH OphIH.[(hl rn6y, opraHHKaJihIK, XHMH51.[(aFhI K::l.lliMri TYCiHiKTep
re c::iliKec KeJie.lli, arnn attTK,aH.lla, el{ aJI.UhIMeH orreKTiH: ::icepi ynriH
winiKTi KeMipTeK aTOMhIHa, COCbIH eKimuiniKTi, CO.[(aH COE( 6ipiHllli
JiiKTi KeMipTeK aTOMhrna 6ona,UhI, 6¥JI C-H 6alinaHhIChIHhIH: ::inci3;::i;e
HY r<,arnphrna c::iliKec. 

MernH :>K::iHe OHhlH: roMonorraphI ra3.llhI cpa3a,lla orreKITeH 
250°C :>K;me o,UaH :>Korapbr TeMneparypa,Ua peaKl(mmaca.uhr :>K::iHe 
MYMKiH 6onaTbIH TOTbIFY eHiM,UepiHi« el-{ T¥par<,TbmaphIH: CITHprrep, 
aJlb)J.enI.[(Tep, KeTOH,llap, K,bllllK,bIJl)J.ap :>K::lHe OKCH)J,Tep Ty3e.[(i. )Kora-
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pbl K8MipcyTeKTepJJ,e ;:ipKawaH 11a K8'\lipcyTCKTepJ.i H Ti36eriHiH y1i
nyi 6onaJJ,hI )K;:i1-1e on 6acrnnKbI Kei\1ipcyTeKTi Ke:-.1ipTeK aToM11apb1-
HhIH; caHbIH.UaH OTTeKK.¥paMJJ,hl l\OChlJlhlCTap.UbI!c( Menwepi naHJJ:aJibl 
TOThIFY eHiM.uepiHilc( )J(aJ1nhI M8JIWepittiH; a1.uarnH 6eniriH K.¥PaH.IJ,hl. 
EaprrhII\ KeMipcyTeKTepJJ,ilc( iwitt.ue ett. KHhIH TOThIFaThIHhI MeTaH 60-
Jih!Il rn6hrna.uh1. MernHHaH 6yrnHrn 6ipTiH.uen KewKeH.ue TOTbIFY
JJ,hm )J(ett:in.D:irriri aprn.uhr. PeaKQH51 6acrnny aJI.UhIH.Ua, ;:i.uerre, 11H
,UYKUl15!JihII\ nep110,U 6aHKaJia.IJ,bI. 

M¥ttaHXl1Ml151Chl ywiH MeTaHHhIH, TOThIFYhI ( cpopMaJih,Uern,U )!(;:)
He MeTaHOJI any) )!(;:)He )J(OFaphI napacp11tt.uep,UiH, TOThIFYhI (Matt Khlill-
1\hIJI,UapbIH any) Kh13hil\ThrpaI< 6orra,Uhl. 

MeTaH.UbI (rn6nFu ra3UbI) <J>opMaJibUeruu JK;me MernttoJI 
aJiy yrniH ra3<J>a3aJibl1' TOTbI1'Tb1py. MernH aTMoccpepanhII\ KhI
ChIM,r:i;a 600°C-,UeH rnMeH TeMnepaTypana atirnprrhIKTaH )J(hIJI,UaM
,UhII<:nett TOThII<:natt,UhI, an cpopMaJih,Uern,U 6onca, 6¥JI TeMnepaTypa
)laH e.r:i;dyip TeMeH TeMneparypana hI,Uhipati 6acrnti,UhI. MernH TO
ThII<:I<:att.r:i;a MhIHa,Uati peaKQH51Jiap )Kypyi MYMKiH: 

CH4 +Yi 02 ~ CH20 + H1 (1) 
CH4 + Yi 02 ~CO+ 2H2 (2) 
CH4 + Yi 02 ~ CH30H (3) 
CH4 + 02 ~ CH20 + H10 (4) 
CH4 + 202 ~ C02 + 2H20 (5) 
CH30H +Yi 02 ~ CH20 + H10 (6) 
CH20 ~ CO + Hi (7) 
CH20 + Yi 02 ~co + H10 (8) 
CH20 + 02 ~ C02 + H10 (9) 

CH20 +Yi 0 2 ~ HCOOH ~ C02 + H1 (10) 

ToTbIFy.D;bIH; MexaHH3Mi TeMett.r:i;eri.r:i;eti 6orryhl MYMKiH: 

-650°C 

CH4 + 02 ~ ·CH3 + H-0-0 · 

· CH3 + 02 ~ CH3-0-0 · 

C14 + CH3-0-0 · ~ CH3-0-0-H + CH3 · 

C 
CH20+H20 

CH300H~ 
CH30H +Yi 02 
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<Do1rna.1b_llTILJ.TiH iKOraprbI Wblfbl~!D,b!Jlblfbllla )KeTyJJ,iil Heri3ri 
KJ1blH,L\blfbl OJI OHblH, (7)-(10)-peaKUH5!iiap 6o~ibIHWa hl,L\blpaybJH TOl\
TaTY l(a)KeTTiniri K;:>JJ,iMri l(b!Cb!M,.'J.a Ty3iJJeTiH cpopMaJJb,JJ,ern:,JJ, Merr
wepi Menm cmtpTiHiH; MenwepiHeH KYPT apTa,ll,bI. l\bICbIM,JJ,bI apT
Tbipratt,JJ,a JK;:>He CH4 :0rHiH; JKOrapbI I\aTbrnacrnpbrn,JJ,a peaKQH.sIHbIH; 
Heri3ri eHiMi MeTaHOJJ 6onaD,hI. 

MeTaHLlbI JKoramyra ;:iKeJJeTiH (7)-( 10) - JKaHaMa peaKQtt.sirrap
,JJ,bIH JKypyiH weKTey ywiH 6ip aHHaJJbIML\a TypneHy,JJ,iH; a3 ,JJ,;:ipeJKe
ciH,JJ,e JK;:>He ra:J I\OCrracbIHbIH. peaKTOp,JJ,a eTe a3 yal\hIT apanbIFbIH,JJ,a 
60.JiaTbIHLlatt eTiII )K¥MbIC iCTey KepeK. nap M;)JiiMeTiep KaTaJIH3a
TOp,ll,b!H; 6¥JJ peaKutt.sira aiirnp.JibIK:TaH ;:icep eTrreiiTiH,JJ,iriH KepceTe,JJ,i. 

MernH,JJ,hl TOThll\Th1py apl\hlJihl ct>opMaJihL(ernL(Ti OHAipyAiH. 
6HepKacinTiK yAepici. <I>opMa.Jib,JJ,erttnTi )K;)He MeTaHOJI,lJ,bI MeTaH,JJ,bI 
TOTbIK:Tbipbm ett,JJ,ipy,JJ,iH; eHepK;:icirrTiK ynepiciH )Kacay 6acTarrl\bI 
wttKi3aTTbIH; (MeTaH, aya) ap3aHLlblfbIHaH K:bl3b1rapnbII\ H;:ipce 6onhm 
rn6brna,JJ,bI. CH20 )K;:itte CH30H any MaK:caTb1MeH MeTaH,JJ,bI ra3cpa3a
.JibIK: TOTbll(Tbipy TypaJJbl 6ap ;:ine6tteTTiK )!(;}He naTeHTTiK M;)JiiMeT
Tep 6ip-6ipitte 6ipwaMa K:apaMa-Kapcb1 6onbm Keneni. E>yrittri Tatt:,JJ,a 
MeTaH,lJ,bl TOTb!l(Tblpbm MeTaHO.JILlbl any ,JJ,b!H; ettepK;:icirrTiK )f(apaM,JJ,bl 
( eH; a.JI,JJ,bIMeH ::>KOHOMHKaJJbIK: K831\apac 6otthrnwa) ;:i,JJ,ici )Kacanratt 
)KOi( ,JJ,err ai1Tyra 6ona,JJ,bI; MeTaHOJJ,JJ,bIH; WblfbIMbI 10-15%-,JJ,aH c;:in-al\ 
acaTbIH Kei16ip )KeKe T;:>)Kiptt6eni-ettepK;:icirrTiK K,OH,JJ,blpfbrnap 6ap. 
CoHLlbIK.TaH K,a3ipri Ke3,JJ,e 6¥JJ ;:i,JJ,icrreH MeTHJJ crrttpTiH ett,JJ,ipy OHhI 
CHHTe3-ra3,JJ,aH anyMeH caJJb!CTb!praH,JJ,a THiMCi3. 

<t>opMa.Jib,JJ,erH,JJ,Ti Heri3iHeH CHHTe3-ra3,JJ,aH aJibIHaTbIH MeTaHOJI
Llbl nern,JJ,pney apK.bI.JibI ana,JJ,bI. 8HepK;:icinTiK Macwrn6rn cpop
MaJib,JJ,ertt,JJ,Ti MeTaH,JJ,bI HeMece CyC4 arrKattnap,JJ,bI TOThIK,Tbipbm Ta 
ana,JJ,bl. 

)J{orapbILla KepceTinreH,JJ,eH, Y!eTaH,JJ,bI TOTbIK,Tb1praH,JJ,a cpopManb
,JJ,ernmi H; ry3inyi )K;:itte OHbIH; bILlbipayhI [(7)-(10)-peaKQH.sIJiap] e3apa 
canb1CTbipManb1 JKbIJI,JJ,aM,JJ,bil\TapMeH ~e,JJ,i. CoH,JJ,bIK,TaH cpopManh
,JJ,ertt,JJ,TiH; MYMKiH 6orraTbIH bI,JJ,bipay peaKQirnrraphrn 6orr;:i;b1pMay 
yrniH y,JJ,epiCTi CaJibICTblpMa.Jibl a3 )KaHacy yaK,bITbIH,JJ,a (1 C-TaH a3) 
)K;:>He MeTaHHhm oTTeKKe j\aTbrnacb1 Kerr 6onraH;:i;a (3-TeH )KOrapb1) 
)Kypr13y KepeK. 

ATMoccpepanbIK. l\bICbIM,JJ,afbI ettepK;:icimiK y,JJ,epic Kerreci Ke3eH:
nep,JJ,eH T¥panbl: MeTaH,JJ,bI ayaMeH apanacTb1py, K,ocnaHbI 400°C-K,a 
nei1iH K.bl3,JJ,b1py (peaKTop,JJ,aH lllb!faTbIH ra:J,JJ,ap,JJ,bIH: )KbIJIYbIHbIH; ece-
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6iHeH), a30T OKCl1)J,TepiMeH apa.:1aCTblj)Y (waMaMeH 0,01 % KeneM;:iiK), 
600°(-)J,e peaKL(H51clb!I( newTe e3iHill TOThltyhl, peaKUH51 eHiMJepiH 
200°C-re JJ,ettiH cyhlry (6¥-JT Ke1ne llIHKi3aT Kbl3.II,bipblJm.!U>1), a.LJ,cop6-
U:IDIJThII\ KOJIOHHa.LJ,a cpopMaJJb.II,ern.LJ,TiH. cy11b1 I<OCTia.LJ,aH 6eJJittyi )K;:rne 
peaKQH51JJacnaratt rm.II,apAbIH. (I<¥JJaMhIH.ITa CfL, CO, C02, 0 2 )K;me N1 
6ap rm.II,ap) peu,11pKym1u,H5lcb1. )l(mhIJJFaH q'.JJ6a 44-cyperre 6epiJJreH. 

<t>opMaJJb.LJ,ern,LJ,TiH. cyJJhI (5-10%-.LJ,bll\) epiTiH.LJ,icitt J<.¥MbipCI<a 
I(hilllK,hJJihIHbil-l m MeJJlllepitt KeTipy yllliH dKnett 6enrnpanrntt.II,bI )Kd
tte co.LJ,aH CO!-l l\hICbIM (4 aTM) acThIH.LJ,a ai1:.LJ,aH.II,bI. AJJhIHFaH .LJ,HCTHJJ
m1rra 34% cpopMaJJb.II,ern.LJ,, 3% MeTaHOJJ )KdHe 63% cy 6oJJa.II,bI. 
<t>opMarrh.LJ,ern.LJ,TiH. lllhIFhIMhI (100%-.LJ,hII<I<a ecenTerettJJ,eri) 1 M3 Me
TaH yllliH 120 r (lllaMaMeH 10%). 

<t>opMaJJh.ll,ern.LJ,Ti cyJJbI epiTitt.LJ,i tteMece OJ-latt TaCbIMaJJ.LJ,attaThIH 
K,aTThI napacpopMaJJh.LJ,erH.LJ, KyttiH.LJ,e natt.LJ,arratta.LJ,bI, OHhI BaKyyM.LJ,a 
cpopMaJJh.LJ,ernmil-l cyJihI epiTiH.LJ,icitt KOHU:eHTpJJey apI<hIIIhI aJia.II,bI. 

44-cypeT. MeTaHAbI cpopMarrb,a;ern.a;Ke TOTbil\Tbipy I<OHAbiprb1CbIHbil-l qUI6acb1: 
I - KOHBeprnp; 2 - lKbJJJYa.JJMaCTblpFb!W; 3 - CHXpOMa.Jlllbl T)'TiKTepi 6ap peaKTop; 

4 - C)'blTKbJIII; 5 - lKYFb!W KOJJOHHa; 6 - lllHKi eHiMni Ka6w1naFbllll ; 7 - 6eihapamayra 

apHa.JITaH Cb!HblMllbJJJblK; 8 - lllHKi epiTiHnire apHa.JJFaH Cb!HblM)lblllbIK; 9 - COHFbl eHi~'l.ili 
JKHHaFhtrn; l 0 - JKerrneTKilll. l - aya; lI - lllbIFaTLIH raJ 

JKornphl napa<l>HH.II,ep.II,i ayaMeH C¥iihrn~<l>aJaJihI1' TOThI1'ThI
py. )l(orapb1 napacpHH.II,ep.II,i Mali I(billlI<bJJI.II,apbrna TOThII<Tbipy y.LJ,e
picTepi 6¥PhIHHaH 6emi11i. OJJap dpTypJii ettiM.II,ep arryra MYMKitt.LJ,iK 
6epeTitt.LJ,iKTeH, oJJap.II,bI Y3.LJ,iKci3 )KeTiJJ.II,ipin OThipa.II,hI. 
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5-)CI y;..1cpicrqui1-t Heri3ri ~taKCaTbI 1Kyn1w '3anap eHmp1c1He 
KOJJllaHb!JlaTblH rn611n1 MaH.nap.LJ.bJH, ( c 12-C J 8) qpaMbll!a KipeTiH 

KhIWKbIJIL(ap)J,bI any 6onhrn rn6hIJ1anb1. COI-lfhI :>KhIJI,ll,apbI K:aHbII<J<:aH 

cn11prrep.ui (C12-C 1s) :>K;rne )J,HKap6oH KbIWKbIJl.IJ.apbIH 8H.IJ.ipy OCbl 

y.[(epicneH KeH:eihinL(i. 

)l{orapb1 napaqrnH.uepi qtthIK cpa3a.ua TOThII\TbipraH.ua Heri3i

HeH (50%-ra )J,ettiH) Matt KhIWKhlJIL(apbl Ty3ineTiHi, onap,UbIH. K¥Pa

MbIH,Ua KeMipTeK aToM.uaphI w11Ki3aT1<:a KaparaH.ua eKi ece a3 6ona

ThIHhI aHhIKTaDL(hl. Mh1canb1, KeMipTeK aTOMbIHbUJ: caHbI 35 6onaTbIH 

napacpHH.[(ep.ui C 35H72 (neHTaTpHaKOHTaH) TOThII\ThipraH.ua KeMipTeK 

caHhI 16 :>K;rne 18 6onaThIH KhIWKhrn.Uap Ty3ine.ui, TOTbIFY eHiM.ue

piH)J,eri aHblKTaJJfaH KeMipTeK aTOMbl eH, Ken I\blllIKhIJl)lbIH. .K¥Pa

MbIHL(a 22 aroM KeMipTeK 6ona)J,bl. feKcaneKaH (C 16H34) (u,ernH) TO

ThIKKaH.[(a KeMipTeK aToM.uapbI 6-9 6onaThrn KhIIIII\bIJI.II.ap ry3ine.ui. 

o)J,eTTe, KeMipTeK aT0Mnapb1 18-30, MoneKynanhIK canMarhI 

280-400 :>K:me 6an1<:y TeMnepaTypachI = 48-52°C 6oJiaThIH napacpHH

.II.iK K0MipcyTeKTep.II.i TOTbII\Tbipa)lbI. 

IlapacpHH)lep.uitt: C¥HbIK. cpa3a.ua OTTeKneH TOThlfYbI OJiap)lhlH: 

ra3.Uhl cpa3aL(afbl TOTbIFY MexaHH3'.\fiMeH :>KYPe.ui: 

\ 02 

CH2_.. 
I 

\ 
CH OOH 
I 

\ 
co 
I 

\ 

l\bIIIIKbIJl.llap 

CHOH __.. I\bIIIIK:bIJI.Uap 

I 

K,apanaifbIM ¥JblH Ti36eKTi Mall KbIIIII\bIJl.[(apbIMeH 1<:arnp KeTO

)K::JHe OKCHl\bIIllK:bIJI.Uap, naKToHnap :>K::JHe oKCHl\bIIlll\bIJl.Il.ap,n:b1tt: KYP
.ueni ::icp11pJiepi ry3ine.ui. 

)l(ornpbI Maii: 1'hllll1'hIJI.UapbIHhIH; ou.uipici. 8HepK::icime :>KO

raprbI napacpHH.Uep.ui TOTbll\Tbipy y.uepiciH nepHO.[(Tbll\ :>K::JHe Y3.II.iK

ci3 ryp,n:e :>Kypri3yre 6ona)lbl. K,a3ipri Ke3.ue nepwo,n:TbIK: y;:i;epicTep 

6achIMbipaK.. 

T OThil\Tbipy .[(hi aJIIOMI1HHtt.UeH :>KacanraH, Cb!HhIM.[(hIJibIFbI 8-12 
3 ~ . . . 

M BepTHKaJlb,IJ,bl KOJIOHHanap)J,a :>Ky3ere acblpa.Ubl, 0HTKeHI KIIIIIMO-

neKynanbJK. KhIUIKhIJI,IJ,ap KYWTi Kopp03mlfa ¥U1b1paTa,1J,bl. ToTbiry 
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)!(bJJlY.L\bIIl Ken M8JlWepiH Wbirapy apKbLlbI ;Kype;:i,i. Mb1canbL 
l\bIW!\bIJI,IJ,bII\ CRHbI 70 Mr KOH/r-ra Tel·\ OKCH;J,RTKa ;:i,ei1i11 TOTbIK-
1\aH.n:a l Kr TOTbII\I\aH napaqnrnre 2095 K.ll.)!( 6eniHe,lJ, i . KonoHHa
nap,lJ,bIH, )KbIJIYbIH onapra 6eKiTinreH, cyMeH cybJTbIJiaTbIH ttpeKTe
Menep apl\bIJibI IIIbIFapa;:i:h1. KonoHHanap;:i:afbr I<bICbIM aTMoccpepa
JibII( 6ona;:i:br. ToTbIFY ¥3al(Tb1Fbl - 20-24 caF. EepinreH irniM;:i:iniK
Ti I(aMTaMaCbI3 eTy yIIIiH eHepK;:)CinTiK KOH,lJ,blpFbIJiap;:i:bIH: 6ipHe
IIIe peaKTopnapbr 6ona;:i:b1. 

ToThII(Tb1praH;:i:aFhl arrhrnraH oKCH,lJ,aT IIIHKi3aThIH co;:i:aMeH )IGl

He cimiMeH eri:;:i:ett,IJ,i (6¥JI y;:i:epicTi ca6bIH,lJ,aH,lJ,bipy ;:i:en arny I<:a6hrn
,lJ,aHraH). Matt I(hlIIII(hIJI,lJ,apbr )!(hIJI,lJ,aM 6ettrnpanrnHa,lJ,hl )!(;me ca-
6hrn;:i:hr epiTiH.uire attHarra;:i:b1. OrreKI(¥paM;:i:hr eHiM,nep I(Ocnach1 6ap 
TOTbIK,naraH napacp11H 6onhm rn6bIJiaThIH I-ca6hrn.n:arrMattThIH,IJ,ap 
TOThIFyra I(attrnphIJia,lJ,bl. illHKi OKCH,lJ,aTTa Matt I(blillKhIJI,lJ,aphIHaH a3 

MeJIIIIep;:i:e 6acl(a r11.upoKCHI<hIIIII(hIJI1J:ap, 3cjrnprrep, rraKTOH,nap, Ke
TOH;:i:ap MeH c1111prrep 6orra.n:hr orrap I(aTarr )!(aF,lJ,attrrap;:i:a ca6bIH,lJ,arra
IJ:bI. E¥JI K,OCbIJibicrnp napacpttHHiH, a3,lJ,araH MerrIIIepiMeH 6ipre 6eT
Ti-aKTHBTiK K,actteTTepi 6orraTbIH ca6hIH,lJ,bl epiTiH;:i:i.ue )!(al(CbI epw;:i:i. 
Onap,nhr arrbICTaTY KepeK, ettTKeHi orrap ca6bIHHblH. )j(YfhIIIITbII\ )j(;:)
He Ke6iKTY3riIIITiK ;:)CepnepiH HaIIIaprraTa,Uhl, oraH )f(aFhIMCbl3 ttic 6e
pe.n:i (dcipece rn.n:poKCHI\hIIIII(bIJI.Uap ). OcbI Mal\carneH ca6hIH,lJ,hI epi
TiH.n:ire 320°C-.n:e TepMoeH,,lJ,ey )!(ypri3e.n:i ; H;:)TH)KeciH.n:e «)Kal(capTy» 
)Kypri3irre,lJ,i, naKTOH;:i:ap )K;me KeTOHJJ:ap ca6hrn;:i:arra;:i:h1, arr rw;:i:poK
CHI\bIIIII\hIJI,lJ,ap ;:i:er11;:i:paTaIIH5IJiaHa,lJ,hI: 

+ NaOH 

RCH2 - fH - CH2 - COOH _ HiO RCH =CH - CH2 - COOH 

OH 

TepMoeH,,lJ,ey;:i:e ca6brn;:i:anMaraH eHiM.n:ep (Il-ca6brn;:i:arrMattTbIH
;:i:ap) ca6bIH,lJ,bI epiTitt;:i:i;:i:eH ca6brn;:i:aFhI cy;:i:hrH, 6yrraHyhrnaH Ty3irre
TiH HeMece apHattbI 6epirrreH aca K,bI3FaH 6yMeH att;:i:arra,lJ,bl. ll-ca-
6bIH.[{aJIMaHThIH,lJ,ap.[{a napacpttHHeH 6acl\a Heri3iHeH cm1prrep 6orra
IJ:hl. KoH.[{ettcautt51,lJ,aH )l(dHe cy.uh1 aH:brpraHHaH KettiH II-ca6hrn;:i:arr
Mai1TbIH.Uap TOThrryra I<:attTaphma.[{hI. 
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i\faii KblWKhLl)],apbll-l an y_'.lblll TCXIIOJ10rl15IT!b!K C¥-10aCbl 45-cy

peTTe KenTipinreH. (l) ChIHbIMiJ.hIJibIKTa µ,a51ps1anran xarn.iHI3arnp

Jlbm cynbr epiTiHJJ,icin napaqrnHMeH (2) annaparra apanacTbipa;lhI; 

15%-JJ,hl nepMaHraHaT epiTiHJJ,iciH (6ip )KYKTeMeHill 0,1-0,3%-ra) 

120°C-re JJ,ettiH KhI3JJ,hiphmran napacp1rnre ettri3eJli. IlapacpHHHiH Ka

TamnaTopMeH l(OcnachI TOTbll(Tb!pFbIW KOJIOHHara (3) )Ki6epiJieJJ,i, 

oraH Ta3apThmrnH aya 6epeJli. KonOHHaJlaFhI TeMnepaTypaHhI 105-
1150( eTin KhI3JJ,hipFhIW )K;;>He cyhITKhIW HpeKTeMenepiMeH ¥CTan 

T¥PaJlbl. liHJlYKUIDIJihII( nepHO.U yal(b!ThIHJla (2-3 caF.) T0MeHri HpeK

TeMere 6y )Ki6epin, KOJIOHHara )KhIJIY 6epeJli. 

45-cypn. Ilapaqmmii TOThil\Thrpbm JKOFaprhI :.faH: l(bIIIIl(bIJUJ;aphIH 

aJI)'LlhlH TeXHO;lOflULlblK q 1J16achr: 
I, 14, 15 - c1>1rrb1MnblJihII<Tap; 2 - apanacTbipFbIIllTap; 3 -TOTb!KTblpFb!IlI KOJIOHHa; 

4, 19 - C}'blTKbllllTap; 5 - ceneparnp; 6 - lK)'fbllll CKpy66ep; 7 - JKHHBFbIW ; 

8 - KOKblpT¥ffnb1pF&IIII; 9, 16 - JK)'fbllll Konottttanap; I 0, 11 - ca6hlttna.ttnb!pfbllllTap; 

12, 18 -T¥JlnblpFLIIIITap; 13 - nelll ; 17 - ;K\ITKb!IlI KOJIOHHa 

KoJIOHHa,ll,aH eTin, aya e3iMeH 6ipre cy,ll,hIH TeMeHri MoneeyJia
JlhIK KhIWKhlJl,ll,ap,uhill 6ynapbrn )K;;>He 6acKa ¥WKhilli 3arrap,ll,hI anhrn 

KeTeJJ.i, onap ( 4) cyhITKhIWTa cyhIHJJ.hI. KoHJleHcaTThI (5) ceneparnp

JJ,a 6enin anhm, (7) )KJrnaFhIWI<a 6aFhITTatt.II,hI. CyhIThrnFaH ayaHhI (6) 
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Kono1rnaJJ.a iKY3JJ. bI iK;:iHe neuJKe 11<i6epe.::r.i . 011.:i,a Kocna eKi - iKOrap
fhI (Mai1nh1) iK;:)He rnMe11ri ( cy.1 b1) Ka6aTKa 6eniHeJJ.i. Cynb1 1<a6anb1 
He )J(HHaMJJ.bl, He (9) KOJlOHHara OKCH,ll.aTTbl )J(yyra )J(i6epeni. D¥JI 1<a-
6arra C1 -C4 l\hIWl\h1J1JJ.aph1 .n:a 6onyh1 MYMKiH. 

0KCHJJ.aT peaKTOpJJ.aH (8) KOl\hIPT¥HJJ.b!pFb!Wl(a, an OJ1 )J(ep.n:eH 
cy.n:a epttTiH TeMeHri l\hIWl\hIJIJJ.apJJ.hI 6e11in any ywiH )!{YfhIW (9) KO
JIOHHara 6arhITTanaJJ.hI. Ko110Httara )J(att,a cy )!{;~rne )!{JIHaFhIWTaH (7) 
cynhI KOHJJ.eHcaT 6epyre 6011aJJ.bI. )KyhrnraH OKCHJI:aTThI (10) ca6bm
.ri:aHJJ.bipFbIWl\a )!{i6epe.n:i , OHJJ.a KhIWKbIJ1JJ.ap.n:hI 25% COJJ.aHb!H, epi
TiHJJ.iCiMeH 90- l 00°C-JJ.e 6ettrnpamaHJJ.hlpaJJ.bl ( ca6bIHJJ.aHJJ.bipy JJ.bJH, 
6ipimni 6acrran.n:an1), co.n:aH cott, ( l l) annapaTI<a )!{i6epe.n:i, OHJJ.a 
ca6hIHJJ.aHJJ.hipy yruiH HaTpttM: cimiciHiH. epiTiH.ri:iciH naM:.ri:anattaJJ.hJ 
(eKiHrui 6acrran.uarbr). Ca6bm.n:a11raH ettiM (12) T¥HJJ.brprbrrurn 70°C
.n:e I<a6arrapra - TOTbII<naraH napacpttH (I-ca6bm.uanMattTbIHJJ.ap) 
)!(;:me ca6brn epiTiHJJ.icitte 6erriHe.ui. 

Ilapacp11H TOThlryra 1<aihapb1J1aJJ.bI , an ca6hm 2 MIIa KbIChIM ac
TbIHJJ.a TyTiHJJ.i ra36eH J<h13JJ.bipbrnraH ( 13) neruKe 6epi11e.n:i. IleruTiH: 
TeMrrepaTYPaChIH aJJJJ.bIMeH 180°C-re .ueJ:iiH, cocbm 220°C-re .ueJ:iitt, 
el{ COH,bIHJJ.a 320°C-re JJ.ettiH 6ipTiH.n:en KeTepe.n:i . IleruTeH KettiH ca-
6brn I<aJJaHrnra opHaThIJ1FaH 6y11aHJJ.hipFhIWKa TYCeJJ.i, OHJJ.a aTMOC
cpepa.rrhII\ l\bICbIMJJ.a II-ca6brn.n:a.rrMattThIHJI:ap aca Kh13FaH 6yMeH 
aH:na.rraJJ.bI .n:a, ( 1 7) ~TKhirn KOJJOHHara eTeJJ.i. KoHJJ.eHcaT )!{;:iHe cy 
(18) T¥ffJJ.blpFblllIKa Tyceni, OJJ.aH II-ca6bIHJJ.aJ1Mai1Th!HJJ.ap TOTbIFyra 
I<attrnpbrna.n:bI. 

l\¥pral\ ca6bIHJJ.bl (14) Cb!HbIMJJ:bIJibll(Ta HaTpHH cyJibCpaTb!Hbll{ 
cyJJhl epiTiHJJ.iCiMeH C¥HhIJITaJJ.hI, COJJ.aH COH, ca6h!HJJ.b! )J(eJJiMJJ.i ( 15) 
ChIHbIM;::i:blJihil\Ta 92%-J],bll( KyKipT l\b!Il1Kb!J1h!MeH 100°C-.ri:e )!{;:)He 
KYllITi apa.rraCThrpa OThiphm bIJJ.biparnJJ.hI. Matt KhII11Kh1J1Ji:apb1 MeH 
HarpHM cy11bcpaTb!Hb!H, KOCnaCbIH cyMeH ( 16) KOJ10HHa.n:a )J(yaJJ.hl. 
)KybrnraH l\bIIIIl\bIJIJJ.ap.n:br aH:.n:ayra )J(i6epe.n:i (c¥JI6a.ua KepceTimeH). 
Ca6brn;::i:hI )J(eJiiMJJ.i KyKipT l\bII11KbIJibIMeH 8H,JJ.ettTiH anrraparrapJJ.bI 
KOpp03IDIJJ:aH !\Opray ywiH cpyTepnei1.n:i. 

ArrbIHaTbIH l\blllil\blJIJJ.apJJ.bl ai1.n:ayJJ.bI l\OHJJ.blpMaCbl KOJIOHHana
pbI 6ap Ky6rnpna )J(y3ere achrpaJJ.hI. Ky6rnp l\hillIKh1J1ra Te3iMJJ.i 
IIIOMhIHHaH, arr ttpeKTeMenep MeH KOJ10HHa.rrap TOTbil(naHTblH 6oJiaT
rnp.n:aH )!{acana.n:hr. I\hillIKh1J1JJ.apJJ.hJH, MOJieKynanhII\ Maccanaphr apT
K;aH catthIH TeMnepaTypaHhI apTTbipaJJ.hI )!(;,me Ky6rnp.uarhI KaJJJJ.hII\ 
l\bICb!MJJ.apJJ.bl TeMeHJJ.eTeJJ.i (6-KeCTe). 
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Ky6Thm 

N2 

l 
2 
3 
4 
5 
6 

Ail;1ay n-.:anaii.iapb1 ;i-;;llle n-.:on1prb1 Maii 
J\blUJl\bl.'liI3pb1Hbll{ UlbltblMbl 

Te~me- l\alL{blK l\blWKblJJ)lap 

paTy pa, °C KblCbl:VI , I1a <)>paKUHl!Cbl 

160-180 266-400 Cs-C6 
170-180 26,6 CrC9 

185 20 Cw-C13 

200 20 CwC16 
280 20 Cn-C20 
310 20 >C20 

I\blWKb!Jl)lap-

.llblH WblFblMbl, 

% (Mace.) 

6ip 

lKYKTeMer e 

4-5 
12-13 

-

65 
-

4-5 

Y .n:epiCTiH: 3KOHOMHKaJibIK KepceTKiunepiH II-ca6bIH.D:anMatt
TbIH.D:ap,n:b1 cn11prrep any yruiH nai,f.n:ana ttbm )!(:me cynhl KOH.n:ettcar
TaH ( CKpy66ep.n:eH) )!(;me OKCH.II,aTTbl )!(YFaHHaH KettiHri )!(YFaH cy
.n:aH TeMeH MOJieKynanblK KbllllKbrn.n:ap.n:br 6enin any apl\hlflbl )!{aJ\
capryrn 6ona,n:b1. 

JKornpbt Matt cnuprrepin 0n~ipy. Cn11prrep.n:i napacpttH)li 
(275-320°C cppaKUHHCb1) TOTbIKTb!pbm ana,n:h1. Ott,n:aFhl apoMaTThll\ 
KeMipcyreKrep.n:iH: Menruepi 0,5%-.n:att acnayh1 r11ic, <inrnece TOTbIFY 
y.n:epici )!(ypMen.n:i. EH: )!(apaM,n:b1 rnHKi3aT cuHmUHHil/ 275-320°C 
cppaKUHHCbI 6onhm ra6hrna.II,bl, 8HTKeHi OH,n:a apoMaTThlK KeMipcyreK
Tep 6onMai1,n:bI. ToTbIFYLl:bI l 65-170°C-.n:e 3-5% orrerici 6ap a30T
orreKTiK I<OcnaMeH )j(ypri3e,n:i. Ton1rnThIH ra3LI,hIH: lllhIFbIHhl 1 Kr 

napacjrnttre 6ip carnrra 500-700 n 6onaLI,bl. Bop KbilllKblITbI l\aTh1cy
bIH,n:a Ty3ineTiH CIIHpTTep TpttanK11n6oparrap 3cp11piH (R0)3B 6epe.n:i, 
HHH TOTbIFY TypnettynepittiH: Ti36eri CIIHprrep.n:iH: ry3iny CaTb!ChlH
.n:a y3ine.n:i .n:e, y.n:epicTiH. ceneKTHBTiniri ophm ana,n:h1. Bop K,blllll\hI
nhIHbIH. lllbIFbIHbl napacpHHHiH. 5%-bl 6onaLI,bl; OHbl peaKUHH attMa
FbIHa KeMipcyTeKTep.n:eri cycnett3HH Typitt.n:e 6epeLI,i. 

ToTbIFY y.n:epici KeMipcyTeKTiK Ti36eK y3iJIMeff )j(ype.n:i, COH
Ll:hll(TaH )!(0Fapb!MOJieKyJiaJihlK Matt crmprrepiH anrntt.n:a TOTbll\ThIPY 

'C mITHH - co lK::>He H 1-JleH CHHTeJnen aJibIHfaH napacjHIHJliK KSM ipcyreKTepniH KOcnaChl. 
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ywiH ,LJ, ~nenb OTbIHD,apbIH .uenapacjrn11;:r,er e11.ue anb11-1aTbIH ;Ke1i i.1 na

pacpttH,D,ep.IJ.i naj,i,iJ,aJJaHyra 6ona.nb1. T0Tb1ry y.uepic i1-1e, l\bIWKbL1;:i,ap
ra .ueifiH TOTblfY )Kar.uaiinaphIH.Uafbl CJUIJ<:Thl , ra3-TOTblI<:TblpFbllll neH 
napaqnrnHiH, )KaHacy 6eTi ;:icep eTe.ui, COH.UbIJ<:TaH TOThll<:ThipFbllll KO
JJOHHaHbl K,HMaChl 60HhIH!lla ra3 afhIHbIHaH HeF¥PJJhIM Maif.ua 60JJb!Il 
6enllleKTeHreHi THiM.uipeK 6ona.uh1. 

ToThIFY peaKUHHChIH Mhma TeHJ1,eynepMeH Kepcezyre 6onaJ1,b1: 

3 R - (CH2)n - CH - CH3 
I 
OH 

IlapacpHH.Ui TOTbIK,ThIPYJJ:hl (2) KOJJOHHa.n:a ( 46-cypeT) 3-4 ca
FaT 6oiih1165-l70°C-.n:e )Kypri3e.ui (1). KonoHHara ChIHhIM.UhIJJhII<:
TaH 6op K,hilllK,hIJJbIHhIH, napacptttt.n:eri cycneH3H5IChIH, cott.n:aif-aI< 
napacpttH )K;:iHe ra3-TOThil(ThipFhIIll (aya) 6epe.n:i. illhIFaThIH ra3-

.n:ap (3) Kepi cyhITl\hilll apI<:hIJJhI KeTe.ui , oH.ua ra36eH IllhIFaThIH 
napacpttH TaM!llhrnaphI KOHLI,eHcauttHJJaHaJJ:hI. ToTbIFY aHI<TaJiraH.ua 
OKCHLI,aT ( 4) T¥H.UhlpFbl!llK,a KeJie.n:i, OH,Ua 6op Kblllll(blJJb!Hblli ap
Tbll( M0Jilllepi T¥HaL1,h1 ; I<:bIIlll\bIJJ.Uhili I<:anraH 6eniritt (5) ttyn:-cy3-
ri.ue cy3e.z:i:i. (6) Ky6rn peaKUHHra TycnereH 11apacp1rn.n:i aii,IJ,att.UbI , 
on (8) annapaTTa KhIIlll(bIJJJJ:ap,D,aH 6ocaTyra J<a)KeT 6onaTbIH,IJ,ai1 
eTin cinTiJieH,D,ipinreHHeH Ketti1-1 y,D,epicKe 1<attrnpbrna.n:hr. EopaT
rnp,D,hI aJI,IJ,hIMeH cyMeH (9) annapaTTa, co,IJ,aH COii cimiMeH ( l 0) 
annapaTTa 110°C-.n:e ca6b1HL1,att)J,bl. Co,IJ,aH COii (11) Ky6rn ca6brn
.n:anraH eHiMHeH cnttpTTep,D,i 665 Ila K.aJID,bIK. l(bIChIMMeH l 85°C-re 
.n:eil:iH ail:.n:ail:.n:h1, cocbIH att,IJ,ay.UbI cy 6yh1MeH 275 °C-re ,IJ,ettiH 266 
Ila I<:aJILI,hII<: I<:hIChIMMeH )KaJiracTb1pa.n:h1. ToTbIFY Tepett,.uiri 35-
40% 6ona.uh1. AJJbrnraH cnttpTTep.n:ili 80% -hma .uettiH eKiHilliJJiK

Ti H30Mepnep.n:eH T¥Pa.Uhl. l T CHHTHHHeH 670 Kr Matt cnttpTTepiH, 
115 Kr )K0Fapbl Mail: K,bIIIII<:bIJJ,D,apbIH )!(;:)He 124 Kr TOThIFY.Ublli Te

MeHriMOJieKyJiaJihII<: eHiM,D,epiH anyra 6onaD,bI. 
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l\ l' I L'1i11 rn·.uap 

l\Wlilbll( 

46-cypeT. )l(orapFbI Mai1 cn11prrepiH anynblH TeXHOJIOrHJIJibII< C¥JI6acbr: 
I - Cb!HblM.1lblJlbIK; 2 -TOThil(TblpFbIW KOJ!OHHa; 3 - Kepi C)'bITKblW; 

4 -T¥HllhipFbIW; 5 - H)'T"-cyJri; 6, 11 - KOJJOHHanapb1 6ap K)'6rnp; 

7, 13 - saKyyM-Ka6hrn.11arb1wrnp; 8, 9, I 0 - apanacn1pr bIWTapb1 6ap annaparrap; 
12 - KOHileHcarnp-cybITKblllJ 

2.4.2. /.(llKJUUlKQHOapObl momb11<,mb1py 
Haq>TeHJJ.epJJ.i TOThII\ThIPY,LJ,hIH, eH, MaH,bI3,ll,hI y,LJ,epici u;momreKcaH

,LJ,hI u;mrnoreKcaHOHFa )K;me a,LJ,HTIHH I\hillll\bIJihIHa TOThII\ThIPY 6oJThm 

rn6hIJia,LJ,hI. MHTIHH I\billll\bIJibIH umrnoreKcaHJJ.bI 6ip HeMece eKi caTbI

MeH TOThII\Tbiphm a.J.Ia,LJ,hI. AMbIMeH umrnoreKCaHOJI )K;me QMiillO

reKcaHoH ana,LJ,bI, COCbIH orrap,ll,bI a,LJ,HTIHH I\blllll\blJihIHa TOTbll\Tblpa,ll,hI : 

0 
11 

OOH 

~ 
CHi-CH2.:COOH 

OH I 
CHi-CHi-COOH 

/ 
0-0 
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Ul1KJI01eKcaHOH KanpoJiaKTaM aJiy ywiH w11Ki3aT 6onhm rn6b1-
J1a,a,h1, o,a,aH nonl1aM11JJ.TiK TaJJW hIK, - 1rnnpoH eH,D,ipine,a,i. An.1m1rn 
K,hIIIII<:hIJibIHaH :IR:~me reKcaMeTHJieH.n;HaMHHHeH 6acK,a 6arnnh1 no

nuaMH.n;TiK TaJIIIIbII<: - HeHJIOH eu;::i;ipe;::i;i: 

CHrCHrC=O 

O= 0 NH20H o=NOH I ___ ,.., NH---• 

I 
CHrCHi-CH2 
KanponaKrnM 

[ -HN-(CH2)s-CO-]n 
KanpoH 

HOOC-(CH2)4-COOH + H2N-(CH2)6-NH2 ~ 
~ [-HN-(CH2)6-NHOC-(CH2)4-CO-] 

HeHnOH 

QHKJIOreKCaHHbll( ayaMeH c¥ifb!K. <Proa;::i;a TOThIFY MeXaHH3MiH 

(epiTitt;::i;i.n:e Ko6anbT HOH;::t;apbI 6onrntt;::i;a) Kenec1 peaKl{mmap;::t;hil( 

Ti36eI<Teny TYPiMeH KepceTyre 6ona;::i;h1: 

npoMornpMeH TyJinreH 6oc pa!lHKan R · 

·C6H11 + 02 ~ C6H1100 · 
C6H1100 · + C6H12 ~ C6H1100H + ·C6H11 
C6H1100H + Co3+ ~ C6H11 00 · + H+ + Co2+ 
C6H1100H + Co2+ ~ C6H11 0 ·+HO-+ Co3+ 
C6H110 · + C6H12 ~ C6H110H + ·C6H11 

JlHcnponopuHllJlal!)' 

2C6H1100 · 2C6H110 · 
-02 

Ken :1R:aF.L{aiinap;::i;a a;::i;HnHH K.hIIIIK.hIJihIH eKi caTb1MeH ana.L{br. Ei

pittIIIici - l{HKJIOreKCaH.L{bI l{HKJIOreKCaHOJIFa :IR:~He l{HKJIO!eKCaHOHFa 
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aya\1c 11 3-5 an1 iK01-1e l 20- I 30°C-.J.c nommane11ni ;v1eTannapD,blll 

(Co, Mn, Cu, Fe, Cr) ep1ni1-1 1-1acjne1-1anaph!Hb!H, iIG~He cTeapanapbI

HhH-l J(aTh!CblHIJ,a TOTbl!(Tbipy. )l{a1-1aMa 8HiMII,ep (KeMipTeK aTOMII,apbl 

w11Ki3anarb1 aToM,a:ap ca1-1b11-1a1-1 a3 cm1prrep, aJih.D.er11.n.Tep, KeTOH

II,ap 1v1e1-1 KhIWKhin.J.ap KypII,eni 3cjmpnep )!(;me T.6.) Ty3inyi1-1 6oJIIJ,bip

Mac ywiH peaKUH51Hbl UI1KJ10reKCaHHbII-{ KOHBepc1151Cb!HbIH, a3 .u;:ipe

)KeCiHIJ,e (10-25% ) )Kg He I<apI<bIHIJ,hI peu11pKynRu1rn.ua )£(ypri3e.ui. 

UHKJioreKcaHHbIB WhIFhlMbl 60-65%-rn IJ,diiH )KeTe.ui. 

U11KnoreKca1-101-1,a:b1 peaKUH51 e1-1i1v1nepiHeH ()£(yta1-11-1a1-1 )K;:iHe 

KhIWKhIJ1.Uap MeH Kyp.ueni 3cp11pnepII,i ciIITiMeH rn.upoJIH3IJ,ereHHeH 

Kei1:i1-1) a3eoTponThIK aii.uay , cyMeH waiinrn.uay (3KCTpaKUH51Jiay) 

HeMece OHhIH 6wcynbcpaTThIK TYbIH.D.bICbI apI<bIJ1bI 6enin anyrn 60-

naIJ,hI. 

EKimui Ke3el-{ - a,a:HnHH J(hIWKhIJihIHa TOThll\Thipy ywiH UHKJIO

reKca1-1 MeH UHKJioreKcattoJIIJ,hIB Ta3a J(OcnacbIH naii.uanaHa.Uhl. 

8HepK;:icime K:OJI.UaHbIC rnnKaH 6eny.uiB Y3LliKci3 ;:i.uici 6ap. 0HbI 

80°C )K;:JHe )Kattacy yaK:hIThI 5 MHH. 6onaTbIH )Kar.uaii.ua I\OCTiaHbI 50-

60%-.D.hIK a30T KhlillKbIJlbIMeH 8!-{11,ett,a:i; KaTaJIH3aTop MbIC neH BaHa

.UHH T¥3.D.aphIHaH T¥pa.D.bI. HN03 (100% -.UhII\Ta ecemere1-1.ue) neH 

TOTb!FaTbIH KOCTiaHbIH. K:apbIM-J(aTbIHaCbl 2,5-6 6oJia.D.bl. 

A.u11n111-1 KhIWK,hIJibIH peaKUH51 eHiM.n.epiHeH 6eny a3oT OKCHJJ.Te

piH )!(;)He TOTb!ty.lJ.bll{ ¥WKblill 8HiM.uepi T8MeHri Matt I\hlillK,bIJI.D.apbIH 

( cy 6yb1MeH aii.uay) anacTaTY.UhI Ka)KeT eTe.ui . Onaprn hICThIK, ayaMeH 

(90°C) ypney )K;:JHe K,an,a:hIK cyIJ,hI 6ynaH,nh1py (oIJ,aH a.u:11mrn K,hIIII

KhIJihI KpHCTaJI,UaHaIJ,bl) apK:b!J1bl KOn )£(eTKi3yre 6oJiaJJ.bl. 

2.4.3. AnKe1U)ep<)i mombt1'11lbtpy 
Oneqm1-1II,ep.ui orreKne1-1 TOThII\ThIPY.J.hIH: KenTereH peaKUHRJia

pbIHhIH: iwiHeH eHepK;:icinTe TeK Keii6ipeynepi FaHa I\OJI.D.aHb!C TaTI

TbI: 3THJieHIJ,i - TiKeJieii 3THJ1eH OKCHJJ.iHe, nponHJieH.ui - aKpone1rnre 

)K;:itte H-6yTeHII,ep.ui - Mane1rn aHrn.up:11.ui1-1e TOThIK,Thrpy. Anaii.ua 

aiiTh!JIFaHII,ap.ubIH, COH,Fb!Cbl 8H.D.ipicTeH K,bICI\apTbIJIY.D.a, 8HTKeHi Ma

JieHH a1-1rn.up11.uiH 6eH30JI.D.aH any THiM.uipeK 6oJia,Ubl. 

Onecpw1-1.uep.uiri: TOThIFY peaKUH51JiapbIHbIH: Heri3ri Typnepi: 

- K,OC 6aiinaHbIC 6oiibIHI1Ia I\OCbIJ1Y peaKUf151JiapbI; 

- aJIJIHJib.D.iK )Kar.uaii.uarbl K8MipTeK aTOMbIH.D.aFbl (RFHM K,OC 6aii-

JiaHb!CI(a a-)Kar.uaiihJH.D.a 6onaTbIH aTOMbIHJJ.aFbI) ophrn6acy peaK

umrnaph!. 
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TOTbIFYL\bIH. 6ipiHwi TyplHIH MbIC3Jlbl - 3Tl1JleHm TOTbIKTblp
ra11;:i,a 3TJ1JieH OKCI1)J,1HIH Ty1i11yi, an eKiHwi TypiHlH MbJCaJlbl - npo
IIHJieH)J,i TOTbll\TblpFaH.D:a aKponeHHHiH: Ty3inyi: 

CHrCH2 
\ I 

( 11) 

0 
CH3-CH =CH2___. CH2-CH = CH2 ---.H-C- CH =CH2 + H20 

II I 
0-0-H 0 

Typnetty)J,iH. ocbI Typnepi rntta 6ona.n:b1 .n:eyre 6onMai1.n:h1. Y .n:e
pic )l(aF.n;aH:napbrna 6aH:naHbICTbI ;'}pTypni )l(aHaMa ettiM.n:ep Ty3inyitte 
;'}KeneTiH 6acI<a .n:a Typnettynep 6onybl MYMKiH. 

3THJieuuiu; 3THJieH OKCH,UiHe TOTblf"Yhl l\a3ipri Ke3,Ue 3THJieH 
OKCH.UiH ett.n:ipy.n:iH. tteri3ri ;'})J,ici 6onhm rn6hrna.n:b1. PeaKQH51 Mernn
JJ:bII\ KYMic I<aTbICbIH.Ua )l(ype.n:i. XHMH51JihII\ ettepK;'}Cin yrniH 6¥JI 
y.n:epicTil-{ Mal-{bl3bl 3THJieH OKCH,UiHeH aJlbIHaTbIH eHiM)J,ep.n:iH. Kemi
riMeH aHbI.l(fana.n;b1 (rnMeH)J,e KepceTinreH C¥J16aHhI I<apaH.b13). OttbIH. 
ycTiHe, 3THJleH.n:i TiKeneH: TOTbll\Tbipy 3THJieH OKCH,UiH 3TMJieH
XJIOprn.n;pHH apl\bIJibI 3JIY.UbIH. 6acI<a ettepK;'}CinTiK T;'}CiJiiHeH 6ipI<a
Tap apTbil\IllbIJlbil\TaPbI 6ap. 

H,C> Io-. 
H.C 

+H.O CH20H CHO -1 _, 
CH,OH -i CHO 

HO~H,-CH2-[0-CH,-CH2-Jn-0-CH,-CH,-OH 

+ctH~ tTHnr .. lfKORlio (Lle.llJl080Xll•) I
- HO-CH,-cH,-0-C,H• 

HCN -
H.S -.--

- HO-CH,--CHa-O-CH1-CH2-0C.H1 

M'iUUClp(!itrr0.111 

C18H170(CH,-CHp).,--CH,-CH,OH 

HS-CH1--CH20H--+ HOOC-CH-CH,-CH,--S-CH, 
I 
NH, 

NeTKOHHM 
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3TJ1JleHJJ,i TiKejJe~i TOThIKTbIPY.J.bi 200-300° C-.n.e OHbll-~ MOJICKy;1a

JiblK oTTeri 6ap nDJJ,ap l\OCnachJH Karnmnarnp TaCbIMaJI,D,aFbIIllTaFbI KY
Mic yCTiHeH 8TKi3y apKbinbI )!(ypri3e,L\i. D¥JI Ke3,L\e 6ipJJ,eH eKi Heri3ri 

peaKUH5! ~eL(i: 3THJieHHil-l OHbll-( OKCHJJ,iHe TOJiblK eMeC TOTbHYbJ: 

C2H4 + Y2 02 ~ CHrCH2 

\ I 
0 

LiH = -35 KKaJI 

y L(epicTi )!(y3ere aCblpFaHL(aFbI Heri3ri KHbIHillbIJiblK OCbl eKi 3K-

30TepMI15!JiblK peaKU115!Hhll-( )!(bIJI,L\aM,[\blKTapbIHhll-( 1<apbIM-1<aTb1HaCb! 

3KOHOMHKaJibIK T.¥PFbIJJ,aH THiML(i 6oJiaTb!H ~MhlCTblK )!(aFJJ,attJiap

L\hl 1<aJihinTaCTh1py 6oJihm rn6bmaL\bI. 

EKiHilli KHbIHillbIJibIK - peaKUH5!JibIK 1<ocriaJiapJJ,bII-( )!(aphIJIFbIIll

TbIK (1<onapbIJIFb!WTbIH:) KayinTiJiiri, 6aCTailKbl ra3JJ,bll{ K.¥PaMbl 3TH

JieH MeH ayaHbll{ ( OTTeKTil{) )!(apbIJIFbllllTbll{ IlleKTepiHeH Th!C 60JIYbI 

TMic. OJI 3nrneHHiH: K0Huempaum1cb1 5%-JJ,aH (KeJieM.n.iK) apTnayhI 

T11ic JJ,ereH.n.i 6irr.ll.ipeJJ,i. 

ToTbIKTbipy.ll,hI, d.ll,eTTe, anvroccpepaJibIK l\bICbIM acThIHJJ,a )!(ypri-

3e.ll,i . %.¥MhICThIK TeMnepaTypa 260-290°C apaJiblFhIH.ll.a 60JiaL1,b1. Eip 

eTiJiiMJJ,e 3THJICHHiH: TypJieHy .ll,dpe)!(eCi 40-50%-.ll,bl K.¥PaH.ll,bl. 3TH

JICH OKCH.ll.IHII{ )!(aJIIlbI WbIFbIMhl, TypneHreH 3T11rrettre ecenTereH.ll,eri, 

50-JJ,eH 65%-rn JJ,eHiH e3repeL1,i. 

8HepKdcinTiK KOH.ll,blpFbJJlap 4-5% 3Tl1JieHi 6ap 3THJICH-aya 

KOCnaCb!MCH 200-240°C-JJ,e, aTMoccpepaJiblK l\bICb!MJJ,a :>KaHacy yaI<:bI

Thl 1-5 c 6oJiaThIH )!(aFL1,aH:rrapJJ,a ~MhIC iCTeH.ll,i. KaTaJIM3arnp J<hl3-

MeTiH neM3aJJ,an1 KyMic aT1<apaL1,hI. 

PeaKUHJIHbI 3MaJihJJ,aHrnH annaparrapJJ,a )!(ypri3eL1,i. PeaK

UHJIHbII{ fa3 TypiHJJ,eri 8HiMJJ,epiHJJ,e 2% 3TirneH OKCHJJ,i 6orraJJ,bl. 

3TMrreH OKCHJJ,iHil-( IllblFb!Mbl TOTblFY 8HiMJJ,epiHe TypJJeHreH 3THJICH

Hil-I 50%-hIHa TC!{. illbIFb!M.ll,bl apTTbipy yllliH TOJibII< TOTbIFY.ll,bI 

a3aHTbin, TOTbIFYJJ,bIH: ¥WI<b!W MHrM6HTOpJiapbIH (Te)!(eriwTepiH), 

MbICaJibl, JJ,HXJIOp3rnH, XJIOpJibl 3THJI )!(;:)He TeTpa3THJIKOpFaCblH I\OJl

JJ,aHaJJ,bl. 
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Te~rncpaTypa11br .J;)JiipcK caKTay iK;)rre iKbLlY..Jbl a_lbtn KeTy \t ;)

ce;1rnepiHiH: f\a;+.:eTTiriue 6aii1airbICTbI KGrnyTiKTi peaKTop_iap naii

JJ,a11auaJJ,hI. )!{eTiJIJJ.ipreH y JJ,epicTepJJ,e eKi Ti16eKTenreH peaKTOp nai1-

JJ,a11auaJJ,hI (47-cypeT): 6ipittwiciHJJ,e :mrneuHiH: Ken 6eniri KOHBep

cm1rn ¥llihrpai1:.!lhI, an eKiHwiciune peaKUH>JJihIK ra1napna KaJirnH 

3THJieH (2-5%) TOThIFaJJ:hl. D¥JI Ke1.ue 3THJieH OKCHJJ.iHiH: rnbIFhIMbIH 

64%-rn ){{eTKi3yre 6ona.n:br, an y.n:epicri 6ip peaKTopi:r;a ){{ypri1reHJJ.e 

llihIFhIM rnaMaMeH 56% 6ona.n:h1. 

Aya 

3Tuneu 

47-cyper. 3nr.1eHni Karn.1marnp!lbIH ncesno-C¥Hb!TbLl raH 

Ka6aTbIHLla TOTb!KTbrpy KOHLlblpfb!Cb!HblH c~16aCbl: 
I , 5 - 6ipimui JK~He eKimui caTbil!afbI peaKrnp.1ap: 2. 6 - cyhITKhiwrnp; 3. 7 - 6ipiHwi. eKiHwi 

caTbrl!afbI a6cop6ep,1ep; 4 - KO\mpeccop: 8 - ;i.;b1.1ya.1\taCTb1pn1w: 9 - aii::iarb1W Ko.10HHa: 
I 0, 12 - necp11erMaTop.iap: 11 , 14 - peKT11cji11Kau11J1.lblK Ko.101rna_1ap; 13 - KblJ.1blprbrw. 

l - raJ ; l l - 6y 

3THJieH OKCHJJ:iH peaKUH>I GIIiMJJ,epiHiH: ra3JJ,ap KOCnacbIHaH Ka

JlhinThI HeMece ){{0FapFbI K.b!Cb!M aCThIHJJ,a cyMeH ){{yy apKb!Jibl 6enin 

anyrn 6011aJJ,bI, cyrrhl epiTiHJJ.iHi aw.n:arnHHaH KeHiH 3THJieH OKCHL(iH 

){{OFapbI L(;:)pe){{e.n:eri Ta3aJibJK.neH anyrn 6011a.n:hr. 

AKpoJieuu.n:i 0u.uipy. AKpOJ1euHai CH2=CH-CHO a1111tt11h cnttp

TiH, aKptt11mnpmr.n:i, rnuuepttH.II.i ){{;)He 6acKa eHiMJJ.ep.II,i eHJJ,ipyre 

nai1:.n:anaHa.[(bI. AKpo11ettH.n:i TOThil\Tbiphm aKptt11 l\hlWl\bJJihIH, an 

rtt.II,p11en nponttoH aJib.II,ern.n:iH HeMece 1\-nponttJI cnttpTiH anyrn 60-

11a.n:h1. AKpOJieHHL(i HHCeKTHUHL(Tep.II,i ){{;)He XHMH>1-cpapMaueBTiK 

npenaparrap,D:bl CHHTe3,D:eyJJ,e naHL(aJiaHa.[(bl. 0HbIH: Heri3iH.II,e YH 
J\¥CTapb!HhIH: ecyiH b!HTaJiaHL(bipywhI peTiH.II,e ){{eMre l\OCaTb!H Me

THOHHHHiH: CH3-S-CHrCHrCHNH2-COOH eJJ,;)yip MenwepiH 
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a:1<ub1. A1aii:u1 a1qJ0"1em1ni naifoana1-1ynb1H 1-1eri3ri 6annb1 rm1ue
p111-1.ui c111-1Te3.uey 6onbm TaOblIJa.Uhl. 

AKponeHH e1-1JJ,ipy.uiH. 1-1eri3ri e1-1epKgcimiK g.uici - rrpon11nett.ui 
ra3cpa3aJlhlK Karnmn.uiK TOThII<Thipy: 

+ o, 
CH3 - CH= CH2 _ H:o CH2 =CH - CHO 

Wr1Ki3aThl KyKipTii I<OCb1J1b1crnp.ua1-1 )Kg1-1e 6acK,a onecptttt.L(ep
.L(eH Ta3apThrnrnH npon11nett 6onbm rn6hrna.L(bl. Ta3apTbrnrnH rrpon11-
ott-rrpon11ne1-1.L(iK cppaKU115!Hbl JJ,a l(on.uattyrn 6ona.L(bI. ToTbIK.TbipFbillI 
peTitt.ne a30TIIeH, He cy 6ybll'vieH C¥Hb1J1Tb1J1FaH aya HeMece orreK 
nai1.nanatta.L(bJ. KeMipTeK OKCHJJ.Tepi, cpopManb.ner11.n, aueTanb.nertt.L(, 
opraHHKanbIK. K.blllIK.bJJ1JJ.ap )KgHe non11Mepnep K.OCblMllia Ty3ine.ni. 
y .nepiCTil{ KaTaJ1H3aTOpnapbl TaCblMaJI.LJ,aFbJllITaFbl (KpeMHHH Kap6H
.ni, KblllI, rreM3a, aJIIOMHHHH OKCH.::Li) MbJCTbII-1, lliaJla TOTblFbl )KgHe OK
CHJJ.i , an npoMoTOpnapbr HO)], )Kg He ceneH 6ona)],bl. Y )],epicTil{ TeMrre
paTypachr 350-400°C, KhICbIMbI 1 Mfl-rn )],ettiH, )Kattacy yaK.hITbI 
0,2-2 c 6ona)],bl. AKponem11-1iH. el{ Ken WbIFbIMbIHa K.¥PaMbI 0,25% 
MbJC 6onaTbrn KaTanH3aTopnap)],a K.On )KeTKi3yre 6ona)],hl. 

ITpommeHHil{ TOnbII( TOTblF)'bIH 6acy ywiH y)],epicTi OTTeKTil{ a3 

Menwepi1-1)],e )Kgtte KOHBepcHHHbil-l a3 )],gpe)!(ecitt)],e )!(ypri3e)],i. ITpo
n11neH MeH OTieKTil{ KeneMJJ,iK r<apbIM-K,aTbIHaCbl (3-7--4):1-re, an npo
n11neH MeH ayattiKi 1:(0,75-;-1,0)-re Tel{ 6ona)],hl. ITporrnneHttil{ 6ip 
KeneMi1-1e cy 6yhIHbil{ Menwepi 2,5-3 KeneM 6ona)],bI. Cy 6¥JI rroJIH
Mepnep.uiH. WbIFbIMbIH a3aHTa.UbJ. I\bICbIM.Ubl apTTbiprnH.ua Karnmna
TOpJJ.bll{ ettirvminiri Ke6eH:e.ui, ra3)],ap.Ubll{ KeneMi a3M.L(bl, peaK
UHHnacnarnH npon11nettHiH. 6enittyi )!(el{iJI)],eHe)],i. CyMeH «WbIHb!K.
TbipbIJiaTbIH» peaKUH5!JibIK. ra3.z:i:ap.uaH aKponeHH)],i cyMeH 1,8 MITa
.ua 6enin ana)],hI; 6¥JI Ke3.ue OHbll{ cynhr epiTiH.ui.L(eri Ko1-1ue1-1rpa
QH5!Cbr 1,7% (Mace.) 6ona.nb1. 

)Ka1-1acy ra3bIH 6enreH.L(e an)],hIMe1-1 Ol{ai1 ¥lliK.hIIII 3arrap.ub1 aK
poneHHMeH 6ipre aH:.nai1.UhI. Co.ua1-1 coa an.UbIMeH epiTiH.ni.neH oTieK
Ti pH 6-7-.ne a3 yaK.bIT 6ottbl K.bl3,Ubipy )j(QJib!MeH KeTipe.ui ,L(e, llIHKi-
3aT - aKponeHH.Ui rHJJ.pOXHHOHHbll{ (nonHMepnettyJJ.il{ HHrn6HTOp) 
l\aThICbIH)],a aH:.naH)],hl. AH:.uanrntt llIHKi aKponeHH.Ue 80-90% (Mace.) 
aKponeHH, 3-10% (Mace.) auernnb.nern.n, 2,4-6,0% (Mace.) cy, 0,5-
3% (Mace.) npon1101-1 anh.uern)],i, 2-5% (Mace.) au,eTOH )Kgtte 1-2% 
(Mace.) non11Mepnep 6onaJJ.bl. Au,eTanb.uern.uri peKTHcpHKaQllilMeH 
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01-ia~i att)JaH.ilbl. AKpo.1em1 (52,5°C) Men npo11110H aJ1bJJernm 1-1i1-1 
( 49°C) I\attttay TeMneparypanapbr ;r<al\b!H 6ony cauapbl!-laH rn3a ai;:po
ne1rn)Ji 6enin any ywiH cy I\aTbIChIH)Ja 3KCTpaKTHBTi ai1)Jay ~ri3e)Ji . 

EynaH)Jbipy KOJIOHHaChIH)Ja 99,4<%-)JhIK aKporreHH)Ji 6enin anaJJ,hJ. 
OponttneH)Ji TOThil\Thipy peaKrnpnapbIHhH{ ;:ipTypni KOHCTpyK

umrnaphI 6ona)JhI: Karnntt3aTopnap)JhIH. cTauttottapnhIK Ka6aThI, Ka
Tanmarnp)JhIH. epney arhIHhr 6ap JK;:iHe TyTiKweni (TyTiK apanhIK Ke-
1-1.icTiKTe JKhrnyrnch1Man)Jarh1w 6orra)JbI). KarnnH3aTOp)JhIH. epney 
arhIHbI 6ap peaKTopnap)Ja 6ip eTiniM)Je 3THneHHiH. KOHBepcmrnatty 
)J;:ipe)l(eci 50%, aKponeHHHia nponttneHre ecenTereH)Jeri WhIFbIMhI 
WaMaMeH 70% 6orra)Jbl. opTypni KaTaJIH3aTOpnap)Jbll{ CTaUHOHap
J1bll\ K:a6aThI 6ap eKi peaKTOp)JaH T¥PaThIH qn6anap 6ona)JhI (6ipiH
wi annaparra Mb!C OKCH)Ji, eKiHwiciH)Je BHCMYTThlI-l MOJIH6)JaTbl 60-
JJaTbIH). EKiHwi caThlChlH)Jafb1 JKaf)Jai1nap I<aTanb1pal\ 6ona)Jhl ( 400-
4750C). EKi caThI)Ja )Ja KaTanH3aTopra npoMoTopnap (Kyw;:i1-1, ceneH 
:lK;:iHe Tennyp ranoreHH)JTepi) ettri3e)Ji . AKponeHHHifl nponttnenre 
ecenTereH)Jeri WhlfblMhl - 70%, an npon11neH1-1ia KOHBepcmrnaHy 
)J;:ipe:lKeci 95%-ra JKeTe)Ji . 

2.4.4. Apo;Hammb11<, KOittipcymeKmepoi 1110111b11<,mb1py 
ApoMaTThII\ KeMipcyTeKTep)JiH. ra3 cpa3aChlH)Ja MOJJeKynanhJK OT

TeKneH (KaTaJJH3arnpcbn) TOThlfYhl napacpttH)Jep MeH onecp1rn)Jepre I<a
paraH)Ja Hawap 6ona)Jhl, on onap)JbIH. T¥Pal\ThJJihlfbIHhH-l :lKorapbJJihIFbI
MeH 6ai1naHbICThJ. ToThlfY JKhJJI)JaM)JblfhI apoMaTThIK MPOMeH 6ai1na
HhlCl\aH a!lKHMiK Ti36eKTep.uiH. MOJieKynanhJK canMafblHa, COH)JaH-aK 
caHhI MeH ¥3hlH)JhIFhJHa 6ai1naHhICThI apTa)Jhl. AMb1MeH napacpHH.Uep
)Jil{ TOTblfYbIHa ¥KCaC :lI<aF)Jai1rrap)Ja 6yi1ipniK Ti36eKTep TOTb!Fa)Jbl. 
0)JaH K:aTanb1paI< JKar.uai1nap.ua apoMaTThII\ 51JlPOMeH 6ai1nattbICI<aH 
:lKep)Jeri KeMipTeK aTOMhIHhII{ y3inyi :lKype)Ji .ue, apoMaTThil\ KhIWKh!Jl
.n:ap TYJine)Ji. ApoMaTThII< Mpo.n:arhI KeMipTeK arnM,n:apb1, ;:i.uerre an
KHMiK Ti36eKTep TiKeneii TOTbJJ<KaHHaH KettiH TOTb!Fa)Jbl. 0oJIHUHKJ1-
.n:iK apoMaTTbII< KeMipcyreKTep MOHOUHKJJ)JiK HeMece KOH)JeHCHpneHreH 
CaK:HHanaphI a3 norrHUHKJJ)JiKTepre 1<aparaH)Ja :lKel{in.n:ipeK JKar.uai1nap
.n:a TOTbIFa)Jbl (Mb!CaJJbl, HaqnanHH 6eH30J1fa I<aparaH,n:a OH.aH, an aHT
paueH Hacprnntture 1<aparaH)Ja 01-1,ai1 TOThIFa.UhI). 

ApoMaTThil\ KeMipcyTeKTep.ui TOThII<ThIPY.UhIH. 6ipI<arnp eH.ui
picTiK y)JepicTepi 6ap. Onap.UhIH. iwiH,n:e - rnnyon.uh1 TOThIKThiphm 
6eH30H a!lh)JerH)JiH any, OpTOKCHJIOJI)Jhl HeMece HacpTaJTHH.Ui TOThIK-
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Tblpbin cjna.lb aJirIIJ,j)llJlil-1 )K;:JHC cjnanb KblWKbIJlb!H any, MCTa- /K ;:J HC 

napa-KcHJTOJTJlap.l(bI TOTbIKTbiphm 1no- )!(;me rcpeqnanb KbIWI\blJI.!l.a

pbIH as1y' H30nponHJI6eH30Jl)J,hI TOThll\Tblpbm cpeHOJI )!(;-rne aueTOH 

anyra 6011a.nhr. 

7-KeCTe.JJ,e apoMaTibll\ Ke:MipcyreKrep.JJ,i TOThII\ThIPYL\hIH; Heri3ri 

e1-1ep1<;:icimi1< y .nepicTepiHiH: )!(aF.llai111aphr KennprnreH. 

lfaonponHJI6eu30JIUhI (KYMOJIUhI) TOThil\Thipy yuepici. D¥JI 
y.nepicneH Ka3ipri 1<e3.ne CHHTe3.niK cpeHOJII\hIH. 6acbIM 6e11iri1-1 a11a.nh1. 

CoHhIMeH I<:arap aueTOH)J,hl .na ana)l,hl. rm-qiihII\Thll\ )!(yii:eciH)::(e Ky

MOJIL(hl OTieKneH TiIITi HHHUHaTOpCbl3 TOTbll\TbIPY.D.bIH; )KbIJI)J,aM)J,bI

Fhl ai1rapJihII\TaH :>Korapbr. On apoMaTihII\ caI<:HHaHbIH; a-:>KaF)J,aHbIH

.D.a op1-1anacI<:aH KeMipTeKTiH; yrni1-1rniJiiKTi aTOMbIMeH 6ai1JiaHbICI<aH 

cyTeK aTOM.napbIHblH; peaKUH5IJibII\ 1<a6iJieTiiJiiKTepiHiH; :>KOFapbI 60-. . . . 
JiybIMeH rycrn.D.1prne)J,1: 

CH3 

I o, 
C6Hs-CH--+ 

I !00-130°C 

CH3 

CH3 

I 
C6Hs-C-O-O-H 

I 
CH3 

f1H = 15 ,2 KKanf MOJib 

E¥JI peaKUHR.D.a HH.D.YKUHRJihII\ nepttO)J.hI ynKeH :>K;:iHe npoMoTop

Chl3 pa.JJ,HKaJI)J,bll\ MeXaHH3MMeH :>KypeTiH aBTOTOTbIFyra T;'.)H 6apJibll\ 

epeKrneniKTep 6ap. 

lfaonponmr6eHJOJ1JlhIH; rn.D.ponepoKCHL\TepiHiH; :>K\[MCaI< :>KaF

.D.aii:nap.D.aFbI l\blllll\blJI)J,hII\ rtt)J.p0JIH3i OHbIH;, Heri3iHeH, cpeHOJI MeH 

aueTOHra hI.D.bipayhrna ;:iKeJie.D.i: 

CH3 

I 1-1,so,, 10% 

C6HsC-OOH C 6HsOH + CH3COCH3 

I 
CH3 

8)1.eTTe, rH.D.pOJIH3)J.i C¥Hb!JITblJIFaH KyKipT l\hlllil\blJibIMeH :>KY3e

re acbrpa.D.bI. Heri3ri eHiM.JJ,ep.JJ,eH (cpeHoJI, aueToH) 6ac1<a auerncpe-

1-101-1, a-MeTHJICTHj)OJI )!(;rne )!(0Faj)Fhl cpeHOJI)J.ap ry3iJie)J.i. 

D¥JI ynepicTi )!(ypri3reH.JJ,eri Heri3ri l\HhIHillhIJihII\ - 6ip :>KaFhr

HaH, eHepK;:icinTiK )K3F.[\3HJiap)J.a IllHKi3aTThIH; KOHBCj)CHRJiaHy .[(ape

:>KCCI MCH TOThIFY C3TbIChIH.JJ,aFbI rHLI,ponepoKCH.[(TiH; Illb!FbIMbI apa-
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. . . 
CbIHL(aFbl, eKIHllll )J<aFb!HaH, n1nponepOKCI1L(Tll{ lllb!Fb!Mbl )K;rne rI1;J,-
pomnneHreHLJ,e cpeHon MeH al.(eToH lllbIFbIMhIHhIH, apacb1H,ll,an1 oa
TaMJihI K;apbIM-K;aThIHaCThl CaK;rny. 

KyMOJI.[(hIH, rn.r:i:porrepoKCH.[(iHiH, rn.r:i:ponH3i c¥H1>rK; cpa3a.r:i:a Kap-
6om1i1:-110H.[(hII\ MexaHM3MMeH JKype.r:i:i: 

CH3 CH CH3 
I +H+ I I 

C6H5-C-()-()-H ______... C6H5-C-()-()+-H ~ C6H5-C-()+ ~ 

I I I -H2() I 
CH3 CH3 H CH3 

CH3 . CH3 
I H20 : I 

---+- C6H5-()-C~ C6H5-()+C-()H ---+- C6H5-()H + 
I -H+ ! I 

CH3 CH3 

+ CH3-C()-CH3 

KyMOJI.[(hIH; rn:.r:i:porrep0Kc11.r:i:1 Kenec1 C¥JI6anap 6oi1:1>rnIIrn .r:i:a 

1>1.n;1>1payo1 MYMKiH: 

CH3 
I 

C6H5-C()-CH3 + CH3()H 
auerncpeHOH 

CH3 
I 

C6H5-C-()-()-H -+---• C6H5-C-()H + Yz ()2 

I 
CH3 

I 
CH3 

cpeHH.JUIHMeTHrrKap6HHOil 

C6H5-C=CH2 + H2() + Yz ()2 
I 
CH3 

U-MeTHITCTHpOil 

E¥JI peaKL(MRJiap.r:i:1>rH; :>K1>m.r:i:aM.[(hIK;Tap1>r TexHonorMRJihII\ :>Kar
.r:i:ai1:naprn (rnaprraprn) 6ai1:naH1>1cT1>r 6ona.r:i:1>r. 
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Ke:-.iipcy-
TeK 

C6H6 

C6H6 

C6Hs-CH3 

C6Hs-CH3 

C6Hs-
C2Hs 

&CH I 

ApO\laTTLlh: K0\1ipcyn1.:rep:1i TOTbih:Tbl)JY.lLlll 

ouepKacimiK y!lepiCTepinill maprrapbt 

cDa:JaJiblK Ynepic KarnJJ113aTop ToTblK-
lKytie (npOMOTOp) Tbipy 

arettTi 
f a3-C¥Hbn<- Y3JliKci3 Li,HKJlOfeKCaH, Aya 
TblK oneqmttJliK (aya: 

lK;rne napa- C6H6 Ke-
qnrnniK Ke- neMJliK 1<a-
Mipcy-reKTep, TbIHaCbl 
Jcjmpnep ""1,2 : 1,5) 
(0,5-1 %) 

fa.3-K:aITbl V20 5 tteMece Aya (aya: 
nette (reTe- " Al20rTeri C6H6 Ke-
poreHJliK Y20s neMJliK I<a-
KaTamn) TbIHaCbl 

;::,25 : 100) 

Y20 s, Mo203 Aya (aya: 
" " (1<anaHhI Ba- C6HsCH3 

HaJlaTL1) KeJieM)liK 
K:aThIHaCbl 
;::,40 : 
120) 

f a3-C¥HhII\- Crnrn- Fe20 3 (Ko- OrreK 
Tb!K-K:aITbl KanblK 6anbT ttacj>re-
nette (reTe- HaTbr) 
poreHJliK 
Karan1n) 

fa3-C¥HbIK- Y3JliKCi3 Merannap- Aya 
Th!K Jlhlll Hacj>re-

uarrapb1 
fa.3-KaITbl I\03FanMa!1- AhOrTeri Aya 
neue (rere- TbIH 1<a6ar- Y20s 
porettniK TaFhl HeMe-
KaranMJ) ce lKanrau 

c¥J1bm-
Th!JIFaH K3-
6arrarhI Ka-
Tanl133TOp-
MeH 

140 

7 - K("('JI/(! 

I\bICbIM, 
aTM 

50-70 

1 

1 

50-60 

4-5 

1 



TeMrre- )l(aHacy Y.uepicriH caH-
pa- yaJ<:bITbl, PeaKUHJI .UhIK c11rrarra~rn- EcKepry 

rypa, ceK. eHiM.uepi napb1 
oc 

400-500 20-30 C!JeHoJJ, .umpe- C!JeH0:1rn KOHBep- HdTmKe.1ep peaK-
HHJJ, repcjleH11n- c11J1.1aHy .udpelKeci TOp.UblH 6eri ~IeH 
.uep lKdHe 6ac1<:a 4-5%; Illb!Fb!Mbl Ke.1e~llHIH KaTbl-
OTTeKl\¥I)aM,1lbl 30-50% HaCbIHa Tdye.1.ui 
eHiM.uep, H 20 60.1a.uh1 

350-550 1-3 CH-CO Mane11H aHrn.up11- 8HepKdCiIITiK 

II 'o .uiHe KOHBep- y.uepicrep.uiH Md-

I CHJIJJaHy .udpelKeci .1i~1errepi CH-CO 
- 40- 50%; lllbl-

6eH30Xl1HOH, fb!Mbl - 60-80% 
CO, C02 

420-450 0,2-0,7 C6H5CH=O, EeH30H KhIIIIKhI- -
290 C6Hs-COOH, Jlb!Hb!H KOHBep-

CH-CO c11J1naHy .udpelKeci 

II J; -50% 
CH-CO 

,CO 
lKdHe T.6. 

235-305 - Heri3iHeH - EpmiH K06aJJhT 
C6Hs-CH=O HacjlreHaTbI KaTbI-

lKdHe chrn.ua l 40°C lKd-

C6H6-COOH He 2-3 aTM lKype-
.Ill 

115-120 - C6Hs -1H - CH3. KoHBepc11J1JJaHy Y .uepicri crnpon 

0-0H .udpelKeci 60%; any yIIIiH Ko,1.ua-
C6Hs - CH - CH3 auerocjleHoH IIIhI- Ha.Ubl ( cjleH11m.1e-I . 

fb!Mbl 86% Tl1J1Kap611H0Jl.1lbl 
OH 

C6Hs - CO - CH3. .uern.upa-
C6Hs-COOH rnu11J1narr) 

425 0,01-0,1 co C!JTaJJb aHrH.up 11-

H4c&( "' .uiHe KOHBep-
0 

/ c11J1JJaHy .udpelKeci 
co - 42-62 %, Mane-

HH aHr11.up11.uiHe 
KOHBepcHJIJJatty 
.udoelKeci - 10% 
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Ko~1ipcyr.;K Cba:ia..1bIK Y.:.tcpic Karn.1113arop Torbil\Tb1py !\bl-
lKyi1e (npOMOTOp) areHTi CbJM, 

aTM 
CH. 

OCH 
r a:i-c¥i1- CTepHO.Q- EpHTiH KO- Aya 5 
blKTbll( Tb!!\ 6arrbT T¥JAa-

J pb1 (ttacpTe-
Harraph1, 
OJ1earrapb1) 

9 
On Aa On Aa 

Ko6arrbT He- Aya 14 
Mece Mapra-
HeuTil-{ epHTiH 
T¥J,!l;apbl 

CH3 

~-o-~ 
On Aa On Aa MapraHeu Aya 15-30 

TpAaphI 
(1,1%) + 
NJLiBr (1%) 

~-o-~ 
C¥i1b!J<- CrnTHKa- - KyKipT 17-42 
TblK nbIK (lMOnb 

KCHnOJJFa 
6 r aTOM 
KyKipT); 

HN03 
(I MOnb 

KCHnOJJFa 
2,4 MOnb 

HN03) 

~-o-~ 
faJ-c¥H- On Aa - HN03 20 
bll\fbIK (25-40%-

Ahli\) 
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Tc:vmepa- )f(a1rncy Yii,epini11 

Typa, °C yaKb!Tbl, PcaKU!Ill eHi'>J.'.lcpi caH,lb!K Cll- EcKepTy 

CeK. rrarraMaJJaPbI 

120-130 10-200 I. CHrC6H4-COOH + - -

)l(aHaMa 8HiM.ll,Cp 

II. CH, - c,H,COOCH, 1~d'c. 20' 

,..-COOR 
--c,R'"'-cooR + 

moctJTa.lb J...OIWKhLlbl 

rn-m 

II :0 
rn-m 

130-140 10-20 I. n-CH3C 6H4COOH KoHsepcmma- -
HY ,n;:ipe)l(eci -

30, 20-40%; Il.CH3C6H4COOCH3 WC-
Tepe¢Tanb 

/COOCH3 
-c6H4". l(blllll(blJJbl-

COOH Hb!H lllb!Fb!Mbl 
TeI]Ja<jlTaJJb Kblll!KbinbIHbHI -MOHOMeTHJI 3qmpi 

92-96% 

200 - Tepe¢Tanh -

/COOH /CH3 l(hlllll(hlJJhl-
C6H4'- n<>He C6H4 Hh!H KOH-COOH '-cooH 

mpa~ra1• TI-TO.l)'!Ll 
sepcmmaey 

Kb!Illl(hl.1hl KblllH(hLlhl ,n;:ipC)l(CCi -

20% 

315-360 - CiminiK rnJipomn11eH KeliiH - -

/COOH 
C6H4'-... 

COOH 
repecprnn• KhIIllKh!JlhI 

200-230 - I. CH3-C6~-COOH llihIFbIM 85% -

Il-TOJJYllJJ l(hlllll(hillhl 
II. CHi - C68,COOH- llihIFbIM 98% 

/COOH 
--c6H4'-

COOH 
repe~TaJlh l(blWKblJlhl 

143 



81-1cpe:0cinTe TOTbIFY peaKUllHCbIH ayaHbI monpomrnn iH cynbI 

31v1 y ,1bCW!Cblliall (c.ial!Fb!HbIIIaI-1) 5-10 an1 )KJHe 100-130° (-)J,e 6ap-

6on1pnen )!(y3ere acb1paD,hl. <Pa3anapAhll{ )!(aHacyhrn apanacTblp

FbILUTapMeH )!(a6.ubil(TaJJF3H peaKUH5IJlbll( KOJJOHHaJJap,[(a HeMece aB

TOKnasrnpAa T¥PaKThl MattFhIHD.ap Ty3yre I<a6ineTTi 3MYJihrarnpnap 

(MattFbIHAan1wrnp) (JAeTTe, aHHOHAhIK TYPAeri) I<aThIChIHAa )!(yp

ri3eAi- Ty3ineTiH rnD.porrepoKCHD.Til{ T¥PaI\ThI11hIFhlH I<aMTaMachI3 

ery ywiH peaKUH5IJihII\ oprnHhll-{ pH-hi 8,5-10,5, an cy cpa3acb1 MeH 

H3onponttn6eH30JID.hll{ K:aTb1Hacb1 3 : 1 6011yh1 Tttic. 

f HD.porrepOKCHD.Til{ eTe y11KeH KOHUeHTpaUH5ICbJHD.a TOThlfY ca

Tb!Cb!HD.a OHhIH: )!(aFbIMChl3 ettiMD.epre hIL\hipay )!(hIJlD.aMD.hIFhl aprn

L\hl , eHnewe LUhIFhIMhl a3a5ID.hl. CoHD,hll(TaH, JD.erre, yD.epicTi rttD.po

nepoKCHD.Tii-i: Menwepi 20-25% -n:att acnaiiThIHD.att erin )!(ypri3eD.i . 

Con:att col{ rnD.ponepoKCHD.Till epirittD.iciH BaKyyMD.a (6ip HeMe

ce eKi peKTHcpHKaUH5IJlbll( KOJIOHHa) 30-D.aH 5 MM Hg. 6.-Ha L(eHiH 

)!(JHe 95-85°C-D.e aiiD.arr, 70-90% -ra D.eiiiH KOHUeHTpneiiD.i. 

f HD.ponepoKCHD.Ti blL(blpaTl(aHL(a KyKipT I\blLUI\bIJlblHblH: 3-10% 

epiTiHD.iciH rraiiD.anaHaD.hI; l(ocnaD.aFhI rnD.pontt3D.eHeTiH rnD.porre

poKCHLI.TiH: KOHUeHTpaUH5IChl 1-3 % .[\el{rettiHD.e Caf\TaJJblII T¥PaD.bI, 

ei1Tnece peaKUH5I eTe Kywri )!(ypin KeTeD.i. 

K.a3ipri Ke3.[\e ettepKJCinTiK I\OHD.blpFbI11apn:a cpeHOJIL(blH: )!(JHe 

aueTOHHhll{ LUhIFhIMD.api,1 aiirnpnhII\TaH ere )!(Orapi,1 6011a.[(hI (95%

ra AeiiiH) . M¥ttD.att K:OHL\hlpri,mapD.bIH: ettiMD.iniri )!(Orapi,r 6ona,n:i,r 

(waMaMeH )!(bIJlb!Ha OH LUaKThl Mb!H: TOHHa), COH.D:b!K;TaH LUhlfhIMD.a

pbI 5-7% 6onaTblH )!(aHaMa eHiMD.ep .[\e ( cpeHHJI.D:HMeTHJIKap6HHOJI, 

aueTocpeHoH, MernH011, a-Mer11ncTHpon) naiiD.anatti,rnyi,r MYMKiH. 

<PeHOJl MeH aueTOHL(bl KYMOJIL(aH 6ipiKTipirr any TJCiJii KeLUeH,n:i 

M¥ffai1xHMH5IJihIK yD.epicTiH: )!(al(Chl MhICaJihI 6011a anaD.hl. Ott.n:a 6eH-

30JID.hI cpeHonrn Typ11eHD.ipy ywiH aya )!(JHe M¥ffatt rrporrttJieHi rraii

D.aJiaHaD.hI. y D.epicTiH: 3KOHOMMKaCbl COH.[\att-al\ eKiHwi MaI<CaTTbl 

Heri3ri ettiM aueTOHHhIH: eTinyiMeH atthIK:TaJiaD.hI. 

Tepe!IJrnnh 1'bllll1'hJJihlH OHJiipy. Teperj:Jma.nb ~bzua~blllbl 

HOOC- C6HcCOOH )!(JHe OHbIH: .D:HMernmqmpi (iJuMemwzmeperjJ

manam) CHHTe3D.iK TaJILUhIK, - 11ascaHD.hl eHD.ipyn:e MaH;hI3D.hI pen aT

K:apaD.bI. 

ToTbIK,Thrpy Jn:iciMeH Tepecpra11b l(hILUKhIJlhIH any ywiH n-an

KHJI6eH30JID.ap )!(apaMD.hI, onapD.bll{ iwittD.e eHepKJcirrre rr-KCMJIOJID.hI 

l(OJID.aHaL(bl. rr-KCHJIOJIL(bI K06anbTTbll{ )!(JI-le MapraHeUTil{ HacpTeHaT-
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rnpbr MeH pe3HHanapb1 KaTbICbIH!la 120-200°C-.J.e ayai\1eH TOTbIK
Tb1praH,LJ.a n-rnny1rn l\hlWK.bIJihI TyJrne,LJ.i, 0,1 cipi J.\apai1 TOTbll\IIaH.J.hL 
Con ce6e11TeH ,LJ.HMeTHJITepeqnanaTThI any,LJ.hIH. TapT caThIJihI y,LJ.epici 
)l(acanrnu 6onaThIH. Eipiurni caThI,LJ.a anhIHFaH n-Tonym1 I<:hIIllK.hIJlhI
HhIH, MeTHJI crrupTiMeu 3cjmpneH,LJ.ipe,LJ.i. TyJinreu rr-rnnyun I<:hIIllI<:hI
JihIHhIH. MeTHJI 3qmpiu TepecpTanh J<:hlllll<:hIJlh!HhlH, MOH03cpHpiH TO
ThIJ<:Thipa,LJ.hI, OHhl CO,LJ.aH COH, ,LJ.HMeTHJITepecpTanaTI<:a 3cpHpJieH,LJ.ipe,LJ.i: 

CH3 COOH 

I I 

() + 1,5 02 () -H20 

I I 

(I) 

CH3 CH3 

COOH COO-CH3 

I I 

() -H2 () +CH30H 

I I 

(2) 

CH3 CH3 

COO-CH3 fOO-CH3 

I 

() + 1,5 02 () -H20 

I I 

(3) 

CH3 
COOH 

COO-CH3 COO-CH3 

I I 

() -H20 () +CH30H 

I I 

(4) 

COOH COO-CH3 

TOThIFY,LJ.hIH, eKiurni caThIChI ((3) peaKI.i;IDI] Ko6anhT rreu Mapra
ueuTiH, epuTiH 'f¥3,LJ.aphIHhIH, ( cTeaparrap, auernrrap, 6eu3oarrap) 
1<:aThIChIH,LJ.a 160-180°C-,LJ.e )l(ciHe 1-1,5 MTia-,LJ.a )l(ype,LJ.i . I\a3ipri Ke3-
,LJ.e TOThlfY,LJ.hIH, (1) )l(ciHe (3) caTbIJiapbl 6ip peaKTOp,LJ.a 6ipiKTipinreH. 
On arrrraparrap,LJ.hIH. caHhIH aJaihyrn MYMKiH,LJ.iK 6epe,LJ.i. 
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48-cypeTl C ;(IL\l eTI!!lTepecjJTCUiaTTbl 8H1llpy lli I-( C¥J16aCbl KeJITi

pinreH. PeaKTopµ,a (I) 11-KCHJIOJJ (;1rn1-1a ;KJr-1e KaihapbrnbIM)J,bl 1:2 l\a

pb1M-KaTbrnacb1MeH) )KJHe 17-TOJIYHJI l(bllliKblJlb!Hblf( MeTHJI 3cpttpi 

ayaHhrn onericiMeH TOThIFallhI. Eap6orn)K)J,hl TypLJ,e peaKTOp1lhltt, 

6ttiKTiK 6oHbIHWa cyhnaTbIH upeKTeMenepi 6ona;::r:h1. Aya arrnapaT

Tbif( TeMe!ffi 6eniMiHe 0,6-1 MITa KhIChIM acThIH;::r:a 6epine;::r:i. PeaK

UH51JihIK Macca apKblnbl OJI 6ap60Ta)KJJ:aJibin 11-KCHJIOJIJJ:b!H, 6ynapb!H 

e3iHe KOCbin ana)J,bl, onap CYbUITKblW KOH;::r:eHCaTop;::r:a (2) KOHJJ:eHca

mrnnaHbm, TOTbIFyra Kaihapbma;::r:bl. ITepHO)J,ThLK y;::r:epicTe TOTblfY

,Ubl peaKUH51JlblK Macca;::r:a 11-KCHJlOJIJJ:b!H, l(aJl;::r:blK M6JIIUepi 1 % 6on

raHra ;::r:eli.iH )KJHe MeTHJI 11-TonyttJJaTTblf( KOHBepCH51JiaHy JJ:Jpe)KeCi 

waMaMeH 50%-ra Tef( 6onraHra ;::r:eli.itt )Kypri3e;::r:i. 0Kctt;::r:aTTa 20-

25% 11-TOnyttn KbilliKhlJlbl, 30% OHbII{ MeTHJl 3cpttpi, 11-15% Tepecp

TaJib Khlllil(blnhl, 20-25% MeTHJITepecprnnaT, COH;::r:ali.-al( JJ:HMeTHJJTe

pecprnJiaT nett IUalib1pnap;::r:hif( a3;::r:araH Me.'lIUepi 6ona;::r:h1. 

PeaKTopnatt MaccatthI )KttttarhIIU ( 4) apI<hIJihI coparrrnMaMeH KO

JIOHHara (5) (OKCtt;::r:aTTbl )KOFapbIJJ:aH , aJI MeTaHOJI.D.bI TeMeHHeH I\hI3-

.UblpFbllli (8) apI<hIJihr) 3cpttpJieH1lipyre 6epe;::r:i. 3cpttpJietty 250°C-.n.e 

)KJHe 2 ,5 MITa-;::r:a )Kype;::r:i. CnttpTTi apTbIK MeJJIUep;::r:e 6epe;::r:i ; 6¥JI 

Ke3,ne MernHoJI 6ynapbr cy;::r:hI aJihm KeTe;::r: i ne, 3cpttp;::r:if( IUhIFhIMhIH 

apTThrpyra KeMeKTece;::r:i. MernHOJIJJ:hif( )KJHe cy;::r:h1f( 6yJiapbr cyh1T

Kb1ru-KottneHcaTTap;::r:a ( 6) KOH;::r:eHCaUH51JlaHa;::r:bI, cyJibl ep!TIH.D.i 

crrttpTTif( pereHepaUHHJiaHyhrna Tyce;::r:i. 3cpttpneH6eHi 6yJ1aH;::r:h1p

FbIW KOJIOHHa.n.a (9) IUaHbip;::r:aH 6en in aJiaLJ,bI, OJI peKTHcpHKaQH51JlhlK 

KOJIOHHa;::r:a ( 11) 17-TOJJYHJI KhlllIKhlJlb!Hblf( Menrn 3cpttpiH 6eJiirr ana-

1lbl. Ott hr )KttHarb1wrn (15) )KttHaH1lhI, OJI )Kep.n.eH peaKTopra (1) To

Thlryra r<:ai1rnpaLJ,bl. 

KonoHHa,rr:a ( 16) ef( ¥WKhIW 1lttMeT11mepecprnJ1aTThI tt30Mepni 

1lHKap6oH Khlillf\b!Jlb!Hblf( Lr:HMeTHJI 3cpttpnepiHeH ( ((H30cpTanaTTap») 

ali.;::r:aHLJ,bl. 0Chl KOJJOHHaHblf( )K0Fapb! )Kafb!HaH Lr:HMeTHJJTepecjnanaT 

MeTaHOJJ;::r:aH r<:alirn KpHCTaJJLJ,ay )KOJibIMeH l(OCbIMlUa Ta3apTyra Tyce-

1li (99,9%-.D.hII\ rn3a). KonoHHaHhlf( (16) Ky6ThII\ I<aJJ.D.hlfhIH.D.a )J,HMe

TttmepecprnJiaTThif( alirnpnhII\TaH Menwepi 6ona;::r:b1. 

0Hbl MeTaHOJl)J,blf( epiTiH;::r:iJiep;::r:eH KpHCTaJJ)J,aH)J,blpbm 6enirr 

ana;::r:bl. ,UttMeTHJITepecpTanaT MeTaHOJI,Ua Hawap eptt;::r:i, OHbl KpHC

TaJIJI TypiH.n.e 6enirr ana;::r:b1. ,UttMeTHJJTepecpTanaTTblf( IUhlfh!MhI 6ac

TaITKhI 11-KCHJIOJJra ecerrTereH.ue 85-90% 6ona;::r:h1. 
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Aya 

48-cypeT . .[(11MenrnTepecprn .. 1arrh1 anyAhlH TexttonormrnhlK qUI6ach1: 
I - peaKTop; 2, 6, 12, 17 - cybITKhIW-KOH!IeHcaTOpIIap; 3, 7, 13, 18 - cenepaTOpnap; 

4, 15 - )!(J1HaKtaFhIWtap; 5 - 3tep11cjrnKaTOp; 8 - Khl3)lhlpFblW; 

9 - 6ynaH1IblpFh!W KOJJOHHa; I 0, 14, 19 - KaiiHaTKbIWtap ; 

11, 16 - peKTmjrnKau11~,1bIK KOJJOHHanap 

T epecprnnh K,hilllK,hIJihIH TOJl)'OJI,D,aH any ,D,hIH, ;},D,icTepi ,D,e K,hl3hIK,

ThI. 8HepK;}CinTe K,OJI,D,aHblJiaThlH K8ITTereH T;}CiJI.D,ep,D,iH, illliH.D,e TO

nyoJI.D,bI xnopMenrn.D,ey )!(;}He OHhI TOThIK.Tbipy 6ap. 

ToeyoJI,D,hI xnopMenm,D,ey.D.iH cpopManh.D,ernmiH cynhI epiTiH.D.i

ciMeH x11op11b1 cyTeK K,aTbIChIH.D,a )Ky3ere ach1pa.D.bl. Ty3inreH n

xnopMenrnTOJl)'OJI.D.hI Il-MeTttJI6eH3HJI cnttpTiHe .D,ettiH fH.D,pOJIH3-

,D,eH.D,i, OHbI a30T K,bllllK,blJibIMeH Tepe¢Tanb K,bllllK,blJibIHa .D,eHiH TO

TbIK,Tbipa.D,bl: 

CH3 CH3 CH3 COOH 

I I I I 

0 + HCHO;HCI () +NaOH () HNOi ~ () -H20 -NaCl ~ 
I I I 
CH2Cl CH20H COOH 

Tepec}>Tanh K,billlK,hIJihIH )K;}He OHhIH, .D.HMeTHJI.D.iK 3¢ttpitt TOJl)'

OJI.D,hI TOThIK,Tblphm, 6eH30J1 K,blllIK,blJihl apK,blJibI 8H.D,ipy Heri3ri T8pT 

caThI apK,bIJihI )Kype.D,i: 
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- Tonyon,J,bl 6ell30J1 KbIWKblnbIHa TOTblKTbipy: 

Kamiii: 6eH30aThIH any: 

COOH 
I 

0 +KOH 
-H20 

COOH 
I 

0 

Ka.JIHM 6eH30aTThl Ka.JIHH Tepe<i:>Ta.JiaTbIHa KaTa.JIH3,D;iK ,D;HC

rrponopu;wmay: 

0 
- Tepe<i:>Ta.Jih l\hIUIK,hlJlhIH 6enin any: 

IOOK COOH 
I 

() 
I 

() 
I 

COOK COOH 

)lHcnponopu;wrnay KaTaJJH3aTOpnapbI Ka,D;MHM :>K;;>He MhiphIUI 

6eH3oarraphI MeH <i:>Ta.JiarrapbI 6ona,D;hl. Y .uepicTi 440-460°C-.ue )!{~
He 1-1,5 Mila l\hIChIM.Ua .ueKap60Kc11n.n.etty 6onMac y:IIIiH KeMipTeK 

.D.HOKCH.D.i I<aTh1cyhIH,L1.a :>Kypri3eLJ;i. KaTanH3aTOp;::i:hI 5% MenIIIep;::i:e 

KOJl.UaHy Khlllll(blJl,lJ;hIH; lllhIFbIMb!H 86%-rn .ueiiiH I<;aMTaMaCbl3 eTe;::i:i. 

a.uic I\OJl )KeTeTiH lllHKi3aTI<;a Heri3;::i:enreH,UiKTeH OHh!H; KeneIIIeri 

MOJl. 
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2.5. OJiectnrnllepLJi rn,CJparnrurn,-ray 

OJiecpHH.IJ:ep,r:Jj crmpTTepre rn,I(parnummay eH.IJ:ipic ayMarhr 6oH:

hIHIIIa M¥JiaHXHMIUIJihII\ 0HepKgci6ittia Mal-(bl3,I(hl canaCbl 60JihIII Ta-

6hIJia,I(hl. 

3THJieHHeH 6acK:a 6apnhII\ orrecpttH.IJ:ep.IJ:i rn,I(parnummay eKiH

IIIiniKTi HeMece yIIIiHIIIIJIIKTi crmpTTep.IJ:ia Ty3irryitte ;JKene.IJ:i: 

H20 

RCH = CH2 _____. RCHCH3 

I 
OH 

H20 

RR'C = CH2 _____. RR'CCH3 

I 
OH 

H20 

CH2 = CH2 --. C2H50H 

OrrecpHHAepAi rn.I(parnummay.IJ:hII-( eKi )l(aJIIIhl ;J)J;ici 6ap: 

- KYKiPTI\hlIIII\hIJI.IJ:hlI\ rn.I(parnum1 - onecpttH.IJ:ep.IJ:i KyKipT I\hlIII-
. . . 

I\hIJihIHhll-( ~bl, on Ke3Ae arrKHJIKYKipT I\hlIIII\hIJIAapbl TY3Inem; 

epiTiHAirrepAi cyMeH C¥HhIJITK:aHHaH KeHiH 6¥JI I\hlIIII\hIJI,I(ap C;JHKec

Ti CIIHpTTepre rn.I(pOJIH3,I(eHe.I(i; 

- orrecpHH)J,epAi KaTaJIH3aTOprrap K:aTblChIH)J;a TiKeJieH rHAparn

umrnay. 

Oehl eKi 6arhlTThll-( 6ipeyitt rnaAay on 6epirrreH onecpttHHia 

K:aHAaH peaKunua: rHAparnumr peaKUH51Chrna HeMece rronttMepnetty 

peaKUH.51Chrna 6eH:iMAiriHe 6aH:rraHhlCThl 6ona.IJ:hI. OrrecpttHHia Mone

eyrrarrhll\ Macca apTK:aH catthIH OHhll-( rrorrttMepnettyre 6eH:iMAiniri 

apTaAhI. CoHAhlI\TaH erep cttHTe3AiK 3THJI crrttpTiHia gneM.IJ:iK eHAi

pici KyKipTI\hllIII\hIJI,I(hlI\ )l(;JHe TiKeneH: rn)J;paTaUH51Jiay ;J,I(iCTepiMeH 

6ip.I(eH AeprriK IllhIFaphmca, H30IIpOIIHJI CIIHpTiHia TeK a3,I(araH yne

ciH ratta TiKeneH: gAicrreH eH.IJ:ipe.IJ:i. C4 )l(;JHe OAaH )l(Orapbr onecpttH

Aep YIIIiH coarhl ;J)J;ic TirrTi I\OJIAaHhIJIMaH.IJ:hI. 
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2.5. J. O~W<jJllllOepoi K}'KiplllK.bllUK,bl.J1()blK, zuiJpamaU.URJtay 
KyKiPTKhllllKhIJl.r:lhIK rn.r:1parnum1.na KeJieci Heri3ri peaK1.vumap 

)Kype,i,1: 

+H,O 

RCH = CH2 + H2S04 --+RCHCH3 ---. .. -i<RCHCH3 + H2S04 
I I 

OS03H OH 

EacrnnKhI oneqnmHiH rn611FaTb1Ha 6attJiaHbICTbI ~TI>IJIY.r:ll>I 50-
98~'0-.ilbll\ KyKipT I\blllll\bIJibIMeH )i(ypri3e.ui. '>K¥TI>IJIY )i(eHiJiniri Kene
ci peni,1iKne11 aprn,n;I>r: 3THJieH < nponttJieH < l\-6ynrneH < 1no6YTH
neH )K;rne yrniHllliniKTi OJiecpHH.ilep. 

~1b1.1Jy '/KblJl.[laM.r:lblfhI Tel\mepaTypa apTI<:aH caH:I>rn ece.r:1i, 
anal1na cOHhil\leH !\amp nomL\tep.1eHy '/K~rne '/KaHaMa peaKI.Jmmap
.ilbIH )KhIJI.IJ.al'.IJlbIKTapbI .r:1a eceD,i. KyKipT Khillll\bIJihIHhill KOHUeHTpa
u1U1.CbIH apnbtpy .aa ocb1.naif ;;icep eTeJJ,i . CoH.[lhIKTaH peaKI.IHH )f(aF

nailnapbm peaKUHHHbI l\<DKeni JKhrnna:v1nb11\neH )h.-ypeTittneJ:i, 6ipal\ 
rn )KafbE\ICh!3 peaKmUI.'Iap.uhIH ece6iHeH a3 lllbIFhIH.LJ;anaThIHnaiI eTin 
pene)Te T)rpa KeJ1eni. 

AilThtnrnH.J,ap MYl\IKiH 6onaThIH JKarnalmapna ynepiCTi c¥iihII\ 
qnna.ua )Kypri3eni. TeMeHri onecp1m.uepn.i rnnpaTau,ttHnarnHna l\hI
Cbll\Cihl KO.lJlaHy J(3)KeT. 

)!(attaMa peaKUHH.1ap - onap 11Ha.1Kirncynhcpanapnh1H:, )Katt 
Jqmp.1ep.::tiH )K~He nom1Mepne11y e11i:-.1JlepiHiH: TY3iny peaKuirnnapbr: 

2CnH2n + H2Sn, -* (CnH2n+10hS02 
(CnH2n+10hS02 + CnH211+10H-* (CnH2n+1hO + CnH2n+10S03H 

a.::i.ene, cnnprrepll,i C¥HblTbIJlfaH KyKipTKbII.l.IKbIJIJlbIK epiTiHni
.:1eH aluan ananbr )KJHe conaH coH peKTHcpHKawuman KOHI.JeHTpneH:
.:ii. HJTmKeci11ne 6apnhII\ :iKarnaJinap.u.a onapahrH: cyMeH aJeorpon
TbIK KOCn3J1apI>m arram.1. Cmrprrep.ui cychl3,Uattnb1py ymitt 33eo
rpomhl1<: Kocna1ap.llbI yI.I.IiHllli KOMTIOHeHT (l\¥Pal.'<tnac) I<aTbIChIHna 
al1.1alt.::ih1. 0.1 cy:v1e11 He TeMeHipeK Tel\mepaTy"{)a.u.a K:attttai'nbIH 
a3eoTponThIK i,:ocna, He cnuprriH a.3LCaraH :-.rnrrmepi 6onaThIH YlllTiK 
:J3COrpOTITblK KOcna T'{3eni. 
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3nrneH,ui KytdpTl\'.hlWI'\hl .fI .iJ, bI"'. nfllpaTat(HHn an )Tn~-. cnnp

TiH OH.ll.ipy. 3nureu,;:i.i KyKipn':bIWKbLl,;:.I.bII\ rn!J,parnuwrnan J n1.1 

cm1pTiu eu.uipy y.uepiciu.ue Keneci caTbm ap 6ona.ub1: 

- 3THJICH.Ui KyKipT l(bllllKblJlblMCH a6cop6umrnan, 3THJICYJibcflaT

rnp TY3inyi; 

- 3THJICYJibcpaTTbU{ K)'KipT l(blllll(blJlblH 6enin, 3THJl cnHpTiue 

rn.upoJIH3.UeHyi ; 

- 3THJI cnHpTiH KyKipT l(blllll\bIJlbIHaH 6enin any :lK;me OHbl Ta-

3apry; 

- KYKIPT K.bIIllK.bIJihIH pereHepaumrnay. 

E¥Jiap)J.bIH: MaH:bI3.ll.hI caTbICbI - 3THneHHiH: K)'KipT l(bIIllK.bIJibI

MeH a6cop6u:rurnaHyhI. E¥JI Ke3.n.e Keneci peaKumrnap :lKype.n.i: 

CH2 = CH2 + H2S04 ~ CH3 - CH20S020H 

3THrrcy rrh!paT 

!::::,. H = - 146 K)llK!MOJJh 

CH3 - CH20S020H + CH2 = CH2 ~ (CH3 - CH20hS02 

.llH3THJJCYITh<jJaT 

!::::,. H = - 96 K)llK/:-,,io,1h 

,[(mTHncynh<paT KYKipT K.bI!lll\bIJibIMeH dpeKeTTecin, 3THncynh

cpaTK.a aifHanyhI MYMKiH. 

E¥JI Ke3.n.e KyKipT l(bIIlll(bIJihIHhIH: 3THJieHMeH I<aHhIFY .D.;)pe:lKeci 

HCf¥PJlbIM )1(0Fapbl 6onca, COf¥PJlb!M l(Ocna.n.a )J.H3THJICYJibcpaT a3 60-

Jia)J.bl. 

3THJICH KyKipT l(bllllK,bIJlblMCH TCK epireH Kytt.n.e ;)peKeTTecyi 

MYMKiH, .sIFHH on aJl)J.bIMeH oH.n.a ep11.n.i, co.n.aH cori: dpeKeTTece.ui, 

3THJICYJibcpaT (3THJIKYKipT l(blllll(bIJlbIH) Ty3e.ui . 3THJICYJibcpaT Ty3i

nyiMeH :>K¥TbIJIY )KbIJI)J.aM)J.b!Fbl apTa)J.bl, eHTKeHi 3THJlCH OH,Ua KyKipT 

l(hI!lll(bIJihIHa l(aparnu.ua :lKaI<CbI ep11.ui . AnaM:.ua KyKipT K.bIIllKhIJibIH 

qdibIJITa)J.bl, COFaH 6aM:naHbICTbl peaKUH.sIHbIH; )KaJlilbI )KbIJI,UaM,Ub!Fbl 

a3a.sI)J.hI. CoH)J.hII(TaH a.ucop6u11.si:JihIK. KOJIOHHaHbIH: 611iKTiri 6ottbIHilla 

3THJieHHiH: :>K¥ThIJIYhI yllliH :lKar.uaifnap 6ip.ueM: 6onMaH.UhI. 

3THJICHHiH: a6cop6ummauy :lKhIJI.UaM.UhIFhI cou.uaM:-aI< KyKipT 

I\blllll\blJlbIHblH: KOHUCHTpaQH.sICbIHa, l(b!Cb!Mra, TeMnepaTypara )K;)He 

151 



apa.1aCTb1py IGlph:bll-IJ,bl.lblfbIIIa T;-iyenn1 00113,Qbl. )THclCll K3Hbl

ry hJH bIH. MaKc Hi\-taJ1.UhI .n;:ipeiKec i 9 7 ,5 </o-.[(hll\ KY Ki pr 1\bIWl\bIJibI ywi1-1 

1 MOJih KhIWKbrnra 1,4 MOJih C2H4, an 95%-.[(hII\ I\hIWI\blJl yrniH 
I MOJib KhIWKhIJIFa 1,2 MOJlb C2H4 6oJI3.[(bl. a.nene, 3ayb!T )l(aF.[(aH

Jiapb!H.[(3 a6cop6u1rnHbl a6cop6ep.ni1-1. )l(OFapbr )1(3FhIH.Ua 0,6 MOJib/MOJib 

KaHhIFY .u;:ipe)l(eci1-1.e .nei1.iH )Kypri3eni. OraH 97,5%-.UhII\ I\bIWI\hIJI.[(a 

I caraT 15 MHHyrra, aJI 95%-.[(h!K KhIUJKbIJI,Qa 2 caraT 15 MHHyrra 

)l(eTe.ni. CoH.[(blKTaH ic )l(y1iu.ne KyKipT I\bIUJI\hIIIbIHhm KOHQeurpa

UH5!ChI 97-98% 6onyh1 mic. A6cop6um1 TeMrreparypacbr - 70-80°C. 

TeMnepaTypaHbI aprrb1pra1-1.na a6cop6mrn )l(hIJIJJ.aM.UhIFhI apTaJJ.hr, 

anai1.na 6¥JI Ke1ne 3mJieHHi 1-1, non11Mepnet1yi Kyrneweni JJ.e, .UH3nu1 

3qmpiHi1-1. WhIFhIMhI eceni. 3rnne~rni1-1. KyKipT I\hillII\hIJihIHJJ.aFhI a6-

cop6UH5!Chr KhIChrMra T;ciyenni 6onraHhIMeH, I\hIChIM.UhI 1,5 MITa-naH 

apTThrpra1-1.na ai1rnpnbll\TaH ;cicepi 6onMai1nh1. ITpaKTHKana 3THJieH

HiH yneci KhIChIMhIH rnaMaMeH 1,5 MI1a erirr ¥CTan T¥P3JJ:hl. 50-60% 
3THJieHi 6ap 3TaH-3THJieH.[(iK cppaKUI15!Hbl rrai1,n:aJiaHFaH,n:a )l(aJI[JbJ 

KhIChIM 2,5-3 MI1a 6onanh1. )KaKChI a6cop6UH5! 6onra1-1..n:a 3THJieH 

KyKipT KblUJKbIJihIMeH KaJI,UhIK M8JIUJepi 2-6% 60JIFaHilla ~TbIJI3JJ:bI, 

on ynecTiK KhlChIMHbIJ{ 0, 15-0,25 MI1a 6onyhrna c;;ii1Kec Keneni. b¥JI 

KhIChJMJJ:apnaFhJ 3TttJieHHil{ ~ThIIIY )l(bIJIJJ:aM,n:bIFbl 1 MOJib I\hlllII\hIJI

ra 0,3-0,8 MOJih 6oJia.UhI. 3nrneH KaHhIFYhIHhIJ{ oprnrna )l(bIJIJJ:aMJJ:bI

FhI 1,5 MI1a-.n:a 1 MOJib I\hIUJKhrnra 6ip cararra 0,3 MOJib 6orra.n;bI. 

E1-1..n:ewe peaKUtt5!HhIJ{ ¥33KThIJihIFhI 3 caraT 6orra,n:h1. 

KoJIOHHara 6epirreTiH 6acrnrrKhI KhIUJI\hIJIJJ:a 3THJieHHi« epirirn

TiriH apTThrpy yrniH 3THJieHHeH irniHapa I\3HbII\I\3H I\hIUJI\hIJI.Uhl 6i
pa3 MenwepiH apanaCThrpa.nh1. EerrittreH )l(bIJIYJJ:hI ( 1 MOJib )K¥TbIJI

raH 3THJieHre 121 K.[()K) a6cop6ep iwi1-1..n:e OHbIJ{ 611iKTiri 6oiibrnrna 

opHanacKaH cyhITI\hIWrnp.nhr ananhr; ;;inene 20 cybITI\hIIllhI 6ap a6-

cop6eprrep.n:i K:orrnat1anb1. 

3THJI CITHpTiH eH.nipy yrniH ~CaJI3Tb!H 3THJieH <f>paKQIDICbIHJJ:3 
rrponttrreH 0, I %-naH apThII\ 6orrMayhr THic, ;;ii1Trrece crrnprril{ (H3orr

porr11rr crrttpTi MeH rronHMeprrepni« K:ocrranaphr) carrachr Harnaprraii,n:br. 

AueTHJieHHil{ 6orryhl na P¥I\CaT eTirrMei1ni, eiiTKeHi otti.11-1. Koppo-

3H5!JJ:aH !\Opray yrniH rrai1nanaHaThIH arrrraparypaHbil:\ Mi.re <f>yTepoBKa

ChIMeH )KattacK:attna Mbrc auemneHH.D:iH TY3Y K:a6irreri 6ap. 

3THJI CIIttpTiH aJIYJJ:hllc!; eKiHrni C3Th!Cbl - 3THJicyrrbcparrap,n:bI 

rnnporrHJney. D¥JI Ke3ne Kerreci peaKQH5lrrap )Kypeni: 
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+H20 
r======~ C2HsOS020H + C2H50H 

3nrncynhcparrap K;))JJMrt TeMnepaTypa.ri:a CY.llhII-l r<:aThrcyhrna 

T¥Par<:ThI, anafi.ri:a I\hI3.llhipratt.ri:a onap.llhII-l rn.ri:pontt3i Kyruri apTa.llhI. 
.IJ:tt3THncynhcpaT 3THncynhcpaTKa 1<aparatt.ri:a waMaMeH eKi ece 6a51y 

rn.ri:ponH3.llette.ri:i . CinTiniK oprn.ri:a 3THncynhcpaT TinTi I\hI3.llhipratt.ri:a 

af:irnpnhII\TaH T¥PaKTbl 6ona.ri:hr. 
ftt.ri:ponm Ke3itt.ri:e peaKUHH Tel-l.ri:eynepitteH Kepittrett.ri:ef:i .llH-

3THn 3cpHpi Ty3ine.ri:i. 0HhII-{ illblfb!MbIH a3aihy ywiH 6bmai1 )!(acai1-

.llbl. ftt.ri:ponm.ri:i MYMKitt.ri:irittrue )!(hIJI.llaM )!(ypri3e.ri:i )!(;)He co.ri:att col-{ 

cnHpTTil-l KOHIJ,CHTpaI.1,H5!Cbl epiTiH.ri:i.ri:e a3 6ony ywiH OHbl KOCna.ri:att 

)KhIJI.llaM af:l.ri:afi.ri:hr. E¥JI Ke3.ri:e 4-7% 3cpttp anhrna.ri:hr. CnttpT 35%

.llhII\ epiTitt.ri:i Typitt.ri:e anhIHa.llhl, an KyKipT KblillKbIJibIHb!I-{ KOHIJ,eHT

paIJ,H5!Cbl 45%-ra .ri:efiiH a3a5!.llhl. EacKawa .ri:a )!(acayra 6ona.ri:hr. 

3THncynhcparrap.llhm KOCnaCbIH cyMeH C\illbIJITa.llhI; 6¥JI Ke3.ri:e Kb!UI

KblJI MeH 3THn cynhcpaT epiTitt.ri:ire ai1Hana.ri:hr, an .llH3TttncynhcpaT 6e

nittin lllhIFa.llhI (rnMettri 1<a6aT). 0Hhr 6enin aJihm, 30%-.llbIK KyKipT 

I\hilllKbIJihrMeH rn.ri:ponm.ri:ett.ri:i: 

neneK r11.llpOnH3LJ:eHreHHeH KeHlH eKi Ka6aTTbl 6ipiKTipin 81-{

LJ:eHLJ:i. CnttpTTil-l Teoptt5!nhrK 6oi1hrnwa UihIFhIMhI 97%-ra )KeTe.ui, an 

3cpHpLJ:iH; lliblfblMbl Hefopi 1-2% 6ona.llhl. ~canraH KyKipT KhIUI

K,bIJibIHbIH; KOHUeHTpaIJ,H5!CbI 35%-ra Tel-{. ftt.ri:ponH3 Ke3itt.ue TeMne

parypaHhI 90-HaH 100°C-re .uefiiH ¥CTan T¥pa,Uhl. fH.UpOnH3.lliH 
¥3al\Tblfbl I\blllII\bIJI.llbll-{ KOHUeHTpaI.1,H5!ChIHa ( OHhII-{ C¥Hbl.JIY ,ll;)pe)!(e

citte) 6af:lnaHhICThI 6ona.ri:hr: 40%-.llhII\ KyKipT I\bIWK,hIJihIH.lla rn.upo

nH3 10 caraTr<:a, 45%-.llhII\ KyKipT I\hilllI<hIJihIH.lla 1 caraTKa, 50%

.llhIK,Ta 0,5 caraTI<a C03hma.ri:hr. ftt.ri:ponm.ri:ett KeHiH KocnaHbI 6ynaH

.llhipFhilll KOnOHHara )!(i6epe.ri:i, OH,Ua cy cnHpTTiK KOCnaHhl cy 6yhI-
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~1c11 aiL:i,aibb!. Ko:1011HaHbill Tei\1c11ri 1Kanma11 IK¥MbIC /Kacan, no;111-

Mcp;1cp:v1e11 .1aCTal1Fall KyKipT KbllllKb!Jlbl KCTC}J,i. I10Jll1iv!CpJ1Cp}J,i /Ka

CbIJl l'vtaHMCH (ra30HJibMCH) 6eJiin arraLJ,bl, KblllII\bIJILl,bl 88-90%-LJ,bII\ 

K0Huempau1rnra nei1i11 6yJiaHL1,b1paL1,bI JK;:me ynepicKe ;;ipi I\apaii 

rrai1,UaJiaHy yllliH oJieyMMeH «;;ipipeK MbIKTaHLl,bipaLl,bD>. 

Y ,UepiCTiH. TeXHOJIOrH51JibIK C¥JI6acbr 49-cyperre KemipimeH. 

3TttJieHK¥paMLJ,bI cppaKUH51HbI a6cop6epni11. (2) rnMeHri JKarbrna JKi-

6epe,Ui. KyKipT I\billII\bIJib!HbIH. JKaH:a rrapTH51CbIH TeMeHHeH caHaraH

narbI ceri3iHllli rapeJIKana11 aJib!HaTbIH JTHJICYJibcpaTrreH apaJiaCTbI

paLl,bI na a6cop6epre cyapyra JKi6epeni. )f{a11.a I\billII\bIJI MeH JKCT

paKThIHbIH. KapbIM-1\aTbIHaCbIH KaHbIFY n;;ipeJKeci 0,5-0,6 MOJib C2H4 

1 MOJib H 2S04-Ha 60JiaTbIHL1,ai1 eTin aHhIKTaHLJ.bI. 

A6cop6epni11. 20 rapeJIKaCbI 60JiaL1,h1; ;;ip rapeJIKana 6eJiiHeTiH 

JKbIJIYLJ.bI aJiaTbIH cyhITKbilll KOHLI.biphrnraH, OJI TeMnepaTypaHbI 75-

800C eTin ¥CTan T¥PYFa MYMKiHLJ.iK 6epeni. A6cop6ep illl IKaFhIHaH 

KOpFaCbIHLl,aJiraH )K;;JHe I\blllII\blJIFa T¥Pal\Tbl TIJIHTaMeH cpyTepJieHreH. 

A6cop6epni11. rnMeHri JKanrnaH JTHJICYJibcpaT cpapcpop I\OHLl,bipMacbI 

6ap rnn:posrmepre (3) TyceLJ,i, lllbIFaTbIH 1KepL1,e cyMeH apaJiacaLJ,bI. 

I:\ocna rHL1,pOJIH3epLJ,eH 6yJiaH}J,blpFbllll KOJIOHHara ( 4) 6apaL1,bI, OH}J,a 

rttLl,pOJIH3 a511\TaJiaLJ,bI JK;;JHe crrttpTCYJibI I\OCna 6yJiaHa)J;bI. J:\ocnaHbIH; 

( 4) T8MCHI'i JKafbIHaH c¥HbITbIJIFaH I\blllII\bIJI Ta3apTyra /K;;JHe 6yna

Hyra KeTeni, an cnttpT neH cyLJ,hIH: 6ynapbr KOJIOHHara (5) 6arbITTaJia

Ll.hI, OHLJ,a OJiap}J,bl KyHLl,iprilll HaTpMeH 6eiirapanTaHLl,bI. 

OnaH ;;ipi 6¥Jiap KOHL1,eHcau115!JiaHaL1,bI JK;;JHe cenepaTop (7) JK;;JHe 

I\bI3L\bipFbilll (8) apl\bIJibI peKTHcpttKaUtt51ra KeTe;::i;i. KonoHHaLJ,aH (9) 

Ll,HJTHJI JcpttpiH aJia)J;bl, OHbl cyMeH KOJIOHHaLl,a ( 11) JKyaLJ,bI /K;;JHe 

napKKe aJihITI KeTeni. Cnttprri JcpttpLl,eH cyMeH JKYbITI aJiaLl,bI, co;::i;aH 

co11. KOJIOHHara (9) I\ai1rapaL1,bI. Cnttpni-cyJihI I\OCna KOJIOHHa;::i;aH 

(9) KOJIOHHara ( 12) KeTeLJ,i, OH)J;a JTHJI cnttpTi aii)J;aJibIHb!TI aJibIHa)J;bI. 

0HbI KOJIOHHaHbIH: JKorapbI JKanrnaH arra;::i;b1. CyhrTaLl,bI IK;;JHe napKKe 

;;iKeTeLJ,i. KoJIOHHanapLJ,bIH: (9) JK;;JHe (12) 1Korapnr 1KarbrnaH TeMrre

paTyparrapbrn n:ecpJierMaTOpIIap (10) JK;;JHe (13) KeMeriMeH perreii;::i;i. 

YpJieHeTiH ra3LJ,aH JTHJI cnttpTiHiH. 6yIIapbIH arrLJ,bIH aJia 6eJiin aJibIIT, 

OHbI JKyiie;::i;eH lllbIFapaLl,bI. 

A6cop6ep JK¥MbICbIHbIH: peJKHMiH perrey eTe I\HbIH, eiiTKeHi 

;;ip6ip rapeJIKaLJ,a JKbIJIYLl.bIH: ;;ipTypJii MBJilllepi 6eJiiHeLJ,i. 0HbIH; e3i 

KOJIOHHaHbIH. 6ttiKTiri 6oiihIHllla 83repeTiH JTHJieHHil{ 1K¥TbIJIY /KbIJI

}J,aMLl,blfbIHa 6aiiJiaHbICTbl 6oJiaLJ,bI. 98%-Ll,bIK KyKipT I\blllII\bIJibl MeH 
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cy3phIJI3ThIH iKOrnpFhI T3pe~lK3JI3Pil3 3nrne11 :v1e11 Kyun1 pe3KUH5L13-

Cb!Il a3 )l.<hrny 6eni11e)J,i. On )Kornpnr TapeJ1Ka.113pl.l,aFbI ra.31.l,a 3nureH

ttiH, a3 6orryhrMeH Tycittl.l,ipine)J,i, eiiTKetti on rnMettri rnpenKa.n3pl.l,3 

)l.(¥ThIJ1hlll 1\31131.l,hl. EKimni )l.(3FhIH3H, 3TirneHHiH, ;rni 3Tttncynhcp3ThI 

)1.(01\ KyKipT I\hiilll\hIJlhIH)J,anr epiriillTiri eTe 33. KonoHH3Hhrn iKOFap

FhI 3HM3FhIH)J,3 6oc 3TttJieH (epireH Kyiil.l,eri) ic )l.(y3iH)J,e 6onM3H)J,hI. 

A6cop6epre rnpenKa HeF¥pJibIM TeMeH optta.n3CC3, COF¥P11hIM 3THJI

cynhcp3TThIH, KOHUeHTP3UH51Cbl Ke6ipeK, 3TMJieHre 63HJI3HbICTbl I\OC

naHbIH, epiTKiillTiK K:a6ineTi )l.(OFaphr 6ona,n:hr. A6cop6ep,n:iH, 6¥JI 6e

niriH,n:e )l.(bIJlY.l(hIH, Ken Menillepi 6enitte,n:i. 
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49-cypeT. 3THJI crrnpTiH JTHJieHAi KYKiPTl\bIIIIl\hIJIAhII\ 
rHAparnumrnarr aJIYAhill TexHononurnhII\ C¥J16acb1: 

I, 7 - cerreparnpnap; 2 - a6cop6ep; 3 - rnJipomnep; 4 - 6ynaHJibipFbIW KOJJOHHa; 
5 - 6eihapamaHJiblpFblW; 6- KOHJieHcarnp; 8 - Kbl3JlblpFbIW; 9, 12 - peKrncjrnKaUH.S!JlbIK 

KOJJOHHanap; I 0, I 3 - JiecjmerMarnpnap; I I - lKYFhIW KOJJOHHanap; I 4 - cyhITKhIW 
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A6cop6qui1t ry6i1-1e Kapail :irnne1111iu epiriwTiri apTaJibI , anaii-

11,a 6oc KblWKbJ;J.J.bll( ;-.1e,1wcp1 aJa51Tbll-IJ1blKTaH OHbIH, jK¥TblJIYbl Te

MeH11,ei1n:i )!(~me a3 )!(bIJTY 6eniueJJ,i . A6cop6epJJ,iH. TeMeuri )!(anrnau 

KeTeTiH peaKUH51JlbIK KOCnaJJ,a Ken epireH 3THJieH 6oJiaJJ,bI. 

K yKi pTKhillIKhIJlJJ,hIK rnJJ.parnumrnay KOHJJ,bipFbJJiaphIHJJ,a KOH

ueHTpaum1cb1 95,6% ::nun cmtpTiH anaJJ,bI. E¥JI cnupT-peKTHQJHKaT 

JJ,en arnJiaTbIH 78, I °C-JJ,e Kai1HaHTb!H cyMeH ( 4,4% cy) a3eOTponTh!K 

KOCnaCbl. 
Cychl3 3THn cnttpTiH 6eu3onMeH a3eoTponTbIK attJJ,ayMeH ana

JJ.hI. EeHJon cynh1 cnttpTneu yuniK a3eoTponThIK I<Ocna Ty3eJJ,i, on 

64,9°C-JJ.e KattHattJJ,hI )!(aHe oHna 74, I % 6eH30JI, 18,5% cnttpT :>KaHe 

7,4% cy 6onaJJ,bI. E¥JI Kocna 6ipa3 T¥prnttna :>KornpFbI (6eH30JI 

cnttpniK) :>Kaue TeMeHri (cy cm1pniK) Ka6anaprn 6eniueni. 

IfaonponHJI *aue H3o6ynrn cnupTTepiu nponuneu Men 
~-6yTuneunepJ.J.i KyKipT~hilll~hIJIIlhI~ rnnparnuu~rnan ounipy. 

Tiponttneuni KyKipTKhillIKhlJIJJ,hIK rnJJ,parnumrnan aJihIHFaH 6i

pittllli CHHTe31liK cnHpT H30nponHJI cnHpTi 60JI1lbl. flponHJieHHiH. Ky

KipT KblllIKbJJibIHJJ,aFhl a6cop6UH51JiaHy ytI:epiciH eKi H¥CI<aMeH (BapH

aHTneH) )j(yJere acb1pyrn 6onaJJ,bI: 92% -JJ,hII< l\hillIKhJJIMeH 20°C-tI:e 

)!(aHe aTMOccpepanbIK ]\b!Cb!MJJ,a HeMece 80%-JJ,bll\ KbillI]\bJJIMeH 

60°C-ne )!(aHe 2,5 MTia KhIChIMlla . 

EKittwi aJJ,icTe a6cop6epJJ,e monponHncynhcj:JaTibIH. rttJJ.ponMJi 

Kamp )j(ypetI:i. EKiHllli KOJIOHHaJJ,a peaKUH5IJihIK I<OCnaJJ,aH H3onpo

TIHJI cnHpTiH )!(aHe JJ,HH30nponH.l CTIHpTiH attJJ,attJJ,bl, an KyKipT l\blllI

KbJJib!H a6cop6epre KattmpaJJ,bI. KyKipT I<hlllIKhlJlhIH pereuapa

u1urnay Ka')!(eT eMec. I13onponHJI cm1pTi cyMeH J\¥paMbIHJJ.a 12,3% 

(Mace.) cyhI 6ap :>K:rne 80,4°C (m3a cm1pT 82,4°C-.ue I<attHaHJJ,bI) 

KattuattThIH a3eoTponTbIK Kocna Ty3e.ui. PeaKU:H5IJihII\ KOcna a6cop-

6epJJ.eH eKiHllli KOJIOHHarn TyCKeu.ue KOcnarn KYKiPT J\hillll\hIJihIHhIH. 

60%-rn Tea 6oJiaTbIHJJ,aH eTin cy KOCa,Ubl . lfaonpOTIHJI CTIHpTi + cy 

a3eOTpOTITbIH. KOCTiaCb!H attJJ,arnu.ua KyKipT Kblllll\blJlb!Hh!H, KOHU:eHT

paU:H5ICbl 70%-rn JJ,ettiH aprn.uhr. 

TiponttneHHiH. 92%-.Ub!K KyKipT l\hlllIKbIJlbIH.UaFhl a6cop6U:H5I

Ch!H 3THJieu.ui a6cop6u:mrnay yllliH I<on.uauaThIH a6cop6epnep.ue :>Ky-

3ere acb1pa.uh1. l\hillIKhJJI npomrnettre acep eTKeHJJ,e M3onpon11ncynh

cpanap Ty3i11yiMeH Kamp npornrneHHiH. nom1MepmauM5IChI JJ,a 6ona

Jlhl. K yKi pT KhillII<hJJib!Ha MHepni epiTKillITepJJ.i l\OJIJJ,aua OTbipbm, 

nonHMepneuyni KYPT Te')!(eyre 6011anb1. fHJJ.parnu:mrnayJJ,hI TaJa npo-
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mrne11re 11e:viece K¥pa:vtbIHJWFhl rrpom1neu ;ipryp.1i - 20-24'Yo (Tep

MW!J1bll\ KpeKHiff fa3bHlaH), 40% (I<aTaJlli3L(iK Kpe1umr ra3µ,apbIHaH) 

)](;JHe 80% (rrnpoHH3 ra3LJ:apbrnau) nponau-nponHJieH cppaKuwrnapb1-

11a11 )](acaHLJ:bI. 

ITponHJieH 6ynapbIHbIH, napuHaJibLJ:i KbICbIMbI apTK:aH cattbIH 

OHbIH, KyKipT l\bIIIIKbIJ1bIMeH )](¥Tb!J1YbI apTaL\bI. ITponaH-nponmre11-

LJ:iK cppaKQli51Hbl nai1:L1,aJ1aHFaHL1,a )](¥TbIJ1YL\bIH, COJl TliiML(iJiiriH CaKTay 

yrniH )](aJlIIbI l\bICbIM )](OFapb1pal\ 60.rryb1 THic. ITponHJieH11i1-1, yHeCTiK 

l\bICbIMhI 1 Mfla 6oJIFaH.Il,a 20% npomrne11i 6ap npona11-nponHneH

L\iK cppaKQH51CbI yrniH 3,7 Mfla, 40%-L(bIK cppaKUH51Fa 2,5 Mfla, 

80%-LJ:hil\l\a 1,25 Mfla KbICbIM K:a)](eT. A6cop6UH51HhI Kono1111a11b11-1, 

6oc ]\bICbIMbIH)],aFbI aFb!HHblH Cbl3blKTblK )](bIJl)],aM)],b!Fbl 75 MM/C-Tb!K 

6onrnHLJ:a )](ypri3e.Il,i. 

ITponttneHL(i 6epy )](blJlLJ:aM.Il,bIFbI apTK:aH.Il,a OHhIH, l\billIKhIJIMeH 

)](aHacyhI )J(a]\capaLJ:hI )J(;JHe ~TbIJIY )J(bIJIL(aML(hIFbI apTaLJ:hI. )]{bIJ1-

LJ:aMLJ:hII\TbI 400 MM/C-1\a L1,ei1i11 apTTbIJJFaH.Il,a npomme11L1,i nai1:L1,ana11y 

L1,;ipe)J(ec1 aJa51.Il,hI. 

y L1,epicTi1-1, wewywi cpaKTOpbl - KyKipT KblllIKbIJlb!Hb!H, KOHUeHT

paQli51CbI ;ip6ip KOHQeHTpauH51Fa e3iHiH, 01-1,TaHJlbl TeMnepaTypaCbl 

)J(;:>He ~TbIJIY )J(b1J1)],aML1,b!Fbl 6ona)],bl, MbICaJlbl IIJJOIIliJleHHiH, 80%

LJ:bl]\ l\blllil\bIJIMeH ~ThIJIY )J(bIJI.Il,aM)],b!Fbl 70%-L(b!K KhlllIKbIJIMeH 

)](¥TbIJ1Y )](bIJ1LJ:aMLJ:b!Fb!HaH 1,5 ece apTbIK, 70%-LJ:h!K Khlllil\bIJl)],bl 

]\OJlLJ:aHy THIM.Il,IpeK - )J(0Fapbl KOHUeHTpneHreH KblllIKbIJl TeK )J(¥Tbl

ny ¥3al\ThIFhIH a3L1,an aJai1Ta.Il,bI, an 70%-L(bIK KbillIKbIJIL\bI nai1:L1,ana11-

FaHLJ:a 6ynaHLJ:b1py y.Il,epici KyrnTi )J(e1-1,inLJ:eHeL1,i )J(;JJ-Ie IIOJlliMepnepLJ:iH 

llib!FbIMbI a3a51)],bl. 

fttLJ:ponH3.Il,eHreHLJ:e TeMrrepaTypa 70-90°C 6onaL1,b1; TeMrrepaTy

pa TeMeHLJ:ereHLJ:e 6¥J1 yL1,epicTi1-1, )J(b1J1L1,aML1,bIFhI TeMeHL1,ettL1,i. fHL1,po-. . 
JlH3 Ke3IHLJ:e l\blllI]\bIJl)],bIH, KOHQeHTpauH51CbI CIIHpTTIH, llib!Fb!MbIHa, 

cnttpT nett 3cpttpL1,i1-1, ]\apbIM-KaThIHacbrna ;icep eTeLJ:i. lfaonponHneH 

CIIHpTiHiH, MaKCHMMLJ:bl IIIb!Fb!MbIH any yrniH l\blllI]\bIJ1)],bll\ 3KCTpaK

Tb!HapLJ:bIH, (rnaHFb!HLJ:b1J1apLJ:b!H,) rHL\POJ1H3iH onapLJ:bl cyMeH 35%

LJ:bll\ KOHQeHTpaQH51Fa LJ:ei1iH C¥Hb!J1T]\aHLJ:a )](ypri3y KepeK. b¥Jl Ke3-

LJ:eri rnLJ:pontt3LJ:iH ¥3al\TbIFhI Hefopi 10 MHHYT 6ona.Il,bl. 

KyKipT l\billII\b1J1L\hII\ rttLJ:parnuttHnay apK:binbI l(-6yTttneHL1,epL1,eH 

eKiHrniniKTi-6yTHJ1 CIIHpTiH anaLJ:bl. llittKi3aT peTiHL(e KpeKHHr fa3)],a

pb!HbIH, 6yrn11-6yTttne11L1,iK cppaKQH51CbIH )J(;:>He 6yrnHLJ:hI LJ:ernLJ:pneH-
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rc1111e11 1-:di i 11 n 6yT11Jle11.'lep.1i na i i.:ia:ia1-1yra 6ona.11>1. Eyrn1u1e11;1ep
.uiH 60J1yb1 Ko;iai1cbu: OJI 6ipKarnp iKaHai\la peaKuwrnap;:1.b1 ;Kypri3e
JJ,i, an OHbl 6enirr any Kl1bIHJJ,ay 6onaJJ,bl. EyT11JieHD,ep.niH. a6cop6um1-
CbIHLla OJiapLI,b!H ITOJIHMepJieHyi 6ai11(aJia)J,bl. I10JI11MepJieHyiH Ke6i
peK Ty3inyiH 60JI)J,blpMay ywiH ( OJiecjrnHD,epD,i KyKipT K,bllllK,blJlblMeH 
8H.D,ere1rn,e onecjJHHHiH. MOJieKyJiaJibIK Maccacbr 3TlrnettHeH K-6yr11-
JieHre apTKaHna onapD,bIH rrom1MepneHy Ka6iJieTTiJiiKTepi eceJJ,i) 6y
T11JieH.'lepD, iH a6cop6um1CbIH )J(¥MCaK )Kani:aH:nap.D,a :::: 40°C-JJ,e, 0,3-
0,4 MITa )J(;}He 75-80%-.D,bIK KbIWKbIJI.'la )Kypri3e.D;i. 

EyTttJiett.nep KyKipr KhIWKb!JlbIMeH TOJibIK, .nepniK *¥Tbrna.D;b1. 
PeaKU115!J1bIK MaccaHbIH. rn.D,pomni )K;}He eKimui.rriKmi-6yr11n cn11pri
HiH. 6eJ1ittyi 3Tl1JI cn11pTiHe KepceTimeH C¥J16a 6ottbIHllla )Kype.ni. 
PeaKUH5!JibIK K,ocnaHbI cyMeH 30%-.'lbIK KOHUeHTpaumIFa .neihH C¥H
bIJITa.'lbI. 8.nerre, eKiHWiJ1iKTi-6yrnn crr11pTi C¥HbIJia 6acTaraHHaH 
6eJ1iHe 6acrni1JJ,b1; OHbI 6enin aJibm, ai1JJ,a}1JJ,hl. 70%-.'lbIK, KhilllK,bIJI.'lbI 
nai1.nanaHraH )Kamai1.na JJ,a iwittapa rnD,pon113 )KypeD,i. TepM115!JibIK 
KpeK11Hr ra3.napbIHbIH. 35% 6yrnnett.nepi 6onaTbIH 6yrntt-6yrm1eH
.niK cjJpaKUl15!J1apb1MeH *¥MbIC icTerettJJ,e 11306yr11nett.ni 6enin anratt
HaH KettiH l(blllll(blJl.'lblK, l(aHbIFY .'l;}pe)Keci 1 MOJ!b KyKipT K,bllllK,blJibI
Ha 0,8 MOJ1b 6yT11JieHD,epD,eH acnai1JJ,bl. 8.nerre, 1 MOJib K,billlKhIJIFa 
0,5-0,6 MOJ!b K-C4Hs 6oJiaTbIH 3KCTpaKTb!Jlap (lllaHFbIH.'lap) aJia)J,bl. 

EKiHllliJiiKTi-6yrnn cnttpTiH rn3apTy OHJJ,a l(ocnanap 6oJIFaH.'lbIK~
rnH Kl1bIH.'lay 6ona.nb1. Keneci T;}CiJ1.'li KOJI.'lattyra 6oJia.'lhl. lllttKi 
crr11pTKe .'ll111306yTHJieH KOCbIIT, cy .'ll111306yT11JieH )!{;}He K,OCTiaJiap
JJ,aH T¥PaTbIH YlllTiK a3eOTponThIK KOcrraHbI ai1JJ,aHJJ,bI. Co.zi:att COH. 
eKiHllliJiiKTi-6yrnn crr11pTiH peKrncjJ11Kau115!J1ai1.zi:b1. Ta3a eKiHllliJiiKTi-
6yrnn cnttpTi 99,5°C TeMnepaTypa.na l(attttaHJJ,bI. 

Erep ra3.nap.na 113o6yrnneH 6onca, OJI 60-65% KyKipT K,billlK,bI
JibIMeH OH.ai1 a6cop6u115!J1atta.D;bl. lho6yT11Jiett.ni a6cop6u115!Jiaratt.zi:a 
1 MOJ!b l(bllllK,bJJI.'la 1,5 MOJlb 11306yT11JieH 6onaTbIH 3KCrpaKT aJia)J,bl. 
D¥JI Ke3JJ,e 6yrnH-6yT11JieHJJ,iK cjJpaKUH5!.D;aFhI 11306yT11JieHHiH. Menwe
pi 10-ttaH 1 %-ra .nei1iH a3a5!.'lbI. lho6yrnnett.zi:i 6enin aJIFaHHaH 
KeHiH ra3 eKiHllliJiiKTi-6yrnn cn11pTiH anyra )Ki6epine.ni. EH. )KaK,CbI 
tt;n11)Ke11ep 11306yT1111ett.ni eKicaThIJibI a6cop6u;115111aratt.na aJibIHa.D;bI. 
Eipittllli caTbIJJ,a 38°C-JJ,e 11306yT11neH.zi:i eKiHllli caTbI.'laH KeneTiH 
)I<;}He l(aHbIFY D,;}pe)Keci 0,5 MOJib/MOJlb 6oJiaTbIH KbilllKbIJIMeH 6enin 
ana.'lbl. An eKiHllli caTbIFa )KaH,a K,billlKbIJI ryce.ni, an a6cop6u;1151 Te-
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Me11ri Tei'vmepaTypaiw (I 0-20°C) Kal!brty n;;ipc;.i.;cci 0,5 :-10.1bh.10.1b-rc 

TCll 6onrnurn µ,ei1i11 /Kypeµ,i. EipiHwi caThJ)laH KhllllKbLl)J,blK 3KCT

paKT ( 1,5 MOnh/Monh) ywittwiniKTi-6ynrn cm1pTiH any ywiH rn,IJ,po

mnre ana,IJ,bI. }\ocrraHbI cyMeH C¥Hb1J1Ta,IJ,bI JK~me T¥HYhIHa MYMKiH

winiK 6epe,IJ,i. Ai1,IJ,ay,IJ,bI KyKipT I<bIWI<h1J1h1MeH JKacayrn 6onMai1,IJ,hI, 

ei1TKeHi l\bIWl\b1J1MeH I<bI3,IJ,bipraH.n:a crr11pT ,IJ,ern,IJ,pnette,IJ,i. T¥HFaH

HaH Kei1i1-1ri cynbI I<a6aTTbI cy 6yb1MeH ai1,IJ,aH,IJ,bI, cyMe11 C¥Hh1J1Tb1J1-

rn1-1 crr11pT anbrna,IJ,hI, eliTKeHi peKT11qrnKaumrnaHFaH,IJ,a 22% cyb1 

6ap, 81°C-,IJ,e ]\aHHaHTb!H a3eOTpOIITbll\ l\OCIIa aH,IJ,aJia)J,bl. Ta3a eKiH

rniniKTi-6yT11n CIIHpTi 82,4 °C-,IJ,e ]\aHHaH,IJ,bl. Cychl3 cn11prri any 

yrniH K;),IJ,iMri ;),IJ,ic apl\b!J1hI 6e1-13onMeH cycbl3,IJ,aH,IJ,bipy,IJ,hI JKypri3e,IJ,i. 

2.5.2. Olle<jJum)ep{)i miKe!leii 2u{)pamau,uRJ1ay 
OneqmHJJ:ep,IJ,i KaTan113aTOp ]\aTbICbIHJJ:a TiKenei1 r11,1J,parnummay -

on cy Moneeynanapbrn oneqrnHHiH I<OC 6alinaHhICbIHa TiKenei1 l\Ocy: 

RCH = CH2 + H20 ~ RCHCH3 

I 
OH 

TiKenei1 r11,IJ,parnummay,IJ,hIH: /Khrn,IJ,aM,IJ,hIFbI KyKipTl\bIWl\h1J1,IJ,hII\ 

r11,IJ,paTaQIUIJiay,IJ,hll{ /Kb!J1,IJ,aM,IJ,b!Fb!HaH a3, COH)J,bl]\TaH y,IJ,eplCTll{ IC 

JKy3iH,IJ,e l\OJlattnhI JKh1J1,IJ,aM,IJ,bIFhIH any ywiH KaTaJIH3,IJ,iK rn,IJ,parn

QHRHhI /KOFapbipaK: TeMrrepaTypa,IJ,a JKypri3e,IJ,i. O,IJ,eTTe, TiKenett rH,IJ,

parnQHRHbl 150-300°C TeMnepaTypanapbIH,IJ,a JK;)He 10-300 aTM l\bI

cbIM,IJ,apbIH,IJ,a /Kypri3e,IJ,i. Karnnl13aTOpnap peTiH,IJ,e KyKipT JK;)He cpoc

cpop l\blilll\b!J1b!HblH; C¥Mb!J1Tb!J1FaH cynhI epiTiH,IJ,inepiH /K;}He K;),IJ,iMri 

]\aTTbI ,IJ,er11,IJ,parnu;11Rnaywh1 KaTaJIH3aTopnapbrn: cpoccpop l\bIWI<b!J1bI, 

JKaH JK;)He Kyp,IJ,eni cpoccparrap JK;)He aMMOHHM,IJ,iH: npoMoTOpnapbI

MeH JK;)He onapCbl3 aKTHBTl ]\OCilaCblH ]\On,IJ,aHa,IJ,bI. 

3THJI cnupTiH JTHJieH)l.i TiKeJieii: ru,IJ,paTaUHHJiayMeH 0n.uipy. 
3THJieH,IJ,i KyKipT ]\blill]\b!J1)J,bll\ rn,IJ,parnQHRnay,IJ,bll{ KeMwiniKTepi 

(l\OH)J,blpFbrnap,IJ,bl opHaTy,IJ,hIH; /KOFapFbl ]\apaJKaTTaHybI, l\blilll(b!J1Fa 

Te3iM,IJ,i armapaTypanap,IJ,bI l(OJI,IJ,aHy l(aJKerriri, l(bIWl(b1J1,1J,hI 6yna11-

,IJ,bipyrn Kerr 3HeprnR WbIFapy) y,IJ,epicTi TiKenett rn,IJ,parnu;11Rnay l(a

JKerriniriH TY,IJ,bipa,IJ,bI. l\HbIHWh!J1hII\ - 6¥JJ peaKUHR,IJ,aH 3THn cn11p

TittiH; JKal\ChI WbIFbIMbIHa !(On JKeTKi3y MYMKiH 6onMa,IJ,bI. Eapnbil( 

¥CbIHb!J1FaH KaTan113aTopnap - MJmepan,IJ,hII<: l(bIWl(b1J1,IJ,ap,IJ,bm (Ky-
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KipT. T¥3 /KJHC cjioccjiop Kb!UIKbLlJJ,apbIHbll\) cynbl epiTiIIL(inepi )!(JHe 

KaTTbl KaHLlll3UTOp (Mernnµ,ap.J,bll( T¥3.J,apbl )K;me OKCH)J,Tepi) MaK

caTTbI eHiMHiH: UlbIFbIMbIH a3 6epeni. 

Cynhr 3TMJieHre I\OCY Tene-TCH:L\iKTi 3K30TepMM51JibII\ peaKQMJl: 

6. H = - 45 K,lJ)K/MOJih 

Cn11pTTiH: Tene-TCH:L\iK WbIFbIMbI r11nparnu;1151nay )KaFnaiinapbI

Ha - H20:C2H4 K:apbIM-I\aThrnachrna, TeMnepaTyparn )K;)He I\hIChIMFa 

T;)yenni 6ona)J,hI. COHL\hII\TaH peaKQH51HhI TeMeHri TeMrreparypanap

na, )KOFa]JFbI I\bICbIML(apna )K;)HC cy MCH 3THJICHHiH: ynKeH MOJih)J,iK 

K:aphrM-I\aThrnacbIHL\a )Kypri3y KepeK. EH: ynKeH WhIFhIM (:::;18%) 

150°C-ne, 8 MTia )K;)He H 20:C2H4 K:apbIM-K:aThrnacbI 0,8: 1 6onrnH

na anhIHaL\hI. 

EH: )Kal\ChI KaTanH3aTop TeceHiwTeri (KH3eJihryp, c11n11Karenh, 

an10Moc11n11KaT) cpoccpop KhIWKbIJihI 6onhm rn6hrna)J,hI. OcbI MaK:caT

rreH 6eiirnpanThI KarnmnaTopnapL\bI na, MhICaJihI, TeceHiuJTeri 

BOJibcppaM OKCHL(i, 3eprrenreH. ¥ caK:KeyeKTi rnceHiwTepneri cpoc

cpop KhlillKbIJibl ciH:ipinreH KaTaJIH3aTop !{aTh!CbIH)J,a CIIHpTTiH, Illbl

Fb!Mbl KCH:KeyeKTinepniKiHeH 20-25%-rn T8MCH 6ona)J,hI; KCH,KeyeKTi 

T8CeHiw L\Hcpcpy3H51JihlK ynepicTepni )KCI{iJIL(eTe)J,i, 5.lFHH KaTaJIH3)J,eri 

MaH,hl3L\bI KepceTKiwTep TeceHiwTiH: K:aH:KaChI MeH 6erriK aynaHhI 

6os1bm rn6hrna)J,hl. Karnn113 TeceHiw 6eTiHne C¥MhIK KyttiHne 6ona

ThIH 6oc KbIWKhIJIMeH )Ky3ere acanh1. l\hIWI\hIJI 6eTiHneri cy 6yh1-

Hhm KhICb!MbIHa T;)yenni 6onaThIH I\hIIIII\bIJI)J,hlK KOHQCHTpaQH51Cbl -

KarnnmaTop aKTHBTiniriHiH: MaH:hl3L\hI KepceTKiwTepiHiH: 6ipi. 

TeMnepaTypaHhI 240-rnH 280°C-re neiiiH apTTbiprnHna 3THneH

HiH: KOHBepCHJlJiaHy )J,;)]JC)Keci CL(;)yip apTaL\hl. 3THJICH MCH CYL\hIH: 

MOJihL\iK K:apb1M-K:aTbIHach1 0,65: 1-re TeH:, )KaJirrhI I\hIChIM 7 MTia )K;)

He 3THJICHL(i 6epyniH: K0JICML(iK )KbIJI,[(aM,[(bIFbl 2000 caF. -I 60JIFaH,[(a 

KOHBepc1151naHy L\dpe)Keci 260°C-L\e 3%, an 280°C-L\e 5% 6ona,[(hI. 
3THJICH,[(i 6epy )KbIJI,[(aM,[(hIFbI 2700 CaF.-l 6oJIFaH,[(a OHhIH, KOHBep

CHJlJiaHy L\dpe)Keci 260°C-L\e 2,2%-,[(aH 280°C-ne 3,7%-rn apTaL\hI. 

TeMrrepaTypaHhI dpi K:apaiI apTTbI]JFaHL\a KOHBepc1151naHy ,[(;)]JC)Keci 

a3narr ]\ana e3repeL\i. )l{annhI I\hIChIM 7 MTia )K;)He cy Men 3THneH

HiH: MOJihL(iK K:apbIM-I<:aThIHaCbI 0,6:1-re TCH, 6oJIFaH)J,a cy 6ynapbl

Hb!H: KhIChIMhI 2, 75 MTia 6ona,[(hI. E¥JI KhIChIMrn 280°C-L\e I\hIWI\hrn

L\bIH: KOHQCHTpaUH51Cbl 83%, 290°C-,[(e 85% 6onyhl C;)MKCC KeJie,[(i. 
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Erep KarnmnaTop 6eTi1-111,eri KbIWKhI:l ;Jhil-l KOHUeHTpaum1cb1 

83%-.D,aH TeMeH 60,1ca, OH.ila crrnpnil-l lllbIFb!MbI KYPT a3a51.ilhl. Cott-
. . . 

.ilhlKTaH cy MeH 3THJieHHll-l MOJib,Ll,IK l(aTbIHaCbIH )[(0Faphl enn Cal(-

rnyra 6onMatt.D,hI, eiiTKeHi 6¥JI )[(aF.D,aii.D,a y.ilepicTil-l TepMO.ilHHaMH

KaChIHaH lllhIFaThIH,Ll,att cpoccpop l(hlllll(blJih!Hhll-l KOHUeHTpaUH51Chl 

OnTHMaJih):(iK (01-lTaMJihI) KOHUeHTpaUH51.LJ,aH (83-85%) TeMeH 60Jihin 

l(ana.n;h!. ITpaKTHKa.D,a cy MeH 3THJieHHil-l MOJihJJ:iK KaTbrnachrn 

(0,6-:--0, 7): 1-re Tel{, )[(attacy yaKhIThIH 18-20 c, 3THJieH.n;i 6epy.ilil-l Ke

JieM.n;iK )[(hIJI):(aM.D,h!FhIH 1800-2000 caF.-I eTirr ¥CTarr T¥pa.D,hl. 3rn

JieHHil-l 6ip eTiniM.n;eri KOHBepcmmatty JJ:;)pe)[(eci 4-6% 6ona.n;h1. KoH

sepcH.smaHy JJ:;)pe)[(eciHil-l TeMeH 6onyhr, eH.D,erne 3THJieH.n;i Kerr .n:yp

KiH UHPKYJI51U:H51JiaHy Ka)[(eTTiri y .n:epicTiH: Heri3ri KeMrniniri 6onhm 

Ta6hIJia):(hI )[(;)He KOHU:eHTpni 3THJ1eH.n;i (98%-.n;aH TeMeH eMec) KOJ1-

.n;aHy.ilhI M;))[(6yp eTe.n;i. 

1 M3 KaTaJIH3aTOp.ilhIH: 6ip caranaFhI eHiMn:iniri 180-200 Kr 

crrHpT 6ona.n;hr. KaTaJIH3aTOp 500 caraT 6oii:hr )[(¥MhIC icTeii.D,i, o,n:aH 

co1-1. cpoccpop K.hIUIK.hIJihIHhIH: inecin KeTyiHe 6aiinaHhICThI (6ip caraT

Thr 1 M3 KaTaJIH3aTOp.n;aH 0,4-0,5 Kr) OHhII{ aKTHBTiniri TeMeH.n;eiin:i. 

I\hI3MeT eTy yaK.bIThIH C03Y yrniH KaTaJIH3aTopra y.n:epic Ke3iH.n;e 

cpoccpop I\hIUIK.hIJihIH ciH:.n:ipirr OThipa.n;hr. M¥ttn:aii )[(aF.n;aii.n;hr KaTaJIH-

3aTop.n;hIH: )[(¥MhIC icTey ¥3aKThIFhI pereHepaQH51ChI3 900 caraTI\a 

.n:eiiiH apTa,nhJ. 

3THJ1eH,ni TiKeneii rnn:parnummay y.nepiciHn:e Keneci.n:ei1 Heri3ri 

caThmaphr 6ona.n;hr: 

- 6y-ra3):(hIK K.OCrraHhl .n;a51pJiay; 

- U:HPKYJI51U:H51JlhlK 3Fh!H.il3P.ilhll{ )[(hIJIYhIH peKynepaU:H51Jiay; 

- 3THJ1eH):(l rH,n:paTaQH51Jiay; 

- peaKU:H51 eHiM.n;epiH 6eiirnpamay; 

- UHPKY51U:H51JlhII\ ra3.n;hr Ta3aPTY· 
Ey-ra3.UhII\ K.OcrraHhI eKi T;)CinMeH ana.n;hr: 

- cy )[(;)He 3THJ1eH 6ynaphIH )[(hrnyanMacThrpFhrrnrnp.n:a )[(;)He ry
TiKwe newTep.ne 6ipiKTipirr KhI3.ilhipy apK.hIJihr; 

- 3THJieH)J,i )[(OrapFhI KhIChIM.ilaFhI hICThIK 6yMeH apanacTh1py 

apK.hIJihJ. 

3THJ1eH Kerr .n:ypKiH U:HPKYJI51UH51JI3H3ThlH):(hIK.TaH )[(b!J1Y aJIMa

cy):(hll-l ¥ThIM):(hI C¥J16aCbIH )[(acay 3KOHOMHKaJihIK T¥PFhI):(aH M31-lhl3-

.ilhl. Erep 6y-ra3):(hIK KOcrraHhr 3THJieH.n;i )[(Oraphr I\hIChIMD:aFhI hICThIK 

6yMeH apanacThrpy apKhIJihI anaThIH 6onca, )[(hrnyanMacy C¥J16achr 
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K\p.:ic.1c 11 eJ i. 0 lin:e11i pea1\Ull5I e11i i\1.'J.epi (c1111pT 6ynapb1, peaKu1-151ra 
rycnereH 3THJJ eH, cy 6yb1) rnJJ.parnropJJ.aH Kei1iH )!(b1J1ya,1Macyra TeK 

3TH.lCHMeH ryce)J,i, OtaH b!CTblK aFb!HHbII-( 6apJibII\ ){(bIJlYbIH 6epyre 

6oJIMaH]lbl. l\a3aHJJ.ap-yTl1JII13aTop I\OHLl,blpbm, TeMeHri I\bICbIMll;afbI 

6y aJiyra Typa KeJleLl,i. )Kyi1eHi KOCKaHna 3Tl1JlCHl!i )!(OtapFbI I\b!Ch!M 

6ybll'vteH Kbl31lbipy KOCbIMwa )KhrnyanMaCTbipFblW f\a)!(eT. AJiaHLl,a 

iKOFapFbl KblCbIM 6yhIH KOJl)J,aHy TeK OCblHLl,a 6yJJ,bl 0HL1,iperiH )K30 

iKaKhIH opHaJiac1<:aHL1,a raHa n1iMni 6oJia)J,bI. 

Ey-ra3Ll,hIK 1<:ocnattbI 6ipir-rwi r;:iciJIMeH )!(HipeK anaLl,hI. 3nmett 

MeH cynhI Khl3.Uhrpal!hI )!(;:itte rnnparnpJJ,aH 6eJiittin WbIFaThIH ettiM

l!CpJJ,i 6ei1rapanrattL1,hrpyJJ,a11 IIIhlFaThlH )!(bIJlYl!hII-( ece6i11e11 )!(bLJI)'aJI

MacTbrpnrwrap.ua 6yJiaH)J,bipal!hI, coLl,aH col-( newre ornett I\hI3.UhI

pbm cy.uhrn 1<:aJiraH MeJiwepitt 6yJiaH.UhrpaJJ.hI )!(;:Jtte 1<:ocnatthI 280-

2900C-re .ueH:iH Khl31Ibipa.UbL .5¥JI C¥JI6a 1<:apanattbIM )!(;:>He nai1.n:Ma-

11yra hII-(FaHJlhI (50-cyper). 

r a3 6eJieTiH uexTeH illblFaTblH 3Tl1JlCH1Ii 7 Mila-ra JJ,eHiH I\bICa,UbI, 

UHpKymmmrnhIK ra36ett apamcThrpaLl,bl )!(;:itte 6yJihI KOHLl,ettcarneH 

6ipre )!(b1J1YMMaCTb1prb1w-peKynepaTOpJiaprn ( 4) )!(;:>He (5) )!(i6epe.ui. 

l\ocnaHbl peaKu11~ ettiM.n:epi11ia 6ei1rnpama11y )!(bJJIYhIHhII-l ece6iHeH 

200°C-re L1,eH:i11 Khl31IhrpaL1,br. Ona1-1 ;:ipi 6yra31!hII\ I<OcnattbI ryriKllle

JiiK nelllre 280-290°C-re .n:ei1iH Khl3.Ub!paL1,hI )!(;:>He rn.n:paropra (2) :>Ki-

6epe.ui, OHLl,a OJI KaTanmaTop 1<:a6aTh!HaH :>Korapb1JJ,aH TeMeH ere.n:i. 

fH.uparnropra cottL1,ai1:-aK )!(al-(a cpoccpop KhllllI\bIJihIH (KaTaJIH3a

rnpra ci1-u1ipy ylllitt) )!(i6epe.ui. 

f11,n:paraTOp,n:aH lllbIFapaThIH )!(CpLl,e 3Tl1Jl Cn11pTiHiI-( peaK

U11~JiacnaFaH 3THJietttteH KocnachI )!(;:>He cy 6yhrn KYHl!iprilll HaTp

MeH 6ewrnpamaHL1,hI. <PoccpaTTapl!bI T¥3 6emilllre (3) 6eJiin a11a)J,bI, 

aJI 6yra3l!bII< I\OCnaHbI )!(h1J1yanMacTb1prhrIIIrn (4) iK;:JHe (5) cyhJTK,aH

HaH KettiH iKOraprb1 I\hlCbIMJJ.aFhr ceneparnpra (6) 6arhITTaH1IhI. C¥H:

hIKThII\ThI 0 ,5-0,6 Mila-ra L1,e ttiH Ll,pocceJI,n:eHJJ,i JJ,e, TeMettri I\hICbIM

l!aFhI ceneparnpra (8) iKi6epel!i. fa3 cpa3aMeH crrnprri cyMeH iKYY 
yIIIiH cenepaTOpLl,aH ( 6) CKpy66epre (7) ryce)J,i , CO)J,aH COi-( OHbI 

KOMnp11MHpJiew.ui iK;:JHe yl!epicKe I<aHrnpaLl,bI. Cn11prri-cyJihI KOH

l!ettcar epireH 3THJiettl!i 6eJiin aJiy ywiH (KhIChIM 0,5-0,6 Mila-ra 

Ll,ettiH TeMCHl!eyittiH: ece6ittett) cKpy66ep.n:ett (7) ceneparnpra (8) 6a

pal!bl. 3nrnettl!i cenepaTOpl!bIH: (8) iKOrapbI iKaFbIHaH KOMnp11M11p

:ieyre iKi6epeL1,i iK;:JHe yl!epicKe I<aHrapaLl,bI (tteMece ra3 6eJiy uexiH 

)Ki6epe.ui) . CyJihI cn11prri peKr11cpHKau11~myra iKi6epel!i. 
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H~PO~ 

Cy 

2- 6--L 

f· 
CL1Ti Komiencar 

y JTH.l:eH 

50-cypeT. 3THJieH)J;i riKenei1 rn)J;paTaummayMeH 3THil crmpriH any.1\hIH 
TeXHOilOfHfillbll\ C¥J16acbr: 

I - new; 2 - rn.uparnrnp; 3 - T¥JaHhipFhrrn; 4, 5 - iKhIJl)'aJIMacThrpFhIW
peK)'Ileparnpnap; 6, 8 - ceneparnpnap; 7 - cKpy66ep 

PeKTHcp11KaQIUIHhI 6ip KOJIOHHa.ua :>Ky3ere acb1pa.UhI. E¥JI Ke3.ue 
I\¥PaMhIH.Ua 2%-.uatt Kerr 6onMaMThIH aueTanh.uern.ui 6ap :>K;;me 1 %
rn .ueil:itt .UH3THJI 3cpttpi 6ap 3THJI crrnpTi peKTHcpttKaThIH ana.UhI. Erep 
crrttpT 6yrn.uHeH anyrn 6apaThrn 6onca, ott.ua auenLTih.uer11.u y.uepic
Ke Ke.uepri :>KacaMaM.UhI. M¥H.Uail: cnttpT auernnh.uer11.u any yrniH .ue, 
cipKe I\hIIIII\hIJihIH any yrniH :>KapaM.UhI. 

I\OChIMIIIa Ta3apTy )!{;me peKTHcpHKaumr.uaH KdiiH CHHTe3.IJ;iK 
3THJ1 CIIHpTi TaMal\ThII\ IIIHKi3aTTaH aJihIHaTh!H CIIHpTTeH KeM 6on
MaM.UhI. I\OH.UhipFhI.Ua aJihIHaTh!H cynhI-CIIHpTTiK epiTiH.ui.ueri CIIHpT
TiH: KOHQeHTpaQH5IChl 15-16% 6ona,IJ;hI. 3THJieHHiH: 6ip eTiniM.ueri 
KOHBepCHJIJiaHy .u;:ipe:>Keci 4-5%-Fa TeH;. 3THJieHHiH: KOHBepCH5IChl
HhIH: )KaJIIIhI .u;:ipe:>Keci 6hrnail:rna: 95%-hI 3THJ1 cnttpTiHe, 2%-hI .UH-
3THJ1 3cpHpiHe, 1 %-hI aueTanh.uerH.uKe, 2%-hI .UHMepnep MeH nom1-
Mepnepre 6eniHe.ui. 

3THJiett.ui TiKeneil: rn.uparnQHJinay ;:i.uiciHiH: Kenerneri 30p, anail:
.ua OHhI ;:ipi K:apail: :>KeTin.uipy eH; aKTHBTi KaTaJIH3aTOp.UhI rn6y )!{;:!He 
qil:hII\ cpa3anhII\ y.uepiCTi :>Ky3ere ach1py :>Kon.uaphIH rn6y 6onhm rn-
6hrna.uh1; M¥H.Uail: :>KaF.uail:nap.ua TeMnepaTypaHhI TeMeH.ueTyre :>K;:iHe 
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:n1r.1e1111iu KOHBepc115!.1a1-1y .:1,Jpe1Keci11 apnb1pyra 6ona,'lbl. f:i¥Jl ;:iIJ, ic 
eHiMD,iniri ynKeH I\OHD,hipFbrnapD,bI :>Kacayrn MYMKiHD,iK 6epeD,i, rn
ChIMaJlD,ayD,hI Ka:>KeT errrei1D,i )l{gHe KyKipT I\bllllKhlJlb!HblH: Kerr MeJI
lllepiH caKrnyra MYMKiHD,iK 6epeD,i. 3ayhrrrapD,hI reorpaqm.s1nhIK, op
nanacrh1py 3THJieHHiH: 6ap 6onyh1MeH aHhII\TaJiaD,bI. KyKipr I\hilll
KhlJlD,hIK )!(gHe TiKenei1 r11D,parnu1rnnay Il,b!H: TeXH!1Ka-3KOHOM11KaJibll\ 
KepcerKiwrepiH canh1CTb1py TiKenei1 rnD,parnu11.s1naHrnHD,aFhI 1 T 
crr11pni1-1: e3iHD,iK K¥HbI 20%-ra rnMeH eKeHiH KepceTeD,i. 

2.6. raJIOHLlTaY 

f ano11D,rny yD.epicrepine rano11D,rnp aTOMhlH opran11KaJihII\ Mo
neKynanapra e1-1ri3eTiH peaKu11.imap :>KaTaD,hI. KeMipcyreKTepD,i rano
HD,Tay yD,epicrepiHiH: irniHD,e TeK xnopnay Men qnopnayD,hlH: rntta 
e1-1epKgcirrTiK Matt:hI3hI 6ap. 

fanoHD,Tay)J,hI TiKeJieH XJIOpMeH, 6pOMMeH, i1oroieH (cttpeK), qnop
MeH HeMece Kett6ip ranOHD,K¥PaM)J,bl I<OCblJlblCTap - raJIOHD,CyreKTi 
K.hIWK.bIJID,ap (HF, HCl, HBr, HJ) :>K;:iHe rano11D,K¥PaMD,b1 1<;ocb1J1b1CTap 
(COCl2, S02Cb, PBr3 )!(gne T.6.) KeMeriMeH ~Jere acb1pyra 6oJiaD,bI. 

f anowmayD,hI 6y cpa3acbIHD,a D,a, q'.HhIK, cpa3aD,a D,a :>Kypri3eD,i. 
fanowmayD,hIH: peaKUHHJiapbIH eKi ronK,a 6enyre 6ona.uhr: opb1tt6acy 
apI<;blJlhI ra..r10HD,rny )!(;me I<ocy apK,brnhI rano11D,ray. TeMeHD,e Kepce
rinreH qn6aD,a MernH MOJieKynacbrnD,aFhI 6ip HeMece 6iptterne cy
TeKTi KaH.uaif :>KaFD,aH:napD,a xnopMeH opbrn6acrb1pyrn 6onaThIHhI 
Kepcennren: 

400-5oo 'c 
+ 3 S02Cl2; FeCli 

CHCl3 + 3S02 + 3HC1 
350 'c 

2HCl+02 

2CH3Cl + H20 

KeJ:i:6ip cpyHKUH.llJihII\ rorrrnp rano11D,rnpMeH TOJihIK, ayi,1cyi,1 
MYMKiH; OCbIJiaHllla CITHprrep MeH l\blilll\bIJI)J,apD,bIH: raJIOHD,TYhIH)J,bl
Jiapb!H anaD,bI: 
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ZnCI : 

ROH + HCI --•lli RCJ + H~O 

R1CO + PCh • R1CC!i + POCl3 
RCOOH + SOC12 ., RCOCI + S02 + HCl 

TiKeneH: rarrow,n:rnyMeH arryrn 6oJIMaHThIH KeH:6ip qnop- )!(;me 
H:o,n:ryhIHJJ:hrnapbrn )l(attaMa )l(OJIMeH xnopTybrn,n:hrnap,n:hr xnopMeH 
r<:aii:rn opbrn6acy apr<:hIJihI ana,n:hr : 

RCl + AgF lli RF + AgCl 
RCl + NaJ --•lli RJ +NaCl 

CC14 + 2HF ., CCbf 2 + 2HCI 

r<:ocy apr<:bIJibI rarrOHJJ:TaYJJ:bI .KOC HeMece yrn 6aHJiaHbICbI 6ap 
r<:aHhir<:rraratt KeMipcyTeKTep,n:i rarrow,n:rnpMeH, rarrow.n:cyTeK r<:bIIII
I<hIJIJJ:apbrMeH tteMece I<hIIIIK,bIJIJJ:ap,n:bIH: xnopattrn,n:ptt,n:TepiMeH eii:.n:ey 
apK,bIIThI ~ri3yre 6oa,n:h1. )Kar.D.aH:naprn 6aH:naHbICThI M¥HJJ:aH )l(ar
,n:aH:,n:a K,OCbIJIY tteMece ophrn6acy (cyTeKTiH: opttbIH rarrott.D. 6acy) 
>Kypyi M)'MKiH: 

CH2 =CH2 --

CH2 = CHCI + HCI 500 c 
Cl 

CH2CI - CH2CI 

1---A-'1'-"c"""13'-; 3-0..,..C __ .,._ CH3 - CH2Cl 

HOC! 
__ C_u_C_l

2
;- 5-0-c---- CH2(0H)- CH2CI 

o -40°c 

Au:enmett.D.i rarrm1,n:Taratt,n:a r<:OChIJiy ettiM,n:epitt Ty3e,n:i: 

Ch Ch 
__] SbCls : CHCI = CHCI __... CHCh-CHCh 

CH=CHI HCl 

HgCh; 160-180 C CH2 = CHCl 

ApoMaTThII< KeMipcyTeKTep rarrowmapMeH ;:lpTypni ( opbrn6acy 
tteMece r<:ochrny) peaKu;mmacybr MYMKitt: 
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Ch 
FeCh 

3C)z, lKaphIK lK:lHe H 
6acKa .na 6oc pa.ntt

Karr,nap,nhill HHHUHa

TOprrapbl 

Cl 

O+HCI 

EyiiipniK Ti36eKTepi 6ap apoMaTThII<: KeMipcyreKTep.z:i:i )KapbII<,Ta 
ranoH.D:TaFaH.D:a Ti36eKTeri cyTeK ranoH.n:1<,a opHhIH 6epe.z:i:i, an 1<,apa~
FhI.r:t;a HeMece KaTaJIH3aTopnap 1<:aThIChIH.r:t;a apoMaTThII\ ca1<,HHaHhI~ 

xnopnaHyhI 6ona.r:t;h1: 

TeMneparypa 

Ch; FeCh; rnMeHri 
TeMnepaTypa 

Kew6ip ranOH.D:TYhIH.D:hmaphrn .z:i:eranoH.n:Tay (ranoH.D:ChI3.D:aH.D:hI
py) apI<;blJlhI aJiyFa 6ona,n:hI, MhICaJibI, TepTXJIOpJibI :naHHaH reKcax
JIOp3TaH,r:t;bI )K;:rne 6ipHerne apaJibII\ XJIOPTYbIH.[(bIJiap,n:bI: 
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CbCH-CHCb ., Cl2C=CHCI __ _.., CbCH-CCI 3 ., 

-HCl -HCl 

., ChC=CCh ., Cl;C-CCI; 

TepTX11opnh1 KeMipTeKTi eHepKdcinTiK )KOJJMeH aJIY,LJ;hIH, 6ipi -. . . 
OHbl KYJ<lpTTl K0MlpTeK neH xnopn:aH any: 

I\OChIMIIIa aJihIHaTbIH XJJOpJJhl KyKiprri KaTaJII13aTOpJJap (SbCls, 
FeC13) I<:aThIChIH.Ua XJiopnay areHTi peTiH,ne nai1,naJiaHa.UhI: 

CS2 + 2S2Ch ~ CCl4 + 6S 

EeniHreH KyKiprri I<:ai1rn,naH yn:epicKe i<:ai1rnpan:h1. 
raJIOH,[lTay peaKU:HSIJlapblHbIH: TepMO,[lHHaMttKaCbl, KHHeTH

KaCbl iK<rne MexanH3Mi. R-H + X2 ~ R-X + HX opbrn6acy peaK
UHHChI YIIIiH (M¥H.UaFhI R - anKttJJ.UiK HeMece apm1,niK pan:ttKaJI, X -
Cl, Br, F) TeMneparypaHhIH, Kett, apaJihlfhIH,Ua LlG 0 waMaChIHhIH, MdHi 

Tepic 6oJJa,D;hI. E¥JJ peaKQHHJJap,nhIH, LlH 0 IIIaMaChI Tepic )KdHe ynKeH 

a6comoTTiK IIIaMa (peaKQI1H 3K30TepMHHJlhll\ 6oJia,Ubl), a.JI LlS 0 IIIa
MaChl a3hipal\ 6oJia,UhI. Ett,neIIIe Tene-Tea,niK raJIOH.UTYhIH.Uhrnap Ty3i
JIY )KaFbIHa KyIIInpeK hlfh!Ca,Ubl. 

raJioreH,nep,UiH, l\OC ( OJiecpttH,ll,iK) 6attJiaHhlCl\a l\OChIJIY peaK
QHHJiaphIH.Zl:a .n:a: 

.6.G0 IIIaMaChI Kea TeMnepaTypaJihII\ apaJihil\Ta Tepic 6ona.n:h1, 
arnn aHTl\aIU(a, XJIOpJJay.n:a 1000°(-re .n:ettiH, 6pOM,Uay,na 700°C-re 
,UeHiH )KdHe TeK HO,UTay,Ua FaHa 50°C-re ,UeHiH. 

raJIOH,UTay peaKQI1HChIHhl)i KHHeTHKaCbIHa TeMnepaTypa, l\hl
ChIM, pearettrrepn:ii-i: rn611rnrrapb1, peaKQttHJihII\ )KytteHitt: cpa3aJihII\ 
Kyil:i (roMorettn:iK, reTeporett,niK, ra3.Zl:hI, qiihII\ )KdHe T.6.) , peaK
UHHHhI HHI1QHpJiey )KaF,UattJiapbl (TepMHHJihll\, cpoTOXHMHHJihll\, npo
MOTOpJiap, KaTaJimarnpJiap KeMeriMeH )KdHe T.6.) KYIIITi deep eTe.ui . 
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fa.1lOllJ,Tap pcare11nepnill Ta6lIFaTbl MCH peaKUWI )i<aFD,ai1napbIHa 
6ai!.1aHblCTbl opbIH6acy peaKU1151Cbllla )[(;;Hie KOCb!Jl)' peaKUH5!CbIHa pa
)J,HK3Jl)J,blK He.Mece HOH1lhII< MexattmM 6oiihJHI11a TYCYi .MYMKiH. 

PaD,11KaJ1JJ,hIK peaKUI-rnnapD,aFhl Ti36eKTitt ecyi Keneci qm6a 
6ottb!Hll13 iKypyi MYMKiH: 

X2 ~ 2X" 
RH + X" ~ R" + HX 
RH + X" ~ RX + H" 
R" + X2 ~ RX+ x·, T.c.c. 

H" + X2 ~ Hx + x·, T.c.c. 

ra.r1ott11,ray11,hlH; OHepK<JcinTiK y11,epiCTepiHiH; :iKaf',UaHJiaphl. f 33 

cpa3aCbIHJJ,a opbrn6acy apKbIJ1bI rano11D,rny.ua (xnopnay,lJ,bIH I<OMaHa
TbIH enepKdCinTiK Tdcini) Heri3ri KHblHJJ.blK - )[(b!Jl)',Ubl aJibin KeT)' (6ip 
aTOM C)'TCK aTO.MbIHblH opHbIH 6ac1<aH.ua Illa.Ma.MeH 23-27 KKaJI 6e11iHe
J:1i) . CoH.UhII<TaH y.uepicTi, d.nerre KeMipcyreKTitt eTe Kerr MeJilllepiHJJ.e 
i!<ypri3e.ui . EacI<a iK3FbIHaH, ra.3 cpa3aCbIHJJ,a iKOFapFbI Te.MrrepaT)'pa.ua 
tte.Mece iKattacy yaI<bIThI Kerr 60;1rntt.ua iKatta.Ma peaKQIDIJiap HCl-.z:i;hI 
6enirr 1<apl(bIHJJ.hI i!<ype.ni iKdHe onecpHHD,ep.uitt bI)J,bipaybI 6011aD,bI. OcbI
naii eKiHilliniKTi peaKI..1ID1napD,bI peaKQIDIJibII( l(ocnaHhI cy 6)'bIMeH HCI 
HeMece N2, HeMece yD,epicTi rano11.ul(a K3TbICThI 11tteprri epiTKillITe 
(CCLi, CHCb, CS2) iKypri3irr, ill1ittapa iKOIOFa 6oJia,UbL 

C¥tthII< cpa3aD,a rano11.nrny yD,epicTi iKaI<CbI 6aJ<bIJiayrn MYMKiH
D,iK 6epe.ui, eHJJ,ellle eHiM.nepD,iI-l IllhIFbIMbIH aprrb1pyrn 6onaJ:(hL 

8ttepKdcinTe cp0TOXHM115!Jlbll(, TepM115!JlhlK )KdHe K3TaJ1113)J,iK ra
J1011.UTaY I(OJ1;:\3Ha,Ubl. 

cDOTOXHMH5!J1blK yD,epicTep.ui C¥Hbll( cpa3a,Ua ;:\3, fa.3 cpa3aCbIH)J,a 
J:(a )Kypri3eD,i; ranott.nrnttTbIH (dD,eTTe, xnopnattThIH) 33TTbI )K3pbII< 
Ke3iHe )Kal(hIH opttanacl\aH IllhIHbIHbII-{ (rrttpeI<c) tteMece KBapuThIH 
~Ka TYTiKTepiMeH 1..111pK)'J15!UH5!J1aii.ub1. )l(apbII\ Ke3i peTitt.ne ChIHarr
TbII( IllaM (3000-SOOOA 0 ) naiIJJ,aJiaHa.UbI. 

flapacp11tt.uep.nitt )KdHe TeMettri onecpHHJ:1epJ:1iH KeMipcyTeKTep
.uitt ophrn6acy ettiMD,epiH any yllliH 300-500°C-.z:i;eri TepMHHJihII\ 
xnopnay l\OJI.z:i;aHbIJia,UbI. 

<l>OTOXHMH5!J1bll\ raJIOH)J,Ta)')J,3 (xnopnay.ua) HHHUHpJiey )KbIJI-
11,aM )KdHe l\hI3.Uhipych13 )Kype.n:i. TepMH5!JibII\ xnopnay ynKeH lllhI
FhIMMeH (xnop 6oiihIHilla) )[(;me ynKeH eHiM.z:i;iniI<neH )Kype.ui. 

51-cypeTTe MCTaH, a1..1eTHJieH MeH 3THJICHHeH xnop eHiM.nepiH 
M)'llbII-{ qn6acb1 Kemipinrett . 
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2. 6.1. A.11.;a1u>ap()bl x.wp.wy .uca/le rjnnop.wy 
A Jih'.UHll,ap.'.(bl x.1opm1y. n apacpflll;J.epD,i xnopnara11D,a cyTe1nin 

OpbIH6acy )KblJl)J,aMJJ,bIFbI Ke Mi pTeKTiH. 6ipittruirriKTi, eKimuirriKTi )K;}
He yruittruirriKTi aTOMD,apbIHJJ,a MbIHa.D,ai1 6orra.D,br: 1,00 : 3,25 : 4,43. 
)I{ornpb1paK TeMrrepaTypaD,a 6¥JI )KbIJIJJ,aMJJ,hII\TaP xrroprray C¥ttbII\ 
1-1e1v1ece r a3 cpa3aChIHJJ,a )KypreHJJ, iritte t<apaMaCTaH 6ip ruaMaFa )Ka
KbIHJJ,aHJJ,bI. 8Te )KOFapFbI TervmepaTypaD,a HeMece peaKQHHHbII-l eTe 
Tbl1v! ¥3aKTb!Fbl MOHOXJIOpH.D,Tep11,iH. rrHpOJIH3iH 6oJI.D,bipaD,bI, orrap 
e3iHiH. T¥PaKTblJlbIFbI 6ottbIHWa Kerreci perneH opttarraca.D,bI: 6ipiH
wirriKTi > eKimuirriKTi > yIUi1-1ruirriKTi. 

C 1- C5 arrKa1-111,apbIHbII-l )K;:JI-le )KOFapFbl rrapacpHH.D,ep.D,iH; (C 1i-C13) 
xrroprra1-1y e1-1iM)J,epiHiH. e1-1epK::icimiK MaH.bl3bI 6ap. 

EaprrbIK K:aHbII\I\aH KeMipcyTeKTep11,iH. iIUitt.n:e MeTaH I\HbIHbipaK 
xrroprraHaJJ,bI, arrai1.n:a aH:rnprrbIKTaH )KOFapFbI TeMrrepaTypa.n:a peaK
QHH KaJlbIIlTbl Typ)J,e )Kype.D,i . 

MeTaHLJ.bl XJIOpJiay caTbrrratthm )Kype.n:i: 

CH4 + Ch ~ CH3Cl + HCl 

CH3Cl + Ch ~ CH2Ch + HCI 

CH2Ch + Ch ~ CHCl3 + HCl 

CHCh + Ch ~ CCl4 + HCI 

~H = -23,9 KKarrfMOJlb 

~H = -23,7 KKarrfMOJib 
~H = -24 KKaJI/MOJib 

ilH = -24 KKarrfMOJih 

n¥JI peaKQHHJiap,ll,aH 6ac.K,a bI)J,brpay .D,a 60Jiyb1 MYMKiu: 

CH4 + 2Ch ~ C + 4HCI 

(6¥JI peaKQHHHbI cychr3 xrropnbI cyTeKTi any YIUiH nai1)J,arrattyrn 60-
Jia.D:bI). 

K,a3ipri Ke3.n:e MeTaHJJ,bI xrropJiay.n:anr eHiM.D,ep,ll,iH; TeK 6ipeyitt 
rntta aJiaThIH )KaF.n:ai1.n:hr 3eprrey atthII\TaJIFaH )KOI\. XJiopJiay ettiM.n:e
prntH; J<¥paMhI KaTaJIH3aTOprn r<apaFaH)J,a Kerr )J,;:ipe)Ke)J,e pearettrrep
.n:iH; K:aphIM-r<aThrnacbr MeH TeMnepaTyparn T;:iyeJI.n:i 6oJia)J,bI. 52-cy
perre XJIOprray eHiM.n:epi J<¥paMbIHbIH; XJIOp MeH MeTaHHhIH; 6acrnn
I\hl r<aphIM-r<aThrnacbrna T;:iyeJI.Z~iJiiri KepceTiJireH. 

MeTaHHbIH; TepT xJiopryhIH.lJ:hICbIH arraThIH eHepK;:icirrTiK I\OH
.D:bipFbI.D:a rn3a MeTaH MeH xrrop.n:hr natt.D,aJiaHa.D,br. Xrroprray.D,bl 450-
5000C-.D,e )Kypri3e.n:i , co.n:att CO!-l CC14 )K;:JHe CHCh-Tia r<ocnacbrnaH 
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T¥PaTbIH xnopryhIH1lb1JJap11b1 a6cop6urnuai1.;rb1, ry-3 in rc11 xnop.1r,1cy 

TeK l(blWKblJl blH xnopn aH /Kdl-IC peaKUl151fil TycnereH l\ICTal!Hall 6e

nirr ana)J;hl. Co)J;aH co1-1; cppaKutt51JihIK. aii)J;ay apK.bIJihI CH3Cl (K..T. = 

24°C) )KdHe CH2Ch (K..T. = 40°C) 6enirr ana)J;bl. A3,!l;aFaH CC14 (K.. T. 
= 46,8°C) )KdHe CHC13 (K.. T. = 61,2°C) 6onaThIH a6cop6utt51JihIK. KO
JIOHHaHbIH; K,aJI)J;hIFhIH K,attrn)J;aH c:µibIK. cpa3a1la xnopnaii)J;hI. HdTM

)KeciH1le TeK CCl4 )KdHe CHCb-TeH T¥PaThIH, peKT11cp11Kaumr apI<bI
JihI 6eniHeTiH I<OcapnaHFaH K,ocrra ana)J;bl. 

~ 1,0 
~ 

"' 0 
:i; 0,8 
·a 
" 3 

"' 0,6 .. 
:i; 

= l = l 0,4 ... 
"' "' l 
"I 

= 0,2 l 

~ 
0 

~ 
0 

2 3 4 

Cl1 : CH4 i.;apL1M-i.;&TL1HacL1 

52-cypeT. MernHLJ;bI XJJOpnay eHiML1epittiI-{ J<¥PaMbIHhIH x.1op :v1eH :-1ernHHhlH 
6acrnnl(hI MOJJhLliK KapbIM-KaTbrnacbrna T:iyenL1i,1iri 

)KornpFbl rrapact>11u.uep.ui xJ1opJ1ay. KepocHH cppaKUH51ChIHa Ki
peTiH, 220-245°C-1le K,attHaHThIH C12-C 13 rrapacpttH1lepiH xnopnay1lhI 
«KepMJIXJIOPH1l» any ymiH )Kypri3e)J;i; OJI 6onca )KaCaH)J;bl ( CHHTC31liK) 
)K)'Fhilll 3arrap any ymiH naii)J;anaHbIJia)J;hI. Xnopnay.n:hr 60°C-.n:e MO
HoxnoprybIH1lbIFa (Kep1111xnoptt1l) 50%-)J;hIK. TypneHy ,!l;dpeJI<:ecitte 
)J;eiiiH *¥Pri3e)J;i. KeiiiHHeH Kep1111xnop11.n:neH 6eH30JI1lhI anKttn)J;eii.n:i 
)J;e, aJIKMJ11lCY eHiMiH (Kep11116eH30J11lbI) ana)J;hl. 0)J;aH dpi Kep11116eH-
30J11lbI cy11bcp11p11ey apK,bIJihI cynbCpoHaT (*YFhilll 3aT) ana)J;hr: 

Cl2 C6H6 S03 

RH~ RCl ~R-C6Hs ~ R-C6Hs-S03Cl, 
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A;n.:a~1;1ap;r1>1 qnop.1ay. cJ)TOJYry h11111h1nap (Tel\1emi arnrn11 D,ap
;:(hlll l1011 !lqnopTybJH1lbIJ1apbl :tl\;:) l!C /KOtaprbI MO:l eKynaJlblK clnop-
11aHraH eHiM,n:ep) 8HepK;:ici6iHil-l ,n:aMyhr OCbl K,0CbIJ1h!CTapD,bIH; 6ara-

. . . 
11hl Kac11eTTep1MeH TycrnD,1p111 eD,1. 

TeMemi cprnpTyh1H.L\hrnap.L1b1 (CCbF2, CCIF3 )!(;me T.6.) cyhrT
KhIUJ MaU11rna11ap.ua ( cppeoH) KeH, nai1:.uanaHa.UhI, an noJJttMepnepi 
[(-CF 2-CF r )n] - KOpp03IU!fa KapCbI KOprarbIUI MaTep11anD,ap (Tecp-
110H) peTiH.ue naH:.uaJJaHhJJJa.Uhl , conrhrnapb1 400-450°C-re .ueii:iHri 
TeMnepaTypanapra UJhI.UaM.Uhl 6011a.ub1. 

cDTOpTyhIH,UbIJ1ap.ubI x11opTyhIH,Ub1J1ap CH51K,Tbl TiKeneH: )l(;:JHe 
)l(aHaMa cpTop11ay apKh!J1hI a11yra 6ona.uh1. 

TiKe11ei1: cprnpnaraH.ua cyTeKTiH. opHhJH cprnp 6acK,aH.uarhI peaK
UH51Hhm )l(h1J1Y 3cpcpeKTici x11op11ay )l(ar.uai1:hrna (-23 KKanl M011b) K,a
paraH.ua ;:i11D,eI<ai1:.ua )l(OrapbI (-103 KKan/Monh) 6onaD,hI. E¥JI )l(epri
niKTi Khl3.UhIPY.Uhl 6011,Ub!pa.Uhl. H;:JTH)l(eCiHD,e KeMipcyTeKTep MeH 
cpTop apachrn.uanr )l(aphJJJFhIUJ (I<onapb111Fbllll) c1maTTa 6011a.uh1. 
CoH.UbIKTaH TiKe11ei1: cprnp11ay yUJiH peaKUIUIHhI TeMnepaTypanbrK, 
6al(b1J1ayD,hl I(aMTaMaCbI3 eTy K,a)l(eT, MbICaJ1hI, peaKU1151J1bIK, K,OCIIaHbl 
ttHepTTiK ra36eH (N2) c¥}ihrmy HeMece )l(hJJJY.UhI )l(hIJJ.UaM ~TaThJH 
Mern1111 KOH.Uhiprhmapbr ( e11eyiUJTepi) 6ap peaKutt5l11ap.UhI K,011,L\aHy 
apI<bJJJhI. C¥tthIK cpa3aD,a cprnp11ay peaKTop.uarhI TeMnepaTypaHhI 
oH;aH: 6aI<bmayra MYMKiH.LliK 6epe.ui. Ochrn.uail rnmi y.uepicTi )l(y3ere 
acb1py MeTaH )!(;me 3TaH )l(ar.uattbJH.Ua MOHO- )!(;me IIOJIHcpTOPTYbIH
.Uh1J1apb!Hb!H, KOCIIaCb!H a11yra ;:JKen COFa.Ubl. 

<DTopnay.UhI reTeporeu.uiK KaTaJ1H3 )l(ar.uai111aphIHL1a MeTan.UhIK. 
KyMic KaTb!ChIH,Ua HeMece cpTop11ay areHTTepiH - IIOJ1HBaJ1eHTTi Me
TaJ1D,ap.Ubll{ cprnptt.urepiH (AgF2. CoF3 )!(;m e T.6.) rrattD,aJiaHhIII )l(y3e
re acbrpy.L\hI eTe )!(HJ K,011.uaHa.UhI. 

RH+ 2CoF3 ~RF+ 2CoF2 +HF 
2CoF2 + F2 ~ 2CoF3 

Oehl peaKutt5l11apD,hIH; KeMeriMeH MOJieKyJJaD,arhI 6apJJhIK, cyTeK
Tep.ui cpTOpMeH ophrn 6acTh1pyra )l(;:JHe rrepcpTOpTyhIH.Uhrnap anyra 
6ona.uh1. 

EacK,a eHepK;:icirrTiK ;:i.uicTep.ue cpTOpTyhJH.UbIJiapbIH xJJopTyhIH
.Uh111ap.uh1 MeTan.uapD,hIH. qnopu.rnepiMeH HeMece onap,nhIH; K,aThIChIH
.ua HF-MeH eH,.uerr anyra 6011a.uh1: 
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CCl4 + 2HF 

RC! + AgF ~ RF + AgCI 
SbCl5 +Cl 2 

TepMHHIThIK. hIIJ.hipay apK.hIIThI Kei1:6ip qnopTyhIH)J,hrnap1J.aH 
rrepqnopnaHraH K,aHhIK,naraH K,OChIIThICTap, MhICMhI, TeTpaqnop3Tl1-
neH)J,i [eTe T¥Pal\Thl TIOITHMep - TecpnOH)J,hl (-CF2-)n anylJ.hI« MOHOMe
pi] 1J,11cprnpxnopMeTaHHaH ana)J,hl. 

600-1000°C 

2CHF2Cl F2C=CF2 + 2HC1 

flonHMepnep any yrniH K,OIT)J,aHhIJiaTbIH K,aHhIK,IIafaH cpTOpTyhIH
)J,hinaphIH Hf-IJ.hI aueT11neHre K,OChIII rn c11ttTe31J.eyre 6ona)J.hI: 

HC =CH + HF ~ CH2 = CHF 
qnops11H11;1 

2.6.2. l(aHblK,nazaH KBMipcymeKmepoi X!lopnay 
.1J:11x11op3TaH, XJIOpJibl 3Tl1JI, 3T11neHXJIOpr111J,pl1H MeH x11opnhI 

BHHHJIIJ.i any ywiH 3THJieHLd xnopnay11:L1 JKy3ere acb1pa1J.hl. 
3T11neH MeH x11op,n:h1« 6ip.n:eif Me11rnep1J,eri K,ocnanapb1 2 l 5°C

,IJ,e KYWTi dpeKeTTece,IJ,i ,IJ,e, KOKCKe ,IJ,eifittri hIIJ.hipay eHiM1J.epiH Ty3e
IJ.i. PeaKuHH KywTi 3K30TepMHHJihIK. 6ona)J,hI: 

~H = -41 KKan/MOJih 

Y)J.epicTi c¥11h1K, (0-40°C-1J.e) IKdHe ra3 (80-100°C-1J.e) cpa3ana
phIH)J,a )l(ypri3in HeMece ra3 K,ocrrachrn )l(OraprhI TeMrreparypa11ap,D,a 
a30TneH C¥HhIITThIII, peaKQHHHhI 6aK,hrnayra 6ona,IJ,bI. Kottsepcm1 
TeMnepaTypara 6ai1:11aHhICTb1 apTalJ.hI )J,a, 315°C MaKCHMyMre JKeTe,IJ,i. 
TeMrreparypaHbI o,n:att )J,a dpi aprrh1py K.OChIJIY peaKU1151ChIHhrn JKbIJI

)J,aM.[lhIFhIH T0MeH1J,eTe1J.i (Henre .n:eifitt) IKdHe ophrn6acy peaKQHHChI
HhI« JKhIJI)J,aM,IJ,hIFhIH e)J.dyip aprrh1pa1J.hI. 

l\OChIJIY /KdHe Ophrn6acy peaKQIUIJiaphIHhl« ettiM)J.epitti« KOHBep
CIUI )J,dpe)l(eCiHi« TeMneparypara Tdyen)J,iniri 53-cyperre 6epinrett. 

Keii6ip MdrriMerrep 6oHhIHllla 450-500°C-,IJ,e 60%-ra ,IJ,ettiH 
XJIOpJibl BHHHJI Ty3iJie):li. 8ttepKdcinTiK MaCll!Ta6Ta 6¥J1 peaKUHHHbl 
C¥HhIK. )l(dHe ra3 cpa3aChIH,IJ,a JKypri3e)J.i. C¥HhIK. cpa3a,IJ,a 1Kypri3rett,IJ,e 
epiTKiw peTiH)J.e 1J,11xnopnatt1J,hI natt)J,anatta)J,hI. KaTan113arnp FeCh 
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( 0.015-0,2°;(,) 60:1anb1, ra3 cjiaJac bllLQa 1Kypri3n::Hn,e KaramnaTop pe
TiH.J.e 6aC1\a .J.G :\lCTaJl,.J,ap .J,a (MbIC, aJl!Oi\l l·IHJli1) K,OJJ)J,aJ-Ia,.QLI. 

PeaKTOpJJ.bIIi KOHCTPYKU11HCbI :>KbIJIYJJ.bI :>KbIJIJJ.aM aJibm Ke-ry.n:i 
l(aMTaMaCbl3 e-ryi TMiC, COH)J.blK:TaH )KbIJIYaJIMacy 6eTi ynKeH 6onaTb!H 
KenryTiKTi peaKTOpJJap Ken l(OJIJJaHaJJ:hI. EKi y.n:epiCTe .n:e .n:mmop:naH
Hhrn lllblfbIMhI 90-95% 6onaJJ.bI. Opbrn6acy eHiM.n:epi .n:e (2-7%) -
xnopJibl Bl1Hl1Jl, )J.11XJJOp3TaH )K;:JHe T.C .C. Ty3ine.n:i . 

100 
= ~ 80 ~ 
c:.> ~ 
:il~ .... ~ 60 ~·-
~fr 
~= 
""' - 40 0:: ~ ::: = 
=::;: 

20 :.:: 1:1. 
~~ 
~~ 

Q., ~ 

0 250 300 350 400 450 

53-cypn. 3rnnett11,i x.1op;1ay Ke3iH11,eri opb1tt6acy JK:me xocbmy 
peaKmrnnapbIHbIH eHii\1.nepiH iH 1<0Hsepc1rn 11,;}peJKeciHiH 

Te;-.mepaTypara T;}ye.1.uiniri 

XJ1opJ1hl numd JTHJleHHen aJ1y. 8ttepK;:icinTe y.n:epicTi 30°C
.n:e JT1111eH MeH HCI (apThIK Menwep.n:e rnaMaMeH 0, 1 MOJih) xnopnhr 
Jrnn.n:eri aJIIOMMHHH xnop11.n:i cycneH3MHChI (0,5%) apl(bIJlhI 6ap6o
Ta:>KJJ.ay ap1<hIJ1b1 :>Ky3ere achrpa.n:hI. 3T1111eH.n:i aJIJJ.hIH aJia 30°C-re 
.n:eliiH cyhIThIII, a.JI HCl-JJ.hI Kottu:ettTpni KyKipT l(bIIIIl(b!JlhI apl(brnhI 
eTKi3e OTbiphm KenTipe.n:i. 

CH2 = CH2 + HCI ~CH3-CH2Cl ~H = -13,4 KKaWMOJib 

PeaKQMH eTe ynKeH :>Kh!JIJJ.aMJJ.hil\TieH :>Kype,.Qi, ry3inreu xnopnhI 
JTMJI Y3JJ.iKci3 peaKTop.n:att lllbIFapbrna.n:hr. 8ttiMre l\OCh!JlhIII KeTKeH 
XJIOpJibl aJIIOMHHHH,.Qi T¥JI,.QblpFaHHaH KettiH ettiM,.Qi cyMeH :>K:rne cin
TiMeH )!(ya,.Qbl )!(;:JHe l(b!CbIM acTbIH)J.a ai1.n:att)J.bl. 

174 



3TnJJeHxJJoprnnpnHJJ. i aJJy. PeaKUIUIHhI 40-50°C-ne KaTaJJH3a
Top (CuCI) K3Tb1Cb!H.U3 )!(dHe K3TaJlH33TOpCbl3 xnop Mel-! 3THJleH.ni cy 
apl\bJJibI 6ap60Ta)!()larr, )!(y3ere acb1pa.nb1: 

CH2 = CH2 + Clz ~ CH2Cl-CH/ + er 

+H20 

CH2Cl-CH2+ 
ClCHrCH20H + H+ 

-

ClCH2CH2Cl 

PeaKI.lIDI ;)JICi3 3K30TepMIUJJihII\; ,n:Hxnop3TaH eTe Kerr Ty3inMec 
yIIIiH XJIOp.D:bIH: )!(epriniKTi Ke6eIOiH 6011.n;hipMaif,n:hI )!(dHe peaKI.{HHHbl 
peaKI.{IDIJibll\ oprn.n:a 3THJieHXJIOprHJJ.pHH KOHI.{eHTµ3I.lHHCbl 45%-.uaH 
acrraHTbIH.Uaif eTirr )!(ypri3e.ui. 3THJieHHiH: 68%-.naH apTblK M0JIIIIepiH 
rraif.n:anaHa,n:bI. 

8HepKdCiIITe y.n:epicTi 6HiKTiri 10-12 M )!(;}He .n;HaMeTPi 1,5-2 M, 
KayqyKIIeH <iJyTepneHreH peaKI.{HHJiblI( KOJIOHHanap.n:a y3,n:iKci3 )!(yp
ri3e.ui. ACThIHaH XJIOPJJ.bl )!(;}He 3THJieH.ui ( C;)JI )!(0Fapb!pal\) 6epeni ; 4-
5%-JJ.bl 3THJieHXJIOprnnpHH epiTiHniciH KOJIOHH3HbIH: )!(0FapFbl )!(3-
FbIHaH y3.n;iKci3 anaCTaTaJJ.hI. y .n:epicTi aTMOC<lJepaJiblI( I(blCbIM.Ua 
)!(ypri3e.n:i; .UHXJIOp3TaH (5-10%) )!(;}He JJ.HXJIOp3THJI 3cpHpi (ClCHr 
CHrO-CHrCH2Cl) )!(3HaMa eHiMnep 6onhm rn6bma,n:b1. 

TeTpaxJiopJTaHJJ.bl aueTnJieuni XJIOpJiay ap~blJibl aJiy. TiKeneli 
XJIOpnay (XJIOpMeH) )!(apbIJIFbIIII K:ayimiri Kerr 6oJIFaH.UbII(TaH KHhIHbI
paK: 6ona.UhI. CoH,n:hII<:TaH peaKI1ID1Hb1 auernneH MeH x11op.ub1 80-120°C
.ue TeMip KaTanmarnpb! I<:aThJCbIHJJ.a y3.UiKci3 peUHPKYJUillIDIJiaHaTbIH 
epiTKiIII apl\bIJihl (CbCHCHCb) eTKi3irr )!(y3ere aCb!pa,ll,bl. 

Cl2 

CH= CH+ Clz ~ ClCH = CHCl ~ CbCH-CHClz 

I\a3ipri l\OH.D:bipFbJJiap.ua ( 54-cypeT) ra3,n:apJJ.bIH: K:Ocrracb1 ;}p
K:aifchICbIHhlH: 6HiKTiri 6-7 M )!(;}He .n;HaMeTpi 0,8-0,9 M TOJ13Tb!H eKi 
arrrraparraH T¥JJ3ThIH )!(yife apI<:bJJihI eTe.ui . AuenrneH MeH x11op.ub1 
I(anrra}\ aCTbIHa 6epeni, on TeTPaXJIOp3TaHMeH TOJlTblpbJJIFaH )!(;}He 
6ipiHIIIi arrrraparra opHanacI(aH. C¥ttbJI(ThII\ l\3PI<:hIH.UbI apanaCTbJ-
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pbI.l a.Jbl )K;:llle K¥51Tb!H TyTiKwe apKb!Jlbl T¥PaKTbl Typne eKi1-1wi an

napaTKa /Ki6cpi.1e.ui, o.ua11 Ty::iineT i11 eHiM T¥PaKThl TYPAC anh1CTaTh1-

11a;:i:b1. EKi annapaT rn K.OpFaFhIIII K.oprncbrn ;:i:ttcKinepiMeH )Ka6;:i:h1K.
Tanra11. 

XJJopJJbI BHHHJJ.!d aueTuJJeHni XJiopJJay ap1'bIJihI eunipy. 
PeaKUH5I c¥flbIK. )K;:me ra3 cpa3anapbIHLI:a )Kypyi MYMKiH: 

CH = CH + HCl _, CH1 = CHCl ~H = - 36 KKaJI/MOJib 
Cu Cl 

.Dipimui )Kamai1;:i:a aueTttJieH;:i:i 90°C KOHUeHTpni KYKiPT K,bnn
K.hIJihIHLI:aFhI XJIOpJibl MbICTb!H, K.3HbIK,K.3H epiTiH,n:ici apK,blJibl 6ap6o
Ta)KLl:3HLI:bl. 

Aya +0,3%C2H2+0,03%Ch 
1 0 

4 

54-cypeT. AuernJieH~i XJIOpJiay l\OH~b1prb1CbIHblH qJI6acb1: 
1 - XJiopaTOp; 2 - 6errrirn; 3 - a6cop6u1rnrrbIK KOJIOHHa; 4 - aparrbil< 

Cb!HblMJlb!JlbIK; 5 - IlIHKi3aT 0HiMiH JKHHaFbllll 

8ttepKacimiK )Kar;:i:ai1nap;:i:a y;:i:epicTi ra3 cpa3achrn,n:a :>Kypri-
3e;:i:i, a6comorriK K.¥PFa:K, auenrneH MeH HCl-,n:1>1 (Moni,;:i:iK :K,aTbI-
11acrnpb1 1, I : 1) l 60-180°C-;:i:e aKTHBTenreH KeMipre TecenreH 
XII0p;1bl ChIHanThIH, HeMece l 80-200°C-;:i:e XJIOpJibl 6aptt:HniH. yc
TiHeH eTKi3e;:i:i. 
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Tei\rnepaTy paHbil-l KYPT apTybIH 6on.ub1prviac ywi11 KemyTiKwe

m peaKTopnap.nb1 (6ipHewe )Ky3.nere1-1 TyTiKwenep) Ko.1.ua1-1a,;:ib1 , 

onap.UbI CbipTbIHaH C¥HbII\TbIKJieH I\bI31J:bipa.nhI HeMece cyhITa.UbI, 
55-cyperre xnopnbl BHHHJI)J;i 8H1J:ipy1J:itt: 8HepK;)CinTiK KOH)J;blpFbICb!

HbIH: C¥J16aCbI KepceTinreH. 

55-cypeT. XnopJJbI BHHHnni eHnipy q .a6acb1: 
1 - peaKTop; 2 - >K&IJiyanMaCTblpFbIW; 3 - apanbIK CbIHblMllb(jjbJK; 

4, 5 - peKTmj>HKaummhIK Konottttanap; 6 - T<l3a CH2 = CHC I ywitt ChIHhIMllhIJihIK; 
7 - ai111ay. I - >K&rnyanMaCTbipFb1w; II - WHKi ettiM; 

III - l\aJillbII<; IV - 11on11Mepnettyre; V - m1rnop:n1rnett ; VI - >KOFapbI Te~mepaTypana 
l\aHHaHTblH ettiM11ep 

PeaKU:IUIHbIH: ra3TypiH.ueri eHiM.uepiH (xnopnbr BHHHn, HCl, 

au;eTHneH, )J;Hxnop3TaH, xnopnbI 3TttneH) cybITa!J:bI )K;)He HCl-.UbI 

aJlbICTaTY yrniH bICTbII\ cyMeH (70°C) )Kyyra )Ki6epe.ui; CO)J;aH COH: 

ra3,ll;ap KOH neH rnnTbipbmraH cKpy66epre Tyce1J:i ; co.uaH COl-l ra3-

)J;ap,ll;bI 30°C-re ,lJ;eHiH cybITa.UhI )!(;)He c¥J:i:bII\ KyHiHJle ai1)laH.UbI. 

2. 6.3. ApoMammbll<,, KOMipcymeKmepoi XJ1op1iay 
)l{orapbI)J;a apoMaTTbII\ KeMipcyTeKTep xnopnaraH)J;a 5!1J:po.ua 

)!(;)He 6yi1ipniK Ti36eKTe Opbrn6acy eHiM)lepiH HeMece I\OCblJlY eHiM

,ll;epiH ry3yi MYMKiH .uen ai1TK:aH 6onaTbIH6bn. 

E¥J1 peaKu;H5Inap1J:bIH: 6dpi 3K30TepMH51JlbII\ )K;)He TeMnepaTypa

nap,ll;bIH; KeH; apanbIFbIH!J:a TepMO.UHHaMHKanbII\ MYMKiH. Opbrn6acTb1-

pbm xnopnaraH.ua oprnwa waMaMeH 22 KKan/Monh )Khiny, an I\OCbIJiy 

peaKIUUICbIMeH xnopnaraH)la waMaMeH 33 KKan/Monh )Khmy 6eniHeJli. 

PeaKU:H51HbI pa.UHKaJIIJ:hII\ MexaHH3M 6oi1bIHllla )Kypri3eTiH )KaF

)J;ai1nap.ua - ra3 cpa3aChIH)J;a, )KOFapFbI TeMnepaTypanap)J;a, npoMo-
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TOp.1ap K3Tb!Cb!HJ,a ){{ JHC T .C.C. Opb!H03Cbin XIlOpJTay i](b!Jl)J,aM)J,blf'bl 

6yfiip,1iK Ti36CKTC 51J,pora Ka para11J,a Ken 6ona,il.bl. 
C¥ttbIK cpa3ana npoMoTopnap I<:aTbICbIHJJ.a xnop,D,bm 6eH30JI,D,bIH. 

51.[(pOCbJHa KOCb!JlY )Kb!Jl)J,aML(b!f'bl .D,a (pammaJI.[l,blK MeXaHM3M 6oi1-
b!HWa) peaKUH51HbI eHepK;:icinTiK )Ky3ere acb1py ywiH ai1rnpJibIK,TaH 
)KOFapbI 6oJTa.D,bI. 

PeaKUH.smap HOH.D.bIK MexaHH3M 6oi1brnwa )KypeTiH )KaF.D,ai1Jiap.D,a 
- qtthIK cpa3a.D,a, 3JieKTpocpHJibJJ.iK KaTaJIH3arnpnap AICh, FeCl3 K,aTbI
CbIH.D.a, roMoreH.D.iK HeMece reTeporeH,D,iK ~i1enep.D,e, nompJihI epiT
KiwTep.D.iH. KaThIChIH,D,a TOJibIFbIMeH ophrn6acy ettiM,D,epi Ty3iJie.D.i J,eyre 
6ona.D,bl. 

MouoxJiop6eu30JIJlhI 6euJOJIJlhI xJiopJiay api.:1>1J11>1 OHJlipy. 
oeH30Jl)J,hIH. 51.D,pOCblH XJIOpJiay.D.bl 400°C-.D,e 6y cpa3aCbIH)J,a HeMece 
40°C-.D,e C¥Hh!K cpa3a.D,a TeMip HeMece anJOMHHHH K,aTb!Cb!H.[J,a )Ky3e
re acb1pyrn 6ona.D,bI. 

8ttepK;:icimiK )KaF.D,ai1nap.D.a peaKUH51HbI c¥ifhII\ cpa3a.D,a Y3.D.iKci3 
HeMece nepttO.D,TbII\ ~enep;:i:e xnop;:i:hI 6eH30JI apl\bIJihI eTKi3in, 
peareHTTep.D.iH )Kal\ChI )Kattacyhrn K.aMrnMaChl3 eTin ~ri3e.D,i. 56-cy
perre MOHoxnop6eH30Jl)J,hI Y3.D.iKci3 any K.OH,D,hlpFhIChIHhIH. qcn6ach1 
KepceTmreH. 

4 FeCI 3 cycLn 

IO 

CaC1 2 

2 

56-cyper. EeH30JIAhI xnopJiay 1<;0HAbiprb1cb1HhIH C¥JI6acb1: 
1 - 6eHJOJI ymiH ChitthIMllhillhll\; 2- copaIITaMa; 3,11 - K.¥IJFaTl\bIIIITap (KeIITiprinnep); 

4 - aparracTb1prhm1; 5 - 'f¥Hllbiprhm1; 6, 7 - xrroparnprrap; 
8, 9, I 0 - 6eiirnpaIITay 6rroKTapb1 

178 



Pe3epByapD,aH KeneTiH 6eH30n xnop.1b1 Ka;1bu1111MeH Kernipi.1in. 
coD.aH COIL FeCb-MeH (6emo,'lra 0,2-0,4%) apa,1acTb1pa.JbJ /l.;::i1-1e. 
d.n:erre, llIOHbIHHaH HeMece 6oJiaTiaH )l{aCaJIFaH )l{dHe K:OpFaCbIHMeH 
cpyTepneHreH xnopnay peaKTopnapbrna Tyce.n:i. Onap 6eH30JI 6ipTiH
.n:en 6ip peaKTop.n:aH eKiHwicitte eTeTiH.n:ei1 eTin opHaJiacKaH. 8p6ip 
peaKTOp cyhITY ywrn HpeKTeMeMeH )l{dHe 1<oprnchrnHaH )l{acanrnH 
pecpnIOKCTiK cybITK:bIWneH )l{a6.n:hIJ<TaJIFaH. KaTaJIH3aTOp.ll:bl (TeMip 
)l{aH;K:aJiapbr) y.n:epic 6acTaJiap aJI.UhIHJl:a caJia.n:y,r. PeaKUHR eHiM.n:epi
HiI-l c¥ifbII< 1<ocnacb1 (MOHO-, .n:H- )f(dHe TpHxnop6eH3on.n:ap) HCI K:aJI
Jl:b!FbIH HaTpHH Kap6ottaTb!MeH 6ei1rnpanrny ywiH pe3epByaprn 
( a30TiblI-l J<bICbIMbl apJ<b!Jibl) eTe.ui. 

y .n:epicTi MOHOXJIOp6eH30JIJl:b!H, el-{ YJIKeH KOHBepCHRCbl 6ona
TblH 6anrrra )l{ypri3e.n:i; 6¥JI ywiH 6eH30JIJl:blH: TeK 60-70%-brn 
XJIOPTYbIHJl:b!Jiaprn ai1HaJIJl:blpa.n:bJ. )l{ornpFbl KOHBepcm1.n:a (75%) 
68%-rn .n:ei1iH Jl:H- )f(dHe rp11xnop6ett3on.n:ap Ty3ine.n:i. 

_l\ocnaHbI nepHOJl:TblK deep eTeTiH I<:OH.ll,blpFbrnap.11,a peKTHcpHKa
QHRJiblI<; KOJIOHHanap ( 45 )f(dHe 25 rnpeJIKaJiap) )f(yi1ecitt.ue ai1.11,ai1.n:hr; 
aTMOCcpepaJiblK J<bICbIM.11,a 6ipiHilli cppaKUHRHbI (6eH30JI )f(dHe cy), 
co.11,aH COB; BaKyyM.n:e oprnwa cppaKUHRnap.n:br )!{;~me MOHOXJIOp6eH-
30JI.UbI ai1.uai1.uh1. 

EipiHiui KOJIOHHaHhIH: K:aJI.11,b!FhIH (.11,H- )l{dHe TpHxnop6eH3on.11,ap) 
n-.11,Hxnop6eH30JI.ll,bII-l 6ipa3 6eniriH 6enin Kiwiney KOJIOHHa.11,a ai1-
.n:ai1.uhr. o-, n-, .11,11- )f(dHe I , 2, 4-yrnxnop6eH30JI.11,ap.11,aH T¥PaTbIH .11,11c
THJIJIRTTbIH: I<;aJIJl:blFbIHaH O-.UHXJIOp6eH30JI.ll,bl 30°C-.n:e KpHCTaJIJIH3a
QHRJian, co.n:att COH: cy3ri rrpeCTe cy3in 6enin aJiaJl:hI. 

reKCaXJIOpU,llKJJOreKCaHjJ:bl (reKCaXJJOpaH,Uhl) 6eH30J1,Ubl XJJOp
JJay apKhIJJbI 0u.uipy. feKcaxnopaH - KeH: rnpaJIFaH HHCeKTHUHJl:, 
OHbl XJIOp MeH 6eH30JI,[(aH aJia,Ubl: 

8HepKdCirrTiK d.ll,iCTep.11,il-{ 6ipi 60Hh!Hllia peaKUHRHbl 
20-40 °C-.ue XJIOPJl:bl 6eH30JI apl(b!Jibl 2%-Jl:hlK NaOH epiTiH.11,ici 
1<;aTbICb1HJl:a C¥Mhll\ (reTeporeH.UiK) )f(ytte.11,e )l{ypri3e.ui . Y .uepiCTi 
)l{apbII\ cdyneciMeH (KYH HeMece :>KacaHJl:bI) HeMece 6eH30HJI ne
poKCHJl:iMeH HHHll,HHpJiei1:.ui. 

XnopnhI 6eH3HJJtd TOJJYOJI.Uhl xJiopnay apl\:bIJJbl 0tt.n:ipy. 
XnopJibJ 6eH3HJI,[(i (C6HsCH2Cl) TOJiyOJIJl:bl XJIOpMeH l 30°C-.n:e (RFHH 
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oy rjJ:UaC hi !1 .]a) KOpF<lC bl H \ICll rjJ yTep.1e1rre11 )f\:;;JHC y :IbTp3K\':Iri II 
c;:iy.1e Wb!rapaTblH l\.f'.Pbl.lfbl\ ,ell (0.JCTTe, KBapUT blH CbJHan w a

MbnieH) )!(30.]blKTaJIFaH peaKTOpD,a 91{.LI,ett.D,i. Ott bl C¥Hhll\ cpa3aL(a 
.D,a 80-100°C-.LI,e ( TOclyOJI.]b[I{ Kattttay TeMnepaTypaCbIHbII{ TeMeH 
Te:-meparypa11a peaKTOp.Uhm iwKi Kel{icnrrn ynhTpaKyrrriH c;;iyne
MeH c;;iynenett1lipin anyra 6orra.D,hI) OHhrn ycTil{ri :>KaFbIHaH Tony
OJI. Te:-.1eHri )!(afbIHaH xnop eHri3e11i. AnhIHFaH xnopnhI 6ett3HJI 
peaKum1.1acnaraH Tonyo.rrneH 6ipre KonoHHaHhm TeMettri :1KaFb1-
HaH WhlfaL(bL Xi1opJlhI 6ett31rnre KOHBepcmrnatty L(;)pe:1Keci OHwa 
Ken eMec, waMaMeH 50%, on Tepe!{ xnoprraHL(hipy ettiM)l.epittil:{ -
xnopJibl 6eH3HJIH)l,eH (C6HsCHCh), <t>eHHJiywxnopMeTaH 
(C6H 5CC13) )!(;)He j{.npoHhI xnopnay etti:\tL(epittil:{ TY3inyitte Ke.n;ep
ri :)!rncaH..n;bL 

2.7. Hinpney 

HnTpney - Ocl opraHHKaJiblK KOCb!Jlb!CTbIH: MOJieKynaCb!Ha HHT
poTOOTbI - N01 ettri3y; M¥Hai1xmrnJmhIK ettepK;)cin yrnitt mp MafbI
Ha.;:ca C-H 6aH.naHbIChIHhlH cyTericiH HHTj)OTOnneH aJIMaCTbipy (op
HhIH OaCTbipy). 

HHTj)neyUii areHTTep peTiHJJ:e HN03, a30T I\hlillKhUihIHhm aH
rM1IpI11IiH 0 2N-O-N02, auenm HHTpaTbIH CH3COON02, 6ett30HJI 
HHTµaThIH C6H 5COON02, N02 "/K;)He N 204-Ti naH..uanaHaL(hI. EH. Ken 
KOn,L\aHaTbIHhI - a30T I\hIWKhLlhI. OttbIH. KyKipT I\hIUII\hIJihIMeH 6ipre 
l(ocnachIH (HHTµneywi KOcna) ilmi Kon.uatta,Ilbl. KyKipT I\biilll\bIJihI
HhIH. peni ;)pi TY3iJieTiH cy.JhJ 6aH.nattbJCTb1py, dpi aKrnBTi HHTµney
wi areHT NO/ (HHTj)OHHtt-KaTHOHbIH) TY3Y 6orrhm rn6brna.n;hi: 

Te'.\tettri TeMneparypa.1ap.LI,a (O-l 5°C) HHTµney;:i:il:{ eH K).llllri 
areHTTepi au,eTHJI (CH3COON02) )i(;)He 6eH30HJI HirrparrapbI 
(CnHsCOON02) 6oJibIII rn6binan:h1, onap,n:bI, ;).]eTTe, epiTKiunep 
( CCl4, CH3COOH) l(on;i;attbm natt.D,aJlatta,UhL 
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1hyp1i3y :.+.:auail.1apb1 \re11 pea1e1nTep.JlH rn6rIFanrna 6aiha
HbICTbI 1111Tp.1ey pa_:rm:a.l.JbIK m:JHe l!OH.JbIK \IexaHJI3\IJep 6oilbrn wa 

. . 
iKYPYI M'{\IKIH. 

M¥HaiixHMirnHhIK eHepKdcin ywiH napaqrntt;::iiK ;KdHe apO\IaT

TbIK l\OCblJlb!CTap.Jbl Hlr!p.1ey;:riH MaHbl3bl 6ap. 

2. 7.1. llaparjnmoiK Ke.HipcymeKmepoi Hump.ciey 
Dapaqnrn.r:i:iK Km1ipcyTeKTep;::ii HHrp.1ey peaKmrnchrn XIX r a

ChIP.UhIH. aHFhIH,Ua M.1L Kottoaa.;10B allll\aHhL\IeH, 6¥-1 peaKmrn ettep

KdcinTe xx FaCblp.LJ:bIH 40-JKb!Jl)J;apbIH,iJa ratta KOJI.UaHb!C TaIIThl. 

TeMeHri rrapaqnrn.uepl(i HHYprreyui ra3 <lia3achra::ia 150-500°C

.ue :>f\.-y3ere acb1pa,n:h1. Hurp.1ey MexaHJI31\Ii ra3<lia3aJihIK TOThIF)' HeMe

ce ra3<lia3arrh!K XJ1oprray c1rnl(ThI paL(HKa"I,n:hIK 6orrhm rn6hrna;::ih1. A,1-

,n:hIMeH 6oc pari:HKam:~ap Ke\IipcyTeKTiH. TepMIDLilhlK bl,J.blpay H;:lTll

iKeCIMe tteMece a30T KhillIKhIJihIHhIH. pari:nKa1,J,apra ( ·OH :iKdHe 

· N0 2) .n:nccounau1umatty HdTH:iKecia::ie T'{3irre;:ri: 

RH~R·+·H 

R · + HON02 ~ RN02 + ·OH 

RH+ ·OH~ R · + H10, T.c.c. 

150-475°C apa1bIFhrn.r:i:a a1Kattri:apZihIH m1Yp.1etty :iKhLl.Ja\IZihIFhI 

onap.UhIH. rep:l\UULJlhIK hI,J,hrpay iKhIJI.Ja\IZihIFhIHaH e;::idyip :iKOFaphr 60-

rraLJ;hl. MottoHHYpOllilKaHri:apn;hI KeiiittipeK .J.JIHHTpoa1KaHJJ;apra ra3 

<lia3aChIH,Ua tturp.rrey :iKhrn.r:i:aM,J,bIFhI 6acrnrrKhI Ke\1ipcyreKTep.:ii 
HHYprrey iKhIJI.Ja\I,UbIFhIHaH drr;:reKaii.r:i:a a3 60.1aD;hl. CoH.JhIKTaH a10T 

KhlllIKhUlbIMeH ra3<lia3aTiblK HUTpJiey.Je JU- He\Iece 00.lHHHTpOKOChl

JibICTap ry1irrMeii.ui. 

DapaqiuH,Uep.r:i:i 6yqia3albIK Hnrp:ierett;::ie ttnrp,1ey\ 1eH Kamp rn
ThIKThipy t{a :>f\.)]Je.Jl, COH,i:lhIKTaH ClJlhL(efHJTep MeH KeTOH.Jap iKaHa

\la ettiM,n:ep 6onhm rn6hrnaZlbI. 

Dapaclinttn:i 6yqia3achrn;::ia ;J(OFaphI Te\meparypa1bIK mnp:ie

reHJ::{e 6ap.:IblK MOHOHHYpOyYbIH.JhLlap ClJlbIHaTbIHllhIFhl aHblKTa.l FaH, 

orrap cyreKTiFl tteMece 6acrnrrKhI KeMipcyre1nia llilKHH rn6brnhIH Ke3 

Ke.lTeH aTOMhIH HHYpOTOJIJieH ayhICTbiprnH;:ra T\"3i.1yi \I}"\IKiH. l\1hr
calb1, npoTOH.U.bI 6y <lia3aCbIHlla 400°C-.Je HN03-rreH m1rp.1erett.Je 

Ke.1eci KOCbIJibICTap ry1i:re;:ri: 
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CH.1-CH2-CH3 -------1 
1 O a TM, 400°C 

op b1H6acy 

hillhipay 

~ CH3-CH-CH3 

I 
N02 

EH KHhIH HHTpnetteTiH Merntt: 475°C-ne, CH4:HN03 K,apbIM

KanrnacbI 9: 1-re TeH 6011raH.J.a :iK;rne :iKaHacy yaKbITbI 0,2-0,3 c 

6onratt.ua HHTpOTYbIH.UbJJiap (mnpO!'.leTaH j!(;;)He H11Tp03TaH) IIIbl

fh!MbI 13 % ( a3oT KbIIIIKhJJibl 60H:b1H1.IIa) 6on anhL IlponaH 440°C

.::i;e 1.IIaMaMeH 20% HHTpo:i.1ernH Tpeni. f\a3ipri Ke3lle eH,ll;ipineTiH 

HllTpO!\!eTaHHbll:l 6ap.TJb!K M0JI1.IIepiH MeTaHHaH eMec , nponaHHaH 

a.1a.J:hI. 

Heri3ri annapaT xpo1\tOH11KeJiblli 60.TiaTTaH :iKaCCLJ1raH, :iKhirryra

ChDia 1.:i.arb1wrnpMeH, Jll,eTTe T¥3J.ap..!Ihll:l 6aJII\bIMaJiapb1MeH Kbl3D;bI

pb1.1aTbIH TyTiKUien i peaKTop 6oJibm rn6hrna.n;br. I>ynap.Ubll:l I<:ocnacbI 

(Ke:\tipcyTenep, HI1IpOT)1blH.J.bl.1ap, 330T KbIIIIKbIJlbl , cy :tK:me a30T 

OKCH.:uepi) KOH..!IeHcaTOp apKbinbl eTeD.i , OHJ,a HHipOyYbIHllbIJiap, cy 

JK~me KhIUIKhI.1 Ka.TibIII KaJlaD.hl. I>:p K¥Pa\1,n:acrnp 6enriIIIKe arhm 6a

pa.:IhI, OH.J.a HHipOTYbIH!lbI.Tiap 6e;1itt in ailb!HaJJ:hI, OJiap.Ubl COll,aH coa 

aitXbIH peuHqlllK3UJUIJiatt.J;hl. 

2. 7.2. Apo.um11111bll\, KO.HipcymeKmepiJi nump.7ey 
ApoMaIThIK KeMipcyTeKTepni ettepKJcirniK )Kar,n.aH:naplla qdl

hIK cpaJa:i:a (110H!lhlK MexamBM) mnpney wi l\OCnaMeH (HN03 + 
H 2SO.;) )KJHe T0MeHri TeMnepaTypa.ua HHipJiiettJJ:i ; 6¥JI Ke3.u.e MOHO-, 

.J;H- n-.:JHe YIIIHHipOT)'hlH.J;hL'IapJl.hI a11yra 6ona,Ub1. Opb1H6acaTbIH 

ophrn .HlIPOn:arhI cpyHKU:HOHaJIL(hH( rnnneH aHhIKTaJiallbI. Eipimni 

TeKTi OpbIHOacap.rrap (:rneKrpoHOll.OHOp.lblK) OpTO- )KJHe napa- )1{3f

.J3Jl.]3fbl OpbIHOacy;.i:hI l(3i\IT3.M3Cbl3 eTeJJ.i . 

CJ.J.eTTe. Hlrrp.'Ieyrui KOCnarn \ '3.UiKCi3 K3pKbIHJlbI apa1aCTblp3 OTbI

pbm iKdHe Te\meparypa.ilh!K peWil\EJ:i C3KTa!l OTblpbrn ArH KOCa.L(bI. 

182 



811epK0ci rrriK HI!Tparnp.1ap Cbi libI\ LJbUblf bI 4-5 \r' npone:n ep.-1i (Ka1aK

Tb1) iKbIJLJ.a\1 iKJ.-periH apa.naCTbipfbIWbI 6ap, cyhIT)- iK.:::>He KbI3-lbipy yw i1-1 

ChlpTKbI KafITIIbITbI JK;;me 11peKre.re.-1eci 6ap woi1b11-1 peaKTopn ap 6onhm 

rn6hJJHlllhI. 

H1npo6eHJO.li];hl OHJ:ipy. o eH30JJ.J.bl H11Tp:1eyJiiH Kenec i Ke3eH,

Jiepi 60.i1all,b1: mnpneywi KOCnaHbI 21a5!p.1ay, mnp.1eyJ.iH. e3i , 6e:1y, 

a.%1HFaH mrrpo6eH3o.TJJ,bI 6ettrapanrny JK;me ai1.:ray, KbIWKbLUap.JbI 

perettepaummay. mnpney.J,i nepHOJ,TbIK rypJie JK;:i1-1e Y3.J. iKci3 TYJUe 

:n--ypri3yre 60.rrn.J.hI. 

Y .uepicri -60°C re\mepar y pa.Ja JK;:i1-1e peaKum1.1b1K Kocna1-1b1 

KapKbIHJl,hI apa.1acn1pbm fKypri3e.Ji . UmcuiH JKa1nb1 ¥3aKThlfbI 5-6 

carnTI<a JKeren i' l 00 Kr 6eH30.l f3 OH.13tbl KblllIKhLl.JapJ,blH KOHUeHT

paUIDIChrna 6ai1naHbICThl 240-TaH 290 Kr-Fa .:rei1iH Hl1p.1ey wi KOCna 

Ka:iKeT 6mi:a.[(bl. PearettrrepJ.i ettri 3y p aKTbIFbI iK;:JHe mnpney y w iH 

yaKbIT apa:racn1py \leH cy bITy KapKbIHJ.hLlhlfbIHa r;:iye.121i 60.1a.%1. 

y )lepic a51KTaTJFaHHaH Ke1iiH peaKUlUUibIK KOCnaHbl MblpbIUJTan

FaH T¥J-12lhipFhIUJrnprn Kp:I.J.hI , OHJ:ra UJa\rn\1e1-1 12 carnr 6oi1hr mnpo-

6eHJon KarIJJ;hIK KhIIllKbicl.ilapnaH DfH.JhiphIJla;rhr: Kei1ittri.TJep Kai1rn

,[(aH 0Hlllp1cKe iKi6epineni. m1rpo6eH30.1Jhr hICThrK cyMeH iKya.J.hI, 

CO.Ela epiTiH.uici:"11eH 6e1irnpamaibbr, co;i:aH coH aii.JaitlhI. 57-cyper

Te mnpo6eH3o:r eH11ipy KOH.JbIPfblChrHbIH q :.16acb1 Ke.1npure1-1. 

Y.a:epicTe inrrpo6ett30JUhili WhlfhIMhI 95-98% 60.1a.JhI. 

JI 

57-cypeT. Hmpo6euJo.1 eu.aipy KOH.'.D>IJ>TLIChIJfblJ{ cp6ach1: 

I - wrrp."Ieymi Kocnara apua.1r<rn pe3epsyap: 2 - llll-rp.1eymi KOCnaHLIH ::101a1opL1: 
3 - Oell30:lf3 aptta.1.raH pe:iepsyap: 4 - OellJ-0.l ::J03a70pb1: 5 - OeH>O.l.lbr 5epyre ap !!a"lfafl CO

pama.\rn: 6 - H!rrp<nop; 7 - apa1b!K Clbll!bf\l;n.LThHG 8 - OO:IT iW: 
9- eiue.ve!l K1>1JllK1>Lira apHairau CMiit,l),1:nJ.1hlK; lO - mn po6eH 30.1ra apua-ura:i ~. i oHT>C h:!Q . 

I - e!l.:ie:Jreu KL11UK1>1.1; JI - KLll!JKhU mn po0eH10.1 
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Cy.1brjJUp.1ey - cy11hcpornmh1 (-S03H) opram1Ka11hIK KOChJJlhICKa 
eHri3in S-C 6afinaHhIC Ty3y. Cy11bCp11p11ey eHiM.uepi - cynMpOKhIW
KhJJl.ll.ap 605lfhIII1Tap.lI,bI, .u;;ipi-.u;;ipMeKTiK 3aTTap.lI,hl, )KYFhllll 3aTTap.lI,hl, 
3MYJ1hfaTopnap.lI,bl (MaHfhIH.lI,afbJillTaP.ll.hl, 6erriK aKTHBTiK KOChJJlh!C
rnp.lI,bl) )K;:rne 6acKa .ua MaKCaTTap yllliH )KapThrnai1 eHiM peTiH.ue KeH. 
KOJl.lI,aHbJJla.lI,bl. 

Cy11hcp11p11ey TiKenefi )K;;JHe )KaHaMa )KOJl.lI,apMeH )Ky3ere acyh! 
MYMKiH. TiKeneH: cy11hcp11p11eyre )KaTaThIH.Uap: anmparrhIK HeMece 
apoMaTThIK KOChJJlhICTap.UafbI cyTeKTiH. opHbIH cynMpOTOIIIIeH an
MaCTbipy; onecpHH.lI,ep.uiH. KOC 6aH:11aHbICb1Ha cynhcjlOTOIIThI Kacy; )l(a
Hal\-ta cy11hcp11p11eyre 6acKa aToM.uap.UbIH HeMece aTOM.ll.hIK Torrrnp
.ll.hIH. ( cpyHKUHOHaJl.lI,blK rnmap.lI,bIH.) cy11hcjlOT06h1MeH anMaCTbipy 
)KaTa.UhI. TiKeneH: cynhcp11p11ey.ue Ke6iH.ue KyKipT attrn.up11.uiMeH, 
COH.lI,aH-aK OHhlH Kelllett.uepiMeH (.ll.HOKCattcy11bcpoyu10KCH.lI,IIeH 
C4H80 2 ·S03, n11p11.u11Hcynhcpoyll10Kc11.uneH CsHsN ·S03) )K;;JHe ;;ip
Typni K¥PaM.lI,afbl rn.uparrapMeH (KyKipT KhllllKhJJlhl )l(;;JHe oneyMHiH:) 
)Kypri3e.ui, xnopnhI cynhcpyp11n (S02Ch), xnopcynhcpott KhlillKhJJlhI 
(CIS03H) )K;;JHe TOThlKThlpFbllll KaThIChIH.Ua KyKiprri ra3 CHpeK rraH:
.uanaHbJJla.lI,bl ( orreK, xnop). 

2. 8.1. llapa<ftum)epoi cyJZb<ftoxJZopJZay 
Ilapacp:im.uiK KeMipcyTeKTep K;;J.UiMri cynMp11pneywi areHTTep

.uiH: ;;icepitte T¥PaKThI 6ona.lI,hI. )l(oraprhI napacj:nrn.uep (C6 )K;;JHe o.uaH 
)KOFapbrnap) onap.uhIH. KaH:ttay TeMrrepaTypanapbIH.Ua oneyMMeH 
cy11bcp11pnettyi MYMKiH, COHbIMeH Kamp 6¥J1 KC3.lI,e onap e.u;;iyip TO
Th!Fa.lI,hl. KeMipcyTeKTep KyKipT attrn.up11.ui )K;;JHe OTTeKTiH (S02 + 
02) 6ipiKKeH )KepitteH aH:rnpnhIKTaH OH.aH: cynMlmpnette.ui. 

8ttepK;;icimiK MaH:bl3.ll.hICbI - TeK napaqnrn.uep.ui KYKiprri ra3 
6eH XJJOp.lI,bUl KOCIIaCbIMeH (S02+Ch) cynhCpHpney HeMece cynMpy
pHnMeH (S02Ch) cynhcpoxnopnay. CynhcjloXJiopnay.uhIH: ettiM.uepi -
aJJKHncynh¢0X110pH.lI,Tep, )KaCaH.lI,bl )KYFhlill 3aTTap,Ubl eH.uipy ymiH 
6aranh1 eHiM.uep 6onhm rn6hrna.uhr: COH:Fhrnap.UbI anK11ncynh¢oxno
p11.uTep.u1 c1minep.uiri: epiTitt.uinepiMeH eri:.uerr ana.uhr: 
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RH + S02 +Cb --:; RS02Cl + HCI 
RS02Cl + 2Na0H --:; RS020Na + NaCl + H20 

n¥JI peaKQirn Ti36eKTi Mexam13M 6otthIHUia )[(ype.ui: 

hv 

Cl2 --:; 2Cl · 

RH + Cl · ~ R · + HCl 

R · + S02 ~ RS02 · 

RS02 . + Ch --:; RS02Cl + Cl . T.C.C. 

K.anhmThI CJO-C 18-napacpHH.Uepitt cynhcpoxnopnay ettepK:::icimiK 
MaCWTa6Ta K.OJI.UaHhIJia.Uhl. Ilapacl>HH.Uep.uitt: K.OCIIaChIH K:::l.UiMri TeM
neparypa MeH K.hIChIM.Ua, ynhrpaKynritt c:::iynecittiH: :::icepitt.ue KyKipT 
K.OC TOThIFhI )[(:::lHe xnopMeH ett:.ueif.ui. Xnopnay peaKQH51ChIH 6on.uh1p
Ma/, .UHCYJihcpoxnopH.lJ.Tep.uitt: Ty3inyiH a3attTy, COH.UaH-aK. S02Cl 
T06hI KeMipTeK Ti36erittitt: UieTiHe )l{aK.hIH opttanacaThrn eHiM.uep any 
yUiiH y.uepicTi Typnetty .u:::ipe)[(eci 50-70%-.uatt acnattThIH.ll.att eTin 
)l{ypfi3e.ui. MottocynhcpoxnopH.ll. ( «Mep30Jih») peaKQmmacrrarnH Ke
MipcyTeKTeH 6enirr anhm, KeMipcyTeKTi I<aifra.uatt y.n:epicKe Kaifrn
pa.UhI. MottocynhcpoxnopH.ll.Ti co.uaH coH; Kyif.uipriUI ttaTp epiTitt.n:ici
MeH eH:JJ,eif.n:i )[(:::lffe aJIKHJICYJihcpOK.hlllll(hlJI.ll.hlH: ttarpHH T¥3blH ( «Mep-
30JI51T») aJiaJl:hl. )J()'Fhllli ¥ffTaK.TaP ett.n:ipicitt.n;e Mep30JI51TThl HarpHH 
CHJIHKaTbIMeH HeMece ttarpHttKap6oKCHMeTHJIIJ:eJIJIJOJI03aMeH apa
naCThipa,n;hI. 

Mep30Jlb Mep30JI51T 

' Tiapaqnrn11ep11i cyJibcpoxJiopJiay peaKUl!l!CbIHJla XJIOpMeH op&rn6acy eTe a3 11;ipelKe11e 
eTelli, aJI 6acR;a KeMipcyTeKTep yrniH XJIOpJibl cyJibcpyp!!JI KYIIlTi XJIOpJiayllibl areHT 60-
Jlbin Ta6b1JiaTh!HblH aiiTa KeTKeH lK9H. 
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2.8.2. Apo.uw111111J11\ "·o.11ip9•11teKmepoi cy.r11.rjJupHey 
Ilom1 u11K:1;.r,iK apoMaTThIK K0MipcyTeKTep (aHTpal\eH, cp eHa11-

TpeH )K;rne T.6.) eH: OH:ai1 cynbCpttpnette.ui, l\HhIH cynhqmpne

HeTiHJJ:epi - ttaqnanHH )K;:rne o)l,aH .ua I<HhIHbipal\ 6ett3on cynh

qmpnette.ui . 

KYKiPT I<hIWI<hIJihIMeH cynhcpttpney - 1<attTbIM.UhI npol\ecc: 

CoH!lhII<TaH, ;;i.ueTTe KyKipT I<hillll\hIJihIHhIH: eTe apTbII\ Men

wepiH K:on.uatta.IJ,hI HeMece 6eniHeTiH cyJJ:hI 6ai1.naHbICThrpyrn )KeT

KiniKTi 6onaTbIH)l,ai1 I<¥PaMhIHJJ:a KyKipT attrnnp11JJ:i 6ap oneyMni 

natt)l,anaHa)l,bI. TeMnepaTypa cynhcjmpneyJJ:iH: H30MepniK eHiM.ue

pittiH: 1<apbIM-J<aThrnacbrna KYWTi ;;icep eTe.ui. 1-TeKTi ophrn6acap

napb1 6ap I<OChIJihICTap.UbI cynhcpttpnerett.ue TeMnepaTypa n-H3o

Mep.uiH: Wh!FhIMbIH apTTbrpyra MYMKiH.UiK 6epe.ui . Mbrcanhr, cpe

HOnJJ:hI cyhII<Ta cy nhcpHpney o-cpettoncy nhcpOl\hIWl\hIJibIHhIH: i<en 

Ty3inyitte ;;!Kene)l,i, an 100°C-D,e TeK n-H30Mep FaHa Ty3ine)l,i ney

re 6ona.uhr. HacprnnHH.Ui 35-40°C-.ue cyJibcpHpnerett.ue 6aCTbI 

eHiM a-Hacprnn11ttcynbcpol\blWI\hJJihI, an l 60° C-.ue cynhcpHpnereH

.ue P-H30Mep 6ona.uhr. 

Kei16ip )KaF.uaH.nap.ua cynhcpOTOilThIH: etty opttbr KarnJIH3aTOp

ra 6ai1.naHbICTbl 6ona.IJ,bl : aHTpaXHHOH.IJ,bl KaTaJIH3aTopCbl3 cynh

cp11pnerett.ue eH: 6acTbI eHiM p-aHTpax11HoHcynhcpo1<bIWl\hIJI, an 

CbIHan T¥3.UapbIHbIH: K:aTbICbIH.IJ,a a-aHTpaxHHOHcynbcpOl\blllll\bIJI 

6ona11hr. KarnnH3aTopnap peTitt.ue CbIHan cynhcpaThr, aMMOHHH 

BaHa.IJ,aThI, KanHH 611xpoMaThI, H.o.u )!(;;,He T.6. l\OJI.IJ,aHbIC TailTbI. 

AnaH..ua ettepK;;icinTiK y.uepiCTep.uiH: 6achIM KenwiniriH KarnnH3a

TopcbI3 )Ky3ere acbrpa.uhr. 

Cynhqrnpney.uiH: Heri3ri )KaHaMa ettiM.uepi cynhcpott.uap R-SOz
R, non11cynbcpott l\hIWI\hIJI.Uapbr, TOThrry ( OKCHTYhIH.IJ.bIJiap )K;;itte 

6acK:a orreKJ\¥paM.llhI l\OCbIJihrcrnp ), .ueanK11n.uey )K;;itte H3oMepnetty 

eHiM.n:epi 6ona.n:hr. 

ApoMaTTbII\ l\OCbIJihICTap.IJ.bI cynhcpHpney 3neKTPOcpHIIb.IJ.iK opbrH-

6acy .uhrH: THnTiK peaKU:H5lChr 6onhm rn6hma.uhr: 
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2.8.3. CyJ1bfjJUpJ1eyoi11, 011ep«acinmiK yoepicmepi 

2.8.3.1. EemmiK-aKmuBmi wmmapObl 011oipy 
lieTTiK-aKTHBTi JaTTapti:hIH. (I>A3) KJ1accm1>11Kau:11sicb1. Op

rn;:i:a epiri1miri 6otthIHilla EA3-,ri:hI ylll HeriJri TOrrl\a 6enyre 6ona

)J,hI: cy,ri:a ep1uiH, cy MeH Mai1:.n;a epttTiH )J(;me Mai1:,ri:a epttTiH. EH: Kerr 

rnpanraH Torr - cy.n;a epttTiH EA3. Onapti;hil\ KnaccmpttKaQH51ChI XH

MH51JihII\ f\¥PhlJ1hIChIHa Heri3ti:enreH. Erep EA3 cy.n;a HOHti;apra .n;11c

cou:11au:1151naHca, oH.n;a onapti;bI uoHozeHo iK 3arrapra, erep EA3 ti;11c

cou:11aQfrnnaH6aca, OHti;a onapti;bI uoHozeHoiK e;'vtec 3arrapra )J(aTKbI-

3a.n;b1. 
l1oHoreHti:iK EA3 6eniK aKTHBTiniKTi I\att HOH KepceTeTiHiHe 

(KaTHOH HeMece aHHOH) 6ai1:JiaHb!CTbl aHUOHQKn1U8111iK )J(;;rne Ka

/11UOHQKn1U8111iK 6onbm 6eniHeti;i. AMcjJOJ1ummiK EA3-ti:ap .[(a 6ona

JJ;hI; onap.[(bll\ MoneKynacbIHL(a eKi (HeMece OL(aH .[(a Kerr) cpyHKQ110-

Han,ri:b1f\ Torr 6ona.n;h1, onap K.hIIlIK.hIJIL\bIK. opTa.n;a Kani:oHaKTHBTiK I\a-. . . 
ctterrep, an crnnmK opTa.n;a aHHOHaKTHBTI l\actterrep KepceTe.[(1. 

AHHOHOaKTHBTiK EA3-.n;apra Keneci THrrTeri )J(Yfhllll Jarrap )J(a

TaJJ;hI: 

- anKHJ1Kap60Harrap ( ca6hrn,ri:ap) RCOONa; 
- 6ipiH11IiniKTi RCH20 - S020Na )J(;}He eKiHilliniKTi RR' CHO-

- S020Na anKttncynhcparrap; 

- Matt K.hIIlII\hIJIJJ;apbIHbil\ cynbcparrapbI RCH(OS020Na)- -

(CH2)n -COONa; 
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- 6ipiHwiniKTi RS020Na )l\:;JHe eKiHwiniKTi RR'CHS020Na 
a:1K1L1cy,1Lcpo11anap; 

- Maw 1\bIW.l\bIJI~aphIHhIH, cynhcpoHaTTaphI, RCH(S020Na)
(CH2)n - COONa; 

- aJ1KHJiap1rncyJibcpoHaTTap - aJ1KHJI6eH30JICYJibcpOHaTTap )K;me 
aJlKHJIHacpTanHHCYJihcpOHaTTap: 

R 
I 0 so2oNa 

a-oJieqmHcyJihcpOHaTTap RCH =CH - S020Na; 
OKCM3THJieH~ipimeH aJlKHJicpeHOJI~ap~bIH, cyJihcpaTTapbI: 

KanmHaKTMBTi EA3-~aprn KeJieci )KyrhIIII 3arrap )KaTa~hr: 
- 6ipiHIIIiJiiKTi, eKiHIIIiJiiKTi )K;:me yIIIiHIIIiJiiKTi aMMH~ep~iH, 

'f¥3~apbr: 

(RNH3 er, R1NH2 er, R3NH Ci-); 

- rnpTiHIIIiJiiK aMMOHHH: Heri3~epi: R3N°"Cr; 
- 6eH3HJiaMMOHHM T¥J~apbI: 

AMcpoJIMTTiK )KYf'hIIII 3aTrnp KeJieci l\¥PhIJihIC.l\a tte: 
Kap60KCHJI )K:;!He aMHHTOTITapbI 6ap 1\0CbIJiblCTap: 

RCH - coo- Na+ 
I 
~H3 c1-

cyJihcpmcpttpJiiK )K:;!He aMMH~iK T06bI 6ap 1\0CblJibICTap: 
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cynbCpOT06bI )K;')He aMMHOT06bI 6ap l\OChlllhICTap : 

HoHoreH,D;iK eMec 6erriK aKTMBTi 3arrap,D;hIH; KenecinepiH Kep

cewe 6ona,ll;hI : 

OKCM3TMil,D;eHreH allKMn<peHOil,D;ap: 

- OKCM3TMn,D;ettreH Maii l\hlllll\hin,D;apb1 RCOO-(CH2CH20)n-H; 
- OKCM3TMn,D;eHreH Mail: crrnprrepi : RO-(CH2CH20)n-H; 
- OKCM3Tifn,D;eHreH aMMH,D;ep: 

- OKCM3TMn,D;eHreH MepKanTaH,D;ap MeH aMM.[J;Tep: 

- OKCH3Tifn,D;eHreH IlOJIHnpoTIHneHrnHKOJII:.,D;ep : 

CH3 -TH - CH2 - 0 - (CH2CH20)m - H 

0 - (CH2CH20)0 - H 
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Ke,,.ripi: 1re11 1,:,rrncc1HjJ11i.:au1rn.Ja 6A3-.JbIH 6apn b1K accopn1MeH

T1 e:\1ec, TeK iKaCallJ,bl iKYFblW JaTTapLl,bl 8H,L1,lpy r e KOJJ,[l,aHblJJaTblH 

onap.JbIH. Heri3ri Typnepi rnHa KepceTimeH. 

AHttOHaKTHBTiK 3aTTap cynhI epiTiHL\iL\e cinTiJJiK MeTaJJL\bIH. Ka

THOHbIHa )f{;me MOJJeKyJJaHbIH, aHHOHK,aJJ,[l,blK, 6eniriHe .I{HCCOutta

UH51JJaHa,I{bl, Mb!CaJJbl, 6ipimuiniKTi aJJKHJJCYJJbcpaTbl Mh!Ha Typ.n:e 

.z:i:11ccou1rnu1rnnaHaJJ:hI: 

KaTHOHaKTHBTiK EA3 epiTiH.z:i:inep.n;e )l{ar<;chr HOHJJ:aHa,z:i:hI, an 

TepTiHilliJJiKTi aMMOHHH Heri3.rrepi TOJJbll\ HOH,I{aJJaAbl. 

KaTHOHaKTIIBTiK EA3-L\hIH; MaH.bI3L\hI eHiM.I(epi yrn3TIIJJaMMO

HHHxnopIIL\ )l{;me ueTHJJnIIpH.J;IIHHtt6poMIIL\, onap oH,aH IIOH.n;ana

ThIHL\hII\TaH, onapL\bI IIOHL\hIK TYPL\e )Ka3a.I(bI: 

+ 
[(C2HshN - C16H33] er-

KaTIIOHaKTHBTiK 3aTTap.I(bI )KYFhIW )l{;me 6aKTepIIuH.n;TiK npena

paTTap HeMece )l{ynrw 3arrapra 6aKTep11uIIJJ:TiK ycTeMe peTiH,z:i:e 

I<OJI.I(aHaAhI. Onap coH.I(aH-aK Me,Ll,HUIIHa,I(a CTep1mmaumr.I(a )K;;me 

,I(e3HHcpeKUII5IJiay.I(a r<;OJI.I(aHb!JJa,I(bl. 

l1oHoreH.n;iK eMec )KYFhIW 3arrap.n;hIH. )KaI<ChI )KYFbIWThII\ 1<a

CIIerrepi 6ona,z:i:hr; 6ac1<a )l{YFhrw 3aTTaprn r<;aparnH.I(a nacThI MaTara 

I(aHTa,I(aH )KaObICYbIH 60JIAblpMaH epiTiH,[l,i.I(e )Kal\Cbl ¥CTail T¥pa,z:i:bI, 

6IIoXIIMII5IJihII< hIL\bipayra 6ettiM 6ona.I(hl. OnapL\bI aJJKIIncpeHon,z:i:ap, 

Matt I<hIIllf\hIJIL\apbI, cn11prrep.I(i 3THJieH OKCII.I(iMeH dpeKerrecnpm 

ana.I(bI, oKCII3THJieH.I(iK TOnThU{ EA3-.n:arhI caHbI 4-TeH 20-ra .n:e!1iH, 

Kel1,z:i:e Timi o.n:aH .z:i:a Ken 6onyh1 MYMKiH. 3TIIJieHOKCHATiK opHbIHa 

nponIIJJeH OKCII.I(iH I\OJI)l;aHyrn 6oJia)l;bl. 

CoHbJMeH 1<arnp )KacaH.I(hI )KYFhIW 3arrap.I(bIH. 1<acIIerrepiH onap

L\hIH. J\¥PblJJb!MbIH, cpyHKUIIOHaJJ,I(bII\ TOnTapbIH, nompJibl )KdHe no

mpJibl eMce TonrnpL\bIH; 1<apb1M-1<aTb1HachIH e3repTe OTb!pbm Kell; apa

nhIK.Ta e3repzyre 6ona.n;b1. K,a3ipri Ke3.n;e 200-.n;eH acrnM )KacaHAhI 

6A3-JJ:bIH; TYPnepi )KdHe 3000-HaH acrnM onap.n;hIH; dPTYPJii KOMil03H

UHJICbIHhIH. rnyapnhII< arnynapbI 6emini. CornH 1<apaMacTaH )1{)1{3 )Kd-
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He TexHHKaJthtK rnrailbtl-tll,ai1rn11 6A3-n ap ywi11 eHepK;:icinTe Whlfapbt

:iaThIH 6ipttcwe oHµ,araH npenapanap ratta 11eri1i 60,1hm rn6b1.1a.LJ.bl. 

AuuouaKTHBTi JKYFhIIU 1aTTap.Uhl 0u.uipy. AJIKHJicyJihlj>aT

Tap.uh1 0u.uipy. AJIKHJICYJibcparrap.UbI cnttprrep MeH a-oJiecpHH.UepLI.i 
cyJihcpHpJien anaLl,hI. 6¥JI Ke1.ue He 6ipiHwiJiiKTi )J(OFapFhI Matt 

cmtprrepiu, He 6op KbIWKbIJihI KaTbICbIH,lla TOTblfbin )J(OFapFbl napa

cpHHLl,epLI.i 6epeTiH 6ipiHilliJiiKTi )J(gHe eKiHWiJiiKTi cnHprrepLl,iI-l KOC

naCbIH nai1naJiaHaLI.hI. EipiHIDiJiiKTi CwC 17 aJIKHJICYJibcparrapLI.hII-l ea 

)KaK,cbr )KYfbIWThIK K,actteTi 6oJia.llhI. CyJibcpaTTbIK Ton aJIK1rnniK Ti3-

6eKTitt: oprncbrna I<apai1 )KbIJI)KhlfaHLI.a apHJICYJibcparrapLI.bII-l )Kyn1w

ThIK, K,acueTi TeMeH,n:ei1LI.i. Cott:rb1 )Kb1J1.llapb1 )KaK,CbI )KYfhIWTbIK Ka

CHeT KepceTeTiHLl,iKTeH, ;;icipece aFblH cyJiap,n:bI oaai1 6HOXHMl1JIJibll( 

TOTbifYbIHaH aJIK1rncyJibcparrapL1,bIH: eH,n:ipici apTyna. E¥JI Ke1ne 6ac

rnnK,bI cmtprrep MeH C 1rC18 a-oJiecputtnepnitt: of{att I<OJI )KeTiM.UiJii
nHitt: Mgff} 30p. 

EipiuwiJiiKTi Matt cnttprrepiH cyJibcpttpJiey.ui 30-50°C-LI.e apa

JiaCTbrpa OTblpbm (58-cypeT) 98%-.UbIK KyKipT Kbiilll(bIJibIMeH )Kypri-

1e.ui (70-75 Mace. 6eJiiM KbIIllK,bIJIFa, 100 Mace. 6eJiiM crrnpTKe). 

ApanacThiprbIIllbI )K;;iHe cybITK,blWbI ttpeKTeJIMeci 6ap peaKTop cyJib

cpuparnpra ( 4) CbIHbIM.UbJJibII<TaH (9) enwerilll (3) apr<brnb1 KYKiPT 

I<bIIlll(bJJibIH eHri1eL1,i . Y1.uiKci1 apaJiaCTbrpa OTbrpbm KblWI<bIJira KbI3-

1lbipbrnaTblH CbIHbIM1lbIJibII<neH (8) eJIIllerirn ( 1) apKbIJibI cnttprri eTe 
)Kitt:irnKe arbrnMeH )Ki6epe.ri;i. PeaKQH~Hbl 6ipHellle caraT 6olibr )Kyp

ri3e.ri;i .ri;e, erep cyJibcpOMaccaHbIH. CbJHaMacbI cyna TOJibII( epice, 

peaKUH~Hbl 6irri .ri;en ecenTei1.ri;i . CyJibcpHpJiey a~KTanra11 peaK

llH~JibIK, Macca annapaTK,a (7) eTe.ri;i , oH.ri;a OHbI 20-40%-.llbII< Kylinip

rirn HarpMeH 50-60°C-ne 6elirnpamai1.ri;b1. CyJibcparnp.ri;bIH: ra3 Ty

piHneri eHiM.ri;epi )KgHe S02 a6cop6ep (2) apI<bIJibI copbrnanh1. 
EeiiTapanrnHraH )K;;iHe HaTpHH r11noxJiop11.ri;iMeH arapraH aJIKHJI

cynbcparrap.ri;bI I<OHb1pmaI< TypiH.n:e Kemipyre )Ki6epe.ri;i HeMece 
bI)J;bICK,a K,¥Jl.Ubl. 

EKiHilliJiiKTi cnttprrepLI.itt: )!(;;)He a-oJiecpttH.ri;ep.n:itt: cyJibcpHpJieyi 

6ipiHrniJiiKTi crrnprrep.ui cyJibcpaTHpJiey.ueH repi IllblfbIMbI a1 6oJia
Ll.bI )!(;;)He )KaHaMa eHiM,n:ep (1lHaJIKHJJ-CYJJbcparrap, fiOJIHMepJiep) Ty-

3irre.ri;i. llihlfb!MLl,bl apTTbipy )J(gHe aJJbIHaTbIH eKiHillirriKTi aJIKHJI

cyJibcparrap.ri;bII-( (TeXHHKaJibIK THnOJILI.ap) canacbrn aprrbrpy yllliH 

CYJibcpHprrey.z:i:i 90-98%-)J;bIK KyKipT K,bIIllKbIJibIMeH 510°C-.z:i:e MHHH
MaJILl.bl )KaHacy yaKbITbIMeH (rnaMaMeH 1 MHH.) )Kypri1e,n:i. CyJih-
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cjrnp.1cy KDIULiprbICLIHbIIl :.ICHlbUJ,bI annapaTLI - peaKTop. Orr iKmia

cyJ,LHl Cll a3 yaKbIT 60.1ybIH /KJHC /KLlclY;:I.bl )Kbln,Il,8:\1 Illb!Fapbm JKCTy;~i 

I(aMTaMaCbl3 eTeTiH 6onybI n1ic. 8,IJ,eTTe, CblpTI(hl I(arITaMaChl, OHhHl im 

iKaFhIHLJ:a u11rr11HLJ:prriK pomp aH:ttanaThIH peaKmprrap l\OJI,ll,aHaL(hI. 

Cb1pTKhI Ka6aThI MeH pomp apacbrnLJ:aFbI l\YhIC peaKUlli!JibII\ l\OCrra arr

rrapana a3 yaKhIT - 30 ceKyH,ll,TaH a3 6orryhrn l\aMTaMaChI3 eTyi Tttic. 

KyKipT KbIIllKhinbI MeH orrecpHH,ll,ep,ll,i peaKTOp,ll,hIH, (1) TeMeHri 6erri

ri11e iKi6epe,ll,i, OHhH{ KoprrychJ (CblpTKhl I(a6aTbl) MeH pomphIH hJCThll\ 

xrropJlhI MeTHJIMeH HeMece cyMeH cyhITa,ll,hI (59-cypeT). Pomp 120 
attHanhrMIMHH. iKbIJI,ll,aM,ll,hII\IICH aiittarra,ll,hl. PeaKTOp,ll,aH l\OCrra 6ei1-

rnpamaFhIIlll\a (2) Tyce)l,i, OH,ll,a KyKipT I\hlllll\hlJihIHhIH, 3cpttprrepiH 

18% Kytt,ll,iprilll HaTpMeH 6eH:rnpamai1LJ:hI. 

,[(ManKHJICYJibcpaTTap,ll,bl amrapaTTa (3) 6ip CaFaT 60Hhl 70-80 °C
,ll,e rn,ll,pOJII13,ll,eH,ll,i; 6¥JI KC3,ll,e eKiHillirriKTi CIIMprrep iKJHe eKiHilli

rriKTi anKMrrcyrrhcparrap Ty3irre,a:i: 

RCH - 0 - S02 - 0 - CHR 
I I 
CH3 CH3 

l\OiibipTna1' 

+NaOH 
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58-cypeT. EipiHmi.rriKTi a.JI

KHrrcyrrhcjJarrap.a:hl a.Jiy.D:bU~ 
TeXHorrorIDIJihII\ qur6acbr: 

I, 3, 5, 6 - eJIIIIerinrrep; 
2 - a6cop6ep; 

4 - peaKTop; 7 - 6ei1Tapamarhn11; 
8, 9 - Cb!HbIM.llhlJJhlI< 



H,so, 

Na OH 

59-cypeT. EKimniJJiKTi aJIKHJJCYJJbcparrapJlbI aJJ)'Jlbll-{ 
TeXHOJJOrm!Jlb!K C¥J16acbI: 

'.1__7 

I - peaKrnp; 2 - 6eihapanrnn,1w; 3 - rnl!ponmep; 4 - ceneparnp; 
5 - 3KCT]JaKTop; 6 - 3Hl!3rhlll1 Ky6; 7, 9 - KOHl!eHcarnpnap; 

8 - CTIHpITi aill!ayra apttanraH KOJJOHHa 

C2H,OH 

8 

0,n:att coH; r<;ocrraHhI 20%-,n:hII\ 3THJI crr11pTiMeH ef(,n:eil,n:i. Ott,n:a

fhI oneqmtt,n:ep MeH Mail crr11pTTepi epiMeil,n:i )K;rne cerreparnp,n:hIH; 

(4) )KafbIHaH KeTeii:i, aJI eKiHilliJiiKTi aJIKJ1JICYJibcJ.>arrapAbIIJ: CIIHpTTiK 

epiTitt,n:inepiH opraHHKaJihII\ 3arrapAhI TOJihII\ 6enirr any ywiH n11r

po11JIMeH 60°C-ii:e 3KCTpaKu:mmattAhl (wattFhIHAattAhl). J1Hrpo11H 

3KCTPaKTOPAhIH; (5) )KOFapfbI )KaFbIHaH KeTeii:i , OHhl OHhIMeH 6ipre 

)KypreH KeMipcyTeKTepii:eH Ky6rn ( 6) ailii:attAhI )K;me 3KCTpaKTOp
,D;hIH; TeMeHri 6eniriHe I<ai1Tapam1. EKittwiniKTi aJIKHJicynhcJ.>arrap

llhIH; cyJihI-CIIHpTiiK epiTittii:inepiH KOJIOHHara (8) )Ki6epeii:i , OHAa 

oii:aH CIIHpTii ailii:attAhJ. AJIKHJICYJibcJ.>arnpAbl I\Ollblprnar<;rnp Typittii:e 
illhIFapbIII a.JiaAhI. 

AJIKHJICYJih!l>onaTTapAhl auii:ipy. TexHHKa.JihII\ aJIK1rncynhcJ.>o

Harrap )KYFhIWThII\ r<;ac11errepi 6ipittwiniKTi a.JIKHJicynhcJ.>arrap )K;me 

aJIKHJiap11ncynhcJ.>ottarrapra I<aparattii:a Hawapnay, KepMeK cyii:arhI 
'f¥Pal(ThlJihlfhI a3ii:ay )K;me OHAafhI Ke6iKTY3YAi KypT TeMeHAeTeii:i. 

CoH,n:hII\TaH onap,n:hr 6acr<;a )KYFhIIll 3arrapMeH )K;me ca6hIHMeH 6ipre 
T¥PMhICTa )K~He TeKCTHJihAiK eHepK~cirrTe )J(Yfhllli KOMII03HUH5!Jiap 

peTittii:e I\OJIAaHa,n:hJ. 
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.•1.n,·n 1c1 ·. n,r/Jo11m11111a1x )hllf RSO::ON a e11ni pici onecp11HI.Lepne1-1. 
H3onapacpHH.J.ep;:i.eu ;K;me apm.JaTThI!\ 1rn'.'.1ipcyTeKTcpµ, eH rn3apTb1Jl
taH C 12-C 18 napacp1rnJJ,epJJ.i cpoTOXHMH51JibIK cyJibcpttpJieyre Heri3JJ.eJI
reH. Ta3apTbIJIFaH napacpHHJJ,i (Kora3HH) cynbcpoxJIOpJiayJJ.bI inIKi 
)[(aFbl noJIHBHHHJIXJIOpHJJ.neH, 6aKOJIHTTiK JiaKneH )[(a6bIJIFaH HeMece 
cpopcpop TIJIHTaJiapb!MeH KOplllaJIFaH 6oJiaT KOJIOHHaJiap)J.a )[(y3ere 
acb1paJJ.bI. WaMJJ.ap peaKTOp.Il,bifl irnKi )[(aFhIH.D.a 611iKTiK 6otthIHllla 
K03FaYWhI TYTiKrneJiepJJ.iH irniHJJ.e sepTHKaJib opttaJiaCKaH. KyKipT 
)J.HOKCHJJ.i MeH XJIOPJJ.b! (60-cypeT) apanaCTb!paJJ.b! )].a, nepcpop11pHJI
JJ.i KOJIJieKTOp apKblJlbI peaKTOpJJ.b!H ( 1) rnMettri )[(aFbIHa )[(i6epeJJ.i. 
Dapacp11HJJ,i annapaTThIH )[(Orapn1 )[(anma 6epeJJ.i. EeniHeTiH )[(hrny
JJ.bI aJibm KeTy yrniH peaKUH51JibIK KOCnaHbl lllb!Fapynlbl cyblTK,bllll 
apKbIJibI u11pKyJI5IUl15IJiatt.z::i:b1 (3); ochr apK,bIJibI peaKUl151JihIK. Macca
Hhm apaJiacyb1 JJ.a 6oJiaJJ.bI. 

)lHCYJibcpoxnopHJJ.TepJJ.iI-l KOHUeHTpaUl151Cb! a3 cyJibcpOXJIOp
JiayJJ.hII-l eHiM)J.epiH any yrniH yJJ,epicTi napacp11HHil{ KOHBepCH51 JJ.;:ipe
)[(eCiH 30%-ra JJ.diiH caraTbma 10 M3 napacp11Hre 35 M3 S02 + Cl2 
KOcnacbIH )[(i6epy apK,bIJihI )[(ypri3eJJ.i. PeaKUH51 ¥3aK.TbffhI - rnaMa
MeH 16 caraT. I\OH)J.blpFbI)J.a Ti36eKTeJiin (6ipitteH KettiH 6ipi) ~MbIC 
icTettTiH 56 peaKTOp 6oJiaJJ.bI. PeaKTOpJiapJJ.aH WbffaTbIH ra3.D,apJJ.bIJi 
6achIM Kemuiniri xnopJibI cyTeK 6oJiaJJ.bI, OHhI annaparra (6) cyMeH 
a6cop6umrnai1JJ.hI: OJI Ke3JJ.e 36-38% -JJ.bIK T¥3 K,bIWKbIJihI Ty3iJieJJ.i. 
I\billIKbIJIJJ,aFbl KyKipT )J.HOKCl·Ul:iHiI-l MeJiwepiH TeMeH.UeTy ywiH, OJI 
JJ.a cyMeH ~TbIJiaJJ.bI, OHbI ayaMeH (rnhlfaTbIH ra3.ua SOrJJ.e 6oJia)J,bI, 
ei1TKeHi OHhI xJiopra K.aparanJJ,a apTbIK MeJiwepJJ.e aJia)J.bI) ypJiettJJ.i. 
CyJihcpoxnopnay eHiMJJ.epiHJJ.e COHJJ.att-aK, XJIOpIIbI cyreK )[(;:JHe KY
KipT .UHOKCHJJ.i 6oJiaJJ.bI. D¥JI ra3JJ.ap.UbI KOJIOHHa.n.a ( 4) ayaMeH ypJiei1:
JJ.i. KononnaHbII-l TeMenri )[(anman cynbcpoxJiopJiay eHiMJJ.epiH apa
JibIK Cb!HbIM.UbIJiblK,K,a (5) )[(i6epeJJ.i , OJI )l(aK,TaH OJiap 10%-.D,b!K, 
NaOH epiTiHJJ.iciMeH ca6hrn.z::i:aJiyra TyceJJ.i. 

PeaKuH»ra Tycneren KeMipcyTeKTep )[(;:JHe aJIKHJIXJIOPH.z:I:TepJJ.i 
(aJIKHJIXJIOPMJJ.TepJJ.eri xJiop 6¥JI )[(aFJJ.ai1:JiapJJ.a ca6bIHJJ.aJIMattJJ.bI) 
T¥Jl.Il,blpFbIWTa 6eJiin ana)J,bl )J,a KaTaJIH3aTop - MeTaJIJI OKCH)J.Tepi K,a
Tb!CbIH.Ua JJ.ernJJ.poxJiopnayra )[(i6epeJJ.i. D¥JI Ke3.ue aJIKHJIXJIOptt.z:I:Tep 
oJiecp11H.uepre )J.ettiH JJ.er11JJ;poxJiopJiaHaJJ.bI. CoJJ.aH COii .K,ocnaHbI Ka
TaJIH3JJ.iK rnJJ;pJiettII.i JJ.e, KaHTa)laH cyJibcpoXJiopJiayra )[(i6epe)li. 
oeihapanTaHFaH)J.a HaTpHH XJIOpH.Ui Ty3iJie)li, OJI CYJibcpOK,b!W.K,b!Jl
JJ.apJJ.blI-l T¥3JJ.apbIH cybITKaH)J,a TGMenri cy Ka6aTbIHa KeTe)J.i ( OHbl Ka-
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1rnmnau1rnra :;Ki6epeJJ.i). AnK11ncynhqi01rnnapJJ.bil-l ep1nHJJ,1c1H (:iKO
rapFbI Ka6aT) 6ynaHJJ,bipaJJ,bI, 0.1 bICTbIK 63..JlKbJ:v!aHbl 6apa6aJ-IJ._\bl 
Kp11cTarr1rn3arnprn :iKi6epeJJ,i, oH.ri:a OJI 6apa6aH 6eTiH.ri:e :iK¥1\a I<:a6b1p
rnaI<: 6oJibITI cyh1i1.ri:h1. 0HhI IIhIWaI<:rreH Kecirr, 6yHKepre :iKi6epeJJ.i, OJI 
:iKal\TaH 6yhm-Tyrore ( opayrn) :iKi6epeJJ,i. 

Xriop 

ra111ap 

I 
I I 4-\/ 
i 
/\ 
I I 
I I Aya 

s 

Ca6b1H1Ianyrn ll<i6epi.neTiu 
cyJibljlOXJIOpHJlTep 

\ I 
I I 
\/ 
A {j 

/\ 
I I 

I 

Tp 
l\blllI}(blJlbl 

60-cypeT. AnKHncynbcpoHarrapnbI aJlY.!lbIH TexHonormmbIK C¥-n6acb1: 
I - peaKTop; 2 - ruaMra aptta.rrraH -ryriKTep; 3 - cyapyruhI cyhITKhIIll; 

4 - yprreriru KOJIOHHa; 5 - ChiiihIM.!lhIJihIK; 6 - a6cop6ep 

OrnH l\OCa arrK1rncyJihcpoxJiopw.ri:Tep peaKQMRJihII\ I<:a6iJieTTiri 
6ap l\OCbIJihICTap 6oJIFaHJJ,hil\TaH Kyp.[(eJii 3cpHpJiep, aMM.[(Tep )!<:;'}He 
T.6. a.rry yrniH rrai1.ri:arraHhIJIYbI MYMKiH. 100°C-.[(eH :iKOFapbI.[(a KbI3-
.[(bipFaH.[(a arrKMJICYJibcpOXJIOpM.[(Tep bI.[(bipai1.ri:h1: 

[ 

RCH=CH2 +HCl+S02 

RCH2 - CH2S02Cl --

RCH2 - CH2Cl + S02 

Bipinwi peaKQMR 200-300°C-.ri:e :iKype.ri:i, arr arrKMJICYJihcpOXJIO
pw.ri:Tep.ri:iH: S02 6eJiirr hI.[(hipayh1 :iK;}He arrKMJIXJiopwmep.ri:iH: Ty3inyi 
140-150°C-.ri:e :iKype.ri:i. TeMeHri TeMrreparyparrapJJ,a KyKipT .ri:woKCM
.ri:iHe hI.[(hipay eTe 6aRy :iKype.ri:i, arr :iKOFapFhI TeMrrepaTyparrapJJ,a ai1-
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Tap,1b1Krni'1 \lt)_·1wcp;:\e 0:1ecjJ1111 _::i_cp Ty1incn i . C;;iynenc11nipinrc11nc 
aJ1KHJ1XJ10pH;.rrcprC ).l,elliH LlCCy:a,cpHpney 10Q°C-,'J,il·( 03iH)],C-al\ 6afi
l\aJla,llbl. 0¥JI peaKUIHIHbl MOHO- )!(;;)HC ,[(HaJ1KHJ1XJIOpHL(Tep,ll,i any 
ywiH naJ:iL(anaHyrn 6onaL(bI , onapL(bI KeMipcyTeKTepL(i TiKeneJ:i xnop
MeH CHHTC3L\CY 0TC l\Hb!H. AnKHJlCYJlbCpoxnopH,ll,TCpL(iH: HHCCKTHUHL(
Tep, Tepi 1rneriwTep )!(;;)He )!(0Fapbl l\OCb!Jlb!CTapL(a :>K¥Mb!C iCTCHTiH 
MatinaFbIW MaJ:inap peTiHL(e l\OJlL(aHblJlYhI MYMKiH. 

TexHonorn5IJlhIK :>K;;iHe annapaTThIH: p;;iciML(eyi 6oi1hmwa cynh
cpoTOThIKTbipy yL\epici cynbcpoxnopnayrn eL(;;iyip L\;;ipe:>Ke,[(e ¥1\Cac. 
IlapacpHHL(i 70% KyKipT L(HOKCHL(i MCH 30% OTTCKTCH T¥paTbIH I\OC
naMeH YI\-cgyneciHL(e el-(,ll,ettL(i . fa3 I<Ocnacbrn :>KyHeL(e ( eHTKeHi 
OHblH 6ip 0TiJliML(eri KOHBepc1rnnaHy L(gpe:>Keci Ken eMec) U,HPKYJ15l
L\H5lJ1aHL(bI )!(gHe Wb!FbIH)J,anrnH cattblH TOJlbll\Tblpbm OTbrpaL(bI. 

AJIKHJIOeH30JICYJ1h(l>OHaTTapL(hlH. 0H.Uipici. enepKgcime an
KHn6eH3oncynbcpOHaTTapL(bl aiIKHn6eH30JIL(ap MeH anKHnapoMaTTbII\ 
KeMipcyTeKTepi 6ap M¥HaJ:i cppaKUH5IJlapb!H cynblpHpney, COHL(aH-al( 
6eH30J1,[(bl onecpHHL(epMeH aJlKHJ1L(ey :>KOJlbIMCH OCbI Mal\CaT ywiH ap
HaHbl CHHTC3,[(enreH :>KOFapFbl anKHJI6eH30Jl.LI:ap,nbI cynhcpHpney ap
KblJlbI 8HJllpCL(I. 

M¥.HaH cppaKL(H5IJ1apb!HbIH J\¥paMb!HJlaFb1 aJlKHnapoMaTTblJ\ Ke
MipcyTeKTep J\¥PblJlbIC 60HbIHWa (aJlKHJl.LI:iK TOIITapJlbll-:( ¥3blHJlbIFbl 
MeH caHbI 6otthJHWa, HacpTanHHL(i )!(gHe 6acl(a cal(HHanap.LI:bIH, 6ap 
6onyhr 6otthJHWa) eTe gpTypni 6onbm Kene.ni, COH)J,bII\TaH onap,naH 
anhrnaTbJH aJlKHnapwncynbcpoHaTTap 3arrap,nhIH. Kyp.neni KOcnacbI 
6onbm rn6hma,nhr. EacrnnKhI WHKi3aTTbIH. oprnwa MoneKynanhII\ 
Maccachrna 6annaHbICThI Ty3ineTiH anKJ.rnapwncynhcpoHaTTap cy.na 
:>KgHe Mai1L(a epHTiH 6onyh1 MYMKiH. MbICaJlbI, KepocHH.LI:iK )!(gHe 
ra30HJlhJliK .UHCTHnn5ITTap,nbI cynhcpupney apKbIJlbI cy.na ep11TiH 
«IleTpos KOHTaKTici» .nen arnnaTbIH M¥HaH cynhcpoHarrapbr anbrna
Jlbl. M¥HaH cynbcpoHaTTapbIHhIH. 6erriK aKTHBTiniri CHHTC3L(iK cynh
cpoHaTTaprn KaparnH.na TeMeH, 6ipal\ M¥Hatt cynhcpOHaTTapbr ap3aH 
6ona,nhr. OnapL\hm :>KaFbIMCbl3 Hici 6ona,UbI )!(gHe l\apa TYCKe 6o5IJl
FaH 6ona,nbr. CoH.LI:bII\TaH onap,nbr :>KYFbIW 3aTTap,nbr ,na5Ipnayrn I<On
,naHy WCKTenreH, arratl.na onap TeXHHKa,na :>K¥1\TblpFbIUITap, MaHFhIH
.naFblWTap (3MYJlbraTOpnap), MaHFbIHCbl3.LI:aFbIWTap (.UC3M)'Jlhrarnp
nap ), cpoTopeareHTTep peTiH,ne, coH,naH-al\ KhIUII\hlJlJlhIK c1marraFhI 
KaTaJlH3aTopnap peTiH.ne Kett, rrati.narraHbma,nbr. M¥.Hatt MalinaphIH 
cynbl\mpnen anhIHFaH anKunapuncynbcpOHarrap Kanuuti :>KgHe 6apHH 
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T¥3Jlapbl Typ1 H}le :VJaTOpJlblH \Ja~inay \Jaliciapb!H3 \'laHbl3Jlbl iKYfblW 

yCTeMenep 6on1>m rn6b1nanb1 iK;:JHe endy ip :-.iacwrn6rn etr.uipe.1e;:ii . 

CttHTe3niK HaTptti1 aJIKttn6eH3oJicyJibcpoHaTTapbrn ( cyJ1brjJ0Ho.1-
oap) C10-C14 a-oJiecpHHJlep, C10-C18 XJIOpnapacpHHJlep HeMece npontt

JieHHiH: TeTpaMepJiepi Heri3ittne ettnipe.ui . EH: Jl¥PhICb1paFb1 - a-oJie

cpJrnnep.ui KOJI)laHy, ei1TKeHi OJiapnaH aJibIHaTb!H Cbl3bll(Tbl aJIKHJI-

6eH30JICYJibCpOHaTTap arhrn cyJiap.ua I<:attararraH)lbipapJibIK :>KhIJIL(aM

Jlhil(neH 6HOXHMHJ!Jlbll( b!L(bipatt)lbI , COHbIH: H;:ntt:>Kecittne OJiap)lbl 

nai1na11aHraH.ua cy I\OttMaJiaphr Jiacrntt6ai1nh1 :>KdHe rn3apTy K¥PaJI

:>Ka6nhIKTapbIHhIH: :>K¥Mb!Cb! 6¥3hIJIMatt)lbl. IlponttJleH TeTpOMep11epi 

Heri3iHne aJibIHaThIH cy11bcpoHOJI cy.ua 25 Tdyn iKTe bI)lbipaMaiinh1, 

TeK 60 TdyJiiKTe 65%-bI ratta hIL1bipaiinb1. XJiopnapacptttrnepneH eH

.uipiJieTiH cynhcpOHOJI 6HOJIOrHJIJ1blK bl)lb!pay )ldpe:>Keci 60ttbIHIIIa 

apaJibII\ ophrn aJia)lhI. OcbrraH 6ai1JlaHhICThI cynhcpotton.uapnh1 npo

nttJieH TeTpaMepJiepi :>K;;JHe xJiopnapaqmttnep Heri3iHne ettnipy 6ip

Tittnen I\hICI\apbrny .ua. 

HaTptttt aJIKMJI6eH30JICYJibcpottaTTap;I,bI etrn ipy.ueri Heri3ri y.ue

pic - cyJihcpttpney, OHbI ettepK;;icinTe TeMettne :>Ka3hIJiraH C¥JI6aJiap 

6ottbIHllla :>Ky3ere acb1panb1. 

A11K11116eH30JI.UbI cynhcpttp11ey.ui apaJiaCTb1prbIWTapb1 6ap anna

parrap;::i:a - cy.TlhcpypaTOp.Tlap.ua ( 61-cypeT) :>Kypri3eni. lboJJ:oneUHJ1-
6eH30J1 HeMece 6acl(a aJIKttn6eH30J1JJ:hI 6ipimJii 6acnaJI;I,aKThI cy.Tlh

cpyparnpra (2) :>Ki6epe.ui, oraH o.TleyMni .ue :>Ki6epe.ui. PeaKUHJIJihIK 

MaccaHhI 34-45°C-ne ¥1\binThI apanacThrpa.UhI. EenittreH :>KhIJIY.UhI 

lllbrrnpywh1 cyhITKhIWneH (l) ananb1. CyJihcpyparnp;::i:aH (2) peaK

UMJIJihIK l(Ocna cy.TlhcpHpneyni a.HI<:rny yllliH eKiHwi 6acna.TlnaKTbI 

cyJihcpyparnpra Tyce.ui . Annaparra (4) cy.TlbcpoMaccaHhI 60-75°C-ne 

(onaH :>Koraphr TeMnepaTypana Macca l(apa5IJJ:hI, a.Tl TeMeH TeMnepa

Typana KyKipT l(bIWl(blJibl T¥Ha)J.bl) cyMeH C¥HbIJITa)lbl. 

T¥HJlbiprhilllTa (8) l\a6arrap 6e11itteni. TeMeHri Ka6aT aJIKHJI-

6eH30J1AapbIHhIH: KOCnaCbl 6ap 75-78%-JJ:bll\ KyKipT KhIIIIKbIJib!MeH, 

aJI :>KOFapFbl l(a6aT KyKipT l\bllllI\blJib!HblH: KOCnaChl (10-15%) 6ap aJI

KMJ16eH30JI)lap)J.aH T¥Pa.UbI. KyKipT KhIIIII<:hIJihIH nai1naJiaHa)lhI HeMe

ce «Kylllei1Teni», OJI cyJihcpOI\hlllll\hIJI.Uapnh1 6ipi11IIIi 6acnaJinaKThI 

6ei1rnpamarhilllKa (6) l(Ottb1prnaI<:ThI cyhITI<:hIIII (5) apr<:hIJihI ai1;::i:ai1-

ThIH copamaMa I<:a6hrnnarbilllhIHa :>Ki6epe)J.i. CyJihcpOKhIIIII<:hIJI.Uapnh1 

6ei1rnpanrnHraH I<:OttbipTnaI<:neH C¥Hb!J1TaJlhI, aJI 6e11ittreH :>Khrny )lhIH: 

6ipa3 6eJiiriH :>K¥Ta.UhI. CoJI copamaMaHbIH: I<:a6hrn.uarhilll :>KeJiicitte 
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l 5-17%-Jbih: ci.1Ti iKi6cpcJi. Cymcj10KbIWKb1J1D.ap IKdHe KOKbI\1TmlK
rnp Kapb1M-KaTh1Hacb1 1:(30740) 6ona.IJ.bl. 13e1'hapamaurm1na 45-55°C 
6ona;::r:bI. CimittiH: KOttuettTpaUH51ChI 15%-,lJ,aH TeMeH 6onyhl P¥I\CaT 
eTiJJMei1.n:i, ei1TKetti KOttb1prnaK qtthIK 6onhm, Ke6iKTette,lJ,i, an cimi
ttiH: KottuettTpau115!Cb1 17% 6onca, KOHbipTnal\ ThlfhI3,lJ,aJJbITI, )Khrny
,lJ,hI anbm KeTy,lJ,i )K;;)He I\OHblpTnaKTbl att,lJ,ay,lJ,hl I\HbIH)J,aTa)J,bl. 

NaOH 

J 4 0 
I ~ 

I 
\j__/ 

t 
Cy.1Lljlo110.1 
~OHLipTnarbl 

A.1Kn.16eu10.1 0.1eyM 

61-cypeT. AnK1rn6eHJoncyc1h¢ottarrapAhl arry .'.I.hill TexttononrnnhIK q'.n6achi: 
I, 5 - CJ'hITKhill!Tap; 2, 3 - cyni,cjiyparnprrap; 4 - qcili,mryrn apttanraH armapaT; 

6, 7 - 6eilrnpanrnr1>1ll!Tap; 8 - 1¥HJlhipFDilll 

7 

EKimui 6acnan,lJ,aKThI 6ei1rnpamafbmna (7) pH-Thi 7,578-re 
,lJ,ettiH )KCTKi3e,lJ,i, erep I(a)KeT 6oJJca, HaTpHH r11noxnop11,1J,iMeH arap
Ta,lJ,hI )K;;)HC TOJlbll\TblpfhIIIITap KOCa,l],bl. K,ottblpTnaI(Ta 40-50% cy 
)K;;itte 50-60% I\aTTbI 3arrap (83-85% anKmr6ett3oJI.n:ap, 13-15% HaT
p11i1 cynhQJaThI, 1,5-2% cynh¢11pnett6erett KeMipcyTeKTep) 6ona,n:bl. 
Eei1rnpanrnFh11IIneH (7) Kei1itt KOHb1prnal\ThI I\OChIMIIIa annapaTI(a 
)Ki6epyre 6ona,n:hI. T¥TI\hipJ1bIFhI )KOFapbrnaraH,lJ,a KOHbipTnaI(ThI T¥T
I\hipnhII\ 6epinrett .n:eH:rei1.n:e ¥CTan T¥PhITI, cyMeH qtthrma,n:bI. 

I\ottb1pmal\ThI M¥Hapanap.n:a ra3,n:ap,n:hII{ bICThII\ KeTepinreH 
aFbIHblMCH KenTipe.n:i, OH,n:a ¢opcyttKa apKblJlbl I\OHblpTnal\Tbl M¥Ha
paHhll{ )KOraprhI )Kafbrna ettri3e,n:i. KenTipyre I(attrnnatthm )KafaThIH 
ra3;::r:ap,1J,hIH: Kipep.n:eri TeMnepaTypacbI 250-350°C, an lllhIFap,lJ,aFhIChI 
] 05- l 20°C 6ona,n:bI, T03al{,n:atty aHMafbIH,l],a TCMnepaTypa 160-200°C 
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6onanb1. fa3 arbIHbIMe11 KeTeTi1r )10K3-HhIH 6enweKTepi u111rno11;:rap
.ua )!(;me cy3rinep,.a,e ¥CTaJlhIHblll 1<;ana,JJ.b1. K;a3ipri KenTipriw arpern
rnp.lla )10K3-Hbll-{ ¥HTaKTaphl 99 ,8%-ra ,.a,eihH ¥CTfillbIHa)lhl. 

AnK1rn6eH30JI.D,ap;::r:h1 KyKipTTiI-l Tp110KC11lliMeH cy.'lb<Pttpney Tex
HOJIOrHHChI )!(eTi11;::r:1prnreH )!(;;>He 011eyM;::r:i nai1;::r:anaHFaHMeH caJihIC
ThipraH;::r:a Keneci apThIKIIIhIJihIKTaphI 6ona.D,hI: 

- cynh<P11p11eyIIIi areHTTiI-l 6arach1 TeMeH; 
- eI-{.ri;e11reH KyKipT KhIIIIKh!J1hIHhII-l ( eH.ri;eIIIe OHhI yTttmnau11H-

nayra 6ai1:11aHhICThI l\HhIHIIIh1J1hIKTaPllhII-l) 6011Mayh1; 
- Harp11i1 cy11h<PaThIHhII-l 6011Mayh1 can;::r:aphrnaH aJIK11n6eH3on

cynh<PoHaTTap;::r:a aKTHBTi 3aTThlI-l apTyh1; 
- 6eihapanrnHy caThIChJH)J,aFhl Kyi1;::r:ipriIII HaTp.IJ;hlH M8JIIIIepi 

12-15%-ra a1aH;::r:h1. 
Conai1: 6ona T¥Pa KyKipT yIIIoKCH.IJ.iMeH cy11h<l:>11pnereH,Il,e OHhI 

TaChIMaJI.IJ;aFaH,Il,a )l(;;>He Cal\TafaH,Il,a l\11hIHIIIhIJ1hlKTaP 6ona,Il,hl : )l(hIJJY 
6eniHy aprn.IJ.hI; anK11ncynh<POKhIIIIl\hIJI.IJ.ap.IJ.hII-l attr11.IJ.p11mepi, TOThI
ry, ,Il,ecTpyKUHH eHiM.IJ.epi )l(aHaMa ry3ine,.a,i )l(;;>He anK11n6eH30JI.IJ.hII-l 
1IIai1:b1pnaHyh1 6ona.IJ.hl. AJ1ai1:.IJ.a 6¥JI KeMIIIiniKTep.IJ.i 6enrini 6ip Tex
HOJiorttHJihII\ T;;>cin.IJ.epMeH e.IJ.;;>yip a3ai1:Tyra 6011a.IJ.hl. 

I\a1ipri Ke3,Il,eri KyKipTTiH. TpMOKCH.IJ.iMeH cynh<Pttpney.IJ.iH. 6ap
JihII\ ;;>.IJ.iCTepiH OHhlI-l <Pa3aJihll( Kyi1i 6oHhIHIIIa eKi TOTIKa 6enyre 60-
Jia.IJ;hI: I) 11Heprri ra3.IJ.ap,Il,hil-l KOcnacbIMeH 6ipre ra3KYHiH.ri;eri S03-
neH, aya HeMece ra3KyHiH.ri;eri napa<P1111.ri;iK KeMipcyTeKTepMeH; 
2) cpihll\ HHepTTi epiTKiIIITep;::r:iH. 1<ocnacbrMeH 6ipre C¥HhII\ SOrneH. 

KeMipcyTeKTep.IJ.i ra1 KyHiH.ri;eri KyKipTTiI-l yIII0Kc11;::r:ne11 cynh
<Pttpney.IJ.i 45-50°C-;::r:e )l(ypri1e;::r:i. S03-TiI-l KOHUeHTpau1-u1chrn 6-7-
;::r:eH 15-20%-ra ,.a,eHiH ¥Crnn T¥pa,Il,hI. Cynhcpyparnp11ap He apanac
ThipFhIIIITapbI 6ap annapaTTap, He I<a6hipIIIal( TIITITi KOJlOHHaJihlK 
peaKTopnap 6onhm rn6bIJia,Il,bI. AyaMeH C¥HhITh1J1raH ra3 KyHiH.IJ.eri 
KyKipT TpHOKCH,Il,iMeH cynhcpHpney aJIKHJI6eH30JJCYJJhcpOHaTTap;::r:bI 
ChI3hil\ThI aJIKMJI6eH3on;::r:ap;::r:aH eH.ri;ipyAe l\OJJL(aHhIJia;::r:hJ. 

KyKipT .IJ.ITOKCHlliHiI-l epiTiH.ri;iciH;::r:eri c¥HhIK KyKipT YIIIOKCHlliMeH 
cynh<Pttpney ;;>.IJ.iciHiI-l Keneweri 6ap. Y ,Il,epicTi SOrHiI-l I<aHHay TeMne
parypachIH.IJ.a (-10°C) )l(ypri3e;::r:i. C¥Hhll\ S02 peaKUl151Jib!K l\OCTiaHhIH 
T¥Tl\bipJibIFhIH TeMeH;::r:eTe;::r:i, OHhII-l 6ynaey ece6iHeH 6eniHeTiH )l(h1J1Y 
anbrna;::r:b1. KoH.IJ.eHcau11HnaHraHHaH KeHiH KyKipT AHOKCH;::r: i y;::r:epicKe 
I<aihaphrna;::r:hr. OcbIH.IJ.aH rnMeHri TeMneparypaJihIK cynhcpttpnereHlle 
cynhcpoMaccaHhII-l I<apaI-OhIH 6011.LI,hipMayra 6011a;::r:hr. 
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2. 8. 3. 2. Ee1110.1lJ':11>r/JO".bl 111 f{,/Jl.11,111 olll)ipy 
Eett3oncynbcpoKbIWKblnbllI 6eH30JJ,LJ,bI C¥IibII\ HeMece n13 cpa'3a

CbIHL\a cynbCpHpnen ana):lhl. 

Cpib1~ rjJmaoa cy:7br/Jup!7ey. EeH30JIL\hI 5-6% S03-i 6ap 

oneyMMeH cynbCpHpneH:ni. EeH30JI ettri3iJieTiH cynbcparnp l\hBL\hipy 

(HeMece cyhlTy) yrniH l\aTTaMaMeH apanaCThipFhillI !\¥Pa.JI )!(;me KOH

D;ettcaTop apl\hIJihI )l(a6L1hlI<TanrnH. OrnH 6eH30JIL\bI ettri3eJJ,i JJ,e, a3-

a3 nopUH5!MeH oneyMLI.i TervmepaTypachI 40°C-JJ,eH achm KeTneH:TiH

JJ,ett eTin l\OCaJJ,hI. OneyM.11.i, d.11,erre, 6ett30JI.11.hH:l MenwepiHeH eKi 

eceaeii apThII\ eTin ettri3eD;i. 500-1000 Kr 6eH3onrn ecenTereH.11,e 

peaKTop yrniH oneyM.11.i l\OCy 6-8 carnT 6otthI 6oJia.11,hI. Co.11,aH KeuiH 

l\amaMa apl\hIJibI l\bI3.11.hipbrnFaH 6yLI.bI )l(i6epy apl\bIJibI TeMnepaTy

paHhI 100-110°C-re .11,eHiH K0Tepe.11,i; 6¥JI Ke3.11,e peaKQHSIJiaCTiaFaH 

6eH30JI l\aHHatt 6acrntt.11,bl. illaMaMeH 3 carnrraH KeuiH peaKQH5! 6i

TeLI.i, peaKUH5!JiaCTiaFaH 6eH30JI)J,bI (rnaMaMeH 0,4%) aHJJ,aHJJ,bI, aJI 

peaKummhII\ MaccaHhI peaKuHf!Fa TycKeH 6eH30JI.11,aH TepT ece Ken 

MeJIUiepaeri cyMeH c¥ffhmTaJJ,bI. 
EpiTiH.11.iHi dK cynMeH (CaC03-TiH, cynhI cycneH3H5!CbI) 

6eurnpanrni1LI.hI. 

2C6HsS03H + CaC03 ~ (C6HsS03)2Ca + H20 + C02 

H2S04 + CaCO, ~ CaS04 + H20 + C02 

n¥JI Ke3JJ,e KyKipT I<hillil\bIJihI CaS04 (ic )l(y3ittae cyaa epiMeu
TiH) Ty3eJJ,i, OHbI cy3riMeH 6enin arra)J,hl. Cf>HJibTpaTThI (KaJibQHM 

cynbCpOHaThIHhIH. epiTiHLI.ici) Na2C03-neH e11,aeuJJ,i ae, HaTpHu cynh

cpottaTbIH ana)J,bI. 

EpiMeifTiH KaJibIJHM Kap6ottaThIH HaTpHu cpeHHncynhcpottaTbI

HbIH, cynh1 epiTiHaiciHeH cy3ri apl\bIJibI 6enin arra.11,bI. 

Ey rjJa3aoa cy11br/Jup:7eyoi 6yKyttiHD;eri 6eH30JILI.bIH, apTbII\ Men

wepiH aca Khl3FaH KyHLI.e (160- l 70°C) 90-92%-LI.hII\ KYKipT l\billII<hI

JihIHa 160-l 80°C-ae 6ap6oTa)l(.11,an )l(y3ere acb1paJJ,bI. PeaKIJHf!JibII\ 

cyLI.hIH. Ken Menwepi (rnaMaMeH 90%-br) peaKuHf!nacnarnH 6eH3oJI

,nbil-l 6ynapbIMeH aHJJ,aJia.11,hl, COH)J,hll\TaH l\blllII<bIJI)J,hlH, KOHueHTpa

UH5!Chl )!(0Faphl 60JihITI J(aJia,LI,bl (97%-,LI,bll( l\blllil\hIJI naHJJ,aJiaHa.11,hI). 
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Eprnpnbm eTy 11\bIJI)laM;::iblfbI wa~taMeH I caraTTa I caJI~IaKTbI K 
6eJi iM KbIWK,bmra 1,25 can:vtaKTbIK 6eJiiM 6eH3on 60Jia,;::ib1. 

oeH30Jl)lhl Y3JliKci3 OChl d)licrreH cy11hqrn:p11eynia ettepKdcirrTiK 
l\OH)lhipFhIJiapnhrn 6ipittia q.116acb1 62-cyperre KepceTi11reH. 

oeH30JI)lbl Y3)liKCi3 )KyM:ene KyKipT KhlillKhlJlhIMeH r<apcbI aFblH
)lhl cy11hcpHp11eM:.z:i:i; KeM:.z:i:e 6eH30JI)lhI Kerr apThIK Menwep.z:i:e aJia)lhI, 
OHhIMeH cy JibcpOK:blilll\hlJI waHFhIH)laJia)lhl ( 3KCTpaKI..ll·UIJlaHa)lbl). 
Erep 6eH30JI)lhl )KOFapFhI TeMrrepaTypa.z:i:a (200-250°C) cynhcpHp11e
ce, OH)la M-6eH30JI)lHCY11bcpOK:hlll1KhlJih! Ty3i11e.z:i:i. 

2 

62-cypn. EeH3onnh1 y3.1IiKci3 

cynh<jl11pney l(OH.!IhlpFhIChIHhIH. 

q'.JJ6aChl : 

I - peaKTop; 2 - cyblTKhtlll ; 

3 - lKYFblW KOJJOHHa; 4 - ¥WKblW 

cynhcj>Hpnett6erett KeMipcyTeK

Tepre apttanraH ChIHhIMllbinhIK; 

5 - JKhrnyanMaCTb!pFbIW; 

6 - 6eH30CYJJ bcj>OKbJWl(binFa 

apHanraH Cb!Hb!MllbinbIK; 

7 - 6ettJonra apHanraH 

6 y ;iaHllblpFhlW 

2.9. M¥nau KyKipni cyTerinen KyKipni JK<me 
KfKipT I\hlllll\hlJlblH 6Htdpy 

2.9.1. Ky«ipmmi 011oipy 
M¥ttaH: ra3;:i:aphIH Ta3apry.n;a )KdHe M¥JlaH cppaKQmrnaphIH rn.n;

pOTa3apry.n;a aJihIHFaH KyKipT cyTeKTi KyKipT KbllllKhIJlhIHa TiKeJieH 
eIUI:eyre tteMece o;:i:aH aJI)lhIMeH 6oc KyKiprri a.rryra 6011a;:i:hr. 

DOC KyKiprri KyKipTcyTeKTi KyKiprria OKCH)liHe ( OHhlf.( :>KaJIIlbl 
M0JiwepiHeH 1/3 6e11iriH) ;:i:eM:iH )KaH)lbipa;:i:hI, CO)laH coa OJI KyKipT
CYTeKrreH ;)peKerrecirr KyKiprri 6epe;:i:i : 

KyKipTCyTeKTi I 000°C-.n;e TOThlKThipy KaTaJIH3aTOpCbl3 :>Kype.z:i:i , 
700°C-.z:i:e TOThIFY KaTaJIH3aTopnap (CHJIHKareJib, rJIHH03eM, 6oKCHT) 
r<aThIChIH)la )Kype.z:i:i. 
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11,S uo,-- H2Q-,-S02 

S02 + 2 H2S -- 2 H20 + 3 S 

3 H2S + L5 0 2-- 3 H20 + 3 S 

D. H = -518.3 K,lbKi~ 10:11, 

D. H = -104,5 K,[J,)l{/ MOJ!b 

D. H = -622,8 K)J,)l{/ MOJlb 

63-cypene KyKipTcyTeKTeH 6oc KyKipni a.rryil.hlI-1. C¥JI6acb1 KeJl
TipinreH. Kyi1n.ipriw newTe (1) K.hIWK.hlJl ra3n.ap (H2S :>K~rne C02) 

\leH oneK KYKipTcyTeKTi TOTbIKTb1py ywiH 6epil1en.i. IlewTi1-1, TeMne

paTypachI wa1v1aMeH 450°C 6oJ1ail,hI. KyKipT n110Kc11n.i, KyKipT cyTeK, 
K8MipTeK Il,HOKCHil,i, cy 6ynapbl, KyKipT neH a30T 6yJlapbl 6ap :>KaHy 

eHiMn.epi yrnJ1113arnp-K.a3aHn.a (2) 300°C-re n.ei1iH cyhIThrna)J;hI. 

)KaHD.bipFbIW newTe ( 1) :>KdHe ynrnl13aTop-K.a3aHn.a KOHil,eHcttpJleH

reH KyKipT KyKipTTil-1. TyTiriHe aFail,bl. fa3nap yTHJ1H3aTOp-K.a3aHHaH 

KettiH cybITK.hIWTa (3) 140- l 60°C-re n.ei1iH cyhITbIJla)J;hI n.a, K.03Il.bip

FbIWK.a ( 4) (K.b13Il.bipy newi) Tycen.i, OH)J;a )!(atty ra3bI tteMece KyKipT

cyTeK nett ayaHhll-1. :>Kattyb1 ece6itteH 280-340°C-re .n:eil:iH l\hl3aJJ,hI. 

Co1-1,FhI :>KaF,n:ail:.n:a ra.3 aya K.OcnachIHbil-1. K.¥PaMbIH tteri3ri aFbIH)laFbI 

KyKipni cyTeK neH ayaHhil-1. K.a:>Keni K.apbIM-K,aTbrnacb1 e3repMettTiH

J,di eTin penett)J;i. l\hl3)J;b1prnHHaH KettiH ra3,n:ap KOHTaKTiJliK anna

parn:a (5) Tyce.n:i, OHil.a 6oKCl1TTe 300-500°C-ne KyKipTTi cyTeKTeH 

KyKiprri1-1, Ty3iJlyi :>Kype.ui . E¥JI Ke3)le ra3n.apnb11-1, TeMnepaTypacbI 
10-20°C-re aprn)J;bI. 

lllbiranrn rauap 

7 

63-cypeT. KyKipni KyKipni cyTeKTeH ariy.nhIH TexHoJJornJJJJbIK qJI6acb1: 
I - KyK iprri cyreKTi llrnH.11b1pyra apHaJiraH new; 2 - YTHJJHJaTOp-KaJaH; 

3. 6 - cyblTKbllllTap; 4 - Kb13.1lblpFbllll; 5 - KOHTaKTiJJi new; 

7 - My,1HHUllKJIOH.Uap 
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fa3JJ,ap cybITKbIWTa (6) cybIFam1a11 Kem11 KyKipT KOHJ,e11ca

umrnaHa.L\hI JJ,a, KyKipT iqr6b1pb1 apKbLlbI araJ,bI, a.n raua Ka.1ra1c:rc1pb1 

M)'JihTHUHKJIOH.L\aprn (7) ¥CTaJibIHa.L\hI. KyKiprriB IllhIFbIMbI 85c%-rn 

JJ,ettiH )KeTeJJ,i. KyKiprri cyTeKTiH, KOHBepcmrna11y .L\;:ipe)Keci - 96-97(~10. 

KyKipT I\OMMara HeMece )K;:JllliKTepre iqrtthrnhm, conap.L\a KyKip1 Ka

Ta5I.L\hl. KyKipT Ylll copn1e11 IllbIFapbrnaJJ,hI. EipiHilli copnrnhIB nna

JibIFhI - 99,6%, eKiHilliciHiKi - 98,6%, yllliHilliciHiKi - 96,5%. 

MynhTHUHKJIOH.L\apJJ,aH IllhIFaTbIH ra3 ;:ipi KapaH: )KaH.L(hrpaTbIH 

nellIKe )Ki6epiJie)J,i, OH.[\a 500-700°C-.L(e 6oKCI1T KOH.[\blpMaCbIHa Ka.1-

FaH KyKipT neH KyKiprricyTeK KyKipTTil{ OKCH.L(iHe )J,ettiH )KaH<lJ,bl. 

J\¥paMbIH.L(a SOr.L\eH 6acl(a TaFbI C02 a3oT )K;:JHe cy 6ynapbr 60.1a

ThIH TyTiH.L(i ra.3.L(ap TyTiH.L(iK TyYiH apKbJJ1bl iqrpaMbIH.L(a KyKipT 

.[\I10KCI1.L(i 0,2%-.L(aH apTnaHTbIH.L(aM eTiJiin aTMOCcpeparn IllbIFapbL1a

.L\hl. 3ayhITI\a )Kal\hIH aH:MaJ<rnprn aya KyKipT .L\HOKCH.L\iMeH nacrn1ry

hIH 60JI.[\blpMaC ywiH TyTiH.L(e TyTiKTep.L(i 6ttiKTiriH 50-80 M eTin 

I\OH.L\hipa.L\hI. Cott,Fhr Ke3.L(ep.L(e KhIIlIKbJJ1 J\¥]JaM.L(acrnpbIH 6enin a:1y 

Ma]\caTbIMeH TYTIH ra.3.L(apbrn Ta3apTa.L\hl. 

2.9.2. KyKipm K,blUll<,blJlblll onoipy 
KyKiprreH KyKipT I\hIIlll\hIJihIH any y;::i:epici yw 11eri3ri caTbIJ,aH 

T¥Pa.L\bI: . . 
KYKipT .L\HOKCH.L\IH any: 

s + 02 .. S02 D. H = - 346 K.IJ:)K/MOJib 
. . 

KYKlpT .[\I10KCI1.L\1H TOTbll(Tbipy: 

S02 + 0,5 02 ____. S03 D.. H == - 95,7 K,[()!(/MOJib 

KyKipT TpHOKCH.L(iH cyMeH ( KyKipT l\hlllll\hJJ1blMeH) ~TY. 

KyKipT TpHOKCH.L\i KyKipT I\hIIlll\hIJihIH.L\a )Kal\ChI eptt.L\i. Cori

.L\hII\TaH 6oc S03-TiH, Ke3 KemeH MeJiwepiH.L(eri oneyM.L\i anyrn 60-

Jia.L(hI. 

KYKiPT .L\HOKCH.L\iHiH, TpttoKCH.L\Ke TOThIFYhI 6a5Iy )Kype.L(i. Col!-. . 
.L\hII\TaH .[\a IC )KY3IH.[\e TOTbIFY.L\bl KaTaJII13aTopnap l(aTbICbIH.L(a :tKyp-

ri3e.L(i, COJI ce6enTi KyKipT Khlllll\bIJiblH 8H.L(ipy.L\il{ OCbl ;:J)J,ici KOH/Jl(//{

miniK aoic .[\ereH aT]\a He 60JI.[\bl. 

<l>JIOTaUI15IJibll\ KOJiqe.[\aHHbIH, opHbIHa KyKiprri l(OJI.L(aHy y.L\epic

Ti )KeH,iJI.L(eTe.L(i, 8MTKeHi KyKipT .L(I10KCI1.L(iH.L(e ic )Ky3iH.L(e KOCila.1ap 

6oJIMatt.L(hI. KyKiprri newKe )Ki6epep aJI.L\bIH.L\a 6aJIKhITa.L\hI )J<JHC 

newKe cpopcyttKa (6ypiKKilll) apKblJlbI )Ki6epe.L\i. KyKipT 6ynaHa.1r,1 
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11,d11e nn c!i<n acbIHJ.a 1Ka1rnJ,bI. Ynepicri aya111>11l apTbIK Me.'1wc
pi11J.c ;1,ypriJe,J,i , 6+:1 hT3,J,e /KlHlfall ra3 wa:vl<ll\ICH I 2rYo SO~ 6o;ia
;Jbl. KyKipniH ayana )KaHy TeMrrepaTypacbr - 1240°C. KyKipT 

JHOKCH,lliHif! TpHOKCH,.!J,Ke TOTblfYbl 450-600°C-ne KaTaJIH33TOp

.1ap - K¥P3MbIH.D,a KaTaJIH33TOpnap aKTHBTIJlfflH TCpMH5!JlhlK )KdHe 

\ texaHHK3JlblK 6epiKTiriH apTTbipaTbIH Kei16ip KOCIIanapbl 6ap 
n.1anrna )KdHe BRHR.D,H}I neHTOKCH,o:i I(RTbICbIH,lla )Kypeni. 11JiaTHHa 

- eH aKTHBTi KaTan113aTop, anai1na BaHa,llHM KaTaJIH3aTopnapbI

Hhm K¥HbI TeMeH 6ona.D,b1. KarnJIH3aTop ywiH MhIWh5!K OKCH,.!J,Tepi 

KYWTi y 6onhm Ta6bIJI3.llbI, ettTKeHi MbI!llh5!K TpHOKCHLI,iMeH yna
HY K3HTb!MCbi3 6ona.D,bl, an Mb!Wb5!KTblH IICHTOKCHLI,i KaTaJIH3a

TOp.D,a )KHH3KTaJlbIII, OHbIH aKTHBTiJiiriH CL\dyip T8MCH,llCTe.D,i. 

Cott,o:bIKTaH ra3.D,bI MbIWb5!KTbIH KOCbIJibICTapbIHaH Ta3apTy KepeK. 

KyKipT ,llHOKCHL\iH TpHOKCHLI,Ke TOTbIKTbipy )KbIJI,llaMLI,hIFhI y.D,e
picTif! TetvmepaTypacbrna Tdyen.D,i 6ona.D,bI, anatt.D,a )KOFapFhI TeMne

paTypa.D,a KyKipT Ll,HOKCHLI,iHiH TpHOKCHLI,Ke KOHBCpCH5!CbI T8MCH

.:i.ei1.ui . Cott,llhIKTaH ic )KyJittne Keneci,llett eTeni. KoHTaKTiniK KaMe

parn KyKipT L\HOKCH.lliH 450°C-LI,e ettri3e.D,i. KaTaJIH3aTopnhIH 6ipitt

wi ai1ManrnaH Kei1itt fa3L\bI peaKLl,tt5! )KbIJIYhIHbIH ece6itteH 600°C-re 

.:i.ei1itt KhI3L\hipanbr. Co,llaH coH ra3)lbI yT11nw3arnp-Ka3att.ua 450°C-Ka 

.:i.et'riH caJil(bIHLI,aTa,llbl LI,a, KaTaJIH33TOp.D,blH eKiHwi ai1MaFbIHaH 8TKi-

3e.D,i. Ocbrnnai1 pe)KHMJJ.eri )KaHacy ¥33KTblfbI 4 c 6ona.D,hr; K0Hsep

c11511iay L\dpe)Keci 6ipimui ai1Mal(TaH KettiH waMaMeH 90%-rn, an 
eKiHwiciHeH KettiH 99,5%-99,7% -Fa )KCTCLI,i. 

Y nepicril-l C¥JI6acb1 64-cypene KemipimeH. KyKipT 6eToH 6an

KhITKbIWTaH (2) Kyi1.uipy ()K3HLlbipy) ywiH nerUTiH 6ypiKKillliHe (3) 
6epine..a:i, ornH KenTipriw M¥Hapana Mottorn.D,parnett' KenTipinreH 

aya na Keneni . 11ewTeH WbIFaTbIH ra3,nap YTHJIH3aTOp-r<:a3aH,lla (4) 

450°C-re LI,ettiH cyh!TbIJia,llhI .ua, KOHTaKTiniK annapaTr<:a (5) :>I<i6epi

ne.D,i. Karnnw3aTopnbIH 6ipimui ai1MaFbIHaH eTin, ra3,llap IllbiraprnIIll 

yTHJIH3aTOp-K333H,lla (6) cyh!TbIJia,llhl, co.uaH COH K3TaJIH3aTOp,llbIH 
eKimui attMafbIHaH eTe;::i:i, )KbIJIYaJIMaCTblpFblllITa (7) :JKdHe cybIT

KhlillTa (8) cybIML\bl, aJI,llbIMCH oneyM,lliK a6cop6I.1,H.ll (9), co.uaH COH; 

KyKipTKblll!Kb!JlilblK ettnipicTe a6cop6epJ1i cyapaTbIH KbJWl(bJJIJlbl OHJ!afbl Kblllll(b!Il MSJ!Il!epi 

100% -.:iatt rn~1eH 60,1ca i rn .\IOHozuopam lien arnilJ1i,1. 
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MOHornD,paT a6cop6epre ( 10) Tyceni. KyKipT a1-1nup11mm1-1. a6copo

uw1cb1 /Kbl.JIY /1<¥TY apKbIJ1bl :tKypeD,J, COHll,blKTaH u11pKy.15!U1!5l:laHaTblll 

OJieyM )K;me MOHOrnD,paT cybIT]\b!WTapD,a (12) )K;me (14) CYbIIJJ.bl. 

MottornD,paTThil-I. 6ip 6eJiiriH Kemiprirn M¥Hapara ( 1) apl\bIJihI UHpKy

JUIUHRJiattD,hI. I\,hIWl\hIJI 6oc SOrTiH. 6epimeH KOHUeHTpaUHRChIHa 

D,eHiH ]\aHbl]\TblpbrnaD,bl, COD,aH COi-i. l\OHMara )Ki6epiJieD,i. 

I\¥pral\ KaTaJIH3 (KOHTaKTiJiiK armapaTl\a cy 6yJiapb1 KeJIMell..J,i) 

apl\blJibl OJieyMD,i aJiaD,hI; OJI ywiH apHaHbl OJieyMD,iK a6cop6ep KOH

ll,blpbIJiall,hl, OHD,a 40-60% S03 ~TbIJiaD,bI. OJieyMHil-I. KoHuempa

UHRChI apTl\aH cattb!H OHbl MOHOrHD,paTneH C¥HbIJITall,bl, aJI )KHHaK

TaJIFaH apTbll\ MemnepiH l\OHMara )Ki6epeD,i. ]\OHll,blpFb!Fa MOHonu-. . . 
paTThil-I. J\a)KeTTI MeJiweprn OHhI Cb1prraH, MhICaJihI, KYKipTl\hIWKbLl-

D,hII\ 8HD,lplCTeH eHri3y )KOJibIMeH perreii:D,i. 

illhIFaprbIW )KhIJIYaJIMaCTblpFbIIlITapbI 6ap KOHTaKTiJiiK anrrn

parrap l\apanatthIM )K;;me l\OJID,aHyra hil-l.FaHJihI 6oJiaD,bI. KaTaJill3a

Top ]\a6aThIHhil-I. caHhI - 35, oJiap S02 KOHBepcH5!ChIHhil-I. )KOrapnr . . 
11,;)pe)Kecrn l\aMTaMachn eTeD,1. 

\/ 
1 ,, 

Aya 

WblfaTblll 

' rauap 

10 

64-cypeT. KyKipT l(bIIlll(bIJibIH K¥JJFaK Karn.JI113 ;iniciMeH a.1ynbIH 

TeXHOJ!OfllHJibll( C¥J16acbI: 

I - ayara apHanraH Kemipriw M¥Hapa; 2 - K)'Kiprri 6aJIKbITKb1III; 
3 - K)'Kiprri Kj'Hllipyre apHanraH new; 4, 6 - yTllJ1H3arnp-Ka3aHilap; 

5 -KOHTaKTilliK arrrrapaT; 7-JKb!JlYallMaCTblpFblIII; 8, 12, 14- CYblTKbIIII; 9-o,iey~IiliK 
a6cop6ep; 10 - MOHOrHnpaTiblK a6cop6ep; 11 - MOHOrHilpaTKa apHaJIFaH Cbllfbl~lilbL1blK: 

13 - oneyMre apHanraH CbIHhrnllblJ1blK 
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LJJ1>1nnb111 nrnap\1c11 KeTCTi1-1 S03-Ti11 LUbIFblllbIH a'3aihy /KJllc 

an1oc cl1 epa11b1 iKan1 ~ 1ci,u utb1rapb11I.Jbl:lap.Ja11 KOprny ymi11 y.Jepini 
iK¥ThlJlY.JblH )!(Orapn1 .J;:ipe)!(eciH.Je )!(ypri3eD,i. A6cop6u,m1HblH TO

.l blKTbIFbI KyKipT KblWKbinblHblH KOHU,eHTpau,mICb!Ha T;:>yeJID,i 6o.rrn

.J.bl. KbllIIKbJJILJ.bIH KOHU.eHTpau.11.srchI 98,3%-D,aH TeMeH 6onraHJJ.a 

S03-TiH Tene-Tett_niK KbICbL\1bI a3, aJI cy ywiH ai-hapJibII<Tai1 Ken 60-

_1a.JbI. Cy MOJieKyJiaJiapbIHblH KyKipT KbIWKhIJibIHhlH 6eTiHeH )J.ecop-

6uH.srcb1 6onanh1. S03-TiH Heri3ri Maccacb1 KyKipT KhIWKbIJibIMeH a6-

cop6wrnnaHallhl, anai1na KyKipT KblWKhIJibJHaH 6yJiaHaThIH S03 MO

neKyna,1apb1HbIH 6ip 6eniri cy MoneKynanapbIMeH Ke3necin, KyKipT 

KhIWKbIJibIHhIH 6ynapbm Ty3eD,i. Eynap T¥MaH Ty3in, KOH.LJ,eHca

u11.srJiaHallhI, m1 Hawap ¥CTanhrnanb1 JJ.a, WbIFaTblH ra3JJ.ap OHhI aT

:v10ccpepara 6ipre aJJbin KeTe.LJ,i. 98 ,3%-.[(bll( KyKipT KblWKblJibIHb!H 

a6cop6u1rnnhIK 1<a6ineniri Ken 6ona.[(bI, on S03-TiH a3 WhffhIHbIH 

iK;:JHe KyKipT KhllliKblJibJHblH T¥M3Hbl aTMOCcpepara a3 WbIFapbIH.[(bl

CblH KaMTal'v13Cbl3 eTe)J.l. 

K yKipT KhIWKhJJlbI eHLI:ipicittiH KeneMi ecin KeneAi; ochrn.D,ai1 

ypD,ic KeneweKTe LI:e caKTaJiaJJ.bl. Y JJ.epiCKe )!(atty )!(bIJIYhI 10000 
Kll)!(/KJ 6onaTbIH Ta3a KyKipT nai:f.[(anaHbIJJaTblH.[(bll(TaH, OCbIH.D,aH 

l(OH,IJ.bipFbTJJap.[(a 3JieKTp:rneprn.srcbm eH.[(ipeTiH reHepaTopnapbI 6ap 

ra3 HeMece 6y Typ6HHaJiap opHaTyra 6oJia.[(bI. fa3.[(apJJ.bIH )!(bIJIYhIH 

nai1nana11ra1111aH KeiiiH onap KyKipT KhIWl(blJlbIHhIH eH.[(ipiciHe )!(i6e

pine.[(i. OcbIH.[(aii 6ipiKTipinreH ( KHIOJiacl(aH) eHLI:ipicTi 3Hep20mex

Ho.102t15/.'/bll<, eHoipic .[(en aTaH.[(bl, OH)J.a 6ip.[(eH KyKipT l(b!IlIKhlJihl )J(;:)

He <<TayapnbIK» 3JieKTp3Heprn.sr anbIHaJJ.bI. 

KyKipT KbIWKbIJibI e11.uipici11 )J(aKcapTy arperanapJJ.hIH K.yaTTbI

JJbIFbJHa JK;:JHe SOrHi TOThIKTbipy newiHiH l(bICbIMbIHa 6ai1JiaHhICThI. 

ToTbIKTb1py KeneMHiH rnMeHD,eyiMeH JKype.[(i: KhIChIMHbIH; )J(Orapb1-

nayh1 rene-Tett,.[(iKTi S03 Ty3inyitte l(apai1 6an1nai1.LJ,hI. AyatthIH; op

HbIHa oneriHi l\OJlLLaHraH .[(¥phIC, ce6e6i armapaTypaHhI 6amrnc 

a30TTaH ai1brpyra KeMeKTece)J.i, l\OH.[(blpFblHh!H; eHiM.[(iniriH apTTbipa

)J.bl, KYKlpT K:hIWKbIJJ eH.[(1p1crn11-1, Tex1111Ka-3KOHOMHKaJihIK KepceT

KtwTeprn )J(OrapbmaTaD,bI. 

KyKipT KbIIIIl\hIJJbIH hIJJFaJILLhI Karnn113 T;:iciniMeH KyKipTcyTeK

TeH anyra 6ona.[(bI, 6¥JI T;:icin.[(e H2S-Ti JKaFy apK:hIJihI aJihIHraH Ky

KipT ll,HOKCH.[(i BaHa.[(HH KaTaJIH3aTOpbl K:aTb!CbIH.[(a KyKipT TpHOKCH

LI:iHe TOTbIFa.[(hI. KyKipT n110Kc11.[(i 6ap ra3.[(a aiiTapJihil\TaH KeneM.[(e 

cy 6yb1 6ap ( OCbI ce6emeH ;:J.[(iCTi blllW!IObl 1<amaI1u3 .[(en aTaH.[(hI) . 
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65-cypen e KyKipTcyTCl\TCH KyKipT KblWKbLlbl 8H.J.ipici1-1iu q _1Ga
Cbl KepceTinre11 . newKe (I ) 80-90% KOHUC!HpawrncbJ H.Ja KyKipTC)TCI\ 
JK;:me aya Kemipine.ui, 01-1.ua 900-1100°C TeMnepaT)']Ja.ua JKaFhimJ.JbJ. 
Oermett r33.uap (2) K:a3att-ymmnarnprn Kemipine.ui , 450°C-re .udiiH 
Ca.ril\bIH.UaThIJia.UhI. KyKipT 11.110Kc11.ui1-1i1-1 KYKiPT ywoKCHll.itte TOThIKTbl
PY rnpTK:a6aTibI (3) KOHTaKT annapaTbIHll.a JKVpri3i11e.ui. 

KaTa.rIH33TOP11.hIH, eKittwi , ywimui JK;:iHe rnpTittwi K:a6anapi,11rn 
TOTbIFY.UbIH, TOJlhlK TepeH11.iriH K3MTaM3Cbl3 eTY ywiH aya 6epine.Ji. 
KottTaKTiniK annapaTnett KyKipT Tp110Kc11.ui KyKipT KbIWKbIJibl\1e11 
6ipre 90-94% KyKipT KhlillKblJlbIMCH cyapbIJI3TbIH a6cop6epre (4) il\ i-
6epi11eLJ:i . KyKipT Khillil\bIJibI KOHTaKTiniK annapaTK:a KyKipT LJ:HOKCll.li
Mett 6ipre KeneTiH cy.uhrH, ece6i1-1e1-1 TY3ine11.i. A6cop6epLJ:e KyKipT 
yw0Kc1111.i KYKiPT KhIWKhlJlbIHa ai1:1-1a.rra.ub1. Ty3ineTiH KbIWKhIJI.UbIK He
ri3ri MaccacbI a6cop6epre (4) JK¥Tbma11.b1, on r336e1-1 KeTKeH Khiwi-:bLl 
3JlCKTj)Cy3riLJ:e (7) ¥CTa.rib!HbIJiaLJ:bl , 011 1Kep.ue CbIHblM)lbIJlbIKK3 (5) ara
.[lbl. CbIHhIM.LlhIJihII<TaH KhIWKhIJI copanrnMaMeH cyhITKblW (6) apKbl
JlhI JK¥ThIJIY 1Kh1J1YhIH a.rrbm Kezy )K;:rne a6cop6ep.ueri TeMnepazypat !bl 
60°C-.uett apTibipMai1 ¥CTaTI T¥PY ywitt a6cop6ep11ep.ai cyapyrn 6epi-
11e.ai. l\bIIliI<:hlJl.!l:hIH, 6ipa3 6e11iri KOHMarn iKi6epi11e.ui. 

65-cypeT. Kyi<ipr I<bIWI<bIJJbIH bIJJFaJI1l.bI KaTaJIH3 :iniciMeH 3Jl)'ll.blH 

reXHonormUibII< C¥J16acb1 : 
I - KYJ<iprri cyreKTi K)'illlipyre (lKaH!lbipyra) apHanraH new; 2 - yr11n 11 3arnp-KaJaH; 

3 - KOHTaKTiniK annapaT; 4 - a6cop6ep; 5 - KYKiPT KblWKbIJibIHa apmL1f3H Cb!HbnlilbL1hl K: 
6 - cyblTKhiw; 7 - 3JieKrpcy3ri 
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l '.\'. ]Xl\ lblll,la 1.5')·o KyKipT 60.1aTblll 6 \LUI TOlll!a KyKipni M¥1Hll1-

.J,bl 81-lll.CihiH KyKipTKblWKb!Jl.i.l,blK uex JaybJTb!Hbll\ K¥Pb!Jlb!Cbllla KCTC

TiH K.ap)Kbl KyaTTb!Jlblfb] OCbIH11,aH KOJl4e11,aHMeH ~Mh!C iCTeihiH 

3aybITTbll{ K¥PblJlb!ChJHa KeTeTiH KapmKaTiaH 2-3 ece T8MCH 6oJia11,hl. 

E>ai.:hI.TJay qpmnapbI: 

I. Karn.-1113.liK KpeK1111niH ~I8Hi He.le? KaTa1ll3niK KpCKllHrTiH XHMIUL1blK 

ttcriuepitt arnHbl3. 

KaTa11n.J,iK p1Hjiop\1111-1niH \J;JHi ;+;;JHe OHblH xmrnl!..lbIK Heri1nepiH arnttbl3. 

3. MernH.Jbl m1po;1uuen auern.1c11 eHnipyaiH eHepK;;icinTiK ynepiCTepi. 

4. Ke\1ipcyTeKTiK wHKiJaTTbl Tep\111ll.lbJK b1nb1paTy apKb!JlbI Kyile eHnipyniH 

eHepK;:,cinTiK yaepiCTepi. 

5. MernHLtbl TOTblKTblpa KOHBepc1rn;1ay apKbl.lbl CHHTC3-ra3Llbl eHnipy. 

6. (IIIHC3-ra3 Heri3iH.:reri e HCpK;icinTiK CHHTC3nep. 0KCOCHHTe3. Penne CHH

TCUCpi. MernHO.l.J.hl CHHTC3ney. 

7. b CH30.l ;+;;JHe Hacjirn.l IIH.li rnn p .1 ey apKblJlbl UHK;lOreKCaH, TCTj)aJIHH MCH 

.J,CKa..11111.lepn i emiipy. 

8. )!(oraprbI n apaclrnHLtepn i TOTb1KTb1py apKb!JlbJ ;+;oraprbl \Iai:\ KbllllKbIJIJlapbl 

\leH ;1w raprb! \laii cm1pncp111 e11mpy. 

9. ~HK.1oreKCaHl!bl TOTbiKTblPY apKbl.l bl a.1um11H KbllllKbl.lblH any. 
10. 3rn.1CH.li TOTblKTbipy apKbl.lbl )Tl1.lCHOKCHllTi eHnipy . 3THJ1CHOKCI1Ll Heri-

1i11neri rn1-1Te1nep. 

I l. l·l3onpon11.16eH30.lilbl ( Ky\10.1) TOTblKTb1py apKb1.1bl cjJCHOJl MCH aueTOHLlbl 

e11:upy. 

12. 3rn.1e11ni KyKipT KbIWKbLl.J,blK ;r.::JHe TiKe.1efi rnn parnu1rn.1ay apKh!Jlhl :na-

110.1 e11nipy. 

13. A.1KaH.lap.lbl C5-C0 1130\ICpney apKblJlbl H30~1Cj)OCH311Hl!i eHnipy. 

14. J1306yTaH.lbl 6yTCH.lCj):'<ICH a1K11.1ney apKblJlbl a.1KHJ16CH3!1Hni eHnipy. 

15. Opon11.1e11ni ;+;;;iHe 6ynL1eHni o.1 1ffOMCpJ1ey apKblJlbl non11Mep6eH3HHni 

6H.lipy. 

16. MCTaHJlbl ;+;;:,He C1TC 13 ;+;Oraprb1 napacjnrnnepni x .1opnay apKh!Jlbl xnop

\1ern11n ap.lbl ;K;JHC «Kep1LlX.10j)HJITi» eHnipy. 

17. 3 n1.1CH.li. au eTHJICHLJ, i ;K;JHC 6eH30Jlllbl x.1opnay apKbl.lbl XllOpJlbl )THJieH, 

JTirneHx..1oprnnpHH, xnopnbI BHHHJl, xJ1op6ett30J1 ;+;;JHe reKcaxnopu11KJJo

reKcaHnb1 e11nipy. 

18. DCH30-1Jlbl HHTj)JICY apKh!Jlbl HHTjJ06eH30Jl)l,bl 6H)l.ipy. 

19. C 10-C 18 napacjrnH)l.ep)l.i cynhcjioxnopnay apKb!JlbI Mep30JIRTihl 0H.ll.ipy. 

20. 6eHJQjJL\bl cynhcji11pney apKh!Jlbl 6eH30JICYJlbcPOKhlllJKblJ1blH 6H)l.ipy. 

208 



a,JEl>HETTEP 

I. EapouK .ll.Jl., J/e¢¢.1ep Y.Jl. HecjJTex1rn1rn: rrcp. c aHr.1. - M.: 3AO «0.111:,111-
0113Hec», 200 I. -- 409 c. 

2. I'yp611'1 JI.A. Xmrnll 11 TCXHO.lOfHH npo.uyKTOB He<jJTeXll\IHYCCKOfO H OCHOBHOlll 
opraH11YecKoro Cl1HTe3a. - M.: X1n11rn, 1992. - 271 c. 

3. Kam111cKu1/ 3.c/J., XaBh"llH B.A. L1y60Kal! rrepepa6oTKa Hecpnr: TexHo.1or11<1cc
KHH 11 JKo.1ornYeCKHH acneKTbl. - M.: TexHHKa, 200 I. - 384 c. 

4. J/e¢¢.1ep Y.JJ. Depepa6oTKa HecjJTH: rrep. c aHLl. - M.: 3AO «0.1mm-0H3HCC». 
200 I. - 223 c. 

5. Cyep6ae6 X.A. M¥Hai1-ra3 iciHiH Heri3JJ,epi: OKYIIbIK. - ACTaHa: <flo.111aHT, ~008. 
- 376 6. 

6. Cyep6ae6 X.A. M¥ttai1 MeH ra3JJ,bI ettJJ,ey.niH TepM11ll.lbIK )((;rne KarnJI11T11Ka.1G1K 
npoueCTepi: OKY K¥PaJibI.- AnMaTbI: }\a:iaI< ytt11BepCHTeTi , 2009. - 170 6. 

7. Cyep6ae6 X.A. X11M11l! 11 Texttonornll nepepa6oTKa He<jJT11 11 ra3a: yye6H11K. 
- AcrnHa: <flomrnHT, 2013 . - 304 c. 

8. X11Ml1ll He<jlrn ra3a I non pe.u.: B.A. npocKyp.!!KOBa, A.E. ,Upa6KHHa. - Jl.: X11-
Ml1.!1, 1989. - 421 C. 

9. 3pux B.H., Pacu11a MI'., Pyou11 MI'. XHMH.!l H TcxHoJiornll He<jlrn raJa. - M.: 
X11MH.!1, 1977. - 424 c. 



i\IA3M¥Hbl 

KIPICCTE ........................................................................................................... 3 
M¥Hafixm111l!cb1 n:rni. M¥Hai1xinml!J1bll\ eHepK;icin ................................... 3 
M¥HafixII\Ill5L1bll\ eHepK;icinTil{ naMy rnpHXbI ............................................ 5 
M¥Hafixmnrn.1bIK eHnipicTil{ Heri3ri ynepic1epiHil{ CHnarraMaCbI ............. 7 

1. WHKIJA T TYP JIEPI .................................................. .......... ............ ..... ..... I I 
l. I. M¥Hafixm11rn eHepK;ici6iHil{ KeMipcyTeKTiK 
wmd3aTbIHbll{ Typnepi ...................................................... ........................... 1 I 
l .2. Ke\1ipcy1eKTiK WHKi3aTTbl XH:V!Hl!JlblK 81{):\ey;:Jjl{ 
HeriJri 6arb1rrapb1 ........................................................................................ 13 
1.3. Ke:-1ipcy1eKTiK WHKi3aTTbl M¥Hai1naH 6enin any .................................. 23 
1.4. M¥Hai'1 TexHonornl!HbIK ra3napbrnaH 
K8\IipcyTeKTiK WHKi3aTTbl 6enin aj1y ............................................ .............. .44 
1.5. Ke:v1ipcy1eKTiK wnKi3aT!\a l\OHhlJlaThIH nurnnrnp ........ ......................... 56 

2. HEfl3fl M¥HAMXl1MIDL'lhll\ Y)],EPICTEP ......... ..... ..... .................. 58 
2. l. Km1ipcy1eKTepni Tep:vnrn.lbll\ blJlblpaTy ................................................ 58 
2.1.1. !li1pO.lll3 .................................................................... ......................... 58 
2. I. I. I. 0.1ecjJ1rnnepni eHnipy ...................................................................... 61 
2.1.1.2. Auern.1eHni eHnipy ........ ......................... ........................................ 73 
2.1.1.3. Kyi'IeHi eHnipy ................................................................................. 81 
2.2. Ke'1ipcyTeKTepnil{ CHHTe3-ra3Fa TOTbll\Tbl KOHBepcmmaeyhI.. ............. 90 
2.2.1. MernHHblH CHHTe3-ra3rn TOTbll\Tbl KOHBepCHl!JiaHYbl ........................ 92 
2.2.2. C1rn1e3-ra3}.(bl :VI¥HaHXHMl1l!JlblK eHepK;icin1e KOnnaHy ..................... 96 
2.3. fHJlpOi.\C<LlKH.1}.(ey )!(;JHe rnnpney ......................................................... 111 
2.3. I. Apm1aTTbIK KeMipcy1eK1epni rnnponeanKnnney apKhl.ilbI any .......... I 11 
2.3.2. ApmmTTblK Ke:>1ipcy1eK1epni rnnpney .............................................. 115 
2.4. TOTb!KTblpy ................................................................. .......................... 116 
2.4.1. IlapacjJ1rnnepni TOTbll\Tb1py ................................................................ 118 
2.4.2. U1m.1a.1KaHnapnb1 TOTbI!\Tbrpy ........................................................... 130 
2.4.3. A.1KeHJtepni TOTbIKTbipy ...................................... ............................... 132 
2.4.4. Apo:>rnTTbIK KeMipcy1eK1epni TOTbll\ThIPY ....... ....... ............. .............. 137 
2.5. 0.1ecjJHHJtepni rnnparnuHl!.1ay ............................................................... 149 
2.5.1. 0.1ecpHHnepni KyKipTl\blllll\bl.ili.\hII\ rnnparnUHl!JJay ..... ...................... 150 
2.5.2. 0.1ecjJ1rnnepni TiKeJJei1 rnnparnUHl!Jlay .............................................. 159 
2.6. ra.1011n1ay ............................................................................................. 164 
2.6.1. AnKaHnapnh1 xnopnay )[(;JHe cjJrnpJJay ................................................ 170 
2.6.2. K,aHbIKnarnH KeMipcy1eK1epni xnopnay ...................... ...................... 173 
2.6.3. Apo:>taTTblK KeMipcy1eK1epni xJJopJJay ................... ................. .......... 177 
2.7. H111p.1ey ................................................................................................ 180 
2. 7. I. Ilapacp1rnniK KeMipcy1eK1epni HHrpJJey .......... ..... ................ .. .... ........ 181 
2.7 .2. Apo:viaTTb!K K8:VlipcyTeKTepni HHlpJiey .......................... ............ ........ 182 
2.8. CynbClrnp.1ey .................................................. ..... ..... ...................... ........ 184 

210 



2.8.1. Ilapaqn1H ilCPJli cy.1b<l>ox.1op:1ay .......................... .. .. ..... .. .. .. ........ ....... I~-+ 
2.8.2 . Apm1aTTbIK 1rn:11ipcyTC KTCpili cy.1i,cp11p.1ey ....... .. ............. .. ... .......... ... I~(, 
2.8.3. Cynhqrnpney.!liH ettepK:icimiK y.L1epicTepi .... ... .. .......... ... ... .... ......... . 187 
2.8.3.1 . .6erriK-aKTHBTi 3arrap,!1hl ett.uipy ................. .. .... .. ...... .. .... .. .. .. ......... 187 
2.8 .3.2 . .6ett3oncynh!pOI<hJWKhlJ1hIH eH.uipy ....... .......... ..... .............. ... ........... 200 
2.9. M¥ttali KyKiprri CYTeriHeH KyKiprri )f(:JHe 
KyKipT l(hlWl(hlJlhlH 9H,!1ipy .... .. .......... .............. ... ............. .. ........ ........... ........ 20 I 
2.9.1. KyKiprri SH.!lipy .. .. ...... ................... ............ ................................... ..... 201 
2.9 .2. KyKipT l(blWl(hlJlhlH 9H,!1ipy ...... ......... ............ .. ................. .. ......... ....... 203 

8MliHETTEP .: .... ...... ....... ... .. .......... ..... ... .......... ........... ..... ... .. .... ... ..... ............ 209 



0101 6acblllb!Mbl 

Cyep6aeB XaKHM A6ApaXHM¥JlhI 
)lfal\CbIJibll\OBa fyn6aey )l(a{\CbIJibll\l\bl3bI 

M¥HAHXHMIDIJlbl}\ 
CHHTE3 

Pei:1aKTOpb1 K. Ca6um 
KoMnh10Tepi:1e 6errereH ¥. B6iJi~aub11t1oaa 

M¥I<a6acbrn 6e3eHi:1ipreH !(. 8.Mip6eKoea 

M¥I<a6aHhI 6eJeHL1ipyi:1e I(OJIJJ:aHb!JlFaH caih 
www: phct-synthesis.ru 

IUi.N28486 
Eacyra 21.09.2015 )i(b!JlbI !(OJI I<OHbIJIJJ:bI. IIirniMi 60x84 1/16. 

KeneMi 13 ,25 6.T. 0¢cerri I<arn.3. CaHLlbII< 6acbIJibIC. Tancbipbrc N22503. 
TapanbIMbI 100 i:1aHa. EarnCbI KeniciMJJ:i . 

8n-<t>apa611 aTbIHL1an1 .!\a.Jal( ¥JITTbIK yH11sepc11TeTiHi11 
«.l\a1al( yH11sepc11Teri» 6acna yJii. 

050040, ArlMaTbI I<anacb1, ;,n-<t>apa611 i:1aHFbIJibI, 71. 

«Ka3aK yH11sepc11TeTi» 6acna yi1i 6acnaxaHaCbIHL1a 6acbIJIJJ:bI 






