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Ilpe.aaCJIOBI 

B Hacro,i:rn;0:ii c6opHHK BKJIIOqeHI,1 

2016- 2017 rr. Ha MocKOBCKOM HayqH 

.:ieiicrnyiorn;eM B PrY Heq>rn H raJa 0 
IlpHpO.llHbIH ra3 no 3arracaM, 3KOHOMII 

CDl!tl HCil0Jlh30BaHH})., 3KOJIOr~OCTH JI 

cypcoM, cnoco6HhIM o6ecneqHTh nmpd 

f1IH H yrrreBO.D.OPO.D.HOM Chiphe B yeqem 

C."Ie.:mee BpeM,i: rrpo6rreMa paUHOHaJihHO 

po.JllhlX ra30B, B TOM q0:crre HX XHMH'le 

.:Ja BIDKHemnee 3HaqeHHe. 3TO OOoilCIDI 

HHKOB Harnero ceMHHapa - yqe~ 

eeqITera30BhIX KOMIIaHHH, npOMbIIIL~eH 

nu:e, o6cyx<.ll,aeMoii Ha ceMHHape. 

]loKJia)].hI rrocm1rn;eHhI aICT)'a..'lhHbll 

DpHJ>O.ilHhIX ra30B. HeKoTophie H3 HID! 

HHKHOBeHH})_ B npo6rreMy, Bhl3I,IBa,l 6oJJ 

COB H IIIHpOK)'IO )],HCKYCCHIO. 

qeThlpe H3 3acrryrnaHHhIX )],OKJia.IlOB 

caMhlX rrepcrreKTHBHhIX, HO CJIO)KHW 

nponeccy <1>0:rnepa-Tporrrna - «raJ B :1 

men> rrpoH3BO)],CTBO )KH)],KHX MOTOpHl,I 

HLIX H peaKTHBHhIX TOilJIHB) H3 IIpHpO 

oo.-iyqaTh Ha OCHOBe MeTaHa CHHTeTil'I◄ 

IlfllecKH 6e3 3KOJIOrHqecKH Bpe,lUlhlX Ill] 

CraTu,i: B.3. Mop.D.KOBHqa c CoaBTOJ 

TeXHOJIOrHH rrorryqeHH})_ CHHTernqecKH 

.:iaoopaTOpHOH CTa)],HH )],O rrpOMbIIIIJieH 

.:pancHM, HO eMKHM HCTOpHqecKHM o6~ 
amTeTiflleCKOro TOilJIHBa, BKJIIQqag XI 

annapayYpHhie perneHH})_, rrpo6rreMhl c1 
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Ilpeti.ncJJosue 

B HaCTOHII.(HH c6opHHK BKJIIoqeHbl ,ll,OKJia,ll,bl, npoqrrTaHHbJe B 

2016- 2017 rr. Ha MoCKOBCKOM HayqHOM CeMHHape no ra3OXHMHH, 

.1eiicTBy10rn:eM B PfY Heqm-r H ra3a (HHY) HMeHH H.M. fy6KnHa. 

IlpHpO,ll,HbIH ra3 no 3anacaM, 3KOHOMJ1qHQCTH ,ll,06bJqn, BO3MO)KHO

CTIIM HCnOJib3OBaHHH, 3KOJIOrHqHOCTH HBJIHeTCH nepcneKTHBHbIM pe

cypcoM, cnoco6HblM o6ecneqHTb TIOTPe6HOCTH qeJIOBeqecTBa B 3Hep

nm H yrneBO,ll,OpO,ll,HOM Cblpbe B Teqettne TeKyrn:ero CTOJieTHH. B no

c.,-ie.l{Hee BpeMH npo6neMa pau;HOHaJibHOro HCTIOJib3OBaHHH yrneBO,ll,O

polJllblX ra3OB, B TOM qncne MX XHMHqecKOH nepepa60TKH, nptto6pe

.;ia BIDKHeHrnee 3HaqeHHe. 3TO o6'bHCHHeT pacTyll.(HH llHTepec yqacT

BBKOB ttarnero ceMHHapa - yqeHbIX, npe,ll,CTaBHTeneH pa3mi:qttbIX 

eeqnera.JOBbIX KOMilaHHH, npOMbIIIIJieHHblX npe,ll,npHHTHH - K TeMa

nnce, o6cy)K,ll,aeMoH Ha ceMHHape. 

)].oKJia,ll,bl TIOCBHII.(eHbl aKTyaJibHblM npo6neMaM nepepa60TKH 

DpHpOJU{blX ra3OB. HeKOTOpble H3 HHX OTJllfqaJillCb rny6HHOH npo

BHICHOBeHHH B npo6neMy, Bbl3bIBaH 6oJibllIOH HHTepec, Macey Bonpo

COB H nrnpoKyIO ,ll,HCKYCCHIO. 

qen,1pe ll3 3acnyrnaHHbIX ,ll,OKJia,ll,OB 6bIJTH IIOCBHIIJ,ettbl O,ll,HOMY H3 

ca.Mb1X rrepcneKTHBHbIX, HO CJIO)KHblX HarrpaBJieHHH ra3OXHMHH -

npoueccy <I>ttrnepa-Tpomna - «ra3 B )KH,ll,KOCTh», rrpe,ll,ycMaTPHBaIO

mero rrpoH3BO,ll,CTBO )KH,ll,KHX MOTOpHbIX TOIIJIHB (6eH3HHOB, ,ll,H3eJib

BWX H peaKTHBHblX TOIIJIHB) H3 npHpO,ll,HOro ra3a H IIO3BOJIHIOII.(ero 

oo,zyqaTu Ha OCHOBe MeTaHa CHHTeTuqecKHe )KH,ll,KHe TOTIJIHBa rrpaK

Dl'lecKH 6e3 3KonoruqecKH Bpe,ll,HbIX npttMeceii. 

CTaTbH B.3. Mop,ll,KOBHqa c coaBTOpaMH, TIOCBHII.(eHHaH pa3BHTHIO 

TCXHOJIOrHH nonyqeHHH CHHTeTHqecKHX )KH,ll,KHX yrneBO,ll,OpO,lJ,OB OT 

_-.aoopaTOpHOH CTa,ll,HH ,ll,O npOMblIIIJieHHOH peanll3au;mi:, npe,a;Bapetta 

q,ancHM, HO eMKHM HCTopuqecKHM o63opoM TeXHOJIOrHH rronyqettHH 

~ecKoro TOTIJIHBa, BKmoqaH XHMH3M npou;eccoB, nmuqHbie 

annapaTYPHbie perneHHH, npo6neMbl CblpbH, CBe,l),eHHH O KaTaJIH3aTO-
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pax. B HeH Harmrn: OTJ)a)l('.emre COBpeMeHHbie npOMbIIIIJieHHbie TeXHO

norn:H, cymecTBeHHO OTJIWiaIOmHeCH OT TeX, qTo npHMeHHJIHCb B 30-

40-e ro)lbI npornnoro BeKa. HaH6onee ocTpbIMH npo6neMaMH Teey

mero nepHO)la HBJIHIOTCH BbICOKHe y)leJibHbie KaTIHTaJibHbie BJIO)l('.eHHH 

H IIIHpOKHH cneKTJ) no6oqHbIX npO.D.YKTOB. OCHOBHOe Ha3HaqeHHe 

nepcneKTHBHOro HanpaBJieHHH - C03)laHHe TeXHOJIOfHH, OTKpbIBaIO

meii HOBbie npOMbIIIIJieHHbie B03M0)1('.HOCTH 3a cqeT npoCTOTbI, KOM

naKTHOCTH H pa.D.HKaJibHOro CHH)l('.eHHH y.D.eJibHbIX KaTIHTaJIOBJIO)l('.eHHH 

H onepau,HOHHbIX 3aTJ)aT. 

Ilpo.D.OJI)l('.eHHe :noii HHTepecHoH TeMbI - B CTaThe K.O. fpH3HOBa 

C coaBTOpaMH, TIOCBHmeHHOH HCCJie)lOBaHHIO npou,ecca <l>Hrnepa

Tponrna c npHMeHeHHeM HaH6onee aKTHBHbIX II ceJieKTHBHbIX B npo

H3BO)lCTBe yrneBO.D.OPO.D.OB TOTIJIHBHOro Ha3HaqeHHH K06aJibTOBbIX 

KaTaJIH3aTopoB. O6neKTbI HCCJie)lOBaHHH - KOMTI03HTHbie K06aJibTO

Bbie KaTaJIH3aTOpbI, o6Jia)laIOmHe BbICOKOH TennonpoBO)lHOCTblO, KO

TOpbie MO)l('.HO ycneIIIHO HCTIOJib30BaTb )lJIH nonyqeHHH CHHTeTHqe

CKHX )l('.H)lKHX yrneBO.D.OPO.D.OB. 

Eme )lBa )lOKJia)la, TIOCBHmeHHbie 3TOH TeMe H BbI3BaBIIIHe 60Jib

IIIOH HHTepec, C.D.eJiaHbI MOJIO)lbIMH yqeHbIMH M.B. KyJIHKOBOH H 

M.B. MaroMe.D.OBOH H3 MHcTHTYTa HeqnexHMHqecKoro CHHTe3a HM. 

A.B. Tonq11eBa PAH, B KOTOpbIX OHM )laIOT HaM nonHoe npe.D.CTaBJie

HHe O TOM, KaKHe HCCJie)loBaHHH B 3TOM HanpaBJieHHH npoBO)lHTCH B 

MHXC no.D. pyKoBO.D.CTBOM aKa.D.eMHKa P AH C.H. Xa)l)l('.HeBa, HanpH

Mep, BbICOK03q>q>eKTHBHaH TeXHOJIOfHH nonyqeHHH CHHTeTHqeCKOH 

Heq>TH no MeTO.D.Y <l>Hrnepa-Tporrrna B TJ)eX<pa3HOM cnapp11-peaKTOpe 

C HaHOpa3MepHbIM KaTaJIH3aTopoM, He HMeIOmM aHanorOB B MHpe. 

KpoMe Toro, npHBO)lHTCH pe3yJibTaTbI HCCJie)lOBaHHH, rrpHHIJ,HTIHaJib

HO OTJIJiqamHXCH OT TeX, r)le Ha nepBOH CTa)lHH npOBO)].HT KOHBepcHIO 

HCXO)lHOro CbipbH B CHHTe3-ra3. PaccMaTJ)HBaeTCH BTOpOH rryTb - qe

pe3 OKCHreHaTbI (MeTaHOJI/,ll;M3) Ha IJ,eOJIHTHbIX KaTaJIH3aTopax. OT

JIJiqJITeJibHOH oco6eHHOCTbIO pa3pa6aThrnaeMoii GTL-KoHu,erru,HH 

MHXC P AH HBJIHeTcH pa3Hoo6pa3He CbipbH II cocrnBa rrpo.D.yKrn. 

6 

r 

OaJ6wi HHTepec y ay.rorropBH BL131! 

aa:IBlll yqeHl,lX IIO pa3JIH'llll,IM npoom 
Wlfale c..-IOJIIBO HaHTH B OTICpbITOB IIe113 

M IOl1Rll pememu1 3THX npo6neM. 

lleptR,lU 0030pHblU OOKilOO - 0 HOBW 

r.oa .Dll f'330XHMHH H :meprennra 6blll c 

&UfWH HHCTlfTYI1l XHMW:IecKoii q>H3HIC 

...,._ B.C. ApYTIOHOBbIM. OH II0Ka:33.i"I 

an. GTL-reXHonorHH noKa HeKomcypel 

--~OH Heq>ThIO; H3-3a orpom 

DDCD,HOCTH ~e II0CTJ)0eHHbIX npell 

GTL-npo;zyicroB B 6JIH)l('.afunee upeMJI E 

....X.. }lm1 pa3BHTHH ra30XHMHH Heo6l 

a1e TeXHOJIOrHH npeBpameHmi: npHpO.m 

~ H MOT0pHbie T0IIJIHBa, K0TOpYe 

IRIOTOHH~ K0HBepCHIO yrneBOilCJI 

~'"Dl,I Henocpe.D.CTBeHH0 B npOMbICJIOBI 

a:ia.:i Poccmi: ~e rrponycTHJia TeXHH'H 

otpae."IH, CBH3aHHyIO C pa3pa6oTKOH 

c:aHIIeBOro ra3a, H B pe3yJih TaTe 0Ka33.l 

DI B MHJ>OBOH ra30BOH 0TJ)acJIH, KOTOpl 

ro. .:Ia H BCero 3HepreTWieCK0f0 pblHIG 

ID3HOB pa3BHTHH OTJ)aCJIH H crparelll'I 

IIIJ)OK0B B 3TOH cq>epe. 

lloKJI~HK Bbipa3HJI Ha,D,e)l()].y, qTO 

.:fYIIIeM HayqHo-TeXHW:IeCKHH nporpeo 

myI0 p0Jib B MHpOBOH 3Heprennce, B Il 

6y.J.eT yqHTbIBaTbCH PYKOB0)lHTeJUIMH 0 

DHBIDHHCH rnaHC BbIBeCTH OTeqecTBCI 

.:m.J.epbI. 

Bmopou o63opHblU OOKJlOO - «HOBI,, 

OTpaCJIH - rrepeKJIIOqeHHe 06opy110B31 
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Hl,le rrpOMbIIIIJieHHbie TeXHO- ' 

rex, qTo rrpHMeHIDIHCb B 30-

N:TpblMH rrpo6JieMaMH TeKy-

!ll,le KaIIHTaJibHbie BJIO)KeHHH 

IOB. OCHOBHOe mtmaqeHHe 

He TeXHOJIOrHH, OTKpbIBaIO-

:-rH 3a cqeT rrpoCTOTbI, KOM

(eJil,HhlX KaIIHTaJIOBJIO)KeHHH 

bl - B CTaTbe K.O. fpH3HOBa 

8aHHIO rrpoQecca <l>HIIIepa

iHhlX H ceJieKTHBHbIX B rrpo

H83HaqeHHH K06aJibTOBbIX 

- KOMIIO3HTHbie K06aJibTO-

,ii TeIIJIOIIpOBO,[(HOCTblO, KO

!L'UI rronyqeHHH CHHTeTHqe-

,ii TeMe H BbI3BaBIIIHe 60Jib

~Hl,lMH M.B. KyJIHKOBOH H 

-eXHMWieCKOro CHHTe3a HM. 

OT HaM IIOJIHOe rrpe,n:cTaBJie

'lanpaBJieHHH rrpOBO,U:51TC51 B 

\H C.H. Xa,n:)l(HeBa, Harrptt

rronyqeHHH CHHTeTHqeCKOH 

excpa3HOM CJiappH-peaKTOpe 

MeIOll{aH aHaJIOrOB B MHpe. 

CJie.D,OBaHHH, ITPHHQHIIHaJib

ra.zIHH rrp0BO,[(HT KOHBepCHIO 

>HBaeTCH BTopoi1: ITYTb - qe

lHTHbIX KaTaJIH3aTopax. OT

blB3eMOH GTL-KOHQerrQHH 

i>JI H COCTaBa ITpo,n:yKTa. 

Oco6bIH HHTepec y ay,n:HTOpHH BbI3BaJIH ofoopHbie ,U:OKJia,U:bI H3-

lleC'lllblX yqeHbIX ITO pa3JI1fqHbIM ITpo6JieMaM ITepepa60TKH ra3a, KO

n:,p1,1e CJIO)KHO HaHTH B OTKpbITOH ITeqaTH. OHM ITO,n:eJIHJIHCb CBOHM 

BB.;ICHHM peIIIeHHH 3THX rrpo6JieM. 

flepebzu o63opHblu ooKJlao - o HOBbIX B03MO)KHOcrnx rrp11po,n:Horo 

naa ..'.lilll ra30XHMHH H 3HepreTHKM 6bIJI c,n:eJiaH 3aBe,n:yIOll{HM Jia6opa

TOpHeii liHcTHTYTa XHMHqecKoH q>H3HKH HM. H.H. CeMeHoBa P AH 

npocp. B.C. ApyTIOHOBbIM. OH ITOKa3aJI, qTQ ITpo,n:yKQHH COBpeMeH

IIYX GTL-TeXHOJIOrHH rroKa HeKOHKypeHTOCIToco6Ha ,n:a)Ke c TPYJJ:HO

IIJBlleKaeMoH Heq>TbIO; H3-3a orpOMHbIX HHBeCTHQHH H HM3KOH peH

DOe,ThHOCTM y)Ke ITOCTPOeHHbIX ITpe,n:ITpHHTHH ITO ITpOM3Bo,n:crny 

GTI..-rrpo,n:yKTOB B 6JIH)Kattrnee BpeMH He 0)KM,U:aeTC51 CTPOHTeJibCTBa 

IIOBhlX . .l1,mI pa3BHTH51 ra30XHMMM Heo6xo,n:MMbI rrpMHQHIIHaJibHO HO

-..e TeXHoJiorHH ITpeBpall{eHHH ITpttpo,n:Horo ra3a B XHMHqecKMe ITpo

.:l_)TThl H MOTOpHbie TOIIJIMBa, KOTOpbie IT03BOJIMJIH 6bI peaJIH30BaTb 

)GI.J.OTOHHa)KHYIO KOHBepCMIO yrJieBo,n:opo,n:HbIX ra30B B )KM,U:KHe ITpo

~ Herrocpe,n:CTBeHHO B ITpOMbICJIOBbIX ycJIOBHHX. HecKOJibKO JieT 

IIZ33ll PocCMH y)Ke rrpoITyCTMJia TeXHHqecKyIO peB0JIIOQHIO B ra30BOH 

mpaCJIH, CBH3aHHYIO c pa3pa6oTKoi1 HOBbIX TexHoJior1111 ,n:06b1q11 

Cll3HlleBoro ra3a, H B pe3yJibTaTe OKa3aJiaCb HerOTOBOH K IIOTPHCeHH

DI B MHpOBOH ra30BOH OTPaCJIH, KOTOpb1e ITpMBeJIH K o6BaJIY ra3oBo

ro, .aa H Bcero 3HepreT11qecKoro pbIHKa, H3MeHeHHIO ,n:oJirocpoqHbIX 

IIIl3HOB p83BHTHH OTPaCJIH H CTPaTerttqecKoH paccTaHOBKH Be,n:yll{HX 

IHJ)OKOB B 3TOH cq>epe • 

.l{oKJia,n:qHK Bblpa3HJI Ha,n:e)K,n:y, qTO ITOHHMaHHe Toro, qTo tt B 6y

.:iymeM HayqHO-TeXHMqeCKHH ITPOrpecc 6y,n:eT HrpaTb OITpe,n:eJIHIO

myio poJib B MMpOBOH 3HepreTHKe, B ITepByIO oqepe,n:b B ra30XHMHM, 

6y.zteT yqHTbIBaTbCH PYKOBO,U:HTeJIHMM 0TPaCJIH, H OHM He YITYCTHT rro

DIIBIIIHHCH IIIaHC BbIBeCTH OTeqecTBeHHYIO ra30XHMHIO B MHpOBbie 

.D111.epbI. 

Bmopou o63opHblU ooKllao - «HoBbIH BeKTop pa3BHTHH Heq>THHOH 

mpaCJIH - ITepeKJIIOqeHHe o6opy,n:oBaHH51 HI13 C JJ.OMHHaHTHOro IT0-
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I 

JI)'11eHIDI M0T0pHbIX T0IIJIMB Ha rrp0H3BO,D,CTBO HeqnexMMMqecKoro 

CbipMm - c,D,eJiarr rrpoqieccop M.M. neBMH6yK. Ott paccKa3arr, KaK 

rrpe,D,CTaBJI»eT rrorryqeHMe Ha HIT3 ,1],0IIOJIHMTeJibHOrO Cblpb» )],JI» 

Heq>TeXMMMM Ha ycTaHOBKaX KaTaJIMTMqecKoro KpeKMHra B ycJIOBM»X, 

KOr,D,a KOHeqHoH I.J,eJibIO IIO MO,D,epHM3aI.J,Mll aBTOM06MJibHOH rrpo

MbIIIIJieHHOCTM B P<I> »BJI»eTc» pacnmpeHMe rrpOH3B0,1],CTBa K0HKY

peHTHblX ,1],BMraTeJieii, aJibTepHaTMBHbIX ,r:i:BC. 

Tpemuu o63opHblU i)o,ozai) - «TeH,D,eHI.J,llll pa3BMTM» MllpOBOH ll 

pOCCMHCKOH Heq>Tera30XMMMqecKOH rrpOMbIIIIJieHHOCTM» - rrpoqiec

copa O.E. EparMHCKoro 1-13 U:eHTPaJibHoro 3KOHOMMKO-MaTeMaT1-1qec

Koro MHCTMTYTa P AH, M3BeCTHoro aHarrMTMKa B 3TOH o6JiaCTM, aBTopa 

HeCK0JibKMX MOHorpaq>MH ll p»,D,a ofoopoB. 

B CTaTbe rrpe,D,cTaBJieHbl pe3yJibTaTbl ero MCCJie,D,oBaHMH TeH,D,eH-

1.J,llll pa3BMTMH MHpOBOH Heq>Tera30XMMMqecKOH rrpOMbIIIIJieHHOCTM Ha 

rrepcrreKTMBY ,1],0 2025 r., Bbl»BJieHM» HOBbIX TeH,D,eHI.J,MM pa3BMTM» 

OTPaCJIM B ycJIOBMHX CHM:>KeHHblX I.J,eH Ha Heq>Tb ll ra3. OTMeqeH ,1],aJib

HeMIIIMH oxBaT OTPaCJibIO A3MaTCKO-T1-1xooKeattcKoro per1-1otta 1-1 

DJIM:>KHero BocTOKa, HOBbie TeXHOJIOr1-1qecKMe M,D,eM, a TaK:>Ke BJIM»HMe 

cJiaHI.J,eBOH peBOJIIOI.J,MM B CIIIA. IToKa3atto, qTo pocc1-1ttcKa» tteq>Tera-

30XMMMqecKa» rrpOMbIIIIJieHHOCTb OTCTaeT He TOJibKO OT pa3BMTbIX, HO 

1-1 6bICTPOPa3BMBaIOIIJ,MXC» CTPaH. B .D.OKJia,D,e rrpoaHarrM3Mp0BaHa rrpo

rpaMMa rrepcrreKTMBHoro pa3BMTMH Heq>Tera30XMMMM B PoCCMM, B TOM 

q1-1cJie rrpoeKTbl HOBbIX KPYIIHbIX Heq>Tera30XMMMqecKMX rrpe,D,IIpH»

TMH. ITpe,D,JIO:>KeH II0,1],X0,1], K BbI6opy rrp1-1opMTeTHblX (rrepBooqepe,D,

HbIX) rrpoeKTOB B ycJIOBMHX orpaH1-1qeHHOCTM q>MHaHCOBbIX pecypcoB. 

Ha ceMMHapax 6bIJIM paCCMOTPeHbl TeMbl, pattee He o6cy)K,1],aBIIIM

ec». Harrp1-1Mep, ,D,oJio:>KeHHa» yqettbIM MOX PAH, ,D,.X.H. o.n. EJI1-1ce

eBbIM «MOHHbie :>Kll,1],KOCTM - HOBbie cpe,D,bl )],JI» peaKI.J,MH KaTaJIMTMqe

CKOro Kap60HMJIHpOBaHMH». Haqarrc» ,1],0KJia,D, C ll3JIO)KeHM» o6IIJ,MX 

CBe,D,eHMH O MOHHbIX )Kll,1],KOCT»X - BeIIJ,eCTBax, B pacrrJiaBJieHHOM co

CTOHHMM COCTOHIIJ,MX 1-13 MOH0B M ,1],0CTaToqHo HM3KOIIJiaBKMX, C TeM

rrepaTYPOH rrJiaBJieHM» HM:>Ke 100 °C. 
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Eme o,D,Ha Ba:>KHa» TeMa, BrrepB1>1e p 

pc. - «OCHOBHble TeH,D,eHI.J,llll B pa3BHTH 

a!IOlllaKa>>. C TaKMM ,D,OKJia,D,oM BbICT}'IIII 

.lEl 33HHMaBIIIMMC» BOIIpocaMM IIpOMI,llJJ 

COB IIpOH3B0,1],CTBa I.J,eHHblX rrpO.ll}'KT0B I 

113 npe:po,D,Horo ra3a. Ott rro~epKHYJI, 11 

.-umumx CyIIJ,eCTBOBaHMe qeJioBeqecn 

.:aeIC'1 peaKI.1,M» !pllKCaI.J,Mll aTMocq>epE 

apo.:1yIrr aMMMaK, C0BeprneHCTBOBaHHe 

■ annapaTYPbI ,D,JI» rrp0MbIIIIJieHHoro , 

...., 3THX mo6peTeHMH Te~ecKH 61 

._... qerroBeqecTBa rrpOJJYKTilMH IIlITl 

Ha ceMMHape 6bIJIM paCCMQTPeHbl l 

~ecKoe 3arp»3HeHMe aTMOCq>ephl H 

IIDa. flo 3TOMY BOIIpocy BbICKa3aJIC,1 

....... ee pa3 rrpe,D,CTaBJIHBIIIMH Hamy crp 

.:mnPieCKHX qiopYMax - B.C. ITeTpOCD 

~OCOBa. 

Ie."IaHHbIMM ,D,OKJia,D,qMKaMM Ha Ham 

a npe~craBMTeJIM ra3orrepepa6an,maic 

JIil C ~OIGia,D,OM BblCTYJIMJia O.H. Ka 

Acrpaxa.HcKoro ra3orrepepa6aTurnaIOIDC: 

an npe.arrpIDITMii ra3orrepepa6an,maic 

caic..OH <l>e,D,epal.l,MM, BXO,D,»IIJ,ero B COC 

Acrpaxam.». Otta paccKa3arra o nepcm 

rnaa Ha MH0:>KeCTBO BorrpocoB. 

KaK H3Becmo, AcTPaxaHcKMH rm J 

car npoH3B0.D.MTeJieM cepb1. Ha rroc.."Ie; 

..-,6.-..eMLI YTMJIM3aI.J,MM ra30BOH cepLI 

l oeposanna» cepa 1-1 rrepcrreKTHB1> 

1111:1 PYK0B0JlMTeJib Jia6opaTOpHH 0 
RB_~{OTHH. 
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O.llCTBO HeqnexHMHqecKoro 

1BH6yx. OH paccKa3aJI, KaK 

IOJIHHTeJibHOro CbipMI )],ml 

:ICoro KpeKHHra B ycJIOBH&X, 

IIIHH aBTOM06HJihHOH rrpo

eHHe rrpOH3BO)],CTBa KOHKY

[BC. 

~HUHH pa3BHTH& MHpOBOH H 

►Mblill.JieHHOCTH» - rrpoq>ec

"() 3KOHOMHKO-MaTeMaTHqec

THKa B '.HOH o6nacTH, aBTOpa 

18. 

ero HCCJie)],OBaHHH TeH)],eH-

1ecKOH rrpOMhIIIIJieHHOCTH Ha 

HOBLIX TeH)],eHQHH pa3BHTH& 

Beq>Th H ra3. OTMeqeH )],aJih

lHXOOKeaHCKoro perHOHa H 

:CKHe H)],eH, a TaK)Ke BJIH&HHe 

HO, 'ITO poCCHHCKa& Heqnera

~ He TOJibKO OT pa3BHThIX, HO 

:iazte rrpoaHaJIH3HpoBaHa rrpo

rera3oXHMHH B PocCHH, B TOM 

era30XHMHqecKHX rrpe,ll,IIpH&

pH0pHTeTHbIX ( rrepBooqepe,ll,

OCTH q>HHaHCOBbIX pecypcoB. 

reMb1, pattee He o6cy)K)],aBIIIH

[0X PAH, )],.X.H. o.n. EJIHCe

W,l ,/lllil peaKQHH KaTaJIHTHqe-

10KJia,n C H3JIO)KeHH51 o6IQHX 

ecTBax, B pacrrnaBJieHHOM co

ITO'IHO HH3KOIIJiaBKHX, C TeM-

Eme O)],Ha Ba)l(Ha& TeMa, BrrepBbie paccMaTPHBaeMa& Ha ceMHHa

pc. - «OCHOBHhie TeH)],eHQHH B pa3BHTHH TeXHOJIOrHH rrpOH3BO)],CTBa 

aomaKa». C TaKHM )],OKJia)],OM BhICTYIIHJI rrpocp. M.A. Coctta, MHoro 

.:rt JaHHMaBIIIHHC& BOrrpocaMH IIpOMbIIIIJieHHOH peaJIH3aQHH rrpoQeC

COB DpOH3BO)],CTBa QeHHhIX rrpo,ll,yKTOB H3 CHHTe3-ra3a, rronyqeHHoro 

W3 npHpO,ll,HOro ra3a. OH IIO)],qepKttyJI, qTo B p&,ll,y TeXHOJIOrHH, o6ec

lEIIHBillHX cyIQeCTBOBaHHe qeJIOBeqecTBa, O)],HOH H3 Ba)KHeHIIIHX &B

.lBe'ICR peaKQH& q>HKCaQHH aTMoccpepHoro a30Ta B CHHTeTHqecKHH 

llpO.:cyKT aMMHaK, COBeprneHCTBOBaHHe TeXHOJIOrHH, KaTaJIH3aTopoB 

■ annapaTYPhI )],JI& rrpOMhIIIIJieHHoro ero rrpOH3BO)],CTBa. C IIOMO

au.io 3THX H3o6peTeHHM TeXHHqecKH 6hma perneHa 3a)],aqa o6ecrre

"KHIUI qeJIOBeqeCTBa rrpo,ll,yKTaMH IIHTaHH&. 

Ha CeMHHape 6bIJIH pacCMOTPeHbI H 3KOJIOrHqeCKHe acrreKThI -

DIIH'IeCKOe 3arp&3HeHHe aTMOccpepbI H rno6aJihHOe H3MeHeHHe KJIH

.ara. Ilo 3TOMY Borrpocy BhICKa3aJIC& H3BeCTHhIH poccHHCKHH 3KO

..-, He pa3 rrpe)],CTaBJI&BIIIHH Harny CTPaHy Ha Me)K)],yttapo,ll,HhIX 3KO

.:IDf"H'lecKHx cpopyMax - B.C. IleTPOC&H, rrp0<peccop MfY HM. M.B. 

~OHOCOBa. 

X<eJiaHHhIMH )],OKJia)],qHKaMH Ha HarneM ceMHHape BCer)],a &BJI&IOT-

01 ope,ll,CTaBHTeJIH ra3orrepepa6aThIBaIOIQHX rrpe,ll,rrpH&THH. Ha 3T0T 

pa c )],OKJia)],OM BhICTYIIHJia O.H. KapaTyH - rnaBHhIH Texttonor 

AcrpaxattcKoro ra3orrepepa6aTbIBaIOIQero 3aBO)],a, O)],Horo H3 Kpyrr

llWX ope,ll,rrpH&THH raJorrepepa6aThIBaIOIQeii rrpoMhIIIIJieHHOCTH Poc

ClliicKoii <l>e)],epaQHH, BXO)],&IQero B COCTaB 000 «r a3rrpoM )],06b1qa 

AClpaxaHh». Otta paccKa3ana o rrepcrreKTHBax pa3BHTH& 3aBo)],a, OT

lle'IHJia Ha MHO)KeCTBO BOIIpOCOB. 

KaK H3BeCTHO, AcTpaxaHCKHH fII3 &BJI&eTc& KpyrrtteiiIIIHM B Poc

CIIH rrpOH3BO)],HTeJieM cepbI. Ha IIOCJie)],HeM ceMHHape o6cy)K)],aJIHCh 

apo6neMhI yTHJIH3aQHH ra30BOH cepbI B PoccHH. C )],0KJia)],OM «Mo

.ilRct,mm:poBaHHa& cepa H rrepcrreKTHBbI ee HCIIOJih30BaHH&» BbICTy

llll.""1 pyKoBo)],HTeJih na6opaTOpHH 000 «r a3rrpoM BHHHf A3» 

H.B.MOTHH. 
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I 

OH paCCKa3a.JI 0 B03M0)KH0CTH HCII0Jib30BaHmI cepbl )],ml rrp0H3-

B0)],CTBa ,ll,0p0)KHbIX H crp0HTeJibHblX MaTepHarr0B, 0IIbITe HCII0Jib30-

BaHHH ee )],JIH 3TOH 11eJIH 3a py6e)KOM, 0IIbITHblX ,ll,0porax B PoccHH, 

rrpeHMyIIIeCTBax cepoco)],ep)Kall,HX ,ll,0p0)KH0-CTp0HTeJibHblX MaTepH

a.JI0B. 

TaKHM o6pa30M, Kpyr paccMarpHBaeMblX Ha ceMHHape B0IIp0C0B 

fihrn, KaK Bcer)],a, oqeHb nmpoK- OT rronyqeHH» (Ha ocHoBe ra3oBoro 

CblpbH) pa3JIHqHblX BH)],0B a.JlbTepHaTHBHblX T0IIJIHB H aMMHaKa )],0 

rrpo6neM, CBH3aHHblX C 3K0JI0rHqecKHMH rrocne)],CTBHHMH rrepepa6oT

KH Hec):n»Horo H ra30B0ro CblpbH, BJIHHHHH HX Ha H3MeHeHHe KJIH

MaTa. 

3TOT c6opHHK HayqHhIX TPY)],0B - )],eBHTbIH 3a 18-neTHHH rrepH0)], 

pa60Tbl ceMHHapa. ABTOpbl )],0KJia)],0B - Be)],yrn,He yqeHble B o6naCTH 

ra30XHMHH aKa)],eMHqecKHX, 0TpacneBbIX H yqefiHhIX HHCTHTYT0B 

crpaHhl, pyK0B0)],HTeJIH rrp0H3B0)],CTBeHHblX H HayqHo-rrp0H3B0)],CT

BeHHbIX o6'be)],HHeHHH. Ha)],eeMCH, qTo qHTaTeJIH CM0ryT rroqepIIHYTb 

HeMarro H0BbIX HHTepeCHblX CBe)],eHHH B o6naCTH ra30XHMHH H3 

Harnero oqepe,ll,Horo c6opHHKa. 

IIpe3n,neHT PfY / 
tteqnn H ra1a (HMY) ---1--~ -J ' npo<p. A.H. Bna)J.HMHpoB 

3aB. Ka<pe)J.poii. ra1oxttMHH _;:,,. 
1
(Ji:;1.::u?1,~JI.-Kopp.PAH A.JI. Jiantt)J.yc 

,r•j,-' ~-1 )~ 

PA3PAOOTKA IIPOI{ECCA IIC 

Yl"JIEBO~OPO~OBH3C 
OT JIAJiOPATOPHH K IIPO 

MACfilTAJ 

&3- ~06U'l1.2, JI.B. CuHeBa
12

, E.B. Ky 
ll.C E{J-110-1aeB1.2. TeXHOJIOIWiecKHH HBC 

:'.>T.:Iep<>.,:on,IX MaTepHaJIOB 2000 « 

B cran.e mrncaHo pa3BHme TeXBo 

,._ CHHTeTH1IecKHX )KH)lKHX yr:ieoo 

1opuoii CTa)],HH )],0 rrp0MbIIIIJieHH0 

--'Tl q,aTl(HM HCT0p~eCKHM o6Jopc 

- 0 YeXBO:IOnm rronyqeHIDI CHHTe' 

--.3'•• rrpoueccoB, mrrHqHbie arrnap 

ff1P'J T cee..1.eHIDI 0 KaTa.JIHJaTOpax. 

-.--mu::ieHHble TeXH0JI0rHH XTL cyu 

... JIIJlllieIDL"IHCb B rrepB0M II0K0:Iem 

9-c TO.Ill rrpoII1Jioro BeKa. HaH6o:iet: 

aau. ~ro rroKoneHHH XTL, jlBJJ: 

WIIIIIIJIMIJ,Jf" KIO)KeHHH H CJIHIIIKOM IIIB 

-i!'ClClll. T eXB0JI0rHH H0B0ro, 4-ro IIC 

-- pa6on,i K rrpoMblIIIJieHHOH, a OCH 

...,.:,e CHIDKeHHe y)],eJibHbIX Kamrr3. 

aqlll'.I" 33 cqcr rrpoCT0Tbl H K0MIIaJITII0 
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IIOCTH HCIIOJII,3OBaHIDI cepI,I .ll,mI IIpOH3-

re.,'Il,HI,IX MaTepHaJIOB, OIII,ITe HCIIOJII,3O

py6excoM, OIII,ITHI,IX .n;oporax B PoccHH, 

3IIIHX .n;opm1rnO-CTPOHTeJII,HI,IX MaTepH-

:CM3IpHBaeMI,IX Ha ceMHHape BOIIpOCOB 

tr - OT rronyqeHHH ( Ha OCHOBe ra3OBOro 

ILTepHaTHBHI,lX TOIIJIHB JI aMMHaKa .ll,O 

rH11ecKHMJI IIOCJie.ll,CTBHHMH rrepepa60T

!pMI, BJIHHHJIH JIX Ha H3MeHeHJie KJIJI-

JY..lOB - .n;eBHTI,lH 3a 18-JieTHHH rrepJIO.ll, 

)IOI3,n;OB - Be.n;ym;He yqeHI,Ie B o6JiaCTH 

o-rpacJieBMX JI yqe6HnIX JIHCTJITYTOB 

fflOJ{CTBeHHI,lX JI HayqHo-rrpOH3BOJ{CT

IC.K, ~o qJITaTeJIH CMOrYT rroqeprrHyTI, 

CBeJ{eHHH B o6JiaCTH ra3OXJIMJIH H3 

- J, / npo~.A.H.Brra,a;ttMHpoB 

(- .-,,,-. 
<.lll-u:j~-- qrr.-Kopp.PAH A.JI. Jiantt~yc 
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PA3PA1iOTKA IIPO.QECCA IIOJiyqEHIDI )KimKHX 

Yr JIEBO,ll;OPO,l.l;QB H3 CHHTE3-r A3A -

OT JIAJiOPATOPHH K IIPOM.blIIIJIEHHOMY 

MACIIITAJiY 

B.3. .\1opoKo6u't1'2, JJ.B. CuHeea1'2, E.B. KyJ1b'laK06CKaR1, E./0. Ac(1Jlueea1, 
HC. EpMoJ1aee

1
·2. TexttorrorttqecKHH HHCTHT)'T cBepxTBep~hlx H HOBbIX 

yrnepo~HhlX MaTepttanoB 2000 «HH<l>PA Texttorrornm> 

B CTaTne OIIHCaHo pa3BJITJie TeXHOJIOrJIJI 4-ro IIOKOJieHHH rrony

'lallUI CHHTeTJiqecKHX )KJI.ll,KJIX yrneBo.n;opo.n;oB INFRA. XTL OT na

iiapnopHoii CTa.ll,JIJI .ll,O rrpOMI,IUIJieHHOH peanmau;JIJI, KOTOpaH rrpe.n;

apaer KpaTKHM JICTOpJiqeCKHM o63opoM. IlpJIBe.ll,eHM o6m;He CBe.n;e

- 0 TeXHOJIOrHJI rronyqeHJIH CJIHTeTJiqecKoro TOIIJIJIBa, BKJIIOqaH 

-=iM rrpou;eccoB, TJirrJiqHMe arrrrapaTypHMe perneHJIH, rrpo6neMnI 

G1pJ1, CBe.ll,eHJIH O KaTaJIJI3aTopax. IloKa3aHo, qTo COBpeMeHHMe 

...-i,rnmeHHI,Ie TeXHOJIOrHJI XTL cym;ecTBeHHO OTJIJiqaIOTCH OT Tex, 

-no npHMeHHJIJICI, B rrepBOM IIOKOJieHJIH :noro npou;ecca T.e. B 30-

e.c ro.ll,I,I rrpornnoro BeKa. HaJI6onee OCTPMMJI rrpo6neMaMJI TeKy

-=ro, TPeTnero rroKoJieHJIH XTL, HBJIHIOTCH BMCOKJie yJleJinHMe Ka

a:ra:n.m.Ie BJIO)KeHJIH JI CJIJillIKOM llIJipOKJIH crreKTP rro6oqHI,IX npo

~B. TeXHOJIOrJIJI HOBoro, 4-ro IIOKOJieHJIH rrepeXO.ll,HT OT OIII,IT

-- pa60TI,l K rrpOMI,IllIJieHHOH, a OCHOBHOe HX Ha3HaqeHJie - pa.n;JI

a:n.Hoe CHJI)KeHJie y.n;eJII,Hl,IX KaIIJITaJIOBJIO)KeHJIH JI orrepau;JIOHHI,IX 

wrpaT 33 cqeT rrpOCTOTI,I H KOMIIaKTHOCTJI. 
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CeMeHCTBo TexHoJion1ii rronyqemu1 CHHTeTH'leCKHX )KH,Il;KHX yr

rreBo,D;opo,D;OB (C)KY) H3BeCTHO IIO,Il; o6m;HM Ha3BaHHeM XTL o6be,IJ;H

IDIIOill;HM TPH qaCTHI,IX TeXHOJlOrmi:, OT.JlM'laIOm;MeCH JlHIIIh BH,Il;OM 

MCIIOJih3yeMoro ChipMI: 

1) GTL (Gas to liquids) - 3TO ra3 (rrpttpo,IJ;Hhlii, rrorryTHhlii 

tteqne,n;o61,1qH, cnami;eBhIM H T.,n;.); 

2) CTL (Coal to liquids) - yrorrh 11 .D;pyrne TBep,D;hie roproqtte 

11cKorraeMh1e; 

3) BTL (Biomass to liquids)- 6ttoMacca. 

XTL rrpe,D;CTaBmieT co6oii pe,n;Kttii rrpMMep TexHoJionrn, ttayqtt1,1e 

OCHOBbl KOTOpoii 3aJIO)KeHbI OKOJIO CTa JieT Ha3a,n;, M BCe 3TO BpeMH 

oHa paccMarp1rnaeTcH KaK rrepcrreKTHBHaH 11 MHoroo6emarom;aH, HO 

HHKaK He MO)KeT HaMTH IIYTh K nmpOKOMY BHe,n;peHHIO B rrpoMhIIII

JieHHOCTb. llHTepec K XTL TO BCIIbIXHBaeT, To yracaeT c rreptto,n;H'l

HocThIO B HeCKOJlbKO ,n;eCHTIIJleTHM. 3To CBH3aHO, no HaIIIeMy MHe

HHIO, C IIOHBJleHHeM HOBhIX TeXHOJIOrHii, KOTOpbie, B CBOIO oqepe,n;b, 

peaJIH3YIOTCH 6Jiaro,n;apx oqepe,n;HOMY BHTKY pa3BMTHH HayqHbIX H 

TeXHOJIOI'H'leCKHX B03MO)KHOCTeii. B TO )Ke BpeMH K IIOHBJieHMIO HO

BbIX rroKonemi:ii XTL rro6y)K,n;aIOT H3MeHeHHH B MHpoBoii M Hau;Ho

HaJibHOH 3HepreTH'leCKOH KOH'hlOHKType. MO)KHO paccMorpeTh HCTO

pHIO TeXHO.JlOrHM XTL KaK IIOCJie,n;oBaTeJibHOCTh qen,1pex IIOKOJie

HHH, rrpM'IeM rperbe rroKoJieHMe rrpe,n;cTaBJieHo B KpyrrHOH rrpo

MhIIIIJleHHOCTM, a qeTBepToe - o6emaeT rrepeiiTH H3 OIIblTHOM B rrpo

MbIIIIJieHHYIO CTa,[(HIO B 6Jltt)Kaiimee BpeMH. 

O6u,ue ceeoe1-tuR o mex1-toJ102uu GTL 

TexHOJIOrHH GTL c HCIIOJib30BaHMeM CHHTe3a <l>MIIIepa-Tporrma 

COCTOMT H3 rpex CTa,n;Hii: 

I - rroJiyqem1e CHHTe3-ra3a (KOHBepcHx yrnepo,n;co,n;ep)Kamero 

CblpMI B CMeCh BO,n;opo,n;a M MOHOOKCH,n;a yrJiepo,n;a); 

12 

■ -110:1yqeBHe CHHTeTH'lecICII .. ~ 

• - flUPOKpeIGIBr WIL"IH f1l 

.a; o: ea II CTallHH-

XBMHB nponecco1 

{:lleC1, MOHOOKCH)la yr.rrepo.a; 

...:T 6wn, noJiyqeHa C IlOMOlll1 

¥ a mreHHOCTH rrpoueccoB 11e; ,..,.. 
0caoBHblM 113 TaKHX MeTO.J.OE 

i11J11i M :MeTaHa [ 1). 

B:mecnn,1 TPH OCHOBHhIX cnococ 

I) napoBaH KOHBepcIDI 

C'Ht + H20 <=> CO + 3H2, MI° :z, 

2) yrJieKHCJIOTHaH KOHBepcIDI 

C'Ht + CO2 <=> 2CO + 2H2, MI° 29 

3) 11apu;HaJibHOe OKHCJieHHe 

Clit + 1/202 <=> CO + 2H2, MI° ::!9l 

B pe3yJibTaTe rroJiyqae-rcx cm 

(ta6.-i. 1) KOM6HHHpyx 3TH npouecc 

DPleCICH c JII06bIM COOTHOIIIeHHeM KOi 

CocTasc~ 

Ilponecc 

Daposoii pmpopM1rnr 75 

Ilapwrnm,Hoe OKMcrremi:e 62 

ABrorepMifqecKifH pmpopMMHr* 34 

*B KaqecTBe HCTOqHHKa KHCJJopo.ua HCII<l 
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teHBe 

1emu: CHHTeTWieCKH:X )Kll.lJ.KllX yr-

111 o6m.HM Ha3BaHHeM XTL o6be.n,u

rHH, OTJilPiaIOrn;Hec.1:1 Jllllllb Bll,ll,OM 

3TO ra3 (rrpupo,ll,Hblll, rrorryTHblll 

yrom, H ,ll,pyr11e rnep,nbie ropIOqHe 

·OHOMacca. 

,roam IIpHMep TeXHOJIOrHH, HayqHbie 

UIO C'fa JieT Ha3a,ll,, ll Bee 3TO BpeM.H 

neKTHBHM H MHOroo6ern;aIOrn;a.1:1, HO 

IIIHpOKOM)' BHe,IJ,peHHIO B rrpOMbIIII

K:IlblXKBaeT, TO yracaeT C rrepHO,ll,llq

m:ii. 3-ro CBR3aHo, no HaIIIeMy MHe

HOllOrHH, KOTOpbie, B CBOIO oqepe,ll,b, 

:.llHOM)' BHTKY pa3BHTll.H HayqHhIX H 

::ii. B TO )Ke BpeM.H K IIORBJieHHIO HO

llOT H3MeHeHmI B MHpOBOll ll Hau;uo

dOmaype. MO)KHO pacCMO'rpeTb HCTO

oc.ne.n.oaaTeJibHOCTb qeTblpex IIOKOJie

HHC npe,ll,CTaBJieHo B KpynHOH npo

o6emaer nepettTll ll3 OilbITHOH B npo-

iim:ee BpeM.1:1. 

,wi o mex1toJ102uu GTL 

lb30BaHHCM CHHTe3a <l>HIIIepa-TporrIIIa 

ina (KOHBepcmi: yrnepo.nco.nep)l<amero 

>HOOKCH,IJ,a yrnepo,ll,a); 

12 

II - nonyqeHHe CHHTeTuqecKHX yrneBO.lJ.OPO.lJ.OB ( CHHTe3 <l>mnepa

Tpooma ); 

ffi - rn,npoKpeKHHr HIHJIH m.upoH30MepH3au;1rn: rrpo.n,yKTOB, rro

..ij «.HllhlX Ha II CTa,ll,HH. 

XHMHH npm~eccoB noJiyqeHHH C)KY 

CM:ecb MOHOOKCH,ll,a yrnepo,ll,a H 80,Il,OpO,ll,a (T.H. CHHTe3-ra3) 

tma:e'I 6bITb rronyqeHa c IIOMOIIl;blO IIIHpOKO pacrrpocTpaHeHHhIX B 

lpWl,UIII!eHHOCTH rrpou.eccoB rrepepa6oTKH yrnepo,nco,ll,ep)Kalllero 

Glpl,JI. 

0cHOBHbIM H3 TaKHX MeTO,ll,08 IIBJI.HeTC.1:1 OKUCJlumeJlbltafl K01t-

-,,aa MeTaHa [1]. 

lbeeCTHhI TPH OCHOBHbIX crroco6a rrpoBe.L(eHHR 3TOro rrpou;ecca: 

1) napoBa51 KOHBepcm1 

CH.i + H2O <=>CO+ 3H2, ~H0
298 = +206 K,lvK/MOJib; 

2) yrneKHCJIOTHa.H KOHBepcm1 

CHi +CO2<=> 2CO + 2H2, ~H0
298 = +247 K)];)K/MOJib; 

3) rrapu;HaJibHOe OKHCJieHHe 

CHi + 1/202 <=>CO+ 2H2, ~H0
29s = -36 K)];)K/MoJib. 

8 pe3ym,TaTe rronyqaeTCII CHHTe3-ra3 pa3JIHqHoro COCTaBa 

(la6:I. I) KOM6HHHpy.si: 3TH rrpou.ecCbl MO)KHO IIOJiyqHTh ra3 rrpaK

'lll'leCICH c JII06bIM COOTHOilleHHeM KOMIIOHeHTOB. 

Ta611ulfa 1 
CocTae CHHTe1-ra1a [2] 

Dponecc H2 co CO2 H2:CO 

• Dapoooii pmpopMHHr 75 15 10 5:1 

llapnuarrbHOe OKHCJJeHHe 62 35 3 1,8:1 

AsrorepMHqecKHll pmpopMHHr* 34 17 2 2:1 

*B KaqecTBe HCToqm-1Ka KHCJJOpO,Ila HCIIOJlb3yeTCR B03,[lyX. 
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I 

Ilapo6aR KOH6epcuR Mema1-1a IT03BOJUieT ITOJiyqaTh CHHTe3-ra3, 

o6oraIIIeHHhIH BO,n;opo,n;oM [3]. 

IlapoBaH KOHBepCHH MeTaHa MO)KeT ITPOTeKaTh .n;o TepMO,ll;HHa

MHqecKoro paBHOBeCHH: ITPH aTMoccpepHOM ,n;aBJieHHH H TeMrreparype 

700-800 °C paBHOBeCHaH CTeITeHh ITpeBpaIIIeHHH ,ll;OCTHraeT 90-99%. 

IloHH)KeHHe TeMrrepaTyphl 6naroITpHHTCTByeT o6paTHOH peaKI.J;HH 

MeTaHHpoBaHHH CO: 

YBeJIHqeHHe COOTHOIIIeHHH ITap/MeTaH, ITPH ITpoqHx paBHhIX yc

JIOBHHX, ITPHBO,D;HT K poczy CTeITeHH ITpeBpaiu;eHHH CH4. O6hJqHo 

HCITOJih3YIOT OTHOIIIeHHe H 2O/CH4 = 2-5 B 3aBHCHMOCTH OT ITpo

.n;yKTa, Ha ITonyqeHHe KOToporo 6yti;eT HaITpaBneH CHHTe3-ra3. ,l(onH 

BO,D;HHOro rrapa B HCXO,D;HOH CMeCH 3aBHCHT OT ti;aBJieHHH ITPH KOH

BepCHH MeTaHa: qeM OHO BhIIIIe, TeM 6oJihIIIe rpe6yeTCH ITapa. KpoMe 

Toro, H36hITOK BOt);HHOro ITapa B HCXOt);HOH ra30BOH CMeCH ITpeITHTCT

ByeT OTJIO)KeHHIO yrnepoti;a, rrpHBOt);HIIIee K 6h1crpoil: ti;e3aKTHBaI.J;HH 

KaTaJIH3aTopa. 

TaKHM o6pa30M, C IT0BhIIIIeHHeM TeMITepaTyphI, ITOHH)KeHHeM ,n;aB

nemrn H yBeJIHqeHHeM H36hITKa BOt);HHOro ra3a CTeITeHh KOHBepCHH 

MeTaHa B03pacTaeT. Oti;HaKO, Ha ITpaKTHKe ITpHMeHHIOT II0BhIIIIeHHOe 

ti;aBJieHHe, KOTopoe 6yti;eT cIToco6cTBOBaTh ti;aJihHeil:IIIeil: ITepepa60TKe 

CHHTe3-ra3a. 

Ilo6oqHhIM rrpoti;yKTOM ITapOBOH KOHBepcHH MeTaHa HBJIHeTCH 

t);HOKCHti; yrnepoti;a, o6pa3yIOIIIHHCH B KOJIHqecTBe HeCKOJihKHX ITpo

u;eHTOB ITO peaKI.J;HH BOt);HHOro ra3a: 

B pe3yJihTaTe BOti;opo.n;a 06pa3yeTCH HeCKOJihKO 6oJihIIIe, a co -
MeHhIIIe, qeM ITO CTeXHOMerpHH. 

IlapoBaH KOHBepCHH MeTaHa rrpoTeKaeT B ITPHCYTCTBHH KaTaJIH-

14 

l 
l. 

Wiopod- DepeXOllHblX MeT3JIJIOB VI 

~aercx B pJl.llY Rh-Ru>Ni>lr> 

.lllCIIIIOClll HCDOJlh3yK)T HHKe..'lh, m 

.:mpx-, a 1raraJIH3aTOphI napoBOH KOil 

■ pearrop1,1 B MH0roKpaTH0M 8361,1 

aa:ro Hl-33 ;:xe3aKTHBau;Hu cne;:xa"-H 

IOpOIIIO IlOJirOTOBJieHH0M ,II.,"IJI IC0HBe 

..:m:'l'CI JlllOM .lIIDI MeTaJIJiuqecKHX IC3'I 

~[4]. 

}z.1eKUc.rwm1-1aR KOHBepCUR .wem 

p-alUBeii rrpH ITapOBOH K0HBepcHB M 

cyJiDla peaKI.J;HH ITapOBOH KOHBepcHl 

ao.:11Horo ra3a: 

CH4 +H2O~ 

CO2+H2~< 

Yr.:ieKHCJIOTHaH KOHBepcHJI MeTIU 

BOCTH ropa3ti;o pe)Ke ITapoBoil:. Meno: 

BOii H ITapoBoil: KOHBepcHH, M0)l(H< 

'ICCKH mo6oro cocTaBa. 

YrneKHCJIOTHaH KOHBepcHJI MeTIU 

meHHeM TeITna, qeM ITapoBaH. Ce:iex: 

s:: I 00%, ti;ocrn:raIOTCH ITPH TeMDe 

640 °C paBHOBeCHe peaKI.J;HH C.IIBIIH) 

HCO2. 

IlpOMhIIIIJieHHOMY ITPHMeHeHHIO 

Talia ITpeIIHTCTBYIOT, BO-ITepBhIX, BhlC 

ca, HHhIMH CJIOBaMH, BhICOKHe JHeJ 

cra6HJihHOCTh KaTaJIH3aTopa no 01 

B paMKax ITOCJieti;Heil: ITpo6neMLl Be 

TOpoB [6]. 
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l03B0llilef nonyqaTh CHHTe3-ra3, 

O:lKer npoTeKaTh ,11;0 TepM0,D;HHa-

1,epHOM .n;aBJieHHH If TeMneparype 

:ipeapameHltll ,n;ocTHraeT 90-99%. 

:q>HJITCTByer o6parnoii peaKUHH 

C"4+H2O. 

IIMeraH, npH npoqHx paBHhIX yc

~BH IIpeBpameHHH CH4. O6h1qHo 

I = 2-5 B 3aBHCHM0CTH OT npo

f.lleT HanpaBJieH CHHTe3-ra3. ,[(OJIH 

I 3aBHCHT OT ,n;aBJieHHH npH KOH

M 6oJihrne rpe6yeTcH napa. KpoMe 

:xo.IDIOH ra3oaoii cMeCH npenncT

D)1'1I]lee K 6h1crpoii ,n;e3aKTHBaUHH 

~ reMITeparyphI, Il0HH)KeHHeM ,n;aB-

01UIHOro ra3a CTeneHh K0HBepCHH 

paICTHKe npHMeHHIOT Il0BhIIIIeHH0e 

'IBOBaTh ,n;anhHeiirneii nepepa6oTKe 

WH K0HBepCHH MeTaHa HBmleTCH 

:,i: B K0JIHqeCTBe HeCK0JihKHX npo-

( l\H:~98 = -41 K,[()K/MOJih ). 

~erCH HeCK0JlhK0 6oJihIIIe, a co -

IpOTeKaeT B npttcyTCTBHH KaTaJIH-
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wropoa - nepeX0,D;HhIX MeTaJIJI0B VIII rpynnhI, aKTHBH0CTh K0T0phIX 

yam.maeTCH B pH,n;y Rh~Ru>Ni>Ir>Pd~Pt>>Co~Fe [l]. B np0MhIIII

.-..ocJH HCil0Jih3yIOT HHKeJih, nocK0JlhKY po,D;HH qpe3BhiqaifHO 

.....-, a KaTilJIB3aT0phl napoBOH K0HBepCHH Heo6xo,n;HMO 3arpy)KaTh 

• pc;Kropbl B MH0roKpaTH0M H36hITKe no pH,n;y npHqJfH, npe)K,n;e 

KDO H3-Ja ,ue3aKTHBaIIHH cne,n;aMH cephl, co,n;ep)KamHMHCH ,D;a)Ke B 

.....,.-on IlOlII'OT0BJieHH0M ,n;m1 K0HBepCHH npHp0,D;H0M ra3e. Cepa HB

~ UOM 1UU1 MeTaJIJIHqecKHX KaTaJIH3aT0p0B napoBOH K0HBepCHH 

:llltiW [4]. 

)ZW!ICUC.10mHcm KOH6epcuJl MemaHa HBJIHeTCH conyTCTBYIOmeii 

p-n-eif npH napOBOH K0HBepCHH MeTaHa [5]. OHa np0HBJIHeTC& KaK 

~ peaKUHH napOBOH K0HBepCHH MeTaHa tt o6paTHOH peaKIIHH 

mneorora3a: 

CH4 + H2O <=> CO + 3H3, 

CO2 + H 2 <=> CO+ H2O. 

Yr:ieICHCJIOTHa& K0HBepCH& MeTaHa HCn0Jih3yeTCH B npoMhIIIIJieH

IKJCTH ropa3,n;o pe)Ke napoaoii. llcnoJih3YH KOM6HHaIIHIO yrneKHCJI0T

BOi: H napOBOM K0HBepCHH, M0)KH0 nonyqaTh CHHTe3-ra3 npaKTH

"lleCD :II06oro C0CTaBa. 

Yr:ieICHCJIOTHaH K0HBepCHH MeTaHa npoTeKaeT c 66JihIIIHM norno

lQCHHeM TeIIJia, qeM napoaaH. CeneKTHBHOCTh H K0HBepCHH, 6JIH3KHe 

a: 100°/o, ,D;0CTHraIOTCH npH TeMnepaTypax 1000-1100 °C. HH)Ke 

640 °C paaHoaectte peaKIIHH c,n;BHHYT0 B CTopoHy o6pa3oBaHHH CH4 

aC02. 

IlpoMhIIIIJieHHOMY npHMeHeHHIO yrneKHCJIOTHOH K0HBepCHH Me

TaHa npenHTCTBYIOT, B0-nepBhIX, BhIC0KaH 3H,D;0TepMHqH0CTh npoIIeC

ca HHhIMH CJI0BaMH, BhIC0KHe 3Hepr03arpaThI, B0-BT0phIX, HH3KaH 

cra6HJThHOCTh KaTaJIH3aTopa no 0TH0IIIeHHIO K 3aK0KC0BhIBaHHIO. 

B paMKaX IlOCJie,n;HeH npo6neMhl ae,n;yrc& n0HCKH H0BhIX KaTanH3a

ropoB [6]. 
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IlaplJUGllbHOe OKUCJleHUe MemaHa TI03B0mieT nonyqaTb CHHTe3-fa3 

C 0TH0IIIeHHeM Hi/CO, paBHbIM 2 [7]. CttHTe3-ra3 TaKoro C0CTaBa 

ttcnonb3yeTCSI B pSI)],e npou;eccoB, HanpttMep, npH nonyqeHHH yrneBo-

1l0P01l0B Ha K06anbTOBbIX KaTanH3aTopax H MeTaHona. ,z::i:nSI nap

QHanbH0f0 0KHCJieHHSI MeTaHa M0)KH0 HCTI0Jib30BaTb KaK q11CTblH 

KHCJI0p0)],, TaK H B03)],yx [8, 9]. 

K He)],0CTaTKaM 3T0f0 npou;ecca M0)KH0 0THeCTH BblC0KYIO CT0H

M0CTb KHCJI0p0)],a, KOTOpbIH nonyqaIOT KpttoreHHbIM MeT0)],0M H3 

B03)],yxa, qTQ npHB0)],HT K poczy ce6ecTOHMOCTH CHHTe3-ra3a npH

MepH0 B TI0JIT0pa pa3a no cpaBHeHHIO C nonyqeHHbIM napoBOH K0H

BepctteH, H B3pbIB00TiaCH0CTH. O)],HaKO, 3T0T npou;ecc Tpe6yeT KaTIH

TanbHblX H onepau;H0HHbIX 3aTPaT Ha 40-60% HH)Ke, qeM napoBaSI 

K0HBepCHSI MeTaHa. 

Ilapu;ttanbHOe 0KHCJieHHe MeTaHa B CHHTe3-ra3 npoTeKaeT B nm

p0K0M )],Hana30He TeMnepaTyp, 0)],HaK0 0CJI0)KHSJ:eTCSI 1lPYfHMH peaK

QHSIMH, B qaCTH0CTH, peaKQHSIMH paBH0BeCHSI B0)],SIH0f0 ra3a (npo

u;ecc, o6paTHOH peaKI.J;HH B0MH0ro ra3a - rH)],pttpoBaHtte CO2), a 

TaK)Ke HHbIMH, conp0B0)K)],aIOIIIHMHCSI o6pa30BaHHeM )],H0KCH)],a yrne

po)],a H B0)],bI: 

CH4 + 02 = CO2 + H2 

CH4 + 1,502 =CO+ 2H2O. 

Pa3JIHqaIOT napu;ttanbH0e 0KHCJieHHe MeTaHa B o6neMe (roMO

reHH0e 0K11cnem1e) H Ha KaTaJIH3aTope. KaTantt3aTopbI cnoco6cT

BYIOT CHH)KeHHIO TeMnepaTypbI CHHTe3a [9]. KaK H B napoBOH K0H

BepCHH, )],JISI 3TOH u;enH M0ryT HCTI0Jlb30BaTbCSI HHKeneBbie KaTa

JIH3aT0pbI, a TaK)Ke CMeIIIaHHbie 0KCH)],bl, HanpHMep, LaCoO3 H 

LaMnO3 [10]. 

CHHTC3 yrneBO}J.OpO}J.0B H3 co H H2 ( CHHTC3 <l>umepa-Tpon

ma) - CJIO)KHbIH KaTanHTHqecKHH npou;ecc, npoTeKaIOIIIHH Ha reTe

poreHHbIX KaTanmaTOpax, co)],ep)KaIIIHX MeTannbI VIII rpynnhI ()Ke-
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.:11:'JO.. IOOOJlh T, HHICenb HJIH pyI 

c:IBJKYIIBOCTb TIOCJiell0BareJll>HJ,IJ 

[11-20]. 0cHOBHblMH JIBJUIIOTCj( pc: 

aiipDoeamieM napaq>HHOB H o .. i:ect, 

nCO + (2n+l)H1 · 

nCO+2nH1 -

Dponecc 110.rryqeHHSI yr;ieeo.a◄ 

~eTCll 6o.iibIIIHM K0illl'I 

anlll Kl KOT0pbIX llBillllOTc,i: 

pamtoeecHe B0n,i:H0fO raJa 

CO+H10· 

DpDIOe raapHpoBaHHe CO 

C0+3H1 + 

2CO+ 2H2 ◄ 

Coaacoo pa6oTe [15], H3 11 

~ 

I • BCnMmmoe o6p330BaHHe ~ 

-- JaCaL BH.aa H crpoeHM, Kpo 

2) Bep()flHOCTb o6p330B3HH" 

~ B P"1IY MeTilH > ' 

wa:JLIINX a-nrauoB - TO)Ke )'Mem 

www:.w XIHHLI ueIIH: 

3) IIOBl,IIlleHHe o6IIIero 1IaBJ'le 

W 11H•> 00.l:ee TIOKe..l:blX IIJX)1lY 

....,,,. .. BO.:Iopo.rra B CHHTeJ-ra 

a.alOB. 

O:mairo, c..i:.e.:cyeT ont:eTHTL, 

~,ae'Kl,IX no MeTO.:cy <l>HIDq 



raHa II03B0JUieT nonyqaTb CMHTe3-ra3 

2 [7]. CMHTe3-ra3 TaK0ro C0CTaBa 

. HanpHMep, npn nonyqeHMM yrneBo

l.illl33Topax M MeTaHona. ,l(m1 nap

MO:lKHO HCTI0Jib30BaTb KaK qJfCTblH 

::ca MO)KHO 0THecni: BblC0KYIO CT0H

I.Il)"laIOT KpH0reHHbIM MeT0,ll;0M M3 

y ce6eCTOHMOCTM CMHTe3-ra3a npM

eHHJO C nonyqeHHbIM napoBOH KOH

mraKO, 3T0T npouecc TJ)e6yeT Kann

n Ha 40--60% HH)Ke, qeM napoBa51 

raua B CHHTe3-ra3 npoTeKaeT B IIIH-

1,TIHaK0 OCJI0)KH51eTC51 .n;pyrMMM peaK

~ paBH0BeCM51 BO.D:51Horo ra3a (npo

oro raJa - rn,n;pHpOBaHMe CO2), a 

IIIIHC.ll o6pa30BaHMeM ,ll;HOKCH,ll;a yrne-

i=CO2+H2 

!=CO+ 2H2O. 

ec.i:eHHe MeTaHa B o6neMe (roMo

lH33TOpe. KaTaJIH3aTOpbI cnoco6cT

:HHTeJa [9]. KaK M B napoBOH KOH-

HCIIOJib30BaTbC51 HMKeJieBbie KaTa

[e OKCHJU>I, HanpHMep, LaCoO3 M 

CO a H2 (cuuTeJ <l>umepa-Tpon

ii npouecc, npoTeKaIOIUMH Ha reTe

r.llllHX MeTaJIJibI VIII rpynnbI ()Ke-
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.lll3ll. JCOOaJibT, HMKeJib MJIM pyTeHnii:) M BKJI10qa10IUHM CJIO)KHYIO 

~OCTb nocne,n;oBaTeJibHbIX H napanneJibHbIX npeBpaiueHMH 

(11-20]. 0cHOBHblMM 51BJUIIOTC51 peaKUHH rn.n;ponOJIHMepmau;HM co C 

oopa30B3HBeM napaqmHoB M oneqmHoB: 

nCO + (2n+ 1 )H2 - CnH2n+2 + nH2O 

nCO + 2nH2 - CnH2n + nH2O 

Dponecc rronyqeHM51 yrneBo,n;opo,n;oB M3 CMHTe3-ra3a (CO H H 2) 

~eTC51 6oJibllIMM KOJIJfqeCTB0M no6oqHbIX peaKUMH, OCHOB

---Kl KOT0pbIX 51BJI51IOTC51: 

paeoeecHe B0MHOro raJa 

CO+ H2O +-+ CO2 + H2, 

Bpl:IIOe m.n;pHpOBaHMe co 
CO + 3H2 +-+ CH4 + H2O 

2CO + 2H2 +-+ CH4 + CO2. 

Cor.:racHO pa6oTe [15], m TepMO,ll;HHaMMqecKMX pacqeTOB CJie

~ 

I) B03MO)KHOe o6pa3oBaHHe yrneBo,n;opo,n;oB mo6oii: M0JieKyJI51p-

HOH MaCCbI, BH,ll;a M CTJ)OeHM51, KpOMe au;eTMJieHa; 

2) Bep051THOCTb o6pa30BaHH51 yrneBo,n;opo,n;oB H3 co H B0,ll;Opo.n;a 

YJ,1eHbII1aeTC51 B p51.D:Y MeTaH > .n;pyrne aJIKaHbl > aJIKeHbl, a HOp

K3.ThHblX aJIKaHOB - TO)Ke yMeHbIIIaeTC51, HO TIOBbIIIIaeTC51 C yBeJIM-

11eHHeM MHHbl uenH; 

3) TIOBbIIIIeHHe o6iuero ,n;aBJieHH51 B CMCTeMe cnoco6cTByeT o6pa-

30BaHHIO 6onee T51)KeJiblX npo,n;yKTOB, a yBeJIHqeHMe napu;HaJibHOro 

.:taBJieHM51 Bo,n;opo.n;a B CHHTe3-ra3e 6naronpH51TCTByeT o6pa30BaHHIO 

al:KaHOB. 

O.n;HaKo, cne.n;yeT OTMeTHTb, qTO peanbHbIH COCTaB npo.n;yKTOB, 

n0,;i:yqaeMbIX no MeTo,n;y <l>HIIIepa-Tponrna, OTJIHqaeTC51 OT TepMO-

17 



I 
.rr1rnaMlflleCKH paBHOBeCHoro, TaK KaK CHHTe3 yrJieso.rropo.rros H3 co 
H H2 He HBmleTCH KHHeTHqecKH KOHTPOJIHpyeMbIM npo:u;ecCOM. Ha 

COCTaB npO;::i;yKTOB OKa3bIBaeT BJIHHHHe KaK npHpo.rra HCIIOJib3YeMoro 

KaTaJIH3aTopa, TaK H ycJIOBHH CHHTe3a. 

Bhl6op aKTHBHOro MeTaJIJia CHHTe3a <l>mnepa-Tpomna 3aBHCHT OT 

pH.rra napaMeTPOB, HanpHMep, OT HCTOqHHKa CblpbH, :u;eHbI aKTHBHoro 

MeTaJIJia H )KeJiaTeJibHhlX rrpo;::i;yKTOB. 

HHKeJieBbie KaTaJIH3aTOpbI aKTHBHbI npeHMyI:QeCTBeHHO B peaK

:QHH MeTaHoo6pa30BaHHH H cpopMHPYIOT 60JibIIIOe KOJIHqeCTBO JieTy

qHx Kap60HHJIOB (coe;::i;HHeHHM C MOHOOKCH)];OM yrJiepo.rra). 

PyTeHHeBbie KaTaJIH3aTOpbI xapaKTepH3yIOTCH BbICOKOM IlOJIHMe

pH3YIOI:Qeii cnoco6HOCTbIO H aKTHBHOCTbIO npH HH3KHX TeMrrepary

pax (.rro 100 °C). Coo6I:QaJIOCb TaK)Ke, qrn B MX npHCYTCTBHH B03-

MO)KHO IIOJiyqeHHe BbICOKOMOJieKyJIHpHbIX rrapa<pHHOB (rroJIHMeTH

JieHoB) [16-17]. O;::i;HaKo Heo6xo;::i;HMoe )];JIH :noro pa6oqee .rras-JieHHe 

cocTaBJIHeT 10-20 MIIa. IIpH HH3KHX .rrasJieHHHX .rroMH-HHpyIOI:QHM 

rrpo;::i;yKTOM CHHTe3a HBJIHeTCH MeTaH. Il03)Ke 6bIJIO Haii;::i;eHo, qTo TH

IIHqHoe pacrrpe.rreJieHHe rrpo.rryKTOB CHHTe3a <l>HIIIepa-TporrIIIa MO)K

HO TIOJiyqHTb B rrpHCYTCTBHH pyTeHHesoro KaTaml3aTopa (KaK HaHe

ceHHOro, TaK H He HaHeCeHHoro) s 6oJiee MHrKHX ycJIOBHHX (0, 1-

0,2MIIa, T=200-250 °C) [18-19]. 

)J(eJie3Hbie KaTaJIH3aTOpbI npOHBJIHIOT BbICOKyIO aKTHBHOCTb B HH

TepBaJie TeMrrepaTyp 200-350 °C rrpH .rrasJieHHH 2-3 MIIa. O6bJqHo 

OHM II03B0JIHIOT CHHTe3HpOBaTb CMeCH C 60JibIIIHM co.rrep)KaHHeM OJie

!pHHOB, pa3BeTBJieHHbIX napa<pHHOB H KHCJiopo.rrco.rrep)Kal:QHX coe.rrH

HeHHM. 

TaK TaK rn.rrpHpyIOI:QaH <pyHK:QHH K06aJibTOBbIX KaTaJIH3aTopos 

BbIIIIe, qeM )KeJie3HbIX, B HX npHCYTCTBHH o6pa3yIOTCH, rJiaBHbIM o6-

pa30M, rrapa<pHHhI JIHHeiiHoro CTP0eHHH. 

CaMbIMH npHBJieKaTeJibHbIMH Ha cero.rrm1IIIHHM .rreHb )];JIH npH-
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WM B DpOMLIIIL"JeHJil,lX MacII 

FIAMWiop.L 

Cam:1 Cl>Hmepa-T ponma - HHTI 

- (121- Omo.:i o6pa3yiomerocJI re 

WWWiM aup3HIUI CBHTeJ-ra.33, .llBl 

rs .asoii pea.1m33.IIHH npouoo 

_,_, aJ6.ino.JaTh TeMileparypy CHH 

~-
0,1■rrcw oepepafioncH T1IZI! 

-- &uee 20 aTOMOB yrnepo;ia :ia 

~ oponeccos XTL HMeHHo 83-

•••►:cptiLHHI a c nocJieJIYIOmeii 1 

_. JCJH HJ01IenapacpmnnaIIHeii [2 

CocraB K3Til.JIH33TOpoB, KOTOpY 

.-C BCero HCIIOJib3yK)TCJI B 3TBX 

K"ft:'IBYC'I cocrasy o61,l'IHblX KaTI 

~H33UHH. KaK npas1u10, :m 

'lup,L co,1ep)l(aIUHe MeTaJIJI, aKIHBE 

.:snapHpoBaHIDI, H HOCHTe.ITb, 00J 

JIIIPOB3Hlll>IH HJIH <pTOpHpoBaHHhlB 

apill. "ra.-i.'Ill1IeCKHe aJIIOMOCHJIHKail,I 

OUR.:I IIHPKOHIDI) [21]. COOTHomc: 

oupe.:ie.m1eT, KpOMe ycJiosmi npoa 

~TIOB. 

rH.apoKpeKHHr cqHTaeTCJI OIIHHI 

l1!IOICHX npoueccos nepepa6oTICH B 

po.::moro CbipbJI, Il03BOJIJIIOfilHH no. 

111i1X IIpo;::i;yKTOB H CbipMI 1lJlJl ;ipy 

'leCJCHX npo:u;eccos. OH npe.rrcnm.ru1◄ 

■ napamieJihHhIX peaKUHM: 
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ax K3JC CHHTe3 yrneBo,L1,opo,u;oB m CO 

DI KOHTJX)JIHpyeMhlM npo.u;eccoM. Ha 

!lllB.11BHe K3.IC npHpo,Ll,a HcnoJih3yeMoro 

IIIITe3a. 

CBHre33 <l>HIIIepa-Tpomna 3aBHCHT OT 

ITT HCTO<IHHKa ChlphH, IJ,eHhl aKTHBHOro 

YJITOB. 

aICTHBHhl npeHMymeCTBeHHO B peaK

,PMHp}'lOT 6onhmoe KOJmqecrno neTy

c MOHOOKCH,Ll,OM yrnepo,n:a). 

ii xapaxreJ)H3YJOTCH BhICOKOH IlOJIHMe

aJITHBHOCThIO npH HH3KHX TeMnepazy

;1, raJOKe, qTo B HX npHCYTCTBHH B03-

oneicy.ruq>HhlX napaqmHOB (TIOJIHMeTH

>XO;:mMoe .llJUI 3Toro pa6oqee ,u;aB-nettHe 

I BH3KHX )J,aBJiemrnx )J,OMH-HHpyIOill,HM 

. MeraH. Il03)Ke 6hmo ttaii;:i;etto, qTo TH

yiaoe CHHTe38 <l>mnepa-Tpoilllla MO)K

pyreHHeeoro KarnnmaTopa (KaK Hatte-

ilOro) e 6onee WITKHX YCJIOBHHX (0,1-

-19]. 

nprnlB .. 'UIIOT BbICOKYIO aKTHBHOCTh B HH-

0 °C npH ,n:aBJieHHH 2-3 Mila. Ofa1qtto 

:n, CMecH c 6oJihlIIHM CO,Ll,ep)I{aHHeM one

iq»HHOB H KHcnopo;:i;co,IJ,ep)Kalll,HX coe,n;H-

q>ymaIIDI K06aJibTOBhIX KaTaJIH3aTopoB 

I1pHCyrCTBHH o6pa3yIOTCH, rnaBHhIM 06-

D CTpOeHHH. 

ILIMB Ha cero,IJ;IDIIIIHHM .u;etth ,ll,JIH npH-

18 

IEHeHIDI B npOMhIIIIJieHHhIX MacmTa6ax HBJIHIOTCH K06aJihTOBhie 

DI3..'IH38TOphI. 

CHHTe3 <l>mnepa-TponIIIa - HHTeHCHBHaH 3K3oTepMHqecKaH peaK

llllll [12]. 0TBO)J, o6pa3yIOill,erocH Tenna, COCTaBJIHIOill,ero ,ll,O 35% OT 

Tell.lIOThl cropaHHH CHHTe3-ra3a, HBJIHeTCH rnaBHOH npo6neMOH npH 

TeXBH'lecKoii peanH3aUHH npoIJ,ecca. Heo6xo,IJ,HMO TaK)Ke oqetth 

TI)q}IQ co6mo)J,aTh TeMnepaTypy CHHTe3a, oco6eHHO )J,JIH K06aJihTOBhIX 

DT3JIH38Topax. 

Ilpou,eccb1 nepepa6oTKH TH'.IKeJibIX yrJieeoJJ,opoLJ,oe c )J,JIHttoii 

neIIB 6onee 20 aTOMOB yrnepo,n:a 3aHHMaIOT oco6oe MeCTO B TeXHO

.:IOrHH npoIJ,eccoB XTL HMeHHO H3-3a tteo6xo,L1,HMOCTH III cTa)J,HH -

IllJil)OKpeKHHra C TIOCJie)J,yIOill,eii KaTaJIHTHqecKoii )J,enapa-qmHH3a

IIHeH. HJIH H3o,u;enapaq>HHH3alJ,Heii [23-26]. 

CocTaB KaTaJIH3aTopoB, KOTOpbie MOryT 6hITh HCTIOJih30BaHhl H 

qarn:e BCero HCTIOJih3YIOTCH B 3THX npoueccax, npaKTHqecKH COOT

Be-TCTByeT COCTaBY o6bJqHhlX KaTaJIH3aTopoB rH,L1,pOKpeKHHra/rH)J,

poH30MepH3aUHH. KaK npaBHJIO, 3TO 6mpyttKUHOHaJihHhie KaTaJIH3a

TOpbl, CO,Ll,ep)l<alll,He MeTaJIJI, aKTHBHhlH B npoueccax rH,Ll,pHpOBaHHH/ 

.:xerH,Ll,pHpoBaHHH, H HOCHTeJih, 06na,L1,aIOIUHH KHCJIOTHOCThIO (xno

pHpOBaHHhlH HJIH qnopHpOBaHHhIH OKCH)J, aJIIOMHHHH, aMopq>Hhie H 

KpHCTaJIJIHqecKHe aJIIOMOCHJIHKaThl ( ueonHThl ), cynhq>aTHpOBaHHhIH 

OKCH)J, UHPKOHHH) [21]. CooTHOIIIeHHe Me)K,IJ,y 3THMH q>yHKUHHMH 

onpe,L1,eAAeT, KpoMe ycnoBHM npouecca, cocTaB nonyqaeMhIX npo

,l)'KTOB. 

r H,Ll,pOKpeKHHr cqHTaeTCH O,Il,HHM H3 HaH6onee 3cp<peKTHBHhlX H 

rn6KHX npouecCOB nepepa60TKH BhlCOKOMOJieKynHpttoro yrneBO)J,0-

pO,Ll,HOro CblphH, Il03BOJIHIOIUHM nonyqHTh IIIHpOKHM cneKTp TOBap

HblX npo,Ll,yKTOB H CblphH )J,JIH ,Ll,pyrnx XHMHqecKHX H Hecj:>TeXHMH

qecKHX npouecCOB. OH npe,Ll,CTaBJIHeT co6oii pH,LI, nocne)J,OBaTeJihHhlX 

H napannenhHhIX peaKUHii: 
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- pacmeIIJieHife BbICOKOMOJieKy.illlpHblX yrneBo,n;opo.n;oB; 

- rw.n;pwpoBamrn rrpo,n;yKTOB pacmerrneHm1; 

- rw.n;pomoMepH3a11mi:; 

- KOKcoo6pa30BaHHe. 

rw.n;poKpeKHHr - peaKIIHH 3K3OTepMHqeCKM. TerrJIOBOM 3g:>g:>eKT 

rrpo11ecca 3aBHCHT OT CTerreHH rrpeBpameHHH yrneBo,n;opo,n;Horo CbI

pbH H pacxo.n;a BO.[{Opo.n;a. TaK, rrpH KOHBepCHH H-rrapag:>HHOB 70-80% 

H pacxo.n;e BO,n;opo.n;a 1,5-2,0% Bbl.[{eJIHeTCH rrpHMepHO 600 K)J;)K/Kr 

CblpbH [21]. 

TunLI peaKTopos )J;JIH peaJiuJanuu cuuTeJa <l>umepa-Tponma 

TexHOJIOrHH CHHTe3a <l>muepa-Tpomua MO)KeT rrpoXO.[{HTb B peaK

TOpe co CTaIIHOHapHblM rrceB,[{OO)KH)KeHHblM HJIH cycrreH,n;HpOBaH

HblM cnoeM KaTanmaTopa. KoHCTPYKIIHH peaKTOpa BO MHoroM orrpe

.n;enHeTCH BH.[{OM rronyqaeMbIX rrpo,n;yKTOB. He cymecTByeT YHHBep

CaJibHOro THIIa peaKTOpa, IIO.[{XO.[{HIIJ,ero .[{JIH mo6oro BapHaHTa 

rrpo11ecca <l>muepa-Tpomua. 

IIpoMbIIIIJieHHbIM peaKTOp CHHTe3a <l>HIIIepa-TporrIIIa .n;on)KeH 

o6ecrreqHBaTb BblCOKYIO CKOpOCTb rrpeBpaIIJ,eHHH CHHTe3-ra3a, H3O

TepMHqHOCTb, 3g:>g:>eKTHBHbIM OTBO.[{ Terrna, MHHMMaJibHbie IIOTepH 

KaTaJIM3aTopa. KpoMe Toro, )KeJiaTeJibHO, qT06b1 OH 6hrn KOHCTPYK

TMBHO rrpocT M Ha,n;e)KeH B 3KcrrnyaTaIIMM. Hatt6onee cepbe3HOM 

rrpo6neMOM .[{JIH rrpoeKTHpOBIIJ,MKOB HBJIHeTCH Heo6xo,n;MMOCTb 3q:>

g:>eKTMBHOro TeIIJIOOTBO,[{a. MecTHbie rreperpeBbl He,n;orrycTMMbl, TaK 

KaK rrpHBOMT K 3aKOKCOBbIBaHMIO KaTaJIH3aTopa M IIOBbIIIIeHHOMY 

o6pa30BaHMIO MeTaHa. 

B HaCTOHIIJ,ee BpeMH MCIIOJib3YIOTCH H COBepIIIeHCTBYIOTCH Bee 

paHee C03.[{aHHbie THIIbl peaKTOpOB CMHTe3a <l>MIIIepa-TporrIIIa. IIo

CKOJibKY .[{OJIH KaIIHTaJibHblX 3aTPaT B CTOMMOCTM rrpo,n;yKTa HBJIHeTCH 

HaM6onee cymecTBeHHbIM rrapaMeTPOM, orrpe,n;eJIHIOIIJ,MM 3KOHOMMKY 
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nponecca, CTPOHTeJibCTBO 3aBOlIOl 

nu o6b111Ho cqwTaIOT 3KOHOMH'Iec 

PeaKTopLI co cranaouap1 
(npaMeHHIOTCH BO scex I 

Ilpouecc H.n;eT B pemaopax I 

aaxo.:nrrc,i: B TPY6ax (rrpeHM)'Illec 

amo.:unem,HbJe MHOroTPy6Hble J 

plBCIBO rrpe.ll.Ha3HaqeHo .umi: mma 

a xo.:ie peaK1UIH Terrna (pwc. 1 ). I 

DTillH33TOpa, 6e3 CHCTeMbI oxm 

"JlailllW :L'UI TaKMX CMJibHO 3K30 

~ cHHTe3 <l>MIIIepa-Tpomrn 

~,. BL13BaTh Heo6paTMMbie R3M1 

IIaH.."I)"IIlIBH crroco6 OTBOJia Bl 

• JIIC21Py6HOM rrpOCTPaHCTBe BO)] 

.,.DBOH nap Toro MJIM HHOrO .a~ 
p;nyp1,1 peaKQMH [21]. Ba)l(HblM 1 

IIO.:ioopaHIIOe COOTHOIIIeHMe Mell 

peanopa. CHHTe3-ra3 rro,n;aeTc,i: < 

DOBWIIleHHOM ,n;aBJieHMH. 

B TPy6qaTbIX peaKTopax np1 

.:1B3aIUPbl, crroco6Hbie rrpoH3BO.ll: 

peaiaopttoro rrpoCTPaHCTBa B q~ 

1"1111). YcKopeHHe rrpouecca B r.u:: 

lllllI <l>HIIIepa-TporrIIIa, HBIDUICb 

'lpelBWlaHHO qyBCTBMTeJibHa K M. 

pu: nonaqa CMHTe3-ra3a mm IIOBI 

IICCIII K rroTepe TeIIJioBoii YCT1 

-.;:JOTepMH'IeCKOM peaKIIHH MeraH 



IUIJ)Hl,IX yrneBO.L{OpO.L{OB; 

:mern1eHIDI; 

rrepMWieCKIDI. TerrJIOBOH 3q>q>eKT 

:BpallleHIDI yrneBO.L{OpO.L{HOro CI,I

KOHBepcHH H-rrapaq>HHOB 70-80% 

r.ne.m1ercg rrpHMepHO 600 K,ll,)K/Kr 

111B ceHTe1a <l>umepa-Tponma 

["ponma MO)KeT npoXO,L{HTI, B peaK

DOKeHHhlM HJIH cycrreH,L{HpOBaH

f.KllHJI peaKTopa BO MHOrOM orrpe

ayICTOB. He cyrn:ecTByeT yttHBep

:Wllllero ,L{JijJ n106oro BapHaHrn 

ITe3a <l>muepa-Tpomua .L{OJI)KeH 

npeBparn;eHHa CHHTe3-ra3a, H3O

:a TeIIJia, MHHHMaJII,HI,Ie IIOTepH 

::m.Ho, qT061,1 OH 61,m KOHCTPYK

nyauuurn. HaH6onee cepne3HOH 

8 ,mJllleTCa Heo6xo,L{HMOCTI, 3Q)-

1e neperpeBI,I He,L{OIIYCTHMI,I, TaK 

IraTIUIH33TOpa H IIOBbIIIIeHHOMY 

IOTCa H COBepIIIeHCTBYIOTCa Bee 

cHHTe3a <l>HIIIepa-TponIIIa. Ilo

B CTOHMOCTH npo.L{yKTa j{BJigeTcg 

>OM, onpe,L{eJigIOrn;HM 3KOHOMHKY 

llllpOIICCCa, CTp011TeJII,CTBO 3aBO,L{OB MOIIl;HOCTI,IO Mettee 300 TbIC. T B 

RU OOhl'IHO cqHTaIOT 3KOHOMHqecKH HeorrpaB,L{aHHI,IM. 

PeaKTOpbl co CT3U,UOH3pHbIM CJIOCM K3T3JIH33TOpa 

(npHMCHHIOTCH BO ocex DOKOJICHHHX TCXHOJIOruu) 

Ilpou.ecc H.L{eT B peaKTopax TPY6qaToro THrra, r.L{e KaTaJIH3aTop 

aaxo.nrrca B TPY6ax (npeHMyrn;ecTBeHHO HCTIOJib3YIOTcg 6onee npo

a:JBO.:nne.m,Hnie MHOroTPy6tti,1e peaKTopi,1), a Me)KTPY6ttoe npocT

JJIIIClBO npe.L{Ha3HaqeHO ,L{Jlj{ OXJia)K,L{eHHj{ H OTBO,L{a BI,J,L{eJigIOrn;erocg 

• xo.:ie peaKI.J;HH Terrna (pHC. 1 ). PeaKTOpbI co CTaI.J;HOHapHbIM CJIOeM 

DTa."IB3aTOpa, 6e3 CHCTeMbI OXJia)K,L{eHHj{, He MoryT 6nITI, HCTIOJII,-

10B3BN ,L{JijJ TaKHX CHJII,HO 3K3OTepMHqecKHX peaKI.J;HH, KaKOH j{B

.::aerca CHHTe3 <l>HIIIepa-TponIIIa, TaK KaK JIOKaJII,HI,Je neperpeBbI 

MOl)'I Bhl3BaTI, Heo6paTHMbie H3MeHeHlfj{ KaTaJIH3aTopa. 

HaHJI)"IIIIHH cnoco6 OTBO.L{a BbI.L{eJigiorn;erocg Tenna - HcnapeHHe 

a YeJICT])y6HOM npOCTPaHCTBe BO,L{HOrO KOH,L{ettcarn, rettepHpyiorn;ero 

ao.:umoii nap Toro HJIH HHOro ,L{aBJieHlfj{ B 3aBHCHMOCTH OT TeMne

paIYpbI peaKI.J;HH [21]. Ba)KHI,IM napaMeTPOM j!BJijleTcg OTITHMaJII,HO 

no.ao6paHHoe COOTHOIIIeHHe Me)K.L{y ,L{JIHHOH H ,L{HaMeTPOM Tpy61,1 

peaKTOpa. CHHTe3-ra3 no.L{aeTcg cBepxy BHH3, npou;ecc Be,L{eTcg npH 

DOBhlIIIeHHOM ,L{aBJieHHH. 

B TPY6qaTbIX peaKTopax rrpHMeHjJIOT rpattynHpoBaHHbie Karn

.:noaTopi,1, cnoco6Hbie npOH3BO,L{HTI, 90-100 Kr npo.L{yKTa Ha 1 M
3 

peaKTOpHoro npocTpaHCTBa B qac (B TPeTbeM IlOKOJieHHH TeXHOJIO

nm). YcKopettHe npou;ecca B TaKOH CHCTeMe 3aTPY.L{HeHo, T.K. peaK

IIHJI <l>HIIIepa-TponIIIa, gBJiggci, 3K30TepMHqecKoif, B TO )Ke BpeMj{ 

"1pe'.3BI,IqaifHO qyBCTBHTeJibHa K MaJieHIIIHM neperpeBaM; 6onee 6nICT

pa,l TIO.L{aqa CHHTe3-ra3a mm IlOBbIIIIeHHe TeMnepaTypnI MO)KeT npH

BeCTH K TIOTepe TeTIJIOBOH ycToifqHBOCTH H 3a)KHraHHIO CHJII,HO 

3DOTepMHqeCKOH peaKI.J;HH MeTaHHpOBaHlfj{ [21]. 
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IlpouecCbl B CTallH0HapH0M cnoe KaTaJIH3aTopa 6onee np0CTbl B -.II, lileraHoo6pa30BaHHC H J 

TeXH0JiornqeCK0M H annapaTypH0M o<popMJieHHH, qeM B 0CTaJibHbIX 1.alJ.. DI3.IDl33TOP IIOICJ)bm2 

THIIaX peaKT0p0B. Tpy6qaTbie peaKT0pbl y.no6Hbl B 3KCIIJ1yarnu1m, He ! alUl,H() CKopo naaana, 'ITO 1 

C03.L(aIOT npo6neM C 0T,[(eJieHHeM KaTaJIH3aTopa, M0ryT HCIT0J1b30- ~- Il03TOMY 61,1 

BaTbCH .L(JIH nonyqeHHH npo.nyKT0B JII06oro C0CTaBa. O,n;HaKo, TaKHe 

peaKT0pbl HMeIOT uenbIH. p».n He.nocTaTK0B: TPYJJ:H0CTb H3r0T0BJiemrn, 1 

60JiblllaH MeTaJIJI0eMK0CTb, CJI0)KH0CTb neperpy3KH KaTaJIH3aTopa, 

3HaqnTeJibHblH. nepena.n ,[(aBJieHHH 110 )];JIHHe, JJ:H<p<py3HOHHbie orpa

HHqeHn» Ha KpynHbIX 3epHax KaTaJIH3aTopa, xy.nllluii, no cpaBHeHHIO 

C ,n;pyrHMH THIIaMH peaKTOp0B, TeITJI00TB0A [14]. Il03TOMY )KeJia

TeJibH0, qT06bI KaTaJIH3aTop o6na.nan .D;OCTaTOqHOH TennonpoB0)];

H0CTbIO ,[(JIH 3<p<peKTHBHOro TPaHCII0pTa Tenna peamim B rpaHynax 

KaTaJIH3aTopa. IlOMHMO 3Toro, K TaKHM KaTaJIH3aTopaM npe.L('bHB

JIHIOTCH TPe6oBaHHH .L(OCTaTOqHoH npoqH0CTH H TepMOCTOH.KOCTH, 

cnoco6HOCTH pa6oTaTb .[(JIHTeJihH0e BpeMH 6e3 3aMeTH0ro IlhIJieHHH H 

pa3pyllleHHH, qT06bI npe.noTBpaTHTb pocT conp0THBJieHn» IT0T0KY 

ra3a B TPY6Kax. 

IlpH TeXHHqecK0M ocymecTBneHHH CHHTe3a <l>Hlllepa-Tponllla Ha 

noAa~a BOAbl 

Puc. 1. PeaKTOp co cTau,uo
uapublM cJioeM KaTaJIH3aTopa 

[27] 

CTal.lH0HapHbIX KaTaJIH3aTopax Bb!HBH- 1 

JIHCh 0T.L(eJihHhie TPY.L(H0CTH, K0T0pb1e 

He B03HHKaJIH npH .npyrnx TeXHH

qecKH onpo6oBaHHhIX reTeporeHH0- ' 

KaTanHTHqecKHX npoueccax npeBpa

meHHH ra30B. HanpHMep, Bbl,[(eJIHIO

meecH Tenno peaKUHH 0TB0.L(HJIH K 

BHYTPeHHeH oxna)K,n;aeMoH cTeHKe, 

qrn6hI TeMnepaTypa peaKUHH no.n

.nep)KHBanach B Y3KOH o6nacTH. IlpH 

3T0M CJie,[(0BaJI0 HCKJIIOqHTb MeCTHbie 

neperpeBbl KaTaJIH3aTopa, qTo6bI CHM-
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D:1Da DpH HCIIOill,30BaHHH 

.:j::lllpy1omBMH f333MH H l 

WOii yx:m.n1 npeononemn 

jiC&lopB [ 14]: 

- BC:IOC'l'aTO'IllbIH OTBO.:l 

0&4WK"IWO CHHTe3-ra33 ( ...f 

Ci WB31JJ10ro C.IT0H K3TIL'D 

- uepaBHOMepHWI HaIJJ 

.-x::u.-a :ra:33. B 30H3X C Me 

- eeBOlMOJKHOCTb IIept: 

CO JD-33 onaceHIDI OT.:mm 

- oq,aIIWICHHWI rHOKO 

lllpll)~B; 

--<JlleHb HCBhlCOKIDI IIJ)O 

- 33'Ipy.::IHeHHWI 33I])Y3 

P~-ropw c cycna 
(rpexta:mwe peaKT 

T HBe peanop1,1 6LL1 

p1D1 CO CT3.I{H0HapHl,IM C. 

3,!iWJlCI 6ap6oTa)Km,le KC 

~ ra3a IIpOTeIGleT Ha 

.-.am,t B )KHJIKOCTH ( T3J 

ipl'I.O.JJIT qepe3 cycne1 

1111CC01 IeILlO OTBOllllT II'. 

aipeyJOIUHX BMecTe C D 



noe KaTilllll3aTopa 6oJiee rrpocn,1 B 

N oq>opMJieHHH, qeM B OCTaJibHbIX 

IITOpbl y.u:o6m,I B 3KCIIJiyarnu;HH, He 

I KaTilllll3aTopa, MOI'JT HCIIOJII,30-

B .mo6oro COCTaBa. O.u:HaKo, TaKHe 

CTaTKOB: 1PY1lH0CTb H3I'0TOBJieHHH, 

uocn, rreperpy3KH KaTaJIH3aTopa, 

no IDJHHe, .u:mpqiy3HOHHhie orpa

lIH33Topa, XY.U:IIIHH, no cpaBHeHHIO 

eilJIOOTB0.U: [14]. Ilo3TOMY )KeJia

l!laJI .U:OCTaTOqHoH TeIIJI0IIpOB0L{

[IOpT3 TeIIJia peaKu;HH B rpaHyJiax 

T3KHM KaTaJIH3aTopaM rrpeL{l,HB

IIJ)O'IHOCTH H TepMOCTOHKOCTH, 

: BpeMg 6e3 3aMeTHoro IIhlJieHHH H 

Th poCT corrp0THBJieHHH IIOTOKY 

IHH cHHTe3a <l>HIIIepa-TporrIIIa Ha 

HOHapHI,IX KaTaJIH3aTopax BbIHBH-

<YflleJibHI,Ie 1PY1lH0CTH, KOTOpbie 

I03HHKaJIH IIpH .u:pyrHx TeXHH

fI onpo6oBaHHhIX reTeporeHH0-

1HTWiecKHX rrpou;eccax rrpeBpa

UI :ra.JOB. HarrpHMep, BbIL{eJIHI0-

11 TeIIJI0 peaKI.J;HH OTBOL{HJIH K 

JeHHeii OXJia)K.u:aeMOH CTeHKe, 

,1 TeMnepaTJPa peaKI.J;HH rro.u:

imarrac1, B yJKoii o6Jiacrn. IlpH 

cne110BaJI0 HCKJIJOqHTI, MeCTHhie 

peBbI KaTaJIH3aTopa, qT061,1 CHH-

~ :venmoo6pa3oBaHHe H H36e)KaTh OTJIO)Kem-1ti yrnepo.u:a. KpoMe 

..U. DraJIH3aTop IIOKpbIBaJICH rrapaqJHHOM, ero aKTHBHOCTI, .u:o

auwl() CKOp0 rra.u:ana, qTo Tpe6oBaJIO BbIMbIBaHHll rrapaqiHHa c ero 

aatpXHuCTH. Ilo3TOMY 6brna paccM0TpeHa B03MO)KH0CTb 0TB0L{a 

11:11:D IlpH HCIIOJib30BaHHH L{BH)KyII.J;erOCH KaTaJIH3aTOpa C peu;Hp-

1:)::.pylOIIlHMH ra3aMH H )KHL{K0CTllMH. OcHOBHOe BHHMaHHe rrpH 

:nON y.:ie.JUUIH rrpeOL{OJieHIIIO CJieL{yIOII.J;HX rrpo6JieM MHOI'OTpy6Horo 

- ee.aocraToqHhIH 0TBO.D; TerrJia, o6ycJIOBJieHHhIH MaJIOH mrnetiHOH 

aop>CTI>IO CHHTe3-ra3a (~8 CM/c) H3-3a HH3KOH TeIIJI0IIpOBO.D;HOCTH 

CT3IIIIOHapHoro CJI0ll KaTaJIH3aTopa; 

- HepaBH0MepHall Harpy3Ka KaTaJIH3aTopa no CHHTe3 ra3y H3-3a 

llpOCICOKa ra3a B 30Hax C MeHbllIHM corrpoTHBJieHHeM; 

- HeB03MO)KH0CTI, rrepepa6oTKH I'a30B C BI,ICOKHM co.n;ep)KaHHeM 

CO HJ-3a orraceHHll OTJIO)KeHHH yrnepo.n;a B peaKTope; 

- orpaHHqeHHall rtt6KOCTI, B H3MeHeHHH COCTaBa o6pa3yIOII.J;HXCH 

DpOilJKTOB; 

-oqeHh HeBbICOKaH rrpOH3BO.D;HTeJihH0CTb peaKTOpa; 

- 3aTpy.n;HeHHall 3arpy3Ka H Bbirpy3Ka KaTaJIH3aTopa. 

Pea1nopbl C cycneH)J.Hp0B3HHhlM CJl0eM K3T3J1H33Topa 

(TpeXl)>33Hhle peaKTOphl) - oco6euuocTh 3-ro Il0K0JleHHH 

TaKHe peaKTOpbI 6bIJIH pa3pa6oTaHbI KaK aJibTepHaTHBa peaKTO

pa."1 co CTaI.J;HOHapHbIM CJIOeM KaTaJIH3aTopa. ,ll;AA rrpou;ecca HCIIOJII,

:JYlOTCH 6ap60Ta)l(Hbie K0JIOHHbie peaKTOpbI, B KOTOpbIX rrpeBpaiu;e

HHe ra3a rrpoTeKaeT Ha H3MeJI1,qeHH0M KaTaJIH3aTope, cycrreH.n;Hpo

BaHHOM B )KH,lJ;K0CTH (TaK Ha3bIBaeMbIH CJiappH-peaKTOp). CHHTe3-ra3 

DpOXOL{HT qepe3 cycrreH3HIO MaJieHbKHMH IIY3bipbKaMH, BI,I,D;eJillIO

meecH TeIIJI0 OTBO.D;HT nyTeM HCrrapeHHH B Tpy6ax TeIIJI006MeHHHKa, 

oopa.3yIOII.J;HX BMeCTe c rrapoc6opHHKOM rrapoBOH K0TeJI (pHC. 2). 
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Ceemi-ii;i 
KaTafll'l3aTOp -

nernaR TeMneparypy perynHpyIOT .naane-
4>paK41-1R 

HHeM HaCbIII(eHHOrO B0)].HHoro napa. 

,[(mp<py3HOHHhie orpaHHqeHHH B TaKHX 

~ peaKTOpax MHHHMaJibHbl H3-3a pacnrn

peHHH noaepXHOCTH Maccoo6MeHa Ha -TR>1<enaR 
tj>paKL\l'IR 

rpaHmi;ax ra30BblX ny3blpbKOB. O.nHa-

KO, yaeJIHqeHHe noaepXHOCTHOH CKO

pocTH ra30BOro IIOTOKa npHBO)].HT K 

KoaryJIHI.J;HH ITy3blpbKOB ra3a, qTO, B 

caoIO oqepe)].h, yMeHhlllaeT noaepx-

Puc. 2. PeaKTOpb1 c cycneu- HOCTh Maccoo6MeHa. 

PeaKTophI 6ap6oTa)l<Horo THIIa )J.HpOBaHHblM CJIOeM KaTa

JIH3aTOpa [27) 
o6ecneqHBaIOT xopOlllHH TenJIOOTBO)]. H 

H3oTepMHqecKoe npoTeKaHHe nponecca. Ilpo6neMa oT.neneHHH Ka-

TaJIH3aTopa 6bIJia pellleHa, H B 1993 r. KOMMepqecKHH cnappH

peaKTOp 6brn 3anymeH B 3Kcrrrryarnu;HIO. 

IlpOH3B0)].HTeIThHOCTb KaTaITH3aTopa 6naro.napH HHTeHCHBHOMY rre

peMelllHBaHHIO H MarroMy pa3Mepy qacTHI.J; yaeJIHqHaaeTCH npH6rrH-

3HTeJ1bHO B qeThipe pa3a, ecrrH cqHTaTh no o6neMy KaTaJIH3aTopa. Ho, 

TaK KaK KaTaJIH3aTOp 3aHHMaeT JIHlllb He6oJiblllYIO )].OJIIO o6neMa peaK

TOpa, npOH3B0)].HTeJihHOCTb B pacqeTe Ha o6neM peaKTOp, B rryqllleM 

crryqae, .nocTHraeT Tex )Ke 90-100 Kr rrpo.nyKTa Ha 1 M3 peaKTOpHoro 

npOCTPaHCTBa B qac. EcrrH HCXO)].HTb H3 o6'heMa 6pyTTo (HCqHCITHe

MOro no ra6apHTaM peaKTopa H BKJ1IOqa10mero, nOMHMO co6CTBeH

HOro npe)].Ha3HaqeHHOro npOCTPaHCTBa, o6neM TeIIJI006MeHHHKOB, 

110)].KpbillleqHoro, )].OIIOJIHHTeJihHbIX Maccoo6MeHHblX YCTPOHCTB), TO 

no )],aHHbIM [28-29], pa60TaIOni;He B IOAP cpe.nHepa3MepHbie peaKTo

pbI SASOL Slurry Phase Distillate (SPD) npoH3BO)].HT 28 Kr npo

)].YKTa!M3 B qac, a KpyrrHopa3MepHbie peaKTOphI ORYX a Kampe, no 

.naHHhIM KOMna-HHH SASOL [30], - oKorro 17 Kr npo.nyKTa/M3 B qac. 
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Ilpo.aytcraMH TaKOro CHHTe3a 

IICll()lle'IHhle yrneBO)].Opo.ru,1 - BOC! 

.. ID-eii CTa)],HH - rH)lpOICpel(] 

HutepectlO, TIO B 6ap60Ta)KHOM ] 

.-.ecIBO OKCHreHaTOB, qeM B TP; 

ara:IB3aTOpOM. 

B ,:aqecTBe rrpeHMymeCTB lJl 

DJPOlil TPy6qarnro THrra Ha3hlB31<Y 

) ) 6o.rree HH3KaH CTOHMOCTb (B 

2) BLIHrpbllll B CTOHMOCTH l 

spena;i naarreHHH B peaKTope B 4 

3) MeHI:,lllee KOJIHqeCTBO K3T3 

~•OB (B 4 pa3a); 

4) 6oRhlllaH H30TepMH1IHOC11 

pa6on,1 rrpH 6orree BblCOKHX 1 

D!IBHOCTH; 
5) OTCYTCTBHe Heo6xo)].HMOC 

J11011,1 KaTaJIH3aTopa. 

O:waKo, npH 3TOM aapHa.B.TI 

creneHH nO)],BepraeTCH O'IpaB.i'lel 

:JOY), TOr)].a KaK B CTalJ;HOHapHOJ 

au c."loH. KpoMe Toro, KaTamna 

peairropa, )].OJI)KeH o6rra)].aTh ye1 

'leCKOH rrpoqHOCTbIO) H rH)].pol1 

o6ecneqHTb )].OCTaTOqHO BbICO~ 

au qaCTHI.J; )].OJI)KeH 6hITb OT 10 

1IC1YJ>e apryMeHTa rrerno onp 

JIOIIPOBO)].HOro KaTaJIH3aTopa M 

oemIOCTH Macco- H TeIIJIOilepe 

npouecca B CTaI.J;HOHapH0M C.,"IO 



PY peryJIHpyIDT AaBrre

!Hlloro BOAHHOro rrapa. 

•e orpaHHqemrn B TaKHX 

HHMaJihHbI H3-3a pacrrrn

mOCTH Maccoo6MeHa Ha 

OBLD{ rry3blpbKOB. O)];Ha-

1Be IlOBepXHOCTHOM CKO

•ro Il0TOKa npHBO)];HT K 

oy:n,IpbKOB ra3a, qTo, B 

u,, YMeHbIIIaeT rroBepx-

6MeHa. 

6ap60Ta)KHOro THila 

rr xopOIIIHH TenrrooTBOA H 

Ipo6rreMa OT,l];eJieHHH Ka

KOMMepqecKHM crrappH-

ll'OllapH HHTeHCHBH0MY rre

l YBeJIHqHBaeTCH rrpH6rrH

o6beMY KarnrrmaTopa. Ho, 

lbirrylO AOJIIO o6beMa peaK

OO'beM peaKTOp, B nyqIIIeM 

cyICra Ha 1 M 3 
peaKTOpHoro 

xn,eMa 6pyuo (HcqHCJIHe

omero, noMHMO co6cTBeH-

001,eM Tennoo6MeHHHKOB, 

XX>MeHHbIX YCTPOHCTB ), TO 

' cpellHepa3MepHbie peaKTO

)) np0H3B0AHT 28 Kr rrpo

cropbl ORYX B Kampe, no 

o 17 Kr rrpo,11,yKTa!M
3 

B qac. 

llpo.ayKTaMH TaKoro CHHTe3a HBJIHIOTCH, B 0CH0BH0M, ,11,JIHHHO

SIIO"le-Illble yrrreBOA0P0AbI - B0CKH, TPe6yIOIIIHe B CTPYKTYPe 3aBo

.:a ID-eii CTa,11,HH - rH,11,poKpeKHHra H/rurn rHAP0H3oMepmau,HH. 

lhnq>ecHO, qTO B 6ap60Ta)KHOM peaKTOpe 06pa3yeTCH 60JibIIIee K0-

.--.eerso 0KCHreHaT0B, qeM B TPYfiqaTOM peaKTope C aHarr0rHqHblM 

a:ra:nrJaTOpOM. 

B JC3qecTBe rrpeHMyIIIecTB TPexq>a3Horo peaKrnpa rrepeA peaK

topoM TJ)y6qarnro rnrra Ha3bIBaIOTCH crre,11,yIOIIIHe [21]: 

l) 6orree HH3KaH CTOHMOCTb (Ha 25%); 

2) BbIHrpbllll B CT0HMOCTH KOMIIpeCCHH CHHTe3-ra3a (TaK KaK 

aq,ena,n; AaBneHHH B peaKTope B 4 pa3a MeHbIIIe); 

3) MeHbIIIee KOJIHqecTBO KaTaJIH3aTopa AJIH rrp0H3BOACTBa T0HHbl 

DpO;cyKTOB (B 4 pa3a); 

4) 6oJiblllaH H30TepMHqH0CTb H, KaK CJie,l];CTBHe, B03M0)KHOCTb 

pa6orh1 rrpH 6orree BbIC0KHX K0HBepCHHX 6e3 IIOTepH B ceneK-

1:RBHOCTII; 

5) OTCYTCTBHe Heo6XOAHMOCTH 0CTaHaBJIHBaTb peaKT0p AJIH 3a

JleHbl KaTarrmaTopa. 

OllHaKo, rrpH 3TOM BapHaHTe rrpou,ecca KaTaJIH3aTop B 60JibIIIeii 

creneHH II0ABepraeTCH 0TPaBJieHHIO H)];aMH (HarrpHMep, cep0BOAOpo

.:IOM.), T0rAa KaK B CTaIIH0HapHOM crroe 0TPaBJIHIOTCH T0JibKO BepXHHe 

Cfl) CJI0H. KpoMe Toro, KaTaJIH3aTop, HCIIOJib3yeMbIH AJIH TaKoro THIIa 

peaxropa, AOJI)KeH o6rra,l];aTb ycToiiqHBOCTblO K HCTHpaHHIO (MeXaHH

'll:CICOH rrpoqHocTbIO) H rHApoTepMarrbHbIM B03AeiicTBHHM. A qT06b1 

o6ecneqHTb A0CTaToqHo BbICOKYJO XHMHqecKyIO aKTHBHOCTb, pa3Mep 

Cfl) qacTHII AOJI)KeH 6bITb OT 10 AO 500 MHKpoH. K ToMy )Ke, rrepBbie 

wrrLlpe apryMeHTa rrerKO orrpoBepraIOTCH C03,l];aHHeM BbICOKOTerr

JIDlll)OBOAHOro KaTaJIH3aTopa H peaKTOpa, yqHTb1BaI01I1ero Bee oco-

6elmocTH Macco- H TerrrrorrepeHoca peaKIIHH <l>mrrepa-TporrIIIa, AJIH 

opouecca B CTaIIHOHapHOM crroe. QqeBHAHO, qTO rrpH 3T0M CHH3HTCH 
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H KOJrnqecTBO Heo6XO.JJ.HMOro KaTaJIH3aTopa, H pa3Mepbl peaKTopa, H 

IlOHBHTCH B03MO:>KHOCTh Y13eJrnqHTh Harpy3KY no CHHTe3-ra3y 6e3 

IlOTepH ceneKTHBHOCTH. Il03TOMY Hey.n;HBHTeilbHO, qTo COBpeMeHHOe 

3-e IlOKOileHHe TeXHOilOrHH c paBHhIM ycrrexoM rrpHMeHHeT B rrpo

MhIIIIIleHHOCTH H MHOrOTpy6Hbie peaKTOpbI, H cnappH-peaKTOpbI. 

PeaKTOpbl C nceB,llOOmmKeHHbIM CJIOeM KaTaJIH3aTopa -

THIIHqffbl ,llJISI 2-ro IIOKOJieHHSI 

IIpo,r(YICTaMH BhICOKOTeMnepaT)'PHOro CHHTe3a <l>mnepa-Tporuna 

B peaKTOpax C rrceB.JJ.00:>KH:>KeHHhIM cnoeM KaTaJIH3aTopa HBilHIOTCH 

yrneBO.JJ.OPO.JJ.hl 6eH3HHOBOM q>paKUHH, oneq>HHhl (npeHMyI1IecrneHHO 

C2-C4) H KHCnopo.n;co.n;ep:>I<aIIIHe coe,1],HHeHHH. 

qaCTHqKH KaTaJIH3aTOpa H ra3 6bICTp0 TpaHcnopTHPYIOTCH no 

Il0,1],beMHOM Tpy6e MeHblllero ,lJ,HaMerpa B peaKTOp (pHC. 3). TaM, H3-

3a 3HaqHTeilbHO 6onee HH3KOM IlHHeMHOM CKOpOCTH ra30Boro IIOTOKa, 

IIOBhIIIIaeTCH KOHIJ,eHTpaIJ,HH KaTaJIH3aTopa, KOTopyIO IIO,lJ,.JJ.ep:>KHBaIOT 

rrocTOHHHOii. KaTaJIH3aTop, rrpo.n;yKThI CHHTe3a H ocTaToqHhIM ra3 I 
I 

BhIBO.JJ.HT H3 BepxHeii qacTH peaKTOpa qepe3 .nyroo6pa:my10 Tpy6y H ! 
l 

HanpaBnHIOT B Konomzy-cenapaTop .nnH oT.n;eneHHH KaTaJimaTopa. j 
,[(nH pa3ph1xneHHH KaTaJIH3aTopa H ero B03Bparn B IJ,HKil B cerrapaTop I 

OTxoARw,1-1l1 ( TpaHcq>opMHPYIOT) no;::i:aroT cHHTe3-

ra3 ra3 [31-32]. TaKHe peaKTOphI o6ec-

CTOAI< 

3aAB1-1>1<1<a 
noAa4a 
~;:ero,--:=:;;:::;;E::::::.,, 

neqHBaIOT xopOIIIHH TennoOTBO.JJ. H 
Ten110-
06MeHH1-11<1-1 H3oTepMHqecKoe rrpoTeKaHHe rrpo-

u,ecca. O.n;HaKO HX CilO:>KHO BbIBeCTH 

Ha pa6oqHif pe:>KHM. Ilpo6neMOM HB-

Puc. 3. PeaKTop c nceeJJ,o
oamm:euuhtM CJJOeM KaTa-

nHeTCH H OT,lJ,eneHHe KaTaJIH3aTopa OT 

rrpO.JJ.yKTOB. KpoMe Toro, OT,lJ,eilhHhie 

Y3Ilhl IlO,lJ,BepraIOTCH CHilhHOH 3p03HH 

[33-34]. 
JJH3aTOpa [27] 
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:ara..·1113,nopa, H pa3Mepbl peaKT0pa, H 

PHITI, Harpy3KY no CHHTe3-ra3y 6e3 

II}' Hey,mrnHTeJibHO, qTo COBpeMeHHOe 

paBHLIM ycnexoM npHMemi:eT B npo

e peaKTOpbI, H CJiappH-peaKTOpbI. 

retlllLIM CJIOeM K3T3JIH33Topa -

Iii 2-ro DOKOJICHHH 

,arypHoro CHHTe3a <l>mnepa-Tpomna 

HhlM CJIOeM KaTaJIH3aTopa HBJIHIOTCH 

aICIIHH, OJieq>HHhI (npeHMyIIIeCTBeHHO 

: coeJJ.H1IeHHH. 

1113 6I,1crpo rpaHcnopTHpyIOTCH no 

llaMerpa B peaKTop (pHC. 3). TaM, H3-

IHHeHHOH CKOpOCTH ra3oBoro noTOKa, 

raJIH3aTOpa, KOTopyIO no.n;.n;ep)I(HBaIOT 

OJlYICThI CHHTe3a H OCTaTO'IHhIH ra3 

llCfOpa qepe3 .n;yroo6pa:1Hy10 rpy6y H 

a-rop .D:JIH OT,[(eJieHHH KaTaJIH3aTopa. 

il H ero B03Bparn B IIHKJI B cenapaTop 

('rpa.ucq>opMHpyIOT) no.n;aIOT CHHTe3-

ra3 [31-32]. TaKHe peaKTOphI o6ec

lle'IHBalOT xopOIIIHH TenJI00TBO.[( H 

R30TepMH'lecKoe npoTeKaHHe npo

[lecca. O,n;HaKO HX CJIO)I(HO BhIBeCTH 

ira pa6oqHJi pe)I(HM. IIpo6JieMoii »B-

1U1ercH H OT,[(eJiem1e KaTaJIIBaTopa OT 

[IJ)OJlYKT0B. KpoMe Toro, oT,n;eJihHhie 

Y3JThl IIO,n;BepraIOTCH CHJihHOH 3p03HH 

[33-34]. 
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B peaKUHOHHhIH annapaT BMOHTHpOBaHhI XOJIO.[(HJihHHKH C IIHp

IJJml(Hdi MaCJia, qTo6hI OTBO.[(HTh qaCTh BbI.[(eJIHIOIIIeroc» TenJia H He 

~"ClraTh nOBhIIIIeHHe TeMnepaTyphI BhIIIIe 350 °C. fa3 H KaTa

.wiamp ,[(BH)I(YTCH np»MOTOKOM no rpy6KaM 3THX XOJIO.[(HJihHHKOB. 

UI'allll3aTOp, rrpo,n;yKThI CHHTe3a H OCTaTOqHhIH ra3 BhIBOMT CBepxy 

'1qJC3 :cyroo6pa3HYIO rpy6y H HanpaBJIHIOT B KOJIOHHy-cenapaTOp .[(JIH 

pa:ue.i:eHIUI KaTarrmaTopa H ra3oBoii q>a3hI. r a3 npoxo,n;HT qepe3 ,n;Ba 

BDC:Je,lOBaTeJibHhIX IIHKJIOHa .[(JIH OT.[(eJieHHH KaTaJIH3aTopa. 

PasHOMepHOCTh IIHPKYJIHIIHH KaTaJIH3aTopa Heo6xo,n;HMa .[(JIH ero 

a:teIHOH H npo,n;OJI)I(HTeJibHOH 3KCnJiyaTaIIHH. JII06b1e HapyrneHHH B 

.;aRieHHH KaTaJIH3aTopa H H3MeHeHHH B COCTaBe CHHTe3-ra3a BJIHHIOT 

ID YCJIOBHH CHHTe3a. ECJIH Ha6JIIO,n;aeTCH nOBhIIIIeHHOe o6pa30BaHHe 

alCOKOMOJieKyJI»pHbIX npo,n;yKTOB, 3a6HBaIOTCH rpy6KH XOJIO.[(HJih

lBID H nOBhIIIIaeTCH o6pa30BaHHe yrJiepo.n;a, TO CHH)I(aeTCH aKTHB

IIDC'Th KaTaJIH3aTopa . 

KaTaJIH3aTop, HCnOJih3yeMbIH B peaKTOpax C nceB.[(00)I(H)I(eHHhIM 

CIOCM, .[(OJI)I(eH o6Jia,n;aTb BhICOKOH ycTOH'IHBOCThlO K HCTHpaHHIO. 

CreoeHh HCTHpaHHH 3epeH KaTaJIH3aTopa 3aBHCHT OT MexaHH'leCKOH 

Dp()"IHOCTH, K KOTopoii npe,n;bHBJIHIOTCH rpe6oBaHHH 6oJiee BhICOKHe, 

'KM npu HCnOJib30BaHHH KaTaJIH3aTopa B Hen0.[(Blf)I(H0M CJIOe. 

'3'ro qacT0 HCKJIIO'laeT npHMeHeHHe .[(JIH rrceB,[(00)I(lf)I(eHHOrO CJIOH 

DI3.JIH3aTOp0B, xoporno 3apeKOMeH,[(OBaBIIIHX ce6x B Heno,n;BH)I(HOM 

caoe, H rpe6yeT pa:1pa60TKH COBeprneHHO HOBhIX MexaHHqecKH npoq

llWX KaTarrH3aTopoB. K T0MY )I(e, cyIIIeCTBYIOT pa3JIHqHhie TeXHOJI0rH

'leCICHe npo6JieMbI H orpaHHqeHHH: paBHOMepHOCTh KOHTaKTa Me)I(,n;y 

I230M H KaTaJIH3aTopoM, OT,[(eJieHHe KaTaJIH3aTOpHOH nhIJIH, oce,n;aHHe 

DraJIH3aTopa B peaKTOpe, 3ayrJiepO)I(HBaHHe H H3MeJihqeHHe KaTa

.:noaTopa. 
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Ilpo)J;yirrhl np011ecca H HX OCHOBHhie xapaKTepHCTHKH 

CymecTBeHHhIM OTJIJlqJieM yrneBo,nopo.n;HhlX rrpo,nyKTOB CHHTe3a 

<l>mnepa-Tpomna OT Heq>Terrpo,nyKTOB ~rnm1eTCH OTCYTCTBHe B HHX 

cepi,1, a30Tco,nep)Kam11x, a B px,ne cJiyqaeB II apoMaT11qecKHX coe

,IJ;HHeHHM, qTo cymecTBeHHO IIOBhllllaeT HX 3KOJIOr11qecKyIO n;eH

HOCTh. OcHOBHhIMH xapaKTepHCTHKaMH rrpo,nyKTa HBJI.HIOTCH rpyrr

IIOBOM H <PpaKn;HOHHhIM COCTaB. B pe3yJihTaTe CHHTe3a <l>mnepa

Tporrrna IIOJiyqaeTCH CMeCb yrneBo,nopo,noB C pa3JIHqHoM MOJieKy

JI.HpHOM MaCCOM H pa3H006pa3HhIM CTpoeHHeM: BOCK, MaCJia, CMa-

30qHI,Ie MaTepHa.Jihl, ,Il;H3eJibHhle TOIIJIHBa, KepOCHH, HaqJTa, ra3o

o6pa3Hhle yrneBo,nopo,ni,1 CrC4 [21, 24-25]. Co,nep)KaH11e yrneBo

,nopo,noB CI 9+ ( BOCKOB) no pea.JIH30BaHHhIM B rrpOMhlIIIJieHHOCTH : 

TexHoJiorHHM cocTaBJIHeT .no 40 Mace. %, ,n113eJihHoe TOIIJIHBO - ,no l 
30%, Ha<Prn - .no 25% 11 ra3oo6pa3HhIX yrneBo,nopo;:i:oB - ,no I 0% OT I 
o6mero KOJIHqecTBa IIOJiyqaeMbIX CHHTeT11qecKHX yrJieBo,nopo,noB. i 
Bee rroJiyqaeMhle rrpo,nYKThl MoryT 61,ni, ChipbeM ,IJ;JIH HeqJTex11- I 

~ ~ I 
MJiqecKOH H XHMJiqecKOH rrpOMhlIIIJieHHOCTH, B TOM qJicJie .[(JIH rrpOH3- ! 
BO,IJ;CTBa BhICOKoKaqecTBeHHhIX MOTOpHhIX TOIIJIHB. l 

ra3oo6pa3Hhie yrneBo,nopo,nhl MoryT 61,ni, rrepepa6oTaHhI B apo

MaT11qecK11e yrneBo;:i:opo,nbl [35]. IlpOIIHJieH MO)KHO HarrpaBJIHTh Ha 

OJIHroMepH3an;HIO .[(JIH IIOJiyqeHH.H KOMIIOHeHTOB MOTOpHblX TOIIJIHB H 

Ha IIOJIHMep113au;11IO, qT061,1 IIOJiyqHTh IIOJIHIIpOIIHJieH [36]. BhICIIIHe 

a-oJieqJMHhl 5IBJIHIOTCH n;eHHhIM ChlpheM .[(JIH n;eJioro px,na XMMMqecKHX 

BemecTB [37] - 6bITOBhIX MOIOII{MX cpe.n;cTB, qlJIOTOpeareHTOB, 3MYJib

raTopoB, KOMIIOHeHTOB CMa3oqHO-OXJia)K,Il;aIOm11x M 6ypMJihHbIX 

)KH,IJ;KOCTeM, IIJiaCTMqlHKaTopoB, pa3JIMqHl,IX THIIOB IIpMca,noK, CMHTe

TMqecKMX HM3K03aCTbIBaIOII{MX MaceJI, IIOJIMMepoB, .nerrpeccaTopoB 

HeqJTeM H HeqJTerrpo,nyKTOB, BbICIIIHX aJIKMJiaMMHOB H a.JIKMJia.JIIO

MMHMHOpraHHqecKMX coe,nMHeHMM, TeIIJIOHOCHTeJieM, CMHTeTMqecKHX 

)KHpHbIX CIIHpTOB M KMCJIOT, a TaK)Ke ,Il;JIH KOMIIOHeHTOB pa3JIMqHbIX 
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SD1illl03Hn;HM (MaCTHK, repM~ 

..epa----Tpomna MO)KHO IIOJiyqaTb 

ZIOllOB yrJiepo.na, qTo HeB03MO)K] 

'laC'lllOCTH, OJIHrOMepH3an;MeH 3THJl 

Ha<Prn rrpe,ncrnBJIHeT co6oii c: 

~1CTBMM 061,1qHbIX K06aJibTO 

;mnl, CblpbeM .[(JIH IIpOH3B0,U~ 

..CIOie H BbICOKOMY co.nep)l(a.HHI 

cnpilB-DeI KaTa.JIM3aTOpbI M II03BOJ 

.:eJDO c HaqJTOH HeqJTerrepepa6an 

..._ IlocKOJihKY CMHTeT~ecKruI 1 

,!l::a::&0.::1.0po.n;oB, ee MO)KHO HCIIOJII, 

:,&le XJDffl'IeCKHX rrpou;eccoB. B 

&WA.'TI, Haq>Tbl, IIOJiyqeHHOH m 

:mJq,ax_ HeBeJIHKa, IIOCKOJibKY ) 

llanOMy .:IJUI BbICOKOKaqeCTBeHH( 

~'IL peKTHqlMKan;MM, qlpaICIIH 

__ -i,_, Cr-C10 - Ha IIJiaT-qJOpMBH 

piilWI••> C IIOCJie,UYfOII{HM nuipl 

.-o::unne.TuHhIX rrpon;eccoB .an• 
uzc.:::aa HepeHTa6eJibHO C 3KOH01 

MWiH• cHHTe3a <l>ttrnepa-Tpom 

m•n• traI'3.i'1H3aTOpOB II0JiyqaeM~ 

www .c..mo H3orrapaqJHHOB 6e3 ap 

-- )[ opnmroHHOMY 6eH3HH)' ,,l.Jlll 

&:IH Haq>Ty He ornemrn. OT 1tJ 

.-iilnid IHlllCHH rrpo.nyn qacro 

...,_ CBH1ernqecKru1 Heq>Th - np 

-·MIW"l'.la,. 11pelICTilBIDIIOWruI COO 

~ H H30CTJ)OeHIDI [42]. 

2 



u OCBOBBble xapaKTepHCTHKH 

yr:1eBO.llOpO.llHbIX npO.ll)'KTOB CHHTe3a 

~.!l)'KTOB ID3llileTCH OTCYTCTBHe B HHX 

IJL'.(e CJiy1JaeB H apoMaTHqecKHX coe

IOBhllllaer HX 3KOJIOrHqecKyIO I.(eH

CTHKaMH npO.llJKTa HBJIHIOTCH rpyn-

8. B pe3YJibTaTe CHHTe3a <I>muepa

neoo11oponoB c pa3JIHqHoii MoJieKy

lLDf CTpoem1eM: BOCK, MacJia, CMa

e Tonmrna, KepoCHH, Haq>Ta, ra3o-

1 [21, 24---25]. Co,nep)l(am1e yrneBo-

3JIH30BaHHbIM B npOMbIIIIJieHHOCTH 

Mace. %, .llll3eJibHOe TOITJIHBO - ,no 

>33HblX yrneBO.llOPO.llOB - .llO I 0% OT 

,IX CHHTe'fJiqecKHX yrneBO.llOPO.llOB. 

myr 6bITb CblpbeM .llJIH HeqlTeXH

[IL'IeHHOCTH, B TOM qHcJie .llJIH npoH3-

[YI'{)pHbIX TOITJIHB. 

[ Moiyr 6bITb nepepa60TaHbl B apo-

IlpomrneH MO)l(HO HanpaBJIHTb Ha 

r ICOMilOHeHTOB MOTOpHbIX TOITJIHB Ji 

"IIITh IIOJIHIIponHJieH [36]. BbICIIIHe 

[J)l,eM 11JUI I.(eJioro PH.lla XHMJiqecKHX 

K: cpe.llCTB, qlJIOTOpeareHTOB, 3MYJib

HO-OXJia)l(.llaIOII.(HX H 6ypHJibHbIX 

:l3JIWIHbIX THITOB npHCa,l(OK, CHHTe

aceJI, noJIHMepoB, .llenpeccaTopoB 

:IIIHX aJIKHJiaMHHOB Ji aJIKHJlaJIIO-

' TeIIJIOHOCHTeJieii, CHHTeTHqecKHX 

OKe 11JUI KOMITOHeHTOB pa3JIHqHbIX f 

I 

mwio3HI.J;HR (MaCTHK, repMeTHKOB, noKpbITHR). CHHTe30M <l>H

mepa--TporrIIIa MO)l(HO IIOJiyqaTb a-oJieqlHHbl C HeqeTHbIM qffCJIOM 

aTOMOB yrnepo.lla, qTo HeBO3MO)l(HO TPa.llHI.J;HOHHbIMH MeTO.llaMH, B 

'13CTHOCTH, OJIHI'OMepH3au;Heii 3THJieHa. 

Ha<Prn npe.llCTaBJIHeT co6oii CMecb yrneBO.llOPO.llOB C 5-C10, a B 

DpHCJTCTBHH o6bJqHbIX K06aJibTOBbIX KaTaJIH3aTopoB MO)l(eT cny

mm, CblpbeM .llJIH npoH3BO.llCTBa OJieqlHHOB [38-40]. Enaro,l(apH 

"IBCTOTe Ji BbICOKOMY CO.llep)l(aHHIO JIHHeRHbIX rrapaqlHHOB, OHa He 

orpaBJIHeT KaTaJIH3aTOpbl H IlO3BOJIHeT IIOJiyqHTb 60JiblliHR, no cpaB

HeHHIO C HaqlTOR HeqJTenepepa6aTbIBaIOII.(HX 3aBO.llOB, BbIXO.ll OJieqJH

HOB. IIocKOJibKY CHHTeTHqecKaH HaqJTa He CO.llep)l(HT I.(HKJIJiqecKHX 

}TJieBO.llOPO.llOB, ee MO)l(HO HCIIOJib3OBaTb B KaqecTBe pacTBOpHTeJIH B 

p,me XHMJiqecKHX rrpol.(eCCOB. B KaqecTBe KOMITOHeHTa 6eH3HHOB 

ueHHOCTb HaqlTbI, IlOJiyqeHHOR Ha o6bJqHbIX K06aJibTOBbIX KaTaJIH

JaTOpax, HeBeJIHKa, IlOCKOJibKY HMeeT HH3KOe OKTaHOBOe qHCJIO. 

II03TOMY .llJIH BbICOKOKaqecTBeHHoro 6eH3HHa HaqJTy CJie,l(yeT IlO.ll

BeprHJTb peKTHqlHKaI.J;HH, cppaKI.(HIO Cs-C6 HanpaBHTb Ha H3OMepH

JaQHIO, C,C10 - Ha nnaT-cpopMHHr, onecpHHbI CrC4 - Ha OJIHroMe

pH3aQHIO C ITOCJie.llyIOII.(HM I'll.llPHPOBaHHeM. nOJibIIIOe KOJIHqecTBO 

,lOITOJIHHTeJibHbIX npou:eccoB .llJIH BbIITYCKa 6eH3HHa npHeMJieMoro 

KaqecTBa HepeHTa6eJibHO C 3KOHOMHqecKOR TOqKH 3peHHH. IlpH pea

JIH3aQHH CHHTe3a <DHIIIepa-TporrIIIa B npHCYTCTBHH u:eoJIHTCO.llep

)I(aII.(HX KaTaJIH3aTopoB nonyqaeMaH Ha<pTa CO.llep)l(HT 3HaqHTeJibHOe 

KOJIHqecrno H30napacpHHOB 6e3 apoMaTHKH Ji MO)l(eT CJIY)l(HTb .ll06aB

KOR K npHMOroHHOMY 6eH3HHY .llJIH ynyqIIIeHHH ero Kaqecrna. 

EcJIH Ha<pTy He OT.lleJIHTb OT .llpyrHx )l(Ji,l(KHX yrneBO.llOPO.llOB, TO 

.ll06bITbIR )l(Ji.llKHR rrpO.llYKT qacTO Ha3hIBaIOT cu11memu'lecKou 11erp

mb10. CHHTeTJiqecKaH He{pTb - np03paqHaH cna60BH3KaH CTa6HJibHaH 

)KH.llKOCTb, rrpe.llCTaBJIHIOII.(aH co6oii cMecb yrneBo,nopo.llOB C 5-C19 

HOpMaJibHOro H H3OCTPOeHHH [42]. IlpO.llYKT MO)l(eT 6bITb HCITOJlb3O-
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I 
BaH )].JI.SI )].MhHeihueii nepepa6oTKR B MOTopH1,1e TonJIRBa, B KaqecTBel 

CblpMI )].JISI XHMifqecKOH H HeqneXHMRqecKOH npOMblllIJieHHOCTii liJIH 

KaK caMOCTOSITeJibHblH TOBapHblH npo)].yKT. CiiHTeTHqecKaSI Heq>Th 

npaKTifqeCKH He cop,ep)KRT He:>KeJiaTeJihHbIX coe)],RHeHRH cep1,1 Ii 

a30Ta Ii npeBOCXO)],liT YKa3aHHbie Heq>Tli no cop,ep)KaHHIO )],li3eJihHbIX 

q>paKI.IRH. 

KepocRH ( q>paKI.IliSI yrneBO)],OpO)],OB C10-C14) MO)KeT CJIY)KliTI, 

I.IeHHblM CblpbeM )],JISI peaKTliBHbIX TOnJIRB Ii noBepXHOCTHO-aKTliBHblX 

coe)],HHeHRH [21]. B npoI.Ieccax XTL 3TOT npo)].yKT 06pa3yeTcS1 KaK 

npH nepBWIHOM q>paKI.IliOHiipOBaHRH nonyqeHHOH CMeCR yrneB0)],0-

pO)],OB, TaK H npli rR)],pOKpeKRHre Ii rR)],pOH30MepR3aI.IRH BOCKOB C 

nocnep,yIOlllliM pa3)],eJieHHeM B peKTliq>RKaI.IHOHHOH KOJIOHHe. 

,l],R3eJihHoe TonJIRBO no TexHonorRR XTL npR nepBHqHOM <ppaK

llROHRpoBaHRR npop,yKTOB CliHTe3a Ii npR rRp,poKpeKRHre Ii rRp,po

li30MepH3aI.IRH BOCKOB, SIBJISleTCSI, KaK npaBRJIO, OCHOBHbIM I.IeJieBbIM 

npop,yKTOM Ii RMeeT BbICOKliH I.IeTaHOBblH liH)],eKc [43-47]. OHO 

npaKTifqeCKii He cop,ep:>KHT cep1,1 H apoMaTifqeCKHX yrneBO)],OpO)],OB. 

CqRTaIOT, qTo CliHTeTHqecKoe )],R3eJibHOe TOnJIRBO RMeeT nyq

rnyIO 6Ropa3JiaraeMOCTb [ 48]. C p,pyroii CTOpOHbl, ero qyBCTBHTeJih

HOCTb K KliCJiopop,y Bmp,yxa CHR)KaeT CTa6HJibHOCTb, qTo Ha)],O yqR

TbIBaTb npR xpaHeHRli. IlJIOTHOCTb CliHTeTRqecKOH )],li3eJihHOH q>paK

lllili Hli)Ke, qeM y CTaHP,apTHOro )],H3TOnJIHBa. 

TSl>KeJiblH napaqmH (BOCK, I.Iepe3RH) npR CHHTe30M <l>Hrnepa

Tponrna - npop,YKT BhICOKoro Kaqecrna, npHMeHS1eM1,1ii B cpapMaKo

norRR Ii nap<pIOMepRR, a TaK>Ke B npOii3BO)],CTBe CBeqe0:, MaCTHK, 

nJiaCTli!pRKaTopoB, BOllleHOH 6yMarH, cnJiaBOB )],JISI TOqHoro JlliTbSI 

(21, 40]. OT npop,yKTOB MRHepanbHOro npoRCXO)K)],eHRSI CiiHTeTH

qecKRe BOCKli OTJIIfqaeT BbICOKaSI qliCTOTa, cna6aSI annepreHHaSI 

aKTliBHOCTb Ii 6onee BbICOKaSI TeMnepaTYPa nJiaBJieHRSI. 3TH TSl:>KeJibie 

napaq>RHbl xapaKTepli3YIOTCSI Hli3KliMli noKa3aTeJISIMli p03JIRBa Ii 
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~ H SIBJUIIOTCSI JiyqllIHM 6a30B1 

C1A10L TIO cpaBHeHRIO C npoJJYI(TilMH ) 

IloKoJieHHB XTL c nei 

onpeJJ.eJIBIOIU,SB p0Jib CBm 

B eacro,uuee BpeMSI B MRpe cpymcn 

3aBo)].a XTL 3-ro 110K 

faloSA.. 1993, OCHOBaHHbIH Ha TeXD 

_., - Shell, 1993; Oryx (Kamp) -

.._.an). 2006; H Pearl (KaTap) - She 

.,C-ICI crpoHTeJibCTBO 6onee )],eCnKa 

... 00.ThllIHHCTBa nJiaHHpyeMHX ~ 

MIW■Ha>, Ha6mop,aS1 3a p,eS1Tem.Hoc

• IUhlX npoeKTOB, B nepByIO oq1 

ia ,:,a Pearl. 

A113..,orwrnaS1 CRzyaI.IHSI B CBoe I 

~ noKoJieHHSIMR XTL, Ha1IHH~ 

•~ noKoJieuue XTL OTBeTC11 

BIUpOii MHpOBOH BOHHbl HeMeUIC< 

wu:e c 1954 r. pa60Tana yCTaH 

JmmBOCTl,IO OKOJIO 50 TbIC. Tfr, 

rqwaHHH o6opyp,oBaHHe. CHaqaJlcl 

J11>aL .J.0HeI.IKOro 6accett:Ha, 3aTeM 

111po:iy1anrn 3aBop,a BXO)].HJIH IIB)llll 

alli 11BCT0Tbl, B TOM q}icJie U-0.."1( 

amaep<>M. Co BpeMeHeM HeMemraii 

• opHrHHanhHhIH - Co-Zr. )bi 

JllaoqepKaCCKOro 3aBO)],a CHHTeT 

.-a,. .l.J"l.SI 3anpaBKli rpy30BHKOB 0 

sicc <l>Hlllepa-Tponrna oKa33.i'ICJI 

Clt!ID(OCTI, TOnJIRBa Ii3 )].06b1Bae 



H B MOTOpHble T0rrmrna, B KaqecTBe 

JIMHllecKOH npOMbllllJieHHOCTH HJIH 

i DpOA)'KT. CHHTeTHqecKaH Heqm, 

C,'JareJil,Hl,IX COe}],HHeHHH cepbl H j 

Detpm no co.n;ep)KaHHIO }],H3eJibHbIX ! 

ll)O.llOB C1o-C14) MO)KeT crry)KHTb 

TOilJIHB H ITOBepXHOCTHO-aKTHBHbIX 

~ 3TOT npo.n;yKT 06pa3yeTCH KaK 

IHH norryqeHHOH CMeCH yrrreB0}],0-

: H rH.llPOH30MepH3aI.J;HH BOCKOB C 

nHpHKau;HOHHOM KOJIOHHe. 

10nm XTL npH nepaHqHoM cj:JpaK

a H npH rH.n;poKpeKHHre H rH.n;po

lGllC npaBHJIO, OCHOBHbIM u;erreBbIM 

leTa.HOBhIH HH}],eKc [43-47]. OHo 

apoMaTHqeCKHX yrneBO}],Opo.n;oB. 

.lIH3eJThHOe TOITJIHBO HMeeT rryq

pyroii CTOpOHbI, ero qyBCTBHTeJib

:ae-r c-ra6HJibHOCTb, qTo Ha,n;o yqH

' CHHTeTiflleCKOM }],H3eJibHOM cj:JpaK

JTOilJIHBa. 

pe3HH) npH CHHTe30M <l>Hlllepa

eCTBa, npHMeHHeMbIM B cj:JapMaKo

B IIpOH3B0}],CTBe caeqeif, MaCTHK, 

lrll, CITJiaBOB }],JIH TOqHoro JIHTbH 

11,HOro npOHCXO)K}],eHHH CHHTeTH-

1 qttCTOTa, crra6a11: arrrrepreHHaH 

epaTYPa ITJiaBJieHHH. 3TH TH)KeJibie 

1CHMH ITOKa3aTeJIHMH p03JIHBa H 

.&iji'W.:W B .lllL'lJUOTCH rryqlllHM 6a30BbIM CblpbeM }],JIH npOH3B0}],CTBa 

C - no cpa.BHeHHIO C npo.n;yKTaMH Hecj:JTenepepa60TKH [ 49]. 

IloKoJieuun XTL c nepsoro no TpeTbe -
Onpe,ll;eJIHIOUJ.3H p0Jib CHHTe3a <l>umepa-Tponrna 

B IIIICTIMllllee BpeMH B MHpe cpyHKI.J;HOHHPYIOT Bcero qeTbipe Kpyn

ll MK-SAblX 3aao.n;a XTL 3-ro noKorreHHH: Mossel Bay (IOAP) -

ft:aoSA,. 1993, ocHoBaHHbIM Ha TexHorrornH Sasol; Bintulu (Marraii

_.) - Shell, 1993; Oryx (Kamp) - Sasol (coBMecrno c Qatar Pet

Nln-n12006; H Pearl (Kamp)- Shell, 2011. B nepcneKTHBe nrraHH

PJC'ICICTpOHTeJihCTBO 6orree }],eCHTKa rrpoeKTOB XTL. O,n;HaKO, yqacT

-- 00.llbllIHHCTBa IIJiaHHpyeMbIX 3aB0}],0B 3aHHJIH BbJ)KH}],aTeJibHYIO 

MIWUHK.J, Ha6JIIO}],aH 3a }],eHTeJibHOCTbIO H 3cpcpeKTHBHOCTb!O pearrH

W.WlriAbV{ rrpoeKTOB, B nepay10 oqepe.n;b, 3arryIIJeHHoro B 2011 r. 

:iao.:ia Pearl. 

AmumrHqHaH CHTyau,HH B CBOe BpeMH Ha6mo.n;arracb H c rrpe}],bl

i,BIIIMH rroKorreHHHMH XTL, HaqHHaH c 1-ro. 

1-e Il0K0Jieuue XTL OTBeTCTBeHHO 3a H3BeCTHOe BO BpeMH 

Bmpoii MHpOBOM BOMHbI HeMeI.J,KOe 3p3aI.J,-TOIIJIHBO. B HoBoqep

~e c 1954 r. pa6oTarra ycTaHOBKa CHHTe3a <l>mnepa-Tporrllla 

WJIIIIIOCTb!O OKOJIO 50 TbIC. Tlr, HCITOJib3YIOIIIaH BbIBe3eHHOe H3 

l"q,Mamm o6opy,n;oBaHHe. CHaqarra CbipbeM }],ITH ycTaHOBKH crry)KHJI 

'111-Th }],OHeI.J,KOro 6acceiiHa, 3aTeM rrpHpO}],HbIM ra3, a B accopTHMeHT 

BpO.:tyKI.J,HH 3aBO}],a BXO}],HJIH HH}],HBH}],YaJibHbie yrrreao.n;opo,n;bI BbICO

BJii qffCTOTbI, B TOM qffcJie a-orrecpHHbI C HeqeTHbIM yrrrepO}],HbIM 

aoMeJ>OM. Co apeMeHeM HeMeu,KHM KaTaJIH3aTop Co-Th 6MJI 3aMeHeH 

aa opHrHHaJibHbIM - Co-Zr. ,ll.H3eJibHaH cj:JpaKI.J,HH rrpOH3B0}],CTBa 

lloeoqepKaCCKOro 3aBO}],a CHHTeni:qeCKHX rrpo.n;yKTOB HCIIOJib30Ba

.:DC1, }],JIH 3arrpaBKH rpy30BHKOB o6rraCTHbIX aBTOX03HMCTB. Ho rrpo

aecc <l>Hlllepa-Tporrllla OKa3aJICH HeBOCTpe6oBaHHbIM B CTPaHe, r.n;e 

CTOHMOCTb TOIIJIHBa H3 }],06bJBaeMOM Hecj:JTH 6hlrra HaMHoro HH)Ke 
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CTOHMOCTH CHHTeTHqecKOH Heq>TH, nonyqaeMOH no )TOM)' MeTOAY: 

Y CTaHOBKa pa6ornna BITJIOTI, AO 1994 ro,n;a H 6bIJia OCTaHOBJieHa n 

)K0HOMHqecKHM npHqIrnaM [50]. 

2-e noKoJieuue TexuoJioruu XTL 6ypHo pa3BHBaJIOCh B IO)KHO 

Aq>pHKe. OTCYTCTBHe co6cTBeHHhlX MeCTOpO)K)];eHHH Heqm-1 H BHY

llIHTeJibHhle 3aJie)KH yrm1 B ycJIOBIDIX B03MO)KHI,IX caHKI.J;HH B OT

HOllleHHH IOAP H3-3a pe)KHMa anapTeH,n;a cnoco6cTBoBanH AaJibHeii

llleMy pa3BHTHIO 3a61,1Toii TexHonorHH. CTPaHa 3apaHee rrepecTpoHJia 

rrpOMI,IllIJieHHOCTb, B qacTHOCTH, npoH3BOACTBO CHHTeTHqecKOH Heq>

TH H3 yrIDI, qT06bI HayrIHTI,CH )KlfTI, TOJibK0 Ha co6CTBeHHhlX pe

cypcax. B IOAP ,n;opa6oTanlf KaTaJIR3aTOp H c,n;enanH npou;ecc 6onee 

3q>q>eKTRBHbIM H 3KonorHqHbIM. Enaro,napH 3TOMY, IOAP cero,nHH -

O)J;HO H3 HeMH0rHX rocy,napcTB B MHpe, r,ne CHHTeTHqecKaSI Heq>Tb 

o.:nrax:o ero D(J 

Pee. 4. 3aeoJI Sfl 

npOH3B0AlfTC5I B npoMhlllIJieHHI,IX Macnna6ax. T&PIEOM K pa:1pa6once B p 
3aBOAhl KOMIIaHHH Sasol B IOAP HBJIHIOTCH mnaqHhIMif npe,ncrn- ..... DHJICJI apa6cKIDi Heq>TIDi 

BlfTeIDIMH 2-ro IlOKOJieHIDI TeXHOJIOrHH XTL. y CTaHOBKa CHHTe3a B 

IIOTOKe B3BellleHHOrO nopOllIK006pa:moro KaTaJIH3aTopa ro,noBOH 

npOH3BOAHTeJibHOCTI,IO 180 TbIC. T '.}KCITJiyaTHpyeTCH C 1955 r. H 

H3BecTHa KaK Kellogg-rrpou;ecc [51]. CHHTe3 BeAYT npH 2-2,5 MIIa H 

340 °C B IIpHCYTCTBHH )KeJie3HOro KaTaJIH3aTopa. 3TOT rrpou;ecc 

rronyqHJI Ha3BaHHe Synthol (pHc. 4). C 1995 no 1999 rr. KoMnaHHeii 

Sasol 6bIJIH 3aMeHeHbl Bee 16 peaKT0pOB co B3BellleHHbIM CJIOeM 

KaTaJIH3aTOpa ycrnpeBIIIeH KOHCTPYKU:HH Ha 8 peaKTopoB HOBOH 

KOHCTPYKU:HH, K0Top1,Ie 06na,na10T 6oJibllleii:: npomBOAHTeJihHOCTbIO 

[52]. 3ToT npou;ecc Ha3hIBaIOT «Sasol Advanced Synthol» (SAS). 

KoMnaHHett ConocoPhillips B 2003 ro,n;y 6blna YBM, Hey,naqtto 

3arrymeHa OIIbITHO-Ilp0MblllIJieHHaH ycTaHOBKa MOmHOCTI,IO 400 6ap

peneii:: B CYTKH C peaKTOpOM CHHTe3a <l>1nuepa-Tporrllla H K06aJih

TOBblM KaTaJIH3aTOpOM [54]. B TOM )Ke, 2003 r. cpe,ncTBa MaCCOBOH 

HHq>op-MaI.J;HH coo6manu O B03MO)KHOM rrpoeKTe Qatar III C yqacTHeM 
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• anA I( 3a11acaM yrneBOJlOpo, 

5lll:ll,. B3113JIH aKTHBH0 pa3BHB3T 

& ; rnii Heq>TH. KpH3HC 33.KOH' 

» llpO)WllilleHHOI'O npoH3B0.1lCTI 

s .:IDIIL"IO. CymecTByiomyIO Tex 

ip.Kan., - KoMnauua Shell B 

aat1pOILl:a 3aBO)l c 4 MHOrOTpy6H 

--,en.IO 125 TbIC. T B I'O.:l II 

caq>».Hl 0KOJI0 10000 TPy6oL 

---.YOBOro KaTaJIH3aTopa. 3roT 

w:3 cpe.1.HHX AJfCT.IiJIJISITOB» [56--5 

Ilo-uacroHmeMy KP)'IIHhlH, M 

.-..OU TOHH, 3aB0A 3-ro IIOKOJI 

--•C..IbHOCTI, y)Ke B 2009 ro;iy 1 



!MOH no 3TOMY MeTo.n;y. 

u 6hlJia OCTaHOBneHa no 

D p83BHBaJIOCb B IO)l{HOH 

>O)KJ{eHHii He<prn: H BHY

MOJKHI,IX caHKD;HH B OT

IlOCOOCTBOBaJIH .n;anhHeii

ma 3apaHee nepecTpottna 

:TBO CHHTeTiflieCKOH He<p

JCO Ha co6CTBeHHhIX pe

ll CJlenantt npou;ecc 6onee 

1 3TOM)', IOAP cero.n;m1 -

:ne CHHTeTHqeCKasI He<pTb 

IX. 

JTCJI THIUflIHhIMH npe.n;cTa

fL. YCTaHOBKa CHHTe3a B 

:> KaTa.mBaTopa ro.n;oBoii 

tyampyeTCSI c 1955 r. tt 

!3 ue.uyr nptt 2-2,5 Mila H 

LlIH3aTOpa. 3ToT npou;ecc 

~5 no 1999 rr. KOMnaHHeii 

B co B3BemeHHhlM cnoeM 

Ha 8 peaKTopoB HOBOH 

1eii IIpOH3B0.[J;HTenhHOCTbIO 

meed Synthol» (SAS). 

u.uy 6hlJia JBhI, Hey,n;aqHo 

OBKa MOIUHOCThIO 400 6ap

amepa-Tponma H Ko6anh

~003 r. cpe.z:i;cTBa MaCCOBOH 

:>oeICTe Qatar III C yqaCTHeM 

C'lloo-coPhillips, o.n;HaKo ero no.n:nttcaHHe He cocToSinoch, BepoSITHO, 

.. 3a Hey.z:i;aqH c onhlTHo-npOMhIIIrneHHOH ycTaHOBKOH [55). 

Puc. 4. 3aso,l). Synthol (Sasolburg) [53] 

TOJI'IKOM K pa3paOOTKe H peaJIH331J,HH 3-ro IlOKOJieHHH TeXHO

.allllH SIBHnCSI apa6CKHH He<pTSIHOH KpH3HC B Haqane 1970-x. Tor.z:i;a 

lioDirneBOCTOqHbie rocy.z:i;apcTBa pe3KO orpaHHqHnH .[J;OCTyn EBpOnhl 

■ ClllA K 3anacaM yrneBo,n:opo,z:i;oB, H TaKHe KOMnaHHH, KaK BP H 

Slllell, HaqanH aKTHBHO pa3BHBaTb TeXHOilOrHH npOH3B0.[J;CTBa CHHTe

Wl"leCKOH He<pTH. Kptt3HC 3aKoHqHnCSI, He<pTh no.z:i;emeBena BHOBh, H 

., IIpOMblIIIIleHHOro npOH3B0.L(CTBa CHHTeTttqecKOH He<pTH .z:i;eno TaK H 

s .n:onrno. Cy11IeCTBYIOIIIYIO TexHonorHIO, TeM He MeHee, He crn.rrn 

(pocaTh, - «oMnanua Shell B 1993 r. B r. IiHHTyny, Manaii3HSI, 

.ucrpottna 3aBO.[J; C 4 MHOrOTpy6HblMH peaKTopaMH <l>Hmepa-Tpomna 

MOIJ.UIOCThIO 125 TbIC. T B ro.n; Ka)l{.[1,blll (pHc. 5). KmK.[J;hlH peaKTOp 

G>llep)l{HT OKOilO 10000 Tpy6oK. CttHTe3 BeAYT B rrpttcyTCTBHH KO

tiLlh TOBOro KaTaJIH3aTopa. 3TOT rrpou;ecc IlOil)"IHil Ha3BaHHe «CHH

K'.3 cpe.n:HHX .D,HCTHililSITOB» [56-57]. 

I10-HaCTOS111IeMy KpyrrHhlH, MOIIIHOCTbIO CBblille rronyTopa MHil

.&OHOB TOHH, 3aBO.L( 3-ro IlOKOileHHSI Bhlllien Ha pa6oqy10 rrpOH3-

90.I{HTeilbHOCTh y)Ke B 2009 ro.n:y B Kampe no TexHonorHH KoMnanuu 
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Sasol (3aBo,11, Oryx). K KOHizy 2011 ro,11,a Shell 3aKoHqn:na CTIJOH-! lio:lee tpex ner 3amu1a ' 

TeJII,CTBO Kpyrrneiirnero B HCTOpHH 3aBO)],a no BhIITYCKy CHHTeTH .,.,,, r. peaKTOpOB <l>mnepa-T] 

qecKoro TOIIJIHBa MOIUHOCThlO 6 MHJIJIHOHOB TOHH B ro,11, - 3aBO)], Pearl ... K3 .:IByx peaKTOpOB Oryx 

(pn:c. 6) [58]. •• •JJIIC- 7). 

Puc. 5. 3aBO.ll Shell B Jiuu-ryJiy, MaJiaiiJuH [57] 

Puc. 6. 3aoo)l Shell Pearl, KaTap nycK 201 I r., ua npoeKTHoii MomuocTu 
C 2013 r. [60] 

Bee TexHonorn:n: 3-ro rroKoJieHIDI HMeIOT 11JeXCTa)],HMHy10 cxeMy c 

BhIXO)],OM BOCKOB Ha CTa,11,HH CHHTe3a <l>n:rnepa-Tporrrna H IIOCJie

,11,yIOrn;eii m,11,porrepepa60TKOM rrpn: o6naropa)ImBaHHH. I1HTepecHo, 

qrn MH rronyqeHHH CHHTe3-ra3a Sasol rrpn:MeHHeT rrapoKn:cnopo,11,HyIO 

( aBTOTepMn:qecKyIO) KOHBepcn:10, a Shell - rrapU,HaJihHOe OKHCJieHHe 

co6cTBeHHoii pa3pa6oTKH. PeaKTophI <l>mnepa-Tporrrna TaK)Ke orno

CHTCH K pa3HhIM Tn:rraM: y Sasol 3TO 11Jexcpa3Hhie peaKTOphI, a y 

Shell - MHOI'OTIJY6Hhie peaKTOpbI co CTaIJ,HOHapHhlM CJIOeM KaTa

JIH3aTOpa (59]. 
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Pac. 7. Jaso.a 01 

Jmicar .1pyroro 3aBO.,:1a Gll 

-.a:•w reXBOJ1onm cHHTeJa 

-■ w:tCS yiKe HeCKOJihKO JieT B 

IlpmleiyrOqHOH BeXOH B pa 

-lllk11k11 ~e JaBO.rl s Mossel 
..-uorBB Sasol), ue BIIepBhlt 

CM:11)- C tpeXlp33HhlM peaKI<JI 

+ MUHie..TuHOCThlO 100 ThlC. 

5 11,, BWCOia - 60 M. CHHTe3 1 

~ KaTaJIHJarnpa. Ilo3;1 

It :ns (mme PetroSA). B 2~ 

WjC.'.x..IH Ha TOM )Ke 3380.J.e ell 

,.i;_..a"'T OCHOBaHHhlH Ha TeXB<l ........ ... , 



11 rona Shell 3aKOHqJIJia C'fPOH-: 

11 33.BOlla no BhmycKy CHHTeTH

IIJIHOHOB TOHH B ron - 3aBOJl Pearl 

DYJIY, MaJIBHlHH [57] 

liioJlee -rpex JieT 3amma OTJial{Ka HOBbIX yseJI11qeHHbIX Tpex

tm=n peaicropos <I>mnepa-Tponrna Ha 3asone Oryx [61-64]. Ka)K

,... Bl ..IByx peaKTOpOB Oryx HMeeT JlllaMe'fl) 10,7 M np11 BbICOTe 

••(pee. 7). 

Puc. 7. 3auo,!J; ORYX GTL, Kamp (61] 

3anycK npyroro 3asona GTL TaKoii )Ke MOlllHOCTH c 11cnoJib30-

aaeHeM TexHoJior1111 CHHTe3a <I>11rnepa-Tponrna KOMIIaHHH Sasol 

:
1
:u r., ua npoeKTuoii MO~uocyu • mKIUlaeTC5I y)Ke HeCKOJibKO JieT B Escravos, H11rep1151 [65]. 

IlpoMe)KyToqHoii Bexoii B pa3BHTHH TeXHOJIOfHH 3-ro IIOKOJieHH51 

1 HMeIOT 'fl)eXCTaJlHRHYIO cxeMy c 

eJa <l>mnepa-Tponrna H rrocJie-

o6Jiaropa)KJIBaHHH. llHTepecHo, 

ol npHMeH5IeT napoKHCJioponHyIO 

Shell - napu;HaJibHOe OKHCJieHHe 

ii <l>Hlllepa-Tponrna TaK)Ke OTHO

no 'fl)eXq>a3Hbie peaKTOpbl, a y 

co CTilu;HOHapHbIM CJIOeM KaTa-

-.'Jc5I TaK)Ke 3aBOll B Mossel Bay, IOAP (npeHMylllecTBeHHO no 

JCXHOJIOfHH Sasol), rne BnepBbie YllaJIOCb B 1993 rony peaJIH30BaTb 

CleM)' c 'fl)eXq>a3HblM peaKTopoM s npOMbIIIIJieHHOM Macrnrn6e 

IIIIJOH3B0JlHTeJibHOCTblO 100 TbIC. T B fOJl . .D:11aMe'fl) TaKoro peaKTOpa 

5 M, BbICOTa - 60 M. CHHTe3 Bel{yT B npHCYTCTBHH OCa)Kl{eHHOfO 

:&eJJ.e3HOf0 KaTaJIIBaTopa. Il031{Hee TeXHOJIOfH5I 6bIJia BbIKyIIJieHa 

Mossgas (HbIHe PetroSA). B 2004 rony PetroSA coBMecrno co Statoil 

:ianycnrnH Ha TOM )Ke 3aBOl{e ellle OJlHH peaKTOp MOlllHOCTblO 1000 

6app/cyT, ocHoBaHHhiii Ha TeXHOJiom11 GMD (Gas to middle distil-
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lates ), pa1pa60TaHHOH HopBe)l{CKOH Sta toil B 1986 ro,ny Ha 6a3e 3lur ooeec, qacn, KOToporo comae 

K06anbTOBOro KaTanH3aTOpa [66]. gy Group (REG) B Mae 2014, Ha Jl 

Ba)I(HYIO pOJih B pa3BHTIIII 3-ro IIOKOJiemrn: Cbirpana aMepH- P.fiWi™ B ,ZJ:eHTeJihHOCTH K0MilaHBl 

KaHcKaH KOMIIaHMH Syntroleum, c03,naHHasI B 1984 r. II H3HaqaJihH0 ,!ii-iWHiD XTL 61rna rrpo)].aHa KOM 

3aHJIMaBIIIaHCH c03,naHHeM KOMIIaKTHOH TexHonorJIM XTL. B Haqane 

2000-x K0MIIaHJIH o6na.nana IlHJIOTHOH ycTaHOBKOH Ha 2 6app/).J. tt 

J waea B KlfraH B 2009 r. 

~ - aMepIIKaHCKaH KOMilaHH 

,neM0HcrpaIIII0HHhIM 3aB0.ZJ.OM Ha 70 6app/,n. ,[(eMOHcrpaIIJIOHHhIH ....-.aJl>HO TaK)l{e opHeHTHp0BaHHrul 

3aB0)]. H3Haqan1Ho 6hIJI CMOHTIIpoeaH Ha HTI3 K0MIIaHMM ARCO 

(Il03)1{e BP) B mrnTe BamHHITOH, a crrycn1 HecKOJihK0 rreT 6hln ne- ..,.... rrpoMbmrneHHhIM 3aBo,u CHHTf 

pe,n:JICJI0IIMp0BaH B r. KaTy3a, OKJiaxoMa. Hapa6oTKa ,neMoHcrpa- r_ llpoca.mru1 M0IUH0CTh 3aeo,ua ~ 

IJ;HOHH0ro 3aBo,ZJ:a C0CTaBHJia 6onee 18000 qacoB, 3a 3T0 BpeMSI 6hIJIO ,- )Ie B 1994 r. ycTaH0BKa 6w 

rrp0H3Be,UeH0 6onee 10000 6appeneH CHHTeTHqecKoro TOITJIHBa. .. . JieM0HTIIpOBaHa H rrpoJI3E 

Ilpe,unaraeMaH TeXHOJIOflIH He IICil0Jih3yeT ,n:oporoCT0SIIUee pa3,lle- Lm (ltH.JR,I). B 2002 ro)].y 61,IJia 

neHMe Bo3.nyxa ,umi: rronyqeHHH CHHTe3-ra3a. Ilpou;ecc Syntroleum ~MhIIIIJieHHaH ycraHOBKa X1 

TaK)l{e ner B ocHoBy cornamemrn Me)K,uy Texaco, Brown & Root n A 1..; CllIA. B ,uan1HettrneM ym 

Syntroleum Ha crpottTeJihCTBo 3aBo,ua XTL rrpoII3B0.ZJ:HTeJihHocThIO ◄MJ rnHcpmcau;HH H o6naropaxom 

2 500 6appeneii B CYTKH (1999 r.). KpoMe Toro, K0MrraHMM Synt- Wj'11111..Gl HaJBaHHe Product DemOI 

roleum H Enron 061>SIBJIHJIH o crpoHTeJihCTBe 3aeo,ua XTL Ha 8 000 

6appeneii B CYTKM B BaiioMHHre, CIIIA. 3aBo,n: rrnaHMp0Banoc1 

3anycmTh B 2001 r. B MapTe 2006 r. K0MrraHMH Syntroleum TaK)Ke 

3aHBHna o ceoeii roTOBHOCTM K peanH3aIJ;HM TexHonornM XTL Ha 

nnaByqHx rrnanpopMax. O,uHaKo .no cHx rrop HM o,n:HH 3arrnaHttpo

BaHHhIH 3aB0,Z( He rrocrpoeH. IlapanJieJihHO C pa3BMTJieM co6CTBeHHhIX 

pa3pa6oToK B o6nacm: CMHTe3a <l>mnepa-TporrIIIa K0MrraHMH Haqana 

pa6ory Ha,n co6cTBeHHhIMH rrpoIIeccaMJI raJMq>HKaIIHH II o6naropa

)l{HBaHHSI CMHTeTJiqecKOH Heq>TH [67]. Ha OCH0Be npolleCC0B o6naro

pa)I(JfBaHJrn (Synfining) 6hrna C03.ZJ.aHa TeXHOJI0rHSI no np0M3B0,lJ;CTBY 

CIIHTeTHqecKHX TOIIJIHB H3 )l{JIB0THhIX )KHpos; s 2010 r. C0BMeCTH0 c 

TysonFood 61m rrymeH 3aBo,ll, no rrepepa6oTKe )l{HBOTHhIX )KJipos 

M0IUH0CThIO 5000 6applcYT - Dynamic Fuels, r. fH3Map, flYJI3MaHa. 
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61 en no..WOCThIO 3aseprneHHoro um 
___ ._ aBHaKepocHHa H 6eH3HH3 H C 

- R3 npHpo,uHoro ra3a HJIII 6HOM81 

--tl)amepa-Tporrrna cocTaBHJia 6oJJ 
... 2013 KOMTiaHIIH o6'bHBHJia O CBOll 

z wu..rii 33B0.D. B CBH31I c 3aBepIIIeH 

- a::m.rramno BOeHHOH TeXHHKH E 

IJ4l. 
......,.,u11 Exxon B 1990 r . .aa."Ia 

--,-ltftll~oii ycraH0BKM (pa6orana ;:io 

+ ♦uehIH peaKTop ,uMaMerpoM 1,2 » 

~ B KOT0p0M MCilOJih30BaJICX ICJ 

__., .LU norryqeHIISI BOCKa npH 2 Mib 
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ii Statoil B 1986 ro.ny Ha 6a3ef 3ilal' 6iaaec, qacTb Kornporo cornacmiacb KyrrnTb Renewable Ener-

l!if Group (REG) B Mae 2014, Ha ,naHHbIH MOMeHT CTa.JI .D;OMMHM

-ro IIOKO.JieHMJl Cblrpa.Jia aMepM- #J MHM B ,neJCTe.JibHOCTM KOMIIaHMM [68). A ,neMOHCTPaQMOHHaJC 

3.ll3HHaJC B 1984 r. M M3Hatia.JibHO JIIClal(JBKa XTL 6bl.Jia npo,naHa KOMnaHMM Synopec M nepe,nMC.JIO-

HOH TeXHO.JIOrnM XTL. B Hatia.Jie : wit1a. B KMTaii B 2009 r. 

HOH yCTaHOBKOH Ha 2 6app/.n H &attech - aMepMKaHCKaJC KOMnaHMJl, OCHOBaHHaJC s Ha'la.Jie 80-x M 

70 6app/,n. .D:eMOHCTPaQMOHHbIH aw i3.ifbHO TaK)Ke opMeHTMpOBaHHaJC Ha pa3BMTMe TeXHO.JIOrMH no 

Ball Ha HII3 KOMnaHMM ARCO -,..CHHIO CMHTeTMtieCKMX TOn.JIMB. KoMnaHMH 3anycTM.Jia csoii 

l CDyCTJl HeCKO.JibKO .JieT 6bI.JI ne- -,.we rrpOMbIIII.JieHHbIH 3aBO.D; CMHTeTM'leCKMX TOII.JIMB eru;e B 1992 

naxoMa. Hapa60TKa ,neMOHCTPa- --- llpoeKTHM MOII.J;HOCTb 3aso.na COCTaB.JIJC.Jia 235 6app/cyT [69-72). 

18000 qacoB, 3a 3TO speMJC 6bI.JIO 0.:-o, J)Ke B 1994 r. ycTaHOBKa 6bl.Jia 3aKpbITa no 3KOHOMM'leCKMM 

::neii CHHTeTlflleCKOro TOn.JIMBa. 

IOJIL3YeT .noporocTOHru;ee pa3,ne

lBTe3-ra3a. IIpou;ecc Syntroleum 

, J mmlM, ,neMOHTMposaHa M npo,naHa Donyi Polo Petrochemical, 

LID {HH,nMH). B 2002 ro.ny 6hl.Jia nOCTPOeHa M Hatia.Jia pa6oTy 

aarmo-npOMbIIII.JieHHaH ycTaHOBKa XTL MOII.J;HOCTblO 10 6app/cyT s 

leJIC.llY Texaco, Brown & Root Hi ~, CIIIA. B ,na.JibHeiiIIIeM ycTaHOBKa 6bma .nono.JIHeHa ycrn-

1.na XTL rrpomBO.D;MTe.JibHOCTbIO 
I 

1. KpoMe Toro, KOMnaHMH Synt- I 
rrem.CTBe 3aso.na XTL Ha 8 000 

CIIIA. 3aso.n n.JiaHMpOBa.JIOCb 

r. KOMTiaHMJl Syntroleum TaK)Ke j 
:a.JIH3au;HM TexHo.JiorMM XTL Ha l 

i 
1 CHX rrop HM O.D;MH 3an.JiaHMpo- ! 
!.iThHO c pa3BMTMeM co6CTBeHHbIX j 

' [lepa-TponIIIa KOMnaHMJl Hatia.Jia i 
=aMH ra3mpMKau;MM M 06.Jiaropa- I 

! 
1- Ha ocHoBe npou;eccos 06.Jiaro- i 

' t 1a TeXHo.JiorMH no npomBo,ncrny j 

")KHJ)OB; B 2010 r. COBMeCTHO c ; 

wa•g;nm ra3mpMKaI.J;MM M 06.Jiaropa)KMBaHMJl CMHTeTM'leCKOH Heq>TM M 

.uy-m.rra Ha3BaHMe Product Demonstration Unit, npe,ncTaB.JIHH 

-ipne•, IlO.JIHOCTblO 3aBepIIIeHHOro I.J;MK.Jia npOM3BO.D;CTBa .D;M3e.JibHOro 

-■ ■HBa, aBMaKepOCMHa M 6eH3MHa M C)Klf)KeHHbIX yr.Jieso.nopo,nHbIX 

GIJDB H3 npHpO.D;HOro ra3a JI.JIM 6MOMaCCbI. Hapa6oTKa caMOH ycrn

.-m <l>MIIIepa-TponIIIa cocTaBM.Jia 60.Jiee 13000 qacos [73). 28 qies

,-n 2013 KOMnaHMJl o6bJCBM.Jia O CBOMX n.JiaHax 3aKpbITb ,neMOHCT

flllDIOHHbIH 3aBo,n B CBH3M c 3aBepIIIeHMeM nporpaMMbI BBC CIIIA 

.., HCIIbITaHMIO BOeHHOH TeXHMKM Ha CMHTeTM'leCKOM TOil.JIMBe 

[M]. 

l(OMnanua Exxon B 1990 r. ,na.Jia cTapT pa6oTe onbITHo-npo

•mu1eHHOH ycTaHOBKM (pa60Ta.Jia .no 1996 r.) [7 5)' MMeIOru;eii 

-.pexq>a3HbIH peaKTOp ,nMaMeTPOM 1,2 M c .nono.JIHMTe.JibHbIM nepeMe-

11epepa60TKe )KlfBOTHbIX )KMpOB : -■Ba1rneM, B KOTOpOM MCilO.Jib30Ba.JICJl K06a.JibT-pyTeHMeBbIH KaTa.JIM-

11ic Fuels, r. fmMap, JiyM3MaHa. , llEOp ,n.JIH nonytieHMH BOCKa npM 2 MIIa M 250-270 °C. Moru;HOCTb 
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ycTaH0BKH 8,5 ThIC. T. B ro,n;. Ilp011ecc Exxon H3BecTeH KaK AGC 2 

[76-77]. 

K0Mna11un British Petroleum coBMeCTH0 c Davy Process Techn 

KaT3JIH33TOpOB 

e pa.MICax «Ilporpaii 

logy e 2003 ro,n;y 3arrycTHJia OilhlTHbIH: 3aeo,n; M0ll(H0CTblO 15000 T/r 

HHKHCKH, Am1cKa, CllIA. IloJiyqeHHe )l(H,ll;KHX yrneBo,n;opo,n;o 

I1p0TeKaJI0 qepe3 CHHTe3 BbIC0K0M0JieKyJI.HpHbIX rrpo,n;yKT0B B rrpH1l,;'~~~ 

cyTCTBHH K06aJibTOBoro KaTaJIH3aTopa H I10CJie,n;y10mee o6Jiar'ol'•--= 

aoro Ha)"IH◄ 

«CKOJIKOBO»). Ynp 

- «Pocaeqm,» coo6IW 

apoo:L"IH ycuenmo, H 

pa)l(HBaHHe. B 2009 ro,n;y KOMrraHtteii: British Petroleum 6hlJIO 061,H 

JieH0 06 ycrreIIIH0M 0K0HqaHHH :noro rrpoeKTa [78]. 

KoMnaHUH Jogmec BBeJia B crpoii: 0I1bITH0-I1p0MbIIIIJieHHY 

ycTaH0BKY M0ll(H0CTblO 500 6appeJieH B CYTKH 16 arrpeJIH 2009 r. 

Niigata, JirroHHH [79]. Ha K0TopyIO (2006-2010 rr.) 6bIJIO 3arpaqeH 

ytat- nepByio B PoccHH 

GD.. .. n:K>maroce OAO «I 

----- 33BOJI» B 2018 ro.ll) 

-- - OOY GTL, 110.lDICH.bl 

.:i:n uepepa6onCH m 

360 MJip,n;. HeH (~ 300 MJIH ,n;oJIJiapoe CllIA). CttHTe3 <l>HIIIepa_., __ ¥111 

TporrIIIa (<l>T) peaJIH30BaH B CJiappH-peaKTope. Ero KaTaJIH3aTO 

pa1pa60TqHKH yKa3hIBaIOT Heorrpe,n;eJieHH0 - KaK co,n;ep)l(all(HH 6Jia p J & \amoro KaTa.JIB3aTOpa 1 

ropo,n;HhIH HJIH He6Jiaropo,n;HhIH MeTaJIJI [80]. 3aHBJieHHhie rrpeHMY • .....,,.,, 3AO «PHTJ 

mecTBa 0TH0CHTCH K CTa,lJ;HH IT0JI)"IeHHH CHHTe3-ra3a rrapoyrJieKHC 

JIOTHOH KOHeepctteii: rrpttpo,n;Horo ra1a: HcrroJih30BaHHe CO2, co,n;e 

)l(all(eroCH B rrpHp0,n;H0M ra1e, 0TCYTCTBHe Heo6xo,n;HMOCTH B KHC 

JI0po,n;e H 0T,n;eJieHHe B0,n;opo,n;a )];JIH H~Horo C00TH0IIIeHHH co H Hz. 

H11cmumym opza11uttec«ou XUMUU PAH rro,n; pyKoeo,n;crno 

qJieHa-KoppecrroH,n;eHTa PAHA.JI. Jlarrtt,n;yca 6oJiee rroJiyBeKa pa1pa 

6aTblBaJI KaTaJIH3aTOpbI CHHTe3a <l>HIIIepa-TporrIIIa. B 2008 r. 6h 

Il0CTaBJieH Ha rrp0H3B0,lJ;CTB0 K06aJihTOBbIH: KaTaJIH3aTop <l>HIIIepa 

TporrIIIa rpeThero Il0K0JieHHH (,n;JIH IT0JI)"IeHHH BOCKOB) H rrepe,n;aH 

000 «ra1rrpoM BHMMI' A3» ,n;JIH HCITbITaHHH Ha ycTaH0BKe K0M 

rraHHH MH<l>PA TexHOJIOmH. 

llAO «HK «Poc11efj,mb» 061>HBHJia o BhmycKe rrepBbIX 0IThITH 

rrp0MbIIIIJieHHhie rrapTHH: KaTaJIH3aTOp0B CHHTe3a <l>HIIIepa-TporrIII 

Ha AHrapCKOM 3aBo,n;e KaTaJIH3aT0p0B H opraHHqecKoro CHHTe3 
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I f i iopea,l yCTilllOBKa IIOJIY 

- m opepo11Horo ra:Ja npo1 
■ eai Ca.MapcKrui: o6Jiacn. 

a3 nuy 3AO «PHT» 31 _.k,"lA PETROLEUM (He 

.--r ■ pa6my ycrauoBKH 

a w,;urre.ThoOCTuIO 4 Kr/q 

--6ea:JHH, Kep<>CHH H :IH3 ..,.."TUOB 11.IIaHHpyeTCll COl 

- acno.Th3ye-I ')l(e..'le3m,m I 

349amroeHIDI. 
Ilea pacCMa-IpHBaTh .lIH1lC! 

-- Sasol H Shell, ro o6e 
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Ilpouecc Exxon H3BecTeH KaK AGC 211 t()AO «A3K11OC») [81]. Pa3pa6oTKa oTeqecTBeHHbIX TeXHOJiornii 

apmDBO,ZJ;CTBa KaTaJIH3aTOpOB CHHTe3a <l>mnepa-Tporrrna ( <I>T) 

.., COBMeCTHO c Davy Process Techno lllpOXO,ZJ;HJia B paMKax «IIporpaMMbI IIHHOBaIIHOHHoro pa3BHTmrn yqe

llLlTHblH: 3aBO.ll MOIIIHOCTbIO 15000 T/r a11111H KOprropaTHBHOro HayqHoro IIeHTpa 000 «PH-UJIP» (pe3H

Ilo.'l}"leHHe )KH,ZJ;KHX yrneBo,n;opo,n;o .-.r q>oH,n;a «CKOJIKOBO»). YrrpaBJieHHe HHq:>OpMaIIHOHHOH IlOJIHTHKH 

OKOMOJieKyIDipHbIX rrpo,n;yKTOB B rrpH OAO «HK «PocHecpTb» coo6UiaeT, qTo HCITbITamUI Ha Jia6opaTopHOM 

3.i'IHJaTopa H rrocJie,n;y10Uiee o6Jiaro- JIPDBHe rrpoIIIJIH ycrrernHo, H IIAO «HK «PocHecpTb» rrJiaHHpyeT 

[laHHeii British Petroleum 6hmo o6Mrn- JIIIIYCTHTb rrepBy10 B PoccHH orrhITHo-rrpoMbIIIIJieHHYIO ycrnHOBKY 

1 noro npoeKTa [78]. GIT. Ha rrJIOIIIa,n;Ke OAO «HoB0Kyii6b1rneBCKHH HecpTerrepepa6a

a B CTpOH OITbITHo-rrpoMbIIIIJieHHYIO naaIOIIIHH 3aBO.ll» B 2018 ro,n;y. Pe3yJihTaTbI HCITbITaHHH, npoBe,n;eH

appe11eii B CJTKH 16 arrpem1 2009 r. B ao. Ha OIIY GTL, .llOJI)l(HbI CTaTb OCHOBOH rrpOMbIIIIJieHHbIX yc

PYIO (2006-2010 rr.) 6bmo 3a'rpaqeHo 'IIIIOBOK ,n;m1 rrepepa6oTKH rrorryrnoro Hecpnrnoro ra3a B CHHTe

..lOJIJiapoB CllIA). CHHTe3 <l>Hrnepa- -...ecKyIO Heq:>Tb H KOMilOHeHTbI CHHTeTHqeCKHX TOITJIHB, B TOM 

CJiappH-peaKTOpe. Ero KaTaJIH3aTop -..c..i:e aBHaIIHOHHoro TOilJIHBa. Me)K,n:y TeM, CBe,n:eHmI O COCTaBe 

Dpe,lleJieHHo - KaK co,n;ep)KaUIHH 6Jia- pa:3pa60TaHHOro KaTaJIH3aTOpa He rrpHBO,[{HTC.H. 

ii MeTaJIJI [80]. 3a.HBJieHHhle rrpeHMy- B «oMnanuu 3AO «PHT» B 2012 ro,n:y HaqaJia ,n:eiicTBOBaTb 

IO_;iyqeHJUI CHHTe3-ra3a rrapoyrJieKHC- .:a6opaTOpHM YCTaHOBKa IlOJiyqeHH.H CHHTeTHqecKoro )KH,[{KOro TOil-

1ro nna: HCilOJib30BaHHe CO2, co,n:ep- .:.ma H3 rrpHpO,n:Horo ra3a rrpOH3BO,[{HTeJibHOCTbIO 0,5 JI/q B rroceJIKe 

OTCJTCTBHe Heo6xo,n:HMOCTH B KHC- 8Hlrraii, CaMapCKM o6JiaCTb [82-83]. Coo6UiaeTC.H TaK)Ke, qTo B 

ZlJUI H)')KHoro cooTHOIIIeHH.H CO H H 2. 1013 ro.n:y 3AO «PHT» 3aKJIIOqHJia KOHTPaKT c KOMrraHtteii 

i xUMuu PAH rro.n: pyKoBo,n:cTBoM HISPANIA PETROLEUM (HcrraHH.H) Ha rrpoeKTHpOBaHHe, H3rDTOB

JI. JlaITH.n:yca 6oJiee IlOJiyBeKa pa3pa- JEHHe tt pa6ory ycrnHOBKH IlOJiyqeHH.H CHHTeTHqecKOH Heq:>TH 

a <l>HIIIepa-Tporrrna. B 2008 r. 6bIJI llpOH3BO,[{HTeJibHOCTbIO 4 Kr/q tt ee peKTHqJHKaIIHOHHOMY pa3,n:eJie

(00aJibTOBbIH KaTaJIH3aTop <l>Hrnepa- .no Ha 6eH3HH, KepOCHH H ,[{H3eJibHOe TOITJIHBO. B cJiyqae ycrreIIIHbIX 

ZlIDI noJiyqeHH.H BOCKOB) H rrepe,n:aH B pe3yJibTaToB rrJiaHHpyeTc.H C03,n:aHHe 3aBo,n:a GTL B AHroJie. KoM

ZlIDI HCilbITaHH.H Ha ycTaHOBKe KOM- EH1UI HCilOJib3yeT )KeJie3HbIH KaTaJIH3aTop H 6ap6oTa)l(HbIH peaKTOp 

FLJIBHJia O BbIIlYCKe rrepBbIX 0IlbITH0-

113aTOpoB CHHTe3a <I>11rnepa-Tponrna 

3aTOpoB H opraHHqecKoro CHHTe3a 
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3-ro IlOKOJieHH.H. 

EcJIH paccMaTPHBaTb JIH,n:epoB B TeXHOJIOrHH XTL 3-ro rroKo

.:aeHH.H Sasol H Shell, TO o6e KOMITaHHH HaMepeHbI ycoBeprneHCT

aosaTb CBOH rrpoIIeCCbI Ha OCHOBe aHaJIH3a .n:orryIIIeHHbIX OIIIH60K . 

39 



TaK, KOMrraHHR Sasol cymecTBeHHO pacnrnpmrn reorpaqm10 cBo 

rrpoeKTOB H B ,l],aJibHeihneM IIJiaHHpyeT IIOCTPOHTb ITO KpaiIHeiI Mepe 

HOBhIX 3aBo.n,a - B HHrepHH, Y36eKHCTaHe, KaHa.n,e H ClllA (rnrn 

m &"IIDKHeM BocroKe, OTI 

• HaH6onee OC1-J)ID 

JlyH3HaHa). Ilocne.n,HHe )],Ba rrpoeKTa HaXO,ll,RTCR Ha CTa,ll,HH rro.n,r CBHJi XTL 51BJ151IOTCR Bbl<:4 

TOBKH [84]. KoMrraHHR Shell B 2013 ro.n,y coo6IIIana o CTPOHTeJibCTB - ■ CIRIIIKOM IIIHpOKHH cner 
3aBo.n,a B ClllA (rnrnT JlyH3HaHa), o.n,HaKo 3TH rrnaHhI B KOH1.1,e Tor - .-,wrn."leHHaR TeXHonore. 

)Ke ro.n,a 6bIJIH OTMeHeHbl [85]. Bee rrnaHbl KOMIIaHHH CBR3aHbl, 

rrepByIO oqepe.n,h, co CTPOHTeJibCTBOM 3aBO,ll,OB-MHJIJIHOHHHKOB He 

rrocpe.n,CTBeHHO B ra30.n,06hIBaIOIIIHX paiioHax C BbICOKOH IIJIOTHOCTb 

HaCeJieHHR H BbICOKOpa3BHTOH JIOrHCTHKOH. 

TaK KaK c Ka)K,ll,bIM HOBhIM rroKoneHHeM TexHonorHH XTL y.n,enh 

CblphR ~ 

3KOJIOrH'I 

- l •• UhBHOCTh COBpeMeH 

~ .a.iu Me)K)l)'Hapo.run-

Hble KaIIHTaJibHbie 3aTPaTbl yMeHbIIIaJIHCb, BbIXO,ll, CHHTeTHqecKor ~ yrneao.n,opo.aoi 

TOIIJIHBa c TOHHbl CblpbR yBeJIHqHBaJICR, a rro6oqHbIX rrpo.n,yKTOB CTa "I. ),. ue;iocraToqHOH OT,WI 

HOBHJIOCh Bee MeHbIIIe. KarrHTaJIOBJIO)KeHHR B XTL 3-ro rroKoneH a•• B,. B31COHeu, tteo6xo;:on,i 

JIHIIlb HeHaMHOro rrpeBbICHJIH BJIO)KeHHH B Heq>Terrepepa6aTbIBaIO Jlli&W ...-mrre33 <l>HIIIepa-Tpon 

IIIHH 3aso.n, TOH )Ke MOIIIHOCTH. K TOMY )Ke rrpe.n,rrpHRTHe XTL (a oco-

6eHHOCTH GTL) rrpOH3BO,ll,HT MeHhIIIe KOJIHqecTBO ,ll,OIIOJIHHTeJibHbIX 

HeTOIIJIHBHbIX rrpO,ll,YKTOB (OT 2-3 Ha HOBbIX 3aBo.n,ax B Kampe, .n,o 

30 C He60JibllIHM Ha CTapOM rrpe.n,rrpHRTHH B ManaiI3HH), rro6oqHblX 

rrpo.n,yKTOB, a 3aBO,ll,bl 1-ro IIOKOJieHHR B CBOe BpeMR 6bIJIH MHoro

KpaTHO .n,opo)Ke Heq>Terrepepa6aThIBaIOIIIHX H rrpOH3BO,ll,HJIH 6one 

70 rro6oqHhIX rrpo.n.YKTOB. TexHonomR XTL 3-ro rroKoneHHR y)K 

MO)KeT 6h1Tb B pR.n,e cnyqaeB HCIIOJib30BaHa ,l],JIR YTHJIH3al.l,HH IIOIIYT

HOro Hec)nHHOro ra3a (IIHr), ,ll,a)Ke C yqeTOM ee He.n,OCTaTKOB, 

KOTOpbIM OTHOCRTCH Bee eIIIe CJIHIIIKOM BbICOKM CTOHMOCTb H rro6oq

Hble rrpO,ll,YKTbl, KOTOpbie B paiioHax Hec):>Te.n,o6bJqH qacTO HeJib3JI 

YTHJIH3HpOBaTb HJIH 3axopOHHTb. 

lfraK, cospeMeHHhie rrpoMhirnneHHhie TexHonorHH XTL cyIIIecT

BeHHO OTJIHqaIOTCR OT Tex, qTo rrpHMeHRJIHCb Ha 3ape 3TOro rrpo-

1.1,ecca, B 30-40-e ro.n,b1 rrpornnoro seKa. KpyrrHOTOHHa)KHbJe ycrn-

40 

'lansepmoe noKo.1eHue: 1 

00 npO.\tblUL 

Dq,cnetmma 6onee nmpoK 

c opnn,DI rronyqeHHeM t 

---Tpomna, MHH)'R m;q>OI 

noro rrpouecca 

---.--Tpomna HBJIReTCR o;m:e 
:n;::oHoMH'lecKyIO ue...--11 1- c•ne1n4ecKoro TOIL"IBBa 

__ 1,1___ DTa"IHJaTOp CHHTeJ3 

- ~-:I)"'IIIIHTb 3KOHOMB'le - 11 cymeCTBeHHO ~em 

..SB a>BpeMeHHhlX yCT3.HOBI 

TOI BpeMeHeM c.;ie.-:iyiome 



p1uia reorpaqnno CBOH 

>HTh no KpaiiHeii Mepe 4 

Krulane H CIIIA (rnrnT 

ITCll Ha CTa,II,HH IIO,IJ,ro-

6maJia O CTPOHTeJibCTBe 

rB IIJiaHI,I B KOHIJ;e Toro 

KOMIIaHHH CB513aHbl, B 

110B-MHJIJIHOHHHKOB He

e BblCOKOH IIJIOTHOCTblO 

:eXHoJiornH XTL y.II.eJib

Bl,lXO,IJ, CHHTeTHqecKoro 

00qJJl,IX IIpO,IJ,yKTOB CTa

B XTL 3-ro rroKoJieHH51 

Heqnenepepa6aTbIBaIO

,eiropmi:rne XTL (B oco

lecTBO ,IJ,OIIOJIHHTeJibHblX 

" 3aBO,IJ,ax B Karnpe, ,II,O 

1 MaJiaii3HH), rro6oqHbIX 

ioe epewi: 6bIJIH MHOro-

H rrpOH3BO,II,HJIH 6oJiee 

L 3-ro rroKoJieHH51 y)Ke 

.Illlll )'THJIH3au;HH rrorryT

:TOM ee He,II,OCTaTKOB, K 

~ CTOHMOCTb 0: rro6oq

re,IJ,o6bJqlf qacTo HeJib3H 

:x:HOJIOrnH XTL cymecT

HCL Ha 3ape 3Toro rrpo

CpyrrHOTOHHa)KHbie ycrn-

.,BKH MOID;HOCTblO 1,5--6 MJIH. T B ro,IJ,, IIOCTPOeHHbie B IIOCJie,II,HHe 

IOJII,I Ha DJilf)KHeM BocTOKe, OTHOC5ITCH y)Ke K TPeTbeMy IIOKOJieHHIO 

'KXHOJIOrHH. Ha0:60Jiee OCTPbIMH rrpo6JieMaMH TeKymero, TPeTbero 

.,KOJieHHH XTL HBJIHIOTC51 BbICOKHe y,IJ,eJibHbie KaIIHTaJibHbie BJIO)Ke

a,i: H CJIHIIIKOM rnHpOKHii crreKTP rro6oqHbIX rrpo,II,yKTOB. CoBpeMeH

au rrpOMbIIIIJieHHa51 TeXHOJIOrHH IIOJiyqeHHH CHHTeTHqecKHX TOIIJIHB 

1B aJibTepHaTHBHOro CblpbH HaXO,Il,HTCH Ha rpaHH 3KOHOMHqecKOH 

SJiecoo6pa3HOCTH If 3KOJIOrlfqecKOH ,IJ,OrryCTHMOCTH. 3KOHOMHqec

... 3q>q>eKTHBHOCTb COBpeMeHHOH rrpOMbIIIIJieHHOH TeXHOJIOrHH B 

Jl)C'f)'IIHOM ,II,JI51 Me)K,IJ,yHapo,II,HblX JIHD;eH3HapoB BH,IJ,e, cepbe3HO orpa

..-ieHa, B qaCTHOCTH, BblCOKOH u;eHOH KaTaJIH3aTopa CTa,IJ,HH CHHTe3a 

DIITeTHqecKHX yrneBO,II,OpO,II,OB lf3 CHHTe3-ra3a ( CHHTe3a <l>Hrnepa

TponIIIa ), He,IJ,ocrnToqHoii OT,IJ,aqeii e,II,HHHU:bI 061>eMa peaKTopa 3TOH 

camrn H, HaKOHeu;, Heo6xo,IJ,HMOCTblO rH,II,pOKpeKHHra TH)KeJibIX npo

JIIITOB CHHTe3a <l>HIIIepa-TporrIIIa . 

lfemeepmoe noKofleHue: om Jla6opamopHblX pmpa6omoK 
oo npoMblUlJleHHOU peanu3alJUU 

IIepcrreKTHBa 6oJiee IIIHpoKoro BHe,II,peHHH XTL CB513aHa c coBep

aai:cTBOBaHHeM BCex TeXHOJIOrHqeCKHX CTa,IJ,HH npou;ecca, HanpH

ap, C npHMblM IIOJiyqeHHeM CHHTen1.qecKOH Heq>TH B CHHTe3e <l>H

.:pa-TponIIIa, MHHYH n1,II,poKpeKHHr, If yBeJIHqeHHeM IIpOH3BO,Il,H

'SXl,HOCTH 3TOro rrpou;ecca. IlpOH3BO,IJ,HTeJibHOCTb npou;ecca <l>H

.:pa-TporrIIIa 51BJI51eTCH O,Il,HHM H3 KJIIOqeBblX rrapaMeTpOB, orrpe,II,e

"8()Iu;HX 3KOHOMifqecKyIO u;eJiecoo6pa3HOCTb BCeii u;erroqKif IIOJiyqe

... CHHTeTHqecKoro TOIIJIHBa. BbICOKOI1pOH3BO,IJ,HTeJibHbIH If CeJieK

'aBHbIH KaTaJIH3aTop CHHTe3a <l>HIIIepa-TporrIIIa crroco6eH cymecT

a:HHo yJiyqIIIHTb 3KOHOMHqecKHe rroKa3aTeJIH TeXHOJIOrHH XTL B 

Sll()M 0: cymecTBeHHO yMeHblllHTb ra6apHTbl peaKTOpa, ,IJ,OCTHraIO

~ B COBpeMeHHbIX ycTaHOBKax BbICOTbl 30 M H ,IJ,HaM~a 8 M. 

T eM BpeMeHeM cJie,IJ,y10mee, qeTBepToe 110KoJiem1.e, 06ema10mee 
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rrpeo,nOJieTb MHOrn:e He,nocTaTKH TPeTbero, rrpoxo.n;HT HCIIbITaHHH H 

OIIbITHblX ycTaHOBKaX. Pa3pa6oTqHKH qeTBepToro IIOKOJieHHH HC 

IIOJib3YJOT HOBbie BbICOKOIIpOH3BO)];HTeJibHble CTPYKTypHpOBaHHbl 

- -.,:WO)KHOCTb KOMIIaKTHOro MC 

- pa.;nncam,Hoe ynporn,eHHe reXI 

KaTaJIH3aTOpbl HJIH MHKpOKaHaJibHbie peaKTOpbl C HHTeHcmpm.i;Hp :Wflli!1-0DL,. MOHOrrpo,n:yKTa Herrocpem 

BaHHblM TeIIJI006MeHOM, HMeIOTCH H .n;pyrHe npe,n:JIO)KeHHH pa3HO ·--- (H.'IH HHbIMH MeTo,naMH). 

CTerreHH npopa6oTaHHOCTH (pHC. 8). r JiaBHbie H3MeHeHHH, KaK npa .llmmo Bbl)];eJIHTb HeKOTOpbie Han 

BHJIO, BHOCHTCH B CTa,lJ;HIO CHHTe3a <l>m.nepa-Tpornna, qTo BJieqeT 3 -....mnrli npoIJ;ecca. 

co6oii cyrn,ecTBeHHbie nepeMeHbl B .npyrHX CTa)];HHX H o6IIJ,HX :mep ::Jaq,zomexHOJl02Ul/eCKUe peweHWl. 

roTeXHOJIOrHqeCKHX perneHHHX. 

I 
generation 

1930 .. .1950 
Rurchemie, 
ARGE, 
Sasol 

II 
gen~ration 

1950 .. .1980 
Kellogg, 
Sasol 

III 
g<'llC-.ration 

1980 .. .1990 
Shell, 
Exxon, 
BP, 

Sasol 

IV 

2000 
CompactGTL, 
Oxford Catalysts, 
INFRA.gt! 

Puc. 8. qeTLipe noKoJienuH TexuoJioruu XTL [86) 

Heo6xo.n;HMO 3aMeTHTb, qTo coo6rn,eHHH pa3JIHqHbIX pa3pa6oT

qHKOB 06 OllbITHbIX HCIIbITaHHHX ycTaHOBOK qeTBepToro IIOKOJieH 

oqeHb pa3H006pa3Hbl 110 ,lJ;OCTOBepHOCTH, TaK qTO o6rn,ee KOJIHqeCTB 

3acJiy)KHBaIOIIJ,HX BHHMaHHH pa3pa60TOK He CJIHIIIKOM BeJIHKO 

HecMOTPH Ha pa3JI1fqlf5{ B npHMeHHeMbIX TeXHOJIOrHqeCKHX npHeMa 

y pa3HhIX pa3pa6o~HKOB, XTL qernepToro noKoneHHH HMeeT cne

,n:yIOrn,He o6rn,He IIpH3HaKH: 

- KpaTHOe yBeJIHqeHHe rrpOH3BO)];HTeJibHOCTH KaTaJIH3aTopoB B 

npOMbIIIIJieHHblX ycJIOBHHX; 
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-ytK.""Jll3allIDI TerrJia H MaTepmlllbH 

-~eHHe cxeMbl, OTKa3 OT IIpO 

-aq,exo.il K MOttorrpo.nyKTaM XTL 

lltuJ-.,e,,ue cuHme3-za3a: 

- 1NJBL1e KOHCTPYKIJ;HH noBblIIIem 

--lllMlli- 3Cpq)eKTHBHOCTH; 

BpHHIIllllHMbHO HOBbie peaK11 

'IIClllalll]lll; 

- JaD:POKaHaJibHbie peaKTOpbl. 

CaPlle3 </>uw.epa-Tponw.a: 

-J9C:Dl'leHHe rrpOH3BOJJ:HTeJibHOC'I 

- IIOBLle MeTO)];bl KOHTPOAA TeMI14 

fiWlupax; 
- ~'lleHbrnettHe Bblxo,n:a rro6o411 

_"-topl:al craThH 3aHHMaIOTCH pa3B1 

+XHHH B KOMIIaHHH HH<l>PA Tt!. 
tta 6a1e TeXHOJIOI"ll'l 

... ■ HOBblX yrnepOJJ:HblX MaTepll 

••+yen:,i: Ha BblCOKOIIpOH3B0,llHTel 

MMNJillOpe, HHHOBaIJ;HOHHOH opHr 

... • II03B0.:UUOIIJ,eH pa6oTaTh C BLI 
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DpOXOJUIT HCilbITamrn: Ha 

eqrroro IlOKOJieHmI HC-

11,1e CTp)'KTYpHpoBaHHble 

rop1,1 C HHTeHCHqJHI.J;HpO

Re Ilpe,llJIO)KeHml pa:mott 

!Lie H3MeHeHH&, KaK npa

l-Tpomua, qTo BneqeT 3a 

CTII.J1.IDIX H o6mHx :mep-

g: 
-... 

.1990 

IV 
g<n~Tation 

;., 
2000 
CompactGTL, 
Oxford Catalysts, 
INFRA.gt! 

llOnlB XTL [86] 

[HJI pa3JIHqHI,IX pa3pa60T

OK qe'J'BepToro IlOKOJieHH& 

:'3IC 'ITO o6mee KOJIHqecTBO 

[ He CJIHIIIKOM BeJIHKO. 

reXHOJIOrlfqeCKHX npHeMax 

►ro IlOKOJieHH& HMeeT cne-

Jil,HOCTif KaTaJIH3aTopoB B 

- B03MO)KHOCTb KOMTiaKTHOro MO,IJ,YJibHOro pa3Mememrn ycTa

a>BoK; 
- pam1Ka.JihHoe yrrpomemi:e TexHonorHqecKorr cxeMbI 3a cqeT 

a>ny'IeHH& MOHOnpo,IJ,yKTa Henocpe,IJ,CTBeHHO B peaKTope <l>HIIIepa

TponIIIa (HJIH HHbIMH MeTO,IJ,aMH). 

MO)KHO BbI)],eJIHTb HeKOTOpble HanpaBneHH& pa3BHH:UI KJIIoqeBbIX 

'IICrnonorttrr npouecca. 

3Hep2omexHoJ102u1.Jec1<.ue peUteHufl: 

- YTHJIH3aI.J;H& Tenna H MaTepHa.JibHblX TIOTOKOB; 

- ynpomeHHe cxeMbl, OTKa3 OT npoH3BO)],CTBa BOCKOB; 

- nepexo,IJ, K MOHonpo,IJ,yKTaM XTL. 

IloJ1y1.JeHue cuHme3-za3a: 

- HOBbie KOHCTpYKI-lHH IlOBbIIIIeHHOH KOMTiaKTHOCTH HJIH IlOBbl

~OH 3q>cpeKTHBHOCTH; 

- npHHQHTIHa.JlbHO HOBbie peaKTOpbl Ha OCHOBe MeM6paHHbIX 

w:xnonornrr; 
- MHKpOKaHaJibHhie peaKTOpbI. 

CuHme3 <PuUtepa-TponUta: 

- yBeJIHqeHHe npOH3BO)],HTeJibHOCTH KaTa.JIH3aTopoB; 

- HOBbie MeTO)],bl KOHTpOJI& TeMnepaTyp B cnappH H TpyfiqaTblX 

JIBTOpax; 
- yMeHbIIIeHHe BbIXO)],a nofioqHI,IX OKCHreHaTOB B rrpo,IJ,yKTe 

t1111Ie3a H B BO)],e CHHTe3a. 

Ainopbl CTaTbH 3aHHMaIOTC& pa3BHTHeM KaK pa3 TeXHOJIOrHH 4-ro 

~eHH& B KOMTiaHHH HH<I>PA TexHOJlOZUU (HayqHhie pa3pa6oT

• IlpOBO)],&TC& Ha 6a3e TexHonorHqecKoro HHCTHTyTa CBepxTBep

JIIIX H HOBhIX yrnepo,IJ,HhIX MaTepHarrOB - TIICHYM), KOTopa& 

llimtpyeTC& Ha BbICOKOIIpOH3BO)],HTeJibHOM MHorocpyHKI-lHOHaJibHOM 

•:rarrmarnpe, HHHOBaUHOHHorr opHrHHanbHorr KOHCTpYKUHH peaK

...,a (Il03BOJI&IOU-lett pa60TaTb C BblCOKOilpOH3BO)],HTeJibHblM KaTa-
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m13aTopoM), a TaK)Ke Ha TexHorronm: KOHrpomc TeMrrepaTyp 

BHeM. 

B ycTaHOBKe HCIIOJib3YIOTC5I BbICOKOIIpOH3BOlIHTeJibHbie MHOr 

<pyHKIIHOHaJibHbie KaTaJIH3aTOpbI CHHTe3a <l>mnepa-Tpomna, pa3p 

6oTaHHhie B KoMrraHHH MH<l>PA TexHorrornw [88-90]. IJ;eoJIHTC 

,n;ep)KaIIIHH Ko6arrhTOBbIH KaTaJIH3aTop II03BOJIHeT rrorryqaTh rrerK 

CHHTeTHqecKyIO Heq>Tb B OlIHY CTa,D;HIO, 6rraro,n;ap5I qeMy TeXHOJIOr 

He rpe6yeT opraHH3aIIHH lIOIIOJIHHTeJibHOH CTa,n;Irn rn,n;poo6rrar 

pa)KHBaHH5I (pHc. 9). 

~ 
~ 

H-Oneq>MHbl 
H-napaq>MHbl 

·MQ,r::? 

H•One¢,MHbl 
H-napaq>MHbl 
H3oone¢,MHbl 
~13onapa¢,MHbl 

Puc. 9. CxeMaTuqec1me npe~cTaBJieuue np011ecca ua 11eoJinTco~ep;icame 
K3TaJIH3aTOpe [87] 

Ilpo,n;yKT KJiaCCH<pHIIHpyeTCH KaK JierKaH CHHTeTHqecKaH Heq>T 

co,n;ep)KHT 6orree 95% CBeTJibIX <ppaKIIHH, HMeeT BbICOKOe IIeTaHOBO 

qwcrro lIH3eJihHOH <ppaKIIHH, a co,n;ep)KaHHe KepocHHOBOH <ppaKII 

lIOCTHraeT 45%. IlpOH3BO,D;HTeJibHOCTb KaTaJIH3aTopa INFRA.x 

rrpoIIecca <l>mnepa-Tporrrna Ha 6a3e Ko6arrhTa cocTaBJIHeT CBbIIII 

300 Kr/M
3 

B qac - no KpatiHeH Mepe, B 3 pa3a BbIIIIe rroKa3aTerre ~ 
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a B 2 pa3a Bbillle aHaJIOffi 

P.llpa6crraHHbie KaTaJIH3aTOphl, 3 

B3HHbie cxeMhI, BCTPaHB3 

TeXHOJIOI'HIO rrpoH3BOJlC 

_ eMbie H crpoHIIIHecg KOJ 

K 4-MY rroKorreHHIO B coc 

B pa6oTe [94]. 

_a- 33BO,lCKHX HCIIbITaHlIB K3Tal 

- ~o;iorwqecKOH IIJIOIIIa;lKe 

B r. .ll:3ep)KHHCKHH 6bL'l3 

B 3KCIIJIYaTaIIHIO OIThITHIDI ~ 

OICY H3 MeTaHa (pwc. 10). 

-...ii ura.·nnaTopa CHHTe3a B p 

_. wacmra6y. 

YCl'aHOBK3 o6ecneqHBaeT o'IBCJ 

■t•CII-ClhllHHHii. a rrorryqeHHbIH Cmrrel 

- a ~ra3, OCyIIIKY H KOMIIJ>H 

- ■ IICIIOCJ)elICTBeHHO CTaJIHIO CHl 

I 

he. IO. 3KcnepBMeUTL-u 



reXH0JI0rHH K0HTJ)0Jiji TeMrrepaTyp 

Cll BhlCOK0IIp0113BO,ll;IfTeJII,Hbie MHOr 

pw: cmrre3a <l>mnepa-Tporrrna, pa3pa 

PA TeXHonornH [88-90). U:eom1Tc 

Jlll3aTOp II03BOJijieT IIOJiyqaTb nerK 

CTIUIHIO, 6naro.n:apj{ qeMy Texttonor 

DOJIHHTeJlbHOM CTa,ll;HH rH.n;poo6nar 

~ + 
2 

H-Onecl>MHbl 
H..flapact,MHbl 

0 • .-0,~ 

- H-Onecl>NHbl 
H-0apacl>NHbl 
tboonecl>MHbl 
M3onapact,MHbl 

~ 
~ 

l..!!Ll 
U1eHHe npouecca ua ueoJiuTco~ep,icaw;eM 
narope [87] 

:,r KaK nerKaj{ CHHTeTHqecKaj{ Heq>Tb, 

cppaiaurn, HMeeT BbICOKOe u;eTaHOBOe 

CORep)KaHHe KepoCHHOBOM q>paKI.J;HH 

re.;IbHOCTb KaTaJIH3aTopa INFRA.xtl 

a 6a3e K06aJibTa COCTaBJijieT CBbIIIIe 

i Mepe, B 3 pa3a BbIIIIe IIOKaJaTeJieM, 

44 

JIH,z:i;epaMH OTJ)aCJIH, rrpHqeM cpoK cJiy)K6bI TaKoro 

B 2 pa3a Bhirne attanoroB [91-93). 

... ef-JraHHble KaTaJIH3aTOpbI, a TaK)Ke 3HeproTeXHOJIOrHqecKH 

'BaHHble cxeMbI, BCTJ)aHBaIOII.J;He 3TH KaTaJIH3aTOpbI B HH

TeXHOJiormo rrpoH3Bo.n;cTBa C)KY, II03BOJij{JOT OTHecTH 

Mhle H CTJ)OjlII.J;HeCj{ KOMIIaHHeM HH<l>PA TexttonorHH 

K 4-MY IIOKOJieHHIO B COOTBeTCTBHH c YCJIOBHj{MH, Cq>op

B pa6oTe [94) . 

.a- 33BO,n:CKHX HCIIblTaHHM KaTaJIH3aTOpa H rrpou;ecca B 2010 roi-• ff:XHOJiornqecKOM rrnoII.J;a.n;Ke KOMIIaHHH 000 «HH<l>PA Tex

..,. B r. ,ll;3ep)KHHCKHM 6bma crrpoeKTHpOBaHa, IIOCTJ)OeHa H 

B 3KCIIJiyaTaI.J;HIO OIIbITHaj{ ycTaHOBKa IIOJIHOro I.J;HKJia IIOJiy

..... C)l(Y m Merntta (pHc. 10). Otta rrpe.z:i;tta3Haqetta )];Jijl HCIIbI

,_... Dra.JIH3aTopa CHHTe3a B peaKTOpe, 6JIH3KOM K rrpOMbIIII

my Macrnrn6y. 

YC12110BKa o6ecrreqHBaeT oqHCTKY MeTatta OT cepoco.n:ep)KaII.J;HX 

•a•ce::,mttKRH-, a rronyqettHbIM CHHTe3-ra3 - OT CO2, KOHBepcHIO MeTa

- ■ cmrre3-ra3, ocyrnKy H KOMIIpHMHpOBaHHe oqHII.J;eHHOro CHHTe3-

- ■ aeuocpe.n;cTBeHHO CTa,n:HIO CHHTe3a <l>T. 

✓ 

1 
• 

Puc. 10. 3KcnepuMeuTaJibHaH ycTau0B1.:a MAPK 1 
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Pac. 11. 3KcnepuMeHT3JibHU J 

MeTaH no.n: ,n:aBJiemreM 6 6ap no.n;aeTcH m 6aJIJIOHOB Ha ce 

oqHCTKY npH TeMneparype 350 °C, nocJie qero CMeIIIHBaeTCH c n 

rpeThIM napoM H CO2 TaK)Ke nocTynaioIIIHM H3 6aJIJIOHOB, H no.nae 

B peaKTOp KOHBepCHH MeTaHa npH TeMnepaType 750-800 °C. IIoc 

3Toro noJiyqeHHbIH CHHTe3-ra3 0XJia)K,n:aeTCH ,no KOMHaTHOH TeMnep 

Typbl, H H3 Hero B cenapaTope OT,D;eJIHeTCH BJiara. IloJiyqeHHbIH cyx 

CHHTe3-ra3 .n;anee no.n;aeTCH B a6cop6ep ,D;JIH IIIeJioqHOH oqHCTKH 

CO2 H C)KHMaeTcH B KOMnpeccope ,no 22 6ap. IIocJie ocyIIIKH Ha IIe 

JIHTOBbIX JIOBYIIIKax rOTOBbIH CHHTe3-ra3 nocTynaeT Ha CTa.n;mo CH 

Te3a <I>T. CaMa CTa,D;HH CHHTe3a COCTOHT H3 2-x napanJieJibHO coe.n; 

HeHHbIX peaKTOp0B, noJiyqeHHbie npo,n:yKTbl OXJia)K,D;aIOTCH H pa3.n; llpmnBoJlHTeJibHOCTb ,n:aHHOH ycr. 

JIHIOTCH Ha ra3oo6pa3Hbie H )KH,D;KHe yrJieBo,n:opo,n:hI, a TaK)Ke BOrrvl .... ax IH)JJ(HX yrneBo.n;opo,n:oB (C 

)KH,D;KHe yrJieBo,n:opo,n:bl nocTynaIOT B npHeMHHK npO,D;YKTOB, a ra3 ~!~ lle'T3Ha. Ee TeXHOJIOrffqeCKWI ( 

o6pa3Hbie - Ha C)KHraHHe Ha cBeqy. 1-49 aape.aHTa MAPK 1, o.n;HaKo B .na 

.l(aHHaH ycTaHOBKa 6hma paccqHTaHa Ha nepepa6oTKY ,no 2 HM3 / -- opoe:cxo,n:HT npM 6oJiee BbICOKO 

no MeTaHy c npoH3BO,D;HTeJihHOCThIO no C)KY ,no 10 JilcyT. YcrnHo-==m OT CO2 ocymecTBAAeTC,t 

Ka npOIIIJia onpo6aIIHIO, 6bIJia no.n;rnep)K,D;eHa KaK caMa TeXHOJIO 11113A C BbI.n;eJieHHeM CO2 B pereHe 

CHHTe3a <I>T, TaK H BCH TeXHOJIOrHH nonyqemrn C)KY. nhIJia HCCJie,n: cpoye-rcH TaK)Ke cTeneHbIO ain-c 

BaHa pa6oTa pa3JIHqHbIX O,D;HOTpy6HbIX peaKTopoB CHHTe3a C pa3M --"ICDIO.J:OrttqeCKHX napaMeTJ)OB. 

paMH rpy6bl ,no q>l9,05x3000 MM. HcnhITaHbl pa3JIHqHbie KaTaJIH3a Ila OCHOBe 3KCnepHMeHTaJibHblX 

TOpbl CHHTe3a npH pa3JIHqHbIX ycJIOBHHX H pe)KHMax pa60TbI. Bn i-. BO:JY'leHHbIX C onHCaHHbIX Bbl[ 

CJie,D;CTBHH ycTaHOBKa 6hIJia nptto6peTeHa 000 «BHHHr A3 r a3 ~" TepMO,D;HHaMHqeCKOI'O aB 

npoM. iiiifCiCraB."IeHHbIX B ,n:aHHOH pa6oTe, 6 

C IIeJiblO yBeJIHqeHMH q>yHKIIHOHaJibHOCTH H npOH3BO,D;HTeJibH - ;a:MOHcrpaIIHOHHaH ycTaHOBKa tt 

CTH B KOMnaHHH 6bIJia cnpoeKTHpoBaHa H H3I'OTOBJieHa 6oJiee COBpe ...-a BaXOJlHTCH Br. BapTOH, mraT 

MeHHaH ycTaHOBKa MAPK 2, KOTopaH no3BoJIHeT ttcnhIThIBaTh peaK cs p--n:reHHe ,no 10 MJIH.M
3 
Iron np1 

TOpbl CHHTe3a <I>T c 60JibllIHMH pa3MepaMH Tpy6 .no qi25,4x6000 M -,cm no C)KY 4100 Tlro.u. 

(pttc. 11 ). Y CTaHOBKa Haqana pa6oTaTb B moJie 2014 ro.n;a H no cero- ueKa npoIIecca, McnoJib3yeMWI 

,D;HHIIIHHH .n;eHb ycneIIIHO 3KCnnyaTHpyeTCH Ha TeXHOJIOrHqecKOH nJIO- Cll8jCI pa3pa60TaHHOH aBTOpaMH CXC: 

ma.n;Ke KOMnaHHH. alD16 ro..'l}' 6hIJI ycneIIIHO rro.rryqea i: 
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f 

- cepo
c,epe-

-""'cyxoii 

CLC>FH OT 

r•neo

-CHH-

anno-

•2 BM
3/q 

YcraBOB-

• c pa3Me

a:raillna

fllil,nL Bno

lf'A3 fa3-

I .P ■t::IbHO-

.-:C COBpe

am,. peaK-

Puc. 11. 3KcnepuMeHTaJI&naH ycnuosKa MAPK 2 [86]. 

11poH3BO,ZJJITeJibHOCTh )],aHHOH ycTaH0BKH - )],O 30 nlcYT CHHTeTH

qecKHX )KH)],KHX yrneB0)],0p0)],0B (C)l(Y) npH IIOTpe6nemrn )],O 6 

H.M
3 
/q MeTaHa. Ee TeXH0JI0rHqecKa» cxeMa HHqeM He 0TJIHqaeTc» OT 

1-ro BapttaHTa MAPK 1, 0)],HaKo B )],aHH0M BapttaHTe K0HBepcH» Me

TaHa npoHCX0)],HT npH 6onee BbICOKOH TeMnepaType ()].0 900 °C), a 

oqttcTKa OT CO2 ocyllleCTBJI»eTc» 1u1pKynttpyIOll1HM pacrnopoM 

M.D:3A c BbI)],eneHHeM CO2 B pereHeparnpe . .D:aHHa» ycTaH0BKa xa

paKTeptt3yeTc» TaK)Ke CTeneHhIO aBT0MaTH3aUHH H K0HTp0JI» 0CH0B

HblX TeXH0JI0rHqeCKHX napaMeTp0B. 

Ha 0CH0Be 3KCIIepHMeHTaJibHblX )],aHHbIX MHoroqac0BbIX npo6e

roB, nonyqeHHbIX C 0IIHCaHHbIX BbIUie ycTaH0B0K, a TaK)Ke II0 pe-

3YJib TaTaM TepM0)],HHaMHqecKoro aHaJIH3a pa3JIHqHbIX TeXHOJIOrHii, 

npe)],CTaBJieHHblX B )],aHHOH pa6oTe, 6brna cnpoeKTHp0BaHa tt II0CTp0-

eHa )],eM0HCTpaUH0HHa» ycTaH0BKa MAPK 100 (pttc. 12). 3Ta ycTa

H0BKa HaX0)],HTC» B r. BapToH, UITaT Texac, ClllA, H paccqHTaHa Ha 

IlOTpe6neHHe )],0 10 MJIH.M
3 
/ro)], IIpHp0)],H0fO ra3a npH npoeKTHOH 

M0lllH0CTH II0 C)l(Y 4100 Tiro)],. 

CxeMa npouecca, HCII0Jih3yeMa» B )],aHHOH ycTaH0BKe, C00TBeT

crnyeT pa3pa6oTaHHOH aBT0paMH cxeMe SDR fHEPH.D:, Ha Kornpy10 

e 2016 ro)],y 6brn ycneUIH0 nonyqeH naTeHT [96]. 
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Cw, MA&ble IIpO™"IeHIII,le 

a:z,_ 1UO DpHllCIDL"IBCh B 1-.M ll 

nD1,1 XX BelGl. KpyIIHOTOffl 

.:11> 6 )l."JH. TOHH B ro..1, nc 

omocncjl )')Ke K 3-MY . 

re11.-ymero, -rpen,,ero 

J:JC:JWlhlC KamIT3.ThHhle BJ 
Pnc. 12. ,lJ;eMoucTpal(HOuuau ycTauoBI~a noJiyqeunu CiKY MAPK 100 [9-,_. ... M100'iH.blX IIpOJl)'KTOB. 3Kot 

- npm,n,mL"IeHHoii reXBo.:1 OCHOBHbIMH TeXHHqeCKHMH perneHmIMH, 3aJIO)l(eHHbIMH B .[(aHHO 

.:1RUCB3HapoB BH;Ie cepL 
ycTaHOBKe, HBJHHOTCH: KDl(U()flffl HOBOro, 4-ro I 

1) oqHCTKa OT cepoCO.[(ep)l(alI(HX COe,[(HHeHHH 3a cqeT HX rH.[(p 

OT OID,ITHOH pea;TH331Ill poBaHHH BO.[(Op0.[(0M, Bbl,[(eJrneMoro m MeM6paH; 

..- a ;ipyrne pa:1pa6o1'IHI 2) npe.[(pmpopMHHr rrpHp0.[(Horo ra3a; 

_Jp,......, crpc!UIOl K C03.iiaHHIO Te'Xl 3) rrapoyrneKHCJIOTHaH K0HBepCHH MeTaHa rrpH TeMrrepaT 

e IIplL'IOXCeHIDI 33 c• 900 °C H C0OTH0IIIeHHH rrap/ra3 2,5; 
CHIDKeHIDI yne.;Thlll,V 4) HJBJieqeHHe CO2 H3 CHHTe3-ra3a rrocpe.[(cTBoM M~3A-oqHcT 

3alpclI. B Hacroamee BJ)CM H ero B03BpaT Ha CTa,[(HIO KOHBepCHH MeTaHa; 

HH<l>P A npomna OIIhITHLI 5) peryJIHp0BKa OKOHqaTeJII,HOro CO0TH0IIIeHHH 

MeM6paHHoro 6JioKa; 

6) .[(ByxcTyrreHqan,IH: CHHTe3 c:I>T 3a rrpoxo,[(, C C0OTHOllleHHe 

Hi/CO no cTyrreHHM 2,15/2,0; 

wp,vwm,ennoro Macurra6a. 

.JIJn-epn 

7) B03MO)l(HOCTh U:HPKYJIHU:HH El( OTX0,[(HII(HX ra30B c:I>T B 6Jio ~ B.C., Kpbl.10B O.B. // C 
· >D. 1998. 350 C. 

KOHBepcHH. .:r C. II Proceedings of the EU 
EJiaro.[(apH IIPHHHTbIM TeXHHqeCKHM perneHHHM YCTaH0BKa IIOJiy CacreM. -rpe60BaBID1: Al 

a1--,mitJC..cat1t1i,01J..higman.de/eurogas.pdf (JJ qHJiaCh KOMIIaKTHOH H He,[(oporott C BhICOKOH 3<p<peKTHBHOCThIO. 8 i..J/aan,p-.Yielsen J.R. II Steam Refon 

MO.[(YJIH pacrroJiaraIOTCH B ra6apHTaX MOpCKHX KOHTeHHepoB, o6ecrre h-i:d Press, 1975. 

qHBaH JierKyIO rpaHCIIOpTa6eJibHOCTI, ycTaHOBKH. OTKpbITHe 3aBO,[( -1.0i W3VelleHHH aKTHBHOCTB 1rara:nn .._flCI- B.B.Ilo11oscKoro. - HooocH6HpC1 
COCTOHJIOCI, 30 ,[(eKa6pH 2016 I'O.[(a, B HaCTOHII(ee BpeMH rrpOHCX0,[( S...~d MC.J., Vannice MA //Cata] 
ero rrycK0HaJia.[(Ka [97]. 
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a,IIAPK 100 [95] 

; wn B .mnrnoii 

~ C'lrl' HX rn;:J,pH-

.. fflllleparype 

11l,13A-OqffCTKH 

Ill fl:pCO 3a cqeT 

C CIXJlll()llleHHeM 

.... Cl»T B 6noK 

1 Jl=DIIOBIGl nony

..--,cn,10. Bee 

poe. o6ecne

Oupaae 3aBo.n;a 

p:M9 DpOHCXO.D:HT 

3aKmoqeHue 

CoBpeMeHHbie npOMhmrneHHbie TexHonorHH XTL ,n;aneKo yurnH 

OT Tex, qTo npHMeIDrnHCb B 1-M TIOKOneHHH 3Toro npou;ecca B 30-

40-e ro,n;bI xx BeKa. KpyrrHOTOHHa:>KHbie 3aBO.D:bl rrpOH3BO.D:HTenb

HOCTbIO ,no 6 MnH. TOHH B ro,n;, IlOCTPOeHHbie B rrocne,n;HHe ro,n;bl B 

KYBeiiTe, OTHOC51TC51 y)Ke K 3-My ITOKOneHHIO. Ha116onee OCTpblMH 

npo6neMaMH TeKyru;ero, TPeTbero rroKoneHH51 XTL, 51Bn51IOTC51 BbI

coKHe y,n;enbHbie KaITHTMbHble BnO)KeHH51 H cnmIIKOM IIIHpOKHM 

crreKTP rro6oqHbIX rrpo,n;yKTOB. 3KOHOMHqecKM 3cpcpeKTHBHOCTb COB

peMeHHOM rrpOMbIIIIneHHOM TeXHOnOrHH B ,[J;OCTYITHOM ,n;AA Me)K,n;y

Hapo,n;HbIX n11u;eH3HapoB BH,n;e cepbe3HO orpaH11qeHa. B HaCT051II.J;ee 

epeM51 TeXHOnorHH HOBOro, 4-ro I10KOneHH51 HaX0,[1;51TC51 B CTa,n;HH 

nepexo,n;a OT OilbITHOM pean113au;HH K rrpOMbIIIIneHHOM. ABTOpbl 

CTaTbH, KaK H ,n;pyrHe pa3pa6o~HKH 4-ro I10KOneHH51 TeXHOnorHH 

XTL, CTPeM51TC51 K c03,n;aHHIO TexHonor1111, OTKpbrnaioru;eii HOBbre 

IIpOMbIIIIneHHbie rrpHnO)KeHH51 3a cqeT rrpOCTOTbl, KOMITaKTHOCTH H 

pa,n;HKMbHOro CHH)KeHH51 y,n;enbHbIX KaITHTMOBnO)KeHHM H orrepa

UHOHHbIX 3aTpaT. B HaCT051II.J;ee BpeM51 3Ta TeXHonorH51 B HCITOnHeHHH 

KOMrraHHH HH<l>PA rrpoIIIna orrhITHbie HCITbITaHH51, rrOCTPOeH rrepBbIM 

JaBO,n; rrpOMbIIIIneHHOro MaCIIITa6a. 
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CIIHTE3 <l>llIIIEPA-TPOilIIIA HA KOliAJihTOBhIX 

KATAJlll3ATOPAX C BhICOKOH 

TEilJIOilPOBO~HOCThlO 

K.O. I'p513H06, E./0. AcallueBa, E.B. Kyllb'-lOKOBCKafl, JI.B. CuHeBa, 
B.C. EpMOJlae6, 3.E. Mum6epz, Hr COJ/OMOHUK, B.3. MopOK06U'-l. 

TeXHOJIOrIIqeCKIIH IIHCTIITYT CBepxTBCp)],bIX II HOBbIX yrnepO)],HbIX MaTepIIaJIOB 

Bee.[l.euue 

B COBpeMeHHOM MHpe OCHOBHhlM HCTOtJHHKOM MOTOpHbIX TOIIJIHB 

■ CblpMI ,n;mI opram1qecKoro CHHTe3a 5.IBmieTC» HeQ}Th. PocT IIOTPe6-

.XHIDI MOTOpHblX TOIIJIHB, a TaK)Ke orpaHHtJeHHOCTh rrpHpO,D;HhIX 3a-

113COB HeQ)TH 3acTaBm1eT pa3BHBaTb TeXHOJIOrHH, CB»3aHHbie C rrony

'ICHHeM yrneBo,n;opo,n;oB TOIIJIHBHOro Ha3HatJeHH5I H3 aJihTepHaTHBHhIX 

IICTOtJHHKOB, HarrpHMep, yrAA, rrpHpO,n;Horo ra3a HJIH 6HOMaCChI. 

B JIHTepaType COBOKyrrHOCTh TeXHOJIOrHii: rrepepa60TKH TaKoro Cblph» 

B JIGl,D;KHe yrneBo,n;opo,n;hI rrpHH»TO Ha3hIBaTh XTL («x-to-liquid» HJIH 

«HetJTO-B-)Klf,lJ;KOCTh»). B tJaCTHOCTH, TeXHOJIOrH» rrepepa6oTKH rrpH

po,n;Horo ra3a HOCHT Ha3BaHHe GTL («gas-to-liquid» HJIH «ra3-B-)KH,n;

~OCTh» ). IlpHHIIHillfaJihHO TeXHOJIOrH» XTL COCTOHT H3 TPeX OCHOB

IILIX crn.n;Hii:: Ha rrepBoii: yrnepo,n;co,n;ep)KaIIIee Chiphe rrepepa6aThIBa

erc» B CHHTe3-ra3, KOTOpbIH Ha BTOpoii: CTyrreHH KaTaJIHTHtJeCKH KOH

BepTHpyeTC» B )Klf,lJ;KHe yrneBo,n;opo,n;hl. TpeTheH CTa,D;Heii: 5IBAAeTC5I 

~OHetJHa» rrepepa60TKa rrpo,n;yKTOB BTOpoii: CTa,D;HH. IlpHHIIHillfaJihHa» 

B03MO)KHOCTh HCilOJlh30BaHH5I rrpaKTHtJeCKH JII06oro yrnepo,n;co,n;ep

:llCaIIIero Cblph» )];JI» rronyqeHH» CHHTe3-ra3a OTKpbrnaeT IlOTeHIIHaJih

HO nmpoKHe B03MO)KHOCTH rrpHMeHeHH» TexHoJiorHH GTL. YTHJIH3a

J.J.IDI T»)KeJiblX rrpo,n;yKTOB HecpTerrepepa6oTKH H ra30B, OTrrpaBJI»eMbIX 

ea cpaKeJI c HecpTerrepa6aThlBaIOIIIHX 3aBo,n;oB, rrorryTHoro ra3a, pa3-

pa6oTKa HH3KOHarropHblX ra30BhlX MeCTOpO)K,D;eHHH 1103BOJIHT yBeJIH

'illTh BhIXO,D; )Klf)];KHX yrneBo,n;opo,n;OB, a TaK)Ke penmTh p»,n; 3KOJIOrH-
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qecKHX npo6neM, B qacTH0CTH, npeKpaTHTb BbI6poCbI yrneKHCJI0 

ra3a npH ropeHHH <paKenoB. [1,2]. 

O,ri;HH H3 HaH6onee nepcneKTHBHbIX cnoco6oB nepepa6oTKH c 

Te3-ra3a B opraHHqecKHe )KHJJ:K0CTH - CHHTe3 <l>muepa-Tpon 

(C<l>T). Hatt6onee aKTHBHbIMH H ceneKTHBHbIMH B np0H3B0,[{CTBe 

JieBo,ri;opo,ri;0B T0ilJIHBHoro Ha3HaqeHH51 cqHTaI0TC51 K06aJibTOBbie 

TaJIH3aT0pbI. O,ri;HaKO, MX BbIC0KM aKTHBH0CTb IlpHB0,[{HT K qpe3B 

qaHHO CHJibH0MY BbI,[{eJieHmo Tenna B xo,z:i;e peaKI.J;HH, qTo cep1,e3 

ycJI0)KH5IeT ycJI0BH51 3KcnnyaTaU:HH KaTaJIH3aT0pHoro CJI051 B peaK 

pe H C03,ri;aeT npo6JieMbI npH Macrnrn6ttpoBaHHH TeXH0JI0rHH. II 

3T0MY o,ri;Hoii H3 HaH6onee aKTyaJioHbIX B ,ri;aHHOH o6nacTH Hccne,z:i; 

BaHHH 5IBJI5IeTC51 o6ecneqeHHe TepMHqecKOH CTa6HJibHOCTH pa6o 

KaTaJIH3aT0pHoro CJI051 KaK 3a cqeT ,[{0CTaToqHoro K03<p<pHU:He 

Tennonp0B0,[{H0CTH rpaHyJibI KaTaJIH3aTopa, TaK H BbI6opa 0ilTHM 

HbIX napaMerpoB peaKT0pa. IIepcneKTHBHbIH npOMbIIIIJieHHbIH Ka 

nmarnp <l>muepa-Tponrna JJ:0JI)KeH y,ri;oBJieTBop51Tb ycnoBH5IM ,z:i; 

HOH aKTyaJioHOH 3a,z:i;aqH, TO eCTb o6ecneqHBaTb 3<p<peKTHBH)'IO Te 

JI0ilp0B0,[{H0CTb CJI051 H CTa6HJibHO pa6oTaTb B K0MilJieKce C pea 

poM onpe,z:i;eneHHbIX reoMerpttqeCKHX napaMerpoB. 

B ,ri;aHHOH pa6oTe 061>eKTaMH HCCJie,[{0BaHH51 5IBJ15IIOTC51 K0Mil03 

Hble K06aJibTOBbie KaTaJIH3aT0pbI CHHTe3a <l>Hrnepa-Tponrna. Hcxo 

Hble K0Mil0HeHTbI, H0CHTeJIH H KaTaJIH3aT0pbI, nonyqeHHble Ha MX 

H0Be, 6oIJIH npoaHaJIH3Hp0BaHbI <pH3HKO-XHMHqecKHMH MeTo,[{aMH. 

llpuzomoa.flenue KamaJ1u1amopa 

)]:JI5I npHr0T0BJieHH51 KaTaJIH3aTopoB npHMeH5IJIH KpHCTaJIJI0r 

paT Co(NO3)i-6H2O (rOCT 4528-78 - 6e3 HHKen51) HJIH cKenern 

K06aJioT. 

IloJ1y•1e11ue cKeJ1em11020 Ko6anbma. OcHoBaHo Ha 3KcnepHMe 

TaJibHbIX ,ri;aHHbIX H MeT0,[{HKax, H3JI0)KeHHbIX B JIHTepaTypHbIX H 

ToqHHKax [3-5]. CKeneTHbIH Ko6anoT 6nm rronyqeH Bo1iu;enaqHBa 
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yrneKHcnoro 

a6cmCH CRH

epa-Tpomna 

13B01lCTBe yr

UU.TOBbie Ka

in K qpe3Bbl

'ITO cepbe3HO 

11()11 B peaKTO

Jl();IOnffl. Ilo

llCTII HCCile,D,o

lOCTH pa60Tbl 

xncl>q)HUHeHTa 

:,pa OilTHMailb

lllCHHblH KaTa

lC:IOBIDIM ,D,aH

:S:0113H)'IO Terr

asce C peaKTO-

Jl'CI KOMIIO3RT

ponma. Mcxo,D,

Bllhle Ha RX oc

■ KeTO,lJ,aMR. 

IpHCTa.rmorR,D,

IL"IB cKeneTHhIH 

ea 3KcrrepHMeH

rrepa:rypHhIX HC

BLIIIH!JiaqttBaHH-

eM Ko6anbTanIOMRHReBoro crrnaBa Co2Al9 (Johnson Mattehey) no 

ypaBHeHHIO: 

Co2Al9 + 9KOH+ 27H20 = 2Co0 + 9K[Al(OH)4] + 3,5H2t 

MeTO,lJ,RKa COCTORT R3 cne,D,yIOIIIRX OCHOBHbIX 3T3IIOB: 

1) HR3KOTeMrrepaTypHoe BbIIIIenaqRBaHRe crrnaBa C ,lJ,03RpOB3HHOH 

no,D,aqeii IIIenoqHoro pacrnopa B peaKU:ROHHhIH o6oeM; 

2) y,D,aneHRe rrpo,D,yKTOB BblIIIenaqRBaHR» R3 rrperrapaTa, B qacT

HOCTR, rR,D,pOOKHCR anIOMRHH». 3TO oqeHb B3)KHO, IIOCKOilbKY 

HeIIOilHOCTblO y,D,aneHHa» OHa 6y,D,eT 6noKRpOB3Tb IIOBepXHOCTb CKe

.:IeTHOro K06anbTa, yxy,D,IIIa» TeM caMbIM ero KaTanRTRqecKRe CBOH

CTBa (pttc. 1); 

3) BaKyyMHa» cyrnKa rrperrapaTa; 

4) rraccHBaU:R» rrperrapaTa. 

foTOBblH CKeneTHblH K06aJibT rrpe,D,CT3BAAeT co6oii Herrttpoq_>0p

HhlH, cnerKa 6necT»IIIRH qepHbIH rropoIIIoK, pearttpyIOIIIRH Ha Mar

HHTHoe none. 

a 6 
Puc. 1. 3JleKTpOHHble MHKpo4>0Torpactmu '13CTHII CKeJleTHOro K063JlbTa: 

CBe)KeIIpHroTOBJieHHbIH (a) H OTMblTblH OT rH,1],pOOKHCH aJIJOMHHH}l ( 6) 

Ilpu2omoeJ1eHue KamaJtu3amopoe. B paMKax ,D,aHHoii pa6oTbI 6bI

llH RCIIOJib3OBaHbl KaK rrpRrOTOBileHHbie KOMIIO3RTHbie HOCRTeilR, TaK 

H J)Ke RMeIOIIIRec» o6pa3.Qbl rrpOMbIIIIIleHHOro rrpoRCXO)K,lJ,eHR» ( 3KC

TJ)Y,D,RpOBaHHblH Kap6H,D, KpeMHR»). KoMII03RTHbie o6pa3U:bl 6b1Illl 
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nplir0T0BJieHhl BJia)l(HhIM CMernemi:eM K0MnoHeHT0B (6eMHT, l(e0JIHT 

HB, Tennonp0Bo,z:v1muii KOMnoHeHT) .n;o nacToo6pa3HOro cocT0HHIDI c 

nocne.n;y10meii 3KCTPY3Heii cMecu, TepMoo6pa6oTKoii M H3MeJihqeHH

eM .n;o roT0BhIX rpaHyJI. U:eoJIHTHhIH K0Mn0HeHT co.n;ep)l(aJIH BCe 

HaHeceHHhie KaTaJIM3aT0ph1 ( 3a HCKJIIOqeHHeM Kap6H.D;HOKpeMHHeBO

ro ), a TaK)l(e KaTanM3aTOp co cKeneTHhIM Ko6anhTOM (KqC-ll)i~Kqc 

He co.z:i;ep)l(aJI l(e0JIHTH0ro K0Mn0HeHTa. B KaqeCTBe Tennonpfo.n;H

ll(HX K0MnoHeHT0B B cocTaBe KoMn03HT0B 6hIJIH ucnoJih30Bad qa

CTHl(hI MeTaJIJI0B MHKp0HH0ro pa3Mepa, K0T0phie pa3JIHqaJIHCh KaK no 

3JieMeHTH0My C0CTaBy (aJIIOMHHHH, Me,!l;h, l(HHK, KOfiaJihT), TaK M no 

qiopMe (cqiephI, qernyHKH, .z:i;eH,D;pHThI). llx BB0,D;HJIH B H0CHTeJih Ha 

CTa,D;HH CMellleHHH HCX0,D;HhlX K0Mn0HeHT0B B K0JIHqeCTBe 50 Mace. % 

B pacqeTe Ha cyxue K0Mn0HeHThl. O6pa3el( cpaBHeHIDI (KO) - H0CH

TeJih nu6o KaTaJIH3aTop Ha ero ocHoBe, He co.n;ep)l(all(HH Tennonpo

BoMmero K0MnoHeHTa. Ha3BaHHe M C0CTaB o6pa31(0B yKa3aHhl B 

Ta6JI. 1. 

Ha3Banue H COCTaB oopa3~0B B pac'li!Te ua HCXO)J.Hbie cyxue KOMUOHeHTbl 

Co.n:ep)l(aHJi:e K0MII0HeHT0B, Mace. % 

Ha:3Bami:e 
TerrrrorrpoBO.ll:Hll(HM Terrrrorrpo-

K0MII0HeHT EeMHT l(eorrHT BO)];Hll(HM 
K0MII0HeHT 

KO HeT 80 0 
K1I qernyttqan,IM arrIOMHHHM 

KC 
cqiepttqecKMM arrIOMH- 20 

30 
HRH 

KM Me)];HI,Ie .n;eH.n;pHThl 
Kl( qernyttqaThlM IIHHK 35 15 50 

K1IC 
qernyttqaThIM aITIOMHHH 

30 20 + CKerreTHhIM K06arrhT 

K1IC-1( 
qernyttqaThIM arrIOMHHHM 

20 10 20 + CKerreTHhlM Ko6arrhT 

KK 
3KCTpy.n;HpOBaHHhIM 

100 
Kap6M.n: KpeMHHH 
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AlcrnBHhIH MeTaJIJI HaH0CHJICH JIH6o rq 

... mrrpaTa K06aJihTa, JIH6o BBe.n;eHHeM q 

- MIIKp0HHoro pa3Mepa B C0CTaB K0MITO: 

-=uJ.IIHhIX K0MnoHeHT0B. Bee KaTaJIH3aTOj 

Cunme3 <Puiuepa-Tpomua B ., 
u onbtmno-npOMbtlUJlenno.i 

Ceme3 <l>urnepa-Tponrna (C<l>T) npo 

-,xarpy6HOM peaKTope, HMHTHpyIOmeM 

191py6-Horo npoMhilllJieHHoro peaKTopa (r 

Ceme3-ra3 qepe3 naTPy6oK 3 nocryna 

Wlpl 2, r.n;e no.n;orpeBaeTCH Tennonepe.n;a'I€ 

--,eJ cnoii KaTaJIM3aTopa, orpaHffqeHIIl:,IH 

9ICIIIIKOH (Ha pucyHKe He nOKa3aHa). 

. ~HhlMH M )l(H,!l;KHMH npo.n;yKTaMH CII 

-.. BhIB0.D;HTCH CHH3Y qepe3 naTPy6oK 

Tc.neparypy B cnoe KaTaJIH3arnpa M3Mq: 

~ JroMIIJieKC0M TepMonap 7, qT0 n03BOllll 

~a Th TeMneparypy B peaKTope. Te 

· w::a.Hou: l(HPKYJIHI(Heii B0.D;hI no.n; .n;aBJieHHI 

■'"-'6ann<e peaKTOpa. 

he. 2. Ko11.yx0Tpy6nhlii peaKTop C<l>T: 
6 - ~iiarnKa peaKT0pa; 2 - peaKT0p; 3 - IIaTPyt 
;- ra.3a; 4 - naTpy6oK Bhixo.n:a ra:m H :llQUII 

' i~~OB CHHTe1a; 5 - IIaTpy6oK Bxo.n:a Bo,n,1; I 

. '-.,00K Bhixo.n:a B0)];hI; 7 - K0MIIITeKC repMOO: 
•-JqJMonapa Ha Bxo.n:e B py6arnKy; 9 - TepMOI 

pa Ha BhlX0.n;e ll3 py6aIIIKH 
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• (iiclllrr. ueomn 

-1> COCTOJIHIDI C 

Iii ■ 11111em,qemr-

1t ~ Bce 

.. NcpeMHHeBO-

- (FIC-~Kqc 
S fflDODPCl,oM
~ qa

~b KaK ITO 

---.T). T3K H ITO 

- S IIOCHTeJib Ha 

RIICDC 50 Mace. % 

- (KO) - HOCH-

--■--- reIIJioITpo-

p-w• YJC33aHbl B 

Ta6.11uz,a 1 
...-...uoeeeTbI 

1---lm&. MaCC. % 

• 7.=- C1::enernbIM 
11.'.00aJlhT 

• -

-

50 

20 

20 

100 -

AKTHBHblH MeTaJIJI HaHOCHJICH mr6o ITpOITHTKOH BO)],HbIM pacTBO

poM HHTPaTa K06aJibTa, JIH6o BBe)],eHHeM qacTH.U CKerreTHOro K06arrb

Til MHKpOHHOro pa3Mepa B COCTaB KOMIT03HTa Ha CTa)],HH CMellleHIDI 

HCXO)],HbIX KOMIT0HeHTOB. Bee KaTaJIH3aT0pbl co,n;ep)l(aJIH 20 Mace. % 

Ko6arrbTa B ITepecqeTe Ha MeTarrrr. 

Cu11me:1 <Pumepa-Tponma 6 JZa6opamop110M 
u onb1m110-npoMblUIJle11110M pea«mope 

CHHTe3 <l>Hrnepa-TpoITrna (C<l>T) ITpOBO)],HJIH B rrpornqHOM Ko

;«yx.OTPY6HOM peaKTope, HMHTHpyioiu;eM e)],HHHqHyIO Tpy6y MHO

roTPy6-Horo ITpOMbllllJieHHOrO peaKTOpa (pHc. 2). 

CHHTe3-ra3 qepe3 ITaTPy6oK 3 IT0cTyITaeT B BepxHIOIO qacTb peaK

Topa 2, r)],e no)],orpeBaeTcH TenrroITepe)],aqe0. qepe3 cTeHKY, npoxo)],HT 

11epe3 crro0. KaTaJIH3aTopa, orpaHHqeHHbIH CBepxy H CHH3Y HHepTHOH 

3aCbIIlKOH (Ha pHCYHKe He IlOKa3aHa). 

OTPa6oTaHHbIH CHHTe3-ra3 BMecTe c ra-

3006pa3HbIMH H )l(H)],KHMH npo)].yKTaMH CHH

re3a BbIB0)],HTCH cmny qepe3 naTPy6oK 4. 

TeMITepaTypy B crroe KaTarrH3aTOpa H3MepH

IOT K0MITJieKC0M TepMonap 7, qTo Il03B0JIHeT 

OTCJie)l(HBaTb TeMnepaTypy B peaKT0pe. TeM

nepaTypy CHHTe3a Il0)],)],ep)l(HBaIOT npHHY)],H

TeJibHOH u;HpKyrrHu;HeH B0)],bI no)], )],aBrreHHeM 

B py6arnKe peaKT0pa. 

Puc. 2. Ko:iKyxoTpy6ublu peainop Ccl>T: 
1 - py6amKa peaKTopa; 2 - peaKrnp; 3 - 11aTpy60K 
BXO,na r83a; 4 - 11aTpy60K BhIXo,na r83a li )KR.11.KRX 
upo,nyKTOB CRHTe3a; 5 - IIaTpy6oK BXo,na B0.11.hI; 6 -
rurrpy6oK BhIXo,na B0.11.hI; 7 - KOMIIJICKC TepMoIIap; 
8 - TepMOIIapa Ha BXO,ne B py6amKy; 9 - TepMOIIa-

pa Ha BhlXO,ne m py6alllKR 

59 

Ii! 

fll!fJ:?~" 

;J 

, " 

9 

_J_ 

,£,, 

,7 

,8 

,, 5 

,,'t, 



Ilpe,nBapHTeJibHO XHMHqecKH oqmn,eHHYIO (x.o.) BO,ny no.no 

BaIOT B BO,[(OITO.L(OrpeBaTene H HaCOCOM no,naIOT B py6arnKy pea 

pa J. Ha BXO,ne H Ha BblXO,[(e H3 Hee B naTPy6KH 5 H 6 BMOHTHpOB 

TepMonapbl 8 H 9 ,[(IT& KOHTPOJI& 3a TeMnepaTypoii BO,[(bl CHH3Y 

CBepxy. 3cpcpeKTHBHblH OTBO,[( Tenna o6ecneqHBaeTC& Tennoe 

CTblO ll,HpKyJIHpyrorn;eii BO,[(bl. Bo,na KOH,neHCHpyeTc& B annapaTe 

Heo6xo,nHMOH TeMnepaTypbl H ITO,[( ,naBneHHeM BHOBb no,nafac& B 

aKTOp 2. 

,ll;JI& HCCJie,noBaHH& B03MO)KHOCTH MacrnTa6HpoBaHH& TeXHOJIO 

C<l>T 6bIJIO npoBe,neH0 q_JH3HqecKoe M0,[(eJIHpoBaHHe CJI0& KaTanH 

T0pa B peaKTOpax pa3JIHqHblX pa3MepoB (Ta6JI. 2). 

OcHOBHble xapaKTepHCTHKH na6opaTopHoro H 0ilblTH0-npOMb 

JieHH0ro peaKT0p0B npHBe,neHbl B Ta6JIHU,e 2. 

XapaKTepucTHKH peaKTOpoB Ol>T 

TiapaMe-rphl 

,ll)nrna, MM 

,[{11aMe-rp, MM 

BhlCOTa KaTaJIH3aTOpHoro CITO», 
MM 

O6beM KaTaJIH3aTOpHoro CITO», MIT 

TioITHhlll o6beM peaKTOpa, MIT 

TI11HettHM CKOpOCTh CHHTe3-raJa, 
M/C 

na6oparnpHblll 

200,00 

10,22 

30,50 

2,50 

16,41 

0,01-0,05 

PeaKrnp 

OnbJTHO
npoMhlnmeHHhltt 

2100,00 

10,22 

1390,00 

114,00 

172,00 

0,39-2,32 

BoccmaH06J1e1me Kamanu3amopa 

KaTaJIH3aTOpbl H CHHTe3 yrneBo,nopo,noB H3 co H H2 B0CCTaH 

ITHBaJIH Henocpe,ncTBeHHO B npoT0qHoM KO)KyxOTPY6HOM peaKT0pe. 

IlpH Jia6opaTopHblX HCilbITaHH&X HaHeCeHHhie KaTaJIH3aT0pbl, 

TaK)Ke KqC-IJ; BOCCTaHaBITHBaJIH 1 q B IT0T0Ke H2 C 06'beMHOH CK0p 
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i,..) eo.ny no,n;orpe

; py6amKy peaKTO

■ 6 BIIOHmpOBaHbl 

lllii BO:D,l cmny H 

aen:2 TeilJI0eMK0-

:101 B amiapaTe ,n;o 

.. IJ0.3aC'fCjl B pe-

..... TeXH0JI0rHH 

.: C:ICMl KaTaJIH3a-

I cmll'lllO-IlpOMbllll-

Ta6J1u4a 2 
I' ... 

Ouwmo-
...,..,.,,,,'!HHhlii 

1100,00 

10.,22 
1390,00 

114,00 

1~00 
L'9--:!.,32 

.. 
CO• H: BOCCTaHaB

lp)UIOM peaKTope. 

allC' DJa"IH3aTOpbl, a 

I_: C om.eMHOH CK0po-

cn10 3000 q-1 npH 400 °C H ,D,aBJieHHH 0,1 Mila. KarnJIH3aTOp co 

CICeJieTHhIM K06aJihTOM KqC 6bIJI B0CCTaH0BJieH IIpH pa3JI~HhlX 

TeMIIepaTypax - 250, 300, 350 H 400 °C, Il0TOMY KaTaJIH3aTOpbl tt 

H33BaHbl KqC-1, Kqc-2, Kqc-3 H Kqc-4. 

BoccTaHOBJieHHe KaTaJI.H3aTopa B 0ilhITH0-IIp0MhIIIIJieHH0M peaK

rope 6bIJIO pa3,D,eneHo Ha ,n;Be crn,n:m1. Ha nepBOH m HarpeToro KaTa

.:nnarnpHoro CJI0jl TOK0M N2 y,n;aJij[JIH cop6HpOBaHHyIO Bo,n;y (120 °C, 

.:nrneHHajl CK0p0CTh 0,5 Mic, 1 aTM. ), Ha BTOpOH - B0CCTaHaBJIHBaJIH 

ICaTaJIH3aTOp B T0Ke H2 (1 Mic, cpe,D;Hjljl TeMnepaTJPa KaTaJIH3aT0pH0-

ro CJI0jl 350---400 °C). 

Cu11me3 JICUOKUX ymeeooopoooe 

B na6opaTOpHOH ycTaH0BKe (pHC. 3) nocne B0CCTaH0BJieHHji Ka

T3JIH3aTop p33pa6aThIBaIOT B T0Ke CHHTe3-ra3a, II0,lJ,HHMaj[ TeMnepa

TYPY OT 170 ,n:o 228-238 °C Ha 3-10 °C Ka)K,lJ,hie 6 q (pe)KHM 

«stop&go» ). )],aBJieHHe CHHTe3-r33a B peaKrnpe 2 Mila. CHHTe3-

11l3 (MOJihHOe cooTH0illeHne H 2:CO = 2, B cocTaB cMecH BB0,n:HJIH 

5 MOJI.% N 2 B Kaqecrne BHYTPeHHero CTaH,D,aprn) no,D,aIOT c 061,eMHOH 

co 
N2I IH2I I+ 

H20 
x.o. 

H2 

1 

Puc. 3. CxeMa .J1a6opaTopuoii ycTaHOBKH: 
1 - perymnop pacxo)].a; 2 - peaKTop cRHTe3a )IUI)].KRX YTJieBo,D.opo,n:OB; 3 - xo
:I0)].RJibHRK-cenaparnp; 4 - xpoMaTOrpaq>; 5 - Hacoc; 6 - B0)].0il0)].0rpeBaTenb; 

7 - peCRBepmUl eMKOCTb N2 
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CKOpOCThIO 1000 q-l (B pe)KH:Me pa3pa60TKH - rro.m,eMa H OIITHMH 

11,HH TeMrrepazyphI CHHTe3a) H yBeJIH:qHBaIOT ,n;o 6000 q-] (B pe)K 

OIITHMH3all,HH rrpOH3BO)];HTeJihHOCTH). IlpH OIITHMH3all,HH rrpOH3BO 

TeJihHOCTH Ka)K)];hIH IIO)];'heM Harpy3KH no CHHTe3-ra3y Ha 1000 q-] 

rrpOBO)K)];aJICH IIOBhIIIIeHHeM TeMrrepaTyphI B cpe,n;HeM Ha 3-6 °C. 

OIIhITHM ycTaHOBKa BKJIIOqaeT Bee OCHOBHhie CTa,n;HH TeXHOJIO 

GTL H HCIIOJih3yeT rrpttpo,n;HhIH ra3 B Kaqecrne Hcxo,n;Horo chip 

OHa COCTOHT ll3 6JIOKa rronyqeHHH CHHTe3-ra3a C peaKTOpOM ,n;ecy 

qmpoBaHHH rrpnpo,n;Horo ra3a ll rrapoyrneKHCJIOTHOH KOHBepc 

6noKaMn oqncTKH OT CO2 ( a6cop611,nH CO2 Kap6ottaTOM KaJIHJI 

OXJia)K)];eHHH CHHTe3-ra3a ll KOMIIpeccopOM ll 6JIOKOM CHHTe3a <l>HIII 

pa-TporrIIIa. Ha pHCJHKe 4 rrpe,n;cTaBJietta yrrpolll,eHHaH cxeMa 6no 

CHHTe3a )KH)];KHX yrneBo,n;opo,n;oB, 6JIOK rronyqeHHH CHHTe3-ra3a 

II0Ka3aH. 
C11HT83-ra3 

OrxoA1W111il 
ra3 

~e 
yrneeo,t:IOl)OAbl 

Botlll 

Puc. 4. Ynpom;euuaH cxeMa OJIOKa cuuTe1a mu~Kux yrJieeo~opo~oe: 
1 - peaKTop C<l>T; 2 - cenapaTOp; 3 - npMeMHMK )KM.z:IKMx npo.z:1yKTOB C<l>T; 4 

KOH,LleHCaTop; 5 - Hacoc; 6 - XOJIO,LIMJibHMK 

B 0IIbITH0-IIp0MbIIIIJieHHOM peaKT0pe KaTaJIH3aTop pa3pa6aThIB 

IOT aHaJiornqHhJM o6pa30M, qTo ll B na6opaTOpHOM, 0)];HaKo CHHT 

rrpOBO,WIT B HerrpepbIBHOM pe)KHMe. TeMrrepazypy II0BhIIIIaJIH Ha 

5 °C B ,n;eHb, a o6neMHYIO CK0pOCTb - ,n;o 200 q-] B ,n;eHh. 

62 

CRDTe3a orrpe,n;eJij{JIH MeTOll3 

- xpoMaTOrpaq>HH C RC 

ICC-4000 M». 

KOpq>OJIOrHH If TeKCTYJ)Ll I 

6wm: IIOJiyqeHhI Ha pacrp 

-- .,...,,,r,~ VEGA 3 SEM. 

CT)'Phl IIOBepXH0CTH CICe..'1 

BOM 3JieKTJ)OHHOM MHKP 

sze'IO<jJmoeblU aH<1JlU3. )laHB 

..__..~ Ha rrpH6ope PAN Analytic 

- 15-85 ° 20, n3.rryqeHHe Cu 

II0BepXHOCTHhie q)33bl IC3'. 

---,111EIH, q>paKUHIO 0,2-0,4 MM 00 

-llllDljif"ltJl:ipea.KTOP c o6orpeBOM, BB 

IC (Quantachrome lnstnm 

1, MeTo,n;oM renneBOH IIHKB< 

- npoH3Bo,n;crna Quantachrome I 

)am-,.:n. HOCHTene.ti Cp, H3MepRi'IH 1 

KanopnMe'I'pe DSC 8000 ( 

rrpoBO)];HOCTH K - Ha 

h (NETZSCH). K03q>q>HIIHe 

IIO cpopMyne: 
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IIO,ll,"bCMa H OIITHMH3a

(O 6000 q-l (B pe)KHMe 

rHMH3aIIHH IIpOH3B0,1],H

'e3-ra3Y Ha 1000 q-
1 co

)eJ(HeM Ha 3-6 °C. 

1Ye CTIU{HH TeXHOJIOrHM 

:'TBe BCXOJlHOro CblpbH. 

a c peaicropoM necyn1,

me.;,OTHoii KOHBepCHM, 

~ irap6oHaTOM KaJIHH), 

5JioKoM cHHTe3a <l>mne

pomeHHruI cxeMa 6noKa 

yqeHIDI cHHTe3-ra3a He 

~ 
r83 

_llCloA&Me 
~ 

- 8qiia 

DllllOIX yrJieBO,l1.0p0,l1.0B: 

oc:ornx IIpO)J.)'KTOB C<l>T; 4 -
);:uLThHHK 

rraJIH3aTOp pa3pa6aThIBa

aropHOM, 0,1],HaKO CHHTe3 

parypy IlOBbllllaJIM Ha 3-

~ q-
1 

B neHh. 

CocTaB HCXO,D,Horo CMHTe3-ra3a, ra3006pa3HblX M )KH,1],KMX rrpo

~OB CMHTe3a orrpe,D,eJIHJIH MeTo,D,aMM ra3oancop6.QHOHHOH M ra30-

11Jml(OCTHOH xpoMaTorpaq:mM C MCIIOJib30BaHHeM xpoMaTorpa<pOB 

dpHCTaJIJIIOKC-4000 M». 

Pacmp06aJl 3JleKmpOH1-lQJl MUKpOCKOnUR. 3neK'IpOHHble MHKpo<po-

10rpa<pMM MOp<ponorHM M TeKCTypbl IIOBepxHOCTM HOCMTeJieH M KaTa

.llll3aTOpOB 6bIJIM rronyqeHbl Ha paC'IpOBOM :meKTpOHHOM MHKpOCKOIIe 

lESCAN VEGA 3 SEM. 

3JieKTIJOHHhie MHKpO<pOTOrpa<pMM BbICOKOro pa3peIIIeHMH Mopqm

.llOrHM H TeKCTYPhl IIOBepXHOCTM CKeJieTHOro K06aJibTa 6hIJIH rronyqe

BLI Ha paCTIJOBOM 3JieKTpOHHOM MHKpocKorre JEOL JSM-7600F. 

PeHm2e1w</Ja306blU aHaJlU3. ,[.l;aHHbie peHTreHOq)a30Boro aHanma 

oo.rryqeHbI Ha rrpH6ope PAN Analytical Empyrean. ,[.l;Harra3oH Mccne

JIOBaHirn - 15-85 ° 20, mnyqeHHe Cu Ka. 

TepMonpo2paMMupo6aHHoe 6occmaHo6JleHue. EoIJIM MccnenoBaHbI 

OS:CH,[{Hble IIOBepxHOCTHbie <pa3bl KaTaJIH3aTopa no C<l>T. 06pa3e.Q 

EMeJibqaJIM, <ppaK.QMIO 0,2-0,4 MM 061,eMOM 0,03-0, 12 MJI IIOMern;anM 

• MHKpopeaKTop c o6orpeBOM, MHTerpHpOBaHHblH B ycTaHOBK)' 

Autosorb-lC (Quantachrome Instruments). Pacxon ra3a-HOCMTeJIH 

Hi/Ar COCTaBJIHJI 40 MJIIMMH, o6pa3e.Q HarpeBaJIM OT 30 no 1000 °C. 

IluKHOMempui-tecKuu aHaJlU3 2paHyll HocumeJlR. HocMTeJIM aHaJIM-

311J)OBaJIMCb MeTO)],OM reJIHeBOH IIHKHOMeTIJMH Ha IIpM6ope «Ultrapyc 

1200e» rrpOH3BO,D,CTBa Quantachrome Instruments. 

H3MepeHue K03</J</JulJueHma menRonpo6odHocmu o6pa3lJ06. Terr

.:roeMKOCTb HOCHTeJieH Cp, H3MepHJIM Ha nmpq>epeH.QMaJibHOM CKaHH

pyiorn;eM KanopHMe'Ipe DSC 8000 (Perkin Elmer); K03<p<pH.QMeHT 

reMrrepaTyporrpoBOJlHOCTM K - Ha aHaJIM3arnpe LF A 457 /2/G 

MicroFlash (NETZSCH). Ko3<pq>H.QMeHT TerrnorrpoBO,D,HOCTH paccqH

TblBaJIH no q>OpMyne: 

A,= K. Cp. p, 
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r,z:J,e A- K03q>qnn.J,I-leHT Tem1onp0B0).l,H0CTM o6pa3I.J,a, BT/(M·K); K-

3q>q>MI.J,MeHT TeMneparyponp0B0).l,H0CTM o6pa3I.J,a, M2/c; Cp - M0Jlh 

TenrroeMKOCTh o6pa3I.J,a, ,Il.)1(/(MOJih" K); p 

o6pa3I.J,a, Kr/M3
• 

HccJleOoeaHue nopucmou cmpyKmypbl o6pa3lJ06. CTPYKTYP 

napaMeTPhI ( o6neM nop, y,n;eJihHllil noBepXHOCTh) nopMCTOH CMCTe 

HOCMTerreii onpe,n;emmM C n0M0II.J,hIO MeT0).l,a E3T no q>M3MqecK 

cop6I.J,MM a30Ta Ha ycTaH0BKe Autosorb-lC (Quantachrome Ins 

ments) c yqeToM ,n;aHHhIX rerrtteBoii nMKH0MeTPMM (UL TRAP 

1200e (Quantachrome Instruments)). 

I13MepeHue cooep:JJCaHUR MemaJUla e o6pa3tfe. Co,n;ep)l(aHMe 

TaJIJIMqecKoro amoMMHml M ll,MHKa B H0CMTemIx 

paccqMThIBaJIM no 061,eMy H 2, BhI,n;errMBIIIero nptt B3aMMo,n;eiicTB 

MeTarrrra C paCTB0p0M XMMMqecKoro areHTa (MeTO).l,MKa 6a3ttpyeTCH 

[OCT 5494-95). Ilptt aHarrme arrIOMMHMiico,n;ep)l(aII.J,MX o6pa3I.J, 

npttMeHHJIM 0, 1 M pacTBop KOH. ,Il.rrH onpe,n;erreHMH co,n;ep)l(aHMH 

TaJIJIMqecKoro ll,MHKa B H0CMTerre M KaTaJIM3aTope ).1,0 CMHTe3a npM 

HHJIM 0,4 M pacTBop HCl, ,n;rrH KaTarrmaTopa nocrre CMHTe3a Meno 

30BaJIM 0, 1 M pacTBop KOH. Co,n;ep)l(aHMe MeTaJIJilfqeCKOH Me,n;M 

H0CMTerre M KaTaJIM3aTope ).1,0 CMHTe3a onpe,n;eJIHJIM no yBeJIMqeH 

MaCChI nocrre TepMoo6pa6oTKM Ha B03,n;yxe npH 500 °C. Ilptt aHarr 

KaTaJIM3aTopa nocrre CMHTe3a M3 o6pa3I.J,a npe,n;BapttTeJihH0 y,n;arr 

MeTarrrrttqecKMH Ko6arrhT (0,4 M pacTBop HCl). 

O6cy~euue pelyJihTaT0B 

HcCRedoBanue nopucmoii cmpy«mypbt u mell.llonpoBoonocmu 
o6pa3l(06 

MeTo,n;aMM E3T M nMKH0MeTPMM 6hma oxapaKTepmoBaHa nop 

CTaH CTPYKTypa HOCMTerreii M KaTarrmarnpoB ,n;o C<l>T. ,Il.rrH ttccrre.n: 
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•f•JIBIIDM■ npeilcraB.~eHO 

y;te.ThHOro ot 

1CIIO 

a 
ftlc. 5. PacnpeJleJieuae y.llUJ 

a - HHTerpaTunoe; 4 

•-• 11IO ece o6pa31.1,1,1, J: 

DOpHcryIO CTP)'KTYPY-

KOMIIOHeHTOB B HC .. ►.&IIMll'lecKHe csoiiCTBa 
HOCHTeJieii I 

06beM YJ1em,nrui: Ile 
nop, 0BepXHOCTI, TOC 

Ol~/r M2/r 

0,65 224,40 0 
0,70 130,10 0 
0,33 113,70 C 
0,28 85,10 C 
0,50 68,65 C 
0,53 27,76 ( 

0,71 81,79 ( 

0,73 111,00 ( 



; K- KO

MOJibHaH 

IOTHOCTb 

IJCTYPHbie 

CHCTeMbl 

3WieCKOH 

1e Instru
,TRAPYC 

IC3.HHe Me

HH3aTopax 

O,llCHCTBHH 

JPYeTCH Ha 

o6pa3U,OB 

1)1Camui Me

eJa npttMe

:3a HCilOJib

mH Me,LJ;n B 

'BCJIHqemno 

[pH aHamne 

HO YAaJIHJIH 

roduocmu 

K>BaHa nopH

[llul HCCJie,LJ;O-

BaIIHbIX o6pa3U,OB npe,IJ.CTaBJieHO HHTerpanbHOe H ;:i;mp<pepeHU,HaJib-

eoe pacnpe,LJ;erreHHe y;:i;errhHoro ofo,eMa nop no ,IJ.HaMeTpy (pttc. 5). 

bj~~ ~ 's] -<}- KO 
--+-Kl! 

0,5 3 

--o-KC 
-.,/;,-l(M 

--<>--Kl.I 
-<>-KK 
-<>-Kl!C 

0.4, y 
•✓->-KO 

~2 •·¾-1<4 
-o-,,l(C ! ,,,/;-l(M 

-❖-l(ll 0 ,.. ·1 "f >--oi. --o-,,1(1( 

-G••K4C 
~Hq / 1\ 
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Puc. 5. Pacnpe,!J.CJieuue y,lJ.eJibuoro o6'beMa nop no ,lJ.HaMeTpy: 

a - HHTerpaJibHOe; 6 - ~mpqiepeHIJ,HaJibHOe 

BH,IJ.Ho, qTo Bee o6pa3U,hI, 3a HCKmoqeHHeM KU H KK, HMeIOT 

CXOAHYIO nopHCTYIO CTPYKTypy. Ha6JII0,1J;aeMbie pa3JIHqllj{ B BeJIH

lfflHe HHTerpaJibHOro y;:i;eJihHOro o6beMa nop HBJIHIOTCH CJie,D,CTBHeM 

IGlK XHMHqecKoro COCTaBa H reoMeTpnqecKOll <pOpMbl HCilOJib30BaH

eoro KOMil03HTa TennonpOBO,D,HIIJ,ero KOMTIOHeHTa, TaK H pa3HHU,eu 

COOTHOIIICHHH KOMilOHeHTOB B HCXO,D,HbIX o6pa3u,ax (Ta6JI. 3). 
Ta6llUZfa 3 

<l>H3HKO-XHMHqec1rne CBOHCTBa H K014>4>u11ueuT TenJionpOBO,lJ.HOCTH 
HOCHTeJieii: H KaTaJIH3aTopoe 

O6oeM Y~enhHruI Ilopnc-
Co~ep)KaHne Ko1qiqim1,neHT 

I MeTa.nna, Mace. TerrnonpoBo~Ho-1 

06pmeu nop, IlOBepXHOCTb, TOCTb, % 
M

2/r 
% CTH, BTIM·K 

CM /r 
HOC. KaT. HOC. KaT. 

iKO 0,65 224,40 0,62 HeT · HeT 0,25 0,30 
\l(ll 0,70 130,10 0,65 42 80 24,93 4,58 6,85 
iKC 0,33 113,70 0,49 44 20 34,12 0,84 1,43 
KM 0,28 85,10 0,55 0 0 0,57 0,68 

•Kil 0,50 68,65 0,68 36,00 6,30 0,48 0,53 
,KK 0,53 27,76 0,62 HeT HeT 2,20 2,83 
l(llC 0,71 81,79 0,68 - 37,92 - 4,93 

il{llC-U 0,73 111,00 0,69 - 37,29 - 3,75 
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lh Ta6mUJ,bl 3 BH)],H0, qTo B rrp011ecce rrpHr0T0BJieHmI KaTaJIM3a

TOpoB HaH60Jiee pa3BHTaR rropHCTaR crpyicrypa qiopMMpyeTCR B o6-

Pa3IIaX, co)],ep)KaIIIHX qeruyiiqaTbIR amoMHHHH B KaqecTBe TerrJiorrpo

B0)],RIIIero K0MII0HeHTa (Kq, Kqc, KqC-U), a TaK)Ke B 06pa311e KO. 

IlpHMeHeHHe cqiepHqecKoro aJIIOMHHHR H )],eH)],pHT0B Me)],H rrpHBeJI0 

K cymecTBeHH0MY CHH)KeHHIO rropHCT0CTH CHCTeMbl. y o6pa3IIOB Kl( 

H KK B rropHCTOll CHCTeMe )],0MHHHPYIOT MaKp0II0pbI. 

B rrpouecce rrpHr0T0BJieHHR KaTaJIH3aTopa 3HaqHTeJibH0 CHH)Ka

JI0Cb C0)],ep)KaHHe MeTaJIJia B rpaHyJie. O)1,HaKO, OHO He RBJIReTCR 0)],

H03HaqHblM II0Ka3aTeJieM, BJIHRIOIIIHM Ha 0KQHqaTeJibHYIO BeJIHqHHY 

K03qlqJHIIHeHTa TeIIJI0IIp0B0)],H0CTH. 

TaK, B CJiyqae ~ CHH)KeHHe C0)],epx<aHHR MeTaJIJIHqecKoro a.JIIO

MHHHR C 42,80 )1,0 24,93 Mace. % corrpoB0)K)],aJI0Cb pocT0M K03qlqrn

IIHeHTa TeIIJI0IIp0B0)],H0CTH C 4,58 )1,0 6,85 BT/(M· K), qTQ CBR3aH0 C 

cpopMHpOBaHHeM H0BbIX TeIIJI0IIp0B0)],RIIIHX K0HTaKT0B II0CJie BBe)],e

HHR aKTHBHoro K0MrroHeHTa B CTPYKTYPY H0CHTeJIR. AHaJiorHqHo )],JIR 

o6pa311a KC B C0)],ep)KaHHe MeTaJIJIHqecKoro aJIIOMHHHR CHH)KaJI0Cb 

He CT0Jib cymecTBeHH0 (44,20 H 34,12 Mace.%) H rrpeBbllIIaJI0 BeJIH

qHHY aHaJI0rHqHoro II0Ka3aTeJIR )],JIR Kq_ O)1,HaKo K03qlqJHIIHeHTbl 

TerrJiorrpoBo)],H0CTH )],JIR KaTaJimaTopoB Kq H KC 3aMeTH0 pa3JIHqa

JIHCb (6,85 H 1,43 BTl(M·K)). BepORTHO, rrpH H)],eHTHqHQM MaCC0B0M 

C00TH0IIIeHHH TeIIJI0IIp0B0)],RII(HX K0MII0HeHT0B (50 Mace. %) Ba)K

HYIO p0Jib HrpaeT TaK)Ke xapaKTep K0HTaKTa Me)K)],y qacTHIIaMH Terr

JI0IIp0B0)],RIIIero K0MII0HeHTa (pHC. 6). 

B H0CHTeJie ~ qemyiiqaTbIR aJIIOMHHHH (pHC. 6a) qiopMHpyer 

rpyrrIIbl rrpoTR)KeHHblX T0HKHX H B3aHMH0 0pHeHTHp0BaHHbIX qacTHII 

H o6pa3yeT HerrpepbIBHYIO TeIIJI0IIp0B0)],RIIIYIO ceTb MHKp0CK0IIHqe

CKoro MacrnTa6a. B crpyKType H0CHTeAA KC ccpepHqecKHii a.JIIOMH

HHH TaKoii rrpocrpaHCTBeHHoii cTpyKTypbI He co3)],aeT. KoHTaKT Me)K

AY qacTHIIaMH cqiepHqecKoro aJIIOMHHHR rrpoX0)],HT qepe3 HaJIHIIlllHe 
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Ha II0BepXH0CTb qacTHilbl CBJr 

HB) c HH3KHM co6cTBeHIIl>IM 

(pHC. 66). 

a 
Puc. 6. 3JieKTpOHHble MHiq,otc 

a - B K"ll, 6 -T 

Pemnzeuo,Pa:JotJM 

MeTO)],OM peHTreHOqla30D 

6aJibTCO)],ep)KalI(HX qla3 KaT3 

<l>HIIIepa-TpoIIIIIa. ,[I;HarpaMl,! 

Ku; H KK rrpe)],CTaBJieHbI Ha pt 
100 

"$. 80 
.Ji 
g 
&i 60 
r§ 
:c 
Q) 

!i: 40 
:s:: 

□ D 
◊ 
0 

. '. . 
. 

I . 

30 

0 Co30 

Puc. 7. ,ll;uarpaMMbl P4 



ts IGlTallM3a

!)'CTC11 B 06-

e rerumrrpo

'6pa.3ue KO. 

:llB npHBeJI0 

6pa3uos KIJ: 

MIO CHM)Ka

OIIDleTC11 0 ,n;

_, eenwnrny 

caroro an10-

Di K03<pqm

ro CB113aH0 C 

mc.ne sse.n;e

iaDfWIHO ,IJ;ml 

I cHIDKan0Cb 

amano senM

i+t>HI01eHTbI 

mo pa31IHqa

LW MaCC0B0M 

KC. %) Ba)K

t:IJIWlMR Terr-

~ ct,opMMpyeT 

IIIBJ,lX qaCTMU 

■q,()CKOITMqe

aHR anIOMH

[oeraKT Me)K-

!IC3HanMilllIMe 

Ha rrosepXH0CTb qacTHUbl CB~3YI011Iero ( CMeCb y-A}zO3 ll ueoJIMTa 

HB) C Hll3KMM co6cTBeHHhlM K03<p<pHUHeHTOM TerrnorrpoB0,D;H0CTll 

(pHC. 66). 

a 6 
Puc. 6. 3JieKTpouuble MHKpo4>0Torpa«1mu noeepxuocTu uocuTeJieii KC: 

a - 11 K1I, 6 -TOpQeBoii CKOJI rpaHyJihl) 

Pemme11ofj,a:Jo6blU a11anu3 «amanu3amopoa 

MeTO,D;OM peHTreHO<pa30Boro aHanH3a 6bln H3yqeH C0CTaB K0-

6anb TC0,n;ep)Ka1IIHX <pa3 KaTanH3aTopoB .n;o HCilbITaHMH B CllHTe3e 

<l>mnepa-Tpomua. ,[1,HarpaMMhI P<l>A .n;n~ KaTanll3aTOpos Kq, KM, 

KIJ: H KK rrpe.n;crnsneHbI Ha p.0cyHKe 7. 

100 

'if!. 80 

~ 
0 
iJi 60 
:s: 
(.) 
::c 

~ 40 
:s 

20 
10 30 50 

20, 0 
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D cop, ◊ CoAIP. o-coo.copa 

K 
90 

Puc. 7. ,IJ;uarpaMMhI P<l>A KaTaJIHJarnpoe Kq, KM, KQ, KK 
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lfa p:ucyHKa 7 BH,11,HO, qTo B COCTaBe BCex KaTaJIH3aTopoB npHCYT

CTBYIOT cpa3hI Co3O 4 :u CoO·Co2O 3. ,l1;m1 Bcex HaHeceHHhIX Karnnma

TopoB, 3a HCKJIIOqeHHeM KK, Ha6JIIO,ll,aJIH cpa3y CoA12O 4. B KaTaJIH3a

rnpax co cKeJieTHhIM Ko6aJihTOM (KlJC :u KlJC-U:) .n,aHHOH cpa3hI TaK

)Ke He 6hrno o6Hapy)KeHo. KaTaJIH3aTOphI KO, KC, KlJC :u KlJC-1{ 

HMeJIH aHanor:uqHhIH KaTaJIM3aTopy Kl! COCTaB Ko6aJihTC0,11,ep)Karn;mc 

cpa3, nmTOMY .n,:uarpaMMhI P<l>A ,11,JHI HHX Ha p:ucyHKe He npe.n,cTaBJie

HhI. He:u.n,eHTH<pMI.1,HpOBaHHhie nHKH OTHOCHTCH K HH,ll,HBH,11,YaJihHhIM 

cpa3aM, xapaKTepHhIM ,11,JIH KOHKpeTHOrO KaTaJIH3aTopa. 

TepMonpozpaM.MupooannoeooccmanoeReHue 

MeT0,11, TepMonporpaMMHpOBaHHOro BOCCTaHOBJieHHH 

myqeHHH noBepXHOCTHhIX 0KCH,11,HhIX cpa3 KaTaJIM3aTopoB. ,[l;aHHhie 

no cocrnBy noBepxHOCTHhIX CTpYKTYP no.n,TBep)K,11,aIOTCH pe3yJihTaTa

MH, noJiyqeHHhIMH MeT0,11,0M P<l>A. ,[l;JIH BCex KaTaJIH3aTopoB per:u

CTpHpOBaJIH cpa3bI MaCCHBHOro Co3O4 pa3JIHqHOH CTeneHH .n,:ucnepc

HOCTH, a ,11,JIH HaHeceHHhIX KaTaJIH3aTopoB - HH,ll,HBH,11,YaJihHhie no

BepXHOCTHhJe K06aJihTC0,11,ep)Karn;:ue cpa3hI (noBepxHOCTHhie CoOx, K0-

6aJibTHTHhie H IIInHHeJihHhJe CTpYKTYPhI, a TaK)Ke CHJIHKaThI K06aJih

rn). 

KaTaJIH3aTOpbI co CKeJieTHhIM K06aJibTOM CXO)KH C Kl! C0CTaBOM 

noBepxHOCTHhIX cpa3, 0,11,HaKO IIInHHeJihHhie CTpYKTYPhI B HHX OTCYT

CTBYIOT. 

Cunme3 ymeooi>opoi>oe u3 CO u H2 

Bee HCnhITaHHhie KaTaJIH3aTOphI 6bIJIH aKTHBHhI B CHHTe3e <l>:urne

pa-Tponrna. Ha npOH3BO,ll,HTeJihHOCTh KaTaJIH3aTopa BJIHHJia KaK 

np:upo.n,a, TaK H cpopMa qaCTHIJ, TenJionpOB0,11,HIIJ,ero KOMnOHeHTa. 

,lJ;aHHhie no np0H3BO,ll,HTeJihHOCTH KaTaJIH3aTopoB npe,11,cTaBJiem,1 

rpacp:uqecKH Ha p:ucyHKe 8. 
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Puc. 8. BJimmue OO'beMHOH CKOpOCTH CHHTe3-raJa Ha npOH3B0~HTeJILHOCTL 

~JUI: 

a - HaHeceHHbIX KaTamnaTOpoB; 6 - KaTaJIM3aTopa Kl! M KaTaJIM3aTopoB co 

CKeJieTHbIM Ko6am,TOM 

HcIIOJib30BaHIIe qernyii1IaToro IIHHKa H ,l],eH,l1,pHTOB Me,D,H B COCTa

Be KaTaJJH3aTopa IIpHBeJio K CHH)KeHHIO npOH3BO,lJ,HTeJihHOCTH H ce

.:IeKTHBHOCTH o6pa30BaHml )KH,lJ,KHX yrneso,n,opo,n,oB, IIO cpaBHeHHIO C 

IG1TaJJH3aTopoM KO, He CO,l1,ep)Karn;HM TennonpOBO,lJ,Hrn;ero KOMIIOHeH

Ta. 3TO Bbl3BaHO HHTeHcmpHKaIIHeM o6pa30BaHHH rro6oqHJ,IX ,l],Jl5I 

C<l>T npo,l1,yKTOB (ra3006pa1Hbie C1-C4 yrneso,n,opo,l1,hI, oKcHreHaThI) 

B3-3a co6CTBeHHOH aKTHBHOCTH ,lJ,aHHbIX MeTaJJJIOB H HX coe,lJ,HHeHHM 

B CHHTe3e opraHH1IeCKHX Bern;ecTB H3 CO H H2 H HH3KOfO K03<pqm:IIH

eHTa TennorrpOBO,lJ,HOCTH rpattyn BCJie,lJ,CTBHe OKHCJJeHH5I MeTaJIJia B 

npoIIecce rrpHroTOBJieHH5I KaTaJJH3aTOpa (ra6n. 3). IIpHMeHeHHe 

a:nOMHHHHCO,D,ep)KaII1;HX TennonpOBO,l],5III1;HX KOMIIOHeHTOB B COCTaBe 

lroMil03HTa crroco6cTBOBaJIO IlOBbIIIIeHHIO rrpOH3B0,lJ,HTeJII,HOCTH H ce

.3el<THBHOCTH o6pa30BaHH5I )Kfi,lJ,KHX yrneBO,D,OpO,D,0B npH BbICOKHX 

o6heMHbIX CKOpOCTHX CHHTe3-fa3a, no cpaBHeHHIO C KaTaJIH3aTOpOM 

ICO. 3To CBH3aHo KaK c BhICOKOM xHMHqecKoii CTOHKOCThIO anIOMH

IIIUI (3a C1IeT rrp01IHOH IIOBepXHOCTHOH OKCH,D,HOM IIJieHKH), TaK H C 
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OTCYTCTBHeM co6CTBeHHOH. aKTHBHOCTH B npou;ecce C<l>T. IIoKa3aHO, 

qTo ,n:pyrHM onpe,n:emnOIIJ,HM cpaKTOpOM HBJUieTCH reoMeTPHqecKrui: 

cpopMa qacTHll; Tem10npoBO,ll;Hll],ero KOMTIOHeHTa. TaK, npH COTIOCTaB

JieHHH KaTaJIH3arnpoB Ha 6a3e ccpepnqecKoro (KC) H qernyiiqarnro 

aJIIOMHHHH (Kq) TIOCJie,n:HHH. TIOKa3aJI HaH60JibllIYIO npOH3BO.l{HTeJib

HOCTb H ceJieKTHBHOCTb o6pa30BaHHH )KH,ll;KHX yrJieBo,n:opo,n:oB BO 

BCeM .l{HaTia3OHe HCCJie,n:oBaHHH (1000-6000 q -] ) . IIO-BH.l{HMOMY' 3TO 

BbI3BaHO peaJIH3au;Heii 3cpcpeKTHBHOro Maccoo6MeHa B nopHCTOH. CH

CTeMe, a TaK)Ke cpopMHpoBaHHeM TeTIJIOTipOBO,n:HllJ,eH. ceTH B rpaHyJie 

KaTaJIH3aTopa Kq. HaHeceHHbIH KaTanmaTop Ha fia3e Kap6H,n:a KpeM

HHH (KK) He TIOKa3aJI BbICOKOH. npOH3BO.l{HTeJibHOCTH, a npH 061,eM

HOH. CKOpOCTH CBbillie 3000 q-l pe3KO ycHJIHBaJICH BbIXO.l{ ra3oo6pa3-

HbIX npo,n:yKTOB, BepOHTHO, H3-3a TIOTepH TepMHqecKOH. CTa6HJibHOCTH 

rpaHyJI KaTaJIH3aTOpa. 

Cnoco6 BBe,n:eHHH K06aJibTCO,n:ep)Kall],ero KOMTIOHeHTa TaK)Ke BJIH

HeT Ha aKTHBHOCTb KaTaJIH3aTopa. TaK, Ha 6a3e HOCHTeJIH C qernyiiqa

TbIM aJIIOMHHHeM (Kq) 6bIJI npHroTOBJieH KaTaJIH3aTop, co,n:ep)Kall],HH 

20 Mace. % K06aJibTa B cpopMe qacTHll; MHKpOHHOro pa3Mepa C u;eo

JIHTHbIM (KqC-1() KOMTIOHeHTOM H 6e3 Hero (KaTaJIH3aTOp KqC)_ Hc

CJie,n:oBaHO BJIHHHHe TeMnepaTYPbI BOCCTaHOBJieHHH KaTaJIH3aTopa 

Kqc Ha ero ocHoBHbie KaTaJIHTHqecKHe napaMeTPbI. IIoKa3aHo, qTo 

.l{JIH KaTaJIH3aTopoB co CKeJieTHbIM K06aJibTOM TeMnepaTypa BOCCTa

HOBJieHHH BJIHHeT Ha KOJIIfqecTBO, a He Ha KaqecTBO K06aJibTOBbIX 

u;eHTPOB, H OTITHMaJibHOH. TeMnepaTypoii BOCCTaHOBJieHHH HBJIHeTCH 

CTaH,n:apTHaH .l{JIH HaHeceHHbIX KaTaJIH3aTOpOB - 400 °C. BbICOKaH aK

THBHOCTb CKeJieTHoro K06aJibTa B KOMI1O3HTHbIX KaTaJIH3aTopax npH

BO.l{HT K TIOBbIIIIeHHOMY (no cpaBHeHHIO C KaTaJIH3aTOpOM Kq) o6pa-

3OBaHHIO no6oqHbIX npo,n:yKTOB CHHTe3a (CH4, yrJieBo,n:opo,n:hl Cr-C4, 

CO2). CeJieKTHBHOCTb o6pa3oBaHHH )KH.l{KHX yrneBo,n:opo,n:oB ,n:JUI 

BCex KaTaJIH3aTopoB co CKeJieTHbIM K06aJibTOM HaXO.l{HJiaCb B npe,n:e-
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aipanoBaHHH CH4 H BblX0 

aa'IDp<>.llOB Cr-C4 6bIJI 

a:&nt:OM)', TaKoe TIOBe,lle: 

-- K06aJibT, B C<l>T 

..... IHBHOro OTBo,n:a TeIIJI 

a 
.._ 9. 3JieKTpOHHLie MBiq 

I(q (a) H l{lfj 

Ha pHcyHKe 9 npenCTaE 

.-:iaropoB Kq (pHc. 9a) ll 

]J:lLTilTe npoTIHTKH paBHC 

y GTa.JIH3aTOpa Kqc qaC'Ill 

• spynHbie arJIOMepan,1, K< 



iponecce C<I>T. IIoKa3atto, 

1&111ercg reoMe'fl)ttqecKM 

eHTa. Ta.K, npH COIIOCTaB

KU (KC) H qernynqaToro 

OOILIIl)'IO IlpOH3B0)JJfTeJib

lUHX yrneBO)],OpO)],OB BO 

1 '1-
1
). Ilo-BHAHMOMY, 3T0 

oo6Yeua B rropHCTOH CH

K),;umeii ceTH B rpattyne 

i> ea &13e Kap6tt)],a KpeM

CIWIOCTB, a nptt 061>eM

lia:ICI BblXO)], ra3006pa3-

lllll'leCXOH CTa6HJibHOCTH 

IOIIIIOBeBTa TaIOKe BJIH

IC uocBTeIDI c qernynqa

aaB3810P, co;::i;ep)l<amnii 

mmoro pa.3Mepa c ueo

ara.naarnp I{lJC). 11c

lJIL"ICHHJI KaTaJIH3aTOpa 

llleIJ>LI. IloKa3aHo, qTo 

II romeparypa BOCCTa

lll'ICCTBO K06aJihTOBhlX 

lCTallOR~eHJUl HBJIHeTCH 

- 40() 0 C. BbICOKM aK

B oramoarnpax npH

IIIB33TOp<)M K9.) o6pa

, yaesonopoAhl CrC4, 

t. p:ICBO.ll.OpO)],OB AJIH 

1 uaxo;rHJiach B npe)],e-

;iax 50---60 % BO BCeM )],HaIIa30He HCCJie,lJ;OBaHHH, qTo 6bIJIO HIDKe, qeM 

;uuI Kq (65-70 %). O;::i;ttaKO npOH3BO)],HTeJibHOCTb KaTaJIH3aTOpa co 

CKeJieTHbIM K06aJibTOM KqC-4 faIJia HH)Ke IIO cpaBHeHHIO C KaTaJIH-

3aTOpOM Kq (352 M 375 Krl(M
3
·q) rrpH 6000 q-

1
• IlpttMettemrn ueo

.,IHTHoro KOMIIOHeHTa B KOMII03HTe co CKeJieTHhlM K06aJibTOM (KaTa

_;imaTop KqC-11,) II03BOJIHJIO cymecTBeHHO CHH3HTb ceneKTHBHOCTb 

o6pa3oBaHMH CH4 H BhIXOJJ, CO2 )],O ypoBHH Kq, OJJ,HaKo BhIXO)], yrne

BOJJ:opoJJ,oB Cr--C4 6hlJI HaH60JibllIHM cpeJJ,H Bcex o6pa3I.(0B. Ilo

BHAHMOMY, TaK0e II0Be)],eHHe KaTaJIH3aTopoB, COJJ,ep)KalIJ;HX CKeJieT

Hhlll Ko6anbT, B C<I>T HBJIHeTCH cneJJ,CTBHeM He,nocTaToqtto 3<p

q>eKTHBHoro OTBO)],a Terrna peaKI.(HH OT qacTHI.( aKTHBHOro MeTaJIJia 

(pHc. 9). 

a 6 
Puc. 9. 3JieK1])0HHbie MHKpocJ,oTOrpacJmu noeepXHOCTH KaTaJIH33TOp0B 

Kq (a) H Kqc (6) (TOp .. eBOH CKOJI rpauyJibI) 

Ha p11cyttKe 9 rrpeJJ,cTaBJieHo cpaBHeHHe MHKpoqiornrpaq:mi-i KaTa

nmaTopoB Kq (pttc. 9a) M I{lJC (p11c. 96). BttJJ,Ho, qrn Ha MHKpO

ypoBHe B KaTaJIH3aTOpe KlJ. qacTHI.(bI qernynqarnro aJIIOMHHHH c¢op

MHpOBaHhI BO B3aJIMHO opHeHTHpoBaHHhle rpyrrrrhI, Ha KOTOpbie B pe-

3YJihTaTe rrp0IIHTKH paBHOMepH0 HaHeceH aKTHBHbIH KOMIIOHeHT. 

Y KaTaJIH3aTopa KlJ.C qacTHIJhI cKeneTnoro K06aJibTa cocpeJJ,ornqeHbI 

B KPYIIHI,Je arJI0MepaTbI, K0TOpbie HMeIOT IIJIOXOH K0HTaKT C qaCTH-
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u;aMH qemyifqaToro aJIIOMHHIDI, a T310Ke MOryr Hapyman, CIIJIOIII

HOCTI, TerrnorrpoBo,z:vnu;eii ceTH, o6p330BaHHOB qemyiiqaThlM aJIIOMH

HHeM BHyTpH rpaHym,I. 3TO rrpe,UIIOJIO'llCeHBe 110.llTBep)l()];aeTCH rrpH 

cpaBHeHHH .n;aHHbIX no K03(l>4)Hl{HeHT)' TeIIJIOIIpOBO,llHOCTH KaTaJIH3a

TOpOB - B Ta6JI. 3. IIo pe3yJibTaTaM cpaimeHIDI !pHJKKO-XHMifqecKHX 

If KaTaJIHTifqecKHX CBOHCTB B Kaqec-me rqxrronrna IIpOMblIIIJieHHoro 

KaTaJIH3arnpa 6hln BhI6paH Hattecemn,m KaTIUIH33TOp l(lI, co.n;ep)Ka

IIJ,HH qemyiiqaTbIM aJIIOMHHHM B KaqeCTBe reIUionpoBOAAIIJ,eii KOMrro

HeHTa. 

3KcnepUMeHmaJlbHOe uccned06QHUe u MQffleMQfflU'leCKOe 
MO<)e.riupoBanue Ko:»eyxompy6nozo pea«mopa co cmau,uonapHblM 

cnoeM K06(LJlbmoBozo «amanll3amopa 

IIpHMeHHMOCTb KaTaJIH3aTopa C qemyWiaTbIM aJIIOMHHHeM B Ka

qecTBe rrpOMbIIIIJieHHOro npOTOTHIIa ou;eHHBaJiaCb MeTo,n;aMH (pH3H

qecKoro H MaTeMaTHqecKoro Mo.n;e.11HpoBaHID1. MacmTa611poBaHHe 

TeXHOJIOI'HH Cct>T rrpoBO,ll;HJIH B OIIbITHO-rrpOMbIIIIJieHHOM peaKTope 

CHHTe3a Cl>Hmepa-Tporrrna co CTaIJ;HOHapHblM CJIOeM rpaHyJIHpOBaH

HOro K06aJibTOBoro KaTaJIH3aTopa. 

~JIH ou;eHKH npHMeHHMOCTH KaTaJIH3aTopa B peaKTopax pronHq

HbIX ra6apHTOB 6hIJia HCnOJib30BaHa ,n;ByMepHa» KBa3HrOMOreHHaH 

MaTeMaTHqecKa» MO,D;eJib KO)KyxOTpy6ttoro peaKTOpa co CTaIJ;HOHap

HhlM CJIOeM rpaHyJIHpOBaHHOro K06aJibTOBOro KaTaJIH3aTopa. IIo

.n;po6Hoe onHCaHHe OCHOBHbIX qacTeH H MaTeMaTHqecKHX ypaBHeHHH, 

HCnOJib30BaHHblX B .n;aHHOH MaTeMaTHqecKOH MO,n;eJIH, npe,n;CTaBJieHO 

B [6,7]. IIporHOCTHqecKaH crroco6HOCTb MaTeMaTHqecKOH MO,ll;eJIH 

6hIJia ycnelIIHO no.n;rnep)K.l];eHa xopomeii CXO,ll;HMOCTbIO pacqeTHbIX H 

3KCnepHMeHTaJibHbIX ,n;aHHbIX, rronyqeHHbIX ,ll;JIH onbITHO-npOMblllI

JieHHOro (pHC. 1 0a, 6) H na6opaTOpHoro (pHC. 106) peaKTOpOB. 

Ha pHCYHKe 10 rrpe,n;cTaBJieHo cpaBHeHHe 3KCnepHMeHTaJibHblX 

.n;aHHbIX no KOHBepcHH co H npoH3BO,ll;HTeJibHOCTH no )I(If,ll;KHM yrne-
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BO~opo.n;aM c pe3yJI 

30He 06'.beMHbIX CKC 

IOJIHqeCTBeHHoe cm 

mm KaTaJIH3aTopa ~ 

qeTHhlMH (pHc. 1 0a). 

.IaHHoro rrpou;ecca, u 

MR pacqfaoB H 3KCIIC 

DpH 1000 q-1• 

♦ 2lJI 

a 
0 20--40- 60 1 

KOHBE!pCMl'l (3KCllepitMBHT) 
• 1000 y-f O 2000 Y-' Lt. JOI 

◊ 4000 y-f Lt. 8000 y-1 0 121: 

a 
Pirc. 10. CpaBueuue 3Kcoei 

JI 

a - KOHBepcHH co 
IlpH corrocrnBJieHHH 

.DX IIpOH3BO~HTeJII,HOCTI 

~ KaqeCTBeHHoe H KO.iL 

pilIOpHoro H OilbITHO-npo 

DTOB pacqeTa BO BCeM .rot 

IlpHMeHeHHe MaTeMa11 

am, pacnpe.n;eneHHe OCHOJ 

"Rlpa(pHc.11). 

Ha (pOHe rrpaBoii noJIOE 



!, CTIJIOIII-

1 aJIIOMH

eTCH IlpH 

raTaJIH3a-

1WieCKHX 

UieHHOI'O 

:o,n:ep)J<a

i KOMTIO-

'(Oe 

rqJHbl.M 

:MB Ka

I q>H3H
>OBaHHe 

eaKTope 

lpOBaH-

)a3JIIfq

treHHaH 

:J{OHap

a. I1o

Hemri1, 

aBJieHO 

m,n:enn 

:'HF,IX If 

)Mhllll-

IlbHbIX 

r yrne-

-.<>poAaM c pe3ynhTaTaMH pacqera. ~ KOHBepcim CO B Attana

wme o6'heMHblX CKOpOCTeH 2000-12000 q - I Ha6JIIO,llaeTC11 xopornee 

aDllfTieCTBeHHOe COBTia,lleHHe 3KcnepHMeHTaJibHbIX ,llaHHblX HCTibITa

llllii KaTaJIH3aTopa Kq B OilbITHO-IlpOMhIIIIJieHHOM peaKTOpe C pac

'liE'mhlMH (pHC. 10a). MaTeMaTnqecKaH MO,lleJib He yqJffbIBaeT BKJiaA 

:IIIIBOI'O npoI.I,ecca, no3TOMY eCTb paCXO)J(,lleHHe Me)J(AY pe3yJihTaTa

- pacqeTOB If 3KcnepHMeHTaJibHbIMH ,n:aHHbIMH no KOHBepCHH co 
llpR IOOOq- 1_ 

-r 
•• 
i-~ • • • 
~ 

r· 
I.a z 
I 

20 40 60 80 100 
KottaepcMR (3KCOepHM8HT), % 

■ 1000 y-1 o 2000 4-1 A 3000 4-1 

0 4000 4·1 A 8000 4-1 0 12000 y-1 

a 

-;:- 300 

'i 
i::: 
lie 

Ji 200 
g 
:fi 
~ 100 
5; 
~ 
ID 
I'? 0 
~ 1000 2000 3000 4000 
C. -1 
C 06oeMH8SI CKOpoCTb, 'f 

5000 

-0-JlafioparopHa,i ycr8llOllKll -<)-Onbn'H8ll YCTSHOHS 
-+-PllC'fiiT (Ofll,ITmlll ycTI.IHOlllla) 

6 
.... IO. CpaBneuue 3KCnepuMeHTaJILHLIX H pacqeTHLIX A8HHLIX AJIH KaTa

JIH38TOpuoro CJIOH no: 

a - KOHBepCHH CO; 6 - npOH3BO,llHTeJibHOCTH KaTaJIH3aTopa 

IlpH conocTaBJieHHH 3KCnepHMeHTaJibHbIX H pacqeTHblX ,n:aHHblX 

XU npOH3BO.U:HTeJibHOCTH no yrneBo,n:opo,n:aM Cs+ BH.U:HO, qTo xopo

.ee KaqecTBeHHOe H KOJIIfqecTBeHHOe HX COBna,n:eHHe KaK ,ll;JIH na6o

paropHoro H OilbITHO-IIpOMbIIIIJieHHOrO peaKTOpOB, TaK H .U:AA pe3yJib

DIOB pacqeTa BO BCeM ,n:Hana3OHe H3MepeHHH (pHc. 106). 

IlpttMeHeHHe MaTeMaTHqecKoii Mo,n:enH no3Bon11eT BH3YaJIH3Hpo

RII> pacnpe.n:eneHHe ocHOBHhIX napaMerpoB C<DT no ceqeHHIO peaK

ropa (pHC. 11 ). 

Ha qJOHe npaBOH IIOJIOBHHbl 3aCblIIKH peaKTOpa IlOKa3aHO pacnpe-
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.n;enem1e oceBoii H pa.n;mun,Hoii cKopocTeii CHHTe3-ra.3a, nepena.n; ,n;aB

neHm:1 B peaKTope, npoq>HJib TeMnepaTypbI H pacnpe.n;eneHHe Komi;eH

TpaI.J;HH co no CJI0IO KaTaJIH3aTopa. OTMeTHM, qTo npH BH3YaJIH3aI.J;HH 

pacnpe.n;eneHmI TeMnepaTypbI B cnoe KaTaJIH3aTopa Ha6mo.n;aeTCH 

q>OpMHpOBaHHe T.H. «ropHqero nHTHa», qTo HBJIHeTCH Ba)KHOH HH

q>OpMaI.J;HeH H M0)KeT 6bITb HCnOJib30BaHO JJ;JIH npoeKTHpOBaHHH peaK

TOp0B C onTHMaJibHbIMH ra6apHTaMH JJ;JIH CTa6HJibHOH pa60Tbl KaTa

JIH3aTOpHoro cnoH B npoI.J;ecce C<I>T. 
IJ,eeTOBaH mKaJia BeJIH'IHHbl napaMeTpa 

MRHRMYM MaKCRMYM 

a 6 6 2 0 e 

Puc. 11. Pacnpeti,eJieuue napaMeTpoe C<l>T e npaeoii noJioeuue ceqeuuH 
peaKTopa: 

a - CJIOH K8T8Jili38TOpa; 6 - oceBllil CKOpOCTh; 6 - pa,nliaJihHllil CKOpOCTh; 2 -

.L(8BJieHRe; 0 - TeMrreparypa; e - KOHQeHTp8Qli~ co 

llcnOJib30BaHHaH B .n;aHHOH pa6oTe MaTeMaTHqecKaH MOJJ;eJib no3-

BOJIHeT 0I.J;eHHTb onTHMaJibHbie ra6apHTbl Tpy6bI peaKTopa no BeJIH

qJ,IHe nepena.n;a TeMnepaTyp B «ropHqeM nHTHe» cnoH KaTaJIH3aTopa. 

B qacTHOCTH, B03MO)KeH pacqeT «KpHTHqecKoro» .n;HaMeTpa TPY6h1, 

CBbIIIIe KOT0poro CHCTeMa «KaTaJIH3aTop - peaKTOp» TepHeT Tenno

BYIO ycTOffqJ,IBOCTb. ,l.l;JIH OI.J;eHKH ycToffqJ,IBOCTH pa60Tbl CJIOH KaTaJIH-

3aTOpa Kq B peaKTOpHoii TPY6e pa.3nHqHbIX ,n;HaMeTpoB (10, 15 H 20 
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-.) OLL'I pacqe-r ere 

ar MaTeMarnqecKoi 

'llapn,e-rp JL~a TPY· 
Ohl, MM 

ii 

llc.ur'IHHa I 2100 

230 
0 

~I 
0 

0 

ftlr.. 12. TeMnepa1)')> .... 

a-

ffa pHCyttKe 12a---6 

Dn.:IH3aT0pHOM CJioe n 

._ noKaJaHa ycpeIDie 



i CHHTC'3-f33a, neperra):( ):(aB

• B pacnpe.nenem-1e KOHI.J,eH

l'IDf., TffO npH BH3YaJIH3aI.J,HH 

213..-noaropa Ha6mo.n;aeTc.SI 

IJIO J1B.;"llleTC» Ba,KHOH HH

,11.U npoeKTHpoBaHirn peaK

cn611111,HoH pa6oThI KaTa-

aapa.MeTPa 
MaKCHM)'M 

t} e 

..... UOJIOBHHe ce'leHHH 

· pa:xeam,HruI CK0p0CTb; 2 -

npamu.CO 

:aTB11ecKa.SI MO)];eJih II03-

,6w peaKTopa no BeJrn:

te» C.1.0R KaTaJIH3aTopa. 

oro» .n;HaMeTPa TPY6hI, 

21rrop» Tep.S1eT Tem10-

11 pa6on,1 CJIO.SI KaTanH

IW,leTpOB ( 10, 15 H 20 

WIii.) 6hm pacqeT ero B C<I>T c nc110Jih30BaHHeM paccMoTPeHHOH pa

se MaTeMarn:qecKOH MO,D;eJIH. Y CJIOBH.SI MO,I:(eJIHpOBaHH.SI - B Ta6JI. 4. 

Ta6flUl(a 4 
y CJIOBHH MO,IJ,eJiupoBaHHSI 

.[l;mmaTpy-
TeMrrepaTypa O6oeMHmI CK0-

CooTHomemi:e 
' llapaMe-rp 

6bI, MM 
CTeHKH peaKT0pa, p0CTb CHHTC3-

CO/H2 oc -l 
' 

ra1a, q ; 

Bc.-nt'IHHa 2100 230 1000 2 

23 

p 

241 

p 
..; 

6 
585 

p ,..,. 

8 

PBc. 12. TeMneparypuL1ii npoctJHJIL CJIOH KaTaJimaTopa ,IJ,JIH peaKTopa c 
,IJ,H3MeTpOM Tpy6L1: 

a - 10 MM; 6 - 15 MM; 6' - 20 MM 

Ha pHCYHKe 12a-6 110Ka3aHhl pacqeTHbie npoqmnH TeM11epaTyp B 

KaTaJIH3aTopHOM cnoe 11pH pa3JIHqHhIX ):(HaMeTpax TPY6hr. CHHHM 11,Be

TOM 110Ka3aHa ycpe.n;HeHHaH TeMnepaTYPa cno.S1 KaTarrH3aTopa, Kpac-
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HbIM - TeMneparypa «ropHqero IlHTHa». BH,JJ,HO, qTo pa3HHI(a TeMne

paTyp Me)K,JJ,y CJIOeM KaTaJIM3aTopa H TeMnepaTypoii CTeHKH peaKTOpa 

cymecTBeHHhlM o6pa30M 3aBHCHT OT ,l],HaMeTpa rpy6hI peaKTopa. Ilo 

,JJ,aHHhlM Ta6JIHI(hl 5 BH,l],HO, qTO nepena,l], TeMnepaTyphI ,l],JIH ,l],HaMerpa 

rpy6hI 10 tt 15 MM He npeBhIIIIaeT 3 H 11 °C COOTBeTCTBeHHO. PeaK

TOP c BHyrpeHHHM )],HaMeTpOM rpy6hI 20 MM He IlO,l],XO,l],HT )],AA npo

eKTHpOBaHHH, TaK KaK pacqeTHhlH nepena,l], TeMnepaTyphI KaTaJIH3a

TOpHoro CJIOH B 3TOM cnyqae COCTaBHT 355 °C. 3To O3HaqaeT IlOTepIO 

TeilJIOBOH ycToifqHBOCTH pa60Thl KaTaJIH3aTopHoro CJIOH npH ,JJ,aHHhIX 

ycrromrnx rrpou,ecca, a B pearrhHhlX ycrromrnx C<l>T - He1n6e)IrnO 

npHBe,l],eT K ,JJ,e3aKTHBaI(HH KaTaJIH3aTopa. TaKHM o6pa30M, B KaqecTBe 

KpHTepHH TenJIOBOH ycToifqHBOCTH pa60TbI KaTaJIH3aTopHoro CJIOH 

MO)KeT CJIY)KHTh npoq>HJih TeMneparypbI, norryqeHHhIH npH pacqeTe 

no MaTeMaTWiecKoii Mo,JJ,em1. 

I I 

,llmlMeTp 
Tpy6bJ, MM 

10 

15 
20 

Ta6JlUlfa 5 
Pe1yJILT3Thl M0~eJiupoeaum1 

I 
P83HHT{a Me)KJ{y 

BbICOTa CJIOH 
MaKcHMaJibHaH TeMnepazypoii 

K8TaJIH38TOpa, MM 
TeMnepaTypa CTeHKH peaKTOpa I1 

ropHqero nHTHa, °C TeMnepaTypoii 
ropHqero IIHTHa, °C 

1650 233 3 
1900 241 11 

1990 585 355 

1) Hccne,JJ,oBaHHe KaTanmarnpoB c Al, Cu, Zn, SiC H cKeneTHhIM 

K06aJihTOM B KaqeCTBe TennorrpOBO,l],HIIl;HX KOMilOHeHTOB KOMIIO3HT

HbIX K06aJibTOBhIX KaTaJIH3aTOpOB IIOKa3aJIO, qTo CBOHCTBa HOCHTeIDI 

HMeIOT onpe,JJ,eJIHIOID;ee BJIHHHHe Ha q>H3HKO-XHMHqecKHe CBOHCTBa, a 

TaK)Ke Ha COCTaB K06aJibTCO,JJ,ep)Kalil;HX q>a3 rronyqaeMoro KaTaJIH3a

TOpa. 
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2) KaTa.JIH3a" 

npoeo.rvnuero K< 
Dra.mfrHqecJCHX 

npouecca <l>HnieJ 

3) Pa3pa6ora 

."l}"'lemn.rn MaTeJl 

COi H aKTIIBHOCil 

4) IlyreM CJl 

~'IHJ)OBa.HIDI C 

._ DpHMeBeHHaJJ 

--• paoory IX 
-- ampocreii CJ 

-.:Jl>BaHa IIpH J 

411.iLBX :xrn;urnx YI 

ABTOpbI Bhlpal 

m1'M 3a 3KCIIepm, 

3'"" (B.B. AKceHem 

lillDIP◄PHUHeHTOB 11 

ane.~eii H KaTIL1H3 

t-x BhICOKOro PaJJ 
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TO pa.3HHl..{a TeMITe

~ CTeHKH peaKTOpa 

,y6hl peaKTOpa. Ilo 

l}'Phl .lVUI AHaMerpa 

rBeTCTBeHH0. PeaK

IOJIXOAHT AJI51 ITpo

:parypbI KaTaJIM3a

:> OJHaqaeT ITOTepIO 

I CJIOH ITpH AaHHbIX 

'.<I>T - Hem6e)l<HO 

lpa.30M, B KaqecTBe 

JIH3aTOpHoro CJIOH 

IHhlH ITPH pacqeTe 

Ta6JlUtfa 5 

Pa3HHu;a Me)K.[(y 
reMneparypoii 

CTeHKH peaKTOpa H 
TeMnepaTypoii 

rop.lf'Iero rnnHa, °C 

3 
11 

355 

SiC H cKeJieTHbIM 

leHTOB KOMITOJHT

BOHCTBa HOCHTeJI51 

ecICHe CBOHCTBa, a 

aeMoro KaTaJIHJa-

2) KaTaJIM3aTop c qernyiiqaTbIM aJIIOMMHHeM B KaqecTBe TeITJIO

~,WI.rn;ero KOMITOHeHTa ITO COBOKYITHOCTH q>H3HKO-XHMHqecKHX M 

ararru:T1-1qeCKHX CBOHCTB HaH60Jiee ITpHrOAeH MH MaCII1Ta61-1poBaHH51 

-.,ouecca <l>Hrnepa-TpoITIIIa. 

3) Pa.3pa6oTaHa MeT0AHKa ITOJiyqeHmI cKeJieTH0ro K06aJI1>Ta. Ilo

.ayqeHHblH MaTepHaJI He yczyITaeT ITO BeJIHqHHe YAeJibHOH ITOBepXH0-

C'IB H aKTHBH0CTH B KaTaJIHJe MHpOBblM aHaJIOraM; 

4) IlyreM cpaBHHTeJibHOrO aHaJIH3a AaHHbIX MaTeMaTHqecKoro 

IIOJ{eJIHpoBaHH51 C pe3yJI1>TaTaMH q>HJHqecKoro M0AeJIHpoBaHH51 B pe

aropax C pa3JIHqHblMH reoMeTpHqeCKHMH ITapaMerpaMH ITOKaJaHo, 

1110 ITPHMeHeHHM B pa6oTe MaTeMaTHqecKM M0AeJib aAeKBaTHO OITH

a.maeT pa6oTy peaKT0pOB pa3JIHqHI,IX pa.3MepoB B AHaITaJ0He ofo,eM

III,,IX CKOpOCTeH CHHTe3-ra.3a OT 2000 AO 4000 q-l H MO)KeT 6b1Tb HC

IIOJTh30BaHa ITPH MaCII1Ta61-1poBaHHH ycTaHOBOK IT0JiyqeHH51 CHHTeTH

'leCKHX )KHAKHX yrneBOA0POAOB. 

liJiaro)],apHOCTH 

ABTOp1>1 B1>1pa)KaIOT 6JiaroAapHOCTb corpyAHHKaM <l>I'EHY THC

HYM Ja 3KCITepHMeHTaJibHbie AaHHble ITO peHTreHOQJaJOBOMY aHaJIH

Jy (B.B. AKCeHeHKOB), HJMepeHHIO TeITJIOeMKOCTH (P.X. EarpaMOB) H 

K03QJQJHI..J;HeHTOB TeMITepaTypoITpOBOAH0CTH (~.A. OBC51HHHKOB) HO

CHTeJieH M KaTaJIH3aTopoB, a TaK)Ke Ja 3JieKTpOHHbie MHKpOq>OTOrpa

cl>HH BbICOKOro pa3perneHH51 qacTHII CKeJieTHOro K06aJibTa (JI.A. 11Ba

HOB). 
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HOBhIE B03MO)KHOCTH HCIIOJ1h30BAHIDI 

llPHPO)],HOro r A3A ,)];JUI r A30XHMHH H 3HEPrETHKH 

B. C. Apym101we. llHcTHTYT XHMHqecKoii cj)mHKH HM. H.H. CeMeHoBa P AH 

PacCMOTJ)eHI,I HOBhie no-rpe6HOCTH, cpopMHpyeMbie H3MeHeHHHMH 

B CblpheBOH 6a3e fa30BOH o-rpaCJIH, H B03MO)KHhle HarrpaBJieHHH pa6oT 

DO C03JJ;aHHIO ra30XHMHqecKHX TeXHOJIOfHH, OTBeqaJOII.J;HX HOBhlM 

YC..10B~M. 

Bse~euue 

Ha py6e)Ke BeKOB B MHpOBOH :mepreTHKe H Hepa3pbIBHO CBH3aH

ID,lX c Hett HecprnHoii H ra30BOH o-rpacneii npoH30IIIJIH cepne3Hhie 

R3MeHeHHH. xx BeK, 6e3yCJIOBHO, 61,rn BeKOM He¢TH H ttecpTeXHMHH. 

06HilhHhle pecypchI Heq:JTH H OTHOCHTeJihHaH npoCTOTa p;ec-rpyKTHB

Bl,IX npou:eccos ee rrepepa6oTKH (KpeKHHr, nHponH3, .n;erH.n;pHposa

HHe, H30MepI13aQHH), II03BOJIHIOII.J;HX IIIHpOKO HCilOJib30BaTb paBHO

BeCHhie KaTanHTHqecKHe npou:ecc1,1, o6ecneqHnH 6ucTpoe pa3BHTHe 

Beq>TeXHMHH H ee orpOMHYIO ponh B MHpOBOH 3KOHOMHKe xx BeKa. 

«l>aKTHqecKH HMeHHO .n;ocTynHOCTh ,n;eIIIeBhIX npo.n;yKTOB nepepa6oT

l[H He¢TH onpe.n;enHJia TaKHe xapaKTepHhie qepThI cospeMeHHOH Tex

uoreHHOH U:HBHJIH3aU:HH, KaK BbICOKYIO 3Heprosoopy)KeHHOCTh, -rpaHC

nopTHYIO M06HJihHOCTh H orpOMHOe pa3Hoo6pa3He HCKYCCTBeHHbIX 

llOJIHMepHbIX MaTepHanOB. 

Ha py6e)Ke BeKOB CTaJIO oqeBH.D;HO, qTO pecypcbI )KHJI;KHX yrneBO

.:copo.n;oB orpaHHqeHhI, HX )];OJI& B MHpOBOM 3Hepro6anaHce HeyKJioH

HO COKparn;aeTCH, H HHKaKHe aJihTepHaTHBHI,Ie B0306HOBJI&eMhie HC

roqHHKH 3Heprmr ttecnoco6HbI o6ecrreqi-JTb .n;a)Ke cero.n;H&IIIHHe no

Tpe6HocTH MHpOBOH 3KOHOMHKH H 3HepreTHKH [1,2]. 

B TO )Ke BpeMH IlO.H:BJieHHe B nepBOM .n;ec.H:THJieTHH HOBoro BeKa 
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npoMhIIIIJieHHOH pa3pa6oTKH cJiam1eBoro ra3a H .lIPYJ'HX HeTPaJ:IHIIH

OHHhIX HCToqHHKOB ra3oo6pa3HbIX yrJieBOJ:IOpoJ:IOB nOKa3aJIO, qTo qe

JIOBeqecTBO Bee eIIIe o6JiaJ:IaeT orpoMHhIMH pecypcaMH yrJieBOJ:IOpo.n;

Horo CblpMI, HO, B OCHOBHOM, ra3oo6pa3HOro. Ilo 011eHKaM [1,2], 3TH 

pecypCbI Ha J:IBa nopH,n;Ka npeBOCXOMT TPaJ:IHIIHOHHbie - Heq>TH H 

npHpO,n;Horo ra3a. IloHBJieHHe HOBbIX TeXHOJIOrHH .n;o6b1qH npHBeJIO K 

pe3KOMY yBeJIHqeHHIO o6'beMa .lIOCTYITHhIX pecypcoB ra3a H CHH)Ke

HHIO ero 11eHhI no OTHOIIIeHHIO K Heq>TH. 3To .n;eJiaeT oqeHh npHBJie

KaTeJihHbIM HCnOJib30BaHHe npHpO,n;Horo ra3a He TOJibKO KaK TOnJIHBa, 

HO H B KaqeCTBe Heq>TeXHMHqecKoro CblpbH. DJiaroJ:IapH orpOMHbIM 

pecypcaM ra3a H HOBbIM TeXHOJIOrHHM HX .n;o6b1qH XXI BeK HeH36e)K

HO 6y,n;eT BeKOM ra3a, a 3HaqHT H ra30XHMHH, KOTOpaH .lIOJl)KHa Cbir

paTh BeKe TaKyIO )Ke pOJih, KaKYIO CblrpaJia B npOIIIJIOM BeKe Heq>Te

XHMHH. 

f a30XHMHH no cyIIIeCTBY HBJIHeTCH Heq>TeXHMHeH Ha OCHOBe Me

TaHa. OHa npHHIIHnHaJihHO OTJIHqaeTCH OT TPa.lIHIIHOHHOH «,n;eCTPYK

THBHOH» Heq>TeXHMHH «KOHCTPYKTHBHOH» HanpaBJieHHOCTblO npo-

11ecc0B. U:eJih ra30XHMHH - nonyqeHHe H3 HaH6oJiee CTa6HJihHOH yrne

B0.lIOPO.lIHOH MoJieKyJihI CH4 Bceii orpoMHOH coBoKyrrttocTH 6oJiee 

CJIO)KHbIX H Mettee CTa6HJibHbIX npO.lIYKTOB, npOH3B0.lIHMbIX COBpeMeH

HOH tteq>TeXHMHeii. Ho H3-3a BhICOKOH xnMnqecKoii crn6HJihHOCTH 

MOJieKyJihI OCHOBHOro KOMnOHeHTa npHpO,n;Horo ra3a - MeTaHa, ra30-

XHMHqecKHe npo11ecCbI, KaK npaBHJIO, 3HaqHTeJihHO 6onee CJIO)KHhie, 

3Hepro- H KanHTaJIOeMKHe, no cpaBHeHHIO C Heq>TeXHMHqeCKHMH. 

CoBpeMeHHhie npOMbIIIIJieHHhie TeXHOJIOrHH nepepa60TKH npH

pOJ:IHOrO ra3a B no,n;aBJIHIOIIIeM 60JibIIIHHCTBe OCHOBaHhI Ha ero npe.n;

BapHTeJibHOH KOHBepCHH B CHHTe3-ra3. A Tpa.n;HIIHOHHbie TeXHOJIOrHH 

noJiyqeHHH CHHTe3-ra3a TPe6YIOT 6oJihIIIHX 3aTPaT, HHTeHCHBHhIX 

TenJIOBbIX noTOKOB; Ha HX .lIOJIIO npHXO.lIHTCH .lIO 70% Bcex 3aTPaT Ha 

noJiyqeHHe MeTaHOJia HJIH GTL-npO.lIYKTOB. lfa-3a CJIO)KHOCTH TPa.lIH-
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IIHOHHbIX ra30XHMHqeCKHX I 

Ha nopHJ:IOK BbIIIIe, qeM B He 

MeKCHKaHcKoro H IlepcH)lcJ 

JIOrHH eIIIe .lIO naJ:IeHHH uem. 
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>yrHX Helpa.L(H.QH

Il0Ka3a.JIO, qTo qe

lMH yrneBo.n;opo.n;-

111eHKaM [1,2], 3TH 

mw:e - Heqntt H 

[00b11IH npHBeJIO K 

DB ra3a H CHH)Ke

er oqem, npHBJie

IbKO KaK TOnJIHBa, 

'O.Ilap5I orpOMHbIM 

00 BeK HeH36e)K

ipag .L(OJI)I(Ha Cbff

DIOM BeKe HeqJTe-

eu Ha ocHoBe Me-

10HH0H «.n;eclpyK

IDCHHOCTbIO npo

cra6HJibHOH yrne

DJCYIIHOCTH 6oJiee 

!IHMl>IX coepeMeH

ou CTafiHJibHOCTH 

1a - MeTaHa, ra3O-

1 6oJiee CJIO)KHbie, 

RMH1IeCKHMH. 

epepa60TKH npH

i8111,l Ha ero npe.n;

BHble TeXHOJIOrHH 

rr, HHTeHCHBHbIX 

% Bcex 3alpaT Ha 

:JIO)KHOCTH lpa.L(H-

IIHOHHbIX ra3OXHMHqecKHX npou;eccoB y.n;eJibHbie KanBJIO)KeHH5I B HHX 

Ha nop5I.L(OK BbIIIIe, qeM B HeqneXHMHH • .D,a)Ke B H.L(ea.JibHbIX ycJIOBH5IX 

MeKCHKaHCKoro H IIepcH.n;cKoro 3a.JIHBOB coBpeMeHHhie GTL TexHo

.:mrHH eI.Qe .IlO na.n;eHH5I .QeHbI Hecj:>TH 6a.rraHcHpOBa.JIH Ha rpaHH peHTa

OCJibHOCTH. IIpo.n;yK.QH5I coBpeMeHHbIX GTL H CTL-TeXHOJiornii noKa 

HeKOHKypeHTOCnoco6Ha He TOJibKO c lpa.L(H.QHOHHOH, HO .L(a)Ke c TPY.Il

HOH3BJieKaeMOH Heq>TbIO [3]. 

lfa-3a orpOMHbIX HHBeCTH.QHH H HH3KOH peHTa6eJibHOCTH ~e no

crpoeHHbIX npe.n;npffjfTHH no npomBO.IlCTBY GTL-npO.IlYKTOB no Tex

HOJIOrHH <PHIIIepa-TponIIIa B 6JIH)KaMIIIee BpeM5I He O)KH.L(aeTC5I ClpO

HTeJibCTBa HOBbIX npe.n;npH5ITHH. ,l],JI5I pa3BHTH5I ra3OXHMHH Heo6xo

;:mMbI npHH.QHnHa.JibHO HOBbie TeXHOJIOrHH npeBpaI.QeHH5I npHpO.IlHO

ro ra3a B XHMJiqecKHe npo.n;yKTbI H MOTOpHbie TOnJIHBa, KOTOpbie 

11O3BOJIHJIH 6hI, B TOM qJicJie, pea.JIH3OBaTb pacnpe.n;eJieHHYIO Ma.JIO

TOHHa)KHYIO KOHBepCHIO yrJieBO.IlOPO.IlHbIX ra3OB B )KH.L(KHe npo.n;yKTbI 

Henocpe.n;cTBeHHO B npOMbICJIOBbIX ycJIOBH5IX [ 4,5]. 

OCHOBHhie HanpaBJieHmI C03.Z.3HHH H0BbIX 

raJ0XHMlfqecKHX TeXHOJIOrHH 

B HaCTO5II.Qee BpeM5I MO)KHO npe.n;cTaBHTb .L(Ba OCHOBHbIX HanpaB

neHffjf COBepIIIeHCTBOBaHffjf ra3OXHMHqecKHX npou;eccoB: nOBbIIIIeHHe 

3epcj:>eKTHBHOCTH TeXHOJIOrHH noJiyqeHH5I CHHTe3-ra3a H pa3pa60TKa 

aTuTepHaTHBHbIX np5IMbIX MeTO.L(OB npeBpaI.QeHffjf npHpO.IlHOrO ra3a B 

XHMHqecKHe npo.n;yKTbI, He Tpe6yIOI.QHX noJiyqeHH5I CHHTe3-ra3a. 

IIepBoe HanpaBJieHHe B HaCTO5II.Qee BpeM5I 5IBJI5IeTC5I rJiaBHbIM. Mc

C.'Ie.L(OBaHH5I H TeXHOJIOrJiqecKHe pa3pa60TKH B 3TOH o6JiaCTH B MHpe 

Be.L(yT .n;eC5ITKH KOJIJieKTHBOB - OT He60JibllIHX HCCJie.n;oBaTeJibCKHX 

rpynn .IlO KpynHeHIIIHX MHpOBbIX HH)KHHHpHHroBbIX H Heq>T5IHbIX 

1:opnopa.QHH. IIoCKOJibKY H3BeCTHbie TeXHOJIOrHH noJiyqeHH5I CHHTe3-

ra.Ja MeTO.L(aMH napoBOH H KHCJIOPO.IlHOH KOHBepCHH, a TaK)Ke aBTO-
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TepMHqecKoro pmpopMHHra y)Ke ,n:aBH0 A0CTHrJIH yp0BHH TeXH0JI0-

r11qecKOH 3peJI0CTH, TPYAH0 0)KH,n:aTb ,n:ocTH)KeHHH Ha HX 6a3e rrpHH

U:HIIHaJibHoro rrpopbIBa B II0JiyqeHHH CHHTe3-ra3a. Cpe,n:H HaH6oJiee 

rrorryJIHpHblX aJibTepHaTHBHbIX HarrpaBJieHHH B pa3pa60TKe TeXH0JI0-

rHH K0HBepCHH rrpHp0,n:Horo ra3a B CHHTe3-ra3 M0)KH0 0TMeTHTb CJie

,n:yrorn;11e: 

- 0KHCJieHHe Ha KepaMHqecKHX MeM6paHax; 

- MHKp0KaHaJibHbie peaKT0pb1; 

- 0KHCJieHHe MeTaHa rrpH MHJIJIHceeyH,n:HbIX BpeMeHax K0HTaKTa; 

- II0JiyqeHHe CHHTe3-ra3a Ha 0CH0Be 3HepreTHqecKHX TeXH0JI0-

mii; 
- K0HBepcmo yrJieBo,n:opo,n:oB B CHHTe3-ra3 Ha 0CH0Be rrp0HHU:ae

MbIX MarpHU:; 

- rrpou:ecCbl Ha 0CH0Be Q)HJibrpan:HOHHOro ropeHHH. 

K C0)KaJieHHIO, II0Ka HH 0AH0 H3 3THX HarrpaBJieHHH He ):(0CTHr

JI0 yp0BHH rrpOMbIIIIJieHHOH peaJIH3aU:HH H He II0ATBep,n:HJI0 CB0IO 

rrpaKTHqecKyIO C0CT0HTeJibH0CTb. HH)Ke 6oJiee rro,n:po6Ho 6y,n:eT 

paccMorpeH rrpe,n:JIO)KeHHbIH H pa3pa6aTbIBaeMbIH HaMH MeT0A K0H

BepCHH yrJieBo,n:opo,n:0B B CHHTe3-ra3 Ha 0CH0Be rrp0HHn:aeMbIX MaT

pHn:. 

IIpHMbie MeT0):(bl rrpeBparn;eHHH rrpHpo,n:Horo ra3a B XHMHqeCKHe 

rrpo,n:yKTbl, He rpe6y10rn;11e II0JiyqeHHH CHHTe3-ra3a, A0CTaToqHo pa3-

Hoo6pa3HbI: 

- 0KHCJIMTeJibHaH K0H,D:eHcan;MH MeTaHa B 3TaH H 3TMJieH; 

- raJI0MAMP0BaHMe M 0KCMraJI0MAMP0BaHMe MeTaHa; 

- rrpHM0e rrapn;MaJibH0e 0KMCJieHMe rrpHp0,n:Horo ra3a B 0KCMreHa-

Tbl (MeTaHOJI, q>OpMaJib,n:em,n:, 3TaH0JI M ,n:p.); 

- ceJieKTMBHbIH 0KCHKpeKMHr TH)KeJiblX K0MII0HeHT0B CrC1 IIO

rryTHbIX ra30B (IIHf) C II0JiyqeHMeM ra30M0T0pHoro T0IIJIMBa C Bbl

C0KHM MeTaH0BbIM MH,D:eKC0M; 

- rrapn;MaJibH0e 0KMCJieHMe MJIM 0KCMKpeKMHr yrJieBo,n:opo,n:0B C 
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MaTpuquaH KOH 

O.D:Ho M3 rrepcrreKTH.l! 
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11H ypoBHH TeXH0JI0-

HJI Ha HX 6a3e rrpHH-

33.. CpenH HaH6onee 

ta3pa60TKe TeXH0JI0-

mKHO 0TMeTHTb cne-

1)CMeHax K0HTaKTa; 

:TWieCKHX TeXH0JI0-

l OCH0Be rrpoHHu;ae-

eHIDI. 

UL"Iemrn: He Jl0CTHr

DO.llTBep)lHJI0 CB0IO 

: rrowo6Ho 6yneT 

i HaMH MeT0Jl K0H

npoHHu;aeMhIX MaT-

ra33 B XHMHqeCKHe 

a, .ll0CTaTOqHo pa3-

II TIHJieH; 

'.'3Ha; 
'O ra3a B 0KCHreHa-

►HeHT0B CrC1 rro

[)ro T0IIJIHBa C Bbl-

yrneB0.ll0P0Jl0B C 

rrocnenyIOIIIHM Kap6oHHJIHpoBaHHeM WHJIH OJIHroMepH3au;Heii rrpo

AYKT0B; 

- HH3K0TeMrrepaTypH0e 0KHCJiem1e aJIKaH0B B rrpHCyTCTBHH XJI0-

PHJl0B nernHx MeTaJIJI0B (BC13, AIC13); 

- corrpH)KeHHaH 0KHCJIHTeJibHaH K0HBepCHH 3TI1JleHa H MeTaHa C 

rronyqem1eM rrporrHJieHa H npyrHx rrp0JlYKT0B; 

- KaTaJIHTHqecKaH apoMaTJ13aI.J;HH MeTaHa. 

Ee3ycJIOBHbIM JIH)lepoM ITO qHcny HCCJie)lOBaHJIM H rry6JIHKyeMbIX 

pa6oT HBJJHeTCH OTKpbITaH 6onee 30 JieT Ha3a)l 0KHCJIHTeJII,HaH KOH

.n;eHCaIIHH MeTaHa B 3TaH H 3THJieH. OnHaKO, HeCM0TPH Ha MHO)Ke

CTBO rry6JIHKaI.J;HM no 3TOM TeMe H HeO]lHOKpaTHO IIOHBJIHBIIIMeCH co

o6meHMH O rrpe)lCTOHII.J;eM Haqane pa6oT (6], JlO CMX rrop HeT naHHbIX 

0 peanbHOM rrpOMbIIIIJieHHOM rrpOH3B0JlCTBe Ha OCHOBe 3Toro rrpou;ec

ca. I'aJIOMJlMPOBaHHe H OKCHraJIOMJlMPOBaHMe MeTaHa JlOCTaTOqHo 

crapbie rrpOMbIIIIJieHHbie rrpou;ecChI, O]lHaKO Kpyr rronyqaeMhIX Ha ID( 

0CHOBe OTHOCMTeJibHO MaJIOTOHHa)KHbIX rrponyKTOB orpaHHqeH, a IIO

IIbITKH C03)laTh Ha MX OCHOBe 6onee yHMBepcanhHbie rrpou;ecCbI rrony

qeHMH KpyIIH0TOHHa)KHbIX IIPO.llYKTOB IIOKa TaK)Ke OCTaIOTCH 6e3-

ycrreIIIHbIMM. HJI)Ke 6ynyT 6onee rronpo6HO paCCMOTpeHhl HaIIIH pa-

6oThI B o6nacTM C03)laHMH aJihTepHaTMBHbIX rrpou;eccoB KOHBepCMM 

npHpOJlHOro ra3a Ha ocHOBe ero HeKaTaJIMTJiqecKoro rrapu;HaJihH0ro 

0KHCJieHHH. 

MaTpHqHaH KOHBepCHH yrJieBO)J.OpO)J.OB B CHHTe1-ra3 

OnHo M3 rrepcrreKTMBHbIX HarrpaBJieHHM B C03]laHHH 6onee 3q>q>eK

THBHbIX TeXHOJIOrHM rronyqeHMH CMHTe3-ra3a - MCIIOJib30BaHMe MaT

pMHbIX KOHBepTopoB, pa3pa6oTaHHbIX Ha OCHOBe OIIbITa C03]laHHH 

ropeJioqHbIX ycTpOHCTB C 061>eMHbIMM MaTPHU:aMM [7]. B HMX MC

IIOJib3YeTCH IIpMHI.J;MII BHyTpeHHeM peKyrrepau;MH TeIIJia CHHTe3-ra3a, 

II0JiyqeHHoro rrpM rrapu;MaJibHOM OKMCJieHHM HCXOJlHOro yrneBO)lO

p0JlHOro ra3a. IIapu;MaJihHoe OKMCJieHMe ra3a B TaKOM YCTPOMcTBe 
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npoTeKaeT B ra30BOH <pa3e B6JIH3H BHyrpeHHeii noBepxHOCTH o6oeM

HOM MarpHUbl H3 npOHHUaeMoro .ri;mI ra3a H .[(OCTaToqHo TepMOCTOH

KOro MaTepHana, HanpHMep, nepcpopHpoBaHHOM KepaMHKH, Tyro

nJiaBKHX neHOMeTaJIJIOB, no.ri;npeccoBaHHOH MeTaJIJIIfqecKOM npOBO

JIOKH (MeTaJIJIHqecKoro BOHJIOKa, MeTaJIJiope3HHbI) H .ri;pyrHx no.ri;o6-

HblX MaTepHaJIOB. lfa-3a HHTeHCHBHOro KOHBeKTHBHOro H pa.ri;HaUH

OHHOro Tennoo6MeHa <ppOHTa nJiaMeHH c noBepXHOCTbIO MarpHUbI 

TeMneparypa npo.ri;yKTOB KOHBepCHH CHH)KaeTCSI npHMepHO ,[(O 1200-

1300 °C, B TO BpeMSI KaK BHyrpeHHSISI noBepXHOCTb MarpHUbl pa3o

rpeBaeTC11 ,[(0 800-900 °C, H ,[(0 TaKOH )Ke TeMneparypbI .[(OXO.[(HT 

CBe)KaSI ra3oBaSI CMeCb, noczyna10ma11 BO <ppOHT nJiaMeHH. B OTCyr

CTBHe pa.ri;HaUHOHHbIX noTepb nJiaMeHH npoHCXO.[(HT «H,[(eaJibHOe» ro

peHHe, a rrpH orrpe.ri;eJieHHblX ycJIOBHSIX OHO MO)KeT npoHCXO.[(HTb B 

TaK Ha3bIBaeMOM «cBepxa.ri;Ha6aTifqeCKOM» pe)KHMe, Kor.ri;a TeMnepa

Typa <ppOHTa nnaMeHH 6naro.ri;ap11 BblCOKOH CTeneHH peKYnepaUHH 

Tenna npeBbIIIIaeT a.ri;Ha6aTHqecKyIO. PeKynepauH11 Tenna npo.ri;yKTOB 

H OTCYTCTBHe pa.ri;HaUHOHHbIX noTepb H3 3aMKHyroii nOJIOCTH MarpH

UbI npHBOMT K 3HaqHTeJibHOMY pacIIIHpeHHIO npe.ri;eJIOB ropeHHSI, no 

cpaBHeHHIO C xopOIIIO H3BeCTHblMH nJIOCKHMH MarpHqHbIMH HK ro

penoqHbIMH ycrpoiicTBaMH H ropenKaMH OTKpbITOro nJiaMeHH [7]. 

PaCIIIHpeHHe npe.ri;ena ropeHHSI 6oraTbIX CMeceii n03BOAAeT C03,[(aTb 

OTHOCHTeJibHO npOCTbie H KOMnaKTHbie KOHBepTOpbl .[(JISI HeKaTaJIH

THqecKoii ra30Q)a3HOM KOHBepcHH pa3JIHqHbIX no COCTaBY yrneB0.[(0-

po.ri;HbIX ra30B B CHHTe3-ra3 [8, 9]. 

Hcnb1TaHH11 rrpouecca npoBO.[(HJIHCb Ha yKpynHeHHoii .ri;eMoH

crpauHoHHoii ycTaHOBKe ,[(JISI pa60Tbl rrpH aTMOC<pepHOM .ri;aBJieHHH 

(pHC. la) H Ha .ri;pyroii - npH nOBbIIIIeHHbIX .ri;aBJieHHSIX (pHC. 16) H 

pacxo.ri;e npHpo.ri;ttoro ra3a BnJIOTb .ri;o 10 M3 
/q. 

MarpHqHbie KOHBepTOpbl n03BOJISIIOT npOBO.[(HTb HeKaTaJIHTifqe

CKOe ra3o<pa3HOe OKHCJieHJfe yrneBo.ri;opo.ri;HblX ra30B npaKTHqecKH 
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a 
Pac. 1. ,IJ;eMOHCTpau.uonHhle : 

ro ra1a B cuuTe:J-r. 
DpH aTM. (puc. la) H IIpH IIO 

npupo.ri 

.:oo6oro cocTaBa npH ytt111 

HJ6bITKa OKHCJIHTeJISI a = 
l}'JlbTaTbl, nonyqeHHbie rrp 

anmccpepttoro B03.ri;yxa, o4 

CTaBJieHbl B Ta6JI. 1. 

IlapaMeTpbl CHHTe3-11l3&, 
lle'Taua 3TM0ccj,epHblM Bou:J 

Oi, % Kouu.euTpau.HJ1 m 
H2 CO2 02 

21,0 22,2 3,6 0,6 
21,0 23,0 3,6 0,6 
21,0 23,7 3,7 0,6 
24,4 25,0 3,6 0,8 
25,4 19,9 3,9 1,6 
25,4 19,6 4,2 1,3 
47,3 27,8 4,7 0,6 
47,3 33,0 3,8 0,2 
(i(),5 32,1 3,7 0,4 
100 51,8 5,5 0,2 
100 53,4 5,3 0,0 
100 54,0 5,2 0,0 
100 51,9 5,5 0,0 
100 54,5 5,1 0,0 
100 53,8 5,1 0,0 
100 53,0 5,2 0,0 



mee: IlOBepXHOCTH 061,eM

II ,aocraToqHo TepMOCTOH

taHHOH KepaMHKH, Tyro

i MeTallJIJfqeCKOH npOBO

IC'3HBl,I) H .n:pyrnx no.n:06-

HBeKTHBHOro Jf pa.n:HaQH

IlOBepXHOCTblO MaTPHQbI 

eTCJI npHMepHO .n:o 1200-

epXHOCTh MaTPHQhl pa30-

e reIDiepaTYPhI .n:oxo.n;HT 

pom IlJiaMeHH. B OTCyT

ICXO.mIT «H.n:ea.JibHOe» ro

) MO:llCeT npOHCXO)];HTb B 

~e, Kor.n:a TeMnepa

i creneHH peKynepaQHH 

:paIIHJI Terurn npo.n:yKTOB 

IIIIYfOH IlOJIOCTH MaTPH

IO npe.n:eJIOB ropeHm1, no 

m MaTPJfqHbIMH HK ro

Tiq)blTOro ITJiaMeHH [7]. 

e:ceii no3BOIDieT co3.n;aTh 

eqrrophl .n:m1 HeKaTaJIH

,r no cocrnBy yrJieBo.n:o-

yicpyrrneHHOH .n:eMOH

ITMOC<pepHOM .n:aBJieHHH 

.l(aBJieHIDIX (pHC. 16) Jf 

)BO)lHTb HeKaTa.JIHTHqe

lX ra30B npaKTJfqecKH 

a 6 
Pac. 1. ,lJ;eMOHCTpa ... HOHHhie ycTaHOBKH MaTpuquou KOHBepcuu npupO,!l;HO

ro ra1a B cuuTe1-ra1, npe,1J;ua1uaqeunhle ,!);JUI pa60Th1: 
ape aTM. (p11c. la) 11 rrp11 IIOBhlllleHHblX ,ll;aBJieHHHX (p11c. 16) rrp11 pacxo,n;ax 

np11po,n;Horo rma BIIJIOTI> ,n;o 10 M3 /q 

.il06oro COCTaBa npH YffHKa.JibHO HH3KHX 3HaqeHHHX K03q>qmQHeHTa 

mhlTKa oKHCJIHTeJia a = [O2]/2[CH4] = 0,3 H .n:a)Ke HH)Ke [10]. Pe-

3)'Jil>TaThI, IIOJiyqeHHbie npH HCIIOJib30BaHHH B KaqecTBe OKHCJIHTellil 

an1occpepHoro B03.n;yxa, o6oraIQeHHoro B03.n;yxa H KHCJiopo.n:a npe.n:

craBJieHhI B Ta6JI. 1. 
Ta6llUZJa 1 

IlapaMeTphl cuuTe1-ra1a, noJiyqeuuoro npu MaTpuquou K0HBepcuu 
•naua aTMOCcj>epHhIM B03,!J;YX0M, oooraUieHHhIM B03,!J;yX0M H KHCJI0p0,!l;0M 

Oi,% Kon ... eHTPa ... HH DP0,!l;YKT0B, % Hi/CO 
H2 CO2 02 N2 CH4 CH4 02 

21,0 22,2 3,6 0,6 47,1 0,5 13,8 1,61 97,0 95,2 
21,0 23,0 3,6 0,6 48,0 0,6 14,4 1,60 96,6 95,3 
21,0 23,7 3,7 0,6 45,1 1,0 14,2 1,67 94,3 95,0 
24,4 25,0 3,6 0,8 45,9 0,6 15,6 1,61 97,1 94,9 
25,4 19,9 3,9 1,6 49,3 1,9 12,8 1,55 91,4 90,5 
25,4 19,6 4,2 1,3 49,8 1,9 12,6 1,56 91,9 92,3 
47,3 27,8 4,7 0,6 29,2 9,9 19,2 1,45 74,6 97,8 
47,3 33,0 3,8 0,2 31,1 6,2 20,9 1,58 83,9 99,2 
60,5 32,1 3,7 0,4 20,4 8,4 23,1 1,39 81,5 98,8 
100 51,8 5,5 0,2 0,5 9,2 30,3 1,71 84,1 99,6 
100 53,4 5,3 0,0 0,4 7,9 30,6 1,74 86,2 100,0 
100 54,0 5,2 0,0 0,4 7,2 31,2 1,73 87,0 100,0 

I 100 51,9 5,5 0,0 0,4 9,3 30,8 1,68 84,1 99,9 
100 54,5 5,1 0,0 0,3 6,4 31,4 1,74 88,4 100,0 
100 53,8 5,1 0,0 0,3 7,2 31,7 1,70 86,7 100,0 
100 53,0 5,2 0,0 0,4 8,0 30,9 1,72 85,9 100,0 
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Ha pHcyHKe 2 IlOKa3aHa 3aBHCHMOCTb KOHI.J;eHTPaI.J;HH OCHOBHbIX 

rrpo.ri;yKTOB KOHBepcHH MeTaHa OT KOHI.J;eHTPaI.J;HH KHCJIOpo.ri;a B OKHC

JIHTene rrpH 3HaqeHHH K03<pqmu;HeHTa H36bITKa OKHCJIHTem1 a = 0.34-

0.36. 

Concentration, % 
60 

H2 
50 

40 

30 

20 

10 

•• • 0 
0 20 40 60 80 100 

[O;il, % 

Puc. 2. 3aBUCUMOCTL KOHU.eHTpau.uu OCHOBHLIX npo)].yKTOB KOHBepcuu B 

DOJiy'laeMOM CUHTe3-ra3e OT Kouu.euTpau.uu KUCJIOpO/l,3 B OKUCJIUTeJie npu 

3Ha'leHUU K034>«1mu.ueuTa U36LITKa OKUCJIUTeJISI a = 0.34-0.36 

3aBHCHMOCTb KOHI.J;eHTPaI.J;HH OCHOBHbIX rrpo.ri;yKTOB KOHBepcHH B 

rronyqaeMOM CHHTe3-ra3e OT 3HaqeHHH K031plpHI.J;HeHTa H36bITKa 

OKHCJIHTeJIH a rrpH OKHCJieHHH MeTaHa KHCJIOpO,IJ;OM rrpe.ri;cTaBJieHa Ha 

pHCYHKe 3. 

60 

50 

40 

30 

20 

10 

Concentration, % 

., ..... -i·· ~:·--·--· ........... , 
• • -~-

'O 

CO2 0-----------------..... 0,28 0,30 0,32 0,34 o,36 a o,38 

Puc. 3. 3aBUCUMOCTL KOHU.eHTpau.uu OCHOBHLIX npo/l,yKTOB KOHBepcuu s 

noJiy'laeMOM CUHTe3-ra3e OT 3Ha'leHUSI K034>4>uu.ueHTa U36LITK3 OKUCJIU

TeJISI a npu OKUCJieuuu MeTaHa KUCJIOpO/l,OM 
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TaKHM o6pa30M, pa3pa6oTaH IlJ 

.:IIITWieCKHX aBTOTepM0:qecKHX KOE 

aonopO,IJ;HbIX ra30B B CHHTe3-ra3, l 

poeaH rrpH OKHCJieHHH rrpHpO.llHO 

803,IJ;yXOM H KHCnopo.ri;oM. 

HmKe rrepeq0:cneHbI OCHOBHble 

11eprnpoB: 

1) MaTpHqHbie KOHBeprnpbl ◄ 

Dapu;HaJibHOM OKHCJieHHH yrneoo; 

CJ[OM pe)KHMe H He TPe6yioT JlOI 

K."IH 3Hepr0:0:; 

2) OHH o6na.ri;aIOT oqeHb BblCO] 

Cll,IO, MHHHMYM B 10 pa3 rrpeBI,111 

poeoro p0:1popMHHra, qrn .ri;enae-r 1 

Te..ThHO 6onee .ri;erneBbIMH no cpaBH◄ 

3) BbICOKaH ofo,eMHM rrpoH3BO 

laTOpa H rrpOCTOTa H3rOTOBJieHIDI 

'UITeJibHO CHH3HTb orrepau;HOHHble : 

4) HH3KHe KaITHTaJibHbie H one 

.IIO:lKHOH 3KOHOMHqeCKH 3<p<peKTH 

IEpyIIHOTOHHa)KHbIX, HO H MaJIOTOm 

5) OTCYTCTBHe KaTanH3aTopa rn 

Cl'a,lUfIO yrneBo.ri;opo.ri;Hhie ra31,1 rrpa 

IICXO)K)];eHHH 6e3 HX rrpe.ri;BapHTeJJ 

rny6oKoii oq0:cTKH. 

rnaBHbIMH ITOTPe6HTeJUIMH Ma-I] 

mMIIaHHH, o6na.ri;aIOII.J;He HH3KOJle6 

'IO"IHHKaMH c 3arracaMH ra3a MeHe 

pecypCbI HeTpa.ri;HI.J;HOHHOro rrpHpO 

133, a TaK)Ke C)KHraIOII.J;He IlOilynD,ll 

8'l 



ID(OCTI, KOHIJ.eHTJ)aU,HH OCHOBHI,IX 

'°81lempainm KHCJIOpo,n:a B OKHC

ra H36LITKa OKHCJIHTemI a = 0.34-

60 

H2 

---
co 

80 100 

!Oil,% 

CIIOBBhlX npOAYKTOB KOHBepCHH B 

... ICIICJIOPOAa B OKHCJIHTeJie ope 
ca OKRCJIBTeJIB a = 0.34---0.36 

OBHhlX rrpO.n:yKTOB KOHBepCHH B 

eHIDl K03qlqlHD,HeHTa H36hITKa 

a ICHCJIOpO)J.OM rrpe)J.CTaBJieHa Ha 

____.--I H2 

----------- - - ... < 'I J 

~ ~ 
CO2 

l».34 o.36 a o,38 

IOBHWX opOAYKTOB KOHBepcuu B 

SJttHIU1eHTa H36LITKa OKHCJIH

nm.a ICIICJIOPOAOM 

T3.KHM o6pa3oM, pa3pa6ornH rrpHHD,HITHaJII,HO HOBI>IH THIT HeKaTa

alllfllecKHx aBTOTepMnqecKHX KOHBepTOpOB ,n:mI rrpeBpaIIJeHIDI yrne

aatOJX)JJ.HI,IX ra3OB B CHHTe3-ra3, KOTOphIH 6I>IJI ycrreurno rrpoTeCTH

< fllll3H rrp11 OKHCJieHHH rrpHpO,D,HOro ra3a BO3,D,yxOM, o6oraIIJeHHhlM 

HmKe rrepeq11cJieHhl OCHOBHI>Ie rrpeHMyIIJeCTBa HOBoro THrra KOH-

l) MaTJ)HqHI,Ie KOHBepTOphl OCHOBaHI,I Ha HeKaTaJIHTHqecKOM 

lllpI{HaJII,HOM OKHCJieHHH yrneBO,ll,OpO.D,HhlX ra3OB B aBTOTepMHqe

GDM pe)KHMe n He TJ)e6yIOT .D,OITOJIHHTeJII>HhlX HCToqHHKOB Terrna 

Ell 3Hepr11H; 

2) OHM o6na.n,aIOT oqeHI, BhlCOKOH 061,eMHOH rrpOH3BO.D,HTeJII>HO

CILIO, MHHHMYM B 10 pa3 rrpeBhllllaIOIIJeM rrpOH3BO.D,HTeJihHOCTI, rra

poeoro pmpopMHHra, qTO ,lJ,eJiaeT HX oqeHI, KOMITaKTHI,IMH 11 3Haqn

K.ThHO 6onee .n,eIIIeBhlMH no cpaBHeHHIO c TJ)a.D,Hll,HOHHI,IMH; 

3) BhlCOKM 061,eMHM rrpOH3BO.D,HTeJihHOCTh, OTCYTCTBHe KaTaJIH

:JUOpa H IlpOCTOTa H3I'OTOBJieHH5I H o6cJiy)KHBaHH5I IlO3BOJI5IIOT 3Ha

'BIIeJII,HO CHH3HTI, orrepaU,HOHHhle 3aTJ)aThl; 

4) HH3KHe KaITHTaJll,Hhle H orrepaU,HOHHhle 3aTJ)aThl .D,eJiaIOT BO3-

~0H 3KOHOMHqecKH 3q_J<peKTHBHYIO 3KCIIJiyaTau;mo He TOJlhKO 

spyIIHOTOHHa)KHhIX, HO H MaJIOTOHHa)KHhlX ycTaHOBOK; 

5) OTCYTCTBHe KaTaJIH3aTopa IlO3BOJI5IeT KOHBepTHpoBaTh B O.D,HY 

CTaLI:HIO yrneBO.D,OpO.D,Hhie I'a3hl rrpaKTHqecKH JII06oro COCTaBa H rrpo

acxo)K)l.eHH5I 6e3 ux npe,lJ,BapHTeJihHOro HX cppaKQHOHHpOBaHU5I H 

rny6oKOH oqHCTKH. 

f JiaBHhIMH IlOTJ)e6nTeJI5IMH MaTJ)HqHhIX KOHBepTopoB MoryT CTaTh 

IOMIIaHHH, o6Jia.D,aIOIIJHe HH3KO,lJ,e6eTHhIMU H HH3KOpecypcHhIMH HC

TOqttHKaMH C 3arracaMU ra3a Mettee 3 MJIPA M
3

' pa3pa6aThIBaIOIIJHe 

pecypChI HeTpa,lJ,Hll,HOHHOro rrpHpO)J.HOro ra3a, BKJIIQqlU{ CJiaHu;eBhIH 

f3.3, a TaK)Ke C)KHraIOIIJHe rrorryTHhlH Heq>THHOH ra3. KpanHe BhICOKHe 
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3aTJ)aTI,I Ha CTJ)OMTeJibCTBO M o6cJiy)KMBaHMe MarMCTJ)aJibHbIX ra3o

rrpOBO,ZJ;OB M OTCYTCTBMe aJibTepHaTMBHbIX TeXHOJIOrnu MaJIOTOHHa)K

HOH KOHBepCHM rrpHpO,D;HOro ra3a B 6oJiee JierKO TJ)aHcrropnipyeMbie 

)KM,ZJ;KMe yrneBO,D;OpO,D;bI [3,11] ,ZJ;eJiaIOT BOCTpe6oBaHHOH 3cpcpeKTMB

HYIO MaJIOTOHHa)KHYIO KOHBepcmo rrpHpO,D;HOro ra3a B CMHTe3-ra3. 

B OTCYTCTBMe 3cpcpeKTMBHbIX MaJIOTOHHa)KHbIX GTL-TexHoJior11ii 

BceMHpHbIH 6aHK ,ZJ;eKJiap11pyeT HeB03MO)KHOCTb rrpeKpaIIIeHM5I cpa

KeJibHOro C)KMraHH5I IIHr paHee 2030 r. [12]. MaTJ)MqHa5J: KOHBepCM5I 

OTKpbrnaeT TaKYJO B03MO)KHOCTb BKyrre C pacrrpe,D;eJieHHbIM MaJIOTOH

Ha)KHbIM IIOJiyqeHMeM BO,D;Opo,D;a [13], qTo MO)KeT C,ZJ;eJiaTb peaJibHbIM 

BHe,D;peHMe 3KOJIOr11qecKM qMCTOro BO,D;OpO,D;HOrO TJ)aHCIIOpTa. 

IlapQHaJILHOe OKHCJieuue HJIH OKCHKpeKHHr yrJieBO}],Op0}],0B C 

DOCJie}],yroIU,HM KapoOHHJIHpOBauueM u/nJIH OJIUroMepu1aQueii 

npo}],yKTOB 

Cpe,D;M rrpou;eccoB Ha OCHOBe rrapIIHaJibHOro OKMCJieHM5I rrpMpO,D;

HOro ra3a Ha1160Jiee rJiy6oKO MCCJie,ZJ;OBaHO rrapIIHaJibHOe OKMCJieHMe 

MeTaHa B MeTaHOJI (IIOMM, DMTM) [14,15]. Ceuqac rrpopa6aThIBa

IOTC5I acrreKTbI TeXHOJIOr11qecKOH peaJIM3aIIMM 3TOro rrpou;ecca. Ho 

Ba)KHOe 3HaqeHMe MMeeT 6oJiee IIOJIHOe MCIIOJib30BaHMe BCex rrpo,D;yK

TOB rrapIIHaJibHOro OKMCJieHM5I. IlpM rrapIIMaJibHOM OKMCJieHMM rrpH

pO,D;HOrO M IIOIIYTHOro ra30B B o6JiaCTM BbICOKMX ,ZJ;aBJieHMH o6pa3y

lOTC5I B 6JIM3KMX KOHIIeHTJ)aIIM5IX MeTaHOJI M CO, a rrpH OKCMKpeKMHre 

rrpM HOpMaJibHOM ,ZJ;aBJieHMM - B peryJIHpyeMbIX COOTHOIIIeHM5IX 3TM

JieH M co. Ha OCHOBe 3TMX pe3yJibTaTOB rrpe,D;JIO)KeH aJibTepHaTMBHbIH 

BapHaHT ra30XMMMqecKMx GTL-TexHoJiornH ,ZJ;JIH KOHBepc1111 ra3006-

pa3HbIX yrneBO,D;OpO,D;OB B XMMMqeCKMe rrpo,D;yKTbl C BbICOKOH ,ZJ;o6aB

JieHHOH CTOMMOCTblO [16,17]. AJibTepHaTMBHa5I cxeMa BKJIJOqaeT He

KaTaJIMTMqecKoe rrapu;MaJibHOe OKMCJieHMe MJIM OKCHKpeKMHr, ra30-

cpa3HbIX yrJieBO,D;OpO,D;OB ITO OT,ZJ;eJibHOCTM MJIM B KOM6MHaIIMM, H rro

CJie,ZJ;yIOIIIee KaTaJIMTMqecKoe Kap60HMJIMpOBaHMe IIOJiyqeHHbIX rrpH 
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0KMCJieHMM rrpo,ZJ;yKT0B 

mno rrocJie,ZJ;HMX. Ha pi 

rrpou;ecca M B03MO)l(JlhIB 

-
Pac. 4. HOBhlH Tun GTL-i 

HUH npo,!J;yKTOB napUH8Jll 

IIpe11MyIIIeCTBOM TilIC 

rrpe,D;JiaraeMbIX rrpou;ecco 

}')Ke xopoIIIo OTJ)a6ornm, 

BHJIO, B HMX rrpMMeH5IIOTI 

THHOBOH rpyIIIIbI, IIpMqe~ 

Ha 2-3 IIOp5I,D;Ka rrpeBE,III 

CHHTe3a <l>MIIIepa-Tporrrn 

OTH0CMTeJibH0 He6o.JThmO 

Hble KaIIMTaJibHbie 3aTJ)aTI 



arHCTp3.JU,HhlX ra:m

noruii: MaJIOTOHHa)K-

1])aHCIIOpT.ttpyeMhle 

OBaHHOH 3q>q>eKTHB-

ra3a B CHHTe3-ra3. 

c GTL-TexHonorn:u 

, rrpeKparn,eHHH cpa

rrpH'IHrui: KOHBepcHH 

(eJieHHhlM MaJIOTOH

. C)leJiaTb peanbHhlM 

p;mcrropra. 

yn1eBOJJ,OpOJJ.OB C 

11111)MepH33UHCH 

IICHCJieHHH rrpHpOA-

13.lThHOe OKHCJieHHe 

i-lac rrpopa6aThrna

oro rrpouecca. Ho 

aHHe Bcex rrpoAyK

~ OKHCJieHHH rrpH

.IDlBJleHHH o6pa3y

rrpH OKCHKpeKHHre 

JOTHOllleHHHX 3TH

I aJibTepHaTHBHhlH 

:oHBepcHH ra3006-

c BhlCOKOH Ao6aB

!Ma BKmoqaeT He

:cHKpeKHHr, r33O-

1M6HHaUHH, H 11O

IIOnyqeHHbIX rrpH 

OKHCJieHHH IIpOAYKTOB MOHOOKCH)lOM yrnepo.u,a HJIH OJIHrOMepH3a

llH10 IIOCJieAHHX. Ha pHCyHKe 4 rrpe.u,cTaBJieHbl 6JIOK-CXeMa TaKoro 

npouecca H B03MO)KHblH Ha6op rronyqaeMbIX rrpH 3TOM rrpo.u,yKTOB. 

Cyxoii\raa 

Kap6oHUnUp06aHUe 

C!:)( )to/]~ 
YKcycHan Menrnat\elat Men,n 
KMCJlOTa nponMottar 

bIJ~~ 
8HHH11au.e1ar iQMMeTM/1 

Kap6oHaT 
MeTMJl 

MeTaKp».nar 

Pac. 4. HosLiii TDD GTL-npo~eccos ua 6a1e KOMDJieKcnoro ucnoJILJOBa
uu» npo~yKTOB nap~uaJihHOro OKHCJieHHH ff OKUCJIUTeJibHOrO KpeKuura 

IIpeHMyIUeCTBOM TaKOM cxeMhl HBJIHeTCH TO, qTo 60JibIIIHHCTBO 

npe.u,naraeMhIX rrpoueccoB Kap6oHHJIHpoBaHmr HJIH OJIHroMepH3aIIHH 

)')Ke xopoIIIO orpa6oTaHbl H OCBOeHbl IIpOMbIIIIJieHHOCTblO. KaK rrpa

BHJIO, B HHX rrpHMeHHIOTCH KaTaJIH3aTOpbI Ha OCHOBe MeTaJIJIOB IIJia

THHOBOH rpyIIIIbl, rrpHqeM yAeJibHaH aKTHBHOCTb 3THX KaTaJIH3aTopoB 

Ha 2-3 rropH.U,Ka rrpeBbIIIIaeT y.u,eJibHYIO aKTHBHOCTb KaTaJIH3aTopoB 

CHHTe3a <l>mrrepa-Tporrma. 3To 11O3BOJIHeT HCIIOJib3OBaTb peaKTOpbI 

OTHOCHTeJibHO He60JibllIOro pa3Mepa, qTO 3aMeTHO CHH:>KaeT y.u,eJib

Hbie KaIIHTaJibHbie 3arpaTbI rrpH rronyqeHHH )KH)lKHX rrpo.u,yKTOB [16]. 
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I: 

i I 
1. 

J 

CeJieKTHBHblH OKCHKpeKuur TH»ceJiblX KOMUOHeHTOB npupO,ll;HblX 

H UODYTHbIX ra30B 

HecMOTJ)H Ha Bee rrpe,n;rrpJ1HJ1MaeMhle ycmrnH, rrpo6JieMa q>aKeJih

Horo C)lmraHJIH l1Hf ocTaeTcH o,n;Hoii m OCTJ)eiinrnx B MJ1p0Boii 

Heq>Te,n;o6b1qe. J,fa-3a 0TCYTCTBMH peHTa6eJibHbIX MaJI0TOHHa)l(HbIX 

TeXHOJIOrHH rrepepa60TKJI ra1a OKOJIO 30% ,n;o6brnaeMoro 11Hf C)l(Jl

raeTCH - JI B PoccJ1J1, JI CIIIA, a rrpaKTJlqecKoe perneHJ1e rrpo6neMhI 

0)l(J1-,n;aeTcH He paHee 2030 r. [12]. 0 MacrnTa6e rrpo6neMhI CBJ1,n;e

TeJihCTByeT TO, qTO o6neM C)l(JlraeMoro B ceBepHbIX perJI0HaX PocCJIJI 

11Hf C0II0CTaBJIM C o6neMOM «CeBepHoro 3aB03a» TOIIJIJIBa ( OKOJI0 

10 MJIH. T/r). B HaCTOHIIIee BpeMH e,D;JIHCTBeHHblH 6e1y6hITOqHbIH 

crroco6 YTJIJIJl3aQJIJI 11Hf y,n;aJieHHbIX MeCTOpO)l()];eHJIH B crreu;m)mqe

CKJIX ycJI0BJIHX poCCJIHCKJIX HeqlTe,n;o6hIBaIOIIIJIX perJIOHOB - Bbipa-

6oTKa 3JieKTJ)03HeprJIJI JI Terrna ,D;JIH co6cTBeHHbIX Hy)l(,ll;. 

O,n;HaKo, J1CIIOJih30BaHJ1e l1Hf, He J1Me10111ero orrpe,n;eneHHOro 

CTa6JIJibHOro COCTaBa, B KaqecTBe 3HepreTJlqecKoro TOIIJIJIBa - He

TJ)JIBJlaJibHaH 1a,n;aqa. HanJ1qJ1e B HeM yrneBo,n;opo,n;oB OT C 1 ,n;o C 7+, 

peaKQJIOHHaH crroco6HOCTb KOTOpbIX OTJIJlqaeTCH Ha rropH,D;KJI, 3a

TJ)Y,D;HHeT ero 3cp<peKTJIBHOe JICII0Jib30BaHJle B 3HepreTJIKe. ,l(a)l(e He-

6om,rnaH, Ha ypoBHe 1 % 06., KOHQeHTJ)aQJIH B rrorryTHhlX ra1ax TH)l(e

JibIX KOMII0HeHTOB C3+ C HJl3KJIMJI MeTaHOBbIMJI qJlcJiaMJI ,n;enaeT MX 

CKJIOHHblMJI K ,n;eTOHaQJIJI JI He II03BOJIHeT ,D;OCTJlraTb HOMJIHaJibHOH 

MOIIIH0CTJI )];BJlraTeJIH [ 18]. l103TOMY rrpOH3BO,D;JITeJIJI ra1orroprnHe

BbIX ,D;BJlraTeJieii (fll,l() ,D;JIH o6ecrreqeHJIH pa60Tbl o6opy,n;OBaHMH B 

HOpMaJibHOM pe)l(JIMe JI ,D;OCTJl)l(eHJIH 3aHBJieHHblX xapaKTepJICTHK 

rrpe,D;bHBJUIIOT cepbe3Hble TJ)e6oBaHJIH K KaqeCTBY TOIIJIJIBH0ro ra3a. 

HaJ16onee Ba)l(eH 1,n;ech MeTaHOBhiii JIH,n;eKc (MN), KOTOpbIH ,n;JUI 

60JibllIJIHCTBa TJIII0B fll,l( )];OJI)l(eH rrpeBbilllaTb 65, a ,D;JIH HeKOTOphlX 

JI 75, JI HH3lllaH TeIIJI0Ta cropaHMH (QH) - HaXO,D;JITCH B ,D;JlaIIa30He 30--

36 M,l()l(/M
3 [19]. 
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0: KOMIIOHCHTOB npHpO)),HblX 

ra:JOB 

re ycHJIIDI, rrpo6neMa cpaKem,

i B3 ocrpeiinrnx B MHpOBOH 

rra6e..'ThHhIX Ma.JIOTOHHa)KHI,IX 

:0-/4 .ao6hIBaeMoro IlHf C)KH

'R'lecKoe perneHHe rrpo6neMhI 

113enrra6e npo6rreMhl CBH,l],e-

1 ceeepHhIX pernoHax PoccHH 

1)1'0 JaB03a» TOilJIHBa ( OKOJIO 

RHCTBCHHhIH 6e3y6hlTOqHbIH 

oop<>)l(JJ,eHHH B crren,ncpnqe

lB3IOIUHX pern:oHOB - Bhlpa

memn.lX ffY)K)).. 

HMe10mero onpe,l],eneHHoro 

rereqecKoro TOTIJIHBa - He

ileBOl{Opo.UOB OT C, ,l],O C7+, 

l11111aerc,i Ha nop.sr,l],KH, 3a-

111e B 3HepreTHKe. JJ;a)Ke He

u B rronyrnhlX ra3ax T.SI)Ke

OBhlMH qffCJiaMH ,l],eJiaeT HX 

:T ;iOCTIITaTh HOMHHaJihHOH 

OR3BO)).HTemI ra3orropurne-

1 pa6on.1 o6opy,noBaHH.SI B 

IIBJJeHHhlX xapaKTepHCTHK 

a'leC'TBY TOITJIHBHOrO ra3a. 

(eKc (MN), K0Top1,1ii ;:i;;rn 

naTh 65, a .umi: HeKOTOpbIX 

axo)).HTC.SI B ,l],HaTia30He 30-

CymecTByIOUIHe TeXHOJIOfHH y,l],aJieHHH T.SI)KeJihlX yrneBo.n;opO,l],OB 

&llH cerrapau:1m yrJieao.n;opo,lJ,HhlX ra3oB rrpH 061>eMax ro,l],oaoro no

lpctineHH.SI MeHee 10 MJIH M
3 
/r, xapaKTepHbIX ,l],JIH co6cTBeHHOro 

311eprorrorpe6neHH.SI Ha rrpoMbicnax, HepeHra6em,HhI. HaMH 6hlJia 

pa3pa60TaHa HHa.51 TeXHOJIOrH.sr, .n;aIOIIIM B03MO)KHOCTb ceJieKTHBHOro 

OIDICJIHTeJihHOro KpeKHHra TH)KeJihlX C 5+ KOMIIOHeHTOB IlHf 6e3 

OIDICJieHH.SI caMoro MeTaHa, qTo TI03BOJI.SieT IIOJiyqaTh TOIIJIHBHYIO 

atecb ,l],JIH :meproycTaHOBOK C BhlCOKHM MeTaHOBhIM HH,l],eKCOM H 

lpctiyeMOH mrnnett TeIIJIOTBOpHOH cnoco6HOCThlO (20]. Ha pHCYHKe 

5 npe,llCTaBJieHa 3aBHCHMOCTb MeTaHOBOro HH,l],eKca 11 HH3IIIeii TeIIJIO

tBOpHOH crroco6HOCTH rronyqaeMOH rrp11 OKHCJIHTeJihHOM KpeKHHre 

f330BOH CMeCH OT KOHll,eHrpall,HII .ll06aBJI.SieMOro KHCJIOpO,lla npH ,l],0-

6awiemm B Kaqecrne OKHCJIHTeIDI aTMoccpepHoro B03,llyxa H KHCJIO

po.n.a. CJie,lJ,yeT OTMeTHTb, qTo npon,ecc rrpoTeKaeT B )].OCTaToqHo M.srr

nx ycJIOBHHX, rrpH TeMrrepaType 700-750°C H ,l],aBJieHim 1-3 aT 

[19,20]. 
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Puc. 5. 3aBHCHMOCTb MeTaH0B0ro HHtJ,eKca (MN) H HH3IIIeii TeRJIOTBOpHOH 
cnoco6uocTH (Qu), Il0JIY'l3eMLIX npu 0KHCJIHTeJILH0M Kpetcunre raJOBOH 

cMecu OT Konu.enTpau.uu t1,06asm1eMoro KHCJ1opot1,a 
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Pacnpe,LJ,eJieHHaSI ra30XHMHSI: OTBeT Ha HOBble Bbl30Bbl 
B CblpbeBOM H DOTpeouTeJibCKOM CeKTopax 

Ba)l(HI,IM apryMeHTOM )llliI IIOHCKa HOBbIX TeXHOJIOrHqecK0:X pe

rneHHH B ra30XHMHH, 51BJIHIOTC51 Be,n;yru;He TeH,ll;eHIJ;HH B MHpOBOH 3KO

HOMHKe, ee HBHax .n;HBepcHqmKal.(HH, 601crpoe H3MeHeHHe CTPYKTYPhl 

rrpOH3BO)J,CTBa H rrorpe6neHH51 3a cqeT coKparu;emrn 3arpaT Ha norn

CTHKY n rpaHcnopT. 3To <pOpMHpyeT YCJIOBHH, Mettee 6naronpHHTHbie 

,n;;rn HHBeCTHI.(HH B rnraHTCKHe rrpe.n;rrpHHTHH c 3a,n;aHHOH CTPYKTypoii 

rrpOH3B0)J,CTBa H )J,JlHTeJibHbIMH cpoKaMH OKyrraeMOCTH. B 3KOHOMHKe 

H 3HepreTHKe Ha6HpaeT CHJIY TeH,n;eHI.(HH K pacnpe.neneHHOMY npoH3-

BO)J,CTBY 3HeprnH, TOBapoB, ycnyr H HX a.npeCHOH. )];OCTaBKe KOHKpeT

HOMY IIOTpe6HTeJIIO B COOTBeTCTBHH C ero 3arrpocaMH. ITpH 3TOM 3KO

HOMHqecK0H BbIHrpbIIII )J,OCTHraeTCH ToqHbIM COOTBeTCTBHeM Kaqe

CTBa H KOJmqecTBa 3arrpocaM rrorpe6HTenx, CHH)KeHHeM pHcKa rrepe

rrpoH3BO)lCTBa H He,n;orpy3KH rrpe.n;rrpHHTHH, 3arpaT Ha )J,OCTaBKY, xpa

HeHHe H JIOI'HCTHKy. 

3TO IIOJIHOCTbIO OTHOCHTCH K pacrrpe.n;eneHHOH MaJIOTOHHa,KHOH 

ra30XHMHH. ToJibKO pacrrpe.neneHHaH MaJIOTOHHa)l(HaH ra30XHMIDI 

crroco6Ha OTBeTHTb Ha TaKHe rrpHHI.(HIIHaJibHbie BbI30Bbl, KaK orpoM

HOe KOJIHqecTBO pa3H006pa3HbIX no COCTaBy H ,D,e6Hzy pacrrpe.n;eneH

HbIX H y.n;aneHHbIX rpaJJ,HIJ;HOHHbIX H HeTpa.n;HI.(HOHHbIX HCToqHHKOB 

rrpHpO,D,HOro ra3a, Herrpo,n;OJI)l(HTeJibHOe BpeMH HX )l(H3HH, IIOCT051H

HOe H3MeHeHHe .n;e6ttTa H KOMIIOHeHTHoro COCTaBa, orpOMHbie 3arpa

TbI Ha rpaHCIIOpTHpOBKY ra3a. ITpH 3TOM pacnpeJJ,eJieHHaH MaJIOTOH

Ha)l(HaH ra30XHMHH He rrpOTHBOCTOHT Tpa.n;HI.(HOHHOH KpYIIHOTOH

Ha)l(HOH, a )J,OIIOJIH51eT ee, II03BOJIHR rrpeBpaTHTb B peaJibHOe 3Hepre

THqecKoe H ra30XHMHqecKOe Cblpbe pecypCbI pacrrpeJJ,eJieHHbIX H 

HH3Ko.n;e6HTHbIX HCToqHHKOB. 

QqeBH)J,HO, qTo pacrrpe,D,eJieHHaH MaJIOTOHHa)l(HaH ra30XHMHH He 

MO)KeT 6bITb C03,D,aHa Ha OCHOBe Tex JKe TeXHOJIOrn:qecKHX pemeHIIH, 

'ITO H rpa.n;HI.(HOHHaH KpyIIHOTOHHa)l(HaH. TaK )Ke, KaK B CBOe BpeMH 
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norpe60BaJIHCb HOBal 

BH,[1,0B CbipbH, TaK H M 

a.JlbHO HOBbIX TeXHOJIO 

TeHCHBHbIH. IIOHCK nyJ 

ra30XHMH1IeCKHX TeXH< 

11ac BO BCeM MHpe [ 14 

TOHHa)l(HbIX ra30XHMHI: 

maHCbI B C03,D,aHHH HC 

Ha)KHOM ra30XHMHH. ITp 

H BbIXO,D,a C HHMH Ha n 

pI,IHOK 3Toro rrepcrreKTHJ 

Cettqac Kom1erruID1 I 

JYeTCH B :mepreTHKe, r; 

IlpHXO,Ll,HTCH 3aMeTHaJI H 

BO,D,CTBa :meprHH. Heo6xc 

eoii KOHI.l,ern~mf H ,Ll,lliI ra3 

CHH, B KOTOpOH. BOIIpocbl 

TJllleCKHe ycJIOBIDI Hrpa101 

HeCKOJlbKO JieT Ha3a)J, . 

BOJIIOIJ;HIO B ra3oBoii orpac 

eoJiorHii ,D,ofo,1qn cnaHIIeoc 

roroBoii K rrorp51ceHIDIM B 

ae..w K o6Bany ra3oBoro, Jl 

lleHHIO )J,OJirocpoqHI,IX IL1aJ 

pacCTaHOBKH Be,n;yru;HX mp 

EbCR, 'ITO H B 6yJJ,yID;eM, Kl 

aer HrpaTb orrpe,D,enxromyio 

nnrn, H B rrepByIO 011epem, 1 

apeWI rroiiMYT 3TO, H He YD) 

lOXHMHIO B MHpOBbie JIH,D,epLi 



m1.1e Bbl30Bbl 

KTOpax 

:x11onorWieCKHX pe

lOIH B MHpOBOH 3KO

~eHeHHe CTl)YKTyphI 

IIDl 3aTl)aT Ha nortt

Hee 6narorrpmITHhie 

,llaHHOH CTl)YKTYPOH 

IOCTH. B 3KOHOMHKe 

e.aeneHHOMY rrpott3-

l ,lOCTaBKe KOHKpeT

a..a-i:. Ilptt 3TOM 3KO

>OTBeTCTBHeM Kaqe

ceHHeM pttcKa rrepe

rr Ha .n;ocTaBKY, xpa-

oA ManoToHHa)KHOH 

HIDKIHUI ra3OXHMmI 

~bl30Bhl, KaK orpoM

~HTY pacrrpe.n;eneH

lOHHhIX HCTOqHHKOB 

IX )l(H3HH, IIOCTO»H-

13, orpOMHhie 3aTpa

:.n;eneHHa» MallOTOH

IOHHOH KpyIIHOTOH

B peanhHOe 3Hepre

pacrrpe.n;eneHHhIX H 

ICHa» ra3OXHMH5I He 

,mqecKHX perneHHH, 

e, KaK B CBOe BpeM» 

IIOTpe6oBanHCh HOBaTOpCKHe TeXHOilOI'HH .n;n» pa3pa60TKH HOBhIX 

BIi.Li.OB ChlpMI, TaK H MallOTOHHa)l(Ha» ra3OXHMH5I Tpe6yeT rrpHHIJ;HIIH-

3..'IhHO HOBhIX TeXHOnorttqecKHX perneHHH H IIO,ll;XO,ll;OB. Il03TOMy HH

reHCHBHhlH IIOHCK rryTeH CO3,D;aHH5I 3cpcpeKTHBHhlX ManOTOHHa)l(HhIX 

l'a30XHMHqecKHX TeXHOilOI'HH HOBOro IIOKOneHH5I Ha6mo.n;aeTC5I ceil:

'laC BO BCeM MHpe [ 14]. Cephe3HO OTCTaBa» B pa3pa60TKe KpyrrHO

YOHHa)l(HhIX ra3OXHMHqecKHX rrpou;eccoB, Pocctt» ttMeeT Herrnoxtte 

maHChl B CO3,D;aHHH HOBhIX rrpou;ecCOB pacrrpe.n;eneHHOH ManOTOH

IIIDKHOH ra3OXHMHH. IlpttqeM He TOilhKO )];AA BHYTpeHHero pbIHKa, HO 

B BhIXO,D;a C HHMH Ha IIOKa eru;e rrpaKTHqecKH CB06o.n;HhIH MHpOBOH 

pLIHOK 3Toro rrepcrreKTHBHoro HHHOBaIJ;HOHHOro o6opy.n;oBaHH5I. 

Ceil:qac KOHu;erru;m1 pacrrpe.n;eneHHOH reHepau;tttt aKTHBHo peantt-

3YeTC» B 3HepreTHKe, r.n;e Ha .n;omo pacrrpe.n;eneHHhIX cttcTeM y)Ke 

DpHXO)];HTC5I 3aMeTHa» H 6hICTl)O pacTyru;a» qacTh MHpOBOro rrpoH3-

BO,ll;CTBa 3HeprHH. Heo6xo.n;HMO rrpHCTYIIHTh K pa3pa6oTKe aHanOrHq

HOH KOHu;erru;tttt H .n;n» ra3osoi1: OTl)aCnH, oco6eHHO .n;AA ycnosttii Poc

CHH, B KOTOpoii BOIIpOChl nornCTHKH, HHcppaCTl)YKTYPHhie H KilHMa

mqecKHe ycnoBH» ttrpaIOT oco6eHHO 6onhrny10 ponh. 

HecKOilhKO neT Ha3a.n; Pocctt» y)Ke rrporrycTttna TeXHHqecKyIO pe

BOilIOIJ;HIO B ra30BOM OTpacnH, CB»3aHHYIO C pa3pa6oTKOH HOBhIX TeX

HOnorttii .n;o6hJqH cnaHu;esoro raJa. B pe3ynhTaTe, OHa oKa3anach He

nrroBoii K IIOTp»ceHH5IM B MHpOBOM ra30BOM OTl)aCnH, KOTOphie rrpH

BeJIH K o6sany ra3osoro, .n;a H Bcero 3HepreTttqecKoro phrnKa, H3Me

eeHHIO .n;onrocpoqHhIX rrnaHOB pa3BHTH5I OTl)aCilH H CTpaTerttqecKOM 

pacCTaHOBKH Be.n;yru;ttx HrpOKOB B 3TOM ccpepe. XoTenoch 6hI Ha.n;e

.lITl>C», qTo tt B 6y.n;yru;eM, KOr.n;a HayqHo-TeXHHqeCKHM rrporpecc CTa

HeT ttrpaTh orrpe.n;en»IOIIJ;yIO pOilh BO Bcex CeKTopax MHpOBOH 3Hepre

THKH, H B rrepByIO oqepe.n;h B ra3OXHMHH, PYKOBO,ll;HTenH OTl)aCnH BO

epeM» IIOMMYT 3TO, H He yrrycT»T rnaHc BhIBeCTH OTeqeCTBeHHYIO ra-

30XHMHIO B MHpOBhie ntt.n;ephl. 
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H0Bbl:U BEKT0P B PA3BHTHH HE«l>THH0:U 0TPACJIH

IlEPEKJIIOqEHHE Oli0PY.lJ:0BAHHH Hil3 

C .lJ:0MHHAHTH0ro Il0JIYqEHHH M0T0PHhIX T0DJIHB 

HA IlP0H3B0.lJ:CTB0 HE«l>TEXHMWIECKoro ChIPhH 

MH. JleeuH6yK \ B.A. MumRZUH2
, O.<l>. I'J1a20J1eea2, B.H Komoe3. 

1I1HXC HM. A.B. Tonq0eBa PAH, 2AO «BHl111HII», 
3PrY Heq>T0 0 ra:m (Hl1Y) 0M. 11.M. ry6K0Ha 

Eom,IIIaJI qacn, ,n:ofo,rnaeMOH B MMpe HecjHM HanpaBJUieTCH Ha Bhl

nycK MOTOpHoro TOnJIMBa, M npe,n:cToHmaH peopraHM3aI.J;MH pbIHKa 

rpaHcnopTHhlX cpe,n:CTB 3aCTaBJIHeT aHaJIMTMKOB pbIHKa nepeCMOTPeTh 

TeXHOJIOrnqecKyJO OCHOBY M 3KOHOMMKY Heqnenepepa60TKM. HOBbie 

TeH,n:eHI.J;MM pbIHKa yrneBo,n:opo,n:oB B KOpHe M3MeHHT 6anaHC norpe6-

JieHMH Heq>TM B Heq>Tenepepa6oTKe M Heq>TeXMMMM. 

3ueprun 

Pa3JIJfqHhle perMOHbI M rocy,1J,apcTBa oT,n:aJOT npe,n:noqTeHMe pa3-

HhlM BM,n:aM 3HeproHOCMTeneii. TaK, B CeBepHoii AMepHKe M crpaHax 

EC ,n:oMMHHpyeT Heq>Th, B PoccMM - npHpo,n:HhlH ra3. B KMrne, r,n:e 

OTCYTCTByJOT 3anaCbl Heq>TM M ra3a, MCnOJih3YJOT yronh. IlpH 3TOM 

Coe,[(MHeHHbie llfraThl, B 3aBMCHMOCTM OT 3KOJIOrJfqeCKMX rpe6oBa

HMH M pbIHKa rpaHcnopTHhIX cpe,[(CTB, no,[(eJieHbl Ha nHTb 30H. B 3TMX 

30Hax npOH3BO,[(HT TOnJIMBO, cymecTBeHHO OTJIJfqaJOmeecH no Kaqe

CTBY, TaK, B ceBepHbIX MaJIOHaceneHHhlX IIITaTax npaKTJfqecKM He 

npOM3BO,[(MTCH 3KOJIOrMqecKM qJfCTblH 6eH3MH. Heq>Tb, KOTOpaJI no

cTynaeT Ha nepepa60TKY B 3TH 30Hbl M3 pa3JIJfqHbIX perHOHOB MHpa, 

TaK)Ke OTJIJfqaeTCH no KaqeCTBy. CooTBeTCTBeHHO, TeXHOJIOrJfqecKMe 

cxeMhl Heq>Tenepepa60TKH Ha 30HaJibHhlX HIT3 TO)Ke OTJIJfqaJOTCH. 

TaKMM o6pa30M, Heo6xo,n:HMOCTb H CTeneHb oqJfCTKM TOnJIHB B caMMX 

CllIA onpe,n:enHeTCH KOJIMqecTBOM B1>16pocoB Ha e,[(MHMI.J;y nnoma,1J,M: 
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llJIOTHOCTh HaceneHMH HI! 

Bh16poca Ha O,[(MH aBTOMO 

UHJO HIT3. Ba)KHO oTMeTH 

CKHH q>aKTop B coqernmm 

Clll 

He ceKpeT, qTo IIOCJ 

TepoB Heq>TM HCnbIThIBaJOI 

<(llepHoe 30JIOTO». M BHHoi 

.lOfih1qa B CIIIA cnam.teaoi 

HOK HaKonneHHyJO CJia.HU◄ 

eeq>Th Brent, MMeJOnzyioc,i 

na,n:aIOT, BbITeCHHeTCH C MH 

KH, oJIH)KHero BocToKa, EBJ 

TaKMM o6pa3oM, cerom 

crpaHhl OITEK, no3TOMY 1 

PYKaX Coe,[(HHeHHhIX lllra1 

HCnOJib30BaHMJO paJJiwmw 

.leTb, qTo ,[(O 70% HX noTJ)d 

TaK KaK MHpOBOH OnbIT CBH,i 

Ype6JieHMH yrneBo,n:opo,n:oB 

veH Ha pbIHKe rpaHcnopTIII,I 

3BOJIIOQH11 ~ 

B nepBbIH pa3 CMeHa Tpa 

KeHaJihHO KOpOTKM cpmrn: B 

Coe,n:MHeHHbie llITaThl npaKJ 

.:ieii Ha aBTOM06MJIM, noMe8" 

H C03,n:aB HeCKOJibKO orpac.rn 

IOmyJO pOJib Cbirpano peIIIeH 

HeHMe TeppHTOpHH ... HaB030l 



:4>TIDIOH OTPACJIH

{OBAHIDI Hil3 

MOTOPHLIX TOilJIHB 

IINECKOro CblPbH 

wzo,1eBa
1
, B.H Kamai. 

1AO «BHill1 HII», 
RM. ry6K.1ma 

:q,rn HarrpaBJUieTCH Ha Bhl-

3'1 peopraHif3aI . .{HH phIHKa 

H.KOB phIHKa rrepeCMOTpeTh 

rec}rrerrepepa6oTKH. HoB1,1e 

: H3MeIDIT 6a.rraHc rrorpe6-

XHMHH. 

:muor rrpe)].rroqTeHHe pa.3-

pHoii AMepHKe H CTpaHax 

D;m:I,IH ra.3. B Kttrne, r)].e 

ThJ}'IOT yrOJih. IlpH 3TOM 

)KOJIOrJfqeCKHX rpe60Ba-

1eHh1 Ha IIHTh JOH. B 3THX 

OL'IlfllaIOrn;eecH no Kaqe

IDTaTa.X rrpaKTHqecKH He 

HH. Heq>Th, KOTOpaH rro

L'JJPIHhIX perHOHOB MHpa, 

BeHHO, TeXHOJIOrJfqecKHe 

HIB TO)l(e OTJIHqa10TcH. 

OqJJCTKJf TOIIJIHB B caMHX 

B Ha e)],HHHI.{y IIJIOll.{aJJ;H: 

IUOTHOCTh HaCeJieHHH HH3KaH - 3HaqJfT, MO)l(HO YBeJIHqHTh HOpMy 

au6poca Ha 0)1,HH aBTOM06HJih H He TpaTHTh )],eHhrH Ha peKOHCTpyK

~ HII3. Ba)l(HO OTMeTHTh, qTo BO rnaBy yrna CTaBHTCH 3Konorwqe

aeii q>aKTOp B coqeTaHHH C 3KOHOMJfqecKHM. 

CIIIA - perymnop u,eu 

He CeKpeT, qTo IIOCJie)],Hee BpeMH 3KOHOMHKH CTpaH-3KCIIOp

tq>OB Heq>TH HCIIhIThIBaIOT TpJ)].HOCTH B CBH3H C HH3KHMH I.{eHaMH Ha 

«"lepHoe 30JIOTO>>. I1 BHHOH BCeMy, KaK IIOKa3hIBaeT aHa.JIH3, HBJIHeTCH 

..:t061,rqa B CllIA cnaHI.{eBoii Heq>TH. B1,16pac1,rna51 Ha BHyTpeHHHii p1,1-

lk>K HaKorrneHHYIO cJiaHI.{eByIO Heq>Th, CllIA MOryT He JaKyrraTh 

aeq>Th Brent, HMeIOll.{JIOC5I Ha MHpOBOM pbIHKe, - B pe3JJihTaTe I.{eHhI 

oa.uaIOT, BhITeCH5IeTC5I C MHpOBhIX phIHKOB Heq>Th H3 KyBeHTa, Aq>pH

DI, nJIH)l(Hero BocTOKa, EBporr1,1 H )].p. 

TaKHM o6pa.30M, cerO)],H5I I.{eHhI Ha Heq>Th perynHpJIOT BOBCe He 

crpaHhI OIIEK, II03TOMY p1,1qar yrrpaBJieHHH I.{eHaMH HaxO)].HTCH B 

pyKax Coe)],HHeHHhIX llITaToB. EcnH ITpoaHa.JIH3HpoBaTh )].aHHhie ITO 

BCITOJih30BaHHIO pa3JIJfqH1,1x yrneBO)].OpO)].OB B CllIA, TO MO)l(HO BH

.:ien, qTO )].O 70% MX ITOTpe6JI5IeT TpaHCIIOpTHhlll ceKTOp. 3To Ba)l(HO, 

IaK KaK MHpOBOH OIThIT CBH,IJ;eTeJihCTByeT: H3MeHeHHe CTpJKTYPhI ITO

Ype6JieHH5I yrJieBO)].OpO)].OB BCer)],a rrpOHCXO)].HT B pe3JJihTaTe ITepe

MeH Ha phIHKe TpaHCITOpTHhIX cpe)].CTB. 

3BOJIIOU,HH )J;BHraTeJieii u MbIIDJieHHH 

B ITepBhIH pa3 cMeHa TpaHCITOpTHoro yKna,IJ;a ITpomonma B q>eHo

MeHa.JihHO KOpOTKH cpOKH: Bcero 3a IT5ITh JieT - c 1920 ITO 1925 rO)].hI, 

Coe)],HHeHHhie llITaThl ITpaKTHqeCKH ITOJIHOCThIO «ITepeceJIH>> C JIOIIIa

.leii Ha aBTOM06HJIH, ITOMeH5IB ITpaBHJia )].BH)l(eHH5I, ycTpOHCTBO )].Opor 

H C03)],aB HeCKOJihKO orpacneii ITpOMhIIIIJieHHOCTH. IlpH 3TOM peIIIa

lOll.{JIO pOJih Chirpa.rro peIIIeHHe 3KOJiornqecKOH ITpo6JieMhl - 3arpH3-

HeHHe TeppHTOpHii ... HaB030M. 
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CHaqana ITOHBHJIHCb 06b1qHbie ABHraTeJIH BH)'TpeHHero cropaHIDI 

ICE, 3aTeM HEV - rH6pHAHhIH ABHraTeJih B pa3HhIX BapHaHTax c 

BHeIIIHHM HCToqHHKOM plug (nnyroM) H 6e3 plug (nnyra), AMee - rn-

6pHAHhIH ABHraTeJih C 3JieKTPHqecKHM ITHTaHHeM H, HaKOHeII, COBpe

MeHHbIH 3JieKTPOABHraTeJib. 

~H cpaBHeHHH, KIT)], 3JieKTPOABHraTeJIH, C yqeTOM 3aTPaT Ha 

npoH3BOACTBO 3HeprHH H ITOTepb npH ee nepeAaqe, B ABa pa3a npe

BbIIIIaeT KIT)], npHBblqHoro HaM ABHfaTeJIH H COCTaBJIHeT 23% npOTHB 

10% 3<p<peKTHBHOCTH y ABHraTeJIH BHYTPeHHero cropamrn (pHC. 1 ). 

IIepsaR CMena mpancnopmnow yKJ1aoa npouJoUIJla B 20-e WObl u 
cocmoRllaCb 6 q,enoMeHaJlbHO Kopom«ue cpo«u: ;JJCUmeJJu ClllA 

«nepeceJJu» c llomaoeii na asmoMo6Ullu Ja nRmb Rem. 

Puc. 1. 06m;aSI 14>,J>eKTUBHOCTb 3JieKTpOM06HJISI u 3BTOM06UJISI C ,L(BC co 
cKeax.:uubI ,ZJ,O KOJieca (well-to-well) 

ITo MHeHHIO 3KCnepTOB, HeAaneKO TO BpeMH, KOrAa ITOHBHTCH ABH

raTeJib, pa6oTaIOIIJ;HH Ha BOAOPOAHhlX TOITJIHBHbIX 3JieMeHTax, H CTa

HeT AeJIHTb pbIHOK C ABHraTeJieM Ha fa3e H Ha 3JieKTPHqecTBe. TaKRM 

o6pa30M, ITOTPe6JieHHe He<pTH AJIH npOH3BOACTBa MOTOpHoro TOITJIH

Ba 6yAeT ITOCT0HHHO COKparn;aTbCH, qTo CBH3aHo, B nepBYJO oqepeAb, C 

perneHHeM 3K0JIOfHqecKHX npo6JieM - poCTOM BbI6pocoB IIpOAYKTOB 

cropaHHH yrneBOAOPOAHOfO TOIIJIHBa. 
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TaK, HOpMa BhI6poe< 

COCTilBJIHeT 130 rpaMM( 

11111 H3 fa3a Ha TO )Ke pi 

Belp.IDIOH CTaHIIHH - CI] 

.· . .:b.' 
. -
.. . .•.. ; 

•:::,BeT!il'. .I 
•.·~£!i 

Puc. 2. Bb16pocw 

B TO )Ke BpeMH yroJl 

er 130 rpaMMOB CO2 m 

CT3HIIHM B MHpe He:sem 

a .J.OJUI B0306HOBJUleMIJ 

Pa. 3. CTpyKrypa DOTJN 

* ArrbTepHanrnHrui: 1ue 



teJIH BIIyrpeHHero cropaHIDI 

em, B pa.3HbIX eapI1aHTaX C 

M!'3 plug (ruJyra), ,z:i:a.rree - rn

lJTilHHeM H, HaKoHeu, coepe-

rreIDI, c ytieTOM 3aTPaT Ha 

nepe.llaqe, e ,z:i:ea pa3a npe-

11 H COCTaBmieT 23% rrpoTHB 

HHero cropamrn (pHc. 1 ). 

npoU3olUJla a 20-e WObt u 
e cpoKu: JICUmeJIU CfilA 
,611.r,u 3a nRmb .!lem. 

If·• 
I!◄ 
n a aeToMo6uJIH c )],BC co 
.,_well) 

eMJI, KOr,z:i:a IIOHBHTCH .[(BH

BBHbIX 3JieMeHTaX, H CTa-

11a 3JieKTPHqecTBe. TaKHM 

1.ztCTBa MOTOpHoro TOilJIH

llHO, e rrepeyIO oqepe.[(b, c 

OM BhI6pocoB rrpo.n:yKTOB 

TaK, HOpMa Bb16pocoe yrneKHCJioro ra3a .[(JIH TPaAHl.l,HOHHhIX ,1],BC 

aJCTaBJIHeT 130 rpaMMOB Ha KHJIOMeTP rryTH, ,[(JIH Bbipa60TKH 3Hep

nm H3 ra.3a Ha TO )Ke paCCTOHHHe - 50 rpaMMOB Ha KHJIOMeTP, a .[(JIH 

lle'I'pHHOH CTaHU,HH - CTPeMHTCH K Hymo (pHC. 2). 

Puc. 2. BLiopocLI CO2 JJICKTpOMOOHJIH H 3BTOMOOHJIH )],BC 

B TO )Ke epeMH yroJihHaH reHepau,HH 3JieKTP03Hepnm Bh16pacblea

CT 130 rpaMMOB CO2 Ha KHJIOMeTP rryTH, HO ,z:i:oJIH yroJibHhIX 3JieKTPO

C13.HIUIH e MHpe HeBeJIHKa H HeyKJIOHHO COKpamaeTCH (.n:HarpaMMa 1 ), 

a J{OJIH B0306HOBJIHeMbIX HCTOqHJIKOB pacTeT. 

Pirc. 3. CTpyKTypa DOYpCOJICHHH JHeproHOCHTeJieii e palJIHqffblX peruouax 
Mupa (2014 r., %) 

* AnbTepHaTIIBHruI 3Heprmr: H,Llepml.H, rII,Llpo- II B0306HOBJrneMrur. 

99 



lfa poccHHCKHX KOMITaHHH JIHIIIb «ABToBA3» 3aHBHJI o nnaHax 

BbIITYCKa MaIIIHHbl C 3JieKTpO,ll;BHraTeJieM. TecTHpOBaHHe npOTOTHITOB 

Mo,n;eJIH Lada Vesta HaqaTO B 2017 ro,n;y. 

Puc.4 

TaK, no COCTmrnmo Ha 2017 ro,n; B CIIIA Ha B0306HOBAAeMyro 

3Heprmo npttxo,n;HTCH 23% reHepaQHH, B I'epMamrn 50%, a JlnoHMH 

IlOJIHOCTbIO nepeif,n;eT Ha B0306HOBAAeMbie HCToqHJfKH K 2030 ro,n;y. 

,ll;BHraTeJieM 3Toro npoQecca, oqeBH,ll;HO, HBJIHeTCH 3KOJIOrHqecKOe 

MbIIIIJieHHe HaCeJieHHH Jf npaBHTeJibCTB, XOTH, B KOHeqHQM IITore, 

peqb H,D;eT O nepeBopoTe B 3KOHOMHKe M cymecTBeHHOM H3MeHeHHH 

KaqeCTBa )KJf3HH. 

I'JiaBHblMH HH,ll;HBH,D;YaJibHbIMH npHqHHaMH ITOKYITKH 3JieKTpOM0-

6HJIH cTana He 3KOHOMHH ( ceifqac OH B 2 pa3a ,n;opo)Ke o6hlqHoro ), a 

npeCTH)KHOCTb, )KeJiaHHe onepe,n;HTb BpeMH If CTpeMJieHHe ,ll;bIIIIaTI. 

qifCTbIM BO3,D;yXOM. .l].onoJIHHTeJibHbIM 3<p<peKTOM OT nepexo,n;a Ha 

3KCITJiyaTaQHIO aJibTepHaTHBHbIX ,ll;BHraTeJieH B P<I> CTaHOBHTCH Mac

COBOe HCITOJib3OBaHHe 6ecnHJIOTHblX aBTO ( C BO,D;OpO,ll;HblMH If 3JieK

TplfqecKHMH ,ll;BHraTeJIHMH), KOTopoe Ha 30% YBeJIHqlfT 3arpy3icy 

,n;eif crnyromero aBTOTpaHcnopTa, a 3TO, B CBOIO oqepe,n;h, YMeHbIIIHT 

TpaHcnopTHbie npo6KH. 

100% aBmo.Mo6UJ1eu c /(BC 6yoym BhtmecneHbl c mpancnopm

nozo pblHKQ 00 K0Hl(U 2050 zooa, a 50% - 00 K0Hl(U 2030 zooa. 
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3a.i 

E.n;HHCTBeHHaH npHqHHa, 1l( 

.:mttraTeneif BHyTpeHHero cropa 

HH<ppacTpyKrypbI 3anpaBoqHblX 

npaBOK - BeCbMa 3aTpaTHOe Mt!J 
pellleHHH o coxpaHeHHH 3anpaB< 

llOilOJIHHTeJibHbIMH <pyHKIUUIMH 1 

B aKKYMYAATOpOB - npo6JieMa 61 

IIHOHHaH 3anpaBKa 6eH3HHOW,llH3 

11opo.n;oM - 3aHHMaeT 5 MHH)'T, TI 

3eMJieHHOH p03eTKH MO)KHO 33 4 

DOMOIQbIO Ka6eJIH - 3a 20 MHHYJ 

~aeTcH Ha 3JieKTpo6ycax B Mo 

DpOBO,D;HaH HH,ll;YKQHOHHaH 3apH.lll[ 

iee qaca (rn6n. 1). 

HmlJpaCTpytcrypa pa3m.u 

fllcrO'llti!I( . 6eH3Kttl 
B011opo.11 311epFKK . AK38Jlb 

,; KnaccHYecKaR 3Mpa111a 

;0mtcaH'1G 3anpaaKa 80,!lopo,QOII : 
6eH3HHOM HnH (CXOJKaC~ 

"" llHJeneM KOH MelllHOII) 

~ 

lla&xQIIKMOe 
5 MHH. 5 Ml!H. , . BpeMJI 21 

.. 

.;TalUTO 
/CE 
HEY FCEV 

PHEV 
~· 

PoccuH: oept 

19 HHBapH 2016 ro,n;a BJia)O{MHJ) 

aoaQHH poccttifcKoif aBTOM06H.JThE 
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, 3IDIBHJI o rmaHax 

BaHHe rrpOTOTHilOB 

B0306HOBmieMyro 

m 50%, a Jlrromm 

IICH K 2030 ro,n;y. 

rc.si: 3KOJiorHqecKoe 

KOHeqHoM HTOre, 

eHHOM H3MeHemm 

icyrnrn 3JieKTpOMO

IO)Ke o6hlqHoro ), a 

>eMJieHHe .D;bIIIJaTJ. 

1 OT rrepexo,n;a Ha 

CTaHOBHTC5I Mac

>pO,n;HbIMH H 3JieK

ie.JIWIHT 3arpy3KY 

1epe.D;b, yMeHbIIIHT 

,w c mpancnopm

ra 2030 woa. 

3anpaaKa 

E.n;HHCTBeHHa5I rrpHqirna, .D;OJiroe BpeM5I TOpM03HBIIIa5I 3aMeHy 

.DHraTeJieH BHYTPeHHero cropaHH5I 3JieKTPHqecKHMH - OTCYTCTBHe 

.u:cppaCTPYKTypbI 3arrpaaoqHbIX CTaHIIHH. IloJIHa5I 3aMeHa acex 3a

llp3BOK - BeCbMa 3aTPaTHOe MeponpH5ITHe, O,n;HaKo IlOCJie npHH5ITH5I 

pemeHH5I O coxpaHeHHH 3anpaaoqHbIX CTaHIIHH npH OCHaIIIeHHH HX 

Jl)IIOJIHHTeJibHbIMH q>yHKIIH5IMH .D;JI5I 3ap5I.D;KH rn6pH.D;HbIX .D;BHraTeJieH 

• 3KK)'MYJI5ITOpoa - npo6JieMa 6bma qacTHqHo peIIIetta. EcJIH TPa,n;H

•oHHa5I 3anpaaKa 6ett3HHoM/,n;tt3eJieM H Mettee TPa.D;HIIHOHHa5I - ao

.-opo,n;oM - 3aHHMaeT 5 MHHYT, TO 3ap5I.D;HTb CBOe aBTO HOqbIO OT 3a-

31:MJieHHOH po3eTKH MO)KHO 3a 4 qaca, Ha 3anpaaoqHoH CTaHIIHH C 

aDMOIIIbIO Ka6eJI5I - 3a 20 MHHyT. 3aMeHHTb aKKYMYJI5ITOp (KaK 3TO 

.-enaeTC5I Ha 3JieKTPo6ycax B MocKBe) MO)KHO 3a 2 MHHYThI, a 6ec

lll)OBO.D;Ha5I HH.D;YKIIHOHHa5I 3ap5I,n;Ka aKKYMYJI5ITOpa TIOTPe6yeT 2 H 60-

.aee qaca (rn6JI. 1). 

"' klkro'lltHK 
k . 
_aRepFMM 

~ 
... Hite 

' 

Ta6J1Ulfa 1 

UucJ>pacTpyKrypa pa3HblX THDOB Japn.r.HLIX CT3HIJHH 

6eH3Hff, .... 
. .. .. ; .• · ... :, .. .. 

BOAOPOA AKKY;MYnATe>p 
AH3enl:i .· .· 

KnacCH4eCKaR 3anpaaKa 3apRAKa Ha 3aMeHa Ha 

3anpaaKa BOAOPOAOM 3neKTpO3apRAHOH 6arapeto c nonHOH 6ecnpoBOAHaR 

6eH3HHOM HflH ( CXO)t(a c Jan pa a- CTaH4HH npH 3apRAKOH Ha 3apRAKa 

AH3eneM KOH MeTaHOM} noMOII\H Ka6enR cne4HanbHOH aKK}'MynRTOpa 
craH4HH 

._XOAMM0e 
5 MHH. 5 MHH. 4--{\ 4. (AonraR) 2 MHH. 2-84. 

apeMJ1 20-30 MHH. (6blCTpaR} 

fcl■naBTO 
ICE BEV BEV 
HEV FCEV PHEV 

PHEV BEV (co cne4. (co cne4. 
<PYHK4HeH} (jJyHKL!HeH} 

k 

PoccuH: nepBLie maru 

19 5IHBap5I 2016 ro.n;a BJia,n;HMHp IlyTHH IlO.D;IlHCaJI yKa3 0 MO,n;ep

HH3aIIHH pOCCHHCKOH aBTOM06HJibHOH rrpOMbIIIIJieHHOCTH C rreJibIO 
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opraHH3aQHH BhirrycKa 3JieKTJ)OM06m1eit CornacHo 3TOMY YKa3Y, HH

,n;ycTJ)HaJihHhIH BhIIIYCK HOBhlX MO,n;eJieii ,n;omKeH 6bITh OCBOeH, a HH

<ppaCTJ)YKTypa ,n;mI 3KCITJiyaTaQHH 3anymeHa B CTJ)aHe - K 2025 ro,n;y. 

3a,n;a':la npaBHTeJihCTBa - c,n;eJiaTb 3JieKTJ)H'leCKHH TJ)aHcnopT npH

BJieKaTeJibHhlM H ,n;ocTynHhIM ,n;m1 cpe.n;ttero pOCCHHCKoro nOTJ)e6H

Tem1. 

O,n;HHM H3 CTHMYJIOB 6y,n;eT npo,n;omKeHHe nOJIHTHKH ttyJieBblX 

HMnopTHhIX noIIIJIHH Ha MaIIIHHhl C 3JieKTJ)H'leCKHM ,Il;BHraTeJieM, KO

TOpbie no,n;TBep)K,Il;eHhl B KOHQe 2016 ro,n;a. 

TaK, B 2015 ro,n;y noKynaTeJIH m PoccHH npHo6peJIH 82 3JieKTJ)O

M06HJI51 Tesla Model S, 27 aBTOM06HJieii Mitsubishi i-MiEV H 26 

3JieKTJ)OM06HJieii Nissan Leaf. 

1 H0»6p» 2016 ro,n;a BczynHJIO B CHJIY noCTaHOBJieHHe npaBHTeJib

CTBa, n03BOJI5IIOillee CTaH,n;apTHhlM 6eH30KOJIOHKaM 3KCnJiyaTHpOBaTh 

3ap»,D;Hhie ycTpOHCTBa ,Il;JI51 3JieKTJ)OM06HJieii. K 2017 ro,n;y B PoCCHH 

3KCnJiyan1pOBaJIOCh 100 aBT03anpaBOK )];JI» 3JieKTJ)OM06HJieii: B 

MocKBe, Ka3aHH, CaHKT-IleTep6ypre, P»3aHH H ,n;pyr0:x ropo,n;ax. 

Rosseti, poccHiiCKHH Me*PerHOHaJihHhiii nocTaBIIIHK 3JieKTJ)03Hep

mH, nJiaHHpyeT nocTpOHTh K 2018 ro,n;y 1000 CTaHQHH 3ap»,n;KH ITO 

Bceii PoccHH. O6cy)K,n;aeTC51 B03MO)KHOCTh pa3peIIIHTh 3JieKTJ)OM06H

JI5IM nepe,n;BH)KeHHe no IIOJIOCe, npe,n;Ha3Ha'leHHOH ,D;JI51 06111eCTBeHHO

ro TJ)aHcnopTa - no onhITY HopBerHH H ,n;pyrHx CTJ)aH. 

Cpmm 

CorJiaCHO nporH03aM BCe aBTOM06HJIH, OCHameHHhie ,Il;BHraTeM

MH BHyTJ)eHHero cropaHH», 6y,n;YT BhITeCHeHbl ,n;o KOHQa 2050 ro,n;a, 

nOJIOBHHa HX yii,n;eT c pbIHKa y)Ke ,n;o KOHQa 2030 ro,n;a (pHc. 6). 

~Ba BH,D;a r0:6pH,D;HhIX aBTOM06HJieii CHH35IT IIOTJ)e6JieHHe ,Il;BHra

TeJieii ~BC, a 3JieKTJ)H'leCKHH H BO,n;opo,n;HhIH - 6y,n;yT )J;OMHHHpo

BaTh, 'ITO rrpHBe,n;eT K CHH)KeHHIO HCnOJih30BaHH51 He<pTH )];JI» npOH3-

102 

aDllCTBa MOTOpHoro TOIIJIHBa 

50% H ,n;anee no Hapacrn10111ei 

Ilo aJihTepttaTHBHOMY KOE 

113 «'IHCTOe 3JieKTpH'IeCTB0» I 

.iien<0ByrneK 6y,n;yT no-npe)I( 

pemiero cropaHH». 

r.c. 5. MeQyuapo~uble upoe 

2010 2020 2030 2040 lm 

r.c. 6. Ilporu03 paJBHTHJI MK 



::::OrnacHo 3TOMY yKa1y, HH

OJDKeH 6hITb OCBOeH, a HH

[a B crpaHe - K 2025 ro,n;y. 

:pe:<1ecKHH TpaHcnopT npH

ro J>OCCHHCKoro noTpe6H-

:eHHe nOJIHTHKH ttyJieBhIX 

•B'lecKHM .l{BHraTeJieM, KO-

1H IIpH06peJIH 82 3JieKTpO

Mitsubishi i-MiEV H 26 

ocraHOBJieHHe npaBHTeJib

UIOHKa.M 3KCnJiyaTHpoBaTh 

ii. K 2017 ro,n;y B PoccHH 

!lilll 3JieKTpOM06Hneii:: B 

laHH H ,n;pyrHx ropo,n;ax. 

[10CT3BIIJHK 3JieKTpO3Hep

ooo CTaHll;HH 3apH.l{KH no 

pa3pelliHTb 3JieKTpOM06H

eHHOH .n;JI.H o6IIJeCTBeHHO

rHX CTpaH. 

OCHaIIJeHHhle .l{BHraTeJUl

HLI .l{O KOHU:a 2050 ro.n;a, 

!030 ro,n;a (pHc. 6). 

13,rr noTpe6JieHHe .l{BHra

n.m - 6y,n;yT .l{OMHHHp0-

8aHIDI Heq>TH .l{JIH npoH3-

BO.l{CTBa MOTOpHoro TOnJIHBa B 2025 ro,n;y Ha 20%, B 2030 ro,n;y Ha 

50% H ,n;aJiee no HapacTaIOIIJeii. 

Ilo aJihTepHaTHBHOMY KOHcepBaTHBHOMY cu;eHapmo, B 2025 ro,n;y 

sa «qHcToe 3JieKTpHqecTBo» nepeii.n;YT He MeHee I 0% MaIIIHH, a 90% 

..terKOBYIIIeK 6y,n;yT no-npe)KHeMy OCHamaTbCH .l{BHraTeJIHMH BHYT-

-~:3$-SMl!titCblJJt,JI 

~1,5-2,5;6-,Hl,3-l,4; 
~110,15-0,3) 
~380Mllt!AOMlll)Oe 

_, __ 

(lpom:JIOBOe~ 

n,,o.....,. .. _,,,3000001iapo✓-("""Cf/lllll,,..,._ ___ , 

II""') __ 1D_I\OI'_ 

-1D17 

Pac. 5. MeQynapo~nLie npoeKTLI no nuTerpaQnu uecl,TenepepaooTKH u 
uecl,TeXUMUU 

■ 3neKTpOMo611Jlb Ha BOJ:10po.qe (FCEV) 
11111 3neKTpOMo6Hnb Ha allK)'MyllllTope 6e3 .QBC (BEV) 
■ .Q1113enbHblii 1116p111,11 c BHewHeii nOA3aP~KOii (PHEV) 
II 6eH3HHOBblii ™6pl/lA c attewHeii noA3a~Koii (PHEV) 
■ .Q1113enbHblii 1116p111,11 (HEV) 
0 6eH3lllHOBblii 1116p111,11 (HEV) 
■ KnacClll'lecKl/114 aBTOM0611Jlb Ha f"a30MOTopHOM 10f11114Be 

■ KnacCH'lecK111ii A113enbHblii aBTOM06Mb 
_ _ _ _ _ fliill Knacc11<1ecK11ii 6eH311HOBblii aeroM0611nb 

2010 2020 2030 2040 2050 

Pac. 6. IlpornoJ palBUTUH MHpoeoro pLIHKa aBTOMOOHJieu ~o 2050 ro~a, 
MJIH. IDT 
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B TO )Ke Bpewi:, npOH3BO.IJ:JITeJibHOCTb 3JieKTPifqecKHX If O.IJ:HOBpe

MeHHO aBTOnHJIOTHpyeMbIX MaIIrnH C pa3JIIfqHbIMlf .IJ:BHraTeJI.HMlf OKa-

3bIBaeTC.H B HeCKOJibKO pa3 BbIIIIe, qeM y MaIIIHH C ,[l,BC If C BO.IJ:HTe

JieM 3a pyJieM, T.K. OH He npocTaHBaIOT If .IJ:Blf)KYTC.H no onTHMaJibHbIM 

MaprnpYTaM, KOOp.IJ:HHHPYH .IJ:BH)KeHHe Me)K.IJ:Y co6oit 3To 3HaqHTeJib

HO COKpaTHT o6IIIee qifCJIO aBTOM06HJieii Ha ,noporax. 

CHH)KeHHe ,no6biqlf If nepepa60TKH Heq>Tlf 0Tpa3HTC.H Ha 3KcnopTe 

If ,noxo,nax CblpbeBbIX 3KOHOMHK, pOCCHHCKOH B qacTHOCTH, Ha CTOH

MOCTH Heq>Tlf Ha MHpOBbIX TOprOBbIX nJIOIIIa,nKaX. 

,n:o~H1~eKTpoM06u~eu 

Ilo ,naHHbIM Hybridcars.com, no KOJIHqecTBy 3aperHcTpHpoBaH

HbIX :meKTPOM06HJieii JIH.IJ:HPYIDT CIIIA c 310 TbIC. 3JieKTPOKapoB Ha 

,nopore. ,[l,aJiee cJie,nyeT KHrnii co 157 TbIC., .51noHH.H 3aHHMaeT TPeTbe 

MeCTO co 121 TbIC. HopBern.H B 2015 ro.ny ycTaHOBHJia peKop,n no KO

JIIfqecTBy 3JieKTPOM06HJieii Ha ,nopore B eBponeiicKoii CTPaHe, 3ape

rHCTPHPOBaB OKOJIO 66 TbIC. 3JieKTPOMo6HJieii, oTo6paB naJihMY nep

BeHCTBa y roJIJiaH.IJ:HH, KOTOpa.H 3aperHCTPHPOBaJia B TOM )Ke ro,ny 61 

TbIC. 3JieKTPOM06HJieii. 17 ,5% Bcex aBTOM06HJieii, npo,naHHbIX B 

HopBerHH B 2015 ro,ny, 6hmH 3JieKTPifqecKHMH, no cpaBHeHHIO c 

12,5% B 2014 ro,ny. IlOMHMO o6blqHbIX npeq>epem:.J;HH, HopBerIDI 

n03BOJI.HeT 3JieKTPOM06HJI.HM nepe,nBHraTbC.H no BbI.IJ:eJieHHOH noJIOCe 

o6IIIeCTBeHHOro TPaHcnopTa. Cpe,nH Be,nyIIIHX npo,naBQOB B HopBe

rlflf - BMW i3, Tesla Model S, Renault Zoe, Nissan Leaf H 3JieKTPH

qecKHii Volkswagen Golf. 

OprBLIBOJJ.bI 

KaK 6hITb PoccHH B ycJIOBH.HX cKJia.IJ:bIBaIOIIIeiic.H HOBO.ii KOlfb

IOHKTypbI MHpOBOro Heq>T.HHOro pbIHKa? BbIXO.IJ: O.IJ:HH - aKTHBH3HpO

BaTb KOHKypeHTHOe pa3BHTHe Heq>TeXHMHH, 

MHOrne 3apy6e)KHbie CTPaHbI (pHC. 5). 
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HoBblM OeBu3oM uetJ 
aopmo3a.Meu,,euue ooo, 

..aKJICe :JKcnopmo3aMeu 

C BblCOKOU Oo6a6JleHHO 

JIIWZO flllana B Poccu, 

aetj,mb. Pa3Bumue ne4 

anoUMocmbto ue<J,meneJ. 
u6ecmoUMocmu ue<J,me. 

Cero,nHH B P<l> .no 70 

ClllA, H,neT Ha npou3B< 

TOIIJIHBa, no3TOMY rJiaE 

CiaTh noJiyqeHHe BbICOKO 

ll3HIDI HX KaK noeyqia6pu 

CoKpaIIIeHHe n01pe6 

TJ)3.HCnopTHOM CeKTope JI 

)l()JlepHmaQHH Heq>Tern 

KpoMe Toro, npoeKT «3e 

JIO 2035 ro,na» .D:OJI)KeH 61 

JIHKTYIOT HOBYID CTPan: 

aanpaBJieHHyIO, npe)l(Jle 

.l:UI Heq>TeXHMHH, KOTOp 

Sla'deH Cbipoii Heq>TH. 

B Heq>Tenepepa60TKe 

'reXHOJIOrHH noJiyqeHIDI 

speIGrnr, OTKpbIBaIOIIIHH 

.EHa, 6YTeHOB H .npyrux < 

mI3 B pe)KHMe npoMbllll 

.a4>T-peaKTopoM H MHKJ 

JCraHOBKaM MO)KHO OTH( 

.em npoQecca KaTa.JIHT 



l:Tb 3JJeKTJ)HqecKHX H o,n;HoBpe

,;nJJHqHhlMH ,ll;BHraTeJUIMH OKa-

1 y Ma.IIIHH C )];BC H C BO,ll;HTe

. H lIBIDK)'TC.SI no onTHMaJibHhlM 

MeJIQzy co6oii. 3To 3HaqHTeJih

:ii Ha .n:oporax. 

ueqrm OTPaJHTC.SI Ha 3Kcnopre 

dcKoii B qacTHOCTH, Ha CTOH-

1omamcax. 

o6BJieii 

:o.;mqecTBy JaperHCTPHPOBaH

l C 310 TbIC. 3JieKTPOKapoB Ha 

LIC., }moHH.SI 3aHHMaeT TPeTbe 

ay yCTaHoBHJia peKop.n; no Ko

e esponeiicKoii CTPaHe, 3ape-

6HJien:, OT06paB naJihMY nep

:TpHpOBaJia B TOM )Ke ro,n;y 61 

lBTOMo6HJieii, npo,n;aHHhlx B 

1111ecICHMH, no cpaBHeHHIO C 

.ix npe<pepem:i;Hii, HopBerIDI 

n,cg no Bhl,n;eneHHOH nonoce 

!l)'IlIHX npo,n;aBIJ;OB B HopBe

Zoe, Nissan Leaf H 3JieKTPH-

I 

1JU,1BaIOII.1,eiic.SI HOBOH KOHb

Bb1Xo,n; O.n;HH - aKTHBH3Hpo

lolHH, KaK 3TO y)Ke c,n;eJiaJIH 

HosblM oe6U30M ue,PmRnou ompaCJJu P<P OOJIJICHO cmamb UM

aopmo3aMew,euue o6opyoosanuR u mex110J1ozuu (puc. 4, 5), a 

-/0/Ce :J«cnopm03aMew,euue ue,Pmu ua npooy«mbi ue,PmexUMuu 

~ tl61COKOU oo6a6JleHHOU cmoUMOCfflblO. Dllazo 0/IR peMU3aU.UR 

-.ozo Mana s Poccuu ecmb oocmamo•mo oemesoe Cblpbe -

lll!t/Jmb. Pa3sumue ue,PmexUMuu cewi>nR coepJ1CusaemcR ce6e

anoUMocmb10 ue,Pmenepepa6om«u, 110 UMe10mcR nymu c11uJ1CenuR 

aoecmoUMocmu 11e,PmexUMu11ec«ozo cblpbR. 

Cero,n;H.SI B P<I> ,n;o 70% BCeH nepepa6aT1,rnaeMoii Heq>TH, KaK H B 

CIIIA, H,n;eT Ha npOH3BO,ll;CTBO C)l(HraeMhlX 6eH3HHa H ,ll;H3eJihHOro 

TOIIJJHBa, no3TOMY rnaBHOH Ja,n;aqeH Heq>Tenepepa6oTKH ,n;OJI)KHO 

CTaTb nonyqeHHe BhlCOKOKaqeCTBeHHhlX KOMnOHeHTOB .n;mr HCnOJib3O

BaHH.SI HX KaK nonycpa6pHKaTOB Chlpb.SI )];AA Heq>TeXHMHH. 

CoKpaIIJ;eHHe nOTPe6neHH.SI 6eH3HHa H ,ll;H3eJihHOro TOnJIHBa B 

IpaHCIIOpTHOM ceKTOpe )];OJI)KHO rrpHBeCTH K nepeCMOTPY nporpaMMhl 

lil:O,n;epHH3aIJ;HH He<pTenepepa6aTbIBaIOII.l,HX KOMnJieKCOB PoCCHH. 

KpoMe rnro, npoeKT «3HepreTHqecKoii CTPaTerHH Poccm1 Ha nepHo,n; 

110 2035 ro,n;a» )];OJI)KeH fo,ITI, CKOppeKTHpOBaH. CoBpeMeHHble peaJIHH 

;(HKTJIOT HOBYIO CTPaTerHIO pa3BHTH.SI He<pTenepepa60TKH B P<I>, 

HanpaBJieHHYIO, npe)K,n;e BCero, Ha CHH)KeHHe ce6eCTOHMOCTH Cblpb.SI 

.llllil Heq>TeXHMHH, KOTOpoe ,n;OJI)KHO CTaTb 3KcnopTHhlM npo.n;yKTOM 

BJaMeH CbipOH Heq>TH. 

B Heq>Tenepepa6oTKe y PocCHH ,n;ocTaTOqHO CHJibHble no3HIJ;HH: 

rexHonorHH nonyqeHH.SI KCHJIOJIOBOH cppaKIJ;HH, rny6oKHH napoBOH 

KpeKHHr, OTKpbIBaIOII.l,HH BO3MO)KHOCTI, nonyqeHH.SI nponHJieHa, 3TH

JieHa, 6JTeHOB H .n;pyrHX OJie<pHHOB (pHC. 7) Ha y)Ke HCnOJih3yeMhIX Ha 

Hil3 B pe)KHMe npOMbIIIIJieHHOH 3KcnnyaTaIJ;HH ycTaHOBOK (FCC) C 

JIHq>T-peaKTOpOM M MHKpoccpepHqecKHM KaTaJIH3aTOpOM. K ,n;pyrnM 

ycTaHOBKaM MO)KHO OTHeCTH, HanpHMep, o6opy,n;oBaHHe ,n;eHCTBYIO

n:i;ero npou;ecca KaTaJIHTHqecKoro KpeKHHra (movingbead) 43-102. 
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CorrocTaBJ1eHHe cxeM 06opy.n:0BaHm.1 c rnapHKOBhIM KaTaJIH3aTopoM 

ycTaHOBOK 43-102 (P<l>) H «COKOHH-BaKyyM» (CIIIA) rrpe)ICTaBJieHo 

Ha pHCyttKe 8. )],aHHhie ycTaHOBKH TeXHOJIOrHqeCKH MOrYT rrepepa6a

ThIBaTh BaKYYMHhIH ra3oifnh B 6eH3HH H )IH3eJihHyIO q>paKI.J;HIO, a 

TaK)Ke TPaHCaJIKHJIHpOBaHHeM, )IHCIIporropu;HOHHpoBaHHeM H H30Me

pH3au;Heii KCHJIOJihHhlX q>paKI.J;HH B u;eHHhie rrpoMe)KyToqHhie rrpo;:iyK

Thl Heq>TeXHMHH. 

TaKHM o6pa30M, Bee .n:eMCTBYIOIIIHe TexHonorHH KaTaJIHTHqecKoro 

KpeKHHra (TCC H FCC) MoryT rrpeBhIIIIaTh pa3JIHqHhie tteq>rn:Hhie 

q>paKI.J;HH B )IOIIOJIHHTeJihHOe Chiphe )I.JUI Heq>TeXHMHH, qTQ cyru:e

CTBeHHO CHH3HT ce6eCTOHMOCTh HHTepMe)IHaTOB )IJIH Heq>TeXHMHH, a 

TaK)Ke ynyqrnHTh KaqeCTBO KOHeqHhIX rrpo.n:yKTOB H COKpaTHTh BpeMH 

BBO)Ia .n:aHHhlX TeXHOJIOrHM. 

AHaJIH3 TeXHOJIOrHH Heq>Terrepepa60TKH (pHC. 7) 110Ka3hJBaeT, qTQ 

KOHKypeHTHhlM IIOTeHI.J;HaJI TeXHOJIOrHM eCTh y pocCHHCKHX ycTaHO

BOK FCC, no cpaBHeHHIO c 3arra)IHhIMH attanoraMH. 

-~~;:► _., 

,., 

) llrll[■DP!III · · ·· ►■IR!!IIWii!l 

►-"-1111ftl■1r1· • 

Puc. 7. TexuoJioruu u KaTaJIH3aTOphl ue«1nenepepatioTKH 
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Ha pHcyHKe 8 rrp1rne.n:eHb1 ycra 

C lIBH~IIIHMCH CJIOeM rnapHKOBOn 

pepa6aThIBaTh Ha HHX BaK)'YMIII,li 

101IJIBBO, a TaK)Ke KCHJIOJihl B CJ,qn, 

mm. 

AttanH3 TeXHOJIOrHM TCC 33.Ila 

JaeT cy111ecTBeHHOe rrpeHMyru:ecTBC 

pocCUMCKHMH, B )IOCTH)KeHUH BblC 

Clilphe rrpH O)IHHaKOBOM CKOp<>CTII 

peaKTOp. 

3an3AHaJI ycraHOBKa TCC 
(COKOHM•BaKyyM) 

1950-1911 

.._ 8. Y CTaHOBKH R:aTaJIHTil'lecKOO 
mapHKOBOro I 

/(aJlbneumee coKpaU(enue OOG 

.-.pe nazy6no ompa1umca na 3M. 

'SDHOMUKU. 

HIT3, r.n:e ecTh KaTanUTffqecKHi 

lO'i 



11U1 C mapHKOBbIM KaTa.JIH3aTOpOM 

t-BaICYYM» (CIIIA) rrpe,n:cTaBJieHo 

"eXHOJIOrWiecKM MOrYT nepepa6a-

13HH H ,l(H3eJibHYIO q>paKIJ;MIO, a 

rponopmrnm1poBaHMeM H M30Me

eHH.Lle npoMe)I{YTOqHhie npo.n;yK-

1e TeXHOJIOI'MM KaTaJIMTHqecKoro 

n,nIIaTh pa3.JIMqHhie Heq>TRHble 

JL'Ul HeqnexHMMM, qTo Cylll,e

pMeD.HaTOB ,l(IDI HeqneXHMMH, a 

DpO.uyKTOB ll COKpaTHTb BpeMJI 

OI1CH (pHc. 7) TIOKa3bIBaeT, qTQ 

ii ecn, y pocCHMCKHX YCTaHO

man:oraMH. 

Ut1l[I'· 
·l!LJIPP "'~ ,.. .... _><_• 

----~~'111''fi*ilil"''tb'li\j 

·····!~ 
------.. ~ 

~ffiWtel(~~ .. ----- ~ ........,-. 
·····~ ~

ne+Tenepepa6oTKH 

Ha pHCYHKe 8 npHBe,lJ,eHbI ycTaHOBKH KaTaJIHTlfqecKoro KpeKttHra 

C 11BIDKYlllMMCH CJIOeM rnapttKOBoro KaTaJIM3aTopa, TI03BOJIHIOlllHe ne

,i:pa6aTbIBaTb Ha HHX BaKyyMHbIM ra30MJib B 6eH3HH H ,lJ,H3eJibHOe 

1111111.'IHBO, a TaK)I{e KCHJIOJibI B Cblphe (nonyq>a6pHKaTbI) ,l],JIH HeqnexH---AHarrtt3 TexHonomtt ICC 3ana,1J,HhIX M pocctt.ttCKHX HI13 noKa3bI-

aer CYllleCTBeHHoe npeHMymecTBo 3ana,1J,HhIX ICC, no cpaBHeHttIO c 

fDCCHHCKHMH, B ,lJ,OCTH)I{eHMM BbICOKOro 3Ha1leHHH OTHOllieHHM KaT/ 

cupLe npH O,lJ,HHaKoBoH cKopocTtt u;HpKyJIHu;HH KaTaJIH3aTopa qepe3 

p:u:rop. 

3an3AH8!1 ycraHOBKa TCC 
(COKOHM·BaKyyM) 

1950-1960 rr. 

PocCMIICKa!I ycTaHOBKa 43-102 

y CTaHOBKH KaTaJIHTHqecKoro KpeKuura C ,11,BHXCYl.l(HMCSI CJIOCM 

mapHKOBOrO KaTaJIHlaTopa 

/(OJlbHeiiiuee co«pau,,enue 006w1u u nepepa6om«u ne<J,mu 6 

..,,e nazy6no omp03umc» na 1«cnopme u ooxooax poccuiicKoii 

~HOMUKU. 

HTI3, r.n:e eCTb KaTaJIHTHqecKMM KpeKHHr, HMeIOT KOJIOCCaJibHOe 

-.,CHMyrn;eCTBO nepe.n: .n:pymMH 3aBO,lJ,aMH, TaK KaK nerKO MoryT 6bITb 

.o.aepHH3HpOBaHbI ,l],JIH nonyqemrn Heq>TeXHMH1leCKOro CblpbH. 
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Ilpo6HTbC.H Ha pbIHOK HeqnexHMHqecKOH npo,n;yKU:HH 3HaqnTeJib

HO CJIO)KHee: TaM l103H1(HH PoccHH cna6ee (pnc. 9), a MO,n;epHH3HpO

BaTb Heqnerrepepa6oTKY c u:eJiblO rronyqeHH.H Cblpb.H )];JI.H HeqnexHMHH 

C 6onee HH3KOH ce6eCTOHMOCTblO - BllOJIHe peaJibHO. 

K CO)KaJieHHIO, rrpHXO)];HTC.H rrpH3HaTb, qTo BbI6paHHa.H HeCKOJibKO 

JieT Ha3a,n; CTpaTerH.H MO,n;epHH3a1(HH pOCCHHCKOH Heqnerrepepa60TKH, 

HarrpaBJieHHa.H Ha BbIIlYCK 6eH3HHa EBpo-4 H EBpo-5, B OCHOBHOM, 

6brna opHeHTHpOBaHa Ha CHH)KeHHe co,n;ep)KaHH.H B TOIIJIHBaX cepbl u 

apoMaTnqecKnx yrneBo,n;opo,n;oB, T.e. rrepcrreKTHBHO He rrpopa6oTaHa. 

TaKa.H crpaTerH.H B EBpOCOI03e B CBOe BpeM.H 6bIJia MOTHBHpOBaHa 

BOBCe He 3a60TOH 06 3KOJIOI'HH, ee u:eJiblO 6bIJIO rronyqeHHe MaKCH

MaJibHhlX o6neMOB KaqeCTBeHHoro aBTOM06HJibHOro TOIIJIHBa rrpu 

MHHHMaJibHblX o6neMax 3aKyrraeMOH He<):nn. 3To orrpaB,n;aHO rrpH Bhl

COKOH I.(eHe Ha Heq>Tb, HO cero,n;H.H, KOr,n;a I.(eHa Ha Heq>Tb rra,n;aeT, Ta

Ka.H crpaTerH.H HaHOCHT Bpe,n; 3KOHOMHKe PocCHH. 

Puc. 9. TexuoJioruu u KaTaJiuJaTopLr uecfnexuMuu 
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IlorpaqeHhl MHJIJIHap,n;b1 ,n;o.i 

ae 3KcrrnyaTnpy.H 6oJibIIIOe KO. 

IIIUl, H 3TO B TO BpeM.H, KOI'Jl 

-=cprn, HO H o6neMbI ee rrorpe6 

lUIJ.JIHBa. 

TOJibKO rrepeopneHTaUID[ MO 

IIYCK Cblpb.H H rronyrrpo,n;yicroB ,ll 

110CTeii rrepBnqHoii rrepepa6oncil 

tamaHCOBbie rroTepn 3a cqe-r rn 

UJMOOHJibHOro TpaHcrropra H na; 

paccMorpeHHH orrepau:noHHhlX 

■ KaTaJIH3aTOpOB C pa3Hb1M 

pa6JI. 2). 

Onepau:noHHl>le ycJIOBHH :nCCDJIY 

IloKaJaTeJiu XylenePlusb 

,Caaiist/oil ratio 1-2 
~'wt) 

KcttJIOJibHWI <iJpai 
'ff ◄ "C) 454-538 

i(WSV (h-1
) 0,7-1,7 (WHSJ 

'1!11-eedstock A7-A9 

lr:t'n:ssure 1,1-1,3 

'!'1Conversion 30-45 

B Ta6nnu:e 3 rrpe,n;cTaBJieHI,1 

an, B KOHBepcHH KCHJIOJIOB JUUi 

IIIU)'Ilpo,n;yKTOB Heq>TeXHMHH. 

B ycnoBH.HX, Kor,n;a KOHetJHo 

1 



llpO.zlYKI.Um 3Haq1neJI 

IC. 9), a MO,llepHH3Hp 

blpLH .llJIH HeqneXHMHII 

lll,HO. 

1n,16paHHcUI HeCKOJibKO 

,ii Heq>Tenepepa6oTKH, 

EBpo-5, B OCHOBHOM, 

'1 B TOITJIHBax cep1,1 H 

mo He npopa6oTaHa. 

61,ma MOTHBHpoBaHa 

) IlOJIJqeHHe MaKCH

,Horo TOilJIHBa IlpH 

onpaB)laHo IlpH Bbl-

ii Heq>TL na,llaeT, Ta-

-•·- .. ~ . 
==~=.~~·=~ 

... ~.~.COIIJ!J!I. 

······~~ . 
-····-·····•~;. 

. ~ .. 
.. ~ ... 

... ·········"="°"""' 
~ ... ":;.;;: 

..... llT~. 
~ .. lillll,au,p 

IAIHH 

I 

IlurpaqeHbI MHJIJmap,llLI .n;omiapoB Ha 3apy6e)KHI,Ie TeXHOJIOI'HH, 

- XCIIJiyaTHPYH 60JibIIIOe KOJIHqecTBO co6CTBeHHOro o6opy,n;oBa

.... H 3TO B TO BpeMH, KOr,n;a CHH)KaeTCH He TOJibKO CTOHMOCTb 

a:ipIH, HO H 061,eMbl ee n01pe6JieHHH ,lJ;JIH rrpOH3BO,lJ;CTBa MOTOpHoro 

-.n:nma. 

ToJibKO rrepeopHeHTaQHH MOlll;HOCTeii Heq>Tenepepa6oTKH Ha BbI

-.,cK CblpbH H IIOJiynpo,n;yKTOB ,lJ;JIH Heq>TeXHMHH 6e3 rrpHpOCTa MOlll;-

-,creii rrepBHqHoii rrepepa60TKH Heq>TH IIO3BOJIHT Pocc1m COKpaTHTb 

tmrattcoBbie IIOTepH 3a cqeT rJI06aJibHbIX H3MeHeHHH Ha pLIHKe aB

"WDIIIOOHJibHOI'O rpaHCIIOpTa H na,n;eHHH u;eH Ha Heq>Tb. 3To BH,lJ;HO npH 

pacc.MorpeHHH orrepau;HOHHbIX ycJIOBHH 3KCITJiyaTaQHH ycTaHOBOK 

■ KaTaJIH3aTOpOB C pa3HbIM TeXHOJIOrHqecKHM o6opy,n;oBaHHeM 

tnoJI. 2). 
Ta6llUlJa 2 

OnepaQHOHHble YCJI0BHH 3KCDJiyaTaQHH ycTaH0B0K H KaTaJIH33T0p0B 

TCC 
IloKaJaTeJiu XylenePlus1

m (Sokony 43-102 
Vakuum) 

Catalist/oil ratio 1-2 4-5 2 
(v.t/wt) 

KclfJIOJihHllil <ppaKlllfH BaKyyMHhiii: rmoii:Jih 

T (<>C) 454-538 520 460 

VHSV(h-1
) 0,7-1,7 (WHSP) 3,0 0,7-1,5 

'feedstock A7-A9 

Pressure 1,1-1,3 

Conversion 30-45 

B Ta6JIHIJ;e 3 npe,n;CTaBJieHbI KaTaJIH3aTOpHbie q>a6pHKH B P<I> H 

.1eiicrny10ru;He YCTaHOBKH KpeKHHra 43-102, 3KCIIJiyaTHpyIOru;He IIIa

pHKOBbie KaTaJIH3aTOpbI. 3TH ycTaHOBKH ( 10 IIIT) MO)KHO HCITOJib3O

BaTb B KOHBepCHH KCHJIOJIOB ,lJ;JIH noJiyqeHHH BbICOKOKaqecTBeHHbIX 

IlOJiyITpo,n;yKTOB Heq>TeXHMHH. 

B YCJIOBHHX, Kor.n;a KOHeqHOH u;eJibIO MO,n;epHH3aQHH aBTOMO-
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6mn,HOH npOMhllIIJieHHOCTH B P<I> JlBJrn:eTCJl pacnmpeHHe npOH3BO,ll,

CTBa KOHK)'peHTHhlX ,lJ,BHraTeJie:ii, am,TepHaTHBHhlX ,lJ;BC, pam1mpo

BaHHe nocne.n;yromnx rnaroB poem npomBo,n;CTBa CbipbH ,n,m Hec}lTe

XHMHH -3TO C03,lJ,aHHe: 

1) BpeMeHHOM rpynnhl-1 ,n;JIJl HaycIHO-HCCJie,lJ,OBaTeJibCKRX pacqe

TOB no aHaJIH3Y HMeIOmerOCJl noTeHI.J;HaJia .n;onOJIHHTeJibHhlX MOIUHO

CTeii B ycTaHOBKaX FCC, TepMocpop, a TaK)Ke KCHJIOJibHOH cppaKIJ,HH B 

pHq>OpMaTax Ha npe.n;MeT HX o6naropa)KHBaHH:Jl B HHTepMe,n;MaThl 

Heq>TeXHMHH Ha .n;e:iicTByIOIUHX KaTaJIH3aTopax tt: o6opy,n;oBaHHH 

HI13, qTo n03BOJIHT cymecTBeHHO CHH3H:Tb KanHTaJibHbie M 3Kcnnya

TaIJ,HOHHhle 3aTPaThl HCXOM H:3 pacqeTa 3aTPaT rrptt: .n;eMOHTa)Ke M 

HOBOM CTpOHTeJibCTBe o6opy.n;oBaHHJl ycTaHOBOK 43-102; 

2) BpeMeHHOH rpynnhl-2 ,n;JIJl HaycIHhlX M npoeKTHhlX pa3pa60TOK 

C u;eJibIO HCnOJib30BaHH:Jl ,n;eHCTBYIOmero o6opy,n;oBaHHJl KaTKpeKHHra 

)],JIJl ycTaHOBOK THna 4 3-102 B peaKIJ,HJlX: 

- TPaHCaJIKHJIHpOBaHH:Jl 6eH3ona aJIKHJI6eH3oJiaMH; 

- .n;ncnponoputt:oHHpOBaHH:Jl Tonyona B KCHJIOJihl tt: 6eH3on; 

- H30Meptt:3all;HH KCHJIOJIOB; 

- ,lJ,HcnponopU,HOHHpOBaHHJl ,lJ,H3THJI6eH30Jia B 6eH30JI M 3THJI6eH-

30JI. 

KpoMe Toro, npe.n;nonaraeTcJl UHKJI tt:ccne.n;oBaHHH no nott:cey pe

)KHMOB 3KcnnyaTaUHH CTaphlX ycTaHOBOK 43-102 M HOBhlX ycTaHOBOK 

FCC c MHKpocc}leptt:qecKHM KaTanH3aTOpoM c uenbIO yBentt:qeHHJl Bhl

xo,n;oB 3THJieHa, rrpontt:JieHa, a TaIOKe oneq>HHOB CcCs COOTBeTCTBeH

HO ,ll,JIJl poem npOH3BO,lJ,CTBa ChlpbJl He<jlTeXHMHH B cpaBHeHHH C yBe

JIH:qeHH:eM BhlXO,lJ,OB 6eH3HHOBhlX q>paKUHH Ha ,ll,aHHhlX YCTaHOBKax; 

3) BpeMeHHOH rpynnhl-3 ,n;JIJl BHe,n,peHH:Jl Ha HII3 TeXHOJiornqe

CKHX pa3pa60TOK npoueccoB ,lJ,JIJl nonyqeHH:Jl .n;onoJIHHTeJibHOro CbI

pbH ,lJ,JIJl HeqneXHMHH Ha 6a3e ycrnpeBllIHX M qacTH:qHo Mo.n,epHM3H

poBaHHbIX ycTaHOBOK KpeKHHra THIIa 43-102. 
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:>acnrnpem1e rrpott3Bo,n;

mm,ix ~BC, pam1mpo

:;rna CbiphH )];JUI Hegne-

IC.l{OBaTeJihCKHX pacqe

lOJIHHTeJihHbIX MOII(HO

:CHJIOJihHOH q>paKl(HH B 

RIDI B HHTepMe,n;ttan.1 

,ax tt o6opy.n;oBaHHH 

IHTilJihHble H 3KCITJiya

rr rrpH .n;eMOHTa)Ke H 

K43-102; 

p()eKTHhIX pa3pa6oTOK 

!lOBaHHH KaTKpeKHHra 

!IlaMtt; 

llll,J H 6eH30JI; 

B 6eH30JI H 3THJI6eH-

laHHH no IlOHCKy pe

'. H HOBbIX YCTaHOBOK 

11,10 YBeJittqeHHH BbI

:,rC5 COOTBeTCTBeH

B cpaBHeHHH C yBe-

lHhIX ycrnttoBKax; 

HI13 TeXHOJIOrHqe

lIOJIHHTeJihHoro CbI

::TiflIHO Mo,n;epHH3H-
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HOHHLIE )KH)],KOCTH - HOBLIE CPE,[l;LI )];JUI PEAKQBB · 

KATA~HTHqECKOrOKAP60HH~HPOBAHIDI 

O.JI. EJ1ucee6. MttcTHT)'T oprrumlfeCKOR XHMHH HMeHH H.,n. 3eJIHHCKOro PAH 

06 ... He CBC)],CHHH O HOHHbIX ~H,IJ;I~OCTHX 

MoHHhie )KH,lJ;KOCTH (M)K) - BeIIJeCTBa, B pacrmaBJieHHOM COCT09-

HHH COCT05.IIIJHe H3 HOHOB. O,n;HaKo TepMHH 03HaqaeT He BC5.IKOe TaKOC 

BeIIJeCTBO, a JIHIIIh ,lJ;OCTaToqHo HH3KOIIJiaBKOe, C TeMrrepaTyp<a 

IIJiaBJieHH5.I HH)Ke 100 cc. YrrOTpe6JI5.leTC5.I eIIJe TepMHH «HH3KOTeM~ 

paT)'PHhle HOHHhie )KH,lJ;KOCTH», KOTOphle 3aCThIBaIOT rrpH 01pima

TeJihHhIX TeMrrepaTypax. no XHMHqecKOH: rrpHpo,ne M)K - 3TO crua. 

opraHHqecKHX KaTHOHOB, KaK rrpaBHJIO, HeCHMMeTPHqHOH CTPYKTYPY. 

3aTPy,n;H5.IIOIIJeH KpHCTaJIJIH3aU:HIO. 

Mx HCTOpHIO rrpHH5.ITO OTCqHThIBaTh OT pa60Thl aKa,neMHKa II 

Tep6yprcKOH AKa,neMHH HaYK IlayJI5.1 BaJih,neHa, 6oJiee H3BeCTHoro 

TPY.naM B o6JiaCTH CTepeOXHMHH, B qacTHOCTH, OTKphITOMY HM «B 

,neHOBCKOMY o6paIIJeHHIO» CTepeoH30MepoB. O,n;HaKO, BaJih,lJ;eH pa 

TaJI H BO MHOrHX ,npyrHx o6Jiacrnx, B qacTHOCTH, B 3JieKTPOXHMHH. 

~JI5.I rrpoBe,neHHH 3KCIIepHMeHTOB no 3JieKTPOIIpOBO,l1;HOCTH 

IIJiaBOB COJieH: OH CHHTe3HpOBaJI p5.1,l1; opraHHqeCKHX COJieH:, HaIIpHM 

HHTPaT 3THJiaMHHa C 2H 5NH/NO3-. Y,n;HBHTeJihHhIM o6pa30M 

COJih IIJiaBHTC5.I y)Ke rrpH 12 cc. BaJih,lJ;eH orry6JIHKOBaJI CBOH pe3y 

TaThI B 1914 r. (pHC. 1). 

Ha6mo,neHHe BaJih,neHa He rroJiyqHJIO 6hICTPOro pa3BHTH5.I, a 

KOIIJiaBKHe COJIH ,lJ;OJiroe BpeM5.1 OCTaBaJiaCh CKopee XHMHqecKHM 

phe30M, qeM IIOJie3HhIMH BeIIJeCTBaMH. CaMoro TepMHHa «HO 

)KH,lJ;KOCTh» TOr,na He cyIIJeCTBOBaJIO. ToJihKO qepe3 20 JieT, B 1934 r. 

6hIJI c,neJiaH CJie,nyIOIIJHH: rnar B HX rrpHMeHeHHH: IIIBeH:u;apcKHH: 

MHK Charles Graenacher o6Hapy)KHJI, qTo raJIOH,lJ;Hhie coJIH HeK 

-(BIi 

100°C. .. 
bittiMrl 
Hr 8alDdll 
arbeiiall 

rn-•- J 
lidlbiidar, 
J(ethoclea • ----4illgagen., ~Yu't Hoffa 
w.ncldw 

L Daym. Ba.'ILJlel 



1,()1111.JIHPOBAHIDI 

loll ~KOCTHX 

►nmmKoe, c TeMnepaT 

e 3aCThIBaIOT npH O'IpH 

i npHpo.n.e IDK - 3TO co. 

CHMMe'IpHqHoH C'fPYKTyp 

neHa, 6oJJee H3BeCTHoro 

CTH, OTKpbITOMy HM «B 

e. O.z:urnKo, Bam,.n.eH pa 

OCTH, B 3JieK'IpOXHMHH. 

rqecKHX coneii, ttanpHMep. 

JHTeJlhHI,JM o6pa30M 31a 

iyfinHKOBaJI CBOH pe3yJIJr-

Moro TepMHHa «HO 

• qepe3 20 neT, B 1934 

330THCTI,IX OCHOBaHRH, B qacTHOCTli, XJIOpii,ll;I,I l-3TRJI- H 1-

pH,ll;HHIDI, pacrnopHIOT n,eJJJIIOJI03Y npli TeMnepaType He-

0 BI,IIIJe 100 °C, Ii 3anaTeHTOBaJJ CBOe OTKpnITlie. A B 1948 r. 

3allaTeHTOBaH MeTo.n. HatteceHHH aJJIOMliHHeBbIX IlOKpbITHH C HC-

1BaHHeM xnopaJJIOMHHaTHbIX .IDK. 

.n,oJJroe speMH pa6oTbI no HCITOJJn30BaHRIO .IDK B XHMHH H 

OrHH 6nrnR e,n:HHliqHI,JMH, IlOKa B 1992 r. YRJIKC H 3asopOTbKO 

OBaJJH MeTO)l;I,I nonyqeHIDI pH.n.a HOBI,IX HH3KOilJiaBKHX coneii 

1,.3-JaMem,eHHbIMli HMH,ll;a30JIHeBI,JMii KaTROHaMR, OTJIHqaBIIIHXCH 

liiui=m:socTI,IO K B03,n:yxy Ii BJiare. EJJaro,1J,apH 3TOMY pa6oTaTI, C Ta

coe}lHHeHIDIMH CTaJIO 3Ha'lHTeJibHO nporn,e, Ii HX CTaJIH HHTeH

HCCJJe,n:oBaTI, s caMnIX pa3HI,IX o6JiaCTHX. B 2000-e Ha'laJJCH 

pa3HI,IH pocT pa6oT, IlOCBHIIJ,eHHI,IX HOHHbIM )KH,IJ;KOCTHM -

2000 CTaTeH s 2006 r. H OKOJIO 250 naTeHTOB. 

a.in.ma HMll&P&TO{)Cl(O.ll .AKa,t(eMia Hayin.. - 1914. 

{Bulletin de l'Acad4aiie Impma.le dee Sciences de St.•Ptlterabonrg), 

Ueber die Molekulargroeae und elektrluhe 
Leitfah.lgkeit einigar geuhmo1:renen Sa!ze. 

(IIIIJlls-. 

Von P. Walden. 

Im Nachatehenden will fob meine Untel'Sllchungen 1lber die e1e.1ctnSC11e 
Leitflhigkeit 1IJUl die aua den Ka.pillarlUtakoutanten abgeleiteten 'Mole
knlargr6sse eilliger orgamschen Am:moniumsalze mitteilen. GewlLhlt worden 
wa,urfreie Baize, welche bei relativ •iedrigtm T,mperatwen, etwa bis zu 
100° C. schmelzen. Dine niedrigen Schmelztemperaturen eugten die Ml!glieh
keit eiuer W4r!M8paUung sowohl des Solvens, ala auch. des gelosten Sakes in 
der Salzschmelze eiu; s1e erilft'neten daher die ~keil der bisher 
nur bei iokm Temperaturen, in dell &Amdlen der wasserfreien M'~e 
gemachten Beobacbtungen bei niedrige1' ~ur•; aie boten die Mag.. 
liehkeit cw-, mit Hilfe der filr gewGbnliche Temperatures gebrlucblichen 
Methodcn 1IJUl Apparate alle Messnugen durchzufllhren. Die Verbllmisse in 
tliuffl niedrig schmelzenden Salzen nllherten aich daher den Versuchsbe• 
dingwigen, wie ale fl1r die gewohnlichen wlSsrigen und DichtwlSarigen LO· 
sungsmittel eingehend erforseht warden sind und durch die osmotiscbe Theorie 
van't Hoffa 1IJUl die elektrolytische Disso.ilationstheorie von Arrhenius 
heherncbt werden. 

1. IlayJIL BaJIL)).eH H ero CT3TLH O HH3KODJI3BKHX opraHH'leCKHX COJIHX 
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PaccMOTpHM IT0,n:po6Hee CTpOeHHe HOHHhIX )KHJlKOCTeii. Heo6xo

JlHMhIM ycJIOBHeM HH3KOH TeMITepaTJPbl ITJiaBJieHml »BmieTC51 HaJIH

qlfe ofo,eMHOro H ITO B03MO)KHOCTH HeCHMMeTplfqHoro opraHttqeCKO

ro KaTHOHa C .D,eJIOKaJIH3aIIHeH 3ap»,n:a. B OCHOBHOM 3TO KaTHOHbl p»

JlOB TeTpaaJIKHJiaMMOHH51 H q:>ocq:>oHH51, l ,3-,n:HaJIKHJIHMHJla30JIH51, N

aJIKHJIITHpH.D,HHH51. KaTHOHI,I 061,1qHo OJlH03ap».D,HbI, XOT51 eCTb ITpH

Mep1,1 H ITOJIHKaTHOHHbIX HOHHbIX )KHJlKOCTeH, a TaK)Ke IIBHTTep

HOHHbIX. 3ap»Jl, «pa3Ma3aHHhIH» ITO 6oJihIIIOMY KaTHoHy, ,n:enaeT ero 

6onee ycToifqHBbIM, a HH3Ka» CHMMeTpH51 He IT03BOJI»eT BeIIIeCTBY 

nerKO KpHCTaJIJIH30BaTbC51. AHHOHaMH MOryT 6bITI, ranoreHHJlbl - KaK 

ITpaBHJIO 3TO XJIOpH.D, H 6poMHJl, a TaK)Ke HHTpaT, aIIeTaT, cyn1,q:>0Ha

Tbl, cyJihq:>OHHJIHMHJlbl. Hatt6onee ITOITYJI»pHbl KOMTIJieKCHbie aHHOHbl 

TeTpaq:>rnp6opaT H reKcaq:>TOpq:>ocq:>aT. OnttcaHhI TaK)Ke IDK c KOM

nneKCHhIMH ranoreHHJlaMH Sb, As, Zn, Cu H c Kap6oHHJihHhIMH aHH

oHaMH Fe, Co H Mn (pttc. 2). 

Lg 
F,C-fi-11-~-CF, 

0 0 

Puc. 2. KaTHOHhl u auuonhl IIJK 

OT,n:eJihHhIH KJiacc npe,n:cTaBJI»IOT 6ttHapH1,1e IDK, nonyqaeM1,1e 

CMeIIIeHHeM qeTBepTHqHoro ranoreHHJla C XJIOpHJlOM MeTanna, 061,iq

HO AlCh. Hx Ha3hIBaIOT xnopanIOMHHaTHhIMH. 

OcHOBOH ,n:n» npHrOTOBJieHH» lI)J{ »BJI»eTc» KBaTepHtt3aIIH» oc

HOBaHHH C aJIKHJiranoreHHJlaMH, TpHq:>JiaTaMH, T03HJiaTaMH. ITony-

114 

'teHHbie qeTBepTHqHI,Ie 0 

BIDKe 100 °C. ,nirn nony 

peaKIIHH HOHHOro o6MeI 

IICIIOJib30BaHHe HOHOOOM 

pocpo6Ha, KaK HaIIpHMe 

.J33()JIH51, HOHHbIH o6MeH 

KLIX lI)K TaKOH CITOCOO 

o6MeHHa51 peaKIIH:51 C CO 

reHHJJ, ITocne,n:Hero Bhim 

llJvI ITonyqeHH:51 BOAOP 

IIOHHOro o6MeHa B XJIO] 

o6pa3yIOT cycITeH3HIO, 

npeBpaIIIaeTC~ B paCTBC 

noro pacTBop ynapJIBaF 

Ha,n:o OTMeTHTh, qTO 

B03MO)KHa - OHH ITpaK1 

.l.."UI ITpHrOTOBJieHml ,[l,0Jl 

JaIIHH HY)KHO He ,n:orryc 

HIDI. 

IToMHMO oqeBH,n:Hor 

JYPbl ITJiaBJieHH», lI)J{ C 

gqecTB. B c0:ny H0HH1 

TJXmpoB0,[l,H0CTb. y HHI 

.:IeB0My ,n:aBJieHHe ITapc 

nap»IOTC51 BITJI0Tb )l0 TI 

H)I( HMeIOT nrnpoqaHI.J 

BLlllle, qTo IT03BOJUie-I 

B TOM q0:cne BbIC0KOTI 

BeHH:51 aTMOCq>ep1,1 mq 

OI;:J.eJIHTb yITap0:BaHHe1 



He HOHHhlX )l(H,ll,KOCTeH. Heo6xo

typbl IIJiaBJieHml RBJUieTCR mum

HecHMMerpHqHoro opraHHqecKo-

13. B OCH0BH0M 3T0 KaTH0Hbl pR

HJI, l ,3-JJ;HarrKHJIHMH,ll,a30JIHR, N

:> OJIH03apR,ll,Hbl, X0TR ecTI, rrpH

IHJIKOCTeH, a TaK>Ke llBHTTep-

6o.lThmoM)' KaTHoHy, ;:i;eJiaeT ero 

leTpIDI He II03B0JIReT BemecTBy 

11 Moryr 6b1Tb rarroreHH,ll,bl - KaK 

IOICe mrrpaT, aQeTaT, cyJir,<poHa

J)'IDipHbI K0MIIJieKCHble aHH0Hbl 

:. OimcaHb1 TaK)l(e JDK c K0M-

1, Cu H c Kap6oHHJihHbIMH aHH-

• h.Cµ ,,.......,,, 
F 

F~J .... F 
I 

F 

.. , . Bt" 
F-C-SO, 

I .. 
0 0 
D .,, ti 

F 

~-,-It-ff-CF, 
0 0 

IIIOIIW IOI( 

er 

>HHapHb1e IDK, rroJiyqaeMble 

c xnop.H.L(oM MeTarrJia, o6bJq

INMH. 

lBillleTCR KBaTepHH3a[(HR oc

laTaMH, T03HJiaTaMH. Ilony-

'leHHble qeTBepTHqHhie C0JIH 3aqacTyIO y)l(e RBJIRIOTCR .IDK, IIJiaBRCb 

BIDKe 100 °C. ,lJ;JIR II0JiyqeHHR I1.)K c ;:i;pyrHMH aHH0HaMH rrpoB0MT 

pea1aum HOHHOI'O o6MeHa C KHCJIOTOH HJIH C0JiblO. OrrHCaHo TaK)l(e 

BCII0Jib30BaHHe HOH006MeHHbIX CM0JI ,ll,JIR 3TOM 11eJIH. ECJIH I1.)K I'H)J;

poq>06Ha, KaK HarrpHMep reKcaqnopcpoc<paT 1-6yTHJI-3-MeTHJIHMH

,1330JIHR, HOHHbIM o6MeH Be,ll,yT B B0,ll,e. O.L(HaKO, MR B0,ll,0paCTB0pH

KblX I1.)K TaKOM crroco6 He Il0,ll,X0,ll,HT. O6Il{HM MeT0,ll,0M RBJIReTCR 

o6MeHHaR peaK[(HR c C0JIRMH cepe6pa, KOI',[(a HepaCTBOpHMbIM I'aJIO

reHH,ll, II0CJie,ll,Hero BbIIIa,ll,aeT B oca,ll,0K. O;:i;HaKO 3T0T MeT0,[( .L(0por. 

llrni: II0JiyqeHHR B0,ll,0paCTB0pHMhlX I1.)K pa3pa6oTaHbl MeT0,ll,HKH 

ROHHOI'O o6MeHa B XJI0pHCT0M MeTHJieHe H a[(eTOHe. O6a peareHTa 

o6pa3yIOT cycrreH3HIO, K0T0paR rrpH ,ll,JIHTeJibH0M rrepeMeillHBaHHH 

opeBpamaeTCR B pacTBop I1.)K, a HarpHeBaR C0Jib BbIIIa,ll,aeT. IlocJie 

noro pacTBop yrrapHBaIOT H rroJiyqaIOT qHcTyIO I1.)K. 

Ha;:i;o 0TMeTHTh, qTo oqHCTKa I1.)K rpa,ll,HllHOHHOM rreperoHKOM He

ll03MO)KHa - 0HH rrpaKTHqecKH He HcrrapRIOTCR. Ilo3TOMY peareHThl 

i-ui: npHr0T0BJieHHR ,ll,0JI)KHhl 6hITb qffCTblMH, a B rrpo11ecce KBaTepHH-

33.UHH HY)KH0 He ;:i;orrycKaTh rreperpeBa H corryrcTBy10mero ocMoJie

BIDI. 

IlOMHMO oqeBH,[(H0I'0 q>H3HqecKoro CBOMCTBa - HH3KOM TeMrrepa

JYPhl IIJiaBJieHHR, I1.)K o6Jia,ll,aIOT pR,U0M HeTpHBHaJibHbIX H II0Jie3HhlX 

uqecTB. B CHJIY HOHHOM rrpttpo;:i;r,1 HM CBOMCTBeHHa BhIC0KaR 3JieK-

1J>OnpoBo,uHocTb. YHHKaJibHhlM KaqeCTB0M RBJIReTCR 6JIH3KOe K ey

.:reBoMy ,ll,aBJieHHe rrapoB. 3TO 3HaqHT, qT0 I1.)K rrpaKTHqeCKH He HC

napRIOTCR BIIJI0Tb ,ll,0 TeMrreparypbI HX pa3JI0)l(eHHR. TaKHM o6pa30M, 

IOI( HMeIOT rnttpoqaiirnHM ,LJ,Halla30H )KH,ll,KOI'O C0CTORHHR, 300 °C H 

BblIIIe, qTo II03B0JIReT IIp0B0,UHTb MH0)l(eCTB0 XHMHqecKHX peaK[(HM, 

B TOM qffCJie BbIC0K0TeMrrepaTypHbIX, a TaK)Ke He orracaTbCR 3arpR3-

HeHHR aTMOC<pephl rrapaMH paCTB0pHTeJIR. 3aTeM npo,LJ,yKTbI M0)l(H0 

OT)],eJIHTb yrrapHBaHHeM. DOJibillHHCTBO I1.)K He ropHT, qTo Ba)I<H0 MR 
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6e30IIaCHOCTH. OHH TepMHqecKH CTa6mII,HbI. XHMHqecKruI CTa6m11,

HOCTb H)K 3aBHCHT OT COCTaBa. HaH60Jihllleii CTa6HJibHOCTl,JO o6na

,D,aIOT H)K c KanmHaMH l,3-,D,HaJIKHJIHMH,n:a3oJimi: H aHHOHaMH BF4, 

CF3SO3-, N(CF3SO2) 2-. fanoreHH)],hI MeHee ycToiiqHBM, KaK H coJIH 

Te-rpaanKHJiaMMOHHH, CKJI0HHhie K pacm.enJieHHIO no r Oq:>MaHy npH 

TeMrreparypax OK0JIO 200 °C. feKcaq>Top<j:>ocq:>aThI B BO,D,Hoii cpe,n;e 

MoryT rH,D,pOJIH30BaTbCH c 0Trn,errnem1eM HF. 

IloJIHPHOCTI, H)K o6ycJIOBJIHBaeT xopolllHe paCTB0pHIOllJ,He CBOH

CTBa KO MHOrnM KOBaJieHTHbIM H HOHHbIM coe)],HHeHHHM, BKJIIOqaH 

MeTaJIJIOKOMIIJieKChl H HeKOTOphle COJIH. B TO )Ke BpeMH H)K He CMe

IllHBaIOTCH C HenoAApHbIMH COJibBeHTaMH, a HeKOTOphle H3 HHX rH)],

poq:>o6HhI. K npHMepy, MO)l(HO C0CTaBHTI, rpeXq:>a3HYIO CMec1, ll,HKJIO

reKcaH - Bo,n:a- [bmim]PF6 (pHc. 3). 

PHc. 3. Tpex,t,a1uaH ;KH}J,«:aH CMeCL 

nHHapHhle H)K o6Jia,D,aIOT BhlCOKOR JibIOHCOBCKOR KHCJI0THOCTblO, 

a ,D,o6aBJieHHe KHCJI0Thl EpeHCTe,D,a npH,n;aeT HM cynepKHCJIOTHbie 

CBORCTBa. 3TO II03B0JIHeT HCIIOJib30BaTb HX He TOJibKO KaK pacrnopH

TeJIH, HO H KaTaJIH3aT0phl pH,n:a peaKI.J,HH. 

TeMrreparypa IIJiaBJieHHH HMH)],a30JIHeBhlX H)K HaXO,lJ,HTCH B 

CJIO)l(HOH 3aBHCHMOCTH OT ,lJ,JIHHhl aJIKHJibHOH I.J,eIIH C Bhlpa)l(eHHhlM 

MHHHMYM0M. B 3TOM pH,ll,Y ecT1, Bem.ecTBa, )l(H,lJ,KHe rrpH KOMHaTHOH H 

)],a)l(e orpm.i;aTeJihHOH TeMrreparype. IlpHpO,ll,a KaTHOHa TaK)l(e BJIHHer 

Ha TeMnepaTypy TIJiaBJieHHH, XOTH H B MeHbmeii CTeneHH (pHC. 4). 
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Ba)l(Heiirnee KaqeCTBo 

pl,HpOBaHHeM aHHOHa H ( 

aoH MO)],HqJHKaI.J,HH 3]lec 

C'I)'IIHO OKOJI0 300 H)J{, II] 

roT0BHTb, HCil0Jib3YH MHO 

IIWX pacTBopHTeneii B npo1 

200~----

Pac. 4. TeMnepa-rypa oJiaBJie 
}J,JIHHbl aJ1 

IlJIOTHOCTb 60JibillHHCTII 

80.ThHO BbIC0Ka, XOTH H m 

"K'IL~0IIp0BO,D;HOCTb pacnpcx 

EHJKH K rpa,n:HI.J,H0HHbIM a 

BX npoHBJIHIOT rroBepXHo 

GIH)Kru{ II0BepXH0CTH0e Ha'D 

AHHOH, B OCH0BH0M, 0IIJ 

1DCTHOCTH 0CHOBH0CTb. CMC 

,;ae.:u1eTCH aHH0H0M. Ilo Koop 

- OCHOBHbie, HeHrpaJibHhle 

aua Ha rrpoTeKaHHe xlfMH'le 

.:JOHa tt corpy,ll,HHKOB (pn:c. 5) 

E1maptt1,ie HOHHhle )KJL1J 

ClOJKHbIM o6pa30M 3aBHCIDicy 



1 cra6run,HhI. XHMHqecKaJI CTa6HJih

HaH6on1,IIIeii CTa6HJibHOCTbIO o6na

LIIKHJIHMH)J;a30JIH5I H aHHOHaMH BF 
4
, 

H.lU,l MeHee ycToiiqHBhI, KaK H COJIH 

IC pacm:eIIJieHifIO no I'OqJMaHy IlpH 

:x:caqrrop<j)oc<j)aT1,1 B BO)];Hoii cpe.n;e , 

remteMHF. 

leT XOpoIIIHe pacrnopJIIOilJ;He CBOH-

1 HOHHbIM coe.n;HHeHIDIM, BKJIIOqaJI 

COJIB. B TO )Ke BpeMH IDK He cMe

eHTaMH, a HeKOTOpbie H3 HHX rH.n;

TaBHTI, TpeXqJa3HyIO CMeCI, Il;HKJIO-

). 

I a11.zucaH CMeCb 

:>ii ./ThIOHCOBCKOH KHCJIOTHOCTbIO, 

IlpHJ{aeT HM cynepKHCJIOTHI,Je 

an, HX He TOJibKO KaK pacrnopH

IIH. 

l30JIBeBbIX IDK Haxo.n;HTCJI B 

lCH.JII,HOH u;enH C Bbipa)KeHHbIM 

:-ma, )I(Jf)];KHe IlpH KOMHaTHOH H 

[pHpo.n;a KaTHOHa TaK)Ke BJIHJieT 

1o1emIIIeii CTeneHH (pHc. 4). 

Ba)I(Heiirnee Kaqecrno IDK - TOHKaH «Hacrpoii:Ka» 0:x CBOHCTB Ba

fl,IIPOBam1eM amrnHa H oco6eHHO KanrnHa. Bo3MO)KHOCTH XHMHqe

aoii MO.D;HqJHKau;HH 3,1:(eCh 6e3rpaHJfqHI,I. B HaCTOHru;ee BpeMH .n;o

Cl)'IIlIO OKOJIO 300 IDK, rrpH TOM qrn B na6opaTOpHH HX MO)KHO rrpH

RJIOBHTh, HCIIOJib3YH MHO)KeCTBO peareHTOB. ,n:JIH cpaBHeHH5I, o6blq

alX pacrnopHTeJieii: B IIpOMbIIIIJieHHOCTH HCIIOJII,3yeTCH OKOJIO 600. 
200 200 

H:,C'NB-t<R _ 
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.Pac. 4. TeMnepaTypa DJiaBJieum1 HMH,a:a30JIHeBhlX H')I( B 3aBHCHMOCTH OT 

.Ll:JIHHbl aJIKHJlbHOro 3aMeCTHTeJIH 

IlrroTHOCTh 6oJihIIIHHCTBa IDK HeCKOJibKO BbIIIIe 1, a BH3KOCTI, .n;o

aD..ThHO BbICOKa, XOTH If rra.n;aeT C TeMrrepaTypOH. TerrJIOeMKOCTb If 

-reoJIOIIpOBO.D;HOCTb pacrrpOCTpaHeHHbIX IDK He CJIHIIIKOM BbICOKH If 

mH3KH K Tpa.n;m.J;HOHHbIM apoMaTHqecKHM paCTBOpHTeJIHM. MHortte 

IOK rrpOHBJIHIOT IIOBepxHOCTHO-aKTHBHble CBOHCTBa, cyru;ecTBeHHO 

CHIDKaH IIOBepXHOCTHOe HaTH)KeHHe . 

AHHOH, B OCHOBHOM, orrpe.n;eJIHeT «XHMHqecKHe» CBOHCTBa IDK, B 

'laCTHOCTH OCHOBHOCTh. CMeIIIHBaeMOCTh IDK c Bo.n;oii: TaK)Ke orrpe

..JeIDieTcH aHHOHOM. Ilo Koop.n;HHttpy10ru;eii cHJie aHHOHa IDK .n;eJIHTCH 

ea OCHOBHhie, HeHTpaJibHbie If KHCJihie. 5IpKHH rrpHMep BJIHHHHH aHH

oua Ha rrpoTeKaHHe XHMHqecKoii peaKI..Urn rrpttBe.n;eH B pa6oTe Ce.n;

.JOHa tt corpy.n;HHKOB (pttc. 5). 

DHHapHbie HOHHI,Ie )KJf.Ll;KOCTJf HMeIOT TeMrrepaTypy IIJiaBJieHHH, 

CJIO)KHI,IM o6pa30M 3aBHCHID;YIO OT co.n;ep)KaHHe KHCJIOTI,I JlbIOHCa. 
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CH3 6 • HNO, CH, 

_..::.lb_m_im_;J;:..[O_T_;ij __ t __ -"-{b_m_im_J_X __ ..,., ~ 
(bmim)[OMs] UX 

!-,2H u X:Cl,Br,I 

Puc. 5. B;rnuuue auuoua H)K ua uanpasJieuue peaKn:uu TOJiyoJia c a10T
uoii KUCJIOTOH, no pa60Te M.J. Earle, S.P. Katdare, R. Seddon, Org. Lett. 2004, 

6 (5), 707 

TaK, rrp11 cMerneHMM N-3T11mrnp11.ri:11H11il: 6poM11.ri:a c AIC13 MMHH

MYMhI T UJl .[{OCTMraIOTCH rrpM COOTHOllieHMM KOMIIOHeHTOB 1 :2 11 2: 1. 

3Ta CMeCb )KJ1.[{KaH rrpM TeMrreparype HM)Ke KOMHaTHOH B Y3KOM .[{Ha

rra30He cocTaBa (p11c. 6). Y MMM.[{a3oJmeBhIX IDK 3TOT .ri:11arra30H r~ 

pa3.[{0 llIMpe. Hx aHMOHhI - MOHO- M IIOJIMH.[{epHbie - HaXO.[{HTCH B 

paBHOBeCMM, B 3aBMCMMOCTM OT co.ri:ep)KaHMH AICl3 (p11c. 7). 
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li11HapHhie ll)K c MOJThH 

IILIM. Ec;rn co.ri:ep)KaHHe Al 

113'1. BBe,[{eHMe KMCJIOThl lip 

IIOCTb, rrp11qeM 4JYHIGUUI KH 

118'1 -18. linaro.z:i:apH cBoeii 1 

Cie.[{OBaHhI KaK cpe.[{hI H 

pyeMhIX peaKD;MH. K CO)Ka.JI 

a:iare, a TaK)Ke HeCOBMeCTH 

1111cne, crr11pTaM11 M au;erouo 

B llHCTMTyTe opraHHqec 

JlaTWleCKM HCCJie.[{OBaJIH pc 

aaBHH opraHHqecKHX coe.l{H] 

D.:IHTHqecKoe Kap6omumpc 

.JII, CIIHpTbI, aMHHbI H T • .Zl), 

lf'YIIIII,I B MOJieKyny cy6~ 

Kap6oHH 

ICaTaJIHTHqecKoe Kap6om 

taiwieCKHM Kap60HOBhlM Kl 

-.:iaM). HeManoBa)l{}Ib.IM 



+ HN03 03 
(bmimJX ~ I 

nimfOMsJ ::::,... X 

X:oa, Br, I 

IBJJeBBe peaKQHH TOJiyOJia C aJOT

Katdare, R. Seddon, Org. Lett. 2004, 
)7 

llBHHH 6poMH,n;a c AIC13 MHHH-

11emm KOMIIOHeHTOB 1 :2 If 2: I. 

HIDKe KOMHaTHoii B Y3KOM .n;Ha

meBLIX IDK 3TOT ,n;HarraJoH ro-

IIOJIID1.11:epm,1e - HaXO)];HTCH B 

lraHIDl AICh (pHC. 7). 

- 100 

(C2Py]Br-AICh 

[ i?+~\N ] er + Alel3 [ N@N ] Alel; + AieI3 [ N@N ] Al er 
_,,,,..A~ --....,/ ~ / '-./ --....,/ / '-./ --....,/ 2 7 

Puc. 7. Houm,1e paouooecu» B 6uuapnLix H)K c AICh 

liHHapm,1e ll)I{ c MOJihHOii ,n;oneii AlC13 0.5 OTHOCHT K Heiirpanh

aDl. EcnH co,n;ep,r<aHHe AlCh BhIIIIe, ll)I{ KHCJiaH, HmKe - ocHOB

..._ BBe,n;eHHe KHCJIOThI EpeHcTe,n;a rrptt,n;aeT 3THM ll)I{ cyrrepKHCJIOT

-,cn,, rrpttqeM <pyHKI.J;HH KHCJIOTHOCTH raMMeTa H0 ,n;ocniraeT 3Haqe

_. -18. Enaro,n;apH CBOeii KJfCJIOTHOCTJf XJIOpaJIIOMHHaTHhie ll)I{ JfC

ClellOBaHhI KaK cpe,n;bI If KaTaJIH3aTopbI )];JIH KHCJIOTHO-KaTaJIJf3H

pyeMbIX peaKu;ttii. K CO)I(aJieHmo, OHM qyBcTBHTeJibHhI K B03,nyxy H 

JDare, a TaK)l(e HeCOBMeCTHMbI co MHOI'HMH paCTBOpHTemrMH, B TOM 

...c..1e, CIIHpTaMH If au;eTOHOM. 

B llHCTHTyTe opraHttqecKoii XHMHH HM. H. ,n:. 3eJIHHCKoro cHcTe-

1DIWieCKH JfCCJie,[(OBaJIJf peaKI.J;Jflf KaTaJIHTHqecKoro Kap6oHHJIHpo

mmrn opraHHqecKHX coe,n;HHeHHH B cpe,n;e HOHHbIX )l(ll,ll;KOCTeii. Ka

D..'IHTJfqecKoe Kap6oHHJIHpOBaHHe - Knacc peaKu;Hii coe,n;HHeHHH 

pnllffiHOH rrpttpo,n;hI C MOHOOKCH,U:OM yrnepo,n;a If copeareHTaMJf (BO

- CIIHpTbI, aMHHbI M T.,n;), rpe6yIOII.J;HX BBe,n;eHHH Kap60KCHJibHOH 

rpynIIbl B MOJieKyny cy6cTpaTa. TaKHM o6pa30M, Kap60HHJIHpoBaHHe 

IKY.3BOJIHeT rronyqaTb Kap60HOBbie KHCJIOTbl H HX rrpoH3B0,ll;Hbie 

(C..10)1(Hbie 3q_mpbI, JiaKTOHbI, aMH,ll;bI If ,n;p.). 

Kap6ouu~upooauue3TH~eua 

KaTaJIHTJfqecKoe Kap60HHJIHpoBaHHe OJie<pHHOB IIpHBO,U:HT I( aJIJf

tf,arnqeCKHM Kap6oHOBbIM I(JfCJIOTaM H HX rrpOH3B0,U:HbIM ( 3q>HpaM, 

aMHJJ:aM). HeMaJIOBa)l(HbIM ,U:OCTOHHCTBOM Kap60HJfJIHpOBaHHH 

o.1eqmHOB no cpaBHeHHIO co CTeXHOMerpHqecKHMH MeTo,n;aMH BBe,n;e

BIDI Kap60HJfJibHOH rpyrrrrhI HBJIHeTCH 100%-HaH aTOMHaH 3<p<peKTHB

HOCTb - rro6oqHbIX rrpo,n;yKTOB B peaKI.J;JfH He o6pa3yeTCH. 
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DhlJIO H3yqetto rH,Ilp0KCH- H MeTOKHKap6oHHJIHpOBaHHe 3 

BhICIIIHX JIHHeHHbIX oneqrnHOB H CTHpona B cpe.n;e pa3JIHqHI,IX 

KaTanH3aTopoM 3THX rrpeBpaIIIeHHH cJiy)l(aT coe,n;HHettm1 rranna,mm 

po.n;m1, Heo6XO,IIHM TaK)l(e KHCJibIH rrp0M0TOp (pHc. 8). 

R~ +OO+Hz{) 
[PdJ. W COOH 

~OOOH + I 
R~ 

R=H,Alk, Ph 

Cpe.n;a rrpoBe,IleHHH peaKQHH - H0HHmI )l(H,IIK0CTb: 

r;:;::\ 
~ N..@. N, x-

TBAB 

TBAC 

Puc. 8. rull,poKcuKapooummpoeauue oJiect,uuoe e cpell,e IUK 

Kap6oHHJIHpOBamrn 3THJieHa B rrpHcyTCTBHH B0,Ilbl HJIH CIIHP 

rrpHB0,IIHT K rrpOIIHOHOBOH KHCJI0Te H ee 3qrnpaM. Mw BrrepBhle HO

CJie,II0BaJIH 3TY peaKU,HIO B cpe.n;e HOHHOH )l(H,IIK0CTH - pacrrnaBa Ter

pa6yrnnaMMOHHH 6poMH,n;a (TBAB). Coe,IIHHeHHH po,n;HH rrpoHBJimor 

yMepeHHYJO aKTHBH0CTb, a HaH60JibIIIHH BbIX0,II rrpOIIHOHOBOH KHCJIO

Tbl 61,m rronyqett B rrpHCYTCTBHH coe,IIHHeHHH IIaJIJia,IIHH. O6ttap~e

Ha Ba)l(HaH oco6eHHOCTh: q>OCQ)HHOBbie K0MIIJieKCbI 3THX MeTaJIJIOB 

Mettee aKTHBHhl, qeM rrp0CTbie C0JIH, B3HTbie B KaqeCTBe KaTaJIHTHqe

CKHX rrpe,n;IIIeCTBeHHHK0B. Ha ,IIHarpaMMe II0Ka3aH0 qHCJI0 o6opOTOB 

,IIJIH au;eTaTa IIaJIJia,IIHH H CTaH,IlapTH0ro Q)OCQ)HHOBOro K0MIIJieKca 

PdC12(PPh3) 2 - pa3HHu,a rroqrn B qeTbipe pa3a, ,IIJIH xnopH,n;a po,IIHH a 

RhH(CO)(PPh3) 3 - 6onee qeM B ceMh pa3. TaKHM o6pa30M, «6e3JIH

ratt,n;Hhiii» Pd B pacrrnaBe TBAB 0Ka3aJICH aKTHBHhlM KaTanH3aTopoM 
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HHJIHp0BaHHH 3THJieHa H, KaK 6y.IIe 

aT0B (pHC. 9). 

Pd(OAc)2 

PdCl2(PPh3)2 

RhCl3 

I-Rh(CO)(PPh3)3 

0 

KBT. 

200 400 
4KCJ10 o4: 

9. AKTHBHOCTb pa3JIU'IHbIX K3Ta.Jlll3Sl 
eauuu nuJieua e cpell,e TBAB. PaH4' 

KpoMe B0,IlhI, B KaqecTBe copeareHTo 

1e cmipTbI, rronyqaH CJI0)l(Hbie 3<!>1 

3aTopa JIHHeHHO 3aBHCHT OT TeMn 

Ilo-BH,IIHMOMY, Kottu,ettrpau,HH HH3KOI 

rrpH TeMrrepaType peaKU,HH ID3.llle 

. TpeT6yTHJIOBbIH crrHpT, o,n;HaK0, 3 

BH,IIH0, rrpHqHHa T0MY - rrpocrpaHC 

BJieHHbie 061,eMHbIM rpeT6YTHJibm.Di 

epaTypa peaKU,HH - 130°' qHCJI0 o6 

Kapooumrnposauue BblCII 

[H,IlpOKCHKap6oHHJIHpoBaHHe ,II0,IIeU 

. .acnozy H ee H30Mep1,1, o6pa3YJOill,Hec 

tmJieeyn1,1 H MHrpau,HH ,n;Boiittoii CBUH. , 

. a HOHHbIX )l(H,IIK0CTjJ;X pa3HOH rrpHp0,Ilhl C 

cpe.n;e TBAB aKTHBHbI rrpocThle coJIH - :x 
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!I MeTOKHKap6omurn:poBaHife 3THJieHa, 

e CTHJ)OJia B cpe.n.e pa3JIHqHbIX IDK. 

emm cJIY)KaT coe.n.Httettmr rranna.n.mr H 

LIB IIpOMOTOp {pHC. 8). 

r - ~(X)a-1 COOi-i 
+ RA 

[- HOHHruI )lill.Il,K0CTb: 

x- X = Cl, Br, BF 4, PF6 

TBAB 

TBAC 

1apOUHHe oJiecimuoB B cpe,1J;e H)K 

a B IIpHC)'TCTBHH B0.Il,bl HJIH CIIHpT0B 

[IOTe H ee 3qmpaM. Mw BrrepBbie Hc

[e HOHH0H )l(Jf.Il,K0CTH - pacrrnaBa TeT

IAB ). Coe.n.HtteHHH po.Il,HH rrpoHBJIHIOT 

K>.;ThIIIHH BbIX0.Il. rrporrHOHOBOH KHCJIO

e coe.Il,HHeHHH IIaJIJia.Il,HH. O6ttapy)Ke

)HBOBbie K0MIIJieKCbI 3THX MeTaJIJI0B 

:OJIH, B3HTbie B KaqecTBe KaTaJIHTHqe

earpaMMe II0Ka3aH0 qJfCJI0 o6opOTOB 

mapTHoro q1ocqrntt0Boro KoMrrJieKca 

B qeTbJpe pa3a, )],JIH XJI0pH.Il,a po.Il,HH H 

3 ceMb pa3. TaKHM o6pa30M, «6e3JIH

l 0Ka3aJICH aKTHBHbIM KaTaJIH3aTopoM 
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x:ap60HHJIHpoBaHHH 3THJieHa H, KaK 6y.n.eT II0Ka3aH0 .Il,aJibIIIe, .n.pyn-1x 

cy6cTpaTOB (pHC. 9). 

C2H4 + CO + ROH 

Pd(OAc)2 

PdCl2(PPh3)2 

RhCl3 

HRh(CO)(PPh3)3 

0 

KBT. 

t-1)1{ 

200 

.,., 0 
C2H5C 

'oR R = H, Alk 

«6e3JUtraHAHblM» MeTann 

a1mtBHeit KOMnneKCOB C PPh3 

400 600 800 
411cno o6opoToe 

1000 

Pac. 9. AKTHBHOCTh palJIHqffblX K3T3JIH33T0p0B l'H,!J;pOKCHK3pOOHHJIHpO

B3HHH 3THJieua B cpe,1J;e TBAB. Pc2H4 = Pco = 1 Mila, T 130°C, 2 q 

KpoMe BO.Il,bI, B KaqecTBe copeareHT0B M0)KH0 HCII0Jib30BaTb pa3-

JlliqHbie CIIHpTbI, rronyqaH CJI0)l(Hble 3Q)HpbI. IlpH 3T0M aKTHBH0CTb 

ElTaJIH3aTopa JIHHeHHO 3aBHCHT OT TeMIIeparypbI KHIIeHHH copeareH

Ta. Ilo-BH.Il,HMOMY, K0HQeHrpaI:.(HH HH3K0KHIIHII.(HX CIIHpT0B B )KH.Il,KOH 

4>a3e rrpH TeMrrepaType peaKQHH HBJIHeTCH orrpe.n.eJIHIOII.(HM q1aKTO

J>OM. TpeT6yTHJIOBbIH CIIHpT, 0.Il,HaK0, 3Q)Hpa B006II.(e He o6pa3yeT. 

():ieBH.Il,HO, rrpHqHHa T0MY - rrpocrpaHCTBeHHbie orpaHHqeHHH, o6y

Cll0BJieHHbie 061,eMHbIM TpeT6yTHJibHbIM pa.Il,HKaJI0M. OrrTHMaJibHaH 

'leMIIepaTypa peaKQHH - 130°, qJiCJI0 o6opOTOB CHH)KaeTCH, 0TMeqa

CTCH Bhma.n.ettHe Pd-qepHH. 

.Kap6oHHJIHpOB3HHe BLICIIIHX OJie(J>HHOB 

fH.Il,pOKCHKap6oHHJIHpOBaHHe .Il,O.Il,eQeHa-1 .n.aeT rpH.Il,eKaH0BYIO 

.IDICJI0TY H ee H30MepbI, o6pa3yIOII.(HeCH H3-3a HeCHMMeTpHqH0CTH 

1i1oneKynh1 H MHrpaQHH .n.Boiittoii CBH3H. AKTHBHOCTb coe.n.HHeHHH Pd 

B H0HHbIX )KH.Il,K0Cn~x pa3HOH rrpHp0.Il,bI cyll.(eCTBeHH0 pa3JIHqaeTCH. B 

cpe.n.e TBAB aKTHBHhl rrpocToie coJIH - xnopH.Il. M aQeTaT rranna.n.HH, a 
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TaK>Ke Pd-KoMnJieKcbl co cna6o Koop.n;HHHpyIOII.IJIMH nHraH.n;aMH. C.0-

cTeMa ocTaeTCH roMoreHHOH, Bhma.n;eHHe Pd-qepHH He npo.0cxo.n;HT. 

TpmpeHHJiq>ocq>HHOBbIH KOMnJieKc Pd MeHee aKTHBeH, a KOMITJieKc c 

6tt.n;eHTaTHhlM JIHraH,D;OM dppe .n;aeT COBCeM HH3KHH BhIXO.D; KHCJIOT. 

flo-BH.D;HMOMY, CHJihHO KOOp.D;HHHpyIOIIIHe q>ocq>HHhl 3aMe,D;JIHIOT pe

aKIIHIO BCJie,D;CTBHe KOHKypeHIIHH C cy6cTPaTOM H co 3a MeCTa B KO

op.n;HHaIIHOHHOH cqiepe Pd. 

B cpe.n;e TeTPa6yTHJiaMMOHHH xnoptt.n;a (TBAC) npH OTCYTCTBHH 

crn6HJIH3HpyroIIIHX q>OCqJHHOBhlX JIHraH.D;OB Pd Bblna.n;aeT B BH.n;e 

qepHH, COOTBeTCTBeHHO BhlXO.D; )KHpHhIX KHCJIOT HH3KHH. BhICOKlffl 

Bhlxo.n; o6ecneqHBaeTcH TOJihKO B npttcyTcTBHH cTa6HJIH3HPYIOIIIero 

Pd TPHq>eHHJiqJOCq>HHa. B 6YTHJI-MeTHJIHMH,D;a30JIHeBhlX HOHHhIX 

)KH,D;KOCTHX BhlXO.D; KHCJIOT HH3KHH .D;JIH BCex KaTaJIH3aTopoB. 

,ll;OKa3aHO, qTQ .n;pyme B)KK MO)KHO nonyqaTh Kap6oHHJIHpOBa

HHeM cooTBeTCTBYIOIUHX oneq>HHOB B pacnJiaBe TBAB. TepMHHaJih

Hhle OJieq>HHhl aKTHBHeH BHyTpeHHHX, qTo BH.D;HO Ha npHMepax OKTe

Ha-1, OKTeHa-2 H TeTPa.n;eIIeHa-7. 3TO o6bHCHHeTCH 

orpaHHqeHHHMH y ,ll;BOHHOH CBH3H (rn6JI. 1). 

Ta6nulfa I 
ru~pOKCHKapooummpoeauue oJieclmuoe e npucyrcreuu Pd(OAc)2 

e pacnJiaee TBAB. Pd:npoMorop:cyocrpar = 1:40:200, Pco = 5 MIia, 
T110 °C,2 'I 

Oneqnrn IlpoMoTop KoHBepcm1, % BhlXO~ KlfCJI0T, % 
renTeH-1 HCI 100 91.1 
OKTeH-1 HCI 100 88.4 
OKTeH-2 HCI 86.2 81.9 

HoHeH-1 HCI 98.6 91.1 
,neQeH-1 HCI 99.7 90.5 
,neQeH-1 TsOH 98.6 86.0 
reKca,neQeH-1 HCI 97.4 88.9 
TeTpa,neQeH-7 HCI 61.8 57.2 
TeTpa,neQeH-7 TsOH 55.3 49.5 
l(HKJIOreKCeH TsOH 100 90 
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Ha MHKpOCHHMKaX peaKIIHOHHOH Ml 

fll30BaHHH B3BeCH HaHoqacTHII, mcpy. 

IOIC. Crn6HJIH3aIIHH HaHoqacTHII B paci 

lq)OHTHO, 3a cqeT o6pa30BaHHH Kap6eI 

aocrnI,IMH aTOMaMH Pd (pHC. 10). 

flpeBparn,eHHH KaTaJIHTHqecKoro IIJ 

cae.uyiorn,HM o6pa30M. CHaqana coJih 

llpHCJTCTBHH co H BO,D;hl. ATOMhl Pd 3.1 

mrop1:,1e y.n;ep)KHBaIOTCH B pacnnaBe TB 

l'O pacrnopa. B TBAC OH Heycmwnm, 1 

a o6beMHhIH MeTaJIJI (pHC. 10). 

IOJl-t'HHM01..petndfUOHNoilJ11t1CC~ 
i."'UiJpu?tr~WI ~mu--l t lliCJW.111' 

Pd{OA.l'J,/Ts0H!1'&1B. 

I 
✓ .. 
~ 

..._ 10. Hauoqacrun:h1 Pde peaKn:uoBBoi: 1 

06pa3oea111U1 
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lllHMH ;mraH,IJ,aMH. CH

lepHH He npoHCXO,l],HT. 

11CTHBeH, a KOMTIJieKC C 

113KHH BbIXO,l], KHCJIOT. 

;q>HHbl 3aMe,IJ,JI5IIOT pe

.. H co 3a MeCTa B KO-

3AC) npH OTCYTCTBHH 

Pd BbITia,IJ,aeT B BH,IJ,e 

IOT HH3KHM. BhlCOKHH 

:e cra6HJIH3HpyIOIIIero 

[)],a30JIHeBblX HOHHbIX 

ramnaTopoB. 

l'llaTb Kap6oHHJIHpOBa

le TBAB. TepMHHaJib

:uo Ha npHMepax 0KTe

IDieTCH cTepHqecKHMH 

Ta6JlUtfa 1 

1cyTCTBHH Pd(OAc)2 
40:200, Pco = 5 Mila, 

1,% BbIX0,!1; Kli!CJIOT, o/e 
91.l 

88.4 
81.9 

91.l 
90.5 

86.0 

88.9 

57.2 
49.5 

90 

' 
I 

I 
Ii 
:I 

ii, 

,1 

!I, 

Ha MHKpocHHMKax peaKIIHOHHOH Macchi c TBAB B KaqecTBe cpe

,ll,bI BH)],Hbl qacTHllbl MeTaJIJia pa3MepoM 4-10 HM. TaKHM o6pa30M, 

MeTaJIJIHqecKHM Pd KHHeTHqecKH cTa6HJIH3HpoBaH B IDK nyTeM o6-

pa30BaHH51 B3BeCH HaHoqacTHII, OKpy)KeHHblX «rny6oii» H3 HOHOB 

H)l{. CTa6HJIH3aIIH51 HaHoqacTHII B pacnnaBe [bmim ]Br npOHCXO,l],HT' 

eep05ITHO, 3a cqeT o6pa30BaHH51 Kap6eHOBbIX KOMTIJieKCOB C TIOBepx

H0CTHbIMH aTOMaMH Pd (pHC. 10). 

IIpeBpaIIIeHH51 KaTaJIHTHqecKoro npe,IJ,llleCTBeHHHKa npOHCXO,l],5IT 

CJie,IJ,yIOIIIHM o6pa30M. CHaqana COJib Pd(II) BOCTaHaBJIHBaeTC51 B 

npHcyTCTBHH CO H BO,IJ,bI. ATOMhI Pd arperHpy10TcH B HaHoqacTHIIhI, 

IOTOpbie y,IJ,ep)KHBaIOTC51 B pacnnaBe TBAB B cocTOHHHH KOJIJIOH,IJ,Ho

ro pacTBopa. B TBAC oH HeycrniiqHB, B ycnoBHHX peaKIIHH Bhlna,IJ,a

CT 061,eMHbIH MeTaJIJI (pHC. 10). 

/DM-<1mMiltl:petlft.l{f«>NNOli Mattt.. 

tui>Wl(cu,,;tlpQON~ ~,.-w,.J 6'. lliC11tt'Me 

Pd{OAcJ,/hOHIT&iB. 

x-•NR. X-
+NR. +NR. 

ie;z •7 
x-~w x- ·N~ ~ 

Pd•2 

~~Q~ , ' , ' , ' 
' ' 
f Pd l 
' ' ' , 

\ ' 
~ / ' ...... ____ ...... "' 

l CO,HtO 

""° !~ 
~TMl.\111 ,, 
~ 

I 
nmanua 

.._ 10. HauoqacTHQhl Pd B peaKQHouuoii Macce c TBAB u MexauuJM ux 
o6pa30B3HHH 
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IIocKOJibKY HaHoqacnru;1,1 Pd cycrreH,II,HpOBaHbI B IDK H He BbIMbI

BaIOTc» Herron»pHbIMH pacTBOpHTeJIHMH, KaTaJIH3aTop MO)KHO HC

IIOJib30BaTb MHOrOKpaTHO. Mbl 3KCTParHpOBaJIH rrpo,II,yKTbI reKCaHOM, 

IIOCJie qero 3arpy)KaJIH HOBYIO rropQHIO peareHTOB H rrpoBO,[(HJIH pe

aKQHIO IIOBTOpHO. Bcero 61,mo ,IJ,eCHTb QHKJIOB rrepe3arpy3KH, BbIXO,[( 

B)KK B KOTOpbIX Kone6anc» OT 81 ,IJ,o 89%. Ba)KHO OTMeTHTb, qTo rre

perpy3KY MO)KHO ,IJ,eJiaTb Ha B03,II,yxe, qTo yrrpoIQaeT MaHHIIYJIHQHH. 

Kapoouu~uposauuecTupo~a 

Kap60HHJIHpOBamre CTHpona, q>eHHJI3TaHOJia H 6eH3HJiranoreHH

,[(OB II03BOJIHeT rronyqaTb apHJIYKCYCHbie H apHJIIIpOIIHOHOBbie KHCJIO

Tbl. K 3THM KJiaccaM rrpHHa,II,Jie)KaT MHOrHe Ba)KHI,Ie JieKapCTBa, qTo H 

orrpe,II,eJIHJIO Halli HHTepec K 3THM peaKQHHM. 

Perrpe3eHTaTHBHbie rrpttMep1,1 TeCTHpoBaHHH Pd-coneii H KOMII

neKCOB B pa3HbIX ll)K B peaKQHH rH,II,pOKCHKap6oHHJIHpoBaHHH CTHpo

Jia B q>eHHJIIIpOIIHOHOBbie KCHJIOTbI (<I>IIK) rrpe,II,CTaBJieHbI B Ta6JI. 2. 

Ta6J1Ulfa 2 
ru~poKcnKapoouu~upoeauuecTupo~a 

er- +CO+H,O ~ if"+ ~COOH 

0 
2-Cl>nK 

YCJ10911R: 4 MMOJlb cy6cTpaTa, 20 MM0nb H2O, 20 MICM0nb [Pd], 0.8 MMDnb 
TsOH·H,o KllM HCI, 2 r 111>K, 5 M11 renTaHa. T 110c, P 5.0 Mna, 2 4. 

HCI TBAB 93.5 83.0 1.0 

T.of! TBAC 222 
:. 

15.0" ·. Q,3 

TsOH (bmim]Br 50.8 52.3 0.4 

.J>dCt,(PF>h,)j T.OW TBAB 33.3 29.i·' 1.0: 

HCI TBAB 76.1 69.2 1.4 

i.OH lBAC ... 100 
; 

~-6 7.2 

TsOH (bmim]Br 12.9 9.7 1.0 

TsOH· . lbmimJCI 262 21.6 10.4 

PdCl,dppe HCI TBAB 23.9 19.7 3.1 

~ Hc:i .. TBAB 29.1 18.2 4.7 

dppe = 1,2·AMtj>eH11ncpoccp11Ho3TaH; dppb = 1.4·Al1<!>eH11ncpoccp11Ho6yraH 
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AHaJIH3 rrpttBe,II,eHHbIX B 

QaTh, qTO aKTHBHOCTh «6e3 

H)I(: ranoreHH,II,bl NB1.4 + rrpe;: 

;{bl rrpe,II,rroqTHTeJihHeii XJIOpH 

..:iaeT B BH,[(e qepHH. KoMIIJieKi 

+ b . + 
.:UIX NBu4 , qeM m1m , HO Bl 

DpOTHBOIIOJIO)KHO: XJIOpH.ll II] 

eocTh Bcex Pd-KaTaJIH3aTopc 

BbIIIIe B rrpttcyTCTBHH xnopu.n 

q,ocq>HHOBhIMH JIHraH,II,aMH dJ 
HRH ,[(O,[(eQeHa, IIOKa3aJIH HH31 

BnH»HHe aHHOHa Ha pc 

BH,l],HMOMY, IIOBhIIIIeHHeM Ke 

DpH 3aMeHe B HeM 6poMa Ha 

pe3YJihTaTe Ha CTa,[(HH MHrp31 

Pd-H rrpe,II,rroqTHTeJibHbIM c 

..:IHeBoro KOMIIJieKca ITO rrpaBJ 

ea 6poMa Ha xnop ,IJ,eJiaeT KOJ 

qaeT o6pa3oBaHHe cTepffqec 

a'IKHJIIIaJIJia,IJ,HeBoro KoMIIJiex 

C IIOBhIIIIeHHeM TeMIIepa1 

TeT, a BbIXO,[( q>eHHJIIIpOIIHO] 

VYM B 120 °C. IlpH ,II,aJihHee 

pe3KOe yBem1qeHHe BbIXO,Lla '.: 

xo.na KHCJIOT. IlpH 3TOM OTM€ 

opH BhICOKHX TeMrrepaTYPax 

CTaHOBJieHHe CTHpona B 3TH. 

pe - Pd-qepHH (pttc. 11 ). 

IloBhIIIIeHHe ,IJ,aeneHHH C 

BbIXO,II,a 2-<I>IIK H rroqTH He 



uposaHhI B lDK H He BbIMbl

~ KanUIH3aTop MO)KHO HC

IOBa.JIH rrpo,n;yKTbl reKCaHOM, 

:,eareHTOB If rrpoBO,llHJIH pe

UJIOB rrepe3arpy3KH, BbIXO,ll 

"'· Ba)KHO OTMeTHTb, qTO rre

yrrporn.aeT MaHHrryJUIQHH. 

CTBpoJia 

naHona H 6eH3HnranoreHH

H apmmporrHOHOBbie KHCJIO

!le Ba)l(Hble JieKapcTBa, qTo H 

llM. 

JOB3.HIDI Pd-coneii H KOMIT

:iurap6oHHJIHposaHHH CTHpo

::) npe,n;cTaBJieHbl B Ta6JI. 2. 

Ta6nul{a 2 
1BBe cnq>OJia 

OH 

+ 
~COOH 

0 
It 3-Cl>nK 
I_,., [Pd]. 0.8 MMOnb 

11oc. P s.o Mna, 2 4. 

87.2 o.a 
83.0 1.0 

18.0 ·.u 
52.3 0.4 

29.2 :1.0· 

89.2 1.4 

89.i 1.2 

9.7 1.0 

21.8 1Q.4 

19.7 3.1 

1IU 4.7 

~qlMH06yraH 

AHanH3 rrpHBe,lleHHbIX B Ta6nm.i;e 2 ,llaHHbIX I103BOJIHeT YTBep

)1(,[{aTb, qTo aKTHBHOCTb «6e3JIHraH,llHOro» Pd 3aBHCHT OT rrpHpO,llbI 

H)J{: ranoreHH,llbI NB14 + npe,n;noqTHTeJibHeii coneii bmim +, a 6poMH

,llbl npe,n;noqTHTeJibHeii xnopH,n;oB, nocKOJibKY B rrocne,n;HHX Pd Bbrna

,n;aeT B BH,lle qepHH. KoMnneKc Pd c PPh3 TaK)Ke 6onee aKTHBeH B co

IDIX NBu4 +, qeM bmim +, Ho BJIHHHHe aHHOHa Ha aKTHBHOCTb .n;nx HHX 

rrpOTHBOnOJIO)KHO: xnopH,ll npe.n;noqTHTeJihHeii 6pOMH,lla. CeneKTHB

HOCTb Bcex Pd-KaTanH3aTopoB B OTHOIIIeHHH 2-<PIIK 3HaqHTeJibHO 

BbIIIIe B npHCYTCTBHH XJIOpH,ll-aHHOHa. KoMnJieKCbl C foI,n;eHTaTHbIMH 

q>ocqrnHOBbIMH JIHraH,n;aMH dppe H dppb, KaK H npH Kap6oHHJIHpoBa

mm ,llO,lleQeHa, I10Ka3MH HH3KYIO aKTHBHOCTb. 

BnHHHHe aHHOHa Ha perHoceJieKTHBHOCTb o6bHCHHeTCH, no

BH,llHMOMY, nOBbIIIIeHHeM KHCJIOTHOCTH Pd-rH,llpH,llHOro KOMnJieKca 

rrpH 3aMeHe B HeM 6poMa Ha 6onee :rneKTpoorpm1aTeJihHhiii xnop. B 

pe3yJibTaTe Ha CTa,llHH MHrpaQHOHHOro BHe,n;peHHH oneqrnHa no CBH3H 

Pd-H npe,n;noqTHTeJihHbIM cTaHOBHTCH o6pa30BaHHe MKHJinanna

.n;HeBoro KoMnneKca no npaBHJIY MapKOBHHKOBa. KpoMe Toro, 3aMe

Ha 6poMa Ha xnop ,ri;enaeT KOMnneKc 6onee KOMnaKTHhIM, qTo o6ner

qaeT o6pa3oBaHHe cTepHqecKH 6onee 3arpy,n;HeHHoro H30MepHoro 

MKHJinanna,n;HeBoro KOMnJieKca. 

C nOBbIIIIeHHeM TeMnepaTypbl peaKQHH KOHBepCHH CTHpona pac

TeT, a BbIXO,ll cpeHHJII1pOnHOHOBbIX KHCJIOT npOXO,llHT qepe3 MaKCH

MYM B 120 °C. IIpH ,llMbHeMIIIeM pocTe TeMnepaTypbl Ha6mo,n;aeTCH 

pe3KOe yBeJIIfqeHHe BblXO,lla 3THJI6eH30Jia, a 3HaqlfT If CHH)KeHHe Bbl

xo,n;a KHCJIOT. IIpH 3TOM OTMeqeHo Bhrna,n;eHHe Pd-qepHH. QqeBH,llHO, 

rrpH BbICOKHX TeMnepaTypax OCHOBHOM peaKQHeii CTaHOBHTCH BOC

CTaHOBJieHHe CTHpona B 3THJI6eH30JI Ha reTeporeHHOM KaTaJIH3aTO

pe - Pd-qepHH (pHc. 11 ). 

IIoBbIIIIeHHe ,n;aBJieHHH co Be,lleT K pocTy KOHBepcHH CTHpona, 

Bhixo,n;a 2-<P IIK H noqTif He BJIHHeT Ha Bhixo,n; JIHHeiiHoii KHCJIOThI. 
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3TOT pe3yJibTaT cornacyeTC51 C JIHTepaTypHbIMH ;::i:aHHbIMH AJI51 CTaH

;::i:apTHbIX pacTBOpHTeneii. IlO-BH.lJ:HMOMy, 3T0 BJIH5IHHe ;::i:aBJieHH51 CB0-

AHTC51 K 3aMern;eHHIO .n:pyrnx JIHraH.lJ:0B Ha co B KOOP.lJ:HHaI.J;HOHHOH 

ccpepe Pd, qTo II0BbIIIIaeT KHCJI0TH0CTb Pd-rH;::i:pH.lJ:HbIX K0MIIJieKC0B H 

BbIX0.lJ: 2-<l> IlK. 

100 

-KOH8epc"" 

80 
-Bl,i-QA<l>fl{ 

60 

;fl. 

40 

20 

0 
80 100 120 140 

T, •c 160 

Puc. 11. BJIUHHUC TCMneparypbl ua U0K333TCJIU peaKu;uu l'U,l1,p0KCUKap6o

HHJIHp0B3HUH CTupoJia B cpe,l1,e TBAB. P 2 Mila 

100 

!l(l I 
I 

oo I 
l 

40 I 

I 
' 20 J 

-Ko!mep(:ff,, 

-~24>f1K 

~b.,_ ___ ,,..,.,.-,..,,,,..,.,,,,..,., ":"'-r""'":'!'~----... 1 '", 

2 3 4 5 6 7 8 
P,Mfla 

Puc. 12. BJIUHHUC ,l),3BJICHUH ua UOK333TCJIU peaKu;uu l'U,l1,pOKCUKap6ouu

JIUp0B3HUH cTupoJia B cpe,1J,e TBAB. T 110 °C 
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Kap6oummposauue 1-ta 

Kap6oHHJIHpOBaHHe 1-<peHHJJ 

ct,eHHJIIIpOIIHOHOBbIM KHCJI0TilM. 

30BbIBaTbC51 CTHp0JI, a B HeKOTO 

H0BHbIM npo;::i:yKTOM. B cpe;::i:ax l 
Bbie. HaH6onhIIIHe BbIX0.lJ:bI <I>II 

H0BbIX JIHraH.D:0B B 6poMH.lJ:COD 

npoBeJIH peaKI.J;HIO B TPa.D:IDUIO 

K0MIIJieKC B M3K. Pe3yJibTilThl 

paTypbI H ropa3;::i:o xy)Ke, qeM JV 

TBAB. OcHOBHbie BbIB0.lJ:bI no 11 

1. BbIXO.lJ: <peHHJIIIpOIIHOHO 

npHp0.D:bI 1DK, rnaBHbIM o6pa.30 

2. «Ee3JIHraH.lJ:HbIM» Pd aKT 

HeaKTHBeH (BbIIIa;::i:aeT B BH;::i:e qt; 

3. <I>oc<pHHOBbie K0MilJieKCLI 

KYIO aKTHBH0CTb. 

4. PerHOCeJieKTHBHOCTb pac-

5. ,z::i:n51 nonyqeHH51 BbIC0K0n 

Heo6xo;::i:HMO coqeTaHHe .D:Byx 1 

II.J;eii aKTHBH0CTH KaTaJIHTffqecJ 

pyIOII.J;e:ii aKTHBH0CTH Pd-KOMilJ 

OTMeqeHHbie 3aK0H0MepH0 

TeKaHHeM peaKI.J;HH. Ha nepsm, 

cpeHHJI3TaHOJia 06pa3yeTC51 en 

cy6cTPaTOM Kap6oHHJIHpOBaHI 

)KeHHe no;::i:KpeIIJI5IeTC51 BJIIDIH 

IlpH HH3K0M ;::i:aBJieHHH, KOr, 

na, 0CH0BHbIM np0.D:yKT0M ,m 

I.J;HH. 



,PHbIMli )],aHHhIMH )],llil CTaH

' 3T0 BJIIDIHHe )],aBJieHmI CB0-

Ba co B KOOp)],HHaIIHOHHOH 

•d-nmpH)],HbIX KOMIIJieKCOB H 

,----4 

~ 
1/ 

140 T, •c 160 

rreJIH peaKU:HH I'H)).pOKCHK3pOO

i)e)).C TBAB. P 2 Mila 

~ 

~ 
=ts t:. 

• • •••r·" 

5 6 7 8 
P,Mlla 

ffll peai.:u:uu ru)).poi.:cui.:apoouu
~eTBAB. Tll0°C 

Kapooumrnpoeauue l-tJ>euuJI3TanoJia u }],pyrux cnuprne 

Kap6oHHJIHpOBaHHe 1-cpeHHJI3TaHOJia npHBO)],liT K TeM )Ke 2- H 3-

cI>eHHJITIPOTIHOHOBhIM KliCJIOTaM. KpoMe Toro, MO)KeT no6oqHO o6pa-

30BhIBaThCJI CTHpOJI, a B HeKOTOpbIX CJI)"IaJIX OH )],a)Ke JIBJIJ!eTCJI oc

H0BHbIM rrpo,1J,yKTOM. B cpe,1J,ax IDK 3Ta peaKIIHJI H3)"IeHa HaMH Brrep

Bhie. Han6oJihnrne BhIXO)],hI <l>IIK rroJiyqeHhI B CHCTeMax 6e3 cpoccpH

H0BhIX JIHraH)],OB B 6poMH)],CO)],ep)KaIIIHX M)K. ,ll;JIJI cpaBHeHHJI MbI 

IIp0BeJIH peaKIIHIO B TPMHIIHOHHhIX YCJIOBHJIX - Pd-cpoccpHHOBbIH 

K0MITJieKC B M3K. Pe3yJihTaTbI COOTBeTCTBYJOT H3BeCTHhIM H3 JIHTe

paTypnI H ropa3)],0 xy)Ke, qeM )],JIJI rrpe)],JIO)KeHHOH HaMn CHCTeMhI Pd

TBAB. OCHOBHbie BbIBO)],hI no IIOJiyqeHHhIM pe3yJibTaTaM TaKOBbI: 

1. BhIXO)], cpeHHJITipOIIHOHOBhIX KHCJIOT H CTHpoJia 3aBHCJIT OT 

npHpO)],hI M)K, rJiaBHhIM o6pa30M OT aHHOHa. 

2. «Ee3JIHraH)],HhIH» Pd aKTHBeH B cpe)],e Br-co,1J,ep)Ka1IIHX M)K H 

HeaKTHBeH (BbITia)],aeT B Bli)],e qepHH) B rrpoqHX. 

3. <l>occpnHOBhie KOMITJieKChI Pd rrpoJIBJIJIIOT yMepeHHYIO HJIH HH3-

KYJO aKTliBHOCTb. 

4. PerHoceJieKTHBHOCTh pacTeT B rrpHcyTCTBHH Cl-aHHOHa. 

5 . .ll:JIJI IIOJiyqeHHJI BbIC0Koro BblXO)],a cpeHHJirrporrHOHOBbIX KHCJIOT 

Heo6XO)],HMO coqeTaHHe )],Byx cpaKTOpOB - BhICOKOH )],erH)],paTHpyIO

IIIeii aKTHBHOCTH KaTaJIHTHqecKOH CHCTeMhI H TaKOH )Ke Kap60HHJIH

PYIOIIIeii aKTHBHOCTH Pd-KoMrrJieKca. 

OTMeqeHHhie 3aKOHOMepHOCTH corJiacyIOTC11 co CTa)],HHHOM npo

TeKaHHeM peaKIIHH. Ha nepBoM 3Tane B pe3yJihTaTe ,1J,ern,1J,parn1IHH l

cpeHHJI3TaHoJia o6pa3yeTC11 CTHPOJI, KOTOpbIH H 11BJrneTC11 HCTHHHbIM 

cy6crpaTOM Kap60HHJIHpOBaHH11 Ha BTOpoii CTa)],HH. 3TO rrpe)],TIOJIO

)KeHHe TIO)],KpenJI1!eTC11 BJIH11HHeM )],aBJieHH11 Ha BblX0)], npo)],yKTOB. 

IlpH HH3KOM )],aBJieHHH, KOr)],a CKOpOCTb Kap60HHJIHpoBaHH11 Ma

Jia, OCHOBHbIM npo)],yKTOM 11BJI11eTC11 CTHpOJI - rrpO)],YKT )],erH)],paTa

lIHH. 
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3To crrpaBe)],mrno KaK )],JUI 6e3JIHTaH,D,Horo Pd, TaK H )],JI.sI Pd

q>ocq>ttHOBoro KOMITJieKca, xorn )],JI.sI Hero BhIX0)], <l>IIK HH)Ke. 

,l];JI.sI Il0)],TBep)K)],eHH.sI rrpe)],Il0JI0)KeHH.sI 0 CTHpone, KaK rrpoMe)Ky

T0qH0M rrpo)],yKTe rH)],pOKCHKap6oHHJIHpOBaHH.sI q>eHHJI3TaHOJia, 6hma 

HCCJie)],0BaHa )],ertt)],paTaIIH.sI l -q>eHHJI3TaHOJia rrpH 90 °C B 0TCYTCTBHe 

Pd. O6Hapy)KHJIOCh, qTO B cpe)],e TBAB K0HBepctt.si: l-q>eHHJI3TaHoJia 

C0CTaBHJia 61 %, o6pa30BaJIOCb 45% CTHpona H He3HaqHTeJibH0e K0-

JIHqecrno )],ttq>eHHJI3THJIOBhIX 3q>ttpoB. HarrpoTHB, B cpe)],e TBAC 1-

q>eHHJI3TaHOJI He pearttp0BaJI B0BCe. TaKHM o6pa30M, )],ertt)],paTaIIH.sI 

l -q>eHHJI3TaHoJia orrpe)],e.IDieTc.si: JihIOHCOBoii KHCJI0TH0CThIO I-DK (pttc. 

13). 

TBAC 
H6T!)081U.\l'IM 

TsOH cf TBAB 

TsOH 
~ 
V 45% 

Puc. 13. ,l],eru)].paTau,uH 1-t}>eumnTaHOJia B cucTeMe TBAX-TsOH (X = Cl, 
Br). T90 °C, 2 q 

KttHeTHqecKHe KpHBbie He rrp0THB0peqaT rrpe)],Il0JI0)KeHHIO 0 CTH

pone KaK rrpoMe~ToqH0M rrpo)],yKTe: ero K0HIIeHTPaIIH.sI rrpoX0)],llT 

qepe3 MaKCHMYM, qTo xapaKTepHO )],JI.sI Il0CJie)],0BaTeJibHhIX peaKIIHR 

(pttc. 14). O)],HaKO C00TH0llleHHe BhIX0)],0B q>eHHJIIIpOIIHOHOBhlX KHC

JI0T 2-<l>IIJOK3-<l>IIK CHJihH0 MeH.si:eTc.si: c TeqeHtteM BpeMeHtt: OHO 

MaKCHMaJihH0 B Haqane 0IIbITa (~7 B rrepBhie 30 MHH) ll CHH)KaeTC.sI )],0 

~ 2 B TeqeHHe CJie)],yIOIIIero qaca, 0CTaBa.sICh II0CJie 3T0r0 II0CT0.sIH

HbIM. 

,l];n.si: 060.sICHeHH.sI 3Toro Bbl)],BHHYT0 rrpe)],Il0JI0)KeHHe 0 BT0p0M, 

rrapanneJihH0M rryTH o6pa30BaHH.sI 2-<l>IIK. 3TO 3aMeCTHTeJibH0e Kap-

6oHHJIHpoBaHHe l-cpeHHJI3THJiranoreHH)],a B 2-<l>IIK, o6pa3yIOIIIeroc.si: 

3aMeIIIeHtteM rtt)],poKcttna B cy6cTpaTe Ha ranoreHHA, aHanorttqHoe 

MexaHH3MY Monsanto-rrpoIIecca. B 0TJIHqtte OT Kap6oHHJittpoBaHH.sI 
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c-mpona, 3TOT MaPIIIPYT p 

Mep - 2-<l>IIK. Ha paHHID 

MH0ro 1-cpeHHJI3TaHOJia, 01 

eoro K0JIHqecrna 2-<l>IIK 

<l>IIK:3-<l>IIK. Ilo Mepe IIJ 

vaplllpyTa rra)],aeT H coom 

--1-41ltlM113TIIHOf1 

50 

40 

';f. 30 

i 
i 20 

10 

o+.~--,-,-~~~ 
2040601 

Puc. 14. KuueTu'leCKBe • 
ycrroBmr: 4 MMOJih cy6CTJ)3' 

TBJ 

YqHThIBa.si: Bee rrepe-i 

)KeHa cxeMa Kap6oHRJIHJ 

crnx no ABYM Maprnpy 

cpeHHJI3TaHOJia )],O CTHJXl 

HYIO ccpepy Pd-rll)],pHJU 

rrpeBpaIIIaeTC.sI B JIHHeim 

co B K0T0pbie C rrocne.n.: 

H 3-cpeHHJIIIpOIIHOHOBbll 

l-cpeHHJI3TaHona coCTo1l 

pe3yJihTaTe qero o6pa3 



lHllHOro Pd, TaK H )];JUI Pd

> BbIXOA <I> ITK HH)Ke. 

UI O CTHpoJie, KaK rrpoMe)Ky

l()BaHIDI cpeHHJI3TaHOJia, 6bIJia 

EIOJia rrpH 90 °C B OTCyTCTBHe 

KOHBepcm1 1-cpeHHJI3TaHOJia 

rpona H He3HaqnTeJibHOe KO

lanpoTHB, B cpeLJ;e TBAC 1-

KHM o6pa3oM, LJ;erHLJ;paTau;mi 

soii: KHCJIOTHOCTbIO IDK (pnc. 

TBAB 

TsOH 
~ 
V 45% 

:acreMe TBAX - TsOH (X = Cl, 

~qaT rrpeLJ;IIOJIO)KeHHIO O CTH

·ro KOHD;eHrpau;m1 rrpOXO)J;HT 

IlOCJieLJ;OBaTeJibHbIX peaKD;HH 

OB cpeHHJIIIpOIIHOHOBbIX KHC-

C TeqeHHeM BpeMeHH: OHO 

IJble 30 MHH) n CHH)KaeTCJI AO 

lcUICb nocJie 3TOrO IIOCTOJIH-

npenrroJIO)KeHHe O BTOpOM, 

K. 3To 3aMeCTHTeJibHOe Kap

a B 2-<I>ITK, 06pa3y101IIerocJ1 

Ha raJioreHHA, aHaJiornqHoe 

R'IHe OT Kap60HHJIHpOBaHHJI 

CTHpoJia, 3TOT MaprnpyT pernocrreu;ncpnqeH, LJ;aBaJI JIHIIIb OLJ;HH H30-

Mep - 2-<I>ITK. Ha paHHHX CTa)J;HJIX peaKD;HH, KOrLJ;a B CHCTeMe eIIIe 

MHOro 1-cpeHHJI3TaHOJia, OH o6ecrreqnBaeT UOJiyqeHHe )J;OIIOJIHHTeJib

HOro KOJIHqecTBa 2-<I>ITK n TeM CaMbIM BbICOKOe COOTHOIIIeHHe 2-

<I>ITK:3-<I>ITK. Ilo Mepe npeBpaIIIeHHJI 1-cpeHHmTaHoJia BKJiaLJ; 3TOro 

MapIIIpyTa naLJ;aeT H COOTHOIIIeHHe CHH)KaeTCJI. 

--1--4lettMmTIIHOll --CTMJ)Oll --2.<l>fl{ -ti-3--<l>fl{ 

50 

40 

.,. 30 

120 

10 

0 +-,--~~...,..,.~~~,...,....,.~~~~~~..,...,...~~~.,..,...~ 
20 40 oo oo ~ m ~ ~ ~ ~ m • 

l,MHH 

Puc. 14. Kuueyuqec1rne i.:puBL1e i.:apoouHJmpoBauuH l-4»euHJrnauoJia: 
ycnoB1ui:: 4 MM0nh cy6cTl)aTa, 20 MKM0ITb Pd(OAc)2, 0.8 MM0ITb TsOH, 2 r 

TBAB. T 110°c, p 5 MIIa 

yqHTbIBaJI Bee rrepeqncJieHHbie 3aKOHOMepHOCTH, 6bma rrpeLJ;JIO

)KeHa cxeMa Kap60HHJIHpoBaHmi 1-cpeHHJI3TaHoJia B HOHHbIX )KH)J;KO

crnx no LJ:BYM MaprnpyTaM. IlepBbIH COCTOHT B LJ;erHLJ;paTaD;HH 1-

cpeHHJI3TaHoJia )J;O CTHpOJia, UOCJie qero TOT BXO)J;HT B KOOpLJ;HHaD;HOH

HYIO ccpepy Pd-rnnpHLJ;Horo KOMIIJieKca. IloJiyqeHHbIH n-KOMUJieKc 

rrpeBpaIIIaeTCJI B JIHHeHHbIH HJIH H30MepHbIH cr-KOMUJieKc, BHe)J;peHHe 

co B KOTOpbie C IIOCJieLJ;yIOIIIHM rHLJ;pOJIH30M LJ;aeT COOTBeTCTBeHHO 2-

H 3-cpeHHJIIIpOIIHOHOBbie KHCJIOTbI. ~yroiI MapIIIpyT npeBpaIIIeHHJI 

1-cpeHHJI3TaHoJia cocTOHT B 3aMeIIIeHHH rnLJ;pOKCHJia Ha Cl HJIH Br, B 

pe3yJibTaTe qero o6pa3yeTCJI 1-cpeHHJI3THJiraJioreHHLJ;. OKHCJIHTeJib-
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Hoe rrpttcoeAHHeHtte K Pd rrpHB0AHT K H30MepHoMy a.JIKHilhH0MY 

K0MITileKcy, KOTOpbIH rrocne BHeApeHH51 co H rHAP0ilH3a a:o;HilhH0ro 

K0MITileKca rrpeBpamaeTC51 B 2-<I>IIK (pttc. 15). 

B pa3pa6oTaHHOii KaTa.rrHTHqecKoii cttcTeMe 6hrno rrpoBeAeHo 

Kap60HHilHpoBaHHe ApyrHX CilHpT0B - MeTHil0Boro, 3THil0B0ro, H-

6yTHilOBOro, 6eH3HilOBOro, :QHKiloreKCHil0B0ro. IlpoAyKTaMH 6bmH 

KaK KHCil0ThI, TaK H HX Cil0)KHbie 3qJHphl HCX0AH0r0 cmrpTa. 

Hattnyq11me pe3yilhTaThl rronyqeHbl C 6eH3HilOBhlM crrHpT0M - ceneK

THBH0 rronyqeHa cpeHHilYKCYCHa51 KHCil0Ta C BhIX0A0M 87%. 

cf 

X=Cl,Br 

L = PPh,, CO. Cl, Br '."' olr PdXL2 ~ 
0 ~ -HPdXL2 

L 

Puc. 15. ,il;ByxMapmpyTHblU MexaHH3M l'H)J,pOKCHI.:3pOOHHJIHp0B3HHH 1-cI>e

HHJI3T3HOJia 

Kap6ouu~upoeauue6eu3u~ra~oreunAOB 

Kap6oHHilHpOBaHHe 6eH3Hilra.rroreHHAOB B cpeAe H)K B 0TCyT

CTBHe qJOCqJHHOBbIX IlHraHA0B H3yqeHo HaMH BrrepBbie. IlonyqaeMbie 

apHilYKCYCHbie KHCil0Thl - :o;eHHhie rrp0AyKThl Ma.JIOH XHMHH, Haxo

A5II:QHe rrpHMeHeHHe, HarrpHMep, B CHHTe3e cpapMa:QeBTHqecKHX rrpe

rrapaT0B: 
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MoAeilhHhIM cy6cTPaTOM 

ero rnApOKCHKap6omurnpoB 

IlocKOilhKY Kap6oHHilHpOB31 

~eHHeM ra.rroHABOAOPOAHOH 

npHCYTCTBHH H36hITOqHoro 

ee B C0ilh. <l>aKTHqecKH 3T0 

0AH0ro peareHTa H rro6oqJJ 

COilH. OAHaKO Mhl Il0Ka3a.i"ll 

oeH3HilXIlOPHAa rrpoTeKaeT J 

ro, Il0AKHCileHHe peaK:QHom 

ua BhIX0Ae <I> YK. HarrpoTII 

pe3K0 CHH)KaeT BhIX0A (rn6JI 

ru)J,pOKCHKap6c 

Kap60H11n11~6ela 
cy6cTpaTa, 8 MICMOIR> (0..: 

TBAB,2 

Z' TBAB.2 

3 TBAB,2 

46 TBAB,2 

5" TBAB,2 

e TIIAC,2 

7 TBAC,2 

8 TBAl,2 

9 [bmlm)Cl.2 

10 [bmm)Br,2 

11 [bmim]PFs, 2 

12 [bmm)BF.,2 

• Ao6aaneHo 0.1 -. T.O 
• l<aTBJ11138Top PdCl,(!'Phi 



oMepHoMy aJIKHnhH0MY 

B rnJJ.p0nH3a au,HnhH0ro 

1-
:reMe 6hlno npoBe)],eHo 

lUIOBOro, 3THn0B0ro, H

oro. Ilpo)],yKTaMH 6brnH 

phi HCX0)],H0ro cnttpTa. 

IIOBbIM cnHpT0M - ceneK

BblXO)],OM 87%. 

-l 
L -~ ~PdXL2 

V ico 
0 

~

PdXL2 

' 

H20 l · HPdXL2 

COOH 
i 

H,<) --HPdXL2 

~ 
0 

:CBKap6ouHJIHpOB8HHSI l -4>e-

IT3.JIOI"eHH}].0B 

[OB B cpe)],e 1DK B oTcyT

lMH errepBb1e. IlonyqaeMbie 

yi<TI>I MaJIOH XHMHH, Haxo

Je qiapMall,eBTH'IeCKHX npe-

R +CO+l½O ~ R I -aCH2X OCH2COOH 

-HX :,,,.. X=Cl,Br 

Mo,n,enbHblM cy6cTPaTOM 6hrn BbI6paH 6eH3HnxnopH,D,. Ilpo,n,yKT 

ero rH)],pOKCHKap6oHHnHpOBaHml - <peHHnyKcycHllil KHCn0Ta (<l>YK). 

ITocKOnhKY Kap6oHHnHpOBaHHe ranoreHH,D,0B conp0B0)K,D,aeTC51 BhI,D,e

neHHeM raJIOH,D,BO,D,OpO,D,HOH KHCn0Thl, peaKU,HIO o6biqHO npoB0,D,51T B 

npHCYTCTBHH H36hJTOqHoro K0nHqecTBa 0CH0BaHml, CB513hIBaIOll.J,ero 

ee B conh. <l>aKTHqecKH 3T0 03HaqaeT ,n,ononHHTenhHhIH pacxo,n, ell.J,e 

o,n,Horo peareHTa H no6oqHoe o6pa3oBaHHe 6onhrnoro KonnqecTBa 

conH. O,n,HaKo MhI noKa3aJIH, qTo B cpe,n,e IDK Kap6oHHnHpOBaHHe 

6eH3HnxnopH,n,a npoTeKaeT ,D,a)Ke B 0TCYTCTBHe 0CH0BaHH51. Eonee T0-

ro, Il0,D,KHCneHHe peaKll,HOHHOH MaCCbl npaKTHqeCKH He CKa3bIBaeTC51 

Ha Bhixo,n,e <l>YK. HanpoTHB, BBe,n,eHHe B cHcTeMy TPH6yTHnaMHHa 

pe3K0 CHH)KaeT BbIX0,D, (Ta6n. 3, IT. 4). 
Ta6nulja 3 

ru~poKcuKap6ouu~uposauue6eu3u~XJiopH)J.a 
Kap60HH1111poaaH11e 6eH3H11XJ'lopl1Jla a lll>K. Ycnoa11si: 4 MMonb 
cy6cTp3Ta, 8 MKMOJlb (0.2%) Pd(OAc):i. 8 MMMb H,O, lll>K. T 11o·c. 2 4. 

TBAB,2 5.0 95.4 3.0 

z, TBAB,2 (i.O 93.2 2.0 

3 TBAB,2 0.5 54.2 12.8 

46 TBAB,2 0,5 12.4 0 

5" TBAB,2 0.5 48.2 6.5 

6 T8AC,2 5.0 ff,5 0 

7 TBAC,2 0.5 80.7 0 

8 TSAl,2 0.5 8.2 2.0 

8 [bmim]Cl, 2 5.0 66.2 0 

10 [bmim]Br,2 5.0 48.1 u 
11 [bmim]PF,, 2 5.0 0 0 

12 . [bmlmJBF 4, 2 5.0 0.1 1.2 

• Ao5aanetto 0.1 3KB. TsOH. 6 Ao6aanet10 1.5 >KB. NBu3• 

• KanmMnTop PdCli(PPh:Jh 
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Hatt6onee IIO)],XO)],Hll.l,eM cpe)],OM )],JIH Kap6oHHJittpoBaHHH HBJIHeTCH 

TBAC - BbIXO)], <l>YK )],OCTttraeT 97% 3a 2 'I, no6o'IHbie npo)],yKTbI 

OTCyTCTBYIOT (n. 6). B cpe)],e TBAB BbIXO)], HeCKOJibKO HH)Ke, KpOMe 

TOfO, 06pa3yeTCH 3% TOJiyona (n. 1). Ilptt CHH)KeHHH )],aBJieHHH co 
BbIXO)], rnnyona B TBAB BO3pacrneT (n. 3), HO B TBAC 3Toro He 

npoHCXO)],HT. B 1-6yTHJI-3-MeTHJIHMH)],a30JIHeBblX HOHHbIX )Klf)],KO

CTHX c KOMIIJieKCHbIMH aHHOHaMH BF4- H PF6- peaKI.J,HH He H)],eT BO

Bce, a B COOTBeTCTByIOill,HX 6poMH)],aX tt XJIOptt)],ax IIOJiyqeHbl cpe)],

HHe BblXO)],bl (nn. 9-12). 

<l>ocqmttoBbIM KOMIIJieKc Pd Mettee aKTHBeH, 'leM «6e3JittraH)],HbIM» 

Pd (n. 5), II0)],06HO TOMY, 'ITO tta6JIIO)],aJIOCb B peaKI.J,HH Kap6oHHJIH

poBaHHH oneqmHOB. 

IloCKOJibKY COJIH TeTpa6yTHJiaMMOHHH )],OBOJibHO )],OporHe Bell.l,e

CTBa, 6b1Jrn npe)],npttHHTa nonbITKa yMettbIIIHTb 3arpy3KY TBAC. He

KoTopaH 3KOHOMHH TBAC BO3MO)KHa - BbIXO)], cpettttJiyKcycttoii KHC

JIOTbI COCTaBJIHeT 86% npH MaCCOBOM COOTHOIIIeHHH 

PhCH2Cl : TBAC = 1: 1, O)],HaKo )],aJibHeiirnee ctttt)KeHtte ero KOJIH'le

CTBa BCe )Ke npHBO)],HT K cyll.l,eCTBeHHOMY IIa)],eHHIO BblXO)],a. 

100 96.6 

80 

* 
60 

~ 
51 

J 40 I, 20 

0 .... 

1:4 1:2 1:1 2:1 

Cy6crpar : T8AC, rlr 

Puc. 16. BJimrnue cooTuomeuuu PhCH2Cl: TBAC ua BhIXO/J. 4>eum1yKcyc
uoii KHCJIOThl. 

3arpy3Ka 11 ycnoBmi: 4 MM0Jib cy6cTpaTa, 8 MKM0Jib Pd(OAc)2, 8 MM0Jib H20, 
TBAC. P 5 Mila, TI I 0°C, 2 q 
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Ilo-BH)],HMOMY, 3TO CBgJ 

KOTopoe Be)],eT K )],eCTa6HJll 

BH)],e HeaKTHBHOM qepHH (p1 

Pa3pa6oTaHHaH ttaMH K 

Batta )],JIH npenapaTHBHoro , 

6oHHJIHpoBaHHeM COOTBeTC 

BbI)],eJIHJIH qepe3 HX Ha'IpHel 

IIMP (rn6n. 4). 

KaTaJIHTH'lecKII 

Ycnoemi: 4 MMOnb cy6crpara. 8 MIMD 

Ee!flllJif3JIOreHIJ,ll 

!C 

Q 

C 

C 

N 



,6omurnpoBamrn: 5IBm1eTC5I 

2 q, no6o'lHbie npo,n,yKTbI 

il HeCKOJlbKO HlDKe, KpoMe 

1 cHIDKemrn: ,n,aBnemrn CO 

3), HO B TBAC 3Toro He 

;:mHeBhIX MOHHhIX )KM,ll,KO

pf 6- peaKIIM5I He M,D,eT BO

,rnopH,D,aX IlOJIY'JeHbl cpe,n,-

!IBeH, qeM «6e3JIMraH,D,HbIH» 

OCh B peaKIIMM Kap60HMJIM-

11 1IOBOJlhHO ,n,oporMe Be111e

.Il1BTh 3arpy3KY TBAC. He

ll>IXon <peHMJIYKCYCHOH KMC-

MaCCOBOM COOTHOIIleHMH 

imee CHH)l(eHMe ero KOJIHqe

naneHMlO BbIXO,D,a. 

A 

51 

1:1 2:1 

~:TBAC,r/r 

: TBAC ua BhlXO)J, 4leuUJ1yKcyc-

MKMOJih Pd(0Ac)2, 8 MMOJih H20, 
- ,, 
-, - q 

110-BM,D,MMOMY, 3TO CB5I3aHO C IlOBbIIIleHMeM KOHIIeHTPa111m BO,ll,bl, 

ICOTOpoe Be,neT K ,n,ecTa6MJIH3aIIMM KaTaJIM3aTopa M BhIIla,D,eHMIO Pd B 

BH,D,e HeaKTMBHOH qepHM (pMC. 16). 

Pa3pa6oTaHHa5I HaMM KaTaJIMTMqecKM CHCTeMa 6bIJia HCIIOJlb30-

BaHa ,ll,Jl}l rrperrapaTMBHOro CMHTe3a p5I,D,a apMJIYKCYCHhIX KMCJIOT Kap

OOHHJIMpOBaHMeM cooTBeTCTBYIOIIIMX 6eH3MJiranoreHH,D,OB. KttcJIOThI 

Bbl,D,eJI5IJIM qepe3 MX HaTPMeBble COJIM H M,D,eHTM<pMIIMpOBaJIM aHaJIM30M 

IIMP (Ta6n. 4). 

Ta6J1u4a 4 

KaTaJIHTH'leCKHH CHHTe3 apHJiyKCYCHblX KHCJIOT 

YcnoaMR: 4 MM0nb cy6CTpaTa, 8 MKMOJlb Pd(OAc)i, 8 MM0nb H2O, 1 r TBAC. P 5 Mna, T 110°C, 414. 

EeH3lfm'al10feHll,!l KuCJiara Bmoll, % 

0-CHiCI 0-CH;!COOH 91 

Q-cHiBr 0-CHiCOOH 69 

{CH:1hc-Q-CH2'3r (CH3~CHµ)OH 84 

ci-Q-CH;!CI ci-Q-CHiCOOH 84 

Q-CHiCI Q-CHi(:OOH 
96 

Cl Cl 

9-CH{A Cp-CH,.COOH 85 

CIYCHiCI c:p-CH,.COOH 
90 

Cl 

NvC~I NvC~H 85 

NC NC 

00 00 I 
92 

d 

133 



Ilo,IJ,Be,IJ,eM HTOr. lfoHHhie )Klf,l],KOCTH HBJHIIOTCH rrepcrreKTHBHbIMH 

cpe,IJ,aMH ,l],JIH KaTaJIHTHqecKoro Kap6oHHJIHpoBaHHH pa3Hoo6pa3HhIX 

cy6cTPaTOB - oneqrnHOB, CIIHpTOB, 6eH3HJiranoreHH,l],OB. IlpHMeHeHHe 

lDK II03BOJIHeT cyrn;eCTBeHHO yrrpocTHTh H y,IJ,eIIIeBHTh KaTaJIHTHqec

CKYIO CHCTeMy, a HX HeCMeIIIHBaeMOCTb C HerronHpHbIMH paCTBOpHTe

JIHMH ,IJ,aeT B03MO)KHOCTh opraHH30BaTb rrpouecc B ,IJ,Byxg:>a3HOH CH

CTeMe C pa3,IJ,eJieHHeM rrpo,IJ,yKTOB peaKUHH H KaTaJIH3aTopa rrpOCTOH 

cerrapauHeH <pa3 HJIH 3KCTpaKUHeH. ,l1;0Ka3aHa B03MO)KHOCTh MHOro

KpaTHOro HCIIOJih30BaHHH KaTaJIHTHqecKOH CHCTeMbI 6e3 IIOTepH aK

THBHOCTH. 
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XHMWIECKOE 3ArPJ 
Hr JIOJiAJihHOE m 

B.C. IJempocRH, E.A. lliy6lL1• 

Ilpe)K,IJ,e Bcero, Heo6xo,rmMo 

TIDIX «KJIHM3T» H «D01'0)).3». 0 

.:ui:eTCH q:>H3HqecKHM COCTO,ml{eM 

Horo rnapa B KOHKpeTHhIH MOMel 

ro COCTOHHHH HBJIHIOTCH TeMIIep 

BeTpa, BJia)KHOCTh, oca,IJ,KH, COJII 

Ie TaKHe HBJieHHH, KaK TYMaH, I! 

:M:eHHbie (3JieMeHTbI rrorO,llhI). q. 

craBJIHeT co6oii o6o6rn;eHHe H3: 

poM ee ycJIOBHH B 3a,IJ,aHHOH 00. 
repBan BpeMeHH. 

,l1;JIH xapaKTepHCTHKH K.Jim 

OIIHCaHHe IlOKa3aTeJieH H3MeH'D 

BIOpHeMOCTH HBJieHHH 3a Bb16p 

CTHKH Ha3hIBaIOTCH KJIHMaTH'le 

30M, MO)KHO rOBOpHTb O KJIHM31 

aHOB, rronyrnapHH H 3eMHoro 11 

nmeTHH mrn reonorHqecKOH 31 

11ecKHMH nepeMeHHhIMH HBIDIIO 

HOCTH 3eMJIH H aTMOC<pepHble 

CBCTeMa o6'be,[(HHHeT IlHTh OI 

l'B.L(pocg:>epy, KpHocg:>epy, nom 

BJaHMO.L(eHcTBHe KOTOphIX .upy 

1:one6aHHH rroro,IJ,hI 3a ,IJ,JIHTeJih1 



m .smIDIIOTCH rrepcrreKTHBHbIMH 

omurnpoBaHH» pa:rnoo6pa1HbIX 

I3HJIT3JIOreHH,ll,0B. IlpHMeHeHHe 

rn, H y,D,eIIIeBHTb KaTaJIHTHqec

[l, C HeIIOJrnpHbIMH paCTB0pHTe

Th rrpou:ecc B ,D,Byxq>a3HOH CH

IICIIHH H KaTaJIH3aTopa rrpOCTOH 

(OK33aHa B03M0)KH0CTb MH0ro

:CKOH CHCTeMbl 6e3 II0TepH aK-

XHMHqECKOE 3ArPJI3HEHHE ATMOC<l>EPhl 

Hr JIOliAJlhHOE H3MEHEHHE KJIHMATA 

B.C. IlempootH, E.A. Illy6aJl06a, MfY HM. M.B. JloMOHOCOBa 

Bse;::i;euue 

Ilpe)K,D,e Bcero, Heo6XO,ll,HMO cqiopMyJmpoBaTb pa3JmqHH B II0HH

DIJIX «KJIHMaT» H «noro,11,a». O6rn;errpHH»To, qTo «rroro,D,a» orrpe,D,e

uerc» q>H3HqecKHM COCTOHHHeM aTMOCq>epbl B 3a,D,aHHOH TOqKe 3eM

BOro rnapa B KOHKpeTHbIH MOMeHT BpeMeHH. XapaKTepHCTHKaMH :no

ro COCTOHHHH HBJIHIOTCH TeMrrepaTypa B03,D,yxa, ,D,aBJieHHe, CKOpOCTb 

BeTpa, BJia)KHOCTb, oca,D,KH, COJIHeqHoe CHHHHe H o6naqHOCTb, a TaK

Ie TaKHe HBJieHHH, KaK TyMaH, HHeH, rpa,D, H ,D,pyrHe rror0,D,Hbie rrepe-

11eHHbie (3JieMeHTbl rrorO,D,bI). qTO KacaeTCH «KJIHMaTa», TO OH rrpe,D,

craBJIHeT co6orr o6o6rn;eHHe H3MeHeHHH IIOrD,ll,bI, H HBJIHeTCH Ha6o

poM ee ycJIOBHH B 3a,D,aHHOH o6JiaCTH rrpocTpaHCTBa B 3a,D,aHHbIH HH

repBaJI BpeMeHH. 

,[l;JIH xapaKTepHCTHKH KJIHMaTa HCIIOJib3yeTCH CTaTHCTHqecKoe 

0IIHCaHHe IIOKa3aTeJieH H3MeHqHB0CTH Tex HJIH HHblX BeJIHqHH H II0-

BTOp»eMOCTH HBJieHHH 3a BbI6paHHbIH rrepHO,ll, BpeMeHH. 3TH CTaTH

CIHKH Ha3bIBaIOTCH KJIHMaTHqecKHMH rrepeMeHHbIMH. TaKHM o6pa-

30M, MO)KHO rOBOpHTb 0 KJIHMaTe ropo,D,a, CTpaHbl, MaTepHKOB H OKe-

3HOB, rronyrnapHH H 3eMHoro rnapa, a TaK)Ke o KJIHMaTe ro,D,a, ,D,ec»

THJieTH» HJIH reonorHqecKOH 3IIOXH. HaH6onee Ba)KHbIMH KJIHMaTH

IJeCKHMH rrepeMeHHbIMH HBJIHIOTCH TeMrreparypa B03,D,yxa y IIOBepx

HOCTH 3eMJIH H aTMOCq>epHbie oca,D,KH. r JI06aJibHM KJIHMaTHqecKa» 

CHCTeMa 061,e,D,HHHeT IIHTb OCHOBHbIX KOMIIOHeHTOB: aTMOcq>epy, 

rn,D,pocqiepy, KpHOCq>epy, IIOBepxHOCTH KOHTHHeHT0B H 6Hocqiepy, 

B3aHMO,D,eHCTBHe KOTOpbIX ,D,pyr C ,D,pyroM cyrn;ecTBeHHO BJIHHeT Ha 

KOJie6aHHH rrorO,D,bl 3a ,l],JIHTeJibHbie rrpoMe)KyTKH BpeMeHH. 
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lf3MeH'JU60Cmb KJlUMama BO BpeMeHif 3aBHCHT OT co6cTBeHHOM 

BHyTpeHHeM ,l],HHaMHKH H BHeIIIHHX q>aKTOpOB, HaTipHMep, H3Bep)Ke

HH5.I BYJIKaHOB, H3MeHeHH5.I TIOTOKa COJIHeqHoro H3JiyqeHH5.1 H B03,neii

CTBHH, o6ycJIOBJieHHbIX X035.IHCTBeHHOH ,ne5.!TeJibHOCTblO qeJIOBeKa, 

TaKHX KaK H3MeHeHHe COCTaBa aTMOC<pepbI, a TaK)Ke 3eMJieTIOJib30Ba

HH5.I. Pe3yJibTaTbI Ha6n10,naeMbIX KOJie6aHHM COBpeMeHHOro KJIHMaTa, 

OIIeHHBaeMbie TIO ,naHHbIM HHCTPYMeHTaJibHbIX Ha6mo,neHHH, ,no

CTYTIHbI, K CO)KaJieHHIO, He 6onee qeM ,l],J15.I TIOCJie,D,HHX TIOJiyTopa Be

KOB. AHaJIH3 3THX pe3yJibTaTOB TIOKa3bIBaeT, qTO TeppHTOpH5.1 PoccHH 

3HaqHTeJibHO qyBCTBHTeJibHeii K rno6aJibHOMY H3MeHeHHIO KJIHMaTa, 

qeM 3eMHOM map B IIeJioM. Pa3Max aHOMaJIHM (To eCTb pa3HOCTb Me)K

AY MaKCHMYMOM H MHHHMYMOM) cpe,nttero,noBbIX TeMTiepaTyp B Poe

CHM ,l],OCTHraeT 3-4 °C, B TO BpeM5.I KaK ,l],JI5.I Bcero 3eMHOro rnapa OH 

JIHIIIb HeCKOJibKO TipeBOCXO,l],HT 1 °C. 

liapHUK06blU :J(jJ(jJeKm. PeaJibHOCTb rno6aJibHOro H3MeHeHIDI 

KJIHMaTa TIO,l],TBep)K,naeTC5.I MHOrHMH <paKTaMH. TaK, HaTipHMep, o6tta

py)KeHHbIH TIO ,ll,aHHbIM Ha6JIIO,neHHH pocT rno6aJibHOH TeMTieparypbI 

y TIOBepxHOCTH 3eMJIH COTipOBO)K,D,aeTC5.I IIOBbIIIIeHileM cpe,nHero 

ypoBH5.I OKeaHa If yMeHbIIIeHHeM TIJIOIIIa,D,H CHe)KHOrO TIOKpoBa Ha cy

rne CeBepttoro TionyrnapHH. Cne,nyeT OTMeTHTb, qTo qiaKT TIOTeTine

HHH KJIHMaTa He OTBepraeTC5.I TipOTHBHHKaMH Hayqttoro BbIBO,na O ero 

peaJibHOCTH, a Bee B03pa)KeHH5.I CB0)],5.ITC5.I K TOMY, qTo, TIOCKOJibKY TIO

,no6Hbie TiepHO,l],bI TIOTeTIJieHH5.I tta6JIIO,l],aJIHCb H B TIPOIIIJIOM, HeT oc

HOBaHHH npe,nTionaraTb HX aHTPOTiorettHoe TipOHCXO)K,D,eHHe. Ilpu 

TIO,npo6HOM aHaJIH3e B03MO)KHbIX TipHqHH pocTa TIPHTIOBepXHOCTHOH 

TeMTiepaTypbI 3eMHOro rnapa B MaCIIITa6ax CTOJieTH5.I 6bIJIO c,neJiaHO 

Tipe,nTIOJIO)KeHHe, qTO HaH6onee cymecTBeHHOe BJIH5.IHHe OKa3bIBaeT 

ycHJieHHe TiapHHKOBOro 3<p<peKTa B pe3yJibTaTe poem KOHIIeHTpaIIHH 

yrneKHcnoro ra1a 3a cqeT C)KHraHHH opraHHqecKoro TOTIJIHBa (tteq>Tb, 

ra3, yronb ). 
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IlocTOHHHbie Ha6n10,neHID1 : 

CTH, 3a co,nep)KaHHeM MOJieicyn 

.aa (Maytta-Jloa, r aBail:H, CW 

Ja.JIH, qTo HeKOTOpbie yrneponc 

tpOpMHpoBaHHe TeTIJIOBOro 6a1 

BalOT TOT TIPOIIeHT OTPa)KaeMOI 

eoro H3JiyqeHH5.I, KOTOpbIH I 

(eaHJiyqIIIHM TIOrJIOTHTeJieM 11 

eo, qTo HaH60JibIIIHH BKJIM ( 4 

creMe «3eMJI5.l-aTMOC<pepa» BHI 

HHe OKa3bIBaIOT TaKHe ra30BLI 

18%, qipeoHbI (CFC13, CF2Cl2 

3neMeHTHbIH yrnepo,n B BHAe 1 

11eHHH CoJIHIIa, KOTopoe TaIOKl 

CTByeT ,l],OTIOJIHIITeJibHOMY TIO] 

cnoe aTMocqiepbI. 

JK.E. <Pypbe npeiJcmaBJ1R.:1 • 

K_Y», KOTOpa5.1 TI03BOJI5.leT Tipol 

HOCTb 3eMJIH, HO He nponycK: 

6bIJIH Tipe,nCTaBJieHbI TiepBH'II! 

IOTOpbie TI03,D,Hee pa3BHBaJIHC 

aeHOM. ,[(Boe TIOCJie,nHHX npe 

YpaIIHH CO2 B aTMocqiepe CTil 

HH5.I H TeTiepb MO)KeT IIpHBeC1 

parypbI. ,[(eiicTBHTeJibHO, )'BC 

BhlX COCTaBJI5.!IOIIIHX B aTMOC<} 

me ra3bl - 13%), KOTOpble 1 

TeTIJia, CKa)KeTC5.I Ha pa,ll,HauB4 

HHe. 

BKllad «napHUKOBblX 2a3lJ 



BHCHT OT co6CTBeHHOH 

►B, HarrpHMep, H3Bep)Ke

ro H3nyqemrn H ao3,n;e0-

srrem,HocThIO qenoBeKa, 

a TaK)Ke 3eMnerroJih30Ba

coapeMeHHoro KJIHMaTa, 

ILHI,IX Ha6n10,n;eHHH, ,n;o

nocne,n;mix rronyropa ae

r, no Tepp1nopm1 PoccHH 

OM)' H3MeHeHI-IIO KJIHMaTa, 

HH (TO eCTh pa3HOCTh Me)K

)llOBJ,IX TeMrrepaTyp B Poc

~qg acero 1eMHoro rnapa OH 

1, rno6aJihHoro H3MeHeHHJI 

raMH. TaK, HarrpttMep, o6Ha

;r rno6aJIJ,HOH TeMrrepaTyphl 

['Cj{ IIOBhIIlleHHeM cpe,n;Hero 

11H CHe)KHOro IIOKpOBa Ha cy

rrMeTHTh, qTo q>aKT IIOTerrne

nraMH HayqHoro BhIBO,IJ,a o ero 

C$1 K TOMY, qTo, IlOCKOJihKY IIO

.:ta..'IHCh II B IlpOillJIOM, HeT OC

reHHoe npOHCXO)K,Ll,eHHe. IlpH 

[qJll{ poem IIpHIIOBepXHOCTHOH 

rra6ax cToJieTmr 61,mo c,IJ,eJiaHo 

(ecTBeHHOe BJHUIHIIe OKa3bIBaeT 

N!'.ly.llhmTe poem KOHn;eHrpauHH 

opraHWieCKOro TOilJIIIBa (Heqm,, 

IloCTOj{HHbie Ha6mo,n;emrn 3a H3MeHeHHeM KJIHMaTa, B oco6eHHO

cm, 3a CO,IJ,ep)KaHIIeM MOJieKyJI CO2 B aTMOC<pepe, Be,Ll,yTCj{ C 1858 ro

- (MayHa-Jioa, faBaHH, CIIIA). Mttoronernue uccne,IJ,oBaHHj{ rroKa

:JaJIH, qTo HeKOTop1,1e yrnepO,Ll,CO,D;ep)KamHe H ,npyrne ra3hl BJllfj{JOT Ha 

toPMHpOBaHHe TemIOBOro 6a.JiaHca aTMOC<pepbI. 3TH ra31,1 y,nep)KH

WaIOT TOT rrpoueHT OTpa)KaeMoro OT rroaepxHOCTH 3eMJIII HH<ppaKpac

aoro H3JiyqeHHj{, KOTOpbIH He 61,m 3a,n;ep)l(aH BO,[(j{HhIM rrapoM 

(HaHJiy"IIIIHM IIOrJIOTHTeJieM TeIIJIOBOro H3JiyqeHHj{!). DhIJIO BbrnCHe

BO, qTo Hm16om,IIIHH BKJia,IJ, ( 49%) B IIOBbIIIIem1e TeMrrepaTypbl B CH

creMe «3eMJrn-aTMOC<pepa» BHOCHT yrneKHCJibIH ra3. MeHhIIIee BJIJij{

BHe OKa3bIB8IOT TaKHe ra30Bbie COCTaBJijllOIIJ;He, KaK MeTaH (CH4) -

18%, <ppeOHbI (CFCh, CF2Cli) - 14% H 3aKHCb a1ora (N2O) - 6%. 

3neMeHTHbIH yrnepo,n B BH,Ll,e Ca)KJI CJIY)KHT IIOrJIOTHTeJieM Y<l>-H3JIY

WfCHlfj{ Co;rnua, KOTopoe TaK)Ke y,n:ep:amBaeT rrap1,1 BO,[(hI, qTo crroco6-

crnyeT )l,OIIOJIHHTeJibHOMY IIOBbIIIIeHIIIO TeMrrepaTypbl B rrpmeMHOM 

cnoe aTMOC<pepbI. 

)f(.E. <Pypbe npeocmaellM amMocrpepy KaK «cme1<.r1Jumy10 060J1o'I

KJ1», KOTopa» II03BOJrneT rrpOHHKaTb Co;rneqHoMy CBeTy Ha IIOBepx

BOCTb 3eMJIH, HO He rrporrycKaeT HCXO,[(j{ID;He IIOTOKH. B TaKOM BH,Ll,e 

6wm rrpe,ncmBJieHbI rrepBJiqHble TeopHH O «rrapHIIKOBOM 3<p<peKTe», 

IOTOpbie II03,[(Hee pa3BHBaJIIICb THH)l,aJIJIOM, AppeHHYCOM H tieM6ep

.ReHOM. ,ll.aoe IIOCJie)l,HHX rrpeJJ,ITOJIO)KlfJIH, qro yBeJmqem1e KOHD;eH

tpau1m CO2 B aTMOc<pepe cra.Jio npHqIIHOH qeTBepTHqHoro one,nette

HIDI n Terrepb MO)I<eT npHBeCTH K rno6a.JibHOMY IIOBbIIIIeHHIO TeMne

pazyp1,1. ,l(e:ttCTBHTeJibHO, yae;mqeHHe HJIH yMeHbIIIeHHe MaJibIX ra30-

BLIX COCTaBJijIJOJUHX B aTMOC<pepe (N20, a TaK)Ke 03, NH3, S02 II .n;py

rae ra3bl - 13%), KOTOpbie MOryT y,n:ep)KHBaTb HCXO)l,j{IIJ;He IlOTOKH 

renna, CKa)KeTCj{ Ha pa,nHaUHOHHOM paBHOBeCHH, BbI3BaB ero CMeme

m1e. 

BKJ1ao «napHUK06blX 2a306» B o6mee IIOBbIIIIemie TeMnepaTypr,1 
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3aBHCHT OT cneKTJ)aJlbHbIX xapaKTepHCTHK Toro HJIH HHOro coe)],HHe

HHH. IloMHMO :noro, BKJia)]. O)].HOro H Toro )Ke ra3a B <l}OPMHpoBaHHe 

napHHKOBOro 3<p<peKTa 3aBHCHT OT ero pacnpe)].eneHHH B TOJIIll,e aT

MOCq>epbl. TaK, HanpHMep, napbl BO)].bl HMeIOT pa3JIH'IH)'IO KOHI.J,eH

TJ)au,mo KaK B BepTHKaJlbHOM TIOJIO)KeHHH ( cKanJIHBaHCb B npH3eMHOM 

cnoe ), TaK H ropH30HTaJlbHOM, npHCYTCTBYH He BO Bcex o6naCTHX 

3eMHoro rnapa, B OTJIHqJile OT yrneKHCJIOro ra3a, KOTOpblH paBHOMep

HO nepeMernaH B B03)].yxe B o6oHx HanpaBnemrnx. HK-pa)].HaI.J,HIO no

rnolll,aIOT H MHOrHe ApyrHe ra3006pa3Hble coe)].HHeHHH, He cqHTaH ra-

30B, O!pHI.l,HaJlbHO npH3HaHHbIX «napHHKOBbIMH». O)].HaKO, o6Ill,aH 

KOHI.J,eHTJ)aI.J,HH TaKHX ra30B He HBAAeTCH 60JibIIIOR, a BpeMH )KH3HH 

CJIHIIIKOM MaJIO H Ha )],aHHbIR MOMeHT BpeMeHH OTCYTCTByeT TeH)].eH

I.l,HH K HX HaKOTIJieHHIO. Ilo3TOMY BKJIIOqeHHe HX B CTIHCOK coe)],HHe

HHR, HeCYJI.J,HX peaJibHYIO yrp03y H3MeHeHHH KJIHMaTa, TIOKa He pac

CMaTJ)HBaeTCH. 

B nocne)],Hee )].ec»THJieTHe rrrnpoKoe pacnpocTJ)aHeHHe nonyqHna 

TOqKa 3peHHH, qTo TIOMHM0 )].HOKCH)],a yrnepo)].a, Bee 6onee B03pac

Tal0Ill,HR BKJia)], B rno6aJihHblR napHHKOBbIR 3q>q>eKT CTaJI BHOCHTb 

MemaH. DbIJIO TIOKa3aHO, qTo B 2014-15 ro)],aX npoHCXO)].HJIO e)Kero)],

HOe yBennqeHHe KOHU,eHTpau,Hii MeTaHa B B03)].yxe Ha 10 HJIH 6onee 

MHJIJIHap)].HbIX )].OJieii. 3TO HaMHOro npeBbICHJIO TIOKa3aTeJIH nepBblX 

ro)].oB XXI-ro BeKa, KOr)].a KoHu,eHTpau,HH MeTaHa pocnH JIHIIIh Ha 0,5 

MHJIJIHap)].HbIX )].OJieii B ro)],. Ilpe)].nonaraeTCH, qTO TaKOR cylll,eCTBeH

HblR pocT BbI6pocoB MeTaHa CBH3aH co 3HaqHTeJibHblM yBeJIHqeHHeM 

B MHpe pHCOBbIX nnaHTaI.J,HR H rOJIOB )].OMaIIIHHX )KJiIBOTHbIX. A yqH

TbIBa», qTo BbI6poCbl CO2 He MeHHIOTCH, a 3<p<peKT pacTylll,HX BbI6po

COB MeTaHa, napHHKOBblR K03!p<pHI.J,HeHT KOToporn B 28 pa3 6oJibIIIe, 

qeM y AHOKCH)].a yrnepo)].a, cHzyau,H» c OTHOCHTeJihHOR ponbIO CO2 H 

CH4 B rno6aJibHOM napHHKOBOM 3<p<peKTe MO)KeT H3MeHHTbCH, H Me

TaH nepexBaTHT nanhMY nepBeHcTBa y )].HOKCH)].a yrnepo)].a. 
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B noJib3Y TaKHX npe;: 

IlOCJie)].HHX neT. B 0KT}l6j 

ne)],HI.l,HH o6Hapy)KHJia a 1 

H0rH)].paTOB (pHC. 1 ), OC 

:MOJieKyJI MeTaHa B TIOJIOC 

Puc.1.MeTauor~ 

IlpoBe)].eHHbie )],JI}I M 

Tbl YKa3bIBaIOT Ha )].Ba TI 

.:I0)],eKa3)].pOH (5
12

) H Te 

HH}I MeTaHa c BOAOH paE 

.:IAA (5
1262

). Cpe)].Hee pai 

B CH4@(H20b. 

B o6Hapy)KeHHblX a 
HOrH)].paTOB MaKCHMa..'ll 

paCKOHcepBaI.J,HH 1-2 IlJ 

c<}>epHoro MeTaHa Mm 

DpHBeCTH K TPYAHO Il] 

ApKTHKe noBCIOAY Bl 

HanpHMep, B rrocne.l{H1 

MOBbIX )].Heii, a TeMIIq 

apeMeH ro)].a. 3aMe)].JI}lt 



=J>HCTHK Toro mrn 1rnoro coe.1J,1rne

l H Toro )Ke ra3a B <popMttpoBami:e 

r ero pacrrpe.1J,eJieHMH B Tonrn;e aT

eom,1 MMeIOT pa3JIIfqHyIO KOHI.J;eH

IICeHMM ( CKaIIJIMBaHCb B rrptt3eMH0M 

~HcyrcTBYH He BO Bcex o6JiaCTHX 

KHCJioro ra3a, KOTOpbIM paBH0Mep

earrpaBJieHMHX. llK-pa.1J,MaI.J;MIO rro

pa3m.1e coe)],MHemrn, He cqttTaH ra

mapHMKOBhlMM». O)],HaKo, o6rn;aH 

IDleTCH 60JiblllOH, a BpeMH )l(If3HH 

~HT BpeMeHM OTCYTCTByeT TeH)],eH

IUC-1IIOqeHMe MX B CIIMCOK coe)],HHe-

13MeHeHif}I KJIHMaTa, IIOKa He pac-

>0Koe pacrrpocrpaHeHHe rronyqMJia 

:Hila yrnepo.1J,a, Bee 6onee B03pac

ipHHKOBbIH 3<p<peKT CTaJI BHOCMTb 

4-15 ro.1J,ax rrpottcxo)],MJIO e)l(ero,[{

:=ntHa B B03llyxe Ha 10 MJIM 6onee 

0 rrpeBbICMJIO IIOKa3aTeJIM rrepBblX 

rpamm MeTaHa pOCJIH JIHillb Ha 0,5 

[OJiaraeTCH, qTo TaKOH cyrn;eCTBeH-

11 co 3HaqHTeJibHblM yBeJIHqeHMeM 

'0B llOMaIIIHHX )l(HBOTHbIX. A yqH

!OTCll, a 3<p<peKT pacTyII.J;HX BbI6po

meHT KOTOporo B 28 pa3 6oJibIIIe, 

u c OTHOCHTeJibHOH poJibIO CO2 H 

t,cpeKre M0)l(eT H3MeHMTbCH, H Me

a y JIHOKCH)],a yrnepo11a. 

8 

B IIOJib3Y TaKMX rrpel{IIOJIO)l(eHHM CBM)],eTeJibCTBYIOT If OTKpbITHH 

IIOCJie,D,HHX JieT. B OKTH6pe 2011 ro,D,a pOCCHMCKO-aMepHKaHcKaH 3KC

ne,D,Hll;If}I o6Hapy)l(HJia B BocToqHoii ApKTHKe 3aJie)l(H TBep,D,bIX MeTa

eorn,D,paTOB (pHC. 1 ), o6pa30BbIBaBIIIHXCH B pe3yJibTaTe BHe,D,peHHH 

MOJieKyJI MeTaHa B IIOJIOCTM pa3JIHqHbIX KJiaCTepoB BO,D,bl (pttc.2). 

~~'~ ~ 
~~'1 ¥~; ►c~~ ~ .. ~ 

"'ff;J"' 
n~J 

Puc.1.MeTauoru~paThI Puc. 2. KJiacTephl BO~hl 

IIpoBe,D,eHHbie ,l),JI}I MeTaHorH,D,paTOB KBaHTOBOXIfMHqecKMe pacqe

Tbl YKa3hlBaIOT Ha ,D,Ba THIIa B03MO)l(HbIX CTPYKTYP - rreHTaroHaJibHbIH 

( 12) ~ ( 12 2) 3 1{0,D,eKa3,D,pOH 5 H TerpaKaH,D,eKa3,D,pOH 5 6 . HeprnH CBH3bIBa-

HH}I MeTaHa C BO,D,OM paBHa -6,9 KKaJIIMOJib ,l),JI}I ( 512
) H - 7 ,0 KKaJIIMOJib 

:lIDI (5 1262
). Cpe,D,Hee paccTOHHMe C-O=3,88A B CH4@(H20)20 H 4,27A 

B CH4@(H20)24. 

B o6Hapy)l(eHHbIX B BocToqHoii ApKTHKe 3aJie)l(ax TBep,D,bIX MeTa

eortt.1J,paT0B MaKCHMaJibHbIH qJOHTaH B ,D,HaMeTpe - OKOJIO 1 KM. IlpH 

pacKOHcepBaQHH 1-2 rrpou;eHTOB 3THX 3arrac0B KOHQeHTpau;HH aTMO

cq>epHoro MeTaHa MO)l(eT yBeJIHqHTbCH MHOrOKpaTHO, qTo MO)l(eT 

npHBeCTM K TPYllH0 rrpe,D,cKa3yeMhIM rrocne,D,CTBHHM. Y)l(e ceiiqac B 

ApKTHKe IIOBCIO,D,Y BM,l),Hbl rrpH3HaKM rno6aJibHOro IIOTeIIJieHHH. 

HarrpHMep, B IIOCJie,D,Hee BpeMH pe3KO B03pOCJIO KOJIHqeCTB0 IIITOp

MOBbIX )],Heii, a TeMrrepaTypa B0,D,bl aHOMaJibHO BbICOKa ,l),JI}I pa3HbIX 

BpeMeH ro,D,a. 3aMe,D,JIHeTCH H rrpou;ecc o6pa3oBaHMH Jih,D,a. 
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B 1992 20oy 6 Hb10-HopKe (CWA) 6hIJrn np1rn»Ta PaMoqtta» K0H

Bem.1:irn OOH 06 H3Mettemu-1 KJIHMaTa (PKHK), B KOTopoii 6omH npo

,n;eKnapttpoBaHhI ,D;Ba OCHOBHhIX BhIB0,n;a: 

1) ypoBeHh nocrynJieHHH napHHK0BhIX ra30B B aTMOCq>epy Heo6-

X0,D;HM0 peryJIHpoBaTh TaK, qTo6bl o6ecneqHTh CTa6HJihHhIH p0CT 

3K0HOMHKH B CO0TBeTCTBHH C npHHIIHTiaMH ycToHqHBOro pa3BHT~ 

(CT.2); 

2) BCeM CTPaHaM cne,n;yeT 3aIIIHIIIaTb KJIHMaTHqecKyIO CHCTeMy Ha 

6naro HhIHeurnero H 6y,n;yIIIero TIOKOJieHHH (cT.3). 

B 1997 ro,n;y B KHOTO (5InoHHH), B ,D;OTIOJIHeHHe K 3TOH KOHBeHIIHH 

6omo npHHHT0 Me)K,n;yttapo,n;ttoe cornarneHHe, H3BeCTHoe no,n; Ha3Ba

HHeM KHOTCKHH npoT0K0JI. 3TO cornarneHHe TI0,D;TIHCaJIH npe,n;cTaBH

TeJIH pa3BHThIX CTpaH H CTpaH C nepexo,n;HOH 3KOHOMHKOH, o6H3YHCh 

CTa6HJIH3HpoBaTb H COKpaTHTh Bb16poCbI napHHKOBhIX ra30B, B oco-

6eHHOCTH CO2• KottBeHIIHIO npHHHJIH, HO Ha 3eMJie npo,n;0JI)KaJI0Ch 

TI0TenneHHe KJIHMaTa H ypoBeHb B0,ll;hl B MttpOBOM OKeaHe npo,n;oJI

)KaJI pacTH. B 2007 ro,n;y cpe,n;HHH TeMneparypa Ha 3eMne 3a 100 neT 

Bhipocna Ha 0,74°, a B PocCHH B 2009 ro,n;y cpe,n;ttee 3HaqeHHe npe

BhICHJI0 HOpMy 1961-90 ro,n;oB Ha 0,55°' a B peK0p,D;H0M 2007 r. - Ha 

2, 1 °, H B IIeJioM JIHHeHHhlH TPeH,n; H3MeHeHHH TeMneparyphI - nono

)KHTeJihHhIH. IIocne,n;cTBHH BhirJIH,D;HT o6ecKypa)KHBaIOIIIHMH: B 2016 

ro,n;y nocrynHJI0 coo6IIIeHHe 0 TOM, qT0 5 H3 11 CoJIOMOHOBhIX 0CT

poBOB YIIIJIH no,n; Bo,n;y, H 0CTaJihHhie 0CTpOBa B 6JIH)KaHrnee Bpewi: 

O)KH,n;aeT TaKa» )Ke cy,n;o6a. 

Katta,n;cKHH 6ttonor H q>oTOrpaq> )Kypttana «National Geographic» 

II on HHKJieH ony6JIHKOBaJI B 2014 ro,n;y q>oTOrpaq>HIO MepTBoro 6eno

ro Me,n;Be,n;», c,n;enaHHYIO HM BO BpeM» 3KCTie,D;HIIHH Ha ceBepe HopBe

rHH, Ha non»pH0M apxttnenare lllnttII6epreH (CBanh6ap,n;). ftt6em, 

Me,n;Be,n;eii 3,n;ech o6ycJIOBJieHa TeM, qTo TaHHHe Jlh,D;a, BhI3BaHHOe rno-

6aJihHhIM TI0TenJieHHeM, He TI03B0JIHeT HM ,n;o6ornaTh ce6e TIHIIIY npH-
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BI,JqHI,IM cnoco6oM - 0XOTI! 

CKHe Jlh,ll;hl B 3T0M paHOHe H4 

,[(oKTop Hatt CTepmrnr, 

3aIIHH no 3aIIIHTe noJIHpHI,[ 

CKOH CJI~6on oxpaHhl ,llHKI 

Thi, 3aHHMaeTCH H3yqeHHeM 

:iee copoKa neT. Hccne,n;oea: 

Me,n;Be,n;H Ha ocTpoBe CBaJIL 

ax npHBhiqHoro apeana o61 

HblM ypoBHeM npoMep3aIIIDI 

IIHIIIY Ha ,n;pyrHX TeppKIOp 

MeBIIIHe HaHTH e,n;y, npoCTO : 

A3pOKOCMHqecKoe HCCJJ 

'ITO 0CTaH0BHTh CHJihHoe 1 

MO)KHO (pHC. 3). 

Puc. 3. TaHuue Jie~uHKOB ■ 

TonhKO Ta»HHe ne,lUIHKO 

HHlO yp0BHH MHpOBOro Oice 

Ha 12 q>yTOB, TO no,n; BO.llOi 

lh.10-HopKa H 75% MaiiaM 
MaJihHOro pacrnHpeH~, B p 

IO,ll;H0 ypoBeHb BO,ll;hl yBe.lIH'I 

B noCJteOHUX HaytJHbZX 11I_J 



), B KOTOpOM 6hIJIH rrpo-

L30B B aTMOC<pepy Heo6-

'11ffh crn6HJihHhIH pocT 

ycro0.qHBOfO pa.3BHTIDI 

MaTWieCKYIO CHCTeMy Ha 

:T.3). 

fleHHe K 3TOH KOHBeHIJ;m'I 

e, H3BeCTHOe ITO)], Ha3Ba

:! 110)],IlHCaJIH rrpe)],CTaBH

ii 3KOHOMHKOH, ofoIJyHCh 

ipHHKOBhlX ra30B, B oco-

1a 3eMJie rrpO)],OJI)KaJIOCh 

iHpoBOM OKeaHe rrpo)],OJI

ypa tta 3eMrre Ja 100 rreT 

cpe)],Hee JttaqeHHe rrpe

J peKOp)],HOM 2007 r. - Ha 

rui: TeMrrepaTYPhI - norro

ypa)KHBaIOIUMMM: B 2016 

0 11 COJIOMOHOBhlX OCT

OBa B 6JIH)KaM.IIIee BpeMH 

1a «National Geographic» 

urpa<pHIO Meprnoro 6erro

:=.zunum Ha ceBepe HopBe

reH (CBarrb6ap,lJ,). f'M6eJih 

HHe Jlh)],a, Bhl3BaHHOe rno

(OObIBaTh ce6e rrHIUY rrpH-

arne Jlh)],hl B 3TOM pa0.0He HCTOHqHJIHCh )],0 peKOp)],HOro ypoBH51. 

JJ:oKTop Hatt CTeprrHHr, rrpe)],cTaBHTeJih Me)K,lJ,yHapo)],HOH oprattH-

1a.1.um no 3aIIl;HTe IlOJI5IpHblX Me)],Be)],eH, B COTpy)],HHqecTBe C KaHa)],

aroii cJiy)K60ii oxpaHhl )],HKHX )KHBOTHhIX H YHHBepCMTeTOM Arrh6ep

Thl, 3aHHMaeTC5I HJyqeHHeM 3TMX KPYITHhIX MJieKOilHTaIOIIl;HX ~e 60-

Ee copoKa rreT. Hccrre)],oBaTerrh OTMeqaeT, qTo rrorH6IIIHe OT rorro)],a 

11e)],Be)],M Ha OCTpOBe CBarrh6ap)], 6bIJIH o6Hapy)KeHhl B OT)],aJieHHH OT 

BX rrpHBhlqttoro apearra o6HTaHH5I. 3TO 6hIJIO Bhl3BaHO He )],OCTaToq

HhlM ypOBHeM rrpoMep3aHH5I Q)bOp)],a, qm 3aCTaBHJIO Me)],Be)],eM. HCKaTh 

IIHill;y Ha )],pyrHX TeppHTOpH5IX. B KOHIJ;e KOHIJ;OB, Me)],Be)],H, He cy

KeBIIIHe HaHTH e)],y, rrpOCTO YMMparrH OT HCTOIIl;eHM5I. 

A3pOKOCMHqecKoe Hccrre)],oBaHHe HACA B Mae 2014r rroKaJarro, 

111'0 OCTaHOBHTh CHJihHOe Ta5IHHe Jie)],HHKOB B AHTapKTM)],e HeB03-

M0)KH0 (pHC. 3 ). 

Puc. 3. TaHHHe Jie));HHKOB s AuTapKTH));e s paiioue MOpH AMyH));Ceua 

ToJihKO Ta5IHHe Jie)],HHKOB MOp51 AMyH)],CeHa npHBe)],eT K IlOBhIIIIe

HHIO ypoBH5I MHpOBOro OKeaHa Ha 4 <pyTa. Kor)],a BO)],a Il0)],HHMeTC51 

Ha 12 <pyTOB, TO ITO)], B0)],00. OKa)KyTC5I 20% noc-AH)],)KeJieca, 25% 

Hh10-HopKa H 75% Ma0.aMH. Eme 6orrhIIIHM 5IBJIHeTc51 BKJia)], Tep

MaJihttoro pacIIIHpeHIDl, B peJyJihTaTe qero c 1993 no 2010 rr. e)Ke

ro)],HO ypoBeHh BO)],hl yBeJIHqHBaJIC51 B cpe)],HeM Ha 1, 1 MM. 

B nocJleOHux HaytJHblX mpyoax coo6UfaemcR, qTo H3MeHeHH51 KJIH-
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MaTa ITpOliCXO.[VIT liMeHHO li3-3a BbI6pocoB ITapHliKOBbIX ra30B. B liTO

re )Kapa HaKaTbIBaeT BOJIHaMM: B 2010 ro,D,y 3TO liCIThITaJia Poccmr, 

B 2012 ro,D,y - ClllA, a B 2014 ro,D,y - EBpoITa. Ilporno3MpyeTcH, 'ITO 

BO BTopott ITOJIOBMHe XXI BeKa ITJIOI.Qa,D,h cyum, ITO,D,Bep)KeHHOtt aHo

MaJihHO BbICOKliM TeMITepmypaM, 6y,D,eT B03pacTaTb ITPMMepHO Ha 1 % 

B ro,D,, a K KOHIJ,Y CTOJieTMH OT )Kapbl 6y,D,eT CTpa,D,aTb 85% cynm Ha 

3eMne. 

Y)Ke B 2012 ro,D,y B pyKOBO,D,CTBe P<l> 6hrno 3aHBJieHo, 'ITO ITepBbie 

rnarM ITO ITPOTliBO)],ettCTBlilO KJIMMaTli'leCKliM li3MeHeHMHM, C)],eJiaH

Hhie B Ha'laJie 90-x, HBliJiliCb ycITellIHhIM OIThITOM, HO TeITepb OHM TPe-

6yIOT OIJ,eHKli Ii ITepeOCMhICJieHMH. )],Ba ccpopMyJIMpOBaHHhIX HaITpaB

JieHMH - CMHr'leHMe ITOCJie)],CTBlill Ii a,D,aITTaIJ,MH, Ii )],Ba MexaHli3Ma )],AA 

ITpO,D,BM)KeHMH ITO 3TliM HaITpaBJieHMHM - <pliHaHCHpOBaHMe Ii ITepe,D,a

qa TeXHOJIOrlitt - MO)KHO o6oCHOBaHHO C'lliTaTh BeCbMa ITepcITeKTliB

HbIMH, T.K. Ka)K)],Oe li3 HliX CBH3aHO C KOHIJ,eITIJ,liett ycTOM'lliBOro pa3-

BHTHH. CMHr'leHMe ITOCJie)],CTBlill - COKpaI.QeHMe aHTpOITOreHHhIX BhI-

6pocoB M coxpaHeHHe KJIMMaTa Ha 6naro 6y,D,yI.QHX ITOKoJieHMtt. A,D,aIT

Tau,MH - ITpliCITOC06JieHMe K li3MeHeHMHM KJIMMaTa, KOTOpoe IT03BOJIH

eT YMeHblllliTb Bpe,D, liJili liCITOJib30BaTb ero 6naroITpliHTHbie B03MO)K

HOCTH. 

Bceo6I.QaH o6ecITOKOeHHOCTb B Mlipe li3MeHeHMeM KJIMMaTa ITpli

BeJia K MaCCOBbIM ,D,eMOHCTpau,MHM BO MHOrMX CTpaHax, oco6eHHO, 

ITOCJie TOro, KaK OOH o6'hHBMJia o HOBoii KJIMMaTM'lecKoii KOH<pepeH

IJ,lili B IlapH)Ke, u,eJiblO KOTOpoii 6bIJIO ITO)],ITMCaHHe Me)K,D,yHapo,D,HOro 

cornarneHHH ITO yBeJIH'leHMIO cpe,D,Heii TeMITeparypbI ITJiaHeTbI Ha 

ypoBHe 2 °C, ITpliMeHMMOro KO BCeM CTpaHaM. 

KaKOBhI ,D,OJI)KHhI 6hITh coKpaI.QeHMH 3MMCCMM, B qacTHOCTH, CO2 

)],JIH )],OCTM)KeHMH ITOCTaBJieHHOH u,enli? B CITeIJ,HaJibHOM liCCJie,D,OBa

Hlili 6bIJIO ITOKa3aHO, 'ITO ,D,JIH )],OCTli)KeHMH 3TOH IJ,eJili (2 °C) cpe,D,

HeMMpOBbie TeMIThI COKpaI.QeHMH 3MliCClili CO2 )],OJI)KHbI COCTaBJIHTh 

ITPMMepHO 5,5 % B f'O.Il, 

ro,D,. 3TO CTaBMT ITO)], oo 

3TMX cTpaHax. A ecJIH e 

BepTHpOBaHMli pOJIH .lD{I 

CTaBJIHeTCH Ii BOBCe TP) 
HaJibHO B Mlipe 3Hepre 

OpHeHTau,Heii Ha B0300H 

Bo3MoJ1Cnoe pewem 

6y,D,eT ITocryITaTh, B qac

neT o6pa30BhIBaTbCH cc 
«ITapHliKOBbIH 3<pcpe1cr» 

BpaI.QeHMH 3TOro 3<p<peIC 

saeTCH B aTMoccpepy cm 

ero o6pa3oBaHHe B aTM1 

6onhrnoro KOJIM'leCTBa 

B03M0)KH0CTb CHH3HTI, 

IIpHpO,D,HbIX pecypcoB ( 

Mep, COKpaI.QeHMe HCIIO 

yrAA Ii He<pTH, IT03B0JIH' 

Moccpepy coe,D,MHemrn, c 

llHaJibHhIX (pliJihTPOB H 

mcnhitt ra3 ITpe)K)],e qe1 

CTBYIOT CHli)KeHHIO K0m 

McITOJih30BaHMe am. 
HHe KIT)], T3C 3a cqer , 

:a.e ITpeKpaI.QeHMe )'HH'I 

HHe ITOCTPa,D,aBllIHX OT 

pernpHii 6y,D,yT cIToco6 

ca 3eMJIM M ITpe,D,OTBpa1 

OOJ!bHOe 3arpH3HeHMe. 



a Bb16pocoB rrapHHK0BbIX ra30B. B HT0-

1: B 2010 ro.D,y 3TO HCIIbITaJia Poccm1, 

~ ro.D,y - EBporra. Ilporno3HpyeTCH, qm 

a IIJI0IIJa)],b cynrn, IIO.D,Bep)KeHHOH aHO

a", 6)']].eT B03paCTaTb rrpHMepHO Ha 1 % 

r :llCapbI 6y.D,eT CTPa.D,aTb 85% cyrnH Ha 

>.l.CTBe P<l> 6bIJIO 3aHBJieHO, qTo rrepBbie 

L"IHMa~eCKHM H3MeHeHHHM, C.D,eJiaH

rcnelliHbIM OIIbITOM, HO Terrepb 0HH TPe

~HIDI. ,UBa Cq>OpMyJIHpOBaHHbIX HarrpaB

BHH H a.D,aIITaI.J,HH, H )],Ba MexaHH3Ma )],JIH 

tB.l:eHIDIM - q>HHaHCHpOBaHHe H rrepe.D,a

CHOBaHHO cqHTaTb BeCbMa rrepcrreKTHB

IJl3aH0 C KOHI.J,eIII.J,HeH ycToiiqHBOro pa3-

~HH - coKpaII.J,eHHe aHTPOIIoreHHbIX BbI

ra Ha 6naro 6y.D,yII.J,HX rroKoJieHHii. A,ri,arr-

13MeHeHHHM KJIHMaTa, KOTOpoe II03B0JIH

l0Jlb30BaTb ero 6narorrpHHTHbie B03MO)K-

IC'Th B MHpe H3MeHeHHeM KJIHMaTa rrpH

pauIDIM BO MH0rHX CTpaHax, oco6eHHO, 

IIJia O HOBOH KJIHMaTHqecKOH. KOHq>epeH

OH 6hrno rro.D,ITHCaHHe Me)K.D,yHapo.D,HOro 

I(} cpe.D,Heii TeMrrepaTYPbI IIJiaHeTbI Ha 

w BCeM CTPaHaM. 

mcpaII.J,eHHH 3MHCCHH, B qacTH0CTH, CO2 

HOH u,enH? B crreu,HaJihH0M Hccne.D,OBa

UI ll0CTH)KeHHH 3TOH. I.J,eJIH (2 °C) cpe,u

:HIDI 3MHCCHH CO2 .UOJI)KHbI cocTaBJIHTh 
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rrpHMepH0 5 ,5 % B ro.u, ,UOCTHraH ,UJIH pa3BHTbIX CTpaH 10-15 % B 

ro.u. 3To CTaBHT ITO)], BOIIpoc B03M0)KHOCTb 3K0HOMHqecKoro pocra B 

JTHX CTpaHaX. A eCJIH eII.J,e HMeTb B BH.UY TO, qTo Mbl CKa3aJIH 06 HH

BepTHpoBaHHH p0JIH ,UHOKCH,Ua yrnepo.ua H MeTaHa, TO 3a,uaqa rrpe.u

CTaBJIHeTCH H B0BCe TPY.UHO pa3peillHMOH., ecJIH He IIOMeHHTb Kap,UH

HaJibH0 B MHpe 3HepreTHqeCKYIO II0JIHTHKY C rrpeHMyII.J,ecTBeHHOH. 

opHeHTaI.J,HeH Ha B0306HOBJIHeMbie HCTOqHHKH 3JieKTP03HeprHH. 

BoJMOJICHOe pemenue npo6Jle.Mbl. qeM 60Jibille B TPOIIOCq>epy 

6y,ueT IIOCTyrraTb, B qaCTHOCTH, rrpo,uyKT0B ropeHHH, TeM 60Jibille 6y

.UeT o6pa30BbIBaTbCH CO2 H .upynrx rrapHHKOBbIX ra3oB, a 3HaqHT H 

«rrapHHKOBbIM 3q>q>eKT» 6y,ueT paCTH. O,uH03HaqHoro MeTo,ua rrpe.D,OT

BpaII.J,eHHH 3T0ro 3q>q>eKTa HeT H 6bITb He MO)KeT, T.K. CO2 BbI6paCbI

:saeTCH B aTMOCq>epy CJIHillKOM 60JiblliHM K0JIHqecTBOM HCT0qHHKOB, a 

ero o6pa3oBaHHe B aTMocq>epe rrpoHcxo,uHT B rrpou,ecce pa3JIO)KeHHH 

OOJibillOrO KOJIHqeCTBa opraHHqecKHX coe.D,HHeHHH.. O,uHaKo, eCTb 

B03MO)KH0CTb CHH3HTb ero KOJIHqecTB0, IIO,UX0,UH K HCIIOJib30BaHHIO 

rrpttp0.UHbIX pecypC0B 6onee paU,HOHaJibHbIM o6pa30M. TaK, HarrpH

Mep, C0KpaII.J,eHHe HCII0Jib30BaHHH HCK0rraeMoro TOIIJIHBa, oco6eHHO 

yrJIH H Heq>TH, II03B0JIHT CHH3HTb K0JIHqecTBa BbI6pacbIBaeMbIX B aT

MOCq>epy coe,uHHeHHii, oKHCJIHIOII.J,HXCH .uo CO2. llcrroJib30BaHHe crre

IIHaJihHbIX q>HJibTPOB H KaTaJIH3aTopoB, II0MOraIOII.J,HX Y.UaJIHTb yrne

ICHCJibIH ra3 rrpe)K,ue qeM rrpoH30H.D,eT ero BbI6poc, TaK)Ke rrocrroco6-

CTBYIOT CHH)KeHHIO KOHu,eHTPaI.J,HH CO2. 

llcrrOJib30BaHHe aJibTepHaTHBHbIX HCT0qHHKOB 3HeprHH, IIOBbIIlle

HHe KIT,n: T3C 3a cqeT cKpbIThIX 3K0JIOrHqecKHx pe3epByapoB, a TaK

]l(e rrpeKpaII.J,eHHe YHHqTO)KeHHH necoB H K0MIIeHCaTOpHoe 03eJieHe

HHe II0CTPa,UaBillHX OT II0)KapoB H qeJI0BeqecKoro B03,UeHCTBHH Tep

pHTOpHH 6y.D,yT crroco6cTBOBaTb BOCCTaH0BJieHHIO TeIIJI0BOro 6anaH

ca 3eMJIH H rrpe.D,OTBpaTHT He TOJibK0 H3MeHeHHe KJIHMaTa, HO H rno-

6aJibHOe 3arpH3HeHHe. 
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HAyqHblE OCHOBbl TEXHOJIOrIIII CIIHTE3A 

<l>IIIUEPA-TPOilllIA C HAHOPA3MEPHbIM 

KATAJIII3ATOPOM B TPEX<l>A3HOM CJIAPPII-PEAKTOPE 

jc.H. XaoJ1Cuee,I MB. KyJ1uKoea, 0. C. /(eMeHmbeea, MB. lfyoaKoea, 

Mlf. HeaHl{06, A.E. Ky3bMUH, O.E. lfynu'-lee. 

I1HCTIITYT Heq:nexIIMIIqecKoro CIIHTe3a IIM. AB. TorrqIIeBa P AH 

CuttTe3 <l>mnepa-Tponrna - rnaBHaR CTa,I.J,HR npou;ecca XTL, no

CKOJihKY HMeHHO OH OTBeqaeT 3a KOJiuqecTBO H KaqecTBO yrJieBO,I.J,O

pO,ll,HbIX npo,I.J,yKTOB, a TaK)Ke onpe,I.J,eJIReT Heo6xO,I.J,HMOCTb u xapaKTep 

npou;eccoB HX o6Jiaropa)KHBaHH51. KaTaJIH3aTop, HCnOJio3yeMhIM ,l.J,AA 

npoBe,I.J,eHHR 3TOM peaKD;HH, - 3TO OCHOBHOM npe,I.J,MeT JIHD;eH3HpOBa

HH51 Bcex coBpeMeHHhIX npou;eccoB XTL. 

Cyiu;eCTBYIOiu;IIe B npOMbIIllJieHHOCTII BapuaHTbI CIIHTe3a <l>urne

pa-Tpomna HMeIOT CBOII cneu;mpuqecKIIe He,I.J,ocTaTKII. O6iu;aR npom

BO,I.J,HTeJihHOCTh npou;ecca He CJIIIIllKOM BbICOKa (,I.J,eCRTKII Kr/M
3 

peaK

TOpHoro o6neMa), ceJieKTHBHOCTb no OT,I.J,eJihHbIM u;eHHbIM yrJieBO,I.J,0-

po,I.J,aM IIJIII IIX Y3KIIM cppaKu;IIRM 061,1qHo HII)Ke 10%, n03TOMY Heo6-

XO,l.J,IIMOCTb B pa3pa60TKe HOBbIX BbICOKonpOH3BO,I.J,IITeJibHbIX, ceJieK

TIIBHbIX H CTa6HJibHO pa6oTaIOiu;IIX KaTaJIH3aTopoB C<l>T 51:BJIReTCR 

aKTYaJihHOM 3a,I.J,aqeii. C<l>T CHJihHO 3K30TepMIIqeH. O6ecneqeHIIe 

paBHOMepttoro pacnpe,I.J,eJieHIIR TeMnepaTyp1,1 no 061>eMy peaKTopa, 

KaK II TenJIOOTBO,l.J,, BbI3bIBaIOT OCJIO)KHeHIIR B pa6oTe peaKTOpOB C He

nO,I.J,BH)KHbIM CJIOeM II Tpe6yIOT xopornIIX rH,I.J,pO,ll,IIHaMIIqecKIIX xa

paKTepIICTHK nepeMelliIIBaeMoro CJIOR B peaKTOpax co B3BellieHHbIMH 

M cycneH,I.J,ttpoBaHHbIMH CJIORMII; HHaqe ttapyrneHtte TeMnepaTypHoro 

pe)KHMa JierKO MO)KeT BhIBeCTH KaTaJIII3aTop II3 CTpOR. HeMaJIOBa)K

HOM 51:BJIReTCR M npo6JieMa OT,I.J,eJieHHR BbICOKO,l.J,HCnepcHbIX KaTaJitt3a

TOpOB OT peaKll;MOHHOM cpe,I.J,bl. 

B CB513M C 3TMM, 3HaqIITeJibHbIH MHTepec BbI3bIBaeT npttMeHeHIIe B 

C<l>T cycneH,I.J,ttpOBaHHbIX B yrneBO,ll,OpO,ll,HOH cpa3e HaHOpa3MepHbIX 
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)l(eJie3o- HJIH 

CBOHM pa3Mep 

IlOBbIIlleHttyIO 

HbIX KaTaJIH3a'. 

HaHopa3Mepm 

T0qHyIO CHCTe 

KOJIJIOM,ll,OM H l 

TeJibHOe BJIIDII 

HHTepec npem 

;nuaTopoB in ; 

rnpa. 3TO n031 

CTaHOBJieHHe I( 

B MHXC 

CKaR TeXHOJIO[ 

mepa-Tponma 

TaJIH3aTopoM. 

Heo6xo}UD 

.:ioroB B MHpe, 

c.napptt-peaKTO 

yrneB0,ll,Op0,ll,H◄ 

H BbICOKOKHIDII 

Pa3pa6oTaE 

oqeBM,l.J,Hhle rrp 

TeHTax: 

- He TPe6y, 

I'OT0BJieHHe Ka

- He HY)KH 

HOBJieHMR (Boo 

- B03M0)l(HI 

ommro 061,eM~ 



EITE3A 
[blM 

-PEAKTOPE 

lJyiJaK06a, 

1eBaPAH 

[ecca XTL, rro

::TBO yrneBo)],o

lCTh H xapaKTep 

l.lTh3yeMhiii )],JUI 

r JIHIIeH3MpOBa-

CHHTe3a <I>mue

• O6IIIaH rrpom

mm Kr/M
3 

peaK

IHhIM yrneB0)],0-

, rro3TOMY Heo6-

reJihHhIX, ceneK-

C<I>T HBJIHeTcx 

EI. O6ecrreqeHMe 

5beMy peaKTopa, 

: peaKTOpOB C He

rnaMHqecKHX xa

co B3BeilleHHbIMH 

TeMrrepaTypHoro 

poH. HeMaJIOBa)K

!J)CHhIX KaTaJIH3a-

:leT rrpHMeHeHMe B 

e HaHOpa3MepHbIX 

l[eJie30- HJIH K06aJibTCO)],ep)KaIIIHX qaCTMil, crroco6HhIX, 6naro)],apH 

CBOHM pa3MepaM H )],OCTYITHOCTH aKTHBHOR IlOBepxHOCTH, npOHBJIHTb 

ll0BbIIIIeHHYIO aKTHBHOCTb, B OTJIHqHe OT Tpa)],HllHOHHbIX B3BerneH

HhlX KaTaJIH3aTopoB. IIo CBOHM Q)H3HqeCKHM CBORCTBaM cycneH3HH C 

BaHopa3MepHbIMH qacTHIIaMH rrpe)],CTaBJIHeT co6oii HeKyIO npoMe)Ky

roqHyIO CHCTeMy Me)K)],y THITHqHoii oce)],aIOIIIeii cycneH3Heii C<I>T H 

)[OJIJIOH)],OM H HMeeT PHA He06biqHbIX CBORCTB, OKa3bIBaIOIIIHX 3HaqH

TeJibHOe BJIHHHHe Ha rHAPOAHHaMMqecKHii pe)KHM peaKTopa. Oco6h1ii 

HHTepec rrpe)],CTaBJIHeT B03MO)KHOCTb rrpHrOTOBJieHHH )],aHHblX KaTa

.:nnaTOpOB in situ Henocpe)],cTBeHHo B yrneBOAOPOAHoii cpe)],e peaK

ropa. 3To Il03BOJIHeT 3HaqMTeJihHO ynpocTHTb npMrOTOBJieHHe H BOC

CTaHOBJieHHe KaTaJIM3aTopa. 

B HHXC PAH pa3pa6aThIBaeTCH BbICOK03<p<peKTHBHaH poccHii

cKaH TeXHOJIOrMH nonyqeHHH CHHTeTHqeCKOR Heq>TH no MeTOAY <l>H

mepa-Tporrrna B Tpexq>a3HOM cnappH-peaKTope c HaHopa3MepHbIM Ka

T3JIH3aTopoM. 

Heo6xo)],HMO OTMeTHTb, qTo )],aHHaH TeXHOJIOrHH He HMeeT aHa

.lIOrOB B MHpe, TaK KaK CHHTe3 <l>Hrnepa-Tporrrna ocyIIIeCTBJIHeTCH B 

CJiappH-peaKTOpe C HaHopa3MepHbIM KaTaJIM3aTopoM, B3BeIIIeHHblM B 

yrneBO)],OpO)],HOR cpe)],e, B KaqecTBe KOTopoii MOryT HCilOJib30BaThCH 

H BbICOKOKHilHIIIHe npOAYKTbl peaKIIHH. 

Pa3pa60TaHHM TexHonorHH CHHTe3a <I>mnepa-Tpornna HMeeT 

oqeBH)],Hbie rrpeHMyIIIeCTBa nepeA orrncaHHhIMH B JIHTepaType M na

TeHTax: 

- He Tpe6yeTCH napTHep no npHroTOBJieHHIO KaTaJIH3aTOpa (npH

roTOBJieHHe KaTaJIH3arnpa in situ); 

- He H~Ha OT)],eJihHaH CTa)],HH BbICOKOTeMrrepaTYPHOrO BOCCTa

HOBJieHMH (BOCCTaHOBJieHMe in situ B MHrKHX ycJIOBHHX); 

- B03MO)KH0 yBeJIHqeHHe npoH3BO)],HTeJibHOCTH e)],HHHilbl peaKIIH-

0HHOro o6beMa; 
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- 803MO)KH0 nmpoKOe sapbHposam1e COCTaBa H CBOHCTB KaTa.rm-

3aTopa, B TOM q0:cne rrpH BbICOKHX KOHBepcm1x 6e3 ITOTepH ceJieKTHB

HOCTH; 

- 3qJqJeKTHBHaH I.J,HPKYJIHI.J,HH KaTaJIH3aTOpa; 

- 3qJqJeKTHBHbIH OTBO,!l; Terrna peaKI.J,HH C o6ecrreqeHHeM ITOCTOHH-

CTBa TeMrrepaTypbl BO BCeM o6oeMe cnappH - peaKTOpa. 

B HHXC P AH pa3pa60TaHbI rrpHHI.J,HITHaJibHO HOBbie rro,D;XO,!l;bI K 

CHHTe3y HaHopa3MepHbIX KaTaJIHTHqecKHX CHCTeM, aKTHBHbIX B rrpe

BpaII.J,eHHHX CHHTe3-ra3a (CO H H 2), KOTOpb1e rro3BOJIHIOT rronyqaTb 

HaHopa3MepHbie CTa6HJibHble KaTaJIHTHqecKHe q>opMaI.J,HH, He CKJIOH

Hbie K ce,D;HMeHTall,HH. Bee 3TO ,D;eJiaeT HX BeCbMa rrepcrreKTHBHbIMH 

,!l;JIH rrpOMblllIJieHHOH peaJIH3aI.J,HH B cnappH-peaKTopax. 

KaTaJIH3aTOpbI, pa3pa60TaHHbie B HHXC PAH ,D;JIH orr0:caHHOH 

TeXHOJIOrHH, rrpe,D;CTaBJIHIOT co6oii cycrreH3HIO, B KOTOpOH HaHOpa3-

MepHbie MeTaJIJICO,D;ep)KaII.J,He aKTHBHbie qacTHI.J,bl roMoreHH3HpOBaHbl 

B ,D;HcrrepcHoHHOH yrneso,D;opo,D;HOH cpe,D;e cnapp0:-peaKTopa. B Kaqe

CTBe MeTaJIJICO,D;ep)KaII.J,ero KOMITOHeHTa rrpe,D;JiaraeTCH rrpHMeHHTb 

)KeJie3Hbie H!HJIH K06aJibTCO,D;ep)KaII.J,He CHCTeMbl. KaTaJIH3aTOpbl ro

TOBHJIH pa3JIHqHblMH MeTo,D;aMH, OTJIHqaIOII.J,HMHCH TOJibKO crroco6oM 

BBe,D;eHHH pacTBOpa rrpeKypcopa B ,!l;HcrrepCHOHHYIO cpe,D;y CJiappH

peaKTOpa. ,l];JIH ,!l;OKa3aTeJibCTBa HaHopa3MepHOCTH KaTaJIH3aTOpOB 

6bIJI rrpHMeHeH MeTO,!l; 30H,!l;OBOH aTOMHO-CHJIOBOH MHKpOCKOITHH. Ha 

pHCYHKe 1 rrpe,D;CTaBJieHa ,!l;HarpaMMa pacrrpe,D;eJieHHH qaCTHI.J, Me

CO,D;ep)KaII.J,eH cycrreH3HH rro pa3Mepy H 3D-Kaprn penbeq>a rrosepxtto

CTH ,D;aHHOro 06pa3n,a. 

Cpe,D;HHH pa3Mep qacTHI.J,, KaK BH,!l;HO H3 p0:cyHKa, cooTBeTCTBYeT 

41,2 HM. 

CxeMa MHKporrHJIOTHoii ycTaHOBKH CHHTe3a <l>Hlllepa-Tporrllla, Ha 

KOTOpoii 6bIJIH HCITbITaHbl KaTaJIH3aTOpbI, CHHTe3HposaHHbie OITHCaH

HbIMH Bbillle MeTO,!l;aMH, rrpe,D;CTaBJieHa Ha pHCYHKe 2. Y CTaHOBKa 
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OCHaII.J,eHa aBTOMaTH3HJ)( 

KpyrnocyTOqHo. 

~ ::::; ======:-:.a= 
8 

: : 

0 J .. _, __ ~---

0 102030 

a 
Pac. 1. ,ll;narpaMMa pacUJ 

peJ 

Pac. 2. CxeMa MnKpoDBJ1 
(TeDII 

J - 6aJIJIOHbl CO C)KaThIMH ra:3 

CHHTe3-ra1a; 5 - peryID1rnp ll 
7 - peoMeTp; 8 - peaKTop; 9 
11 - o6orpeBaeMhiii npueMH 

ra3a; 13 - YCTpOHCTBO BBO)I3 

16 - npHeMHHK C B03)zylIIHI,I 

BO,llOtt;l8 



COCTilBa H CBOHCTB KaTaJIH

ICIDIX 6e3 ll0TepH ceJieKTHB-

ropa; 

I C o6ecrreqeHHeM IT0CT0HH

'8 - peaKTopa. 

JIBaJII,HO H0Bhie 110.r(X0)],hl K 

X CHCTeM, aKTHBHhlX B rrpe

ophle ll03B0JIHIOT rroJiyqaTh 

:cKHe <)>opMaU.HH, He CKJI0H

IX BeChMa rrepcrreKTHBHhIMH 

1,e-peaKTopax. 

HXC PAH .D,JIH orrHcaHHOH 

eHJHIO, B KOTopoii HaHopa3-

1aCTHll.hI roMoreHH3Hp0BaHhl 

(e cnappH-peaKTopa. B Kaqe

l rrpe.D,JiaraeTCH rrpHMeHHTh 

;HCTeMhI. KaTaJIH3aTophl ro

IOIUHMHCH T0JihK0 crroco6oM 

uepcH0HHYJO cpe.D,y cnappH

mMepHocTH KaTaJIH3aTopoB 

>-CHJIOBoii MHKpocKorrHH. Ha 

pacrrpe.D,eJieHHH qacTHU. Me

m-Kaprn penhe<)>a rroBepxHo-

> H3 pHcyHKa, C00TBeTCTBYeT 

;HHTe3a <I>mnepa-Tporrrna, Ha 

>I, CHHTe3Hp0BaHHhie OIIHCaH

l Ha pHCYHKe 2. Y CTaH0BKa 

OCHameHa aBTOMaTH3HpOBaHHOH CHCTeMOH yrrpaBJieHHH H pa6oTaeT 

IpyrnocyrnqHo. 

8 . . . 
i T ! :1··· •··+······•······ •······+ 

:,Jl lllG:_ 
0 10 20 30 Average Size range , nm 

a 6 
Pac. 1. ,l],uarpaMMa pacnpe)).eJJeHHH qacTun: no pa3Mepy (a), 3D-KapTa 

peJILect,a noeepxuocTu (6) 

15 

Pac. 2. CxeMa MHKpOUHJIOTHOH ycTaHOBKH CHHTe3a (]>umepa-Tponma 
(TexuoJioruH HHXC PAH): 

1 - 6a.JIJIOHbl co C)KaTl,IMH ra3aM0; 2 - ra3roJib,]J,ep; 3 - KOMIIpeccop; 4 - 6yqlep 
CHHTe3-raJa; 5 - perymnop ,lJ,aBJiett1u1 «nocJie cefom; 6 - oq0cTKa CHHTe3-ra3a; 
7 - peoMeTp; 8 - peaKrnp; 9 - Mellla.JIKa; 10 - perymnop ,lJ,aBJieHmI «)],o cefo1»; 
11 - o6orpeBaeMbIM np0eMHHK; 12 - BeHTHJib peryJI0pOBKH pacxo)],a CHHTe3-

nna; 13 - YCTPOMCTBO BBO)],a CHHTe3 ra3a; 14 - ra3OBbie qaCbI; 15 - peoMeTp; 
16 - IIpHeMHHK C BO3,lJ,YllIHbIM OXJia)K,l],eHHeM; 17 - npHeMHHK, OXJia)K,l],aeMbIM 

BO)],oii; 18 - )J,O3arnp; M - MaHoMeTPbI 
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IlpHMeHeHHe pa3pa6oTaHHblX MeTO,IJ,OB 11p11BeJ10 K BblCOKOH aK

THBHOCTH KOHTaKTOB B CHHTe3e <l>m11epa-Tpo11111a, l:JTO IIOKa3aHO B 

Ta6n. 1. B Hell npe,ncTaBJleHbl OCHOBHble IIOKa3aTeJIH CHHTe3a <l>m11e

pa-Tpo11111a B 11p11cyTCTBHH KaTaJIH3aTopoB, 11pHrOTOBJ1eHHblX 110 

TexHonornH l1HXC. 

Ta6J1u4a 1 

OcnOBHble noKa3aTeJJH CHHTe3a <I>u111epa-Tpon111a B npucyrcTBHH 
Me-CO,l),ep:acamux KaTaJJH3aTopoe, npnrOTOBJJeHHbIX pa3HbIMH MeTO,l),aMH 

no TexnoJJoruu MHXC P AH 

MeTO):( 
BbIXO):( )Klll(KHX 

IlpoH3BO):(HTerrh-

npHrOTOBJieHHH 
KoHBepcn» CO, % yrneBO):(OpO):(OB, 

HOCTh r/Kr·qac 
r/M3 

1 83 130 600 
2 63 76 284 
3 77 108 404 

Ha1160J1bllleH. aKTHBHOCTblO o6na,nan 06pa3e11, 11pHroTOBJ1eHHblll 

MeTO,IJ,OM 1. BblXO,IJ, )KJ,l,Il,KHX yrneBO.D,OpO.D,OB Ha HeM ,IJ,OCTHraJI 130 

r/M
3 

llpH BblCOKOll y,neJlbHOll 11pOH3BO,IJ,HTeJlbHOCTH - 600 r/Kr·l:J. Ha,no 

OTMeTHTb, qTo yKa3aHHble IIOKa3aTeJIH 11po11ecca 6hlJIH ,IJ,OCTHrHyTbl 

11p11 KOHBepCHH 83%, qrn HaMHOro Bblllle KOHBepCHH co Ha KaTaJIH-

3aTopax, KOTOpble 3KC11J1yaT11pyIOTC5I B COBpeMeHHbIX cnappH

peaKTOpax (He 6onee 40%). CocTaB KoHel:JHOro 11po,!1,yKTa - )KH,IJ,KHX 

yrneBO.D,OpO.D,OB - MO)KeT perynHpOBaTbC5I MeTO,IJ,OM 11pHrOTOBJleHH51 

KaTaJIH3aTOpa (Ta6JI. 2). 

Ta6J1u4a 2 
CocTaB :acn,IJ,KHx yrJ1eeo,1J,opo,1J,oe cnnTeJa «l>u111epa-Tpon111a, 

noJJyqenublx e npucyrcTenu Me-co,1J,ep:acamux KaTaJJnJaTopoe, 
npurnTOBJJeuublx no TexuoJJoruu MHXC P AH 

<l>paKU,HOHHhIH 

cocTaB )KH):(KHX YB, MeTO):( 1 MeTol( 2 MeTO):( 3 
%Mace 

Cs-C10 30 72 76 
Cn-C1s 45 24 18 

C19+ 25 4 6 
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3HaqHTeJlbHblH HHTepec B ,Il,aHH4 

lLI MeTO,IJ,OB 2 H 3, IIOCKOJlbK)' COJ{1 

DpO,IJ,YKTaX He 11peBbllllaeT 6 Mace«¾ 

.:teKTHBHO 11onyqaTb q>paKIIHH yr. 

CTBYJOT 11p5IMOroHHOMy 6eH3mzy I 

o6naropa)KHBaHH5I MOryT 5IBJUITbCJI 

DpO.lzyKTOM. 

B COCTaBe )KH,IJ,KMX yrneBOJlOpo 

pa.x, 11plffOTOBJleHHblX BCeMH OIIHC 

5()0/4 11pHXO,IJ,HJIOCb Ha ,IJ,OJIIO onef!,.e 

.lCp)KaHu:e He11pe,neJ1bHb1x yrneoo.zi 

RMylIJ,eCTBO 11epe,n KJ1aCCH1IeCICHM I 

BpeMeHHbIX TeXHOJIOrHH. co cnapp1 

pac111HpHTb ClleKTJ) KOHeqHblX TOB3J 

Coi.:ep:acauue uenpei.:eJJbublx yrJJeBO.llt 
<I>mnepa-Tponma, nOJJ)"lenm.n 1 
K3TaJJH3aTopoe,npuroToBJJeHBJ 

/ MeTol( npnroTOBrreHn» Orreq>HHLI, 

MeTO):( 1 55 
MeTO):( 2 41 
MeTol( 3 45 

Mac111Ta611p0Bam1e MHKpOIIHJIO 

a.'"Il13a11HH rrpOBO,IJ,HJIOCb 110 CJle.ll}'K 

CiaBHbIH peaKTop c no11acTHoii Me 

TOHHa)KHbIX ycTaHOBOK H3-3a He6o. 

MeH5IB11111uc51 Ha MHKpo11HJioTHoii y1 

.-ionacTHOH Me111anKou H 3arpY3Koe 

111H 11PM MaC111Ta6HpOBaHHH 6bm 3a 

&MeCTHMOCTbIO 2 JI 110 061,eMy C) 
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ipHBeJIO K BblCOKOH aK

pomna, 'ITO ITOKa3aHo B 

caJaTeJIH CHHTe3a <l>mne

B, ITpHrOTOBJieHHblX ITO 

Ta6JlUl,/O] 

pouma B npucyTCTBHH 
IOILIX pa3HblMH MeT0)J,aMH 
'AH 

l OUKHX Ilporr3Bo,nrrTem,-
,p<>JlOB, H0CTI, r/Kr·qac 
r3 
D 600 
i 284 
8 404 

>paJeu, ITpHroTOBJieHHhIH 

}B Ha HeM ,l],OCTHran 130 

,HOCTH - 600 rlKr·tJ. Ha,IJ,o 

•uecca 6bIJIH ,l],OCTHrHyThl 

:oHBepCHH co Ha KaTaJIH-

COBpeMeHHbIX cnappH

(IOro ITpo,D,yKTa - )KH,l],KHX 

MeTO,IJ,OM ITpHrOTOBJieHIDI 

Ta6llUl,/O 2 

:a Cl)emepa-Tpomua, 
a.max KaTa.rIH3aTopoe, 
11HHXCPAH 

lern.n 2 Mern.n 3 

72 76 
24 18 
4 6 

3Ha'lHTeJibHblH HHTepec B ,IJ,aHHOM cnyqae ITpe,D,CTaBJI5IIOT ITpo,D,yK

'111 MeTO,l],OB 2 H 3, ITOCKOJibKY CO,D,ep)KaHHe qipaKUHH C19+ B )KJ,i,l],KHX 

-.,O,IJ,yKTaX He ITpeBhIIllaeT 6 Mace%. 3TO ITO3BOJI5IeT ITpaKTH'leCKH ce

.aclITHBHO ITOJiytJaTb qipaKUHH yrneBO,D,OpO,D,OB, KOTOpbie COOTBeT

' CIByIOT ITp5IMOroHHOMY 6eH3HHY H ,IJ,H3eJibHOMY TOITJIHBY H ITOCJie 

a6n:aropa)KHBaHH5I MoryT 5IBJI5ITbC5I 3KOJIOrM':leCKM ':IHCTbIM TOBapHbIM 

B COCTaBe )KJ,i,I],KHX yrneBO,D,OpO,D,OB, ITOJiytJeHHbIX Ha KaTaJIM3aTO

pax, ITpMrOTOBJieHHblX BCeMM OITMCaHHblMM MeTO,IJ,aMH, ITpaKTH':leCKM 

SO% ITPMXO,l],HJIOCb Ha ,l],OJIIO OJieQ)MHOB (rn6n. 3). TaKoe BbICOKOe co

.:lq))KaHHe HeITpe,D,eJihHblX yrneBO,D,OpO,D,OB, 6e3yCJIOBHO, HMeeT ITpe

m,cymecTBO ITepe,D, KJiaCCH'leCKMM COCTaBOM )KH,IJ,KHX ITpO,D,YKTOB co

apeMeHHblX TeXHOJIOrMH co cnappH-peaKTOpaMH, TaK KaK ITO3BOJI5IeT 

plCillHpHTb CITeKTp KOHetJHblX TOBapHblX ITpO,D,YKTOB. 

Ta6Jlu4a 3 

Co)J.epacauue uenpe)J,eJibHblX yrJieB0)J,0p0)J,0B B al'.H)J,KHX npo)J.yKTax CHHTe3a 
Cl)umepa-Tponma, nony11euub1x e npucyTCTBHH Me-co)J,epacamux 

KaTa.rIH3aTopoe, npur0T0BJieuubIX no Texuonoruu lIHXC P AH 

j MeTo,n rrp0.roT0BJieHm1 OrreqmHhI, Mac.% IlapaqmHhI, Mac.% 

I' MeTo.n 1 55 45 

!1, 
MeTO,n 2 41 59 

' 

MeTO,n 3 45 55 

Macrnrn6HpoaaHMe MMKpOITHJIOTHOH ycrnHoBKH ,IJ,O ITMJIOTHOH pe

a'l113aUMH ITpOBO,IJ,MJIOCb ITO CJie,IJ,yIOIUett cxeMe. KaK H3BeCTHO, aBTO

IJiaBHblH peaKTop c noITaCTHoii: MernanKoii: He ro,IJ,HTC5I ,IJ,JI5I KPYITHO

TOHHa)KHhIX ycTaHOBOK H3-3a He60JibIIIOH MOIUHOCTM. Il03TOMY ITpH

lileH5IBIIIHHC5I Ha MMKpOITHJIOTHOH ycTaHOBKe aBTOKJiaBHbIH peaKTOp C 

;ioITacTHoii: MernanKott H 3arpy3KOH 100 MJI KaTaJIM3aTOpHott cycITeH

JIDI ITPM MacrnTa6HpOBaHHH 6bm 3aMeHeH Ha 6ap60Ta)KHYIO KOJIOHHY 

BMeCTHMOCTbIO 2 JI ITO ofo,eMy cycITeH,D,HpoBaHHOro KaTaJIM3aTopa. 
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/ B CBH3H C 110BhIIIIemi:eM K0JIHqecTBa 3arpy)KaeMoro KaTaJIH3aTopa 

yBeJIHqHJiaCb H Harpy3Ka peaKTopa 110 CblpbIO C 25 n/q )],0 500 n/q_ 

IlpH '.HOM pacqeTHbie ra6apHThl peaKTopa 6bIJIH TaKHe: 4,8 CM - ,IJ,Ha

MeTP arperaTa, 1,25 M - BhIC0Ta. 

Ha pHcyHKe 3 11pe,IJ,cTaBJieHa TeXH0JI0rHqecKaH cxeMa 11HJIOTHOH 

ycTaH0BKH nonyqeHHH CHHTeTHqecKOH Heq>TH no MeTo,IJ,y <l>HI1Iepa

Tpo11I1Ia 110 TexHonornH 11HXC. 

OcHOBHhIMH a11napaTaMH cxeMhl HBJIHIOTCH 6ap6oTa)KHhlH cnap

pH-peaKT0p H cenapaT0phl )],JIH 0T)],eJieHHH B0)],hl H )KH)],KHX CHHTeni:

qecKHX yrneB0,IJ,opo,IJ,oB. CxeMa 11pe,IJ,11onaraeT IIHPKYJIHIIHIO KaTaJIH-

3aTopHoii cyc11eH3HH H IIHPKYJIHIIHIO 110 ra3006pa3HhIM 11po,IJ,yKTaM. 

{XPHO tJ[fffililfltKi! rtJHlllEJD 
¢UIJJl!fll]-Tfl{J[I/J!fl 

C Jnmtf!HRllJHlJ C00fJ{JI/JKJZD l/£¥]mEXD 
:,,,,Uq,,u.,...11 

Puc. 3. TexuoJiorn'leCKaH cxeMa nuJIOTuoii ycTanoBKH 
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TexH0JiorHH lil-lX 
ropcKoro HHCTHTyra ! 

CKHX pe)KHM0B 11po1M 

ycraH0BKH 11onyqeHR 

co H H2 no MeTO,IJ,y ' 

eoro KaTaJIH3aTopa B < 

Pac. 4. <f>OTO DHJIOTBCI 

yn1eBO~OpO)WB H3 co 
uaeci 

y CTaH0BKa Bbl.Be}] 

IIpoeKTHhie 110Ka:JaTe 

11eCKHM yrneB0,IJ,0po.ll 

co - He HH)Ke 80%. 

BHHXCPAHpa 

YHpOBOH 11paKTHKe 1 

CO H H 2 B cnappH-pe 

:IH3aT0p roT0BHTCH 11 

neH3HH He TPe6yeT c 

11ecKoro 11apTHepa -

6cnaHH0rO KaTaJIH33' 



3arp)')KaeMoro KaTaJII-13aTopa 

, CblpbIO C 25 n/q )],O 500 n/q_ 

,pa 6hlJIB TaKHe: 4,8 CM - )],Ha-

o:iornqeCKaJI cxeMa IlHJIOTHOB 

i Heq>ru no MeTo,lJ,y <l>mnepa-

IB;UIOTCSI 6ap6oTa)KHhlM cnap

:HIDI BO)],hl H )KJ,l)],KHX CHHTeTH

IO.:IaraeT UHPKYJISIUHIO KaTaJIH-

10 ra3006pa3HhlM npo)],yKTaM. 

.eMa OHJIOTHOH ycTaHOBKH 

i, 

TexHoJiorm1 HHXC P AH peann3oBaHa Ha nJIOIUa)],Ke 3JieKlpO

ropcKoro HHCTHTyTa Heq>Tenepepa60TKH. Anpo6aUHSI TeXHOJIOrHqe

CIOIX pe)l{HMOB npoBe)],eHa B SIHBape 2015 ro)],a. <l>oTO nHJIOTHOM 

JCTilHOBKH noJiyqeHHSI CHHTeTHqecKHX )l{ll)],KHX yrJieBO)],OpO)],OB H3 

co H H2 no MeTO)],y <l>mnepa-Tpomna B npHCYTCTBHH HaHopa3Mep

aoro KaTanH3aTOpa B cJiappn-peaKTope npe)],cTaBJieHo Ha pncyHKe 4. 

Pac. 4. «l>oTO DHJIOTHOH ycTaHOBKH DOJiyqeuuu CHHTeTuqeCKHX X(Hll,KHX 

yrneBOll,OpOll,0B HJ co H H2 DO MeTOll,y «l>urnepa-Tpoorna B DpHCyYCTBHH 

uauopa1Mepuoro KaTaJIHJaTopa 

YcTaHOBKa BbIBe)],eHa Ha npoeKTHYIO MOIUHOCTb B MapTe 2015 r. 

IlpoeKTHhie noKa3aTeJIH: npOH3BO)],MTeJihHOCTb no )l{ll)],KHM CMHTeTH-

11ecKHM yrneBO)],OpO)],aM - He HH)l{e 2 JIHlpOB B cyTKH; KOHBepcHSI 

co - He HH)l{e 80%. 

3a1rnroqeuue 

B HHXC P AH pa3pa6ornHa yHHKaJihHa51 He MMeIOIUaJI aHanorOB B 

lrnJ)OBOM npaKTHKe TeXHOJIOrH51 CHHTe3a )l{H)],KHX yrJieBO)],OpO)],OB H3 

CO H H 2 B cJiappn-peaKTope Ha HaHopa3MepHoM KaTaJIH3aTOpe. Karn

.:IH3aTop rOTOBHTC51 in situ H, BCJie)],CTBHe :noro, KaTaJIHTHqecKa51 cyc

rreH3H51 He lpe6yeT OT)],eJibHOM TeXHOJIOrnqeCKOM CTa)],HH H KOMMep-

11ecKoro napTHepa - H3roTOBHTeJI51 KaTaJIH3aTopoB. CBOMCTBa pa3pa

O<)TaHHOro KaTaJIH3aTopa )],aIOT BO3MO)l{HOCTb pa6oTaTh )],JIHTeJihHOe 
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BpeM51 npM BblCOKMX KOHBepCM51X 6e3 CHM)KeHM51 ceneKTMBHOCTM npo

u:ecca. Enaro,n:ap51 BblCOKOMY CO)],ep)KaHMIO Henpe,n:enbHbIX yrneB0)],0-

po)],OB B npO)],YKTaX CMHTe3a (KaK ra3oo6pa3HbIX, TaK M )Kli,[l;KMX) eCTh 

B03M0)KHOCTb yBenMqHTb HOMeHKnaTypy KOHeqHblX TOBapHblX npo

AYKTOB. 
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IIOJiyqEHHE OJIECl>BE 

H3 CHHTE3-r A3A HA :Q 

COCTORHHE HD 

MB. Ma20Me006a. Hu, 
HM.A 

Bee M3BeCTHbie TeXHOJIOl 

uoo6pa3Horo aJibTepHaTHBHC 

(npMpO,D;HOro MnH norrymo1 

XTL/XTO-TexHonornH (X=4 

IOT Ha nepBOR CTa,D;HH KOHi 

IOTOpbIR ,n:arree MO)KeT 61,ITl, 

cl>HIIIepa-Tponrna HnH qepe: 

ETHbIX KaTaJIH3aTopax. B1 

CTaTbe Ha OCHOBe Hccrre.uo1 

PYKOBOACTBOM aKa,n:eMmca P. 

B 3aBMCHMOCTH OT .uaa 

ueonHTa, MOryT 6bITb TIO,'!)' 

.;reH, 6yTeHbl) ( 0, 1-0,5 Mfi 

Mila) pa3nHqHoro XHMJRec 

CHHTeTHqecKoii HeQ)TH ITH6o 
npMpo,q,,wil n, 

r= 
Onecl>MHbl 
3TMJ1EH 

Puc. 1. CxeMa noJiyqeeBtl 



:HIDI ceJieKTHBH0CTH npo

Henpe,11,eJihHhIX yrneB0,11,0-

lllbIX, TaK H )Klf,11,KHX) ecn. 

oHeqHhIX T0BapHhIX npo-

II0JIYqEHHE 0JIE<l>HH0B H EEH3HH0B0H <l>PAKQHH 

H3 CHHTE3-rA3A HA I.J;E0JIHTHhIX KATAJIH3AT0PAX: 

C0CTOSIHHE H IIEPCIIEKTHBhl PA3BHTIDI 

MB. Ma20MeiJoea. 11HCTMTYT Heqnex.HM.HqecKoro CHHTe3a 

HM. AB. Tonqtt:eBa P AH 

Bee H3BeCTHhie TeXH0JI0nrn II0JiyqeHlfjJ yrneBo,11,opo,11,oB H3 pa3-

aoo6pa3HOro aJihTepHaTHBH0ro yrnepo,11,co,11,ep)Karn:ero ChiphjJ - raJa 

(npHp0,11,HOro HJIH Il0IIYTH0ro ), yrJijJ, 6HOMaCChI, TaK Ha3hIBaeMhie 

XTL/XTO-TeXHOJIOrHH (X=G-gas, C-coal, B-biogas) - npe,11,nonara

lDT Ha nepBOH CTa,11,HH K0HBepcmo HCX0,11,H0ro Chlpbj{ B CHHTe3-ra3, 

mTOphIH ,11,anee M0)KeT 6bITh nepepa6oTaH B yrneBo,11,opo,11,hI CHHTe30M 

C>mnepa-Tpomna HJIH qepe3 0KCHreHaThI (MeTaHOJia/,[(M3) Ha IIe0-

.DTHhIX KaTaJIH3arnpax. Brnpoif nyTh paccMaTpHBaeTCjJ B ,11,aHHOH 

cran.e Ha ocHoBe Hccne,11,oBaHHH llHXC PAH, BhIII0JIHeHHhIX no,11, 

pyxoBo,11,cTB0M aKa,D,eMHKa P AH C.H. Xa,D,)KHeBa. 

B 3aBHCHM0CTH OT ,11,aBJieHlfjJ npoIIecca H THIIa IIpHMeHj{eMoro 

l(eOJIHTa, M0ryT 6hITh II0JiyqeHhI nernHe OJieq>HHhI (3THJieH, IIp0IIH

JleH, 6yTeHhI) (0, 1-0,5 Mila) JIH6o yrneBo,11,opo,11,hI C 5-C11 (2,5-10,0 

Mila) pa3JIIfqHoro XHMHqecKoro C0CTaBa, C00TBeTCTBYIOW:He JierKOH 

amTernqecKOH Heq>TH JIH60 M0T0pH0My TOIIJIHBY (pHC. 1 ). 
npMpQAHblA ras, nonyrHblR ras, 6Moras, yronb 

P:0.15-0.ZOMna 

SAP0-34, SAPO-lB 

Onecl>MHbl 
3TWIEH 

! 
CMHTes-ras 

! 
MeTaHOJ'I 

! 
AM3 

f,~ 
~ I 
:<I 
1 

Onecl>MHbl 
nPomtnEH 

P:1.5--JO.oMna 

HZSM-5 l 
YrneBOAOPOAbl C5-C11 

Puc. 1. CxeMa UOJ1yqeum1 yrJieBO,!l;OpO,!l;OB H3 ra1a qepel OKCHreuaTbl 
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HacTmiruaH CTaTbH IlOCBHIIIeHa ofoopy pa3nMqHbIX annapaTyp

HbIX M TeXHOilOrMqecKHX perneHMH, npeMaraeMbIX Be,D,yIIIMMM MMpO

BbIMM KOMITaHMHMH ,D,IlH XTL M XTO-Texttonorttii qepe3 crn,D,mo CHH

Te3a MeTaHona/,l],M3, B TOM qlfcne M pOCCHHCKMX pa3pa60TOK. 

CHHTe3 oneq_)MHOB (3TMileH M npmrnneH) M3 MeTaHOna/,l],M3 npo

BO,D,51:T B npttcyTCTBHM CHilHKOanIOMOq_)OCq_)aTOB (SAPO-34, SAPO-18) 

HilM IIeonMTOB TMITa ZSM-5. CttilMKOanIOMOq_)OCq_)aThI pa3pa60TaHbI B 

1980-x rr. q_)HpMOH UOP H Il03BOilHIOT nonyqaTh npeMMyrnecTBeHHO 

3THileH npH HCIIOilb30BaHHM B KaqecTBe CblpbH MeTaHona. 

B npOMbIIIIneHHOCTM B pa3nMqHOM MaCIIITa6e peanH30BaHbI ycTa

HOBKH, pa3pa6oTaHHhie q_)MpMoii UOP B COTPY,D,HHqecTBe c Norsk Hy

dro M Total (MTO- M Advanced MTO-npoIIecc ), ,l],anMaHCKHM MHCTM

TYTOM XMMMqecKoii q_)M3MKH (DMTO I, II), q_)MpMoii Sinopec (SMTO 

I, II). Ha ypoBHe ,D,eMOHCTPaIIMOHHOro npoeKTa peanM30BaHa pa3pa-

6oTKa yttMBepcMTeTa B ll.ttttxya B COTPY,D,HMqecTBe c China National 

Chemical Engineering Group Corporation M Anhui Huainan Chemical 

(FMTP-rrpoIIecc). Oco6eHHOCTM CTPYKTYPhI IIeOnMTa SAPO (pa3Mep 

OKHa 3.8 A) M ero 6hICTPaH ,D,e3aKTMBaIIMH B XO,D,e peaKIIMM orrpe,D,e

IlHIOT anrrapazypHoe Oq_)OpMneHMe peaKTopttoro 6noKa. Bee rrepeqMc

neHHbie TeXHOnorMH ocyrnecTBilHIOT B CMCTeMaX TMIIa peaKTOp - pe

reHepaTop C MMKpocq_)epHqecKMM KaTanM3aTOpOM, KOTOpbie OTilMqa

IOTCH nMIIIh pe)ImMoM q_)IlIOM,D,M3aIIMM ( oT Kttmrnero cnoH B DMTO ,D,o 

nHq_)T-peaKrnpa FMTP) M KOHCTPYKIIHOHHhIM perneHMeM. 

BhIXO,D, HH3IIIHX oneq_)MHOB rrpH Hcrronh30BaHMH IIeonHTOB SAPO 

COCTaBnHeT 76-80 % Mace. rrpH COOTHOIIIeHHH 3THileH/rrpOIIHileH = 
0,8-1,2 Mac./Mac. (rn6n. 1). 

C IIeilhIO IIOBbIIIIeHHH BbIXO,D,a 3THileHa B CXeMax BToporo ITOKO

neHMH (Advanced MTO, DMTO II, SMTO II) rrpe,D,ycMOTpeH peIIMKil 

yrneBO,D,OpO,D,OB C4+, qTO Il03BOilHeT yBenMqHTb COOTHOIIIeHMe 3Tlf-
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.:1eHlnponttneH ,D,o 2,0 H c 

ea 8-10 %. 

TaK, HanpHMep, B c:x 

)TileBO,D,OpO,D,OB C4+ rrpc 

neonHTHoro KaTanH33TIJ 

Cracking Process, B pa3J 

retteparnp c MMKpoc<pq 

B ,D,aHHOM BapMaHTe X 
CTBOBaHHe o6ycnOBJIHB 

SAPO, a Kn10qeBhIM M, 

QHH. 

O,D,HMM M3 MeTO,D,0B J 

e!tme B HHXC PAH 

SAPO, ttarrpHMep, a.Mc 

OJIOKHpOBaTb II0BepXHO 

o:rnroMepM3aIIHIO HH3ill 

.;lpyrnM MeTO,D,OM M0,a] 

llHH (pHC. 36), K0T0pIDI 

ea rroBepxHOCTH SAPO. 

BaIOT, qTo rrpHMeHHeMli 

OHilhHOH pa6oTbI KaT3JJ 

113.Hirn oneq_)MHOB C2-C,1 

CMHTe3 npettMYfilec 

.DIIOT C npHMeHeHHeM I 

HblMH pa3pa60TKaMH ] 

(MTP-rrpoIIecc) H JGC 

TexHonorttqecKHMH 

BHe a,D,Ha6aTHqecKHX J 

cnoeM KaTanH3aTopa, ~ 

eepaIIMH. 



na o63opy pa3Jrnqm,1x arrrrapaTyp

ii, rrpeMaraeMbIX Be,n:yIIJHMH MHpO

TO-TeXHOJIOI'HM qepe3 cTa,n:mo CHH

: H p<>CCHMCKHX pa3pa60TOK. 

IIJX)IIHJieH) H3 MeTaHOJia!~M3 rrpo-

1Moq>OCq>aTOB (SAPO-34, SAPO-18) 

IIKOa.JilOMOq>Ocq>aTbI pa3pa60TaHbI B 

l.'UIIOT rro~aTb rrpeHMYIIJeCTBeHHO 

ecme CblpMI MeTaHOJia. 

!HOM MaCIIITa6e peamBOBaHbI ycrn

JOP B corpy,n:ttHqecTBe c Norsk Hy

lTO-rrpouecc ), ~aJIHattCKHM HHCTH

TO I, II), q>HpMoii Sinopec (SMTO 

moro rrpoeKTa peaJIH3oBatta pa3pa-

corpyJlHlfqecTBe c China National 

:,oration H Anhui Huainan Chemical 

;rp)'IITYPhl ueoJIHTa SAPO (pa1Mep 

ICTHBaUIDI B xo.n:e peaKUHH orrpe,n:e-

peaKTopttoro 6JioKa. Bee rrepeqHc

OT B CHCTeMaX THIIa peaKTOp - pe-

KaTaJIH3aTopoM, KOTOpbie OTJIHqa

HH ( OT KHIIHIIJero CJIOH B DMTO .n:o 

ICIIHOlllibIM perneHHeM. 

11 HCIIOJib30BaHHH ueoJIHTOB SAPO 

coornorneHHH 3THJiett/rrporrHJieH = 

3THJietta B cxeMax BTOporo rroKo

[, SMTO 11) rrpe,n:ycMoTpett peuHKJI 

JleT YBeJilfqHTb COOTHOIIIeHHe 3TH-

S4 

.JieH/rrpoIIHJieH .n:o 2,0 H CHH3HTb pacxo,n:HbIH K03q>q>HUHeHT ITO CblpbIO 

Ha 8-10 %. 

TaK, ttarrpHMep, B cxeMe Advanced MTO (UOP, Total), KpeKHHr 

yrneBo,n:opo,n:oB C4+ rrpOHCXO,n:HT B peaKTOpe c tterro,n:BH)KHbIM CJIOeM 

ueoJIHTttoro KaTaJimaTopa THrra ZSM-5, TaK tta3bIBaeMhiii Olefins 

Cracking Process, B pa1pa60TKe DMTO II - B CHCTeMe peaKTop - pe

retteparnp c MHKpocq>epHqeCKHM CHJIHKOaJIIOMOq>Ocq>aTaMH (pHC. 2). 

B ,n:aHHOM BapHaHTe XTO-TexttoJiorHH ttarrpaBJieHHH ee coBeprnett

CTBOBattHe o6ycJIOBJIHBaIOT CBOHCTBa H CTPJKTypa KaTaJIH3aTopa 

SAPO, a KJIIOqeBhIM MOMeHTOM HBJIHeTCH ero 6b1crpaH ,n:e3aKTHBa

lllfH. 

O,n:HHM H3 MeTO.D:OB perneHHH 3TOH rrpo6JieMbI MO)KeT 6bITb H3yqa

eMoe B I1HXC PAH MO.D:Hq>HUHPOBaHHe Btternttew rroBepxttocTH 

SAPO, ttarrpHMep, aMopq>HbIM OKCH,n:OM KpeMHHH, qTo II03BOJIHeT 

6JIOKHpoBaTb IIOBepxHOCTHbie KHCJIOTHbie uettrpbl, OTBeTCTBeHHbie 3a 

0JIHI'OMepH3aUHIO HH3IIIHX OJieq>HHOB H o6pa3oBaHHe KOKCa (pHC. 3a). 

~yrHM MeTO.D:OM MO.D:Hq>HUHPOBaHHH MO)KeT 6bITb peKpHCTaJIJIH3a

llHH (pHC. 36), KOTOpaH II03BOJIHeT C03,n:aTb CJIOH Me30IIOpHCTOH q>a3bl 

Ha rroBepxttocTH SAPO. IIonyqettttbie aBTopaMH pe3yJihTaTb1 rroKa3hI

BaIOT, qTO rrpHMeHHeMbJe MeTO.D:bI crroco6Hbl yseJIHqHTb BpeMH CTa-

6HJibHOM pa60TbI KaTaJIH3aTOpa (B 2 pa3a) H ceJieKTHBHOCTb o6pa3o

BaHHH oneq>Httos CrC4• 

CHHTe3 rrpeHMyIIJeCTBeHHO rrpOIIHJieHa H3 MeTaHOJia ocyIIJeCTB

llillOT c rrpHMeHeHHeM ueoJIHTOB THIIa ZSM-5 (pHc. 4). IIpoMblIIIJieH

HbIMH pa3pa60TKaMH B ,n:aHHOH o6JiaCTH o6Jia,n:aIOT q>HpMbl Lurgi 

(MTP-rrpouecc) H JGC & Mitsubishi (DTP-rrpouecc). 

TeXHOJIOrlfqecKHMH oco6ettHOCTHMH CHHTe3a HBJIHeTCH rrpHMeHe

HHe a,n:Ha6aTHqecKHX peaKTOpOB (5-6 CTyrretteii) c tterro,n:BH)KHbIM 

cnoeM KaTaJIH3aTopa, pa6oTaIOIIJHX B pe)KHMe rrepHo,n:HqecKoii pere

HepaUHH. 
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/ 

Advan<:ed MTO- UOP/Total 

.. -

MTQP'tMmhl.,Wlritb 
Otilmt~PtJittn:(QCl!t 

Puc. 2. Annaparypnoe 04lopMJienue MTO-TexnoJioruii c npuMenenueM 
SAPO 

Ta6J1u4a I 
IloKalaTeJiu MTO-TexnoJioruii c npuMenenueM SAPO 

18 4 

99.6 99.42 99.97 

8111Xodon~UH06, 9li M9:f. 

48-31 40 41.3 
34-45 38 42.3 67.3 !Ha CH1) 

76 90 80 86(uaCH2) 78 83.6 
90 86 95.6 

1-102.0 0.8·1.2 /.101.7 0.9·1.1 /J,01.l! 0.02-0.85 

3.0 2.7 2.96 2.67 2.96 2.72 3.0 

ITon.yqaeMbIH H3 CHHTe3-ra3a MeTaHon Ha nepBoil: cTa,r:i:HH KOHBep

™PYIOT B ,[(M3 no peaKQHH ,r:i:ertt,r:i:paTaQHH c Hcnonh3OBaHHeM cTa

QHOHapttoro cnoH aKTHBHOro OKCH,r:i:a anIOMHHH51. PaBHOBecttyIO CMeCb 

MeTaHon/,[(M3 ,r:i:ononHHTenbHO pa36aBnHIOT BOMHbIM napoM. Cxe

MOH npe,r:i:ycMOTPeH BO3BpaT q:>paKQHH C4+ B peaKTOp CHHTe3a one-
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cl>HHOB c nenbIO yBen~em 

.lOCTHraeT 65-70 % Mac. 

/loNpblmuellll6ep.KHOC1l!Rp111111MDM 
aMOpd»n,/MOKCIIOIMl@la 

SiOi 
a e 

SAP0-18/SiO, 

SAP0-11 

100 200 • 

4DO'f,.2'f1,1g_(l!!!.N,ICH~ 

Puc. 3. MOJIH .. 
,[(aHHhie MHXC P N. 

o--o 1 = 
M,_ 

AIB 

.., 

Puc. 4. liJI0K-cxeMa M 



11-Dltl' 

m: 
~ IA! 

-i1e: c npuMeHeHneM 

Ta6nul{a I 

£BeMSAPO 

II: Jfil.l)l!l!I! 

413 
£-3 \67.3(HaCH2) 

13.6 
95.6 

Jllll.8 0.02-0.85 

2.n 3.0 

:pBOH CTa)],HH KOHBep

HCilOJib30BaHHeM CTa-

1. PaBHOBecttyro cMeCb 

iOJUIHbIM napoM. Cxe

peaKTOp CHHTe3a OJie-

t-moB C l(eJibIO yBem1qemrn: BbIXO)],a rrpommeHa, BbIXO)], KOToporo 

JIOCTHraeT 65-70 % Mac. 

flolqH,imuenoeepXHOClflUKpUC11111111108SAPO 
IIM@blM OIICllllmt ,rpeMHUR 

:i11 . • ~ 
: 

t 
2 

l • • : 

SiOi 
a e 

SAP0-18/SiO, 

SAP0-18 

100 200 300 MMH 

400'f,i.-1, l g}J!/', Ni/CH10H=5/1/~E!'~-/ 

Pe1111ucmOJ111UJOgrJII SAPO 

6 

95 
91 

46 

39 •a: 
'.IJ 

C/-C/ Cj/4 

Puc. 3. Mo)].u4>uu.upoeaHue noeepxH0CTH SAPO 
,r:i:attm,1e l1HXC PAH. 3aB. rra6.N25, /J..X.H. 11.11. 11BattoBa) 

°"""""'"' 

M,_ 

°'"'" Atm 

Aln 

..,. 

C.Hll!3 

MITillll>Ail 

CMHW 
... NOii 

H,O 

0.IK'IKaN 
o,:yw1111 

~'1'111'..<t 

, .. c,.c, 

~ 

Puc. 4. liJIOK-cxeMa MTP-TexHOJioruii c npnMeHeHneM ZSM-5 
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BapHaHTaMH pa3BHTmI XTO-TexHonorHH Ha u,eoJIHTax THna 

ZSM-5 5IBJI5IeTC51 IIOJiyqeHHe ,l],M3 B OLJ;Hy CTa)J;lIIO Ha 6mpyHKl.J,lIO

HaJibHbIX KaTaJilI3aTopax lI C.HHTe3 oneqmHOB .H3 ,l],M3 B cpe;::i;e ClIH

Te3-ra3a. IlpH '.HOM Ka)KLJ;a51 YKa3aHHa51 CTaLJ;lI51 MO)KeT 6bITb peaJI.H30-

BaHa KaK B HeIIO)J;B.H)KHOM, TaK lI cycneHLJ;HpOBaHHOM CJIOe KaTaJIH3a

TOpa (p.nc. 5). 

EmpyHKl.J,lIOHaJibHbie KaTaJIH3aTOpbI )J;JI51 npoBe;::i;eHH51 0,/J;HOCTa

)J;lIHHOro CHHTe3a ,l],M3 IIOMHMO IIHXC P AH pa3pa6aTbIBaIOTC51 B 

Kopee (Korea Gas Corp.), KlITae (Huashuo Science Co., Southern 

Group Research), HH;::i;epnaH;::i;ax (Shell Oil Company). KaK npaBHJIO B 

HX COCTaBe npHCYTCTBYIOT KOMIIOHeHTbl ClIHTe3a MeTaHOJia - OKClI)J;bI 

Me)J;H If ll,HHKa, H KHCJIOTHM ;::i;er.n;::i;paT.npyIOil.J,a51 COCTaBJI5IIOil.J,a51 - aK

THBHbIH OKCHLJ; aJIIOMHHH51 HJIH u,eoJIHT T.Hna HY HJIH MOR, HBEA 

HJIH HZSM-5, AlPO4• B KaqecTBe Mo;::i;mjrnu,ttpyIOill,HX MeTannoB BBO

LJ;HT OKCHLJ;bI La, Cr, Zr, Ga, Il.J,eJioqHbIX .n Il.J,eJioqHo-3eMeJibHbIX Me

TaJIJIOB -Mg, Ca, Na, K. 

CmaqUOHOpHtJJli 
ctroii 

CmaqUOHOJ1HbllJ 
cnoli 

CycnemuoHHbtlii 
cnoii 

Cycn~MUOHttl1llJ 
CIIOU 

Puc. 5. BapuauTbI pa3BHTHH XTO-TexuoJioruu ua ZSM-5 

IIpe.nMyll.J,ecTBeHHO LJ;JI51 npoBe;::i;eHH51 peaKU,HH npe;::i;naraIOTcg 

a;::i;.na6aT.nqecK.He MHOrOcTyneHqaTbie peaKTOpbI, aHaJIOr.HqHbie TIO 

KOHCTpyKU,HH annapaTaM CHHTe3a MeTaHOJia. Ho, HapHAY C 3THM, aK-
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THBHO npHMeH5IIOTC51 slur 

le Column Reactor npe,ll,'Il 

ducts & Chemicals (CIIIA) 

(pHc. 6a,6). OpHrHHaJibHaJ 

Airlift Reactor) c Bttyrpem 

fHH YHHBepCHTeTa B IJ)n1xy: 

OTMeTHM, qTo 3TH ann: 

rou - LJ;JIH He6oJibIIIOii Mom 

ropa COCTaBJI5IeT 15-20 M IIJ 

B P<l> op.nrnHMbHbIMH 

CIIHTe3a ,l],M3 H npou,ecca 

peaKIJ,.HH B HeIIO)J;Bif)KHOM CJ 

TOpbIH HCIIbITaH B ycJIOBIDI: 

wteHH:e 6onee 400 qacoB. K 

BOCTb, aKTHBHOCTb H ceJieK'l 

IOil.J,He 3apy6e)KHbIM aHaJIOicl 

Do1ea1aTeJIH paiioTbI oa•ym 
(,ll;aHHhle 11HXC P AH. 

T, "C P, li3' 
Mfla 0 

260-280 3,0 3.,1 

240-280 5,0 3.,1 

06UjDRl«J 

B cnyqae nonyqeHIDI )l 

KryaJibHblM CTaHOBHTC5I cm 

CIIHTe3-ra3a. 3ra o6nacn, E 

OCBOeHa HCCJie)J;OBaTeAAMH 3: 

pa3pa60TaHHb1e AAA nonyqei= 



O-TeXHOJIOrHH Ha u:eoJIHTaX nma 

M3 B O,DJI)' CTa)J;HlO Ha 6mpyHKU:H~ 

reJ oneq>HHOB H3 .z:t:M3 B cpe,z:i;e CHH-

3aHHIDI CTa,D;IDI MO)KeT 6bITb peaJIH3~ 

,t cycneH,D;HpoBaHHOM CJIOe KaTaJIH33-

oaTOpbI )J;JI5I npoBe,z:i;eHH5I O)J;HOCTil

lO HHXC PAH pa3pa6aTbIBaIOTC5I e 

rae (Huashuo Science Co., Southern 

(Shell Oil Company). KaK npamrno B 

IOHeHTbI CHHTe3a MeTaHOJia - OKCHJU,I 

i"JUPaTHpyiorn,rui: COCTaBJI5IIOIIJ,a5I - aK

ueomrr THna HY HJIH MOR, HBEA 

ee MOJU1q>HU:Hpy10rn,Hx MeTaJIJIOB BB~ 

t!.;1:0'IHI>IX H rn,enoqHo-3eMeJibHbIX Me-

)anu-ra3 

l 
MeTaHon 

! 
AM3 

~,3 

CJlletNHbl 

Cycn,HSUOHH.,Q 

CJJOD 

CycneHaUOHHblii 

cnoD 

IBK XTO-nxuoJioruu ua ZSM-5 

ipoBe,z:i;eHIDI peaKU:HH npe,z:i;naraIOTCi: 

l'laTbie peaKTOpbI, aHaJIOrHqHbie no 

eJa MeTaHOJia. Ho, Hap51,z:i;y C '.3THM, aK-
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nmHo npHMeH5IIOTC5I slurry-peaKTOpbI. HanpHMep, Slurry Bubb

le Column Reactor npe,z:i;naraeTC5I B LPDME-TeXHOJIOrHH Air Pro

ckicts & Chemicals (CIIIA) H TexHonornH KOMnaHHH JFE (51noHH5I) 

(pee. 6a,6). 0pHrHHaJibHa5I KOHCTPYKU:H5I cnappH-peaKTopa (Slurry 

Airlift Reactor) c BHYTPeHHeii U:HPKYJI5IU:Heii pa3pa6oTaHbI TexHoJio

nrn YHHBepcHTeTa B ll,HHxya (pHC. 66). 

0TMeTHM, qTo 3TH anrrapaTbI OTJIHqaIOTC5I 3HaqHTeJibHOH BbICO

YOH - )];AA He60JiblllOH MOIIJ,HOCTH no .z:t:M3 5-10 TlcyT BbICOTa peaK

ropa COCTaBJI5IeT 15-20 M rrpH )J;HaMeTPe KOJIOHHbI 0,4-0,6 M. 

B P<l> opHrHHaJibHbIMH pa3pa6oTKaMH B o6JiaCTH KaTaJIH3aTopa 

CHHTe3a .z:t:M3 H rrpou:ecca o6na,z:i;aeT HHXC P AH . .z:t:n51 rrpOBe,z:i;eHH5I 

peaKu;HH B HeIIO,D;BH)KHOM CJIOe C03,D;aH rrpOMbllllJieHHbIH 06pa3eu:, KO

ropbIH HCIIbITaH B ycJIOBH5IX HerrpepbIBHOH pa6oTbI ycTaHOBKa B Te

lJeHHe 6onee 400 qacoB. KaTaJIH3aTop rrp05IBHJI BbICOKYIO CTa6HJib

HOCTb, aKTHBHOCTb H ceneKTHBHOCTb o6pa30BaHH5I ,n:M3, He ycTyna

IOIIJ,He 3apy6e)KHbIM aHaJIOraM (Ta6JI. 2). 

Ta6JlUlfO 2 

IloKalaTeJiu paoOThl 6ml,ynKQnouaJILnoro KaTaJiu3aTopa cunTe3a )J,M3 
()J,aHHhie HHXC PAH. Jia6. N!!2, r.H.c., K.x.H. KHIIHHC M.A.) 

T, "C 

260-280 

P, 
Mna 

3,0 

H,/C 
0 

3J) 

Wcr, 
11/"I 

30-50 

Kl( 
K(CO) 

3a npoxOA, 
% 

42-48 

06~CIR KOHBepcw; C0-97-945 % 

S(AM3), 
%Mac. 

52-73 

B cnyqae nonyqeHH5I ,n:M3 MeTO,D;OM O)J;HOCTa)J;HHHOro CHHTe3a 

aKTYaJibHbIM CTaHOBHTC5I CHHTe3 HH3lllHX OJieq>HHOB H3 .z:t:M3 B cpe,z:i;e 

CHHTe3-ra3a. 3Ta o6JiaCTb HayqHoro HarrpaBJieHH5I npaKTHqecKH He 

ocBoeHa Hccne,z:i;oBaTeJI5IMH 3a py6e)KOM. BMecTe c TeM, B HHXC P AH 

pa3pa6oTaHHbie )J;JI5I nonyqeHH5I HH3lllHX OJieq>HHOB u:eoJIHTHbie KaTa-
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Kann1-t11rop- MeKaHH4eolai:I CMecb Cu{l.nO-Al203 
H v-AIZ03, COOTHOwtHMe 95/5. 
Pa3Mep ~am14 KaTam113l!TOpa 10-50 MKM 
Cp&Aif- BblcotlOKMnl!~H napa$MH 

1986 r.- 11a6oparopH1,1e MCCJleAOBaHMA 

1999 rr. - m111ortta~ YCTOH08Ka, t~l?,on~,, 10 T/9tT 

Slurry Bubble Column Reector 

Mo T 10 
MaMe1 eaITT D,f.i <l,43 

BblCOla am :aH,M 15,2 

a 

1989 r. - 1ta6oparoptu,1e MCCIIE!AOBattMA 

1994 r.-CTettAOBbleMtnbllaH~, 50 Kr/01! 
1997 r,-!lHJIQl:_1;@,,VCTaHOBHa, ST/ffi 
2002 r. -,!J.t~~ycrattastta, XoKttaMP,o, 100 T/FIJ_ 

Slurry Bubble Column Reactor 

<; 100 3000 
0,55 2,3 7,0 
15 21 50 

6 

l<ata111Garop-Jg.9..."1!¥Tha,9•!o)~l?h>!»i£! 
Cu/2r,O-Al203-2r02 
Cf¾!Aii•;,ap.>4w1 

:2004 r. - n1<111or1-1aAycrat1ou11a, 
Chongqing, lOT/ft!, 

Slurry Airlift Reactor= 
Circulation slurry reactor 

6 

Puc. 6. Annaparypuoe Ol)opMJieuue TexuoJiornu cuuTeJa ,n:M3 B cycneu-
3UOHHOM CJIOe K3T3JIU33Topa: 

a - Texttorronrn: LPDME Air Products&Chemicals (ClllA), 6 - TexttorrorIDI 
JFE (5Inomur), e - Texttorrormr Tsinghua University (Kinaii) 

JUI3aTophl 6bIJUI rrpoTecnipOBaHbl Ha MHKpomrnoTHOH ycTaHOBKe c 

rrpOTOqHhIM peaKTOpOM, 3arpy3KOH KaTa.JIH3aTopa 5-10 r M rrpttMeHe

HHeM CHHTe3-ra3a pa3JJHqHoro COCTaBa. IlonyqeHHbie pe3yJihTaTI,I 

BhlXO)];a oneqmHOB HeCKOJlbKO HM)Ke rrpOMhIJJIJieHHhIX IIOKa3aTeJieii -

BblXO)]; 3THJieHa M IIpOIIHJieHa B pacqeTe Ha yrnepo,z:i: 42-60 o/o MaCC., 

HO 5IBJI5UOTC5I rrepcrreKTHBHhIMH M IIOJie3HhIMH, C TOqKH 3peHH51 HC

cne,z:i:oBaHH:51 MexaHH3Ma peaKI.J,HH M CHH)KeHH51 3KCIIJiyaTaI.J,HOHHhlX 

3aTpaT. BrrepBhie 6hIJIO IIOKa3aHo, qTo BapbttpOBaHtte KOHI.J,eHTPaI.J,HH 

co B COCTaBe corryTCTBYIOII.1,ero ra3a IIO3BOJI5IeT H3MeH51Tb COOTHO

meHMe I.J,eJieBbIX rrpo,z:i:yKTOB 3THJieH/rrporrHJieH (pttc. 7). 

IlpHHI.J,MIIHaJihHaH BO3MO)KHOCTh CMHTe3a OJiecjmHOB M B ycJIOBIDIX 

Tpex<pa3Horo cnapptt - peaKTopa rrpo,z:i:eMOHCTPHPOBaHa B I1HXC 

P AH (pttc. 8). 

IlpttMeHHeMblH B CHHTe3e OJie<pHHOB I.J,eOJIMTHhIH KaTaJIH3aTop Ha 

ocHOBe ZSM-5 rrptt yBenttqeHHH ,z:i:aBJieHHH rro3BOJIHeT rronyqaTh )KH)];

Ktte yrneBo,z:i:opo,z:i:hI, ITO CBOeMy rpyrrrroBOMY COCTaBy OTBeqaIOII.1,He 

6eH3MHOBOH <ppaKI.J,MH. 
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-nponUJ1e11 
- - - • MemaHon 

Puc. 7. CuuTeJ OJI 

(,!1,aHHhie I1HXC P AH. 3a 

Kamanu:tamop Mg-HZ! 

100 

0 - ....... ---.-.....-....... -
200 220 240 260 21D ! 

TeMnepa,wa 

w,_ 0,7 ..-1; AM3/a,om;q,eda-S. 

-AMa/~1'• 
_ AM,/...,..ZQ/S01'.a 

Puc. 8. CuuTe3 oJieta 
(,!1,aHHhie I1HXC P AH 

Hatt6onee H3BeCTHl,l 

HOJiorttii HBJIHIOTCH E~ 

npoI.J,ecc (Haldor-Topso 



_,,....,,....~ .. 
-~IICBbJTaHMA, 50Kf/r;,vJ. 

~~,ST/ffi~ 
~--..ca. XolataNAo, lOOT/r~YI 

,_ 

...,_ Column Reactor 

is !110 !_3DIIO 

~O.•(a,s.;luj_1,o 
.... 15 122 50 

6 

f<aT;J11Maa10p-Jf!JJMIX'ffm11Jlb~"! 
cu/ZnO-.Al203-Zr02 
Cftt!A~- r,np . .¢v.,i 

:2004 ;,- lll1J'!OrH~'fCTatlOEIKa, 

Chongqlng,lOT/f'{'!, 

~ 

(~L .,.,... 

QB~·--..... 
Slurry Airlift Reactor:;; 
Circulation slurry reactor 

6 

Ille TeXBOJIOrHii CHHTe3a ,.!J.M3 B cycneB
IOe iatTilJIHJaTopa: 
ducts&Chemicals (ClllA), 6 - TexHonorHI 
orHll Tsinghua University (KIITaii) 

lHJ,I Ha MHKpOITHilOTHOH ycTaHOBKe C 

UCOH KaTailli3aTopa 5-10 r n rrpHMeHe

D COCTaBa. IlonyqeHHbie pe3yilbTaTl,I 

HIDKe rrpOMbIIIIIleHHbIX IIOKa3aTeneii -

B pacqeTe Ha yrnepo,ll; 42-60 % Mace., 

H H rrone3HblMH, C TOqKH 3peHHH HC

IHH H CHH)Kemrn 3KcrrnyaTa1(HOHHblX 

lHO, lfIO BapbHpoBaHHe KOH[(eHTPau;ira 

ro I1l3a IlO3BOilHeT H3MeHHTb COOTH<r 

L'Ien/rrpoIIHneH (pnc. 7). 

IOCTb CHHTe3a onecjmHOB M B ycnOBIDIX 

ropa rrpo,ll;eMOHCTPHpoBaHa B HHXC 

>..'IeqlHHOB u;eonMTHblH KaTMM3aTop Ha 

[H .:iaMeHMH IlO3BOilHeT rronyqaTb )KM)];

IY rpyrrrroBOMy COCTaBY orneqaIOI[(He 
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:7~ 
✓· . 

:» • .. • Wt ...... , 
-amuneH 
- - - • 5ymeHbl 

llo!!qeHlJ)ai\1111, "o6. 
KtlMnoHeHI COO!llllll Cocma61 

Hi 70,0 21,0 

co !5,11 37,5 

COi 5,0 18,5 

Ni 7,0 15,5 

AM3 3,0 1:, 

Honui;ue COewsecnow6cmeyem 
UHWOUp080HWOf'fpOmeK(JHU/l 

emoplNHblX peaK~tJii 

Puc. 7. CuuTe3 OJiecimuoe H3 ,.!J.M3 e cpe)J.e cnuTeJ-raJa: 
()J.aHHhie HHXC P AH. 3aB. ceKrnpoM na6. N22, K.T.H. M.B. MaroMe)J,oBa) 
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Kamanrnamop Mg-HZSM-5/A/2O3 

cycrW•WJDHHblii CJIOti 

J)_ __ 
200 220 240 260 280 300 320 340 

TeMnepa,ypa •c 
w,_ 0,7 ,r1; ,llM3/a,om; cpeda-Syltherm800 

- 1.1,M3/a,or-S0/50" ""· 
-AMa/..,,..20/80%00, 

,,o 

1,5 

~: 
Ii 
,j 
J' 1,0 

~ 
0,5 

0,0 

11HXCPAH 

220 l40 270 JOO S40 

TeMl!epaJypa 'C 

OPEl1MYIIIECTBA 

CHHlfl.eHHe TeMnep,:nypbl CHHTe3a 

8o3MO)KH0CTb sapbMpO&aHHR COOTHOWeHHS1 

9n1net1/nponMReH 

Puc. 8. CuuTe1 OJiecI>uuoB HJ ,.!1.M3 B cycneuJuouuoM cJioe ZSM-5: 
()J.aHHhie HHXC PAH. Jia6. N22, r.H.c., )J..X.H. H.B. Konecm1qeHKO) 

Hatt6onee M3BecTHbIMH cxeMHbIMH perneHHHMM )J;IlH GTL-Tex

eonomii HBilHIOTCH EMRE-TexHononrn (Exxon Mobil), TIGAS -

npou;ecc (Haldor-Topsoe ), S TG+- TexHonomH (Primus Green Ener-
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gy), STF (Syngas to Fuels)-TexHoJionrn: Ha ocHoBe HayqHoii pa3pa-

6oTKH fopHoii AKa,D,eMHH <I>paii6epra (Chemieanlagenbau Chemnitz 

GmbH, Sapmeftekhim, TexHo Tpaii,D,Httr). 

O6IIIHMH )],JI& 3apy6e)KHblX TeXHOJIOrHH &BJI&IOTC& peaKT0pbl C He

II0)],BH)KHbIM CJI0eM IIe0JIHTHoro KaTaJIH3aTopa Ha ocHoBe ZSM-5 rrpu 

0TH0CHTeJibH0 HH3K0M )],aBJieHHH (1,0-2,5 Mila) B rrpoToqHo

IIHpKyJI&IIH0HHOM pe)KHMe. IIepeqHCJieHHbie TeXHOJI0rHH 0TJIHqaIOT

C& cxeMOH peIIHKJia H THII0M rrpHMeH&eMbIX Ha CTa)],HH CHHTe3a 6eH-

3HHa peaKTopHbIX ycTpoiicTB. TaK, HarrpHMep, B TeXH0JI0rHH STF Hc

II0Jib3YIOTC& KO)KyxoTpy6qaTbie peaKTOpbI c ,D,BOHHhIM KoHrypoM 

0XJia)K)],eHH&, a cxeMOH rrpe,D,yCM0TPeH0 )],Ba 0T)],eJibHbIX peIIHKJia II0 

ra30BOH cpa3e - Ha CTa)],HH CHHTe3a MeTaH0Jia ( CMeCH MeTaHOJII.D:M3) 

H Ha CTa)],HH CHHTe3a 6eH3HHa. IlpH6JIH3HTeJibHO Ta )Ke K0HIIeIIIIH&, 

HO c rrpHMeHeHHeM a,D,Ha6aTHqeCKHX arrrrapaT0B, rrpe,D,JiaraeTC& B Tex

H0JI0rHH EMRE. ,n:pyroii rro,D,xo,D, - opraHH3aIIH& e,D,HH0ro IIHPKYJIH

pyioIIIero K0Hrypa Ha HeCK0JibK0 TeXH0JI0rHqecKHX CTa)],HH paCCM0T

peHbl B TeXH0Jiorn&x TIGAS H STG+. IlpH 3TOM BO Bcex rrepeqHc

JieHHbIX TeXH0JI0rH&X IIOJiyqaeMblH 6eH3HH xapaKTepH3yeTC& BbICO

KHM C0,D,ep)KaHHeM apoMaTHqecKHX coe,D,HHeHHH (30-35 % Mace. B 

TOM qifcJie ,D,ypoJia 3-5 % Mace.) H Tpe6yeT )],0II0JIHHTeJibH0ro rH,D,po

o6Jiaropa)KHBaHH&. 

B P<I> KaTaJIH3aT0pbl H TeXH0JI0rHqecKHe perneHH& pa3pa60TaHl,l 

3AO CTK «U:eocHT» H MHXC P AH. OrnHqHTeJibHOH oco6eHHOCTbIO 

pa3pa6aThrnaeMoii GTL-KOHIIeIIIIHH MHXC P AH &BJI&eTc& rn6KOCTh 

B 0TH0llleHHH Cblpb& H C0CTaBa rrpo,D,yKTa. CoqeTaHHe KaTaJIHTifqe

CKHX CHCTeM H cxeMHbIX perneHHH Il03B0JI&eT II0JiyqaTb )KH)],KHe yr

JieB0,D,0p0,D,bl C pa3JIHqHblM C0,D,ep)KaHHeM apoMaTHqeCKHX coe)],HHe

HHH rrpH HH3KOH K0HIIeHTPaIIHH ,D,ypoJia - MeHee 1,5 % Mace.: 6a3o

BbIH K0MII0HeHT aBT06eH3HHOB (OlIM 89-90), 6eH3HH rrpeMH

YM-KJiacca (OlJM 95) HJIH JierKa& 6eccepHHCTa& CHHTeTHqecKaJI 
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uec\)Tb ( co,D,ep)KaHHe apo 
(pHC. 9). 

TexHOJIOrHqecKHe nap 

TaHbl B YCJIOBH&X KpyrJJ 

(6onee 900 q) rrpH 3arp)'31 

IIepcrreKTHBHbIM HaII] 

OCHOBe 0KCHreHaT0B muill 

TaH) c OlllI 112, KOTOpLl 

HHeM IIeOJIHTOB-FAU, B 

.JaBJieHHH )],0 10 a TM. 

BMecTe c TeM, HecMm 

JOTepMHqecKoii, ,D,0CTHI'3 

o6pa3oBaHmr TPHIITaHa B 

6onee 50% Mace., B pac11 

lil:ac. (pHc. 10). 

OYH 

fpynnoeoi"""' 

ff3lH1DKCllbl / JU , 
H·atlKOHbl ) 7J 

xa,,a,m>pMCT'"3 

i tu} ! 

i , .. 
-JI, 

Aaa11eHMe napoe,Kfla 2 

n,,olllOC!bnp,15'1'.,,riM' a: 

Puc. 9. Bapaai 



'CXH0JI0rIUI Ha 0CH0Be Hay<IHOH pa3pa

>aii6epra (Chemieanlagenbau Chemnitz 

, T pafuurnr ). 

( TeXHOJIOrHii HBJUII0TCH peaKT0pbl C He

,ro KaTaJIM3aTopa Ha ocH0Be ZSM-5 rrpH 

aemrn (1,0-2,5 Mila) B rrpornqHo

lepe'IHcJieHHbie TeXH0JI0rHH 0TJrnqaroT

npHMeH5IeMbIX Ha CTa,11,HH CHHTe3a 6eH

TaK, ttarrpHMep, B TexHononrn STF HC-

ll,le peaKropbl C ,11,BOHHblM K0HTypoM 

ycMOTpeHO ,11,Ba 0T.D,eJibHblX peu,HKJia no 

[HTe3a MeTaH0Jia (cMeCH MeTaHOJr/.D:M3) 

13. IlpH6JIH3HTeJibHO Ta )Ke K0HI.J,eIII.J,M5I, 

'llecKMX arrrrapaT0B, rrpe.n,naraeTCH B Tex

IX0..1 - opraHH3aI.J,HH e.n,HH0ro ll,HpKyJIH

lbKO TeXH0JI0rHqecKHX CTa.D,HH paCCM0T

; H STG+. Ilpn 3T0M BO Bcex rrepeqttc-

1aeMhlH 6eH3HH xapaKTepM3yeTCH BbIC0-

qecKMX coe.n,HHeHHii (30-35 % Mace. B 

cc.) H TPe6yeT ,11,0II0JIHHTeJibH0ro rn.n,po-

eX.H0.:IOrJfqeCKHe pellleHHH pa3pa6oTaHbl 

:c P AH. OTJIHqHTeJibHOii oco6eHHOCTbIO 

IellilliH HHXC P AH HBAAeTCH rn6KOCTb 

rasa rrpo.uyKTa. CoqeTamie KaTaJIHTHqe

[IleHHH II03B0AAeT rronyqaTb )KH,11,KHe yr

co..1ep)KaHHeM apoMaTHqecKHX coe.n,ttHe

mm .n,ypona - MeHee 1,5 % Mace.: 6a30-

:HHOB (Oq11 89-90), 6eH3HH rrpeMH-

;reraaH 6eccepHHCTaH CHHTeTnqecKruI 
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neq_>Tb ( co.n,ep)KaHne apoMamqecKHX coe.n,HHeHnii 6-10 % Mac.) 

(pHC. 9). 

TexHonornqecKHe rrapaMeTPbI TeXH0JI0rnH 11:HXC PAH oTpa6o

TaHbI B YCJI0BHHX KpyrnocyToqHoii pa60Tbl IIHJIOTHOH ycTaH0BKH 

(6onee 900 q) rrpn 3arpy3Ke KaTaJIH3aTOpa 150-200 r. 

IlepcrreKTHBHbIM HarrpaBJieHHeM rronyqeHHH yrneBo.n,opo.n,0B Ha 

OCH0Be 0KCHreHaT0B HBJIHeTCH CHHTe3 2,2,3-TPHMeTHJIIIeHTaHa (TpHII

TaH) c oq11 112, KOT0pblH M0)KeT 6bITb ocyII.J,eCTBJieH n c rrpHMeHe

HHeM u,eoJIHTOB-FAU, BEA, MWW rrpn TeMrrepazype 180-220 °C n 

11.aBJieHHH ,11,0 10 aTM. 

BMecTe C TeM, HeCM0TPH Ha TO, qTo peaKI.J,HH HBJIHeTCH BbIC0K03K-

30TepMHqecKOH, ,11,0CTHraeMaH B HaCT0HII.J,ee BpeMH ceneKTHBH0CTb 

o6pa30BaHHH TPHIITaHa B pacqeTe Ha yrneB0,11,0p0,11,bl C7 C0CTaBJIHeT 

6onee 50% Mace., B pacqeTe Ha H3orrapaq>HHbI C 5 - C 8 6onee 20 % 

Mac. (pnc. 10). 

~ 
JlerKMiira30BhlMKOHAettrar 

I-~ ~--
.. .;.~=: -

. .,.,; 

fpynnOBOMcocraB 

#30..0lfj({ljbf 74,i 
H•{U!KOHbl ),0 

liU!UIO·anKDHbl 11.7 
One$l<H• C4-C, 0.6 
ApoMaTwiearne 5.9 
coe,Al1HeH~ 10.,1 
iAYl"'•l 
KTOfO: 100.0 

KaieCTilORpo/\y,<ra 

J<apaerep,cr""' 3HMHMe 

OYH 73-84 
~aB!leHMe napos, 1<na 5l 

nnornocronp•15'C, ,r;M' 690-720 

GTL-mexHonowR UHXC PAH 
~ 

6eK,.HllP!MHYM""""' 
CG51f.€CT~bl~f!poee;rcrnMnaiMe~fltJfilfCWAj 

■ .=.. -- r- . 
.,

-· __ ...... ,. .... ., .J .... 
-+-♦-

«<'"''I:::::. ~ -~-... 
rpynnoBOMcoaaa 

H10-anKOHol 59,i 

fi..OIIIWHbl 7.0 
.UwwO-Dl!KOHbt 5.0 
Onelli1HSC,C, 0.9 
ApoM.anfl.lE:CKMe 

17.3 
COeA!-iHeHHll 

{!.\) 
{>VIJ<1/1) 
MTOl'O: 100,0 

Ka<le<TIIOl!po/\VKT• 

Xaoa1ITem1crHKa ....... ,1 

OYM 8'1-91 
i fuB!leHKe naooa1 i<na 55 

nnornocronp•15'f,,r/M-' 70~720 

O,raao.,.~o6aSKa, o6.% 

BapllilHlll 
95-98 
50-60 

7Z0.751l 

5-15 

Puc. 9. BapuanThI GTL-TexnoJioruu HHXC PAH 
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Puc. 10. CuuTe3 TpnnTaua HJ oKcurenaTos: 
(.L\aHHhie IIHXC P AH. Jla6. N22, B.H.c., K.X.H. 3.M.EyKirna) 

B 2005 r. JiaypeaT Ho6eJieBCKOH. rrpeMHH ITO XHMHH ,ZJ>iwp;::pK OJia 

B MOHorpaqrnH «MernHOJI H :mepreTHKa 6y.Liyrn:ero. Kor,Lia 3aKoHqHT

CH HeQlTb» cq>opMyJIHpOBaJI KOH:o;erru;mo «MeTaHOJibHOH 3KOHOMHKH», 

KOTOpaH HMeeT rrpaBO Ha cyrn;eCTBOBaHHe C He60JibIIIOH. rrorrpaBKOH.. 

CKopee Bcero, 3TO 6y,LieT «3KOHOMHKa ,LIHMeTHJIOBoro 3q>Hpa», rro

CKOJibKY B rrpaKTHqeCKOM HCIIOJib30BaHHH ,LIHMeTHJIOBbIH. 3q>Hp no 

BCeM IIOKa3aTeJIHM 3q>q>eKTHBHee MeTaHOJia H B KaqeCTBe TOIIJIHBa, H 

CblpbH ,LIJIH Heq>TeXHMHH, 3KOJIOrHqecKOH. 6e3orracHOCTblO H MO)KeT 

6b1Tb IIOJiyqeH H3 MeTaHOJia HJIH mo6oro yrJiepO,LICO,Liep)Karn:ero Cbl

pbH. 

§G;J = 
H,CO 

~"'A 
', q~~~q~q~~~~"~~, J 

/~ ,-,h~ M~N~N~c ~~~ 

: HCOOCH1 l 
i M111111~~!.c' 
'~,-

PNN~"N-VVNNNNN-~N· 

[~-~] 
r=i '----I 

[~,:..] 

[_Mypoo,M---;:::~=· .. , .. ,=---. I ~I~ 
YmflOAOl)OAblKUIMpnii · · 

IIOMVOAYIPMW!J)I-Tponwa 
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I l1K11eTOl!OtMet111 I 

ApoMiTil'lltl!Me 
ymeBOAOPO/lbl (KCMonl 

,,----, 
I ~l!AlrMA I 

YKcytlliAKHCIIOTI, 

M!Tllnlllffl! 

nermCMHTeTM'IICl!III ~lb, 

Bbla!KOOKll!IOBblM 6e1BMH 

HarnH,LIHbIMH rrpHMe 

:Jq>Hpa», HBJIHIOTCH KKJ: 

BblIIOJIHHIOT rrporpaMM)' 

.:IOCTH% K 2020 ro,Liy 20 

CoqeTaHHe aToMHoil 

II03B0JIHT peaJIH30BaTb ~ 

e cMO)KeT o6ecrre'IHTh 

eeq>TH, ra3a, yrJIH H .LID 



~rTTaH 

llo11C7 
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: TJHIIITIIH8 Hl OKCHreeaTOB: 

Jla6 . .N!!l, B.H.c., K.X.H. 3.M.EyKHHa) 

,eecKoii npeMHH no XHMHH ,]J,)Kop,D,)K Orra 

JHepreTHKa 6y,IJ,yIIIero. Kor,IJ,a 3aKoHqm

mHIIeruuno «MeTaHOJibHOR 3K0H0MHKH», 

mecTBoBaHHe c He6onhIIIOR norrpaBKoii. 

3KOHOMHKa )],HMCTHJI0B0ro 3q:>Hpa», rro

~CTI0 .. 'Ib30BaHHH )],HMeTHJIOBblR 3q:>Hp TIO 

BHee MeTaH0Jia H B KaqecTBe T0TIJIHBa, H 

ICO.:IOrwICCKOR 6e3orraCHOCTblO H M0)KeT 

1 e.-m JII06oro yrnepo,D,co,D,ep)KaIIIero Chi-

~ 
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8 I Ont+M11111(i-C, j r--'IPo-pMan ____ ,,bA,,.e.rM. --A· · 

,--~·~••, 

lltl~~tall ; 

~

=,.,nui!~ 

~ 
r nerw01KTelll'!eCKU Mt+To, l 

lblCO«OO«fllllblM6etiaMH 

HarmI)],HbIMH npHMepaMH pa3BHTH51 «3K0H0MHKH )],HMCTHJI0Boro 

'l4»Hpa», 51BJI51IOTC51 KnTaii H IO)KHaH KopeH, K0T0pbie HanpaBneHH0 

-.monHHIOT rrporpaMMY pa3BHTH51 rrp0H3B0,IJ,CTBa ,]J,M3 H nnaHnpyIOT 

.ll()CTIIqb K 2020 ro,IJ,y 20 H 6,5 MJIH. T0HH C00TBCTCTBCHH0. 

CoqeTaHHe aTOMHoii 3HepreTHKH H BhI,IJ,eneHH51 CO2 H3 B03,D,yxa 

IIOJB0JIHT peanmoBaTb aJibTepHaTHBHhlR CHHTe3 )],HMeTHJIOBbIR 3q:>Hpa 

• CM0)KeT o6ecneqHTb He3aBHCHM0CTb qenoBeqecTBa OT ,IJ,06bJqH 

&eqJTH, ra3a, yrn51 H )],a)Ke 6HOMaCCbl. 
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OCHOBHhIE TEH)];EUQHH B PA3BHTHH TEXHOJIOrHH 
IlPOH3BO,ll;CTBA AMMHAKA 

MX CoCHa, O.H. KacbzM. PfY Hecjnn II ra1a (Hl1Y) nMeHn 11.M. fy6KnHa 

B PHAY TexHonornii, o6ecrreqnsnrnx cyII.J,eCTBOBaHne qenoseqe

CTBa, OAHOH H3 Ba)l<Heiinrnx HBn»eTCH npeBpaII.1,eHHe aTMOCcpepHoro 

a30Ta B CHHTeTnqecKHH rrpO)].yKT - aMMHaK, a TaK)Ke C0BeprneHCTBO

BaHHe TeXHOnornH, KaTMH3aTopoB, H anrrapaTypbl An» rrpOMbIIllneH

HOro ero npOH3B0ACTBa. <l>p. r a6ep H K. Earn 3aHHManHCb pa3pa-

6oTKOH TeXHOnornii, KaTanH3aTopoB H arrnapaTOB An» rrpOMbIIllneH

HOro rrpOH3BOACTBa aMMHaKa. 3a '.JTO B 1913 roAy fa6ep n B 1931 ro

AY Eorn nonyqnnn Ho6eneBCKYIO rrpeMHIO. EnaroAap» nx mo6peTe

HHHM TexHnqecKH 6bma perneHa rrpo6neMa o6ecrreqeHHH qenoseqe

CTBa rrpOAYKTaMH ITHTaHHH. 

B cepeAHHe xx CToneTHH aKTYMbHblM CTan BOrrpoc o6ecneqeHHH 

cpHHaHCOBOH AOCTYITHOCTH TaKoro rrp011ecca. CyII.J,eCTBeHHblM rnaroM 

B perneHHH '.JTOH 3a)],aqn CTana pa3pa6oTKa H CTpOHTenbCTBO q>HpMOH 

«Kellogg» (ClllA) KpyrrHOTOHHm1rnoro :JHeproTexHonornqecKoro ar

peraTa rrpOH3BOACTBa aMMHaKa rrpOH3BOAHTenbHOCTblO 1360 MnH.T.B 

CyTKH. B 1965 roAy :JTa pa3pa6oTKa 6bma HarpmKAeHa rrpeMneii 

AMepHKaHCKOH rrpOMbIIllneHHOH acc011na1IHH [ 1]. 

EnarOAap» eii H rrpOMbIIllneHHOMY OCBOeHHIO KpyrrHOTOHHa)KHbIX 

'.JHeproTeXHOnornqecKHX arperaTOB YAMOCb COKpaTHTb YAenbHbIH 

pacXOA '.JHeprHH Ha rrpOH3BOACTBO TOHHbl aMMHaKa Ha ~ 30% B cpaB

HeHHH C nyqrnHMH TeXHOnOrHHMH Toro rrepHOAa. 

TexHonornqecKa» cxeMa arperarn cpnpMbI «Kellogg» (pnc.1) 

BKnioqana: 

- TOHKYIO oqncTKY HCXOAHOro TexHonornqecKoro rrpHpOAHoro 

ra3a OT cepHHCTblX coeAHHeHHH. OcTaTOqHoe COAep)KaHHe cepHH

CTblX COeAaHeHHR He rrpeBbllliM0 0.5 ppm; 
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- AByxcryrreHqaryio rrapoBO'. 

ra3a B Tpy6qaTOR rreqn H max 

OCTaToqHoro MeTaHa B cyxoM Ko 

qarnil neqn ~ 9%. 

- KOHBepCHIO OCTaTOqHOro M 

B3aHMOAeHCTBHH rop~ero KORB 

TOH rreqn C HarpeTblM AO 530 °C 1 

TexHonornqecKHR B03Ayx B 1 

X0AH0MY TeXHOnornqecKOM)' IIJ'. 

coornorneHae (H2+CO)/N2=3,07-

CoAep)KaHHe ocrnToqHoro 0 

nocne rnaxTHoro KOHBepTopa - I 

QaeTCH AO 360 °C n nocrynac: 

KOHBepTop cpeAHeTeMrrepa-rypHC 

KaTMH3aTope npoHCXOAHT CHK 

.J.04%. 

Ilocne 2 cTyrreHn cpe,llHeTe)j 

.J.HBilleRCH C rrpoMe)KyT0qJJJ,D( 

ra3 HanpaBnHeTCH Ha HH3KOTe!tl 

nonb30BaHHeM MeAbCOAep)l(am 

CH)la yrnepoAa B cyxoM K0HBeJY 

.:IIOIIHOHHblM MO)KHO Ha3BaTb Bl 

BOACTBa aMMHaKa C03AaHHe l 

K0HBepc1rn co. 3TO I103B0JIHJIO 

qecKyio cxeMy, o6ecrreqHB noBL 

Ilocne HH3KOTeMnepa-rypHOi 

ra3 oxna)KAaeTc» c peKynepaIIHt 

OT AH0KCHAa yrnepoAa. B m 

3T0 Aenanocb C HCITOnb30BaHII 

180 °C. 



•AJBHTHII TEXHOJIOrIIH 
\.AMMIIAKA 

1 r.na (H11Y) HMeHH 11.M. f'y6KHHa 

mHX cyw;ecTBOBaHHe qenoBeqe

c,i: npeBparn;eHHe aTMocq>epHoro 

tMMHaK, a TaK)Ke COBeprneHCTBO

if arrnapaTypbI ,n:m1 rrpOMbIIllneH

p H K. Born 3aHHManHCb pa3pa-

H arrrrapaTOB ,n:mI rrpOMbIIllneH

B 1913 ro,n:y fa6ep H B 1931 ro-

1eMHIO. Enaro,n:ap5I HX mo6peTe

JOJieMa o6ecrreqeHH5I qenoBeqe-

bHblM CTan Borrpoc 06ecrreqeHID1 

ouecca. Cyw;ecTBeHHbIM rnaroM 

5oTICa H CTPOHTenbCTBO q>HpMoii 

ro :meproTexHonornqecKoro ar-

3BO,lHTenbHOCTbIO 1360 MnH.T.B 

1 6bma Harpa)K,n:eHa 

OUHaUHH [ 1]. 

f OCBOeHHIO KPYIIHOTOHHa)KHblX 

ylla.JIOCb COKpaTHTb y,n:enbHblH 

HHbl aMMHaKa Ha ~30% B cpae-

0 rrep11O,n:a. 

ra q>HpMbI «Kellogg» (pnc. l) 

reXHonornqecKoro rrp11po,n:Horo 

cnnoqHoe co,n:ep)KaHHe cepHH

ppm; 

- .n:ByxcTyrreHqaryIO rrapoBO3lIYillHYIO KOHBepcmo rrpnpo,n:Horo 

nJa B rpy6qaTOM rreqn H rnaxTHOM ,n:oKOHBepTope. Co,n:ep)KaHHe 

GC'raTOqHoro MeTaHa B cyxoM KOHBepTHpOBaHHOM ra3e rrocne Tpy6-

'IUOM rreqn ~ 9% . 

- KOHBepCHIO OCTaToqHoro MeTaHa B rnaXTHOM KOHBepTope rrpH 

SJaHMo,n:eucTBHH rop5J:qero KOHBepTnposaHHoro ra3a rrocne rpy6qa-

10ii rreqn c HarpeTbIM ,n:o 530 °C TexHonornqecKHM B03,n:yxoM. 

TexHonornqecKHM B03,n:yx B rnaxTHbIM KOHBepTop rro,n:aeTC5I K HC

mimoMy TexHonornqecKoMy rrp11po,n:HOMy ra3y, o6ecrreqnBaIOrn;eM 

coornorneHHe (H2+CO)/N2=3,07-3, 1. 

Co,n:ep)KaHHe ocTaToqHoro CH4 B cyxoM KOHBepTHposaHHOM ra3e 

aocJie rnaxTHOro KOHBepTopa ~ 0.5%. KOHBepTHpoBaHHbIM ra3 oxna

:a:naeTC5I ,n:o 360 °C n IIOCTyrraeT s pa,n:HMbHbIM ,n:ByxcTyrreHqaTbIM 

JmHBepTOp cpe,n:HeTeMrrepaTypHOM KOHBepCHH co, r,n:e Ha )Kene3HOM 

ICITilJIH3aTope rrpOHCXOlJ:HT CHH)KeHHe co,n:ep)KaHH5I OCTaToqHoro co 
.ll04%. 

Ilocne 2 CTyrreHH cpe,n:HeTeMrrepaTypHOM KOHBepCHH co, rrpOBO

.mmrneMC5I C rrpoMe)KyToqHbIM oxna)K,n:eHHeM, KOHBepTHpOBaHHblH 

133 Harrpasn5IeTC5I Ha HH3KOTeMrrepaTypHyIO KOHBepCHIO co C HC-

Me,n:bco,n:ep)Karn;ero KaTanmarnpa. Co,n:ep)KaHHe oK

CIIJla yrnepo,n:a B cyxoM KOHBepTnposaHHOM ra3e ~0.3-0.5%. (Peso

.lllOUHOHHbIM MO)KHO Ha3BaTb BKna,n: B pa3BHTHe TeXHOnOrHH rrpOH3-

IIO.l{CTBa aMMHaKa C03,n:aHHe HH3KOTeMrrepaTypHoro KaTMH3aTopa 

mHBepCHH CO. 3To rro3sonnno 3HaqnTenbHO yrrpocTHTb TexHonorH

'leCKYIO cxeMy, o6ecrreqHB IIOBbIIlleHHe ee 3q>q>eKTHBHOCTH). 

Ilocne HH3KOTeMrrepaTypHOH KOHBepCHH co KOHBepTHpOBaHHbIH 

1'33 oxna)K,n:aeTc5I c peKyrrepauneu Terrna H Harrpasn5IeTC5I Ha oqncTKY 

yrnepo,n:a. B rrepBbIX KpyrrHOTOHHa)KHbIX arperarnx 

:no ,n:enanOCb C HCIIOnb3OBaHHeM IIOTarna rrpH TeMrrepaType BbIIlle 

180 °C. 
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Co.n:ep)Kamre CO2 B oq11IIJ,eHH0M K0HBepT11poBaHH0M ra3e He BhI

JDe 0.1 % 06. 

Qq11IIJ,eHHbIH KOHBepTHpoBaHHblH ra3 HanpaBmieTC11 Ha MeTaHH

poBaHHe, r.n:e 0CTaBIIIHec11 B ra3e 0KCH.ZJ:bl yn1epo.n:a Ha HHKeJieB0M Ka-

13JIH3aTOpe npH TeMneparype ~400 °C rn.n:pttpyIOTC11 .n:o MeTaHa. 

OCTaToqHoe co.n;ep)KaHHe 0KCH.ZJ:0B yrnepo.n:a B CHHTe3-ra3e 20-

30 ppm.,a C00TH0llleHHe H2/N2 ~ 3. 

C .n;aBJieH11eM ~2.5 Mila CHHTe3-ra3 nocJie K0H.n;eHca111111 BJiar11, 

o6pa30BaBllleHC11 npH MeTaHHp0BaHHH, HanpaBJI11eTC11 B K0Mnpeccop 

CHHTe3-ra3a, r.n:e K0MnpHMHpyeTC11 .n:o .n;aBJieHH11 33 Mila. qaCTb CHH

Te3-ra3a .n:o C)KaTH11 OT6HpaeTC11 H3 o6IIJ,ero n0T0Ka H H.ZJ:eT B K0M

npeccop TeXH0JI0rHqecKoro npHp0.ZJ:H0ro ra3a .ZJ:JI11 rH.n;pHp0BaHH11 op

f'3H_HqeCKHX cepHHCTblX coe.n;HHeHHH Ha CTa.ZJ:HH TOHKOH oqHCTKH OT 

cepbl. 

C)KaTbIH CHHTe3 - ra3 HanpaBJI11eTC11 B IIHKJI CHHTe3a aMMHaKa, 

ocyn1ecTBJI11eMblH no IIHPKYJI11IIHOHHOH cxeMe. CaM CHHTe3 npoxo.n;HT 

• aKCHaJibHOH noJioqHOH KOJIOHe C npoMe)KyToqHI,IM OXJia)K.n;eHHeM 

IDIJ)KYJI11IIH0HHOrO ra3a Me)K.n;y KaTaJIH3aTOpHbIMH nOJIKaMH 3a cqeT 

xoJIO.ZJ:HhIX 6aiinacoB. KpaTHOCTh IIHPKYJI11IIHH ~ 6. ilepena.n: .n;aBJie

llIDI. no IIHKJIY CHHTe3a ~ 3.0 Mila. ilpo.n;yKIIHOHHhIH aMMHaK H3 0T

.11CJieHH11 CHHTe3a BbIB0.ZJ:HTC11 B )Klf.ZJ:K0M BH.n;e npH TeMnepaType 

-32 °C. B CHCTeMe 0XJia)K.n;eHH11 H KOH.ZJ:eHCaIIHH HCnOJih3yeTC11 H 

OKp~aIOIIJ,HH B03.ZJ:yx (nepBHqHa1! KOH.ZJ:eHca111111), H HCKYCCTBeH

llhlli XOJIO.ZJ:, noJiyqaeMbIH 3a cqeT .n:pocceJIHp0BaHH11 npe.n;BapHTeJihHO 

acaTOro ra3oo6pa3HOro aMMHaKa (BTOpHqHa1! KOH.ZJ:eHCaIIH11). Co

OIHOllleHHe nepBHqHoii H BTopHqHoii KOH.n;eHca11Hii 2: 1. ilpo.n;yBoq

llhlli ra3 nocJie CHHTe3a aMMHaKa H.ZJ:eT Ha ycTaH0BKY BbI.ZJ:eJieHH11 

OCTaB1IIeroc11 B ra3e nocJie BTOpHqHOH K0H.ZJ:eHCaIIHH aMMHaKa, a 3a

TeM - Ha C)KHraH11e B pa.n;HaIIHOHHoii KaMepe rpy6qaToii neqH, TaM 

Jee C)KHraIOTC11 nocJie oqHCTKH OT aMMHaKa H TaHKOBbie ra3hl. 
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OTmiqnTeJibHbIMH oco6eHHOCT5IMH KpynH0T0HHa)I<H0r0 arperaTa 

ITO rrpoH3B0,L(CTBY aMMHaKa CTaJIH BrrepBbie HCITOJib30BaHHbIR rrpHH

IIHIT nocne,n:oBaTeJibH0ro HarpeBa Il0T0Ka IIIITaTeJibHOH B0,Il,bI, rrp0H3-

B0,ll,CTB0 rrapa 3a cqeT Ternm 3K30TepMHqecKHX peaKIIHH Ha CTa,I(H51X 

rronyqeHH51 CHHTe3-ra3a H CHHTe3a aMMHaKa. ~JI51 rrpHB0,I(a K0Mnpec

copa CHHTe3-ra3a HCil0Jib30BaJI0Cb H Tenno ,Il,bIM0BblX ra30B, noJiy

qaeMbIX B pa.n:HaIIHOHHoii KaMepe TPY6qaToii neqtt npn 3H.L(0TepMHH 

rrapoBoii K0HBepcHH TexHonorttqecKoro rrpnpo,n:Horo ra3a. Eonee To

ro, .L(JI5I II0,L(.L(ep)I(amrn ITOCT051HHOH np0H3B0.L(HTeJibH0CTH napOBOH 

CHCTeMbl B cxeMy BKmoqeH crreIIHaJibHbIH BCIIOMoraTeJibHblll napo

BOH K0TeJI ,D,mI npomB0.L(CTBa nap a ,D,asneHHeM 10 Mila. 

OnncaHHbIH BbUIIe 3HeproTexttonorttqecKHii arperaT c 3HeproeM

K0CTbIO 42 f~)I(/T )I(H)],K0ro aMMHaKa CTaJI 6a30BhIM )],JI51 pa3BHTIDI 

MHposoro rrp0H3B0,ll,CTBa npH HCII0Jib30BaHHH B KaqecTBe Cblpb.11 

rrpHpo.nHoro ra3a. 

IlapannenbHO CTP0HTeJibCTBY H0BbIX Mo.n:epHH3Hposanttcb .nett

CTBYIOIUHe arperaThl B IIeJI51X CHH)I(eHHR 3HeproeMK0CTH np0M3B0)],CT

Ba aMMHaKa H yseJIHqeHH5I HX IIp0H3B0)],HTeJihH0CTH. B TeqeHHe 

- 25 neT 6bIJIH rrpoBe)],eHhl MeporrpH5ITH5I, II03B0JIHBIIIHe CHH3HTh 

3HeproeMK0CTb )],0 38 f~)l{/T. 3TO: 

- IIpHMeHem1e B peaKIIH0HHhlX Tpy6ax H rnaXTH0M K0HBepTOpe 

KaTaJIH3aT0p0B CJIO)I(HOH q>opMbl C II0HH)l{eHHbIM rn.npaBJIHqecKIDI 

corrp0THBJieHHeM; 

- pa3.nenemre npo.a,ysoqHbIX ra30B CHHTe3a aMMHaKa C B03BpaTOM 

Bbl)],eJieHH0ro B0,ll,0po.n:a B IIHKJI CHHTe3a aMMHaKa; 

- 3aMeHa peaKIIH0HHbIX Tpy6 neq11 K0HBepCHl'I Ha 6onee TOHKO

CTeHHbJe H3 crmaBa C HH06HeM; 

- nepexo.n C aKCHaJihHblX K0JI0HH CHHTe3a aMMHaKa Ha pamnullir

Hbie, qTo IT03B0JIHJI0 IIpH yMeHbllleHHH pa3Mepa 3arpy)KaeMoro KaTit

JIH3aTopa CHH3HTb rtt.npasmi:qecKHe II0TepH 
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Te3a H .naBneHHe • 

peraTa; 

- IIpHMeHeHH1 

H0B0ro XeMOCOJX 

CTBeHH0 COKpaTHJ 

Ilepeq11cneHBJ 

xapaKTep, TeM He 

Ha rrpHB0,ll, TeXH< 

mneJibH0CTb arp 

CyTh 3HeprOT 

paIJH0HaJihH0M , 

IWiecKoro npou:c 

repMHqecKHx pe 

rexuonon1qecKH 

KIT~ :meprc 

e cne.nyrorueii «Ii 

r.'le A - ,n:oIDI 1 

npHp0,n:Horo 1113 

HOJiornqecKoii '! 

E 
'lirperaTa - 06IIIJ 

B np1-rne.n:eH 

Be T0JihK0 TeXH 

evoro B cxeMe 

Eeprnro (pa6o 

SDKeH pacxo.n: 1 

rermcy. 

B arperara 



ICp)'IIHOTOHHa:)lrnoro arperarn 

pBble HCIIOJib30BaHHbIH rrpuH

IGl IIUTaTeJibHOH BO.Ubl, rrpou3-

ll'IeCKHX peaKI.J,HH Ha CTa.umrx 

1HaKa. ,n.rrn rrpHBO,Ua KOMIIpec

"'elLl:0 ,UbIMOBbIX ra3OB, IIOJiy

PiaTOH rreqH rrpH 3H,UOTepMHH 

> npupo,n:Horo ra3a. EoJiee To

:poH3BO.UHTeJII>HOCTH rrapOBOH 

HLIH BCIIOMOraTeJII>HbIH rrapo

reHHeM 10 Mila. 

1111ecKHii arperaT c 3HeproeM

cTa.JI 6a30BbIM ,UJIH pa3BHTml 

b30BaHHH B KaqecTBe CbipMl 

blX Mo.uepHH3HpOBaJIHCb .ueii-

11 3HeproeMKOCTH rrpOH3BO,UCT-

13BOIDITeJibHOCTH. B TeqeHHe 

IJITIDI, IlO3BOJIHBIIIHe CHH3HTh 

y6ax H maXTHOM KOHBepTope 

DHIDKeHHbIM rH.upaBJIHqecKHM 

CHHTe3a aMMHaKa C BO3BpaTOM 

ilaMMHaKa; 

I KOHBepc1m Ha 6oJiee TOHKO-

cmrre3a aMMHaKa Ha pa.UHaJib

pa3Mepa 3arpy)KaeMoro KaTa

nepH ,UaBJieHHH B I.l,HKJie CHH-

Te3a H .uaBJieHHe CHHTe3a rrpH yBeJI11qeHHH rrpOH3BO,UHTeJibHOCTH ar

perarn; 

- IIpHMeHeHHe Ha CTa,UHH oqHcTKH KOHBepTHpOBaHHOro ra3a 

HOBOro xeMocop6eHTa (aKTHBHpoBaHHoro MeTHJI,[(3A), qTo cyrn;e

crneHHO COKpaTHJIO 3aTPaTbI TeIIJia Ha pereHepaI.l,HIO paCTBOpa. 

IlepeqHcJieHHble ycoBepmeHCTBOBaHHH HOCHT TeXHOJIOrHqeCKHH 

xapaKTep, TeM He MeHee OHM cyrn;eCTBeHHO MeHHIOT pacxo.u 3HeprHH 

Ba rrpHBO,U TeXHOJIOrHqeCKHX MaIIIHH, a CJie,UOBaTeJibHO, Ha rrpoH3BO

,IlHTeJibHOCTb arperaTa ITO rrapy BbICOKOro ,UaBJieHHH. 

CyTo 3HeproTeXHOJIOr~ecKoro HHTerpHpoBaHHH 3aKmoqaeTCH B 

paI.J,HOHaJibHOM coqeTaHHH IIOBbIIlleHHH 3cpcpeKTHBHOCTH TeXHOJIO

mtieCKoro rrpoI.J,ecca c yTHJIH3aI.J,Heii TerrJia TexHoJiorHqecKHX 3K3O

repMHqecKHX peaKI.J,HH H IIOJiyqeHHH 3HeprOHOCHTeJIH ,UJIH rrpHBO,Ua 

TeXHOJIOrHqecKHX MaIIIHH. 

KIT,[( 3HeproTeXHOJIOrHqecKoro arperaTa MO)KeT 6oITb 3aIIHCaH 

B cJie.uy10rn;eii cpopMe: 

A+B= 1 

A ·ri!;:ex + B·ri;Hepr= TJirperaTa, 

r.ue A - ,UOJIH rrpHpO,UHOro rma H.uyrn;ero Ha TeXHOJIOrHIO, B-,UOJIH 

rrpHpO,UHOro rma H.Uymero Ha BI>1pa60TKy 3HepmH, ri!;:ex - KIT,[( Tex

HOJiornqecKOH qacTH, ri;ttepr - KIT,[( 3HepreTHqecKoii qacTH arperaTa, 

llirperaTa - o6rn;Hii KIT,[( ycTaHOBKH. 

B rrpHBe,UeHHOH cpopMyJie yqHTbIBaIOTC5I 3KCepreTHqeCKHH KIT,[( 

He TOJibKO TeXHOJIOrHqecKOH cxeMI>I, HO H IIOTeHI.J,HaJia, Bbipa6aTI>IBa

eMoro B cxeMe rrpeo6pmoBaHH5I 3HeproHocnTeJIH B MexaHnqecKyIO 

3HeprHIO (pa6oTy rrpHBO,Ua TeXHOJIOrHqeCKHX MaIIIHH). IlpH 3TOM 

Ba)KeH pacxo.u rrpHpO,UHOro ra3a KaK Ha TeXHOJIOrHIO, TaK H Ha 3Hep

reTHKy. 

B arperarnx q>HpMI>I «Kellogg» ,UJIH BI>Ipa6oTKH MexaHHqecKoii 

3HeprHH rrpHMeHHeTCH rrapoCHJIOBOH I.l,HKJI, a KOJIHqecTBO Bbipa6aTbI-
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BaeMoro 3HepreTHqecKoro rrapa orrpeAenHeTcH KaK rroTPe6HOCTbIO 

rrapa AilH rrpHBOAa KOMrrpeccopa CHHTe3-ra3a, TaK H Heo6XOAHMOCTbIO 

MaKcttManbHOii yrttnH3RLJ.HH Terrna AbIMOBbIX ra30B rrocne TPY6qaToii 

rreqH, B peaKI.J.HOHHbIX TPY6ax KOTOpoii rrpoBOAHTCH eAHHCTBeHHaH B 

TexHonorttqecKOM rrpou;ecce 3HAOTepMHqecKaH peaKI.J.HH KOHBepCHH 

MeTaHa. 

OAHHM H3 HarrpaBneHHH AailbHeiirnero COBeprneHCTBOBaHHH 3Hep

roTeXHOnorttH rrpOH3BOACTBa aMMHaKa MO)KeT CTaTb rrepeXOA Ha CHH

Te3 - ra3 C MeHblllHM COAep)KaHtteM HHepTHbIX KOMITOHeHTOB H rrptt

MeHeHHH B 3HepreTHqecKoii cxeMe arperaTa rrapora10Boro CHnoBoro 

I.J.HKna BMeCTO rrapoCHilOBoro. 

K TaKHM perneHHHM cneAyeT OTHeCTH 3HeproTeXHOnorttqecKyIO 

cxeMy rrpOH3BOACTBa aMMHaKa pa3pa6oTaHHYIO H peantt30BaHHYIO 

Brown&Root - pttc. 2. 

TexHonorttqecKaH cxeMa rrpeArronaraeT AByxcryrreHqaTyIO rrapo

B03AYillHYIO KOHBepcttIO rrpttpOAHOro ra1a B TPY6qaToii rreqtt rnaxT

HOii KOHBepcttH Ha BTOpoii CTyrreHH. IIptt 3TOM B rnaXTHblH KOHBep

TOp ITOAaeTCH 6onbrnee KOnttqecTBO TeXHonorttqecKoro B03Ayxa, qTO 

IT03BOilHeT yMeHblllHTb CTerreHb KOHBepCHH MeTaHa B Tpy6qaTOH rre

qfi, coKpaTHB tt TerrnoByIO Harpy3KY Ha peaKu;HOHHbie TPY6b1, H pac

XOA TOITilHBHOro ra1a. B pe3ynbTaTe yMeHblllaeTCH COOTHOilleHHe 

(H2 + CO)/ N2 B KOHBepTttpoBaHHOM ra3e rrocne rnaxTHoro KOHBepTo

pa C 3.1 AO 2.1. 

)];anee KOHBepTttpoBaHHbIH ra3 rrpoXOAHT KOHBepCHIO OKHCH yrne

POAa AO AHOKCHAa yrnepoAa, oqHCTKY KOHBepTHpOBaHHOro ra3a OT 

AHOKCHAa yrnepoAa H MeTaHHpOBaHHe C rrepeBOAOM OKHCilOB yrnepo

Aa B MeTaH. 

3aTeM KOHBepTHpOBaHHbIH ra3 HarrpaBnHeTCH Ha CTaAHIO HH3KO

TeMrreparypttoro pa3AeneHHH C BbIBOAOM H36bITOqHoro a30Ta H rro

BbIIlleHHeM coornorneHHH (H2 + CO)/ N2 AO 3. 
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penellileTCH KaK IlOTl)e6HOCTblO 

re3-ra3a, TaK tt Heo6xo)..l,HMOCTblO 

I,lMOBblX ra30B rrocne 'Tpy6qaTOH 

}H DpOBO)..l,HTCH enHHCTBeHHaH B 

~MWieCKaH peaKI.J,HH KOHBepCHH 

mero COBeprneHCTBOBaHHH 3Hep-

1Gl MO)l(eT CTaTb rrepexon Ha CHH

. HHepTHbIX KOMilOHeHTOB H rrpH

arperaTa rrapora30Boro CHJIOBoro 

rrBecTH 3HeproTeXHOJIOrHqecKyIO 

JJJa6oTaHHYIO H peaJIH30BaHHyIO 

o.rraraeT nByxcTyrreHqary10 rrapo

,ro ra3a B Tpy6qaToii rreqH rnaxT

H. Ilptt 3TOM B rnaxTHbIH KOHBep

> TeXHonorttqecKoro B03,l.l,yxa, qTo 

HBepCHH MeTaHa B Tl)y6qaTOii rre

ry Ha peaKI.J,HOHHbie TPY6bI, tt pac

'3.Te yMeHbIIIaeTCH COOTHOIIIeHHe 

►M ra3e rrocne rnaxTHoro KOHBepTo-

npoXO)..l,HT KOHBepcmo OKHCH yrne

.CTK)' KOHBepTHpOBaHHOro ra3a OT 

lHHe C rrepeBO)..l,OM OKHCJIOB yrnepo-

3 HarrpaBJIHeTCH Ha CTa)..l,HIO HH3KO

LIBOL(OM H36bITOqHoro a30Ta H rro

O )/ N 2 no 3. 
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IlpH '.HOM H3 KOHBepTHpOBaHHOro ra3a CTyneH':rnTO y)],amnoTC.11 

MeTaH H .1136bITOqHoe, no cpaBHeHmO co CTeXHOMeTPHqecKHM COOT

HOIIIeHHeM )],ml CHHTe3a aMMHaKa, KOJrnqecTBO a30Ta. O)],HOBpeMeHHO 

C a30TOM qaCTHqHo, HO He nOJIHOCTbIO, y)],amreTC5l H aproH. 

CyII.J,eCTBeHHOe yBeJIHqeHHe nOTPe6HOCTH B TeXHOJIOrHqecKOM 

a30Te (B03)],yxe) npHBeno K HCnOJib30BaHHIO B KaqecTBe npHBO}la 

KoMnpeccopa TexHonorHqecKoro B03)],yxa c6pocHoro ra3ozyp60KOM

npeccopHoro arperaTa. ,I),hIMOBbie ra3bI nocne npHBO)],HOH ra3oBoi 

Typ6tt:Hbl npH TeMnepaType ~500 °C, c CO)],ep)KaHJieM KHCJIOpO}la 

~ 1 0+ 15% HCnOJib3YIOTC5l npH C)KHraHHH TOnJIHBHOro npHpO)],HOro ra-

3a B TPY6qaToii neqn. fa3oBa5l zyp6HHa B cocrnBe :rneproTexHonora

qecKoro arperaTa no3BOJIHJIO noBbICHTb KII.ll: :mepreTnqecKoii qac~ 

HO He OKa3aJia cyII.J,eCTBeHHOro BJIH5lHH5l Ha nOBbIIIIeHHe 3!pipeKTHB

HOCTH BCero npOH3BO)],CTBa aMMHaKa. 3TO B nepByIO oqepe}lb, CB5l3a

HO C coxpaHeHHeM )],aBJieHml CHHTe3a aMMHaKa, HaJIHqHeM napOBOI'O 

npHBo)],a y KOMnpeccopa CHHTe3-ra3a. 

BTOpbIM Ba)KHblM <paKTOpOM OCTaeTC5l coxpaHeHHe B COCTaBe ar

peraTa Tpy6qaTOH neqn C 60JibIIIHM ofrI,eMOM )],bIMOBbIX ra30B B 

Heo6xO)],HMOCTb YTHJIH3aUHH Tenna 3THX )],bIMOBbIX ra30B C Bblpa60T

KOH 3HepreTnqecKoro napa )],aBneHHeM ~ 10 MITA. Ilpn 3TOM cne.uy

eT OTMeTHTb, qTo no)],aqa B IIIaXTHbIH KOHBepTop H36bITOqHoro, no 

cpaBHeHHIO C TJ)a)],HUHOHHOH cxeMOH, TeXHOJiornqecKoro B03.uyxa 

no3BOJIHJIO yMeHbIIIHTb Terrn0By10 Harpy3KY Ha TPY6qaTy10 rreqb • 

COKpaTHTb pacXO)], TOilJIHBHOro ra3a. 3ToMy crroco6cTBOBaJIH rop5l'IHC 

c6pOCHbie )],bIMOBbie ra3bl rrocne rrpHBO)],HOH ra30BOH Typ6HHbl KOM

rrpeccopa TeXHonornqecKoro B03)],yxa, HarrpaBJI5leMbie B pa)],nau1mB

HYIO KaMepy TJ)y6qarnii rreqn. 

IlpHMeHeHHe arperaTOB C KOH)],eHcaunen H36blTOqHoro a30Ta HO

CHJIO orpaHnqeHHbIH xapaKTep (AO 10 arperaTOB B MHpOBOH rrpaKTII

Ke), B cpaBHeHHH c ~70 arperaTaMH no cxeMe «Kellogg». 

174 

B KOHUe 80 ro}lOB XX 

DpOMbIIIIJieHHa5l ycTaHOBKa 

aepcHH C TJ)y6qaTbIM KOHBI 

33..ldeHeHbl Ha IlOTOK rop.1111, 

aoro KOHBepTopa. IlpalCTH' 

DK)qeH HCTOqHHK TeIIJia 

lHepreTHqecKoro BO)VIHon 

ipe60BaJIOCb B orpaHwreH 

ClrnH KHCJIOpO)],. 

B TeqeHHe HeCKOJThKI 

50HCTJ)YKUHH Tpy6qaThIX 

IIOJib3YIOII.J,Hx B KaqeCTBe 1 

BLm ra3 IIIaxTHoro KOHBeJl 

IlpoMbIIIIneHHa5l peam 

:JOBblMH peaKTopaMH n031 

JOBaHHIO KOHBepCHH H K 

IIJ)HMeHeHH5l KHCJiopo}la. 

Ilepexo)], K cxeMe no~ 

lle"faHa CHH3HJI TJ)e6oBaI 

mHBepCHH, H6o Beeb HHej 

aoro ra3a B cxeMe c Koo; 

&DH}leHCHpYIQII.1,HHC5l HHe 

m.lM a30TOM, )],OilOJIHHTeJl 

.-.rncTbIH» CHHTe3 - ra3, C 

roo, He Il03BOJIHJI 3Ha'IHT 

coxpaHHB ITOTPe6HoCTh 1 

• arperaTe HJIH )],OIIOJilD 

IIDMIIpecCHOHHblH crrococ 



crynettqaTo y,IJ.am110TCJ1 

eXHOMeTJ)HqecKHM C00T

IO a:30Ta. O,IJ.HOBpeMeHHO 

eTCH H aproH. 

m B TeXH0JI0rHqeCK0M 

!O B KaqecTBe npHB0,l).a 

pocttoro ra3ozyp60KOM

ne npHBO,IJ.HOH ra30BOH 

inep)l(aHHeM KHCJI0po.n.a 

HBH0r0 npHp0,ll.H0ro ra

TaBe :meproTexttonorn-

3oepreTHqecKOH qacTH, 

[I0BbIIIIeHIIe 3<p<peKTHB

epeyro oqepe,n;1,, CBH3a

:a, Hrurn:qHeM napoBoro 

paHem1:e B cocTaBe ar

lM ,ll.bIM0BbIX ra30B H 

mhlX ra30B C Bbipa6oT

IlIA. IlpH 3T0M cne,n;y

rop H36hITOqttoro, no 

norwiecKoro B03,IJ.yxa 

ra TPY6qaTyIO neqr, H 

,COOCTB0BaJIH rop,:i:qne 

130BOH zyp6HHbl K0M

ui:eMble B pa,IJ.HaI.UI0H-

6bITOqHoro a30Ta HO

B B MHpOBOH rrpaKTH

K.ellogg». 

B K0HIJ;e 80 ro,IJ.0B xx BeKa 6bIJia TI0CTp0eHa a rryIIJ;eHa rrepBM 

llpOMbIIIIJieHHM ycTaH0BKa ,IJ.ByxcTyneHqaTOii napOKHCJIOpO,IJ.HOH K0H

BepCHH c TPY6qaTblM K0HBepTopoM, B K0T0p0M ,IJ.bIM0Bble ra3bI 6bIJill 

JaMeHeHbI Ha TI0T0K rop,:i:qero KOHBepTHp0BaHH0ro raJa II0CJie rnaxT

eoro K0HBepTopa. IIpaKTHqecKH ll3 TeXHOJiom:qecKOH cxeMbl 6bIJI HC

Ul()qeH HCT0qHHK Tenna (Tpy6qaTaH neqr,) 3a cqeT np0H3B0,IJ.CTBa 

:1eepren1qecKoro B0,IJ.HHoro napa BbIC0Koro ;::i;aBJieHHH. IlpH 3T0M no

-rpe6oBanocr, B orpaHHqeHHbIX K0JIHqecTBaX HCII0Jib30BaTb TeXHHqe

CKHH KHCJI0pO,IJ.. 

B TeqeHHe HeCK0JibKHX JieT II0HBHJIHCI, HeCKOJibK0 BapHaHT0B 

lt0HCTpYKUHH TPY6qaTbIX K0HBepTOp0B C <<ra30BbIM o6orpeBOM», HC

ll0Jlb3YIOIIJ;HX B KaqeCTBe rpeIDIIJ;ero TeIIJI0H0CHTeJIH K0HBepTHp0BaH

Bl,IH ra3 IIIaXTHOro K0HBepTopa. 

IlpOMblIIIJieHHM peanmau1rn ,IJ.ByxcTyneHqaTOll K0HBepCHH C ra-

30BbIMH peaKTOpaMH II03B0JIHJia BepHyTbCH K C0BMeCTH0MY HCTI0JII,-

30BaHHIO KOHBepcm1: H H36bITOqHoro a30Ta, TO eCTb 0TKa3aTbCH OT 

llpHMeHeHHH KHCJiopo,IJ.a. 

Ilepexo;::i; K cxeMe nonyqeHHH qifcToro cHHTe3-ra3a 6e1 HHepTHoro 

MeTaHa CHH3HJI Tpe6oBaHHH K o6neMy OCTaToqHoro MeTaHa IlOCJie 

KOHBepCHH, u6o Beer, HHepTHbIH MeTaH y;::i;anHeTCH H3 KOHBepTHpOBaH

eoro ra3a B cxeMe c KOH,IJ.eHcau;Heii H36bITOqHoro aJ0Ta. EoJiee Toro 

KOH,IJ.eHcnpyIOIIJ;HiicH HHepTHbIH MernH cny)KHT, HapH;::i;y c H36MToq

HbIM a30T0M, ,IJ.0IT0JIHHTeJibHbIM HCTOqHHK0M X0JI0,IJ.a. Hcnonr,3yeMbIH 

({qHCTbIH» CHHTe3 - ra3, co;::i;ep)KaIIJ;HH B KaqecTBe HHepT0B T0JibK0 ap

roH, He Il03B0JIHJI 3HaqJffeJibHO CHH3HTI, ;::i;aBJieHHe CHHTe3a aMMHaKa, 

coxpamrn TIOTJ)e6HOCTI, B Bblpa60TKe napa BbIC0Koro ;::i;aBJieHHH, co

xpamrn TeM caMbIM ,IJ.ByxcTyneHqaTyID CHCTeMy BbI,IJ.enemrn npo,IJ.yK

UH0HH0ro aMMHaKa: 0XJia)K,IJ.eHJ!:e aTMOCq>epHbIM B03,IJ.yxoM, X0JI0,IJ.0M, 

B arperaTe HJIH ,IJ.0il0JIHHTeJibHbIMH 3aTpaTaMH 3HeprHH (aMMHaqHo 

KOMnpeccHOHHbIH cnoco6 HJIH aMMnaqHbJH XOJIO,IJ.HJibHhIH UHKJI). 
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3HeproTeXHOJIOfl,lqecKaH CXeMa aMMHaqHoro npOH3B0,l],CTBa C HC

TIOJib30BaHHeM «ra30BbIX» Tpy6qaTblX peaKTOpOB C H36bITOqHblM 

TeXHOJIOrHqecKHM B03.D,yxoM H TIOCJie.D,yIOIIIeii KOH.D,eHCaIIHeH H36bI

TOqHoro a30Ta cyIIIeCTBeHHO CHH3HJia TPe6oBaHHe K ((qlfCTOTe» KOH

BepTHpOBaHHoro ra3a nepe.D, CTa.D,Heii KOH.D,eHCaIIHH H36bITOqHoro 

a30Ta. IlpH '.HOM BeCb MeTaH H3 KOHBepTHpoBaHHOrO ra3a MO)KeT 

6bITb BbIBe.D,eH H3 XOJIO,l],HJibHOro IIHKJia B BH.D,e 100% npo.D,yKTa H 

B03BpaIIIeH B TeXHOJIOrHqecKHH npoIIecc. 

Ha 6a3e TeXHOJIOrHH, HCTIOJib3YIOIIIeii «KOHBepTOpbl C ra30BbIM 

oxna)K.D,eHHeM» H .D,ByxcTyneHqaToii napoB03.D,YIIIHoii KOHBepcHeii c 

TIOCJie.D,yIOIIIeii KOH.D,eHCaIIHeii H36bITOqHoro a30Ta qmpMoii Kellog 

Brown & Root 6hma pa3pa6ornHa H peanH3oBaHa cepHH KpynHOTOH

Ha)KHbIX arperaTOB npOH3B0,l],CTBa aMMHaKa CHHTe30M npH BbICOKOM 

.D,aBJieHHH. 

3HaqHTeJibHblM IIIaroM B ynpoIIIeHHH annapaTypHO-TeXHOJIOrH

qecKoro o<popMJieHHH o6opy.D,oBaHHH arperarn aMMHaKa cne.D,ye-r 

cqHTaTb pa3pa60TKY H npOMblIIIJieHHYIO peaJIH3aIIHIO KaTaJIH3aTopa H 

annapaTypbl CHHTe3a aMMHaKa TIO)], HH3KHM .D,aBJieHHeM (~9 MPa.). 

3To TeXHHqecKoe peIIIeHHe TI03B0JIHJIO OTKa3aTbCH OT Bblpa6oTKH 

B arperaTe napa BbICOKOro .D,aBJieHHH 3a cqeT yMeHbIIIeHHH MOIIIHOCTH 

H CKOpOCTH BpaIIIeHHH KOMnpeccopa CHHTe3-ra3a. O.D,HaKO, npH '.HOM 

cyIIIeCTBeHHO B03pOCJIH 3aTpaTbl XOJIO.D,a Ha CTa.D,HH KOH.D,eHCaIIHH 

aMMHaKa. BbI.D,eJieHHe aMMHaKa CTaJIO B03MO)KHbIM TOJibKO 3a cqeT 

HCKYCCTBeHHOro XOJIO.D,a. 

Ha .D,aHHbiii MOMeHT KOMTiaHHH Kellog Brown & Root npe.D,naraei

.D,JIH npoH3BO.D,CTBa aMMHaKa TexHonorHIO KAAPlus, KOTopaH coqera

eT TeXHOJIOrnH KRES, Purifier H KAAP. 

B arperaTaX npOH3B0,l],CTBa aMMHaKa 4-ro TIOKOJieHHH H Broun& 

Root OCHOBHaH H.D,eH - HCTIOJib30BaHHe BO BTOpHqHoM pe<popMHIITC 

pacxo.D,a B03.D,yxa Ha 50% BbIIIIe cTexHoMeTPHqecKoro c Bb1.D,enem1e11: 
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IJI cxeMa aMMJiaqHoro npOH3BO}lCTBa C IfC-

1-py6qaThlX peaKTOpOB C If36hITOqHbIM 

1M H nocJie;:i;y10II.J,eii KOH}lettcau;Heii H36b1-

10 CHH3HJia 1-pe60BaHMe K (<qifCTOTe» KOH

lell CTa)J;MeH KOH}leHCaD;Ifif If36hITOqHoro 

:Tall H3 KOHBepTHpOBaHHOro ra3a MO)l(eI 

llbH0ro l.UIKJia B BH}le 100% npo;:i;yKTa a 

:ICHH npou;ecc. 

!ICIIO.JTh3YJOII.l,eH «KOHBepTOpbI C ra30BbIM 

ueffqaToH 11apoB03}lYIIIHOH KOHBepcHeii c 

1eii H36hlrnqttoro a10Ta <jmpMoii Kellog 

&rratta H peanH3oBaHa cepm1 KpynHOTOH-

011CTBa aMMHaKa CifHTe30M npH BbICOKOM 

B ynpoII.J,eHHif annapaTypHO-TeXHOJIOrH

py.aoBaHJUI arperaTa aMMHaKa cne;:i;yer 

llhIIII.iieHttyIO peanH3aD;IfIO KaTaJIII3aTopa H 

uca II0}l HH3KifM }laBJieHHeM (-9 MPa.). 

EIHe 1103BOJIIfJIO OTKa3aThCJI OT Bbipa60TKB 

rae..i:emrn 3a cqeT yMeHhIIIeHHJI MOII.J,HOCTH 

rq>eecopa CifHTe3-ra3a. O;:i;HaKO, npH 3TOM 

1-paThl X0JIO}la Ha CTa}lHif KOH}leHCa.QHB 

HaKa CTaJIO B03MO)l(HblM TOJibKO 3a cqer 

maHHJI Kellog Brown & Root npe;:i;naraer 

t reXHonornIO KAAPlus, KOTopaH coqera

ier H KAAP. 

ma aMMHaKa 4-ro noKoneHHH If Broun& 

IO.:Th30BaHHe BO BTOpHqHoM pecpopMHHre 

r.nn:e CTeXHOMe1-pJiqecKoro C BbI}leJieHHeM 
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1n6hlToqHoro a3oTa Kp1rnreHHbIM pa3.z:i;enem1eM rrepe.z:i; KOMrrpeccopoM 

C.HHTe3-ra3a [2]. 

IIpe.HMy~eCTBO IIOCJie,IJ;Heii B TOM, qTo B '.HOM cnyqae Beeb aprOH 

.H MeTaH y.z:i;amIIOTCH .03 C.HCTeMbI .H HarrpaBJIHIOTCH B TeXHOJIOr.0qe

CK.HH rro.z:i;orpeBaTeJib, r.z:i;e .HCIIOJib3YlOTCH B KaqecTBe TOIIJI.HBa. TaK.HM 

o6pa30M, .HCKJIIOqaeTCH He06XO,IJ;.HMOCTb C03,IJ;aH.HH CIIeIJ.HaJibHOH 

ycTaHOBK.H ,IJ;JIH .H3BJieqeH.HH BO,IJ;opo.z:i;a, IIOCKOJibKY OH B03Bpa~aeTCH B 

c.0cTeMy, KaK peII.HPKYJIHT. 

JluTepaTypa 

l. MellbHUKoe E.Jl. CrrpaBoqm1K a30Tq11Ka. Ktt11ra 1. <l>11311Ko-x11M11qecKHe 

CBOHCTBa ra30B 11 )Kll)],KOCTeH. Tip0113BO)],CTBO Texttonor11qecKI1X ra30B. Qq11cTKa 

TexttonornqecK11x ra30B. C11ttTe3 aMM11aKa. - M.: X11M11H, 1986. - 512 c. 

2. AKa)],eMllH KoH1,IDHKTYPhI TipoMhmrneHHhIX PhIHKOB. Texttonor1111 rrpo-

113BO)],CTBa aMMllaKa Kellog Brown [3neKTpOHHhrii pecypc]: HOBhre x11M11qe

cK11e TeXHOnor1111. AttanllTllqecKllll rropTan XllMllqecKOH rrpOMhIIIIIleHHOCTR. 

http://www.newchemistry.ru/ 
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TEH)J;EHI(IIII PAl 
HE«l>TEr A30XB1 

lipazu11cKuu O.E. UeHTpaJ 

Mccne.z:i;osaHbI TeH.z:i;◄ 

CICOH rrpOMbIIIIJieHHOCTI 

Bble TeH,IJ;eHII.H.H pa3BH"I 

HHe M.HpOBOH Heq>Ter: 

eecpTb .0 ra3. OTMeqem 

cx:o-T.0xooKeaHCK.HH pe 

TH1IeCK.He IIp.HHII.HHbl, B. 

IloKa3aHo, qTo poo 

BOCTb OTCTaeT He TOJibl 

crpaH. IlpoaHaJIM3HpOl 

eeq>Tera30XMMMM B p04 

11eq>Tera3ox11M11qecKHX 

DpM0pMTeTHbIX (rrepBO< 

HOCT.H qmHaHCOBbIX pe< 

OcHOBHbIMM TeH.z:i;eJ 

11ecKOH rrpOMbIIIIJieHH04 

- BbICOKMe TeMIIbl p 

B uenoM; 

- BbIXO,Il; o6neMOB 1 

KbIH C rrpo.z:i;yKIIMeH Hecj 

- crpyKTypHbie oco 

Dp0M3B0,IJ;CTB C yqerm 

imro per.00Ha, rrpe)K)le 

- BbIXO,Il; K11TaH Ha I 

ra3ox11M11qecKoii rrpo;v. 

.:m.n,epa MMpOBOH Hecp1 

ea BTopoe MecTo; 



[LlM pa:1JJ.eneH.neM rrepeJJ. KOMIIpeccopoM 

H B TOM, qTo B 3TOM cnyqae Beeb aproH 

eMhI .H HarrpaBmIIOTC51 B TeXHOJior.nqe

[0Jlb3)'10TC51 B KaqeCTBe TOIIJIHBa. TaK.HM 

>OXO)]..HMOCTI, C03)].aH.H51 crreu;.HaJibHOH 

)}IOpoJJ.a, IIOCKOJlbKY OH B03Bpalll,aeTC51 B 

flaTepuypa 

IBK aJOT'UfKa. Km1ra 1. <l>JI3JIKO-XJIMJiqecKJie 

)H3B0,.'.lCTBO TeXHOJIOrJiqeCKJIX raJOB. QqJICTKa 

oomaKa. - M.: X0:Mm1, 1986. - 512 c. 

Ilpm,1bIIIIJieHH1>1x P1>IHKOB. TexHonor0:0: rrpo

,m [3;,eKTpoHHhIH pecypc]: HoB1>1e XJIMJiqe

:ei IIOPTaJI XJIMJiqecKoii. rrpOMhlIIIJieHHOCTH. 
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TEH,Il;EHU,IIII PA3BIITIDI MIIPOBOH II POCCIIHCKOH 
HE<l>TEr A30XIIMII1IECKOH IIPOMhllllJIEHHOCTII 

EpazuHcKuu O.E. U:eHTpaJibHbIH 3KOHOMJIKO-MaTeMaT0:qecKJIH JIHCTJITYT P AH 

llccJie.D,oBaHoI TeH.D,eHu;.n.n pa3BHTH51 M.HpoBoii Heqnera30XHM.nqe

acoii rrpoMbIIIIJieHHOCT.H Ha rrepcrreKTHBY - )].O 2025 r. BornBJieHbI HO

Bble TeH.D,eHIJ;.H.H pa3B.HT.H51 OipaCJI.H, rrpe)K,lJ.e BCero, <pyHKIJ;.HOH.HpOBa

BHe M.HpOBOH He<pTera30X.HM.H.H B ycJIOB.H51X CH.H)KeHHbIX u;eH Ha 

eeq>To .n ra3. OTMeqeHbI .D,aJioHeiirnee pa3Melll,eH.ne orpacJI.n B A3.naT

aco-T.nxooKeaHCKHH per.noHe .n EJIH)KHeM BocToKe, HOBbie TeXHOJIO

fllllecK.ne rrp.nHu;HHbI, BJIHHH.He cJiaHu;eBOH peBomou;.n.n B CllIA. 

IloKa3aHo, qTo pocc.niicKaH He<pTera3ox.nM.nqecKaH rrpoMoilllJieH

BOCTb OTCTaeT He TOJibKO OT pa3B.HTbIX, HO .H 6blcTpopa3B.HBaIOlll,.HXC51 

crpaH. IlpoaHaJI.H3.HpoBaHa rrporpaMMa rrepcrreKTHBHoro pa3BHTHH 

11eqnera30X.HM.H.H B Pocc.n.n, B TOM q_ncne rrpoeKTbI HOBbIX KpYIIHbIX 

eeq>Tera:1ox.nM.nqecK.nx rrpeJJ.rrp.nn.nii. IlpeJJ.JIO)KeH IIOJJ.XOJJ. K Bh16opy 

npuop.HTeTHbIX (rrepBooqepe)].HbIX) rrpoeKTOB B ycJIOB.H51X orpaH.nqeH

BOCT.H <p.HHaHCOBhIX pecypcoB. 

OcHOBHbIM.H TeH,lJ.eHIJ;.H51M.H pa3BHT.H51 M.HpOBOH He<pTera30X.HM.H

wteCKOH rrpOMbilllJieHHOCT.H 51BJI5IIOTC51: 

- BbICOK.He TeMIIbI pocTa, orrepe)KaIOlll,.He TeMIIbI pocTa 3KOHOM.HK.H 

■ IJ.eJIOM; 

- BbIXO)]. 061,eMOB rrpO.D,yKIJ;.H.H orpaCJI.H Ha ypoBeHb, COIIOCTaB.H

IILIH C rrpO.D,yKu;HeH He<pTHHOH rrpOMbllllJieHHOCTH; 

- crpyKTYPHhie oco6eHHOCTH pa3Melll,eH.H51 He<pTera3ox.nM.nqecK.nx 

Dp0.H3BO)].CTB C yqeTOM pocTa 3Haq.nMOCT.H A3HaTCKo-T.nxooKeaHc

IOro per.noHa, rrpe)K.D,e Bcero K.nTaH .n EJIH)KHero BocToKa; 

- BbIXO)]. K.HTa51 Ha rrepBoe MeCTO B M.Hpe no rrpo.H3BO)].CTBY He<pTe-

11l30X.HM.HqecKOH rrpo.D,yKu;.n.n, oTTeCHHBlllero CllIA - rpa.D,.HIJ;HOHHOro 

DJJ,epa MHpoBoii He<pTera3ox.nMHH BToporo .D,eCHT.HJieTHH XXI BeKa 

aa BTOpoe MeCTo; 
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- pe1rn,n:ycrpHarrM3au;mI Heq:nera30XHMHqecKOH rrpOMbllllJieHHO

CTH ClllA 3a cqeT pecypcoB yrneBo,n:opo,n:Horo Cbipb5I, rrpe)K_n:e Bcero, 

::naH-rrporraHOBOM q:>paKU:HH H 6bICTI)Opa3BHBaIOiu;ettC5I ,n:06b1qH CJiaH

u;eBOM Heq:>TH; 

- pe3KOe rra,n:eHHe u;eH Ha Heq:>n, C KOHU:a 2014 r. H Bbl3BaHHOe 

::HMM H3MeHeHHe u;eH Ha )KH_n:Koe (Haq:>rn) H ra3oo6pa3Hoe yrneBo,n:o

po,n:Hoe Cbipbe (:naH, rrporraH), qTo, B CBOIO oqepe,n:b, rrpHBeno K 

CrJia)KHBaHHIO u;eH Ha 6a30Bbie Heq:>Tera30XHMHqecKHX rronyrrpo,n:yK

Tbl (3THJieH, rrporrHJieH H ,n:p.), rronyqaeMble H3 pa3HblX BH.D:OB Cblpb5I; 

- opHeHTall;H5I KpyrrHbIX XHMHqecKHX KOMITaHHH H Heq:>Tera30XH

MHqecKHX q:>HJIHaJIOB Be,n:yiu;Hx Heq:>rnHbIX KOMITaHHM pa3BHTblX crpaH 

Ha rrpOH3BO,n:CTBO HayKoeMKOM, BbICOKOTeXHOJIOrHqHoii rrpo,n:yKU:HH, a 

HeqHera30XHMHqecKHX KOMITaHHM pa3BHBaIOiu;HXC5I CTpaH - Ha rrpo

H3BO,n:CTBO rronyrrpo,n:yKTOB H KpyrrHOTOHHa)l(HblX ITOJIHMepoB o6iu;ero 

Ha3HaqeHH5I (rroJIH3THJieH, ITOJIHI1pOI1HJieH H ,n:p.); 

- yBeJIHqeHHe KpyrrHeMillHMH Heq:>Tera30XHMHqecKHMH KOMITaHH-

5IMH 3arpaT Ha HayqHO-HCCJie,n:oBaTeJibCKHe H rrpoeKTHO-KOHCTI)yK

TOpCKHe pa3pa60TKH; 

- paCII1HpeHHe Koorrepau;HH Me)K_n:y Heq:>Tera30XHMMqecKOM H 

q:>apMau;eBTHqecKOM OTpacJI5IMH, TO eCTb rrpHcoe,n:HHeHHe K Heq:>Tera-

30XMMHqecKMM KOMITaHH5IM XHMHKO-q:>apMau;eBTHqecKMX rrpmo

BO.D:CTB H KOMITaHHM; 

- ,n:arrbHeiilllM rno6arrM3au;H5I H pecrpyKTypH3aU:H5I 6H3Heca, rrpo-

5IBJI5IIOiu;a5IC5I KaK B paclllHpeHHH apearra KpyrrHeMillHX HeqJTera30XH

MMqecKHX KOMITaHHH Ha pbIHKax pa3BMBaIOiu;HXC5I crpaH, TaK H «B03-

BpaTe» rrpe,n:rrpH5ITHH orpacJIH B JIOHO Hall;HOHaJibHOM OTpacnH; 

- ycHneH11e Me)K_n:yHapo,n:Horo rrepeJIHBa KarrHTarra, rrpeBpaiu;eHHC 

MHpOBOH Heq:>Tera30XMMMH B rno6arrbHYIO ceTb rrpOH3BO.D:CTBeHHbIX II 

HayqHO-TeXHHqecKHX u;eHTpOB, crpeM5Illl;HXC5I 3a cqeT HHHOBall;MOHHhlX 

pa3pa60TOK COBeplllHTb pbIBOK B HOBblM TeXHOJIOrHqeCKMH yKJia.n:. 

PaCCMOTI)HM 6onee 

MHpOBOM Heq:>Tera30XHI 

CoxpaHHJIOCb rrpH◄ 

orrepe)KalOiu;HX TeMITOB 

MHpOBOM Heq:>Tera30XH 

rrpeBbllllaJIH TeMITbl poc 

CoxpaHHJIOCb npeH 
cyMMapHoMy o6oeM)' 1 

MHqeCKOM rrpo.n:yKu:HH. 

2016 rr. ,n:OCTHr 4 TI)JIH 

pbIHOK Heq:>TM. 

CoxpaHHJiaCb H yr; 

reppMTOpHaJibHOM pa31 

s MHpe 3a cqeT pocra ) 

moHa, rrpe)K_n:e Bcero 

(ra6n. 1). 

3a 2011-2016 rr. 

ca, BKJIIOqa51 Heq:>Tera:J 

DepBoe MeCTO B MHpe. 

PeruouaJibuaH CTP, 

PemOHhI H CTpam 

1 EBpona ( cTpaHhI EC H JIil 
iJlnOHHR 
AJHaTCKO-THXOOKeaHCICI! 
Ilpoqne cTpaHhI 

Ifroro 

llCTO'IHIIK: 1995 r. -
1mpa. - M.: Academia, 2 
pean technology platfom 
(EsponeiicKoii accouHaID 



!'ra30XHMHqecKOH rrpOMhIIIlJieHHO

o..aopo.n:Horo ChipMI, rrpe)K,n:e Bcero, 

;-rpopa3BIIBaIOIIJCHC5I ,no6bJqH CJiaH-

t,n, c KOHI.J;a 2014 r. H Bhl3BaHHoe 

(Ha<lna) H nl3oo6pa3Hoe yrneBo,no

lJTO, B CBOIO oqepe,nh, npHBeJIO K 

eqnera1oxHMHqecKHX nonynpo.n:)'K

l)"IaeMhie H3 pa3HhIX BH)J,OB Cblph5I; 

fClecKHX KOMITaHHH H Heqnera1oxH

!41mnn,1x KOMrramrii pa3BHThIX CTPaH 

WCOKOTeXHOJIOrHqHoiirrpo.n:yKI.J;HH,a 

ii pa3BHBaIOIIJHXC5I CTPaH - Ha rrpo

rmIITTOHHa:>KHhIX IlOJIHMepoB 06IIIero 

ipOIIlUieH H )J,p.); 

l ueqnera30XHMHqecKHMH KOMTiaHH

)BaTeJihCKHe H rrpoeKTHO-KOHCTPYK-

, Me)K,U)' Heqnera30XHMJfqecKOH H 

ro ecrh rrpttcoemrneHHe K Heqnera

XIDmKo-q>apMau;eBTHqecKHX npoH3-

_,. H peCTP)'KTypmaqHR 6mHeca, npo

[H apean:a KpynHeHIIlHX He<lnera30XH

x pa3BHBaIOIIJHXC5I CTPaH, TaK ll «B03-

I .:ioHo ttau;HoHaJJ:hHoii OTPacnH; 

,ro nepenHBa KaIIHTana, npeBpaIIJeHHe 

l003JlhttyIO ceTb IIpOH3B0)],CTBeHHblX H 

CTpeMRIIIHXC5I3acqeTHHHOBallHOHHbIX 

B HOBhIH TexHonorHqecKHM yKna,n. 
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PaccMOTPHM 6onee no.n:po6tto OCHOBHhie TeH,neHI.J;HH pa3BHTH5I 

llllpOBOH Heqnera30XHMllqecKOH IIpOMhlIIIJICHHOCTIL 

CoxpaHHJIOCh npHCyIIJee MHpOBOH Heqnera30XHMHH npaBHJIO 

onepe)KaJOIIJHX TeMilOB pocTa. B rrepHO)J, 2012-2016 IT. TCMIIbl pocTa 

»BpOBOH Heqnera30XHMHH ( 4,5% B ro.n:) B cpe,nHeM B IIOJITopa pa3a 

npeBbllllaJIH TCMilbl pocTa MHpOBOH 3KOHOMHKH B IICJIOM (3% B ro,n). 

CoxpaHHJIOCb npeHMymecTBO XllMHqecKoro KOMilJieKca Mllpa IIO 

cyMMapHOMY 061,eMy npOH3B0,Il,CTBa, B TOM qttcne H Heq>Tera30XH

MWICCKOH npo,nyKU:HH. JfOT KOMTIJICKC ,nornan B 2013 r., a B 2015-

2016 IT. )J,OCTHr 4 TPJIH. ,r(OJIJI., o6orHaB no MaCII1Ta6aM npOH3B0)],CTBa 

pbIHOK HCq>TH. 

Coxpamrnach H yrny60.11acb TeH.n:eHllH5I CTPYKTYPHhIX C.UBHroB B 

reppHTOpHaJihHOM pa3MeIIJeHHH HCq>Tera30XHMHqecKHX npOH3B0,r(CTB 

B MHpe 3a cqeT pocTa y,neJibHOro Beca A3HaTCKO-THXOOKeaHCKOro pe

moHa, rrpe)K,ne Bcero K'HTasI, a TaK)Ke perHoHa EmnKHero BocTOKa 

('ra6n. 1). 

3a 2011-2016 IT. IIO o6neMy rrpO.r()'KlllIH XHMHqecKoro KOMIIJieK

ca, BKJIIOqa51 Heq>Tera30XHMHIO, KHTaii o6ornan CllIA H BbillleJI Ha 

nepBoe MeCTO B MHpe. 

Ta6J1u4a 1 

PerHOH3JlbH3H CTpy1nypa npOH3B0/J,CTBa ue«1nera10XHMHqecKOH 

npo11,yKU.HH B MHpe (%) 

PemOHbl M. CTpaHbl MM.pa 1995 r. 2011 r. 2015r. 

CeBepmur AMepM.Ka 27,1 17,1 16,5 
EBpona (cTpaHhI EC M. ,np.) 33,5 23,4 17,4 
Jlnottm1 14,5 6,4 3,8 
A3M.aTcKo-TttxooKeattcKM.H perttoH 14,4 45,6 57,2 
Ilpol.!M.e cTpaHhI 10,5 7,5 5,1 

Ifroro 100,0 100,0 100,0 

0:cTO'-!HM.K: 1995 r. - EpamttcKM.ii O.E. Heqnera30XM.MM.'-lecKM.H KOM1meKc 
MHpa. - M.: Academia, 2009; 2011 r. - The vision for 2025 and beyond Euro
pean technology platform for sustainable chemistry; 2015 r. - ,naHHbie CEFIC 
(EBponeiicKOH acco11M.aIIM.M. IIpOM.3BO)];M.Tene» XM.MM.l.!eCKOH npo,nyKIIM.M.). 
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B HaCT05Iru;ee BpeM5I rrepBa5I AeC5ITKa CTPaH ITO MaCIIITa6aM Bbl

rrycKa rrpOAYKQHH XHMHqecKoro KOMIIJieKca (BKmoqa51 Heqnera3oxH

MHIO) BbffJI5IAHT CJieAyIOru;HM o6pa30M (MJIPA- eBpo ): 1. - KHTaii -

1408; 2. -ClllA- 519; 3. - fepMaHHH- 148; 4. -JlrroHHH - 136; 5. -

IO. KopeH - 115; 6. - MTaJIHH - 89; 7. - <l>paHQHH - 74; 8. - MHAHH -

73; 9. - TaiiBaHh - 72; 10. - Epa3HJIH5I- 60. 

3KcrrepTbl OIITHMHCTHqecKH OQeHHBaIOT rrepcrreKTHBbl pa3BHTH5I 

XHMHqecKoro KOMIIJieKca MHpa (BKJIIOqa51 Heqnera30XHMHIO) BIIJIOTb 

AO 2030 r. (Ta6JI. 2). 
Ta6J1u4a 2 

IloKalaTeJIH palBHTHH XHMnqecKoro KOMUJieKca MHpa 

(BKJIIOqaH uectneraJOXHMHIO) B nepHO)J; ));0 2030 r. 

IT0Ka:mTem1 2007 r. 2020 r. 2030 r. 

)],om1 B MMpOBoM BBIT, % 3,2 5,3 7,4 

)],omI B MMp0B0M 3KCII0pTe, o/o 10,9 15,0 20,0 

O6'beM IIp0M3B0,!ICTBa IIpo,11yKI.(IUf XMMiltJ:e-

CK0ro K0MIIJieKca, MJIP.11 eBpo 2134 4200 6800 

TeMIIhI pocTa IIp0I13B0,!ICTBa IIpo,11yKI.(MM XII-

M1111ecKoro K0MIIrreKca, % B ro,L\ - 4,9 4,9 

I1CTO'IHMK: CEFIC. 

TeHAeHQH5I CMeru;eHH5I rrpoH3BOACTBa rrpOAYKQHH HeqJTeXHMHqe

CKOM rrpoMbIIIIJieHHOCTH ycHJIHJiaCb He TOJibKO 611ar0Aap51 KHTaIO, 

rAe TeMIIbl pocTa 3KOHOMHKH CHH3HJIHCb C peKOPAHO BbICOKHX (11-

12%) AO rrpocTO BbICOKHX (6-7%), HO TaK)Ke MHAHH, MpaHy H Cay

AOBCKOM ApaBHH H ApyrHM 6bICTPOPa3BHBaIOru;HxcH CTPaHaM. B TO 

)Ke BpeM5I 3HaqeHHe ApyrHX perHOHOB H CTPaH, rrpe)KAe Bcero eBpO

rreiiCKHX H JlrroHHH, B cyMMapHOM rrpOH3BOACTBe rrpOAYKQHH XHMH

qecKoro KOMIIJieKca, BKJIIOqa51 Heqnera30XHMHIO, cyru;eCTBeHHO CHH-

3HJIOCb. 

HoBoii TeHAeHQHeii B pa3BHTHH MHpoBoii Heqnera30XHMHqecKoii 

rrpOMbIIIIJieHHOCTH MO)KHO cqHTaTb peHHAYCTpHaJIH3aQHIO OTpaCJIH B 
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ClllA 3a cqeT «cnaime 

cKoro HeqJTera3oBoro K◄ 

TPYAHorrpoHHQaeMhIXD 

ra3 ), CTaJI He TOJibKO OJI 

IOB Heq>TH H ra3a, HO 

.J:eIIIeBbIX 3TaHa H C)KH)I 

H3 rrorryTHOro Heq>nmo 

H H3 cnaHQeBoro ra:33, 

CKYIO rrpoMhIIIIJieHHOCTJ 

Hatt6onee 3aMeTHOi 

11ecKOM rrpOMbIIIIJieHH()( 

eaqaBIIIeecH B KOime 2( 

eeq_>Tb H rrpHpOAHblM ra 

OCHOBHbie BHAbI CblpM 

CTH, B qacTHOCTH, Ha I 

C)KH)KeHHbie yrneBOJlO 

4>paKQHIO. BJIH5IHHe U( 

eaH6onee KpyrrHOTOHHJ 

eeqnera3oxHM11qecKoii 

llOBaHO aBTOpOM [l]. B 

ex B TOM, qTO KpHBax l 

Cblpb5I (Haq_>Ta) H H3 JleJ 

nopOAHbie ra3hl) rrpH C 

mecTBeHHO crnaAHJiac1 

.JIHCb, KOHKypeHQHX Me 

TeXHOJIOrHH rrpOH3B0J{◄ 

KHX QeHax Ha Heq>Th ( 

paMH. 

PaAH crrpaBeAJIHB{)( 

peHHOCTH PoccHH, u 



;,rnca crpaH no MaCIIITa6aM Bhl

m.JieKCa (BKmoqaH Heqnera30XH

IOM (MJip,n;. eBpo): 1. - K1naii -

u- 148; 4. -5.Irromrn - 136; 5. -

7. - <l>paHI.J,HH - 74; 8. -11H)];IIH -

UI-60. 

:HHBaIOT rrepcrreKTHBhl pa3BHTIDI 

[IOqaH Heqnera30XHMHIO) BilJIOTh 

lttKOl"O KOMUJICKCa Mnpa 

IIO) e nepuo~ ~o 2030 r. 

I 2007 r. 2020 r. 

I 3,2 5,3 

I 10,9 15,0 
e-

I 
i 2134 4200 

OJ- I 

I - 4,9 

Ta6llUlJa 2 

2030 r. 
7,4 

20,0 

6800 

4,9 

1crna rrpO,ll;)'KI.J,MM HeqneXMMMqe

L He TOJlhKO 6naro.n;apH KMTaIO, 

L"IHCh c peKop.n;uo BhICOKMX ( 11-

HO TaIOKe 11H,n;MH, Hpauy M Cay

,pa3BHBaIOII.J,MXCH CTpaHaM. B TO 

oe H crpaH, rrpe)K,n;e Bcero eBpo

upoH3Bo.n;crne rrpo,n;yKI.J,MM XMMll

"era30XMMMIO, cyII.J,eCTBCHHO CHH-

MHpoBoii Heqnera30XHMMqecKoi 

pemmycrpttaJIM3aI.J,MIO orpacJIH a 

CIIIA 3a cqeT «cJiaHu,eBoii peBOJIIOI.J,MH». HoBhIH ceKTop aMepMKaH

c1coro Heqnera30BOro KOMITJieKca, a MMCHHO, .n;o6h1qa Heq>TH M ra3a H3 

tpy,n;HorrpOHHI.J,aeMhIX rropo.n; cnauu,a ( CJiaHI.J,eBaH Heq>Th H CJiaHI.J,CBhlH 

ra3), CTaJI He TOJlhKO O,ll;HMM M3 rnaBHhIX peryJIHTOpOB MMpOBhlX pbIH-

1[0B HCq>TH H ra3a, HO H ,ll;OilOJIHHTCJihHhIX 061,eMOB OTHOCMTCJlhHO 

21emeBbIX ::naHa M C)Klf)KeHHhIX yrneBo,n;opo,n;HhIX ra30B, H3BJieKaeMbIX 

B3 rrorryTHOro HCq>THHOro ra3a B rrpou,ecce .n;o6b1qM CJiaHI.J,CBOH Heq>TH 

II H3 CJiaHu,esoro ra3a, B,ll;OXHYJI HOBYIO )KJf3Hh B HCq>Tera30XMMJfqe

CICYIO rrpoMhimJieHHOCTh CIIIA. 

Han6onee 3aMeTHOH H TeH,n;eHu,Meii B MMpoBoii Heq>Tera3oxHMM-

11ecKoii rrpOMhlillJICHHOCTH CTaJIO pe3KOe rra,n;eHMe u,eH Ha Heq>Th H ra3, 

uaqaBmeecH B KOHu,e 2014 r. CHM)KCHMe 6onee qeM B .n;sa pa3a u,eH Ha 

ueq>Th M rrpnpo,n;HhIH ra3 rrpHBCJIO, ecTCCTBCHHO, K CHH)KeHMIO u,eH Ha 

OCHOBHhIC BH,ll;hl CblpbH ;:vrn HCq>Tera30XHM1fqecKOH rrpOMhlillJICHHO

CTH, B qaCTHOCTM, Ha rrpHMOrDHHhIC 6eH3HHOBhie q>paKI.J,HM (Haq>ry), 

C)KH)KCHHhie yrneso.n;opo,n;Hhle ra3hl (rrporraH, 6yTaHbI), ::naHOBYIO 

4>paKI.J,MIO. BJIHHHMC I.J,CH Ha HCq>Th H ra3 Ha CTOMMOCTh O,ll;HOro M3 

HaH60Jiee KpyrrHOTOHHa)KHhIX M 3HaqHMhIX 6a30BhIX rronyrrpo,n;yKTOB 

ueq>Tera30XHMMqecKOH rrpOMhlillJICHHOCTH - 3THJieHa - 6hIJIO MCCJie

llOBaHO aBTOpOM [1]. BhIBO,ll;, KOTOpbIH M3 3TOro aHaJIH3a 3aKJIIOqaeT

a B TOM, qTo KpHBaH M3,ll;Cp)KCK rrpOH3B0,ll;CTBa 3THJieHa M3 )KJf,ll;KOro 

ChlphH (Haq>Ta) M H3 JICrKMX BM,ll;OB ChlpbH (3TaH, C)KJf)KCHHhie yrneso

.llOpO,ll;Hhie ra3bl) rrpH CHH)KCHMH I.J,CH Ha Heq>Th M rrpHpO,ll;HhIH ra3 cy

meCTBCHHO crJia,ll;MJiaCh, KOJie6aHHH B CTOHMOCTH 3THJieHa YMCHhillH

.ilHCh, KOHKypeHI.J,MH MC)K,ll;y pa3JI1fqHhIMH BH)];aMM CblphH B03pocna, a 

TeXHOJIOrHH rrpOM3BO,ll;CTBa OJieq>HHOB M3 yrnH, KOTOphie rrpM BhICO

l[IIX u,eHaX Ha Heq>Th 6bIJIH KOHKypeHTOCilOC06Hhl, CTaJIM ayTcaii.n;e

paMM. 

Pa,n;M crrpaBe,ll;JIMBOCTM, Ha,n;o OTMCTMTh, qTo B pe3yJihTaTe .n;oroBO

peHHOCTM PoccMH, Cay.n;oscKoii ApaBMM H .n;pyrttx crpaH qneHOB 
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OIIEK, a TaK)l(e p»,!1,a tteq>Te,!1,06bIBaIOIUHX CTJ)aH, He BXOMIUHX B 

OIIEK, B 2017 r. YAaJIOCb CHH3HTb ,n:06b1qy Hecprn H yMeHbllIHTb ee 

IIOCTaBKH Ha MHpOBbie pbIHKH, qTO rrpHBeJIO K pocTy IIeHbl Ha Heq>Tb. 

TeM He Mettee, rrpo»BHBIIIa»cH pattee TeH,!],eHIIHH c6JIH)l(eHHH IIeH Ha 

yrneBo,n:opo,n:ttoe Cblpbe ,!],JI» ttecpTera30XHMHH rrpoAOJI)l(aeT coxpa

HHTbCH. 

B MHpOBOH ttecpTera30XHMHH CTaJia erue 6oJibllle ,!l,OMHHHpoBaTb 

TeH,!],eHIIHH KpyrrtteHIIIHX KOMIIaHHH pa3BHTbIX CTJ)aH MHpa rrpOH3BO

JJ.HTb rrpo,!1,yKIIHIO BbICOKHX rrepe,!1,eJIOB, a HMeHHO, KOHCTPYKIIHOHHbIX 

IIJiaCTMacc, IIOJIHMepoB C 3a,!],aHHbIMH CBOHCTBaMH, crreIIBOJIOKOH, 

crreIIKayqyKOB H T.II. Bonee Toro, Heq>Tera30XHMHqecKaH rrpOMbllll

JieHHOCTb HaH6onee pa3BHTbIX CTJ)aH MHpa CTaJia BCe 60JibIIIe rrpOH3-

BO,!l,HTb rrpo,n:yKIIHIO HOBOro (MaTepHaJIOBe,!],qecKoro) yKJia,!],a: HaHO

MaTepHaJibl, 6ttOIIOJIHMepbl u 6ttoTeXHOJIOrttqecKtte MaTepttaJibl, aH

THKOpp03HHHbie, KpHCTaJIJll{qecKHe MaTepttaJibl ,!l,JIH rrpeo6pa30BaHJUI 

:meprttH, orHeCTOHKHe IIOKpbITHH, 6ttocettcopbl tt MHO)l(eCTBO ,!1,pyrHX, 

KOTOpbie CTaHOBHTCH ,n:pa:iiBepaMH pbIHKa ttecpTera30XHMHqecKOH 

rrpoMbIIIIJieHHOCTH. 

Tett,n:eHIIHH CMeruettHH HHTepeCOB ttecpTera30XHMHqecKHX KOMIIa

HHH K TeXHOJIOrHHM rrpOH3BO,!l,CTBa rrpHHIIHIIHaJibHO HOBblX MaTepua

JIOB (Kotteqtto:ii IIPOAYKIIHH OTJ)aCJIH) OTHIOJJ.b He MeIIIaeT pa3pa60TKe 

HMH TeXHOJIOrtt:ii IIOJiyqeHHH 6a30BbIX ttecpTeXHMttqecKHX IIOJiyrrpo

AYKTOB (onecpttHOB, apoMaTHKH) Herrocpe,!1,CTBeHHO H3 rrpttpo,n:ttoro 

ra3a (Aertt,n:poKOH,n:eHCaIIHH, OKHCJIHTeJibHaH KOHJJ.eHCaIIHH, JJ.HMepH-

3aIIHH H ,!1,p.) 

KpyrrtteHIIIHe ttecpTera30XHMHqecKHe KOMIIaHHH H «HecpTeXHMH

qecKtte KpbIJibH» KpyrrtteHIIIHX HecpTera30BbIX KOMIIaHHH 3aMeTHO 

yBeJittqttJIH 3aTJ)aTbI B HlIOKP. ,IJ:n» p»Aa KOMrraHHH 3TH 3aTJ)aTbl 

CTaJIH rrpeBbIIIIaTb 1 MJip,n:. ,!l,OJIJI., a ,!],JIH HeKOTOpbIX COCTaBHJIH rroqTH 

2 MJip,n:. ,!l,OJIJI. B ro,!l, [2]. 
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CyruecTBetttto yicpe1 

waIIeBTHqecKo:ii rrpoMl,ll 

Il0XBJIHTbCH IIpOH3B0JJ.C1 

a.n.arrTaIIHe:ii, IIOJIHMepo 

HhlX copTHpOBaTb MOJie 

BaIOIUHX IIOBpe)l(.Zl:eHH 

qecKHX rrperrapaTOB. K.J: 
MHpa 3aKJIIOqHJIH 3Haq 

B qacTHOCTH, KOMIIaHBJ 

nattHIO Ciba, KOMrraHHJI 

crreIIHaJIH3ttpy10ruyiocJI 

HWiecKoro cttttTe3a. B 

CJJ.eJIKa IIO CJIHHHHIO JlE 

pa - Dow Chemical 

69 MJip,!1,. JJ.OJIJI. 

Ecnu Kpyrrttem:rme 

CTJ)att H36panu rettepa.JJ 

nycKy OTHOCHTeJibH0 M 

B AOporo:ii rrpoJJ.Yl(IlHH 

.J.0TOqHJIHCb Ha IIpOH31 

ra30XHMHqecKHX rrpo~ 

COBpeMeHHblX YCTaH0 

o6ecrreqttBaIOIUHX «~ 

npe)l(,n:e Bcero, B lCJfrai 

TOpblX IO)l(HOaMepmcaE 

HHPYIOT Kpyrrttbie ttetl 

qeTJIHBO IIpOHBJIXeTCJI 

eoro CblpbH, rrpOH3B0Jl 

HOH CTOHMOCTblO, T.e. 

aJibHOMY THIIY rrpoH3E 



BaIOIUHX CTJ)aH, He BXO,ZJ;J[IIJ;IIX B 

llOOhl'I)' Heqnn II yMeHhllllITb ee 

npHBeJIO K pocTy u;eHbl Ha Heq>Th. 

::e TeHJJ;eHD;IIH c6nmKeHIIH u;eH Ha 

era.JOXHMIIII rrponon)KaeT coxpa-

ra.na eme 6oJibllle llOMIIHIIpOBaTh 

pa3BHTbIX CTpaH MIIpa rrpo1I3BO

OB, a HMeHHO, KOHCTpyKD;IIOHHhIX 

am CBOHCTBaMII, crren;BOJIOKOH, 

Heqnera30XIIMIIqecKaH rrpOMbllll

H MHpa CTaJia Bee 6onhrne rrpoH3-

1Ha:1:0BenqecKoro) yKnana: HaHo

:xBO11orHqecK1Ie MaTepliaJihl, aH

MaTepHanhI llJIH rrpeo6pa30BaH~ 

mceHCOpbI II MHO)KeCTBO npyrHX, 

pbIHKa HecpTera30XIIM1IqecKOH 

B HecpTera30XIIMIIqecKIIX KOMIIa

IpHlll.UilIIIaJibHO HOBbIX MaTepHa

) OTHIOllh He MernaeT pa3pa6oTKe 

blX Heq>TeX1IM1IqecK1IX rronyrrpo

:nocpencTBeHHO II3 IIPIIPOllHOro 

rre.HbHaH KOHlleHcan;IIH, lllIMepH-

:KHe KOMIIaHIIII II <<Heq>TeXIIMH

lrreraJOBblX KOMIIaHHH 3aMeTHO 

11 pAAa KOMIIaHIIH 3TII 3aTJ)aThl 

Lilli HeKOTOpbIX COCTaBIIJIII rroqTH 

CymecTBeHHO yKpeIIIIJIIICb CBH31I Heq>Tera30XIIMIIqecKOH JI cpap

»au;eBTIIqecKOH rrpOMbllIIJieHHOCTH. Ha CThIKe 3TIIX OTJ)acneii. HaqaJIII 

IIOJIBJIJITbCH rrpO1I3BOJlCTBa rrponyKTOB C caMOllHarHOCTIIKOH II caMO

a,narrTan;IIeH, IIOJIIIMepoB c cpyHKD;IIeH aKTHBHhlX MeM6paH, crroco6-

HhlX copTIIpOBaTb MOJieKyJihl, aMopcpHblX MaTepliaJIOB, BOCCTaHaBJIII

B~UOIUIIX IIOBpe)KneHHhie IIOKpbITIIH, HOBbIX XIIMIIKO-cpapMan;eBTII

qecKHX rrperrapaTOB. KpyrrHeH1II1Ie HecpTera30XIIMHqecKHe KOMIIaHHH 

MHpa 3aKJIIOqHJIII 3HaqlIMbie c,ueJIKII no CJIHHHIIIO II rrornomeHIIIO. 

B qacTHOCTII, KOMIIaHIIH BASF rrp1Io6pena cpapMan;eBTHqecKyIO KOM

naHIIIO Ciba, KOMrraHHH Dow Chemical - KOMIIaHHIO Rohm and Haas, 

cnen;IIaJIH31IpyIOIUYIOCH Ha rrpO1I3BOllCTBe rrponyKD;IIII TOHKOro opra

HJiqeCKOro CIIHTe3a. B HaCTOHIUee BpeMH rOTOBIITCH rpaHJlHO3HaH 

cnenKa IIO CJIIIHHIIIO llByx KpyrrHeHillHX XIIMIIqecKIIX KOMIIaHIIH MII

pa - Dow Chemical (CllIA) II Du Pont (CllIA), ou;eHIIBaeMaH B 

69 MJIPll- llOJIJI. 

ECJIII KpyrrHeHIIIIIe HecpTera30XIIMIIqecKIIX KOMIIaHIIII pa3BIITbIX 

CTJ)aH II36pan1I reHepaJibHOH JIIIHIIeH CBoero pa3BIITIIH rrepexon K Bhl

nycKy OTHOCIITeJibHO MaJIOTOHHa)KHOH, HO qpe3BbiqaifHO HayKoeMKOH 

H noporoii. rrponyKD;IIII, TO KOMIIaHIIII pa3BIIBaIOIUIIXCH CTpaH cocpe

,UOTOqlIJIIICb Ha rrpO1I3BOJlCTBe Ha1I6onee KpyrrHOTOHHa)KHblX Heq>Te

ra3OXIIMIIqecKHX rrponyKTOB MaCCOBOro IICIIOJih3OBaHIIH. C IIOMOIUblO 

COBpeMeHHhIX ycTaHOBOK IIOBbIIlleHHOH e,UIIHIIqHOH MOIUHOCTII, 

06ecrreq1IBaIOIUIIX «3cpcpeKT MaCillTa6a», B pa3BIIBaIOIUIIXCH CTJ)aHaX, 

npe)Kne Bcero, B K1ITae, 11Hll1III, cTpaHax nJIII)KHero BocToKa, HeKo

TOpb1x IO)KHOaMeplIKaHCKIIX CTJ)aHax C03llaHhl II ycrrelllHO cpyHKD;IIO

HHpyIOT KPYIIHhie HecpTera30XIIM1IqecK1Ie KJiaCTepbI. IlplI 3TOM OT

qeTJIIIBO rrpOHBJIHeTCH TeHneHD;IIH yrny6JieHIIH rrepepa6oTKII IICXOll

Horo CblpbH, rrpOII3BOJlCTBa rrponyKD;IIII C 6onee BhICOKOH 1106aBJieH

HOH CTOIIMOCThIO, T.e. IIOCTerreHHOrO rrepexona K BbICOKOIIHllYCTJ)II

aJibHOMY TIIIIY rrpo1I3BOllCTBa. C 3TOH u;enhIO coBeplllaIOTCH cnenKII 
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no cmurnmo H rronrorn;eHHIO, o6ecrreqHBaIOrn;He pacnmpeHHe .z:i:onH 

3THX KOMIIaHHH Ha MHpOBOM pbIHKe Heq:JTeXHMHKaTOB, aKKyMynHpy

IOTCH pecypcbl )];nH pa3BHTHH HOBbIX HarrpaBneHHH .n:eHTenbHOCTH, 

rrpHo6peTaIOTCH HOBbie pbIHKH c6bITa H pacrnHpHIOTCH y)Ke cyme

CTBYIOlll;He, 3aKyrraIOTCH TeXHOnorHH, B T.q. rrpOH3B0,ll;CTBa rrpo.z:i:yKTOB 

crreQHMbHOfO Ha3HaqeHHH, H,ll;eT o6MeH aKTHBaMH ,ll;nH H3MeHeHHH 

.z:i:onrocpoqHoii CTpaTerHH pa3BHTHH KOMIIaHHM. 

OcHOBHbIMH MeraTpeH,ll;aMH pa3BHTHH MHpOBOH HeqJTefa30XHMH

qecKOH rrpOMbIIllneHHOCTH no oueHKe KOHCanTHHfOBOH K0MIIaHHH 

Pricewaterhouse Cooper HBnHIOTCH: pocT HaceneHHH B pa3BHBaIOlll;HX

CH CTPaHax, yBenHqeHHe .z:i:onH TaK Ha3bIBaeMoro «cpe.n:Hero Knacca», 

H3MeHeHHe rrpe.z:i:rroqTeHHH B IIOTPe6neHHH, rno6anH3aUHH 6H3Heca, 

6onee qyTKOe OTHOilleHHe K 3KOnorHH, ycHneHHe BHHMaHHH K HHHO

BaUHHM H «rrpopbIBHbIM» TexHonorHHM, ,ll;MbHeiirnee H3MeHeHHe pe

fHOHMbHOfO 6anaHca CHn. 

B MHpOBOH HeqJTera30XHMHqeCKOM rrpOMbIIllneHHOCTH rrpo.z:i:on)Ka

eTCH H yrny6nHeTCH rno6anH3aUHH H peCTPYKTYPH3aUHH 6H3Heca. B 

6onblliHHCTBe pa3BHTbIX CTPaH 3TH TeH)];eHQHH rrpOHBnHIOTCH B BH)];e 

pacrnHpeHHH TexHonorHqecKoro H HHCTHTYIIHOHMbHOfO IIpHCYT

CTBHH B 6bICTPOpa3BHBaIOlll;HXCH CTPaHax, pacrronaraIOlll;HX yrneBO

.n:op0,ll;HbIM CblpbeM H OTHOCHTenbHO .z:i:erneBOH pa6oqeii CHnOH. B rre

pHO,ll; KpH3HCa HaqanH rrpOHBnHTbCH H o6paTHbie rrpouecCbl. B qacT

HOCTH, HOBaH a.n:MHHHCTpaUHH ClllA o6nHBHna, qTo HaMepeHa Bep

HYTb rrpe.z:i:rrpHHTHH, IIOCTPOeHHbie 3a py6e)KOM, o6paTHO B ClllA, 

qTo6bI C03,ll;aTb TaM HOBbie BbICOKO0IInaqHBaeMbie pa6oqHe MeCTa. 

O.n:HaKo, He Bee rrpe.n:rrpHHHMaTenH B ClllA rro.z:i:.n:ep)KHBaIOT 3TY 

H,ll;eIO. 

)];nH MHpOBOH HeqJTera30XHMHqecKOM IIpOMbIIllneHHOCTH rrpo

,ll;On)KaeT coxpaHHTbCH H .z:i:a)Ke yrny6nHTbCH TeH)];eHUHH cocpe.n:oToqe

HHH pecypcoB Ha BhmycKe BbICOKOTexHonorHqHoii rrpo.n:yKUHH. MHo-
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me KpyrrHhie KOMIIaHHH 

E,ll;HpOBaHHbie a<lJ<lJrunq: 

npeBparn;aIOTCH B HOBble 

6onhrne pacrrpocTPaID1e-J1 

IlaHHHMH C03,ll;aIOTCH 3ap'. 

KOTOpbIX o6ecrreqHBaeTCJ 

HbIX, HO OTHOCHTenbH0 M 

B MHpOBOH He<lJrera: 

.IJ.HT 3aMeTHbIM Me)KJ{)'H~ 

cneuHanH3aUHH H ,ll;HBep 

nee BbIXO,ll;HT Ha pemOB 

6eHHO o6peMeHeHHbie 31( 

ee<lJTera30XHMHqecKIDI 11 

eyio ceTb B3aHMOCBH33Hl 

IOlll;HX pecypCHbIMH, HHE 

,:ypeHTHbIMH npeHMylllei 

K CO)KaneHHIO, OTMe 

caioTcH poccHMcKoii He 

epeMeHa CCCP He<lJrer 

npoqHo 3aHHMana Mecro 

MeCTO C repMaHHeH H jJ: 

np0H3B0,ll;CTBa Heq)Tera:J 

eynacb BO BTopyIO .z:i:eci 

HHH, 3ana.n:HoeBponeiicx 

IIUfMCH CTPaHaM, KaK Ke 

HpaH. Cepbe3HbIH ypo 

Mb!IllneHHOCTb IIOHecna 

BH,ll;OB npo.n:yKUHH 0TJ)3 

HHe poccHMCKOH He«pl 

1998 r. 6naro.z:i:apH .z:i:e.e. 



inma10rn:11e pacnmpeHHe ,n:oJIH 

eqneXHMHKaTOB, aKKyMyn11py

uanpaBneu11ii .n:e»TeJibHOCTB.. 

H pacnmp»IOTC» y)Ke cyrn:e

. T_q_ npOH3BO.IJ:CTBa npo,n:yKTOB 

Ieu aKTHBaMH .IJ:JIH H3Meuemu: 

mamrn. 
rlUI MHpoBoii ueqnera30XHMH

e KOHCaJITHHrOBOH KOMIIaHmt 

;r uaceneu11» B pa3BHBa10rn:mc

L1BaeMoro «cpe,n:uero Knacca», 

eHHH, rno6an113au,H» 6tt3Heca, 

, ycHJieHHe BHHMaHHH K HHHO

., llaJibHeiirnee ll3Meueu11e pe-

IIpOMbIIIIJieHHOCTll npo,n:OJI)Ka

leCTpYKTYPll3aU,HH 6mueca. B 

1111emum npOHBJIHIOTCH B BH,n:e 

mcnrry:u,HOHaJibHOro npHCYT

Hax, pacnonara10rn:11x yrneBo

erneBOH pa6oqeii cttnoii. B ne-

o6paTHbie npou,eCCbI. B qacT-

001,HBHJia, qTo uaMepeua Bep

py6e)KOM, o6parno B ClllA, 

1maqHBaeMbie pa6oq11e MecTa. 

B ClllA no,n:,n:ep)KttBaIOT :ny 

CICOH npOMbIIIIJieHHOCTll npo

lTbCH Teu,n:euu,11» cocpe,n:oToqe

HOJIOrwIHoii npo,n:yKU,HH. Meo-

ne KpyIIHbie KOMIIaHHH OTpaCJIH opraHH3YIOT BeeqypHbie HeKOHCO

.1DU{ll})OBaHHbie acpcpttJIHpoBaHHbie OT.IJ:eJieHHH, KOTOpbie IIOCTeIIeHHO 

npeBparn:aIOTC» B HOBbie u,eHTPbl npH6bIJIH. BeeqypHbIH 6ll3eec Bee 

6om,rne pacnpOCTPaH»eTCH Ha ccpepy uayqHbIX llCCJie,n:oBaHHH; KOM-

113HIDIMH CO3.IJ:aIOTCH 3apy6e)KHbie uayqHbie u,eHTpbI, 3cpcpeKTHBHOCTb 

urropbIX 06ecneq11BaeTc» 3a cqeT ,n:ocTaToqeo xoporno no,n:roToBneu

BblX, HO OTHOCHTeJibHO MaJIOOIIJiaqHBaeMbIX MeCTHblX cneu,HaJIHCTOB. 

B MllpOBOH uecpTera30XHMHqecKOH IIpOMbIIIIJieHHOCTll IIpOHCXO

JIIIT 3aMeTHbIH Me)K,n:yuapo,n:HbIH nepeJIHB KaIIHTaJia, perttOHaJibHa» 

cneU,HaJIH3aU,HH ll .IJ:HBepCHq_)HKaU,HH. KpynHbie KOMIIaHllll BCe aKTllB

uee BbIXO.IJ:HT Ha perHOHaJibHbie pbIHKH, eMKHe H IIOKa ern:e He oco-

6eHHO o6peMeHeHHbie 3KOJIOrlfqecKHM 3aKOHO.IJ:aTeJibCTBOM. MHpOBaH 

uecpTera30XllMlfqecKa» IIpOMbIIIIJieHHOCTb npeBparn:aeTCH B rno6anb

eyIO ceTb B3aHMOCBH3aHHbIX H B3aHMO3aBHCllMbIX u,eHTPOB, o6na,n:a

lOIIIllX pecypCHbIMll, HHHOBaU,HOHHbIMll ll HHcppaCTPYKTypHbIMll KOH

icypeHTHbIMH npeHMyI1IeCTBaMH. 

K CO)KaJieHHIO, OTMeqeHHbie MHpOBbie TeH,n:eHU,HH noqTH He Ka

caIOTCH poccHHCKoii uecpTera30XHMHqecKoii npoMbIIIIJieHHOCTH. Bo 

epeMeua CCCP uecpTera30XHMttqecKa» npoMbIIIIJieHHOCTb CTPaHbI 

npoquo 3aHttMana MecTo Bcne.n: 3a ClllA, pa3,n:eAA» BTopoe-qeTBepToe 

MeCTO c repMaHHeii H .5InoHHeH. B HaCTOHI1Iee BpeM» IIO Macrnrn6aM 

IIpOH3BO.IJ:CTBa HecpTera30XHMlfqecKOH npo,n:yKU,HH PocCHH nepe,n:BH

uynacb BO BTopy10 ,n:ec»TKY CTPaH, ycTyna» ue TOJibKO ClllA, .5Ino

HHH, 3ana,n:uoeBponeiicKHM CTPaHaM, uo H TaKHM 6hICTPOpa3BHBaIO

IIIHMC» CTPaHaM, KaK KttTaii, He,n:H», Epa3HJIH», Cay,n:oBcKa» ApaBtt», 

HpaH. Cepbe3HbIH ypou poccHHCKa» uecpTera30XHMttqecKa» npo

MbIIIIJieHHOCTb IIOHecna B 199O-e ro,n:bl, Kor,n:a IIpOH3BO.IJ:CTBO MHOrllX 

BH.IJ:OB npo,n:yKU,llH OTPaCJill CHH3HJIOCb noqn1 B.IJ:BOe. BoccTaHOBJie

HHe poCCllM.CKOH uecpTera30XllMHll, uaqaBIIIeec» IIOCJie ,n:ecponTa 

1998 r. 6naro,n:ap» ,n:eBaJibBaU,llll py6n» tt BOBJieqeHHIO OCTaHOBJieH-
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HhIX MOIIIHOCTeH, 6hmo 3aTOpMO)KeHO KpH3HCOM 2008-2009 rr., KO

TOphIH 3aTPOHYJI see CTPaHhI Mttpa, BKmoqa51 H Poccmo. IIocTeITeH

HbIH BhIXO,ll; H3 KpH3HCa B 2010-2011 rr. CHOBa CMeHHJIC51 CITa,D;OM 

TeMITOB pocTa 3KOHOMHKH PocCHH, KOTOphIH CTaJI oco6eHHO 3aMeT

HbIM B 2012-2016 rr. Cne,r:i;yeT OTMeTHTh, qTo Heqnera30XHMHqecKall 

oTpacJih 3a cqeT BBO,r:i;a p51,r:i;a KPYITHhIX ITpoeKTOB, HaITpHMep, «To-

6oJihCKITOJIHMep» KOMITaHHH CllEYP B To6onhcKe, «IIonttoM» B OM

CKe, ITpOH3B0,ll;CTBa ITOJIH3THJieHTepeqJTanaTa B KaJIHHHHrpa,r:i;e If Ena

roBeIIIeHCKe KOMITaHHH AnKo-Hacprn H CllEYP, AEC-ITnacTHKOB Ha 

Hm1rneKaMCKOM HecjJTeXHMHqecKOM KOM6HHaTe, BCITeHHBaIOIIIeroc.SI 

ITOJIHCTttpona Ha ITpe,r:i;ITpH51THH KOMITaHHH CllEYP B IIepMH, «PycBH

HHJI» KOMITaHHH CllEYP B Htt)Keropo,r:i;cKoii o6nacTH H p51,r:i;a ,ll;pyrnx 

CMOrJia 06ecITeqHTh TeMIThI pocTa OTpaCJIH, ITpeBhIIIIalOIIIHe TaKOBhie 

o6pa6aTbIBaIOIIIHX OTpacJieH ITpOMhIIIIJieHHOCTH. 

BBO,ll; HOBhIX MOIIIHOCTeH ITpHBeJI K yBeJinqeHHIO ITpOH3B0,ll;CTBa 

KPYITHOTOHHa)KHhIX ITOJIHMepoB. Ilo cpaBHeHHIO c 2010 r. BhIIIYCK II.SI

TH BH,ll;OB ITOJIHMepoB (ITOJIH3THJieH, ITOJIHITpOITHJieH, ITOJIHBHHHJIXJIO

ptt,r:i;, ITOJIHCTHPOJI, ITOJIH3THJieHTepecjJTaJiaT) B03poc Ha 55% H ITpeBhI

CHJI 5 MJIH T. IlpH 3TOM CTOHT OTMeTHTh, qTo ITO O,ll;HHM ITpo,r:i;yKTaM 

HaMeTHJIC51 ITpOQJHIJ,HT MOIIIHOCTeH, ITO ,r:i;pyrHM - ,r:i;ecjJHIJ,HT. IloKa ,r:i;o

CTaToqHo CKpOMHa HOMeHKJiaTypa MapoK, BhICOKa ,D;OJI51 HMITOpTa OT

,r:i;eJihHhIX BH,ll;OB H MapoK ITOJIHMepoB. B 2015-2017 rr. H3-3a ITpaK

TifqecKH HyneBoro TeMITa pocTa 3KOHOMHKH ITa,r:i;aeT CITPOC Ha ITOJIH

MephI. 

3HaqeHHe PoCCHH, KaK ITPOH3B0,ll;HTeJI51 HecjJTera30XHMHqecKOH 

ITpo,r:i;yKIJ,HH, 3aMeTHO CHH3HJIOCh. )];OJI51 pocCHHCKHX ITpOH3B0,ll;CTBeH

HhIX MOIIIHOCTeH B o6IIIeMHpOBhIX MOIIIHOCT51X ITO BhIIIYCKY 3THJieHa 

COCTaBJI51Jia B 2016 r. 1,9%, ITOJIH3THJieHa - 2,0%, ITOJIHITpOITHJieHa -

2,0%, ITOJIHBHHHJIXJIOpH,r:i;a - 1,5%, ITOJIHCTHpona - 4,2%. JlHIIIh ITO 

ITpOH3B0,D;CTBY CHHTeTHqecKoro KayqyKa ,ll;OJI51 poCCHHCKHX MOIIIHO-
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creii B o6IIIeMHpOBhIX Ml 

8,5%. ll 3TO ITPH TOM, 1 

eecjJTH COCTaBJI51Jia 12%, D 

OcHOBHhIMH ITpo6ne1 

IIpOMhIIIIJieHHOCTH MO)1(80 

- CJIO)KHBIIIHHC.SI .l{H( 

eecjJTeITpo,r:i;yKTOB, HecjJTex 

H3 Httx; Hatt6onee 3aMer 

(yrroM51HYThie BhIIIIe rrpot: 

TQqHO 6bICTPO pa3BHBaIOI 

eero 6H3Heca, H OCHOBHI 

;reHa H ITPOITHJieHa). Bee : 

CHHCKOH HecjJTera30XHMIJ< 

- HeCOBITa,D;eHHe CTJ)) 

phie BH,ll;hI ITPO.D:YKIJ,HH; ( 

CTPYKTypa ITpe,r:i;JIO)KeHIDI, 

l[OHIJ,a 1980-x ro,r:i;oB; 

- TexHonornqecKrui: o 

QTPHIJ,aTeJibHa51 ,ll;HHaMHKl 

roeMKOCTH ITpo,r:i;yKIJ,HH, E 

V:eHT; 

- HH3Ka51 HHHOBaIJ,110 

.:mrnqecKtte pa3pa6oTKH ~ 

..lO HX KOMMMepIJ,HaJIH33Jll 

TPY.D:HO caMOCT051TeJihHO 

.:i.eMOHCTPaIJ,HOHHOMY H, 

pacneBhie HHCTHTJThI np 

o6pa30BaBUIHeCH Ha HX ( 

HHH, XOT51 H ,r:i;o6HBaIOTC 

HMeIOIIIHe Me)K,D;yHapo.l{HI 



IO KpH3HC0M 2008-2009 rr., KO-

BKJIIOqa}I H Poccmo. IIocTeITeH

H 1 rr. CHOBa CMeHIUIC51 CITa.D,OM 

KOTOpblH CTaJI oco6eHHO 3aMeT

:TIITb, ~o Heqnera3oxHM11qecKaJ1 

m.lX ITpoeKTOB, HaITp11Mep, «To

> e To60JibCKe, «IIon110M» B OM

cirranarn B KaJI11H11Hrpa.D,e 11 Ena

a H CMEYP, AEC-ITnacTl1KOB Ha 

KOM6HHaTe, BCITeHl1BaI0I.QerocJ1 

1amrn CMEYP B IIepM11, «PycBH

p<>.:ICKOH o6JiaCTH 11 p51.D,a llPYrHX 

tpaCJIH, ITpeBbIII1aIOrn;11e TaKOBble 

IIUieHHOCTl1. 

!.1 K yeen11qeHHIO ITp0113B0)],CTB3 

cpaeHeHHIO c 2010 r. BbIITYCK Illl-

IlOJIHIIpOITHJieH, IT0Jil1BHH11JIXJIO

lrra.JiaT) B03poc Ha 55% H ITpeBbl

eTHTb, qTo ITO 0)],Hl1M ITPOllyKTaM 

no npyrHM - .D,eqmu;11T. IloKa ll0-

1apoK, BbICOKa )],OJI51 11MITOpTa 0T

►B. B 2015-2017 rr. 113-3a ITpaK

lHOMHKH ITa.D,aeT cITpoc Ha ITOJIH-

w;:orreAA Heqnera3ox11M11qecKoii 

O.JJI pocc11iiCKl1X ITp0H3B0)],CTBeH

!ilOillHOCT5IX ITO BblITYCKY 3Tl1JieHa 

1ueHa - 2,0%, ITOJI11ITpOITl1JieHa -

Il0JIHCTHpona - 4,2%. J111Illb ITO 

{'l)'Ka .D,OJI51 pOCCHHCKHX M0I.QHO-

creii B o6rn;eM11p0BblX MOI.QH0CT5IX 6onee 11Jil1 MeHee ITp11Jil1qHa51 -

8,5%. M 3T0 ITp11 TOM, qTo pocc11iicKa51 .D,0JI51 B M11p0Boii ll06b1qe 

Req>Tl1 COCTaBJI5IJia 12%, ITp11pO.D,H0ro ra3a - 16%. 

OcHOBHbIM11 ITpo6neMaM11 pocc11iicKoii Heqnera3ox11M11qecKoii 

DpoMbIIIIJieHHOCTl1 MO)KHO cq11TaTb: 

- CJI0)1(11BII111HC51 )],11C6aJiaHC Me)K.D,y ITp0113B0)],CTB0M 6a30BbIX 

Req>TeITponyKTOB, HeqneXl1M11KaTOB 11 ITOJil1MepoB, a TaK)Ke 113)],eJil1H 

R3 H11X; Ha116onee 3aMeTeH OH Me)K.D,y ITp0113B0)],CTBOM ITOJil1MepOB 

(ynOM5IHYTbie Bblllle ITpOeKTbI), ITepepa6oTKOH 11X B 113)],eJil151, )],OCTa

roqHo 6bICTPO pa3B11BaIOrn;eiic51 6naro.D,ap51 yc11Jil15IM MaJI0ro 11 cpe.D,

Rero 6113Heca, M OCHOBHbIX 6a30BbIX ITOJIYITPOllYKTOB 0TpaCJil1 (3TH

.llCHa 11 ITPOITl1JieHa). Bee 3TO MO)KH0 Ha3BaTb «y3Kl1M ropJI0M» B poc

CHHCKOH Heqnera3ox11M11qecKoii ITpOMbIII1JieHH0CT11; 

- ttecoBITa.D,eH11e CTPyKTYPhI cITpoca 11 ITpe.D,JIO)KeH1151 Ha HeKOTO

pbie B11)],bl ITPOllyKU:1111; CTPYKTypa CITpOCa 3aMeTH0 113MeHl1JiaCb, a 

CTpYKTypa ITpe.D,JIO)KeHl151, B OCH0BHOM, KaK 6bI 3aMepna Ha ypoBHe 

1:oHu;a 1980-x ro.D,oB; 

- TeXH0JI0r11qecKlli1 OTCTaJI0CTb 11 BbICOKl1H 113HOC o6opy.D,OBaHl151, 

arp11u;aTeJibHa51 )],11HaMl1Ka ITOKa3aTeneii y.D,eJibHOH pecypco- 11 3Hep

roeMK0CTl1 ITP0llYKu:1111, HeBbICOKoe ee KaqecTBO 11 y3K11ii accopT11-

MeHT; 

- Hl13Ka51 11HH0BaI..J;l10HHa51 aKT11BH0CTb 0TPacn11; HayqHO-TeXHO

nor11qecK11e pa3pa60TK11 aKa.D,eM11qecKl1X 11HCTl1TYTOB pe.D,KO llOX0)],5IT 

JlO 11X KOMMMepu;11aJil13aI..J;H11, IT0CKOJibKY aKalleM11qecK11M 11HCTl1TyTaM 

TPYllHO caM0CT051TeJibHO ITepeX0)],11Tb OT na6opaTOpHOH ycTaHOBKl1 K 

JlCM0HClpaI..J;110HHOMY 11, TeM 6onee, ITP0MblIIIJieHHOMY o6pa3u;y; 0T

pacJieBbie 11HCTl1TYTbI ITpaKT11qecK11 ITepecTaJI11 q>yHKu;11ott11poBaTh, a 

o6pa30BaBrnl1eC51 Ha 11X o6JIOMKaX MaJlbie TeXHOJior11qecK11e K0MITa

HHl1, XOT51 11 ,n;o611BaIOTC51 pe3yJibTaT0B, HO 11X pa3pa60TKl1, qacT0 

HMeIOI.Q11e Me)KllyHapo,n;HblH ypoBeHb, ITp1106peTaIOT o6blqHo He poc-
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CHMCKJfe, a 3apy6e)I<Hble KOMIIaHHH, IIOCKOJihKY y poccHMCKHX Her 

crrpoca Ha HHHOBaD;HOHHYIO rrpo.I(yKIJ;HIO; 

- He.I(OCTaToqHOCTh HHBeCTHIJ;HM H HX HeBhICOKaH 3<p<peKTHB

HOCTh, 60H3Hh pHCKOB HeB03BpaTa KaIIHTaJia, o6ycJIOBJieHHaH BbICO

KOM KaIIHTaJIOeMKOCThlO HeqlTera30XHMHqecKHX rrpOH3BO.I(CTB; XOTH 

eCJIH BepHyThCH K BhIIIIeyrroMHHYThIM rrpoeKTaM («To60JihCKIIOJIH

Mep», PycBHHHJI» H .I(p.), MO)I(HO BH.I(eTb, qTO rrpH rrpaBHJihHOM opra

HH3aIJ;HH .I(eJia He<pTera30XHMHqecKHe rrpoeKTbl MOryT 6bITh peaJIH30-

BaHbl B cpoK H o6ecrreqHBaTh 3Q)Q)eKTHBHOCTh rrpoH3BO.I(CTBa rrpo.I(yK

IJ;HH; 

HH<ppaCTJ)YKTYPHhie orpaHHqeHHH, TO ecTh cJia6oe pa3BHTHe 

rrpo.I(yKTorrpOBO.I(OB, TepMHHaJIOB, rrepeBaJIOqHI,IX 6a3 H .I(pyrHX 3Jie

MeHTOB JIOfHCTHqecKHX cxeM .I(OCTaBKH rrpo.I(yKTOB H IIOJiyrrpo.I(yKTOB 

He<pTera30XHMHH no Ha3HaqeHHIO; 

- .I(eQ)HIJ;HT Ka.I(pOB, o6ycJIOBJieHHbIM, BO-rrepBbIX, HX «CTapeHH

eM», a BO-BTOpbIX, CTJ)YKTYPHhIMH rrepeKOCaMH B IIO.I(fOTOBKe MOJIO

.I(bIX crreu;HaJIHCTOB (rrepeH36hITOK MeHe.I()I(epoB H IOpHCTOB, He.I(OCTa

TOK HH)I(eHepoB H KBaJIHQ)HIJ;HpOBaHHbIX pa6oqHx); 

- He.I(OCTaTKH HOpMaTHBHO-rrpaBOBOfO peryJIHpoBaHHHH H3-3a 

ycTapeBIIIHX CTJ)OHTeJihHhIX HOpM H rrpaBHJI, qTo CTaJIO rrpHqHHOH 

y.I(opO)I(aHHH CMeT, 3aMe.I(JieHHH cpOKOB CTJ)OHTeJibCTBa 061,eKTOB; 

He.I(OCTaTOqHOCTh 3aKOHO.I(aTeJibHbIX HOpM HCIIOJib30BaHHH rrpO.I(YK

D;HH He<j)Tera30XHMHqecKOM rrpOMhIIIIJieHHOCTH B CTJ)OHTeJibHOM KOM

IIJieKce, rrpoH3BO.I(CTBe aBTOKOMIIOHeHTOB, TOBapoB HapO.I(HOfO rro

TJ)e6JieHHH H .I(pymx H .I(pymx c<pepax 3KOHOMHKH; 

- rrpeo6Jia.I(aHHe B 3KCIIOpTe He<pTera30XHMHqecKOM rrpO.I(YKIJ;HH 

HH3KHX rrepe.I(eJIOB, a B HMIIOpTe - rrpo.I(yKIJ;HH BhICOKHX rrepe.I(eJIOB H 

HayKOeMKOH; TOT <paKT, qTo poCCHMCKrul He<pTera30XHMHH 3KCIIOpTH

pyeT rrpO.I(YKIJ;HIO HH3KHX rrepe.I(eJIOB, fOBOpHT 06 YH3BHMOCTH OTJ)aC

JIH, rrocKOJihKY HMeHHO TaKYIO rrpo.I(yKIJ;HIO rrpomBO.I(HT KHTaH, MH-
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.llIDI, Cay.I(oBCKrul • 

eeq>Tera30XHMHH a 

- y.I(opo)I(aHHe 

KaTepHaJIOB, 3Hepr 

er KOHKypeHTOCIII 

IlpO.I(YKIJ;HH, BhITeC 

H3.I(eJIHH H3 HHX He 

l:OB; rrpH 3TOM cJie, 

11ecKru1 rrpo.I(yKUIDI 

.sfuOHHH, HO M rrpo, 

HH.n:HH, Cay.I(OBCKOI 

3TH tt .n:pyrne u 

npH6JIH)I(eHMH pocc 

CTH K «ToqKe HeB03 

ro .n:orHaTh He Tom, 

HhI no ypoBHIO H TI! 

JieHHOCTH CTaHer yJ 

C u;emIO yCTJ)ai 

·IIpOJlYKIJ;MH pOCCHB4 

TOB If CblpbH, HaCbll 

JKCIIOpTHbie IIJIOJllj 

m:ecTB PoccHH, rrp 

CblpbeBOM 6a3bl, Ha: 

cHHCKOH He<pTera30 

em:e B 2012 r. IIJiaII 

CTH PoccHH Ha rrepH 

ynoMHHaHHM «IlrraII 

ohIJIH orrpe.I(eJie1 

eyKTOB, OCHOBHhIX I 

JlHMOfO yrJieBo.n:opo, 



H, IIOCKOJlhKY y poCCHHCKHX Her 

rnmo; 

BB H HX HeBhICOKmI 3cpcpeKTHB

. KaIIHTaJia, o6ycJIOBJieHHaH BhICO

oXHMHqecKHX npOH3BO,D;CTB; XOTll 

"ThlM npoeKTaM («To60JihCKIIOJIH

,HlleTI>, qTo npH npaBHJihHOH opra

Oie npoeKThI MOryT 6bITh pea.rrmo

!IITHBHOCTh npOH3BO,D;CTBa npo.n;YK-

!'leHIUI, TO eCTh cna6oe pa3BHTHe 

nepeBa.rroqHhIX 6a3 H .n;pyrHX 3Jie

'3BKH npo.D;yKTOB H nonynpo,n;yKTOB 

1eHHhIH, BO-nepBhIX, HX «CTapeHH-

1 rrepeKOCaMH B no.n;roTOBKe MOJIO-

MeHe,WKepoB H IOpHCTOB, He,D;OCTa

lHHhIX pa6oqHx); 

ipaBOBOfO perynHpOBaHHHH H3-3a 

• H npaBHJI, qTo CTaJIO npHqHHOH 

cpoKOB CTPOHTeJihCTBa o6beKTOB; 

l1,IX HOpM HCITOJih30BaHHH npo.n;yK

J,IllIJieHHOCTH B CTPOHTeJihHOM KOM

IOHeHTOB, TOBapoB Hapo,n;Horo no

epax 3KOHOMHKH; 

neq>Tera30XHMHqeCKOH npo,n;yKIIHH 

- rrpO.D;yKIIHH BhICOKHX nepe,n;eJIOB H 

:micKM HecpTera30XHMHH 3KCITOPTH

JIOB, fOBOpHT 06 YH3BHMOCTH OTPaC

!pO;::cyKIIHIO npOH3BOMT K1natt, IIH-
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JUUi, Cay,n;oBCKaH ApaBHH, KOTOphie HBJIHIOTCH ,D;JIH OTeqeCTBeHHOH 

uecpTera30XHMHH cepbe3HhIMH KOHKypeHTaMH; 

- y.n;opo)KaHHe BHYTPeHHHX <paKTOpOB npOH3BO,D;CTBa ( ChlphH, 

»aTepHMOB, 3HepropecypcoB, TpaHcnopTHhIX TapH<pOB), qTo CHH)Ka

CT KOHKypeHTOCilOC06HOCTh pOCCHHCKOH Heq:>Tefa30XHMHqecKOH 

npo,n;yKIIHH, BhITeCHHeT pocCHHCKHe HecpTeXHMHKaThI, IlOJIHMephI H 

B3,D;eJIHH H3 HHX He TOJihKO C 3apy6e)KHhIX, HO H C BHyTpeHHHX pbIH-

1mB; npH 3TOM cne.n;yeT OTMeTHTh, qTO pOCCHHCKaH Heq:>Tera30XHMH

"lecKM npo,n;yKIIHH npomphrnaeT He TOJihKO TOBapaM H3 ClllA H 

j{noHHH, HO H npo,n;yKIIHH H3 6hICTPOpa3BHBaIOIIIHXCH CTPaH (KHTaH, 

HH.n,1111, Cay.n;oBCKOH ApaBHH, IIpaHa). 

3TH H .n;pyr11e HeHa3BaHHhie 3,n;ecb cpaKTOpbI C03,D;aIOT onacHOCTh 

npH6JIH)KeHHH poCCHHCKOH Heq:>Tera30XHMHqecKOH npOMhIIIIIleHHO

CTH K «ToqKe HeB03BpaTa», T.e. K TaKOMY COCTOHHHIO, nocne KOTOpo

ro .n;orHaTb He TOJihKO pa3BHTbie, HO H 6bICTpopa3BHBaIOIIIHeCH CTpa

llbl no ypoBHIO H TeMnaM pa3BHTHH He<pTera30XHMHqecKOH npOMhllII

JleHHOCTH CTaHeT y)Ke HeB03MO)KH0. 

C IIeJihIO ycTPaHeHHH .n;ttcnponopIIHH B npomBo,n;cTBe KOHeqHott 

·IIpO.D;YKIIHH poccHHCKOH Heq:>Tera30XHMHH, ee 6a30BhIX nonynpo,n;yK

TOB H ChlphH, HaChIIIIeHHH BHyTPeHHero pbIHKa H BhIXO,n;a Ha HOBhie 

3KCITOpTHbie IlJIOIIIa,D;KH, HCilOJih30BaHHH KOHKypeHTHhIX npeHMy

mecTB PoccHH, npe)K,n;e Bcero o6HJihHOH H OTHOCHTeJihHO .n;emeBott 

ChlpbeBOH 6a3hI, HayqHoro H Ka,n;poBoro IlOTeHIIHaJia tt BhIBO,D;a poc

CHHCKOH Heq:>Tera30XHMHH Ha .n;ocTOHHhIH ee ypoBeHh, 6hrn npHHHT 

eru;e B 2012 r. nnaH pa3BHTHH He<pTera30XHMHqecKOH npOMhIIIIJieHHO

CTH PoCCHH Ha nepHO,D; .n;o 2030 r. (,n;JIH KpaTKOCTH npH nocne.n;y10ru;eM 

yrroMHHaHHH «IIJiaH-2030»). 

DhlllH onpe.n;eneHbl MaCIIITa6hI npOH3BO,D;CTBa 6a30BhIX nonynpo

.JlYKTOB, OCHOBHhIX Heq:>TeXHMHKaTOB H IlOJIHMepoB, o6beMhl Heo6xo

.aHMOfO yrneBo,n;opo,n;Horo CblpbH H TPe6yeMhIX HHBeCTHIIHH Ha nepH-
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OA AO 2030 r., a TaK)Ke BKJia)]; Heqnera30XHMHqecKOH O'rpaCJIH B BBIT 

CTpaHI,I tt o6'heMbl TIOCTyrrneHmI cpe,n;CTB B BHAe HM0f0B B rocy,n;ap

CTBeHHbIH 610.n;)KeT, qfICJI0 H0BI,IX pa6oqHX MeCT. 

Pa3pa6oTaHbl Mepbl '.)KOHOMHqecKoro, IOpH,n;HqecKoro, opraHH3a

UH0HH0f0 xapaKTepa. B KaqecTBe 3K0HOMHqecKHX Ha3bIBMH cy6cH

AHP0BaHHe CTaB0K ITO Kpe,n;HTaM H no.n;.n;ep)KaHHe Kpe,n;HT0B rocy,n;ap

CTBeHHbIMH rapaHTH51MH, BBe,n;eHHe HM0f0BbIX KaHHKYJI .n;mI CT!)0X

lll,HXC51 npe,n;npmITHH, cm,n;aHHe oco6bIX 3K0H0MHqecKHX 30H HJIH 

TeppHTOpHH ycKopeHH0f0 pa3BHTH51. B Kaqecrne IOpH,n;HqeCKHX -

HecaHKilHOHHpOBaHHbIH ,IJ,0CTyn K pecypcaM yrneB0,Il,0p0AHOfO CbI

pMI, H0Bbie CTaH.n;apTbl KaqecTBa, CT!)OHTeJibHbIX H0pM H npamm. 

Cpe,n;H opraHH3allH0HHbIX - HCn0Jib30BaHHe pa3JIHqHI,IX cpopM rocy

.n;apcTBeHH0-qacTH0f0 napTHepcTBa npH peanmaUHH KpynH0MaC

IIITa6HbIX npoeKT0B n ,n;p. 

fnaBHI,IM MeTO,n;HqeCKHM noJI0)KeHHeM «ITnaHa-2030» 61,mo co-

3,n;amie Heq>Tefa30XHMHqecKHX KJiacTepoB, BKJIIOqarorn,HX npoeKThl 

MO,n;epHH3allHH .n;eif cTByIOlll,HX H CT!)0HTeJibCTBa HOBbIX MOlll,HOCTeii 

no np0H3B0,IJ,CTBY 6a30BbIX Heq:>Tenpo)].yKToB H KpynH0T0HHa)KHI,IX 

Heq>TeXHMMKaTOB tt n0JIHMepoB, o6'beKTOB HH)KeHepHOH tt COI.(HaJih

HOH HHq>pacTpyKTYPW (npo)].yKTonpOBO)J;OB, TepMHHaJIOB, xpaHHJIHIII, 

,IJ,opor, )KHJibIX nocenK0B H T.n.), a TaK)Ke TexHonapKos, opram-13al.(Hii 

no HayqHoMy, o6pa3oBaTeJibHOMY, IOpH,n;ffqecKoMy, K0HCYJibTaIIH0H

HOMY conp0B0)K.[l;eHm0 3THX npoeKT0B. 

OCHOBHI,IMH KJiacTepaMH, OTMeqeHHbIMH B «IlnaHe-2030», XBJU[

IOTCH IlosoJI)KCKHH, KacrrHHCKHH, 3ana,n;Ho-Cn611pCKHH, BocToqHo

C116HpcKHH, Cesepo-3ana,n;HbIH H )];an1,HesocTOqHbIH. 

IloBOJI)KCKHH Heq>Tera3ox11M11qecKHH KJiaCTep JIBJIHeTCH y)Ke .n:ae

HO CJI0)KHBIIIHMCH, B COCTaBe K0T0poro TaTapcKHH, EaIIIKHpCKHH, 

CaMapcKHH, HH)Keropo.n;cKHH, CapaTOBCKHH, Bonrorpa)].CKHH rron

KnacTep1,1, a BHYTPH HHX Cq>OpMHpOBaJIMCh H cpyHKIIHOHHpyIOT npe.n-
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IIpHHTHH no npOH3D 

rr. HH)KHeKaMcK, KaJ 

KcToBo, CaMapa, Hoi 

IlosomKcKoro KJiacn 

IlpaKT11qecKH Ha see: 

ro KnacTepa HaMeqe1 

CTBa rrpo,IJ,yKUHH, H( 

HmirneKaMCKOM HeqJ 

H0BKa M0IIIHOCTbIO JI 

Morna 6w rronHocn,1 

.rrynpo,n;yKTOB(3THJie 

KpoMe 3Toro, 61,1 

Heq>TeXHMH'IeCKOro 

TCHH51 '.)T0f0 3aB0J{a 

.ITCH. 

C1,1pbeM ,n;JIJI o6 
IlosomKcKoro KJiac 

B0)],0p0)J,0B (llJ<l>Jr. 

O)],HaKo, pecypcos 

CB.83H PYK0B0)J,CTBC 

CK0r0 KJiaCTepa ax 

;()'KTOilpOBO,n:a«Jb 

CKHH HXK H Apyn 

cra6HJibHhIM K0HJI 

OOTKe ill<l>JIY 3T3l 

paCCM0T!)CHa peaJJ 

BOJI)KbC», KOT0prul 

.aorosopeHH0CTH 

llI<l>JIY, Ho ee He-i 



oxHMH'IecKoii o-rpacm1 B BBII 

rB B Blf,[J;e HaJIOrOB B rocy,ri:ap

rnx MeCT. 

ro, 10pH,ri:IfqecKoro, opraHH3a-

10MH1IeCKHX Ha3blBaJilf cy6cH

Jiep)KaHHe Kpe,ri:HTOB rocy,ri:ap

UIOrOBblX KaHHKYil )];JUI CTpox

LD{ 3KOHOMifqecKHX 30H mm. 

B KaqecTBe IOpH,ri:HqeCKlfX -

:ypcaM yrneB01lOP01lHOro Cbl

>OHTeilbHbIX HOpM If npaBHil. 

13.HHe pa1nHqH1,1x cpopM rocy

!pH peanlf3aIIHH KpynHoMac-

BeM «IInaHa-2030» 61,rno co

!p<>B, BKmoqaIOIIIlfX npoeKTbl 

!IIe.JThCTBa HOBbIX MOIIIHOCTeH 

)ll)'KTOB If KpynHOTOHHa)KHI,IX 

ITOB lfH)KeHepHoii If COillfaJib

)1{0B, TepMHHanoB, xpaHHillflII, 

re TeXHonapKoB, opraHH3aIIHH 

HiJ.lflleCKOMY, KOHcyn1,Ta11HoH-

HMMH B «IInaHe-2030», xBnx

IanHO-CH6HpcKHii, BocTOqHo

.eeBOCToqH1,1ii. 

1H KJiaCTep .llBil.lleTC.ll y)Ke ,ri:aB

>ro TarnpcKHii, EaIIIKHpCKHii, 

:>BCKHH, Bonrorpa,ri:cKHii no,ri:

IIHCh If QJYHKillfOHHpyIOT npe,ri:-

DpH.llTlf.ll no npOH3B0,[J;CTBY HecpTera30XlfMifqecKoii npo,ri:yKIIlflf B 

rr. Hm1rneKaMcK, Ka1aHh, Y cpa, CanaBaT, CTepnHTaMaK, .z:t:3ep)KHHCK, 

ICCTOBO, CaMapa, HoBoKyii6bIIIIeBCK H ,ri:p. HeKOTOpble npe,ri:npH.llTlf.ll 

IloBOil)KCKOro KJiacTepa CB.ll3aHbl Me)K,ri:y co6oii 3TlfileHonpOB01lOM. 

IlpaKTifqecKH Ha Bcex 3aBo,ri:ax IloBOil)KCKoro HecpTera30XHMHqecKo

ro KJiacTepa HaMeqeHbl MO,ri:epHH3aIIlf.ll If peKOHCTpyKIIlf.ll npOH3B01l

CTBa npo,ri:yKIIlflf, HO caMoe KpynHoe CTJ)OHTeilbCTBO HaMeqeHo B 

lhrnrneKaMCKOM HecpTeXHMifqecKOM KOM6HHaTe - 3THneHOBa.ll ycTa

HOBKa MOIIIHOCTblO Illf60 600 TblC. T/ro,ri:, nH6o 1 MilH Tlro.ri:, KOTOpax 

Morna 6hl TIOilHOCTbIO c6anaHCHpoBaTh Ilp0lf3BO,[J;CTBO OCHOBHbIX no

.nynpo,ri:yKTOB ( 3TlfileHa, nponHneHa) If npo,ri:yKIIlflf Ha lfX OCHOBe. 

KpoMe 3TOro, 61,rno HaMeqeHO pacIIIHpeHlfe HoBoKyii6bIIIIeBCKOro 

eecpTeXHMHqecKoro KoM6HHaTa (npoeKT CaHopc), Ho nocne npHo6pe

reHH.ll 3TOro 3aBo,ri:a KOMTiaHHeii PocHeqJTb npoeKT 61,m npHOCTaHOB

JieH. 

C1,1pbeM ,ri:nx o6ecneqeHH.ll HecpTera30XHMifqecKHX npe,ri:npH.llTHH 

IloBOil)KCKOro KnaCTepa .llBil.lllOTC.ll IIIHpoKa.ll cppaKIIlf.ll nerKHX yrne-

801lOP01lOB (Ill<l>JIY) If C)Klf)KeHHhie yrneBo,ri:opo,ri:Hhle ra31,1 (CY[) . 

O,nHaKO, pecypcoB 3TOro Blf,[J;a Cblpb.ll .llBHO He,ri:ocTaToqHo. B 3TOH 

CB.ll3lf pyKOBOACTBO HecpTera30XHMifqecKHX npe,ri:npHXTHii IloBOil)K

CKoro KnacTepa aKTlfBHO no,ri:,ri:ep)KHBaeT lf,[J;eIO CTpOHTeilbCTBa npo

.L(yKTOTipOB01la «.5IMan - IloBOil)Kbe», qTo6bl o6ecneqlfTh Hlf)KHeKaM

CKHii HXK If ,ri:pyrHe npe,ri:npH.llTlf.ll o-rpacnH B IloBOil)KCKOM KnacTepe 

cra6HnhHhIM KOH,ri:eHcaToM, Ill<l>JIY If nonyqaeMblMH npH nepepa-

6oTKe Ill<l>JIY 3TaHOM If nponaHOM [3]. HH)Ke 6y,ri:eT 6onee ,ri:eTaJibHO 

paCCMOTJ)eHa peanlf3alllf.ll npoeKTa npo,ri:yKTOilpOBO,[J;a «.5IMan - Ilo

BOil)Khe», KOTOpax KpoMe qifCTO TeXHifqecKHX CilO)KHOCTeii, Tpe6yeT 

,noroBopeHHOCTH Me)K,ri:y pecypco,nep)KaTeneM If no-rpe6HTeneM 

Ill<l>JIY, Ho ee HeT, 6onee Toro, ecTh KOHQJillfKT HHTepecoB. 
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Ha.n6onee Bepo»THbIM CbipbeM .[IJI» HaMeqaeMoro npoeKTa 3THJie

HOBOM ycTaHOBKH Ha Hm1rneKaMCKOM HXK »BJI»eTc» Haq:na c 3aBo

.LI0B «TAHEKO» .n «TAH<I>» (80%) .n nponaH-6yrnHoBa» cppaKn;H» c 

ra3onepepa6aTbIBaIOIIJ;HX 3aBO.[IOB IlOBOJI)KCKOro KJiaCTepa [3]. 

B cocTaBe Kacn.niicKoro KJiacTepa HaMeqeHo C03.[laH.ne HOBoro 

ra30XHM.HqecKoro KOMnJieKca Ha 6a3e n;eHHbIX yrJieBO,LIOp0,LIOB no

nYTHOro Hecpnrnoro ra3a, nonyqaeMoro c 6eperoBbIX HJIH rnenbcpo

BbIX MecTopO)K.[leHHM HecpTH CeBepHoro Kacn.n». IIpe.r:1ycMOTpeHa ero 

TPaHcnopT.npoBKa B paiioH r. Ey.r:1.r:1eHOBCKa, r.r:1e KOMnaHH» JIYKOHJI 

y)Ke HMeeT HecpTera3ox.nM.nqecKHM 3aBO.LI «CTaBponeH». B HOBOM ra-

30XHM.nqecKOM npe.r:1npH»THH HaMeqeHbI 6JIOKH no pa3.[leJieHHIO no

nYTHOro ra3a, 3THJieHOBM ycTaHOBKa, npOH3BO.[ICTBO nOJIH3T.HJieHa H 

non.nnponHJieHa, a TaK)Ke KpynHbIH 3Hepro6JIOK. IIepepa6oTKa no

nyTHOro HecprnHoro ra3a .r:1acT B03M0)KHOCTb o6ecneq.HTb 3THJieHO

BYIO ycTaHOBKY MOIIJ;HOCTbIO 225 TbIC. Tlro.r:1 3TaHOM .n nponaH-

6yTaHOBoii CMeCbIO, a Ha 6a3e co6cTBeHHoro 3T.HJieHa - opraH.H30BaTb 

npOH3BO.[ICTBO noJI.H3T.HJieHa aHaJIOr.nqHOH MOIIJ;HOCTH. B .[laHHOM 

cnyqae H HCTOqH.HKH Cblpb», H ra30XHM.HqecK.He MOIIJ;HOCTH IlpHHa.[1-

Jie)KaT O.[IHOM KOMnaHHH, K0Topa» YBH3bIBaeT pocT .[I06b1q.n Cblpb» C 

noTPe6HOCT»MH HecpTera30XHM.HqecKoro npoeKTa [3]. 

B 3ana.[IHo-C.n6.npcKOM KJiacTepe npe.r:1ycM0TpeHo pa3BHT.He .r:1eif

CTBy10in;.nx HecpTera30XHM.HqecK.HX npe.r:1npH»THM B rr. To60JibCKe, 

ToMcKe, OMcKe, «.r:1ocTpoifKa» HoBoypeHroiicKoro ra30XHM.nqecKoro 

3aBO.[la, nepeHeceHHa» Ha 2019 r., a TaK)Ke pean.n3an;.n» HOBOro r.n

raHTCKoro npoeKTa «3anc.H6HecpTeXHM» B COCTaBe To60JibCKOro 

HecpTera30XHM.HqecKoro KOMnJieKca no BbIIIYCKY noJI.HOJiecpHHOB H 

.r:1pyroii HecpTera30XHM.HqecKOM npO.LIYKU:HH. O6ecneqeH.He To60Jib

CKOro HecpTeX.HM.HqecKOro KOM6.HHaTa ( c yqeTOM npoeKTa «3anc.n6-

HecpTeXHM») yrneB0.LIOPO.LIHbIM CblpbeM npe.r:1nonaraeTCH no npo.r:1yK

TonpOBO.LIY C IIypoBCKOro ra3onepepa6aTbIBaIOin;ero npe.r:1npH»THH 

KOMnaHHH HOBA T'.:: 

nJieKC HBJIHeTCH Kpyrr 

B BocrnqHo-CH6 

BOHaqaJibHO nJiaHHpC 

6oraToro yrneBO.LI0P 

pO)K.[leHHH, KOTOpoe . 

XHM.HqeCKHMH n0.JIYI 

AHrapcK .n Ca»Hc1 

C.n6.npcKoro KJiaCTq 

H3BO.[ICTBa Ha Attrap< 

«Ca»HCKXHMnnaCT». 

B HacTo&in;ee Bpe 

BO.[la nOJIHMepoB HCI 

HII3 .n He6onhrnoe 1 

3THJieHa BbIHY.LIHT 33 

npHHT.He «CaHHCKXID 

BO.[IHTeJieM nOJIHBHHl 

CKOro 3aBO.[la nOJIHMI 

3T.HJieHa H n0JIH3TW 

CTaBOK HaQ)TbI C Alm 

B CBOIO oqepem 

«CaHHCXHMnJiaCT» H 

MOIIJ;HOCTeii, CblpbeM 

BO,LIOpO.[IHbie ra3hl (1 

ra3onepepa6aTbIBa101 

BaTbCH ra3 q.HKaHCKO 

B CeBepo-3anam 

XHM.HqeCKHH K0MIIJie 

MeCTOpO)K.[leHHH ceB 

IIpe.r:1nonaraeTcH, IfI 



1aeMoro npoeKTa 3THJie

jffifilleTC5I Haq)Ta C 3aBO

m-6yraHoBa5I q>paKI.l,H5I c 

oro KJiacTepa [3]. 

eqeHO C03AaHHe HOBOfO 

tlhlX yrneBOAOPOAOB no

>eperoBhIX HJIH rnenh<po

IIIDI. IlpeAyCMOTpeHa ero 

rAe KoMnaHH5I JIYKOHJI 

CraBponeH». B HOBOM ra

lOKH no pa3AeJieHHIO no

l3BOACTBO nOJIH3THJieHa H 

o6noK. ITepepa6oTKa no

:n, o6ecneqHTh 3THJieHO

'ron 3TaHOM 11. nponaH

o 3THJieHa - opraHH30BaTh 

ii MOlll,HOCTH. B AaHHOM 

ecme MOlll,HOCTH npHHaA

ae-r pocT A06bJqH Chlpb5I C 

l)OeKTa [3). 

cycMOTpeHo pa3BHTHe Aeii

tpIDITHH B rr. T o6onhcKe, 

'OHCKOfO ra30XHMHqecKoro 

Ke peaJIH3al.l,H5I HOBOfO fH-

B COCTaBe To60JihCKOfO 

n,mycKy noJIHOJieq>HHOB H 
HH. O6ecrre1IeH11.e To6om,

yqe-roM rrpoeKTa «3anc116-

tpeD.IIOJiaraeTC5I no npo.JzyK-

KOMnaHHH HOBAT3K. To6oJihCKHH Heq>Tera3ox11.M11.qecK11.ii KOM

IJJieKc 5IBJI5IeTc5I KpyrrHeiinrnM npeAnpH5ITHeM KoMnaHHH CHEYP. 

B BocToqHo-C11.611.pcKoM Heq>Tera3ox11M11.qecKOM KJiacTepe nep

BOHaqaJihHO rrJiaHHpOBaJIOCh C03AaTb npeAilpH5ITHe no nepepa6oTKe 

6oraToro yrJieBOAOPOAaMH H renHeM ra3a KoBbIKTHHCKOfO MeCTO

poiKAeHH5I, KOTopoe AOJI)KHO 6hIJIO CHa6)KaTb 6a30BhIMH Heq>Tera30-

XHMHqecKHMH nonynpOAYKTaMH AeiicTBYIOlll,He rrpeAnpH5ITH5I B rr. 
AHrapcK 11. Ca5IHCK. B HhrnernHeM BHAe pa3BHTHe BocrnqHo

C11611.pcKoro KJiacTepa npeACTaBJI5IeTC5I npoeKTOM pacrn11.peHH5I npo

H3BO;J.CTBa Ha AHrapCKOM Heq)TeXHMHqecKOM KOM6HHaTe H Ha 3aBOAe 

«CMHCKXHMnnacT». 

B HaCT05Illl,ee BpeM5I Ha nHpOJIH3HhIX MOI11,HOCT5IX AHrapcKoro 3a

BOJ].a nOJIHMepoB HCnOJih3yeTC5I, B OCHOBHOM, Haqna C AHrapCKOfO 

HIT3 H He60JihllIOe KOJIHqeCTBO lli<I>JIY. PocT rrpOH3BOACTBa noJIH-

3TIIJieHa BhIHYAHT 3aBOA OTKa3aThC5I OT nocTaBOK 3THJieHa Ha npeA

IIpH5ITHe «Ca5IHCKXHMnJiaCT», OAHH H3 KpynHeHilIHX B CTpaHe npon:3-

BOAHTeJieH noJIHBHHHJIXJIOPHAa. IlporpaMMY MOAepHH3al.l,HH AHrap

CKOro 3aBOAa noJIHMepoB (yBenn:qeHn:e MOlll,HOCTeii no npOH3BOACTBY 

3TIIJieHa H noJIH3THJieHa) HaMeqeHO peaJIH30BaTh yBeJI11.qeH11.eM no

CTaBOK Haq>ThI c AHrapcKoro HIT3. 

B CBOIO oqepeAh, perneHHe CblpbeBblX rrpo6JieM npeJ].rrpH5ITH5I 

«CMHCXHMnJiaCT>> HaMeqeHO C03AaHHeM co6CTBeHHhIX 3THJieHOBblX 

MOlll,HOCTeii, CblpbeM AJI5I KOTOpbIX AOJI)KHhl CTaTh C)KH)KeHHbie yrne

BOAOpOAHhie ra3hl (nponaH, 6yrnH) C rrpoeKTHpyeMOro llpKyrCKOro 

ra30rrepepa6aTb1BaIOI11,ero 3aBOAa, Ha KOTOpOM 6yAeT rrepepa6aThl

BaThC5I fa3 qHKaHCKoro fa30BOro MeCTOpO)KAeHH5I [3]. 

B CeBepo-3anaAHOM OKpyre 3aAYMaHO C03AaTh KpynHhIH fa30-

XBMHqecKHH KOMnJieKC Ha 6a3e npn:pOAHOro (6oraToro 3TaHOM) ra3a 

MeCTOpO)KAeHHH ceBepHbIX paiiOHOB TIOMeHCKOH o6JiaCTH (CPTO). 

IlpeAITOJiaraeTC5I, qTO 3TaHCOAep)Kalll,HH ra3 3THX MeCTOpO)KAeHHH 
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ITOM,D;eT ITO O)],HOM H3 HHTOK ra30BOM Mar11cTpan11, coe,D;HH»IOII(eil: Me

cTopmK,D;eHml CPTO c HaqanoM ra3oITpOBO,D;a «CeBepHbIM ITOTOK» B 

JleHHHrpa,D;CKOM o6JiaCTH. IIo XO,D;y '.HOM aBTOHOMHOM TPY6bI B paii

OHe r. qepeIToBeu: (Bonoro,D;CKM o6JiaCTb) HaMeqeHO ITOCTPOHTb ra-

30XHMHqeCKHM KOMITJieKC C ycTaHOBKaMH pa3,D;eJieHml ra3a, ITHpOJIH3a 

:natta H ITpoITaH-6YTaHoBOM <ppaKU:HM, ITOJIHMep113au;1111 3THJieHa H 

ITPOITHJieHa, C ITPOH3B0)],CTBOM ,D;pyrHX ITPO.D:YKTOB Ha OCHOBe 3THJieHa, 

B qaCTHOCTH, MOH03THJieHrJIHKOJ15I. 3TOT ITpoeKT «f a3ITpOMa» ITOJl 

Ha3BaHHeM «TpaHcBanra3» »Bm1eTc» He caMOM y.D:aqHoM MO,D;H<pHKa

u:11eil: pa3pa6oTaHHOro paHee rpyITITOM He3aBHCHMbIX 3KCITepTOB ITpo

eKTa «CeBepHbIM Maprnpyn>, cornacHo KOTopoMy «ITO xo,D;y TPY6b1» 

)],OJI)KHO 6bIJIO 6bITb ITOCTPOeHO HeCKOJibKO OTHOCHTeJibHO He6oJiblIIHX 

ra30XHMHqecKHX 3aBO)],OB, 06ecITeq11BaIOII(HX ITOJIHOe HCITOJib30BaHHe 

ITOTeHU:HaJia u:eHHbIX yrneBO,D;OpO,D;OB (3TaHa, ITpOITaHa, 6yTaHOB, yr

JieBO,D;OpO,D;OB Cs+) 3TaHCO,D;ep)Kall(ero ITpHpO,D;HOro ra3a MeCTOpo)K)],e

HHM CPTO. 

IIo ITpoeKTY «TpaHcBanra3» ITpe,D;ycMOTPeHo, Hap»,D;y c C03,D;aH11e11 

ra30XHMHqecKoro KOMITJieKca B pail:oHe r. qepeITOBeu:, ITOCTPOKIJ. 

ITPO.D:YKTOITpOBO)], )],J15I TpaHCITOpTHpOBKH ITOJiyqaeMOM <ppaKU:HH C2:

)],0 ITYHKTa Ha IT06epe)Khe naJITHMcKoro Mop» B JleHHHrpa,D;cKoM o6na

CTH, r,D;e <ppaKU:H5I yrneBO,D;OpO,D;OB C2+ 6y,D;eT HCITOJib30BaTbC5I KaK Chi

phe )],J15I ITpOH3BO)],CTBa HeqJTera30XHMHqecKOM ITPO.D:YKU:HH JIH60 ITOH

,D;eT Ha 3KCITOpT. 

fl HaKOHeu:, 3a,D;yMaH rpaH)],H03HbIM ITJiaH C03)],aHH5I .D:anbHe~ 

CTOqHoro Heq>Tera30XHMHqecKoro KJiacTepa. 3,D;eCb KPYITHeMIIIHM He~ 

Tera30XHMHqecKHM KOMITJieKC co611paeTC5I C03)],aTb KOMITaHH5I Poc

Heq>Tb B pail:oHe ropo,D;a-IToprn Haxo,ri;Ka. B cocrnB KOMITJieKca HaMe

qeHo BKmoqHTb 3aBO)], ITO ITepepa60TKe Heq>TH, ITOCTyITaIOII(eM DO 

Heq>TeITpOBO.D:Y «BocToqHa» C116Hpb - T11x11il: oKeaH». B CBOIO oqe

pe,D;b, Ha 6a3e ITpo,D;yKTOB ITepepa60TKH Heq>TH 6y,D;eT 
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KJ)YITHeMIIIHM Heq>Texmn 

KOH raMMbI Heq>TexHMH111 

BTOpoil: ITpoeKT - a o 

CKHM ra30ITepepa6aTbIB31 

c,i peanH30BaTb KOMITaH 

ICOMITJieKCHa5I ITepepaOO 

ICOH)],eHcaTHOro MeCTOJ 

yrJieBO,D;OpO,D;OB HMeeTCJI 

11eCTBO H ITpO<pHJib ITPO: 

;JeHbI. 

r en11il: ITpe,ri;IToJiaraei 

ICor,z:i;a B Harneil: CTPaHe 

:JHepreTHKH 6y,D;yll(ero. 

KpoMe «IInaHa-2031 

npe,D;JIO)KeHa MHHITpoM: 

CKOro H Heq>TeXHMH'lel 

(«CTPaTern»-2030). B 2 

llbl H OTMeqeHO, qTo ye: 

ee BbI,il;ep)KHBaIOTC5I. 

IIo MHeHHI0 aBTOpa, 

2030» He06XO)],HMbI: no 

IpeTHbIX ycnOBHM Pocc1 

HOCTH B perHoHax; yqac 

typHbIX o6'beKTOB, HOO 

npoeKTOB; pa3BHTHe p 

napTHepcTBa; op11eHTaI 

IIpO,D;YKU:HH Heq>Tera30~ 

rocy,z:i;apcTBeHHbIX K0HI1 

ra30XHMifqecKHX KJiaCTI 

BaHHe ITpOeKTOB, T.e. Bl 



30BOH ManrcTJ)arrn, coe,D,HH5IIOII(ett Me-

1M ra3onpoao,D,a «CeBepHI,IM noT0K» B 

m.zzy :nott aBT0H0MHOM Tpy6b1 B patt

UI o6JiaCTb) HaMeqeHo nocTp0HTb ra

aJIOBKaMH pa3,D,eJieHH5I ra3a, nHp0JIH3a 

ipaKI{HH, n0JIHMepH3aQHH 3THJieHa H 

pyrHX npo,D,yKT0B Ha 0CH0Be 3THJieHa, 

:om1. YfOT npoeKT «ra3npoMa» no,D, 

(eI'Cj{ He caMOM y,D,aqHOM MO,D,HCpHKa

ynrroii He3aBHCHMbIX 3KCnepT0B npo

►r.a:acHo KornpoMy «no xo,D,y TJ)y6hI» 

ICCKOJibKO 0TH0CHTeJibH0 He60JiblllHX 

le'IHBaIOII(HX n0JIH0e HCn0Jib30BaHHe 

OilOB (3TaHa, nponaHa, 6yTaHOB, yr

nero npHp0,D,Horo ra3a MecTopmK,D,e-

ipe..lyCMOTJ)eHO, Hap5r,D,y C C03,D,aHHeM 

paiioHe r. qepenoBeu, n0CTJ)0HTh 

111J)OBKH nonyqaeMoM q>paKUHH C 2+ 

CKOro M0p5I B JleHHHrpa,D,CKOM o6na

l C~"'" 6y,D,eT HCn0Jib30BaTbC5I KaK CbI

,XffMHqecKOM npo,D,yKQHH JIH6o noi1-

03HbIH nJiaH C03,D,aHH5I ~MbHeBo

KJJacrepa. 3,D,ech KpynHeMillHM Heq>-

5HpaeTc5r C03,D,aTb K0MnaHH5I Poc

iXOi{Ka. B C0CTaB K0MnJieKca HaMe

a6oTKe Heq>TH, nocTynaIOII(eM no 

pb - THXHM oKeam>. B CB0IO oqe

OOTKH Heq>TH 6y,D,eT opraHH30BaH 

16 

ICpynHeMillHM Heq>TexHMHqecKHM K0MnJieKc no npmt3B0,D,CTBY nrnpo

ICOH raMMbI Heq>TeXHMHqecKOH npo,D,yKUHH. 

BTopoif npoeKT - B C0CTaBe ~aJibHeBOCTOqHoro KJiacTepa -AMyp

CKHH ra3onepepa6aThIBaIOII(HHH ra30XHMHqecKHH 3aB0,D, - co6HpaIOT

C'1 peaJIH30BaTh KoMnaHHH «fa3npoM» u CMEYP. Ilpe,D,nonaraeTcH 

K0MnJieKCHM nepepa60TKa npHp0,D,H0ro ra3a qaHH,lJ,HHCKOro ra3o

K0H,D,eHCaTH0ro MeCT0p0:>K,D,eHHH yHHKMbHoro C0CTaBa {KpOMe 

yrneB0,D,0p0,D,0B HMeeTCH BbIC0K0e C0,D,ep:>KaHHe reJIHH). ToqHoe K0JIH

qecTB0 H npoq>HJib np0H3B0,D,CTB B 3T0M npoeKTe noKa He onpe,D,e

JieHhI. 

feJIHH npe,D,nonaraeTC'1 H3BJieKaTb H xpaHHTb ,[1,0 JiyqillHX BpeMeH, 

K0r,D,a B HailleH CTJ)aHe H B MHpe B03pacTeT cnpoc Ha 3T0T 3JieMeHT 

3HepreTHKH 6y,D,yll(ero. 

KpoMe «IlnaHa-2030», pa3pa6ornHHoro MHmHepro P<l>, 6brna 

rrpe,D,JI0:>KeHa MHHnpoMTopr'oM P<l> «CTJ)aTerHH pa3BHTHH XHMnqe

cKoro H Heq>TeXHMHqecKoro K0MnJieKca Ha nepHo,D, ,D,0 2030 r.» 

(«CTJ)aTernH-2030). B 2016 r. 3TH ,lJ,0KyMeHTbI 6brnH CKoppeKrnpoBa

HbI H 0TMeqeH0, qTo ycTaHaBJIHBaeMble cpoKH pearIH3aQHH npoeKT0B 

He BbI,D,ep:>KHBaIOTCH. 

Ilo MHeHHIO aBTOpa, ,D,AA peariH3aQHH «IInaHa-2030» «CTJ)aTerHH-

2030» Heo6XO,D,HMhI: n0JIHTHqecKaH B0JIH (Ba:>KHbIM q>aKTOp ,[l,JI51 K0H

KpeTHbIX YCJIOBHH PocCHH); aKTHBH3aQH51 HHBeCTHUHOHHOH ,D,e51TeJib

H0CTH B peruoHax; yqaCTHe rocy,D,apcTBa B peMH3aQHH HHq>pacTJ)yK

TYPHhIX 061,eKTOB, He06XO,D,HMbIX ,l),JI51 CTJ)0HTeJibCTBa HaMeqeHHbIX 

npoeKT0B; pa3BHTHe pa3JIHqHbIX q>OpM rocy,D,apcTBeHHo-qacTH0ro 

napTHepcrna; opHeHTaQH51, npe:>K,D,e Bcero, Ha BHyTJ)eHHHH pbIH0K 

npo,D,yKUHH Heq>Tera30XHMJ,JqecKHX KJiaCTepoB; C03,lJ,aHHe CHCTeMhI 

rocy,D,apCTBeHHbIX K0HTJ)aKT0B no o6ecneqeHHIO HaMeqaeMbIX Heq>Te

raJ0XHMHqecKHX KJiaCTepoB yrJieBo,n:opo,n:HhIM CblpbeM; 3IlleJI0HHpo

BaHHe npoeKT0B, T.e. BhI6op npuopttTeTHbIX H 0TH0CHTeJihH0 paBH0-
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MepHoe nx pacITpe;::i:eJieHHe ITO ro;::i:aM HaMeqeHHoro ITepno;::i:a ;::i:o 

2030 r. B ycJIOBH5IX orpaHnqeHHOCTH qmHaHCOBbIX pecypcoB. 

OcTaHOBllMC51 6onee IlOAp06HO Ha 0TAeJibHblX M0MeHTaX 3TllX 

YCJIOBHH peaJIH3aIJHH HaMeqeHHbIX ITJiaHOB. 

O;::i:HHM H3 rJiaBHbIX 51Bmi:eTc51 ITpnopnTeT poccnttcKoro BHYTPeH

Hero pbIHKa Heqnera30XHMHqecKOH ITpo;::i:yKIJHH. HacbIIIJeHHOCTb OTe

qecTBeHHOH 3KOHOMHKH Heqnera30XHMHqecKOH ITpo;::i:yKIJHett, ITpe)K;::i:e 

Bcero, ITOJIHMepHbIMH MaTepnanaMH H H3J:J:eJimIMH H3 HHX 3aMeTHO 

ycTyITaeT aHaJIOrHqHbIM ITOKa3aTeJI5IM He TOJibKO pa3BHTbIX, HO H He

KOTOpbIX 6hICTPOpa3BHBaIOIIJHXC51 CTpaH. CJie;::i:yeT OTMeTHTb, qTO 

ITpo6JieMbI Harnero pbIHKa Heq>Tera30XHMHqecKOH rrpo;::i:yKIJHH - 3T0 

ITpo6JieMbl He TOJibKO pbIHKa Heq.>TeXHMHKaTOB, HO 3KOHOMHKH B IJe

JIOM, B T.q, ee 3q:>q:>eKTHBHOCTH, HMITOpT03aMeIIJeHH51, HHHOBaIJHOHHOH 

aKTHBHOCTH. Ilo IJeITOqKe TeXHOJIOrnqecKHX CB513ell. 3q:>q:>eKTHBHOCTh 

ITpOH3B0J:J:CTBa H HCITOJib30BaHH51 ITpo;::i:yKTOB Heg:>TeXHMHH B03pacTaeT. 

3Ta OTpaCJib 5IBJI5IeTC51 OJ:J:HOH H3 «ToqeK pocTa» 3KOH0MHKH CTPaHbl. 

OcHOBHbIMH ccpepaMH HCIT0Jib30BaHH51 Heg:>TeXHMHKaTOB 5IBJI5IIOT

C51: aBTOM06HJieCTPOeHHe H ;::i:pyrne OTpaCJIH TPaHCITOpTHOro MaIIIH

HOCTpoeHH51, )KHJIHIIJHO-KOMMYHaJibHOe X035IHCTBO, Bee BHJ:J:bl CTPOH

TeJibCTBa ()KHJIHIIJHOe, B T.q. HHJ:J:HBHJ:J:YaJibHOe, ITpOMbIIIIJieHHOe, ;::i:o

pO)KHOe ), arporrpOMbIIIIJieHHblll. KOMITJieKC, MeJ:J:HIIHHa, TOBapoB Ha

po;::i:Horo ITOTPe6JieHH51. 3a cqeT pa3BHTH51 ITepepa60TKH ITOJIHMepoB 

MOrYT IT05IBHTbC51 pa6oqne MeCTa He TOJibKO B Ha3BaHHbIX paHee 

KpyITHbIX IJeHTPaX Heg:>Tera30XHMHqecKOH ITPOMbIIIIJieHHOCTH (KJia

CTepax), HO H B He6oJihIIIHX ropo;::i:ax H pa6oqnx IToceJIKax 3THX H 

;::i:pyrnx pern:oHoB CTPaHbI. 

IlpH peaJIH3aIJHH ITporpaMMbl HaCbIIIJeHH51 BHYTPeHHero pbIHKa 

ITpo;::i:yKIJHeH Heg:>Tera30XHMHH, KpOMe BbIIIIeHa3BaHHbIX ITpHeMOB ITO

BbIIIIeHH51 J:J:OCTYITHOCTH Kpe;::i:HTOB, rocITo;::i:;::i:ep)KKH ITPH BhIITJiaTe ITPO

IJeHTOB, MoryT 6hITh ITpe;::i:JIO)KeHhl 3KOHOMHqecKHe MexaHH3Mhl CTH-
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MYJIHpoBaHH51 BHYTPeHHen 

BOpOB O HeMe;::i:JieHHOH Il04 

H3J:J:eJIHH H3 IlOJIHMepoB ~ 

)l(l(X) C ITOCJie;::i:yIOIIJeii pac 

BTopott Ba)l(Hhlll. MOMe 

BHHMaHHe, 3TO rapaHTHJ)OI! 

XHMHqecKHX KOMITJieKCOB . 

HOro Chlph51 B PoccHH MB4 

cpaBHHTh pOCCHHCKHe IlOT 

pb51 H KOHKpeTHYIO B HeM I 

XHMHqecKHX KJiaCTepoB, 'D 

0HH MOrYT 6hITh y;::i:oBJieTI 

6hITKH. Ho, BO-rrepBhIX, C) 

rrepepa6aTbIBaIOIIJHX MOIIJI 

rrpo;::i:yKIJHIO Heq:>Tera30XHM 

H3;::i:ep)KKH H, B p51;::i:e c.rryq~ 

OOTKH 3TOro Chlpb51, KOTOp 

Ja6bIBaTh, qTo B p51;::i:e HeqIT 

mm KOHKypeHTOCITOCOOHCX 

JieBo;::i:opo;::i:ttoe Chipbe rrocr: 

JITH51 ITO q:>HKCHpOBaHHhlM 

BT0pbIX, ITPH 06ecITeqeffHI! 

HhIM ChlpbeM B03HHKaeT KC 

KOH cppaKIJHeH yrJieB0AOJX 

IIlHX ITpe;::i:ITpH5ITHH 3anaz 

aeg:>Tera3oxHMHqecKHH 3~ 

pbe rrpeTett;::i:y10T H ITpe;::i:np1 

30XHMnqecKHH KJiacTep. B 

fiYThC51 K paccMOTPeHmo n 

coe;::i:HH5IIOIIJero To6oJihCK 



13M HaMeqeHHoro ITepuo,n;a ,n;o 

it,HHaHCOBbIX pecypcoB. 

ffil OT,D;eJibHbIX MOMeHTax 3THX 

13HOB. 

11opHTeT poccuil:cKoro BH)'TPeH

poll}'KUHH. HachilQeHHOCTb OTe

MWJeCKOH ITpo,n;yKu;HeH, ITpe)K)le 

B B3,D;eJimIMH HJ HHX JaMeTHO 

[ He TOJibKO paJBHTbIX, HO H He

rpaH. Cne,n;yeT OTMeTHTh, qro 

)XHMWleCKOH ITpo.n;yKIJ;HH - '.}TO 

HMHKaTOB, HO 3KOHOMHKH B u;e

)TOJaMern;eHH51, HHHOBaI.J;HOHHOii 

l'lecKHX CB513eil: 3<p<peKTHBHOCTh 

l)'KTOB Heq>TeXHMHH B03paCTaeT. 

eK poCTa» 3KOHOMHKH CTPaHbI. 

aHIDI Heq>TeXHMHKaTOB 5IBJI5IIOT

mpacJlli TPaHcITopTHOro MaIIIH

oe xm»HCTBO, Bee BH,D;hI CTPOH

:nyam.Hoe, ITPOMbIIIIJieHHOe, ,n;o

[Ll.eKC, Me,D;HIJ;HHa, TOBapOB Ha

~HTml ITepepa6oTKH ITOJIHMepoB 

1e TOJibKO B HaJBaHHbIX paHee 

ecKOH ITPOMbIIIIJieHHOCTH (KJia

x H pa6oqux IToceJIKax 3THX a 

lCinUeHH51 BHyTpeHHero pbIHKll 

e BbITlleHaJBaHHbIX ITpHeMOB ITO

ICilOJUJ.ep)Kl(H ITPH BbIITJiaTe ITpo

lCOHOMlfqeCKHe MexaHH3MbI CTH-

M)'JIHpOBaHH51 BHyTPeHHero pbIHKa, B qacTHOCTH, JaKJIIOqeHHe ,n;oro

BOpOB O HeMe,n;JieHHOH ITOCTaBKe ITpe,n;ITpH5ITH51MH ITO ITPOH3BO,D;CTBY 

H3,D;eJIHH H3 ITOJIHMepoB ITOTPe6HTeJI5IM (HaITpHMep, opraHH3aIJ;H5IM 

::>KKX) c ITocne,n;y10rn;eil: pacITnarnil: TPaHIIIaMH. 

BTopoil: Ba:>KHbIH MOMeHT, Ha KOTOpOM XOTeJIOCb 6bI 3a,n;ep)KaTb 

BHHMaHHe, 3TO rapaHTHpOBaHHOe 06ecITeqeHHe KPYITHbIX Heq>TeraJO

XHMHqecKHX KOMITJieKCOB yrneBo,n;opo,D;HbIM CblpbeM. YrneBo,n;opo,n;

HOro Cblpb51 B PocCHH MHOro H OHH OTHOCHTeJibHO ,n;eIIIeBOe. EcJIH 

cpaBHHTb pOCCHHCKHe ITOTeHIJ;HaJibHbie B03MO)KHOCTH ITOCTaBOK Cbl

pb51 H KOHKpeTHYIO B HeM ITOTPe6HOCTb ,D;JI51 KPYITHeMIIIHX Heq>Tera30-

XHMHqecKHX KJiaCTepoB, TO He B03HHKaeT HHKaKHX COMHeHHM, qTO 

OHH MOrYT 6bITb y,n;OBJieTBOpeHbI ITOJIHOCTbIO H ern;e OCTaHyTC51 H3-

6hITKH. Ho, BO-ITepBbIX, cyrn;eCTByeT OTPbIB CblpbeBbIX perHOHOB OT 

nepepa6aTbIBaIOlQHX MOlQHOCTeii u perHOHOB CITpoca Ha KOHeqHyIO 

npo,n;yKI.J;HIO Heq>TeraJOXHMHH, a 3TO - ITOBbIIIIeHHbie TPaHCITOpTHbie 

HJ,n;ep)KKH II, B p»,n;e cnyqaeB, peHTa6eJihHOCTb yrny6neHH51 ITepepa-

6oTKH 3TOro Cblpb51, KOTOpa» CTHMYJIHpyeT ero 3KCITOpT. He cne,n;yeT 

3a61,rnaTb, qTo B p»,n;e Heq>Tera30,n;o61,rna10rn;ux CTPaH c u;eJihIO ycune

HH51 KOHKypeHTOCITOC06HOCTH Heq>TeraJOXHMHqecKOM ITpo,n;yKIJ;HH yr

JieBo,n;opo,n;Hoe c1,1pbe ITocryITaeT Ha Heq>Tera3oxHMuqecKHe ITpe,n;ITpH

JITH51 ITO <pHKCHpoBaHHbIM (KaK ITpaBHJIO, 3aHH)KeHHbIM) u;eHaM. Bo

BTOpbIX, ITPH 06ecITeqeHHH HaMeqeHHbIX KOMITJieKCOB yrneBo,n;opo,n;

HblM CblpbeM B03HHKaeT KOH<pJIHKT HHTepecoB. B qaCTHOCTH, IIIHpO

KOM <j)paKu;ueii yrneBo,n;opo,n;oB, ITOJiyqaeMoii c raJoITepepa6aThrna10-

mux ITpe,n;ITpH51THM 3aITa,n;Hoii Cu6upu, HaMeqeHo 06ecITequBaTh 

Heq>TeraJOXHMHqecKHH 3aITa,n;Ho-Cu6upcKHii KJiacTep. Ho Ha 3TO c1,1-

pbe ITpeTeH,n;yIOT H ITpe.n;ITpH5ITH51, BXOMW:He B IIOBOJI)KCKHM Heq>Tera-

30XHMHqeCKHM KJiaCTep. B '.}TOH CB513H, )KeJiaTeJibHbIM 5IBJI5IeTC51 Bep

H)'TbC51 K paCCMOTPeHHIO ITpOeKTa CTPOHTeJibCTBa ITpO,D;YKTOITpOBO,n;a, 

coe,n;HH5IIOW:ero To6oJibCKHM Heq>TeraJOXHMHqecKHM KOMITJieKc c 
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HeqneXHMFJqecKHMH rrpe;::i:rrpmITHHMH IloBOJDKCKOro KJiaCTepa (rrpo

;::i:yKTOI1pOBOJ:J: To60JibCK - Hm1<HeKaMCK - Ycpa). B-TpeTbHX, Heo6xo

J:J:HMO co6mo;::i:aTb CKJia,lJ;bIBaIO~eec51 COOTHOIIIeHHe rrepcrreKTHBHOH 

rrorpe6HOCTH B OT,lJ;eJibHbIX 6a30BbIX He<pTera30XHMHqecKHX rrony

rrpo;::i:yKTaX H CblpbeBblMH pecypcaMH )];JI51 HX rrpOH3BO)];CTBa (pecyp

caMH :naHa, rrporraHa, 6yTaHOB, yrneBOJ:J:0POJ:J:0B Cs+, HH3KOOKTaHo

BbIX rrpHMOroHHblX 6eH3HHOB - Haq_)Tbl). B-qeTBepTbIX, Heo6xo;::i:HMO 

0TMeTHTb IT0Ka e~e He3HaqHTeJihHYIO )];OJIIO 3TaHa B CTPYKType poc

CHHCKOro I1HpOJIH3HOro Cblpb51 rrpH ycJIOBHH, qTo 3arracbI rrpHpOJ:J:HOro 

(6oraToro :naHOM) ra3a C0CTaBJI51lOT KaK MHHHMYM 35-40% Bcex ero 

3arracoB. 

Ilo OI.J,eHKaM 3KcrrepTOB B crpyKType CblpbeBoro o6ecrreqeHAA 

He<pTera30XHMFJqecKoro KOMITJieKca PoCCHH )];OJI)KHbl rrpOH30HTH H3-

MeHeHH51, KacaIO~HeCH yBeJIFJqeHH51 )];OJIH 3TaHa, CTa6HJIH3aI.J,HH )];OJIH 

C)KFJ)KeHHblX yrneBOJ:J:OPOJ:J:HblX ra30B H HeKOToporo CHH)KeHH51 )];OJIH 

rrpHMOroHHbIX 6eH3HHOBbIX cppaKI.J,HH (Ta6JI. 3) [4]. 

Ta6J1utfa 3 
Ilporuo3 u3Meueuun Chiphesoii 6a3hl nupoJin3a B P<l>, % 

BHl(hI CbipMI 2015r. 2020 r. 2030 r. 
3TaH 10 14 19 
C)KmKCHHbie yrneB0l\0p0l\HbIC ra3bl 37 38 33 
IlpjiMOroHHbie 6eH3lfHOBhIC cppaKUIIH 53 48 48 

Hrnro 100 100 100 

B J:J:OITOJIHeHHe K pe3yJibTaTaM Ta6JI. 3 XOTeJIOCb 6bI BbICKa3aTb 

rrpe;::i:rroJIO)KeHHe, qTo B COCTaBe CblpbeBOH 6a3bl He<pTera30XHMHqe

CKOH rrpOMblIIIJieHHOCTH co BpeMeHeM MOryT I1051BHTbC51 rrpHMOroH

Hbie cppaKI.J,HH J:J:H3eJibHOro TOITJIHBa. ,n:eno B TOM, qTO B POCCHH HMe

eTC51 3HaqHTeJibHblH rrpo<pHI.J,HT J:J:H3eJibHOro T0ITJIHBa (rrpOH3BOJ:J:CTBO B 

2015 r. COCTaBHJIO 7 6, 1 MJIH. T, BHyrpeHHee I10Tpe6JieHHe - 31, 0 MJIH. 

T, 3KCI10pT - 45,0 MJIH. T, 3arraCbl - 0,1 MJIH T). PaHbIIIe pOCCHHCKoe 
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cepHHCTOe )];H3eJibHC 

rreiicKHX pbIHKaX, II( 

K)'YM-ra3oiinH). Es1 

«3aToqeHHbie» Ha m: 

Horo T0ITJIHBa, J:J:0B0, 

JIH rro BHYTPHeBpo1 

C 2016 r. Bee .rune 
COOTBeTCTBHH C esp 

rroczyrraTh Ha eBpol 

M0)KH0, BCTPeTHT )l 

T0ITJIHB0M H C HMO 

MHJ:J:HH. 

OTMeTHM, qT0 

I1p0J:J:YKI.J,HH MO)KeT 

0CH0BH0M, H3 MeTill 

Jrn6o rryTeM rronyqe 

HH51 MeTaH0Jia B II] 

rrpe;::i:cTaBJIHeTcH no 

TeJibHbIX peaKI.J,HH (1 

H y)Ke yrroMHH)'Thle 

MaTHKH Herrocpe;::i:c: 

I.J,eccbI B PoccHH ua 

TOK H 0ITbITHblX H( 

rpa;::i:HI.1,H0HHbIM TP) 
B K0HI.J,e pacyxc. 

ra30XHMFJqecKHX [ 

HaIT0MHHTb, qT0 IIJ 

XHMHqecKHM rrpeJ 

e;::i:HHHqHblX cnyqae 

C00TH0IIIeHHe 061,c 



m IloBOJDKCKoro KJiacTepa (npo

L'-ICK - Y q>a ). B-TPeTbMX, Heo6xo

:a COOTHOIIIemre nepcneKTlfBHOii 

!,IX Heq>Tera30XMMHqecKMX rro.rry

m lVUI HX npoH3BO,Il,CTBa (pecyp

rneBO,Il,Op0,Il,OB Cs+, HH3KOOKTaHo

qm,1 ). B-qeTBepTbIX, He06XO,Il,HMO 

yio ,IJ,omo :naHa B CTPYKrype poc

ycnoBHH, qTo 3anacw npHpo,Il,Horo 

rr KaIC MlfHHMYM 35-40% Bcex ero 

pyiaype CbipbeBoro 06ecneqeHID1 

a PoccHM ,IJ,OJI)l(HbI npoH30HTH H3-

x .J.OilH '.HaHa, CTa6HJIH3aU,Hlf ,Il,0JIB 

OB H HeKoToporo CHlf)KeHM51 ,Il,OJIB 

RH (ra6JI. 3) [4]. 

Ta6JlU'/,/Q 3 
soi 6aJbI nupoJin3a B PCI>, % 

2015 r. 2020 r. 2030 r. 
' 10 14 19 

37 38 33 

' 53 48 48 : 

I 100 100 100 

111 Ta6JI. 3 XOTeJIOCb 6bI BbICKa3aTh 

CblpbeBOH 6a3bl He<j)Tera30XMM1fqe-

1eHeM MOryT n051BlfTbC51 np51M0fOH

sa. J].eJIO B TOM, qTo B PocCMH MMe

aem,Horo TOnJIMBa (npOM3B0,Il,CTBO B 

iyrpeHHee noTPe6JieHMe - 31,0 MJIH. 

[ - 0,1 MJIH T). PaHhIIIe poCCHHCKoe 
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cepHMCTOe ,Il,M3eJibHOe TOnJIMBO OXOTHO rroKynaJIM Ha 3ana,I1,HOeBpO

neiicKMX pbIHKax, nocKOJibKY OHO npo,Il,aBaJIOCb no u;eHe Cblpb51 (Ba

l)'YM-ra30HJI51). EBponeii:cKMe He<jnenepepa6aTbIBaIOIII,Me 3aBO,Il,bI, 

«3aToqeHHbJe)) Ha nepepa6oTKY HMnOpTHpyeMoro lf3 PocCMH ,Il,lf3eJib

HOro TOnJIHBa, ,Il,OBO,Il,HJIH ero ,Il,0 eBponeMCKMX KOH,Il,lfl.J;HH If npo,IJ,aBa

IlH no BHYTPHeBporreiiCKHM u;eHaM, noJiyqa» HeMa.rryIO npM6bIJib. 

C 2016 r. Bee ,Il,lf3eJibHOe T0nJIHBO B PocCHlf CTaJIH npOH3BO,Il,lfTb B 

COOTBeTCTBHH C eBponeiicKHMH CTaH,IJ,apTaMH, H n03T0MY OHO 6y,IJ,eT 

llOCTyITaTb Ha eBponeHCKlfe pbIHKH no u;eHaM 3THX pbIHK0B If, B03-

1,1O)KHO, BCTPeTMT )KeCTKYIO K0HKypeHI.J;lflO C MeCTHbIM ,Il,H3eJibHblM 

TOITJIHBOM H c HMnopTHpyeMhIM m ClllA, Cay,IJ,oBcKoii ApaBMM M 

HH,Il,MH. 

OTMeTMM, qTo HCXO,Il,HbIM CblpbeM ,1],JI51 HeqJTera30XlfMHqecKOH 

npo,Il,yKI.J;Hlf M0)KeT 6hlTb o6bJqHblH npMpO,Il,HbIH ra3, COCT051ll.l,HH, B 

OCHOBHOM, lf3 MeTaHa. TaKOM ra3 M0)KeT 6bITb npeBpaIII,eH B OJieqmHbl 

HH60 nyTeM noJiyqeHHe ClfHTe3-ra3a, MeTaHOJia H3 Hero H npeBpaIII,e

HH51 MeTaHOJia B nponMJieH HJilf OJieqJHHbl. He MeHee HHTepeCHbIM 

npe,Il,CTaBJI51eTC51 nonyqeHM51 lf3 MeTaHa oneq>MHOB nyTeM OKMCJIH

TeJlbHbIX peaKI.J;lfM ( 0KHCJIHTeJibHa51 KOH,IJ,eHcau;H5I, OKCHXJIOpHpOBaHHe 

B y)Ke YIIOM51HYTbie paHee npou;ecCbI npOM3BO,Il,CTBa oneqmHOB If apo

MaTHKH Henocpe,Il,CTBeHHO H3 npMpO,IJ,roro ra3a).). O,IJ,HaKO, 3TH npo

u;eCCbI B PoccMH HaXO,Il,51TC51 B pa3JIHqHbIX CTa,Il,H51X HayqHbIX pa3pa6o

TOK H onhITHbIX lfCCJie,1],0BaHHH H noKa He MOryT K0HKypHpoBaTb C 

TJ)a,Il,MI.J;H0HHbIM TPY6qaTbIM nHpOJilf30M C BO,Il,51HbIM napoM. 

B KOHI.J;e pacy)K,IJ,eHHM O CblpbeBOM o6ecneqeHHlf KpynHbIX Heq>Te

ra30XHM1fqecKHX np0H3BO,Il,CTB yrJieBO,Il,0pO,Il,HbIM CblpbeM CJie,IJ,yeT 

Han0MHlfTb, qTo npM nOTPe6neHHH Cblpb51 T0JlbKO 0,1],HlfM Heq>Tera30-

XHMHqecKMM npe,!1,npM51TlfeM ocyIII,eCTBJl51lOTC51 nOCTaBKH (KpOMe 

e,n,HHlfqHbIX cnyqaeB) lf3 HeCK0JibKMX CblpbeBbIX lfCToqHlfKOB, nplfqeM 

COOTHOIIIeHMe 061,eMa nocTaBOK perynMpyeTC51 pbIHOqHbIMlf ycJIOBlf-

201 



HMH ( C00TH0IIIeHHe u,eH nocTaB0K Ha BHyT!)eHHHH pbIH0K H Ha 3KC

nopT, TPaHcnopTHOH cocTaBJrniorn,eii B u,eHe nocTaB0K H T.n.). IlpH 

o6ecneqem,rn ChlpbeM H0BbIX CBepxKpynHhIX np0H3B0,[l,CTB Heq)Tera-

30XHMHqecKOM npo,Ll,yKU,HH 0T}],aTb CHryau,HIO Ha 0TKyn pbIHKY 6bmo 

6hI pHCK0BaHHO, n03T0MY aBT0p peKoMeH,[l,yeT peIIIaTh npo6JieMY 

CblpbeBoro o6ecneqeHHH KpynHhlX Heq_)Tera30XHMHqecKHX npoeKTOB 

Ha 3ace}],aHHH 3HepreTHqeCKOH K0MHCCHH npH Ilpe3H}],eHTe P<I> C no

CJie,[l,yIOrn,HM 3aKmoqeHHeM ,[l,0JirocpoqHhIX ,[1,0r0B0p0B Ha nocTaBKY 

CblpbH c q:rnKCHpoBaHHhlMH u,eHaMH H npaBHJI0M «6epH HIHJIH nna

TH». 

O,[l,HHM H3 q:>aKTopoB q:>yHKI.l,HOHHpoBaHHH Heq:>Tera30XHMHqecKHX 

npe,[1,npHHTHH B C0CTaBe KJiaCTepoB HBJIHeTCH «CBH3bIBaHHe» 3THX 

npe,[1,rrpHHTHH npH n0M0lli,H «3THJieH0BhIX K0Jieu,», T.e. CHCTeM TPY-

6onpoBO}],OB, no K0T0pbIM H36hITKH 3THJieHa M0ryT nepe,[1,aBaTbCH C 

0,Ll,Horo npe,L1,npHHTHH Ha ,[1,pyroe. TaKaH npaKTHKa cyrn,ecTByeT no

BCeMeCTH0, B qacTH0CTH, B ClllA, 5InoHHH H eBponeiicKHX CTIJaHax. 

CttcTeMa «3THJieH0Boro K0JibU,a» eCTb H B PocCHH. OHa CBH3bIBaeT 

Heq:>Tera30XHMHqecKHe npe,Ll,npHHTHH Hm1meKaMCKa, Ka3aHH, Y q:>hl, 

CanaBaTa, CTepnHTaMaKa. O}],HaKo, 3To «3THJieHoBoe K0JihU,0» no

pH,Ll,K0M o6BeTIIIaJIO H Hy)K,[l,aeTCH B M0,[1,epHH3aU,HH. 

«3THJieHOBOe K0Jihll,0 - 3T0 HHq:>paCTIJYKTypHhIH npoeKT, HMeIO

lli,HM npaB0 Ha rocn0,[l,,Ll,ep)KKy. OpraHH3aU,HOHHOH q:>OpMOH M0,[1,epHH-

3aU,HH 3THJieHonpoB0}],a M0rJio 6hI CTaTb C03,[l,aHHe K0Hcopu,HyMa 3a

HHTepecoBaHHbIX KOMnaHHH H perH0HaJibHbIX a,[l,MHHHCT!)aU,HH npH 

no,L1,,L1,ep)KKe rocy,[1,apcTBa. 

MoHHTOpHHr CTeneHH peaJIH3aU,HH npoeKT0B, HaMeqeHHhIX «Ilna

HOM-2030», a TaK)Ke pH,[1,a H0BbIX npoeKT0B, o6'hHBJieHHbIX B 2013-

2016 rr., noKa3an, qTO pa36poc ou,eH0K cTeneHH npo,[1,BH)KeHHH npo

eKT0B BeCbMa IIIHp0K. PH}], npoeKT0B HaX0,[1,HTCH B CTa,[l,HH CTIJ0HTeJih

CTBa, a HeK0T0pbie TaK H 0CTaIOTCH Ha 6yMare. 
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Ilo COCT0HHH 

K0MnaHHH CME~ 

TaK, Ha nnorn,aro 

aJIH3aU,HH npoeK" 

M~ecKoro 3aBOi 

no cocrnBy rrpHJ 

nyqeHHeM Ha601 

H xpaHeHHeM re. 

K0-3K0H0M~ec1 

113 npoeKToB 

ypeHroiicKoro 

Han0MHHTb, 1fl'O 

CTa,[l,HH 3KCnepr 

}],aHH0CTH CTJ)OI 

CTOJih ceBepHl>I}j 

)l(alOT ,[1,0 CHX [ 

Cy,L1,h6a BTopor 

CbipbeM ,Ll,0IDKE 

ra3a KpynHefun 

Ho, KaK H Torm 

B CB0eM C0CTilD 

yxo,Ll,HT Ha 3KCI 

IlpoeKT «TpaHc 

HHTepecHI,1J 

ca, opHeHTHpOI 

Ha, 210 TbIC. T/ 

130 ThIC. TlroJ 

1morn,a,L1,Ke XHM 

peanH3aU,HH rrp 

3HaqHTeJihE 



eHHHH pbIHOK H Ha 3KC

: IIOCTaBOK H T.n.). IlpH 

IC IIpOH3BO,ll,CTB Hecj:nera

J Ha OTKyn pbIHKY 6bIJIO 

yeT pernaTb npo6neMy 

SOXHMHqeCKHX npoeKTOB 

IH Tipe3H,ll,eHTe P<l> C II0-

1orOBOpOB Ha nocTaBK)' 

rnoM «6epH HIHJIH rIJia-

11 Heq>Tera30XHMHqecKHX 

TC11 «CB113bIBaHHe» 3THX 

mneu», T.e. CHCTeM TPY

ra MOryT nepe,ll,aBaTbC11 C 

1)3KTHKa cyIIIecrnyeT rro

l eBporreiicKHX CTPaHax. 

B PoccHH. OHa CB113hIBaeT 

ieKaMCKa, Ka3aHH, Y cj)I,I, 

ITHJieHOBOe KOJibUO» II0-

133UHH. 

fKTYPHbIH npoeKT, HMeio

OHHOH cj)opMOH MO,ll,epHH

)3,ll,aHHe KOHCOpIIttyMa 3a

:ll,IX a,ll,MHHHCTPaUHH npH 

!KTOB, HaMeqeHHbIX «Tina

tB, o6n11BJieHHbIX B 2013-

eneHH npo,ll,BH)KeH1111 rrpo

l'ITC11 B CTa,l],HH CTpOHTeJib

ire. 

no COCT011HHIO Ha Haqano 2017 r. HaH6oJiee KPYIIHbie rrpoeKTbI 

ICOMnaHHH CHEYP HaXO,ll,HJIHCb B pa3JIHqHoii CTeneHH roToBHOCTH. 

TaK, Ha nJIOlll,a,l],Ke To60JibCKOro Hecj)TeXHMHqecKoro 3aBO,l],a H,l],eT pe

aJIH3aIIH11 npoeKTa «3a6cH6Hecj)TeXHM». TipoeKT AMypcKoro ra30XH

MWiecKoro 3aBO,ll,a, B KOTOpOM HaMeqeHa rrepepa60TKa YHHKaJibHOro 

no COCTaBy npHpO,ll,HOro ra3a qa11H,ll,HHCKOro MeCTOpO)K,l],eHH11 C rro

.rryqeHHeM Ha6opa Hecj)Tera30XHMHqecKHX npo,ll,yKTOB H BbI,ll,eJieHHeM 

H xpaHeHHeM reJIH11, noKa HaXO,l],HTC11 Ha CTa,l],HH pa3pa60TKH TeXHH

IC0-3KOHOMHqecKoro o6ocHOBaHH11. 

lI3 npoeKTOB «f a3rrp0Ma» ocyIIIeCTBJijfeTC11 CTpOHTeJibCTBO HoBo

ypeHroiicKoro ra30XHM11qecKoro KOMIIJieKca. O,ll,HaKo, cJie,ll,yeT 

HanOMHHTb, qTo 3TOT rrpoeKT 6bm npe,ll,JIO)KeH elll,e B 1988 r. Tor,l],a Ha 

CTa,ll,HH 3KCnepTH3bI 6bIJIH BbICKa3aHbI COMHeHH11 no IIOBO,ll,Y onpaB

naHHOCTH CTpOHTeJibCTBa 3aBO,l],a no npOH3BO,ll,CTBY IIOJIH3THJieHa B 

CTOJib ceBepHbIX lllHpOTax. O,l],HaKO 3aBO,l], HaqaJIH CTpOHTb H npO,ll,OJI

)KalOT ,l],O CHX nop, a BBeCTH B 3KCIIJiyaTaIIHIO HaMeqeHO B 2018 r. 

Cy,ll,b6a BToporo npoeKTa «TpaHcBanra3» He MeHee ,ll,pa-MaTHqHa. 

CbipbeM ,l],OJI)l(Hbl 6bIJIH CTaTb IIeHHbie yrneBO,ll,OpO,ll,bI npHpO,ll,HOro 

ra3a KpynHeiinrnx MeCTOpO)K,ll,eHHH (YpeHroHCKOro H .5IM6yprcKoro ). 

Ho, KaK H TOr,l],a, TaK H ceiiqac, ra3 3THX MeCTOpO)K,l],eHHH, HMeIOlll,HH 

B CBOeM COCTaBe 3TaH, yrneBO,ll,OpO,ll,bI C3+, IIOCTynaeT B MarHCTpaJib H 

yxo,ll,HT Ha 3KCIIOpT HJIH cropaeT B ropeJIKax HalllHX ra30BbIX nJIHT. 

IlpoeKT «TpaHcBanra3» noKa He peanmyeTc11. 

lIHTepeCHbIH npoeKT C03,l],aHH11 Hecj)Tera30XHMHqecKoro KOMnJieK

ca, opHeHTHpOBaHHOro Ha rrpOH3BO,l],CTBO 475 TbIC. T/ro,l], IIOJIH3THJie

Ha, 210 TbIC. T/ro,l], noJIHrrponHJieHa, 118 TbIC. T/ro,l], 6Hc-cj)eHoJia A H 

130 TbIC. T/ro,l], noJIHKap6oHaTa rrpe,ll,JIO)KHJia KOMnaHHjf THTaH>> Ha 

IIJIOlll,a,l],Ke XHMHqecKoro KOMIIJieKca B OMCKe, HO CBe,l],eHHH O Haqane 

peanH3aIIHH npoeKTa Hero CblpbeBOM o6ecneqeHHH noKa HeT. 

3HaqHTeJibHOe pacrnHpeHHe MOIIIHOCTeH HaMeqeHO Ha KpyrrHeii-
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rneM B Poccm1 Hm1rneKaMCKOM HeqnexHMHqecKoM KoM6HHaTe B Ta

TapcTaHe. BHaqane B «ronoBy» npoeKTa 6brn nono)l{eH «MHnnHOH

HHK» (3THneHOBa51 ycTaHOBKa MOrn:HOCTbIO 1 MnH Tiro)], 3THneHa H 

540 TbIC. Tiro)], nponHneHa) H KpynHbie MOrn:HOCTH no npOH3BO)],CTBY 

rronH3THneHa H rronHrrpo1rnneHa. BnocneACTBHH, H3-3a cnmKHOCTeH c 

o6ecrreqeHHeM TaKOH ycTaHOBKH CblpbeM (rrp5IMOrOHHhlMH 6eH3HHO

BblMH <ppaKll;H5IMH - Haq:noii) H qmHaHCOBhIX orpaHHqeHHH 6bmO 

rrpHH5ITO perneHHe yMeHhillHTb MOrn:HOCTb 3THneHOBOH ycTaHOBKH ,no 

600 TbIC. Tiro)],. EcnH yqeCTh OilbIT rrpoeKTOB M0,!1,epHM3all;HH H pac

IllHpeHH51 MOrn:HOCTeH 3a BeCb rrpe,!1,bIAYrn:Hii rrepHO)], rpyHKll;HOHHpO

BaHH51 rrpe,!1,rrpH5ITH51, TO B03MO)KHOCTb HCITOnh30BaHH51 HMe10rn:eHCJl 

HHrppacTpyKTYPhI H MOrn:HOCTeii CTPOHTenbHO-MOHTa)KHblX opraHH3a

ll;HH, a TaK)Ke Bepo5ITHOCTb peaJIH3all;HH HaMeqeHHOro rrpoeKTa )],OCTil

TOqHo BenHKa. 

f'paH)],H03HhlH npoeKT CTPOHTenbCTBa HerpTerrepepa6aTh1Ba10rn:ero 

3aBO)],a H HerpTeXHMHqecKoro KOMrrneKca KOMilaHHH PocHerpTb B 

Haxo)],Ke )],On)l{eH CTaTb, no 3aMbicny aBTOpOB, .u;eHTPOM rrpOH3BO,U

CTBa Heqnerrpo,!1,yKTOB H He<pTeXHMHKaTOB )],n51 BHyTpeHHero pbIHKa H 

)],n51 3Kcrroprn B cTpaHhI ATP. IlpoeKT HaMeqeHo ocyrn:ecTBn51Th ABY

M51 oqepe,!1,5IMH, rrpHqeM ronoBHoii B Ka)l{,D,OH H3 oqepe,!1,eii ,!l,On:>KHa 

CTaTh 3THneHOBa51 ycTaHOBKa MOrn:HOCTbIO 1300 ThIC. Tiro)], 3THneHa H 

700 ThIC. Tiro)], rrporrHneHa. IloKa npOAOn)l{aeTc51 pa3pa6oTKa TexHH

K0-3KOHOMHqecKoro o6ocHoBaHH51 rrpoeKTa. Cne,!l,yeT TaK)Ke yqecTL, 

qTo KOMilaHH51 «PocHe<pTb» B 6onhrneii CTeneHH cocpe,!1,0TOqHnacb ml 

peaJIH3all;HH rrpoeKTOB OCBOeHH51 HOBbIX He<pTera30BhlX MeCTopo)K)],e

HHH, B T,q_ B apKTHqecKoii 30He. 

KoMrraHH51 JIYKOHJI peanH3yeT npoeKT HerpTera30XHMHqecKoro 

KOMrrneKca Ha rrnorn:aAKe B6nH3H )],eiicrny10rn:ero rrpe,!1,rrpH5ITIU: 

«CTaBponeH». lIAeT CTPOHTenhCTBO rrepBoro 6noKa ra3opa3)],enemm 
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f'II3-1, Ho CTPOHTenhcTBo H1 

KJia,D,hrnaeTC51 Ha 6onee no3,llHJ 

llTo KacaeTc51 npoeKTa He 

CTOqHo-CH6HpCKOM KJiacrepe 

lleHcaTHoro MecTopO)l{,D,eHIDI, 

lliHpeHHe MOrn:HOCTeii B AHI'8 

AHrapcK (AoqKa Poctte<pTH) 

KOMrraHHH PEHOBA. Ho rroIC 

Ilpe,!1,no)l{eH HOBhIH rrpo 

K0MrraHHH (OHK) no coo, 

He<pTeXHMHqecKoro KOM6HR 

HOBOro rrpe,!1,rrpH5ITH51, C COBJ 

HOCThIO 1200 TbIC. T/ro,D,, H I 

XHMHqecKHX rrpOH3B0)],CTB. I 

HH51 CbipheBoro o6ecrreqemn 

AHaJIH3 pe3ynhTaTOB MOJ 

cypcaMH )],n51 HHBeCTHpOBll 

3llienoHHpOBaHH51 rrpoeKTOB 

3a.u;HH C BhI)],eneHHeM rrepBC 

eTC51 ,D,n51 Toro, qT06bI o6ec 

BBO)], MX B 3KcnnyaTamno H 

pOCT He<pTera30XHMlflleCKOi 

MepHbIH BBO)], npoeKTOB no:: 

HJIH rrepenpOH3B0)],CTBa B . 

ycnoBH5IX OTHOCHTenbHO E 

meHC51 KOHKypeHll;HH Ha BHC 

lIAe51 Bhr6opa rrpHopHTe 

CT5IX )],o6brqH H rrepepa6o 

np0MbIIllneHHOCTH, TPaHCil 

Ke, HerpTeXHMHH rrpe,D,n0)Ke 



:XHMWieCK0M KOM6IrnaTe B Ta

lCTil 6hIJI 110JI0)KeH «MHJIJIH0H

ICThlO 1 MJIH T/ro,n: 3THJieHa H 

re M0IUH0CTH 110 11p0H3B0)];CTBY 

::.'ICllCTBHH, H3-3a CJIO)KHOCTeH C 

LeM (11pHMOroHHhIMM 6eH3MH~ 

HaHCOBhIX orpaHH':leHHH 6bIJIO 

>CTh 3THJieHOBOH ycTaH0BKH no 
poeKTOB M0,n:epumaIJHH M pac

ll)'IUJIH 11epH0)]; ¢YHKIIHOHM~ 

1> HC110Jih30BaHHH HMeIOIIJeHCJI 

ITeill>H0-M0HTa)KHhIX opraHH3a

H HaMeqeHH0ro 11poeKTa )];0CTil-

ma ue¢Te11epepa6aThrna10ruero 

rreKca K0Ml1aHHH Poctte¢Th B 

r aBT0p0B, IJeHTP0M 11p0H3B0,ll

ilT0B l{JIH BHyTpeHHero pbIHKa H 

r HaMeqeH0 0CyIIJeCTBJIHTh ,n:By-

KIDK)];OH m oqepe,n:eii ,n:0JI)Kffa 

:n,10 1300 ThIC. Tlro,n: 3THJieHa H 

Dll0JI)KaeTc» pa3pa60TKa TexHH

K>eKTa. Cne,n;yeT TaK)Ke yqecTh. 

:ii cre11eHM cocpe,n;oToqHnach ua 

r.IX He¢Tera30BhIX MeCT0p0)I(Jle-

npoeKT He¢Tera30XMMHqecKoro 

.aeHCTBYIOIIIero 11pe,n;11pHUHJ1 

oepBoro 6noKa ra3opa3,n;eJieHIDI 

ffi3-1, HO CTP0HTeJihCTB0 He¢Tera30XHMHqeCKHX 11p0H3B0,D;CTB 0T

J[Jia,D;hIBaeTCH Ha 6onee 1103,D;HHe cpoKM. 

qTO KacaeTCH 11poeKTa He¢Tera30XHMHqecKoro K0Ml1JieKca B Bo

croquo-CH6MpCKOM KJiaCTepe Ha 6a3e ra3a KoBhIKTMHCKoro ra30K0H

nettcaTH0ro MeCT0p0)K,D;eHHH, TO OH TPaHc¢opMHp0BaJICH B )];Ba - pac

nrn:peHHe MOIIJHOCTeii B AttrapcKOH He¢TeXHMMqecKOH K0Ml1aHHM Br. 

.AHrapCK (,n;oqKa Poctte¢TH) H Ha 11pe;::i;11pHHTHH «Ca»HCKXMMl1JiaCT» 

IC0Ml1aHHH PEHOBA. Ho 110Ka HM o,n;MH 11poeKT He peanmyeTc». 

Ilpe;::i;Jio)KeH HOBhIH 11poeKT O6ne,n;HHeHHoii He¢TeXHMwqecKoii 

K0Ml1aHHH (OHK) 110 C03,D;aHHIO Ha 6a3e HoBoKyii6hIIIIeBCKOro 

He¢TeXHMHqecKoro KOM6HHaTa B CaMapCKOH o6JiaCTH C0BepIIIeHH0 

H0Boro 11pe;::i;11pHHTMH, C COBpeMeHHOH 3THJieHOBOH ycTaHOBKOH M0IU

H0CThlO 1200 ThIC. T/ro,n;, M Ha ee 0CH0Be ¢opMHpOBaHHH He¢Tera30-

XHMMqecKMX 11p0H3B0,D;CTB. O,n;HaKO, B 3T0M npoeKTe HeT o6ocHOBa

HHH ChlpbeBoro 06ec11eqeHMH, H 110Ka OH 0CTaeTCH Ha 6yMare. 

AHaJIH3 pe3yJihTaT0B M0HHT0pMHra 11JIIOC 0IJeHKa C0CT0HHMH C pe

cypcaMM ;:J;JIH HHBeCTMpoBaHHH BhIHY)K,D;aIOT HCl10Jih30BaTh MeT0,lJ; 

3IIIeJI0HHp0BaHMH 11poeKT0B, T.e. paccTaH0BKH HX 110 cpoKaM peanM-

3aIIHH C BhI,D;eJieHHeM 11epBooqepe,D;HhIX (11pwopwTeTHhIX). 3To ,n:ena

eTCH MH Toro, qT06hI 06ec11eqHTh 6onee HJIM Mettee paBHOMepHhIH 

BB0,D; HX B 3KCl1JiyaTaIIMIO H, TeM caMhIM, coxpaHHTh 011epe)KaIOIUHH 

pocT He¢Tera30XMMlfqecKOH 11p0MhIIIIJieHH0CTH. KpoMe Toro paBH0-

MepHhIH BB0,D; 11poeKT0B 1103B0JIHT H36e)KaTh npoBaJia B 0;:J;MH 11epwo.n: 

HJIH 11epe11p0M3B0,D;CTBa B ,n;pyroii. Ilocne;::i;Hee oco6eHHO 011aCH0 B 

ycJI0BHHX 0TH0CHTeJihH0 HH3K0ro BHYTPeHHero c11poca M ycMJIHB

IIIeiicH K0HKypeHIIMH Ha BHeIIIHMX pbIHKaX. 

M;::i;e» Bh16opa npwopHTeTHhIX MHBeCTHIIH0HHhIX npoeKT0B B o6na

crnx ,n;o6hJqH H 11epepa60TKH 11epBH':IH0ro ChlphH, aBTOM06HJihHOH 

np0MhIIIIJieHH0CTH, TPaHC110pTH0M MaIIIHH0CTpoeHMH, ¢apMaIJeBTH

Ke, He¢TeXHMHH npe,n;JI0)KeHa B.H. <l>aJihIJMaHOM [5]. PeKOMeH,n;yeTCH 
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MeTO.I( pyqHoro ynpaBnemur TaKHMll npoeKTaMH, llCTIOJib3Y51 npH 

'.HOM .I(OTIOJIHHTeJibHbie npenMyIIIeCTBa ,n;eBanbBaIIllll py6n51. CncTeMa 

TOqeqHoro, BbI6opoqHoro ynyqIUeHH51 llHBeCTHIIllOHHOro KJIHMaTa 

.I(JI51 TaKHX npoeKTOB npe.n;cTaBJI5IeTC51 B BH,n;e nyqIUHX npe;::i;npHHHMa

TeJibCKHX YCJIOBHM, JibrOTHOro Kpe,n;HTOBaHH51, HanoroBoro H TaMO

)KeHHoro nocna6JieHH51, rapaHTHM Ha cnyqaif pttcKoB, 3aKmoqeHH51 TaK 

Ha3bIBaeMbIX cneIIHMbHbIX JibrOTHbIX HHBeCTHIIHOHHbIX KOHTpaKTOB 

(CIUIKoB), 6naronpH5ITCTBOBaHH51 npH npe;::i;ocTaBJieHHH yqaCTKOB 

3eMJIH, IlO.I(KJIIOqeHHll K ceT5IM, TpaHcnopTHOM HmppacrpyKType ll T.Il. 

_Ee3ycnOBHO, 3TO OTXO.I( OT pbIHOqHbIX MeXaHH3MOB, KOHKypeHIIHH, HO 

3TO, Bo-nepBbIX, BpeMeHHa51 Mepa, a BO-BTOpbIX, - cnoco6 6bICTpOH 

JIHKBH.I(aIIHH HMeBIUero MeCTO OTCTaBaHH51 B p51;::i;e OTpacneif. B 

HaIUeM cnyqae 3TO B03MO)KHOCTb no;::i;;::i;ep)KaTb BbICOKHe TeMTibI H 

paBHOMepHOCTb pa3BHTH51 HeqJTera30XHMHqecKOM npOMbIIUJieHHOCTH 

B ycnOBH5IX KpH3HCa - He,n;ocTaTOqHOCTH HHBeCTHIIHOHHbIX pecypcoB. 

,D,n51 3IUeJIOHHpoBaHH51 Heq>Tera30XHMHqeCKHX npoeKTOB B IIeJI5IX OT

HOCHTeJibHO paBHOMepHoro HX BBO,I(a H coxpaHeHH51 onepe)KaIOIIIero 

pa3BHTH51 orpacnn Ha Beeb neptto;::i; ;::i;o 2030 r. npe;::i;naraeTC51 cqHTaTh 

nepBooqepe.I(HbIMH (npttopHTeTHbIMH) ,n;Ba npoeKTa [6]. 3TO - pac

IllHpeHHe Hm1rneKaMCKOro Heq>TeXHMHqecKoro KOM6HHaTa ( C yqeTO.M 

«3THJieHoBoro KOJibIIa») H «3anCtt6tteqJTeXHM» KoMnaHHH CHEYP B 

To6onbcKe. 

MoTHBHpoBKa B nonh3Y nepBooqepe;::i;ttoro BBo,n;a KpynHoM 3Tttne

HOBOH ycTaHOBKH ll p51;::i;a HeqJTera30XHMHqecKHX npoH3BO.I(CTB B 

Htt)KHeKaMCKe, BKJIIOqa51 MO,n;epHH3aIIHIO «3THJieHOBoro KOJibIIa», Ta

KOBa: 

- 3THJieHOBblll KOMTIJieKC «BTIHCbIBaeTC51» B npOH3BO.I(CTBeHHYIO H 

COIIHMbHYIO nmppacrpyKTypy KpynHeHIUero HeqJTeXHMHqecKoro 

npe;::i;npH5ITH51 Pocctttt; 

- .I(O BBO,n;a HOBbIX 3THJieH- ll nponnneHnorpe6n5IIOIIIHX npmo-
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Bo,n;cTB Ha Htt)KHeKal 

JTHnettonpoBo.n;y Mm 

TH51 TaTapcrnHa, Earn 

JITH51 IloBOJI)KCKoro Hi 

- npoeKTbI MO.I(epl 

npaKTHqecKH Ha KaJII 

BOJI)KCKOro KnacTepa, 

neHonpoBo.n;y ;::i;onom 

IIOJIHeHbI 3a cqeT co6c 

- npoeKTY MO.I(epl 

J{aTb CTaTyc HmppaC1 

H0BHOM 3a cqeT cpe.n 

11aCTHOro napTHepCTB 

MoTMBHpOBKa B I 

eTC51 B TOM, 'ITO: 

- Ha To6onbcKm 

COIIHMbHa51 HH¢pacr 

BaHHOH ra30¢paKUH01 

6e36one3HeHHO H 6bIC 

TeXHMMqecKoro KOWJ 

- To6onbCKMH H 
6a3y (lll<l>JIY c 3aBoJ 

rrattnH HOBAT3K) Ji 

.ll)'KTOilpOBO.I(ttyIO CHC' 

- B 2017 r. B T1 

305 e,n;HHHII Kpynttor: 

M51 npoeKTa «3a6CH6 

- Eonee 260 emm 

HOBKax nHponn3a, rrp 

Cne;::i;yeT OTMeTMTb, 1 



HMH rrpoeKTaMH, HCIIOilb3Y5.I IIpll 

:ma .n:eBanbBau,HH py6n5.I. CttcTeMa 

eHIDI HHBeCTHU,HOHHOrO KilHMaia 

'Cll B BHL{e nyqurnx rrpe.n:rrpHHHMa

el{HTOBaHH5.I, HanoroBoro H TaMo-

ILlX HHBeCTHU,HOHHbIX KOHTPaKTOB 

rrpH rrpe.n:ocTaBneHHH yqaCTKOB 

ICIIOPTHOH HH<ppacTPYKType H T.IL 

.IXMexaHH3MOB,KOHKypeHU,HH,HO 

a B0-BTOpbIX, - cnoco6 6bICTPOi 

rcraBaHH5.I B p5.!L{e OTPacneil:. B 

rro.a.n;ep)KaTb BbICOKHe TeMnbI II 

JOXHMHqeCKOH npOMbIIIIIleHHOCTH 

IOCTH HHBeCTHU,HOHHbIX pecypcoe. 

IMWJeCKHX rrpoeKTOB B u,en5.IX OT-

11a H coxpaHeHH5.I onepe)KaIOilJ,ero 

no 2030 r. npe.n:naraeTC5.I cqHrnn. 

[B) JlBa npoeKTa [6]. 3TO - pac

:MWiecKoro KOM6HHarn ( c yqerm,1 

iueq>TeXHM» KOMnaHHH CHBYP B 

1eperurnro BBOL{a KpynHoii 3THile

'330XHMHqecKHX npOH3B0L{CTB B 

llIHIO «3THneHOBoro KOilbU,a», Til-

maerc5.I» B rrpOH3BOL{CTBeHHYIO H 

ymiemnero He<pTeXHMHqecKoro 

rpoIIHneHIIOTPe6n5.IIOill,HX npom-

IIOL{CTB Ha HH)KHeKaMCKOM HXK 3THileH no Mo.n:epHH3HpoBaHHOMY 

3nmeHonpoB0L{y MO)KeT nocTynaTb Ha He<pTeXHMHqecKHe npe.n:npH5.1-

UUI TarnpcTaHa, BaIIIKHpHH, CaMapcKoii o6nacTH H .n:pyrHe npe.n:npH

IrIDI IlOBOil)KCKOro He<pTera30XHMHqecKoro KnacTepa; 

- npoeKTbI MOL{epHH3aU,HH H paCIIIHpeHH5.I npOH3BOL{CTBa HMeIOTC5I 

npaKTHqeCKH Ha Ka)KL{0M He<pTera30XHMHqecKOM npe.n:npH5.!THH IIo

BOil)KCKOro KilaCTepa, H B cnyqae B03M0)KH0ro nocTynneHH5.I no 3TH

JieHonpOBOJJ:Y .n:ononHHTeilbHbIX pecypcoB 3THileHa MOryT 6bITb BbI

rronHeHbI 3a cqeT co6CTBeHHbIX cpeL{CTB npe.n:npH5.!THH; 

- npoeKTy MOL{epHH3aU,HH <<3THileH0BOro KOilbU,a» cne.n:yeT npH

.aaTb CTaTYC HH<ppaCTPYKTYPHOro npoeKTa, <pHHaHCHpyeMoro B oc

H0BHOM 3a cqeT cpeL{CTB rocy.n:apCTBa, HilH IIYTeM rocy.n:apCTBeHHO

qacTHoro napTHepcTBa. 

MoTHBHpOBKa B nonb3Y npoeKTa «3anCtt6He<pTexHM» 3aKn10qa

erc5.1 B TOM, qTo: 

- Ha To6onbCKOM HXK y)Ke co3L{aHa MOill,HM HH)KeHepHa5.I H 

C0U,HMbHa5.I HH<ppaCTPYKTypa, paCIIIHpeHbI MOill,HOCTH u,eHTPMH30-

BaHHOH ra3ocppaKU,HOHHpyIOill,eH ycTaHOBKH (U:f <l> Y), qTQ no3B0Il5.leT 

6e36one3HeHHO H 6bICTPO «BnHCaTb» HOBbIH KOMnneKC B COCTaB Hecp

TeXHMJfqecKoro KOM6HHaTa; 

- To6onbCKHH HXK HMeeT a6conIOTHO HaL{e)KHYIO CbipbeByIO 

6a3y (Ill<l>JIY c 3aBo.n:a no nepepa6oTKe ra3oBoro K0HL{eHcarn KOM

naHHH HOBA T3K) H Mo.n:epHH3HpoBaHHYIO H pacIIIHpeHHYIO npo

.n:yKTonpoBOJJ:HYIO CHCTeMy L{OCTaBKH Ill<l>JIY B To6onbcK; 

- B 2017 r. B To60ilbCKHH npOMbIIIIneHHbIH nopT L{OCTaBileHO 

305 eL{HHHU, KpynHora6apHTHOro TeXHOilOrJfqecKoro o6opyL{OBaHH5.I 

L{Il5.1 npoeKTa «3a6CH6He<pTeXHM». 

- Bonee 260 eL{HHHU, o6opy.n:oBaHH5.I y)Ke CMOHTHpOBaHO Ha ycTa

HOBKaX nHpOilH3a, npOH3B0L{CTBaX nonH3THileHa H nonHrrponHneHa. 

Cne.n:yeT OTMeTHTb, qrn KpoMe 3apy6e)KHOro o6opy.n:oBaHH5.1, Ha 
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CTpOHTeilbHYIO nnoll.l,aAKY nocTynaeT o6opyAOBaHHe c pOCCHMCKHX 

MaIIIHHOCTpOHTeilbHbIX 3aBOAOB; 

KOMnamu1 CHEYP HBmieTCH Kpynttenrnen Heqnera30XHMHqe

CKOM KOMnam1en Pocc1m, otta CTana qneHOM EBponencKoro coIOJa 

npoH3BOAHTenen XHMHqecKoM npOAYKIJ,HH (CEFIC) H HMeeT OilhIT 

peanH3aIJ,HH KpynHbIX rrpoeKTOB («To6onhcK-IlonHMep», «PycBH

HHn>>) COBMeCTHO C HHOcrpaHHhlMH napTHepaMH no cxeMe npoeKTHO

ro qmHaHCHpoBaHHH. 

IlocTeneHHOe BbIIlOilHeHHe KpynHbIX tteqnera30XHMHqecKHX npo

eKTOB B coqeTaHHH C YCHilHHMH Manoro H cpeAHero 6H3Heca no npo

H3BOACTBY H3AeilHM H npoAyKIJ,HH H3 nonHMepoB, ttapHAY c pa3BHTH

eM rrpOH3BOACTBa Heqnera30XHMHqecKoro CblpbH, II03BOilHT B OTHO

CHTeilbHO KOpOTKHM nepHOA IlHKBHAHPOBaTb OTCTaBaHHe H CHOBa 

BOHTH B qHcno KpynHeMIIIHX npOH3BOAHTenen Heqnera30XHMHqecKoi 

npOAYKIJ,HH. 
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IIEPCIIEKTHBhl P) 

O.H KapamyH, Ac-rp;; 

OcttoBHbIMH Te~eHllll 

6aTbIBaIOill,eM npOMbIIIIJiel 

IOill,HX H CTpOHTeilbCTB0 l 

}'BenHqeHHH o6beMOB nep 

pacrnHpeHHH accopTHMeHT 

TeilbHO, H 3KCnnyaTaIJ,H0H 

HOM npOAYKI.l,HH. 

OAHHM H3 KpyTIHbIX II] 

YhIIIIIleHHOCTH PocCHHCKO 

10nepepa6aTbIBaIOill,HH 3a 

«ra3npoM A06b1qa Acrpax 

AcrpaxattcKoe ra3oKoe 

e 1976 r0AY H pacn0il0)l{C 

enaAHHbI. MecTopo)K,L{eHH, 

nopHAKa 3,8 TpnH. M
3 

ra.33, 

Otto cny)l(HT HCTOqHHKOM 

ThIBaIOill,ero 3aBOAa. 

IlpOH3BOACTBeHHOe om 
lOBaHO cornaCHO IloCTa.HO 

CCCP «O Mepax no ocso 

MeCTOpO)l(AeHHH» OT 23 4 

MIIHHCTepcTBa ra3oBoii IlJ 

.N'!! 236-opr B COCTaBe Bee 

no A06b1qe H nepepa60TKe 

14 HHBapH 2008r. perne 

ra:mpoM» nepeHMeHOBatto 

,Il;HeM C03AaHHH AcrpID 



:yrraer o6opyAOBaHHe c poCCHMCKHX 

TCH Kpy1rnettrnett tteqnera3oxHMHqe

cran:a qJiettoM EnporreiicKoro C0I03a 

CIJX)AYKI.lHM (CEFIC) H MMeeT OITbIT 

,e («To60JibCK-IloJIMMep», «Pycntt

MH rrapTHepaMM ITO CXeMe rrpoeKTHO-

pynm,ix Heq)Tera30XMMMqecKHX rrpo

MaJioro H cpeAttero 6tt3Heca rro rrpo

H H3 IlOJIMMepoB, HapHAY C pa3BMTH

IH'leCKOro CblpMI, I103B0JIMT B 0THO

IKBHJJ.HpoBaTb 0TCTaBaHMe H CH0Ba 

H3BO.Z:UfTeJieii tteq>Tera1oxHMHqecKoii 

tpa"Iypa 

l.ilO:DKaer 0CTaBaThC5.I BIDKHeiiumM 6aJo
'ImOXHMHH II Heq:neI'aJoX»MH5.1, 2016. -

crparerwiecKoe pa3BHTHe ttec)nera3oxu-
1J1 - rpe6oBaH»e BpeMeH» II BecTHHK xu
- N!! 5 (80). - OKrn6ph. - C. 25-28. 
.eooro o6ecneqeHH5.I tteqneraJoxrrMHH // 
·C. 38-49. 
i::1me Chiphe: MHp0BOIT H 0TeqecTBeHHbIB 
IJ)beBOIT BeKrop pa3BHTH5.I Heq:nera3oxu-

>y1...-rypHoii, HHBecrm-1H0HHOii H HHH0Ba
lca // Ilpo6neMhl rrporno3Hp0BaHH5.1. -

IITeTHbIX npoeKT0B rrprr peanrr1au;rrrr roc
OipaHH'IeHHhIX !pHHaHCOBhIX pecypcoB If 
>aIITHKa. - 2017. - T. 16. - NQ12. -

08 

IIEPCIIEKTHBhl PA3BHTIDI ACTP AXAHCKOro rn3 

O.H. KapamyH, AcrpaxaHcKHii ra3onepepa6arhrnaromrrii 1aBo.n: 

OcHOBHbIMH TeHAeHQHHMH pa3BHTHH COBpeMeHHOH ra1orrepepa

' &m,rnaIOmeii rrpoMbIIllJieHH0CTH HBmieTCH M0AepHH3al(HH Aeiicrny

lDII{HX H CTp0MTeJibCTB0 H0BblX TeXH0JI0rHqecKHX MOII.(HOCTeii AJIH 

yseJIHqeHHH o6neMOB rrepepa6aTbIBaeMoro yrneB0A0P0AH0ro CblpbH, 

pacnrnpeHMH accopTMMeHTa H yJiyqllleHHH KaqecTBeHHbIX, a CJieA0Ba

n:.JlbHO, H 3KCrrJiyaTal(H0HHbIX xapaKTepHCTMK BhmycKaeMOH T0Bap-

OAHHM M3 KpyrrHbIX rrpeAIIPHHTHH ra3orrepepa6aTbIBaIDmeii rrpo

llhllllJieHH0CTH PoccttiicKoii <l>eAepaQMM HBJIHeTCH AcTpaxaHCKHH ra-

3011epepa6aTbIBaIOII.(HH 3aB0A (AfII3), BXOAHII.(MH B C0CTaB 000 

«ra111poM A06b1qa AcTPaxaHh». 

AcTpaxaHCKoe fa30K0HAeHCaTH0e MeCT0pO)KAeHMe 6bIJIO 0TKpbIT0 

B 197 6 I'0AY H pacrr0JI0)KeH0 B IOro-3arraAHOH 30He IlpHKaCIIHHCKOH 

BllaAMHbl. MecTopo)l(AeHHe, 110 IT0CJieAHHM AaHHbIM, HMeeT 3allaCbl 

nopHAKa 3,8 TPJIH. M
3 

ra3a, 1 MJIPA- T K0HAettcarn H 1,4 MJIPA- T cepbI. 

Otto CJIY)KHT MCToqHHK0M CbipMI AJIH AcTPaxaHCKoro ra3011epepa6a

ThlBaIDmero 3aBoAa. 

IIpoH3BOACTBeHttoe o6neAMHeHMe «AcTPaxaHbra311poM» opraHH-

30BaHo cornacHo IIocTaHOBJieHMIO U:K KIICC H ConeTa MHHHCTP0B 

CCCP «O Mepax rro ocnoeHHIO AcTPaxaHcKoro ra30K0HAeHcaTHoro 

MecTOpO)KAeHMH» OT 23 ceHrn6pH 1981 I'OAa NQ 943 M 11pMKa3y 

Ml-lHMCTepcrna ra30BOH 11p0MbllllJieHH0CTH OT 5 OKTH6pH 1981 roAa 

J(Q 236-opr B C0CTaBe BcecoI03HOro rrp0MbllllJieHH0ro o6neAMHeHHH 

110 A06b1qe H rrepepa60TKe ra3a B Opett6yprCKOH o6JiaCTM. 

14 HHBapH 2008r. pellleHMeM yqpeAMTeJIH O6mecrno «ACTPaXaHb

fa311p0M» rrepeHMeH0BaH0 B 000 «fa311pOM A06b1qa AcTpaxaHb». 

.D:tteM C03AaHHH AcTPaxaHcKoro ra3orrepepa6aThIBaIDmero 3aBoAa 
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cqHTaeTCH 13 MaH 1985 r. 3HaMeHaTeJibHbIMH ,n:aTaMH )];JIH Afl13 HB

JIHIOTCH: 

- 10 ,n:eKa6pa 1986 r. - Ha 3aBo,n: npHHHT TOBapHbIH ra3 If 3a)K)KeH 

nepBbIH q:>aKeJI. 

- 03 HHBapa 1987 r. - Ha ycTaHOBKe 1Y151 noJiyqeHa nepBaa TO

BapHaH cepa. 

- 16 aBrycrn 1988 r. Ha 3aBo,n:e noJiyqeH nepBbIH TOBapHbIH 6eH-

3HH AH-76. 

C nycKoM B l 997r. II oqepe,n:H 3aBo,n:a ero MOIIIHOCTb no oTcena

pHpoBaHHOMY ra3y COCTaBHJia 12 MJip,n:. M
3

• 

C HaqaJia 2000-x ro,n:oB Ha AcTPaXaHcKOM ra3onepepa6aTbIBaIO

IIIeM 3aBo,n:e HaqaJIHCb pa60TbI no peKOHCTpyKQHH ,n:eHCTBYIOIIIero 

npOH3BO)];CTBa. OHH 6bIJIH HanpaBJieHbI He TOJibKO Ha TeXHifqecKoe 

nepeBoopy)KeHHe, HO If Ha CTpOHTeJibCTBO HOBbIX TeXHOJIOrHqecKHX 

ycTaHOBOK, a TaK)Ke Ha onTHMH3aQHIO TexHoJiorHqecKoH cTpyKTypn1 

npOH3BO)];CTBa )];JIH yJiyqrneHHH KaqeCTBeHHbIX noKa3aTeJieH BbIIIYCKa

eMOH TOBapHOH npo,n:yKQHH If pacrnHpeHHe ee accopTHMeHTa. 

3a noCJie,n:HHe ro,n:bI Ha Afl13 6bIJIO nyIIIeHo B 3KCnJiyaTaQHIO PM 

TeXHOJIOrJfqeCKHX o6neKTOB, TaKHX KaK: 

- 6JIOK BbI)];eJieHHH 6eH30JibHOH q:>paKQHH ycTaHOBKH KaTaJIIfTifqe

CKOro pHq:>opMHHra If ycTaHOBKH noJiyqeHHH ChlpbH )];JIH KaTaJIHTifqe

CKHX npou;eccoB (2011 ro,n:); 

- YCTaHOBKa rH,n:pooqHCTKH 6eH3HHOBOH q:>paKQHH npOH3BO)UI

TeJibHOCTblO 1,5 MJIH. Tlro,n: (2014 ro,n:); 

- ycTaHOBKa H30Mepmau;HH neHTaH-reKCaHOBOH q:>paKQHH npom

BO,n:HTeJibHOCTbIO 300 TbIC.T/ro,n:; 

- napK CYf-2 (2017 ro,n:). 

Oco6eHHOCTH nepepa6oTKH yrneBo,n:opo,n:Horo Cbipba AcTPaxau

CKoro ra30KOH,n:eHCHOro MeCTOpO)K)];eHHH (AfKM) Ha Afl13 onpe,n:e

JIHJI cocTaB ,n:o6hlBaeMoi1 nJiaCTOBOH CMecH. YHHKaJibHOCTb AfKM 
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JaKmoqaeTCH B BbICC 

KOMnOHeHTOB, TaKID 

(CO2), KOTOpbIX COJlC 

KpoMe cepoBo,n:opo.m 

paxaHCKOro rKM co. 

poopraHqecKHX coero 

1000 Mr/M
3
), MepKam 

( OKOJIO 10 MI'f M
3
). 

CJIO)KHbIH COCTaB 

nycKaeMOH Ha Arl13 

ee nepepa6oTKH. 

CJie,n:yeT OTMenm 

JIBJIHeTCH He TOJibKO I 

HO If IIIHpOKHH q:>p3.1 
ArKM cocTaBJIHer 38 

H3-3a OTCYTCTBIDI 

OnbITa npoeKTHpOBaHl 

BaIOIIIHX BbICOKOcepE 

TexHOJIOrHqecKoro np 

«TeKHHn» (<DpaHQIDI). 

IlpoeKTHpoBaHHe : 

cam (npOH3BO)];CTBO ~ 

Heq:>TeXHM». IlpoeKTH 

o6neKT HHCTHTYTOM K 
CornacHo npoeKTH 

Ha MOMeHT nycKa B 3KC 

- ToBapHbIH ra1 no 

- 6eH3HH A-76 no l 

- )];H3eJibHOe TOIIJil! 

- KOTeJibHOe TOrum 



1a.~eHaTeJibHbIMM )].aTaMM )].JIH AI'IT3 mt-

a JaB0.ll npttff}IT T0BapHbIH ra3 M 3a)IOI(eB 

YCTaH0BKe 1 Y 151 noJiyqeHa nepBaH T~ 

laBO.lle noJiyqeH nepBbIH TOBapHbIH 6e11-

pellM 3aB0)],a ero M0I1(H0CTb no 0Tcena-
3 

1 12 MJIP.ll- M . 

ra AcrpaxaHCKOM ra3onepepa6aThIBa~ 

™ no peK0HCTPYKUMM )].eiicrny10I1(ero 

IIIJ>aBJieHbl He T0JibK0 Ha TeXHM'!eCKoe 

rpoHTeJibCTB0 H0BbIX TeXH0JI0I'M'leCKHX 

1onaUMIO TexHoJiortt'lecKoii CTPYKTypLI 

!I Ka'leCTBeHHhlX nOKa3aTeJieH BbIIIYCKa

pacIIIMpeHMe ee accopTMMeHTa. 

ffi 6bIJIO nyI1(eH0 B 3KCnJiyaTal(MIO p,u 

3KHX KaK: 

bHOH <):>paKUMM ycTaH0BKM KaTaJIMTM'le

,ICH II0JiyqeHMH CblpbH )],JIH KaTaJIMTM'le-

CH 6eH3MHOBOH <):>paKUMM np0M3B0)],H-

1 l 4 I'O.ll); 

II nemaH-reKCaHOBOH <):>paKUMM np0M3-

a; 

1 yrneB0.ll0p0.llH0ro CbipbH AcTPaXaH

p<>)KJ{eHMH (AI'KM) Ha AI'Il3 onpe.lle

:roBoii CMectt. YHttKaJibHOCTb AI'KM 
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laKJIIO'laeTCH B BbIC0K0M C0)],ep)KaHMM B nJiaCTOBOH CMeCM KMCJibIX 

JroMII0HeHT0B, TaKMX KaK cepoB0)].opo.ll (H2S) M yrneKMCJibIH ra3 

(CO2), K0T0pbIX C0)],ep)KMTCH 0K0JI0 26 M 13% 06. C00TBeTCTBeHH0. 

ICpoMe cepoB0.ll0P0.lla M yrneKHCJioro ra3a, B nJiacToBoii cMectt AcT

paxaHcKoro rKM C0)],ep)KHTCH TaK)Ke 3Ha'!HTeJibH0e K0JIH'leCTB0 ce

poopratt'leCKHX coe)],MHeHHH, TaKHX KaK cep00KMCb yrnepo)],a ( 0K0JI0 

1000 Mr/M
3
), MepKaIITaH0BaH cepa ( 0K0JI0 2000 Mr/M

3
) M cepoyrnep0.ll 

(OKOJIO 10 Mr/M3)_ 

CJIO)KHbIH cocTaB nJiaCTOBOH CMeCH onpe)].eJIHJI accopn-1MeHT BbI

nycKaeMoii Ha AI'Il3 np0.llYKUMH H TexHoJiortt'leCKHe oco6eHHOCTH 

ee nepepa6oTKH. 

CJie)].yeT 0TMeTHTb, 'ITO oco6eHHOCTbIO nJiacToBoii cMecH AI'KM 

JIBJIHeTCH He T0JibK0 BbIC0KaH K0HI.J;eHTpau;HH KHCJiblX K0Mn0HeHT0B, 

HO H nmpoKHH <):>paKI.J;HOHHbIH C0CTaB. I'a30KOH)],eHCaTHblH q:>aKTOp 

AI'KM C0CTaBJIHeT 386 r/M
3

• 

H3-3a 0TCYTCTBHH Ha M0MeHT npoeKTHp0BaHHH 0Te'!eCTBeHH0ro 

0IIbITa npoeKTMpoBaHHH H 3KCnJiyaTaI.J;HH npe.llIIpHHTHH, nepepa6aTbl

BaIOI1(HX BblC0K0CepHHCT0e ra30K0H)],eHcaTH0e Cblpbe, pa3pa60TKa 

TeXH0JI0rtt'leCKoro npou;ecca ocyI1(eCTBJIHJiaCb <):>paHI.J;Y3CKOH q:>HpMOH 

«TeKHHII>> (<l>paHUHH). 

IlpoeKTHpOBaHMe ycTaH0B0K no nepepa6oTKe ra30B0ro K0H)],eH

caTa (npoH3BO.llCTBO .N!! 3 AI'IT3) ocyI1(ecTBJIHJI0Cb HITO «JleHrnnpo

Heq:>TeXMM». IlpoeKTMpOBaJICH 3aB0.ll KaK e)],MHbIH npOMblIIIJieHHbIH 

o6oeKT MHCTMTYT0M IO)KHHHI'HITPOr A3. 

CornacHo npoeKTHbIM peIIIeHMHM accopTttMeHT npo)].yKI.J;MH AI'Il3 

Ha M0MeHT nycKa B 3KCIIJiyaTaI.J;MIO 6hlJI CJie)].yIOI1(MM: 

- TOBapHblH ra3 no rocT 5542-78, 

- 6eH3MH A-76 no rOCT 2084-77, 

- .llM3eJibHoe T0IIJIMB0 JI-0,5-40 no rOCT 305-82, 

- K0TeJibH0e T0IIJIMB0 Ma3yT MapKM 100 no rOCT 10585-75, 
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- C)KIDKeHHbie ra3bI no rOCT 20448-80, 

- cepa Texm1qecKa» ra3oBa» copT 9998 no rOCT 127-76. 

IlocKOJibKY co.n;ep)Kamie cepoBo,n;opo.n;a B rrnacToBoii cMecH AcT

paxaHcKoro ra30KOH)J;eHCaTHOro MeCTOp0)K)J;eHH5I BeJIHKO, TeXHOJIO

r1-1qecKHH KOMnJieKc ra3onepepa6aTbIBaIOII1ero 3aBo,n;a 6bm Ha11eJieH 

Ha BbIIIYCK ra30BOH cepbl. 3To 6bIJIO )KOHOMHqecKH o6ocHOBaHo: KO

MOBa» cepa CTOHJia 80 py6Jieii 3a 1 TOHHY, B TO BpeM» KaK 1 TOHHa 

6eH3HHa A-76 CTOHJia Bcero 64 py6JI». Cero,n;H» BKJia,n; npo,n;a)K cep1,1 

He TaK 3HaqHTeJieH, XOT5I H OHa 5IBJI5IeTC5I oqeHb BOCTPe6oBaHHbIM TO

BapoM. 

000 «ra3npoM .n;o6b1qa AcTpaxaHb» BhmycKaeT Ha ra3onepepa-

6aThIBaIOII1eM 3aBo,n;e cepbl 6oJibIIIe Bcex B MHpe (Ha eOUHUl./HOM 3lr 

eooe). BHYTPHPOCCHHCKHH cnpoc He n03BOJI5ICT noJIHOCTbIO peaJIH~ 

BaTb TaKoe KOJIHqecTBO cepbl H 60JibIIIa5I ee qaCTb )KCnopTHpyeTC5I. 

)],JI» nOBbIIIICHH5I KOHKypeHTOCnoco6HOCTH BbIIIYCKaeMOH cepbl • 

KOHIIC 90-x ro,n;oB Ha 3aBo,n;e 6bIJIH c,n;aHbl B )KCnJiyaTaIIHIO nepBbie. 

PocCHH ycTaHOBKH no npOH3BO)J;CTBY rpaHyJIHpOBaHHOH cepbl MOI

pblM cnoco6oM no npoeKTaM «Devco» H «Hawaii». 

)],JI» )J;aJibHeiiIIIero YBCJIHqeHH5I )J;OJIH rpaHyJIHpOBaHHOH cepbl 61,1-

Jia nocTpoeHa H nyIIIeHa B )KCnJiyaTaIIHIO B 2009 ro.n;y ycTaHOBD 

rpaHyJI»IIHH cepbl C KOMnJieKCOM xpaHeHH5I H 0Trpy3KH B aBTOM~ 

6HJibHbIH H )KeJie3Ho,n;opo)l(HbIH TPaHcnopT no npoeKTY qmpMII 

ENERSUL LIMITED PARTNERSHIP, KaHa,n;a. 

IIpoBe,n;eHHbie peKOHCTPYKIIHH B HacTo»IIIee BpeM» no3BOJIHJIH ea 
ArII3 BbIIIYCKaTb CJie,n;yIOIIIHe BH)J;bl TOBapHOH npo,n;yKIIHH: 

- HC)THJIHpOBaHHbIH 6eH3HH MapKH «PeryJI»p-92», (AH-92-KS) 

no rOCT P 51105-97, 

- 6eH3HH HeJTHJittpOBaHHbIH MapKH AI1-92-K5 no rOCT 32513-

2013, 

- HeJTHJIHpoBaHHbIH 6eH3HH MapKH IlpeMHYM EBpo 95 

(AI1-95-K5) no rOCT P 51866-2002, 
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- 6eH3HH HC)THJIB 

2013, 

- )J;HCTHJIJI5IT ra3( 

05780913-2010, 

- TOnJIHBO )];H3eJ 

590:2009): 

copT D, BH.D: III, KJl 

KJiacc 0, BH.D: III, KI 

copT F, BH.D: III, KJH 

- TOnJIHBO )];H3e 

590:2009): 

JieTHee, copTa D, 31 

3HMHee, KJiacca 0, : 

MC)l(Ce30HHOe, cop; 

- TOnJIHBO ra3OKC 

19.20.28-060-0578091 

- Ma3yT rnnoqJlhlH 

- ra3 ropIOqHif rrpll 

no MarHCTpaJibHbIM ra 

- ra3bl yrneBO.D:OJ; 

wapKa IIEA no rOCT • 

- cepa TeXHHqecKa 

- cepa TCXHHqecKa 

- cepa TCXHHqecIG 

080-05780913-200, 

- cepa TexH~ecK3 

M no TY 2112-134-31: 

- )J;HCTHJIJI5IT ra30B4 

05780913-2016, 



r 20448-80, 

cop-r 9998 no I'OCT 127-76. 

oeo.uopo,ua B mrncToBoii cMecn Acr

i MecTOpO)K,UeHmI BeJIMKO, TeXHO~ 

l6an,rna10m;ero 3aBo.ua 61,rn Hau;e..TJm 

13 1 TOHHY, B TO BpeM5.I KaK 1 TOHa 

py6m. Cero,uH51 BKJia,u npo.ua)K cepu 

IB.JUleTC51 oqeHb BOCTPe6oBaHHbIM R>-

,me BCex B MHpe (Ha eOUHUl/HOM ~ 

o.m,ma51 ee qacTb 3KCnopTnpyeTCJI. 

x:noco6ttocTM BhrnycKaeMoii cep1,1 ■ 

m c.uatt1,I B 3KcnnyaTau;mo nepBhle ■ 

lCTBY rpaHynnpoBaHHOH cepbl MO.

~vco» u «Hawaii». 

UI llOJIM rpaHyJIMpOBaHHOH cep1,I ~ 

L'l)'aTaQMIO B 2009 ro.uy ycTaHOllla 

M xpaHeHU51 M 0Trpy3KM B aBT0MO

i TPaHcnopT no npoeKTY cpup1a1 

lSHIP, Katta.ua. 

R B HaCT05.lm;ee BpeM51 n03BOJIUJIH -

[..lhl TOBapHOH npo.uyKu;uu: 

MapKH «Peryn51p-92», (All-92-KS) 

MapKH All-92-K5 no I'OCT 32513-

MapKH IlpeMUYM EBpo 95 BM.U ID.. 
002, 
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- 6eH3MH He3THJiupoBaHHhiii MapKu All-95-K5 no I'OCT 32513-

2013, 

- )J;UCTUJIJI5.IT ra30BOro KOH,D;eHCaTa JierKUH no TY 0271-082-

- TonnuBo ,D;U3eJibHOe EBpo no I'OCT P 52368-2005 (EH 

copT D, BU.U III, KJiacc5 (,r:i:T-JI-K5), 

KJiacc 0, BH.U III, KJiacc 5 (,r:i:T-3-K5), 

copT F, BU.U III, Knacc5 (,r:i:T-E-K5), 

- TOnJIMBO ,D;U3eJihHoe EBPO no I'OCT 32511-2013 (EN 

neTHee, coprn D, 3KoJioruqecKoro KJiacca 5 (,r:i:T-JI-K5), 

3UMHee, KJiacca 0, 3KOJiornqecKoro KJiacca 5 (,r:i:T-3-K5), 

Me)Kce3oHHoe, coprn F, 3KOJioruqecKoro KJiacca 5 (,r:i:T-E-K5), 

- TOnJiuBo ra30KOH.UettcaTHoe - Ma3yT MapKa 100 I'KT no TY 

19.20.28-060-05780913-2017, TY 0252-060-05780913-98, 

- Ma3yT rnnoqH1,1ii 100 no I'OCT 10585-2013, 

- ra3 rop10qnii npnpo,D;H1,1ii, nocTaBm1eM1,1ii u TpattcnopTnpyeMhiii 

no MarucTpaJihHhIM ra3onpoBo.uaM no CTO I'a3npoM 089-2010, 

- ra31,I yrneBo.uopo.UHhie C)KU)KeHHhie TOnJIUBHhie MapKa TIET, 

»apKa IIEA no I'OCT P 52087-2003, 

- cepa TexHuqecKM ra3oBa51 )KM.UKM no I'OCT 12 7 .1-93, 

- cepa TexHuqecKa51 ra3oBa51 KOMOBM no I'OCT 127.1-93, 

- cepa TexHnqecKa51 ra3oBa51 KOMoBa51 (copT 7000) no TY 2112-

080-05780913-200, 

- cepa TexHnqecKM ra3oBa51 rpattynnpoBaHHM MapKa C u MapKa 

M no TY 2112-134-31323949-2005, 

- .UMCTUJIJI5.IT ra30BOro KOH,UeHCaTa T5.l)KeJihlH no TY 19.20.29-095-

05780913-2016, 
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- ,ll;MCTHJIJUIT ra30BOro KOH,D;eHCaTa cpe,n;HMH ITO TY 19.20.27-096-

05780913-2016. 

CornacHo pa3pa6oTaHHOH ITpOM3BO,n;cTBeHHoii ITporpaMMe Ha 

2018 ro.n; ITPM 3arpy3Ke KOMITJieKCa 12 MJip,n;.M
3 

ITO OTCeITaprrpoBaH

HOMY ra3y ITJiaHOBbIH 061,eM Bbipa60TKM ITpo,n;yKIJ;MM COCTaBMT: 

- TOBapHbIH ra3 - 6,5 MJip,n;.M
3

, 

- cepa-4,7 MJIH. T, 

- ,ll;M3eJibHOe TOITJIMBO - 800 TbIC. T, 

- 6eH3MHbI aBTOM06MJibHbie - 1100 TbIC. TOHH, B TOM qrrcJie: 

- Perymip-92 - 900 TbIC. T, 

- IJpeMMyM-95 - 200 TbIC. T, 

- C)KM)KeHHbIH yrneBo,n;opo,n;HbIH ra3 - 300 TbIC. T, 

- Ma3yT - 395 TbIC. T. 

y HMKaJibHOCTb TeXHOJIOrrrqecKOH cxeMbl ITepepa60TKM Cblpb51 Ha 

ACTPaXaHCKOM rIJ3 o6ycJIOBJieHa CJie,n;yIOIIJ;MMM oco6eHHOCT5IMM: 

- ITJiacToBa51 cMecb, ITo,n;aBaeMa51 Ha AcTPaxaHCKMH rrr3 co.n;ep

)KMT MHOro KMCJibIX KOMITOHeHTOB ( cepoBo,n;opo.n;a M yrJieKMCJioro ra-

3a), cepoopraHrrqecKMX coe,n;rrHeHMH M yrneBo,n;opo.n;ttoro KOH,n;eH

carn; 

Ha 3aBO,ll; ITO,n;aeTC51 ITJiaCTOBa51 CMeCb C ITpOMbICJia O,ll;HMM ITOTO

KOM, TO eCTb 6e3 pa3,n;eJieHM51 Ha ITpOMbICJie Ha ra3, yrJieBo,n;opo.n;HI,Iii 

KoH,n;eHcaT rr ITJiacToByIO Bo,n;y. PerneHrre ITO ArKM ITpo,n;rrKTOBaHo, 

ITpe)K.n;e BCero, cpaBHMTeJibHO He60JibIIIMMM paccT051HM5IMM OT 3KC

ITJiyaTaIJ;MOHHbIX CKBa)KMH .n;o 3aBo.n;a. BcJI CMCTeMa ceITapan;MM ITepe

HeceHa Ha ITJioma,n;Ky 3aBo.n;a, TPaHCITOpTttpyeTCJI ra3 OT Yrrrrr B 

TPexcpa3HOM COCTOJIHMM. 3To IT03BOJIJleT CHM3MTb KaK KaITMTaJibHbI~ 

TaK M 3KCITJiyaTaIJ;MOHHbie 3aTPaTbI M COKpaTMTb IIITaT; 

- MCXO,ll;HhIM ITpoeKTOM ITpe.n;ycMoTpeH ITooqepe,n;HbIH pa3,D;eJibHbtii 

ITYCK M OCTaHOB Ha peMOHT rpyITITbl TeXHOJIOrttqeCKMX ycTaHOBOK ra-

30BOH qacn1; 
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- KOMITOHOBKa 3a 

.lOTOqMTb B e,n;MHbIX 

ueccaMM, HaITpttMep , 

3JIHCTBO M T.,ll;. 

Ilptt ITpoeKTHpoB 

CKOrO rIJ3 6hlJI 3aJIC 

Bbie ITpHMeH51eMhlX B 

1. IlprrMetteHa ue1 

cHcTeMa ceITapauMH r 

3aBO,D;a. 

2. Ha ycrnHOBKa.J 

-rypHa51 pereHepallIDI 1 

3.OCHOBHOe o6op~ 

pbI) ycTaHOBOK ITOJI}" 

pa3a C ueJibIO CHIDKel 

3aCTPOHKM. 

4. Ilepepa6oTKa yi 

.JY .n;o rOTOBOro o6T.t: 

OTeqecTBeHHOH ITpaKT 

5. IlpMH51Ta51 O.llll 

KOH,D;eHCaTa o6yCJIOBl 

60,D;HbIX MOIIJ;HOCTeH -

Ba TMITa Jiq-24-2000 1 

<}>HKaIJ;MOHHbie KOJIOHI 

ycTaHOBKH KaTaJIHTJflli 

6. Ha ArII3 61:i 

YCTPOHCTBa cepw, ITO'.: 

'ITO MCKJIIOqaeT o6pa3C 

CornacHo opraHH3 

AcTPaxaHh» ocHOBHLI 



1eHcarn cpe,n:mrii ITO TY 19.20.27-096-

ITpoH3B0.lICTBeHHOH ITporpaMMe Ba 

1eKca 12 MJip,n:.M
3 

ITO OTCeITapttpOBaB

,pa60TKH ITPO.lIYKIJ,HH COCTaBHT: 

3 
.M, 

I TblC. T, 

: - 1100 ThIC. TOHH, B TOM 'IHCJie: 

r, 

]HblH ra.3 - 300 ThIC. T, 

recKOH cxeMhI ITepepa6oTKH CblpMI Ha 

:Ha CJie,n:yIOIIJ,HMH oco6eHHOCUIMH: 

aeMIDI Ha AcTPaxaHCKHH fII3 co,n:eir 

ros ( ceposo,n:opo,n:a H yrneKHCJioro ra-

111eHHii H yrneso,n:opo,n:Horo KOH.lieH-

cOBIDI CMeCh C ITPOMhlCJia 0.lIHHM ITOTO

ra IIpoMhICJie Ha ra3, yrJieso,n:opo,n:Hhli 

. PemeHHe ITO AfKM ITPO.lIHKTOBaHo,. 

He6oJihillHMH paCCTOHHIDIMH OT 3KC

aso.rra. BcH c11cTeMa ceIIapa11,1111 ITepe-

TPaHCIIOpT11pyeTCH raJ OT YIIIIr s 

IOJBOAAeT CHl1311Th KaK KaJil1TaJihHhie. 

lTbl H COKpaTl1Th mTaT; 

tIYCMOTPeH IT001Iepe,n:HhIH pa3,n:eJihHhlii 

'IIIIhI TeXHOJIOr111IeCKl1X ycTaHOBOK ra-
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- KOMIIOHOBKa 3aBo,n:a BhIITOJIHeHa TaKl1M o6pa30M, 'IT06hI cocpe

.:IOTO'll1Th B e,n:11HhIX KBapTaJiax ITp0113B0.lICTBa C 11,n:eHTl11IHhIMl1 ITpo

neccaMl1, HaITp11Mep O'IHCTKa ra3a, ITOJiy1IeH11e cephI, qiaKeJihHOe xo-

1'1HCTBO 11 T.)];. 

Ilp11 ITpoeKTHposaH1111 TexHonor11qecK11x ITpo11,eccos AcTPaXaH

cKoro fI13 6bIJI 3aJIO)KeH pH.lI HOBhIX TeXHl11IeCKl1X peIIIeHl1M, BITep

Bhle np11MeHHeMhIX B OTe'leCTBeHHOH npaKTl1Ke: 

1. IIp11MeHeHa IJ,eHTPaJil130BaHHaH Cl1CTeMa no,n:rOTOBKl1 ra3a, BCH 

CHCTeMa ce1Iapa11,1111 ra30IIJiaCTOBOH CMec11 nepeHeceHa Ha IlJIOIIJ,a,n:Ky 

JaBO,n:a. 

2. Ha ycTaHOBKax aMl1HOBOH O'll1CTKl1 11CITOJih30BaHa .lIByxKOH

T)'PHaH pereHepa11,1rn 11 npoMhIBKa a6cop6eHTa (.Il:3A). 

3.OCHOBHOe 06opy,n:0BaH11e (KOH)];eHCaTOphI, peaKTOphI, cenapaTO

pbI) ycrnHoBOK nony1IeH11H cepbI MeTO.lIOM KJiayc YKPYIIHeHo B ,n:sa 

pa3a C 11,eJiblO CHl1)KeHl1H MeTaJIJIOeMKOCTl1 11 yMeHbIIIeHl1H IlJIOIIJ,a,n:11 

JaCTPOHK11. 

4. IIepepa6oTKa yrneso,n:opo,n:Horo KOH,n:eHcarn no nOJIHOMY 11,11K

JIY ,n:o roTosoro o6neMa TOBapHoii IIpo,n:yK11,1111 np11Hua snepBbie B 

OTe'leCTBeHHOH npaKT11Ke. 

5. IIp11HHTaH 0.lIHOHl1TO'IHaH cxeMa nepepa6oTKl1 CTa611JibHOro 

KOH)];eHCaTa o6ycJIOBJieHa npoeKT11pOBaHl1eM C np11MeHeH11eM CB0-

60.lIHbIX MOIIJ,HOCTeii - ycTaHOBKl1 r11,n:p001Il1CTKl1 .lIH3eJihHOro TOilJil1-

Ba Tl1Ila Jiq-24-2000 11 pH,n:a HeCTaH,n:apTHOrO o6opy,n:oBaHl1H (peKTl1-

q>l1KaIJ,110HHbie KOJIOHHhI, TeilJI006MeHH11Kl1, eMKOCTl1, neq11 peaKIJ,1111) 

ycTaHOBKl1 KaTaJil1Tl11IeCKOro p11qiopM11Hra. 

6. Ha AfII3 6hIJil1 np11MeHeHhI cospeMeHHbie pa3Jil1BO'IHhie 

YCTPOHCTBa cephI, II03BOJIHIOIIJ,11e paBHOMepHo pacnpe,n:enHTh CTPYIO, 

'ITO 11CKJIIO'laeT o6pa30BaH11e cepHbIX Jil1H3. 

CornacHo opraHH3a11,110HHoii CTPYKType 000 «r a3IIpoM ,n:06b11Ia 

AcTPaxaHh» ocHOBHhIMl1 CTPYKTypHbIM11 no,n:pa3,n:eneHl1HM11 HBJIHIOT-
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C51 r330Ilp0MbICJI0B0e ynpaBJiem1e (fITY) M AcTpaxaHCKMH r33onepe

pa6aTbIBaIOIIIMH 3aB0)], (AfI13). 

r a3orrp0MbICJI0B0e yrrpaBJieHMe BKJIIOqaeT np0MbICJI0Bhie o6neK

TbI - CKBa)KMHbI, ra30K0H)],eHcaT0IIp0B0)],bI )],JI51 TPaHCII0pTHp0BKH 

IIJiaCTOBOH CMeCM OT ycTaH0B0K rrpe)],BapHTeJibHOH II0)],r0T0BKM r33a 

(YITilf) )],O 3aBo)],a. 

Cb1pbeM AfI13 51BJI51eTc51 rrnacTOBhIH ra3 (r330)KM)],KOCTHa51 

CMeCb), rrocryrraIOIIIa51 OT rnecTM Yrrrrr. 

Oco6eHHOCTb TeXHOJIOrMqecKOH cxeMbI K0MIIJieKca B TOM, qTo 

IIJiaCTOBbIH ra3 II0)],aeTC51 Ha 3aB0)], 6e3 pa3)],eJiemrn Ha rrp0MbICJie Ha 

ra3 M yrneBO)],OpO)],HbIH K0H)],eHCaT M 6e3 0T)],eJieHM51 IIJiaCTOBOH B0)],bl 

(:no )],enaeTC51 Ha AfI13). 

AcTpaxaHCKMH r33orrepepa6aTbIBaIOIIIMH 3aB0)], cocT0MT M3 K0M

IIJieKca TeXH0JI0rMqecKMX ycTaH0B0K (pMc. 1 ), o6ecrreqMBaIOIIIMX: 

I'a306G5l l/GCmb 3G600a: 

- cerrapaIIMIO IIJiaCT0Boro ra3a, II0CTyrraIOIIIero OT ra30IIp0MbIC

JI0B0ro ynpaBneHM51 (fITY), nepe)], rro)],aqeif ero Ha oqMCTKY M )],aJih

Heiirny10 nepepa6oTKy; 

- oqMCTKY rrpHp0)],H0ro M BT0pHqHbIX ra30B rrepepa6oTKM OT cepo

B0)],0po)],a M yrneKHCJI0ro ra3a pacrnopoM )],M3TaH0JiaMMHa (.D:3A); 

- ocyrnKy M oqMCTKY rrpHp0)],H0r0 ra3a OT cepaopraHMqeCKHX co

e)],MHeHMH; 

- OT6eH3MHMBaHMe oqMIIIeHH0ro ra3a rrpM MMHYC0BbIX TeMnepa

TYPaX C BbI)],eJieHMeM lllHpOKOH q>paKIIMM JierKMX yrneB0)],0p0)],0B 

(Ill cI> JIY); 

- rrepepa6oTKY «KMCJioro ra3a» Ha ycTaH0BKax rronyqeHM51 cep1,1 

MeT0)],0M «Knayca» C )],OOqflcTKOH 0TX0)],51IIIMX ra30B MeT0)],0M «Cynh

q>pHH». 

CornacHo opraHM3aIIMOHHOH CTPYKType )],aHHbie rrpoIIeccbI co

cpe)],oTOqeHhI Ha rrp0M3B0)],CTBax .M!.N"!! 1, 2 M 5. 

216 

KoHOeHcamHaR '-tacmb 31. 

- o6ecconMBaHMe H o6e 

neHcarn; 

- CTa6MJIM3aIIMIO M OlfflC 

30B0r0 K0H)],eHCaTa MeT0,llO 

Horo K0H)],eHcaTa c nonyqeE 

- nepepa6oTKy lllcI>JIY, 

CornacHo opraHH3aUHO 

cpe)],0ToqeHhl Ha rrp0H3BO.llC 

KpoMe 3Toro, B coCTaB4 

(rronyqeHMe H oTrpy3Ka 3JI 

C0CTaB K0T0poro BX0)VIT: 

cephI (Y-150/1 6noKH «De' 

«Enersul» (MapKa «C»)), a 1 

B C0CTaBe 3aB0)la npeJl 

- q>aKeJibHbie ycTaH0BKH Bl 

qecKMe eMK0CTM )],JI51 xpaHe 

TOBapHbIX Heq>Tenpo,uyicro 

cephI; ycTaH0BKH no.nco6 

KMIT, a3oTH0-KMcnopo,llHI, 

CHa6)KeHM51 M KaHaJIH33I{H 

TeXH0JI0rMqecKMe KOMM)'! 

C)Kfl)KeHHbIX ra30B, CBeTJI 

HaJIMBa 6eH3MHa H )],HJeJII, 

C)KM)KeHHbIX r330B B a.BT 

MTE3 HJ )KeJie3H0)],0po:JKJ 

rp513HeHHbIX BO)], H C:>KHicll 

JaKaqKM rrp0MCT0K0B B IIJl 

C0CT0MT M3 )],Byx M)],eHTH'II 

B ro)], 0TCerrapttpoBaHH0r0 



re (rITY) H AcTJ}axaHCKHH ra3orrepe-

He BKJIIOqaeT rrpOMblCJIOBbie ofo,eK

lTOIIpOBO,[lbl ,n;mc TpaHCllOpTHpOBl(H 

IIpe!lBapHTeJibHOH rro,n;rOTOBKH ra3a 

IIJiaCTOBbIH ra3 (ra30)KH,[IKOCTHaJI 

YIIIlT. 

mii cxeMbl KOMIIJieKca B TOM, qTo 

)..] 6e3 pa3,n;eJieHH5I Ha rrpOMbICJie Ha 

rr H 6e3 OT,n;eJieHH5I ITJiaCTOBOH B0,[lhl 

n.IBalOIIJJIM 3aBo,n; COCTOHT H3 KOM

BOK (pHC. 1 ), o6ecrreqHBaIOIIIHX: 

~ rrocryrraIOru;ero OT ra3orrpoM1:,1c

:11 110,n;aqeti ero Ha oqHcTKy H ,n;arr1:,-

►H'IHhIX ra10B rrepepa60TKH OT cepo

:TBOpOM JlH3TaHOJiaMHHa (~3A); 

mro ra1a OT cepaopraHHqecKHX co-

iro ra3a rrpH MHHYCOBbIX TeMrrepa

<}>paKIUfH nernHx yrneBo,n;opo,n;oe 

I)) Ha ycTaHOBKax IIOJiyqeHH5I cep1,1 

OTXOMIIIHX ra30B MeTOJlOM «Cym,-

crpyicrype ,n;aHHI.Ie rrpou;ecc1:,1 co

if!J,Q 1,2H 5. 
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KoHoeHcamHaJl 1.Jacmb 3a6ooa: 

- o6ecCOJIHBaHHe H o6e3B0)KHBaHHe CTa6HJII,HOro ra30Boro KOH

neHcaTa; 

- CTa6HJIH3aIIHIO H oqHCTKY OT cepoBo,n;opo,n;a HeCTa6HJibHOro ra-

30BOro KOH,[leHCaTa MeTO,[IOM peKTHqrnKaIIHH; rrepepa60TKY CTa6HJII,

HOro KOH,n;eHCaTa C rroJiyqeHHeM TOBapHbIX He<}>rnrrpo,n;yKToB; 

- rrepepa60TKY III<I>JIY c rronyqeHHeM C)KH)KeHHI.IX ra3oB. 

CornacHo opraHH3aIIHOHHOH C'fPYKType ,n;aHHble rrpo11eccbl co

cpe,n;OToqeHI.I Ha rrpOH3B0,[ICTBe .Mi 3. 

KpoMe 3Toro, B COCTaBe 3aBo,n;a cyru;eCTByeT rrpOH3B0,[ICTBO NQ 6 

(rroJiyqeHHe H 0Trpy3Ka 3JieMeHTapHOM cep1:,1 H He<}>Terrpo,n;yKTOB ), B 

COCTaB KOToporo BX0,[15IT ycTaHOBKH IIOJiyqeHH5I rpaHyJIHpoBaHHOM 

cep1:,1 (Y-150/1 6JIOKH «Devco» H «Hawaii» (MapKa «M») H Y-250/1 

«Enersul» (MapKa «C»)), a TaK)Ke CJIHBOHa.JIHBHI.Ie 3CTaKa,n;1:,1. 

B COCTaBe 3aBo,n;a rrpe,n;ycMOTpeHbl H BCITOMOraTeJII.Hbie 061,eKTI,I 

- <}>aKeJII,HI,Ie ycTaHOBKH BbICOKOro H HH3Koro ,n;aBJieHH51, TeXHOJIOrH

qecKHe eMKOCTH ,[IJI51 xpaHeHH51 III<I>JIY H C)KH)KeHHI,IX ra30B, Cblpb51 H 

TOBapHbIX HeqlTerrpo,n;yKTOB, CKJia,n:1:,1 KOMOBOM H rpaHyJIHpOBaHHOM 

cep1:,1; ycTaHOBKH rro,n;co6HI.IX cpe,n;cTB (KoMrrpeccopHI.Ie B03,n;yxa 

Kllll, a30THO-KHCJIOpO,n;Hbie ycTaHOBKH, Y-160, Y-260; 11ex BO,[IO

CHa6)KeHH51 H KaHa.JIH3aIIHH; BHY'fPH3aBO,[ICKHe H BHeIIJIOIIIa,n;oqHI,Ie 

TeXHOJIOrHqecKHe KOMMyttHKaIIHH (3CTaKa,n;1:,1); 3CTaKa,n;bl Ha.JIHBa 

C)KH)KeHHI,IX ra30B, CBeTJibIX H TeMHbIX HeqlTerrpo,n;yKTOB; rryHKTI,I 

Ha.JIHBa 6eH3HHa H ,[IH3eJibHOro Torrmrna B aBTOIIHCTepHbl. A TaK)Ke 

C)KH)KeHHbIX ra30B B aBTOIIHCTepHbl H 6a.JIJIOHI.I; 3CTaKa,n;a CJIHBa 

MTE3 H3 )KeJie3H0,[10p0)KHbIX IIHCTepH; ycTaHOBKa c)_}HJibTJ}aIIHH 3a

rp513HeHHbIX BO,[\ H C)KHraHH51 rrpOH3B0,[ICTBeHHbIX OTXO,[IOB; IIOJIHrOH 

3aKaqKJ,J rrpOMCTOKOB B IIJiacT; 11ex rrx, PXI(, PMI(. f a30Ba51 qaCTI, 

COCTOHT H3 ,n;Byx H,n;eHTHqHI,IX oqepe,n;eii ITO rrepepa6oTKe 6 MJip,n;. HM
3 

B ro,n; OTcerrapHpoBaHHoro ra3a rro Ka)K,[IOH oqepe,n;H. 
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IlpOH3BO.D,CTBO no nepepa6 
Ta H lll<l>JIY nepBoHaqa.JihHO 1 

3HHaA-76. 

.n:n~ IlO.D,.D,ep)KaH~ KOHicy 

peHTa6enhHOCTH nepepa6oncE 

H3BO.D.CTBa Ha AfII3 6e3 KaIIB" 

3aTopa, 6e3 H3MeHeH~ TeXHO 

KH CTa6HnbHoro KOH.D,eHcara 1 

BbIITYCKaeMOH npOJzyKIUill, Ji 

A-76, Ha.Jia.D,HTh BhmycK BLIC 

93, AH-95 (fOCT 2084-77). 

Ha6op TexHonorHqecKHX : 

rnacHO nepBOHaqanbHbIM npo 

- pacnrnpHTh accopTHMeE 

.L(OilH BbICOKOOKTaHOBblX 6elf. 

paKTepHCTHKH 6eH3HHOB H ;:o 

pb1 MeHee 0,05 % Mace.; 

- yBenttqHTh rny6miy nep 

- o6ecneqHTh nepepa6oT 

lll<l>JIY 420 ThIC. T/ro.D,. 

B CB~3H C H3IlO)KeHHhlM, 

KOHCT})YK~HH .D,eHCTB)'IOII{HX 

ycTaHOBOK, pacnrnpeH~ aco 

ynyqrneHH~ ee 3KcnnyaTalll! 

THK. 

U:enb npOBO,!l;HMOH Ha All 

- yBenHqeHHe 3KOHOMWle 

- 3aMeHa MOpa.JibHO H cpu:: 
- CHH)KeHIIe CTenem1 B03J 

- CHH)KeHHe IlOT})e6neHHJ 
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IlpOII3BO)].CTBO no nepepa6oTKe CTa6IIJibHOrO ra3OBOro KOH)].eHca

Ta H lllct>nY nepBOHaqaJibHO npoeKTHpOBaJIOCb )].JUI TIOJiyqeHmI 6eH

JHHa A-76. 

)];JIH TIO)].)].ep:>KaHIIH KOHKypeHTOCTIOC06HOCTII H 3KOHOMHqecKOH 

peHTa6eJibHOCTH nepepa6oTKII KOH)].eHCaTa )].O peKOHCTPYKQHII npo

H3BO)].CTBa Ha AfII3 6e3 KaTIIITaJibHbIX 3aTPaT nyTeM 3aMeHbI KaTarrII

JaTopa, 6e3 II3MeHeHIIH TeXHOJIOrIIqecKIIX oco6eHHOCTeH nepepa6oT

m CTa6IIJibHOrO KOH)].eHCaTa H lllcI>nY, y)].aJIOCb IlOBbICIITb KaqecTBO 

BbITIYCKaeMOH npO)].yKQHII, H HapH)].Y C npOII3BO)].CTBOM 6eH3IIHa 

A-76, HaJia)].HTb BhrnycK BbICOKOOKTaHOBbIX 6eH3HHOB AM-92, AM-

93, AM-95 (fOCT 2084-77). 

Ha6op TeXHOJIOrHqecKIIX ycTaHOBOK, nocTpoeHHbIX Ha AfII3 co

rJiactto nepBOHaqaJibHbIM npoeKTHbIM perneHHHM, He IlO3BOJIHJI: 

- paCIIIIIpIITb accopTHMeHT, TIOBbICIITb KaqecTBO C yBeJIIIqeHHeM 

l{OJIH BbICOKOOKTaHOBbIX 6eH3HHOB H yJiyqIIIIITb 3KOJIOrIIqeCKIIe xa

paKTepIICTIIKH 6eH3HHOB II )].II3eJibHOrO TOTIJIIIBa C CO)].ep:>KaHIIeM ce

pbl Mettee 0,05 % Mace.; 

- yBeJIIIqIITb rny6IIHY nepepa60TKII CblpbH; 

- o6ecneqHTb nepepa60TKY ra3OKOH)].eHcaTa B 3 MJIH. Tiro)]. H 

lllct>nY 420 TblC. Tiro)].. 

B CBH3II c H3JIO:>KeHHbIM, Ha3peJia Heo6xo)].IIMOCTb Ha AfII3 pe

KOHCTPYKQIIH )].eHCTByiorn:Hx npoII3BO)].CTB II CTPOIITeJibCTBa HOBbIX 

ycTaHOBOK, paCIIIIIpeHIIH accopTIIMeHTa BbITIYCKaeMOH npo)].yKQIIH II 

ynyqrneHIIH ee 3KCTIJiyaTaQIIOHHblX II 3KOJIOrIIqecKIIX xapaKTepIIc

THK. 

U:eJib npoBO)].HMOH Ha AfII3 peKoHCTPYKQirn: 

- yBeJIHqeHHe 3KOHOMIIqecKOH 3q>q>eKTIIBHOCTH npOH3BO)].CTBa, 

- 3aMeHa MOpaJibHO H Q)H3HqecKII H3HOIIIeHHOro o6opy)].OBaHHH, 

- CHH:>KeHHe CTeneHH B03)].eHCTBIIH Ha OKpy:>Kaiorn:yio cpe)].y, 

- CHII:>KeHHe IlOTPe6JieHHH 3HepropecypcoB. 
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OCHOBHblMH HHBeCTHU,HOHHhIMH npoeKTaMH no peKOHCTPYKU,HH 

npOH3BOL(CTBa MOTOpHbIX TOnnHB .sIBn.sIIOTC.sI: 

- pacumpemi:e npoH3BOLJ:CTBa N2 3, 6 no nepepa6oTKe crn611n1>Ho

ro KOHLJ:eHcarn; 

- MOLJ:epHH3aU,H.sI npOH3BOL(CTBa MOTOpHbIX TonnHB C u,enhIO o6ec

neqeHH.sI KaqecTBa EBPO 4,5. 

KpoMe 3THX HHBecTHU,HOHH1>1x npoeKTOB, Ha Afl13 peKoHCTPYH

py10Tc.sr o6'heKTbl noL(roTOBKH yrneBOLJ:OPOLJ:HOro Chlph.sr. OcHOBHhIMH 

HHBeCTHU,HOHHhIMH npoeKTaMH Afl13, npeLJ:yCMOTPeHa peKOHCTPyK

u,11.sr: 

nepBooqepeLJ:HblX TexHonor11qecK11x o6neKTOB AcTpaxaHcKoro 

fl13, 

- TexHonor11qecKHX ycTaHOBOK, 

- o6'heKTOB 3Heproo6ecneqeHH.sI, BOL(OCHafor<eHH.sI H KaHanH3all,HH, 

- o6'heKTOB BCnOMOraTen1>Horo Ha3HaqeHH.sI. KpoMe Toro, npH-

H.sITh peIIIeHHe no 3KOnor11qecKOH H npOMhIIIIneHHOH 6e3onaCHOCTH. 

Pean113au,11.sr L(aHHblX HHBeCTHU,HOHHhIX npoeKTOB n03BOnHT npeLJ:

npH.sITHIO nOBhICHTh MOIIIHOCTh no nepepa6oTKe CTa6HnhHOro KOB

L(eHCaTa, qTO yBen11q11T BhIIIYCK BhICOKOOKTaHOBblX aBTOM06HnhHblX 

6eH3HHOB H LJ:H3en1>Horo TOnnHBa, OTBeqaIOIIIHX COBpeMeHHhIM -rpe-

6oBaHH.sIM. TexHonor11qecKHe H KOHCTPYKTHBHble peIIIeHH.sI, 3ano)l(eB

H1>1e B HHBeCTHU,HOHHhIX npoeKTax, o6ecneqaT CTa6HnhHOCTh nepepa-

60TKH nnacTOBoii cMecH AcTPaxaHcKoro fKM, c yqeToM coBpeMeH

Hhrx TPe6oBaHHH npoM1>1IIIneHHoii H 3Konor11qecKoii 6e3onacHoCTH 

onaCHhIX npOH3BOLJ:CTBeHHhIX o6neKTOB. 

ITpoeKT «PacIIIHpeHHe npoH3BOACTBa N23,6 no nepepa6oTKe KOH

LJ:eHcarn Ha Afl13» HMen u,en1,: o6ecneqHTh yTHnH3au,1110 Bcero o6b

eMa LJ:061,rnaeMoro Ha AfKM KOHLJ:eHcaTa HenocpeLJ:CTBeHHO Ba 

AfI13; nOBblCHTh KOMnneKCHOCTh H paU,HOHMhHOCTh HCnOnh30BaHU 

LJ:061,rnaeMoro c1>1p1,.sr 3a cqeT yrny6neHH.sI ero nepepa6oTKH; ynyq-
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IIIHTh KaqecTBO H 3KOnorwu 

TOnnHB AO ypoBH.sI COBpeMeHH 

~HTh accopTHMeHT " L(0IDO 

OT 11x o6IIIero o6'heMa npoH3B( 

Pean113au,11.sr npoeKTHbIX J 

cepHHCThlX coeL(HHeHHH H II0J 

HeHHH. 

U:enh peKOHCTPYKU.HH npol 

- rapaHTHpOBaHHa.sI nep 

K0HL(eHCaTa H Ill<l>JIY, HCXOJ] 

p11poBaHHoro ra3a; 

- yBen11qeHHe o6neMa TOil 

nH BblCOKOOKTaHOBblX 6eH3HE 

- nOBbIIIIeHHe KaqecTBa I! 

HOH npoLJ:yKU.HH (AH3en1>Hoe 1 

- ynyqIIIeHHe CTPYKTYJH.I 

HOB H CHH)l(eHHeM COL(ep)l{am 

- ynyqIIIeHHe KaqeCTBeHE 

ITocrnHoBneHHeM ITpaBH' 

;:xeH B L(eH.CTBHe TeXHJ,lqecKJi 

M06HnhHOMY H aBHaU,HOHBC 

rnnnHBY, TonnHBY An.sI perur 

TY», ocHOBHoii u,en1>10 KOT(] 

CTBHe TPe6oBaHHH K Kaqec 

;:xeiiCTBYIOIIIHM 3aK0HO)laTeJI 

MeHTa " COBeTa. 

3aMeHa KaTanH3aTopa m 

THBHhlH 11 BBeL(eHHe B 2010-

HH.sr Chlph.sr ,mm KaTanHTJ1qe 

reKcaHOBOH qipaKU,HH, 6nOK4 



JillB HBJUIIOTCH: 

TBa N!! 3, 6 no rrepepa6oTKe cTa6M.JThHO-

IHhlX rrpoeKTOB, Ha ArII3 peKOHCTPYJl

yrneso.n:opo,n:Horo CbipbH. OCHOBHb1Ma 

e Arll3, rrpe.n:ycMo-rpeHa peKOHC-rpys:-

rrornqecKMX o6beKTOB AcTpaxaHCKOTO 

IBOK, 

emra, B0.ZJ:OCHa6)KeHJfjJ Jf KaHaJIM3aUHH. 

aoro Ha3HaqeHMH. KpoMe Toro, rrp11-

oii Jf rrpOMhlIIIJieHHOH 6e3oIIaCHOCTJf. 

fHUMOHHbIX rrpoeKTOB II03B0JIMT rrpe.;t

b IlO rrepepa6oTKe CTa6MJibHOro KOB-

1( BbICOKOOKTaHOBbIX aBTOM06MJibIWX 

ma, OTBeqaIOIII;JfX cospeMeHHbIM TJ)e-

KOHC'fPJKTMBHbie perneHMH, 3aJIO)KeB

rax, o6ecrreqaT CTa6MJibHOCTb rrepepa

OOlHCKOro I'KM, c yqeToM cospeMeu

~oii Jf 3KOJIOrMqecKOH 6e30IIaCHOCTB 

n.t!KTOB. 

3BO,n:crna N!!3,6 rro rrepepa6oTKe KOH-

o6ecrreqMTh YTMJIM3aIJ;MIO Bcero 061,,

[ KOtt.n:eHcaTa Herrocpe,n:cTBeHHO ea 

fb H pau;HOHaJibHOCTb JfCIIOJib30Bamm 

rr;iyfineHJfjJ ero rrepepa6oTKM; y.rryq-
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a:HTI, KaqecTBO Jf 3KOJIOrJfqecKMe xapaKTepMCTMKJf BbIIIJCKaeMbIX 

"IOIIJIBB .n:o ypOBHH cospeMeHHbIX Me)K,n:yttapo,n:HhIX CTaH,n:apTOB; yse

.al'IHTb accopTMMeHT H .n:omo BhlCOKOOKTaHOBbIX 6eH3JfHOB .n:o 70 % 

er HX o6rn;ero o6beMa rrpoM3so.n:crna. 

PeaJIM3au;mI rrpoeKTHbIX perneHMH II03BOJIMT CHH3JfTb BbI6poCbI 

cepHHCTbIX coe,n:HHeHHH H IIOJIJfll;JfKJIJfqecKMX apoMaTHqecKHX coe,n:M

lleHHH. 

U:eJib peKOHC'fPJKIJ;JfH rrpOH3B0.ZJ:CTBa MOTOpHbIX TOIIJIHB: 

- rapaHTHposaHHaH rrepepa6oTKa scero o6beMa cTa6HJihHoro 

IOH,n:eHcaTa H III<I>JIY, HCXO.ZJ:H H3 rrepepa60TKM 12 Mnp.n:. M
3 

OTCerra

pHpOBaHHOro ra3a; 

- yBeJIJfqeHMe o6beMa TOBapHOH rrpo,n:yKIJ;MH, accopTMMeHTa tt .n:o

lIH BbICOKOOKTaHOBbIX 6ett3HHOB (.n:o 70% MX KOJIJfqecrna); 

- IIOBbIIlleHMe KaqecTBa H 3KOJIOrJfqecKMX xapaKTepHCTMK TOBap

HOH rrpo,n:yKIJ;HJf (.ZJ:H3eJibHOe TOIIJIMBO, aBTOM06MJibHbIH 6ett3HH); 

- ynyqrnetttte c-rpyKTyphl 6eH3MHOB 6onhrnen: .n:oneii Jf3orrapaqrn

H0B Jf CHJf)KeHMeM co.n:ep)KaHJfjJ apoMaTHKM, 

- ynyqrnettMe Ka':leCTBeHHbIX xapaKTepMCTMK Ma3JTa. 

IlocrnttosneHHeM IlpaBMTeJihCTBa PC!> OT 27.02.2008 N!!l 18 sse

.a:ett B .n:eiiCTBMe TexHHqecKMH pernaMeHT «O -rpe6osattHHX K asTo

M06MJibHOMY H asMaIJ;MOHHOMY 6ett3HHY, ,D;M3eJihHOMY H cy,n;oBoMy 

TOIIJIHBY, TOIIJIMBY ):(Jlj{ peaKTMBHblX ,ll;BHraTeJieH H TOIIO'IHOMY Ma3y

zy», OCHOBHOH u;eJibIO KOToporo HBJIHeTCH rrpHBe,n:eHMe B COOTBeT

CTBHe -rpe6osaHMH K KaqeCTBY OTe'leCTBeHHbIX MOTOpHbIX TOIIJIMB 

.n:eiicTBJIOIII;HM 3aKOHO,D;aTeJibHhlMJf HOpMaMM EsporreiicKOro rrapna

MeHTa Jf COBeTa. 

3aMeHa KaTaJIH3aTopa Ha ycTaHOBKe rH,n;pooqMcTKM Ha 6onee aK

THBHhIH H BBe,D;eHHe s 2010-2016 ro,n;ax HOBblX ycTaHOBOK - rronyqe

HHH Cblpb5I ,ll;JUI KaTaJIMTJfqecKMX rrpou;eccoB Jf30MepH3aIJ;HJf rreHTaH

reKcaHOBOH cppaKIJ;HM, 6JIOKOB BbI,D;eJieHH5I 6eH30JlbHOH cppaKIJ;HH rH,n;-
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pooqHCTK.lf 6eH3.lfHOBOM 1ppaKU:.lf.lf B COCTaBe KOM6HHHpOBaHHOM ycrn

HOBK.lf rm1;pooq.lfcTK.lf B paMKax .lfHBeCTIIU:IIOHHOro ITpOeKTa «Pacrrrn

peHIIe ITpOII3BO,ll;CTBa N23, 6 ITO ITepepa60TKe ra30BOro KOH,ll;eHcaTa Ha 

AcTPaXaHCKOM I'IJ3» - ITOMOrJI.lf ITOJiyqHTb MOTOpHbie TOITJIIIBa KJiac

ca 5. 

B ITepcITeKTHBe m1m.n;aeTcjf: 

- peKOHCTPYKU:IIjf 6JIOKOB AT II BIT c n:eJibIO rapaHTIIpoBaHHOM 

ITepepa60TKII BCero CTa6.lfJibHOro KOH,ll;eHCaTa; 

- CTpOIITeJibCTBO HOBOM ycTaHOBK.lf ITO oqIICTKe .If ITOJiyqeHHIO 

C)KII)KeHHbIX ra30B )J;Jljf yBeJIIIqeH.lfj{ ITepepa60TKII ill<I>JIY; 

- HOBOM 3CTaKa)J;bl ToqeqHoro HaJIIIBa ,ll;AA M.lfHIIMII3aU:IIII B03,ll;eM

CTBIIjf Ha OKpy)KaIOIU:YIO cpe.n;y B ITpon:ecce 0Trpy3KII He1pTeITpo.n;yK-

- CTPOIITeJibCTBO HOBOM CTaHU:IIII CMerneHIIjf 6eH3.lfHOB )J;Jlj! KOM

ITay,n;IIpOBaHIIjf 6eH3IIHOB; 

- peKOHCTPYKU:IIH TOBapHhlX ITapKOB ,ll;JIH yBeJIHqeHIIH o6oeMOB 

xpaHeH.lfjf. 

ll,eJib IIHBeCTIIU:IIOHHOro ITpOeKTa «Mo.n;epHII3aU:IIH ITpOII3BO,ll;CTBa 

MOTOpHoIX TOITJIIIB ,n;JIH 06ecITeqeHHH KaqecTBa EBPO 4,5» - ITpoeKT

Hoie pa60Thl ITO o6oeKTaM AcTPaxaHCKOro rrr3 C .lfCITOJib30BaHHeM 

COBpeMeHHbIX TeXHOJIOrIIM ITpOII3BO,ll;CTBa ,ll;II3eJibHOro TOITJIIIBa, Bhl

COKOOKTaHOBbIX KOMITOHeHTOB aBTOM06IIJibHbIX 6eH3IIHOB .If pen:eIT

TypbI IIX ITpHrOTOBJieHIIH ,ll;JIH ITpOII3BO,ll;CTBa MOTOpHbIX TOITJIIIB B co

OTBeTCTBII.lf c TPe6oBaHIIHM.lf eBpOITeMCKIIX CTaH,n;apToB; ITpIIBe,n;eHIIe 

B COOTBeTCTBIIe COBpeMeHHblM TPe6oBaHIIHM ITpOMbillIJieHHOM II 3KO

JIOr.1fqecKOM 6e30ITaCHOCTII ITpOII3BO,ll;CTBa MOTOpHoIX TOITJIIIB. B paM

Kax peaJIII3aU:IIII ,n;aHHoro ITpoeKTa ITpe.n;ycMaTPIIBaeTCjf peKOHCTPYK

U:IIH aBTOMaTII3IIpOBaHHbIX CHCTeM yITpaBJieHIIjf .If 3ain:HTbl n:eHTP0-

6e)KHbIX ll,K-201 (Y-1.732), ll,K-1 (Y-1.734) .If IToprnHeBbIX KOMITpec

copoB IIK-1, IIK-2 (Y-1.734) ycrnHOBOK rn.n;pooqIIcTKII (Y-1.732) a 
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KaTaJIHTHqecKoro pm}>op11 

IIK-1, IIK-2 (Y-1.734). 

KpoMe 3Toro, B paMJ 

3aMeHa peaKTopa rll,ll;poo' 

HblM aITITapaT c HaJinqHeM 

6 

l 

Puc. 2. CxeMa peaICTOp 



11 e C0CTaee KOM6IIHIIpOBaHHOH yCTa

HHBeCTHI.J;II0HH0ro rrpoeKTa «PacllIH-

1epepa60TKe ra3oeoro K0H,n:eHcaTa .ea 

I IIOJI)'IJIITb M0T0pHbie T0ITJIIIBa KJiac-

r H BIT C I.J;eJibIO rapaHTIIp0BaHHOi 

KOH,ll;eHCaTa; 

aHOBKH ITO 0IJIICTKe II rronyqeHmo 

HJI rrepepa6oTKII lllct>JIY; 

I Ha.mrna ,ll;Jlll MIIHIIMII3aI.J;HII B03,z:i:eii

l npo1.1;ecce 0Trpy3KH Heq>Terrpo,n:)'K-

mm cMerneHIIH 6eH3IIHOB ,ll;JIH KOM-

napK0B ,ll;JIH yBeJIHIJeHHH o6oeMOB 

KTa «Mo,z:i:epHH3aI.J;IIH rrpomBo,z:i:cma 

DUI KaIJecrna EBPO 4,5» - rrpoeKT

IXaHcKoro rII3 C HCII0Jib30BaHIIeM 

~.aCTBa ,ll;H3eJibH0ro T0IIJIIIBa, Bhl

rroMo6HJibHbIX 6eH3IIHOB H pe1.1;err

H3B0,ll;CTBa M0T0pHbIX T0IIJIIIB B CO

)IJeHCKHX CTaH,n:apToB; rrpHBe,n:eHHe 

e6oBaHHHM IIpOMbIIIIJieHHOH II 3KO

JO;{CTBa M0T0pHbIX T0IIJIIIB. B paM

i npeeycMaTJ)IIBaeTCH peK0HCTJ))'K-

111 ynpaBJieHIIH II 3aII.J;IITbI I.J;eHTJ)O

(Y-1. 734) II rropIIIHeBbIX K0Mrrpec

ilHOB0K rn,ll,p00IJHCTKII (Y-1.732) H 
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~TaJIIITHIJecKoro pHq>opMIIHra (Y-1.734) U:K-201 (Y-1.732), U:K-1, 

Ill<-1, IIK-2 (Y-1.734). 

KpoMe 3Toro, B paMKax ,z:i:aHHoro rrpoeKTa rrpe,z:i:ycMaTpIIeaeTCH 

JaMeHa peaKT0pa rn,z:i:p00IJHCTKII ,ll,H3eJibHOH q>paKI.J;HII Ha coepeMeH

HbIH arrrrapaT c HaJIHIJHeM KBeHIJa (pIIc. 2). 

A 

Puc. 2. CxeMa peaKTopa ru~pooqucTKH nocJie peKOHCTPYKU:HH 

223 



OcHOBHOH n:eJibIO peKOHcrpyKU:HM ra30BOH qacTM AI'II3 »Bmu:1-

IOTc»: 

• coxpaHeHHe o6beMOB ITepepa60TKH CblpbH Ha ,ll;OCTHrHyTOM 

ypoBHe; 

• )J;OBe,r:i;eHHe ycTaHOBOK ,r:i;o COOTBeTCTBHH rpe6oBaHHHM HOBbIX 

ITpaBHJI H CTaH,r:i;apTOB B n:eJIHX 06ecITeqeHHH 6e30ITaCHOH 3KCITJiyaTa

U:HH 3aBo,r:i;a H oxpaHbI OKpy)KaIOIU:eH cpe,r:i;bI; 

• 3aMeHa MOpaJibHO H q:>M3MqecKH M3HOIIIeHHOro o6opy,r:i;oBaHH»; 

• ITOBbIIIIeHHe KaqeCTBa BbIIIYCKaeMOH ITpo,r:i;yKU:HH; 

• yJiyqIIIeHHe 3KOJIOrHqecKoii o6cTaHOBKH B paiioHe AI'KM, a 

TaK)Ke CaHHTapH0-6bITOBbIX ycJIOBHH rpy,r:i;a ITpOMITepcoHaJia H ITpH

Be,r:i;eHHe HX B COOTBeTCTBMe C ,r:i;eHCTBYIOin;HMM HOpMaTHBHbIMM )J;OKy

MeHTaMH. 

OcHOBHbie TeXHHqecKHe peIUeHHH ITO ITpOeKTHpOBaHHIO o6beKTa 

«PeKOHC1J)YKU:HH ITepBooqepe,r:i;HbIX TeXHOJIOrttqeCKHX o6beKTOB AcT

paxaHCKOro I'II3» ITpHH»TbI B OAO «fa3ITpoM» 29 Mapm 2011 r. 

U:eJib HHBeCTMU:HOHHOro ITpOeKTa «PeKOHC1J)YKU:HH ITepBooqepe,r:i;

HbIX TeXHOJIOrHqecKHX o6beKTOB AcrpaxaHCKOro fII3» - TeXHMqe

CKOe ITepeBoopy)KeHHe H peKOHC1J)YKU:HH MOpaJibHO ycmpeBIIIHX Tex

HOJIOrHH H TeXHOJiornqeCKMX (pHc. 3). 

Puc. 3. O61.eKThl, U0,l),Jiex.:amue peK0HCTpyKIJ,UU B paMKax peaJIU33IJ,UH 

UHBeCTUIJ,U0HH0l'0 npoeKTa «PeKOHCTPYKU.UH nepeooqepe,ll,HblX TeXH0JIO

ruqeCKUX 061.eKTOB AcTpaxaHCKOI'O rIIJ» 
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3TOT MHBeCTHU:HOHHhlH 

OCHOBHbIX TeXHOJIOrlfqeCKm 

(pttc. 4) . 

I 

Puc. 4. O61.eKThl, no,1J,J1e,ttllll(Jlj 

UHBeCTUIJ,U0HH0l'0 npoeKTa «Pea 
AC"lpll 

U:eJiblO HHBeCTHU:HOHHOro 

BCITOMOraTeJibHOrO Ha3HaqeHH . 
CTeM o6opOTHOrO BO,ll;OCHa6)1(( 

TeITJIOCHa6)KeHHH, ITO)Kapozyu: 

r11qecKHX KOMMYHHKaIJ,MH, 3 

yqacTKa ITO peMOHTy ITpHOOJX 

MaTypbI, CKJia,ll;OB )J;JIH xpaHelDl 

BbIMH CMeCHMH MT.)];. (pHC. 5). 

MHBecTMU:HOHHbIH ITpoeKT 

MbIIIIJieHHOH 6e3oITacHoCTH A< 

Ha,ll;e)KHOCTb H 6e3aBapmrnoc 

o6opy,r:i;oBaHHH, pHCK B03HHICJ 



IHH ra.30BOH qacrn: ArII3 5IBJUJJI-

'300TKH Cblpb51 Ha .D,OCTiffHyroM 

KYIBeTCTBM51 TPe6oBaHM5IM HOBbIX 

cneqeHM51 6e3orracHoii 3Kcm1yarn

i cpe.llbI; 

ll H3HOIIIeHHoro o6opynoBaHM5I; 

aeMOH rrponyKD;MH; 

OOCTaHOBKH B paHOHe ArKM, a 

m TPY.lla rrpoMrrepcomwa M rrptt

myioru:MMH HOpMaTMBHblMH .n,oey-

IIDI no rrpoeKTHpoBaHmo o6neKTa 

TeXHOJIOr.MqecKHX o6neKTOB AcT

«r a.3rrpoM» 29 Maprn 2011 r. 

:a «PeKoHcTpyKD;H51 rrepBooqepen

\.crpaxaHcKoro rII3» - TeXHHqe

llCUIDI MOpaJibHO ycTapeBIIIHX Tex-

3). 

NICTJ>YKUHH B paMKax peanu3aQHH 
pyirn:au nepeooqepe/1,HblX Texuono
,crpaxaucKoro rIIJ» 

I 

3TOT HHBeCTH[(HOHHbIH npoeKT rrpe.n,rroJiaraeT peKOHCTPYKD;HIO 

OCHOBHbIX TeXHOJIOflfqecKHX ycTaHOBOK ra30BOH qacTH ArII3 

(pMC. 4). 

Puc. 4. O6'heKTbl, U0,1J,ne;1eamue peK0HCTPYKUHH B paMKax peanH33QHH 
HHBeCTHQH0HH0r0 npoeKTa «PeKOHCTpyKQHH TexuonoruqecKHX ycTaH0B0K 

AcTpaxaHCKOl'O rrr3» 

U:eJibIO HHBeCTH[(HOHHOro rrpoeKTa «PeKOHCTPYKD;H51 o6neKTOB 

BcrroMoraTeJihHOro Ha3HaqeHHH ArII3» 5IBJUieTc51 peKOHCTPYKD;HH cH-
• 

CTeM o6opoTHOro BO.D,OCHafoKeHH51, OTOIIJieHH51, BeHTHJl511(HH, rrapo- H 

TeIIJIOCHa6)KeHH51, J10)KapoTyIIIeHH51, BHYTPHIIJIOIUa.D,oqHbIX TeXHOJIO

rHqecKHX KOMMYHHKa[(HH, 3JieKTpOCTaH1(MH co6CTBeHHblX HY)K.lJ., 

yqacTKa no peMOHTY rrpH6opoB KHII (PMU:-1 ), peryIIHpyIOru:eii ap

MaTyphl, CKJia,llOB .D,JI51 xpaHeHH51 6aJIJIOHOB C qifCTbIMH ra3aMM H ra30-

BblMH CMeC5IMH H T .)],. (pHC. 5). 

llHBeCTHD;HOHHbIH rrpoeKT «PeIIIeHH51 no 3KOJIOrHqecKoii H rrpo

MbIIIIJieHHOH 6e30IIaCHOCTH AcTPaXaHCKOro rII3» IIpH3BaH ou;eHHTb 

Ha,lle)KHOCTb H 6e3aBapHHHOCTb rrpOH3BO.D,CTBeHHbIX rrpou;eccoB H 

o6opy.n,oBaHH51, pHCK B03HHKHOBeHH51 H B03MO)KHbIX IIOCJie,n;CTBHH 
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nporHO3HpyeMbIX aBapHHHbIX CHTyaIIHH If qc, cml3aHHbIX C BhI6po

CaMH Bpe,n:HhlX BeIIIeCTB B OKpy)KaIOIIIYJO cpe;:i:y, B3pbIBaMH, ITO)Kapa

MH, a TaK)Ke perneHm.1, HanpaBJieHHbie Ha npe,n:oTBpaIIIeHHe, aBapHH H 

qc; 3aIIIHTY pa6ornIOIIIHX H HaceJiemrn OT B03,n:eiicrnm1 onacHhIX 

npoH3BO.D:CTBeHHbIX cpaKTOpOB, C TOqKH 3peHmI oxpaHhI OKpy)KaIOIIIeH 

cpe,n:hI If npoMhIIIIJieHHOH 6e3onaCHOCTH. 

llHBeCTHIIHOHHhIH npoeKT «PeKOHCTPYKIIH» 061,eKTOB :mepro

o6ecneqeHH», BO.D:OCHa6)KeHHH If KaHaJIH3aIIHH AcTPaXaHCKoro rrB» 

HaIIeJieH Ha TeXHifqecKoe nepeBoopy)KeHHe If peKOHCTPYKIIHIO MO

paJibHO ycTapeBIIIHX TeXHOJIOrHH If TeXHOJIOrHqecKHX 6JIOKOB, Y3JIOB, 

ycTaHOBOK, Q)H3HqecKH H3HOIIIeHHOro o6opy,n:oBaH~ CHCTeM 3JieK

TpOCHa6)KeHH», TeITJIO-, BO.D:OCHa6)KeH~, KaHaJIH3aIIHH. 

Puc. 5. O61>eKTLI, no~Jie,KaJ:1'ue peK0HCTpyKo;uu B paMKax peaJiuJau;uu 
HHBeCTHD;H0HH0r0 npoeKTa «PeKOHCTPYKD;HH 061>eKTOB BCU0MoraTeJibH0 

ro uaJuaqeuuH ArII3» 

U:eJibIO HHBeCTHIIHOHHOro npoeKTa «CTPOHTeJihCTBO .D:OITOJIHH

TeJihHbIX MOIIIHOCTeii «cyxoii» rpaHyAAIIHH cepbI, BKJIIOqa» COBpe

MeHHhie MexaHH3HpOBaHHhie KOMITJieKCbI no norpY3Ke cepbrn - CTPO

HTeJibCTBO ;:i:onoJIHHTeJibHhIX MOIIIHOCTeH «cyxoii» rpaHyJI»IIHH cepbl 

If MexaHH3HpoBaHHoro KOMITJieKca norpy3KH cepbl B )KeJie3HO,n:OpO)K

HbIH H aBTOM06HJihHhIH TPaHcnopT. 
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B cocrnBe 061.e1 

HH»: 

- Ha3eMHhIH Ha.ICC 

TPexcyrnqHOH pa6011 

- HaKOITHTeJihHLI 

cepbI(MexaHH3HpOBa 

- HaKOITHTeJibHbll 

nttpaMH,n:a); 

- CHCTeMa TPY6o1 

KH )KH,n:Koii cepbI B )1(1 

- TeXHOJIOrHqecIG 

- CHCTeMa ITJia.B 

HaCOCHyIO; 

- ycTaHOBKa rpa 

MJIH. Tlro;:i:. 

- nyHKT 3aqHC'fKll 

- CHCTeMa OTCTOJ 

TPaHcnoprn M» BOJJ 

MKHYThIH IIHKJI); 

- 3aKpbITbIH o6o 

061,eMe ro,n:oBoro JaJ 

THpOBKOH peareHTOB; 

- o6orpeaaeMhIH 

rraca). 

Ha OCHOBaHHH IIJ 

eMhIX HHBeCTHIIHOHE 

Hbie rrepcrreKTHBbI pa 

- yBeJIH'IeHHe ol 

po,n:Horo Cblpb» Ha A] 



:Ya.IUrn U qc, CBH3aHHhIX C BhI6po

llOIU)'IO cpe,n:y, B3phIBaMu, IIO)Kapa

Hhle Ha rrpe,n:oTBparn:eHue, aBapuu H 

;en:eHMH OT B03)J;eHCTBUH orraCHI,JX 

O'IIGI 3peHUH oxpaHhI OKpy)KaIOrn;eii 

flOCTU. 

1eKOHCTPYKU:HH 061,eKTOB :mepro

~arnnau;uu AcrpaxaHcKoro fll3>> 

op)')KeHue " peKOHCTpyKl(UIO MO

I TeXHOJIOruqecKUX 6JIOKOB, Y3JIOB, 

mro o6opy,n:oBaHUH CUCTeM 3JieK

reHID1, KaHa.JIH3au;uu. 

INICTpyicQHH B paMKax peaJIH38QHB 

'J)YlmBH o6LeKTOB BCDOMOraTCJibHO 
■ AIBJ» 

eKTa «CrpouTeJII,CTBO )J;OIIOJIHU

IHYJIHI(HH cep1,1, BKJIIOqaH cOBpe

exc1,1 rro rrorpy3Ke cep1,rn - crpo

ocreif «cyxoH» rpaHyJIHn;uu cep1,1 

aorpY3KU cep1,1 B )KeJie3HOAOpO)K-

B cocrnse 061,eKTa rrpe,n:ycMarpuBaJOTCH cJie,n:y10rn:ue coopy)Ke

HHH: 

- Ha3eMHhIH HaKorruTeJihHhIH pe3epsyapHbIH rrapK )KJl)J;KOH cep1,1 

rpexcyToqHOH pa60ThI; 

- HaKorruTeJihHhIH KphIThIH cKJia,n: xpaHeHHH rpaHyJiuposaHHOH 

cep1,1 (MexaHU3UpOBaHHbIH); 

- HaKOIIUTeJihHl,JH CKJia,n: xpaHeHUH KOMOBOH cep1,1 ( CTyrreHqaTaH 

rrupaMu,n:a); 

- CUCTeMa rpy6orrpoBO)J;OB C pa3JIUBHI,JMU IIUJIOHaMU )J;JIH OTrpy3-

KU )KU)J;KOH cepw B )l(eJie3Ho,n:opo)KHhIH rpaHcrropT; 

- TeXHOJIOruqecKM HaCOCHaH )l(Jl)J;KOM cep1,1.; 

- CUCTeMa IIJiaBJieHHH cep1,1 11 rro,z::i:aq11 Ha TeXHOJior11qecKyIO 

HaCOCHyIO; 

- ycTaHOBKa rpaHyJIHI.(1111 cep1,1 o6rn:eii rrpO113BO)J;l1TeJibHOCTI,IO 3 

MJIH. Tlro,n:. 

- IIYHKT 3aq11CTKl1 IIOJiyBaroHoB; 

- Cl1CTeMa OTCTOH 11 q>l1JihTPaU:1111 BO)J;I,I Ha rryHKTe o6MbIBa aBTO-

rpaHCIIOpTa )J;JIH BO3BpaTa BO)J;I,J Ha IIOBTOpHoe 11CIIOJib3OBaH11e (3a

MKHYThlM 1(11KJI); 

- 3aKpbITbIH o6orpeBaeMbIM CKJia,n: xpaHeHl1H X11MpeareHTOB (B 

061,eMe ro,n:osoro 3arraca) c o6orpesaeMoii HacocHOM AJIH rpaHcrrop

T11poBKOH peareHTOB; 

- o6orpesaeMhIM CKJia,n: xpaHeH11H MaceJI (B 061,eMe ro,n:osoro 3a

rraca). 

Ha OCHOBaHl111 rrpose,n:eHHOro aHa.Jil13a peaJI113yeMhIX 11 IIJiaH11py

eMhIX 11HBeCTl11(11OHHbIX rrpoeKTOB MO)l(HO Cq>OpMyJI11poBaTh OCHOB

HI,Je rrepcrreKTl1BhI pa3Bl1TMH AcrpaxaHcKoro fII3: 

- yseJI11qett11e 061,eMOB rrepepa6oTKl1 ,n:061,rnaeMoro yrneso,n:o

po,n:Horo c1,1p1,H Ha AfKM, 
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- pacumpem1e rrpOH3BO,l],CTBa ra3OXHMHH, o6oeKTOB H3BJieqeHIDI 

u;eHHbIX KOMITOHeHTOB H3 ra3a H rrpo,l1,yKTOB 6oJiee rJiy6oKOH CTerreHH 

rrepepa6oTKH, a TaK:>Ke yBeJIHqeHHe 3arpy3KH rrepepa6aTbIBaIOru;HX 

MOII.J;HOCTeH, 

- MO,l1,epHH3au;m1 ra30BOH qacTH AI'II3 H 3aBeprneHHe peKoH

CTPYKU:HH rrpOH3BO,l],CTBa ITO rrepepa60TKe CTa6HJibHOI'O KOH,l],eHcarn H 

Ill<I>JIY. IIepcrreKTHBHbIM HarrpaBJieHHeM 5IBmieTC5I CO3,l],aHHe HOBbIX 

rrpoH3BO,l1,CTB rro rrepepa6oTKe rrJiaCTOBOH CMeCH AI'KM c rrorryqeHH

eM I1OJIH3THJieHa, CHHTeTHqecKoro :>KH,l],KOro TOITJIHBa, ,l],HMeTHJIOBOro 

34)Hpa H ,l1,pyroH rrpo,l1,yKI.J;HH HeqlTeXHMHH. 
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MO,l];H<I>H.QHPOBJ 
I 

H.B. MomuH, Ml 

IIpoH3BO,l],CTBO ceplil 

JIOHHO paCTH. MHpOBble 

HeHH5I e:>Kero,lJ,HO rrorrrn 

MOII.J;HOcTeH rro rrepepa6c 

MeT Ha,l],e:>K,l],bI, qTO HaC1 

ee rroTpe6JieHHeM. Ceroi 

3OBaHH5I H O HOBOM IIp0 

porrpOH3BO,l],5III.J;HX rrpe}]J] 

cepy H HMeIOru;Hx ttmP~ 
HJIH rpaHyJIHpoeaHHOH a 

KaK rrpaBHJIO, MbI pac 

CTBa cepHOH KHCJIOT'hl H 

6YMa:>KHOH rrpOMbIIIIJiem 

8O,l],CTBa ,l1,OpO:>KHbIX H C1 

JK30THKOH H He BOCI1pHH 

KaK MbI 3HaeM, cepa 

5IX. 3To 60JibIIIOe 1IHC.m 

MaJibHa5I 85I3KOCTb rrpH ◄ 

rroJIHMepHbIX u;erreii. Yi 

I1OJlb3OBaTb ee B Pa.3JIH11 

KaK XHMHqecKM I1pOMLl 

u;eJIJIIOJI03H0-6yMa)l(HruJ: 

TaJIJiyprnqecKa5I (,l1,JI5I e1 

Ho B OCHOBHOM H3 cep 

paJibHbIX y,lJ,o6peHHH. C 



Ila ra.JOXl1Ml111, o6beKTOB 113BJieqemu1 

[ npo.LzyKTOB 6onee rny60KOH CTeneHH 

1eHHe 3arpy3Kl1 nepepa6aTbrnmorn;HX 

11aCTH ArII3 11 3aBeprneH11e peKOH

,epa6oTKe CTa611JibHOro KOH,ZJ;eHCaTa H 

wmeHl1eM .srnm1eTCH C03,ZJ;aH11e HOBbIX 

L'laCTOBOH CMec11 ArKM C nonyqeH11-

>rO )l(Jf,Zl;KOro TOnJI11Ba, .ZJ:11MeTl1JIOBOro 

~TeXHMl111. 
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MO,[l;H<l>H.QHPOBAHHMI CEPA H IlEPCilEKTHBhl EE 

HCilOJih30BAHIDI 

H.B. MomuH, MH. Al1exuHa. 000 «ra:mpoM BHHllf A3» 

Ilp0113BO,Zl;CTBO cepbl B Pocc1111 11 3a py6e)KOM npO,Zl;OJI)KaeT HeyK

JIOHHO paCTl1. M11pOBbJe 3anaCbl cepbl Ha CKJia;::i:ax ,Zl;Jil1TeJibHOro xpa

HeHl1H e)KerO,ZJ;HO nonoJIHHIOTCH Ha 4-5 MJIH. TOHH. BBO.ZJ: HOBblX 

MOII.J;HOCTeH no nepepa6oTKe BblCOKOcepH11CTblX Heqn11 11 ra3a He Bce

JIHeT Ha,ZJ;e)K,Zl;bl, qTQ HacTyn11T 6anaHC Me)K.ZJ:Y npo11~BO.ZJ:CTBOM cepbl 11 

ee noTPe6JieH11eM. Cero,ZJ;HH CT011T BOnpoc O HOBbIX o6naCTHX 11CnOJib-

30BaHl1H 11 0 HOBOM npo;::i:yKTe, KOTOpbIH MO)KeT BbIIIYCKaTbCH Ha ce

ponpOH3BO.ZJ:HII.J;11X npe;::i:np11HTl1HX 11Jil1 npe;::i:np11HT11HX nOTPe6mnorn;11x 

cepy 11 11Me10rn;11x 11mppaCTPYKTYPY .ZJ:JIH np11eMa 11 xpaHeH11H )1(11.ZJ:KOH 

11Jil1 rpaHyn11poBaHHOH cepbI. 

KaK npaBl1JIO, MbI paccMaTPl1BaeM cepy KaK Cblpbe ,ZJ;JIH np0113BO,ZJ;

CTBa cepHOH Kl1CJI0Tbl 11 peareHTa ,ZJ;JIH Xl1M11qeCKOH 11 u;eJIJIIOJI03H0-

6yMa)KHOH npOMbillIJieHHOCTl1. IIcnoJib30BaH11e )Ke cepbI ,ZJ;JIH np0113-

BO,ZJ;CTBa ;::i:opO)l(HbIX 11 CTp011TeJibHbIX MaTep11aJIOB ,ZJ;JIH Hae HBJIHeTCH 

3K30Tl1KOH 11 He BOCnp11H11MaeTCH cepbe3HO no pH;::i:y np11q11H. 

KaK Mbl 3HaeM, cepa - YHl1KaJibHbIH 3JieMeHT BO BCex OTHOllieH11-

HX. 3TO 60JibllIOe q11c110 aJIJIOTPOnHbIX MO,ZJ;m}:rnKau;11ii, pe3KO aHO

MaJibHaH BH3KOCTb np11 onpe;::i:eneHHOH TeMnepaType 11 o6pa30BaH11e 

noJI11MepHbIX u;eneii. YHl1KaJibHbJe CBOHCTBa cepbI n03BOAAIOT 11C

nOJib30BaTb ee B pa3Jil1qHbIX OTpacJIHX Hapo;::i:Horo X03HHCTBa, TaK11x 

KaK Xl1M11qecKaH npOMblllIJieHHOCTb ( np0113BO,ZJ;CTBO KanponaKTaMa ), 

u;eJIJIIOJI03H0-6yMa)l(HaH (B KaqecTBe OT6eJI11BaTeJIH u;eJIJIIOJI03bI), Me

TaJIJiypr11qecKaH (.ZJ:JIH BbIII.J;eJiaq11BaH11H py;::i: pa3Jil1qHbIX MeTaJIJIOB ). 

Ho B OCHOBHOM 113 cepbI npOH3BO.ZJ:HT cepHyIO Kl1CJIOTY ,ZJ;JIH Ml1He

panbHbIX y;::i:o6peHl1H. Cepa 11CnOJib3yeTCH, HO B MeHbllil1X KOJil1qe-
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CTBax, H B rrpOH3BOACTBe pe3HHOTeXHHqecKHX H3AeJIHH B KaqecTBe 

BYJIKaHH3Hpyioru:ero areHTa H AP-

B 1970-x roAaX H3-3a YHHKMbHhIX CBOHCTB cepy CTMH rrpHMeHe

HHTb B KaqecTBe BH)Kyru:ero KOMITOHeHTa AJIH rrpoH3BOACTBa pa3JIHq

HblX AOPO)KHblX H crpoHTeJibHblX MaTepHMOB. Haqano 6hrnO ITOJIO

)KeHo eru:e B 70-x roAax rrponrnoro CToneTHH HCCJieAOBaHHHMH AnaHa 

Wrooma, KOMITaHHeH Star create (CillA). 

3a rrporneArnee BpeMH rrpoBeAeHO orpOMHOe KOJIHqecTBO HCCJie

AOBaHHH B o6naCTH C03AaHH51 BH)Kyru:ero Ha OCHOBe cepbl AJIH rrpOH3-

BOACTBa cepoaccpanbT06eTOHHbIX, cepo6eTOHHblX CMeceH H MaTepHa

noB Ha ee OCHOBe. JIHAepaMH B :noM HarrpaBJieHHH CTMH HHCTHTYTbl 

CillA H KaHaAbI. B PoccHH :nott rrpo6neMOH HaqanH JaHHMaTbCH B 

80-90 roAax. OcHoBorrono)KHHKaMH HccneAoBaHHH B PoccHH MO)KHO 

cqHTaTb B.B. IlaTypoeB, A.H. BonryrneBa, H.<I>. illecTepKHHY H PHA 

ApyrHx aBTopoB. I1HTepec K 3TOH rrpo6neMe He ocna6eBaeT H B Harne 

BpeMH. 

000 «r a3rrpoM BHI1I1f A3» 3aHHMaeTC51 3TOH TeMaTHKOH c KOH

u;a 90-x rOAOB, KOrAa ITOHBHnacb rrpo6neMa co c6bITOM cepbl He TOJib

KO B PocCHH, HO H 3a py6e)KOM. I1HCTHTYT BHaqane BbICTyrran B pOJIH 

CTaTHCTa, co6Hpa51 MaTepHMbl ITO pocCHHCKHM H 3apy6e)KHbIM KOM

rraHHHM, KOTOpbie K TOMY BpeMeHH AOCTHrJIH KaKHX-JIH6o ycrreXOB. 

IJ;enb 6brna OAHa, BHeApeHHH Ha HalllHX ra3orrepepa6aTbIBaIOIU:HX 

rrpeAITPH51TH51X TeXHOJIOrHH rrpOH3BOACTBa BH)Kyru:ero - <<MOdUr/JUlJU

poeaHHOU cepbrn. 

AHMH3 rronyqeHHbIX MaTepHMOB ITOKa3an, qTo Ka)KAaH KOMITaIIH51 

3aHHManacb KaKHM - JIH6o Y3KHM HarrpaBJieHHeM: OAHH TOJibKO MO

AHQ)HKaTopaMH H na6opaTopHblMH HCCJieAOBaHH51MH cepo6eTOHOB, c 

ITOilbITKaMH BHeApeHHH B rrpOMbllllJieHHOCTb, HarrpHMep, HHCTHTYT 

)KeJie3o6ernHa (HI1I1)KE), Apyme cepoaccpanbTo6eTOHaMH - Po

CAOPHHH, COI03AOpHHH. DblflO MHOro HHQ)OpMaQHH OT HalllHX 3apy-
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6e)KHbIX KOJIJier. 11 qT(] 

3TOT MaTepHan HaM 6yJ 

MaTepHana B paJJIH'IHI, 

TeXHOJIOrHH TaKHe KOi 

wil. CneAyeT o6parnn 

OA - Ha rpaHHQe Acrpa 

CillA 3a TOHHY, CKJiaJll 

IloHHMaHHe Toro, ~ 

BOACTBa MOAHQ)HUHJ)OI 

TeXHOJIOrHH rrpOH3B0,ZlC 

H3AeJIHH, T.e. rronHbm 1 

C03AaHHH OITbITH0-3KCil 

HCCJieAOBaIIHH B 3TOM 

6bm OITblT pa60Tbl C cq 
TaKOH KOMrrneKc 6 

orrbITHYIO ycTaHOBKY I 

AHQ)HQHpoBaHHOH cepl,j 

3TH ABa HarrpaBJie 

HaH6onee rrepcrreKTHBE 

BaHHH B 3TOM Harrpaam 

HHeM He60JiblllHX KOJIHl 

rrpoMbllllJieHHblX HCIII,l] 

Ka rrpOH3BOAHTeJibHOCT 

pHM - MOAHQ)HQHpOBal 

pa60Tbl B rrpOMbIIllJlem 

AHJIHCb C03AaHHe rrpoM 

HO. 

CneAyeT orosopH"fL 

HbIX KOMIT03HQHH AJI5[ 11 

6bIJIH rrpHOCTaHOBJieHl,I 



reXHWieCKHx H3AeJIHH B KaqecTBe 

IhIX CBOHCTB cepy CTaJIH ITpHMeHe

>HeHTa Ami ITpOH3BOACTBa pa3mi'I

MaTepHMOB. Haqano 6brno ITOJIO

CTOJieTJUI HCCJieAOBaHH51MH AnaHa 

1IIA). 

t:HO orpOMHOe KOJIHqecTBO HCCJie

ymero Ha OCHOBe cepbl AJI51 ITpOH3-

cepo6eTOHHbIX CMecett H MaTepHa

)M HaITpaBJieHHH CTanH HHCTHTYTbI 

npo6JieMOH HaqanH 3aHHMaTbC51 B 

11 HccJieAOBaHHH B PoccHH MO)KHO 

rrymeBa, H.<I>. IllecTepKHHY H p51A 

apo6neMe He ocna6eBaeT H B Harne 

3.HHMaeTC51 '.HOH TeMaTHKOH c KOH

po6neMa co c6bITOM cepbl He TOJib

HCTHTYT BHaqane BbICTyITan B pOJIH 

poccHHCKHM H 3apy6e)l(HbIM KOM

[H .J:OCTiffJIH KaKHX-JIH6o ycITexoB. 

1 HalIIHX I'a30ITepepa6aTbIBaIOIIIHX 

,eo.acrBa B51)KYIIIero - <<MooupulJU-

IOB ITOKa3an, qTo Ka)l(Aa51 KOMITaHH51 

I HarrpaBJieHHeM: OAHH TOJibKO MO

I HCCJieAOBaHH51MH cepo6eTOHOB, C 

IIlL'IeHHOCTb, HaITpHMep, HHCTHTYT 

1e cepoacq>anoTo6eToHaMH - Po-

1oro HHq_)OpMaI.J;HH OT Hanrnx 3apy-

30 

6e)l(HbIX KOJIJier. H qTO caMoe HeITpH51THoe, Mbl He 3HanH, HaCKOJibKO 

'.HOT MaTepHan HaM 6yAeT Heo6XOAHM, 6orno MHOI'O ITOBTOp51IOIIIHXC51 

MaTepnana B pa3JIHqHbIX BapHaI.J;H51X. HaM TaK)Ke ITpeAJIO)KHJIH CBOH 

TexHonornn TaKne KOMITaHHH, KaK «Star create», «Sulpol», Marbet 

wil. CJieAyeT o6paTHTb BHHMaHHe Ha CTOHMOCTb cepbl B '.HOT ITepH

OA - Ha rpaHHu;e AcTPaxaHcKoro 3aBOAa, oHa cocTaBJI51Jia He 6onee 5$ 

CIIIA 3a TOHHY, cKJiaAhI 6hrnH 3aToBapeHbI. 

IloHHMaHHe Toro, qTo KpOMe ITpHo6peTeHH51 TeXHOJIOI'HH ITpOH3-

BOACTBa MOAHq_)HU:HpOBaHHOH cepbl HaM B 6yAyIIIeM ITOHaA0651TC51 

TeXHOJIOI'HH ITpOH3BOACTBa MaTepnanoB Ha ee OCHOBe H pa3JIHqHI,IX 

H3AeJIHH, T.e. ITOJIHbIH U:HKJI ITpOH3BOACTBa, 6bIJIO ITPHH51TO perneHHe 0 

c03AaHHH OITbITH0-3KCITepttMeHTanhHoro KOMITJieKca BHHHr A3a AJI51 

nccneAOBaHHH B 3TOM HaITpaBJieHHH. K 3TOMY BpeMeHH y Hae y)Ke 

6brn OITbIT pa60Tbl C cepott. 

TaKOH KOMITJieKc 6brn C03AaH H BKJIIoqaJI Ha HaqanbH0M 3TaITe 

OIThITHYIO ycrnHoBKY ITO OTPa6oTKe TexHonorttii ITpOH3BOACTBa MO

AHq_)HU:ttpoBaHHOH cepbI H cepo6ttzyMHbIX KOMIT03HU:HH. 

3TH ABa HaITpaBJieHH51 Ha TOT ITepHOA HalIIHX 3HaHHH 6brnH 

Hatt6onee ITepcITeKTHBHblMH. KaK ITpaBHJIO, na6opaTOpHbie HCCJieAO

BaHH51 B 3TOM HaITpaBJieHHH y Hae B PocCHH 3aKaHqHBailHCb ITOJiyqe

HHeM He6oJibIIIHX KOJIHqeCTB B51)KYIIIero, H He ITpeAITOJiaraJIH OITbITHO

ITpOMbIIIIJieHHbIX HCITbITaHHH HOBbIX MaTepttanOB. OITbITHa51 ycTaHOB

Ka rrpOH3BOAHTeJibHOCTbIO 1 T0HHa B qac IT03BOJIHJia ITOJiyqaTb MaTe

pttan - MOAHq_)HU:HpOBaHHYIO cepy - B KOJIHqecTBe, )lOCTaTOqHOM AJI51 

pa60TbI B ITPOMbIIIIJieHHbIX MaCIIITa6ax. KaK BITOCJieACTBHH MbI y6e

)lHJIHCb C03AaHHe ITPOMbIIIIJieHHOH TeXHOJIOI'HH 6e3 3TOI'O HeB03MO)K

HO. 

CneAyeT oroBopttThC51, qTo pa6oTbI ITO ITonyqeHHIO cepo6ttTyM

HhIX KOMIT03HU:HH AJI51 A0PO)KHOro CTPOHTeJibCTBa Ha 3TOH ycTaH0BKe 

6ornH ITpHOCTaH0BJieHhI H 6oJibIIIe He IIpOB0AHJIHCb ITO p51J{Y ITpnq1rn: 
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H3-3a paccJiattBaHm:1 cMectt ITPH ee TJ)aHcITopTttpoBKH H xpaHeHHH H 

HeroTOBH0CTif 3aB0)],0B HMeTb Kp0Me 6HTYMHOro X03HHCTBa, ern:e If 

cepo6ttTYMHoe. Ilo3)Ke 3TH ITpo6JieMhI 6hIJIH perneHbI pa1pa60TKOH 

TeXHOJIOrHH, BCTJ)0eHHbIX B ITP0H3B0)],CTB0 acqJaJibT06eTOHHbIX CMe

ceii HeITocpe)],CTBeHH0 Ha 3aB0)],e. Ilo 3TOH TeMaTHKe BbIIIIJI0 He

CK0JibK0 COBMeCTHbIX C MA,l(M (fTY) ITaTeHT0B. 

IlepBbie 0ITbITHbie pa60Tbl B o6JiaCTif )],0p0)KHbIX ITOKpbITHH IT0Ka-

3aJIIf ITepcITeKTHBHOCTb 3Toro HaITpaBJieHHH, HO Tpe60BaJIIf )],OITOJIHif

TeJibHbIX IfCCJie)],OBaHHH. TaKHe IfCCJie)],0BaHHH HaqaJIIfCb C0BMeCTH0 C 

MA,l(M (rTY) H pH)],0M .l1,pyrnx opraHma[(ttii. EJiaro)],apH TaKoMy co

TPY)],Httqecrny 6bIJIIf pa3pa60TaHbl B 2000 ro)],y C0CTaB If TeXH0JI0rHH 

ITp0H3B0)],CTBa JIHT0ro cepoaCQ_)aJibT06eTOHa, KOTOpbIH 6bIJI ycITeIIIHO 

IfCIT0Jib30BaH B MoCKBe B 2002 ro)],y )],JIH KaITHTaJibH0ro peM0HTa M0-

CTa B KpbIJiaTCKOM B 3KCTJ)eMaJibHbIX ycJI0BHH 3HaK0ITepeMeHHbIX 

TeMITepaTyp. DbIJIO YJI0)KeH0 HeCK0JibKO TbICHq T0HH JIHTOH ceopoac

Q_)aJibT06eTOHHOH CMeCH. OITbIT 3KCITJiyaTa1(Hlf 3T0ro MaTepttaJia B Te

qeHHe 3.5 JieT ITOKa3aJI, qTo )],0p0)KHbie MaTepHaJibI Ha OCH0Be cepbl B 

Kaqecrne BH)Kyrn:ero HMeIOT ITepcITeKTifBY 6Jiaro)],apH CBOHM Q_)If3IfKO

MexaHifqecKHM CBOHCTBaM. OITbITHbIH yqacT0K H3 JIHToro cepoac

Q_)aJihTo6eToHa c 2003 ro)],a ITO HaCT0Hrn;ee BpeMH Jie)KlfT Ha TeppHT0-

pHH OITbITH0-3KCITepttMeHTaJibHOH 6a3bl IfHCTHTyTa BHMMr A3. 

O)1,HaKO, eCTb If He60JibIIIOe «Ho»: MaTepHaJI IfCIT0Jib30BaJICH 

T0JibK0 )],JIH peM0HTa )],0p0)KHbIX If M0CT0BbIX ITOKpbITHH B oceHHe-

3IfMHHH ITepH0)],, o6neMbl ITOTJ)e6JieHHH ero 6bIJIIf He3HaqlfTeJibHbl 

(~3,5% Mace. OT CMectt) tt IT0T0MY c6bIT cepbl ITpe)],IT0JiaraJICH He-

60JibIIIOH. 3To He pernaJI0 ITp06JieMy c6bITa cepbl B ITpOMbIIIIJieHHbIX 

MaCIIITa6ax. B pe3yJibTaTe CTaJIIf pa3BHBaTbCH H0Bbie HaITpaBJieHHH 

IfCCJie)],OBaHHH -yITJI0THHeMbie cepoaCQ_)aJibT06eTOHbl If cepo6eTOHbI. 

IIepBoe ITp0MbIIIIJieHH0e IfCIT0Jib30BaHHe MO)],IfQ_)If[(HpOBaHHOH ce

pbl )],JIH ITp0H3B0)],CTBa YITJI0THHeMoro cepoaCQ_)aJibT06eTOHa 6hIJIO 
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HaqaTO B 2009 ro)],y ITO)], Op 

(~200 TOHH). B 2016 ro.uy J 

qeM C0CT0HHHH, ITp0HBH.llllCl 

OcHOBHbIM K0MITOHeHTO 

)],JIH cepoacQ_)aJib T06eToHa 11 

1(Hp0BaHHaH pa3JIIfqHbIMH 0 

6oTKa ITpOMbIIIIJieHHOH TeXI 

Hoii cepbI HHCTHTYT0M Haqa 

JIH 6oJihIIIOH o6neM Jia6opa, 

3TO 6bIJI 3KCKypC B HCTO 

BpeMH tt)],eT, cttzyallIDI 1 

0CH0BHoro K0MITOHeHTa H~ 

2017 r. ITpe)],JI0)Kemfe cepL 

6.2 MJIH. TOHH. OTJ)aCJieBaJI 

3HaqttTeJibH0 H3Memrnacb 

Heq_)Tlf C 8% )],0 11 %. 

,l(OMHHHpyIOrn;HM IIpOH3 

ocTaIOTCH ra10ITepepa6aTI,11 

Ha )],OJIIO K0T0pbIX ITpHXOllll 

Cepa BhmycKaeTcH B i:p 

rpaHyJittpoBaHHaH. 

KaKOB )Ke ITporHo3 no P4 

QqeHb CJI0)KH0 )],eJiaTh 

Ilo 0[(eHKe 3KCITepTOB, IIpOI 

C0CTaBHTb 6oJiee 7 .5 MJIH. 1 

HHH o6neMoB ITepepa60TKH 

ITpoeKT HopttJibCKoro rMK 

B 2019 ro)],y, cKopee Bcero 

Jiee IT03)],HHH ITeptto)],. 

Tpa.l1,H1(IfOHHbIMif IIOTJl 



ee TpaHcrropTHpOBKH H xpaHeHHH H 

poMe 6HTYMHoro xo3»MCTBa, ern;e a 

6JieMI,I 6bIJIH perneHbl pa3pa6oTKOH 

IH3BO,n:CTBO accpaJibT06eTOHHbIX CMe

[(e. no 3TOM TeMaTHKe BblllIJIO He

ITY) naTeHTOB. 

J{)JiaCTH .n:opO)KHbIX IIOKpblTHM IIOKa

DpaBJieHHH, HO Tpe60BaJIH ,n:OIIOJIHH

ICCJie,n:oBaHHH HaqanHCb COBMeCTHO C 

:>praHH3aQHM. Enaro.n:ap» TaKOMy co

LI s 2000 ro,n:y COCTaB H TeXHOJIOrIDI 

ill,To6erOHa, KOTOpbIM 6bIJI ycnernHo 

Oll)' ,n:JIH KaITHTaJibHOro peMOHTa M0-

1..ThHblX ycJIOBHH 3HaKonepeMeHHbIX 

'KOJibKO TbICHq TOHH JIHTOM ceopoac

KCIIJIYaTaQHH :noro MaTepHana B Te

OICHhle MaTepHaJibl Ha OCHOBe cepbl B 

:neKTHBY 6naro,n:ap» CBOHM <pH3HKO

ilTHI,IH yqacTOK H3 JIHToro cepoac

acrojill(ee BpeM» Jie)KHT Ha TeppHTO

i 6a3bl HHCTHTyTa BHMMr A3. 

e «Ho»: MaTepHan HCIIOJlb30BaJICH 

: H MOCTOBbIX IlOKpbITHM B OCeHHe

OO;JeHIDI ero 6bIJIH HC3HaqHTeJibHbl 

>MY c6blT cepb1 rrpe.n:rronaranc» He-

1eMY c6bITa cepbl B rrpOMblllIJICHHblX 

!I pa3BHBaTbCH HOBbie HarrpaBJieHHH 

~aC<paJibT06eTOHbl H cepo6eTOHbl. 

liTh30BaHHe MO):IH<pHUHpOBaHHOM ce

lleMoro cepoac<paJibTo6eToHa fihIJio 
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Haqarn B 2009 ro.n:y rro,n: OpeH6yproM, Ha rpacce OpeH6ypr-Een»eBKa 

(-200 TOHH). B 2016 ro,n:y ,n:opO)KHOe IlOKpbITHe Haxo,n:HJIOCb B pa6o

qeM COCTOHHHH, rrpo»BHJIHCb TOJlbKO rrpo6JieMbl c ero OCHOBaHHeM. 

OcHOBHblM KOMilOHeHTOM BH)Kyrn;ero AJIH cepo6eTOHa H qacTHqHo 

MH cepoac<paJibT06eTOHa HBJI»eTCH cepa, HO He rrpOCTO, a MOAH<pH

UHpOBaHHa» pa3JIHqHblMH opraHHqecKHMH MO,n:H<pHKaTopaMH. Pa3pa-

6oTKa IIpOMblllIJieHHOM TeXHOJIOnrn IIpOH3BOACTBa MOAH<pHUHpOBaH

HOM cepbI HHCTHTYTOM Haqanocb B 2003 ro,n:a. 3ToMy npe,n:rnecTBOBa

JIH 60JibllIOM o6oeM na6opaTOpHblX HCCJie,n:oBaHHM. 

3TO 6bIJI 3KCKypc B HCTopmo rrpo6JieMbl. 

BpeMH H,n:eT, CHTyauH» MeHHCTCH, B qacTHOCTH H Ha pbIHKe cepbI, 

OCHOBHOro KOMilOHeHTa HallIHX MaTepHaJIOB. no HarneM oueHKC B 

2017 r. npe,n:JIO)KeHHC cepbl B PoCCHH 6y,n:eT HaXOAHTbCH Ha ypoBHe 

6.2 MJIH. TOHH. OrpacJieBaH crpyKTypa IIpOH3BOACTBa c 2012 ro,n:a He-

3HaqHTeJibHO H3MeHHJiaCb - yBeJIHqHJiaCb TOJibKO ,n:OJIH cepbl H3 

He<pTH c 8% .n:o 11 %. 

)];oMHHHpyIOID;HM rrpOH3BOAHTeJieM cepbl B PocCHH no-rrpe)KHeMy 

ocTaIOTC» ra3orrepepa6aTbIBaIOrn;He rrpe,n:rrpHHTHH nAO «fa3rrpoM», 

Ha AOJIIO KOTOpbIX rrpHXOAHTCH 6onee 86%. 

Cepa BbIIlYCKaCTCH B TpeX TOBapHblX BH,n:ax - )KH,n:Ka», KOMOBa» H 

rpaHynHpOBaHHa». 

KaKoB )Ke rrporH03 no PoccHMCKOMY pbIHKY cepb1? 

QqeHb CJIO)KHO ,n:eJiaTb rrporn03bl Ha 6JIH)KaMrny10 nepcrreKTHBy. 

no oueHKC 3KCrrepTOB, npOH3BOACTBO cepbl K 2019-2020 ro,n:y MO)KeT 

COCTaBHTb 6onee 7.5 MJIH. TOHH B ro,n:, B OCHOBHOM, 3a cqeT yBeJIHqe

HHH o6oeMOB nepepa60TKH He<pTH H PYA QBeTHblX MeTaJIJIOB. O,n:HaKO, 

npoeKT HopHJibCKoro fMK 3acTonopeH H 3anycK rrpoH3Bo,n:cTBa cepbI 

B 2019 ro,n:y, CKOpee Bcero He peanmyeTCH H 6y,n:eT OTJIO)KeH Ha 60-

Jiee rro3,n:HHM rrepHo,n:. 

Tpa,n:HQHOHHbIMH IIOTpe6HTeAAMH cepbl B PoCCHH OCTaIOTCH 
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npe.D,npttJ1nu1 no npoH3BO.D,CTBY cepHott KHCJIOThI. TaK, o6'heM no

TPe6neHm1 cephI B Poccirn BO Bcex OTPaClllX B 2016 ro.D,y cocTaBHJI 

nop5I.D,Ka 2. 7 MJIH. TOHH, B 2017 ro.D,y nporHO3HpyeTC5I Ha TOM )Ke 

ypoBHe. 

Ilo nporn03aM, 6aJiaHC B 2018-19 ro.D,ax Me)K.D,y npOH3BO,l],CTBOM H 

BHYTPeHHHM ITOTPe6JieHHeM MO)KeT 6hITh oKono ~ 4 MJIH. TOHH. Pa3-

HH:u;a OTITpaBJI5IeTC5I Ha 3KCITOPT T.e. Ha BHYTPeHHeM phIHKe eCTh Chl

pheBa5I 6a3a ,l],J15I npOH3BO,l],CTBa HOBhIX BH,l],OB npo.D,yK:u;HH Ha OCHOBe 

ceph1. 

qTO npOHCXO,l],HT Ha MHpOBhIX phIHKax? Ilo Harnett ou;eHKe H 

ou;eHKe Be.D,ylll,HX KOHCaJITHHrOBhIX KOMITaHHM, nporHO3HpyeTC5I ne

penpOH3BO,l],CTBO cephl Ha ypOBHe 4-5 MJIH. TOHH B ro.D,y, qTO CKa3hl

BaeTC5I Ha ee CTOHMOCTH, OHa CHH)KaeTC5I, H TeH.D,eH:UH5I CHH)KeHH5I 

u;eHhl coxpaHMTC5I, KaK MHHHMYM, ,l],O 2024 ro.D,a. PerynttpoBaTh o6'h

eMhl npOH3BO,l],CTBa cepbl B COOTBeTCTBHH C ypOBHeM cnpoca Ha phIH

Ke He npe.D,CTaBJI5IeTC5I BO3MO)KHhIM, TaK KaK cepa 5IBJI5IeTC5I nonyTHOH 

npo.D,yK:u;ttett npH nepepa6oTKe Heq>TH H ra3a. ,ll;nnTeJihHOe xpaHe

HHe cylll,ecTBeHHhIX o6beMOB cephl conpoBO)K.D,aeTC5I p5I.D,OM npo6-

JieM, cpe.D,H KOTOphIX CHH)KeHHe KaqecTBeHHhIX xapaKTepHCTHK 

BCJie.D,CTBMe B3aHMO.D,ettCTBH5I C OKpy)KaIOill,ett cpe.D,OH, )KeCTKHe 3KO

JIOrHqecKHe TPe6oBaHH5I H, caMoe rJiaBHOe, onepau;HOHHhie 3aTPaThl 

Ha ee xpaHeHHe, KOTOphie MoryT COCTaBJI5ITh HeCKOJihKO ,l],OJIJiapoB 3a 

TOHHy. 

BhIXO.D, M3 CJIO)KHBIIIettc5I CHTyau;HH eCTh - ocBoeHHe KpynHoToH

Ha)KHOro npOH3BO,l],CTBa HOBhIX BH.D,OB npo.D,yK:UHH Ha OCHOBe cephl. 

K CO)KaJieHMIO HX He TaK MHOro. 3To B nepByIO oqepe.D,h cepa KaK B5I

)KYI11,HH KOMIIOHeHT ,l],J15I npOH3BO,l],CTBa cepoacq>aJihT06eTOHa H ce

po6eTOHa. 

Ha pHCYHKe 1 npe.D,CTaBJieHa cxeMa npHMeHeHH5I cephl B .D,OpO)K

HO-CTPOHTeJihHhIX MaTepHaJiax. 3To IIIHpOKHH cneKTp n cepoacq>aJih-
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mii KHCJIOThl. TaK, o6neM no

ipacIDIX B 2016 ro,n:y COCTaBIL"I 

lY nporH03HpyeTc51 Ha TOM )Ke 

ronax Me)K,IJ,y npOH3BO,l],CTBOM H 

LITh OKOJIO ~ 4 MJIH. TOHH. Pa3-

Ia BttyTpeHHeM phIHKe eCTh Chi

IX BH,n:OB npo,IJ,yKUMM Ha OCHOBe 

)bIHKax? Ilo Harneii oueHKe H 

mMITaHMH, nporH03HpyeTc51 ne-

5 MITH. TOHH B ro,IJ,y, qTo CKa3hI

:3eTC51, M TeH,IJ,eHUM51 CHM)Kem,u1 

I 2024 ro,IJ,a. PerynHpOBaTh 060-

fBHH C ypOBHeM cnpoca Ha phIH

raK KaK cepa 5.IBJI5.leTc51 nOITYTHOH 

TH H ra3a. .ll.JIMTeJihHOe xpaHe-

conpOB0)K,IJ,aeTC51 pH,IJ,OM npo6-

KaqecrBeHHhIX xapaKTepMCTMK 

'JKaIOru;eii cpe,IJ,OH, )KeCTKMe 3KO

llaBHOe, onepaUMOHHhie 3aTpaThl 

:TaB.IDITh HeCKOJihKO ,l],OJIJiapoB 3a 

HH eCTh - OCBOeHMe KpynHOTOH-

0B npo,IJ,yKUMM Ha OCHOBe cephI. 

> B nepByIO oqepe,IJ,h cepa KaK BH

:ma cepoacg:>anh To6eTOHa M ce-

e~t:a npHMeHeHM51 cephl B ,Il,OpO)K

IIlHJ)OKHH cneKTp M cepoacg:>anh-
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To6eTOHa pa3JIJfqHf,IX TMTIOB M cepo6eTOHOB ,IJ,mr M3I'OTOBJieHmI pa3-

JIJfqHbIX M3,IJ,eJIMH C npMMeHeHMeM pa3JIJfqHOM apMaTypbl M 6e3 Hee. 

IlpM pa3pa6oTKe crpaTerMM npOM3BO,l],CTBa cepbl B Poccm1 6bIJia 

c,IJ,eJiaHa oneHKa o6neMOB norpe6neHM5I cepbI B ,D,opm1rno-cTpoM

TeJibHYIO orpaCJib. O6neM norpe6JieHM5I MO,D,mpMIJ;MpOBaHHOH cepbl 

MO)KeT COCTaBMTb 6onee 1 MJIH. TOHH B ro,IJ,. 3To npM ycJIOBMM, qTo 

cepoacq>aJibTo6eTOH M cepo6eTOH 6y,IJ,eT MMeTb Hmny Bcero B 2-3%. 

Ifa CKa3aHHOro MO)KHO C,IJ,eJiaTb BbIBO,IJ,, qTo Cblpbe ,l],JI5I npOM3BO,IJ,

CTBa MO,IJ,MQJMI.J;MpoBaHHOH cepbl Ha pocCMHCKOM pbIHKe eCTb, M no

TeHIJ;MaJibHbIH TIOTpe6MTeJib TO)Ke ecTb. 

qTO )Ke TaKOe MO,IJ,HqJMQMpOBaHHa5I cepa? KaKHMM CBOHCTBaMH 

oHa o6na,IJ,aeT M 5IBJI5IeTC5I JIM oHa naHaneeii OT Bcex 6e,IJ,, B nepByIO 

oqepe,D,b, ,l],JI5I ,D,OpO)KHOro CTpOMTeJibCTBa? Mo,IJ,MQJHIJ;MpOBaHHa5I ce

pa - TBep,D,oe BemecTBO pa3JIJfqHbIX OTTeHKOB )KeJITOro IJ;BeTa, 06Jia

,IJ,a10mee O,IJ,Hopo,D,HOH (aMopq>Hoii) crpyKrypoii (pHc. 2). Co,D,ep)KHT 

BbICOKOMOJieKyJI5IpHbie crpyKTypbI, HepaCTBOpHMbie B TOJiyone. CTe

neHb MO,IJ,H<l>HKaIJ;MM onpe,D,eJI5IeTC5I no KOJIHqecTBY HepacTBOpMMOH 

qacTM. Mo,IJ,M<l>MIJ;MpOBaHHa5I cepa MMeeT nOBbIIlleHHYIO npoqHOCTb, 

no cpaBHeHHIO C 06b1qHOM, H BbICOKYIO a,IJ,re3MIO K KaMeHHbIM MaTe

pHaJiaM. Ha MO,IJ,MQJHIJ;HpoBaHHYIO cepy pa3pa6ornH fOCT P [ 1]. 

B HHCTHTyTe C03,IJ,aHbI onbITHa5I H nMJIOTHa5I Jia6opaTOpHbie ycTa

HOBKH, KOTOpbie MCnOJib3YIOTC5I ,l],JI5I orpa6oTKH npOMbllliJieHHOM Tex

HOJIOI'HM npOM3BO,IJ,CTBa MO,IJ,Hq>MIJ;HpOBaHHOH cepbl. Ha pMCYHKax 2,3 

noKa3aHbl onbITHa5I Jia6opaTOpHa5I ycTaHOBKa Ha 100 Kr/qac H nHJIOT

Ha5I ycTaHOBKa npOH3BO,IJ,HTeJibHOCTbIO 1000 Kr/q, B TeXHOJIOI'HM 

npMroTOBJieHH5I MO,ll,HQJMIJ;MpOBaHHOH cepbl ( cepHoro B5I)Kymero, cep

HOro neMeHrn, CMB 3TO Ha3BaHH5I O,IJ,Horo npo,D,YKTa) npMMeH5IIOTC5I 

pa3JIJfqHbie MO,IJ,HQJMIJ;Hpy10mtte ,IJ,06aBKM ,l],JI5I ynyqrneHH5I QJM3MKO

MexaHMqecKHX CBOHCTB. 

HepacrnopMMa5I cepa 5IBJI5IeTc5I Merncrn6MJibHOM MO,D,mpHKaIJ;Meii, 
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Puc. 2. (h 

Pal 

TepMO,IJ,HHaMHqecKH Hey 

3TOMY npM ee rronyqeHH 

6MJIH3aIJ;M5I. ,lJ;JI5I 3TOH UC 

IOIQMe ,IJ,06aBKM, HarrpHM 

Jihl, ,IJ,MIJ;HKJIOneHTa)IHeH l 

HaH6onee no,IJ,Xorom 

men: ,IJ,o6aBKH rora rrorry 

,IJ,HIJ;HKJIOneHTa,IJ,HeH ()U..{ 

(3H6) M ,D,pyrne, KOTop1, 

MOJieKyJihl conOJIHMepuo 

HHbie MO,IJ,HQJHIJ;HpYJOIIIH<: 



6eToHOB )].JUI I13rOTOBJieHIUI pa.3-

3.i'IJfllHOH apMaTypbI H 6e3 Hee. 

R3BO)].CTBa cepbl B PoccHH 6bIJia 

1eHID1 cepbI B )].opm1mo-cTPOH

eHID1 MO)].H<pmJHpoBaHHOH cepb1 

m B rO)].. 3To rrpH YCJIOBHH, qTo 

,IeT HMeTb HHIIIY Bcero B 2-3%. 

!LIBO)]., qTo Cblpbe )].JIH rrpOH3BO)].

poccHHCKOM pbIHKe ecTb, H rro

.D. 

HWI cepa? KaKHMH cBoiicrnaMtt 

maueeii OT Bcex 6e)]., B rrepBy10 

LCTBa? Mo)].HqJHUHpOBaHHaH ce

OTieHKOB )I<eJITOro UBeTa, o6na

:-Ip)'KTYpOH (pHc. 2). Co)].ep)KHT 

1epacrBopHMh1e B Tonyone. CTe

no KOJIHqeCTBY HepacTBOpHMOH 

MeeT IIOBbIIIIeHHYIO rrpoqHOCTb, 

yIO awe3HIO K KaMeHHbIM MaTe

>y pa3pa6oTaH I'OCT P [ 1]. 

1 IlIDIOTHaH na6opaTOpHbie ycTa

mpa60TKH rrpOMbIIIIJieHHOH Tex

)BaIIHOH cepbI. Ha pHcyHKax 2,3 

:nlHOBKa Ha 100 Kr/qac H IIHJIOT-

1,IO 1000 Kr/q_ B TeXHOJIOrHH 

cepb1 ( cepHoro BH)KyIIJero, cep-

1.mmro rrpo)].yKTa) rrpHMeHHIOTCH 

aBKH )].JIH ynyqIIIemrn qJH3HKO-

:-racra6HJibHOH MO)].HqJHKaUHeH, 

Puc. 2. OnbnHaH JiaoopaTopnaH ycTanosKa 

Puc. 3. IluJIOTHaH ycTanosKa 

TepMO)].llHaMHqecKH HeycTOHqHBOH rrpH HOpMaJibHbIX ycJIOBHHX, rro-

3TOMY rrpH ee rronyqeHHH O)].HOH H3 rJiaBHbIX rrpo6JieM HBJIHeTCH CTa-

6HJIH3aIJHH. ,z::t:JIH 3TOH IJeJIH rrpHMeHHIOTCH pa3JIHqHbie MO)].HqJHIJHpy

IOIIJHe )].06aBKH, HaIIpHMep, HeHaCbIIIJeHHbie yrneBO)].OpO)].bI - THOKO

Jlbl, )].HIJHKJIOIIeHTa)].HeH H ero OJIHroMepbI H AP· 

HaH6onee IIO)].XO)].HIIJHM peareHTOM B KaqecTBe MO)].HqJHIJHpyIO

IIJeH )].o6aBKH )].JIH rronyqeHHH MO)].HqJHIJHpOBaHHOH cepbl HBJIHIOTCH 

)].HIJHKJIOIIeHTa)].HeH (.n:u:r1,n:), IJHKJIOIIeHTa)].HeH, 3THJIH)].eHHOp6optteH 

(3H6) H )].pyrne, KOTOpbie II03BOJIHeT rronyqaTb CTa6HJibHbie MaKpO

MOJieKyJibI COIIOJIHMepttoii cepbl rrpH MeHbllIHX KOHIJeHTPaIJHHX, qeM 

HHbie MO)].HqJHIJHPYIOIIJHe )].06aBKH. 
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Ha pttcyHKe 4 npttBe.n:eH ynpoll.(eHHbIM MexaHH3M o6pa30BaHm1 

IlOJIHMepHbIX crpyKTYP cepbl B ycnoBmIX aKyCTifqecKoro B03,Qett

CTBH5.I. 

HeMHOro O TeXHOJIOI'HH If o6opy.n:oBaHHH, C IlOMOII.(bIO KOTOporo 

npoH3B0,[{HTC5.I Mo.n:mpttKaIJH5.1 cepbl. Mb! npttMeH5.leM BbICOK03Hepre

THqecKHe KaBHTaTOpbl, r.n:e HCilOJib3YeTC5.I 3cpcpeKT aKyCTHqecKOH Ka

BHTaIJHH B 3MYJibCHH cepbI, o6ycnoBneHHblH ero oco6oii KOHC'IpyK

IJHeii. B npoIJecce pa6oTbl KaBHTaTOpa o6pa3yIOTC5.I MeJIKO,[{HCIIepc

Hbie ITY3blpbKH MO,QHcpHKaTopa C TeMnepaTypoii He Mettee 170 °C. 

OHH 5.IBJI5.IIOTC5.I JIOKaJIH30BaHHbIMH aKTHBHblMH IJeHTpaMH peaKIJHH 

COITOJIHMeptt3aIJHH cepbl. 

IIpoIJecc cononttMepmaIJHH cepbI npoTeKaeT no pa.QHKaJibHOMY 

MexaHH3My. IIptt TeMnepazype 130 °C npoHCX0,[{5.IT ,[{HHaMHqecKHe 

npoIJeCcbl CTPYKTYPHbIX npeo6pa3oBaHttii, KOTOpb1e Ha6n10.n:a10Tc5.I B 

HOpMaJibHbIX ycnoBH5.IX npOCTOro HarpeBa cepbl He MeHee qeM npH 

160 °C. TaK cepa H3 poM6ttqecKoif crpyKzypbI c BOCbMHqneHHblM 

IJHKJIOM, nepeXO,[{HT B IJenoqeqHyIO co CB060,[{HblMH CB5.l-35.IMH. 

Ha pttcyHKe 4 cneBa npe,QCTaBJieHa MOHOKJIHHHa5.I cepa no.n: MHK

pOCKOilOM c yBeJIJfqeHHeM 500 KpaT, cnpaBa - MO.QHCl>HIJHpOBaHHa5.I 

co CTeneHblO IlOJIHMeptt3aIJHH 12%. B nepBOM cnyqae Mbl Ha6n10.n:aeM 

KpynHhie arperaTbI, BO BTopoM IJenoqttcTbie CTPYKTYPbI. 

3cpcpeKTHBHOCTb 3MYJibrnpoBaHH5.I ,[{Byx HeCMeIIrnBaIOII.(HXC5.I )I(lf,[{

KOCTeii BO MHOI'OM 3aBHCHT OT THna 3MYJibraTopoB, HX KOHC'IpYKIJHH 

If HCilOJIHeHH5.1. TaK)I(e 3cpcpeKTHBHOCTb peaKIJHH 3aBHCHT OT paB

HOMepHOCTH no.n:aqH MO,QHcpHKaTopa If Tttna ,[{03HpOBOqHoro Ha

coca. 

3TO o6ycJIOBJieHO cneIJHCl>HKOH B3aHMO,ll;eMCTBH5.I MO,QHcpHKaTOpa C 

cepott. qeM paBHOMepttee ,[{03HpOBaHHe MO,QHcpttKaTOpa If co6JIIO,Qe

HHe TeMIIepaTypHoro pe)I(HMa, TeM npoIJecc 6onee ycToiiqHB H 3cp

cpeKTHBeH. 
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pom.eHHbIM MeXaHH3M o6pa30BaHIUI 

YCJIOBIDIX aKyCTHqecKoro B03~eii-

opy~oBaHHH, C noMOIIJ.bIO KOTOporo ; 
:c 

11,,1. MbI IIpHMeIDieM BbICOKO3Hepre- co 
a, 

&. 
'ILJYeTCH 3q>q>eKT aKyCTHqecKOM Ka- 9-

:s: 
-8-

:noMeHHbIM ero oco6oii KOHCTPYK- :s: '$ gN 
:;; .... _ 

raropa 06pa3y10Tcx MeJIKO~Hcnepc- ~o :a Cl) 0 
Q. 

TeMnepaTypoii He MeHee 170 °C. :r:: (.) ~ 
~ 

'a:: u 
:r::<,> a:: Q. 

1H aKTHBHbIMH .QeHrpaMH peaK.QHH :r::0 0 ~ 'i J: 0 
'[ & (/) N ~ 

l <.i 

::i: :r:: 0 E II Q. ~ 
~ CJ) "" I :r::l,>11:'. E u epbl npoTeKaeT no pa~HKaJibHOMy is " :, 

~ 
., ;§ g V, l) a:: 

I :a ?; "' I :i: + 30 °C IIpOHCXOMT ~HHaMHqecKHe "' ::,-

~{:a = ~ t ., .., . 
e :. I C - Q. "' ~ 

., - ~ IOBaHHM, KOTOpbie Ha6mo~aIOTCH B e 
~ "' 

·~ 
- ~ ~ I g al = I 1 

::i;. 
~ HarpeBa cepbI He MeHee qeM npH V, 9i 

·~r 0 "' = I ,g CJ) 0 oii CTPYKTYPbI c BOCbMHqJieHHhIM ..,~ I u I "' J: ~ V, t I 
I ::i: rt = ► CO CB060~HbIMH CBH-3HMH. I 

I v," "' I = t "' I I "' ~ 
I "' v," I = 11eHa MOHOKJIHHHM cepa no~ MHK- I 

v," 0 ~ 
.,,~ I M 
I t V, I ~ ar, cnpaBa - MO~Hq>H.QHpoBaHHaH ! V, I "' Q. 

10 I v;-9 I 
0 

. B nepBOM cnyqae Mbl Ha6JIIO~aeM 
vi' 

Cl ::i: 
~ "" CJ) M - = D'IHCTbie crpyKTypbI. 

LC) - = ~ 

N ~ 
~ HJI .uByx HeCMeIIrnBaIOI.QHXCH )Kif~-

+ ::.J 
a 3MyJibraTopoB, MX KOHCTPYK.QHH ..,;. 

.; 
~OCTb peaK.QHH 3aBHCHT OT paB- w = I i:i.. 
►pa H THna ~O3HpOBOqHoro Ha-

~ 

I 
~ 

IJJaJIMO~eMCTBHH MO~Hq>HKaTOpa C 10 

[ 
ll!He MO~Hq>HKaTOpa tt co6JIIO~e- ~ 

(3 
npo.Qecc 6onee ycToiiqHB H 3q>-
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B3aHMo.neiicTBHe MOHOMepa I c II HMeeT p51.n oco6eHHOCTeii. IlpH 

BBe.[(eHHH COe.[(HHeHH51 l B pacrrnaB cepbr BhI3bJBaeT HHTeHCHBHYIO 3K-

30TepMHqecKyIO peaKIJ,HIO. O.nHaKo, peaKIJ,HOHHM Macca rrpH '.HOM 

ocTaeTC51 HH3KOB513KOH H rro.[(BH)l(HOH. B .[(a.JihHeiillleM oHa rrpeBpaIIJ,a

eTC51 B BbICOKOB513KHH rrpo.nyKT, crroco6HblH BblT51rHBaTbC51 B .[(JIHHHbie 

HHTH. BpeM51 peaKIJ,HH - 30 MHHYT rrpH 130-135 °C. 

IloqeMy )Ke Heo6XO.[(HMO HCIIOJib30BaTh MO.[(ml>Hll,HpOBaHHYIO ce

py? 

IIepBoe Mbl y)l(e OTMeTHJIH - IIOBhIIllaeTC51 rrpoqHOCTb CB513YIOIIJ,e

ro, a 3HaqHT, H rrpoqHOCTb KOHTaKTa MO.[(HCpHll,HpoBaHHOH cepbI C MH

HeparrbHbIMH KOMIIOHeHTaMH. 

BTopoe - yBeJIHqHBaeTC51 a.nre3HOHHM crroco6HOCTb K MHHeparrb

HblM KOMIIOHeHTaM, ITO cpaBHeHHIO C o6brqHoH cepoii H, KaK pe3yJih

TaT, 3HaqHTeJibHO ycHJIHBaeTC51 rrpoqHOCTb Ha pa3,[(aBJIHBaHHe H pac

T51)1(eHHe. 

I-I TPeThe: Sulivon T.A. H Mc. B CBOHX pa6ornx [2,3] noKa3arrH, 

qTo .no6aBKH .[(Hl.J,HKJIOIIeHTa.[(HeHa H .[(HITeHTeHa B KOJIHqecTBe 2-5% 

OT MaCCbI cepbl CHH)l(aIOT BHyTpeHHHe HaIIp51)1(eHH51 B pe3yJihTaTe 

TeMnepaTypHbIX B03.[(eHCTBHH rrpH npOH3BO.[(CTBe cepHoro 6eTOHa. 

IlpH 3TOM KOJIHqecTBO cepbI, He06XO.[(HMOe .[(Jl51 IIOJiyqeHH51 y.no6o

yKJia.[(hIBaeMoro COCTaBa C OIITHMa.JlbHOH rrpoqHOCThIO, yMeHhlllaeTC51. 

HcrrOJib30BaHHe MO.[(ml>Hll,HpOBaHHOH cepbI 3HaqHTeJibHO IIOBbIIllaeT 

TaK)l(e MOp030CTOHKOCTh, aTMOCqlepoCTOHKOCTb H CTOHKOCTb K TeM

rrepaTypHblM KOJie6aHH5IM 6e-TOHa. 

IloBhIIlleHHe rrpoqHoCTH cepHoro 6eToHa o6n51CH51eTc51 ycTPaHe

HHeM BHyTpeHHHX Hanp51)1(eHHH B cepe, BbI3BaHHbIX nepeXO.[(OM MO

HOKJIHHHOH cepbI B poM6HqecKyIO rrpH OXJia)l(.[(eHHH pacnJiaBa. 

I-IccJie.[(OBaHH51, rrpoBe.[(eHHhie B HHCTHTyTe, IlOJIHOCTblO IlO.[(TBep

.[(HJIH pe3yJihTaThl, IlOJiyqeHHbie 3aIIa.[(HbIMH HCCJie.[(OBaTeJI51MH. Pa3-

pa6oTaHHM HHCTHTYTOM TeXHOJIOrH51 IIOJiyqeHH51 MO.[(HqlHll,HpOBaH-
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HOH cepbl C HCITOJib30B3 

II03BOJIHJia CHH3HTb cone 

qTO IIOJIO)l(HTeJihHO IIOWJ 

qaeMoro npo.nyKTa. 

IIpoH3Be.neHHM Mom 

paTOpHbIX, H np0MblIIIJiel 

rn6eTOHHbIX H cepo6eToE 

I-IccJie.[(OBaHH51 IIOK:B 

cepbl B aCqla.JlbT06e-roHIIl 

yJiyqlllaIOTC51 qlH3HKO-MI 

THIIOB aCqla.Jlb T06e'fOHHlil 

3YJihTaThl HCIIbITamm: IIp 

pa3JIHqHbIM co.nep)KaHHel 

Timli!r 
••'.TlinA; .. 

Tl!ll~ .•.. 
•·•···,Tl!llf·t 

>TIRA 

6H/1~ 

6H/1~ 

6H/160Al0 

6H/160Al0 

6H/160Al0 

~5 ~-------

' 3 1·•·~···········--1------

1 2,5 

; 1,5 

i i 0,5 

0 
Tun Bn T,mA 

Puc. 5. IIpoquoCTh ua ara, 

:aatlll 



c II HMeeT p5l,D, oco6eHHOCTeii. IlpH 

B cephl Bhl3hIBaeT JIHTeHCIIBHYIO 3K

.KO, peaKI.J;JIOHHaJl Macca rrpII 3TOM 

EIOii. B .D;aJihHeihneM oHa rrpeBpallJa-

1oco6HhIM BhlTJlrIIBaThCJl B ,ll;JIJIHHhie 

r IIpH 130-135 °C. 

DJih30BaTh MO,D;JIQ)JII.J;JipOBaHHYIO ce-

IIOBhilllaeTCJl rrpoqHOCTh CB5l3YIOllle

rra Mo.n;mlmu;IIpoBaHHOH cephI c MM-

3HOHHa5l crroco6HOCTh K MJIHepa.rrh

IO C o6hJqHOH cepoii JI, KaK pe3yJih

poqHOCTh Ha pa3,D,aBJIJIBaHJie H pac-

:. B CBOJIX pa6ornx [2,3] IIOKa3aJIJI, 

il H .n;HIIeHTeHa B KOJIJiqecTBe 2-5% 

i,emrne Harrp5t)KeHH5l B pe3yJihTaTe 

>H rrpomBo,n;crne cepHoro 6eToHa. 

ooxo.n;HMoe .D;JIJl rronyqeHHJl y,IJ,060-

iLTuHoii rrpoqHOCThIO, yMeHhlllaeTCJl. 

HOH cephl 3HaqHTeJihHO IIOBhIIllaeT 

~OHKOCTh JI CTOHKOCTh K TeM

L 

1oro 6eToHa o6o5lCH5leTc5l ycTPaHe-

11 cepe, Bhl3BaHHhlX rrepexo,IJ,OM MO

I npH oXJia)KAeHJIJI pacrrJiaBa. 

' B HHCTHTyTe, IIOJIHOCThIO IIO,l],TBep-

33.IIaAHhIMJI JICCJieAOBaTeJIJlMH. Pa3-

[0rn5l rronyqeHHJl MOAm]m.u;HpOBaH-
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HOH cephl C JICIIOJih30BaHJieM BhICOK03HepreTJiqecKJIX KaBJITaTOpOB 

II03BOJIJIJia CHJI3HTh COAep)KaHJie MOAHq:mKaTopa AO 0.5-1.4 Mace.%, 

qTO IIOJIO)KJITeJihHO IIOBJIJI5lJIO Ha 3KOHOMJiqecKHe IIOKa3aTeJIJI IIOJiy

qaeMoro rrpOAYKTa. 

IlpOII3BeAeHHa5l MO,IJ,JIQ)H.QIIpOBaHHaJl cepa rrpJIMeHJlJiaCh JI 11a60-

paTopHhIX, JI rrpOMhllllJieHHhIX rrapTIIJlX rrpIIrOTOBJieHJIJl cepoaCQ)aJih

T06eTOHHhIX JI cepo6eTOHHhIX CMeceii. 

llcc11e.n;oBaHHJl IIOKa3aJIJI, qTo rrpII BBe,IJ,eHJIJI MO,IJ,HQ)II.QIIpOBaHHOH 

cephl B aCQ)aJihT06eTOHHhie CMeCJI AO 30% ( OT 6IITyMa) 3HaqJITeJihHO 

ynyqlllaIOTCJl Q)II3JIKO-MeXaHJiqecKHe xapaKTepIICTJIKJI pa3JIJiqHhlX 

TJIIIOB aCQ)aJihT06eTOHHhIX CMeceii. Ha pIICYHKe 5 rrpeACTaBJieHhl pe-

3YJihTaThl JICIIhITaHJIH rrpoqHOCTJI Ha C)KaTHe o6pa3.QOB IIpII + 50°C C 

pa3JIHqHhIM CO,D,ep)KaHJieM MOAHQ)H.QIIpOBaHHOH cephl. 

••·' :!iliA. 
3,5 

i 3 

t 2.s 

8 2 

~ I 1,5 

I 

1,7 

1,4 

6HJ!60/90 5,8 1,6 

6HJl60/90 6,5 1,4 

oH/l00/90 7 1,2 

6HJl60/90 7;2 0,9 

TunBn Tun A Tun 6 

1,9 

1,8 

1,6 

1,3 

1,6 

Tun B 

1,8 

2,2 

1,6 

1,6 

0,8 

-·-illiil·: =-4 Tun r Tun,ll 

•0% cepl,I • 20% CCipl,I • 25% <:epl,I • 30% cepl,I 

1111r~-,~ 
il>\lvt,'I-" 

3,2 2:0,8 

2,8 2:0,8 

2,2 2:0,8 

2,1 2:0,8 

3 2:0,8 

1,1 2:0,8 

Puc. 5. IlpoquocTb ua cacaTne oopani:os npu + 50 °C c pa3;rnqub1M COAep
acauneM MOAncf>u._uposauuoii cepbt 
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bJiaro.n;ap5I ITPHMeHeHIU0 MO.n;Hqm.QHpoBaHHOM cepbI ITOJiy<IeHbI 

6oJiee KaqecTBeHHbie ,n;opmKHbie MaTepHaJibI, ITO cpaBHeHJfIO c Tpa.n;Jf

.QJfOHHbIMJf: 

- C yBeJIJfqeHHbIM cpOKOM CJiy)K6bI cepoac<paJibT06eTOHHbIX ITO

KpbITJfH 3a cqeT BbICOKJfX ITpoqHOCTHbIX xapaKTepHCTJfK MaTepHana; 

- C BbICOKOH Jf3HOCOCTOHKOCTbIO cepoaC<paJibT06eToHa, ITO cpaB

HeHJfIO C ac<paJibT06eTOHOM ITpH O,lJ;HOBpeMeHHOM B03,n;eHCTBJfJf nm

ITOBaHHOM pe3JfHbI Jf ITPOTJfBOroJI0Jie,lJ;HbIX peareHTOB; 

- C ITOBbIIIIeHHOH C,lJ;BJfrO- Jf TeITJioycToHqJfBOCThIO; 

- C HJf3KOM CTOJfMOCTbIO YITJIOTH5IeMoro cepoac<paJibT06eToHa Ha 

I 0-15% 3a cqeT CHJf)KeHml TeMITepaTypbI ITpHroTOBJieHmI CMeCJf Jf 

JfCKJIIOqeHJf5I a,n;re3JfOHHbIX .n;o6aBOK. 

I1 caMoe Ba)KHOe IlOBbIIDaeTCJI 6e3onacHOCTb ,lJ;BJf)KeHHJI. 

Ha OCHOBaHJfJf JfCCJie,n;oBaHHH Jf 0ITbITHO-IlpOMbIIDJieHHbIX JfCilbI

TaHJfM pa3pa6oTaHbI npe,n;BapHTeJibHbie Ha.QJfOHaJibHbie CTaH,n;apTbI 

[4,5,6]. 

BbIITYCK cepoacq>aJibT06eTOHHbIX CMeceM OCBOJfJIJf 6oJiee 20 3aB0-

,1J;OB. 

McnOJib30BaHHe MO,n;Hq>Jf.QHpOBaHHOM cepbl ,lJ;JIJI ITpHroTOBJiemrn 

6eToHa ITOKa3aJIO: 

- MaKCJfMaJibHbIH Ha6op npoqHoCTH ,lJ;OCTHraeTCJI no OKoHqaHJfJf 

nepHo,n;a OCTbIBaHHJJ; 

- cepo6eTOH ycTOH:qJfB K B03,n;e.HCTBHIO arpeCCJfBHbIX cpe,n; (KHC

JIOT, COJieH, opraHJfqecKHX BeI.Qecrn); 

- MOp030CTOMKOCTb CBbiille 800 .QJfKJIOB (HCilbITaHHJJ ITO rOCT 

10060-95); 

- HJf3KJfM ypoBeHb BO,lJ;OITOrJIOI.QeHJfJI ,lJ;JIJI 6eToHa ( He 6oJiee 

1,2 %); 

- xopomyro a.n;re3HIO c 6eToHaMH Ha nopTJiaH.n;.QeMeHTe; 

- B aTMOC<pepy He BbI6pacbIBaIOTCJI Bpe,n;Hbie BeI.Qecrna; 

242 

- B03MO)KHOCTh BTOp 

- BbICOKYIO rrp01IHOC' 

- B03MO)KH0CTh HCilC 

30JI. 

Ha octtoBamrn HCCJIC 

TaHHM pa3pa60TaH rrpeJD! 
BbIIIYCK cepo6eTOHH 

6eTOHHbIMJf 3aBo.n;aMH. 

C03,n;aHa ocHaCTI<a H 

MeHeHHeM cepo6eTOHHl,l ,. 

Puc. 6.Jlon 

Puc. 7.Upm 



ro.mupHUHpoBaHHOH cephI ITonyqeHhI 

~ MaTepmUihI, ITO cpaBHeHHIO C rpa,nn-

C...yx<:6hI cepoaCQ)aJihT06eTOHHhIX ITO

OCTHhIX xapaKTepHCTHK MaTepHana; 

CThIO cepoacq>aJihT06eTOHa, ITO cpaB

H O;::cHOBpeMeHHOM B03,IleHCTBHH IIIH-

110:Ie.IDihIX peareHTOB; 

IeIIJIOYCTOHqHBOCThIO; 

r.110TID1eMoro cepoacq>aJihTo6eToHa Ha 

MIIeparyphI ITpHrOTOBJieHH5I CMeCH If 

IBOK. 

:x 6e3oITaCHOCTh ,IlBH)KeHH5I. 

1H If OIThITHO-ITpOMhIIIIJieHHhIX HCIThI

rfeJil,Hhie HaUHOHaJihHhie CTaH,napThI 

IHhIX CMeceii OCBOHJIH 6onee 20 3aBo-

pc>BaHHOH cephl ,IlJ15I ITpHrOTOBJieHH5I 

QqJIOCTlf ,IlOCTHraeTC5I ITO OKOHqaHHH 

)3,IleHCTBHIO arpeCCHBHhlX cpe,n (KHC

:c-rn); 

800 UHKJIOB (HCIThITaHH5I ITO fQCT 

or.;mmeHH5I ,IlJI5I 6eTOHa (He 6onee 

113Mll Ha ITOPTJiaH,nueMeHTe; 

iaIOTC5I Bpe,nHhie Bemecrna; 
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- BO3MO)KHOCTh BTOplfqHOH ITepepa60TKH; 

- BhICOKYIO ITpoqHOCTh, cpaBHHMYIO c ITOJIHMep6eTOHaMH; 

- BO3MO)KHOCTh HCITOJih3OBaHH5I TeXHOreHHhIX OTXO,IlOB IIIJiaKOB H 

3OJI. 

Ha OCHOBaHHH HCCJie,IlOBaHHH H OIThITHO-ITpOMhlIIIJieHHhIX HCIThl

TaHHH pa3pa60TaH ITpe,nBapHTeJihHhIH HaUHOHaJihHhIH CTaH,IlapT [7]. 

BhmycK cepo6eTOHHhIX CMeceii OCBOeH HeCKOJihKHMH acq>aJihT0-

6eTOHHhIMH 3aBO,IlaMH. 

C01,naHa OCHaCTKa H TeXHOJIOrHH ITPOH3BO,IlCTBa H3,IleJIHH C ITpH

MeHeHHeM cepo6eTOHHhlX CMeceii (pnc. 6-8). 1·---= -t 

Puc. 6. JIOTOK eo,o:ooTJIUBHOii npu,o:opmKHblH 

Puc. 7. Ilpurpy1 Y60-YM .O:JIH ra1onpoeo,o:a 
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Puc. 8. <l>opMhI ~JUI pa3Jlnquhlx HJ~eJinu: 

TaKIIM o6pa30M, B HaCTOHrn:ee BpeMH: 

1) ITpOBe;:i;eHbI ITOJIHOMaCIIITa6Hhie IICCJie;:J;OBaHIIH KaK B o6JiaCTII 

C03;:J;aHIIH BH)l(yrn:ero, TaK II ;:i;opO)l(HO-CTpOIITeJibHbIX MaTepIIaJIOB Ha 

ero OCHOBe; 

2) ITOJIHOMaCIIITa6Hbie IICITbITaHIIH ;:i;opO)l(HbIX ITOKpbITIIH c ITpII

MeHeHIIeM cepoacq>aJibT06eTOHHbIX CMeceii OT JIIITbIX ;:i;o rn:e6eHoqHo

MaCTIIqHbIX B pa3JIIIqHbIX KJIIIMaTIIqecKIIX YCJIOBIIHX OT HoBo-YpeH

roH ;:i;o AcTpaXaHII ITOKa3aJIII xopOIIIIIe pe3yJibTaTbI ITO MOHIITOpIIHry 

yJIO)l(eHHbIX yqacTKOB; 

3) pa3pa60TaHa ITpOMbIIIIJieHHaH TeXHOJIOI'IIH ITpOII3BO;:J;CTBa ce

po6eTOHHbIX CMeceii. MaTepIIaJI ITO CBOIIM q>II3IIKO-MexaHIIqecKIIM 

xapaKTepIICTIIKaM He ycTyrraeT ITOJIIIMep6eTOHaM; 

4) C03;:J;aHbI TeXHOJIOI'IIII q>OpMoBaHIIH cepo6eTOHHbIX II3;:J;eJIIIM OT 

MeJIKOIIITyqHbIX BeCOM OT 5 Kr ;:i;o KPYITHora6apIITHbIX BeCOM B He

CKOJibKO TOHH; 

5) cepo6eTOHHbie II3;:J;eJIIIH ycITeIIIHO ITpOIIIJIII IIJIII ITpOXO;:J;HT 

HaTypHbie KJIIIMaTIIqecKIIe IICITbITaHIIH; 

6) pa3pa60TaHa HOpMaTIIBHaH II TeXHIIqecKaH ;:J;OKYMeHTaQIIH OT 

TY, CTO ;:i;o IIHCT II fOCT P; 

7) C 3KOHOMIIqeCKOM ToqKJ,J 3peHIIH, MaTepHaJibI KOHKypeHTHO

CITOC06HbI. 

Mo;:i;IIq>IIQIIpOBaHHYIO cepy MoryT rrpOII3BO;:J;HTb rrpe;:i;rrpIIHTHH no 

rrepepa60TKe Heq>TII II ra3a, MeTaJIJiyprHqeCKOH OTpaCJIH, a TaK)l(e 
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HMeIOrn:IIe TepMHH3..Thl 

BaHHoii cepbI. 

IIpo;:i;yKT 6y;:i;eT soc 

KaqecTBeHHbIX ;:i;opo)KJI 

3TO KacaeTCH ceBepHhC 

CTOHKOCTblO II KOpp03J 

HIIe ;:J;JIH o6ycTpOHCTB3 

pO)l(.l];eHIIM ra30- H Heqn 

l.1OCTP 56249-2014 
2. Sullivan T.A., Mc. B4 

// Sulphur institute Journal/ 
3. Wroom A.H. Sulphu 

ture/ /Military Engineering.· 
4.IIHCT 191-2017 Ow 

Texm1qecKHe ycnoBmi:. 
5.IIHCT 192-2017llle 

H cepoacqmm,rn6eroH. Tex 
6. IIHCT (rrpoeKT B TI 

Toii cepoac<pam,To6eroH. T 
7. IIHCT 105-2016 C 

ycnoBHH. 



ta3.IJHqHblX H3~eJIHH 

peWI: 

ILle Hccrre.n;oBaHH51 KaK B o6rracTH 

H~OHTem,HbIX MaTepHMOB Ha 

[HJ( .n;opO)KHbIX noKpbITHH C npH

CMeceii OT IlHTbIX )lO ~e6eHOqHo

'lecKHX ycrroBH5IX OT H0B0-YpeH-

11He pe3yllbTaTbI no MOHHTOpHHry 

R TeXHorrorH51 npOH3BO)lCTBa ce

iO CBOHM !pH3HKO-MexaHHqecKHM 

IMep6eTOHaM; 

8aHIDI cepo6eTOHHbIX H3)lellHH OT 

Kpyrrttora6apHTHbIX BeCOM B He-

neIIIHo nponrnH HilH npOXOMT 

RJI" , 

[ TeXHHqeCKa51 )lOKyMeHTa~Irn OT 

elDUI, MaTepHMbI KOHKypeHTHO-

rr IIpOH3B0)lHTb npe.n;npH5ITH51 no 

1,;wrHqeCKOH OTPaCrrH, a TaK)Ke 

HMeIO~He TepMHHMbI no npHeMy )Klf)lKOH, KOMOBOH H rpaHyrrttpo

BaHHOH cepbI. 

IIpo.n;yKT 6y.n;eT BOCTpe6oBaH BO Bcex pernoHaX, r.n;e eCTb Hy)K)la B 

KaqecTBeHHbIX .n;opO)KHbIX tt CTPOHTellbHbIX MaTepHarrax. Oco6eHHO 

3TO KacaeTC5I ceBepHbIX perHOHOB. MaTepHMbI C BbICOKOH MOp030-

CTOHKOCTbIO H KOpp03HOHOCTOHKOCTblO Haii.n;yT IIIHpOKOe np11MeHe

HHe )lll51 o6yCTPOHCTBa o6oeKTOB MHHHCTepcTBa o6opOHbI H MeCTO

pO)K)leHHH ra30- 11 HecpTe.n;o6hJqlf_ 
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