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METO_bl I-IOIIYqEHHfl BO_OPO_A

H PA3_E.IIEHHE FA3OBblX CMECEITI
II

BIIHHHI4E MAIIblX _OBABOK KHCIIOPO_A

HA PA3J-IO)KEHHE CEPOBO_OPO_A B HIIA3ME

A.B. Bane6anoB, B.K. )KrtsoToa, E.H. PaaaHtmS, A.B. MaKapoB,

M.H. CTpenKoBa, B.B. YIOTartKrtH, C.A. HecTep, A.A. Opn_Maa, B._. PycaHos

Hccne_oBanmo _nccoLmattm_ cepoBo_topoRa B repMrtqe- n acaetm_ MexaHI43Ma Rrtccottuattrm H2 S - O2 6btn_ no_toSpa-
Hb_ Han6onee IIOflHble Ha CeFORHaIIIHH_I ReHb KHHeTHqeCKHe

CKO_tnnaaMe
RaHHbIe no peaKttHaM B cMeca H2 S - O2, Koropb_e npHBeRe-

H2S_ H2 + S T, H298K =0,21 aB (1) HbI B Ta6nntte.

rIOCBYltlteHblMHOFOqHC$1eHHblereopernnecKne n 3KcrlepaMeH- Bee ata peaKttnH yCnOBHO MO)ro_HO paa6rlTb Ha rpH

Ta.rlbable accneRoBaaria [ 1 -- 3], a pe3yabrare roropblX 6btu rpynnbi"

oapeaeneH MexaHrtaM npoaeReHaa aroro npottecca, ero Bbl- I -- rpynna peaKlmfi (I--9), omtcbmammaa aaccouHa-

XOaHbIe 14 3HepreTHqecKne xapaKTepricrrtKrt. YCTaHOBneHO, mim qncroro H2S;

qro CKOpOCrb npottecca anccomtatmH (1) onpe;aeaaeTca naM)l- II -- rpynna peaKmtfi (1-34), omtcbmammaa o6pa3oBa-

Tapymmeficramtefi, KOTOpa_ aBnaeTca CrUIbHOattaoapraqec- Hrte BOnbI;

KOri peaKu_efi c aaeprrlefi aKrlXBatl_m E a = 92 KKaII/mOIIb: III - rpyrma peaKttrtfi (35--45), cBa3bIBalOIllaa nepable
RBe rpynrml MerRy co6ofi.

H2 S--) H . HS - 4 aB. (2) B TaOmttte rlprtBeReabI KOHCTaHTSI HpaMblX peaKmtfi.

qro6bl CHHaHTbnrtMrrrrtpymmee 3Haqearle 3TOfi peaKttna, KOHCTaHTbl 06paTablX peaKtmfi BOCCTaHaBIIHBa.rIHCba3 KOH-

a TaK>l<e ynyqtuwrb 3HeprernKy npottecca (1))B pa6oTe [4] CTaHT HpaMblX peaKtmfi n KOHCTaHTpaBHoBectla. B paMKax

6btnO BblCKaaaHO npemtono>KeHrte o npoBeReHrlrl mtccottrta- BbltuerlanO_eHHbIX npe_nono_eHnfi 6btu npoBeReH nOnHbIfi

ttmi cepoBoaopo_ta B HpHcyTCTBriHMaJ'[blX£tO6aBOK Kncnopo- pacqer KHHeTHKH RriCCOLI_aRIOicepoBoaopoaa c paannqab_-

_ta. _aHHaa pa6oTa nOCBameHa MaTeMaTriqeCKOMy °ModeRn" MH Ro6aBKaMri KrtcnopoRa no pa3pa6oraHHO_ nporpaMMe

pOBaHHIOKHHeTrIKHRHCCORtIalIktllH2 S c Ma!IblMH RO6aBKaMH [3], noaBonammefi qHC$1eHHOpemarb 3aRaqn KaK XnMaqe-

Kacaopo_ta a TepMrlqecKo_t iiiia3Me CKOrl,Tat< rt Kone6aTenbnofi KHHeTHKHa HOTOKaX.
MoRemtpoBanca paaorpeB CMeCH_tO reMneparypbl Ta

H_ S + 702 -* npORyKT_t, (3) IIpH IIOCTOaHHOM RaBneHrlri 150 Topp, qTO COOTBeTCTByeT

rae 7 - KOnHqeCTBO MOYle_I02, npnxo_aamaxca Ha I MOflb xapaKTepHbIM yClIOBHaM 3KcrlepHMeHTOB [2]. CKOpOCTb

H2 S. Ilea_ paforb_ -- onpe_;enrtrb, BO-rlepBblX, OCHOBHO_I HarpeBa Bbi6ripa.rlacb TaKHM o6paaoM, qTO6bl rlOnHOe BpeM_t

MeXaHrt3M _mccotmatm_ H2S B np_cyrCrBag Kacnopona; pa3orpeBa 6_mo 3aBe_OMO MeHbtUe xapaKrepHoro BpeMemt

BO-BTOpblX, CKOpOCTH oxna_<ReHaa, HeofxoRHMb_e Rna /iaccottriattria. Ha pac. I npHBe;aeab_ KrtHeraqecKHe KpHBb_e,

coxpaaeHria HpoRyKTOB peaKmm; B-TpeTbaX, MHHHMaJIbHble omlcbmammae riaMeHeHrle KOHtteHTpattHfi OCHOBHblX KOMnO-

3aeproaarparb_ A Ha nonyqearle cepbl, near H2 S, 02, H2, H_ O, SO_ B npottecce paaorpeBa co cKo-

Mo_temlpoBaHne KrtHeTHKn _ccottrtattml cepoBoRopoRa pocrbm v = 10a K.c-* ao T H = 1500 K n ycraHoBneHaa rep-

B RaHHOrt cMecrl rlpoBoRrlIIOCb B paMI<ax KBaaHpaBHOBeCHOfi MORI4HaMrlqecKoro paBHOBeCH_I npH Haqa.rlbaOM coaep>_amm

opraHrlaattrm npottecca, T.e. npeRnonaranca paaorpeB rlcxoR- KrlcnopoRa B cMecn 7 = 0,2. HonyqeHHbffl KoHetmb_fi CocTaB

HOWl CMeCH cepoBoaopoRa c KrlcHopoRoM RO TeMneparypb_ HpoRyKTOB paano>KeHna c TOqHOCTbIORO/leCaTbIX _Ione_i npo-

T n Ro yCTaHOBneIolfl TepMoIBIHaMHqecKoro paBHOBeCH_ C RenTa COBIIaRaeT c peaynbTaTaMn IIpOBeReHHOrO HaMHTepMO-
nocneRymttlriM 6btcTpb_M oxna>KReHrleM Rna cTa6rtrlrtaattriri _I_HaM_eCKOrO pacqeTa Ha OCHOBe nporpaMMbI ACTPA.

npoayKrOB peaKurm (3aKanKa). I-IpeRnonaranocb, HTOXnMH- KaK BrtaHO na pnc. 1, apouecc BHCCOttHauHHHUeT B RBa ara-

qecKae peaKttHa nporeKamT B nOKO_ttteMca rare npr nocro- na. Ha r[epBoM 3Tane cepoBoRopoR OKnCnaeTCa KHCHOpOROM

aaHOM aaBneHna. IIepeHoc BemecTBa oTcyTcTByer, reMnepa- Ro o6paaoBaHaa HapaRy c H2 )t S: etue aaOKCrtaa cepbt SO2

Typa raaa r_aMeHaerca no nHHefiaoMy 3aKoHy. C ttem, m Bb_- n BOab_. HpnqeM _'30% Kacnopoaa yxomn B BOay, a --70%--
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N, I 3HTa_ KO_CTaHTar/p_MO_peaKLl_HK, Hcnon_o-

n/n I Pearaa4n peaCH CMa/C,CM6/C BaHHa_JIH-
AH, aB reparypa

1 H:S+M=H+HS+M 4 1,67.101 9 .T'2 exp (-46 000/T) 3

2 H+H2S=H_ +HS -0,55 1,3.10- t I exp (-860/T) 3
3 HS+HS=H2S+S -0,39 1,2.10 -11 3

4 S+H2S=H2 +S 2 . -1,33 0,1.10"t°exp(-2519/T) 3

5 S + HS = H + $2 0,45 4,5.10 "1° 3

6 H + HS = H2 + S -1,12 2,5.10-11 3

7 HS+HS=H s +S 2 -2,9 2,16.10 "1°" 3

8 S + S + M = $2 + M -4,55 1,27.10"a° .T "1 exp(-171,5/T) 3
9 S_+Ss+M=S4+M -1,24 2,5.10 "a1 3

10 H 2 +02 =HO 2 +H 2,3 9,1.10"11 exp(-29 100/T) 6
11 H s +02 =OH+OH 0,81 1,67.10"t°exp(-35 192/T) 6

12 OH+H_ =H20+H -0,64 2,13.10"1_.T _,s exp(-1480/T) 7
13 H+O2 =OH+O 0,72 6,8.10 "!° exp(-8414/T) 7

14 O + H a = OH + H 0,08 2,9.10-11 exp (-4755/T) 7

15 O+HaO=OH+OH 0,72 1,1.10 "!° exp (-9240/T) 6
16 H 4-H + M = Hs + M -4,5 1,8.10"a°.T "1 6

17 O+O+M=O2 +M -5,16 5,2.10" a5 exp (900/T) 6
18 O+H+MfOH+M -4,4 5,6.10"a° .T't 6

19 OH+H+M=HaO+M -5,2 3,9.10"2 S.T "2 6

20 OH+OH+M =H202 +M -2,2 2,5.10" a 3 exp (2550/T) 6

21 OH+O+M=HOa+M -2,98 1,4.10 "31" 6
22 O 2 +H+ M =HO 2 +M -2,2 4,1.10"3a exp(500/T) 6

23 HOa + Ha = H202 + H -8,4 3,28.10-t 2 exp (-10 825/"1") 7

24 H202 + OH = HOa + HaO -1,46 6,16.10 "12"exp (-T 577/T) 7
25 HO2 +HOa =H202 +Os -1,45 2,2.10"1" exp(600/T) 8

26 HO 2 +H=OH+OH -1,47 9.10"1 ° exp (-914/T) 7

27 HO s +H=HsO+O -2,2 9,1.10" t r exp (-914/T) 7

28 HO2 +O = O5 +OH -2 18 2,9.10"t r exp(-200/T) 9

29 HOa +OH=H20+O 2 -292 6,6.10 "11' 6
30 HaOa +H=H20+OH -2.96 6.10" 1 r exp (-2177/T) 7

31 H202 + O = HO2 +OH -0.74 2,3.10 "11 exp(-3220/T) 7

32 HaO+O=H20+O 2 -367 2,3.10 -11 exp (-3220/T) 7
33 H2S+O=HS+OH -046 7,2.10 "12 exp (-1660/T) 6

34 HaS+OH=HaO+H -125 2,3.10 "11 exp (-450/T) 6
35 S+Oa =SO+O -024 2,24.10 -12 6

36 HS+Os =SO+OH -0995 2.10 -13 exp(-1743/l") 6
37 HS + O = H + SO -1,72 4.10 "1 " .T*,6'7exp (-960/T) 6

38 Ss +O=S+SO -1 6,7.10 "12 6
39 SO + 05 = SO2 + O -0,56 7,47.10-t" exp(-3250/T) 6
40 SO+O+M=SO2 +M -5,68 1,9.10 -31 6

41 SO+OH =SO2 +H -1,26 1.10"1° 6

42 SO + SO = SOs + S -0,30 5,8.10 "1'_ exp(-1760/T) 6
43 Sd + SO= $20+ S 0,43 6,635.10 "11 exp(-12594/T) 1

44 Sa +02 = S20+O 0,17 6,635.10 "11 exp(-14610/T) 1

45 S+SO s =SaO+O 1,73 6,635.10 "11 exp(-22670]T) 1

Ha.artqrte xrtc_lopoaa Ha 3TOM:_rane ycroprleT npottecc 3' = 0,03 nprt T a = 1500 K 99,9% Krtcnopoua yfi,aer a aoay, a

artccotmatmrt H2 S no cpaaneHruo c ,artccomtatmefi _c'roro apa 3' = 0,2 - 98%. Ha-aa roro, qro xaparcrepHoe apes, ta aro.

cepoaoaopoaa, rt qeM 6Onbtue O_,, "reM 6b_crpee rtaer npo- poro :_rana nprt6mtarrreabHO na aaa nopaaKa 6o.rlbtUe nepao.

O,aHaKO Ha BTOpOM :rrane nocae :_roro, KaK BeCb KrlC- ro _ npaKrrtqecKrt He 3aBi,lcl,rr OT rlaqa._bHOfl KOntteHrpatmH

yfiaer rra peaKttrm, npoaon:_aerca oKrtcnerme cepoao- K_tcnopo;aa, a lle.rlOM nanrtqrte KrtC_aopoaa yaemtqHaaer ape-

nonyqermbtM SO.:,, noabltua.a ablxo:t ao,r.topo/Ia, ce- Ma yc'rartoaaemta XHMHqecKoro paanoaecrta cMecrt H: S -

BO_2bl. l-lpHqeM npaKrHqecrH aecb Krtcnopo_ nepeftaer O:. Ana.qrla nonyqeanbxx l<HnerHqecKrtx t<pHab_X CHcnonbaO-

HanprtMep, apa Haqartbnb_x ao6aaKax Kncaopoaa aanHeM Koac.raHr cKopoc"re_ peaKtm_, npHaeaeHrtb_x a ra6-



Ni, % cepoBo_topo_ta a peamtrm (6e). Pacqer KHHeTriqeCKriXI<pri-
80 BblX, ablrIOrIHeHHblhHa OCHoaeBbI_eaeHHOrOMeXaHriaMa(6)

70 _riCCOt_riaIBIH cepoBo_topo_a c ne60_bttIriMri ]IO6aBKaMri KrlC-

60 _ nopo_ta (3' < 1), noi<aaa.n xopoLuee coanaaeHHe ("3 --9%)
50 X...__H,S c KpHBb_MH,paccqHTaHHbXMHnO rr®nil®MyMexaHHaMy (CM,

40. __ . ra6amty). TaI<rim o6paaoM, aannblfi BbIaenenubffl MexamiaM32_[_ZO _ (6) xopoulo orlriCblBaeT npottecc _,tCCOLU,tattrtri H2S cL..... He6oabtUHMn_,o6aaKaMri O: (7 '_ 1).
10_". =_.=._.=.--.--'I C ttem,_o ortpe_tenearin Bnrinnria ci<opocrefi ox.rla>K]leHri_t

Ha aqbqbeKTrmHOCTbHpotteCCOB3aKa.rii<rinpo_tyI<TOB,rIony-

0 0,02 0,1 0,2 0,3 0,4 0,5 t qeHHblX Ha cTalBiri paaorpeBa, 6btu® rlpoBeKeHo riHTerpripoBa.

Piac. 1. HaMeneaHe I<OHtteHTpattrl_ pearenTOB N i B npottecce _HC- nrie CHCTeMbI, OrlHCblBalOlllelTl CKOpOCTH H3MeHeHH_I KOMIIO-
cotmatmH CMeCHHaS + 0,2 O2 nprt TeMrlepaTypeTn = 1500 K: HeHT[3] HprIpaanrtqHbiXCI<opocTnxoxaa_<_tearin v = (10 _ --

.... Ha; + -SO2; . H20; =- "- -Sa -- 107) K.c -1 ]I,rI_IcpaBHrirenbHOHe6onbumx _tO6aBOi<I<riC-

. nritte, nOaBOnHn BbI_I,elIHTb OCHOBHO_I MeXaHH3MKriccot_Ha- nopo_ta "/<_ 0,2. AHanri3 pe3ynbTaTOBpacqeTa IIO3BOIIHHBbI-

_HH cepoBoRopo_a c Ma.I'IblMH_tO6aBKaMnKncnopo;aa, KO- _tennTb OCHOBHble peaKttnn, onpe;aenaIOtttne 3aKanxy

TOpb_fiHUeTnO cne_tytome_ cxeMe: npo_tyI<TOB_CCOttHamtH. KaI< a cne_oBano O>KrtaaTb,BbIae-
$IeHHbI_I MexaHU3M IIOIIHOCTblO COBna_aeT c MeXaHH3MOM,

H2S -->H2 + HS (6a) ; onHcbmalomrtM rIpottecc ariccottHalmH cepoBo_opo_ta (6). B

H + Ha S _ H2 + HS(66) ; CBaaHCTeM,qTOB oxna_<aaeMoh cMecri Hpai<THqecI<HoTCyT-
CTByeT aTOMapabxfi H Monei<yn_tpHbifiI<Hcnopo_t, peai<ImH

HS + HS-_ H2 + Sz (6B). (6r), (6_t), (6x), (6n) He oxa3blBalOT3aMeTHOrOBIIHIIHHlt

O6paaymmaaca aHcepa OKHcnaeTcaKHCnOpO/1OMaO Ha aaKanxy npo_tyKTOB_mCCOUHa_mH.Ha pnc. 2 HpHBe_teUbl

1

Sn + 02 --' S_O + O (6r). ®
AToMapnbI_ mtcnopo_t acrynaer a peai<ttmo c 1

O + H: S --, OH + HS(6a).

C o6pa3oBamteM pamiKanoa OH, KoTop_xe CrHMynrtpyK)r 0,8
_aricco_trta_mK)cepoBoaopoaa a crtnbuo 3KSoaprriqeCKOM rIpo-

ttecce, 0,6

OH + H_ S _ Hz O + HS (6e), 0,4

IIOaBOIISD:I O_K)_ITH Cri.rlbHO aa_toaprriqecKyto peai<tmlO (6a).

HapannenbHO c peai<mie_t (6r) B cricreMe rlz;ex peamma 0,2

HS +HS _H_S + S(6_),
I I

rtprmoaamaa i<o6paaoBanmo SO: • 0 1 2 Ev, aB

$20 + S -_ S_ + SO(6a) ;
Pac.2. 3aBHCnMOCrb Koaqb_mtHeHTa _I)_eKTHBHOCTH 3aKa.rIKn ®

SO + SO -_ SO2 + S(6H)" or y/lermaoro aHeproaxnaaa Ev npHpaanmm_xxCKOpOCTYIXoxna)l<-
' _temm v = 10 _ (Kp_Baa 1), 10 _ (2), 10 s (3), 10 4 (4), 10 a (5),

10 a (6)
SO + 02 _ SO_ + O(6K) ;

3aBHCHMOCTHi<oaqbqbmtrieHra 3_eKTHBHOCTH 3ai<anI<ri 0
$2 + O _ SO + S(6n). *) rlpri pa3nritrabxx ®<®po-Or y_aenbaoro aHeproBKaa_ta Ev

BblaeJleHnblfi KriHeTriqeCKUfiMexaHH3MOI1HCblBaeTrlepBblfi CT_IXoxaa>Kaearta v. Koaqbc_rittrieaT 3qbt_eKTHBHOCTH O

3Tan aHccottrtattari cepoBoaopo_ta, l-locne TOr®nai< BeCbi<riC- noi<aabmaeT, ci<onbi<o npoayi<Ta (cepb0, nonyqenaoro nprt

nopoa y_taer rt3 peai<IXriri,npai<rriqeci<ri npei<patuaK)rca pe- aHCCO_maurirt,coxpamtnocb nocne npoBeaeHria 3aKanKu.

ai<uriri (6a), (6e), (6i<), (6n), oaHai<o rIporicxoarlr ycane- BrtttHO,qTOB 3aBriCriMOCTriOTaaeproBi<naaa Ev ri cgopocrri

HUeo6parnofi peal<tirol ox.ria>K_enria npoayKrOB Mo>KeYpeamtaOBaTbca I<ai<cnyna_

SO_ + H -) SO + OH(6M), riaea.nbHO_ (9 = 1 (i<oraa coxpaHaerca CTeHeHbpaano_<eHria

i<oTopaa HpHBO/_IT K rri6enri SO2 ri o6paaOBaHrilO pa_i<a- *) y_lenbm,_l aHeproaxna/1 - KO$1HqeCTBOBIIO>KeHHOflaneprnn

HOB OH, CTHMyIIripyll TeM CaMbIM _a.rlbHe_Iiiiee pazno>Kerme Ha OIIay MoneKyny CMeCn.
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cepoBo,topo:ta), ran H c13epx_tTteaJ]bHoii- (')> 1 (IIOI1OJ]HH- 311eproBKJiaJtm_Ev Ila6J1mjtaetcH 3aNaJiNa. i lpHqeM C yMellb-

renblU_H Hap,lGorr<a tlpo;tyNTOU 3a cqer pa3Jio:_eHHn cepoBo- itlelltteM E v, 3aKaJINa ItOCTHI'aeTCH Ila 6ojlee _m3KHX cNopo-

_topo:ta _ Hpo_tccce o._a>N;teHHn) 3aNtUIOK [1]. HpH 3Hepro- CTHX o._za_ItemtH. (':teJtycr 3aMer|lTb, qTO B ofJu_crH MHHH-

BKJlaJI, aX [(v "-k_(),(_ 'JB, Ilaqiltlafl c IlCKoxopoii cKopocTtt OX- MLL'lblII, IX 91lClWO3atpar ovm,;te_me llt)O/1,1tCCOlDtttpOB;llllllel't
.qa>NJteHHH, pezuiH3yelCri pe_NilM ilJteZUlbllOii 3aKaJ1Kll, llpaqeM CMeCH cpaBIIHreJlbltO lleBI,ICONIIMll CKOpOCTHMtt V = 10 3 "-

c yMettl, lllelllleM 911eprol_K1la'ta 3aKtu1Ka ;tOCTHraetca lla 60- + 104 K.c- t nt)crato,mo JUI_IllOJlltOii CTaB|lJlll3atl,l,lil llptUtyKTa.

..'lee 11113Nllx cNopoclHX V (TaN jlJlrl E v = 0,(3 3B, T H 1900 K Pao_etHaa 3aBHCHMOCTt, CHn_eHaa 311epl'o3aTpax lla llO-

v = 105 K.c- _, a maa E v = 0,23, Tn = 1500 K - v = 103 K.c- l ) . nyqenHc cepbl npn _tHccounamm cepoBoJtopo_ta HpH pa3_IHq-

l-lpa 9HeproBN_ajaax E v > 0,6 3B Bo3pacTaeT KO/IrtqeCTBO iII,_X crcneHrtx lto6aF_r<a KaCJlOpoJta, llpHueLteHa Ha pnc. 4.

paL1HKa_1OBB cMeca, KOTOpble nprt oxJla_teHtll, t c BblCOKI4MH
1

CKOpOCTHMH Moryr IlpaBOLtaTb K aOHOJIHI4TeJIbHOMy pa3-

JIo:_eHalO OCTaBttIegOC_t cepoBoaopoaa, IlOBblttla_l BBIXO,/2 ,__ 0,9. ++

npoJ2yKTa: !1: S + S -" l lS + i lS, _1 _- 0,8
z'0,7

IIS+llS _I1: +_, :a::l_0,6 +
tirO C)311atlaOr petullt3alljllO cBOpXHJ.l, eaJlbtlO/t 3aKaJlKlt. <l 0,5

_aFIt|CHMOCTb BOJlllqHttbi 311epro3arpar m tla llOllyqettHe 0,4
l i i

cept,i OT ylte.qmtoro 3HepronKmuta (TeMnepaTypbl uarpena 0 2 4 6 8 1'0 I_2

T) llpH pauJlHqllbiX CKOpOCTHXOxJIaXReHH_I llpaBeRelta Ha 3,[O21,%

pnc. 3. KOJItIqCCTBO KllCJlopojla B ttCXOJlllOi't CMeCH _paYlOCb P_c. 4. 3aBHCHMOCTb OTIIOCHTeJII, IIOFO cltBxettHn 3Hepl'O3aTpaT tta

ar_ceounau,m cepoBo/].opoLl, a OT cTenellH Ilo6aBJlellH_,t KHCJIOpO/a.a:

12 pacqeTIla_! Kp_Baa; v--_-,_ -- 3KcnepHMeltTaJlbHt,le _taHmaC

3 31tech xe a3ofpaxeHb_ pe3ynbTaTm 3KcHepHMeHTOB, Hpone-

J_eHHbtXHa CBq-yCTaHOBKe MOItlHOCTbmJLO2 KBr: yItem, m,fii

2,5 2neproBKna_t Ev = (0,45 +0,55) 3B c HCrlO_lb3OBaltrleM rLqa3-
MOTpOHa Tarla "paLl_a.nbHa,q JlaltHlt" a IIaB_eHHeM B pafoqefi

3OHe p = 0,2 ata. ,Ro6aBneHae KacJ_opoj_,a K n2ta3Moo6pa3y-

mmeMy ra3y 1-12S npoa3Bo_t.nocb aByMa cnocofaMn"

m 1) KHCS_OpOJ1Ro6aB_a.rla nenocpe_crBeHHo Hepe_, BXO-

1,5 /_tOMB rason3Mepmem, Hoe ycTpofiCTBO;

< 2) npoa3BO/J.HYlOCb npeaBapHTenbHoe nepeMemauaHHe n

I cIIelIHaJIbHOM o6_,eMe.

l-Io_Ha_ a/leKBaTHOCTb 3TiiX ]I_ByX CIIOC060B HOItTBOp>N-

0.5 LteHa 3KClIepHMeHTaJIbHO. KatteCTBettltblfi COCTaB ra3oBoii

cMeca KOHrponHpoBanCa B Hect<om, KHX MecTax ra3onoro

0 _ t TpaKTa c acno_bsOBaHHeM XpOMaTorpa_oB rana .rlXM,

0,01 0,5 Ev, :_B 1 2 Macc-cneKTpOMeTpa H XHMHtlecKoro aHa.qa3a MeTOI_OMOPCA.I I 1 1 L__
1300 15t00 17_)0 1900 2100 2300 2500 2700 Bbmo yCTaHOBneHO OTCyTCTBHe npaMecH 502 n npoRyKrax

T, K peaKttHa _taxe apa MaKCaMaJIbHblX _tO6aBKaX KHcnopoIta.

Ha pac. 4 BH_tHOxopotuee COOTBeTC',_HeMexLty pacqeTm,lMHPl,lC. 3. 3aBHCHMOCTb BeJIHqHIIbl y/leJI/_llblX aHeproBaTpaT A ita nony-

qeHne cep_,_OT y_tem,Horo aHeproaNna,aa Ev (TeMnepaTyp_,_paaorpe- i,! 3KcrlepaMetlTa.rlbHblMa pe3yJlbTa'_aMa.

na TH) j_Jl/,i tlepBollaqaJibllo_ CMeCI_tlaS + 0,20_ apa paanaqm,tx WaKaM ofpaaoM, B peaynbTaTe rlpOBejtettHblX pacqeTOB
cKopocTaX oxnaxaeH_n v = 10_ K.c -t (KpuBart 1), 10_ (2), 104 KHHeTaKH L_HCCOl.taalIMacepoBojiopoLta c Ma.rlbIMHJIO_aBKa-

(3), l0 s (4), 10_ (5), 10' (6) Ma Kacnopo/ia a repMaqecKOii n.rlaaMe 6bUI yCTaHOB.rlelt OC-

3' = 0,2. 3Hepro3arpar_,t Ha OJtHy MO_leNyJly tiCXOI.IIIOficMeca llOBltOfi MexaHHaM ocyttteCTaneHHa 9TOrO Hpottecca. _RaH-

paccqHTblaa.rIHCb rio qbopMyne m,te nCC.lle/1oaaHaa nOSBOrlalOTcJleJ1aTb cne/tyiouttte BblBOJII,I"

A lru (1])1 s + I__2) 1. Hanatme Kacnopo/_ta B acxo_tHOfi CMeCHcHaxaeT MH-= : , HaMaJlbHble 3Hepro3aTparbl Ha nonyqeHHe Hpo_yKIOB;

cs+2cs: +4cs_ +... 2. HpH ox.nam,tteHmt rlpOLtrlCCOlDtHpOBatlltOf't CMeCH C
0

r_le (I_1: S + Io: ) ; lln - 9tlTaJlbllttfl cMeca npa T = 300 K a ILeSlblO noJmoro coxpaHeHan IIpOLI,yKTOB peaKmta n mtana-
reMnepaType HarpeBa T n" Cs i - KOHtteltTpalBt_l cepb_, nO- 3Olle MHHHMaJIbHbIX 3HeproaarpaT rpe6ymrca CKOpOCTHox-
nyqeHHaa nocs_e npoBe_teHHa o.'_ta_:_teHaa CMeCH CO CNO- halite HHnv= ( 103 +104)K.c-_.

pocrbm v 11oT = 300 K. Bamto, qro apa CKOpOCT_X ox.nax- 3. Hpa MaHHMa.rlbHblX 3Hepro3axparax npaKraqecKa
£teHHa l0 s K.c-_ Ha BCeM paccMarpaBaeMoM jlaaHa3oae BeCb Kacnopo_, nepexoj_aT n Booty.
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_)JIEKTPOjIbl JIJIIlKHCJIblX CPE_!I

B.H. _aTeeBa, B.F. Bna_rtMrtpoB, M.H. FyceBa, .rl.H. Kymti<oBa,
B.H. HaXOMOB, K.O. ParrtMOS, M.fl. BaKHpOB

B HacToanlee BpeMa BHOBbBO3HHI<6OJIblMO}l npaKxaqe. 2

CKHfiHHrepec K Koppo3HOHHO-CTOftKttM Karo_aM LLrlaKHC-

rtb_xcpe_, qro CB_3aHo C pa3BHI'HeM Hel'pazI/41IHOHHbIX 3J/eKT-

pOXHMHqecKHxnpoReccoB, a qaCTHOCTH, 3neKTpOnH3aBO_blC 1,2
TBepLIblMH nOmIMepHb_MHaneKTpOm_TaMrL3neKrponHaac

_erlonap_3attrteft aHoaa SO2 Hapyrux [1, 2].

KaK cneayeT H3 aaHHblX pa6or [3, 4], cytllecrBeHHblfi 0,8

HHTepec B 3TOM gaHpaBneHrtrt MoFyT npe/lcTaBJI_Tb THTaHO-

Bble 3YleKlpojlbl, YlerripOBaHHble HOHaMH naana_ma. OJ1HaKO _ 4
0,4 3

pa6ox B 3tOM HanpaBneHHH Ma.ao, a BIIHilHHenapaMeTpoB
npottecca JlerHpOBaHHa Ha 3fleKTpOXIIMHqecKHe xapaKTepH- _ 1

CTHKH 3$IeKTpOJ1OB /leTaIIbHO He HCcJIeJ1oBaIIOCb. o 0

B /laHao_t pa6oTe 6_mo Hccr_elloBaHo_iamtrte pert[MOB
o

nerapoBaHna (aHeprmi HOHOBE H ,tto3bz/1) rtOHaMnPd+ = 0,4
3neKTpO_J.OBH3 THraHa MapKH BTI-O Ha HXKarOjlHb_exapaK- =
TepHCT_KH.

/larm_le noTemmoamtaMHnecKHx Hccne_tosamth (pnc. 1) 0,8
rloKa3bma_oI, qTOy>_e npH ,/1 = 10_s HOH/CM2 rloreHktaa.rlno-

rpyxeHHa aneKrpoaa (+0,2 -- +0,3 B) COOTBeTCTByero6nacra
rlaCCHBHOrO COCTOltHHII TriTaHa, a n_K, xapaKTepnbl_ _qrt 1,2 Pnc. 1. HOTenttHO/lnHaMnqeCKrie KpnBble _

aHOJ1HOFO OKHCIIeHH_I THTaHa B KaTOJ1HO_I O6IIaCTH, OTCyTCT- THTan-nan/la/IrleBMx 3IleKTpOJXOBC pa3HI, IMl4 3Ha_

I qeHIDtMH aO3 npa E = 20 xaB: 1 - l0 t s HOH/CM_ ;

ByeT. B TO xe BpeM_t aTOMbl (HOltb[) na_naarta He nponmaa- 1,6 2 - l0 t 7. 3 - 10 t a ; 4 - nannallneBaa Oom, ra_OTce6a KaK CaMOCTO_TeJIbHa,qqba3a,rt BOYlbTaMllepHble KpH-

Bble CytlIeCTBeHHO OTJIHqatoTClt OT BOJlbTaMllepHblX KpHBblX

J:Lrl_lrla.ri_la_ltt_I. JJ.rlHTeYlbHOe llltKJIttpOBaHrle rloTeHRaa$Ia 3JleK- 0 _ , , , , _ , ,

rpo_ta B HHTepBa.rle -- 0,2 -- +0,4 B Be_teT K yMeHbtUeHmO -0,2 0 0,2 0,4 0,6 0,8 1,0 1,2 1,4

rtrlomazm HHKOB H CHH>KeHHtO aKTHBHOCTH 3$IeKTpOjla B pe- l-loTeHtBlan aneKrpoaa, B

aKRrtri BblJleYleHHa Boaopo_ta. Tor qbaKT, qTO reMrleparypnaa

o6pa6orKa na BO3_IyxenpH 600° C B reqeHHe 10 MHHnerrtpo- noBepXHOCrHbIXOKCH_aOB.1-IpH3tOM nocne repMoo6paforKH

BaHHb_X3JIeKTpoLIoBBe_ler K IIOTIHOMyHcqe3HOBeHmOBcex aK_tBHOC_b3rleK_po_lOBraKxe CHnma.qacb,HOno-npexHeMy
HHKOB, HO3BO_I_IeTyrBep_</lar_, qTOnx HcqeaHoBeHHeH.qH rlpeBbillla.rlaaKTHBHOCTbqHCTOFOTHTaHa.

yMeHbtuerme npH LtHK.qHpOBaHHHiiOTeHRHa.rlaH xpaHeHnrl Heo6xoj_IMO OTMeTHTb,qIO B OTIIHqHeOT _aHHbIX, IIO-

3J_eKTpO_OB, B nepByto oqepettb, CBII3aHO C o6pa3OBaHHeM J_yqeHHblX Ha MrIKpoqacTHttax na_naztH_ na creK_oyrnepo_-
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uoft no_non<v:e (10 Is - 10 t6 aT./CM2), B conocwamtMblX --1 1 2

ycJaoBnax [5] tta ;lernpoBaHHhlx 9neKrpoaax He y_taerca 3

nerKo Bblaenrirb O6JlaCTrl Ol<nCneHna aacop6apoBanaoro n 6

ra3oo6pa3Horo BOllopoaa, o6paaoBannoro B KaroanoM _ 23

IIHK_le.

BHeapemtb_e flTOMbl B OCHOBHOMHe aCCOIIHHpOBaHblH

MOmHO cqnTaTb, qro ua noBepxHocwn o6paaoBan OTHOCHTe.qb- _ -

no tUHpOKHfi HenpepbIBHblfi cneKTp 3aeprerHqeCKHX COCTOa- ma

HHft. CytttecTBeHHO 6OflbtlJHe 3ttaqeHHfl KaTO/_tHblXTOKOB IlO

cpaBHeHlalO C aattHbtMid pa6oxbl [5] waKn<e noaBoJlalOr noaa- _o

rarb, _o 3Ltecb B Hpouecce aoccranoBneHaa cyH.tecTBeaaylo

ponb Hrpa_or He ronbwo oraenbrti,le aWOMbXann accottrtari,l

nanna/.ma. FloaBneaide ano_IHoro nidKa Ilprt +0,8 -- +0,9 Brt

1,3 - + 1,4 B H cMetlleHtte KaTOKHOFOrlHKa no cpaBHeHHIO C

tlidCTblM na.rtJla_tHeM TaK>Ke yKa3blBaeT Ha TO, qTo peqb 3/_tech _ t t J

naew o6 o6pa3oBaHidri XHMIdqecKoro coeaHnenHa C BI,ICOKOii --0,2 -0,3 -0,4 --0,5 -0,6 -0,7
l-loreHttrtananeRTpojaa, B

KaTalInTHtleCKOt_ aKTHBHOCTblO,KOTOpafl MO_KeT_i,ITb _orloyl-

ttHTeYlblIOo6ycJlOB_IeHa paLInalIHOHHI,IM MORHqbI_1HpOBaHHeM lane. 2. Ilon_pnaattno_mme Kpmame _tn rrtTart-nannajmemax anei<-

noBepXHOCTId. Heo6xoLtnMO HoayepKnyr_,, yro nocne ro_ta rpoaoB c paanmmmMa anatlemmMn _aoa rrpn E =20 KaB: 1-
5.10 _' aoa/cMa; 2 - 10_7; 3 -- 10_6; 4 -nannamieBaa tl_ormra;

xpaHeHidn 3JleKTpOaOB Ha Bo3ayxe Ha rlO$I_IpH3alLHOHHI,IX
5 -- 10ts; 6 -- 10_s; 7 -- xe me, n'ro r_ 5, no noene 20-KpaTnoro

KpHBblX Bee eLue Ha6J-lloaaJ-lltCb 3TH IIHKH, r.e. peqb HReT o15 imrampoBanrm npa noreatmanax - 0,2 - +1,4 B; 8- rnraHoBu
OTtIOCHTeYlbHO yCTO_'tqHBblX IIoBepXHOCTHI,IX Coej1HHeHH_X. _onm'a

KaK y>Ke OTMeqa.lIOCb, Hcqe3HOBeHHe IIHKOB OKHC.rIeHH,q-

BOCCTalIOBYleHtt_IIIOBOpXHOCTH3JleKTpo/la He BejleT K Hcqe3- _3neprrta, KaB
HOBeHrirO aKTHBtIOCTH3/leKTpOaa B peaKunH Bi,tae/_eHHa Be- 0 50 100 151

_topo_ta. OqeBHaHO, qTO B npoLtecce ttnKJ-tidpoBaHrin aMeer

MeCTO KaK pacTsopelJHe Ilo8epxidocTnoro CrlOa c Ilorepefi

KaTanaTnnecKof_ aKTVmHOCTnKOMiloneari,_, Tag H o6pasoBa- -_ -1
ltHO O/<CH]2HOtt KOMHO3HI2HH na OCHOBe Bb_COKOJ_ernpoBaH-

Hero m_o_crtaa Talana, oTnnna_otuerocaBI,_COKOfiKoppo3H- _-2,

OHllOfi CTOfiKOCTbIO. l-lprl 3TeM na_naaah o6ecIleqaBaer ae

TOnbKO BI,_coKym 3neKTpoanym npoao_mMOCrb OKCHIIaO_ __ 3
KOMIIOBHIBtH, HO H ee 3_eKTpOKaTa_nTnqecKylO aKTHBHOCTB.

OLIHaKO lipid 6onee 3naqHTeJ-lbHOiTlaHOj_HO_I rlonaprtaatmrt o-4
(ao + 1,8 - + 1,9 B) BeJmqrmbi aHO_tHblX(a TaKxe l<aToaai,IX)

TOKOB oqeHb 6b_CTpO yMeHbtua.rInCb, qTO He IlOanOnaeT pac- -5 _
CMaTpidBaTb JlerHpOBaHHble 3J'leKTpOabl B KaqecrBe aHOLIHOrO 0t s l0 t _ 10_7 10"a

Marepida_a, uo pacCMOTpeHHble 3qbqbenri,_ He npeilaTcrBymr jloaa, non/cM a

HCIIO£Ib3OBflltHIO IleFHpOBaHHblX MaTepHa.rlOB B KaqeCTBe PHc. 3. 3aancnMocr_ TOKOaHa r_rran-na_maaaeaoM aneKxpoae npn
KaTOaOB. --0,5 B or aaepran E = 20 KaB a _oa_ /1 = l0 t _ n_ '_.M:. ----- -

KaK cneayeI Ha pnc. 2, fleridpoBanide HOHaMHnanna_mn anaqeHrta ann T_rraHoBO_ta nannaaaeBoit _oa_r,

cymecTBeHHO yae_HqidBaeT 9neKTpOKaTa_HTHqeCKytO aKTHB-

HOCTb3.rleKTpOJ1OB. Bnej_peaHblX IdoaoacrpeMrrrcnK3aaqeaHlo [7]

3anncnMocwb roKa or E Id ,]1 (pnc. 3) nMeeT npKo BI,I- N - Rp
• , = .... erfc( ),paXeHHbfii MaKcnMyM npn E = 20 KaB Id_ = 5 1017 IdOH/CM2 Nmax

IlpidqeM MaKCHMa.qbHa,q aKTHBHOCThnerrtposailru, ix 3neKTpo- 2S X/2-4Rp

_io_ npeBb_maeT aKTidBHOCTbKaK lla.rl.rlaLIMegoHdi_O.rIbFH, TaK F_e N - KOattertrpaILlt_I aTOMOB U MarepHane MHmeHH;

Id HaneCeHHOrO KaTO_HI,IM pacm, UleHHeM nartna_ma. S - Ko3qb_rtttrteHr pacm, menHrt; Rp - cpe_HH_t npOeKTHB-

C yBeaidqeHideM 3Hepridn nOHOB MaKCHMyM KOHIIeHTpa- HbIIT!Ilpofer; ARp- cpeaHeKBa_paTrttmoe OTK.rIOHeHHe,MOm-
I_HH Ilaflfla,Rna cMetttaeTca, cor_iacHo [6], B o6_eM 3J_eKT- HO IloJ_araTb, qTO Be/IaqHHa KaTO_HOFO TOKa TaK>Ke_tOJDKHa

po_a H HOBep×HOCTb 06eI1H,qeTcfl aTOMaMH naJ'l.rlaLIM_,a Ilo C'I'peMHTbCtl K IIOCTO_IHHOMy3HaqeHHIO C pocroM B,O3I,! H,

Mepe yBeJlHqeHidfl aO3bl KOntteH_pm_Hn aTOMOB namlaaida cJ1e_oBaTe_mto, 3.qeKTpOj_bl C J1 = 5.1017 H l0 ta HOH/CM 2

B_JIH3H HoBepXHOCTH pac_ea- n _tocridraew HpaKTHqeCKid no- IlpaKTaqecKH He OTJ_HqamTcfl IlO KOHI_eHTpatIBHna.qJ_a.RHaHa

c'rOaHHOrO 3HaqeHHa HpH _I, = l0 t 7 HOH/CM 2 " YqHTblBa_I, IIoBepXHOCTH.

ql'O rlpH yBe_iHqetn4id J_lO3bl MaKCHMarlbHa_[ KOHtteHTpalIHn POCT KOHtteHTpattHH pa.RaaIIBOHHblX jle_eKroB H, cne_to-



BaTeHbHO, aMopqbH3attHa HoBepXHOCTH He _OII)tOtbl BeCTH K 0,9

CHH)KeHHIO aKTHBHOCTH. BO3MO_HO, qTO K CHH)KeHHIO noc.rle_-

ne_ npH 21 = I0 _ a HOH/CM2 ae_eT Hayrnepo_HBanHe noBepx- 0,_

HOCTHTI4TaHa, qTO 14MeeT MeCTOB yCTaHOBKaX rana HIIY, B "_X_...O._ o _

KOTOpblX 14CIIOYIb3yeTcn MacIIIIHbI_! BaKyyM. TaK, HaHp14Mep, ,,,.j
____ ______--

THrall,ner14pOBaHHbI_ yrnepoaoM, 14MeeT, KaK 6bmo no)<aaa-

HO 3KcnepHMeHTaJ-ibHO, aKTHBHOCTb, 611H3KyIO K aKTHBHOCTH
_" 0,6

qHCTOFO THTaHa, a BHeKpeHHe HOHOB yrnepoaa B noKpblTHn
Ma rlanna_14_ CHH>KaeTHX aKTHBHOCTb. Heo6xo_MO TaK>Ke

o
noaqcpKHyTb, qTO C H3MeHeHHeM BeIIHqHHbI aO3bl Ha6nroRa-

eTCh 143MeHeHHe yrna HaKnoHa nonapnaaIBIOaHblX KpHBblX

(CM. pac. 2). Hp14 3TOM MHHHMaJ"IbHOe3HaqeH_te Ko3qbqb141_t14- 0,4,

eHra b = 90 MB Ha6moaaeTca y 3rleKTpOROB C MaKCrIMaHb-

HO_I aKTHBHOCTbIO B peaI<ttrlrt BblaeneHl4,q BoRopo_a (E = 0,3-_"-.o--a=-o- n ,,-.-.-__---.--'.-..'-.--
= 20 )<3B, _ = 5.1017 HO14/CM2). TaKoe 14enpepbmnoe rt3Me-

HeH14e 3HepreT14qec)<rtx xapa)<TepHcT14)< rIOBepXHOCTH 14 B 0,2 ) t _

aepBy_O oqepeab 3Hepr1414 CBa314 aacop614pOBaHHb_X aTOMOB 0 20 40 60 80BpeMa, q
Boaopoaa, IIO-B14_HMOMy, cBn3a140 c H3MeI-IeH14eM_a30BOrO

COCTaBart MOX<HOnonaraTb, qTO CKOpOCTbnpouecca B IICIIOM Ptfe. 4, PecypcnbIe HCIILITaHELII.TErran-nanna/_eBbix aneKTpo_loa
npr4 _ = 5.1017 HOH/CM 2 BO MHOFOM onpeaeaaeTca CKO- (E = 20 KaB, _ = l0 t a ltOH/CM 2) I_ pacTBope cepHol_ KI4C/IOTI)I H

pocTbm peKOM614Ha111414aTOMOB Boaopoaa B oTnHq14e OT qrl- B KOHTaKTeC MeM6paHol_ MO-4CK nptt i = 0,1 H 1A/cM 2.

cToro nannaaHn, rae n14rvmTHpyIome_t cra_te_ nBIIfleTC_I noTeHUHanbl nanna_Heaoit _om, rH H HanhlneHHOlt na

3JIeKrpoxrlMrtqecKa,q zlecop6tma [8]. nopHcThIlt rrrraH naana_HeBoit ll.rle)lKH (2 MKM) B altaJlOrlCqltl_ix
ycnoarmx

C H3MeHeH14eM 3HepraH BHeKpe14HbIX 14OHOB)<aqecTBe14-

HbI_l B14_ HOTeHI_HO_HHaMHqeC)<HXKpHBbIX 143MeHeHn_i He

npereprIeBaer. Oana)<o rlporlcxoanT cymecrBenHble i<onrt- B nqerlKax, np14MeHaeMbXX ann ane)<rponrtaa BOabI [10].

qeCTBeHHble 143MeHeH14fl14 B nepBym oqepeab 143MeHeHHeBe- Pe3ynbrarbl aCnblraHI, l_i rloKaaa.rIl,I, qro r.'or,eaeHne rlopHcrblX

YIHqHHbI KaTO_-IblX TOKOB )<ai< B lIOTeHttnoarlHaM14qecK14X THTaH-IIa/IYla_HeBbIX 3IIeKTpOJ_OB KaqecTBeHHO aHa.rIOrHqHO

yCJIOBHaX, Ta)< H B IIOTeHI_HOCTaTHqeC)<HX. OIIHCaHHOMy BbIIIIe. AKTHBHOCTb IIOYlyqeHHbIX THTaH-na.rIIIa-

_aBHCHMOCTb C)<opOCTH )<aTOaHOl_l pea)<tI_IH OT 3HepFHH aHeBbIX 3neKTpOaOB HeCKOIIbKO ycTyrlaeT aKTHBHOCTH )<OM-

HOHOB rlpoxoa14T qepe3 Ma)<CHMyM,qTO nBnaeTca HeCKOIIbKO _HHHpOBaHHbIX 3IIeKTpOaOB (IIOpHCTblH rmaTrlHrtpOBaHHb_

HeO_<rlaaHHbIM, rIOC)<OIIbKy rloBepXHOCTHan KOHtteHTpau_n THTaH--ILrIaTHHOBa_I qepHb), O_HaKO CHrOKeHHe pacxoaa

nannaa14a Hp_ 3TOM MOHOTOHHOy6bmaeT. MOXHO nonarar_, 6aaropoattoro MeTa.riJIaHa Hec)<OJIbKOIIOpnaKOB nO3BO/IneT

qTo Ha6nloKaeMbi_ 3qbqbeKr rlMeeT d_rta14qecKylo np14po;tty a paccMarprmarb BoaM,OXHOCTb np14MeHeh_l_t Ta)<HX 3neKrpo-

CB_IaaH C pacrlbmerlHeM noBepXHOCT14 3yle)<rpoaa. KaK crle- _IOB B 3IIeKrpOIIaaHblX crtcreMax c 60nee HI43KHMI, I nTIOTHO-

_tyer 143 [9], nepBoHaqan_HO )<oaqbqbatmeHr pacm, memta no- crnMrt ro)<a, nanpr_Mep, a qboroane_rpox)_Mrtqeci<rtx ycra-

BepxHOCTri 6bICTpO pacrer H npr4 H3MeHeH14nX3HeprH140T 1,5 HOBKaX Ha OCHOBe3_IeKrpoYlHaepoB CTBep]lb_M nOIIHMepHblM

aO 20 KaB BoapacTaer noqTH B 4 pa3a, qTO Beaer )<yBen14qe- _ne)<TpoartroM.

rm_ 14CTHHHO_noBepxHocTrt _ne)<rpoaa. Hprr aan_He_ttIeM

yBeJiHqemta E ao 75 _aB Ma)<C14Ma.rlhHOeHaMeHeHHe Ko3qb- C nrl c o _ nrl r e p a r y p _a

qb14IIBeHTapacribtrleH14a He rlpeBblttlaeT 20% 14He)<oropoe yBe-

nnqeH14e noBepxHocr14)<oMneHcnpyercn 6onee 6blCTpbIi yBe- 1.Nuttal L.J., Russel J.H. - Int. J. Hydrogen Energy,

•ZI14qeH14eM]_llrtHbl npo6era nOHOB H yMeHbmeH14eM noBepx- 1980, vol. 5, p. 75.

HOCrHOft KOHtteHrpmtHH nanzmzma. C 3rHM npeanonoxermeM 2. Takenaka H., Torihoi E., Kawami J. - Int. J. Hydrogen

TaK;_e cornacyeTca rIOCTOnHCTBO3HaqeHrffl BeIIHqI4Hbl b = Energy, 1982, vol. 7, p. 397 - 408.

= 125 +- 20 MB a,aa pa3nrtqHb_x 3HaqeHa_ E _< 20 )<aB 14yBe- 3. TOMamOB HjI., FyceBa M.H., (I)eaoceeBa F.A. r_ ap. -

nnqeHne ao 150 +- I0 MB npn yBenHqeHmt E ao 75 )<aB (_I = JLa3-t CCCP, 1981, r. 256, NO5, c. 1129 - 1133.

= 1017 14OH/CM:). 4. TOMamOB H._., FyceBa M.H., qepHOBa F.II. rtap. - 3amH-

Ka)< rlo)<a3a.ri14 pecypcHbte 14CllblraHrln npH ILIIOTHOCTH ra Mera.rlilOB, 1983, r. XIX, NO6, c. 872 - 878.

ro)<a 0,1 A/CM_ (p14c. 4), ner14poBaHnbie 3ne)<rpoab_ xapa_- 5. Takasu Y., Enami E., Matsuda J. - Chem. Letters, 1986,

Tep143ylorca BblCO)<O_ aKTHBHOCTblO14 cra6H.rlbHOCrblo nprt p. 1735- 1738.

pa6ore B pacTBope cepHo_ )<14cnorb_. Hapnay c MOHOn14rHbl- 6. BypeH)<OB A._., KoMapOB _).O., KyMaXOB M.A. rt _tp. Hpo-

MH 3neKTpO_taMI4 B cepHo)<HCHblX pacrBopax 6btnr_ Hccne_to- cTpaHCTBeHHb_e pacnpeRenemt_ 3Hepr14rt, BblLIeJIeHHO_IB

BaHbl Ta)<>Kenop14CTble THTaHOBbIe3IIeKTpO/lbl B )<OHTaKre C )<acK_e aTOMHblX crOYIKHOBeH14_!B TBepablX renax. -M.:

TBepabIM IIOH14MepHbIM3J_eKrpo$IarOM (MeM6paHa MO-4CK) 3HeproaToMa3Ltar, 1985.
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7. FyceBa M.H. [lOHHaYiHMI_aHTattlta B Mel'a_nax.-- l-IoBepx- neKmnbl paaBHTHn KpymmMacmra6Hb_x 9JleKlpontl3epoB

',OCrb. Omml<a, _tMHn, MexamlKa, 1982, NO 4, c. 27 - 50. ,rLrlapaanomelma BOJlbl C Til3. - BAHT. Cep. AloMnO.BO-

8. Jleumt A.H. TeopermwcKJle OCHOBbl :meKrpoxttMmt. -- ItopoztHaa 9neprerm<a _t rexHonorHa, 1985, NO3, c. 43 -

M. : Mera:mypr_la, 1972. 46.

q. Matsu:mm, N., Yamamura Y., lt_kawa Y., Energy Depen-

dence of the Yield of Ion-Induced Spu ttermg of Mono- 8onpoc_, aroMUOnHayK.. vexm, K..
atom,c So',,ds, IPPS-AM, 1983, NO32. (?ep. Haepnaa TeXH,Ka)t "rexmmont_,

1989, Bran. 2, c. 7 - 10.
10. A:mMOB A.JI., AnTOHOBa Jl.Jl., Ap,taKoB O.B. lt /lp. Hepc-

IIEHTPOBE)KHblIYt D(b(I)EKT B KHIIETHKE IIPOIIECCA

PA3JIO)REHHH FIAPOB BOjIbl BO BPAIIIAI011IEHCJ::I IIJIA3ME

C.B. Kopo6ueB, T.A. I<OClIHOBa,B.B. lrIoTarlI<HH,

H.P. PaxHM6a6aeB, B._. PycaHoB, A.A. _pl4_IMaH, E.B. lllynaKoBa

Bo3Momttocrb O/2HoBpeMenHoro nonytteHHa H pa3_tene- qbHttHeHTpa3LteneHHa 06pa3yioulrtxca BO/_topo/ta ii K_tcnopo/ta

tiller npoIlyKTOB nJIa3MOXttMHtleCKHX peaKmfft Bbl3blBaeT 3Ha- onpeaenanca c IIOMOlllblO Macc-cneKTpoMeTpa, npO6bl /_tna

qrrrenbnblft mrrepec uccne/.toBarenefi [1 -- 3]. 3rOT rturepec Koroporo OT6rlpanltcb 6blCTpO/_teficrBymtttHM IIpofoor6opHft-

o6ycnoB:IeH, BoqlepgblX, reM, ttro 3Heproaarpa'rbt npottecca KOM. IdaMepeHH_t cTerleHH KOHBepcHrt BO/lbl nocne npeKpa-

(ecnH noJlyqeHtie H paau.eneHue rlpo/lyKTOB npoI/CXOLtHTO/l- tlleHtta paapnzla rome npoBo/IH.rlnCb C HCnOnb3OBaHHeM Macc-

HoBpeMeHHO) Mory-r 6btTb CHlt_ettbX 8rmoTb RO TepMO/1HHa- cneKTpOMeTprNeCKO_ Mero/:trtKrt.

MttqecKH Hpe/te.qm_bzx rr, BO-BrOpblX, C reXHOnOrHqeCKO_ l-IonyqeHHaa a 3KcnepHMeHxax 3aBHCrIMOCIb Kogqbqbl41tH-

TOtlKt| 3peHlia npottecc CTaUOBtfrCrI O/2HOCTallttfittbIM. EcnH eHTa paa_enerma npo/lyKTOB pa3nomeHHa BOLl,bl (BOrtopo/-ta

HpoLtyKTbl XHMHqeCKoii peal<refit 3aMeTHO ormtqatorca no rt KHcnopoaa) or yaenblaoro 3HeproBKna/_ta B pa3paa npHBe-

MO,qeKyn_tpHblM MaccaM, ro BOBMOmHOCTbOj_HOBpeMeHHO- aeaa Ha prtc. 1. 3KCriepHMellTa.qbHble TOqKH Ha 3ion KpHBO/i

ro llOJlyqeHltfl H pa3_enenJia npoLtyKrOB peaKttHfi MO_HO

peantt3OBaTb HpH HCnOnb3OBaHHrtILrla3MOXHMHqeCKHXCHCTeM 250

C 6t,_crpoBpamamtlleftcn ll_aaMOff, 13 KOTOpblX pa3_eneaHe
Hpoz_y_roB npoHcxomrr B none UeHTpO6e_Hb_X crm, DTa 100 /
O6CTOIITeflbCTBa /__teJlatoxaKTyaJlbHblM BbIl'IOnHeHHOe B aaH-
tIOft pa60Te HCCJIeltOBaHtIe BnHaHHlt IleHTpO6eXHblX CH.rl, g 50

BO3HliKarotttiiX BO BpamaI-omefica rma3Me rLrla3MeHHofi iteHT- _ 25

pHqbyr_t Ha KiIHeTIIKy H 3Heprerm<y pa3nomeHHa BOa_,l. =v'

Pa3pa/_tHaa KaMepa npellcraBnana co6ofi ttt_HH_Ip, BHyrpb _ 10
KOTOpOVOB/LOnb OCH 6bLrIH BBe/_eHb! /1Ba _eHTpa/IbHMX 9neK- g 7,5
rpo_la. KaMepa noMe_anacb B CoJIeHOHJ2,o6ecrteqHBamtttHfi 0so 5

MarHrtrHoe none ao 6 KFc. _aBneHrie napoB BOJ_bi BapbHpo-

Banocb oi 0,15 Ilo 0,6 Topp. Pa/_rtanbHoe 3IIeKTpHqecKoe rio- 2,5

ne lt TO1<cosaananl_cb pa3pattOM KOH/leHcaropHof! 6aTapeH, _.._ "_--K'/_IIpH 3TOM I1.rIHreflbHOCTbpa3pa/la COCTaBnana 10 -- 15 MC, a I
! I I I

MaKCltMa.rlbHaSI aMrmHTyaa paapaaHoro rol<a napt, rtpo_a_acb 0 10 20 30 40
or 0,4 iio 2 KA. 9HepPoBKJlaJl, aB/Mon.

H3Mepemta 3neKTpHqeCKHMH 3OHjlaMH H CBq.rtHrepdpe-
PIIc. I. 3aBrlClIMOCTI,KOac_qbHttl_eHTapa3/lenellllIl oT yaerm_oro

pCMeTpOM IIOKa3a.rIH, qTo KOHIIeHTpaltH_I 3neKTpOHOB B CH- 3HeproBKnajla
cre_e 6htna nponopttHoHam, Ha pa3paartoMy TOKy 14/locTrl-

rana (1 + 2).10 t3 CM-3 nprt roKe 1 KA. Cpe/1Haa creneHb noflyqeHbl H3MeHeHHeM HaqaJIbHOrO _aBneHHa, MaFHHTHOrO

HOIlH3altHH ILrla3Mbl COCTaBnana 10 -2 -- l0 -3. CKopocrb Bpa- riona, pa3paj_oro roKa. KaK BH/IHO H3 pnc. l, 9ra 3aBHCH-

tttettrta rtna3MbL H3MepeHHaa nO /1ormepoBCKOMy CaBriry MOCTbriMeeT apKO Bb_pa>KeHHb_ rioporOBblfi xapaKrep.

cneKTpa.rlbHOft nHHHH Ha, aocrrlr_a 8.10 s CM/C. IIprtBej_eHHble paHee rlccneaoBaHlta [4] noKa3anH, qTO
PacqerHa,q CKOpOCIb oxnam/leHHa rtlla3Mbl 3a CqeT reIlnO- B j_aHHOM jlltarla3oHe pa6oqHx napaMeTpoB reMneparypa _t

ripOBOIIHOCrlf (B ycnoarmx 3KcnepHMenra) nocne npeKpa- CKOpOCrb Bpamermn rmaaMm B rtnaaMeHaofi ttet-trpHqbyre BOa-

ttleHrta paapaaa COCTannana 104 K/c. klMeHno 3TOoxna.ae- pacTamr rlpaKTHqecKH nHHe_IHO C pOCTOMy/lenbHoro 3Hepro-

HHe 21On>KHO6btnO 6b_ o6ecneqitBaTb 3aKaJIKy npo/lyKTOB BKJIa_a, cne/1oBaTenbHO, nHHe_HO Bo3pacTae_ rl tteHrpo6e_-

pa3nomeHHa BO_bl B KBa-,HpaBHOBeCHblX yCHOBH_tX. [(o3qb- HBII4 napaMeTp- orHomeHne KHHeIHqecKoIYl 3HeprgH Bpattle-
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HHHrtna3Mbl K TerLrIOBO_Mv_/3T. Koaqbqbrlll_HeHTpa3jlenerma 1
BO Bpamarou,efica rtnaaMe pacrer B CBO_Ooyepe_b 3KcnoHen-

l.tHa.rlbHO ¢ y'BeIIHqeHHeM tteHrpo6e_a_oro napaMerpa, qrO 2

nOj1TBep_<jlaCT 3abHCHMOCTb, IIOKa3aHHaR Ha pac. 1. Orcyr-

• CTBHe paa_tenemta npoayKrOB pa3no_<emta BOab_ rtprt 3nepro- 80

Bnna_ax MeHee 15 aB/Mort. CBaBaHO, nO-BrUmMOMy, C OCO-

6eHHOCTaMn opraHnaaum_ paapaJla B napax BOabX.

IIpocTpaHCTBeHHoe pa3aeaemte o6paay_omHxca BO/1OpO- r /

aa vt Krtcnopoaa o6ecneqnBanO 3_eKmBrlylo aaKanKy 3rrtx

apoayKTOB artccotmamm. CreneHb ._:oaBepcrm aOJlbX Boapa- 60

crana c yBenriyemteM KoaqbqbrmneHra paaneaearta rt aocrrt-• O
H i,

rana 40% nprt MaKCHManbHblX Ko3_qbm_rieHrax paa/leneHrta. _ /_ // pl_are2aaaana:eTe°ne_ _7_Ha pnc. ? nprmeaeHa 3aBrtCrtMOCTb3arpar 3aeprrm Ha nony- ,£
qeHrte Boaopoaa npn pe3ao>KeHrm BOabX B paccMarprmae- 40

MOI_IcrlcreMe Or y_enl, Horo 3aeproBr,.rIaJ:ta. MrtmiManbHble _iii!___ !

3arparbl 3Heprmi COCTaBrtnn 40 3B/MOa., yro COOTBeTCTByeT

3tieprerrtaecxo_ _qbeKrrtnHOCm ~ 7%. Jlanbae_tuee cHrt_e-

Hae 3Hepro3arpar rt nOBb_memta KII/I npottecca BO3MO_r,aO 20
rOnbKO nprt yMeHbttleHrlri yIIenbHOrO 3HeprOBK$IaJla C coxpa-

Heart.eM BbXCOKrtX 3HatteHri_ tteHrpo6e_.oro napaMerpa 10 t _
Mv 2/3T, q-ro npaNrHyecKH rpy/_HO peanrt3yeMo B O6bXtmO_ 0 10 20 30

E, aB/Mort.
rtna3MeHHO_ UeHTpri_yre [5].

k* = ATBexp(--C/T), CM3/C
N-o PeaKttrta

n/n Anp Bnp ] C_) i" A°6p I C°6P
I

l H+HO--'O+H 2 i.,i :_-I, 1 3,5.103 3,0.10 "14 I 4,48.10 s
2 H + HO2_ H2 + O_ 4,2.10-11 0 3,5.10 a 9,1.i0-It 0 2,91.104
3 II + I-IO2--,HO + HO 4,2.10 -_° 0 9,5.10' 2,0.10 "_ t 0 2,")2.10"
4 H + HOa--' O + H,O 8,3.10 "tr 0 5,0.I0 _ 1,75.10 -_ 0,45 2,84.10"
5 H + HaO _ -_HOa + H a 2,8.10 "ta 0 1,9.10 s 1,2.10 "_ 0 9,4.10 s
6 H + HaO_ HO + II_O 5,28.10 "t° 0 4,5.10 s 3,99.10 "_° 0 4,05.10 _

- 7 H+O_-" HO+O_ 2,7.10 ''_ 0 0 5,2.10 "_ 0,69 3,86.10"
8 HO+H_--' H+H_O 1,83.10 "t_ 1,2 1,84.10 _ 1,79.10 "_ 1,2 9,61.10 _
9 HO + HO--"H_ + Oa 1,09.10 "t _ 0,26 1,47.10" 2,82.10 "_ _ 0 2,42.10 _

I0 HO-_HO_O_ +HaO 1,0.I0 "t_ 1,3 0 3,2.10 "_ 1,16 8,77.10 _
II HO + HO_-* H_O +Oa 8,3.10 "_ 0 5,03.10 _ 2,38.10 -_° 0,17 3,69.10"
12 HO + tt_O:--, HO_ + H_O 1,7.10 "_ _ 0 9,1.10 _ 4,7.10'' _ 0 1,65.10 _
13 HO+O_--' HO_ +O_ 1,6.10 -_ 0 9,56.10 _ 6,69.10 "_" 0,33 2,04.10"
14 HO_ + H_--, HO + H_O 1,2.10 "_ 0 9,4.10 _ 1,33.10 -_ 0,43 3,62.10"
15 HO_ +HO_ H_O_ +O_ 3,0.10 ":_ 0 5,0.10 _ 1,57.10 -_ 0,38 2,2.10"
16 HOa +O_-'* HO + HOa 1,7.10 "__ 0 1,41.10 _ 9,94.10 ""_ 0 1,65.10 _
17 O+HO--' H+O_ 2,72.10 "_a 0,28 -8,1.10 3,7.10 -t° 0 8,45.10 _
18 O + HO_--' HO + O_ 3,32.10 "t _ 0 5,03.10 _ 2,2.10 "t _ 0,18 2,82.10"
19 O + HaOa--" H_O + O_ 1,4.10 -_ _ 0 2,12.10 _ 5,7.10 -_ _ 0,52 4,48.10 _
20 O + H_O_ HO + HO_ 1,4.10-_a 0 2,13.10 _ 2,07.10 -t s 0,64 8,23.10 _
21 O+Oa--" O_ +O_ 1,89.10 "_ 0 2,3.10 a 1,98.10 "_ 0 5,06.10"
22 H+H+M -*H_ +M 1,8.10 "a° -1 0 3,7.10 -'0 0 4,83.10"
23 H + HO + M-" H_O + M 6,2.10 "_ -2 0 5,8..'_0"_ 0 5,29.10"
24 H + O_ + M --' HO_ + M 4,14.10 "_ 0 -5,0.10 _ 3,5.10 -_ 0 2,3.10 _
25 HO + HO + M--* H_O_ + M 2,5.10 -aa 0 -2,55.10 a 2,0.10 "_ 0 2,29.10 _
26 O+H+M--' HO+M 8,28.10 "a_ -1 0 2,33.10 "_° 0,21 5,1.10"

27 O + HO + M --" HOa + M 2,8.10-31 0 0 1,1.10 -" -0,43 3,22.10 _
28 O + O + M--' O a + M 5,2.10 -a_ 0 -9.10 "_ 3,0.10 "* -1 5,94.10"
29 O+O_ +M--* O_ +M 3,31.10 "_s 0 -9,8.10 _ 7,16.16 "_° 0 1,12.10 _

*) Pa3MepHOCTbK Ilna rpUMoneKyn_tpnb_xpeammtt C:M6/C.

2*) Pa.aMepaocT_C - K.



_,qa nbtacHe)ma BnitmUta cteHrpo6e:_Horo 3qbqbeKraHa TaKHM ofpa3oM, Ha npnMepe pa3no_<eHHanapoa BO_tblB

3Hepro3aTparbl m_ccoit)talIH)t 6m.q npoBeLtett KHHeTHqeCKnfi nna3Me, Bpatua}otuefica B cKpettteHHblX E × H nonax, noKa-

pacyer npottecca 3aKaqKtt rlpottyKTOB pa3no>KeHaa BOab_. 3ano, qro UeHrpo6e_Hb_fi 3_qbeKT no3Bon_er B 3THXCnCTe-
Hana.,tbHme 314edtleHltHreM_xeparypb_ (yllenbHoro 9aeproBKna- Max ao6nTl, Ca 9_dpeKTnBHOrOpa3aenenna Hpo_lyKTOB Rt4c-

na) H rAan.qentia llp|itlnMa.qitCb paBHblMtt cOOrBerCTBymttlrlM cotmatmn n CHH?HIb3ueproaarparb_ no OrUOtUenH,'OK MnUlt-

3KcnepnMeHxaIlbHblM 3HaqeH)taM, a cKopocrb ox.qamzteana -- ManbHO BO3MO>KHbIM npn KBa3rlpaBHOBeCHOM npoaeaennn

nOCrOnHHOfi H paBHofi 9KcnepnMearanbHOMy 3Haqeart.o n.qa3MoxnMn_ecKoro npoltecca.

_ 10_ K/c. Y,utrb_BaeMb_en pacqere 9neMeHTapabxepeaKtmn

,: coorBercrBymmltMrt 3HaqeHltaMH KoadpdpmtneHroa cKopo- C n u c o K n u 1"e p a Ty p bi
cr)_ nm:._e21eHb_t_ ra6nHue, q_tcneHHoe nHrerpnpoBaaHe

c)tcreMb_ ypanHemtfi xnMnqecKofi t<nnernnH npoBom4nOCb 1. PycaHOB B._., ¢l)pnj1MaH A.A. ¢l)n31tKa XnMHqecKnaKrnB-
MerO2tOMFnpe c rlCHO.qbZOBaUHeMnaKera STIFF (nporpaM- HOfirmaaMbl. - M.: HayKa, 1984. - 416 c.

Ma KINET) [6]. 3Tor pacqer onrtcmnaer KnazHpanHoBecnym 2. l-loranr<nn B.B., PycattoB B.21., _pmtMan A.A. - XB3,
opramt3amtm imazMOXaMnqecKoro Hpoltecca. FIonyqeHnan B 1987, r. 51, NO4, c. 352.

peaynbrare aaBnCHMOCrb_neproaarpar mtccotmaltnn BO]Ibl 3. Korobtsev S.V. et al. Plasma Chemistry and Plasma Pro-

or ,aynebHoro 3HepronKnaaa npnaeaena na pnc. 2. Hepece- cessing, 1986, voL 6, No 1, p. 97.
qenne pacqernofi tt 9KcnepnMeHranbHO_ KpHBblXB ToqHocTH 4. Kopo5tteB C.B. nap. - _T_, 1984, r. 54, abm. 2, c. 254.

np)txoanrca Ha HoporoBoe 3Haqenne y_le_bnoro 3neproBKna. 5. KopoStteB C.B. n ztp. -- )KT¢I),1984, r. 54, Bbm. 6, C. 1090.
_ta E = 15 9B/Mort. (CM. pnc. 1), npH KOTOpOMHaqnHaerca 6. l-lonaK JI.C., FonbaeH5epr M.fI., J'lea_tttK_rfiA.A. Bb._qnc-

3_qbeNrnBHoe tteHrpoSe>mme paaaeneHne npoayKroB ancco- nnrenbHbm Meroab_ a xnMnqecKofi KHHeTHKe.-- M.: Hay-
_ma_m Flp_t 9HeproaKnaaax ab_LUenoporoBoro, r.e. npn Ka, 1985. -- 216 C.

Bb_CONnX3HaqeHrtax tteHrpo5ez_Horo napa_/.-Tpa Mv:J3T,
Kor;ta KO3qbqbnlDtellT pa3j:te_IeHH_l _ 10, aa CqeT _blCTpOFO Bonpocb', aTOMHOfl HayxH )t TeXitttNil.

CeYleKTitBItOFO BblltOCa H3 cncreMbl Oj1HOFO H3 IIpo]lyKTOB, Cep. flaepHanTex_m<aH rexHonorn_,

9Hepro3arpaTb_ Ha llO;lyqeHne BOLtOpo_Ia OKaablBa}OTC_ Hrl- 1989, BhIn. 2, C. 10--12.

>Ke KBa3HpaBHOBeCttblX.

AHHAPATYPHO-TEXHOTIOFHqECKOE OOOPMJIEHHE,
OHblTHblE HCHbITAHHH H TEXHHKO-_KOHOMHqECKAI:I "_IIEHKA

TEPMO9JIEKTPOXHMHqECKOFO IIOTIYqEHHJ=I BO_IOPO_IA d3 BO_Ibl

A.A. HaHwenefiMonona, A.A. HoanKos, E.H. Fytlemtq, B.B. By_<nn,
YI.H. AneKcamlpona, E.B. Fop6aqea, A.FI. llleyl_i<rtH

l-lonyqenne no,topo;na B KOMSHHHpOBattHOM cepHOK_C- 4SO: + 8H_O = 4H2 +4H2 SO4
nOTHOMrepM03.rleKTp0XlaMntleCKOMmtKne paanon<eHnrl BO-

Jlbl _IBH_IeTC_! llpe/1MeTOM aKTIiBHOrO HCCYle/1OBaHH_I [1 -4].

llpeano_eHHb_e HaMHHOBblepetueHnn TepMnqecKoro paano- 2S + O_ + 6H: O = 4H: + 2H: SO4, (la)
meHn_l cepHofi KHCJ1OTblaO SO 2 [4] noaBOn_llor ynpocrnrt,

cytuecTBymttlne TeXHOHOrttqecKHeCXeMbl noHyqeHa_t BO/10- S + O2 = SO2
poaa, petunr_ npo6neMy npoMbmmeHHOfi peanHaattnn, co3-
ttaru rrt6Kyto 5e3orxoaHyro XnMn_ecKym rexHonornm [5]. 2It2SO4 = 2H_O +2SO_

Pa6ora npoaon_eHa no napunpoBanato npoayKra, nonynae-
2503 + S = 3SO2

MOrOO_mOBpeMeHnOC SO_tOpO_lOM,KaK c ncnonb3osanneM

Terma BTFP, TaK )t 6e3 BHeuiHero HCTOqHnKaTertrlaHa TOM 2SO: + 4H20 =2H: + 2tt2 SO4
_e 050py_OBaHHH. XHMHaM HpoIIeCCOB nMeeT cne_tymmHfi
BH_I,

2S+O2 +21t20 =2H2 +2SO2, (15)

BapHaHr 1
BapHaHr 2

S d- 02 -==$02

2t12 SO4 = 211:O + 2SO3 (la) SO] + 2H: SO4 = 2H20 + 2SO3 + SOT

2SO3 + S = 3SO_ 2SO3 + S = 3SO2 (la)
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3SO2 + 6H20 = 3H2 + 3H2 SO4 a

S+4H20 =3H2 +H2SO4, (1B) _ ._22] ['_']J t'_

SOT + 2H2 SO4 = 2SO4 + 2H20 + SO_ Oa

2SO3 + S = 3SO2

2 SO2 + 4H20 = 2 H2 + 2 H: SO4 _J

S + 2H20 = 2H2 + SO2 • (1 r)

CyMMapHaa peaKutan KOM6nmtpoaaHHoro cepHoKMcnoz-

H°r° repM°aneKrp°xnMHqecK°r° np°ttecca -- cneJX3n°ma_" t?_ 6

- BaanMoue_CTBne BO_b_C cepo_ rt KrtcnoponoM CoSpa-

3oBanrteM na 1 MOnb so_topoaa 1/2 Mona cepno_ zacnorb! , S
man 1 MOnb;t_tOKCl_acepbl (saprtanT 1) ;

--BaarlMOReflCTBHe Cepbl C BOROfl C o6pa3osanaeM na

1 MOnbBoRopoua 1/3 _'.onn cepno_ Kacnorbl man 1/2 Mona

£taOKCH_acepbl (BapHaHT2). -_- 1-_
Hpa 3neKTponrtae na 1 MOnb BoRopoRa o6paayerca

I MOnbcepHofi KHCnOTbl,na KOTOpbIX npH nonyqeHxn oaao- - aOBpeMeHHO C BOr.OpOROM TOBapHofi CepHOfi KHCHOTbI pemlp-

KynHpylomrlM ripoMe:_yTOqHbIM coeB_ltteHneM nBnaeTCn 1/2
MOna a 2/3 MOna KacnorbI (la), (1B), a nprt nonyqeHnn
aotaKoro aaOKCrt_a cepbl Ben KnCnOra aBnaerca pettrtpKy-

nrtpylomrlM coe_HeHrleM (16), (lr). _ogcrut cepbI RB.Un- B
eTca rermoHocaTeneM rt MOa<eT5bIrb rlCriOabaOBaHB peaK- _H2

Rrtn enexrpoanaa BOablCnonyqeHHeMBO_topoRaHTOBapHofi [ / I 1 [---_ r-----" S
cepHo_i KriCnOTbl,nri6o qacrntmo HcnonbaOBaHKnK KOHeq- [
HbI_lnpo_tyxr. T.e. TeIInOHOCHTeHb 502 IIOne3eH KaK ripOMe-

>KyTOqHbIH, TaK tl KOHeqHbI_l IIpoRyKT. 3TH BapHaHTbl B3aH-

MOCBR3aHbl.Haartaa.q npottecc no BaprtaHry I, non_"_eM

TermoHocrrrenb SO2 aa CqeTc_raHrta cepbx B xrlcn°p°_e, I __ 0
qTOnoaBonaeT ocymecTBnnTb TepMrtqecKoe paa_,e._erme cep-

HOkl KHCnOTbl 6en BHetttHero rlCTOtnmKaTerma. Hcnonbaya I I 1"1"_ I-"

qaca_ ;ttaoKcrma cepbi/zua no_torpeaa B BTFP, r.e. repMHqec- I [__

HrtKa, MO)KHO nepe_a K BapHaHTy2.
IIpe_naraeMbIe reXHOaOrH_ecxneCXeMbInoay_eHHn BO-

Ropo_a B KOM6HHHpOBaHHOM CepHOKHCnOTHOM TepMoaneK-

TpOXHMHqeCKOMnpottecce pa3no_enaa BO_bI noaBonalor r

nonyqaTb BO/IOpO_ nrt6o c cepHo_l KHCHOTOI_I, HH_O C B_IOK- _ F---'q [ .-_
CH_OM cepbl rio BapHaHTaM 1 rt 2 COOTBeTCTBeHHO: Ha 1 Kr/q H-r:

BO_topoaa 25 a 16 Kr/q gnCnOTbl MOHOrrutpara ann 32 n E _tt__l S
16 gr/q artoKcrtaa cepbl ann Ha 1 aM 3/q BoRopoaa - 2,3 "]

1,4 Kt/q KriCaOrblMOrtorHapara anti 2,9 rt 1,4 Kr/q _oKcrt- 12
;nacepbi.

B paSore aaabl peaynbTarbl KORCTpyKropcKo_ npopa-

l_c. 1. BapHanrb_ TeXHonorHqec]ci_x CXeM nonyqeHH_ Bonopoaa

B KOM6HHHpOBalIHOMcepHoKHCHOTHOMTepMOaIIeKTpOXHMHqeCKOM

npottecce paano_eHna BO_[]JaI"I -- aneKTponnzep, 2 - c6OpHnX _acno-

5 - KonRencaTop BOB,bi, 6 - KoMnpeccop, 7 - KormencaropnaoKca-
na eep_a, 8 - xonoam-m_nxKaCnOT_h9 --peaK_op _epM_ecKoro
paaaoacenmq, 10 - a6cop6ep, 11 - ocym_ren_, 12 - BTFP



6orKn annaparypHo-rexHonorHnecKoro oqbopMyleHnn, OllblT- OnLITltble HCnblTalUtll. Ha FpoRHettCKOM HO "AzoT'"

HbtX LtCltblTaHitii yCraHOBOK }t reXHnKO-ZKOHOMIIqeCKO_IOlleH- coznaabl oraenbabIe 6noKn Onblrnofi yCTaHOBKH nonyqeHna

Kn cnoco6a no:ly4e}{na BOLtopona. PaznHtmbte npiiHunnna.qb- BO_topoaa nponzBoanrenbHocxbm 10 HMZ/q. [-IpoBeneHbl nc-

Hble CXeMbi Ho:_yYeHHa Bonopoaa, coorBeTcrBymtune qbopMy- nb_Tanlin annapara TepMiiqecKoro pazno>KeHrla cepaofi Nac-

naM (la) - (lr), B KOM6HHIIpoBaHHOM cepHOKiiCaOraOM nOWbl B npiicyrcxBmt cepbl B paaniiyHblX TeMneparypablx pe-

repMozneKrpOxHMnyecKoM npouecce pazno_<eHna BOabl >KiiMaX Or 500 ao 900 ° C (BepxiiNanbiiaa n ropiizoHwa_bHaa

npiiBeneHbl Ha pnc. 1 cOOrBerCTBenHo. FlonyneaHaa npn ttnK/IOHnble Bean). TeMneparypy cepiiofi NnCnOrbl n cepbt

3neNrpon_tae 50%-Haz cepHaa Kncnora HanpaBnaeTcn B c6op- MO>KiiOperymtpoBarbor 300 - 600 ° C, pacxoa KiiCnOTbl --

HnN 2, zareM B KOHtteHTpaTopbl 3, rae NoHUeHrpnpyerca 3a ox 5 /_to 25 n/y, cepbl - or 0,7 no 25 a[y. CreneHb npeBpame-

cqeT retina razoB pazno_<eHnn KiiCnOTbl ii Terma BHettlHero Hiin KnCnOTbl B _iOKCrin cepbl cocraBnana 84 -- 98,5%. Pa-

rtCTOqHnKa (ropaqero Bozayxa H_nii nblMOBblX razoB). Bbl- 6oTa Ha yCTaHOBKaX npoZleMOHCXpl4pOBana CTa6rtnbHOCTb

xollamaa Hz c6opHiiKa 2 KOHtleHTpHpoBaHHafl NHCnOTa pa3- Bcex annapaToB, BOBMO)KHOCTbFH6KOFOperyniipoBamm TeX-

flenneTca Ha LtBa noroNa. OanH HZ HiiX HanpaBaaerca a XO- HOnOFHqecKHX napaMerpoB. 1-1poBeneHabte B TeqeHtte 200 q

UonrmbHnK 8, r_te ox.qa>KaaeTcn npoTo_n_ofi BO_tOfi aO 40° C ncnb_TaHna rtoNazann pa6OTOCnOCO6HOCTb naHHOfi yCTaHOB-

ii nonaeTca Ha CKylaa. _lpyrofi nOTOK HanpaBaneTca B peaK- Krt B iiccne_tyeMblX pe>KHMax. CocTaBneHa nporpaMMa npoBe-

top TepMHqecKoro paz_o>KeHnn 9, Nyna Oj1HOBpeMeHHO no- aeHria iiccne_oBaHrtfi Rna onpe_teneHiia OHTHMa.IIbHblXpe>Kn-

naeTcn a<rtaKaa cepa ii Kncnopon (aapaaHT 1) ann m_ONCrta MOB npouecca. Ilponeaeiib| ncnb_Tanna ycTaaoamt nonyqe-

cepbI c xeMnepaxypofi 800 - 950 ° C (BapHanr 2). Crenenb ann aaOKCiiaa cepbl npn BZanMoneficxBrm KliCnOrb| C cepofi

pa3noa<enna KHCnOTbl _" 1,0. FazoBaa CMeCb arioKcrlaa cepb_ ii KriCnopoaoM, KOTOpble npomnn ycnetuHo 14 noKazanii ee

n napoB BO_tbt C TeMnepaTypofi 600 -- 700 ° C nocrynaer B pa6orocnoco6HOCTb, l-lpo_tomKaerca pa6ora no cozaaHnm ii

NOHtteaTpaTop 3 ii 6pblzrOTyMaHOynOBrrrenb 4. 3axeM B iicnbITaHiiiO OnbITHO-npoMbUtI_eHHOfi yCTaHOBKII xepMriqe-

KoHaeHCaTOp BOnbl 5, rae ox.qa>_naerca nporoqHofi BO/,tOfi cKoro pazno_eHrin cepHo_ KHCYlOTbl ao J_HONCHaa cepb_ B

ao 30 ° C. CNOHaeHcHpoBaHHaa Bona noaaeTcn B a6cop6ep nprtcyrcrBmt Nrtcuopoaa rmn ropa_ero SO2.

10. Fazoo6pazHb_fi aiioNcnn cepm nocxynaer na NoMnpeMii- TexmiKO-arCOHOMrmeeKaa oUeHKa, l-IpoBeaeHa npenBapn-

poBaHiie, BNn_oqa}o_ee cxanrtro c>_axiia B KoMnpeccope 9 TenbHan TeXHHKO-3NOHOMHqecNa.q otteHKa nonyqeHnn BOnO-
nO 15 aTM ii oxna_neHnn BOnOfi nO 30 ° C B KOHaeHCaTOpe poaa repMoZneKTpOXHMriqeCKrtM CHOCO6OMpaano_eHnn BO-

SO2 7. B Bap_taHTe 2 razoBan CMeCb paaaennerca Ha aBa no- ab_. OcofeHHOCTb npej_,qaraeMbiX CnOCO6OB -- nonyqeHne O/1-

roKa. OLIiiH HanpaBnnexcn B ocytUlireab 11 _,nn y_aneHrtn HoBpeMeHHO C BoaoponoM roBapHoro npoayNxa - cepHofi

Buarii. Cyxofi _moKcna cepb._ nocTynaeT u.an noaorpeBa n NiiCnOrb_ naa aiioKcrtna cepb_. Onronan LteHa Ha 1 _tHBapn

BTFP. _pyrofi BORONnocrynaer na KoHnencattnro ananoriiq- 1982 r. cocxanunex 3a 1 x Moaornapaxa rexunqecKo_ KHCUO-

nO aapiiaHry 1. l-Ionuan KoiiaeHcattrtn raaoo6pasaoro SO_ r_ 45 py6.,>_r_aNoro mtoKcrtrta cepb_ -- 120 py6. 3NOnOMii-
o6ecneyiiBaexcn ero nornottteaiieM BOaO_ B afcop6epe 10. qecKii BblFOaeH cnoco6 nonyqerlHn aiiOKCH£_acepb_, xora o6a

KonneHcar, coaep:_attmfi BOny n SO_, noaaercn B zneNrpo- cr_oco6a aMemr nonogrrrenbab_fi 3KOHOMHqeCKH}! 9dpqbeKr,

niizep 1, rne o6pazyeTcn Bonopoa, HanpaBnneMb_fi norpe6n- Koropb_fi 3aBiiCrlT or rmaHnpyeMofi npoiizBO_mrenuHOCrm

Team, ii 50%-Hart Kiicnora, HanpaBnneMast ::a KOH_ieHTpiipoBa- 3a 6aZOBbfft BapriaHr 6btn npiiHaT cnoco6 noJ;yqeHnn BOnO-

HHe. l-lp_ nonyqeHnn ToBapHOFO aiioKciiaa cepb_ qaCTb >_rta- po_a 143 BO_bl apa meao_oM 3neKTponiize. Ce6ecTOIIMOCTb

KOrO SO_ nocrynaer Ha cNnan, ocranbHoe nocryuaer Ha 1 HM3 H_ nprmnTa 0,15 py6. TaR Kan HeiizBecrHa crOUMOCTb

3IieKTponn3. CepHaJa KHCIIOTanonyaaeTcn B MeHbtlleM KOnii- HOBOrO zneKTponii3epa npoiiZBOniiTeIlbHOCrblO 500 HM 3

necrBe, nozroMy nOatteHTpiipOBaHrte KriCnOrb_ rpe6yeT MeHb- H_/_, OHa 6bma nprraaxa 0,5 ii 1,0 MnH py6. Ce6ecTOnMOCTb
tuero KOniiqeCTBa Terma. 1 HM 3 BO£topoaa npe_araeMbtX BapHaHTOB COCTaBnaeT

KoHcrpyKuma anrmparoB. PeaKrop repManecKoro pazno. 0,12 - 0,15 py6. IIpH pacnpeaeneHrm zarpar Ha nonyrHym

>_eHnn cepHofi Kiicaorb_ pazpa6arb_Bancn B cneaymtuiix Ba- nponyNUrUo (Kacnora n aiioKc_n cepb0 ce6ecTonMocrb

pnanTax" aByxKaMepna_ nepTHKanbaaa n ropr_aonranbiiaa 1 ItM a Boaopoaa 6yaer 3naqrrrenbna Hna<e.

IIHKnOHHble Heqri /l,qn pazno>_elinn cepHo_'t KHCnOTbl B Bpa- TaKriM o6pa3oM, KOIICTpyKTOpCKafl npopa6orKa anna-

CyTCTBHHcepb_. PaHee paano>_eliue KiiCnOTbl HCCYleaOBaYlOCb paroB, OnblTlible ncnb_Taiiiin no npoBepKe npe/LrtaraeMbtX

B npiicyrCTBHii KaranrtaaTopa. KHCnOTIIbI_'I KOHIIeHTparop petueliHfi ii TeXHHKO-ZKOHOMIIqecKan otteHKa noKaabtBalOT

cepHof_ l<HCnOrbl paapa6arb_Ba_cn B nByx BaprtaHTa_ (rtonoq- rexHHqecKym 14 3KOHOMI4qecKylO BO3MO)KHOCTbHX peaniiza-

Hb_fi ii raznnqbrHb_fi) : KoHneacaropb_ BOj_bl I4 j]J4OKCi_a ce- UnH. Pa6ora npoaoua<aercn c uenbm orpa6orKn rexHonorn-

pb_, XOYIO_],HnbHHKKHCJ'IOTbl- rpy6qaTble rennoo6MeHHnKn; qeCKHX napaMerpoa, ycoBepttIeHCrBOBaHiin annaparypb_ no

OCyl/IHTenb _iiOKCiina cepb! --Haca_oqHa.q CyLIIli.rlblia.q6atuna, Co3naHHIO H HCIIb_raHiiIOOnb_rHo-npOMblttl.rleHHO_'i yCTaHOBKn

opottIaeMa_ KOHIlelirpHpOBaHliO_l KnCnOTOI_I, Koropan H3Me- TepMiiqecKoro pazno>Kelirta cepHofi KiicnOrbl nO _HOKCH_a

HaeTcn c 95 ao 90,5%-Boa. Coaep>_aHne anarii n raze CocTaB- cepbl.

anex 0,01 o6.%. Bc,aMO>rOto ncnonbzoBaaiie a_tcop6ttriOliHOfi

ycranOBKri c rBepnJa_M Horno_nTeneM, HartpnMep, crmaNare-

neM, ueoJlHTaMii ii Hp.
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C n H Co _ n a r e p a r y p u 4. IIaHxene_MOHOSaA.A., BacwlbeB B.T., HOBHKOBA.A.
a Rp. I]onyqeHae so;aopo_ta B pasOMKHyTOM cepHOKHCnOT-

1. Schutz G.H. Processes for the combined production of HOM repMo3neKTpOXHMHqeCKDMnpouecce pasno_erma

hydrogen and other chemical products" desulphurizat;on BO_mI"BapaaHrbxrepMonaza Kacnorbl _ao SO2. - BAHT.

processes producting. - Int. 3. Hyd. Energy, 1985, Cep. ATOMHO-BOROpoRHa_3HeprermcaarexHonorHn, 1987,
vo!. 10, N° 7/9, p. 439 - 446. No 2, c. 29 - 32.

2. Beghi C.E. A decade of research on thermochemical hyd- 5. Ileracos B.A., CaOOHOBM.C. FH5Kan XHMna_ecKa_TeXHO-

rogen at the joint research centre, ISPRA• - Int. J. norHa. - XHMHqecKa_ npoMbnttneHHocrb, 1985, N° 8,
Hyd. Energy, 1986, vol. ll, No 12, p. 761 - 771. c. 22 - 29.

3. B,Igen E., Bilgen C. A hybrid thermochemical hydrogen

producing process based on the CRISTINA-MARK cyc- Bonpocla aTOMHOtlHayKt_ HTexrmKH.
le - lnt J. Hyd. Energy, 1986, vol. 11, NO4, p. 241 - Cep.HnepHaarexrmKaaxexnonoraa• " 1989, sam. 2, c. 12 - 15.
256.

OCOBEHHOCTH IIOBE_EHHfl CHJIbHO 3AKPYqEHHhlX HJIA3MEHHblX IIOTOKOB

C Bq-PA3Pfl_OM

K.B. KomeneB, M.H. CTpOHrHH

Hna3Mermbie noroxa c Bq-pazptntOM tIIHpOKOacrlonb- --aepaapbmaocra

3ymrca n npoueccax maeoKoreMneparypHofi rexaonormt, B div (p_) = 0, _ = (U, V);
qacTaocl_l B nna3MOXRMHIIa n/la3Meaaofi Merannyprrm [ I].

IIpaKla4qecKae zanaqH CTaBJITnoRqac OqeHb_KeCrKHeTpeSo- --_BH_KerulJI

Barll411K 3Heprell4qeCKHM14ra30_tI_4HaMHqecKIIMiiapaMel_aM -,. OP 0 3U
=_ _ + --(tZe )-re,_ermn. HaaHtme B nOrOKe crmsaofi KpyrKa, Bq-pa3pa, aa, div(pVU- #egrad U) 0z az

ero _3,p6yna3atmn o6ycnoBnaBator cno_Kaoe B3aXlMO_efiCT-
Bae paaaH_m,IX Mexarm3MOB,Bnrtalottmx na napaMerpbt npo- 2 a 1 a aU aV

ttecca. Bcne_crnHe 3roro 3KcnepaMerrraabnoe aay_emte Ta- - 30zz (gediv _) + -r _r [r#e (3r + --)]'0z

KaX re,_eaaft a aHrepnperatma nonyqemmtx peaynsrarOB divr^''y'wv- ttegrad V) =_ _0P+ 1 0 (r#e OV)_BeCbMa3arpy_mrensaa. llo:_roMy npelacraannercn npaane- Or r Or

KaTe_'bHb_MrtcnonsaoBamte MeTO_tOBMaTeMaTaqecKoroMO- 2 1 O -. O OU OV

(r#ediv v) + [ge(__ + -_-z) ] __enapo_armn, noaBOnnlOtRHxnonymm, no;ttpo6Hym aH_op- 3 r Or _z 0r

MattHmOraso- H 3neKTpo;.taHaMHqecKaxnapaMerpax H ro,ta- 2/aeV 2 /ae -. pWzBHTBOcO_eHHOCTH HXB2KaMHOFOBHHIIHHH. ----'-=---" + - _ div v +
r_ 3 r rB pa6ore paccMaTprmaercn ocecmvtMeTpatma_ aaz_anare-

qemaa CmUbHO3axpyqeHHoro raaa B xaHa.rle apa H_HqHH Bbl- -_ pVW W 2

div(pv'W - #egrad W) = - ---. (r/ae);COKOqaCrOTHOrOpa3pnna amW',<tmoHaoro rana. CxeMa TC- " r r Or

qerma npmaeneaa Hapac. 1.
-- 3aepr;_

-_ X + #t )gradH)- olE_ol_ .
R, o o div(pvH - ( Cp Pr t 2

o Rs ,_tllli_illl_il ll llllll l lll ll ll lll l l l ll ll l l l Il l lJ

--;-'_o" [_.'" "'" ",.." -_'- _------__ _30_ 5--15.--..._-.------_ aocra--ypaBHeaaediv(.Ov'-_k;ttun_KlmerHqecl<°"#egrad k) =/atG3Heprlm Typ6ynesr-_ pe;
zt z_ z -- Rna CKOpOCla4RHCCHHa_4aKHaeraqecKo_ 3HeprHa

= Typ6ynea_HOCra
Pac. 1. CxeMapaeaeraott o6naerrt, llonoa_es.e peuapRynatmoHnott
_On_ (------) _ta_onm_m_TeMnepaTyp_T/T0 (_), R_ - pa_trtyc -* #e Ge e_

rmayRTopa div09ve - _ grad e) = f_ (C_ - Ri) -- - f_CaPk 'Pre k

Fa3oBaa _a3a onacbiBaeTcR ypasHemlaMa THHaHaBbe-
f Gw

CTDKCa C MO_rl_HRapOBal-mOfiaBTOpaMH(k-e)-MO/_enbIO G = GU,v + GW + G Ri = ,
3aMblKaHHIIrypfy.qearHocra. HpaBe_teM OCHOBableacnonr.- a Gu ,v + Gw

ayeM_e ypaBHeHHa"
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au : av2 2(v +(--+_ ,
GU,V = 2(_z_) + 2(____r) + )2 aU 0V )2 PeaKal:l aaBHCrlMOCrb 3aeKrponpoBoaHocrrl o ox remlle-" r 0r 0z pa'rypb_ o6ycnoBnnBaer 3HaqareabHoe aaaaMnoe aaearme

0W
0W )2 G - W2 0# 3neKrpoltmnaMmmCKeX }t raoo;tmHaMaqecKax rlapaMerpoB no-

GW = ( 0r W)2+r (--_'v,. ' P pr Or ' roKa, qro zeaaer npammrmanbao Heo6xo,RHMblM COBMeCT-
Hoe pemerme ypaBneHHfi raao- A 3aeKrpO_,laaMaKa.

= k 2 / e. j]nn tmcaeaaoro pemerma aaRatm rtcnoabayercA SIMPLE.
Pe # +/'lt' /at = ftaCta npotteRypa [3]. OaHaKo ape npoBeRerma arepattaovmoro

Beaaqeam fta, ft, f2 5epyrca as pa6ort, t [2] • npotteeca acnoaboyerca 5nora-mifi nonepeMeaHo-rpeyroabnbtfi

f = (1 -exp(-0,0165 Rek))2(1 + 20,5/Ret), Meroa, o6ecnetmBammafi xopomym cxo_tmMocrs apa pac,le-
xe reqemtfi cnoamofi crpyKrypbL

0,05 3 Ha.awme CKrm-cnoa nprmoRrtr K aqbqbeKraM rrma aHyr-

ft = 1 + (_) , f2 = 1 - [exp(- Ret)] 2, penmax norpam,ltmbxx caoeB, ,.fro Reaaer neo6xoaaMbIM 3na-
ta qarenl, Hoe aaMenbqerme cerKe B 3tori o6aacrH. ,/],nA KoppeK-

P_(Rt - r) pk 2 rHoro yqera rermoBrqX norepb B6aeaa rBepaofi CTeHKHCeTKa
Re k - , Re t =

/a e/a crpoHrca raK>Ke HepaBHOMepHofi.

YpaBHem, te ann E eMeer BeR Hcnoabaoaamae craHRaprHb_X MORenefi ryp6yaeHrHOCrrt¢
E npaBo_r K HeBO3MOX<HOCTHnoayqermA peanbrm_x napaMer-

__2e_+ icOttoaE pota paapaRa. 3tor _ai<r, a raK:_e oarIoBpeMeHnoe Ha.na,me
div (grad E o) = r2 ¢.

non C CH.m,HOfi ryp6ymtaattHefi e npaKreqecKn aaMaaapHblX,

Ha 6oi<oaofi nosepxeocm (r = Rt ) HcnonsaymrcA ycnoam_ HO-BeJ_BtMOMy,nocaymaao npatlHnoi;t Hey_taqa npa nOnblTKe

)_ OH (To- T)4/a 0k MoReaaponalmA noRo6rn, xx npotteccoa [4]. B pa6oTe nc-
U = V -" W = 0, = a , k = 0 -- = 0, nom, ayerca MO_,I([_HKal/.HR MoReart ryp6yaearHocm [5],

Cp 0r (T + To_)t/3 ' 0r Koropaa _a.rla BecbMa xopomee coBnaReHlle c 3KcnepHMeH-
- 2 - TOM /l,rlA eaorepMmmCKaX nOTOKOB, H qbHaHqeCKmnpoapa_-

.1 0 nj R_ d 2H z naa nonpaaKa na nenaorepMa,mocrb Go, ytmrbmammaa 3qb-

r Or (rE_°) = - iCoPo_ (H z - --4 --)'dz2 qbeKrbl rnna BClLrlbIBaHeAapa Haneqmt Kpyrl<a.
B peaym, rare pacqeroB noayqem,_ noaa ocpe_enm,_x e

z2- z z- zt nym, catmoamb_x napaMerpoa noroKa. Cpaaaerme pacqer-

Hz = [R_ + (z2 -- z) 2 ] o,s -- [R] + ( z - zt )2 ] o,s • ro,ix RaHmlX c 3KcnepeMenroM noKaabmaer coana_eHae B
npeaeaax ro_ocra 3KcnepaMeHra.rlbH_iX RaHl_IX no MOILI-

Hpa r = 0 3arlaCMBalOTCAcrieRymtRae ycr_oBeA CaMMerpHe: HOCTa, Baox_eHHOH B paap_tt apa H3BeCrHBIX napaMerpax

Ok 0e 0U OH aeRyKropa, a no HafaloRaeMofi reMneparype CreHKl4 KaHaaa.
..... 0, ---- = 0, _- = 0, -- = 0, 3/' = W = 0, E = 0. Ha6nmRaerca npaKrHqecKa nonnan aaManapaaatma ROTOKa
Or Or Or Or

s6mtaa Mecra ropemtA pazpARa (,pnc. 2). 3rmqareabHaa ryp-

Ha roptteBofi nosepxHocra (z = 0) aaRamrcA cneRym- f _

"":iiOk 0E "_
= = = -- [ II

U=V=W=0, H=Ho, k 0,_z 0, __.9__ 0; _ t

/:jnpa Ro < r < Rt --s_°'5 -

OE_o _,
U=Uo, V=0, W=Wo, H=Ho, k=ko,e=eo,_=O. _ ..'r

0z a
I

_J

Ha BblXOReKatla.qa CTaBR'I'CaMRrKHe rpali_q]-lble ycIlOBeR

I

aU _ 0V _ 0W OH Ok 0e aEo 0 0,5 1

Oz Oz oz-O' Oz =O'oz=O'oz=0'_=0"_-_- OZ r/R_

Ilpa Banach ypaBHermft ecnom, aytorca ofmenpeRarble Pac. 2. Pacnpeaeaeaae noaa aaMHrlapHolt BR3KOCTHta/toe (----)
a nanpa:,_ermoc'rn aae_rpn_ec_oro noaa IE I/I E I max no ce_enmo

o6oaaa_etmA. Kanana (_) npH z = z_ (_p.saa 1) . z =_°Zt + _)/2 (2)
Fa3 nonaraercA MO/IeKyIIApEDbIM, Haxo_]JIIIDIMCA B CO-

CTORHHHaOKatlbHo-repMoa_lHaMl_qecKoro paBHOBeCeA. 3ro fiyneaat_a HMeer Mecro na axoRe B Mecre KOabReBoro BBO-

Raer BO3MO>KHOCTby_mrbmarb n npottecce pacqeron e3Meae- Ra, a raxxe na rparmtte, paaReaAmmefi BbmOKOreMneparyp-

nee xeMw_ecKoro cocraua, _<o:x}Ommeeroa nepeeoca a Hyme xoaoanyioqacrnnoroga.

rermo_eaa,_ecKax csoficr_. Hanmme KpyrKa npHBo_tl3,tr K RByM Ba:}Krle_tttU,IM, C na-
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mefi TOqKH3pertrtn, 3qbqbeKraM, Koropbze oKaab:Bamr onpe_le- _lenax peunpKynnmlOHHOfi 3OHbI Mo_er npnBeCTH K ero or-

nnmmee BnrlffHne na roperme paapn/Ia: BO-nepBbLX, K BO3- 6paCblBaH]4IO Ha3aR 14HapytuermmTexHonorrtqecKorope)KHMa.

HHKHOBeHHIOpettHpKynnttHOHHO_ 3OHbl B6/lH3H MecTa BBO- TaKHM o6paaoM, nonyqertHan MO/le/lh H MeTOj1ee qrtc-

11a, qacTHqHO 3axBaTbIBatotuefi 3ony 3HeproBbiIIe$lemla (CM. neHHOfi pea.qri3attrlrl nO3BO/la_OT OnHCaTb CnO>KHytOKaprHHy

pnc. 1). 3TO nprlBO/Xnr K 06paaoBamtm B 3one ropemla none_temta reqerma Hrl3KOreMneparypnofi IUlaaMbI nprt Ha-

paapaj_a npaKrnqecKn 3aCTOl4HOft 3OHbl, BcJaeRCTBHe qero /lHqHH B nOrOKe Bq-paapnaa c BblRB//elBteM raKHX TOHKHX

I(OHBeKrHBHbI_! Tertnoo6MeH B MecTonoflo>Kel-mH paapaaa napaMeTpoB reqem4a, KaK ae/lHqHna pettr_pKy/lattHOHnO_t

pe3KO orpaH_tqee. BO-BTOpbIx, BOaHrlKaeT y_e ynOMrtnaB- 3OHbl H HaJlHqHe /laMrInapHofi oSnacwn B MecTe ropemta

tmlfica aqbqbeKw noaaBneHna wpSyneHrnocwH a ablCOKOWeM- paapajla.

neparypHofi 3one, oSycnoanenHbff_ peBKHM nepenaaoM TeM-

neparypb_ (a cneaoaarenbHO, H rmoTnocrH), yro npaBo/Xnr C nri c o K n n r e p a r y p _,_

HpH aanntmn CH.rlbHO_l KpyTKH K noaB/leHrim crin, cTa6rtnnan-

pymtmtx nOWOK. 3TO aOaOnbHO ecrecTBertHO, nOCKOnbKy 1. Pycanoa B.21., OpHaMaH A.A. _rtartKa XrtMHqeCKH aKrrta-

qneH, orBercrBenm,_fi 3a noaaBneHrte rypSynenTHocrri, B HOfinnaaMbL--M.:HayKa, 1984. -- 415 C.

ypaBnemm naa k (Gp) B 3OHe peaKoro nepenaaa rmoreo- 2. Lam CJ(.G., Bremhorst K. ASME Transactions, Journal
crefi craHonnxca 60/lblllHM H qbaKmqeCKH onpe_lenaeT rio- of Fluids Engineering, 1981, vol. 103, p. 456 - 460.

aeaeHHe k B 3TOfi oSnacrn. 3. llaxanKap C. qncnenm, xe MeXOab_ petuermn 3ajlaq renno-

OqeHb HHrepeceH 3qbdpel<r oSpeaamta BHxpa B npHcyr- O6MeHa n JJ_IHaMHKn _HRKOCTH. -- M.: 3neproHaaar,

crBrm paapaaa. TaK, npH XO/lO_HOfi KpyTKe /1anna petmp- 1984.- 150 c.

KynatmOHHOfi 3OHbl nopam<a 10 Ka:In6pos. OJ1HaKO abe- 4. Bynoc M.H. BblcoKoreMnepaTypHble 3am, meHHbm cTpyn

/leHne paapa_ta oSpeaaeT BnXpb, OH BXOZI/4Tnpri6/lnarlTe/lb- B npotteccax o6pa6OTKH nopomKOBb_X Mareprla.qoa. --

HO Ha qeTBeprb ero n,qHHbI. 9TO, HO-BI4KttMOMy,oSyc/loane- B KH.: Tea. aOKn. Mex¢41yHapOj1HOrO paSoqero coBema-

HO rtaMeHemteM nHHnfi roKa npn HarpeBamm, nx oT_aTHH Fain. -- HoBocri6ripcK: HayKa, 1988, c. 21 -- 24.

K CTeHKe. BcJmaCrarte aroro aorta paapn/la Monger 6_,m, HH- 5. HO_OMnHHCKHii B.B., CrpoHrnH M.II. - FIMTO, 1988,

repnpeTrtpoBaHa KaK rteKoe reJ_o, npenarcrBymmee aan_e- NO2, c. 51 - 58.

ratio ra3a, TeM CaMb_Mcnoco6cTBy_oulee nepepacnpe_te/leHmo

noJ_a IlaB/lerma H cKopocrn. 3TO rtMeer 6onbmoe 3Haqemte Bonpocb_ aTOMHO_tHayK, rt TexHHK,.

B TeXl-IO/lOrltH nepepa6oTKH j_cnepcHofi qba3bl npri ILrlaaMO- Cep. _l_epHafl Tex.,Ka _ Tex.onor_.

XHMHqecKItX npoueccax, nOCKO/lbKy BBOj1 nopomKa B ape- 1989, m,m. 2, c. 15 -- 17.

B2"IHflHHE 13OYlblUHX IIOF.rIOIIIEHHbIX )IO3 H3.rlYqEHHfl

HA F_YBHHY IIPEBPAUIEHHYI CMECH CO: --H: S

B.P. PyCTaMOB, YI.T.ByraeHKo, B.K. I<epHMOB

B pa6orax [1, 2], nOCBatlIeHHI,[X pa/lrionH3y cMecefi xo/lnl, lx KOMnOHeHTOB or npo_lyKrOB pa_J4onnaa _t npocne-

CO2 -H2S, 6bl/lO nOKa3aHO, qTOconyrcrBymmne paarionnay anTb 3a BnriamteM npoayKTOa paRHonnaa na KHHeTHKy Ha-
cMecn XItMHqecKtte pea_tmn aKTrlBHO BaaHMoReficTBymT C Kormerma.

OCHOBHb_Mri npoayKraMn pazato/lriaa. Bbmn ycraHoaneHm: OS/lyqemte CMeCH CO2 -H2 S (25 o6.%) npoBo/Irmn B

--pea_m_a OKncnemta cepoBoaopozta aKTHBHb_Mrlqbop- CTaTHqeCKHX ycnoBrlax B aMnynax na KBaptteBoro creKna

MaMH KHC/lOpojla, npHBoztamaa K o6paaoBaHrtm cepb_ H Ha T-ycTaHOBKe Co 6°. MotllHOCrb nor/lotlleHHOtt /203bl CO-

BOabl; CTaBH/la J1 = 30 KFp/q. jlaB/leHne cMecrl p = 0,1 MI-la. TeM-

- peaKttria aTOMapHofi cepb_, yqacrByromefi a peaKttriax neparypa o6/lyqemta T = 315 K. O6nyqerme napoB ,aom,_ H

nprlcoe_trtHemtn COS ri oTp_,ma S: [2]. cMecefi H20 - Ha S (5,20 o5.%) npoBoartmt Ha ycKopHrene

IlonyqeHrtb_e aaHm, le (S, G p /> 10,0) noaaonnmx pac- 3/leKxpOHOB rana 3/IY.4 npH E = 4 MaB, I = 1 MKA. Mom-
CMaTpHBaTb 3TOT npottecc a KaqecTBe ORHOrO Ha BapHaHTOB HOCrb nornotuenHofi /IO3bl B napax BOm,_ cocraBrtna 21 =

OqHCrKH cepoaoaopoacoaep_amax orxoaoB npHpoaHoro = 6.10' s 3B/CM3.c. MeTOaHKa OqnCTKH rt 3anonHermn aMnyn

rana c OaHoBpeMeHHb_M no/lyqemteM cepb_ n CHHTea-raaa CO2, H20 v, H2 S npHBeaeHa B paSoTe [1].

(CO + H:). 3a,arlCrtMOCTS KOHtteHrpatmrt npoayKTOB (CO, H:, S) or

21anHan pa6oTa nOCBatUeHa rtccneRoBarmm KHHeTHKrl nor/louleHHOfi /lo3bt H3nyqemtn np_ paj_tonn3e cMecefi

HaKortrleHHa npo/lyKroa pajlrlo/lrlaa H HX Bfirlamla na xoa Krl- (CO2 - H2 S) (25 06.%) npe_tcra_J_ert_ Ha pnc. 1. Brtnor_

nernqecKriX KprtBbIX npH 6o/l_tuHx nor/lomeHnb_x Ro3ax _to aoab_ 21 = 5 MFp KpHBbm HaKonnemta CO, H: u S npaK-

H:trlyqel-Bla. 3ro noaBonaer onpe/lemtrb r/ly6HHy npeBpa- THqeCKH /lHHefiHbl, a Hx KOHtteHrpamt_t COCTaBJlaer [CO] =

merma rtCXOaHOfi cMecrl B o/lily craamo 6e3 paaaenerma ac- = 5,5; [H: ] = 4,0; [S] = 9,5 ([S] = [CO] + [H:0 - aaH-
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¢, Cepono_opoa 6b_crpo pearHpyex KaK c aTOMaMH H, raK
/ 1/

// n c OH-pa_mKa_aMH (OH - rnaBamfi OKilCYlrlTenbFtblfinpo-

12 //a/ ayKr pa_onn3a BOm,t, KOTOpblfi a KrlC$1OficpeLte rtBnfleTca
/ MOtUHbIMoKacnaxeneM 13, c. 93].

/
10 // / ii + }t2 S-- H2 + SIt: Oft + t!2 S--" tl20 + Sll: (5)

¥ /
_" • / K = l,S. 10_"n/MOn. • c.

PeaKtaifl (5) _BnfleYca oqeHb 6blCTpOfi H npe/lorapatua-

/// . eT KaK peaKttHm OKHCnemIrl MOneKyJa_pHoro BO_Opo_la_ (OH + H2 -* H:O + H; K = 3,7.10 7 n/MOJlb.C), YaK H cno-

_ 6 / _J3 __"" co6crByer 3**eK mBHOMy o6pa3oBaHrtm cepb.. ,/1na aoNa-
v 3aYenbcrBa BbtCKa3aHHblX npe,tlrio.qo_eHl4fi 5birth npoaelleHbl

4 Hccne/1oBaHHJ;t no pajJ._omtay qHcrb_x napoB BO/J,U_H cMeceii

H20 -- H,. S (5,20 06.%). KaK BHaHO Ha DtC. 2 (KpHaaa 1),

I ,.

3

0 2 4 6 8 10 ,_A
i1, MFp

Pl,lC. 1. 3aariCrlMOCTbNOHaeHTpattrlfl(O6.%) S (Kpl,taarl 1), CO (2), ,,, 4,0-

!-!_ (3) or nornotuemma ao3b_ n3nyqeHrta nprt paaaona3e cMeca
('O a - IlaS (25 o6.%), 21 = 30 KFp/q: _- :_KcnepltMenranb-

Hl,le roql<l,l; npoaomKetirle Haqanl,Hl,lx yqaCTI¢OBi<anerrl"..... .._ /__

qecKxx Kp_Bb_X

Hble pacqera). FIpH 6onbtunx nornotUeHHb_X _to3ax (.,11 = 2,O •
= 5 M Fp) KOHtteHTpaua_ CO HaqrtHaeT rmaBHO CHn_aTbca e-----_ 1 •

BcJqe_cTBHe yMeHbtuerm_ co_ep_arm_ CO: B CMeCH. AHO-

MaJ'lbl-lblMHa riepBbffl B3FnlIR rlaJl_leTCrl TOT_aKT, qYo YaKO- 01 _._"'-I_ l,t8ro :,Ke amt 6onbmero Clm>Kenrta He npoacxoartx c [H2I. , 51.4 I 91,0

Beab B ornHqrte OT CO2, cepoBoaopoa pacxo,ayercn cpaay ,11"10-'' :_B/cM_

rio ,/IByM riapa/'lJ'leJ'ibHblM KaHaJ'IaM:
lh,tc. 2. KrtHeTrtqecKne KpllBble HaKonneHrm Boaopoaa npr_ TepMo-

I. H2S+O_OH+ SH; OH+H_S_HaO+ SH ... ; (1) pa,a_ona3e napoB BO_ (KpaBa.a 1) ncMecel_ tt_O-HaS (5,2006.%)
or nornomeaaolt .ttoBbI a3nyu.eHrta npa _ = 6.10 t ': :_B/cMa.C, P =

II. H2 S _H + SH; (2) = 0,1 Ml-la: 1 - H a (T = 515 K); 2 -- ltaO - I I_S (5 06.%) ; 3 -

H+H2S_H2 +SH... (3) H_O- H_S (2006.%'); 2,3-T=395K

l-IpHqeM aorta HapacxoaoBamtoro cepoBoj_opo_ta, aanprt- BblXOj1 BOJ1Opo_ta npH paj_ionnae riapoB BOabl paBeH G 0-1: ) =

Mep, npH i1 = 5 MFp cocraanner [HAS] -[CO] * [HaO] = = 1,8 -+0,2 (T = 515 K), qxo COOYBeYCTByeTaaHHblM na pa-

= 9,5%. FlpeacraBnnerca oqeart,am,_u, qro a CMeCrt CO2 - 6orb_ [4].

H2 Snpa 6OnbtUHX nornotueHnblX _oaax nportcxoJ:utr o6pa- B npacyYcrBart Mare, rx ,ao6aao_ H2 S (5 o6.%) Bb_XOa

3OBaH_e aoaopo,aa rio CaMOCYOaTem,HOMy KaHany, ornrtqno- Boaopojla cocraanneT 4,4 +- 0,2 (CM. pnc. 2, npaBaa 2), a

My OY pamionnaa I-I: S, KO'ropb_ KoMneacrtpyet cmt_cemte rtprt nom, uuermrt aorta H2 S B cuecrt (20 06.%) oft ftecKonb-

[H2 ] a caaan c ecrecYaenao_ y6btm, to H2 S. PaccMorperme KO aoapacraer a paBen G (Ha) = 4,8 +-0,2 npH (T = 395 K).

rt aHanH3 riOJ'lyqeHHblX/_amm_x noKaaF, IBam'r, qTOBOaMOgrmlM Cnejlyer OrMeTrtTb, qTO BblXO,II.blBOJ1OpoJla ripH pa/iHonHae

KaHanOM reftepattrtrt Boaopoaa, KpOMe peaKmtrt OTpbma aro- CMeCefi H20 - H2 S He ]_tOCrHraer aeartqHm, i nopa_tKa Glt a =

Mapno_ cepb_, aBnaerca pa,tmona3 o6pa'aymtuegtca aoaU_, = 7,9 +-0,2, xapaKreprmix jX.napaj:u,tonnaa cMece_t H:O - HCI

KOFtUeHTpalJ_la KoYopofi cocraBnaer [H20] = [CO] = [O], (HBr) [9]. B peaym, rare rtOHHO-MOneKyn_tpm:,IX peaKttHfi

r]pHqeM riO aHanorHH c 3,-paJIHOnH3OM riapoB BO_ B ripa- Bce riepBrtqHble noJ]o_(_YenbHbte HOHbl pa_onHaa BOJ_bl 110

cyYCTBHH, HanpHMep, tt'C6Ht2 Hart HCI (HBr) [2] BbmXOa cxeme (4) TpaHcdpopMnpylorcn B HOHbl HaO + , KOTOpble

Boaopoaa no 3TOMy KaHany jlon:_<eft CocYaBnnTb BenrttmHy rioc.ne ftefiTpanH3attrtrt Mej],neHH.blMrtBTOpHqHblMH 3neKTpO-

G (H2) = G tt + G li _ , T.e. 7 -- 8 MOn./100 3B. HpH o6nyqe- HaMrt npeBpamamrcn B aroMb_ H"

Hart napoB BOja,UIriporeKamY cneaymttute nepBrtnHb_e ripo- H30*(H2 O) n + e- _ H + (n + 1)1t20. (6")
ueccb_ [3]"

B :)TOM cnyqae aonmm,_ Bo3pacTaYb 3HaqeH_r[ BblXO_OB aTO-
7,98 112O _ !,99 t12 O" + 0,57 Ott* + 0,67 H" + 0,006 O" +

MOB H (7,37) rt pamtKanoB OH (6,22) B per_ym.Tare ripore-

+ 0,45 O + 4,07 }i + 4,17 OH + 0,51 H_ . (4) Kamtn peamtrm
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H2 O+ + H20 --> H 3 O+ + OH. GHal /s®Gs
Ha CaMOM ]leJle H3 IIOIIyqeHtiblX LIaHHblX cnejlyeT, qTO B 6 m_ m- _ - 6

ooeoccocxo opaoaH.e aKuenTopa 3neKrpoHoB -- cepbl peaKanH (1) -- (3),

(5), Koropan no 3_qbeKmBnOCr. aaxBaTa Me_neaHbIX,.eK- 4 _ 4
TpOROBHe ycrynaeT reKcaqbropnay cepbl (SF6) [5] •

$8 + e- --"$2 "'"K = (1 + 2)" I0-7(CM3/MOn"C) ' I[] ////
SF6 + e- _ SF6 ... K = 2,4.10-7(CM 3/MOYl..C). 2_ // - 2

le,,///_ /

CnenoBaxenbno, npn ne_Tpann3atmn nOHOBH30 . (H3S .) //

ofpa3oBarma aonopoaa He nponcxoanT'
J I

H30.(H2 O) + S_ -_ HSa + (n + 1)H20. (7) 0 50 100
" H:S (06.%)

AHa2"lornqHbll_l 3qbqbeKT OT ]IO6aBOK reKca_ropn_Ia cepbx Pac. 3. 3aBHCaMOCT_ pa,a.au_iomlo-x_iM_ecKnx BhlXO_OB BOJZOpO-

aa6nm_tanca H B pa6oze [3], nocBamenHo_ pa_monrtay na- aa (e) rt cepl,x (_) npn pazmonrlae cMecett H_O- H2S or coaepma-
..a cMecei_ hp. _ = 6.10 t s aB/CMa, c, T = 395 KpoB BORblB npncyTCZBrm HCI(HBr). TeM He Menee, npo-

ttecc o6paaoBamta BO_Xopoaa or pazmonnsa napoB Bo_x max nornomenrm_x _tosax 143nyqerma (CM. prtc. 1) K c6n14-

nponcxo_r c 6onbme_ cKopocTmO (GH: = 4,6), aeM MO.O- )zermm KoHue.rpatm_ CO 14H2. Hanp14Mep, LI = 9,5 MFp
oK.cn yrnepoaa (Gco = 3,5) npn pam_onnse CO2, a .po- KonUeHTpaurtnOK.C14yrnepo_a n MoneKynapnoro BO_topoaa
uecc oKncnerma cepoBoaopoaa no peaKtmn (5) -- c etue cocrasnmor 7,4 n 6,3% coornercrsermo, a CyMMapnaa 1<on-

6onbme_ CKOpOCTmO,TaK Ka_ Bb_XO_tOH-pa_mKanOB paBen L_enzpatma npoayKTOB C 3meroM o6paaymmefma cepb_ co.
6,22. craB.aet 27,5%. Hp. npo_ton_zermn Kp14m,m 2 n 3 (CM.

Cepa B npouecce pa_xnonnaa cMecefi H20 - HxS o6paay- pnc. 1) Herpya140 yfezI.rbca, qro hp14_xoseLI = 16MFp KOH-
erca no peak:ann (3) _ (5), a raKa<e B pe_ynbrare o_14cne- uenrpatmn [CO] = [H2] = 10%, [S] = 20%, a zion- yf_m.

.na H2 S aToMaMnKncnopoaa (GO = 1,08) nee BblXOaCO- H2 S B cMecr_CO_ - H2S (25 06.%) CocTaBnr6onee 20 06.%.
CTaBnT

GS = 0,5(G H + GOH ) + GO = 0,5(4,07 + 6,_.._)+ 1,08 = 62 ... C n _ c o K n _ Te p a T y p b_
(8)

3aB.CnMOCrb pa_att14onno-x14M14qecKnxBbmOaOBGHz 1. PycraMOB B.P. rt _tp. - YOtM14aBh_COK14Xaneprafi, 1987,

n Gs OT co_Iepa<arma H2 S (5 06.%) B cMecn c BOaanb_M r. 21, No 5, c. 435.
napoM npnBeaeHb_ aa pr_c. 3. rlpnMecn H2 S (5 05.%) alia- 2. Boyd A.W. et al. - Can. J. Chem., 1973, vol. 51, p. 4049.

_mrenbHOnOBbxmaroTBb_XOJIb_BO_lopona n cepb_ (4,5 n 6,0 3. IInKaeB A.K. - B KH.: CoBpeMeHHaFipamtatmonnaa x_.
COOrBeTCTBeHHO), KOTOpbleHeanaqHTeflbHOOTYI14qaloTCYlOT MnJt (Krmra 2). -- M.: HayKa, 1986, c. 38, 93.,

Bb_XOnOB npo_IyKTOr_ npn pa_mona3e q14CTOrO H:S 4. LIaaHraea B.F. nap. - XHMHRBblCOKRXaaepr14fi, 1982,

(GH S = 6,5 -+0,5). r. 16. NO1, c. 88.
_agnM o6pasoM, B npottecce paztnonaaa cMecefi CO2 - 5. Willis C., Boyd A. - Int. J. Radiat. Phys. Chem., 1976,

H_S c pOCTOMnornomeHHO_ 2103M npo14cxojxrlr qacT14qaa.q vol. 8, p. 75.
3aMelia OJIHOrO HCTOqHHKa OKnCHHTeHbHbIX qaCTHtI (CO2 _'-+

• -_'CO, O) Ha _tpyro_ (H20_--_H, OH) n COOTBeTCTBeHHO he- Bonpoch_ aTOMHOflHayKl4 n TexHI4KH.

pepacnpezIenerme, KaK B CKOpOCT_IX ofpaaoBaHrta CO n Hz, Cep. flnepHaa TeXHm<a. rex.onoraa,

TaK 14 oKnc.rleHnrI cepono_opoaa. DTO rlpl4BOilnT npn 6on_- 1989, sbm. 2, c. 17 - 19.

MATEMATHqECKOE MO_E.rIHPOBAHHE KHHETHKH
PAjIHOJ-IH3A BO_Ibl B PEAKTOPHblX YC.qOBHHX

YI.B. XoztyneB, E.A. IllanoBa

Hccne_loBaHna npottecca pag_ton143aBO_bXS aKTnBHO_! RnoI-IHlbIX Ma_epHanoB [1]. Bo-sropbm, pa_Hon14TnqecK14e

3OHe (A3) peaKTOpOB C BO]L_tHblM TerLrlOHOCI4TeJleM o6ycIIOB- BO_OpO]_ H Kl4C/lOpO_t BblHOCIITCII C IIOTOKOM TeIIYIOHOCHTe$IR

neHa B OCHOBHOM c.qe_tytoLUnMn O_CTORTeYlbCTBaMH. Bo.nep- 143 A3 a ioryT B BH_e rpeMyqefi CMeCH HaKartn14BaTbCR B

BbIX, B A3 I_o_t /xefiCTBHeM HecTa6H.qbHb_X npo_yKTOB pa.no- paanaqnblX cncTeMax peaKropa. Mo_tennpoBarme npottecca

nnaa BOj_bl (HO2, 02) nponcxoaHr 3HatmrenbHoe yBennqe- paa.on.aa no,BonneT onpeaennrs KOHttenzpatt14n pa/:BiKanoB

Hne CKOpOCTII KoppoaHH LmpKorm_coaep>Kamnx KOHCTpyK- B A3 n CKOpOCTS aaKortnerma rpeMyqefi CMeCH, a TaK>Ke otle-
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HltTb 9dpqbeKr ROGaBOK K TermoHOC)_TeJJm paaJ_HqHbiX XHMri- BROnh KaHa.qa; V k, V(; -- CKOpOCTH)KHj1KOCTHH napa CO-

qecKux _emecTB, lloItaBnmomLtx pajmonn3 (HanpnMep, H2, OTBeTCTBemto: S__ = VG/Vr.. IJpetm6peraeM HpoueccoM pa-
NHr) -- KoppeKtmOmtblfi pe)K_M -- n onpe_enHrb nX tmO6XO- /IHoflri3a napa B MO£te-qriHa-3a 6on),moii pa:)rmUb_ B rmorHo-

_ltMble KOttKeHTpaLLHit. B LI,altHOI"t pa6ore MareMarHqecKa_ crnx BO)lbl 14 napa.

Moltenb pammnn3a nocrpoeua npHMemtTenUuo rC peaKTopy HaqanbHbte yCnOBna _In aa/laqri Koturt auI6ripanriCh cne-

PBMK-1000, _t;lil Noroporo HMeIOTCa BKcHepriMeHTanbHbm _tymtttaM o6paaoM, llocv, onbNy pajXaOmiTriqecKrie Bo_opo_

,_taHHbmnO palmomtay TermoHOcnTena [2]. ri Kricnopo_t He Bb_XOjXaT_mnHOCTbm ria BO_m a npoLtecce ee

PaauonHa aOrtb_ a A3 npoHcxomtT nO_t BO3JleflCTBHeM LmpKynmtrin no CHCTeMaM peaKTopa ri YaCTHqHOnona_tamT

6blCTpblX HefiTpOHOB H 7-HaHyqeHHn, BeHHtn4Ha 3HeproBbIRe- na BXO_ta A3, nx Haqa.nbHble l<OHtteH'rpattHH ne)Kar B _tpeae-

neHna or Koropb_x En. _ mla PBMK-1000 ottermBa.aacb alia- nax 2,5 - 10,3 n 40 - 60 MKr/Kr. HaqanbHble KormeHrpa-
qeHneM I BT/CM3. CKOpOCTb napa6orKn i-ro npoayKTa pa- unh nOHOa H+ n OH- pacc,mTbma.aricb 13COOTaeTcrBnn c

altomlaa paBHa noKaaareneM pH 'mCTOf_ nOabL KOTOpblfi Hpn TeMneparype
280 ° C paBen 5.

Si= 1,038.10-4(G_'E +(;nEn)[MOJlh /n'cl, (1) ,/Lna pacqeTa KriHerrimt npouecca pa_tonnaa n KaHane

r_e G.n''_ - panriatmom_bx_ Bb_XOa _-ro npo_tyKra nob _oaReft- PBMK-1000 na ocno_e npe_mo)KeHnoii Mo_tenn 6bma coa_,a-1

cTmteM He_ponHoro ri 7-nanyqennn (MOrt.IlO0 :_B). na rtporpaMMa VESHALKA, pemamman _ecT_ym CnCTeMy

B aaHHOii pa6oTe yqrirb_ua_ocb 12 npoMe)Kyroqabm npo- O,//Y MerOaOM FHpa, peanHaoaaHHan Ha 3BM EC-1055.

ayr<TOB pa_nonriaa (rH,_paxnpoBaHHb_ anet<rpoH e H, Peaym, Tarbl Mo_enrtpoaarma mmerriKn pamtonriaa Ten-

OH, l-F, OH-, H: O2, H:, O:, 02, HO2, HO_-, O) rl %_' xn- noaocnrena a PBIVtK npe_cxaBneabt Ha pnc. 1 --4. Ha pnc. 1

MriqecKax peaKtmfi Me)Kfl.y mlMri. 3aaqermn pazmatmoHrmXx

ab_XOaOB npo_yKTOB rt KOHCTaHTcKopocTefi peaKttrift Bail- -4

xb_ na pa6ort,_ [3]. B rtpottecce _<rmermil nporicxoarix O6Men 6

cxa6nnunb_Mn upoayKTaMn pa/J_onnaa (H2, O2) Me_y dpa- _ -6

aaMn TeHJ_OHOCriTeJ_ii.CKopocTb o6MeHa _,aercil nbtpa)Kerm-

ilMH THIIa _" -8

S i ,_;

fS
r_te uaaeKcb_ L H G COOTBeTCTBylOT)Kri_I,KOCTHH napy, a ,.

oC i --- KOH_teHTpattriil i-ro CTaSrtnbHOrO npoayKTa. CBilab na- _')-12
paMeTpOB Maccoo6MeHa /a ri /_* Me)KJly CO6Ofi S paBnoaec- J

HblX yC_'IOBHflXMO)KIlOoHpe,rleYIHTbHa aaKoHa FeHpri
-14 _

p* = r/._.II.R.T, (3) 0 1 2 3 4 5 6 7
KoopgmrtaTa Bjlonb KaHana, M

r_te H - KOHCTaHTaFeHp_; R - yHriBepcanbHail raaoBaa rm-
PHC. I. 3aBHCHMOCTb l<OlttteHTpattH_ rlpOll.yKTOB pa, auonuaa OT Koop-

croilHnail, a r/ -- BBe_l,ettHbl_l S [1] llO2],roHoqnbll71napaMeTp,
/_HHaTbl BB,OJIh KaHana a {SecKoppeKttHOHHOM pe_HMe pa6OTbl peaK-

yql4TblBamtUHii OTK.rioHeHHIIOT paBHOBeCHOCTHMe)KdpaaoBo- ropa: 1, 6 -H_ n _<aaKoi_ n napoBo_ dpaaaxCOOTneTcrnemto;2, 7-
ro Maccoo6MeHa. Flpouecc pa/1HOJIHaaBO/IblB KHIIIlUleMKaHa- O_ B _<n_tKO_rt napoBogt _aaax; 3, 4, 5 --H_O:, HOa n e- a _<rm-
ne peaKTopa PBMK ra CTal.U4OHapHOMpe)KrlMe pa6orbt omr- KOaqbaae COOTBeTCTBeHrlO

cbmaeTca cneaymtuefi cacreMofi O6bIKHOBeaHmX _qbqbepeH-

ttHaYlbHb_X ypaBHermfi B _arpaH)KeBofi crlcTeMe Koop_.rlHar: llpHBe_,eHbl pea,ynhTaTb_ pacqerOB HOpMa.rlhaoro BO_HO-XH-

MriqecKoro pe,.nMa (6ecKoppeKttrioaaoro) pa6OThl peaKTO-

d ,I. +(I Vr) -_ (/_*Cp -_/_VfC_') pa Ha HOMHHaJIbHO_I Momllocrrt n mire pacnpeaeneHrtil KOH-
dt (i = Si+ ZXnM tteHrpattrlfi npo_,yKTOB BaOnb KaHa.rla, Konuen'rpaLtHH npo-

d

(i Vf)-_C_ dx 1(i Vf)VL]" (4) _l,yK'rOB paarionriaa 6nriaKn t< paBHoaecrtrnM Ha 6om, me_qacrrt Kanana. Ha pac. 2 npeacraanem,_ peaynbraTb_ pacqe-

d (; _{ d Ta BOaOpOJ1noro KoppeKttrlOHHOrO pe)KriMa aByMn aenrlqri-dt Ci = S_.- laClV f (p* + .... V G)Cp] • (5) HaMrt aofanoK no_topo_,a (0,5 vi 2 HCM2/Kr) B nepaoM cny-dx

dx qae H3=aa Ha.l'IHqH,qKHIIeHHIIBe.rIHqHHa,Ko{_aBKHH2 oKaablBa-(;
.... VI., C_;= Ci .Vr , (6) eTCil aea.ocraroqrto_ _,nil noa.aBne_-mil pa_trionrtaa na Kritm-dt

ILIeM yqacrKe. Bo BTOpOM cnyqae KOHll.eHTpattril, l KHC.rIopo_a

rbe )_'XHM C C , HH_I,eKCbl L, G orrtocilr COOTBeT- H Kricnopoaocoaep,atuax npo/lyKTon peaKo cmt)Kamrca Ha

crBymtuyto KOHtteHrpattmO C i K >rrtm<ofi rin_ rtapoao_ qba- BCeM nporil)Kemlri KaHana. Ha pnc. 3 npriBeaeHa 3aBrlCrl-

Be; Kik -- KOHCTaHTmc_opocreh XHMHqeCKHXpeaKanfi, no- MOCTb KomteHTpatmn Kricnopoaa B o6ertx dpaaax Ha Bbmo_te
KaaaTe.qH cTeneHH or, /3, 7 paBHbi 0 HnH 1 a aaBrlCHMOCTHOT ria KaHana OT BeJlriqriH.b__],O6aBKri BOROpo/la AH2 Ha BXO/le

qrlcna qacTritt, yqacTBymttIHX B peaKtmn; x - Koop.n,riHaTa _tnil Tpex aHaqeHHfi aHeproBbl_eneHrlil En,. r riOHrtaripymtttrix
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Boo6me roBop_, 3HaqeHHrIKOHCTaHTCKOpOCTe_ XHMH-

-4 1 _ qeCKHX peaKttH_ H3BeCTltbI C OIIIH6KO_I,HHOrJla 3HaqHTeYlb-

-6___3 Ho_,no3HoMy6blnaHccne_oBaHaycTo_tmBOCrb3al_atmKo._j

Ira4 nyHeM OKHOBpeMeHHOrO BapbHpOnaHrm Bcex KOHCTarrr

N BbI6Hpanl_Cb 3Haqem_ 2 _ 10. Paa6poc KOHUeHrpat_ npo-

i "X_ RyKTOB Ha BblXORe H3 KaHayla cocHaBa_lel" _lyi_lN = 2 _aenH.

, / mmbi (+90+-60)%, a _na N = 10- (+140 +-100)%, yTo/ CBH_eTenbcTByeT O MaJIOqyBCTBHTelIBHOCTHpe3ynbHaTOB MO--14 -/ •

0 1 2 3 4 5 6 7 aenn K Ottm6KaM B KOHCTaHTaXcKopocTa peaKtta_.
Koop_mHaTaBj_O.rlb KaHa_a, M

l_c. 2. 3aBHCHMOCT]bKOHIIeHTpalJ,Hfl IIpO_yKTOBpa_HonH3aOTKOOp- 2,2
BMHaTI,I BJIOnb KaHana B BOLtOpOJ_IOMKoppeKIIHOHHOMpe_HMe

pa6oTbx peaKTopa BjI_I cnyqaa jIO6aBKH Boaopo_ta A[Ha] = _ 1,8
= 0,5 HCMa/Kr (Kpl4Bble 1 - 7), A[H2] = 2 HCM3/KF (8, 9). KpH-

Bble I -- 9 COOTBeTCTBylOTcnezlylotttaM KOMrlOHeHTaM: O_ 1,4

)KH_tKa_ HapoBa_ _ 1,0

qba3a qba3a _ f1 II 611 2 3 4, 8 5,9] 7 o=0'6
.. i _ _]_ _

Ha H20: e" O2 HO2 H, O 2 0,2_ _ 4L
i I I I I I I

0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0
FIoaroHOqHSfltnapaMeTp

PHC.4, 3asncHMOCTbI<OHlleHTpattHHcTa6HH_HIdXnpo_yxrOB pa_Mo-
na3a Ha B_IXO/_eH3 K_tHaYlaOTllolIroHoqF.oro napaMeTpa r/: 1, 3 -o
BO_OpO_; 2, 4 - KHcHopoJ_B napoBoll H _¢vtaKOll_aaax COOTBeT-_" --8
CTBeHHO,_] - pa36poc aKcnepHMeHTa/mHSlX3HaqeHitPi

_-I0 TaKHM o6pa3oM, MOXKHOKOHCHaTHpoBaHbxopomee co-
O

rnacHe peaym, raroB c 3KCIIepHMeHTOMB:IH PBMK, wro noa-
-12 BOnffeT Ha/_eHTbC_IHa ycIIeX MO_eIIHpOBam4H H npyrrtx m-

HOBpeaKHOpOB C BOJJ_HbIM TeIIIIOHOCHHeIIeM.
-14 _ t t

0 1 2 3 4 5 6 7
J_o6aBI<aBO_Opo/_a,HCM 3/I<r C II H CO K H H Te p a r y p Sl

PHC.3. 3aBI,ICI4MOCT_KOHUeHTpa_HflKHCnOpo_a B >Kl_KOtt (L) 1 Ibe E. and Uchida S A Water Radiolysis Model in a Cir-H napoBofl (G) qbaaax Ha BblXO/IeHa KaHanaOT BeIIHtlHHI_I jIO6aB- "

KH ao_aopo_taA[H a ] Ha BXOZte:1, 4 --_OHtteHTpaunn [OL] H [OG] culating Flow System with a Boiling Region and its

na BblXOaenpn En+ _ = 1 BT/CM a ; 2, 5 -- [O L] n [OG] npH En+,r = Application to Hydrogen Alternate Water Chemistry of

=3;3,6- [0 LI n [o G] hp, En+.f = 5 Boiling Water Reactors. - Nucl. Sci. Eng., 1985, vol. 90,
p. 140- 157.

2. MaMer B.A., Bor_taaoB H.H., Tart_oa B._. n _tp. lIoBe/le-
Hanyqerm_ (1,3 H 5 BT/CM3). KaK BH_HO na pnc. 3, 3aBHCH-

HHe ra3OBblX H opraHnqeCKHX IIpHMeCefi B rermoHocnTe.
MOCHbHOCriTHoporoBbIff xapaKrep, no BennqHne noporoBo_

ne A3C c PBMK. - Termoanepre.TnKa, 1982, No 7, c. 14 -
ao6a_Krt AH2 MOgnO ouemlTb Benaqnab_ En, ,. Ha pac. 4 17.

npriBe_ena 3aBHCrIMOCTb_onuenrpatmH cra6rmbnbtx npoztyK- 3. Burns W.G., Moore P.B. Radiation Chemistry of Higt-
rOB pa_rtoanaa Ha BbIXO_e Ha KaHa.qa or BBejXeHHOrO B [1]

temperature (300 - 410' C) water. - Radiation effects,
noaronoqaoro napaMeTpa 72 (3). TaM >Ke npHBe_eHbl 3Kcrle-

1976, vol. 30, p. 233.
pHMeHTa.rlbHble 3Haqel-lHH 3THX _Ke KOrttleHrpattHfi [2]. B

OTHHqHe OT [ 1] HamlyqltIee cornacHe c 3KClIepHMeHTOM _O- Bonpoc_,xaTOMHOI_HayKaHTeXHHKH.
cTHraeTca jU1_t 72 = I (T.e. Korea Maccoo6MeH HOCHTpaB- Cep. gneptla_TexHv.KaH rexHononut,
HOBeCHbIfi xapaKTep H BbmOnH_erca 3aKOH FeHpH), q'ro, 1989, BSm. 2,©. 19- 21.

IIO-B_L/_MOMy, CBaaaHo C Hey_eTOM B [1] nocne_mtx tree-

HOBB ypaBaem4ax (4), (5).



TEPMOKATA.I-IHTHqECKAH _HCCOHHAUHI:I CEPOBO./1OPO_A HOj1 JIEITICTBHEM 7-H3£IYqEHHfI

10.T. Ba6Ko, C.H. FpmuHH, A.A. Ka3IHHHHKOB, B.q_. KpacHomTaHOB, B.C. CKO6KHH

OIlntl tt3 nyrefi petueH;i_t npofneMhi yr14nHsattita conyr- " /

crBymmero ra3a (cepoaortopo_ta) npH pa3pa60a'Ke ra3oBblX _ •

Mecxopo>Kaemtfi c ttenbK) no_Iyqemt_ tteHHOrOcb_pba (ce- 40
pbr) -- repMopamtatmOHHO-KaTamtr14qecKoe paano>Kerme

(TPKP) cepoBo_topoaa, ldcnonb30saH14e np14:froMaetuenoro __'_ ...._.__..o°.f _
HH3KOHOTeHIBIaJIbHOrOierLaa peaKropa _ _,-H3nyqeHH_I OT- 20

pa6oraHHbtX TB3JIOB MO_eI cRenaTb _aHrtbifi cnoco6 KOH- _o ___'_ 'J ii..=.._.__.

KypeHTOCnOCO6HbtM HO cpaBHeH_tiO C _pyrHMH HZBeCrHbI-

MH CHOCO6aMH. KpoMe TOFO, Oco6eHHOCTH MeTO_a IIG3BO- 0 _ _ _ _ _ t

.rl_mT npoBO_ITb TOHKylO oqHCTKy ra3oB OT cepoBoRopoRa, 6

qro _taeT BO3MO)KHOCTb 14CllOIlb3OBaTb CIIOCO6 B KOM_HHa- I_ •60
ttrm c y_e H3BeCTHblMHMeTo_taMHyrrm143atm14 cepoBo- o O

aopo_ta. _o 40 _ o
B /laHHOi't pa6oTe caeflana IIOIIblTKanonyqermH crtcTe- "N

Max14qecKHx_tanHbtX rio 9qbqbeicrrtaHOCmMero]la TPKP ce- m 20
poeo/lopoaa n _ocTaToqHo H"4poKoM £tHanaaoHe H3MeHe-

High napaMeTpoB npottecca, l-lonyqeHHble paHee 3Haqel-mH 0 _ z _ _ J t
BblXO_a BO_tOpoftanpn pa_monHae cepoBo_topo_ta nea<aT B B
o6nacrH or 7 Ro 13 MO_I.H2/100 3B [l, 2]. BMecTe C TeM,

y>Ke B rlpeKBaprtTenbHblX3I<cnepHMeHrax no TPKP cepoBo- o o
_opo_ta npr_ IIOBblIHeHHblX_aBnermHx 6bInO Hafi_eno, trro 20
BblXO_ BO/1Opoila Ha nopa_ot< rtpeBbttuaer 3TH 3HaqeHrifl

[3]. l-Ipr_npone_ermH 9r¢cnepnMeHroB no TPKP ceporto_topo- 10
_ta HpI4Men_nacb paHee pa3pa6oTaHnaa MeToRr[Kart ycranoB- ._,,,,,__
Ka, onrtcaHHaa paHee [3].

I-IepBaa cepHH 3KcrIepHMeHTOB 6bLrla npoBe_eHa Ha qH- _ _, I _ i i ,0 20 40 60
CTOMcepoBo_topo_te 6e3 KaTa.unaaTopa apa paanHqHhIXTeM-
Heparypax. Ha pnCyHKe (a) noKaaam,I noayqeaHbte 3aaH- PHaS' M_/eM'
CHMOCTH BbtXO/_a BOKOpo_a Or ILrlOTHOCTH cepoBo/1opo_a. B1,1xo/1 BOJIOpo/la npn -r-pa_aonaae HaS 6e3 KaTanHaaTopa (a) n

HpH Ma.III)IX 1-UIOTHOCTHY (/_12 _ 10 Mr/CM 3) H TOMllepaTy- B npitcyxcr_rtrt AI_O s (6) H SiO a Oa) nprt _oae o6nyqenrta 1 Mpa,tr

pax, paBHb_X25°C B),_XO_bXBoaopo_a coBna_taIor c pe3ym,- )t t = 25°C (o), 100 (o), 200 (o)
TaraM14,nonyueun_tM, n pa6oxe [1]. O_tuaKo rtpa rmorao- AaoManbHo 6onbmHe RbIXO_J_IBo_opo_ta rtpn TPKP

crax Plt 2S "" 70 MF/CM3 14T = 200°C Bt,_XOanoaopo_ta co- ceponoaopo_tfi yKa3bInaIor Ha ttermo_ MexaH1,13MI_pottecca
cxaBnHer y_e 50 MOrt./100 3B. Ha pncyHKe (6) rtoKaaaaa paaao>KemtH, rtpHqeM _mtrta ttena yneartqrmaercH c nOBbI-

3KcHepHMeHTa.rIbHaH 3aB14CHMOCTbBblXO_a BO_tOpo_a rtpH tuermeM rtnorrtocra cepoBo_opo_la. AHa.IIH3 BO3MO)KHblX
TPKP cepoBo_opo_a a rtpHcyrcrsrm MenKo_cnepcHofi MexaI-BIaMOBpaaBnrrtn tterm rtprmo_r K TOMy, qTo Haqa-

OKHC14a.rHOMrtHHHft,rIH pa3J_HqHblX reMneparyp or rmorno- nOM ttelll4 aBIIHeTCH B3altMOKe_CTBHe pa,tmKa.rIaHS c MO-

Cr14cepoBo_opo_ta H2 S. neKyaofi Hz S no cxeMe
AHanorrtqab_e Raanbte nonyqeabI rtpn rtcrtonb3oBam,tH

B i<aqecxBeKaxanrt3aTopa MenKo_cHepcHoro oKcrt_ta KpeM- H2S + HS _ H2 + HS2,

HHH SiO2. CoorBerCXByIOtlme 3KcneprtMeHranbHb_e_taru-m_e HSk + HS _ H + HSk .
npe_craBneHt, i Ha p14cyHKe(B).

ConocraBaeHHe ZaHHr_txHapHcym<e (6) H (n), nonyuen- BoccraHoenemte pa,tmKana

Hbtx _xnn Kaa'a.nH3aTopo_ c npr_MepHo o_HaKOBOft y_enb- H + H2 S _" H2 + HS.
HOfi noBepxHocxb_O, HO C pa3HOfi ttmprtaoft 3artpemeaHo_
3OHbi, KOCBeHHO rtOKTBep>K_aeT, qrO HepBnqHOe paanoa<erme O6pb_B tterlrt aacrynaer B peayabraTe BaaHMo_tefiCTBHH

MoJ_eI<yncepono_topoaa npoHcxo_,tr 3a cqer peKoM6mtatmH paam<a.rloa HS n c H, na6o Me)KllyCO6Ofi.
3KC14TOHOBlt HepaBHOBeCHb_XHOCHTene_[3apHRa Ha HoBepx- KocBeHHOrat<:aHCXeMar[o/_aep_¢41aercH peaynbraTaMH,

HOCa'nKa_anHaa'ropa. B _taHaoM crtyqae mrtpHHa 3anpemeu- rtonyttem_biMn a pa6orax [1, 2], a KoropbIX cpe_t npo_yK-
HOITI3OHbI 60nbtue y S iO2, a 3qbqbeKT14BHOCTb paaao_ermz TOB 7-pa_,_onrtaa ceposo_topo_a o6aapy_erth_ coe_mHem_H

COOTBercrBeHHOMeHstue. H2Sn. HpH npe/IenbHOBblCOKHXIIJ'IOTHOCTIlX ()KI, I_Ki, I_! cepo-

22



BoRopoR) BBIXORH2 $2 y_e cocxaunaer BenmmHy, cpaHmt. C n n c o H n )1x e p a r y p bl

MylO C BblXOROMHO_tOpo_a.

Pa3no_erme MOneHyn cepoBo_Iopo_ta, a_Icop6HpoBaaUbIX 1. Willis C., Boyd A.W. - Intern. J. Radiat Phys. and Chem.,

na noBepxnocrri Karami3aropa npH TPKP, noaBonaer ncnoJ_b- 1976, vol. 8, p. 71.

3OBalb 3TOTnpottecc _tnn na6Hparenbnoro paano_emta cepo- 2. MarignierJ.L., Delaire JA., Belloni J. - Chem. Phys.

Boaopoaa a cMecrt c raaoM, KoropbI_ cna6o a_cop6Hpyerca Lett., 1978, vol. 59, p. 237.
na Kara.mtaarope. B qacraocxn, a_tcop6tma cepoBo_topoaa na 3. FpHm,a C.II., Ka.rlHHHHI<OBA.A., KpacnomranoB B.O. ri

OmtCH antOMmma A1203 na Mnoro l_op_KOH npeBb_maer Up. 3KcnepHMenranbaoe nccne_oHarme pa_monHaa cepo.

a_cop6LmtO MexaHa, ¢ro noaBonaer paccqHrbmarb na nepc- Hoaopo_ta. -- BAHT. Cep. AroMno-Boaopo_Iaaa 3neprern-
neHrnBy HcnonsaoBarma npottecca TPKP _qa oqrlcrKH npn- Ka rt rexHonorrta, 1987, Bbm. 2, C. 43.

pO_HOrO raaa OT cepoBoaopoaa. Bonpocsx aTOMHOttHayKn n rexltl4Krl.
Cep. _tnepna_ TeXHHKaHTexHonorrl_l,

1989, Bun. 2, c. 22 - 23.

TEPMOPA_HAIIHOHHblE HPOIIECCbl

HO.rlYqEHIZfft FA3OOBPA3HOFO H )KPI_KOFO TOHJ-IHB

H3 HEOTEBHTYMHHO3HOITI HOPO_Rbl

H.H. MycraqbaeB, I(.M. HKy6on, O.A. MaMe_IoB, H.I<. FynrteBa, O.M. MaxMy_IOB

Honyqerme BO_Opo_a H Ho_opo_co_tep_<attmx raaoH H P.c. 1. KHneTHKaHaKon-

_<rtjIKoro ronnriBa ria neqbze6rtTyMrmOaHOft nopoabI (HBH) c /leHitlt CH4 (KprtBa_ 1, 2),

HcnonbaOBaHHeM pa43MatlMOnHOflH rermoBofi cocraHnatottmx H 3 (3, 4), CO (5, 6) /1

aRepHofi 3Heprriri Hpe/IcraBn_teT Hnrepec _,q_ petuemta 30 npn xepMopaanarmnoM
m"

npeapatuen,. HBI-I (2,4,
Hpo6neM aroMno-Boaopo_mo_ aHeprerrtKrl a 3qbqbeKmBnoro 5) , CaCreMbl HBII +

/

HCrlOllb3OBaHI4flHCKoHaeMoro THep_oro TOrLrlHBa. + H_O (1, 3, 6) a ycno-

CoBMecraoe Boa_e_CrBHe reMneparyp_I n 7-rianyqerma armx J = 40 Krp/q, t =

na npottecc o6paaoHarma roptoqrtx raaoH n _rtttKrtx npo_tyH- 400°C, p (H_O)
& = 0,1 MIla

rOB HS cnarmeH n HBII He nccneRoHaHO. HMemttlHeca B _ 20

HayqHO_l mtreparype ZaHHble [1 -- 3] OTHOCarCa K HayqeHrllO ?

BOa_XelTICTBHff"y-HaIlyqeHH_ Ha napaMarHerHaM npH6a.rlrafiCKO-
ro cnartua "Keporen-70" [ 1], raaoo6paaoHarma npH KOMHaT- 7

HOfi reMneparype Ha MnqHraacKoro a Konopa_cKoro ropm-

UHX cnaHtten [2] H HBII Mecropo_,aemta KnpMar:y (A3ep-

6afizI_<aHcHaa CCP) [3]. 10_ 2

B _taHHOfi pa6oTe nprmo_taTCa peaynbwarbx Hccne_IoBarma ____-i

3aKOHOMepH0cTefi o6paaoBaHarlraaoo6paaHoro H )l<KaKOr0

rormHB npH repMopa_aanonaoM H TepMHqeCKOM BOa_leficr-

Brm rla HBH H CHCTeMblHBH + H=O. _5

TepMopa/IrlatUlOHHOMy npeBpamermio no_epranacb _ :
HBII MecTopo:_IleHH_I KHpMaKy HaCblrlHOfi Bec 1,50 -- 0 2_0 40 60

1,56 _'/CM 3 , co_Iepz_arme HeqbM B nopo_te 8,2 -9,4 Mac.%, r, Mrm

BO_OnaCbltlleHnOCTb 3,14%, co_ep_arme rnHHb_ B nopo_te Ha naqa.rlbHOM yqacTKe KHHeTHqecKnx KprmbIX pa_arlaRnonHo-

cocxaB.qaer _ cpe_HeM 25,7%, coorHoinerme H/C a oprarm- XHMrvaecKae B_,IXOabI raaoa cocraanmor: G_ = 2,7, G2 =

qecKofi Macce -- 0,14.HBH B _onHqecrBe 0,1 -- 1 r nepea 06- = 5,3, Ga = 1,1, G4 = 1,6, Gs = 4,1, G6 = 12,5 (CM. pnc. 1).

HyqerlrleM no_Bepranacb BaKyyMaO_I cymKe npH 80°C B TeMrleparypHarl 3alIHCHMOCTbsbIxo_la raaoB npeacras-

reqerme 0,5 q. Ma BaKyyMHO_ yCTaHOBKHB aMrlyjly c HBH JleHa Ha pHC. 2. HoBbmaenne reMneparypbi or 20 _1o 500°C

HO_taBanOCb onpe_eneHHoe KOmtqeCXBO BO_.OrO napa, H npnao/mr K yaennqermm paaHatmonHoro B_IXOZa raaoB ,r

OHa ornarmanac_,. O6nyqemte aMnyn npOHaBOaHnoc_ Ha G(H2) = 0,054, G(CO) = 0,003, G(CH,) = 0,004 _Io

HCTOqHI4Ke7-naYlyqeHM.q 6°Co. FaaoBbm npo_yKxb_ ana31HaH- G(H2) = 52,1; G(CO) = 3,9; G(CH4) = 62,5. HpH atOM

poBa.qrtCb raaoxpoMaTorpaqbHqeCHH Ha npH6ope "Faao- 3ueprrm aKTnBatmn o6paaoHam_a raaoB cocraanator

XpOM-3101", mrtaKHe npo_tyKrbi -- Mero_toM HK-cneKrpo- E(H2) = 118,2; E(CO) = 32,5; E(CH,)= 76,4K/I_/MOnS.

cHomm H HOUOMerpHH. jlO6aBKa napoa BOabX (P(H:O) = 0,1 MHa) H HBI-I B

KHaerrma HaHormerma CH4, H2, CO noKaaana Ha pHC. 1. Hnrepaane reMneparypbi 200 -- 300°C He npHBoaHr I< name.
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lgG 3 Ilprl xeMneparypax t > 350°C ropxoqrie raabl o6paayror.

/ ca Tar_xe B qrtcro TepMHqeCKOM paanoxemm HBH. O}1HaKO
2 o aO BCeM Hcc.rle}1oBaHHOM rmrepaane reMneparypbl (t _<

/_/--_"ff/lY/"-1 <_ 500°C) cKopocrb repMopaartatmoHaoro (WTp) npottecca
1 2 raaoo6paaoBarma rtbItue C.KOpOCrrtrepMrtqecKoro (Wr),

x.e. Wr/Wxp < 1. B cnyqae xepMopaniatmonnoro BOa}1eB-

0 /,/_ crBnnnrtMrtrrtpymmancra}1rl_tTepMrlqecrc, oropaano>Kerm_

oprarm,_ecKo_ qacrn HBII, r.e. crania mmtmripoBamta (1),

/ npeo}1oneBaerca aa cqeT :)neprrirt nomtarlpyxomero rlanyqe-
-1 / pnc. 2. TeMnepaTypHaa 3aBncnMocr_, Hrl_t. 3TO npnBoniT K coxpaHemt)o aepaBenCTBa WT/WTp (

--/ pa/IHattHOHHO-XHMHqeCKHX t)blxoaoB < 1 BO BCeMHcc.rle}1oBaHHOM rInTepBane reMneparypbl, o}1-

-2 / CO (KpHBaa1), Ha (2) H CH4 UaKOC nOBbXtuemteMT yBenaqrmaerc_t 3naqel-me 3TOrOCO-

• (3) npa xepMopa_tmaunOHHOMnpeBpameaaH HBI'I (A, o, o) oraotuem4a.
-3 rt HBFI+ HaO (*, *, a) c J = Ilpe}1craBnaeT mrrepec rta3merme repMopaniatmoanoro

= 40 KFp/n, p (HaO)= 0,1 MHa npeBpatuemta oprarmqecKo_ qacrrt HBH B OTCyTCTBHeero
, _ t MHltepa.rlbHOfinacrr_, Korea npotteccbi B3arlMrlO_nepe_taqn

0 200 400 600 t,°c aHeprrm He rtMe_or MecTa. OprarmqecKaa qacrb HBH abi}1e-
neaa nyreM ero BaKyyMHO_I neperoaKH }1o reMnepaTypbi

HeHmOnbmoRa ra3oB, a npn r_oab_tueHnr_reMneparypbI Jio 500°C. l'locKOnbKy ri3yqemie KrmeTaKrtr_Mexamt3Ma TepMo-

500°C BblXO}1BO}1opoaa ri MeTaHaBo3pacraer _to G(H:) = panionr_aa XrtaKrtX npo_yKTon paanoxerma HBII MOXeT
= 95,1 ; G (cn4) = 143,6. IIprt 3TOMG (CO) cymecrBeHHO conpoBox.ttarbca TpyRHOCTRMH,CBff3aHI-i_IMH COCIIOXHOCTblO
He MeaaeTCa. nX cocraBa, repMopanionnay no}1Bepramtcb yaKrie qbpaKtmrt

FIpH BO3}1elTICTBHHycKopeaabIX 3neKrpOHOBMOLLIHOCTblO 3TI4XnpoRyKroa. HyreM neperonKn XHRKHenpo}1yKrbl paa-

nyqKa P = 60 - 300 BT reMrteparypa HBII nOBbmIaerca }1o aerIenbI na _paKmm (I - V) co cne}1y_omnMriTeMneparyp-
600 - 700 ° C. B ormtqrie or "),-pa,anomtaa n cnyqae ncnonbao- ablMa rlarepnanaMn _:rmemta, °C: t <_ 150 (I), 150 _< t _<

BaHi4a ycKopeaH_iX 3neKTponoB CocTaBo6paayIoumxca ra- <_300 (II), 300 _<t _<350 (III), 350 <_t <_400 (IV), t > 400
3OBnaMeI-_erc_t B cropoay o6oramearta no}1opo}1OM;H: -- (V). I/potterrrHbie co}1epxarma ri xapaKreprxcmKri nepBblX

53,1; CO - 0,64; CH4 - 0,86; C2H4 -9,2; C:H6 - 11,6; yerbipex _paKmi_ _,otaKrtx npoayKroa npHneaermI B ra6nn-
C3Ha - 24,6 o6.%. tte. BbICOKne3naqerma rlo}1m,Ix tmcen (n = 82 + 120) CBnaa-

O6paaoBaHne H2, CO n CH4 npri pa_rtaUnoHrtOMpaano- nbi, BO-nepBbm, C neaacbImemtocTblo CaMOfi oprarmqecKo_

xenmt HBI-I CBaaaHOC paniamtoaabiM pacna_toM opramvce- qacrrl HBII, BO-BrOpbm, C rtporeKamteM npottecca }1errtapn-
c_<o_ qac_ HBH (1) ri peaKmmMa peKoM6rmatmI_ (2) po.Barton B xo}1e ar_aenemta oprarmqecKo_ qacTri HBH,

nepBHqHb_XpajlriKanOB: paa_tenerma )KI_KHX npo}1yKrOB Ha yaKne qbpaKtmH nprt

Hirfl _ H,CHB,CO; (1) reMnepaTypax 300 -- 500°C.IIo HK-cneKTpaM (pnc. 3) KaqecrBemto nayqea crpyK-

rypHo-rpyrmoBofi CocTaB _rtaxP, x npo}1yKroa, nonyqeHH_XX

H + H + M -* H2 + M, (2) aB HBII rlx aarpeaarmeM. YcraHoBneHo, qrO B mix npHcy-r-
CHB + M -_ CH4. CTBymTyrneBo}1opo_t_I -- apoMaTnqecKne (rlOYlOCbl norno-

Bnaro}1apn BU_COKO_paniattrtoaao_ CTOftKOCVaapoMa- memta B o6nacrax 1600 CM-t a 740 -- 900 CM-_), KoporKO-
THqeCKO_I qaCTHoprarmqecKoft MaccbI HBH, pa}1rlat_oHno- i1ertotnmIe rtapad_nHOBbie (cna6aa nonoca nornomerma

XHMI4xleCKH_IBI)IXO}1 raaoB iipH KOMHaTHOflreMnepaTYF_ He 720 CM-_ rt nonocb_ n o6naca_a 3000 CM-I), Henpe}1enbrmle,

npeBbltuaeT BenHtmHy Gr = G(H2) + G(CO) + G(CH_) = r}1e npeo6na}1a_or c_-rt niaaMel}1emmie ttHc-rt rpaHc-crpyKry-
= 0,06. TaKrte xe no Be$IrlqHHeBblXOJ_bl raaoa ua6nmaamto, pbi (nonocb_ nornomerma 910, 890, 675 - 730 CM -i , a TaK-

paHee [3] B cnyqae 7-paZXtonrtaa yrne_ r_ aedi)ram,_x ocrar- xe rrlcnopo}1co}1epxamrte cTpyKrypb_ C = O, OH (rtonocbl
KOB.Hprr nOBb_tUel-tmtTeMnepa_ypb_3a cqer npoTeKarma Bro- nornotnerma 1700 rx 3400 CM -1 ). C rloBb_mermeMTeMnepa-

prl_m,ix npotteccoB (3) OTpbma BO}1Opo}1art paanoxemta rypb_ KHIIeI-IHllBO cl:)paKttrtrtx co}1epxarme nerIpe}1em,rmIX
cna6ocBaaannbm Kacnopo}1co}1epxattmx rpyrm Boapacrator yrneBo}1opo}1oBpeaKo yMeabmaeTca, a npn t > 300°C CTa-
BblXO_,bI raaoB HOBrITCn He3aMerrm[M. Hpn aTOM Kap6ommco}1ep_<atuHe H

H + HBI-I --*H2 + R', CH3 + HBII --) CH4 + R". (3) apoMarrtqecKrie coeninemin HMelOT rertaentm_ pocTa, arrt}1poKcrmcoRepxattme coeniHemta yMermma_oTca, qro

3HaqHTenbaoe BoapacTamte G (H:) rt G (CH,) B npricyr- aaMerno no rlaMeHerm_oaHreHCrmHOC_ nonoc nornotuemta
crBmt BO_HOrO napa, nO-BnniMOMy, CBaaaao c reM, q'ro n apH 1700, 1600, 3400 CM-t .

o6paaoBaImrt aTrlX raaoB HaqrtHa_OTrirpaTb pore, aKraBm,Ie B KaqecrBe nprtMepa Ha pnc. 4 no_:aaam,_ KrtHeTHqeCKrte
qacrmtb_ (H, OH, H:O), BOarmKaiotmle apa pa_omiae rprmbIe naKonaemta npri repMopaniamionnoM npeBpatue-
H: O: H_&,-*H, OH, H_ O*). mta dl)paKtmrl II no}1 }1eficrarieM ycKopermblX aneKTpOHOB.
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XapaKTepHcTHKa _U/IKHX npoHyKToB TepMHqecKoro pa3no_ensn 60 PHc. 4. KHHeTHKa Hal<on- D,5
HEll hellas H 2 (o), CO (A)

I [ [ (Kpl4Ba.a 1), C,H, (2),HcxoR- llpe_enmTeMne- llporteuT- MoneKy- YHemb- Moll- "Call s (3), Call s (4),

cbIpbe HHa, o C [ _aHHe, Bec qHcno HO-TepMI_IeCKOM npenpa-
(_paK- BCC.% KIeHHH _paKRna II opra-
IXHH) HHtlecxoll qacra HBH

40 (D = 9.10 t s aB/cM s.c, t =

I t < 150 8,5 90,2 0,84 120,7 _ =400°C)

II 150 • t • 300 20,2 129,2 0,89 90,2 o

III 300 • t • 350 18,2 162,8 0,9! 84,5 _"
N

IV 350 < T • 400 23,3 223,8 0,94 82,5 c_

20 A

X

x 2

0 10 20 310

_ 9.101 s _B/cM3.c, t = 200 -- 400°C) c H3MeHemXeMBpeMe-

_ "_ I-mo6nyqetm._rtx *paKtmfi ycKopeHHbIMrl3neKTpoHa-
MHOT10 ,KO30 MHH fiO]XHOe qHCJIOyMem,mae'rca B 2 -- 3 pa-
3a. 3ro, IIO-BH_ff£1MOMy,o6ycnoBneHo npoTeKaHEeM nontIMe-

-5 pHaaIIHOHH_IX npotteccoB npH repMopa_arlau_onnofi o6pa.

60rxe.

CnHcoK nnTepaTypbl

"_ I. J;tKOBIIeB B.H., LIHHMaH P.E., llhlKllb_oreIIb II.B., CeHjL_O-
• , , , t I , , , , I [ I f I m I ' , ' , ! ' ' ' t I

4000 3000 2000 1500 1000 500 pOB M.B. K Bonpocy O raMMa-paaHonrt3e qbnoroxormeaT-

CIleKTpa.rIlbaaJl o6aacTs, CM"l para cnamta. - B KH." HccneaoBam4e B o6nacTrt XHMHH n

Textlonorrm npo$tyKTOB nepepa6oTKrt rop_oqrLX HCKonae-

Pac. 3. HK-cneKTpht acxo_jaoR (gpanaa 1) a yagax _paRujafl a<_- MBIX.-- M.: Hayxa, 1974, Bbln. 1, c. 12.

KaX npo_yKTOB saKyyMHO_ neperoHgM HBll npH tK_m • 1500C 2. Anjou D., Litman R. Gamma-Ray Induced Decomposition
(2), 150 • tKHn • 300 (3), 300 •tKH n _350 (4), 350•tKH n • of Oil Spall. - Radiochemical Radioanalitical Left.,

• 400 (5) 1981, vol. 50, NO1, p. 37 - 44.

1/13noao61_[x lolne'mqecK_x Kpl_BbIXnaKonnelmrt ra3oBblX 3. Mustafaev J.J., Yakubov K2¢1., Gadziev Kh.M., Culi-

npoZtyKrOBrf3 apyrHx qbpaKttHfiB HHrepBane reMlxepaxTpbi eva N.K. Regulaties Ln Gas Formation at 7-Radiolysic of
200 -- 400°C onpeaeneHm CKOpOCTHo6pa3osaHHa H cocTan Coals and Petroleum Residues. - J. Radioanal Nucl.

3mx npoayKroB. Chem. Lett., !985, vol. 94 (1), p. 1 - 8.
[/[3llOIlyqeHHblX 3KCIIepHMeHTa21bKblX /laHHblX clle_yeT,

qTo _o3a H TeMnepaTypa O6_IyqeHHa cyttleCTBeHHO BJ'IHRIOT Bonpocm aTOMHOflHayKH H TeXHrIKrl.

Ha CKOpOCTb o6pa3oBaHrm H COCTaB ra3006pa3rmlX npo_yK- Cep. HHepHaaTeXHHKa H TexHonorHa,

rOB repMopa_tmmOHHOrO pasnoxeHrm >KrLttKHX dppaKtmfi. 1989, B_xn. 2, c. 23 - 25.

l-lpa nepexoae or HH3KO_ (200°C) reMneparypbi x 6once

BbmOKO_ (400°C) cKopocr_ ra3ooSpa3oBaHHa patter or

14,9.10 t s ao 21,2.10 __ MOn./r.c npH pa3aoxemm _pax-

ttrm I. llpn 3TOM B ra3ooSpa3rtbxx npo_yKrax co_ep>KaHae

H_ yMea_maerca or 70 -- 78 _o 40%, a 3Tftr/ella Bo3pacra-

er OT 0 aO 18,2%.

B ycnoenax npoBeaemmtx 3KcnepHMeHTOB (I =



HCCIIE_IOBAHHE PA_HAIIPIOHHO- H OOTOTEPMHqECKHX HPOIIECCOB

PA3TIO)KEHPIII CEPOBO_OPO_A B HPHCYTCTBHH FOMOFEHHblX ]IOBABOK

M.A. Kyp6aHOB, X._. MaMe/XoB

BO_IbLU_epecypcbI cepoBoaopoRa B rtpHpo_tOM rase, B T a 6 n a u a 1. Pa/lllatlilonHo-XilMittleeKl4e Bl,lXO/_blBO_OpO/la

rasax He_Tenepepa6orKH H c>KHrarmayrnefi, a raK_e 3KOnO- I [rHqecKasl Heo6xo/]klMOCTbCB_I3blBaHH_IcepbI aenamr aKry- G(Ha) AG(Ha) G(Ha) G(Ha)

anbrmiM CHCTeMaTHqecKoericcne/xosamie pa/xaona3a a Y_- [H_S],% TeMneparypa,°C
_oronHsa cepoBoaopo_a _na paapa6orKa onrrtMa.qbHoro

npottecca ero yTrmHsaurm, l-lo_tO6Hblenccne_oBarma nonyl- 40 400 | 500

nn pasBnZne TOnbKOB nocneRmie ro_j_i. B HA3 aM. H.B. Kyp-
1 0,75 0,68 10 20qaToBa nonyyea yBennqeHabI_ pam_attHOHHbI_BbIXORBO_tO- 2,5 1,6 1,4 - 60

poaa np_ pa_m_on_3erezeporenaofi cncreM_q "Ha S + Al20s" 5 2,1 1,7 20 -

[ 1]. 30 4,5 2,2 34 220

llenb aaHHOfipaforbt -- ycraaoBnerme uennoro pexnMa 60 6,1 1,6 40 120
pa3noxerma cepoBoaopo/xa H otteHKa nO3MO>KHOCTHOtlrlCTKn 100 7,5 0 8 8

MeTaHaOTcepoeoaopo_a. _na 9roro a33mem,_OCHOBrn,Ie 3a-

KOHOMepHocrHpazmonHaa H Y_-dporonnsa rasoBblX cMecefi" aepmamiax cepoBoaopo_ta 3aMeren mcaaR npaMoro paano-

OKHCbyrnepoaa (1) -- cepoBo_topoan MeraH- cepoBoaopoa, ngaa cepoBo_topo_ta, B warn. 1 npnBeaeHa raKxe paamma
_enHo_ Mexarm3M pasnoxerma ceposoaopoaa MO_KeT /_qa OHMTOB,nposeRemmm npH KOMHaTHO_reMneparype.

nponcxo_Hrb 3a cqeT KOHBepTHpOBaHH_I SH-pa_mKanos B KaK Bri_aHOna ra6mlttbi, 3aBaCnMOCrb G(H_) man
aTOMblBOKOpo_arlo peaKttnn CO + SH -_COS + H. PeaKIBIR (AG (H_) OTcocraBa CMeCHHOCnT 3KCTpeMa$1bKbIfi xapaKrep

314_oTepMHqHaHa "" 13 KKaYl/MOYlb, Bbitmcnenaaa HaMHKOH- npn Bcex Temneparypax. MaKcHMyM ,G(Ha) COOTBeTCrayeT

craHra c_opocm c ncnon_3oBaHneM KOHCTaHr_IC._opocrH co_tepgarmm 30 - 60% cepoBoaopo_ta, rlpH zeMneparypax
o6pargofi pea_Lmu n _OHCraHr_I paBHoBecna paaaa K = >/ 400°C G(H_) aocrnraer Bennqna_ >_ 20 MOn./I00 3B,
= 3,2.10- _4.e -_ s_9o/RT CM3/C. Peazttna MOTher6_rtb crn- azo yKa3smaer Ha ttenHofi MeXaHH3Mero o6pa3osarma. Xa-

MynUpOBaHa nOBbtmemteM TeMneparypsI. B _anbaefimeM paKrep 3aBHCHMOCTHG(H_) or MOttmOCTrt/XO3S_npn t =

aroMJ_ BOZtOpo_xanerKo saxBarsmamrca MonezynaMn cepo. = 500°C onpeaenaerca coornotuenneM CO/H_ S. I/pH Manslx

Boaopoaa K = 1,5.10- _ _.e- _7oo / RT CM3/C no cxeMe: coaepgarmax cepoBoaopo_a, xora na6nm;aaerca y_eH_tue-
HHe G (H2) c pocroM MomHocra nornotuenaofi ;aoa_I, aaBn-

H + H_S -_ H2 + SH CHMOCTbG (H_) = f (£I) He noaurraaerca 3axoHy KBaaparn_-

n np_ aocrarOUHb_XZOHUenxpaLtnaXCO B CMeCHCO + H_ S Horo o6p_ma tterm. I/pa coaep_amtax H_ S > 20% nponcxo.
Mo:_eT 6bITbpea.nnaoBaHa uenHaa KOHBepcnaH2 S" _I3klZxBaRparntntbI_ o6pbm ttertH.

B rash. 2 npnBe;aermI cKopocr_ oSpaaoBarma Boaopoaa
CO + 1-t2S _ COS + I-t2 + 1,9 x_can/MOn_. rt xap6ommcynbqbrtaa (COS) npn paanaqrm_x reMneparypax

OnblTbl nO CI_OTOnH3y14pa;n_onnayra3oBblXcMece_npo- Ta5nnua 2.CKopocr_oOpaaoBanUa aonopoaan Kap6on_Lqcyn_l_u/la

BO_JdJIHB CXaTHqeCKnXycnoBnaX. Mero_IKa npoaeaerma

3KcnepnMenroB n aHasm3a npoay_roB npnBe_erml B [2, 31. t,°C W(Ha), W.r(tt,) ]W(COS)lWr(COS)

Pan!_on,a a YO_oTonaa cMeca CO-- H,S. Hs3meHo I0" MOn./CM'.CI0''MOn./CM'.C[ 110'"MOn./CM'.C
Bnn_Hne reMnepaTypbl40 - 650°C,co_ep_<arm_cepoBo/Io- - -

podia _to 60% n MOmHOCTH_O3bI 3,5.101 a _ 2.10 _s 3B/CMs.c 50 5,5 - - -200 5,5 - - -
Ha B_XO_ npo_tyKZOB Bo_opoaa n Kap6oHHncynbqbnaa 300 6,7 0,6 4,4 1,7

(COS). 400 16 2,2 9,4 1,7
KHHeTrlqeCKrie_pnBbie o6paaoBamta Boaopo/Ia ao TeM- 500 20 3 15 2,2

600 100 20 30 5
nepaTyp_i 400°C .qpe_craBnator co6o_t npaMMe nHRma, r.e.
pacxoR H_S s CMeCnnponcxo;m4r npaMOnnHefiHOao ocraro_-

aoro co_tep>Karma H_S "" 0,1%. lIpn reMneparypax 500°C ZI.na YO@orona3a Ch = 2537 A) cMecrt H_S (40) + CO
KnHerH_ecKrte KpnBb_e sanpeaennBamrc_ H _ocrHraerc_ cra- (230) Topp ri a_a_emta c_opocr_ repMHqecKoro npottec-

tl,nonapaa,q KOHl,teHrpattrl,a Boaopo_la. Hpn aa.nbHefilJ.leMyBe- ca (WT).
nn_ermH TeMneparyp_ Heo6xo_nMa,q _oaa aocrn_erm_ cra- Ka_ BnaHOna Ta6n. 2, noB_imerme reMnepaTypbl nprlBO-

tmoHapHofi KOHtteHwpattmtao_opo_a yMeHbtuaercn. Pa_ia- _tT K pocTy cKopocrH o6pasoaamta H_ H COS. Cneayer or-
RnoHr_o-xnMHqecKneBblXO_b_r.O_tOpo_ta(cpe_trme 3Haqemta, Mernr_, qro npH _oro_tnae cepoao;aopo_ta npn TOMge nap-
otttn6Ka -+ 15%) npa paannqrmlX coztep_artaJ_x n reMnepa- ttrlaJlbHOMaaBner_ml c_opocr_ o6pasoaarma BO;aopo;aaHe

rypax npe_craBneHb_ B ra6n. 1. rlocKon_y npa B_IcoKnx co- aaancnr or reMnepaTypbI BnaTepBane 50 -- 500°C.
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C BbIqerOMrepMnqecxoro BKnaHa cKopocTb o6paaoBa- 3HaqHrenbaoe aTlrlatlrle xrtcnopoHa Ha pacxoH cepoBo-

aria BOHOpO_taB dporoTepMHqeCKOMnpottecce nprt 600°C HopoHa oSnapy_eHo npn YO-qboTomtae CA= 2537 A) cMecrt

B 15 pat npeBbxmaer cXopocTb o6paaoBamia BOHOpoRanprl CH4 - H2S - O2. l-lpn coornomemm 02/Hz S = 1,5 (PH 2S =

50°C. = 40 Topp) cxopocTb pacxoHa cepoBoHopo_ta yaenriqnBaer-

CneHyeT OrMernrb, qrO paccMorpeHHbI_ npottecc nonyqe- ca no cpaBHertmo c qboroarIaOM5rtHapHo_CMeCHCH, - H2S

aria BOHOpOHana cepoBoaopoHa MO_eT 6b_rb npeHcraaneu ra noqrrt na own nopaHox, llpn aTOMcKopOCTb o6paaoBamta
Brine ttrtKaa c perenepaurte_ oxcrtHa yrnepoHa: SO: aaMaoro mime, qeM cKopocTb pacxoHa H2 S 14OCHOB-

m,:Mri npo_yKxaMn npottecca OqHCTKnaBntlOXCa Bona, BO-
ll2 S + CO _ COS + Ha, aopoa n aneMenxapnaa cepa.

COS + O2 _ CO + SO2, Ilprt pa,ratonriae cMecriCH4 - H2 S (0,5%) neo6xoaaMaa
nornomenaaa noaa nanyqerma (£I½) ann yMenbtuemfa co-

BTopaa cramta npoTeKaer a_qbeKmBnO: a(COS) /> 80%, Hep_<artat cepoBoHopo_a na 50% cocraanter Benritmny

npn COS/Oz f> 1,2 B npoHyKrax coorHotuemte CO/CO: _> -_ 300 KFp, trro npnMepno B 30 pat BbxmeBenntmab: aoabx
1> 8 - 10. anti OqnCTXHorxo_ttmx raaoB OT cepoBoHOpoHa B anano-

Pannonna H YO-tlaoTo_'lri3CMeCH CH4 - H2S. B Ta6/I. 3 rriqHbIXyc/IOBntX [4].

npriBeHeHbxpa_kiat_ioano-xrtMritlecKne BblXO/_bIpaano_ermt llonyqermt, le peaynbTaZbxnOKaabxBa_or,qrO pa,t_tattnon-
cepoBo_topoHa npn paztrionriae cMece_ CHa - H2 S n CH4 - HO-XnMriqecxri_iMeTOHOqrtcrxrt npHpOHHOrOraaa OT cepo-

H2S - 02, paccqriTanHb_eHa r__iHerriqecxrtx KpriBbIX (PH- BoHopo_ta nepcneKrrtBeH B cnyqae Hcnonb3oBaririt MOUZHbIX

cyHOK) pacxoH cepoBo_opoHa, riCTOqHriKOartanyqermt H Ma.HbtxcoHep_armax cepoaoHo-
pona a riCXO_IHOMrate. Hpottecc MOmeT6btu, nHreacn@n.

T a 6 n n tt a 3. Pa_Maaaonno-xHMnqecxne abXXO_ab_paexo_a eepo- ttripOBaH HO6aBKOfi Kricnopo_ta.
ao/_opo_ta npa pa/monnae eMeert CH, - H a S

[H;S],% G(-H_S), O;/H;S G(-H;S), Cnricox rlrlTepaTypbl

MO_I./100 aB MO_I./100 aB

1. FpnmHn C.II., KaannrinXOB A.A., KpacnoturaHoa B._.
0,5 5,0 ±0,5 0,5 7,0 ± 0,8 3xcnepaMenra.qbHoe nccneHoBarme paanonrtaa cepoBo-

2 5,5 -+0,5 1 7,5 ± 0,8 HopoHa. -- BAHT. Cep. ATOMHO-BOaOpOHHaa3nepre_-5 7,0 ± 1,0 2,5 13 ± 0,3
10 9,0 ± 1,5 Ka ri rexnonorrta, 1987, BUm.2, C. 4.3

2. Kurbanov M),. et al. The photolysis and radiolysis of
H2S - CH, gas phase m_xture.- J. Radionalyt. Nucl.

Ft p HMe tia ari e. Po6m = 0,8"10s Ha, _ = 2.10 _s aB/(eM _.c) Chemistry, 1987, vol. 119 (2), p. 95 - 100.

H CH, - H_S - Oa (PCH_ = 0,8.10_ Ha, [HAS]0 -'-5%, /I = 3. Kyp6anoB M.A. ri Rp. llennoe o6paaoBarme H: npH pamto-
= 3,5.10aa 3B/(CM a.c). naae cMecn CO - Hz S. - XriMrt_BblCOKHXaneprnfi, 1988,

No3, T. 21, C.455.

4. Leonhardt J.W. Radiation induced cleaning of exhaust

15 gases-current status, prospects and tasks for basic
research. - Radiation Phys. Chemistry, 1986, vol. 28,

NO5/6, p. 559.__

_10
Bonpoc_,_ aTOMHOfl uayKu _i TeXHHKH.

i Cep. flI1epHan Te.v,nm<a n re._oaonla,

5 1989, Bbm. 2, C. 26 - 27.=
I
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KHHeTHKa pacxoaa cepono/Iopo_a npn pa_nonH3e TpoflHOfl cMecn

CH_ - H_S -O_ npn PO_ = 40 Topp (x), 20 (_,), 100 (o)

B rlayqeHHblX yC$lOBriaX G (Hz S) ant 6HHapHofi CMeCti

cocraanter 5 - 9 MOt./100 aB. B rlpHcyrcrnHn xricnopona
G(-H_S) npnMepno B 1,5 paaa abxtue, neM ant 6nnapno_

CMeCti,qro CBaaano c paartatmoaHb_M oxrtcnermeM cepoBo-
aopoaa.



MATEMATHqECKOE MO_EYIHPOBAHHE IIPOIIECCA IIO,rIYqEHHH BO_OPO_A

FIPH PA_HAUHOHHO-TEPMOKATA.III4THqECKOM PA3.rIO_KEHHH BO_bl

A.A. Fapn6oB, A.A. KaYIHHHHKOB, B.C. KoMrlccapoBa, B.C. KpacHomTaHOB

B nocneRuee BpeMR yCTaHOBneHO,qTo paaHatmo_ao- d[A]
= W.. a (1 - exp [- kl [H20j Sr] ) +TepMoKara.rIrtrrtqecKHenpotteccbI paano_em4a BOa,biB hprr- dr

cy'rCTBrtl40KCa;_IblX ]_43/IeKTpHKOB-- O_]_IH a3 _l_exms-

HbtXnyreR npeo6pa3oBanma aaepHo_ 3neprm4 [ l, 2]. Wex(l - exp [:-k2 lH2 OI S.r] ) + _ kij-XfXj,N
Hp, Ha.rlrtqrlrt06tllrlpHoro 3xcrleprtMeaTa.rlbHOrO MaTe- (l)

pHana npaKzrmecKrt o'rcyTCTBymTO6OCHOBaHHbIereoperaqe-
CKrteMo_tenrt npottecca paartatmormo-TepMoKaTanmmqecKoro r_ae [AI - KOattea'rpatma soaopoaa mart rrtaporccrtaa; N -

nr,,-,ttecca pa3ao>Kerma BOa:l. B ;aarmo_ pa60re c_eaaaa no- tmcno peaKtmfi; ij --HoMep peaKtmrt; W..., Wex --CKOpO-
nblrKa c03;aarma TaKOhMoaenrt. eta reHepatmrt Hocmrene_ 3apa_tos rt 3KCaTOHOBCOOTBeTCT-

B npeano>Kermo_ MORerm pa_aatmoHao-reTeporemm_e sermo; kl , k2 - cKopocrrt peaKmafi pacna_a aacop6,po-

npotteccbl yCnOBHOpa3_tenamrca Harprt craarm, sarmofi BO_bl 3a CtleTHepasHoBecHbIXaocrt'reneR aap_aon
Ha nepBoR cra_rm nprt npoxomaermrt nepBHqrmIX 7" H3KCI4TOHOBCOOTBeTCTBeHHO.

KBaHTOBI4 pa3nrtqHbIX nOKOneHH__-3TIeKTpOHOBnpoHcxo-

anT npottecc npeo6paaoBaHrm HepaBHOBeCHBIXHOCHTeflefi 3neMenTapnsteerajm, npoueeca rerepo-re.noro _aranasa s caereMe OKC_nt-
3apRROBn 3KCHTOHOB. HblJ_KITBAN38Top+ BO/III

Ha BTOpOfi CTa/_lrt nportcxoartr nepeHoc nornomem_o_

3HeprHrt K noBepxHocrrt OKCrt_HblXCrtCXeM3a cqer _qbqby- Peaxtm, KoHeranra

3rraHepaBHOBeCHbIXaocrtreneR 3apa_a _ 3KCHTOHOB. cKopocT_,
Ha TpeT_eR cra_m4 HepaBHOBeCH_IeHOCrtTenH3ap_oB H Kij'cMs/c

3xcarOHbI, npo_/_rt_yH_I_rtpoaaBIIlrteK IIoBepXHOCTHKaTaJlI4- H_Os + p-_ H_O_
3aropa, BCTyna_oTBO B3aHMORefiCTBHeCa_cop6HpoBaHrmlMH H_O_ +e --*H+OHl 1"10"_
MoneKynaMrt BO2:tbIno cne_y_ottU4MCXeMaM: H_OS+ ex --*H + OH 1.10-_

+ H_O + H _ H_+OH 1.10"_
Hz OS + p -+ HzOS , H + H _ H_ 1.10"_

H=Os + ex _ H + OH, H + OH-- H_O 1.10-_
OH + OH * H_O+ O 1.10"_

H:O S +e--, H + OH, O+O_ Oa 1.10-_

rae p - _blpKa; e -- 3IleKTpOHbI;ex -- 3HCrtTOHbI.

l-lpoueccbI paano_erma a_tcop6rtpoBaHHb_XMOneKynBO- ,g,.U_tpemerma ypaBHeHrtfi6_,tn nprtMeaeH A-ycToRm,mb_fi
RI_IHa noBepXHOCTrtOKCHaOBAleO3, SiOn, BeO aneprerrme- MeTOR,_er_epxoro nopanxa, npeano_em,,_ ApTeMbeBblM14

CKrt o6ecneqel-,,_, TaK _aI< _Heprrta aKTrtBHbmqacmu Eq _ JleMrtaOSb_MS pa6oze [3].
_> 7 -- 11 3B, KOTOpaanpeBbtmaeT :_Heprmo aHccottHattmt H3-aa OTCyTCTBmaB HayqHO_nrtrepaxype _aarmbtxo KOH-
BORbl. CTaH'raxcxopocTefi kii ;tta'tapacqeTHORMORe/Irt6blI1H B3RTbI

l-lptr onrtcam_rt KrtHeTrtZrtreTeporeHHOrO KaTanaaa no- _Hat_eHrm 10-7 -- ll_-9 CM3/C, onpe_aeneHH_qeno .I'I3KCy

Bepxnocrrm_ cno_ KaTanrt3aropa c aacop6rtpo_aamm_MHMO- [4]. Ilprt i_acqeTax ZOHC_aHrb_e_opocra MermnHCbS y_a-

neKynaMH BOabl paccMaTprtBaeTcaKaz HeKOTOp_qfiO6_,eM,S 3ammtx npeRenax. B pe3ynbraTe pacCMOTpeHo32 Baprtartra

KOTOpOM npoHcxo_mar XHMrrqecKrtenpotteccb_. IIpH 3TOMno- Ha6OpOB3HaqeHrlfiCKOpOCTeR.
BepXHOCTHbleKOHUeHTpall_rtrtCIIO/Ib3yIOTCRKaK o6_eMHble. 3KcneprtMeHTanbHa_ 3aBHCrtMOCTbBbIXO_laBoRopoRa Or

TaKoe paccMorpetme npasoMepHo ror_a, Koraa rtcnoa_ye- nnOTHOCmnapo_ BOabX_na SiO_ [5] nprt_e_eHa Ha prtc. I.
Mble KaTaYlrt3aTOpbl06na_aIOT pa3srtTOR noBepXHOCTI,IO Ha_6oaee IIo_xo_[_He rio MaKCHMa.rlbHOMy3HaqeHi4m
S "_ l0 _ - 10 s M_/r. Hart6oaee BepOaTHbteXHMHtleCKHe G(I'I2) = 4 + 5 moI'l./100 3B BapHaHTblpac,_era no MoRe/IHyn
peaKtmrt nprtBeReHblB ra6nrme, npHBeRel-_l Ha pile. 2. Trtrmtm_,te 3Haqerm_ COOTBeTCTBylo-

BMeCTeCTeMrtanaraeMa_ Moaenb He ym,rrbmaea' aH_qby- m_tx KOHCTaHTcKopocTe_ nprme;aeHbls raSarttte. Momrtoc'rb

3mo BOabl rt MoneKyaapHbiX rtpoRy'KrOB,a,ttcop6tm_o rt _te- _oabx s amm_,tx pacqerax 6bma npmmTa l0 t 6 :_B/r.c.

cop6tm_o MOneKyn. 3asrtCHMOCn,G (H_) = f(YH_ O) nprt pa3natmbtx MOm-
FpaBHeHH_ XHMrrqecxo_ KHHO'mKrt_.IIR npotteccoB Ha- HOCTRXIIOablOTKomleH'rpattm_ BO_tbtnprmeRerta Ha prtc. 3.

I<ormem_a aTOMapHorosoRopo_a [H] rt r_poKcmaa [OH] Heofxo_1;_MOOTMe_Tb cMemem_e MaKCrtMyMaB o6aacTb
HMeIOT BHR 6oasmHx ILrlOTHOCTeflH ero yMeHsmerme c y_eamaemaeM

MOIIIHOCTH_03bl.
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Pacqerb_, KpOMe roro, noKaaanH, UTO Bb_XO_tBO_Opo/la

5 npaKTHqOCKH He 3aBHCHT OT 3HaqeHHR KOHCTaHTblI_7 (CM.

xa6nHtty). CneRoBaTenbHO, COOTBCTCTBylOIIIaRCTa/DI/I He

4 BIIHIIeTHa nonyqerme MoneKynnpHoro aoRopo_a.

" CpaBHerme pacqeTHblX H 3KcnepnMeHTa_lbHblX 3Haqe-

3 HHR Bb_XOUOBao_topo_a n rereporeanoM paImatmoaHo-crn-

MynHpOBaHIIOM npottecce paanoa<eHnn BOabl na SiO2 noKa-

.-7 9 . 3aBHCHMOCTbBbX- 3aHO Ha pnc. 2. a CBR3H C TeM, qTO n30repMa a_tcop6ttnrt
. _( xoaa Boaopoaa OT nnoT- 6blCrpO J10CrnTaer HaCbltttelOlH, H3 Bcero nMeIOLtlerocrt Ma-

[ /_ HOCTH napoB BORbl npH Tepna.rla ytlanocb IIOJIytlHrb TOJIbKO ]]dBe TOqKH. _TOrO He,O-
f [_f,¢ reTeporeHHOM pa_Hon_3e craroqHo _ cpaBHerm_, xor_ cornacne B npe_tenax ottm6-

_ , , B nprtcyTcrBarlSiO a KH 3KcnepnMettra xopomee. C _tpyroR cTopom, L non3meH-0! , ., i

2 4 6 8 I0 Hble _aHHble npH BblCOKHX nJIOTHOCTHX6oIIbtlJOe 3Haqerme

YH 2O"10- t 2, CM-2 nMelor peaKtmn Tnna "qacrntla B o6_eMe" + "qacTHtta Ha no-
Bepxnocm" B OTnn_ne or tmCTO noBepXHOCTHblX peamm_.

/_ Cnncox nnTepaTypw,l
o4

"_ 1. Fapa6OB A.A., BaKHpOB M.lt., Bean6eKoBa F.3. n _p.
0 PHC. 2. 3aBHCHMOCTb Bbl-

Pajl_lalBlOHHO-KaTa.rlHrnqecKHe npoIleCCbl paanoa<etma BO-

xoaa Boaopoaa G(H_) ]_bl. -- BAHT. Cep. AroMnO-BO_OpO_lan 3HepremKa a
OT KOHUeHTpaI.1.HH BOIl0bl,

2 aacop6HpoBaHHOfl Ha Ka- TeXHOIIOFHR,1985, Bbm. 3, C. 57.
xamt2aTope SiO2, Ann Ba- 2. Kanamnn_coB H.A.,Kannmmxoa A.A., KpacHoIJJTaHOB B.O.
prtanToa N-°9 (_pHaa_ 1), H _p. 3KcnepHMeHranbn_e accneiloBarm_ npotteccos pa-

N013 (2), NO-26 (3), N_28 ]l_onaaa OCKOnKaMrt _eneHrtrt B napax BOab_ a B yrne_nc-

(4) nOM raae npn BhmOKHX _aBnermax. - BAHT. Cep. ATOM-
...... | .010_ o i0 _/ i0_, i0 __ no-Bo_opogtHaa 3HepreTHKa H TeXHoaoraa, 1983, ahm. _,

YH_O' CM-2 C. 12. •

3. J-IeBntt_nfi A.A. HporpaMMa pemerma npnMO$ _HerH_e-

cKofi aa_atm. - B XH." CHHTe3 B rm3_OTeMneparypHefi

rmaaMe. -M." HayKa, 1980, c. 115.

4. Lax M. - Phys. Rev., 1960, vol. 119, p. 1502.

4 5. Fapn6oB A.A., FeaanoB X.E., Benrt6el<oBa F.3. n _tp.

Pa$l_latlj_nno-TepMoK ara.qHrHqecKrle npottecc_ nony-
• 3aBHCHMOCTb Bbl-

/ l / xo_ta Boaopoaa G(H_) tleHHH BO_Opo_aa H3 BO]_bl.- BAHT. Cep. ATOMHO-BO-

/ I / OT KOHtteHTpauHH BOJ]0bI, aopo]maa aHeprerrtxa a rexHoaorna, 1987, a_:n. 2, c. 41.
_:_. / ] / a_cop6apo_amm_l Ha Ka-

2 14 2 4 3,/ Tanl_3aTopeSiOa nPHMOttt" Bonpocb_ aTOMHOI1rlayKn H xexmtKrl.

/ / / HOCTaXnornouxemtotl aO- Cep. ft/xepnaa Texrm l<aHrexnoslonlrt,
/ / / 31,1, pannblX 10_s aB/r.c 1989, abm. 2, c. 28 - 29.

/ / (l<pHBa_l 1), l0 t' (2),

0 ,J_....-"" , !0" (3)
10 to 10 t_ 10 '4

YttaO' CM'a

PA_RHAI_IHOHHO-TEPMOHATAJ-IHTHqECKHE HPORECCbl
IIOJ-IYqEHHH BOjIOPO_IA H3 CMECH CH4 + H20

A.A. Fap_6oB, F.3. Benr_6e_<oBa, P.M. Pyqbynnaes, T.H. Araen

B caaaH c aHeprernqec_:HMn n 3xoaornqecKnMn npo6ne- OHHblXnpotteccoB nonyqeHan BO_Opo/la H3 npnpo_tHoro ra-

MaMH paapa6ox_a nOBhlX BblCOKOaqb_eKTHBHblXKOIIBepcH- aa Ha OCHOBea/xepHo_ 3Heprnn -- O_Ha na aHTyRIIbHhIX3a-
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aa,_ B o6ilacm 3neprerHKa H X.HMH_eCKOftTeXHOaOrHH.C B reMneparypHo_ 3aBHCHMOCTHG(Ha) rtpa rereporeH.
arOft tteilb_o B /Ial-lHOl_! pa6ore HCCIle;aOBaHbI3aKOHOMepHOCTH HOMpa/]_tOnHrHqeCKOMapeapamermH a cncreMe CH4 + 2H20

pa, aHatlHOHHO-repMoKara.rlnqecKaX npoaeccoB noilamertHa H2 a npHcyrcraHa AI - $1 na6n]o;aarorca rpH o6nacrH'

na MeraHa H rlapo-MeraHoao_ CMeCHa npacyrcrBrm npOMbStU- 1) 300 -- 373 K;
_eHHoro Kara_taaropa KOH'Sepcnn FHAI-I-4 H a.rllOMOCH.rlrt- 2) 373 --723;

KarnblX CHCTeM [ 1 - 3]. 3) 773 - 873.
l'lpoMhtttLrleHnbfft KaTa.rlnaaTop KOHBepcHH FHAI-I-4

npeaBapHreilbHO no_eprailcrt BOCCTaHOBilermIOBO;aOpO;aOM B rtepBo_ O6ilacrHGo6 m (H:) HeaaaaCaT Or TeMnepary-
B nporotlHOft cncreMe npH arMoc_epaoM aasilelmn H2 co pbx, a no sropofi H rperbef_ o6nacrax npoueccbl u;ayr c anep-

CKOpOCrbtOnoaa,m BO;aOpo;aaVo6 = 5 q-_ cHat[ariaapa KOM- rae_ aKraaatmn 2,1 a 46,7 K,_)K/MOIlb coorsercrsermo.

aarHofl reMaeparype, HareM apa T = 373 a 673 K no 2 ,_ B cocraae raaoo6paanhm npo;ayKroa aO acex anrepaa-
npn Ka:,gaof_reMnepawpe. Ilax reMneparyp CO2 He na6mo;aaerca, a CO Ha6am;aaeTca

O6paattbl Ai - Sl n tteoilara HLaY c item,to y;aa.aeHHa rom, KO npn T >f 773 K. 3Hepraa aKTHBatmn naKormeHaa

aacop6HpOBaHHblXrtpaMeceft npeaBapHreilbHO TepMoo6pa6a- CO B aToft o6aacTa reMrlepaTyp (E a = 47,1 K,/]>K/MOm,)
rbma.artcb npH T = 773 K B BOa;aytUHOficpe;ae B reqerme B npe;aenax rOqnOCTaaKCrtepHMeHTacoBna;aaeTco anaqeHHeM

24 y, HareM rtpn 773 K - B re_teHae 8 q BbI_tep>Krmaacbno- Ea rmKortaemm Ha, coorHomerme Go6tu (Ha)/Go6 m (CO)
nepeMeaHo 1 y B BaKyyMe rtpH p = 1.103 MM.pr.cT. a 1 q npH6JmanTenbHOpa.BHO3.

a KHcilopoae. Hccne;aoaamta npoaoaH.aHCb a crarnyecKHx Ha OCHOBenony,_eHmqX aKcnepnMeuram, m,m peaynbra-
yc:manaX B KaapueBbLXaMny:iax O6"beMOM0,25 -- 0,30 CMB. rOB no naKormeHmOMOaeKyaapm,lx npo_Lw:TOBpa_moil_taa

A.acop6tma BOab_ a MeTana Hccae;aoBa.aacb Ha O61,eMnO- a repMopaaxtoilaaa Ha O, CH4 a CHCTeM,,SxCH4 + yHaO B

a,KcopStI.HOHHO_ yCTaHOBKe B COOTBeTCTBylOmeM KOYlI,FleCTBe rlpHcyTCTBHH A1 - Si, a raK_e KHHeTilKH HaKonaerma pa;alia-

[4]. O6ily_eHrte npoBoaHnOCb na HaOTOnHOMrtcro_mKe tmorrm,_x ;aeOeKTos rt AI - Si npe_,aoa<em,_MexaHH_M_,_rtpo-

60Co MOtUHOCTb_OnornomeHHO_ ;ao3b_ 8,87 Fp/c. CocTaB tteCCOBrt paaaamn,_x o6nacTax reMneparyp [5 - 7] •
raaoo6paaHb_X npo;ayxroB aHa.nH:mpoBanca xpoMaTorpaOH- AI-Si

'_ecKHna "Fa_oxpoM-3101" H "LIBer-101" I. H20 _ H + OH; (2)

Hccne;aoBanac_, IqHHeTHKaHaKoILrleHHRH2 npH TepMo1<a- H + H _ Ha, Go¢i(H2) " 0,4 -,-0,5 MOIl./100 :_B; (3)

ra.artrHYec_oM H paSmatmOHHO-TepMoKaranHTHqeCKOMnpeB- II. H + H20 _ H2 + OH; (4)
pameHHH CH4 H CMeCaCH4 + H20 BrlpHcy'rcTBHHHccneRye-

MblX KaTa_rlaaropoB. I-lo aaKilOHaM Haqa,rlbablX /IHHe_flHblX H + CH4 -* Hz + CH3, Go6(Ha) ~0,9 - 1,0MO_I./100 aB;
(5)

o6ilacTe_ gHHeTHqec_nx KpHBb_Xonpe;aeaaancs aaanemaa CHa + OH-+ CHaOH; (6)
CKOpOCTHnpouecca n pa_matmoHno-xaMaqecroro B; "xo;aa AI- Si
npo;ayKroa Ha 100 aB aaeprnn, noraomermo_ Bce_ cn- III. CHaOH = CO+2H2, Go6(Hz)'_
creMO_l. T

1. CHCTeMaAI - Si + CH4. ¥craHoBaeao, ,_TonpH reTe- 2,7 - 3,0 MOrt/100aB . (7)

poreHHOM paaHoilrme MeTaHa B npHcy'rcrBrU4AI npH T = 3. CHcreMa LaY + EH,,. Flccae;aoaana KHHeTH_:anony_e-

= 300 K pa;aHaBHOHHO-XHMI,IqeCKHfiBblXO_tno;aopo;aa n HH- Hl,lfr H2 npH reTeporeHaoM pa_aoilHae CH4 B npHcyrcrnrm
repBane aaa,_ermf_ _:taBilerma CH4 B peaKttaOHnOfi cpe_e tteormra HLaY apa paaaH,mb_x ;aaBnemaax CH, n peammon-

PCH, ""0,5 + 2 aTMHe :]aBHcHror ;aaBnerma a cocTaBnaer aof_ cpeae rtpn T = 300 K. HafmoaaeMaa _l<cnepaMeaTa.rlbHaR

Go6tu (Ha) = 0,6 +0,7 Mort./100 :_B. aaBUCHMOCrbGo6 (Ha) = f(PcH, ) ormeMBaerea ypaBHe-
Hcc_e;aoBarme reMnepaTypao_ aaBHCHMOCrHnbmo_ta H2 HHeM.ll:_HrMmpa

kbPcH4
noKaahmaer, t_ro 3Ha_erme pa_tattaormo.xHMrVaecKoro _b_- Go6m (H_) =
xo;aa no;aopo;aa B Harepsa.ne reMnepaTyp 300 -- 773 K Ha- 1 + BPcH,

MeH_terca He3HaqHTe_IbHO Or 0,66 ;ao 0,85 MOIl./100 aB. B B cratmoHapHofio6aacTH (PCH, _ 5aTM) artaqermeGo6(I-12)
TeMneparypHo_ BaB_CHMOCrHGO6tu (H_) s appemtycoBcKrtx ;aocraraeT 2 MOn./100 _B.
KoopaHHaTax rta6mo;aa_orca _Ba y_acTga c 3aeprHefi a_rHBa- Bylaarme TeMneparypb_ na pa,IIHa;aHOHHO-XHMHqeCKHfi

ttrm (EH) = 0,41 a 5,35 _:_/MOn_,. rq,_XO;aH2 apa reTeporeHnOM pa_moaHae CH4 B rtpHcyTcraHH
2. CrlcTeMa AI - Si + (CH4 + H20). IIapoBym KOrlBep- lleO/IHTa HLaY a_y_eHo llpH _HI<CHpOBaHHOMaHa_emm ;aan-

CH_o MeTaHa CxeMaTHqeCKH MO)m40 rlpe;acTaBHTb ypaBHeHHeM YleHHrl CH4, PCH, = 10 aTM, _oTopoe Haxo;aHTCa B crattHO-

CH4 + 2HzO_CO + 4H: . (1) rtaprtof_ o6aacra aaaHcrtMOCrrtG(H:) = f(PcH,)" B reMne-
parypaofi _aBHC_tMOC_aHa6nm;aamrca ase o6nacrH:

FloaToMy 3aKOHOMepHOCTHpa_lHalBlOlmO.TepMoKararlHTrvae-

CKHXnpotteccoB l-lOilyqel-[HaH2 Ha CMeCH CH4 + H20 a rlpH- 1) T "" 300 + 573 K; Ea = 2,5 K,IbK/MOab;Gap(Ha ) ""
CyTCTBHH aMopqbnoro a_mMOCHnH_aTa n3ytleHbl IlpH CTeXHO-

MeTpHtleCI<OMCOOTHOtUeHHHKOMIIOHeHTOB(CH4 + 2H2 O) H ""5 + 6 MOJI./100 aB ;
= 10 aTM.Po6ta
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2) T"- 573 + 723 K; E a = 40,4 _a_/MOnb; HaSmoaaeMbxft CyMMapabIfi BbtXO;a EG = Go6 (H2) +
+ Go6 (CO) apa rereporenaoM paxmon143e cMecn CH4 + Hs O

G np(Hz ) "_ 40 + 50 MOa./100 aB. B npncyrcTBmt FHArI.4 r_pn 873 K cocraBnaeT
150 MOrt./100 aB.

Ha ocnoae nonyqeanblx aKcnepnMenranbabxx peaynbTa- TaKnM o6paaoM, npn pa_tatmonHo-TepMoKaTannTrtqe-

TOa npe_mogen MeXaHr_aM pa_naLmonno-TepMoKaTannTrtqe- CKOM npeBpameHmt CH4 n cMecn CH4 + H20 B npncyrcr-

CKnX npotteccoB nonyqeana H2 na MeTana B npncyTCTBnrt Bnn tteonnxa HLaY n nnKenbco/lep_atuero KaTannaaxopa
• anmMocnnnKara n LteonnTa HLaY [5 - 10]. YcranoBneno, FHAII-4 nponcxoanT nepasaerBnennoe UenHoe naKormerme

qxo cTpyKTypHa,q ynop_taoqermocrb n cnetmdprvaecKaa noprt- 3HepronocnrenrL

CTOCTbueonnra HLaY o6ycnoBnnBalor adpqbeKrnBnocrb npo-

ttecca nepenoca aneprnrt normanpyEomero nanyyemta, norno- C n n c o K n n x e p a r y p bl

tueHHOFO Kaxa.qnaaTopoM, K noBepXHOCTU.

4. HLaY +(xCH4 + yH20). BBagb' roro, qro B o6nacrn 1. Kimberlin Ch.N. Jr. and Cladrow EM., Ronge E.B. La

reMneparyp 723 K rereporennbI_ pazmonrt3 CH4 a npncyT- Hydrocarbon conversion with catalyst mixture of X

crBnn tteonttTa HLaY nponcxomtr c BblCOKrtM abIXO_OM H2 and Y zeolites. HaT. 3,804,747 (CILIA).

(Go6 (Hs) = 40 + 50 MOrt./100 aB) n pa6oqnft pe_nM cytue- 2. Rosinski E.J. and Rubin M.K. A new crystalline alumino-
CTByrotunx aztepnblx peaKropoB O6blqHO He npeab1Luaer arO_ silicate and hydrocarbon conversion therewith, liar.

TeMnepaTypbl, nayqemte aaKOHOMepHocTe_t pa_xtattnOHHO- 1365317 (CILIA).

repMoKaTannTnqecKnx npoueccoB npeBpatueHrm cMecn 3. Neel E.E.A. and Joachimsmann G.F. Process for the pre-

CH4 + H20 a npncyxcTBnn tteonnxa HLaY npone_.eno npn paratmn of a catalyst suitable for the conversion of

723 K. Ha pHcym<e npnBe_tena aaBncnMocxb paztnamtonHo- hydrocarbons, liar. 1363479, _pantma.

XrtMny_cKoro BbIXOZtaHs n CO OT co_tep_arma CH4 B peaK- 4. Fapn6oB A.A., Feaanoa X.B., Benn6eKoBa F.3., PaMaaano-

120 Ba M.X., AraeB T.H., _a_apoB It.ii. Pa_mattnonno-repMo-
KaTannTnqecKne npotteccbl nonyqeHna BOROpo_ta na BO-

al, I. - BAHT. Cep. ATOMHO-BO_Opo_aa aHeprevaKa n

80

__ Texeonorna, 1987, Bbm. 3, C. 41 -- 43.

o_ , 5. rlnKaeB A.K. CoapeMeHnaa paxtnatmoHnaa XnMna. Pa_a_o-
:_ 40 nn3 raaoB n aOtaKocre_. -- M.: HayKa, 1986, c. 48.

6. )lbep_u, C., HtUTBan JI., Maria P., Jlacno B. Pa_natmonnaa

0 ...... XnMrta yrneBoztoponoB.- M." 3HeproaroMna_tar, 1985,
100 ¢0 80 7() 60 50 4(I 30 20 _ 10

CII, Co/xep_arme CH4, MOrt.% -- H_O C. 28.
7. Okazaki K., Sato Sh. and Ohno Sh. The Estimation of

3aBnCnMOCTbBbxXo_a npoayKTOa reTeporeHaoro paanonnaa cMecn the 6-values for Jonization and Exsitation of ten-
CH_ + tlaO npn 723 K, Po6m = 10 aTM, I = 2,76 Fp/c BnprtcyTCTann
tteonnTa HLaY OTCOCTaBacMeCHCO (Kpnuaa 1), lt_ (2) Electron molecules: Methane, Ammonia and Water lrra-

ttnomlo_t cpe/xe. KaK BnmtO rra pncyHKa, B OHTnMaJIbHOM pe- diated by 100 keV Electrons. Bulletin of the Chemical

:_nMe CyMMapnbfft Bb_XOR3neproHocnrenefi ZG = Go6 (H2) + Society of Japan, 1976, vol. 40 (1), p. 174 - 181.

+ Go6(CO)COOTBeTCTByeT 130 MOn./lOOaB, qrocBnaerem,- 8.TonarteBa K.B. KarannrnqecKne n KHCYlOTHO-OCHOBHble
CTByeTO RenHOM pe_nMe npottecca. CBOflCTBa tteOnnTHbtX CHCTeM. -- B KH.: lipHMeHerme LteO-

5. Pa_inaU_OnHhlfl n paanauttonno-TepMoI_aTa.rli'lTi'lqecKn_ nHTOB B Ka'ra.rlriae. --HOBOCrtfHpcK" HayKa, 1977, c. 21.

npouecch_ norlyqennn noaopona na MeTana n cMecn CH4 + 9._IeHKC B.l-I. 3ZleKTpOnnb_e ri HOHHblenpoueccbt B co;aann-

+ Hs O B npncyTCTanH FHAH'4. Hccne;aoaaH rereporeHHbI_ TOBb_XaanoMnna_ottmx MaTeprta.rlax. - B KM.: 3anoMnnam-

pazmonna HsO, CH4 n cMecn CH4 + HsO n npl, lCyTCTSnn tune cpeRbl na OCHOBetunponotuenoBb_X ananeKTpnKoB.--

npoMbmmenHoro Kara.anaaropa FHAII-4 a nHrepBane xeMne- Tapry" Tp. 14ncrnryra _nanKn (acT.CCP), 1984, _. 55,

paTyp T "300 + 873 K n PC_I, "" 1 + 10 aTM. YcraHoBneHo, c. 14 --71.
qro noBuuueHne reMnepaTyp B m_TepBane T = 300 + 873 K 10. Arai H., Nagai S., Matsuda K. and Hatoda M. Effect of

npn reTeporeHHOM pa_monnae BO_tbl o6ycnoannBaer yBenn- irradiation temperature on the radiolysis of methane.-
qeHne Bb_XOZIaH20T 0,4/10 8,0 MOIl./100 aB, qTO O65_ICHnMO Radiat. Phys. Chem., 1981, vol. 17, p. 151 - 157.

B paMKaX MOLtenHnpoLtecca reTeporeHnoro paRnonnaa BOJ_bl,

rlpe)-Lrlo:_eltHOrO B [4]. Bonpoch_ aTOMHOIt HayNn _t TeXHHKtt.

BblHBIIeHO, qTO OTtlOCHTe.rlbHO BblCOKHH BbtXO_n MOneKy- Cep. HaepHan TCXHHKa |t TeXHOJIOI'H_i,1989, Bbm. 2, C. 29 -- 31.
napnoro 8o_topo_ta npn reTeporennoM pa_nonnae CHa B

npncyrcTnmt FI/IAI-I-4 Ha6mo_aerca B nnrepBane T >f 673 K.

PaJaa_attnOHHO-XHMHqeCKHf_BblXO_ H2 yMeHbtuaeTc_t C yBenr_-

qenl4eM _taBJleHH_l Merana B peaKttrtoHnofi cpe_le B nnrepBa-

ne 1 -- 10 arM OT l0 s _tO 7 -- 8 MOrt./100 aB.



MEXAHH3Mbl PA_RHAUHOHHO-TEPMOKATAJ'IHTHqECKOFO _EITICTBHII

OKCH_HblX KATA.rIH3ATOPOB B IIPOHECCE IIOJ-IYqEHHH BO_IIOPO_A H3 BO_bl

A.A. FapH6OB

B nocneRHee BpeMa BmaSneHo, qzo OXCH_qble nHanex_- CneRoBaHHblXOKCHRaX o6ycnoBnHsamr SmCOXOnORBH_-

p14Krt npo_tBnaloT pa/_lat114OHHO-XazanHTHqecxyIoaXmBHOCrb HOCrb 3KCHTOHOB. B OKCHBjRblX xaTanrlaaTopax, npHMerlJle-

B npottecce pa3/lo_:eHH_[ paanHqHmXBemeCTB [1 -- 12]. MblXB pa/I_O.rlHTHqeCKHX npotleccax paanoz<etm_t BO_IIObl,npH
PaaHattaormo-Kara_Hr14yecKoe aeficTn14eOKCH_LqblXcoe_;_me- SoaRe_crnrm nomtaHpy_omero aany_erma Moryr coaRaBars-

HH_IB paanonnr14qecK14X npotteccax paano_emta Mone_vn ca CBO60_bIe H anronoKanHaonarmbie 3KCHTOHbl.MHrpatma
Bbl3bIBaeTyBenHqeHHe pa_HatI_OHHO-XHMHqecKoroBblXOa 3KCHTOHOBB OKCrl_ttblXCrlCTeMaXMo:_eT 6bITb onHcaHa

14cKopocr_ HaKonnermn npoRyKros. HaKormea o6ttmpHm, ypas14ermeMna_yaHH [18]"

3KcHepHMeHTanbHbIHMarepnan no 14ayqeHmo3aKOHOMepHo- dc

cre_ paartatmOHHo-rereporeHHblX npotteccoB. ORHaKO0606- _ = DAc - Pc + Gex. J • 10-2 ,
tUeHHbIfi aHaIIH3 BCeX 3THX MaTep14aJIOB Ha ce_ ReHb oTcyT- dr

CTByeT14 IIOaTOMyoSm14e 3aKOHOMepHOCTHH HayqH_IeOC- rRe D - KOa_Cl}HU.HeHT _yarm 3KCHTOHOB;C -- KOHReH-

aOBmynpaBnerma pa_am_OHHo-rereporeHnmMH npotteccaMa rpamux axe_OHOB n enmanne o61,eMa OKC;Uza;P - nepo_-

He H3BeCTHbl. HOCTb rHSen14aKCICrOHOB aa e_rmtty BpeMelm; Gex - Ha-

B RaHHO_i pa6oTe Ha OCHOBe MaTepHanOB, nonyqeHHblX B qaJIbHblH pagklalBtOHHO-XHMnqecKH_ BMXOR aKCHTOHOB. Ko-

Hay_Hofi nnreparype, 14CO6CTBeHHmXaKcnep14MeHranbHblX a_mmeHr a)t_yaaH CBO6ORHmXaKCarOHOBo6parao npo-
peaynbraTOB cRenaHbl nonMTKH RaTb O6UlHe aaKOHOMepHo- noptaloHaneH KOpmO KBaRpa_HOMy Ha xeMnepaTypm D ~

cm pa_atmOHHo-rereporeHHmX npoReccoB nony_enna BO- "_ T-l/_. B OKC_m cac_eMax, B KOrOpmX14Me_OTC_ReHT-
Ropo]la 143BORbI. pM /lOHaJlHaalHiHaKCHTOHOB(amaoHnme BaKaHCHH,HaxoR_-

HepBaa 3neMeHrapnaa CTaa14Hpa_aatmOHHo-rereporeH- mHeca n xowraKze c aroMaM_ MeTa/l/IOB, o6naRammHX (p,

HbIX npoReccoBCOCTOHT BO BaaHMOReHCTBHH qacTHtlrmH d, f)-3/l_KTpOl_IblMH COCTOHHHHMH, nplIMecH,_aaa fea

KBaHTOBBblCOKOaHepreTHqecI<oro143nyaeHH_tc OTRe/lbHblMH cTpyKTypHO_ynop_oqeHHocm H T.R.) npoHcxoRHr noKaaH-

KOMIIOHeHTaM14 reTeporeHHO_ CHCTeMbI, B HaKonnemm azo- aam_ CBO6OB_IbIX 3KCHTOHOB. _H_t_yal_l 3KCHTOHOB B 3TOM

p14qHbIX 3/leKrpOHOB, 14X BaaHMORe_ICTBHH CO cpeRofi H BO3- cnyqae npoacxo_rr aa cqe_ TepMlt-qeCKil aKII_HpoBaltHHX

HI4KHOBeHH14KacKaRa 3/leKTpOHOB. B 6OnbttmHCZBe HayqeH- npm)_a<OB H KOa_0HIIJaeHT _yaHH Hx aKCnOHeHRHa.rlbHO

HblX pa_maaaonHo-rereporeHnbm cucreM 3Heprrta HOHHaH- yBenHmmaerca c reMneparypofi D = Do e-E/kT.

py_mero HanyqeH14_,nor/lomermaa a_cop6HpOBaHHO_! _a- HepaBnOBeCHbXeHOCHTe/IHaap_ROBn 3KCHTOHbI,reHepa-

SO_l, COCTaBnaer _aac _ 10% or 3Hepr14H,nornomemao_ rnep- pyeMbIe B OKCattHmXKaranHaaropax H _yH_pymmHe
Rofi qbaao_t. I-IoaTOMy B pa_maa14OHao.rereporermme npouec- Ha nonepxaocrb, aaxnarmna_orca nonepxHocTHo-aRcop6apo-

Cbl OCHOBHO_I BKnaR BHOCIIT npotteccbi,npoHcxo_,_m14en BaHHblMH MO/leKynaMH noRM.

TBepRo_ di)a3e HoR R_ICTBHCM 14OHna14pYmmero Ha/lyxleHn_. Hccne_tonanne npoReccos aaKonneml_ HepaBHOBeCHbIX

Teopea_aecKoe 143ytleHHe 3aKOHOMepHOCTe_! ocnaSnem_a HOCHTe/le_ aap_RoB H 3KCHTOHOB B OKCH_bIX KaTan143a-

3HeprH14 3neKTpOHOB B OKCHRHbIX RI43/leKTpHKaX Ha OCHOBe TOpaX nor RefiCTBHeM HOHHaHpyIOIReFO Ha/lyqeHHH noKa-

Ha1450/lee ROCTOBepHOfi MOReII14 IIpoReCCOB 14X BaaHMORe_ICT- 3blBaeT, qTO CyMMapHblfi BblXOR B OKCHHJtblX KaTa.rlrlaaTo.

B14a CO cpeRo_ [13 -- 15] Haply C aKClIepHMeHTa.rlbHblM pax C IIIHpHHOfi aanpemeHHOfiaOHbX Eg _ 8 + 10 3B COCTaB-
[16 -- 18] noKaabmaer, trro Rn14aa cno6o_oro npo6era /laer ZG = Gex + Gaa ~ 7 +8 qacr./100 _B.
3neKTpOHOBC 3Hepr14e_E I> 10_ + 10_ aB oSmtmo cocraana- B OKCI_tHB_XCHCTeMax,r_e HMelOTMeCTO/lOKanHaallj_l_l

er ~ 10 HM.BB14Ryroro, _ro BepoarHOCrS Heynpyroro coyna- _ oS_eMHa_ rHSens aKCHrOHOS,S npottecce paa/loz<erma

peH_a 3/leKTpOHOB c aHeprnefi "_10 aB co CBHaaHHBIMH3/leK- yqacrByIOT TO/lbKO HepaBHOBeCHBIe HOCHTe/IH 3apHROB

rpOHaM14 cpeRbl e OKCI4_HblX _I,143/lOKTpHKaX Ma_a, R/lHHa [19]"

CBO6ORHOrO npoSera HXHa HOCKO.rlbKOnopaRKOB 5on,me, H20 s + •-+H20s,

qeM BMeran/lax14cocraB/laerI0--104 HM [16--18]. H20S-<_+ 0 H + OH,
l-lp14 BaaHMORe_ICTBI4H _-3/leKTpOHOB C TBep_blM Te/lOM H + OH,

B HeM HOMHMO BepaBHOBeCHbIX HOCHTe/le_ 3ap_IROB HaKalI- H + H-_ H2 •

/lHBa_rc_ 3KC14TOH_I.3HeprH_ 3KCHrOHOBB 14CC/leROBaHH_IX

oKc_taax MeH_eTc_IB HHTepBane7 -- 10 aB. 3Ta ypOBHHB rio npeR/lo)KeHHO_cxeme MaKCHM831bELbIfiBblXOR G(H2)

6On_m14HCTBecnyqaeB OTHeceHmX Boa6yw41eHnmK14cnopoRa He Ron>KeHnpem,nuars 2,0 - 2,5 MOrt./100 aB, wro Ha6nm-

c 2p -* 3s. IIIHpoKae Ba.rleHTHble aOHl,I, Marlble aHaqeHrta coot- Raerca npn paKHo/lHae SORbl B RpHCyTCTBHH aMOp_HblX

HoRIeHH_ paRHyCOB KaTHOHOB H aHHOHOB r+/r- _ 0,51 B HC- OKCI4_RHblX CHCTeM H OKCHROB d- H f-aneMeHTOB IIpH T

< 300 K [81.
32



B OKCrLtte 6epprtnria, r_e OTCyTCTByeT nozanrtaatmH G(H2) COOTHOtUeHIIeCKOpOCTeR panHaUriortrio-repMoKaza-

3KCHTOHOB, BO B3aHMO_e_ICTBHe C noBepXHOCTHO-a_cop- IIHTHqeCKHX Wr(H2) ri roMoreHHblX rlpoReccoB COCTaB-

6_o.a_HbIM. MOneKyaaM. Hp. T = 300 K .erynaIoT KaK aHer WpeT (H2)P/_v r°M (I-I_) _" 103 H .Kaa_ repMoKara_H-
HepaBHOBeCHble riOCrtTenHaapanoB, TaK ri 3KCHTOHbl rrinecKHx IIpotteCCOB BbI3bIBaeT yBeaHqeH_e aroro coor-

HOmeHHII B ]ma pa3a.

ex + H20 S --" H20_, CneRoBaTenbHO, roMoremmte pa/IrtonHTriqecKrle Hpottec-

H20_ -* H + OH. cbl noayqermH aHeproriocrireaH ria 80/Ibl MOFyT KonKyprl-
pOBaTb C paJ_talIHOHHO-TepMOKaTanHTrlqeCKHM rlpotteCCOM

l'Ipa 3TOM MaKCHMa21bHbI_I BblXO]I G (H2) aocTnrae'r TOHbKO B yCaOBHHX, o6ecne_riBamttmx nporeKaarie npottec-

4,0--4,5 MO;I./100 aB [3, 4]. ca B roMorerlablx cHcreMax no paaBerBaennoMy llelIHOMy

C IIOablllleHHeM Temneparypbl B KpricTa.rLrIHqeCKHX MeXaHH3My (G rOM (H2) _ I0 a MOH./100 aB). TaKHM o6pa-

OKCH_HblX CriCTeMax, I'Ve HMeeT MeCTOnoKaflri3atll_l 3KOri- 3OM, KaK rio ripOH3BORICrenbHOCTH,TaK la riCIIOnb3OBaHHIO

TOHOB, aporicxoarir TepMOaKTrlBHpOBaHHaH ]Irldpdpy3all rix 3HeprHri HCTOqI-IriKa pa_I11aIlriOHHO-TepMOKaTa.rIaTrinecKHe

Ha rioBepXHOCTH OKCri_OB. HO3TOMy npri TepMopa/BlOllri3e npotteccbl _IBHHIOTCII O_HHM ri3 3(13(1)eKTHBHblX nyTe_i co3_ta-

BO_bl B npricyTCTBml TaKHX OKCH_OB IIOCIIe onpe_teneHHoro nnH pa_)laRriOHHO_i TeXHOIIOFHri ripori3BO_CTBa 3HeproHOCH-

3naqeHn_a reMrieparypbl (T 1> 623 + 673 K) S peaym, rare Tena-Bo_topo_la ria aojlbl.

pacna_a H20 c yaacrrieM 3KCriTOHOBHa6moaaercH npripocr

BbIXOjla Hz /lo 3,5 - 4,5 MOrt./100 3B. C n rtc o K n n r e p a T y p hl

Ka_ riaBecrrio H3 pa6orbx [20], npri reMrieparypax

T >1 673 K ripri xepMopaarionriae noj_bI riMeercH 6onee 1. _a6poBa F.M., BnajlriMripoBa B.H. OcaoBabIe 3aKoHo-

3dp_eKTHBHblITI KaHalI rtpouecca rpaac_opMatUm H n H2' MepnocTri rt ponb 31IeKTpOHHblX dpaKrOpOB B KaTanri.
THqeCKHX npotteccax, npoTeKa_otttrix npri _eI_ICTBHH

H + Hz O _ H2 + OH rtomlartpymmefi paaHattnH. - YcHexrt XriMrtH, 1969,

B peaym, rare 3roro ripouecca MaKCriMa.rlbHO BO3MO)K- No 4, r. 38, c. 711 - 739.

HIaI_I BbIXO_ MoneKyaapnoro BOZlOpo_ta npri, pa41HattrtOH- 2. KpbmoBa 3.J-I. PaRriomla BO]_bl, a_tcop6ripoBaHHOfi

Ho-TepMoI<aTa/IHTHtleCKOM pa3ao>Kemin BO]IBI ;aOCTrlraeT Ha cHnHKarene: ABTOpe_epaT _rlC. Ha COrlCK. yqeH.

7- 8 MO/I./100 3B. cl'eri. KaHJ1. XHM. HayK. -- M.: MFY, 1970. - 217 c.

TaKnM o6paaoM, npH pa_latmOHHO-repMOKaranHrrlqec- 3. Faprt6OB A.A., MennKaa_e M.M., BaKHpOB M.H., PaMa-

KOM pa3aomenm_ rao_ a IIpHCyTCTBHHOKCH]_-IblXKaTa.qH- 3aHoBa M.X. BnriaHrie KaTHOHOB Ha KaTaYIHTHqeCKHe

3aTopora l'IOTeHllHa.rlbHO BO3MO)KI-IbI_IBlalXO_ H2 _HMHTH- CBOfiCTBa crinaxarenH npri pa/BioIIri3e a_cop6HpOBaH-

pyercH cymMapabIM BbIXO_OM (EG = Gex + Gan ) -axcrrro- HblX monexyn BO_bl. -- XriMriH BblCOKriX 3_leprrlh,
HOB H HepaBHOBeCHblXHOCriTe/legl3apHjIOB ra HHXIIOJ1 J_ekl- 1982, r. 16, NO2, c. 130 - 134.

CTBHeM HOHriaripy_omero ri3IIytleHriH. Cpanaerme aHanemtfi 4. Fapri6OB A.A., MenriKaa/xe M.M., BaKHpOB M.H., PaMa.

pa_latlHOHHO-XnMHqecI<oro B_xo_a H_, Ha6mo_aeMb_X nprt 3aaoBa M.X. Pa_trionria a/Icop6apoBaaHh_X MOneKyn

pa_IHaI1riOHHO-TepMoKaTa.rIaTHqeCKOM paano_emm BO_tb_ B SO_tbX Ha OKHO/IaX AI: O3, Ca: 03, Eu: O3, BeO. -

npricyTCTBriH OriTHMa.rlbHbIX o6paattOB KaTa$1riaaxopoB ri B XHMHH BbICA3KHX3Heprnfl, 1982, r. 16, NO3, c. 225 -

OriTriMaJIbHbIX pe>KnMax roMoreHHOrO pa/_ionri3a BO_L 227.

noKaabmaeT, qxo oari B OCHOBHOMpaBHbI Me)K_y CO60_I ri 5. Garibov A.A.- In" Pi'oc. of the 5 th Tiffany Sympo-

COOTBeTCTBylOT7 -- 8 MOrt./100 aB. BBH_ty TOrO, HTO npn sium on Radiation Chemistry. - Budapest: Academi-
riOCTOHHHbIX3HanCHHHX 3KCIIO3HRHOHHO_IMOIIIHOCTHJ103bl cal Klado, 1983, vol. 2, p. 337 - 379.

HCTOqHHKa rlanyqermH MOIIIHOCTb nornomeHHOfi _toa_,_ s 6. rapn6OB A.A., BaKrlpoB M.H., j_<aqbapoB H._, _ Hp.

pa4_laUklOHHO-TepMOKaTa.rIaTHqecKaX npotteccax npnMepHo 3aKOHOMepHOCTri pa/_riattrionHo.KaTa.rlriTrinecKoro _efi-

Ha Tprt nopa_tKa Bb_me MOI.tlHOCTHB onrrIManbab_x ycno- CTBriH CHCTeM Me 2+ - SiOa B npottecce pa/IHonrlaa

BriaX roMoreHHoro Tepmopa/_tomlaa tmcrofi ao_tbL npH BOWEL -- XrIMrtn Bb_COKrtX _Heprri_, 1984, _. 18, NO6,

O_IHHaKOBbIX3HaqeHrIHX G(H2) cKopocT_ r_pottecca HaKOn- C. 502 -- 505.

JIeHrlH H_ a KO3(1)(1)HI_HeHTriCIIOIIb3OBaHaH 3Heprrin rlcToq- 7. Fapri6oB A.A., BaKrlpora M.H., Be$1rl6eKoBa F.3. H zip.

HriKa (a = (Dno,/DaKc)) nprl paLtrialLltOttHO-TepMOKaTa- PajlriauMorlHO-KaTa/ll4TrtnecKl4e CBO_ICTBa rlpHpo/1HOrO
nHrrtqecKrix rlpotteccax 6y;_tyT BO CTOm,KO xe pah rab_me, tteonHra rrina MopaennT ra npottecce pa_rionriaa raoau_.-

neM ra roMorermbIx Hpotteccax. KpoMe roro, 6on_tmmcrBo XaMrm rab_COKriX_rieprrfft, 1984, T. 18, NO 6, C. 506 --

oKcrtttrmix CrtCTeM Hprl T t> 673 K o6aaaaer repMoKaTa- 509.

nHTHqeCKOfi aKrrir_aocrb_o ra apottecce paanon_earla raozt_. 8. Fapri6ora A.A., BaKHpora M.fI., Bemt6eKoraa F.3. ri Hp.

BKna_t 3THX npotteccoB a pa/matmoHno-repMoKaranrirri- PazatalmOnHO-KaTanHrrtnecKrie npotteccba paanomeHna

qecKHe rIpotteccbl nonyqeriHa H2 Hs BOab_ pacrer c reMne- BOjIbL -- BAHT. Cep. ATOMHO-BO/1OpOj1Ha.qanepreTriKa

parypo_ ri npri T f> 773 K cocraranaer "" 50+60% (Wpr (H_) = H rexaonorrla, 1985, rabm. 2 (15), c. 12 -- 15.

= Wr(H_) + Wp(I-I:) [10]. Flpri OartrtaKorablx aHaqemtax 9. PycraMora M.H., Fapa6ora A.A., Benri6eKoraa F.3.,
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Xy/mea A.T. Bn.aH.e COCTaBa Marprm na pa_tHauHoa- 16. AnyKep 9.,/1., HecrepoBa C.H., HeqaeB A.O. BnHnnHe

HO-KaTa.rIHTHqeCK_teCBOftCTBa LteonHTco_epgatuax KaTa- rtOBepXHOCTH na O6"beMHym pai1HOJIIOMaaectleltttHm

nHaaTopoB npH pa/_tHonHae BOLlbl. -- KHHeTHKa H Kaxa- IIIeIIoqHo-FaYlOH_IHblX KpHcTannoB. -- q)Ha14Ka TBep-

nHa, 1986, T. 27, NO4, c. 1001 - 1004. /loro rena, 1988, T. 30, abirl. 4, c. 1028 -- 1033.

10. FapHSoB A.A.. Ben145eKoBa F.3., AraeB T.H. H Jlp. 17. Koaanea B.H. - B KH.: BTop_abm aneK'rponbl. - M.:

Pam4atmoano-TepMoKaran14TnnecKHe npoueccb_ nonyqe- 3aeproHa_taT, 1987, c. 82.

n,a ao_topo_a 143aoab_. - BAHT. Cep. ATOMHO-BO_O- 18. KyycMaa I/l.Yl., YlHftaea F.F., .l-lyumi< q.B. 3neKTpoa-

poaua.a aHepreTHKa H Texltonor14a, 1987, BblH. 3, Hble Boa6y)l¢_leHHH H CO6CTBeHHaH nmMHHeCtteaRHa

C. 41 --43. HOHHSlX KpHcTannoB. -- B K,.: Tp. l_crHryra qbHaHKH

11. CTpensKO B.B., lllBett /1.14., KapTens H.T., CynpyHeH- AH (gcT.CCP). - Tapry, 1976, c. 5 - 80.

Ko K.A., _opouaeaKo B.I4., Ka6aroiH A.M. - B KH.: 19. FapHSoB A.A., FeaanoB X.5., BenHSeKoBa F.3. Hztp.

Pa£Ia,laI.I.HOHHO-XHMHqeCKHerIpolleCCbI B FeTepOFeHHblX BIIHHHHe KOHIIeHTpalIHH BO_BI B a/lcop6HpOBaHHOfl

CHCTeMax Ha OCHOBe _IHCI-IepCHblX OKHCIIOB. -- M.: dpaae Ha BMXO_I BoRopoRa HpH reTepOreHHOM pam,_o-

9neproHa_taT, 1981, c. 35. nHae aoabl. -- XHMH, BblCOI<HXaHeprnft, 1987, r. 21,

12. KyaeMGaeB K.K., MyYKa B., COKOm_CKHfi II.B. - B KH.: N° 16, C. 505 --510.

PamtalmonHbfft Kara.nua. - AnMa-Ara: HayKa, 1987. - 20. ,[laaHraea B.F., EpMaKOB A.H., l-lonoa B.H. O BOaMO>K-

153 C. HOCTH KOMSHHHpOBaHHOrO HCnOnbaoBaaHa Ten.rlOBOft

13. Fap146OB A.A., ,/l:_aqbapoB H.,/1., AnHeB K.A., FlcKer0ie- H paartal_OHHOft cocraBnaromrtx aHeprHH n_IepHoro

pOB C.M. Pacqer nornotLteHHoft 3HepFHH raMMa-KBaH- peaKropa nna nonyqeHua BO_Iopo_la Ha rtOZlhl. -- BAHT.

rOB B OKC_;1Hb_X_maneKTpm<ax: 1-IpenpHHX NO253. - Cep. ATOMHO-BO_IOpO_IHaaaHeprerHi<a H rexHonor,a,

I'IHcTrtTyT qbHaHK14AH (Aa.CCP), 1987. - 24 c. 1979, abln. 1 (5), c. 86 - 96.

14. l-laKaeB A.K. - B KH.: CoBpeMennaa paaHattHOaHaa

XHMHtl. TBepaoe 're_io ii llOa-IHMepbl.I-IpHKYlaRHble acneK- Bonpocs_ aTOMHO_Haymt, Texrmr_,.

r_. -M.: Hay_a, 1987. - 448 c. Cep. Haepuaa rexH,_a. Texnonorn_,

15. AK_epMaH A.O., FpyLtCKrlii 14.;I., CMHpHOB B.B. -B KH.: 1989, s_xn. 2, c. 32,- 34.

Bropm_uoe _ne_Tpom_oe _tanyqeHHe na TBep_IbXX ten

no;t aefiCTBHeM _BaHTOB. -- M.: 3ueproHa_laT, 1986,
c. 113.

MEMBPAHHO-DYlEKTPO_HblE B.rlOKH _.lIfl DIIEKTPOYIHaEPOB

C TBEP_blM HOJII4MEPHbIM DYIEKTPO.III4TOM

B.FI. HaXOMOB, B.H. OaTees, B.M. BbmoKora, O.B. ApqaKon, M.C. Kanmla,

B.A. K_IHMOB, B.H. KOCTHH, /I.H.KynnKoBa, F.H. HOBHI<OB, B.H. HopeM6CKn_,

B.H. CyMapOKOB, A.F. LIHCTOB

B HaCTOSulee BpeM, BCC 60nee LUHpOt<OerlpHMeHeHHe KHH B BapHaHTe /IH_y3HH BOCCTaHOBMTeIIH(rl4jIpa3HH60-

a.aa nonyqeHH,, yTttrI143allUH,auZ34Kall14r114TparicnopTa BO_IO- paHa) qepea THa. CpaBaHTenl, Hble HCC.J'IeROBaHH_IMaB

podia, a xaK:_e _.aa pa_a apyr14x 06nacTeft rtpHMeHearta rIpOBORI4_HCbB na6opaTopHblX TBep/1orloHHMeprlblX ane_rpo-
(pnc. 1) naxoaar aneKTpoxrtM14qecr,:He cHcreMsl c raepm,_M mtaepax paanomeHHa BOm,_ C pa60qefi rmomam, m 7 CM2.

rIOnHMepHb_M 3_eKTpOnnTOM (TI-Ia) .OcHoBHb_MH aneMeH- KaK cne_Iyer Ha _laHHbXX,rlpezlcraaneHm,_x Ha pHC. 2, C yBe-

TAM14aneKTpOX14MHqeCKrtX yc'rpoftCTB 3TOFO THna nBnnmr- JIHqeHHeM MaCCbl :aK, OTHeCeHHOfi K 1 CM2 rIOBepXHOCTH,

Ca MeMfpaHao-aneKrpO_Hbm 6nOKH (M313), BKnmqamtuHe /Lqa Bcex rpex BapHaHrOB MaB nepBonaqa.rlbHO rlpoHcxo_HT

MeM6paHy na TI-Ia, ane_rpo_aTannaarop H B cnyqae Heo6xo- can_emte rtepeHanpa:,Kerma peaI<ttrtrt Bb*_eneHrt, BO_lOpO-

RHMOCT14 KonJ1eKTOp ToKa, opraHHaaLtH_ KOTOpblX onpe- oa, HO aaTeM lIOBe/leH14e MaB CTaHOBWrCH paaYiHqHblM,

/leYl_eT Ka_ aHepreT14qecKym 3qb_eKTI4BHOCTb B Becora6a- H ecJ114 /LrIfl HaIIpeCCOBaHHblX H HaIlbLqeHHblXMeM6paH 3Ha-

prtTHble xapaKTep14cr14Ktt C14CTCMbI,TaK H pacxo_I aneKTpO- qeHHe rlepeHanpa_eHrta ROCT_rae_ CTattHoHapHoro aHaq¢-

KaTanHaaTOpOB Ha OCHOBe Me rayinoB ILrlaTHHOBOfirpynnbl. HH_, ro B cnyqae XH]VlHqeCKOftMeTaHHH3alH4HHa6nm/IaeT-

C ttenbm OHTI4MHaalII4HcTpyKTypbl H TeXHOnOFHHHaro- cH pOtT HepeHanp_:_eHa_. Cne/lyeT OTMeTHTb,qTOMHHHMaHb-

TOBneHHH MeM6paltHO-aneKTpOJ1HbIX 63-IOKOB B pa6oTe Hble 3HaqeHHH HaHp_DKeHH_ Ha aneKTponHaHofi _qe_Ke

6bLrlH npoBe_leHl,_ cpaBHHTenbHble HccneROBaHHfl MaB, B _yqae HaHbI2IeHHblXaneKTpOROB 6b_H HecKoIIbKO BBIILIe.

rmnyqenHb_X c 14crIOnbaOBaH14eM reXHOnOrHH repMo_OH- PaCCMOTpHM OCHOBHrae np_rmbl Ha6mo_taeMb_X _m.rie-

Ta_THOrO MeTo_a, B_moqaIomero HanpeccoBKy ane_rpo- Haft. OCHOBmaM, napaMerpaMrt, xapaKrep,aymmaMH MaB,

KaTa.rlHaaTopa (aK) Ha MeM6paHy npH l-larpeBaHH14, BaKyyM- ltBIIIlIOTCH nepeHanpa_eHHe peaKl._1414Ha ane_Tpo_Ie (cHcre-

HOFO nanbLrlen14a 14 Tex140nor1414 XHMHqecKoft MerannHaa- Ma 3K + KoH.rleKTOp), conporHBneHHe MaB, pacxozt 3K

H ero a_lreaHOHHb_exapaKrepHcraI<H.
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PacxoR ll.na'rrlHbI, Mr/CM 2 PMC.6. HoBepxHOCT], MeM6paribl C XHMI,[qecKH BOCCTRHOBIIeHHO_I
nnaTrmO_

PHc. 5. HoBepxaocTaoe cor[poTrmneH_e MeM6paHHO-3IleKTpO_.I-IbIX
6JIOKOB C HanhlneHHO_ rlllaTaltO_- B BOJle (Rprmaal),Hanpecco- MeMfpaHbl. J-loKa.ri143au.rt_l cJlon 3K Ha noBepxnocrrt npr_
BaHltOfl rl/IaTHHOBOR qepltblO (2), C Xl4Ml4qecKR BOCCTaI-IOBJIeHHOIt XHMHqeCKO_I MeTaflHH3aI.I_H OKa3blBaeTctI TeXHPIqecKH

nna'rnHo_t (3) a Hanh_neHHO)t nnarm_o_ -- cyxo_ M_B (4) BeCbMa" C.rlO_HOfi 3a.aaqefl, TaK KaK qbnyKryatmH COCTaBa

noBepxHocT143K (qbai<TopLuepoxoBaTOCTPI2 -- 4), a TaKx_e 14 crpyi<TypbI MeM6paHbI, a Tai<:_e I<OHtteHTpaLt14pipeareH-
HeBO3MO;,KHOCTb HClIOHb3OBaH)t_I BCefl HoBepXHOCTH Hal'lbl- TOB 14 IIOKKaJ'IbHhlX 3HaqeHpi_l TeMnepaTypbl Be£tyx I< 143Me-

:leltHOrO 3nei<Tpo/.ta )t3-3a OTCyTCTB14_I IIOJ-IHO_I I<OMMyTa- Hemuo rloJIO_eH14a qbpOHTa peal<tr1414 H Ha6nmaaeTca I<ai<

tt14H ero OCTpOnl<OBOfi cTpyi<Typbx C nop14CTb[M I<onnei<TO- nbXXO/-t npoLtecca n paCTBOp H2PtCL6, Tai< 14 "3axopoHe-

poM TOKa. O_14ai<o BOaMO)KHbl PI 3qb_ei<Tbl, cBaaaaable c H14e" cnoa 3K a 061,eMe Til3. Oc06enHo 6OnbLUyrO ponb

/1)tqbtl}y31tOHHblMlt orpaH_qen14aMpi B cIIoe 3K c Hpi3i<Ofl 3TPI aB_eruta HaqpiHamT 14rpaTb B yCnOB14aX MaCCOBOFO

HOp_tCTOCXbrO. MO_HO nonaraTb, qTO M3B c nanbuieaabxM HpO143BOIlCYBa, I<oraa Tpe6yeTca I<oppei<T14poBi<a COCTa-

3K _lpeacTaB.qneT _HTepec B [lepBylO oqepe/.tb jX.na CPICTeM, Ba paCTBOpOB JJ,qfl XPIMHqecKoM MeTa.rlylri3ali1414, 14CTOtUa)O-

a _<OTOpbix 3Hepro3arpaTbl He _IBII_IIOTC_I ortpe/lenamtU14M tttpixca rto Mepe nonyqemta M3B.

cJ_aKTOpOM (ttarip14Mep, ilaTqHK)lraaoB). Tai<PIM oBpaaoM, MeTO/1 X14MPIqecKofi Mera.rlJ-1143auj414

J l:ta MDB, HoJiyqe_tHblX XHM14qeci<ofi MeTa,'iIIHaalLqe_I MeM6paHbl ttenecoo6pa3rio, Ha Hattt BaFnRj1, n nepBym oqe-

(p)lc. 6) ii HpCCCOBatli'teM, MHHHMalIbHble 3Haqemta nepe- pejlb HCnOJ'tb3OBaTb /Lqfl pemeH14n CHelIMaJIbHblX 3a,tlaq, Tpe-

Hanpn,emm 6Jiti3Klt, OItilaKO yaenbnufft pacxoa 3K B cnyqae 6ymtttnx aazte_aocT14 MDB 14 3nei<Tpon143epoB B l.teHOM.

XtlMttqCCKOfi MeTa.rlJltt3aLtt1It oKa3blBaeTcn HecKoYibi<O BblttIe. B TO BpeMn I<ai< TepMoi<o)tTai<THbIfi MeTO,_I 6onee COOTBeT-

MO>_HO tloaararb, qTO o6paaymtu14eca B npo_,ecce X14M14- CTByer rpe6oBaaHaM KpynHOMaCtiITa6Horo npo143BORCTBa,

qecKoIo BOCCraHOB.qelltt_ qacTHLtbl _)K rlepBoHaqa.rlbHO He TaK KaK OrlaCHOCTb paapymeHrm MeM6paHbl B rlpottecce

U.x_e)OT_qe_rp)v_ccKoro I<OHTaKTa_tpyr c /.tpyroM 14CHoBepx- rl3rOTOBJleHpinMDB Tpe6yex BblCOi<Oi<aqecrBeHaoroannapa-
ltOCrblO (1.0. c KO, I:IeKTOpOM TOKa). IlO Mepe aBTOi<aTa- TypHoro ocHaLtteHrin MeTo/la.

:mHtqecKoro pOCTa ofipaaoBaBturtxca qaCTHll 14 yBeJ-_piqea14n ABTOpbl 6naro_tapaT [..A. KOH/lpaTbeBa 3a HOMOLIIb

t_X _or_tteHTpamut B HOBepXHOCTHOM cJ-toe MeMBpaab[ BO3H14- B opranr_aattpi14 pa6OT no X14M14qecKoI_I MeTaYIJII43aLU414.

Na01" K3T,qrlttTHqOcKasI cTpyi<Typa qaCTHl_t c J1OCTaTOqHO

XO|3OIIIttM 3.qeKT[}ittleCt<HM KOHTaKTOM. O/1HaKO B Tai<ym Bonpocb_ aTOMHOfl HayKH H TeXHHI<H.

C rlgY_<Typy BXOr_IIT JlttlHb qaCTb qacT14tt _)K, a 6om, maa 14x Cep. H/lepHaaTeXHrlKaHTeXHO_Orrln,

qaca_, He yqacrByeT u npouecce PI u Hal<off-TOMepe npeimT- 1989, Bbm.2, C.34- 36.

CTBVeT HOItHOMy _epeHocy, IIOBbltLla$I conpOTHBnen14e

HOBbllIIEHHE _gHEPFETHqECKO171 3q_EKTHBHOCTH

HOYlYqEttH£I BO]IOPO)XA B H.YIA3MOXHMHqECKOITI MEMBPAHHOITI TEXHO3IOFHH
IIEPEPABOTKH CEPOBO_OPO_IA

C.IO. AneKceeB, M._. KpOTOB, A.H. FIapoB_qHrt_OB, B._. PycaHoB, M.H. Tym, cr:r_fi

BblCOKO3qbqbei<r14BHbl_l npottecc _t14ccotmatmrtcepoBo/_o- Bnaro_tapa npejlenbao H143KOkl 3HTaYlbII1414peai<ttpi14

porta S nJ_a3MoX14M_tqecI<rtxC14CTeMaxS HacroaLuee BpeMa j1piCCOLtnattpirf(0,21 aB) CTa/_14_I pa3no_eH14n H2S peanH-
pea2mayeTca B OllblTHO-rlpOMblLILrlenUblX yCTaHOBI<ax Ha 3yeTc_l C BblCOKO_I 3HepreT14qecKofi 3qbqbeKTPIBHOCTblO lt

npe_rtpHaT14ax HeqbTeX14MHqeCKOfl 14 ra3oBofi rlpOMblLlLrleH- y/IeJlbHOfi rlpO143BORHTeJ1bHOCTblO. Hp14 3TOM CylUeCTByeT

HOCTH[1]. OrtT14ManbabIfinO 3aeproaaTpaTaM pexrlM rIpottecca paano-
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_<eHHn, KOTOpbtfi COOTBeTCTByeT3neproBKna_;y B rtnaaMo- Hbll_ nOTOK cepoBo_opo_ta B KOnHqecrBe G c Kouttertrpa-

X14MrrqecK14fipeaKTop nopn_Ka 0,5 3BfMOrI., rl xapaKxepa- tmefi C G = 1 (100 06.% H2S). B I-IXP npoacxo_nr aucco-

3yeTc_ BenHq14HOfi creneuH paanoz<euH_ aH2S "_ 51%. _l,qfl tmatm_ cepoaouopo/la. CreneHb Konaepcrm cepoBouopo-

rlonyqea14n roBapHoro He,opera xpe6yeTcn npOHaBeCrH na -- aha s. Cepa BblBOj].HTCffCriCTeMOfi cepoKoaaencatm14
paaaeneHHe cMecri H2S - H2. TaK14M o6paaoM, BBOaHHKaCT H ynaBnHBaH14a 4. l-locne IIXP raaoBan CMeCb H2S - H2

3aaaqa onTHMH3atmrt CyMMapHbIX 3HeproaaTpaT Ha paano- c KOHtteHrpatme_t cepoBouopoua Cp1 B KOn14ttec.rne P_
:_ea14e H2 S H nocne_tylomee m,Iuenenrle H2 B 6noKe paaae- (PI = F) nocrte KOMnpeM14poBaa14a 3 noaae'rcn Ha BXOU

neHHa CMeCHra3013 H2 S - H2. BMP 2. B BMP nporicxoanT KOHtteHTp14pOBaH14eBo_topoaa

HaH60nee 3qbqbeKTH13HbIM MeTOj1OM paa_eneHn_ Fa3o- B OCTaTOqHOM FIOTOKe W, raK qro ocraroqnan KomteHrpa-

13blX cMecefi 13 HaCTOnLUee apeMn _lB_inerca MeM6paHHa,q tlrln H2 S cocraBnneT Cw. HpoH14KLU14_noroK P c KOHUeHl'pa-

TexHonor14n [2]. tmeh cepoBo.aopo_ta Cp petmpKymipyerca ao TOqK14 CMe-
Hptt COBMeCTItOH pa6oxe IuIa3MOXHMHqeCKOI'O peaKTO- UleHHfl C IIOTOKOM HCXO_HOFO cepoBouopo_ta G.

pa (HXP) H 6noKa MeM6paHHOrO paaaerleH14a (BMP) CyM- Bemitmaa 3HeproaaTpar Ha KOMnpeM14pOBaH14e E K,
MapHb_e 3HeproaaTpaxb_ Ha nonyqemte Bo_opoaa onpe_e- Bxo_maa B HepaBeHCTBO (1), a TaK_<e CBa3h Me:_ty c're-

naloxca 3Heproaaxpa'raMH Ha a14ccomtatmm HaS BB FIXP nem, ro KOHBepc1414 Ctl.I S BBHXP, Benrtqrmo_ paaaen14renb-
14 3HeproaarpaTaMH Ha KoMnpeMripoBaH14e raaoao_ cMeca HO_ cnoco6Hocr14 BMI_ 14 rlapaMerpaMrt coor13ercTBy_omrtx

H2 S -- H2 Ha Bxoae B BMP. noroKoB MO_HO nonyqrrrb, ecnrt peumTb coBBMeCrHOypaB-

3aqb14KcHpyeM O/_HaKo13yro CTelteHb qHCTOThI npouyn- Hem,ta MaTepHa_bHOrO 6annaHca no KOMIIOHeHTaM 14 nOTO-

ra -- nonyqaeMoro aoaopo_a, HanpHMep, 99 06.%• Tor,Ha KaM, a TaKa<e BBeCTHO606tttenHy_O paauenHrenbHym xapaK-

npH pa6oxe o.aaoro I-IXP CTeneHb _om3epcrm OtHaS = 99%. repricr14Ky BMP - q--cxeneHb paaaenemta H2S - H2 no
IIpH pa6oTe I1XP CO_MeC'rHo c BMP Heo6xomtMa.a cre- ocraxottuo_vy nOTOKy, Koropaa Ha npaK'rriKe aBnaeTca

neHb KOHBepcmt a_]_S H ra3opaa_tenHrenbHb_e xapal<re- qbyHKtmefi MHOr14x napaMerpoB KOHKpeTHO_ MeM6paH-
pHCTHKH, o6ecneqvmalomrie BbmeneHHe 99 06.% 13oaopoaa HOlt raaopaa_enrirem, HOfi ycrano13K14 (TaK14X, KaK ceneK-

onpe_tenamTCa Ha ycno13Ha 3HepreTHqeCKH OHTHMa.TIbHOFO I"HBHOC'I'bnO_aMepnoro MaTepna_a MeM6panb_ no H2 S- n2,

pe>K14Ma: HCXOaHOfi KontteHrpatm14 KOMnOHeHTOB, OrHOtUearlfl uaane-

., nan Ha MeM6paae, Ko3_dpmt14enTa uenertrta nOrOKa, a xaKxe

El1x I' + E<_ Ell Xl, ' (1) pasta KOHCTpyKTHBHbXX xapaKrep14crHK KOHKpeTHb_X

rue Ehx P H E - 3Heproaarparbx Ha UHCCOtmalmrO H2S MeM6paHnbixanrlaparoB [2])"

s HXP npH cTenenH KOHBepc14HC_a s H Ha KOMnpeMnpoaaa- Cp_ Cw
nile CMeC14ttzS - Ha na 13xoLte i3 BMP nprl nonyqeHmi q-= / ; (2)

1 - Cp_ 1 - Cw
13 oCTaTOqnOM nOTOKe 99 O6.% H2; EHX P - 3Hepro3arpa-

"rb_Ha _ccotmatmm H2 npn creneHa Kom3epcrm aH = AaS E - _:

=99%. _ (1-0XI-C w) ' (3)
3ueproaarpaTb_ Ha Z.Hccomtattmo H2S 13 FIXP onpe_te-

.rleHbl 3KCI-IepHMeHTa.qBHO H qHc.rleHHO pacqeTHblM rtyTeM 1

B pa6ore [1]. Bce 3HeproaaTparb_ Hprmo,a.a'rcn K y_,eni,- Cpx = --7-(1-a')(l-0X1- Cw); (4)
HblM 3HaqerlgaM -- Ha I M3/q.100_/o H2. ot

l-lpHHttHrma.qbHaa cxeMa yCTaHO13K14noKa3aHa Ha p14c. 1. Kt_'

Ha BXO_ 13 rmaaMOXHMHqeCKHfi peaKTop 1 no_taerca ricxou- 0 = 1 - a' (5)

p K = Cwq-/(q---1)C W +(1 -- Cw)-- (q--- 1)C_v , (6)

Cp [ r_te 0 = P/Pr - KOaqbdpHILHeHT_ezleHrla nOTOKa a BMP;
3 [ CG = 1 - KOHl_eHTpalIJ4a Hz S 13I4CXOaHOMIIOTOKe; A K -

CG CF A Cw H2S -- H2, Hanp14Mep, 13 143orepMrlqeCKOM pexuMe [3].

IIpoBeReHHbXe pacqeTbI 3aBHC14MOCTH E or crene_paa_eHHa q- Hp14 paanHtmb_x cTeneHax KOH13epcaH _'

B l-IXP H o6parH_ 3aB14CHMOCTbE or creneHn KOH13epcH14
4 _X'/LrlH p_HblX 3HaqeH14fiq- nOKa3aJIlt, qTO Ha146oJlee 3aMeT-

Hoe CHI4XeH14e3HeproaaTpar Ha KOMr_peM14poBatme npo14cxo-
<

Plac. 1. CxeMa npoaeJleHHa npottecca: 1 -- 6JIOK nna3MOXnMtltlec- _HT 13 HHTep13ay/e 5 < q- _<45, rlprlqeM qHC/IeHHO E K EFIXP

Keto paaJlO_KeHn_lcepoBo_lopoaa (IIXP) ; 2 - 6JiOK Mez6parlltoro B HHTep13a.rle50% < od < 90%.
paaaenermn HaS - 1t_; 3 - KoMnpeccop; 4 -- 6nOK cepoKoHUeH- CyMMapHble 3Heproaarparb_ no qbopMyne (1) ortp,,-

caunn n ynaBn_aHH_ UO.rlH_OTC_CyMM14pOBaHHeM E K H E_lxP _a Ka_Uoro 3Ha-
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tlvrll4Jl CTeIIeHl4I<OHBepcI414Or'14qbHKCHpOBaHHOfiBeIII_IRHbl q-. aneproaaTpaTbt na paano_<eHxe H paa_teneHxe MeHbLtle, qeM

3aBrlCHMOCTH EHX P ii CyMMapmbIX 3HeproaaTpaTEhX P + 3HeproaaTpaTbl Ha paano_<erme 6e3 raaopaa_ten11TenbHoro
+ E OTa' noKa3aHbx na pHc. 2. 6noKa npM pa6oTe peaKTopa a nepeHanp_>geHHOM pe>KrtMe,

H

_aJIeKo OT OIITHMyMa.
j],n_ cTenerm paa_enermr[ q- = 20 3nepro3aTpaTbl Ha

2,5 pa3_enerme B OnTHMaiibHOM pexxMe COCTaBII_IIOTaearltlrmy

"_21% oT 3HeproaaTpaT Ha pa3noxeHne H2 S, a OTKnOHeH}le

pe_HMa pa6OTbX IIXP or onTnmanbHOrO B 3TOM c,nyyae

3a cqer HeKOTOpOro yBenrttlem4a arleproBKna_ta He npeBbl-
tuaer 5%.

2,0 Bennqana CyMMapnblX 3neproaaTpaT na nonyqeaae
[ aoaopo_a B 3TOM pe_KrtMe COCraanneT 1,51 KBT.q/M 3 H2,

I 2 r.e. Ha 40% Hrt>Ke aaeproaaTpaT na rmaaMOXaMrttlecKoe

paano_<erme npn cTenenrl KOHBepCHrla = 0,99.
B /lanaofi pa6oTe paccMoTpea ynpomennbI_ aHaJIrl3

I
gd onTrlMrtaatBlrl COBMeCTHOiT!pa6OTbl I1Y_P n BMP Ha rlprlMe-

1,5 pe ocyolecrBnetma peaKttrm _taccotmattrm 8 rma3Me CBq-

] I paal_a_ta. B aaabne_uueM npe/lnonaraeTca BKnmqvrrb B pac-

I I CMOrpeHl4e O11THMHaaU_IlO 3neproaaxpaT aa Bbl/lenenrle

] cepbl, _tpyrne Tnrml nna3MOXHMrwecKnx CnCTeM, B TOMI
I I qaClle 111314aTMOCqbepHOM _laBnemiri, qTO 11OaBO.qHTHCKIIIO"

1,0 qHTb Ha TeXHOnOrlCH 3HeproeMKyto CTa_rHO BaKy)'MHpOBa-
0 O,5 0,6 0,7 0,8 0,9 1,0 aria, a TaK_<e paCCMOTpeTb KOHKpeTnble cXeMbI H nat_aMeT-

a'(a) pbl pa6OTbl MeM6paHHblX ra3opa3_tenaTenbnblx yCTaHC2BOI<.

PI4C.2. 3aBI4CHMOCTH3Hepro3aTpaT Ha Ltrlccotl_attmo H_S H CyMMap.
HblX 3Hepro3aTpaT lia anccotmattmo n KOMIIpeMICpOBRttHeOT CTe- C II MCO K II ld T e p a T y p bl
hera Koanepcaa cepoaonopo_a apa q- = 5 (KpHBaa 1), 10 (2),
20 (3), aaeproaaTpaTh_ t_a aHccottaatta_ tt_S (4) 1. Bane6aHoB A.B., )KnBOTOB B.K., PycanoB B.£t., HoTan-

Krm B.B., _pl4_Maa A.A. n Up. YcTaaoB_a MOLI_HOCTblO

KaK BrLKHO143 pnc. 2, cyttleczByeT e_4HCTBeHHOe O11Trt- 50 KBr rio rLrIaaMOXnMrtqeCKoMy 11epe_eIIy cepoao_o-

Ma.l-lbHOe 3HaqeHyle cTenerm Konaepcmt _' O]LrlOaHaqltO po_coaep_cattmx raaon na j_poro6blqCKOM aedpTenepe-OIIT'

onpe_ena_omee an_ ]laHHOfi Ben14qmm_ cTenetm pa3/lene- pa6ar_matomeM 3aBo_te.- BAHT. Cep. ATOMHO-BO_IOpO_I-

naa q- -- MUHnMa3_bHb_eCyMMapllbIe _neproaaTpaTb_. Ha_ a11eprernKa n TeXHonoraa, 1987, Bb_11.2, C. 57 -- 58.

HallpnMep, ]tna cTer_eaa paa_enerma q- = 5, peannayao- 2. XBaHr C.T., KaMMepMefiep K. MeM6panab_e npotteccb_

llle_lCll B BMP, MHHHMa.rlbHblOCyMMapab_e 3HeproaaTpaTbl pa3_tenemta.--M.: XHMHH, 1980.

Ha aonyaeH_e Boaopo_ta COOTBeTCTBymT cTeneH_ KOHBep- 3. IIaBIIOB H._., POMaHKOB H.F., HOCKOB A.A. llpaMepb_

crni _' = 0,71" n,_a q- = 10 _OnT = 0,66; _na q- = 20 a 3a/Iaart no Kypcy npotteccoB a annapaToB XaMHaecgo_OIIT
#

0_onT = 0,60, rtp14qeM BeTIHqHHa OnTHMaiibHO_ICTelleHH Kon- TexHonormt. 3I. XHMHfl, 1981.
Bepcrm yMeHbtUaeTcn C yBenHqeHrteM q-.

I-IpH 3TOM BO BCeX cIIyqa_x g31a tlOIIyqeHl_q BO/IOpo_la Borrpoem aTOMHOtlHayK_HTexrmKn.

3a]IaHHOfi CTeneHH qHCTOTbl MHHHMaJIbHble CyMMapHble Cep. H_tepaa_ TexrmKaa TexHonorrt_,
1989, B_m. 2, C. 36 -- 38.

BbI_EYIEHHE FA3OB-OHEPFOHOCHTEJIElYi B HJ-IA3MOXHMHqECHOM _HK.IIE

C HOMOll_bl0 AHHAPATOB HA OCHOBE MEMBPAHbl .IIECTOCI/bl

C.I0. AylexceeB, M._. KpOTOB, A.H. HapoBI, lqnrtXOB, B.B. Hruaqyx,

B.]I. PycaHOB, A.B. COKOYIOB, M.H. Tyn_,cKnfi

l-lpaKTrfqecKoe rlpHMeHeHrle B CCCP MeM6paHHblX Petuenne 3a,IlaqH Bbl_eiieHH.q BO/1Opo]la H3 BO_tOpO_2-

rlpotteccoB raaopaa_teneHrta H, B qaCTHOCTH, ZUIR tteIIefi ceprmcTofi raaoBofi CMeCH, 06paaymmefica B rl.rla3MOXHlVitt-

nnaaMOXnMnqec_o_t MeM6pannofi TeXHonornn 11epepa60T- ,_eCKOM 11pottecce ;anccotmattrm cepoBo_topo_ta [1], Mo>_eT

Xn cepoBo_topo_co_lep>Kamnx ra30B Haxog_ITC_ B HacTon- 6blTb 11oIIyqeHO MeTO_OM MeM6paHHOFO pa3_enenrta napb_

mee BpeM_I Ha cTa_trt14 paapa60TKrl 14 Bne_perma OIIbITHO- raaoB H2 S - Hz, HanpnMep, Ha 6a3e MCM6paHbl IIecTocnn,

npOMblllLrlCHHbIXMeM6paHHbIX yCTa'AOBOK, o6IIa_Ia_3tttefi Ha ccro/1H_tUHrifi _eHb y/1OBIIeTBOp11TenbnO_
CeIIeKTHBHOCTbIO.
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HH_e HpHBORHTCHOCHOBrmle peaynbTaTbI HccneRoBaml_ cepHHCTOM raae npM rlaMeHeHHri cTenenM KOHBepcrirl cepo-

B OHbITHO-rlpOMbUlUIeHHblXyClIOBHffXxapaKTepHcrnK OT_tenb- Boaopo_ta H/1ByOKtlCH yrnepo_ta.

HSIX annaparoa 14 37IeMeHTOB rexnonornqecKHx CXeM Ha IlpeaBaprtrenbHO npoBomtuOCb HCHBITaHHeOT_rlbHOlTl

OCHOBe 3-1ecrocrtna, npeRcTaBna_omero co6ofi KpeMHH_- crynena 6JIOKa C RanbHefitmiM nepexoRoM Ha _yxcrynen-

opraH14qecKHft 6nOK-CononHMep necra14qHoro cTpoeHHn Ha -4ary_ ttripKynaurlOHHy_O CXeMy KOHtteHrpHpoBamt_t cnaSo-

OCHOBe nonH_teMarancanoKcana [2]. npoanKa_omax KOMnOHeHTOB-- aoaopo;aa, OKHC14yrnepoaa.

PaapaSoraHHS_fi aKcnep14MenTanbrmfft raaopaa;aenHrenb- qepea rLrlaaMOXHMHqeCKH_ peaKrop rt BaKyyMHbffl

abaft annapar rtnocKopaMHoro Tana HMen noBepxHocrb Hacoc aaOTOM Bb_recrtanca B aTMOCqbepy BoaRyx. 1"Ioc7Ie

OT 12 AO 14 M 2, npHqeM noBepXHOCTb Ka_/loro 3neMeHTa 3anonHeHna yCTaHOBKH aaOTOM BlrdllOqaFlCll KoMnpeccop

COCTaBnKna 0,08 M2 . Fa3opaaaenHrenbHbxe 3neMeHrbI CO6H- H BblBO]]jtYlCff aO RaBIIeHHH HaraeraHHa 6 aTa, npH aTOM

panHcb ra OT_tenbHbXe MoaynH. B annapare ycraHaBnHaa.uocb nocrynaaottlH_ aaor qepe3 6nok paaaeneHrta c6pacbiBa.nca

qerb_pe MoRylI_I, Ha KOTOpS_e no_taBanH BXOaHO_ HOrOK B qbaKenbay_o nHHmO. HpH paSoTa_omeM KOMr_peccope

c Ka_aoi'.' cropoHbI annapara OaHOBpeMeHHO. IIpoH14Knm_ H aaKyyMHaCOCe oTKpbmanac_ no_taqa "KHCnOrO" ra3a,

H ocraroqabIe noroK14 o6_,e_tHHanHc_ B Konne_rop 14BbIBO- HareM aaor orr_nmqanca. PerynHpy_OmHMH _nanaHaMH

;artnacs 14a _opnyca annapara. HCXO;anbIfi raaoB_,_ noro_ mtcrammoano _oppeKrapoaanca aa_ammff_ no nporpaMMe

aenanca nononaM H nocne_aoBaTen_no npoxo_n c o6eax ar, cneprtMeHra pe_rtM, COOTBeTCTBy_ottI_fionpeaeneHHoMy

_OHttOB annapaTa qepe3 aBa MO/lylla. HaroToBnenH_e anna- roaOt_mmeHTy _tenem_a noTo_a. B 3TOM pe_<14Me c tten_m

parb_ npe_map14Ten_o 14cnbITblaa.rlHCbno paa_teneHri_o BOa_Iy- npoaeReHHa naccnBamm _taracTpane_ 5nOKH nepBoHaqa_bHO

xa 14 onpeaeneH::.o HHaHBH_ya.qbrlO_ raaonpoHHttaeMocTn pa6oTann 3 -- 5 q. OTSop raaa na anan14a ocytuecranancn

paaa raaoB. KoaqbdprlllHeaT paaaene14Ha c_N,/O _ COCTaB/I_.rl HerlpepblBHO -- ;aO B_XO;aa KOHReHTpalIHH cepoBoaopoaa
Ben14q14ny 1,4 - 1,6 Hp14 _oaqbqbrmHenre aenerma noroKa - Ha cTatmoaapHoe 3naqea14e.

0,5 H _taBneaa14 na Bxoae B annapar -- 6,0 ata. B CTattrtoHapHOM pem14Me HpOBO;artn14HaMepemte _IaBne-

Floc_on_Ky na npa_rH_e cepoBo_opo_t, nocryna_otttn_ H14,, pacxo;aa, raaoBoro aHanHaa no Ka_RoMy Ha rexHo-

B rLrlaa-.,.OXHM14qecK14_peaKTop, coaepmrrr npHMecHoe xon14- nor14qec_Hx noro_oB.

qecrao _tByOK14C14yrnepo_ta, ra_e no_aepra_ome_ca paano- COCTaB "KHCnOrO" raaa Ha Bxo_e B 6nO_ paaueneH14a

_eaH_o C o6paaoBarmeM B KaqeCTBe Hpouy_TOB _14cnopo_ta cneaymttm_:

O_HCH yrnepoaa, onpezlenanac_ Benaqrma 14HaHBnayan_- H2 S- 50,3; CO2 - 44,4; CI-I4 - 0,6; N2 -4,7%.

HO_t raaonpoH14ttaeMocT14 aTHX KOMHOHeHTOB_FIH anHapa- KoatteHrpatmn N2 MeHanacb B xoae aKcnepHMeHra Or

Ta, o6naaa_omero HaanyqttmMH xapa_repHcrH_aMn, KOTO- 0,4 _10 7,6 06.%. 1-lonyqeHo o6oratueHne no CO2 _ ocraroq-

• = 1,1 - 1,16; 1-IH = 0,34; lI N = HOM noro_e _to 51,1 o6.%, oSeaHeHHe no H2S cocraBrtno

=Paa0,09c°craanana_0,11; I-Ico1-lcO_= 0,14; l-IHe = 0,27 _(HMa/q.M2.aTM).* ;ao 33,3 06.%. TaK14M o6paaoM, _oaqbqbmJ_eHr paaaenea14a

Pa6orb_ npoBomtuHC_ Ha peanbao_ raaoBo_ CMeCH aliaS/CO ' = 1,72 Hp14 _oaqbqbmtaeare _Ienea14a noro_a
na rtnotua_e Opea6yprc_oro FI-I3. Ha p14c. 1 no_aaaHa 0 = 0,9. _apaMerpb_ npottecca Hp14aTOM cocTaBnanH:

npHHtt14nHa.ubHan cxeMa 6noRa paaaenenHa 14 ero CBH3H HpOH3BO_IT_/I/_HOCT/_ IlO BXO/]_tlOMy

nOrOXy ................... 180 -- 200 Ma/ti

H_ S aaBnerme B aa_yyMHOMrpa_re ...... 0,45 ata

[ aaBnemte HaBcace l<oMnpeccopa ..... 1,0 - 1,2 aTa

i

4 5 1. aa_nerme HaBXO/Iea MeM6paHHI,II_

H_S 1 naBnerme rrpoHnmuero FIOTOHa...... 1,5 ata
_aBnerme oera_o_noro noroKa ....... 6,7 ata

IS _anee no;a_Hranca paap_;a B rtnaaMorpoHe 14 ocytttecrB-
nanacb peaKtm_ paano_eH14a H2S H CO2 B rtnaaMe CBq-

Pnc. 1. IlpHHtmnnam,naa cxeMa nnaaMOXnMa_ecKo_l MeMSpanHO_ paapa;aa.

ycTanOB_a: 1 - 6nok paanogenaa cepoaoaopona (nnaaMoXrIMa- COCTaB raaoBo_i CMeC14B O/1HOM143pe;_d4MOB cneaym-
qecxnlt pea_Top); 2 - 6no_ cepoxoa_eHcatmn . cepoo_Hcrx.; taHiTi:
3 - 6no_ MeMSpanHoro paaaenemta; 4 - aa_yyMH_lt Hacoc; 5 --

KoMnpeccop H2S - 34,9; CO2 - 36,8; CO - ll,8; CHa -

c 6no_aM_t _tna3MOX_M14qec_oro pa3no_eHri3a H 6noKa 0,2; N2 -4,4; H2 - 11,4%; p = 7,7 ata.

cepoKoaaeHcatl_14. Ha nepBOM arane 3KcnepHMeHTOB B
_aqecrBe 14CXOaHOFI raaoBo_ CMeC14,nocrynamme_ na nnaa- B atOM peg14Me nocne oztao_ cryne__g MeM6panHoro

MOTpOH, HB.rlILFICH "KHCIIblI¥' Faa nocne aMHHOBO_ OqHCTKH. 6noKa nonyqeHo o6orameH14e no BOaOpO;ay B oCTaTO'mOM

l_Ien_ aKcnepHMenTa 14apaay c riccrleaoBaHHeM aenpe- rlOrOKe AO 29,6%• Ko:_qbqbmlHeHr ;aene14an noToKa CocraB-

pbm14oro pe_14Ma pa6OTS_ rtnaaMorpona 14npottecca _OH_te14- nan Hp14 atOM 0,6 -- 0,8. TeMneparypa raaoBo_ CM_Cn Ma

catty14 cepb_ -- onpeaenar_ pacxoaH_le 14 raaopaaaen14ren_- BXO_teB 6no_ paaaenen14a paBHa.nacb 25° C.

Hb_e xapaKTep14cr14K_ MeM6paH14oro 6noKa Ha BOaOpOaO- Pe3yJ_bTaTb! OaHOFO 143 3KcHep14MeHTOB nO 14ccneaoBa-
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ltH}O ra3opaB_e/lllTe/IbHbIX xapaKTep_tCTHK annapara IIOKa- B KaqecTBe j1OIIOJIHHTeJ'IbHOFO 3Kcr[epHMeHTa rlpOBO-

3aHbl Ha p14c. 2. Plcxo/IHan ra30Baa CMeCb Ha rIJ]a3MOTpOH: _HJIOCb Hccne/IOBaHHe pa3_cneHHa yrneBOjIOpOLtHblX KOMIIO-

112 S - 56,2';;; CO: - 43,0. Fa3bl - npo_tyKTbl n,rla3Mo- HeHTOB cepoBoJlopo_tcojlep_amero npHpo/iHoro ra3a. IIprt-

XHMItqecKoro pa3:lon<enHa H2S 14 CO2:CH4 - 0,2%; BeJleM _taaHble OaHOrO ria pe>KHMOB pa3ae.rIearla np14poa-
CO2 - 36,8; CO - 11,8; H2 - 11,4= H2 S - 34,9; N2 - Horo rana B Ta6nrttte.

4,8. TaK14M o6paaoM 3KcneprtMeHTanbHO noKaaaHo, YTO

npOHnttaeMOCTb HHjIIIBH/lyaJ'IbHblX Fa3OB BoapacTaeT B nocne-

aoBarenbHOCrrt N2 - CI-I4 - C2H6. a KO3dp_rUmeHTpa3-
5_)

aeaemta CocTaBrtn olCH4/C_H6 = 1,55.
CneztoBaTenbHO, npeacraBaeHnb_e n aaHHOft pa6oTe

4() pe3yJ'[bTaTbl nOaBOnalOT Ha nX OCHOBe BblIIOJ'IHHTb paapa6oT-

Ky cxeMmqX pemeHaft 6nOKOB paajxenerma /a.na npOMb_m-

t:_ Yle14HbIX IIpOHaBOjICTB, KpoMe roro, OT_e.rlbHble Bap14aHTbl

3¢) KOHCTpyKtI,14_I 3KCrlepllMeHTa.rl bH bl X ra30 pa3RennTe.rlbll blX
I"

annapaToB nocfle jIopa6oTK14 MOFyTyn<e B HaCTOatueeBpe-_J

MR HCHOIIb3OBaTbCa J],IIll ocHalUeHlla OT_eflbHblX cTyrleHelYl,
PHC. 2. Pa3/leneHr_e ao/lo-

20 O/ "" poaocepHrtCTOrO ra3a Ha B TOM qHCIIe ra3opa3/lenHTenbHbIX _IIOKOB ILrIa3MOXHM14-

aKCrlepHMeHTaJIbHOManna- qeCKHX MeM6paHHbIX ycI'aHOBOK.paTe c MeM6parloll J[ecTo-

I0 crtn c 1-12S (t3), I-I_ + CO+ CnllCOK nHTepaTypb]

+ N_ (A), [12 (*)

........ 1. Bane6aHOB A.B., )K14BOrOBB.K., PycanoB B._., FIoTan-

_ 0,1 I),2 ¢{,3(1',4_1,50,6 0,7 O,8(I,9 1,0 KrtH B.B., (l)prtaMa14A.A. 14ap. YcraHoBKa MOtUHOCTb_O

0 50 KBT nO ILrla3MOX14MI4qeCKOMy nepeaeny cepoBo/-topoa-

co_tepmatmtx raaoB Ha Jlporo6blYCKOM Heqbrenepepa-

3KcnepaMenraabHble_annble no paaaenemtm CMeeHCH 4 -- C_H, - N a 6aTblBalOLUeM 3aBoRe. -- BART. Cep. ATOMHO-BO_I.OpOR-

nOTOKH Ha_ aaeprerrma rt rexaonoraa, 1987, BbIl'I. 2, c. 57 - 58.
llapaMerpb_ pa_jlenenH_ 2. l-lnar3 H.A., _yprapba14 C.F. Ce_leKrl, tBttO-rlpoa14LtaeMble

BXOmlOfl [ OCTaTOqrtbIfl [ npOHIdKttlafl r[onriMepbi rl raaopaa/lenaTenbHhle MeM6paHbl. -- B KH.:
Te3. JloKn. IV Bcecolo3. KOHdp. IlO MeM6paHHblM MeTO-

p, ata 6,0 4,75 1,45
(;.ur_3/_ 78,04 62,9 15,14 /IaM paa_enerma cMece_. - M., 1987, r. 2, c. 1 - 13.

Ct)H,' _; 89,9 89,8 90,3
C_ H 6' % 4,1 3,6 5,6 Bonpocb_ aroMuo_t nayKrt u rexnuKu.

CN, % 5,9 6,5 4,6 Cep. J;l_teprtan TexI-IHKarl TeXHonorna,
1989, Bbm. 2, C. 38 - 40.

BblBOP MATEPHAJ-IA _JI_I H3BJIEqEHHI:I H: B IIJIA3MOXHMHqECKOM

H ATOMHO-gHEPFETHqECKOM _HKJ-IAX IIO,rIYqEHHI] 9HEPFOHOCHTEJIEI71

A.B. MaTBeeB, M.H. TynbcKafi

B HaCToat_tee BpeMa LHrlpOKO pa3BHBa_OTCa TaKrle ttmpOKO pacnpocTpaamoTca MeM6paHHble MeTO_tb_ pa3_te-

HepcHeKTHBHh_e MeTOLI,bl noJIyqeHrla BO/J,opoI2a, KaK rLna3Mo- .rleHI4/4 [I, 2]. 3ro o6ycnoB.rlerlo TeM, qTo rauopa3Ztemirenb-
XHMrlqecKoe pa3non:em_e cepoBojlopo/la ra cepoBo/1opo/1- Hble MeM6paHb_ He rpe6ymr pereHepaLu414,He 3arp_t31t_OT

coaepa<ameM npHpom_OM ra3e Ha cepy a Boaopo_t a KOH- o_pyxamtuy_o cpeay. Flpotteccb_ pa3nenermn c nOMOmbrO
Bepc14R npHpoftHOrO ra3a. 1-Ip14 aTOM _tanbHefiLuee yBeJ-Irlqe- MeM6paH TeXHO/tOrl4qecKri npocTb_ H J_erKo aBTOMaT14314-

H14e 3qb(13eKTIIBHOCT14 3THX CIIOCO6OB TCCHO CBa3aHO C pa3. pyeMb_. Han60nee nepcI'/eKTHBHblM aBJlalOTCa nO.rlHMepllble

pa6OTKO_i 3KOIIOMHqeCKHX CtlOCO6OB Bb_eIIeHHa BOjIOpO- MeM6paHbl, TaK KaK OHH HMe_OT HaHJ]yqttlee coqeTaH14e

_a 143 ra30BOfl CMeCH l-[OC.rle rI,rta3MOX14MaqecKOrO peaKTopa, ce6eCTOHMOCTH H ra30pa3/le,qHTe/IbHb_X xapaKTep14CTHK.

a TaK_e CoBepLUeHCTBOBaH14eM npottecca MeM6paHllOrO IIpH CO3jIaHHII CoBpeMeHHb_X IIOnrlMepHbIX MeM6paH

BbllleneHH_¢epOBOROpoI1aH3 tlpHpoflnOl'O rana. /Inn raaopaajlenenHa Bce 60nee aKTyaJlbHbIM CTaHOBHTCa

B nocne_tHee apeMa Hapaay c TpaJ_HLIJ4OHHblM14 Mero- nporHoaHpoaaHrle paa_ten14TenbHb_X CBOflCTB nOnHMepa /J,rla

_taM14 paaZtcneH14a raaoa (aScop6tuiefi 14 per_raqbrlKatmefi) _ariHOfi cMeca, rag nag ypoBeab 14ccneaoBamtfi no co3/_la-
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1-11410KOMnOagtI3tOHHMX rlOJ114MepHblX MarepHa.rlOB nOaBO- CO3/laHHll MeM6paHbl C 60nee nponnKat-ottmMrt raaaMri

nner c03_a.eaTb IIOrtHMepbI C 3aaIaHHbIMH CBO_CrBaMH, qTO CO2, H2S, CO, Na, CI-I4 neoSxoagMO ncnonbaoBarb Br:dtO-

noaaonaer Bec_t tteneHanpan_leHamfi rlO14CK Marep14a.na Konpo_taBoagrenbHme MeM6paHm C He60nSlmtMa Benrttm.

_ria paaaene_m,t KOHKpeTHOfi raaoBofi CMeC14. HaMg MOLiyIla ynpyrocrH H 6OIIblIIHM napaMerpoM pacrBo.

IIpH reopeTHqeCKOM onHcaHmt rlpOH14IIaeMOCTg raaa pHMOCTri non14Mepa. HpHMepOM MOFyT _yXnTb paangq.

qepe3 ozmopoaHyro, 6ecl<oHe,.myto tmocKyro non14Mepuym Hble Clt.rloKCaHOBble rloJ114Mepbt [10]. ,g.na c03_IaH14a

MeMfpany c IIOMOmbio pemeTOqHO_ Moaeng MO:,I<HOnony- MeM6pam,_ c 60nee rlportHKarottmMg rasaMg H2 rt He He06-

qgTb cneaytomge Bblpa)KeHHR IIJl_ Koaqb_rll.131eHTa rlpOHH- XOB3tMO llCIIOJ'lb3OBaTb rlOIIltMepbI C _OJIbLIIHM MO/IyJIeM

LtaeMocrH g ceyieKrltBHOCrg, IlOJIb3y_tCb MO/le.qblO aK'ntBg- ynpyrocr14 H Ma.FIblM napaMerpoM pacrBoprtMOCrH. HpgMe-

pOBaHHMX CKaq_<OB" poM MOryT c.nyX)tTb pa3.HgqHbie rlOJI14HMH_bI xecTKoro

CTpoeHHfl, HeKoropble _TopOrLrlaCTM, rma3MeHHo rlo/IgMe-
2R:* fir 2(Vr + R3)

..... )2 _ u- );(1) p143oBamtme noKpbmta.
O = t3.R.exp(-_--_,_2 r /4 (6

_ 2 KT 2, FaaoBa_ cMecb H: S(CO2 ) - CH4 (Na). ,Raum, m napm
2I{ 3 2u ornriqalo,ca TeM, qro HMetOT IIORTH OI1HHaKOBble O6"beMbl

°_=exp(--F,:F .... 6n(6rt 6r:)- -K--T-(Vr_ Vr:))" (2) Monereyn,nocmbnoormt,mmLugecaaHeprerw4ecK14enocroau-

HMe. TaK14M ofpaaoM, /.U_a nonyqem_a ceJIeK'I31BHbIXMare.

rue /3 -- KoaqbqbgtmeHr rtponopmtoHa.qbHocrn Mexay noto- p14a.rlOB c 6onbtuofi nponaBomtrenbHocrmo rpefyrorca Mare.

KOM rasa, na_arotm,,_ rla nHe,mrom rLqOCKOCrbMeM6panm pvtaSlbI CBblCOKHMHnapaMerpaMg pacrnopHMocr14 14Ma.rlbIM)t

14 aam-..ctm,..,,, ra:au: R- ItOCI'OHIIIiaHpeHier_<n u MoRea14; MOa.VJlqMH ynpyrocnt. K raK14M nOmtMepaM OTHOCarc_l

6 r = v/(zl Er72R'--zr-f.; Er -- r_1o.'te.r11,911eprrra u:3aH._toaeft- pa3nHtm_,te r_toanqbHKattrig tte:Lrlro:losbi, rmnHHMrta1,L nOJIH-
CTBHH ;IByx l'a3OBblX MO_leKy:1 GC'_ yqe la XHMtltlCCI.<OFO aMI, L/lbl, llOJIHCy.qbCl3OHbl g rleKoropble _,pyrHe.

Baa_tMo_eiicrnua' z_ - t,:o:_l_qbitmteH/, :_at,_:caHUlii or Bitata 3. FaaoBa_ CMeO, HaS - COa. ,/_aH14a.qnapa yHttKa.rlbaa

nOTeHLUta.qa B3a3tMO'leiiC_t_H_. qacrrm; 6rr -- napaMerp TeM, q,O 3tteprgH B3aHMozIeficlB14a lt14MepOB 6ea yqera

pacrBop_tMOCr_t no:ruMcpa: U -- MO;t,v:_b o6_,e_mo/i ynpy- c_trl XgM_qecKofi npgpoztbi np146nga14renbHO paBabl (3Hep-

rocrvt rto:m.,,.tepa: \' _5be.,a l'a3OBOii M,)'ICb_V,rlbl; tlHjteI-(- FHH BO,_qopoLIHOfi CBH3H ofpa3oBaaH;_ 2tHMepa HaS paBua

cm 1 H 2 orHc, calc_t l-,:a,sy:,_ pa_ut, l,',: la:3a,',l. 0,7 KKa.Jl/MOJlb [ 11 ] ), TaK:,Ke np146.rlHagTe.rlbHO pa.BHbl

Kai,: u,:tt_o _2 (1) }t (2), ,a:,mn, le tbopMynt, l xopomo 14 05_,eMm argx MOneKy.ll. II03roMy ztaxe rlpH BblCOKHX

Koppeaitpyror co C.qcLIy*oILHtNIttHaBCCIitblMH2aBHCIIMOCrRM14: 3naqei-u4ax napaMerpa pacrBOpHMOCr14 rioagMepa H IIpH

--?lOrapw, I_,M !.o3_,_)iu._teHia lq)oliltttaeMOCl;t llpflMO BbiCOK14X MO/.tyII_IX ynpyrocrg MeMfpaHbI CeJIeKrHBHOCTb

nponol)_tol_,L'leii Ot3beMV raJol_ofi MOJICKyHbi [3] ; He /locrgraer 6Onbtt_14X BeJ'IItqHH. Bbtxoat Ha _ariHoro NoJIo-

-:_orapt_dp_ ,<o?_b_l_mu_ettra t_pomtttaeMocrlt llp_lMO _CHHR cocrottr, rlO-B)U1HMOMy, B TOM, qTO_bI 14CIIO.'inaoaaTb

HpOI1OpLLtiOHa'lCtt3ileplCIttqeCKO_i itocroa_Hofi J]ettHapAa- B IlOHHMepe rpyHIlbl, ClIOCOfHble o6parHMO XHMHqeCKH

,11xottca [4] (tta,: t-,::i,:ouettb qacxo b r _'- b -. *Or/2) ; Baa14MoaeftcrBoBart, c Oatt)tM )t:3 ra3oB. K TaKHM rpynnaM

-- tiaMeue_m:a r,,toztya,a ynpyrocnt MO140rOaaO game- OTHOCltIClt -- OH, - S -, - O-, oSpaayromrte BO_OpOa-

141tlor KO3tl)qb_lLLtlcltr npomtLtaer,.toclH aattuolo nOJmMepa nym CBtlab C HaS, H- NH-, o6paaymma.a ao140pao-aKtten.

[5] ; ropnym CB_tab c CO2.

--KO3+q_hLUl_,:t llpOltHtl, deMOClti Ot3pdlltO 3aBHCHr OT

-_ V n.'m _b .¢ 6r2 [6,7]; CnHcor¢ nn'repaxypb)ce,,ier,:r14_uocHt ni,, \r, r2 r_
.- BOa._tO:-_,:HOo_.tHoi_pc,',,lemtoe nouslmcrme ceJIeKT14B-

HocrH ;t nt_ommacMocr, :_a cqer cmtx_emtn r,lo_yom ynpy- 1. EX<OBB.K., KymuapeB C.B. - Teopergqe,_,..,.: OCHOBbI

rocrH 14y_e:_mtcHmi lmpa._erpa pac rBoprtMoctH [8]. XHMriqeCKOft Texnonormt, 1986, T. 20, NO 5, _.. 600.

' tla ocHo_amtH t_t,tt_e:tcmimx 3ar,:oHoMepttocrefi ,,u.na Q 2. Belousov I.G., Legasov V.A., Rusanov V.D. - Int. J.

H a (1) u t2) llpoamc,_HpycM _O:_MOa<H_lenyrn yrtyqme- Hydrogen Energy, 1980, vol. 5, p. 1.

HHH raxopa3.rlemi]eOlbm,_x xapaKrcpiicntK IIOI1HMepHbiX 3. KokesR.J., Long F.A. - J. of Amer. Chem. Soc.,

MeM_paH ,LqH 1,20tlb.p,:lltbia_ 1a3Ol3i,iX _.Meceii. 1953, vol. 75, NO24, p. 6142.

1, Faaoaa_ cMecb HaS{CO:, CO, Na, Cth) - H2(He). 4. Te_trlaKOB B.B., /Iyprapbau C.F. - Bmco_oMoneKynap-

jlaHm, xe napbt oi2111tlalOlCtI ICM, til() Otllt ilMClOr 6onbttlym Hble coemtuerma, 1986, r. 28A, NO3, c. 564.

paaHmty s paaMepax Mo:ieKyn (Vp.cO= = 94 CM3/MOJ'lb, 5. Maeda Y., Paul D.R. - .I. of Pol. Sci. (Pol. Ph., ed.),

V p.H_S :-98. V =93 VKp.N =89,5, V = 1987, vol. 25, N°5, p. 957._p. CO " ' : ' r<p.CH_

= 99, VKp. Jt: = 63. V_p. lte = 57,3 [9] ) rt 6o.'ibmVm. pa3ng- 6. Kawakami M. - J. of membrane sci., 1984, vol. I9,

Ily B 3Heprcanucc_,_x nocrommmx (c/I<)co_ = 195,2 K, NO3, p. 249.

(e/K)H=S = 301,1, (c/K)_. = 71,4, t¢/K)cI{ ' = 148, 7. MuruganandamN., KorosW.J., Paul D.R. - J. of Pol.
• "3 "} .,(e/K) H. = 59.7, {e/K) He = I0,,._ [9 I. llptl :)TOM arH pa3- Sci 1987, 1987, vol. 25B, NO9, p. 1999.

HOCTH HMetOr pa3Hhlii '3HaK 1| qaCTHttdO KoMneHcgpylor 8. Ilar. 1705540 (CILIA).

apyr _Ipyra. wro yxy:tmaer Ce.qeKTI.IBHOCrb. llo3roMy '+.Ul.q 9. PmlP., IlpaycH14U_,x<., IIIepByztT. CBOHCrBa ra3oB

)t x<tm.KocreR. -- Jt.: Mtlp, 1982, c. 578.
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10. HaT. 4370150 (CILIA) Bonpocu aTo_moltaay_ a _x_mxa.• Cep.P.JI_ _xmu_ x _xnononm,
11. Karmas HJ'. BBeRemte s Teopmo Me_oneKynapH_x 1989,stm. 2, c. 40 - 42.

eaam_oReficTem_. -- M."HayKa, 1982, c. 65.
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Hz HayqHofi :mTepaTypbI H3BeCTHO, qro B Hacronmee _Iynn ROOqHCTKH npHpORHOrO ra3a H RaHH cre pacqeTHMe

BpeMs npoMbm_eHHOCrb BbmycKae_ YO-HCTO_HKH C xapaKrepHCTHKH Ha OCHOBaHHHcne_lymulHx XCXO_LX
HHTeHCmSHOCTbm, npe_ocxo_mefi yKa3aHmbifi, H c XO3_- _aHH],IX"

0mmeHTOM npeoSpazoBaHHn, _ocvHramm_M 30 -- 40% RmmaBom_,

(HanpnMep, pTyrm,xe naMm,_ BbXCOKOrO_IaBneHH_,_efrre- Y¢-H3ayqem_ ........ h ~2000A

pHemae, KCeHOHO_b_e,KpH_OHOBb_enaMr_0. H3BeC_HO Krlj1 H3nyqaTerm ........ , ~ 10%
PaccTomme Me_y H3ny_a-

TaK)Ke, qTO BblnycKalOTCH HzRe_IH_ pa3YiHqHblX reOMeTpH- Ten, MH ............ A L = 2 CM

qeCKHX pa3MepOB H30nTHqeCKHX MaTepHaYlOB C HpoHycKa- _aBnesHeB annapaTe ..... 50 ata
HHeM AO 90% Ha_yqeH_n B )_aHHOM _lalIa3oHe cneKTpa Y_en_a_ 3Hepr_paano-

(HanpHMep, HCKyCCTBeHHH_[ canOHp, -:BapLtenoe czeKno _Kem_ cepoBoRopoRa .... qy_ = 4,48 KBT._JMs npr

_HnaKF - 1). Cne_IoBaTen_HO,cymecTBy_O_H_Onb_Tco3_la- G= 0,25 Mon,/3B
Y_Iem_ pacxo_I _ne_crpo-

HHn YO-HCTOqHHKOB, Ma/IHtIHe HeO6XORHMblX OHTHqeCKHX
3Hffp_HH_ nepepa6oT_H

MaTepHa_OB, a TaK_Ke HaHIH pacqeTHbIe OReHKa HCTOqHHKa 1 HM_ 1_3a (KBT.q/HMS) "

c pa6o_mM BelIIeCTBOM Ha OCHOBe ceneHa, noaa a pryra HCXOZ_aa cMecr_ ...... CH( + 2%HAS (0,9);

noKaabma_or, qro YlI)-HeTOqHHKH C HeofxoRrlMblMH xapaK- CH, + 0,5% HaS (0,23)

TepHCTnKaMH TeXHrlqecKH OCyl-UeCTBHMH. l<OHe_asl CMeer_ ...... CH_ + 0,01% H_S (0,9) ;

Cneaymumfi _a_xfi Bonpoc npH co3RaHttH MoRynn -- CH, + 0,01% H_S (0,23)

3O_eK_tBHOCTb ncnonb3osaHna YO-a3nyqeHHrt gUn _4CCO- Pacqerbx noKa3bISalOr, 1170 npn KO3_lllIilenTe ncnoas-

KHaI_H cepoBo_topoRa. HaMH paccMarpnBa.qHCr, paanHq- 3OBaHnn aneKrp_ecKofi aHeprrm, paBHOM 20%, aam_fi
H_,]e KOHCTpyKTHBRble CXeMb! Mo Ry$I_I 14 paccqrrrbiBanHcb MORyIIb no yRenbHOMy pacxo_y _neKrpo3Heprmt _a

Ha 3BM nx TexmtqecKae xapaKTeprtcra_a, KOTOpb_e noKa- _ootmcTxa raaoB c co/Iep_armeM cepoBo_opo/la OKOnO

ahma_r, trro KoaOqbml_enr HCnOnb3oBa_mJ_ Hanyqemta 1% HBIIIIeTCll 3KOHOMHqeCKH Renecoo6paam,_.

_ocrHraer 100%, T.e. OStttrt_ KILn npottecca nepepaSon<a TaKo_t MOaym, npoHzBO_rensHocrbm 1000nMS/q

eepoBb_topo_ta cocTa_nner oKono 20%. B pac_erabxx otteH- ameer _aMeTp "_ 1 M, _nHh'y "_ 1,5 -- 2 M.

Kax paecMa_prmana rax_e KOHCrpyKTrmable CXeMH MoRy- TaKaM o6pa3oM, MeTO_ npHMermM _nn rny6oKofi

nn, 'COBMemeHHOrO C ycTpofiCTBOM cepOKOHReHcattaH a _OOtmCrXn rana. llpa _TOM o_na_aer HeO6XORIIMOCT_ HpH-

cepoy_Ianermn H_ annapa_a, Korop_e, Ha Ham BarnnR, cy- MeHeHH_XHMHqecKHxpeareHTOB,cymecz_eHHO yapomaer-
mecT_em_o ynyqmamrrexHonor_qecgym CxeMy /1OOtmCTKH. Cn TeXHonornaecKa_ cxeMa, yMeH_maercn MeTa/I_OeMKOe_

Ha pnc. 3 CxeMarHqeCKHnoxa3aH earth H3 BapaaHrOB MO- H 3Kcr_yaratmOHm,_epacxo_L

% "" CnHcoK nuTepaTypl, l

I ='--" CH,• ,.

aL [

[ 1.Low-cost membrane process handles EQR assiated
--=-- gas stream. - Oil gas Jour., 1986, vol. 84, No 1, p. 70.

[ I 2.HaT.404886 (CILIA).

! [ 3. HaT. 743547 (CILIA).

- i

c..s Cep. P_ep_a_ _ex_a a _era_onor_,

1989, B_an. 2, c. 42 - 43.

PHc. 3. HpHHLt_nHan_Haa cxeMa annapaTa RooqHcT_H np_po_Horo
ra_a or cepono_opo_ta

Bbl_F_JIEHHE "KHCSIblX" KOMHOHEHTOB

H3 CEPOBO_IOPO_CO_EP_AIREFO IIPHPO_IHOFO FA3A
HA MEMBPAHHblX AIIIIAPATAX BOYIOKOHHOFO THIIA

M._. KpOTOB, A.H. I'IapoBHqHHKOB, B.B. HrmqyK,
B._. PycaHora, A.B. Coxono_

HpHMeHeH_e MeM6paHHOIT! T.eXHOYIOrrlH grin nOKOMnO- na c ceneKTHBHOCTnMH nopnaKa HecKonbKHX ReCnl_OB

He;tTHOrO pa_enerma npHpog_-IbtX, B TOM t[HCHe cepoBoRO- 3nepro3aTpaTbI onpe_tenmorcn KoMnpHMHpOBaI_eM peIl_lp-

poneonepa<attmx raaoB, npe_craBnaeTca OCO6eHnOtteneco- KynatI_OHHb_XnOTOKOB14npeaefpe>gaMO MaHM. B ttenoM

06pa3HblM Ha-na BbICOKO_! 3Heprernqecxofi 3_eKTHBHOCTH. npottecc raaopaa_tenenrv_ 6yReT ocymecrnnwrbcn aa eqeT
B npeRenbHOMenyqae npn Ha.rlHqHHMeM6paHHOrOMaTepria- cpa6a_bmam4n nnacronoro aaBnermn nprtpo/moro ra_a.
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rlpoMe_y'rotmbtlvt 3TanOMB pea.aaaatma 3TOrOnpottecca Ha xo;aa 3aBI4CHMOCI_!BIt_O, qTO _agrop paa;aene-
aanaerca MeM6paltltoe Bbi_eneHae rpynrmI "KaenbIx" Hrm He Hrpaer cymecraermoR point B npottecce o6orame-

raaon Hacocrana npapoaHoro raaa. nHa C02 npa 3HaqeHrm ¢X_Os/CH' _ 50 -- 60. TamtM

Ilo oUeHKaM _HpMbI _lay K3Mm<aa (CILIA) [1] no o6paaoM, 3raM ;aaanaaoaoM senammy 3dpdpeKTapaa;aeae.

cpanaemim c rpa_m_rtoaaor rexHonorHer OYHCrKHnpapo_- naa _,rl_l peaIlbHO cymecrnymttmx nOmiMepabLXMeM6patt:

noro raaa or "'KHCnbSX"KOMnOHeHTOB(HMeerca B BH_y 1. rpaarrroa (a_Oa/CH ' = 5) -- xopomo OCBOeH-

CO2) norpe6nerme 3Hepraa crm_aerca Ha 30%, a Kamrrans- naa XnMaqecxo_t npoMbittmermocrbm nOnOBOnOXOaaan

Hbxe aarparbI Ha MeM6pamiym raaopaa;aemarembHym ycra- MeM6pana [3].

HOBKyn naa paaa MeHbme,qeM _rla ycraHonza M3A-otmcr- 2. rlomlcynb_oH (a_O_/CH, = 15), Ha 6aae zoroporo
KH tor xe npoaasOaHZenbHOCra (Ro 85 700 M3/q II, 1 Cblpbm). "Moacanro" peanHaosana pa_ MeMfparlHMX orl:blrrio-rlpo-

Anropbi pa6OTbl [2], cpasrmn aarpar_l na any:,:cryneHqa- r_mmtnennblx ycranonoK [4] (6mtaKyIo cemeKraSHOCrb
TbIfi MeM6paHrmir npottecc c a6cop6tmOHHbIM _arano- HMeeT atteTameanmnoaa, na6oparopHb_e Hcrmlram_a KOrO-
aaMI_IOBblM (_13A), IIonyqnmt' a peaym, rare, aTo c ynenn- pot HaqarblBCCCP [5]).

YeHHeMKOHtteHTpmataCO: B HCXO_OM raae coorHome- 3.IlepcneKraBHb_e MeMfpanbl, ofna_awttaie

Hne croaMocra aarpar, OCO6eHHO 3gcrmyaratmoHrmlx, a_:O2/CH, "_ 50 (HanpnMep, nomiati_pcym, Oon [6],
peago yaemH_mBaerca s nonbay MeM6panHoro npouecca - nomirmtrtm_le KOMnoamalormb,e MeM6parmi [7]).

apa OqnCTKe25%-HOrO no CO2 raaa cooTHotuerme aarpar XapaKrepm, ie MaKCHManbHO_tocra>K_le KOHtteHTpa-
panHo 5"1 (a6eopfmu_." MeM6parlHoepaa_eneHHe), arm CO: n npoHnKmeM noroKe OT cTeneHH rtaBneqerma

Ilem, _;auHor pafoTbI -- aaanna nonyqennb_x peaynb- _,qa yKaaarlm, Xx n nyHKTe 1 - 3 MeM6paH noKaaarlbl Ha

TaTOB aKCiiepHMeHTa.qbHOroTpa6oTKH B ormlrno-npoMblm- pHC.2.
IIeHI_blX yCIIOBH_tX rlpottecca MeM6paltHOFO BbI_@$1eHHJI

H:S a CO: c TOqKH 3pemta ab_pa6oTgH peKoMertaau;nr 80 3
ann o_opMneHrta Texaonoran. 70

_]_qa 6OnbtUriaCTBaraaoKoaaeHcaTablx Mecropo>K_eHnr
(rKM) CCCP xapagrepao oTcyrcrarie, na6o miagoe co_tep- _ 60O

ramie "gnCnblX" gOMnOHeUTOn (CO:, gag npanrmo, ;ao 0_50
1,5 o6.%, Hz S - _to 2 06.%)*). +_

O_anago ceraac naqrmaeTca npoegrnposarme FKM _ 40

c co_tepxarmeM CO2 - 1 06.% H orcyrcraHeM cne_tos Hz S. 3o --

IIpoBeaeM pacqerablr aHamt3 o_Hocrynertqaroro npottec- _ , , , , , _,
ca paa_teneHHa a KBa3rl6rIHapHOMnpn6Yta>KeHmi_,qa Cocra- 0 10 20 30 40 50 60 7'0 8'0 9'0

Ba acxo/iHor raaoaor CMeCI,I CO2 -- CI-I4 (10 - 90%) aroro nCO_, %

rI_vl. PHC.2. 3aBHCHIVlOCTI,KOHttenTpattHH CO; B nponnl<IneM HOTOKe
* =

PacqeTHaR 3aBHCHMOCTb KOHIJ.CHTpaKHH CO2 B HpO- oT CTeHeHHH3BIIetleHH_I: 1 -- rpaaHTOH (p = 16 aTM, aCOa/CH _

rm_me_ IIOTOKe OT HReaYlbHOrO KO3_HII_IfiHTa pa_;aene- = 5) ; 2 - IlOJ1HCyJl1,t_On(p = 50 aTM, _Oa/CH, = 15) ; 3 - noaH-

Hrta _O,/CH, npH nepena_e _a'_nerma Ha rHIIOTeTHqec- _eHH.rleHOKCKII_, o6pa6oraHH_le HBr (p = 50aTM, a_Oa/CH_ =
KOri MeM0parle Ap = 1,5 MIla _t_a qbrlKCHpOBaHRblX 3Haqe- =50). IdcxoRHaa KOHReHTpatI_I_ICCO _ = 10%

HHH KOHRerlrpal_a CCO 2 <_ 5 06.% a creneaH a3aneqerma

r/CO_ = 50% noKaaaHaHa pnc. 1. KOHtteHzpmai_ CO: n OCTaTOtmOMnOTOKerm>_e4 06.%
Oaeprerriqeczn ;aonycrnMoe co;aep>KamleCO: a ToaapHo_

80
raae [1]) peamiayeTca _a 0_ >1 0,3; 0,12; 0,08 (pnc. 3).70

o 60 __ HpH aTOM cTeneHb H31_neqerma MeTarla 771 _< 0,75;
50 _ 0,925; 0,975 (pHC.4).

+_ 40 _ TaKrlM oOpaaoM, npottecc 6qHCTI<HnprIpo_tHoro raaa
30
20 c co_ep:>KaHrleMCO: 10o6_% KOCTaTOqHOaqbdpeKTltBHO
10 peammyeTca Ha O_tHOcrynertqaTorcxeMe 6e3 petmKna Hay_e

........ 90" _)0 10 20 30 40 50 60 70 80 1 0 cytuecTBymtttrLXS Hacwoatuee BpeMJ_nOmtMepHblXMeMSpa-

a_D_/CH ' flax.

PHc.1. 3anHcmaocT_xonttenTpattrtHCO_ B rtpoHmo.ueM noToxe Cne_ycr OTMeTHTb, qTO npnMeHem4e _eaKoMnpeccop-

OT ceneKTrmnoc'rHa_,O:/CH4 Hcxo_aa raaona_ CMeCb- HOr CXeMblnpocToro KacK_a I<OHtteHTpHpoBaRH_TpyJ:l_lO-
CO a - CH4 (10 - 90%), _aaneHne nHTaHaa -- 16 aTM, r/CO _ HpOHHKaIoILIMX KOMI1OHeHTOB IIO3BOIIHT 3aMeTHO yYlyqlm4Tb

= 50%;.C_H 4 = 95% = const ra3opa3_teJmTenbHblexapaKTepHCTHKH[8].
BbILUey_<eOTMeqaJ'lOCb, qTO B peaJ'lH3OBaHHbIX HpOMbILLI-

*) HcgmoqeHHe COCTaBrL_e'rAc'rpaxaHcRoe KM-HaS-21-25%; JleaHo IIpotteccax paccMazprmaeTc_ nepepa60rI<a cbIpba,
COa-14-19,1%. He coaepa<aLuero IIprtMecHH:S. B TO xe speMa H3aeCTHO,
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80,05
b

0,03 Ii .: ,_I
O,Ol I

, , I, I, , , , I,
0 0,02 0,06 0,10 0,14 0,18 0,22 0,26 0,31/ Pac. 5. rlpHHllHrlHaJlbltait CXeMa npoBelleittta 3KCIlepttMCItTOB:| --

0 ToBapHbIflra3 (p = 4,8 - 5,5 Mlqa) ; 2 --K.C;tblt_ra3 (p = 0,095 Mllal ;

Pac. 3. 3aBHCHMOCTbKOHtteHTpattHHCO: B OCTaTOqHOMnOTOl<e 3, 4, 5, 6 - c6poc lta qbaKem.HytoJIHHHIO;7 -- BXOatlOhI1OTOI<l'a3OBO[t

OTKo3_dp.ttrtenTa aenerma nOTOKa'hp. p = 16 aTM, a_O2/CH 4 = CMeC.; MB -MeM6paHHbt_ 6nok
=5 0<pnHaa 1); 50, 15 (2); 50,50 (3) LUH_t otn4tUeHHbfft ToaapHbIfi ra3 (1) no::t H36blrOtn_blM

zlaBnermeM 4,8 -- 5,5 Ml-la, Harpeaaacb B Termoo6,,,_emmKe

1,00 "-._,_. ao reMnepaTypbl 40 - 50° C c ttenb_O l_e,_tonymeHHa o6pa-
__-._._. 3OBal-Illlt r14RpaTOB [12], pe_tyttrlpoBancn _'to aaB.-IeHtta

n,95 __4_ 3,4 - 4,0Ml-la 14 nocTynan B 9_<eKTop. ,[Ia_lee ycra_ioBKa
pa6oTana B Te,_emle 1 - 2 q c 6afinacl_b_M c6pocoM To_ap-

-T _ HOFO raaa qepe3 BeHTHJIb Ha JI14HI4143 B (19aKCJlbnym .qH-

:="0,90 i H14IO5 /MIR BblRBIIeI-IHltCTa6rUlbHOrO TeMneparypHoro pe*)_-

, Ma pa6OTbl 3*eKTOpa, npH 3TOM _2aB_eHHe nocne 3_eKTO-
0,85 pa noz_ttep*uBanocb Ha ypoBHe 0,5 Ml-Ia, a aaBnemte B

KaMepe 9geKrapyeMoro raaa - HH_<earMoc_epHoro.

0,80 IIocne BblXORa yCTaHOBK14 ua yCTOfttlttBblft pem_M

pa6orb_ no nnHnn 2 no/laBaJ]ca "'KHC_bIfi'" ra3, _aB.qeH_e

0,75 1"----'-[" ---- KOTOporo COCTaBJlaJio 0,095MIla. KOHTpOJIb 3a BI,IXO;IOM

I , I , I, yCraHOBK14 Ha ycroftttrmbfft pe_ltM ra3opaa!teJ_cH14n ocy-
0 0,10 0,20 0,30 tUeCTB_m_C_ nyreN ortepaT14BHOrO npoBe/.temta aHaytH3a ra3a

0
nocne cMemeHrta B 3:_eK_ope. Ha prtc. 6 nOKa3aHb_ napaMe'rpb_

Pnc. 4. 3aHncnMoc.r_ cTenenH naHneqeHna _eTa, a or Koadpdpnurten-

Ta aeneHaa no'roKa. O6o3HaqeHnl_ "re_<e,qTOrt Haprtc. 3 O_HOFO 143 xapaKTepHbtX pe_14MOB 9_eKT14poBalBlfl "'KIlC-
yloro" ra3a B TOBapHblfl.

nro MeM6paab_ noa_oamor Bbgaenarb O/XHoupeMeHHo

yrneKrtcnbfft ra3 14cepo_oaopozt 143 c_ecri c yrnenoaopoz- CH_.__._ 1 "'_ ___

+ ('O :Ii ('11_HblMH KOMrlOIteHTaMH. B 3TOM npottecce Heo6xo/IHMa TOH- .S +

Ka.,q _OOqHCTKa yrIIeBO_OpOZtHblX KOMIIOHeHTOBOT OCTaT- . _ _ 3'MeTOaaM14, Hanp14Mep, qborox14Mn'qecKoft _nccott14att14e_ Hz S

[9] . 2 . H_ S + COa d : d, d
Ilep_aa 3apy6e_14aa 3Kct_ep14MeHra.m,aaa pa6ora no

MeM6paHHOMy BbUleYle14ttlOCO2 14 HaS I43 cepoBoaopoR- Pnc. 6. l-lapaMe'rpm pe_<m_a 3_eKtntH "KHc:mro" ra3a t_ romq_m,_lt

coaep:_atuero r_p14po/1Horp ra3a Ha nOnOBO_OKOH.HOfi npr/ d = 5,6 MM; dx = 4,3, d: = 2,(1:1 - ('tl 4 (87.0";), N. (5,5) ;

aCrlMMeTp14qHOfi atte_arttennmnoaHoft MeM6pane ony6nri- 2 - H_S (60,0%), COa (34,0), I-!:O (3,8); 3 - ('114 (83,5"). II,S

Ko_a14a _ 1986 r. [10]. (4,3), CO_ (3,6), N_ (4,7). C_ll, (3,9)

B /laHHOfi pa66Te 143no_<e14u_ pesynbTarb_ 14Cnb_Tam4a rlpe_BapHTeJ_bHO 14ccJ_eRoBaJ_acb rasopau:teJ_txenbn_

3KCrleptlMeHTaJlbHbIX llOJIOBOJlOKOHHblXra3opa3_eI114TeIIbHblX xapaKTepHcT14Ka OT/leJIbHO/i cryneH14, COCrOntLteii _3 :Ua.VX

annaparoB Ha 6a3e BOJIOKHa "FpaB14"ron", xopomo OCBOeH- napanJ_enbHO coeB.14HeHHb_XMCM6paHHb_X annaparoa. ,I[aB-

HOM oreqecrBertHOfi X14M14qeCKOflrtpo_buUneHnOCrb_O [11]. nemie Ha _xoae B cvyne_b 7 (c_. pitt. 5) r_o.rt;tep:,m_a-

I-IpHHtU4rt14a_bHafl cxeMa rtpoBeReH14fl 3Kcnep14MeHTOB J1OCb nOCTOflH14b_M-- 0,5 Mlla, :_a_3J_em_eHpoHHKU_CrO i_olo-

npeacraBneHa _a p14c. 5. B KaqeCTBe 14CXO_HOfi cnygrma Ka 4 COOTBeTCTBOBaJ10;laBJ_eH14m B _l)aKe.'_bHOii Jltltlit|l 5

14CKyCCTBeHHa.a ra30Ba,q CMeCb, nonyqaeMa.q c_<aT14eM rt rt COCTaBJaa._O 0,015 Mlla. H3MeHeHtle BeJltlqtltlbl Ko3qbqbll-

CMetUeHHeM "KriCJaOrO" r,q3a noc:_e aM14HOBOfl oqI4CTK14 ttrleHTa aenem_a nOTOKa (or.otuem_e pacxo;ta IIpOHHKI/ICrO

3a cqeT ero 3>KeKT14pOBaH14_K ToBapHOMy ra3y. Ilocrynam- noroKa K BXO/1HOMy) rlpO14Cxo&ltJlO 3a CtiCT H3.MeHeHila
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;aaBIIeHHff B OCTaTOqHOM noroKe npn _HKCHpOBaHHblX 3aBHCHMOCTefi /XrlR H2 S H CO2, npe_;cxaB.qeHabIfi Ha pnc. 8,

;aaBneHm4 Ha BXO;ae B annapax a B npOHHKtUeMnoroKe. CBrlReTenbCTByeT, qTO ffpOHHRaeMOCTb 3THX KOMnOHeHTOB

BpeMn BbIXO;aa KOHReHxpaImom_bIX xapaKrepacraK Ha ra3a B CMeCa c yrneBo;aopo;aaMH _nn nOnHMepHoro BOnOK-

cxallHonapabfft pe>KHM pa3aenemtn npn rlaMeHeHHrl KO3_- Ha 'TpaBIcroa" npaMepHo ORHHaKOBa, npoarlIlaeMOCTb

(_)HII_I4eHTa;aeneHH_ IIOTOKa COCTaBIIKIIO 0,5 q. OCTaYlbHbIX KOMHOHeHTOB BoapacTana B nocne;aoBaTenb-

3aBHCHMOCTb KOHReHTp_ KOMHOHeHTOB raaoBofl HOCrrl N2 - C2H6 - CH4. l-lprl3TOM Ko3cl}(IDHIH4eHTpaa-

CMeCH ocraro_n_oronozoKa or KO3_rm_enra ;aenermn ;aenermn aCH4/C2H+ = 1,1-1,3.
noroKa npe_cTasneaa Ha pHC.7. BH;aHO,qxo, riaMenaa cooT- _],qn OnbIZHO-npOMbltttneHHOrO BHenpermn MeM6paH-

eo_ rexaonoraH B raaoBylo H nedpzeXnMnqecKym npOMblm-

neHHOCTb Ba>KHOe 3HaqeHHe HMeeT HccneROBaHHe yCTOfi-

871 C_ YHBOCm nonHMepHbm H KOHCTpyKRHOHHbIX MaTepHanOB

86 Ha Koppo3rtoHnym H XmMHqecKyIO CTOfiKOCTb B cpe;ae, co-

85 _lep>Kame_ cepoBo_lopoa, ;aByOKHCb yrnepo_ta, BblCOKO-

85L/" yrnepo/:trtCl'ble coe;aHaeHHa, napbI BORbI, ABTOpaMH rlpo-

_. 8_ BeReHbl npe_Baprrrenbable Konzponbnble acnbizarma anna-paroB nocnepa6ozb_B cpe;ae,co;aep_<ame__to5o6.% H2S,

?. _ _'-,,_2S+CO2 306.% Calla, C+H.o, Cs H,2 , 4o6.% H20 npn _taBne-
5_ HHH 0,5 MIIa B IIpOTOtlHOMpe>KHMeB TeqeHHe 36 4. Bo3-

4 _HaS MO_<HOe HaMeHeHHe xapaKzepacraK annapazoB onpe_e-

3 fiR/lOeb IlO OTI<.rlOHeHHIO OT CTa6HIIbHOCTH paaaennrenbnbxx

2 xapaKrepacz, z BO3;ayxa npa _HKCHpOBaHHbIXnapaMer-

1 ...... _ pax paa_tenenHn rt He npeBblmano 3 --5% OTHOCHTeIIbHO' KOHrpOnbHbIX 3Haqerm_ (pHC.9). B Haczoamee BpeM_
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

0 npoRon)KaioTcR RonroBpeMeHHble pecypcHbIe HClIbITaHH_I.

PHc. 7. 3aBHCrtMOCTb KOHReHTpaRHHCH4, H 2S H CO 2 s OCTaTOtlHOM

HOTOKe OT KO3_CI)HIIHeHTaReYleHKaIIOTOKa 20_ I_C.9. KOHTpOYlbHbleHCnblTaHllrlanna-
paTOB: o -- 10 annapaToB; [] - RBa

HOIIIeHHe IIpOHHHH.IeFO H BXO_IHOFO IIOTOKOB, y;aa0TcH B annapaTa; _ - O_YlaCTI_BO3MO)KHI_IX
onpeRenermo_ cTenerm perynHpoBaTb KOHReHTpalBIlO xapaKTepHCTHKBcex annapaToB

+'KHCIIbIX" KOMIIOHeHTOB B OqHIIIOHHOM OT HHX Fa3e. HanpH-

Mep, ynenH_man KO3qb_HIBIeHT _;eneHH_l IIOTOKa OT 0 1 =

= 0,259;ao 04 = 0,729CyMMapnoe co_tep_amm H2 S + CO_
crm>_aercn c 7,9 ;ao 0,5 o6.%, r.e. B 16 pa3, 3TOMyCOOTBeT-

_O"10
CTBOBaYlO HaMeHeHHe pacxo;aa ra3a no OCTaTOtBIOMy noroKy

c 33,4 ao 5,96 M a/q, _N.
3aBrlCHMOCTbKOHReHTpaUHHH_ Srt CO_ B IIpOHHKUleM

noro_e OT Ko3qbqbmmeHTa_eneaHn noroKa npe;acra_ae-

Ha Ha prtc. 8. BrL_HO, qTO "KHCIIbIg" KOMIIOHOHTbI KOH_OHT- ! |

0 0,5 1,0
pHpy_orcn B rlpOHHKttleM noroKe, npaqeM HX CyMMapHoe 0

co;aep_anne B oraea_nbtx pegHMaX (HanpHMep, npH 01 =
= 0,269) _ocmraao 13,4 06.%. BH_KOrlReHrpalBlOHl_iX Pe3ynbTarbl, nony_enHbie Ha ra3opa3_edlHTenbHbIX

annaparax c BOHOKOHHblMH3YleMeHTalVlH "FpaBHTOH",

84 f _ IIO3BO_alOT IlpeRCTaBHTb OCHOBHbIe 3aKOHOMepHOCTH rlpoRec-

83 o- ca Bb_enem4n H2S H CO2 a3 cepoBo_aopoaco_tep_amero

82 npHpo_IHoro ra3a -- CHH)KeHHe KOHReHTpalIMH 3TaX KOMHO-

_.81 aearoBnpoH3omno B 15 --20 pa3.l-[panepexo;aeMa 6onee

_o 80) CH, ceneI<THBHMe nonHMepHbIe MeM6paHbl 3TOT pe3ynbTaT

+d "X H,S _

71 C_j* Mo>KeT. 6bITb cymecTBeHHO ynyqmeH.
IIpoBe_enabm HccneaoBanHn IIO3BOHRIIH oTpa6oraTb

!_0' MeTORHKy npoBeReaa_ 3KcnepHMeHTOB B qaCTH BbIBO;aa

yCTaHOBKH Ha 3aRaHH_fi pe_rlM no COCTaBy HCXORHOfi

, , , , , , , , ra3oBo_ CMeCHrt perynHpyeMb_M napaMezpaM npottecca
,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 "

o paa;aenettan: reMneparype, RaB.rleHHm H pacxoz;y ra3OBblX

IIOTOKOB, oTpa6oraTb MeTORHKy KOIIHqeCTBeHHOFO XpOMaTO-

PHc. 8. 3aBHCHMOCTI,KOHReHTpalII4HCH+, H_S H CO_ S npoHrmmeM rpa_a ecKoro ra30Boro aaa$iI_3a KOMIIOHeHTOB npHpo;a-

noToKe OT _o_qbmmeHTa _eneHHg nOTOKa HOrOra3a (H_S, CO_, CH4, C_H6, C3 Hs), a TaK_<enocTa-
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TEXHOSIOFHqECKHE HPOBYIEMbl HCHO.rlbBOBAHHfl BO_IOPO_A
H _PYFHX HE_JIEKTPHqECKHX DHEPFOHOCHTEJIElYl

B IIPOMblIU.I-IEHHblX HPOIIECCAX H HA IIPAKTHKE
II I II I

TEOPETHqECKHE H 3KCIIEPHMEHTA3"[bHblE HCCJIE_OBAHHfl
CFOPAHHfl BO_OPO_A B ,!IH3EJIE

A.FI. Ky_Ipnm, B.H. MapaxoBcKHfi, A.A. Kafi_anoB

Hprr opramt3atmH pa6oqero npottecca_rtaenbHoro Bn cTa6rmHaatmrtnpotteccaBocrtnaMeHemi_norpe6o-

z_Hrarena, Hcnonbaymmero Bo_lopoa ra KaqecTBe Tortmt- Banocb onlq4MH3HpoBaTbCOOTHOtUeHI4_IMerRy cneRymtttriMrt

Ba, BO3mtKaeT par TpyaHocrefi, CBnaaHRb[XC Bbl6OpOM napaMerpaMrl: _eM_eparypo_ cBeqa, rmornocrbm aapnRa

cnoco6a cMeceo6pa3oBarma n BocnnaMeHerma so_topoRa, n npeztKaMepe, HanpasnermeM pacnbmnBammrxx orBepcrrifi

C_,rtramte BOflOpo_ta a RHae/IbHOMamtrarene 3arpy_HeHO _opCyHKH, pacHo:]o)Kem4eM cBetnt B KaMepe n qacrorofi
ria-Ra ero BblCOKOfi TeMHepa_ypb_ caMoBocrtnaMeHerma. Bpattlenrta RBHraTe3aa.

B CBlt3H C 3THM ]Mlit o6ecneqerm_ yCTOHqHBoFo npottecca [la HOMttHa.rlbHOi_ MOIIIHOCTH _mHraTena qepe3 HeKOTO-

cropanna aoaopo_a npnMeaamT pa3_Htmb_e cnoco6b_ 3a_rt. poe RpeMa nocne aanycKa Bcne_tCTBHe caMopaaorpeBa

raHrta Or nocropoaam_ HCTOq_HKOB:OT cBeqa HaKannaa- caetm ao 950 -- 1000°C aneKrpormTamta cseqrt Ha norpe-
HHJI, cBeqri 3a_<nraana mali c IIOMOlllblO3an_bnofi ROab_ 6OBaJ'lOCb. 3Tor npotlecc aaroMaTrlqecKri perym_poBanCa

yrneBo_topoz3aoro )zvtm<oro TormaBa. c nOMOtUbmcnettna_baoro ycrpoficrBa.

Ho_aqy aoaopoRa a z2Hrarenb ocymecranamT paanHq- _]¢la Ka)KRoro rtccneRosaHaoro pe)KnMa OIITHMa.rlbHbI_I

HbXMr_cnoco6aMH: npn sHetUHeM cMeceoSpa3oBaHnn-- yron onepe_<cmtano_laqnsoRopoRa naxom4nc_s ROr_Onb-

so snycKHofiKonnel<rops noroK So3Ryxartnrtnok snycK- Ho y3KOM maana3or_e(or2 Ro 3° mK.B) rino Mepe oSeR-

HOfi KnanaH n npH BHyrpemmM cMeceoSpa3oBaHnn-- Herma CMeC_ yaennqrmanc_tor 13,5°n.K.S.RO BMT rla

HeIIocpeRcrBeHHO B ttl4arlHRp _nrarcna B naqane ann KOH- HOMHHanbHOH MOttlHocrrt -- AO 21 ° N.K.B. H AO MBT Ha

Re raKra c_<aTna. Bce CHOCO6b_aHemHero cMeceoSpaaoaa- pe_<nMe xonocroro xoRa, qro cooraercrayer naqany cropa-

Hrta He o6ecne_amT yCTOfiqnaO_ pa6orb[ Z3_rtrarena _ HUn B _l_ana3one 2 -- 9° n._.B AOMBT. KprrreprieM onrn.
IllnpOKOM mtana3oHe c_ 6ea HpHMeHemtn raKax cnetmanb- Ma.qbHOCTrtyrna Haqa_a noRaqH BoRopoRa cny)zrtna cTa-

HbtX Meponpnnrrlfi, KaK pettrtpKynattria orpa6oxaBttmx 5rtnriaattrtn qacTorb_ Bpaulerma, oTcyTcrBHe CTyKOB npri

raaoa, anpb_cK ao_ rt Rpyrr_x. Ml41-n4Ma.rlbHOM3Haqemm reMncparypb_ orpa6oraattmx
Hccneaoaarma abmonaamtcb na ORHOIIIInI4HRpOBOM, taros.

qerb_pexraKrHOM artxpeKaMepaoM, 6eaHaRynnoM Z_taene Heo6xo_lnMO OTMerHrb,UrO aO Bcex npo6ax orpa6oraB-
c BO_,_II-I/alMox_a)KReRHeM. ]UriX ra3oB Ha Bcex pe)_nMax BoRopoR oTcyTcTBOBa2I, tlTO

j],qn KormepTattrtrt RBnraTena Ha BO_IOpOR,Hayqem4a CBr_Rere3]bcTBye7o IIOYlHOMerocroparmn.

pa6oqero npouecca, or[peRenermn a_¢oHoMrtqecKrtx_ _orccn- PeaynbTaTb_ nccne_toaarmfi npnaeRem,_ na pnc. 1 - 3,

qeCKHX no_aaarenefi 5bma paapaSorana cncreMa Kananb- rrc CILrlOIHHO_I nHHYlekl noKaaaH BoRopoR, ttlTpnxoBofl --

noro 3a_nranna n rorm_mma armaparypa z.qa noRa_ RriaenbHOeronariBO.
raaoo6paaaoro aoRopoRa nok RaanenneM Ao 10,0 MHa Xapa_Tepnaa oco6enaocrb aoRopoRHoro paSoqero npo.

a tmnnnRp nsnrarena a Korme raKTa c)_aTrta, ttecca -- npaKrnqecKH lterlaMenna_t )KeCrKOCrbdP/d_0 rio
Iio ycnoaaaM ycTo_,maoro aocrmaMeaemta ao_opoRa Harpyaoqaofi xapaKrepncraKe (CM. pnc. 1, 2). B ro apeMa

neo6xoz_lMO o6ecne_mrb reMnepaTypy cneqn 900 -- 1000°C. KaK npn pa6ore Ha >mtarCOM_ommae _<ecrKoc.xb npoRecca
Hpottecc _oppoarm c_eqH yc_<opnncn Kara.rlHrriqecKrlM c yMeHbmeHriCMHarpyaKH Boapacraer.

noaRe_craaeM _oRopoRa. Cne_;ymtucfi oco6enHOCrbm npoaecca croparma aanaer-

Xopotuym CTa6PUIbHOCTb B paSoTe n ]lOYlrOBeqHocrb Cn 3HattrtTenbHoe OTIIHqHe B xapazrepe KpHBblX 7eILrIOBMRe-

no_a3ana cseaa c noKpb_eM n3 _tByoKncn ttl4pKom4a. _em4a, 3anncamee or Unznosofi noRa_ (CM.pnc. 3).
ORHaKO H3-3a HH3KO_I TertnonpoBoRHOCTrt I/OKpblTH_Inorpe- _kHaJlH3 xapaKTepHcrm< TennosblReneHrta noKaaan, qTO

6oa_ocb aaom4rb orparmqermano cKopocTH ee Harpeaa BcJ_e_tcrancSb_CO_HXreMneparyp(800 --850°K) n Raa-

npri nycKe Ranravena. nemiii (4 MI]a) _ KOHRe c>_arnn CKOpOClrbXnMHtleCKItX
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2100 0,9

2000 0,8
1900
1800 0,7

5N7 0,6_ 1700 _ 0,5/ 0, 1600 >_

1500 0,41. //,._////XOa_. xo/X
1400 0,3_ /////_I"0,5 N. _ _-_

Xon. 1300 _h_ 0,2 [ ////___....le 1'0 N¢
1200 0,1

1100 0
1000 -10 0 10 20 30 40 50 60

Xon. xoa 9( 0

6,o6o o,o k/5,0 1,0 Ne 700 0,06 Xon. xo__
600 s_0,05 0,5 Ne

0,4 40 _ 500 "_ 0,04 AV _ 1,0 Ne0,03

/0,02

d. 2,0 20 _ 0,01 _._.
0_

1,0 -10 0 10 20 30 40 50 60
BMT0 _o,rpa_.

-70-60-50-40-30-20-12 0 10 20 30 40 50 60 70 lh_c. 3
_o,rpa_.

Pnc. 1 KaMepbl, CKOpOCTb TennoBbx_enemm B mtnaP, zIpe dX/d_o

B aaB14C14MOCraoT pe_a_Ma pa6orbx _tocraraer Mal<CrtMyMa

_ y>Ke _epea 2 - 4° n.Kn. or Ha.aria cropamta, xora ztona
"_dp/l_ HCIIOYlb3OBaHHO_reIIylorbI X i K aTOMy MOMeHW HeBeJ114Ka"_ 0,15 -------..

= "-'--'------ _ 14 cocraBnaer 0,08 - 0,14. ORHaKO HeCMOrpR Ha BbIOOKylO--- _ .___
0,10

s_ _ CKOpOCrb pacnpocrpaHerma RnaMeHa, npn MaIIBIX1.15tKIIOBBIX4,0
a no_taqax npoaecc croparma _aOBOnbao 3ar_lHy'r H cocraB/I_er

3,0
400 2,0 n 71 ° n.K,S, aa xonocroM xo_Lv, rio Mepe pocra tmKnoao_

1,0 no_am_ Kprmaa dX[d_o npao6peraer 6onee nonora_ xapaK-
350 tg300 /_" rep 14 Ha 14eftnoaBnaerca BropofiMaKC14MyM. 3tor _aKr

o 250 30 _ npe;_.uono>Knrenbno o61,acttaerc_ 14aMeaeltrteM saa14MHoro

"_ 200 25 _ pacnono_erma aOH C pa3lIHqHbIMrl KO3_HR14e14TaM14 H36blr-

150 / 20 Ka BoaRyxa _.

100 _-- Bropo_ MaKC14MyM CKOpOCTH pacnono_Kea qepe3

/ 450 34 -- 26 ° II.K.B, or aaqana croparma, a _tonn 14cnon_aoBaa-

"_ 500 \ / 400 _ HOWlrellIiOrbl K 3rOMy MOMeHry cocraan_er 0,52 -- 0,64.

450 350 = IIpoRon_ren_14ocr_ cropamta Ha aOMrmaabno_ MOmHOCTH
_- 400 / gb 300 O_
_o 350 / 250 Z yMea_maerca _o 40 ° n.K_, _ona 14cnon_ao_anaoR rertnOTbi

200 ynenmtrtBaerca Zto 0,9.
300 _ _,rla cpaBHeHHH 3aMeTHM, qro apa pa6ore Ha _taenb-

.... 5,0 _ HOM rorm14Be (aoM14aaa_rm_ pe_M) nep14o_t cropaa14a
Pmax "_

4,0 _ xora 14pacraayr, no cpaBaertmo c BoRopo_oM (64 ° n.K_B),
0 0,25 ' 0,50 0,75 1,0

£tOn_lHCHOYlbaOBaHHoHTeILrIOrbICOCTaBH_IeT0,96.
e KaK nOKa3ana rtccne_oBam_ npo_ecca cropamta BO_O-

Pac.2
po_a Ha npoapatn_of_KaMepe c IlOMOUlbIOBblCOKOCKOpOCT-

HOITlK14HOC_gMK14,IlO Mepe ci_t_erma cpe_aero no ttrtrm14_t-
peaKtm_ om_cnemta BO_Opo_ta oqe14b Bb_coKa. l-lnaMa pac- py a Bce 6on_myto pon_ 14rpaer Iloasnerme MaKporyp6y-
npocrpanaeTca or oqara BOCV.uaMeaerma c BblCOKO_t cKo- n14aat_fi nocne aaqana craarm _la_ya14onaoro cropamia.
pOCTMO 14 OXBarbIBaeZ 3oabL r;ae COCTaB ropmqefi cMecr_

3aKoaoMepaocrb aToro npottecca a aacTomtlee speMa
aaxoa14TCa B KoHttearpattaOHrmIX npeaenax, KOrOpb_e aria

14ayaaerca.
BOZ;Opo_ta cocraBna_r 4 - 75 06.%. 1-lo3roMy roperme

Pacqer npoRecca cMeceo6paaoBamt_, oc14o_am_fft Ha
BO_Opo_ta IlOqr140lh_oBpeMeHHO BO BCeM o6_eMe B14xpe-
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TeOpHH Typ6yfleHTHblX cTpyfi, a TaK)Ke nccneRoBarmH Ha Bonpocbl aTOMHO_Hayxx X TeXHHKH.

npoapatmo_ KaMepe IIOKa3aJIH, qTO xapaKTep npoRecca Cep. _laepna_ TeXHHKa n TeXHOnOrHa,

croparmH onpe_tenHeTcH cKopocTblo Ho]_atm BoRopoRa 1989, Bbm. 2, C. 48 -- 50.

B 3OHy ropermH, CBH3aHHO_I HeIIocpeRCTBeHHO C RHKnOBOITI

noaaqefi.

DKCHEPHMEHTAJIbHblE HCCJIE_OBAHHH CTPYKTYPHbIX H XHMHqECKHX H3MEHEHHITI
B HOBEPXHOCTHbIX CJIOflX

HPH OBPABOTKE HJIEHOqHbIX HOJIHMEPHbIX MATEPHA.rIOB HJIA3MOIYl

FA3OBOFO PA3PII_A

A.E. Ap6aTCKHfi, A.I(. BaKap, M.M. Fopenosa, E.F. I(pameHHHHHI<OB,

B.I0. J-IeBHH, B.jX. PycaHOB

IIpH BO3ReI_'ICTBHH Ha rIOBepXHOCTb nonrIMepnoro MaTe- CneKTp neo6pa6OTaHHOrOCl-IJ'[ COOTBeTCTByeTCneKTpy

pnana norm3npylomero n3nyqerm_, HOTOKOB BO36y)lO_en- qacToro nonen_mernncnnoKcaaa 07j]_C)" Cls = 285,0,

HblX aTOMOB n MOIIeKyJI, Y¢l)-nanyqeHnn B cTpyKwype n O ls = 532,6, Si2p = 102,5 aB [2], IlpnqeM coaep>KaHne
XHMn_ecKax CBOfiCTBaXMaTepHana noBepxHocm HpoHcxo- aneMeHTOB xopomo cornacyercH co CTeXHOMeTpHqeCKnM

RaT naMeHemiH, npnBo_ttme, KaK npaBnnO, K yMeHbme- (50 aT.% yrnepoRa, 25 aT.% KHcnopoRa, 25 aT.% KpeMHHH).
mllo ra3onpoHmtaeMocTH n yBenHqeimlo ceneKrnBHOCrn DTOO61,HcRaeTCHTeM, qro B crtnoxcarico_ep?xatttnx 6noK-

nneHoq_oro Marepnana. 3rOT 3dpdpel<TMo_er 6bITb ncnonb- cononnMepax, y KoropbxX noBepxnocrHaa 3HeprnH BTOpOro

3OBaH npn Co3RaHnHaCHMMeTpntn_m MeM6paH li,ria pa3_te- 6noKa MeHbme.neM y IIcKMC, nOBepXHOCTrmXficnofi cyme-
neHnH ra3oB. OaHa HB OCHOBHbIX3a_taq nlo6oro rana o6pa- CTBeHHOo6orameH CH/IOKCaHOBOFI HOMHOHeHTOfi.

6OTKH rIOBepXHOCTH- co3RaHHe TOHKOrO BbICOKOCe/IeK- B o6pa3Rax, o6pa6oTaHrmIX rilla3Mo_l, nHHHn CIs,

TnBHOrO cnoH Ha nOBepXHOCTH MeM6parmI, o6nagalomero Ols, Si2p COCTOnT HB HeCKOnbKnX KOMIIOHeHT, OTBeqalo-

BblCOKOFI npOHmlaeMocTblo HO O/a_IOMy Ha ra30B-neneT- tRHX pa3flnqHblM XHMHtleCKHM COCTOHHHHM aTOMOB, KpO-

paaToB. Me TOFO, Hponcx0g_tT CylHeCTBeHHble H3MeHeHnH B COCTaBe

B pa6oTe 3KclIepHMeHTa.rlbHO HCCfleROBaHbI cTpyKTy- HOBepXHOCTH/_IX CnOeB o6pa3ROB (Ta6lI. 1).

pa n xnMHqecKnfi COCTaBB noBepXHOCTHOMcnoe 6noKa Tafnatta I
coHoanMepa (CIIJI) nonHRnMernncrmoKcaHa (200 Beco-

BbtX e/tamm) H nonnMemacnnceKBnOKcaHa (5 BeCOBbIX ATOMnart

e_nrmR) npn o6pa6orKe noBepxHocTn no/IrlMepHo_ ri.rlelt- toMep BpeMa KOHtteaTpatuta, % ,SiO,Si
pa3pHRa. O6pa6OTKa noBepXHOCTHHCXORH_moSpa3ROB I I I

CI'IJ'I rtna3Mo_ nprmoanr K cymecrBeHHOMy yMenbmeHnlo 1 0 52 23 25 0,0 2,08 0,92

nx ra3onpoHnRaeMocTn no TH>KenbIM ra3aM-neHeTpaHTaM, 2 5 35 38 26 0,1 1,36 1,48
3 20 36 39 27 0,3 1,33 1,45

aanpHMep: CH4, N2, 02, CO2, HzS, B TO BpeMn KaK npo- 4 80 30 42 28 0,4 1,07 1,50
rmRaeMocTb no nerxnM ra3aM, HanpHMepH2, He H3MeH_eT- 5 320 30 42 29 0,3 1,03 1,43
en He3HatmrenbHO.Pa3nnqne CKOpOCrefia3MeHermH ra3o- 6 1280 22 47 31 0,4 0,70 1,58
npoHrtRaeMocTn npHBO_T K 3HaqrrrenI,HOMy noBbimemilo
ceneKTrmHocm o6pa3t_OB npn Bb:Renemm renHH n BO_tO-

po_tan3 ra3oB_xx cMecefi, l-locsle 5 c o6pafoTKn rtna3Mo_ B 3HHnrl Cls no_Bnmor-

IIoBepXHOCT_ rmeHoK HCXO_U,_X n o6pa6oTaHrmX cA B_XCOKO3HeprerHqecKneKOMnOHeHT_X(pnc. 1). HpH
nnaaMo_ 06paattOB nccneRoBanncb MeTOROMpeHTreHOB- Ran_He_me_ 06pa6oTKe npo_nn_ nHrmn yrnepoRa nOqTn

CKOFI _OTO311eKTpOHHOITI crIeKTpOCKOrIHH Ha npn6ope He H3MemieTC_I. J'IHHHH CIs o6pa6OTaHHblX ri.ria3Moi_l o6pa3-

XSAM-800 ("KpaToc"). 3Heprng xapaKTepncTntleCKOI_ ROB (2 -- 6) xopomo ormcbmaercrt cynepno3HRHefi KOMHO-

JlnHlqn a/IeMeHTa (MgK), ncrlo_IbayeMoro B KaqecTBe HeHTC 3HeprnaMn E = 285,0 286,6,288,8,289,5 3B, KOTO-
aHoRa peaTreHoBcxoro H3nyqermg, cocraBnmaa 1253,6 3B, pb_e MO_<HO OTHeCrn K rpynnaM - CH3, - CO -,
a ttmpnHa nnmiH -- 0,73B [1]. Ofpa3ttbX nOMemanncs -O-C-O-H-C(-O3) [3].

B KaMepy c ocxaxoqm,_M RaBnemieM 10Topp. KoppeKtmg Haae>xHoe pa3no_Kerme nHmin Ols Ha KOMnOHeHTb:

noR3apH_Kn ofpa3ROB npoBog3tnacb no nnHrm Cls = He npe_cTaBnHeTcft BO3MO_KHblM H3-3a roro, qXOHa nHHnlo

= 285,0 3B. 3a BpeMa C_,eMKHOXtHOrOcneKrpa n3MeHemia Kncnopoga, CBH3aHHoro C KpeMHHeM, HaKna_xBaerca

B noBepXHOCTHOM cnoe Maxepnana 6bran HeaHatIHTe/IbH_IMH, nHImH KncnopoRa Ha OKHCneHHO_ MeTH/IbHOfi rpyrmbI

tITO IIO3BOflff.rIO HepBOHaqa/IbHbI_ CIIeKTp CqMTaTb OTBeqalo- c 6$1n3Ko_I 3Heprnefi CBH3H. Ha6nIo_aeMoe cMetReHne IIHHHI4

II!HM HCXO/_IOMy COCTOHHHIO 06pa3Ra. Ols B _OIIbIIIHe 3HeprHH CBH3H KaqecTBeHHO noRTBep)_RaeT
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O6pa6oTKa C1-I3-I rlila3Mo_! HprtBO/.t14T I< yttmpeHHm

nHHHH Si2p (p14c. 2) rt cMememtIO ee MaNCI,IMyMa B 6Onb-

tllHe 3Heprriri CB_I3H. Ha6.qIo_aeMbIe ri3MeHeHl,l_ CB)/aaH:bI

C rlO_B$1eH14eM B YlHtBIH Si2p KOMHOHeHT, OTBeqa)ottl14X

rpynnaM (CHAT2 - 51(-O) 3 14 Si(-O)4. HaaeCTHO,

qTo 3aMettteHHe O_HOrO yrnepo_Horo pa_qKa._a Ha KHCnO-

pOD npHBO_a14T K cIa,a14ry MaKC14MyMa SmH1414Ha 0,7 3B H

Hp14Mepno etue Ha CTOYlbKO)Ke -- rtpH 3aMel.UeHrlH BTOpOfi

MeTHIIbHO_I rpynnb_. KaK ml_HO 143 p14c. 2, la peaym, wawe

o6pa6orI<:H pe3Ko yMeHr_tuae'rca HHTeHcHrmOCTb HrtKa rpyrI-

_1 Hbl (CH3) 2 - Si(-O) 2 H IlOnB/lntOTC_I KOMrlOHeHTbI,COOTBeTcTBymmHe rpynHaM (CH3) - Si (- O) 3 14Si (-O)4.

_2 C yBen14qeH14eM npeMeH14 o6pa6oTK14 npOHCXORnT pocr
HHTeHCHBHOCm KOMnOHeHTt,I rpynHt, i Si(- OTa rt yMeHb-

memie HHTeH214BHOCTHKOMnOHeHT (CH3)2 - Si(- 0)2

_4 H (CHAT - Si (- O) HOKOMHOHeHTHbffl aHaJq143 nHHrlfi
3'

• CytaecTBeHHO OTMeTI4Tb, qTO nonBnerme rpynn

i............... (CHAT - Si(-O)3 14 Si(- O)4 B o6paauax, o6pa6oxaH-! i

290 285 HblX ILrla3MO_l, conpoBo_Raerca 3HaqYlTeYlbHblM Haaen14eM

3aepraa CBaaH,aB q14c_a Me174IIbHblX rpynH a pacqeTe Ha O_3MHaTOM KpeMHl4g

(CM. ra6n. 1). 3TO RaeT ocHoBamte nonaraTb, qTO o6pa6oT-

Pnc. 1. Jlanax Cls PO3-cneKxpOB ncxoaHoro (Kpaaaa 1) H o6pa- Ka CHJ'I rl_aaMo_ COrlpOBO>K/laewca He TOJJbKO OKHCYleHHeM
6OraHm,IX (KpHsbIe 2, 4, 6) o6pa3ttOB C nMny_meno_ MOUl/JOCXbtO

MeTHnbHBIX rpyHn, HO H ofpa3oBaHHeM Me_ttenHblX CHJIOK-2 KBr, ann'rermaocrbm aMnym,ca 2MC a BpeMeneM o6pa6orKa
GaHOBblX CB_3e_I. B 3TOM MO>KHO xaK>Ke y6e&Hrbcn, npoaHa-2-ro o6paaua - 5 c, 4-ro - 80, 6-ro - 1280..** - paanogeHae

TIHHHHHal<oMrtoHeltl'l,I,eOOTBeTe'rBylOU.l_erpynrlalvl-CHa, -CO-, H143HpoBaB IIOKOMrlOHeHTHI,Iii CoczaB 711trIttH Cls rl Si2p

- C (- O) _, - C (- O) ) (CM. "ra6n. 2).

3aB14CHMOCTb HYlOTHOCTIi CttlHBOK n c OT BpeMeHH o6pa-
BbnaO}l O XHMHqeCKOM CBH3b_BatLI,II'I _aC.rIOpo,aa llTla3Mb_ 6OTI(H KHC,rlOpO_lHOi,i rLrla3Mo_i MOh_HOotteH14Tb HO COOTHO-

C nOIIllMepOM, tuemam HHteHC14BHOClefiKOMHOHeHTHHHIIHKpeMH14H:

nc=n .(a_/2+ct,),

r_e nsi - rl.aOTHOCTbaTOMO_KpeMrma (aT./CM3) ; a_
a2 -- aTOMrmIe KOmleHrpattHH KpeMmaJ_ B rpyHnax

(CHs) - Si(-O) s n S_(-O)4 COOTBeTcTBeHHO.Hp14
1 3TOM Mlal HCXOJ],HM H3 npea,rtono:_eH.14a,hTO Ka>_;aaa raKaa

rpynna owaenaew 06paaoaamu-o Me>_ttenm, tx cnnoKcaHo_b_x

canae_. HOaTOMy peaynbTaTbt pacqeToB (Ta6n.3) aaa:)'r

nepXHmK) otteHKy KO.rt14qeCTBaCII.ItlBOKB oGpa3ttax.

HaMeHeHHe yrna LteTeKT14ponaHHa qboroaner<:TpOHOa

........ HOaBO.rI_teT 143Mep14Tb r._y6rt14y MO_14qb14_tpoBaHHOrO C3"IOH

06paattoa [1]. AHa.n143 POD-cHeKTpOB, CH.a'rb_x HprI paa-

.I"IHqHblX yr_Iax _eTeKTHpOBaH14a, HoKa3a31) qTO BO Bcex

o6paattax., o6pa6oTam_b_x itrlaaMofi, HoaepxHocTm,_ cnofi

Hon14Mepa He aBnaeTca roMorellHb_M no rny6nHe 14 no

Mepe rtpH6.)m:)_eru4a K HoBepxHoc:nt KOH14qeCTBOClJ./.I.tBOK

aoapacTaer. F.ny614Ha CUmTOrO "cnoa no.r_14Mepa 3aBHC14T

O"1"apeMeim o6pa6oTK14, HO r_ HIOGOM cnyqae He npeab_-
...... , tuaeT 100 A.

106 104 102 100 OTMeT14M, qTO, KaK cne_yeT 143 aHa.ri143a P(/:)D-CneKTpOB

_aepra.aeaaaH,:)B o6paattoa, yMeHbttIeHrle co_ep:_aHria yrslepo_ta B pacqewe

Ha O/3,HH aTOM KpeMHrla IIpOIfCXOLl,14T MOHOTOHHO) B TO BpeM,H
Pac. 2..l'lnnnn Si2p PO3-cneK'rpa rlcxo_anoro (t,:prman 1) a o6pa-

KaK O1HOIIIeHHe KHCJIOpo/_a K KpeMHI410 rlpaKTHqecKH He6oxa_m,_x o6pa3uo_ 0<p_maa 2, 4, 6) ..... pa3no)KeHae na-
Haa na KoMnoneH_, oxsenamtuae rpynnaM (CH_)_ - Si(-O):, MeHneTCa rlocne 5 c o6pa6oT_H (CM. Ta6n. 1). 3TO no3so-
(CH_) - Si(- O)), Si(- O)_ JlaeT 3a_mo_txb, qro Ha aaqa.ql, rmlx cwamtax o6pa6ox_<14
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Ta6nHtta 2 Ta6nHtta 3

3Heprl4a __ax_ % HoMep rlaoTHOC_cU_SOX,
Ten Fpynna o6pa3aa 02IIHHI4_ CB.q3H,3B 1 CM"3

-CH 3 285,0 52 30 28 24 29 16 1 0,0
2 0,12

I
-CO- 286,6 0,0 2,8 3,5 3,0 3,0 3,0 3 0,13

I 4 0,18

I 5 0,21
C ls -OCO- 288,0 0,0 1,4 2,0 1,5 1,5 0,5 6 0,26

I

I
O TaK14M o6paaoM, 3Kcnep14Me14Tanb-
I

-OCO- 290,5 0,0 0,0 1,5 1,5 1,5 3,0 Hb_e14ccneAonann_t nonepxrtocrrt nOaBO-
I mm14 06'becmrrb Mexaml3M rt3MeHemta

(CH3) a-Si(-O) 3 102,5 25 12 9 6 6 5 raaonportrtttaeMocm no/IeMepHmX Me-

Si 2p (eH 3)- Si (-O) 3 103,2 0,0 13 11 11 9 7 M6paH, o6pa6OTaHKblX rtna3Mo_ raaoBo-

Si(-O) 4 104,0 0 2 6 I0 13 18 ro paapaAa.

Cn14cOK n14TepaTypbl

IIpoHCXOAHTKaK 3aMeulelBle MeTH/IbHI,IX rpyrm Ha aTOMbl

xacnopoAa ILrla3MbI, TaK H RX OK14cIIeHl4e. Ha nocneAym- I. AHaIIH3 IIOBepXHOCTH MeTOAaMH O>Ke- H peHTFeHOBCKO_I

IIIHX CTa_J4HX Ae_IcTB14e KHcnopoAa II/laaMbl CBO_tBITC_[B _OTOaneKTpOHHO_I cnexTpOCXOrmH/IIoA peA. _. Bprtrrca

OCHOBHOMK ormermermm MeTHnbH_IX rpynn c o6paaoBa- H M.H. CHxa. -- M.: M14p, 1987.

HHCM CHnOKCaHOBbIX CBaZefl. IIpH 3TOM KoHReh"rpatI14a 2. Clark D.T., Peeling J. - J. Pol. Science, 1976, vol.. 14,

K14cnopoAa B pacqeTe Ha Om414 aTOM KpeMrm_t He 143Me- p. 543- 551.
H_IeTca. 3. Clark D.T., Dllks A. - J. Pol. Science, 1979, vol. 17,

FaaonpOHHttaeMOCTl, MeM6paH rtpaKr14qecKH ocTaeTca p.957-976.

nOCTOrtHHO_B Teqerme nepBbIX 5 C o6pa6orxn H 3natmTenl,-
Bonpochl aTOMHOfluayxa rt TeXHm<H.

HO yMeHbtuaeTca npn nocneAymmefi o6pa6oTKe noBepx- Cep. HnepHaaTeXHHXaaTeXHOnOrrta,
HOCTHMaTepnana anazMoR paapaAa. CneAoBaTenbao HaMe- 1989, Bsm. 2, c. 50- 52.

Her114e raaorlpoHHttaeMocT14 CBaaaHO He C OKHCYleHHeMMe-

Trml,Hb_Xrpyrm, a c no_mneHHeM cturmoK B artHe_HOfi cTpyK-

Type nonHMepa.

OBECHEqEHHE B3PblBOBE3OHACHOCTH KOHTFPOB A_)C IlO BO_OPO_Y

C IIOMOll[bl0 MEMBPAHHOITI TEXHOJ-IOFHH

C.IO. AneKceeB, M.H. Tynbcxrn_

Pa3BHTHe tt CoBepIIICHCTBOBaHI_eaTOM140-BOAOpORHOH cpaBIBIBalOTCil C HpHMepOM OSl,IqHOrO BeHTHJI14poBalOIH

3HepreraK14 B_,X_14raeT B KaqecrBe CaMOCTOaTenl,HOR 14 cnoco6oM npoBb'SK14 a3OTOM. Pemerme aaAa_ yAaneHHa

aKTyanb14o_ npofineMl,I aaAa%' oSecneqemm sapl,mo- soAopoAa 143 KOHTypOB MO_OtO ocymecrB14Tl,, acnonl,aya

5eaonacHocm npoMbmmemu, ix 06_exTon Ha 6aae A3C. MeMSpammI_ raaopaaAeaaTenl,rmI_ 5nOK, B KOTOpOM reHe-

PemeH14e 3TO_ aa_aq14 TpeSyeT pazn14THa 14 SHeApeHHa S pHpyeTca aaOT B,ua npoAyBKl_ KOHTypa KUH ceneKTHBHO

npaxmKy AemeBl,[x TeXHOnOrH_, OKHO_ 143 KOTOpl,IX BI,IBO/IHTCanp14Mecl, H2. PaCCMOTpHMBOaMO_HHe pe_HMb_

a_naeTca MeMSpaHHaa. pa60Tl,[ TaKoro 6noKa. Ha p14c. 1 npeAcTaBneHa npHHtmrman_-

K HacToameMy BpeMeHrl H3necTrmI pa3/i14tmb_e npHMe- 14ast cxeMa 6noKa. MeM6paHHb_R annapaT B AaHHOM 5aoxe

pl,_ npHMeHeHHa nonynpommaeMl,LX nOnHMepm,[x MOMSpaH AOSDKeH 14MeTl, ORHOBpeMeHHO xopomee paaAeneHae no

_a m,meAeH14a np14Meeefi BoAopoAa 14 pa_moaKTHBm,m CMeCHH_ - N_ n no BOZ_yxy, ria KOTOporo MO_HO reHe-

14aOTOrlOB (a SKr, _33 Xe) Hz KOHTypOB 14 eMKOCTe_ A3C papoBaTl, aaoT _mCTOTO_tAO99 06.%.

[1 - 3]. B pa6oTe [4] 3KClIepHMeHTaYli,HO14CCYleAOBaHO TaKHM Tpe6OBaHHaM yAoBnerBopamr MHOrHe 143BeCT-

crmz_erme coAep_Karma H_ 14 _33Xe B RI4pKynmlklOHHOM Hl,le nOnHMeprm_e MeM6parmL Hal_p14Mep, OTeqecTBeHHa_

KOSType C ra30paa_e:i14Te/ll,rmlM amlapaToM Ha OCHOBe MeM6paHa B B14_e IIoIIoro BOYlOKHa"FpaB14TOH" [5]. Cc-

IIOII14MepHoITIMeMSpaHbl IIBTMC. Peaynl,TaTl,] HCC/IeRoBaHI4_I $1eKTHBHOCTb MaTep14ayla aTOll MeM6paHl,l rlo CMeCH H_ -
N_ - 11,8 [6], no Bo3Ayxy -- 5,1 [7].
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qro6m onpe_lenHzb anaqerma I(C0) H I(CH), neo6xo-

13 t5 _IrtMO 3HaTh n3 aKcnepaMeHTa Hnrt 3a_tazh na ocnOBaHrm

4 7-.-9--- _ Mo_enrl ra30/lrtHaMrlKrl MeM6paHHOrO anrtapaza BH_

2 _ cI}yHKIIHH

__ -- r_ae C. - KOHtleH'rpatlHanpnMeCH BO_OpoztaB c6pocHoM
nOTOKeH3MeM6paHHOrO6noKa.

B qaCTHOMcrlyqae, KoTopbIMasnaerca pe)KaMHpoIIyBKH
a3OTOM 6e3 CeheI_THBHOrO BblBO_, 9 HpHMeCH, KomleH_pa-

Urm ee B KonType y6bmaer no 3KClIOh_I-RII4aYlbHOMy 3aKoay

Pnc. 1. CxeMa tt.pKynatmOHHOrOKOHrypa:1 - Boaapar B KOHryp
maeprHororaza; 2 - ttapxynatt.OHHmltKoxryp; 3 -- .e'ro,m.K C q_ = exp(- t), (5)
np.Mecn -o_aopo_aa; 4 - BXO_nonyaeHHoro99%-Horoaaora _ta Co
npo_tyB;<rtKOHTypa;5 -- e6poc o6oratueHHorono O_ Bo3ayxa;
6 - nona,a -o3nyxa B MeM6paHmdfl annapaT;7 - ceneKTrmHMlt r/le C - TeKyma_ KOrttleaTpatlrtH.1-lpr_qeMnpH Ma.rlblXBelIH-
•amBO_anp_tect_ uepe3 MeM6paHHbl_t annapar; 8 - MeMSparmMfl qHHaXCo HCHBepHo _onytuertae:
annapaTaria ceneKTnaHoronanneqemtanpnMecnnonopoaa naKOH-
rypa; 9 - MeM6paHHMfl annapar _IrtareHepaponaHrtaaaoTa_taBO> q = qN + qH _ qN '_ : (6)
ayxa, xcnonb3yeMoro nprt npo/XyBKe KOHXypa

qN: _'qH:

Ha pnc. 2 npeztcTaBnerm pe3ynbrarb_ pacaera 3aB_tCHMOCTri
Hcxo_ na ypaaHertrm Ma_epHanbHoro 6anaHca r_oBmBO- OrHOC.Tem,ao_ KomteHTpamtH (C/C0) or BpeMenH zma

Z_HMOMyKOMnoaeHry (ao_topoz;y), MOmHOnonyttrtr_ Bmpa-
>Kermanaa Konrtqecraa aaora rpe6yeMoro na npo/xyaKy KOH- npo_tyaKH Koarypa a3oroM, reaepHpyeMmM B MeM6paanoM

rypa (pe3epByapa): 6noxe Rnn nocrynamulaM H3 He3aBHCHMOrOHCTOqYU4Ka
H nprt ceneKTHBHOMBbine_emm npHMecrt qepe3 MeM6paH-

I(Co) - I(C.)

= V + _qO (1) 1,0qN_ t -qH_ ' ,1 _

a raK)Ke Bb_pa)KeHrte_rm BpeMerm _locrrt)Kem,m rpe6yeMo_t

o0oot= V II(Co) - I(C.)] (2) D0.5

qN +qH _OqO " _ __--._

3_tecbq --KOnH'_eCrBOaaora(100%)aa.npo_tWKaKOa- _ _--._'----e____
Typa, NI_Ia/q;V -- O67oeMKOnTypa, Ma; qH_ --MOIa- 5
aocr_ aCTO_rmza*) nocryrmerma npgMeCH no;aopozta B

_, qO , ,KOHTyp, lt_a i:i; -- KOIIHqeCTBO CMeCH H3 KOHTypa, nocry- 0 0,5 1,0 1,5
namtue_ Ha O'mCTKyOTnpHMecn BO_Opo_taB MeM6paH_fft t. y

611OK; 0 -- KO3_I411_eHT _eIIeI-ll4_lIIOTOKa, noKa3blBalO- Ptfe.2. 3aBHCHMOCTb ornocrrrenbao_KOHttCHTpattHrlrlprlMCCHBOaO-

tUrIR.KaKall]IO_I_10TBXO_OrO rlOTOKac6pacbmaeTcHr_a podia(C/C0) OTBpeMcHHt_ coornotueazapacxonaa3oTaManpo-

KOHrypa;I(Co)H I(Ca) - 3aa_erm.rtmrerpana aysKyqNaK o6a,eMyKoarypaV.I- 5- .oMepaKpnBmX

Cn Pe_aM1 Pe)m_M2
S dC
Co Oqo = I(Co) - I(CH), (3) qN:/V MaTepnanMeMSpanm

C+ C+ !qH: +qN -'0q° 0,1l lI 5 FpaBHTOH HBTMC

s KOTOpOMCo -- KOrltlerlTpallarl Bo]lopo_a (nprtMeclt),

_aocrHrHyraa B KOHrype. CH -- KOHIIeHTpalI,Hll, Tpe6yeMa_ I 4 5 2 3
HO HopMaM n3pMno6e3onacHocPd, _iOCTHraeMaJ_npn BKmO-
qemtrt MeM6parmoro 6noKa B pe)KHMeceneKrHBHOrOBbmO- rm_ annapa_ 6noKa. HpHMenerme MeM6paHHoro 6noKa

ua npHMecrt o_ BpeMeHl4 "0" $IOBpeMerm aocm_Kerma Cn. B pete ceIIeKTItBHOFOBblBO_a npHMeca Br_xro_tHOnpa
_Vonpe]ienemtoM COOTHOIIIeHHI4 HanpHMep, npH

qN_/v'> 1 (KpHBbIe 5, 4)
•) HCTOqHHKOMMoryT 6t,lTb XHMrlqec_<rte npotteccm pa_Irtom4aa qN_/V < 1 (xpllBble 1, 2). l'IpH qN

BOnb_.nrtrtpoueccm,rttlyttmenprtnepepa6ozKeTB311OB [8]. J]j'l_l TOFO tlTO_bl ]IO6HTbCH _X)Ilblllfi_! cKopoc_ aocrH>ze-
HH_I 3aaaBaeMofi OTaOCrlTenbttOfiKOHllerlTpal.trlrl(C_JC0),
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qeM apa npocrofi npc_yBKe aaoroM, Heo6xo_,IMO HMeTb MeM6paHI-mIM annapaToM. -- B KH." Te3. _OKn. IV

MeM6paHy CO 3Haqel-ra_lMH CeYleKTHBHOCTH 3HaqHTenbHO Bcecom3. KOH_. no MeM6paHl-mIM Mel'o_aM paa_eneHnn

npeBbituammefi 3aaqeHan g,rla rlBTMC H "FpaBHrOH" no cMece_. -- MXTH aM. j].H. MertaeneeBa, 1987, T.3,

cMeca N2 - H2. B raxoM cnyqae 6onee Bbxroaea pe_aM c. 71 -73.

reHepapoRarmn a3ora Ha Boa_yxa a npo_tyBrca HM KOarypa. 5. BaxyHOB B.A., E_OB B.K., CKopmKrma P.rI. Ilonyqenrie

B 5norce BO3MO)KHOHannqne Zmyx MeM6paHa-mIX annaparoB, aaora a3 BOa_tyxa n MeMSpaHHbIX aImaparax aOnOrcOH-

;EteficTBylOtttnX HeaaBaCHMO S HaaBaHrmIX ab_tue pe_rtMax, aoro rana. - TaM _e, c. 67.

BoaMo_en BapaaHT a c O_tHnM annapaToM c _epercn_ye- 6. Bonztapermo A.F., BannOHOB B.A., KocTpora IO.A. Paa_te-

HHeM C OZl_lOrO pe_v,rtMa na _pyrofi. CoqeraHne _tayx cno- aeHne 6rtnapaofi CMeCH aaor--aOaOpOa C nprtMeHeaaeM

CO6OB BbIBe_eHH_t npHMecrl c ricnoylbaOBaHaeM O_IHOrO H nonbIX noflorcOH Ha nonn-4-MeTHflneHTeH.]. - TaM :_e,

roro _e rexHonorHqecrcoro o6opy_toBamtn o6ecneqrmaer c. 54.

raSrcrifi pe_:aM ero paSorbx, qro Oco6eHHO Ba_HO B ycno- 7. KapHqeHXO B.H., J'larBaHOBa B._., KaHraHa H.B. rlpri.

Banx A3C. MeHemte nonrtMepnr, xx Meu6paH B qbopMe nonbxx BOnOrcOH

_Xnn perynnpoBaHaa cocraBa raaoBofi cpeabt. - B rcn.:

C n rl c o K n n T e p a T y p f,I Tea. ZIorca. I Pecny6n. rcoHqb. "MeM6parmi a MeM6paH-

naa rexHonornn". - KHeB: KO BHHHBrlpoercr, 1987,

1. Katcoff S. - Nucl., 1958, vol. 16 (4), p. 78. T. 4, C. 42 -- 44.

2. Blumkin S. - Rev. IPP: K-OA-1622, 1969, p. 1 - 13. 8. XaMrtqecrcaa rexHonoraa o6nyqeHaoro e_epHoro ropm-

3. liar. 3183061 (CILIA). qero/l-loa pe_t. B.B.llleBqeHrcO. --M.: AroMnaaaT, 1971.

4. HHrcOHOB B.H., Hanna_HeB A.A., PblrOB fl.A. Faaopa3- Bonpocbl aTOMHOitHayKHHTeXHHKH.
aeneH_e a ycflOBriSX tl)iprcyYl_ttrlOHHOrO rcoarypa c Cep. _taepHaa TeXHHKaHTexnonorna,

1989, Bbm. 2, C.52 -- 54.

HCHOJ-Ib3OBAHHE BO_OAMMHAqHbIX PACTBOPOB

JlYIH _AJIbHEFO TEHJIOCHAI3)KEHH,q OT A:gC

A.H. CTon_peBcI<H_I, H.II._e_IOTOB, F.[I.BepxnBKep, M.B. MaI<CHMOB, B.H. KpaBqeHXO,

O. lUepHep, B.B. )KmKHH, B.H. l-lcaxs4c,B.M. Type_IK_fi, 10.M.l._laIM6a/I

YBenHq_aamtttnficn aeqbrumr opramtqecrcoro rormHBa K-1070-60/1500-3 rermoBan Harpyarca cocTaBnneT 1400 MBT

B eBponeficrcofi qacm CCCP npe_tonpe_enneT HeoSxomt- nporrm 232 MBr Ha ryp6ane K-1070-60/1500-2.

MOCTb acrloflbaOBaHI4_l aTOMHO_ aHeprart He ronbrco ZLUa Ilepe/xaqy rermoBofi aHepran or A3C rc norpe6arenm

nb_pa6orrca 3neK_poanepraa, ao rt _,ua rertnocHa6_emtn. MO)KHOopramtaoBarb KaK rpa;_4u.riOHrmXM MerOaOM (_yx-

B Hacroatuee BpeMa B eBponeficrcofi qacra CCCP pacnono- Tpy6Haa cacreMa rertnocHa6_ermn), rarc a c noMotm, m

_eHo 14 rcpyrmblX pa6oraromrtx H crpontunxcn A3C. BO;aOaMMaaqm,_xcHcTeMTertnocHa6_emtn (BATT).

Bom, nmHCTBO ria mtx pacnono_eno na paccronmtn B ycTaaoBKax rarcoro rrma y 3HeprortcroqHarca pacrto.

150 -- 200 rcM or KpynHI, IX TennonoTpe6aTenefi. Ha A3C naraercn _tecop6uHoHnoe o6opyaoBamte, nCaBOnamtuee

aMeeTc_I 6om, tuoe KoflaqeCTBO HeacnoIlbayeMo_l mtarco- apa no_tl;Boae ren.rlOTbl BbI/_eIIHTb aMMHarc a3 BO/IOaMMaaq-

noreHuaanbHOfi rertnorb_, rcOTOpym rcarc pa3 a Mo_aoacnom,- HOrO pacTaopa. Y norpe6arena ycTaHaBnHBaercn a6cop6-

3oBarb _rla orortnemta. IJ)IOHHOe oSopy_oBamte, a KOTOpOM B peaym, Tare cMetue-

rlpeunonaraa, q-ro A3C B cocroamta nOKpblTb BClO mt_I aMMaaKa c BO_Ofi Bb_enSeTC_t rertnora, OTBO_HMaH

6a3oBym qaCTb rpaqbm<a rermoBofi Harpy3KH, noYlyql4M cereBofi BO_Ofi. Bo_oaMMaaqHb_e a6cop6ttaOHHbm ycraHoB.

CyMMapHy_O 3KOHOMHIO ycnoBHOrO Ton.rlaBa /_r_£ ropo_oB Ka a3BeCTHr_I C Haqana 20-ro BeKa, O_HaKO npe_,uo_eHna

eBponeficrcofi qacTa CCCP 37,9 MnH T B ro_t. B pacqeTax no rtcnonbaoBarmm ax man _tam,Hero TertnocnaS_ermn

HcnonbaoBan_tcb cBe_emta o rermonorpe6nemta B arax no,Banach cpaBmtrenbHO He_aaHo [5,6]. IIpeaMymecrBo

ropo_tax [1, 2] n o BOaMO)KHblXTertrloqbriKal_OHHl, lX MOrn- aToro cnoco6a 3arcnmqaercn B TOM, qrO 3HeproeMKOCrl,

HOCTaX ryp6aH [3]. BaaoBaa qacrb HarpyaKa noKpsmaeTca BO;aOaUMaaqHoro pacrBopa nprtMepHo B_BOe Bbmte, qeM

npH aTatt =0,56. y BO;tm_. 3ro nprmo_ar rc y;aetue_nemtm Marrtcrpam, H_X
CymecrBymmee o6opyaoBamte A3C B paste cnyqaeB TpySonpoBo_tOB, KOTOpb_e B aHaq_irem, HOfi Mepe onpeae-

He Morner o6ecrteqHrb Heo6xo_Mym rem._oBym Harpyarcy. nnmr 3arparb_ Ha rermocHaSmemte, H rc cmtmemtro 3a_par

O_HaKO ata HarpyaKa Mo_er 6s_rb oSecneqeHa apa pacma- Ha nporcaqKy.

pemm A3C fln6o apa percOHCTpyKl.tHa cytuecraymumx l-lpaH1l_lrllta.rlbHaa cxeMa BoROaMMaatlHO_ yCTaHOBKa

ryp6rtH, nOaBO.rlfllOl.tl_lXnOBblCHTb rennoqbnxa_omm_e or6o- npaBo_n4rcn Ha pac. 1.

pi,, [4]. Tarc, HanpaMep, y rypSam,_ IIO "Typ6oaTOM" jlna noBb_meHan Koa_dpmtne_Ta nepeaaqri TertnOTb_
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PNc.1. HpxatmnMaa_4as cxeMa BoROaMMHa'iHOg yc'raHOBKH.IX.rig 50

TpatlcnopTa TenaoT_: 1, 2 - KMrmTmt_XK; 3, 5 -- KotmeMcaTop;
4,8 - pe¢eHepa'nmm,dlTenlIOO6MeHICliK; 6 -- Hcnapwtem,aMMaaXa, 0 , , , , •
_cnom,ayiouad__nno oKpy_momeg cpe_, 7 - a6cop6ep; 9 - 20 30 40 50 60 ;0

pereHepaTl4BHld_ McnapHTem. l_yT,py6./_

PHC.2. H3MeHeHHeO(_OCHOBaHHoropamwca TelLrlOCHa6_KeHH.qpaz-
OT 3HepFOHCTOqHHKa K rloTpe6HTeJllO ttenecoo6pa3Ho nWmMMH CHCTeMaMH_m, uero TpaHcnopTa TermoBoR 3HeprHH:
HCIIOHb3OBaTbHMemtttaeca y rloTpeSHTeJIHBTOpHqHble3Hep- 1 - So_OaMMttaqHMflTpaHcnOpTTennoT_; 2 -- TpaHJ41DiOHHldI_

ropecypcbL B peaynbTaTe KO3_lCU_eHT nepe_taqH TenHOTbl _USyXTpy6HMflTpascnopT Ten_o_; 3 - eo_OaMMHaql_fl TpascnopT

MO_eT _oc_raTb 90--92%. TennoT_, He .cnoa_aymmHfl 5poconylo TenaoTy y no_pe6wrena

BATT conocTaenmlcs c aJIbTepHaTHBllblMHTpa£uiil_OH-

HbIMH BapHaHTaMH xennocsaS>Kem4A. ConocTaenem4e npo-

BOJ]URYlOCb IIO nptme_eHHMM aaTpaTaM. 3aMblKmomHe 3aTpa- T a6 n H u a 1. CpanmlTeJlbHMe noKamaTen, mcreM TeluIOCHa(5_KeHtlHBATT a Tpa/DIRilOllaOil _eyxTpyfaofl cacTeMMHaTpacce IOYA3C
TM Ha nHKonym, nposan_m/m, 5a3oeym 3neKrpo3Heprmo

aocb [7] 5 pyS./MBT.q, 15, 50 _ 65 py6./TyT c yqeTOM c_c'reMa

nepcneKTiVSHOrOHOBbmleHH_lfr,eH COOTBeTCTBeHHO.
Pacxo_,sHeprouoc_Teaa,M_/q:

B Bapaamre c pafioum,_MU KOTeHbHblMHKaIIHTaJlbl-l:ble no;na - 2C 000
Bno_emm B CaMH Ko_ensm,_e He yq_m, ma_mcb n cnaaH c _mmmfl a_u_maK 6060 -

TeM, qrO CHCTeMaBATT noKpumaeT _OnUKO5aaonym Termo- caa6utt pacmop 4300 -

_ym HarpyaKy H, cae_toBa_enbHO, KoTen_H_[e _on>KH_t 6_T_ Kpen_aft pacrsop 9990 -
B oSeHx CHCTeMax. 3a_paTMMeTannaHamaFopo_t_e Mare- .,

cTpan_Ne. _py6onlmBO_. _c. T 130,6 222,9
PeaynbTaTbl conocTaBnetma 3aBHc_T OTTeILqOBOfi Harpy3- KanaTa_m-_e B/IO_KeHI4_B Mal_cTparll_lHe

KH, paccTomm, Me_¢J_y 3seprotlCTOtmnKOM H noTpe6HTe- _py6onpoao_. _mHpy6. 130 315
neM H CTOHMOCTHablTeCRaeMOrO TOnJIHna. Ha pHC. 2 HpH- KarmTan_HMeB_Io_KeHHJ_no BHyrpHropo,ff,-

BOH_KTCRHHHHH paBllO_l 3KOHOMHqHOCTH(paBHblX 3Haqe- cm4e TennoTpacc_, MnHpyS. 160 90

_t nepeMemto_ qacTH nptme_teHm,lx 3aTpaT) n pa_osm, te K,_na_tnonno_getma n xeMo'repMxqecxoe
KOTeJlbHbleHa ra3OBOM TOIIJIHBeH CHCTeMbl_aJlbHero Tenno- o6opy;nionatme_ nepeKammmoumenon-

c'rammu, Mns pyS. 40 30
cHa6_etm, npH paaTlitqHOM paccToamm 3Heprol4CTOtnlHKa Tenao_m_atmom4aaycTa_on_a, MnapyS. 30 30
oT noTpeSHTen_t H CTOHMOCTHBblTeCH_CMOrO TOllJDIaa. CyMMapmdeKanHTanonno_<em_a,MnHpy6. 360 455

PacqeTbt HpHBe_eHbl _rlfl MaKCHMa.rlbHO_ITelUIOBOHHarpy3- HepeMem_a_qacrbro_onMx nptme_eHHMX
KH 4400 MBT. 3aTpaT,MYlHpy6. 110 150

Hz pHC.2 BH_HO. q'IroCHC_Ma BATT c HCHOnbaOBaHHeM

HpOMbltUHeHHblX TertrlOBblX c6pocon 6onee 3KOHOMHqeCKH cHcTeMa BATT uenecooSpaaHa H _,_s _pyrHx ropoRoB.

uenecoo6paaHa, qeM .cnon_aonaHHe xpamm_OHHO_ _n0syx- B Ta6n.2 nozaaaHb,npH_e_eHH_m 3aTpaT_,_ CHCTOMy BATT.

TpyfHOfi CHCTeMbl TeRrlOCHaf)KeHHa. CHCTeMa BATT 5ez Pac,ez npono_Rncs _a_ nonHoro COOTBeTCTBH_[cpa(_tlzy

HcnonbaOBalIHR TeILqOSblX C6pOCOB KOHKypeHTHOCnOCO6Ha TelUIOBORHarpyaKH.

npH paccToammx ao noTpeSHTena 6onee 60 KM H 3aM_tXam- KOHKypeHTocnocoSHOCTb BATT MO)KIlO IIOBbICHTb.

UtHX3aTpaTax Ha yC,qOBHOeTOn.'ncBo52 pyf./TyT. Hcnonb3y_ ce _,_, nosbmleHHa MaHeBpeHHOCTHA3C. B aTOM

Yrny6neHHa_ npopa6o_Ka TeXHnKO-_KOHOM.qecKHx "cnyqae ao BpeM_ nonno_ narpyaKH npo.cxo_zHT s_mapKa

noKa3aTenef_ BATT npoBe_leHa Kns ycnOBHfi r.OReCCbL _1ononHHTenbHoro KOHHqeCTBa aMMnaKa, 3anacaeMoro B

PeaynbTaTH npe_lcTaaneHbt B TaOn. 1. cnetmaabrmtx xpam4nHmax. Bo BpeM.q rmza HarpyaKH Tertno-

lIpeKsapnTenbm,_e npopaSOrKH noKa3anH TaK)Ke, qTO cHaS_Ketme ocytuecTan_erc_ 3a cqeT 3anacae_x areHToa.
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T a 6 n x!tta 2. Ilpaneaemabmaarparbta cHereMyBATI"Ha sapaaHr yCTaHOBKrt.-- M.: HldH_HHqbopMsHeproMam, 1984. --
C paI_IOHHbIMH Kol'e.rlbHblMl4 l12111HeKoTOpblX ropoJ_oB enpone_cKofi c. 193.
qacraCCCP 4. BopoBcKH_ A.B., Ycc A.H. TypfiHHbl l-lO TypfioaxoM

I c yBeYlrlqeHHOfi TeILrIO(I_HKaIIJ4OHHOfiHarpysKOfi j:Lrla

Hprme_teHHbxe CTOHMOCT]bBbrrecttaeMoro
Fopoa aaTparbla CrlCTeMy opraarrqecgoroTommaa, AgC H ATgU. - M." 3neproMattmHOCTpoem4e, 1985,

BATT, M-an py6. mH py6. No 3, c. 46 - 47.

5. CTOnapeBcKnfS A._q. AKKyiyJmpoBamte 8TOp14mtOfi
JIeHnarpa_t 524 606 3Hepr1414.-- B KH.: ATOMHO-BO_OpO£tHaRsnepreTnKa rtKltea 299 331
KypcK 46 57 TexHo_oraa. -- M.: 9Hepro14s_tar, 1982, Bbm. 4, C. 60 --
KprmonPor 92 96 125.
3anopo_a,e 90 118 6. Buchl H. Fernw_trmetransport tiber grobe Entfernug
BopoHe_ 90 118 Brenstof. - Wiirme-Kraft, 1976, NO7, p. 282 - 286.
POCTOB 115 139 7. TerLrioaHepreTrlKa 14 TelI.rloTeXHI4Ka:O6tRl4e BOnpOCbL

_enponerpoBcK 155 160 CnpaaoqrlrtK/l-loR o6m. pe;a. B.A. Fp14ropbeBa n

B.M. 3oprma. - M.: 3Hepr14a, I980, c. 528.
8. XapaaMoB B.B., _bXM6aa IO.M. Marncrpa_mn, le rpy60-

HeCMOTpaHa 3arparbl na CTpOHTenbCTBOxpammrna, 3qbqbeK- rlpOBO_bl. -- B KH.: Tpy;ttbl BXO HM. MertaeneeBa,
T14BHOCTbTaK14XcrtcTeMnoBbImaerca Ha 20%. 1983, r. XXVIII, NO4.

CneayeT OTMeT14T_,,qro B CCCP HaKorlneH _ocraTOmtbI_ 9. Xapas JIM., TypeuK14_ B.M. Ilonyqeaae xono_ta c no.

OrlbITno rpaHcnopry Ha aa.abnee paccroamte [8], sKcrmya- MOmblo a6cop6ILI4OHHO_!XOIIOJ:lJ4IlbHO_tMalI/HHBI Ha

rattrm cepHfinO abmycKaeMbXX BO_LOaMM14atmbIXa6cop6- 6aae rtcrlom,soBaHria BgP sHeprer14tmCKnX pecypcoB
tmOHrtblXyCTaHOBOK[9, 10], xpartertmo x14a1_oro aMM14aKa, XrtMnqecK14XnportsBo_crB. -- M.: HHI4TSXHM, 1981.
qTO rloKasbmaer rexHnqecKyio ocymecTB14MOCTbC14CTeM 10. TypettKrfft B.M. Pesynba'arbI rermoTexmtqecKHx 14CnbX-
BATT. TaH14_a6cop6ttHOHHO_ BO;aOaMM14atmo_XOnO_rmbao_

cTamm14arperara C14HresaaMMrtaKaKpyrmo_ npoMblm.

C rl n c o K a HTe p a T y p bl ,qeHHOCTH.-- Xono_mabrIaa rexanga, 1981, NO1.

1. Feorpaqb14qecKnfi CaoBapb/Flozx pe_t. A.tl).Tp14nmiKO-
Ha. - M.: C9, 1986. - 527 c. Bonpochl aroMaottaayKn a TexarllOl.

2. COKOIIOB E._I. TerLrlOqb14Kal114a14TeI'LrlOBBICCeTH.- M.: Cep. _laepnaarexnaKa a rexao:_orrta,1989,abm. 2, c. 54 - 56.
9nepronsaar, 1978. -- 360 c.

3. OrpacneBo_t _ar_or. llaporyp614Hm,le saepreT14qecK14e

HPEBPAIII_EHHE KOItBEPTHPOBAHHOFO FASA
HA qHCTOMETAJIYIHqECKOM KATA.IIHSATOPE

C AKTHBHOfi IIOBEPXHOCTHO_ CTPYKTYPOfl

C.F. IKeraoBa, B.FI. PO:m_ecTBeHCKHI_, A.B. l-IoYi,qHCKrtft

_aHHaa pa6oTa -- Oj_HHHS :_TaNOBB KOMIIIIeKceHCCIIe- PaHee [9] HaMH 6btu rlpe_no>KeH BBICOKOaKTHBHBI_I
/loBa_m_trlo cosjlaal4_O 3qbqbeKTHBHblX KaTa_qnaaTopoBMeTa- q14CTOMeTa.rlIIHqeCKHH KaTast143aToprmacTHHqaToro rHna ja,rta

HI4pOBaH14a/Lqa XeMOTepM14qecK14XC14CTeM_a.rlbHeFOTertJ_o- r14ap14poBarma 14Hj_14B14_ya.rIbHblXOKC14_ta14Ba4OKC14_ayrne-
cHa6xemxa, po_a, npe;ac_aB_mom14_ c060_t rlop14cTyio MeTa.amtqecKy_o

B OCrlOBrlOMTaK14epa6oTb_ Be_yTCa nO rlyTrt 14crlonb- _OJ_bry, OCHOBHO_COCTaBamome_tKOTOpOfi _BnaeTca xene-
sOaaHrta HrtKe_ieBb_x KaTa_14saTopoB ria BbXCOKOTeMrtepa- ao, c rlo_pblmeM 143OKCrtttaamoMmma rt mtKena.

Typnb_XKepaM14aecKnx HocrtTenax [1- 4]. O_aKO rermo- B _aHnofi pa6oTe rlpe_tcTaBaeHb_pesynhTaTb_ 14Crlb_Ta-
npOBOj_HOCTh TaKHx KaTaJ_HaaTOpOB HeBe.rlHKa 14 nOSrOMy Hrta TaKoFo KaTa.rmsaTopa Tlp14 rlpeBpameHrm CMeC14, MoJ_e-

B ycnomtrtx Bb_COKOaKSoTepM14_eCKO_tpeaKtmrt rrt_p14- artpylomefi npoMb_ttmeHHb_firas COCTaBaCO:CO: :CH4 :H: =

poBamta oKc14_o_ yrnepo_ta ra BbICOKrtXKOHtteHrpatmax = 1 : 1 : 1:7, ao_iyqaeMb_fi rlapoBofi Koaaepcvtefi MeTaaa
orm no;m_epxeHb_aoKa_Ibrm_MneperpeBaM. B rloHcKe KaTa- Hp14coorHomermrt flap :ras = 3,5:4, reMnepaTypax 800 --

.r1143aTOpOBC TermonpoBoaHOCTmO,6r114SKOfiK MeTa.rlarlqec- 850°C 14_aB_iermrt 30 - 40 aTM [10]. HOMHMO14ayqemta
KOri, npeacTaBaaeT 14HTepec 14cnonbsoBamte aHTepMeTa.rI- aKl'14BHOCmaaaaoro KaTa.a14saTopa,rlpeacTaBnanocb nHre-
nHaecK14x coe;armemt_ [5 - 7], a raKa<e nprtMe14ert14eB pecm, tM npocne_r_ BS_MHOe Bnaarme oKcrtaoB yrnepo-
KaqecTBe HoCrtTeaa _mCTOMeTann14t:ecKo_OCHOBbt,aa KOTO- za Hp14 rtx CO_MeCTHOMnpacyTcr_rm BrtCXO;aHO_trasoBo_

py_o HaHoc14TCaaKr14mtoe rloKpb_me [8]. CMeCa.
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OIlbIl'l)InpOBO]:lldt.rlHCb}laycr_oBxe nporo_a_ororana 20000 q-') OHn CocTaBnaIOT65 --70% Or paBHoBecrloro

npu arMocqbepnoM;aaBnermn,B reMnepazypHoM)mrepBane 3HaqeH11_.IIpHreMneparype400°C,KaX n B cnyqaerrtttpH-

400 --600°C.051)eMnaaCKOpOCTbBapb)tpoBanacbor 2000 poBamm Hs_smH_lyanbnoro_tnoKcrtaayrnepozta[9],pamlo.

ao 20000q -_. BecHa_ creneHbnpeBpamemi_ CyMMbX OKCrUZOByrnepo_a

llonyqeHrmle ;aaHHsxe o cocraBe orxozamero rana, B MeraH He _Zocrnraerc_, ORHaKO creneHs npn6nnmeHn_
creneH_tX npeBpamemia peareHroB B aaBnCHMOCrHOr Bpe- K pasHoBecmo aocraro_mo BbXCOI<a_-- 83% (CM.pnc. 1,6).

MeHH I<OHTaKTa, O ceHeKTHBHOCTH npottecca npe}IcraBneHbx Ha pnc. 2, Ha KoTopoM noKaaa}lareMneparypHaa 3aBncn-

B ra6nrme n Ha p_C. 1. B ra6nntte naa conocraanerm_ npn- MOCrb Z;OJE npopearnposaBnmx OKCrtttOB yrnepo_;a
BeneH_i paB}loBecrmle 3Haqemla nponyKroB peaKttmi rt (B npoReHrax or ncxo_Horo co_;ep>Kamta), cneayer, qro

czerleHe_l rlpeBpa_erlrlH) paccqrlTaHttble }:l,rUtKoHKpeTHblX OrMeqeHHOe _,rla CMeCH HehOCTH_erlrle paBHOBeCna rlpn

CocTaBOBnCXO;aHO_raaoBo_t cMecn. 400°C o6a3aHo anOKCttay, a He OKCrtayyrnepoz;a. AHann3
KaK BH_HO Ha nprme_teaHbxX peaynbraroB, BO BCeM RaHrmXx pnc. 2 HOKaaMBaeT, qTO aaySlaeMl)Ifi npoaecc MO)I(-

H3yqeHHOM reMneparypHoM mtrepBane Karanaaarop No paa;aenrtrb Ha rpn reMneparyp_te o6nacrn, B Koropblx

npoaBHn BbICOKy_OaKmBaOCrb: npa reMneparypax 450 -- npouecc nporeKaer no-paaaoMy. B o,@_acrn rm3xnx reMne-

600 °C a o6_eMrn,:x cKopocrnx 2000 -- 5000 y-t nocm. paryp (400 ° C) OKCrta yrnepoaa pac_o;ayerc_ nonnocrblo,

rarorc_ npaKrnqecKH paBnonecm, le cTerIeHa npeBpame, a /mOKCn;a yrnepo_a -- HeaHaqnrenbKo.: npopearnfloBano
HHHCyMMbl OKCHROByrnepo_ta B Meran. Hprl 3TOMaa_e 35% CO2 or xepMo;armaMnqecKnBOaMO_HOrO,ror;aa_aKnpn
ann 6onee BbICOKnX O6_)eMH_X cKopocre_ (nopaaKa rnRpnpoBamm HHaXmrt_yaabHoro _OKCrtaa yrnepo;aa pearn-

t f_ pyeT "90% or paBnOBeCHOrOanaqenH_. TaKnM o6paaoM,

70 MO>KHOc_;enarb BBIBO_)qTO OKCH_yrnepo_a aarpyarmer
rHzlpnpoBamie _oxcrtaa npH rmaKnx reMneparypax.

601 __-- B °6nacm reMneparyp 450 -- 550°C pacx°Ryerc_' KaK OKCn_, raK n artoKcn_ yrnepo_a, npnqeM KOnHqecTaa

t / / ><f xo o,,,o
|]]/j"-- ,UmmM_eCKnpacc_raHHb,M.

__._Or_40 " H S o6nacra SSICOKnXreMneparyp (600°C) pacxoayer-

:: _.._t3------_ --o------- ca ron_Ko zato_crta yrnepoaa, rorz_a KaK oKcrta ymepoaa

B cooraercrB)m c repMoannaMm<O_ peaKttrm npazrnqec-
Krt He pacxo_tyerca. Bonee roro, B o6nacr_ BblCOKHXzeMrte-

paryp npH Manbxx BpeMeHax KOHTaKTaHa6moEaerc_ yBe-

10L t t I ) 1 f I I

$1HqeH.He KOIInqeCTBa CO B orxoRlttl.leM raaeHO cpaBHermlO

c nCXOn_b_Mco_tep_<amieM (CM. Ta6nmty). O6paaoBa_ne

0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 "1,6 OKCF_Rayrnepo_ta Mo)Ker r_ttm Ka_ no peaKtmn, o6patHO_
r, c peaI<RnHBO]IIIHOrO raaa,

100 6 CO2 + H__ CO + H_O, (1)
90

cx_x raKn no peaKttr_ Ko_mepcrm MeTaHa
80 "

"-, O-14 + H_O=CO + 3H_. (2)

_',+86070 ___,"" KpoMe roro, nPrlcl_L)600°C+co:BOaMOmHO_2CO + 2H:np°rezaHne.peazu}ln(3)

= o __.

w w _ Etue O;aHaBO3MO>KIIaHB 3THXycnoBnnx peamtrm50

40 ,_,_.,, C + CO=_" 2CO (4)
Ma.rlOBepO,qTHa, raK KaK yrnepo_t B npoayKrax peaKttnn

30 He qbnKcnpoBa.rlcH,

IIOCKOa_Ky _omlqecrBo CO_ npn H3MeHelOIH BpeMe-
I I I I HH KOHTaKTa B OTXO,EI,J:II.I._gMra3e MeH_eTCH He3HaqnreIlb}lO,

0 _" 400 450 500 550 600
a KoiinqecrBo MeTaHa C yMeHbllleHneM Hocne_-lero naaaer

t,°C
cytuecrBeHHO (CM. ra6nmty), ro Han6onee Beponrrm:M

Pac. 1. 3aBHCrtMOCTbereneaa npeBpamenaa CyMM_o_ertaoB yrne- npeacraBn_eTca npoTeKamie peaKttmi (2).
poRa § MeTaHOTycnom_oro BpeMerlHKonraKra (x- 400°C; •- Oco6o cne_yer OTMeTHTbTOr qbaKT, qTO B npottecce450, o - 500, a -- 550. a -- 600) [a] )ioTTeMneparyp__ O6_,eM-
HOfl cKopocTH nop_aKa 5000q'_).• - aKcnepHMenT; X -- pacqer) Bcex 3KCtlepHMeHrOB_ paay He Ha6.rllo_a.rlOCbOr/lO_e-
[61 mie yrnepo_a Na Karamtaarope mi no nprtBecy, mi BnayaabHo.
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3a'ropa )1aet BO3MOh_(HOCTb HCHOJIb3OBaHH,q ero B KaqecrBe /

90 _)_ a KaTa._n_yecKHx Haca_oK npocTpaHcrBen_o-perynapHo_

/

_NN_ " crpyKwpb_ _n peaK_opoB.Me_anaropoB. KaK oTMeyaeTc_

"q B pa6oTe [11], raKae Hacain(, o6na_aror onpeneneHrmIMrl
80 npenMymecrBaMrt no cpaBneHmo c rpan_4anOHH_lMrirpaHy-

70 flHpOBaHrlbIMH aKTHBHbIMrl CYIO_IMrl.

60 CnxcoK JIrlvepavyp bl

5o I. HaT. 2255877 (_PF).

"_ _ 2. liar. 2624396 (q)PF).
40 _ 3. liar. 3988262 (CILIA.).

4. liar 2313332 (q)pazmaa).

30 _. 5. Coon V.F., Wallace W.E., Craig R.S. Methanation by
rare earth intermetallic catalysts. - Rare Earth Mod,

20 Sci. Technol., New-York-London, 1978, p. 96- 98.

10 6. Imamura N., Wallace W. Methanation activity by
formed from by theating intermetallic compounds

0 "q'400' 450.... 500' 550 600' with oxygen. - J. Phys. Chem., 1979, NO25, p. 3261 -
t, °C 3264.

7. Jmamura N., Wallace W. Methanation by catalysts

_¢'_ 6 formed from intermetallic compounds. - J. Phys."x.,

40 \ Chem., 1979, NO15, p. 2009 - 2012.
\5\ 8. IIaT. 1603101 (BenrtKo6pnraHrtn). Improvements in

and relating to the catalyst methanation of synthesis

a£ gas.
20

9. lllernoBa C.F., Myxrma II.II., Po>K_tecraencKa_ B.li.,
I0 l-loYI_IrlCKrlIYlA.B. FrtapnpoBaHne OKCrtaOB yrnepo;aa

B BblCOKHX KomleHrpattrtnx Ha ttrtcroMerannnqecKnx

--_ ' ' ' ' ' KaTamtaaropax imacrrmqaroro rrma.- B KM.: BAHT.0 400 450 500 550 600

t,*C Cep. AroMao-Bo_topo_tnan aHeprernKa n Texnonornn,
1987, Bbm. 1, C.63 -- 65.

PHc. 2. TeMnepaTypHa.q 3aBtlClqMOCT/3 npoueHTnoro OTtlOllleHllIl

_aon. npopearrrpoBaamero oKcrtaa OT MCXO/ZHoro A - CO (a), B - 10. BecenoB B.B., Padpan A.H. CocraB ra3a Kormepcrm
CO a (6). o- aKcneprtMeHT; x- pacqeT yraeBoztopo_toB. CnpaBottm_K. -- KneB" HayKOBa _yM-

I-Ipe/LrlOgeHHblft KararlHaarop noKa3a.rl BblCOKylO ce- Ka, 1976.- 188 C.

neKrrmnocxb "" (90 -- 99%) npn reMnepaa2cpax 400 -- 550°C, 11. AneKceeB O.K. ri _tp. XapaKrepricrrtKrt HaHecennoro

a raKx_e BblCOKylO cra61LrlbnOCrb aeflCTBn_l: B reqenrte 100 q neHrOttHoro Kara.rlHaaropa c aKTHBHblM CflOeM rmKenn

pa6or_z, cBaaaHHo_ C oxaaa(_termeM , HarpeBamieM (6en PeHen. -- K,HernKa n Karanna, 1987, r. 28, abm. 1,C.240 -- 243.
npe_aaprtren_HOR aKrrIBattrtri) ero aKTHBHOCTbHeMeHmr_acb.

C yqeroM BblCOKO_!rertnonpoBo£tHOCTl4paapa6oran- Bonpocb_aTOMHOI_aayml, TeXH_IKH.
HOFO Karanriaaropa MOXV_tO c_Ienarb BblBO_ O nepcneKTrlB- Cep. flaepaaa TexariI<a rt TeXHOrlOrH_I,

HOCTH ero HCHOIIb3OBaI-l14H B TenJIOBbl_eflfllOIllttX MaTana- 1989, BMn. 2, c. 56 - 59.

ropax, lInacraHqaro-neH_oqHa.R _opMa _tannoro Karamt-

PACqET 3ATPAT HA XPAHEHHE

B BOJIblIIHX KOTIHqECTBAX FA3OOBPABHblX BO_ROPO_RA H KHCYIOPO_A
B HA3EMHblX PE3EPBYAPAX

_.A. Kp_moB

_l_ OReHKrl 3(I}(I_eKTHBHOCTHaeKOTOpblX Haytmo-rex- HblX pe)KHMaX aKcrtnyarat_rl xparmn.m. 3a pySerZOM

HHqeCKI4XCXeM Heo6xoZDIMO 3HaTh aaTpar_ Ha KpynHo- BMnonHeHb_rtccne_toBamta ao otteHI<e 3arpar na xpaHerme

MacmraSHoe xpanerme non aaBnermeM raaoofpasrm_x soao- Boaopo_a [1, 2]. B CCCP raKrie rlCC_leaoBaHn_lHe npoBo-

po_ta n Kncnopoaa B HaaeMrt_tx peaepByapax nprl paamtq, artaric_. IIoaroMy B paz_e paSor, nanprtMep B [3], rtcnonb-
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3OBa_Hcb aapy6eaame ;aaHHble C nepepacqeroM 3arpar tax anexTpoaHepraH 0,5 a 2 XOn/(KBT.q) ann cyro_moro

na xpaHerme BO;aopo_ta B py6na no o6MermoMy I<ypcy n ae;aensnoro tmKaOB xpanermH (aaKayKa raaoB B xpanH.

Foc6aHxa CCCP. OaHaKO nonyqearmle TaHHM o6paaoM nama B reqerme 1900 a 3200y/ro;a COOrBeTCTBeHHO)

3aTparbx He MOryT 6bIXbnpHHiirbX6eHrlaMeaertafl _JIH ycno- 3 a HaMeHRIOTCIIOr 2 ;aO13 HOT 1,6 ;aO9 py6./1000 nMa.ro;a.
BHflCCCP. IIpH aenoabaoaamm BO;aOpO;aHbXX HoMnpeccopoB

Itenb ;aaHHO_pa6oTbx- ouermTb y;aenbrmie ro;HoBble 4FM25-36/16.170, paccyHTar/H_m na ca<ame OT 1,6 ;aO

npaBe;aeaHbxe aarpaTb_ na naaeMnoe xpaHerme raaoo6paa- 17MIIa, 3a cocraBiir 2,4 e 1,7 py6./1000aMZ.ro;a, ;Hail
HbtX ao;aopo;aa rt xHcnopo;aa no;a ;aaBaeHneM c nCnOnbaO- cyro_a_oro n neaen_,Horo tl_XaOB xpanearta COOTBeTCTBeHHO,

BarmeM cymecrBylotuero H nepcneKmBHOrO oreqec:raeH- pacc_raHrmlx B [3] npH C:rOHMOCTIIXzaeK:rpozHeprrm
HOrO06opyaOBaHHa npH paxaHqHbmnapaMerpax HpeacaMax 0,5 I<.[(KB:r.q).

zKcrtayaTatmn xpammam. 3xp MOHgHOnpe;acaaBH:rbBBl_e

B pa6o:re [2] _taii xpaHemtH Bo;aopo;aa no;a ;aannermeM 0,2 KynV: py6
15MHa paccMa:rprmam:rcii pezepayapbl o6_eMOM 10M 3 3xp= hQ ( 1000 HM3 .ro;a), (1)
c y;aenbrm_H aaxpa:raMHB peaepsyapbi " 2500 _OYI,/M 3 ,SXy_

a HO_ ;aaB/leH_teM 4 MIla B cocyRax eMKOCTHO OTTI000 ;IIO r;ae Kya - y;aenbHbXe Karm:ranbrmie 3aTTpaTb[ Ha no;acncTe-

5000M 3 cK 710;aOn,/M z. My xpaHermii, BKlIIoqalOlll_le 3a:rpa:rbI B pezepByapbl, Ha

B CCC/_a_:m xpaHermii razoo6pazHoro KHCnOpo;aa c:rpoHTenbHO-YOHTa:_qb[epa6oTbI a Ha BCrtoYOraTe/lbHOe

;aO 20 Ml-la paapa6o:rarm pezepByapbl O61,eMOMOr 5 ;aO o6opy_toBarme, py6./MZ; 0,2 -- nOC:rOiiaHaaqacrb e>Kero;a-

16 M3 C Kya o:r 3,6 ;ao 6,4 rhiC. py6./M 3, a npH 3,5 Ml'la - HblX pacxo;aOB, sgamqa_oma.q HopMaTHBItblfl KOZqbqbHIDleH:r

pezepByap_i eMKOCTTblOaO 125 M3 c I_y_a 260 py6./M 3. 3qb_eKTHBHOCTH E H = 0,15 H ro;aOBbIe ZKClLrlyaTaRHOHHble
Xopomo OCBOeHOH ;aaBHOnpaMemae:rcii xpaHemae He6Oab- pacxo;a_i paBHbIe 0,05; h - BpeMii 3arpyzKH xpammHm,
turtx KOnHtleCTBBO;aOpo;aa n 6annoHax no;a ;aaBnermeM q/ro;a; Q - npOaZBO;aH:reJlbHOCTTb3arpyZKH razoB B xparm-

;ao 20 MIIa. OaHago _,aii KpynHoMacm:ra6noro xpaHermii nHma, HMZ/q; V2 - eMKOC:rbxpaHrmam, onpeaeniieMaa

raaoB IIO;a ;aaBneHHeMnprtMerleHHe:raKrlX6aslaOaOBa peaep- no 3aBitCItMOCTH

ayapoB HeZKOHOMrlqllO B CBIIaH C _OHbIIIHMH 3a:rpaTTaMH QTPH

H IUIOXHMH BeCOBblMH xapaK:repHCTHKaMH XpalIHYIHIII. V2 = I/RT(pl--p2) (Ms)' (2)
IIpH Heo6xoRHMOCm Kpyrmomacm:ra6Horo xpaHeHrm

razoB Heo6xORHMOCKOHCTTpyHpOBaTbMeH_ ;aoporae pezep- r;ae r -- BpeMa 3arpyzKH xpammmu B TeqeHHeO;aHOrO

Byapbl C Hcno:_b3OBaHrleMCOBpeMeHI_X TTeXHOnOrm4H RHKna, _; PH- rmorHocr_ raza, Kr/HM3", R- razoBa_

MaTepHa.rlOa. OI._eHHTb,KaKHMH 6y;ay:r IIepcIIeK:rHBHble rlOC:rOIIHHaH,_])K/Kr.K; T- cpe;armii :reMneparypa raaa
pezepayapbi, He npe;acTaBnHe:rcHBOaMO_HblM_e3 npoBe- _ xpaHrmHmax, npHHara_ 300 K; p_ H P2 - _aaBneHrte

;aermii cneLtHanbHbIXHccne;aoaaHH_. BepoiiTTHO,B a:rOM ra3oB B pezepByapax nocne aaBeptueHrta zarpyazn Hnocne

Bonpoce MO)KeT6blTTb HCHOnbZOBaHCOBpeMeHI_ oTTeqe- zaBeptuermii o:r6opa HZ xpaHKnam COO:rBeTCTBeHHO, H/M2.
CTBeHHb[Ronbxr npoeKmpoBarmii MOmH_X nazeMH_m IIpH nO_aCTaHOBKe(2) B (1) noay_aeM

xpaHaartm n,aH ropiiqef_ BOab_ rt npHpoaHoro raza, n aac:r- 0,2 K_aTQpHRT py6 •ro;a). (3)
HOCra, c HcnonbzosarmeM MHOrOCnORHbXXrazonpoBo;a- 3xp = hQ(p_ - P2 ) ( 1000 HM3
Hbm :rpy6 6on_nIoro ;a_aaMe:rpa, pacctm:rammix Ha ;aaBae-

HHe RO 8 MIIa. Ilo OReHKaM clIetl_a.rlHc:roB Ky a B :raKHe 3aBHCHMOCTb (3) crlpaBe_rlHBa /:D-III paznaqH_XXra3oB.
xparmartma coc:ranii:r 700- 1000 py6./M _. Ta_ KaK npOHZBe;aeHHiiPHRT Z_aiiBo;aopo;aa H HHCaOpo;aa

06opyaoBarme _H xparmnHm razoB Moacao paz_te- O_HaKOB_ H paBHb[ 111,4.10 _ H.M/HM3 , TOZ,aii 3:rHXrazoB

flrtTb Ha _e CHC:reMbl: _aepreraaec_oro o6ecneaerma 3xp COCTTaBHT

(KoMapeccopnb_ trex aaii aaKa_a<HrazoB) H xpaHermii _ 22280rKy z py6 ro;a). (4)
(pezepByapbi, BCnOMoraren_rme coopyacermii rt :rpy6o- 3xp h(p_-P2) ( 1000HM_ "
npoBo_J,I).

Y;aen_m,ie rO_OBbIe npm_e_teHrme 3a:rpaTTH na xpaHe- r/h xapa_:repHaye:r OTHOttleHHe eMKOCTH xpaHILrlHm K ro;ao.
HHe raaoB coe:roH:r HZ CyMMbl roaosbxx y;aen_m,xx npH- BOMy KO/Blqec'rByxpaHiimerocH raza. 2],aii paccMaTpaBae-

Be;aeHHbXXza:rpa:r Ha noacHc:reMy zaepreraqeeKoro ofecne- Mb_XB [3] sapaaH:rOBcyro_Horo (r = 7 a, h = 1900 a/ro;a)

aermii - 3_ H Hano_acHc:reMyxpaHeHrta - 3xp. H He;aeasHoro (r = 55 a, h = 3200 _/ro;a) tmHnOB xpaHerma
3_ cocroii:r Ha y;aea_H_]Xaarpar Ha zIIexl'pozHeprHlo, razoB OTHOmeHHIIr/h pa_Hbl 3,68.10 -3 .ro;a a 1,72.10 -2.roa

Ha nprmo;a KOMUpeccopoB,Ha K.allHTTa.rlbHble H 3KcImya:ra- COO:rBe:rcTBeHHO.

RHOHHb_e BIIO_eHRR B KOMnpeccopmb_e c:rammH. JIas Ha pHCyHHenpe;ac:raBneHb_3aBHCHMOCTH 3xp O:r Ky a

KOMnpeccopH_X c:ramtH_, yKOMILrleK:rOBaHHblXMOmHbllVnl /D'III pazHbIX p_ H _ _Lrmcy:rOtrHoro,He;aenbHoroH Ce3OH-
n o:reaecr_eHrmMH BO;aOpO;aHblMitH KHC/Iopo;EI_IblMH HOrO (BZIIT BapHaH:rT/h = 0,25) UJtlCdIOB xpaHermii, ii,ali

KOMHpeccopaMHC pazmmefi ;aaBnemafiBcaCblBaH_IIH Hal'He- Ka>K;aOrOHZ RHKnOBxpaHeHrta 6onee HH3KHe3 HMelOI"xp

:ramtii razoB ;ao 17 Ml-la 6bLaHpacctm:rarmI 3_. IIpH C:rOHMOC- MeCTOnpH 6on_tue_ pa3HOCTH;aaBJIeHHfl Pl HP2"HanpHMep,
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6 BblBO_bl2
9o.__ 1

a _ L / Onpezleneaa 3aBHC14MOCTbro_tOBbXXyjlenbnbxx np14-

z: _ f/ BeileHHbiX 3arpar Ra nOjlCHCTeMbI xpaHeHrtn ra3oB OT

_ 70
2 _ yjlenbHbIX aaTpar B xpaH14nama, or OTHOUIeHHfi eMKocrefi

_. xpaHrtrlnttI K FO_OBhlM KonHqeCTBaM xpaHnttll4xcn ra30B

a, 50 _ 50"a, OT BenHqHHbI /laBJIeH14_t raaoB B npottecce 3KcrtrlyaTal.trlrl

m _ 3 xpammnm.
30 _ 30 Onpeaenntomee Bnnnnae Ha yaedlbHble rojloabxe npHBe-

M JleHnbXe 3aTpaTbX Ha xpaHeane aoaopoaa n mtcnopoaa,
10 _ 10 oco6enao ann nejlenbab_x 14 ceaonaum t_KnOB, rtMemr

yjlenbHbXe 3arpaxbI na no/lcncreMbi xpaHeHnn.t _t 0 1000
0 500 1000 >,

Ky a, py6/M 3 KyzI, py6/M3
CnncoK nnTepaTypbl

o 1.Carpetis C. Break-Even and optimization conditmns
for overalle energy system wherein hydrogen storage

o facilities are used. - In' Hudrogen Energy Progress
1200 1 V. - Pergamorm Press, 1984, vol. 2, p. 233 - 247.

lD

>, 2. Carpetis C. A system consideration of alternative
_" 1000

hydrogen storage facilities for estimation of storage
o_ costs. - J. Hydrogen Energy, 1980, vol. 5, NO4, p. 423 -

600 3 437.3aBI4ClIMOCTBroJlOBblX yIleJlbHblX

npnBenenubIX 3aTpaT Ma noacacTe- 3. KpblnOB Jl.A., rlonblpnn YI.C., CrapOCTHaa F.H. Hccneao-
¢D

200 Mhl xpaHeHxa 3xp jlnn BOjIOpoIIa BaH14e TeXHHKO-3HOHOM14qeCKHX noKaaaTene_l rlOJ13eMHOFO

@ _,, _ t n Kncnopoaa OT nen_a, Ky a H Ha3eMHOrO xpaneH14n ao/1opoRa npH cyTotmOM 14 He/lenb-0 " 500 1000
ann paaHocrn aaBnennn raaoB B HOM pe:_14Max 3KcrtnyaTattmt xpaH14nHtu.- BAHT. Cep.

Ky a, py6/M 3
xpanHnmuax MaKc_MarmHoro a ATOMHO-BOjIOpOjIHa_I anepreTHKa 14 TexHonorHYI, 1985,

MHHHMaJ1]bHOFOnocne 3aaepmeHrta Or6opa npa 5 MIla (gprmaa 1), Bbm. I (20), C.65 -- 70.
I0 (2), 13 (3): a - CyTOqHLIfl LtaKn xpaHemtn T/h = 3,68.10"3;

6 - HellenLnbltl ttHKn xpaHeHHa r/h = 1,72.10"2; n -- ce3OHHbI_

ttm<n xpaHeHaa ¢/h = 0,25 Bonpocbl aTOMHOflHayxrl H TeXHHNH.
Cep. _hlepHan Tex_H_a _ TexHonorHa,

1989, Bbm. 2, C. 59 -- 61.

ann K = 1000 py6./M 3 H (p_ -P2) = 10 MHa 3xp paB-
8 yanb_ ,4; 39 14 570 py6./1000 rtMa.ro/1 ann cyrotmoro,

neaeabaoro 14 ce3oanoro mtKnOB xpauen14n COOTBeTcrBeano.

rH_PI4POBAHHE _HOKCH_A YrJ1EPO_A
HA qHCTOMETAJIYIHqECKOM TABJ-IETOqHOM KATAJIH3ATOPE

C.E. MoJIrlHa, B.H. Po_eCTBeHCKI4fi, A.B. rIoYI_IHCKHfl

B HaCTonmee BpeM_l Bce 6om, tuee 3HaqeHrle np14o6pe- MeH_tTbCn B CTOpOHy npeoSnaaaHHn OLIHOrO 143 HHX (CO HnH

_a_or Hccne_IOBaH_n _arrmHrHqec_rtx npeBpatueH_ onno- CO_). Me_xjxy TeM, 50n_mee BH14MaH14e y/lenneTca rmlpn-

yrnepozm_tx MoneKyn [1 -- 3]. Cpea14 nocnejlHnx oc05oe poBaa14m oKcrtaa yrnepoaa B Meran no cpaBnen14m c anano-

MeCTO 3aartMam_ npotteccbI r14_tpnpoBan14a OKCrtaOB yrne- r14qnb_M npotteccoM npeBpamemm _moncrma yrnepo_ta.

po/ra B MeTaH, KOTOpb_e MOryT 14cnonb3OBaTbCn B KaqecrBe B TO _Ke BpeMn Bo3pacTammaa ponb TBepIIblX 14CKOnaeMblX

TermoBbulenamtuefi CTa/IHHxeMorepM14necK14xtin,noB nepe- Ka_ anbrepHaTHBnoro acro_nKa raaooSpa3noro cb_pba
aann _nepr14n naepnbxx peaKTopoB [3] Hn14 conHe_mofi ann opraa14nec_oro CrmTe3a [5], OCBOeH_eynaKaaunoro

3Hepr1414 [4], r/le XtlM14qecK14M 3HeproHOCHTeneM aBnn}oTcn AcTpaxaHCKOFO ra3OKOHJleHCaTHOrO MecTopo>K/lerntn, ra30-

npo_lyKTbl 3Hj1oTepMHqecKofi peaKtmH KOHBepcHI4 MeTaHa Ban qba3a KOTOpOro osnHqaeTca BblCOH14M coilep>KaHrieM

c BOanab_M napoM. B 3aB14CaMOCT14OT _taBnenna, TeMne- ano_c_taa yrnepoaa [6], rpe6yer caMocronrenuaoro Bce-

parypb_ n aCXO_tHbXXcoornotuen14_ Men<ayBOanHU_MnapoM croponnero n3yneH_n peantm14 rnapapoBarmn CO: B CH,.
14 MeraaoM coaep_aHHe OKCrtaOByrnepoaa B npoj_yKTax B _tanaoft paSore npeacraBnenb_ pe3ynbrarb_ rtccneao-

_onBepc14n Mo_er 6b_rb nHSo paBnb_M ('_ 10%), n1460 BaH14apeaKtmn MeTaHHpOBaH14aB npacyrcrB1414H14_eneBoro
qnCToMerann14qecnoro raSneronnoro _aran143aropa.
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OIlblTbl npOBb_LqHCb B HpoToqHO_! CHCTeMehp. aTMO¢- l-locJle Ka_uoro OnbITa CBOU_qCn MaTepna.qbHblfi 6a.qaHc,

qbepHoM uaanemlH, reMneparype 400 -- 600°C, CTeX.OMeT- MaKCHMa.qbHble pacxo_ue.nn KOTOpOro He npeBbxLua.qn 15%.

p.qecKoM COOTnomemm H2 :CO2 -_ 4" 1 a _mana3o.e o6_eM- J_aHHble, xapaKTep.aymm.e TeMnepaxypHym 3aa.cH-

HbIXcKopocTefi 500- 20000q -l . MOCTbnpeuenb.o £tOCTHrHyTblX rny6., npeBpameH.n CO2

Kara.n.aaTop, npe_tcTauamotLtn_co6ofiTa6nerKy_aMex- a CH4 (XCHo_), npeucraa_enbl .a pnc. 1. 3Tri peay_bTavbl
pOM 29,2 MM, BblCOTOfi _ 6 MM. xapaKrepnayercn 6nmlcnepc- no_yqeHbl npn O61,eMHblX CKOpOCTaX noztaqH CMeC. OT

HOfi nopncTo_ crpyKrypofi co cpeuHHM, pa_t.ycaMn MHKpO- 500 UO 3000 q-t, qTO ca_erenbcrayer o _tocraroq.o BblCO-

. MaKponop 100 . 3100HM COOTaerCTBeHHO. YUenbHaa KOq aKTnaHOCrn KaTa.q.aaropa. 3uecb _e npeacTaBneHa

noaepxHocTb COCTaBnneT 3,34 M:/r, o6maa nop.cTOCTb paaHoaecna.q Kpm3_, paccqnTaH.an _n .CXO_HOfi cMecH,

paBHa 44%. Korua cTexHoMeTp.qecKoe ypaaHenne npottecca MO_eT

PeaKTop npeucTaanneT co6ofi Tpy6Ky .a CTa_. _blTb 3anncano a B.ue

XI8HIOT nHyxpe.H.M U_aMerpoM,paaab_M 30 _, a KOrO- CO_ + 4H = Y_CO + Y:H2 + YaCOa + Y4CH4 + YsH_O, (l)
pofi nocpeucxaoM rep_ernanpymmero ycrpo_cTaa noMe-

ma_cn ofipaaeLt KaTan.aaxopa. rue a neBofi qacxn yKaaaHo naqa_bnoe COCTOnH.e C.CTeMb_,

O6paaub_ KaTa_naaTopa no_taepra_Hcb nepao.aqa_b- a B rlpaBofi - XHMHqeCKI4fi CocTaB up. paa.oaec.n;

HO_ OKHC_I4TeflbHO-BOCCTaHOBHTeYlbHOHo6pa6oTKe. 3ar_o- Y_ - Y5 - tmcJla MOfle_i COOTBeTCTBy_OLLtHXKOMnOHeHTOB.

qammeficn B oKncneHn, aoa_yXOM hp. 600°C n nocne_y_o- I/la p.c. 1 Bn_mo, qTO npn 450°C 3_cnepnMeHxa_bHa_

meM BoccxaHoBnemm B roKe aouopo_a hp. 400 - 450°C. _pHBa_ npoxo_mT qepe3 MaXc.MyM. B o6aacTn TeMnepa-

PaaorpeB rt ox.na_eH.e KaTa.qHaaTopa B Ka_OM Onb_Te Typ, npeucraanmotunx HHTepec C Toq_H 3peHrtfl BMUefle-

ocytuecTBnma.cb a ro_ aoaopoua. .an retina nb_COKOrO noTe.maana (450 - 600°C), KaTa.nn-

B pa6ore ricrloflbaoBa.rlricb 6a.rlOriHble ra3bI CO2 3arop o6ecneqrlBaeT npaKT.qecKn paBHOBeCHMe r_y6HHbI

(96,406.% COz a 3,6 N2) ii H: (99,906.% H: a 0,1 N_). npeapamemta CO2 13 CH4 hp. o6_,eMaofi cKopocT, noaa-

Koropbte ocyman.cb n _OaOHKe C X.nOpHCrbtM _a_mteM. qri cMec. 3000 q-_.

Peryn.ponaHHe CKOpOCrrl nouaqn n KonTpoab 3a pacxouo- AHa.rlH3 npouy_Ton peaKttrirl noKaabmaeT, qTO _ ria6paH-

Battl4eM ra3oa npo.aaourmcn c noMotusm nronbyarb_x HbtX ycnoannx aKcnep.MeHra a cacreMe, _tapnuy c OCnOB-

BeHZrine_l I4 za.rlri6poBaaablX peoMerpoa. AHa.rlrl3 rlcxoa- HOH peaKtmefi, aaer npouecc o6paaoaaH.n oKcrma yrnepo-

ao_i CMeC. H npoay_roa pea_ttrt, ocymecranmacn xpoMa- ua B _omiqecrnax, 6fl143i<Hx K paBHOBeCHb_M 3riatleHrmM.

rorpaqbriqec_. (raa-.oc.ren_ - renri_t, CKOpOCT_ no_taqn -- Yrnepo_t _ nonrtOM cornacmt c repMoun.aMnKofi peaKtm.

3 n/q, TOK uereKropa - 120 MA, cop6e.r -- fio_poaaaHbIfi He ofpaaom, mancn.

yronb Mapn. CKT). Bouopou onpeztenmacn ria oruenmmfi l-lepepbmb_ B pa6ore, rtaMe.eri.a reMneparypaoro

npo6bl na _OnOHKe C MOne_ynnpHbiM. cHTa_H NaX (ra3- pe_.Ma . aapbrtpoaamie cnopocrefi nouaqri pearearoa

HOCrixen_ - apron, c_opocru noaaqrt - 2 n/q, ro_ uerex- rie naaman .a aKrrm.ocrb _arannaaropa, noropaa coxpa-

ropa-- 70 MA). amrlacb rlOCTOnnnofi hp. nepHou.qeCKOM Boaapamemt.

06 aKTHBHOCTH Kara.n.aaropa cyartnH no ray6rtHe K HCXO_HblMycnoarinM 3KcnepriMeara.

npeapamemtn UnoKcrtaa yrnepo_ta a Meran. Jlnn nOaHOTb_ xapaKTep.cTm_. _aTa.nnaaTopa 6bma
aay_eHa mmemKa npouecca. YlnTeparypHb_e aaHab_e no

90 Pnc. 1. BnrmH.e Teuneparypb_ rlccneuoaartri_o KI4HeTHKHpeaKttmt Ca6arbe BeCbMa HeMHOrO-

na erenermnpeBpameHaa_moKcH- qHCIIeHHbl rl noJ_yqeHbI, Ka_ npammo, Hprr COOTHOIIIeHHriaa yraepoaa a _eraH: H:'CO: >> 4 [7], a _tan.blX o nporeKamtri npottecca Ha

80 _ paBHOBeCHbleyC_IOBHa; --_-- -- Ta_'leTOqHblX KaramiaaTopax HeT BOO_e. B TO _e BpeMn

aKcnepHMeHT cnetm_rtKa Hamero 3KcnepriMeHTa -- qbrLnbTpattrtn peareH-TOB qepe3 nopr_CTb_fi tta_rtHUp, KOTOpblM _B_neTCn Hccfle-

70 /'-"'_'_\ UyeMb_fi Kara.qHaaTop, o6ycaoBmiaaer aeo6xo_riMOCrb yqera

MaKpoKriHeTriqeCKriX qbaKTOpOB.

:_O" 60 3xcneprtMearanb.b_e aaanble 14 paccq.raH.b_e aaMn
_W paaHoaecHb_e 3HaqeHHfl cocraBa OTXOUnmero raaa rt rny6.-

Hbl npeBpatueHn_ UrtOKCrtaa yrnepoua a MeTa. npeacTanne-

50 ab_ a ra_Iritte.
J]_q_ MaTeMarl4qecKort o6pa6oTKH HOYlyqeHHblX 3Kcne-

pHMeHTa.rlbHblX£taHHblX HaMH _blYlO B3flTO ypanHeHHe, panee

40 npriMertaBtlaeecn _qn onHcamta KHHeTHKHnpotteccoB Kara-

naraqecKo_ _oriaepcri. Mera.a [8] . rHapapoaamm o_ca-

ua yraepoaa a _eTan [9] a ua_otttee a na.o_ qbopMe 3aBrl-
30

¢,14_ ....0 0 450 500 550 600 CrIMOCTb rJ_y6rtm,_ npeBpatuea.a ox ycnoa.oro apeMemt
t, oC KOHTaKTa:

62



KHHeTHKarH/lpHpOBaHHH/I_tOKCH/layraepo_ta e MeTaH

Ha Ta(_YleTOqHOMHHKeJIeBOMKaTa/iH3aTope 70 :..-.,..,....'-Pr m______

1o- TeMrte- Ycnon- Fay6HHa a

4ep paTypa, HOe COGTaBOTXOaamero raza, 06.% npeBpa-
,Tpo- o C BpeMH ..... III_HHR 50 //

_! KOHTaK- H: CO CO: CH 4 CO: B
Ta, C CH,, %

1 0,3 82,6 0,3 9,3 7,8 25,0 _ 30

2 0,5 73,4 0,5 13,2 12,9 42,5

3 400 1,3 60,5 0,2 12,4 26,9 64,2
4 37,3 0,3 9,1 53,3 85,0 10

5 0,3 82,6 0,2 3,8 13,5 46,2
6 450 0,5 64,7 0,3 11,7 23,3 56,9 0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8
7 1,3 52,6 0,5 12,7 34,2 70,2

8 47,5 0,9 11,2 40,4 76,9 70 I
9 0,3 73,6 0,2 7,3 18,9 53,2 _ 6

10 500 0,5 60,1 1,6 13,1 25,2 64,5 t _

11 500 1,3 56,4 2,0 13,2 28,4 66,5 50

12 56,4 2,4 12,3 28,9 66,4

lJ 0,3 71,3 3,1 8,5 16,7 43,2 /// f""-"+'--"--*--"-'--- _""--'----14 550 0,5 66,6 3,2 10,2 20,0 51,8 10

15 1,3 62,7 5,2 11,5 20,6 53,2 L / f- .,',-"I///-/
16 63,6 5,1 12,1 19,2 52,7 .t"

17 0,3 73,5 6,1 9,6 10,8 27,8

18 600 0,5 71,0 8,1 9,6 11,3 36,6

19 1,3 70,0 8,8 10,0 11,2 36,3 , , , , ,
20 69,3 9,1 10,5 11,1 36,2 0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8

'r, C

II prt M e q a HH e. CTpom, t 4, 8, 12, 16, 20 Coo'raeTCTBy',OTpaa-

HOBeClIbIM3HaqeHHRM,paccLmTarmblM C.F. BbLrIHHOfl. PHC.2. 3aBHCHMOCTb rny6rmbl npeBpameHHa jIHOKCI_a yraepoaa
B MeTaH OT yCYlOBHOrO BpemeHH KOHTaKTa llpH 400°C (o), 450

(o), 500 (A)[al H 500°C (A), 550 (D), 600 (+) [6]

Xp" 1/b.ln [b.k.(A + 1)7" + 1]
x = , (2) BblqriCaeHHble 3Haqeana k rtb Haa reMnepaTyp 400,

1+ 1/b.ln[b.k.(A+ 1)r+ 1] 450, 500, 550 rt 600°C coc'raBamOr 0,0556 rt -1,2795;

rile x -- TeKymaa rny6rma rlpeBpamemia CO2, ao ria e_j, trm- 0,1726 rt - 0,1470; 0,5212 H 0,9579; 0,6819 rt 1,2265;

ttb]; T -- yCnOBHOe BpeMa i<oH'rai<ra, c; Xp -- paBHOBeC- 0,8113rr 1,4172COOTBeTCTBeHHO.

Haa rny6rma npeBpamemta CO2, HOnn ej_tHrltlbl; A- MOYlb- PaccqrrraHable H3 ypaBHeHrl_l (2) 3HaqeHrla KOHCTaHTbl

Hoe OTHOIIIeHHe H2/CO2 B HCXOKHO_I CMeCH; k- KOHCTaH- CKOpOCTH peaKl_rt IIO3BOHHIIH B COOTBeTCTBHH C ypaB-

Ta CKOpOCTH peaKLma; b - IIOCTORHHbI_I KO3dpdpatlHeHT, HeHHeM AppeHHyca HaflrH 3HaqeHi4a Kaa<yme_ca 3Heprrm

xapaKTeprtayIotttHfi aHcop6ttHOaHOe B3aHMOHe_lCTBHe B aKTItBalIBH (pltc. 3).
CHCTeMe. B rmTepBa3ae TeMnepaTyp 400- 500°C E "-'97 KjlX/MOnb,

HeH3BeCTHble 3HaqeHl4a IIOCTOIIHHblX k H b paccqrtTbIBa- qTO cornacyerca c HaHHbIMH, IlOIIyqeHHbIMa B rlpHcyTCTBmt

JmCb HS _a_epeHtma_lbHO_ qbOpMbI ypaBHeaHa (2), KOTO- aHKeaeBoro Karanrt3aTopa [ll],HnOSBOnrieTc_tena_npe_I-

p_ noc_e aorapadpMHpOBaHHR CHprtMnaeTCa B KOOpHHHaTax rtono>KeHHe o HpOTeKaHari npottecca B KHHeTHqeCKO_! o6aac-

X -0,I_- PHC. 3. AppeHrlycoBcKa31 3aBn-

d(_) x _ CHMOCTb lgk = f(1/T): I -

In[ Xp--x ], -0,3 _ El = 23,6 KKaSt/MOab; I1
- = KKaII/MOIIbdr Xp x

-0,5

l-IoilytleHHble 3KCl-lepHMeHTalIbHble KHHeTHqeCKHe /laH-

abIe o6pa6aTblBa.rlrl rlyTeM rlO3arlHOMHa_bHO_t arlnpOKCrtMa- __-0,7

ttrtrt c rlocneHymUmM crnaxrmaaHeM MeTOHOM YeTBepTbtX

pa3HOCTe_ [10]. -0,9

KaK RHHHO rr3 pac. 2, ypaBHeHae (2) xopotuo onHcbi-

BaeT noJIyqeHHble pe3yJIbTaTbl Hpa Bcex Hcc.rleHOBaHHbIX --1,1

TeMneparypax, o qeM CBHHeTeJIbCTByeT pacnono_enrte -1,3 • t _ _ t

3KClIepHMeHTa.rlbHblX TOqeK OTHOCHTeIIbHO TeopeTrtqecKri 0 1,1 1,2 1,3 1,4 1,5
1/T.103

nOCTpOeHHblX KpHBblX.



Ttr. C pOCTOMreMnepaTypbl aHqbqbyarm CTaHOBaTC_InaMa- 5..rlarma:yc A.FI., KpbInOBa A.IO. Yronb a rtpapoa:abi_

rapy_otueii cTaJa_te_tH jadla aHTepBana 500- 600°C 3aaqe- ras -- HCTOql-IHKHBdI_l nonyqearin HCKyCCTBeHHOrO

Hae 3Heprmt aKraBattaH COCTaBnaer 25,4 K2I>K/MOab,YTO _<rtaKoro TormaBa a XrtMayecKnx npoa:yKTOB.- M.:

CBaaereHbcrByer o nepexoa:e npottecca BO aHetuHenepexoa:- 3naHae, 1986.

HytO_qbya_tOHHym o6naCTb [12]. 6. ra3oBaa npoMbmmeHHOCrb. Cep. lloa:rOrOBKa H rlepe-
B 3a_riloyerme, otteHaBaa npaKTayecKym 31taYaMOCrb pa6orKa rasa a ra3oBoro KOHa:eHcaxa.PeqbepamBHbl_

aonyYeHHblX peaynbraroB, cnea:yeT CKa3arb, YTOztccnea:ye- c6opaaK.- M.: BHHH3Fa3npoM, 1982, abm. 3, c. 17.

Mbl_ Kaxaaa3aTop o6ecrleyaBaer B nHXepBaae TeMrleparyp 7. BnacenKo B.M., lOaeqboBaq F.E. Mexaaa3M Karana-
500 -- 600 °C npaKTayecKH paBHOBeCHbIerHy6aHbXnpeBpa- TnyecKoro rrtapapoBaHan OKCrmOByrnepoa:a B MeraH. --

meHart CO: B CH4 apa O61,eMHblXCKopocTax noa:aqa ttcxoa:- Ycnexa XaMaa, 1969, r. 38, Bbm. 9, C. 1622 -- 1643.
aofi CMeCHa:O 8000 y-t. B 3TOfi CBaaa cyaxaeM yMeCTm,IM 8. AHOXHH B.H., 2Iepm_<Krma B.H., l-leperya:oB B.A.,

3aMeTrtTb, qTO B Oa:HOl,I Ha nepBbIX OTeqeCTBeHHbIX pa6or, MeabtUOB B.H. Kaxann3aTopb_ a KaHeTHKa KOHBep-

nocaamenablx rlpo6neMe nepea:aqa 3nepraa B xaMrtnecKa crm Merana c BOJJ)IJ-IhlMnapoM.. -- B KH.: Hay_bxe OCHO-

CB_I3aHHOMBaKe c IIOMOILIblO xeMorepMatlecKax CHCTeM Bbl KaTanaTaqecKofi Koaaepcmi yrHeaoa:opoa:oa. --
[3] apa pacyerax napaMeTpoa CriCTeMbl, Hcxoa:rma _3 KaeB: HayKona ayMKa, 1977, C.63-- 83.

o_beMnblX CKOpOCTe_Inoa:aqa cMecrt (CO + H2) nopnaKa 9. I-IoIIffHCKH_I A.B., PO>Ka:eCTBeHCKHI_I B.H. KaHeTriKa

5000 q-_. CaHTe3a MeTaHa rKapapoBaHrieM OKCrtaa yrHepoa:a

Ha qaCTOMeTaHHHqeCKOMKaxana3arope. - B KH.:

CnncoK anTeparypbl BAHT. - M., 1984, c. 52 - 53.
10. dlaattom K. FlpaKraqecKae MeTOa:b!npaKaaaaoro aHa.rirl-

1. KaTamt3 B C_-X_Mrm/[lo_t pca:. B. KafiMa. -- YI.: HayKa, 3a. - M.: _)a3Marra3, 1961.- 524 c.
1987.-296 c. 11. HayMOB B.A., FaBprLrlOB .]-l.Id. Onpe_eHeHae KHHeTI,I-

2. IlleH_orl P.A. XaManecKae npoayKrbI na ocrtoBe cim- yecKax rlapaMeTpoB peaKtma Ca6arbe Ha tmKeneBOM
rea - raaa. - M.: XHMHa, 1987.-- 248 C. KaranaaaTope no KprrraqecKHM ycnoBaaM BocrmaMe-

3. Kopamm IO.H., IlonoMapeB-Cxermo_ H.H., IlpotteH- Hemin. -- KrmeTttKa a Karamta, 1979, No 6, c. 1581 -
_o A.H. n Hp. BosMO_<tiocxa _ nepcneKraBb: acnonb- 1584.

3oBaaaa BblCOKOreMrleparypabxXaa:epm,lX peaKropoB 12. 1-laHqem<oBF.M., )KopoB IO.M. Meroa: onpezteaearta

/LrI_l rlpOMblULrleaHoro a KOMMyHa.qbHOFO rermocaa6- KrlHeTrlqecKaX KOHCTaHT _t o_IlacTefi nporeKaaan XHMa-
xetma. -- B KH.: BAHT. Cep. AB:3, 1980, c. 8 - 18. qecKax peaKlmfi, ocymecxanaeMb_X B nOTOKe.- j3.AH

4. ApacroB t0.H, l-lapMoa B.H., AartKrteB B.H., Kaprm- CCCP, 1960, No 6, c. 1280- 1283.

BOB A., 3aMapaeB K.H. TepMOXaM_ttecKoe npeo6paao-
BaHHe coflHetn-lofi 3HepFHH B COHHeqHblX KaTaHHTH- Bonpocb_ aTOMHOflHayKH 14TeXHHKH.

qeCKHX peaKTopax. - B KH.: HOBbIe FOpH3OHTbl B KaTa- Cep. ,qJIepHaa TeXHHKa n TeXHOnOrna,

HHae. -- HOBOCa6HpCK: HK CO AH CCCP, 1935, 1989, Bl,lH. 2, C. 61 -- 64.

c. 16-66.

OCOBEHHOCTH PABOqEFO IIPO_ECCA _BC

HPH PABOTE HA BEH3OBO_OPO_HblX TOFI,rIHBHbIX KOMFIO3H_HJ:IX

[A.H. MrlmeHKo], F.B. Tan_a, A.B. Benory6

_qbdi3eKTHBHOCTb HCIIOflb3OBaHHII BOa:Opoa:a B KaqecTBe a:a K _eH3aHy TaK>Ke OKa3blBaeT cy_eCTBeHHOe BHH_IHHe

J_o_aBOK K {)eH3HHy orIpea:eJ_aeTca CTeIIeHbIO coBepmeHcTBa Ha npottecc cropaHaa, TaK KaK HopMaYlbH851 CKOpOCTb rma-

pa6oqero npottecca, qTOTpeSyeT a:eTanbHoro aCC$Iea:OBaHl4_I MeHHBOa:Opoa:aB CMeCa c BO3a:yXOM Ha nopaa:OK Bblllle,

BIII41tHH_I_,O_aBOK BO_IOpoa:a K 6eH3aHy Ha napaMeTpbI a MHHHMSJIbHalt3HeprHa BocrmaMeHeHrtaHa nopa_,OK rm>Ke,
npottecca cropaHaa a HH_HKaTOpHbIerioKa3aTeHa. Hccaea:o. qeM 6eH3HHa. l-Io3TOMy yBeJIHqeHae aorta ra3oo6pa3Horo

BaHH_I IIpOBOa:HIIHHa cepH_IHOMaB_rareae 3M3-24_I rio BO_tOpoa:a B 6eH3OBOSa:ytmtoficMeca 3HaqrfreHbao COKpa-

Meroa:y Bbia:eaeHaa oa:aoro ttrm_Ha:pa apa pa3natmbxx maer Haaan_m,ifi nepao_t cropaHaa (_014a,). Ilpoa:oHxrrreHb-
3HaaeHrtax Ko3qbqbmmeHra as6bxrKa BOSa:yxa (_ = 1,00; HOCT_BH]mMOrO cropaHaa raKz<e yMeBbttIaerca, HO 3TO

1,05; 1,10; 1,15) a MaCCOBO_a:oTla BOa:Opoa:aB rormrtBe rlpaKTaqecKa He cKasbiBaerca Ha MOmHOCra H 3KOHOMrVt-
(_ =0; 0,02; 0,04; 0,06; 0,10). HOCTaa:BarareHa apa pa6ore Ha cMecax, 6HaSKaX K cre-

Oana as nprltmH nOBbltueHaa MOmHOCTH 6eHartHOBOrO xaoMeTpaqecKrIM, raK KaK BHH_IHae _0Bl_aHa noKaaareHrl

_rtrareaa rtpn o6orameamt cmecn - rloablttleHrte CKOpOCTH pa6oqero npottecca 3aMeTHOCKa3blBaeTc_IHamb apa Caaa
a cra6rm_tlocra rlpottecca cropatma [1]. _O6aBKa BOaOpO- 6onbtue 45 rpan. rla<.B [1, 2]. CoKpameaae a:aHren_HOCVa
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npottecca cropaHvtH HO Mepe yBenaqeHHa co/lepncaHrm Bozlo-

po/la nprmozmr K yMeHbtUemuo onTHManbnoro yraa onepe- 0,35 1,00
_eHHH 3a_<rwaHHH, qro CnOCO6CrByeT 6onee rmreHCnBHOMy _-" < )

nporeKaHmo HayanbHOrO nepHoaa cropaHHH, TaK KaK aaBne- 0,34_ p 0,98 67

Hl4e 14 reMneparypa cMecrt B MOMeHT noLtaqn HCKpbl 6yaeT
BblItle.

= O
dJ_yxnpottertTHaa /lO6aBKa BO/lOpo/la nprmoanT n _ 1,65

r< HeKoropoMy yBemiyeHmo 3HeproeMKocrH 3apa/la, raK _ 1,60
8 9,10

KaK Koaqbqbmtv,eHT HarionHemm (_v) npn atOM npaKrrt, c_" 0,05 "_
qecKri He riaMeHaeTCH, a TeopeTnqecKri Heo6xo/lriMoe KOnn-

qe¢'fBO BO3/lyxa mm cropaitna TOrl.rIHBa yBe$IHqHBaeTcH L_0,02 A/i ,-:_
B MeHbl.l_letl cTerleHH, qeM TeIl.rloTa cFopaHHH 6eH3OBO/lO- <t0,01 15
pO/lHOft IOrmHBHOf_ KOMnO3rmrm. )2aabHeRtuee yBenHqe. *Hay -_

a_e /IO6aBKH BO/lOpo/la Bbl3bmaer yMenhtuerme Koaqbqba- 10

IIIteHTa Hallo.rIHeHM,q H, HeCMOTpH Ha yBe.rlHqeHHe TerLrlO'rbl _"

cropaHHH 6eH3OaO/lOpO/lHOfi CMeCH, KOTIHqeCTBO Terma, _ ,;
0,75 40 d

BBeIJ,eHHOFOB I2HK.H,yMel-lbulaeTcH. =i
Hart6onbtuee B.rIHitHHe tta MOIIIHOCT5H 9KOHOMHqHOCTb )35 _"

aBnrarenH OKa3blBaeT B,tIHaMHKa TeILrlOBbl/le.rleHl,tH, onpe- "_
m

/lenHeMa_ B OCHOBHOMKOgqbdlbHILHeHTOMaKTHBHOrO TeIl.lIO-

Bbl/leYleHHH K MOMeHTy LI,OCTH>KeHHHMaKCHMa.rlbHOIYlTeM- d,t 2,0 //max 9,82

neparypbt tU4Kna (_T) H MaKCHMaJ'IbHbIM KO3qb(tbHIIMeHTOM = _,s 3,80_.

__ aKTI4BHOI'O TeIl.rlOBblReneHrlH (_Jmax) . YBenHqeHlle co/lep- _ _T 0'78_">KaHHn BO/lOpo/la B ronmme nplaBOjlrlI K pocry cKopocr_

rertnOBblaenemia (Wt_) H BeJIrlqriHbl aKTriBHOIq rermorbl, _1 0 0,02 0,04 0,06 0,08
Bbl/lenHBtUeficH K MOMeHTy Tma x. HpH 3TOM petuammee

3HaqeHl4e 14MeIoT He CTOIIbKO a6co.qlOl'Hble 3HaqeHHrl _JT

H _max' CKOJIbKO OTHOCHTeIIbHa,q/lO.t-lH Terula, Bbl/leJIHB- Pnc. 1. Bnrtait)te BenriqrlH)q /lo6aBKrt BO/lopo,aa Ha napaMeTpbl pa6o-

Luerocri nocne Tmax, l'.e. qero npottecca npa n = 41,7 c"_ ; d = 1,05

/__,= _tnax-_T 2. j106aBKa BO/lOpo_a K 6eH:_rtHy rloa_tLuaer t.taeH-
_max THqHOCTb IIOCIIe/IOBaTe.rlbHblX LI,HKJIOB, qTO HOBblttlael" MOW,-

YMeH_,tUeHHe At_' C pOCTOM _IO6aBKH no/lopo/la (pHc. 1) aocrb rt 3KOHOMHqHOCrb/lmtraTeaH.

roaopHT O COKpattteHHa Ronrt TortnHBa, /loropammero B 3. C yBenrltleHne _106aBKrl Boaopoaa yMeHbtuaercH

npricreaoqHb_X CnOHX, a 3HaqHT, O YIOBblILIeHHH 3KOHOMHq- /loropaHHe B npottecce pactuHpeHrlH rl COOTBeTCrBeHHO

HOCTH rl yMeHbtUeHmi BbI6pOCOB yrneBo/lopo/loB c oTpa- pacrer KIIj], ttrlKna.

6ol'aBttltlMH raaaMH. 4. l'Iprt /lO6aBKaX BO/lOpo/la CBhlttle 3% KonHqeCTBO

OKa3bIBa.q 3HaqHTeIlbHOe BIIH_IHHe Ha qbOpMapOBaHHe Terl.rla, BBe/leHHOrO B I.IMKJ'I,3aMeTHO yMem, maerca, qro B

H pa3Barne Hanan_HOrO o_ara cropaH_H,/lo6aB_a Boaopoaa coaerarmrt c yMeH_tuenaeM _o_qbqbmmeHTa MOne_ynHp-

cylIIecTBeHHO yMeHbtliae_ CTelleHb HepaBHOMepHocTH pa6o- Horo H3MeHeHHH npHBo/axtr K yMeHbttleHHIO pa6oTbX tmKna.

nero npouecca (8), HTO HBnaercH" BaXHe_tmtM qbaKropoM, KpoMe roro, yMeH_meHae 9HeproeMKocrn 3apHaa yBen_-

onpeaeaHIOmaM nOB_UUeHHe MOtUHOCTHH _OHOMannOCr_ aaBaer OrHOcHren_H_Ie norepn Terma B cacreMy oxnaxae-

[ 1]. Ha, a coor_eTcTBeHHO yMeH_maer 'oi'

_Io6aBKa Bo/lopo_a B 6eH3OBOa/lytuHym CMeC_, OKa- 5.Pe3Koe yMeH_tUemte crerIeH_ HepaBHOMepHocr_ pa6o-

3blBa$1 CHJ]bHOe BHHHItHe Ha iiporeKaHHe pa6oqero rlporaec- qero npouecca ri /loropaHHa B npottecce pacttmpemta

ca, He Mo>KeT He CKa3aTbCH Ha TaKHX ero noKa3arenHx, nportcxo/lrtr HpH yBenaqeHHrt /106aBKH BO/2Opo/la /10 4%.

KaK cpeaHee rumHKaropHoe aaBneHr_e (pi) rt rtamtKarop- _am, He_mee yBenrvaemte /IO6aBKH BO/lopoaa s MeH_tUe/i

Hbfft KHI1 ('Oi). KaK noKaaaml riccne/loBamtH,p i rl 77i HMelOT crerleHrt cKasbmaeTca na 8 H A_'.
MaKCrIMyM Hpr_ _ = 0,02 -- 0,04. Hp, 3TOM C o6e/lHeHHeM 6. Flprl }aofaBKax Boaopoaa 6 - 10% BblCOKaH CKOpOCTb

CMeCH MaKCHMyM CJ1BHFaeTc,q B CTOpOHy 6OIIbttlHX /lofa- cropaHriH IIpHBOj_HT K yBeHHqeHHIO norepb retina B npottec-

BOK BO/lOpo,rj,a. AHa.IIH3 pe3yJIbTaTOB riccneaoBaHH_t /laeT ce cropaHriH BcIIe_,c'I'BHe pocra MaKCHMaJ'IbHblXleMrlepa_yp

cne/lyrotuee o6_,acHeHrie 3aBrlCVlMOCrrl xapaK'repa HaMeHe- ttriKna [2].

HHH Pi rl r/i ox aenrtttaab_ _b. 7. Pac,aeT panaoBeCablX KOHtteu'rpatll, lfi npoayKTOB cro-
1. YBe.)lHqeHrle 3HepFOeMKOC'rH 3apH/la IIpH /lO6aBKaX paHHH B £teiTlCTBHTe.rlbHOMtLl,lK.rle rloKa3aJI, qTo rlprl yBeIlH-

ao/lopo,_q.a ao 2% nprmoarir K yBe.riaqellHro pa6o_b_ tlJ,IKIIa. qeHI,tl,t ¢' o'r 3 ao 10% BospacTato'r OrHOCHrenbHb_e norepri

retina Ha LIHCCOI.IklaII.H}OrIpoj_yKTOB cropaHrlH.
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CytttecXBeHHOe BHH_IHHe Ha 3KcrmyaxattHOHHym 3KOHO- Ten.ria B npottecce c_<ar_t_t )t CHH;,KeHHIOHH_t14KaTopltovo

MHqHOCTb _,BrtraTena OKa3blBaeT CHOCO6 perynHpoBattHa KHJ1. CHHbHOe 06eLtHeHrte CMeCH I1pHBOR14T14 K yBe,rlHqe-

ero MOIIIHOCTH.,J_IH Bb_6opa OIITHMaHbHOFOcnoco6a pery- HHIO _toroparmn n npottecce pacm14peHrta, raK )<at< Mettb-

HHpOBaHHH npoBeReHbl HCCHe_IOBaHHflIlpH pafoTe RBHra- mee KOHHqeCTBO Terma BblLteHfle'fc>l B Hep)(o11 BH_I|tMOFO

Tenfl nO Harpy3ottrlofi xapaKTepriCTHKe c KaqecTBeHHblM cropaH14fl. TaK, Ha pe>KHMe xonocToro xoRa "tOnfl TelUla,

H CMetUaHHblM peryflHpOBaHHeM MOIIIHOCTH(pnc. 2). BblLteHHBtlleroc_ a Hpottecce pactmtpeHrta, Hp14 KaqecTBett-

)l i HOM perynltpOBaHHl4 COCTaBHaeT 9%, Ior_ta )<aN llpH CMe-

0,40 _ tlIaHHOM -- TOHbKO 6%. 3aMe/1HeHHoe cropaHHe Ha MaHbIX

)7.i_ -_..Q HarpyaKax B cHyttae KaqecrneHHoro pery;mpoBaHHa up14.
BenO K yBenl4qeHHIO cTerleH14 HepaBHOMepHoclH pafoqero

0,35 npottecca n rtoTepb retina c oTpa6oTaBttIaMH Fa3aMH.

C TOqKH 3peHHa TOKCHtlHOCTH oTpa6oTaBtlJHX Fa3OB

qor % Ka_eCTBeHHOe H cMettlaHHoe perynHpOBaHHe HpaKTHqecKH

0,30 r___,_ '_ 30 paBHOl.teHHbl. Cojxep;_aH14e OKrtCH yrnepoaa B oTpa6oIan-

25 max raaaxoqem, MILIIOnpH o6oax cnoco6ax perynHpo_a.14a

qo MOH2HOCTHH COCTaBflaeTMeHee 0,1%.
20

8 KoHtteHTpauB_t OKHCIIOB aaoTa npH oSo)_x cnocoSax

0,15 a_ perynHpoBaHHa MOILIHOCTHHa HarpyaKax, 6HH3KttX K MaK-

0,10 _ CHMa.rlbHOlTI,Ha25 -- 50% 6Onbtue, qeM rtprt pa6oTe na 6eH-

6L-''_ A____O.==_ ° A_' % 3HHe, qTO aBHaeTc_ cHeLICTBHeM BblCOKHX TeMnepalyp

0,05 _____- 10 tmKna rt Hamtq14. cBo6oaqoro Kncnopoaa. Ho c yMeHbtUe-

5 HI4eM HarpyaKn reMneparypa tmKna peaKo yMeHbmaerca

51t _ H3-3a pocra a, H npHHarpyaKax,MeHbttlrlX60%Mal<crlManl,-

cx 0 HOI_I,OKHCHbl a3ora HpaKTHqecKH oICyTCTByIOTB oTpaforaB-

turtx ra3ax, qTO o6ecHeqHBaeT cy_ecTBeHHOe yMe14btueHtte

BbI6IbOCOB OKHCHOB a3ora B yCnOBHaX 3KCrtayaTal_H B

0 0,2 0,4 0,6 0,8 1,0 Pi' Ml-la cpaBHeHHH C 6eH3HHOBbIM LtBHraTeBeM.

P_c. 2. BnnnHne cnoco6a perynHpoaannn MOILIMOCTHaBnraTena C n H c o K n n T e p a T y p hl
Ha napaMerpbl paSoqero npouecca npa n = 41,7 c"_ . • - Kaqecr_en-

HOeperynnpoaaane; o - CMetUaHHOeperyn_po_aHr_e I. CTeqKritt I_.C., Fenl<rlH I(.Id., 3OHOTapeBcK14fi B.C., CNo-

I-IpH KaqecTBeHHOM peryH_tpoBaHm_ yMeHbUIeHHe MOUl- BopoBJ4HCKH_t H.B. HmlHKarOpHaa JInarpaMMa, I1)iHa-

HOCTH o6ecrleqHBa=riH TOnbKO yBennqeHneM Koaqbqbnl.tl4eH- MHKa TerLrIOBb_JleneHHa n pa6oqH_t rlpottecc 6b_CTpOXOLt-

ra H3fibn'Ka ao3_lyxa. Hpn CMeIIIaHHOM peryHHpOaaHHH HOrO noptuHeaoro _mHrarena.- M.: AH CCCP, 1960.-

yMeH_merme Harpy3Krt _to 60% or MaKCHMa.rIbHOITI_OCTH- 199 ,.'.

raHH yBeHHqeHrleM KO3qbqbalLI4eHTa H36blTKa Boaayxa J1o 2. BOI,IHOB A.H. CropaHHe B 6blCTpOXOhltblX noptUHeBbtX

a = 2 5e3 _tpoccenHporaarma Ha _nycKe. _a.ribHefittlee yMenb- }XBHraTeH_IX(2-e Ha,a, nepepa6, rt aort.). - M.: MauntHo-

tUeHHe Harpy3Krt ocytttecrBnmart o6e_tHeHaeM CMeCH /10 crpoeH14e, 1977.-277c.

a = 3 rlprt O_HOBpeMeHHOM ;apoccenHposamm.

Xox._ _s.a npH o6oHx cnocoSax perynrlpoBaHHa OLtH-' Bonpocb_ aTOMHO_)layKr_;t TeXli|IKH.

HaKOB, t_Haq Ha MaJ'IblX Harpy3Kax npH KaqecTBeHHOM pery- (;cp. Haep)taa xextmKa H rex)to:_oHi)t.
nHpOBaHHH 6oJIbtue, qTO HpHBO/IHT K yBenHqeHHIO HoTepb 1989, B_n. 2, c. 64 -- 66.

KOHBEPCHOHHAH TPYBA

]IIIH HAPOBOI_ KATATIHTHqECKOITI KOHBEPCHH YFIIEBO_OPO_IHblX FA30B

C OTBOPOM BO_OPO_IA H3 30Hbl PEAKIIHH
H C OBOFPEBOM FEJIHEBblM TEIUIOHOCHTEJIEM

B.B. Ho3aees, B.B. IUaHbFHH, M._. IUoHUlHH, H.M. HapaMOHOB, H.H. JIy3HH,

B.M. Fpa3HOB, IO.M. CepoB, A.M. KnOtIKOn

HpoBe_eHbl pac_erb_ rpex pe_:I4MOB paSo,lero npouec- I_ o6orpeBOM peaKttHOnHOrO o6],eMa (PO) reH)leBb_M le_L'_O-

ca napoBoh KaTaHHTHqecKoISI KOHBepCHH MeraHa B KOH- nocHreneM.

BepcHOHHO_t Tpy6e C Or6OpOM BoRopoRa H3 3OHb_ peaKuj4rt l(oHcTpyKttrla KOHBepCHOHHOfirpy6bl noKa3aHa Ha pHc.1.
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10 000 qecKrte pa3Mepbl Tpy6bl nOKa3aHbI Ha pHC. 1) :

I 200 I 2000 1250x4 , _i 1250 . 1250_ . Pa3MepbiKammnapa ............. d/8 = 1/0,1 MM;

! L=2M

] 2 3 4 qHCnOKanHnnapoB .............. 648 mT,

MaTepHanKanHnnnpoB ............ Crman Pd - Ru6

L [10, Ill
- KaTanHTHqecKoenoKpmrHe ......... HH-1 [7]

_2aBneHHeI-IFCn PO .............. 4,0 Ml-la
JlaBneHHeBOIlOpo/laB BOLIOpO/IO-

- I 10: c6oprlaKe ................... 0,15 Ml-la

_¢31_¢39 OCHOBHble rlapaMerpbi rlpottecca B KOaBepcrlOHHOftTpy6e npeacTaBneHm B ra6nmte.

Pe:,a,tMHapaMeTp npouecca i ]
Pac. 1. Koimepc_toHnaa Tpy6a tlZm napoBoft KaTanHTmtecKOflKOH- 1 2 3
BepcHH ylneBOB.OpOJ1HblXFa3OBC OT6OpOMBOEOpo£taH3 peaKttHOH-
HOlt 3OHbl _ C o6orpenoM r'enHenbIM TeHnOHOCHTeneM:1 --Tpy6a PacxoEMeTaHa, HM3/q 10 10 20
nHyTpeHHan; 2 -C)_m,qbOH; 3- rpy6a Hapy_Haa; 4- KaTamt3a- PacxoaBo_mororIapa, Kr/q 24,6 24,6 49,2
Top; 5 -- aocKa Tpy6Han; 6 - Kannmtapl, x; 7 - c6OpHHKBOaOpO- Pacxo/.trenHa, Kr/q 100 100 200
aa; 8 - qbnaHeu OTBoIla Bo_.opo_a; 9 - qbnanett OTBOIlaKoHBepTU- TeMnepaTypa reJmrtHaBxo_teB Tpy6y
ponaHHoro ra3a; 10 -- qb,qaltett BBOjla renan; 11 - dpnanett aaoaa t_,°C 800 900 950
Hapora3ono_ CMCCrl;12 - qbnaHeuBblBOaa renrm TeMneparypa rlrc Ha BXOjle B rpy6y

t2,°C 530 530 530

BoIIopo,_onpoHnttaeMble MeM6paHbl npe_IcTaBnarOT co6ofl [la peaynbTaTOB pacqerOB, npe]ICraBneHHbXX Ha pHC. 2

llIeCTb O£tHHaKOBblX _YIOKOB, COCTOHIIIHXH3 KariHnnapoB 6, vt 3, cneayeT:

II3FOTOBJIeHHbIX H3 nannaRHeBoro crLrlaBa H HaBHTbIX Ha --rlpouecc napo Bo_ KOHBepCHH c OT6OpOM BO_lOpo£1a

CZIO_I<ara.riH3aTopa, HaHeCeUHblf! Ha Hapy>KHyrO rIOBepXHOCTb H3 3OHbl peaKtmH npOXOZtHT 3qbqbeKTHBHO HpH BXO_IHOI_'

Tpy6bI 1. o6orpenaeMofi renvleM H3HyTpH. I-IpaBble KOHH, bl

KarlrlnIl,qpoB 3aBapeHbI, a neBbie -- BbIBeileHbI qepe3 Tpy6- _lx

l tII t III __1,0Hble aOCKH 5 B C6OpHHK BO_Opo_la 7. 900 t_ a. \

Pa6oqHfi rlpoltecc B Tpy6e opraHrt3OBaH cne/lymtUHM _"'_""__ 0,8

o6pa3oM' 800

-- napora3oBaa CMeCb (I-IFC) axo_,tr B PO qepe3 harpy- 0,6

- npO/1Bnraacb no Ha3aM, o6pa3yeMbIg IlyqKaMH KanHn- ": 600 I li

napOB B KOm,UeBOM 3a3ope Men<_y Tpy6aMrf llt 3, Hre ×' \ _,A_ _ '; ';

HarpeBaeTca H KOHBepTHpyerca; 500 __'__- t{ 0,2

--KOHBepcHoHrm_fira3 (KF) oTnaeT qaCTb BO_tOpo_a 400 __......
_epe3 CTeHKH KaHI4:I,H_IpOB (3a cqeT pa3HOCTH Haptl_an_HblX 0 2 4 6 8 10

:_aBHeHH_I) 3a npeaenbi PO; 1, M

- KF BbIBO_tITCH qepe3 qb.rlaHeitOTBOKara3a 9; Pac. 2. Pacnpeaen.eHrta TeMnepaTyp TennoHocHrena ti, = ¢(l) .H hapo-
- renH/'i rlpoxoa_ir HO Tpy6e I OI qbnaHtta lO K qbnaH- ra3oBotl CMecl4 )I = _{l)= _o(1), a TaK>_ecTerleHetl KOHBepc)_rtX_

try l 2, OTj1aBa.q CBOeTelUIO B PO. no /lnHHe pea_<u_tOHHOFOo6_,eMa I _,na Tpex pe>KrtMOBpa6oT_,IKOH-
Bepct4olmogtTpy6t),: tlx:: 800°C. tl_= 530; tI,I= 900, tII= 530, tl,II =B pe3y.qbxaTe OrBo_a BO_lOpoaa H3 3OHbl peaKttrm
= 950, til I = 530

CIt4 + I|._ O --*'CO + 3H2 ... (l)

Bo3pacTaeT CI<OpOCTb KOHBepCHH MeTaHa. Be.rlHqHHa CKO- xeMnepaType rearm t, _> 800°C, qTo rapaHrHpyer TeMrle.

poci_ KOHBepc_t)t MexaHa CoCll( c yqe_roM oIaoKa BOJ],O- parypy CTeHOK _py(5 B PO Ha |00 -- 150 K HHxe, qeM B

poaa AQ} t2, np_mo_tamero K ClIH>KeHHIOrlaptmanbHoro TpaLI.HILHOHHblXrpy6'qa_blX rleqax;
B 3OHe peaKtmH, noacqHrblBa- -HpH t_ = 950°C _OHBepCHOHH_ Tpy6a C Or6OpOMaaBneHlla rlocne:mero PtI2

nac_ ilo qbopMy:IaM, Hprmo:lHMb_M B pa6oTax [1 -- 6]. Boaopoaa ri3 3OHr,I peaKtmH o6ecne,mBaer npoH3BOmtrem,-

BoaopoaoHpommaeMocr_ rtazma,._tHeBOrOcnnaBa paccqH, bma- HOCTb rlo MeraHy 20 HM3/q rlp_t c_erteHH KOHBepcmt 1,0

nacb B COOWBelClBr_H C peKoMeHaam_aMn pa6orb_ [7]. (oanonpeMeHHO Bb_pa6arbmaerca cBepxqHcr_fi BOaOpOn

OTMeT'AM cne_tyrotuHe ×apaKTepHcrrtKH KOHBepc)tOHHOf_ B KonH,tecTBe 30 HM3/n).

rpy6b_ H pa6oqero npoaecca (Kortcrpymmn H reoMerpH- TaKHM e6pasoM, co3aaHHe KOHBepc_tOHHblX rpy6 C

67



I /I::,MeaHaocyrepo,ao,,aHeM'HaHaytmme OCHOBbIKaTa.rlHTIlqecKo_I KOHBepCHH yrae-

• BOEOpOHOB.-- KHeB: HayKOBaEyMKa, 1977, C. 51 -- 63.

1,0l /ql0 _" 3. XOMeHKOA.A. Ktmernxa peaKtalt MeraHa c BOJJ,gI-IbIM

_ "CH, aQHa"/ l _ napoM n o6pareo_ peamma raaporermaatmt oKac,

0,8_ _ / t 8 yrnepoHa Ha HHKeae: ABHOpeqbepaTM,:1971Ertc"Ha COtCK. yqeH._" chert. Karta. rexa. HayK. MFY,

o.. [ 4. XOMeHKOA.A. a Ep. KanemKa peaKtma Meraaa c BOaR-

" 'F] Y / 14 : abIM napoM t 06paTHO_ peaKLmH rtHporennaatBirt OKrlCtyrnepoEa Ha noBepXHOCTHHtKeH_. -- KHHeTHKa t Kara-

3 0,2_ _ _ q2 '_ naa, r. 12, BMn. 2.
5. T_MKHH H.A. t Ep. KrmerHKa KoaaepcHt MeraHa na

0 2 4 6 8 10 rmKeHeaOM Kara.uaaarope. -- B ga.: Hayqnb_e OCHOBbl

l,M KaTa.rlHTHqeCKOfi KOHBepCHH yrneBOEOpOHOB. -- IO4eB:

Pnc. 3. Pacnpe_lenemla cKopocztl Kousepcml U_CH = ¢(I), nenu- HayKOBaEyMKa, 1977.

qHHhl nozoga BO/IOpo_a 1433Olml peagmm AQHa =¢_! ) H naptma_- 6. BoRpoB H.M. H Ep, KHHeTnKa peamtaa meraHa C BOZbq-
noro aanneaaa soaopoaa PH = ¢(!) no _14ne peamtaoaaoro o6_,eMa

a HblM HapoM, KaTa.rItatpyeMo_i ntKeneM na noptlCHOM
KOHSepct[onnoflTpy6_ I npn tt = 800 tl t2 = 5300C aocHTene. - KHHeHHKaH KaTa.rlt3, 1967, T. 8, sbm. 4,

OT6OpOM BOHOpoEa R3 30Hbl peaKIBIt OHKpMBaeH BO3MO>K- C. 603.
tIOCHbHcnonbaoBamla _nR npoReccoB napoBo_ KOHBepCHH 7. Ba_qrOK IO.K., AfiaeH6aym M.B., KypKOBCKHfiB.A. -

TeILrlaor BTFP, tcKmoqa.q C>KHraHHeopralmqecKoro How XHM.IIpOM.,1972, NO9, c. 679 - 681.
8. Fp_IaHOB B.M., MHmeHKO A.H., I-IoH_IKOBa B.H., Po-naBa [8, 9]. O_HOBpeMeKrlO pemaerca sonpoc o npoHa-

eoacrBe cBepxqncroro Bonopo_ta B ripoMbmmeHnmx Mactu- Hall H-P. - B Kt.: IIoKn. AH CCCP, 1973, r. 211, NO3,
ra6ax. CymecHBeHHmMMOMeHTOMaBnaerca raK_<e rO, qHO C. 624- 627.

9. TenerHna H.C., KnoaKoBa A.M., CepoB IO.M., Fpaa-
raxrie Tpy6bI Moryr 6bITb H3rOTOBIIOHbl H3 y_KeOCBOeHHbIX

HOB B.M. BHtaHHe HepMoo6pa6oHxt CrL_aBOBnanHa_a
oHeqecTBeI-lltO_l IIpOMbIRIHeHH0CTI,IO I4 He_eI_HIIKI'H_IX _Kapo. .

CTOI,IKtX CTaYle_l, HanpaMep, cT.XH32T (TY14-3-489-76). B arMoc_epe BoEopoEa Ha COCTaBHX HoBepXHOCTt.--
B KH.: Tea. EOKH. I Bceco_oa. KOHqb.HayqHo-yqe6Horo

C n Uc o K n HTe p a Ty p _._ Rearpa (_pH3HKO-XHMHqeCKHX MeTOEOB HccHeEoBaHHa. --
M.: Y_H, 1988, c. 19.

I. ArpaHaHB.Jl. n _tp.Km-xe'rHKaKOmaepcmlMeHaHaBOB)lH]hIM
IIapOM Ha HOBepXHOCTH HHKe.rleBO_I t_Oflbrt npr IIOBbl- Bonpocm aTOMHOftHayKa X TeXHHKH.

IIIeHHOM EaBfleHHH. -- KHHeTHKa t KaTaHt3, 1976, r. 17, Cep. _Ij1epHaa TeXHHKa HrexHonortla,

BbIn. 5, C. 1241. 1989, Bbln. 2, C. 66 -- 68.

2. ATpOmeHKO B.H. t Ep. Hayqemie KHHeHHKH KOrtBepCtt



TEPMO_HHAMHKA H TEH.rIOCH3HI<A

:3HEP FOTEXHOJIOF HqEC KHX HPOI.[ECCOB
i i i

ATOMHAH BO_OPO_HO-9.rIEKTPHqECKAH CTAHI.[HH C PEAKTOPOM BTFP

B.B. l-lo3_eeB, C.I-[._o6poBonbcl¢/41_, B.K. I[[I4p_leB

BblCOKaM TepMO/IHHaMHqeCKaM 3MMeKTHBHOCTb H 3HeprHH Ha Bo_opo/IHOM TOIUIHBe. Hp14HttrtrmanbsaM cxeMa

6eaonacHOCTb onpe_temm14 nepcneKTaaHOCTb peaKTOpOB TaKOfiAB3C noKaaarla Ma pHCyHKe.

BTFP an, aTOMHOITI anepremKa [I, 2]. Ranbne_tuee yaenH-

qerme ponn BTFP a 3aeprerrtKe CB_I3aHO C OCBOeHHeM np0143- CO + 3H) _3H_ ['-I

raO_tCrBasToporo, Hapa_ty c3neKrprraecTBOM, ymiBepcaab- ff==-1 .-----. N 0,2 I

HOrO 3K°n°rriqecKri tracT°r° 3Hepr°H°C14TenM'B°lI°P°_a" BIB_---] ['-_ _ _ i "IM3 rP IIKMcneayer or_arb npeanoyrerme napoBo_ KOHBepCI414Merana ....J i_......J I..... I_ Dr I"-IDrq"l'_PX:OI i _ ',

(I-IKM). 3ro_ npottecc no pacxoayeMo_ nepB14qaofi aHepran /... _ 1,_,-, I_,,__,r'x"-'ra_ _H.O,_2v i=,!S'
14cKorlaeMoro TOIUIHBa IIpHMepHO B /IBa paaa 3MMeKI_IB-

f_ I _n_, u._ra v I i ,

aee 3neKrpon143a, xopotuo coqeraerc,q c pea_zropaM14BTFP, I _nTVll-4~3--u-_ x- _ ,d ,

Tpe6oBanaM 6e3onacnocTH Moryr 6bIrb o6ecne_er_bx a,a<e- He _ _ __J

nepnbIMH petuertaMMa [3].

KpoMe Toro, rtpottecc I1KM nOaBOaMeT 3MMeKTrIBHO CxeMa AB3C e no_¢phrraeM HepanaoMepaocxa rpadpm<a _nepro-

aKKyMyn14poBarb 3rieprrim B rIpo_tyKTaX peaKytaH 14 ocy- norpe6neaaa: BTFP- ._epm,_ peaKrop; IIKM -y_en napoaot_

mecranarb sblpaBH14Bamle rpaMHKa anepronoape6nerma. Ro.nepca'a Merana; HF - naporeneparop; BP - 6nok paaueneaaa

l'[epcneKT14BHble aBTOHOMHble xpanrtnn_a Hcnonb3ylOT _ffl/I- nponyKrOn Konnepcna; BPB - 6nor paanenearm aoaayxa; BK -

I<:I4171aollopo_ H MeTa/Inorl_p14_l [4, 5]. AHa.r1143 3Hepre. 6nOK XOHnepcna CO n Bo_opo_t; Xp.CO - eMKOCTIb/Lq_l xpaae-
Hld_ )KH_HOfl CO; Xp.O a - eMKOCTb Rna xpaHeev_ _mzuoro xacno-

T14qecKHx xapaKTepHCTHX BbIMBH3I npe14MytuecTBo KpHoreH-

HOFO xpaHeHH_I OKHCH yrylepo_a: ILrIOTHOCTb 3allaC_HHO_i po_la; BO_z - 6nox o_zm_eHmq CO; BHH - BblCOKOtlOTeHtlHaJI/_-
I_tg napore_eparop-neperpenaren_; HTY - napoTyp6mmaa yc_ra-

3HepFH14 3a BblqeTOM 3aTpaT Ha aKKyMynMpOBaHHe (HCTTO- HOBKa (oc,o_aaa); CHTY -caTennrrrHaa ('ha_Konaa") IITF
_aepraM) y 14ee Bb]tue, qeM B apyrrtx cnyqa_x-- 6800 M_>K/M 3

(npomn 5600, 3200 14 2200 MjJ_/M 3 ;[I_IM >KI_KOFO BOaO- 3_eprer14qecK_e 14 31<OHOMHqeCK14e noKa3arenH paCCMOI-

podia, Bonopo_ta, cop614poBaHaoro Ma yrne, 14 meranno, pe14_x Ha nprtMepe AB3C c peaKropoM BTFP rennoBo_
rrtaprtaOB COOTBeTCTBeHHO). Ba>KHO 14 TO, tlTO 6once BhlCO - MOUIHOCTbIO 3000 MBr (AB3C-3000). 3Hepro3aTpaThl Ha

Kaa reMnepa_ypa K14netmM 14 Ten.nora 14cnapermM no cpaB- HKM onpeaenan14c_ cornacHo pa6ore [8], norpe6HOCT_

HeH1410 C Bo_opo_oM cnoco6crByeT ynpomeH14m 14 yaemeB. B ypaHe 14 pa6oTa pa3_aene}mM OtteHeHbX no IIaHHbIM [9].

neHnm Kp14oreHHOrO xpaHrlnHttta, l'IprtBe_teHHble 3aTpaTbl Ha BO_OpO_ CBn3aHbI C yKpyn-

Or.xtcb yrnepo_a no 3K3oTepMHqecKo_I peamm14 c BO_tOfi HeH14blMM3KOHOMIIqecK14MM 14 3HepFeTHqecK14MH rioKa3a.

KOHBepT14pyeTcM no Mepe Ha_O6HOCT14 B BO_OpO_t, KOTOpbl_l TenMM14 cne_tymttlrtM ypaBHeHHeM:

rlocne OqlICTI<H OT CO2 H CMeIIIeHHfl CO crex140Merp14qecl<nM
K, 0,7

I<on14qeCTBOM K14cnopoaa, nonyqaeMoro pa3_:teneH14eM no3ay- 1[3 = 0,14 ---- + -- [C T - (I -- ct_r/C_ ] +
xa, 14cnonbayerc. ana reHepatt14n "r114KOBOfl" aneKrpo, aT a

aaeprrm no cxeMe, ormcanno_ B [6, 7]. K2
+0,15 --- + 3,05.10 -4 I2 , py6/M 3 , (1)

TaK14M o6pa2oM, cocraa arOMHO_ .BoaopoaHo-aneKrpri- T
aec_ofi CTaHLIM14 (ABDC) npeacraBnaerca caeaymttmM:

peaKrop BTFP, ycra_oBKa I-IKM, KprloreHHoe xpaa14n14me r/Ie K,, K2 - y_em, m, ie Karmram, Hb_e 3arparb_ .a aneprio-

_rttmofi CO, ycraaoBgaana rertepatm_"n14KoBo_" aneKTpO, aaepreraqec_y_o qacr_ A3C a o6opyaoBamte ann npoa3-

I
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soRcTna SoRopoRa, py6./KB_ H py6./ (MS/q) cooxne3cTsem py6. COOTSe3c_eHHO*) .

HO; a -- ROaa 3Hepr_m BTFP, pacxo_zyeMa_ HaIIKM; CT - ABxopbx sblpa_zalox 6naroRapHocTb C.II. ManblmeHl<O

TOID'IHnHaa COCTaBYIRIOma/[ A3C, py6./KBT-q; C a --C3OHMOC3b H IO.B. CHH,qKy 3a Iione3Hoe o6cy)KReHHe n ReHHbXe 3aMe-

3neK3poaHeprHH 3aMemammefi c_amlt_, py6./KB3.q; LI- qaHna.
aaMb_Ka_omHe aa3pa_bx na npnponHbXfi raa Rnn rIKM,

py6./3y3; _ - KI-I_ A3C (HeTTO); T - apeMa pafo3bx C n a c o K n a Te p a T y p bl
AB3C, q.

_l],aa pacqe3a C3OHMOCTH"n_KOBOR" aneKTpoanep- 1. Yleracoa B.A., IIoHoMapen-C3ermo_ H.H., rlpoaea-
rHH HeOfXOKHMble HOKa3aTeJIHKoMneHCaRHHHepaaHo- KO A.H. n Rp. IIepcneKzHabxncnoabaoaaHHa a OCHOn-

MepHOCTHaHepronoTpefnetma onpe_zens._ncb nrts CHCTe- Hble npofineMbl nHeJlpeHna BTrP n TeXHOnOrmo n
MbI, npHlmTORn paSo3e [5], xapaK_epHCTHKH',nnKoaoro" aHepreniKy. - ATOMHaRaneprl_, 1978, 3. 45, nhm. 6,

Hapo- n 3neK3poreHepapYmmero 06Opy_onaHH_l has,bi c.7.
Ha [7]. 2. Fpe6eHm_K B.H. Coc3omIHe pa6oT n MHpe riOBTFP. -

3Hepre3HqecKMe H aKOHOM_ecrdae noxazaTeaH ATOMHO-BOROpOnHaa_HepremKa H 3exaoaorHa.- M.:
AB3C-3000, aaf_aeHm,ie c noMomm (1) apa aHaaeHHa 3Heprona_a3, 1986, abm. 7, C. 147.

napaMerpon, aaar_x na [4, 6, 7, 10, ll]n HalIIHXOReHOK: 3. KRpIOtUHHA.H., ByabWHH B.B., BOpOHROSB.E. n Rp.
c_ = 0,47; 77= 0,4; C = 2.10-a; C = 1,8.10-_; LI = 60; Oco6eHHOCm o_ecneaeHH_ _eaonacHOCTHOnb_THO-npo-

T 3
Kt = 200; K: = 100; T = 700 a, caezlymame: M_xmaennoR aRepnoR _HeprerHaec_oR ycraHosKn

BF-400. - AroMHaa anepraa, 1988, r. 64, n_m. 4,
3nepre_aqecRae a aKOHOM_qecKge llOKa_aTe_l_ AB_C-_O00 c. 275.

Texam<o-aKOnOMH_ec_aRnapaMerp 3aaqesae mpmvrpa 4. lllnHn_paRH 3._., MaJIHIUeHKO C.l'I., Kynemoa F.F.
Tenaonas MOamOCT_BTFP .......... 3000 MBT Bne_leHHe B o_opo_HyIO aHepreTHKy. -- M.: _}Hepro-

3aegTp_ecRa_ MOttmOCT_(HeTrO) ..... 640 MBT aTOMH3RaT, 1984.

rlpoILvKLtHnABDC: 5. CTOnRpeBcKHR A.fl. AKKyMynnp0BaHHe BTopn_IHQR
aae_rpoaaepraa 6aaoaaa ......... 4,1.10* MBT-_
aneKTpoaHepr_m"naRoaaa". ...... 1,1.10_ MBT/q 3HeprHH. -- ATOMHO-BOROpO/IHaflaHepreTHKa n 3ex-
ToSapH_ttao_opoa ............ 13,5.10_ aM_ Honors. -- M.: 3Heproaa_l_¢, 1982, B_m. 4, C.60.
ToBapaaaZmyOKaCbyrnepo_a ...... 3,5.10_ aM_ 6. llIrmnspafiH 3.3., CapyMoa 10.A., rlonens C.C. rlpnMe-

rlpoH3BORHTeYlhHOCTBo_n_HTeaeg ..... 1,9.10 s Kr/q HeHHe BoRopoRa B 3Hepre3nKe H aHepro3exHonorH_ec-

Pacxon aaepraaHaoama_esHe ........ 3,1.10s MBT-_ KHX KOMMeKcax. -- M.: 3HepronaRaT, 1982, B_m. 4,
EMKOCT_xpanHnHma(pa6oqaa) ...... 115000 Ms C.5.
KanHTam_H_eaarpaT_ (scero) ........ 860 Man py6

7. Maau_meHxo C.II., Haaapona O.B., CapyMo_ IO.A.B TOM qHCfle".
A3C ..................... 600 HeKo3op_:e xepMo_HaMH_ec_ne n TeXHHKO-3KOHOMH-

I'IKM..................... 200 qecxne acnerTu_ npnMeHeHHaBO_OpoRaKaK aHepro-
KpHOreHHa_qaCTb ............. 20 HOCHTeYlH B 3neKTpo3HepFeTHKe. - M.: 3Hepron3Ra3,

o6opy_OBaHHe _l.qareHepmma 1986, B_,In.7, c. 105.

"nHXOBOR"aaexTpoaaepraa...... 40 8 MapmmHHa P.H., Maxaftao_a C.A., HazapoB 3.K.,
HpHne_enHMe aaTpaT_:

aaeRTpOaHeprHa6aaoaa_ ......... 18 py6./MBT_ IIepe_zorHHa ]I.A. Pon_ aoRopo_coRep_aumx ra3o_b_x
aneRTpoaHeprRa"rmKoaas" . ...... 29 py6./MBT-_ cMeceR B pemeHHn 3a_aq KOMMyHaJIbHO-OTOIIHTeYlb-

ToSapHmgBoRopon............ 71 pyf./ry¢ HOrOn HpOMblRLqeHnoroTeRnOCHa6_eHHa.-- TaM _<e,
IIo'rpe6noc_aAB3C snpaponaux c.197.

pecypcax: 9. KaMepOH H. /IRepnbie peaKTopx,_.Hep. c aHrnHficzoro
npHpo_H_ ypaH .............. 150 T

npHpo_u_traa ............... 3,6.10_ H_ nor peR. B_I. HOnHKOBa.- _[.: 3HeproaXOMH3RaT,
1987.

I0. AneKcaH_pOB A.II,, rne6oB H., MeneHxbeB _I. 3Hepro-l-lpeRczaaneHHb_e RaHHb_enoanon_mT oRem_b aKOHO-
MHtleCKHH3_eKT OT nponano_Icl"sa nO_lOpo_a n "mIKO- MOCTCafHpb -- ReHTp. -- "IIpaB_a", 1986, NO36.

11. CHHeen H.M. _}KOHOMnKasRepHoR aHepreTnKn.-BOR" 3_leKTpOaHeprnHHa AB3C-3000. CTOHMOCTbBORO-
M.: 3HeproaToMHa_aT,1987.poRa, nonyqaeMoro TpaK1RI_OHHbIMCrlOCO_OM[4] --

106 py6./3yz (npH LI = 60 py6./xB¢-q), a CZOaMOCZS"rmzo-

noR" aneK3po:_aeprHH Ha FA3C - 52 py6./KBT.q (npa Bonpocu aTOMHOI_nayza a Texlml<l_.

yReYlbnblX KalIHTaJIbHblXaaTpazax 350 py6./KB3 [10]). Cep._laepHaaTexnnxan rexnonoraa,1989, nun. 2, c. 69 - 70.
TorRa y_;em,m,_R 3KOHOMHqeCKHfia_}eKT coc'raBlfror

rlpoHaBo_icl"BaBoRopo_a 35 py6./Tyr, a OT ripoaaBORCT_a *) 3ROSOMa_¢C_ a_}ex-r trt npoaaaoac-raa6aaosotlaaewrpo-
"rmKoBoR" aneK3po_seprm4 - 23 pyf./MBT-q. IIpH aTOM aaepraa npaaaMaaCaaynenuM, a OTTonapaotlanyouaca yraepoaa ne
rOROBOR3KOHOMHtleCKHHaO_eKT C'offraBH3 170 H 24 MnU y_a_naaca.



9KCEPFETHqECKHFI H TEXHHHO-3KOHOMHqECKHA AHAJIH3

HEPE_IAqH 3HEPFHH H_EPHOFO FOPIOqEFO
_[A2IbHHM IIOTPEBHTEJ/HM

B.B. HoaaeeB, C.H. Z[oSpoBonScKHfi, B.K. IIIHpaeB

HepeBo_t Ha a_epHym 3Heprmo rexHonorHqeCKHX npo- Bnox-exeMb_ cpaammaeM_LX BapHaHrOB]XaHbIHa pHCyH,
tteCCOB ri TertnoqbriKattHri ropoaoB [1, 2] rpe6yer paapafor- Ke, npHqeM B,na o6ttI_OCr, nprmoanrca a KOM6rlrlHpOBaHHbIe

Krl 3qbqbeKrHBablx CnOCO6OB nepe_aqH a pacnpe_eaertan

3Heprrm. Cocroamle npo6neMb! npoana.qH3HpOBa'HO B __ E II3n r-"--I

[3 - 5], rae IlOKa3aHbInpeHMytuecrBa XeMoTepMHYecKoro 1 _ ....
rpaHcnopra 3Hepraa "XOIIOZI_IbIM" 9aeproHOCHTedIeM.

Cpezm pacCMOTpeHHblX CHCTeM aBTOpbl BblIIeIl_llOT KaK

na,6onee nepcneKTHBHb1_ npottecc napoBoh KonnepcHn _ 0 . 31-t2 722o  .MeTana (HKM), Ha OCHOBe KOTOpOrO MO_HO ocymeCrBHrb 2 CH_ rn
no KpafiHefi Mepe rpn BapHaHTa nepeaaqH 3Heprrm [6]" TH_O

- KOnBepr.poBanm, JM raaoM, KaK B H3BeCTHOM[7] I CO2 O_O_

LmKne ADAM - EVA, peaaHaOBaHHOMB onblTHO_ ycra- _ i ]__.. r n/HOBKe MOtUHOCTbIO I0 MBT a OCHOBaHHOM Ha o6parrlMOfi 3 BK BO _

peaKmm _""-H,O _ _OH, _ rf20

CH, +H:O _ 3H2 + CO -- 206 K_L_/MOnb, (1) _ _HKM xopotuo coqeTaezcn c peaKzopaMH zHna BTFP [8], 4 rn
HHTepec KOTOpblM B nocnearme ro_tb_ yaerMqHaaeTcn [9] H,OI ]CH,

NaK K yHHBepca.rlbHblM 3HeprorlCTOqHrlKaM C nOBblmeH- _O+ 3Ha=-- .._ M IHFHOfi 6eaonacHocTbm; 5 CH, rH

-- BOIIOpO/1OM, nonyqaeMbIM IlO peaKmtn _ _ E __ /1311
L....-J

CH4 + 2H20-+CO2 + 4H2 - 165 K_K/MO/Ib (2)

H OrB;enaeMbIM OT C O2 HaBeCTmbIMR MeToB;aMn [ 10]. Bono- 6

poR, Ilepe_taHHbfft nozpe6HTen_o, MoX_eT 6blTb C BblCOKO_I f131"I

3dp_eKraBHOCrbtOnpeBpameH B pa6oTy Hall rertno BbICO-

Koro nOTeHtMana; __JIKM_r--'a CO rn

- OKHCblO yrnepona, nonyqaeMo_ no peaKttHrt (1). 7 (U._IBTFPItl/czx _---_f--'L._._ t-.--/

HaMrl rlpoaHa.rlHaHpoBana cpaBHltreJlbHaa 3HepreTHqec- "_'_ E = Y131-1

Ka.q H 3KOHOMHqecKarl 3d_eKTHBHOCTb 3THX aapnaHTOB
L_.Ld

nepeaaqH 3Hepran BTFP aan_Hemy norpe6Hrea_. B KaqecTBe
_IIOK-CxeMa cpaBHHBaeMbIX BBpHalITOB nepe_taqH 311eprHH ii/lep-

6a3oBoro BapHaHTa npHH_Ta nepe_aqa c nOMOttlbm 3neKrpH-
HOrO TOnnHBa _a/IbHHM noTpe6HTen_IM : I -- nepeaaqa 3neKTpO-

qecTBa, aHepr, el_; 2 - nepeaaqa I<OHBepTHpOBallHblM raaoM; 3 - nepeaa-

_rut COllOCTaBllelol_l pa3HopO/_HOfi apoayKttaH y norpe- qa ao_lopo_toM; 4 - nepeaaqa oxne_o yrnepozIa; 5 - 7 - KOM6H-

6HTe.rl_l TerLqa n 3IIeKTpO3HepFHH HCHOIIb3OBaH 3KCepFeTH- HHpOBaltHaff nepellaqa. U -anepnoe TOILrlHBO; HTY- naporyp6Hn-

qeCKHI_ MerOa aHaylH3a [11, 12]. l-[pHHffro, q1"o /:IOnH anep- Haa ycraHosKa; .rl3II - nHHHR ane_rponepeaaqn; 11, 11a, rI_ -

rrm BTFP Ha Bb_pa6orKy aneKrpnqecrBa ri peaKttrim HI<bi norpe6HTenH aneKTpoaHepraa, Terma, pa6orb_; FH - raaonpoBoab_;
M - yaen MeTanrlpoBanHa; HF r - naporenepaTop Texnonorh'qecKoropaBa_ 0,6 . 0,4 coorBercrBeHHo, aaeKrpo._aeprHn rene- napa; BK - 6no_ pa3aenemt_ KOHnepr.ponaHHoro raaa (B_xaene-

pHpyerca C KII_ HeTTO 0,4, 3KceprHa KOHBepTHpOBaHHOrO HHeCO); Hp -yaen npeo6paaoaaHaa aKceprHH (HanpnMep,aneKxpo-

raaa onpe_teaaercn no MaKcHMa.rlBHOI4 3KceprHrl napa,no- XnMrmec_aareHeparop)

nyqaeMoro B MeTa.aTope [13]; aKceprHa Boaopo;aa onpe-
aeaaerca apH 3HaqeHnH aKcepreraqecKo_ reMneparypHofi BapHanrb_nepe_aqH 3Heprmt. 3HaqeaHa 3Kceprmi H 3HTa.rlb-

qbynmtHH r e -_ 1 [11]; 3arparbi 3KceprHH Ha TpaacnopT nHH aemecra Baarb_ Ha [10], peanbnb_ cocraa npoayKroS

ra3oo6pa3n_x aaeproaocaTenefi onpeae_enbs Ma paccToa- peaKmm a y3ne KoaBepcmt H Meraaapoaamla- Ha [13].

nHR, COOTBeTCTBymtttero Luary KOMnpeccoprib_X CTaHLtHfi, I-lpH CTeXHOMeTpHqeCKOM COCTaBe KOMIIOHeHTOB peaK.
r.e. 100 - 120KM npn cTeneaa IlOBb_meaHaaaBaemla ttHH (1)BeaHaHHa nepenaaaeMofi aKceprrm 142Kjl_/MO.%

Ha HHXnpHMepao Bnonropa pa3a. CH,. ConocTaaneaHe c Tennorofi peaKtmH aaeT a_cepre-
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TttqeCKHfi KI-L_ peaKtm. FIKM 77e = 0,69. IIoTepH 3Kcep- T a t5a Htt a 2. 3KcepreraqecKaa _tlxl_KraBnocr. nepe_tamt

rHH npH ocyLuecTBnemta HKM Ha BTFP (cTa_mn aKKyMy- 3nepr.n BTFP

nHpoBamta 3aeprm0 npe_cTasneHbl B ra6n. 1.
Bap.an_ nepez;atm aHeprrm

T a 6 a Htt a 1. llorepn _KceprHn n cnereMe BTFP-IIKM naera_uan,, CTa_m npeo6pa3onamta. [-H [ I

aKKyMyanponanna rpaacnopra 3neprHn BTFP Kormeprapo- CO 3neRrpo-
naua_ faa 2 aaeprna

3.epro.ocaTenb
[ 3Kceprrta, ota. ez;. I lloTepH aKceprrm,orH. eH, Peamm_ I'IKM 0,69 0,69 0,69 0,40

Ypaa 1,00 0,00 B_,meaeH.e H2 (rtmi CO) - 0,96 0,91 -
FenH_ (950 ° C) 0,76 0,24 TpaHcnopT no raaonpoao-
Faa IIKM a Hone pe- Z;aM(rum/I3II) 0,90 0,98 0,98 0,90

aKtmH (820°C) 0,73 0,27 Bee c_ npottecca 0,33 0,65 0,62 0,36

Hpo_lyKTbXHKM 0,69 0,31 I(OM614HHpoBaltHa$1nepe-
z;aqa 0,35 0,48 0,46 -

AHanrl3 6a.aaHca aKceprnH XHMHqeCKHXcra4J3t_ Hpottec-

ca nepeaaqH 3HeprHH cnoco6oM KOHBepcrta -- Merarmpoaa.

HHe BblHOHHeH H.rlR CocTaBa IIpO_yKTOB, paccqrrraaHoro T a 15n n u a 3. CrOHMOenSnepe_a_a aaeprHHBTFP paaa.qnbtMn
aneproltoenTeaHM_a

B [13]. HoayqeHo 3Haqemie 3Kcepran n or_tenemta KOH-

BepcriH 816K_/MOnb, B Or_teneHHH Merarmpoaarma- Yz;eaT.aueKarm- lllamez;eH- Otaoen-
898 I<_>K/MOab. Orcto_ta nepe_taBaeMaa aKceprna CocTaB- 3neprOHOeH'rerm Ta2lh_uezarparht, Hue aarparu, Teni,naR

naer 82 K31_</MOab, I/pH _TOMr/e ocraercn apegHaM (0,69), py6./MBT.KM py6,/KM.F//oK CTOHMOen,
B XeMOTepMHqecKo_ cxeMe 2 (CM. pHcyrloK) 3Hatlrl- nepe_atm

TenbHb[e HorepH aKceprm_ apoacxoaar B MeraHarope Ha-Ha Boz;opoz; 50 0,8.10 -3 1,0
orpamtqeHHO_ reMnepaTypHo_ CTOfIKOCTH I<araaH3aropa O_atcb yrnepoz;a 150 1,5.10 -3 1,9

H Heo6parHMOCTri rerLrtOo6Merm c HaM. Ilpn nprmarwqx Kormepraponaa-

B [13] Mai<CHMarlbHOfiTeMnepaType raaa 600 n napa 355°C nu_t raa 800 7,5.10 -3 9,3

senrtqHHa r = 0,533. 3neRTpo_epraa 2000 20.10 "3 25,0e

I-IOCKO2IbKy paCCMOTpeHHe peanbHoro COCTaBa Fa3OB

He naMeHaeT ouenoi< 7?e, CXeMb_3.4 (CM, p.cynoK) npoana-
aHanpoBaHb_ aria crexnoMerpHqeci<oro cocrana. Ilorpe6a. MHqec_aa adp_eKTHBaOCrb Tpancnopra aHeprrm BTFP BOaO-

renin nepe_aerca Bb]21e_I_1eMa_lHa CMeCH qacTb no_opoaa pOROM oKa3aylacb HaHBbIClIIe_. K 3THM npeHMytuecrBaM

Hart o_ca_a yraepoaa, _i<B.BaneHTHaa no _Kceprrm nnoa<ea- ao6annaerca noanaa _Konoraqeci<aa qHcrora.

no_ pa6oTe aaeproHcToq_aKa (142K/Im/MOa_, paaHaa TamIM o6paaoM, npaKraqecKoe Hcnoa_aoaamle npo-

0,60 Hall 0,52 MOna H2 Hall CO cooraercraenno. 3a_parbt uecca IIKM Z.na nepeaaqn aHepraH BTFP uenecoo6paaHo

pa6orb_ na ab_Rer_enne CO H OqHCTKy H20T CO2 otteneabl opaenTHpoBaTb Ra aapHanT, r_te 3HepronOCHTeneM RBHaeT-

B KonHqecrBe 24 K_)l</MO.rlb CO H 10 l<_]_)l</moIIb H2. Ilpo- ca Bo_opoR.

Hyc_naa CnOCO6HOCrb raaonponoRoB oHpe_teaanac_ no

o6bttmo_ MeTOZ3t_e [14]. 3arparb_ Ha npoKaqi<y ra3oo6pa3- Anropb_ nb_paxamr 6aaro_aapHocTb C.H. Ma.nb_tUKO,

HbtX aHeprouocHre:_efi OT Hepe_aBaeMo_ aKceprrm cocraB. A.fI.CronapeBCKOMy H IO.B, Cmtai<y aa noaeaHbie o6cy>_-

naIOT 10% _Ia CXeMb_2 H 2% _aa CXeM 3 rt 4 (CM. prtcyrtOK). _eHaa H tteHHbIe 3aMeqaHHa.

KaK noKaaaHo Ha pHCyHKe, KOM6HHHpOBaHHble CXeMbl

nepe_a_ 5 - 7 otteHHBa.rIHCbno "reM_e KparepnaM c yqe'roM C n rtc o K a a T e p a r y p h_

aomi 3KceprH. aaepHoro rop_qero, pacxo_yeMofi aa I1KIVl

npOHaaOaCraO aneKrpoaHeprrta, rlpH npoHaBO_tcrae 1. AaeKcaa_tpoa A.II. - BAHT. Cep. ArOMHO-BO_OpO_t-

3aeKrpoaHepraH na A3C a cooraerCrBna C [12] aKcepre- naa anepreraKa . rexHoaorHa, 1980, Bhm. 1 (6),

T.qecK._ KI'LR npHrtar pasHb_M KIU1 ABC Herro, a note- c. 3- 7.

pH aaeKrpoaHeprHH apH nepe_aaqe - 10% (KoHBepBaTaB- 2. J'leracoB B.A. YuaBepcanhHb_e BOaMOa<HOCT. BOaOpO-

Haa otteHKa). PeaynbTaTbI CpaBHHTe_IbHb_XOReHOK 31<ce[a- _ta.-- [(OMMyllrlCT, 1976, NO I, c. 72.

rerHqecI<ofi 3_dpei<THBHOCTHBCeX paccmoTpeHnblX aaprlaH- 3. CronapeacKrtfi A.fl. Ai<I<yMymlpoaamle BTOpHqHOfi

TOB npe/IcTaBneHbl B Ta6n. 2. 3HeprriH. - A'rOMRO-BOROpO/_Haa 3HeprerHi<a rl rex-

CpaBHelOle 3KOHOMHqeci<HX noKaaarenefi BblIIOHHeHO nonorrta. -- M.: 3HeproHa_aT, 1982, abln. 4, C. 60 -- 125.

aria BapaaHTOB 2 -- 4 (CM. pHcyHoK) apa dpnKcHponan- 4. Haaapoa 3.K., _y6ara H.A., CeMeHOBa J'I.B., 14BartOB-

HOM _j'l.q Bcex 3HepronocrlTenefi nepenaae _taBaerma a or.o. c_._ A.O. _)HaHI<O-XHMHqeci<He OCHOBbl RpoL[eCCOB

tueHrm HaqanbHoro /laBnerm_ i< KoaetmOMy 1,5, qrO ripest- xeMorepMHqecKoro Mero/la nepeaaqH 3neprrin Ha Ranb-
CTanneHo n ra6a. 3. Hne paccromlrta. - TaM, >_e, 1986, B_m. 7, C. 3.

KaK cae_tyer ,3 Ta_rl. 2, 3, 3i<ceprerHqecKaa H ai<OHO- 5. Dietrich G. Vergleichende Untersuchung zuz Nuklearer
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FernenergJe. - KFA: Jiilich, 1975, NO1191. 12. llIapryr ft., Hexena P. 3Kceprxfl. Hep. c noabcKoro/Hoa

6. lllnrmbpafiH 3.3., ManbnUeHKO C.H., KyaetuoB F.F. pe_t. B.M. BpO_aHCKOrO.-- M.: 3Heprrta, 1968.
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M.: 3neprorta_taT, 1982, Bbln. 4, c. 147. Bonpocbl aTOMUOflnayKrin TeXrlrll<rl.

10. Hpo143BO/lCTBOaMMrtaKa/Ho/l pe/l. B.II. CeMeaOBa. -- Cep. flaepHanrexHm<ar_rexHonorHa,
M.: XrlMrta, 1985. 1989,BbIn.2, C.71 -- 73.
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HCHOYIb3OBAHHE BSICOKOTEMHEPATYPHbIX PEAKTOPOB

_JIH IIOMEHHOrO IIPOH3BOIICTBA

B.M. _leMeHTheB,B.H. KpaBqenKo, F.H. BepxnBKep

3QbQbeKTHBHOCTb nepeBo_a npOMbltUaeHnocT14Ha aTOM- aTOMHO_I3Hepraefi Heo6xo_114Ma3Heprer14qecKaa MORel>
Hy}o 3Hepr14m onpe_eaaeTca TeM, HacKoabKo IIOaHO 6y]leT HH3aIL145ILIOMeHHO_ITeXHOIIOFHH: OCHOBHbte_MHKILHH KoKca--

3aMeHeHa 3HepreT14qecKaJ_ OCHOBa nepeBoL114MOH oTpaca14, IIpOH3BOJICTBO ra3a-BoccTaHOB14Teafl 14 Bblpa6oTKa BblCOKO-

HacKOabKO IIOaHO aTOMHblfi peaKTOp 6ylleT HCrlOab3OBaH TeMnepaTypHoro Terma ]lna noayqen14a pacrmaBa Heo6xo-

KaK CTHMya K 3HepreTHqecKo_ MoJlepHH3aR14tt oTpaca14, j1HMO rlepejXaTb CTOpOHHI4M arperaTaM. TaKHMH arpera-

3HeprerHqecKofi OCHOBO_CoBpeMeHHOfiqepHofi MeTan- TAM14MOryT 6btTb KOHBepTopH.a14raa14qbriKarop_na npoHa-
ayprHH aBaaeTca KOKC,o6ecIleqHBalOItI14171 BMeCTeCOCBO14M14 BO/lCTBarana, pa6oTamttlBe Ha Tertne aTOMHOFOpeaKropa,

[IpOH3BO/lHblM14 (]IOMeHHblM H KOKCOBbtM ra3aM14, KOKC14- H rmaaMoTpoH fl,qa neperpeBa raaa-BOCCTaHOB14Teaa.

KOM, KOKCOBO_Meaotmm) 62,3% noTpe6HOCT14orpacaH CoorBercTBymmaa nprtot_rmanbHaa cxeMa ycraHoaK14,
B KoTeabHO-IleqHOM TOIUI14Be. HoTpe614TeaeM KOKCa aBaaeT- 14cnonbaymtuefi BTFP _tn. j1OMeHHOrO npo143BO_tcrBa, np14-

ca ]XOMeHHOe npOH3BOJXCTBO, Ha ]xoahq KoTopoFo IIp14xo]lHT- Be/lena Ha pnC. 1. i]dI_ HoJlyqeH14J_ BOCCTaHOBHTenbHOFO rana

cn 46,9% pacxoaa Tonm:i_a B oTpacn_ n 70% ero CTOnMOCT14. npe_lycMaTpaaaeTca KaTa.rlrlT14qecKa_l KOHBepc14_I np14poa-

Cy/l_ no TeMnaM CO3]laHH_I 3aBoj1OB npaMoro BOCCTaHOB- HOrO ra3a. _l HccaejloBaH14n 3TOri CXeMbl 6blaa paspa60-

aeHHIl xeneaa, BO3MOM(HOCTHM 3aMeHbt OCHOBHblX (I_oHj1OB rana MaTeMaT14qecKafl MO/IelIb, IIO3BOaHBIIIall npoaecrH

_epHO_ Mezannypr1414 (pa6oTaeT 136 _toMermbtx neqeh), onTrtM14satmoH14stepacqeTbt. B_6op onzaMan_HbtX napaMer-
aOMeHaaa ne_s ocTaHezca 6a3OBblM arperazoM orpaca14 pOB ocymecTr_aanca Ha OCHOSepacqera BOSMOa_HbtXaonoa-

eme He MeHee 50 aeT. O6ecneqeH14e _OMeHaoro rIpo143BOJl- H14TeabHbIX Kan14Ta.riOBnO_eHHfi [I]. B COOTBeTCTBrI14 C

CTBa KOKCOM B HaCToamee BpeMa npa pacxo/le 54,8 Man T 3T14M MeTO]IOM OjI14H H3 BapHaHTOB BbI6apaeTca B KaqecTBe

B roJ_ Bbt3blBaeT p/I/l Tpy/IHocrefi 143-3a Lteqb141BITa KoKcy_o- 6a30Boro H onpe/lea_tmTCrl _lonoJIHI, ITeabHble Kan14Taao-

ttmxca yr.aefi 14 Heo6xoj_IMOCTH O6HOBaeHHfl KOKCOBbIX Bao)KeH1411 A B cortocTaBa_eMblfi Bap14aHT, Hpl,[ KOTOpOM

6azape_. B _la.qbHefitUeM n3-3a HCTOIIIeHHll 3aHacoB KOKCyIO- OH 6y]leT paBHO3KOHOM14qeH C 6a3OBblM. EcaT4 BeaHqHHa

tttrtxca yraefi B eBponeficKofi qacT14CCCP TpyaaocT14 BO3- /1OIlO.rIHHTeabHblXKanrITanonaoxeH14fi noaon_14Teaz,Ha, TO

paCTyT.I-IO3TOMynpe/xcTaBaaerca, qTO3Haqrrrem,Hoe COKpa- 3TOTaap14aHT MOXeT14MeTUKan14TanoBnon<eH14nHa _ea14-
meH14epacxoaa Km<ca aon>_Ho 6bITUreHepam,14biMHanpaB. n14HyA 60abme, qeM 6a3OBbtfi, 14npa 3TOM6yaeT paBHO-
aearleM Hcnoab30Batma arOMHO_t3Hepr1414B qepHofi MeTa.n- 3KOriOM14qeHeMy.

ayprrm. HccaeaoBaartcu cneaymttme napaMeTp_: TeMnepaTy-
Oj1aaKO CoBpeMeHHOe J1OMeHHOe HporI3BOjlCTBO He pa 14 jlaBJ]eH14e KOHBepcrm Hp14pO/lHOrO ra3a, COOTHO-

npHcnoco6ae140 K HClIOab3OBaHHIO aTOMHOfi 3HepFHH -- tuearte KOMrIOHeHTOB B HCXOLtHOfi KOHBepT14pyeMofi CMeCH

Toa_t<O 15% o6mefi 3HepreTHqecKofi 14arpy3KH tta nport3- H20 :CH4 :CO2, cTenertb Oq14CTKnra3a OTCO2, _Iona OT60-
BO/ICTBO%,ryHa (Bt,tpaforKa a qacTH_bth noaorpeB ztyTbn) pa KonotUHrti<OBOrOrasa, TeMnepaTypa rearta nepe/1 napo-

MOmeT 6blTb nepej_aHo aTOMHOMy peaKTOpy, reaepaTopoM, TeMnepaTypa BOCCTaHOBrlTeJlbHOFO rasa nepea

l],qa peme14Ha nOCTaBJ]eHHOfi 3a/laq14 BblTeCHeH14fl KOKCa IuIa3MOTpOIIOM. OIITHMH3alLIt_I napaMeTpoB no Kp14Tepmo
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raaa Ha rtHr:na 10%, no_Ha_ oqHcTKa ra3a Or CO2, HCXO_- qecr:oro CoBepIIIeHCTBa yCTaHOBKH [2] _OCTHraeT3Haqe-
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Kanbttrta. HoTpe6nreiieM BblCOKOriOTeHLl_a.rlbHO_laHeprna T a 6 n n u a 2

B aTOM cnyqae _lB.rllteTC-q rl:HaKOTeMnepaTypHaJt artccomla- /1 /

ttiia CaCO3 npoBo]lrtMa_ B cpeae BO_HOrO napa. 3TOT lloKaaarenn III-ld i PaeqeT, (qMa) cXeMbI

CriOCO6, rlpe_iiO_eHHbl_! BO BHHH CTpOaTeIlbablX MaTe- aapnc. 1

pHanoa, accae_yeTca TaKxe a HHXC AH CCCP.

IIpnmmnaanbHaa cxeMa COOTBeTCTBymme_ yCTaHOBKH Pacxoa KoKca, T/TqyryHa 0,4 0,133

npeacTaBneHa Ha pnc. 2. PeaynbTaTbI pacqeTa yKaaaHHblX Pacxoa npnpoaHoro raaa, Ms/T eTa.na 118 263

CXeM nprmeaeHb_ B ra6n. 1. PacqeTbl npOBO_rinnCb apa IlorpefineaMe aneKrpoanepraa na anepro-CnCTeMbt,KBT.Y/TCTa.an 30 502,7
Termoaofi MOmHOCTII peaKTopa 3000 MBT ri OHrrtManbHblX Tennoaaa MOLUJ-[OCTI3a;aepnoro peaKTopa,
napaMeTpax. MBT/TcTanr[ - 2703

TonnnBHaa cocTaBnmOtttaace6ecTOnMOCTH,

T a 6 n att a 1 py6./T cxaan 42,14 34,63

- PacqeTCXeM

HartMeHOBaHrienoKaaaTenea Ha pnc. 1, 2 Hoe CHHXemte ToILrlHBHO_ICOCTaBnaIottte_ ce6ecTOHMOCTri
cTana, HeCMOrpa Ha nOBbltUeHHb_ pacxo_ 3neKTpoaHep-I

1
I 2 rH a npapoaHoro raaa, qro nprtBOaiir K CHIIX<eHHmnpii-
i

Be_eHHBIX aaxpax.
COOTHOILIeHHe KOHBepTHpyeMblX BettteCTB

H20:CO 2:CH( 0:2,5:1 4:0:1
[-[pOrl3BO/IrlTealdlOCTb rio CTa.qa, T/C I,I I 1,4 C II 14 c o K II ?I T e p a T y p hl
Pacxoa npapoanoro raaa, Ma/c 292 309
3neKTprrqecKaa Momnocro, norpeSnaeMaa 1. BepxnBKep F.II., I(paBqeHKO B.II. K MeTOanKe conocTaB-

_!3CHCTeM_-I,MBT 2009 3308 neuii_ HaepHblX aHeproTexnoiioriiqecKnx yCTaHOBOK. --

ATOMHaa arteprna, 1981, r. 50, C. 391 -- 393.

O5e CXeMbI aMe_or npaKriiqecKn O_nHaKOBym TepMo- 2. BepxHBKep F.H., KpaBqemco B.H. K aHaniiay CXeM aaep-

/liiHaMiiqecKyIO II TeXHHKO-aKOHOMII-qecKyIO3dpdpeKTIIBHOCrb. HO-MeraniiyprIIqecKoro KOMrtneKca, IIcnoiibaymmero npm
COIIOCTaBHM TeXHIIKO-aKOHOMHqeCKIIeIIoKaaaTeiiri ycra- pOllHblfi ra3. -- B KH,: TeXHHKO-aKOHOMIIqecKa_I orITa-

HOBOK, iicrIoIIbaylouBlx BTFP, c rloKa3aTeJDIMH CoBpeMeH- MH3alI)III rl rIOBblmeHHe 3OP(1)CKTHBHOCTHaTOMHblX aJieK-

HOrO ripoa3BOI1CTBa CTa.rIH._[$I_l cpaBHeHa_ BO3bMeM JIOMeH- TpoCTaHtta_t. -- Mex<Bya. Haytm. c6.: CHH, 1982, c. 127 -

Hym neqb NO l qepenoBettKoro MeTannypriiqecKoro 3aBo_la, 133.

iiMemtttym nyqttme noKaaareIIri B oTpacmt, ii yCTaHOBKy 3. TermoaHepreraKa a rerLrIOTeXHiiKa: O6ttme BonpOCbl.

rio cxeMe, rlOKaaaHnylo Ha pac. 1. IIoKaaaTeIIH, xapaKTe- CripaBoqnm</Ho_t pea. B.A. rprtropbeBa ii B.M. 3opiiHa.--

piiaymtttne cpaBiiaBaeMbxe BapaaHrbI, npIIBeaeIIbl B ra6II. 2. M.: 3Hepraa, 1980.-- 528 c.

HpiirmMaaocb, qro paaHatta B norpe6IIenHii xormiiBa 6ynex 4. Flpe_cKypaHr No01-06. OnrOBbte _teHb_ Ha KOKC II TepMo-
aMerb MeCTO XOIIb_O B OCHOBHOM TeXHOIIornqecKoM ripo- aHTpatmr.--M." Hpe_cKypaHxn3uax, 1980.-- 14 C.

_tecce. Bo BCriOMOraTeIIbHbXX npotteccax coriocxaBnaeMb_e 5. BOCKO60_tHn_OB B.F., HepIIoB H.H. l-lpnMeHerme aTOM-

yCTaHOBKH norpe6nmOT oaiiHaKoaoe _OIInqeCXBO aHepro- HO_ aHeprrm B qepHO_ MeraaIIyprrtii, B qaCXHOCXa,B rep-

pecypcom MIIqecKIIX npotteccax. - B KH.: TeXHIIqeCKH_ nporpecc

HpHHiiMa.rlacb cneay_omIIe aHaqeaiia 3aMb_Ka_OtttnX B qepHo_! MeTannypriiii crpan CDB ii COPIO. - M."

3arpar" ripnpOaHb_ faa- 45 py6./Tyr, aIIeKrpoaHeprIIa- IIocrOaHHaa KOMIICCaa no qepHoh MeTa.nIIyprmi, 1978.

14 py6./MBT.q [3], KOKC -- 88 py6./T [4], rermoTa BTFP-

0,5.10 -a py6./M_x< [5]. Bonpocgx aTOMHO_ HayK_n TexHHKH.

1/13 pe3yIIbTaTOB, flDHBe_eHHblX B Ta6.rl. 2, BI_HO, qTO Cep. _Iaepnaa rexHm<a _ TeXHonor_a,

BHeapeHiie BTrP B aOMeHaoe npOaaBO_tCTBO _taex 3HaqareII_- 1989, B_sn. 2, C. 73 - 75.

O TEII2[OBbIX _}OOEKTAX HPOIIECCOB CHHTE3A METAHA

H30KCH_OB YFJIEPO]IA

A.B.HonaHcK_fl, C.F. B_,mwHa, B.H. PO>KaleCTBeHCKn_

O]IHH 143. BOaMO)KHbIX nyTe_ nepcneKTiiBHOrO paaBii- BIIeHIIe anaoTepMrtqecKo_ peaKRnII, HanpIIMep, riapoBO_

THai ripOMbllJ.I.qeHHOFO H KOMMyH_IbHOFO TeILrIOCHa6>KeHHa KaTa_HTHqecKo_ KOHBepCHa MeTaHa II o6paTHO_ 3KaOTep-

OT _LaepHblX aHepFOHCTOqHHKOB -- coaaarme XeMOTepMII- MaqecKo_I peaKttaii KaTa.rlaTHqecKoro ra_tpapoBaHaa CO-

qeCKiiX CHCTeM nepeaaqrt aHepriiii Ha aa.rlbHHe paccToaHiia, nepxaumxca B cyXOM KOHBepTHpOBaHHOM raae OKCHaOB

B OCHOBe TaKIIX CHCTeMIIe_KHTnocIIe_toBarenbHoe ocymecr- yrIIepoEa ao MeTaHa [1]. HpaMeHaTe.qbHO K yKaaaHHO0.
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npo6_eMe o6aop rly6nriKattrlfi rio rlHgeHepHbIM rl dpnarlKO- peaKttrl_l, Koropa,,t MOgeT 6blTb BbtpageHa nH6o qepea
XHMHqeCKHM OCHOBaM, a xan_e no peaynbxaxaM xepMo_tn- cxeneHb npeBpameaan, nrl6o nepea qncna Monefi BetuecTB

HaMayecnax pacqeroB aaHHblX npotteccoB npaBeaeHbl B B rtCXOaHO_ n paBHOBeCHOficMecax.

pa6ore [2]. Toraa Bbtpa_erme Z,qn pacyera rermoBbtX aqbqbenroB

B TO xe BpeMa paCCMOTpeHH_OTerulonpoHaBO_trtTenb- npotteccoB MO_<eT_blTb 3armcaHo B BJtae

HOCTtt peaKt_fi MeTaHrtpOBaHHn, 3aBHCHMOCTH TerLrlOBblX T n N

a_qbenTOB 3rnX peamta_ or TeMneparypbt, aaBneHan a AH r =AHo +S (_ yjCpj - _YiCpi )dT'
cocraBa nCXOaHbtX cMece_ peareHroB yuenaerca Heaocra- o i= l i=

TOttrtO BHHMaHrln. BOnbtUnacxno riy6nrtKatta_ no 3TOMy r_e Yi' Yj -- qncna MOflefi riCXOaHblX Bemecra a npoayn-

Bonpocy OCnOBaab: na peaynbTaTax pa6OXbl Poccaart c TOB B paBnOBeCnoh cMeca; Cpi , Cpj--xertnoeMKocxbncxoa-
COTpyaHrtKaMrl [3], rlCCJIe/1OBaBUlrlX reMnepaxypHme ta. HbtX BetueCTB 14 ripoayKrOn peanu_rl; AHo - Terl.qOBO_l

BaCHMOCTriTerLqOBbtXaqbqbenTOB peaKttrt_" aqb_eKr npottecca npn Hyne K, onpeaenaeMbl_ cornacHo
cneacrBam na aanoaa Fecca nak

CO + 3H2 = CH4 + H20; (1) n N

AHo = _ (yjAl-_. 0 j)- "_ (YiAH_.,o ,i ),
CO2 + 4H2 = CH4 + 2H20. (2) j = 1 i= t

Peay.rlbTaTbI aannofi pafOTbl nonyqeHbl B npeanono- r_te AH_,0, i, AH_,0, j - rertnorbI o6paaoBaHrln rlCXOaHbtX

meHrta, qro e_I_IHCTBeHHblMHnpoay_<xaMa peaKtai_ nBnmOr- BemecxB a npo_tynroB COOTBeTCTBeHHO apa 0 K, p =

cn MeTaa c BO_O_I H paBaoBecrle nOmtOCTbm C_nHyXO B ---- 0,1 Ml-la. 3rtaqemta Tertnor 05paaoBanHa B3RTbt H3 pa60-

CTOpOny npoaynroB. Xbl [6]. 3a-BHCHMOCTrl3HaqeHHfl TemioeMnocrefi OX TeM-

Ra npanTHKe TaHoe npe_monomenne He BceF_a ona- nepaTypbi paccqHTblBa_HCb rio 3MriHpHqecKHM Bbtpa-

3blBaeTcn BepHbIM. B cocraae npo_yKTOB KpOMe MeTaHa _elfl4nM, KO3qbqbHIJ_eHTbl KOTOpblX no.rlyqeHbt HaMH

C BO_tOi_ Moryr npHcyTCTBOBaTb ran_e CO, CO2, H2 H MeTOaOM aanMeabmax _BaaparoB aa OCHOBe aanab_X [6],

yrnepoa, HTO neo6xoaaMO ynarbmar_ npa pacqerax Ten.no- _a_/rpa_t.MOnb"

Bb_XaqbdpeKroB ZtaHablX npotteccoB, tna H2" C = 6,85 +'0,000384T -

B aanHoft pa6ore nprmo_;arcn peaynbraTb_ repMoan- P0,000000215T 2 '

naMwaecnax pacqeroB rermoBbiX aqb_eKroB npotteccoB CO: C = 6,66 + 0,000186T +p
crmreaa MeTana a3 oncrtaOB yraepo_a c yqeroM pannoBe- + 0,0000029T 2,

crtn, orBeqaromero HayqaeMb_M yCnOBnaM. Pacqerb_ npOBO- H20 (ra3) " Cp = 7,4 + 0,00119T +
_trmncb B HaTepBa.qe TeMneparyp 300 -- 750°C rt _aane. +0,00000125T 2,

Hrt_ 0,1 -- 4MFIa. HaMH paccMorpeHbt reruIOBb_e 3_dpen- CO2" C = 5,6+0,0127T-p
Tbr cneay_omax ripotteCCOB" (3) --0,00000535T2 '

CI-h • = 4,89 + 0,0129T -

CO + 3112 _ Yt CO + y: 1-12+ yaCO2 + y4CI-h + Ys H20 + y6C; CP0,000000179T2

CO2 +4tt: _ytCO+y2|I2 +y3CO2 +y4CH4 +ysH20; (4) C (rpa_aT)" Cp = 1,152+0,00683T-
- 0,00000325T 2 +

CO+71t2 +CO: +C1-h-_y_CO+y2H2 +yaCO2+y4CH4+
+ 0,550.10-9T a -0,776.10ST -2.

+ Ys H: O + y6C, (5)
PeaynbTarb_ pacqeroB TeMneparypnb_X 3aBnCnMOCrefi

rae Y_-6 - paBHoaecHb|e qncna Mone_ KOMnOHeHTOB. rermoBb_X a_enroB ripoueccoB (3) -- (5) tna 0,1 Ml-la
Pacqer.b_ repMoarlHaMaqecnoro paBHOBeCaa npotteccoB npeBcraBneHb_ Ha pacyHKe (Kprmbte 3 -- 5). £1,nn cpaBHe-

(3) - (5) npoaeaeHbt HaMrl paHee ann yKaaaHab_X y_o- Hrln ripHBe/leHbI 3aBHCHMOCTHrerLrIOBblX 3qbqbeKTOB peaK-

BHfi [4, 5]. tmfi (1), (2) or TeMnepaTypb_ [3] (nprmble 1,2).

COOTHOttleHI4e KOMIIOHeHTOBHCXO_HO_ICMeCH B Bbtpa- 1/13 npHBeReHHblX RaHHblX c.rleRyeT, BO-riepBbtX, qTO

geHrirt (5) B3_ITO B KaqecTBe Mo_eYlbHOFO, OTBeqamttlero BO BCeM HayqeHHOM HHTepBa.qe reMneparyp TerLrIOBbte

aeKoeMOMy ycpeaHerlHOMy COCTaBy cyxoro rana, noay- 3dpqbeKTbl npotteccoB (3) H (4) MenbUle, neM peaKtta_

qaeMoro riprt npoMbtUmeHHO_ Kormepcrta MeraHa. (1) ri (2), paccqaraHab_X B npezmoao_eHrm, qro paBHO-

PacqeT TertrIOBOFO aqb_enTa peaKttrtrt OCHOBaH Ha BecHe riO.rlHOCTblOC_BHHyTO B cropoHy e_HHCTBeHHblX npo-

ricrtonbaOBaHrln ypaBHeaaa Knpxro_a _ynTOB CH, a H20. BO-BTOpb_X, Ha6nm_taercn peanoe
aaMeaerme c pOCTOM TeMneparypbt (--AH) nak npottec-

d(AH) = ACp, COB (3) a (4), Tan rt npoLtecca (5), npnqeM _n 3aBHCrl-dT MOCTrt (--AH) = f(T) npottecca (4) xapanrepeH MamtMyM

Koropoe aonmno 6b_Tb npoanrerpapoBaao B accneayeMoM B6na3rt 700°C. B TO BpeMa nak ann peanmt_ (1) a (2)

rmTepBa.ne reMneparyp. Bblpamemte _ma TertrIoBoro 3_en- aa6nmaaercn Torn a aeaaanarenbaoe, ao BrIOnae onpe-

Ta peamtHa _ton_'no yqHTbIBaTb CTeneHb 3aBeptUeHHOCTH j1eneHHoe yBenaqeHae 3HaqeHnfi TeIgIOBbtX 3(13tl)eKTOB C

pOCTOMreMneparypbI.
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100[" 3aBItCHMOCTb BblReJlHBmeroca Tertna H COOTBeTCTBylOILIHX TelIIIOBblX 3(l_qbeKTOB, 3TO 03HaqaeT,

90 [F"_ "'r-'_'-v'np°uecca OTTeMnepaTypbl qTO JLrlJl J],OCTH)KeHHtl HaH6OBblIIeFo BblXO_a TerLqa cJ]e_yeT

80[ _ rlpOBO_4Tb _IaHHble npoueccb_ B O6BaCT, HH3KHX TeMrle-
paTyp, hOBb_tUeaub_XaaBneHnfi.

70 Oco6o cae_yeT OTMeTrtTb,YTOHapa_ty c yKaaahHbIM

60 _ 1 Bb_LUepeaKnM yMeHbtUeHHeM3naqeHrfft TertaoBoro 3qb_eK.

50__a.___ 2 Ta npouecca (5) c pOCTOMTeMhepaTypbl On Bce xe 3aayn-

40_ _\341 _ TeBbaO npeBblmaeT raKOable peaKtmrt (1) rt (2) a O6BaCTH

30 TeMhepaTyp 300 -- 500°C , npoueccoB (3) a (4) OT 300
'_ 20 aO 600°C. OaHaKO npr 0,2 Ml-la rt TeMnepaTypax ab_tue

a:" 10 670°C npottecc (5) HayrtuaeT r_;arac norBomeHrteM Terma.
<! 3TO o6yCYlOBBeHO, B qaCTHOCTH, TeM, qTO Bpa TeMnepaTy-

pax Bblttle 645°C (p = 0,1 Mlla) OKCrtayrBepoaa _OYlHOCTblO
_ 1 0 t,°C

\ rlepexoaHr B llpOayKTbl peaKll_lrl, B TO BpeMa KaK MeTaH

-20_
ocTaeTca HCXO_HBIM BeI_eCTBOM.

-30 5 TaKHM o6pa3oM, HCXO_taH3 rloByqehhblX _aHHbIX,
MO)KHO3aKBIOqHTb,qTO C LteBbmhOByqearla HaH60nbmero

l-lpoae_eaable pacqeTbl noKa3bmamT raK_e, qTOnoBr.I- KOBHqeCTBa BbI_te_antueroca ren._a peaKL_H cBeayeT
tueH,e aanBearta Beaer K yneBrtqeanm rermosblX 3_el<- npOBO;a_trb npouecc CHHTeaa MeTaha Ha CMeCH cocraaa

rOB hpoueccoB (3) -- (5), npeaCTaBaehHblX n ra6mttte. CO :CO2 :CH4 :H2 = 1:1:1:7 BpH HeBblCOK,X reMnepa-
Typax rt HOBblI.LleHHblX_taBBeHl4_qX.

3aBttCaMOCTS Tenaosoro 3_eKra npoueecoB

(3) - (5) or reMneparyp,q npa pa3arvmMx_taa- CnHCOK BrtTepaTypbl31eHHHX

P' I HT, KKa.a/MOm, 1. KopaKHHI0.t4., HOhOMapeB-CTelmOfiH.H., l-Ipo_leHKOA.H.

Mlla t,°C [ ] li n Hp. BO3MO_HOCTI4 t4 llepcFleKThBb! HClIO.rlb3OBaHHlt[ (3) (4) _5) BblCOKOTeMhepaTypablXnaepnblx peaKTOpOB _a.rla npo-
MblLI_eHHOFO H KOMMyHaJIbHOFO Ten.qocHa6_<ertHn.-

0,1 -50,95 -41,02 -91,117
B KH.: BAHT. Cep. ArOMHO-SO_OpOaHaa3aepreTHKa0,5 300 -51,6 -41,96 -92,377

1 -51,78 -42,24 -93,64 ri TeXHOHOrria,1980, Bbm. 1 (6), C.8 -- 18.
4 -52,12 --42,61 --94,51 2. Ha3apoB 3.K., _y6ara H.A., CeMeaoBa .ll.B., IdaaHOB-

0,1 -48,76 -37,5 -84,07 CKHfi li.q), q)H3HKO-XHMHqecKHeOCHOBbI rlpotteccoB
0,5 400 -50,74 -41,49 -89,129 xeMorepMhqecKoro MeToaa nepeaaqh 3aeprwa Ha a_b-

1 --51,29 -41,35 -91,69 HHe paccroaHHa. - B KH.: BAHT. Cep. ATOMHO-BOBO-
4 -52,02 -42,50 -93,91

poaaaa 3Heprer_tKa H TeXHOBOrHYI (C6. CTaTe_I).- M.:

0,1 -42,72 -29,36 -65,87 3HeproH3_taT, 1986, Bbm. 7. -- 232 C.
0,5 500 -48,12 -36,47 -80,71

3. Wagman D.D., Kilpatrik J.E., Taylor W.J., Pitzer K.S.,1 -49,42 -38,54 -85,76
4 -51,18 -41,17 -91,06 Rossini F.D. Part of Journal af Research of National

0,1 -31,32 -14,04 -31,52 Bureau of Standards, 1945, vol. 34, p. 143 - 161.
0;5 600 -42,18 -28,24 -64,04 4. BbXBHHaC.F., HOBnHCKHfiA.B., Po:_aecTBeUCKrtfiB.I-I.-
1 -45,27 -32,437 -73,15 B KH.: Tea. aOKn. 11 Bceco_o3. noHqb, no repMOnHHaMH-

4 -49,09 -38,06 -84,58 Ke opranHqecKHx coeaHHermf_. -- Kyfi6mLUeB, 1987.-
0,1 --16,21 -1,68 +13,77 196 C.
0,5 700 -31,45 -14,23 -31,87 5. ]_blBHHaC.F., Ho.rDIHCKHfiA.B., Po_aeCl'SeHCKHflB.H. -

1 -37,11 --31,508 -55,6 B Kh.: Tea aOK$1, perhOhaBbHOfiHayq_o-HpaKTHqeCNO_4 --44,9 --32,19 --72,06
KOaqb. "IIpo6BeMh! goMr_eKcaoro OCBOearia Acrpa-

0,1 --9,96 -4,82 +32,47
xaHcKoro rH_tpONOHaeHCaThOrOMeCTOpO>K_eHrl_.--0,5 750 -24,71 -6,40 -11,69

1 -31,42 -14,309 -31,79 AcTpaXaHb,1987. -- 289 C.
4 -41,68 -27,85 -62,54 6. TepMO_HaMHqecKI_e CBOfiCTBa,Harmn_tya:_bHb_XBetuecTB:

ChpaBrtaa. B 4-X T./I'lo_t pe_t. B.H. FBymNo: HayNa, 1978,

HoByqeaHb_e _aHHble corBacyroTca c HaBeCTHbIMhOBO- r. I, KH. 2. -- 327 C.; -- TaM xe, 1979, r. 2, KH. 2. --

_eHHeM [7] O 3aBHCHMOCTH Bb_aeBammeroca Tertaa OT 341 C.

creneHa 3aBepmehHOCXnpeaKttHH. I-lphMemtreBbHO K rlpo- 7. Hcaea C.H. Kypc XHMHqecKofirepMO_mHaM,Kn.- M.:
tteccaM (3) -- (5), aaa KOrOpb_x C,MfaTHb_ reMhepaxyp- Bb_cLuaamKOBa, 1986.--272 C.

Hble 3aBHCHMOCTh paBHOBeCHblX CTelleHefi npeBpatttermn Bonpoch_ aTOMHOflHayg_ H TexitHKH.
('ep. H_tepHa_ TeXititKa H TeXHO,qOFHfl.

1989, ahln. 2, C. 75 - 77.



HCCJIE_ROBAHHE TEXHHKO-aKOHOMHqECKHX IIOKA3ATEJ'IEfI

PABOTbl HHKOBblX BOLIOPO_IO-KHCT[OPO_RHblX :aJ'IEKTPOCTAHI_I[HIYI
KAK AKKYMYJIflTOPA 3HEPFHH

_.A. Kpbxno_

Om4H H3 nyref_,cn_z<ammnxocTpoTynpoSneMbIHepaB- B KaqecTBeTormnBanpnpo;anb_ran.3aMb_Kamtmte3aTpa-

HoMepHocT'AHarpyaoK 3HeprocncTeM -- paanntmbie CXeMbI rb1 na nprtpO;aHbIfi ran nprmaxbt paanbIMri 70 py6./ryr.
cxnranna ao/lopcaa B Kncnopo;ae c nonyqermeM Bb_COKO- B KaqecrBe KpnTeprta npn conocraBnerma npaanr MnUa-

reMnepaTypHoro napa, 3neprna KOTOpOro npeo6paayerca MyM y/lenbHb_X nprmeaenHb_x 3arpar Ha npOHaBORCTBO
B 3neKrpoaHeprrt_o B napoTyp6riHHMX 3neKTpOCTaHRnax, nnKOBOfi3neKrpoaaeprrtri.

paccMarprmaeMble, HanpriMep, a [1-3]. Y/lem,Hble npnse;aeHm, m 3arparbl Ha nponaBOaCTaO

Uenb aacroame_ pa6orbx- npoaHannanpoBarb 3_eK- 3neKrpoanepran na FTY, Ha npon3noacrBo ao;aopo/la n
THBHOCTbrlcnonbaoaamta ao;aopo_ta n Krlcnopo_ta B or;aenb. Kncnopo;aa paccqnraHbt no MeroRaKe, nano_reHHOfi n [4],

HOpacnono_enHbXX nnKoaMx aO;aOpO;aO-KnCnOpO;aHMX3neK- a Ha xpaneaae BO;aOpO;aan zncnopo;aa -- B [5, 6]. Pacqer

rpocrammax (I'IBKa). CxeMa I-IBK3 npe;aycMarpnBaer 3arpar Ha HaaeMHOe xpaHerme abmonHeH Rna ycnoBnfi

nponaao;aCTBO aO;aOpo;aa n Krtcnopoaa 3neKrponriaOM Kya s peaepayapax, paaablx 300 n 260 py6./M 3 Rna aO/lO-
BO;ab_B "npoaanbHb_e" tacb_ pa6orbx 3HeprocrtcreM rt nx po/la n Kncnopo;aa COOTBeTCrBeHHO.CTOnMOCTb3neKrpo-
xpaHenHe. B nepnoab_ rmKOab_Xnorpe6Hocre_ B 3ne_crpo- aneprrm, no;aaOJ_lMO_ K 3_eKrponnaepaM n K nanraTe-

3aeprnn aO;aOpO;a cropaer B Kncnopo;ae npn crexrioMer- naM npnBo;aa KOMnpeccopo_ B CnCTeMaxxpaneHna, npn-

pnqecKoM orHolueHnn B BOaOpO;aO-Kncnopo;aHbXXhapo- aara paBno_ 0,5 _on./(KBr.q) no nbrorHOMy rapaqby.

renepaTopax c o6paaoBartrteM BblCOKOreMneparypnoro napa. CyMMapnb_e y;aenbnb_e nprme;aeHnb_e 3arparb_ na npona-
TeMneparypa napa perynnpyercn B6pb_arnBarmei B nero BO;aCrBOn xpaHerme Bo;aopoaa n Kncnopo;aa naMenmo_cn
BO;abl, Hcnoflb3OBaltUOlTl panee ann ox.qa_;aerma creao_ or 135 _o 410 py6./ryr B aaBnCnMOCrn or napaMerpoB

naporeaeparopo_. [lonyqenHb_finappacttmpaercnB napo_,_x o6opy;aoBarmn, rnnOB xpammmU, ttn_noB nponaBO;ac_a

ryp6nHax c Bs_paforKofi 9neKrpoaneprmt, KOH;aeHcHpyeT- n xpaneana raaoa.
cR H CHOBaBoaBpatuaerc_ K 3neKTpOnn3epaM. XpaHeHrte Y_enbHble nprme;aeHHb_e 3aTpaTb_ Ha npOH3BO;aCTBO

raaoo6paanbzx _o;aopoaa r_ _rtcnopo;aa npn ;aaBnemtax anezrpoaHeprHn cocraanamr 3na _ Ha FIBK3 c KHJl = 55%
;ao 12,5 Ml-la npeaycMarpnBaerca rmn a naaeMnblx peaep- man acex paccMaTpnBaeMb_X pe_nMOB, tzo npnMepno na

Byapax _nn a no;aaeMHb_xpeaepByapax a zaMennofi conn. 5 -- 8% MeHbme, qeM 3n_ _ Ha I-IBK3 c KILll = 50%. l'Iprt

PaccMorpenb_ /laa tmKna nponzBO;acrBa n xpanemta ao_to- Kyn B IIBKa, paBnbXX90 py6./_Br, 3nn _ npnMepno

po;na rt _ncnopona: 1,05 - 1,I paaa 6onbtue, qeM 3nn _ npn Kyn a FIBKa, pan-
- cyroqHS_fi, r.e. e_ecyroqnaa HOqHaa Hapa6orza n nb_x 70 py6./zBr.

O;aHOBpeMeHHa.rl 3arpyaKa ra3aMH xparmnmu B reteHne B KaqecrBe npnMepa a ra6nmte npe;acraaneHb_ 3nn _,

7 q (1900 q/ro_t) c e_e;aHeBnbIM or6opoM raaoB na xpa- pacctnranrm_e noaa FTY rt n,rm FIBK3 c KI-I_ = 55% _ Kya =
HrmHm a reterme 2 ruin 5 q/CyT (h = 540 nna 1360 q/ro;a) ; = 90 py6./KBr.

-He_lenbnMfi -- HOtHaa Hapa6OTKa raaoB ri 3arpyaKa Han6onee :_dp_eKrrlaHble pe_KnMblnpOHaBO;aCTBa3neK-

HMHxpaHanmtt B pa6oqne arm B reterme 7 q, a a ab_XO;an_xe rpoaHeprnn na I]BK3 no cpaBneHnI<) nee npOHSBO]lCTBOM

_mn KpyrnocyroqHo -- 48 t (acero 3200 q/ro;a). Or6op na FTY o6ecneqnBa_orca npn h = 390 + 780 t/ro;a n He;aenb-

ra3oB B pa6otae ann He;aenn 2; 4 ann 5 t/cyr (h = 390; HOM tm_cr_e aKKyMynnpoBann_ 3neprrm B no_t3eMnb_x

780 rmn 970 t/ro;a), xpannnnmax. IIpn h = 390 t/ro/l naxe npn ncnonbaOBaHmt

PaCCMOTpenb__a c_yqa_ pa6orb_ I-IBK3 c reMnepa- 3neKrponnaepoB c KI-I21 = 62,5% 3nn _ Ha I-IBK3 paBHbl

TypaMn napa nepe;a ryp6nHaMn 650 ri 950°C, npn Korop'qx nnn 6onee HnaKne, teM 3nn _ Ha FTY. A npn ncnonbaosaHnn
o6ecnetnBamrca KI-I,R IIBKa, paBHble 50 n 55% coorBer- aneKrponn3epoB c KILR = 75 n 85% 3nn,< Ha I'[BK3 B

crBeHno [3]. 1,1 -- 1,6 pa3a Menbme, tem 3na _ na FTY.
Pacqerbx BbmOnHenb_ Rna c..nytaen ncnonbaoRaHna IIpn h = 780 t/ro/l n rlcnonb3oBaHmt 3neKrponnaepoB

3neKrponrtaHoro o6opy;aoaarmn Momnocrbm 1200 MBT c KILR = 75 n 85% 3n_,_ na IIBK3 raK_<e MeHbme, qeM

paaHb_Xrnnoa" c I<II_ = 62,5% npn Kya = 180 pyf./KBr; 3nn K na FTY, KpoMe BapnanroB c ncnonbaoBanneM CXeM

C KFI_I=75 n 85 npn Kya a Kaxab_ ran 100 n c 3neKrponn3nbiM o6opyaoaaHneM c Ky a 150 py6./KBr,

150 pyS./KBr cooraercrseHno. Kya a I-IBK3 npnHarb_ KI-I,R= 75% n FIBI<3 c KILR = 50% n Kyn = 90 py6./KBr.
paBnb,Mn 70 n 90 py_./KBr. 3KonoMntec_<an 3qbqbeKrna- IIpn naaeMnOM xpaHermH ao/lopo/la n zncnopo;aa n

HOCrb nponaBOaclaa anezrpoaneprnn Ha HKB3 conocraB- pa6ore I1BK3 c h = 390 t/ro/l (He/len_ns:h tatKn) 3n, _
neHac nponaaoacraoM 3neKipoaneprmt Ha FTY c ryp6n- Ha IIBK3 Menstue, te_, 3nn K Ha FTY. A npn h = 540 q/roa

HaMH FT-100 n FT-150 (Kyn a FTY rlpnH_lXblpaanblMl4 (cyroqHbt_ ttriKn) 3nng na I-IBK3 Menbme n_m paaHbI
115 n 130 py6./_Bz COOTBeTCTBeHHo), ncnonbaymttmMn 3nn _ na FTY nmUb npa He6onbtUnX Kya a I-IBK3 H a 3ne_-
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llpHBe/leHHbleYaensHbm 3arparmno nponaao_tcTBy3_eKTpo3HeprnH3nak HaI'IBK3cKH_ =55%,Ky/l 90py6./KBr
itHaFTY,K./(KBr.q)

3rlaK RaI-IBK3 npa ncnonmoaarmn aneKrpomtaepoa c KIL/I, % 3nnK_tKnbI pa6oThl Ha FTY c

I-IBK_ _tml FTY 62,5 75 85 85 75 FT = 100 - 150 MBT
(h, q/roa)

i HoaaeMnoe xpaHeaae Haae_attoe xpaHeHne

CyTOtn-ibl_ ttl4K:l 540 12 8,1/9,7 7,5/8,9 8,2/9,6 8,7/10,3 8,1 -- 8,5
(1900 4toa) 1360 10 6,1/7,7 5,5/6,9 6,2/7,6 6,7/8,3 5,1 - 5,1

390 10,4 8,0/8,9 7,6/8,5 10,5/11,3 10,9/11,8 10 - 10,5He_enhHb_ urt_

(3200 q/toa) 780 8,1 5,7/6,6 5,3/6,2 8,2/9,1 8,5/9,5 6,6 - 6,7
970 7,7 .5,3/6,2 4,9/5,7 7,7/8,6 8,1/9,1 5,8 - 5,9

II pa Me qann e. B _cnrtTene npencra.aneHbl 3nnK npH Ky_i, BBe_ermbte B aneKTpOnnaHoe o6opyaoaanHe, pa_ab_e
100 py6./KBT, a B 3naMer_aTeae- npa 150 py6./KBT.

rponaazaoe o6opy_toBaH14e c KI-I_ 75 ri 85%, paBubIX 70 CnacoK narepaTyphl

14100 py6./KBT COOTBeTcTBeHHO.

KFIjl npeo6paaoBaHaa npoBa.qbHOfi 3neKTpO3HepraH 1. ManbttueHKo C.H., Ha3apoaa O.B., CapyMoB t0.A. HeKo-

B aaeKTpoaHeprnlo, npoaaBO_l_tMy_O Ha HBK3, erie- ropble repMO_HaMaqecKne rl rexnnKO-aKOHOMrtqeCKrie

ay_om14e" acrlei<rbl npHMertenrln Bozlopona gag 3HeproaocnTe_l_t

- npu KI-LKHBK3 - 50 - 30%, 36, 41; B aneKxpoaHeprerrtKe. - AroMHo-aonopoanaa 3Hepre-

- npH KI'L_ aneKrpon143epoB - 62,5%, 75, 85; THKa a rexnonorrm, 1986, abm. 7, c. 105 -- 126.

- npn KI-L_ 1-IBK9 - 55 - 33%, 40, 45,4. 2. Sternfeld H.J., Wolfmialler K. Spinning reserve for

TaKHe Kl-l_-npeofpaaOBaHHa 3aeprmi Ha I1BK3 ripe- power plants from stored hydrogen.- Hydrogen Energy

BOCXO_aT KILK npeo6paaoBamtn 3Heprmt Ha aoaayxoaKKy- Progress-VI, 1986, vol. 3, p. 1145- 1160.

Myn/tpyIotmiX raaoryp6nHHblX 3J_e_TpocranttrinX- BAFT3, 3. Sternfeld H.J. A HYDROGEN/OXYGEN Steam gene-

aeariaq14TenbHO ycTynamT KFI_-npeo6paaoBamia 3Heprrm c gator for the peak-load management of steam pover

14cnoJlbaOBaH14eM TertrlOBbXX aKKyMy_IaTOpOB rlaTaTe_IbrlOfi plants. -- Hydrogen Energy Progress-V, 1984, vol. 2,

BOabi Ha A3C - AHB. p. 1595 - 1606.

Y_enbr_b_e Kanrira.abHbte 3aTparb_ Ra o6opy_toBaHrte 4. KpbinOB _.A., KpeTnnaHa IO.C, HeKpaconA.C. _t ap.

no nportaaO_CTBy 3ne_rpoaHeprmt Ha KBT MOtttHOCrH HBK3 Idcc_e_IoBaaHe tteJ_ecoo6paaHocrrl nporiaBO_CTBa BOaO-

C HeaeYlbnblM mtKJIOM aKKyMyy114poBarlaa aHeprna (a 9fleK- po_a na A3C B neprio_tbx CHHgeHI4_IHarpy3Krt n HCnO_Ib-

xponaaHbIX cTam_rtax, nOla3eMHh_X xpaHamimax a nenocpea- aoaarma ero B rmKoabtx FT_V. - BAHT. Cep. ATOMHO-

CrBeHHO B I-IBK3) apa rlcrtonbaOBanna 3ylel<Tpon143epoB Boaopo_tHaa 3HepreTnga rt Texaorlorrl_l, 1984, Bbln. 3 (19),
C KI'Ijl 75 1485% cocranaaror: c. 3 - 6.

- _a I-IBK3 c KI-121= 55 - 50% apa h = 3913 q/roa - 5. KpbmoB _ _,., Honb_pHn fl.C., CrapocTnna F.H. Hccneao-

100+ 145 py6./KBr, anprih=970q/ro_t- 145 +220 py6./KBr, namte TexarlKo-agOHOMriqecgrtx HoKaaaTenefi noaaeM-

TaKHe BeJ/HqHahl 3naqHre_bHO MeHbLLIe,qeM Ky a a aKKyMy- HOFO a HaaeMaoro xpaaeaHa Boaopo_la npH CyTOqHOM
nnTopax c cyroqHblMl4 LIj4K2IaMHperynHpoBaHHa Harpy3KH: H He_eflbHOM peg14Max 3KcrtrlyarattrtH xpaHn.qHtU, --

B FA3C, _ BAFT3 rf AHB (HeoSxoariMO OTMeTHrb, qTO BAHT. Cep. ATOMHO-BOaOpOaHa.q 3HeprerHKa 14 TeXHO-

Ha arn Trlnbl aKKyMynYlrOpOB orcyTcrBylor rexrtnKO-aKO- yiorI4a, 1985,Bblrl. 1 (20),C. 65- 70.

HOM14qecrcrte no_:aaeremt npri neneJ_bnb_x tt14_r_ax aKKyMy- 6. Kpbmoa _.A. Onpe_teneHHe 3arpar na xpaHerme ra3o-

.qHpoaaHrta 3Hepr14rl). o6pa3aoro 3neKrponrtr14qecKoro Krtc.r:opoaa a cratmo-

l-lpH 14e_tenbHbiX UHKJ_aX aKKyMymipoaan14a 3Heprmt HapablX pe3epayapax nprt cyro_oM H neaenbHOM pexH-

n Ma_OM apeMenr_ pa6oTb_ HBK3 o6ecneqrma_oTca H MaK- Max 3KCmayaTattHn xpar_rtrIntU. - BAHT. Cep. ArOMHO-

CHMa_hHb_e MOtttHOCTrt I-IBK3, goropble Moryr 8 Hecgonb- aoaopo_tHaa 3nepreTrtga 14 rexHonorHa, 1987, Bbm. 1,

r<o pan npeBb_LUarh MOLIIHOCTH,rtcnortbayeMb_e Ha 3neKTpO- C. 10- 11.

YIH3 BOabl B nepuoah_ rlpoBa.rloB rpaqbnKa 3YleKrpHqecKofi

narpyaKri. Bonpocbl aTOMHOPt HayKH n TeXHHKH.

l-IoIIyqeHHble peByIIbTaTbl nO3BO$IfI1OT CqHTaTb, qTO B ('ep. flaepHan TexHHKa H rexnonorun,

l-lepcneKXrlBe FIBK3 MoryT HpeTeH_OBaTb via oco6oe MeCTO 1989, Bbm. 2, C. 78 -- 79.

B Bb_paBH14BaH14a4HeIIe.rlbHOft HepaBHOMepHOCT143J_eKrp14qec-

K_X Harpy3oK 3Heproc_creM.



O BJIHHHHH TEHYIOOH3HqECKHX CBOITICTB OBOTIOqKH UIAPOBOFO TBOJIA
HA HHTEHCHBHOCTb KOHBEKTHBHOFO TEHJIOOBMEtIA

C.C. THTapb, A.A. lllyjIbra, A.B. HHKOJIaeB,

O.K. PoraJlbCKa_, O.H. J-Im6omyJxpoBa

HMelOI_LtItCCH rAaHHble O BYIttYlHI4H tleH3OTepMHtlHOCTH KaK cpe_HeHHTerpanbHble IIO noKanbHblM 3HaqeHHHM H IlO

rermoor_tammeii HoBepxHocT_ Ha HHTeHCHBHOCTbTemIo- cpe_tHeHHTerpaJabHof_TeMnepaType noBepXHOCTH.Cpe_IHaa

oSMena _riJ_ pa3m_yHb_XyCnOBHfi [1 -- 4] He cornacymTca ImOTHOCTbTermoBoro nOTOKaq C yqeTOMtteHTpOCHMMeT-
Me>K_y COSOfi tl TpeSymT _ma KOHKpeTHblX ycnoBHfi 3KcHe- pHqHOCTH oSreKaHn_ BblqHCnH21aCbIIO MOIIIHOCTHTeI1310-

pHM(2HTaJIbHOH IIpOBepKH. BbI,_eYleHHIIB cepzteqHrIKe )i no ee IIOKa.rlb}lbIM311aqeHHHM
I1enb paBorbl - HccnelloBaane HHTeHCHBHOCTH Temlo- q(¢):

O6MeHaHa HoBepxttocTn cqbepHqecKoro 3neMeHTanpH tteHTpO- 1 n
i q(_0)sin_0d_,CHMMeTpHq]-IOM cxpyiiHOM 05ayBe Bo3_yXOM H3 conen B q =

- 0
HaqSJ'lbHOMytiacTKe cTpyH H paamtqHOfi crenenH HeH30-

TepMmtHOCrH rerlnOOT_ammefi rloBepxHocrri nprt rpaHmi- rae q(¢) = E.e [¢), ¢ - yron, orcyrtrbmaeMb_fi or nepea-

HblX yC,qOBH_IX, 6.rlI_3KHM K Ilpe_te,rlbHblM cnyqa_IM t = const He_! KpI4THtleCKO_ TOqKn Ka,riopnMerpa; E - qyBC'rBHTenb-

n q = const. Hocrb aarym<a; e (¢) - cnrHasi _laryrtKa. Torula

HpoBeaeHne 3KClaepriMeHTOBB yKa3aHHblX ycnoB)taX

oSycnoBneHO pmlOM HpH4HH:B paMKaX"crpyfiHOfi Teopmi'" E = ci

_IBn>KeHHft TerLrlOHOCriTenn B C.rloe cqbepriqecKrtX 3neMeHTOB 1 rr

--S e(¢)sin ¢d_0paccMaxpaBaeMa,q CHCTeMaaBSlaeTcHynpotUeHHOfiMOZte_bIO -) .
TertHOO6MeHa tlaapoBoro TB3.rla, BO3MOM(I-IOCTblO c03£taaria 0

pa3nrtqHofi cTerterm nert30TepMrttmOCTH rertrlOOTaammefi l-locrpoeaHe TapHpOBOqHOft 3aBHCriMOCTrt _rI_t aaTtmKa

noRepxHOCT)t 3a cneg H3MeHeHrinmtaMerpa COMa ri pac- yKaaaHHblM CHOCOSOMaBnaerca HariSonee aOCrOBepHU_M,
CTOnHriaor ero cpe3a _to rlepe_tHefi KprrrriyecKofi TO_Krt, 'tTOIIO_trBep_<_taeTcape3ynbraTaMrt [5]. qy_cTBrirenbHOCrb

OTCyTCTBHeM KpaeBoro 3qbqbeKra _a,rIa nonycqbepb_, Ma.qofi aaTqHKOB, HcHonb3OBaHHb_XB 3KcrtepnMeaTax, cocraB-
H3yaeHHOCT_t3aKOHOMepHOCTefiTermooSMeHa B 3rrix ycno- HmIa 35- 45 B/MKB.

Bnnx. J_n qbTopormacTosofi O60_IOqKrt noKa.rlbHa,q IL!IOTHOCTb

lllapoBofi 3neMeHT_lHaMerpoM50 MMCOCTOI/JIH3o6onoq- TerLrIOBOronoroKa onpe_tenmiacb TaK>_e nO TeMHeparyp-
Kn C TOHU_tHHOfiCTeHI<H5 MMH TerLrlOBbr_enarotuerocep_teq- aoMy nepenaRy B He_tpetueHHeM ypaBHeHHa TermonpoBo_t-

HnKa. B 3KclIepnMeHrax HcnoHb3OBaYIHCbO6OnOqKH H3 HOCTH.J-IOKa.rlbHbleXeIlTIOBblenOTOKH,onpeReneHHb_e yKa-
aYlnIOMHHHH ()k = 190B/MK)H qbToporLriacTa(_=0,3 B/MK). 3aHHbrMHcnocoBaMH, OTnHqanHCbHe 5onee qeM Na 10%.

Ha I1oBepXHOCTI4 o6onoqeK yCTaHaBYII4BaYIHCb RaTqHKI4 B 3KCIIepHMeHTaX TeMneparypHble Hanopb_ cocwaBnn.nn

nOKa,nbuoro TelmoBoro HOTOKaFap_toHa aHaMerpoM 2 MM 5- 50 K.
H repMonapb_. KogqbqbmmeHTnaBnemm oueHrmaslca KOMrmeKCOM

jL_Ia otteHKr_ rrtapommaM_ecKofi KapTnHr,I o6reKa- P-Poo
Hrl$1 orlpe_tenanocb rloiie aaBnenl, tH c HOMOtUblO HaHOpHO_

M_KpocTpyKwpbl, BbIBe/leHHOfiHa noBepxHOCTboSonOqKH. Po - Poo

3KcHepHMeHTbl IIpOBOBJ4YIIICb IIpH CTalIMOHapHblX ycno- r_te p, Po, Poo - _laBneHH_, COOTBeTCTBeHHO )eKytu_e Ha

BrmX Terl.rloo6MeHa B Ltrlana3oHe qHcen PefiHOnbLtca rIOBepXHOCTH Ka_oprIMeTpa rl B nepe21He_ Kprl-rHqecKo_

10 4 - 2.1 0 s ii COOTHOtt_eHHHX _HaMeTpOB COILrla D c H mapo- TOnKe, Ha JIOCTaTOtnlOM yJ1a.rleHHH OT Ka.nopnMerpa.

BOrO 3neMeHTa D, paBHb_X1,0; 0,8; 0,5 i_ 0,3. OTHOmeHHe XapaKTep pacnpe_tenerm_ no noBepXHOCT_Mo6oHoneK

paccTomlrta L OT cpe3a corma _to nepe_mefi KpHTrlnecKofi noKa.rIbnoro Ko3qbqbmtrteHTaTermoor_lanH )I Ko3qbqbnttHeHTa

TOqKn Kanopl4MeTpa K ero _tHaMeTpy COCTaBna.rlo 0,5; RaBneHHn 3aBrtCnT OT COOTHOLI_IeHHYlDc/D (pHc. 1) rt He
t,0; 2,0; 3,0; 4,0 H 5,0. 3aBrlCHTOTTetmonpoBo_tHOCTriMarepria.qa O6OnOnKH.

KoopmmaTHoe yCTpOfiCTBOoSecHeqrtBa.rto onpe_teneHHe Hpn qbrtKCrtpoBaHHblXreoMezpH,tecKvix napaMeTpax
noKanbHb_X xapaKTepHCTHKTermoo6MeHa Ha Bcefi noraepx- nono_eHae 3KCTpeMyMOB Ha KpHBblX H3MelteHH_I .rIOKa.rlb-
HOCTH OSOYIOqK)I. q_icna PefiHOnb_tca paccqHTbrBanncb no HblX Ko3qbqbnlJMeHrOB TeILrIOOT2_aqH HeH3MeIIHO B nccneao-

cpe,aHefi cKopocTH BO3_yxa tta BblXOL_e H3 corma rt J2HaMeT- BaHHOM /1Hana30He qHcen PefiHOnb,aca. ]/13MeHenHe paccTon-

py KaJlopHMerpa. TerLrIOqbH3HqecKlte CBOIYtCTBa BO3/lyxa HHYl L Bbl3blBaeT tte3HaqHTe/IbHOe n3MeHeHHe HOYIOXeHH_I

HaXO_lttnHCb HO TeMrlepaType HaSerammero nOTOKa. 3KCTpeMyMOB.

Cpemme Ko3qbqbltlJ.tteHTblTerLqOOT/laqHonpeaenanncb Ha noBepx_ocTn anmMrlHrlenofi O6OnOqKrl peanH3yeT-

8O



.. I :' t cn rpaHmmoe yCnOBHe, 6nlt3Koe K t --- const, a Ha nonepx-

"_. I ___ _ "_'___ 400 HOCTH qbTopoILrlaCTOBOfi -- q = c°nst (PHC' 2)' qTo COOT"

_- ] _ -- BercrByeT npe/IenbHmM rpaHrttntbiM yCnOBriaM. XapaKrep

:::_ i __/____ 350 pacnpeaenearta reMneparyp i4 rerLrIOablX rlOTOKOB /:kr/_l___: __ 300 o6e.x o6onoqeK O/1HHaKOB. Ilna Ka_ao_ o6onoqKH MaK-

% -_ CHMyM TeMnepaTypbI COOTBeTCTByeTMI4HttMyMy TellYlOBOFO

1,0 __. _ 250 noroKa n Hao6opor. IA_HXeHCHBnOCrbnoxanbnoro H cpea-

_" 0,_ -,:: _l"ta.l _. 200 HeroTe_OO6MeHaHanoBepxHocmqbTOpom_aCTOBO_O6OnOU-
I - - "¢'.o" ' =

_. % Z Kn Bmme, qeM na amOMHHneBO_ (p.c. 3). 3ro KaqCCTBeH-

0,6 -. .._ 3_ [_.. 1508

, 0,4 -- :i\_ ' ,_ y_" _k\ _ i _x- 50 5 ....

0 'i_\1 __r_ 0 4 "_"

_ 0 _ 2

-0,4 "_- ...... " /

-0,6 k
-0,8 ,, t ''_'"_ ' Z 2 /'e

0 20 40 6'0 80 160 Ii0 140 160 180 _. /J'_ __ _tlgr
¢-

_0,rpa_ __

Pnc. 1. Pacnpenene..e aHre.cnaHOCT. Tennoo6MeHa n Koaqb_n-
1

UHeHTaLtaBnenHa no noBepxHOCrrl amoMmtneBofl o6onoqKn hp. 0,9 "_/
Re = 4,5.104, L/D c = 1,0: • - Dc/D = 1,0; o - 0,8,_ -0,5, A _ 0,_
0,3. BCTaB_a-- cxeMa o6onoqK. 1 2 3 4 5 6 7 8 9 10 20

Re.!0 -_

t i ; [ Pac. 3. Tertaooraaqa o6onoqeg aJ'I]OMHHH_I(• -- Dc/D = 1,0; • -

650 ---'V-.i/ 1_I_"- ; 0,8;• -0,5;" - 0,3) . qbtoponnacra (c - Dc/D = 1,0; _ -0,8;
600 _ "_o , V - 0,5; A - 0,3) nprt l?aanh_nmxaHaMetpax coneni __

:'- ...... I ....7
HO cornacyetca c aaHm, IM. [3,4], AHanor.uHa_ Kapn_.a

550 -k \ '_. i Ha6nronaerca _r]a _pyrHx qrtcen Pefmonb_ca, COOtHOtUeHrifi

' _ IdHTeHC_BHOCTbrennoo6MeHa Ha noBepx_ocTH O6OJ_Oq-450 ' I _fl : ! \]
- _. 3aB.car or coornotuea.fi Dc/D H L/D c . FlpHqeM or

400 ! .. b/ [ "_ _ 1,4.... _ Dc/D B 6onbtueii cteneHn, neM ot L/D c 3KcnepHMeltranb-, _

.... 1,3 _c_ Hble ,_aHHble rio HHTeHCHBHOCTIIcpe/IHero rerlnOO6MeHa: 2_ 350 l.xi V. , ,

300 ........................ ..... 1 _I__.._ 1,2_ o6pa6atbma.rn_cb B Bl,l_,e3aBI4¢I4MOCTI4
250 _ _ #_, ,/a_.. [ r I,I hlu=AR n .

200 _-_--_---,-, * _ .--__• _'_ 1,0 3Hane..a _o_qbqb._aeHta A _ noKaaarena crenem4 n _

e. _ _rOM ypauHem_ n.na o6e.x o6onoqeK _ pa_n_n-_btx COOT-150 i [_ .... 0,9

100 .............. _i/[ "[_ ]"_ i _- 0,8 rlOLUeH_fiDc/DnpItBeI2eHbIBTaOnI4Ue"

50 _ .. _ 0,7 3.a,_eH)tr A r n a ypanne.rHNI,
0,6

0 2'0 40 60 80 100 120 140 160 180 A.rlIOMI4HH_I _roponnact

Pnc. 2. Pacnpe_zeneH.e 14HTeHC.qBHOCTHTennoo6MeHa no noaepxHoc ....
T.qMo6onoqeK anlOMrlHHa(I) -- Nu; • - t/f; • - q/_l) HdploponnacTa I,() (),;)3() 0,62 0,856 (i,52

- (o - Nu, A - t/T, -_ - q/_) npa Re = 1,5.10 s, Dc/D = 0,5; L/D c = (),8 () " 3 (),6t) 0,638 (),55
= 1,0 0,5 (),._8() (),57 0,474 (),59

o,3 (),252 (),62 (),()83 o,75

I/ITaK, CTeHeHb B.rIH.qHHHHeH3OTepMI4tHtOCTHrlOBepx-

HOCT_ Ha HHTeHCHBHOCTbcpe/1Hero rermoo6MeHa 3aB_CHT

81



or coornomeHrin reoMerpnqecKHx rIapaMerpoB CHCTeMbI 4. K.prmnoB li.ft. O Bnrtnmiri Termoqbnartqecnax CBOfiCTa

H y_cna Pe_Honbaca, r.e. Or xapaKrepa o6reKarmn H 3aKOHa noBepxHocT_ Ha Termooraayy hp. rypSyneHTaOM reye-

naMeHeH.a reMneparypHoro Hanopa no noBepxnocr., qTO Hmi. -- HO)K, 1986, r. 50, NO3, c. 501 - 512,
cornacyerca c BbmOaaMa [1]. 5. fiopenn, ja_mnep. Mero_t KamtSpoBKH _tarqnKOBMeCTHO_

rmOTHOCT,rermoBoro nOrOKaB ycnoBanx KOHBeKTHBHOrO

C n. c o _ n. r e p a Ty p b_ Harpe_a, -- B KM,: Tp. aMepmcaHcr¢oro o6mecrBa nH_e-
HepoB-MexanaaoB. Cep. Termonepen_aqa, 1987, NO 1,

1. j2op_MaH A.III. TermoofMen hp. oSreKanrm Hertaorep- c. 82-89.
MHYecKttXTen. - M.: MammxocrpoeHne, 1982. - 192 c.

2. FrtZlpO_HHaMriKari rerLqOO6MeHB aTOMHblX3HepreTriqec- Bonpocb_aTOMHO_HayKHHTexmiK.,
KHXyCTaHOBKaX/IIO/1pea, B.H. Cy66OTHHa,-- M.: ATOM- Cep. fluepaan TexHaKa. Texnonorna,

1989, Blqrl. 2, C. 80 -- 82.
Haaar, 1975. -- 408 C.

3. l-leryxoB B.C., Femm II.F. KoBa.aeB C.A, Termoo6Mea

B _xepnb_x _aepreTHqecKnx ycTaHoBKax, -- M.: 3Hepro-
rtaaaT, 1986. - 472 c.
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