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O PO ONPDY3NUN ATOMA BOAOPOOA
MPU MHTMBUPOBAHNW TIJTIAMEHW BOAOPOJA

B. A. ByHes

NucTuTyT xumunueckoin kuvetukmn u ropedus CO PAH, 630090 Hosocubupck, bunev@kinetics.nsc.ru

IIpuBeneHs maHHBIE YNCIEHHOTO MOOETUPOBAHUS PACITPOCTPAHEHUS JTAMUHAPHOLO MjIaMeHu GOraToi
TOMOTEHHOW CMeCH BOIOPOI — BO3MyX € mOOABKOI mponuieHa. [lokaszaHo, 9To qoGaBIeHne MaJIbIX KO-
JIMYECTB IPONUJIeHa IPUBOOUT K yMenbinennto kouunenTpanuii HO> u OH B HuskoremmepaTy pHOI 30He
dpoHTa mHaMeHu, YTO >PGHEKTUBHO CHIKAET HOPMAJILHYIO CKOPOCTH MytaMeHu. Bo dpoHTe mmamMeHn
MPOMUJIEH PACXOMYEeTCs HMOMHOCTHIO ¢ obpasosanuem CO, CO,, CHy, C2Hs, Hy u HyO, a Bomopon
[IPEMYIIIECTBEHHO He OKUCISIETCS M0 CPABHEHUIO C IIPOIIMIIEHOM.

KiroueBnie ciaoBa: mHrnOUpoBaHMe, miIaMs BOOOpoma, ouddys3us pamuKaaoB, KBAIAPATUIHOE Pa3-

BETBJICHUE.

WNssectro [1-3], uro sddekTuBHOCTL TOPMO-
3SIIIeTO MeNCTBUS MAJIBIX M0OABOK WHTHOUTOPOB
Ha TOpeHUWe BONOPONOBO3MYIIMTHLIX CMECEHN OIperme-
JITETCS WX CHOCOOHOCTBIO OOPBIBATH PEAKITMOH-
HBIE [EeNU MIPOIECCa OKWUCIEHWS BOIOPOma. OTa
CIIOCOOHOCTB 3aBUCUT OT IPUPONBI QYHKITMOHAIb-
HBIX CPYIO B MOsleKyse uaruburopa [1]. OueBun-
HO TakXe, YTO OEeNCTBUE WHTUOMTOpa HA TPO-
IIecC pacIpPOCTPAHEHMUS MJIAMEHN SIBIISIETCS CIIOXK-
vbeiM. C OMHON CTOPOHBI, MPU HAJIWYIAU UHTUOU-
TOpa B CMECU MaKCUMaJIbHAasd KOHICHTPAIWUA aK-
THUBHBIX IIEHTPOB BO (PpOHTE NJIaMEHW MANAET.
C npyroir CTOPOHBI, PEAKIUU C YUACTUEM WH-
I‘I/I6I/ITOpa, MOrYyT ODpPOXOOAUTH C BBLOCJICHUEM TEII-
ma. I B-Tperbux, peanmsyercs sddexT pazbas-
JIeHUsI CMeCHu, W3MeHSIeTCsS KO3DPUImEeHT TemIio-
OIPOBOOHOCTHU, KO3pPunueHTH nuddy3nu, Temio-
€MKOCTH. BBImenuTh BKIAH TOTO WM WHOTO Me-
XaHM3Ma BO3NEUCTBUS HE Bcerma ymaerca. B [4]
mpemjaraeTcs cnocob OIEHKMW BO3MEUCTBUS WHTU-
OuTopa Ha medarpalMOHHBIA WA IeTOHAIINOH-
HBIA IPOIECC PACIPOCTPAHEHUS IIIAMEHN, IS 1e-
TO BBOOWUTCS MOHATWE TJIYOWHBI WHTIOWPOBAHUS.
OToT mapaMeTrp XapakTepu3yeT MaKCHMAJIbHYIO
CHOCO6HOCTI) I/IHI‘I/I6I/ITOpa, KaK XUMMNYIECKOTO areH-
Ta, OENCTBYIOIIETO TOJIBKO HA, KOHIIEHTPAIUIO aK-
TUBHBIX LOEHTPOB. FI[y6I/IHa, I/IHI‘I/I6I/IpOBa,HI/I$I JLJIA
Pa3HBIX WHTUOMTOPOB pasHad. Ilas mimameHu Bo-
IIOPOMa C BO3OYXOM OKA3aJIOCh, UTO TIyOWHA WH-
ruOUPOBAHMS METUJIOBOTO, STUJIOBOTO W M30HPO-
MHUJIOBOTO CIIUPTOB OMHA UM Ta, Xe. DTO O3HAUAET,

Pa6ora BeImONHEeHA mpu YacTUYHON mommepxkke Poc-
cmitckoro HoHma (GyHAAMEHTAIBHBIX MCCIEOOBAHMI (IPO-
ext Ne 03-03-32357) m no mporpamme GyHIAMEHTAIBHBIX
uccrenosanuiit PAH Ne 26 «Bomopomuas sHepreTukas.

qTO KaK XUMUUECKNe areHThI, BIUAIOIINE Ha IPOo-
IIeCC pa3BETBIIEHNI aKTUBHBLIX IIEHTPOB, 3TU CIIUP-
THI IEUCTBYIOT OonwHAKoBO. OMHAKO KaK MCTOIHU-
KU IOMOJIHUTEILHOTO TErjIa OHu pasubie. Hambo-
JiIe€ AaKTUBHBIM B 3TOM OTHOIICHUN ABJIACTCA MN30-
OponwiIoBeIl cuptT. IIpoman m M300KTAH UMEIOT
TaKXe ONUHAKOBYIO I'IYOMHY MHIUOMPOBAHUS, XO-
TS X MOJEKYJISIpHBIE MAaCCHI CYIIIeCTBEHHO OTJIIN-
YAIOTCA. DTUJIEH, UMEIOIINI NBORHYIO CBSI3b, KAK
XMMUYECKAN areHT NeNCTBYeT Ha IIaMs BOOOPO-
na 6ostee 3 HEeKTUBHO, XOTS KaK MCTOUYHUK [IOMOJI-
HUTEJILHOTO TeIljla NeWCTByeT Ha YPOBHE a30Ta,
uHepTHOrO pasbasurens [4]. IlamHble, TpuUBeneH-
HBle B [4], IONTBEPXKIAIOT BBIBOM, CIOEIAHHBIA B
[1] oTHOCHTENBHO POMM CTPYKTYPHI MHIMOUTOPA
B 5hDEKTUBHOCTA MHTUOMTOPA KAK XUMUIECKO-
ro arerra. Temmodusnueckuit HakToOp MNEHACTBUS
UHru6UTOpA (BLIAEIICHNE WX HOTJIOICHNE TeIlIa,
n3MeHeHrne KO3PpOUIneHTOB TEeNIONPOBOOHOCTI 1
nuddysun, n3MEHEHNE TEMJIOEMKOCTH) TaKkKe 3a-
BUCHUT OT CTPOEHUS MOJICKYJIBIL.

OOGBIYHO TPEanoIaraeTcs, IYTO PeakIus WH-
rubuTopa ¢ aKTUBHBIMU IIEHTPAMU ITPOUCXOOUT
mo Bcell 30He dpouTa. Arom H, mocrymaromuii B
HU3KOTEMIEPATYPHYIO 30HY 3a cueT muddy3moH-
HOTO IPOIECCa, MOXET PearmpoBaTh HE TOIBKO C
mostekyiionr Qo ¢ obpasosanuem HO9o, HO u ¢ moO-
JIEKYJION WHTMOMTOpa ¢ 0Opa’oBaHWEM MeHee aK-
TUBHBIX PAOUKAJIOB 06e3 KBaIPATUUHOTO PA3BETB-
JICHU . prI‘I/IMI/I CJIOBaMU, CyIII€eCTBEHHOEC YMEHbBb-
IIeHne HOPMAJILHOM CKOPOCTH PAaCHPOCTPAHEHUS
m1aMeHn, HabriomaeMoe mpu no6aBIeHn NHT uOu-
TOpa B CMECH BOIOPOHA C BO3OYXOM, MOXeT OBITH
CBSA32aHO C peaKIUsIMU MHTUOMTOpa yXkKe B HUBKO-
TeMIepaTyPHOR 30HE GPOHTA IJIAMEHN.
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Puc. 1. 3aBucumMocTh HOPMAIBLHON CKOPOCTH PACIIPO-
cTpareHms maMenn B cmecsax 55 % Hy + Bozmyx oT
KOHIIEHTPAIUY MPONUJIEHA B UCXOMHON CMeCH

Hens macTosienn paboThl — WCCIIENOBAHUE
YUCIIEHHBIMU MeTomaMu poan nuddys3mm aToMOB
BOIOpPONA Ha YCJIOBUS PA3BUTHUS IEITHOU JIaBUHBI
B HU3KOTEMIIEDATYPHOHN 30HE MJIOCKOTO ONHOMEp-
HOro 60raToro IIaMeHU BOIOPONA B IPUCY TCTBUAN
WHTHOUPYIOMIUX NOOABOK YTJIEBOAOPOIA.

UMCJIEHHOE MOAEJINPOBAHUE

CxopocTh  CBOGOMHOTO  PACHPOCTPAHEHUSI
IJIOCKOTO IJIAMEHU IO CMECSM BONOPOI — BO3-
nyx ¢ mnobaBKaMy MPONUIIEHA PACCUUTHIBAIIACH
C WCIONBb30BAHMEM IIakeTa mporpamm |5, 6]
u kuHeTmueckoir cxemsl [7]. Ha paccrosaun
X = 0.05 cm Temmeparypa BO GpOHTE MJIaMEHU
pasusutace 400 K. Xomommas wm ropsiuas rTpa-
HUIBI HAXOOWINCHL B koopamHaTax —8 um 40 cm
COOTBETCTBEHHO. T'OUHOCTH pacuera 3aIaBajIach
BEJIMUMHON, XapaKTepU3YIOIlell Pa3zHUIy MexIy
mocilemHe ¥ IpenuocienHerr wmrepanusMu. Bo
BCEX pacUeTax d3Ta BeININHA PABHSIACH 10~4.

PE3YJIbTATbI N OBCY>XAEHUE

Ha puc. 1 npuBenena 3aBUCUMOCTDb HOPMAJTh-
HOUl CKOPOCTHU PACIPOCTPAHEHUS MJIAMEHU B CMe-
cax 55 % Ha ¢ BO3MyXOM OT KOHIIEHTPAIAE TIPO-
nuena. Kornenrpamnus Hy B cmecsx ¢ mobaBka-
MU BCerja HOpuHEMAJIach pasHoi 55 %. Bumwo,

9T0 MaJible oOaBKu TponuiieHa 3PGHEeKTUBHO TO-
HIXKAIOT HOPMAJIBHYIO CKOPOCTH PACIPOCTPaHE-
Hus miaMenn Sy,. Ilo6aska 1 % nponuena cHuxa-
eT Sy, MOYTH HA MOPSIOK, ¢ 247.6 mo 30.59 cm/c. B
[1-3] 5T0 mOHMXKeHNe CBA3LIBAIOT C 3(HHEK TUBHBIM
YMEHBIICHNEM KOHICHTPDANONN aKTUBHBIX NEHTPOB
3a CUeT WX peaknuu C M00aBIIEHHBIM WHTUOUTO-
pOM.

B paGore [8] mpuBemeHb IPOGUIN KOHIIECH-
rpanuu OH (3aBucumoctu kouumerTparuu OH or
TEKyIIell TeEMIIEPATYPBI BO (DPOHTE TUIAMEHM) 171
foraThIx cMeceit Bomopoma ¢ Bosmyxom. s mHa-
JaJILHBIX KOHIIEHTpAIui Bomopona 55, 59, 65, 70
u 75 % npopuns OH mmeer, mo KpaiiHeir mepe,
nBa MakcuMmyma. OIUH U3 HUX PACIOJIONKEH B HU3-
KOTEMIEPATYPHON 30HE, W €r0 3HAUEHUE CPABHU-
MO CO 3HAQUEHMEM MAaKCUMAJILHON KOHIICHT AN
OH B BobICOKOTEMIIEpATYPHOI 30HE. [laHHBIE YMC-
JIEHHOTO MONEJIMPOBAHUS TOKA3BIBAIOT, UTO CyIIIe-
CTBOBAHUE MEPBOTO MAKCUMYyMa B HU3KOTEMIIEPA-
TypHOU 30He 00ycioBieHo muddysmeir aroma H
n3 BbICOKOTeMHepa,TypHOI‘/'I 30HBI B HU3KOTEMIIEPAa-
TypHyI0, oOpasoBanueM B dToir obmactu HO9 u
MPOTEKAHUEM 3MIECH XK€ KBAAPATUIHOTO PA3BETB-
meHus ¢ obpaszoBanmeM nByx pamumkasaos OH:

H+ HO9 — 20H. (1)

PasBerBnenne memneil B ImiaMeHU UTPAeT Cy-
IIeCTBEHHYI0 poib. IMeHHO mosToMy BO (pOHTE
[ITAMEHU BOMOPOOHLIX cMecel kormenTpanuu OH,
H u O mocrarouno senuku. C mpyroil CTOPOHBI,
arom H ouens nmomBuxkeH, ero kodddurment mud-
dy3uu cymecTBeHHO OOJIbIE, IeM y OIPYTUX KOM-
moueHToB, B ToM unciie O, OH, HO9 u H9O9. Ilo-
sromy aroM H muddyrmupyer B HEU3KOTEMIIEpA-
TypHyIO 30HY mramenu. [lorok aromoB H B Hu3-
KOTeMIepaTypPHYIO 30HY, TakuM o06pa3oMm, He 3a-
KaHYMBAETCS peakimerr 0OpbIBa, Ieneir ¢ oOpa3o-
BanumeM HQ». Ilpummenmive B HU3KOTEMIIEPATY -
HYIO 30HY nBa aroma H maior mBe wactumsr OH
(ecrmm yuecThb, UTO peakmms PEKOMOWHAIINYA WIET
C MEHBbIIIEN CKOPOCTHIO IO CPABHEHMUIO C PEAKIuen
obpasosanus HOg). Yxke B HEM3KOTEMIIEPATYPHOI
obmacTu MOXeT 00pa30BATHCSI KOHEUHBIN TPOOYKT
Hs0O B peaxnuu ¢ yuactuem OH. pyrumu ciosa-
MU, YXe B HU3KOTEMIIEPATYPHOU 30HE MOSBIISIOT-
ca aktusHbie eHTpsl H, OH, O u panukanx HOs.
Bce 9TU AKTUBHBIC HEHTPHI MOT'YT y49aCTBOBATH B
peaxuu ¢ o6aBIEHHBIM WHTMIOMTOPOM, B YaCTHO-
CTU C TIIPOIMMWJIEHOM. Y YacTWe WHTUOMTOpa B DTUX
PeaKIIIX MOXET CYIIeCTBEHHO M3MEHUTH COCTAB
IIPONYKTOB BO BCEX CEUEeHUSIX (PPOHTA MIIaMEHU.

B [8] mpuBenmeHsl mpoduwiin KOHIEHTpPALUM
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OH B nmamenu 55 % Hy ¢ mobaBkamu mponumiena.
BI/I,IIHO, 9TO OPpU YBEJIMYECHUU KOJIUIECCTBA WUHIU-
6uTopa mpodunb nedoOpMEUpPyeTCs, MEPBLIA MakK-
CUMyM YyMeHbIIIaeTcs OBICTpee BTOPOrO0 M IIOJI-
HOCTBIO MCYE33aeT MpU OOBEMHOW KOHIIEHTPAIIAN
nponmiena 0.5 + 0.6 %. Ilpu sTux KoHIEHTpa-
qugaX HOPpMaJIbHAs CKOPOCTH IINIAMEHU YMEHbIIIA-
ercss B Tpu pasa. Takoe pe3koe yMeHbIIEHUE Sy,
IIO-BUOUMOMY, CBI3aHO C TeM, UTO IpH mobaie-
HUU UHMUOUTOpA CHUXKAETCSI MaKCUMaJlbHAas KOH-
neuatpamus HO9 u CyIIeCTBEHHO CHUXAETCS KOH-
neutpamus OH B HU3KOTEMIEpaTypHOU 0OJIACTH
dporra mamvenu. Ha ¢oHe ymeHbIeHUs 3HAUE-
Hust Broporo makcumyma OH mpoucxomuT ero cme-
meHue B o0JIacThb 00Jlee BBICOKMX TEMIIEPATYP.
OTO CBsI3aHO ¢ TeM, YTO KOD(PDPUIIMEHT pa3BETB-
JICHU S

¢ = 2K3(02) — K3(M)(02) + K1(HOg) — K4(I),

OTPUMATEIHLHLIA B 00IACTH HU3KUX TEMIIEPATYP,
CTaHOBUTCA IIOJIOKUTEJIBHBIM IIPDUA BCE boJiee BEBI-
COKIX TeEMIIEpAaTypaX B PE3Y/IbTATE YBEJINYCHUSI
CKOpOCTU OOpPBIBA TEMUW HA WHTUOMTOpE TIPU yBe-

JIMYEHUN ero KOHIeHTpanuu. 3mech Ko — KOH-
CTaHTa CKOPOCTU PEAKIIAU Pa3BETBIICHUS
H+ 09 — OH+ O, (2)

K3 — KOHCTAaHTa CKOPOCTHU PeakInu OOPBLIBA, IIe-
nen

H+ Oy + M — HOy + M, (3)

K| — koHCTAHTa CKOPOCTH PEAKIINU KBAIPATHI-
HOTO pasBeTBileHUsI, K4 — KOHCTAHTa CKOPOCTH
peaxnuu oOpBIBA Iemel ¢ y9acTheM WHTuOmTOpa
I (R — MmeHee aKTUBHBII PAIIKAT)

I+H— R+ H,. (4)

HobGarieHne MPOMUICHA MPUBOAUT K YMEHb-
IIeHWI0 MakKCuUMaJibHOU KoHmeHTpanuu HOo u
H9O5. Ilpu xommentpamusx nponwiena 0.5 =+
0.6 % maxkcumymer HO9 u HyO9 mocTurarot mum-
HVMAJIBHOTO 3HAQYEHUI W IIpU naanef/’ImeM yBe-
JIMYEHUN KOHIIEHTPAIMY TTPOMTAIICHA, ITPAK TUIECKH
He MeHsiorcs (puc. 2-4). B kakoit-ro mMepe 5T0
MOATBEPXKIACT TUTIOTEIY O TOM, UTO NEACTBUE UH-
rubuTopa obianaer HaceInaomuM sbdexrom [4].
B mamHOM KOHKPETHOM CIIy4ae JOCTATOYHO m0oba-
BUTH B ncxomayio cmeck 0.5 <+ 0.6 % mponmnena,
9TOOBI MOCTUUL HACKIIAOIIEr0 dddexkra. IToT
BBIBOIl COTJIACYETCS C MNAHHBIME puUC. 1, HA KO-
TOPOM TIPpM 3TUX 3HAUCHUAX KOHLOCHTPAIWUU IIPO-
UIIeHa, HAOITIOMAETCS 3HAYNTEIILHOE YMEHBIICHIE

[H02]~104, [H2051-10*, monbHas nons
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Puc. 2. 3aBucuMoCcTh MAKCUMAILHLIX 3HAUCHNN KOH-
nearpanuit HOs u Hy Oy B mmamenu 55 % Hy + Bos-
OyX OT OOBEMHOU KOHIIEHTPAIINN IIPOIUICHA
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Puc. 3. llpodwmnmu xounenrpanuii HOy B miamenn
55 % Hy + BO3myX mpu pa3snmumyHBIX H00ABKAX IIPO-
MUJIEHA,

3(phex TMBHOCTY CHUXKEHWS HOPMAJILHON CKOPOCTH]
opuy yBEJIMYCHUN KOJIMIECCTBA HO6aBKI/I I/IHFI/I6I/ITO-
pa.

Cynbba mobaBIeHHOTO MPONUIICHA MPENCTAB-
JseT ompeneseHHb nHTepec. B paGore [3] yreep-
KIOaeTCda, 9TO B IIJIaMEHU BOOOPOOa IIPOIINAJICH, KaK
¥ Opyrue OpraHWYeCKue COeOUHEHUS, PACXOMYET-
cs UMb B TOW Mepe, B KAKOW pearumpyer C ak-
TUBHBIMU IPOMEXYTOUHBIMI JACTUIAMHA IIPOIIEC-
ca OKHUCIIeHUs BOHOpona. ABTopsr paborsl [3] cunm-
TaT, 9YTO 9TUM 1 BBI3BAHO TOPMOXEHNE I'OPDECHUA.
Omuako He COBCEM SICHO, UTO MPOUCXOMUT B HAJTh-
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