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PA3JIOJKEHUE I'MJIPATA IIPUPOTHOIO I'A3A IO BO3JIEVICTBUEM
METAHOJIA ITPU ATMOC®EPHOM JIABJIEHUA

CemenoB M.E., Kanauesa JLII., Inmkua A.C.
HUncmumym npoonem negpmu u eaza CO PAH

Hsyuen xapaxmep peakyuti pazioxncenuss CUHMeMu4ecKux 2a308blx 2UOPaAmo8 Ha 0CHOBE
npupoornozo 2aza Hpensaxcrkoeo eazonegpmsanozo mecmopoxcoenus (I'HM) npu eo3zdeticmsuu
PA3TUYHBIX 00beM08 MEeMmaHoAd. Beiuucnenvl nopsaook u KOHCMAHMbL CKOpOCMel peakyutl
PA3NONCEHUST 2UOPATNOB.

Beenenune

Cerognst razoBeie ruzaparsl (I'T) cuuraroTcs caMbIM  MEpPCHEKTUBHBIM
HETPAIUIITMOHHBIM UCTOYHUKOM YIJIEBOJOPOIHOTO ChIpbs M 3Hepruu B 21 Beke [1], uto
CTUMYJIMPOBAJO HX IIHPOKOMAacIITabHOE H3YyYeHHE BO MHOIHMX J1abopaTopusx H
HAyYHBIX IIEHTpax BO BceM Mupe. Cpenn OCHOBHBIX HArpaBlIeHUH (PU3MKO-XUMHUYECKUX
UCCJIEIOBAHUN Ta30BbIX TUAPATOB H3YyUYEHHWE KHUHETUKU PA3JIOKEHUS TUIPATOB
MpeCTaBIsieTcsl OAHOM W3 Hanmbojiee BaKHBIX M CIOXKHBIX 3amad. C mpakTHYeCKOM
TOYKM 3pEHHUS] pe3ylbTaThl KHUHETHUECKHUX HCCIEAOBAHMM  HEOOXOIUMBI s
MOJIEIMPOBAHMSI TIPOLIECCOB BBIIEIIEHUS Ta3a U3 THAPATHBIX 3ajeked. DTH pe3yabTaThl
BaXHBI TaKXe Ui pa3paOOTKHM HOBBIX TEXHOJOTHH MPEIOTBPALLEHUS TUAPATHBIX
npobok u oneHke ux sddexkruBHOCTU. C APYrol CTOPOHBL, C IENBI0 XpaHEHUS
IIPUPOJHOTO M JPYTHUX Ta30oB, a TAKXKE Ppa3JeleHHs MHOTOKOMIIOHEHTHBIX Ta30BBIX
cMecel MOXET HCIIOJIb30BaThCsl METOJ MEPEeBO/ia UX B ra3oruapaTrHOE cocTosiHue [2].
[Toxa npemioxxenust 00 ucnonp3oBanuu I'T" 17151 XpaHeHUs WK TpaHCIIOPTa MPUPOIHOTO
ra3a He HalllTd IPOMBIIUIEHHOTO puMeHeHuss. OHaKO OHU MHTEHCUBHO 00CYXAAIOTCs
U COCTAaBJISIIOT OJHO U3 CaMbIX MEPCHEKTHBHBIX HANpPaBICHUN pa3paOdOTKU T'MIPATHBIX
TEXHOJIOTUH ISl COBPEMEHHOM ra30BOM IIPOMBIILICHHOCTH.

Pesynbrarel GpyHaaMeHTaTIBHBIX UCCIIEIOBAHUN KUHETUKH auccoranuu [T mpu
arMoc(epHOM JIaBJICHHM, a TaKKe JaHHbIE O BIUSHUU XHUMHUYECKHX JT00aBOK Ha
CKOPOCTb THIPAaTOOOpa30BaHMUs M PA3JIOKEHHUS MOTYT CYIIECTBEHHO TOBIMATH Ha
TEXHOJIOTUYECKYI0 M DJKOHOMMYECKYIO IIPUBIICKATEIIBHOCTh XPaHEHUs TpPaHCIOpTa

npupoaHoro rasa B ¢popme I'T.
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Panee npoBeneHHBIC (PU3UKO-XMMHUECKHIE MCCIIEIOBAHUS KacaloTCs B OCHOBHOM
KHMHETUKHA 00pa30BaHUs T'a30BBIX TUIPATOB [3, 4, 5, 6]. OgHaKo M3BECTHO, YTO YCIOBHS
o0Opa3oBaHMS U Pa3JIOKEHHUS THAPATOB Jake B CilIydae HHIWBHUIYaTbHBIX Ta30B-
rugparoo0pasoBaresiedl  HE  COBMNAJAIOT, T.€., KaK MPaBWIO, HAOIIOMAIOTCS
rucrepesucHbie  dddexrl.  CremoBarenbHO, CYIUTh O KHHETHKE Pa3lIOKCHUS
ra3orupaToB IO JaHHBIM THAPATOOOpPa30BaHUS HE SBISETCS KOPpPEKTHBIM. Jlpyroe
HampaBleHUE KWHETUYECKUX  HCCIEAOBAaHUN -  pPa3OKEHHWE THAPATOB  MPH
OTPHUIIATEIBHBIX TEMIIepaTypax, Tak Ha3bpiBaeMoro 3¢ @dekra caMOKOHCEpBAIlUH, T.C.
TOPMOXKCHHS PA3JIOKEHHSI TUAPATOB TPH OTPUIATEIBHBIX TEMIIEpaTypax BCIJIEICTBUE
MTOKPBITHS TIOBEPXHOCTH THApaTa TUICHKOH JIbJIa.

B cBs3M ¢ MOsIBIEHHEM HOBBIX HAHHBIX O BIMSHUU XHMHYCCKHX H00aBOK Ha
CKOPOCTH pAa3JIOKEHUsI TUAPATOB M HAOOOPOT yBEIWYCHHE HTHUMH Ke J00aBKaMu
CKOPOCTH THAPATOOOpA30BaHUS, PACTET MHTEPEC K M3YUCHUIO KUHETHUKH PA3JIOKCHHS
THAPATOB C NMPUMEHEHHEM TaK Ha3bIBA€MbIX J00aBOK-IPOMOTOPOB W HHTHOHUTOPOB.
OpHako, CIOXXHOCTH SKCIIEPUMEHTAIIBHOTO XapakTepa, BO3HHMKAIOLIME NpPH H3YYCHUH
KUHETUKUA PA3NIOKEHHUS] TUAPATOB, MPUBEIM K TOMY, YTO HAIIM 3HAHUS O MPUPOIE
JTAHHOTO SIBJICHUS BCE €€ OCTAIOTCS OTPaHUYEHHBIMH [3].

Takum o00pa3oM, 1eabI0 padOTHl SBISETCSA, HWCCIAEAOBAHHE KHHETHYECKHUX

SaKOHOMepHOCTeﬁ pCaKknu pasyIOKCHUA ruapara 1nnpu BO3JCHCTBHU METaHOJIA.

BKCHepI/IMeHTaJILHaH 4acTb

OObexTOM ucciaeoBaHus SBISETCS ra30BbIi TUIpaT, CHHTE3UPOBaHHbBIN U3 50
MJI JUCTHJLLIMPOBAHHOU BOJBI U IpupoaHoro rasza Mpemnsaxckoro I'HM npu nasineHun
1,6 MIla u temneparype 268 K B xamepe Bbicokoro nasieHust (puc 1). PabGoueii
KaMepo# CIY>KUT TOJICTOCTCHHBIM HWJIWHIP W3 OPrcTeKia (BHYTpEeHHUN nuametp - 45
MM, BHeITHHA — 70 MM, BeicoTa — 130 mm). LummHap 3akuMaeTcsi ¢ TOPIOB CTATbHBIMHU
¢nannamu. Bo ¢dmannmax crakana kpenstcs oOpasuoBblii Manomerp tuna MO-160
(xmacc rounoctu 0,4; TOCT 6521-72) u BeHTHIM U1 BBOJA M BBIBOIA Ta3a.

B kauectBe areHTa YCKOPSIOLIEro MpOLEcC pa3jokKeHus Obll BbhIOpaH
MetaHod. OH o0nagaeT HauBbBICIICH Cpeld W3BECTHBIX WHIHOMTOPOB AHTHTHIPATHOM
aKTUBHOCTBIO, COXPAHSIOUICHCA JaXe NPU HU3KUX TEMIEparypax; HHU3KOW TeMIlepaTypoi

3aMep3aHus KOHIIEHTPUPOBAHHBIX PACTBOPOB M UCKITFOUMTEIBHO MAJION BSI3KOCTBIO JIAXKe MPU
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Temrieparypax Hike 223 K; Beicokol 3(p(eKTHBHOCTBIO Ul JTMKBUIAIIMH THAPATHBIX

poOOoK (OTI0KEHHUH); OTHOCUTEIBHO HU3KOHU CTOMMOCTRIO [6, 7, 8].

1 — 0auIoH ¢ ra3oMm;
PF—sg 2 — BIYCKHOM KpaH;
3, 11 — pe3uHOBEIE
’ 3 7 MIPOKJIA/IKH;
4 — xopmyc;
5 — HUIUHID U3
OpICTEKJIa;
6 — cMOTpOBOE
OKHO;
7 — BBIIYCKHOU
KpaH;
8 — KpbIIIKa-
¢naner;
9 — maHOMETD;
5 10 — redmonoBas

% MPOKJIaKa.

PI/ICYHOK 1. P33p€3 KaM€pbl BBICOKOI'O JaBJICHUA B CHAPS)KCHHOM COCTOSHUU
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Jlnisa nonydeHus rupara u3 6amioHa 1 ras yepes BIyCKHOM KpaH 2 MOJaBalIu 10
nasieHus B kamepe 1,6 MIla. Kamepy repmeTnuHO 3aKkpblBajdud M BBIIEP/KUBAIU B
Kpuokamepe B TeueHue S5 cyrok mpu temmneparype 268 K. Jlns npoeaeHus
AKCIIEPUMEHTOB, KaMepy C CHHTE3WPOBAHHBIM THIPATOM H3BJIEKAJIU W3 KpUOCTATA.
3areM JaBlIeHUE B HUCXOAHOM KaMmepe CHUXalnu 10 arMocdepHoro. K BblTyCKHOMY
KpaHy 7 TOACOEIUHSUIN ra30ByI0 OIOpETKYy M B Kamepy ao0aBisuin metaHon. Jlanee
(¢uKCHpOBaIM BpeMs JOCTIDKEHHS ONpPEAEICHHOTO o0beMa ra3a Npu KOMHATHOU

TeMIeparype.

Pe3yabTaThl M 00CyXKIeHHE

Kak u3BeCTHO, Te€TEpPOreHHbIC PEAKIUU XapaKTEPU3YIOTCA KaK IPOLecCCOM
XUMHUYECKOTO MPEBPAIllCHMs], TPOUCXOASIIET0 B MPEAEIaX pPeakKMOHHOW 30HbI WM Ha
pEaKLMOHHON IIOBEPXHOCTU paslena, TaKk W Ppa3IMYHbIMU IPOLECCaMU IIEpeHoca

BCIICCTBA, HGO6XOI[I/IMI>IMI/I AJI1 BOCIOJHCHHA pacxXxolda pearupyromux 4acTull U I
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yaaneHus npoaykroB. O0111as CKOpOCTh T€TEPOreHHOI0 PEBPALEHHSI CKIIAIbIBACTCS U3
CKOpOCTEH JBYX IIPOIIECCOB: XMUMHUYEeCKoW peakiuu W auddysun. ClenoBaTenbHo,
BO3MOXKHBI PEAKIUU, MPOTEKAIOIIUE COMTACHO 3TUM JABYM MpeAenbHbIM ciydasm. C
OJTHOM CTOPOHBI, UMEIOTCSl MPOILIECChl, CKOPOCTh KOTOPHIX OrpaHWYeHa B OCHOBHOM
CKOpPOCTBIO XHMHYECKOW peaklMd Ha MOBEpXHOCTH paszaena. C Jpyroil CTOPOHBI,
CYIIECTBYIOT MPOLECCHI, CKOPOCTh KOTOPBIX JIUMUTHUPYETCS CKOPOCThIO Tubdy3UH.
OnHako OONBUIMHCTBO MPOLIECCOB MO CBOEMY XapakTepy SIBISIOTCS MPOMEKYTOUHBIMU
MEXKIy dTUMH INPEACIbHBIMU CIy4assMU: CKOPOCTbh XUMUYECKOM PEAKLUN CPAaBHUMA CO
CKOpOCTHIO mporecca nuddysuu [9].

Jlns BbISICHEHUS XapakTepa MpOoIEecca, OMPEESIIOIIET0 PEaKUo Pa3IoKeHUs
rujapara MpUPOIHOTO Ta3a MpPU BO3ACUCTBUM PA3IMYHBIX O0OBEMOB MeTaHOJIa, OBLIN
OTIpeNeNeHbl KOHCTAHTBI CKOPOCTEH WM TOPSAOK PEAKIMH 7, 3aBUCSIICH OT MPHPOIBI
pearupymomero BemecTra. 3HaUeHUsI 7 MOTYT OBITh OOJIbIIIE WJIM MEHBIIE AMHUILI B
3aBHUCHUMOCTH OT xapakrepa mnpouecca. [nsg nuddysuonnsix mnpoueccoB n<l; s
MPOLIECCOB, MPOUCXOMAUINX B KWHETHYeckoil obmactu, n>1. Ecmm n=1, mportekaet
peakuus MepBOro MOPsIKA, KOTAA CKOPOCTh XUMHUYECKOH PEaKIUu COM3MEpHUMa CO
CKOpOCTHIO mporiecca quddysum.

Ha puc. 2 npencrasineHa KMHETHYECKass KPUBasi PEaKLUMU Pa3IOKEHUs THIpara

npupoaHoro raza Upensxckoro 'HM npu komHaTHOM Temmieparype 0e3 MeTaHoJa.

Ig[-lg(1-a)]
N

gt

Pucynok 2. Kunernueckast kpuBasi pa3ioxKeHus THApaTa IpUPOIHOIo ra3a
py KOMHATHOU TeMIieparype 6e3 MeTaHoja
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[Ipouecc pasnokeHus ruapara Npu KOMHAaTHOM TEMIIEpaType XapaKTepU3yeTcs
snayenreM n=1,1334, a koucranra ckopoctu peakuuu cocrasisger 0,0072 mun’.
CrnenoBarenbHO, CKOPOCTh XUMUUECKOH peakiuu rpeodnagaet mnpouecc Jupdys3um.

IIpu Bo3meiictBumu 10 M3 MeTaHONa Ha THApAT MNPUPOAHOro rasa (puc. 3)
IIPOTEKAET peaklMs MepBOro nopsaka (n=I/) ¢ KoHCTaHTOM ckopoctu peaxkuuu 0,032
muH'. ClieqoBaTebHO, MOXKHO TMPEANOIOKHTE IPOMEKYTOUHBIA XapakTep MpoLecca,
T.€. CKOPOCTh XMMHYECKOM peaklliu COU3MepUMa CO CKOPOCThIO npotiecca nupdy3uu.

W3 puc. 4 BugHO, YTO pa3iokKeHHWE ra3oBOro rujpara npu BosaeicTuu 50 mi
MeTaHoJa HJEeT B JABe craguu. KOHCTaHThI ckopocTel peakiuH pa3jokKeHUs rujapara
paBHbI: TIepBOii 1 Bropoi craauit 0,0011 Mun" u 0,022 mun™, coorsercTBenno. Ilepsas
CTaausi, XapakTepusyrouiascs 3HaueHueM n<l, oTHocuTca K JAU(PPYy3HOHHBIM

npoiieccaM. A Bropas crajaus (n>1) siBisieTcst cTaguell XUMHUYECKOM peakiuu.
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Pucynok 3. Kunernueckas kpuBas pa3jioKeHuUs THipaTra IpUpoJHOTO ra3a
nipu Bo3aeicTtBuu 10 M1 Metanona
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Pucynok 4. Kunetnueckasi KpuBasi pa3JIoKeHUs TUpaTa IpUpOIHOTO raza
npu BozaeicTBuu S0 M1 MeTaHona

BriBOALI

[To pesynbraTam SKCIEPUMEHTOB pacCUUTaHbl KOHCTAHTBI CKOPOCTEH peakuuil u
3HA4YEeHUS MMOCTOSHHOM 71 poliecca pas3oKeHHs Ta30BOro rUapara.

VYCTaHOBIIEHO, YTO PA3j0XKEHUE THapara npupoaHoro rasa HMpemsaxckoro I'HM
PC () B 3aBUCHMOCTH OT yCIIOBHUI MPOBEIECHUS PEAKIIUN, UMEET PA3JINYHBINA XapaKTep:

1. Paznoxxenune rujapara 0e3 BO3ACHCTBHS METaHOJlAa IIPU KOMHATHOM
TEMIIEPATYPE XapAKTEPU3YETCs KaK XUMAYECKas PEAKIUS.

2. Ilpu BozneiictBun 10 Ma MeTaHoJa Ha IMApaT MPOTEKAET pEaklys MEPBOTO
nopsaka. CrenoBareabHO, UMEET MECTO NMPOMEXKYTOUHBIM XapakTep mpoliecca, Koraa
CKOPOCTH XMMHYECKOH peakiuu 1 npouecca Auddysun cousmMepumsl.

3. Paznoxkenue ruapara npu BO3AeUCTBMU 50 M METaHOJIA MPOTEKAET B JIBE
CTaJuM: IepBas CTajus OTHOCUTCA K JU(QYy3MOHHBIM Ipoleccam, a BTopas CTaaus
IIPOTEKAET KaK XMMHUUYECKasl peakLusl.

Takum 00pa3oM, HA OCHOBAaHUM 3KCIEPUMEHTAJIBHBIX MCCIEJOBAHUI BBIABICHA
BO3MOKHOCTb M3MEHEHMsI XapakTepa Ipouecca IpH BO3ACHCTBUM XUMUYECKUX
100aBOK, YTO MPEACTaBIsIET MPAKTUYECKYIO IIEHHOCTH Ui Pa3pabOTKH TEXHOJIOTHM

BBIJACJICHUS ra3a U3 CUHTC3UPOBAHHBIX I'a30BbIX 'MIPATOB.
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