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Puc. 10. ®otorpaduu Tonorpadur HOBEpXHOCTH 00PaA3IIOB U3
craimu 12XH3A mocne urnoppeseposanus (x250) B cooTBer-
CTBHH C YCIOBHSIMH OIBITOB (Tab. 2)
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PACUYET IMOJIHOTHI PEAKIIUM Y IIPEBPAIIIEHUS BEIIIECTB
PU BOJOYTI'OJIBHOM 'ABUDUKAIIUA

Kano. mexn. nayx, ooy. HA3APOB H. C., unxc. HA3APOB HU. H.

benopycckuil nayuonanbHulll mexHuuecKull yuugepcumem

B [1] mokazano, 9yTO BOAOyroibHas razuduka-
uus (BYT) yriepona TBepaoro TOMIMBa BBICOKO-
TeMIIEPaTypHbIM MapoM, M (4TO OJHO U TO KE)
pasnoxkeHue BoIbl (BBICOKOTEMIIEPATypHOTO mapa)
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YTJIepoaoM TBEPAOIO TOIJIMBA, OIMUCBIBACTCA TpeE-
MsI XUMUYECKUMHU YPAaBHCHUSMMU:

C + H,0 = CO + Hy; 1)
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CO + H,0 = CO, + Hy; )
C +2H, = CH,. @)

Bknan kaxmoil U3 peakuuil B OOIIUI MPOAYKT
BVYT' ouenuBasics mo 3KCIEPUMEHTANBHBIM pe-
3yJabpTataM TrasoBoro anamusa. [locimegoBarens-
HOCTh peakiuit (1)—(3) cooTBETCTBYET CTEMEHN UX
TIOJTHOTHI (3aBEPILIEHHOCTH) B COCTOSIHUM Ta30BOTO
paBHOBECHSI.

Ha nepBom MecTe CTOUT OCHOBHAsI, IEPBUYHAS,
peakuus (1). [Ise mpyrue (2), (3) peakiuu — BTO-
puunbie. OHH CMEIIAIOT PaBHOBECHBI COCTaB Ta-
3000pasHoro mpoaykra BYI' B ctopony mnomyue-
Hust yriekucioro rasa (CO,) u metana (CHy).

HenpepsiBrass BYI' mpencrasmnsier co0oii oT-
KPBITYIO CHCTEMY, B KOTOPOI MCXOJHBIMHU pearcH-
TaMU SIBJISIOTCS BBICOKOTEMITEPATYPHBIH BOJSHON
map W YriepoJ TBEpAOrOo TOIUIMBA, HENPEPHIBHO
MOCTYTAMIINE B PEAKTUBHYIO 30HY T€Heparopa, a
ra3oo0pasHble TMPOJYKTHl PEaKIUH HEMPEePHIBHO
MOKU/IAIOT PEaKTUBHYIO 30HY.

B ycraHoBuBIIEMcs TIpoliecce OTKPBITON CHC-
TEMBl CKOPOCTH BBOAa (BBIBOMA) peardupyIONTHX
BEIIeCTB OOBIYHO TOCTOsTHHA. CHcTeMa HaXOIUTCS
B CTAIlHOHAPHOM PaBHOBECHH, KOTOPOE OMpeIes-
€TCsl CKOPOCTBIO TPOTEKaHWsSI XUMHUYECKUX peakx-
U ¥ CKOPOCTHIO BBOJAA (BBIBOJA) PEearupyIOINX
BemiecTB. B o0meM ciaydae crarmoHapHOE paBHO-
BECHE MOJKET yCTaHABJIHMBATHCSA HA JIFOOOM YPOBHE.
MoskeT oka3aTbCs, YTO MPHU OYEHb MaJOW CKOPO-
CTH TIPOTEKaHMsI XUMUYECKUX pEeakiuil o cpaBHe-
HUIO CO CKOPOCTHIO BBOJA (BBIBOA) PEAarHPYIONTUX
BEIIECTB TEPMOXHUMHYECKHE BO3MOKHOCTH peax-
i OyIyT pealin30BaHbl HE TOJTHOCTHIO, a JIMIIb
yacTH4YHO. Yale BCero, 3TO pemiaeTcsi OMBITHBIM
MyTEM.

PaccmoTpum ciydaii, koria B OTKPBITOM CHC-
TeMe PEAKITUH Ta3u(PUKAINHA TTPOTESKAIOT OBICTPO B
CPaBHEHHWH C BHEUIHUM BO37EHCTBHEM (BBOJAOM,
BBIBOJIOM) pearupyronx BelecTB. B Takom ciy-
yae B Ta3oreHepaTope uepe3 KOPOTKOE BpeMs
YCTaHOBUTCS CTAllMOHAPHOE COCTOSHUE, OJIM3KOe
K XMMHYECKOMY PaBHOBECHIO B 3aKPBITON CHCTEME.
Ha mpouecc BYI' B paccmarpuBaeMOM ciyuae
B OCHOBHOM OYJIyT BJIMATBH T€ K€ ITapaMeTphl, 4TO
M B 3aKpbITOH CHUCTEME, W B TMEPBYIO OYepenb, —
KOHCTaHTa XMMHUYeCcKoro paBHoBecus. CooTHoIe-
HUE MEXIY CKOPOCTBHIO XHMHYECKHX pEaKUudl Hu
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CKOPOCTBIO BBOJa (BBIBOJIA) pEarupyrouinx Be-
niecTB (CTENEHBI0 BHEIIHETO BO3JEHCTBUS) OyneT
OIpenensiTh 00JacTh NPUMEHEHHs MOTYYEeHHBIX
peuieHui.

CBs3p MEXIy KOHCTAaHTOH XMMHYECKOTO paB-
HoBecHsl K M CTENeHbI0 3aBEpIIEHHOCTH peakuuit
JOCTATOYHO CJIO’KHA M 3aBHCHUT OT THIIA XUMHUYE-
CKUX peakiuii [2].

OcHOBHas reTepouaHas peakuus rasuQukanumn
(1) oTHOCHTCH K THITY

A1 = VA5 +Vv3Ag, (4)

re Vi — CTeXHOMeTpHUuecKre Koddduimentsl pe-
akUui; Aj — XMMUYeCKHE BEIIEeCTBA.
Jst 5TOH peakuu UMeeM

Vy.,V3 VDVl
vy2vgial P

V2 V3
_PA P

K = ,
Pa, @L-o)[1+(v-D)a]"

)

rae p — oOuiee naBieHue; P — mapuuaibHble 1aB-
JICHUS, 0L — CTENICHb AMCCOLMANNU (IIPEeBpaLICHN)
BellecTBa Aj; v = Vv, + V3 — cyMMa CTeXHOMETpHyIe-
CKUX KO3(p(PUIIMEHTOB MPaBOi 4aCTH XUMHUYECKOTO
ypaBHEHHUSI.

B ypaBuenuu BVYT (1) BemectBom A; siBnsercs
BoastHOM map. Kpome Ttoro, m3BecTHo [2], uTo B
HenpepslBHOM criocobe BYI maBneHume BoastHOTO
mmapa OJu3Ko K arMochepHoMy, T. €. p = 1.

IIpu p = 1 OGynem umeTh

2 2
o o
- P _ . 6)
l-o)(l+a) 1-a
PelieHne €ro OTHOCHTENBHO 0 Oy IeT
K
o= 7
1+ K )

ITo aTOMy pemienuto Ha puc. 1 moctpoeHa Kpu-
Bas o — f(7), orpaxkaromias cTerneHs IUCCOIMAIIAN
(pa3noxeHus1) meperpeToro BOASHOTO Iapa 1Mo Oc-
HOBHOH peaknuu BYT (1) B 3aBHCHMOCTH OT TeM-
neparypbl. llpn moctpoennn rpaduka mo 3aBu-
cumocti oo — f(T) m B mampHelIeM OCTaNBHBIX
kpuBbix [ — f(T), y — f(T) umcnenuwie 3Haue-
HUSl KOHCTAHT PaBHOBECHUS! OpajHCh M3 MpPUIOXKE-
uus 3 [3].

Bropas xumunueckas peakuus BYI (2) ocymie-
cTBIIsieTCs ©6€3 NM3MEHEHHsI YHCiIa MOJIEKYN B peak-
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TOpE, TaK KaK CyMMbI CTEXHOMETPUYCCKUX KO-
(bUIUEHTOB B JICBOI U MPaBOM YacTAX ypaBHEHUS
OJIMHAKOBEI, T. €. Av = 0.

[lpu cMemvBaHWM pearupyroNMX BEUIECTB B
CTEXHOMETPHYECKOM COOTHOIIEHUH ISl 3TOTO TH-
Ta peakIui mojydena [3, c. 276] 3aBUCHMOCTh

__B
R—l_ﬁ, 8)

rae B — creneHs oOpa3oBaHus BelnecTBa As. B Ha-
IIeM CJIydvae — yrJIEKUCIOoro rasa. M3 3aBucumoctu
(8) Haxomum

JK

LK

©)

COTJIaCHO KOTOPOM Takke Ha puc. 1 mocTpoeH rpa-
¢uk B — f(7), orpakaromuii cTerneds 00pa3OBaHUS
VIJIEKHCIIOTO ra3a B 3aBHCUMOCTH OT TEMIIEpPaTy-
pbl. UKclieHHbIC 3HAYCHUS KOHCTAHT PaBHOBECHS
JUISL XUMHUYECKOH peakiuu (2) Opanucs u3 [3].
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s petbeit peakimn (3) BYT umeem Av = -1,
O0603Ha4MB Yepe3 Y MOJIBHOE COJAepKaHNEe MEeTaHa
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CH, B paBHOBeCHOM cMecH, MPH 00IIeM JaBJICHUU
p TapIUOHAIBHBIC JTaBJICHUS JUIS PEaKIUil ra3u-
¢bukanun (3) Oynyt: Pen, = yp;

2
Pu.= —(1-
Hyp 3( ’Y)p
Y TaK KaK
_ Pey, _9 v
P (Py,)? AQ-v)p

mpu p = 1 KDZ%L' (10)

Pemenne paBenctBa (10) B BHme QyHKIHUH
v — f(T) npencrasneno Ha puc. 1.

[IpeBparenrne B MOJISIX BEIIECTB NMPU XUMHUIE-
CKOM B3aWMOJICHCTBUH, Y KOTOPBIX CTEXHOMETPH-
yeckuid ko3 (PHUIMEeHT paBeH eIWHUIIE, PAaBHO CTeE-
[IEHU 3aBEPIICHHOCTH peaxkiuii o, P, y, HO ¢ y4e-
TOM 3HaKa CTEXHOMETPHUUYCCKHUX KOI(PPHUITMEHTOB
(cmeBa XMMHYECKOTO PAaBEHCTBA 3HAK «—», CIIpa-
Ba — «+»),

B menoMm B mpomecce BOIOYTONBHON Tazudu-
Kalliy MOJBHOE MPEBPAIeHIE BEIIECTB PaBHO KO-
3¢ (HUIMEHTY COOTBETCTBYIOIIETO BEIIECTBA CyM-
MapHOU peakuuu razudukamnmu [1]

(a+y)C+(a+B)HO0=(a+p—-2y)H, +
+ (0. = B)CO + yCH, + BCO,. (11)

JleBass yacTh CyMMapHOW peakluy ra3uduka-
LMK ONIPE/ICNIsIeT mpeBpalleHus (pacxon) (B MOJISIX)
HCXOJHBIX BellecTB (yriiepoa TOIINBA U BOJBI):

Nc=a+y; Nyo=a+p. (12)

[IpaBas wacTh — cogepkaHue (B MOJSIX) Be-
LIECTB B ra3000pa3HOM MPOAYKTE PEaKLIUH:

Ny, =0+B—=2y; Neo =a—P;
New, =V Neo, =B (13)

OO0muit 00BeM CyXOro MpOoayKTa (B MOJSIX) pa-
BEH CyMMe€ BCEX I'a30B, T. €.

Ini=a+f-2y+a-P+y+pf=2a+p-y.(14)

Ha puc. 2 mpencrasiensl npeBpaieHus (B Mo-
nsX) Bcex pearmpyromux Bemiects BYI, moctpo-
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enHble 1o 3aBucumoctsMm (13), (14). Yucnenusie
3HaYeHUs KO3 PUIMEHTOB o, 3, Y B 3aBUCHUMOCTH
OT TeMIIepaTypsl Opauch U3 TpaguKoB puc. 1.

Ha puc. 2 nanecena kpusast Ny o /N — QyHK-

[[UOHAJbHAS 3aBUCUMOCTh OTHOIICHHS TpeBparle-
HUSI (pacxoja) UCXOHBIX BEIIECTB: BOJBI U YIIie-
poZia TOIUTMBA B 3aBUCHMOCTH OT TEMIIEpPaTyphI
ra3uuKaIum.
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Ha puc. 3 mpeacraBieH NMpOLEHTHBIA cOCTaB
cyxoro npoaykra BYI' B paBHOBECHOM COCTOSIHUU
B 3aBUCHMOCTH OT TEMIIEPATyPHI.

Amnanmusupys rpaduku (puc. 1-3), BUAHO, YTO
BVYT 3amerHo HaunHaeTcs NMpU TEMIIEPATYpPE BBI-
me 550 K. Ha puc. 1 momydeHsl 1Be XapaKTepHBIC
Toukn mnepeceuenus ¢yukmun: 1) o — f(7) ¢
y=f(T)u2)a-=f(T)cp-1f(T). Oru Touku mporecc
BV nendar Ha Tpu TeMIiepaTypHbIE HHTEpBaJa:

1) 550-822 K. B stom unTEepBanie o < B u o < 7.
Ilonnota peakuuit (2) u (3) MoxeT OBITH BHIIIE
peaxuu (1). Ognako peaxuuu (2) u (3) — mocie-
JoBaTeNbHBIE peakiuu (1), a 3TO 3HAYMUT, YTO B
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NEepBOM HHTEpBaJle TEMIIEpaTyp OHU HE MOTYT
OBITh pEAIM30BaHbl MOJTHOCTHIO M3-32 HEJOCTAaTKa
HUCXOIHBIX (U1 9THX PEaKIMH) peareHTOB: yrap-
HOTO Ta3a 1 Boxopona. OHM BBIHY>KAEHBI «I1OI4H-
HSATHCS» OCHOBHOW peakiuu razudukanuu (1), T. e.
B=awuy=a Torma us (13) cimexyer, 4to comep-
kanue B popykre BYI' CO =0 Hz =0, a ngy,

U Nco, paBHbl . Ipoxykr BYI' cocTouT n3 nsyx

ra3oB: HarnosjoBuHy u3 Metana CHy u yriekucnoro
raza CO;. OTHOIIEHHE PACXOAYEMBIX HCXOMHBIX
peareHTOB (BOABI K YIJIEpOLy) PaBHO EOUHHUIE B
MOJIBHOM BBIPa)KEHHUHU BEILECTB, & B BECOBOM BBI-
paxxeHuu coctaBut 18:12 =1,5.

%
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B mepBoM uHTepBane TemIeparyp OTCYTCTBY-
IOT BOBCE MPOMEXYTOUHBIE BemecTBa (Tassl CO u
H,). TIpucyTcTBYeT TOJBKO CyMMAapHBI MPOIYKT
peakuuii (1)—(3). Ynanus u3 nponykra razuduka-
UM Bech OajacT (BOASHOW Map W YIJIEKUCIHbIA
ras), ciefyeT OXHIATb MOJyuYeHHs OJHOTO TOpIo-
yero raza MetaHa CHy;

2) BTOopoi mHTepBan Temmepatyp 822-914 K.
B stom mnTepBane a < B, Ho o > Y. B mpoaykre
ra3uuKanuu TMOSBIsETCS BoJopon, MO0 B = a,
an, =at+p-2y=2(a-y). Ilpu a >y 3HaucHue

Ny, > 0. DTO «OCTaTOYHBINH» BOLOPOJ PEAKLMH

(1), KOTOpBI HE CMOT BCTYHHTH B XHMHYECKOE
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B3aMMOJICHCTBUE MO0 TIOCJICIOBATEIbHONW peak-
uu (3).

B 3ToM TemmepaTypHOM HMHTEpBajie C POCTOM
TEMIIEPaTyphl CHIDKACTCS MONHOTA peakimu (3).
Tak Kak Ngy, = Y, C YMCHBIICHUEM Y COACPKAHUE

MeTaHa B MPOJYKTE OYJEeT CHUXKATHCS C POCTOM
Temreparypsl (puc. 2, 3).

[MoBbImaeTcst coiepKaHnue YrieKUCIoro raza B
NPOJYKTe, OJHAKO 3TOT POCT 3HAYUTEIHHO ME[-
JICHHEE M0 CPaBHEHHIO C YBEJIMYECHUEM COJepiKa-
HUS BOJIOPOJa (HAKJIIOH COOTBETCTBYIOUIMX JIMHHMA
CoJIep KaHMs BEIICCTB).

Nyo o+B  2a
N a+y oa+y

OTHoIIEHne

pacrer ¢

yBenuueHueMm Ttemmepatypsl BYI, Tak kak mnpu
5TOM yMEHBIIAeTCad Y. MaKCUMaJlbHOrO 3Haue-
Hus 1,7 oTHowenne Ny o/Ne  npocturaer mpu

T =914 K. IIpy MakcUMaJIbHOM MOJSIPHOM OTHO-
IMICHAM MEXAY pPacXOAyeMbIMH  BEIIECTBAMH
(Ny,0/Nc) mo Becy Bompl Tpebyercs B 2,55

(1,7x1,5) paza Goblie yriaepo/a TOIINBaA;

3) Tpernid TeMIepaTypHBIH WHTEpPBAI IpPHU
T>914 K, rae Bemme 914 K a > B > v. B mpoxgykre
ra3uuKanuy TOSBISICTCS yrapHbld Ta3. 310 —
yTapHBI OCTAaTOYHBIN Ta3 peakuuu (1), HE BCTy-
nuBIIHi B peakuuio (2). Bee Tpu xumudeckue pe-
akimu BYT (1)—(3) «pabotaroT» mo cBoMM 3aKo-
Ham. CoctaB mpoaykra BYI' (B momsax) paccum-
THIBAETCS 10 paBeHCTBaM cucteMbl (13), a KOHIICH-
Tpauus ra3oB B MPOJYKTE — IO OTHOIICHHIO pa-
BeHCTB (13) Kk cymMMapHOMYy 00BEMY CYXOro IpoO-
aykra BYT (14).

B TperbeM TemmepaTypHOM HHTEpBasie BOTU3U
T~ 1300 K Bennuuna y — 0. Hmke 310l Temnepa-
Typsl B npoaykre BYI' noipKHBI NPUCYTCTBOBATH
BCE YEThIpE «PacUETHBIX» T'a3a, BBILIE — HE JIOJIAKHO
ObITh MeTaHa. M3 ocraBimuxcst Tpex razoB (Bojo-
poja, yrapHOro M YIJICKHUCIIOrO) C YBEIUYCHHUEM
TeMIiepaTypsl BYI pacteTr B mpoyKTe TOIBKO CO-
JepxaHue yrapHoro rasza. CoaepxkaHHe YIJIEKH-
CIIOTO Ta3a M BOJOpoJa CHMKaeTcs. V3meHeHue
coJiep>KaHusl YIJIEKHCIIOro Taza oO0paTHO MpoIop-
LIMOHAJIBHO COJEP)KaHUIO yrapHOro raza. MOXHO
MPEAIOIO0KHUTh, UYTO BBIIIE HCCIEAYEMBIX TEMIIE-
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patyp (1500 K), xoTopsie MOTYT OBITH MOJIYYCHEI,
HalpuMmep, B IapOBOM IIJIa3MOTPOHE, COIEPIKAHUE
B npoaykre BYT yraekucioro rasa Oyner MUHU-
MaJIbHBIM, a COAEP>KaHUE YTrapHOTo ra3a CpaBHSET-
cs ¢ coaepxkaHuEM Boaopoja. BomoyromnbHas ra-
sudukanms OyIeT OMHCHIBATHCSI TOJILKO OJHOU
OCHOBHOU TEPMOXUMHUYECKOM peakmueit (1).

U3 wuccnemyemMblx B paboTe XapakTEPHCTHK
BYI' He3aBUCHMBIMHM SIBJISIIOTCS TEMIIEpaTypa H
OTHOLIEHUE KOHILICHTpAUUi HCXOJHBIX PEarcHTOB:
BOJBI U yriepoa. YIIIepoJ HaXOAUTCS B TBEPAOM
cocTtosiHMM. Ero koHIeHTpaius B TOIUIMBE OyJeT
OTIPEAETATHCS TOIBKO MPUPOAOH U CIOCOOOM TO/I-
TOTOBKM pabodero toruuea. J[ns omHOTO M TOTO
e pabouero TOILIMBAa KOHIICHTPAIIUIO B HEM yTJie-
pOAa MOXHO CUUTATh MOCTOSTHHOM.

BonsHolt map Takke UMEET MOCTOSHHYIO KOH-
LEHTpauuio (IUIOTHOCTh) NPU OAHOM M TOH Ke
temneparype. B mnpouecce BYI orHomeHuem
nHZO/ Ne TPEACTaBIAETCS BO3MOXHBIM YIPaBIIATH

TOJIBKO 3a CUYCT CKOPOCTH IoAavYu MNeperpeToro
BOISHOIO Imapa.

BBIBOJI

Takum 00pazom, yHpaBISIOLIMMHU HapaMmeTrpa-
mu BYI moryt ObITH TemmepaTypa W CKOPOCTh
MoJJauy MeperpeToro BoAasHoro napa. Marencudu-
mupyromumu  gakropamu BYIT OyayT cmocoOsr
MOJTrOTOBKM paboyvero TOIUIMBA Pa3lIUYHOTO IPO-
UCXOXKACHUS, O00eCreunBaroue MaKCHMAaJIbHYIO
KOHIIEHTPALMIO U Pa3BUTHE IMOBEPXHOCTU KOHTAaK-
Ta (3€PHUCTOCTH) yIJEepoAa TOIUIMBA C Ieperpe-
TBIM BOJSIHBIM MApOM W HMX INEpeMeIluBaHHE, Ha-
npumep BVT, B «kunsamem» cioe.
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