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KINETICS OF THE HYDROGENATION PROCESS
OF THE COAL AT MAMYT DEPOSIT

Abstract. For the first time, the kinetics of hydrogenation of the Mamyt coal in the presence of an oil pasting
agent was studied by the method of equilibrium kinetic analysis. The developed program for calculating the rate
constants allows to calculate kinetic dependences under given initial conditions and to carry out automated selection
by the gradient method of optimal values of the rate constants «i4;. The rate constants were optimized from the
condition of minimum squared deviations between the experimental and calculated values of the mass fractions of
the products of coal hydrogenation.

The kinetic-thermodynamic picture of the process of coal hydrogenation at the Mamyt coal deposit obtained by
us allows not only to get closer to the knowledge of the process mechanism, but also makes it possible to control the
speed and selectivity of the process.
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Introduction.

The main and necessary condition for the development of new effective technologies for processing
of solid hydrocarbon raw materials, determining the optimal parameters and technical and economic
conditions for the process conducting, creating and calculating the hardware design, as well as methods
for regulating the process depending on the purpose of the target products is to study the mechanism of
transformation of the organic mass of coal, calculation of thermodynamic and kinetic constants of ongoing
reactions [ 1-4].

Coals of various deposits differ in their physicochemical characteristics, properties and composition.
All this complicates the study of the kinetics of the processes of hydrogenation processing of coal. A great
difficulty in kinetic calculations is caused by multiple simultaneous parallel and sequential reactions in the
system [3].

Due to the complexity of the chemical structure of coal, the multicomponent nature of the resulting
liquid products, a large number of different kinetic schemes for the process of coal hydrogenation are
implemented, which makes it difficult to interpret the results and the uncertainty in the calculation of
kinetic parameters. The number of complex reactions occurring in the condensed phase and heterogeneous
processes is such that a description of the kinetics of each individual reaction is impossible. Therefore, in a
theoretical analysis of the process of coal hydrogenation, it is considered as some single first-order
reaction, and some averaged kinetic equations for the dependence of the rate of formation of liquid and
gaseous products on temperature are used to describe it [6-8].

At the first stage of solving the kinetic issues of the hydrogenation process, the following scheme for
converting the organic mass of coal was used:
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— hydrogenate (liquid products)

Coal Organic Mass -
(COM) , gaseous products

Heterogeneous processes are the most difficult for the experimental determination of their kinetic and
thermodynamic regularities. The computer simulation of chemical equilibria, which is currently being
developed, is related to multicomponent systems and requires complete and reliable a priori information
on the properties of each component. We analyse a specific chemical process for which a preliminary
knowledge of the properties of the components is optional. All information is extracted from a single
series of ordinary temperature and temporary experiments without approaching equilibrium and without
strict observance of the set temperature at the beginning of the experiment.

The kinetics of hydrogenation of pyrene, demetallization of heavy oils and asphaltenes, production of
boiler fuel, as well as coal hydrogenation in the presence of an oil pasting agent were studied by
equilibrium-kinetic analysis (EKA) [9] based on the study [10]. EKA makes it possible to obtain a
complex kinetic-thermodynamic picture of the process. Despite a number of advantages, this method has a
significant drawback for complex technological processes, since the calculations are carried out for a
conditional general reaction scheme, in which parallel and intermediate directions are not taken into
account.

Therefore, as already mentioned above, researchers are trying to study the mechanism of the process,
drawing up various reaction schemes based on the products obtained.

Experiment.

In this work, for the first time, the kinetics of coal hydrogenation of the Mamyt deposit is studied by
the method of equilibrium-kinetic analysis in order to obtain kinetic regularities of the process.

Figures 1, 2 show the kinetic dependences of the conversion of the organic mass of coal into liquid
and gaseous products. Analysis of the graphical dependence of the total yield of hydrogenation products
(Figure 3) shows that with an increase in the duration of the experiment and the temperature of the
process, the conversion of Coal Organic Mass increases from 32.30 to 93.6 wt. % . However, at
temperatures above 675-698 K, the yield of gaseous products increases. This, apparently, is explained by
adverse reactions, including cracking of hydrocarbon radicals.
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Figure 1 - Kinetic dependences of the conversion of COM into liquid products
1 - fraction up to 653 K 2 - fraction up to 673 K 3 - fraction up to 693 K; 4 - fraction up to 71

It is known that at low temperatures, the process of destructive hydrogenation is limited by the
diffusion of coal matter across the phase boundary. D.V. Sokolsky and his colleagues [11] established

that hydrogen addition processes under certain conditions can occur in the kinetic medium. We
experimentally selected the conditions under which the process proceeds in the kinetic medium.
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An analysis of the literature data shows [12-20] that information on the kinetics of coal
hydrogenation is mainly presented in a hydrogen medium in the presence of molybdenum and cobalt
catalysts. However, experimental data show that hydrogenation does not occur with molecular hydrogen,
but through the transfer of hydrogen from a molecule of intermediate liquid carbon products to COM, and
the catalyst mainly restores the lost H-donor properties of liquid products. The donor abilities of the paste
former are sufficient for the hydrogenation of coal, i.e. the absence of molecular hydrogen does not affect
the degree of liquefaction of coal. Therefore, in the general reaction, hydrogen, as a separate component,
is not taken into account, and the source of hydrogen is the organic mass of the paste.
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Figure 2— Kinetic dependences of the conversion of COM into gaseous products

fraction up to 653K; 2-fraction up to 673K; 3-fraction up to 693K; 4-fraction up to 713K.
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Figure 3 - Kinetic dependences of coal conversion

1 - fraction up to 653 K; 2 - fraction up to 673 K;, 3 - fraction up to 693 K: 4 - fraction up to 713 K.

The main disadvantage of the equilibrium-kinetic analysis is the conditional reaction scheme. Of

course, in the process of catalytic hydrogenation, several hundred individual compounds are obtained. As
mentioned above, this presents the complexity of the calculations. For completeness of kinetic

information, we, based on studies of the group composition of liquid products (table 1,) proposed the
following scheme of the route for coal liquefaction:
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Table 1 - Group composition of products obtained during the hydrogenation of coal of the Mamyt deposit.

T, K t, min COM, % Products, %
Asphaltenes Asphalted Gas Oil+water
653 5 60.8 0.94 1.02 3.92 33.32
10 58.6 0.99 1.08 4.35 34.98
15 55.0 1.08 1.22 5.35 37.35
30 50.6 1.23 143 6.18 40.56
45 49.2 147 1.57 6.86 40.90
60 48.8 1.39 1.46 7.15 41.20
90 48.0 1.25 1.35 8.04 41.36
673 5 529 141 1.55 6.50 37.64
10 46.6 1.71 1.87 8.06 41.76
15 35.7 2.18 2.38 9.64 50.10
30 31.8 245 2.66 11.05 52.04
45 27.9 2.74 3.03 11.82 54.51
60 27.0 2.64 2.95 12.07 55.34
90 24.3 2.48 2.76 14.30 56.16
693 5 47.7 1.94 225 7.53 40.58
10 36.6 2.68 3.25 9.87 47.90
15 30.1 3.15 440 11.74 50.61
30 235 3.83 5.66 1346 53.55
45 13.7 449 6.90 16.05 58.86
60 134 447 6.86 16.51 58.76
90 12.3 4.29 5.97 1945 57.99
713 5 338 2.71 3.38 10.66 4945
10 259 3.85 5.11 13.56 51.58
15 18.6 4.80 6.92 16.44 53.24
30 13.5 5.54 8.39 1946 53.11
45 8.3 6.51 12.10 22.19 50.90
60 7.0 6.45 12.04 25.33 49.18
90 6.5 5.89 11.72 28.20 47.69

As was already shown in [21], it can be seen from the straight-line dependence of the graph in the
lgC-t coordinates that the hydrogenation reaction is described by a first-order equation. Then, according to

the scheme proposals, the process can be described by the following scheme of differential equations:
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where, C; is the concentration of COM, C; is the concentration of asphaltenes in the liquid product, Cs is
the concentration of preasphaltenesin the liquid product, Cs is the concentration of gaseous products, Cs is
the concentration of oils in the liquid product, ki is the reaction rate constant for the conversion of COM
into oil, ks is the reaction rate constant for converting COM into asphaltene, ks is the reaction rate constant
for converting COM into gaseous products, ks is the reaction rate constant for converting COM into pre-
asphaltene, ks is the reaction rate constant for converting oil into gaseous products, ks is the reaction rate
constant of the conversion of asphaltenes into oil, k7 is the reaction rate constant of the conversion of
preasphaltenes into oil.

Using the program “SEARCH” according to equations-1 on a computer, all speed constants were
calculated according to this scheme. The calculation results are shown in Table 2.

Table 2 - Kinetics of the hydrogenation process of the Mamyt coal.

Speed constant, Process stage Hydrogenation temperature, K
min’!

653 673 693 713
ki COM—oils 1.556 2.501 3.049 4.600
ko COM— asphaltenes 0.0691 0.1620 0.2370 0.4150
ks COM—gas 0.229 0.531 0.766 1.354
k4 COM— asphalted 0.0779 0.1770 0.2910 0.5860
ks asphalted —oils 1.24 1.231 0.635*103 0.721*103
ke asphaltenes —oils 1.3870 1.2350 0.4200 0.0012
ks oils—gas 0.339*104 0.507*104 0.504*104 0.107
ky 1.932 3.371 4.343 6.955
F 2.53 1.88 1.63 1.39

F-criterion of minimization:

P =iy, i, [faten] @

Vpacq

where, N is the number of measurements, in experiments, Vexp, VCale are the experimental and calculated
values of the content of components in the hydrogenate.

Then, the Arrhenius dependence was constructed for the total rate constant (ky) of the process and the
main directions of the reaction. In this case, all the points lay in a straight line.

The developed program for calculating the rate constants allows to calculate kinetic
dependences under given initial conditions and to carry out automated selection by the gradient method of
optimal values of the rate constants. The rate constants were optimized from the condition of minimum
squared deviations between the experimental and calculated values of the mass fractions of the products of
coal hydrogenation.

From analysis of the results of the rate constants presented in Table 2, we can conclude that the
relationship between the rate constants and the yield of coal hydrogenation products is ambiguous. So, the
oil yield is mainly due to the value of the rate constant 1, as well as s and k35, g the probability of the
latter sharply decreases with increasing temperature. From table 2 it is seen that the cracking reaction of a
liquid product to gaseous increases sharply at a temperature of 713 K. The constant values of the first four
phases of the scheme increase with increasing temperature. The fastest phase is the phase of obtaining the
target product («1). The total constant of the coal hydrogenation process ky increases with increasing
temperature.

Conclusion.

As the result the kinetic-thermodynamic picture of the process of coal hydrogenation at the Mamyt
coal deposit obtained by us allows not only to get closer to the knowledge of the process mechanism, but
also makes it possible to control the speed and selectivity of the process.
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MAMBIT KOMIPIH THAPOI'EHU3ZAIIUAJIAY YAEPICIHIH KWHETHKACBI

Annotamus. KaTTbl KeMipCyTSKTi MIHKI3ATTH OHACY AiH JKaHA THIMZI TCXHOJOTHIAPHIH KACAYIBIH, YACPICTIH
OHTAWIIBI TApAMETPIICPl MCH TCXHHUKAIBIK-IKOHOMHKAJIBIK KAFTANIAPHIH AHBIKTAYIbIH, AMMApATTHIK KACAKTAMAHBI
’Kacay MCH €CENTEY[iH, COHBIMCH KaTap MAaKCaTThl OHIMACPIIH 63apa OalIaHbICTHI YACPICTI OaKbUIay OmiCTECPIiHIH
HETI3r OHE KAKCTTI INAPTHI PETIHAC KOMIPIH OPTaHHKAJBIK MACCACHIHBIH 63T¢PY MEXAHW3MI, PEaKIAIAPIbIH
TEPMOJHHAMHKAJIBIK KOHE KHHCTHKAJIBIK KOHCTAHTAIAPBIH €CENTey OOJBIN TAOBIIAIBL.

Op TYpil KEH OPBIHAAPBIHBIH KeMipiaepi (H3MKA-XHMISIBIK CHIATTAMAIapbl, KACHETTEPI MEH Kypambl
OolibiHIma epekmencHedi. MyHbBIH 0opi KeMipAl THAPOTCHH3ALISUIAY YACPICTCPIHIH KHHETHKACBHIH 3EPTTEY i
KUBIHAATAOel. KHHCTHKANBIK CCCNTCYNCPACTI KHBIHABIK S>KYHCHCTI MAPAIC/b >KOHC TI3OCKTCITCH KONTCTCH
peaxmsanapra OalIaHbICTHI OOJIATBL.

KeMmipaiH XHMHATBIK KYpPBUIBIMBIHBIH KYPZCHLTITIHE, HOTHKCCIHAC ANBIHATHIH CYHBIK OHIMHIH KOITCICH
KOMITOHEHTTEPIiHE OAHIaHBICTHI KOMIpPi THAPOTCHU3AIMAIAY YACPICIHE APHAFAH KONITETCH KMHETHKAIIBIK ChI30anap
JKY3€Ire acBIPBUIAIBI, SIFHH HOTIDKEICPAl TYCIHYAI KMBIHAATAIBI >KOHC KHHETHUKAIBIK TAPAMETPICPIl ecemTeyeri
Oenrici3aik Ty ABIPAIBL.

Tene-TeHIK-KUHETHKATBIK TAJIay 94ICI YACPICTIH KYpAeI KHHETHKAIBIK-TCPMOJHHAMHIKAIBIK OCHHECIH anmyFa
MYMKIiHIOiK Ocpeai. bipkatap apTHIKMBUTBIKTApFa KapaMacTaH, Oy o4iC KYPACH TCXHOIOTHAIBIK YACPICTep YIIiH
aNTapIBIKTAH KCMINUTIKTEpPre Hue, ce0cdi eCemTeylicp MapaUieIbl JKOHC apajiblK PCAKIMAIAPABI CCKEpMCH
KapamaibsIM peakIHSHBIH ChI30aCchl OOHWBIHIIA KYPTi3LICal.

Byx »xympbIcTa amFam peT YACpICTIH KHHETHKANBIK 3aHIBLIBIKTAPBIH TYCIHY MAaKCAThIHAA MaMBIT KEH OPHBI
KOMIpiH THAPOTCHU3ANUIAY AbIH KHHETHKACHI TETIC-TCH IIK-KHHETHKAJBIK TAIAAY dMICIMEH 3CPTTENTCH.

Tene-TeHIK-KHHETHKAMBIK TaIIay AbIH OacThl KEMIIIJIT] - MIAPTTHI PEAKI ChI30achl. OpHHE, KATaTHTHKAIBIK
THIPOTCHU3AIMMANIAY YACPICiHAS OIpHOINE KY3ACTCH JKCKE KOCBUIBICTAP ANBIHANBL. By ecenTeyaepain KypACITiriH
Tyasipanbl. CyHWBIK 6HIMICPAIH TONTHIK KYPAMBIH 3€PTTEY HETI3IHAC KMHCTHKAIBIK AKIMAPATTHIH TOJNBIKTHIFBI YIIiH
KeMipai CyHBUITY OAFBITBIHBIH CBI30aCHI YCHIHIBLITBL.

I'padukrig 1gC-t KOOPAUHATTAPBIHAAFEL TY3Y TOVCIAUMKTCH THAPOTCHH3AUWANIAY PCAKIUACH OipiHON peTTi
TCHACYMCH CHIATTANATHIHABIFBI KopceTindi. ComaH KeHiH YCHIHBUTFAH ChI30ara Ccolikec yaepicTi au(hpepeHIHAaIIbIK
TCHACYJICP TYPIHIC CHIaTTayfa O00JIaIbl.

¥Ycwmbuwan TeHAcynepre cotikec «[IOMCK» OarmapmaMachlH KONZAHA OTBIPHII, OapibIK >KBLIIAMIBIK
KOHCTAHTAIAPBl KOMIBIOTEPAC CCENTETIHL.

Coman KeifiH YAEPICTIH >Kammbl >KeIIIAMABIFEL (Ky) MEH pEakuWsAHBIH HETI3Ti OarbITTapbl VIIIH ApPpEHHYC
TOYCIIiIiri Kypeimasl. by sxkarmaina OapiieIK HYKTEICP TY3Y CHI3BIKTA OPHANACATIBL.

JKeImnaMapIKTBIH  TYPAKTBUIBIFBIH  CCCITCYTC apHANFAH Oarmapmama  OcpiareH OacTamkel  ImapTTapaa
KHHCTHKABIK TOYCIALUTIKTI ecenTeyTe *oHe ki-k7 )KbITAaMIBIK KOHCTAHTATAPBIHBIH OHTAMITB MIAMATIAPBIH TPATHCHT
OmiCIMCH aBTOMATTHI TaHTAYFAa MYMKIHOIK Ocpexi. KeMipmiH THAPOTCHH3AUMANAY OHIMACPIHIH MACCANBIK
YJIECTEpiHiH 3KCHECPUMCHTTIK XOHE CCENTIK MOHI apachIHAAFhl MUHHMYMIBI KBAIPATTHIK ayBITKY >KarJavbIHAA
SKBITIAMIBIK TYPAKTBLUIBIFBI OHTAHIAHIBIPBLITIBL.

Tanmay HOTWKENEPIHEH JKBUIJAMIBIK KOHCTAHTANApPhl MCH KOMIp THAPOTCHH3ALMANIAY OHIMICPIHIH
IIBIFBIMABLIBIFEL APACHIHAAFEI OAHIAHBIC Oip MOHIL €MEC JCTEH KOPBITHIHIBI jKacayra 0osaxsl. COHBIMEH, MAHIbIH
mereMbl (ki) kebinece ks (achamsrenaep) xome ks (mpeachampTeHACP) CHAKTHI TYPAKTHI IKBLIIAMIBIFBIMCH
AHBIKTATAJbl, A TEMIICPATypa >KOFAPBIIAFAHAA OHbBIH BIKTHMAJIBIFBI KYpT TeMcHAcHmI. EH skpuimaM ke3eH -
MakcarTel eHiMAal any ke3eHi (ki) Oombin Tabburaxsl. Kemipai rugporeHu3anusiiay YACPIiCiHIH »Kanmnbl TYPaKThICH ky
TEMIIEPATy Pa >KOFAPIAFaH/IA apTaIbL.

ConsiMeH, MaMbIT KEH OpHBI KOMIPIH THAPOTCHH3ALMIAY VACPICI Typambl aJlbIHFAH KHHETHKAJbIK-
TCPMOJMHAMHKAJNBIK KOPIHIC OI3re TEXHOJOTHSUIBIK MEXaHHW3M Typasbl OlmiM anyfa FaHa e€Mec, COHBIMCH KarTap
JKBITAAMIBIK TICH CCJICKTUBTLNIKTI OAaKbIIayFa MYMKIHIIK Ocpeai.

Tyiiin ceznep: kuHeTHKa, MaMbIT, KOMIip, THIPOTCHU3ALMSIIAY, KbUIIAMABIK KOHCTAHTACHL, Mail, ac(aibTeH,
mpeaca(aibTCH, TCIC-TCHIIK KHHCTHKAIBIK TAJIIay.
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KHUHETHKA MPOHECCA TNAPOTEHU3AIINA MAMBITCKOTI'O YIJIA

Annotanmusi. OCHOBHBIM W HEOOXOIUMBIM YCIOBHEM A Pa3pabOTKH HOBBIX 3(P(EKTUBHBIX TCXHOIOTHH TEpe-
pabOTKH TBEPAOTO VIICBOJOPOAHOTO CHIPhS, ONMPEICICHHSI ONTUMAIBHBIX IAPAMETPOB M TEXHHKO-3KOHOMHYCCKUX
VCIIOBHH TPOBEICHUS MPOLECCA, CO3JAHMSA M PAcieTa ammaparypHOro o(GopMIICHHS, a TaKKE METOJOB PETyIHpPO-
BaHMS IPOLECCOM B 3aBUCHMOCTH OT HA3HAYUCHMS IICJICBBIX NMPOAYKTOB ABILSICTCS HM3YUCHHEC MEXaHHM3MAa IPEBpAIIe-
HUH OPTaHUYECKON MACChI YT, pACUEeT TCPMOIUHAMIYCCKAX U KHHETHICCKUX KOHCTAHT MPOTEKAFOIIHUX PCAKIHH.

VYIIM pa3mMuHBIX MECTOPOXKICHHH OTIMYAIOTCS IO CBOMM (PH3HKO-XMMHYCCKUM XapaKTEPHUCTUKAM, CBOWCTBAM
1 cocTaBy. Bce 3T0 OCOKHACT M3yUCHHE KMHETHKU MPOLECCOB THAPOTCHI3AIMOHHOM epepaboTku yIi1. bombmoe
3aTpyJHCHHEC B KHHETHUYCCKHX PACUCTaX BBI3BIBACT MHOKECTBO OJHOBPEMCHHO IPOTCKAIOIIMX IMAPAUICIBHBIX H
TOCIICTOBATEIBHBIX PEAKIMI B CHCTEME.

H3-3a cnoKHOCTH XHMHYECKOTO CTPOCHHS YIJII, MHOTOKOMIOHCHTHOCTH OOPa3yIOIIMXCS JKUIKHX MPOIYKTOB
peanmm3yercst OOIBHIOC KOJIHYECTBO PA3HOOOPA3HBIX KHHETHUCCKHX CXEM IPOIECCa THAPOTCHU3ALMHU YT, 4TO
00yCIaBIMBACT TPYAHOCTH HHTEPIPETANNH PE3YIbTATOB U HEOMPEACICHHOCT PAacyeTa KHHETHUCCKUX ITAPAMETPOB.

MeTton paBHOBECHO-KHHETHUECKOTO AHAMM3Aa MO3BOJIET MONYYUTh KOMIUICKCHYFO KHHETHKO-TEPMOJMHAMH-
YECKYI0 KapTHHY Iporecca. HecMOTpst HA psx JOCTOMHCTB, 3TOT METOJ MMEET CYHICCTBEHHBIM HEIOCTATOK I
CJIOKHBIX TEXHOJIOTHYECKUX MPOLIECCOB, TAK KAK PACHETHI BEAYTCS A YCIOBHON OOMIEH CXEMbI PEAKINH, B KOTOPOH
HE YUUTHIBAIOTCS MAPAILICIbHBIC H IIPOMESKY TOUHBIC HATIPABJICHIS.

B nanmHON pabore BIEpBBIC METOJOM PABHOBECHO- KHHETHHECCKOTO aHANM3a WCCJICAOBAHA KHHETHKA
THAPOTCHU3AIMH Y1 MaMBITCKOTO MECTOPOXKIACHUS C UCIHBI0 IOJIYUCHHSI KHHETHUCCKHX 3aKOHOMEPHOCTEH
mpouecca.

OCHOBHBIM HEOCTATKOM PABHOBECHO-KHHETHUECKOTO AHAIN3A ABILICTCS YCIOBHASA cXxeMa peakiun. KoHewHo, B
TPOIIECCe KATATUTHUYCCKOM THAPOTCHI3ANNH TOIYyYACTCSI HECKOIBKO COTCH MHAMBHIY AIBHBIX COCAMHCHUN. B 3TOM
W 3aKM0YACTCS CJIOXKHOCTh pacuyéroB. JIms TOMHOTHI KHHETHYECCKOM WH(POpMALMH HAMH HA OCHOBAaHWH
HCCICA0OBAHUH IPYIIIIOBOTO COCTABA JKUIKUX MPOIYKTOB IPETOKCHA CXEMa MAPIIPYTa O>KIKCHHUS YTIISL

W3 mpsamommeciiHON 3aBucHMOCTH rpadmuka B koopauHaTax 1gC-t moka3aHo, 4YTO peakuusl THIPOTCHH3ALUH
OTIMCHIBACTCS YPABHEHHEM IIEPBOTO MOpsAKa. Toraa, COTIacHO MPEUIOKCHHON CXEME, TPOLIECC MOKET OBITh ONHCAH
B BHC Ju(epeHInaNbHbIX YPABHCHHIH.

Hcnomezys mporpammy «I[TOMCK» mo mpenno:keHHbIM HAMH YpaBHEHHAM HA OBM Obum paccumTaHbl BCE
KOHCTAHTBI CKOPOCTH.

Jlanee ObuTa MOCTPOEHA APPEHHUYCOBCKAS 3aBHCUMOCTD JJI1 CYMMapHOH KOHCTaHTHI ckopocTH (ky) mponecca u
OCHOBHBIX HANPABJICHUH peakimu. [Ipy 3TOM BCE TOYUKH JIETTH HA MPSIMYFO JIHHUFO.

PazpaboranHas mporpaMma AL PacuyeTOB KOHCTAHT CKOPOCTEH IIO3BOJLICT PACCUMTHIBATE KHHETHUCCKHC
3aBHCHMOCTH TIPH 33JAHHBIX HAYAJIBHBIX YCIOBHSX U IIPOBOJUTH ABTOMATH3HPOBAHHBIN OO0 METOJOM I'PaIHCHTA
ONTHMAJHHBIX 3HAYCHHH KOHCTAHT CKOpocTed ki-k;. OnrHMmMm3amma KOHCTAHT CKOPOCTCH OCYINCCTBILLIACH W3
VCJIOBHMSI MHHHMYMA KBAJPAaTOB OTKIOHCHHHA MEKIYy SKCIICPHMCHTAILHBIMH H PACUCTHBIMH 3HAYCHUSIMH MACCOBBIX
JI0JICH MPOAYKTOB THAPOTCHU3ALUHU VA

W3 aramm3a pe3yIbTaToB KOHCTAHT CKOPOCTEH, MOKHO CAEIATh BBIBOJ O TOM, YTO B3aMMOCBS3b KOHCTAHT CKO-
pocTeii W BBIXOJA MPOAYKTOB THIPOTCHH3AMH YT HEOAHO3HAYHO. Tak, Bexog maced (ki), B OCHOBHOM,
00yCIIOBIICH BSTHIHHOW KOHCTAHTHI CKOPOCTH ki, a Takke ks (acdamprensn) u ks (mpeac(harbTCHbI), MPHICM BEPOIT-
HOCTH MOCJICTHUX C VBEJIHYCHHEM TEMICPATYPHI pe3ko yMeHnbmaetcs. Camoii ObICTpOH cTagmel sSBIsIeTCS CTamust
nodyueHus nenaesoro mpoxaykra (ki). CymMMapHas KOHCTaHTa IPOIECCa THAPOTCHU3ANH YT Ky yBennduBaeTcs ¢
TIOBBIICHAECM TEMIICPATY PBI.

Takmv 00pa3oM, MOJyYCHHAS HAMH KHHETHKO-TEPMOJMHAMIYECCKA KapPTHHA MPOLECcCa THAPOTCHHU3AINH YT
MaMBITCKOTO MECTOPOKACHHS MO3BOJUIET HE TOJNHKO NMPHOIM3HTHCS K 3HAHHWIO MECXAaHW3Ma MPOILECCa, HO W JACT
BO3MOKHOCTb PETYJIMPOBATh CKOPOCTb H CEICKTUBHOCTH IPOIIECCA.

Kimouennbie cioBa: KuHeTHKa, MaMBIT, yTOJIb, THAPOTCHU3AIMS, KOHCTAHTA CKOPOCTEH, Macia, ac(amibTeH,
npeacaarbTeH, PABHOBECHO-KMHETHHCCKUH AHAH3.
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