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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 x;.x7. 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.

Keywords: kinetics, Mamyt, coal, hydrogenation.

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 [5].

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 1.08 435 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 1.47 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 52.9 141 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 2.25 7.53 40.58
10 36.6 2.68 3.25 9.87 47.90
15 30.1 3.15 4.40 11.74 50.61
30 23.5 3.83 5.66 13.46 53.55
45 13.7 4.49 6.90 16.05 58.86
60 13.4 4.47 6.86 16.51 58.76
90 12.3 4.29 5.97 19.45 57.99
713 5 33.8 2.71 3.38 10.66 49.45
10 25.9 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 19.46 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
1gC-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, C; is the concentration of gaseous products, Cs is
the concentration of oils in the liquid product, k; is the reaction rate constant for the conversion of COM
into oil, k; is the reaction rate constant for converting COM into asphaltene, ks is the reaction rate constant
for converting COM into gaseous products, k4 is the reaction rate constant for converting COM into pre-
asphaltene, ks is the reaction rate constant for converting oil into gaseous products, ke 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
k2 COM— asphaltenes 0.0691 0.1620 0.2370 0.4150
ks COM—gas 0.229 0.531 0.766 1.354
ka4 COM—> asphalted 0.0779 0.1770 0.2910 0.5860
ks asphalted —oils 1.24 1.231 0.635*1073 0.721*107
ke asphaltenes —oils 1.3870 1.2350 0.4200 0.0012
k7 oils—gas 0.339*10* 0.507*10* 0.504*10* 0.107
ky 1.932 3.371 4.343 6.955
F 2.55 1.88 1.63 1.39

F-criterion of minimization:

2
Vken—Vpacu
F = B, [t &)

Vpacq

where, N is the number of measurements, in experiments, Vex,, Vcal 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 «;, as well as ks and k5, ana 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 (x1). 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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K.K.Kaupoexos'?, C.M. CyiimbaeBaZ, U.M. [IxxeaapioaesaZ, M.3. Ecenannesa’

! on-Mapabu ateingarsl Kasak yiarTeik yausepeuteTi, Anmartsl, Kazaxcran;
’F3U YKana XMMUSJIBIK TEXHOJIOIHAIAp KIHE MaTepuaniap, Anmatsl, Kazaxcran

MAMBIT KOMIPIH T'HIPOTEHU3ANIUAJIAY YAEPICIHIH KNHETUKACBI

AnHoTanus. KatTel KeMipCyTeKTi IIMKI3aTThI OHACYIIH )KaHa THIMII TeXHOJOTHSIIAPBIH JKacayAblH, YACPICTiH
OHTAMJIBI apaMeTpiiepi MEH TeXHUKAIBIK-)KOHOMHKAJIBIK KaF/laillapblH aHBIKTAY IbIH, armnaparThlK >KacaKTaMaHbI
JKacay MEH ecenTeyiiH, COHBIMEH KaTap MaKCaTThl eHIMAEPIiH e3apa OaiyIaHBICTBI yIepicTi Oakpulay SaiCTEepiHiH
HETI3r1 KOHE KaKETTi IIapThl PEeTiHAE KOMIpIiH OpraHHKaJbIK MacCachblHBIH ©3repy MEXaHU3Mi, peakIusiIapablH
TEPMOIMHAMHKAIIBIK YKOHE KMHETHKAJIBIK KOHCTaHTaJIapbIH €cenTey OO0JIbII TaOblIa bl

Op TYpii KeH OpPBIHIAPBIHBIH KeMipiepi (U3MKa-XUMHSIJIBIK CHUIIaTTaMallapbl, KAacHETTepli MEH Kypambl
OolibiHImIa epekieneHenl. MyHBIH 0opi KeMipAi THApOreHH3auusuiay YAEpICTepiHIH KHHETHKAChIH 3epTTey.li
KublHAaTaabl. KUHETHKaJbIK ecenTeysepleri KUBIHABIK JKYHemeri mapaiienb >KoHe Ti30eKTelIreH KenTereH
peaknusapra OaiinanbicThl 00JIa bl

KeMmipaiH XHMHSAIBIK KYPBUIBIMBIHBIH KYPJEJIUIIrIHE, HOTIIKECIHAE AIBIHATBHIH CYWBIK OHIMHIH KONTEreH
KOMITOHEHTTepiHe OalIaHBICThI KOMIpAl FMIPOreHn3aysIay YAepiciHe apHaIFaH KOITereH KNHETHKAIIBIK chl30aap
JKY3€re achbIpblIajbl, SIFHU HOTIDKEIEPAl TYCIHYAlI KMBIHAATAlbl KOHE KHHETHKAJBIK MapaMeTpliepli ecenteyneri
OenTrici3IiK TyIBIPAIBL.

Terme-TeHIIK-KUHETUKAIBIK Ty dAICi YACPICTIH Kyp/elli KHHETHKAIBIK-TEPMOINHAMUKAIBIK OCHHECIH aryFa
MYMKiHAIK Oepeni. Bipkarap apThIKIIBIIBIKTapFa KapamacTaH, Oyl oJic KypAeni TEXHOJOTHSUIBIK YyIepicTep YIIiH
ailitapibIKTall Kemmrliktepre ue, ce0ebi ecenTeynep NapauieNbal KOHE apajblK peakIusIapibl ecKkepMmen
KapamnaiblM peakIMsHBIH ChI30achkl OOMbIHIIA JKYPTi3iie .

By skymblcTa anFam per yAepicTiH KHHETHKaNbIK 3aHIBUIBIKTAphIH TYCIHY MakcaTbhiHIa MaMbIT KeH OpHBI
KOMIpiH I'HAPOreHU3alUsIIaY AbIH KHHETHKACH] TeTle-TeH [IK-KMHETHKANIBIK Talliay o/1iCiIMEH 3epTTEITeH.

Termne-TeHIIK-KMHETHKANBIK, TaJlayAblH 0acThl KEMIILIIT] - MAPTTHI Peakiys chi30achl. OpHHE, KaTATUTHKAIBIK
THIPOTeHM3aMsIIay YIepiciHae OipHele KY3/ereH )KeKke KOChUIBICTap alblHaAbl. by ecenTeynepaiH Kypaenunirin
Tyasipaabl. CyHbIK eHIMIEpAIH TONTHIK KYPaMBIH 3€pTTEy HETi3iHAe KMHETHUKAJIBIK aKIapaTThIH TOJBIKTHIFBI YIIiH
KOeMIp/Ii CYHBUITY OaFbITHIHBIH ChI30aChl YCHIHIBUIIIBL.

I'padukrig 1gC-t KOOpAMHATTAPBIHAAFEI TY3Y TOYEJIUIKTEH T'MIPOTCHU3ALMSIIAY pEaKkuusCchl OipiHII peTTi
TEHJICYMEH CHUIaTTAJIaTBIHABIFBI kKopceTini. ComaH KeiliH YCHIHBUIFaH ChI30ara coiikec ynuepicTi tuddepeHranbK
TEHJIEYJIep TYpiH/e cunarrayra 0osasl.

Ycwuapuran TeHueyiepre coiikec «IIOMCK» OarmapmamMachlH KOJaHA OTHIPBIN, OAapIbIK KBUIIAMIIBIK
KOHCTaHTaJlapbl KOMIIBIOTEPE €CENTETIH/].

Conan keiiH yzaepicTiH Kammbl >KeUiIaMabiFbl (ky) MEH peakuusHbIH Heri3ri OarbITTapbl YIIiH AppeHHyc
TOYeJIIUIIri KypbuLabl. By xkarnaiina GapIiblk HYKTenep Ty3y ChI3bIKTa OpHAIaca/bl.

JKpIIaMIBIKTBIH  TYPaKTBUIBIFBIH — €CENTeyre apHajFaH Oarnmapiama OepiireH Oacramkpl —OIapTTapia
KHHETUKAIIBIK TOYSJIUTIKTI ecenteyre oHe Ki-k7 ®bULaaMablK KOHCTaHTaIaPbIHBIH OHTAWIbI IIaMalapblH IPaJIueHT
o/lliciMeH aBTOMATThl TaHAayFa MYMKIiHIIK Oepeni. KemipaiH ruaporeHusanusiay OHIMAEPIHIH MaccajbIK
YJIeCTepiHiH SKCHEPUMEHTTIK >KOHE €CeNTiK MoHI apachlHJIarbl MHUHUMYMJBI KBaJpAaTTBIK aybITKY >KaraalblH/Aa
JKBUTIAMIBIK TYPaKTBUIBIFbI OHTalIaHABIPBUIIBL.

Tanmay HOTWKENEpiHEH JKbUIIAMIBIK KOHCTAHTAJIaphl MEH KeMip THJIpOTeHM3alusiay OHIMAEPiHiH
IIBIFBIM/IBIIBIFEL APAChIHAFb! OaiylaHbIc Oip MOHAI eMec JereH KOPBITHIH/BI jkacayra Oomansl. COHBIMEH, MaiiIbIH
weireIMblL (ki) kebOinece ks (achanprenmep) skoHe ks (mpeacdanbTeHnep) CHSKTBI TYpPaKThl JKbUIAAMIBIFBIMEH
aHBIKTAJabl, all TeMIlepaTypa >KOFapbLIaraHAa OHBIH BIKTHMAJABIFBI KypT TeMmeHAehai. EH ixpuimam Ke3eH -
MaKcatThl eHiMal anmy ke3eHi (ki) Oombin Tabbutansl. KeMipai rugporennsanysiay yYAepiciHiH Kabl TYpakThICh ky
TeMIIepaTypa >KorapilaraH/ia apTabl.

CoHblMeH, MaMbIT KEH OpHBI KOMIpiH THApPOTeHU3alusulay YAepici Typallbl ajblHFaH KHHETHKaJIbIK-
TEPMOJMHAMUKANIBIK KOpiHiC 0i3re TEeXHOJOTHUIBIK MEXaHM3M Typajbl OUTiM allyra FaHa eMec, COHBIMEH Karap
JKBUIIAMIBIK TICH CEJICKTUBTUTIKTI OaKblIayFa MyMKIHIIK Oepei.

Tyiiin ce3nep: kuHeTnka, MaMbIT, KOMip, THAPOTeHU3AUMSIAY, KBULAAMABIK KOHCTAHTACHl, Mal, ac(albTeH,
npeacagalibTeH, Tere-TeH ik KHHETUKAJIBIK TaJIay.
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KHUHETUKA IMTPOOECCA T'HIPOI'EHU3ALINU MAMBITCKOI'O YTJIA

Annotanusi. OCHOBHBIM U HEOOXOIUMBIM YCIIOBHEM ISl pa3pabOTKH HOBBIX 3 (EKTHBHBIX TEXHOJOTHH Tepe-
pabOTKK TBEPAOrO YIIEBOJIOPOIHOTO CHIPbS, ONPEACICHUS ONTUMAIbHBIX APaMETPOB U TEXHUKO-IKOHOMHYECKHX
YCJIOBHI HPOBENECHUs IIpOLiecca, CO3NAHUS M pacyeTa anmnaparypHoro oGOpMIICHHS, a TAKKE METOAOB PEryJupo-
BaHUS MPOLIECCOM B 3aBHCHMOCTH OT Ha3HA4YCHUS LIEJEBBIX IPOAYKTOB SBJIETCA M3YUYCHHE MEXaHM3Ma IpeBpalie-
HHUH OPraHWYeCcKOH MacChl YT, pac4eT TEPMOJUHAMUYECKUX M KHHETHYECKUX KOHCTAHT IPOTEKAIOIINX PEaKUH.

YT pa3iuuHbIX MECTOPOXKACHHUH OTIMYAIOTCS 10 CBOMM (DM3HKO-XMMHUYECKHM XapaKTEepUCTHKaM, CBOHCTBAM
U coctaBy. Bce 3T0 0ClIoXKHSAET U3y4eHHe KMHETHKH IIPOLECCOB I'NAPOTeHU3aOHHON nepepaboTku yriis. bosbioe
3aTPYJAHCHUC B KUHCTUYCCKHUX pPaACYETaX BbI3BIBACT MHOXCCTBO OAHOBPECMCHHO IMPOTCKAIOMIUX IMapalyICJIbHBIX U
MOCJIEI0BATENILHBIX PEakli B CUCTEME.

W3-3a CI0)KHOCTH XMMHYECKOTO CTPOEHHS YIJIsi, MHOTOKOMIOHEHTHOCTH 00pa3yIOIIUXCs KUIKUX HPOJYKTOB
peanmsyercsi OOJBIIOE KOJMYECTBO Pa3sHOOOPa3HBIX KHHETHMYECKHX CXEM Ipolecca T'MIAPOTCHU3AlUH YT, YTO
o0yciaBnrBaeT TPYAHOCTh HHTEPIIPETAMH PE3YJIBTATOB U HEONPEAEIEHHOCTh pacyeTa KHHETHIECKUX I1apaMeTpOoB.

MerTox paBHOBECHO-KMHETHYECKOTO aHalHM3a IO3BOJISIET IMONYyYUTh KOMIUIEKCHYIO KHHETHKO-TEPMOIMHAMH-
YecKyl KapTUHy mpouecca. HecMOTpsi Ha psil TOCTOMHCTB, 3TOT METOJX MMEET CYLIeCTBEHHBII HENOCTATOK IUIS
CIJIOXKHBIX TEXHOJIOTHYECKHX MPOLECCOB, TAK KaK pacyeThl BEAYTCs ISl yCIOBHOM 00IIel CXeMbl peakuy, B KOTOPOi
HE YYHUTHIBAIOTCS MapauleNIbHbIE U IPOMEKYTOUHbBIE HAIIPaBIICHHS.

B nmanHOl paboTe BIEpBBIE METOAOM PABHOBECHO- KHHETHYECKOTO aHAIM3a MCCIeIOBaHA KHHETHKa
THAPOTCHU3AIUH yIJIi MaMBITCKOTO MECTOPOXKACHUS C LEeNbI0 IMOJTYyYeHHS KHHETHYECKHX 3aKOHOMEPHOCTEH
nporecca.

OCHOBHBIM HEOCTATKOM PAaBHOBECHO-KMHETUYCCKOTO aHaIM3a ABJIACTCA YCIIOBHAA CXEMa pCaKluu. KOHe‘lHO, B
mpouecce KaTaJUTHUYECKOM TUApPOreHU3aluy MoJIy4acTCsa HECKOJIIBKO COTCH MHAUBUAYAJIbHBIX CoeﬂHHeHHﬁ. B sTom
W 3aKII0YaeTcs CJIOXKHOCTh pacuyéroB. [ MOJHOTHI KHHETHYEeCKOW WH(oOpManmmyd HaMH Ha OCHOBAaHHWHU
HCCIIEJOBAaHUH IPYIIIIOBOTO COCTABa JKUIKNUX IPOJYKTOB IPEIUIOKEHA CXeMa MapLIpyTa OXKMXKEHHS YIJIsl.

W3 npsmonuHeliHON 3aBUCHMOCTH rpaduka B KoopauHartax 1gC-t rmokasaHo, 4TO peakius THIpOTeHH3ALHNU
OITMCHIBACTCS yPABHEHHEM IIEPBOT0 Mopsiaka. Toraa, corflacHO NPEIIoKeHHOH cxeMe, POLece MOXKET OBITh OIHCaH
B Buze quddepeHnrnanbHbIX YpaBHEHUH.

Ucnone3yst mporpammy «I[IOMCK» mo mpeanoXeHHBIM HaMu ypaBHeHHSM Ha OBM ObUTH paccuuTaHBI BCe
KOHCTAHTBI CKOPOCTH.

Janee Obl1a MOCTPOEHA apPEHNUYCOBCKAs 3aBHCUMOCTD JUI CyMMAapHON KOHCTaHTBI cKopocTH (Ky) mporecca u
OCHOBHBIX HallpaBieHU peakiuu. [Ipy 3ToM Bce TOUKH JIETIH Ha IPSIMYIO JIMHHIO.

Pa3paboranHass mporpamMma Juisi pacueTOB KOHCTAHT CKOPOCTEH IO3BOJIIET PACCUUTHIBATH KHUHETHYECKHUE
3aBUCUMOCTHU NP 3aJaHHBIX HaYaJIbHBIX YCJIOBUAX U ITPOBOAUTH aBTOMaTI/BI/IpOBaHHI)Iﬁ H0ﬂ60p METOAOM I'paIUCHTA
ONTHUMAIBHBIX 3HAYEHUII KOHCTAHT ckopocteil ki-k;. Onrumuzanust KOHCTaHT CKOPOCTEH OCYLIECTBIISUIACH W3
YCIIOBUSI MUHMMYMa KBaJpaTOB OTKJIIOHEHWH MEX.y 3KCIIEpUMEHTAJIBHBIMH U PAacUETHBIMHM 3HAYEHHSMH MacCOBBIX
JI0JIed TIPOAYKTOB THJIPOTCHNU3AIMN YTJISL.

U3 ananm3a pe3ysibTaTOB KOHCTAHT CKOPOCTEH, MOKHO CZIeNIaTh BBIBOA O TOM, YTO B3aHMOCBSI3b KOHCTaHT CKO-
pocTeii M BBIXOJA NPOJAYKTOB THAPOTCHW3ALMH YIS HEoXHO3HayHO. Tak, Bbixox Macen (Ki), B OCHOBHOM,
00yCIIOBIICH BEIMIMHONW KOHCTAHTHI cKopocTH ki, a Takxke ke (acdanprensr) u ks (mpeacdanbTeHbl), IpruYeM BEpOSIT-
HOCTb IIOCJIEIHAX C YBEIMYECHHEM TeMIIepaTyphl pe3ko yMmeHbplaeTcsi. CaMoil OBICTPOi cTanuei ABISeTCS CTalus
nosy4yenus nenesoro npoaykra (k). CymmapHas KOHCTaHTa Ipolecca THAPOreHU3aluy yris Ky yBeJIuduBaercs C
HOBBIILIEHUEM TEeMIIEPaTyPHI.

Takum O6p330M, MOJIy4YCHHasds HaMHU KUHCTHUKO-TCpMOAMHAMUYCCKas KapTUHa Mponccca ruAporeHnu3aiun yrisa
MaMBITCKOTO MECTOPOXIEHHsI TI03BOJISIET HE TOJIbKO NMPUOJIM3UTHCS K 3HAHWIO MEXaHM3Ma Ipolecca, HO U JaeT
BO3MOXKHOCTb PEryJIMPOBATh CKOPOCTh U CEIEKTHBHOCTH IPOIIECCa.

KiroueBble cjoBa: KnHeTHKa, MaMBbIT, yroib, THIPOT€HU3alNs, KOHCTAaHTA CKOPOCTEH, Macia, ac(albTeH,
npeacagalibTeH, pABHOBECHO-KMHETHYECKHH aHaN3.
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