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KOMn.IOTepHo-iHepopMa~jIllHi TeXHOIlOri', S 6araTopisHesilll SVlL14illl OCSiTi 

UHM rri,u:pY'!H.I1KiB, .la60paTOpH.I1X rrpaKT.I1KYM1B TOmO, CourseLab 2.4. 3a 3MicTOM 2J,aH.I1H rri;J:pytIHI1K 

'eMI1, p036HTHll Ha 11 JIOritIHO 3aBepllIeH.I1X qaCT.I1H - 3MicTOBI1X Mo,u:yJ1iB, KO)KH.I1M 3 51K.I1X MiCTI1Tb 

y Ha He06xiAHy TeOpenrqHy t.laCT.I1Hy, rrp}IK.1a,Q.I1 P03B'513YBaHH51 TI1rrOBI1X 3aB,iJ,aHb, rr.l1TaHHn a60 TeCTOB; 

3aB,QaHH5I ,QJI5I CaMOKOHTpOJII{), 3aB,u:aHH51 ):1.l5I caMoCTIHHoro P03B'5I3YBaHH51 TOIllO. Y TeOpeT.I1qHiM 

qacnmi KO)KHOrO MO,QY.1I{) CT.I1CnO i KOpOTKO BI1K.1a;J:eHO BeCb HaBqa.1bHHH MaTepiaJl. 

lnsen logo KnaCfJlq,iKaL\i51 i HOM8HKJ12Typa 
. H80P:-2HiYHfJlX CnOJl'jlK 

~HT1B 

-Ii Ta XbIi'ial B.r13CTFlBocri CO.:Ielf 

13 xiMi'lllUX IhlaChlll.60CmeU llaii6iJrhw XapaKTepHi peaKuii B3a£MO· 
nil CO!lC~ i3 Mc-raJI3MH : HCMCTaJIaMli) K.HCJlOTaMl1 i Jlyra~Hi I J nOii,OlUlI1nH, 
Ta iHillHMH C:1.'1Sl/loH{~ a T3K(nh" p03i\Jlall COJIelr 3a lIarpiB8H'H9.: 

a) r", + cusa, =FeSO. + Cu, 
2AgJ'IO) +eu = Cl1(NO), "' ZAg;

.ymB, 6) 2KBr + CI, =2KCl + Dr" 
2KI + Brz = 2KBr tI2: 

n) NazCO) + 20l,COOH =2CH)COONa + H20 + CCh t. 
'HtIHe Ca3(PO.h + 2H2SO, =2CaSO. + Ca(l-I,PO')2:
 

r) I(,CO, + Ba(OH), = BaCO) ,;. t· 2KOH.
[ ,u:JI5I 
FeCI) +3KOH = 3KCl + Fe(OH)) 4,:
 

.J<) Pb(NO,h + KzS = 2K1"l'03 +PbS J.,
 
AgN03 + Kl =1<..."103 +Ag1 J.;
JIB 3 

e) 2NaffeO, -.!-...; NazCO, + H,O -; CO, i, 
H5ITb, 4KCIO, -.!-...;KCl +3KCIO.; 

£) CuSO. + 5H20 '" CuSO.·5H10 - yrBOpCHH' Kp\lL'Ta.~ori.ilpaT:B; 
lK) Ba>Knl-lllCK> EHaCTHBicno cOile,! C LX. nl1POni3. 

HHMH 

-51KHH 

w !§	 LLLu::::u::JCOCOO::J:J:::X:! [Q] f ~ Prev I [ Next ~ j[BIeTh L-	 :_l_/1_6_X._~1_4.-c1Sr:3cr~1soC1i cone?; 

:a;:ratI, 
PHc.l <1>parMeHT BiI<Ha eJIeKTpOHHOrO rri;:rpY'!HHKa 

SOTy; 

)MaTI, Bc~ iHcPOpMaui5I rrpe;:r' 51BJ15IE:TbC5I rrOCJIi,QOBHO, aJIe pa30M 3 THM ICHye MO)KJ1HBICTb 

nOBepHyTHcb ,QO rrOBTopHoro rrepermI,Qy MaTepiaJIy. TecToBi 3aB,QaHH5I Ta 3aB;:raHH5I ,QJI51 

~b Bl,u: caMocTiHHoro P03B' 513yBaHH51 BH,Qi,leHi oKpeMHMH 6noKaMH, w:o ,Qae 3Mory rrepeBipHTH caMHM 

cTY,QeHToM 51KicTb 3aCBOE:HH5I HHM HaBqanhHOro MaTepia,1y. TaKHM qHHOM, eJ1eKTpoHHHH 
. '" 

H5ITT51 

Ill;:rpytIHHK BHcTyrraE: cBoepl,u:HHM KeplBHHKoM ,QI5IMH KopHcTYBaqa ,Qn5I ,u:OC5IrHeHH51 

ccPopMynhoBaHoI BHKnap:atIeM B He5IBHO\1Y BHrmf,u:i HaBqa.TIhHoI MeTH.rJm 3	 
1. 3HMHHa O. B, KHPHJIJIOB A. 11. PeKoMeH,Qa~H.I1 rro C03,QaHHIO 3neKTpOHHoro ytIe6HHKa, 

'aTH 3	 2003, http://www.academiaxxi.ru/Meth_Papers/AOrecomt.htm. 

6yTH 2. KpetIeTHHKOB K. f. Oc06eHHocTH rrpoeKTHpoBaHH51 HHTepcPellca cpe,QcTB 

tIiTKO 06y'-IeHH51//l1HcPopMaTHKa H 06pa30BaHHe. - 2002. - N24. - (,65-73. 

aHHX XMMMqECKAR KMHETHKA C MATHCAD, MAPLE MMCS: KHMrA + CART 
i3HHX Kopo6oB B.11., OqKOB B.<1>. * 

)J.HerrponeTpoBcKHH HaUHOHaJIhHbIH yHHBepcHTeT HM. OJIeC5I fOHqapa, korvik58@mail.ru 

yTb I *MOCKOBCKHH 3HeprenrqeCK.I1H HHCTHTYT (TeXHHqeCKHM yHHBepCHTeT), OchkovYF@mpeLru 

OCHTb	 I13.llaHHa5I aBTopaMH ,QOKna;:ra KHHra «XHMHqeCKa5I KHHeTHKa: BBe,u:eHHe C 

BaTH	 MathcadlMaple/MCS» (M.: fop5ItIa5I JI.I1H.I15I - TeneKoM, 2009) HMeeT HeKOTophle oc06eHHocTH, 

OTJIHqaI{)Il(He ee OT Tpa,u:.I1~HOHHbIX KHHr no XHMHqeCKOll KHHeTHKe. Bo-rrepBhlx, rrpe,QcTaBJleHHhIH 

tIHTaTeJ1I{) MaTepHaJI paccMaTpHBaeTC5I C rr03HUHH peaJIH3aUH.I1 paCqeTOB C rrOMOIl(bI{) 

cOBpeMeHHblx C.I1CTeM KOMrrhI{)TepHOH MaTeMaTHKH Mathcad H Maple. BO-BTOPhIX, nO,QaBJ15II{)Il(ee 

6onbllIHHcTBO HJIJ1I{)CTpaUHM K KHHre 5IBJI5II{)TC5I rronHo~eHHbIMH paCqeTHbIMH ,QOKyMeHTaMH. 

I1JIiH.I1 TIOJIh30BaTeJII{) He06513aTeJIhHO BocnpOH3BO,QHTh rrocne,QOBaTeJ1bHOCTb paCtIeTOB nyTeM 

~aHHM cPOpMHpOBaHH5I C06CTBeHHbIX ,u:OKyMeHTOB. )J.ocTaTOtIHO 06paTHThc51 Ha callT KHHf.l1 (http:// 

DHHHX twt.mpei.ac.ru/TTHB/ChemKin.html), f,u:e MO)KHO CKaqaTb fOTOBbIM ;:rOKyMeHT Mathcad (HaH6onee 
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KOMn'I{)TepHo-iHepopMa~iIllHi TeXHOflOrj"( S 6araTopisHesilll sV1~illl OCSiTi 
.~. '~' 

panpOCTpaHeHH1rx BepcHH 11, 13, 14) HnH Maple. MHorHe .J:OKy~eHTbI pea.n1130BaHbI B CCTeBO\1 
BapHaHTe, T. e. pa6oTaT1 C HHMH ~O)l{HO, He YCTaHaB.'IHBa5I Ha Ko~rrbIOTep nOJ}130BaTen5I CHCTe\1Y 
Mathcad. PaCqeT npH 3TOM ocyurecTBJI5IeTC5I no TeXHO,10rHH Mathcad Calculation Server (MCS) 
.J:HCTaH~HOHHO Qepe3 CeTl> I1HTepHCT. 

Chemical Kinetics Simulator on the MCS 
from SBruff (U~<), VKorobov (UA.) , VOchkov (RU) and I. Geleta (UA.) 
Define a new set of chemical equations 
(The number of elernentar'y steps should be equal 2 or more) 
r------.----------..----...-...---...----..-.---.-.-------------.-----------.--.----...- -'-'-"- ...,- .--.-...-~.-..----~._-_.- ..-_.--_...-....---"l
 
'A->B B->A B->(' C->D 8+C->E E->F
L-... I __... ::-t__, ~__.._, .. .,.. . _ .~._ _ __.. _. ~_~.1 oRo • 

Define the rate coefficients
 
NumberOfSteps= 6 "The number' of rate ccefficients should be equal to number of steps
 

..._-- _._--- ------_..---_.._-_..•.. - .._-_ _-_ _-_._.__ __ ..,---_.~ ~-_ 

iO.1 0.04 0.03 0.005 0.001 0.015 

Define the initial concentrations 
NumberOfSpecies = 6 '"The number of initial concentrations should be equal to numbe, of species
 
r--.--.-.---.-----~_ ...~---_.-. __._-----....---....---------..--....--.--..- ..-----...-----...--~_.-.---.--~;
 

:1 0 0 0 0.5 0 I·
 

Choose Integrator Endpoint of the integration interval 

OAdamsBDF .500 :
L._...__..•. ._.,._.__i

ORadau
 
Rkadapt
 

Number of the integration steps
Orkfixed 
, Recalculate iCAdams
 

OBDF
 

plot the results (sorrv, not more 16 curves) 

400300200100 

1.1 _~::,- -=:::~~=' ';;'~''5!!!!~ __""""__,;"",,, ..J... ." .... ". 

08 

I 

0.61 

0.8 

V1 c 
0 
:p 
ro 
.D 0.6 
fii 
u 
c 
0 
u 
~ 0.4
'@ 
Q. 
(f) 

0.2 

0 

500 

time 

KI 

Be 
p, 
\1( 

C.!' 

HI 

3E 

B8 

)l;8 

or 
pe 

pe 

KIi 

TIe 

HI' 

nr 
3K 

KO 

nr 
cy 
He 

no 
pa 
Bb 

B. 
np 

This web page is running on a Mathcad Calculation Server, and w'as authored with Mathcad
~lathcad' 
Calculation Server This web page can use the VVaterSteamPro functions. 06 

Te 

TI1 

You can also visit our products site at http//\NI"vw.trie.ru 

~..?..E.t~!ght (c) t~oscow Pow,er Engine_~!i!l9 Ins~it~te, 2007-209_~ __ 

0" 
BE 

PMC. 1 CeTeBoH BapHaHT KHHemqeCKOrO CHMYJI5ITOpa Ha Mathcad Calculation Server cc 
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OCBITI KOMn'l()TepHo-iHepopMawiViHi TeXHOIlorir B6araTopiBHesiV! BVI~iV! OCBiTi 

:'1 B CCTeBOVl 

em1 CI1CTeMY 

;rver (!viCS) 

;pecies 
--, 

0,8 

0,6 

0.4 

0,2 

o 
500 

"ith Mathcad 

rver 

CTpyKrypa KHHril OXBaTbIBaeT 7 pa3Lle_lOB. B nepBbIX LlBYX il3 HilX petIb H,LleT 0 <popVla_lbHo­

KilHeTHtleCKOM ormcaHilil rrpocTbIX peaKIlliM, a TaK)Ke Tex C.10)l<HbIX peaKUilM, ,Ll_15l KOTOpb1X 

B03MO)KHO amUIilTWleCKoe peweHile np51:'\10M 3a,Lla'-lil. Pa3,LleJI 3 rrOCB5lweH tIilC_leHHbIVl VleTO,J.aM 

paCtIeTa KI1HeTilLJeCKilX KpilBbIX Bcex YlfaCTHilKOB VlHorocTaiIilMHb1X peaKUilM, VlaTeMaTil'IeCKOH 

MOL\eJIbJO KOTOpb1X eCTb CilCTeMbI HenilHeHHbIX ;m<p<pepeHUil<LlbHb x ypaBHeHilH. 1l0Ka3aHo, 'ITO 

CilCTeMb1 Mathcad il Maple 06J1~aJOT LlOCTaTOLJHbTM apCeH<LIJOM BCTpoeHHbIX <PYHKUilH­

ilHTerpaTopOB, npHMeHeHile KOTOpbIX naeT B03VlO)l<HOCTb 6bICTporo il TO'IHOrO rrpOrH03a 

3BOJIJOUilil peaKUilOHI-IOH CHCTeMbI BO BpeVleHH. Ha 6a3e naKeTa Mathcad 14 pa3pa60TaH ceTeBOH 

BapHaI-IT YHilBepCaJIbHOrO KilHeTilLJeCKOrO cHMymITOpa MHorocTaLlilHHb1X peaKuHH (pHC. 1). 
3HaLJilTeJIbHOe MeCTO B. KHHre YLleneHo MeTOLlaM oueHKH KOHCTaHT CKopocTeH 

3JIeMeHTapHbIX cTa.nilM MHOrOCTa.II:ilRHb1X peaKuHH no 3KcrrepilMeHTaJIbHbIM KilHeTilLJeCKilM 

,a:aHHbIM. TIoKa3aHO, tITO BCTpoeHHble Cpe,iICTBa rraKeTa Mathcad rr03BO_151JOT 3<p<peKTHBHo 

ouemIBaTb KHHeTil'IeCKHe rrapaMeTpbI )la)Ke B Tex CJIyqa)lX, KorLla MaTeMaTilLJeCKa5l MOLlCJIb 

peaKUHil He HMeeT aHaJIHTH'IeCKOrO pcureHH51 OTHOCHTeJIbHO TeKYIUilX KOHueHTpaUHH yqacTHHKOB 

peaKUilil. TIpeLlJIO)KeH YHilBepCCLlbHbIR nO)lXOLl K peureHilJO 06paTHbIX 3a.naq XHMHt1eCKOH 

KilHeTHKil, 6a3HPYIOWHRC51 Ha rrpl1MeHeHHH HCKJ1JOLJHTeJIbHO 'IHC~leHHbIX MeTOnOB paC'IeTa. Ha 

rrepBOM :7Tarre BbILJHCJIeHI1H rrpOBOLlHTC5I 06pa6oTKa KHHeTH'IeCKHX .naHHbIX cpe.nCTBaMH 

HHTeprrOJI5!l.(HH C <pOpMHpOBaHHeM <PYHKUHH rrOJIb30BaTeJI5l, 3Ha'IeHH5l KOTOpOH rrepe.naIOTC5I II 

rrporpaMMHbiH 6JIOK GIVEN/MINtRR, MHHHMH3HPYIOurHl1 CYMVlY KBa.II:paTOB OTKjlOHeHHH 

3KcrrepHMeHTaJIbHbIX 3Ha'Iel-lilH KOHueHTpaUHM OT HX paC'IeTHblX Be.IJH'IHH. TIPH TaKOM nOLlXOne 

KOHe'IHb1H pe3YJIbTaT paC'IeTa KOHCTaHT npaKTH'IeCKH He 3aBHCHT OT 3aLlaBaeMbIX HalfaJIbHbIX 

rrpH6JIH)KeHHR. B HaH60JIee CJIO)KHb1X CJIY'Ia5IX, KorLla rl1rreprrOBepXHOCTb, xapaKTepH3YJOwa51 

CYMMY KBaLlpaTOB OTKJ10HeHHH, HMeeT VlHO)KeCTBO JIOKa.JIbHb1X MHHHMYMOB, npeLlJIaraeTC5l 

HCrrOJIb30BaTb reHen:I'IeCKHH aJIrOpHTM OnU:IMH3aUHH. 

BrrepBble npHBeLleHa KOMnblOTepHa51 peaJIil3aUI::I51 peWeHH5I OCHOBHbIX 3aLla'I KHHenlKH 

3JIeKTpOXHMHLJeCKHX peaKUHR, BKJIEO'IalOWHX 3aMCLlJleHHble CTa.II:HH pa3p5lLla-HOHH3aUHH H 

LlH<p<pY3HH. TIpoaHCL1H3HpOBaH c.1Y1.laH nOCJIeLlOBaTe.JIbHOrO rrepeIlOca 3ap5l,2la npH peaKUI151X C 

yqaCTHeM MHOr03ap5lLlHbIX HOHOB. 

PaCCMOTpeHbI BorrpOCbI paCWl1peHHOro HCrrOJIb30B3HH5l HHTep<Peiica Mathcad, rrpH3BaHHble 

rrOBbICHTb 3<p<peKTHBHOCTb pa60TbI rrOJIb30BaTeJI51 B rrpHMeHeHHH K rrpOBeLleHHJO KHHeTH'IeCKHX 

paC'IeTOB. I1pHBel-(eHbI 3aLla'Il1 LlJI5l caMOCT05lTeJlbHO['O pellIeHH5l, MHOrl1e H3 KOTOpbIX HOCJlT 

Bblpa)lCeHI-IbIH HCCJleLlOBaTeJIbCKHH xapaKTep. 

ABTOPbI Bblpa)KalOT rrpH3HaTeJIbHOCTb rrpo<peccopaM B.ll.)J:b51KOHOBY (CMOJIeHCK), 

BJ1.TKa'IY (,ZJ,HerrporreTpOBCK) H A.C.Il1MeJIeBY (CeBepOLlOHeUK) 3a ueHHble 3aMe'IaHHJl 11 

rrpeLlJIO)KeHH51 no yJIy'IureHHlO MaTepl1aJIa KHl1rH, BbICKa3aHHble HMH B npouecce peueH3HpOBaHH5l. 

KOMnhIOTEPHOE MO)J;EJIHPOBAHIIE )J;JIR 06PAliOTKII PE3YJIhTATOB
 
JIAliOPATOPHOrO 3KCIlEPIIMEHTA KAK COCTABHAJI qACTh XIIMIIKO­


TEXHOJIOrIIQECKOrO OliPA30BAHIIR
 
RESCHETILOWSKI WLADIMIR, Dr. rer. nat. habil., Prof. Prof. h.c.
 

Technische Universitat Dresden, Institut fur Technischc Chemie, D - 01062 Dresden
 

E-mail: wladimir.reschetilowski@chemie.tu-dresden.de
 

B 3TOM LlOKJIaLle LlaeTC5l 0630P rro COCT05lHHlO H rrepcneKnmaM XHMHKO-TeXHOJIOrH'IeCKOrO 

06pa30BaHHJl B fepMaHHH Ha rrpl1Mepe HHcTHTyTa TeXHJ1LleCKOH XHVlHH )J:pe3LleHcKoro 

TeXHH'IeCKOrO yHHBepcHTeTa, KOTOpbIH 5lBJI~eTCJl OLlHI1M H3 caMblX CTapbIX yHHBepcHTeToB TaKoro 

THIla. CeHLJaC B yHHBepcHTeTe yqaTC5I 60JlbWe 30.000 cTYLleHToB Ha 14 <paKyJIbTeTaX, 

OXBaTbIBaJOWHX Bce o6.IJaCTH l1H)KeHepHO-TeXHl1QeCKHX, eCTeCTBeHHblX H ryMaHHTapHblx HayK, 

BKJ1JOLJa5! MeLlHUHHy. B yHHBepcHTeTe pa6oTaJOT rrpHMepHo 6.000 WTaTHblX H BHeIllTaTHhlX 

COTPYLlHHKOB, B TOM 'IHCJIe OKOJIO 600 rrpo<peccopoB. 
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