1. HayaJjio padorsl

[Tocne 3amycka nporpammsbl Kinet mosiBisieTcs rilaBHOE OKHO, COZEpIKallee MEHIo, Ma-
HeJlb MHCTPYMEHTOB M TPU BKJIAJKU JUIA BBOJA MCXOAHBIX NAaHHBIX 3a1adu: «MexaHusm»,
«Mopnenb» n «OkcnepumenT» (puc. 1). Brinaaky, cogepkxuMoe KOTOpOH B JaHHBIA MOMEHT
0TOOpa’k€HO B OKHE MPOrpaMMbl, OyJIeM Ha3blBATh akmueHou U mekyweu. UToObl crenatsb
BKJIAJIKYy aKTMBHOM, JOCTATOYHO IIEIKHYTh HAa €€ 3aroJIOBKE JIEBOM KHOIKOW MbIIIH. MOXHO
TaKXe BbIOpaTh Ha3BaHUE BKJIAAKU B MEHIO «OKHaY.
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Puc. 1. I'nmaBHOe okHO mporpammsl Kinet ¢ Bkitagkoi «MexaHuzm.

B mporiecce paboThl MOSIBISIOTCS JONOTHUTEIBHBIC BKIIAIKHU C PE3yJIbTaTaMU PAcUYeTOB,
MPEJICTABICHHBIMU B (hopMe TaOnuIl v rpaduKoB. ITU BKIIAJKA MOXKHO 3aKphIBaTh (YIaJIATh),
KOTJ]a OHM CTaHYT He HYXXHBI. [lemaeTcst 3To yepe3 MeHIo «OKHay, MyHKTHl «3aKPBITh BKJIA-
Ky» WU «3aKpbITh BCE BKIAIKW». B mepBoMm ciiydae OyaeT 3akpbiTa TeKylas (aKTHBHas)
BKJIaJIKa, BO BTOPOM 3aKPBIBAIOTCSl BCE BKIAJIKH C pe3yJibTaTaMH pacdyeToB. BmecTo MeHIo
MO>KHO HCIIOJIH30BaTh KHOIIKH HA TTAHEIM HHCTPYMEHTOB (CM. puc. 2).
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Puc. 2. KHonku 1715 3aKpbITHS HEHYKHBIX BKJIAZIOK

Yro kacaercs Tpex BKIAJOK C YCIOBHUSAMH 3ajlaud, MOKa3aHHBIX Ha puc. 1, To uUX yna-
JINTh HEBO3MOXHO. MOKHO JIMIIIh OYHCTUTL HX COACPKMMOC C IMOMOIIBIO ITYHKTa MCHIO
«®aitn — HoBas 3ama4a» WM COOTBETCTBYIOUIEH KHONKHM Ha MaHEIM WHCTPYMEHTOB (CM.
puc. 3). OqHOBpeMeHHO OyAyT yJajJeHbl BCE BKJIAIKU C pe3yJIbTaTaMU PAcyeToB, T.€. MpPO-
rpaMma nepemaeT B UCXOJHOE COCTOsIHUE, TOKa3aHHOE Ha pucC. 1.
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Puc. 3. Knonka «HoBast 3agaua

1.1. BBoa KMHETHYECKOM cXeMbI (MeXaHHU3Ma) peakiuu

BBog MCXOIHBIX JaHHBIX BCEraa HAYMHAETCA C BKIAAKH «MexaHu3M». 31eCh IODKEH

OBITH 3aJ1aH HAOOP MPOCTHIX PEAKIUN C KOHCTAHTAMH CKOPOCTH.
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IpaBuia 3anucu peakumii:

Ha3BaHusi BEIIECTB COCTaBJISIOTCS U3 OYKB JIATWMHCKOrO anaBUTa W LUQP; pa3periecHo
TaKKe Ha MpaBax OyKBBI HCIIONB30BaTh CUMBOJI ‘_’° (moguepkuBanue). Ha3Banue m0mKHO
HAYMHATHCS C OYKBBI. BYKBBI HIDKHETO U BEPXHETO PErHCTPOB (T.€. CTPOYHBIC U 3arJIaBHBIC)
pasmuuatotcs. Hanpumep, product, Product u PRODUCT — tpu pa3Hbix Ha3BaHWSL.
JlnuHa Ha3BaHUM MPOU3BOJIbHA.

KonmdecTBo pearnpyrommx 4acTHIl B JICBOW YaCTH yYpaBHEHHS PEaKIUH HE MOXKET OBITh
OoJIBIIIE TPEX (CUUTACTCS, YTO PEAKIMK 00JIee BRICOKOM MOJIEKYJISIPHOCTH HEBO3MOIKHBI).

KonnuecTBo npoIyKTOB B MPaBOil YaCTH YpaBHEHUsI peakliud — He 00Jiee YEThIpEX.

Pa3perieHoO UCTIONB30BaTh 1IET0OYHCICHHbBIE CTEXUOMETPUYECKHE KOAPPHUIIMEHTHI (C yueTOM
YHOOMSIHYTBIX BBILIE OIPaHUYEHHUH HA KOJIMYECTBO PEAreHTOB).

JleByro 1 mpaBylo 4acTH ypaBHEHMsS PA3AEIAIOT 3HAKOM ‘=’. J[oMyCTUMO TaKXke MCIOJIb30-
BaTh KOMOMHAIMIO ‘=>’ (KaK 3HAK CTPEJIKH), XOTS IOCJe aHaJIM3a ypaBHEHUS MporpaMmma
[

3aMEHHUT ee 3HakoM ‘=’. Kpome Toro, cyiecTByeT crenuanbHas komOuHamms ‘=0>" (c
U poi «HOMIbY), 0003HAYAIOIIAs PEAKIIUIO HYJIEBOTO MOPSIKA.

B n1eBoii u mpaBo¥ 4acTSIX ypaBHEHUS BEIIECTBA OTACISAIOT APYT OT Apyra 3HaKoM ‘+’.

CymecTByeT crienuanbHas (jopma ypaBHEHHUs, TI€ JIeBas WM paBasi 4acTh (HO He o0e oJI-
HOBPEMEHHO) 3aMEHEHa 3HAKOM ‘*’. 3Be3[J0uKa B JIEBOW YaCTH YPaBHEHHUS O3HAUYACT, YTO

YKa3aHHBIC B IIPABOM YaCTU NMPOAYKTHI IIOCTYIIAIOT B CUCTEMY U3BHE C IIOCTOSIHHOM CKOPO-
CTBIO, OMPEACIIIEMOM KOHCTAHTOW CKOPOCTH (peakKIilus HYJIEBOTO IMOpsaKa). 3BE3/I0YKa B
IPaBOil YacTH O3HAYAeT, YTO MPOIYKTHI YXOIAT M3 CHUCTEMBI (MO0 MX HAKOIJICHHE HE
BIIUSIET Ha X0/ MPOIIecca U He TOJDKHO YUUTHIBAThCS B NU((PepeHIIMaIbHBIX YPABHEHUSX ).

[Tpobensl mescdy OTIENBHBIMU JIEMEHTAMU YPAaBHEHHS HE UMEIOT 3HAYCHHS, T.C. UX HaJIH-
YK€ WM OTCYTCTBUE HUYEro He MeHseT. OHaKko NpoOelbl 6Hympu 3JIEMEHTOB (HaIlpuMep,
BHYTpPHY Ha3BaHUil BEIIECTB MM BHYTPH KOMOMHUPOBAHHBIX CUMBOJIOB =>, =0>) He normyc-
KaroTCsl.

[Tprmepsl BO3MOXKHOM 3aITUCH PEAKIUI:
Hi =H+I
HI =0>H + |
CH2F2 + F = CHF2 + HF
H+02+M=HO2+M
03+0=02+02
03+0=202
Ozone + Atom = 2 Molecule
A=0>B
* = B

VYpasuenus (1) u (2) npencraBisioT coboii peakiun auccounanuu HI. B mepBom ciy-

yae 3TO OOBIYHAS pEeaKIlusl MEepBOro Mopsiaka (OYEeBHIHO, C TEPMUUYECKON akTuBaimmeil). Bo



BTOPOM CJIy4yae — PEaKIUs HYJEBOTrO MOpsiiKa, CKOPOCTh KOTOPOM HE 3aBUCHUT OT KOHIIEH-
tpaumu HI. Takum ypaBHeHHEM MOXHO, HaIpUMeEp, H300pa3uTh (POTOXUMHUUECKYIO PEAKITHIO
B MPUOIMKEHUH TIOJIHOTO TOTJIONICHHUS M3JIyYeHHUs] cucTeMoi. B 3ToM ciydae ckopocTs pe-
aKIIUU OMpeNeseTcs] TObKO MHTEHCUBHOCTBIO U3ITyUYEHHUS M KBAaHTOBBIM BBIXOJOM, KOTOpPBIE
JOJKHBI OBITh BKITIOYCHBI B 3P (EKTUBHYIO KOHCTAHTY CKOPOCTH.

B ypaBuenuu (4) B 1eBOM U MpaBoil YacTsIX MPUCYTCTBYET XMMHUUECKU HecreunhuaHas
(nHEpTHAs) YacTUa M, poJib KOTOPOH 3aKIIF0YaeTcss B OOMEHE dHEPruei ¢ pearupyronmmu
YaCTHUIIAMHU.

VYpasuenus (5)—(7) npeactaBisioT co00i albTepHATHBHBIC H300PKEHUS OJTHOW U TOMN
K€ PEeaKIM 030HA C aTOMAapHBIM KUCIOpoaoM. BapuaHT (6) 3amucaH ¢ UCTIONb30BAaHUEM CTE-
xuoMeTrpuueckoro kodddumnuenra. Bapuant (7) 1eMOHCTPUPYET UCITOJIB30BAHUE POU3BOIIb-
HBIX CIIOBECHBIX 0003HAUCHHUH, a HE XUMHUYECKUX (POPMYJI, KaK B MPEIbIAYIINX IpUMepax.

VYpaBHenue (8) — aOcTpakTHas peakiusi, B KOTOPOil BelecTBO A mpeBpaiaercs B B.
[MockonbKy Hucnoab30BaH 3HaK =0>, TO CKOPOCTh PeaKInu OYIET BHIYUCIICHA IO BHIPAKCHUIO
HYJIEBOTO, a HE TIEpPBOr0 MOPsKa, T.C.

r==k,
d[A]/dt =-r,
d[Bl/dt =r.
VYpasuenue (9) mo cMbICITy TTOX0Xxe Ha (8) ¢ TOM JIMIIb pa3HUIICH, YTO BEIIECTBO A B

CUCTEME OTCYTCTBYET M nuddepeHimanbHoe ypaBHEHUE I HEro He co3aaercs. Bemectro B
MOCTYIIAET B CHCTEMY (OYEBHUIHO, U3BHE) C MIOCTOSTHHON CKOPOCTHIO 7 = k.

KommenTapun

B kononke «Peakiusp» Kpome COOCTBEHHO YpPaBHEHUH peaklUil MOTYyT HaXOJIUThCS
KOMMEHTapUu — TPOU3BOJILHBIA TEKCT, OOBIYHO coaepamuii mosicHeHus. Kaxnmas crpoka
KOMMEHTapusl J0JDKHA HAYMHAThCS ¢ cMMBoJia ‘#’. Ha puc. 4 moka3aH npumep KHHETHUECKON
CXEMBI C KOMMEHTapHIMH.

_iBix
dain Mpaeka Pacder Mpaduke OkHa  Cnpaeka
DA ® A BX =G | iRBH
Moaene I SKCMEPHMEHT I
| (1) =A-exp(-Ea/RT) - (1/298)"
Peakuwa | k unu A& | Ea n | | k(1100) -

# ¥NpoWeHHaA cxeMa NMponKsa 3TaHa (T = 1100 K},

# MNpHMEHMME MPH CTEMEHH NPEBPalleHHA He Bonee 1-2%.
| 1 |C2HE =cHa + cH3 0.127 O 0.127
| 2 |CzHE + CHE = C2HE + CHe 7.8e+09 O 7.8e-+00
| 3 |CoHS = CoH4 4+ H 416405 O] 4.1e+05
| 4 |C2HE +H = C2H5 + H2 1.5e+12 O 1.5e+12
| 5 |CH3+ C2Hs = CaHg 3.2e+13 O 3.2e+13
| 6 |C2HS + C2H5 = C4H1n 4e+12 O 4e+12
[ CNeAyHIWHE TPH PEEKLMH MEHEE BA%HE],

# M MOMHD MCKMHYHTE,
| 7 |Cote=ca 42 191 O 1.91
| 8 |CH3+H2=CH4+H Fe+iz O 3e+12
| 9 [CeHe=CoHs +H 0.00033 O 0.00033

Puc. 4. cnonp30BaHuE KOMMEHTAPUEB

3HaK KOMMEHTapUs MOXHO TaK)K€ HCIIOJIb30BaTh, YTOObI BpDEMEHHO UCKIIIOUUTh U3 pac-
CMOTpPEHHUS KaKylo-TH0O peakiuio, He yaauss ee (u3nyecku M3 BBEICHHOH cxemsbl. [locra-
TOYHO BCTaBUTH IEpPE/l YPaBHEHUEM CUMBOJ #, U PEaKIUsi C TOYKU 3PCHUS MPOTPAMMBI Tpe-
BpaTUTCA B KOMMEHTapHii, T.€. B TEKCT, HE MOJyIeKalui aHanu3y. OHAKO NpU ATOM H3Me-
HUTCSl HyMepalMsl HIDKEJEXKAIIUMX YpaBHEHUH, Tak Kak IporpaMma He HyMepyeT CTPOKH



KOMMEHTapueB. Y100Hee MOJb30BaThCs CIEIHATBHBIM MEXaHU3MOM HCKIIOYECHHUS JaHHBIX
(mento «lIpaBka — HcCKIOUUTH»), KOTOPBIM OCTaBIseT HyMepalui HensMmeHHo#. [Toxpol-
Hee 00 3TOM cKkaszaHo B paznene 1.5.

3agaHne KOHCTAHT CKOPOCTH

JI71si KOHCTaHTBI CKOPOCTH PEAKIMU MOXKHO 33/1aTh JIMOO YMCICHHOE 3HAUYE€HHE CaMoit
KOHCTAaHTHI k, TNOO 3HAYCHUS TapaMeTpoB A, E,, n paclIupeHHOTO ypaBHEHUSI AppeHunyca

k(T)=A-(T/298.15)" -e %"

(Takast (hopma mpUHATa BO MHOTUX COBPEMEHHBIX CIIPAaBOYHUKAX U 0a3axX JaHHBIX, U B 4acT-
noctu, B NIST Chemical Kinetics Database, http://kinetics.nist.gov/kinetics/).

[Tpu 3TOM, ecnu XOTsI Obl JUIsI OJJHOM KOHCTAHTHI CKOPOCTH YKa3aHbl appPEHUYCOBCKHUE
napaMeTpsl, TO B HA0Ope UCXOTHBIX JaHHBIX 33J]a4M JIOJDKHA OBITH OIpe/eicHa TeMIepaTypa
(mo ymomuanuto npunumMaercs 7= 298.15 K).

Ecnu 3amaercs HemocpelCTBEHHOE 3HAYEHHWE KOHCTAHTBI CKOPOCTH, TO €r0 CIEAYET
BBECTH B KOJIOHKE MOJ 3aroioBkoM «k wmu Ay (cm. puc. 1), a mons B konoHkax «Ea» u «n»
ocTaBuTh MycThIMU. [lycTas siueiika BOCHPUHUMAETCSI KaK HYJIEBOE€ 3HAUEHHUE COOTBETCTBYIO-
HIEro napameTpa.

[IpaBee appeHMYCOBCKHX MapaMeTpOB UMEETCs y3Kas KOJOHKa 0e3 3arosioBka. B aroit
KOJIOHKE OTMEYAIOT T€ KOHCTAHThl CKOPOCTH, KOTOPbIE CIEAYET ONTUMU3UPOBAThH B MPOIIECCE
perieHus 00paTHONW KMHETUYECKON 3aJauH.

B camoii npaBoii kononke Ha Bkiagke «Mexanusmy» (o 3aronoskom «k(T)», rae B xa-
yecTBe T MOACTABICHO KOHKPETHOE 3HAYCHHE TEMIIEpaTyphl) IpOrpaMma MoKa3bIBaeT JEHUCT-
BYIOILIEE 3HAUEHHE KOHCTAHTBI CKOPOCTH. ITO IMOJI€ HETOCTYIHO JUIsl pEJaKTUPOBAHUS.

1.2. BBoa HAaYa/IbHBIX KOHIEHTPAUMH U MOAU(UKAIIAA MOIETH

[To 3amanHOMY HAOOpYy peakiuii MporpaMma COCTaBISIET CUCTEMY AU(PEpeHIINATHHBIX
YpaBHEHUH, SBISIOUIYIOCS MaTEeMAaTUYECKOM MOJENbI0 paccMaTpyUBaeMoro mporecca. Utoosl
YBUJETH 3TH YpaBHEHUsI, HEOOX0IMMO NepeiiTh Ha BKiIaaky «Mogens» (cM. puc. 5).

3ajaHne HAYAJIbHBIX KOHIEHTPALM

B neBoit yactu Bkinaaku «Mojenby HaXOAUTCS CHMCOK BELIECTB, COCTaBIEHHBIN Mpo-
rpaMMOI BO BpeMs aHaju3a KUHETUYECKOW cXeMbl. B ypaBHEHMSIX MOJEIM KOHLEHTpaluu
BellecTB 0003HaueHbl OykBoil C ¢ MOPSAKOBBIM HOMEPOM; 3TH 0003HAaYEeHHUs [TOKa3aHbI CIIEeBa
OT Ha3BaHUil BewlecTB. PsioM ¢ Ha3BaHMSIMM HAXOJATCS IMOJIS JUUIsl BBOAA HAYAIbHBIX KOHIICH-
Tpauuii. [Io yMoauaHuIO Bce KOHIIEHTPALMU IPUHATHI PAaBHBIMH HYJIIO.

Moaugpuxkanus ypaBHeHUI MaTeMATHYECKON MOJe/IH

CTaHapTHYI0O MaTEeMaTHYECKYI0 MOJAENb, IOCTPOSHHYIO MPOrpaMMOM, IIpH HE0OXO1u-
MOCTH MO>KHO U3MEHUTh UJIH JOTIOJHUTb. PazpelieHsl U3MEHEHUS CIeAYIOIINUX TUIIOB:

1. AuddepennunanpHoe YpaBHEHHUE TS KOHLEHTpaUUU i-TO BENIECTBA
dC,/dt = F/(C,,...C,) MOXHO 3aMeHHUTb anreOpandeckuM ypasaenueMm F,(C,,...C,)=0 upu
coxpaHeHHH (GopMbl QyHKIMU F,. DTO COOTBETCTBYET BBEACHHIO IMPUOIMKEHUS KBA3UCTA-
[IMOHAPHBIX KOHLEHTPAIMH AJIs JTaHHOTO BEIECTBa.

2. InddepennnansHoe ypaBHEHHE AJIs1 KOHIIEHTPAIUH i-TO BEIIECTBA MOXKHO 3aMEHUTH
BHBIM anredpanueckuM BeipaskeHueM C, = f,(C,,...,C,), rae f; — QyHKIMA IPOU3BOIBHO-
ro BUAA.

3. MoxHO 100aBUTh K CIHUCKY BEIIECTB JIOMOJIHUTEIbHBIE PEAareHThl, HE BXOJAIIUE B
ypaBHeHMsI peakuuil. [l KOHIEHTpaui 3TUX BEIIECTB MOXKHO MCIOJIb30BaTh JUO0 nudde-



perumansHoe ypasHenue dC,/dt =0 (t.e. C;= C(0) = const), b0 SIBHOE BBIPAXKCHHE B CO-

OTBETCTBHH C II. 2.

[Tpumepsl IPUMEHEHHS BCEX TPEX BApPUAHTOB MOAM(PHUKAIIMU YPABHEHHA PAaCCMOTPEHBI
B ONMHCAaHWU MOJIEIH TEPMHUYECKOTO pazioxeHus o30Ha (cM. «IIpakTukym 1o (u3m4ecKoit
xumun: Kunetnka u karanus. Onektpoxumus» noj ped. B.B. Jlynuna u E.II. Areesa. M.,
W3n. nentp «Axagemus», 2012, cc. 70-102). daiinbl qaHHBIX AJIS 9TON 3a/1a4yu HAXOJSATCS B
namnke examples.

~iBi

dain Mpaeka Pacuetr [padwk OkHa  Cnpaeka
DOE®m MXBX=Gr RS

Mexanmzsn  MOAEME |3KCI‘IEDP1MEHTI

AononNHHTENEHEIR PEArEHT I AoBaEHTE I ¥ AANHTE

PeareHTt | Hau. KoHL. | | | | YpagHeHWe | ﬂ
C1 |C2H& | [ D.DDDl| dCijdt = -R1-RZ-R4-R7-R9
Cz |CH3 1] dCzjdt = Z*R1-RZ-R5-RS
C3 |CZHS u] dC3dt = RZ-R3I+R4-R5-Z*Ro+R9
C4 |CH4 0 dCHdt = RZ+RE
C5 |C2H4 0 dC5/dt = R3I+RT
6 |H 1] dCejdt = R3-R4+R3+R2
C7 |H2 u] dC7fdt = R4+ R7-RE
C& |C3HS 0 dca/dt = RS
9 [C4H10 1] dcjdt = R&

j

R = [ki*C1 il

RZ| = ka®CI*C2
R3| = kI*C3

R4| = k4™C1*Ca
RS| = kEHCZ*C3
RE| = kEHCFHCI

R7| = k1
RE| = kEMCZ*CT
RI| = koHC1

| |
| 4
Puc. 5. MaremaTtuueckasi MOZ€IIb JIJIsl CXEMbI, TOKA3aHHOU Ha pucC. 4.
BBoa HayanbHBIX KOHIIEHTPALIUH.
PeareHTt | Hau. koHu,. | | | | PeareHT | Hay. KoHLL. | | | |
1 |03 0.0002437 dZifdt = -R1+R2-R3 C1 |03 0.0002437 dCljdt = -R1+RZ-R3
2z |M 0.01028 dZzfde = 0 2 |M 0.01028 dczfde = 0
3 |02 0.004575 dZ3fdt = |R1-RZ+2Z¥R3 C3 |02 0.004575 dC3/dt = R1-R2+ 2¥R3
4 |0 o |-| = R1-RZ-R3 4 |0 0 dc4||'dtvl = R1-RZ-R3
R I 4k
[ 4

Puc. 6. Moaudukarus ypaBHeHU# Moaenu. BeeaeHue npulamkeHus
KBaBI/ICTaI_II/IOHapHI:IX KOHHGHTpaHHﬁ.

Yto0bl BBECTH NMPUOJIHKEHHE KBA3UCTAIIMOHAPHBIX KOHIEHTPALMM SIS i-TO BElIe-
cTBa (3ameHHTh AuddepeHnnanbHoe ypaBHEHHE alreOpandeckuM, Kak yKa3aHo B II. 1), 1Ba-
JKJIbI IIETIKHUTE JIEBOM KHOMKOW MBIIIHN B STYEUKE C JIEBOM YaCThIO YPABHEHUSI, TI€ HAXOIUTCA
obo3Hauenue npousBoanoi dCi/dt. TTosBUTCS pacKpbIBAIOIIMIACS CIMCOK BO3MOXHBIX BapH-
AHTOB JICBOM YaCTH ypaBHEHHS (CM. JIEBYIO 4acTh pucC. 6). OTKpoHTEe CHUCOK (IIETKHYB KHOTI-
KOU MBIIIHN e1lie pa3) U BeiOepuTe BapuaHT «0» (CM. IpaByIo 4acTh puc. 6).

Ilpumeuanue. JJis aKTUBU3ALMKM 3JIEMEHTA YIPaBJICHUS MOXKHO CHENaTh Ha suYerKe
TaOJIMIIBI ABOMHOMN II[ETYOK JINOO0 IBA OAWHOYHBIX IETUYKA JIEBOW KHOIIKON MBIIIIH.
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Yro0b1 3aMeHUTH UG PepeHINATbHOE YPABHEHHE IBHBIM BbIpa:KeHUEM /JIsl KOH-
HeHTpauun (MoaudUKaIUs ypaBHEHHUS B COOTBETCTBUHU C 1. 2), BHayasle U3MEHUTe (hopmy
JIEBOM YacTH ypaBHEHUs, KaK OMMCAHO BbIIIE, BbIOpaB U3 cnucka BapuaHT «Cix». Ilocae atoro
MpaBasi 4YacTh YPaBHEHHsI CTAHET JOCTYITHOM JIJIsl PeIaKTUPOBAHMUSI, U Bbl CMOXKETE BBECTH TY-
na m000e KemaeMoe BBhIpaXKeHHE. B BhIpaKeHHe MOTYT BXOAWUTH NepeMeHHble t (Bpems), T
(TemnepaTypa) U KOHLEHTpALUU peareHToB, 0003Hayas ux 1u6o 6yksoit C ¢ HoMepoMm, JIu6o
Ha3BaHHEM pearcHTa B KBaJpaTHBIX CKOOKax. Hampumep, KOHIIEHTpALMIO 3TaHa B MOJEIH,
n300pakeHHOH Ha puc. 5, MoxkHO 0603HaunTh C1 niu [C2H6]. Mcnonb3yroTest cTaHiapTHBIE
3HAKW apu(PMETHYECKUX Omeparnuii: +, —, *, / (CloxeHue, BRIUUTaHUE MO0 N3MEHECHHE 3Ha-
Ka, YMHOXeHue, aeneHue). Omepanuio BO3BEICHUS B CTENICHh MOKHO 0003HA4YHTh " (Kak B
beiicuke nnu B tabnuue Excel) nubo ** (kak B ®oprpane). [eiicTByIOT 0ObIYHBIC TTPaBHIIA
CTApIIMHCTBA ONEpaIMii U YIPaBIEHUS MOCIEAOBATEILHOCTHIO ICHCTBUI C TOMOIIBIO KPYT-
JIBIX CKOOOK.

B BBIpaXeHHSAX MOKHO TOJIB30BATHCS CTAHAAPTHBIMH MAaTEMAaTHYECKUMH (DYHKITUSIMHU:
abs(x) (|x ), sqrt(x) (Vx), pow(x, ¥) (x*), exp(x) (¢¥), exp10(x) (10%), log(x) wm In(x) (Haty-
panbHbid sorapudm), loglO(x) wmu 1g(x) (mecaTndHbId nOraprdM), TPUTOHOMETPHUECKUE
bynkun sin(x), cos(x), tan(x) unu tg(x) (apryMeHT B paanaHax), runepoonndyeckue GyHKIUN
sinh(x), cosh(x), tanh(x), oOpaTHBIe TpuUrOHOMETpHUYECKHE (QYHKUIMHU arcsin(x) mim asin(x),
arccos(x) minu acos(x), arctan(x), atan(x) umm arctg(x) (3HaueHwe (PyHKIMM B paauaHax),
atan2(x, y) (arctg(y/x)), rad(x) (mepeBox x U3 rpaaycoB B paauansl), deg(x) (mepeBos x U3 pa-
JUAHOB B TPaaychl), min(x, y) (MUHMMAaIbHOE U3 JABYX 3Hau€HUH), max(x, y) (MakcuMaiabHOE
U3 JIBYX 3HAYEHUN).

Jnst ynoOcTBa onpesieneH Takke HaOop MaTeMaTHYECKUX U (PU3MYECKUX KOHCTAHT, Ha-
3BaHUs KOTOPBIX HAYMHAIOTCs ¢ cuMmBojia $: $pi (umcno ), $srpi (\/; ), $e (uucino e), $In2
(In2), $In10 (In10), $ige (Ige), $sr2 (\/E), $sr3 (\/g), $deg (7/180), $rad (180/7), SR nm
$Rj, $Rc, $Rla (razosas mocrosHHas R B [[x/mMonb K, kan/mons-K u m-arm/mone K, cooTBet-
ctBeHHO), $k (mocrosinaas bonbimana), $Na (uncio ABoraapo).

Ilpumeuanue. B cnydae 3amensl qudGepeHInaTbHOTO ypaBHEHHUS aredpandeckum (B
T1000M M3 ABYX BapHAaHTOB) HET HEOOXOAMMOCTH 3aJaBaTh HAYANbHYIO KOHIEHTparuio. [Ipo-
rpaMMa caMOCTOSITETbHO BBIYHCIIHT €€ 10 3aJaHHOMY alreOpandecKoMy YpaBHEHHUIO.

Yro0bl BKJIKWYHTHL B MOJeJb AONOJHUTENbHBIN peareHT (1. 3), BBEIUTE B IOJIE
«JlomotHUTENBHBIN peareHT» (CM. puc. 5) Ha3zBaHHe AoOaBiseMoro BemiecTBa. [locie aToro
HAOXMHTE KHOTIKY «J[00aBuTH». HOBOE BElIeCcTBO MOSIBUTCSI B HUKHEH YaCcTH CITUCKA BEIIECTB
¥ U Hero Oy et cdopmuposano audpdeperiuansHoe ypasuenne dC,/dt =0. Jlanee MOXHO

BBECTH Ha4YaJIbHYIO (ITOCTOSIHHYI0) KOHIIGHTpAIIMIO BelIeCcTBa JIMOO 3aMeHUTh nuddepeHim-
AJIbHOC YpaBHCHHC SBHLIM BBLIPAKCHHUCM I KOHOCHTPALIMHU, KAaK OMMMCAHO B MPCABIAYIICM
MyHKTE.

YroObl yAaIUTh U3 MOJIENIH JOOABIICHHBIN PEareHT, Hy>KHO BBECTH €r0 Ha3BaHHE B IOJIE
«JloTIOTHUTENbHBIN peareHT» (MOXKHO JUIsl ATOTO IICIKHYTh JIE€BOM KHOIKOW MBI Ha Ha3Ba-
HUM peareHTa B JIEBOM CTOJIOLE TAOIHUIIbI) M HAXKATh KHOIIKY « Y IaJUThY.

1.3. BBOI[ IKCHEPUMEHTAJBHBIX KHHETUICCKUX KPUBBIX

OKcnepUMEHTaNIbHbIE KUHETUYECKUE KPUBbIE HEOOXOIUMBI AJIs PELICHUs 0OpaTHOM Ku-
HeTHYecKoi 3amaun. KpoMe TOro, skcrnepuMeHTaabHble KPUBBIE MOXKHO HMCIOJIb30BaTh IS
CpaBHEHMs ¢ pe3ysbTaTaMM pacyeTa Ipu PelIeHUuH NPsIMON 3a1auH.

OKCHepUMEHTAJIbHBIE KPUBBIE 33Jal0TCSI Ha BKIaAKe «IKkcrnepumeHT» (puc. 7). BBog
JAHHBIX BO3MOXEH II0CJIE TOTO, KaK OIpeJieieHa MOAEIb (COCTaBIEH CIIMCOK BEILECTB).
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Makn Mpaeka PacdeT Mpaduk OkHa  CnpaBka

DEEd RABRXK =G> R P

MexaHn3r~1| Mogene

In j AobaBHTE | Bec I 1 I AeToompeasneHHe Becos

Bpera | j

Eac NpHEETCTEYET Nporpavma Kinek! |

Puc. 7. Bxnagka « OKCcnepuMeHT»

[Tpexxae Bcero HEOOXOAMMO CO3IAaTh CTOJIOINBI TAOJIWIBI JUISI KHHETHYECKUX KPHUBBIX,
KOoTOphIe OynyT 3aaanbl. OTKpONTE CIHCOK BEIIECTB B JIEBOM BEPXHEM YTy BKIIAJKU U BbIOe-
pUTE B HEM HYXHOE Ha3BaHHE. 3aTeM HaXKMHTE KHOMKY «JloO0aBuTh». B Tabmuie mosBurcs
cTonbell Juis BbIOpaHHOTO BemiecTBa. Ecnum HeoOXoaumo, 100aBbT€ TaKUM e CIOCOOOM
CTONOIBI I Apyrux BemiecTB. [lociie 3TOro MOXHO BBOAWTH JKCIIEPUMEHTAIBHBIC TOYKH
(puc. 8).

Ecimu ams kakoro-to MOMEHTa BPEMEHH Ha KPUBOH OTCYTCTBYET JKCIIEPHMEHTATbHAsS
TOYKa, TO COOTBETCTBYIOIIYIO SYCHKY TAOJIUI[BI MOXKHO OCTaBHUTh IyCTOM.

JlotmyckaeTcst 3aJJaHue HECKOJIBKMX KPUBBIX JUISI OJJHOTO M TOTO K€ BEIIecTBa (HANpH-
Mep, PKCIEPUMEHT MPOBOJIMIICS HECKOJILKO pa3). B nmanpHeimmem aisi KOHKPETHOTO pacyera
MOJKHO B3STh OJIHY KPHUBYIO, @ OCTAJIbHBIC KPUBBIE CKPBITH C MIOMOIIBI0 MEXaHM3Ma BPEMECH-
HOT'O MCKJItOueHHs AaHHBIX (MeHio «[IpaBka — MckimounTh»). MOXHO Takke BPEMEHHO WC-
KITF0YaTh OTACIbHBIC TOUKH Ha KPUBOM MM HEKOTOPHIE MOMEHTBI BPEMEHU JIJISl BCEX KPUBBIX.

®arn Mpaeka Pacder [padme OkHa O ®arn Mpaeka Pacder [padme OkHa O ®arn Mpaeka Pacyer [padMs  OkHa Cnpaeka

Do MXBX=zx DO MXBRX e DOE® XX &

MexaHHzm I Mogens SHKCMEPMMEHT | MexaHHzm I Mogens SHKCMEPMMEHT | MexaHham | Mogens  FKCMEPHMEHT |

I.q j AofaeHTe | IA IC j A0bEEHTE | Bec

Bpena | A | C |

0.000=-+00 9.870e-01)  0.000=+00
| | z.000e-0t 7.540e-01 1.570e-01
| | | dmobem [

Puc. 8. BBoj s3xcniepMEHTAIbHBIX KHHETUYECKUX KPUBBIX.

Ecnu 3a1aHO HECKOJIBKO SKCIIEPUMEHTATIBHBIX KPUBBIX, TO MIPU PEIIEHUN 00paTHOMN 3a-
Jla4M OTKJIOHEHHS PACCYMTAHHBIX KOHLEHTPALUK OT HKCIIEPUMEHTAIbHBIX 3HAYCHUMN MJIA pa3-



HBIX KPHBBIX YUYHUTBIBAIOTCA CO CBOMMU BECOBLIMH MHOXHUTCIAMMU. 910 ACJIacTCA IJIA TOTIO,
YTOOBI yPaBHAThH BKIIAIbI OT PA3HBIX KPUBBIX B OOIIYI0 CyMMY KBaJpaTOB OTKJIOHEHHM, €CIIH
KOHOCHTPAIUK Ppa3HbIX BCHICCTB Pa3IMYAIOTCA IO MOPAAKY BCIWYWHBI. HporpaMMa MOXKET
CaMOCTOSITENILHO BBIOPATh BECOBBIE MHOXXHUTENH, JIHOO MOJIb30BAaTENh 33/1a€T MX MO CBOEMY
YCMOTPEHHIO, YTOOBI TOBBICUTH 3HAYUMOCTb KAKOW-TO KPUBOH 10 CPABHEHUIO C JPYTUMH.
JIJiss aBTOMaTUYECKOTO OIMPECIICHUS] BECOBBIX MHOXHTEJICH MPOrpaMMOM CIIeIyeT TO-
CTaBUThH TAJIOUYKY B TMEpeKIouaTesie « ABToomnpeaeneHue Becopy (puc. 9). B atom ciyuae Be-

COBOIl MHOXXUTENIb AJIi KPUBOM OyneT oOpaTHO MPONOPLUOHATIBHBIM CpeIHEKBaApaTHUYHON
BEJIMUMHE KOHIIEHTPAMil B 33JaHHBIX SKCIIEPUMEHTAJIbHBIX TOUKAX.

®ain Mpaska Pacuer [padme OkHa  Cnpaeka

OoE® A BRX =G> RR[(BS

MexaHn3r~1| Mogene HCMEMHMEHT |

I.q j AofaeHTe | Ber I 1 IF[}
Bpeua | A | C |
0.000e+00 9.570e-01 0.000e+00

| 2,000e-01 7.540e-01 1.570e-01
4.000e-01

Puc. 9. Pexxum aBTOMaTH4YECKOTO OMPEICIICHUSI BECOBBIX MHOKHTEIECH.

Ecmu BBl X0THTE 3a1aThb CBOH 3HAYCHUA BCCOBBIX MHOX(HTeHeﬁ, HY>KHO BBIKJIFOYHUTH PC-
KUM aBToorpeaenaus (yOpaTh OTMETKY B mepekitouarene). [lociie 3Toro Beibepure KpuByIo,
HICJIKHYB JIECBOM KHOIIKOM MBIIIM HAa 3arojOBKE COOTBCTCTBYHOLICTO CTOJ'I6I_I3. Ta6JII/II_H>I, n B
nosie «Bec» BBenmuUTe 3HAUCHHE BECOBOTO MHOXHUTENS st 3To kpuBoi (puc. 10). ITo ymon-

YAHUIO MPU OTKIIOUEHHOM PEXHUME aBTOOINPEEICHUS BECOBBIE MHOXKHUTEIHU MPUHUMAIOTCS
PaBHBIMH €TUHULIC.

$afn Mpaeka Pacuer [padue OkHa  Cnpaeka

DHEds AKX =G> R P&

MexaHM3r~1| Modens  SHCTIERMMEHT |

IF\ j AoBaEHTE | Bec I 0,78 T AsToonpeasnsrve secos
I
Bpema A C “h

L 0.000e+00 0.000e+00
Z.000e-01 = 1.570e-01

Puc. 10. 3amanue BeCOBBIX MHOKHUTEIIEH MMOJIB30BATEIIEM.

Ecnm B Tabnuiie HET OAHOMMEHHBIX CTOJIOIIOB, T.€. KpUBask OJJHO3HAYHO OMPEIEIAETCS

Ha3BaHUEM BEIIECTBA, TO YKa3aTh KPUBYIO JJIs BBOJA BECOBOI'O MHOXKHUTENSI MOXHO TaKXke,
BbIOpaB BEIIECTBO U3 CIUCKA B JIEBOM BEPXHEM YTy BKJIAIKH.

1.4. 3aianue ycJ0BHIl peakluU ¥ Pe:KUMA BbIBOAA Pe3yJbTATOB

Ecam B MCXOMHBIX TaHHBIX 3a/1a4d OIpEesieHa TeMIEpaTypHas 3aBUCUMOCTh KOHCTaHT
CKOPOCTH, T.€. 33J]aHbl TapaMeTphl ypaBHEHUsI AppeHnyca, TO HEOOXOAUMO yKa3aTh TeMIepa-
TYpY, P KOTOPOH MOJENUPYETCS X0/ PEAKIIHH.

Jlnst 3ajaHus yCiaoBH peakiiy, a TakKe peKuMa BBIBOJA Pe3yJIbTaTOB pacuera (0 Ko-

TOPOM peydb MONAET UyTh MO3XKeE), HY>)KHO BbIOpaTh B MeHIO MyHKT «Pacuer — Pexum» 1100
Ha)XKaThb COOTBETCTBYIOIIYIO KHOIIKY Ha IMaHEIN UHCTPYMEHTOB (cM. puc. 11).
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mafin Mpaeka | Pacuer lpadkk CkHa Cnpaeka Pain Mpaeka PacyeT [padkk OrkHa  Chpaeka

0O e crapr I D'IEG|DK57<I:H!||-'?I>|
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Puc. 11. Meni «Pacuer» u kHomnka «Pexxnm» Ha maHeIn UHCTPYMEHTOB.

[Ipu 3TOM Ha HKpaHe MOABUTCS AUATIOrOBas MaHeb, I0Ka3aHHas Ha puc. 12.

Penone x|

Temnepatypa— | BelBOA pEsyNbTaTOE

T0 I 293,15 [ Hanowerme rpadHEcE

1 IiEI CETKA N BRErEHH
IV AeToERiGop wara I 3,5 Emax
T2 I a

LWar | Ao k= | i’

[
[0]4 I Cancel | Crnpaeka |

Puc. 12. Ilanenp 3agaHus yca0BUIM peakuK U PeXHMa BbIBOJA PE3YJIbTATOB.

3amaHue TeMIepaTypHOro pe;XxnuMa

[Tporpamma Kinet mo3BossieT NpoBOAUTE pacueT AJs U30TEPMHUUECKUX YCIOBUH, a Tak-
€ IIPU MOCTENEHHOM HAarpeBe WIN OXJIAXJACHUU CUCTEMBI 0 JIUHEHHOMY MM KBaJpaTUYHO-
My 3aKOHY. B o01em ciyyae 3aBUCHMOCTb TEMIIEPATyphl OT BPEMEHH 3a/1aeTCsl B BUJIE

T@t)=T,+Tt+T,t,

rne T,, T, n T, — nocrosuneie kodpduunentsl. [lpn 7, =T, =0 umeeM U30TEPMUYECKHI
pexum (temnepatypa 7,); ipu T, # 0, T, = 0 — Harpes/oxJyiax/IeHUE 110 JIMHEHHOMY 3aKOHY.
I1o ymoiganuo B mporpamme 3alad U30TEPMUUECKUI PEXKUM IIPU CTAaHAAPTHON TEMIIEe-
parype 298.15 K (T,=298.15, T, =0, 7, = 0).
Ecny HU 17151 0JHONM KOHCTAHTHI CKOPOCTH HE 3a/1aHbl ApPEHUYCOBCKUE MapaMeTPhl, TO

pe3ynbTaThl pacueTa HEe 3aBUCIT OT TeMmIepaTypsl. B aToMm ciiydae TemnepaTypa MOXKET ObITh
IPOU3BOJILHON (HAaIIpUMep, MOXKHO OCTaBUTh 3HAYEHUE TI0 YMOJYAHHUIO).

Pe:xuM BbIBOIA Pe3yIbTATOB

[Tpu yrcieHHOM MHTErpUpoBaHUM TUG(dEepeHINATBLHBIX YPaBHEHUM MOJEIH pelleHue
UMeeT TUCKPETHBIN XapakTep, T.€. BBITJISIUT Kak Ta0Nua 3HaYeHUH KOHIICHTpaLui B 3a/1aH-
HbIE MOMEHTBI BPEMEHH Ha OTPaHUYCHHOM OTpe3Ke [0, fyax]. I'OBOpAT, 4TO perienue noiryye-
HO Ha HEKOTOPOU CETKE, KOTOPAast MOKET OBITh KaK pABHOMEPHOM, TaK U HEPAaBHOMEPHOM.

B nporpamme mpemaycMoTpeHo n1Ba criocoOa 3amaHus ceTku. [lepBbiii, Oojiee MpoCTou,
TpeOyeT 3aJaTh TOJBKO MPOTSHKEHHOCTh OTPE3Ka WHTETPUPOBAHUS fmax. Ha 3TOM OTpeske
CTPOUTCS] paBHOMEpHAsi CETKa MOMEHTOB BpPEMEHH, IIPHUUEM €€ IIar OnpeesieTcss aBTOMaTh-
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yecku. Bropoil cnoco0 npenycmMaTpruBaeT HEMOCPEACTBEHHOE 3aJJaHHE CETKH M0JIb30BaTENIEM;
Ha KOJIMYECTBO TOUYEK U UX paclpeiefieHue HUKAaKUX OrPaHUYCHUN HE HAKIIaIbIBACTCS.

[TepBomy croco0y, HCIIOIB3yeMOMY IO YMOITYaHUIO, COOTBETCTBYET PEKUM «ABTOBBI-
6op mara» (cM. puc. 12). B a3Tom cinydae A1O0CTaTOYHO BBECTH B MOJE «tmax» KOHEYHBIH MO-
MeHT BpeMeHu. [Iporpamma ctpout Ha oTpeske [0, fmax] PABHOMEPHYIO CETKY, COAEPKAIILYIO
okono 250 touek. Illar ceTku KoppekTHpyeTcs TakuM 00pa3oM, YTOObl MOMEHTHI BpEMEHU
BBIPA)KAJIHMCh IOCTATOYHO KPYTIIBIMH IH(pamMu, Tak 4TO PaKTHIECKOE KOJTHMYECTBO TOUYEK MO-
JKET 0Ka3aThCsl HECKOJIBKO OOJIbIIE WM MEeHbIIe, ueM 250.

YroObI MCTIONIB30BAaTh BTOPOH CITOCOO 3aaHUSI CETKH, HEOOXOIMMO BBIKIIOUHUTH PEKUM
«ABTOBBIOOD mIara». [Ipu 3TOM CTaHOBHUTCS JOCTYIHOW pacmloioXeHHasl HIKe Tabmuma s
BBO/JIa MPOU3BOJBHOM ceTKH (cM. puc. 13). CeTka COCTOUT U3 MOCIIEIOBATEIHHO UAYIIHUX CET-
MEHTOB, Ha Ka)JIOM M3 KOTOPBIX TOYKH PACIOJIOXKEHBI C MOCTOSIHHBIM IaroM. J[Js kaxmoro
CEerMEeHTa B CTPOKE TAaOJIMIIBI 337al0T AT CETKU U KOHEUHYI0 TOUKy. HauanbpHOM TOUKO# Tep-
BOTO CErMEHTa SBJSeTCS] MOMEHT BpeMmeHH (; Al OCTaJIbHBIX CETMEHTOB HadalbHas TOYKa
COBIIAJAET C KOHEYHON TOYKOW MPEBIIYyIETO CETMEHTA.

T x|

—TeMmnepaTypa — | BrlBOA pESYNETATOE

T =t} [~ Hanowerme rpadHiEoE

11 I—D [ CETKa N BPEmeHK
[ AeToERIGOp Wara I 1 tmax

Lar | Aock= | il
0.01

0.0001
0.001 0.1

0.05
0.25 5

Puc. 13. 3amanne npon3BoNbHON HEPAaBHOMEPHOM CETKH BBIBOJA PEIICHUN.

Ecnum mar He ykaszaH, OH MPUHUMAETCS PaBHBIM JUIMHE CETMEHTA; TOTJa CETMEHT CO-
JEPKUT TOJIBKO OJHY TOUKY (KOHEUHYIO).

Ha puc. 13 nmpuBeneHn npumep 3aiaHusi HEPAaBHOMEPHOM CETKM, COCTOsIILEN U3 7 cer-
MeHToB. Ha otpeske ot 0 o 0.01 touku uayt ¢ marom 0.0001; ot 0.01 go 0.1 — ¢ marom
0.001; ot 0.1 1o 1 — c marom 0.05; ot 1 10 5 — ¢ marom 0.25; nanee UayT ABE OAMHOYHBIE
Touku 7 ¥ 10 (cerMeHThl ¢ OAHON TOYKOI); HaKoHel, Ha oTpe3ke oT 10 1o 100 Touku uayT C
maroMm 10.

[Tpu pemeHny NpsIMON KHHETUYECKOM 3ajjauu MporpamMma BBIBOJUT Pe3yJbTaT B UYHUC-
JeHHO# ¢opme (B BUIC TAOIUIBI KOHIICHTPALIMM HA 3aJaHHOM CETKE) U OJJHOBPEMEHHO B BUJIE
rpaduka KHHETUYECKNX KpUBBIX. ECM peraroTcst HECKONIBKO 3a/1a4, TO IporpaMma rmo yMoJi-
YaHWIO CTPOMT JUISI KQXKJIOTO PelIeHUs OTACIbHbIN rpaduk. OmxHaKo, MHOT/A ObIBACT HYKHO
U300pa3uTh pe3yabTaThl HECKOJIBKUX PEIIeHH Ha o0meM rpaduke, HampuMmep, YToObl cpaB-
HUTH TIOBEJCHNE KUHETUYCCKUX KPHUBBIX MIPHU Pa3HBIX BapHUAHTAX KUHETUYECKOW CXEMBI JINOO
pa3HBIX 3HAYEHUAX KOHCTAHT ckopocTu. [lisg 3Toi nenu npeaycMotpeH pexum «Hamoxxenue
rpadukoBy» (cM. puc. 14).

T x|
TemnepaTypa EblEQA pesyneTaTOE
10 | 293.15 lj&Sr
T I—D 18 MO BPEHEHH
IV ABToEbIGOR Wara I 3.5 tmax
Tz I i

Puc. 14. BxiroueHue pexuma BBIBOJIa HECKOJIBKHX peIIeHUi Ha o01muii rpaduk.
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UYtoObl MOXKHO OBUIO Pa3IMYUTh KPHUBBIC, MPUHAICIKAIIUE PA3HBIM PEIICHUSM, OHH Ha
o0miem rpaduke n300pakaroTcst TMHUSAMU Pa3HON TOJIIKHBI.

B nporpamme Taxke uMmeroTcst 6osee THOKHE CPECTBA YIIPaBJICHUS TpaduKaMu, KOTO-
pbie TIO3BOJISIIOT OTOOpaXaTh OJHU U T€ KE PE3yNbTaThl HA HECKOIBKUX IrpaduKax B pa3HbIX
Macmrabax, B JIMHEHHBIX W JOrapu(MHUECKUX KOOpIWHATAX, a TaKKe CTPOHTH (Ha30BbIC
noptpethl. [logpoOHocTH cM. B pazaene «Pabota ¢ rpadukaMm.

1.5. BpeMeHHoO€ UCKJIIOUEHHE JAHHBIX

[Tporpamma mO3BOJISIET BPEMEHHO MCKIIIOYATh U3 PACCMOTPEHHS OTIEIIbHBIC dJIEMEHTBI
JaHHBIX, HE YAAISISI UX PU3MYECKU U3 ONUCAHUS 33/1a4i. B 4acTHOCTH, MOKHO UCKIIIOYATh U3
KWHETHYECKOW CXEMBI OT/ICIbHBIC PEaKINH, a U3 IKCIIEPIMEHTAIBHBIX TaHHBIX — OT/EIIbHBIC
TOYKH WJIM KUHETHYECKHE KPUBBIC IIETUKOM. J[JIs1 TOro, 4TOOBI UCKIIIOYHUTh KaKOH-THOO0 31e-
MEHT, €ro HY>KHO BHaYaje BBIZCITUTH IIEITYKOM JIEBOW KHOIIKH MBIIIH, a 3aTEM BBIOPATh B Me-
Hi0o myHKT «[IpaBka — HMckmounTte» 1mO0 HakaTh COOTBETCTBYIOIIYIO KHOIKY Ha ITTaHENN
UHCTPYMEHTOB (puc. 15). ¥ HCKIIIOUEHHBIX 3JIEMEHTOB (DOH M300paKEHHUSI MEHSETCS] Ha CBET-
J0-ceprlii (puc. 16).

VckinroueHHBIH 3JIEMEHT MOKHO BHOBb BKJIIOUUTH B JIAHHBIC, BBIICIHB €0 MBIIIBIO U
BBIOpaB 3aTeM MyHKT MeHIO «lIpaBka — BKIIOUNTB» MM Ha)XaB COOTBETCTBYIOIIYIO KHOIIKY
Ha maHenu WHCTpyMeHToB (puc. 17). B mento «[IpaBka» nmeercst Takxke MyHKT «BKiIo4nTh
BCE», KOTOPBI MO3BOJISIET OTMEHHUTDH BCE paHee CACTaHHbIC UCKIIIOYCHHS Ha TeKyIIeH BKIIAJ-
ke. [Ipu aToM He TpeOyeTcs peIBapUTEIbHO BBIIEISATh HCKIIOYCHHBIE SJIEMEHTHI JaHHBIX.

I[El:l:mrew'.kin - Kinet

DaHn | Mpaeka Pacd4eT Fpaduk  OkHa  CRPaEka

Itﬁl:lzlnrew.kin - Kinet
Dain Mpaeka PacdeT [paduk OkHa Cnpaska

O seare  cdd i@ d| DOES WS X é ]
ONHPOBATE fikn
MEXar g ragums (a5 MBELIEL |M°ﬂe”b I SKCMEPHMEHT I
BCTEEMTE
¥AEMHTE hKLA Peakuuna
2 BINHIHMTE z =4
3 BrAHOYMTE BCE 3 B=C
HECTRErEH .. =

Puc. 15. BpeMeHHOE HCKITIOUCHUE PEaKIUK ¢ TIOMOIIBI0 MEHIO (CJIeBa)
Y TIaHEJTU MTHCTPYMEHTOB (CIpaBa).

B x]
dafn Mpaeka Pacder TpadHk  OkHa  Cnpaska
O ® DX BX=+ &b MRS
MM aHHzH |M0.ﬂenb I SKCMEPHMEHT I
| k(T) = A - exp(-Ea/RT} - (T,/298)"
PeakL1a | k wmd A | Ea n | | ki{z98.15) | =

1 |A=B 4.5 ] 4.5

2z E=4 | 0.8 ] 0.8

3 B=C 1.2 ] 1.2

Puc. 16. Kunernueckasi cxema ¢ UCKIIOUYEHHOMN peakIue.
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I[El:l:mrew'.kin - Kinet Itﬁl:lzlnrew.kin - Kinet

DaHn | Mpaeka Pacd4eT Fpaduk  OkHa  CRPaEka Dain Mpaeka PacdeT [paduk OkHa Cnpaska

[ (£ Eelpesars |43 I:II!I"«E;'D| D]Ea|m%iﬁ|:|!té|l‘bb|
] 5w = i o

MEXar g ragums bl MEXEHHZM |M0ﬂeﬂb I SKLMEPHMEHT I

BCTEEMTE
¥AanHTe

AKLLHA Peakyua

1 WK HHTE

1
3 BrAHOYMTE BCE 3 [E=C

HECTRErEH ..

Puc. 17. BriroueHue paHee UCKIIFOYCHHOM PEaKIMK ¢ TIOMOIIBIO MEHIO (CIieBa)
Y TIaHEJTM MTHCTPYMEHTOB (CIpaBa).

Ha Bxiiagke sKCrepuMEHTANBHBIX JAaHHBIX MOXKHO HCKIIIOYATh OTAETIbHBbIC TOUKH. J[is
ATOTO CJEAYET BBIJACIATh MBIIIBIO WHIWBUIYAIbHBIC STYEUKH TaOMHIBL. UTOOBI MCKIIOYUTH
KaKOW-TO MOMEHT BPEMEHHU M3 BCEX KPUBBIX, HYXKHO BBIIEIHUTH IETUKOM CTPOKY TaOJIHIIBI.
DTO0 Jenmaercs MEeTIKOM JICBOW KHOTIKM MBI Ha 3aroJIOBKE CTPOKH. UTOOBI MCKITIOYUTH IIe-
JMKOM KUHETHUYECKYIO KPUBYIO, BBIJCISIOT CTOJIOEI] TAOIHIIBI IIETYKOM Ha €Tr0 3ar0JIOBKE.

2. Pemienue npsiMoil KHHETHYECKOM 3a1a4M

YToOb! pemuTh NpsMyI0 KHHETHYECKYIO 3a7ady, HeOOXOIUMO BBITIOIHUTH CIEAYIOLINE
I1aru:

1. Ha Bxiagke «MexaHU3M» BBECTH KMHETHYECKYIO cxemy (Habop peakuuii) U 3a7aTh
KOHCTaHTBI CKOPOCTH.

2. Ilepeiitn Ha BkIaaky «Mojenb» 1 BBECTU HaualdbHbIE KOHIIEHTpauuu. [Ipu Heobxo-
JUMOCTH BBECTH JIOMIOJHUTEIIHHBIC BEINECTBA W/WIM W3MCHHUTh HEKOTOPBIC YpaBHEHUS, KaK
onucaHo B 1. 1.2.

3. Uepes mento «Pacuer — Pexxum» mim KHOMKON Ha MaHENIU WHCTPYMEHTOB OTKPBITh
JIMAJIOTOBYIO TMAaHENIb YCIOBUM pEakIMu W peXuMa BBIBOJA pe3yibTaToB (puc. 12). 3amath
TEMIIEPATYPY, CETKY BBIBO/IA YUCIICHHOTO PEUICHUS M PEKUM HAJIOKEHUs IpaUKOB, KaK OIH-
caHo B 1. 1.4.

BwmecTto nm. 1-3 MOXHO 3arpy3uTh paHee COXpaHEHHBIE HCXOIHbIC JaHHBIC U3 daiia.

4. BeiOpats Tum pemiaeMoil 3amaun (mpsiMas win obpaTtHas) B MeHIo «Pacuet». Ilo
YMOJTUAHHIO YCTaHOBIIEH BapuaHT «IIpsimast 3amaday.

5. 3anmyctuth pacuer. J[Jig1 3TOro ectb Tpu BO3MOKHOCTH: uepe3 MmeHw «Pacuer —
CrapT», KHONKON Ha MaHeIu MHCTPYMEHTOB WM «ropsidei» kiaBumien F5 (cm. puc. 18)

et
a | PacueT Mpadme OkHa Cnpaeka PacueT Tlpadmk OKkHa Cnpaska
o R M BX = b RR
Pexhm. .,
oz EnE | SKCNEPHHEHT |
® [lpanad sa434a
OBpaTHaA zaaa4a
Peakyu1Aa Peakuna
-6
N4+ D+EB +D+E

Puc. 18. 3amyck pacuera ¢ MOMOIIBIO MEHIO (CJIeBa)
WJTY TIaHEJTM HHCTPYMEHTOB (CIIpaBa).

6. Ilo oxoHUaHUU pacucTa B I'”IaBHOM OKHC IOSABJIAOTCA ABC HOBBLIC BKIIAJIKU: «Peme-

Hue 1» u «['paduk 1». Ha mepBoii U3 HUX NpENCTaBICHBI PE3ybTaThl B YUCICHHON (hopme,
Ha BTOPO N300paK€HbI KHHETUYECKUE KPHUBBIC.
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Jlanee MOKHO BHECTHU KaKUe-TMOO U3MEHEHUs B JAaHHbIE (U3MEHUTH TEMIEPATYpy, Ha-
YaJbHble KOHLIEHTPALUH, J00ABUTh UM UCKIIOYUTh HEKOTOPBIE PEAKIMU U T.I.) 1 HOBTOPHO
3aIyCTUTh pacdeT. Pesynbrarel mosiBsATcs Ha BKIankax «Pemrenume 2» m «I'paduk 2», ecin
PEKUM HaloXXeHUs rpauKoB BbIKIIOUeH. Ecnu ke Hano)xeHue rpagMKoB BKIKOYEHO, TO HO-
BbI€ KpUBbIE MOSABSTCS Ha MPEbIAYyIIEM Ipaduke.

PesynbraTtel HymepyroTca no nopsaky: Pemenwe 1, Pemenue 2 u T.1., mpuyem 3Ta
CKBO3HAsi HyMepalusi MpoJ0JDKAETCsl Ha TMPOTSHKEHHH BCErO ceaHca paboThl C MPOTrpaMMOi,
Jla’ke eCI KaKhe-TO BKJIAJIKH C pe3yJibTaTaMU ObUIN 3aKPBITHI.

YucneHHble pe3ysibTaThl pacueTa MOXKHO SKCIIOPTUPOBATh B JIpyTrue NIpOrpaMMbl B BUJIE
TEKCTOBBIX (haiioB nmbo ¢aitioB B popmare CSV (Comma Separated Values). [Tociennuii
BapuaHT Hanbosee yno0eH A1 IepeHoca JaHHBIX B AJIEKTPOHHYI0 Tabuuiy Excel.

3. Pabora ¢ rpadpuxkamu

ABTOMAaTHUYECKHU TOJydaeMble TpauKy HE BCEr/aa JOCTATOYHO HATJSAHBI U 4acTO Tpe-
OyIOT M3MeHeHUsI MaciTaba, UCKIIIOUEHHUSI HEKOTOPBIX KPUBBIX U TOMY MOJIOOHBIX JIEWCTBUM.
Kpome Toro, OBIBaET CI0KHO TOHATH, KAKOMY BEIICCTBY NMPUHAICIKHUT Ta WIH UHAS KPUBas.
Mento «I'paduk» mo3BoIsIE€T MOCMOTPETh 0003HaueHUsT KpUBBIX (MyHKT «Ilokazate 0603Ha-
YCHUS»), BBIOJIHUTH PAa3HOOOpA3HBIC JICUCTBUSA, YNPABIAIONINE coaepx)aHueM Hu (hopmoi
oToOpaxkeHHs NaHHBIX (MyHKT «DopMmaTy»), a TaKKe cO3[aTh HOBBIN IpaK Ha OCHOBE YXkKe
BBITIOJTHCHHBIX pacdeToB (MyHKT «HOBBII rpaduky»), HampuMep, MPEACTaBHTh TE )K€ PE3yJib-
TaThl HE B JIMHEHHBIX, a B JOrapu@MUUYECKUX KOOpPAMHATAX, U300pa3uTh (pa3oBbIi MOPTPET
peakuuu (CBS3b MEXIy KOHIICHTPAIMSIMHE JBYX BEIIECTB), COSUHUTH Ha OJHOM rpaduke pe-
3yJbTaThl HECKOJBKUX PAcUyeToB Oosiee THOKHM 00pa3oM, YeM 3TO MO3BOJSET JeNaTh PEKUM
HaJI0XKCHUSL.

[ToMHUMO TJ1aBHOTO MEHIO POrPAMMBI MOKHO BBI3BaTh KOHTEKCTHOE MEHIO YIIPaBJICHUS
rpaduKoM, MEIKHYB MPABOH KHOMKOW MBIIIHA. B KOHTEKCTHOM MEHIO MPUCYTCTBYIOT ITyHKTHI
«ITokazaTth 0003HaueHUN, «/{00aBUTH perieHuey, «Yopats pemenue» u «Dopmar rpadukay.
IlepBrIil 1 MOCAEAHUI U3 HUX BBIMOJIHSIOT T€ K€ JEUCTBUS, YTO U COOTBETCTBYIOIINE MyHKTHI
B [VIAaBHOM MEHI0. JIBa APyTrUX MyHKTa MMO3BOJISIIOT MEHITHh COCTaB JaHHBIX HA rpaduKax, 00b-
EIMHSIOIINX PE3YIbTATHI HECKOJIBKUX PACUETOB.

3.1. O0o3Ha4YeHUsI KPUBBIX

HYHKT MCHIO ((Fpa(bI/IK — IToka3aTs 0003HAUYECHU» OTKPBIBACT BCIIOMOT'aTCJIbHOC OKHO,
B KOTOPOM IIOKa3aHbl Ha3BaHUSA BCIHICCTB W LBCT COOTBCTCTBYIOIIMX KPUBLIX Ha rpa(bmce

(puc. 19).

06o3HaueHHs - [pad x|

PeweHue 2

—— CH3

] T

—— CH4
CoH4
H

107 - H2

] — 3B

CaH10

1070 4

Puc. 19. OkHO ¢ 0003HaUECHUSIMH KPUBBIX.
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beiBatoT Oosiee clokHbBIE Clay4yau, KOIJla TakuX oOoO3HaueHuM HemoctaroyHo. Hampu-
Mep, NHOT/Ia KpUBbIE HAKJIAABIBAIOTCS APYT Ha Apyra. Kpome Toro, 6iu3kue 1BeTa JUHUNA HE
BCEI/la yAaeTcs yBEPEHHO pa3nnuuTh. [loaTOMy B mporpamme npeaycMOTPEHO MOJydeHUE
MH(POPMALIMU O KPUBBIX HEMOCPEICTBEHHO Ha rpaduke. JocTaTOYHO HaBECTH Kypcop MbIIIN
Ha KPUBYIO U LIEIKHYTb JIEBOM KHOIKON — MOSIBUTCS IPSIMOYTOJIBHUK C TEKCTOM, TJ€ yKa3a-
HO Ha3BaHHUE BEIECTBa (MM HECKOJIBKMX BEIECTB, €CIM KPUBbIE HAKIA/IbIBAIOTCS) U KOOP-
JUHAThl TOYKH, T.€. BPEMsI U KOHLEHTPALIUs:

b =0.000Z15
CEZHS 1, 7e-09
C4H10: 1.69e-09 | —

b =0.000351
CH4 : §.53e-09

Puc. 20. Uudopmanust 0 KpuBBIX, BHIBOJAUMAS IO MIETYKY JI€BOWH KHOIKOW MBIIIIH.
CrneBa OqMHOYHAS KpUBas, CIIpaBa NEPECEUCHHE IBYX KPUBBIX.

Ecnu B nanHOW TOUKe HAKJIAABIBAIOTCS Oojiee TpeX KPUBBIX, TO Oy/leT BbIBeleHa WH-
(bOpMaHI/ISI O IICPBBIX TPEX U3 HUX U MHOI'OTOYHUEC, ITOKA3bIBAIOIICC, YTO CIIMCOK HETIOJTHBIH.
3.2. YnpaBaenuedpopmarom rpadpuka

Yepes mento «I'padpuk — DopmaT» WM MyHKT KOHTEKCTHOrO MeHio «®Dopmat rpadu-
Ka» OTKpBIBAETCS MaHENb YIpaBJiIeHUs (opMaToM, oKa3zaHHas Ha puc. 21.

dopmat rpadura ﬂ
II’pachK 1 'I %
KpHBtie | Macwrah I
— MICTOMHHE AaHHBL Ok afcumce
IPELIJBHME 1 'I JoGasHTE || ¥hpaTte I IBpemq j
PeareHTt | | UeeT |Tunu|,.|l:nmb| ﬂ
| 1|CeHe EREN ! o —Mz00paeHHe AMHARA
2|cH3 [T T 1 ]
3|C2Hs mm | ! 0 IJ'lDMaHaFl vI
4|CH4 | ! 0
| 5|CzHd 1 a —OBnacTe rpadmika —
B H 1 a TNHHHK CETER
7|Hz 1 o
8|C3H3 o ! a Bre A
| 9] 410 ! o LEeT ceTkM |
| D LeeT hoHa |
U [ |
Ok | OTHEHS | MpPHMEHHTE: | Cnpagka |

Puc. 21. Tlanens ynpasnenus popmarom rpaduka. Brmagka « Kpusbiey.

[Tanens conepxut aBe Bkiaaaku: «Kpussie» u «Macmtad». Ha nmepBoit u3 HuX npucyT-
CTBYET CIIMCOK BEILECTB, B KOTOPOM MOXHO 33JaTh LIBET, TOJIIUHY U CTHJIb JUHHUM (CIUIONI-
Hasl, IITPUXOBAasi, MyHKTHP U T.N.). KBagpaTtuku ¢ rajoukamu crpaBa OT Ha3BaHHWH BEILIECTB
YKa3bIBaIOT, HYXKHO JI1 0TOOpaaTh JaHHYIO KPUBYIO Ha TpaduKe.

Ecnu Ha rpaduke npeacTaBieHbl pe3ybTaTbl HECKOJIBKUX PacdyeToB, TO OKHO CO CIIH-
CKOM BEILIECTB U XapaKTEPUCTUKAMU KPUBBIX COOTBETCTBYET OJHOMY M3 HMX. UyTh BbIllE,
1oJ| 3arojJoBKOM «VICTOYHMK JaHHBIX» HAaXOJUTCS PACKPHIBAIOIIMNCS CIHCOK, B KOTOPOM
MOYKHO BBIOpaTh TO Wi uHOE pemeHue. Kuonku «YOopaTte» u «J1o0aBUTh» CiryKaT A7 H3Me-
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HeHHs HaOopa MCTOYHHKOB JAHHBIX, CBSA3aHHBIX C JaHHBIM TrpaduxoM. IlomMmumo pacueros,
HUCTOYHMKOM JaHHBIX MOTYT CIIY)KUTb 3KCIIEPUMEHTAJIbHBIC KPUBBIC, €CIIM OHU BBEIECHBHL. B
OTJIMYUE OT PACCUMUTAHHBIX KPHBBIX, JaHHBIE JKCIIEPUMEHTa OTOOpa)karoTcs Ha rpaduke B
BH/JIEC TOYEK.

21|
Basic colors:
CTCECEEE
[rpatct ] e b
EFNEENNN
KpHEEIE | MacwTat I - - - - - - - - 4
—HICTOMHHE AaHHEIX ———————————— - - - . . - . .
IPeLueHne 1 ’I ApBEEHTE - - - - - I_ . I_
Pearent |.| Leer |T Custom colors; B
| 1/C2He [111]
| 2o (] mmm FFFFFFFF Hue[0  Red[255
|_3|CeHs 3 Sat: W Green: IU_
| i Define Custon Eolanes > | ColorlSglid ), Iﬁ El IU_
| 5|C2H4 = Luri; lue:
| B|H [LLL) ok I Cancel | Add to Custom Colars |
7|Hz
_ | 8lcae mm | | 0 [Bice ]
9|C4H10 1 0
| —— LIEeT ceTH
[N E |
| LigeT doHa
[ ] = _|

o
=

| OTHEHS | ﬂpHMEHHTbl Cnpaska |

Puc. 22. U3meHeHue 1BeTa KpUBBIX.

[[BeTa nuHUI Ha rpaduKe MOKHO MEHSATbh. [ 3TOro n0oCTaTOYHO chenaTh JBOMHOM
IIETYOK JICBOW KHOIKOM MBIIIM Ha IBETHOM INPSAMOYTOJILHUKE B cTOnOIEe «LIBer». OTKpbIiBa-
eTcsl CTaHapTHas MaHesNb 171 BeiOopa 1BeTa (puc. 22).

B mpaBom BepxHeM yriy BkiIaaku «KpuBble» 3amaeTcs BEIMYMHA, CBSI3AHHAS C OCBIO
abcuucc. Ilo ymonuanuto 3to «Bpemsay», T.e. Ha rpaduke H300pakaeTcst 3aBUCUMOCTh KOH-
LEHTpaluuil OT BpeMeHu. BMecTo BpeMeHH 13 OTKPBIBAIOLIETOCs CIIMCKAa MOYKHO BbIOpaTh OJ1-
HO U3 BewlecTB. B aToM ciydae rpaduk OyaeT mpeacTaBisTh coO00i (a3oBblil MOPTpET, T.€.
3aBUCHUMOCTb KOHLEHTPALUN IPYTUX BEIIECTB OT KOHLEHTPALMU BBIOPAHHOTO BellecTBa (e
BpEMs CIIy>KUT ITapaMETPOM ).

Hwxe MOXHO BBIOpATh CIIOCOO CTIIaKMBAHUS TPU N300payKEHUH KPUBBIX: JIOMaHasl, Co-
€IMHSAIONIAs pacueTHbIE TOUKH, JIMHEHHAsE HHTEPIOJALUs (KOTOpasi MPaKTUYECKH PaBHOCHIIb-
Ha UCIOJI30BAHUIO JIOMAHbBIX JIMHUHN) U KyOW4eCKU CTUTaiH.

Eme Huxe BbIOMpaeTcss TUN CETKU (TIPH KeJTaHUM MOYKHO €€ COBCEM yOpaTh), a Takxke
I[BET CETKH W IBET (hoHA HA TpaduKe.

Bropas Bknaaka, «Macmtaby», CIy>KUT 7Sl yHOpaBlIeHUS MacIITaOMPOBAHUEM KPHUBBIX
(puc. 23 u 24). B BepxHel TOJOBUHE BKJIAJIKH 33/1a€TCsl MacIiTad JuIs ocu abcuuce, B HIK-
Hell — s ocu opauHat. ClieBa HaXOQUTCS TPYINa BEIOMPAEMBbIX MapaMeTpoB, 00BEAUHEH-
Has moja Ha3zBaHueM «Croco® MacimtabupoBaHUs». MOXXHO BBHIOpaTh BapHaHTHI «ABTO» U
«PydHoii». B mepBom ciydae mporpamma camMoCTOSITEILHO BBIOMpAET MacmiTtad, BO BTOPOM
napamMeTpsl MaciuTada 3aaeT monb3oBaTens. Kpome Toro, MoxHO BbIOpaTh OJMH U3 ABYX Ba-
PHAHTOB IIKaJIbl — JUHEHHYIO («JIuH.») wim morapudmudeckyro («Jlor.y).

[Tpu aBTOMaTHYeCKOM BBIOOpE MaciITaba OCH OpIMHAT BO3MOXKHBI JIBa CIIOoco0a: orpe-
JeNATh TUana3oH 3HAYEHWH MO0 BCEM H300paKE€HHBIM KPUBBIM JIMOO BBIOpATh HAMITYUIIHN
macmTal s KakoH-TO OJHOW KpHUBOH (IIpU 3TOM JAPYTrHe KPHBBIE MOTYT BBIUTH 32 TPEAEIIbI
obnactu rpaduka Wi Ha00OPOT CIUTHCA € OChI0). J{st ocu abciuce Takoi BBIOOP OTCYTCT-
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BYET, IMOCKOJBbKY OHA MOXKET OBITh CBSI3aHA TOJIKO C OJHOHN BEIMYMHON — BPEMEHEM WIIH
oJlHOW u3 KoHUeHTpauuil. Eciu Ha rpaduke mpeacTaBieHbl pe3yiabTaThl HECKOJIBKUX pacue-
TOB WJIM PAcUeT U 3KCHEPUMEHT, TO MOYKHO JOIOJHUTEIBHO yKa3aTh, 10 JAHHBIM KaKOIro MC-
TOYHHMKA MPOU3BOJUTCS aBTOMaTHYecKui BbIOOp MacmTaba. [To ymondaHuio ucnonbiyercs
COBOKYITHOCTb JJaHHBIX U3 BCEX UMEIOLIUXCSI HCTOUHUKOB.

dopmat rpadura ﬂ
II’pachK 1 - I [\é
KpHELIE MacwTab |

Ok abicumee
—Cnocof MacwTabHposaHHA

IABTD j IBDBMH j Arnin I 0 War MeTok I 0,001

IJ'IMH. j IPemeHne 1 j Amax I 0,003 Manele gen. |=1- j

— Ok OpAHHAT
—Cnocof MacwTabHpoEaHHA

—MapaMeTpel

—MapamMeTpel

IABTD j IBce pEareHTEl j Yrnin I5.66&-13 Llar MeTok 100

IJ'IDr. j IPemeHne 1 j Yrna I 0000102 Manee aen. I 1 ill

Ok | OTHEHS | ﬂpHMEHHTbl Cnpagka |

Puc. 23. Ynpasnenue cnocodoM MaciitabOupoBaHusl.

dopmat rpadura ﬂ
II’pachK 1 - I
KpHELIE MacwTab |

Ok abicumee
—Cnocof MacwTabHposaHHA

IABTD j IBDBMH j Arnin I 0 War MeTok I 0,001

IJ'IMH. j IPemeHne 1 j Amax I 0,003 Manele gen. |=1- j

— Ok OpAHHAT
—Cnocof MacwTabHpoEaHHA

—MapaMeTpel

—MapamMeTpel

IBce pEareHTEl j Yrnin I D2.668-13  Llar meTor 100

IJ'IDr. j IPemeHne 1 j Yrna I 0.000102  Manwie aen. I 1 ill

Ok | OTHEHS | ﬂpHMEHHTbl Cnpagka

Puc. 24. Pyunoe 3amanue maciraoa.

Ecnu BbIOpaHo pyuHOe MacmTabupoBaHUe, TO MapaMeTpbl MaciiTada CTaHOBATCS JOC-
TYHHBI JUIS1 IPOU3BOJIBHOTO M3MEHEHHUA. 3aJal0TCsl YEThIPE BEJIWYMHBI: BEPXHUM U HWKHUN
npeebl 3HaYeHUI A1 JaHHOM OCH, LIar OCHOBHBIX JIEJICHHM, Y KOTOPBIX CTAaBSITCS YHUCIIO-
BbI€ METKH, M KOJIMYECTBO MAJBIX ACIEHUN MEXIy ABYMsI OCHOBHBIMU. Eciiy mosib3oBartesnn
3a/1aJ]1 MPOTUBOPEUMBLIE 3HAYCHHSI TApAMETPOB (HApuMep, 1iar AejieHui Oobliie, 4eM JUIMHA
OCH), IPOTrpaMMa UX CKOPPEKTUPYET. B uacTHOCTH, ClelyeT UMETh B BUAY, YTO MPU UCIIOJIb-
30BaHUU JIOTapU(PMUUECKON IIKAIBI OCh KOOPJMHAT HE MOKET COJEpKaTh HyJI€BOE 3HAUEHUE.
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4. PemmieHue 00paTHOM KUHETHYECKOM 321241

s pemeHust oOpaTHON 3a1aud HEOOXOIMMO 33JaTh 3KCIIEPUMEHTAIbHbIE KMHETHYe-
CKHE KpUBBIC Ha BKJIaAKe «IKcrmepuMeHT» (cM. Bbime 1. 1.3 u puc. 7-10). Kpome Toro, Ha
BKJIaJKE «MexaHuzm» HYXHO OTMCTUTb KOHCTAHTBI CKOPOCTH, IMOJICKAIIIUC OTITUMU3AlIUN:

| k(T) = A - exp({-Ea/RT) - (T/298)"

| k unu A Ea n | |k(293.15)

1 1

10 LT{:% 10

Puc. 25. 3anaHue onTUMU3HPYEMBIX KOHCTAHT CKOPOCTH.

Tun pemaemMoit 3agaun 3aaerTcs B MeHI0 «PacdeT»; He0oOX0AMMO TaM OTMETUTh IyHKT
«O6patHas 3anaua». [locine 3TOro MOXKHO 3aIyCTUTh pacdyeT TOYHO TaK e, KaK U B CiIydae
NpsIMOM 3a71a4u, T.€. yepe3 MeHto «Pacuetr — CTtapT», COOTBETCTBYIOIIEH KHOMKOW HA MaHEIn
MHCTPYMEHTOB WJIH «ropsiuei» kinauie F5.

ITo oxoH4YaHMU pacueTa B IIaBHOM OKHE MpOrpaMMbl MOSBIsETCs BKiaaka «OOpaTHas
3amaya» ¢ pesyabTaramu. [lo ymMomyaHWio pe3yibTaThl MPEACTaBICHBI B KpaTKoW dopme
(puc. 26, cneBa); a eciny MOMETUTDH rajloukol MyHKT «[lokazate moxpoOHO», TO OyAeT moka-
3aHa JOMOJHUTEIbHas uHopmanus (puc. 26, cpana).

MExaHKsm I Moaens | SkcnepumeHT  OBPaTHAA 334343 |

MpHHATE |

[Ex aHHSM I Maaens | SKEMEPHHEHT !

[ Nokazate noapobHo MPHHATE | [%

HayansHoe npubnmwxeHune HavyaneHoe npudnmkeHne
k=1 k1=1
k2=10 k2=10
Kpueaa A Fpueaa A
S50: 1.2070e-01 (weight: 4.7560e-+00) t Jkcnepum.  Pacuer PazHocTe
0.000 957001 1.000e+00 1.300e-02
Kpueaa C
_ 0.200 7540e-01 818701 B.473e-02
230 1.5036e-01 (weight: 2.137%e+H10) 0,400 S9RDe01  B70%e-01 7432802
OB aA cymma EzEeleHHsx 550 B.9552e-01 0.600 4.710e-01  5.488e-01 7.781e-02
0.500 2780e00  4.493e-01  1.713e-01
ONTHMH3INPOBAHHEIE KOHCTAHTEI 1.000 2130e-01 367901 1.54%e-01
k1 = 1.4291 1.200 1.840e-01 3201 1.17Ze-1
k2 = 12007 1.400 1.340e-01  2.4BBe-01  1.128e-01
1.600 8E00e-02 201901 1.155e-01
Kpuean A 1.800 8300202 165301 8230602
550: 6.0947e-03 {weight: 4.75E0e+00) 2.000 660002  1.353e-01 B.934e-02
Kpueaa C S50 1.2070e-01 (weight: 4.7560e-+H10)
5500 1.9683e-02 (weight: 2.1379e-+00) Kpueaa C
Obwaa cymma ezeeweHHEx 550; 7.10653e-02 t 3kcnepum.  Pacwer PazHocTe
[aNnnlnl 0 Onn- nn M An- onn 0 Onn- nn

Puc. 26. Kpatkas u noapo6Has ¢opMbl BbIBO/Ia PE3yIbTaTOB PELICHUS 00paTHON 3aauu.

PesynbraThel B KpaTkoit hopmMe comepikaT TOIBKO 3HAYCHHUS KOHCTAHT CKOPOCTH (MCXOI-
HbI€ U ONTUMU3HUPOBAaHHBIE) U CYMMBI KBaapaToB oTKIoOHeHUH (SSD, Sum of Squared Devia-
tions). Eciii B pacdere UCTIONIB30BaHbI SKCIIEPUMEHTAIBHBIC JaHHBIE 10 HECKOJIbKMM KHHETH-
YEeCKHM KpPUBBIM, TO MPHUBOAMTCS CyMMa KBaJpaTOB OTKJIOHEHUH AJIS KaXI0W KpUBOH B OT-
JIEIbHOCTH (BMECTE C COOTBETCTBYIOIIMMHU BECOBBIMU MHOKUTEISIMHM) U oOwias cymma SSD,
YMHO>KEHHBIX Ha BECOBbIE KOA((UIIMEHTHI, KOTOPAst U SABJISETCS MUHUMU3UPYEMOW BEIUYH-
HOM.
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B pacmmpennyo ¢popmy pe3ynbTaToB 100aBICHO MOTOUYEYHOE COMOCTABICHUE PacCUH-
TaHHBIX U SKCIIEPUMEHTAIbHBIX KOHLIEHTPAIUH.

Knomnka «IIpuHsaTEY», pacmnonoxkeHHass Haj TaOJUIIEH pe3yJIbTaToOB, MO3BOJISET MEpEHe-
CTU HallJICHHbIE 3HAUYEHUSI KOHCTAHT CKOPOCTH Ha BKIAJKY «MeXaHu3M» U UCIOIb30BaTh UX
JUTSL TIOCJIEIYIONIETO pelieHust mpsiMoit 3anaun. [Ipu sTomM ncxoanble (HEONTUMU3UPOBAHHBIE)
KOHCTaHTbl CKOPOCTH 3allOMHUHAIOTCS, a Ha3BaHWe KHONKU «lIpuHsATh» meHsieTrcs Ha «Bep-
HyTh». lIpu ee MOBTOPHOM Ha)XaTWW MPOU30MIET OOMEH NaHHBIX M OYIyT BOCCTAHOBIICHBI
MPEKHUE 3HAYEHMS] KOHCTAHT CKOpOCTU. bnaromaps 3TOMy MOKHO pEelIMTh JBa BapuaHTa
HpﬂMOfI 3ala41 — C UCXOAHBIMU U ONITUMU3SUPOBAHHBIMU KOHCTAHTAMH — W HArJI1IIHO CpaB-
HUTb PE3yJbTATHI.

B oTimmune ot MpAMBIX 3a1a4, JJIA KOTOPBIX MOKCT OBLITH CO31aHO MHOTI'O BKJIaIOK C pPe-
3yabTatamu, mporpamma Kinet monb3yercst eJMHON BKIIAKOM A Bcex oOpaTHbIX 3aaa4. [lo-
TOMY pELIEHHE HOBOTO BapHaHTa OOpaTHOW 3a/layll YHUUTOXAeT MPEAbIAYLIUE Pe3yIbTaThl
(0IHAKO UX MOXHO COXPAHHTD MTyTEM SKCIIOPTA B TEKCTOBBIN (haiii).

5. Xpanenue 1aHHBIX B (pails1axX U IKCHOPT pe3yJIbTATOB

5.1. Ucnosib30Banue (pailyioB ¢ MCXOAHBIMH JAHHBIMHA

Hcxonuble naHHble 3afauu (HaOOp peakuuid, HeCTaHAAPTHBIC YpaBHEHUs MOJEIH, yC-
JIOBUSI TIpOLIECcCa, SKCIIEPUMEHTAIbHbIe KPUBBIE) MOXKHO COXpaHATh B Qaitnax. s sToro uc-
HOJIB3YIOTCS IYHKTHI MeHI0 «@aiim»: «OTKpbITEY», «CoXpaHuThy», «COXpaHUTh KakK...» U «3a-
KpBIThY. Dalibl JaHHBIX 15 iporpamMmbl Kinet uMmeroT pacmpenue .kin.

JlaHHbIe XpaHATCS B IPOCTOM TEKCTOBOM (popmare; MpH HEOOXOIUMOCTH B HUX MOXKHO
BHOCHUTh M3MEHEHHUS C TTOMOIIBIO JTI000T0 TEKCTOBOTO penaktopa, Hampumep Notepad. (On-
HAKO TEKCTOBBIE Ipolieccopsl Bpoae Word ams atoro He roastcs!)

[Tporpamma Kinet mst Windows MokeT Takke 4uTaTh (DailJibl JaHHBIX, CO3/IaHHBIC B
nporpamme Kinet ayss DOS. s storo npu otkpbiTiu (aitna (MeHto «®aiin — OTKpBITHY)
HYKHO BbIOpaTh THIl HaHHBIX «JlanHbie Kinet nius DOSy. [lpountaB nannbie B crapoM (op-
MaTe, MOKHO TYT K€ COXpaHHUTh UX Kak AaHHble Kinet s Windows u Takum 00pa3oM BbI-
NOJHUTH KOHBepTanuto. Crenyer, oJHaKo, UIMETh B Buay, uto B Kinet anss DOS ne 3anaBa-
JUCh apPEHUYCOBCKHE MapaMeTpbl KOHCTAHT CKOPOCTH U TeMIlepaTypa, OSTOMY JIaHHBIE B
cTapoM ¢opmaTe He coepkar moi00H0 HHPOpMAaITHH.

5.2. Jkcnopr pe3yabTaTroB pacyera

[Tporpamma Kinet mo3BosisseT 3KCOPTHPOBATH MH(DOPMALIUIO O 3a/1adye U Pe3yJIbTaThl
pelieHus npsMoil U 0OpaTHOM 3aayu B BUJE MPOCTOrO TEKCTa; KPOME TOTO, KHHETHUECKHE
KpPHBBIE B UHCIEHHOM (hopme MOryT 3kcnoptupoBarbes B popmare CSV (B IByX BapuaHTax,
OTBEUAIOLIUX AHTJIMHCKON U PyCCKON JTOKAIU3aLUsIM).

DKCIopT pe3ysbTaToB B rpaduueckux (opmarax (tiff u png) B Tekymiel Bepcun npo-
rpaMMbl HEBO3MOXEH; €T0 IJIAHUPYETCS pEaIn30BaTh B Oy IyILIEM.

Jlng aKcnopTa MCXOIHBIX JaHHBIX M PE3yJbTaTOB pacdeTa HCIOJb3YETCs IMyHKT MEHIO
«®Daiin — DkenopT». DKCHOPTUPYIOTCS JaHHBIE C TOW BKJIAAKH, KOTOpask OTKPbITA B JaHHBIN
MomeHT. C 1r000# U3 Tpex MepBbIX BKIANOK («MexaHuzm», «Mojaenb»y u «IKCIIEPUMEHT)
NPOM3BOJIUTCS BBIBOJ OJJHOIO M TOTO K€ Ha0Opa JaHHBIX, BKJIIOYAIOLIETO MOJHOE OMMCAaHHE
3amaun. @opmat ganHbXx — plain text ASCII (B koMMeHTapusx MOTYT IPHUCYTCTBOBATh OYK-
BBI PyCCKOTo ajndasura B KogupoBke cpl251).

To e camMoe OTHOCUTCS K IKCIOPTY PEe3yJbTAaTOB PEIICHUS OOpaTHOW KWHETUYECKON
3agaud. Pe3ynbTarhl Beersia 3anuchiBaloTCs B (paiiin B mosiHOM (hopMe, HE3aBUCUMO OT PeKUMa
IPOCMOTpa, BKJIKOYEHHOro Ha BKIaake «OOparHas 3agaday. PesynpraTam mnpenmiecTByer
CIIMCOK peaklnii ¥ HayaJlbHbIE KOHIIEHTPALMH BEILECTB.
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Pesynbratel pemenus npsMoi 3amaun (C BKIAJOK € 3arojoBkamu Buja «Pemienue iy,
I/ie { — HOMEp) MOTYT 3KCHOPTHUPOBATHCS KaK B BUAE OOBIYHOTO TEKCTa, Tak U B (hopmare
CSV. B nepBoM ciyuae B Hauase (paiiyia moMeIaTcsl yciIoBus 3a7auu (peakliuy 1 Havyallb-
HbIe KOHLIEHTpaluu), a B hopmate CSV BBIBOAUTCS TOJBKO TAONIUIIA YUCET — PACCUUTAHHBIE
KpPUBBIC.

dopmat 3KCopTa MOXKHO BBIOPATh B TMATOTOBOM MaHENH, KOTOpas OTKPBIBAETCS Yepes
MeHio «®Daitn — DkenopT». Joctynnsl Tpu BapuanTa: «Bcee daitnst (*.%*)y, «Daiinst CSV(en)
(*.csv)» um «@aitner CSV(ru) (*.csv)». IlepBblii BapuaHT COOTBETCTBYET BBIBOIY B (opMme
00BIYHOTO TeKcTa, BTOpoil — CSV 1o aHrino-aMepukaHCKOMY CTaHAapTy (B yuclax menas
YacTh OTIEISAETCS OT APOOHOM TOYKOM, a YKciia APYT OT Apyra — 3amsaToi), Tpetuii — CSV
[0 PYCCKOMY CTaHIAapTy (pa3ienuTenb LEJIOH M APOOHON YacTu — 3arsras, pas3leuTellb
MEXy YnciiaMyd — To4YKa ¢ 3amnsaToil). Ecou BbI ucnone3yere Excel co cranmapTHeIME pyc-
CKMMH HaCTpOMKaMHM, TO 3KCIIOPTUPOBaTh AaHHbIe u3 Kinet Hy>kHO B ¢popmare CSV(ru).
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